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Optifol Source Code Listing
Oliver Dixon

Document Generated: 19th May 2026
Source Last Modified: 11th April 2026

Abstract
The following document is a typeset listing of the entire Optifol code base as of 11th April 2026. It

corresponds with the Git commit hash a6a52a2e300767c384f3843f35872474a18f1c6d on branch typeset.
The repository is available to browse online at https://github.com/oliverdixon/OptiFOL-Software/tree/
typeset. The LATEX dissertation describing the planning, development, and evaluation of the software is
available at https://github.com/oliverdixon/OptiFOL-Documentation. All additional materials, such as
compiled documents, are available on my academic website at https://www-users.york.ac.uk/~od641/
l6-project/. Please direct any queries to Oliver Dixon <od641@york.ac.uk>.

Remarks

This document is not intended to reflect a finish product; rather an archive of the source at the point of
submission for the Level 6 dissertation. Given that not all functional requirements were met in the timeline,
some code is annotated with TODO markers, and Doxygen documentation is occasionally incomplete.

From the front-matter onwards, the page margins shrink from 2cm to 0.5cm to accommodate the 110-column
source listings1. As some printers may not be able to handle such large text areas, printing a couple of test
pages prior to printing the entire document is recommended!

The File Index structure below corresponds to the directory hierarchy of the Optifol code base: the “core” files
are detained in Source, and support files can be found in Resources. Please note the following exclusions:

• A small number of resources are binary files that are not practical to display in this document.

• Some generated sources (e.g. the lexers and parsers produced by Flex and Bison) are not included because
they are long, unwieldy, and serve no expository purpose beyond their source counterparts.

The script and LATEX template used to create this document can be found online at https://github.com/
oliverdixon/OptiFOL-Software/tree/typeset/Typeset. Doxygen HTML documentation of the sources can
be found at https://www-users.york.ac.uk/~od641/l6-project/doxygen.

All sources are Copyright © Oliver Dixon 2024–2026.

File Index

1 Source 1
1.1 CompositeSerialisationHelpers.hpp 1
1.2 IHashable.hpp 2
1.3 ISerialisable.hpp 5
1.4 Logging.cpp 7
1.5 Logging.hpp 7
1.6 Optifol.hpp 8
1.7 Exceptions 13

1.7.1 ParseError.hpp 13
1.7.2 SemanticException.hpp 13

1.8 GUI 14
1The software was initially developed with 120-column files. The sources have been automatically reset to 110 columns using the

clang-format utility, configured by the .clang-format directive file provided herein. This process may have caused very occasional
quirks in formatting. The original sources can be found via version control on the master branch.

i

https://github.com/oliverdixon/OptiFOL-Software/tree/typeset
https://github.com/oliverdixon/OptiFOL-Software/tree/typeset
https://github.com/oliverdixon/OptiFOL-Documentation
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mailto:Oliver Dixon <od641@york.ac.uk>
https://github.com/oliverdixon/OptiFOL-Software/tree/typeset/Typeset
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1 Source

1.1 CompositeSerialisationHelpers.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f Concept d e f i n i t i o n s f o r compos i t e i t e r a b l e −s e r i a l i s a b l e t y p e s
∗ @author O l i v e r Dixon
∗ @date 2025−06−15
∗ @ v e r s i o n Development
∗/

#i f n d e f COMPOSITESERIALISABLECONCEPTS_HPP
#d e f i n e COMPOSITESERIALISABLECONCEPTS_HPP

#i n c l u d e <ios t r eam >
#i n c l u d e <i t e r a t o r >

namespace o p t i f o l
{

/∗∗
∗ @concept S e r i a l i s a b l e I t e r a t o r
∗ @ b r i e f R e p r e s e n t s a b i d i r e c t i o n a l i t e r a t o r to a de−r e f e r e n c a b l e type wi th a @re f s t d : : ost ream s e r i a l i s a t i o n
∗ f u n c t i o n .
∗ @ d e t a i l s A S e r i a l i s a b l e I t e r a t o r s a t s i f i e s the f o l l o w i n g c o n s t r a i n t s :
∗ <ul >
∗ <l i >Compl iant w i th @re f s t d : : b i d i r e c t i o n a l _ i t e r a t o r ;</ l i >
∗ <l i >Be a c o n s t a n t i t e r a t o r ; and</ l i >
∗ <l i >I t e r a t e s ove r a p o i n t e r −l i k e type t h a t can be d e r e f e r e n c e d to a type wi th a s e r i a l i s e r member
∗ f u n c t i o n .</ l i >
∗ </ul >
∗/

template <typename Candidate>
concept S e r i a l i s a b l e I t e r a t o r = s t d : : b i d i r e c t i o n a l _ i t e r a t o r <Candidate> &&

s t d : : i s_const_v <s t d : : r emove_re fe rence_t <d e c l t y p e (∗ s t d : : d e c l v a l <Candidate >() )>> &&
r e q u i r e s ( s t d : : ost ream &ostream , c on s t Cand idate &c a n d i d a t e ) {

{ (∗ c a n d i d a t e )−> s e r i a l i s e ( ost ream ) } −> s t d : : c o n v e r t i b l e _ t o <s t d : : ost ream &>;
} ;

/∗∗
∗ @concept S t r i n g i f i a b l e I t e r a t o r
∗ @ b r i e f R e p r e s e n t s a b i d i r e c t i o n a l i t e r a t o r to a de−r e f e r e n c a b l e type wi th a @re f s t d : : s t r i n g s t r i n g i f i e r
∗ f u n c t i o n .
∗ @ d e t a i l s A S e r i a l i s a b l e I t e r a t o r s a t s i f i e s the f o l l o w i n g c o n s t r a i n t s :
∗ <ul >
∗ <l i >Compl iant w i th @re f s t d : : b i d i r e c t i o n a l _ i t e r a t o r ;</ l i >
∗ <l i >Be a c o n s t a n t i t e r a t o r ; and</ l i >
∗ <l i >I t e r a t e s ove r a p o i n t e r −l i k e type t h a t can be d e r e f e r e n c e d to a type wi th a s t r i n g i f i e r member
∗ f u n c t i o n .</ l i >
∗ </ul >
∗/

template <typename Candidate>
concept S t r i n g i f i a b l e I t e r a t o r = s t d : : b i d i r e c t i o n a l _ i t e r a t o r <Candidate> &&

s t d : : i s_const_v <s t d : : r emove_re fe rence_t <d e c l t y p e (∗ s t d : : d e c l v a l <Candidate >() )>> &&
r e q u i r e s ( s t d : : ost ream &ostream , c o n s t Cand idate &c a n d i d a t e ) {

{ (∗ c a n d i d a t e )−>t o _ s t r i n g ( ) } −> s t d : : c o n v e r t i b l e _ t o <s t d : : s t r i n g >;
} ;

c l a s s C o m p o s i t e S e r i a l i s a t i o n H e l p e r s
{
p u b l i c :

/∗∗
∗ @ b r i e f S e r i a l i s e a fo rmat t ed symbol s t r i n g , i n c l u d i n g a l l arguments , to the s p e c i f i e d output st ream .
∗ @tparam I t e r a t o r @re f S e r i a l i s a b l e I t e r a t o r ove r the argument c o l l e c t i o n
∗ @param ostream D e s t i n a t i o n output st ream
∗ @param disp lay_name Symbol d i s p l a y name
∗ @param arguments_beg in Beg inn ing i t e r a t o r o f the argument c o l l e c t i o n
∗ @param arguments_end Ending i t e r a t o r o f the argument c o l l e c t i o n ( one pa s t l a s t i tem )
∗ @param i s _ n e g a t i v e _ p o l a r i t y I s the symbol i n s t a n t i a t e d wi th a n e g a t i v e p o l a r i t y ?
∗ @re tu rn Popu la ted d e s t i n a t i o n output st ream
∗/

template <S e r i a l i s a b l e I t e r a t o r I t e r a t o r >
s t a t i c s t d : : ost ream &s t r e a m _ s e r i a l i s e ( s t d : : ost ream &ostream , c o n s t s t d : : s t r i n g _ v i e w disp lay_name ,
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c on s t I t e r a t o r arguments_begin , I t e r a t o r arguments_end , co n s t boo l i s _ n e g a t i v e _ p o l a r i t y = f a l s e )
{

i f ( i s _ n e g a t i v e _ p o l a r i t y )
ost ream << ’ ~ ’ ;

ost ream << disp lay_name ;

i f ( arguments_beg in == arguments_end )
r e t u r n ost ream ;

ost ream << ’ ( ’ ;

i f ( arguments_beg in < arguments_end ) {
−−arguments_end ;

f o r ( auto argument_i t = arguments_beg in ; a rgument_i t != arguments_end ; ++argument_i t ) {
(∗ argument_i t )−> s e r i a l i s e ( ost ream ) ;
ost ream << " , " ;

}

(∗ arguments_end )−> s e r i a l i s e ( ost ream ) ;
}

r e t u r n ost ream << ’ ) ’ ;
}

/∗∗
∗ @ b r i e f S e r i a l i s e a fo rmat t ed symbol s t r i n g , i n c l u d i n g a l l arguments , i n t o a dynamic @re f s t d : : s t r i n g
∗ b u f f e r .
∗ @tparam I t e r a t o r @re f S t r i n g i f a b l e I t e r a t o r ove r the argument c o l l e c t i o n
∗ @param disp lay_name Symbol d i s p l a y name
∗ @param arguments_beg in Beg inn ing i t e r a t o r o f the argument c o l l e c t i o n
∗ @param arguments_end Ending i t e r a t o r o f the argument c o l l e c t i o n ( one p a s t l a s t i tem )
∗ @param i s _ n e g a t i v e _ p o l a r i t y I s the symbol i n s t a n t i a t e d wi th a n e g a t i v e p o l a r i t y ?
∗ @re tu rn Popu la ted s t r i n g b u f f e r
∗/

template <S t r i n g i f i a b l e I t e r a t o r I t e r a t o r >
s t a t i c s t d : : s t r i n g s t r i n g _ s e r i a l i s e ( s t d : : s t r i n g disp lay_name , c o n s t I t e r a t o r arguments_begin ,

I t e r a t o r arguments_end , c o n s t boo l i s _ n e g a t i v e _ p o l a r i t y = f a l s e )
{

s t d : : s t r i n g r e s u l t ;

i f ( i s _ n e g a t i v e _ p o l a r i t y )
r e s u l t = ’ ~ ’ ;

i f ( arguments_beg in == arguments_end )
r e t u r n r e s u l t + disp lay_name ;

r e s u l t += s t d : : move ( d i sp lay_name ) + ’ ( ’ ;

i f ( arguments_beg in < arguments_end ) {
−−arguments_end ;

f o r ( auto argument_i t = arguments_beg in ; a rgument_i t != arguments_end ; ++argument_i t )
r e s u l t += (∗ argument_i t )−>t o _ s t r i n g ( ) + " , " ;

r e s u l t += (∗ arguments_end )−>t o _ s t r i n g ( ) ;
}

r e t u r n r e s u l t + ’ ) ’ ;
}

} ;

} // namespace o p t i f o l

#e n d i f

1.2 IHashable.hpp

/∗
∗ C o p y r i g h t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the I H a s h a b l e i n t e r f a c e , and some s u p p o r t i n g s p e c i a l i s a t i o n s .
∗ @author O l i v e r Dixon
∗ @date 2025−06−09
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∗ @ v e r s i o n Development
∗/

#i f n d e f IHASHABLE_HPP
#d e f i n e IHASHABLE_HPP

#i n c l u d e <chrono>
#i n c l u d e <c s t d d e f >
#i n c l u d e <memory>

#i n c l u d e " I H a s h a b l e . hpp "

namespace o p t i f o l
{

c l a s s I H a s h a b l e ;

template <typename Candidate>
concept H a s h a b l e I t e r a t o r = s t d : : b i d i r e c t i o n a l _ i t e r a t o r <Candidate> &&

s t d : : i s_const_v <s t d : : r emove_re fe rence_t <d e c l t y p e (∗ s t d : : d e c l v a l <Candidate >() )>> &&
r e q u i r e s ( c o n s t Cand idate &c a n d i d a t e ) {

{ (∗ c a n d i d a t e )−>hash ( ) } −> s t d : : c o n v e r t i b l e _ t o <s t d : : s i z e _ t >;
} ;

/∗∗
∗ @ c l a s s I H a s h a b l e
∗ @ b r i e f An I H a s h a b l e c l a s s can be hashed , such t h a t a ( r e l a t i v e l y ) content −dependent n u m e r i c a l hashcode can
∗ be g e n e r a t e d f o r any i n s t a n c e . Hashcodes a r e u s e f u l f o r imp lement ing e q u a l i t y f u n c t o r , but I H a s h a b l e makes
∗ no g u a r a n t e e s on the c o l l i s i o n p r o p e r t i e s o f the g e n e r a t e d hashcodes .
∗/

c l a s s I H a s h a b l e
{
p u b l i c :

/∗∗
∗ @ b r i e f D e s t r u c t an I H a s h a b l e i n s t a n c e
∗/

v i r t u a l ~ I H a s h a b l e ( ) = d e f a u l t ;

/∗∗
∗ @ b r i e f Produce a hash v a l u e o f the I H a s h a b l e o b j e c t
∗ @re tu rn A hash v a l u e f o r the o b j e c t
∗/

[ [ n o d i s c a r d ] ] v i r t u a l s t d : : s i z e _ t hash ( ) c on s t noexcept = 0 ;

/∗∗
∗ @ b r i e f Combine two hashes u s i n g s e n s i b l e c on s t an t s , i n s p i r e d by boos t : : hash_combine .
∗ @param l h s The LHS hash v a l u e
∗ @param r h s The RHS hash v a l u e
∗ @re tu rn The LHS−RHS combined hash v a l u e
∗/

s t a t i c s t d : : s i z e _ t hash_combine ( s t d : : s i z e _ t l h s , c o n s t s t d : : s i z e _ t r h s )
{

i f c o n s t e x p r ( s i z e o f ( s t d : : s i z e _ t ) >= 8)
// For 64− b i t+ p l a t f o r m s , use the e x p a n s i o n o f p i as the c o n s t a n t ; i t i s odd at 64 b i t s .
l h s ^= r h s + 0 x517cc1b727220a95 + ( l h s << 6) + ( l h s >> 2) ;

e l s e
// Otherwise , use the i n v e r s e o f the go lden r a t i o as a 32− b i t f i x e d p o i n t f r a c t i o n .
// ReSharper d i s a b l e once CppDFAUnreachableCode
l h s ^= r h s + 0 x9e3779b9 + ( l h s << 6) + ( l h s >> 2) ;

r e t u r n l h s ;
}

I H a s h a b l e ( c o n s t I H a s h a b l e &) = d e f a u l t ;
I H a s h a b l e &o p e r a t o r =( co n s t I H a s h a b l e &) = d e f a u l t ;
I H a s h a b l e ( I H a s h a b l e &&) = d e f a u l t ;
I H a s h a b l e &o p e r a t o r =( I H a s h a b l e &&) = d e f a u l t ;

p r o t e c t e d :
I H a s h a b l e ( ) = d e f a u l t ;

/∗∗
∗ @ b r i e f Commutat ive ly combine two hashes u s i n g s e n s i b l e con s t an t s , i n s p i r e d by boos t : : hash_combine .
∗ @param l h s The LHS hash v a l u e
∗ @param r h s The RHS hash v a l u e
∗ @re tu rn The LHS−RHS combined hash v a l u e such t h a t LHS−RHS hash e q u a l s the e q u i v a l e n t RHS−LHS hash
∗ ( p r o p e r t y o f commuta t i v i t y ) .
∗/

s t a t i c s t d : : s i z e _ t hash_combine_commutative ( s t d : : s i z e _ t l h s , s t d : : s i z e _ t r h s )
{

/∗
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∗ The c h o i c e o f ope ra to r > to c o l l a p s e the hash ope rands i n t o a commutat ive p a i r i s a r b i t r a r y . We j u s t
∗ need someth ing r e l i a b l e and u n i v e r s a l l y d e f i n e d on s t d : : s i z e _ t .
∗/

i f ( l h s > r h s )
s t d : : swap ( l h s , r h s ) ;

r e t u r n hash_combine ( l h s , r h s ) ;
}

/∗∗
∗ @ b r i e f Mutate a hash a c c o r d i n g the p o l a r i t y o f the node i n s t a n t i a t i o n be i ng hashed
∗ @param hash The produced hash f o r the uns i gned node ( i . e . , the node w i thout a p o l a r i t y )
∗ @param i s _ n e g a t i v e Does the i n s t a n t i a t i o n have a n e g a t i v e s i g n ?
∗ @re tu rn I f p o s i t i v e , the o r i g i n a l hash . I f n e g a t i v e , a mutated hash to r e f l e c t the d i f f e r e n c e i n
∗ p o l a r i t y .
∗/

s t a t i c s t d : : s i z e _ t h a s h _ p o l a r i t y ( c on s t s t d : : s i z e _ t hash , c o n s t boo l i s _ n e g a t i v e )
{

// I n the n e g a t i v e case , use MurmurHash3 as the XOR cons tant , and s h i f t as u s u a l .
r e t u r n i s _ n e g a t i v e ? hash ^ 0 x85ebca6b + ( hash << 6) + ( hash >> 2) : hash ;

}

/∗∗
∗ @ b r i e f Produce a hash v a l u e o f a compos i t e IR I H a s h a b l e node by i t e r a t i v e a p p l i c a t i o n o f
∗ @re f hash_combine ( s t d : : s i z e _ t , s t d : : s i z e _ t ) .
∗ @tparam I t e r a t o r @re f H a s h a b l e I t e r a t o r ove r the composed ( e . g . argument ) c o l l e c t i o n
∗ @param symbol_name Symbol d i s p l a y name
∗ @param compos i t e_beg in Beg inn ing i t e r a t o r o f the composed c o l l e c t i o n
∗ @param compos ite_end Ending i t e r a t o r o f the composed c o l l e c t i o n ( one pa s t l a s t i tem )
∗ @param i s _ n e g a t i v e _ p o l a r i t y I s the symbol i n s t a n t i a t e d wi th a n e g a t i v e p o l a r i t y ?
∗ @re tu rn Combined hash v a l u e un ique ove r the symbol name and a l l composed arguments
∗/

template <H a s h a b l e I t e r a t o r I t e r a t o r >
s t a t i c s t d : : s i z e _ t compos i te_hash ( c o n s t s t d : : s t r i n g &symbol_name , c on s t I t e r a t o r compos i te_beg in ,

c on s t I t e r a t o r composite_end , c o n s t boo l i s _ n e g a t i v e _ p o l a r i t y = f a l s e )
{

s t d : : s i z e _ t hashcode = s t d : : hash<s t d : : s t r i n g >{}(symbol_name ) ;

f o r ( auto c o m p o s i t e _ i t = compos i t e_beg in ; c o m p o s i t e _ i t != compos ite_end ; ++c o m p o s i t e _ i t )
hashcode = hash_combine ( hashcode , (∗ c o m p o s i t e _ i t )−>hash ( ) ) ;

r e t u r n h a s h _ p o l a r i t y ( hashcode , i s _ n e g a t i v e _ p o l a r i t y ) ;
}

} ;

/∗∗
∗ @ c l a s s S t r i ngHash
∗ @ b r i e f Hashing f u n c t o r h e l p e r f o r t r a n s p a r e n t / h e t e r o g e n e o u s lookup on s t r i n g −l i k e c o n t a i n e r s .
∗/

s t r u c t S t r i ngHash
{

u s i n g i s _ t r a n s p a r e n t = v o i d ;
u s i n g hash_type = s t d : : hash<s t d : : s t r i n g _ v i e w >;

auto o p e r a t o r ( ) ( c on s t cha r ∗ c on s t s t r ) c o n s t
{

r e t u r n hash_type {}( s t r ) ;
}
auto o p e r a t o r ( ) ( c on s t s t d : : s t r i n g _ v i e w s t r ) c o n s t
{

r e t u r n hash_type {}( s t r ) ;
}
auto o p e r a t o r ( ) ( c on s t s t d : : s t r i n g &s t r ) c on s t
{

r e t u r n hash_type {}( s t r ) ;
}

} ;

s t r u c t Pa i rHash
{

template <typename LHS , typename RHS>
r e q u i r e s ( s t d : : de r ived_f rom <LHS , IHashab l e > and s t d : : de r ived_f rom <RHS, IHashab l e >)

auto o p e r a t o r ( ) ( c on s t s t d : : p a i r <LHS , RHS> &p a i r ) c on s t
{

r e t u r n I H a s h a b l e : : hash_combine ( p a i r . f i r s t . hash ( ) , p a i r . second . hash ( ) ) ;
}

} ;

} // namespace o p t i f o l

// ReSharper d i s a b l e once CppDoxygenUnreso lvedRefe rence
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namespace s t d
{

/∗∗
∗ @ c l a s s hash<Type>
∗ @ b r i e f Standard ha she r imp l ementa t i on f o r O p t i f o l ’ s I H a s h a b l e d e r i v e d c l a s s e s
∗ @tparam Type The I H a s h a b l e type to hash
∗/

template <typename Type>
r e q u i r e s der i ved_from <Type , o p t i f o l : : IHashab l e >

s t r u c t hash<Type> // NOLINT(∗− dc l58 −cpp ) S p e c i a l i s i n g s t d : : hash does not r e s u l t i n UB.
{

u s i n g i s _ t r a n s p a r e n t = v o i d ;

/∗∗
∗ @ b r i e f Execute the hash f u n c t o r to produce a hashcode o f the o b j e c t
∗ @param h a s h a b l e The h a s h a b l e o b j e c t f o r which a hashcode s h o u l d be g e n e r a t e d
∗ @re tu rn The hashcode o f the h a s h a b l e o b j e c t
∗/

s t d : : s i z e _ t o p e r a t o r ( ) ( co n s t Type &h a s h a b l e ) c o n s t noexcept
{

r e t u r n h a s h a b l e . hash ( ) ;
}

/∗∗
∗ @ b r i e f Execute the hash f u n c t o r to produce a hashcode o f the o b j e c t c o n t a i n e d w i t h i n the r e f −counted
∗ p o i n t e r
∗ @param sha red_hashab l e The r e f −counted p o i n t e r c o n t a i n i n g the h a s h a b l e o b j e c t f o r which a hashcode
∗ s h o u l d be g e n e r a t e d
∗ @re tu rn The hashcode o f the h a s h a b l e o b j e c t d e t a i n e d w i t h i n the r e f −counted p o i n t e r
∗/

s i z e _ t o p e r a t o r ( ) ( c o n s t shared_pt r <Type> &sha red_hashab l e ) c on s t
{

r e t u r n shared_hashab l e −>hash ( ) ;
}

/∗∗
∗ @ b r i e f Execute the hash f u n c t o r to produce a hashcode o f the o b j e c t c o n t a i n e d w i t h i n the un ique p o i n t e r
∗ @param un ique_hashab l e The un ique p o i n t e r c o n t a i n i n g the h a s h a b l e o b j e c t f o r which a hashcode s h o u l d be
∗ g e n e r a t e d
∗ @re tu rn The hashcode o f the h a s h a b l e o b j e c t d e t a i n e d w i t h i n the un ique p o i n t e r
∗/

s i z e _ t o p e r a t o r ( ) ( c o n s t un ique_ptr <Type> &un ique_hashab l e ) co n s t
{

r e t u r n un ique_hashab le −>hash ( ) ;
}

s i z e _ t o p e r a t o r ( ) ( c o n s t Type ∗ p t r _ h a s h a b l e ) c o n s t
{

r e t u r n pt r_hashab l e −>hash ( ) ;
}

} ;

#i f __cpp_lib_chrono < 202306L

// ReSharper d i s a b l e once CppDoxygenUnreso lvedRefe rence

/∗∗
∗ @ c l a s s hash<s t d : : chrono : : sy s tem_c lock : : t ime_point >
∗ @ b r i e f Standard ha she r s p e c i a l i s a t i o n f o r the system c lock , o n l y r e q u i r e d p r i o r to C++26.
∗/

template <>
s t r u c t hash<chrono : : sy s tem_c lock : : t ime_point >
{

s t d : : s i z e _ t o p e r a t o r ( ) ( c o n s t chrono : : sy s tem_c lock : : t ime_po in t &t ime ) c o n s t noexcept ;
} ;

#e n d i f

} // namespace s t d

#e n d i f

1.3 ISerialisable.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
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∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the I S e r i a l i s a b l e i n t e r f a c e
∗ @author O l i v e r Dixon
∗ @date 2026−01−25
∗ @ v e r s i o n Development
∗/

#i f n d e f OPTIFOL_ISERIALISABLE_HPP
#d e f i n e OPTIFOL_ISERIALISABLE_HPP

#i n c l u d e <format>
#i n c l u d e <sst ream >

namespace o p t i f o l
{

/∗∗
∗ @ c l a s s I S e r i a l i s a b l e
∗ @ b r i e f An i n t e r f a c e f o r o b j e c t s t h a t may be s e r i a l i s e d to a @re f s t d : : ost ream
∗/

c l a s s I S e r i a l i s a b l e
{
p u b l i c :

/∗∗
∗ @ b r i e f D e s t r u c t the s e r i a l i s a b l e o b j e c t
∗/

v i r t u a l ~ I S e r i a l i s a b l e ( ) = d e f a u l t ;

/∗∗
∗ @ b r i e f S e r i a l i s e the o b j e c t to the g i v e n output st ream
∗ @param ostream The d e s t i n a t i o n output st ream
∗ @re tu rn The popu l a t ed output st ream
∗/

v i r t u a l s t d : : ost ream & s e r i a l i s e ( s t d : : ost ream &ostream ) c o ns t = 0 ;

/∗∗
∗ @ b r i e f Operato r o v e r l o a d to s e r i a l i s e the o b j e c t to the g i v e n output st ream
∗ @param ostream The d e s t i n a t i o n output st ream
∗ @param o b j e c t The o b j e c t to s e r i a l i s e
∗ @re tu rn The popu l a t ed output st ream
∗/

f r i e n d s t d : : ost ream &ope ra to r <<(s t d : : ost ream &ostream , c o n s t I S e r i a l i s a b l e &o b j e c t )
{

r e t u r n o b j e c t . s e r i a l i s e ( ost ream ) ;
}

I S e r i a l i s a b l e ( co n s t I S e r i a l i s a b l e &) = d e f a u l t ;
I S e r i a l i s a b l e &o p e r a t o r =( c on s t I S e r i a l i s a b l e &) = d e f a u l t ;
I S e r i a l i s a b l e ( I S e r i a l i s a b l e &&) = d e f a u l t ;
I S e r i a l i s a b l e &o p e r a t o r =( I S e r i a l i s a b l e &&) = d e f a u l t ;

p r o t e c t e d :
I S e r i a l i s a b l e ( ) = d e f a u l t ;

} ;

} // namespace o p t i f o l

// ReSharper d i s a b l e once CppDoxygenUnreso lvedRefe rence

/∗∗
∗ @ c l a s s f o r m a t t e r <S e r i a l i s a b l e >
∗ @ b r i e f He lpe r f o r C++20 @re f s t d : : fo rmat s u p p o r t on s e r i a l i s a b l e O p t i f o l t y p e s .
∗ @tparam S e r i a l i s a b l e The d e r i v e d I S e r i a l i s a b l e type to format
∗/

template <typename S e r i a l i s a b l e >
r e q u i r e s s t d : : der i ved_f rom <S e r i a l i s a b l e , o p t i f o l : : I S e r i a l i s a b l e >

s t r u c t s t d : : f o r m a t t e r <S e r i a l i s a b l e > : f o r m a t t e r <s t r i n g > // NOLINT(∗− dc l58 −cpp )
{

/∗∗
∗ @ b r i e f Format the g i v e n s e n t e n c e a c c o r d i n g to the imp lementat ion −d e f i n e d s e r i a l i s e r .
∗ @param v a l u e The S e r i a l i s a b l e to s e r i a l i s e w i th the <code>o p e r a t o r&l t ;& l t ;</code> c a l l .
∗ @param c o n t e x t The st reamed f o r m a t t i n g c o n t e x t
∗ @re tu rn The updated f o r m a t t i n g c o n t e x t
∗/

auto format ( co n s t S e r i a l i s a b l e &va lue , fo rmat_contex t &c o n t e x t ) c on s t
{

o s t r i n g s t r e a m output_stream ;
output_stream << v a l u e ;
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r e t u r n f o r m a t t e r <s t r i n g >: : fo rmat ( output_stream . s t r ( ) , c o n t e x t ) ;
}

} ;

#e n d i f // OPTIFOL_ISERIALISABLE_HPP

1.4 Logging.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the s t a t i c a l l y a v a i l a b l e l o g 4 c x x f a c i l i t i e s
∗ @author O l i v e r Dixon
∗ @date 2025−03−21
∗ @ v e r s i o n Development
∗/

#i n c l u d e <l o g 4 c x x / b a s i c c o n f i g u r a t o r . h>
#i n c l u d e <l o g 4 c x x / logmanager . h>
#i n c l u d e <l o g 4 c x x / p r o p e r t y c o n f i g u r a t o r . h>
#i n c l u d e <l o g 4 c x x /xml/ d o m c o n f i g u r a t o r . h>

#i n c l u d e " Logg ing . hpp "

namespace o p t i f o l
{

Logg ing : : L i f e c y c l e M a n a g e r Logg ing : : manager ;

c on s t cha r ∗ c on s t Logg ing : : L i f e c y c l e M a n a g e r : : p r o p e r t i e s _ f i l e = " Resou r ce s / l o g 4 c x x . xml " ;

l o g 4 c x x : : Logge rPt r Logg ing : : g e t _ l o g g e r ( )
{

r e t u r n l o g 4 c x x : : LogManager : : ge tRootLogger ( ) ;
}

l o g 4 c x x : : Logge rPt r Logg ing : : g e t _ l o g g e r ( co n s t cha r ∗name )
{

r e t u r n l o g 4 c x x : : Logger : : ge tLogge r ( name ) ;
}

l o g 4 c x x : : Logge rPt r Logg ing : : g e t _ l o g g e r ( s t d : : v e c to r <s t d : : s t r i n g > &&name )
{

c on s t auto component_count = name . s i z e ( ) ;
s t d : : s t r i n g q u a l i f i e d N a m e ;

f o r ( s t d : : s i z e _ t component_idx = 0 ; component_idx < component_count − 1 ; ++component_idx )
q u a l i f i e d N a m e += name [ component_idx ] + ’ . ’ ;

r e t u r n l o g 4 c x x : : Logger : : ge tLogge r ( q u a l i f i e d N a m e + name [ component_count − 1 ] ) ;
}

Logg ing : : L i f e c y c l e M a n a g e r : : L i f e c y c l e M a n a g e r ( )
{

i f ( l o g 4 c x x : : xml : : DOMConfigurator : : c o n f i g u r e ( p r o p e r t i e s _ f i l e ) ==
l o g 4 c x x : : s p i : : C o n f i g u r a t i o n S t a t u s : : NotConf igu red ) {

// I f we cou ldn ’ t l o a d the custom c o n f i g u r a t o r , send e v e n t s to the c o n s o l e .
l o g 4 c x x : : B a s i c C o n f i g u r a t o r : : c o n f i g u r e ( ) ;
LOG4CXX_WARN( g e t _ l o g g e r ( ) , " Could not l o a d l o g g i n g p r o p e r t i e s f i l e a t " << p r o p e r t i e s _ f i l e ) ;

}
}

Logg ing : : L i f e c y c l e M a n a g e r : : ~ L i f e c y c l e M a n a g e r ( )
{

l o g 4 c x x : : LogManager : : shutdown ( ) ;
}

} // namespace o p t i f o l

1.5 Logging.hpp

/∗
∗ C o p y r i g h t ( c ) A l l R i g h t s Rese rved
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∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the s t a t i c a l l y a v a i l a b l e l o g 4 c x x f a c i l i t i e s
∗ @author O l i v e r Dixon
∗ @date 2025−03−21
∗ @ v e r s i o n Development
∗/

#i f n d e f LOGGING_HPP
#d e f i n e LOGGING_HPP

#i n c l u d e <l o g 4 c x x / l o g g e r . h>

namespace o p t i f o l
{

/∗∗
∗ @ c l a s s Logg ing
∗ @ b r i e f P ro v i d e l o g 4 c x x i n f r a s t r u c t u r e from a s t a t i c c o n t e x t .
∗/

c l a s s Logg ing
{
p u b l i c :

/∗∗
∗ @ b r i e f Get the r o o t l o g g e r
∗ @re tu rn A sha r ed p o i n t e r to the r o o t l o g 4 c x x l o g g e r
∗/

s t a t i c l o g 4 c x x : : Logge rPt r g e t _ l o g g e r ( ) ;

/∗∗
∗ @ b r i e f Get the named l o g g e r
∗ @param name The pe r i od −d e l i m i t e d q u a l i f i e d name o f the l o g 4 c x x l o g g e r to r e t r i e v e
∗ @re tu rn A sha r ed p o i n t e r to the named l o g 4 c x x l o g g e r
∗/

s t a t i c l o g 4 c x x : : Logge rPt r g e t _ l o g g e r ( c on s t cha r ∗name ) ;

/∗∗
∗ @ b r i e f Get the named l o g g e r
∗ @param name The f i e l d −d e l i m i t e d q u a l i f i e d name o f the l o g 4 c x x l o g g e r to r e t r i e v e , w i th one e l ement pe r
∗ i n d e x
∗ @re tu rn A sha r ed p o i n t e r to the named l o g 4 c x x l o g g e r
∗/

s t a t i c l o g 4 c x x : : Logge rPt r g e t _ l o g g e r ( s t d : : v e c to r <s t d : : s t r i n g > &&name ) ;

p r i v a t e :
s t a t i c s t r u c t L i f e c y c l e M a n a g e r
{

L i f e c y c l e M a n a g e r ( ) ;
~ L i f e c y c l e M a n a g e r ( ) ;

p r i v a t e :
s t a t i c c o n s t cha r ∗ c on s t p r o p e r t i e s _ f i l e ;

} manager ;
} ;

} // namespace o p t i f o l

#e n d i f

1.6 Optifol.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f O p t i f o l namespace d e c l a r a t i o n r e q u i r e d f o r documentary p u r p o s e s
∗ @author O l i v e r Dixon
∗ @date 2025−03−03
∗ @ v e r s i o n Development
∗/

#i f n d e f OPTIFOL_HPP
#d e f i n e OPTIFOL_HPP
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// ReSharper d i s a b l e once C p p U n u s e d I n c l u d e D i r e c t i v e − Re f e r enced by RAPIDJSON_PARSE_ERROR_NORETURN.
#i n c l u d e " E x c e p t i o n s / P a r s e E r r o r . hpp "

#pragma c l a n g d i a g n o s t i c push
#pragma c l a n g d i a g n o s t i c i g n o r e d "−Wmacro−r e d e f i n e d " // R e d e f i n i t i o n i s i n t e n t i o n a l .
#d e f i n e RAPIDJSON_PARSE_ERROR_NORETURN( par se_er ro r_code , o f f s e t ) throw o p t i f o l : : P a r s e E r r o r (#pa r s e_e r ro r_code )
#pragma c l a n g d i a g n o s t i c pop

#i n c l u d e <memory>
#i n c l u d e <unordered_map>
#i n c l u d e <unorde red_set >

/∗∗
∗ @namespace o p t i f o l
∗ @ b r i e f The O p t i f o l namespace c o n t a i n s the v a s t m a j o r i t y o f the symbol s d e f i n e d by the O p t i f o l c l i e n t
∗ a p p l i c a t i o n
∗ @note I n a p r o p o r t i o n a l l y s m a l l number o f case s , i t i s n e c e s s a r y to d e f i n e symbo l s i n the namespaces o f the
∗ s t a n d a r d l i b r a r y or v a r i o u s t h i r d −p a r t y l i b r a r i e s . No such usage i s UB, and a l l such symbol d e f i n i t i o n s
∗ a r e the r e s u l t o f t emp la t e s p e c i a l i s a t i o n .
∗/

namespace o p t i f o l
{

#pragma c l a n g d i a g n o s t i c push
#pragma c l a n g d i a g n o s t i c i g n o r e d "−Wdocumentation "
/∗∗

∗ @concept Weak lyEqua l i tyComparab leWith
∗ @ b r i e f Mode l l ed i f and o n l y i f the g i v e n t y p e s may be t e s t e d f o r e q u a l i t y and i n e q u a l i t y u s i n g
∗ <code>o p e r a t o r==</code> and <code>o p e r a t o r !=</code> member f u n c t i o n s , w i thout r e q u i r i n g a common type .
∗ @tparam T The f i r s t t ype
∗ @tparam U The second type
∗ @ d e t a i l s Th i s concept m i r r o r s the s t a n d a r d @re f s t d : : equa l i t y_comparab l e_wi th , w i thout the r e q u i r e m e n t to
∗ model
∗ @re f s t d : : common_reference_with , hence a l l o w i n g compar i sons w i thout c o n v e r t i n g c o n s t r u c t o r s .
∗/

template <c l a s s T, c l a s s U>
concept Weak lyEqua l i tyComparab leWith = s t d : : equa l i t y_comparab l e <T> && s t d : : equa l i t y_comparab l e <U> &&

r e q u i r e s ( c o n s t s t d : : r emove_re fe rence_t <T> &t , c o n s t s t d : : r emove_re fe rence_t <U> &u ) {
{ t == u } −> s t d : : c o n v e r t i b l e _ t o <bool >;
{ t != u } −> s t d : : c o n v e r t i b l e _ t o <bool >;
{ u == t } −> s t d : : c o n v e r t i b l e _ t o <bool >;
{ u != t } −> s t d : : c o n v e r t i b l e _ t o <bool >;

} ;
#pragma c l a n g d i a g n o s t i c pop

/∗∗
∗ @ c l a s s U n i v e r s a l T r a n s p a r e n t E q u a l i t y
∗ @ b r i e f P r o v i d e s a t r a n s p a r e n t e q u a l i t y f u n c t o r f o r homogenously comparab le t y p e s through @re f
∗ s t d : : un ique_ptr ,
∗ @re f s t d : : shared_pt r , and raw p o i n t e r s ; o r h e t e r o g e n e o u s l y compar ing through o b j e c t r e f e r e n c e s where
∗ Weak lyEqua l i tyComparab leWith i s mode l l ed .
∗ @tparam T The c o n c r e t e type to t r a n s p a r e n t l y compare .
∗/

template <typename T>
s t r u c t U n i v e r s a l T r a n s p a r e n t E q u a l i t y
{

u s i n g i s _ t r a n s p a r e n t = v o i d ;

// Object r e f e r e n c e on LHS

boo l o p e r a t o r ( ) ( c o n s t T &obj , c on s t T &ob j_othe r ) c o n s t noexcept
{

r e t u r n ob j == ob j_othe r ;
}

boo l o p e r a t o r ( ) ( c o n s t T &obj , c on s t s t d : : un ique_ptr <T> &p t r ) c o n s t noexcept
{

i f ( p t r == n u l l p t r )
r e t u r n f a l s e ;

r e t u r n ∗ p t r == ob j ;
}

boo l o p e r a t o r ( ) ( c o n s t T &obj , c on s t s t d : : shared_pt r <T> &p t r ) co n s t noexcept
{

i f ( p t r == n u l l p t r )
r e t u r n f a l s e ;

r e t u r n ∗ p t r == ob j ;
}
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boo l o p e r a t o r ( ) ( c o n s t T &obj , c on s t T ∗ c on s t p t r ) c o n s t noexcept
{

i f ( p t r == n u l l p t r )
r e t u r n f a l s e ;

r e t u r n ∗ p t r == ob j ;
}

template <typename U>
r e q u i r e s WeaklyEqua l i tyComparab leWith <T, U>

boo l o p e r a t o r ( ) ( c o n s t T &obj , U &&o t h e r ) c o n s t noexcept
{

r e t u r n ob j == o t h e r ;
}

// Unique p o i n t e r on LHS

boo l o p e r a t o r ( ) ( c o n s t s t d : : un ique_ptr <T> &ptr , c on s t s t d : : un ique_ptr <T> &p t r _ o t h e r ) c o n s t noexcept
{

i f ( p t r == n u l l p t r | | p t r _ o t h e r == n u l l p t r )
r e t u r n p t r == p t r _ o t h e r ;

r e t u r n ∗ p t r == ∗ p t r _ o t h e r ;
}

boo l o p e r a t o r ( ) ( c o n s t s t d : : un ique_ptr <T> &ptr , c on s t T &ob j ) c o n s t noexcept
{

i f ( p t r == n u l l p t r )
r e t u r n f a l s e ;

r e t u r n ∗ p t r == ob j ;
}

boo l o p e r a t o r ( ) ( c o n s t s t d : : un ique_ptr <T> &ptr , c on s t s t d : : shared_pt r <T> &p t r _ o t h e r ) c o n s t noexcept
{

i f ( p t r == n u l l p t r | | p t r _ o t h e r == n u l l p t r )
r e t u r n p t r == p t r _ o t h e r ;

r e t u r n ∗ p t r == ∗ p t r _ o t h e r ;
}

boo l o p e r a t o r ( ) ( c o n s t s t d : : un ique_ptr <T> &ptr , c on s t T ∗ c on s t p t r _ o t h e r ) c on s t noexcept
{

i f ( p t r == n u l l p t r | | p t r _ o t h e r == n u l l p t r )
r e t u r n p t r == p t r _ o t h e r ;

r e t u r n ∗ p t r == ∗ p t r _ o t h e r ;
}

template <typename U>
r e q u i r e s WeaklyEqua l i tyComparab leWith <T, U>

boo l o p e r a t o r ( ) ( c o n s t s t d : : un ique_ptr <T> &ptr , U &&o t h e r ) c o n s t noexcept
{

i f ( p t r == n u l l p t r )
r e t u r n f a l s e ;

r e t u r n ∗ p t r == o t h e r ;
}

// Shared p o i n t e r on LHS

boo l o p e r a t o r ( ) ( c o n s t s t d : : shared_pt r <T> &ptr , c on s t s t d : : shared_pt r <T> &p t r _ o t h e r ) co n s t noexcept
{

i f ( p t r == n u l l p t r | | p t r _ o t h e r == n u l l p t r )
r e t u r n p t r == p t r _ o t h e r ;

r e t u r n ∗ p t r == ∗ p t r _ o t h e r ;
}

boo l o p e r a t o r ( ) ( c o n s t s t d : : shared_pt r <T> &ptr , c on s t T &ob j ) co n s t noexcept
{

i f ( p t r == n u l l p t r )
r e t u r n f a l s e ;

r e t u r n ∗ p t r == ob j ;
}

boo l o p e r a t o r ( ) ( c o n s t s t d : : shared_pt r <T> &ptr , c on s t s t d : : un ique_ptr <T> &p t r _ o t h e r ) c o n s t noexcept
{

i f ( p t r == n u l l p t r | | p t r _ o t h e r == n u l l p t r )
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r e t u r n p t r == p t r _ o t h e r ;

r e t u r n ∗ p t r == ∗ p t r _ o t h e r ;
}

boo l o p e r a t o r ( ) ( c o n s t s t d : : shared_pt r <T> &ptr , c on s t T ∗ c on s t p t r _ o t h e r ) c on s t noexcept
{

i f ( p t r == n u l l p t r | | p t r _ o t h e r == n u l l p t r )
r e t u r n p t r == p t r _ o t h e r ;

r e t u r n ∗ p t r == ∗ p t r _ o t h e r ;
}

template <typename U>
r e q u i r e s WeaklyEqua l i tyComparab leWith <T, U>

boo l o p e r a t o r ( ) ( c o n s t s t d : : shared_pt r <T> &ptr , U &&o t h e r ) c o n s t noexcept
{

i f ( p t r == n u l l p t r )
r e t u r n f a l s e ;

r e t u r n ∗ p t r == o t h e r ;
}

// Raw p o i n t e r on LHS

boo l o p e r a t o r ( ) ( c o n s t T ∗ c on s t pt r , c o n s t T ∗ c on s t p t r _ o t h e r ) c on s t noexcept
{

i f ( p t r == n u l l p t r | | p t r _ o t h e r == n u l l p t r )
r e t u r n p t r == p t r _ o t h e r ;

r e t u r n pt r −>o p e r a t o r ==(∗p t r _ o t h e r ) ;
}

boo l o p e r a t o r ( ) ( c o n s t T ∗ c on s t pt r , c o n s t T &ob j ) c on s t noexcept
{

i f ( p t r == n u l l p t r )
r e t u r n f a l s e ;

r e t u r n ∗ p t r == ob j ;
}

boo l o p e r a t o r ( ) ( c o n s t T ∗ c on s t pt r , c o n s t s t d : : un ique_ptr <T> &p t r _ o t h e r ) co n s t noexcept
{

i f ( p t r == n u l l p t r | | p t r _ o t h e r == n u l l p t r )
r e t u r n p t r == p t r _ o t h e r ;

r e t u r n ∗ p t r == ∗ p t r _ o t h e r ;
}

boo l o p e r a t o r ( ) ( c o n s t T ∗ c on s t pt r , c o n s t s t d : : shared_pt r <T> &p t r _ o t h e r ) c on s t noexcept
{

i f ( p t r == n u l l p t r | | p t r _ o t h e r == n u l l p t r )
r e t u r n p t r == p t r _ o t h e r ;

r e t u r n ∗ p t r == ∗ p t r _ o t h e r ;
}

template <typename U>
r e q u i r e s WeaklyEqua l i tyComparab leWith <T, U>

boo l o p e r a t o r ( ) ( c o n s t T ∗ c on s t pt r , U &&o t h e r ) c o n s t noexcept
{

i f ( p t r == n u l l p t r )
r e t u r n f a l s e ;

r e t u r n ∗ p t r == o t h e r ;
}

// Dynamica l l y typed o b j e c t on LHS

template <typename U>
r e q u i r e s WeaklyEqua l i tyComparab leWith <T, U>

boo l o p e r a t o r ( ) (U &&obj , c o n s t T &ob j_othe r ) c on s t noexcept
{

r e t u r n ob j == ob j_othe r ;
}

template <typename U>
r e q u i r e s WeaklyEqua l i tyComparab leWith <T, U>

boo l o p e r a t o r ( ) (U &&obj , c o n s t s t d : : un ique_ptr <T> &p t r _ o t h e r ) c on s t noexcept
{

i f ( p t r _ o t h e r == n u l l p t r )

11



r e t u r n f a l s e ;

r e t u r n ob j == ∗ p t r _ o t h e r ;
}

template <typename U>
r e q u i r e s WeaklyEqua l i tyComparab leWith <T, U>

boo l o p e r a t o r ( ) (U &&obj , c o n s t s t d : : shared_pt r <T> &p t r _ o t h e r ) c on s t noexcept
{

i f ( p t r _ o t h e r == n u l l p t r )
r e t u r n f a l s e ;

r e t u r n ob j == ∗ p t r _ o t h e r ;
}

template <typename U>
r e q u i r e s WeaklyEqua l i tyComparab leWith <T, U>

boo l o p e r a t o r ( ) (U &&obj , c o n s t T ∗ c on s t p t r _ o t h e r ) c on s t noexcept
{

i f ( p t r _ o t h e r == n u l l p t r )
r e t u r n f a l s e ;

r e t u r n ob j == ∗ p t r _ o t h e r ;
}

template <typename U>
r e q u i r e s WeaklyEqua l i tyComparab leWith <T, U>

boo l o p e r a t o r ( ) (U &&obj , U &&othe r_ob j ) c o n s t noexcept = d e l e t e ;
} ;

/∗∗
∗ @typede f Un iqueUnorderedSet
∗ @ b r i e f The @re f s t d : : uno rde r ed_se t c o l l e c t i o n to s t o r e the temp la ted type <code>T</code> w i t h i n a
∗ t r a n s p a r e n t l y h a s h a b l e and comparab le @re f s t d : : un ique_pt r .
∗ @tparam T The type to s t o r e , d e t a i n e d w i t h i n @re f s t d : : un ique_pt r .
∗/

template <typename T>
u s i n g UniqueUnorderedSet =

s t d : : unorde red_set <s t d : : un ique_ptr <T>, s t d : : hash<T>, U n i v e r s a l T r a n s p a r e n t E q u a l i t y <T>>;

/∗∗
∗ @typede f UniqueUnorderedMap
∗ @ b r i e f The @re f s t d : : unordered_map c o l l e c t i o n to s t o r e the temp la ted type <code>T</code> w i t h i n a
∗ t r a n s p a r e n t l y h a s h a b l e and comparab le @re f s t d : : un ique_pt r .
∗ @tparam K The key type to s t o r e , d e t a i n e d w i t h i n @re f s t d : : un ique_pt r .
∗ @tparam V The v a l u e type to a s s o c i a t e w i th keys .
∗/

template <typename K, typename V>
u s i n g UniqueUnorderedMap =

s t d : : unordered_map<s t d : : un ique_ptr <K>, V, s t d : : hash<K>, U n i v e r s a l T r a n s p a r e n t E q u a l i t y <K>>;

/∗∗
∗ @typede f SharedUnorderedSet
∗ @ b r i e f The @re f s t d : : uno rde r ed_se t c o l l e c t i o n to s t o r e the temp la ted type <code>T</code> w i t h i n a
∗ t r a n s p a r e n t l y h a s h a b l e and comparab le @re f s t d : : s ha r ed_pt r .
∗ @tparam T The type to s t o r e , d e t a i n e d w i t h i n @re f s t d : : sha r ed_pt r .
∗/

template <typename T>
u s i n g SharedUnorderedSet =

s t d : : unorde red_set <s t d : : shared_ptr <T>, s t d : : hash<T>, U n i v e r s a l T r a n s p a r e n t E q u a l i t y <T>>;

/∗∗
∗ @typede f SharedUnorderedMap
∗ @ b r i e f The @re f s t d : : unordered_map c o l l e c t i o n to s t o r e the temp la ted type <code>T</code> w i t h i n a
∗ t r a n s p a r e n t l y h a s h a b l e and comparab le @re f s t d : : s ha r ed_pt r .
∗ @tparam K The key type to s t o r e , d e t a i n e d w i t h i n @re f s t d : : s ha r ed_pt r .
∗ @tparam V The v a l u e type to a s s o c i a t e w i th keys .
∗/

template <typename K, typename V>
u s i n g SharedUnorderedMap =

s t d : : unordered_map<s t d : : shared_pt r <K>, V, s t d : : hash<K>, U n i v e r s a l T r a n s p a r e n t E q u a l i t y <K>>;

/∗∗
∗ @typede f RawUnorderedSet
∗ @ b r i e f The @re f s t d : : uno rde r ed_se t c o l l e c t i o n to s t o r e the temp la ted type <code>T</code> w i t h i n a
∗ t r a n s p a r e n t l y h a s h a b l e and comparab le <code>T∗</code >.
∗ @tparam T The type to s t o r e , r e f e r e n c e d through a raw p o i n t e r .
∗/

template <typename T>
u s i n g RawUnorderedSet =
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s t d : : unorde red_set <s t d : : add_pointer_t <T>, s t d : : hash<T>, U n i v e r s a l T r a n s p a r e n t E q u a l i t y <T>>;

/∗∗
∗ @typede f RawUnorderedMap
∗ @ b r i e f The @re f s t d : : unordered_map c o l l e c t i o n to s t o r e the temp la ted type <code>T</code> w i t h i n a
∗ t r a n s p a r e n t l y h a s h a b l e and comparab le <code>T∗</code >.
∗ @tparam K The key type to s t o r e , r e f e r e n c e d through a raw p o i n t e r .
∗ @tparam V The v a l u e type to a s s o c i a t e w i th keys .
∗/

template <typename K, typename V>
u s i n g RawUnorderedMap =

s t d : : unordered_map<s t d : : add_pointer_t <K>, V, s t d : : hash<K>, U n i v e r s a l T r a n s p a r e n t E q u a l i t y <K>>;

} // namespace o p t i f o l

#e n d i f // OPTIFOL_HPP

1.7 Exceptions

1.7.1 ParseError.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n and imp l ementa t i on f o r the Parse E r r o r e x c e p t i o n
∗ @date 2025−05−09
∗ @author O l i v e r Dixon <od641@york . ac . uk>
∗/

#i f n d e f PARSEERROR_HPP
#d e f i n e PARSEERROR_HPP

#i n c l u d e <s t d e x c e p t >

namespace o p t i f o l
{

/∗∗
∗ @ c l a s s P a r s e E r r o r
∗ @ b r i e f An e x c e p t i o n i n d i c a t i n g some s o r t o f p a r s i n g e r r o r
∗/

c l a s s P a r s e E r r o r f i n a l : p u b l i c s t d : : r u n t i m e _ e r r o r
{
p u b l i c :

e x p l i c i t P a r s e E r r o r ( c on s t s t d : : s t r i n g &message ) :
s t d : : r u n t i m e _ e r r o r ( s t d : : s t r i n g ( " P a r s i n g E r r o r : " ) + message )

{
}

e x p l i c i t P a r s e E r r o r ( c on s t s t d : : s t r i n g &message , co n s t s t d : : s i z e _ t ) :
s t d : : r u n t i m e _ e r r o r ( s t d : : s t r i n g ( " P a r s i n g E r r o r : " ) + message )

{
}

e x p l i c i t P a r s e E r r o r ( c on s t cha r ∗ message , c on s t s t d : : s i z e _ t ) :
s t d : : r u n t i m e _ e r r o r ( s t d : : s t r i n g ( " P a r s i n g E r r o r : " ) + message )

{
}

} ;

} // namespace o p t i f o l

#e n d i f

1.7.2 SemanticException.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
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∗ @ b r i e f C l a s s s p e c i f i c a t i o n and imp l ementa t i on f o r the Semant ic Excep t i on
∗ @author O l i v e r Dixon
∗ @date 2024−11−30
∗ @ v e r s i o n Development
∗/

#i f n d e f SEMANTICEXCEPTION_HPP
#d e f i n e SEMANTICEXCEPTION_HPP

#i n c l u d e <s t d e x c e p t >

namespace o p t i f o l
{

/∗∗
∗ @ c l a s s Semant i cExcep t i on
∗ @ b r i e f The Semant ic Excep t i on e x p r e s s e s a l o g i c a l / semant i c e r r o r i n the meaning o f a Requi rement s ta tement .
∗ @ d e t a i l s The Semant ic Excep t i on can be used to e x p r e s s e r r o r s o f a n a t u r e that , w h i l e s y n t a c t i c a l l y
∗ unprob l emat i c , do not make mean ing fu l s e n s e i n the p r e s e n t c o n t e x t . The most c a n o n i c a l usage would be to
∗ i n d i c a t e a l o g i c a l i n c o n s i s t e n c y i n a r e q u i r e m e n t s e n t e n c e a c c o r d i n g to the r u l e s o f FOL . See , f o r
∗ example , S y m b o l S t a n d a r d i s i n g V i s i t o r .
∗/

c l a s s Semant i cExcep t i on f i n a l : p u b l i c s t d : : r u n t i m e _ e r r o r
{
p u b l i c :

e x p l i c i t Semant i cExcept i on ( co n s t s t d : : s t r i n g &message ) :
s t d : : r u n t i m e _ e r r o r ( s t d : : s t r i n g ( " Semant ic Excep t i on : " ) + message )

{
}

e x p l i c i t Semant i cExcept i on ( co n s t cha r ∗ message ) :
s t d : : r u n t i m e _ e r r o r ( s t d : : s t r i n g ( " Semant ic Excep t i on : " ) + message )

{
}

} ;

} // namespace o p t i f o l

#e n d i f

1.8 GUI

1.8.1 Application.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the O p t i f o l GTK A p p l i c a t i o n
∗ @author O l i v e r Dixon
∗ @date 2025−02−02
∗ @ v e r s i o n Development
∗/

#i n c l u d e <ios t r eam >

#i n c l u d e " . . / S to rage / Subsystem . hpp "
#i n c l u d e " A p p l i c a t i o n . hpp "
#i n c l u d e " GTKHelpers . hpp "
#i n c l u d e "MainWindow . hpp "

namespace o p t i f o l
{

G l i b : : RefPtr<A p p l i c a t i o n > A p p l i c a t i o n : : c r e a t e ( )
{

r e t u r n G l i b : : make_re fp t r_ fo r_ in s tance <A p p l i c a t i o n >(new A p p l i c a t i o n ( ) ) ;
}

A p p l i c a t i o n : : A p p l i c a t i o n ( ) :
Gtk : : A p p l i c a t i o n ( " uk . ac . yo rk . www_users . od641 . o p t i f o l " )

{
G l i b : : s e t_app l i c a t i on_name ( " O p t i f o l " ) ;

}

v o i d A p p l i c a t i o n : : on_sta r tup ( )
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{
Gtk : : A p p l i c a t i o n : : on_sta r tup ( ) ;

add_act ion ( "new" , [ ] { s t d : : cout << "New\n" ; }) ;
add_act ion ( " open " , [ ] { s t d : : cout << "Open\n" ; }) ;
add_act ion ( " q u i t " , s i g c : : mem_fun(∗ t h i s , &A p p l i c a t i o n : : q u i t _ a p p l i c a t i o n ) ) ;
add_act ion ( " about " , s i g c : : mem_fun(∗ t h i s , &A p p l i c a t i o n : : show_about_dia log ) ) ;
add_act ion ( " h e l p " , &A p p l i c a t i o n : : o p e n _ a p p l i c a t i o n _ h e l p ) ;

b u i l d e r = Gtk : : B u i l d e r : : c r e a t e _ f r o m _ r e s o u r c e ( "/uk/ ac / york /www_users/od641/ o p t i f o l /UI/ A p p l i c a t i o n . u i " ) ;
set_menubar ( GTKHelpers : : ge t_ob jec t <Gio : : Menu>(" A p p l i c a t i o n Root " , ∗ b u i l d e r , " top_menu " ) ) ;
abou t_d i a l og = GTKHelpers : : get_widget<Gtk : : AboutDia log >(" A p p l i c a t i o n Root " , ∗ b u i l d e r , " abou t_d ia l og " ) ;
about_d ia log −>set_h ide_on_c lo se ( ) ;

}

v o i d A p p l i c a t i o n : : o n _ a c t i v a t e ( )
{

c on s t auto main_window = create_main_window ( ) ;
main_window−>p r e s e n t ( ) ;
about_d ia log −>s e t _ t r a n s i e n t _ f o r (∗ main_window ) ;

// ReSharper d i s a b l e once CppDFAMemoryLeak
}

MainWindow ∗ A p p l i c a t i o n : : create_main_window ( )
{

// Memory l e a k warn ing he r e i s a f a l s e p o s i t i v e , as windows a r e managed by the GTK management e n g i n e
// ReSharper d i s a b l e once CppDFAMemoryLeak
c on s t auto main_window = new MainWindow ( ) ;
add_window (∗ main_window ) ;

main_window−>set_show_menubar ( ) ;
main_window−>s i g n a l _ h i d e ( ) . connect ( [ main_window ] ( ) { d e l e t e main_window ; }) ;

r e t u r n main_window ;
}

v o i d A p p l i c a t i o n : : show_about_dia log ( ) c on s t
{

about_d ia log −>s e t _ v i s i b l e ( ) ;
about_d ia log −>p r e s e n t ( ) ;

}

v o i d A p p l i c a t i o n : : o p e n _ a p p l i c a t i o n _ h e l p ( )
{

Gio : : AppInfo : : l a u n c h _ d e f a u l t _ f o r _ u r i ( " h t t p s : //www−u s e r s . yo rk . ac . uk/~ od641/ l6 −p r o j e c t " ) ;
}

v o i d A p p l i c a t i o n : : q u i t _ a p p l i c a t i o n ( )
{

q u i t ( ) ;

// D e s t r u c t a l l windows c o n s t i t u t i n g the A p p l i c a t i o n i n s t a n c e .
f o r ( co n s t auto windows = get_windows ( ) ; c on s t auto window : windows )

window−>s e t _ v i s i b l e ( f a l s e ) ;
}

} // namespace o p t i f o l

1.8.2 Application.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the O p t i f o l GTK A p p l i c a t i o n
∗ @author O l i v e r Dixon
∗ @date 2025−02−02
∗ @ v e r s i o n Development
∗/

#i f n d e f APPLICATION_HPP
#d e f i n e APPLICATION_HPP

#i n c l u d e <gtkmm . h>
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namespace o p t i f o l
{

c l a s s MainWindow ;

/∗∗
∗ @ c l a s s A p p l i c a t i o n
∗ @ b r i e f The O p t i f o l a p p l i c a t i o n managing s t a r t u p , shutdown , the main window , and c o r e u s e r a c t i o n s .
∗/

c l a s s A p p l i c a t i o n : p u b l i c Gtk : : A p p l i c a t i o n
{
p u b l i c :

/∗∗
∗ @ b r i e f C rea te a new A p p l i c a t i o n from a s t a t i c contex t , p roduc i ng a r e f e r e n c e to the c r e a t e d A p p l i c a t i o n
∗ i n the GTK memory model .
∗ @re tu rn
∗/

s t a t i c G l i b : : RefPtr<A p p l i c a t i o n > c r e a t e ( ) ;

p r o t e c t e d :
/∗∗

∗ @ b r i e f C rea te the A p p l i c a t i o n from a non−s t a t i c c o n t e x t .
∗/

A p p l i c a t i o n ( ) ;

v o i d on_sta r tup ( ) o v e r r i d e ;

v o i d o n _ a c t i v a t e ( ) o v e r r i d e ;

p r i v a t e :
/∗∗

∗ @ b r i e f C rea te the MainWindow and r e t u r n a mutable , o b s e r v i n g p o i n t e r .
∗ @re tu rn A weak non−owning r e f e r e n c e to the c r e a t e d MainWindow .
∗/

MainWindow ∗ create_main_window ( ) ;

/∗∗
∗ @ b r i e f D i s p l a y the ’ About ’ d i a l o g .
∗/

v o i d show_about_dia log ( ) co n s t ;

/∗∗
∗ @ b r i e f D i s p l a y the ’ Help ’ web page i n the d e f a u l t system browse r .
∗/

s t a t i c v o i d o p e n _ a p p l i c a t i o n _ h e l p ( ) ;

/∗∗
∗ @ b r i e f Quit the a p p l i c a t i o n .
∗/

v o i d q u i t _ a p p l i c a t i o n ( ) ;

G l i b : : RefPtr<Gtk : : B u i l d e r > b u i l d e r ;

Gtk : : AboutDia log ∗ about_d ia l og = n u l l p t r ;
} ;

} // namespace o p t i f o l

#e n d i f

1.8.3 ContextButtonCorrespondence.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the Context Menu−Menu Button c o r r e s p o n d e n c e h e l p e r
∗ @author O l i v e r Dixon
∗ @date 2026−04−11
∗ @ v e r s i o n Development
∗/

#i n c l u d e <gtkmm/ g e s t u r e c l i c k . h>

#i n c l u d e " Contex tBut tonCor re spondence . hpp "

16



namespace o p t i f o l
{

Contex tBut tonCor re spondence : : Contex tBut tonCor re spondence ( Gtk : : Widget ∗ parent ,
c on s t G l i b : : RefPtr<Gio : : Menu> &menu_source ,
s t d : : i n i t i a l i z e r _ l i s t <s t d : : t up l e <s t d : : s t r i n g , Gtk : : MenuButton ∗ , Gtk : : Popover ∗ , bool>> &&map)

{
/∗

∗ E s t a b l i s h the mapping between popover−r a i s i n g a c t i o n s and c o r r e s p o n d i n g MenuButtons . I f a popover
∗ c o n s t r u c t o r has been d e f i n e d , c a l l t h a t i m me d i a t e l y p r i o r to the popup c a l l .
∗/

f o r ( co n s t auto &[name , menu_button , popover , enab l ed ] : map) {
c on s t auto a c t i o n _ s o u r c e = act ion_group −>add_act ion ( name , [ popover ] { popover−>popup ( ) ; }) ;

t h i s −>map . emplace ( name , menu_button ) ;
menu_button−>set_popove r (∗ popover ) ;
menu_button−>s e t _ s e n s i t i v e ( enab l ed ) ;
a c t i on_sou r ce −>s e t _e na b l e d ( enab l ed ) ;

}

/∗
∗ Set up a c a l l b a c k f o r the chang ing s t a t e o f a c t i o n s . When the s t a t e o f an u n d e r l y i n g Gio : : S imp l eAc t i on
∗ i s mod i f i ed , t h i s c a l l b a c k i s t r i g g e r e d to l o c a t e the c o r r e s p o n d i n g Gtk : : MenuButton and t o g g l e i t s
∗ s e n s i t i v i t y a c c o r d i n g l y . The re fo r e , the g r a p h i c a l but ton s t a t e a lways matches the a v a i l a b i l i t y o f the
∗ a c t i o n .
∗/

act ion_group −>s igna l_ac t i on_enab l ed_changed ( ) . connect (
[ t h i s ] ( c on s t G l i b : : u s t r i n g &action_name , c on s t boo l enab l ed )
{

c on s t auto map_it = t h i s −>map . f i n d ( action_name ) ;
i f ( map_it != t h i s −>map . cend ( ) )

map_it−>second−>s e t _ s e n s i t i v e ( enab l ed ) ;
}) ;

// Set up the PopoverMenu c o n t e x t menu , i n c l u d i n g r e g i s t r a t i o n wi th the p a r e n t Widget .
menu . s e t _ p a r e n t (∗ p a r e n t ) ;
menu . set_menu_model ( menu_source ) ;

c on s t auto g e s t u r e = Gtk : : G e s t u r e C l i c k : : c r e a t e ( ) ;
g e s t u r e −>set_but ton (GDK_BUTTON_SECONDARY) ;
g e s t u r e −>s i g n a l _ r e l e a s e d ( ) . connect (

[ t h i s ] ( i n t , c o n s t doub l e x , c on s t doub l e y )
{

c on s t Gdk : : R ec ta n g l e r e c t ( s t a t i c _ c a s t <i n t >(x ) , s t a t i c _ c a s t <i n t >(y ) , 1 , 1) ;
menu . s e t _ p o i n t i n g _ t o ( r e c t ) ;
menu . popup ( ) ;

}) ;

parent −>i n s e r t _ a c t i o n _ g r o u p ( " win " , ac t i on_group ) ;
parent −>a d d _ c o n t r o l l e r ( g e s t u r e ) ;

}

v o i d Contex tBut tonCor re spondence : : e n a b l e _ a c t i o n ( c on s t G l i b : : u s t r i n g &action_name ) c on s t
{

c on s t auto a c t i o n =
s t d : : dynamic_po inte r_cas t <Gio : : S imp leAct ion >(act ion_group −>lookup_ac t i on ( act ion_name ) ) ;

i f ( a c t i o n != n u l l p t r )
a c t i on −>s e t _e na b l e d ( t r u e ) ;

}

v o i d Contex tBut tonCor re spondence : : d i s a b l e _ a c t i o n ( co n s t G l i b : : u s t r i n g &action_name ) c on s t
{

c on s t auto a c t i o n =
s t d : : dynamic_po inte r_cas t <Gio : : S imp leAct ion >(act ion_group −>lookup_ac t i on ( act ion_name ) ) ;

i f ( a c t i o n != n u l l p t r )
a c t i on −>s e t _e na b l e d ( f a l s e ) ;

}

} // namespace o p t i f o l

1.8.4 ContextButtonCorrespondence.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
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∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the Context Menu−Menu Button c o r r e s p o n d e n c e h e l p e r
∗ @author O l i v e r Dixon
∗ @date 2026−04−11
∗ @ v e r s i o n Development
∗/

#i f n d e f CONTEXTBUTTONCORRESPONDENCE_HPP
#d e f i n e CONTEXTBUTTONCORRESPONDENCE_HPP

#i n c l u d e <giomm/menu . h>
#i n c l u d e <giomm/ s i m p l e a c t i o n g r o u p . h>
#i n c l u d e <gtkmm/ menubutton . h>
#i n c l u d e <gtkmm/ popovermenu . h>

namespace o p t i f o l
{

/∗∗
∗ @ c l a s s Contex tBut tonCor re spondence
∗ @ b r i e f Manage common popover−based a c t i o n s l i n k e d by both a c o n t e x t menu i tem and menu button .
∗/

c l a s s Contex tBut tonCor re spondence
{
p u b l i c :

/∗∗
∗ @ b r i e f C rea te a new c o r r e s p o n d e n c e
∗ @param p a r e n t The p a r e n t w idget o f the PopoverMenu c o n t a i n i n g the menu o p t i o n
∗ @param menu_source The GTK l i s t model p o p u l a t i n g the PopoverMenu
∗ @param map A t u p l e c o n t a i n i n g the a c t i o n name , the menu button to which i t i s l i n k e d , the popover
∗ l i n k e d to the a c t i on , and whether i t s h o u l d be enab l ed by d e f a u l t .
∗/

e x p l i c i t Contex tBut tonCor re spondence ( Gtk : : Widget ∗ parent , c o n s t G l i b : : RefPtr<Gio : : Menu> &menu_source ,
s t d : : i n i t i a l i z e r _ l i s t <s t d : : t up l e <s t d : : s t r i n g , Gtk : : MenuButton ∗ , Gtk : : Popover ∗ , bool>> &&map) ;

/∗∗
∗ @ b r i e f Enab le the named a c t i o n v i a i t s menu button and c o n t e x t menu e n t r y .
∗ @param action_name The name o f the a c t i o n to e n a b l e
∗/

v o i d e n a b l e _ a c t i o n ( c o n s t G l i b : : u s t r i n g &action_name ) c o n s t ;

/∗∗
∗ @ b r i e f D i s a b l e the named a c t i o n v i a i t s menu button and c o n t e x t menu e n t r y .
∗ @param action_name The name o f the a c t i o n to d i s a b l e
∗/

v o i d d i s a b l e _ a c t i o n ( c o n s t G l i b : : u s t r i n g &action_name ) c o ns t ;

p r i v a t e :
s t d : : unordered_map<s t d : : s t r i n g , Gtk : : MenuButton ∗> map ;

G l i b : : RefPtr<Gio : : S impleAct ionGroup > act ion_group = Gio : : S imp leAct ionGroup : : c r e a t e ( ) ;

Gtk : : PopoverMenu menu ;
} ;

} // namespace o p t i f o l

#e n d i f

1.8.5 GTKHelpers.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r some handy e x c e p t i o n −aware GTK s t a t i c h e l p e r s
∗ @author O l i v e r Dixon
∗ @date 2025−02−02
∗ @ v e r s i o n Development
∗/

#i f n d e f GTKHELPERS_HPP
#d e f i n e GTKHELPERS_HPP

#i n c l u d e <a s s e r t . h>
#i n c l u d e <gtkmm . h>
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#i n c l u d e " . . / S to rage / Sto rageOb jec tBase . hpp "

namespace o p t i f o l
{

/∗∗
∗ @namespace mp_helpers
∗ @ b r i e f Metaprogramming UI h e l p e r s t h a t a r e r e q u i r e d to be d e c l a r e d at the namespace l e v e l
∗/

namespace mp_helpers
{

/∗∗
∗ @ c l a s s i s _ o p t i o n a l
∗ @ b r i e f F a l s e ca s e f o r t e s t i n g s p e c i a l i s a t i o n s o f @re f s t d : : o p t i o n a l
∗/

template <typename>
s t r u c t i s _ o p t i o n a l : s t d : : f a l s e _ t y p e
{
} ;

/∗∗
∗ @ c l a s s i s _ o p t i o n a l
∗ @ b r i e f True ca se f o r t e s t i n g s p e c i a l i s a t i o n s o f @re f s t d : : o p t i o n a l
∗ @tparam T The type to t e s t
∗/

template <typename T>
s t r u c t i s _ o p t i o n a l <s t d : : o p t i o n a l <T>> : s t d : : t r ue_type
{
} ;

// Cur r en t Clang 18 bug r e p o r t s Doxygen v i o l a t i o n s f o r u s e s o f @tparam on temp la ted c on ce p t s .
#pragma c l a n g d i a g n o s t i c push
#pragma c l a n g d i a g n o s t i c i g n o r e d "−Wdocumentation "

/∗∗
∗ @concept GTKWidget
∗ @ b r i e f R e p r e s e n t s a c o n c r e t e GTK widget
∗ @tparam WidgetType The c o n c r e t e w idget type
∗/

template <typename WidgetType>
concept GTKWidget = s t d : : de r i ved_from <WidgetType , Gtk : : Widget> && ! s t d : : i s _ a b s t r a c t _ v <WidgetType >;

/∗∗
∗ @concept GTKObject
∗ @ b r i e f R e p r e s e n t s a c o n c r e t e GTK o b j e c t
∗ @tparam ObjectType The c o n c r e t e o b j e c t type
∗/

template <typename ObjectType>
concept GTKObject = s t d : : de r ived_f rom <ObjectType , G l i b : : Object> && ! s t d : : i s _ a b s t r a c t _ v <ObjectType >;

#pragma c l a n g d i a g n o s t i c pop

} // namespace mp_helpers

/∗∗
∗ @ c l a s s GTKHelpers
∗ @ b r i e f A handy s e t o f modern e x c e p t i o n −aware ( th row ing ) wrapper s f o r common GTKmm o p e r a t i o n s
∗/

c l a s s GTKHelpers
{
p u b l i c :

/∗∗
∗ @ b r i e f R e t r i e v e a GTK o b j e c t as a G l ib −wrapped r e f −counted p o i n t e r from a GTK b u i l d e r
∗ @tparam ObjectType The expec t ed c o n c r e t e GTK o b j e c t r e t u r n type from the b u i l d e r
∗ @param segment_name A view o f the name o f the c o n t e x t r e q u e s t i n g the i tem ; used f o r enhanced e r r o r
∗ l o g g i n g .
∗ @param b u i l d e r The b u i l d e r w i th an expec t ed r e f e r e n c e to the i tem
∗ @param object_name The ID o f the t a r g e t GTK o b j e c t
∗ @re tu rn A Gl ib −wrapped i n s t a n c e o f the GTK o b j e c t typed a c c o r d i n g to the t emp la t e paramete r
∗ @throws s t d : : r u n t i m e _ e r r o r The named o b j e c t cou ld not be b u i l t a c c o r d i n g to the g i v e n type and name
∗/

template <mp_helpers : : GTKObject ObjectType>
s t a t i c G l i b : : RefPtr<ObjectType> g e t _ o b j e c t (

c on s t s t d : : s t r i n g _ v i e w segment_name , Gtk : : B u i l d e r &b u i l d e r , c o n s t s t d : : s t r i n g &object_name )
{

c on s t auto o b j e c t = b u i l d e r . ge t_ob jec t <ObjectType >(object_name ) ;
i f ( ! o b j e c t )

throw s t d : : r u n t i m e _ e r r o r ( " Could not b u i l d \" " + s t d : : s t r i n g ( segment_name ) + " \ " : GTK o b j e c t \" " +
object_name + " \" was not found " ) ;

r e t u r n o b j e c t ;
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}

/∗∗
∗ @ b r i e f R e t r i e v e a GTK widget as a raw p o i n t e r ( u l t i m a t e l y managed by the GTK o b j e c t system ) from a GTK
∗ b u i l d e r
∗ @tparam WidgetType The expec t ed c o n c r e t e GTK widget r e t u r n type from the b u i l d e r
∗ @param segment_name A view o f the name o f the c o n t e x t r e q u e s t i n g the i tem ; used f o r enhanced e r r o r
∗ l o g g i n g .
∗ @param b u i l d e r The b u i l d e r w i th an expec t ed r e f e r e n c e to the i tem
∗ @param widget_name The ID o f the t a r g e t GTK widget
∗ @re tu rn A Gl ib −wrapped i n s t a n c e o f the GTK widget typed a c c o r d i n g to the t emp la t e paramete r
∗ @throws s t d : : r u n t i m e _ e r r o r The named widget cou ld not be b u i l t a c c o r d i n g to the g i v e n type and name
∗/

template <mp_helpers : : GTKWidget WidgetType>
s t a t i c WidgetType ∗ get_widget (

c on s t s t d : : s t r i n g _ v i e w segment_name , Gtk : : B u i l d e r &b u i l d e r , c o n s t s t d : : s t r i n g &widget_name )
{

c on s t auto w idget = b u i l d e r . get_widget<WidgetType >(widget_name ) ;
i f ( ! w idget )

throw s t d : : r u n t i m e _ e r r o r ( " Could not b u i l d \" " + s t d : : s t r i n g ( segment_name ) + " \ " : GTK widget \" " +
widget_name + " \" was not found " ) ;

r e t u r n w idget ;
}

/∗∗
∗ @ b r i e f Set up a non−expandab l e GTK l a b e l w i t h i n the g i v e n c o n t a i n e r
∗ @param l i s t _ i t e m The c o n t a i n e r i n t o which the l a b e l s h o u l d be emplaced
∗ @param mono_sty l ing Should the l a b e l be s t y l e d a c c o r d i n g to the s t a n d a r d monospace s t y l e ?
∗/

s t a t i c v o i d s e t u p _ l a b e l ( c on s t G l i b : : RefPtr<Gtk : : L i s t I t e m > &l i s t _ i t e m , c o n s t boo l mono_sty l ing = f a l s e )
{

c on s t auto l a b e l = Gtk : : make_managed<Gtk : : Labe l >() ;

l a b e l −>s e t _ h a l i g n ( Gtk : : A l i g n : : START) ;
i f ( mono_sty l ing )

l a b e l −>add_cs s_c l a s s ( " opt i f o l_monospace " ) ;

l i s t _ i t e m −>s e t _ c h i l d (∗ l a b e l ) ;
}

/∗∗
∗ @ b r i e f Set up an e d i t a b l e t e x t f i e l d ( Gtk : : Ent ry ) w i t h i n the g i v e n c o n t a i n e r
∗ @param l i s t _ i t e m The c o n t a i n e r i n t o which the f i e l d s h o u l d be emplaced
∗/

s t a t i c v o i d s e t up _e n t r y ( c o n s t G l i b : : RefPtr<Gtk : : L i s t I t e m > &l i s t _ i t e m )
{

c on s t auto e n t r y = Gtk : : make_managed<Gtk : : Entry >() ;
en t ry −>s e t _ h a l i g n ( Gtk : : A l i g n : : START) ;
l i s t _ i t e m −>s e t _ c h i l d (∗ e n t r y ) ;

}

/∗∗
∗ @ b r i e f Set up a combo box ( Gtk : : DropDown ) w i t h i n the g i v e n c o n t a i n e r
∗ @param l i s t _ i t e m The c o n t a i n e r i n t o which the combo box s h o u l d be emplaced
∗/

s t a t i c v o i d setup_combo_box ( c on s t G l i b : : RefPtr<Gtk : : L i s t I t e m > &l i s t _ i t e m )
{

c on s t auto combo_box = Gtk : : make_managed<Gtk : : DropDown>() ;
combo_box−>s e t _ h a l i g n ( Gtk : : A l i g n : : START) ;
l i s t _ i t e m −>s e t _ c h i l d (∗ combo_box ) ;

}

/∗∗
∗ @ b r i e f Set up an expandab l e GTK l a b e l w i t h i n the g i v e n c o n t a i n e r
∗ @param l i s t _ i t e m The c o n t a i n e r i n t o which the l a b e l s h o u l d be emplaced
∗ @param mono_sty l ing Should the l a b e l be s t y l e d a c c o r d i n g to the s t a n d a r d monospace s t y l e ?
∗/

s t a t i c v o i d s e t u p _ e x p a n d a b l e _ l a b e l (
c on s t G l i b : : RefPtr<Gtk : : L i s t I t e m > &l i s t _ i t e m , c o n s t boo l mono_sty l ing = f a l s e )

{
c on s t auto expander = Gtk : : make_managed<Gtk : : TreeExpander >() ;
c on s t auto l a b e l = Gtk : : make_managed<Gtk : : Labe l >() ;

l a b e l −>s e t _ h a l i g n ( Gtk : : A l i g n : : START) ;
i f ( mono_sty l ing )

l a b e l −>add_cs s_c l a s s ( " opt i f o l_monospace " ) ;

expander−>s e t _ c h i l d (∗ l a b e l ) ;
l i s t _ i t e m −>s e t _ c h i l d (∗ expander ) ;

}
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/∗∗
∗ @ b r i e f Bind an a r b i t r a r y o p t i o n a l G l i b : : P r o p e r t y to a Gtk : : Labe l
∗ @tparam BoundType The @re f s t d : : o p t i o n a l s p e c i a l i s a t i o n type to be s t r i n g i f i e d and bound
∗ @tparam StoredType The c l a s s p r o v i d i n g the p r o p e r t y g e t t e r
∗ @param p r o p e r t y _ f u n c t o r Unbound member f u n c t i o n f u n c t o r to p r o v i d e o b s e r v i n g p r o p e r t y proxy , i . e .
∗ G l i b : : PropertyProxy_ReadOnly .
∗ @param o b j e c t The o b j e c t i n s t a n c e c o n t a i n i n g the p r o p e r t y to be bound
∗ @param l a b e l The d e s t i n a t i o n l a b e l to c o n t a i n a s t r i n g r e p r e s e n t a t i o n o f the p r o p e r t y
∗ @ d e t a i l s I f the p r o p e r t y f u n c t o r p r o v i d e s a @re f s t d : : o p t i o n a l c o n t a i n i n g a va lue , the popu l a t ed l a b e l
∗ i s e q u i v a l e n t to the one p r o v i d e d by the non−@re f s t d : : o p t i o n a l @ re f b ind_any_proper ty . I f the
∗ s u p p l i e d p r o p e r t y does not c o n t a i n a va lue , the l a b e l i s marked "Empty" and s t y l e d wi th the
∗ @re f unknown_css_class_name CSS c l a s s .
∗/

template <typename BoundType , typename StoredType>
r e q u i r e s mp_helpers : : i s _ o p t i o n a l <BoundType >: : v a l u e

s t a t i c v o i d b ind_any_proper ty (
s i g c : : mem_functor<G l i b : : PropertyProxy_ReadOnly<BoundType> ( StoredType : : ∗ ) ( ) const >

p r o p e r t y _ f u n c t o r ,
c on s t StoredType &o b j e c t , Gtk : : Labe l ∗ c on s t l a b e l )

{
i f ( l a b e l == n u l l p t r )

r e t u r n ;

G l i b : : B ind ing : : b i n d _ p r o p e r t y ( p r o p e r t y _ f u n c t o r . o p e r a t o r ( ) ( o b j e c t ) , l a b e l −>p r o p e r t y _ l a b e l ( ) ,
G l i b : : B ind ing : : F l a g s : : SYNC_CREATE,
[ l a b e l ] ( c o n s t BoundType &from ) −> s t d : : o p t i o n a l <G l i b : : u s t r i n g >
{

c on s t boo l i s_a l ready_unknown = l a b e l −>h a s _ c s s _ c l a s s ( unknown_css_class_name ) ;
boo l unknown_value = f a l s e ;
s t d : : s t r i n g s t r i n g _ v a l u e ;

i f ( from . has_va lue ( ) ) {
i f c o n s t e x p r ( s t d : : i s _ c o n v e r t i b l e _ v <G l i b : : u s t r i n g , d e c l t y p e (∗ from )>)

// I f we have p l a i n s t r i n g va lue , j u s t pa s s i t th rough .
s t r i n g _ v a l u e = ∗ from ;

e l s e
// Otherwise , r e l y on the s t a n d a r d c o n v e r s i o n f u n c t i o n s w i th ADR.
s t r i n g _ v a l u e = s t d : : t o _ s t r i n g (∗ from ) ;

} e l s e {
unknown_value = t r u e ;
s t r i n g _ v a l u e = "Empty" ;

}

i f ( i s_a l ready_unknown && ! unknown_value )
l a b e l −>remove_cs s_c la s s ( unknown_css_class_name ) ;

e l s e i f ( ! i s_a l ready_unknown && unknown_value )
l a b e l −>add_cs s_c l a s s ( unknown_css_class_name ) ;

r e t u r n s t r i n g _ v a l u e ;
}) ;

}

/∗∗
∗ @ b r i e f Bind an a r b i t r a r y non−o p t i o n a l G l i b : : P r o p e r t y to a Gtk : : Labe l
∗ @tparam BoundType The type to be s t r i n g i f i e d and bound
∗ @tparam StoredType The c l a s s p r o v i d i n g the p r o p e r t y g e t t e r
∗ @param p r o p e r t y _ f u n c t o r Unbound member f u n c t i o n f u n c t o r to p r o v i d e o b s e r v i n g p r o p e r t y proxy , i . e .
∗ G l i b : : PropertyProxy_ReadOnly .
∗ @param o b j e c t The o b j e c t i n s t a n c e c o n t a i n i n g the p r o p e r t y to be bound
∗ @param l a b e l The d e s t i n a t i o n l a b e l to c o n t a i n a s t r i n g r e p r e s e n t a t i o n o f the p r o p e r t y
∗/

template <typename BoundType , typename StoredType>
s t a t i c v o i d b ind_any_proper ty (

s i g c : : mem_functor<G l i b : : PropertyProxy_ReadOnly<BoundType> ( StoredType : : ∗ ) ( ) const >
p r o p e r t y _ f u n c t o r ,

c on s t StoredType &o b j e c t , Gtk : : Labe l ∗ c on s t l a b e l )
{

i f ( l a b e l == n u l l p t r )
r e t u r n ;

G l i b : : B ind ing : : b i n d _ p r o p e r t y ( p r o p e r t y _ f u n c t o r . o p e r a t o r ( ) ( o b j e c t ) , l a b e l −>p r o p e r t y _ l a b e l ( ) ,
G l i b : : B ind ing : : F l a g s : : SYNC_CREATE) ;

}

p r i v a t e :
s t a t i c c o n s t e x p r auto unknown_css_class_name = " opt i fo l_unknown " ;

} ;

} // namespace o p t i f o l
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#e n d i f

1.8.6 GUIDriver.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f O p t i f o l GUI e n t r y p o i n t d e f i n i t i o n
∗ @author O l i v e r Dixon
∗ @date 2025−02−02
∗ @ v e r s i o n Development
∗/

#i n c l u d e <l o g 4 c x x / b a s i c c o n f i g u r a t o r . h>

#i n c l u d e " A p p l i c a t i o n . hpp "

i n t main ( c o n s t i n t argc , cha r ∗∗ a rgv )
{

l o g 4 c x x : : B a s i c C o n f i g u r a t o r : : c o n f i g u r e ( ) ;
c on s t auto app = o p t i f o l : : A p p l i c a t i o n : : c r e a t e ( ) ;
r e t u r n app−>run ( argc , a rgv ) ;

}

1.8.7 IWindowArea.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f I n t e r f a c e s p e c i f i c a t i o n f o r the Subsystem−s e n s i t i v e Window Area
∗ @author O l i v e r Dixon
∗ @date 2025−07−09
∗ @ v e r s i o n Development
∗/

#i f n d e f IWINDOWAREA_HPP
#d e f i n e IWINDOWAREA_HPP

#i n c l u d e <glibmm/ r e f p t r . h>
#i n c l u d e <s i g c++/t r a c k a b l e . h>

namespace o p t i f o l
{

c l a s s Subsystem ;

/∗∗
∗ @ c l a s s IWindowArea
∗ @ b r i e f A window area i s a l o o s e l y d e f i n e d " major " a r ea o f the O p t i f o l GUI t h a t i s l a r g e l y dependent on the
∗ p r e s e n t l y s e l e c t e d model i n the P r o j e c t H i e r a r c h y P a n e . I t i s t r a c k a b l e to s u p p o r t the usage o f i t s member
∗ f u n c t i o n s as l i b s i g c++ c a l l b a c k s .
∗/

c l a s s IWindowArea : p u b l i c s i g c : : t r a c k a b l e
{
p u b l i c :

/∗∗
∗ @ b r i e f C rea te a new window area
∗/

IWindowArea ( ) = d e f a u l t ;

// ReSharper d i s a b l e once CppHid ingFunct ion
/∗

∗ A w e l l −document and unde r s tood s i g c++ c o n s t r a i n t p r e v e n t s d e l e t i o n s through s i g c : : t r a c k a b l e p o i n t e r s .
∗ H id ing the non−v i r t u a l ~ s i g c : : t r a c k a b l e i s a non−i s s u e f o r our API use−case .
∗/

/∗∗
∗ @ b r i e f D e s t r u c t the window area
∗/

v i r t u a l ~ IWindowArea ( ) = d e f a u l t ;
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/∗∗
∗ @ b r i e f D i s a l l o w copy ing o f e n t i r e a reas , as s e m a n t i c a l l y i n v a l i d and presumed to be s i n g l e t o n .
∗/

IWindowArea ( c on s t IWindowArea &) = d e l e t e ;

/∗∗
∗ @ b r i e f D i s a l l o w moving o f e n t i r e a reas , as s e m a n t i c a l l y i n v a l i d and presumed to be s i n g l e t o n .
∗/

IWindowArea ( IWindowArea &&) = d e l e t e ;

/∗∗
∗ @ b r i e f Handle a change i n the p r e s e n t s e l e c t i o n to a new Subsystem model
∗ @param subsystem_model The newly s e l e c t e d Subsystem model
∗ @see P r o j e c t H i e r a r c h y P a n e : : add_subsystem_change_ca l lback
∗/

v i r t u a l v o i d s e l e c t _ m od e l ( c o n s t G l i b : : RefPtr<Subsystem> &subsystem_model ) = 0 ;

/∗∗
∗ @ b r i e f Handle a d e s e l e c t i o n ( and no re−s e l e c t i o n ) o f the p r e v i o u s l y s e l e c t e d Subsystem model
∗ @see P r o j e c t H i e r a r c h y P a n e : : add_subsystem_change_ca l lback
∗/

v i r t u a l v o i d de s e l e c t_mode l ( ) = 0 ;

/∗∗
∗ @ b r i e f R e t r i e v e s a mutat ing raw p o i n t e r to the a c t i v e Subsystem loaded i n t o the a r ea
∗ @re tu rn The mutat ing p o i n t e r , d e s i g n e d to be use f o r t r a n s i t o r y s i n g l e −th r eaded use o n l y due to l a c k o f
∗ documented l i f e t i m e g u a r a n t e e s .
∗/

v i r t u a l Subsystem ∗ ge t_ac t i v e_subsy s t em ( ) noexcept = 0 ;

/∗∗
∗ @ b r i e f R e t r i e v e s an o b s e r v i n g raw p o i n t e r to the a c t i v e Subsystem loaded i n t o the a r ea
∗ @re tu rn The o b s e r v i n g p o i n t e r , d e s i g n e d to be use f o r t r a n s i t o r y s i n g l e −th r eaded use o n l y due to l a c k
∗ o f documented l i f e t i m e g u a r a n t e e s .
∗/

v i r t u a l c o n s t Subsystem ∗ ob se r v e _ac t i v e_ sub sy s t e m ( ) co n s t noexcept = 0 ;
} ;

} // namespace o p t i f o l

#e n d i f // IWINDOWAREA_HPP

1.8.8 MainWindow.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the O p t i f o l GTK main window
∗ @author O l i v e r Dixon
∗ @date 2025−02−02
∗ @ v e r s i o n Development
∗/

#i n c l u d e "MainWindow . hpp "

#i n c l u d e " GTKHelpers . hpp "
#i n c l u d e " Tes t i ngArea / Tes t i ngArea . hpp "

namespace o p t i f o l
{

c on s t cha r ∗ c on s t MainWindow : : area_name = " Main Window" ;

MainWindow : : MainWindow ( ) :
b u i l d e r ( Gtk : : B u i l d e r : : c r e a t e _ f r o m _ r e s o u r c e ( "/uk/ ac / york /www_users/od641/ o p t i f o l /UI/MainWindow . u i " ) ) ,
r o o t _ g r i d ( GTKHelpers : : get_widget<Gtk : : Box>(area_name , ∗ b u i l d e r , " r o o t _ g r i d " ) )

{
s e t _ t i t l e ( " O p t i f o l " ) ;
s e t _ c h i l d (∗ r o o t _ g r i d ) ;

r e q u i r e m e n t s _ i n d e x _ a r e a = s t d : : make_unique<Requ i r ements IndexArea >(∗ b u i l d e r ) ;
a n a l y s i s _ a r e a = s t d : : make_unique<A n a l y s i s A r e a >(∗ b u i l d e r ) ;
t e s t i n g _ a r e a = s t d : : make_unique<Test ingArea >(∗ b u i l d e r ) ;
r e p o r t s _ a r e a = s t d : : make_unique<ReportsArea >(∗ b u i l d e r ) ;
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p r o j e c t _ h i e r a r c h y _ p a n e =
s t d : : make_unique<P r o j e c t H i e r a r c h y P a n e >(∗ b u i l d e r , Gio : : L i s t S t o r e <P r o j e c t >: : c r e a t e ( ) ) ;

// R e g i s t e r the Requ i rements I ndex Area as a Subsystem−s e n s i t i v e a r ea .
p r o j e c t _ h i e r a r c h y _ p a n e −>add_subsystem_change_ca l lback (

s i g c : : mem_fun(∗ r equ i r ement s_ index_area , &Requ i r ement s IndexArea : : s e l e c t _ m o d e l ) ,
s i g c : : mem_fun(∗ r equ i r ement s_ index_area , &Requ i r ement s IndexArea : : d e s e l e c t_mode l ) ) ;

// R e g i s t e r the A n a l y s i s Area as a Subsystem−s e n s i t i v e a r ea .
p r o j e c t _ h i e r a r c h y _ p a n e −>add_subsystem_change_ca l lback (

s i g c : : mem_fun(∗ a n a l y s i s _ a r e a , &A n a l y s i s A r e a : : s e l e c t _ mo d e l ) ,
s i g c : : mem_fun(∗ a n a l y s i s _ a r e a , &A n a l y s i s A r e a : : d e s e l e c t_mode l ) ) ;

// R e g i s t e r the T e s t i n g Area as a Subsystem−s e n s i t i v e a r ea .
p r o j e c t _ h i e r a r c h y _ p a n e −>add_subsystem_change_ca l lback (

s i g c : : mem_fun(∗ t e s t i n g _ a r e a , &Tes t i ngArea : : s e l e c t _ m o de l ) ,
s i g c : : mem_fun(∗ t e s t i n g _ a r e a , &Tes t i ngArea : : d e s e l e c t_mode l ) ) ;

// R e g i s t e r the Repor t s Area as a Subsystem−s e n s i t i v e a r ea .
p r o j e c t _ h i e r a r c h y _ p a n e −>add_subsystem_change_ca l lback (

s i g c : : mem_fun(∗ r e p o r t s _ a r e a , &Repor t sArea : : s e l e c t _ mo d e l ) ,
s i g c : : mem_fun(∗ r e p o r t s _ a r e a , &Repor t sArea : : d e s e l e c t_mode l ) ) ;

c on s t auto c s s _ p r o v i d e r = Gtk : : C s s P r o v i d e r : : c r e a t e ( ) ;
Gtk : : S t y l e P r o v i d e r : : a d d _ p r o v i d e r _ f o r _ d i s p l a y (

g e t _ d i s p l a y ( ) , c s s _ p r o v i d e r , GTK_STYLE_PROVIDER_PRIORITY_APPLICATION) ;
c s s _ p r o v i d e r −>load_f rom_resource ( "/uk/ ac / york /www_users/od641/ o p t i f o l /UI/MainWindow/ s t y l e s . c s s " ) ;

}

} // namespace o p t i f o l

1.8.9 MainWindow.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the O p t i f o l GTK main window
∗ @author O l i v e r Dixon
∗ @date 2025−02−02
∗ @ v e r s i o n Development
∗/

#i f n d e f MAINWINDOW_HPP
#d e f i n e MAINWINDOW_HPP

#i n c l u d e <gtkmm/ a p p l i c a t i o n w i n d o w . h>
#i n c l u d e <gtkmm/box . h>
#i n c l u d e <gtkmm/ b u i l d e r . h>

#i n c l u d e " A n a l y s i s A r e a / A n a l y s i s A r e a . hpp "
#i n c l u d e " P r o j e c t H i e r a r c h y P a n e / P r o j e c t H i e r a r c h y P a n e . hpp "
#i n c l u d e " Repor t sArea / Repor t sArea . hpp "
#i n c l u d e " Requ i r ement s IndexArea / Requ i r ement s IndexArea . hpp "
#i n c l u d e " Tes t i ngArea / Tes t i ngArea . hpp "

namespace o p t i f o l
{

/∗∗
∗ @ c l a s s MainWindow
∗ @ b r i e f GTK c l a s s r e p r e s e n t i n g the main O p t i f o l window
∗/

c l a s s MainWindow : p u b l i c Gtk : : App l i cat ionWindow
{
p u b l i c :

/∗∗
∗ @ b r i e f C o n s t r u c t a new main window
∗/

MainWindow ( ) ;

p r i v a t e :
G l i b : : RefPtr<Gtk : : B u i l d e r > b u i l d e r ;
s t a t i c c o n s t cha r ∗ c on s t area_name ;
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Gtk : : Box ∗ c on s t r o o t _ g r i d ;

s t d : : un ique_ptr <P r o j e c t H i e r a r c h y P a n e > p r o j e c t _ h i e r a r c h y _ p a n e ;

s t d : : un ique_ptr <Requ i r ements IndexArea > r e q u i r e m e n t s _ i n d e x _ a r e a ;
s t d : : un ique_ptr <A n a l y s i s A r e a > a n a l y s i s _ a r e a ;
s t d : : un ique_ptr <Test ingArea > t e s t i n g _ a r e a ;
s t d : : un ique_ptr <ReportsArea > r e p o r t s _ a r e a ;

} ;

} // namespace o p t i f o l

#e n d i f

1.8.10 ProcessExecutor.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the e x t e r n a l P r o c e s s Executo r
∗ @author O l i v e r Dixon
∗ @date 2025−07−20
∗ @ v e r s i o n Development
∗/

#i n c l u d e <glibmm/main . h>

#i n c l u d e " . . / Logg ing . hpp "
#i n c l u d e " P r o c e s s E x e c u t o r . hpp "

namespace o p t i f o l
{

c on s t l o g 4 c x x : : Logge rPt r P r o c e s s E x e c u t o r : : l o g g e r =
Logg ing : : g e t _ l o g g e r ({ " S u b p r o c e s s C o n t r o l " , " P r o c e s s E x e c u t o r " }) ;

P r o c e s s E x e c u t o r : : P r o c e s s E x e c u t o r ( c on s t s t d : : s t r i n g &w o r k i n g _ d i r e c t o r y , c o n s t s t d : : v e c to r <s t d : : s t r i n g > &argv ,
c on s t s t d : : v e c to r <s t d : : s t r i n g > &envp , s i g c : : s l o t <v o i d ( i n t )> &&f i n i s h e d _ c a l l b a c k ) :

f i n i s h e d _ c a l l b a c k ( s t d : : move ( f i n i s h e d _ c a l l b a c k ) )
{

t r y {
G l i b : : spawn_async_with_pipes ( w o r k i n g _ d i r e c t o r y , argv , envp ,

G l i b : : SpawnFlags : : SEARCH_PATH | G l i b : : SpawnFlags : : DO_NOT_REAP_CHILD, {} , &pid , n u l l p t r ,
&stdout_fd , &s t d e r r _ f d ) ;

} ca tch ( co n s t G l i b : : SpawnError &spawn_error ) {
l o g g e r −>e r r o r ( " F a i l e d to spawn sub−p r o c e s s . " ) ;
l o g g e r −>e r r o r ( spawn_error . what ( ) ) ;
throw ;

}

G l i b : : s i g n a l _ c h i l d _ w a t c h ( ) . connect ( s i g c : : mem_fun(∗ t h i s , &P r o c e s s E x e c u t o r : : r e a p _ c h i l d ) , p i d ) ;
l o g g e r −>i n f o ( " Spawned sub−p r o c e s s \" " + argv [ 0 ] + " \" wi th PID " + s t d : : t o _ s t r i n g ( p i d ) + ’ . ’ ) ;

}

v o i d P r o c e s s E x e c u t o r : : r e a p _ c h i l d ( c o n s t G l i b : : Pid ended_pid , c o n s t i n t e x i t_ c od e ) noexcept
{

i f ( ended_pid != p i d )
// F i l t e r PIDs t h a t a ren ’ t ou r s . ( Shouldn ’ t e v e r happen , but i s n ’ t worth l o g g i n g . )
r e t u r n ;

G l i b : : spawn_close_pid ( p i d ) ;

i f ( e x i t_ co d e == 0)
l o g g e r −>i n f o ( " Subproce s s w i th PID " + s t d : : t o _ s t r i n g ( p i d ) + " e x i t e d n o r m a l l y . " ) ;

e l s e
l o g g e r −>warn ( " Subproce s s w i th PID " + s t d : : t o _ s t r i n g ( p i d ) + " e x i t e d wi th non−z e r o e x i t code " +

s t d : : t o _ s t r i n g ( e x i t _c od e ) + ’ . ’ ) ;

f i n i s h e d _ c a l l b a c k ( ex i t _ co de ) ;
}

} // namespace o p t i f o l
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1.8.11 ProcessExecutor.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the e x t e r n a l non−s t r e a m i n g P r o c e s s Executo r
∗ @author O l i v e r Dixon
∗ @date 2025−07−20
∗ @ v e r s i o n Development
∗/

#i f n d e f PROCESSEXECUTOR_HPP
#d e f i n e PROCESSEXECUTOR_HPP

#i n c l u d e <glibmm/spawn . h>
#i n c l u d e <l o g 4 c x x / l o g g e r . h>
#i n c l u d e <s t r i n g >
#i n c l u d e <vec to r >

namespace o p t i f o l
{

/∗∗
∗ @ c l a s s P r o c e s s E x e c u t o r
∗ @ b r i e f P r o v i d e s a RAII c o n t a i n e r f o r a synch ronous e x e c u t i o n o f e x t e r n a l p r o c e s s e s under the G l i b framework .
∗ @ d e t a i l s The P r o c e s s E x e c u t o r wraps the @re f G l i b : : spawn_async_with_pipes i n an RAII c o n t a i n e r and p r o v i d e s
∗ a c a l l b a c k o p t i o n to n o t i f y u s e r s o f s u b p r o c e s s t e r m i n a t i o n .
∗/

c l a s s P r o c e s s E x e c u t o r : p u b l i c s i g c : : t r a c k a b l e
{
p u b l i c :

/∗∗
∗ @ b r i e f Asynch ronous l y e x e c u t e an e x t e r n a l p r o c e s s at the g i v e n work ing d i r e c t o r y , w i th the g i v e n
∗ argument vec to r , o p t i o n a l l y i n c l u d i n g a key−v a l u e env i ronment s p e c i f i c a t i o n and e x i t c a l l b a c k .
∗ @param w o r k i n g _ d i r e c t o r y The work ing d i r e c t o r y i n which the sub−p r o c e s s s h o u l d be s t a r t e d .
∗ @param argv The argument vec to r , where the f i r s t e n t r y i s the command to e x e c u t e . The system PATH w i l l
∗ be s e a r c h e d to f i n d the e x e c u t a b l e , but i t i s not run under a s h e l l .
∗ @param envp The o p t i o n a l <code>KEY=VALUE</code> s e t o f env i ronment v a r i a b l e s to e x p o r t i n t o the
∗ sub−p r o c e s s env i ronment .
∗ @param f i n i s h e d _ c a l l b a c k The noexcept c a l l b a c k to e x e c u t e on comp l e t i on o f the sub−proce s s , t a k i n g the
∗ n u m e r i c a l e x i t code .
∗/

P r o c e s s E x e c u t o r ( c o n s t s t d : : s t r i n g &w o r k i n g _ d i r e c t o r y , c on s t s t d : : v e c to r <s t d : : s t r i n g > &argv ,
c on s t s t d : : v e c to r <s t d : : s t r i n g > &envp = {} , s i g c : : s l o t <v o i d ( i n t )> &&f i n i s h e d _ c a l l b a c k = {}) ;

// ReSharper d i s a b l e once CppHid ingFunct ion
/∗

∗ A w e l l −document and unde r s tood s i g c++ c o n s t r a i n t p r e v e n t s d e l e t i o n s through s i g c : : t r a c k a b l e p o i n t e r s .
∗ H id ing the non−v i r t u a l ~ s i g c : : t r a c k a b l e i s a non−i s s u e f o r our API use−case .
∗/

/∗∗
∗ @ b r i e f D e s t r u c t the Proce s sExecu to r , d i s c o n n e c t i n g any s i g n a l s .
∗/

v i r t u a l ~ P r o c e s s E x e c u t o r ( ) = d e f a u l t ;

p r o t e c t e d :
/∗∗

∗ @ b r i e f Reap the c h i l d p r o c e s s i d e n t i f i e d wi th the g i v e n PID , and i n v o k e the use r −s u p p l i e d @re f
∗ f i n i s h e d _ c a l l b a c k .
∗ @param ended_pid The PID o f the ended p r o c e s s .
∗ @param e x i t_ co d e The n u m e r i c a l e x i t code o f the p r o c e s s ; a n y t h i n g e x c e p t z e r o i s deemed i n d i c a t i v e o f
∗ an e r r o r .
∗/

v i r t u a l v o i d r e a p _ c h i l d ( G l i b : : Pid ended_pid , i n t e x i t _c od e ) noexcept ;

i n t s tdout_ fd = −1;
i n t s t d e r r _ f d = −1;
G l i b : : Pid p i d = −1;

p r i v a t e :
s t a t i c c o n s t l o g 4 c x x : : Logge rPt r l o g g e r ;

c on s t s i g c : : s l o t <v o i d ( i n t )> f i n i s h e d _ c a l l b a c k ;
} ;

} // namespace o p t i f o l
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#e n d i f // PROCESSEXECUTOR_HPP

1.8.12 StreamingProcessExecutor.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the e x t e r n a l s t r e a m i n g P r o c e s s Executo r
∗ @author O l i v e r Dixon
∗ @date 2025−07−27
∗ @ v e r s i o n Development
∗/

#i n c l u d e <c a s s e r t >
#i n c l u d e <glibmm/main . h>

#i n c l u d e " . . / Logg ing . hpp "
#i n c l u d e " S t r e a m i n g P r o c e s s E x e c u t o r . hpp "

namespace o p t i f o l
{

c on s t l o g 4 c x x : : Logge rPt r S t r e a m i n g P r o c e s s E x e c u t o r : : l o g g e r =
Logg ing : : g e t _ l o g g e r ({ " S u b p r o c e s s C o n t r o l " , " P r o c e s s E x e c u t o r " , " P ipeSt r eamer s " }) ;

S t r e a m i n g P r o c e s s E x e c u t o r : : S t r e a m i n g P r o c e s s E x e c u t o r ( c o n s t s t d : : s t r i n g &w o r k i n g _ d i r e c t o r y ,
c on s t s t d : : v e c to r <s t d : : s t r i n g > &argv , co n s t s t d : : v e c to r <s t d : : s t r i n g > &envp ,
c on s t G l i b : : RefPtr<Gtk : : TextBuf f e r > &output , s i g c : : s l o t <v o i d ( i n t )> &&f i n i s h e d _ c a l l b a c k ) :

P r o c e s s E x e c u t o r ( w o r k i n g _ d i r e c t o r y , argv , envp , s t d : : move ( f i n i s h e d _ c a l l b a c k ) ) ,
output ( output )

{
s tdout_st ream . emplace ( ge t_co lou r_tag ( output , " s tdout_tag " , " b l a c k " ) , s tdout_fd ,

s i g c : : mem_fun(∗ t h i s , &S t r e a m i n g P r o c e s s E x e c u t o r : : s t r e a m _ c a l l b a c k ) ) ;

s t d e r r _ s t r e a m . emplace ( ge t_co lou r_tag ( output , " s t d e r r _ t a g " , " r ed " ) , s t d e r r _ f d ,
s i g c : : mem_fun(∗ t h i s , &S t r e a m i n g P r o c e s s E x e c u t o r : : s t r e a m _ c a l l b a c k ) ) ;

l o g g e r −>debug ( " For PID " + s t d : : t o _ s t r i n g ( p i d ) + " , t r a c k i n g s t d o u t on FD " + s t d : : t o _ s t r i n g ( s tdout_fd ) +
" and s t d e r r on FD " + s t d : : t o _ s t r i n g ( s t d e r r _ f d ) + ’ . ’ ) ;

}

v o i d S t r e a m i n g P r o c e s s E x e c u t o r : : w r i t e _ e x c e p t i o n _ e r r o r (
c on s t G l i b : : SpawnError &e x c e p t i o n , c on s t G l i b : : RefPtr<Gtk : : TextBuf f e r > &output )

{
output−>i n s e r t _ w i t h _ t a g ( output−>end ( ) , e x c e p t i o n . what ( ) , ge t_co lou r_tag ( output , " s t d e r r _ t a g " , " r ed " ) ) ;

}

boo l S t r e a m i n g P r o c e s s E x e c u t o r : : s t r e a m _ c a l l b a c k (
c on s t G l i b : : IOCond i t i on c o n d i t i o n , c o n s t Stream ∗ c on s t stream_metadata ) c o n s t

{
a s s e r t ( output != n u l l p t r ) ;

i f ( s t d : : t o _ u n d e r l y i n g ( c o n d i t i o n & ( G l i b : : IOCond i t i on : : IO_IN | G l i b : : IOCond i t i on : : IO_HUP) ) != 0) {
stream_metadata−>append_ l i n e_to_bu f f e r ( output ) ;
r e t u r n t r u e ;

}

/∗
∗ I f we ’ ve t r i g g e r e d the c a l l b a c k wi th someth ing o t h e r than a IOCond i t i on : : IO_IN or IOCond i t i on : : IO_HUP ,
∗ someth ing unexpected has happened and G l i b i s i n d i c a t i n g an e r r o r s t a t e .
∗/

l o g g e r −>warn ( " Abnormal IO c o n d i t i o n r e p o r t e d by GLib f o r sub−p r o c e s s s t ream : code " +
s t d : : t o _ s t r i n g ( s t d : : t o _ u n d e r l y i n g ( c o n d i t i o n ) ) + ’ . ’ ) ;

r e t u r n f a l s e ;
}

v o i d S t r e a m i n g P r o c e s s E x e c u t o r : : r e a p _ c h i l d ( c on s t G l i b : : Pid ended_pid , c on s t i n t e x i t_ co d e ) noexcept
{

i f ( ended_pid != p i d )
r e t u r n ;

/∗
∗ We would l i k e to keep to RAII as much as p r a c t i c a b l e , but the s t r eams must be i r r e v o c a b l y r e s e t upon
∗ sub−p r o c e s s t e r m i n a t i o n o t h e r w i s e the e n t i r e t h r e a d w i l l hang .
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∗/
s tdout_st ream . r e s e t ( ) ;
s t d e r r _ s t r e a m . r e s e t ( ) ;

// C a l l t h i s l a s t , as i t i n v o k e s a synch ronous use r −p r o v i d e d c a l l b a c k t h a t may r e q u i r e d i s c o n n e c t e d
// s t r eams .
P r o c e s s E x e c u t o r : : r e a p _ c h i l d ( ended_pid , e x i t_ c od e ) ;

}

G l i b : : RefPtr<Gtk : : TextTag> S t r e a m i n g P r o c e s s E x e c u t o r : : ge t_co lou r_tag (
c on s t G l i b : : RefPtr<Gtk : : TextBuf f e r > &output , co n s t G l i b : : u s t r i n g &name ,
c on s t G l i b : : u s t r i n g &colour_name )

{
auto tag ( output−>get_tag_tab l e ( )−>lookup ( name ) ) ;

i f ( tag == n u l l p t r ) {
tag = output−>c r e a t e _ t a g ( name ) ;
tag−>p r o p e r t y _ f o r e g r o u n d ( ) . s e t _ v a l u e ( colour_name ) ;

}

r e t u r n tag ;
}

S t r e a m i n g P r o c e s s E x e c u t o r : : Stream : : Stream ( c on s t G l i b : : RefPtr<Gtk : : TextTag> &format t ing_tag , i n t source_fd ,
s i g c : : bound_mem_functor<d e c l t y p e (& S t r e a m i n g P r o c e s s E x e c u t o r : : s t r e a m _ c a l l b a c k ) , G l i b : : IOCond i t ion ,

c on s t Stream ∗> &&w r i t e _ l i n e _ c a l l b a c k ) :
f o r m a t t i n g _ t a g ( f o r m a t t i n g _ t a g ) ,
channe l ( G l i b : : IOChannel : : c reate_f rom_fd ( sou r ce_fd ) ) ,
b o u n d _ w r i t e _ l i n e _ c a l l b a c k ( s i g c : : b ind ( w r i t e _ l i n e _ c a l l b a c k , t h i s ) ) ,
watch ( G l i b : : s i g n a l _ i o ( ) . connect ( b o u n d _ w r i t e _ l i n e _ c a l l b a c k , channe l ,

G l i b : : IOCond i t i on : : IO_IN | G l i b : : IOCond i t i on : : IO_HUP | G l i b : : IOCond i t i on : : IO_ERR) )
{
}

S t r e a m i n g P r o c e s s E x e c u t o r : : Stream : : ~ Stream ( )
{

t r y {
/∗

∗ Even wi th the b u f f e r s f l u s h e d , we manua l l y e x e c u t e the c a l l b a c k j u s t to be s a f e . I n the wors t case ,
∗ t h e r e ’ s no th i ng to read . We e x p l i c i t l y i g n o r e the r e t u r n code o f the c a l l b a c k , as d u r i n g
∗ d e s t r u c t i o n we don ’ t c a r e i f the channe l i s r e p o r t i n g a HUP.
∗/

i f ( channe l −>f l u s h ( ) == G l i b : : IOSta tus : : NORMAL)
s t d : : i g n o r e = b o u n d _ w r i t e _ l i n e _ c a l l b a c k ( G l i b : : IOCond i t i on : : IO_IN ) ;

watch . d i s c o n n e c t ( ) ;
channe l −>c l o s e ( ) ;

} ca tch ( co n s t G l i b : : IOChanne lE r ro r &c h a n n e l _ e r r o r ) {
l o g g e r −>e r r o r ( " Could not g r a c i o u s l y d e s t r u c t s t ream f o r sub−p r o c e s s . " ) ;
l o g g e r −>e r r o r ( c h a n n e l _ e r r o r . what ( ) ) ;

}
}

v o i d S t r e a m i n g P r o c e s s E x e c u t o r : : Stream : : append_ l i n e_to_bu f f e r (
c on s t G l i b : : RefPtr<Gtk : : TextBuf f e r > &t a r g e t _ b u f f e r ) c o n s t

{
G l i b : : u s t r i n g co n t en t ;

// Read to the end to r e c e i v e a l l c on t e n t s i n c e the l a s t r ead . There i s no need to d e l i m i t on l i n e
// b o u n d a r i e s .
i f ( channe l −>read_to_end ( c on t e n t ) == G l i b : : IOSta tus : : NORMAL)

t a r g e t _ b u f f e r −>i n s e r t _ w i t h _ t a g ( t a r g e t _ b u f f e r −>end ( ) , content , f o r m a t t i n g _ t a g ) ;
}

} // namespace o p t i f o l

1.8.13 StreamingProcessExecutor.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the e x t e r n a l s t r e a m i n g P r o c e s s Executo r
∗ @author O l i v e r Dixon
∗ @date 2025−07−27
∗ @ v e r s i o n Development
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∗/

#i f n d e f STREAMINGPROCESSEXECUTOR_HPP
#d e f i n e STREAMINGPROCESSEXECUTOR_HPP

#i n c l u d e <glibmm/ i o c h a n n e l . h>
#i n c l u d e <gtkmm/ t e x t b u f f e r . h>

#i n c l u d e " P r o c e s s E x e c u t o r . hpp "

namespace o p t i f o l
{

/∗∗
∗ @ c l a s s S t r e a m i n g P r o c e s s E x e c u t o r
∗ @ b r i e f P r o v i d e s a P r o c e s s E x e c u t o r w i th the c a p a b i l i t y to c a p t u r e <code>stdout </code> and
∗ <code>s t d e r r </code> st r eams from the sub−p r o c e s s and w r i t e the c o l o u r −fo rmat t ed l i n e s to a
∗ Gtk : : T e x t B u f f e r .
∗ @see P r o c e s s E x e c u t o r f o r s e m a n t i c s o f e x t e r n a l sub−p r o c e s s management .
∗/

c l a s s S t r e a m i n g P r o c e s s E x e c u t o r : p u b l i c P r o c e s s E x e c u t o r
{
p u b l i c :

/∗∗
∗ @ b r i e f Asynch ronous l y e x e c u t e an e x t e r n a l p r o c e s s at the g i v e n work ing d i r e c t o r y , w i th the g i v e n
∗ argument vec to r , o p t i o n a l l y i n c l u d i n g a key−v a l u e env i ronment s p e c i f i c a t i o n and e x i t c a l l b a c k .
∗ @param w o r k i n g _ d i r e c t o r y The work ing d i r e c t o r y i n which the sub−p r o c e s s s h o u l d be s t a r t e d .
∗ @param argv The argument vec to r , where the f i r s t e n t r y i s the command to e x e c u t e . The system PATH w i l l
∗ be s e a r c h e d to f i n d the e x e c u t a b l e , but i t i s not run under a s h e l l .
∗ @param envp The o p t i o n a l <code>KEY=VALUE</code> s e t o f env i ronment v a r i a b l e s to e x p o r t i n t o the
∗ sub−p r o c e s s env i ronment .
∗ @param output The d e s t i n a t i o n output b u f f e r to which the sub−p r o c e s s <code>stdout </code> and
∗ <code>s t d e r r </code> l i n e s s h o u l d be r e d i r e c t e d .
∗ @param f i n i s h e d _ c a l l b a c k The noexcept c a l l b a c k to e x e c u t e on comp l e t i on o f the sub−proce s s , t a k i n g the
∗ n u m e r i c a l e x i t code .
∗/

S t r e a m i n g P r o c e s s E x e c u t o r ( c on s t s t d : : s t r i n g &w o r k i n g _ d i r e c t o r y , co n s t s t d : : v e c to r <s t d : : s t r i n g > &argv ,
c on s t s t d : : v e c to r <s t d : : s t r i n g > &envp , c on s t G l i b : : RefPtr<Gtk : : TextBuf f e r > &output ,
s i g c : : s l o t <v o i d ( i n t )> &&f i n i s h e d _ c a l l b a c k ) ;

/∗∗
∗ @ b r i e f S t a t i c a l l y w r i t e a G l i b : : SpawnError e x c e p t i o n message , f o rmat t ed as an e r r o r , to the g i v e n
∗ output .
∗ @param e x c e p t i o n The e x c e p t i o n to d e s c r i b e on the output b u f f e r .
∗ @param output The Gtk : : T e x t B u f f e r to r e c e i v e the human−r e a d a b l e e x c e p t i o n message .
∗/

s t a t i c v o i d w r i t e _ e x c e p t i o n _ e r r o r (
c on s t G l i b : : SpawnError &e x c e p t i o n , c on s t G l i b : : RefPtr<Gtk : : TextBuf f e r > &output ) ;

p r i v a t e :
s t a t i c c o n s t l o g 4 c x x : : Logge rPt r l o g g e r ;

c l a s s Stream ;

/∗∗
∗ @ b r i e f C a l l b a c k to i n d i c a t e t h a t new data has a r r i v e d at the g i v e n st ream .
∗ @param c o n d i t i o n The c o n d i t i o n under which the data has a r r i v e d .
∗ @param stream_metadata The st ream o b j e c t e n c a p s u l a t i n g the incoming data .
∗ @pre The @re f output b u f f e r i s not n u l l .
∗ @re tu rn Was the data r e c e i v e d under a non−e r r o n e o u s c o n d i t i o n ?
∗/

boo l s t r e a m _ c a l l b a c k ( G l i b : : IOCond i t i on c o n d i t i o n , c o n s t Stream ∗ stream_metadata ) c o n s t ;

/∗∗
∗ @ c o p y b r i e f P r o c e s s E x e c u t o r : : r e a p _ c h i l d
∗ @ d e t a i l s I n a d d i t i o n to r e a p i n g the c h i l d p r o c e s s and c a l l i n g the use r −s u p p l i e d c a l l b a c k , the s t r eams
∗ a r e f i r s t d i s c o n n e c t e d to p r e v e n t t h r e a d hangs .
∗ @param ended_pid The PID o f the ended p r o c e s s .
∗ @param e x i t_ co d e The n u m e r i c a l e x i t code o f the p r o c e s s ; a n y t h i n g e x c e p t z e r o i s deemed i n d i c a t i v e o f
∗ an e r r o r .
∗/

v o i d r e a p _ c h i l d ( G l i b : : Pid ended_pid , i n t e x i t _c o de ) noexcept o v e r r i d e ;

/∗∗
∗ @ b r i e f Get or c r e a t e a fo rmat t ed c o l o u r tag on the g i v e n output b u f f e r .
∗ @param output The output to which format−tagged l i n e s s h o u l d be w r i t t e n .
∗ @param name The i n t e r n a l name o f the GTK tag .
∗ @param colour_name The name o f the c o l o u r to use , e . g . " r ed " .
∗ @re tu rn The f o r m a t t i n g tag .
∗/

s t a t i c G l i b : : RefPtr<Gtk : : TextTag> get_co lou r_tag ( co n s t G l i b : : RefPtr<Gtk : : TextBuf f e r > &output ,
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c on s t G l i b : : u s t r i n g &name , c on s t G l i b : : u s t r i n g &colour_name ) ;

/∗∗
∗ @ c l a s s Stream
∗ @ b r i e f He lpe r f o r watch ing a s i n g l e s t ream and d e s p a t c h i n g a c a l l b a c k on new l i n e s o f data .
∗/

c l a s s Stream
{
p u b l i c :

/∗∗
∗ @ b r i e f C o n s t r u c t a new Stream to watch the data on the g i v e n f i l e d e s c r i p t o r
∗ @param f o r m a t t i n g _ t a g The @re f Gtk : : TextTag c o n t a i n i n g f o r m a t t i n g i n f o r m a t i o n f o r data produced by
∗ the Stream
∗ @param sou rce_fd The n u m e r i c a l f i l e d e s c r i p t o r o f the Stream to watch
∗ @param w r i t e _ l i n e _ c a l l b a c k The c a l l b a c k to e x e c u t e when new data becomes a v a i l a b l e on the Stream
∗/

e x p l i c i t Stream ( c o ns t G l i b : : RefPtr<Gtk : : TextTag> &format t ing_tag , i n t source_fd ,
s i g c : : bound_mem_functor<d e c l t y p e (& S t r e a m i n g P r o c e s s E x e c u t o r : : s t r e a m _ c a l l b a c k ) ,

G l i b : : IOCond i t ion , c o n s t Stream ∗> &&w r i t e _ l i n e _ c a l l b a c k ) ;

/∗∗
∗ @ b r i e f D e s t r u c t the Stream by f l u s h i n g the b u f f e r s , i n v o k i n g any c a l l b a c k s , and d i s c o n n e c t i n g
∗ watches and s i g n a l s .
∗/

~Stream ( ) ;

/∗∗
∗ @ b r i e f Append the newest l i n e o f data on the Stream to the g i v e n b u f f e r u s i n g the f i x e d f o r m a t t i n g
∗ tag
∗ @param t a r g e t _ b u f f e r The t a r g e t b u f f e r to r e c e i v e the l a t e s t Stream l i n e o f data
∗/

v o i d append_ l i n e_to_bu f f e r ( c o n s t G l i b : : RefPtr<Gtk : : TextBuf f e r > &t a r g e t _ b u f f e r ) c o n s t ;

p r i v a t e :
G l i b : : RefPtr<Gtk : : TextTag> f o r m a t t i n g _ t a g ;
c on s t G l i b : : RefPtr<G l i b : : IOChannel> channe l ;
s i g c : : s l o t <boo l ( G l i b : : IOCond i t i on )> b o u n d _ w r i t e _ l i n e _ c a l l b a c k ;
s i g c : : c o n n e c t i o n watch ;

} ;

c on s t G l i b : : RefPtr<Gtk : : TextBuf f e r > output ;
s t d : : o p t i o n a l <Stream> stdout_st ream ;
s t d : : o p t i o n a l <Stream> s t d e r r _ s t r e a m ;

} ;

} // namespace o p t i f o l

#e n d i f // STREAMINGPROCESSEXECUTOR_HPP

1.8.14 AnalysisArea

1.8.14.1 AnalysisArea.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the A n a l y s i s and O p t i m i s a t i o n v iew i n the O p t i f o l Main Window
∗ @author O l i v e r Dixon
∗ @date 2025−04−27
∗ @ v e r s i o n Development
∗/

#i n c l u d e " A n a l y s i s A r e a . hpp "

#i n c l u d e " . . / . . / S to rage / Subsystem . hpp "
#i n c l u d e " . . / GTKHelpers . hpp "
#i n c l u d e " . . / Requ i r ement s IndexArea / Requ i r ement s IndexArea . hpp "

namespace o p t i f o l
{

v o i d A n a l y s i s A r e a : : add_query_page ( )
{

auto &new_page =
query_pages . emplace_back ( "new query " , g e t _ s e l e c t e d _ a n a l y s i s _ g r o u p ( )−>o b s e r v e _ p r o v e r _ i n s t a n c e ( ) ) ;
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new_page . add_to_notebook (∗ que r i e s_notebook ) ;
}

c on s t cha r ∗ c on s t A n a l y s i s A r e a : : area_name = " A n a l y s i s and O p t i m i s a t i o n Area " ;

A n a l y s i s A r e a : : A n a l y s i s A r e a ( Gtk : : B u i l d e r &b u i l d e r ) :
on_of f_widget s ( GTKHelpers : : get_widget<Gtk : : Widget >(area_name , b u i l d e r , " a n a l y s i s _ a d v i c e _ u n s e l e c t e d " ) ,

GTKHelpers : : get_widget<Gtk : : Widget >(area_name , b u i l d e r , " a n a l y s i s _ i n d e x _ c o n t e n t " ) ) ,
groups_v iew ( GTKHelpers : : get_widget<Gtk : : ColumnView >(area_name , b u i l d e r , " a n a l y s i s _ g r o u p s _ v i e w " ) ) ,
context_menu ( groups_view ,

GTKHelpers : : ge t_ob jec t <Gio : : Menu>(area_name , b u i l d e r , " ana ly s i s_groups_context_menu " ) ,
{{ " new_ana lys i s_group " ,

GTKHelpers : : get_widget<Gtk : : MenuButton >(area_name , b u i l d e r , " new_ana lys i s_group " ) ,
GTKHelpers : : get_widget<Gtk : : Popover >(area_name , b u i l d e r , " new_ana lys i s_group_popover " ) ,
t r u e } ,

{" e d i t _ a n a l y s i s _ g r o u p " ,
GTKHelpers : : get_widget<Gtk : : MenuButton >(

area_name , b u i l d e r , " e d i t _ a n a l y s i s _ g r o u p " ) ,
GTKHelpers : : get_widget<Gtk : : Popover >(

area_name , b u i l d e r , " e d i t _ a n a l y s i s _ g r o u p _ p o p o v e r " ) ,
f a l s e } ,

{" d e l e t e _ a n a l y s i s _ g r o u p " ,
GTKHelpers : : get_widget<Gtk : : MenuButton >(

area_name , b u i l d e r , " d e l e t e _ a n a l y s i s _ g r o u p " ) ,
GTKHelpers : : get_widget<Gtk : : Popover >(

area_name , b u i l d e r , " d e l e t e _ a n a l y s i s _ g r o u p _ p o p o v e r " ) ,
f a l s e }}) ,

new_ana lys i s_group_popover ( b u i l d e r , ∗ t h i s ) ,
que r i e s_notebook ( GTKHelpers : : get_widget<Gtk : : Notebook >(area_name , b u i l d e r , " a n a l y s i s _ q u e r i e s " ) )

{
s e l e c t i o n _ m o d e l −>s e t _ a u t o s e l e c t ( f a l s e ) ;
s e l e c t i o n _ m o d e l −>s e t _ c a n _ u n s e l e c t ( t r u e ) ;

s e l e c t i o n _ m o d e l −>s i g n a l _ s e l e c t i o n _ c h a n g e d ( ) . connect (
[ t h i s ] ( gu in t , co n s t g u i n t n_items )
{

i f ( n_items == 0 | | s e l e c t i o n _ m o d e l −>g e t _ s e l e c t e d ( ) == 0) {
context_menu . d i s a b l e _ a c t i o n ( " e d i t _ a n a l y s i s _ g r o u p " ) ;
context_menu . d i s a b l e _ a c t i o n ( " d e l e t e _ a n a l y s i s _ g r o u p " ) ;

} e l s e {
context_menu . e n a b l e _ a c t i o n ( " e d i t _ a n a l y s i s _ g r o u p " ) ;
context_menu . e n a b l e _ a c t i o n ( " d e l e t e _ a n a l y s i s _ g r o u p " ) ;

}
}) ;

s e l e c t i o n _ m o d e l −>s igna l_ i t ems_changed ( ) . connect (
[ t h i s ] ( c on s t g u i n t added , c o n s t g u i n t removed , g u i n t )
{

i f ( added > 0)
add_query_page ( ) ;

i f ( removed > 0) {
// I f a n y t h i n g was removed from the model , j u s t d e s e l e c t e v e r y t h i n g out o f an abundance o f
// c a u t i o n .
context_menu . d i s a b l e _ a c t i o n ( " e d i t _ a n a l y s i s _ g r o u p " ) ;
context_menu . d i s a b l e _ a c t i o n ( " d e l e t e _ a n a l y s i s _ g r o u p " ) ;

}
}) ;

groups_view−>set_model ( s e l e c t i o n _ m o d e l ) ;

c on s t auto columns = groups_view−>get_columns ( ) ;
c on s t auto column_count = columns−>get_n_items ( ) ;

f o r ( g u i n t p o s i t i o n = 0 ; p o s i t i o n < column_count ; ++p o s i t i o n ) {
G l i b : : RefPtr<Gtk : : ColumnViewColumn> column = n u l l p t r ;

i f ( ( column = columns−>get_typed_object <Gtk : : ColumnViewColumn >( p o s i t i o n ) ) != n u l l p t r ) {
c on s t auto &gtk_id = column−>get_ id ( ) ;
c on s t auto f a c t o r y = Gtk : : S i g n a l L i s t I t e m F a c t o r y : : c r e a t e ( ) ;

i f ( g tk_id == " ana l y s i s_requ i r ement_name " ) {

f a c t o r y −>s i g n a l _ s e t u p ( ) . connect ( s i g c : : b ind (&GTKHelpers : : s e tup_expandab l e_ labe l , f a l s e ) ) ;
f a c t o r y −>s i g n a l _ b i n d ( ) . connect (

[ t h i s ] ( c on s t G l i b : : RefPtr<Gtk : : L i s t I t e m > &l i s t _ i t e m )
{

/∗
∗ Cannot use s i g c : : b ind on non−c o n s t a n t f i x e d arguments , as any f i x e d argument
∗ v a l u e s a r e e v a l u a t e d on e x e c u t i o n o f the b ind c a l l . Hence , c a l l i n g
∗ b ind ( t ree_mode l ) on the below f u n c t i o n would f i x a l l subsequent i n v o c a t i o n s to
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∗ the i n i t i a l v a l u e o f the t ree_mode l .
∗/

Sto rageOb jec tBase : : b ind_name_property_expandable ( l i s t _ i t e m , t ree_mode l ) ;
}) ;

} e l s e i f ( g tk_id == " a n a l y s i s _ r e q u i r e m e n t _ s t a t e m e n t " ) {

f a c t o r y −>s i g n a l _ s e t u p ( ) . connect ( s i g c : : b ind (&GTKHelpers : : s e t u p _ l a b e l , t r u e ) ) ;
f a c t o r y −>s i g n a l _ b i n d ( ) . connect (

s i g c : : p t r_fun (& Requ i r ement s IndexArea : : on_bind_proper ty_statement ) ) ;

} e l s e i f ( g tk_id == " a n a l y s i s _ r e q u i r e m e n t _ c n f " ) {

f a c t o r y −>s i g n a l _ s e t u p ( ) . connect ( s i g c : : b ind (&GTKHelpers : : s e t u p _ l a b e l , t r u e ) ) ;
f a c t o r y −>s i g n a l _ b i n d ( ) . connect (

s i g c : : p t r_fun (& Requ i r ement s IndexArea : : on_b ind_prope r ty_norma l i s ed ) ) ;

} e l s e

// Jump out he r e i f un r e cogn i s ed , so a l l f u r t h e r code can assume a f a c t o r y was c o n f i g u r e d .
c o n t i n u e ;

column−>s e t _ f a c t o r y ( f a c t o r y ) ;
}

}

que r i e s_notebook −>signa l_page_added ( ) . connect (
[ t h i s ] ( Gtk : : Widget ∗ const , co n s t g u i n t ) noexcept { que r i e s_notebook −>s e t _ v i s i b l e ( ) ; }) ;

que r i e s_notebook −>signa l_page_removed ( ) . connect (
[ t h i s ] ( Gtk : : Widget ∗ const , co n s t g u i n t ) noexcept
{

i f ( que r i e s_notebook −>get_n_pages ( ) == 0)
que r i e s_notebook −>s e t _ v i s i b l e ( f a l s e ) ;

}) ;
}

A n a l y s i s A r e a : : ~ A n a l y s i s A r e a ( )
{

a s s e r t ( que r i e s_notebook −>get_n_pages ( ) == query_pages . s i z e ( ) ) ;

i f ( que r i e s_notebook −>get_n_pages ( ) > 1) {
c on s t auto page_count = s t a t i c _ c a s t <gu in t >(query_pages . s i z e ( ) ) ;
f o r ( g u i n t page_index = page_count − 1 ; page_index > 1 ; −−page_index ) {

que r i e s_notebook −>remove_page ( s t a t i c _ c a s t <g in t >(page_index ) ) ;
query_pages . pop_back ( ) ;

}
}

i f ( que r i e s_notebook −>get_n_pages ( ) == 1) {
que r i e s_notebook −>remove_page (0 ) ;
query_pages . pop_back ( ) ;

}

a s s e r t ( que r i e s_notebook −>get_n_pages ( ) == 0 && query_pages . empty ( ) ) ;
}

v o i d A n a l y s i s A r e a : : s e l e c t _m o d e l ( co n s t G l i b : : RefPtr<Subsystem> &subsystem_model )
{

on_of f_widget s . f i r s t −>s e t _ v i s i b l e ( f a l s e ) ;
on_of f_widget s . second−>s e t _ v i s i b l e ( t r u e ) ;

a c t i v e _ s u b s y s t e m = subsystem_model ;
t ree_mode l = Gtk : : TreeL i s tMode l : : c r e a t e (

ac t i ve_subsys t em −>g e t _ a n a l y s i s _ g r o u p s ( ) , &ObjectGroup<Requirement >: : get_mode l_ca l lback , t r u e ) ;
s e l e c t i o n _ m o d e l −>set_model ( t ree_mode l ) ;

}

v o i d A n a l y s i s A r e a : : d e s e l e c t_mode l ( )
{

on_of f_widget s . second−>s e t _ v i s i b l e ( f a l s e ) ;
on_of f_widget s . f i r s t −>s e t _ v i s i b l e ( t r u e ) ;

a c t i v e _ s u b s y s t e m = n u l l p t r ;
t ree_mode l = n u l l p t r ;
s e l e c t i o n _ m o d e l −>set_model ( n u l l p t r ) ;

}

Subsystem ∗ A n a l y s i s A r e a : : ge t_ac t i v e_subsy s t em ( ) noexcept
{

r e t u r n a c t i v e _ s u b s y s t e m . ge t ( ) ;
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}

c on s t Subsystem ∗ A n a l y s i s A r e a : : ob s e r v e_ ac t i v e _su bs y s t em ( ) c o n s t noexcept
{

r e t u r n a c t i v e _ s u b s y s t e m . ge t ( ) ;
}

G l i b : : RefPtr<Ana ly s i sGroup > A n a l y s i s A r e a : : g e t _ s e l e c t e d _ a n a l y s i s _ g r o u p ( ) c o n s t
{

auto s e l e c t e d _ r o w = tree_model−>get_row ( s e l e c t i o n _ m o d e l −>g e t _ s e l e c t e d ( ) ) ;
i f ( s e l e c t e d _ r o w == n u l l p t r )

throw s t d : : r u n t i m e _ e r r o r ( " Popover was made a v a i l a b l e d e s p i t e no s u i t a b l e A n a l y s i s Group s e l e c t i o n . " ) ;

w h i l e ( se l ec ted_row −>get_depth ( ) > 0)
s e l e c t e d _ r o w = se l ec ted_row −>get_parent ( ) ;

c on s t auto a n a l y s i s _ g r o u p = s t d : : dynamic_po inte r_cas t <Ana ly s i sGroup >( se l ec ted_row −>get_item ( ) ) ;
i f ( a n a l y s i s _ g r o u p == n u l l p t r )

throw s t d : : r u n t i m e _ e r r o r ( " Popover cou ld not f i n d a s u i t a b l e A n a l y s i s Group . " ) ;

r e t u r n a n a l y s i s _ g r o u p ;
}

} // namespace o p t i f o l

1.8.14.2 AnalysisArea.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the A n a l y s i s and O p t i m i s a t i o n v iew i n the O p t i f o l Main Window
∗ @author O l i v e r Dixon
∗ @date 2025−04−27
∗ @ v e r s i o n Development
∗/

#i f n d e f ANALYSISAREA_HPP
#d e f i n e ANALYSISAREA_HPP

#i n c l u d e <gtkmm/ b u i l d e r . h>
#i n c l u d e <gtkmm/ columnview . h>
#i n c l u d e <gtkmm/ notebook . h>
#i n c l u d e <gtkmm/ s i n g l e s e l e c t i o n . h>
#i n c l u d e <gtkmm/ t r e e l i s t m o d e l . h>

#i n c l u d e " . . / . . / S to rage / A n a l y s i s G r o u p . hpp "
#i n c l u d e " . . / Contex tBut tonCor re spondence . hpp "
#i n c l u d e " . . / IWindowArea . hpp "
#i n c l u d e " Ana l y s i sAreaNewAna l y s i sGroupPopove r . hpp "
#i n c l u d e " A n a l y s i s Q u e r y . hpp "

namespace o p t i f o l
{

/∗∗
∗ @ c l a s s A n a l y s i s A r e a
∗ @ b r i e f Manage the <i >A n a l y s i s and Opt im i sa t i on </i > area
∗
∗ @ d e t a i l s
∗ <p>
∗ The <i >A n a l y s i s and Opt im i sa t i on </i > area p r o v i d e s c o n t r o l s f o r c a t e g o r i s i n g Requi rement o b j e c t s from
∗ the Requ i r ement s IndexArea i n t o A n a l y s i s G r o u p groups . Groups may then be i n d i v i d u a l l y s u b j e c t to
∗ mathemat i ca l a n a l y s i s under the FOL eng ine , w i th the r e s u l t s o f a n a l y s i s d i s p l a y e d i n a tabbed paned v iew .
∗ The f o l l o w i n g GTK e l ement s a r e expec t ed from the g i v e n Gtk : : B u i l d e r : <t a b l e > <tr > <th>GTK C++ Clas s </th>
∗ <th>Unique I d e n t i f i e r </th>
∗ <th>Purpose </th>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Widget ( a b s t r a c t )</td>
∗ <td><code>a n a l y s i s _ a d v i c e _ u n s e l e c t e d </code></td>
∗ <td>Adv ice to d i s p l a y when the a r ea i s u n a v a i l a b l e </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Widget ( a b s t r a c t )</td>
∗ <td><code>a n a l y s i s _ i n d e x _ c o n t e n t </code></td>
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∗ <td>Replacement to <code>a n a l y s i s _ a d v i c e _ u n s e l e c t e d </code >, c o n t a i n i n g a l l a c t i v e content </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : ColumnView</td>
∗ <td><code>ana l y s i s_ g roups_v i ew </code></td>
∗ <td>Table c o n t a i n i n g A n a l y s i s G r o u p and c h i l d Requi rement e n t r i e s </td>
∗ </t r >
∗ <tr >
∗ <td>Gio : : Menu</td>
∗ <td><code>ana lys i s_groups_context_menu </code></td>
∗ <td>Area−wide c o n t e x t menu</td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : MenuButton</td>
∗ <td><code>new_ana lys i s_group </code></td>
∗ <td>Button f o r c r e a t i n g a New Ana ly s i sGroup </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Popover </td>
∗ <td><code>new_analys i s_group_popover </code></td>
∗ <td>Popover UI f o r c r e a t i n g a New Ana ly s i sGroup </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : MenuButton</td>
∗ <td><code>e d i t _ a n a l y s i s _ g r o u p </code></td>
∗ <td>Button f o r c r e a t i n g a e d i t i n g an e x i s t i n g Ana l y s i sGroup </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Popover </td>
∗ <td><code>ed i t_ana l y s i s_g roup_popove r </code></td>
∗ <td>Popover UI f o r e d i t i n g an e x i s t i n g Ana l y s i sGroup </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : MenuButton</td>
∗ <td><code>d e l e t e _ a n a l y s i s _ g r o u p </code></td>
∗ <td>Button f o r c r e a t i n g a d e l e t i n g an e x i s t i n g Ana l y s i sGroup </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Popover </td>
∗ <td><code>d e l e t e _ a n a l y s i s _ g r o u p _ p o p o v e r </code></td>
∗ <td>Popover UI f o r d e l e t i n g an e x i s t i n g Ana l y s i sGroup </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : MenuButton</td>
∗ <td><code>create_new_query </code></td>
∗ <td>Button f o r c r e a t i n g a new query </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : MenuButton</td>
∗ <td><code>d e l e t e _ s e l e c t e d _ q u e r y </code></td>
∗ <td>Button f o r d e l e t i n g the s e l e c t e d query </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Notebook</td>
∗ <td><code>a n a l y s i s _ q u e r i e s </code></td>
∗ <td>Notebook c o n t a i n i n g the execu t ed q u e r i e s f o r the s e l e c t e d Ana l y s i sGroup </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : ColumnViewColumn</td>
∗ <td><code>ana ly s i s_requ i r ement_name </code></td>
∗ <td>Table column f o r the Requi rement / A n a l y s i s G r o u p name</td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : ColumnViewColumn</td>
∗ <td><code>a n a l y s i s _ r e q u i r e m e n t _ s t a t e m e n t </code></td>
∗ <td>Table column f o r the Requi rement statement </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : ColumnViewColumn</td>
∗ <td><code>a n a l y s i s _ r e q u i r e m e n t _ c n f </code></td>
∗ <td>Table column f o r the Requi rement s ta tement i n n o r m a l i s e d CNF</td>
∗ </t r >
∗ </t a b l e >
∗ A @re f s t d : : r u n t i m e _ e r r o r w i l l be thrown by the c l a s s c o n s t r u c t o r i f any o f t h e s e a r e i n a c c e s s i b l e i n
∗ the expec t ed type i n s t a n t i a t i o n s .
∗ </p>
∗ <p>
∗ I n a d d i t i o n to the s t a t e d r e q u i r e d GTK elements , c o n s t i t u e n t popove r s o f t h i s v iew w i l l r e q u i r e t h e i r
∗ own , p o s s i b l y d i s t i n c t , s e t o f e l ement s : <ul > <l i >@re f Ana ly s i sAreaNewAna ly s i sGroupPopove r </ l i >
∗ </ul >
∗ </p>
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∗/
c l a s s A n a l y s i s A r e a : p u b l i c IWindowArea
{
p u b l i c :

/∗∗
∗ @ b r i e f C o n s t r u c t a new compar tmenta l i s ed a r ea f o r d i s p l a y i n g and managing s e t s o f subsystem
∗ r e q u i r e m e n t s
∗ @param b u i l d e r The GTK b u i l d e r a t t a c h e d to the main window
∗/

e x p l i c i t A n a l y s i s A r e a ( Gtk : : B u i l d e r &b u i l d e r ) ;

~ A n a l y s i s A r e a ( ) o v e r r i d e ;

v o i d s e l e c t _ m o d e l ( c o n s t G l i b : : RefPtr<Subsystem> &subsystem_model ) o v e r r i d e ;

v o i d de s e l e c t_mode l ( ) o v e r r i d e ;

Subsystem ∗ ge t_ac t i v e_subsy s t em ( ) noexcept o v e r r i d e ;

c on s t Subsystem ∗ ob se r v e _ac t i v e_ sub sy s t e m ( ) c on s t noexcept o v e r r i d e ;

p r i v a t e :
G l i b : : RefPtr<Ana ly s i sGroup > g e t _ s e l e c t e d _ a n a l y s i s _ g r o u p ( ) co n s t ;

v o i d add_query_page ( ) ;

s t a t i c c o n s t cha r ∗ c on s t area_name ;

G l i b : : RefPtr<Subsystem> a c t i v e _ s u b s y s t e m ;
G l i b : : RefPtr<Gtk : : S i n g l e S e l e c t i o n > s e l e c t i o n _ m o d e l = Gtk : : S i n g l e S e l e c t i o n : : c r e a t e ( ) ;
G l i b : : RefPtr<Gtk : : TreeL i s tMode l > tree_mode l ;

s t d : : p a i r <Gtk : : Widget ∗ , Gtk : : Widget ∗> on_of f_widget s ;
s t d : : v e c to r <Ana l y s i sQue ry > query_pages ;

Gtk : : ColumnView ∗ groups_v iew ;
Gtk : : Notebook ∗ que r i e s_notebook ;

Contex tBut tonCor re spondence context_menu ;

Ana l y s i sAreaNewAna ly s i sGroupPopove r new_ana lys i s_group_popover ;
} ;

} // namespace o p t i f o l

#e n d i f

1.8.14.3 AnalysisAreaNewAnalysisGroupPopover.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the A n a l y s i s Area "New A n a l y s i s Group " popover manager
∗ @author O l i v e r Dixon
∗ @date 2025−07−09
∗ @ v e r s i o n Development
∗/

#i n c l u d e " Ana l y s i sAreaNewAna l y s i sGroupPopove r . hpp "
#i n c l u d e " . . / GTKHelpers . hpp "
#i n c l u d e " . . / Logg ing . hpp "
#i n c l u d e " . . / S to rage / A n a l y s i s G r o u p . hpp "
#i n c l u d e " . . / S to rage / Subsystem . hpp "
#i n c l u d e " A n a l y s i s A r e a . hpp "

namespace o p t i f o l
{

c on s t cha r ∗ c on s t Ana l y s i sAreaNewAna l y s i sGroupPopove r : : popover_name = "New A n a l y s i s Group Popover " ;
c on s t l o g 4 c x x : : Logge rPt r Ana l y s i sAreaNewAna l y s i sGroupPopove r : : popove r_ logge r =

Logg ing : : g e t _ l o g g e r ({ "GUI" , " A n a l y s i s O p t i m i s a t i o n " , " NewAnalys i sGroup " }) ;

Ana l y s i sAreaNewAna ly s i sGroupPopove r : : Ana l y s i sAreaNewAna ly s i sGroupPopove r (
Gtk : : B u i l d e r &b u i l d e r , A n a l y s i s A r e a &a n a l y s i s _ a r e a ) :

a n a l y s i s _ a r e a ( a n a l y s i s _ a r e a ) ,
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my_popover ( GTKHelpers : : get_widget<Gtk : : Popover >(popover_name , b u i l d e r , " new_ana lys i s_group_popover " ) ) ,
con f i rm_button ( GTKHelpers : : get_widget<Gtk : : Button >(popover_name , b u i l d e r , " new_ana ly s i s_group_conf i rm " ) ) ,
cance l_but ton ( GTKHelpers : : get_widget<Gtk : : Button >(popover_name , b u i l d e r , " new_ana ly s i s_group_cance l " ) ) ,
name_entry ( GTKHelpers : : get_widget<Gtk : : Entry >(popover_name , b u i l d e r , " new_analys i s_group_property_name " ) )

{
conf i rm_button −>s i g n a l _ c l i c k e d ( ) . connect (

s i g c : : mem_fun(∗ t h i s , &Ana l y s i sAreaNewAna l y s i sGroupPopove r : : c o n f i r m _ b u t t o n _ c l i c k e d ) ) ;
cance l_button −>s i g n a l _ c l i c k e d ( ) . connect (

s i g c : : mem_fun(∗ t h i s , &Ana l y s i sAreaNewAna l y s i sGroupPopove r : : c a n c e l _ b u t t o n _ c l i c k e d ) ) ;
}

v o i d Ana l y s i sAreaNewAna l y s i sGroupPopove r : : c o n f i r m _ b u t t o n _ c l i c k e d ( ) co n s t
{

my_popover−>popdown ( ) ;
a n a l y s i s _ a r e a . ob s e r v e _ac t i v e_ sub sy s t e m ( )−>g e t _ a n a l y s i s _ g r o u p s ( )−>append (

G l i b : : m a k e _ r e f p t r _ f o r _ i n s t a n c e ( new A n a l y s i s G r o u p ( name_entry−>g e t _ t e x t ( ) ,
a n a l y s i s _ a r e a . ge t_ac t i v e_subsy s t em ( )−>s h a r e _ s y m b o l _ r e p o s i t o r y ( ) ) ) ) ;

popove r_ logger −>debug ( " Created new a n a l y s i s group wi th name \" " + name_entry−>g e t _ t e x t ( ) + " \ " . " ) ;
c l e a r _ i n p u t s ( ) ;

}

v o i d Ana l y s i sAreaNewAna l y s i sGroupPopove r : : c a n c e l _ b u t t o n _ c l i c k e d ( ) c on s t
{

my_popover−>popdown ( ) ;
c l e a r _ i n p u t s ( ) ;

}

// ReSharper d i s a b l e once CppDFAUnreachab leFunct ionCal l − F a l s e p o s i t i v e : c a l l e d from button−c l i c k c a l l b a c k .
v o i d Ana l y s i sAreaNewAna l y s i sGroupPopove r : : c l e a r _ i n p u t s ( ) c o n s t
{

name_entry−>s e t _ t e x t ( " " ) ;
}

} // namespace o p t i f o l

1.8.14.4 AnalysisAreaNewAnalysisGroupPopover.hpp

/∗
∗ C o p y r i g h t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the A n a l y s i s Area "New A n a l y s i s Group " popover manager
∗ @author O l i v e r Dixon
∗ @date 2025−07−09
∗ @ v e r s i o n Development
∗/

#i f n d e f ANALYSISAREANEWANALYSISGROUPPOPOVER_HPP
#d e f i n e ANALYSISAREANEWANALYSISGROUPPOPOVER_HPP

#i n c l u d e <gtkmm/ b u i l d e r . h>
#i n c l u d e <gtkmm/ button . h>
#i n c l u d e <gtkmm/ e n t r y . h>
#i n c l u d e <gtkmm/ popover . h>
#i n c l u d e <l o g 4 c x x / l o g g e r . h>

namespace o p t i f o l
{

c l a s s A n a l y s i s A r e a ;

/∗∗
∗ @ c l a s s Ana l y s i sAreaNewAna l y s i sGroupPopove r
∗ @ b r i e f Manage the <i >New A n a l y s i s Group</i > popover f o r the A n a l y s i s a r ea
∗ @see A n a l y s i s A r e a f o r the p a r e n t a r ea
∗
∗ @ d e t a i l s
∗ The <i >New A n a l y s i s Group</i > popover p r o v i d e s c o n t r o l s f o r c r e a t i n g a new Ana ly s i sGroup , c o n s i s t i n g o f
∗ one or more Requi rement o b j e c t s from the a c t i v e Subsystem , to be s u b j e c t to mathemat i ca l a n a l y s i s . The
∗ f o l l o w i n g GTK e l ement s a r e expec t ed from the g i v e n Gtk : : B u i l d e r : <t a b l e > <tr > <th>GTK C++ Clas s </th>
∗ <th>Unique I d e n t i f i e r </th>
∗ <th>Purpose </th>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Popover </td>
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∗ <td><code>new_analys i s_group_popover </code></td>
∗ <td>Managed popover </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Button </td>
∗ <td><code>new_ana lys i s_group_conf i rm </code></td>
∗ <td>Conf i rm c r e a t i o n o f a new Ana ly s i sGroup </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Button </td>
∗ <td><code>new_ana lys i s_group_cance l </code></td>
∗ <td>Cance l s c r e a t i o n o f a new Ana ly s i sGroup </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Entry </td>
∗ <td><code>new_analys i s_group_property_name </code></td>
∗ <td>Text e n t r y a r ea f o r the name o f the new Ana ly s i sGroup </td>
∗ </t r >
∗ </t a b l e >
∗ A @re f s t d : : r u n t i m e _ e r r o r w i l l be thrown by the c l a s s c o n s t r u c t o r i f any o f t h e s e a r e i n a c c e s s i b l e i n the
∗ expec t ed type i n s t a n t i a t i o n s .
∗/

c l a s s Ana l y s i sAreaNewAna ly s i sGroupPopove r : p u b l i c s i g c : : t r a c k a b l e
{
p u b l i c :

/∗∗
∗ @ b r i e f C o n s t r u c t a new popover manager , r e g i s t e r i n g c a l l b a c k s on e l ement s l oaded by the g i v e n b u i l d e r
∗ @param b u i l d e r A GTK b u i l d e r c o n t a i n i n g popover UI e l ement s
∗ @param a n a l y s i s _ a r e a A mutat ing r e f e r e n c e to the v iew o f which the popover i s a member
∗ @throws s t d : : r u n t i m e _ e r r o r A r e q u i r e d GTK e lement / w idget cou ld not be l oaded from the g i v e n b u i l d e r
∗/

Ana l y s i sAreaNewAna ly s i sGroupPopove r ( Gtk : : B u i l d e r &b u i l d e r , A n a l y s i s A r e a &a n a l y s i s _ a r e a ) ;

p r i v a t e :
/∗∗

∗ @ b r i e f Handle a c l i c k o f the <i >Confirm </i > by a t t empt ing to c r e a t e the named A n a l y s i s G r o u p .
∗/

v o i d c o n f i r m _ b u t t o n _ c l i c k e d ( ) co n s t ;

/∗∗
∗ @ b r i e f Handle a c l i c k o f the <i >Cancel </i > button by d i s c a r d i n g a l l i n p u t and c l o s i n g the popover .
∗/

v o i d c a n c e l _ b u t t o n _ c l i c k e d ( ) c on s t ;

/∗∗
∗ @ b r i e f C l e a r a l l u s e r f i e l d s i n the popover
∗/

v o i d c l e a r _ i n p u t s ( ) c o n s t ;

s t a t i c c o n s t cha r ∗ c on s t popover_name ;
s t a t i c c o n s t l o g 4 c x x : : Logge rPt r popove r_ logge r ;

A n a l y s i s A r e a &a n a l y s i s _ a r e a ;
Gtk : : Popover ∗ c on s t my_popover ;
Gtk : : Button ∗ c on s t con f i rm_button ;
Gtk : : Button ∗ c on s t cance l_but ton ;
Gtk : : Ent ry ∗ c on s t name_entry ;

} ;

} // namespace o p t i f o l

#e n d i f // ANALYSISAREANEWANALYSISGROUPPOPOVER_HPP

1.8.14.5 AnalysisQueryCanvas.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the p r o o f t r a c e canvas
∗ @author O l i v e r Dixon
∗ @date 2025−02−03
∗ @ v e r s i o n Development
∗/

#i n c l u d e " Ana l y s i sQue ryCanvas . hpp "
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#i n c l u d e <c a s s e r t >
#i n c l u d e <ranges >

namespace o p t i f o l
{

u s i n g namespace CanvasSupport ;

Ana l y s i sQue ryCanvas : : Ana l y s i sQue ryCanvas ( )
{

set_draw_func ( s i g c : : mem_fun(∗ t h i s , &Ana l y s i sQue ryCanvas : : on_draw ) ) ;
}

v o i d Ana l y s i sQue ryCanvas : : r e p l a c e _ p r o o f ( c o n s t ProofTreeNode ∗ te rm ina t i ng_node )
{

a s s e r t ( te rminat ing_node −>observe_node ( )−>g e t _ t r i v i a l i t y _ s t a t e ( ) == Clause : : S t a t e : : T r i v i a l l y F a l s e ) ;
add_node ( t e rm ina t i ng_node ) ;

}

c on s t NodeDrawingAdapter ∗ Ana l y s i sQue ryCanvas : : add_node ( co n s t ProofTreeNode ∗ node )
{

c on s t NodeDrawingAdapter ∗ l h s _ a d a p t e r = n u l l p t r ;
c on s t NodeDrawingAdapter ∗ rh s_adapte r = n u l l p t r ;

i f ( node−>get_depth ( ) > 0) {
i f ( node−>o b s e r v e _ l h s _ p a r e n t ( ) != n u l l p t r )

l h s _ a d a p t e r = add_node ( node−>o b s e r v e _ l h s _ p a r e n t ( ) ) ;

i f ( node−>obse r ve_rh s_pa ren t ( ) != n u l l p t r )
rh s_adapte r = add_node ( node−>obse r ve_rh s_pa ren t ( ) ) ;

}

r e t u r n &nodes [ node−>get_depth ( ) ] . emplace_back ( node , l h s_adapte r , r h s_adapte r ) ;
}

v o i d Ana l y s i sQue ryCanvas : : on_draw ( co n s t C a i r o : : RefPtr<C a i r o : : Context> &ctx , c on s t i n t width , c o n s t i n t h e i g h t )
{

s t d : : i g n o r e = width ;
s t d : : i g n o r e = h e i g h t ;

i f ( nodes . empty ( ) )
r e t u r n ;

C a i r o : : FontExten t s f o n t _ e x t e n t s ;

ctx−>s e l e c t _ f o n t _ f a c e ( " Monospace " , C a i r o : : ToyFontFace : : S l a n t : : NORMAL, C a i r o : : ToyFontFace : : Weight : : NORMAL) ;
ctx−>s e t _ f o n t _ s i z e ( 1 4 . 0 ) ;
ctx−>g e t _ f o n t _ e x t e n t s ( f o n t _ e x t e n t s ) ;

f l o a t l a s t_x_pos = 0 ;

// Draw edges and p r e p a r e the node c o o r d i n a t e s and C a i r o t e x t e x t e n t s .
f o r ( auto &[ depth , l a y e r _ c o n t e n t s ] : nodes )

f o r ( auto &&node : l a y e r _ c o n t e n t s )
l a s t_x_pos = draw_edge (∗ ctx , node , last_x_pos , f o n t _ e x t e n t s ) ;

i n t maximised_width = 0 ;
i n t max imised_he ight = 0 ;

// Draw the f i r s t l a y e r o f nodes ( from which the north−e a s t e r n −most p o i n t can be deduced ) .
f o r ( co n s t auto &node : nodes . beg i n ( )−>second ) {

c on s t auto end_point = draw_proof_node (∗ ctx , node ) ;
maximised_width = s t d : : max( maximised_width , s t a t i c _ c a s t <i n t >(end_point . x ) ) ;

}

// Draw the midd le s e c t i o n o f nodes .
f o r ( co n s t auto &l a y e r : nodes | s t d : : v i ews : : drop (1 ) | s t d : : v i ews : : t ake ( nodes . s i z e ( ) − 2) )

f o r ( co n s t auto &node : l a y e r . second )
draw_proof_node (∗ ctx , node ) ;

// Draw the f i n a l l a y e r o f nodes ( from which the south−e a s t e r n −most p o i n t can be deduced ) .
c on s t auto &l a s t _ l a y e r _ i t = −−nodes . end ( ) ;
i f ( l a s t _ l a y e r _ i t != nodes . beg i n ( ) )

f o r ( co n s t auto &node : l a s t _ l a y e r _ i t −>second ) {
c on s t auto end_point = draw_proof_node (∗ ctx , node ) ;
max imised_he ight = s t d : : max( maximised_he ight , s t a t i c _ c a s t <i n t >(end_point . y ) ) ;

}

content_width = maximised_width + s t a t i c _ c a s t <i n t >(h_spac ing ) ;
c o n t e n t _ h e i g h t = max imised_he ight + s t a t i c _ c a s t <i n t >(v_spac ing ) ;
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s e t _ s i z e _ r e q u e s t ( content_width , c o n t e n t _ h e i g h t ) ;
}

// ReSharper d i s a b l e once CppDFAUnreachab leFunct ionCal l − F a l s e p o s i t i v e .
Po in t Ana l y s i sQue ryCanvas : : draw_proof_node ( C a i r o : : Context &ctx , c o n s t NodeDrawingAdapter &node )
{

a s s e r t ( node . s t a r t . x < node . c e n t r e . x ) ;
a s s e r t ( node . s t a r t . y < node . c e n t r e . y ) ;
a s s e r t ( node . l a b e l _ e x t e n t s . w idth > 0) ;
a s s e r t ( node . l a b e l _ e x t e n t s . h e i g h t > 0) ;

// Draw the r e c t a n g l e body , c o l o u r e d a c c o r d i n g to i t s p o s i t i o n i n the p r o o f t r a c e .
i f ( node . node−>get_depth ( ) == 0)

axiom_node_colour . app l y ( c t x ) ;
e l s e i f ( node . node−>observe_node ( )−>g e t _ t r i v i a l i t y _ s t a t e ( ) == Clause : : S t a t e : : T r i v i a l l y F a l s e )

t e rm ina t i ng_node_co l ou r . app l y ( c t x ) ;
e l s e

deduct ion_node_co lour . app l y ( c t x ) ;

// The r e c t a n g l e r e q u i r e s space to house the t ex t , p l u s padd ing a long a l l s i d e s .
c on s t f l o a t rect_w = s t a t i c _ c a s t <f l o a t >(node . l a b e l _ e x t e n t s . w idth ) + 2 ∗ r e c t a n g l e _ p a d d i n g ;
c on s t f l o a t rec t_h = s t a t i c _ c a s t <f l o a t >(node . l a b e l _ e x t e n t s . h e i g h t ) + 2 ∗ r e c t a n g l e _ p a d d i n g ;

c t x . r e c t a n g l e ( node . s t a r t . x , node . s t a r t . y , rect_w , rect_h ) ;
c t x . f i l l ( ) ;

// Draw the r e c t a n g l e b o r d e r .
b o r d e r _ c o l o u r . app l y ( c t x ) ;
c t x . r e c t a n g l e ( node . s t a r t . x , node . s t a r t . y , rect_w , rect_h ) ;
c t x . s t r o k e ( ) ;

// Draw the t e x t i n s i d e the r e c t a n g l e .
t e x t _ c o l o u r . app l y ( c t x ) ;
c t x . move_to ( node . s t a r t . x − node . l a b e l _ e x t e n t s . x_bear ing + rec tang l e_padd ing ,

node . s t a r t . y − node . l a b e l _ e x t e n t s . y_bear ing + r e c t a n g l e _ p a d d i n g ) ;

c t x . show_text ( node . node_ labe l ) ;

// Report the south−e a s t e r n −most p o i n t drawn .
r e t u r n { node . c e n t r e . x + rect_w / 2 .0 f , node . c e n t r e . y + rect_h / 2 .0 f } ;

}

// ReSharper d i s a b l e once CppDFAUnreachab leFunct ionCal l − F a l s e p o s i t i v e .
v o i d Ana l y s i sQue ryCanvas : : d r a w _ u n i f i e r ( C a i r o : : Context &ctx , c o n s t NodeDrawingAdapter &node ,

c on s t LineSegment &lhs_edge , c o n s t LineSegment &rhs_edge , c o n s t C a i r o : : FontExten t s &f o n t _ e x t e n t s )
{

a s s e r t ( node . s t a r t . x < node . c e n t r e . x ) ;
a s s e r t ( node . s t a r t . y < node . c e n t r e . y ) ;

/∗
∗ Draw the u n i f i e r t e x t e n t r i e s ( each r e p r e s e n t i n g a s u b s t i t u t i o n made i n the r e s o l u t i o n c l a u s e ) c e n t r e d
∗ above the r e s o l v e n t , a l i g n e d h o r i z o n t a l l y w i th the ave rage o f the d i s t a n c e s to e i t h e r p a r e n t .
∗/

c on s t auto lhs_avg = ( node . c e n t r e . y + node . l h s −>c e n t r e . y ) / 2 ;
c on s t auto rhs_avg = ( node . c e n t r e . y + node . rhs −>c e n t r e . y ) / 2 ;

c on s t auto [ lh s_midpo in t , rh s_midpo in t ] = d r a w _ u n i f i e r _ e n t r i e s (
ctx , node . e d g e _ l a b e l _ l i n e s , Po in t ( node . c e n t r e . x , ( lhs_avg + rhs_avg ) / 2) , f o n t _ e x t e n t s ) ;

/∗
∗ Compute the e n d p o i n t s o f the v i s i b l e edges , chopp ing o f f e n d p o i n t s t h a t a r e h idden beh ind nodes . Th i s
∗ i s r e q u i r e d f o r computing the midpo in t o f the hypotenuse t h a t con ne c t s the r e s o l v e n t w i th each p a r e n t .
∗/

c on s t LineSegment l h s _ i n t e r c e p t i n g _ s e g m e n t {
lhs_edge . t r a c e ( node . l h s −>c e n t r e . y + ( node . l h s −>c e n t r e . y − node . l h s −>s t a r t . y ) ) ,
l h s_edge . t r a c e ( node . s t a r t . y ) } ;

c on s t LineSegment r h s _ i n t e r c e p t i n g _ s e g m e n t {
rhs_edge . t r a c e ( node . rhs −>c e n t r e . y + ( node . rhs −>c e n t r e . y − node . rhs −>s t a r t . y ) ) ,
rhs_edge . t r a c e ( node . s t a r t . y ) } ;

// Draw l i n e s between the m i d p o i n t s o f the v i s i b l e parent −c h i l d edges and the cen t r e −a l i g n e d u n i f i e r l i n e
// b l o c k .

u n i f i e r _ e d g e _ c o l o u r . app l y ( c t x ) ;
L ineSegment ( l h s _ i n t e r c e p t i n g _ s e g m e n t . get_midpo int ( ) , l h s_ midpo in t ) . draw ( c t x ) ;
L ineSegment ( r h s _ i n t e r c e p t i n g _ s e g m e n t . get_midpo int ( ) , rh s_midpo in t ) . draw ( c t x ) ;

}

// ReSharper d i s a b l e once CppDFAUnreachab leFunct ionCal l − F a l s e p o s i t i v e .
f l o a t Ana l y s i sQue ryCanvas : : draw_edge ( C a i r o : : Context &ctx , CanvasSupport : : NodeDrawingAdapter &node ,
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f l o a t last_x_pos , c o n s t C a i r o : : FontExten t s &f o n t _ e x t e n t s )
{

// Compute the c o o r d i n a t e s and the t e x t e x t e n t s o f the node .
c t x . g e t _ t e x t _ e x t e n t s ( node . node_labe l , node . l a b e l _ e x t e n t s ) ;

c on s t auto depth = node . node−>get_depth ( ) ;
node . s t a r t . y = v_spac ing ∗ ( s t a t i c _ c a s t <f l o a t >(depth ) + 1) ;
node . c e n t r e . y = node . s t a r t . y + s t a t i c _ c a s t <f l o a t >(node . l a b e l _ e x t e n t s . h e i g h t ) / 2 .0 f + r e c t a n g l e _ p a d d i n g ;

i f ( depth > 0) {
a s s e r t ( node . l h s != n u l l p t r ) ;
a s s e r t ( node . r h s != n u l l p t r ) ;
node . c e n t r e . x =

node . l h s −>c e n t r e . x + ( node . rhs −>c e n t r e . x − node . l h s −>c e n t r e . x ) / 2 + r e c t a n g l e _ p a d d i n g ;
} e l s e {

node . c e n t r e . x =
las t_x_pos + h_spac ing + s t a t i c _ c a s t <f l o a t >(node . l a b e l _ e x t e n t s . w idth ) / 2 + r e c t a n g l e _ p a d d i n g ;

l a s t_x_pos = node . c e n t r e . x + s t a t i c _ c a s t <f l o a t >(node . l a b e l _ e x t e n t s . w idth ) / 2 ;
}

node . s t a r t . x = node . c e n t r e . x − s t a t i c _ c a s t <f l o a t >(node . l a b e l _ e x t e n t s . w idth ) / 2 ;

i f ( depth > 0) {
/∗

∗ I f we ’ r e not drawing an axiom ( i . e . a r e s o l v e n t ) t h e r e w i l l be two edges to each p a r e n t (LHS and
∗ RHS) . There may a l s o be an a p p l i c a b l e mu l t i −l i n e u n i f i e r t e x t b l o c k to r e n d e r at the midpo int ,
∗ which w i l l r e q u i r e the r e s o l v e n t to be moved down p r o p o r t i o n a l to the number o f u n i f i c a t i o n
∗ e n t r i e s .
∗/

c on s t f l o a t advance_y =
s t a t i c _ c a s t <f l o a t >(node . e d g e _ l a b e l _ l i n e s . s i z e ( ) ) ∗ s t a t i c _ c a s t <f l o a t >( f o n t _ e x t e n t s . h e i g h t ) +
2 .0 f ∗ r e c t a n g l e _ p a d d i n g ;

node . s t a r t . y += advance_y ;
node . c e n t r e . y += advance_y ;

// Draw the edges from each p a r e n t to the r e s o l v e n t .
c on s t LineSegment lhs_edge ( node . c en t r e , node . l h s −>c e n t r e ) ;
c on s t LineSegment rhs_edge ( node . c en t r e , node . rhs −>c e n t r e ) ;

edge_co lou r . app l y ( c t x ) ;
l h s_edge . draw ( c t x ) ;
rhs_edge . draw ( c t x ) ;

i f ( ! node . e d g e _ l a b e l _ l i n e s . empty ( ) )
// I f a p p l i c a b l e , draw the u n i f i e r and c o n n e c t i n g l i n e s .
d r a w _ u n i f i e r ( ctx , node , lhs_edge , rhs_edge , f o n t _ e x t e n t s ) ;

}

r e t u r n la s t_x_pos ;
}

// ReSharper d i s a b l e once CppDFAUnreachab leFunct ionCal l − F a l s e p o s i t i v e .
s t d : : p a i r <Point , Point> Ana l y s i sQue ryCanvas : : d r a w _ u n i f i e r _ e n t r i e s ( C a i r o : : Context &ctx ,

c on s t s t d : : v e c to r <s t d : : s t r i n g > &u n i f i e r _ l i n e s , c on s t Po in t &cen t r e ,
c on s t C a i r o : : FontExten t s &f o n t _ e x t e n t s )

{
// Determine the box width a c c o r d i n g to the maximum l i n e l e n g t h o f the r e n d e r e d u n i f i e r e n t r i e s .
f l o a t max_width = 0 ;
f o r ( co n s t auto &l i n e : u n i f i e r _ l i n e s ) {

C a i r o : : Tex tEx ten t s l i n e _ e x t e n t s ;
c t x . g e t _ t e x t _ e x t e n t s ( l i n e , l i n e _ e x t e n t s ) ;
max_width = s t d : : max( max_width , s t a t i c _ c a s t <f l o a t >( l i n e _ e x t e n t s . w idth ) ) ;

}

c on s t f l o a t box_width = max_width + 2 ∗ r e c t a n g l e _ p a d d i n g ;
c on s t f l o a t box_he ight =

s t a t i c _ c a s t <f l o a t >( u n i f i e r _ l i n e s . s i z e ( ) ) ∗ s t a t i c _ c a s t <f l o a t >( f o n t _ e x t e n t s . h e i g h t ) +
2 ∗ r e c t a n g l e _ p a d d i n g ;

c on s t Po in t s t a r t {
s t a t i c _ c a s t <f l o a t >( c e n t r e . x − box_width / 2 . 0 ) , s t a t i c _ c a s t <f l o a t >( c e n t r e . y − box_he ight / 2 . 0 ) } ;

// Write l i n e s i n s i d e the box , i n c r e m e n t i n g the c u r s o r by the b a s e l i n e s k i p e x t e n t .
t e x t _ c o l o u r . app l y ( c t x ) ;
f l o a t cu r so r_y = s t a r t . y + r e c t a n g l e _ p a d d i n g + s t a t i c _ c a s t <f l o a t >( f o n t _ e x t e n t s . a s c e n t ) ;
f o r ( co n s t auto &l i n e : u n i f i e r _ l i n e s ) {

c t x . move_to ( s t a r t . x + rec tang l e_padd ing , cu r so r_y ) ;
c t x . show_text ( l i n e ) ;
cu r so r_y += s t a t i c _ c a s t <f l o a t >( f o n t _ e x t e n t s . h e i g h t ) ;

}
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// Report the m i d p o i n t s o f the v e r t i c a l bounding l i n e s .
r e t u r n { Po in t ( s t a r t . x , c e n t r e . y ) , Po in t ( s t a r t . x + box_width , c e n t r e . y ) } ;

}

Gtk : : S izeRequestMode Ana l y s i sQue ryCanvas : : get_request_mode_vfunc ( ) c on s t
{

r e t u r n Gtk : : S izeRequestMode : : CONSTANT_SIZE ;
}

v o i d Ana l y s i sQue ryCanvas : : measure_vfunc ( c on s t Gtk : : O r i e n t a t i o n o r i e n t a t i o n , c on s t i n t f o r _ s i z e , i n t &minimum ,
i n t &n a t u r a l , i n t &minimum_basel ine , i n t &n a t u r a l _ b a s e l i n e ) co n s t

{
i f ( o r i e n t a t i o n == Gtk : : O r i e n t a t i o n : : HORIZONTAL) {

minimum = content_width ;
n a t u r a l = content_width ;

} e l s e {
minimum = c o n t e n t _ h e i g h t ;
n a t u r a l = c o n t e n t _ h e i g h t ;

}
}

} // namespace o p t i f o l

1.8.14.6 AnalysisQueryCanvas.hpp

/∗
∗ C o p y r i g h t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the p r o o f t r a c e canvas
∗ @author O l i v e r Dixon
∗ @date 2025−02−03
∗ @ v e r s i o n Development
∗/

#i f n d e f OPTIFOL_ANALYSISQUERYCANVAS_HPP
#d e f i n e OPTIFOL_ANALYSISQUERYCANVAS_HPP

#i n c l u d e <gtkmm/ draw inga r ea . h>

#i n c l u d e " . . / . . / I n f e r e n c e / R e s o l v e n t . hpp "
#i n c l u d e " CanvasSupport . hpp "

namespace o p t i f o l
{

/∗∗
∗ @ c l a s s Ana l y s i sQue ryCanvas
∗ @ b r i e f The canvas f o r r e n d e r i n g r e s o l u t i o n p r o o f t r e e s w i th C a i r o .
∗/

c l a s s Ana l y s i sQue ryCanvas : p u b l i c Gtk : : DrawingArea
{
p u b l i c :

/∗∗
∗ @ b r i e f C o n s t r u c t an empty canvas .
∗/

Ana l y s i sQue ryCanvas ( ) ;

/∗∗
∗ @ b r i e f Rep lace any e x i s t i n g p r o o f s w i th a new proo f , t e r m i n a t i n g by the g i v e n node i n the t r e e .
∗ @param te rm ina t i ng_node The d e r i v e d c o n t r a d i c t i o n , r e p r e s e n t i n g the d e e p e s t e l ement i n the e x e c u t i o n
∗ t r a c e .
∗/

v o i d r e p l a c e _ p r o o f ( co n s t ProofTreeNode ∗ te rm ina t i ng_node ) ;

Gtk : : S izeRequestMode get_request_mode_vfunc ( ) c o n s t o v e r r i d e ;

v o i d measure_vfunc ( Gtk : : O r i e n t a t i o n o r i e n t a t i o n , i n t f o r _ s i z e , i n t &minimum , i n t &n a t u r a l ,
i n t &minimum_basel ine , i n t &n a t u r a l _ b a s e l i n e ) c o n s t o v e r r i d e ;

p r i v a t e :
/∗∗

∗ @ b r i e f R e c u r s i v e l y wrap the g i v e n ProofTreeNode ( and i t s p a r e n t s ) i n drawing a d a p t e r s and add to the
∗ s t o r e .
∗ @param node The r o o t node to add .
∗ @re tu rn An o b s e r v i n g p o i n t e r to the r e g i s t e r e d r o o t node .
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∗/
c on s t CanvasSupport : : NodeDrawingAdapter ∗add_node ( co n s t ProofTreeNode ∗ node ) ;

/∗∗
∗ @ b r i e f Redraws a v i s u a l i s a t i o n o f the c u r r e n t p r o o f t r a c e to the g i v e n C a i r o : : Context .
∗ @param c t x The C a i r o : : Context to which the p r o o f t r a c e r e n d e r s h o u l d be drawn .
∗ @param width Not used , r e q u i r e d by the GTKmm i n t e r f a c e .
∗ @param h e i g h t Not used , r e q u i r e d by the GTKmm i n t e r f a c e .
∗/

v o i d on_draw ( c on s t C a i r o : : RefPtr<C a i r o : : Context> &ctx , i n t width , i n t h e i g h t ) ;

/∗∗
∗ @ b r i e f Draw a s i n g l e ProofTreeNode e n c a p s u l a t e d by the g i v e n NodeDrawingAdapter .
∗ @ d e t a i l s For any type o f ProofTreeNode , t h i s r e n d e r e r draws a bo rde r ed box c o n t a i n i n g a s i n g l e
∗ monospace−fo rmat t ed t e x t r e p r e s e n t i n g the s e r i a l i s a t i o n o f the node . Th i s r e p r e s e n t s a C lause i n the
∗ p r o o f .
∗ @param c t x The C a i r o : : Context to which the node s h o u l d be drawn .
∗ @param node The NodeDrawingAdapter c o n t a i n i n g the node to be drawn .
∗ @re tu rn The Po in t at the south−e a s t e r n −most ( i . e . most ext reme ) p o i n t drawn by the f u n c t i o n .
∗ @pre The X c o o r d i n a t e o f the NodeDrawingAdapter has been p r o p e r l y i n i t i a l i s e d .
∗ @pre The Y c o o r d i n a t e o f the NodeDrawingAdapter has been p r o p e r l y i n i t i a l i s e d .
∗ @pre The t e x t e x t e n t s o f the l a b e l has been p r o p e r l y i n i t i a l i s e d .
∗/

s t a t i c CanvasSupport : : Po in t draw_proof_node (
C a i r o : : Context &ctx , c o n s t CanvasSupport : : NodeDrawingAdapter &node ) ;

/∗∗
∗ @ b r i e f Render a u n i f i e r on an edge , w i th a d j o i n i n g l i n e s i n d i c a t i n g the s o u r c e C l a u s e s and R e s o l v e n t .
∗ @param c t x The C a i r o : : Context to which the u n i f i e r and l i n e s s h o u l d be drawn .
∗ @param node The NodeDrawingAdapter e n c a p s u l a t i n g the R e s o l v e n t w i th the U n i f i e r to be drawn .
∗ @param lhs_edge The LineSegment j o i n i n g the c e n t r e o f the R e s o l v e n t node wi th the c e n t r e o f i t s LHS
∗ p a r e n t .
∗ @param rhs_edge The LineSegment j o i n i n g the c e n t r e o f the R e s o l v e n t node wi th the c e n t r e o f i t s RHS
∗ p a r e n t .
∗ @param f o n t _ e x t e n t s The precomputed e x t e n t s o f the font , r e q u i r e d f o r b a s e l i n e s k i p c a l c u l a t i o n s .
∗ @pre The X c o o r d i n a t e o f the NodeDrawingAdapter has been p r o p e r l y i n i t i a l i s e d .
∗ @pre The Y c o o r d i n a t e o f the NodeDrawingAdapter has been p r o p e r l y i n i t i a l i s e d .
∗/

s t a t i c v o i d d r a w _ u n i f i e r ( C a i r o : : Context &ctx , c on s t CanvasSupport : : NodeDrawingAdapter &node ,
c on s t CanvasSupport : : L ineSegment &lhs_edge , co n s t CanvasSupport : : L ineSegment &rhs_edge ,
c on s t C a i r o : : FontExten t s &f o n t _ e x t e n t s ) ;

/∗∗
∗ @ b r i e f P r e p a r e s a node , and , i f a p p l i c a b l e , draws i t s parent −c h i l d edges and u n i f i e r .
∗ @param c t x The C a i r o : : Context to which the edge and u n i f i e r s h o u l d be drawn .
∗ @param node The node to be p r e p a r e d .
∗ @param las t_x_pos The t r a i l i n g X p o s i t i o n o f the l a s t node at the same depth .
∗ @param f o n t _ e x t e n t s The precomputed e x t e n t s o f the font , r e q u i r e d f o r b a s e l i n e s k i p c a l c u l a t i o n s .
∗ @re tu rn The t r a i l i n g X p o s i t i o n o f the r e n d e r e d node .
∗/

s t a t i c f l o a t draw_edge ( C a i r o : : Context &ctx , CanvasSupport : : NodeDrawingAdapter &node , f l o a t last_x_pos ,
c on s t C a i r o : : FontExten t s &f o n t _ e x t e n t s ) ;

/∗∗
∗ @ b r i e f Render the u n i f i e r e n t r i e s , w i th one s u b s t i t u t i o n pe r l i n e , a t the g i v e n c e n t r e p o i n t .
∗ @param c t x The C a i r o : : Context to which the t e x t s h o u l d be r e n d e r e d .
∗ @param u n i f i e r _ l i n e s The s e r i a l i s e d u n i f i e r l i n e s .
∗ @param c e n t r e The c e n t r e p o i n t o f the bounding box i n which the t e x t i s r e n d e r e d .
∗ @param f o n t _ e x t e n t s The precomputed e x t e n t s o f the font , r e q u i r e d f o r b a s e l i n e s k i p c a l c u l a t i o n s .
∗ @re tu rn The m i d p o i n t s o f the LHS and RHS v e r t i c a l b o u n d a r i e s o f the bounding box .
∗/

s t a t i c s t d : : p a i r <CanvasSupport : : Point , CanvasSupport : : Point> d r a w _ u n i f i e r _ e n t r i e s ( C a i r o : : Context &ctx ,
c on s t s t d : : v e c to r <s t d : : s t r i n g > &u n i f i e r _ l i n e s , c on s t CanvasSupport : : Po in t &cen t r e ,
c on s t C a i r o : : FontExten t s &f o n t _ e x t e n t s ) ;

s t a t i c c o n s t e x p r f l o a t r e c t a n g l e _ p a d d i n g = 6 ;
s t a t i c c o n s t e x p r f l o a t h_spac ing = 100 ;
s t a t i c c o n s t e x p r f l o a t v_spac ing = 80 ;

s t d : : map<uns i gned i n t , s t d : : deque<CanvasSupport : : NodeDrawingAdapter>> nodes ;

i n t content_width = 0 ;
i n t c o n t e n t _ h e i g h t = 0 ;

} ;

} // namespace o p t i f o l

#e n d i f // OPTIFOL_ANALYSISQUERYCANVAS_HPP
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1.8.14.7 AnalysisQuery.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the A n a l y s i s Query GTK page
∗ @author O l i v e r Dixon
∗ @date 2026−01−25
∗ @ v e r s i o n Development
∗/

#i n c l u d e " A n a l y s i s Q u e r y . hpp "

#i n c l u d e <c a s s e r t >

#i n c l u d e " . . / . . / E x c e p t i o n s / Semant i cExcept i on . hpp "

namespace o p t i f o l
{

s t d : : i s t r i n g s t r e a m A n a l y s i s Q u e r y : : l e x e r _ i n p u t _ s t r e a m ;

FOLLexer A n a l y s i s Q u e r y : : l e x e r { A n a l y s i s Q u e r y : : l e x e r_ input_s t r eam , s t d : : c e r r } ;
FOLParser A n a l y s i s Q u e r y : : p a r s e r {&A n a l y s i s Q u e r y : : l e x e r } ;

A n a l y s i s Q u e r y : : A n a l y s i s Q u e r y ( c o n s t G l i b : : u s t r i n g &query_name , Prove r &kb_weak ) :
kb_weak ( kb_weak )

{
execute_query_button . s i g n a l _ c l i c k e d ( ) . connect ( s i g c : : mem_fun(∗ t h i s , &A n a l y s i s Q u e r y : : execute_que ry ) ) ;
t a b _ l a b e l . s e t _ t e x t ( query_name ) ;

// The i n n e r box c o n t a i n s the query e n t r y a r ea
que ry_ent ry . s e t _ p l a c e h o l d e r _ t e x t ( " Query " ) ;
que ry_ent ry . set_hexpand ( ) ;

execute_query_button . set_icon_name ( " e d i t −f i n d −s y m b o l i c " ) ;
execute_query_button . s e t _ t o o l t i p _ t e x t ( " Execute Query " ) ;

inne r_box . set_hexpand ( ) ;
inne r_box . add_cs s_c l a s s ( " o p t i f o l _ b o x e d " ) ;
inne r_box . append ( que ry_ent ry ) ;
inne r_box . append ( execute_query_button ) ;

// The s c r o l l e d window e n c a p s u l a t e s the C a i r o drawing s u r f a c e
drawing_area . set_hexpand ( f a l s e ) ;
d rawing_area . set_vexpand ( f a l s e ) ;
s c r o l l ed_w indow . set_vexpand ( ) ;
s c ro l l ed_w indow . s e t _ c h i l d ( drawing_area ) ;

// The o u t e r box i s v e r t i c a l −o r i e n t e d and s t a c k s the query e n t r y on top o f the s c r o l l a b l e drawing a r ea .
outer_box . s e t _ o r i e n t a t i o n ( Gtk : : O r i e n t a t i o n : : VERTICAL) ;
outer_box . append ( inne r_box ) ;
outer_box . append ( s c ro l l ed_w indow ) ;

}

v o i d A n a l y s i s Q u e r y : : add_to_notebook ( Gtk : : Notebook &notebook )
{

notebook . append_page ( outer_box , t a b _ l a b e l ) ;
}

v o i d A n a l y s i s Q u e r y : : execute_que ry ( )
{

i f ( que ry_ent ry . g e t _ t e x t ( ) . empty ( ) )
r e t u r n ;

l e x e r _ i n p u t _ s t r e a m . s t r ( que ry_ent ry . g e t _ t e x t ( ) ) ;
p a r s e r . p a r s e ( ) ;

l a t e s t _ r e s u l t = s t d : : make_unique<QueryResu l t >(kb_weak . ask ( p a r s e r . r e t r i e v e _ s e n t e n c e ( ) ) ) ;
i f ( l a t e s t _ r e s u l t −>t e r m i n a t i n g _ r e s o l v e n t != n u l l p t r )

drawing_area . r e p l a c e _ p r o o f ( l a t e s t _ r e s u l t −>t e r m i n a t i n g _ r e s o l v e n t ) ;

d rawing_area . queue_draw ( ) ;
}

} // namespace o p t i f o l
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1.8.14.8 AnalysisQuery.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the A n a l y s i s Query GTK page
∗ @author O l i v e r Dixon
∗ @date 2026−01−25
∗ @ v e r s i o n Development
∗/

#i f n d e f OPTIFOL_ANALYSISQUERY_HPP
#d e f i n e OPTIFOL_ANALYSISQUERY_HPP

#i n c l u d e <gtkmm/box . h>
#i n c l u d e <gtkmm/ button . h>
#i n c l u d e <gtkmm/ e n t r y . h>
#i n c l u d e <gtkmm/ l a b e l . h>
#i n c l u d e <gtkmm/ notebook . h>
#i n c l u d e <gtkmm/ s c r o l l e d w i n d o w . h>

#i n c l u d e " . . / . . / I n f e r e n c e / Prove r . hpp "
#i n c l u d e " . . / . . / I n f e r e n c e / QueryResu l t . hpp "
#i n c l u d e " Ana l y s i sQue ryCanvas . hpp "
#i n c l u d e " FOLLexer . hpp "

namespace o p t i f o l
{

/∗∗
∗ @ c l a s s A n a l y s i s Q u e r y
∗ @ b r i e f A s i n g l e page i n a Gtk : : Notebook h o l d i n g the tab widget Gtk : : Labe l and the s c r o l l a b l e Gtk : : TextView .
∗ @warning The Gtk : : Notebook widget does not own i t s c h i l d pages ; to a v o i d memory a c c e s s problems , a lways
∗ remove pages from the Gtk : : Notebook b e f o r e d e s t r u c t i n g the c o r r e s p o n d i n g A n a l y s i s Q u e r y .
∗/

c l a s s A n a l y s i s Q u e r y
{
p u b l i c :

/∗∗
∗ @ b r i e f C rea te a new page f o r ano the r query on the KB.
∗ @param query_name The human−r e a d a b l e s t r i n g o f the query .
∗ @param kb_weak A weak r e f e r e n c e to the p r o v e r i n s t a n c e e n c a p s u l a t i n g the KB to be q u e r i e d .
∗/

e x p l i c i t A n a l y s i s Q u e r y ( c o n s t G l i b : : u s t r i n g &query_name , Prove r &kb_weak ) ;

/∗∗
∗ @ b r i e f Append the b u i l t page to an a r b i t r a r y notebook .
∗ @param notebook The notebook to which the page s h o u l d be appended .
∗/

v o i d add_to_notebook ( Gtk : : Notebook &notebook ) ;

p r i v a t e :
/∗∗

∗ @ b r i e f Check c o n s i s t e n c y o f the c u r r e n t query ( i n the t e x t box ) w i th the KB. I f a c o n t r a d i c t i o n i s
∗ d e r i v e d , a p r o o f t r a c e i s g e n e r a t e d i n the drawing a r ea .
∗/

v o i d execute_que ry ( ) ;

s t d : : v e c to r <s t d : : un ique_ptr <L i t e r a l >> l i t e r a l _ s t o r e ;

Gtk : : Labe l t a b _ l a b e l ;
Gtk : : Scro l l edWindow sc ro l l ed_w indow ;
Ana l y s i sQue ryCanvas drawing_area ;
Gtk : : Box outer_box ;
Gtk : : Box inne r_box ;
Gtk : : Ent ry que ry_ent r y ;
Gtk : : Button execute_query_button ;

Prove r &kb_weak ;
s t d : : un ique_ptr <QueryResu l t > l a t e s t _ r e s u l t ;

s t a t i c s t d : : i s t r i n g s t r e a m l e x e r _ i n p u t _ s t r e a m ;
s t a t i c FOLLexer l e x e r ;
s t a t i c FOLParser p a r s e r ;

} ;
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} // namespace o p t i f o l

#e n d i f // OPTIFOL_ANALYSISQUERY_HPP

1.8.14.9 CanvasSupport.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C o l l e c t i o n o f g r a p h i c s −r e l a t e d h e l p e r s t r u c t s f o r the Ana l y s i sQue ryCanvas
∗ @author O l i v e r Dixon
∗ @date 2025−02−03
∗ @ v e r s i o n Development
∗/

#i f n d e f OPTIFOL_CANVASSUPPORT_HPP
#d e f i n e OPTIFOL_CANVASSUPPORT_HPP

#i n c l u d e <cairomm/ c o n t e x t . h>
#i n c l u d e <c a s s e r t >

#i n c l u d e " . . / . . / I n f e r e n c e / ProofTreeNode . hpp "

namespace o p t i f o l : : CanvasSupport
{

/∗∗
∗ @ s t r u c t NodeColour
∗ @ b r i e f A POD RGB c o l o u r r e p r e s e n t a t i o n t h a t can be a p p l i e d to a C a i r o : : Context .
∗/

s t r u c t NodeColour
{

/∗∗
∗ @ b r i e f The red component , n o r m a l i s e d i n the range [ 0 , 1 ] .
∗/

f l o a t r ed ;

/∗∗
∗ @ b r i e f The g reen component , n o r m a l i s e d i n the range [ 0 , 1 ] .
∗/

f l o a t g reen ;

/∗∗
∗ @ b r i e f The g reen component , n o r m a l i s e d i n the range [ 0 , 1 ] .
∗/

f l o a t b l u e ;

/∗∗
∗ @ b r i e f Set the g i v e n C a i r o : : Context to use the c o l o u r .
∗ @param c t x The t a r g e t C a i r o : : Context .
∗/

v o i d app l y ( C a i r o : : Context &c t x ) c o n s t
{

c t x . s e t_sou rce_rgb ( red , green , b l u e ) ;
}

} ;

c o n s t e x p r NodeColour ax iom_node_colour {234 .0 f / 255 , 207 .0 f / 255 , 193 .0 f / 255} ;
c o n s t e x p r NodeColour t e rm ina t i ng_node_co l ou r {178 .0 f / 255 , 210 .0 f / 255 , 226 .0 f / 255} ;
c o n s t e x p r NodeColour deduct ion_node_co lou r {0 .95 f , 0 .95 f , 0 .95 f } ;
c o n s t e x p r NodeColour t e x t _ c o l o u r {0 .0 f , 0 . 0 f , 0 . 0 f } ;
c o n s t e x p r NodeColour b o r d e r _ c o l o u r {0 .2 f , 0 . 2 f , 0 . 2 f } ;
c o n s t e x p r NodeColour edge_co lou r {0 .0 f , 0 . 0 f , 0 . 0 f } ;
c o n s t e x p r NodeColour u n i f i e r _ e d g e _ c o l o u r {0 .7 f , 0 . 7 f , 0 . 7 f } ;

/∗∗
∗ @ s t r u c t CanvasDrawable
∗ @ b r i e f A type t h a t i s d rawab le to a C a i r o : : Context canvas .
∗/

s t r u c t CanvasDrawable
{

/∗∗
∗ @ b r i e f D e s t r u c t the CanvasDrawable .
∗/
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v i r t u a l ~ CanvasDrawable ( ) = d e f a u l t ;

/∗∗
∗ @ b r i e f Draw the CanvasDrawable i tem i n the c o l o u r c u r r e n t l y s e l e c t e d by the C a i r o : : Context .
∗ @param c t x The t a r g e t canvas .
∗/

v i r t u a l v o i d draw ( C a i r o : : Context &c t x ) co n s t = 0 ;

/∗∗
∗ @ b r i e f Draw the CanvasDrawable i tem i n the g i v e n c o l o u r .
∗ @param c t x The t a r g e t canvas .
∗ @param node_co lour The n o r m a l i s e d RGB c o l o u r .
∗/

v o i d draw ( C a i r o : : Context &ctx , c on s t NodeColour &node_co lour ) c o n s t
{

node_co lour . app l y ( c t x ) ;
draw ( c t x ) ;

}
} ;

/∗∗
∗ @ s t r u c t Po in t
∗ @ b r i e f A CanvasDrawable two−d i m e n s i o n a l p o i n t on a C a i r o : : Context canvas .
∗/

s t r u c t Po in t : CanvasDrawable
{

/∗∗
∗ @ b r i e f C o n s t r u c t the o r i g i n p o i n t .
∗/

Po in t ( ) = d e f a u l t ;

/∗∗
∗ @ b r i e f C o n s t r u c t the p o i n t at the g i v e n c o o r d i n a t e s .
∗ @param x The X c o o r d i n a t e .
∗ @param y The Y c o o r d i n a t e .
∗/

Po in t ( co n s t f l o a t x , c on s t f l o a t y ) :
x ( x ) ,
y ( y )

{
}

v o i d draw ( C a i r o : : Context &c t x ) c on s t o v e r r i d e
{

c t x . a r c ( x , y , 5 , 0 , 2 ∗ M_PI) ;
c t x . s t r o k e ( ) ;

}

f l o a t x = 0 ;
f l o a t y = 0 ;

} ;

/∗∗
∗ @ s t r u c t LineSegment
∗ @ b r i e f A l i n e segment ( a l i n e w i th two f i x e d e n d p o i n t s ) on a C a i r o : : Context canvas .
∗/

s t r u c t LineSegment : CanvasDrawable
{

/∗∗
∗ @ b r i e f C o n s t r u c t the l i n e segment w i th the g i v e n e n d p o i n t s .
∗ @param p1 The f i r s t e nd po in t .
∗ @param p2 The second e n dp o i n t .
∗/

LineSegment ( c o n s t Po in t &p1 , c o n s t Po in t &p2 ) :
endpo int_1 ( p1 ) ,
endpo int_2 ( p2 ) ,
g r a d i e n t ( p1 . x == p2 . x ? INFINITY : ( p1 . y − p2 . y ) / ( p1 . x − p2 . x ) )

{
}

/∗∗
∗ @ b r i e f Determine the X c o o r d i n a t e on the non−h o r i z o n t a l l i n e f o r the g i v e n Y c o o r d i n a t e .
∗ @param y The Y p o s i t i o n on the l i n e f o r which the c o r r e s p o n d i n g X i s sought .
∗ @throws s t d : : r u n t i m e _ e r r o r The l i n e was h o r i z o n t a l , hence t h e r e i s no un ique X f o r a g i v e n Y .
∗ @re tu rn The Po in t on the LineSegment at the g i v e n Y p o s i t i o n .
∗ @note This f u n c t i o n does not check t h a t the r e t u r n e d p a i r i s a c t u a l l y on the LineSegment . The API u s e r
∗ s h o u l d v e r i f y t h a t the g i v e n Y i s w i t h i n the bounds o f the LineSegment e n d p o i n t s .
∗/

[ [ n o d i s c a r d ] ] Po in t t r a c e ( c o n s t f l o a t y ) c o n s t
{

s w i t c h ( s t d : : f p c l a s s i f y ( g r a d i e n t ) ) {
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ca se FP_INFINITE :
// The l i n e i s v e r t i c a l .
r e t u r n { endpoint_1 . x , y } ;

ca s e FP_ZERO:
// The l i n e i s h o r i z o n t a l .
throw s t d : : r u n t i m e _ e r r o r (

" There i s no un ique X c o o r d i n a t e f o r a g i v e n Y on a h o r i z o n t a l l i n e segment . " ) ;
d e f a u l t :

r e t u r n { endpoint_1 . x + ( y − endpoint_1 . y ) / g r a d i e n t , y } ;
}

}

/∗∗
∗ @ b r i e f Gets the midpo in t o f the l i n e .
∗ @re tu rn The midpo in t o f the LineSegment .
∗/

[ [ n o d i s c a r d ] ] Po in t get_midpo int ( ) co n s t noexcept
{

r e t u r n {( endpoint_1 . x + endpoint_2 . x ) / 2 , ( endpo int_1 . y + endpoint_2 . y ) / 2} ;
}

v o i d draw ( C a i r o : : Context &c t x ) c on s t o v e r r i d e
{

c t x . move_to ( endpo int_1 . x , endpo int_1 . y ) ;
c t x . l i n e _ t o ( endpo int_2 . x , endpo int_2 . y ) ;
c t x . s t r o k e ( ) ;

}

c on s t Po in t endpo int_1 ;
c on s t Po in t endpo int_2 ;
c on s t f l o a t g r a d i e n t ;

} ;

/∗∗
∗ @ s t r u c t NodeDrawingAdapter
∗ @ b r i e f A t r a n s p a r e n t cache o f drawing i n f o r m a t i o n r e l a t e d to a ProofTreeNode , f o r d i r e c t use by
∗ Ana l y s i sQue ryCanvas .
∗/

s t r u c t NodeDrawingAdapter
{

/∗∗
∗ @ b r i e f C o n s t r u c t a new a d ap t e r f o r the g i v e n node , w i th o p t i o n a l LHS and RHS p a r e n t s .
∗ @param node The s e l f ProofTreeNode , t y p i c a l l y a Reso l ven t , but somet imes a C lause ( f o r ax ioms i n the
∗ p r o o f ) .
∗ @param l h s An o p t i o n a l p a r e n t on the LHS .
∗ @param r h s An o p t i o n a l p a r e n t on the RHS .
∗ @note The g i v e n node must have e x a c t l y z e r o or e x a c t l y two p a r e n t s ; t h i s i s e n f o r c e d at runt ime .
∗/

NodeDrawingAdapter ( c o n s t ProofTreeNode ∗ c on s t node , c o n s t NodeDrawingAdapter ∗ c on s t l h s ,
c on s t NodeDrawingAdapter ∗ c on s t r h s ) :

node_ labe l ( g e n e r a t e _ l a b e l (∗ node ) ) ,
node ( node ) ,
l h s ( l h s ) ,
r h s ( r h s )

{
a s s e r t ( ( ! l h s && ! r h s ) | | ( l h s && r h s ) ) ;

i f ( node−>observe_edge ( ) . has_va lue ( ) )
// I f a p p l i c a b l e , cache the d e l i m e t e d l i n e s i n the u n i f i e r t e x t b l o c k e n t r y .
e d g e _ l a b e l _ l i n e s = s t d : : move ( node−>observe_edge ( ) . v a l u e ( )−> s p l i t _ s e r i a l i s e ( ) ) ;

}

Po in t s t a r t ;
Po in t c e n t r e ;
C a i r o : : Tex tEx ten t s l a b e l _ e x t e n t s {} ;

c on s t s t d : : s t r i n g node_ labe l ;
s t d : : v e c to r <s t d : : s t r i n g > e d g e _ l a b e l _ l i n e s ;
c on s t ProofTreeNode ∗ node ;
c on s t NodeDrawingAdapter ∗ l h s = n u l l p t r ;
c on s t NodeDrawingAdapter ∗ r h s = n u l l p t r ;

p r i v a t e :
/∗∗

∗ @ b r i e f S t r i n g i f y the g i v e n I S e r i a l i s a b l e .
∗ @param node The node to s e r i a l i s e .
∗ @re tu rn The s e r i a l i s e d s t r i n g produced from the node .
∗/

s t a t i c s t d : : s t r i n g g e n e r a t e _ l a b e l ( c on s t I S e r i a l i s a b l e &node )
{

s t d : : o s t r i n g s t r e a m o s s ;
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o s s << node ;
r e t u r n o s s . s t r ( ) ;

}
} ;

} // namespace o p t i f o l : : CanvasSupport

#e n d i f // OPTIFOL_CANVASSUPPORT_HPP

1.8.15 ProjectHierarchyPane

1.8.15.1 ProjectHierarchyPane.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the P r o j e c t H i e r a r c h i c a l v iew i n the O p t i f o l Main Window
∗ @author O l i v e r Dixon
∗ @date 2025−03−27
∗ @ v e r s i o n Development
∗/

#i n c l u d e " P r o j e c t H i e r a r c h y P a n e . hpp "

#i n c l u d e " . . / GTKHelpers . hpp "
#i n c l u d e " . . / Logg ing . hpp "
#i n c l u d e " . . / S to rage / Subsystem . hpp "

namespace o p t i f o l
{

s t d : : shared_ptr <l o g 4 c x x : : Logger> P r o j e c t H i e r a r c h y P a n e : : l o g g e r ( l o g 4 c x x : : Logger : : ge tLogge r ( " O p t i f o l " ) ) ;

c on s t cha r ∗ c on s t P r o j e c t H i e r a r c h y P a n e : : area_name = " P r o j e c t Pane Area " ;

P r o j e c t H i e r a r c h y P a n e : : P r o j e c t H i e r a r c h y P a n e (
Gtk : : B u i l d e r &b u i l d e r , c o n s t G l i b : : RefPtr<Gio : : L i s t S t o r e <P r o j e c t >> &i n i t i a l _ m o d e l ) :

s t a c k _ s w i t c h e r ( GTKHelpers : : get_widget<Gtk : : DropDown>(area_name , b u i l d e r , " p r o j e c t _ p a n e _ s w i t c h e r " ) ) ,
s t a c k ( GTKHelpers : : get_widget<Gtk : : Stack >(area_name , b u i l d e r , " p ro j e c t_pane_s tack " ) ) ,
v i ew ( GTKHelpers : : get_widget<Gtk : : L i s tV i ew >(area_name , b u i l d e r , " p r o j e c t _ v i e w " ) ) ,
data_model ( i n i t i a l _ m o d e l ) ,
t ree_mode l ( Gtk : : T reeL i s tMode l : : c r e a t e (

data_model , s i g c : : p t r_fun (& P r o j e c t H i e r a r c h y P a n e : : t ree_node_expand ) , t rue , t r u e ) ) ,
context_menu ( view , GTKHelpers : : ge t_ob jec t <Gio : : Menu>(area_name , b u i l d e r , " s t ruc tu re_context_menu " ) ,

{{ " new_pro ject " , GTKHelpers : : get_widget<Gtk : : MenuButton >(area_name , b u i l d e r , " new_pro ject " ) ,
GTKHelpers : : get_widget<Gtk : : Popover >(area_name , b u i l d e r , " new_pro ject_popover " ) , t r u e } ,

{" new_subsystem " ,
GTKHelpers : : get_widget<Gtk : : MenuButton >(area_name , b u i l d e r , " new_subsystem " ) ,
GTKHelpers : : get_widget<Gtk : : Popover >(area_name , b u i l d e r , " new_subsystem_popover " ) ,
f a l s e } ,

{" e d i t _ s t r u c t u r e " ,
GTKHelpers : : get_widget<Gtk : : MenuButton >(area_name , b u i l d e r , " e d i t _ s t r u c t u r e " ) ,
GTKHelpers : : get_widget<Gtk : : Popover >(

area_name , b u i l d e r , " e d i t _ s t r u c t u r e _ p o p o v e r " ) ,
f a l s e } ,

{" d e l e t e _ s t r u c t u r e " ,
GTKHelpers : : get_widget<Gtk : : MenuButton >(area_name , b u i l d e r , " d e l e t e _ s t r u c t u r e " ) ,
GTKHelpers : : get_widget<Gtk : : Popover >(

area_name , b u i l d e r , " d e l e t e _ s t r u c t u r e _ p o p o v e r " ) ,
f a l s e }})

{
view−>s i g n a l _ a c t i v a t e ( ) . connect ( s i g c : : mem_fun(∗ t h i s , &P r o j e c t H i e r a r c h y P a n e : : s w i t c h _ s e l e c t i o n ) ) ;

s t a c k _ s w i t c h e r −>p r o p e r t y _ s e l e c t e d ( ) . s i gna l_changed ( ) . connect (
s i g c : : mem_fun(∗ t h i s , &P r o j e c t H i e r a r c h y P a n e : : s w i t c h _ v i s i b l e _ s t a c k ) ) ;

s e l e c t i o n _ m o d e l = Gtk : : S i n g l e S e l e c t i o n : : c r e a t e ( t ree_mode l ) ;
s e l e c t i o n _ m o d e l −>s e t _ a u t o s e l e c t ( f a l s e ) ;
s e l e c t i o n _ m o d e l −>s e t _ c a n _ u n s e l e c t ( t r u e ) ;
view−>set_model ( s e l e c t i o n _ m o d e l ) ;

s e l e c t i o n _ m o d e l −>s i g n a l _ s e l e c t i o n _ c h a n g e d ( ) . connect (
[ t h i s ] ( gu in t , co n s t g u i n t n_items )
{

i f ( n_items == 0) {
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e m i t _ d e s e l e c t e d ( ) ;
context_menu . d i s a b l e _ a c t i o n ( " new_subsystem " ) ;
context_menu . d i s a b l e _ a c t i o n ( " e d i t _ s t r u c t u r e " ) ;
context_menu . d i s a b l e _ a c t i o n ( " d e l e t e _ s t r u c t u r e " ) ;

} e l s e {
context_menu . e n a b l e _ a c t i o n ( " new_subsystem " ) ;
context_menu . e n a b l e _ a c t i o n ( " e d i t _ s t r u c t u r e " ) ;
context_menu . e n a b l e _ a c t i o n ( " d e l e t e _ s t r u c t u r e " ) ;

}
}) ;

s e l e c t i o n _ m o d e l −>s igna l_ i t ems_changed ( ) . connect (
[ t h i s ] ( gu in t , co n s t g u i n t removed , g u i n t )
{

i f ( removed > 0) {
// I f a n y t h i n g was removed from the model , j u s t d e s e l e c t e v e r y t h i n g out o f an abundance o f
// c a u t i o n .
e m i t _ d e s e l e c t e d ( ) ;
context_menu . d i s a b l e _ a c t i o n ( " new_subsystem " ) ;
context_menu . d i s a b l e _ a c t i o n ( " e d i t _ s t r u c t u r e " ) ;
context_menu . d i s a b l e _ a c t i o n ( " d e l e t e _ s t r u c t u r e " ) ;

}
}) ;

c on s t auto f a c t o r y = Gtk : : S i g n a l L i s t I t e m F a c t o r y : : c r e a t e ( ) ;
f a c t o r y −>s i g n a l _ s e t u p ( ) . connect ( s i g c : : b ind (&GTKHelpers : : s e tup_expandab l e_ labe l , f a l s e ) ) ;
f a c t o r y −>s i g n a l _ b i n d ( ) . connect ( s i g c : : b ind (& Sto rageOb jec tBase : : b ind_name_property_expandable , t ree_mode l ) ) ;
v iew−>s e t _ f a c t o r y ( f a c t o r y ) ;

con f i gu re_new_pro j ec t_popove r ( b u i l d e r ) ;
conf igure_new_subsystem_popover ( b u i l d e r ) ;
c o n f i g u r e _ e d i t _ s t r u c t u r e _ p o p o v e r ( b u i l d e r ) ;
c o n f i g u r e _ d e l e t e _ s t r u c t u r e _ p o p o v e r ( b u i l d e r ) ;

}

v o i d P r o j e c t H i e r a r c h y P a n e : : add_subsystem_change_ca l lback (
s i g c : : s l o t <v o i d ( c on s t G l i b : : RefPtr<Subsystem> &)> &&s e l e c t e d , s i g c : : s l o t <v o i d ( )> &&d e s e l e c t e d ,
c on s t boo l onboard )

{
auto &c a l l b a c k = subsy s t em_change_ca l l backs . emplace_back ( ) ;
c a l l b a c k . f i r s t . connect ( s t d : : move ( s e l e c t e d ) ) ;
c a l l b a c k . second . connect ( s t d : : move ( d e s e l e c t e d ) ) ;

i f ( onboard ) {
c on s t auto subsystem = s t d : : dynamic_po inte r_cas t <Subsystem >( s e l e c t i o n _ m o d e l −>g e t _ s e l e c t e d _ i t e m ( ) ) ;
i f ( subsystem != n u l l p t r )

c a l l b a c k . f i r s t ( subsystem ) ;
e l s e

c a l l b a c k . second ( ) ;
}

}

v o i d P r o j e c t H i e r a r c h y P a n e : : con f i gu re_new_pro j ec t_popove r ( Gtk : : B u i l d e r &b u i l d e r ) c on s t
{

c on s t auto popover = GTKHelpers : : get_widget<Gtk : : Popover >(area_name , b u i l d e r , " new_pro ject_popover " ) ;
c on s t auto con f i rm_button =

GTKHelpers : : get_widget<Gtk : : Button >(area_name , b u i l d e r , " new_pro jec t_conf i rm " ) ;
c on s t auto cance l_but ton = GTKHelpers : : get_widget<Gtk : : Button >(area_name , b u i l d e r , " new_pro j ec t_cance l " ) ;
c on s t auto property_name =

GTKHelpers : : get_widget<Gtk : : Entry >(area_name , b u i l d e r , " new_project_property_name " ) ;

cance l_button −>s i g n a l _ c l i c k e d ( ) . connect (
[ popover , property_name ]
{

popover−>popdown ( ) ;
property_name−>s e t _ t e x t ( " " ) ;

}) ;

conf i rm_button −>s i g n a l _ c l i c k e d ( ) . connect (
[ t h i s , popover , property_name ]
{

popover−>popdown ( ) ;
data_model−>append ( G l i b : : m a k e _ r e f p t r _ f o r _ i n s t a n c e ( new P r o j e c t ( property_name−>g e t _ t e x t ( ) ) ) ) ;
property_name−>s e t _ t e x t ( " " ) ;

}) ;
}

v o i d P r o j e c t H i e r a r c h y P a n e : : conf igure_new_subsystem_popover ( Gtk : : B u i l d e r &b u i l d e r ) c o n s t
{

c on s t auto popover = GTKHelpers : : get_widget<Gtk : : Popover >(area_name , b u i l d e r , " new_subsystem_popover " ) ;
c on s t auto con f i rm_button =
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GTKHelpers : : get_widget<Gtk : : Button >(area_name , b u i l d e r , " new_subsystem_conf i rm " ) ;
c on s t auto cance l_but ton =

GTKHelpers : : get_widget<Gtk : : Button >(area_name , b u i l d e r , " new_subsystem_cancel " ) ;
c on s t auto p rope r t y_path =

GTKHelpers : : get_widget<Gtk : : Entry >(area_name , b u i l d e r , " new_subsystem_property_path " ) ;
c on s t auto property_name =

GTKHelpers : : get_widget<Gtk : : Entry >(area_name , b u i l d e r , " new_subsystem_property_name " ) ;

popover−>s igna l_show ( ) . connect (
[ t h i s , p rope r t y_path ]
{

c on s t auto c a n d i d a t e =
s t d : : dynamic_po inte r_cas t <co n s t TreeNode >( s e l e c t i o n _ m o d e l −>g e t _ s e l e c t e d _ i t e m ( ) ) ;

i f ( c a n d i d a t e != n u l l p t r )
p roper ty_path −>s e t _ t e x t ( cand ida te −>get_path ( ) ) ;

}) ;

cance l_button −>s i g n a l _ c l i c k e d ( ) . connect (
[ popover , property_name ]
{

popover−>popdown ( ) ;
property_name−>s e t _ t e x t ( " " ) ;

}) ;

conf i rm_button −>s i g n a l _ c l i c k e d ( ) . connect (
[ t h i s , popover , property_name ]
{

popover−>popdown ( ) ;

c on s t auto c a n d i d a t e =
s t d : : dynamic_po inte r_cas t <TreeNode >( s e l e c t i o n _ m o d e l −>g e t _ s e l e c t e d _ i t e m ( ) ) ;

i f ( c a n d i d a t e != n u l l p t r )
cand ida te −>add ( property_name−>g e t _ t e x t ( ) ) ;

property_name−>s e t _ t e x t ( " " ) ;
}) ;

}

v o i d P r o j e c t H i e r a r c h y P a n e : : c o n f i g u r e _ e d i t _ s t r u c t u r e _ p o p o v e r ( Gtk : : B u i l d e r &b u i l d e r ) c on s t
{

c on s t auto popover = GTKHelpers : : get_widget<Gtk : : Popover >(area_name , b u i l d e r , " e d i t _ s t r u c t u r e _ p o p o v e r " ) ;
c on s t auto con f i rm_button =

GTKHelpers : : get_widget<Gtk : : Button >(area_name , b u i l d e r , " e d i t _ s t r u c t u r e _ c o n f i r m " ) ;
c on s t auto cance l_but ton =

GTKHelpers : : get_widget<Gtk : : Button >(area_name , b u i l d e r , " e d i t _ s t r u c t u r e _ c a n c e l " ) ;
c on s t auto p rope r ty_o ld_path =

GTKHelpers : : get_widget<Gtk : : Entry >(area_name , b u i l d e r , " e d i t _ s t r u c t u r e _ p r o p e r t y _ o l d _ p a t h " ) ;
c on s t auto property_new_path =

GTKHelpers : : get_widget<Gtk : : Entry >(area_name , b u i l d e r , " ed i t_s t ruc tu r e_prope r t y_new_path " ) ;

popover−>s igna l_show ( ) . connect (
[ t h i s , p roper ty_o ld_path , property_new_path ]
{

c on s t auto c a n d i d a t e =
s t d : : dynamic_po inte r_cas t <co n s t TreeNode >( s e l e c t i o n _ m o d e l −>g e t _ s e l e c t e d _ i t e m ( ) ) ;

i f ( c a n d i d a t e != n u l l p t r ) {
c on s t auto cu r r en t_pa th = cand ida te −>get_path ( ) ;
p roper ty_o ld_path −>s e t _ t e x t ( cu r r en t_pa th ) ;

c on s t auto name_de l im_pos i t ion = cu r r en t_pa th . r f i n d ( ’ / ’ ) ;
property_new_path−>s e t _ t e x t ( name_de l im_pos i t ion == s t d : : s t r i n g : : npos

? cu r r en t_pa th
: cu r r en t_pa th . s u b s t r (0 , name_de l im_pos i t ion + 1) ) ;

}
}) ;

cance l_button −>s i g n a l _ c l i c k e d ( ) . connect ( [ popover ] { popover−>popdown ( ) ; }) ;

conf i rm_button −>s i g n a l _ c l i c k e d ( ) . connect (
[ t h i s , popover ]
{

popover−>popdown ( ) ;
}) ;

}

v o i d P r o j e c t H i e r a r c h y P a n e : : c o n f i g u r e _ d e l e t e _ s t r u c t u r e _ p o p o v e r ( Gtk : : B u i l d e r &b u i l d e r ) c o n s t
{

c on s t auto popover = GTKHelpers : : get_widget<Gtk : : Popover >(area_name , b u i l d e r , " d e l e t e _ s t r u c t u r e _ p o p o v e r " ) ;
c on s t auto con f i rm_button =
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GTKHelpers : : get_widget<Gtk : : Button >(area_name , b u i l d e r , " d e l e t e _ s t r u c t u r e _ c o n f i r m " ) ;
c on s t auto cance l_but ton =

GTKHelpers : : get_widget<Gtk : : Button >(area_name , b u i l d e r , " d e l e t e _ s t r u c t u r e _ c a n c e l " ) ;
c on s t auto p rope r t y_path =

GTKHelpers : : get_widget<Gtk : : Entry >(area_name , b u i l d e r , " d e l e t e _ s t r u c t u r e _ p r o p e r t y _ p a t h " ) ;

popover−>s igna l_show ( ) . connect (
[ t h i s , p rope r t y_path ]
{

c on s t auto c a n d i d a t e =
s t d : : dynamic_po inte r_cas t <co n s t TreeNode >( s e l e c t i o n _ m o d e l −>g e t _ s e l e c t e d _ i t e m ( ) ) ;

i f ( c a n d i d a t e != n u l l p t r )
p roper ty_path −>s e t _ t e x t ( cand ida te −>get_path ( ) + " /∗ " ) ;

}) ;

cance l_button −>s i g n a l _ c l i c k e d ( ) . connect ( [ popover ] { popover−>popdown ( ) ; }) ;

conf i rm_button −>s i g n a l _ c l i c k e d ( ) . connect (
[ t h i s , popover ]
{

popover−>popdown ( ) ;

c on s t auto c a n d i d a t e =
s t d : : dynamic_po inte r_cas t <TreeNode >( s e l e c t i o n _ m o d e l −>g e t _ s e l e c t e d _ i t e m ( ) ) ;

i f ( c a n d i d a t e != n u l l p t r ) {
c on s t auto p a r e n t = cand ida te −>get_parent ( ) ;
i f ( p a r e n t != n u l l p t r ) {

// I f an owning model i s e x p l i c i t l y d e c l a r e d , use t h a t .
c on s t auto owning_model = parent −>g e t _ c h i l d r e n ( ) ;
c on s t auto owning_model_count = owning_model−>get_n_items ( ) ;
f o r ( g u i n t i d x = 0 ; i d x < owning_model_count ; ++i d x )

i f ( owning_model−>get_item ( i d x ) == c a n d i d a t e )
owning_model−>remove ( i d x ) ;

} e l s e {
// Otherwise , use the r o o t model .
c on s t auto root_model_count = data_model−>get_n_items ( ) ;
f o r ( g u i n t i d x = 0 ; i d x < root_model_count ; ++i d x )

i f ( data_model−>get_item ( i d x ) == c a n d i d a t e )
data_model−>remove ( i d x ) ;

}
}

e m i t _ d e s e l e c t e d ( ) ;
}) ;

}

v o i d P r o j e c t H i e r a r c h y P a n e : : t ree_node_setup ( c o n s t G l i b : : RefPtr<Gtk : : L i s t I t e m > &item )
{

c on s t auto expander = Gtk : : make_managed<Gtk : : TreeExpander >() ;
c on s t auto l a b e l = Gtk : : make_managed<Gtk : : Labe l >() ;

l a b e l −>s e t _ h a l i g n ( Gtk : : A l i g n : : START) ;
expander−>s e t _ c h i l d (∗ l a b e l ) ;
item−>s e t _ c h i l d (∗ expander ) ;

}

v o i d P r o j e c t H i e r a r c h y P a n e : : s w i t c h _ v i s i b l e _ s t a c k ( ) c on s t
{

s w i t c h ( s t a c k _ s w i t c h e r −>g e t _ s e l e c t e d ( ) ) {
ca se s t a t i c _ c a s t <gu in t >( P r o j e c t S t a c k S w i t c h e r I d x : : E x p l o r e r ) :

s tack −>s e t _ v i s i b l e _ c h i l d ( " p r o j e c t _ e x p l o r e r " ) ;
b reak ;

ca s e s t a t i c _ c a s t <gu in t >( P r o j e c t S t a c k S w i t c h e r I d x : : Metadata ) :
s tack −>s e t _ v i s i b l e _ c h i l d ( " p ro j ec t_metadata " ) ;
b reak ;

d e f a u l t :
b reak ;

}
}

G l i b : : RefPtr<Gio : : L i s tMode l > P r o j e c t H i e r a r c h y P a n e : : t ree_node_expand (
c on s t G l i b : : RefPtr<G l i b : : ObjectBase> &item )

{
c on s t auto c a n d i d a t e = s t d : : dynamic_po inte r_cas t <TreeNode >( i tem ) ;

i f ( c a n d i d a t e != n u l l p t r )
r e t u r n cand ida te −>g e t _ c h i l d r e n ( ) ;

r e t u r n n u l l p t r ;
}
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// ReSharper d i s a b l e once CppDFAUnreachab leFunct ionCal l − f a l s e p o s i t i v e
v o i d P r o j e c t H i e r a r c h y P a n e : : e m i t _ s e l e c t e d ( c on s t G l i b : : RefPtr<Subsystem> &new_subsystem ) co n s t
{

f o r ( co n s t auto &[ s e l e c t _ c a l l b a c k , _ ] : subsy s t em_change_ca l l backs )
s e l e c t _ c a l l b a c k . emit ( new_subsystem ) ;

}

v o i d P r o j e c t H i e r a r c h y P a n e : : e m i t _ d e s e l e c t e d ( ) c on s t
{

f o r ( co n s t auto &[_, d e s e l e c t _ c a l l b a c k ] : subsy s t em_change_ca l l backs )
d e s e l e c t _ c a l l b a c k . emit ( ) ;

}

v o i d P r o j e c t H i e r a r c h y P a n e : : s w i t c h _ s e l e c t i o n ( g u i n t ) co n s t
{

// Re ly on the s e l e c t i o n model to i n fo rm on the s e l e c t e d i tem . The v iew can be u n r e l i a b l e .
c on s t auto subsystem = s t d : : dynamic_po inte r_cas t <Subsystem >( s e l e c t i o n _ m o d e l −>g e t _ s e l e c t e d _ i t e m ( ) ) ;
i f ( subsystem != n u l l p t r )

e m i t _ s e l e c t e d ( subsystem ) ;
e l s e

e m i t _ d e s e l e c t e d ( ) ;
}

} // namespace o p t i f o l

1.8.15.2 ProjectHierarchyPane.hpp

/∗
∗ C o p y r i g h t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the P r o j e c t H i e r a r c h i c a l v i ew i n the O p t i f o l Main Window
∗ @author O l i v e r Dixon
∗ @date 2025−03−27
∗ @ v e r s i o n Development
∗/

#i f n d e f PROJECTHIERARCHYPANE_HPP
#d e f i n e PROJECTHIERARCHYPANE_HPP

#i n c l u d e <gtkmm . h>
#i n c l u d e <l o g 4 c x x / l o g g e r . h>

#i n c l u d e " . . / . . / S to rage / P r o j e c t . hpp "
#i n c l u d e " . . / A n a l y s i s A r e a / A n a l y s i s A r e a . hpp "
#i n c l u d e " . . / Contex tBut tonCor re spondence . hpp "

namespace o p t i f o l
{

/∗∗
∗ @ c l a s s P r o j e c t H i e r a r c h y P a n e
∗ @ b r i e f The manager o f the UI v iew e lement r e p r e s e n t i n g an i n t e r a c t a b l e t r e e o f a l l p r o j e c t s and subsystems ,
∗ t y p i c a l l y d e r i v e d from a backend s t o r a g e c o n t r o l l e r .
∗/

c l a s s P r o j e c t H i e r a r c h y P a n e
{
p u b l i c :

/∗∗
∗ @ b r i e f C o n s t r u c t a p r o j e c t pane manager g i v e n a managed Gtk : : L i s t V i e w r e s o u r c e and backend model
∗ @param b u i l d e r The GTK b u i l d e r a t t a c h e d to the main window
∗ @param i n i t i a l _ m o d e l The backend s t o r a g e model used to p o p u l a t e the model and st ream data updates
∗/

P r o j e c t H i e r a r c h y P a n e ( Gtk : : B u i l d e r &b u i l d e r , co n s t G l i b : : RefPtr<Gio : : L i s t S t o r e <P r o j e c t >> &i n i t i a l _ m o d e l ) ;

/∗∗
∗ @ b r i e f Add a new l i s t e n e r whose c a l l b a c k r o u t i n e s h o u l d be c a l l e d when a new Subsystem i s s e l e c t e d , o r
∗ the p r e v i o u s l y s e l e c t e d one i s d e s e l e c t e d .
∗ @param s e l e c t e d The c a l l b a c k to hand l e the chang ing o f the a c t i v e s e l e c t i o n to a new Subsystem
∗ @param d e s e l e c t e d The c a l l b a c k to hand l e the d e s e l e c t i o n o f the c u r r e n t l y s e l e c t e d Subsystem
∗ @param onboard Should the newly added c a l l b a c k be invoked i mm e d i a t e l y to " onboard " the l i s t e n e r as to
∗ the c u r r e n t s t a t e o f the s e l e c t i o n ? The d e s e l e c t i o n c a l l b a c k i s c a l l e d d u r i n g onboa rd ing i f and o n l y i f
∗ the p r e s e n t s e l e c t i o n i s i n v a l i d o r not a Subsystem .
∗/

v o i d add_subsystem_change_ca l lback ( s i g c : : s l o t <v o i d ( co n s t G l i b : : RefPtr<Subsystem> &)> &&s e l e c t e d ,
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s i g c : : s l o t <v o i d ( )> &&d e s e l e c t e d , boo l onboard = t r u e ) ;

p r i v a t e :
enum c l a s s P r o j e c t S t a c k S w i t c h e r I d x
{

E x p l o r e r = 0 ,
Metadata = 1

} ;

/∗∗
∗ @ b r i e f C o n f i g u r e the sub−w i d g e t s o f the ’New P r o j e c t ’ popover
∗ @param b u i l d e r The b u i l d e r a s s o c i a t e d wi th the popover
∗/

v o i d con f i gu r e_new_pro j ec t_popove r ( Gtk : : B u i l d e r &b u i l d e r ) c o n s t ;

/∗∗
∗ @ b r i e f C o n f i g u r e the sub−w i d g e t s o f the ’New Subsystem ’ popover
∗ @param b u i l d e r The b u i l d e r a s s o c i a t e d wi th the popover
∗/

v o i d conf igure_new_subsystem_popover ( Gtk : : B u i l d e r &b u i l d e r ) c on s t ;

/∗∗
∗ @ b r i e f C o n f i g u r e the sub−w i d g e t s o f the ’ E d i t S t r u c t u r e ’ popover
∗ @param b u i l d e r The b u i l d e r a s s o c i a t e d wi th the popover
∗/

v o i d c o n f i g u r e _ e d i t _ s t r u c t u r e _ p o p o v e r ( Gtk : : B u i l d e r &b u i l d e r ) c o n s t ;

/∗∗
∗ @ b r i e f C o n f i g u r e the sub−w i d g e t s o f the ’ D e l e t e S t r u c t u r e ’ popover
∗ @param b u i l d e r The b u i l d e r a s s o c i a t e d wi th the popover
∗/

v o i d c o n f i g u r e _ d e l e t e _ s t r u c t u r e _ p o p o v e r ( Gtk : : B u i l d e r &b u i l d e r ) c on s t ;

/∗∗
∗ @ b r i e f GTK c a l l b a c k f o r a new Gtk : : L i s t I t e m . Thi s member f u n c t i o n h a n d l e s the c o n f i g u r a t i o n o f a new
∗ e n t r y i n the P r o j e c t H i e r a r c h y v iew as an e d i t a b l e l a b e l .
∗ @param item The new l i s t i tem to c o n f i g u r e f o r p lacement w i t h i n the t r e e v iew
∗/

s t a t i c v o i d t ree_node_setup ( c on s t G l i b : : RefPtr<Gtk : : L i s t I t e m > &item ) ;

/∗∗
∗ @ b r i e f GTK c a l l b a c k f o r a change o f s e l e c t i o n on the s tack −s w i t c h e r dropdown . The c u r r e n t s t a t e i s
∗ checked , and the c o r r e s p o n d i n g s t a c k page i s made v i s i b l e .
∗/

v o i d s w i t c h _ v i s i b l e _ s t a c k ( ) c o n s t ;

/∗∗
∗ @ b r i e f R e t r i e v e s sub−models f o r t r e e i t ems be ing expanded
∗ @param item The i tem be ing expanded
∗ @re tu rn The model r e p r e s e n t i n g the c h i l d r e n o f the expanded o b j e c t
∗/

s t a t i c G l i b : : RefPtr<Gio : : L i s tMode l > tree_node_expand ( co n s t G l i b : : RefPtr<G l i b : : ObjectBase> &item ) ;

/∗∗
∗ @ b r i e f Emits a n o t i f i c a t i o n to a l l l i s t e n e r s t h a t a new subsystem has been s e l e c t e d
∗/

v o i d e m i t _ s e l e c t e d ( c o n s t G l i b : : RefPtr<Subsystem> &new_subsystem ) c o ns t ;

/∗∗
∗ @ b r i e f Emits a n o t i f i c a t i o n to a l l l i s t e n e r s t h a t the p r e v i o u s l y s e l e c t e d subsystem has been
∗ d e s e l e c t e d .
∗/

v o i d e m i t _ d e s e l e c t e d ( ) c o n s t ;

/∗∗
∗ @ b r i e f Handle a s e l e c t i o n change i n the P r o j e c t H i e r a r c h y Pane by updat i ng any i n t e r n a l s t a t e and
∗ i n f o r m i n g l i s t e n e r s
∗/

v o i d s w i t c h _ s e l e c t i o n ( g u i n t ) c on s t ;

s t a t i c c o n s t cha r ∗ c on s t area_name ;
s t a t i c s t d : : shared_ptr <l o g 4 c x x : : Logger> l o g g e r ;

s t d : : v e c to r <s t d : : p a i r <s i g c : : s i g n a l <v o i d ( c o n s t G l i b : : RefPtr<Subsystem> &)>, s i g c : : s i g n a l <v o i d ( )>>>
subsys t em_change_ca l l backs ;

Gtk : : DropDown ∗ c on s t s t a c k _ s w i t c h e r ;
Gtk : : Stack ∗ c on s t s t a c k ;
Gtk : : L i s t V i e w ∗ c on s t v iew ;

G l i b : : RefPtr<Gio : : L i s t S t o r e <P r o j e c t >> data_model ;
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G l i b : : RefPtr<Gtk : : S i n g l e S e l e c t i o n > s e l e c t i o n _ m o d e l ;
c on s t G l i b : : RefPtr<Gtk : : TreeL i s tMode l > tree_mode l ;

Contex tBut tonCor re spondence context_menu ;
} ;

} // namespace o p t i f o l

#e n d i f

1.8.16 ReportsArea

1.8.16.1 ReportsArea.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the Main Window ’ s R e l e a s e s and Repor t s a r ea
∗ @author O l i v e r Dixon
∗ @date 2025−07−08
∗ @ v e r s i o n Development
∗/

#i n c l u d e " Repor t sArea . hpp "
#i n c l u d e " . . / GTKHelpers . hpp "

namespace o p t i f o l
{

c on s t cha r ∗ c on s t Repor t sArea : : area_name = " R e l e a s e s and Repor t s Area " ;

Repor t sArea : : Repor t sArea ( Gtk : : B u i l d e r &b u i l d e r ) :
on_of f_widget s ( GTKHelpers : : get_widget<Gtk : : Widget >(area_name , b u i l d e r , " r e p o r t s _ a d v i c e _ u n s e l e c t e d " ) ,

GTKHelpers : : get_widget<Gtk : : Widget >(area_name , b u i l d e r , " r e p o r t s _ c o n t e n t " ) ) ,
v i ew ( GTKHelpers : : get_widget<Gtk : : ColumnView >(area_name , b u i l d e r , " r e p o r t s _ e l e m e n t s _ v i e w " ) ) ,
context_menu ( view , GTKHelpers : : ge t_ob jec t <Gio : : Menu>(area_name , b u i l d e r , " reports_context_menu " ) ,

{{ " r e p o r t s _ g e n e r a t e _ l a t e x " ,
GTKHelpers : : get_widget<Gtk : : MenuButton >(area_name , b u i l d e r , " r e p o r t s _ g e n e r a t e _ l a t e x " ) ,
GTKHelpers : : get_widget<Gtk : : Popover >(

area_name , b u i l d e r , " r e p o r t s _ g e n e r a t e _ l a t e x _ p o p o v e r " ) ,
t r u e }}) ,

g e n e r a t e _ l a t e x _ p o p o v e r ( b u i l d e r , ∗ t h i s )
{
}

v o i d Repor t sArea : : s e l e c t _ m o d e l ( c o n s t G l i b : : RefPtr<Subsystem> &subsystem )
{

on_of f_widget s . f i r s t −>s e t _ v i s i b l e ( f a l s e ) ;
on_of f_widget s . second−>s e t _ v i s i b l e ( t r u e ) ;
a c t i v e _ s u b s y s t e m = subsystem ;

}

v o i d Repor t sArea : : d e s e l e c t_mode l ( )
{

on_of f_widget s . second−>s e t _ v i s i b l e ( f a l s e ) ;
on_of f_widget s . f i r s t −>s e t _ v i s i b l e ( t r u e ) ;
a c t i v e _ s u b s y s t e m = n u l l p t r ;

}

Subsystem ∗ Repor t sArea : : ge t_ac t i v e_subsy s t em ( ) noexcept
{

r e t u r n a c t i v e _ s u b s y s t e m . ge t ( ) ;
}

c on s t Subsystem ∗ Repor t sArea : : ob s e r v e_ ac t i v e_s ub sy s t em ( ) co n s t noexcept
{

r e t u r n a c t i v e _ s u b s y s t e m . ge t ( ) ;
}

} // namespace o p t i f o l

1.8.16.2 ReportsAreaGenerateLaTeXPopover.cpp
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/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the Repor t s Area " Genera te LaTeX" popover manager
∗ @author O l i v e r Dixon
∗ @date 2025−07−08
∗ @ v e r s i o n Development
∗/

#i n c l u d e <fs t ream >

#i n c l u d e " . . / GTKHelpers . hpp "
#i n c l u d e " . . / Logg ing . hpp "
#i n c l u d e " Repor t sArea . hpp "
#i n c l u d e " ReportsAreaGenerateLaTeXPopover . hpp "

namespace o p t i f o l
{

c on s t cha r ∗ c on s t ReportsAreaGenerateLaTeXPopover : : popover_name = " Genera te LaTeX Report Popover " ;
c on s t l o g 4 c x x : : Logge rPt r ReportsAreaGenerateLaTeXPopover : : popove r_ logge r =

Logg ing : : g e t _ l o g g e r ({ "GUI" , " R e l e a s e s R e p o r t s " , " GenerateLaTeX " }) ;

ReportsAreaGenerateLaTeXPopover : : ReportsAreaGenerateLaTeXPopover (
Gtk : : B u i l d e r &b u i l d e r , c o n s t Repor t sArea &r e p o r t s _ a r e a ) :

r e p o r t s _ a r e a ( r e p o r t s _ a r e a ) ,
b u f f e r ( GTKHelpers : : get_widget<Gtk : : TextView >(popover_name , b u i l d e r , " g e n e r a t e _ l a t e x _ o u t p u t " )

−>g e t _ b u f f e r ( ) ) ,
my_popover ( GTKHelpers : : get_widget<Gtk : : Popover >(popover_name , b u i l d e r , " r e p o r t s _ g e n e r a t e _ l a t e x _ p o p o v e r " ) ) ,
d e t a i l s _ c o n t a i n e r (

GTKHelpers : : get_widget<Gtk : : Box>(popover_name , b u i l d e r , " g e n e r a t e _ l a t e x _ d e t a i l s _ c o n t a i n e r " ) ) ,
o u t p u t _ d i r e c t o r y _ e n t r y (

GTKHelpers : : get_widget<Gtk : : Entry >(popover_name , b u i l d e r , " gene ra t e_ la t ex_output_path " ) ) ,
con f i rm_button ( GTKHelpers : : get_widget<Gtk : : Button >(popover_name , b u i l d e r , " g e n e r a t e _ l a t e x _ c o n f i r m " ) ) ,
cance l_but ton ( GTKHelpers : : get_widget<Gtk : : Button >(popover_name , b u i l d e r , " g e n e r a t e _ l a t e x _ c a n c e l " ) ) ,
open_d ia log ( GTKHelpers : : ge t_ob jec t <Gtk : : F i l e D i a l o g >(

popover_name , b u i l d e r , " gene ra t e_ l a t ex_outpu t_pa th_choose r_d i a l og " ) ) ,
show_deta i l s_check (

GTKHelpers : : get_widget<Gtk : : CheckButton >(popover_name , b u i l d e r , " g e n e r a t e _ l a t e x _ s h o w _ d e t a i l s " ) )
{

show_deta i l s_check −>s i g n a l _ t o g g l e d ( ) . connect (
s i g c : : mem_fun(∗ t h i s , &ReportsAreaGenerateLaTeXPopover : : s h o w _ d e t a i l s _ t o g g l e d ) ) ;

conf i rm_button −>s i g n a l _ c l i c k e d ( ) . connect (
s i g c : : mem_fun(∗ t h i s , &ReportsAreaGenerateLaTeXPopover : : c o n f i r m _ b u t t o n _ c l i c k e d ) ) ;

c on s t auto open_d i r e c to r y_but ton = GTKHelpers : : get_widget<Gtk : : Button >(
popover_name , b u i l d e r , " gene ra te_ la tex_output_path_choose r_but ton " ) ;

open_d i r ec to ry_but ton −>s i g n a l _ c l i c k e d ( ) . connect (
s i g c : : mem_fun(∗ t h i s , &ReportsAreaGenerateLaTeXPopover : : o p e n _ d i r e c t o r y _ b u t t o n _ c l i c k e d ) ) ;

}

v o i d ReportsAreaGenerateLaTeXPopover : : c o n f i r m _ b u t t o n _ c l i c k e d ( )
{

conf i rm_button −>s e t _ s e n s i t i v e ( f a l s e ) ;
b u f f e r −>s e t _ t e x t ( " " ) ;

/∗
∗ Crea te a new g e n e r a t o r i n s t a n c e ( p o s s i b l y r e p l a c i n g the p r e v i o u s one ) to produce a f i l e i n the g i v e n
∗ output d i r e c t o r y i n d i c a t e d by the u s e r . Popu la te i t w i th the Requi rements , the Test Groups , and the
∗ A n a l y s i s Groups , and despa tch the asynch ronous g e n e r a t i o n o f the r e p o r t w i th a c a l l b a c k to run on
∗ comp l e t i on .
∗/

g e n e r a t o r . emplace ( o u t p u t _ d i r e c t o r y ) ;

// Popu la te the Requ i rements I ndex .
r e p o r t s _ a r e a . o b s e r v e_a c t i v e _su bs y s t em ( )−>for_each (

[ t h i s ] ( c on s t Requi rement &r e q u i r e m e n t ) { g e n e r a t o r −>add_requ i rement ( r e q u i r e m e n t ) ; }) ;

// Popu la te the Test Groups .
c on s t auto t e s t _ g r o u p s = r e p o r t s _ a r e a . ob s e r v e_ ac t i v e_s ubs y s t em ( )−>get_te s t_groups ( ) ;
c on s t auto tes t_group_count = tes t_groups −>get_n_items ( ) ;
f o r ( g u i n t t e s t_g roup_ index = 0 ; t e s t_group_ index < test_group_count ; ++tes t_group_ index )

g e n e r a t o r −>add_test_group (∗ te s t_groups −>get_item ( te s t_group_ index ) ) ;

// Run the g e n e r a t o r .
g e n e r a t o r −>g e n e r a t e (
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b u f f e r , s i g c : : mem_fun(∗ t h i s , &ReportsAreaGenerateLaTeXPopover : : p o s t _ g e n e r a t i o n _ c a l l b a c k ) ) ;
}

v o i d ReportsAreaGenerateLaTeXPopover : : c a n c e l _ b u t t o n _ c l i c k e d ( )
{

my_popover−>popdown ( ) ;
c l e a r _ i n p u t s ( ) ;

}

// ReSharper d i s a b l e once CppDFAUnreachab leFunct ionCal l − F a l s e p o s i t i v e : c a l l e d from button−c l i c k c a l l b a c k .
v o i d ReportsAreaGenerateLaTeXPopover : : c l e a r _ i n p u t s ( )
{

o u t p u t _ d i r e c t o r y _ e n t r y −>s e t _ t e x t ( " " ) ;
b u f f e r −>s e t _ t e x t ( " " ) ;
o u t p u t _ d i r e c t o r y = n u l l p t r ;

}

v o i d ReportsAreaGenerateLaTeXPopover : : o p e n _ d i r e c t o r y _ b u t t o n _ c l i c k e d ( )
{

// Hide the popover w h i l s t the d i a l o g i s a c t i v e , o t h e r w i s e i t may have z−i n d e x p r i o r i t y ove r the d i a l o g .
my_popover−>popdown ( ) ;
open_dia log −>s e l e c t _ f o l d e r (

s i g c : : mem_fun(∗ t h i s , &ReportsAreaGenerateLaTeXPopover : : o p e n _ d i r e c t o r y _ f i n i s h e d ) ) ;
}

v o i d ReportsAreaGenerateLaTeXPopover : : o p e n _ d i r e c t o r y _ f i n i s h e d ( co n s t G l i b : : RefPtr<Gio : : AsyncResu l t > &r e s u l t )
{

t r y {
o u t p u t _ d i r e c t o r y = open_dia log −>s e l e c t _ f o l d e r _ f i n i s h ( r e s u l t ) ;

} ca tch ( co n s t Gtk : : D i a l o g E r r o r &d i a l o g _ e r r o r ) {
popover_ logger −>i n f o ( " D i r e c t o r y s e l e c t i o n d i a l o g c l o s e d w i thout f e edback ; s t a t e unchanged : " +

s t d : : s t r i n g ( d i a l o g _ e r r o r . what ( ) ) ) ;
} ca tch ( co n s t G l i b : : E r r o r &l i b r a r y _ e r r o r ) {

popover_ logger −>e r r o r ( " Unexpected e r r o r from d i r e c t o r y s e l e c t i o n d i a l o g ; s t a t e unchanged : " +
s t d : : s t r i n g ( l i b r a r y _ e r r o r . what ( ) ) ) ;

}

// R e s t o r e the t e m p o r a r i l y h idden popover
my_popover−>popup ( ) ;

// Always update the read−o n l y t e x t e n t r y w i th the up−to−date output d i r e c t o r y path
o u t p u t _ d i r e c t o r y _ e n t r y −>s e t _ t e x t ( o u t p u t _ d i r e c t o r y == n u l l p t r ? " " : o u t p u t _ d i r e c t o r y −>get_path ( ) ) ;

}

v o i d ReportsAreaGenerateLaTeXPopover : : p o s t _ g e n e r a t i o n _ c a l l b a c k ( ) c on s t
{

conf i rm_button −>s e t _ s e n s i t i v e ( ) ;
}

v o i d ReportsAreaGenerateLaTeXPopover : : s h o w _ d e t a i l s _ t o g g l e d ( ) c o n s t
{

d e t a i l s _ c o n t a i n e r −>s e t _ v i s i b l e ( show_deta i l s_check −>g e t _ a c t i v e ( ) ) ;
}

} // namespace o p t i f o l

1.8.16.3 ReportsAreaGenerateLaTeXPopover.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the Repor t s Area " Genera te LaTeX" popover manager
∗ @author O l i v e r Dixon
∗ @date 2025−07−08
∗ @ v e r s i o n Development
∗/

#i f n d e f REPORTSAREAGENERATELATEXPOPOVER_HPP
#d e f i n e REPORTSAREAGENERATELATEXPOPOVER_HPP

#i n c l u d e <glibmm/ r e f p t r . h>
#i n c l u d e <gtkmm/box . h>
#i n c l u d e <gtkmm/ b u i l d e r . h>
#i n c l u d e <gtkmm/ button . h>
#i n c l u d e <gtkmm/ checkbut ton . h>
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#i n c l u d e <gtkmm/ e n t r y . h>
#i n c l u d e <gtkmm/ f i l e d i a l o g . h>
#i n c l u d e <gtkmm/ popover . h>
#i n c l u d e <gtkmm/ t e x t b u f f e r . h>
#i n c l u d e <l o g 4 c x x / l o g g e r . h>

#i n c l u d e " . . / . . / R e p o r t i n g / LaTeXReportGenerator . hpp "

namespace o p t i f o l
{

c l a s s Repor t sArea ;

/∗∗
∗ @ c l a s s ReportsAreaGenerateLaTeXPopover
∗ @ b r i e f Manage the " Genera te LaTeX" popover f o r the R e l e a s e s and Repor t s Area
∗ @note I n s t a n t i a t i o n s o f t h i s c l a s s mutate the g r a p h i c a l env i ronment v i a the g i v e n Gtk : : B u i l d e r . As such , i t
∗ s h o u l d be r e g a r d e d an e f f e c t i v e s i n g l e t o n as m u l t i p l e i n s t a n t i a t i o n s w i l l cause c o n f l i c t s w i th the GTK+
∗ runt ime due to m u l t i p l y r e g i s t e r e d c a l l b a c k s .
∗ @see Repor t sArea f o r p a r e n t a r ea
∗
∗ @ d e t a i l s
∗ <p>
∗ The " Genera te LaTeX" popover p r o v i d e s c o n t r o l s f o r s e t t i n g LaTeX−s p e c i f i c o p t i o n s i n the automated
∗ r e p o r t − g e n e r a t i o n p r o c e s s and i n v o k i n g the e x t e r n a l commands to c o n s t r u c t a LaTeX and subsequent PDF
∗ document . The f o l l o w i n g GTK e l ement s a r e expec t ed from the g i v e n Gtk : : B u i l d e r : <t a b l e > <tr > <th>GTK C++
∗ Clas s </th> <th>Unique I d e n t i f i e r </th> <th>Purpose </th>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Popover </td>
∗ <td><code>r e p o r t s _ g e n e r a t e _ l a t e x _ p o p o v e r </code></td>
∗ <td>Managed popover </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : TextView </td>
∗ <td><code>gene ra t e_ la t ex_outpu t </code></td>
∗ <td>Output v iew o f la texmk command</td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Button </td>
∗ <td><code>g e n e r a t e _ l a t e x _ c o n f i r m </code></td>
∗ <td><i >Confirm </i > button to g e n e r a t e LaTeX and PDF</td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Button </td>
∗ <td><code>g e n e r a t e _ l a t e x _ c a n c e l </code></td>
∗ <td><i >Cancel </i > button to d i s c a r d p roce s s </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Entry </td>
∗ <td><code>gene ra te_ la tex_output_path </code></td>
∗ <td>Entry f i e l d to d i s p l a y d e s t i n a t i o n d i r e c t o r y f o r LaTeX a r t e f a c t s and produced PDF</td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Button </td>
∗ <td><code>generate_ la tex_output_path_choose r_but ton </code></td>
∗ <td>Button to l aunch d i r e c t o r y / f i l e c h o o s e r f o r output d e s t i n a t i o n </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : CheckButton </td>
∗ <td><code>g e n e r a t e _ l a t e x _ s h o w _ d e t a i l s </code></td>
∗ <td>Checkbox to e n a b l e o r d i s a b l e d i s p l a y o f la texmk c o m p i l e r output </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : F i l e D i a l o g </td>
∗ <td><code>gene ra t e_ la t ex_output_path_choose r_d ia l og </code></td>
∗ <td>F i l e / d i r e c t o r y c h o o s e r d i a l o g f o r s e l e c t i n g output d e s t i n a t i o n </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Box</td>
∗ <td><code>g e n e r a t e _ l a t e x _ d e t a i l s _ c o n t a i n e r </code></td>
∗ <td>C o n t a i n e r i n c l u d i n g c o m p i l e r output and some v i s u a l s e p a r a t o r s </td>
∗ </t r >
∗ </t a b l e >
∗ A @re f s t d : : r u n t i m e _ e r r o r w i l l be thrown by the c l a s s c o n s t r u c t o r i f any o f t h e s e a r e i n a c c e s s i b l e i n
∗ the expec t ed type i n s t a n t i a t i o n s .
∗ </p>
∗ <p>
∗ The imp l ementa t i on and s t a t e machine o f t h i s c l a s s i s c o m p l i c a t e d by the p r o c e s s o f d e s p a t c h i n g and
∗ watch ing the output b u f f e r s ( v i a n u m e r i c a l f i l e d e s c r i p t o r s f o r <code>stdout </code> and
∗ <code>s t d e r r </code >) o f e x t e r n a l p r o c e s s e s ; i n p a r t i c u l a r , the <code>latexmk </code> u t i l i t y used to b u i l d

57



∗ PDFs from LaTeX (<code >. tex </code >) s o u r c e f i l e s . The imp l ementa t i on he r e i s b e l i e v e d to be r e a s o n a b l y
∗ f o o l −proo f , a l b e i t s p e c i a l i s e d to the s i n g l e use−case , and e l e g a n t l y h a n d l e s data from both s t a n d a r d output
∗ st reams , e r r o r s , and HUPs i n d i c a t i n g p r o c e s s comp l e t i on .
∗ </p>
∗/

c l a s s ReportsAreaGenerateLaTeXPopover : p u b l i c s i g c : : t r a c k a b l e
{
p u b l i c :

/∗∗
∗ @ b r i e f C o n s t r u c t a new popover manager , r e g i s t e r i n g c a l l b a c k s on e l ement s l oaded by the g i v e n b u i l d e r
∗ @param b u i l d e r A GTK b u i l d e r c o n t a i n i n g popover UI e l ement s
∗ @param r e p o r t s _ a r e a An o b s e r v i n g r e f e r e n c e to the v iew o f which the popover i s a member
∗ @throws s t d : : r u n t i m e _ e r r o r A r e q u i r e d GTK e lement / w idget cou ld not be l oaded from the g i v e n b u i l d e r
∗/

ReportsAreaGenerateLaTeXPopover ( Gtk : : B u i l d e r &b u i l d e r , c o n s t Repor t sArea &r e p o r t s _ a r e a ) ;

p r i v a t e :
/∗∗

∗ @ b r i e f Handle a c l i c k o f the <i >Confirm </i > button by g e n e r a t i n g LaTeX with la texmk and p r o v i d i n g
∗ r e a l −t ime f eedback
∗/

v o i d c o n f i r m _ b u t t o n _ c l i c k e d ( ) ;

/∗∗
∗ @ b r i e f Handle a c l i c k o f the <i >Cancel </i > button by d i s r e g a r d i n g any e x i s t i n g u s e r i n p u t
∗/

v o i d c a n c e l _ b u t t o n _ c l i c k e d ( ) ;

/∗∗
∗ @ b r i e f R e s e t s a l l v i s i b l e UI e l ement s to t h e i r o r i g i n a l s t a t e
∗/

v o i d c l e a r _ i n p u t s ( ) ;

/∗∗
∗ @ b r i e f Handle a c l i c k o f the <i >Open Output D i r e c t o r y </i > button by t e m p o r a r i l y h i d i n g the popover and
∗ r a i s i n g a n a t i v e Gtk : : F i l e D i a l o g f i l e −c h o o s e r .
∗ @ d e t a i l s A c a l l b a c k i s r e g i s t e r e d on the e r r o r −t o l e r a n t
∗ @re f o p e n _ d i r e c t o r y _ f i n i s h e d ( c o n s t G l i b : : RefPtr<Gio : : AsyncResu l t >&) to hand l e the comp l e t i on o f the
∗ d i a l o g . U n t i l the d i a l o g i s c l o s e d / completed , the e n t i r e popover w i l l remain h idden and i n o p e r a b l e .
∗/

v o i d o p e n _ d i r e c t o r y _ b u t t o n _ c l i c k e d ( ) ;

/∗∗
∗ @ b r i e f Handle a completed s e s s i o n o f the d i r e c t o r y −c h o o s e r d i a l o g and update any changes i n the popover
∗ s t a t e
∗ @param r e s u l t The a s y n c h r o n o u s l y produced r e s u l t o f the Gtk : : F i l e D i a l o g s e s s i o n
∗/

v o i d o p e n _ d i r e c t o r y _ f i n i s h e d ( c o n s t G l i b : : RefPtr<Gio : : AsyncResu l t > &r e s u l t ) ;

/∗∗
∗ @ b r i e f Handle comp l e t i on o f the asynch ronous e x e c u t o r .
∗ @note This c a l l b a c k does not r e s e t the g e n e r a t o r i n s t a n c e , as i t would be t y p i c a l l y c a l l e d from the
∗ i n s t a n c e . Hence , the g e n e r a t o r i n s t a n c e p e r s i s t s i n memory u n t i l i t i s r e p l a c e d by ano the r d e s p a t c h e r .
∗/

v o i d p o s t _ g e n e r a t i o n _ c a l l b a c k ( ) c on s t ;

/∗∗
∗ @ b r i e f Handle a t o g g l e o f the <i >Show D e t a i l s </i > button by showing or h i d i n g the latexmk / p d f l a t e x
∗ output
∗/

v o i d s h o w _ d e t a i l s _ t o g g l e d ( ) c o n s t ;

s t a t i c c o n s t cha r ∗ c on s t popover_name ;
s t a t i c c o n s t l o g 4 c x x : : Logge rPt r popove r_ logge r ;

c on s t Repor t sArea &r e p o r t s _ a r e a ;
c on s t G l i b : : RefPtr<Gtk : : TextBuf f e r > b u f f e r ;
Gtk : : Popover ∗ c on s t my_popover ;
Gtk : : Box ∗ c on s t d e t a i l s _ c o n t a i n e r ;
Gtk : : Ent ry ∗ c on s t o u t p u t _ d i r e c t o r y _ e n t r y ;
Gtk : : Button ∗ c on s t con f i rm_button ;
Gtk : : Button ∗ c on s t cance l_but ton ;
c on s t G l i b : : RefPtr<Gtk : : F i l e D i a l o g > open_d ia log ;
Gtk : : CheckButton ∗ c on s t show_deta i l s_check ;

G l i b : : RefPtr<Gio : : F i l e > o u t p u t _ d i r e c t o r y ;
s t d : : o p t i o n a l <LaTeXReportGenerator> g e n e r a t o r ;

} ;

} // namespace o p t i f o l
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#e n d i f // REPORTSAREAGENERATELATEXPOPOVER_HPP

1.8.16.4 ReportsArea.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the Main Window ’ s R e l e a s e s and Repor t s a r ea
∗ @author O l i v e r Dixon
∗ @date 2025−07−08
∗ @ v e r s i o n Development
∗/

#i f n d e f REPORTSAREA_HPP
#d e f i n e REPORTSAREA_HPP

#i n c l u d e <gtkmm/ b u i l d e r . h>
#i n c l u d e <gtkmm/ columnview . h>

#i n c l u d e " . . / . . / S to rage / Subsystem . hpp "
#i n c l u d e " . . / Contex tBut tonCor re spondence . hpp "
#i n c l u d e " . . / IWindowArea . hpp "
#i n c l u d e " ReportsAreaGenerateLaTeXPopover . hpp "

namespace o p t i f o l
{

/∗∗
∗ @ c l a s s Repor t sArea
∗ @ b r i e f Manage the <i >R e l e a s e s and Reports </i > area
∗
∗ @ d e t a i l s
∗ <p>
∗ The <i >R e l e a s e s and Reports </i > area p r o v i d e s c o n t r o l s f o r r e v i e w i n g b a s e l i n e d r e l e a s e s o f the p r o j e c t
∗ wi th a f r o z e n s e t o f Requ i rement o b j e c t s , and a l s o e n a b l e s the automat i c g e n e r a t i o n o f r e p o r t s to document
∗ b a s e l i n e s . The f o l l o w i n g GTK e l ement s a r e expec t ed from the g i v e n Gtk : : B u i l d e r : <t a b l e > <tr > <th>GTK C++
∗ Clas s </th> <th>Unique I d e n t i f i e r </th> <th>Purpose </th>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Widget ( a b s t r a c t )</td>
∗ <td><code>r e p o r t s _ a d v i c e _ u n s e l e c t e d </code></td>
∗ <td>Adv ice to d i s p l a y when the a r ea i s u n a v a i l a b l e </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Widget ( a b s t r a c t )</td>
∗ <td><code>r e p o r t s _ c o n t e n t </code></td>
∗ <td>Replacement to <code>r e p o r t s _ a d v i c e _ u n s e l e c t e d </code >, c o n t a i n i n g a l l a c t i v e content </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : ColumnView</td>
∗ <td><code>repo r t s_e l ement s_v i ew </code></td>
∗ <td>Table c o n t a i n i n g b a s e l i n e s and p r e v i o u s l y g e n e r a t e d r e p o r t s </td>
∗ </t r >
∗ <tr >
∗ <td>Gio : : Menu</td>
∗ <td><code>reports_context_menu </code></td>
∗ <td>Area−wide c o n t e x t menu</td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : MenuButton</td>
∗ <td><code>r e p o r t s _ g e n e r a t e _ l a t e x </code></td>
∗ <td>Button f o r the LaTeX g e n e r a t i o n popover </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Popover </td>
∗ <td><code>r e p o r t s _ g e n e r a t e _ l a t e x _ p o p o v e r </code></td>
∗ <td>Popover f o r the LaTeX g e n e r a t i o n f a c i l i t y </td>
∗ </t r >
∗ </t a b l e >
∗ A @re f s t d : : r u n t i m e _ e r r o r w i l l be thrown by the c l a s s c o n s t r u c t o r i f any o f t h e s e a r e i n a c c e s s i b l e i n
∗ the expec t ed type i n s t a n t i a t i o n s .
∗ </p>
∗ <p>
∗ I n a d d i t i o n to the s t a t e d r e q u i r e d GTK elements , c o n s t i t u e n t popove r s o f t h i s v iew w i l l r e q u i r e t h e i r
∗ own , p o s s i b l y d i s t i n c t , s e t o f e l ement s : <ul > <l i >@re f ReportsAreaGenerateLaTeXPopover </ l i >
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∗ </ul >
∗ </p>
∗/

c l a s s Repor t sArea : p u b l i c IWindowArea
{
p u b l i c :

e x p l i c i t Repor t sArea ( Gtk : : B u i l d e r &b u i l d e r ) ;

v o i d s e l e c t _ m o d e l ( c o n s t G l i b : : RefPtr<Subsystem> &subsystem ) o v e r r i d e ;

v o i d de s e l e c t_mode l ( ) o v e r r i d e ;

Subsystem ∗ ge t_ac t i v e_subsy s t em ( ) noexcept o v e r r i d e ;

c on s t Subsystem ∗ ob se r v e _ac t i v e_ sub sy s t e m ( ) c on s t noexcept o v e r r i d e ;

p r i v a t e :
s t a t i c c o n s t cha r ∗ c on s t area_name ;

s t d : : p a i r <Gtk : : Widget ∗ , Gtk : : Widget ∗> on_of f_widget s ;

Gtk : : ColumnView ∗ v iew ;

Contex tBut tonCor re spondence context_menu ;

G l i b : : RefPtr<Subsystem> a c t i v e _ s u b s y s t e m ;

ReportsAreaGenerateLaTeXPopover g e n e r a t e _ l a t e x _ p o p o v e r ;
} ;

} // namespace o p t i f o l

#e n d i f // REPORTSAREA_HPP

1.8.17 RequirementsIndexArea

1.8.17.1 IndexDeleteRequirementPopover.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the D e l e t e Requi rement UI popover
∗ @author O l i v e r Dixon
∗ @date 2025−07−10
∗ @ v e r s i o n Development
∗/

#i n c l u d e " IndexDe l e t eRequ i r ementPopove r . hpp "
#i n c l u d e " . . / . . / S to rage / Subsystem . hpp "
#i n c l u d e " . . / GTKHelpers . hpp "
#i n c l u d e " . . / Logg ing . hpp "
#i n c l u d e " Requ i r ement s IndexArea . hpp "

namespace o p t i f o l
{

c on s t cha r ∗ c on s t I ndexDe l e t eRequ i r ementPopove r : : popover_name = " D e l e t e Requi rement Popover " ;
c on s t l o g 4 c x x : : Logge rPt r I ndexDe l e t eRequ i r ementPopove r : : popove r_ logge r =

Logg ing : : g e t _ l o g g e r ({ "GUI" , " Requ i r ement s Index " , " De l e t eRequ i r ement " }) ;

I ndexDe l e t eRequ i r ementPopove r : : I ndexDe l e t eRequ i r ementPopove r (
Gtk : : B u i l d e r &b u i l d e r , Requ i r ement s IndexArea &index_area ) :

i ndex_area ( i ndex_area ) ,
my_popover ( GTKHelpers : : get_widget<Gtk : : Popover >(popover_name , b u i l d e r , " d e l e t e _ r eq u i r e me n t _ p op o v e r " ) ) ,
con f i rm_button ( GTKHelpers : : get_widget<Gtk : : Button >(popover_name , b u i l d e r , " d e l e t e _ r e q u i r e m e n t _ c o n f i r m " ) ) ,
cance l_but ton ( GTKHelpers : : get_widget<Gtk : : Button >(popover_name , b u i l d e r , " d e l e t e _ r e q u i r e m e n t _ c a n c e l " ) ) ,
name_entry ( GTKHelpers : : get_widget<Gtk : : Entry >(popover_name , b u i l d e r , " de l e t e_requ i r ement_prope r ty_name " ) )

{
conf i rm_button −>s i g n a l _ c l i c k e d ( ) . connect (

s i g c : : mem_fun(∗ t h i s , &IndexDe l e t eRequ i r ementPopove r : : c o n f i r m _ b u t t o n _ c l i c k e d ) ) ;
cance l_button −>s i g n a l _ c l i c k e d ( ) . connect (

s i g c : : mem_fun(∗ t h i s , &IndexDe l e t eRequ i r ementPopove r : : c a n c e l _ b u t t o n _ c l i c k e d ) ) ;
my_popover−>s igna l_show ( ) . connect ( s i g c : : mem_fun(∗ t h i s , &IndexDe l e t eRequ i r ementPopove r : : show_popover ) ) ;

}
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v o i d IndexDe l e t eRequ i r ementPopove r : : c o n f i r m _ b u t t o n _ c l i c k e d ( ) c o n s t
{

my_popover−>popdown ( ) ;
c on s t auto s l a t e d _ r e q u i r e m e n t = index_area . g e t _ s e l e c t i o n ( ) ;
i ndex_area . ge t_ac t i v e_subsy s t em ( )−>d e l e t e _ o b j e c t ( s l a t e d _ r e q u i r e m e n t ) ;
popove r_ logger −>i n f o ( " De l e t ed a subsystem r e q u i r e m e n t w i th name \" " +

s l a t e d _ r e q u i r e m e n t −>property_name ( ) . ge t_va lue ( ) + " \ " . " ) ;
}

v o i d IndexDe l e t eRequ i r ementPopove r : : c a n c e l _ b u t t o n _ c l i c k e d ( ) co n s t
{

my_popover−>popdown ( ) ;
c l e a r _ i n p u t s ( ) ;

}

// ReSharper d i s a b l e once CppDFAUnreachab leFunct ionCal l − F a l s e p o s i t i v e : c a l l e d from button−c l i c k c a l l b a c k .
v o i d IndexDe l e t eRequ i r ementPopove r : : c l e a r _ i n p u t s ( ) c on s t
{

name_entry−>s e t _ t e x t ( " " ) ;
}
v o i d IndexDe l e t eRequ i r ementPopove r : : show_popover ( ) c on s t
{

name_entry−>s e t _ t e x t ( i ndex_area . g e t _ s e l e c t i o n ( )−>property_name ( ) . ge t_va lue ( ) ) ;
}

} // namespace o p t i f o l

1.8.17.2 IndexDeleteRequirementPopover.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the D e l e t e Requi rement UI popover
∗ @author O l i v e r Dixon
∗ @date 2025−07−10
∗ @ v e r s i o n Development
∗/

#i f n d e f INDEXDELETEREQUIREMENTPOPOVER_HPP
#d e f i n e INDEXDELETEREQUIREMENTPOPOVER_HPP

#i n c l u d e <gtkmm/ b u i l d e r . h>
#i n c l u d e <gtkmm/ button . h>
#i n c l u d e <gtkmm/ e n t r y . h>
#i n c l u d e <gtkmm/ popover . h>
#i n c l u d e <l o g 4 c x x / l o g g e r . h>

namespace o p t i f o l
{

c l a s s Requ i r ement s IndexArea ;

/∗∗
∗ @ c l a s s I ndexDe l e t eRequ i r ementPopove r
∗ @ b r i e f Manage the <i >D e l e t e Requirement </i > popover f o r the Requ i rements I ndex a r ea
∗ @see Requ i r ement s IndexArea
∗
∗ @ d e t a i l s
∗ The <i >D e l e t e Requi rements </i > popover p r o v i d e s c o n t r o l s f o r d e l e t i n g an e x i s t i n g Requi rement from the
∗ r e q u i r e m e n t s i n d e x f o r the c u r r e n t l y s e l e c t e d Subsystem . The f o l l o w i n g GTK e l ement s a r e expec t ed to be
∗ a v a i l a b l e from the g i v e n Gtk : : B u i l d e r : <t a b l e > <tr > <th>GTK C++ Clas s </th> <th>Unique I d e n t i f i e r </th>
∗ <th>Purpose </th>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Popover </td>
∗ <td><code>de l e t e_requ i r ement_popove r </code></td>
∗ <td>Managed popover </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Button </td>
∗ <td><code>d e l e t e _ r e q u i r e m e n t _ c o n f i r m </code></td>
∗ <td>Conf i rm d e l e t i o n o f the named Requirement </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Button </td>
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∗ <td><code>d e l e t e _ r e q u i r e m e n t _ c a n c e l </code></td>
∗ <td>Cance l s d e l e t i o n o f a Requirement </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Entry </td>
∗ <td><code>de le te_requ i rement_proper ty_name </code></td>
∗ <td>Text e n t r y a r ea f o r the name o f the new Requi rement to d e l e t e </td>
∗ </t r >
∗ </t a b l e >
∗/

c l a s s I ndexDe l e t eRequ i r ementPopove r : p u b l i c s i g c : : t r a c k a b l e
{
p u b l i c :

/∗∗
∗ @ b r i e f C o n s t r u c t a new popover manager , r e g i s t e r i n g c a l l b a c k s on e l ement s l oaded by the g i v e n b u i l d e r
∗ @param b u i l d e r A GTK b u i l d e r c o n t a i n i n g popover UI e l ement s
∗ @param index_area A mutat ing r e f e r e n c e to the v iew o f which the popover i s a member
∗ @throws s t d : : r u n t i m e _ e r r o r A r e q u i r e d GTK e lement / w idget cou ld not be l oaded from the g i v e n b u i l d e r
∗/

IndexDe l e t eRequ i r ementPopove r ( Gtk : : B u i l d e r &b u i l d e r , Requ i r ement s IndexArea &index_area ) ;

p r i v a t e :
/∗∗

∗ @ b r i e f Handle a c l i c k o f the <i >Confirm </i > by a t t empt ing to d e l e t e the named Requi rement .
∗/

v o i d c o n f i r m _ b u t t o n _ c l i c k e d ( ) co n s t ;

/∗∗
∗ @ b r i e f Handle a c l i c k o f the <i >Cancel </i > button by d i s c a r d i n g a l l i n p u t and c l o s i n g the popover .
∗/

v o i d c a n c e l _ b u t t o n _ c l i c k e d ( ) c on s t ;

/∗∗
∗ @ b r i e f C l e a r a l l u s e r f i e l d s i n the popover
∗/

v o i d c l e a r _ i n p u t s ( ) c o n s t ;

/∗∗
∗ @ b r i e f Popu la te a l l f i e l d s g i v e n the p a r e n t a l a r ea ’ s s e l e c t i o n c o n t e x t and show the popover .
∗/

v o i d show_popover ( ) c o n s t ;

s t a t i c c o n s t cha r ∗ c on s t popover_name ;
s t a t i c c o n s t l o g 4 c x x : : Logge rPt r popove r_ logge r ;

Requ i r ement s IndexArea &index_area ;
Gtk : : Popover ∗ c on s t my_popover ;
Gtk : : Button ∗ c on s t con f i rm_button ;
Gtk : : Button ∗ c on s t cance l_but ton ;
Gtk : : Ent ry ∗ c on s t name_entry ;

} ;

} // namespace o p t i f o l

#e n d i f // INDEXDELETEREQUIREMENTPOPOVER_HPP

1.8.17.3 IndexDuplicateRequirementPopover.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the D u p l i c a t e Requi rement UI popover
∗ @author O l i v e r Dixon
∗ @date 2025−07−10
∗ @ v e r s i o n Development
∗/

#i n c l u d e " Inde xDup l i c a t eReq u i r em entP opove r . hpp "
#i n c l u d e " . . / GTKHelpers . hpp "
#i n c l u d e " . . / Logg ing . hpp "
#i n c l u d e " . . / S to rage / Subsystem . hpp "
#i n c l u d e " Requ i r ement s IndexArea . hpp "

namespace o p t i f o l
{
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c on s t cha r ∗ c on s t I ndex Dup l i c a t e Requ i r eme ntPo pove r : : popover_name = " D u p l i c a t e Requi rement Popover " ;
c on s t l o g 4 c x x : : Logge rPt r I nde xDup l i c a t eReq u i r em entP opove r : : popove r_ logge r =

Logg ing : : g e t _ l o g g e r ({ "GUI" , " Requ i r ement s Index " , " Du p l i c a t e Req u i r emen t " }) ;

I nd exDu p l i c a t eRe qu i r emen tPopo ve r : : I ndex Dup l i c a t e Requ i r eme ntPop ove r (
Gtk : : B u i l d e r &b u i l d e r , Requ i r ement s IndexArea &index_area ) :

i ndex_area ( i ndex_area ) ,
my_popover ( GTKHelpers : : get_widget<Gtk : : Popover >(popover_name , b u i l d e r , " d u p l i c a t e _ r e q u i r e m e n t _ p o p o v e r " ) ) ,
con f i rm_button (

GTKHelpers : : get_widget<Gtk : : Button >(popover_name , b u i l d e r , " d u p l i c a t e _ r e q u i r e m e n t _ c o n f i r m " ) ) ,
cance l_but ton ( GTKHelpers : : get_widget<Gtk : : Button >(popover_name , b u i l d e r , " d u p l i c a t e _ r e q u i r e m e n t _ c a n c e l " ) ) ,
old_name_entry ( GTKHelpers : : get_widget<Gtk : : Entry >(

popover_name , b u i l d e r , " dup l i ca t e_requ i r ement_prope r ty_o ld_name " ) ) ,
new_name_entry ( GTKHelpers : : get_widget<Gtk : : Entry >(

popover_name , b u i l d e r , " dup l i cate_requ i rement_proper ty_new_name " ) )
{

conf i rm_button −>s i g n a l _ c l i c k e d ( ) . connect (
s i g c : : mem_fun(∗ t h i s , &Inde xDup l i c a t eReq u i r em entP opove r : : c o n f i r m _ b u t t o n _ c l i c k e d ) ) ;

cance l_button −>s i g n a l _ c l i c k e d ( ) . connect (
s i g c : : mem_fun(∗ t h i s , &Inde xDup l i c a t eReq u i r em entP opove r : : c a n c e l _ b u t t o n _ c l i c k e d ) ) ;

my_popover−>s igna l_show ( ) . connect ( s i g c : : mem_fun(∗ t h i s , &Inde xDup l i c a t eReq u i r em entP opove r : : show_popover ) ) ;
}

v o i d I ndex Dup l i c a t e Requ i r eme ntPo pove r : : c o n f i r m _ b u t t o n _ c l i c k e d ( ) c on s t noexcept
{

my_popover−>popdown ( ) ;

t r y {
c on s t auto subsystem = index_area . ge t_ac t i v e_subsy s t em ( ) ;
subsystem−>d u p l i c a t e _ r e q u i r e m e n t (∗ index_area . g e t _ s e l e c t i o n ( ) ) ;

popove r_ logger −>i n f o ( " D u p l i c a t e d new Subsystem Requi rement w i th name \" " +
new_name_entry−>g e t _ t e x t ( ) + " \" from e x i s t i n g \" " + old_name_entry−>g e t _ t e x t ( ) + " \ " . " ) ;

} ca tch ( co n s t s t d : : r u n t i m e _ e r r o r &e r r o r ) {
popover_ logger −>e r r o r ( " Could not d u p l i c a t e Subsystem Requi rement wi th name \" " +

new_name_entry−>g e t _ t e x t ( ) + " \ " . " ) ;
popove r_ logger −>e r r o r ( e r r o r . what ( ) ) ;

}

c l e a r _ i n p u t s ( ) ;
}

v o i d I ndex Dup l i c a t e Requ i r eme ntPo pove r : : c a n c e l _ b u t t o n _ c l i c k e d ( ) c o n s t
{

my_popover−>popdown ( ) ;
c l e a r _ i n p u t s ( ) ;

}

// ReSharper d i s a b l e once CppDFAUnreachab leFunct ionCal l − F a l s e p o s i t i v e : c a l l e d from button−c l i c k c a l l b a c k .
v o i d I ndex Dup l i c a t e Requ i r eme ntPo pove r : : c l e a r _ i n p u t s ( ) c o n s t
{

old_name_entry−>s e t _ t e x t ( " " ) ;
new_name_entry−>s e t _ t e x t ( " " ) ;

}

v o i d I ndex Dup l i c a t e Requ i r eme ntPo pove r : : show_popover ( ) co n s t
{

old_name_entry−>s e t _ t e x t ( i ndex_area . g e t _ s e l e c t i o n ( )−>property_name ( ) . ge t_va lue ( ) ) ;
}

} // namespace o p t i f o l

1.8.17.4 IndexDuplicateRequirementPopover.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the D u p l i c a t e Requi rement UI popover
∗ @author O l i v e r Dixon
∗ @date 2025−07−10
∗ @ v e r s i o n Development
∗/

#i f n d e f INDEXDUPLICATEREQUIREMENTPOPOVER_HPP
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#d e f i n e INDEXDUPLICATEREQUIREMENTPOPOVER_HPP

#i n c l u d e <gtkmm/ b u i l d e r . h>
#i n c l u d e <gtkmm/ button . h>
#i n c l u d e <gtkmm/ e n t r y . h>
#i n c l u d e <gtkmm/ popover . h>
#i n c l u d e <l o g 4 c x x / l o g g e r . h>

namespace o p t i f o l
{

c l a s s Requ i r ement s IndexArea ;

/∗∗
∗ @ c l a s s I ndex Dup l i c a t e Requ i r eme ntPo pove r
∗ @ b r i e f Manage the <i >D u p l i c a t e Requirement </i > popover f o r the Requ i rements I ndex a r ea
∗ @see Requ i r ement s IndexArea
∗
∗ @ d e t a i l s
∗ The <i >D u p l i c a t e Requi rements </i > popover p r o v i d e s c o n t r o l s f o r d u p l i c a t i n g an e x i s t i n g Requi rement from
∗ the r e q u i r e m e n t s i n d e x f o r the c u r r e n t l y s e l e c t e d Subsystem . By d e f a u l t , the d u p l i c a t e d Requi rement c o p i e s
∗ a l l metadata from the e x i s t i n g Requirement , but can be e d i t e d s e p a r a t e l y . The f o l l o w i n g GTK e l ement s a r e
∗ expec t ed to be a v a i l a b l e from the g i v e n Gtk : : B u i l d e r : <t a b l e > <tr > <th>GTK C++ Clas s </th> <th>Unique
∗ I d e n t i f i e r </th> <th>Purpose </th>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Popover </td>
∗ <td><code>dup l i c a t e_requ i r ement_popove r </code></td>
∗ <td>Managed popover </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Button </td>
∗ <td><code>d u p l i c a t e _ r e q u i r e m e n t _ c o n f i r m </code></td>
∗ <td>Conf i rm d u p l i c a t i o n o f the named Requirement </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Button </td>
∗ <td><code>d u p l i c a t e _ r e q u i r e m e n t _ c a n c e l </code></td>
∗ <td>Cance l s d u p l i c a t i o n o f a Requirement </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Entry </td>
∗ <td><code>dup l i ca te_requ i r ement_prope r ty_o ld_name </code></td>
∗ <td>Read−o n l y t e x t e n t r y a r ea f o r the name o f the e x i s t i n g Requi rement to d u p l i c a t e </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Entry </td>
∗ <td><code>dupl i cate_requ i rement_property_new_name </code></td>
∗ <td>Text e n t r y a r ea f o r the name o f the new Requirement </td>
∗ </t r >
∗ </t a b l e >
∗/

c l a s s I n dexD up l i c a t eR equ i r emen tPop ove r : p u b l i c s i g c : : t r a c k a b l e
{
p u b l i c :

/∗∗
∗ @ b r i e f C o n s t r u c t a new popover manager , r e g i s t e r i n g c a l l b a c k s on e l ement s l oaded by the g i v e n b u i l d e r
∗ @param b u i l d e r A GTK b u i l d e r c o n t a i n i n g popover UI e l ement s
∗ @param index_area A mutat ing r e f e r e n c e to the v iew o f which the popover i s a member
∗ @throws s t d : : r u n t i m e _ e r r o r A r e q u i r e d GTK e lement / w idget cou ld not be l oaded from the g i v e n b u i l d e r
∗/

Ind exDu p l i c a t eRe qu i r emen tPopo ve r ( Gtk : : B u i l d e r &b u i l d e r , Requ i r ement s IndexArea &index_area ) ;

p r i v a t e :
/∗∗

∗ @ b r i e f Handle a c l i c k o f the <i >Confirm </i > by a t t empt ing to d u p l i c a t e the named Requi rement .
∗/

v o i d c o n f i r m _ b u t t o n _ c l i c k e d ( ) co n s t noexcept ;

/∗∗
∗ @ b r i e f Handle a c l i c k o f the <i >Cancel </i > button by d i s c a r d i n g a l l i n p u t and c l o s i n g the popover .
∗/

v o i d c a n c e l _ b u t t o n _ c l i c k e d ( ) c on s t ;

/∗∗
∗ @ b r i e f C l e a r a l l u s e r f i e l d s i n the popover
∗/

v o i d c l e a r _ i n p u t s ( ) c o n s t ;

/∗∗
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∗ @ b r i e f Popu la te a l l f i e l d s g i v e n the p a r e n t a l a r ea ’ s s e l e c t i o n c o n t e x t and show the popover .
∗/

v o i d show_popover ( ) c o n s t ;

s t a t i c c o n s t cha r ∗ c on s t popover_name ;
s t a t i c c o n s t l o g 4 c x x : : Logge rPt r popove r_ logge r ;

Requ i r ement s IndexArea &index_area ;
Gtk : : Popover ∗ c on s t my_popover ;
Gtk : : Button ∗ c on s t con f i rm_button ;
Gtk : : Button ∗ c on s t cance l_but ton ;
Gtk : : Ent ry ∗ c on s t old_name_entry ;
Gtk : : Ent ry ∗ c on s t new_name_entry ;

} ;

} // namespace o p t i f o l

#e n d i f // INDEXDUPLICATEREQUIREMENTPOPOVER_HPP

1.8.17.5 IndexNewRequirementPopover.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the New Requi rement UI popover
∗ @author O l i v e r Dixon
∗ @date 2025−07−10
∗ @ v e r s i o n Development
∗/

#i n c l u d e " IndexNewRequirementPopover . hpp "
#i n c l u d e " . . / . . / S to rage / Subsystem . hpp "
#i n c l u d e " . . / GTKHelpers . hpp "
#i n c l u d e " . . / Logg ing . hpp "
#i n c l u d e " Requ i r ement s IndexArea . hpp "

namespace o p t i f o l
{

c on s t cha r ∗ c on s t IndexNewRequirementPopover : : popover_name = "New Requi rement Popover " ;
c on s t l o g 4 c x x : : Logge rPt r IndexNewRequirementPopover : : popove r_ logge r =

Logg ing : : g e t _ l o g g e r ({ "GUI" , " Requ i r ement s Index " , " NewRequirement " }) ;

IndexNewRequirementPopover : : IndexNewRequirementPopover (
Gtk : : B u i l d e r &b u i l d e r , Requ i r ement s IndexArea &index_area ) :

i ndex_area ( i ndex_area ) ,
my_popover ( GTKHelpers : : get_widget<Gtk : : Popover >(popover_name , b u i l d e r , " new_requi rement_popover " ) ) ,
con f i rm_button ( GTKHelpers : : get_widget<Gtk : : Button >(popover_name , b u i l d e r , " new_requ i rement_conf i rm " ) ) ,
name_entry ( GTKHelpers : : get_widget<Gtk : : Entry >(popover_name , b u i l d e r , " new_requirement_property_name " ) ) ,
d e s c r i p t i o n _ e n t r y ( GTKHelpers : : get_widget<Gtk : : TextView >(

popover_name , b u i l d e r , " n e w _ r e q u i r e m e n t _ p r o p e r t y _ d e s c r i p t i o n " ) ) ,
s t a t ement_ent r y (

GTKHelpers : : get_widget<Gtk : : Entry >(popover_name , b u i l d e r , " new_requ i r ement_prope r ty_sentence " ) ) ,
test_summary ( GTKHelpers : : get_widget<Gtk : : Entry >(popover_name , b u i l d e r , " new_requ i rement_test_count " ) ) ,
p r i o r i t y _ e n t r y ( GTKHelpers : : get_widget<Gtk : : DropDown>(

popover_name , b u i l d e r , " n e w _ r e q u i r e m e n t _ p r o p e r t y _ p r i o r i t y " ) ) ,
manage_tests_popover ( b u i l d e r )

{
// Get e x t r a e l ement s needed o n l y f o r the c o n s t r u c t o r l i f e t i m e .
c on s t auto cance l_but ton =

GTKHelpers : : get_widget<Gtk : : Button >(popover_name , b u i l d e r , " new_requ i rement_cance l " ) ;

// Set up the t e s t management popover .
c on s t auto t e s t _ b u t t o n =

GTKHelpers : : get_widget<Gtk : : MenuButton >(popover_name , b u i l d e r , " new_requirement_manage_tests " ) ;
c on s t auto test_manager =

GTKHelpers : : get_widget<Gtk : : Popover >(popover_name , b u i l d e r , " manage_tests_popover " ) ;
t e s t_but ton −>set_popove r (∗ test_manager ) ;

// Set up bu t ton s and s e l f .
conf i rm_button −>s i g n a l _ c l i c k e d ( ) . connect (

s i g c : : mem_fun(∗ t h i s , &IndexNewRequirementPopover : : c o n f i r m _ b u t t o n _ c l i c k e d ) ) ;
cance l_button −>s i g n a l _ c l i c k e d ( ) . connect (

s i g c : : mem_fun(∗ t h i s , &IndexNewRequirementPopover : : c a n c e l _ b u t t o n _ c l i c k e d ) ) ;
my_popover−>s igna l_show ( ) . connect ( s i g c : : mem_fun(∗ t h i s , &IndexNewRequirementPopover : : popover_shown ) ) ;
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name_entry−>s igna l_changed ( ) . connect (
s i g c : : mem_fun(∗ t h i s , &IndexNewRequirementPopover : : name_entry_changed ) ) ;

// Force the popover i n t o a known b a s e l i n e s t a t e .
c l e a r _ i n p u t s ( ) ;

}

v o i d IndexNewRequirementPopover : : c o n f i r m _ b u t t o n _ c l i c k e d ( ) noexcept
{

my_popover−>popdown ( ) ;

t r y {
index_area . ge t_ac t i v e_subsy s t em ( )−>b u i l d _ r e q u i r e m e n t ( name_entry−>g e t _ t e x t ( ) ,

s ta tement_ent ry −>g e t _ t e x t ( ) , d e s c r i p t i o n _ e n t r y −>g e t _ b u f f e r ( )−>g e t _ t e x t ( ) ,
p r i o r i t y _ e n t r y −>g e t _ s e l e c t e d ( ) , s t d : : move ( t e s t _ s p e c i f i c a t i o n ) ) ;

popove r_ logger −>i n f o (
" Created new Subsystem Requi rement wi th name \" " + name_entry−>g e t _ t e x t ( ) + " \ " . " ) ;

} ca tch ( co n s t s t d : : r u n t i m e _ e r r o r &e r r o r ) {
popover_ logger −>e r r o r (

" Could not c r e a t e Subsystem Requi rement wi th name \" " + name_entry−>g e t _ t e x t ( ) + " \ " . " ) ;
popove r_ logger −>e r r o r ( e r r o r . what ( ) ) ;

}
}

v o i d IndexNewRequirementPopover : : c a n c e l _ b u t t o n _ c l i c k e d ( ) c o n s t
{

my_popover−>popdown ( ) ;
}

v o i d IndexNewRequirementPopover : : popover_shown ( ) noexcept
{

c l e a r _ i n p u t s ( ) ; // C l e a r down the i n p u t s f o r the new e n t r y .
manage_tests_popover . set_model ( t e s t _ s p e c i f i c a t i o n ) ;

}

// ReSharper d i s a b l e once CppDFAUnreachab leFunct ionCal l − F a l s e p o s i t i v e : c a l l e d from button−c l i c k c a l l b a c k .
v o i d IndexNewRequirementPopover : : c l e a r _ i n p u t s ( )
{

name_entry−>s e t _ t e x t ( " " ) ;
d e s c r i p t i o n _ e n t r y −>g e t _ b u f f e r ( )−>s e t _ t e x t ( " " ) ;
s ta tement_ent ry −>s e t _ t e x t ( " " ) ;
p r i o r i t y _ e n t r y −>s e t _ s e l e c t e d (0 ) ;
test_summary−>s e t _ t e x t ( " " ) ;
t e s t _ s p e c i f i c a t i o n = Gio : : L i s t S t o r e <T e s t S p e c i f i c a t i o n E n t r y >: : c r e a t e ( ) ;
conf i rm_button −>s e t _ s e n s i t i v e ( f a l s e ) ;

t e s t _ s p e c i f i c a t i o n −>s igna l_ i t ems_changed ( ) . connect ( [ t h i s ] ( gu in t , gu in t , g u i n t ) noexcept
{ test_summary−>s e t _ t e x t ( ManageTestsPopover : : format_test_summary (∗ t e s t _ s p e c i f i c a t i o n ) ) ; }) ;

}

v o i d IndexNewRequirementPopover : : name_entry_changed ( ) c on s t noexcept
{

conf i rm_button −>s e t _ s e n s i t i v e ( ! name_entry−>g e t _ t e x t ( ) . empty ( ) ) ;
}

} // namespace o p t i f o l

1.8.17.6 IndexNewRequirementPopover.hpp

/∗
∗ C o p y r i g h t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the New Requi rement UI popover
∗ @author O l i v e r Dixon
∗ @date 2025−07−10
∗ @ v e r s i o n Development
∗/

#i f n d e f INDEXNEWREQUIREMENTPOPOVER_HPP
#d e f i n e INDEXNEWREQUIREMENTPOPOVER_HPP

#i n c l u d e <gtkmm/ b u i l d e r . h>
#i n c l u d e <gtkmm/dropdown . h>
#i n c l u d e <gtkmm/ e n t r y . h>
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#i n c l u d e <gtkmm/ t e x t v i e w . h>

#i n c l u d e " ManageTestsPopover . hpp "

namespace o p t i f o l
{

c l a s s Requ i r ement s IndexArea ;

/∗∗
∗ @ c l a s s IndexNewRequirementPopover
∗ @ b r i e f Manage the <i >New Requirement </i > popover f o r the Requ i rements I ndex a r ea
∗ @see Requ i r ement s IndexArea f o r the p a r e n t a r ea
∗
∗ @ d e t a i l s
∗ The <i >New Requirement </i > popover p r o v i d e s c o n t r o l s f o r c r e a t i n g a new Requi rement f o r the c u r r e n t l y
∗ s e l e c t e d Subsystem . The f o l l o w i n g GTK e l ement s a r e expec t ed to be a v a i l a b l e from the g i v e n Gtk : : B u i l d e r :
∗ <t a b l e >
∗ <tr >
∗ <th>GTK C++ Clas s </th>
∗ <th>Unique I d e n t i f i e r </th>
∗ <th>Purpose </th>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Popover </td>
∗ <td><code>new_requirement_popover </code></td>
∗ <td>Managed popover </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Button </td>
∗ <td><code>new_requi rement_conf i rm </code></td>
∗ <td>Conf i rm c r e a t i o n o f a new Requirement </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Button </td>
∗ <td><code>new_requ i rement_cance l </code></td>
∗ <td>Cance l s c r e a t i o n o f a new Requirement </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Entry </td>
∗ <td><code>new_requirement_property_name </code></td>
∗ <td>Text e n t r y a r ea f o r the name o f the new Requirement </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : TextView </td>
∗ <td><code>new _requ i r emen t_p rop e r t y_ de sc r i p t i on </code></td>
∗ <td>Mult i −l i n e t e x t e n t r y a r ea f o r the d e s c r i p t i o n o f the new Requirement </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Entry </td>
∗ <td><code>new_requ i rement_proper ty_sentence </code></td>
∗ <td>Text e n t r y a r ea f o r the FOL sta tement o f the new Requirement </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Entry </td>
∗ <td><code>new_requi rement_test_count </code></td>
∗ <td>Read−o n l y a r ea f o r the t e s t summary o f the new Requirement </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : DropDown</td>
∗ <td><code>n e w _ r e q u i r e m e n t _ p r o p e r t y _ p r i o r i t y </code></td>
∗ <td>Text e n t r y a r ea f o r the o p t i o n a l a s s o c i a t e d t e s t ( s ) o f the new Requirement </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Popover </td>
∗ <td><code>manage_tests_popover </code></td>
∗ <td>Popover f o r managing t e s t s </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : MenuButton</td>
∗ <td><code>new_requirement_manage_tests </code></td>
∗ <td>Button f o r a c t i v a t i n g <code>manage_tests_popover </code> popover </td>
∗ </t r >
∗ </t a b l e >
∗ A @re f s t d : : r u n t i m e _ e r r o r w i l l be thrown by the c l a s s c o n s t r u c t o r i f any o f t h e s e a r e i n a c c e s s i b l e i n the
∗ expec t ed type i n s t a n t i a t i o n s .
∗/

c l a s s IndexNewRequirementPopover : p u b l i c s i g c : : t r a c k a b l e
{
p u b l i c :

/∗∗

67



∗ @ b r i e f C o n s t r u c t a new popover manager , r e g i s t e r i n g c a l l b a c k s on e l ement s l oaded by the g i v e n b u i l d e r
∗ @param b u i l d e r A GTK b u i l d e r c o n t a i n i n g popover UI e l ement s
∗ @param index_area A mutat ing r e f e r e n c e to the v iew o f which the popover i s a member
∗ @throws s t d : : r u n t i m e _ e r r o r A r e q u i r e d GTK e lement / w idget cou ld not be l oaded from the g i v e n b u i l d e r
∗/

IndexNewRequirementPopover ( Gtk : : B u i l d e r &b u i l d e r , Requ i r ement s IndexArea &index_area ) ;

p r i v a t e :
/∗∗

∗ @ b r i e f Handle a c l i c k o f the <i >Confirm </i > by a t t empt ing to c r e a t e a Requi rement w i th the g i v e n
∗ c h a r a c t e r i s t i c s .
∗/

v o i d c o n f i r m _ b u t t o n _ c l i c k e d ( ) noexcept ;

/∗∗
∗ @ b r i e f Handle a c l i c k o f the <i >Cancel </i > button by d i s c a r d i n g a l l i n p u t and c l o s i n g the popover .
∗/

v o i d c a n c e l _ b u t t o n _ c l i c k e d ( ) c on s t ;

/∗∗
∗ @ b r i e f Handle a show o f the popover by s e l e c t i n g the c o r r e c t t e s t s p e c i f i c a t i o n model f o r the
∗ @re f manage_tests_popover .
∗/

v o i d popover_shown ( ) noexcept ;

/∗∗
∗ @ b r i e f C l e a r a l l u s e r f i e l d s i n the popover .
∗/

v o i d c l e a r _ i n p u t s ( ) ;

/∗∗
∗ @ b r i e f Handle a new committed Requi rement name by e n a b l i n g the <i >Confirm </i > button .
∗/

v o i d name_entry_changed ( ) c o n s t noexcept ;

s t a t i c c o n s t cha r ∗ c on s t popover_name ;
s t a t i c c o n s t l o g 4 c x x : : Logge rPt r popove r_ logge r ;

Requ i r ement s IndexArea &index_area ;

Gtk : : Popover ∗ c on s t my_popover ;
Gtk : : Button ∗ c on s t con f i rm_button ;
Gtk : : Ent ry ∗ c on s t name_entry ;
Gtk : : TextView ∗ c on s t d e s c r i p t i o n _ e n t r y ;
Gtk : : Ent ry ∗ c on s t s t a t ement_ent r y ;
Gtk : : Ent ry ∗ c on s t test_summary ;
Gtk : : DropDown ∗ c on s t p r i o r i t y _ e n t r y ;

ManageTestsPopover manage_tests_popover ;
G l i b : : RefPtr<Gio : : L i s t S t o r e <T e s t S p e c i f i c a t i o n E n t r y >> t e s t _ s p e c i f i c a t i o n ;

} ;

} // namespace o p t i f o l

#e n d i f // INDEXNEWREQUIREMENTPOPOVER_HPP

1.8.17.7 ManageTestsPopover.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the ManageTestsPopover GUI popover
∗ @author O l i v e r Dixon
∗ @date 2025−08−02
∗ @ v e r s i o n Development
∗/

#i n c l u d e " ManageTestsPopover . hpp "
#i n c l u d e " . . / . . / U s e r T e s t i n g / D i s c o v e r y / D i s c o v e r y T e s t F i x t u r e . hpp "
#i n c l u d e " . . / . . / U s e r T e s t i n g / D i s c o v e r y / G o o g l e T e s t D i s c o v e r y E x e c u t a b l e . hpp "
#i n c l u d e " . . / . . / U s e r T e s t i n g / M o d e l l i n g / Test . hpp "
#i n c l u d e " . . / GTKHelpers . hpp "
#i n c l u d e " . . / Logg ing . hpp "
#i n c l u d e " Requ i r ement s IndexArea . hpp "
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namespace o p t i f o l
{

c on s t cha r ∗ c on s t ManageTestsPopover : : popover_name = "Manage Tes t s Popover " ;
c on s t l o g 4 c x x : : Logge rPt r ManageTestsPopover : : popove r_ logge r =

Logg ing : : g e t _ l o g g e r ({ "GUI" , " Requ i r ement s Index " , " NewRequirement " , " TestManagement " }) ;

ManageTestsPopover : : ManageTestsPopover ( Gtk : : B u i l d e r &b u i l d e r ) :
popover ( GTKHelpers : : get_widget<Gtk : : Popover >(popover_name , b u i l d e r , " manage_tests_popover " ) ) ,
con f i rm_button ( GTKHelpers : : get_widget<Gtk : : Button >(popover_name , b u i l d e r , " manage_tests_conf i rm " ) ) ,
new_test_button ( GTKHelpers : : get_widget<Gtk : : Button >(popover_name , b u i l d e r , " manage_tests_new_test " ) ) ,
d u p l i c a t e _ t e s t _ b u t t o n (

GTKHelpers : : get_widget<Gtk : : Button >(popover_name , b u i l d e r , " m a n a g e _ t e s t s _ d u p l i c a t e _ t e s t " ) ) ,
d e l e t e _ t e s t _ b u t t o n (

GTKHelpers : : get_widget<Gtk : : Button >(popover_name , b u i l d e r , " manage_te s t s_de l e t e_te s t " ) ) ,
v i ew ( GTKHelpers : : get_widget<Gtk : : ColumnView >(popover_name , b u i l d e r , " manage_tests_view " ) )

{
conf i rm_button −>s i g n a l _ c l i c k e d ( ) . connect (

s i g c : : mem_fun(∗ t h i s , &ManageTestsPopover : : c o n f i r m _ b u t t o n _ c l i c k e d ) ) ;
new_test_button−>s i g n a l _ c l i c k e d ( ) . connect ( s i g c : : mem_fun(∗ t h i s , &ManageTestsPopover : : n e w _ t e s t _ c l i c k e d ) ) ;
d u p l i c a t e _ t e s t _ b u t t o n −>s i g n a l _ c l i c k e d ( ) . connect (

s i g c : : mem_fun(∗ t h i s , &ManageTestsPopover : : d u p l i c a t e _ t e s t _ c l i c k e d ) ) ;
d e l e t e _ t e s t _ b u t t o n −>s i g n a l _ c l i c k e d ( ) . connect (

s i g c : : mem_fun(∗ t h i s , &ManageTestsPopover : : d e l e t e _ t e s t _ c l i c k e d ) ) ;

s e l e c t i o n _ m o d e l −>s e t _ a u t o s e l e c t ( f a l s e ) ;
s e l e c t i o n _ m o d e l −>s e t _ c a n _ u n s e l e c t ( t r u e ) ;

view−>set_model ( s e l e c t i o n _ m o d e l ) ;

c on s t auto columns = view−>get_columns ( ) ;
c on s t auto column_count = columns−>get_n_items ( ) ;

f o r ( g u i n t p o s i t i o n = 0 ; p o s i t i o n < column_count ; ++p o s i t i o n ) {
G l i b : : RefPtr<Gtk : : ColumnViewColumn> column = n u l l p t r ;

i f ( ( column = columns−>get_typed_object <Gtk : : ColumnViewColumn >( p o s i t i o n ) ) != n u l l p t r ) {
c on s t auto &gtk_id = column−>get_ id ( ) ;
c on s t auto f a c t o r y = Gtk : : S i g n a l L i s t I t e m F a c t o r y : : c r e a t e ( ) ;

i f ( g tk_id == " manage_test s_target_exe " ) {
f a c t o r y −>s i g n a l _ s e t u p ( ) . connect ( s i g c : : p t r_fun (&GTKHelpers : : s e tu p _e n t r y ) ) ;
f a c t o r y −>s i g n a l _ b i n d ( ) . connect (

s i g c : : mem_fun(∗ t h i s , &ManageTestsPopover : : b i n d _ t e s t _ e x e c u t a b l e ) ) ;
} e l s e i f ( g tk_id == " m a n a g e _ t e s t s _ f i x t u r e " ) {

f a c t o r y −>s i g n a l _ s e t u p ( ) . connect ( s i g c : : p t r_fun (&ManageTestsPopover : : s e tup_f i x tu re s_combo ) ) ;
f a c t o r y −>s i g n a l _ b i n d ( ) . connect ( s i g c : : p t r_fun (&ManageTestsPopover : : b i n d _ t e s t _ f i x t u r e ) ) ;

} e l s e i f ( g tk_id == " manage_tests_name " ) {
f a c t o r y −>s i g n a l _ s e t u p ( ) . connect ( s i g c : : p t r_fun (&GTKHelpers : : setup_combo_box ) ) ;
f a c t o r y −>s i g n a l _ b i n d ( ) . connect ( s i g c : : p t r_fun (&ManageTestsPopover : : b ind_test_name ) ) ;

} e l s e
// Jump out he r e i f un r e cogn i s ed , so a l l f u r t h e r code can assume a f a c t o r y was c o n f i g u r e d .
c o n t i n u e ;

column−>s e t _ f a c t o r y ( f a c t o r y ) ;
}

}
}

v o i d ManageTestsPopover : : set_model ( c on s t G l i b : : RefPtr<Gio : : L i s t S t o r e <T e s t S p e c i f i c a t i o n E n t r y >> &model ) noexcept
{

test_spec_mode l = model ;
s e l e c t i o n _ m o d e l −>set_model ( tes t_spec_mode l ) ;

}

s t d : : s t r i n g ManageTestsPopover : : format_test_summary ( co n s t Gio : : L i s tMode l &tes t_mode l ) noexcept
{

c on s t auto t e s t_coun t = test_mode l . get_n_items ( ) ;

i f ( t e s t_coun t == 0)
r e t u r n " " ;

i f ( t e s t_coun t == 1)
r e t u r n "1 t e s t d e f i n e d " ;

r e t u r n s t d : : t o _ s t r i n g ( t e s t_coun t ) + " t e s t s d e f i n e d " ;
}

v o i d ManageTestsPopover : : c o n f i r m _ b u t t o n _ c l i c k e d ( ) co n s t
{

popover−>popdown ( ) ;
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}

// ReSharper d i s a b l e once CppDFAUnreachab leFunct ionCal l − F a l s e p o s i t i v e . I nvoked from c a l l b a c k s .
v o i d ManageTestsPopover : : n e w _ t e s t _ c l i c k e d ( ) co n s t
{

test_spec_model−>append (
G l i b : : make_re fp t r_ fo r_ in s tance <T e s t S p e c i f i c a t i o n E n t r y >(new T e s t S p e c i f i c a t i o n E n t r y ( ) ) ) ;

}

v o i d ManageTestsPopover : : d e l e t e _ t e s t _ c l i c k e d ( ) c o n s t
{

test_spec_model−>remove ( s e l e c t i o n _ m o d e l −>g e t _ s e l e c t e d ( ) ) ;
}

v o i d ManageTestsPopover : : d u p l i c a t e _ t e s t _ c l i c k e d ( ) c on s t
{

c on s t auto u n t y p e d _ s e l e c t i o n = s e l e c t i o n _ m o d e l −>g e t _ s e l e c t e d _ i t e m ( ) ;

i f ( u n t y p e d _ s e l e c t i o n == n u l l p t r ) {
n e w _ t e s t _ c l i c k e d ( ) ;
r e t u r n ;

}

c on s t auto t y p e d _ s e l e c t i o n = dynamic_cast<c o ns t T e s t S p e c i f i c a t i o n E n t r y ∗>( u n t y p e d _ s e l e c t i o n . ge t ( ) ) ;

i f ( t y p e d _ s e l e c t i o n == n u l l p t r )
n e w _ t e s t _ c l i c k e d ( ) ;

e l s e
test_spec_model−>append ( G l i b : : m a k e _ r e f p t r _ f o r _ i n s t a n c e ( new T e s t S p e c i f i c a t i o n E n t r y (∗ t y p e d _ s e l e c t i o n ) ) ) ;

}

v o i d ManageTestsPopover : : s e tup_f i x tu r e s_combo ( c o n s t G l i b : : RefPtr<Gtk : : L i s t I t e m > &l i s t _ i t e m )
{

c on s t auto combo_box = Gtk : : make_managed<Gtk : : DropDown>() ;
combo_box−>s e t _ h a l i g n ( Gtk : : A l i g n : : START) ;
l i s t _ i t e m −>s e t _ c h i l d (∗ combo_box ) ;

c on s t auto f a c t o r y = Gtk : : S i g n a l L i s t I t e m F a c t o r y : : c r e a t e ( ) ;

f a c t o r y −>s i g n a l _ s e t u p ( ) . connect ( s i g c : : b ind (&GTKHelpers : : s e t u p _ l a b e l , f a l s e ) ) ;
f a c t o r y −>s i g n a l _ b i n d ( ) . connect (

[ ] ( c on s t G l i b : : RefPtr<Gtk : : L i s t I t e m > &s e l e c t e d _ i t e m )
{

c on s t auto t a r g e t _ l a b e l = dynamic_cast<Gtk : : Labe l ∗>( s e l e c t e d _ i t e m −>g e t _ c h i l d ( ) ) ;
c on s t auto t y p e d _ f i x t u r e =

s t d : : dynamic_po inte r_cas t <D i s c o v e r y T e s t F i x t u r e >( s e l e c t e d _ i t e m −>get_item ( ) ) ;
i f ( t a r g e t _ l a b e l == n u l l p t r | | t y p e d _ f i x t u r e == n u l l p t r )

r e t u r n ;

t a r g e t _ l a b e l −>s e t _ t e x t ( t y p e d _ f i x t u r e −>property_name ( ) . ge t_va lue ( ) ) ;
}) ;

combo_box−>s e t _ f a c t o r y ( f a c t o r y ) ;
}

v o i d ManageTestsPopover : : b i n d _ t e s t _ e x e c u t a b l e ( c o n s t G l i b : : RefPtr<Gtk : : L i s t I t e m > &l i s t _ i t e m )
{

c on s t auto exe_ent ry = dynamic_cast<Gtk : : Ent ry ∗>( l i s t _ i t e m −>g e t _ c h i l d ( ) ) ;
c on s t auto t e s t _ s p e c = s t d : : dynamic_po inte r_cas t <T e s t S p e c i f i c a t i o n E n t r y >( l i s t _ i t e m −>get_item ( ) ) ;

i f ( exe_ent ry == n u l l p t r | | t e s t _ s p e c == n u l l p t r )
r e t u r n ;

// Set−up the b i n d i n g from the T e s t S p e c i f i c a t i o n E n t r y o b j e c t to the GUI , such t h a t model changes a r e
// v i s i b l e .
G l i b : : B ind ing : : b i n d _ p r o p e r t y ( t e s t_spec −>p r o p e r t y _ e x e c u t a b l e ( ) , exe_entry −>p r o p e r t y _ t e x t ( ) ,

G l i b : : B ind ing : : F l a g s : : SYNC_CREATE,
[ ] ( c on s t G l i b : : RefPtr<D i s c o v e r y T e s t E x e c u t a b l e > &exe ) −> s t d : : o p t i o n a l <G l i b : : u s t r i n g >
{

i f ( exe == n u l l p t r )
r e t u r n " " ;

r e t u r n exe−>property_name ( ) . ge t_va lue ( ) ;
}) ;

// Set−up the b i n d i n g from the v iew to the model , such t h a t committed changes a r e p ropagated and hand led .
exe_entry −>s i g n a l _ a c t i v a t e ( ) . connect ( s i g c : : b ind (

s i g c : : mem_fun(∗ t h i s , &ManageTestsPopover : : hand l e_executab l e_change ) , t e s t_spec , exe_ent ry ) ) ;
}

v o i d ManageTestsPopover : : b i n d _ t e s t _ f i x t u r e ( co n s t G l i b : : RefPtr<Gtk : : L i s t I t e m > &l i s t _ i t e m ) noexcept
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{
c on s t auto f i x tu re_combo = dynamic_cast<Gtk : : DropDown ∗>( l i s t _ i t e m −>g e t _ c h i l d ( ) ) ;
c on s t auto t e s t _ s p e c = s t d : : dynamic_po inte r_cas t <T e s t S p e c i f i c a t i o n E n t r y >( l i s t _ i t e m −>get_item ( ) ) ;

i f ( f i x tu re_combo == n u l l p t r | | t e s t _ s p e c == n u l l p t r )
r e t u r n ;

/∗
∗ Set−up the b i n d i n g from the T e s t S p e c i f i c a t i o n E n t r y o b j e c t to the GUI , such t h a t changes to the
∗ e x e c u t a b l e w i l l p ropagate to the f i x t u r e s combo box by l o a d i n g the c o r r e c t f i x t u r e model . Th i s needn ’ t
∗ be a b i d i r e c t i o n a l b i n d i n g as the combo box model would o n l y e v e r change due to a change i n the
∗ T e s t S p e c i f i c a t i o n E n t r y .
∗/

G l i b : : B ind ing : : b i n d _ p r o p e r t y ( t e s t_spec −>p r o p e r t y _ e x e c u t a b l e ( ) , f i x ture_combo −>proper ty_mode l ( ) ,
G l i b : : B ind ing : : F l a g s : : SYNC_CREATE,
[ ] ( c on s t G l i b : : RefPtr<D i s c o v e r y T e s t E x e c u t a b l e > &exe ) noexcept

−> s t d : : o p t i o n a l <G l i b : : RefPtr<Gio : : L i s tMode l >>
{

i f ( exe == n u l l p t r )
r e t u r n {} ;

r e t u r n exe−>g e t _ f i x t u r e _ m o d e l ( ) ;
}) ;

// Set−up the b i n d i n g from the model to the view , such t h a t committed changes p ropagate to the f i x t u r e
// combo box .
G l i b : : B ind ing : : b i n d _ p r o p e r t y ( f i x ture_combo −>p r o p e r t y _ s e l e c t e d _ i t e m ( ) , t e s t_spec −>p r o p e r t y _ f i x t u r e ( ) ,

G l i b : : B ind ing : : F l a g s : : SYNC_CREATE,
[ ] ( c on s t G l i b : : RefPtr<G l i b : : ObjectBase> &s e l e c t e d _ i t e m ) noexcept

−> s t d : : o p t i o n a l <G l i b : : RefPtr<D i s c o v e r y T e s t F i x t u r e >>
{

c on s t auto &typed_ent ry = s t d : : dynamic_po inte r_cas t <D i s c o v e r y T e s t F i x t u r e >( s e l e c t e d _ i t e m ) ;
i f ( t yped_ent ry == n u l l p t r )

r e t u r n {} ;

r e t u r n typed_ent ry ;
}) ;

}

v o i d ManageTestsPopover : : b ind_test_name ( c o n s t G l i b : : RefPtr<Gtk : : L i s t I t e m > &l i s t _ i t e m ) noexcept
{

c on s t auto test_combo = dynamic_cast<Gtk : : DropDown ∗>( l i s t _ i t e m −>g e t _ c h i l d ( ) ) ;
c on s t auto t e s t _ s p e c = s t d : : dynamic_po inte r_cas t <T e s t S p e c i f i c a t i o n E n t r y >( l i s t _ i t e m −>get_item ( ) ) ;

G l i b : : B ind ing : : b i n d _ p r o p e r t y ( t e s t_spec −>p r o p e r t y _ f i x t u r e ( ) , test_combo−>proper ty_mode l ( ) ,
G l i b : : B ind ing : : F l a g s : : SYNC_CREATE,
[ ] ( c on s t G l i b : : RefPtr<D i s c o v e r y T e s t F i x t u r e > &f i x t u r e ) noexcept

−> s t d : : o p t i o n a l <G l i b : : RefPtr<Gtk : : S t r i n g L i s t >>
{

i f ( f i x t u r e == n u l l p t r )
r e t u r n {} ;

r e t u r n f i x t u r e −>get_test_mode l ( ) ;
}) ;

G l i b : : B ind ing : : b i n d _ p r o p e r t y ( test_combo−>p r o p e r t y _ s e l e c t e d _ i t e m ( ) , t e s t_spec −>property_name ( ) ,
G l i b : : B ind ing : : F l a g s : : SYNC_CREATE,
[ ] ( c on s t G l i b : : RefPtr<G l i b : : ObjectBase> &s e l e c t e d _ i t e m ) noexcept −> s t d : : o p t i o n a l <G l i b : : u s t r i n g >
{

c on s t auto &typed_ent ry = dynamic_cast<Gtk : : S t r i n g O b j e c t ∗>( s e l e c t e d _ i t e m . ge t ( ) ) ;
i f ( t yped_ent ry == n u l l p t r )

r e t u r n {} ;

r e t u r n typed_entry −>g e t _ s t r i n g ( ) ;
}) ;

}

v o i d ManageTestsPopover : : hand l e_executab l e_change (
c on s t G l i b : : RefPtr<T e s t S p e c i f i c a t i o n E n t r y > &tes t_spec , c on s t Gtk : : Ent ry ∗ c o ns t exe_ent ry )

{
c on s t auto cached_exe_i t = d i s cove r y_exe_cache . f i n d ( exe_entry −>g e t _ t e x t ( ) ) ;

i f ( cached_exe_i t == d i s cove r y_exe_cache . cend ( ) ) {
c on s t auto &name = exe_entry −>g e t _ t e x t ( ) ;
c on s t auto [ en t ry , was_added ] = d i s cove r y_exe_cache . emplace (

G l i b : : m a k e _ r e f p t r _ f o r _ i n s t a n c e ( new G o o g l e T e s t D i s c o v e r y E x e c u t a b l e ( name ) ) ) ;

i f ( was_added ) {
popover_ logger −>debug ( " Created and cached new t e s t e x e c u t a b l e f o r d i s c o v e r y : \" " + name + " \ " . " ) ;
t e s t_spec −>p r o p e r t y _ e x e c u t a b l e ( ) . s e t _ v a l u e (∗ e n t r y ) ;

} e l s e
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popover_ logger −>e r r o r ( " Could not cache new t e s t e x e c u t a b l e f o r d i s c o v e r y : \" " + name + " \ " . " ) ;
} e l s e {

te s t_spec −>p r o p e r t y _ e x e c u t a b l e ( ) . s e t _ v a l u e (∗ cached_exe_i t ) ;
popove r_ logger −>debug ( " Recovered t e s t e x e c u t a b l e f o r d i s c o v e r y from the cache : \" " +

(∗ cached_exe_i t )−>property_name ( ) . ge t_va lue ( ) + " \ " . " ) ;
}

}

} // namespace o p t i f o l

1.8.17.8 ManageTestsPopover.hpp

/∗
∗ C o p y r i g h t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the ManageTestsPopover GUI popover
∗ @author O l i v e r Dixon
∗ @date 2025−08−02
∗ @ v e r s i o n Development
∗/

#i f n d e f MANAGETESTSPOPOVER_HPP
#d e f i n e MANAGETESTSPOPOVER_HPP

#i n c l u d e <giomm/ l i s t s t o r e . h>
#i n c l u d e <gtkmm/ button . h>
#i n c l u d e <gtkmm/ columnview . h>
#i n c l u d e <gtkmm/ e n t r y . h>
#i n c l u d e <gtkmm/ l i s t i t e m . h>
#i n c l u d e <gtkmm/ popover . h>
#i n c l u d e <gtkmm/ s i n g l e s e l e c t i o n . h>
#i n c l u d e <l o g 4 c x x / l o g g e r . h>
#i n c l u d e <unorde red_set >

#i n c l u d e " . . / . . / O p t i f o l . hpp "
#i n c l u d e " . . / . . / U s e r T e s t i n g / D i s c o v e r y / D i s c o v e r y T e s t E x e c u t a b l e . hpp "

namespace o p t i f o l
{

c l a s s Test ;
c l a s s Requ i r ement s IndexArea ;
c l a s s T e s t S p e c i f i c a t i o n E n t r y ;

/∗∗
∗ @ c l a s s ManageTestsPopover
∗ @ b r i e f Manage the t e s t −management c a p a b i l i t y i n the Requi rement e d i t o r .
∗ @see IndexNewRequirementPopover f o r a p o s s i b l e p a r e n t a r ea
∗ @see IndexEd i tRequ i r ementPopove r f o r a p o s s i b l e p a r e n t a r ea
∗
∗ @ d e t a i l s
∗ The <i >Test Management</i > popover i s a sub−popover o f the IndexNewRequirementPopover o r the
∗ IndexEd i tRequ i r ementPopove r . I t p r o v i d e s c o n t r o l s to r e v i e w and i n t e l l i g e n t l y d e f i n e so f twa r e −l e v e l u n i t
∗ t e s t s f o r a f i x e d Requi rement i . a .w . a t e s t e x e c u t a b l e . For the p u r p o s e s o f q u e r y i n g t e s t e x e c u t a b l e s , the
∗ popover a l s o m a i n t a i n s a cache o f Subsystem−a g n o s t i c d i s c o v e r y e x e c u t a b l e s . The f o l l o w i n g GTK e l ement s a r e
∗ expec t ed from the g i v e n Gtk : : B u i l d e r : <t a b l e > <tr > <th>GTK C++ Clas s </th> <th>Unique I d e n t i f i e r </th>
∗ <th>Purpose </th>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Popover </td>
∗ <td><code>manage_tests_popover </code></td>
∗ <td>Managed popover </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : MenuButton</td>
∗ <td><code>manage_tests_conf i rm </code></td>
∗ <td>Conf i rm t e s t s p e c i f i c a t i o n s </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : MenuButton</td>
∗ <td><code>manage_tests_new_test </code></td>
∗ <td>Crea te a new T e s t S p e c i f i c a t i o n E n t r y </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : MenuButton</td>
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∗ <td><code>manage_te s t s_dup l i c a t e_te s t </code></td>
∗ <td>D u p l i c a t e the s e l e c t e d T e s t S p e c i f i c a t i o n E n t r y </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : MenuButton</td>
∗ <td><code>manage_tes t s_de l e t e_te s t </code></td>
∗ <td>D e l e t e the s e l e c t e d T e s t S p e c i f i c a t i o n E n t r y </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : ColumnView</td>
∗ <td><code>manage_tests_view </code></td>
∗ <td>View f o r the d y n a m i c a l l y popu l a t ed T e s t S p e c i f i c a t i o n E n t r y l i s t </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : ColumnViewColumn</td>
∗ <td><code>manage_tests_target_exe </code></td>
∗ <td>View column f o r the t a r g e t e x e c u t a b l e name Gtk : : Entry </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : ColumnViewColumn</td>
∗ <td><code>manage_te s t s_ f i x tu r e </code></td>
∗ <td>View column f o r the t a r g e t t e s t f i x t u r e Gtk : : DropDown</td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : ColumnViewColumn</td>
∗ <td><code>manage_tests_name</code></td>
∗ <td>View column f o r the t a r g e t t e s t ca s e name Gtk : : DropDown</td>
∗ </t r >
∗ </t a b l e >
∗ A @re f s t d : : r u n t i m e _ e r r o r w i l l be thrown by the c l a s s c o n s t r u c t o r i f any o f t h e s e a r e i n a c c e s s i b l e i n the
∗ expec t ed type i n s t a n t i a t i o n s .
∗/

c l a s s ManageTestsPopover : p u b l i c s i g c : : t r a c k a b l e
{
p u b l i c :

/∗∗
∗ @ b r i e f C o n s t r u c t a new popover manager , r e g i s t e r i n g c a l l b a c k s on e l ement s l oaded by the g i v e n b u i l d e r
∗ @param b u i l d e r A GTK b u i l d e r c o n t a i n i n g popover UI e l ement s
∗ @throws s t d : : r u n t i m e _ e r r o r A r e q u i r e d GTK e lement / w idget cou ld not be l oaded from the g i v e n b u i l d e r
∗/

e x p l i c i t ManageTestsPopover ( Gtk : : B u i l d e r &b u i l d e r ) ;

/∗∗
∗ @ b r i e f Se t s a new model f o r the T e s t S p e c i f i c a t i o n E n t r y o b j e c t s , d i s c a r d i n g the e x i s t i n g one .
∗ @param model The new model .
∗/

v o i d set_model ( c on s t G l i b : : RefPtr<Gio : : L i s t S t o r e <T e s t S p e c i f i c a t i o n E n t r y >> &model ) noexcept ;

/∗∗
∗ @ b r i e f P ro v i d e a human−r e a d a b l e summary o f a model c o n t a i n i n g t e s t s o r s p e c i f i c a t i o n s t h e r e o f .
∗ @param test_mode l The t e s t model to query .
∗ @see Test
∗ @see T e s t S p e c i f i c a t i o n E n t r y
∗/

s t a t i c s t d : : s t r i n g format_test_summary ( c o n s t Gio : : L i s tMode l &tes t_mode l ) noexcept ;

p r i v a t e :
s t a t i c c o n s t cha r ∗ c on s t popover_name ;
s t a t i c c o n s t l o g 4 c x x : : Logge rPt r popove r_ logge r ;

/∗∗
∗ @ b r i e f Handle a c l i c k o f the <i >Confirm </i > button by h i d i n g the popover . ( The model i s q u e r i e d l a t e r . )
∗/

v o i d c o n f i r m _ b u t t o n _ c l i c k e d ( ) co n s t ;

v o i d n e w _ t e s t _ c l i c k e d ( ) co n s t ;

v o i d d e l e t e _ t e s t _ c l i c k e d ( ) c o n s t ;

v o i d d u p l i c a t e _ t e s t _ c l i c k e d ( ) c on s t ;

s t a t i c v o i d se tup_f i x tu r e s_combo ( co n s t G l i b : : RefPtr<Gtk : : L i s t I t e m > &l i s t _ i t e m ) ;

v o i d b i n d _ t e s t _ e x e c u t a b l e ( c o n s t G l i b : : RefPtr<Gtk : : L i s t I t e m > &l i s t _ i t e m ) ;

s t a t i c v o i d b i n d _ t e s t _ f i x t u r e ( c on s t G l i b : : RefPtr<Gtk : : L i s t I t e m > &l i s t _ i t e m ) noexcept ;

s t a t i c v o i d bind_test_name ( c o n s t G l i b : : RefPtr<Gtk : : L i s t I t e m > &l i s t _ i t e m ) noexcept ;

v o i d hand l e_executab l e_change (
c on s t G l i b : : RefPtr<T e s t S p e c i f i c a t i o n E n t r y > &tes t_spec , c on s t Gtk : : Ent ry ∗ exe_ent ry ) ;
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Gtk : : Popover ∗ c on s t popover ;
Gtk : : Button ∗ c on s t con f i rm_button ;
Gtk : : Button ∗ c on s t new_test_button ;
Gtk : : Button ∗ c on s t d u p l i c a t e _ t e s t _ b u t t o n ;
Gtk : : Button ∗ c on s t d e l e t e _ t e s t _ b u t t o n ;
Gtk : : ColumnView ∗ c on s t v iew ;

G l i b : : RefPtr<Gtk : : S i n g l e S e l e c t i o n > s e l e c t i o n _ m o d e l = Gtk : : S i n g l e S e l e c t i o n : : c r e a t e ( ) ;
G l i b : : RefPtr<Gio : : L i s t S t o r e <T e s t S p e c i f i c a t i o n E n t r y >> test_spec_mode l ;

SharedUnorderedSet <D i s c o v e r y T e s t E x e c u t a b l e > d i s cove r y_exe_cache ;
} ;

} // namespace o p t i f o l

#e n d i f // MANAGETESTSPOPOVER_HPP

1.8.17.9 RequirementsIndexArea.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the Main Window ’ s Requ i rements I ndex UI a r ea
∗ @author O l i v e r Dixon
∗ @date 2025−03−29
∗ @ v e r s i o n Development
∗/

#i n c l u d e " Requ i r ement s IndexArea . hpp "
#i n c l u d e " . . / . . / S to rage / Subsystem . hpp "
#i n c l u d e " . . / GTKHelpers . hpp "

namespace o p t i f o l
{

c on s t cha r ∗ c on s t Requ i r ement s IndexArea : : area_name = " Requ i rements I ndex Area " ;

Requ i r ement s IndexArea : : Requ i r ement s IndexArea ( Gtk : : B u i l d e r &b u i l d e r ) :
on_of f_widget s (

GTKHelpers : : get_widget<Gtk : : Widget >(area_name , b u i l d e r , " r e q u i r e m e n t s _ i n d e x _ a d v i c e _ u n s e l e c t e d " ) ,
GTKHelpers : : get_widget<Gtk : : Widget >(area_name , b u i l d e r , " r e q u i r e m e n t s _ i n d e x _ c o n t e n t " ) ) ,

v i ew ( GTKHelpers : : get_widget<Gtk : : ColumnView >(area_name , b u i l d e r , " r equ i r ement s_v i ew " ) ) ,
context_menu ( view , GTKHelpers : : ge t_ob jec t <Gio : : Menu>(area_name , b u i l d e r , " requ i rement_context_menu " ) ,

{{ " new_requi rement " ,
GTKHelpers : : get_widget<Gtk : : MenuButton >(area_name , b u i l d e r , " new_requi rement " ) ,
GTKHelpers : : get_widget<Gtk : : Popover >(area_name , b u i l d e r , " new_requi rement_popover " ) ,
t r u e } ,

{" e d i t _ r e q u i r e m e n t " ,
GTKHelpers : : get_widget<Gtk : : MenuButton >(area_name , b u i l d e r , " e d i t _ r e q u i r e m e n t " ) ,
GTKHelpers : : get_widget<Gtk : : Popover >(

area_name , b u i l d e r , " ed i t_ r equ i r ement_popove r " ) ,
f a l s e } ,

{" d e l e t e _ r e q u i r e m e n t " ,
GTKHelpers : : get_widget<Gtk : : MenuButton >(area_name , b u i l d e r , " d e l e t e _ r e q u i r e m e n t " ) ,
GTKHelpers : : get_widget<Gtk : : Popover >(

area_name , b u i l d e r , " d e l e t e_ r e q u i r e m e nt _ p o p ov e r " ) ,
f a l s e } ,

{" d u p l i c a t e _ r e q u i r e m e n t " ,
GTKHelpers : : get_widget<Gtk : : MenuButton >(

area_name , b u i l d e r , " d u p l i c a t e _ r e q u i r e m e n t " ) ,
GTKHelpers : : get_widget<Gtk : : Popover >(

area_name , b u i l d e r , " d u p l i c a t e _ r e q u i r e m e n t _ p o p o v e r " ) ,
f a l s e }}) ,

new_requi rement_popover ( b u i l d e r , ∗ t h i s ) ,
ed i t_ r equ i r ement_popove r ( b u i l d e r , ∗ t h i s ) ,
d u p l i c a t e _ r e q u i r e m e n t _ p o p o v e r ( b u i l d e r , ∗ t h i s ) ,
d e l e t e _ r eq u i r e me n t _ p op o v e r ( b u i l d e r , ∗ t h i s )

{
s e l e c t i o n _ m o d e l −>s e t _ a u t o s e l e c t ( f a l s e ) ;
s e l e c t i o n _ m o d e l −>s e t _ c a n _ u n s e l e c t ( t r u e ) ;

s e l e c t i o n _ m o d e l −>s i g n a l _ s e l e c t i o n _ c h a n g e d ( ) . connect (
[ t h i s ] ( gu in t , co n s t g u i n t n_items )
{
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i f ( n_items == 0) {
context_menu . d i s a b l e _ a c t i o n ( " e d i t _ r e q u i r e m e n t " ) ;
context_menu . d i s a b l e _ a c t i o n ( " d e l e t e _ r e q u i r e m e n t " ) ;
context_menu . d i s a b l e _ a c t i o n ( " d u p l i c a t e _ r e q u i r e m e n t " ) ;

} e l s e {
context_menu . e n a b l e _ a c t i o n ( " e d i t _ r e q u i r e m e n t " ) ;
context_menu . e n a b l e _ a c t i o n ( " d e l e t e _ r e q u i r e m e n t " ) ;
context_menu . e n a b l e _ a c t i o n ( " d u p l i c a t e _ r e q u i r e m e n t " ) ;

}
}) ;

s e l e c t i o n _ m o d e l −>s igna l_ i t ems_changed ( ) . connect (
[ t h i s ] ( gu in t , co n s t g u i n t removed , g u i n t )
{

i f ( removed > 0) {
// I f a n y t h i n g was removed from the model , j u s t d e s e l e c t e v e r y t h i n g out o f an abundance o f
// c a u t i o n .
context_menu . d i s a b l e _ a c t i o n ( " e d i t _ r e q u i r e m e n t " ) ;
context_menu . d i s a b l e _ a c t i o n ( " d e l e t e _ r e q u i r e m e n t " ) ;
context_menu . d i s a b l e _ a c t i o n ( " d u p l i c a t e _ r e q u i r e m e n t " ) ;

}
}) ;

view−>set_model ( s e l e c t i o n _ m o d e l ) ;

c on s t auto columns = view−>get_columns ( ) ;
c on s t auto column_count = columns−>get_n_items ( ) ;

f o r ( g u i n t p o s i t i o n = 0 ; p o s i t i o n < column_count ; ++p o s i t i o n ) {
G l i b : : RefPtr<Gtk : : ColumnViewColumn> column = n u l l p t r ;

i f ( ( column = columns−>get_typed_object <Gtk : : ColumnViewColumn >( p o s i t i o n ) ) != n u l l p t r ) {
c on s t auto &gtk_id = column−>get_ id ( ) ;
c on s t auto f a c t o r y = Gtk : : S i g n a l L i s t I t e m F a c t o r y : : c r e a t e ( ) ;

i f ( g tk_id == " requirement_name " ) {
f a c t o r y −>s i g n a l _ s e t u p ( ) . connect ( s i g c : : b ind (&GTKHelpers : : s e t u p _ l a b e l , f a l s e ) ) ;
f a c t o r y −>s i g n a l _ b i n d ( ) . connect ( s i g c : : p t r_fun (& Sto rageOb jec tBase : : bind_name ) ) ;

} e l s e i f ( g tk_id == " requ i r ement_s ta t ement " ) {
f a c t o r y −>s i g n a l _ s e t u p ( ) . connect ( s i g c : : b ind (&GTKHelpers : : s e t u p _ l a b e l , t r u e ) ) ;
f a c t o r y −>s i g n a l _ b i n d ( ) . connect (

s i g c : : p t r_fun (& Requ i r ement s IndexArea : : on_bind_proper ty_statement ) ) ;
} e l s e i f ( g tk_id == " r e q u i r e m e n t _ d e s c r i p t i o n " ) {

f a c t o r y −>s i g n a l _ s e t u p ( ) . connect ( s i g c : : b ind (&GTKHelpers : : s e t u p _ l a b e l , f a l s e ) ) ;
f a c t o r y −>s i g n a l _ b i n d ( ) . connect (

s i g c : : p t r_fun (& Requ i r ement s IndexArea : : o n _ b i n d _ p r o p e r t y _ d e s c r i p t i o n ) ) ;
} e l s e i f ( g tk_id == " r e q u i r e m e n t _ p r i o r i t y " ) {

f a c t o r y −>s i g n a l _ s e t u p ( ) . connect ( s i g c : : b ind (&GTKHelpers : : s e t u p _ l a b e l , f a l s e ) ) ;
f a c t o r y −>s i g n a l _ b i n d ( ) . connect (

s i g c : : p t r_fun (& Requ i r ement s IndexArea : : o n _ b i n d _ p r o p e r t y _ p r i o r i t y ) ) ;
} e l s e i f ( g tk_id == " r e q u i r e m e n t _ t e s t " ) {

f a c t o r y −>s i g n a l _ s e t u p ( ) . connect ( s i g c : : b ind (&GTKHelpers : : s e t u p _ l a b e l , f a l s e ) ) ;
f a c t o r y −>s i g n a l _ b i n d ( ) . connect ( s i g c : : p t r_fun (& Requ i r ement s IndexArea : : on_b ind_prope r ty_te s t ) ) ;

} e l s e i f ( g tk_id == " r e q u i r e m e n t _ c r e a t e d " ) {
f a c t o r y −>s i g n a l _ s e t u p ( ) . connect ( s i g c : : b ind (&GTKHelpers : : s e t u p _ l a b e l , f a l s e ) ) ;
f a c t o r y −>s i g n a l _ b i n d ( ) . connect ( s i g c : : p t r_fun (& Sto rageOb jec tBase : : b i n d_ c r e a t i o n_ t im e ) ) ;

} e l s e i f ( g tk_id == " r e q u i r e m e n t _ m o d i f i e d " ) {
f a c t o r y −>s i g n a l _ s e t u p ( ) . connect ( s i g c : : b ind (&GTKHelpers : : s e t u p _ l a b e l , f a l s e ) ) ;
f a c t o r y −>s i g n a l _ b i n d ( ) . connect ( s i g c : : p t r_fun (& Sto rageOb jec tBase : : b i n d _ m o d i f i c a t i o n _ t i m e ) ) ;

} e l s e
// Jump out he r e i f un r e cogn i s ed , so a l l f u r t h e r code can assume a f a c t o r y was c o n f i g u r e d .
c o n t i n u e ;

column−>s e t _ f a c t o r y ( f a c t o r y ) ;
}

}
}

v o i d Requ i r ement s IndexArea : : s e l e c t _m o d e l ( c on s t G l i b : : RefPtr<Subsystem> &new_subsystem )
{

on_of f_widget s . f i r s t −>s e t _ v i s i b l e ( f a l s e ) ;
on_of f_widget s . second−>s e t _ v i s i b l e ( t r u e ) ;

a c t i v e _ s u b s y s t e m = new_subsystem ;
new_subsystem−>p o p u l a t e _ s e l e c t i o n _ m o d e l (∗ s e l e c t i o n _ m o d e l ) ;

}

v o i d Requ i r ement s IndexArea : : d e s e l e c t_mode l ( )
{

on_of f_widget s . second−>s e t _ v i s i b l e ( f a l s e ) ;
on_of f_widget s . f i r s t −>s e t _ v i s i b l e ( t r u e ) ;
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a c t i v e _ s u b s y s t e m = n u l l p t r ;
s e l e c t i o n _ m o d e l −>set_model ( n u l l p t r ) ;

}

Subsystem ∗ Requ i r ement s IndexArea : : ge t_ac t i v e_subsy s t em ( ) noexcept
{

r e t u r n a c t i v e _ s u b s y s t e m . ge t ( ) ;
}

c on s t Subsystem ∗ Requ i r ement s IndexArea : : o b s e r v e_a c t i v e _su bsy s t e m ( ) c o n s t noexcept
{

r e t u r n a c t i v e _ s u b s y s t e m . ge t ( ) ;
}

G l i b : : RefPtr<Requirement> Requ i r ement s IndexArea : : g e t _ s e l e c t i o n ( ) c o n s t
{

c on s t auto s e l e c t e d _ i t e m = s e l e c t i o n _ m o d e l −>g e t _ s e l e c t e d _ i t e m ( ) ;

i f ( s e l e c t e d _ i t e m == n u l l p t r )
throw s t d : : r u n t i m e _ e r r o r ( "No i tem s e l e c t e d i n the s e l e c t i o n model . " ) ;

c on s t auto s e l e c t e d _ r e q u i r e m e n t = s t d : : dynamic_po inte r_cas t <Requirement >( s e l e c t e d _ i t e m ) ;

i f ( s e l e c t e d _ r e q u i r e m e n t == n u l l p t r )
throw s t d : : r u n t i m e _ e r r o r ( " S e l e c t e d i tem i s not a Requi rement . " ) ;

r e t u r n s e l e c t e d _ r e q u i r e m e n t ;
}

v o i d Requ i r ement s IndexArea : : o n _ b i n d _ p r o p e r t y _ d e s c r i p t i o n ( c o n s t G l i b : : RefPtr<Gtk : : L i s t I t e m > &l i s t _ i t e m )
{

c on s t auto l a b e l = dynamic_cast<Gtk : : Labe l ∗>( l i s t _ i t e m −>g e t _ c h i l d ( ) ) ;
c on s t auto i tem = s t d : : dynamic_po inte r_cas t <Requirement >( l i s t _ i t e m −>get_item ( ) ) ;

i f ( l a b e l != n u l l p t r && item != n u l l p t r )
G l i b : : B ind ing : : b i n d _ p r o p e r t y (

item−>p r o p e r t y _ d e s c r i p t i o n ( ) , l a b e l −>p r o p e r t y _ l a b e l ( ) , G l i b : : B ind ing : : F l a g s : : SYNC_CREATE) ;
}

v o i d Requ i r ement s IndexArea : : on_b ind_proper ty_statement ( c on s t G l i b : : RefPtr<Gtk : : L i s t I t e m > &l i s t _ i t e m )
{

c on s t auto l a b e l = dynamic_cast<Gtk : : Labe l ∗>( l i s t _ i t e m −>g e t _ c h i l d ( ) ) ;
c on s t auto i tem = s t d : : dynamic_po inte r_cas t <Requirement >( l i s t _ i t e m −>get_item ( ) ) ;

i f ( l a b e l != n u l l p t r && item != n u l l p t r )
G l i b : : B ind ing : : b i n d _ p r o p e r t y ( item−>prope r t y_s ta t e ment ( ) , l a b e l −>p r o p e r t y _ l a b e l ( ) ,

G l i b : : B ind ing : : F l a g s : : SYNC_CREATE,
[ i tem ] ( co n s t G l i b : : u s t r i n g &) { r e t u r n item−>get_fo rmatted_statement ( ) ; }) ;

}

v o i d Requ i r ement s IndexArea : : o n _ b i n d _ p r o p e r t y _ p r i o r i t y ( c on s t G l i b : : RefPtr<Gtk : : L i s t I t e m > &l i s t _ i t e m )
{

c on s t auto l a b e l = dynamic_cast<Gtk : : Labe l ∗>( l i s t _ i t e m −>g e t _ c h i l d ( ) ) ;
c on s t auto i tem = s t d : : dynamic_po inte r_cas t <Requirement >( l i s t _ i t e m −>get_item ( ) ) ;

i f ( l a b e l != n u l l p t r && item != n u l l p t r )
G l i b : : B ind ing : : b i n d _ p r o p e r t y (

item−>p r o p e r t y _ p r i o r i t y ( ) , l a b e l −>p r o p e r t y _ l a b e l ( ) , G l i b : : B ind ing : : F l a g s : : SYNC_CREATE) ;
}

v o i d Requ i r ement s IndexArea : : on_b ind_prope r ty_te s t ( c on s t G l i b : : RefPtr<Gtk : : L i s t I t e m > &l i s t _ i t e m )
{

auto l a b e l = dynamic_cast<Gtk : : Labe l ∗>( l i s t _ i t e m −>g e t _ c h i l d ( ) ) ;
c on s t auto i tem = s t d : : dynamic_po inte r_cas t <Requirement >( l i s t _ i t e m −>get_item ( ) ) ;

i f ( l a b e l != n u l l p t r && item != n u l l p t r ) {
c on s t auto t y p e d _ t e s t s = item−>g e t _ t e s t s ( ) ;
i f ( t y p e d _ t e s t s != n u l l p t r ) {

l a b e l −>s e t _ t e x t ( ManageTestsPopover : : format_test_summary (∗ t y p e d _ t e s t s ) ) ;
t yped_te s t s −>s igna l_ i t ems_changed ( ) . connect ( [ l a b e l , t y p e d _ t e s t s ] ( gu in t , gu in t , g u i n t ) noexcept

{ l a b e l −>s e t _ t e x t ( ManageTestsPopover : : format_test_summary (∗ t y p e d _ t e s t s ) ) ; }) ;
}

}
}

v o i d Requ i r ement s IndexArea : : on_b ind_prope r ty_norma l i s ed ( c on s t G l i b : : RefPtr<Gtk : : L i s t I t e m > &l i s t _ i t e m )
{

c o ns t auto l a b e l = dynamic_cast<Gtk : : Labe l ∗>( l i s t _ i t e m −>g e t _ c h i l d ( ) ) ;
c o n s t auto i tem = s t d : : dynamic_po inte r_cas t <Requirement >( l i s t _ i t e m −>get_item ( ) ) ;
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i f ( l a b e l != n u l l p t r && item != n u l l p t r )
G l i b : : B ind ing : : b i n d _ p r o p e r t y (

item−>p r o p e r t y _ n o r m a l i s e d ( ) , l a b e l −>p r o p e r t y _ l a b e l ( ) , G l i b : : B ind ing : : F l a g s : : SYNC_CREATE) ;
}

} // namespace o p t i f o l

1.8.17.10 RequirementsIndexArea.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the Main Window ’ s Requ i rements I ndex UI a r ea
∗ @author O l i v e r Dixon
∗ @date 2025−03−29
∗ @ v e r s i o n Development
∗/

#i f n d e f REQUIREMENTSINDEXAREA_HPP
#d e f i n e REQUIREMENTSINDEXAREA_HPP

#i n c l u d e <giomm/ l i s t s t o r e . h>
#i n c l u d e <gtkmm/ b u i l d e r . h>
#i n c l u d e <gtkmm/ columnview . h>
#i n c l u d e <gtkmm/ l i s t i t e m . h>
#i n c l u d e <gtkmm/ s i n g l e s e l e c t i o n . h>

#i n c l u d e " . . / . . / S to rage / Requi rement . hpp "
#i n c l u d e " . . / Contex tBut tonCor re spondence . hpp "
#i n c l u d e " . . / IWindowArea . hpp "
#i n c l u d e " IndexDe l e t eRequ i r ementPopove r . hpp "
#i n c l u d e " Inde xDup l i c a t eReq u i r em entP opove r . hpp "
#i n c l u d e " IndexEd i tRequ i r ementPopove r . hpp "
#i n c l u d e " IndexNewRequirementPopover . hpp "

namespace o p t i f o l
{

/∗∗
∗ @ c l a s s Requ i r ement s IndexArea
∗ @ b r i e f Manage the <i >Requ i rements Index </i > area
∗ @ d e t a i l s
∗ <p>
∗ The <i >Requ i rements Index </i > area p r o v i d e s c o n t r o l s f o r r e v i e w i n g and m a n i p u l a t i n g r e q u i r e m e n t s f o r a
∗ s i n g l e Subsystem . The b a s i c s e t o f o p e r a t i o n s on the atomic Requi rement o b j e c t i n c l u d e s c r e a t i o n , d e l e t i o n ,
∗ m o d i f i c a t i o n , and d u p l i c a t i o n . The f o l l o w i n g GTK e l ement s a r e expec t ed from the g i v e n Gtk : : B u i l d e r :
∗ <t a b l e >
∗ <tr >
∗ <th>GTK C++ Clas s </th>
∗ <th>Unique I d e n t i f i e r </th>
∗ <th>Purpose </th>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Widget ( a b s t r a c t )</td>
∗ <td><code>r e q u i r e m e n t s _ i n d e x _ a d v i c e _ u n s e l e c t e d </code></td>
∗ <td>Adv ice to d i s p l a y when the a r ea i s u n a v a i l a b l e </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Widget ( a b s t r a c t )</td>
∗ <td><code>requ i r ement s_ index_conten t </code></td>
∗ <td>Replacement to <code>r e q u i r e m e n t s _ i n d e x _ a d v i c e _ u n s e l e c t e d </code >, c o n t a i n i n g a l l a c t i v e
∗ content </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : ColumnView</td>
∗ <td><code>requ i r ement s_v i ew </code></td>
∗ <td>Table c o n t a i n i n g Requi rement e n t r i e s and a s s o c i a t e d metadata </td>
∗ </t r >
∗ <tr >
∗ <td>Gio : : Menu</td>
∗ <td><code>requirement_context_menu </code></td>
∗ <td>Area−wide c o n t e x t menu</td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : MenuButton</td>
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∗ <td><code>new_requirement </code></td>
∗ <td>Button to a c t i v e <i >New Requirement </i > popover </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Popover </td>
∗ <td><code>new_requirement_popover </code></td>
∗ <td>The <i >New Requirement </i > popover </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : MenuButton</td>
∗ <td><code>e d i t _ r e q u i r e m e n t </code></td>
∗ <td>Button to a c t i v e <i >E d i t Requirement </i > popover </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Popover </td>
∗ <td><code>ed i t_requ i r ement_popove r </code></td>
∗ <td>The <i >E d i t Requirement </i > popover </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : MenuButton</td>
∗ <td><code>d u p l i c a t e _ r e q u i r e m e n t </code></td>
∗ <td>Button to a c t i v e <i >D u p l i c a t e Requirement </i > popover </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Popover </td>
∗ <td><code>dup l i c a t e_requ i r ement_popove r </code></td>
∗ <td>The <i >D u p l i c a t e Requirement </i > popover </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : MenuButton</td>
∗ <td><code>d e l e t e _ r e q u i r e m e n t </code></td>
∗ <td>Button to a c t i v e <i >D e l e t e Requirement </i > popover </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Popover </td>
∗ <td><code>de l e t e_requ i r ement_popove r </code></td>
∗ <td>The <i >D e l e t e Requirement </i > popover </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : ColumnViewColumn</td>
∗ <td><code>requirement_name </code></td>
∗ <td>The Requi rement name column</td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : ColumnViewColumn</td>
∗ <td><code>requ i r ement_sta tement </code></td>
∗ <td>The Requi rement FOL sta tement column</td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : ColumnViewColumn</td>
∗ <td><code>r e q u i r e m e n t _ d e s c r i p t i o n </code></td>
∗ <td>The Requi rement mu l t i −l i n e d e s c r i p t i o n column</td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : ColumnViewColumn</td>
∗ <td><code>r e q u i r e m e n t _ p r i o r i t y </code></td>
∗ <td>The n u m e r i c a l Requi rement p r i o r i t y column</td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : ColumnViewColumn</td>
∗ <td><code>requ i r ement_c r ea t ed </code></td>
∗ <td>The Requi rement c r ea t ed −on date / t ime column</td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : ColumnViewColumn</td>
∗ <td><code>requ i r ement_mod i f i ed </code></td>
∗ <td>The Requi rement l a s t −m o d i f i e d date / t ime column</td>
∗ </t r >
∗ </t a b l e >
∗ </p>
∗ <p>
∗ I n a d d i t i o n to the s t a t e d r e q u i r e d GTK elements , c o n s t i t u e n t popove r s o f t h i s v iew w i l l r e q u i r e t h e i r
∗ own , p o s s i b l y d i s t i n c t , s e t o f e l ement s : <ul > <l i >@re f IndexNewRequirementPopover </ l i > <l i >@re f
∗ IndexEd i tRequ i r ementPopove r </ l i > <l i >@re f I ndexDup l i ca t eRequ i r ementPopove r </ l i > <l i >@re f
∗ IndexDe l e teRequ i r ementPopove r </ l i >
∗ </ul >
∗ </p>
∗/

c l a s s Requ i r ement s IndexArea : p u b l i c IWindowArea
{
p u b l i c :
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/∗∗
∗ @ b r i e f C o n s t r u c t a new compar tmenta l i s ed a r ea f o r d i s p l a y i n g and managing s e t s o f subsystem
∗ r e q u i r e m e n t s
∗ @param b u i l d e r The GTK b u i l d e r a t t a c h e d to the main window
∗/

e x p l i c i t Requ i r ement s IndexArea ( Gtk : : B u i l d e r &b u i l d e r ) ;

v o i d s e l e c t _ m o d e l ( c o n s t G l i b : : RefPtr<Subsystem> &new_subsystem ) o v e r r i d e ;

v o i d de s e l e c t_mode l ( ) o v e r r i d e ;

Subsystem ∗ ge t_ac t i v e_subsy s t em ( ) noexcept o v e r r i d e ;

c on s t Subsystem ∗ ob se r v e _ac t i v e_ sub sy s t e m ( ) c on s t noexcept o v e r r i d e ;

G l i b : : RefPtr<Requirement> g e t _ s e l e c t i o n ( ) co n s t ;

/∗∗
∗ @ b r i e f Bind a Requi rement d e s c r i p t i o n a t t r i b u t e to a l a b e l
∗ @param l i s t _ i t e m The c o n t a i n e r i n which the d e s t i n a t i o n l a b e l e x i s t s
∗/

s t a t i c v o i d o n _ b i n d _ p r o p e r t y _ d e s c r i p t i o n ( c on s t G l i b : : RefPtr<Gtk : : L i s t I t e m > &l i s t _ i t e m ) ;

/∗∗
∗ @ b r i e f Bind a Requi rement s ta tement a t t r i b u t e to a l a b e l
∗ @param l i s t _ i t e m The c o n t a i n e r i n which the d e s t i n a t i o n l a b e l e x i s t s
∗/

s t a t i c v o i d on_bind_proper ty_statement ( co n s t G l i b : : RefPtr<Gtk : : L i s t I t e m > &l i s t _ i t e m ) ;

/∗∗
∗ @ b r i e f Bind a Requi rement p r i o r i t y a t t r i b u t e to a l a b e l
∗ @param l i s t _ i t e m The c o n t a i n e r i n which the d e s t i n a t i o n l a b e l e x i s t s
∗/

s t a t i c v o i d o n _ b i n d _ p r o p e r t y _ p r i o r i t y ( c on s t G l i b : : RefPtr<Gtk : : L i s t I t e m > &l i s t _ i t e m ) ;

/∗∗
∗ @ b r i e f Bind a Requi rement t e s t a t t r i b u t e to a l a b e l
∗ @param l i s t _ i t e m The c o n t a i n e r i n which the d e s t i n a t i o n l a b e l e x i s t s
∗/

s t a t i c v o i d on_b ind_prope r ty_te s t ( c on s t G l i b : : RefPtr<Gtk : : L i s t I t e m > &l i s t _ i t e m ) ;

/∗∗
∗ @ b r i e f Bind a Requi rement CNF−n o r m a l i s e d a t t r i b u t e to a l a b e l
∗ @param l i s t _ i t e m The c o n t a i n e r i n which the d e s t i n a t i o n l a b e l e x i s t s
∗/

s t a t i c v o i d on_b ind_prope r ty_norma l i s ed ( co n s t G l i b : : RefPtr<Gtk : : L i s t I t e m > &l i s t _ i t e m ) ;

p r i v a t e :
G l i b : : RefPtr<Subsystem> a c t i v e _ s u b s y s t e m ;
G l i b : : RefPtr<Gio : : L i s t S t o r e <Requirement>> data_model ;
G l i b : : RefPtr<Gtk : : S i n g l e S e l e c t i o n > s e l e c t i o n _ m o d e l = Gtk : : S i n g l e S e l e c t i o n : : c r e a t e ( ) ;

s t d : : p a i r <Gtk : : Widget ∗ , Gtk : : Widget ∗> on_of f_widget s ;

s t a t i c c o n s t cha r ∗ c on s t area_name ;

Gtk : : ColumnView ∗ v iew ;

Contex tBut tonCor re spondence context_menu ;

IndexNewRequirementPopover new_requi rement_popover ;
I ndexEd i tRequ i r ementPopove r ed i t_ r equ i r ement_popove r ;
I nd exDu p l i c a t eRe qu i r emen tPopo ve r d u p l i c a t e _ r e q u i r e m e n t _ p o p o v e r ;
I ndexDe l e t eRequ i r ementPopove r d e l e t e _r e q u i r e m e n t_ p o p ov e r ;

} ;

} // namespace o p t i f o l

#e n d i f

1.8.18 TestingArea

1.8.18.1 TestingArea.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/
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/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the Main Window ’ s T e s t i n g UI a r ea
∗ @author O l i v e r Dixon
∗ @date 2025−07−09
∗ @ v e r s i o n Development
∗/

#i n c l u d e " Tes t i ngArea . hpp "
#i n c l u d e " . . / . . / U s e r T e s t i n g / M o d e l l i n g / TestGroup . hpp "
#i n c l u d e " . . / GTKHelpers . hpp "

namespace o p t i f o l
{

c on s t l o g 4 c x x : : Logge rPt r Tes t i ngArea : : a r e a _ l o g g e r = Logg ing : : g e t _ l o g g e r ({ "GUI" , " Tes t i ngComp l i ance " }) ;
c on s t cha r ∗ c on s t Tes t i ngArea : : area_name = " T e s t i n g and Compl iance Area " ;

Tes t i ngArea : : Tes t i ngArea ( Gtk : : B u i l d e r &b u i l d e r ) :
t e s t_groups_v i ew ( GTKHelpers : : get_widget<Gtk : : ColumnView >(area_name , b u i l d e r , " t e s t_groups_v i ew " ) ) ,
context_menu ( tes t_groups_v iew ,

GTKHelpers : : ge t_ob jec t <Gio : : Menu>(area_name , b u i l d e r , " test_groups_context_menu " ) ,
{{ " new_test_group " , GTKHelpers : : get_widget<Gtk : : MenuButton>(area_name , b u i l d e r , " new_test_group " ) ,

GTKHelpers : : get_widget<Gtk : : Popover >(area_name , b u i l d e r , " new_test_group_popover " ) ,
t r u e } ,

{" rename_test_group " ,
GTKHelpers : : get_widget<Gtk : : MenuButton >(area_name , b u i l d e r , " rename_test_group " ) ,
GTKHelpers : : get_widget<Gtk : : Popover >(

area_name , b u i l d e r , " rename_test_group_popover " ) ,
t r u e } ,

{" d e l e t e _ t e s t _ g r o u p " ,
GTKHelpers : : get_widget<Gtk : : MenuButton >(area_name , b u i l d e r , " d e l e t e _ t e s t _ g r o u p " ) ,
GTKHelpers : : get_widget<Gtk : : Popover >(

area_name , b u i l d e r , " de l e t e_te s t_group_popove r " ) ,
t r u e } ,

{" copy_to_test_group " ,
GTKHelpers : : get_widget<Gtk : : MenuButton >(area_name , b u i l d e r , " copy_to_test_group " ) ,
GTKHelpers : : get_widget<Gtk : : Popover >(

area_name , b u i l d e r , " copy_to_test_group_popover " ) ,
t r u e } ,

{" move_to_test_group " ,
GTKHelpers : : get_widget<Gtk : : MenuButton >(area_name , b u i l d e r , " move_to_test_group " ) ,
GTKHelpers : : get_widget<Gtk : : Popover >(

area_name , b u i l d e r , " move_to_test_group_popover " ) ,
t r u e } ,

{" r u n _ t e s t s " , GTKHelpers : : get_widget<Gtk : : MenuButton >(area_name , b u i l d e r , " r u n _ t e s t s " ) ,
GTKHelpers : : get_widget<Gtk : : Popover >(area_name , b u i l d e r , " run_te s t s_popove r " ) ,
t r u e }}) ,

on_of f_widget s ( GTKHelpers : : get_widget<Gtk : : Widget >(area_name , b u i l d e r , " t e s t i n g _ a d v i c e _ u n s e l e c t e d " ) ,
GTKHelpers : : get_widget<Gtk : : Widget >(area_name , b u i l d e r , " t e s t i n g _ c o n t e n t " ) ) ,

t e s t i n g _ f a i l e d _ v i e w ( b u i l d e r ) ,
new_test_group_popover ( b u i l d e r , ∗ t h i s ) ,
rename_test_group_popover ( b u i l d e r , ∗ t h i s ) ,
de l e t e_te s t_g roup_popove r ( b u i l d e r , ∗ t h i s ) ,
copy_requ i rement_popover ( b u i l d e r , ∗ t h i s ) ,
move_requirement_popover ( b u i l d e r , ∗ t h i s ) ,
run_te s t s_popove r ( b u i l d e r , ∗ t h i s )

{
c o n f i g u r e _ s e l e c t i o n _ m o d e l ( ) ;
t e s t_groups_v iew −>set_model ( s e l e c t i o n _ m o d e l ) ;

con f i gu r e_co lumns ( ) ;
}

v o i d Tes t i ngArea : : s e l e c t_ m o d e l ( co n s t G l i b : : RefPtr<Subsystem> &new_subsystem )
{

on_of f_widget s . f i r s t −>s e t _ v i s i b l e ( f a l s e ) ;
on_of f_widget s . second−>s e t _ v i s i b l e ( t r u e ) ;

a c t i v e _ s u b s y s t e m = new_subsystem ;
t ree_mode l = Gtk : : TreeL i s tMode l : : c r e a t e (

ac t i ve_subsys t em −>get_te s t_groups ( ) , &ITestModelNode : : g e t _ g i v e n _ t e s t s _ t r e e , t rue , t r u e ) ;
s e l e c t i o n _ m o d e l −>set_model ( t ree_mode l ) ;
t e s t i n g _ f a i l e d _ v i e w . s e l e c t _m o d e l ( new_subsystem ) ;

}

v o i d Tes t i ngArea : : d e s e l e c t_mode l ( )
{

on_of f_widget s . second−>s e t _ v i s i b l e ( f a l s e ) ;
on_of f_widget s . f i r s t −>s e t _ v i s i b l e ( t r u e ) ;
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a c t i v e _ s u b s y s t e m = n u l l p t r ;
t ree_mode l = n u l l p t r ;
s e l e c t i o n _ m o d e l −>set_model ( n u l l p t r ) ;
t e s t i n g _ f a i l e d _ v i e w . de s e l e c t_mode l ( ) ;

}

Subsystem ∗ Tes t i ngArea : : ge t_ac t i v e_subsy s t em ( ) noexcept
{

r e t u r n a c t i v e _ s u b s y s t e m . ge t ( ) ;
}

c on s t Subsystem ∗ Tes t i ngArea : : o b s e r v e _ac t i v e_ sub sy s t e m ( ) c on s t noexcept
{

r e t u r n a c t i v e _ s u b s y s t e m . ge t ( ) ;
}

G l i b : : RefPtr<Gtk : : TreeListRow> Tes t i ngArea : : ge t_se l e c t ed_row ( ) noexcept
{

r e t u r n tree_model−>get_row ( s e l e c t i o n _ m o d e l −>g e t _ s e l e c t e d ( ) ) ;
}

G l i b : : RefPtr<c on s t Gtk : : TreeListRow> Tes t i ngArea : : ge t_se l e c t ed_row ( ) c o n s t noexcept
{

r e t u r n tree_model−>get_row ( s e l e c t i o n _ m o d e l −>g e t _ s e l e c t e d ( ) ) ;
}

G l i b : : RefPtr<TestGroup> Tes t i ngArea : : g e t _ s e l e c t e d _ t e s t _ g r o u p ( )
{

auto s e l e c t e d _ r o w = get_se l e c t ed_row ( ) ;
i f ( s e l e c t e d _ r o w == n u l l p t r )

throw s t d : : r u n t i m e _ e r r o r ( " Popover was made a v a i l a b l e d e s p i t e no s u i t a b l e Test Group s e l e c t i o n . " ) ;

w h i l e ( se l ec ted_row −>get_depth ( ) > 0)
s e l e c t e d _ r o w = se l ec ted_row −>get_parent ( ) ;

c on s t auto te s t_group = s t d : : dynamic_po inte r_cas t <TestGroup >( se l ec ted_row −>get_item ( ) ) ;
i f ( t e s t_g roup == n u l l p t r )

throw s t d : : r u n t i m e _ e r r o r ( " Popover cou ld not f i n d a s u i t a b l e Test Group . " ) ;

r e t u r n t e s t_group ;
}

G l i b : : RefPtr<Requirement> Tes t i ngArea : : g e t _ s e l e c t e d _ r e q u i r e m e n t ( )
{

auto s e l e c t e d _ r o w = get_se l e c t ed_row ( ) ;
i f ( s e l e c t e d _ r o w == n u l l p t r | | s e l e c ted_row −>get_depth ( ) == 0)

throw s t d : : r u n t i m e _ e r r o r ( " Popover was made a v a i l a b l e d e s p i t e no s u i t a b l e Requi rement s e l e c t i o n . " ) ;

w h i l e ( se l ec ted_row −>get_depth ( ) > 1)
s e l e c t e d _ r o w = se l ec ted_row −>get_parent ( ) ;

c on s t auto r e q u i r e m e n t = s t d : : dynamic_po inte r_cas t <Requirement >( se l ec ted_row −>get_item ( ) ) ;
i f ( r e q u i r e m e n t == n u l l p t r )

throw s t d : : r u n t i m e _ e r r o r ( " Popover cou ld not f i n d a s u i t a b l e Requi rement . " ) ;

r e t u r n r e q u i r e m e n t ;
}

s t d : : o p t i o n a l <G l i b : : u s t r i n g > Tes t i ngArea : : b i n d _ t e s t _ r e s u l t ( c on s t s t d : : shared_pt r <Tes tResu l t > &r e s u l t ) noexcept
{

i f ( r e s u l t == n u l l p t r )
r e t u r n "Unknown" ;

t r y {
r e t u r n s t d : : s t r i n g ( r e s u l t −>has_passed ( ) ? " Passed " : " F a i l e d " ) + " i n " +

s t d : : t o _ s t r i n g ( r e s u l t −>get_execut i on_t ime ( ) ) + " ms" ;
} ca tch ( . . . ) {

a r ea_ logge r −>e r r o r ( " Could not fo rmat Test R e s u l t s t r i n g due to system e r r o r . " ) ;
r e t u r n "Unknown e r r o r i n e v a l u a t i o n " ;

}
}

v o i d Tes t i ngArea : : con f i gu r e_co lumns ( ) c on s t
{

c on s t auto columns = tes t_groups_v iew −>get_columns ( ) ;
c on s t auto column_count = columns−>get_n_items ( ) ;

f o r ( g u i n t p o s i t i o n = 0 ; p o s i t i o n < column_count ; ++p o s i t i o n ) {
G l i b : : RefPtr<Gtk : : ColumnViewColumn> column = n u l l p t r ;

i f ( ( column = columns−>get_typed_object <Gtk : : ColumnViewColumn >( p o s i t i o n ) ) != n u l l p t r ) {
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c on s t auto &gtk_id = column−>get_ id ( ) ;
c on s t auto f a c t o r y = Gtk : : S i g n a l L i s t I t e m F a c t o r y : : c r e a t e ( ) ;

i f ( g tk_id == " test_requ i rement_name " ) {

f a c t o r y −>s i g n a l _ s e t u p ( ) . connect ( s i g c : : b ind (&GTKHelpers : : s e tup_expandab l e_ labe l , f a l s e ) ) ;
f a c t o r y −>s i g n a l _ b i n d ( ) . connect ( [ t h i s ] ( c on s t G l i b : : RefPtr<Gtk : : L i s t I t e m > &l i s t _ i t e m ) noexcept

{ Sto rageOb jec tBase : : b ind_name_property_expandable ( l i s t _ i t e m , t ree_mode l ) ; }) ;

} e l s e i f ( g tk_id == " t e s t _ t a r g e t _ e x e c u t a b l e " ) {

f a c t o r y −>s i g n a l _ s e t u p ( ) . connect ( s i g c : : b ind (&GTKHelpers : : s e t u p _ l a b e l , f a l s e ) ) ;
f a c t o r y −>s i g n a l _ b i n d ( ) . connect (

[ ] ( c on s t G l i b : : RefPtr<Gtk : : L i s t I t e m > &l i s t _ i t e m ) noexcept −> v o i d
{

c on s t auto l a b e l = dynamic_cast<Gtk : : Labe l ∗>( l i s t _ i t e m −>g e t _ c h i l d ( ) ) ;
c on s t auto t y p e d _ t e s t = s t d : : dynamic_po inte r_cas t <Test >( l i s t _ i t e m −>get_item ( ) ) ;

i f ( l a b e l == n u l l p t r | | t y p e d _ t e s t == n u l l p t r )
r e t u r n ;

G l i b : : B ind ing : : b i n d _ p r o p e r t y ( typed_tes t −>prope r ty_ta rge t_execu tab l e_name ( ) ,
l a b e l −>p r o p e r t y _ l a b e l ( ) , G l i b : : B ind ing : : F l a g s : : SYNC_CREATE) ;

}) ;

} e l s e i f ( g tk_id == " t e s t _ f i x t u r e " ) {

f a c t o r y −>s i g n a l _ s e t u p ( ) . connect ( s i g c : : b ind (&GTKHelpers : : s e t u p _ l a b e l , f a l s e ) ) ;
f a c t o r y −>s i g n a l _ b i n d ( ) . connect (

[ ] ( c on s t G l i b : : RefPtr<Gtk : : L i s t I t e m > &l i s t _ i t e m ) noexcept −> v o i d
{

c on s t auto l a b e l = dynamic_cast<Gtk : : Labe l ∗>( l i s t _ i t e m −>g e t _ c h i l d ( ) ) ;
c on s t auto t y p e d _ t e s t = s t d : : dynamic_po inte r_cas t <Test >( l i s t _ i t e m −>get_item ( ) ) ;

i f ( l a b e l == n u l l p t r | | t y p e d _ t e s t == n u l l p t r )
r e t u r n ;

G l i b : : B ind ing : : b i n d _ p r o p e r t y ( typed_tes t −>p r o p e r t y _ f i x t u r e ( ) ,
l a b e l −>p r o p e r t y _ l a b e l ( ) , G l i b : : B ind ing : : F l a g s : : SYNC_CREATE) ;

}) ;

} e l s e i f ( g tk_id == " t e s t _ s t a t u s " ) {

f a c t o r y −>s i g n a l _ s e t u p ( ) . connect ( s i g c : : b ind (&GTKHelpers : : s e t u p _ l a b e l , f a l s e ) ) ;
f a c t o r y −>s i g n a l _ b i n d ( ) . connect (

[ ] ( c on s t G l i b : : RefPtr<Gtk : : L i s t I t e m > &l i s t _ i t e m ) noexcept −> v o i d
{

c on s t auto l a b e l = dynamic_cast<Gtk : : Labe l ∗>( l i s t _ i t e m −>g e t _ c h i l d ( ) ) ;
c on s t auto t y p e d _ t e s t = s t d : : dynamic_po inte r_cas t <Test >( l i s t _ i t e m −>get_item ( ) ) ;

i f ( l a b e l == n u l l p t r | | t y p e d _ t e s t == n u l l p t r )
r e t u r n ;

G l i b : : B ind ing : : b i n d _ p r o p e r t y ( typed_tes t −>p r o p e r t y _ r e s u l t ( ) ,
l a b e l −>p r o p e r t y _ l a b e l ( ) , G l i b : : B ind ing : : F l a g s : : SYNC_CREATE,
s i g c : : p t r_fun (& Tes t i ngArea : : b i n d _ t e s t _ r e s u l t ) ) ;

}) ;

} e l s e
// Jump out he r e i f un r e cogn i s ed , so a l l f u r t h e r code can assume a f a c t o r y was c o n f i g u r e d .
c o n t i n u e ;

column−>s e t _ f a c t o r y ( f a c t o r y ) ;
}

}
}

v o i d Tes t i ngArea : : c o n f i g u r e _ s e l e c t i o n _ m o d e l ( ) c on s t
{

s e l e c t i o n _ m o d e l −>s e t _ a u t o s e l e c t ( f a l s e ) ;
s e l e c t i o n _ m o d e l −>s e t _ c a n _ u n s e l e c t ( t r u e ) ;

}

} // namespace o p t i f o l

1.8.18.2 TestingArea.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
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∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the Main Window ’ s T e s t i n g UI a r ea
∗ @author O l i v e r Dixon
∗ @date 2025−07−09
∗ @ v e r s i o n Development
∗/

#i f n d e f TESTINGAREA_HPP
#d e f i n e TESTINGAREA_HPP

#i n c l u d e <glibmm/ r e f p t r . h>
#i n c l u d e <gtkmm/ columnview . h>
#i n c l u d e <gtkmm/ l a b e l . h>
#i n c l u d e <gtkmm/ s i n g l e s e l e c t i o n . h>
#i n c l u d e <gtkmm/ t r e e l i s t m o d e l . h>

#i n c l u d e " . . / . . / S to rage / Subsystem . hpp "
#i n c l u d e " . . / . . / U s e r T e s t i n g / Exec u t i on /PayloadManagement/ G o o g l e T e s t L i s t e n e r . hpp "
#i n c l u d e " . . / Contex tBut tonCor re spondence . hpp "
#i n c l u d e " . . / IWindowArea . hpp "
#i n c l u d e " Test ingCopyToTestGroupPopover . hpp "
#i n c l u d e " Tes t i ngDe l e t eTes tGroupPopove r . hpp "
#i n c l u d e " T e s t i n g F a i l e d V i e w . hpp "
#i n c l u d e " Test ingMoveToTestGroupPopover . hpp "
#i n c l u d e " Test ingNewTestGroupPopover . hpp "
#i n c l u d e " Test ingRenameTestGroupPopover . hpp "
#i n c l u d e " Test ingRunTestsPopover . hpp "

namespace o p t i f o l
{

/∗∗
∗ @ c l a s s Tes t i ngArea
∗ @ b r i e f Manage the <i >T e s t i n g and Compl iance </i > area
∗
∗ @ d e t a i l s
∗ The <i >T e s t i n g and Compl iance </i > area p r o v i d e s c o n t r o l s f o r a g g r e g a t i n g e x i s t i n g Requi rement o b j e c t s i n t o
∗ TestGroup o b j e c t s , and then e x e c u t i n g u n i t t e s t f rameworks ove r the groups . The r e s u l t s o f
∗ Requirement−wi s e u n i t t e s t s can be r e v i e w e d i n the area , o r e x p o r t e d to a r e p o r t u s i n g the <i >R e l e a s e s and
∗ Reports </i > area c a p a b i l i t i e s . The f o l l o w i n g GTK e l ement s a r e expec t ed from the g i v e n Gtk : : B u i l d e r : <t a b l e >
∗ <tr >
∗ <th>GTK C++ Clas s </th>
∗ <th>Unique I d e n t i f i e r </th>
∗ <th>Purpose </th>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Widget ( a b s t r a c t )</td>
∗ <td><code>t e s t i n g _ a d v i c e _ u n s e l e c t e d </code></td>
∗ <td>Adv ice to d i s p l a y when the a r ea i s u n a v a i l a b l e </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Widget ( a b s t r a c t )</td>
∗ <td><code>t e s t i n g _ c o n t e n t </code></td>
∗ <td>Replacement to <code>t e s t i n g _ a d v i c e _ u n s e l e c t e d </code >, c o n t a i n i n g a l l a c t i v e content </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : ColumnView</td>
∗ <td><code>tes t_groups_v iew </code></td>
∗ <td>Table to d i s p l a y n e s t e d TestGroup content </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Popover </td>
∗ <td><code>run_tes t s_popover </code></td>
∗ <td>Popover f o r e x e c u t i n g the Test i t ems i n the s e l e c t e d TestGroup </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : MenuButton</td>
∗ <td><code>run_te s t s </code></td>
∗ <td>Button f o r e x e c u t i n g the e x t e r n a l t e s t i n g framework on the s e l e c t e d TestGroup </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : ColumnViewColumn</td>
∗ <td><code>test_requi rement_name </code></td>
∗ <td>Table column to d i s p l a y the name o f the Requi rement a s s o c i a t e d wi th the Test </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : ColumnViewColumn</td>
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∗ <td><code>t e s t _ t a r g e t _ e x e c u t a b l e </code></td>
∗ <td>Table column to d i s p l a y the t a r g e t e x e c u t a b l e o f the Test </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : ColumnViewColumn</td>
∗ <td><code>t e s t _ f i x t u r e </code></td>
∗ <td>Table column to d i s p l a y the t e s t f i x t u r e o f the Test </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : ColumnViewColumn</td>
∗ <td><code>t e s t _ s t a t u s </code></td>
∗ <td>Table column to d i s p l a y the i c o n i s e d r e s u l t o f the l a s t e s t Test run </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Popover </td>
∗ <td><code>new_test_group_popover </code></td>
∗ <td>Popover f o r c r e a t i n g a new TestGroup </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : MenuButton</td>
∗ <td><code>new_test_group </code></td>
∗ <td>Button f o r open ing <code>new_test_group_popover </code></td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Popover </td>
∗ <td><code>copy_to_test_group_popover </code></td>
∗ <td>Popover f o r copy ing a Requi rement to a new TestGroup </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : MenuButton</td>
∗ <td><code>copy_to_test_group </code></td>
∗ <td>Button f o r open ing <code>copy_to_test_group_popover </code></td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Popover </td>
∗ <td><code>move_to_test_group_popover </code></td>
∗ <td>Popover f o r moving a Requi rement between TestGroup o b j e c t s </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : MenuButton</td>
∗ <td><code>move_to_test_group </code></td>
∗ <td>Button f o r open ing <code>move_to_test_group_popover </code></td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Popover </td>
∗ <td><code>de l e te_tes t_group_popove r </code></td>
∗ <td>Popover f o r d e l e t i n g a TestGroup </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : MenuButton</td>
∗ <td><code>de l e t e_te s t_g roup </code></td>
∗ <td>Button f o r open ing <code>de l e te_tes t_group_popove r </code></td>
∗ </t r >
∗ </t a b l e >
∗ A @re f s t d : : r u n t i m e _ e r r o r w i l l be thrown by the c l a s s c o n s t r u c t o r i f any o f t h e s e a r e i n a c c e s s i b l e i n the
∗ expec t ed type i n s t a n t i a t i o n s .
∗/

c l a s s Tes t i ngArea : p u b l i c IWindowArea
{
p u b l i c :

/∗∗
∗ @ b r i e f C o n s t r u c t a new a rea manager , r e g i s t e r i n g c a l l b a c k s on e l ement s l oaded by the g i v e n b u i l d e r
∗ @param b u i l d e r A GTK b u i l d e r c o n t a i n i n g popover UI e l ement s
∗ @throws s t d : : r u n t i m e _ e r r o r A r e q u i r e d GTK e lement / w idget cou ld not be l oaded from the g i v e n b u i l d e r
∗/

e x p l i c i t Tes t i ngArea ( Gtk : : B u i l d e r &b u i l d e r ) ;

v o i d s e l e c t _ m o d e l ( c o n s t G l i b : : RefPtr<Subsystem> &new_subsystem ) o v e r r i d e ;

v o i d de s e l e c t_mode l ( ) o v e r r i d e ;

Subsystem ∗ ge t_ac t i v e_subsy s t em ( ) noexcept o v e r r i d e ;

c on s t Subsystem ∗ ob se r v e _ac t i v e_ sub sy s t e m ( ) c on s t noexcept o v e r r i d e ;

G l i b : : RefPtr<Gtk : : TreeListRow> get_se l e c t ed_row ( ) noexcept ;

G l i b : : RefPtr<c on s t Gtk : : TreeListRow> get_se l e c t ed_row ( ) c o n s t noexcept ;

/∗∗
∗ @ b r i e f Cop i e s the r e f −counted p o i n t e r to the s e l e c t e d TestGroup . I f a Requi rement or Test i s s e l e c t e d ,
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∗ the owning TestGroup i s r e t u r n e d .
∗ @re tu rn The owning TestGroup o f the s e l e c t e d o b j e c t .
∗ @throws s t d : : r u n t i m e _ e r r o r There i s no s e l e c t e d o b j e c t .
∗/

G l i b : : RefPtr<TestGroup> g e t _ s e l e c t e d _ t e s t _ g r o u p ( ) ;

/∗∗
∗ @ b r i e f Cop i e s the r e f −counted p o i n t e r to the s e l e c t e d Requi rement . I f a Test i s s e l e c t e d , the owning
∗ Requi rement i s r e t u r n e d .
∗ @re tu rn The owning Requi rement o f the s e l e c t e d Test .
∗ @throws s t d : : r u n t i m e _ e r r o r There i s no s e l e c t e d o b j e c t , o r the s e l e c t e d o b j e c t i s u n s u i t a b l e .
∗/

G l i b : : RefPtr<Requirement> g e t _ s e l e c t e d _ r e q u i r e m e n t ( ) ;

p r i v a t e :
/∗∗

∗ @ b r i e f Format a s t r i n g encod ing the T e s t R e s u l t pas sed s t a t e and e x e c u t i o n t ime .
∗ @param r e s u l t An owning c o n t a i n e r o f the T e s t R e s u l t to fo rmat .
∗ @re tu rn A s t r i n g d e s c r i b i n g the T e s t R e s u l t pas sed s t a t e and e x e c u t i o n t ime .
∗ @note The s e m a n t i c s o f t h i s f u n c t i o n i s poor . Ownership o f the argument i s not sha r ed by the f u n c t i o n .
∗ I t i s r e q u i r e d by the c a l l i n g c o n v e n t i o n s o f GTKmm. D i t t o f o r the r e t u r n type be i ng encoded i n @re f
∗ s t d : : o p t i o n a l .
∗ @post The r e t u r n v a l u e i s such t h a t @re f s t d : : o p t i o n a l : : has_va lue r e t u r n s <code>true </code >.
∗/

s t a t i c s t d : : o p t i o n a l <G l i b : : u s t r i n g > b i n d _ t e s t _ r e s u l t ( c on s t s t d : : shared_pt r <Tes tResu l t > &r e s u l t ) noexcept ;

/∗∗
∗ @ b r i e f C o n f i g u r e Gtk : : ColumnViewColumn o b j e c t s i n the @re f t e s t_groups_v i ew .
∗/

v o i d con f i gu r e_co lumns ( ) co n s t ;

/∗∗
∗ @ b r i e f C o n f i g u r e the @re f s e l e c t i o n _ m o d e l .
∗/

v o i d c o n f i g u r e _ s e l e c t i o n _ m o d e l ( ) co n s t ;

s t a t i c c o n s t l o g 4 c x x : : Logge rPt r a r e a _ l o g g e r ;
s t a t i c c o n s t cha r ∗ c on s t area_name ;

Gtk : : ColumnView ∗ c on s t t e s t_groups_v i ew ;
Contex tBut tonCor re spondence context_menu ;
s t d : : p a i r <Gtk : : Widget ∗ , Gtk : : Widget ∗> on_of f_widget s ;

G l i b : : RefPtr<Subsystem> a c t i v e _ s u b s y s t e m ;
G l i b : : RefPtr<Gtk : : S i n g l e S e l e c t i o n > s e l e c t i o n _ m o d e l = Gtk : : S i n g l e S e l e c t i o n : : c r e a t e ( ) ;
G l i b : : RefPtr<Gtk : : TreeL i s tMode l > tree_mode l ;

T e s t i n g F a i l e d V i e w t e s t i n g _ f a i l e d _ v i e w ;

Test ingNewTestGroupPopover new_test_group_popover ;
Test ingRenameTestGroupPopover rename_test_group_popover ;
Tes t i ngDe l e t eTes tGroupPopove r de l e t e_te s t_group_popove r ;
Test ingCopyToTestGroupPopover copy_requ i rement_popover ;
Test ingMoveToTestGroupPopover move_requirement_popover ;
Test ingRunTest sPopover run_te s t s_popove r ;

} ;

} // namespace o p t i f o l

#e n d i f // TESTINGAREA_HPP

1.8.18.3 TestingCopyMovePopoverBase.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the T e s t i n g and Compl iance copy ing / moving popover base
∗ @author O l i v e r Dixon
∗ @date 2025−08−09
∗ @ v e r s i o n Development
∗/

#i n c l u d e " Test ingCopyMovePopoverBase . hpp "
#i n c l u d e " . . / GTKHelpers . hpp "
#i n c l u d e " . . / Logg ing . hpp "
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#i n c l u d e " Tes t i ngArea . hpp "

namespace o p t i f o l
{

c on s t cha r ∗ c on s t Test ingCopyMovePopoverBase : : popover_name = " Copy/Move Requi rement to Test Group Popover " ;
c on s t l o g 4 c x x : : Logge rPt r Test ingCopyMovePopoverBase : : popove r_ logge r =

Logg ing : : g e t _ l o g g e r ({ "GUI" , " Tes t i ngComp l i ance " , " CopyMoveRequirement " }) ;

Test ingCopyMovePopoverBase : : Test ingCopyMovePopoverBase ( Tes t i ngArea &t e s t i n g _ a r e a , Gtk : : Popover ∗my_popover ,
Gtk : : Ent ry ∗ r equ i r ement_ent r y , Gtk : : DropDown ∗ new_test_group_dropdown ,
Gtk : : Button ∗ c on s t conf i rm_button , Gtk : : Button ∗ c on s t cance l_but ton ) :

t e s t i n g _ a r e a ( t e s t i n g _ a r e a ) ,
my_popover ( my_popover ) ,
new_test_group_dropdown ( new_test_group_dropdown ) ,
r e q u i r e m e n t _ e n t r y ( r e q u i r e m e n t _ e n t r y )

{
// Set up bu t ton s and s e l f .
my_popover−>s igna l_show ( ) . connect ( s i g c : : mem_fun(∗ t h i s , &Test ingCopyMovePopoverBase : : popover_show ) ) ;
conf i rm_button −>s i g n a l _ c l i c k e d ( ) . connect (

s i g c : : mem_fun(∗ t h i s , &Test ingCopyMovePopoverBase : : c o n f i r m _ b u t t o n _ c l i c k e d ) ) ;
cance l_button −>s i g n a l _ c l i c k e d ( ) . connect (

s i g c : : mem_fun(∗ t h i s , &Test ingCopyMovePopoverBase : : c a n c e l _ b u t t o n _ c l i c k e d ) ) ;

// Set up dropdown f a c t o r y .
new_test_group_dropdown−>s e t _ f a c t o r y (

conf igure_combo_box_factory ( s i g c : : p t r_fun (&TestGroup : : b ind_name_to_label ) ) ) ;
}

v o i d Test ingCopyMovePopoverBase : : popover_show ( ) c o n s t noexcept
{

// Setup the d e f a u l t d e s t i n a t i o n t e s t group dropdown .
c on s t auto test_group_model = t e s t i n g _ a r e a . ge t_ac t i v e_subsy s t em ( )−>get_te s t_groups ( ) ;
i f ( new_test_group_dropdown−>get_model ( ) != test_group_model )

new_test_group_dropdown−>set_model ( test_group_model ) ;
new_test_group_dropdown−>s e t _ s e l e c t e d (0 ) ;

// Get the s e l e c t e d r e q u i r e m e n t . I f a t e s t i s s e l e c t e d , use i t s p a r e n t r e q u i r e m e n t by wa l k i ng the t r e e .
t r y {

c on s t auto s e l e c t e d _ r e q u i r e m e n t = t e s t i n g _ a r e a . g e t _ s e l e c t e d _ r e q u i r e m e n t ( ) ;
r equ i r ement_ent r y −>s e t _ t e x t ( s e l e c t e d _ r e q u i r e m e n t −>property_name ( ) . ge t_va lue ( ) ) ;

} ca tch ( co n s t s t d : : r u n t i m e _ e r r o r &e x c e p t i o n ) {
popove r_ logger −>e r r o r ( e x c e p t i o n . what ( ) ) ;
my_popover−>popdown ( ) ;

}
}

v o i d Test ingCopyMovePopoverBase : : c a n c e l _ b u t t o n _ c l i c k e d ( ) c o n s t noexcept
{

my_popover−>popdown ( ) ;
}

G l i b : : RefPtr<Gtk : : S i g n a l L i s t I t e m F a c t o r y > Test ingCopyMovePopoverBase : : conf igure_combo_box_factory (
s i g c : : s l o t <v o i d ( c on s t G l i b : : RefPtr<Gtk : : L i s t I t e m > &)> &&b i n d _ f u n c t i o n )

{
c on s t auto f a c t o r y = Gtk : : S i g n a l L i s t I t e m F a c t o r y : : c r e a t e ( ) ;

f a c t o r y −>s i g n a l _ s e t u p ( ) . connect ( s i g c : : b ind (&GTKHelpers : : s e t u p _ l a b e l , f a l s e ) ) ;
f a c t o r y −>s i g n a l _ b i n d ( ) . connect ( s t d : : move ( b i n d _ f u n c t i o n ) ) ;

r e t u r n f a c t o r y ;
}

} // namespace o p t i f o l

1.8.18.4 TestingCopyMovePopoverBase.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the T e s t i n g and Compl iance copy ing / moving popover base
∗ @author O l i v e r Dixon
∗ @date 2025−08−09
∗ @ v e r s i o n Development
∗/
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#i f n d e f OPTIFOL_TESTINGCOPYMOVEPOPOVERBASE_HPP
#d e f i n e OPTIFOL_TESTINGCOPYMOVEPOPOVERBASE_HPP

#i n c l u d e <gtkmm/ button . h>
#i n c l u d e <gtkmm/dropdown . h>
#i n c l u d e <gtkmm/ e n t r y . h>
#i n c l u d e <gtkmm/ popover . h>
#i n c l u d e <gtkmm/ s i g n a l l i s t i t e m f a c t o r y . h>
#i n c l u d e <l o g 4 c x x / l o g g e r . h>

namespace o p t i f o l
{

c l a s s Tes t i ngArea ;
c l a s s Requi rement ;
c l a s s TestGroup ;

/∗∗
∗ @ c l a s s Test ingCopyMovePopoverBase
∗ @ b r i e f P r o v i d e s a common base f o r GTK popove r s p r o v i d i n g f u n c t i o n a l i t y to copy or move Requi rement o b j e c t s
∗ between TestGroup o b j e c t s . D e f a u l t c a l l b a c k s a r e p rov ided , but i n h e r i t o r s must implement the <i >Confirm </i >
∗ a c t i o n .
∗/

c l a s s Test ingCopyMovePopoverBase : p u b l i c s i g c : : t r a c k a b l e
{
p u b l i c :

/∗∗
∗ @ b r i e f D e s t r u c t the Test ingCopyMovePopoverBase i n s t a n c e .
∗/

// ReSharper d i s a b l e once CppHid ingFunct ion
v i r t u a l ~ Test ingCopyMovePopoverBase ( ) = d e f a u l t ;

p r o t e c t e d :
/∗∗

∗ @ b r i e f C o n s t r u c t a new Test ingCopyMovePopoverBase w i th the g i v e n GUI GTK e l ement s .
∗ @param t e s t i n g _ a r e a The p a r e n t a l a r ea .
∗ @param my_popover The managed popover .
∗ @param r e q u i r e m e n t _ e n t r y The read−o n l y e n t r y f o r the s e l e c t e d Requi rement name .
∗ @param new_test_group_dropdown The s e l e c t i o n c o n t r o l f o r the t a r g e t TestGroup .
∗ @param conf i rm_but ton The button to c on f i r m the a c t i o n .
∗ @param cance l_but ton The button to c a n c e l the a c t i o n .
∗/

Test ingCopyMovePopoverBase ( Tes t i ngArea &t e s t i n g _ a r e a , Gtk : : Popover ∗my_popover ,
Gtk : : Ent ry ∗ r equ i r ement_ent r y , Gtk : : DropDown ∗ new_test_group_dropdown ,
Gtk : : Button ∗ conf i rm_button , Gtk : : Button ∗ cance l_but ton ) ;

/∗∗
∗ @ b r i e f D i s p l a y the popover by s e t t i n g contex t −s e n s i t i v e d e f a u l t s e l e c t i o n s f o r the drop−downs .
∗ @see @re f set_test_group_dropdown f o r c o n f i g u r a t i o n o f the <i >Cur r en t Test Group</i > drop−down .
∗ @see @re f set_new_test_group_dropdown f o r c o n f i g u r a t i o n o f the <i >New Test Group</i > drop−down .
∗ @see @re f set_requ i rement_dropdown f o r c o n f i g u r a t i o n o f the <i >Requi rement Name</i > drop−down .
∗/

v o i d popover_show ( ) c o n s t noexcept ;

/∗∗
∗ @ b r i e f Handle a c l i c k o f the <i >Confirm </i > button .
∗/

v i r t u a l v o i d c o n f i r m _ b u t t o n _ c l i c k e d ( ) c o n s t noexcept = 0 ;

/∗∗
∗ @ b r i e f Handle a c l i c k o f the <i >Cancel </i > button by h i d i n g the popover .
∗/

v o i d c a n c e l _ b u t t o n _ c l i c k e d ( ) c on s t noexcept ;

/∗∗
∗ @ b r i e f Create s , c o n f i g u r e s , and r e t u r n s a GTK f a c t o r y f o r a Gtk : : DropDown wi th a g i v e n b ind f u n c t i o n .
∗ @param b i n d _ f u n c t i o n The h a n d l e r f o r s e t t i n g the c o n t e n t s o f the Gtk : : DropDown e lement f o r the g i v e n
∗ Gtk : : L i s t I t e m .
∗ @re tu rn The c o n f i g u r e d f a c t o r y .
∗/

s t a t i c G l i b : : RefPtr<Gtk : : S i g n a l L i s t I t e m F a c t o r y > conf igure_combo_box_factory (
s i g c : : s l o t <v o i d ( c on s t G l i b : : RefPtr<Gtk : : L i s t I t e m > &)> &&b i n d _ f u n c t i o n ) ;

Tes t i ngArea &t e s t i n g _ a r e a ;
Gtk : : Popover ∗ c on s t my_popover ;
Gtk : : DropDown ∗ c on s t new_test_group_dropdown ;

p r i v a t e :
s t a t i c c o n s t cha r ∗ c on s t popover_name ;
s t a t i c c o n s t l o g 4 c x x : : Logge rPt r popove r_ logge r ;
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Gtk : : Ent ry ∗ c on s t r e q u i r e m e n t _ e n t r y ;
} ;

} // namespace o p t i f o l

#e n d i f // OPTIFOL_TESTINGCOPYMOVEPOPOVERBASE_HPP

1.8.18.5 TestingCopyToTestGroupPopover.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the T e s t i n g and Compl iance <i >Copy Requi rement to Test Group</i > popover
∗ @author O l i v e r Dixon
∗ @date 2025−08−08
∗ @ v e r s i o n Development
∗/

#i n c l u d e " Test ingCopyToTestGroupPopover . hpp "
#i n c l u d e " . . / GTKHelpers . hpp "
#i n c l u d e " Tes t i ngArea . hpp "

namespace o p t i f o l
{

c on s t cha r ∗ c on s t Test ingCopyToTestGroupPopover : : popover_name = " Copy Requi rement to Test Group Popover " ;
c on s t l o g 4 c x x : : Logge rPt r Test ingCopyToTestGroupPopover : : popove r_ logge r =

Logg ing : : g e t _ l o g g e r ({ "GUI" , " Tes t i ngComp l i ance " , " CopyMoveRequirement " , " Copy " }) ;

Test ingCopyToTestGroupPopover : : Test ingCopyToTestGroupPopover (
Gtk : : B u i l d e r &b u i l d e r , Te s t i ngArea &t e s t i n g _ a r e a ) :

Test ingCopyMovePopoverBase ( t e s t i n g _ a r e a ,
GTKHelpers : : get_widget<Gtk : : Popover >(popover_name , b u i l d e r , " copy_to_test_group_popover " ) ,
GTKHelpers : : get_widget<Gtk : : Entry >(popover_name , b u i l d e r , " copy_to_tes t_group_requ i rement " ) ,
GTKHelpers : : get_widget<Gtk : : DropDown>(popover_name , b u i l d e r , " copy_to_test_group_new_group " ) ,
GTKHelpers : : get_widget<Gtk : : Button >(popover_name , b u i l d e r , " copy_to_test_group_conf i rm " ) ,
GTKHelpers : : get_widget<Gtk : : Button >(popover_name , b u i l d e r , " copy_to_tes t_group_cance l " ) )

{
}

v o i d Test ingCopyToTestGroupPopover : : c o n f i r m _ b u t t o n _ c l i c k e d ( ) c o n s t noexcept
{

my_popover−>popdown ( ) ;

t r y {
c on s t auto r e q u i r e m e n t = t e s t i n g _ a r e a . g e t _ s e l e c t e d _ r e q u i r e m e n t ( ) ;
c on s t auto t a r g e t _ t e s t _ g r o u p =

dynamic_cast<TestGroup ∗>(new_test_group_dropdown−>g e t _ s e l e c t e d _ i t e m ( ) . ge t ( ) ) ;

i f ( r e q u i r e m e n t == n u l l p t r ) {
popover_ logger −>warn ( " Not copy ing Requirement , as no Requi rement s e l e c t e d . " ) ;
r e t u r n ;

}

i f ( t a r g e t _ t e s t _ g r o u p == n u l l p t r ) {
popover_ logger −>warn ( " Not copy ing Requirement , as no d e s t i n a t i o n Test Group s e l e c t e d . " ) ;
r e t u r n ;

}

ta rge t_te s t_g roup −>i n s e r t _ o b j e c t ( r e q u i r e m e n t ) ;
popove r_ logger −>debug ( " Copied Requi rement \" " + requ i r ement −>property_name ( ) . ge t_va lue ( ) +

" \" i n t o Test Group \" " + ta rge t_te s t_g roup −>property_name ( ) . ge t_va lue ( ) + " \ " . " ) ;
} ca tch ( co n s t s t d : : r u n t i m e _ e r r o r &e x c e p t i o n ) {

popover_ logger −>e r r o r ( " Not copy ing Requi rement : " + s t d : : s t r i n g ( e x c e p t i o n . what ( ) ) ) ;
}

}

} // namespace o p t i f o l

1.8.18.6 TestingCopyToTestGroupPopover.hpp
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/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the T e s t i n g and Compl iance <i >Copy Requi rement to Test Group</i > popover
∗ @author O l i v e r Dixon
∗ @date 2025−08−08
∗ @ v e r s i o n Development
∗/

#i f n d e f OPTIFOL_TESTINGCOPYTOTESTGROUPPOPOVER_HPP
#d e f i n e OPTIFOL_TESTINGCOPYTOTESTGROUPPOPOVER_HPP

#i n c l u d e <gtkmm/ b u i l d e r . h>

#i n c l u d e " Test ingCopyMovePopoverBase . hpp "

namespace o p t i f o l
{

c l a s s Tes t i ngArea ;

/∗∗
∗ @ c l a s s Test ingCopyToTestGroupPopover
∗ @ b r i e f Manage the <i >Copy Requi rement to Test Group</i > popover f o r the Tes t i ngArea .
∗ @see Tes t i ngArea f o r the p a r e n t a r ea .
∗
∗ @ d e t a i l s
∗ The <i >Copy Requi rement to Test Group</i > popover p r o v i d e s c o n t r o l s f o r copy ing an e x i s t i n g Requi rement i n
∗ a TestGroup to ano the r e x i s t i n g TestGroup . The c o n t r o l a u t o m a t i c a l l y p o p u l a t e s i t s e n t r i e s w i th l i k e l y
∗ d e f a u l t s u s i n g the TestGroup / Requi rement / Test models from the p a r e n t a l TestArea . The f o l l o w i n g GTK e l ement s
∗ a r e expec t ed from the g i v e n Gtk : : B u i l d e r : <t a b l e > <tr > <th>GTK C++ Clas s </th> <th>Unique I d e n t i f i e r </th>
∗ <th>Purpose </th>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Popover </td>
∗ <td><code>copy_to_test_group_popover </code></td>
∗ <td>Managed popover </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Button </td>
∗ <td><code>copy_to_test_group_conf i rm </code></td>
∗ <td>Conf i rm copy o f Requirement </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Button </td>
∗ <td><code>copy_to_test_group_cance l </code></td>
∗ <td>Cance l s copy o f Requirement </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Entry </td>
∗ <td><code>copy_to_test_group_requ i rement </code></td>
∗ <td>Reported name o f Requi rement to copy </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : DropDown</td>
∗ <td><code>copy_to_test_group_new_group </code></td>
∗ <td>S e l e c t i o n o f d e s t i n a t i o n TestGroup /move</td>
∗ </t r >
∗ </t a b l e >
∗ A @re f s t d : : r u n t i m e _ e r r o r w i l l be thrown by the c l a s s c o n s t r u c t o r i f any o f t h e s e a r e i n a c c e s s i b l e i n the
∗ expec t ed type i n s t a n t i a t i o n s .
∗/

c l a s s Test ingCopyToTestGroupPopover : p u b l i c Test ingCopyMovePopoverBase
{
p u b l i c :

/∗∗
∗ @ b r i e f C o n s t r u c t a new popover manager , r e g i s t e r i n g c a l l b a c k s on e l ement s l oaded by the g i v e n b u i l d e r
∗ @param b u i l d e r A GTK b u i l d e r c o n t a i n i n g popover UI e l ement s
∗ @param t e s t i n g _ a r e a A mutat ing r e f e r e n c e to the Tes t i ngArea o f which the popover i s a member
∗ @throws s t d : : r u n t i m e _ e r r o r A r e q u i r e d GTK e lement / w idget cou ld not be l oaded from the g i v e n b u i l d e r
∗/

Test ingCopyToTestGroupPopover ( Gtk : : B u i l d e r &b u i l d e r , Tes t i ngArea &t e s t i n g _ a r e a ) ;

p r i v a t e :
/∗∗

∗ @ c o p y b r i e f Test ingCopyMovePopoverBase : : c o n f i r m _ b u t t o n _ c l i c k e d
∗ @ d e t a i l s Cop i e s the Requi rement from i t s c u r r e n t TestGroup to the s e l e c t e d d e s t i n a t i o n TestGroup . The
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∗ s o u r c e TestGroup r e t a i n s i t s copy o f the Requi rement .
∗/

v o i d c o n f i r m _ b u t t o n _ c l i c k e d ( ) co n s t noexcept o v e r r i d e ;

s t a t i c c o n s t cha r ∗ c on s t popover_name ;
s t a t i c c o n s t l o g 4 c x x : : Logge rPt r popove r_ logge r ;

} ;

} // namespace o p t i f o l

#e n d i f // OPTIFOL_TESTINGCOPYTOTESTGROUPPOPOVER_HPP

1.8.18.7 TestingDeleteTestGroupPopover.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the T e s t i n g and Compl iance <i >D e l e t e Test Group</i > popover
∗ @author O l i v e r Dixon
∗ @date 2025−08−09
∗ @ v e r s i o n Development
∗/

#i n c l u d e " Tes t i ngDe l e t eTes tGroupPopove r . hpp "
#i n c l u d e " . . / GTKHelpers . hpp "
#i n c l u d e " . . / Logg ing . hpp "
#i n c l u d e " Tes t i ngArea . hpp "

namespace o p t i f o l
{

c on s t cha r ∗ c on s t Tes t i ngDe l e t eTes tGroupPopove r : : popover_name = " D e l e t e Test Group Popover " ;
c on s t l o g 4 c x x : : Logge rPt r Tes t i ngDe l e t eTes tGroupPopove r : : popove r_ logge r =

Logg ing : : g e t _ l o g g e r ({ "GUI" , " Tes t i ngComp l i ance " , " De le teTes tGroup " }) ;

Tes t i ngDe l e t eTes tGroupPopove r : : Tes t i ngDe l e t eTes tGroupPopove r (
Gtk : : B u i l d e r &b u i l d e r , Te s t i ngArea &t e s t i n g _ a r e a ) :

t e s t i n g _ a r e a ( t e s t i n g _ a r e a ) ,
my_popover ( GTKHelpers : : get_widget<Gtk : : Popover >(popover_name , b u i l d e r , " de l e t e_te s t_g roup_popove r " ) ) ,
t e s t_g roup_ent r y ( GTKHelpers : : get_widget<Gtk : : Entry >(popover_name , b u i l d e r , " de lete_test_group_name " ) )

{
// Get e x t r a e l ement s needed o n l y f o r the c o n s t r u c t o r l i f e t i m e .
c on s t auto con f i rm_button =

GTKHelpers : : get_widget<Gtk : : Button >(popover_name , b u i l d e r , " d e l e t e _ t e s t _ g r o u p _ c o n f i r m " ) ;
c on s t auto cance l_but ton =

GTKHelpers : : get_widget<Gtk : : Button >(popover_name , b u i l d e r , " d e l e t e _ t e s t _ g r o u p _ c a n c e l " ) ;

// Set up bu t ton s and s e l f .
conf i rm_button −>s i g n a l _ c l i c k e d ( ) . connect (

s i g c : : mem_fun(∗ t h i s , &Tes t i ngDe l e t eTes tGroupPopove r : : c o n f i r m _ b u t t o n _ c l i c k e d ) ) ;
cance l_button −>s i g n a l _ c l i c k e d ( ) . connect (

s i g c : : mem_fun(∗ t h i s , &Tes t i ngDe l e t eTes tGroupPopove r : : c a n c e l _ b u t t o n _ c l i c k e d ) ) ;
my_popover−>s igna l_show ( ) . connect ( s i g c : : mem_fun(∗ t h i s , &Tes t i ngDe l e t eTes tGroupPopove r : : popover_shown ) ) ;

}

v o i d Tes t i ngDe l e t eTes tGroupPopove r : : c o n f i r m _ b u t t o n _ c l i c k e d ( ) c o n s t noexcept
{

t r y {
c on s t auto ta rge t_group = t e s t i n g _ a r e a . g e t _ s e l e c t e d _ t e s t _ g r o u p ( ) ;
c on s t auto groups = t e s t i n g _ a r e a . ge t_ac t i v e_subsy s t em ( )−>get_te s t_groups ( ) . ge t ( ) ;
c on s t auto group_count = groups−>get_n_items ( ) ;

/∗
∗ L i n e a r s e a r c h i s a c c e p t a b l e ; we ma in ta i n a r e l a t i v e l y s m a l l number o f t e s t groups , and i t ’ s not
∗ worth the a d d i t i o n a l ove rhead o f m a i n t a i n i n g an i n d e x hash t a b l e .
∗/

f o r ( g u i n t group_index = 0 ; group_index < group_count ; ++group_index )
i f ( groups−>get_item ( group_index ) == ta rge t_group ) {

groups−>remove ( group_index ) ;
popove r_ logger −>debug (

"Removed Test Group \" " + target_group −>property_name ( ) . ge t_va lue ( ) + " \ " . " ) ;
b reak ;

}
} ca tch ( co n s t s t d : : r u n t i m e _ e r r o r &s e l e c t i o n _ e r r o r ) {

popover_ logger −>e r r o r ( " Could not d i s c o v e r the s e l e c t e d Test Group e n t r y . " ) ;
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popover_ logger −>e r r o r ( s e l e c t i o n _ e r r o r . what ( ) ) ;
}

my_popover−>popdown ( ) ;
}

v o i d Tes t i ngDe l e t eTes tGroupPopove r : : c a n c e l _ b u t t o n _ c l i c k e d ( ) co n s t noexcept
{

my_popover−>popdown ( ) ;
}

v o i d Tes t i ngDe l e t eTes tGroupPopove r : : popover_shown ( ) c on s t noexcept
{

t r y {
te s t_group_ent ry −>s e t _ t e x t ( t e s t i n g _ a r e a . g e t _ s e l e c t e d _ t e s t _ g r o u p ( )−>property_name ( ) . ge t_va lue ( ) ) ;

} ca tch ( co n s t s t d : : r u n t i m e _ e r r o r &s e l e c t i o n _ e r r o r ) {
my_popover−>popdown ( ) ;
popove r_ logger −>e r r o r ( " Could not d i s c o v e r the s e l e c t e d Test Group e n t r y . " ) ;
popove r_ logger −>e r r o r ( s e l e c t i o n _ e r r o r . what ( ) ) ;

}
}

} // namespace o p t i f o l

1.8.18.8 TestingDeleteTestGroupPopover.hpp

/∗
∗ C o p y r i g h t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the T e s t i n g and Compl iance <i >D e l e t e Test Group</i > popover
∗ @author O l i v e r Dixon
∗ @date 2025−08−09
∗ @ v e r s i o n Development
∗/

#i f n d e f OPTIFOL_TESTINGDELETETESTGROUPPOPOVER_HPP
#d e f i n e OPTIFOL_TESTINGDELETETESTGROUPPOPOVER_HPP

#i n c l u d e <gtkmm/ b u i l d e r . h>
#i n c l u d e <gtkmm/ e n t r y . h>
#i n c l u d e <gtkmm/ popover . h>
#i n c l u d e <l o g 4 c x x / l o g g e r . h>

namespace o p t i f o l
{

c l a s s Tes t i ngArea ;

/∗∗
∗ @ c l a s s Tes t i ngDe l e t eTes tGroupPopove r
∗ @ b r i e f Manage the <i >D e l e t e Test Group</i > popover f o r the T e s t i n g and Compl iance a r ea .
∗ @see Tes t i ngArea f o r the p a r e n t a r ea
∗
∗ @ d e t a i l s
∗ The <i >D e l e t e Test Group</i > popover p r o v i d e s c o n t r o l s f o r d e l e t i n g an e x i s t i n g TestGroup . The f o l l o w i n g
∗ GTK e l ement s a r e expec t ed to be a v a i l a b l e from the g i v e n Gtk : : B u i l d e r : <t a b l e > <tr > <th>GTK C++ Clas s </th>
∗ <th>Unique I d e n t i f i e r </th>
∗ <th>Purpose </th>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Popover </td>
∗ <td><code>de l e te_tes t_group_popove r </code></td>
∗ <td>Managed popover </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Button </td>
∗ <td><code>de l e t e_te s t_g roup_con f i rm </code></td>
∗ <td>Conf i rm d e l e t i o n button </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Button </td>
∗ <td><code>d e l e t e _ t e s t _ g r o u p _ c a n c e l </code></td>
∗ <td>Cance l d e l e t i o n button </td>
∗ </t r >
∗ <tr >
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∗ <td>Gtk : : Entry </td>
∗ <td><code>delete_test_group_name </code></td>
∗ <td>Read−o n l y e n t r y to ho ld the name o f the TestGroup to d e l e t e </td>
∗ </t r >
∗ </t a b l e >
∗/

c l a s s Tes t i ngDe l e t eTes tGroupPopove r : p u b l i c s i g c : : t r a c k a b l e
{
p u b l i c :

/∗∗
∗ @ b r i e f C o n s t r u c t a new popover manager , r e g i s t e r i n g c a l l b a c k s on e l ement s l oaded by the g i v e n b u i l d e r
∗ @param b u i l d e r A GTK b u i l d e r c o n t a i n i n g popover UI e l ement s
∗ @param t e s t i n g _ a r e a A mutat ing r e f e r e n c e to the Tes t i ngArea o f which the popover i s a member
∗ @throws s t d : : r u n t i m e _ e r r o r A r e q u i r e d GTK e lement / w idget cou ld not be l oaded from the g i v e n b u i l d e r
∗/

Tes t i ngDe l e t eTes tGroupPopove r ( Gtk : : B u i l d e r &b u i l d e r , Tes t i ngArea &t e s t i n g _ a r e a ) ;

p r i v a t e :
/∗∗

∗ @ b r i e f Handle a c l i c k o f the <i >Confirm </i > button by d e l e t i n g the s e l e c t e d TestGroup .
∗/

v o i d c o n f i r m _ b u t t o n _ c l i c k e d ( ) co n s t noexcept ;

/∗∗
∗ @ b r i e f Handle a c l i c k o f the <i >Cancel </i > button by h i d i n g the popover .
∗/

v o i d c a n c e l _ b u t t o n _ c l i c k e d ( ) c on s t noexcept ;

/∗∗
∗ @ b r i e f Handle a show o f the popover by d i s p l a y i n g the s e l e c t e d TestGroup name .
∗/

v o i d popover_shown ( ) c o n s t noexcept ;

s t a t i c c o n s t cha r ∗ c on s t popover_name ;
s t a t i c c o n s t l o g 4 c x x : : Logge rPt r popove r_ logge r ;

Tes t i ngArea &t e s t i n g _ a r e a ;

Gtk : : Popover ∗ c on s t my_popover ;
Gtk : : Ent ry ∗ c on s t t e s t_g roup_ent r y ;

} ;

} // namespace o p t i f o l

#e n d i f // OPTIFOL_TESTINGDELETETESTGROUPPOPOVER_HPP

1.8.18.9 TestingFailedView.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the T e s t i n g and Compl iance F a i l e d Test R e s u l t s v iew
∗ @author O l i v e r Dixon
∗ @date 2025−08−10
∗ @ v e r s i o n Development
∗/

#i n c l u d e " T e s t i n g F a i l e d V i e w . hpp "
#i n c l u d e " . . / GTKHelpers . hpp "
#i n c l u d e " . . / Logg ing . hpp "
#i n c l u d e " . . / S to rage / Subsystem . hpp "

namespace o p t i f o l
{

c on s t l o g 4 c x x : : Logge rPt r T e s t i n g F a i l e d V i e w : : a r e a _ l o g g e r =
Logg ing : : g e t _ l o g g e r ({ "GUI" , " Tes t i ngComp l i ance " , " F a i l e d T e s t s " }) ;

c on s t cha r ∗ c on s t T e s t i n g F a i l e d V i e w : : area_name = " T e s t i n g and Compl iance F a i l e d Tes t s Area " ;

T e s t i n g F a i l e d V i e w : : T e s t i n g F a i l e d V i e w ( Gtk : : B u i l d e r &b u i l d e r ) :
t a b l e ( GTKHelpers : : get_widget<Gtk : : ColumnView >(area_name , b u i l d e r , " t e s t _ g r o u p s _ f a i l e d _ v i e w " ) ) ,
c o n t a i n e r ( GTKHelpers : : get_widget<Gtk : : Widget >(area_name , b u i l d e r , " t e s t _ g r o u p s _ f a i l e d _ c o n t a i n e r " ) )

{
t a b l e −>set_model ( s e l e c t i o n _ m o d e l ) ;
con f i gu r e_co lumns ( ) ;
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}

Subsystem ∗ T e s t i n g F a i l e d V i e w : : ge t_ac t i v e_subsy s t em ( ) noexcept
{

r e t u r n a c t i v e _ s u b s y s t e m . ge t ( ) ;
}

c on s t Subsystem ∗ T e s t i n g F a i l e d V i e w : : o b s e r v e_a c t i v e _su bsy s t e m ( ) c o n s t noexcept
{

r e t u r n a c t i v e _ s u b s y s t e m . ge t ( ) ;
}

v o i d T e s t i n g F a i l e d V i e w : : s e l e c t _ mo d e l ( c on s t G l i b : : RefPtr<Subsystem> &new_subsystem )
{

a c t i v e _ s u b s y s t e m = new_subsystem ;
t ree_mode l = Gtk : : TreeL i s tMode l : : c r e a t e (

ac t i ve_subsys t em −>get_te s t_groups ( ) , &ITestModelNode : : g e t _ g i v e n _ r e s u l t s _ t r e e , t rue , t r u e ) ;
s e l e c t i o n _ m o d e l −>set_model ( t ree_mode l ) ;
t ree_model−>s igna l_ i t ems_changed ( ) . connect ( s i g c : : mem_fun(∗ t h i s , &T e s t i n g F a i l e d V i e w : : handle_model_change ) ) ;

}

v o i d T e s t i n g F a i l e d V i e w : : de s e l e c t_mode l ( )
{

a c t i v e _ s u b s y s t e m = n u l l p t r ;
t ree_mode l = n u l l p t r ;
s e l e c t i o n _ m o d e l −>set_model ( n u l l p t r ) ;

}

v o i d T e s t i n g F a i l e d V i e w : : con f i gu r e_co lumns ( ) c o n s t
{

c on s t auto columns = t a b l e −>get_columns ( ) ;
c on s t auto column_count = columns−>get_n_items ( ) ;

f o r ( g u i n t p o s i t i o n = 0 ; p o s i t i o n < column_count ; ++p o s i t i o n ) {
G l i b : : RefPtr<Gtk : : ColumnViewColumn> column = n u l l p t r ;

i f ( ( column = columns−>get_typed_object <Gtk : : ColumnViewColumn >( p o s i t i o n ) ) != n u l l p t r ) {
c on s t auto &gtk_id = column−>get_ id ( ) ;
c on s t auto f a c t o r y = Gtk : : S i g n a l L i s t I t e m F a c t o r y : : c r e a t e ( ) ;

i f ( g tk_id == " f a i l e d _ t e s t _ m e s s a g e " ) {

f a c t o r y −>s i g n a l _ s e t u p ( ) . connect ( s i g c : : b ind (&GTKHelpers : : s e tup_expandab l e_ labe l , f a l s e ) ) ;
f a c t o r y −>s i g n a l _ b i n d ( ) . connect ( [ t h i s ] ( c on s t G l i b : : RefPtr<Gtk : : L i s t I t e m > &l i s t _ i t e m ) noexcept

{ Sto rageOb jec tBase : : b ind_name_property_expandable ( l i s t _ i t e m , t ree_mode l ) ; }) ;

} e l s e i f ( g tk_id == " f a i l e d _ t e s t _ s o u r c e _ f i l e " ) {

f a c t o r y −>s i g n a l _ s e t u p ( ) . connect ( s i g c : : b ind (&GTKHelpers : : s e t u p _ l a b e l , f a l s e ) ) ;
f a c t o r y −>s i g n a l _ b i n d ( ) . connect (

[ ] ( c on s t G l i b : : RefPtr<Gtk : : L i s t I t e m > &l i s t _ i t e m ) noexcept −> v o i d
{

c on s t auto l a b e l = dynamic_cast<Gtk : : Labe l ∗>( l i s t _ i t e m −>g e t _ c h i l d ( ) ) ;
c on s t auto t y p e d _ r e s u l t =

dynamic_cast<c on s t P a r t i a l T e s t R e s u l t ∗>( l i s t _ i t e m −>get_item ( ) . ge t ( ) ) ;

i f ( l a b e l == n u l l p t r | | t y p e d _ r e s u l t == n u l l p t r )
r e t u r n ;

G l i b : : B ind ing : : b i n d _ p r o p e r t y ( t y p e d _ r e s u l t −>p r o p e r t y _ f i l e ( ) ,
l a b e l −>p r o p e r t y _ l a b e l ( ) , G l i b : : B ind ing : : F l a g s : : SYNC_CREATE) ;

}) ;

} e l s e i f ( g tk_id == " f a i l e d _ t e s t _ s o u r c e _ l i n e " ) {

f a c t o r y −>s i g n a l _ s e t u p ( ) . connect ( s i g c : : b ind (&GTKHelpers : : s e t u p _ l a b e l , f a l s e ) ) ;
f a c t o r y −>s i g n a l _ b i n d ( ) . connect (

[ ] ( c on s t G l i b : : RefPtr<Gtk : : L i s t I t e m > &l i s t _ i t e m ) noexcept −> v o i d
{

c on s t auto l a b e l = dynamic_cast<Gtk : : Labe l ∗>( l i s t _ i t e m −>g e t _ c h i l d ( ) ) ;
c on s t auto t y p e d _ r e s u l t =

dynamic_cast<c on s t P a r t i a l T e s t R e s u l t ∗>( l i s t _ i t e m −>get_item ( ) . ge t ( ) ) ;

i f ( l a b e l == n u l l p t r | | t y p e d _ r e s u l t == n u l l p t r )
r e t u r n ;

G l i b : : B ind ing : : b i n d _ p r o p e r t y ( t y p e d _ r e s u l t −>p r o p e r t y _ l i n e ( ) ,
l a b e l −>p r o p e r t y _ l a b e l ( ) , G l i b : : B ind ing : : F l a g s : : SYNC_CREATE,
[ ] ( co n s t g u i n t l i n e ) −> s t d : : o p t i o n a l <G l i b : : u s t r i n g >
{ r e t u r n s t d : : t o _ s t r i n g ( l i n e ) ; }) ;

}) ;
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} e l s e
// Jump out he r e i f un r e cogn i s ed , so a l l f u r t h e r code can assume a f a c t o r y was c o n f i g u r e d .
c o n t i n u e ;

column−>s e t _ f a c t o r y ( f a c t o r y ) ;
}

}
}

v o i d T e s t i n g F a i l e d V i e w : : handle_model_change (
c on s t g u i n t i n i t i a l _ i n d e x , c o n s t g u i n t removed_count , co n s t g u i n t added_count ) c on s t noexcept

{
s t d : : i g n o r e = i n i t i a l _ i n d e x ;
s t d : : i g n o r e = removed_count ;
s t d : : i g n o r e = added_count ;

/∗
∗ I f the t r e e model doesn ’ t e x i s t , we a lways want to d i s a b l e the f a i l e d v iew : no model means no f a i l e d
∗ t e s t s .
∗
∗ R e c a l l t h a t the number o f i t ems i n the f a i l e d model i s lower −bounded by the number o f t e s t g roups . Once
∗ the number o f i t ems i n the f a i l e d model r e a c h e s the number o f t e s t groups , we know t h a t a l l t e s t g roups
∗ must be empty . S i n c e they a r e empty , t h e r e a r e no f a i l u r e r e c o r d s , thus the c o n t a i n e r s h o u l d be h idden .
∗/

c on s t boo l s h o u l d _ d i s p l a y = tree_mode l != n u l l p t r &&
tree_model−>get_n_items ( ) > act i ve_subsys t em −>get_te s t_g roups ( )−>get_n_items ( ) ;

i f ( c o n t a i n e r −>g e t _ v i s i b l e ( ) != s h o u l d _ d i s p l a y )
c o n t a i n e r −>s e t _ v i s i b l e ( s h o u l d _ d i s p l a y ) ;

}

} // namespace o p t i f o l

1.8.18.10 TestingFailedView.hpp

/∗
∗ C o p y r i g h t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the T e s t i n g and Compl iance F a i l e d Test R e s u l t s v iew
∗ @author O l i v e r Dixon
∗ @date 2025−08−10
∗ @ v e r s i o n Development
∗/

#i f n d e f OPTIFOL_TESTINGFAILEDVIEW_HPP
#d e f i n e OPTIFOL_TESTINGFAILEDVIEW_HPP

#i n c l u d e <glibmm/ r e f p t r . h>
#i n c l u d e <gtkmm/ b u i l d e r . h>
#i n c l u d e <gtkmm/ columnview . h>
#i n c l u d e <gtkmm/ n o s e l e c t i o n . h>
#i n c l u d e <gtkmm/ t r e e l i s t m o d e l . h>
#i n c l u d e <l o g 4 c x x / l o g g e r . h>

#i n c l u d e " . . / IWindowArea . hpp "

namespace o p t i f o l
{

/∗∗
∗ @ c l a s s T e s t i n g F a i l e d V i e w
∗ @ b r i e f Manage the <i >F a i l e d Tes t s View</i > s e c t i o n o f the <i >T e s t i n g and Compl iance </i > area .
∗
∗ @ d e t a i l s
∗ The <i >F a i l e d Tes t s View</i > p r e s e n t s a read−o n l y t a b u l a r r e p r e s e n t a t i o n o f P a r t i a l T e s t R e s u l t o b j e c t s ,
∗ grouped by t h e i r r e s p e c t i v e owning Test o b j e c t s , which a r e i n t u r n grouped by the TestGroup o b j e c t s . The
∗ f o l l o w i n g GTK e l ement s a r e expec t ed from the g i v e n Gtk : : B u i l d e r : <t a b l e > <tr > <th>GTK C++ Clas s </th>
∗ <th>Unique I d e n t i f i e r </th>
∗ <th>Purpose </th>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Widget ( a b s t r a c t )</td>
∗ <td><code>t e s t _ g r o u p s _ f a i l e d _ c o n t a i n e r </code></td>
∗ <td>C o n t a i n i n g w idget o f the e n t i r e sub−area .</td>
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∗ </t r >
∗ <tr >
∗ <td>Gtk : : ColumnView</td>
∗ <td><code>t e s t _ g r o u p s _ f a i l e d _ v i e w </code></td>
∗ <td>Table d e t a i n e d by <code>t e s t _ g r o u p s _ f a i l e d _ c o n t a i n e r </code> t a b u l a t i n g P a r t i a l T e s t R e s u l t
∗ f i e l d s .</td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : ColumnViewColumn</td>
∗ <td><code>f a i l e d _ t e s t _ m e s s a g e </code></td>
∗ <td>Table column to d i s p l a y the message o f the P a r t i a l T e s t R e s u l t , o r the name o f the Test
∗ t h e r e o f .</td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : ColumnViewColumn</td>
∗ <td><code>f a i l e d _ t e s t _ s o u r c e _ f i l e </code></td>
∗ <td>Table column to d i s p l a y the s o u r c e f i l e name o f the P a r t i a l T e s t R e s u l t .</td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : ColumnViewColumn</td>
∗ <td><code>f a i l e d _ t e s t _ s o u r c e _ l i n e </code></td>
∗ <td>Table column to d i s p l a y the s o u r c e l i n e number o f the P a r t i a l T e s t R e s u l t .</td>
∗ </t r >
∗ </t a b l e >
∗ A @re f s t d : : r u n t i m e _ e r r o r w i l l be thrown by the c l a s s c o n s t r u c t o r i f any o f t h e s e a r e i n a c c e s s i b l e i n the
∗ expec t ed type i n s t a n t i a t i o n s .
∗/

c l a s s T e s t i n g F a i l e d V i e w : p u b l i c IWindowArea
{
p u b l i c :

/∗∗
∗ @ b r i e f C o n s t r u c t a new sub−area manager , r e g i s t e r i n g c a l l b a c k s on e l ement s l oaded by the g i v e n b u i l d e r
∗ @param b u i l d e r A GTK b u i l d e r c o n t a i n i n g popover UI e l ement s
∗ @throws s t d : : r u n t i m e _ e r r o r A r e q u i r e d GTK e lement / w idget cou ld not be l oaded from the g i v e n b u i l d e r
∗/

e x p l i c i t T e s t i n g F a i l e d V i e w ( Gtk : : B u i l d e r &b u i l d e r ) ;

Subsystem ∗ ge t_ac t i v e_subsy s t em ( ) noexcept o v e r r i d e ;

c on s t Subsystem ∗ ob se r v e _ac t i v e_ sub sy s t e m ( ) c on s t noexcept o v e r r i d e ;

v o i d s e l e c t _ m o d e l ( c o n s t G l i b : : RefPtr<Subsystem> &new_subsystem ) o v e r r i d e ;

v o i d de s e l e c t_mode l ( ) o v e r r i d e ;

p r i v a t e :
v o i d con f i gu r e_co lumns ( ) co n s t ;

/∗∗
∗ @ b r i e f Hand les a change i n the model . I n p a r t i c u l a r , show or h i d e the e n t i r e @re f c o n t a i n e r v i e w i n g
∗ pane .
∗ @param i n i t i a l _ i n d e x The i n i t i a l i n d e x o f the model changes .
∗ @param removed_count The number o f removed i t ems .
∗ @param added_count The number o f added i t ems .
∗/

v o i d handle_model_change ( g u i n t i n i t i a l _ i n d e x , g u i n t removed_count , g u i n t added_count ) co n s t noexcept ;

s t a t i c c o n s t l o g 4 c x x : : Logge rPt r a r e a _ l o g g e r ;
s t a t i c c o n s t cha r ∗ c on s t area_name ;

Gtk : : Widget ∗ c on s t c o n t a i n e r ;
Gtk : : ColumnView ∗ c on s t t a b l e ;

G l i b : : RefPtr<Subsystem> a c t i v e _ s u b s y s t e m ;
G l i b : : RefPtr<Gtk : : NoSe l ec t i on > s e l e c t i o n _ m o d e l = Gtk : : N o S e l e c t i o n : : c r e a t e ( ) ;
G l i b : : RefPtr<Gtk : : TreeL i s tMode l > tree_mode l ;

} ;

} // namespace o p t i f o l

#e n d i f // OPTIFOL_TESTINGFAILEDVIEW_HPP

1.8.18.11 TestingMoveToTestGroupPopover.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/
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/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the T e s t i n g and Compl iance <i >Move Requi rement to Test Group</i > popover
∗ @author O l i v e r Dixon
∗ @date 2025−08−09
∗ @ v e r s i o n Development
∗/

#i n c l u d e " Test ingMoveToTestGroupPopover . hpp "
#i n c l u d e " . . / GTKHelpers . hpp "
#i n c l u d e " Tes t i ngArea . hpp "

namespace o p t i f o l
{

c on s t cha r ∗ c on s t Test ingMoveToTestGroupPopover : : popover_name = "Move Requi rement to Test Group Popover " ;
c on s t l o g 4 c x x : : Logge rPt r Test ingMoveToTestGroupPopover : : popove r_ logge r =

Logg ing : : g e t _ l o g g e r ({ "GUI" , " Tes t i ngComp l i ance " , " CopyMoveRequirement " , "Move" }) ;

Test ingMoveToTestGroupPopover : : Test ingMoveToTestGroupPopover (
Gtk : : B u i l d e r &b u i l d e r , Te s t i ngArea &t e s t i n g _ a r e a ) :

Test ingCopyMovePopoverBase ( t e s t i n g _ a r e a ,
GTKHelpers : : get_widget<Gtk : : Popover >(popover_name , b u i l d e r , " move_to_test_group_popover " ) ,
GTKHelpers : : get_widget<Gtk : : Entry >(popover_name , b u i l d e r , " move_to_test_group_requi rement " ) ,
GTKHelpers : : get_widget<Gtk : : DropDown>(popover_name , b u i l d e r , " move_to_test_group_new_group " ) ,
GTKHelpers : : get_widget<Gtk : : Button >(popover_name , b u i l d e r , " move_to_test_group_conf i rm " ) ,
GTKHelpers : : get_widget<Gtk : : Button >(popover_name , b u i l d e r , " move_to_test_group_cance l " ) )

{
}

v o i d Test ingMoveToTestGroupPopover : : c o n f i r m _ b u t t o n _ c l i c k e d ( ) c o n s t noexcept
{

my_popover−>popdown ( ) ;

t r y {
c on s t auto sou rce_te s t_g roup = t e s t i n g _ a r e a . g e t _ s e l e c t e d _ t e s t _ g r o u p ( ) ;
c on s t auto r e q u i r e m e n t = t e s t i n g _ a r e a . g e t _ s e l e c t e d _ r e q u i r e m e n t ( ) ;
c on s t auto t a r g e t _ t e s t _ g r o u p =

dynamic_cast<TestGroup ∗>(new_test_group_dropdown−>g e t _ s e l e c t e d _ i t e m ( ) . ge t ( ) ) ;

i f ( sou r ce_te s t_group == n u l l p t r ) {
popover_ logger −>warn ( " Not moving Requirement , as no s o u r c e Test Group s e l e c t e d . " ) ;
r e t u r n ;

}

i f ( r e q u i r e m e n t == n u l l p t r ) {
popover_ logger −>warn ( " Not moving Requirement , as no Requi rement s e l e c t e d . " ) ;
r e t u r n ;

}

i f ( t a r g e t _ t e s t _ g r o u p == n u l l p t r ) {
popover_ logger −>warn ( " Not moving Requirement , as no d e s t i n a t i o n Test Group s e l e c t e d . " ) ;
r e t u r n ;

}

ta rge t_te s t_g roup −>i n s e r t _ o b j e c t ( r e q u i r e m e n t ) ; // Do t h i s f i r s t , i n ca s e i t th rows an e x c e p t i o n .
source_tes t_group −>d e l e t e _ o b j e c t ( r e q u i r e m e n t ) ;

popove r_ logger −>debug ( "Moved Requi rement \" " + requ i r ement −>property_name ( ) . ge t_va lue ( ) +
" \" from Test Group \" " + source_tes t_group −>property_name ( ) . ge t_va lue ( ) +
" \" i n t o Test Group \" " + ta rge t_te s t_g roup −>property_name ( ) . ge t_va lue ( ) + " \ " . " ) ;

} ca tch ( co n s t s t d : : r u n t i m e _ e r r o r &e x c e p t i o n ) {
popover_ logger −>e r r o r ( " Not moving Requi rement : " + s t d : : s t r i n g ( e x c e p t i o n . what ( ) ) ) ;

}
}

} // namespace o p t i f o l

1.8.18.12 TestingMoveToTestGroupPopover.hpp

/∗
∗ C o p y r i g h t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the T e s t i n g and Compl iance <i >Move Requi rement to Test Group</i > popover
∗ @author O l i v e r Dixon
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∗ @date 2025−08−09
∗ @ v e r s i o n Development
∗/

#i f n d e f OPTIFOL_TESTINGMOVETOTESTGROUPPOPOVER_HPP
#d e f i n e OPTIFOL_TESTINGMOVETOTESTGROUPPOPOVER_HPP

#i n c l u d e <gtkmm/ b u i l d e r . h>

#i n c l u d e " Test ingCopyMovePopoverBase . hpp "

namespace o p t i f o l
{

/∗∗
∗ @ c l a s s Test ingMoveToTestGroupPopover
∗ @ b r i e f Manage the <i >Move Requi rement to Test Group</i > popover f o r the Tes t i ngArea .
∗ @see Tes t i ngArea f o r the p a r e n t a r ea .
∗
∗ @ d e t a i l s
∗ The <i >Move Requi rement to Test Group</i > popover p r o v i d e s c o n t r o l s f o r moving an e x i s t i n g Requi rement
∗ between TestGroup o b j e c t s . The c o n t r o l a u t o m a t i c a l l y p o p u l a t e s i t s e n t r i e s w i th l i k e l y d e f a u l t s u s i n g the
∗ TestGroup / Requi rement / Test models from the p a r e n t a l TestArea . The f o l l o w i n g GTK e l ement s a r e expec t ed from
∗ the g i v e n Gtk : : B u i l d e r : <t a b l e > <tr > <th>GTK C++ Clas s </th> <th>Unique I d e n t i f i e r </th> <th>Purpose </th>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Popover </td>
∗ <td><code>move_to_test_group_popover </code></td>
∗ <td>Managed popover </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Button </td>
∗ <td><code>move_to_test_group_conf irm </code></td>
∗ <td>Conf i rm move o f Requirement </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Button </td>
∗ <td><code>move_to_test_group_cancel </code></td>
∗ <td>Cance l s move o f Requirement </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Entry </td>
∗ <td><code>move_to_test_group_requirement </code></td>
∗ <td>Reported name o f Requi rement to move</td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : DropDown</td>
∗ <td><code>move_to_test_group_new_group </code></td>
∗ <td>S e l e c t i o n o f d e s t i n a t i o n TestGroup /move</td>
∗ </t r >
∗ </t a b l e >
∗ A @re f s t d : : r u n t i m e _ e r r o r w i l l be thrown by the c l a s s c o n s t r u c t o r i f any o f t h e s e a r e i n a c c e s s i b l e i n the
∗ expec t ed type i n s t a n t i a t i o n s .
∗/

c l a s s Test ingMoveToTestGroupPopover : p u b l i c Test ingCopyMovePopoverBase
{
p u b l i c :

/∗∗
∗ @ b r i e f C o n s t r u c t a new popover manager , r e g i s t e r i n g c a l l b a c k s on e l ement s l oaded by the g i v e n b u i l d e r
∗ @param b u i l d e r A GTK b u i l d e r c o n t a i n i n g popover UI e l ement s
∗ @param t e s t i n g _ a r e a A mutat ing r e f e r e n c e to the Tes t i ngArea o f which the popover i s a member
∗ @throws s t d : : r u n t i m e _ e r r o r A r e q u i r e d GTK e lement / w idget cou ld not be l oaded from the g i v e n b u i l d e r
∗/

Test ingMoveToTestGroupPopover ( Gtk : : B u i l d e r &b u i l d e r , Tes t i ngArea &t e s t i n g _ a r e a ) ;

p r i v a t e :
/∗∗

∗ @ c o p y b r i e f Test ingCopyMovePopoverBase : : c o n f i r m _ b u t t o n _ c l i c k e d
∗ @ d e t a i l s Moves the Requi rement from i t s c u r r e n t TestGroup to the s e l e c t e d d e s t i n a t i o n TestGroup . The
∗ s o u r c e TestGroup does not r e t a i n i t s copy o f the Requi rement .
∗/

v o i d c o n f i r m _ b u t t o n _ c l i c k e d ( ) co n s t noexcept o v e r r i d e ;

s t a t i c c o n s t cha r ∗ c on s t popover_name ;
s t a t i c c o n s t l o g 4 c x x : : Logge rPt r popove r_ logge r ;

} ;

} // namespace o p t i f o l

#e n d i f // OPTIFOL_TESTINGMOVETOTESTGROUPPOPOVER_HPP
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1.8.18.13 TestingNewTestGroupPopover.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the T e s t i n g and Compl iance <i >New Test Group</i > popover
∗ @author O l i v e r Dixon
∗ @date 2025−08−08
∗ @ v e r s i o n Development
∗/

#i n c l u d e " Test ingNewTestGroupPopover . hpp "
#i n c l u d e " . . / GTKHelpers . hpp "
#i n c l u d e " . . / Logg ing . hpp "
#i n c l u d e " Tes t i ngArea . hpp "

namespace o p t i f o l
{

c on s t cha r ∗ c on s t Test ingNewTestGroupPopover : : popover_name = "New Test Group Popover " ;
c on s t l o g 4 c x x : : Logge rPt r Test ingNewTestGroupPopover : : popove r_ logge r =

Logg ing : : g e t _ l o g g e r ({ "GUI" , " Tes t i ngComp l i ance " , " NewTestGroup " }) ;

Test ingNewTestGroupPopover : : Test ingNewTestGroupPopover ( Gtk : : B u i l d e r &b u i l d e r , Tes t i ngArea &t e s t i n g _ a r e a ) :
t e s t i n g _ a r e a ( t e s t i n g _ a r e a ) ,
my_popover ( GTKHelpers : : get_widget<Gtk : : Popover >(popover_name , b u i l d e r , " new_test_group_popover " ) ) ,
con f i rm_button ( GTKHelpers : : get_widget<Gtk : : Button >(popover_name , b u i l d e r , " new_test_group_conf i rm " ) ) ,
name_entry ( GTKHelpers : : get_widget<Gtk : : Entry >(popover_name , b u i l d e r , " new_test_group_name " ) )

{
// Get e x t r a e l ement s needed o n l y f o r the c o n s t r u c t o r l i f e t i m e .
c on s t auto cance l_but ton =

GTKHelpers : : get_widget<Gtk : : Button >(popover_name , b u i l d e r , " new_test_group_cance l " ) ;

// Set up bu t ton s and s e l f .
conf i rm_button −>s i g n a l _ c l i c k e d ( ) . connect (

s i g c : : mem_fun(∗ t h i s , &Test ingNewTestGroupPopover : : c o n f i r m _ b u t t o n _ c l i c k e d ) ) ;
cance l_button −>s i g n a l _ c l i c k e d ( ) . connect (

s i g c : : mem_fun(∗ t h i s , &Test ingNewTestGroupPopover : : c a n c e l _ b u t t o n _ c l i c k e d ) ) ;
my_popover−>s igna l_show ( ) . connect ( s i g c : : mem_fun(∗ t h i s , &Test ingNewTestGroupPopover : : popover_shown ) ) ;
name_entry−>s igna l_changed ( ) . connect (

s i g c : : mem_fun(∗ t h i s , &Test ingNewTestGroupPopover : : name_entry_changed ) ) ;
}

v o i d Test ingNewTestGroupPopover : : c o n f i r m _ b u t t o n _ c l i c k e d ( ) c on s t
{

my_popover−>popdown ( ) ;
t e s t i n g _ a r e a . o b s e r v e _a c t i v e _su bsy s t e m ( )−>get_te s t_groups ( )−>append (

G l i b : : m a k e _ r e f p t r _ f o r _ i n s t a n c e ( new TestGroup ( name_entry−>g e t _ t e x t ( ) ) ) ) ;

popove r_ logger −>debug ( " Created new Test Group wi th name \" " + name_entry−>g e t _ t e x t ( ) + " \ " . " ) ;
}

v o i d Test ingNewTestGroupPopover : : c a n c e l _ b u t t o n _ c l i c k e d ( ) c o n s t noexcept
{

my_popover−>popdown ( ) ;
}

v o i d Test ingNewTestGroupPopover : : popover_shown ( ) co n s t noexcept
{

c l e a r _ i n p u t s ( ) ;
}

// ReSharper d i s a b l e once CppDFAUnreachab leFunct ionCal l − F a l s e p o s i t i v e : c a l l e d from popover show c a l l b a c k .
v o i d Test ingNewTestGroupPopover : : c l e a r _ i n p u t s ( ) co n s t noexcept
{

conf i rm_button −>s e t _ s e n s i t i v e ( f a l s e ) ;
name_entry−>s e t _ t e x t ( " " ) ;

}

v o i d Test ingNewTestGroupPopover : : name_entry_changed ( ) c on s t noexcept
{

conf i rm_button −>s e t _ s e n s i t i v e ( ! name_entry−>g e t _ t e x t ( ) . empty ( ) ) ;
}

} // namespace o p t i f o l

98



1.8.18.14 TestingNewTestGroupPopover.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the T e s t i n g and Compl iance <i >New Test Group</i > popover
∗ @author O l i v e r Dixon
∗ @date 2025−08−08
∗ @ v e r s i o n Development
∗/

#i f n d e f OPTIFOL_TESTINGNEWTESTGROUPPOPOVER_HPP
#d e f i n e OPTIFOL_TESTINGNEWTESTGROUPPOPOVER_HPP

#i n c l u d e <gtkmm/ b u i l d e r . h>
#i n c l u d e <gtkmm/ button . h>
#i n c l u d e <gtkmm/ e n t r y . h>
#i n c l u d e <gtkmm/ popover . h>
#i n c l u d e <l o g 4 c x x / l o g g e r . h>

namespace o p t i f o l
{

c l a s s Tes t i ngArea ;

/∗∗
∗ @ c l a s s Test ingNewTestGroupPopover
∗ @ b r i e f Manage the <i >New Test Group</i > popover f o r the T e s t i n g and Compl iance a r ea .
∗ @see Tes t i ngArea f o r the p a r e n t a r ea
∗
∗ @ d e t a i l s
∗ The <i >New Test Group</i > popover p r o v i d e s c o n t r o l s f o r c r e a t i n g a new TestGroup to ho ld Requi rement
∗ o b j e c t s , which i n t u r n d e t a i n one or more Test e n t i t i e s . The f o l l o w i n g GTK e l ement s a r e expec t ed to be
∗ a v a i l a b l e from the g i v e n Gtk : : B u i l d e r : <t a b l e > <tr > <th>GTK C++ Clas s </th> <th>Unique I d e n t i f i e r </th>
∗ <th>Purpose </th>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Popover </td>
∗ <td><code>new_test_group_popover </code></td>
∗ <td>Managed popover </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Button </td>
∗ <td><code>new_test_group_conf i rm </code></td>
∗ <td>Conf i rm changes button </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Button </td>
∗ <td><code>new_test_group_cance l </code></td>
∗ <td>Cance l changes button </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Entry </td>
∗ <td><code>new_test_group_name</code></td>
∗ <td>Entry f o r the name o f the new TestGroup </td>
∗ </t r >
∗ </t a b l e >
∗/

c l a s s Test ingNewTestGroupPopover : p u b l i c s i g c : : t r a c k a b l e
{
p u b l i c :

Test ingNewTestGroupPopover ( Gtk : : B u i l d e r &b u i l d e r , Te s t i ngArea &t e s t i n g _ a r e a ) ;

p r i v a t e :
v o i d c o n f i r m _ b u t t o n _ c l i c k e d ( ) co n s t ;

v o i d c a n c e l _ b u t t o n _ c l i c k e d ( ) c on s t noexcept ;

v o i d popover_shown ( ) c o n s t noexcept ;

v o i d c l e a r _ i n p u t s ( ) c o n s t noexcept ;

v o i d name_entry_changed ( ) c o n s t noexcept ;

s t a t i c c o n s t cha r ∗ c on s t popover_name ;
s t a t i c c o n s t l o g 4 c x x : : Logge rPt r popove r_ logge r ;
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Tes t i ngArea &t e s t i n g _ a r e a ;

Gtk : : Popover ∗ c on s t my_popover ;
Gtk : : Button ∗ c on s t con f i rm_button ;
Gtk : : Ent ry ∗ c on s t name_entry ;

} ;

} // namespace o p t i f o l

#e n d i f // OPTIFOL_TESTINGNEWTESTGROUPPOPOVER_HPP

1.8.18.15 TestingRenameTestGroupPopover.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the T e s t i n g and Compl iance <i >Rename Test Group</i > popover
∗ @author O l i v e r Dixon
∗ @date 2025−08−10
∗ @ v e r s i o n Development
∗/

#i n c l u d e " Test ingRenameTestGroupPopover . hpp "
#i n c l u d e " . . / GTKHelpers . hpp "
#i n c l u d e " . . / Logg ing . hpp "
#i n c l u d e " Tes t i ngArea . hpp "

namespace o p t i f o l
{

c on s t cha r ∗ c on s t Test ingRenameTestGroupPopover : : popover_name = "Rename Test Group Popover " ;
c on s t l o g 4 c x x : : Logge rPt r Test ingRenameTestGroupPopover : : popove r_ logge r =

Logg ing : : g e t _ l o g g e r ({ "GUI" , " Tes t i ngComp l i ance " , " RenameTestGroup " }) ;

Test ingRenameTestGroupPopover : : Test ingRenameTestGroupPopover (
Gtk : : B u i l d e r &b u i l d e r , Te s t i ngArea &t e s t i n g _ a r e a ) :

t e s t i n g _ a r e a ( t e s t i n g _ a r e a ) ,
my_popover ( GTKHelpers : : get_widget<Gtk : : Popover >(popover_name , b u i l d e r , " rename_test_group_popover " ) ) ,
con f i rm_button ( GTKHelpers : : get_widget<Gtk : : Button >(popover_name , b u i l d e r , " rename_test_group_conf i rm " ) ) ,
old_name_entry ( GTKHelpers : : get_widget<Gtk : : Entry >(popover_name , b u i l d e r , " rename_test_group_old_name " ) ) ,
new_name_entry ( GTKHelpers : : get_widget<Gtk : : Entry >(popover_name , b u i l d e r , " rename_test_group_new_name " ) )

{
// Get e x t r a e l ement s needed o n l y f o r the c o n s t r u c t o r l i f e t i m e .
c on s t auto cance l_but ton =

GTKHelpers : : get_widget<Gtk : : Button >(popover_name , b u i l d e r , " rename_test_group_cance l " ) ;

// Set up bu t ton s and s e l f .
conf i rm_button −>s i g n a l _ c l i c k e d ( ) . connect (

s i g c : : mem_fun(∗ t h i s , &Test ingRenameTestGroupPopover : : c o n f i r m _ b u t t o n _ c l i c k e d ) ) ;
cance l_button −>s i g n a l _ c l i c k e d ( ) . connect (

s i g c : : mem_fun(∗ t h i s , &Test ingRenameTestGroupPopover : : c a n c e l _ b u t t o n _ c l i c k e d ) ) ;
my_popover−>s igna l_show ( ) . connect ( s i g c : : mem_fun(∗ t h i s , &Test ingRenameTestGroupPopover : : popover_shown ) ) ;
new_name_entry−>s igna l_changed ( ) . connect (

s i g c : : mem_fun(∗ t h i s , &Test ingRenameTestGroupPopover : : new_name_changed ) ) ;
}

v o i d Test ingRenameTestGroupPopover : : c o n f i r m _ b u t t o n _ c l i c k e d ( ) co n s t noexcept
{

t r y {
c on s t auto e x i s t i n g _ g r o u p = t e s t i n g _ a r e a . g e t _ s e l e c t e d _ t e s t _ g r o u p ( ) ;
e x i s t i n g _ g r o u p −>property_name ( ) . s e t _ v a l u e ( new_name_entry−>g e t _ t e x t ( ) ) ;
popove r_ logger −>debug ( "Renamed Test Group \" " + old_name_entry−>g e t _ t e x t ( ) + " \" to \" " +

e x i s t i n g _ g r o u p −>property_name ( ) . ge t_va lue ( ) + " \ " . " ) ;
} ca tch ( co n s t s t d : : r u n t i m e _ e r r o r &s e l e c t i o n _ e r r o r ) {

popover_ logger −>e r r o r ( " Could not d i s c o v e r the s e l e c t e d Test Group e n t r y . " ) ;
popove r_ logger −>e r r o r ( s e l e c t i o n _ e r r o r . what ( ) ) ;

}

my_popover−>popdown ( ) ;
c l e a r _ i n p u t s ( ) ;

}

v o i d Test ingRenameTestGroupPopover : : c a n c e l _ b u t t o n _ c l i c k e d ( ) c o n s t noexcept
{
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my_popover−>popdown ( ) ;
c l e a r _ i n p u t s ( ) ;

}

v o i d Test ingRenameTestGroupPopover : : popover_shown ( ) c o n s t noexcept
{

t r y {
old_name_entry−>s e t _ t e x t ( t e s t i n g _ a r e a . g e t _ s e l e c t e d _ t e s t _ g r o u p ( )−>property_name ( ) . ge t_va lue ( ) ) ;

} ca tch ( co n s t s t d : : r u n t i m e _ e r r o r &s e l e c t i o n _ e r r o r ) {
my_popover−>popdown ( ) ;
popove r_ logger −>e r r o r ( " Could not d i s c o v e r the s e l e c t e d Test Group e n t r y . " ) ;
popove r_ logger −>e r r o r ( s e l e c t i o n _ e r r o r . what ( ) ) ;

}
}

// ReSharper d i s a b l e once CppDFAUnreachab leFunct ionCal l − F a l s e p o s i t i v e . I nvoked from popover c a l l b a c k s .
v o i d Test ingRenameTestGroupPopover : : c l e a r _ i n p u t s ( ) c o n s t noexcept
{

new_name_entry−>s e t _ t e x t ( " " ) ;
}

v o i d Test ingRenameTestGroupPopover : : new_name_changed ( ) c o n s t noexcept
{

c on s t boo l shou ld_enab l e = new_name_entry−>g e t _ t e x t _ l e n g t h ( ) > 0 ;
i f ( new_name_entry−>g e t _ s e n s i t i v e ( ) != shou ld_enab l e )

new_name_entry−>s e t _ s e n s i t i v e ( shou ld_enab l e ) ;
}

} // namespace o p t i f o l

1.8.18.16 TestingRenameTestGroupPopover.hpp

/∗
∗ C o p y r i g h t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the T e s t i n g and Compl iance <i >Rename Test Group</i > popover
∗ @author O l i v e r Dixon
∗ @date 2025−08−10
∗ @ v e r s i o n Development
∗/

#i f n d e f OPTIFOL_TESTINGRENAMETESTGROUPPOPOVER_HPP
#d e f i n e OPTIFOL_TESTINGRENAMETESTGROUPPOPOVER_HPP

#i n c l u d e <gtkmm/ b u i l d e r . h>
#i n c l u d e <gtkmm/ button . h>
#i n c l u d e <gtkmm/ e n t r y . h>
#i n c l u d e <gtkmm/ popover . h>
#i n c l u d e <l o g 4 c x x / l o g g e r . h>

namespace o p t i f o l
{

c l a s s Tes t i ngArea ;

/∗∗
∗ @ c l a s s Test ingRenameTestGroupPopover
∗ @ b r i e f Manage the <i >Rename Test Group</i > popover f o r the T e s t i n g and Compl iance a r ea .
∗ @see Tes t i ngArea f o r the p a r e n t a r ea
∗
∗ @ d e t a i l s
∗ The <i >Rename Test Group</i > popover p r o v i d e s c o n t r o l s f o r renaming an e x i s t i n g TestGroup . The f o l l o w i n g
∗ GTK e l ement s a r e expec t ed to be a v a i l a b l e from the g i v e n Gtk : : B u i l d e r : <t a b l e > <tr > <th>GTK C++ Clas s </th>
∗ <th>Unique I d e n t i f i e r </th>
∗ <th>Purpose </th>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Popover </td>
∗ <td><code>rename_test_group_popover </code></td>
∗ <td>Managed popover </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Button </td>
∗ <td><code>rename_test_group_conf i rm </code></td>
∗ <td>Conf i rm d e l e t i o n button </td>
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∗ </t r >
∗ <tr >
∗ <td>Gtk : : Button </td>
∗ <td><code>rename_test_group_cance l </code></td>
∗ <td>Cance l d e l e t i o n button </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Entry </td>
∗ <td><code>rename_test_group_old_name </code></td>
∗ <td>Read−o n l y e n t r y to ho ld the name o f the e x i s t i n g TestGroup to rename</td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Entry </td>
∗ <td><code>rename_test_group_old_name </code></td>
∗ <td>Entry to accep t the new name o f the TestGroup </td>
∗ </t r >
∗ </t a b l e >
∗/

c l a s s Test ingRenameTestGroupPopover : p u b l i c s i g c : : t r a c k a b l e
{
p u b l i c :

/∗∗
∗ @ b r i e f C o n s t r u c t a new popover manager , r e g i s t e r i n g c a l l b a c k s on e l ement s l oaded by the g i v e n b u i l d e r
∗ @param b u i l d e r A GTK b u i l d e r c o n t a i n i n g popover UI e l ement s
∗ @param t e s t i n g _ a r e a A mutat ing r e f e r e n c e to the Tes t i ngArea o f which the popover i s a member
∗ @throws s t d : : r u n t i m e _ e r r o r A r e q u i r e d GTK e lement / w idget cou ld not be l oaded from the g i v e n b u i l d e r
∗/

Test ingRenameTestGroupPopover ( Gtk : : B u i l d e r &b u i l d e r , Te s t i ngArea &t e s t i n g _ a r e a ) ;

p r i v a t e :
/∗∗

∗ @ b r i e f Handle a c l i c k o f the <i >Confirm </i > button by renaming the s e l e c t e d TestGroup .
∗/

v o i d c o n f i r m _ b u t t o n _ c l i c k e d ( ) co n s t noexcept ;

/∗∗
∗ @ b r i e f Handle a c l i c k o f the <i >Cancel </i > button by h i d i n g the popover .
∗/

v o i d c a n c e l _ b u t t o n _ c l i c k e d ( ) c on s t noexcept ;

/∗∗
∗ @ b r i e f Handle a show o f the popover by d i s p l a y i n g the s e l e c t e d TestGroup name .
∗/

v o i d popover_shown ( ) c o n s t noexcept ;

/∗∗
∗ @ b r i e f C l e a r a l l u se r −p r o v i d e d i n p u t s .
∗/

v o i d c l e a r _ i n p u t s ( ) c o n s t noexcept ;

/∗∗
∗ @ b r i e f React to a change i n the @re f new_name_entry c o n t e n t s ; i n p a r t i c u l a r , e n a b l e o r d i s a b l e the
∗ <i >Confirm </i > button .
∗/

v o i d new_name_changed ( ) c on s t noexcept ;

s t a t i c c o n s t cha r ∗ c on s t popover_name ;
s t a t i c c o n s t l o g 4 c x x : : Logge rPt r popove r_ logge r ;

Tes t i ngArea &t e s t i n g _ a r e a ;

Gtk : : Popover ∗ c on s t my_popover ;
Gtk : : Button ∗ c on s t con f i rm_button ;
Gtk : : Ent ry ∗ c on s t old_name_entry ;
Gtk : : Ent ry ∗ c on s t new_name_entry ;

} ;

} // namespace o p t i f o l

#e n d i f // OPTIFOL_TESTINGRENAMETESTGROUPPOPOVER_HPP

1.8.18.17 TestingRunTestsPopover.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
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∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the <i >Run Tests </i > popover i n the <i >T e s t i n g and Compl iance </i > area .
∗ @author O l i v e r Dixon
∗ @date 2025−07−27
∗ @ v e r s i o n Development
∗/

#i n c l u d e " Test ingRunTestsPopover . hpp "

#i n c l u d e " . . / GTKHelpers . hpp "
#i n c l u d e " . . / Logg ing . hpp "
#i n c l u d e " Tes t i ngArea . hpp "

namespace o p t i f o l
{

c on s t cha r ∗ c on s t Test ingRunTestsPopover : : popover_name = "Run Tes t s Popover " ;
c on s t l o g 4 c x x : : Logge rPt r Test ingRunTestsPopover : : popove r_ logge r =

Logg ing : : g e t _ l o g g e r ({ "GUI" , " Tes t i ngComp l i ance " , " RunTests " }) ;

Test ingRunTest sPopover : : Tes t ingRunTest sPopover ( Gtk : : B u i l d e r &b u i l d e r , Tes t i ngArea &t e s t i n g _ a r e a ) :
t e s t i n g _ a r e a ( t e s t i n g _ a r e a ) ,
my_popover ( GTKHelpers : : get_widget<Gtk : : Popover >(popover_name , b u i l d e r , " run_te s t s_popove r " ) ) ,
con f i rm_button ( GTKHelpers : : get_widget<Gtk : : Button >(popover_name , b u i l d e r , " r u n _ t e s t s _ c o n f i r m " ) ) ,
cance l_but ton ( GTKHelpers : : get_widget<Gtk : : Button >(popover_name , b u i l d e r , " r u n _ t e s t s _ c a n c e l " ) ) ,
test_group_name_entry ( GTKHelpers : : get_widget<Gtk : : Entry >(popover_name , b u i l d e r , " test_group_name " ) )

{
my_popover−>s igna l_show ( ) . connect ( s i g c : : mem_fun(∗ t h i s , &Test ingRunTestsPopover : : show_popover ) ) ;
conf i rm_button −>s i g n a l _ c l i c k e d ( ) . connect (

s i g c : : mem_fun(∗ t h i s , &Test ingRunTestsPopover : : c o n f i r m _ b u t t o n _ c l i c k e d ) ) ;
cance l_button −>s i g n a l _ c l i c k e d ( ) . connect (

s i g c : : mem_fun(∗ t h i s , &Test ingRunTestsPopover : : c a n c e l _ b u t t o n _ c l i c k e d ) ) ;
}

v o i d Test ingRunTestsPopover : : c o n f i r m _ b u t t o n _ c l i c k e d ( ) noexcept
{

c on s t auto s e l e c t e d _ t e s t _ g r o u p = t e s t i n g _ a r e a . g e t _ s e l e c t e d _ t e s t _ g r o u p ( ) ;
c on s t auto beg in = s e l e c t e d _ t e s t _ g r o u p −>beg in_execu t i on_groups ( ) ;
c on s t auto end = s e l e c t e d _ t e s t _ g r o u p −>end_execut ion_groups ( ) ;

f o r ( s t d : : remove_const_t<d e c l t y p e ( beg in )> exe_group_i t = beg in ; exe_group_i t != end ; ++exe_group_i t )
exe_group_it−>get ( )−>run ( ) ;

}

v o i d Test ingRunTestsPopover : : c a n c e l _ b u t t o n _ c l i c k e d ( ) c on s t noexcept
{

my_popover−>popdown ( ) ;
c l e a r _ i n p u t s ( ) ;

}

// ReSharper d i s a b l e once CppDFAUnreachab leFunct ionCal l − F a l s e p o s i t i v e : c a l l e d from button−c l i c k c a l l b a c k .
v o i d Test ingRunTestsPopover : : c l e a r _ i n p u t s ( ) c o n s t noexcept
{

test_group_name_entry−>s e t _ t e x t ( " " ) ;
}

v o i d Test ingRunTestsPopover : : show_popover ( ) c o n s t noexcept
{

t r y {
test_group_name_entry−>s e t _ t e x t ( t e s t i n g _ a r e a . g e t _ s e l e c t e d _ t e s t _ g r o u p ( )−>property_name ( ) . ge t_va lue ( ) ) ;

} ca tch ( co n s t s t d : : r u n t i m e _ e r r o r &s e l e c t i o n _ e r r o r ) {
popove r_ logger −>e r r o r ( " Could not d i s c o v e r the s e l e c t e d Test Group e n t r y . " ) ;
popove r_ logger −>e r r o r ( s e l e c t i o n _ e r r o r . what ( ) ) ;

}
}

} // namespace o p t i f o l

1.8.18.18 TestingRunTestsPopover.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the <i >Run Tests </i > popover i n the <i >T e s t i n g and Compl iance </i > area .
∗ @author O l i v e r Dixon
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∗ @date 2025−07−27
∗ @ v e r s i o n Development
∗/

#i f n d e f TESTINGRUNTESTSPOPOVER_HPP
#d e f i n e TESTINGRUNTESTSPOPOVER_HPP

#i n c l u d e <gtkmm/ b u i l d e r . h>
#i n c l u d e <gtkmm/ button . h>
#i n c l u d e <gtkmm/ e n t r y . h>
#i n c l u d e <gtkmm/ popover . h>
#i n c l u d e <gtkmm/ t e x t v i e w . h>
#i n c l u d e <l o g 4 c x x / l o g g e r . h>

namespace o p t i f o l
{

c l a s s TestGroup ;
c l a s s T e s t L i s t e n e r B a s e ;
c l a s s Tes t i ngArea ;

/∗∗
∗ @ c l a s s Test ingRunTestsPopover
∗ @ b r i e f Manage the <i >Run Tests </i > popover f o r the <i >T e s t i n g and Compl iance </i > area .
∗ @see Tes t i ngArea f o r the p a r e n t a r ea
∗
∗ @ d e t a i l s
∗ The <i >Run Tests </i > popover p r o v i d e s c o n t r o l s f o r e x e c u t i n g u n i t t e s t s p e c i f i c a t i o n s through an e x t e r n a l
∗ e x e c u t a b l e ( s ) f o r the s e l e c t e d TestGroup w i t h i n the Subsystem . The f o l l o w i n g GTK e l ement s a r e expec t ed to
∗ be a v a i l a b l e from the g i v e n Gtk : : B u i l d e r : <t a b l e > <tr > <th>GTK C++ Clas s </th> <th>Unique I d e n t i f i e r </th>
∗ <th>Purpose </th>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Popover </td>
∗ <td><code>run_tes t s_popover </code></td>
∗ <td>Managed popover </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Button </td>
∗ <td><code>run_te s t s_con f i rm </code></td>
∗ <td>Conf i rm e x e c u t i o n o f t e s t e x e c u t a b l e </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Button </td>
∗ <td><code>r u n _ t e s t s _ c a n c e l </code></td>
∗ <td>Cance l s e x e c u t i o n o f t e s t e x e c u t a b l e s </td>
∗ </t r >
∗ <tr >
∗ <td>Gtk : : Entry </td>
∗ <td><code>test_group_name </code></td>
∗ <td>Read−o n l y t e x t a r ea f o r the name o f the s e l e c t e d TestGroup </td>
∗ </t r >
∗ </t a b l e >
∗ A @re f s t d : : r u n t i m e _ e r r o r w i l l be thrown by the c l a s s c o n s t r u c t o r i f any o f t h e s e a r e i n a c c e s s i b l e i n the
∗ expec t ed type i n s t a n t i a t i o n s .
∗/

c l a s s Test ingRunTestsPopover : p u b l i c s i g c : : t r a c k a b l e
{
p u b l i c :

/∗∗
∗ @ b r i e f C o n s t r u c t a new popover manager , r e g i s t e r i n g c a l l b a c k s on e l ement s l oaded by the g i v e n b u i l d e r
∗ @param b u i l d e r A GTK b u i l d e r c o n t a i n i n g popover UI e l ement s
∗ @param t e s t i n g _ a r e a A mutat ing r e f e r e n c e to the Tes t i ngArea o f which the popover i s a member
∗ @throws s t d : : r u n t i m e _ e r r o r A r e q u i r e d GTK e lement / w idget cou ld not be l oaded from the g i v e n b u i l d e r
∗/

Test ingRunTest sPopover ( Gtk : : B u i l d e r &b u i l d e r , Tes t i ngArea &t e s t i n g _ a r e a ) ;

p r i v a t e :
/∗∗

∗ @ b r i e f Handle a c l i c k o f the <i >Confirm </i > by a t t empt ing to c r e a t e a Requi rement w i th the g i v e n
∗ c h a r a c t e r i s t i c s .
∗/

v o i d c o n f i r m _ b u t t o n _ c l i c k e d ( ) noexcept ;

/∗∗
∗ @ b r i e f Handle a c l i c k o f the <i >Cancel </i > button by d i s c a r d i n g a l l i n p u t and c l o s i n g the popover .
∗/

v o i d c a n c e l _ b u t t o n _ c l i c k e d ( ) c on s t noexcept ;

/∗∗
∗ @ b r i e f C l e a r a l l u s e r f i e l d s i n the popover
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∗/
v o i d c l e a r _ i n p u t s ( ) c o n s t noexcept ;

/∗∗
∗ @ b r i e f Handle the popover becoming v i s i b l e .
∗/

v o i d show_popover ( ) c o n s t noexcept ;

s t a t i c c o n s t cha r ∗ c on s t popover_name ;
s t a t i c c o n s t l o g 4 c x x : : Logge rPt r popove r_ logge r ;

Tes t i ngArea &t e s t i n g _ a r e a ;

Gtk : : Popover ∗ c on s t my_popover ;
Gtk : : Button ∗ c on s t con f i rm_button ;
Gtk : : Button ∗ c on s t cance l_but ton ;
Gtk : : Ent ry ∗ c on s t test_group_name_entry ;

} ;

} // namespace o p t i f o l

#e n d i f // TESTINGRUNTESTSPOPOVER_HPP

1.9 Inference

1.9.1 ExpressionFactory.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the CNF e x p r e s s i o n f a c t o r y
∗ @author O l i v e r Dixon
∗ @date 2025−09−14
∗ @ v e r s i o n Development
∗/

#i n c l u d e " E x p r e s s i o n F a c t o r y . hpp "

#i n c l u d e " . . / E x c e p t i o n s / Semant i cExcept i on . hpp "
#i n c l u d e " . . / IR / Mutab l eVa r i an t s / Sen tence s / Mutab leSentenceRoot . hpp "
#i n c l u d e " . . / IR / Sentence s / SentenceRoot . hpp "
#i n c l u d e " . . / Logg ing . hpp "

#i n c l u d e " . . / V i s i t o r s / Mutab leTargets / R e p o s i t o r y B u i l d i n g V i s i t o r . hpp "
#i n c l u d e " . . / V i s i t o r s / Mutab leTargets / Sen tence s / CNFNormal i sers / DMLVis itor . hpp "
#i n c l u d e " . . / V i s i t o r s / Mutab leTargets / Sen tence s / CNFNormal i sers / D i s j u n c t i o n D i s t r i b u t i o n V i s i t o r . hpp "
#i n c l u d e " . . / V i s i t o r s / Mutab leTargets / Sen tence s / CNFNormal i sers / I m p l i c a t i o n E l i m i n a t i o n V i s i t o r . hpp "
#i n c l u d e " . . / V i s i t o r s / Mutab leTargets / Sen tence s / CNFNormal i sers / Q u a n t i f i e r E x t r a c t i n g V i s i t o r . hpp "
#i n c l u d e " . . / V i s i t o r s / Mutab leTargets / Sen tence s / CNFNormal i sers / S k o l e m I n t r o d u c i n g V i s i t o r . hpp "
#i n c l u d e " . . / V i s i t o r s / Mutab leTargets / Sen tence s / CNFNormal i sers / S y m b o l S t a n d a r d i s i n g V i s i t o r . hpp "
#i n c l u d e " . . / V i s i t o r s / Mutab leTargets / Sen tence s / CNFNormal i sers / U n i v e r s a l E l i m i n a t i o n V i s i t o r . hpp "

namespace o p t i f o l
{

c on s t l o g 4 c x x : : Logge rPt r E x p r e s s i o n F a c t o r y : : c n f _ l o g g e r =
Logg ing : : g e t _ l o g g e r ({ " L o g i c S e r v i c e s " , " CNFNormal i sat ion " }) ;

T e x t S e r i a l i s e r V i s i t o r E x p r e s s i o n F a c t o r y : : s e r i a l i s e r _ v i s i t o r ;

s t d : : un ique_ptr <SentenceRoot> E x p r e s s i o n F a c t o r y : : b u i l d _ s e n t e n c e (
s t d : : un ique_ptr <MutableSentenceRoot> &&sentence_root ,
s t d : : shared_ptr <Symbo lRepos i to ry > s y m b o l _ r e p o s i t o r y )

{
// Step 1 . Propagate the p o l a r i t y o f the r o o t to i t s immediate c h i l d .
i f ( s en tence_root −>i s _ n e g a t i v e _ p o l a r i t y ( ) ) {

auto borrowed = sentence_root −>take_sen tence ( ) ;
borrowed−>f l i p _ p o l a r i t y ( ) ;
s en tence_root −>put_sentence ( s t d : : move ( borrowed ) ) ;
s en tence_root −>f l i p _ p o l a r i t y ( ) ;

}

/∗
∗ Step 2 . Push through the seven−s t a g e CNF n o r m a l i s a t i o n p i p e l i n e .
∗
∗ This p roduce s a Mutab leSentenceRoot t h a t i s s t r u c t u r e d as a t r e e , but o n l y c o n t a i n s e l ement s a l l o w a b l e
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∗ i n a CNF t r e e . Note t h a t a new t r e e i s not c r e a t e d ; the o r i g i n a l t r e e i s mutated such t h a t i t can be
∗ t r i v i a l l y c o n v e r t e d to the c o n j u n c t i v e −d i s j u n c t i v e s e t form .
∗
∗ I f the CNF l o g g e r i s c o n f i g u r e d to an i n f o l e v e l , the o r i g i n a l ( " b e f o r e " ) and n o r m a l i s e d (" a f t e r " ) CNF
∗ s t a t e m e n t s a r e s e r i a l i s e d wi th the T e x t S e r i a l i s e r V i s i t o r .
∗/

i f ( cn f_ logge r −>i s I n f o E n a b l e d ( ) ) {

cn f_ logge r −>i n f o ( " Beg inn ing CNF p i p e l i n e t r a n s f o r m a t i o n . " ) ;
s en tence_root −>accep t ( s e r i a l i s e r _ v i s i t o r ) ;
cn f_ logge r −>i n f o ( " I n i t i a l s e n t e n c e : " + s e r i a l i s e r _ v i s i t o r . e x t r a c t ( ) ) ;

s e n t e n c e _ r o o t = c n f _ n o r m a l i s e ( s t d : : move ( s e n t e n c e _ r o o t ) ) ;

cn f_ logge r −>i n f o ( " Completed CNF t r a n s f o r m a t i o n . " ) ;
s en tence_root −>accep t ( s e r i a l i s e r _ v i s i t o r ) ;
cn f_ logge r −>i n f o ( " Norma l i s ed s e n t e n c e : " + s e r i a l i s e r _ v i s i t o r . e x t r a c t ( ) ) ;

} e l s e
s e n t e n c e _ r o o t = c n f _ n o r m a l i s e ( s t d : : move ( s e n t e n c e _ r o o t ) ) ;

/∗
∗ Step 3 . Popu la te the symbol r e p o s i t o r y .
∗
∗ This t r a n s f o r m s the n o r m a l i s e d mutable CNF t r e e i n t o the c o r r e s p o n d i n g immutable form , r e p r e s e n t e d by a
∗ SentenceRoot . SentenceRoot o b j e c t s do not i n d i c a t e t r e e s , r a t h e r s e t s o f l i t e r a l s under d i s j u n c t i o n , o f
∗ which the e l ement s a r e under c o n j u n c t i o n . The g i v e n Symbo lRepos i to ry i s a l s o popu l a t ed wi th the terms
∗ and l i t e r a l s a p p e a r i n g i n the n o r m a l i s e d e x p r e s s i o n .
∗/

r e t u r n b u i l d _ s y m b o l _ r e p o s i t o r y ( s t d : : move ( s e n t e n c e _ r o o t ) , s t d : : move ( s y m b o l _ r e p o s i t o r y ) ) ;
}

s t d : : un ique_ptr <MutableSentenceRoot> E x p r e s s i o n F a c t o r y : : c n f _ n o r m a l i s e (
s t d : : un ique_ptr <MutableSentenceRoot> &&d e n o r m a l i s e d _ r o o t )

{
// c lang −format o f f
c on s t s t d : : a r r ay <s t d : : un ique_ptr <M u t a t i n g S e n t e n c e V i s i t o r B a s e >, 7> c n f _ v i s i t o r s {

s t d : : make_unique<I m p l i c a t i o n E l i m i n a t i o n V i s i t o r >() ,
s t d : : make_unique<DMLVisitor >() ,
s t d : : make_unique<S y m b o l S t a n d a r d i s i n g V i s i t o r >() ,
s t d : : make_unique<Q u a n t i f i e r E x t r a c t i n g V i s i t o r >() ,
s t d : : make_unique<S k o l e m I n t r o d u c i n g V i s i t o r >() ,
s t d : : make_unique<U n i v e r s a l E l i m i n a t i o n V i s i t o r >() ,
s t d : : make_unique<D i s j u n c t i o n D i s t r i b u t i o n V i s i t o r >()

} ;
// c lang −format on

i f ( cn f_ logge r −>isDebugEnab led ( ) )
/∗

∗ E x p l i c i t l y check i f debugg ing i s enab l ed on the CNF l o g g e r , as runn ing a s e r i a l i s a t i o n v i s i t o r down
∗ the e n t i r e t r e e f o r each s t e p i n the n o r m a l i s a t i o n p i p e l i n e would be a g r e a t i n e f f i c i e n c y i f the
∗ s t r i n g s were not used !
∗/

f o r ( c on s t auto &v i s i t o r : c n f _ v i s i t o r s ) {
t r y {

deno rma l i s ed_root −>accep t (∗ v i s i t o r ) ;
} ca tch ( co n s t Semant i cExcep t i on &s e m a n t i c _ e x c e p t i o n ) {

Logg ing : : g e t _ l o g g e r ({ cn f_ logge r −>getName ( ) , s t d : : s t r i n g ( v i s i t o r −>get_v i s i t o r_name ( ) ) })
−>e r r o r ( s e m a n t i c _ e x c e p t i o n . what ( ) ) ;

throw ;
}

// S e r i a l i s e r e s u l t o f n o r m a l i s i n g s t a g e .
deno rma l i s ed_root −>accep t ( s e r i a l i s e r _ v i s i t o r ) ;
Logg ing : : g e t _ l o g g e r ({ cn f_ logge r −>getName ( ) , s t d : : s t r i n g ( v i s i t o r −>get_v i s i t o r_name ( ) ) })

−>debug ( s e r i a l i s e r _ v i s i t o r . e x t r a c t ( ) ) ;
}

e l s e
f o r ( c on s t auto &v i s i t o r : c n f _ v i s i t o r s )

t r y {
deno rma l i s ed_root −>accep t (∗ v i s i t o r ) ;

} ca tch ( co n s t Semant i cExcep t i on &s e m a n t i c _ e x c e p t i o n ) {
Logg ing : : g e t _ l o g g e r ({ cn f_ logge r −>getName ( ) , s t d : : s t r i n g ( v i s i t o r −>get_v i s i t o r_name ( ) ) })

−>e r r o r ( s e m a n t i c _ e x c e p t i o n . what ( ) ) ;
throw ;

}

r e t u r n d e n o r m a l i s e d _ r o o t ;
}
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s t d : : un ique_ptr <SentenceRoot> E x p r e s s i o n F a c t o r y : : b u i l d _ s y m b o l _ r e p o s i t o r y (
s t d : : un ique_ptr <MutableSentenceRoot> &&norma l i s ed_roo t ,
s t d : : shared_ptr <Symbo lRepos i to ry > s y m b o l _ r e p o s i t o r y )

{
R e p o s i t o r y B u i l d i n g V i s i t o r b u i l d i n g _ v i s i t o r ( s t d : : move ( s y m b o l _ r e p o s i t o r y ) ) ;
no rma l i s ed_roo t −>accep t ( b u i l d i n g _ v i s i t o r ) ;
r e t u r n b u i l d i n g _ v i s i t o r . t a k e _ l a s t _ r o o t ( ) ;

}

} // namespace o p t i f o l

1.9.2 ExpressionFactory.hpp

/∗
∗ C o p y r i g h t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the CNF e x p r e s s i o n f a c t o r y
∗ @author O l i v e r Dixon
∗ @date 2025−09−14
∗ @ v e r s i o n Development
∗/

#i f n d e f OPTIFOL_EXPRESSIONFACTORY_HPP
#d e f i n e OPTIFOL_EXPRESSIONFACTORY_HPP

#i n c l u d e <l o g 4 c x x / l o g g e r . h>

#i n c l u d e " . . / V i s i t o r s / Mutab leTargets / O b s e r v e r s / T e x t S e r i a l i s e r V i s i t o r . hpp "

namespace o p t i f o l
{

c l a s s Mutab leSentenceRoot ;
c l a s s SentenceRoot ;
c l a s s Symbo lRepos i to ry ;

/∗∗
∗ @ c l a s s E x p r e s s i o n F a c t o r y
∗ @ b r i e f The E x p r e s s i o n F a c t o r y p r o v i d e s a s i n g l e −method s t a t i c f a c t o r y f o r n o r m a l i s i n g FOL s e n t e n c e s produced
∗ by the FOLParser and r e g i s t e r i n g the symbols i n a shared −owner sh ip Symbo lRepos i to ry .
∗/

c l a s s E x p r e s s i o n F a c t o r y
{
p u b l i c :

/∗∗
∗ @ b r i e f Produce an immutable , CNF−n o r m a l i s e d SentenceRoot from the g i v e n de−n o r m a l i s e d
∗ Mutab leSentenceRoot .
∗ @param s e n t e n c e _ r o o t The de−n o r m a l i s e d MutableSentenceRoot , t y p i c a l l y p r o v i d e d by a FOLParser .
∗ @param s y m b o l _ r e p o s i t o r y The shared −owner sh ip Symbo lRepos i to ry i n t o which e x p r e s s i o n symbol s s h o u l d be
∗ r e g i s t e r e d .
∗ @re tu rn The n o r m a l i s e d SentenceRoot .
∗ @throws Semant i cExcep t i on A semant i c / l o g i c a l e r r o r was encounte r ed wi th the e x p r e s s i o n d u r i n g
∗ n o r m a l i s a t i o n or s t a n d a r d i s a t i o n .
∗/

s t a t i c s t d : : un ique_ptr <SentenceRoot> b u i l d _ s e n t e n c e ( s t d : : un ique_ptr <MutableSentenceRoot> &&sentence_root ,
s t d : : shared_ptr <Symbo lRepos i to ry > s y m b o l _ r e p o s i t o r y ) ;

p r i v a t e :
/∗∗

∗ @ b r i e f Push an a r b i t r a r y −form Mutab leSentenceRoot through the seven−s t a g e CNF n o r m a l i s a t i o n p i p e l i n e ,
∗ but do not t r a n s f o r m i n t o the immutable r e p r e s e n t a t i o n or r e g i s t e r any symbol s i n a Symbo lRepos i to ry .
∗ @param d e n o r m a l i s e d _ r o o t The de−n o r m a l i s e d s e n t e n c e r o o t to n o r m a l i s e i n t o CNF .
∗ @re tu rn The Mutab leSentenceRoot o f the CNF−n o r m a l i s e d t r e e .
∗ @throws Semant i cExcep t i on A semant i c / l o g i c a l e r r o r was encounte r ed wi th the e x p r e s s i o n d u r i n g
∗ n o r m a l i s a t i o n .
∗/

s t a t i c s t d : : un ique_ptr <MutableSentenceRoot> c n f _ n o r m a l i s e (
s t d : : un ique_ptr <MutableSentenceRoot> &&d e n o r m a l i s e d _ r o o t ) ;

/∗∗
∗ @ b r i e f B u i l d an immutable SentenceRoot from the g i v e n CNF−n o r m a l i s e d MutableSentenceRoot , and r e g i s t e r
∗ symbol s i n the shared −owner sh ip Symbo lRepos i to ry .
∗ @param n o r m a l i s e d _ r o o t The Mutab leSentenceRoot o f the CNF s e n t e n c e .
∗ @param s y m b o l _ r e p o s i t o r y The shared −owner sh ip Symbo lRepos i to ry i n t o which e x p r e s s i o n symbol s s h o u l d be
∗ r e g i s t e r e d .
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∗ @re tu rn The n o r m a l i s e d SentenceRoot .
∗ @throws Semant i cExcep t i on A semant i c / l o g i c a l e r r o r was encounte r ed wi th the e x p r e s s i o n d u r i n g
∗ s t a n d a r d i s a t i o n .
∗/

s t a t i c s t d : : un ique_ptr <SentenceRoot> b u i l d _ s y m b o l _ r e p o s i t o r y (
s t d : : un ique_ptr <MutableSentenceRoot> &&norma l i s ed_roo t ,
s t d : : shared_ptr <Symbo lRepos i to ry > s y m b o l _ r e p o s i t o r y ) ;

s t a t i c c o n s t l o g 4 c x x : : Logge rPt r c n f _ l o g g e r ;
s t a t i c T e x t S e r i a l i s e r V i s i t o r s e r i a l i s e r _ v i s i t o r ;

} ;

} // namespace o p t i f o l

#e n d i f // OPTIFOL_EXPRESSIONFACTORY_HPP

1.9.3 Feature.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n and imp l ementa t i on f o r the C lause f e a t u r e
∗ @author O l i v e r Dixon
∗ @date 2026−02−04
∗ @ v e r s i o n Development
∗/

#i f n d e f OPTIFOL_FEATURE_HPP
#d e f i n e OPTIFOL_FEATURE_HPP

#i n c l u d e <c a s s e r t >
#i n c l u d e < u t i l i t y >

#i n c l u d e " . . / I H a s h a b l e . hpp "

namespace o p t i f o l
{

/∗∗
∗ @ c l a s s Fea tu r e
∗ @ b r i e f A Fea tu r e i s a m e t r i c o f a C lau se . I t has a type and a magnitude , i n d i c a t i n g the e x t e n t o f the
∗ f e a t u r e type ’ s r e p r e s e n t a t i o n w i t h i n the C lause .
∗/

c l a s s Fea tu r e : p u b l i c I H a s h a b l e
{
p u b l i c :

/∗∗
∗ @ c l a s s FeatureType
∗ @ b r i e f The f o u r C lause f e a t u r e t y p e s .
∗/

enum c l a s s FeatureType
{

MaxDepth ,
L i t e r a l C o u n t ,
Funct ionCount ,
V a r i a b l e C o u n t

} ;

s t a t i c c o n s t e x p r s t d : : a r r ay <FeatureType , 4> f e a t u r e _ t y p e s { FeatureType : : MaxDepth ,
FeatureType : : L i t e r a l C o u n t , FeatureType : : Funct ionCount , FeatureType : : V a r i a b l e C o u n t } ;

/∗∗
∗ @ b r i e f C o n s t r u c t a new f e a t u r e type wi th z e r o magnitude .
∗ @param f e a t u r e _ t y p e The f e a t u r e type to c o n s t r u c t .
∗/

e x p l i c i t Fea tu r e ( c o n s t FeatureType f e a t u r e _ t y p e ) :
f e a t u r e _ t y p e ( f e a t u r e _ t y p e )

{
}

/∗∗
∗ @ b r i e f C o n s t r u c t a new f e a t u r e type wi th a s p e c i f i e d magnitude .
∗ @param f e a t u r e _ t y p e The f e a t u r e type to c o n s t r u c t .
∗ @param magnitude The i n i t i a l magnitude o f the f e a t u r e .
∗/
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Fea tu r e ( c on s t FeatureType f e a t u r e _ t y pe , c on s t uns i gned i n t magnitude ) :
f e a t u r e _ t y p e ( f e a t u r e _ t y p e ) ,
magnitude ( magnitude )

{
}

[ [ n o d i s c a r d ] ] s t d : : s i z e _ t hash ( ) c on s t noexcept o v e r r i d e
{

r e t u r n hash_combine (
s t d : : hash<s t d : : unde r l y i ng_type_t <FeatureType >>{}( s t d : : t o _ u n d e r l y i n g ( f e a t u r e _ t y p e ) ) ,
s t d : : hash<uns i gned i n t >{}( magnitude ) ) ;

}

/∗∗
∗ @ b r i e f Determine the f e a t u r e ’ s impor tance w. r . t . R e s o l u t i o n P o t e n t i a l .
∗ @param o t h e r _ f e a t u r e The o t h e r f e a t u r e to compare a g a i n s t .
∗ @re tu rn Does t h i s f e a t u r e have a s t r i c t l y l owe r RP than the o t h e r one ?
∗/

[ [ n o d i s c a r d ] ] boo l ope ra to r <( c o n s t Fea tu r e &o t h e r _ f e a t u r e ) c o n s t noexcept
{

i f ( f e a t u r e _ t y p e != o t h e r _ f e a t u r e . f e a t u r e _ t y p e )
r e t u r n f e a t u r e _ t y p e < o t h e r _ f e a t u r e . f e a t u r e _ t y p e ;

r e t u r n magnitude < o t h e r _ f e a t u r e . magnitude ;
}

/∗∗
∗ @ b r i e f Determine the f e a t u r e ’ s impor tance w. r . t . R e s o l u t i o n P o t e n t i a l .
∗ @param o t h e r _ f e a t u r e The o t h e r f e a t u r e to compare a g a i n s t .
∗ @re tu rn Does t h i s f e a t u r e have a s t r i c t l y g r e a t e r RP than the o t h e r one ?
∗/

[ [ n o d i s c a r d ] ] boo l ope ra to r >( c o n s t Fea tu r e &o t h e r _ f e a t u r e ) c o n s t noexcept
{

i f ( f e a t u r e _ t y p e != o t h e r _ f e a t u r e . f e a t u r e _ t y p e )
r e t u r n f e a t u r e _ t y p e > o t h e r _ f e a t u r e . f e a t u r e _ t y p e ;

r e t u r n magnitude > o t h e r _ f e a t u r e . magnitude ;
}

/∗∗
∗ @ b r i e f Reset the f e a t u r e ’ s magnitude back to i t s i n i t i a l v a l u e .
∗/

v o i d r e s e t ( ) noexcept
{

magnitude = 0 ;
}

/∗∗
∗ @ b r i e f I nc r ement the f e a t u r e by a g i v e n amount
∗ @param amount The e x t e n t by which the f e a t u r e ’ s magnitude s h o u l d be inc r emented ( d e f a u l t 1) .
∗/

v o i d i nc r ement ( c on s t uns i gned i n t amount = 1) noexcept
{

magnitude += amount ;
}

/∗∗
∗ @ b r i e f Maximise the f e a t u r e w i th ano the r magnitude .
∗ @param c a n d i d a t e The c a n d i d a t e magnitude to maximise .
∗/

v o i d maximise ( c o n s t uns i gned i n t c a n d i d a t e ) noexcept
{

magnitude = s t d : : max( magnitude , c a n d i d a t e ) ;
}

/∗∗
∗ @ b r i e f Combine the g i v e n f e a t u r e w i th t h i s one .
∗ @param new_feature The o t h e r f e a t u r e w i th which to combine .
∗ @pre The g i v e n f e a t u r e must be o f the same type .
∗/

v o i d j o i n ( c on s t Fea tu r e &new_feature ) noexcept
{

a s s e r t ( f e a t u r e _ t y p e == new_feature . f e a t u r e _ t y p e ) ;

s w i t c h ( f e a t u r e _ t y p e ) {
ca se FeatureType : : MaxDepth :

maximise ( new_feature . magnitude ) ;
b reak ;

ca s e FeatureType : : Funct ionCount :
ca s e FeatureType : : L i t e r a l C o u n t :
ca s e FeatureType : : V a r i a b l e C o u n t :
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i n c r ement ( new_feature . magnitude ) ;
b reak ;

}
}

[ [ n o d i s c a r d ] ] un s i gned i n t get_magnitude ( ) c on s t noexcept
{

r e t u r n magnitude ;
}

[ [ n o d i s c a r d ] ] FeatureType g e t _ f e a t u r e _ t y p e ( ) c o n s t noexcept
{

r e t u r n f e a t u r e _ t y p e ;
}

/∗∗
∗ @ b r i e f S t a t i c h e l p e r to r e t r i e v e a f e a t u r e o f the s p e c i f i e d type from a l i s t o f f e a t u r e s .
∗ @param f e a t u r e s The l i s t o f f e a t u r e s .
∗ @param f e a t u r e _ t y p e The f e a t u r e type o f r e t r i e v e .
∗ @re tu rn The r e q u e s t e d f e a t u r e .
∗/

s t a t i c Fea tu r e &get ( s t d : : v e c to r <Feature > &f e a t u r e s , c on s t FeatureType f e a t u r e _ t y p e )
{

c on s t auto i n d e x = s t a t i c _ c a s t <s t d : : s i z e _ t >( s t d : : t o _ u n d e r l y i n g ( f e a t u r e _ t y p e ) ) ;
a s s e r t ( i n d e x < f e a t u r e s . s i z e ( ) ) ;

auto &c a n d i d a t e = f e a t u r e s [ i n d e x ] ;
a s s e r t ( c a n d i d a t e . f e a t u r e _ t y p e == f e a t u r e _ t y p e ) ;

r e t u r n c a n d i d a t e ;
}

p r i v a t e :
c on s t FeatureType f e a t u r e _ t y p e ;
un s i gned i n t magnitude = 0 ;

} ;

} // namespace o p t i f o l

#e n d i f // OPTIFOL_FEATURE_HPP

1.9.4 FVIKnowledgeBase.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the Fea tu r e Vecto r I n d e x i n g C lause knowledge base
∗ @author O l i v e r Dixon
∗ @date 2026−02−09
∗ @ v e r s i o n Development
∗/

#i n c l u d e " FVIKnowledgeBase . hpp "

#i n c l u d e <ranges >

#i n c l u d e " . . / IR / Sentence s / C lause . hpp "
#i n c l u d e " . . / Logg ing . hpp "
#i n c l u d e " . . / V i s i t o r s / R e g u l a r T a r g e t s / U n i f i c a t i o n / U n i f i c a t i o n V i s i t o r . hpp "

namespace o p t i f o l
{

c on s t l o g 4 c x x : : Logge rPt r FVIKnowledgeBase : : kb_ logger =
Logg ing : : g e t _ l o g g e r ({ " L o g i c S e r v i c e s " , " FVIKnowledgeBase " }) ;

FVIKnowledgeBase : : FVIKnowledgeBase ( s t d : : shared_ptr <Symbo lRepos i to ry > s y m b o l _ r e p o s i t o r y ) :
s y m b o l _ r e p o s i t o r y ( s t d : : move ( s y m b o l _ r e p o s i t o r y ) ) ,
u n i f i c a t i o n _ v i s i t o r ( t h i s −>s y m b o l _ r e p o s i t o r y )

{
}

s t d : : p a i r <UniqueUnorderedSet<Clause >: : i t e r a t o r , bool> FVIKnowledgeBase : : i n s e r t _ c l a u s e (
s t d : : un ique_ptr <Clause > &&c l a u s e ,
c on s t s t d : : o p t i o n a l <s t d : : f u n c t i o n <v o i d ( s t d : : un ique_ptr <Clause > &&)>> &r e j e c t i o n _ h a n d l e r )
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{
FVINode ∗ node = &r o o t ;
c on s t auto &c l a u s e _ f e a t u r e s = c l a u s e −>o b s e r v e _ f e a t u r e s ( ) ;

f o r ( co n s t auto &f e a t u r e : c l a u s e _ f e a t u r e s ) {
auto &c h i l d = node−>c h i l d r e n [ f e a t u r e ] ;
i f ( c h i l d == n u l l p t r )

c h i l d = s t d : : make_unique<FVINode >() ;
node = c h i l d . ge t ( ) ;

}

i f ( node−>c l a u s e _ s e t . c o n t a i n s ( c l a u s e ) ) {
LOG4CXX_INFO( kb_logger ,

s t d : : fo rmat ( " R e j e c t i n g c l a u s e {} because i t a l r e a d y e x i s t s i n the KB t r i e . " , ∗ c l a u s e ) ) ;
i f ( r e j e c t i o n _ h a n d l e r . has_va lue ( ) )

(∗ r e j e c t i o n _ h a n d l e r ) ( s t d : : move ( c l a u s e ) ) ;
r e t u r n {node−>c l a u s e _ s e t . end ( ) , f a l s e } ;

}

LOG4CXX_INFO( kb_logger , s t d : : fo rmat ( " Accept ing c l a u s e {} i n t o the KB. " , ∗ c l a u s e ) ) ;
auto [ i t , s u c c e s s ] = node−>c l a u s e _ s e t . i n s e r t ( s t d : : move ( c l a u s e ) ) ;
a s s e r t ( s u c c e s s ) ;

++t o t a l _ c l a u s e _ c o u n t ;
LOG4CXX_DEBUG( kb_logger , s t d : : fo rmat ( "The KB now c o n t a i n s {} c l a u s e s . " , t o t a l _ c l a u s e _ c o u n t ) ) ;
r e t u r n { i t , s u c c e s s } ;

}

s t d : : p a i r <UniqueUnorderedSet<Clause >: : i t e r a t o r , bool> FVIKnowledgeBase : : add_c lause (
s t d : : un ique_ptr <Clause > &&c l a u s e ,
c on s t s t d : : o p t i o n a l <s t d : : f u n c t i o n <v o i d ( s t d : : un ique_ptr <Clause > &&)>> &r e j e c t i o n _ h a n d l e r )

{
s t d : : v e c to r <c o n s t C lause ∗> subsuming_c lause s ;
get_subsuming (∗ c l a u s e , root , 0 , subsuming_c lause s ) ;

i f ( ! subsuming_c lause s . empty ( ) ) {
LOG4CXX_INFO( kb_logger ,

s t d : : fo rmat ( " R e j e c t i n g c l a u s e {} because i t would be subsumed by c u r r e n t KB. " , ∗ c l a u s e ) ) ;
i f ( r e j e c t i o n _ h a n d l e r . has_va lue ( ) )

(∗ r e j e c t i o n _ h a n d l e r ) ( s t d : : move ( c l a u s e ) ) ;
r e t u r n { r o o t . c l a u s e _ s e t . end ( ) , f a l s e } ;

}

remove_subsumed (∗ c l a u s e , root , 0) ;
r e t u r n i n s e r t _ c l a u s e ( s t d : : move ( c l a u s e ) , r e j e c t i o n _ h a n d l e r ) ;

}

s t d : : g e n e r a t o r <c o n s t C lause ∗> FVIKnowledgeBase : : f l a t t e n ( ) co n s t
{

s t d : : v e c to r <c o n s t FVINode ∗> s t a c k ;
s t a c k . push_back(& r o o t ) ;

w h i l e ( ! s t a c k . empty ( ) ) {
c on s t auto node = s t a c k . back ( ) ;
s t a c k . pop_back ( ) ;

f o r ( co n s t auto &c l a u s e : node−>c l a u s e _ s e t )
c o _ y i e l d c l a u s e . ge t ( ) ;

f o r ( co n s t auto &[_, ch i l d_node ] : node−>c h i l d r e n )
s t a c k . push_back ( ch i l d_node . ge t ( ) ) ;

}
}

v o i d FVIKnowledgeBase : : get_subsuming ( c on s t C lau se &c l a u s e , c o n s t FVINode &node , c o n s t uns i gned i n t depth ,
s t d : : v e c to r <c o n s t C lause ∗> &subsuming_c lause s ) c o n s t

{
c on s t auto &f e a t u r e s = c l a u s e . o b s e r v e _ f e a t u r e s ( ) ;
i f ( depth >= f e a t u r e s . s i z e ( ) )

// The g i v e n node i s a l e a f node .
f o r ( co n s t auto c o n t a i n e d _ c l a u s e : node . c l a u s e _ s e t | unwrap_c lause ) {

c on s t auto subsumes = c o n t a i n e d _ c l a u s e −>subsumes ( c l a u s e , u n i f i c a t i o n _ v i s i t o r ) ;
u n i f i c a t i o n _ v i s i t o r . r e s e t _ s u b s t i t u t i o n s ( ) ;
i f ( subsumes )

subsuming_c lause s . push_back ( c o n t a i n e d _ c l a u s e ) ;
e l s e

r e t u r n ;
}

e l s e {

111



// The g i v e n node i s not a l e a f node .
c on s t auto &f e a t u r e = f e a t u r e s [ depth ] ;
c on s t auto f i l t e r _ u n r e l a t e d _ f e a t u r e s = s t d : : r a n g e s : : v i ews : : d rop_whi l e (

[& f e a t u r e ] ( c o n s t auto &c a n d i d a t e _ p a i r ) { r e t u r n c a n d i d a t e _ p a i r . f i r s t < f e a t u r e ; }) ;

c on s t auto s e l e c t _ l e s s e r _ m a g n i t u d e s = s t d : : r a n g e s : : v i ews : : t ake_wh i l e (
[& f e a t u r e ] ( c o n s t auto &c a n d i d a t e _ p a i r )
{

r e t u r n c a n d i d a t e _ p a i r . f i r s t . g e t _ f e a t u r e _ t y p e ( ) == f e a t u r e . g e t _ f e a t u r e _ t y p e ( ) &&
c a n d i d a t e _ p a i r . f i r s t . get_magnitude ( ) <= f e a t u r e . get_magnitude ( ) ;

}) ;

f o r ( co n s t auto &[ c h i l d _ f e a t u r e , ch i l d_node ] :
node . c h i l d r e n | f i l t e r _ u n r e l a t e d _ f e a t u r e s | s e l e c t _ l e s s e r _ m a g n i t u d e s )

get_subsuming ( c l a u s e , ∗ ch i ld_node , depth + 1 , subsuming_c lause s ) ;

get_subsuming ( c l a u s e , node , depth + 1 , subsuming_c lause s ) ;
}

}

v o i d FVIKnowledgeBase : : get_subsumed ( c on s t C lau se &c l a u s e , c o n s t FVINode &node , c o n s t uns i gned i n t depth ,
s t d : : v e c to r <c o n s t C lause ∗> &subsumed_c lauses ) co n s t

{
c on s t auto &f e a t u r e s = c l a u s e . o b s e r v e _ f e a t u r e s ( ) ;

i f ( depth >= f e a t u r e s . s i z e ( ) )

// The g i v e n node i s a l e a f node .
e x p l o r e _ l e a f ( c l a u s e , node , subsumed_c lauses ) ;

e l s e {

// The g i v e n node i s not a l e a f node .
c on s t auto f i l t e r _ g r e a t e r _ m a g n i t u d e s = s t d : : r a n g e s : : v i ews : : t ake_wh i l e (

[ depth , &f e a t u r e s ] ( co n s t auto &c a n d i d a t e _ p a i r )
{

i f ( depth == 0)
r e t u r n t r u e ;

r e t u r n c a n d i d a t e _ p a i r . f i r s t > f e a t u r e s [ depth − 1 ] ;
}) ;

c on s t auto &c u r r e n t _ f e a t u r e = f e a t u r e s [ depth ] ;
f o r ( co n s t auto &[ c h i l d _ f e a t u r e , ch i l d_node ] :

node . c h i l d r e n | s t d : : r a n g e s : : v i ews : : r e v e r s e | f i l t e r _ g r e a t e r _ m a g n i t u d e s )
i f ( c h i l d _ f e a t u r e . g e t _ f e a t u r e _ t y p e ( ) <= c u r r e n t _ f e a t u r e . g e t _ f e a t u r e _ t y p e ( ) ) {

c on s t s t d : : s i z e _ t o f f s e t =
c h i l d _ f e a t u r e . g e t _ f e a t u r e _ t y p e ( ) == c u r r e n t _ f e a t u r e . g e t _ f e a t u r e _ t y p e ( ) &&

c h i l d _ f e a t u r e . get_magnitude ( ) >= c u r r e n t _ f e a t u r e . get_magnitude ( )
? 1
: 0 ;

get_subsumed ( c l a u s e , ∗ ch i ld_node , depth + o f f s e t , subsumed_c lauses ) ;
}

}
}

v o i d FVIKnowledgeBase : : e x p l o r e _ l e a f (
c on s t C lau se &c l a u s e , c o n s t FVINode &node , s t d : : v e c to r <c o ns t C lause ∗> &subsumed_c lauses ) co n s t

{
f o r ( co n s t auto c o n t a i n e d _ c l a u s e : node . c l a u s e _ s e t | unwrap_c lause ) {

c on s t auto subsumes = c l a u s e . subsumes (∗ c o n t a i n e d _ c l a u s e , u n i f i c a t i o n _ v i s i t o r ) ;
u n i f i c a t i o n _ v i s i t o r . r e s e t _ s u b s t i t u t i o n s ( ) ;
i f ( subsumes )

subsumed_c lauses . push_back ( c o n t a i n e d _ c l a u s e ) ;
}

f o r ( co n s t auto &[ f e a t u r e , ch i l d_node ] : node . c h i l d r e n )
e x p l o r e _ l e a f ( c l a u s e , ∗ ch i ld_node , subsumed_c lauses ) ;

}

v o i d FVIKnowledgeBase : : remove_subsumed ( co n s t C l ause &c l a u s e , FVINode &node , uns i gned i n t depth )
{

c on s t auto &f e a t u r e s = c l a u s e . o b s e r v e _ f e a t u r e s ( ) ;

i f ( depth >= f e a t u r e s . s i z e ( ) )

// The g i v e n node i s a l e a f node .
exp lo re_and_remove_lea f ( c l a u s e , node ) ;

e l s e {
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// The g i v e n node i s not a l e a f node .
c on s t auto f i l t e r _ g r e a t e r _ m a g n i t u d e s = s t d : : r a n g e s : : v i ews : : t ake_wh i l e (

[ depth , &f e a t u r e s ] ( co n s t auto &c a n d i d a t e _ p a i r )
{

i f ( depth == 0)
r e t u r n t r u e ;

r e t u r n c a n d i d a t e _ p a i r . f i r s t > f e a t u r e s [ depth − 1 ] ;
}) ;

c on s t auto &c u r r e n t _ f e a t u r e = f e a t u r e s [ depth ] ;
s t d : : v e c to r <Feature > s l a t e d _ f o r _ r e m o v a l ;

f o r ( co n s t auto &[ c h i l d _ f e a t u r e , ch i l d_node ] :
node . c h i l d r e n | s t d : : r a n g e s : : v i ews : : r e v e r s e | f i l t e r _ g r e a t e r _ m a g n i t u d e s )

i f ( c h i l d _ f e a t u r e . g e t _ f e a t u r e _ t y p e ( ) <= c u r r e n t _ f e a t u r e . g e t _ f e a t u r e _ t y p e ( ) ) {
c on s t s t d : : s i z e _ t o f f s e t =

c h i l d _ f e a t u r e . g e t _ f e a t u r e _ t y p e ( ) == c u r r e n t _ f e a t u r e . g e t _ f e a t u r e _ t y p e ( ) &&
c h i l d _ f e a t u r e . get_magnitude ( ) >= c u r r e n t _ f e a t u r e . get_magnitude ( )

? 1
: 0 ;

remove_subsumed ( c l a u s e , ∗ ch i ld_node , depth + o f f s e t ) ;
i f ( ch i ld_node −>c h i l d r e n . empty ( ) && ch i ld_node −>c l a u s e _ s e t . empty ( ) )

s l a t e d _ f o r _ r e m o v a l . push_back ( c h i l d _ f e a t u r e ) ;
}

f o r ( co n s t auto &t a r g e t : s l a t e d _ f o r _ r e m o v a l )
node . c h i l d r e n . e r a s e ( t a r g e t ) ;

}
}

v o i d FVIKnowledgeBase : : exp lo re_and_remove_lea f ( c o n s t C lause &incoming_c lause , FVINode &node )
{

auto n e x t _ c l a u s e _ i t = node . c l a u s e _ s e t . beg i n ( ) ;
f o r ( auto c l a u s e _ i t = n e x t _ c l a u s e _ i t ; c l a u s e _ i t != node . c l a u s e _ s e t . end ( ) ; c l a u s e _ i t = n e x t _ c l a u s e _ i t ) {

++n e x t _ c l a u s e _ i t ;
c on s t auto subsumes = incoming_c l au se . subsumes (∗∗ c l a u s e _ i t , u n i f i c a t i o n _ v i s i t o r ) ;
u n i f i c a t i o n _ v i s i t o r . r e s e t _ s u b s t i t u t i o n s ( ) ;
i f ( subsumes ) {

LOG4CXX_INFO( kb_logger ,
s t d : : fo rmat ( " Orphaning c l a u s e {} from the KB as i t i s be i ng subsumed by {} . " , ∗∗ c l a u s e _ i t ,

i n coming_c l au se ) ) ;

o rphaned_c l au se s . i n s e r t ( s t d : : move ( node . c l a u s e _ s e t . e x t r a c t ( c l a u s e _ i t ) . v a l u e ( ) ) ) ;
−−t o t a l _ c l a u s e _ c o u n t ;

LOG4CXX_DEBUG( kb_logger ,
s t d : : fo rmat ( "The KB now c o n t a i n s {} a c t i v e and {} orphaned c l a u s e s . " , t o t a l _ c l a u s e _ c o u n t ,

o rphaned_c l au se s . s i z e ( ) ) ) ;
}

}

s t d : : v e c to r <Feature > s l a t e d _ f o r _ r e m o v a l ;
f o r ( co n s t auto &[ c h i l d _ f e a t u r e , ch i l d_node ] : node . c h i l d r e n ) {

exp lo re_and_remove_lea f ( incoming_c lause , ∗ ch i l d_node ) ;
i f ( ch i ld_node −>c h i l d r e n . empty ( ) && ch i ld_node −>c l a u s e _ s e t . empty ( ) )

s l a t e d _ f o r _ r e m o v a l . push_back ( c h i l d _ f e a t u r e ) ;
}

f o r ( co n s t auto &t a r g e t : s l a t e d _ f o r _ r e m o v a l )
node . c h i l d r e n . e r a s e ( t a r g e t ) ;

}

uns i gned i n t FVIKnowledgeBase : : g e t _ t o t a l _ c l a u s e _ c o u n t ( ) co n s t noexcept
{

r e t u r n t o t a l _ c l a u s e _ c o u n t ;
}

boo l FVIKnowledgeBase : : i s_orphaned ( c o n s t C lause ∗ c l a u s e ) co n s t
{

r e t u r n o rphaned_c l au se s . c o n t a i n s ( c l a u s e ) ;
}

} // namespace o p t i f o l

113



1.9.5 FVIKnowledgeBase.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the Fea tu r e Vecto r I n d e x i n g C lause knowledge base
∗ @author O l i v e r Dixon
∗ @date 2026−02−09
∗ @ v e r s i o n Development
∗/

#i f n d e f OPTIFOL_FVIKNOWLEDGEBASE_HPP
#d e f i n e OPTIFOL_FVIKNOWLEDGEBASE_HPP

#i n c l u d e <f u n c t i o n a l >
#i n c l u d e <g e n e r a t o r >
#i n c l u d e <l o g 4 c x x / l o g g e r . h>
#i n c l u d e <map>
#i n c l u d e <memory>
#i n c l u d e <vec to r >

#i n c l u d e " . . / IR / Sentence s / C lause . hpp "
#i n c l u d e " . . / O p t i f o l . hpp "
#i n c l u d e " . . / V i s i t o r s / R e g u l a r T a r g e t s / U n i f i c a t i o n / U n i f i c a t i o n V i s i t o r . hpp "
#i n c l u d e " Fea tu r e . hpp "

namespace o p t i f o l
{

c l a s s Symbo lRepos i to ry ;

/∗∗
∗ @ c l a s s FVIKnowledgeBase
∗ @ b r i e f The FVI ( f e a t u r e vec to r −i n d e x e d ) KB s t o r e s c l a u s e s i n a KB−l i k e s t r u c t u r e i . a .w . t h e i r f e a t u r e s . See
∗ the Schu l z paper f o r more i n f o r m a t i o n on i t s n a t u r e and suppo r t ed o p e r a t i o n s .
∗/

c l a s s FVIKnowledgeBase
{
p u b l i c :

e x p l i c i t FVIKnowledgeBase ( s t d : : shared_pt r <Symbo lRepos i to ry > s y m b o l _ r e p o s i t o r y ) ;

/∗∗
∗ @ b r i e f I n t r o d u c e s ( and t r a n s f e r s owne r sh ip o f ) a new C lause i n t o the knowledge base .
∗ @ d e t a i l s Th i s f u n c t i o n i n t r o d u c e s a C lause to the KB on the c o n d i t i o n t h a t i t i s not subsumed by the
∗ e x i s t i n g KB. Furthermore , i f i t s i n t r o d u c t i o n c a u s e s c l a u s e s to be subsumed , th o s e l a t t e r c l a u s e s a r e
∗ removed .
∗ @param c l a u s e The C lause to i n t r o d u c e .
∗ @param r e j e c t i o n _ h a n d l e r The c a l l b a c k to which owne r sh ip s h o u l d be handed back i f the knowledge base
∗ r e f u s e s the c l a u s e ; t h i s happens when the c l a u s e would be i mm ed i a t e l y subsumed by the KB.
∗ @re tu rn An i t e r a t o r to the i n s e r t e d c l a u s e , o r an <code>end</code> i f r e f u s e d , and a boo l ean f l a g
∗ i n d i c a t i n g accep tance o f the C lause by the KB.
∗/

s t d : : p a i r <UniqueUnorderedSet<Clause >: : i t e r a t o r , bool> add_c lause ( s t d : : un ique_ptr <Clause > &&c l a u s e ,
c on s t s t d : : o p t i o n a l <s t d : : f u n c t i o n <v o i d ( s t d : : un ique_ptr <Clause > &&)>> &r e j e c t i o n _ h a n d l e r = {}) ;

[ [ n o d i s c a r d ] ] s t d : : g e n e r a t o r <c o n s t C lause ∗> f l a t t e n ( ) c o n s t ;

[ [ n o d i s c a r d ] ] un s i gned i n t g e t _ t o t a l _ c l a u s e _ c o u n t ( ) c o n s t noexcept ;

[ [ n o d i s c a r d ] ] boo l i s_orphaned ( c on s t C lau se ∗ c l a u s e ) co n s t ;

p r i v a t e :
s t r u c t FVINode
{

FVINode ( ) = d e f a u l t ;

s t d : : map<Feature , s t d : : un ique_ptr <FVINode>> c h i l d r e n ;
UniqueUnorderedSet <Clause > c l a u s e _ s e t ;

} ;

s t r u c t OrphanHasher
{

u s i n g i s _ t r a n s p a r e n t = v o i d ;

[ [ n o d i s c a r d ] ] s t d : : s i z e _ t o p e r a t o r ( ) ( co n s t C l ause ∗ c on s t p t r ) c on s t noexcept
{
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r e t u r n r e i n t e r p r e t _ c a s t <s t d : : s i z e _ t >( p t r ) ;
}

[ [ n o d i s c a r d ] ] s t d : : s i z e _ t o p e r a t o r ( ) ( c o n s t s t d : : un ique_ptr <Clause > &unq ) c on s t noexcept
{

r e t u r n r e i n t e r p r e t _ c a s t <s t d : : s i z e _ t >(unq . ge t ( ) ) ;
}

} ;

s t r u c t OrphanEqua l i t y
{

u s i n g i s _ t r a n s p a r e n t = v o i d ;

[ [ n o d i s c a r d ] ] boo l o p e r a t o r ( ) ( c on s t C lau se ∗ c on s t l h s_pt r , c o n s t C lause ∗ c on s t r h s _ p t r ) c on s t noexcept
{

r e t u r n l h s _ p t r == r h s _ p t r ;
}

[ [ n o d i s c a r d ] ] boo l o p e r a t o r ( ) (
c on s t C lau se ∗ c on s t l h s_pt r , c o n s t s t d : : un ique_ptr <Clause > &rhs_unq ) co n s t noexcept

{
r e t u r n l h s _ p t r == rhs_unq . ge t ( ) ;

}

[ [ n o d i s c a r d ] ] boo l o p e r a t o r ( ) (
c on s t s t d : : un ique_ptr <Clause > &lhs_unq , c on s t C lau se ∗ c on s t r h s _ p t r ) c on s t noexcept

{
r e t u r n lhs_unq . ge t ( ) == r h s _ p t r ;

}

[ [ n o d i s c a r d ] ] boo l o p e r a t o r ( ) (
c on s t s t d : : un ique_ptr <Clause > &lhs_unq , c on s t s t d : : un ique_ptr <Clause > &rhs_unq ) c on s t noexcept

{
r e t u r n lhs_unq . ge t ( ) == rhs_unq . ge t ( ) ;

}
} ;

s t a t i c c o n s t e x p r auto unwrap_c lause =
s t d : : v i ews : : t r a n s f o r m ( [ ] ( c on s t s t d : : un ique_ptr <Clause > &c l a u s e ) { r e t u r n c l a u s e . ge t ( ) ; }) ;

s t a t i c c o n s t l o g 4 c x x : : Logge rPt r kb_logger ;

s t d : : p a i r <UniqueUnorderedSet <Clause >: : i t e r a t o r , bool> i n s e r t _ c l a u s e ( s t d : : un ique_ptr <Clause > &&c l a u s e ,
c on s t s t d : : o p t i o n a l <s t d : : f u n c t i o n <v o i d ( s t d : : un ique_ptr <Clause > &&)>> &r e j e c t i o n _ h a n d l e r ) ;

v o i d get_subsuming ( co n s t C l ause &c l a u s e , c on s t FVINode &node , uns i gned i n t depth ,
s t d : : v e c to r <c o n s t C lause ∗> &subsuming_c lause s ) c o n s t ;

v o i d get_subsumed ( co n s t C lause &c l a u s e , c on s t FVINode &node , uns i gned i n t depth ,
s t d : : v e c to r <c o n s t C lause ∗> &subsumed_c lauses ) co n s t ;

v o i d e x p l o r e _ l e a f (
c on s t C lau se &c l a u s e , c o n s t FVINode &node , s t d : : v e c to r <c o ns t C lause ∗> &subsumed_c lauses ) co n s t ;

v o i d remove_subsumed ( c o n s t C l ause &c l a u s e , FVINode &node , uns i gned i n t depth ) ;

v o i d exp lo re_and_remove_lea f ( c on s t C lau se &incoming_c lause , FVINode &node ) ;

FVINode r o o t ;
s t d : : shared_ptr <Symbo lRepos i to ry > s y m b o l _ r e p o s i t o r y ;
un s i gned i n t t o t a l _ c l a u s e _ c o u n t = 0 ;

s t d : : unorde red_set <s t d : : un ique_ptr <Clause >, OrphanHasher , OrphanEqua l i ty > orphaned_c l au se s ;
mutable U n i f i c a t i o n V i s i t o r u n i f i c a t i o n _ v i s i t o r ;

} ;

} // namespace o p t i f o l

#e n d i f // OPTIFOL_FVIKNOWLEDGEBASE_HPP

1.9.6 ProofTreeNode.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
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∗ @ b r i e f C l a s s s p e c i f i c a t i o n and imp l ementa t i on f o r the Proo f Tree Node base c l a s s
∗ @author O l i v e r Dixon
∗ @date 2026−01−29
∗ @ v e r s i o n Development
∗/

#i f n d e f OPTIFOL_PROOFTREENODE_HPP
#d e f i n e OPTIFOL_PROOFTREENODE_HPP

#i n c l u d e <memory>

#i n c l u d e " . . / I S e r i a l i s a b l e . hpp "

namespace o p t i f o l
{

s t r u c t U n i f i e r ;
c l a s s C lause ;
c l a s s R e s o l v e n t ;

/∗∗
∗ @ c l a s s ProofTreeNode
∗ @ b r i e f A Proof Tree Node i s a g r a p h i c a l o b j e c t t h a t may appear w i t h i n a d e d u c t i o n t r a c e , or , a M in ima l l y
∗ Spanning Deduct ion Graph . They c o n s i s t o f z e r o or two pa ren t s , an o p t i o n a l u n i f i e r c l a u s e , and a r e s o l v e n t
∗ or axiom node .
∗/

c l a s s ProofTreeNode : p u b l i c I S e r i a l i s a b l e
{
p u b l i c :

ProofTreeNode ( c on s t ProofTreeNode &) = d e f a u l t ;
ProofTreeNode &o p e r a t o r =( c o ns t ProofTreeNode &) = d e f a u l t ;

[ [ n o d i s c a r d ] ] c o n s t ProofTreeNode ∗ o b s e r v e _ l h s _ p a r e n t ( ) c o n s t noexcept
{

r e t u r n l h s _ p a r e n t ;
}

[ [ n o d i s c a r d ] ] c o n s t ProofTreeNode ∗ obse r ve_rh s_pa ren t ( ) c o n s t noexcept
{

r e t u r n rh s_pa ren t ;
}

[ [ n o d i s c a r d ] ] v i r t u a l c o n s t C lause ∗ observe_node ( ) c on s t noexcept = 0 ;

[ [ n o d i s c a r d ] ] v i r t u a l s t d : : o p t i o n a l <c o n s t U n i f i e r ∗> observe_edge ( ) c on s t noexcept = 0 ;

[ [ n o d i s c a r d ] ] un s i gned i n t get_depth ( ) c on s t noexcept
{

r e t u r n depth ;
}

[ [ n o d i s c a r d ] ] v i r t u a l boo l i s _ u n i t ( ) c o n s t noexcept = 0 ;

p r o t e c t e d :
ProofTreeNode ( ) = d e f a u l t ;

ProofTreeNode ( c on s t ProofTreeNode ∗ c on s t l h s_pa ren t , co n s t ProofTreeNode ∗ c on s t rh s_pa r en t ) :
l h s _ p a r e n t ( l h s _ p a r e n t ) ,
r h s_pa ren t ( rh s_pa ren t ) ,
depth ( s t d : : max( lh s_pa ren t −>get_depth ( ) , rhs_parent −>get_depth ( ) ) + 1)

{
}

p r i v a t e :
c on s t ProofTreeNode ∗ l h s _ p a r e n t = n u l l p t r ;
c on s t ProofTreeNode ∗ rh s_pa ren t = n u l l p t r ;
un s i gned i n t depth = 0 ;

} ;

} // namespace o p t i f o l

#e n d i f // OPTIFOL_PROOFTREENODE_HPP

1.9.7 Prover.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

116



/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the FOL R e s o l u t i o n Knowledge Base
∗ @author O l i v e r Dixon
∗ @date 2025−09−15
∗ @ v e r s i o n Development
∗/

#i n c l u d e " Prove r . hpp "

#i n c l u d e <a lgo r i t hm >
#i n c l u d e <queue>
#i n c l u d e <ranges >
#i n c l u d e <s i g c++/a d a p t o r s / b ind . h>

#i n c l u d e " . . / IR / Mutab l eVa r i an t s / Sen tence s / Mutab leSentenceRoot . hpp "
#i n c l u d e " . . / IR / Sentence s / L i t e r a l . hpp "
#i n c l u d e " . . / IR / Symbo lRepos i to ry . hpp "
#i n c l u d e " . . / Logg ing . hpp "
#i n c l u d e " E x p r e s s i o n F a c t o r y . hpp "
#i n c l u d e " QueryResu l t . hpp "
#i n c l u d e " R e s o l v e n t . hpp "

namespace o p t i f o l
{

c on s t l o g 4 c x x : : Logge rPt r Prove r : : p r o v e r _ l o g g e r = Logg ing : : g e t _ l o g g e r ({ " L o g i c S e r v i c e s " , " Prove r " }) ;
c on s t l o g 4 c x x : : Logge rPt r Prove r : : r e s o l u t i o n _ l o g g e r =

Logg ing : : g e t _ l o g g e r ({ " L o g i c S e r v i c e s " , " Prove r " , " R e s o l u t i o n " }) ;
c on s t l o g 4 c x x : : Logge rPt r Prove r : : f a c t o r i n g _ l o g g e r =

Logg ing : : g e t _ l o g g e r ({ " L o g i c S e r v i c e s " , " Prove r " , " F a c t o r i n g " }) ;

Prove r : : P rove r ( s t d : : shared_pt r <Symbo lRepos i to ry > s y m b o l _ r e p o s i t o r y ) :
s y m b o l _ r e p o s i t o r y ( s t d : : move ( s y m b o l _ r e p o s i t o r y ) ) ,
b a s e _ c l a u s e s ( t h i s −>s y m b o l _ r e p o s i t o r y ) ,
u n i f i e r ( t h i s −>s y m b o l _ r e p o s i t o r y ) ,
f a c t o r i n g _ u n i f i e r ( t h i s −>s y m b o l _ r e p o s i t o r y ) ,
a p p l i c a t o r ( u n i f i e r . s h a r e _ s u b s t i t u t i o n s ( ) , t h i s −>s y m b o l _ r e p o s i t o r y ) ,
f a c t o r i n g _ a p p l i c a t o r ( f a c t o r i n g _ u n i f i e r . s h a r e _ s u b s t i t u t i o n s ( ) , t h i s −>s y m b o l _ r e p o s i t o r y )

{
}

boo l Prove r : : t e l l ( c o n s t SentenceRoot &s e n t e n c e )
{

r e t u r n s t d : : r a n g e s : : a l l _ o f ( sen tence , [ t h i s ] ( c o n s t C lause &new_clause ) { r e t u r n t e l l ( new_clause ) ; }) ;
}

boo l Prove r : : t e l l ( c o n s t C lau se &new_clause )
{

r e t u r n b a s e _ c l a u s e s . add_c lause ( s t d : : make_unique<Clause >(new_clause ) ) . second ;
}

boo l Prove r : : PQReso l ventUn i tPre f : : o p e r a t o r ( ) (
c on s t s t d : : un ique_ptr <Reso l ven t > &l h s , c o n s t s t d : : un ique_ptr <Reso l ven t > &r h s ) noexcept

{
r e t u r n ∗ l h s < ∗ r h s ;

}

Que ryResu l t Prove r : : r u n _ r e s o l u t i o n ( s t d : : un ique_ptr <SentenceRoot> &&negated_query , c on s t s i z e _ t max_step_count )
{

QueryResu l t r e s u l t (
s y m b o l _ r e p o s i t o r y ) ; // Exe cu t i on t r a c e , i n t r o d u c e d c l a u s e s , and metadata b u i l t up by the s o l v e r .

// I n t r o d u c e the negated g o a l c l a u s e s i n t o the query i n s t a n c e .
f o r ( co n s t auto &c l a u s e : ∗ negated_query )

r e s u l t . i n t r o d u c e d _ c l a u s e s . add_c lause ( s t d : : make_unique<Clause >( c l a u s e ) ) ;

/∗
∗ Over the C a r t e s i a n p roduc t o f c l a u s e s i n the KB, s e a r c h f o r r e s o l v e n t s i n the i n i t i a l s e t and p o p u l a t e
∗ the work ing queue a c c o r d i n g l y . Note t h a t b i n a r y r e s o l u t i o n i s a commutat ive o p e r a t i o n , so we r e s t r i c t
∗ the RHS .
∗/

Reso lventQueue working_queue ; // Generated r e s o l v e n t s not y e t committed to i n t r o d u c e d knowledge .
f o r ( c on s t auto l h s _ c l a u s e :

s t d : : r a n g e s : : concat_v iew ( b a s e _ c l a u s e s . f l a t t e n ( ) , r e s u l t . i n t r o d u c e d _ c l a u s e s . f l a t t e n ( ) ) )
f o r ( c on s t auto &r h s _ c l a u s e :

s t d : : r a n g e s : : concat_v iew ( b a s e _ c l a u s e s . f l a t t e n ( ) , r e s u l t . i n t r o d u c e d _ c l a u s e s . f l a t t e n ( ) ) ) {
auto n e w _ r e s o l v e n t s = f i n d _ r e s o l v e n t s ( l h s _ c l a u s e , r h s _ c l a u s e ) ;
f o r ( auto &&[ r e s o l v e n t , o w n i n g _ r e s o l u t i o n ] : n e w _ r e s o l v e n t s )

117



working_queue . push ( s t d : : move ( r e s o l v e n t ) , s t d : : move ( o w n i n g _ r e s o l u t i o n ) ) ;
}

r e s o l u t i o n _ l o g g e r −>debug (
s t d : : fo rmat ( " R e s o l u t i o n i n i t i a l s e a r c h g a t h e r e d {} r e s o l v e n t s . " , working_queue . s i z e ( ) ) ) ;

RawUnorderedSet<c o ns t Clause >
s e e n _ r e s o l v e n t s ; // Transpa ren t ha sh i ng to p r o v i d e l i g h t w e i g h t de−d u p l i c a t i o n .

/∗
∗ Once the i n i t i a l s e t o f r e s o l v e n t s has been added to the p r i o r i t y queue , c o n t i n u e s t e p p i n g u n t i l a
∗ r e s u l t has been produced to i n d i c a t e whether the negated query i n d u c e s an i n c o n s i s t e n t KB.
∗/

f o r ( ; ! working_queue . empty ( ) ; ++r e s u l t . e l ap sed_s tep_count ) {
auto n e x t _ r e s o l v e n t = working_queue . pop ( ) ;

/∗
∗ Mark the r e s o l v e d c l a u s e as " seen " . I f i t i s b e i ng seen f o r the f i r s t t ime , the popped r e s o l v e n t i s
∗ committed to the f i n a l e x e c u t i o n t r a c e , and owne r sh ip o f the r e s o l v e d c l a u s e i s t r a n s f e r r e d
∗ l i k e w i s e . I f i t has been seen be fo r e , we can j u s t i g n o r e i t , as b i n a r y r e s o l u t i o n can r e p e a t
∗ r e s o l u t i o n s f o r d i f f e r e n t c l a u s e s .
∗/

auto [_, was_unseen ] = s e e n _ r e s o l v e n t s . i n s e r t ( n e x t _ r e s o l v e n t . observe_node ( ) ) ;

i f ( was_unseen ) {
r e s o l u t i o n _ l o g g e r −>i n f o ( s t d : : fo rmat ( " Step {} i s u s i n g r e s o l u t i o n {} . " , r e s u l t . e l apsed_step_count ,

∗ n e x t _ r e s o l v e n t . observe_node ( ) ) ) ;

i f ( r e s u l t . i n t r o d u c e d _ c l a u s e s . i s_orphaned ( n e x t _ r e s o l v e n t . observe_node ( ) ) )
// Keep the ( non−owning ) r e s o l v e n t popped o f f the work ing queue , but don ’ t move i t s
// r e s o l u t i o n .
c o n t i n u e ;

/∗
∗ I n s e r t the next−unseen r e s o l v e n t i n t o the KB by t r a n s f e r r i n g owne r sh ip o f the c o r r e s p o n d i n g
∗ r e s o l u t i o n i n t o the QueryResu l t and r e c o r d i n g the r e s o l v e n t i n t o the t r a c e . I f the r e s o l u t i o n
∗ c l a u s e i s non− t r i v i a l and new , s e a r c h f o r more r e s o l v e n t s .
∗
∗ I f the KB r e f u s e s owne r sh ip o f the new C lause ( i . e . i f i t would be subsumed by the e x i s t i n g
∗ KB) , we take owne r sh ip back and r e t u r n i t to the work ing queue . Otherwise , i t would go out o f
∗ scope he r e d e s p i t e o t h e r r e s o l v e n t s p o t e n t i a l l y s t i l l u s i n g i t .
∗/

auto o w n i n g _ r e s o l u t i o n = working_queue . e x t r a c t _ r e s o l u t i o n ( n e x t _ r e s o l v e n t ) ;

auto [ c o m m i t t e d _ r e s o l u t i o n _ i t , was_committed ] =
r e s u l t . i n t r o d u c e d _ c l a u s e s . add_c lause ( s t d : : move ( o w n i n g _ r e s o l u t i o n ) ,

s i g c : : mem_fun( working_queue , &Reso lventQueue : : s t o r e _ r e s o l u t i o n ) ) ;
r e s u l t . r e l a t i o n s . push_back ( s t d : : move ( n e x t _ r e s o l v e n t ) ) ;

i f ( ( ∗ c o m m i t t e d _ r e s o l u t i o n _ i t )−>g e t _ t r i v i a l i t y _ s t a t e ( ) == Clause : : S t a t e : : T r i v i a l l y F a l s e ) {
// An empty d e r i v e d c l a u s e i n d i c a t e s t h a t a c o n t r a d i c t i o n was d e r i v e d i n the KB.
r e s u l t . outcome = QueryResu l t : : C o n j e c t u r e S t a t u s : : C o n s i s t e n t ;
r e s u l t . t e r m i n a t i n g _ r e s o l v e n t = &r e s u l t . r e l a t i o n s . back ( ) ;
working_queue . dump( r e s u l t . r e l a t i o n s , r e s u l t . i n t r o d u c e d _ c l a u s e s ) ;
r e t u r n r e s u l t ;

}

i f ( was_committed ) {
c on s t R e s o l v e n t ∗ c on s t l h s = &r e s u l t . r e l a t i o n s . back ( ) ;

// C l a u s e s on RHS
f o r ( c on s t auto r h s _ c l a u s e : b a s e _ c l a u s e s . f l a t t e n ( ) ) {

auto n e w _ r e s o l v e n t s = f i n d _ r e s o l v e n t s ( l h s , r h s _ c l a u s e ) ;
f o r ( auto &&[new_reso lvent , n e w _ r e s o l u t i o n ] : n e w _ r e s o l v e n t s )

working_queue . push ( s t d : : move ( new_re so l v en t ) , s t d : : move ( n e w _ r e s o l u t i o n ) ) ;
}

// R e s o l v e n t s on RHS
f o r ( c on s t auto &r h s _ r e s o l v e n t : r e s u l t . r e l a t i o n s ) {

auto n e w _ r e s o l v e n t s = f i n d _ r e s o l v e n t s ( l h s , &r h s _ r e s o l v e n t ) ;
f o r ( auto &&[new_reso lvent , n e w _ r e s o l u t i o n ] : n e w _ r e s o l v e n t s )

working_queue . push ( s t d : : move ( new_re so l v en t ) , s t d : : move ( n e w _ r e s o l u t i o n ) ) ;
}

}
} e l s e

r e s o l u t i o n _ l o g g e r −>debug ( s t d : : fo rmat (
" R e s o l u t i o n s k i p p i n g s t e p {} due to r e p e a t e d r e s o l v e n t . " , r e s u l t . e l ap sed_s tep_count ) ) ;

i f ( r e s u l t . e l ap sed_s tep_count == max_step_count ) {
r e s u l t . outcome = QueryResu l t : : C o n j e c t u r e S t a t u s : : TimedOut ;
working_queue . dump( r e s u l t . r e l a t i o n s , r e s u l t . i n t r o d u c e d _ c l a u s e s ) ;
r e t u r n r e s u l t ;
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}
}

/∗
∗ I f we have exhaus t ed a l l r e s o l v e n t s i n the PQ wi thout f i n d i n g a c o n t r a d i c t i o n , then i n t r o d u c e d o f the
∗ negated query d i d not i nduc e an i n c o n s i s t e n t KB.
∗/

r e s u l t . outcome = QueryResu l t : : C o n j e c t u r e S t a t u s : : I n c o n s i s t e n t ;
working_queue . dump( r e s u l t . r e l a t i o n s , r e s u l t . i n t r o d u c e d _ c l a u s e s ) ;
r e t u r n r e s u l t ;

}

Que ryResu l t Prove r : : ask ( s t d : : un ique_ptr <MutableSentenceRoot> &&query , co n s t s i z e _ t max_step_count )
{

// Produce the n e g a t i o n o f the g o a l .
query−>f l i p _ p o l a r i t y ( ) ;
auto negated_query = E x p r e s s i o n F a c t o r y : : b u i l d _ s e n t e n c e ( s t d : : move ( query ) , s y m b o l _ r e p o s i t o r y ) ;

c on s t auto c l au se_count = b a s e _ c l a u s e s . g e t _ t o t a l _ c l a u s e _ c o u n t ( ) ;
p r o v e r _ l o g g e r −>i n f o ( s t d : : fo rmat (

" Query ing the KB o f {} c l a u s e s f o r the n e g a t i o n o f {} . " , c l ause_count , ∗ negated_query ) ) ;

i f ( p r o v e r _ l o g g e r −>i s T r a c e E n a b l e d ( ) ) {
p r o v e r _ l o g g e r −>t r a c e ( "Dumping i n i t i a l knowledge base . . . " ) ;
un s i gned i n t c l a u s e _ i d x = 1 ;
f o r ( co n s t auto c l a u s e : b a s e _ c l a u s e s . f l a t t e n ( ) )

p r o v e r _ l o g g e r −>t r a c e ( s t d : : fo rmat ( "KB Clause {}/{} : {} " , c l a u s e _ i d x ++, c lause_count , ∗ c l a u s e ) ) ;

p r o v e r _ l o g g e r −>t r a c e ( s t d : : fo rmat ( "KB Clause ( negated g o a l ) : {} " , ∗ negated_query−>beg in ( ) ) ) ;
}

// Run the theorem−p r o v e r .
Que ryResu l t r e s u l t = r u n _ r e s o l u t i o n ( s t d : : move ( negated_query ) , max_step_count ) ;

s w i t c h ( r e s u l t . outcome ) {
ca se Que ryResu l t : : C o n j e c t u r e S t a t u s : : TimedOut :

p r o v e r _ l o g g e r −>i n f o ( s t d : : fo rmat ( "The s o l v e r t imed out a f t e r {} s t e p s . " , max_step_count ) ) ;
b reak ;

ca s e Que ryResu l t : : C o n j e c t u r e S t a t u s : : C o n s i s t e n t :
p r o v e r _ l o g g e r −>i n f o (

s t d : : fo rmat ( "A c o n t r a d i c t i o n was d e r i v e d i n {} s t e p s ; the q u e r i e d s e n t e n c e i s c o n s i s t e n t . " ,
r e s u l t . e l ap sed_s tep_count ) ) ;

b reak ;
ca s e Que ryResu l t : : C o n j e c t u r e S t a t u s : : I n c o n s i s t e n t :

p r o v e r _ l o g g e r −>i n f o ( s t d : : fo rmat (
"A c o n t r a d i c t i o n cou ld not be d e r i v e d a f t e r {} s t ep s , and no more r e s o l u t i o n s were "
" a v a i l a b l e . The q u e r i e d s e n t e n c e i s i n c o n s i s t e n t . " ,
r e s u l t . e l ap sed_s tep_count ) ) ;

b reak ;
ca s e Que ryResu l t : : C o n j e c t u r e S t a t u s : : NotExecuted :

p r o v e r _ l o g g e r −>e r r o r ( "The s o l v e r pan icked , and no p r o o f was attempted . " ) ;
b reak ;

}

r e t u r n r e s u l t ;
}

s t d : : un ique_ptr <Clause > Prove r : : c o l l e c t _ u n i f i e d _ l i t e r a l s (
c on s t L i t e r a l &s e l f , c on s t C lau se &s o u r c e _ c l a u s e , s t d : : un ique_ptr <Clause > &&d e s t i n a t i o n _ c l a u s e ) co n s t

{
c on s t auto t r a n s f o r m e r =

s t d : : v i ews : : f i l t e r ( [ s e l f ] ( c on s t L i t e r a l ∗ c a n d i d a t e ) { r e t u r n ! s e l f . o p e r a t o r ==(∗c a n d i d a t e ) ; }) |
s t d : : v i ews : : t r a n s f o r m ( [ t h i s ] ( c on s t L i t e r a l ∗ t a r g e t ) { r e t u r n t a r g e t −>accep t ( a p p l i c a t o r ) ; }) ;

f o r ( co n s t auto t r a n s f o r m e d _ l i t e r a l : s o u r c e _ c l a u s e | t r a n s f o r m e r )
d e s t i n a t i o n _ c l a u s e −>a d d _ l i t e r a l ( t r a n s f o r m e d _ l i t e r a l ) ;

r e t u r n d e s t i n a t i o n _ c l a u s e ;
}

s t d : : un ique_ptr <Clause > Prove r : : f a c t o r _ l i t e r a l s ( s t d : : un ique_ptr <Clause > &&u n i f i e d _ c l a u s e )
{

boo l f a c t o r i n g _ d o n e = f a l s e ;
boo l t r i v i a l l y _ t r u e = f a l s e ;
auto work ing_c l au s e = s t d : : make_unique<Clause >(∗ u n i f i e d _ c l a u s e ) ;

do {
f a c t o r i n g _ d o n e = f a l s e ;

f o r ( c on s t auto [ f a c t o r i n g _ i d x , f a c t o r i n g _ l h s _ l i t e r a l ] : ∗ u n i f i e d _ c l a u s e | s t d : : v i ews : : enumerate ) {
f o r ( co n s t auto f a c t o r i n g _ r h s _ l i t e r a l : ∗ u n i f i e d _ c l a u s e | s t d : : v i ews : : t ake ( f a c t o r i n g _ i d x ) ) {
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i f ( wo rk i ng_c l au s e != n u l l p t r &&
work ing_c lause −>g e t _ t r i v i a l i t y _ s t a t e ( ) == Clause : : S t a t e : : T r i v i a l l y T r u e ) {

t r i v i a l l y _ t r u e = t r u e ;
b reak ;

}

/∗
∗ F i n d i n g a u n i f y i n g MGU between the f a c t o r i n g l i t e r a l s i n d i c a t e s an o p p o r t u n i t y to r educe
∗ the c l a u s e s i z e . Once the MGU i s obta ined , we can r e p l a c e the work ing c l a u s e w i th the
∗ s i m p l i f i e d v a r i a n t , under a p p l i c a t i o n o f the MGU.
∗/

i f ( f a c t o r i n g _ l h s _ l i t e r a l −>accep t ( f a c t o r i n g _ u n i f i e r , ∗ f a c t o r i n g _ r h s _ l i t e r a l ) ) {
f a c t o r i n g _ l o g g e r −>i n f o ( s t d : : fo rmat ( " S u c c e s s f u l l y u n i f i e d {} and {} . " ,

∗ f a c t o r i n g _ l h s _ l i t e r a l , ∗ f a c t o r i n g _ r h s _ l i t e r a l ) ) ;

auto s i m p l i f i e d = s t d : : make_unique<Clause >() ;
s t d : : r a n g e s : : fo r_each (∗ u n i f i e d _ c l a u s e , [ t h i s , &s i m p l i f i e d ] ( c on s t L i t e r a l ∗ l i t e r a l )

{ s i m p l i f i e d −>a d d _ l i t e r a l ( l i t e r a l −>accep t ( f a c t o r i n g _ a p p l i c a t o r ) ) ; }) ;

f a c t o r i n g _ l o g g e r −>i n f o ( s t d : : fo rmat (
" F a c t o r i n g produced a new work ing c l a u s e o f o r d e r {} . " , s i m p l i f i e d −>o r d e r ( ) ) ) ;

wo rk i ng_c l au s e . swap ( s i m p l i f i e d ) ;
f a c t o r i n g _ a p p l i c a t o r . keep_new_symbols ( ) ;
f a c t o r i n g _ d o n e = t r u e ;
b reak ;

}
}

i f ( ! t r i v i a l l y _ t r u e | | f a c t o r i n g _ d o n e )
break ;

}
} w h i l e ( ! t r i v i a l l y _ t r u e && f a c t o r i n g _ d o n e ) ;

r e t u r n work i ng_c l au se ;
}

boo l Prove r : : i n s e r t _ c l a u s e ( s t d : : un ique_ptr <Clause > &&new_clause , UniqueUnorderedSet <Clause > &d e s t i n a t i o n )
{

c on s t auto [ node_it , added_ok ] = d e s t i n a t i o n . emplace ( s t d : : move ( new_clause ) ) ;
s t d : : i g n o r e = node_i t ;

i f ( ! added_ok ) {
p r o v e r _ l o g g e r −>i n f o ( " R e j e c t i n g c l a u s e from the KB as i t i s a l r e a d y p r e s e n t . " ) ;
r e t u r n f a l s e ;

}

r e t u r n t r u e ;
}

s t d : : v e c to r <s t d : : p a i r <Reso l ven t , s t d : : un ique_ptr <Clause >>> Prove r : : f i n d _ r e s o l v e n t s (
c on s t ProofTreeNode ∗ c on s t lhs_node , c o n s t ProofTreeNode ∗ c on s t rhs_node )

{
s t d : : v e c to r <s t d : : p a i r <Reso l ven t , s t d : : un ique_ptr <Clause >>> r e s o l v e n t s ;

c on s t auto ∗ c on s t l h s _ c l a u s e = lhs_node−>observe_node ( ) ;
c on s t auto ∗ c on s t r h s _ c l a u s e = rhs_node−>observe_node ( ) ;

f o r ( c on s t auto l h s _ l i t e r a l : ∗ l h s _ c l a u s e )
f o r ( c on s t auto r h s _ l i t e r a l : ∗ r h s _ c l a u s e ) {

// Attempt to u n i f y the LHS l i t e r a l w i th the n e g a t i o n o f the RHS l i t e r a l .
auto rhs_args_copy = r h s _ l i t e r a l −>observe_arguments ( ) ;
c on s t L i t e r a l negated_rhs ( s t d : : s t r i n g ( r h s _ l i t e r a l −>get_name ( ) ) , s t d : : move ( rhs_args_copy ) ,

r h s _ l i t e r a l −>i s _ n e g a t i v e _ p o l a r i t y ( ) ) ;

i f ( l h s _ l i t e r a l −>accep t ( u n i f i e r , negated_rhs ) ) {

/∗
∗ I f the LHS and negated RHS can be u n i f i e d , we have a t t a i n e d a s e t o f most−g e n e r a l u n i f i e r s .
∗ C o n s t r u c t the f i n a l r e s o l v e n t s a c c o r d i n g to the p r e d i c a t e r e s o l u t i o n r u l e : app l y the
∗ u n i f i e r to the un ion o f a l l l i t e r a l s e x c e p t the p a i r removed by u n i f i c a t i o n . For the LHS
∗ and RHS c l a u s e s , ove r a l l l i t e r a l s e x c e p t the p a i r removed by r e s o l u t i o n , app l y the MGU and
∗ add to the r e s o l v e n t s e t .
∗
∗ Note t h a t a p p l i c a t i o n o f the MGU might c r e a t e new l i t e r a l s . I n t h a t case , they a r e added to
∗ the g e n e r a l symbol s t o r e so we o n l y have to s e e non−owning , raw , immutable p o i n t e r s .
∗/

auto r e s o l u t i o n = s t d : : make_unique<Clause >() ;
r e s o l u t i o n = c o l l e c t _ u n i f i e d _ l i t e r a l s (∗ l h s _ l i t e r a l , ∗ l h s _ c l a u s e , s t d : : move ( r e s o l u t i o n ) ) ;
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r e s o l u t i o n = c o l l e c t _ u n i f i e d _ l i t e r a l s (∗ r h s _ l i t e r a l , ∗ rh s_c l au s e , s t d : : move ( r e s o l u t i o n ) ) ;

r e s o l u t i o n _ l o g g e r −>debug (
s t d : : fo rmat ( " Cons t ruc t ed a u n i f i e d c l a u s e o f {} l i t e r a l s . " , r e s o l u t i o n −>o r d e r ( ) ) ) ;

/∗
∗ Attempt to s i m p l i f y the u n i f i e d c l a u s e , and gua ran t e e a complete i n f e r e n c e p roce s s , by :
∗
∗ 1 . E l i m i n a t i n g e n t i r e c l a u s e s t h a t a r e t r i v i a l l y t rue , c o n t a i n i n g s e l f −n e g a t i n g l i t e r a l s ;
∗ and
∗ 2 . E l i m i n a t i n g l i t e r a l s t h a t can be u n i f i e d .
∗
∗ Once the c l a u s e has been b u i l t a c c o r d i n g to the above e x c l u s i o n c r i t e r i a , i t i s added to
∗ the r e s o l v e n t v e c t o r r e t u r n e d to the c a l l e r .
∗
∗ Note t h a t (1 ) doesn ’ t need e x p l i c i t h a n d l i n g here , as the c l a u s e w i l l r educe to
∗ T r i v i a l l y T r u e i f a p a i r o f complementary l i t e r a l s a r e added .
∗/

i f ( r e s o l u t i o n −>g e t _ t r i v i a l i t y _ s t a t e ( ) == Clause : : S t a t e : : T r i v i a l l y T r u e ) {
r e s o l u t i o n _ l o g g e r −>debug (

" Be fo r e f a c t o r i n g , the u n i f i e d c l a u s e i s a t a u t o l o g y ; c o n t i n u i n g . " ) ;
a p p l i c a t o r . d i scard_new_symbols ( ) ;
c o n t i n u e ;

}

r e s o l u t i o n = f a c t o r _ l i t e r a l s ( s t d : : move ( r e s o l u t i o n ) ) ;

i f ( r e s o l u t i o n −>g e t _ t r i v i a l i t y _ s t a t e ( ) == Clause : : S t a t e : : T r i v i a l l y T r u e ) {
r e s o l u t i o n _ l o g g e r −>debug (

" A f t e r f a c t o r i n g , the u n i f i e d c l a u s e i s a t a u t o l o g y ; c o n t i n u i n g . " ) ;
a p p l i c a t o r . d i scard_new_symbols ( ) ;
c o n t i n u e ;

}

/∗
∗ A non− t r i v i a l c l a u s e produced through r e s o l u t i o n s h o u l d be c o n s i d e r e d a f r e s h r e s o l v e n t .
∗ Thi s i s d e s c r i b e d by the s o u r c e LHS and RHS c l a u s e s , the MGU, and the u n i f i e d c l a u s e o f the
∗ post− a p p l i c a t i o n l i t e r a l s as a c l a u s e under d i s j u n c t i o n .
∗/

r e s o l v e n t s . emplace_back (
R e s o l v e n t ( lhs_node , rhs_node , ∗ u n i f i e r . o b s e r v e _ s u b s t i t u t i o n s ( ) , r e s o l u t i o n . ge t ( ) ) ,
s t d : : move ( r e s o l u t i o n ) ) ;

r e s o l u t i o n _ l o g g e r −>debug ( s t d : : fo rmat ( " Reso l v ed {} and {} to {} . " , ∗ l h s _ c l a u s e , ∗ rh s_c l au s e ,
∗ r e s o l v e n t s . back ( ) . f i r s t . observe_node ( ) ) ) ;

// The a p p l i c a t o r might have i n t r o d u c e d new symbols , so we i n h e r i t them i n t o the
// Symbo lRepos i to ry he r e .
a p p l i c a t o r . keep_new_symbols ( ) ;

}

// Any impor tan t MGUs have been c o p i e d i n t o a r e s o l v e n t .
u n i f i e r . r e s e t _ s u b s t i t u t i o n s ( ) ;

}

r e t u r n r e s o l v e n t s ;
}

} // namespace o p t i f o l

1.9.8 Prover.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the FOL r e s o l u t i o n p r o v e r
∗ @author O l i v e r Dixon
∗ @date 2025−09−14
∗ @ v e r s i o n Development
∗/

#i f n d e f OPTIFOL_PROVER_HPP
#d e f i n e OPTIFOL_PROVER_HPP
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#i n c l u d e <l o g 4 c x x / l o g g e r . h>
#i n c l u d e <ranges >

#i n c l u d e " . . / IR / Sentence s / C lause . hpp "
#i n c l u d e " . . / V i s i t o r s / R e g u l a r T a r g e t s / U n i f i c a t i o n / B i d i r e c t i o n a l U n i f i c a t i o n V i s i t o r . hpp "
#i n c l u d e " FVIKnowledgeBase . hpp "

namespace o p t i f o l
{

c l a s s Mutab leSentenceRoot ;
c l a s s Symbo lRepos i to ry ;
c l a s s V a r i a b l e ;
c l a s s IProcessedTerm ;

c l a s s R e s o l v e n t ;
s t r u c t QueryResu l t ;

/∗∗
∗ @ c l a s s Prove r
∗ @ b r i e f A Prove r manages the s t o r a g e o f CNF−n o r m a l i s e d C lause o b j e c t s and a l l o w s u s e r s to query the v a l i d i t y
∗ o f s t a t e m e n t s under the s p e c i f i e d model .
∗ @ d e t a i l s
∗ <p>
∗ The t y p i c a l work f low i s s t r a i g h t f o r w a r d :
∗ <ol >
∗ <l i >The u s e r c r e a t e s a new Prove r i n s t a n c e l i n k e d to a p e r s i s t e n t Symbo lRepos i to ry ;</ l i >
∗ <l i >The u s e r i s s u e s @re f t e l l commands to i n c r e m e n t a l l y b u i l d the ax ioms o f the Prove r ’ s
∗ c o n t e x t u a l knowledge base ;</ l i > <l i >Once the Prove r has been in fo rmed o f a l l the axioms , the u s e r i s s u e s an
∗ @re f ask command wi th a query to attempt to d e r i v e a c o n t r a d i c t i o n or model p r o o f a t t e s t i n g to the
∗ c o n s i s t e n c y o f the g i v e n c o n j e c t u r e under the ax ioms .</ l i > <l i >A f t e r the p r o o f has completed , the u s e r
∗ browses the e x e c u t i o n metadata and p r o o f t r a c e ( o r g a n i s e d as a b i n a r y t r e e between C l a u s e s and R e s o l v e n t s ) .
∗ Thi s can be d i r e c t l y v i s u a l i s e d .</ l i >
∗ </ol >
∗ </p>
∗ <p>
∗ Use r s s h o u l d be c a r e f u l w i th the data−owner sh ip s e m a n t i c s o f the Prove r . Q u e r y R e s u l t s may o b s e r v e any
∗ i t ems i n the Symbo lRepos i to ry , and a l s o any base c l a u s e s ( i s s u e d wi th @re f t e l l ) ma in ta i ned by the Prove r .
∗ The re fo r e , the Prove r s h o u l d o u t l i v e the Symbo lRepos i to ry , which s h o u l d i n t u r n o u t l i v e the Prove r . Th i s
∗ model i s r e q u i r e d due to the pe r fo rmance i m p l i c a t i o n s o f copy ing C l a u s e s and R e s o l v e n t s .
∗ </p>
∗/

c l a s s Prove r
{
p u b l i c :

/∗∗
∗ @ b r i e f C rea te a new Prove r i n s t a n c e to s t o r e C lause o b j e c t s w i th r e f e r e n c e to the sha r ed
∗ Symbo lRepos i to ry .
∗ @param s y m b o l _ r e p o s i t o r y The r e p o s i t o r y s t o r i n g symbols used by C lause o b j e c t s i n the Prove r .
∗/

e x p l i c i t P rove r ( s t d : : shared_pt r <Symbo lRepos i to ry > s y m b o l _ r e p o s i t o r y ) ;

/∗∗
∗ @ b r i e f Attempt to i n t r o d u c e an e n t i r e SentenceRoot i n t o the knowledge base .
∗ @param s e n t e n c e The SentenceRoot c o n t a i n i n g the C lause nodes to i n t r o d u c e .
∗ @re tu rn Were a l l C l au se o b j e c t s from the SentenceRoot added ?
∗/

boo l t e l l ( c on s t SentenceRoot &s e n t e n c e ) ;

/∗∗
∗ @ b r i e f Attempt to i n t r o d u c e a new s i n g l e C lause i n t o the knowledge base .
∗ @param new_clause The new C lause to i n t r o d u c e .
∗ @re tu rn Was the C lause added ?
∗/

boo l t e l l ( c on s t C lau se &new_clause ) ;

/∗∗
∗ @ b r i e f Attempt to de t e rm ine t r u t h o f the g i v e n query g i v e n the knowledge p r o v i d e d to the Prove r .
∗ @param query The c o n j e c t u r e .
∗ @param max_step_count The maximum number o f s t e p s taken by the r e s o l u t i o n p r o c e d u r e b e f o r e i s s u i n g a
∗ time−out .
∗ @re tu rn The r e s u l t o f the query , i n c l u d i n g a C o n j e c t u r e S t a t e and e x e c u t i o n t r a c e .
∗ @note Take note o f the Prove r c l a s s documentat ion on data l i f e t i m e s b e f o r e making use o f the
∗ QueryResu l t .
∗/

QueryResu l t ask ( s t d : : un ique_ptr <MutableSentenceRoot> &&query ,
s i z e _ t max_step_count = s t d : : n u m e r i c _ l i m i t s <s t d : : s i z e _ t >: : max ( ) ) ;

P rove r ( Prove r &&) = d e f a u l t ;
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p r i v a t e :
/∗∗

∗ @ s t r u c t PQReso l ventUn i tPre f
∗ @ b r i e f He lpe r comparator f o r impos ing the un i t −p r e f e r e n c e s t r i c t weak o r d e r i n g on owned R e s o l v e n t
∗ o b j e c t s .
∗/

s t r u c t PQReso l ven tUn i tPre f
{

/∗∗
∗ @ b r i e f I s the R e s o l v e n t owned by the LHS more p r e f e r a b l e than the R e s o l v e n t owned by the RHS?
∗ @param l h s LHS R e s o l v e n t owning c o n t a i n e r
∗ @param r h s RHS R e s o l v e n t owning c o n t a i n e r
∗ @re tu rn LHS−RHS r e l a t i o n
∗/

s t a t i c boo l o p e r a t o r ( ) (
c on s t s t d : : un ique_ptr <Reso l ven t > &l h s , c o n s t s t d : : un ique_ptr <Reso l ven t > &r h s ) noexcept ;

} ;

/∗∗
∗ @ b r i e f D r i v e and o r g a n i s e the b i n a r y r e s o l u t i o n p r o c e d u r e on the popu l a t ed knowledge base , a t t empt i ng
∗ to d e r i v e a c o n t r a d i c t i o n .
∗ @param negated_query A CNF−n o r m a l i s e d c o n s t r u c t i o n o f the n e g a t i o n o f the g o a l .
∗ @param max_step_count The maximum number o f s t e p s to per fo rm i n the r e s o l u t i o n p r o c e d u r e b e f o r e b a i l i n g
∗ out .
∗ @re tu rn Ex ecu t i on metadata and a p r o o f t r a c e .
∗ @ i n v a r i a n t Any C l a u s e s r e f e r e n c e d by R e s o l v e n t s must be p r e s e n t i n one o f the s t a n d a r d FVIKnowledgeBase
∗ l o c a t i o n s :
∗ <ul >
∗ <l i >The <i >base c l a u s e s </i > s t o r e o f the Prove r ; or </ l i >
∗ <l i >The <i >i n t r o d u c e d c l a u s e s </i > s t o r e i n QueryResu l t .</ l i >
∗ </ul >
∗/

QueryResu l t r u n _ r e s o l u t i o n ( s t d : : un ique_ptr <SentenceRoot> &&negated_query , s i z e _ t max_step_count ) ;

/∗∗
∗ @ b r i e f Apply the s t a t e U n i f i c a t i o n A p p l i c a t i o n V i s i t o r to the g i v e n s o u r c e Clause , f i l t e r i n g the g i v e n
∗ L i t e r a l , and add the r e s u l t s to the g i v e n d e s t i n a t i o n C lause .
∗ @param s e l f The L i t e r a l c o n t a i n e d w i t h i n the s o u r c e C lau se to f i l t e r out .
∗ @param s o u r c e _ c l a u s e The C lause c o n t a i n i n g L i t e r a l o b j e c t s to be s u b j e c t to the a p p l i c a t o r .
∗ @param d e s t i n a t i o n _ c l a u s e The C lause to r e c e i v e the f i l t e r e d and t r a n s f o r m e d L i t e r a l o b j e c t s from the
∗ s o u r c e .
∗/

s t d : : un ique_ptr <Clause > c o l l e c t _ u n i f i e d _ l i t e r a l s ( c on s t L i t e r a l &s e l f , c o n s t C lause &s o u r c e _ c l a u s e ,
s t d : : un ique_ptr <Clause > &&d e s t i n a t i o n _ c l a u s e ) c o n s t ;

/∗∗
∗ @ b r i e f Attempt to s i m p l i f y the g i v e n Clause , i d e a l l y to a t a u t o l o g y , u s i n g the f a c t o r i n g u n i f i e r .
∗ @param u n i f i e d _ c l a u s e The owning c o n t a i n e r o f the t a r g e t C lause .
∗ @re tu rn The owning c o n t a i n e r o f the max ima l l y s i m p l i f i e d ( under u n i f i e r a p p l i c a t i o n ) C lau se .
∗/

s t d : : un ique_ptr <Clause > f a c t o r _ l i t e r a l s ( s t d : : un ique_ptr <Clause > &&u n i f i e d _ c l a u s e ) ;

/∗∗
∗ @ b r i e f Attempt to i n s e r t a new C lause i n the g i v e n @re f s t d : : unorde red_set , p r o v i d i n g s u i t a b l e l o g g i n g .
∗ @param new_clause The incoming C lause to c o n s i d e r add ing .
∗ @param d e s t i n a t i o n The d e s t i n a t i o n s e t i n t o which the C lause s h o u l d be i n s e r t e d .
∗ @re tu rn Was the new C lause added ?
∗/

s t a t i c boo l i n s e r t _ c l a u s e ( s t d : : un ique_ptr <Clause > &&new_clause , UniqueUnorderedSet <Clause > &d e s t i n a t i o n ) ;

/∗∗
∗ @ b r i e f Perform b i n a r y r e s o l u t i o n on a p a i r o f C l a u s e s .
∗ @ d e t a i l s Over the C a r t e s i a n p roduc t o f L i t e r a l s i n the g i v e n C lause s , we s e a r c h f o r and produce
∗ R e s o l v e n t s as f o l l o w s : <ol > <l i >Attempt to u n i f y the LHS L i t e r a l w i th the n e g a t i o n o f the RHS
∗ L i t e r a l ;</ l i > <l i >I f a ( most g e n e r a l ) u n i f i e r i s found , c o l l e c t the s e t o f L i t e r a l s ( e x c l u d i n g the two
∗ s o u r c e o b j e c t s ) under the a p p l i c a t i o n o f the MGU;</ l i > <l i >Attempt to d e r i v e a t a u t o l o g y through
∗ f a c t o r i n g ; s e e @re f f a c t o r _ l i t e r a l s ;</ l i > <l i >I f a t a u t o l o g y cannot be d e r i v e d , c o n s t r u c t a R e s o l v e n t
∗ c o n t a i n i n g the c l a u s e as i t s r e s o l u t i o n , a l s o keep i ng t r a c k o f the MGU and s o u r c e C l a u s e s .</ l i >
∗ </ol >
∗ @param lhs_node The s o u r c e LHS node c o n t a i n i n g L i t e r a l s to s u b j e c t to b i n a r y r e s o l u t i o n .
∗ @param rhs_node The s o u r c e RHS node c o n t a i n i n g L i t e r a l s to s u b j e c t to b i n a r y r e s o l u t i o n .
∗ @re tu rn The g e n e r a t e d R e s o l v e n t s , and owning c o n t a i n e r s o f r e s o l u t i o n s r e f e r e n c e d by the R e s o l v e n t s .
∗/

[ [ n o d i s c a r d ] ] s t d : : v e c to r <s t d : : p a i r <Reso l ven t , s t d : : un ique_ptr <Clause >>> f i n d _ r e s o l v e n t s (
c on s t ProofTreeNode ∗ lhs_node , c o n s t ProofTreeNode ∗ rhs_node ) ;

s t a t i c c o n s t l o g 4 c x x : : Logge rPt r p r o v e r _ l o g g e r ;
s t a t i c c o n s t l o g 4 c x x : : Logge rPt r r e s o l u t i o n _ l o g g e r ;
s t a t i c c o n s t l o g 4 c x x : : Logge rPt r f a c t o r i n g _ l o g g e r ;

s t d : : shared_ptr <Symbo lRepos i to ry > s y m b o l _ r e p o s i t o r y ;
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FVIKnowledgeBase b a s e _ c l a u s e s ;

B i d i r e c t i o n a l U n i f i c a t i o n V i s i t o r u n i f i e r ;
B i d i r e c t i o n a l U n i f i c a t i o n V i s i t o r f a c t o r i n g _ u n i f i e r ;

U n i f i c a t i o n A p p l i c a t i o n V i s i t o r a p p l i c a t o r ;
U n i f i c a t i o n A p p l i c a t i o n V i s i t o r f a c t o r i n g _ a p p l i c a t o r ;

} ;

} // namespace o p t i f o l

#e n d i f // OPTIFOL_PROVER_HPP

1.9.9 QueryResult.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the FOL R e s o l u t i o n Knowledge Base
∗ @author O l i v e r Dixon
∗ @date 2025−09−14
∗ @ v e r s i o n Development
∗/

#i f n d e f OPTIFOL_QUERYRESULT_HPP
#d e f i n e OPTIFOL_QUERYRESULT_HPP

#i n c l u d e <deque>

#i n c l u d e " FVIKnowledgeBase . hpp "
#i n c l u d e " R e s o l v e n t . hpp "

namespace o p t i f o l
{

/∗∗
∗ @ c l a s s Que ryResu l t
∗ @ b r i e f A QueryResu l t i s a d e d u c t i o n env i ronment f o r a s i n g l e query on a FOL KB. I t c o n t a i n s an o v e r a l l
∗ r e s u l t , any d e r i v e d c l a u s e s i n t r o d u c e d d u r i n g deduct ion , and some metadata .
∗/

s t r u c t QueryResu l t
{

enum c l a s s C o n j e c t u r e S t a t u s
{

NotExecuted ,
TimedOut ,
C o n s i s t e n t ,
I n c o n s i s t e n t

} ;

e x p l i c i t Que ryResu l t ( s t d : : shared_pt r <Symbo lRepos i to ry > s y m b o l _ r e p o s i t o r y ) :
i n t r o d u c e d _ c l a u s e s ( s t d : : move ( s y m b o l _ r e p o s i t o r y ) )

{
}

C o n j e c t u r e S t a t u s outcome = C o n j e c t u r e S t a t u s : : NotExecuted ;
s t d : : s i z e _ t e l apsed_s tep_count = 1 ;

FVIKnowledgeBase i n t r o d u c e d _ c l a u s e s ;
s t d : : deque<Reso l ven t > r e l a t i o n s ;
c on s t R e s o l v e n t ∗ t e r m i n a t i n g _ r e s o l v e n t = n u l l p t r ;

} ;

} // namespace o p t i f o l

#e n d i f // OPTIFOL_QUERYRESULT_HPP

1.9.10 Resolvent.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/
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/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the FOL R e s o l u t i o n r e s o l v e n t
∗ @author O l i v e r Dixon
∗ @date 2026−01−25
∗ @ v e r s i o n Development
∗/

#i n c l u d e " R e s o l v e n t . hpp "

#i n c l u d e <a lgo r i t hm >
#i n c l u d e <ranges >
#i n c l u d e < u t i l i t y >

namespace o p t i f o l
{

R e s o l v e n t : : R e s o l v e n t ( c on s t ProofTreeNode ∗ c on s t l h s_pa ren t , co n s t ProofTreeNode ∗ c on s t rhs_parent ,
U n i f i e r u n i f i e r , c on s t C lau se ∗ r e s o l u t i o n ) :

ProofTreeNode ( lh s_pa ren t , r h s_pa ren t ) ,
u n i f i e r ( s t d : : move ( u n i f i e r ) ) ,
r e s o l u t i o n ( r e s o l u t i o n )

{
}

s t d : : s i z e _ t R e s o l v e n t : : hash ( ) co n s t noexcept
{

r e t u r n r e s o l u t i o n −>hash ( ) ;
}

s t d : : ost ream &R e s o l v e n t : : s e r i a l i s e ( s t d : : ost ream &ostream ) c on s t
{

r e t u r n ost ream << ∗ r e s o l u t i o n ;
}

boo l R e s o l v e n t : : o p e r a t o r==(c o ns t R e s o l v e n t &o t h e r ) c on s t
{

r e t u r n r e s o l u t i o n == o t h e r . r e s o l u t i o n ;
}

boo l R e s o l v e n t : : i s _ u n i t ( ) c on s t noexcept
{

r e t u r n r e s o l u t i o n −>i s _ u n i t ( ) ;
}

c on s t C lau se ∗ R e s o l v e n t : : observe_node ( ) c o n s t noexcept
{

r e t u r n r e s o l u t i o n ;
}

s t d : : o p t i o n a l <c o n s t U n i f i e r ∗> R e s o l v e n t : : obse rve_edge ( ) c o n s t noexcept
{

r e t u r n &u n i f i e r ;
}

boo l R e s o l v e n t : : ope r a to r <( c o ns t R e s o l v e n t &o t h e r ) c on s t noexcept
{

c on s t auto we_have_unit = o b s e r v e _ l h s _ p a r e n t ( )−>i s _ u n i t ( ) | | ob s e r ve_rh s_pa r en t ( )−>i s _ u n i t ( ) ;
c on s t auto othe r_has_un i t =

o t h e r . o b s e r v e _ l h s _ p a r e n t ( )−>i s _ u n i t ( ) | | o t h e r . ob s e r v e_rh s_pa ren t ( )−>i s _ u n i t ( ) ;

i f ( we_have_unit && ! othe r_has_un i t )
r e t u r n f a l s e ; // LHS has h i g h e r p r i o r i t y .

i f ( ! we_have_unit && othe r_has_un i t )
r e t u r n t r u e ; // RHS has h i g h e r p r i o r i t y .

// Equal p r i o r i t y . For r e s o l v e n t s , we don ’ t c a r e about the e x a c t o r d e r i n g p r o v i d e d by C lause : : ope r a to r <.
r e t u r n f a l s e ;

}

} // namespace o p t i f o l

1.9.11 Resolvent.hpp

/∗
∗ C o p y r i g h t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
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∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the FOL R e s o l u t i o n r e s o l v e n t
∗ @author O l i v e r Dixon
∗ @date 2026−01−25
∗ @ v e r s i o n Development
∗/

#i f n d e f OPTIFOL_RESOLVENT_HPP
#d e f i n e OPTIFOL_RESOLVENT_HPP

#i n c l u d e " ProofTreeNode . hpp "
#i n c l u d e " Reso lventQueue . hpp "
#i n c l u d e " U n i f i e r . hpp "

namespace o p t i f o l
{

/∗∗
∗ @ c l a s s R e s o l v e n t
∗ @ b r i e f A R e s o l v e n t i s a ProofTreeNode c o n t a i n i n g a LHS and RHS parent , a r e s o l v e n t C lau se deduced from the
∗ pa ren t s , and a U n i f i e r map to i nduc e the r e s o l u t i o n .
∗/

c l a s s R e s o l v e n t : p u b l i c IHashab l e ,
p u b l i c ProofTreeNode

{
p u b l i c :

R e s o l v e n t ( co n s t ProofTreeNode ∗ lh s_pa ren t , co n s t ProofTreeNode ∗ rhs_parent , U n i f i e r u n i f i e r ,
c on s t C lau se ∗ r e s o l u t i o n ) ;

R e s o l v e n t ( R e s o l v e n t &&) = d e f a u l t ;
R e s o l v e n t &o p e r a t o r =( R e s o l v e n t &&) = d e f a u l t ;

[ [ n o d i s c a r d ] ] boo l ope ra to r <( c o n s t R e s o l v e n t &o t h e r ) c o n s t noexcept ;

[ [ n o d i s c a r d ] ] s t d : : s i z e _ t hash ( ) c o n s t noexcept o v e r r i d e ;

s t d : : ost ream & s e r i a l i s e ( s t d : : ost ream &ostream ) c o n s t o v e r r i d e ;

[ [ n o d i s c a r d ] ] boo l o p e r a t o r==(co n s t R e s o l v e n t &o t h e r ) c o n s t ;

[ [ n o d i s c a r d ] ] boo l i s _ u n i t ( ) c o n s t noexcept o v e r r i d e ;

[ [ n o d i s c a r d ] ] c o n s t C l ause ∗ observe_node ( ) c on s t noexcept o v e r r i d e ;

[ [ n o d i s c a r d ] ] s t d : : o p t i o n a l <c o n s t U n i f i e r ∗> observe_edge ( ) c on s t noexcept o v e r r i d e ;

p r i v a t e :
f r i e n d v o i d Reso lventQueue : : push ( Reso l v en t , s t d : : un ique_ptr <Clause > &&) ;

U n i f i e r u n i f i e r ;
c on s t C lau se ∗ r e s o l u t i o n ;

} ;

} // namespace o p t i f o l

#e n d i f // OPTIFOL_RESOLVENT_HPP

1.9.12 ResolventQueue.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the p r i o r i t y queue o f R e s o l v e n t s
∗ @author O l i v e r Dixon
∗ @date 2026−01−29
∗ @ v e r s i o n Development
∗/

#i n c l u d e " Reso lventQueue . hpp "

#i n c l u d e <a lgo r i t hm >
#i n c l u d e <c a s s e r t >
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#i n c l u d e " FVIKnowledgeBase . hpp "
#i n c l u d e " R e s o l v e n t . hpp "

namespace o p t i f o l
{

v o i d Reso lventQueue : : push ( R e s o l v e n t e lement , s t d : : un ique_ptr <Clause > &&r e s o l u t i o n )
{

a s s e r t ( e l ement . observe_node ( ) == r e s o l u t i o n . ge t ( ) ) ;

auto [ r e s o l u t i o n _ i t , was_new ] = r e s o l u t i o n s . i n s e r t ( s t d : : move ( r e s o l u t i o n ) ) ;
i f ( ! was_new ) {

/∗
∗ I f the i n s e r t i o n cou ld not occur , one o f two t h i n g s has happened :
∗
∗ 1 . The i n s e r t i o n g e n u i n e l y f a i l e d , i n d i c a t i n g a runt ime e r r o r ; o r
∗
∗ 2 . The r e s o l u t i o n c l a u s e o f the incoming r e s o l v e n t i s a l r e a d y owned by us . The re fo r e , we update
∗ the p o i n t e r ( u s i n g the " f r i e n d " a c c e s s r i g h t s c o n f e r r e d by R e s o l v e n t ) such t h a t i t o b s e r v e s a
∗ c o n s i s t e n t l y owned c l a u s e . Once t h i s p r o c e s s i s r e p e a t e d f o r a l l r e s o l v e n t s , t h e r e w i l l be a
∗ de−d u p l i c a t e d s e t o f r e s o l u t i o n c l a u s e s ( e i t h e r owned by us or t r a n s f e r r e d i n t o a QueryResu l t ) to
∗ which a l l r e s o l v e n t s c o r r e c t l y r e f e r .
∗/

i f ( r e s o l u t i o n _ i t == r e s o l u t i o n s . end ( ) )
throw s t d : : r u n t i m e _ e r r o r (

"The owne r sh ip o f the incoming r e s o l u t i o n c l a u s e cou ld not be t r a n s f e r r e d i n t o "
" the queue . " ) ;

e l ement . r e s o l u t i o n = r e s o l u t i o n _ i t −>get ( ) ;
}

e l ement s . push_back ( s t d : : move ( e l ement ) ) ;
s t d : : r a n g e s : : push_heap ( e lements , comparator ) ; // NOLINT(∗−use−t r a n s p a r e n t −f u n c t o r s )

}

R e s o l v e n t Reso lventQueue : : pop ( )
{

i f ( empty ( ) )
throw s t d : : r u n t i m e _ e r r o r ( "The Reso lventQueue i s empty . " ) ;

s t d : : r a n g e s : : pop_heap ( e lements , comparator ) ; // NOLINT(∗−use−t r a n s p a r e n t −f u n c t o r s )
auto r e s o l v e n t = s t d : : move ( e l ement s . back ( ) ) ;
e l ement s . pop_back ( ) ;
r e t u r n r e s o l v e n t ;

}

s t d : : un ique_ptr <Clause > Reso lventQueue : : e x t r a c t _ r e s o l u t i o n ( co n s t R e s o l v e n t &r e s o l v e n t )
{

c on s t auto r e s o l u t i o n _ i t = r e s o l u t i o n s . f i n d (∗ r e s o l v e n t . observe_node ( ) ) ;
i f ( r e s o l u t i o n _ i t == r e s o l u t i o n s . end ( ) )

r e t u r n {} ;

r e t u r n s t d : : move ( r e s o l u t i o n s . e x t r a c t ( r e s o l u t i o n _ i t ) . v a l u e ( ) ) ;
}

boo l Reso lventQueue : : s t o r e _ r e s o l u t i o n ( s t d : : un ique_ptr <Clause > &&r e s o l u t i o n )
{

r e t u r n r e s o l u t i o n s . i n s e r t ( s t d : : move ( r e s o l u t i o n ) ) . second ;
}

boo l Reso lventQueue : : empty ( ) c on s t noexcept
{

r e t u r n e l ement s . empty ( ) ;
}

s t d : : s i z e _ t Reso lventQueue : : s i z e ( ) c on s t noexcept
{

r e t u r n e l ement s . s i z e ( ) ;
}

v o i d Reso lventQueue : : dump( s t d : : deque<Reso l ven t > &r e s o l v e n t _ d e s t i n a t i o n , FVIKnowledgeBase &c l a u s e _ d e s t i n a t i o n )
{

w h i l e ( ! empty ( ) ) {
auto r e s o l v e n t = pop ( ) ;
auto r e s o l u t i o n = e x t r a c t _ r e s o l u t i o n ( r e s o l v e n t ) ;
r e s o l v e n t _ d e s t i n a t i o n . push_back ( s t d : : move ( r e s o l v e n t ) ) ;

i f ( r e s o l u t i o n != n u l l p t r )
c l a u s e _ d e s t i n a t i o n . add_c lause ( s t d : : move ( r e s o l u t i o n ) ) ;

}
}
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} // namespace o p t i f o l

1.9.13 ResolventQueue.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the p r i o r i t y queue o f R e s o l v e n t s
∗ @author O l i v e r Dixon
∗ @date 2026−01−29
∗ @ v e r s i o n Development
∗/

#i f n d e f OPTIFOL_RESOLVENTQUEUE
#d e f i n e OPTIFOL_RESOLVENTQUEUE

#i n c l u d e <deque>
#i n c l u d e <memory>

#i n c l u d e " . . / IR / Sentence s / C lause . hpp "

namespace o p t i f o l
{
c l a s s FVIKnowledgeBase ;
c l a s s R e s o l v e n t ;

/∗∗
∗ @ c l a s s Reso lventQueue
∗ @ b r i e f The Reso lventQueue i s a s p e c i a l i s e d @re f s t d : : p r i o r i t y _ q u e u e s t y l e o f max−heap e n a b l i n g o r d e r e d
∗ r e t r i e v a l o f R e s o l v e n t s and temporary u n s t r u c t u r e d owne r sh ip o f t h e i r c o r r e s p o n d i n g r e s o l u t i o n c l a u s e s .
∗/

c l a s s Reso lventQueue
{
p u b l i c :

/∗∗
∗ @ b r i e f Push a new R e s o l v e n t to the queue .
∗ @param e lement The R e s o l v e n t v a l u e to push .
∗ @param r e s o l u t i o n An owning c o n t a i n e r f o r the r e s o l u t i o n C lause i . a .w . the g i v e n R e s o l v e n t .
∗ @pre The r e s o l u t i o n owned by the g i v e n R e s o l v e n t must r e f e r to the r e s o l u t i o n C lause i n the g i v e n
∗ @re f s t d : : un ique_pt r .
∗/

v o i d push ( R e s o l v e n t e lement , s t d : : un ique_ptr <Clause > &&r e s o l u t i o n ) ;

/∗∗
∗ @ b r i e f Pop and r e t u r n the maximal R e s o l v e n t from the queue , where o r d e r i s de te rm ined by the @re f
∗ s t d : : l e s s f u n c t o r on R e s o l v e n t . Th i s does not change owne r sh ip o f r e s o l u t i o n C l a u s e s .
∗ @re tu rn The maximal R e s o l v e n t owned by the queue .
∗ @throws s t d : : r u n t i m e _ e r r o r i f the r e s o l v e n t queue i s empty .
∗/

R e s o l v e n t pop ( ) ;

/∗∗
∗ @ b r i e f E x t r a c t and t r a n s f e r owne r sh ip o f the r e s o l u t i o n C lause r e f e r r e d to by the g i v e n R e s o l v e n t .
∗ @param r e s o l v e n t The R e s o l v e n t which r e s o l v e s to the d e s i r e d C lause .
∗ @re tu rn An owning c o n t a i n e r f o r the r e s o l u t i o n C lause .
∗/

s t d : : un ique_ptr <Clause > e x t r a c t _ r e s o l u t i o n ( c on s t R e s o l v e n t &r e s o l v e n t ) ;

/∗∗
∗ @ b r i e f Confe r owne r sh ip o f a r e s o l u t i o n C lause i n t o the Reso lventQueue .
∗ @param r e s o l u t i o n The r e s o l u t i o n to s t o r e .
∗/

boo l s t o r e _ r e s o l u t i o n ( s t d : : un ique_ptr <Clause > &&r e s o l u t i o n ) ;

/∗∗
∗ @ b r i e f Checks empt i n e s s s t a t e o f the queue
∗ @re tu rn I s the queue empty ?
∗/

[ [ n o d i s c a r d ] ] boo l empty ( ) c o n s t noexcept ;

/∗∗
∗ @ b r i e f Checks s i z e o f the queue
∗ @re tu rn How many R e s o l v e n t s a r e on the queue ?
∗/
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[ [ n o d i s c a r d ] ] s t d : : s i z e _ t s i z e ( ) c o n s t noexcept ;

v o i d dump( s t d : : deque<Reso l ven t > &r e s o l v e n t _ d e s t i n a t i o n , FVIKnowledgeBase &c l a u s e _ d e s t i n a t i o n ) ;

p r i v a t e :
s t d : : deque<Reso l ven t > e l ement s ;
s t d : : l e s s <Reso l ven t > comparator {} ;
UniqueUnorderedSet <Clause > r e s o l u t i o n s ;

} ;

} // namespace o p t i f o l

#e n d i f // OPTIFOL_RESOLVENTQUEUE

1.9.14 Unifier.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the U n i f i e r s u b s t i t u t i o n map
∗ @author O l i v e r Dixon
∗ @date 2026−01−26
∗ @ v e r s i o n Development
∗/

#i n c l u d e " U n i f i e r . hpp "

#i n c l u d e <ranges >

namespace o p t i f o l
{

U n i f i e r : : U n i f i e r ( ) = d e f a u l t ;

U n i f i e r : : U n i f i e r ( RawUnorderedMap<co n s t V a r i a b l e , co n s t IProcessedTerm ∗> u n i f i e r ) :
u n i f i e r ( s t d : : move ( u n i f i e r ) )

{
}

boo l U n i f i e r : : o p e r a t o r==(c o n s t U n i f i e r &o t h e r ) c o n s t
{

r e t u r n u n i f i e r == o t h e r . u n i f i e r ;
}

s t d : : ost ream &U n i f i e r : : s e r i a l i s e ( s t d : : ost ream &ostream ) c o ns t
{

ost ream << "{ " ;

c on s t auto un i f i e r_count_bound = u n i f i e r . s i z e ( ) − 1 ;

f o r ( co n s t auto &&[ idx , mapping ] : s t d : : r a n g e s : : enumerate_view ( u n i f i e r ) ) {
c on s t auto [ var , sub ] = mapping ;
ost ream << ∗ va r << ’ / ’ << ∗ sub ;
i f ( s t a t i c _ c a s t <d e c l t y p e ( un i f i e r_count_bound )>( i d x ) < un i f i e r_count_bound )

ost ream << " , " ;
}

r e t u r n ost ream << " }" ;
}

s t d : : v e c to r <s t d : : s t r i n g > U n i f i e r : : s p l i t _ s e r i a l i s e ( ) c o n s t
{

s t d : : v e c to r <s t d : : s t r i n g > s u b s t i t u t i o n _ s t r i n g s ;
s u b s t i t u t i o n _ s t r i n g s . r e s e r v e ( u n i f i e r . s i z e ( ) ) ;

f o r ( co n s t auto &mapping : u n i f i e r ) {
c on s t auto [ var , sub ] = mapping ;
s t d : : o s t r i n g s t r e a m ostream ;
ost ream << ∗ va r << " / " << ∗ sub ;
s u b s t i t u t i o n _ s t r i n g s . push_back ( s t d : : move ( ost ream . s t r ( ) ) ) ;

}

r e t u r n s u b s t i t u t i o n _ s t r i n g s ;
}
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} // namespace o p t i f o l

1.9.15 Unifier.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the U n i f i e r s u b s t i t u t i o n map
∗ @author O l i v e r Dixon
∗ @date 2026−01−23
∗ @ v e r s i o n Development
∗/

#i f n d e f OPTIFOL_UNIFIER_HPP
#d e f i n e OPTIFOL_UNIFIER_HPP

#i n c l u d e " . . / IR /Terms/ V a r i a b l e . hpp "
#i n c l u d e " . . / O p t i f o l . hpp "

namespace o p t i f o l
{

c l a s s IProcessedTerm ;

/∗∗
∗ @ c l a s s U n i f i e r
∗ @ b r i e f A t h i n wrapper f o r V a r i a b l e −to−term s u b s t i t u t i o n s ; t y p i c a l l y g e n e r a t e d by
∗ B i d i r e c t i o n a l U n i f i c a t i o n V i s i t o r and consumed by U n i f i c a t i o n A p p l i c a t i o n V i s i t o r .
∗/

s t r u c t U n i f i e r : I S e r i a l i s a b l e
{

/∗∗
∗ @ b r i e f C o n s t r u c t an empty U n i f i e r w i th no s u b s t i t u t i o n s
∗/

U n i f i e r ( ) ;

/∗∗
∗ @ b r i e f C o n s t r u c t a U n i f i e r w i th an i n i t i a l s e t o f s u b s t i t u t i o n s .
∗ @param u n i f i e r The i n i t i a l s u b s t i t u t i o n se t , mapping un ique V a r i a b l e term to IProcessedTerm o b j e c t s .
∗/

// ReSharper d i s a b l e once C p p N o n E x p l i c i t C o n v e r t i n g C o n s t r u c t o r
U n i f i e r ( RawUnorderedMap<c on s t V a r i a b l e , c on s t IProcessedTerm ∗> u n i f i e r ) ;

/∗∗
∗ @ b r i e f Compare two U n i f i e r i n s t a n c e s a c c o r d i n g to the unorde red s u b s t i t u t i o n s .
∗ @param o t h e r The o t h e r U n i f i e r .
∗ @re tu rn Do the two U n i f i e r i n s t a n c e s r e p r e s e n t the same s e t o f s u b s t i t u t i o n s ?
∗/

[ [ n o d i s c a r d ] ] boo l o p e r a t o r==(co n s t U n i f i e r &o t h e r ) co n s t ;

/∗∗
∗ @ b r i e f S e r i a l i s e the @f$ N @f$ U n i f i e r s u b s t i t u t i o n s @f$ \ l e f t ( v_i \mapsto t _ i \ r i g h t ) @f$ i n the form
∗ @f$ \ l e f t \{ v_1 / t_1 , \ l d o t s , v_N / t_N \ r i g h t \} @f$ to the g i v e n output st ream .
∗ @param ostream The d e s t i n a t i o n output st ream .
∗ @re tu rn The popu l a t ed output st ream .
∗/

s t d : : ost ream & s e r i a l i s e ( s t d : : ost ream &ostream ) c o n s t o v e r r i d e ;

[ [ n o d i s c a r d ] ] s t d : : v e c to r <s t d : : s t r i n g > s p l i t _ s e r i a l i s e ( ) c o n s t ;

/∗∗
∗ @ b r i e f The U n i f i e r con ten t s , whe re in each e n t r y r e p r e s e n t s a mapping between a V a r i a b l e and an
∗ IProcessedTerm .
∗ @note The key and v a l u e a r e o b s e r v i n g p o i n t e r s to a Symbo lRepos i to ry , and as such , r e q u i r e a l l the
∗ u s u a l l i f e t i m e g u a r a n t e e s c o n f e r r e d by a non−ephemera l Symbo lRepos i to ry .
∗/

RawUnorderedMap<c on s t V a r i a b l e , c on s t IProcessedTerm ∗> u n i f i e r ;
} ;

} // namespace o p t i f o l

#e n d i f // OPTIFOL_UNIFIER_HPP
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1.10 Interpreter

1.10.1 FOLLexer.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

#i f n d e f FOLLEXER_HPP
#d e f i n e FOLLEXER_HPP

#pragma c l a n g d i a g n o s t i c push
#pragma i d e d i a g n o s t i c i g n o r e d " OCUnusedSt ruc t In spec t i on "
#pragma i d e d i a g n o s t i c i g n o r e d " Not ImplementedFunct ions "
#pragma i d e d i a g n o s t i c i g n o r e d " O C U n u s e d G l o b a l D e c l a r a t i o n I n s p e c t i o n "

#i n c l u d e " FOLParser . hpp "

#i f n d e f __FLEX_LEXER_H
#undef y y F l e x L e x e r
#d e f i n e y y F l e x L e x e r FOLFlexLexer
#i n c l u d e <F l e x L e x e r . h>
#e n d i f

namespace o p t i f o l
{

c l a s s FOLLexer : p u b l i c y y F l e x L e x e r
{
p u b l i c :

FOLLexer ( s t d : : i s t r e a m &yy_in , s t d : : ost ream &yy_out ) :
y y F l e x L e x e r ( yy_in , yy_out )

{
}

i n t l e x ( FOLParser : : s emant i c_type ∗ y y l v a l ) ;
} ;

} // namespace o p t i f o l

#pragma c l a n g d i a g n o s t i c pop

#e n d i f

1.10.2 FOLLexer.l

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

%{
#i n c l u d e " FOLParser . hpp "
#i n c l u d e " FOLLexer . hpp "

#undef YY_DECL
#d e f i n e YY_DECL i n t o p t i f o l : : FOLLexer : : l e x ( o p t i f o l : : FOLParser : : s emant i c_type ∗ y y l v a l )
%}

%o p t i o n c++ i n t e r a c t i v e noyywrap n o y y l i n e n o
%o p t i o n y y c l a s s ="FOLLexer "
%o p t i o n p r e f i x ="FOL"

lowe rca s e_sequence ( [ a−z ]+)
uppe rcase_sequence ( [ A−Z]+)
w h i t e s p a c e ( [ \ t ]+)
s y m b o l _ p r e f i x "%"
f u n c t i o n _ p r e f i x "#"
c h a r a c t e r _ s e q u e n c e ( [ a−zA−Z]+)

%%

{ f u n c t i o n _ p r e f i x }{ c h a r a c t e r _ s e q u e n c e } y y l v a l −>emplace<s t d : : s t r i n g >(YYText ( ) ) ; r e t u r n
FOLParser : : token : : Func t i on ;

{ l owe rca s e_sequence } y y l v a l −>emplace<s t d : : s t r i n g >(YYText ( ) ) ; r e t u r n
FOLParser : : token : : V a r i a b l e ;

{ uppercase_sequence } y y l v a l −>emplace<s t d : : s t r i n g >(YYText ( ) ) ; r e t u r n
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FOLParser : : token : : P r e d i c a t e ;

{ s y m b o l _ p r e f i x }"U" r e t u r n FOLParser : : token : : U n i v e r s a l ;
{ s y m b o l _ p r e f i x }"E" r e t u r n FOLParser : : token : : E x i s t e n t i a l ;

"&" r e t u r n FOLParser : : token : : Co n ju nc t i o n ;
" | " r e t u r n FOLParser : : token : : D i s j u n c t i o n ;
"~" r e t u r n FOLParser : : token : : Negat ion ;
"=>" r e t u r n FOLParser : : token : : I m p l i c a t i o n ;
"<=>" r e t u r n FOLParser : : token : : B i c o n d i t i o n a l ;

" ( " r e t u r n FOLParser : : token : : L e f t P a r e n t h e s i s ;
" ) " r e t u r n FOLParser : : token : : R i g h t P a r e n t h e s i s ;
" , " r e t u r n FOLParser : : token : : Comma;

\n r e t u r n FOLParser : : token : : End ;
<<EOF>> r e t u r n FOLParser : : token : : End ;
{ w h i t e s p a c e } /∗ I g n o r e w h i t e s p a c e ∗/

%%

1.10.3 FOLParser.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n o f the exposed f i r s t −o r d e r l o g i c p a r s e r
∗ @date 2024−11−21
∗ @author O l i v e r Dixon <od641@york . ac . uk>
∗ @note This f i l e depends on b u i l d −t ime g e n e r a t e d s o u r c e from F l e x and Bison .
∗/

#i f n d e f FOLPARSER_HPP
#d e f i n e FOLPARSER_HPP

#i n c l u d e <memory>

#pragma c l a n g d i a g n o s t i c push
#pragma c l a n g d i a g n o s t i c i g n o r e d "−Weveryth ing "
#i n c l u d e <g e n e r a t e d / BaseFOLParser . hpp> // Generated by Bison
#pragma c l a n g d i a g n o s t i c pop

#i n c l u d e " . . / E x c e p t i o n s / P a r s e E r r o r . hpp "
#i n c l u d e " . . / IR / Mutab l eVa r i an t s / Sen tence s / IMutab l eSentence . hpp "

namespace o p t i f o l
{

/∗∗
∗ @ b r i e f The f i r s t −o r d e r l o g i c p a r s e r e n c a p s u l a t e s the raw Bison−g e n e r a t e d p a r s e r and p r o v i d e s v a r i o u s s a f e t y
∗ and c o n v e n i e n c e mechanisms .
∗/

c l a s s FOLParser : p u b l i c imp l : : BaseFOLParser
{
p u b l i c :

/∗∗
∗ @ b r i e f I n s t a n t i a t e a new f i r s t −o r d e r l o g i c p a r s e r , to be s u p p l i e d by the g i v e n l e x e r
∗ @param l e x e r The Flex −c r e a t e d l e x e r w i th which the p a r s e r s h o u l d be a c q u a i n t e d
∗/

e x p l i c i t FOLParser ( FOLLexer ∗ l e x e r ) :
BaseFOLParser ( l e x e r )

{
}

v o i d e r r o r ( c o n s t s t d : : s t r i n g &msg ) o v e r r i d e
{

throw P a r s e E r r o r (msg , 0) ;
}

/∗∗
∗ @ b r i e f Repor t s a new f u l l y pa r s ed r o o t sentence , t y p i c a l l y from anothe r p a r s e r −l i k e s o u r c e
∗ @param s e n t e n c e _ r o o t The pa r s ed FOL s e n t e n c e
∗/

[ [ maybe_unused ] ] v o i d r e g i s t e r _ s e n t e n c e ( s t d : : un ique_ptr <MutableSentenceRoot> &&s e n t e n c e _ r o o t )
{
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l a s t _ p a r s e d _ r o o t = s t d : : move ( s e n t e n c e _ r o o t ) ;
}

[ [ n o d i s c a r d ] ] s t d : : un ique_ptr <MutableSentenceRoot> r e t r i e v e _ s e n t e n c e ( )
{

auto s e n t e n c e = s t d : : move ( l a s t _ p a r s e d _ r o o t ) ;
l a s t _ p a r s e d _ r o o t = n u l l p t r ;
r e t u r n s e n t e n c e ;

}

p r i v a t e :
s t d : : un ique_ptr <MutableSentenceRoot> l a s t _ p a r s e d _ r o o t ;

} ;

} // namespace o p t i f o l

#e n d i f

1.10.4 FOLParser.y

/∗
∗ C o p y r i g h t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

%r e q u i r e " 3 . 7 . 4 "
%language "C++"

%d e f i n e a p i . p a r s e r . c l a s s { BaseFOLParser }
%d e f i n e a p i . namespace { o p t i f o l : : imp l }
%d e f i n e a p i . p r e f i x {FOL}
%d e f i n e a p i . v a l u e . t ype v a r i a n t
%d e f i n e p a r s e . e r r o r d e t a i l e d
%d e f i n e s
%s k e l e t o n " l a l r 1 . cc "
%parse −param {FOLLexer∗ s c a n n e r }

%code r e q u i r e s
{

#i n c l u d e " . . / IR / Mutab l eVa r i an t s /Terms/ M u t a b l e V a r i a b l e . hpp "
#i n c l u d e " . . / IR / Mutab l eVa r i an t s /Terms/ Mutab leFunct ion . hpp "

#i n c l u d e " . . / IR / Mutab l eVa r i an t s / Sen tence s / M u t a b l e P r e d i c a t e . hpp "
#i n c l u d e " . . / IR / Mutab l eVa r i an t s / Sen tence s / Mutab leB inaryConnected . hpp "
#i n c l u d e " . . / IR / Mutab l eVa r i an t s / Sen tence s / M u t a b l e Q u a n t i f i e d . hpp "
#i n c l u d e " . . / IR / Mutab l eVa r i an t s / Sen tence s / Mutab leSentenceRoot . hpp "

namespace o p t i f o l
{

c l a s s FOLLexer ;
}

}

%code
{

#i n c l u d e " FOLLexer . hpp "
#d e f i n e y y l e x ( x ) scanner −>l e x ( x )

}

%token <s t d : : s t r i n g > Funct i on
%token <s t d : : s t r i n g > V a r i a b l e
%token <s t d : : s t r i n g > P r e d i c a t e

%token U n i v e r s a l E x i s t e n t i a l
%token Con jun c t i on D i s j u n c t i o n Negat ion I m p l i c a t i o n B i c o n d i t i o n a l
%token L e f t P a r e n t h e s i s R i g h t P a r e n t h e s i s Comma
%token End

%l e f t B i c o n d i t i o n a l
%l e f t I m p l i c a t i o n
%l e f t D i s j u n c t i o n
%l e f t Co n ju nc t i o n
%r i g h t Negat ion

%type <IMutab l eSen tence ∗> s e n t e n c e
%type <IMutableTerm ∗> term
%type <s t d : : v e c to r <s t d : : un ique_ptr <IMutableTerm>>> term_vector

%s t a r t l i n e
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/∗
∗ Note the o v e r a l l s t r a t e g y f o r h a n d l i n g i n t e r n a l s t a t e d u r i n g the p a r s e . Raw C p o i n t e r s a r e used to r e f e r to

nodes
∗ d u r i n g the b u i l d p roce s s , and a r e o n l y t r a n s f o r m e d i n t o un ique p o i n t e r s ( v i a s t d : : un ique_ptr <T>(T∗) or

T : : b u i l d ( . . . ) )
∗ at t h e i r r e l a t i v e t e r m i n i . Thus the b u i l t model has f u l l owne r sh ip semant i c s , and we don ’ t have to worry

about Bison
∗ g e n e r a t i n g i m p l i c i t c a l l s to the d e f a u l t copy c o n s t r u c t o r , which i s d e l e t e d f o r s t d : : un ique_pt r .
∗/

%%

l i n e :
s e n t e n c e End
{

s t a t i c _ c a s t <FOLParser ∗>( t h i s )−>r e g i s t e r _ s e n t e n c e (
Mutab leSentenceRoot : : b u i l d ( s t d : : un ique_ptr <IMutab leSentence >($1 ) )

) ;

r e t u r n 0 ;
}
|
e r r o r
{

r e t u r n −1;
}
;

s e n t e n c e :
U n i v e r s a l V a r i a b l e L e f t P a r e n t h e s i s s e n t e n c e R i g h t P a r e n t h e s i s
{

$$ = new M u t a b l e Q u a n t i f i e d (
Q u a n t i f i e r T y p e s : : U n i v e r s a l ,
M u t a b l e V a r i a b l e : : b u i l d ( $2 ) ,
s t d : : un ique_ptr <IMutab leSentence >($4 )

) ;
}
|
E x i s t e n t i a l V a r i a b l e L e f t P a r e n t h e s i s s e n t e n c e R i g h t P a r e n t h e s i s
{

$$ = new M u t a b l e Q u a n t i f i e d (
Q u a n t i f i e r T y p e s : : E x i s t e n t i a l ,
M u t a b l e V a r i a b l e : : b u i l d ( $2 ) ,
s t d : : un ique_ptr <IMutab leSentence >($4 )

) ;
}
|
P r e d i c a t e L e f t P a r e n t h e s i s te rm_vector R i g h t P a r e n t h e s i s
{

$$ = new M u t a b l e P r e d i c a t e ( $1 , s t d : : move ( $3 ) ) ;
}
|
Negat ion s e n t e n c e
{

$2−>f l i p _ p o l a r i t y ( ) ;
$$ = $2 ;

}
|
s e n t e n c e Co n ju nc t i o n s e n t e n c e
{

$$ = new Mutab leB inaryConnected (
B ina ryOpera to rTypes : : Con junct ion ,
s t d : : un ique_ptr <IMutab leSentence >($1 ) ,
s t d : : un ique_ptr <IMutab leSentence >($3 )

) ;
}
|
s e n t e n c e D i s j u n c t i o n s e n t e n c e
{

$$ = new Mutab leB inaryConnected (
B ina ryOpera to rTypes : : D i s j u n c t i o n ,
s t d : : un ique_ptr <IMutab leSentence >($1 ) ,
s t d : : un ique_ptr <IMutab leSentence >($3 )

) ;
}
|
s e n t e n c e I m p l i c a t i o n s e n t e n c e
{

$$ = new Mutab leB inaryConnected (
B ina ryOpera to rTypes : : I m p l i c a t i o n ,
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s t d : : un ique_ptr <IMutab leSentence >($1 ) ,
s t d : : un ique_ptr <IMutab leSentence >($3 )

) ;
}
|
s e n t e n c e B i c o n d i t i o n a l s e n t e n c e
{

$$ = new Mutab leB inaryConnected (
B ina ryOpera to rTypes : : B i c o n d i t i o n a l ,
s t d : : un ique_ptr <IMutab leSentence >($1 ) ,
s t d : : un ique_ptr <IMutab leSentence >($3 )
) ;

}
|
L e f t P a r e n t h e s i s s e n t e n c e R i g h t P a r e n t h e s i s
{

$$ = $2 ;
}
;

te rm_vecto r :
%empty
{

$$ = s t d : : v e c to r <s t d : : un ique_ptr <IMutableTerm >>() ;
}
|
term
{

$$ = s t d : : v e c to r <s t d : : un ique_ptr <IMutableTerm >>() ;
$$ . push_back ( s t d : : un ique_ptr <IMutableTerm >($1 ) ) ;

}
|
t e rm_vecto r Comma term
{

$$ = s t d : : move ( $1 ) ;
$$ . push_back ( s t d : : un ique_ptr <IMutableTerm >($3 ) ) ;

}
;

term :
Func t i on
{

$$ = new Mutab leFunct ion ( $1 ) ;
}
|
Func t i on L e f t P a r e n t h e s i s te rm_vecto r R i g h t P a r e n t h e s i s
{

$$ = new Mutab leFunct ion ( $1 , s t d : : move ( $3 ) ) ;
}
|
V a r i a b l e
{

$$ = new M u t a b l e V a r i a b l e ( $1 ) ;
}
;

%%

v o i d o p t i f o l : : imp l : : BaseFOLParser : : e r r o r ( c on s t s t d : : s t r i n g& msg )
{

s t a t i c _ c a s t <FOLParser ∗>( t h i s )−>e r r o r ( msg ) ;
}

1.11 IR

1.11.1 SymbolRepository.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the Symbo lRepos i to ry c l a s s
∗ @author O l i v e r Dixon
∗ @date 2025−06−13
∗ @ v e r s i o n Development
∗/
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#i n c l u d e " Symbo lRepos i to ry . hpp "

namespace o p t i f o l
{

c on s t IProcessedTerm ∗ Symbo lRepos i to ry : : get_symbol_handle ( co n s t IProcessedTerm &term ) c on s t
{

c on s t auto i t = terms . f i n d ( term ) ;
i f ( i t == terms . cend ( ) ) {

c on s t auto v a r i a b l e _ t r y = dynamic_cast<c o n s t V a r i a b l e ∗>(&term ) ;
r e t u r n v a r i a b l e _ t r y == n u l l p t r ? n u l l p t r : get_symbol_handle (∗ v a r i a b l e _ t r y ) ;

}

r e t u r n i t −>get ( ) ;
}

c on s t V a r i a b l e ∗ Symbo lRepos i to ry : : get_symbol_handle ( c on s t V a r i a b l e &v a r i a b l e ) c on s t
{

c on s t auto i t = v a r i a b l e s . f i n d ( v a r i a b l e ) ;
i f ( i t == v a r i a b l e s . cend ( ) )

r e t u r n n u l l p t r ;

r e t u r n i t −>get ( ) ;
}

boo l Symbo lRepos i to ry : : o p e r a t o r==(co n s t Symbo lRepos i to ry &o t h e r ) c on s t noexcept
{

r e t u r n s e n t e n c e s == o t h e r . s e n t e n c e s && terms == o t h e r . te rms ;
}

v o i d Symbo lRepos i to ry : : i n h e r i t _ r e p o s i t o r y ( s t d : : un ique_ptr <Symbo lRepos i to ry > &&o t h e r )
{

i n h e r i t _ s e t ( s e n t e n c e s , o the r −>s e n t e n c e s ) ;
i n h e r i t _ s e t ( terms , othe r −>terms ) ;
i n h e r i t _ s e t ( v a r i a b l e s , o the r −>v a r i a b l e s ) ;

}

v o i d Symbo lRepos i to ry : : i nc rement_sentence_count ( ) noexcept
{

++sentence_count ;
}

uns i gned i n t Symbo lRepos i to ry : : ge t_sentence_count ( ) co n s t noexcept
{

r e t u r n sentence_count ;
}

} // namespace o p t i f o l

1.11.2 SymbolRepository.hpp

/∗
∗ C o p y r i g h t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the Symbo lRepos i to ry c l a s s
∗ @author O l i v e r Dixon
∗ @date 2025−06−13
∗ @ v e r s i o n Development
∗/

#i f n d e f SYMBOLREPOSITORY_HPP
#d e f i n e SYMBOLREPOSITORY_HPP

#i n c l u d e <memory>
#i n c l u d e <unorde red_set >

#i n c l u d e " . . / O p t i f o l . hpp "
#i n c l u d e " Sen tence s / I P r o c e s s e d S e n t e n c e . hpp "
#i n c l u d e " Terms/ IProcessedTerm . hpp "
#i n c l u d e " Terms/ V a r i a b l e . hpp "

namespace o p t i f o l
{
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/∗∗
∗ @ c l a s s Symbo lRepos i to ry
∗ @ b r i e f A Symbo lRepos i to ry p e r s i s t s a s i n g l e s e t o f sentenceNodes and ITerms wi th gua ran teed l i f e t i m e s . The
∗ r e p o s i t o r y can be popu l a t ed and que r i ed , e x p o s i n g c o n s t a n t p o i n t e r s , but e l ement s cannot be removed or
∗ d e s t r u c t e d u n t i l the e n t i r e r e p o s i t o r y i s d e s t r u c t e d .
∗/

c l a s s Symbo lRepos i to ry
{
p u b l i c :

/∗∗
∗ @ b r i e f Add a g e n e r i c term to the r e p o s i t o r y
∗ @tparam TermType The type o f term p o i n t e r to r e t u r n
∗ @param term A \ r e f s t d : : un ique_pt r wrapper o f the ITerm whose owner sh ip s h o u l d be t r a n s f e r r e d .
∗ @re tu rn A c o n s t a n t hand l e to the term i n the r e p o s i t o r y
∗ @throws s t d : : r u n t i m e _ e r r o r An e q u i v a l e n t term does not e x i s t i n the r e p o s i t o r y , and cou ld not be added .
∗ @note I f the s u p p l i e d term i s hash−e q u a l to an e x i s t i n g term h e l d by the r e p o s i t o r y , the r e p o s i t o r y i s
∗ unchanged .
∗/

template <typename TermType = IProcessedTerm>
r e q u i r e s s t d : : der i ved_f rom <TermType , IProcessedTerm>

c on s t TermType ∗ add_symbol ( s t d : : un ique_ptr <TermType> &&term )
{

c on s t auto f i n d _ i t = terms . f i n d (∗ term ) ;
i f ( f i n d _ i t != terms . cend ( ) ) {

// I f a hash−e q u a l e l ement i s a l r e a d y i n the se t , attempt to downcast to the r e q u e s t e d type and
// r e t u r n .
c on s t auto downcast_ptr = dynamic_cast<c on s t TermType ∗>( f i n d _ i t −>get ( ) ) ;
i f ( downcast_ptr == n u l l p t r )

throw s t d : : r u n t i m e _ e r r o r ( " Cannot add term " + s t d : : s t r i n g ( term−>get_disambiguated_name ( ) ) +
" : a matching term o f a d i f f e r e n t type a l r e a d y e x i s t s i n the r e p o s i t o r y . " ) ;

r e t u r n downcast_ptr ;
}

// Otherwise , add the new e lement by t r a n s f e r r i n g owne r sh ip to the s e t .
c on s t auto [ i n s e r t e d _ i t , s u c c e s s ] = terms . i n s e r t ( s t d : : move ( term ) ) ;
i f ( ! s u c c e s s )

throw s t d : : r u n t i m e _ e r r o r ( " Cannot add term : i n s e r t i o n f a i l e d . " ) ;

/∗
∗ This i s a b i t dodgy , as the c o m p i l e r i s n ’ t e n f o r c i n g s e m a n t i c s c o r r e c t n e s s o f the p o i n t e r cas t , as
∗ would be s u g g e s t e d by use o f s t a t i c _ c a s t . I t cou ld e q u a l l y be c a s t to any o t h e r p o i n t e r and be
∗ u n d e f i n e d at d e r e f e r e n c e . But the STL s t a n d a r d p r o v i d e s t h i s guarantee , as i f the i n s e r t i o n i s
∗ s u c c e s s f u l , the r e t u r n e d i t e r a t o r i s d e f i n e d to d e t a i n a type o f the key , i . e .
∗ s t d : : un ique_ptr <IProcessedTerm >. We know from the f u n c t i o n s i g n a t u r e t h a t our term h o l d s a p o i n t e r
∗ o f type TermType .
∗/

r e t u r n s t a t i c _ c a s t <co n s t TermType ∗>( i n s e r t e d _ i t −>get ( ) ) ;
}

/∗∗
∗ @ b r i e f Add a s e n t e n c e to the r e p o s i t o r y
∗ @tparam SentenceType The type o f s e n t e n c e p o i n t e r to r e t u r n
∗ @param s e n t e n c e A \ r e f s t d : : un ique_pt r wrapper o f the s e n t e n c e whose owne r sh ip s h o u l d be t r a n s f e r r e d .
∗ @re tu rn A c o n s t a n t hand l e to the s e n t e n c e i n the r e p o s i t o r y
∗ @throws s t d : : r u n t i m e _ e r r o r An e q u i v a l e n t s e n t e n c e does not e x i s t i n the r e p o s i t o r y , and cou ld not be
∗ added .
∗ @note I f the s u p p l i e d s e n t e n c e i s hash−e q u a l to an e x i s t i n g s e n t e n c e h e l d by the r e p o s i t o r y , the
∗ r e p o s i t o r y i s unchanged .
∗/

template <typename SentenceType = I P r o c e s s e d S e n t e n c e >
r e q u i r e s s t d : : der i ved_f rom <SentenceType , I P r o c e s s e d S e n t e n c e >

c on s t SentenceType ∗ add_symbol ( s t d : : un ique_ptr <SentenceType> &&s e n t e n c e )
{

c on s t auto f i n d _ i t = s e n t e n c e s . f i n d (∗ s e n t e n c e ) ;
i f ( f i n d _ i t != s e n t e n c e s . cend ( ) ) {

c on s t auto downcast_ptr = dynamic_cast<c on s t SentenceType ∗>( f i n d _ i t −>get ( ) ) ;
i f ( downcast_ptr == n u l l p t r )

throw s t d : : r u n t i m e _ e r r o r (
" Cannot add s e n t e n c e : a matching s e n t e n c e o f a d i f f e r e n t type a l r e a d y e x i s t s "
" i n the r e p o s i t o r y . " ) ;

r e t u r n downcast_ptr ;
}

c on s t auto [ i n s e r t e d _ i t , s u c c e s s ] = s e n t e n c e s . i n s e r t ( s t d : : move ( s e n t e n c e ) ) ;
i f ( ! s u c c e s s )

throw s t d : : r u n t i m e _ e r r o r ( " Cannot add s e n t e n c e : i n s e r t i o n f a i l e d . " ) ;

r e t u r n s t a t i c _ c a s t <co n s t SentenceType ∗>( i n s e r t e d _ i t −>get ( ) ) ;
}

/∗∗
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∗ @ b r i e f R e t r i e v e s a hand l e to an immutable term symbol owned by the r e p o s i t o r y
∗ @param term A hash−e q u a l ITerm to the t a r g e t term
∗ @re tu rn A c o n s t a n t hand l e to the term , i f a s u i t a b l e match e x i s t s i n the r e p o s i t o r y . Otherwise , an
∗ empty @re f s t d : : o p t i o n a l .
∗/

c on s t IProcessedTerm ∗ get_symbol_handle ( c o n s t IProcessedTerm &term ) c o n s t ;

/∗∗
∗ @ b r i e f R e t r i e v e s a hand l e to an immutable s e n t e n c e symbol owned by the r e p o s i t o r y
∗ @tparam SentenceType The type o f s e n t e n c e p o i n t e r to r e t u r n
∗ @param s e n t e n c e A hash−e q u a l s e n t e n c e to the t a r g e t s e n t e n c e
∗ @re tu rn A c o n s t a n t hand l e to the sentence , i f a s u i t a b l e match e x i s t s i n the r e p o s i t o r y . Otherwise , an
∗ empty
∗ @re f s t d : : o p t i o n a l .
∗/

template <typename SentenceType = I P r o c e s s e d S e n t e n c e >
r e q u i r e s s t d : : der i ved_f rom <SentenceType , I P r o c e s s e d S e n t e n c e >

c on s t SentenceType ∗ get_symbol_handle ( c o n s t I P r o c e s s e d S e n t e n c e &s e n t e n c e ) co n s t
{

c on s t auto i t = s e n t e n c e s . f i n d ( s e n t e n c e ) ;
c on s t SentenceType ∗ downcast_ptr = n u l l p t r ;

i f ( i t == s e n t e n c e s . cend ( ) | |
( downcast_ptr = dynamic_cast<c o ns t SentenceType ∗>( i t −>get ( ) ) ) == n u l l p t r )

r e t u r n n u l l p t r ;

r e t u r n downcast_ptr ;
}

c on s t V a r i a b l e ∗ get_symbol_handle ( c o n s t V a r i a b l e &v a r i a b l e ) c o n s t ;

/∗∗
∗ @ b r i e f Determine e q u a l i t y between two Symbo lRepos i to ry o b j e c t s a c c o r d i n g to t h e i r s t o r e d s e n t e n c e s and
∗ terms .
∗ @param o t h e r The Symbo lRepos i to ry w i th which to compare e l ement s .
∗ @re tu rn Do the Symbo lRepos i to ry o b j e c t s s t o r e the same i t ems ?
∗/

[ [ n o d i s c a r d ] ] boo l o p e r a t o r==(co n s t Symbo lRepos i to ry &o t h e r ) co n s t noexcept ;

/∗∗
∗ @ b r i e f Move a l l symbo l s ( s e n t e n c e s , non−v a r i a b l e and v a r i a b l e terms ) from the g i v e n Symbo lRepos i to ry
∗ i n t o t h i s one .
∗ @param o t h e r The t a r g e t r e p o s i t o r y , the e n t i r e t y o f which i s to be consumed by the i n h e r i t o r .
∗/

v o i d i n h e r i t _ r e p o s i t o r y ( s t d : : un ique_ptr <Symbo lRepos i to ry > &&o t h e r ) ;

v o i d inc rement_sentence_count ( ) noexcept ;

[ [ n o d i s c a r d ] ] un s i gned i n t get_sentence_count ( ) c o n s t noexcept ;

p r i v a t e :
/∗∗

∗ @ b r i e f S t e a l @ re f s t d : : un ique_pt r o b j e c t s from the g i v e n UniqueUnorderedSet s o u r c e c o n t a i n e r and move
∗ i n t o the g i v e n d e s t i n a t i o n .
∗ @tparam Element The type o f e l ement s owned by the members o f the s e t .
∗ @param d e s t The d e s t i n a t i o n s e t .
∗ @param s r c The s o u r c e s e t .
∗/

template <c l a s s Element>
s t a t i c v o i d i n h e r i t _ s e t ( UniqueUnorderedSet <Element> &dest , UniqueUnorderedSet <Element> &s r c )
{

f o r ( auto node_hand le_ i t = s r c . beg i n ( ) ; node_hand le_ i t != s r c . end ( ) ; ) {
auto borrowed_node = s r c . e x t r a c t ( node_hand le_ i t++) ;
d e s t . i n s e r t ( s t d : : move ( borrowed_node ) ) ;

}
}

UniqueUnorderedSet <I P r o c e s s e d S e n t e n c e > s e n t e n c e s ;
UniqueUnorderedSet <IProcessedTerm> terms ;
UniqueUnorderedSet <V a r i a b l e > v a r i a b l e s ;

un s i gned i n t sentence_count = 0 ;
} ;

template <>
i n l i n e c on s t V a r i a b l e ∗ Symbo lRepos i to ry : : add_symbol ( s t d : : un ique_ptr <V a r i a b l e > &&term )
{

c on s t auto f i n d _ i t = v a r i a b l e s . f i n d (∗ term ) ;
i f ( f i n d _ i t != v a r i a b l e s . cend ( ) )

r e t u r n f i n d _ i t −>get ( ) ;
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c on s t auto [ i n s e r t e d _ i t , s u c c e s s ] = v a r i a b l e s . i n s e r t ( s t d : : move ( term ) ) ;
i f ( ! s u c c e s s )

throw s t d : : r u n t i m e _ e r r o r ( " Cannot add v a r i a b l e : i n s e r t i o n f a i l e d . " ) ;

r e t u r n i n s e r t e d _ i t −>get ( ) ;
}

} // namespace o p t i f o l

#e n d i f

1.11.3 MutableVariants

1.11.3.1 OwningBuildable.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s t emp la t e s p e c i f i c a t i o n f o r ownable−b u i l d a b l e O p t i f o l o b j e c t s
∗ @author O l i v e r Dixon
∗ @date 2025−06−08
∗ @ v e r s i o n Development
∗/

#i f n d e f OWNINGBUILDABLE_HPP
#d e f i n e OWNINGBUILDABLE_HPP

#i n c l u d e <memory>

namespace o p t i f o l
{

/∗∗
∗ @ c l a s s Own ingBu i ldab l e
∗ @ b r i e f The OwningBu i ldab l e c l a s s p r o v i d e s a CRTP−temp la ted base to c l a s s e s w i s h i n g to be t r i v i a l l y wrapped
∗ i n t o a
∗ @re f s t d : : un ique_pt r . Th i s i s u s e f u l to e x p r e s s e x p l i c i t owne r sh ip and t r a n s f e r s t h e r e o f .
∗ @tparam Bui ldType The c o n c r e t e c l a s s type to b u i l d
∗/

template <typename Bui ldType>
c l a s s Own ingBu i ldab l e
{
p u b l i c :

/∗∗
∗ @ b r i e f C o n s t r u c t a c l a s s w i th the g i v e n c o n s t r u c t o r arguments i n a un ique p o i n t e r
∗ @tparam Po inte rType The s t o r e d p o i n t e r type o f the c o n s t r u c t e d un ique p o i n t e r ; must be a base of , o r
∗ e q u a l to , the c l a s s Bui ldType temp la t e paramete r .
∗ @tparam CtorArgs The temp la t e paramete r pack o f argument t y p e s to fo rwa rd to the Bui ldType c o n s t r u c t o r .
∗ @param a r g s The argument v a l u e s , c o r r e s p o n d i n g to the g i v e n types , to p e r f e c t l y f o rwa rd to the
∗ c o n s t r u c t o r
∗ @re tu rn An i n s t a n c e o f the Bui ldType c l a s s , c o n s t r u c t e d a c c o r d i n g to the g i v e n arguments , wrapped i n a
∗ un ique p o i n t e r c o n t a i n i n g a p o i n t e r to the s p e c i f i e d type .
∗/

template <typename Po inte rType = Bui ldType , typename . . . CtorArgs>
r e q u i r e s s t d : : der i ved_f rom <Bui ldType , Po interType >

s t a t i c s t d : : un ique_ptr <PointerType > b u i l d ( CtorArgs &&.. . a r g s )
{

r e t u r n s t d : : make_unique<Bui ldType >( s t d : : fo rward <CtorArgs >( a r g s ) . . . ) ;
}

} ;

} // namespace o p t i f o l

#e n d i f

1.11.3.2 Sentences

1.11.3.2.1 IMutableSentence.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/
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/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the g e n e r i c mutable IR Sentence i n t e r f a c e
∗ @author O l i v e r Dixon
∗ @date 2025−05−06
∗ @ v e r s i o n Development
∗/

#i f n d e f IMUTABLESENTENCE_HPP
#d e f i n e IMUTABLESENTENCE_HPP

#i n c l u d e <memory>

#i n c l u d e " . . / . . / Sen tence s / I S e n t e n c e . hpp "

namespace o p t i f o l
{

c l a s s M u t a t i n g S e n t e n c e V i s i t o r B a s e ;
c l a s s I O b s e r v i n g N o d e V i s i t o r ;
c l a s s R e p o s i t o r y B u i l d i n g V i s i t o r ;
c l a s s I P r o c e s s e d S e n t e n c e ;

/∗∗
∗ @ c l a s s IMutab l eSentence
∗ @ b r i e f A mutable s e n t e n c e i s a s e n t e n c e IR node wi th p r o p e r t i e s u s e f u l d u r i n g p a r s i n g and n o r m a l i s a t i o n ,
∗ p r i o r to f o r m a l a n a l y s i s .
∗ @ d e t a i l s A mutable sentence , i n g e n e r a l , has the f o l l o w i n g p r o p e r t i e s :
∗ <ul >
∗ <l i >
∗ Any c h i l d nodes ( e . g . arguments to a Mutab l ePred i ca te , bound s e n t e n c e s to Mutab l eQuant i f i ed , e t c . )
∗ a r e s t r i c t l y owned by e x p l i c i t l y t r a n s f e r a b l e c o n t a i n e r s , t y p i c a l l y a @re f s t d : : un ique_pt r . Immutable
∗ o b s e r v i n g p o i n t e r s can be e x t r a c t e d w i thout r e q u i r i n g a non−c o n s t a n t o b j e c t , but f o r mutat ion owne r sh ip
∗ needs to be e x p l i c i t l y s t o l e n from the s e n t e n c e node and l a t e r r e t u r n e d through <code>s t e a l </code> and
∗ <code>put </code> member f u n c t i o n s .
∗ </ l i >
∗ <l i >
∗ POD metadata ( e . g . d i s p l a y names and o p e r a t o r t y p e s f o r Mutab leB inaryConnected ) a r e changeab l e on
∗ non−c o n s t a n t o b j e c t s , and need not p e r s i s t the same v a l u e s f o r the l i f e t i m e o f the o b j e c t .
∗ </ l i >
∗ </ul >
∗/

c l a s s IMutab l eSentence : p u b l i c I S e n t e n c e
{
p u b l i c :

/∗∗
∗ @ b r i e f Perform a deep−copy o f the s e n t e n c e and produce a copy wrapped i n a t r a n s f e r a b l e @re f
∗ s t d : : un ique_pt r .
∗ @re tu rn The c o n t a i n e r c o n t a i n i n g the c o p i e d s e n t e n c e .
∗/

[ [ n o d i s c a r d ] ] v i r t u a l s t d : : un ique_ptr <IMutab leSentence > c l o n e ( ) c on s t = 0 ;

/∗∗
∗ @ b r i e f F l i p the p o l a r i t y o f the i n s t a n t i a t e d s e n t e n c e
∗ @see I S e n t e n c e : : i s _ n e g a t i v e _ p o l a r i t y f o r dua l g e t t e r
∗/

v i r t u a l v o i d f l i p _ p o l a r i t y ( ) noexcept = 0 ;

/∗∗
∗ @ b r i e f Accept a v i s i t a t i o n from a mutat ing s e n t e n c e v i s i t o r on the o b j e c t
∗ @param v i s i t o r The mutat ing v i s i t o r to i n v o k e
∗/

v i r t u a l v o i d accep t ( M u t a t i n g S e n t e n c e V i s i t o r B a s e &v i s i t o r ) = 0 ;

/∗∗
∗ @ b r i e f Accept a v i s i t a t i o n from an o b s e r v i n g ( non−mutat ing ) s e n t e n c e v i s i t o r on the o b j e c t
∗ @param v i s i t o r The o b s e r v i n g v i s i t o r to i n v o k e
∗/

v i r t u a l v o i d accep t ( I O b s e r v i n g N o d e V i s i t o r &v i s i t o r ) c on s t = 0 ;

/∗∗
∗ @ b r i e f Accept a v i s i t a t i o n from a mutat ing R e p o s i t o r y B u i l d i n g V i s i t o r on the o b j e c t
∗ @param v i s i t o r The r e p o s i t o r y −b u i l d i n g v i s i t o r to i n v o k e
∗ @re tu rn An o b s e r v i n g r e f e r e n c e to the I S e n t e n c e node added to a c e n t r a l Symbo lRepos i to ry o b j e c t
∗/

v i r t u a l c o n s t I P r o c e s s e d S e n t e n c e ∗ accep t ( R e p o s i t o r y B u i l d i n g V i s i t o r &v i s i t o r ) = 0 ;

/∗∗
∗ @ b r i e f Test e q u a l i t y between two IMutab l eSen tence i n s t a n c e s .
∗ @param o t h e r The o t h e r IMutab l eSen tence i n s t a n c e wi th which to t e s t f o r e q u a l i t y .
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∗ @re tu rn Are the two s e n t e n c e s o f the same c o n c r e t e type and e q u a l ?
∗/

[ [ n o d i s c a r d ] ] v i r t u a l boo l o p e r a t o r==(c o n s t IMutab l eSen tence &o t h e r ) c o n s t noexcept = 0 ;
} ;

} // namespace o p t i f o l

#e n d i f

1.11.3.2.2 MutableBinaryConnected.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the mutable b i na r y −Connected Sentence IR node
∗ @author O l i v e r Dixon
∗ @date 2025−05−06
∗ @ v e r s i o n Development
∗/

#i n c l u d e " Mutab leB inaryConnected . hpp "

#i n c l u d e " . . / . . / . . / V i s i t o r s / Mutab leTargets / O b s e r v e r s / I O b s e r v i n g N o d e V i s i t o r . hpp "
#i n c l u d e " . . / . . / . . / V i s i t o r s / Mutab leTargets / R e p o s i t o r y B u i l d i n g V i s i t o r . hpp "
#i n c l u d e " . . / . . / . . / V i s i t o r s / Mutab leTargets / Sen tence s / M u t a t i n g S e n t e n c e V i s i t o r B a s e . hpp "

namespace o p t i f o l
{

Mutab leB inaryConnected : : Mutab leB inaryConnected ( c on s t B ina ryOpera to rTypes ope ra to r_type ,
s t d : : un ique_ptr <IMutab leSentence > &&lh s , s t d : : un ique_ptr <IMutab leSentence > &&rhs ,
c on s t boo l i s _ p o s i t i v e ) :

o p e r a t o r _ t y p e ( o p e r a t o r _ t y p e ) ,
l h s ( s t d : : move ( l h s ) ) ,
r h s ( s t d : : move ( r h s ) ) ,
i s _ p o s i t i v e ( i s _ p o s i t i v e )

{
}

s t d : : un ique_ptr <IMutab leSentence > Mutab leB inaryConnected : : c l o n e ( ) c o n s t
{

r e t u r n s t d : : make_unique<Mutab leBinaryConnected >( ope ra to r_type , l h s −>c l o n e ( ) , rhs −>c l o n e ( ) , i s _ p o s i t i v e ) ;
}

v o i d Mutab leB inaryConnected : : f l i p _ p o l a r i t y ( ) noexcept
{

i s _ p o s i t i v e = ! i s _ p o s i t i v e ;
}

boo l Mutab leBinaryConnected : : i s _ n e g a t i v e _ p o l a r i t y ( ) c o n s t noexcept
{

r e t u r n ! i s _ p o s i t i v e ;
}

v o i d Mutab leB inaryConnected : : a ccep t ( M u t a t i n g S e n t e n c e V i s i t o r B a s e &v i s i t o r )
{

v i s i t o r . v i s i t (∗ t h i s ) ;
}

B ina ryOpera to rTypes Mutab leB inaryConnected : : ge t_ope ra to r_type ( ) c on s t noexcept
{

r e t u r n o p e r a t o r _ t y p e ;
}

v o i d Mutab leB inaryConnected : : s e t _ o p e r a t o r _ t y p e ( co n s t B ina ryOpera to rTypes new_type ) noexcept
{

o p e r a t o r _ t y p e = new_type ;
}

s t d : : un ique_ptr <IMutab leSentence > Mutab leB inaryConnected : : take_ lhs_operand ( ) noexcept
{

r e t u r n s t d : : move ( l h s ) ;
}

s t d : : un ique_ptr <IMutab leSentence > Mutab leB inaryConnected : : take_rhs_operand ( ) noexcept
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{
r e t u r n s t d : : move ( r h s ) ;

}

c on s t IMutab l eSentence ∗ Mutab leB inaryConnected : : obse rve_ lh s_ope rand ( ) c on s t noexcept
{

r e t u r n l h s . ge t ( ) ;
}

c on s t IMutab l eSentence ∗ Mutab leB inaryConnected : : obse rve_rhs_operand ( ) c o n s t noexcept
{

r e t u r n r h s . ge t ( ) ;
}

v o i d Mutab leB inaryConnected : : put_lhs_operand ( s t d : : un ique_ptr <IMutab leSentence > &&operand ) noexcept
{

l h s = s t d : : move ( operand ) ;
}

v o i d Mutab leB inaryConnected : : put_rhs_operand ( s t d : : un ique_ptr <IMutab leSentence > &&operand ) noexcept
{

r h s = s t d : : move ( operand ) ;
}

v o i d Mutab leB inaryConnected : : a ccep t ( I O b s e r v i n g N o d e V i s i t o r &v i s i t o r ) c o n s t
{

v i s i t o r . v i s i t (∗ t h i s ) ;
}

c on s t I P r o c e s s e d S e n t e n c e ∗ Mutab leB inaryConnected : : a ccep t ( R e p o s i t o r y B u i l d i n g V i s i t o r &v i s i t o r )
{

r e t u r n v i s i t o r . v i s i t (∗ t h i s ) ;
}

s t d : : s i z e _ t Mutab leB inaryConnected : : hash ( ) c o n s t noexcept
{

r e t u r n BinaryConnected : : hash_b inary_connected (
ope ra to r_type , l h s . ge t ( ) , r h s . ge t ( ) , i s _ n e g a t i v e _ p o l a r i t y ( ) ) ;

}

s t d : : ost ream &Mutab leB inaryConnected : : s e r i a l i s e ( s t d : : ost ream &ostream ) c on s t
{

r e t u r n BinaryConnected : : s e r i a l i s e _ b i n a r y _ c o n n e c t e d (
ostream , ope ra to r_type , l h s . ge t ( ) , r h s . ge t ( ) , i s _ n e g a t i v e _ p o l a r i t y ( ) ) ;

}

boo l Mutab leB inaryConnected : : o p e r a t o r==(c on s t IMutab l eSentence &o t h e r ) c on s t noexcept
{

c on s t auto othe r_connec ted = dynamic_cast<c on s t Mutab leB inaryConnected ∗>(& o t h e r ) ;
i f ( o the r_connected == n u l l p t r )

// Other IMutab l eSentence i s n ’ t a Mutab leB inaryConnected .
r e t u r n f a l s e ;

r e t u r n commutative_ptr_compare (
l h s . ge t ( ) , r h s . ge t ( ) , other_connected −>l h s . ge t ( ) , other_connected −>r h s . ge t ( ) ) ;

}

} // namespace o p t i f o l

1.11.3.2.3 MutableBinaryConnected.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the mutable b i na r y −Connected Sentence IR node
∗ @author O l i v e r Dixon
∗ @date 2025−05−06
∗ @ v e r s i o n Development
∗/

#i f n d e f MUTABLEBINARYCONNECTED_HPP
#d e f i n e MUTABLEBINARYCONNECTED_HPP

#i n c l u d e <memory>
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#i n c l u d e " . . / . . / Sen tence s / BinaryConnected . hpp "
#i n c l u d e " . . / Own ingBu i ldab l e . hpp "
#i n c l u d e " IMutab l eSentence . hpp "

namespace o p t i f o l
{

/∗∗
∗ @ c l a s s Mutab leB inaryConnected
∗ @ b r i e f A Mutab leB inaryConnected IR node h o l d s and owns two operands s e m a n t i c a l l y j o i n e d wi th an o p e r a t o r .
∗ Metadata and operands a r e mutable .
∗ @see B ina ryOpera to rTypes f o r modes o f c o n n e c t i o n
∗ @see BinaryConnected f o r non−owning dua l
∗/

c l a s s Mutab leB inaryConnected : p u b l i c IMutab leSentence ,
p u b l i c OwningBui ldab le <Mutab leBinaryConnected >

{
p u b l i c :

/∗∗
∗ @ b r i e f C rea te a s i g n e d mutable b i na r y −connected IR node
∗ @param o p e r a t o r _ t y p e Operato r w i th which the ope rands a r e connected
∗ @param l h s T r a n s f e r r e d owning c o n t a i n e r o f the l e f t −hand operand
∗ @param r h s T r a n s f e r r e d owning c o n t a i n e r o f the r i g h t −hand operand
∗ @param i s _ p o s i t i v e Should the node be i n s t a n t i a t e d wi th i n a p o s i t i v e p o l a r i t y ?
∗/

[ [ maybe_unused ] ] Mutab leB inaryConnected ( B ina ryOpera to rTypes ope ra to r_type ,
s t d : : un ique_ptr <IMutab leSentence > &&lh s , s t d : : un ique_ptr <IMutab leSentence > &&rhs ,
boo l i s _ p o s i t i v e = t r u e ) ;

[ [ n o d i s c a r d ] ] s t d : : un ique_ptr <IMutab leSentence > c l o n e ( ) c o n s t o v e r r i d e ;

v o i d f l i p _ p o l a r i t y ( ) noexcept o v e r r i d e ;

[ [ n o d i s c a r d ] ] boo l i s _ n e g a t i v e _ p o l a r i t y ( ) c on s t noexcept o v e r r i d e ;

v o i d accep t ( M u t a t i n g S e n t e n c e V i s i t o r B a s e &v i s i t o r ) o v e r r i d e ;

v o i d accep t ( I O b s e r v i n g N o d e V i s i t o r &v i s i t o r ) c on s t o v e r r i d e ;

c on s t I P r o c e s s e d S e n t e n c e ∗ accep t ( R e p o s i t o r y B u i l d i n g V i s i t o r &v i s i t o r ) o v e r r i d e ;

[ [ n o d i s c a r d ] ] s t d : : s i z e _ t hash ( ) c o n s t noexcept o v e r r i d e ;

s t d : : ost ream & s e r i a l i s e ( s t d : : ost ream &ostream ) c o n s t o v e r r i d e ;

[ [ n o d i s c a r d ] ] boo l o p e r a t o r==(co n s t IMutab l eSentence &o t h e r ) c o n s t noexcept o v e r r i d e ;

/∗∗
∗ @ b r i e f Get the c u r r e n t o p e r a t o r by which the ope rands a r e connected
∗ @re tu rn The b ina r y −connected o p e r a t o r type
∗/

[ [ n o d i s c a r d ] ] B ina ryOpera to rTypes ge t_ope ra to r_type ( ) c o n s t noexcept ;

/∗∗
∗ @ b r i e f R e p l a c e s the b i n a r y o p e r a t o r
∗ @param new_type The new b i n a r y o p e r a t o r
∗/

v o i d s e t _ o p e r a t o r _ t y p e ( B ina ryOpera to rTypes new_type ) noexcept ;

/∗∗
∗ @ b r i e f S t e a l s owne r sh ip o f the LHS operand from the o b j e c t to the c a l l e r
∗ @re tu rn The s t o l e n c o n t a i n e r c o n t a i n i n g the LHS operand
∗ @warning This c a l l t r a n s f e r s owne r sh ip outbound
∗/

[ [ n o d i s c a r d ] ] s t d : : un ique_ptr <IMutab leSentence > take_lhs_operand ( ) noexcept ;

/∗∗
∗ @ b r i e f S t e a l s owne r sh ip o f the RHS operand from the o b j e c t to the c a l l e r
∗ @re tu rn The s t o l e n c o n t a i n e r c o n t a i n i n g the RHS operand
∗ @warning This c a l l t r a n s f e r s owne r sh ip outbound
∗/

[ [ n o d i s c a r d ] ] s t d : : un ique_ptr <IMutab leSentence > take_rhs_operand ( ) noexcept ;

/∗∗
∗ @ b r i e f P r o v i d e s an immutable o b s e r v i n g p o i n t e r to the owned LHS operand
∗ @re tu rn The LHS operand o b s e r v e r
∗ @see @re f s t d : : un ique_pt r : : ge t f o r s e m a n t i c s o f o b s e r v i n g g e t t e r
∗/

[ [ n o d i s c a r d ] ] c o n s t IMutab l eSen tence ∗ obse rve_ lh s_ope rand ( ) co n s t noexcept ;

/∗∗
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∗ @ b r i e f P r o v i d e s an immutable o b s e r v i n g p o i n t e r to the owned RHS operand
∗ @re tu rn The LHS operand o b s e r v e r
∗ @see @re f s t d : : un ique_pt r : : ge t f o r s e m a n t i c s o f o b s e r v i n g g e t t e r
∗/

[ [ n o d i s c a r d ] ] c o n s t IMutab l eSen tence ∗ obse rve_rhs_operand ( ) co n s t noexcept ;

/∗∗
∗ @ b r i e f T r a n s f e r s owne r sh ip o f a new LHS operand , o v e r w r i t i n g any p r e v i o u s l y h e l d LHS operand
∗ @param operand The new LHS operand owning c o n t a i n e r
∗ @warning This c a l l t r a n s f e r s owne r sh ip inbound
∗ @see @re f s t d : : un ique_pt r : : o p e r a t o r= f o r s e m a n t i c s o f swap
∗/

v o i d put_lhs_operand ( s t d : : un ique_ptr <IMutab leSentence > &&operand ) noexcept ;

/∗∗
∗ @ b r i e f T r a n s f e r s owne r sh ip o f a new RHS operand , o v e r w r i t i n g any p r e v i o u s l y h e l d LHS operand
∗ @param operand The new RHS operand owning c o n t a i n e r
∗ @warning This c a l l t r a n s f e r s owne r sh ip inbound
∗ @see @re f s t d : : un ique_pt r : : o p e r a t o r= f o r s e m a n t i c s o f swap
∗/

v o i d put_rhs_operand ( s t d : : un ique_ptr <IMutab leSentence > &&operand ) noexcept ;

p r i v a t e :
B ina ryOpera to rTypes o p e r a t o r _ t y p e ;
s t d : : un ique_ptr <IMutab leSentence > l h s ;
s t d : : un ique_ptr <IMutab leSentence > r h s ;
boo l i s _ p o s i t i v e ;

} ;

} // namespace o p t i f o l

#e n d i f

1.11.3.2.4 MutablePredicate.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the mutable P r e d i c a t e IR node
∗ @author O l i v e r Dixon
∗ @date 2025−05−06
∗ @ v e r s i o n Development
∗/

#i n c l u d e " M u t a b l e P r e d i c a t e . hpp "

#i n c l u d e " . . / . . / . . / C o m p o s i t e S e r i a l i s a t i o n H e l p e r s . hpp "
#i n c l u d e " . . / . . / . . / V i s i t o r s / Mutab leTargets / O b s e r v e r s / I O b s e r v i n g N o d e V i s i t o r . hpp "
#i n c l u d e " . . / . . / . . / V i s i t o r s / Mutab leTargets / R e p o s i t o r y B u i l d i n g V i s i t o r . hpp "
#i n c l u d e " . . / . . / . . / V i s i t o r s / Mutab leTargets / Sen tence s / M u t a t i n g S e n t e n c e V i s i t o r B a s e . hpp "
#i n c l u d e " . . / . . / Sen tence s / L i t e r a l . hpp "
#i n c l u d e " . . / Terms/ IMutableTerm . hpp "

namespace o p t i f o l
{

M u t a b l e P r e d i c a t e : : M u t a b l e P r e d i c a t e (
s t d : : s t r i n g name , c o n s t boo l i s _ p o s i t i v e , s t d : : v e c to r <s t d : : un ique_ptr <IMutableTerm>> &&arguments ) :

name ( s t d : : move ( name ) ) ,
arguments ( s t d : : move ( arguments ) ) ,
i s _ p o s i t i v e ( i s _ p o s i t i v e )

{
}

M u t a b l e P r e d i c a t e : : M u t a b l e P r e d i c a t e ( s t d : : s t r i n g name , c o n s t boo l i s _ p o s i t i v e ,
c on s t s t d : : v e c to r <s t d : : un ique_ptr <IMutableTerm>> &arguments ) :

name ( s t d : : move ( name ) ) ,
i s _ p o s i t i v e ( i s _ p o s i t i v e )

{
t h i s −>arguments . r e s e r v e ( arguments . s i z e ( ) ) ;
f o r ( c on s t auto &arg : arguments )

t h i s −>arguments . push_back ( arg−>c l o n e ( ) ) ;
}

M u t a b l e P r e d i c a t e : : M u t a b l e P r e d i c a t e ( s t d : : s t r i n g name , s t d : : v e c to r <s t d : : un ique_ptr <IMutableTerm>> &&arguments ) :
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M u t a b l e P r e d i c a t e ( s t d : : move ( name ) , t rue , s t d : : move ( arguments ) )
{
}

M u t a b l e P r e d i c a t e : : M u t a b l e P r e d i c a t e (
s t d : : s t r i n g name , c o n s t s t d : : v e c to r <s t d : : un ique_ptr <IMutableTerm>> &arguments ) :

M u t a b l e P r e d i c a t e ( s t d : : move ( name ) , t rue , arguments )
{
}

M u t a b l e P r e d i c a t e : : M u t a b l e P r e d i c a t e ( s t d : : s t r i n g name ) :
M u t a b l e P r e d i c a t e ( s t d : : move ( name ) , t rue , {})

{
}

s t d : : un ique_ptr <IMutab leSentence > M u t a b l e P r e d i c a t e : : c l o n e ( ) c o n s t
{

s t d : : v e c to r <s t d : : un ique_ptr <IMutableTerm>> cloned_arguments ;
c loned_arguments . r e s e r v e ( arguments . s i z e ( ) ) ;
f o r ( co n s t auto &argument : arguments )

c loned_arguments . push_back ( argument−>c l o n e ( ) ) ;

r e t u r n s t d : : make_unique<Mutab l ePred i ca te >(name , i s _ p o s i t i v e , s t d : : move ( c loned_arguments ) ) ;
}

v o i d M u t a b l e P r e d i c a t e : : f l i p _ p o l a r i t y ( ) noexcept
{

i s _ p o s i t i v e = ! i s _ p o s i t i v e ;
}

boo l M u t a b l e P r e d i c a t e : : i s _ n e g a t i v e _ p o l a r i t y ( ) c o n s t noexcept
{

r e t u r n ! i s _ p o s i t i v e ;
}

v o i d M u t a b l e P r e d i c a t e : : a c cep t ( M u t a t i n g S e n t e n c e V i s i t o r B a s e &v i s i t o r )
{

v i s i t o r . v i s i t (∗ t h i s ) ;
}

v o i d M u t a b l e P r e d i c a t e : : a c cep t ( I O b s e r v i n g N o d e V i s i t o r &v i s i t o r ) c o n s t
{

v i s i t o r . v i s i t (∗ t h i s ) ;
}

c on s t I P r o c e s s e d S e n t e n c e ∗ M u t a b l e P r e d i c a t e : : a c cep t ( R e p o s i t o r y B u i l d i n g V i s i t o r &v i s i t o r )
{

r e t u r n v i s i t o r . v i s i t (∗ t h i s ) ;
}

s t d : : s i z e _ t M u t a b l e P r e d i c a t e : : hash ( ) c o n s t noexcept
{

r e t u r n compos i te_hash ( name , arguments . c b e g i n ( ) , arguments . cend ( ) , i s _ n e g a t i v e _ p o l a r i t y ( ) ) ;
}

s t d : : ost ream &M u t a b l e P r e d i c a t e : : s e r i a l i s e ( s t d : : ost ream &ostream ) c on s t
{

r e t u r n C o m p o s i t e S e r i a l i s a t i o n H e l p e r s : : s t r e a m _ s e r i a l i s e (
ostream , name , arguments . c b e g i n ( ) , arguments . cend ( ) , i s _ n e g a t i v e _ p o l a r i t y ( ) ) ;

}

boo l M u t a b l e P r e d i c a t e : : o p e r a t o r==(c o ns t IMutab l eSentence &o t h e r ) c on s t noexcept
{

c on s t auto o t h e r _ p r e d i c a t e = dynamic_cast<c o n s t M u t a b l e P r e d i c a t e ∗>(& o t h e r ) ;
i f ( o t h e r _ p r e d i c a t e == n u l l p t r )

// Other IMutab l eSentence i s n ’ t a M u t a b l e P r e d i c a t e .
r e t u r n f a l s e ;

i f ( name != o t h e r _ p r e d i c a t e −>name )
// D i f f e r e n t s u p e r f i c i a l names .
r e t u r n f a l s e ;

c on s t auto argument_count = arguments . s i z e ( ) ;
i f ( argument_count != o t h e r _ p r e d i c a t e −>arguments . s i z e ( ) )

// D i f f e r e n t number o f arguments .
r e t u r n f a l s e ;

f o r ( s t d : : s i z e _ t argument_idx = 0 ; argument_idx < argument_count ; ++argument_idx ) {
c on s t auto &l h s _a r g_ pt r = arguments [ argument_idx ] ;
c on s t auto &rhs_arg_pt r = o t h e r _ p r e d i c a t e −>arguments [ argument_idx ] ;
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i f ( l h s _a rg _p t r == n u l l p t r ) {
i f ( rh s_arg_pt r != n u l l p t r )

r e t u r n f a l s e ;
} e l s e i f ( rh s_arg_pt r == n u l l p t r )

r e t u r n f a l s e ;
e l s e i f (∗ l h s _a rg _p t r != ∗ rhs_arg_pt r )

r e t u r n f a l s e ;
}

r e t u r n t r u e ;
}

s t d : : s t r i n g _ v i e w M u t a b l e P r e d i c a t e : : get_name ( ) c o n s t noexcept
{

r e t u r n name ;
}

c on s t s t d : : v e c to r <s t d : : un ique_ptr <IMutableTerm>> &M u t a b l e P r e d i c a t e : : obse rve_arguments ( ) c on s t noexcept
{

r e t u r n arguments ;
}

s t d : : v e c to r <s t d : : un ique_ptr <IMutableTerm>> &M u t a b l e P r e d i c a t e : : obse rve_arguments ( ) noexcept
{

r e t u r n arguments ;
}

} // namespace o p t i f o l

1.11.3.2.5 MutablePredicate.hpp

/∗
∗ C o p y r i g h t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the mutable P r e d i c a t e IR node
∗ @author O l i v e r Dixon
∗ @date 2025−05−06
∗ @ v e r s i o n Development
∗/

#i f n d e f MUTABLEPREDICATE_HPP
#d e f i n e MUTABLEPREDICATE_HPP

#i n c l u d e <memory>
#i n c l u d e <vec to r >

#i n c l u d e " . . / Own ingBu i ldab l e . hpp "
#i n c l u d e " . . / Terms/ IMutableTerm . hpp "
#i n c l u d e " IMutab l eSentence . hpp "

namespace o p t i f o l
{

c l a s s R e p o s i t o r y B u i l d i n g V i s i t o r ;

/∗∗
∗ @ c l a s s M u t a b l e P r e d i c a t e
∗ @ b r i e f A M u t a b l e P r e d i c a t e r e p r e s e n t s an owning IR node s e n t e n c e c o n s i s t i n g o f a d i s p l a y name and z e r o to
∗ many arguments , a l l o f which a r e owned as t r a n s f e r a b l e @re f s t d : : un ique_pt r o b j e c t s by the node .
∗ @see P r e d i c a t e f o r the p roce s s ed , argument−o b s e r v i n g dua l .
∗/

c l a s s M u t a b l e P r e d i c a t e : p u b l i c IMutab leSentence ,
p u b l i c OwningBui ldab le <Mutab l ePred i ca te >

{
p u b l i c :

/∗∗
∗ @ b r i e f C rea te an owning p r e d i c a t e w i th an i n i t i a l s e t o f owned arguments
∗ @param name D i s p l a y name o f the p r e d i c a t e
∗ @param i s _ p o s i t i v e Should the p r e d i c a t e be i n s t a n t i a t e d wi th p o s i t i v e p o l a r i t y ?
∗ @param arguments A moveable o r d e r e d c o n t a i n e r owning the i n i t i a l arguments
∗/

e x p l i c i t M u t a b l e P r e d i c a t e (
s t d : : s t r i n g name , boo l i s _ p o s i t i v e , s t d : : v e c to r <s t d : : un ique_ptr <IMutableTerm>> &&arguments ) ;

/∗∗
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∗ @ b r i e f C rea te an owning p r e d i c a t e w i th an i n i t i a l s e t o f owned arguments
∗ @param name D i s p l a y name o f the p r e d i c a t e
∗ @param i s _ p o s i t i v e Should the p r e d i c a t e be i n s t a n t i a t e d wi th p o s i t i v e p o l a r i t y ?
∗ @param arguments A r e f e r e n c e d o r d e r e d c o n t a i n e r c o n t a i n i n g the moveable arguments
∗/

e x p l i c i t M u t a b l e P r e d i c a t e ( s t d : : s t r i n g name , boo l i s _ p o s i t i v e ,
c on s t s t d : : v e c to r <s t d : : un ique_ptr <IMutableTerm>> &arguments = {}) ;

/∗∗
∗ @ b r i e f C rea te an owning uns i gned p r e d i c a t e w i th an i n i t i a l s e t o f owned arguments
∗ @param name D i s p l a y name o f the p r e d i c a t e
∗ @param arguments A moveable o r d e r e d c o n t a i n e r owning the i n i t i a l arguments
∗/

e x p l i c i t M u t a b l e P r e d i c a t e ( s t d : : s t r i n g name , s t d : : v e c to r <s t d : : un ique_ptr <IMutableTerm>> &&arguments ) ;

/∗∗
∗ @ b r i e f C rea te an owning uns i gned p r e d i c a t e w i th an i n i t i a l s e t o f owned arguments
∗ @param name D i s p l a y name o f the p r e d i c a t e
∗ @param arguments A r e f e r e n c e d o r d e r e d c o n t a i n e r c o n t a i n i n g the moveable arguments
∗/

e x p l i c i t M u t a b l e P r e d i c a t e ( s t d : : s t r i n g name , c on s t s t d : : v e c to r <s t d : : un ique_ptr <IMutableTerm>> &arguments ) ;

/∗∗
∗ @ b r i e f C rea te an owning uns i gned p r e d i c a t e
∗ @param name D i s p l a y name o f the p r e d i c a t e
∗/

e x p l i c i t M u t a b l e P r e d i c a t e ( s t d : : s t r i n g name ) ;

[ [ n o d i s c a r d ] ] s t d : : un ique_ptr <IMutab leSentence > c l o n e ( ) c o n s t o v e r r i d e ;

v o i d f l i p _ p o l a r i t y ( ) noexcept o v e r r i d e ;

[ [ n o d i s c a r d ] ] boo l i s _ n e g a t i v e _ p o l a r i t y ( ) c on s t noexcept o v e r r i d e ;

v o i d accep t ( M u t a t i n g S e n t e n c e V i s i t o r B a s e &v i s i t o r ) o v e r r i d e ;

v o i d accep t ( I O b s e r v i n g N o d e V i s i t o r &v i s i t o r ) c on s t o v e r r i d e ;

c on s t I P r o c e s s e d S e n t e n c e ∗ accep t ( R e p o s i t o r y B u i l d i n g V i s i t o r &v i s i t o r ) o v e r r i d e ;

[ [ n o d i s c a r d ] ] s t d : : s i z e _ t hash ( ) c o n s t noexcept o v e r r i d e ;

s t d : : ost ream & s e r i a l i s e ( s t d : : ost ream &ostream ) c o n s t o v e r r i d e ;

[ [ n o d i s c a r d ] ] boo l o p e r a t o r==(co n s t IMutab l eSentence &o t h e r ) c o n s t noexcept o v e r r i d e ;

/∗∗
∗ @ b r i e f Get the d i s p l a y name o f the mutable p r e d i c a t e , not i n c l u d i n g any arguments or metadata
∗ @re tu rn A v iew o f the p r e d i c a t e symbol name
∗/

[ [ n o d i s c a r d ] ] s t d : : s t r i n g _ v i e w get_name ( ) c o n s t noexcept ;

/∗∗
∗ @ b r i e f Observe the c o n s t a n t owning o r d e r e d argument c o l l e c t i o n
∗ @re tu rn The arguments owned by the p r e d i c a t e
∗/

[ [ n o d i s c a r d ] ] c o n s t s t d : : v e c to r <s t d : : un ique_ptr <IMutableTerm>> &observe_arguments ( ) c on s t noexcept ;

/∗∗
∗ @ b r i e f Observe the mutable owning o r d e r e d argument c o l l e c t i o n
∗ @re tu rn The arguments owned by the p r e d i c a t e
∗ @note This non−c o n s t a n t o v e r l o a d i s u s e f u l f o r p r o p a g a t i o n o f <code>accept </code> c a l l s on mutat ing
∗ v i s i t o r s .
∗/

s t d : : v e c to r <s t d : : un ique_ptr <IMutableTerm>> &observe_arguments ( ) noexcept ;

p r i v a t e :
c on s t s t d : : s t r i n g name ;
s t d : : v e c to r <s t d : : un ique_ptr <IMutableTerm>> arguments ;
boo l i s _ p o s i t i v e = t r u e ;

} ;

} // namespace o p t i f o l

#e n d i f

1.11.3.2.6 MutableQuantified.cpp

/∗
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∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the mutable Q u a n t i f i e d Sentence IR node
∗ @author O l i v e r Dixon
∗ @date 2025−05−06
∗ @ v e r s i o n Development
∗/

#i n c l u d e " M u t a b l e Q u a n t i f i e d . hpp "

#i n c l u d e < u t i l i t y >

#i n c l u d e " . . / . . / . . / V i s i t o r s / Mutab leTargets / O b s e r v e r s / I O b s e r v i n g N o d e V i s i t o r . hpp "
#i n c l u d e " . . / . . / . . / V i s i t o r s / Mutab leTargets / R e p o s i t o r y B u i l d i n g V i s i t o r . hpp "
#i n c l u d e " . . / . . / . . / V i s i t o r s / Mutab leTargets / Sen tence s / M u t a t i n g S e n t e n c e V i s i t o r B a s e . hpp "

namespace o p t i f o l
{

M u t a b l e Q u a n t i f i e d : : M u t a b l e Q u a n t i f i e d ( c o n s t Q u a n t i f i e r T y p e s q u a n t i f i e r _ t y p e ,
s t d : : un ique_ptr <IMutableTerm> &&bound_term , s t d : : un ique_ptr <IMutab leSentence > &&sentence ,
c on s t boo l i s _ p o s i t i v e ) :

q u a n t i f i e r _ t y p e ( q u a n t i f i e r _ t y p e ) ,
bound_term ( s t d : : move ( bound_term ) ) ,
s e n t e n c e ( s t d : : move ( s e n t e n c e ) ) ,
i s _ p o s i t i v e ( i s _ p o s i t i v e )

{
}

s t d : : un ique_ptr <IMutab leSentence > M u t a b l e Q u a n t i f i e d : : c l o n e ( ) c on s t
{

r e t u r n s t d : : make_unique<Mutab l eQuant i f i ed >(
q u a n t i f i e r _ t y p e , bound_term−>c l o n e ( ) , s en tence −>c l o n e ( ) , i s _ p o s i t i v e ) ;

}

v o i d M u t a b l e Q u a n t i f i e d : : f l i p _ p o l a r i t y ( ) noexcept
{

i s _ p o s i t i v e = ! i s _ p o s i t i v e ;
}

boo l M u t a b l e Q u a n t i f i e d : : i s _ n e g a t i v e _ p o l a r i t y ( ) c on s t noexcept
{

r e t u r n ! i s _ p o s i t i v e ;
}

v o i d M u t a b l e Q u a n t i f i e d : : s e t _ q u a n t i f i e r _ t y p e ( c on s t Q u a n t i f i e r T y p e s q u a n t i f i e r _ t y p e ) noexcept
{

t h i s −>q u a n t i f i e r _ t y p e = q u a n t i f i e r _ t y p e ;
}

Q u a n t i f i e r T y p e s M u t a b l e Q u a n t i f i e d : : g e t _ q u a n t i f i e r _ t y p e ( ) co n s t noexcept
{

r e t u r n q u a n t i f i e r _ t y p e ;
}

c on s t IMutableTerm ∗ M u t a b l e Q u a n t i f i e d : : observe_bound_term ( ) c o n s t noexcept
{

r e t u r n bound_term . ge t ( ) ;
}

s t d : : un ique_ptr <IMutableTerm> M u t a b l e Q u a n t i f i e d : : take_bound_term ( ) noexcept
{

r e t u r n s t d : : move ( bound_term ) ;
}

s t d : : un ique_ptr <IMutab leSentence > M u t a b l e Q u a n t i f i e d : : t ake_sen tence ( ) noexcept
{

r e t u r n s t d : : move ( s e n t e n c e ) ;
}

c on s t IMutab l eSentence ∗ M u t a b l e Q u a n t i f i e d : : o b s e r v e _ s e n t e n c e ( ) c on s t noexcept
{

r e t u r n s e n t e n c e . ge t ( ) ;
}

v o i d M u t a b l e Q u a n t i f i e d : : put_sentence ( s t d : : un ique_ptr <IMutab leSentence > &&s e n t e n c e ) noexcept
{
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t h i s −>s e n t e n c e = s t d : : move ( s e n t e n c e ) ;
}

v o i d M u t a b l e Q u a n t i f i e d : : a ccep t ( M u t a t i n g S e n t e n c e V i s i t o r B a s e &v i s i t o r )
{

v i s i t o r . v i s i t (∗ t h i s ) ;
}

v o i d M u t a b l e Q u a n t i f i e d : : a ccep t ( I O b s e r v i n g N o d e V i s i t o r &v i s i t o r ) c on s t
{

v i s i t o r . v i s i t (∗ t h i s ) ;
}

c on s t I P r o c e s s e d S e n t e n c e ∗ M u t a b l e Q u a n t i f i e d : : a ccep t ( R e p o s i t o r y B u i l d i n g V i s i t o r &v i s i t o r )
{

r e t u r n v i s i t o r . v i s i t (∗ t h i s ) ;
}

s t d : : s i z e _ t M u t a b l e Q u a n t i f i e d : : hash ( ) c on s t noexcept
{

auto hash = s t d : : hash<s t d : : unde r l y i ng_type_t <Q u a n t i f i e r T y p e s >>{}( s t d : : t o _ u n d e r l y i n g ( q u a n t i f i e r _ t y p e ) ) ;

hash = hash_combine ( hash , bound_term−>hash ( ) ) ;
hash = hash_combine ( hash , s en tence −>hash ( ) ) ;

r e t u r n h a s h _ p o l a r i t y ( hash , ! i s _ p o s i t i v e ) ;
}

s t d : : ost ream &M u t a b l e Q u a n t i f i e d : : s e r i a l i s e ( s t d : : ost ream &ostream ) c o n s t
{

i f ( ! i s _ p o s i t i v e )
ost ream << ’ ~ ’ ;

ost ream << ’ ( ’ << get_operator_symbo l ( q u a n t i f i e r _ t y p e ) ;
bound_term−>s e r i a l i s e ( ost ream ) ;
ost ream << ’ ( ’ ;
s en tence −>s e r i a l i s e ( ost ream ) ;
r e t u r n ost ream << ’ ) ’ ;

}

boo l M u t a b l e Q u a n t i f i e d : : o p e r a t o r==(co n s t IMutab l eSentence &o t h e r ) c o n s t noexcept
{

c on s t auto o t h e r _ q u a n t i f i e d = dynamic_cast<co n s t M u t a b l e Q u a n t i f i e d ∗>(& o t h e r ) ;
i f ( o t h e r _ q u a n t i f i e d == n u l l p t r )

// Other I P r o c e s s e d S e n t e n c e i s n ’ t a M u t a b l e Q u a n t i f i e d .
r e t u r n f a l s e ;

i f ( i s _ p o s i t i v e != o t h e r _ q u a n t i f i e d −>i s _ p o s i t i v e )
// D i f f e r e n t s i g n s .
r e t u r n f a l s e ;

i f ( q u a n t i f i e r _ t y p e != o t h e r _ q u a n t i f i e d −>q u a n t i f i e r _ t y p e )
// D i f f e r e n t q u a n t i f i e r n a t u r e .
r e t u r n f a l s e ;

boo l bound_terms_match = f a l s e ;

i f ( bound_term == n u l l p t r )
bound_terms_match = o t h e r _ q u a n t i f i e d −>bound_term == n u l l p t r ;

e l s e i f ( o t h e r _ q u a n t i f i e d −>bound_term == n u l l p t r )
bound_terms_match = bound_term == n u l l p t r ;

e l s e
// Both bound terms a r e non−NULL and s h o u l d be compared wi th IMutableTerm : : o p e r a t o r ==.
bound_terms_match = ∗bound_term == ∗ o t h e r _ q u a n t i f i e d −>bound_term ;

i f ( ! bound_terms_match )
r e t u r n f a l s e ;

/∗
∗ Bound terms and q u a n t i f i e r n a t u r e s match . Test the s e n t e n c e s f o r NULL , o t h e r w i s e use
∗ IMutab l eSen tence : : o p e r a t o r ==.
∗/

i f ( s e n t e n c e == n u l l p t r | | o t h e r _ q u a n t i f i e d −>s e n t e n c e == n u l l p t r )
r e t u r n s e n t e n c e == o t h e r _ q u a n t i f i e d −>s e n t e n c e ;

r e t u r n ∗ s e n t e n c e == ∗ o t h e r _ q u a n t i f i e d −>s e n t e n c e ;
}

v o i d M u t a b l e Q u a n t i f i e d : : put_bound_term ( s t d : : un ique_ptr <IMutableTerm> &&new_bound_term ) noexcept
{

bound_term = s t d : : move ( new_bound_term ) ;
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}

c on s t cha r ∗ M u t a b l e Q u a n t i f i e d : : ge t_operator_symbo l ( co n s t Q u a n t i f i e r T y p e s type )
{

s w i t c h ( type ) {
ca se Q u a n t i f i e r T y p e s : : U n i v e r s a l :

r e t u r n " F o r A l l " ;
ca s e Q u a n t i f i e r T y p e s : : E x i s t e n t i a l :

r e t u r n " T h e r e E x i s t s " ;
}

r e t u r n " ??? " ;
}

} // namespace o p t i f o l

1.11.3.2.7 MutableQuantified.hpp

/∗
∗ C o p y r i g h t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the mutable Q u a n t i f i e d Sentence IR node
∗ @author O l i v e r Dixon
∗ @date 2025−05−06
∗ @ v e r s i o n Development
∗/

#i f n d e f MUTABLEQUANTIFIED_HPP
#d e f i n e MUTABLEQUANTIFIED_HPP

#i n c l u d e <memory>

#i n c l u d e " . . / . . / Mutab l eVa r i an t s /Terms/ IMutableTerm . hpp "
#i n c l u d e " . . / Own ingBu i ldab l e . hpp "
#i n c l u d e " IMutab l eSentence . hpp "

namespace o p t i f o l
{

/∗∗
∗ @enum Q u a n t i f i e r T y p e s
∗ @ b r i e f The modes by which a s e n t e n c e can be bound by a v a r i a b l e
∗/

enum c l a s s Q u a n t i f i e r T y p e s
{

U n i v e r s a l ,
E x i s t e n t i a l

} ;

/∗∗
∗ @ c l a s s M u t a b l e Q u a n t i f i e d
∗ @ b r i e f A M u t a b l e Q u a n t i f i e d IR node owns a bound v a r i a b l e / term and a bound s e n t e n c e (" ope rands ") , and
∗ d e t a i n s the f i r s t −o r d e r l o g i c o p e r a t o r by which the s e n t e n c e i s bound by the v a r i a b l e . Metadata and
∗ operands a r e mutable , and owned by the i n s t a n c e o f the IR node .
∗ @note There i s no immutable , non−owning dua l o f the M u t a b l e Q u a n t i f i e d node as i t may not appear i n
∗ CNF−n o r m a l i s e d e x p r e s s i o n t r e e s .
∗/

c l a s s M u t a b l e Q u a n t i f i e d : p u b l i c IMutab leSentence ,
p u b l i c OwningBui ldab le <Mutab l eQuant i f i ed >

{
p u b l i c :

[ [ maybe_unused ] ] M u t a b l e Q u a n t i f i e d ( Q u a n t i f i e r T y p e s q u a n t i f i e r _ t y p e ,
s t d : : un ique_ptr <IMutableTerm> &&bound_term , s t d : : un ique_ptr <IMutab leSentence > &&sentence ,
boo l i s _ p o s i t i v e = t r u e ) ;

[ [ n o d i s c a r d ] ] s t d : : un ique_ptr <IMutab leSentence > c l o n e ( ) c o n s t o v e r r i d e ;

v o i d f l i p _ p o l a r i t y ( ) noexcept o v e r r i d e ;

[ [ n o d i s c a r d ] ] boo l i s _ n e g a t i v e _ p o l a r i t y ( ) c on s t noexcept o v e r r i d e ;

v o i d accep t ( M u t a t i n g S e n t e n c e V i s i t o r B a s e &v i s i t o r ) o v e r r i d e ;

v o i d accep t ( I O b s e r v i n g N o d e V i s i t o r &v i s i t o r ) c on s t o v e r r i d e ;
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c on s t I P r o c e s s e d S e n t e n c e ∗ accep t ( R e p o s i t o r y B u i l d i n g V i s i t o r &v i s i t o r ) o v e r r i d e ;

[ [ n o d i s c a r d ] ] s t d : : s i z e _ t hash ( ) c on s t noexcept o v e r r i d e ;

s t d : : ost ream & s e r i a l i s e ( s t d : : ost ream &ostream ) c o n s t o v e r r i d e ;

[ [ n o d i s c a r d ] ] boo l o p e r a t o r==(c o n s t IMutab l eSen tence &o t h e r ) c o n s t noexcept o v e r r i d e ;

/∗∗
∗ @ b r i e f R e p l a c e s the q u a n t i f i e r o p e r a t o r w i th an a l t e r n a t i v e type
∗ @param q u a n t i f i e r _ t y p e The new q u a n t i f i e r o p e r a t o r
∗/

v o i d s e t _ q u a n t i f i e r _ t y p e ( Q u a n t i f i e r T y p e s q u a n t i f i e r _ t y p e ) noexcept ;

/∗∗
∗ @ b r i e f R e t r i e v e the q u a n t i f i c a t i o n o p e r a t o r t h a t b i n d s the v a r i a b l e and the s e n t e n c e
∗ @re tu rn The q u a n t i f i e r t ype
∗/

[ [ n o d i s c a r d ] ] Q u a n t i f i e r T y p e s g e t _ q u a n t i f i e r _ t y p e ( ) c o n s t noexcept ;

/∗∗
∗ @ b r i e f R e t r i e v e s a p o i n t e r to the immutable bound term
∗ @re tu rn An immutable p o i n t e r to the bound term
∗ @see @re f s t d : : un ique_pt r : : ge t f o r s e m a n t i c s o f the o b s e r v i n g g e t t e r
∗/

[ [ n o d i s c a r d ] ] c o n s t IMutableTerm ∗ observe_bound_term ( ) c o n s t noexcept ;

/∗∗
∗ @ b r i e f S t e a l s owne r sh ip o f the bound term from the o b j e c t to the c a l l e r
∗ @re tu rn The s t o l e n c o n t a i n e r c o n t a i n i n g the bound term
∗ @warning This c a l l t r a n s f e r s owne r sh ip outbound
∗/

[ [ n o d i s c a r d ] ] s t d : : un ique_ptr <IMutableTerm> take_bound_term ( ) noexcept ;

/∗∗
∗ @ b r i e f S t e a l s owne r sh ip o f the bound s e n t e n c e from the o b j e c t to the c a l l e r
∗ @re tu rn The s t o l e n c o n t a i n e r c o n t a i n i n g the bound s e n t e n c e
∗ @warning This c a l l t r a n s f e r s owne r sh ip outbound
∗/

[ [ n o d i s c a r d ] ] s t d : : un ique_ptr <IMutab leSentence > take_sen tence ( ) noexcept ;

/∗∗
∗ @ b r i e f R e t r i e v e s a p o i n t e r to the immutable bound s e n t e n c e
∗ @re tu rn An immutable p o i n t e r to the bound s e n t e n c e
∗ @see @re f s t d : : un ique_pt r : : ge t f o r s e m a n t i c s o f the o b s e r v i n g g e t t e r
∗/

[ [ n o d i s c a r d ] ] c o n s t IMutab l eSen tence ∗ o b s e r v e _ s e n t e n c e ( ) co n s t noexcept ;

/∗∗
∗ @ b r i e f T r a n s f e r s owne r sh ip o f a new bound sentence , o v e r w r i t i n g any p r e v i o u s l y bound s e n t e n c e
∗ @param s e n t e n c e The new sentence −owning c o n t a i n e r
∗ @warning This c a l l t r a n s f e r s owne r sh ip inbound
∗ @see @re f s t d : : un ique_pt r : : o p e r a t o r= f o r s e m a n t i c s o f swap
∗/

v o i d put_sentence ( s t d : : un ique_ptr <IMutab leSentence > &&s e n t e n c e ) noexcept ;

/∗∗
∗ @ b r i e f T r a n s f e r s owne r sh ip o f a new bound term , o v e r w r i t i n g any p r e v i o u s l y bound term
∗ @param new_bound_term The new term−owning c o n t a i n e r
∗ @warning This c a l l t r a n s f e r s owne r sh ip inbound
∗ @see @re f s t d : : un ique_pt r : : o p e r a t o r= f o r s e m a n t i c s o f swap
∗/

v o i d put_bound_term ( s t d : : un ique_ptr <IMutableTerm> &&new_bound_term ) noexcept ;

/∗∗
∗ @ b r i e f Maps a q u a n t i f i e r t ype to a human−r e a d a b l e s t r i n g s u i t a b l e f o r s e r i a l i s a t i o n
∗ @param type Type o f q u a n t i f i e r to s e r i a l i s e
∗ @re tu rn S e r i a l i s e d s t r i n g f o r the g i v e n q u a n t i f i e r t ype
∗/

[ [ n o d i s c a r d ] ] s t a t i c c o n s t cha r ∗ get_operator_symbo l ( Q u a n t i f i e r T y p e s type ) ;

p r i v a t e :
Q u a n t i f i e r T y p e s q u a n t i f i e r _ t y p e ;
s t d : : un ique_ptr <IMutableTerm> bound_term ;
s t d : : un ique_ptr <IMutab leSentence > s e n t e n c e ;
boo l i s _ p o s i t i v e ;

} ;

} // namespace o p t i f o l

#e n d i f
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1.11.3.2.8 MutableSentenceRoot.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the mutable Sentence Root IR node
∗ @author O l i v e r Dixon
∗ @date 2025−05−06
∗ @ v e r s i o n Development
∗/

#i n c l u d e " Mutab leSentenceRoot . hpp "

#i n c l u d e " . . / . . / . . / V i s i t o r s / Mutab leTargets / O b s e r v e r s / I O b s e r v i n g N o d e V i s i t o r . hpp "
#i n c l u d e " . . / . . / . . / V i s i t o r s / Mutab leTargets / R e p o s i t o r y B u i l d i n g V i s i t o r . hpp "
#i n c l u d e " . . / . . / . . / V i s i t o r s / Mutab leTargets / Sen tence s / M u t a t i n g S e n t e n c e V i s i t o r B a s e . hpp "

namespace o p t i f o l
{

Mutab leSentenceRoot : : Mutab leSentenceRoot ( s t d : : un ique_ptr <IMutab leSentence > &&s e n t e n c e ) :
s e n t e n c e ( s t d : : move ( s e n t e n c e ) )

{
}

s t d : : un ique_ptr <IMutab leSentence > Mutab leSentenceRoot : : c l o n e ( ) co n s t
{

r e t u r n c lone_as_root ( ) ;
}

s t d : : un ique_ptr <MutableSentenceRoot> Mutab leSentenceRoot : : c l one_as_root ( ) c on s t
{

r e t u r n s t d : : make_unique<MutableSentenceRoot >( sentence −>c l o n e ( ) ) ;
}

v o i d Mutab leSentenceRoot : : f l i p _ p o l a r i t y ( ) noexcept
{

i s _ p o s i t i v e = ! i s _ p o s i t i v e ;
}

boo l Mutab leSentenceRoot : : i s _ n e g a t i v e _ p o l a r i t y ( ) co n s t noexcept
{

r e t u r n ! i s _ p o s i t i v e ;
}

s t d : : un ique_ptr <IMutab leSentence > Mutab leSentenceRoot : : t ake_sen tence ( ) noexcept
{

r e t u r n s t d : : move ( s e n t e n c e ) ;
}

c on s t IMutab l eSentence ∗ Mutab leSentenceRoot : : o b s e r v e _ s e n t e n c e ( ) c o n s t noexcept
{

r e t u r n s e n t e n c e . ge t ( ) ;
}

v o i d Mutab leSentenceRoot : : put_sentence ( s t d : : un ique_ptr <IMutab leSentence > &&s e n t e n c e ) noexcept
{

t h i s −>s e n t e n c e = s t d : : move ( s e n t e n c e ) ;
}

boo l Mutab leSentenceRoot : : o p e r a t o r==(c o ns t IMutab l eSen tence &o t h e r ) c o n s t noexcept
{

c on s t auto o t h e r _ r o o t = dynamic_cast<c on s t Mutab leSentenceRoot ∗>(& o t h e r ) ;
i f ( o t h e r _ r o o t == n u l l p t r )

// Other IMutab l eSentence i s n ’ t a Mutab leSentenceRoot .
r e t u r n f a l s e ;

i f ( i s _ p o s i t i v e != othe r_root −>i s _ p o s i t i v e )
// D i f f e r e n t s i g n s .
r e t u r n f a l s e ;

i f ( s e n t e n c e == n u l l p t r | | o the r_root −>s e n t e n c e == n u l l p t r )
r e t u r n s e n t e n c e == othe r_root −>s e n t e n c e ;

r e t u r n ∗ s e n t e n c e == ∗ othe r_root −>s e n t e n c e ;
}
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v o i d Mutab leSentenceRoot : : a ccep t ( M u t a t i n g S e n t e n c e V i s i t o r B a s e &v i s i t o r )
{

v i s i t o r . v i s i t (∗ t h i s ) ;
}

v o i d Mutab leSentenceRoot : : a ccep t ( I O b s e r v i n g N o d e V i s i t o r &v i s i t o r ) co n s t
{

v i s i t o r . v i s i t (∗ t h i s ) ;
}

c on s t I P r o c e s s e d S e n t e n c e ∗ Mutab leSentenceRoot : : a ccep t ( R e p o s i t o r y B u i l d i n g V i s i t o r &v i s i t o r )
{

v i s i t o r . v i s i t (∗ t h i s ) ;
r e t u r n n u l l p t r ;

}

s t d : : s i z e _ t Mutab leSentenceRoot : : hash ( ) co n s t noexcept
{

r e t u r n h a s h _ p o l a r i t y ( s en tence −>hash ( ) , i s _ n e g a t i v e _ p o l a r i t y ( ) ) ;
}

s t d : : ost ream &MutableSentenceRoot : : s e r i a l i s e ( s t d : : ost ream &ostream ) c on s t
{

i f ( i s _ n e g a t i v e _ p o l a r i t y ( ) )
ost ream << ’ ~ ’ ;

ost ream << ’ ( ’ ;
s en tence −>s e r i a l i s e ( ost ream ) ;
r e t u r n ost ream << ’ ) ’ ;

}

} // namespace o p t i f o l

1.11.3.2.9 MutableSentenceRoot.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the mutable Sentence Root IR node
∗ @author O l i v e r Dixon
∗ @date 2025−05−06
∗ @ v e r s i o n Development
∗/

#i f n d e f MUTABLESENTENCEROOT_HPP
#d e f i n e MUTABLESENTENCEROOT_HPP

#i n c l u d e " . . / Own ingBu i ldab l e . hpp "
#i n c l u d e " IMutab l eSentence . hpp "

namespace o p t i f o l
{

/∗∗
∗ @ c l a s s Mutab leSentenceRoot
∗ @ b r i e f A Mutab leSentenceRoot deno te s the r o o t node o f a mutable IR node t r e e . I t owns a s i n g l e sub−s e n t e n c e
∗ t h a t may be mutated and t r a n s f e r r e d .
∗/

c l a s s Mutab leSentenceRoot : p u b l i c IMutab leSentence ,
p u b l i c OwningBui ldab le <MutableSentenceRoot>

{
p u b l i c :

/∗∗
∗ @ b r i e f C o n s t r u c t a new SentenceRoot to e n c a p s u l a t e and own the g i v e n sub−s e n t e n c e
∗ @param s e n t e n c e The c o n t a i n e r o f the s e n t e n c e whose owne r sh ip i s to be t r a n s f e r r e d i n t o the
∗ SentenceRoot
∗/

[ [ maybe_unused ] ] e x p l i c i t Mutab leSentenceRoot ( s t d : : un ique_ptr <IMutab leSentence > &&s e n t e n c e ) ;

[ [ n o d i s c a r d ] ] s t d : : un ique_ptr <IMutab leSentence > c l o n e ( ) c on s t o v e r r i d e ;

/∗∗
∗ @ b r i e f R e c u r s i v e l y c l o n e the Mutab leSentenceRoot and p r e s e r v e the r o o t t y p i n g .
∗ @re tu rn The c o n t a i n e r c o n t a i n i n g the c o p i e d s e n t e n c e r o o t .
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∗/
[ [ n o d i s c a r d ] ] s t d : : un ique_ptr <MutableSentenceRoot> c lone_as_root ( ) c o n s t ;

v o i d f l i p _ p o l a r i t y ( ) noexcept o v e r r i d e ;

[ [ n o d i s c a r d ] ] boo l i s _ n e g a t i v e _ p o l a r i t y ( ) c on s t noexcept o v e r r i d e ;

v o i d accep t ( M u t a t i n g S e n t e n c e V i s i t o r B a s e &v i s i t o r ) o v e r r i d e ;

v o i d accep t ( I O b s e r v i n g N o d e V i s i t o r &v i s i t o r ) c o n s t o v e r r i d e ;

/∗∗
∗ @ c o p y d e t a i l s IMutab l eSentence : : a ccep t ( R e p o s i t o r y B u i l d i n g V i s i t o r &)
∗ @re tu rn A @re f s t d : : n u l l p t r _ t va lue , as r o o t s a r e not managed by any Symbo lRepos i to ry .
∗/

c on s t I P r o c e s s e d S e n t e n c e ∗ accep t ( R e p o s i t o r y B u i l d i n g V i s i t o r &v i s i t o r ) o v e r r i d e ;

[ [ n o d i s c a r d ] ] s t d : : s i z e _ t hash ( ) c o n s t noexcept o v e r r i d e ;

s t d : : ost ream & s e r i a l i s e ( s t d : : ost ream &ostream ) c o n s t o v e r r i d e ;

/∗∗
∗ @ b r i e f S t e a l s owne r sh ip o f the c o n t a i n e d s e n t e n c e
∗ @re tu rn The s t o l e n c o n t a i n e r o f the s e n t e n c e
∗ @warning This c a l l t r a n s f e r s owne r sh ip outbound
∗/

[ [ n o d i s c a r d ] ] s t d : : un ique_ptr <IMutab leSentence > take_sen tence ( ) noexcept ;

/∗∗
∗ @ b r i e f R e t r i e v e s a p o i n t e r to the immutable owned s e n t e n c e
∗ @re tu rn An immutable p o i n t e r to the owned s e n t e n c e
∗/

[ [ n o d i s c a r d ] ] c o n s t IMutab l eSen tence ∗ o b s e r v e _ s e n t e n c e ( ) co n s t noexcept ;

/∗∗
∗ @ b r i e f T r a n s f e r s owne r sh ip o f a new sentence , o v e r w r i t i n g any p r e v i o u s l y h e l d s e n t e n c e
∗ @param s e n t e n c e The new sentence −owning c o n t a i n e r
∗ @warning This c a l l t r a n s f e r s owne r sh ip inbound
∗ @see @re f s t d : : un ique_pt r : : o p e r a t o r= f o r s e m a n t i c s o f swap
∗/

v o i d put_sentence ( s t d : : un ique_ptr <IMutab leSentence > &&s e n t e n c e ) noexcept ;

[ [ n o d i s c a r d ] ] boo l o p e r a t o r==(co n s t IMutab l eSentence &o t h e r ) c o n s t noexcept o v e r r i d e ;

p r i v a t e :
s t d : : un ique_ptr <IMutab leSentence > s e n t e n c e ;
boo l i s _ p o s i t i v e = t r u e ;

} ;

} // namespace o p t i f o l

#e n d i f

1.11.3.3 Terms

1.11.3.3.1 IMutableTerm.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the g e n e r i c mutable IR Term i n t e r f a c e
∗ @author O l i v e r Dixon
∗ @date 2025−05−06
∗ @ v e r s i o n Development
∗/

#i f n d e f IMUTABLETERM_HPP
#d e f i n e IMUTABLETERM_HPP

#i n c l u d e <memory>

#i n c l u d e " . . / . . / Terms/ ITerm . hpp "

namespace o p t i f o l
{
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c l a s s Mutat ingTermVi s i to rBase ;
c l a s s R e p o s i t o r y B u i l d i n g V i s i t o r ;
c l a s s IProcessedTerm ;
c l a s s I O b s e r v i n g N o d e V i s i t o r ;

/∗∗
∗ @ c l a s s IMutableTerm
∗ @ b r i e f An IMutableTerm i s an ITerm t h a t has not undergone the f u l l l e x i n g , p a r s i n g , and n o r m a l i s a t i o n
∗ p i p e l i n e . Such terms a r e s t i l l b e i ng p r o c e s s e d and l i k e l y to be mutated in −s i t u .
∗ @ d e t a i l s IMutableTerms a r e t y p i c a l l y h e l d w i t h i n an oute rmost @re f s t d : : un ique_pt r to e n f o r c e c l e a r
∗ s e m a n t i c s o f ownersh ip , and the e x p l i c i t t r a n s f e r t h e r e o f , th roughout the mutat ion p i p e l i n e s . Once an
∗ IMutableTerm has been deemed as p roce s s ed , w i th no f u r t h e r muta t i ons n e c e s s a r y , i t s h o u l d be c o n v e r t e d to
∗ an IProcessedTerm t h a t has more r e s t r i c t i o n s but does not r e q u i r e e q u a l l y s t r i n g e n t owner sh ip .
∗/

c l a s s IMutableTerm : p u b l i c ITerm
{

p u b l i c :
/∗∗

∗ @ b r i e f R e c u r s i v e l y c l o n e an owning term , making r e p l i c a s o f a l l c h i l d r e n h e l d by the c l o n e d parent , and
∗ r e t u r n the root −most node d e t a i n e d by a @re f s t d : : un ique_pt r .
∗ @re tu rn The t r a n s f e r a b l e c o n t a i n e r h o l d i n g the r e c u r s i v e l y c l o n e d term
∗/

[ [ n o d i s c a r d ] ] v i r t u a l s t d : : un ique_ptr <IMutableTerm> c l o n e ( ) c o n s t = 0 ;

/∗∗
∗ @ b r i e f Accept a v i s i t a t i o n from a Mutat ingTermVis i to rBase −type v i s i t o r
∗ @param v i s i t o r The i n s t a n t i a t i o n o f the mutat ing term v i s i t o r
∗/

v i r t u a l v o i d accep t ( Mutat ingTermVi s i to rBase &v i s i t o r ) = 0 ;

/∗∗
∗ @ b r i e f Accept a v i s i t a t i o n from an o b s e r v i n g ( non−mutat ing ) term v i s i t o r on the o b j e c t
∗ @param v i s i t o r The o b s e r v i n g v i s i t o r to i n v o k e
∗/

v i r t u a l v o i d accep t ( I O b s e r v i n g N o d e V i s i t o r &v i s i t o r ) c on s t = 0 ;

/∗∗
∗ @ b r i e f Accept a v i s i t a t i o n from a R e p o s i t o r y B u i l d i n g V i s i t o r −type v i s i t o r
∗ @param v i s i t o r The i n s t a n t i a t i o n o f the mutat ing r e p o s i t o r y −b u i l d i n g v i s i t o r
∗/

[ [ n o d i s c a r d ] ] v i r t u a l c o n s t IProcessedTerm ∗ accep t ( R e p o s i t o r y B u i l d i n g V i s i t o r &v i s i t o r ) = 0 ;

/∗∗
∗ @ b r i e f Test e q u a l i t y between two IMutableTerm i n s t a n c e s .
∗ @param o t h e r The o t h e r IMutableTerm i n s t a n c e wi th which to t e s t f o r e q u a l i t y .
∗ @re tu rn Are the two terms o f the same c o n c r e t e type and e q u a l ?
∗/

[ [ n o d i s c a r d ] ] v i r t u a l boo l o p e r a t o r==(c o n s t IMutableTerm &o t h e r ) c on s t noexcept = 0 ;
} ;

} // namespace o p t i f o l

#e n d i f

1.11.3.3.2 MutableFunction.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the mutable Func t i on IR node
∗ @author O l i v e r Dixon
∗ @date 2025−05−06
∗ @ v e r s i o n Development
∗/

#i n c l u d e " Mutab leFunct ion . hpp "

#i n c l u d e " . . / . . / . . / C o m p o s i t e S e r i a l i s a t i o n H e l p e r s . hpp "
#i n c l u d e " . . / . . / . . / V i s i t o r s / Mutab leTargets / O b s e r v e r s / I O b s e r v i n g N o d e V i s i t o r . hpp "
#i n c l u d e " . . / . . / . . / V i s i t o r s / Mutab leTargets / R e p o s i t o r y B u i l d i n g V i s i t o r . hpp "
#i n c l u d e " . . / . . / . . / V i s i t o r s / Mutab leTargets /Terms/ Mutat ingTermVi s i to rBase . hpp "
#i n c l u d e " . . / . . / Terms/ Funct i on . hpp "
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namespace o p t i f o l
{

Mutab leFunct ion : : Mutab leFunct ion ( s t d : : s t r i n g name , s t d : : v e c to r <s t d : : un ique_ptr <IMutableTerm>> &&arguments ) :
name ( s t d : : move ( name ) ) ,
arguments ( s t d : : move ( arguments ) )

{
}

s t d : : s t r i n g Mutab leFunct ion : : t o _ s t r i n g ( ) co n s t
{

r e t u r n C o m p o s i t e S e r i a l i s a t i o n H e l p e r s : : s t r i n g _ s e r i a l i s e ( name , arguments . c b e g i n ( ) , arguments . cend ( ) ) ;
}

s t d : : un ique_ptr <IMutableTerm> Mutab leFunct ion : : c l o n e ( ) co n s t
{

s t d : : v e c to r <s t d : : un ique_ptr <IMutableTerm>> cloned_arguments ;
c loned_arguments . r e s e r v e ( arguments . s i z e ( ) ) ;
f o r ( co n s t auto &argument : arguments )

c loned_arguments . push_back ( argument−>c l o n e ( ) ) ;

r e t u r n s t d : : make_unique<Mutab leFunct ion >(name , s t d : : move ( c loned_arguments ) ) ;
}

s t d : : s t r i n g _ v i e w Mutab leFunct ion : : get_disambiguated_name ( ) co n s t
{

r e t u r n name ;
}

v o i d Mutab leFunct ion : : a ccep t ( Mutat ingTermVi s i to rBase &v i s i t o r )
{

v i s i t o r . v i s i t (∗ t h i s ) ;
}

c on s t IProcessedTerm ∗ Mutab leFunct ion : : a ccep t ( R e p o s i t o r y B u i l d i n g V i s i t o r &v i s i t o r )
{

r e t u r n v i s i t o r . v i s i t (∗ t h i s ) ;
}

v o i d Mutab leFunct ion : : a ccep t ( I O b s e r v i n g N o d e V i s i t o r &v i s i t o r ) c o n s t
{

v i s i t o r . v i s i t (∗ t h i s ) ;
}

boo l Mutab leFunct ion : : o p e r a t o r==(c on s t IMutableTerm &o t h e r ) c o n s t noexcept
{

c on s t auto o t h e r _ f u n c t i o n = dynamic_cast<c on s t Mutab leFunct ion ∗>(& o t h e r ) ;
i f ( o t h e r _ f u n c t i o n == n u l l p t r )

// Other IMutableTerm i s n ’ t a Mutab leFunct ion .
r e t u r n f a l s e ;

i f ( get_disambiguated_name ( ) != o t h e r _ f u n c t i o n −>get_disambiguated_name ( ) )
// D i f f e r e n t s u p e r f i c i a l names .
r e t u r n f a l s e ;

c on s t auto argument_count = arguments . s i z e ( ) ;
i f ( argument_count != o t h e r _ f u n c t i o n −>arguments . s i z e ( ) )

// D i f f e r e n t number o f arguments .
r e t u r n f a l s e ;

f o r ( s t d : : s i z e _ t argument_idx = 0 ; argument_idx < argument_count ; ++argument_idx ) {
c on s t auto &l h s _a r g_ pt r = arguments [ argument_idx ] ;
c on s t auto &rhs_arg_pt r = o t h e r _ f u n c t i o n −>arguments [ argument_idx ] ;

i f ( l h s _a rg _p t r == n u l l p t r ) {
i f ( rh s_arg_pt r != n u l l p t r )

r e t u r n f a l s e ;
} e l s e i f ( rh s_arg_pt r == n u l l p t r )

r e t u r n f a l s e ;
e l s e i f (∗ l h s _a rg _p t r != ∗ rhs_arg_pt r )

r e t u r n f a l s e ;
}

r e t u r n t r u e ;
}

c on s t s t d : : v e c to r <s t d : : un ique_ptr <IMutableTerm>> &Mutab leFunct ion : : obse rve_arguments ( ) co n s t noexcept
{

r e t u r n arguments ;
}
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s t d : : v e c to r <s t d : : un ique_ptr <IMutableTerm>> &Mutab leFunct ion : : obse rve_arguments ( ) noexcept
{

r e t u r n arguments ;
}

s t d : : ost ream &Mutab leFunct ion : : s e r i a l i s e ( s t d : : ost ream &ostream ) co n s t
{

r e t u r n C o m p o s i t e S e r i a l i s a t i o n H e l p e r s : : s t r e a m _ s e r i a l i s e (
ostream , name , arguments . c b e g i n ( ) , arguments . cend ( ) ) ;

}

s t d : : s i z e _ t Mutab leFunct ion : : hash ( ) c o n s t noexcept
{

r e t u r n compos i te_hash ( name , arguments . c b e g i n ( ) , arguments . cend ( ) ) ;
}

} // namespace o p t i f o l

1.11.3.3.3 MutableFunction.hpp

/∗
∗ C o p y r i g h t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the mutable Func t i on IR node
∗ @author O l i v e r Dixon
∗ @date 2025−05−06
∗ @ v e r s i o n Development
∗/

#i f n d e f MUTABLEFUNCTION_HPP
#d e f i n e MUTABLEFUNCTION_HPP

#i n c l u d e <memory>
#i n c l u d e <vec to r >

#i n c l u d e " . . / Own ingBu i ldab l e . hpp "
#i n c l u d e " IMutableTerm . hpp "

namespace o p t i f o l
{

/∗∗
∗ @ c l a s s Mutab leFunct ion
∗ @ b r i e f A Mutab leFunct ion r e p r e s e n t s an owning IR node term c o n s i s t i n g o f a d i s p l a y name and z e r o to many
∗ arguments , a l l o f which a r e owned as t r a n s f e r a b l e @re f s t d : : un ique_pt r o b j e c t s by the node .
∗ @see Func t i on f o r the p roce s s ed , argument−o b s e r v i n g dua l .
∗/

c l a s s Mutab leFunct ion : p u b l i c IMutableTerm ,
p u b l i c OwningBui ldab le <Mutab leFunct ion >

{
p u b l i c :

/∗∗
∗ @ b r i e f C rea te an owning uns i gned f u n c t i o n wi th an i n i t i a l s e t o f owned arguments .
∗ @param name D i s p l a y name o f the f u n c t i o n
∗ @param arguments A moveable o r d e r e d c o n t a i n e r owning the i n i t i a l arguments
∗/

[ [ maybe_unused ] ] e x p l i c i t Mutab leFunct ion (
s t d : : s t r i n g name , s t d : : v e c to r <s t d : : un ique_ptr <IMutableTerm>> &&arguments = {}) ;

[ [ n o d i s c a r d ] ] s t d : : s t r i n g t o _ s t r i n g ( ) c o n s t o v e r r i d e ;

[ [ n o d i s c a r d ] ] s t d : : un ique_ptr <IMutableTerm> c l o n e ( ) c o n s t o v e r r i d e ;

[ [ n o d i s c a r d ] ] s t d : : s t r i n g _ v i e w get_disambiguated_name ( ) c o n s t o v e r r i d e ;

s t d : : ost ream & s e r i a l i s e ( s t d : : ost ream &ostream ) c o n s t o v e r r i d e ;

[ [ n o d i s c a r d ] ] s t d : : s i z e _ t hash ( ) c o n s t noexcept o v e r r i d e ;

v o i d accep t ( Mutat ingTermVi s i to rBase &v i s i t o r ) o v e r r i d e ;

c on s t IProcessedTerm ∗ accep t ( R e p o s i t o r y B u i l d i n g V i s i t o r &v i s i t o r ) o v e r r i d e ;

v o i d accep t ( I O b s e r v i n g N o d e V i s i t o r &v i s i t o r ) c on s t o v e r r i d e ;
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[ [ n o d i s c a r d ] ] boo l o p e r a t o r==(c o n s t IMutableTerm &o t h e r ) c on s t noexcept o v e r r i d e ;

/∗∗
∗ @ b r i e f Observe the c o n s t a n t owning o r d e r e d argument c o l l e c t i o n
∗ @re tu rn The arguments owned by the f u n c t i o n
∗/

[ [ n o d i s c a r d ] ] c o n s t s t d : : v e c to r <s t d : : un ique_ptr <IMutableTerm>> &observe_arguments ( ) c on s t noexcept ;

/∗∗
∗ @ b r i e f Observe the mutable owning o r d e r e d argument c o l l e c t i o n
∗ @re tu rn The arguments owned by the f u n c t i o n
∗ @note This non−c o n s t a n t o v e r l o a d i s u s e f u l f o r p r o p a g a t i o n o f <code>accept </code> c a l l s on mutat ing
∗ v i s i t o r s .
∗/

[ [ n o d i s c a r d ] ] s t d : : v e c to r <s t d : : un ique_ptr <IMutableTerm>> &observe_arguments ( ) noexcept ;

p r o t e c t e d :
s t d : : s t r i n g name ;
s t d : : v e c to r <s t d : : un ique_ptr <IMutableTerm>> arguments ;

} ;

} // namespace o p t i f o l

#e n d i f

1.11.3.3.4 MutableSkolemFunction.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the mutable Skolem Funct i on Term IR node
∗ @author O l i v e r Dixon
∗ @date 2024−11−30
∗ @ v e r s i o n Development
∗/

#i n c l u d e " Mutab leSko lemFunct ion . hpp "

#i n c l u d e " . . / . . / . . / V i s i t o r s / Mutab leTargets / R e p o s i t o r y B u i l d i n g V i s i t o r . hpp "
#i n c l u d e " . . / . . / Terms/ Sko lemFunct ion . hpp "

namespace o p t i f o l
{

Mutab leSko lemFunct ion : : Mutab leSko lemFunct ion (
s t d : : s t r i n g name , s t d : : v e c to r <s t d : : un ique_ptr <IMutableTerm>> &&q u a n t i f i e d _ v a r i a b l e s ) :

Mutab leFunct ion ( s t d : : move ( name ) , s t d : : move ( q u a n t i f i e d _ v a r i a b l e s ) )
{
}

s t d : : un ique_ptr <IMutableTerm> Mutab leSko lemFunct ion : : c l o n e ( ) c o n s t
{

s t d : : v e c to r <s t d : : un ique_ptr <IMutableTerm>> cloned_arguments ;

c loned_arguments . r e s e r v e ( arguments . s i z e ( ) ) ;
f o r ( c on s t auto &argument : arguments )

c loned_arguments . push_back ( argument−>c l o n e ( ) ) ;

r e t u r n s t d : : make_unique<MutableSkolemFunct ion >(name , s t d : : move ( c loned_arguments ) ) ;
}

c on s t IProcessedTerm ∗ Mutab leSko lemFunct ion : : a ccep t ( R e p o s i t o r y B u i l d i n g V i s i t o r &v i s i t o r )
{

r e t u r n v i s i t o r . v i s i t (∗ t h i s ) ;
}

} // namespace o p t i f o l

1.11.3.3.5 MutableSkolemFunction.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
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∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the mutable Skolem Funct i on Term IR node
∗ @author O l i v e r Dixon
∗ @date 2024−11−30
∗ @ v e r s i o n Development
∗/

#i f n d e f MUTABLESKOLEMFUNCTION_HPP
#d e f i n e MUTABLESKOLEMFUNCTION_HPP

#i n c l u d e <vec to r >

#i n c l u d e " Mutab leFunct ion . hpp "

namespace o p t i f o l
{

c l a s s M u t a b l e V a r i a b l e ;

c l a s s Mutab leSko lemFunct ion : p u b l i c Mutab leFunct ion
{
p u b l i c :

[ [ maybe_unused ] ] e x p l i c i t Mutab leSko lemFunct ion (
s t d : : s t r i n g name , s t d : : v e c to r <s t d : : un ique_ptr <IMutableTerm>> &&q u a n t i f i e d _ v a r i a b l e s = {}) ;

[ [ n o d i s c a r d ] ] s t d : : un ique_ptr <IMutableTerm> c l o n e ( ) c o n s t o v e r r i d e ;

c on s t IProcessedTerm ∗ accep t ( R e p o s i t o r y B u i l d i n g V i s i t o r &v i s i t o r ) o v e r r i d e ;
} ;

} // namespace o p t i f o l

#e n d i f

1.11.3.3.6 MutableVariable.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the mutable V a r i a b l e Term IR node
∗ @author O l i v e r Dixon
∗ @date 2025−05−06
∗ @ v e r s i o n Development
∗/

#i n c l u d e " M u t a b l e V a r i a b l e . hpp "

#i n c l u d e " . . / . . / . . / V i s i t o r s / Mutab leTargets / O b s e r v e r s / I O b s e r v i n g N o d e V i s i t o r . hpp "
#i n c l u d e " . . / . . / . . / V i s i t o r s / Mutab leTargets / R e p o s i t o r y B u i l d i n g V i s i t o r . hpp "
#i n c l u d e " . . / . . / . . / V i s i t o r s / Mutab leTargets /Terms/ Mutat ingTermVi s i to rBase . hpp "
#i n c l u d e " . . / . . / Terms/ V a r i a b l e . hpp "
#i n c l u d e " Mutab leFunct ion . hpp "

namespace o p t i f o l
{

M u t a b l e V a r i a b l e : : M u t a b l e V a r i a b l e ( s t d : : s t r i n g name ) :
name ( s t d : : move ( name ) )

{
}

M u t a b l e V a r i a b l e : : M u t a b l e V a r i a b l e ( s t d : : s t r i n g name , c o n s t s t d : : s t r i n g &disambiguated_name ) :
name ( s t d : : move ( name ) ) ,
disambiguated_name ( disambiguated_name )

{
}

s t d : : un ique_ptr <IMutableTerm> M u t a b l e V a r i a b l e : : c l o n e ( ) c on s t
{

i f ( disambiguated_name . has_va lue ( ) )
r e t u r n s t d : : make_unique<Mutab l eVar i ab l e >(name , ∗ disambiguated_name ) ;
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r e t u r n s t d : : make_unique<Mutab l eVar i ab l e >(name ) ;
}

v o i d M u t a b l e V a r i a b l e : : a c cep t ( Mutat ingTermVi s i to rBase &v i s i t o r )
{

v i s i t o r . v i s i t (∗ t h i s ) ;
}

s t d : : s t r i n g M u t a b l e V a r i a b l e : : t o _ s t r i n g ( ) c on s t
{

r e t u r n s t d : : s t r i n g ( get_disambiguated_name ( ) ) ;
}

s t d : : s t r i n g _ v i e w M u t a b l e V a r i a b l e : : get_disambiguated_name ( ) c on s t
{

i f ( disambiguated_name . has_va lue ( ) )
r e t u r n ∗ disambiguated_name ;

r e t u r n name ;
}

s t d : : s t r i n g _ v i e w M u t a b l e V a r i a b l e : : get_base_name ( ) c o n s t noexcept
{

r e t u r n name ;
}

c on s t IProcessedTerm ∗ M u t a b l e V a r i a b l e : : a c cep t ( R e p o s i t o r y B u i l d i n g V i s i t o r &v i s i t o r )
{

r e t u r n v i s i t o r . v i s i t (∗ t h i s ) ;
}

v o i d M u t a b l e V a r i a b l e : : a c cep t ( I O b s e r v i n g N o d e V i s i t o r &v i s i t o r ) c o n s t
{

v i s i t o r . v i s i t (∗ t h i s ) ;
}

boo l M u t a b l e V a r i a b l e : : o p e r a t o r==(c o ns t IMutableTerm &o t h e r ) c o n s t noexcept
{

c on s t auto o t h e r _ v a r i a b l e = dynamic_cast<c on s t M u t a b l e V a r i a b l e ∗>(& o t h e r ) ;
i f ( o t h e r _ v a r i a b l e == n u l l p t r )

// Other IMutableTerm i s n ’ t a M u t a b l e V a r i a b l e .
r e t u r n f a l s e ;

r e t u r n get_disambiguated_name ( ) == o t h e r _ v a r i a b l e −>get_disambiguated_name ( ) ;
}

} // namespace o p t i f o l

1.11.3.3.7 MutableVariable.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the mutable V a r i a b l e Term IR node
∗ @author O l i v e r Dixon
∗ @date 2025−05−06
∗ @ v e r s i o n Development
∗/

#i f n d e f MUTABLEVARIABLE_HPP
#d e f i n e MUTABLEVARIABLE_HPP

#i n c l u d e <o p t i o n a l >

#i n c l u d e " . . / Own ingBu i ldab l e . hpp "
#i n c l u d e " IMutableTerm . hpp "

namespace o p t i f o l
{

/∗∗
∗ @ c l a s s M u t a b l e V a r i a b l e
∗ @ b r i e f A M u t a b l e V a r i a b l e i s an owning IR node r e p r e s e n t i n g a f i r s t −o r d e r l o g i c non−f r e e v a r i a b l e . With in
∗ the s e m a n t i c s o f O p t i f o l , i t must be used i n the c o n t e x t o f a M u t a b l e Q u a n t i f i e d IR node . V a r i a b l e s have
∗ d i s p l a y names and d i s amb igua ted names , which may or may not be i d e n t i c a l , a l t hough the d i s amb igua ted name
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∗ i s un ique i n the scope o f the oute rmost s e n t e n c e .
∗ @see V a r i a b l e f o r the non−owning , immutable dua l
∗/

c l a s s M u t a b l e V a r i a b l e : p u b l i c IMutableTerm ,
p u b l i c OwningBui ldab le <Mutab l eVar i ab l e >

{
p u b l i c :

/∗∗
∗ @ b r i e f C rea te a new M u t a b l e V a r i a b l e w i th an i n i t i a l d i s p l a y name
∗ @param name The i n i t i a l name o f the v a r i a b l e
∗/

e x p l i c i t M u t a b l e V a r i a b l e ( s t d : : s t r i n g name ) ;

/∗∗
∗ @ b r i e f C rea te a new M u t a b l e V a r i a b l e w i th an i n i t i a l d i s p l a y name and d i s amb igua ted name
∗ @param name The i n i t i a l name o f the v a r i a b l e
∗ @param disambiguated_name The i n i t i a l d i s amb igua t ed name f o r the v a r i a b l e
∗ @warning No u n i q u e n e s s check i s done f o r the d i s amb igua ted name upon c o n s t r u c t i o n
∗/

e x p l i c i t M u t a b l e V a r i a b l e ( s t d : : s t r i n g name , c on s t s t d : : s t r i n g &disambiguated_name ) ;

[ [ n o d i s c a r d ] ] s t d : : un ique_ptr <IMutableTerm> c l o n e ( ) c o n s t o v e r r i d e ;

v o i d accep t ( Mutat ingTermVi s i to rBase &v i s i t o r ) o v e r r i d e ;

[ [ n o d i s c a r d ] ] s t d : : s t r i n g t o _ s t r i n g ( ) c o n s t o v e r r i d e ;

[ [ n o d i s c a r d ] ] s t d : : s t r i n g _ v i e w get_disambiguated_name ( ) c o n s t o v e r r i d e ;

[ [ n o d i s c a r d ] ] s t d : : s t r i n g _ v i e w get_base_name ( ) c on s t noexcept ;

c on s t IProcessedTerm ∗ accep t ( R e p o s i t o r y B u i l d i n g V i s i t o r &v i s i t o r ) o v e r r i d e ;

v o i d accep t ( I O b s e r v i n g N o d e V i s i t o r &v i s i t o r ) c on s t o v e r r i d e ;

[ [ n o d i s c a r d ] ] boo l o p e r a t o r==(co n s t IMutableTerm &o t h e r ) c on s t noexcept o v e r r i d e ;

s t a t i c c o n s t e x p r cha r d i s a m b i g u a t i n g _ d e l i m i t e r = ’#’ ;

p r i v a t e :
s t d : : s t r i n g name ;
s t d : : o p t i o n a l <s t d : : s t r i n g > disambiguated_name ;

} ;

} // namespace o p t i f o l

#e n d i f

1.11.4 Sentences

1.11.4.1 BinaryConnected.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the b ina r y −Connected Sentence IR node
∗ @author O l i v e r Dixon
∗ @date 2025−06−15
∗ @ v e r s i o n Development
∗/

#i n c l u d e < u t i l i t y >

#i n c l u d e " . . / . . / V i s i t o r s / Mutab leTargets / O b s e r v e r s / L a T e X S e r i a l i s a t i o n V i s i t o r . hpp "
#i n c l u d e " B inaryConnected . hpp "

namespace o p t i f o l
{

B inaryConnected : : B inaryConnected ( c on s t B ina ryOpera to rTypes ope ra to r_type , c on s t I P r o c e s s e d S e n t e n c e ∗ c on s t l h s ,
c on s t I P r o c e s s e d S e n t e n c e ∗ c on s t rhs , co n s t boo l i s _ p o s i t i v e ) :

o p e r a t o r _ t y p e ( o p e r a t o r _ t y p e ) ,
l h s ( l h s ) ,
r h s ( r h s ) ,
i s _ p o s i t i v e ( i s _ p o s i t i v e )
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{
}

boo l B inaryConnected : : i s _ n e g a t i v e _ p o l a r i t y ( ) c on s t noexcept
{

r e t u r n ! i s _ p o s i t i v e ;
}

s t d : : s i z e _ t B inaryConnected : : hash ( ) c on s t noexcept
{

r e t u r n hash_b inary_connected ( ope ra to r_type , l h s , rhs , i s _ n e g a t i v e _ p o l a r i t y ( ) ) ;
}

s t d : : ost ream &BinaryConnected : : s e r i a l i s e ( s t d : : ost ream &ostream ) c o n s t
{

r e t u r n s e r i a l i s e _ b i n a r y _ c o n n e c t e d ( ostream , ope ra to r_type , l h s , rhs , i s _ n e g a t i v e _ p o l a r i t y ( ) ) ;
}

boo l B inaryConnected : : o p e r a t o r==(co n s t I P r o c e s s e d S e n t e n c e &o t h e r ) c on s t noexcept
{

c on s t auto othe r_connec ted = dynamic_cast<c on s t B inaryConnected ∗>(& o t h e r ) ;
i f ( o the r_connected == n u l l p t r )

// Other I P r o c e s s e d S e n t e n c e i s n ’ t a B inaryConnected .
r e t u r n f a l s e ;

r e t u r n commutative_ptr_compare ( l h s , rhs , other_connected −>l h s , other_connected −>r h s ) ;
}

B ina ryOpera to rTypes B inaryConnected : : ge t_ope ra to r_type ( ) co n s t noexcept
{

r e t u r n o p e r a t o r _ t y p e ;
}

c on s t I P r o c e s s e d S e n t e n c e ∗ BinaryConnected : : obse rve_ lh s_ope rand ( ) c o n s t noexcept
{

r e t u r n l h s ;
}

c on s t I P r o c e s s e d S e n t e n c e ∗ BinaryConnected : : obse rve_rhs_operand ( ) c on s t noexcept
{

r e t u r n r h s ;
}

s t d : : s i z e _ t B inaryConnected : : hash_b inary_connected ( c on s t B ina ryOpera to rTypes ope ra to r_type ,
c on s t I S e n t e n c e ∗ c on s t l h s , c on s t I S e n t e n c e ∗ c on s t rhs , co n s t boo l i s _ n e g a t i v e _ p o l a r i t y ) noexcept

{
r e t u r n h a s h _ p o l a r i t y ( hash_combine ( hash_combine_commutative ( l h s −>hash ( ) , rhs −>hash ( ) ) ,

s t d : : hash<s t d : : s i z e _ t >{}( s t d : : t o _ u n d e r l y i n g ( o p e r a t o r _ t y p e ) ) ) ,
i s _ n e g a t i v e _ p o l a r i t y ) ;

}

s t d : : ost ream &BinaryConnected : : s e r i a l i s e _ b i n a r y _ c o n n e c t e d ( s t d : : ost ream &ostream ,
c on s t B ina ryOpera to rTypes ope ra to r_type , c o n s t I S e n t e n c e ∗ c on s t l h s , c on s t I S e n t e n c e ∗ c on s t rhs ,
c on s t boo l i s _ n e g a t i v e _ p o l a r i t y )

{
i f ( i s _ n e g a t i v e _ p o l a r i t y )

ost ream << ’ ~ ’ ;

ost ream << ’ ( ’ ;
l h s −>s e r i a l i s e ( ost ream ) ;
ost ream << get_operator_symbo l ( o p e r a t o r _ t y p e ) ;
r e t u r n rhs −>s e r i a l i s e ( ost ream ) << ’ ) ’ ;

}

c on s t cha r ∗ BinaryConnected : : ge t_operato r_symbo l ( c on s t B ina ryOpera to rTypes type )
{

s w i t c h ( type ) {
ca se B ina ryOpera to rTypes : : C on j unc t i o n :

r e t u r n " & " ;
ca s e B ina ryOpera to rTypes : : D i s j u n c t i o n :

r e t u r n " | " ;
ca s e B ina ryOpera to rTypes : : I m p l i c a t i o n :

r e t u r n " => " ;
ca s e B ina ryOpera to rTypes : : B i c o n d i t i o n a l :

r e t u r n " <=> " ;
}

r e t u r n " ??? " ;
}

} // namespace o p t i f o l
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1.11.4.2 BinaryConnected.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the b ina r y −Connected Sentence IR node
∗ @author O l i v e r Dixon
∗ @date 2025−06−15
∗ @ v e r s i o n Development
∗/

#i f n d e f BINARYCONNECTED_HPP
#d e f i n e BINARYCONNECTED_HPP

#i n c l u d e " I P r o c e s s e d S e n t e n c e . hpp "

namespace o p t i f o l
{

/∗∗
∗ @enum Bina ryOpera to rTypes
∗ @ b r i e f Types o f o p e r a t o r s u s a b l e by b ina r y −connected s e n t e n c e s to connect two operands
∗/

enum c l a s s B ina ryOpera to rTypes
{

Con junct ion ,
D i s j u n c t i o n ,
I m p l i c a t i o n ,
B i c o n d i t i o n a l ,

} ;

/∗∗
∗ @ c l a s s B inaryConnected
∗ @ b r i e f A BinaryConnected IR node r e f e r e n c e s two operands s e m a n t i c a l l y j o i n e d wi th an o p e r a t o r . Metadata and
∗ operands a r e immutable ; ope rands a r e h e l d c e n t r a l l y i n a Symbo lRepos i to ry .
∗ @see B ina ryOpera to rTypes f o r modes o f c o n n e c t i o n
∗ @see Mutab leB inaryConnected f o r the owning dua l
∗/

c l a s s B inaryConnected : p u b l i c I P r o c e s s e d S e n t e n c e
{
p u b l i c :

/∗∗
∗ @ b r i e f C rea te a s i g n e d b ina r y −connected IR node
∗ @param o p e r a t o r _ t y p e Operato r w i th which the ope rands a r e connected
∗ @param l h s The l e f t −hand operand r e f e r e n c e i n the Symbo lRepos i to ry
∗ @param r h s The r i g h t −hand operand r e f e r e n c e i n the Symbo lRepos i to ry
∗ @param i s _ p o s i t i v e Should the node be i n s t a n t i a t e d wi th i n a p o s i t i v e p o l a r i t y ?
∗/

e x p l i c i t B inaryConnected ( B ina ryOpera to rTypes ope ra to r_type , c on s t I P r o c e s s e d S e n t e n c e ∗ l h s ,
c on s t I P r o c e s s e d S e n t e n c e ∗ rhs , boo l i s _ p o s i t i v e = t r u e ) ;

[ [ n o d i s c a r d ] ] boo l i s _ n e g a t i v e _ p o l a r i t y ( ) c on s t noexcept o v e r r i d e ;

[ [ n o d i s c a r d ] ] s t d : : s i z e _ t hash ( ) c o n s t noexcept o v e r r i d e ;

s t d : : ost ream & s e r i a l i s e ( s t d : : ost ream &ostream ) c o n s t o v e r r i d e ;

[ [ n o d i s c a r d ] ] boo l o p e r a t o r==(co n s t I P r o c e s s e d S e n t e n c e &o t h e r ) c on s t noexcept o v e r r i d e ;

/∗∗
∗ @ b r i e f Get the f i x e d o p e r a t o r by which the ope rands a r e connected
∗ @re tu rn The b ina r y −connected o p e r a t o r type
∗/

[ [ n o d i s c a r d ] ] B ina ryOpera to rTypes ge t_ope ra to r_type ( ) c o n s t noexcept ;

/∗∗
∗ @ b r i e f P r o v i d e s an immutable o b s e r v i n g p o i n t e r to the owned LHS operand
∗ @re tu rn The LHS operand o b s e r v e r
∗/

[ [ n o d i s c a r d ] ] c o n s t I P r o c e s s e d S e n t e n c e ∗ obse rve_ lh s_ope rand ( ) co n s t noexcept ;

/∗∗
∗ @ b r i e f P r o v i d e s an immutable o b s e r v i n g p o i n t e r to the owned RHS operand
∗ @re tu rn The RHS operand o b s e r v e r
∗/

[ [ n o d i s c a r d ] ] c o n s t I P r o c e s s e d S e n t e n c e ∗ obse rve_rhs_operand ( ) co n s t noexcept ;
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/∗∗
∗ @ b r i e f Hash any type o f b i na r y −connected IR node from a s t a t i c c o n t e x t
∗ @param o p e r a t o r _ t y p e The type o f b i n a r y o p e r a t o r w i th which the ope rands a r e connected
∗ @param l h s An o b s e r v i n g p o i n t e r to the LHS operand
∗ @param r h s An o b s e r v i n g p o i n t e r to the RHS operand
∗ @param i s _ n e g a t i v e _ p o l a r i t y Has the t a r g e t been i n s t a n t i a t e d wi th a n e g a t i v e p o l a r i t y ?
∗ @re tu rn Numeric hash o f the b ina r y −connected node d e s c r i b e d by the g i v e n pa ramete r s
∗/

[ [ n o d i s c a r d ] ] s t a t i c s t d : : s i z e _ t hash_b inary_connected ( B ina ryOpera to rTypes ope ra to r_type ,
c on s t I S e n t e n c e ∗ l h s , c o n s t I S e n t e n c e ∗ rhs , boo l i s _ n e g a t i v e _ p o l a r i t y ) noexcept ;

/∗∗
∗ @ b r i e f S e r i a l i s e any type o f b i na r y −connected IR node from a s t a t i c c o n t e x t i n t o an output st ream
∗ @param ostream D e s t i n a t i o n output st ream
∗ @param o p e r a t o r _ t y p e The type o f b i n a r y o p e r a t o r w i th which the ope rands a r e connected
∗ @param l h s An o b s e r v i n g p o i n t e r to the LHS operand
∗ @param r h s An o b s e r v i n g p o i n t e r to the RHS operand
∗ @param i s _ n e g a t i v e _ p o l a r i t y Has the t a r g e t been i n s t a n t i a t e d wi th a n e g a t i v e p o l a r i t y ?
∗ @re tu rn Popu la ted d e s t i n a t i o n output st ream
∗/

s t a t i c s t d : : ost ream &s e r i a l i s e _ b i n a r y _ c o n n e c t e d ( s t d : : ost ream &ostream , B ina ryOpera to rTypes ope ra to r_type ,
c on s t I S e n t e n c e ∗ l h s , c o n s t I S e n t e n c e ∗ rhs , boo l i s _ n e g a t i v e _ p o l a r i t y ) ;

/∗∗
∗ @ b r i e f Return the a p p r o p r i a t e human−r e a d a b l e symbol f o r a B ina ryOpera to rTypes v a l u e
∗ @param type The s e r i a l i s a t i o n t a r g e t
∗ @re tu rn A human−r e a d a b l e s t r i n g r e p r e s e n t a t i o n o f a b i n a r y o p e r a t o r
∗/

[ [ n o d i s c a r d ] ] s t a t i c c o n s t cha r ∗ get_operator_symbo l ( B ina ryOpera to rTypes type ) ;

p r i v a t e :
c on s t B ina ryOpera to rTypes o p e r a t o r _ t y p e ;

c on s t I P r o c e s s e d S e n t e n c e ∗ c on s t l h s ;

c on s t I P r o c e s s e d S e n t e n c e ∗ c on s t r h s ;

c on s t boo l i s _ p o s i t i v e ;
} ;

} // namespace o p t i f o l

#e n d i f

1.11.4.3 Clause.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the C lause c o l l e c t i o n
∗ @author O l i v e r Dixon
∗ @date 2025−09−15
∗ @ v e r s i o n Development
∗/

#i n c l u d e " C lause . hpp "

#i n c l u d e <a lgo r i t hm >
#i n c l u d e <ranges >

#i n c l u d e " . . / I n f e r e n c e / R e s o l v e n t . hpp "
#i n c l u d e " . . / V i s i t o r s / R e g u l a r T a r g e t s / F e a t u r e B u i l d i n g V i s i t o r . hpp "
#i n c l u d e " . . / V i s i t o r s / R e g u l a r T a r g e t s / U n i f i c a t i o n / U n i f i c a t i o n V i s i t o r . hpp "

namespace o p t i f o l
{

C lause : : C l au se ( c o n s t s t d : : i n i t i a l i z e r _ l i s t <c o n s t L i t e r a l ∗> l i t e r a l s ) :
l i t e r a l s ( l i t e r a l s )

{
i f ( ! t h i s −> l i t e r a l s . empty ( ) ) {

s t d : : r a n g e s : : s o r t ( t h i s −>l i t e r a l s ,
[ ] ( c on s t L i t e r a l ∗ c on s t l h s , c on s t L i t e r a l ∗ c on s t r h s ) { r e t u r n ∗ l h s < ∗ r h s ; }) ;
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i f ( i s _ t a u t o l o g y ( ) ) {
t h i s −> l i t e r a l s . c l e a r ( ) ;
s t a t e = S t a t e : : T r i v i a l l y T r u e ;

} e l s e
s t a t e = S t a t e : : N o t T r i v i a l ;

}

r e compute_ fea tu r e_vec to r ( ) ;
}

v o i d C lau se : : a d d _ l i t e r a l ( c o n s t L i t e r a l ∗ c on s t n e w _ l i t e r a l )
{

c on s t auto n e a r e s t _ l o w e r = s t d : : r a n g e s : : lower_bound ( l i t e r a l s , n e w _ l i t e r a l ,
[ ] ( c on s t L i t e r a l ∗ c on s t l h s , c on s t L i t e r a l ∗ c on s t r h s ) { r e t u r n ∗ l h s < ∗ r h s ; }) ;

/∗
∗ The n e a r e s t l o we r e l ement i s a l r e a d y e i t h e r i d e n t i c a l to the new l i t e r a l , o r i t s complement . I n the
∗ fo rmer case , we can omit add ing i t e n t i r e l y ; i n the l a t t e r case , the e n t i r e c l a u s e becomes t r i v i a l .
∗/

i f ( n e a r e s t _ l o w e r != l i t e r a l s . cend ( ) && (∗ n e a r e s t _ l o w e r )−>u n s i g n e d _ e q u a l i t y (∗ n e w _ l i t e r a l ) ) {
i f ( ( ∗ n e a r e s t _ l o w e r )−>i s _ n e g a t i v e _ p o l a r i t y ( ) != n e w _ l i t e r a l −>i s _ n e g a t i v e _ p o l a r i t y ( ) ) {

l i t e r a l s . c l e a r ( ) ;
s t a t e = S t a t e : : T r i v i a l l y T r u e ;

}

r e t u r n ;
}

// Do a s i m i l a r check j u s t p r i o r to the i n s e r t i o n po in t , i f t h i s cou ld i d e n t i f y a t a u t o l o g y .
i f ( n e a r e s t _ l o w e r != l i t e r a l s . c b e g i n ( ) ) {

c on s t auto p r e v i o u s _ l i t e r a l = s t d : : p r ev ( n e a r e s t _ l o w e r ) ;
i f ( ( ∗ p r e v i o u s _ l i t e r a l )−>u n s i g n e d _ e q u a l i t y (∗ n e w _ l i t e r a l ) ) {

i f ( ( ∗ p r e v i o u s _ l i t e r a l )−>i s _ n e g a t i v e _ p o l a r i t y ( ) != n e w _ l i t e r a l −>i s _ n e g a t i v e _ p o l a r i t y ( ) ) {
l i t e r a l s . c l e a r ( ) ;
s t a t e = S t a t e : : T r i v i a l l y T r u e ;

}

r e t u r n ;
}

}

// I f t h i s i s a new unseen l i t e r a l , i n s e r t a t the c o r r e c t p o s i t i o n to ma in ta i n o r d e r i n g i . a .w .
// L i t e r a l : : ope r a to r <.
l i t e r a l s . i n s e r t ( nea r e s t_ lowe r , n e w _ l i t e r a l ) ;
s t a t e = S t a t e : : N o t T r i v i a l ;
r e compute_ fea tu r e_vec to r (∗ n e w _ l i t e r a l ) ;

}

C lause : : S t a t e C lause : : g e t _ t r i v i a l i t y _ s t a t e ( ) c o n s t noexcept
{

r e t u r n s t a t e ;
}

d e c l t y p e ( C lause : : l i t e r a l s ) : : c o n s t _ i t e r a t o r C lause : : b eg i n ( ) c o n s t noexcept
{

r e t u r n l i t e r a l s . c b e g i n ( ) ;
}

d e c l t y p e ( C lause : : l i t e r a l s ) : : c o n s t _ i t e r a t o r C lause : : end ( ) c o n s t noexcept
{

r e t u r n l i t e r a l s . cend ( ) ;
}

s t d : : ost ream &Clause : : s e r i a l i s e ( s t d : : ost ream &ostream ) co n s t
{

ost ream << ’ { ’ << ’ ’ ;

i f ( ! l i t e r a l s . empty ( ) ) {
s t d : : r a n g e s : : for_each_n ( l i t e r a l s . b eg i n ( ) ,

l i t e r a l s . s i z e ( ) − 1 , // NOLINT(∗− nar rowing −c o n v e r s i o n s )
[& ostream ] ( c o n s t L i t e r a l ∗ l i t e r a l ) { ost ream << ∗ l i t e r a l << ’ , ’ << ’ ’ ; }) ;

ost ream << ∗ l i t e r a l s . back ( ) ;
}

r e t u r n ost ream << ’ ’ << ’ } ’ ;
}

s t d : : s i z e _ t C lau se : : hash ( ) c o n s t noexcept
{

r e t u r n s t d : : r a n g e s : : f o l d _ l e f t ( l i t e r a l s , s t d : : s i z e _ t {0} ,
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[ ] ( c on s t s t d : : s i z e _ t seed , co n s t L i t e r a l ∗ c on s t l i t e r a l )
{ r e t u r n hash_combine ( seed , s t d : : hash<L i t e r a l >{}(∗ l i t e r a l ) ) ; }) ;

}

boo l C l ause : : ope ra to r <( co n s t C lause &o t h e r ) c on s t noexcept
{

r e t u r n s t d : : r a n g e s : : l e x i c o g r a p h i c a l _ c o m p a r e (
l i t e r a l s , o t h e r . l i t e r a l s , [ ] ( c on s t L i t e r a l ∗ l h s , c o n s t L i t e r a l ∗ r h s ) { r e t u r n ∗ l h s < ∗ r h s ; }) ;

}

boo l C l ause : : o p e r a t o r==(c on s t C lau se &o t h e r ) c on s t noexcept
{

r e t u r n s t d : : r a n g e s : : e q u a l ( l i t e r a l s , o t h e r . l i t e r a l s ,
[ ] ( c on s t L i t e r a l ∗ l h s , c o n s t L i t e r a l ∗ r h s ) { r e t u r n l h s −>o p e r a t o r ==(∗ r h s ) ; }) ;

}

s t d : : s i z e _ t C lau se : : o r d e r ( ) co n s t noexcept
{

r e t u r n l i t e r a l s . s i z e ( ) ;
}

boo l C l ause : : empty ( ) c o n s t noexcept
{

r e t u r n l i t e r a l s . empty ( ) ;
}

boo l C l ause : : i s _ u n i t ( ) co n s t noexcept
{

r e t u r n o r d e r ( ) == 1 ;
}

c on s t C lau se ∗ C lause : : observe_node ( ) c o n s t noexcept
{

r e t u r n t h i s ;
}

s t d : : o p t i o n a l <c o n s t U n i f i e r ∗> C lause : : obse rve_edge ( ) c o n s t noexcept
{

r e t u r n s t d : : n u l l o p t ;
}

c on s t s t d : : v e c to r <Feature > &Clause : : o b s e r v e _ f e a t u r e s ( ) c o n s t noexcept
{

r e t u r n f e a t u r e s ;
}

v o i d C lau se : : a ccep t ( F e a t u r e B u i l d i n g V i s i t o r &fea tu r e_componen t_bu i l d e r ) c o n s t
{

f ea tu r e_componen t_bu i l d e r . v i s i t ( t h i s ) ;
}

boo l C l ause : : subsumes ( c o n s t C lause &o t h e r _ c l a u s e , U n i f i c a t i o n V i s i t o r &v i s i t o r ) co n s t
{

i f ( empty ( ) )
r e t u r n f a l s e ;

f o r ( co n s t auto l i t e r a l : ∗ t h i s ) {
c on s t auto can_be_un i f i ed = [& v i s i t o r , l h s = l i t e r a l ] ( c o n s t L i t e r a l ∗ c on s t r h s )
{ r e t u r n l h s −>accep t ( v i s i t o r , ∗ r h s ) ; } ;

i f ( ! s t d : : r a n g e s : : any_of ( o t h e r _ c l a u s e . l i t e r a l s , can_be_un i f i ed ) )
r e t u r n f a l s e ;

}

r e t u r n t r u e ;
}

boo l C l ause : : i s _ t a u t o l o g y ( ) c o n s t noexcept
{

r e t u r n s t d : : r a n g e s : : a d j a c e n t _ f i n d ( l i t e r a l s ,
[ ] ( c on s t L i t e r a l ∗ l h s , c o n s t L i t e r a l ∗ r h s )
{

r e t u r n l h s −>u n s i g n e d _ e q u a l i t y (∗ r h s ) &&
l h s −>i s _ n e g a t i v e _ p o l a r i t y ( ) == ! rhs −>i s _ n e g a t i v e _ p o l a r i t y ( ) ;

}) != l i t e r a l s . end ( ) ;
}

v o i d C lau se : : r e compute_ fea tu r e_vec to r ( ) noexcept
{

accep t ( f e a t u r e _ b u i l d i n g _ v i s i t o r ) ;
f e a t u r e s = f e a t u r e _ b u i l d i n g _ v i s i t o r . e x t r a c t _ s o r t e d _ v e c t o r ( ) ;
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}

v o i d C lau se : : r e compute_ fea tu r e_vec to r ( c o n s t L i t e r a l & l i t e r a l ) noexcept
{

l i t e r a l . a c cep t ( f e a t u r e _ b u i l d i n g _ v i s i t o r ) ;
auto new_fea tu re s = f e a t u r e _ b u i l d i n g _ v i s i t o r . e x t r a c t _ s o r t e d _ v e c t o r ( ) ;

i f ( new_fea tu re s . s i z e ( ) > f e a t u r e s . s i z e ( ) )
f e a t u r e s = s t d : : move ( new_fea tu re s ) ;

e l s e
f o r ( co n s t auto &new_feature : new_featu re s )

Fea tu r e : : ge t ( f e a t u r e s , new_feature . g e t _ f e a t u r e _ t y p e ( ) ) . j o i n ( new_feature ) ;
}

} // namespace o p t i f o l

1.11.4.4 Clause.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the C lau se c o l l e c t i o n
∗ @author O l i v e r Dixon
∗ @date 2025−09−15
∗ @ v e r s i o n Development
∗/

#i f n d e f OPTIFOL_CLAUSE_HPP
#d e f i n e OPTIFOL_CLAUSE_HPP

#i n c l u d e <vec to r >

#i n c l u d e " . . / . . / I n f e r e n c e / ProofTreeNode . hpp "
#i n c l u d e " . . / V i s i t o r s / R e g u l a r T a r g e t s / F e a t u r e B u i l d i n g V i s i t o r . hpp "
#i n c l u d e " L i t e r a l . hpp "

namespace o p t i f o l
{

c l a s s U n i f i c a t i o n V i s i t o r ;
c l a s s L i t e r a l ;

/∗∗
∗ @ c l a s s C lau se
∗ @ b r i e f A C lause i s an uno rde red s e t o f L i t e r a l nodes c o n s i d e r e d under d i s j u n c t i o n .
∗ @ d e t a i l s
∗ <p>
∗ An @f$ N @f$−Clause @f$ C @f$ i s r e p r e s e n t e d i n FOL as
∗ @f [ C = \ l e f t \{ L_1 , \ l d o t s , L_N \ r i g h t \} = L_1 \ l o r \ l d o t s \ l o r L_N @f ] f o r L i t e r a l nodes
∗ @f$ L_1 , \ l d o t s , L_N @f$ . Under s t a n d a r d FOL r u l e s , a C lause i s t r i v i a l l y f a l s e (" bottom ") i f
∗ @f$ C = \ emptyset @f$ , and l i k e w i s e t r i v i a l l y t r u e (" a t a u t o l o g y ") i f
∗ @f$ \ e x i s t s L_i \ i n C \ l e f t ( \ l n o t L_i \ i n C \ r i g h t ) @f$ .
∗ </p>
∗ <p>
∗ This imp l ementa t i on models a t a u t o l o g y wi th @f$ C := \ emptyset @f$ . T r i v i a l s t a t e s can be f u r t h e r
∗ q u e r i e d .
∗ </p>
∗/

c l a s s C lause : p u b l i c OwningBui ldab le <Clause >,
p u b l i c IHashab l e ,
p u b l i c ProofTreeNode

{
p u b l i c :

/∗∗
∗ @enum S t a t e
∗ @ b r i e f T r i v i a l i t y s t a t e o f the Clause , i n d i c a t i n g a bottom ( u n s a t i s f i a b l e ) o r t a u t o l o g y ( t r i v i a l l y
∗ s a t i s f i a b l e ) .
∗/

enum c l a s s S t a t e
{

N o t T r i v i a l ,
T r i v i a l l y T r u e ,
T r i v i a l l y F a l s e

} ;
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p r i v a t e :
/∗∗

∗ @ b r i e f The c o l l e c t i o n o f L i t e r a l o b j e c t s
∗ @note An o r d e r i n g a c c o r d i n g to L i t e r a l : : ope r a to r <( co n s t L i t e r a l &) i s c u r r e n t l y e n f o r c e d on t h i s
∗ c o n t a i n e r by
∗ @re f C lau se : : C l au se ( ) and C lause : : a d d _ l i t e r a l . Mathemat i ca l l y , a C lause i s uno rde red due to the
∗ a s s o c i a t i v i t y o f FOL d i s j u n c t i o n , but i t ’ s e a s i e r to keep an o r d e r i n g he r e to d e t e c t t a u t o l o g i e s o r
∗ d u p l i c a t e e n t r i e s .
∗/

s t d : : v e c to r <c o n s t L i t e r a l ∗> l i t e r a l s ;

S t a t e s t a t e = S t a t e : : T r i v i a l l y F a l s e ;

p u b l i c :
/∗∗

∗ @ b r i e f C o n s t r u c t a new t r i v i a l l y f a l s e C lau se .
∗/

C lause ( ) = d e f a u l t ;

/∗∗
∗ @ b r i e f C o n s t r u c t a new C lause w i th an i n i t i a l s e t o f L i t e r a l s
∗ @param l i t e r a l s The i n i t i a l s e t o f L i t e r a l s to be c o n s i d e r e d f o r a d d i t i o n to the C lause
∗/

e x p l i c i t C l au se ( s t d : : i n i t i a l i z e r _ l i s t <c o ns t L i t e r a l ∗> l i t e r a l s ) ;

/∗∗
∗ @ b r i e f Add a new L i t e r a l to the C lause s t o r e , s u b j e c t to c o n d i t i o n s .
∗ @ d e t a i l s Mutat ing the s t a t e o f the C lause can change i t s s t r u c t u r e . I n p a r t i c u l a r :
∗ <ul >
∗ <l i >I f the same L i t e r a l i s a l r e a d y p r e s e n t , i t i s s i l e n t l y r e j e c t e d .</ l i >
∗ <l i >I f the comp len ta ry L i t e r a l i s a l r e a d y p r e s e n t , the C lau se i s deemed a t a u t o l o g y and has i t s
∗ s t o r e c l e a r e d and s t a t e updated a c c o r d i n g l y .</ l i > <l i >I f none o f the above , i t i s added . I f the C lause
∗ was p r e v i o u s l y bottom , i t i s updated to non− t r i v i a l .</ l i >
∗ </ul >
∗ @param n e w _ l i t e r a l The incoming L i t e r a l to c o n s i d e r add ing .
∗/

v o i d a d d _ l i t e r a l ( c o n s t L i t e r a l ∗ n e w _ l i t e r a l ) ;

/∗∗
∗ @ b r i e f Repor t s on the t r i v i a l i t y s t a t e o f the Clause , i n d i c a t i n g whether i t i s a t a u t o l o g y .
∗ @re tu rn T r i v i a l i t y s t a t e o f the C lause .
∗/

[ [ n o d i s c a r d ] ] S t a t e g e t _ t r i v i a l i t y _ s t a t e ( ) c o n s t noexcept ;

/∗∗
∗ @ b r i e f R e t r i e v e a c o n s t a n t i t e r a t o r to the b e g i n n i n g o f the u n d e r l y i n g L i t e r a l s t o r a g e c o n t a i n e r .
∗ @re tu rn An i t e r a t o r to the f i r s t L i t e r a l i n the C lause .
∗/

[ [ n o d i s c a r d ] ] d e c l t y p e ( l i t e r a l s ) : : c o n s t _ i t e r a t o r beg in ( ) c o n s t noexcept ;

/∗∗
∗ @ b r i e f R e t r i e v e a c o n s t a n t i t e r a t o r to one−past−the−end o f the u n d e r l y i n g L i t e r a l s t o r a g e c o n t a i n e r .
∗ @re tu rn An i t e r a t o r to one−past−the−end L i t e r a l i n the C lause .
∗/

[ [ n o d i s c a r d ] ] d e c l t y p e ( l i t e r a l s ) : : c o n s t _ i t e r a t o r end ( ) c o n s t noexcept ;

s t d : : ost ream & s e r i a l i s e ( s t d : : ost ream &ostream ) c o n s t o v e r r i d e ;

[ [ n o d i s c a r d ] ] s t d : : s i z e _ t hash ( ) c o n s t noexcept o v e r r i d e ;

boo l ope ra to r <( co n s t C lause &o t h e r ) c on s t noexcept ;

/∗∗
∗ @ b r i e f Determine e q u a l i t y between two C l a u s e s by z i p p i n g the L i t e r a l nodes
∗ @param o t h e r The o t h e r C lause to t e s t
∗ @re tu rn Are the two C l a u s e s e q u a l ?
∗/

[ [ n o d i s c a r d ] ] boo l o p e r a t o r==(co n s t C lause &o t h e r ) c on s t noexcept ;

/∗∗
∗ @ b r i e f Gets the s i z e / o r d e r o f the C lause .
∗ @re tu rn The number o f L i t e r a l o b j e c t s i n the C lause .
∗/

[ [ n o d i s c a r d ] ] s t d : : s i z e _ t o r d e r ( ) co n s t noexcept ;

/∗∗
∗ @ b r i e f I s the C lause empty ?
∗ @re tu rn I s the C lau se empty , o r e q u i v a l e n t l y , t r i v i a l l y f a l s e ?
∗/

[ [ n o d i s c a r d ] ] boo l empty ( ) c o n s t noexcept ;
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/∗∗
∗ @ b r i e f I s the C lause a u n i t c l a u s e ?
∗ @re tu rn I s the C lau se a un i t , o r e q u i v a l e n t l y , o f o r d e r 1?
∗/

[ [ n o d i s c a r d ] ] boo l i s _ u n i t ( ) c o n s t noexcept o v e r r i d e ;

[ [ n o d i s c a r d ] ] c o n s t C l ause ∗ observe_node ( ) c on s t noexcept o v e r r i d e ;

[ [ n o d i s c a r d ] ] s t d : : o p t i o n a l <c o n s t U n i f i e r ∗> observe_edge ( ) c on s t noexcept o v e r r i d e ;

[ [ n o d i s c a r d ] ] c o n s t s t d : : v e c to r <Feature > &o b s e r v e _ f e a t u r e s ( ) co n s t noexcept ;

v o i d accep t ( F e a t u r e B u i l d i n g V i s i t o r &fea tu r e_componen t_bu i l d e r ) c o n s t ;

[ [ n o d i s c a r d ] ] boo l subsumes ( c on s t C lau se &o t h e r _ c l a u s e , U n i f i c a t i o n V i s i t o r &v i s i t o r ) co n s t ;

p r i v a t e :
/∗∗

∗ @ b r i e f Checks whether t h e r e e x i s t s a complementary p a i r o f L i t e r a l o b j e c t s i n the C lau se .
∗ @re tu rn I s the C lau se a t a u t o l o g y ?
∗ @pre The L i t e r a l o b j e c t s a r e s o r t e d i n the c a n o n i c a l manner ; s e e @re f l i t e r a l s .
∗/

[ [ n o d i s c a r d ] ] boo l i s _ t a u t o l o g y ( ) c on s t noexcept ;

v o i d r e compute_ fea tu r e_vec to r ( ) noexcept ;

v o i d r e compute_ fea tu r e_vec to r ( c o n s t L i t e r a l & l i t e r a l ) noexcept ;

s t d : : v e c to r <Feature > f e a t u r e s ;
F e a t u r e B u i l d i n g V i s i t o r f e a t u r e _ b u i l d i n g _ v i s i t o r ;

} ;

} // namespace o p t i f o l

#e n d i f // OPTIFOL_CLAUSE_HPP

1.11.4.5 IProcessedSentence.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the I P r o c e s s e d S e n t e n c e i n t e r f a c e
∗ @author O l i v e r Dixon
∗ @date 2025−06−07
∗ @ v e r s i o n Development
∗/

#i f n d e f IPROCESSEDSENTENCE_HPP
#d e f i n e IPROCESSEDSENTENCE_HPP

#i n c l u d e " I S e n t e n c e . hpp "

namespace o p t i f o l
{

c l a s s I O b s e r v i n g B i n a r y V i s i t o r ;
c l a s s L i t e r a l ;

/∗∗
∗ @ c l a s s I P r o c e s s e d S e n t e n c e
∗ @ b r i e f An I P r o c e s s e d S e n t e n c e i s the i n t e r f a c e f o r immutable s e n t e n c e AST nodes t h a t have been n o r m a l i s e d
∗ and a r e no l o n g e r e d i t a b l e . They ’ r e t y p i c a l l y s t o r e d i n a g l o b a l Symbo lRepos i to ry and r e f e r e n c e d wi th
∗ o b s e r v i n g p o i n t e r s .
∗/

c l a s s I P r o c e s s e d S e n t e n c e : p u b l i c I S e n t e n c e
{
p u b l i c :

[ [ n o d i s c a r d ] ] v i r t u a l boo l a ccep t (
I O b s e r v i n g B i n a r y V i s i t o r &b i n a r y _ v i s i t o r , c o n s t I P r o c e s s e d S e n t e n c e &s e n t e n c e ) c on s t

{
s t d : : i g n o r e = b i n a r y _ v i s i t o r ;
s t d : : i g n o r e = s e n t e n c e ;
r e t u r n f a l s e ;

}
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[ [ n o d i s c a r d ] ] v i r t u a l boo l a ccep t (
I O b s e r v i n g B i n a r y V i s i t o r &u n i f i c a t i o n _ v i s i t o r , c on s t L i t e r a l &p r e d i c a t e ) co n s t

{
s t d : : i g n o r e = u n i f i c a t i o n _ v i s i t o r ;
s t d : : i g n o r e = p r e d i c a t e ;
r e t u r n f a l s e ;

}

/∗∗
∗ @ b r i e f Test e q u a l i t y between two I P r o c e s s e d S e n t e n c e i n s t a n c e s .
∗ @param o t h e r The o t h e r I P r o c e s s e d S e n t e n c e i n s t a n c e wi th which to t e s t f o r e q u a l i t y .
∗ @re tu rn Are the two s e n t e n c e s o f the same c o n c r e t e type and e q u a l ?
∗/

[ [ n o d i s c a r d ] ] v i r t u a l boo l o p e r a t o r==(c o n s t I P r o c e s s e d S e n t e n c e &o t h e r ) co n s t noexcept = 0 ;
} ;

} // namespace o p t i f o l

#e n d i f // IPROCESSEDSENTENCE_HPP

1.11.4.6 ISentence.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the g e n e r i c IR Sentence i n t e r f a c e
∗ @author O l i v e r Dixon
∗ @date 2025−06−14
∗ @ v e r s i o n Development
∗/

#i f n d e f ISENTENCE_HPP
#d e f i n e ISENTENCE_HPP

#i n c l u d e " . . / . . / I H a s h a b l e . hpp "
#i n c l u d e " . . / . . / I S e r i a l i s a b l e . hpp "
#i n c l u d e " . . / . . / O p t i f o l . hpp "

namespace o p t i f o l
{

/∗∗
∗ @ c l a s s I S e n t e n c e
∗ @ b r i e f A s e n t e n c e r e p r e s e n t s a f i r s t −o r d e r l o g i c s e n t e n c e node w i t h i n an IR t r e e . I n most i n s t a n t i a t i o n s ,
∗ i t may c o n s i s t o f a d e e p l y n e s t e d s t r u c t u r e and a lways s u p p o r t s a p o l a r i t y , i . e . p o s i t i v e o r n e g a t i v e .
∗/

c l a s s I S e n t e n c e : p u b l i c IHashab l e ,
p u b l i c I S e r i a l i s a b l e

{
p u b l i c :

[ [ n o d i s c a r d ] ] v i r t u a l boo l i s _ n e g a t i v e _ p o l a r i t y ( ) c on s t noexcept = 0 ;

p r o t e c t e d :
/∗∗

∗ @ b r i e f Commutat ive ly compare the LHS and RHS nodes o f two o b j e c t s f o r e q u a l i t y .
∗ @tparam LHSType The type o f the LHS nodes .
∗ @tparam RHSType The type o f the RHS nodes .
∗ @param my_lhs The LHS o f the f i r s t node .
∗ @param my_rhs The RHS o f the f i r s t node .
∗ @param t h e i r _ l h s The LHS o f the second node .
∗ @param t h e i r _ r h s The RHS o f the second node .
∗ @re tu rn Does the f i r s t LHS e q u a l the LHS or RHS o f the second node , and does the f i r s t RHS e q u a l the
∗ LHS or RHS o f the second node ?
∗/

template <c l a s s LHSType , c l a s s RHSType>
r e q u i r e s WeaklyEqua l i tyComparab leWith <LHSType , RHSType>

[ [ n o d i s c a r d ] ] s t a t i c boo l commutative_ptr_compare ( c on s t LHSType ∗ c on s t my_lhs ,
c on s t RHSType ∗ c on s t my_rhs , c o n s t LHSType ∗ c on s t t h e i r _ l h s ,
c on s t RHSType ∗ c on s t t h e i r _ r h s ) noexcept

{
// I f the f i r s t e q u a l i t y check f a i l s , t r y f l i p p i n g the " us " arguments to match the o r d e r o f " t h e i r "
// arguments .
r e t u r n noncommutative_ptr_compare ( my_lhs , my_rhs , t h e i r _ l h s , t h e i r _ r h s ) | |

noncommutative_ptr_compare ( my_rhs , my_lhs , t h e i r _ l h s , t h e i r _ r h s ) ;
}
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/∗∗
∗ @ b r i e f Non−commutat i ve l y compare the LHS and RHS nodes o f two o b j e c t s f o r e q u a l i t y .
∗ @tparam LHSType The type o f the LHS nodes .
∗ @tparam RHSType The type o f the RHS nodes .
∗ @param my_lhs The LHS o f the f i r s t node .
∗ @param my_rhs The RHS o f the f i r s t node .
∗ @param t h e i r _ l h s The LHS o f the second node .
∗ @param t h e i r _ r h s The RHS o f the second node .
∗ @re tu rn Does the f i r s t LHS e q u a l the LHS o f the second node , and does the f i r s t RHS e q u a l the RHS o f
∗ the second node ?
∗/

template <c l a s s LHSType , c l a s s RHSType>
r e q u i r e s WeaklyEqua l i tyComparab leWith <LHSType , RHSType>

[ [ n o d i s c a r d ] ] s t a t i c boo l noncommutative_ptr_compare ( c on s t LHSType ∗ c on s t my_lhs ,
c on s t RHSType ∗ c on s t my_rhs , c o n s t LHSType ∗ c on s t t h e i r _ l h s ,
c on s t RHSType ∗ c on s t t h e i r _ r h s ) noexcept

{
boo l lhs_matches = f a l s e ;

i f ( my_lhs == n u l l p t r )
// My LHS i s NULL , so e q u a l i t y i s a c h i e v e d i f and o n l y i f t h e i r LHS i s a l s o NULL .
lhs_matches = t h e i r _ l h s == n u l l p t r ;

e l s e i f ( t h e i r _ l h s == n u l l p t r )
// The i r LHS i s NULL , but we know t h a t our LHS i s non−NULL .
lhs_matches = f a l s e ;

e l s e
// Both LHS p o i n t e r s a r e non−NULL .
lhs_matches = ∗my_lhs == ∗ t h e i r _ l h s ;

i f ( ! lhs_matches )
r e t u r n f a l s e ;

// LHS matches . I f e i t h e r o f the RHS p o i n t e r s a r e NULL , e q u a l i t y i s a c h i e v e d i f and o n l y i f they ’ r e
// both NULL .
i f ( my_rhs == n u l l p t r | | t h e i r _ r h s == n u l l p t r )

r e t u r n my_rhs == t h e i r _ r h s ;

// Both RHS p o i n t e r s a r e non−NULL .
r e t u r n ∗my_rhs == ∗ t h e i r _ r h s ;

}
} ;

} // namespace o p t i f o l

#e n d i f

1.11.4.7 Literal.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the L i t e r a l IR node
∗ @author O l i v e r Dixon
∗ @date 2025−06−15
∗ @ v e r s i o n Development
∗/

#i n c l u d e " L i t e r a l . hpp "

#i n c l u d e <a lgo r i t hm >
#i n c l u d e <ranges >

#i n c l u d e " . . / . . / C o m p o s i t e S e r i a l i s a t i o n H e l p e r s . hpp "
#i n c l u d e " . . / . . / V i s i t o r s / R e g u l a r T a r g e t s / F e a t u r e B u i l d i n g V i s i t o r . hpp "
#i n c l u d e " . . / . . / V i s i t o r s / R e g u l a r T a r g e t s / I O b s e r v i n g B i n a r y V i s i t o r . hpp "

namespace o p t i f o l
{

L i t e r a l : : L i t e r a l ( s t d : : s t r i n g name , c o n s t s t d : : i n i t i a l i z e r _ l i s t <co n s t IProcessedTerm ∗> arguments ,
c on s t boo l i s _ p o s i t i v e ) :

name ( s t d : : move ( name ) ) ,
arguments ( arguments ) ,
i s _ p o s i t i v e ( i s _ p o s i t i v e )
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{
}

L i t e r a l : : L i t e r a l ( s t d : : s t r i n g name , s t d : : v e c to r <c o ns t IProcessedTerm ∗> &&arguments , c o n s t boo l i s _ p o s i t i v e ) :
name ( s t d : : move ( name ) ) ,
arguments ( s t d : : move ( arguments ) ) ,
i s _ p o s i t i v e ( i s _ p o s i t i v e )

{
}

boo l L i t e r a l : : i s _ n e g a t i v e _ p o l a r i t y ( ) c o n s t noexcept
{

r e t u r n ! i s _ p o s i t i v e ;
}

s t d : : ost ream &L i t e r a l : : s e r i a l i s e ( s t d : : ost ream &ostream ) co n s t
{

r e t u r n C o m p o s i t e S e r i a l i s a t i o n H e l p e r s : : s t r e a m _ s e r i a l i s e (
ostream , name , arguments . c b e g i n ( ) , arguments . cend ( ) , i s _ n e g a t i v e _ p o l a r i t y ( ) ) ;

}

s t d : : s i z e _ t L i t e r a l : : hash ( ) c o n s t noexcept
{

r e t u r n compos i te_hash ( name , arguments . c b e g i n ( ) , arguments . cend ( ) , i s _ n e g a t i v e _ p o l a r i t y ( ) ) ;
}

boo l L i t e r a l : : o p e r a t o r==(c on s t I P r o c e s s e d S e n t e n c e &o t h e r ) c on s t noexcept
{

r e t u r n i s _ n e g a t i v e _ p o l a r i t y ( ) == o t h e r . i s _ n e g a t i v e _ p o l a r i t y ( ) && u n s i g n e d _ e q u a l i t y ( o t h e r ) ;
}

boo l L i t e r a l : : ope ra to r <( co n s t L i t e r a l &o t h e r ) c on s t noexcept
{

// Order l e x i c o g r a p h i c a l l y on the s t r i n g _ v i e w .
i f ( get_name ( ) < o t h e r . get_name ( ) )

r e t u r n t r u e ;

i f ( get_name ( ) > o t h e r . get_name ( ) )
r e t u r n f a l s e ;

// Names a r e l e x i c o g r a p h i c a l l y e q u a l . Order on s i g n ; n e g a t i v e s a r e c o n s i d e r e d l e s s .
i f ( i s _ n e g a t i v e _ p o l a r i t y ( ) && ! o t h e r . i s _ n e g a t i v e _ p o l a r i t y ( ) )

r e t u r n t r u e ;

i f ( ! i s _ n e g a t i v e _ p o l a r i t y ( ) && o t h e r . i s _ n e g a t i v e _ p o l a r i t y ( ) )
r e t u r n f a l s e ;

// L i t e r a l s a r e s u p e r f i c i a l l y equa l , so o r d e r based on arguments .
r e t u r n s t d : : r a n g e s : : any_of ( s t d : : r a n g e s : : v i ews : : z i p ( arguments , o t h e r . arguments ) ,

[ ] ( c on s t auto &p a i r ) { r e t u r n ∗ s t d : : get <0>( p a i r ) < ∗ s t d : : get <1>( p a i r ) ; }) ;
}

s t d : : s t r i n g _ v i e w L i t e r a l : : get_name ( ) c o n s t noexcept
{

r e t u r n name ;
}

c on s t s t d : : v e c to r <c on s t IProcessedTerm ∗> &L i t e r a l : : obse rve_arguments ( ) c on s t noexcept
{

r e t u r n arguments ;
}

boo l L i t e r a l : : a c cep t ( I O b s e r v i n g B i n a r y V i s i t o r &b i n a r y _ v i s i t o r , c o n s t I P r o c e s s e d S e n t e n c e &s e n t e n c e ) c o n s t
{

r e t u r n s e n t e n c e . accep t ( b i n a r y _ v i s i t o r , ∗ t h i s ) ;
}

boo l L i t e r a l : : a c cep t ( I O b s e r v i n g B i n a r y V i s i t o r &b i n a r y _ v i s i t o r , c o n s t L i t e r a l &p r e d i c a t e ) co n s t
{

r e t u r n b i n a r y _ v i s i t o r . v i s i t (∗ t h i s , p r e d i c a t e ) ;
}

v o i d L i t e r a l : : a c cep t ( F e a t u r e B u i l d i n g V i s i t o r &fea tu r e_componen t_bu i l d e r ) c o n s t
{

f ea tu r e_componen t_bu i l d e r . v i s i t ( t h i s ) ;
}

c on s t L i t e r a l ∗ L i t e r a l : : a c cep t ( c on s t U n i f i c a t i o n A p p l i c a t i o n V i s i t o r &a p p l i c a t i o n _ v i s i t o r ) co n s t
{

r e t u r n a p p l i c a t i o n _ v i s i t o r . v i s i t (∗ t h i s ) ;
}
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boo l L i t e r a l : : u n s i g n e d _ e q u a l i t y ( c o n s t I P r o c e s s e d S e n t e n c e &o t h e r ) c o n s t noexcept
{

c on s t auto o t h e r _ l i t e r a l = dynamic_cast<c on s t L i t e r a l ∗>(& o t h e r ) ;
i f ( o t h e r _ l i t e r a l == n u l l p t r )

// Other I P r o c e s s e d S e n t e n c e i s n ’ t a L i t e r a l .
r e t u r n f a l s e ;

i f ( name != o t h e r _ l i t e r a l −>name )
// Other l i t e r a l has a d i f f e r e n t s u p e r f i c i a l name .
r e t u r n f a l s e ;

c on s t auto argument_count = arguments . s i z e ( ) ;
i f ( argument_count != o t h e r _ l i t e r a l −>arguments . s i z e ( ) )

// Other l i t e r a l has a d i f f e r e n t number o f arguments .
r e t u r n f a l s e ;

f o r ( s t d : : s i z e _ t a rg_ idx = 0 ; a rg_ idx < argument_count ; ++arg_ idx )
i f (∗ arguments [ a rg_ idx ] != ∗ o t h e r _ l i t e r a l −>arguments [ a rg_ idx ] )

// Other p a i r w i s e argument i s d i f f e r e n t a c c o r d i n g to i t s own comparator .
r e t u r n f a l s e ;

r e t u r n t r u e ;
}

s t d : : ost ream &ope ra to r <<(s t d : : ost ream &ostream , c on s t L i t e r a l & l i t e r a l )
{

r e t u r n l i t e r a l . s e r i a l i s e ( ost ream ) ;
}

} // namespace o p t i f o l

1.11.4.8 Literal.hpp

/∗
∗ C o p y r i g h t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the L i t e r a l IR node
∗ @author O l i v e r Dixon
∗ @date 2025−06−15
∗ @ v e r s i o n Development
∗/

#i f n d e f LITERAL_HPP
#d e f i n e LITERAL_HPP

#i n c l u d e <vec to r >

#i n c l u d e " . . / . . / V i s i t o r s / R e g u l a r T a r g e t s / U n i f i c a t i o n / U n i f i c a t i o n A p p l i c a t i o n V i s i t o r . hpp "
#i n c l u d e " . . / Mutab l eVa r i an t s / OwningBu i ldab l e . hpp "
#i n c l u d e " I P r o c e s s e d S e n t e n c e . hpp "

namespace o p t i f o l
{

c l a s s IProcessedTerm ;
c l a s s B i d i r e c t i o n a l U n i f i c a t i o n V i s i t o r ;
c l a s s U n i f i c a t i o n A p p l i c a t i o n V i s i t o r ;
c l a s s F e a t u r e B u i l d i n g V i s i t o r ;

/∗∗
∗ @ c l a s s L i t e r a l
∗ @ b r i e f A L i t e r a l r e p r e s e n t s a non−owning IR node s e n t e n c e c o n s i s t i n g o f a d i s p l a y name and z e r o to many
∗ arguments , a l l o f which a r e r e f e r e n c e d from the c e n t r a l i s e d Symbo lRepos i to ry .
∗ @see M u t a b l e P r e d i c a t e f o r the unproces sed , argument−owning dua l .
∗/

c l a s s L i t e r a l : p u b l i c I P r o c e s s e d S e n t e n c e ,
p u b l i c OwningBui ldab le <L i t e r a l >

{
p u b l i c :

/∗∗
∗ @ b r i e f C rea te a s i g n e d p r e d i c a t e w i th an i n i t i a l s e t o f r e f e r e n c e d arguments
∗ @param name L i t e r a l d i s p l a y name
∗ @param arguments Set o f non−owning p o i n t e r s to immutable arguments
∗ @param i s _ p o s i t i v e Should the p r e d i c a t e be i n s t a n t i a t e d wi th a p o s i t i v e p o l a r i t y ?
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∗/
e x p l i c i t L i t e r a l ( s t d : : s t r i n g name , s t d : : i n i t i a l i z e r _ l i s t <c o ns t IProcessedTerm ∗> arguments = {} ,

boo l i s _ p o s i t i v e = t r u e ) ;

/∗∗
∗ @ b r i e f C rea te a s i g n e d p r e d i c a t e w i th an i n i t i a l s e t o f r e f e r e n c e d arguments
∗ @param name L i t e r a l d i s p l a y name
∗ @param arguments Set o f non−owning p o i n t e r s to immutable arguments
∗ @param i s _ p o s i t i v e Should the p r e d i c a t e be i n s t a n t i a t e d wi th a p o s i t i v e p o l a r i t y ?
∗/

e x p l i c i t L i t e r a l (
s t d : : s t r i n g name , s t d : : v e c to r <c o n s t IProcessedTerm ∗> &&arguments , boo l i s _ p o s i t i v e = t r u e ) ;

[ [ n o d i s c a r d ] ] boo l i s _ n e g a t i v e _ p o l a r i t y ( ) c on s t noexcept o v e r r i d e ;

s t d : : ost ream & s e r i a l i s e ( s t d : : ost ream &ostream ) c o n s t o v e r r i d e ;

f r i e n d s t d : : ost ream &ope ra to r <<(s t d : : ost ream &ostream , c o n s t L i t e r a l & l i t e r a l ) ;

[ [ n o d i s c a r d ] ] s t d : : s i z e _ t hash ( ) c o n s t noexcept o v e r r i d e ;

[ [ n o d i s c a r d ] ] boo l o p e r a t o r==(co n s t I P r o c e s s e d S e n t e n c e &o t h e r ) c on s t noexcept o v e r r i d e ;

[ [ n o d i s c a r d ] ] boo l ope ra to r <( c o n s t L i t e r a l &o t h e r ) c on s t noexcept ;

/∗∗
∗ @ b r i e f Get the d i s p l a y name o f the p r e d i c a t e , not i n c l u d i n g any arguments or metadata
∗ @re tu rn A v iew o f the p r e d i c a t e symbol name
∗/

[ [ n o d i s c a r d ] ] s t d : : s t r i n g _ v i e w get_name ( ) c o n s t noexcept ;

/∗∗
∗ @ b r i e f Observe the non−owning o r d e r e d argument c o l l e c t i o n
∗ @re tu rn The arguments r e f e r e n c e d by the p r e d i c a t e
∗/

[ [ n o d i s c a r d ] ] c o n s t s t d : : v e c to r <c o n s t IProcessedTerm ∗> &observe_arguments ( ) c on s t noexcept ;

[ [ n o d i s c a r d ] ] boo l accep t (
I O b s e r v i n g B i n a r y V i s i t o r &b i n a r y _ v i s i t o r , c o n s t I P r o c e s s e d S e n t e n c e &s e n t e n c e ) c on s t o v e r r i d e ;

[ [ n o d i s c a r d ] ] boo l accep t (
I O b s e r v i n g B i n a r y V i s i t o r &b i n a r y _ v i s i t o r , c o n s t L i t e r a l &p r e d i c a t e ) c o n s t o v e r r i d e ;

v o i d accep t ( F e a t u r e B u i l d i n g V i s i t o r &fea tu r e_componen t_bu i l d e r ) c o n s t ;

[ [ n o d i s c a r d ] ] c o n s t L i t e r a l ∗ accep t ( c on s t U n i f i c a t i o n A p p l i c a t i o n V i s i t o r &a p p l i c a t i o n _ v i s i t o r ) c on s t ;

[ [ n o d i s c a r d ] ] boo l u n s i g n e d _ e q u a l i t y ( c o n s t I P r o c e s s e d S e n t e n c e &o t h e r ) c o n s t noexcept ;

p r i v a t e :
c on s t s t d : : s t r i n g name ;
c on s t s t d : : v e c to r <c on s t IProcessedTerm ∗> arguments ;
c on s t boo l i s _ p o s i t i v e = t r u e ;

} ;

} // namespace o p t i f o l

#e n d i f

1.11.4.9 SentenceRoot.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the mutable Sentence Root IR node
∗ @author O l i v e r Dixon
∗ @date 2025−06−23
∗ @ v e r s i o n Development
∗/

#i n c l u d e " SentenceRoot . hpp "

#i n c l u d e <a lgo r i t hm >

#i n c l u d e " L i t e r a l . hpp "
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namespace o p t i f o l
{

boo l SentenceRoot : : i s _ n e g a t i v e _ p o l a r i t y ( ) c o n s t noexcept
{

r e t u r n f a l s e ;
}

s t d : : ost ream &SentenceRoot : : s e r i a l i s e ( s t d : : ost ream &ostream ) co n s t
{

ost ream << ’ { ’ << ’ ’ ;

i f ( ! c l a u s e s . empty ( ) ) {
s t d : : r a n g e s : : for_each_n ( c l a u s e s . beg i n ( ) , c l a u s e s . s i z e ( ) − 1 ,

[& ostream ] ( c o n s t C l ause &c l a u s e ) { ost ream << c l a u s e << ’ , ’ << ’ ’ ; }) ;

ost ream << c l a u s e s . back ( ) ;
}

r e t u r n ost ream << ’ ’ << ’ } ’ ;
}

s t d : : s i z e _ t SentenceRoot : : hash ( ) c o n s t noexcept
{

s t d : : s i z e _ t hash_va lue = c l a u s e s . s i z e ( ) ;

f o r ( co n s t auto &c l a u s e : c l a u s e s ) {
s t d : : s i z e _ t l i t e r a l _ h a s h _ v a l u e = c l a u s e . o r d e r ( ) ;
f o r ( co n s t auto l i t e r a l : c l a u s e )

l i t e r a l _ h a s h _ v a l u e = hash_combine ( l i t e r a l _ h a s h _ v a l u e , l i t e r a l −>hash ( ) ) ;

hash_va lue = hash_combine_commutative ( hash_value , l i t e r a l _ h a s h _ v a l u e ) ;
}

r e t u r n hash_va lue ;
}

boo l SentenceRoot : : o p e r a t o r==(c on s t I P r o c e s s e d S e n t e n c e &o t h e r ) c o n s t noexcept
{

c on s t auto o t h e r _ r o o t = dynamic_cast<c on s t SentenceRoot ∗>(& o t h e r ) ;
i f ( o t h e r _ r o o t == n u l l p t r )

// Other I P r o c e s s e d S e n t e n c e i s n ’ t a SentenceRoot .
r e t u r n f a l s e ;

// We have an o r d e r i n g on the C lause s , so t h i s i s OK.
r e t u r n s t d : : r a n g e s : : e q u a l ( c l a u s e s , o the r_root −>c l a u s e s ) ;

}

v o i d SentenceRoot : : add_c lause ( C lause new_clause )
{

/∗
∗ Don ’ t use s t d : : r a n g e s : : lower_bound he r e . C l ause doesn ’ t model s t d : : t o t a l l y _ o r d e r e d _ w i t h because i t
∗ d e f i n e s o n l y ope ra to r <, hence s t d : : r a n g e s : : l e s s cannot be used , and i t ’ s not worth the h a s s l e o f
∗ d e f i n i n g a custom comparator he r e .
∗/

c on s t auto n e a r e s t _ l o w e r = s t d : : lower_bound ( c l a u s e s . beg i n ( ) , c l a u s e s . end ( ) , new_clause ) ;

i f ( ( n e a r e s t _ l o w e r != c l a u s e s . end ( ) && ∗ n e a r e s t _ l o w e r == new_clause ) | |
( n e a r e s t _ l o w e r != c l a u s e s . beg i n ( ) && ∗ s t d : : p r ev ( n e a r e s t _ l o w e r ) == new_clause ) )

/∗
∗ R e j e c t the new c l a u s e i f i t a l r e a d y e x i s t s w i t h i n the SentenceRoot . Note t h a t the o n l y two
∗ p o s i t i o n s at which i t cou ld appear , assuming c o r r e c t l e x i c o g r a p h i c a l o r d e r i n g p r o v i d e d by
∗ C lause : : ope r a to r <, i s a t the proposed i n s e r t i o n p o i n t o r im me d i a t e l y p r i o r .
∗/

r e t u r n ;

c l a u s e s . i n s e r t ( nea r e s t_ lowe r , s t d : : move ( new_clause ) ) ;
}

s t d : : v e c to r <Clause >: : c o n s t _ i t e r a t o r SentenceRoot : : b eg i n ( ) co n s t noexcept
{

r e t u r n c l a u s e s . beg i n ( ) ;
}

s t d : : v e c to r <Clause >: : c o n s t _ i t e r a t o r SentenceRoot : : end ( ) c o n s t noexcept
{

r e t u r n c l a u s e s . end ( ) ;
}

s t d : : s i z e _ t SentenceRoot : : o r d e r ( ) co n s t noexcept
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{
r e t u r n c l a u s e s . s i z e ( ) ;

}

} // namespace o p t i f o l

1.11.4.10 SentenceRoot.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the Sentence Root IR node
∗ @author O l i v e r Dixon
∗ @date 2025−06−23
∗ @ v e r s i o n Development
∗/

#i f n d e f SENTENCEROOT_HPP
#d e f i n e SENTENCEROOT_HPP

#i n c l u d e " C lause . hpp "
#i n c l u d e " I P r o c e s s e d S e n t e n c e . hpp "

namespace o p t i f o l
{

/∗∗
∗ @ c l a s s SentenceRoot
∗ @ b r i e f A SentenceRoot deno te s the r o o t node o f an immutable IR node s e t . I t c o n t a i n s c o n j u n c t i v e c l a u s e s o f
∗ l i t e r a l s under d i s j u n c t i o n , where the l i t e r a l s a r e weak r e f e r e n c e s to a l i f e t i m e −a s s u r e d Symbo lRepos i to ry .
∗/

c l a s s SentenceRoot : p u b l i c I P r o c e s s e d S e n t e n c e ,
p u b l i c OwningBui ldab le <SentenceRoot>

{
p u b l i c :

[ [ n o d i s c a r d ] ] boo l i s _ n e g a t i v e _ p o l a r i t y ( ) c on s t noexcept o v e r r i d e ;

s t d : : ost ream & s e r i a l i s e ( s t d : : ost ream &ostream ) c o n s t o v e r r i d e ;

[ [ n o d i s c a r d ] ] s t d : : s i z e _ t hash ( ) c o n s t noexcept o v e r r i d e ;

[ [ n o d i s c a r d ] ] boo l o p e r a t o r==(co n s t I P r o c e s s e d S e n t e n c e &o t h e r ) c on s t noexcept o v e r r i d e ;

v o i d add_c lause ( C lause new_clause ) ;

[ [ n o d i s c a r d ] ] s t d : : v e c to r <Clause >: : c o n s t _ i t e r a t o r beg in ( ) co n s t noexcept ;

[ [ n o d i s c a r d ] ] s t d : : v e c to r <Clause >: : c o n s t _ i t e r a t o r end ( ) c o n s t noexcept ;

[ [ n o d i s c a r d ] ] s t d : : s i z e _ t o r d e r ( ) co n s t noexcept ;

p r i v a t e :
s t d : : v e c to r <Clause > c l a u s e s ;

boo l i s _ n e g a t i v e = f a l s e ;
} ;

} // namespace o p t i f o l

#e n d i f // SENTENCEROOT_HPP

1.11.5 Terms

1.11.5.1 Function.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the Func t i on IR node

176



∗ @author O l i v e r Dixon
∗ @date 2025−06−15
∗ @ v e r s i o n Development
∗/

#i n c l u d e " Funct i on . hpp "

#i n c l u d e <a lgo r i t hm >
#i n c l u d e <ranges >

#i n c l u d e " . . / . . / C o m p o s i t e S e r i a l i s a t i o n H e l p e r s . hpp "
#i n c l u d e " . . / . . / V i s i t o r s / R e g u l a r T a r g e t s / F e a t u r e B u i l d i n g V i s i t o r . hpp "
#i n c l u d e " . . / . . / V i s i t o r s / R e g u l a r T a r g e t s / U n i f i c a t i o n / B i d i r e c t i o n a l U n i f i c a t i o n V i s i t o r . hpp "

namespace o p t i f o l
{

Func t i on : : Func t i on ( s t d : : s t r i n g name , co n s t s t d : : i n i t i a l i z e r _ l i s t <c o ns t IProcessedTerm ∗> arguments ) :
name ( s t d : : move ( name ) ) ,
arguments ( arguments )

{
}

Funct i on : : Func t i on ( s t d : : s t r i n g name , s t d : : v e c to r <co n s t IProcessedTerm ∗> &&arguments ) :
name ( s t d : : move ( name ) ) ,
arguments ( s t d : : move ( arguments ) )

{
}

c on s t s t d : : v e c to r <c on s t IProcessedTerm ∗> &Funct i on : : obse rve_arguments ( ) c on s t noexcept
{

r e t u r n arguments ;
}

boo l Func t i on : : a ccep t ( I O b s e r v i n g B i n a r y V i s i t o r &b i n a r y _ v i s i t o r , c on s t IProcessedTerm &term ) c on s t
{

r e t u r n term . a c c e p t _ r e v e r s e ( b i n a r y _ v i s i t o r , ∗ t h i s ) ;
}

boo l Func t i on : : a ccep t ( I O b s e r v i n g B i n a r y V i s i t o r &b i n a r y _ v i s i t o r , c on s t Func t i on &f u n c t i o n ) co n s t
{

r e t u r n b i n a r y _ v i s i t o r . v i s i t (∗ t h i s , f u n c t i o n ) ;
}

boo l Func t i on : : a ccep t ( I O b s e r v i n g B i n a r y V i s i t o r &b i n a r y _ v i s i t o r , c on s t V a r i a b l e &v a r i a b l e ) c on s t
{

r e t u r n b i n a r y _ v i s i t o r . v i s i t (∗ t h i s , v a r i a b l e ) ;
}

boo l Func t i on : : a c c e p t _ r e v e r s e ( I O b s e r v i n g B i n a r y V i s i t o r &b i n a r y _ v i s i t o r , c o n s t Func t i on &f u n c t i o n ) c o n s t
{

r e t u r n b i n a r y _ v i s i t o r . v i s i t ( f u n c t i o n , ∗ t h i s ) ;
}

boo l Func t i on : : a c c e p t _ r e v e r s e ( I O b s e r v i n g B i n a r y V i s i t o r &b i n a r y _ v i s i t o r , c o n s t V a r i a b l e &v a r i a b l e ) c o n s t
{

r e t u r n b i n a r y _ v i s i t o r . v i s i t ( v a r i a b l e , ∗ t h i s ) ;
}

boo l Func t i on : : i s _ s e l f _ n e s t e d ( c on s t IProcessedTerm &search_term ) c o n s t noexcept
{

r e t u r n s t d : : r a n g e s : : any_of ( arguments , [& search_term ] ( c on s t IProcessedTerm ∗ c on s t argument )
{ r e t u r n argument−>i s _ s e l f _ n e s t e d ( search_term ) ; }) ;

}

v o i d Func t i on : : a ccep t ( F e a t u r e B u i l d i n g V i s i t o r &f e a t u r e _ b u i l d i n g _ v i s i t o r ) co n s t noexcept
{

f e a t u r e _ b u i l d i n g _ v i s i t o r . v i s i t ( t h i s ) ;
}

c on s t IProcessedTerm ∗ Funct i on : : a ccep t (
c on s t U n i f i c a t i o n A p p l i c a t i o n V i s i t o r &u n i f i c a t i o n _ a p p l i c a t i o n _ v i s i t o r ) c on s t

{
r e t u r n u n i f i c a t i o n _ a p p l i c a t i o n _ v i s i t o r . v i s i t (∗ t h i s ) ;

}

boo l Func t i on : : o p e r a t o r==(co n s t IProcessedTerm &o t h e r ) c o n s t noexcept
{

c on s t auto o t h e r _ f u n c t i o n = dynamic_cast<c on s t Func t i on ∗>(& o t h e r ) ;
i f ( o t h e r _ f u n c t i o n == n u l l p t r )

// Other IProcessedTerm i s n ’ t a Mutab leFunct ion .
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r e t u r n f a l s e ;

i f ( get_disambiguated_name ( ) != o t h e r _ f u n c t i o n −>get_disambiguated_name ( ) )
// D i f f e r e n t s u p e r f i c i a l names .
r e t u r n f a l s e ;

c on s t auto argument_count = arguments . s i z e ( ) ;
i f ( argument_count != o t h e r _ f u n c t i o n −>arguments . s i z e ( ) )

// D i f f e r e n t number o f arguments .
r e t u r n f a l s e ;

f o r ( s t d : : s i z e _ t argument_idx = 0 ; argument_idx < argument_count ; ++argument_idx ) {
c on s t auto &l h s _a rg _ pt r = arguments [ argument_idx ] ;
c on s t auto &rhs_arg_pt r = o t h e r _ f u n c t i o n −>arguments [ argument_idx ] ;

i f ( l h s _a rg _p t r == n u l l p t r ) {
i f ( rh s_arg_pt r != n u l l p t r )

r e t u r n f a l s e ;
} e l s e i f ( rh s_arg_pt r == n u l l p t r )

r e t u r n f a l s e ;
e l s e i f (∗ l h s _a rg _p t r != ∗ rhs_arg_pt r )

r e t u r n f a l s e ;
}

r e t u r n t r u e ;
}
boo l Func t i on : : ope r a to r <( c o n s t IProcessedTerm &o t h e r ) c on s t noexcept
{

c on s t auto o t h e r _ f u n c t i o n = dynamic_cast<c on s t Func t i on ∗>(& o t h e r ) ;
i f ( o t h e r _ f u n c t i o n == n u l l p t r )

// Other IProcessedTerm i s n ’ t a Mutab leFunct ion .
r e t u r n f a l s e ;

r e t u r n s t d : : r a n g e s : : any_of ( s t d : : v i ews : : z i p ( arguments , o t h e r _ f u n c t i o n −>arguments ) ,
[ ] ( c on s t auto &p a i r ) { r e t u r n ∗ s t d : : get <0>( p a i r ) < ∗ s t d : : get <1>( p a i r ) ; }) ;

}

s t d : : s t r i n g Funct i on : : t o _ s t r i n g ( ) c o n s t
{

r e t u r n C o m p o s i t e S e r i a l i s a t i o n H e l p e r s : : s t r i n g _ s e r i a l i s e ( name , arguments . c b e g i n ( ) , arguments . cend ( ) ) ;
}

s t d : : s t r i n g _ v i e w Funct i on : : get_disambiguated_name ( ) c o n s t
{

r e t u r n name ;
}

s t d : : ost ream &Funct i on : : s e r i a l i s e ( s t d : : ost ream &ostream ) c o ns t
{

r e t u r n C o m p o s i t e S e r i a l i s a t i o n H e l p e r s : : s t r e a m _ s e r i a l i s e (
ostream , name , arguments . c b e g i n ( ) , arguments . cend ( ) ) ;

}

s t d : : s i z e _ t Func t i on : : hash ( ) c on s t noexcept
{

r e t u r n compos i te_hash ( name , arguments . c b e g i n ( ) , arguments . cend ( ) ) ;
}

} // namespace o p t i f o l

1.11.5.2 Function.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the Func t i on IR node
∗ @author O l i v e r Dixon
∗ @date 2025−06−15
∗ @ v e r s i o n Development
∗/

#i f n d e f FUNCTION_HPP
#d e f i n e FUNCTION_HPP

#i n c l u d e <vec to r >

178



#i n c l u d e " . . / Mutab l eVa r i an t s / OwningBu i ldab l e . hpp "
#i n c l u d e " IProcessedTerm . hpp "

namespace o p t i f o l
{

/∗∗
∗ @ c l a s s Func t i on
∗ @ b r i e f A Funct i on r e p r e s e n t s a non−owning IR node term c o n s i s t i n g o f a d i s p l a y name and z e r o to many
∗ arguments , a l l o f which a r e r e f e r e n c e d from the c e n t r a l i s e d Symbo lRepos i to ry .
∗ @see Mutab leFunct ion f o r the unproces sed , argument−owning dua l .
∗/

c l a s s Func t i on : p u b l i c IProcessedTerm ,
p u b l i c OwningBui ldab le <Funct ion >

{
p u b l i c :

/∗∗
∗ @ b r i e f C rea te a non−owning uns i gned f u n c t i o n wi th an i n i t i a l s e t o f r e f e r e n c e d immutable arguments .
∗ @param name D i s p l a y name o f the f u n c t i o n
∗ @param arguments Set o f non−owning p o i n t e r s to immutable arguments
∗/

[ [ maybe_unused ] ] e x p l i c i t Func t i on (
s t d : : s t r i n g name , s t d : : i n i t i a l i z e r _ l i s t <c on s t IProcessedTerm ∗> arguments = {}) ;

e x p l i c i t Func t i on ( s t d : : s t r i n g name , s t d : : v e c to r <c o n s t IProcessedTerm ∗> &&arguments ) ;

[ [ n o d i s c a r d ] ] s t d : : s t r i n g t o _ s t r i n g ( ) c o n s t o v e r r i d e ;

[ [ n o d i s c a r d ] ] s t d : : s t r i n g _ v i e w get_disambiguated_name ( ) c o n s t o v e r r i d e ;

s t d : : ost ream & s e r i a l i s e ( s t d : : ost ream &ostream ) c o n s t o v e r r i d e ;

[ [ n o d i s c a r d ] ] s t d : : s i z e _ t hash ( ) c o n s t noexcept o v e r r i d e ;

/∗∗
∗ @ b r i e f Observe the non−owning o r d e r e d argument c o l l e c t i o n
∗ @re tu rn The arguments r e f e r e n c e d by the f u n c t i o n
∗/

[ [ n o d i s c a r d ] ] c o n s t s t d : : v e c to r <c o n s t IProcessedTerm ∗> &observe_arguments ( ) c on s t noexcept ;

[ [ n o d i s c a r d ] ] boo l accep t (
I O b s e r v i n g B i n a r y V i s i t o r &b i n a r y _ v i s i t o r , c o n s t IProcessedTerm &term ) co n s t o v e r r i d e ;

[ [ n o d i s c a r d ] ] boo l accep t (
I O b s e r v i n g B i n a r y V i s i t o r &b i n a r y _ v i s i t o r , c o n s t Func t i on &f u n c t i o n ) c o n s t o v e r r i d e ;

[ [ n o d i s c a r d ] ] boo l accep t (
I O b s e r v i n g B i n a r y V i s i t o r &b i n a r y _ v i s i t o r , c o n s t V a r i a b l e &v a r i a b l e ) co n s t o v e r r i d e ;

[ [ n o d i s c a r d ] ] boo l a c c e p t _ r e v e r s e (
I O b s e r v i n g B i n a r y V i s i t o r &b i n a r y _ v i s i t o r , c o n s t Func t i on &f u n c t i o n ) c o n s t o v e r r i d e ;

[ [ n o d i s c a r d ] ] boo l a c c e p t _ r e v e r s e (
I O b s e r v i n g B i n a r y V i s i t o r &b i n a r y _ v i s i t o r , c o n s t V a r i a b l e &v a r i a b l e ) co n s t o v e r r i d e ;

[ [ n o d i s c a r d ] ] boo l i s _ s e l f _ n e s t e d ( c on s t IProcessedTerm &search_term ) co n s t noexcept o v e r r i d e ;

v o i d accep t ( F e a t u r e B u i l d i n g V i s i t o r &f e a t u r e _ b u i l d i n g _ v i s i t o r ) c on s t noexcept o v e r r i d e ;
[ [ n o d i s c a r d ] ] c o n s t IProcessedTerm ∗ accep t (

c on s t U n i f i c a t i o n A p p l i c a t i o n V i s i t o r &u n i f i c a t i o n _ a p p l i c a t i o n _ v i s i t o r ) c on s t o v e r r i d e ;

[ [ n o d i s c a r d ] ] boo l o p e r a t o r==(co n s t IProcessedTerm &o t h e r ) c o n s t noexcept o v e r r i d e ;

[ [ n o d i s c a r d ] ] boo l ope ra to r <( c o n s t IProcessedTerm &o t h e r ) c o n s t noexcept o v e r r i d e ;

p r i v a t e :
c on s t s t d : : s t r i n g name ;
c on s t s t d : : v e c to r <c on s t IProcessedTerm ∗> arguments ;

} ;

} // namespace o p t i f o l

#e n d i f

1.11.5.3 IProcessedTerm.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/
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/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the IR Proce s s ed Term i n t e r f a c e
∗ @author O l i v e r Dixon
∗ @date 2025−06−14
∗ @ v e r s i o n Development
∗/

#i f n d e f IPROCESSEDTERM_HPP
#d e f i n e IPROCESSEDTERM_HPP

#i n c l u d e " ITerm . hpp "

namespace o p t i f o l
{

c l a s s F e a t u r e B u i l d i n g V i s i t o r ;

c l a s s I O b s e r v i n g B i n a r y V i s i t o r ;
c l a s s U n i f i c a t i o n A p p l i c a t i o n V i s i t o r ;
c l a s s R e p o s i t o r y B u i l d i n g V i s i t o r ;

c l a s s Func t i on ;
c l a s s V a r i a b l e ;

/∗∗
∗ @ c l a s s IProcessedTerm
∗ @ b r i e f An IProcessedTerm i s an ITerm t h a t has undergone the l e x i n g , p a r s i n g , and n o r m a l i s a t i o n p i p e l i n e and
∗ i s now he ld , i n i t s d i s amb igua ted form , i n a c e n t r a l i s e d Symbo lRepos i to ry .
∗ @ d e t a i l s Such terms a r e a lways immutable and have l i f e t i m e g u a r a n t e e s i n acco rdance wi th t h e i r r e s p o n s i b l e
∗ Symbo lRepos i to ry .
∗/

c l a s s IProcessedTerm : p u b l i c ITerm
{
p u b l i c :

/∗∗
∗ @ b r i e f Accept a v i s i t a t i o n from an I O b s e r v i n g B i n a r y V i s i t o r , d e s p a t c h i n g d y n a m i c a l l y on the g i v e n term
∗ as the second operand .
∗ @param b i n a r y _ v i s i t o r The b i n a r y v i s i t o r from whom to accep t a v i s i t .
∗ @param term The g e n e r i c term f o r the second operand .
∗ @re tu rn V i s i t o r r e t u r n code .
∗/

[ [ n o d i s c a r d ] ] v i r t u a l boo l a ccep t (
I O b s e r v i n g B i n a r y V i s i t o r &b i n a r y _ v i s i t o r , c o n s t IProcessedTerm &term ) co n s t = 0 ;

/∗∗
∗ @ b r i e f Accept a v i s i t a t i o n from an I O b s e r v i n g B i n a r y V i s i t o r , u s i n g the g i v e n Funct i on as the second
∗ operand .
∗ @param b i n a r y _ v i s i t o r The b i n a r y v i s i t o r from whom to accep t a v i s i t .
∗ @param f u n c t i o n The Funct i on term f o r the second operand .
∗ @re tu rn V i s i t o r r e t u r n code .
∗/

[ [ n o d i s c a r d ] ] v i r t u a l boo l a ccep t (
I O b s e r v i n g B i n a r y V i s i t o r &b i n a r y _ v i s i t o r , c o n s t Func t i on &f u n c t i o n ) c o n s t = 0 ;

/∗∗
∗ @ b r i e f Accept a v i s i t a t i o n from an I O b s e r v i n g B i n a r y V i s i t o r , u s i n g the g i v e n V a r i a b l e as the second
∗ operand .
∗ @param b i n a r y _ v i s i t o r The b i n a r y v i s i t o r from whom to accep t a v i s i t .
∗ @param v a r i a b l e The V a r i a b l e term f o r the second operand .
∗ @re tu rn V i s i t o r r e t u r n code .
∗/

[ [ n o d i s c a r d ] ] v i r t u a l boo l a ccep t (
I O b s e r v i n g B i n a r y V i s i t o r &b i n a r y _ v i s i t o r , c o n s t V a r i a b l e &v a r i a b l e ) co n s t = 0 ;

v i r t u a l v o i d accep t ( F e a t u r e B u i l d i n g V i s i t o r &f e a t u r e _ b u i l d i n g _ v i s i t o r ) c o n s t noexcept = 0 ;

/∗∗
∗ @ b r i e f Accept a v i s i t a t i o n from an I O b s e r v i n g B i n a r y V i s i t o r , u s i n g the g i v e n Funct i on as the f i r s t
∗ operand .
∗ @param b i n a r y _ v i s i t o r The b i n a r y v i s i t o r from whom to accep t a v i s i t .
∗ @param f u n c t i o n The Funct i on term f o r the f i r s t operand .
∗ @re tu rn V i s i t o r r e t u r n code .
∗/

[ [ n o d i s c a r d ] ] v i r t u a l boo l a c c e p t _ r e v e r s e (
I O b s e r v i n g B i n a r y V i s i t o r &b i n a r y _ v i s i t o r , c o n s t Func t i on &f u n c t i o n ) c o n s t = 0 ;

/∗∗
∗ @ b r i e f Accept a v i s i t a t i o n from an I O b s e r v i n g B i n a r y V i s i t o r , u s i n g the g i v e n V a r i a b l e as the f i r s t
∗ operand .
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∗ @param b i n a r y _ v i s i t o r The b i n a r y v i s i t o r from whom to accep t a v i s i t .
∗ @param v a r i a b l e The V a r i a b l e term f o r the f i r s t operand .
∗ @re tu rn V i s i t o r r e t u r n code .
∗/

[ [ n o d i s c a r d ] ] v i r t u a l boo l a c c e p t _ r e v e r s e (
I O b s e r v i n g B i n a r y V i s i t o r &b i n a r y _ v i s i t o r , c o n s t V a r i a b l e &v a r i a b l e ) co n s t = 0 ;

/∗∗
∗ @ b r i e f Dete rmines whether the g i v e n V a r i a b l e appea r s i n the e x p a n s i o n o f the term .
∗ @param search_term The V a r i a b l e f o r which to s e a r c h i n the term .
∗ @re tu rn Does the g i v e n V a r i a b l e appear i n the IProcessedTerm or any t r i v i a l e x p a n s i o n t h e r e o f ?
∗/

[ [ n o d i s c a r d ] ] v i r t u a l boo l i s _ s e l f _ n e s t e d ( co n s t IProcessedTerm &search_term ) c o n s t noexcept = 0 ;

/∗∗
∗ @ b r i e f Accept a v i s i t from the U n i f i c a t i o n A p p l i c a t i o n V i s i t o r to c o n s t r u c t new IProcessedTerm o b j e c t s by
∗ s u b s t i t u t i n g V a r i a b l e i n s t a n c e s i n t o the term .
∗ @param u n i f i c a t i o n _ a p p l i c a t i o n _ v i s i t o r The non−mutat ing v i s i t o r to accep t .
∗ @see U n i f i c a t i o n A p p l i c a t i o n V i s i t o r f o r the v i s i t o r c o n t e x t .
∗/

[ [ n o d i s c a r d ] ] v i r t u a l c o n s t IProcessedTerm ∗ accep t (
c on s t U n i f i c a t i o n A p p l i c a t i o n V i s i t o r &u n i f i c a t i o n _ a p p l i c a t i o n _ v i s i t o r ) c on s t = 0 ;

/∗∗
∗ @ b r i e f Test e q u a l i t y between two IProcessedTerm i n s t a n c e s .
∗ @param o t h e r The o t h e r IProcessedTerm i n s t a n c e wi th which to t e s t f o r e q u a l i t y .
∗ @re tu rn Are the two terms o f the same c o n c r e t e type and e q u a l ?
∗/

[ [ n o d i s c a r d ] ] v i r t u a l boo l o p e r a t o r==(c o n s t IProcessedTerm &o t h e r ) c o n s t noexcept = 0 ;

/∗∗
∗ @ b r i e f Test o r d e r i n g between two IProcessedTerm i n s t a n c e s .
∗ @param o t h e r The o t h e r IProcessedTerm i n s t a n c e to compare a g a i n s t .
∗ @re tu rn Am I s t r i c t l y l e s s than the o t h e r term ?
∗/

[ [ n o d i s c a r d ] ] v i r t u a l boo l ope ra to r <( c o n s t IProcessedTerm &o t h e r ) c on s t noexcept = 0 ;
} ;

} // namespace o p t i f o l

#e n d i f // IPROCESSEDTERM_HPP

1.11.5.4 ITerm.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the g e n e r i c IR Term i n t e r f a c e
∗ @author O l i v e r Dixon
∗ @date 2025−06−14
∗ @ v e r s i o n Development
∗/

#i f n d e f ITERM_HPP
#d e f i n e ITERM_HPP

#i n c l u d e " . . / . . / I H a s h a b l e . hpp "
#i n c l u d e " . . / . . / I S e r i a l i s a b l e . hpp "

namespace o p t i f o l
{

c l a s s V a r i a b l e ;
c l a s s Func t i on ;

/∗∗
∗ @ c l a s s ITerm
∗ @ b r i e f The ITerm i n t e r f a c e d e s c r i b e s a g e n e r i c term i n f i r s t −o r d e r l o g i c .
∗ @ d e t a i l s
∗ <p>
∗ T y p i c a l FOL terms i n c l u d e :
∗ <ul >
∗ <l i >F u n c t i o n s ( i n c . i n t r o d u c e d Skolem f u n c t i o n s )</ l i >
∗ <l i >Bound v a r i a b l e s </ l i >
∗ </ul >
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∗ </p>
∗ <p>
∗ A l l te rms c o n t a i n a d i s p l a y name , which i s gua ran teed to match the symbol i d e n t i f i e r p r o v i d e d by the
∗ u s e r . Terms a l s o i n c l u d e a d i s amb igua ted name , which may or may not be e q u a l to the d i s p l a y name and i s
∗ r e s o l v e d i n t e r n a l l y to gua ran t ee u n i q u e n e s s w i t h i n the scope o f a s i n g l e s e n t e n c e . More p r e c i s e l y , the
∗ d i s amb igua ted name i s un ique up to the oute rmost IR node , but not n e c e s s a r i l y a c r o s s m u l t i p l e SentenceRoot
∗ or ITerm r o o t o b j e c t s .
∗ </p>
∗/

c l a s s ITerm : p u b l i c IHashab l e ,
p u b l i c I S e r i a l i s a b l e

{
p u b l i c :

[ [ n o d i s c a r d ] ] s t d : : s i z e _ t hash ( ) c o n s t noexcept o v e r r i d e
{

r e t u r n s t d : : hash<s t d : : s t r i n g >{}( t o _ s t r i n g ( ) ) ;
}

/∗∗
∗ @ b r i e f C rea te a human−r e a d a b l e @re f s t d : : s t r i n g r e p r e s e n t i n g the term , i n c l u d i n g a l l c h i l d terms .
∗ @re tu rn The c o n s t r u c t e d s t r i n g r e p r e s e n t a t i o n o f the term
∗/

[ [ n o d i s c a r d ] ] v i r t u a l s t d : : s t r i n g t o _ s t r i n g ( ) c o n s t = 0 ;

/∗∗
∗ @ b r i e f C rea te a v iew o f the d i s amb igua ted term i d e n t i f i e r
∗ @re tu rn The o b s e r v i n g s t r i n g v iew o f the d i s amb igua ted name
∗/

[ [ n o d i s c a r d ] ] v i r t u a l s t d : : s t r i n g _ v i e w get_disambiguated_name ( ) c o n s t = 0 ;

/∗∗
∗ @ b r i e f S e r i a l i s e the ITerm to a d e s t i n a t i o n output @re f s t d : : ost ream stream
∗ @param ostream The d e s t i n a t i o n output st ream
∗ @re tu rn The popu l a t ed d e s t i n a t i o n output st ream
∗/

s t d : : ost ream & s e r i a l i s e ( s t d : : ost ream &ostream ) c o n s t o v e r r i d e
{

r e t u r n ost ream << t o _ s t r i n g ( ) ;
}

/∗∗
∗ @ b r i e f Test hash−based e q u a l i t y w i th ano the r ITerm
∗ @param o t h e r The ITerm wi th which e q u i v a l e n c e s h o u l d be t e s t e d
∗ @re tu rn Are the ITerm o b j e c t s e q u a l ?
∗/

boo l o p e r a t o r==(co n s t ITerm &o t h e r ) co n s t
{

r e t u r n hash ( ) == o t h e r . hash ( ) ;
}

} ;

} // namespace o p t i f o l

#e n d i f

1.11.5.5 SkolemFunction.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the Skolem Funct i on IR node
∗ @author O l i v e r Dixon
∗ @date 2025−01−30
∗ @ v e r s i o n Development
∗/

#i n c l u d e " Sko lemFunct ion . hpp "

#i n c l u d e " . . / . . / V i s i t o r s / R e g u l a r T a r g e t s / F e a t u r e B u i l d i n g V i s i t o r . hpp "

namespace o p t i f o l
{

Sko lemFunct ion : : Sko lemFunct ion ( s t d : : s t r i n g name , s t d : : i n i t i a l i z e r _ l i s t <c o n s t IProcessedTerm ∗> arguments ) :
Func t i on ( s t d : : move ( name ) , arguments )
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{
}

Sko lemFunct ion : : Sko lemFunct ion ( s t d : : s t r i n g name , s t d : : v e c to r <c on s t IProcessedTerm ∗> &&arguments ) :
Func t i on ( s t d : : move ( name ) , s t d : : move ( arguments ) )

{
}

v o i d Sko lemFunct ion : : a ccep t ( F e a t u r e B u i l d i n g V i s i t o r &f e a t u r e _ b u i l d i n g _ v i s i t o r ) c o n s t noexcept
{

f e a t u r e _ b u i l d i n g _ v i s i t o r . v i s i t ( t h i s ) ;
}

} // namespace o p t i f o l

1.11.5.6 SkolemFunction.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the Skolem Funct i on IR node
∗ @author O l i v e r Dixon
∗ @date 2025−01−30
∗ @ v e r s i o n Development
∗/

#i f n d e f OPTIFOL_SKOLEMFUNCTION_HPP
#d e f i n e OPTIFOL_SKOLEMFUNCTION_HPP

#i n c l u d e " Funct i on . hpp "

namespace o p t i f o l
{

/∗∗
∗ @ c l a s s Sko lemFunct ion
∗ @ b r i e f A Skolem Funct i on i s a Func t i on symbol used to p r e s e r v e e q u i v a l e n c e wi th e x i s t e n t i a l l y q u a n t i f i e d
∗ e x p r e s s i o n s i n CNF . I t i s t y p i c a l l y i n t r o d u c e d by the n o r m a l i s a t i o n p i p e l i n e .
∗/

c l a s s Sko lemFunct ion : p u b l i c Func t i on
{
p u b l i c :

[ [ maybe_unused ] ] e x p l i c i t Sko lemFunct ion (
s t d : : s t r i n g name , s t d : : i n i t i a l i z e r _ l i s t <c on s t IProcessedTerm ∗> arguments = {}) ;

e x p l i c i t Sko lemFunct ion ( s t d : : s t r i n g name , s t d : : v e c to r <c o ns t IProcessedTerm ∗> &&arguments ) ;

v o i d accep t ( F e a t u r e B u i l d i n g V i s i t o r &f e a t u r e _ b u i l d i n g _ v i s i t o r ) c on s t noexcept o v e r r i d e ;
} ;

} // namespace o p t i f o l

#e n d i f // OPTIFOL_SKOLEMFUNCTION_HPP

1.11.5.7 Variable.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the Func t i on IR node
∗ @author O l i v e r Dixon
∗ @date 2025−06−15
∗ @ v e r s i o n Development
∗/

#i n c l u d e " V a r i a b l e . hpp "

#i n c l u d e " . . / . . / V i s i t o r s / R e g u l a r T a r g e t s / F e a t u r e B u i l d i n g V i s i t o r . hpp "
#i n c l u d e " . . / . . / V i s i t o r s / R e g u l a r T a r g e t s / U n i f i c a t i o n / B i d i r e c t i o n a l U n i f i c a t i o n V i s i t o r . hpp "
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namespace o p t i f o l
{

V a r i a b l e : : V a r i a b l e ( s t d : : s t r i n g name ) :
name ( s t d : : move ( name ) )

{
}

V a r i a b l e : : V a r i a b l e ( s t d : : s t r i n g name , s t d : : s t r i n g disambiguated_name ) :
name ( s t d : : move ( name ) ) ,
disambiguated_name ( s t d : : move ( disambiguated_name ) )

{
}

s t d : : s t r i n g V a r i a b l e : : t o _ s t r i n g ( ) c o n s t
{

r e t u r n s t d : : s t r i n g ( get_disambiguated_name ( ) ) ;
}

s t d : : s t r i n g _ v i e w V a r i a b l e : : get_disambiguated_name ( ) c o n s t
{

i f ( disambiguated_name . has_va lue ( ) )
r e t u r n ∗ disambiguated_name ;

r e t u r n name ;
}

s t d : : s t r i n g _ v i e w V a r i a b l e : : get_base_name ( ) c on s t noexcept
{

r e t u r n name ;
}

boo l V a r i a b l e : : o p e r a t o r==(co n s t V a r i a b l e &o t h e r ) c on s t
{

r e t u r n disambiguated_name == o t h e r . disambiguated_name ;
}

boo l V a r i a b l e : : a c cep t ( I O b s e r v i n g B i n a r y V i s i t o r &b i n a r y _ v i s i t o r , c on s t IProcessedTerm &term ) c o ns t
{

r e t u r n term . a c c e p t _ r e v e r s e ( b i n a r y _ v i s i t o r , ∗ t h i s ) ;
}

boo l V a r i a b l e : : a c cep t ( I O b s e r v i n g B i n a r y V i s i t o r &b i n a r y _ v i s i t o r , c on s t Func t i on &f u n c t i o n ) c on s t
{

r e t u r n b i n a r y _ v i s i t o r . v i s i t (∗ t h i s , f u n c t i o n ) ;
}

boo l V a r i a b l e : : a c cep t ( I O b s e r v i n g B i n a r y V i s i t o r &b i n a r y _ v i s i t o r , c on s t V a r i a b l e &v a r i a b l e ) c o n s t
{

r e t u r n b i n a r y _ v i s i t o r . v i s i t (∗ t h i s , v a r i a b l e ) ;
}

boo l V a r i a b l e : : a c c e p t _ r e v e r s e ( I O b s e r v i n g B i n a r y V i s i t o r &b i n a r y _ v i s i t o r , c o n s t Func t i on &f u n c t i o n ) c o n s t
{

r e t u r n b i n a r y _ v i s i t o r . v i s i t ( f u n c t i o n , ∗ t h i s ) ;
}

boo l V a r i a b l e : : a c c e p t _ r e v e r s e ( I O b s e r v i n g B i n a r y V i s i t o r &b i n a r y _ v i s i t o r , c o n s t V a r i a b l e &v a r i a b l e ) co n s t
{

r e t u r n b i n a r y _ v i s i t o r . v i s i t ( v a r i a b l e , ∗ t h i s ) ;
}

boo l V a r i a b l e : : i s _ s e l f _ n e s t e d ( c on s t IProcessedTerm &search_term ) co n s t noexcept
{

r e t u r n search_term == ∗ t h i s ;
}

v o i d V a r i a b l e : : a c cep t ( F e a t u r e B u i l d i n g V i s i t o r &f e a t u r e _ b u i l d i n g _ v i s i t o r ) c on s t noexcept
{

f e a t u r e _ b u i l d i n g _ v i s i t o r . v i s i t ( t h i s ) ;
}

c on s t IProcessedTerm ∗ V a r i a b l e : : a c cep t (
c on s t U n i f i c a t i o n A p p l i c a t i o n V i s i t o r &u n i f i c a t i o n _ a p p l i c a t i o n _ v i s i t o r ) c on s t

{
r e t u r n u n i f i c a t i o n _ a p p l i c a t i o n _ v i s i t o r . v i s i t (∗ t h i s ) ;

}

boo l V a r i a b l e : : o p e r a t o r==(co n s t IProcessedTerm &o t h e r ) c o n s t noexcept
{
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c on s t auto o t h e r _ v a r i a b l e = dynamic_cast<c on s t V a r i a b l e ∗>(& o t h e r ) ;
i f ( o t h e r _ v a r i a b l e == n u l l p t r )

// Other IProcessedTerm i s n ’ t a V a r i a b l e .
r e t u r n f a l s e ;

r e t u r n get_disambiguated_name ( ) == o t h e r _ v a r i a b l e −>get_disambiguated_name ( ) ;
}

boo l V a r i a b l e : : ope r a to r <( co n s t IProcessedTerm &o t h e r ) c o n s t noexcept
{

c on s t auto o t h e r _ v a r i a b l e = dynamic_cast<c on s t V a r i a b l e ∗>(& o t h e r ) ;
i f ( o t h e r _ v a r i a b l e == n u l l p t r )

// Other IProcessedTerm i s n ’ t a V a r i a b l e .
r e t u r n f a l s e ;

r e t u r n get_disambiguated_name ( ) < o t h e r . get_disambiguated_name ( ) ;
}

} // namespace o p t i f o l

1.11.5.8 Variable.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the V a r i a b l e IR node
∗ @author O l i v e r Dixon
∗ @date 2025−06−15
∗ @ v e r s i o n Development
∗/

#i f n d e f VARIABLE_HPP
#d e f i n e VARIABLE_HPP

#i n c l u d e <o p t i o n a l >

#i n c l u d e " . . / Mutab l eVa r i an t s / OwningBu i ldab l e . hpp "
#i n c l u d e " IProcessedTerm . hpp "

namespace o p t i f o l
{

/∗∗
∗ @ c l a s s V a r i a b l e
∗ @ b r i e f A V a r i a b l e i s a non−owning IR node r e p r e s e n t i n g a f i r s t −o r d e r l o g i c non−f r e e v a r i a b l e .
∗ @see M u t a b l e V a r i a b l e f o r the owning , mutable dua l ; M u t a b l e V a r i a b l e a l s o c o n t a i n s more documentat ion o f the
∗ s e m a n t i c s o f an O p t i f o l f i r s t −o r d e r l o g i c v a r i a b l e .
∗/

c l a s s V a r i a b l e : p u b l i c IProcessedTerm ,
p u b l i c OwningBui ldab le <V a r i a b l e >

{
p u b l i c :

/∗∗
∗ @ b r i e f C rea te a new V a r i a b l e w i th a f i x e d d i s p l a y name
∗ @param name The f i x e d name o f the v a r i a b l e
∗/

e x p l i c i t V a r i a b l e ( s t d : : s t r i n g name ) ;

/∗∗
∗ @ b r i e f C rea te a new V a r i a b l e w i th a f i x e d d i s p l a y name and d i s amb igua ted name
∗ @param name The f i x e d name o f the v a r i a b l e
∗ @param disambiguated_name The f i x e d d i s amb igua ted name f o r the v a r i a b l e
∗ @warning No u n i q u e n e s s check i s done f o r the d i s amb igua ted name upon c o n s t r u c t i o n
∗/

e x p l i c i t V a r i a b l e ( s t d : : s t r i n g name , s t d : : s t r i n g disambiguated_name ) ;

[ [ n o d i s c a r d ] ] s t d : : s t r i n g t o _ s t r i n g ( ) c o n s t o v e r r i d e ;

[ [ n o d i s c a r d ] ] s t d : : s t r i n g _ v i e w get_disambiguated_name ( ) c o n s t o v e r r i d e ;

[ [ n o d i s c a r d ] ] s t d : : s t r i n g _ v i e w get_base_name ( ) c on s t noexcept ;

[ [ n o d i s c a r d ] ] boo l o p e r a t o r==(co n s t V a r i a b l e &o t h e r ) c on s t ;

[ [ n o d i s c a r d ] ] boo l accep t (
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I O b s e r v i n g B i n a r y V i s i t o r &b i n a r y _ v i s i t o r , c o n s t IProcessedTerm &term ) co n s t o v e r r i d e ;

[ [ n o d i s c a r d ] ] boo l a ccep t (
I O b s e r v i n g B i n a r y V i s i t o r &b i n a r y _ v i s i t o r , c o n s t Func t i on &f u n c t i o n ) c o n s t o v e r r i d e ;

[ [ n o d i s c a r d ] ] boo l a ccep t (
I O b s e r v i n g B i n a r y V i s i t o r &b i n a r y _ v i s i t o r , c o n s t V a r i a b l e &v a r i a b l e ) co n s t o v e r r i d e ;

[ [ n o d i s c a r d ] ] boo l a c c e p t _ r e v e r s e (
I O b s e r v i n g B i n a r y V i s i t o r &b i n a r y _ v i s i t o r , c o n s t Func t i on &f u n c t i o n ) c o n s t o v e r r i d e ;

[ [ n o d i s c a r d ] ] boo l a c c e p t _ r e v e r s e (
I O b s e r v i n g B i n a r y V i s i t o r &b i n a r y _ v i s i t o r , c o n s t V a r i a b l e &v a r i a b l e ) co n s t o v e r r i d e ;

/∗∗
∗ @copydoc IProcessedTerm : : i s _ s e l f _ n e s t e d
∗ @re tu rn Always f a l s e , as V a r i a b l e o b j e c t s a r e not n e s t a b l e .
∗/

[ [ n o d i s c a r d ] ] boo l i s _ s e l f _ n e s t e d ( c on s t IProcessedTerm &search_term ) co n s t noexcept o v e r r i d e ;

v o i d accep t ( F e a t u r e B u i l d i n g V i s i t o r &f e a t u r e _ b u i l d i n g _ v i s i t o r ) c on s t noexcept o v e r r i d e ;
[ [ n o d i s c a r d ] ] c o n s t IProcessedTerm ∗ accep t (

c on s t U n i f i c a t i o n A p p l i c a t i o n V i s i t o r &u n i f i c a t i o n _ a p p l i c a t i o n _ v i s i t o r ) c on s t o v e r r i d e ;

[ [ n o d i s c a r d ] ] boo l o p e r a t o r==(co n s t IProcessedTerm &o t h e r ) c o n s t noexcept o v e r r i d e ;

[ [ n o d i s c a r d ] ] boo l ope ra to r <( c o n s t IProcessedTerm &o t h e r ) c o n s t noexcept o v e r r i d e ;

p r i v a t e :
c on s t s t d : : s t r i n g name ;
c on s t s t d : : o p t i o n a l <s t d : : s t r i n g > disambiguated_name ;

} ;

} // namespace o p t i f o l

#e n d i f

1.12 Reporting

1.12.1 IReportGenerator.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the r e p o r t g e n e r a t o r i n t e r f a c e
∗ @author O l i v e r Dixon
∗ @date 2025−08−05
∗ @ v e r s i o n Development
∗/

#i f n d e f OPTIFOL_IREPORTGENERATOR_HPP
#d e f i n e OPTIFOL_IREPORTGENERATOR_HPP

namespace o p t i f o l
{

c l a s s Requi rement ;
c l a s s TestGroup ;

/∗∗
∗ @ c l a s s I R e p o r t G e n e r a t o r
∗ @ b r i e f The r e p o r t g e n e r a t o r i n t e r f a c e p r o v i d e s a s e t o f o p e r a t i o n s f o r g e n e r a t i n g r e p o r t s based on
∗ subsystems , enumerat ing t h e i r c o n s t i t u e n t Requ i rements index , a n a l y s i s r e s u l t s , and automated t e s t
∗ e v i d e n c e .
∗/

c l a s s I R e p o r t G e n e r a t o r
{
p u b l i c :

/∗∗
∗ @ b r i e f D e s t r u c t the r e p o r t g e n e r a t o r i n s t a n c e , f l u s h i n g and r e l e a s i n g any open system r e s o u r c e s .
∗/

v i r t u a l ~ I R e p o r t G e n e r a t o r ( ) = d e f a u l t ;

/∗∗
∗ @ b r i e f Add a Requi rement to the r e q u i r e m e n t s i n d e x .
∗ @param r e q u i r e m e n t The Requi rement to s e r i a l i s e i n t o the r e p o r t i n d e x .
∗/

186



v i r t u a l v o i d add_requ i rement ( c o n s t Requi rement &r e q u i r e m e n t ) = 0 ;

/∗∗
∗ @ b r i e f Add a TestGroup , and a l l c o n t a i n i n g Requi rement and Test o b j e c t s , to the automated t e s t s
∗ s e c t i o n .
∗ @param te s t_group The TestGroup to s e r i a l i s e .
∗/

v i r t u a l v o i d add_test_group ( c on s t TestGroup &tes t_group ) = 0 ;

/∗∗
∗ @ b r i e f Asynch ronous l y f i n a l i s e the g e n e r a t i o n o f the r e p o r t , s t r e a m i n g output to the g i v e n b u f f e r .
∗ @param output The Gtk : : T e x t B u f f e r to which c o m p i l a t i o n output s h o u l d be st reamed .
∗ @param f i n i s h e d _ c a l l b a c k The c a l l b a c k to e x e c u t e upon comp l e t i on o f the asynch ronous g e n e r a t i o n .
∗/

v i r t u a l v o i d g e n e r a t e ( G l i b : : RefPtr<Gtk : : TextBuf f e r > output , s i g c : : s l o t <v o i d ( )> &&f i n i s h e d _ c a l l b a c k ) = 0 ;
} ;

} // namespace o p t i f o l

#e n d i f // OPTIFOL_IREPORTGENERATOR_HPP

1.12.2 LaTeXReportGenerator.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the LaTeX r e p o r t −g e n e r a t o r backend
∗ @author O l i v e r Dixon
∗ @date 2025−08−05
∗ @ v e r s i o n Development
∗/

#i n c l u d e <c a s s e r t >
#i n c l u d e <giomm/ f i l e . h>
#i n c l u d e <glibmm/ m i s c u t i l s . h>

#i n c l u d e " . . / S to rage / Requi rement . hpp "
#i n c l u d e " . . / U s e r T e s t i n g / M o d e l l i n g / TestGroup . hpp "
#i n c l u d e " LaTeXReportGenerator . hpp "

namespace o p t i f o l
{

LaTeXReportGenerator : : LaTeXReportGenerator ( c on s t G l i b : : RefPtr<Gio : : F i l e > &o u t p u t _ d i r e c t o r y ) :
o u t p u t _ d i r e c t o r y ( o u t p u t _ d i r e c t o r y ) ,
i n d e x _ f i l e ( Gio : : F i l e : : c r e a t e _ f o r _ p a t h ( t h i s −>o u t p u t _ d i r e c t o r y −>get_path ( ) + "/ i n d e x . t e x " )−>append_to ( ) ) ,
t e s t s _ f i l e ( Gio : : F i l e : : c r e a t e _ f o r _ p a t h ( t h i s −>o u t p u t _ d i r e c t o r y −>get_path ( ) + "/ t e s t s . t e x " )−>append_to ( ) )

{
s t a r t _ r e q u i r e m e n t s ( ) ;

}

v o i d LaTeXReportGenerator : : add_requ i rement ( c on s t Requi rement &r e q u i r e m e n t )
{

w r i t e _ p r o p e r t y (∗ i n d e x _ f i l e , r e q u i r e m e n t . property_name ( ) ) ;
w r i t e _ p r o p e r t y (∗ i n d e x _ f i l e , r e q u i r e m e n t . p r o p e r t y _ d e s c r i p t i o n ( ) ) ;
w r i t e _ p r o p e r t y (∗ i n d e x _ f i l e , s t d : : s t r i n g ( r e q u i r e m e n t . o b s e r v e _ l a t e x _ s t a t e m e n t ( ) ) , t r u e ) ;
w r i t e _ p r o p e r t y (∗ i n d e x _ f i l e , s e r i a l i s e _ t i m e ( r e q u i r e m e n t . p r o p e r t y _ c r e a t i o n _ t i m e ( ) . ge t_va lue ( ) ) , t r u e ) ;
w r i t e _ p r o p e r t y (∗ i n d e x _ f i l e , s e r i a l i s e _ t i m e ( r e q u i r e m e n t . p rope r t y_mod i f i ed_t ime ( ) . ge t_va lue ( ) ) , t rue , t r u e ) ;

}

v o i d LaTeXReportGenerator : : add_test_group ( co n s t TestGroup &tes t_group )
{

t e s t s _ f i l e −>w r i t e ( "\n\\ s u b s e c t i o n {" + te s t_g roup . property_name ( ) . ge t_va lue ( ) + ’ } ’ ) ;
t e s t_g roup . fo r_each (

[ t h i s ] ( c on s t Requi rement &r e q u i r e m e n t )
{

t e s t s _ f i l e −>w r i t e ( " \\ s u b s u b s e c t i o n {" + r e q u i r e m e n t . property_name ( ) . ge t_va lue ( ) + "}" ) ;
t e s t s _ f i l e −>w r i t e (R" (

\ beg in { x l t a b u l a r }{\ l i n e w i d t h }{ lXXl}%
\ t o p r u l e \ no rma l f on t%

\ t e x t b f { Test Name}&%
\ t e x t b f { Target E x e c u t a b l e}&%
\ t e x t b f { Test F i x t u r e}&%
\ t e x t b f { Test R e s u l t}%

\\\ m i d r u l e \ endhead%
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\ bot tomru l e \ en d foo t%
) " ) ;

c on s t auto t e s t s = r e q u i r e m e n t . o b s e r v e _ t e s t s ( ) ;
c on s t auto t e s t_coun t = t e s t s −>get_n_items ( ) ;

f o r ( g u i n t t e s t _ i n d e x = 0 ; t e s t _ i n d e x < te s t_coun t ; ++t e s t _ i n d e x ) {
c on s t auto t e s t = t e s t s −>get_item ( t e s t _ i n d e x ) ;
c on s t auto r e s u l t = t e s t −>p r o p e r t y _ r e s u l t ( ) . ge t_va lue ( ) ;

w r i t e _ p r o p e r t y (∗ t e s t s _ f i l e , t e s t −>property_name ( ) ) ;
w r i t e _ p r o p e r t y (∗ t e s t s _ f i l e , t e s t −>prope r ty_ta rge t_execu tab l e_name ( ) ) ;
w r i t e _ p r o p e r t y (∗ t e s t s _ f i l e , t e s t −>p r o p e r t y _ f i x t u r e ( ) . ge t_va lue ( ) ) ;

i f ( r e s u l t == n u l l p t r )
w r i t e _ p r o p e r t y (∗ t e s t s _ f i l e , " " , t rue , t r u e ) ;

e l s e
w r i t e _ p r o p e r t y (∗ t e s t s _ f i l e , r e s u l t −>has_passed ( ) ? " Passed " : " F a i l e d " , t rue , t r u e ) ;

}

t e s t s _ f i l e −>w r i t e ( " \\ end{ x l t a b u l a r }%\n" ) ;
}) ;

}

v o i d LaTeXReportGenerator : : g e n e r a t e (
G l i b : : RefPtr<Gtk : : TextBuf f e r > output , s i g c : : s l o t <v o i d ( )> &&f i n i s h e d _ c a l l b a c k )

{
a s s e r t ( i n d e x _ f i l e −>i s _ c l o s e d ( ) == f a l s e ) ;
a s s e r t ( t e s t s _ f i l e −>i s _ c l o s e d ( ) == f a l s e ) ;

// C lo s e the f i l e s .
end_requ i r ement s ( ) ;
t e s t s _ f i l e −>c l o s e ( ) ;

// S t a r t the sub−p r o c e s s .
l a t e x _ e x e c u t o r . emplace ( " " ,

s t d : : v e c to r <s t d : : s t r i n g >{" latexmk " , "−pdf " , "−i n t e r a c t i o n=nonstopmode " ,
"−o u t d i r=" + o u t p u t _ d i r e c t o r y −>get_path ( ) , " Resou r ce s / ReportTemplates /LaTeX/ r e p o r t . t e x " } ,

s t d : : v e c t o r {"PATH=" + G l i b : : ge tenv ( "PATH" ) , "TEXINPUTS=. : " + o u t p u t _ d i r e c t o r y −>get_path ( ) + " : " } ,
s t d : : move ( output ) ,
[ u s e r _ c a l l b a c k = s t d : : move ( f i n i s h e d _ c a l l b a c k ) ] ( c on s t i n t e x i t_ co d e )
{

/∗
∗ The i n t e r f a c e doesn ’ t c a r e about imp lementat ion −s p e c i f i c d e t a i l s such as e x i s t e n c e o f a
∗ sub−p r o c e s s o r i t s system e x i t code . Throw i t away . The sub−p r o c e s s e x e c u t o r w i l l r e p o r t
∗ any f a u l t s .
∗/

s t d : : i g n o r e = e x i t _c o de ;
u s e r _ c a l l b a c k ( ) ;

}) ;
}

v o i d LaTeXReportGenerator : : s t a r t _ r e q u i r e m e n t s ( ) c o n s t
{

a s s e r t ( i n d e x _ f i l e −>i s _ c l o s e d ( ) == f a l s e ) ;

i n d e x _ f i l e −>w r i t e (R" (\ beg in { x l t a b u l a r }{\ l i n e w i d t h }{ l X X l l}%
\ t o p r u l e \ no rma l f on t%

\ t e x t b f {Name}&%
\ t e x t b f { D e s c r i p t i o n}&%
\ t e x t b f { Statement}&%
\ t e x t b f { Created}&%
\ t e x t b f { Mod i f i ed}%

\\\ m i d r u l e \ endhead%
\ bot tomru l e \ en d foo t%

) " ) ;
}

v o i d LaTeXReportGenerator : : end_requ i r ement s ( ) c o n s t
{

a s s e r t ( i n d e x _ f i l e −>i s _ c l o s e d ( ) == f a l s e ) ;

i n d e x _ f i l e −>w r i t e ( " \\ end{ x l t a b u l a r }%\n" ) ;
i n d e x _ f i l e −>c l o s e ( ) ;

a s s e r t ( i n d e x _ f i l e −>i s _ c l o s e d ( ) == t r u e ) ;
}

v o i d LaTeXReportGenerator : : w r i t e _ p r o p e r t y ( Gio : : F i l eOutputSt ream &output_stream , c o n s t s t d : : s t r i n g &s t r i n g ,
c o n s t boo l ve rbat im , c o n s t boo l e o l ) noexcept

{
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a s s e r t ( output_stream . i s _ c l o s e d ( ) == f a l s e ) ;

i f ( s t r i n g . empty ( ) )
output_stream . w r i t e ( " \\emph{Not p r o v i d e d . } " ) ;

e l s e
output_stream . w r i t e ( ve rba t im ? s t r i n g : " \\ o p t i f o l e s c a p e d | " + s t r i n g + ’ | ’ ) ;

output_stream . w r i t e ( e o l ? " \\\\\n" : "&" ) ;
}

s t d : : s t r i n g LaTeXReportGenerator : : s e r i a l i s e _ t i m e ( c on s t S to rageOb jec tBase : : TimeT &time )
{

c on s t auto seconds_s ince_epoch = f l o o r <s t d : : chrono : : seconds >(t ime . t ime_s ince_epoch ( ) ) ;

r e t u r n s t d : : fo rmat ( " \\ DTMdisplay {{{:%Y}}}{{{:%m}}}{{{:%d}}}{{−1}}{{{:%H}}}{{{:%M}}}{{{:%S}}}{{1}}{{0}} " ,
t ime , t ime , t ime , t ime , t ime ,
s t d : : chrono : : d u r a t i o n _ c a s t <s t d : : chrono : : seconds >( seconds_s ince_epoch ) % s t d : : chrono : : minutes (1 ) ) ;

}

} // namespace o p t i f o l

1.12.3 LaTeXReportGenerator.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the LaTeX r e p o r t −g e n e r a t o r backend
∗ @author O l i v e r Dixon
∗ @date 2025−08−05
∗ @ v e r s i o n Development
∗/

#i f n d e f OPTIFOL_LATEXREPORTGENERATOR_HPP
#d e f i n e OPTIFOL_LATEXREPORTGENERATOR_HPP

#i n c l u d e <giomm/ f i l e o u t p u t s t r e a m . h>

#i n c l u d e " . . / GUI/ S t r e a m i n g P r o c e s s E x e c u t o r . hpp "
#i n c l u d e " . . / S to rage / Sto rageOb jec tBase . hpp "
#i n c l u d e " I R e p o r t G e n e r a t o r . hpp "

template <typename Candidate>
concept S e r i a l i s a b l e P r o p e r t y = r e q u i r e s ( c on s t G l i b : : PropertyProxy_ReadOnly<Candidate> c a n d i d a t e ) {

{ c a n d i d a t e . ge t_va lue ( ) } −> s t d : : c o n v e r t i b l e _ t o <G l i b : : u s t r i n g >;
} ;

namespace o p t i f o l
{

/∗∗
∗ @ c l a s s LaTeXReportGenerator
∗ @ b r i e f P ro v i d e a LaTeX backend f o r the I R e p o r t G e n e r a t o r . The imp l ementa t i on t a k e s r e s p o n s i b i l i t y f o r the
∗ c o n s t r u c t i o n and c o m p i l a t i o n o f the LaTeX document i n t o a PDF u s i n g the s t a n d a r d TeX L i v e
∗ <code>la t exm l </code> u t i l i t y i n a sub−p r o c e s s .
∗ @see S t r e a m i n g P r o c e s s E x e c u t o r f o r the <code>latexmk </code> asynch ronous i n v o c a t i o n mechanism .
∗/

c l a s s LaTeXReportGenerator : p u b l i c I R e p o r t G e n e r a t o r
{
p u b l i c :

/∗∗
∗ @ b r i e f C o n s t r u c t a new LaTeXReportGenerator at the g i v e n r o o t .
∗ @param o u t p u t _ d i r e c t o r y The r o o t d i r e c t o r y f o r LaTeX g e n e r a t e d and a u x i l i a r y f i l e s .
∗/

e x p l i c i t LaTeXReportGenerator ( c on s t G l i b : : RefPtr<Gio : : F i l e > &o u t p u t _ d i r e c t o r y ) ;

/∗∗
∗ @ b r i e f D i s a b l e the copy−c o n s t r u c t o r as o b j e c t s have l o c k s on e x t e r n a l system r e s o u r c e s .
∗/

LaTeXReportGenerator ( co n s t LaTeXReportGenerator &) = d e l e t e ;

v o i d add_requ i rement ( co n s t Requi rement &r e q u i r e m e n t ) o v e r r i d e ;

v o i d add_test_group ( c o n s t TestGroup &tes t_group ) o v e r r i d e ;

/∗∗
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∗ @copydoc I R e p o r t G e n e r a t o r : : g e n e r a t e
∗ @ d e t a i l s Asynch ronous l y i n v o k e s a <code>latexmk </code> sub−p r o c e s s to comp i l e the TeX−s e r i a l i s e d IR
∗ nodes i n t o a complete PDF. The r e s u l t s from <code>stdout </code> and <code>s t d e r r </code> o f the
∗ <code>latexmk </code> p r o c e s s a r e s t reamed i n t o the g i v e n Gtk : : T e x t B u f f e r i n near−r e a l −t ime . Upon
∗ comp l e t i on o f the sub−proce s s , the g i v e n u s e r c a l l b a c k i s i nvoked .
∗ @pre The r e q u i r e m e n t s i n d e x LaTeX f i l e i s open f o r w r i t i n g .
∗ @pre The t e s t s r e p o r t LaTeX f i l e i s open f o r w r i t i n g .
∗/

v o i d g e n e r a t e ( G l i b : : RefPtr<Gtk : : TextBuf f e r > output , s i g c : : s l o t <v o i d ( )> &&f i n i s h e d _ c a l l b a c k ) o v e r r i d e ;

p r i v a t e :
/∗∗

∗ @ b r i e f S e r i a l i s e the TeX s t a r t i n g sequence f o r the r e q u i r e m e n t s i n d e x .
∗ @pre The r e q u i r e m e n t s s t ream i s open f o r w r i t i n g .
∗/

v o i d s t a r t _ r e q u i r e m e n t s ( ) c o n s t ;

/∗∗
∗ @ b r i e f S e r i a l i s e the TeX end ing sequence f o r the r e q u i r e m e n t s i n d e x .
∗ @pre The r e q u i r e m e n t s s t ream i s open f o r w r i t i n g .
∗/

v o i d end_requ i r ement s ( ) c on s t ;

/∗∗
∗ @ b r i e f S e r i a l i s e a s i n g l e G l i b p r o p e r t y to the g i v e n LaTeX output st ream .
∗ @tparam PropertyType The p r o p e r t y type
∗ @param output_stream The d e s t i n a t i o n output stream , open f o r w r i t i n g .
∗ @param p r o p e r t y The s t r i n g to s e r i a l i s e .
∗ @param ve rba t im Should the s t r i n g be pas sed i n ve rba t im to the TeX i n t e r p r e t e r , o r wrapped i n a
∗ e s c a p i n g env i ronment ?
∗ @param e o l Should an end−of−l i n e (EOL) marker be appended to the f i e l d ?
∗/

template <S e r i a l i s a b l e P r o p e r t y PropertyType>
s t a t i c v o i d w r i t e _ p r o p e r t y ( Gio : : F i l eOutputSt ream &output_stream ,

c on s t G l i b : : PropertyProxy_ReadOnly<PropertyType> prope r t y , c o n s t boo l v e rba t im = f a l s e ,
c on s t boo l e o l = f a l s e )

{
w r i t e _ p r o p e r t y ( output_stream , p r o p e r t y . ge t_va lue ( ) , ve rbat im , e o l ) ;

}

/∗∗
∗ @ b r i e f S e r i a l i s e a s t r i n g to the g i v e n LaTeX output st ream .
∗ @param output_stream The d e s t i n a t i o n output stream , open f o r w r i t i n g .
∗ @param s t r i n g The s t r i n g to s e r i a l i s e .
∗ @param ve rba t im Should the s t r i n g be pas sed i n ve rba t im to the TeX i n t e r p r e t e r , o r wrapped i n a
∗ e s c a p i n g env i ronment ?
∗ @param e o l Should an end−of−l i n e (EOL) marker be appended to the f i e l d ?
∗ @pre The output st ream i s open f o r w r i t i n g .
∗/

s t a t i c v o i d w r i t e _ p r o p e r t y ( Gio : : F i l eOutputSt ream &output_stream , c o n s t s t d : : s t r i n g &s t r i n g ,
boo l v e rba t im = f a l s e , boo l e o l = f a l s e ) noexcept ;

/∗∗
∗ @ b r i e f S e r i a l i s e s a t ime p o i n t to the LaTeX <code>datet ime2 </code> format .
∗ @ d e t a i l s Syntax : <code >\\DTMdisplay{YYYY}{MM}{DD}{−1}{dd}{mm}{ s s }{1}{0}</ code>
∗ @param t ime The time−p o i n t to s e r i a l i s e .
∗ @re tu rn The LaTeX−s e r i a l i s e d <code>datet ime2 </code> macro .
∗/

s t a t i c s t d : : s t r i n g s e r i a l i s e _ t i m e ( c o n s t S to rageOb jec tBase : : TimeT &time ) ;

c on s t G l i b : : RefPtr<Gio : : F i l e > o u t p u t _ d i r e c t o r y ;

c on s t G l i b : : RefPtr<Gio : : F i l eOutputSt ream > i n d e x _ f i l e ;
c on s t G l i b : : RefPtr<Gio : : F i l eOutputSt ream > t e s t s _ f i l e ;

s t d : : o p t i o n a l <St r eam ingProce s sExecu to r > l a t e x _ e x e c u t o r ;
} ;

} // namespace o p t i f o l

#e n d i f // OPTIFOL_LATEXREPORTGENERATOR_HPP

1.13 Storage

1.13.1 AnalysisGroup.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
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∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r an a n a l y s i s g roup ing o f r e q u i r e m e n t s
∗ @author O l i v e r Dixon
∗ @date 2025−04−27
∗ @ v e r s i o n Development
∗/

#i n c l u d e " A n a l y s i s G r o u p . hpp "

#i n c l u d e <a s s e r t . h>

namespace o p t i f o l
{

A n a l y s i s G r o u p : : A n a l y s i s G r o u p ( co n s t G l i b : : u s t r i n g &name , s t d : : shared_ptr <Symbo lRepos i to ry > s y m b o l _ r e p o s i t o r y ) :
G l i b : : ObjectBase ( " A n a l y s i s G r o u p " ) ,
kb ( s t d : : move ( s y m b o l _ r e p o s i t o r y ) ) ,
ObjectGroup ( s i g c : : mem_fun(∗ t h i s , &A n a l y s i s G r o u p : : handle_group_model_change ) )

{
property_name ( ) . s e t _ v a l u e ( name ) ;

}

A n a l y s i s G r o u p : : A n a l y s i s G r o u p ( co n s t G l i b : : u s t r i n g &name , BaseObjectType ∗ c o b j e c t ,
c on s t G l i b : : RefPtr<Gtk : : B u i l d e r > &b u i l d e r , s t d : : shared_pt r <Symbo lRepos i to ry > s y m b o l _ r e p o s i t o r y ) :

G l i b : : ObjectBase ( " A n a l y s i s G r o u p " ) ,
S to rageOb jec tBase ( c o b j e c t , b u i l d e r ) ,
ObjectGroup ( s i g c : : mem_fun(∗ t h i s , &A n a l y s i s G r o u p : : handle_group_model_change ) ) ,
kb ( s t d : : move ( s y m b o l _ r e p o s i t o r y ) )

{
property_name ( ) . s e t _ v a l u e ( name ) ;

}

Prove r &A n a l y s i s G r o u p : : o b s e r v e _ p r o v e r _ i n s t a n c e ( ) noexcept
{

r e t u r n kb ;
}

v o i d A n a l y s i s G r o u p : : handle_group_model_change (
c on s t g u i n t i n i t i a l _ i n d e x , c o n s t gu in t , c on s t g u i n t added_count )

{
f o r ( g u i n t a d d e d _ l i s t _ i = i n i t i a l _ i n d e x ; a d d e d _ l i s t _ i < i n i t i a l _ i n d e x + added_count ; ++a d d e d _ l i s t _ i ) {

c on s t auto r e q u i r e m e n t = get_ob jec t_by_index ( a d d e d _ l i s t _ i ) ;
kb . t e l l ( r equ i r ement −>obse r v e_p repa r ed_sen t ence ( ) ) ;

}
}

} // namespace o p t i f o l

1.13.2 AnalysisGroup.hpp

/∗
∗ C o p y r i g h t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r an a n a l y s i s g roup ing o f r e q u i r e m e n t s
∗ @author O l i v e r Dixon
∗ @date 2025−04−27
∗ @ v e r s i o n Development
∗/

#i f n d e f ANALYSISGROUP_HPP
#d e f i n e ANALYSISGROUP_HPP

#i n c l u d e " . . / I n f e r e n c e / Prove r . hpp "
#i n c l u d e " ObjectGroup . hpp "
#i n c l u d e " Requi rement . hpp "

namespace o p t i f o l
{

c l a s s A n a l y s i s G r o u p : p u b l i c StorageObjectBase ,
p u b l i c ObjectGroup<Requirement>

{
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p u b l i c :
/∗∗

∗ @ b r i e f C rea te a new A n a l y s i s Group wi th the g i v e n name and r e g i s t e r i n the G l i b GType system
∗ @param name The i n i t i a l name o f the A n a l y s i s Group
∗ @param s y m b o l _ r e p o s i t o r y The a s s o c i a t e d Symbo lRepos i to ry f o r C l ause o b j e c t s used by Requi rement nodes
∗ i n the A n a l y s i s G r o u p .
∗/

e x p l i c i t A n a l y s i s G r o u p ( co n s t G l i b : : u s t r i n g &name , s t d : : shared_ptr <Symbo lRepos i to ry > s y m b o l _ r e p o s i t o r y ) ;

A n a l y s i s G r o u p ( co n s t G l i b : : u s t r i n g &name , BaseObjectType ∗ c o b j e c t ,
c on s t G l i b : : RefPtr<Gtk : : B u i l d e r > &b u i l d e r , s t d : : shared_pt r <Symbo lRepos i to ry > s y m b o l _ r e p o s i t o r y ) ;

P rove r &o b s e r v e _ p r o v e r _ i n s t a n c e ( ) noexcept ;

p r i v a t e :
v o i d handle_group_model_change ( g u i n t i n i t i a l _ i n d e x , g u i n t removed_count , g u i n t added_count ) ;

P rove r kb ;
} ;

} // namespace o p t i f o l

#e n d i f

1.13.3 ObjectGroup.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the dua l o b j e c t g roup ing model
∗ @author O l i v e r Dixon
∗ @date 2025−07−26
∗ @ v e r s i o n Development
∗/

#i f n d e f OBJECTGROUP_HPP
#d e f i n e OBJECTGROUP_HPP

#i n c l u d e <giomm/ l i s t s t o r e . h>
#i n c l u d e <gtkmm/dropdown . h>
#i n c l u d e <gtkmm/ s i n g l e s e l e c t i o n . h>

#i n c l u d e " . . / O p t i f o l . hpp "
#i n c l u d e " Sto rageOb jec tBase . hpp "

namespace o p t i f o l
{

/∗∗
∗ @ c l a s s ObjectGroup
∗ @ b r i e f P ro v i d e a common CRTP i n t e r f a c e f o r a l l s t r u c t u r e s g roup ing o b j e c t s i n a mutable l i s t f o r i t e r a t i o n ,
∗ but a l s o r e q u i r e f a s t lookup . The base p r o v i d e s a s k e l e t o n s e t o f o b s e r v i n g and mutat ing o p e r a t i o n s on the
∗ model to make o p t i m a l use o f the dual−s t o r a g e ( l i s t and map) model .
∗ @tparam Der i v ed The I H a s h a b l e type to s t o r e .
∗
∗ @ d e t a i l s
∗ The ObjectGroupBase p r o v i d e s two impor tan t data s t r u c t u r e s :
∗ <ul >
∗ <l i >Gtk : : L i s t S t o r e o f the type . Th i s i s a l i n e a r Gtk model t h a t can be a t t a c h e d to v i ews .</ l i >
∗ <l i >@re f s t d : : unordered_map o f the types , mapped to t h e i r p o s i t i o n s i n the Gtk : : L i s t S t o r e .</ l i >
∗ </ul >
∗ D u p l i c a t i n g r e f e r e n c e s a c r o s s two s t r u c t u r e s p r o v i d e s b e n e f i t s o f Gtk i n t e g r a t i o n through the l i n e a r
∗ model , and f a s t lookup and hash ing c a p a b i l i t y th rough the @re f s t d : : unordered_map model . The models a r e
∗ i n t e r n a l l y s y n c h r o n i s e d u s i n g the <i >l i b s i g c ++</i > c a l l b a c k s p r o v i d e d n a t i v e l y by Gtkmm .
∗/

template <typename Der ived >
r e q u i r e s s t d : : der i ved_f rom <Der ived , IHashab l e >

c l a s s ObjectGroup
{
p u b l i c :

ObjectGroup ( ) = d e f a u l t ;

e x p l i c i t ObjectGroup ( s i g c : : s l o t <v o i d ( gu in t , gu in t , g u i n t )> &&mode l_changed_ca l lback )
{

model−>s igna l_ i t ems_changed ( ) . connect ( s t d : : move ( mode l_changed_ca l lback ) ) ;
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}

/∗∗
∗ @ b r i e f D e s t r u c t the ObjectGroupBase .
∗/

v i r t u a l ~ ObjectGroup ( ) = d e f a u l t ;

/∗∗
∗ @ b r i e f R e t r i e v e s the untyped Gio : : L i s tMode l from a s t a t i c c o n t e x t ; t h i s i s r e q u i r e d f o r GUI
∗ i n t e g r a t i o n .
∗ @param untyped_item The Gl ib −e n f o r c e d argument c o n t a i n i n g the o b j e c t r e p r e s e n t i n g the o b j e c t group .
∗ @re tu rn The Gio : : L i s tMode l h e l d by the o b j e c t group , o r the n u l l p o i n t e r i f no such model cou ld be
∗ r e t r i e v e d .
∗/

s t a t i c G l i b : : RefPtr<Gio : : L i s tMode l > get_mode l_ca l l back ( c on s t G l i b : : RefPtr<G l i b : : ObjectBase> &untyped_item )
{

c on s t auto ob j ec t_group = dynamic_cast<c on s t ObjectGroup ∗>(untyped_item . ge t ( ) ) ;

i f ( ob j ec t_group != n u l l p t r )
r e t u r n ob ject_group −>model ;

r e t u r n n u l l p t r ;
}

/∗∗
∗ @ b r i e f I n s e r t a new s i n g l e o b j e c t i n t o the model .
∗ @param new_object The c o n s t r u c t e d o b j e c t to i n s e r t i n t o the models .
∗ @throws s t d : : r u n t i m e _ e r r o r i f the new o b j e c t a l r e a d y e x i s t s i n the model .
∗/

v o i d i n s e r t _ o b j e c t ( G l i b : : RefPtr<Der ived > new_object )
{

i f ( c o n t a i n s _ e x a c t ( new_object . ge t ( ) ) )
throw s t d : : r u n t i m e _ e r r o r ( " Object a l r e a d y e x i s t s i n model . " ) ;

model−>append ( new_object ) ;
index_map [ new_object ] = model−>get_n_items ( ) − 1 ;

}

/∗∗
∗ @ b r i e f I n s e r t m u l t i p l e o b j e c t s i n t o the model .
∗ @param new_objects The c o n s t r u c t e d s e t o f o b j e c t s to i n s e r t i n t o the models .
∗/

v o i d i n s e r t _ o b j e c t ( c o n s t s t d : : v e c to r <G l i b : : RefPtr<Der ived >> &new_objects )
{

// Append the incoming o b j e c t s i n t o the l i s t model .
c on s t auto p r e v i o u s _ c o u n t = model−>get_n_items ( ) ;
model−>s p l i c e ( p rev ious_count , 0 , new_objects ) ;

// V e r i f y i n s e r t i o n wi th the cons tant −t ime s i z e h e u r i s t i c .
c on s t auto new_count = model−>get_n_items ( ) ;
a s s e r t ( new_count == p r e v i o u s _ c o u n t + new_objects . s i z e ( ) ) ;

// Map each new o b j e c t to i t s c o r r e s p o n d i n g p o s i t i o n i n the l i s t model .
f o r ( g u i n t new_index = p r e v i o u s _ c o u n t ; new_index < new_count ; ++new_index )

index_map [ new_objects [ new_count − p r e v i o u s _ c o u n t ] ] = new_index − 1 ;
}

/∗∗
∗ @ b r i e f Take a r e f −counted p o i n t e r o f the o b j e c t at the g i v e n i n d e x .
∗ @param o b j e c t _ i n d e x The i n d e x o f the o b j e c t w i t h i n the l i n e a r model to take .
∗ @re tu rn The r e q u e s t e d o b j e c t wrapped i n a r e f −counted G l i b : : Re fPt r .
∗ @throws s t d : : r u n t i m e _ e r r o r An o b j e c t d i d not e x i s t i n the l i n e a r model a t the s p e c i f i e d i n d e x .
∗/

G l i b : : RefPtr<Der ived > get_ob jec t_by_index ( g u i n t o b j e c t _ i n d e x ) co n s t
{

c on s t auto o b j e c t = model−>get_item ( o b j e c t _ i n d e x ) ;

i f ( o b j e c t == n u l l p t r )
throw s t d : : r u n t i m e _ e r r o r ( " Object w i th g i v e n i n d e x does not e x i s t i n the Subsystem i n d e x . " ) ;

r e t u r n o b j e c t ;
}

/∗∗
∗ @ b r i e f D e l e t e the g i v e n o b j e c t from the model .
∗ @param s l a t e d _ o b j e c t The o b j e c t to d e l e t e .
∗ @re tu rn Was an o b j e c t d e l e t e d ?
∗/

boo l d e l e t e _ o b j e c t ( co n s t G l i b : : RefPtr<Der ived > s l a t e d _ o b j e c t )
{

// Locate the o b j e c t i n the map , which w i l l p r o v i d e i t s i n d e x i n the l i n e a r model .
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c on s t auto i n d e x _ i t = index_map . f i n d ( s l a t e d _ o b j e c t ) ;
i f ( i n d e x _ i t == index_map . cend ( ) )

r e t u r n f a l s e ;

/∗
∗ Record as a d e l e t i o n and remove from the l i n e a r model . The remova l from the l i n e a r model w i l l
∗ l i k e l y t r i g g e r a use r −d e f i n e d c a l l b a c k to i n d i c a t e the remova l ; the removed o b j e c t can be r e t r i e v e d
∗ from the c a l l b a c k wi th ’ s t e a l _ d e l e t e d _ o b j e c t ’ .
∗/

pend ing_de l e t ed_ i t ems [ i n d e x _ i t −>second ] = s t d : : move ( s l a t e d _ o b j e c t ) ;
model−>remove ( i n d e x _ i t −>second ) ;

// R e c a l c u l a t e the i n d e x map .
f o r ( auto &i t : index_map )

i f ( i t . second > i n d e x _ i t −>second )
−−i t . second ;

index_map . e r a s e ( i n d e x _ i t ) ;
r e t u r n t r u e ;

}

/∗∗
∗ @ b r i e f Dete rmines i f the model c o n t a i n s a r e f e r e n c e to the g i v e n o b j e c t . The compar i son i s e x a c t i n the
∗ s e n s e t h a t p o i n t e r a d d r e s s e s a r e compared , and does not use <code>Der i v ed : : o p e r a t o r==(c on s t
∗ De r i v ed &)</code >. This i s u s e f u l when work ing wi th <code>Der ived </code> t y p e s a d j a c e n t to @re f
∗ s t d : : sha r ed_pt r .
∗ @param s e a r c h _ a d d r e s s The a d d r e s s o f the i tem to query i n the model .
∗ @re tu rn Does the model a l r e a d y d e t a i n an i tem wi th the g i v e n a d d r e s s ?
∗/

boo l c o n t a i n s _ e x a c t ( c on s t De r i v ed ∗ s e a r c h _ a d d r e s s )
{

c on s t auto i t = index_map . f i n d (∗ s e a r c h _ a d d r e s s ) ;
i f ( i t == index_map . cend ( ) )

r e t u r n f a l s e ;

r e t u r n i t −> f i r s t . ge t ( ) == s e a r c h _ a d d r e s s ;
}

/∗∗
∗ @ b r i e f S t e a l a r e c e n t l y d e l e t e d o b j e c t from the cache . A f t e r t h i s o p e r a t i o n , the o b j e c t i s no l o n g e r
∗ p r e s e n t i n any o f the models , i n c l u d i n g the d e l e t i o n cache .
∗ @param o ld_ index The i n d e x o f the o b j e c t i n the l i n e a r model p r i o r to i t s d e l e t i o n .
∗ @re tu rn The d e l e t e d o b j e c t .
∗ @throws s t d : : r u n t i m e _ e r r o r i f no s u i t a b l e o b j e c t e x i s t s i n the d e l e t i o n cache .
∗/

G l i b : : RefPtr<Der ived > s t e a l _ d e l e t e d _ o b j e c t ( c on s t g u i n t o l d_ index )
{

c on s t auto d e l e t e d _ i t = pend ing_de l e t ed_ i t ems . f i n d ( o ld_ index ) ;

i f ( d e l e t e d _ i t == pend ing_de l e t ed_ i t ems . cend ( ) )
throw s t d : : r u n t i m e _ e r r o r ( " Requested o b j e c t at i n d e x " + s t d : : t o _ s t r i n g ( o ld_ index ) +

" does not e x i s t i n "
" the d e l e t i o n map . " ) ;

c on s t auto copy = d e l e t e d _ i t −>second ;
pend ing_de l e t ed_ i t ems . e r a s e ( d e l e t e d _ i t ) ;
r e t u r n copy ;

}

/∗∗
∗ @ b r i e f Popu la te the g i v e n Gtk : : S i n g l e S e l e c t i o n s e l e c t i o n model w i th the i n t e r n a l model .
∗ @param t a r g e t _ s e l e c t i o n _ m o d e l The s e l e c t i o n model to p o p u l a t e w i th the c u r r e n t l i s t model .
∗/

v o i d p o p u l a t e _ s e l e c t i o n _ m o d e l ( Gtk : : S i n g l e S e l e c t i o n &t a r g e t _ s e l e c t i o n _ m o d e l ) c on s t
{

i f ( t a r g e t _ s e l e c t i o n _ m o d e l . get_model ( ) != model )
t a r g e t _ s e l e c t i o n _ m o d e l . set_model ( model ) ;

}

/∗∗
∗ @ b r i e f Popu la te the g i v e n Gtk : : S i n g l e S e l e c t i o n s e l e c t i o n model w i th the i n t e r n a l model .
∗ @param target_dropdown The Gtk : : DropDown e lement to p o p u l a t e w i th the c u r r e n t l i s t model .
∗/

v o i d populate_dropdown_model ( Gtk : : DropDown &target_dropdown ) c on s t
{

i f ( target_dropdown . get_model ( ) != model )
target_dropdown . set_model ( model ) ;

}

/∗∗
∗ @ b r i e f Execute a c a l l a b l e ove r a l l e l ement s o f the l i n e a r model .
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∗ @param f u n c t i o n The c a l l a b l e to execute , t a k i n g a mutat ing r e f e r e n c e to the o b j e c t .
∗/

v o i d fo r_each ( co n s t s t d : : f u n c t i o n <v o i d ( De r i v ed &)> &f u n c t i o n ) co n s t
{

c on s t auto count = model−>get_n_items ( ) ;
f o r ( g u i n t i n d e x = 0 ; i n d e x < count ; ++i n d e x )

f u n c t i o n (∗ model−>get_item ( i n d e x ) ) ;
}

G l i b : : RefPtr<Gio : : L i s t S t o r e <Der ived >> get_model ( ) c o n s t noexcept
{

r e t u r n model ;
}

p r i v a t e :
G l i b : : RefPtr<Gio : : L i s t S t o r e <Der ived >> model = Gio : : L i s t S t o r e <Der ived >: : c r e a t e ( ) ;

/∗∗
∗ @ b r i e f Mapping o f h a s h a b l e o b j e c t s p r e s e n t i n the models , a s s o c i a t e d wi th t h e i r r e s p e c t i v e i n d i c e s i n
∗ the l i n e a r
∗ @re f model .
∗/

SharedUnorderedMap<Der ived , gu in t > index_map ;

/∗∗
∗ @ b r i e f I t ems d e l e t e d from the l i n e a r @re f model but not the @re f index_map . Keys i n d i c a t e the o l d
∗ p o s i t i o n s o f the v a l u e s i n @re f model .
∗/

s t d : : unordered_map<gu in t , G l i b : : RefPtr<Der ived >> pend ing_de l e t ed_ i t ems ;
} ;

} // namespace o p t i f o l

#e n d i f // OBJECTGROUP_HPP

1.13.4 Project.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the p r o j e c t −l e v e l s t o r a g e o b j e c t
∗ @author O l i v e r Dixon
∗ @date 2025−02−22
∗ @ v e r s i o n Development
∗/

#i n c l u d e " P r o j e c t . hpp "
#i n c l u d e " . . / Logg ing . hpp "

namespace o p t i f o l
{

P r o j e c t : : P r o j e c t ( s t d : : s t r i n g &&name ) :
G l i b : : ObjectBase ( " P r o j e c t " )

{
property_name ( ) . s e t _ v a l u e ( s t d : : move ( name ) ) ;

}

P r o j e c t : : P r o j e c t ( s t d : : s t r i n g &&name , BaseObjectType ∗ c o b j e c t , co n s t G l i b : : RefPtr<Gtk : : B u i l d e r > &b u i l d e r ) :
G l i b : : ObjectBase ( " P r o j e c t " ) ,
S to rageOb jec tBase ( c o b j e c t , b u i l d e r )

{
property_name ( ) . s e t _ v a l u e ( s t d : : move ( name ) ) ;

}

boo l P r o j e c t : : o p e r a t o r==(c on s t P r o j e c t &o t h e r ) c o n s t noexcept
{

r e t u r n s t d : : hash<P r o j e c t >{}(∗ t h i s ) == s t d : : hash<P r o j e c t >{}( o t h e r ) ;
}

s t d : : s t r i n g P r o j e c t : : get_path ( ) c on s t
{

r e t u r n ’ / ’ + property_name ( ) . ge t_va lue ( ) ;
}
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} // namespace o p t i f o l

1.13.5 Project.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the p r o j e c t −l e v e l s t o r a g e o b j e c t
∗ @author O l i v e r Dixon
∗ @date 2025−02−22
∗ @ v e r s i o n Development
∗/

#i f n d e f PROJECT_HPP
#d e f i n e PROJECT_HPP

#i n c l u d e " Sto rageOb jec tBase . hpp "
#i n c l u d e " TreeNode . hpp "

namespace o p t i f o l
{
/∗∗

∗ @ c l a s s P r o j e c t
∗ @ b r i e f The P r o j e c t s t o r a g e forms the top l e v e l o f the O p t i f o l o b j e c t h i e r a r c h y ; i t c o n t a i n s many
∗ subsys t ems .
∗/

c l a s s P r o j e c t : p u b l i c StorageObjectBase ,
p u b l i c TreeNode

{
p u b l i c :

/∗∗
∗ @ b r i e f C rea te a new P r o j e c t w i th the g i v e n name and r e g i s t e r i n the G l i b GType system
∗ @param name The i n i t i a l name o f the P r o j e c t
∗/

e x p l i c i t P r o j e c t ( s t d : : s t r i n g &&name ) ;

/∗∗
∗ @ b r i e f C rea te a new P r o j e c t w i th the g i v e n name and r e g i s t e r i n the G l i b GType system
∗ @param name The i n i t i a l name o f the P r o j e c t
∗ @param c o b j e c t The C cas t −item used by G l i b : : Object
∗ @param b u i l d e r C u r r e n t l y unused b u i l d e r paramete r to p r o v i d e to the G l i b : : Ob ject i n s t a n c e
∗/

P r o j e c t ( s t d : : s t r i n g &&name , BaseObjectType ∗ c o b j e c t , co n s t G l i b : : RefPtr<Gtk : : B u i l d e r > &b u i l d e r ) ;

/∗∗
∗ @ b r i e f Tes t s a c o u p l e o f p r o j e c t s f o r e q u a l i t y
∗ @param o t h e r The o t h e r p r o j e c t
∗ @re tu rn I s the c u r r e n t p r o j e c t the same as the o t h e r p r o j e c t ?
∗ @note This comparator d e t e r m i n e s e q u a l i t y by p r o j e c t metadata .
∗/

boo l o p e r a t o r==(co n s t P r o j e c t &o t h e r ) c o n s t noexcept ;

/∗∗
∗ @ b r i e f Gene ra te a path f o r a root −l e v e l P r o j e c t , prepended wi th an o b l i q u e
∗ @re tu rn The p r o j e c t path p r e f i x
∗/

[ [ n o d i s c a r d ] ] s t d : : s t r i n g get_path ( ) c on s t o v e r r i d e ;
} ;

} // namespace o p t i f o l

#e n d i f

1.13.6 Requirement.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the Requi rement s t o r a g e o b j e c t
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∗ @author O l i v e r Dixon
∗ @date 2025−04−26
∗ @ v e r s i o n Development
∗/

#i n c l u d e " Requi rement . hpp "

#i n c l u d e <gtkmm/ l a b e l . h>
#i n c l u d e <gtkmm/ l i s t i t e m . h>

#i n c l u d e " . . / E x c e p t i o n s / Semant i cExcept i on . hpp "
#i n c l u d e " . . / I n f e r e n c e / E x p r e s s i o n F a c t o r y . hpp "
#i n c l u d e " . . / Logg ing . hpp "
#i n c l u d e " . . / V i s i t o r s / Mutab leTargets / O b s e r v e r s / L a T e X S e r i a l i s a t i o n V i s i t o r . hpp "
#i n c l u d e " . . / V i s i t o r s / Mutab leTargets / O b s e r v e r s / T e x t S e r i a l i s e r V i s i t o r . hpp "

namespace o p t i f o l
{

s t d : : i s t r i n g s t r e a m Requi rement : : l e x e r _ i n p u t _ s t r e a m ;

FOLLexer Requi rement : : l e x e r { Requi rement : : l e x e r_ input_s t r eam , s t d : : c e r r } ;
FOLParser Requi rement : : p a r s e r {&Requi rement : : l e x e r } ;

c on s t l o g 4 c x x : : Logge rPt r Requ i rement : : c o n t r o l _ l o g g e r =
Logg ing : : g e t _ l o g g e r ({ "GUI" , " S t o r a g e C o n t r o l " , " Requ i rement " }) ;

c on s t l o g 4 c x x : : Logge rPt r Requ i rement : : c n f _ l o g g e r = Logg ing : : g e t _ l o g g e r ({ " L o g i c S e r v i c e s " , " CNFNormal i sat ion " }) ;
c on s t l o g 4 c x x : : Logge rPt r Requ i rement : : p a r s e _ l o g g e r = Logg ing : : g e t _ l o g g e r ({ " L o g i c S e r v i c e s " , " Fo rma lPa r s i ng " }) ;
c on s t l o g 4 c x x : : Logge rPt r Requ i rement : : i n t e g r a t i o n _ l o g g e r =

Logg ing : : g e t _ l o g g e r ({ " L o g i c S e r v i c e s " , " S y s t e m I n t e g r a t i o n " }) ;

Requi rement : : Requ i rement ( s t d : : s t r i n g &&name , s t d : : s t r i n g &&statement , s t d : : s t r i n g &&d e s c r i p t i o n ,
c on s t g u i n t p r i o r i t y , G l i b : : RefPtr<Gio : : L i s t S t o r e <T e s t S p e c i f i c a t i o n E n t r y >> &&t e s t s , s t d : : n u l l p t r _ t ) :

G l i b : : ObjectBase ( " Requi rement " ) ,
s ta tement (∗ t h i s , " Requirement−sta tement " ) ,
no rma l i s ed_s ta t ement (∗ t h i s , " Requirement−n o r m a l i s e d " ) ,
d e s c r i p t i o n (∗ t h i s , " Requirement−d e s c r i p t i o n " ) ,
p r i o r i t y (∗ t h i s , " Requirement−p r i o r i t y " )

{
s e t u p _ p r o p e r t i e s (

s t d : : move ( name ) , s t d : : move ( s ta tement ) , s t d : : move ( d e s c r i p t i o n ) , p r i o r i t y , s t d : : move ( t e s t s ) ) ;
}

Requi rement : : Requ i rement ( s t d : : s t r i n g &&name , s t d : : s t r i n g &&statement , s t d : : s t r i n g &&d e s c r i p t i o n ,
c on s t g u i n t p r i o r i t y , G l i b : : RefPtr<Gio : : L i s t S t o r e <T e s t S p e c i f i c a t i o n E n t r y >> &&t e s t s ,
s t d : : shared_ptr <Symbo lRepos i to ry > s y m b o l _ r e p o s i t o r y ) :

G l i b : : ObjectBase ( " Requi rement " ) ,
s ta tement (∗ t h i s , " Requirement−sta tement " ) ,
no rma l i s ed_s ta t ement (∗ t h i s , " Requirement−n o r m a l i s e d " ) ,
d e s c r i p t i o n (∗ t h i s , " Requirement−d e s c r i p t i o n " ) ,
p r i o r i t y (∗ t h i s , " Requirement−p r i o r i t y " ) ,
s y m b o l _ r e p o s i t o r y ( s t d : : move ( s y m b o l _ r e p o s i t o r y ) )

{
s e t u p _ p r o p e r t i e s (

s t d : : move ( name ) , s t d : : move ( s ta tement ) , s t d : : move ( d e s c r i p t i o n ) , p r i o r i t y , s t d : : move ( t e s t s ) ) ;
}

Requi rement : : Requ i rement ( s t d : : s t r i n g &&name , s t d : : s t r i n g &&statement , s t d : : s t r i n g &&d e s c r i p t i o n ,
c on s t g u i n t p r i o r i t y , G l i b : : RefPtr<Gio : : L i s t S t o r e <T e s t S p e c i f i c a t i o n E n t r y >> &&t e s t s ,
BaseObjectType ∗ c o b j e c t , co n s t G l i b : : RefPtr<Gtk : : B u i l d e r > &b u i l d e r ,
s t d : : shared_ptr <Symbo lRepos i to ry > s y m b o l _ r e p o s i t o r y ) :

G l i b : : ObjectBase ( " Requi rement " ) ,
S to rageOb jec tBase ( c o b j e c t , b u i l d e r ) ,
s ta tement (∗ t h i s , " Requirement−sta tement " ) ,
no rma l i s ed_s ta t ement (∗ t h i s , " Requirement−n o r m a l i s e d " ) ,
d e s c r i p t i o n (∗ t h i s , " Requirement−d e s c r i p t i o n " ) ,
p r i o r i t y (∗ t h i s , " Requirement−p r i o r i t y " ) ,
s y m b o l _ r e p o s i t o r y ( s t d : : move ( s y m b o l _ r e p o s i t o r y ) )

{
s e t u p _ p r o p e r t i e s (

s t d : : move ( name ) , s t d : : move ( s ta tement ) , s t d : : move ( d e s c r i p t i o n ) , p r i o r i t y , s t d : : move ( t e s t s ) ) ;
}

G l i b : : RefPtr<Gtk : : TreeL i s tMode l > Requi rement : : g e t _ t e s t s _ t r e e ( ) c o n s t noexcept
{

r e t u r n t e s t s _ t r e e ;
}

G l i b : : RefPtr<Gtk : : TreeL i s tMode l > Requi rement : : g e t _ r e s u l t s _ t r e e ( ) c o n s t noexcept
{
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r e t u r n t e s t s _ t r e e ;
}

boo l Requi rement : : o p e r a t o r==(c o n s t Requi rement &o t h e r ) c o n s t noexcept
{

r e t u r n hash ( ) == o t h e r . hash ( ) ;
}

G l i b : : Proper tyProxy <G l i b : : u s t r i n g > Requi rement : : p rope r t y_s ta t ement ( )
{

r e t u r n s ta tement . get_proxy ( ) ;
}

G l i b : : Proper tyProxy <G l i b : : u s t r i n g > Requi rement : : p r o p e r t y _ d e s c r i p t i o n ( )
{

r e t u r n d e s c r i p t i o n . get_proxy ( ) ;
}

G l i b : : Proper tyProxy <gu in t > Requi rement : : p r o p e r t y _ p r i o r i t y ( )
{

r e t u r n p r i o r i t y . get_proxy ( ) ;
}

G l i b : : Proper tyProxy <G l i b : : u s t r i n g > Requi rement : : p r o p e r t y _ n o r m a l i s e d ( )
{

r e t u r n no rma l i s ed_s ta t ement . get_proxy ( ) ;
}

c on s t Gio : : L i s t S t o r e <Test> ∗ Requi rement : : o b s e r v e _ t e s t s ( ) c o n s t noexcept
{

r e t u r n t e s t s . ge t ( ) ;
}

G l i b : : RefPtr<Gio : : L i s t S t o r e <Test>> Requi rement : : g e t _ t e s t s ( ) c on s t noexcept
{

r e t u r n t e s t s ;
}

G l i b : : RefPtr<Gio : : L i s t S t o r e <T e s t S p e c i f i c a t i o n E n t r y >> Requi rement : : g e t _ t e s t _ s p e c s ( ) c o n s t noexcept
{

r e t u r n t e s t _ s p e c s ;
}

G l i b : : PropertyProxy_ReadOnly<G l i b : : u s t r i n g > Requi rement : : p rope r t y_s ta t ement ( ) c o n s t
{

r e t u r n s ta tement . get_proxy ( ) ;
}

G l i b : : PropertyProxy_ReadOnly<G l i b : : u s t r i n g > Requi rement : : p r o p e r t y _ d e s c r i p t i o n ( ) c o n s t
{

r e t u r n d e s c r i p t i o n . get_proxy ( ) ;
}

G l i b : : PropertyProxy_ReadOnly<gu in t > Requi rement : : p r o p e r t y _ p r i o r i t y ( ) co n s t
{

r e t u r n p r i o r i t y . get_proxy ( ) ;
}

G l i b : : PropertyProxy_ReadOnly<G l i b : : u s t r i n g > Requi rement : : p r o p e r t y _ n o r m a l i s e d ( ) c o n s t
{

r e t u r n no rma l i s ed_s ta t ement . get_proxy ( ) ;
}

s t d : : s t r i n g Requi rement : : ge t_fo rmatted_statement ( ) c on s t
{

r e t u r n fo rmat ted_ input_s ta tement ;
}

s t d : : s t r i n g _ v i e w Requi rement : : o b s e r v e _ l a t e x _ s t a t e m e n t ( ) c o n s t noexcept
{

r e t u r n l a t e x _ i n p u t _ s t a t e m e n t ;
}

boo l Requi rement : : i s _ a n a l y s i s _ r e a d y ( ) c on s t noexcept
{

r e t u r n p r epa r ed_as t != n u l l p t r ;
}

boo l Requi rement : : h a s _ t e s t s ( ) c on s t noexcept
{

r e t u r n t e s t s −>get_n_items ( ) > 0 ;
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}

v o i d Requi rement : : b ind_name_to_label ( c o n s t G l i b : : RefPtr<Gtk : : L i s t I t e m > &item ) noexcept
{

c on s t auto t a r g e t _ l a b e l = dynamic_cast<Gtk : : Labe l ∗>( item−>g e t _ c h i l d ( ) ) ;
c on s t auto typed_group = dynamic_cast<c on s t Requi rement ∗>( item−>get_item ( ) . ge t ( ) ) ;
i f ( t a r g e t _ l a b e l == n u l l p t r | | typed_group == n u l l p t r )

r e t u r n ;

t a r g e t _ l a b e l −>s e t _ t e x t ( typed_group−>property_name ( ) . ge t_va lue ( ) ) ;
}

c on s t SentenceRoot &Requi rement : : ob s e r v e_p repa r ed_sen t ence ( ) co n s t
{

i f ( ! i s _ a n a l y s i s _ r e a d y ( ) )
throw s t d : : r u n t i m e _ e r r o r ( "The Requi rement i s not r eady f o r FOL a n a l y s i s . " ) ;

r e t u r n ∗ p r epa r ed_as t ;
}

v o i d Requi rement : : s e t u p _ p r o p e r t i e s ( s t d : : s t r i n g &&requirement_name , s t d : : s t r i n g &&requ i r ement_sta tement ,
s t d : : s t r i n g &&r e q u i r e m e n t _ d e s c r i p t i o n , c on s t g u i n t r e q u i r e m e n t _ p r i o r i t y ,
G l i b : : RefPtr<Gio : : L i s t S t o r e <T e s t S p e c i f i c a t i o n E n t r y >> &&r e q u i r e m e n t _ t e s t s )

{
p rope r t y_s ta t ement ( ) . s i gna l_changed ( ) . connect (

s i g c : : mem_fun(∗ t h i s , &Requi rement : : hand le_statement_change ) ) ;

property_name ( ) . s e t _ v a l u e ( s t d : : move ( requirement_name ) ) ;
p rope r t y_s ta t ement ( ) . s e t _ v a l u e ( s t d : : move ( r equ i r ement_s ta t ement ) ) ;
p r o p e r t y _ d e s c r i p t i o n ( ) . s e t _ v a l u e ( s t d : : move ( r e q u i r e m e n t _ d e s c r i p t i o n ) ) ;
p r o p e r t y _ p r i o r i t y ( ) . s e t _ v a l u e ( r e q u i r e m e n t _ p r i o r i t y ) ;
t e s t _ s p e c s = s t d : : move ( r e q u i r e m e n t _ t e s t s ) ;

t e s t _ s p e c s −>s igna l_ i t ems_changed ( ) . connect ( s i g c : : mem_fun(∗ t h i s , &Requi rement : : hand le_tes t_spec_change ) ) ;
hand le_tes t_spec_change (0 , 0 , t e s t _ s p e c s −>get_n_items ( ) ) ; // On f i r s t setup , a l l i t ems a r e new .

}

v o i d Requi rement : : hand le_statement_change ( )
{

// I f the s ta tement has changed , pas s i t th rough the p a r s e r and n o r m a l i s e r .
c on s t auto &typed_statement = prope r t y_s ta t ement ( ) . ge t_va lue ( ) ;

i f ( typed_statement . empty ( ) == t r u e ) {
o r i g i n a l _ a s t . r e s e t ( ) ;
f o rmat ted_ input_s ta tement . c l e a r ( ) ;
l a t e x _ i n p u t _ s t a t e m e n t . c l e a r ( ) ;
p r epa r ed_as t . r e s e t ( ) ;

c o n t r o l _ l o g g e r −>debug (
"Removed FOL sta tement from r e q u i r e m e n t \" " + property_name ( ) . ge t_va lue ( ) + " \ " . " ) ;

r e t u r n ;
}

l e x e r _ i n p u t _ s t r e a m . s t r ( typed_statement ) ;

t r y {
p a r s e r . p a r s e ( ) ;

} ca tch ( co n s t P a r s e E r r o r &p a r s e _ e r r o r ) {
pa r s e_ logge r −>e r r o r ( p a r s e _ e r r o r . what ( ) ) ;
r e t u r n ;

}

o r i g i n a l _ a s t = p a r s e r . r e t r i e v e _ s e n t e n c e ( ) ;
f o rmat ted_ input_s ta tement = t e x t _ s e r i a l i s e ( o r i g i n a l _ a s t . ge t ( ) ) ;
l a t e x _ i n p u t _ s t a t e m e n t = l a t e x _ s e r i a l i s e ( o r i g i n a l _ a s t . ge t ( ) ) ;

t r y {
// Perform CNF n o r m a l i s a t i o n f o l l o w e d by p o p u l a t i o n o f the symbol r e p o s i t o r y
p r epa r ed_as t = E x p r e s s i o n F a c t o r y : : b u i l d _ s e n t e n c e ( o r i g i n a l _ a s t −>c lone_as_root ( ) , s y m b o l _ r e p o s i t o r y ) ;

} ca tch ( co n s t Semant i cExcep t i on &) {
cn f_ logge r −>e r r o r ( " P r e p a r a t i o n p r o c e s s was u n s u c c e s s f u l due to i n v a l i d l o g i c a l s e m a n t i c s ; "

" r e q u i r e m e n t s w i l l be m i s s i n g . " ) ;
r e t u r n ;

}

s t d : : o s t r i n g s t r e a m s e r i a l i s e r _ s t r e a m ;
prepared_ast −>s e r i a l i s e ( s e r i a l i s e r _ s t r e a m ) ;
p r o p e r t y _ n o r m a l i s e d ( ) . s e t _ v a l u e ( s e r i a l i s e r _ s t r e a m . s t r ( ) ) ;

c o n t r o l _ l o g g e r −>debug (
" S u c c e s s f u l l y updated FOL sta tement f o r r e q u i r e m e n t \" " + property_name ( ) . ge t_va lue ( ) + " \ " . " ) ;
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}

v o i d Requi rement : : hand le_tes t_spec_change (
c on s t g u i n t p o s i t i o n , c o n s t g u i n t removed_count , c on s t g u i n t added_count ) c o n s t

{
s t d : : v e c to r <G l i b : : RefPtr<Test>> new_tests ;
new_tests . r e s e r v e ( added_count ) ;

f o r ( g u i n t spec_ index = p o s i t i o n ; spec_ index < added_count ; ++spec_ index ) {
c on s t auto &spec = t e s t _ s p e c s −>get_item ( spec_ index ) ;
i f ( spec == n u l l p t r | | spec−>p r o p e r t y _ e x e c u t a b l e ( ) . ge t_va lue ( ) == n u l l p t r )

c o n t r o l _ l o g g e r −>warn (
" I g n o r i n g i n v a l i d t e s t s p e c i f i c a t i o n at i n d e x " + s t d : : t o _ s t r i n g ( spec_ index ) ) ;

e l s e
new_tests . push_back ( G l i b : : m a k e _ r e f p t r _ f o r _ i n s t a n c e ( new Test ( spec ) ) ) ;

}

t e s t s −>s p l i c e ( p o s i t i o n , removed_count , new_tests ) ;
}

s t d : : s t r i n g Requi rement : : t e x t _ s e r i a l i s e ( c o n s t IMutab l eSentence ∗ s e n t e n c e )
{

T e x t S e r i a l i s e r V i s i t o r t e x t _ s e r i a l i s e r _ v i s i t o r ;
s en tence −>accep t ( t e x t _ s e r i a l i s e r _ v i s i t o r ) ;
r e t u r n t e x t _ s e r i a l i s e r _ v i s i t o r . e x t r a c t ( ) ;

}

s t d : : s t r i n g Requi rement : : l a t e x _ s e r i a l i s e ( c o n s t IMutab l eSen tence ∗ s e n t e n c e )
{

L a T e X S e r i a l i s a t i o n V i s i t o r l a t e x _ s e r i a l i s a t i o n _ v i s i t o r ;
s en tence −>accep t ( l a t e x _ s e r i a l i s a t i o n _ v i s i t o r ) ;
r e t u r n l a t e x _ s e r i a l i s a t i o n _ v i s i t o r . e x t r a c t ( ) ;

}

} // namespace o p t i f o l

1.13.7 Requirement.hpp

/∗
∗ C o p y r i g h t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the Requi rement s t o r a g e o b j e c t
∗ @author O l i v e r Dixon
∗ @date 2025−04−26
∗ @ v e r s i o n Development
∗/

#i f n d e f REQUIREMENT_HPP
#d e f i n e REQUIREMENT_HPP

#i n c l u d e <gtkmm/ t r e e l i s t m o d e l . h>
#i n c l u d e <l o g 4 c x x / l o g g e r . h>

#i n c l u d e " . . / IR / Mutab l eVa r i an t s / Sen tence s / IMutab l eSentence . hpp "
#i n c l u d e " . . / IR / Sentence s / SentenceRoot . hpp "
#i n c l u d e " . . / IR / Symbo lRepos i to ry . hpp "
#i n c l u d e " . . / U s e r T e s t i n g / M o d e l l i n g / Test . hpp "
#i n c l u d e " . . / V i s i t o r s / Mutab leTargets / R e p o s i t o r y B u i l d i n g V i s i t o r . hpp "
#i n c l u d e " FOLLexer . hpp "
#i n c l u d e " Sto rageOb jec tBase . hpp "

namespace Gtk
{

c l a s s L i s t I t e m ;
c l a s s Labe l ;

} // namespace Gtk

namespace o p t i f o l
{

/∗∗
∗ @ c l a s s Requi rement
∗ @ b r i e f The Requi rement s t o r a g e o b j e c t i s the atomic u n i t o f measure i n O p t i f o l . I t b e l o n g s to a s i n g l e
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∗ Subsystem .
∗/

c l a s s Requi rement : p u b l i c StorageObjec tBase ,
p u b l i c ITestModelNode

{
p u b l i c :

/∗∗
∗ @ b r i e f C rea te a new Requi rement wi th the g i v e n name and r e g i s t e r i n the G l i b GType system ,
∗ but no a c t i v e Symbo lRepos i to ry .
∗ @param name The i n i t i a l name o f the Requi rement
∗ @param sta tement The i n i t i a l FOL sta tement o f the Requi rement
∗ @param d e s c r i p t i o n The i n i t i a l long−form d e s c r i p t i o n o f the Requi rement
∗ @param p r i o r i t y The i n i t i a l p r i o r i t y o f the Requi rement
∗ @param t e s t s The i n i t i a l s e t o f T e s t S p e c i f i c a t i o n E n t r y o b j e c t s to t emp la t e Test o b j e c t s .
∗ @param s y m b o l _ r e p o s i t o r y A n u l l p o i n t e r to e x p l i c i t l y s i g n i f y the l a c k i n g Symbo lRepos i to ry
∗ @warning As no system−wide symbol r e p o s i t o r y has been p rov ided , t h i s Requi rement w i l l not s u p p l y i t s
∗ symbol s to the w ide r system . L o g i c a l a n a l y s i s w i l l p roduce unexpected r e s u l t s .
∗/

e x p l i c i t Requ i rement ( s t d : : s t r i n g &&name , s t d : : s t r i n g &&statement , s t d : : s t r i n g &&d e s c r i p t i o n ,
g u i n t p r i o r i t y , G l i b : : RefPtr<Gio : : L i s t S t o r e <T e s t S p e c i f i c a t i o n E n t r y >> &&t e s t s ,
s t d : : n u l l p t r _ t s y m b o l _ r e p o s i t o r y ) ;

/∗∗
∗ @ b r i e f C rea te a new Requi rement wi th the g i v e n name and r e g i s t e r i n the G l i b GType system
∗ @param name The i n i t i a l name o f the Requi rement
∗ @param sta tement The i n i t i a l FOL sta tement o f the Requi rement
∗ @param d e s c r i p t i o n The i n i t i a l long−form d e s c r i p t i o n o f the Requi rement
∗ @param p r i o r i t y The i n i t i a l p r i o r i t y o f the Requi rement
∗ @param t e s t s The i n i t i a l s e t o f T e s t S p e c i f i c a t i o n E n t r y o b j e c t s to t emp la t e Test o b j e c t s .
∗ @param s y m b o l _ r e p o s i t o r y The system−wide symbol r e p o s i t o r y w i th l i f e t i m e s gua ran teed to c o v e r t h a t o f
∗ the Requi rement
∗/

e x p l i c i t Requi rement ( s t d : : s t r i n g &&name , s t d : : s t r i n g &&statement , s t d : : s t r i n g &&d e s c r i p t i o n ,
g u i n t p r i o r i t y , G l i b : : RefPtr<Gio : : L i s t S t o r e <T e s t S p e c i f i c a t i o n E n t r y >> &&t e s t s ,
s t d : : shared_ptr <Symbo lRepos i to ry > s y m b o l _ r e p o s i t o r y ) ;

/∗∗
∗ @ b r i e f C rea te a new Requi rement wi th the g i v e n name and r e g i s t e r i n the G l i b GType system
∗ @param name The i n i t i a l name o f the Subsystem
∗ @param sta tement The i n i t i a l FOL sta tement o f the Requi rement
∗ @param d e s c r i p t i o n The i n i t i a l long−form d e s c r i p t i o n o f the Requi rement
∗ @param p r i o r i t y The i n i t i a l p r i o r i t y o f the Requi rement
∗ @param t e s t s The i n i t i a l s e t o f T e s t S p e c i f i c a t i o n E n t r y o b j e c t s to t emp la t e Test o b j e c t s .
∗ @param c o b j e c t The C cas t −item used by G l i b : : Object
∗ @param b u i l d e r C u r r e n t l y unused b u i l d e r paramete r to p r o v i d e to the G l i b : : Ob ject i n s t a n c e
∗ @param s y m b o l _ r e p o s i t o r y The system−wide symbol r e p o s i t o r y w i th l i f e t i m e s gua ran teed to c o v e r t h a t o f
∗ the Requi rement
∗/

Requi rement ( s t d : : s t r i n g &&name , s t d : : s t r i n g &&statement , s t d : : s t r i n g &&d e s c r i p t i o n , g u i n t p r i o r i t y ,
G l i b : : RefPtr<Gio : : L i s t S t o r e <T e s t S p e c i f i c a t i o n E n t r y >> &&t e s t s , BaseObjectType ∗ c o b j e c t ,
c on s t G l i b : : RefPtr<Gtk : : B u i l d e r > &b u i l d e r , s t d : : shared_pt r <Symbo lRepos i to ry > s y m b o l _ r e p o s i t o r y ) ;

[ [ n o d i s c a r d ] ] G l i b : : RefPtr<Gtk : : TreeL i s tMode l > g e t _ t e s t s _ t r e e ( ) co n s t noexcept o v e r r i d e ;

[ [ n o d i s c a r d ] ] G l i b : : RefPtr<Gtk : : TreeL i s tMode l > g e t _ r e s u l t s _ t r e e ( ) c o n s t noexcept o v e r r i d e ;

/∗∗
∗ @ b r i e f Compare two Requi rement o b j e c t s f o r s emant i c e q u a l i t y
∗ @param o t h e r The Requi rement w i th which to compare .
∗ @re tu rn I s the c u r r e n t Requi rement e q u i v a l e n t to the g i v e n o t h e r Requi rement ?
∗/

boo l o p e r a t o r==(co n s t Requi rement &o t h e r ) c o n s t noexcept ;

/∗∗
∗ @ b r i e f Get a read−w r i t e proxy f o r the ’ s ta tement ’ p r o p e r t y
∗ @re tu rn The read−w r i t e ’ s ta tement ’ p roxy
∗/

[ [ n o d i s c a r d ] ] G l i b : : Proper tyProxy <G l i b : : u s t r i n g > prope r t y_s ta t ement ( ) ;

/∗∗
∗ @ b r i e f Get a read−w r i t e proxy f o r the ’ d e s c r i p t i o n ’ p r o p e r t y
∗ @re tu rn The read−w r i t e ’ d e s c r i p t i o n ’ p roxy
∗/

[ [ n o d i s c a r d ] ] G l i b : : Proper tyProxy <G l i b : : u s t r i n g > p r o p e r t y _ d e s c r i p t i o n ( ) ;

/∗∗
∗ @ b r i e f Get a read−w r i t e proxy f o r the ’ p r i o r i t y ’ p r o p e r t y
∗ @re tu rn The read−w r i t e ’ p r i o r i t y ’ p roxy
∗/

[ [ n o d i s c a r d ] ] G l i b : : Proper tyProxy <gu in t > p r o p e r t y _ p r i o r i t y ( ) ;
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/∗∗
∗ @ b r i e f Get a read−w r i t e proxy f o r the ’ n o r m a l i s e d s ta tement ’ p r o p e r t y
∗ @re tu rn The read−w r i t e ’ n o r m a l i s e d s ta tement ’ p roxy
∗/

[ [ n o d i s c a r d ] ] G l i b : : Proper tyProxy <G l i b : : u s t r i n g > p r o p e r t y _ n o r m a l i s e d ( ) ;

[ [ n o d i s c a r d ] ] c o n s t Gio : : L i s t S t o r e <Test> ∗ o b s e r v e _ t e s t s ( ) co n s t noexcept ;

[ [ n o d i s c a r d ] ] G l i b : : RefPtr<Gio : : L i s t S t o r e <Test>> g e t _ t e s t s ( ) c o n s t noexcept ;

[ [ n o d i s c a r d ] ] G l i b : : RefPtr<Gio : : L i s t S t o r e <T e s t S p e c i f i c a t i o n E n t r y >> g e t _ t e s t _ s p e c s ( ) c o n s t noexcept ;

/∗∗
∗ @ b r i e f Get a read−o n l y proxy f o r the ’ s ta tement ’ p r o p e r t y
∗ @re tu rn The read−o n l y ’ s ta tement ’ p roxy
∗/

[ [ n o d i s c a r d ] ] G l i b : : PropertyProxy_ReadOnly<G l i b : : u s t r i n g > prop e r t y_s ta t ement ( ) c o n s t ;

/∗∗
∗ @ b r i e f Get a read−o n l y proxy f o r the ’ d e s c r i p t i o n ’ p r o p e r t y
∗ @re tu rn The read−o n l y ’ d e s c r i p t i o n ’ p roxy
∗/

[ [ n o d i s c a r d ] ] G l i b : : PropertyProxy_ReadOnly<G l i b : : u s t r i n g > p r o p e r t y _ d e s c r i p t i o n ( ) co n s t ;

/∗∗
∗ @ b r i e f Get a read−o n l y proxy f o r the ’ p r i o r i t y ’ p r o p e r t y
∗ @re tu rn The read−o n l y ’ p r i o r i t y ’ p roxy
∗/

[ [ n o d i s c a r d ] ] G l i b : : PropertyProxy_ReadOnly<gu in t > p r o p e r t y _ p r i o r i t y ( ) c on s t ;

/∗∗
∗ @ b r i e f Get a read−o n l y proxy f o r the ’ n o r m a l i s e d s ta tement ’ p r o p e r t y
∗ @re tu rn The read−o n l y ’ n o r m a l i s e d s ta tement ’ p roxy
∗/

[ [ n o d i s c a r d ] ] G l i b : : PropertyProxy_ReadOnly<G l i b : : u s t r i n g > p r o p e r t y _ n o r m a l i s e d ( ) c o n s t ;

[ [ n o d i s c a r d ] ] s t d : : s t r i n g get_fo rmatted_statement ( ) c o n s t ;

[ [ n o d i s c a r d ] ] s t d : : s t r i n g _ v i e w o b s e r v e _ l a t e x _ s t a t e m e n t ( ) c o n s t noexcept ;

/∗∗
∗ @ b r i e f Dete rmines the s u i t a b i l i t y o f the Requi rement f o r p a r t i c i p a t i o n i n f o r m a l a n a l y s i s .
∗ @re tu rn Does the Requi rement have a p r e p a r e d and n o r m a l i s e d s ta tement AST?
∗/

[ [ n o d i s c a r d ] ] boo l i s _ a n a l y s i s _ r e a d y ( ) c o n s t noexcept ;

/∗∗
∗ @ b r i e f Dete rmines whether the Requi rement has at l e a s t one a s s o c i a t e d Test . Th i s i s commonly u s e f u l f o r
∗ d e t e r m i n i n g i t s s u i t a b i l i t y to be added to a TestGroup .
∗ @re tu rn Does the Requi rement have at l e a s t one Test ?
∗/

[ [ n o d i s c a r d ] ] boo l h a s _ t e s t s ( ) c o n s t noexcept ;

s t a t i c v o i d bind_name_to_labe l ( c on s t G l i b : : RefPtr<Gtk : : L i s t I t e m > &item ) noexcept ;

c on s t SentenceRoot &obse r v e_p repa r ed_sen t ence ( ) c o n s t ;

p r i v a t e :
s t a t i c c o n s t l o g 4 c x x : : Logge rPt r c o n t r o l _ l o g g e r ;
s t a t i c c o n s t l o g 4 c x x : : Logge rPt r p a r s e _ l o g g e r ;
s t a t i c c o n s t l o g 4 c x x : : Logge rPt r c n f _ l o g g e r ;
s t a t i c c o n s t l o g 4 c x x : : Logge rPt r i n t e g r a t i o n _ l o g g e r ;

/∗∗
∗ @ b r i e f He lpe r to push the g i v e n IMutab l eSen tence node through a p l a i n −t e x t s e r i a l i s a t i o n p i p e l i n e
∗ @param s e n t e n c e The s e n t e n c e to s e r i a l i s e
∗ @re tu rn The @re f s t d : : s t r i n g r e p r e s e n t a t i o n o f the p l a i n −t e x t s e r i a l i s e d s e n t e n c e
∗/

s t a t i c s t d : : s t r i n g t e x t _ s e r i a l i s e ( c o n s t IMutab l eSen tence ∗ s e n t e n c e ) ;

/∗∗
∗ @ b r i e f He lpe r to push the g i v e n IMutab l eSen tence node through a LaTeX−t e x t s e r i a l i s a t i o n p i p e l i n e
∗ @param s e n t e n c e The s e n t e n c e to s e r i a l i s e i n t o math−mode LaTeX format
∗ @re tu rn The @re f s t d : s t r i n g r e p r e s e n t a t i o n o f the LaTeX−escaped math−mode s e r i a l i s e d s e n t e n c e
∗/

s t a t i c s t d : : s t r i n g l a t e x _ s e r i a l i s e ( c on s t IMutab l eSentence ∗ s e n t e n c e ) ;

/∗∗
∗ @ b r i e f Popu la te the c o r e Requi rement p r o p e r t i e s w i th the g i v e n i n i t i a l v a l u e s , and s e t up s i g n a l s .
∗ @param requirement_name The i n i t i a l Requi rement name
∗ @param requ i r ement_s ta t ement The i n i t i a l Requi rement s ta tement t e x t
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∗ @param r e q u i r e m e n t _ d e s c r i p t i o n The i n i t i a l Requ i rement d e s c r i p t i o n
∗ @param r e q u i r e m e n t _ p r i o r i t y The i n i t i a l Requ i rement p r i o r i t y s e l e c t i o n
∗ @param r e q u i r e m e n t _ t e s t s The i n i t i a l s e t o f T e s t S p e c i f i c a t i o n E n t r y o b j e c t s to t emp la t e Test o b j e c t s .
∗/

v o i d s e t u p _ p r o p e r t i e s ( s t d : : s t r i n g &&requirement_name , s t d : : s t r i n g &&requ i r ement_sta tement ,
s t d : : s t r i n g &&r e q u i r e m e n t _ d e s c r i p t i o n , g u i n t r e q u i r e m e n t _ p r i o r i t y ,
G l i b : : RefPtr<Gio : : L i s t S t o r e <T e s t S p e c i f i c a t i o n E n t r y >> &&r e q u i r e m e n t _ t e s t s ) ;

/∗∗
∗ @ b r i e f Handle a change i n the Requi rement s ta tement by re−p a r s i n g and updat i ng i n t e r n a l s t a t e where
∗ n e c e s s a r y .
∗/

v o i d hand le_statement_change ( ) ;

v o i d hand le_tes t_spec_change ( g u i n t p o s i t i o n , g u i n t removed_count , g u i n t added_count ) co n s t ;

G l i b : : Proper ty <G l i b : : u s t r i n g > sta tement ;
G l i b : : Proper ty <G l i b : : u s t r i n g > norma l i s ed_s ta t ement ;
G l i b : : Proper ty <G l i b : : u s t r i n g > d e s c r i p t i o n ;
G l i b : : Proper ty <gu in t > p r i o r i t y ;

G l i b : : RefPtr<Gio : : L i s t S t o r e <T e s t S p e c i f i c a t i o n E n t r y >> t e s t _ s p e c s =
Gio : : L i s t S t o r e <T e s t S p e c i f i c a t i o n E n t r y >: : c r e a t e ( ) ;

c on s t G l i b : : RefPtr<Gio : : L i s t S t o r e <Test>> t e s t s = Gio : : L i s t S t o r e <Test >: : c r e a t e ( ) ;
c on s t G l i b : : RefPtr<Gtk : : TreeL i s tMode l > t e s t s _ t r e e =

Gtk : : T reeL i s tMode l : : c r e a t e ( t e s t s , &ITestModelNode : : g e t _ g i v e n _ t e s t s _ t r e e , t r u e ) ;

s t d : : un ique_ptr <MutableSentenceRoot> o r i g i n a l _ a s t ;
s t d : : un ique_ptr <SentenceRoot> prepa r ed_as t ;
s t d : : shared_ptr <Symbo lRepos i to ry > s y m b o l _ r e p o s i t o r y ;

s t d : : s t r i n g fo rmat ted_ input_s ta tement ;
s t d : : s t r i n g l a t e x _ i n p u t _ s t a t e m e n t ;

s t a t i c s t d : : i s t r i n g s t r e a m l e x e r _ i n p u t _ s t r e a m ;
s t a t i c FOLLexer l e x e r ;
s t a t i c FOLParser p a r s e r ;

} ;

} // namespace o p t i f o l

#e n d i f

1.13.8 StorageObjectBase.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the base c l a s s o f a S t o r a b l e Object
∗ @author O l i v e r Dixon
∗ @date 2025−04−26
∗ @ v e r s i o n Development
∗/

#i n c l u d e <glibmm/ b i n d i n g . h>
#i n c l u d e <gtkmm/ l a b e l . h>
#i n c l u d e <gtkmm/ l i s t i t e m . h>
#i n c l u d e <gtkmm/ t r e e e x p a n d e r . h>
#i n c l u d e <gtkmm/ t r e e l i s t m o d e l . h>

#i n c l u d e " Sto rageOb jec tBase . hpp "

namespace o p t i f o l
{

G l i b : : Proper tyProxy <G l i b : : u s t r i n g > Sto rageOb jec tBase : : property_name ( )
{

r e t u r n name . get_proxy ( ) ;
}

G l i b : : Proper tyProxy <Sto rageOb jec tBase : : TimeT> Sto rageOb jec tBase : : p r o p e r t y _ c r e a t i o n _ t i m e ( )
{

r e t u r n c r e a t i o n _ t i m e . get_proxy ( ) ;
}
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G l i b : : Proper tyProxy <Sto rageOb jec tBase : : TimeT> Sto rageOb jec tBase : : p rope r t y_mod i f i ed_t ime ( )
{

r e t u r n mod i f i ed_t ime . get_proxy ( ) ;
}

G l i b : : PropertyProxy_ReadOnly<G l i b : : u s t r i n g > Sto rageOb jec tBase : : property_name ( ) c o n s t
{

r e t u r n name . get_proxy ( ) ;
}

G l i b : : PropertyProxy_ReadOnly<Sto rageOb jec tBase : : TimeT> Sto rageOb jec tBase : : p r o p e r t y _ c r e a t i o n _ t i m e ( ) c o n s t
{

r e t u r n c r e a t i o n _ t i m e . get_proxy ( ) ;
}

G l i b : : PropertyProxy_ReadOnly<Sto rageOb jec tBase : : TimeT> Sto rageOb jec tBase : : p rope r t y_mod i f i ed_t ime ( ) co n s t
{

r e t u r n mod i f i ed_t ime . get_proxy ( ) ;
}

s t d : : s i z e _ t Sto rageOb jec tBase : : hash ( ) c on s t noexcept
{

r e t u r n s t d : : hash<s t d : : s t r i n g >{}( property_name ( ) . ge t_va lue ( ) ) ;
}

v o i d Sto rageOb jec tBase : : bind_name ( co n s t G l i b : : RefPtr<Gtk : : L i s t I t e m > &l i s t _ i t e m )
{

c on s t auto l a b e l = dynamic_cast<Gtk : : Labe l ∗>( l i s t _ i t e m −>g e t _ c h i l d ( ) ) ;
c on s t auto i tem = s t d : : dynamic_po inte r_cas t <StorageObjectBase >( l i s t _ i t e m −>get_item ( ) ) ;

i f ( l a b e l != n u l l p t r && item != n u l l p t r )
G l i b : : B ind ing : : b i n d _ p r o p e r t y (

item−>property_name ( ) , l a b e l −>p r o p e r t y _ l a b e l ( ) , G l i b : : B ind ing : : F l a g s : : SYNC_CREATE) ;
}

v o i d Sto rageOb jec tBase : : b i n d _c r e a t i on _t i me ( c on s t G l i b : : RefPtr<Gtk : : L i s t I t e m > &l i s t _ i t e m )
{

c on s t auto l a b e l = dynamic_cast<Gtk : : Labe l ∗>( l i s t _ i t e m −>g e t _ c h i l d ( ) ) ;
c on s t auto i tem = s t d : : dynamic_po inte r_cas t <StorageObjectBase >( l i s t _ i t e m −>get_item ( ) ) ;

i f ( l a b e l != n u l l p t r && item != n u l l p t r )
G l i b : : B ind ing : : b i n d _ p r o p e r t y ( item−>p r o p e r t y _ c r e a t i o n _ t i m e ( ) , l a b e l −>p r o p e r t y _ l a b e l ( ) ,

G l i b : : B ind ing : : F l a g s : : SYNC_CREATE,
[ ] ( c on s t s t d : : chrono : : sy s tem_c lock : : t ime_po in t &t ime ) { r e t u r n s t d : : fo rmat ( "{:%c}" , t ime ) ; }) ;

}

v o i d Sto rageOb jec tBase : : b i n d _ m o d i f i c a t i o n _ t i m e ( co n s t G l i b : : RefPtr<Gtk : : L i s t I t e m > &l i s t _ i t e m )
{

c on s t auto l a b e l = dynamic_cast<Gtk : : Labe l ∗>( l i s t _ i t e m −>g e t _ c h i l d ( ) ) ;
c on s t auto i tem = s t d : : dynamic_po inte r_cas t <StorageObjectBase >( l i s t _ i t e m −>get_item ( ) ) ;

i f ( l a b e l != n u l l p t r && item != n u l l p t r )
G l i b : : B ind ing : : b i n d _ p r o p e r t y ( item−>prope r t y_mod i f i ed_t ime ( ) , l a b e l −>p r o p e r t y _ l a b e l ( ) ,

G l i b : : B ind ing : : F l a g s : : SYNC_CREATE,
[ ] ( c on s t s t d : : chrono : : sy s tem_c lock : : t ime_po in t &t ime ) { r e t u r n s t d : : fo rmat ( "{:%c}" , t ime ) ; }) ;

}

v o i d Sto rageOb jec tBase : : b ind_name_property_expandable ( c o n s t G l i b : : RefPtr<Gtk : : L i s t I t e m > &l i s t _ i t e m ,
c on s t G l i b : : RefPtr<Gtk : : TreeL i s tMode l > &tree_mode l ) noexcept

{
c on s t auto p o s i t i o n = l i s t _ i t e m −>g e t _ p o s i t i o n ( ) ;
c on s t auto model_item = s t d : : dynamic_po inte r_cas t <StorageObjectBase >( l i s t _ i t e m −>get_item ( ) ) ;
c on s t auto expander = dynamic_cast<Gtk : : TreeExpander ∗>( l i s t _ i t e m −>g e t _ c h i l d ( ) ) ;

i f ( p o s i t i o n == GTK_INVALID_LIST_POSITION | | model_item == n u l l p t r | | expander == n u l l p t r )
r e t u r n ;

c on s t auto gui_row = tree_model−>get_row ( p o s i t i o n ) ;
i f ( ! gui_row )

r e t u r n ;

expander−>s e t _ l i s t _ r o w ( gui_row ) ;

c on s t auto l a b e l = dynamic_cast<Gtk : : Labe l ∗>( expander−>g e t _ c h i l d ( ) ) ;
i f ( ! l a b e l )

r e t u r n ;

G l i b : : B ind ing : : b i n d _ p r o p e r t y (
model_item−>property_name ( ) , l a b e l −>p r o p e r t y _ l a b e l ( ) , G l i b : : B ind ing : : F l a g s : : SYNC_CREATE) ;

}
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Sto rageOb jec tBase : : S to rageOb jec tBase ( ) :
G l i b : : ObjectBase ( " Sto rageOb jec tBase " ) ,
name (∗ t h i s , " StorageObjectBase −name" ) ,
c r e a t i o n _ t i m e (∗ t h i s , " StorageObjectBase −c r e a t i o n −t ime " , s t d : : chrono : : sy s tem_c lock : : now ( ) ) ,
mod i f i ed_t ime (∗ t h i s , " StorageObjectBase −mod i f i ed −t ime " , s t d : : chrono : : sy s tem_c lock : : now ( ) )

{
}

Sto rageOb jec tBase : : S to rageOb jec tBase ( BaseObjectType ∗ c o b j e c t , co n s t G l i b : : RefPtr<Gtk : : B u i l d e r > &) :
G l i b : : ObjectBase ( " Sto rageOb jec tBase " ) ,
G l i b : : Ob ject ( c o b j e c t ) ,
name (∗ t h i s , " StorageObjectBase −name" ) ,
c r e a t i o n _ t i m e (∗ t h i s , " StorageObjectBase −c r e a t i o n −t ime " , s t d : : chrono : : sy s tem_c lock : : now ( ) ) ,
mod i f i ed_t ime (∗ t h i s , " StorageObjectBase −mod i f i ed −t ime " , s t d : : chrono : : sy s tem_c lock : : now ( ) )

{
}

} // namespace o p t i f o l

1.13.9 StorageObjectBase.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the base c l a s s o f a S t o r a b l e Object
∗ @author O l i v e r Dixon
∗ @date 2025−02−22
∗ @ v e r s i o n Development
∗/

#i f n d e f STORAGEOBJECTBASE_HPP
#d e f i n e STORAGEOBJECTBASE_HPP

#i n c l u d e <chrono>
#i n c l u d e <glibmm/ o b j e c t . h>
#i n c l u d e <glibmm/ p r o p e r t y . h>

#i n c l u d e " . . / I H a s h a b l e . hpp "

namespace Gtk
{

c l a s s TreeL i s tMode l ;
c l a s s L i s t I t e m ;
c l a s s Labe l ;
c l a s s B u i l d e r ;

} // namespace Gtk

namespace o p t i f o l
{

/∗∗
∗ @ c l a s s S to rageOb jec tBase
∗ @ b r i e f D e f i n e s the base c l a s s f o r a G l ib −r e g i s t e r e d s t o r a b l e o b j e c t i n the O p t i f o l s t o r a g e h i e r a r c h y
∗/

c l a s s S to rageOb jec tBase : p u b l i c G l i b : : Object ,
p u b l i c I H a s h a b l e

{
p u b l i c :

/∗∗
∗ @typede f TimeT
∗ @ b r i e f The i n t e r n a l C++ type used to man ipu l a t e t imes on the system c l o c k
∗/

u s i n g TimeT = s t d : : chrono : : sy s tem_c lock : : t ime_po in t ;

[ [ n o d i s c a r d ] ] s t d : : s i z e _ t hash ( ) c o n s t noexcept o v e r r i d e ;

/∗∗
∗ @ b r i e f Get a read−w r i t e proxy f o r the ’ name ’ p r o p e r t y
∗ @re tu rn The read−w r i t e ’ name ’ p roxy
∗/

[ [ n o d i s c a r d ] ] G l i b : : Proper tyProxy <G l i b : : u s t r i n g > property_name ( ) ;

/∗∗
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∗ @ b r i e f Get a read−w r i t e proxy f o r the ’ c r e a t i o n t ime ’ p r o p e r t y
∗ @re tu rn The read−w r i t e ’ c r e a t i o n t ime ’ p roxy
∗/

[ [ n o d i s c a r d ] ] G l i b : : Proper tyProxy <TimeT> p r o p e r t y _ c r e a t i o n _ t i m e ( ) ;

/∗∗
∗ @ b r i e f Get a read−w r i t e proxy f o r the ’ l a s t −m o d i f i e d t ime ’ p r o p e r t y
∗ @re tu rn The read−w r i t e ’ l a s t −m o d i f i e d t ime ’ p roxy
∗/

[ [ n o d i s c a r d ] ] G l i b : : Proper tyProxy <TimeT> prope r t y_mod i f i ed_t ime ( ) ;

/∗∗
∗ @ b r i e f Get a read−o n l y proxy f o r the ’ name ’ p r o p e r t y
∗ @re tu rn The read−o n l y ’ name ’ p roxy
∗/

[ [ n o d i s c a r d ] ] G l i b : : PropertyProxy_ReadOnly<G l i b : : u s t r i n g > property_name ( ) c o n s t ;

/∗∗
∗ @ b r i e f Get a read−o n l y proxy f o r the ’ c r e a t i o n t ime ’ p r o p e r t y
∗ @re tu rn The read−o n l y ’ c r e a t i o n t ime ’ p roxy
∗/

[ [ n o d i s c a r d ] ] G l i b : : PropertyProxy_ReadOnly<TimeT> p r o p e r t y _ c r e a t i o n _ t i m e ( ) c on s t ;

/∗∗
∗ @ b r i e f Get a read−o n l y proxy f o r the ’ l a s t −m o d i f i e d t ime ’ p r o p e r t y
∗ @re tu rn The read−o n l y ’ l a s t −m o d i f i e d t ime ’ p roxy
∗/

[ [ n o d i s c a r d ] ] G l i b : : PropertyProxy_ReadOnly<TimeT> prope r t y_mod i f i ed_t ime ( ) c o n s t ;

/∗∗
∗ @ b r i e f E s t a b l i s h a p rope r t y −synched b i n d i n g between the ’ name ’ p r o p e r t y o f a S t o r a b l e O b j e c t B a s e o b j e c t ,
∗ and a f l a t ( non−expandab l e ) l a b e l i n a Gtk : : L i s t V i e w .
∗ @param l i s t _ i t e m The l i s t i tem p r o v i d e d by the GTK c a l l b a c k i n v o c a t i o n
∗/

s t a t i c v o i d bind_name ( c o ns t G l i b : : RefPtr<Gtk : : L i s t I t e m > &l i s t _ i t e m ) ;

/∗∗
∗ @ b r i e f E s t a b l i s h a p rope r t y −synched b i n d i n g between the ’ c r e a t i o n t ime ’ p r o p e r t y o f a
∗ S t o r a b l e O b j e c t B a s e o b j e c t , and a f l a t ( non−expandab l e ) l a b e l i n a Gtk : : L i s t V i e w by means o f a
∗ l o c a l e −dependent f o r m a t t i n g r o u t i n e .
∗ @param l i s t _ i t e m The l i s t i tem p r o v i d e d by the GTK c a l l b a c k i n v o c a t i o n
∗/

s t a t i c v o i d b i n d_ c r e a t i o n_ t im e ( c o n s t G l i b : : RefPtr<Gtk : : L i s t I t e m > &l i s t _ i t e m ) ;

/∗∗
∗ @ b r i e f E s t a b l i s h a p rope r t y −synched b i n d i n g between the ’ l a s t −m o d i f i e d t ime ’ p r o p e r t y o f a
∗ S to rab l eOb j e c tBase − l i k e o b j e c t , and a f l a t ( non−expandab l e ) l a b e l i n a Gtk : : L i s t V i e w by means o f a
∗ l o c a l e −dependent f o r m a t t i n g r o u t i n e .
∗ @param l i s t _ i t e m The l i s t i tem p r o v i d e d by the GTK c a l l b a c k i n v o c a t i o n
∗/

s t a t i c v o i d b i n d _ m o d i f i c a t i o n _ t i m e ( c o n s t G l i b : : RefPtr<Gtk : : L i s t I t e m > &l i s t _ i t e m ) ;

/∗∗
∗ @ b r i e f E s t a b l i s h a p rope r t y −synched b i n d i n g between the ’ name ’ p r o p e r t y o f a S to rab l eOb j e c tBase −l i k e
∗ o b j e c t , and a t r e e −expandab l e l a b e l i n a Gtk : : L i s t V i e w wi th n e s t e d expande r s .
∗ @param l i s t _ i t e m The l i s t i tem p r o v i d e d by the GTK c a l l b a c k i n v o c a t i o n
∗ @param tree_mode l The t r e e model i n which the l i s t i tem e x i s t s , r e q u i r e d to update expander
∗ r e s p o n s i b i l i t y d e l e g a t i o n
∗/

s t a t i c v o i d b ind_name_property_expandable ( c on s t G l i b : : RefPtr<Gtk : : L i s t I t e m > &l i s t _ i t e m ,
c on s t G l i b : : RefPtr<Gtk : : TreeL i s tMode l > &tree_mode l ) noexcept ;

p r o t e c t e d :
/∗∗

∗ @ b r i e f D e r i v e from the common s t o r a g e base wi th the u n i v e r s a l o f GType−r e g i s t e r e d p r o p e r t i e s
∗/

Sto rageOb jec tBase ( ) ;

/∗∗
∗ @ b r i e f D e r i v e from the common s t o r a g e base wi th the u n i v e r s a l o f GType−r e g i s t e r e d p r o p e r t i e s
∗ @param c o b j e c t The C cas t −item used by G l i b : : Object
∗ @param b u i l d e r C u r r e n t l y unused b u i l d e r paramete r to p r o v i d e to the G l i b : : Ob ject i n s t a n c e
∗/

Sto rageOb jec tBase ( BaseObjectType ∗ c o b j e c t , co n s t G l i b : : RefPtr<Gtk : : B u i l d e r > &b u i l d e r ) ;

p r i v a t e :
G l i b : : Proper ty <G l i b : : u s t r i n g > name ;

G l i b : : Proper ty <TimeT> c r e a t i o n _ t i m e ;

G l i b : : Proper ty <TimeT> mod i f i ed_t ime ;
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} ;

// Cur r en t Clang 18 bug r e p o r t s Doxygen v i o l a t i o n s f o r u s e s o f @tparam on temp la ted c on ce p t s .
#pragma c l a n g d i a g n o s t i c push
#pragma c l a n g d i a g n o s t i c i g n o r e d "−Wdocumentation "
/∗∗

∗ @concept Sto rab l eType
∗ @ b r i e f R e p r e s e n t s a type t h a t i s d e c l a r e d to be a pe rmanent l y s t o r a b l e o b j e c t i n the O p t i f o l t ype system
∗ @tparam Type The imp lement ing type o f the s t o r a b l e o b j e c t
∗/

template <typename Type>
concept Sto rab l eType = s t d : : de r ived_f rom <Type , StorageObjectBase >;
#pragma c l a n g d i a g n o s t i c pop

} // namespace o p t i f o l

#e n d i f

1.13.10 Subsystem.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the subsystem−l e v e l s t o r a g e o b j e c t
∗ @author O l i v e r Dixon
∗ @date 2025−02−22
∗ @ v e r s i o n Development
∗/

#i n c l u d e <c a s s e r t >

#i n c l u d e " . . / Logg ing . hpp "
#i n c l u d e " Subsystem . hpp "

namespace o p t i f o l
{

c on s t l o g 4 c x x : : Logge rPt r Subsystem : : subsy s t em_logge r =
Logg ing : : g e t _ l o g g e r ({ "GUI" , " S t o r a g e C o n t r o l " , " Subsystem " }) ;

Subsystem : : Subsystem ( co n s t G l i b : : u s t r i n g &name , TreeNode ∗ p a r e n t ) :
G l i b : : ObjectBase ( " Subsystem " ) ,
TreeNode ( p a r e n t ) ,
ObjectGroup ( s i g c : : mem_fun(∗ t h i s , &Subsystem : : handle_requi rement_mode l_change ) )

{
se tup_groups ( name ) ;

}

Subsystem : : Subsystem ( co n s t G l i b : : u s t r i n g &name , BaseObjectType ∗ c o b j e c t ,
c on s t G l i b : : RefPtr<Gtk : : B u i l d e r > &b u i l d e r , TreeNode ∗ p a r e n t ) :

G l i b : : ObjectBase ( " Subsystem " ) ,
S to rageOb jec tBase ( c o b j e c t , b u i l d e r ) ,
TreeNode ( p a r e n t ) ,
ObjectGroup ( s i g c : : mem_fun(∗ t h i s , &Subsystem : : handle_requi rement_mode l_change ) )

{
se tup_groups ( name ) ;

}

boo l Subsystem : : o p e r a t o r==(co n s t Subsystem &o t h e r ) c on s t noexcept
{

r e t u r n hash ( ) == o t h e r . hash ( ) ;
}

s t d : : s t r i n g Subsystem : : get_path ( ) co n s t
{

c on s t auto hash = s t d : : hash<Subsystem >{}(∗ t h i s ) ;
i f ( hash != f u l l y _ q u a l i f i e d _ p a t h _ c a c h e . f i r s t ) {

f u l l y _ q u a l i f i e d _ p a t h _ c a c h e . f i r s t = hash ;
f u l l y _ q u a l i f i e d _ p a t h _ c a c h e . second = get_parent ( )−>get_path ( ) + ’ / ’ + property_name ( ) . ge t_va lue ( ) ;

}

r e t u r n f u l l y _ q u a l i f i e d _ p a t h _ c a c h e . second ;
}
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v o i d Subsystem : : d u p l i c a t e _ r e q u i r e m e n t ( c on s t Requi rement &r e q u i r e m e n t )
{

b u i l d _ r e q u i r e m e n t ( r e q u i r e m e n t . property_name ( ) . ge t_va lue ( ) , r e q u i r e m e n t . p rop e r t y_s ta t ement ( ) . ge t_va lue ( ) ,
r e q u i r e m e n t . p r o p e r t y _ d e s c r i p t i o n ( ) . ge t_va lue ( ) , r e q u i r e m e n t . p r o p e r t y _ p r i o r i t y ( ) . ge t_va lue ( ) ,
r e q u i r e m e n t . g e t _ t e s t _ s p e c s ( ) ) ;

}

G l i b : : RefPtr<Gio : : L i s t S t o r e <Ana ly s i sGroup >> Subsystem : : g e t _ a n a l y s i s _ g r o u p s ( ) co n s t noexcept
{

r e t u r n a n a l y s i s _ g r o u p s ;
}

G l i b : : RefPtr<Gio : : L i s t S t o r e <TestGroup>> Subsystem : : ge t_te s t_groups ( ) c on s t noexcept
{

r e t u r n t e s t _ g r o u p s ;
}

s t d : : shared_ptr <Symbo lRepos i to ry > Subsystem : : s h a r e _ s y m b o l _ r e p o s i t o r y ( )
{

r e t u r n s y m b o l _ r e p o s i t o r y ;
}

v o i d Subsystem : : se tup_groups ( c o n s t G l i b : : u s t r i n g &name )
{

a s s e r t ( a n a l y s i s _ g r o u p s −>get_n_items ( ) == 0) ;
a s s e r t ( t e s t_groups −>get_n_items ( ) == 0) ;

property_name ( ) . s e t _ v a l u e ( name ) ;

a n a l y s i s _ g r o u p s −>append (
G l i b : : m a k e _ r e f p t r _ f o r _ i n s t a n c e ( new A n a l y s i s G r o u p ( " Unass igned Requ i rements " , s y m b o l _ r e p o s i t o r y ) ) ) ;

t e s t_groups −>append ( G l i b : : m a k e _ r e f p t r _ f o r _ i n s t a n c e ( new TestGroup ( " Unass igned Requ i rements " ) ) ) ;

a s s e r t ( a n a l y s i s _ g r o u p s −>get_n_items ( ) == 1) ;
a s s e r t ( t e s t_groups −>get_n_items ( ) == 1) ;

}

v o i d Subsystem : : handle_requi rement_model_change (
c on s t g u i n t i n i t i a l _ i n d e x , c o n s t g u i n t removed_count , co n s t g u i n t added_count ) noexcept

{
subsys tem_logger −>debug ( " Hand l ing r e q u i r e m e n t s change : " + s t d : : t o _ s t r i n g ( added_count ) +

" a d d i t i o n s and " + s t d : : t o _ s t r i n g ( removed_count ) + " d e l e t i o n s at p o s i t i o n " +
s t d : : t o _ s t r i n g ( i n i t i a l _ i n d e x ) + ’ . ’ ) ;

h a n d l e _ r e q u i r e m e n t _ d e l e t i o n s ( i n i t i a l _ i n d e x , removed_count ) ;
h a n d l e _ r e q u i r e m e n t _ a d d i t i o n s ( i n i t i a l _ i n d e x , added_count ) ;

}

// ReSharper d i s a b l e once CppDFAUnreachab leFunct ionCal l − F a l s e p o s i t i v e . C a l l e d from ’ hand le_ob jec t_change ’ .
v o i d Subsystem : : h a n d l e _ r e q u i r e m e n t _ d e l e t i o n s ( co n s t g u i n t i n i t i a l _ i n d e x , co n s t g u i n t removed_count ) noexcept
{

/∗
∗ F i r s t hand l e removed r e q u i r e m e n t s , making use o f the d e l e t e d r e q u i r e m e n t s r e c o r d s . Not i c e t h a t t h i s
∗ doesn ’ t use the model a t a l l , as the Requ i rements have a l r e a d y been e r a s e d and moved i n t o the d e l e t e d
∗ r e c o r d s map .
∗/

f o r ( g u i n t remove_count_i = 0 ; remove_count_i < removed_count ; ++remove_count_i ) {
t r y {

c on s t auto d e l e t e d _ i t e m = s t e a l _ d e l e t e d _ o b j e c t ( i n i t i a l _ i n d e x + remove_count_i ) ;

// Remove from a n a l y s i s g roups .
i f ( de l e t ed_ i tem −>i s _ a n a l y s i s _ r e a d y ( ) ) {

c on s t auto an a l y s i s_g roup _cou n t = a n a l y s i s _ g r o u p s −>get_n_items ( ) ;

f o r ( g u i n t a n a l y s i s _ g r o u p _ i n d e x = 0 ; a n a l y s i s _ g r o u p _ i n d e x < an a l y s i s_g roup _cou n t ;
++a n a l y s i s _ g r o u p _ i n d e x ) {

c on s t auto &a n a l y s i s _ g r o u p = a n a l y s i s _ g r o u p s −>get_item ( a n a l y s i s _ g r o u p _ i n d e x ) ;
subsys tem_logger −>debug ( " Propaga t ing d e l e t i o n o f \" " +

de l e ted_ i t em −>property_name ( ) . ge t_va lue ( ) + " \" to A n a l y s i s Group \" " +
a n a l y s i s _ g r o u p −>property_name ( ) . ge t_va lue ( ) + " \ " . " ) ;

a n a l y s i s _ g r o u p −>d e l e t e _ o b j e c t ( d e l e t e d _ i t e m ) ;
}

}

// Remove from t e s t g roups .
i f ( de l e t ed_ i tem −>h a s _ t e s t s ( ) ) {

c on s t auto tes t_group_count = tes t_groups −>get_n_items ( ) ;

f o r ( g u i n t t e s t_group_ index = 0 ; t e s t_group_ index < test_group_count ; ++tes t_group_ index ) {
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c on s t auto &te s t_group = tes t_groups −>get_item ( te s t_group_ index ) ;
subsys tem_logger −>debug ( " Propagat ing d e l e t i o n o f \" " +

de l e ted_ i t em −>property_name ( ) . ge t_va lue ( ) + " \" to Test Group \" " +
test_group −>property_name ( ) . ge t_va lue ( ) + " \ " . " ) ;

te s t_group −>d e l e t e _ o b j e c t ( d e l e t e d _ i t e m ) ;
}

}
} ca tch ( co n s t s t d : : r u n t i m e _ e r r o r &e r r o r ) {

subsys tem_logger −>e r r o r ( " Could not p ropagate d e l e t i o n o f Requ i rement p r e v i o u s l y at i n d e x " +
s t d : : t o _ s t r i n g ( i n i t i a l _ i n d e x + remove_count_i ) + " through Subsystem \" " +
property_name ( ) . ge t_va lue ( ) + " \ " . " ) ;

subsys tem_logger −>e r r o r ( e r r o r . what ( ) ) ;
}

}
}

// ReSharper d i s a b l e once CppDFAUnreachab leFunct ionCal l − F a l s e p o s i t i v e . C a l l e d from ’ hand le_ob jec t_change ’ .
v o i d Subsystem : : h a n d l e _ r e q u i r e m e n t _ a d d i t i o n s (

c on s t g u i n t i n i t i a l _ i n d e x , c o n s t g u i n t added_count ) co n s t noexcept
{

c on s t auto d e f a u l t _ a n a l y s i s _ g r o u p = a n a l y s i s _ g r o u p s −>get_item (0) ;
c on s t auto d e f a u l t _ t e s t _ g r o u p = tes t_groups −>get_item (0) ;

i f ( added_count == 1) {
t r y {

c on s t auto c a n d i d a t e = get_ob jec t_by_index ( i n i t i a l _ i n d e x ) ;

// D i s t r i b u t e to d e f a u l t a n a l y s i s group , i f i t has an OK fo rmu la .
i f ( cand ida te −>i s _ a n a l y s i s _ r e a d y ( ) ) {

subsys tem_logger −>debug ( " Propagat ing a d d i t i o n o f \" " +
cand ida te −>property_name ( ) . ge t_va lue ( ) + " \" to d e f a u l t A n a l y s i s Group . " ) ;

d e f a u l t _ a n a l y s i s _ g r o u p −>i n s e r t _ o b j e c t ( c a n d i d a t e ) ;
}

// D i s t r i b u t e to d e f a u l t t e s t group , i f i t has at l e a s t one t e s t .
i f ( cand ida te −>h a s _ t e s t s ( ) ) {

subsys tem_logger −>debug ( " Propagat ing a d d i t i o n o f \" " +
cand ida te −>property_name ( ) . ge t_va lue ( ) + " \" to d e f a u l t Test Group . " ) ;

d e f a u l t _ t e s t _ g r o u p −>i n s e r t _ o b j e c t ( c a n d i d a t e ) ;
}

} ca tch ( co n s t s t d : : r u n t i m e _ e r r o r &e r r o r ) {
subsys tem_logger −>e r r o r ( " Could not p ropagate a d d i t i o n o f Requi rement c l a imed to be at i n d e x " +

s t d : : t o _ s t r i n g ( i n i t i a l _ i n d e x ) + " through Subsystem \" " + property_name ( ) . ge t_va lue ( ) +
" \ " . " ) ;

subsys tem_logger −>e r r o r ( e r r o r . what ( ) ) ;
}

}

e l s e i f ( added_count > 1) {
// As above , but s p e c i a l i s e d f o r m u l t i p l e i n s e r t i o n u s i n g Gtk ’ s s p l i c e c a p a b i l i t y .

t r y {
s t d : : v e c to r <G l i b : : RefPtr<Requirement>> a n a l y s i s _ a d d i t i o n s ;
s t d : : v e c to r <G l i b : : RefPtr<Requirement>> t e s t i n g _ a d d i t i o n s ;

a n a l y s i s _ a d d i t i o n s . r e s e r v e ( added_count ) ;
t e s t i n g _ a d d i t i o n s . r e s e r v e ( added_count ) ;

f o r ( g u i n t a d d e d _ l i s t _ i = i n i t i a l _ i n d e x ; a d d e d _ l i s t _ i < added_count ; ++a d d e d _ l i s t _ i ) {
t r y {

c o ns t auto c a n d i d a t e = get_ob jec t_by_index ( a d d e d _ l i s t _ i + i n i t i a l _ i n d e x ) ;

i f ( cand ida te −>i s _ a n a l y s i s _ r e a d y ( ) ) {
subsys tem_logger −>debug ( " Propagat ing a d d i t i o n o f \" " +

cand ida te −>property_name ( ) . ge t_va lue ( ) + " \" to d e f a u l t A n a l y s i s Group . " ) ;
a n a l y s i s _ a d d i t i o n s . push_back ( c a n d i d a t e ) ;

}

i f ( cand ida te −>h a s _ t e s t s ( ) ) {
subsys tem_logger −>debug ( " Propagat ing a d d i t i o n o f \" " +

cand ida te −>property_name ( ) . ge t_va lue ( ) + " \" to d e f a u l t Test Group . " ) ;
t e s t i n g _ a d d i t i o n s . push_back ( c a n d i d a t e ) ;

}
} ca tch ( co n s t s t d : : r u n t i m e _ e r r o r &e r r o r ) {

subsys tem_logger −>e r r o r (
" Could not p ropagate a d d i t i o n o f Requ i rement c l a imed to be at i n d e x " +
s t d : : t o _ s t r i n g ( i n i t i a l _ i n d e x ) + " through Subsystem \" " +
property_name ( ) . ge t_va lue ( ) + " \ " . " ) ;

subsys tem_logger −>e r r o r ( e r r o r . what ( ) ) ;
}

}
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d e f a u l t _ a n a l y s i s _ g r o u p −>i n s e r t _ o b j e c t ( a n a l y s i s _ a d d i t i o n s ) ;
d e f a u l t _ t e s t _ g r o u p −>i n s e r t _ o b j e c t ( t e s t i n g _ a d d i t i o n s ) ;

} ca tch ( co n s t s t d : : e x c e p t i o n &g l o b a l _ e r r o r ) {
subsys tem_logger −>e r r o r ( " Could not p ropagate any a d d i t i o n s o f " + s t d : : t o _ s t r i n g ( added_count ) +

" from i n d e x " + s t d : : t o _ s t r i n g ( i n i t i a l _ i n d e x ) + " f o r Subsystem " +
property_name ( ) . ge t_va lue ( ) + " \ " . " ) ;

subsys tem_logger −>e r r o r ( g l o b a l _ e r r o r . what ( ) ) ;
}

}
}

} // namespace o p t i f o l

1.13.11 Subsystem.hpp

/∗
∗ C o p y r i g h t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the Subsystem−l e v e l s t o r a g e o b j e c t
∗ @author O l i v e r Dixon
∗ @date 2025−02−22
∗ @ v e r s i o n Development
∗/

#i f n d e f SUBSYSTEM_HPP
#d e f i n e SUBSYSTEM_HPP

#i n c l u d e <giomm/ l i s t s t o r e . h>
#i n c l u d e <gtkmm/ s i n g l e s e l e c t i o n . h>

#i n c l u d e " . . / U s e r T e s t i n g / M o d e l l i n g / TestGroup . hpp "
#i n c l u d e " A n a l y s i s G r o u p . hpp "
#i n c l u d e " Requi rement . hpp "
#i n c l u d e " Sto rageOb jec tBase . hpp "
#i n c l u d e " TreeNode . hpp "

namespace o p t i f o l
{

/∗∗
∗ @ c l a s s Subsystem
∗ @ b r i e f The Subsystem s t o r a g e o b j e c t forms the second l e v e l o f the O p t i f o l o b j e c t h i e r a r c h y ; i t b e l o n g s to a
∗ P r o j e c t , and c o n s i s t s o f many i n d i v i d u a l r e q u i r e m e n t s .
∗ @ d e t a i l s The Subsystem h o l d s a g r e a t amount o f r e s p o n s i b i l i t y . I t i s the s i n g l e −owning r e p o s i t o r y f o r much
∗ o f the s t o r a g e h i e r a r c h y . I n p a r t i c u l a r , i t c r e a t e s and p e r s i s t s the f o l l o w i n g o b j e c t s : <ul >
∗ <l i >Requi rement o b j e c t s i n the f l a t s t r u c t u r e ;</ l i >
∗ <l i >A n a l y s i s G r o u p o b j e c t s ; and</ l i >
∗ <l i >TestGroup o b j e c t s .</ l i >
∗ </ul >
∗ T h e r e f o r e to hand l e changes i n i t s base s e t o f Requi rement o b j e c t s , changes must be propagated to a l l
∗ r e l e v a n t A n a l y s i s G r o u p and TestGroup g roup ing s t r u c t u r e s .
∗/

c l a s s Subsystem : p u b l i c StorageObjectBase ,
p u b l i c TreeNode ,
p u b l i c ObjectGroup<Requirement>

{
p u b l i c :

/∗∗
∗ @ b r i e f C rea te a new Subsystem wi th the g i v e n name and r e g i s t e r i n the G l i b GType system
∗ @param name The i n i t i a l name o f the Subsystem
∗ @param p a r e n t The owning node : t y p i c a l l y a P r o j e c t ( i f root −l e v e l Subsystem ) or Subsystem i f a member
∗ o f a n e s t e d h i e r a r c h y .
∗/

e x p l i c i t Subsystem ( c on s t G l i b : : u s t r i n g &name , TreeNode ∗ p a r e n t ) ;

/∗∗
∗ @ b r i e f C rea te a new Subsystem wi th the g i v e n name and r e g i s t e r i n the G l i b GType system
∗ @param name The i n i t i a l name o f the Subsystem
∗ @param c o b j e c t The C cas t −item used by G l i b : : Object
∗ @param b u i l d e r C u r r e n t l y unused b u i l d e r paramete r to p r o v i d e to the G l i b : : Ob ject i n s t a n c e
∗ @param p a r e n t The owning node : t y p i c a l l y a P r o j e c t ( i f root −l e v e l Subsystem ) or Subsystem i f a member
∗ o f a n e s t e d h i e r a r c h y .
∗/

Subsystem ( co n s t G l i b : : u s t r i n g &name , BaseObjectType ∗ c o b j e c t , co n s t G l i b : : RefPtr<Gtk : : B u i l d e r > &b u i l d e r ,
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TreeNode ∗ p a r e n t ) ;

/∗∗
∗ @ b r i e f Tes t s a c o u p l e o f subsystem f o r e q u a l i t y
∗ @param o t h e r The o t h e r subsystem
∗ @re tu rn I s the c u r r e n t subsystem the same as the o t h e r subsystem ?
∗ @note This comparator d e t e r m i n e s e q u a l i t y by subsystem metadata .
∗/

boo l o p e r a t o r==(c on s t Subsystem &o t h e r ) c on s t noexcept ;

/∗∗
∗ @ b r i e f R e c u r s i v e l y g e n e r a t e a human−r e a d a b l e path o f the Subsystem h i e r a r c h y , d e l i m i t e d wi th o b l i q u e
∗ c h a r a c t e r s
∗ @re tu rn The human−r e a d a b l e path o f the c u r r e n t subsystem wi th a l e a d i n g o b l i q u e
∗/

[ [ n o d i s c a r d ] ] s t d : : s t r i n g get_path ( ) c on s t o v e r r i d e ;

/∗∗
∗ @ b r i e f B u i l d a new Requirement , u s i n g the fo rwarded arguments , w i th the Subsystem Symbo lRepos i to ry
∗ i n s t a n c e . The b u i l t Requi rement i s im m ed i a t e l y appended to the model .
∗ @tparam CtorArgs The t y p e s o f Requi rement c o n s t r u c t o r arguments to forward , as a paramete r pack .
∗ @param a r g s The head argument v a l u e s to fo rwa rd to the Requi rement c o n s t r u c t o r .
∗/

template <typename . . . CtorArgs>
v o i d b u i l d _ r e q u i r e m e n t ( CtorArgs &&.. . a r g s )
{

i n s e r t _ o b j e c t ( G l i b : : m a k e _ r e f p t r _ f o r _ i n s t a n c e (
new Requi rement ( s t d : : fo rward <CtorArgs >( a r g s ) . . . , s y m b o l _ r e p o s i t o r y ) ) ) ;

}

/∗∗
∗ @ b r i e f D u p l i c a t e the g i v e n Requi rement and append to the i n d e x .
∗ @param r e q u i r e m e n t The Requi rement to d u p l i c a t e .
∗ @throws s t d : : r u n t i m e _ e r r o r i f the d u p l i c a t e d Requi rement cou ld not be c r e a t e d .
∗/

v o i d d u p l i c a t e _ r e q u i r e m e n t ( c on s t Requi rement &r e q u i r e m e n t ) ;

G l i b : : RefPtr<Gio : : L i s t S t o r e <Ana ly s i sGroup >> g e t _ a n a l y s i s _ g r o u p s ( ) co n s t noexcept ;

G l i b : : RefPtr<Gio : : L i s t S t o r e <TestGroup>> get_te s t_groups ( ) c on s t noexcept ;

s t d : : shared_ptr <Symbo lRepos i to ry > s h a r e _ s y m b o l _ r e p o s i t o r y ( ) ;

p r i v a t e :
/∗∗

∗ @ b r i e f C o n f i g u r e the Subsystem to a known i n i t i a l s t a t e , i n c l u d i n g the c o n f i g u r a t i o n o f s i g n a l h a n d l e r s
∗ f o r chang ing i n t e r n a l l i s t models , and c o n s t r u c t i o n o f d e f a u l t t e s t and a n a l y s i s g roups .
∗ @param name The i n i t i a l name o f the Subsystem
∗/

v o i d se tup_groups ( c o n s t G l i b : : u s t r i n g &name ) ;

v o i d handle_requi rement_model_change (
g u i n t i n i t i a l _ i n d e x , g u i n t removed_count , g u i n t added_count ) noexcept ;

/∗∗
∗ @ b r i e f Propagate Requi rement model d e l e t i o n s to the a n a l y s i s and t e s t g roups .
∗ @param i n i t i a l _ i n d e x The i n d e x at which the d e l e t i o n s t a r t e d .
∗ @param removed_count The number o f d e l e t i o n s from the i n i t i a l i n d e x .
∗/

v o i d h a n d l e _ r e q u i r e m e n t _ d e l e t i o n s ( g u i n t i n i t i a l _ i n d e x , g u i n t removed_count ) noexcept ;

/∗∗
∗ @ b r i e f Propagate Requi rement model a d d i t i o n s to the a n a l y s i s and t e s t g roups .
∗ @param i n i t i a l _ i n d e x The i n d e x at which the a d d i t i o n s t a r t e d .
∗ @param added_count The number o f a d d i t i o n s from the i n i t i a l i n d e x .
∗/

v o i d h a n d l e _ r e q u i r e m e n t _ a d d i t i o n s ( g u i n t i n i t i a l _ i n d e x , g u i n t added_count ) co n s t noexcept ;

s t a t i c c o n s t l o g 4 c x x : : Logge rPt r subsy s t em_logge r ;

G l i b : : RefPtr<Gio : : L i s t S t o r e <Ana ly s i sGroup >> a n a l y s i s _ g r o u p s = Gio : : L i s t S t o r e <Ana ly s i sGroup >: : c r e a t e ( ) ;
G l i b : : RefPtr<Gio : : L i s t S t o r e <TestGroup>> t e s t _ g r o u p s = Gio : : L i s t S t o r e <TestGroup >: : c r e a t e ( ) ;

s t d : : shared_ptr <Symbo lRepos i to ry > s y m b o l _ r e p o s i t o r y = s t d : : make_shared<Symbo lRepos i to ry >() ;

mutable s t d : : p a i r <s t d : : s i z e _ t , s t d : : s t r i n g > f u l l y _ q u a l i f i e d _ p a t h _ c a c h e ;
} ;

} // namespace o p t i f o l

#e n d i f

211



1.13.12 TreeNode.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the t r e e node a b s t r a c t s t o r a g e o b j e c t
∗ @author O l i v e r Dixon
∗ @date 2025−04−26
∗ @ v e r s i o n Development
∗/

#i n c l u d e " TreeNode . hpp "

#i n c l u d e " Subsystem . hpp "

namespace o p t i f o l
{

TreeNode : : TreeNode ( ) :
c h i l d r e n ( Gio : : L i s t S t o r e <Subsystem >: : c r e a t e ( ) )

{
}

TreeNode : : TreeNode ( TreeNode ∗ c on s t p a r e n t ) :
c h i l d r e n ( Gio : : L i s t S t o r e <Subsystem >: : c r e a t e ( ) ) ,
p a r e n t ( p a r e n t )

{
}

G l i b : : RefPtr<Gio : : L i s t S t o r e <Subsystem>> TreeNode : : g e t _ c h i l d r e n ( )
{

r e t u r n c h i l d r e n ;
}

G l i b : : RefPtr<c on s t Gio : : L i s t S t o r e <Subsystem>> TreeNode : : g e t _ c h i l d r e n ( ) co n s t
{

r e t u r n c h i l d r e n ;
}

v o i d TreeNode : : add ( s t d : : s t r i n g &&name )
{

c h i l d r e n −>append ( G l i b : : m a k e _ r e f p t r _ f o r _ i n s t a n c e ( new Subsystem ( s t d : : move ( name ) , t h i s ) ) ) ;
}

c on s t TreeNode ∗TreeNode : : ge t_parent ( ) co n s t
{

r e t u r n p a r e n t ;
}

TreeNode ∗TreeNode : : ge t_parent ( )
{

r e t u r n p a r e n t ;
}

} // namespace o p t i f o l

1.13.13 TreeNode.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the t r e e node a b s t r a c t s t o r a g e o b j e c t
∗ @author O l i v e r Dixon
∗ @date 2025−04−26
∗ @ v e r s i o n Development
∗/

#i f n d e f TREENODE_HPP
#d e f i n e TREENODE_HPP

#i n c l u d e <chrono>
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#i n c l u d e <giomm/ l i s t s t o r e . h>

namespace o p t i f o l
{

c l a s s Subsystem ;

/∗∗
∗ @ c l a s s TreeNode
∗ @ b r i e f The TreeNode i s an a b s t r a c t s t o r a g e o b j e c t to a i d i n the n e s t i n g o f subsy s t ems to a r b i t r a r y depths .
∗/

c l a s s TreeNode
{
p u b l i c :

/∗∗
∗ @ b r i e f D e s t r u c t the TreeNode
∗/

v i r t u a l ~TreeNode ( ) = d e f a u l t ;

[ [ n o d i s c a r d ] ] G l i b : : RefPtr<Gio : : L i s t S t o r e <Subsystem>> g e t _ c h i l d r e n ( ) ;

[ [ n o d i s c a r d ] ] G l i b : : RefPtr<co n s t Gio : : L i s t S t o r e <Subsystem>> g e t _ c h i l d r e n ( ) c on s t ;

v o i d add ( s t d : : s t r i n g &&name ) ;

[ [ n o d i s c a r d ] ] c o n s t TreeNode ∗ get_parent ( ) c on s t ;

[ [ n o d i s c a r d ] ] TreeNode ∗ get_parent ( ) ;

[ [ n o d i s c a r d ] ] v i r t u a l s t d : : s t r i n g get_path ( ) co n s t = 0 ;

p r o t e c t e d :
/∗∗

∗ @ b r i e f C rea te a new TreeNode w i thout a p a r e n t
∗/

TreeNode ( ) ;

/∗∗
∗ @ b r i e f C rea te a new TreeNode wi th a p a r e n t
∗ @param p a r e n t A weak p o i n t e r to the p a r e n t
∗/

e x p l i c i t TreeNode ( TreeNode ∗ p a r e n t ) ;

p r i v a t e :
G l i b : : RefPtr<Gio : : L i s t S t o r e <Subsystem>> c h i l d r e n ;

TreeNode ∗ c on s t p a r e n t = n u l l p t r ;
} ;

} // namespace o p t i f o l

#e n d i f

1.14 Tests

1.14.1 BidirectionalUnificationTest.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f Test b i d i r e c t i o n a l u n i f i c a t i o n o f FOL s e n t e n c e s and terms
∗ @author O l i v e r Dixon
∗ @date 2025−06−08
∗ @ v e r s i o n Development
∗/

#i n c l u d e <g t e s t / g t e s t . h>

#i n c l u d e " . . / IR / Sentence s / L i t e r a l . hpp "
#i n c l u d e " . . / IR / Symbo lRepos i to ry . hpp "
#i n c l u d e " . . / IR /Terms/ Funct i on . hpp "
#i n c l u d e " . . / IR /Terms/ V a r i a b l e . hpp "
#i n c l u d e " . . / V i s i t o r s / R e g u l a r T a r g e t s / U n i f i c a t i o n / B i d i r e c t i o n a l U n i f i c a t i o n V i s i t o r . hpp "

namespace o p t i f o l
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{

/∗∗
∗ @ c l a s s B i d i r e c t i o n a l U n i f i c a t i o n T e s t
∗ @ b r i e f Tes t s the B i d i r e c t i o n a l U n i f i c a t i o n T e s t to v e r i f y t h a t v a l i d s u b s t i t u t i o n s a r e c o n s t r u c t e d i n the
∗ G e n e r a l i s a t i o n s and I n s t a n c e s to u n i f y p a i r s o f s e n t e n c e s .
∗/

c l a s s B i d i r e c t i o n a l U n i f i c a t i o n T e s t : p u b l i c t e s t i n g : : Test
{
p r o t e c t e d :

s t d : : un ique_ptr <B i d i r e c t i o n a l U n i f i c a t i o n V i s i t o r > u n i f i c a t i o n _ v i s i t o r ;

v o i d SetUp ( ) o v e r r i d e
{

s y m b o l _ r e p o s i t o r y = s t d : : make_shared<Symbo lRepos i to ry >() ;
u n i f i c a t i o n _ v i s i t o r = s t d : : make_unique<B i d i r e c t i o n a l U n i f i c a t i o n V i s i t o r >( s y m b o l _ r e p o s i t o r y ) ;

}

template <typename TermType , c l a s s . . . CtorArgs>
[ [ n o d i s c a r d ] ] c o n s t TermType ∗ r e g i s t e r _ s y m b o l ( CtorArgs &&.. . c t o r _ a r g s ) co n s t
{

r e t u r n s y m b o l _ r e p o s i t o r y −>add_symbol (
s t d : : make_unique<TermType>( s t d : : fo rward <CtorArgs >( c t o r _ a r g s ) . . . ) ) ;

}

p r i v a t e :
s t d : : shared_ptr <Symbo lRepos i to ry > s y m b o l _ r e p o s i t o r y ;

} ;

/∗∗
∗ @ b r i e f Tes t s b a s i c f u n c t i o n a l i t y o f the B i d i r e c t i o n a l U n i f i c a t i o n V i s i t o r f o r a s i n g l e p a i r o f u n i f i a b l e
∗ l i t e r a l s w i th one a p p l i c a b l e Func t i on / V a r i a b l e s u b s t i t u t i o n .
∗ @ d e t a i l s
∗ <ul >
∗ <l i >LHS I n p u t : @f$ P \ l e f t ( C\ l e f t (\ r i g h t ) , x \ r i g h t ) @f$</ l i >
∗ <l i >RHS I n p u t : @f$ P \ l e f t ( C\ l e f t (\ r i g h t ) , D\ l e f t (\ r i g h t ) \ r i g h t ) @f$</ l i >
∗ <l i >Expected s u b s t i t u t i o n s : @f$ \ l e f t \{ x \mapsto D\ l e f t (\ r i g h t ) \ r i g h t \} @f$</ l i >
∗ </ul >
∗ @memberof B i d i r e c t i o n a l U n i f i c a t i o n T e s t
∗/

TEST_F( B i d i r e c t i o n a l U n i f i c a t i o n T e s t , P o s i t i v e _ S i n g l e B i n d i n g _ F u n c V a r )
{

c on s t auto c = r e g i s t e r _ s y m b o l <Funct ion >("C" ) ;
c on s t auto d = r e g i s t e r _ s y m b o l <Funct ion >("D" ) ;
c on s t auto x = r e g i s t e r _ s y m b o l <V a r i a b l e >(" x " ) ;

c on s t auto p1 = r e g i s t e r _ s y m b o l <L i t e r a l >("P" , s t d : : v e c to r <c on s t IProcessedTerm ∗>{c , x }) ;
c on s t auto p2 = r e g i s t e r _ s y m b o l <L i t e r a l >("P" , s t d : : v e c to r <c on s t IProcessedTerm ∗>{c , d }) ;

EXPECT_TRUE( p1−>accep t (∗ u n i f i c a t i o n _ v i s i t o r , ∗p2 ) ) ;

c on s t U n i f i e r expec ted_subs {{{x , d }}} ;
EXPECT_EQ(∗ u n i f i c a t i o n _ v i s i t o r −>o b s e r v e _ s u b s t i t u t i o n s ( ) , expected_subs ) ;

}

/∗∗
∗ @ b r i e f Tes t s b a s i c f u n c t i o n a l i t y o f the B i d i r e c t i o n a l U n i f i c a t i o n V i s i t o r f o r a s i n g l e p a i r o f u n i f i a b l e
∗ l i t e r a l s w i th two a p p l i c a b l e Func t i on / V a r i a b l e s u b s t i t u t i o n s .
∗ @ d e t a i l s
∗ <ul >
∗ <l i >LHS I n p u t : @f$ P \ l e f t ( C\ l e f t (\ r i g h t ) , x \ r i g h t ) @f$</ l i >
∗ <l i >RHS I n p u t : @f$ P \ l e f t ( y , D\ l e f t (\ r i g h t ) \ r i g h t ) @f$</ l i >
∗ <l i >Expected s u b s t i t u t i o n s : @f$ \ l e f t \{ x \mapsto D\ l e f t (\ r i g h t ) , y \mapsto C\ l e f t (\ r i g h t ) \ r i g h t \}
∗ @f$</ l i >
∗ </ul >
∗ @memberof B i d i r e c t i o n a l U n i f i c a t i o n T e s t
∗/

TEST_F( B i d i r e c t i o n a l U n i f i c a t i o n T e s t , P o s i t i v e _ M u l t i p l e B i n d i n g s _ F u n c V a r )
{

c on s t auto c = r e g i s t e r _ s y m b o l <Funct ion >("C" ) ;
c on s t auto d = r e g i s t e r _ s y m b o l <Funct ion >("D" ) ;
c on s t auto x = r e g i s t e r _ s y m b o l <V a r i a b l e >(" x " ) ;
c on s t auto y = r e g i s t e r _ s y m b o l <V a r i a b l e >(" y " ) ;

c on s t auto p1 = r e g i s t e r _ s y m b o l <L i t e r a l >("P" , s t d : : v e c to r <c on s t IProcessedTerm ∗>{c , x }) ;
c on s t auto p2 = r e g i s t e r _ s y m b o l <L i t e r a l >("P" , s t d : : v e c to r <c on s t IProcessedTerm ∗>{y , d }) ;

EXPECT_TRUE( p1−>accep t (∗ u n i f i c a t i o n _ v i s i t o r , ∗p2 ) ) ;

c on s t U n i f i e r expec ted_subs {{{x , d } , {y , c }}} ;
EXPECT_EQ(∗ u n i f i c a t i o n _ v i s i t o r −>o b s e r v e _ s u b s t i t u t i o n s ( ) , expected_subs ) ;
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}

/∗∗
∗ @ b r i e f Tes t s b a s i c f u n c t i o n a l i t y o f the B i d i r e c t i o n a l U n i f i c a t i o n V i s i t o r f o r a s i n g l e p a i r o f u n i f i a b l e
∗ l i t e r a l s w i th two a p p l i c a b l e V a r i a b l e / V a r i a b l e s u b s t i t u t i o n s .
∗ @ d e t a i l s
∗ <ul >
∗ <l i >LHS I n p u t : @f$ P \ l e f t ( a , b \ r i g h t ) @f$</ l i >
∗ <l i >RHS I n p u t : @f$ P \ l e f t ( c , d \ r i g h t ) @f$</ l i >
∗ <l i >Expected s u b s t i t u t i o n s : @f$ \ l e f t \{ c \mapsto a , d \mapsto b \ r i g h t \} @f$</ l i >
∗ </ul >
∗ @memberof B i d i r e c t i o n a l U n i f i c a t i o n T e s t
∗/

TEST_F( B i d i r e c t i o n a l U n i f i c a t i o n T e s t , P o s i t i v e _ M u l t i p l e B i n d i n g s _ V a r V a r )
{

c on s t auto a = r e g i s t e r _ s y m b o l <V a r i a b l e >(" a " ) ;
c on s t auto b = r e g i s t e r _ s y m b o l <V a r i a b l e >("b" ) ;
c on s t auto c = r e g i s t e r _ s y m b o l <V a r i a b l e >(" c " ) ;
c on s t auto d = r e g i s t e r _ s y m b o l <V a r i a b l e >("d" ) ;

c on s t auto p1 = r e g i s t e r _ s y m b o l <L i t e r a l >("P" , s t d : : v e c to r <c on s t IProcessedTerm ∗>{a , b }) ;
c on s t auto p2 = r e g i s t e r _ s y m b o l <L i t e r a l >("P" , s t d : : v e c to r <c on s t IProcessedTerm ∗>{c , d }) ;

EXPECT_TRUE( p1−>accep t (∗ u n i f i c a t i o n _ v i s i t o r , ∗p2 ) ) ;

c on s t U n i f i e r expec ted_subs {{{a , c } , {b , d }}} ;
EXPECT_EQ(∗ u n i f i c a t i o n _ v i s i t o r −>o b s e r v e _ s u b s t i t u t i o n s ( ) , expected_subs ) ;

}

/∗∗
∗ @ b r i e f Tes t s b a s i c f u n c t i o n a l i t y o f the B i d i r e c t i o n a l U n i f i c a t i o n V i s i t o r f o r a s i n g l e p a i r o f non−u n i f i a b l e
∗ l i t e r a l s .
∗ @ d e t a i l s
∗ <ul >
∗ <l i >LHS I n p u t : @f$ P \ l e f t ( C\ l e f t (\ r i g h t ) , x \ r i g h t ) @f$</ l i >
∗ <l i >RHS I n p u t : @f$ P \ l e f t ( x , D\ l e f t (\ r i g h t ) \ r i g h t ) @f$</ l i >
∗ </ul >
∗ @memberof B i d i r e c t i o n a l U n i f i c a t i o n T e s t
∗/

TEST_F( B i d i r e c t i o n a l U n i f i c a t i o n T e s t , Nega t i v e_Mu l t i p l eB ind ing s_VarVa r )
{

c on s t auto x = r e g i s t e r _ s y m b o l <V a r i a b l e >(" x " ) ;
c on s t auto c = r e g i s t e r _ s y m b o l <Funct ion >("C" ) ;
c on s t auto d = r e g i s t e r _ s y m b o l <Funct ion >("D" ) ;

c on s t auto p1 = r e g i s t e r _ s y m b o l <L i t e r a l >("P" , s t d : : v e c to r <c on s t IProcessedTerm ∗>{c , x }) ;
c on s t auto p2 = r e g i s t e r _ s y m b o l <L i t e r a l >("P" , s t d : : v e c to r <c on s t IProcessedTerm ∗>{x , d }) ;

EXPECT_FALSE( p1−>accep t (∗ u n i f i c a t i o n _ v i s i t o r , ∗p2 ) ) ;
}

/∗∗
∗ @ b r i e f Tes t s occur s −c h e c k i n g f u n c t i o n a l i t y o f the B i d i r e c t i o n a l U n i f i c a t i o n V i s i t o r f o r a s i n g l e p a i r o f
∗ l i t e r a l s , non−u n i f i a b l e due to the t r i v i a l c a s e o f the occur s −check ( does not r e q u i r e s u b s t i t u t i o n to
∗ d i s c o v e r ) .
∗ @ d e t a i l s
∗ <ul >
∗ <l i >LHS I n p u t : @f$ P \ l e f t ( C\ l e f t (\ r i g h t ) , x \ r i g h t ) @f$</ l i >
∗ <l i >RHS I n p u t : @f$ P \ l e f t ( C\ l e f t (\ r i g h t ) , F\ l e f t ( x\ r i g h t ) \ r i g h t ) @f$</ l i >
∗ </ul >
∗ @memberof B i d i r e c t i o n a l U n i f i c a t i o n T e s t
∗/

TEST_F( B i d i r e c t i o n a l U n i f i c a t i o n T e s t , Nega t i v e_Occu r sCheck_Tr i v i a l )
{

c on s t auto x = r e g i s t e r _ s y m b o l <V a r i a b l e >(" x " ) ;
c on s t auto c = r e g i s t e r _ s y m b o l <Funct ion >("C" ) ;
c on s t auto f = r e g i s t e r _ s y m b o l <Funct ion >("F" , s t d : : v e c to r <co n s t IProcessedTerm ∗>{x }) ;

c on s t auto p1 = r e g i s t e r _ s y m b o l <L i t e r a l >("P" , s t d : : v e c to r <c on s t IProcessedTerm ∗>{c , x }) ;
c on s t auto p2 = r e g i s t e r _ s y m b o l <L i t e r a l >("P" , s t d : : v e c to r <c on s t IProcessedTerm ∗>{c , f }) ;

EXPECT_FALSE( p1−>accep t (∗ u n i f i c a t i o n _ v i s i t o r , ∗p2 ) ) ;
}

/∗∗
∗ @ b r i e f Tes t s occur s −c h e c k i n g f u n c t i o n a l i t y o f the B i d i r e c t i o n a l U n i f i c a t i o n V i s i t o r f o r a s i n g l e p a i r o f
∗ l i t e r a l s , non−u n i f i a b l e due to the non− t r i v i a l c a s e o f the occur s −check ( r e q u i r e s s u b s t i t u t i o n to
∗ d i s c o v e r ) .
∗ @ d e t a i l s
∗ <ul >
∗ <l i >LHS I n p u t : @f$ P \ l e f t ( x , F\ l e f t ( x\ r i g h t ) \ r i g h t ) @f$</ l i >
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∗ <l i >RHS I n p u t : @f$ P \ l e f t ( G\ l e f t ( y\ r i g h t ) , y \ r i g h t ) @f$</ l i >
∗ </ul >
∗ <p>
∗ The s u b s t i t u t i o n @f$ \ l e f t [ x \mapsto G\ l e f t ( y\ r i g h t ) \ r i g h t ] @f$ i s d i s c o v e r e d , f o l l o w e d by the
∗ s u b s t i t u t i o n
∗ @f$ \ l e f t [ y \mapsto F\ l e f t ( x\ r i g h t ) \ r i g h t ] @f$ . Although @f$ y @f$ does not im m ed i a t e l y appear i n
∗ i t s p roposed b i n d i n g @f$ F\ l e f t ( x\ r i g h t ) @f$ , expand ing on the f i r s t s u b s t i t u t i o n to produce
∗ @f$ F\ l e f t (G\ l e f t ( y \ r i g h t ) \ r i g h t ) @f$ e x p o s e s the c y c l e t h a t would be i n t r o d u c e d by add ing the
∗ second s u b s t i t u t i o n . Hence the LHS and RHS p r e d i c a t e s a r e non−u n i f i a b l e .
∗ </p>
∗ @memberof B i d i r e c t i o n a l U n i f i c a t i o n T e s t
∗/

TEST_F( B i d i r e c t i o n a l U n i f i c a t i o n T e s t , Negat i ve_Occur sCheck_Subst i tu ted )
{

c on s t auto x = r e g i s t e r _ s y m b o l <V a r i a b l e >(" x " ) ;
c on s t auto f_x = r e g i s t e r _ s y m b o l <Funct ion >("F" , s t d : : v e c to r <co n s t IProcessedTerm ∗>{x }) ;
c on s t auto y = r e g i s t e r _ s y m b o l <V a r i a b l e >(" y " ) ;
c on s t auto g_y = r e g i s t e r _ s y m b o l <Funct ion >("G" , s t d : : v e c to r <c o ns t IProcessedTerm ∗>{y }) ;

c on s t auto p1 = r e g i s t e r _ s y m b o l <L i t e r a l >("P" , s t d : : v e c to r <c on s t IProcessedTerm ∗>{x , f_x }) ;
c on s t auto p2 = r e g i s t e r _ s y m b o l <L i t e r a l >("P" , s t d : : v e c to r <c on s t IProcessedTerm ∗>{g_y , y }) ;

EXPECT_FALSE( p1−>accep t (∗ u n i f i c a t i o n _ v i s i t o r , ∗p2 ) ) ;
}

} // namespace o p t i f o l

1.14.2 CNFNormalisationTest.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f Test n o r m a l i s a t i o n o f FOL s e n t e n c e s i n t o C o n j u n c t i v e Normal Form
∗ @author O l i v e r Dixon
∗ @date 2025−06−08
∗ @ v e r s i o n Development
∗/

#i n c l u d e <g t e s t / g t e s t . h>

#i n c l u d e " . . / IR / Mutab l eVa r i an t s / Sen tence s / Mutab leB inaryConnected . hpp "
#i n c l u d e " . . / IR / Mutab l eVa r i an t s / Sen tence s / M u t a b l e P r e d i c a t e . hpp "
#i n c l u d e " . . / V i s i t o r s / Mutab leTargets / R e p o s i t o r y B u i l d i n g V i s i t o r . hpp "
#i n c l u d e " . . / V i s i t o r s / Mutab leTargets / Sen tence s / CNFNormal i sers / D i s j u n c t i o n D i s t r i b u t i o n V i s i t o r . hpp "
#i n c l u d e " . . / V i s i t o r s / Mutab leTargets / Sen tence s / CNFNormal i sers / I m p l i c a t i o n E l i m i n a t i o n V i s i t o r . hpp "
#i n c l u d e " Goog leTes tSuppor t . hpp "

namespace o p t i f o l
{

/∗∗
∗ @ c l a s s CNFNormal i sat ionTest
∗ @ b r i e f The CNFNormal i sat ionTest Google Test f i x t u r e c o n t a i n s t e s t s o f the CNF n o r m a l i s a t i o n v i s i t o r −based
∗ p i p e l i n e .
∗ @ d e t a i l s <p>The seven−s t a g e p i p e l i n e i s t e s t e d :</p>
∗ <ol >
∗ <l i >I m p l i c a t i o n E l i m i n a t i o n V i s i t o r </ l i >
∗ <l i >DMLVisitor </ l i >
∗ <l i >S y m b o l S t a n d a r d i s i n g V i s i t o r </ l i >
∗ <l i >Q u a n t i f i e r E x t r a c t i n g V i s i t o r </ l i >
∗ <l i >S k o l e m I n t r o d u c i n g V i s i t o r </ l i >
∗ <l i >U n i v e r s a l E l i m i n a t i o n V i s i t o r </ l i >
∗ <l i >D i s j u n c t i o n D i s t r i b u t i o n V i s i t o r </ l i >
∗ </ol >
∗/

c l a s s CNFNormal i sat ionTest : p u b l i c t e s t i n g : : Test
{
p r o t e c t e d :

/∗∗
∗ @ b r i e f Despatches the temp la ted CNF v i s i t o r on the g i v e n t e s t node and v e r i f i e s t h a t the CNF−n o r m a l i s e d
∗ r e s u l t matches the expec t ed s e n t e n c e c o n s t r u c t i o n .
∗ @tparam CNFVis i to r The CNF V i s i t o r type to i n s t a n t i a t e and despa tch on the s e n t e n c e
∗ @param t e s t The s e n t e n c e on which the CNF V i s i t o r s h o u l d be t e s t e d
∗ @param expec t ed The expec t ed s e n t e n c e f o l l o w i n g t r a n s f o r m a t i o n by the CNF V i s i t o r
∗ @note I t i s not n e c e s s a r y nor f o r b i d d e n to wrap nodes i n any l e v e l o f Mutab leSentenceRoot o b j e c t s .
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∗ @note The e q u a l i t y f u n c t o r i s hash−based ; i n p a r t i c u l a r , a commutat ive hash−combin ing f u n c t i o n i s used
∗ f o r b i na r y −operand s e n t e n c e s . Thus the expec t ed s e n t e n c e need not pas s ope rands to commutat ive
∗ o p e r a t o r s i n the same o r d e r as would be produced by the CNF V i s i t o r .
∗/

template <typename CNFVis i tor >
r e q u i r e s s t d : : der i ved_f rom <CNFVis i tor , M u t a t i n g S e n t e n c e V i s i t o r B a s e >

s t a t i c v o i d c n f _ t e s t (
s t d : : un ique_ptr <IMutab leSentence > &&t e s t , s t d : : un ique_ptr <IMutab leSentence > &&expec t ed )

{
CNFVi s i to r v i s i t o r ;
t e s t −>accep t ( v i s i t o r ) ;
Goog leTes tSuppor t : : t e s t _ s e n t e n c e _ e q u a l i t y (∗ t e s t , ∗ expec t ed ) ;

}
} ;

/∗∗
∗ @ b r i e f Tes t s b a s i c non−n e s t e d f u n c t i o n a l i t y o f the I m p l i c a t i o n E l i m i n a t i o n V i s i t o r f o r s i n g l e −operand
∗ i m p l i c a t i o n s .
∗ @ d e t a i l s
∗ <ul >
∗ <l i >I n p u t : @f$ P \ i m p l i e s Q @f$</ l i >
∗ <l i >Expected output : @f$ \ l n o t P \ l o r Q @f$</ l i >
∗ </ul >
∗ @memberof CNFNormal i sat ionTest
∗/

TEST_F( CNFNormal i sat ionTest , I m p l i c a t i o n E l i m i n a t i o n _ B a s i c )
{

// c lang −format o f f
cn f_te s t <I m p l i c a t i o n E l i m i n a t i o n V i s i t o r >(

Mutab leB inaryConnected : : b u i l d (
B ina ryOpera to rTypes : : I m p l i c a t i o n ,
M u t a b l e P r e d i c a t e : : b u i l d ( "P" ) ,
M u t a b l e P r e d i c a t e : : b u i l d ( "Q" )

) ,

Mutab leB inaryConnected : : b u i l d (
B ina ryOpera to rTypes : : D i s j u n c t i o n ,
M u t a b l e P r e d i c a t e : : b u i l d ( "P" , f a l s e ) ,
M u t a b l e P r e d i c a t e : : b u i l d ( "Q" )

)
) ;
// c lang −format on

}

/∗∗
∗ @ b r i e f Tes t s b a s i c non−n e s t e d f u n c t i o n a l i t y o f the I m p l i c a t i o n E l i m i n a t i o n V i s i t o r f o r dua l−operand
∗ i m p l i c a t i o n s .
∗ @ d e t a i l s
∗ <ul >
∗ <l i >I n p u t : @f$ P \ i f f Q @f$</ l i >
∗ <l i >Expected output : @f$ \ l e f t ( P \ l o r \ l n o t Q \ r i g h t ) \ l and \ l e f t ( \ l n o t P \ l o r Q \ r i g h t ) @f$</ l i >
∗ </ul >
∗ @memberof CNFNormal i sat ionTest
∗/

TEST_F( CNFNormal i sat ionTest , I m p l i c a t i o n E l i m i n a t i o n _ B i c o n d i t i o n a l )
{

// c lang −format o f f
cn f_te s t <I m p l i c a t i o n E l i m i n a t i o n V i s i t o r >(

Mutab leB inaryConnected : : b u i l d (
B ina ryOpera to rTypes : : B i c o n d i t i o n a l ,
M u t a b l e P r e d i c a t e : : b u i l d ( "P" ) ,
M u t a b l e P r e d i c a t e : : b u i l d ( "Q" )

) ,

Mutab leB inaryConnected : : b u i l d (
B ina ryOpera to rTypes : : Con junct ion ,
Mutab leB inaryConnected : : b u i l d (

B ina ryOpera to rTypes : : D i s j u n c t i o n ,
M u t a b l e P r e d i c a t e : : b u i l d ( "P" ) ,
M u t a b l e P r e d i c a t e : : b u i l d ( "Q" , f a l s e )

) ,
Mutab leB inaryConnected : : b u i l d (

B ina ryOpera to rTypes : : D i s j u n c t i o n ,
M u t a b l e P r e d i c a t e : : b u i l d ( "P" , f a l s e ) ,
M u t a b l e P r e d i c a t e : : b u i l d ( "Q" )

)
)

) ;
// c lang −format on

}
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/∗∗
∗ @ b r i e f Tes t s f u n c t i o n a l i t y o f the I m p l i c a t i o n E l i m i n a t i o n V i s i t o r f o r n e s t i n g on a s i n g l e operand .
∗ @ d e t a i l s
∗ <ul >
∗ <l i >I n p u t : @f$ \ l e f t ( P \ i m p l i e s Q \ r i g h t ) \ i f f R @f$</ l i >
∗ <l i >Expected output : @f$ \ l e f t ( \ l n o t \ l e f t ( \ l n o t P \ l o r Q \ r i g h t ) \ l o r R \ r i g h t ) \ l and
∗ \ l e f t ( \ l e f t ( \ l n o t P \ l o r Q \ r i g h t ) \ l o r \ l n o t R \ r i g h t ) @f$</ l i >
∗ </ul >
∗ @memberof CNFNormal i sat ionTest
∗/

TEST_F( CNFNormal i sat ionTest , I m p l i c a t i o n E l i m i n a t i o n _ U n a r y N e s t i n g )
{

// c lang −format o f f
cn f_te s t <I m p l i c a t i o n E l i m i n a t i o n V i s i t o r >(

Mutab leB inaryConnected : : b u i l d (
B ina ryOpera to rTypes : : B i c o n d i t i o n a l ,
Mutab leB inaryConnected : : b u i l d (

B ina ryOpera to rTypes : : I m p l i c a t i o n ,
M u t a b l e P r e d i c a t e : : b u i l d ( "P" ) ,
M u t a b l e P r e d i c a t e : : b u i l d ( "Q" )

) ,
M u t a b l e P r e d i c a t e : : b u i l d ( "R" )

) ,

Mutab leB inaryConnected : : b u i l d (
B ina ryOpera to rTypes : : Con junct ion ,
Mutab leB inaryConnected : : b u i l d (

B ina ryOpera to rTypes : : D i s j u n c t i o n ,
Mutab leB inaryConnected : : b u i l d (

B ina ryOpera to rTypes : : D i s j u n c t i o n ,
M u t a b l e P r e d i c a t e : : b u i l d ( "P" , f a l s e ) ,
M u t a b l e P r e d i c a t e : : b u i l d ( "Q" ) ,
f a l s e

) ,
M u t a b l e P r e d i c a t e : : b u i l d ( "R" )

) ,
Mutab leB inaryConnected : : b u i l d (

B ina ryOpera to rTypes : : D i s j u n c t i o n ,
Mutab leB inaryConnected : : b u i l d (

B ina ryOpera to rTypes : : D i s j u n c t i o n ,
M u t a b l e P r e d i c a t e : : b u i l d ( "P" , f a l s e ) ,
M u t a b l e P r e d i c a t e : : b u i l d ( "Q" )

) ,
M u t a b l e P r e d i c a t e : : b u i l d ( "R" , f a l s e )

)
)

) ;
// c lang −format on

}

/∗∗
∗ @ b r i e f Tes t s f u n c t i o n a l i t y o f the I m p l i c a t i o n E l i m i n a t i o n V i s i t o r f o r n e s t i n g on both ope rands .
∗ @ d e t a i l s
∗ <ul >
∗ <l i >I n p u t : @f$ \ l e f t ( P \ i m p l i e s Q \ r i g h t ) \ i f f \ l e f t ( R \ i m p l i e s S \ r i g h t ) @f$</ l i >
∗ <l i >
∗ Expected output :
∗ @f$ \ l e f t ( \ l n o t \ l e f t ( \ l n o t P \ l o r Q \ r i g h t ) \ l o r \ l e f t ( \ l n o t R \ l o r S \ r i g h t ) \ r i g h t ) \ l and
∗ \ l e f t ( \ l e f t ( \ l n o t P \ l o r Q \ r i g h t ) \ l o r \ l n o t \ l e f t ( \ l n o t R \ l o r S \ r i g h t ) \ r i g h t ) @f$
∗ </ l i >
∗ </ul >
∗ @memberof CNFNormal i sat ionTest
∗/

TEST_F( CNFNormal i sat ionTest , I m p l i c a t i o n E l i m i n a t i o n _ B i n a r y N e s t i n g )
{

// c lang −format o f f
cn f_te s t <I m p l i c a t i o n E l i m i n a t i o n V i s i t o r >(

Mutab leB inaryConnected : : b u i l d (
B ina ryOpera to rTypes : : B i c o n d i t i o n a l ,
Mutab leB inaryConnected : : b u i l d (

B ina ryOpera to rTypes : : I m p l i c a t i o n ,
M u t a b l e P r e d i c a t e : : b u i l d ( "P" ) ,
M u t a b l e P r e d i c a t e : : b u i l d ( "Q" )

) ,
Mutab leB inaryConnected : : b u i l d (

B ina ryOpera to rTypes : : I m p l i c a t i o n ,
M u t a b l e P r e d i c a t e : : b u i l d ( "R" ) ,
M u t a b l e P r e d i c a t e : : b u i l d ( "S" )

)
) ,
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Mutab leB inaryConnected : : b u i l d (
B ina ryOpera to rTypes : : Con junct ion ,
Mutab leB inaryConnected : : b u i l d (

B ina ryOpera to rTypes : : D i s j u n c t i o n ,
Mutab leB inaryConnected : : b u i l d (

B ina ryOpera to rTypes : : D i s j u n c t i o n ,
M u t a b l e P r e d i c a t e : : b u i l d ( "P" , f a l s e ) ,
M u t a b l e P r e d i c a t e : : b u i l d ( "Q" ) ,
f a l s e

) ,
Mutab leB inaryConnected : : b u i l d (

B ina ryOpera to rTypes : : D i s j u n c t i o n ,
M u t a b l e P r e d i c a t e : : b u i l d ( "R" , f a l s e ) ,
M u t a b l e P r e d i c a t e : : b u i l d ( "S" )

)
) ,
Mutab leB inaryConnected : : b u i l d (

B ina ryOpera to rTypes : : D i s j u n c t i o n ,
Mutab leB inaryConnected : : b u i l d (

B ina ryOpera to rTypes : : D i s j u n c t i o n ,
M u t a b l e P r e d i c a t e : : b u i l d ( "P" , f a l s e ) ,
M u t a b l e P r e d i c a t e : : b u i l d ( "Q" )

) ,
Mutab leB inaryConnected : : b u i l d (

B ina ryOpera to rTypes : : D i s j u n c t i o n ,
M u t a b l e P r e d i c a t e : : b u i l d ( "R" , f a l s e ) ,
M u t a b l e P r e d i c a t e : : b u i l d ( "S" ) ,
f a l s e

)
)

)
) ;
// c lang −format on

}

/∗∗
∗ @ b r i e f Tes t s f u n c t i o n a l i t y o f the D i s j u n c t i o n D i s t r i b u t i o n V i s i t o r f o r d i s t r i b u t i o n ove r a s i n g l e operand .
∗ @ d e t a i l s
∗ <ul >
∗ <l i >I n p u t : @f$ P \ l o r \ l e f t ( Q \ land R \ r i g h t ) @f$</ l i >
∗ <l i >Expected output : @f$ \ l e f t ( P \ l o r Q \ r i g h t ) \ l and \ l e f t ( P \ l o r R \ r i g h t ) @f$</ l i >
∗ </ul >
∗ @memberof CNFNormal i sat ionTest
∗/

TEST_F( CNFNormal i sat ionTest , D i s j u n c t i o n D i s t r i b u t i o n _ B a s i c U n a r y )
{

// c lang −format o f f
cn f_te s t <D i s j u n c t i o n D i s t r i b u t i o n V i s i t o r >(

Mutab leB inaryConnected : : b u i l d (
B ina ryOpera to rTypes : : D i s j u n c t i o n ,
M u t a b l e P r e d i c a t e : : b u i l d ( "P" ) ,
Mutab leB inaryConnected : : b u i l d (

B ina ryOpera to rTypes : : Con junct ion ,
M u t a b l e P r e d i c a t e : : b u i l d ( "Q" ) ,
M u t a b l e P r e d i c a t e : : b u i l d ( "R" )

)
) ,

Mutab leB inaryConnected : : b u i l d (
B ina ryOpera to rTypes : : Con junct ion ,
Mutab leB inaryConnected : : b u i l d (

B ina ryOpera to rTypes : : D i s j u n c t i o n ,
M u t a b l e P r e d i c a t e : : b u i l d ( "P" ) ,
M u t a b l e P r e d i c a t e : : b u i l d ( "Q" )

) ,
Mutab leB inaryConnected : : b u i l d (

B ina ryOpera to rTypes : : D i s j u n c t i o n ,
M u t a b l e P r e d i c a t e : : b u i l d ( "P" ) ,
M u t a b l e P r e d i c a t e : : b u i l d ( "R" )

)
)

) ;
// c lang −format on

}

/∗∗
∗ @ b r i e f Tes t s f u n c t i o n a l i t y o f the D i s j u n c t i o n D i s t r i b u t i o n V i s i t o r f o r d i s t r i b u t i o n ove r both ope rands .
∗ @ d e t a i l s
∗ <ul >
∗ <l i >I n p u t : @f$ \ l e f t ( P \ l o r \ l e f t ( Q \ l and R \ r i g h t ) \ r i g h t ) \ l and
∗ \ l e f t ( \ l e f t ( A \ l and B \ r i g h t ) \ l o r C \ r i g h t ) @f$</ l i >
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∗ <l i >
∗ Expected output :
∗ @f$ \ l e f t ( \ l e f t ( P \ l o r Q \ r i g h t ) \ l and \ l e f t ( P \ l o r R \ r i g h t ) \ r i g h t ) \ l and
∗ \ l e f t ( \ l e f t ( C \ l o r A \ r i g h t ) \ l and \ l e f t ( C \ l o r B \ r i g h t ) \ r i g h t ) @f$
∗ </ l i >
∗ </ul >
∗ @memberof CNFNormal i sat ionTest
∗/

TEST_F( CNFNormal i sat ionTest , D i s j u n c t i o n D i s t r i b u t i o n _ B a s i c B i n a r y )
{

// c lang −format o f f
cn f_te s t <D i s j u n c t i o n D i s t r i b u t i o n V i s i t o r >(

Mutab leB inaryConnected : : b u i l d (
B ina ryOpera to rTypes : : Con junct ion ,
Mutab leB inaryConnected : : b u i l d (

B ina ryOpera to rTypes : : D i s j u n c t i o n ,
M u t a b l e P r e d i c a t e : : b u i l d ( "P" ) ,
Mutab leB inaryConnected : : b u i l d (

B ina ryOpera to rTypes : : Con junct ion ,
M u t a b l e P r e d i c a t e : : b u i l d ( "Q" ) ,
M u t a b l e P r e d i c a t e : : b u i l d ( "R" )

)
) ,
Mutab leB inaryConnected : : b u i l d (

B ina ryOpera to rTypes : : D i s j u n c t i o n ,
Mutab leB inaryConnected : : b u i l d (

B ina ryOpera to rTypes : : Con junct ion ,
M u t a b l e P r e d i c a t e : : b u i l d ( "A" ) ,
M u t a b l e P r e d i c a t e : : b u i l d ( "B" )

) ,
M u t a b l e P r e d i c a t e : : b u i l d ( "C" )

)
) ,

Mutab leB inaryConnected : : b u i l d (
B ina ryOpera to rTypes : : Con junct ion ,
Mutab leB inaryConnected : : b u i l d (

B ina ryOpera to rTypes : : Con junct ion ,
Mutab leB inaryConnected : : b u i l d (

B ina ryOpera to rTypes : : D i s j u n c t i o n ,
M u t a b l e P r e d i c a t e : : b u i l d ( "P" ) ,
M u t a b l e P r e d i c a t e : : b u i l d ( "Q" )

) ,
Mutab leB inaryConnected : : b u i l d (

B ina ryOpera to rTypes : : D i s j u n c t i o n ,
M u t a b l e P r e d i c a t e : : b u i l d ( "P" ) ,
M u t a b l e P r e d i c a t e : : b u i l d ( "R" )

)
) ,
Mutab leB inaryConnected : : b u i l d (

B ina ryOpera to rTypes : : Con junct ion ,
Mutab leB inaryConnected : : b u i l d (

B ina ryOpera to rTypes : : D i s j u n c t i o n ,
M u t a b l e P r e d i c a t e : : b u i l d ( "C" ) ,
M u t a b l e P r e d i c a t e : : b u i l d ( "A" )

) ,
Mutab leB inaryConnected : : b u i l d (

B ina ryOpera to rTypes : : D i s j u n c t i o n ,
M u t a b l e P r e d i c a t e : : b u i l d ( "C" ) ,
M u t a b l e P r e d i c a t e : : b u i l d ( "B" )

)
)

)
) ;
// c lang −format on

}

/∗∗
∗ @ b r i e f Tes t s f u n c t i o n a l i t y o f the D i s j u n c t i o n D i s t r i b u t i o n V i s i t o r f o r d i s t r i b u t i o n ove r both operands , where
∗ a r e d u c t i o n i s o n l y a p p l i c a b l e to one .
∗ @ d e t a i l s
∗ <ul >
∗ <l i >I n p u t : @f$ A \ l and \ l e f t ( P \ l o r \ l e f t ( Q \ land R \ r i g h t ) \ r i g h t ) @f$</ l i >
∗ <l i >Expected output : @f$ A \ l and \ l e f t ( \ l e f t ( P \ l o r Q \ r i g h t ) \ l and \ l e f t ( P \ l o r R \ r i g h t ) \ r i g h t )
∗ @f$</ l i >
∗ </ul >
∗ @memberof CNFNormal i sat ionTest
∗/

TEST_F( CNFNormal i sat ionTest , D i s j u n c t i o n D i s t r i b u t i o n _ N e s t e d N o O p )
{

// c lang −format o f f
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cn f_te s t <D i s j u n c t i o n D i s t r i b u t i o n V i s i t o r >(
Mutab leB inaryConnected : : b u i l d (

B ina ryOpera to rTypes : : Con junct ion ,
M u t a b l e P r e d i c a t e : : b u i l d ( "A" ) ,
Mutab leB inaryConnected : : b u i l d (
B ina ryOpera to rTypes : : D i s j u n c t i o n ,
M u t a b l e P r e d i c a t e : : b u i l d ( "P" ) ,

Mutab leB inaryConnected : : b u i l d (
B ina ryOpera to rTypes : : Con junct ion ,
M u t a b l e P r e d i c a t e : : b u i l d ( "Q" ) ,
M u t a b l e P r e d i c a t e : : b u i l d ( "R" )

)
)

) ,

Mutab leB inaryConnected : : b u i l d (
B ina ryOpera to rTypes : : Con junct ion ,
M u t a b l e P r e d i c a t e : : b u i l d ( "A" ) ,
Mutab leB inaryConnected : : b u i l d (

B ina ryOpera to rTypes : : Con junct ion ,
Mutab leB inaryConnected : : b u i l d (

B ina ryOpera to rTypes : : D i s j u n c t i o n ,
M u t a b l e P r e d i c a t e : : b u i l d ( "P" ) ,
M u t a b l e P r e d i c a t e : : b u i l d ( "Q" )

) ,
Mutab leB inaryConnected : : b u i l d (

B ina ryOpera to rTypes : : D i s j u n c t i o n ,
M u t a b l e P r e d i c a t e : : b u i l d ( "P" ) ,
M u t a b l e P r e d i c a t e : : b u i l d ( "R" )

)
)

)
) ;
// c lang −format on

}

} // namespace o p t i f o l

1.14.3 FeatureVectorIndexTest.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f Test the Fea tu r e Vecto r I n d e x i n g on C l a u s e s
∗ @author O l i v e r Dixon
∗ @date 2026−01−30
∗ @ v e r s i o n Development
∗/

#i n c l u d e <g t e s t / g t e s t . h>

#i n c l u d e " . . / IR / Sentence s / C lause . hpp "
#i n c l u d e " . . / IR / Sentence s / L i t e r a l . hpp "
#i n c l u d e " . . / IR / Symbo lRepos i to ry . hpp "
#i n c l u d e " . . / IR /Terms/ Funct i on . hpp "
#i n c l u d e " . . / I n f e r e n c e / FVIKnowledgeBase . hpp "

namespace o p t i f o l
{

c l a s s F e a t u r e V e c t o r I n d e x T e s t : p u b l i c t e s t i n g : : Test
{
p r o t e c t e d :

v o i d SetUp ( ) o v e r r i d e
{

s y m b o l _ r e p o s i t o r y = s t d : : make_shared<Symbo lRepos i to ry >() ;
}

s t d : : shared_ptr <Symbo lRepos i to ry > s y m b o l _ r e p o s i t o r y ;
} ;

/∗∗
∗ @ b r i e f
∗ @ d e t a i l s
∗ @memberof F e a t u r e V e c t o r I n d e x T e s t
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∗/
TEST_F( F e a t u r e V e c t o r I n d e x T e s t , Test1 )
{

c on s t auto p _ l i t e r a l = s y m b o l _ r e p o s i t o r y −>add_symbol ( L i t e r a l : : b u i l d ( "P" ) ) ;
c on s t auto q _ l i t e r a l = s y m b o l _ r e p o s i t o r y −>add_symbol ( L i t e r a l : : b u i l d ( "Q" ) ) ;
c on s t auto r _ l i t e r a l = s y m b o l _ r e p o s i t o r y −>add_symbol ( L i t e r a l : : b u i l d ( "R" ) ) ;

auto c1 = Clause : : b u i l d ( ) ;
c1−>a d d _ l i t e r a l ( p _ l i t e r a l ) ;
c1−>a d d _ l i t e r a l ( q _ l i t e r a l ) ;

auto c2 = Clause : : b u i l d ( ) ;
c2−>a d d _ l i t e r a l ( p _ l i t e r a l ) ;
c2−>a d d _ l i t e r a l ( r _ l i t e r a l ) ;

FVIKnowledgeBase kb ( s y m b o l _ r e p o s i t o r y ) ;
kb . add_c lause ( s t d : : move ( c1 ) ) ;
kb . add_c lause ( s t d : : move ( c2 ) ) ;

auto c t = Clause : : b u i l d ( ) ;
ct−>a d d _ l i t e r a l ( p _ l i t e r a l ) ;

kb . add_c lause ( s t d : : move ( c t ) ) ;
}

} // namespace o p t i f o l

1.14.4 FOLParserTest.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f Test l e x i n g and p a r s i n g o f FOL s e n t e n c e s i n the O p t i f o l grammar
∗ @author O l i v e r Dixon
∗ @date 2025−02−16
∗ @ v e r s i o n Development
∗/

#i n c l u d e <g t e s t / g t e s t . h>

#i n c l u d e " . . / I n t e r p r e t e r /FOLLexer . hpp "
#i n c l u d e " Goog leTes tSuppor t . hpp "

namespace o p t i f o l
{

/∗∗
∗ @ c l a s s FOLParserTest
∗ @ b r i e f P ro v i d e a c o n v e n i e n t input −s t r e a m e r to the FOL l e x e r and p a r s e r f o r use w i th the Google Test
∗ framework
∗/

c l a s s FOLParserTest : p u b l i c t e s t i n g : : Test
{
p r o t e c t e d :

v o i d TearDown ( ) o v e r r i d e
{

l e x e r _ i n p u t _ s t r e a m . c l e a r ( ) ;
}

/∗∗
∗ @ b r i e f Tes t s t h a t the g i v e n i n p u t c o r r e c t l y l e x e s and p a r s e s to the e q u i v a l e n t g i v e n typed s t r u c t u r e .
∗ @param t e s t The raw i n p u t s t r i n g to pas s to the l e x e r .
∗ @param expec t ed The expec t ed output s e n t e n c e s t r u c t u r e . The s e n t e n c e i s wrapped i n a p o s i t i v e
∗ Mutab leSentenceRoot .
∗/

v o i d e q u a l i t y _ o n _ i n p u t ( c on s t cha r ∗ t e s t , s t d : : un ique_ptr <IMutab leSentence > &&expec t ed )
{

l e x e r _ i n p u t _ s t r e a m . s t r ( t e s t ) ;
p a r s e r . p a r s e ( ) ;

c on s t auto s e n t e n c e = p a r s e r . r e t r i e v e _ s e n t e n c e ( ) ;
c on s t auto expec t ed_roo t = s t d : : make_unique<MutableSentenceRoot >( s t d : : move ( expec t ed ) ) ;

Goog leTes tSuppor t : : t e s t _ s e n t e n c e _ e q u a l i t y (∗ sentence , ∗ expec t ed_roo t ) ;
}

222



p r i v a t e :
s t d : : i s t r i n g s t r e a m l e x e r _ i n p u t _ s t r e a m ;
FOLLexer l e x e r { l e xe r_ input_s t r eam , s t d : : c e r r } ;
FOLParser p a r s e r {& l e x e r } ;

} ;

TEST_F( FOLParserTest , Q u a n t i f i e r _ U n i v e r s a l )
{

s t d : : v e c to r <s t d : : un ique_ptr <IMutableTerm>> p_args ;
p_args . push_back ( M u t a b l e V a r i a b l e : : b u i l d <IMutableTerm >(" x " ) ) ;

// c lang −format o f f
e q u a l i t y _ o n _ i n p u t (

"%Ux(P( x ) ) " ,

M u t a b l e Q u a n t i f i e d : : b u i l d (
Q u a n t i f i e r T y p e s : : U n i v e r s a l ,
M u t a b l e V a r i a b l e : : b u i l d ( " x " ) ,
M u t a b l e P r e d i c a t e : : b u i l d ( "P" , s t d : : move ( p_args ) )

)
) ;

}

TEST_F( FOLParserTest , Q u a n t i f i e r _ N e g a t i v e E x i s t e n t i a l )
{

s t d : : v e c to r <s t d : : un ique_ptr <IMutableTerm>> q_args ;
q_args . push_back ( M u t a b l e V a r i a b l e : : b u i l d <IMutableTerm >(" y " ) ) ;

// c lang −format o f f
e q u a l i t y _ o n _ i n p u t (

"%Ey (~Q( y ) ) " ,

M u t a b l e Q u a n t i f i e d : : b u i l d (
Q u a n t i f i e r T y p e s : : E x i s t e n t i a l ,
M u t a b l e V a r i a b l e : : b u i l d ( " y " ) ,
M u t a b l e P r e d i c a t e : : b u i l d ( "Q" , f a l s e , s t d : : move ( q_args ) )

)
) ;

}

TEST_F( FOLParserTest , Q u a n t i f i e r _ N e s t e d )
{

s t d : : v e c to r <s t d : : un ique_ptr <IMutableTerm>> p_args ;
p_args . push_back ( M u t a b l e V a r i a b l e : : b u i l d <IMutableTerm >(" x " ) ) ;

s t d : : v e c to r <s t d : : un ique_ptr <IMutableTerm>> q_args ;
q_args . push_back ( M u t a b l e V a r i a b l e : : b u i l d <IMutableTerm >(" y " ) ) ;

// c lang −format o f f
e q u a l i t y _ o n _ i n p u t (

"%Ux(%Ey (P( x ) & Q( y ) ) ) " ,

M u t a b l e Q u a n t i f i e d : : b u i l d (
Q u a n t i f i e r T y p e s : : U n i v e r s a l ,
M u t a b l e V a r i a b l e : : b u i l d ( " x " ) ,
M u t a b l e Q u a n t i f i e d : : b u i l d (

Q u a n t i f i e r T y p e s : : E x i s t e n t i a l ,
M u t a b l e V a r i a b l e : : b u i l d ( " y " ) ,
Mutab leB inaryConnected : : b u i l d (

B ina ryOpera to rTypes : : Con junct ion ,
M u t a b l e P r e d i c a t e : : b u i l d ( "P" , s t d : : move ( p_args ) ) ,
M u t a b l e P r e d i c a t e : : b u i l d ( "Q" , s t d : : move ( q_args ) )

)
)

)
) ;

}

TEST_F( FOLParserTest , TermBuilder_NoArguments )
{

// c lang −format o f f
e q u a l i t y _ o n _ i n p u t (

"%Ux(P( ) ) " ,

M u t a b l e Q u a n t i f i e d : : b u i l d (
Q u a n t i f i e r T y p e s : : U n i v e r s a l ,
M u t a b l e V a r i a b l e : : b u i l d ( " x " ) ,
M u t a b l e P r e d i c a t e : : b u i l d ( "P" , t r u e )

)
) ;
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}

}

1.14.5 GoogleTestSupport.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s d e f i n i t i o n and imp l ementa t i on o f s t a t i c Google Test s u p p o r t
∗ @author O l i v e r Dixon
∗ @date 2025−06−14
∗ @ v e r s i o n Development
∗/

#i f n d e f GOOGLETESTSUPPORT_HPP
#d e f i n e GOOGLETESTSUPPORT_HPP

namespace o p t i f o l
{

// Cur r en t Clang 18 bug r e p o r t s Doxygen v i o l a t i o n s f o r u s e s o f @tparam on temp la ted c on ce p t s .
#pragma c l a n g d i a g n o s t i c push
#pragma c l a n g d i a g n o s t i c i g n o r e d "−Wdocumentation "
/∗∗

∗ @concept G o o g l e T e s t a b l e
∗ @ b r i e f R e p r e s e n t s a type t h a t has good s u p p o r t f o r use i n u n i t t e s t s o r c h e s t r a t e d by the Google Test
∗ framework .
∗ @ d e t a i l s I n p a r t i c u l a r , a type <code>Candidate </code> with good s u p p o r t implements :
∗ <ul >
∗ <l i >E q u a l i t y compar i son wi th <code>Cand idate : : o p e r a t o r==(c on s t Cand idate &)</code >;</ l i >
∗ <l i >I n v e r s e e q u a l i t y compar i son wi th <code>Cand idate : : o p e r a t o r !=( co n s t Cand idate &)</code >, n o t i n g t h a t
∗ t h i s can o f t e n be g e n e r a t e d by c o m p i l e r s g i v e n a v a l i d e q u a l i t y o p e r a t o r o v e r l o a d ;</ l i > <l i >Stream−bound
∗ s e r i a l i s a t i o n wi th <code>ope ra to r <<(s t d : : ost ream &, c o ns t Cand idate &)</code >.</ l i >
∗ </ul >
∗ @tparam Cand idate The c a n d i d a t e f o r the concept p r o p e r t i e s
∗/

template <typename Candidate>
concept G o o g l e T e s t a b l e = r e q u i r e s ( co n s t Cand idate &lh s , co n s t Cand idate &rhs , s t d : : ost ream &ostream ) {

{ l h s . o p e r a t o r==(r h s ) } −> s t d : : c o n v e r t i b l e _ t o <bool >; // For EXPECT_EQ, e t a l .
{

ost ream << l h s
} −> s t d : : same_as<s t d : : ost ream &>; // For s e r i a l i s i n g ’ a c t u a l ’ v s . ’ e xpec t ed ’ r e s u l t s on f a i l u r e .

} ;
#pragma c l a n g d i a g n o s t i c pop

/∗∗
∗ @ c l a s s Goog leTes tSuppor t
∗ @ b r i e f P r o v i d e s s t a t i c member f u n c t i o n s to s u p p o r t Google Test a s s e r t i o n s f o r O p t i f o l t y p e s .
∗/

c l a s s Goog leTes tSuppor t
{
p u b l i c :

/∗∗
∗ @ b r i e f A s s e r t e q u a l i t y on two G o o g l e T e s t a b l e r e s u l t s
∗ @tparam Actua lType The type o f the a c t u a l r e t u r n e d v a l u e
∗ @tparam ExpectedType The type o f the expec t ed v a l u e
∗ @param a c t u a l The a c t u a l r e t u r n e d v a l u e
∗ @param expec t ed The expec t ed v a l u e
∗/

template <G o o g l e T e s t a b l e ActualType , G o o g l e T e s t a b l e ExpectedType>
s t a t i c v o i d t e s t _ s e n t e n c e _ e q u a l i t y ( co n s t Actua lType &a c t u a l , c o n s t ExpectedType &expec t ed )
{

EXPECT_EQ( a c t u a l , e xpec t ed ) ;
}

} ;

} // namespace o p t i f o l

#e n d i f

1.14.6 LiteralOrganisationTest.cpp
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/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f Test o r g a n i s a t i o n o f L i t e r a l o b j e c t s i n t o C lau se nodes and SentenceRoot nodes
∗ @author O l i v e r Dixon
∗ @date 2026−01−25
∗ @ v e r s i o n Development
∗/

#i n c l u d e <a lgo r i t hm >
#i n c l u d e <g t e s t / g t e s t . h>
#i n c l u d e <random>
#i n c l u d e <ranges >

#i n c l u d e " . . / IR / Sentence s / C lause . hpp "
#i n c l u d e " . . / IR / Sentence s / SentenceRoot . hpp "

namespace o p t i f o l
{

/∗∗
∗ @ c l a s s L i t e r a l O r g a n i s a t i o n T e s t
∗ @ b r i e f V e r i f i e s API c h a r a c t e r i s t i c s o f L i t e r a l , C lause , and SentenceRoot s t r u c t u r e s r e l a t i n g to r e d u c t i o n s
∗ f o r t a u t o l o g i e s and bottoms , and h a n d l e s d u p l i c a t e s .
∗/

c l a s s L i t e r a l O r g a n i s a t i o n T e s t : p u b l i c t e s t i n g : : Test
{
p r o t e c t e d :

/∗∗
∗ @ b r i e f Randomly g e n e r a t e a f i x e d number o f non−complementary L i t e r a l o b j e c t s , owned by the r e t u r n e d
∗ c o n t a i n e r , and i n s e r t e d i n t o the g i v e n C lause .
∗ @param c l a u s e _ s i z e The number o f L i t e r a l o b j e c t s to g e n e r a t e .
∗ @param t a r g e t The C lause i n t o which the L i t e r a l o b j e c t s s h o u l d be r e g i s t e r e d .
∗ @re tu rn The owning c o n t a i n e r s o f the c o n s t r u c t e d L i t e r a l o b j e c t s .
∗/

s t a t i c s t d : : v e c to r <s t d : : un ique_ptr <L i t e r a l >> g e n e r a t e _ l i t e r a l s (
c on s t uns i gned i n t c l a u s e _ s i z e , C l au se &t a r g e t )

{
// B u i l d the l i t e r a l s and ho ld owne r sh ip .
s t d : : v e c to r <s t d : : un ique_ptr <L i t e r a l >> own ing_conta ine r ( c l a u s e _ s i z e ) ;
un s i gned i n t l i t e r a l _ i d x = 0 ;
s t d : : r a n g e s : : g e n e r a t e (

own ing_conta ine r , [& l i t e r a l _ i d x ] { r e t u r n L i t e r a l : : b u i l d ( s t d : : t o _ s t r i n g(++ l i t e r a l _ i d x ) ) ; }) ;

// Pr o v i d e weak r e f e r e n c e s ( through a C++23 p r o j e c t i o n ) f o r each owning c o n t a i n e r to the g i v e n c l a u s e .
s t d : : r a n g e s : : fo r_each (

own ing_conta ine r , [& t a r g e t ] ( c on s t L i t e r a l ∗ c on s t l i t e r a l ) { t a r g e t . a d d _ l i t e r a l ( l i t e r a l ) ; } ,
[ ] ( c on s t s t d : : un ique_ptr <L i t e r a l > & l i t e r a l ) { r e t u r n l i t e r a l . ge t ( ) ; }) ;

r e t u r n own ing_conta ine r ;
}

/∗∗
∗ @ b r i e f Gene ra te a f i x e d number o f non−e q u a l C l ause o b j e c t s , owned by the r e t u r n e d c o n t a i n e r , and
∗ i n s e r t e d i n t o the g i v e n SentenceRoot .
∗ @param c lau se_count The number o f C l a u s e s to i n s e r t i n t o the SentenceRoot .
∗ @param t a r g e t The SentenceRoot i n t o which the C lause o b j e c t s s h o u l d be r e g i s t e r e d .
∗ @re tu rn The owning c o n t a i n e r s o f the c o n s t r u c t e d L i t e r a l o b j e c t s .
∗/

s t a t i c s t d : : v e c to r <s t d : : un ique_ptr <L i t e r a l >> g e n e r a t e _ c l a u s e s (
c on s t uns i gned i n t c lause_count , SentenceRoot &t a r g e t )

{
s t d : : v e c to r <s t d : : un ique_ptr <L i t e r a l >> l i t e r a l s _ o w n e r ;

// Set up a g e n e r a t o r to produce c l a u s e s w i th i n c r e a s i n g numbers o f l i t e r a l s .
auto c l a u s e s _ v i e w = s t d : : v i ews : : i o t a (0U) |

s t d : : v i ews : : t r a n s f o r m (
[& l i t e r a l s _ o w n e r ] ( co n s t auto i d x ) −> Clause
{

C lause c l a u s e ;
auto n e w _ l i t e r a l s _ o w n e r = g e n e r a t e _ l i t e r a l s ( idx , c l a u s e ) ;
l i t e r a l s _ o w n e r . i n s e r t ( l i t e r a l s _ o w n e r . end ( ) ,

s t d : : make_move_iterator ( n e w _ l i t e r a l s _ o w n e r . beg i n ( ) ) ,
s t d : : make_move_iterator ( n e w _ l i t e r a l s _ o w n e r . end ( ) ) ) ;

r e t u r n c l a u s e ;
}) ;
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// Sample the f i x e d number o f c l a u s e s f o r the SentenceRoot .
f o r ( auto c l a u s e : c l a u s e s _ v i e w | s t d : : v i ews : : t ake ( c l au se_count ) )

t a r g e t . add_c lause ( s t d : : move ( c l a u s e ) ) ;

r e t u r n l i t e r a l s _ o w n e r ;
}

} ;

/∗∗
∗ @ b r i e f V e r i f y t h a t a C lause can accep t a s i n g l e p a i r o f complementary L i t e r a l o b j e c t s and reduce to a
∗ t a u t o l o g y .
∗ @memberof L i t e r a l O r g a n i s a t i o n T e s t
∗/

TEST_F( L i t e r a l O r g a n i s a t i o n T e s t , C l a u s e T r i v i a l l y T r u e _ S i m p l e )
{

c on s t auto p = L i t e r a l : : b u i l d ( "P" ) ;
c on s t auto p_complement = L i t e r a l : : b u i l d ( "P" , s t d : : i n i t i a l i z e r _ l i s t <co n s t IProcessedTerm ∗>{}, f a l s e ) ;

c on s t C lau se c l a u s e {p . ge t ( ) , p_complement . ge t ( ) } ;

EXPECT_EQ( c l a u s e . g e t _ t r i v i a l i t y _ s t a t e ( ) , C l au se : : S t a t e : : T r i v i a l l y T r u e ) ;
EXPECT_EQ( c l a u s e . o r d e r ( ) , 0U) ;

}

/∗∗
∗ @ b r i e f V e r i f y t h a t a C lause can accep t a l a r g e number o f L i t e r a l o b j e c t s , i n any orde r , and d e t e c t
∗ t a u t o l o g i e s .
∗ @memberof L i t e r a l O r g a n i s a t i o n T e s t
∗/

TEST_F( L i t e r a l O r g a n i s a t i o n T e s t , C l a u s e T r i v i a l l y T r u e _ C o m p l e x )
{

s t a t i c c o n s t e x p r uns i gned i n t c l a u s e _ s i z e = 64 ;
C lause c l a u s e ;
auto l i t e r a l s = g e n e r a t e _ l i t e r a l s ( c l a u s e _ s i z e , c l a u s e ) ;

/∗
∗ Randomly g e n e r a t e and add the complement o f one e x i s t i n g l i t e r a l , and v e r i f y t h a t i t p u l l s the c l a u s e
∗ i n t o a t a u t o l o g y .
∗/

s t d : : random_device random_device ;
s t d : : mt19937 rng ( random_device ( ) ) ;
s t d : : u n i f o r m _ i n t _ d i s t r i b u t i o n <> d i s t (1 , c l a u s e _ s i z e ) ;

l i t e r a l s . emplace_back ( L i t e r a l : : b u i l d (
s t d : : t o _ s t r i n g ( d i s t ( rng ) ) , s t d : : i n i t i a l i z e r _ l i s t <c o n s t IProcessedTerm ∗>{}, f a l s e ) ) ;

c l a u s e . a d d _ l i t e r a l ( l i t e r a l s . back ( ) . ge t ( ) ) ;

EXPECT_EQ( c l a u s e . g e t _ t r i v i a l i t y _ s t a t e ( ) , C l au se : : S t a t e : : T r i v i a l l y T r u e ) ;
EXPECT_EQ( c l a u s e . o r d e r ( ) , 0U) ;

}

/∗∗
∗ @ b r i e f V e r i f y t h a t an empty C lause i s c o r r e c t l y marked as t r i v i a l l y f a l s e .
∗ @memberof L i t e r a l O r g a n i s a t i o n T e s t
∗/

TEST_F( L i t e r a l O r g a n i s a t i o n T e s t , C l a u s e T r i v i a l l y F a l s e )
{

c on s t C lau se c l a u s e {} ;

EXPECT_EQ( c l a u s e . g e t _ t r i v i a l i t y _ s t a t e ( ) , C l au se : : S t a t e : : T r i v i a l l y F a l s e ) ;
EXPECT_EQ( c l a u s e . o r d e r ( ) , 0U) ;

}

/∗∗
∗ @ b r i e f V e r i f y t h a t a C lause wi th no complementary p a i r s i s c o r r e c t l y marked as non− t r i v i a l and a c c e p t s a l l
∗ L i t e r a l o b j e c t s .
∗ @memberof L i t e r a l O r g a n i s a t i o n T e s t
∗/

TEST_F( L i t e r a l O r g a n i s a t i o n T e s t , C l a u s e N o n T r i v i a l _ S i m p l e )
{

s t a t i c c o n s t e x p r uns i gned i n t c l a u s e _ s i z e = 32 ;
C lause c l a u s e ;

[ [ maybe_unused ] ] auto l i t e r a l s = g e n e r a t e _ l i t e r a l s ( c l a u s e _ s i z e , c l a u s e ) ;

EXPECT_EQ( c l a u s e . g e t _ t r i v i a l i t y _ s t a t e ( ) , C l au se : : S t a t e : : N o t T r i v i a l ) ;
EXPECT_EQ( c l a u s e . o r d e r ( ) , c l a u s e _ s i z e ) ;

}

/∗∗
∗ @ b r i e f V e r i f y t h a t a C lau se wi th no complementary p a i r s and d u p l i c a t e s i s c o r r e c t l y marked as non− t r i v i a l
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∗ and d e n i e s o n l y non−un ique L i t e r a l o b j e c t s .
∗ @memberof L i t e r a l O r g a n i s a t i o n T e s t
∗/

TEST_F( L i t e r a l O r g a n i s a t i o n T e s t , C l a u s e N o n T r i v i a l _ D u p l i c a t e s )
{

s t a t i c c o n s t e x p r uns i gned i n t g r o u p_ s i z e = 8 ;
C lause c l a u s e ;

[ [ maybe_unused ] ] auto l i t e r a l s _ g r o u p _ 1 = g e n e r a t e _ l i t e r a l s ( g roup_s i ze , c l a u s e ) ;
EXPECT_EQ( c l a u s e . o r d e r ( ) , g r o u p _ s i z e ) ;

[ [ maybe_unused ] ] auto l i t e r a l s _ g r o u p _ 2 = g e n e r a t e _ l i t e r a l s ( g roup_s i ze , c l a u s e ) ;

// C r u c i a l l y , check t h a t the l i t e r a l d u p l i c a t e s d i d not i n c r e a s e the o r d e r o f the c l a u s e .
EXPECT_EQ( c l a u s e . o r d e r ( ) , g r o u p _ s i z e ) ;

}

/∗∗
∗ @ b r i e f V e r i f y t h a t a SentenceRoot wi th d i s t i n c t C lause o b j e c t s a c c e p t s them a l l .
∗ @memberof L i t e r a l O r g a n i s a t i o n T e s t
∗/

TEST_F( L i t e r a l O r g a n i s a t i o n T e s t , SentenceRoot_Simple )
{

s t a t i c c o n s t e x p r uns i gned i n t c l au se_count = 8 ;
SentenceRoot r o o t ;

[ [ maybe_unused ] ] auto l i t e r a l s _ o w n e r = g e n e r a t e _ c l a u s e s ( c lause_count , r o o t ) ;

EXPECT_TRUE( r o o t . o r d e r ( ) == c lau se_count ) ;
}

/∗∗
∗ @ b r i e f V e r i f y t h a t a SentenceRoot r e f u s e s d u p l i c a t e C lause o b j e c t s .
∗ @memberof L i t e r a l O r g a n i s a t i o n T e s t
∗/

TEST_F( L i t e r a l O r g a n i s a t i o n T e s t , Sen tenceRoot_Dup l i ca t e s )
{

s t a t i c c o n s t e x p r uns i gned i n t g r o u p_ s i z e = 8 ;
SentenceRoot r o o t ;

[ [ maybe_unused ] ] auto l i t e r a l s _ g r o u p _ 1 = g e n e r a t e _ c l a u s e s ( g roup_s i ze , r o o t ) ;
EXPECT_EQ( r o o t . o r d e r ( ) , g r o u p _ s i z e ) ;

[ [ maybe_unused ] ] auto l i t e r a l s _ g r o u p _ 2 = g e n e r a t e _ c l a u s e s ( g roup_s i ze , r o o t ) ;

// C r u c i a l l y , check t h a t the c l a u s e d u p l i c a t e s d i d not i n c r e a s e the o r d e r o f the SentenceRoot .
EXPECT_EQ( r o o t . o r d e r ( ) , g r o u p _ s i z e ) ;

}

} // namespace o p t i f o l

1.14.7 RepositoryBuildingTest.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f Test r e g i s t r a t i o n o f CNF−n o r m a l i s e d FOL s e n t e n c e s i n t o a c e n t r a l i s e d Symbo lRepos i to ry
∗ @author O l i v e r Dixon
∗ @date 2025−09−10
∗ @ v e r s i o n Development
∗/

#i n c l u d e <g t e s t / g t e s t . h>

#i n c l u d e " . . / IR / Mutab l eVa r i an t s / Sen tence s / IMutab l eSentence . hpp "
#i n c l u d e " . . / IR / Mutab l eVa r i an t s / Sen tence s / Mutab leB inaryConnected . hpp "
#i n c l u d e " . . / IR / Mutab l eVa r i an t s / Sen tence s / M u t a b l e P r e d i c a t e . hpp "
#i n c l u d e " . . / IR / Mutab l eVa r i an t s / Sen tence s / Mutab leSentenceRoot . hpp "
#i n c l u d e " . . / IR / Mutab l eVa r i an t s /Terms/ M u t a b l e V a r i a b l e . hpp "
#i n c l u d e " . . / IR / Sentence s / L i t e r a l . hpp "
#i n c l u d e " . . / IR / Symbo lRepos i to ry . hpp "
#i n c l u d e " . . / IR /Terms/ V a r i a b l e . hpp "
#i n c l u d e " . . / V i s i t o r s / Mutab leTargets / R e p o s i t o r y B u i l d i n g V i s i t o r . hpp "

namespace o p t i f o l
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{

/∗∗
∗ @ c l a s s R e p o s i t o r y B u i l d i n g T e s t
∗ @ b r i e f The R e p o s i t o r y B u i l d i n g T e s t Google Test f i x t u r e c o n t a i n s t e s t s o f the R e p o s i t o r y B u i l d i n g V i s i t o r .
∗/

c l a s s R e p o s i t o r y B u i l d i n g T e s t : p u b l i c t e s t i n g : : Test
{
p r o t e c t e d :

/∗∗
∗ @ b r i e f Despatches the R e p o s i t o r y B u i l d i n g V i s i t o r w i th a f r e s h Symbo lRepos i to ry ove r the g i v e n
∗ IMutab l eSen tence and compares the a c t u a l r e s u l t s to the expec t ed .
∗ @param t e s t The i n i t i a l node to t e s t , not wrapped i n s i d e o f a Mutab leSentenceRoot . The t r e e must be
∗ n o r m a l i s e d to CNF .
∗ @param expec t ed The expec t ed s e t o f o r d e r e d c l a u s e s , each o f which c o n t a i n s the expec t ed s e t o f o r d e r e d
∗ l i t e r a l s .
∗/

s t a t i c v o i d r e p o _ b u i l d _ t e s t ( s t d : : un ique_ptr <IMutab leSentence > &&t e s t ,
c on s t s t d : : v e c to r <s t d : : v e c to r <c on s t L i t e r a l ∗>> &expec t ed )

{
c on s t auto r e p o s i t o r y = s t d : : make_shared<Symbo lRepos i to ry >() ;
R e p o s i t o r y B u i l d i n g V i s i t o r v i s i t o r ( r e p o s i t o r y ) ;
c on s t auto wrapped_tes t_ input = s t d : : make_unique<MutableSentenceRoot >( s t d : : move ( t e s t ) ) ;

wrapped_test_input −>accep t ( v i s i t o r ) ;
c on s t auto t r an s f o rme d_r oo t = v i s i t o r . t a k e _ l a s t _ r o o t ( ) ;

auto a c t u a l _ c l a u s e _ b e g i n = t rans fo rmed_root −>beg in ( ) ;
c on s t auto ac tua l_c l au s e_end = trans fo rmed_root −>end ( ) ;

f o r ( c on s t auto &e x p e c t e d _ c l a u s e : e xpec t ed ) {
// V e r i f y t h a t the a c t u a l c l a u s e l i s t does not exceed the expec t ed c l a u s e l i s t .
EXPECT_NE( a c t u a l _ c l a u s e _ b e g i n , a c tua l_c l au s e_end ) ;

auto a c t u a l _ l i t e r a l _ b e g i n = a c t u a l _ c l a u s e _ b e g i n −>beg in ( ) ;
c on s t auto a c t u a l _ l i t e r a l _ e n d = a c t u a l _ c l a u s e _ b e g i n −>end ( ) ;

f o r ( c on s t auto e x p e c t e d _ l i t e r a l : e x p e c t e d _ c l a u s e ) {
// V e r i f y t h a t the a c t u a l l i t e r a l l i s t does not exceed the expec t ed l i t e r a l l i s t f o r the f i x e d
// c l a u s e .
EXPECT_NE( a c t u a l _ l i t e r a l _ b e g i n , a c t u a l _ l i t e r a l _ e n d ) ;

// V e r i f y e q u a l i t y o f the L i t e r a l s .
EXPECT_EQ(∗∗ a c t u a l _ l i t e r a l _ b e g i n , ∗ e x p e c t e d _ l i t e r a l ) ;

// V e r i f y i n s e r t i o n i n t o r e p o s i t o r y .
EXPECT_NE( r e p o s i t o r y −>get_symbol_handle (∗ e x p e c t e d _ l i t e r a l ) , n u l l p t r ) ;

++a c t u a l _ l i t e r a l _ b e g i n ;
}

// V e r i f y t h a t the a c t u a l l i t e r a l l i s t i s e xhaus t ed at the same p o i n t as the expec t ed l i t e r a l
// l i s t .
EXPECT_EQ( a c t u a l _ l i t e r a l _ b e g i n , a c t u a l _ l i t e r a l _ e n d ) ;
++a c t u a l _ c l a u s e _ b e g i n ;

}

// V e r i f y t h a t the a c t u a l c l a u s e l i s t i s e xhaus t ed at the same p o i n t as the expec t ed c l a u s e l i s t .
EXPECT_EQ( a c t u a l _ c l a u s e _ b e g i n , a c tua l_c l au s e_end ) ;

}
} ;

/∗∗
∗ @ b r i e f Tes t s b a s i c f u n c t i o n a l i t y o f the R e p o s i t o r y B u i l d i n g V i s i t o r f o r a s i n g l e p r e d i c a t e w i th arguments .
∗ @ d e t a i l s
∗ <ul >
∗ <l i >I n p u t : @f$ P \ l e f t ( x , y , z \ r i g h t ) @f$</ l i >
∗ <l i >Expected output : @f$ \ l e f t \{ \ l e f t \{ P \ l e f t ( x_0 , y_0 , z_0 \ r i g h t ) \ r i g h t \} \ r i g h t \} @f$ , where
∗ the s u b s c r i p t e d s u f f i x e s a r e i n t r o d u c e d to d i s a m b i g u a t e a c r o s s s e n t e n c e s .</ l i >
∗ </ul >
∗ @memberof R e p o s i t o r y B u i l d i n g T e s t
∗/

TEST_F( R e p o s i t o r y B u i l d i n g T e s t , S i n g l e C l a u s e _ S i n g l e P r e d i c a t e )
{

// c lang −format o f f

s t d : : v e c to r <s t d : : un ique_ptr <IMutableTerm>> p_args ;
p_args . push_back ( M u t a b l e V a r i a b l e : : b u i l d <IMutableTerm >(" x " ) ) ;
p_args . push_back ( M u t a b l e V a r i a b l e : : b u i l d <IMutableTerm >(" y " ) ) ;
p_args . push_back ( M u t a b l e V a r i a b l e : : b u i l d <IMutableTerm >(" z " ) ) ;
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c on s t V a r i a b l e x ( " x " , " x#0" ) ;
c on s t V a r i a b l e y ( " y " , " y#0" ) ;
c on s t V a r i a b l e z ( " z " , " z#0" ) ;
c on s t L i t e r a l p ( "P" , { &x , &y , &z }) ;

r e p o _ b u i l d _ t e s t (
M u t a b l e P r e d i c a t e : : b u i l d ( "P" , s t d : : move ( p_args ) ) ,
{ { &p } }

) ;

// c lang −format on
}

/∗∗
∗ @ b r i e f Tes t s b a s i c f u n c t i o n a l i t y o f the R e p o s i t o r y B u i l d i n g V i s i t o r f o r m u l t i p l e p r e d i c a t e s w i t h i n a s i n g l e
∗ CNF c l a u s e .
∗ @ d e t a i l s
∗ <ul >
∗ <l i >I n p u t : @f$ P \ l o r Q @f$</ l i >
∗ <l i >Expected output : @f$ \ l e f t \{ \ l e f t \{ P , Q \ r i g h t \} \ r i g h t \} @f$</ l i >
∗ </ul >
∗ @memberof R e p o s i t o r y B u i l d i n g T e s t
∗/

TEST_F( R e p o s i t o r y B u i l d i n g T e s t , S i n g l e C l a u s e _ M u l t i p l e P r e d i c a t e s )
{

// c lang −format o f f

c on s t L i t e r a l p ( "P" ) ;
c on s t L i t e r a l q ( "Q" ) ;

r e p o _ b u i l d _ t e s t (
Mutab leB inaryConnected : : b u i l d (

B ina ryOpera to rTypes : : D i s j u n c t i o n ,
M u t a b l e P r e d i c a t e : : b u i l d ( "P" ) ,
M u t a b l e P r e d i c a t e : : b u i l d ( "Q" )

) ,

{ { &p , &q } }
) ;

// c lang −format on
}

/∗∗
∗ @ b r i e f Tes t s b a s i c f u n c t i o n a l i t y o f the R e p o s i t o r y B u i l d i n g V i s i t o r f o r s i n g l e p r e d i c a t e s ove r m u l t i p l e CNF
∗ c l a u s e s .
∗ @ d e t a i l s
∗ <ul >
∗ <l i >I n p u t : @f$ P \ l and Q @f$</ l i >
∗ <l i >Expected output : @f$ \ l e f t \{ \ l e f t \{ P \ r i g h t \} , \ l e f t \{ Q \ r i g h t \} \ r i g h t \} @f$</ l i >
∗ </ul >
∗ @memberof R e p o s i t o r y B u i l d i n g T e s t
∗/

TEST_F( R e p o s i t o r y B u i l d i n g T e s t , M u l t i p l e C l a u s e s _ S i n g l e P r e d i c a t e )
{

// c lang −format o f f

c on s t L i t e r a l p ( "P" ) ;
c on s t L i t e r a l q ( "Q" ) ;

r e p o _ b u i l d _ t e s t (
Mutab leB inaryConnected : : b u i l d (

B ina ryOpera to rTypes : : Con junct ion ,
M u t a b l e P r e d i c a t e : : b u i l d ( "P" ) ,
M u t a b l e P r e d i c a t e : : b u i l d ( "Q" )

) ,

{ { &p } , { &q } }
) ;

// c lang −format on
}

/∗∗
∗ @ b r i e f Tes t s b a s i c f u n c t i o n a l i t y o f the R e p o s i t o r y B u i l d i n g V i s i t o r f o r m u l t i p l e p r e d i c a t e s ove r m u l t i p l e CNF
∗ c l a u s e s .
∗ @ d e t a i l s
∗ <ul >
∗ <l i >I n p u t : @f$ \ l e f t ( P \ l o r Q \ r i g h t ) \ l and \ l e f t ( R \ l o r S \ r i g h t ) @f$</ l i >
∗ <l i >Expected output : @f$ \ l e f t \{ \ l e f t \{ P , Q \ r i g h t \} , \ l e f t \{ R , S \ r i g h t \} \ r i g h t \} @f$</ l i >
∗ </ul >
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∗ @memberof R e p o s i t o r y B u i l d i n g T e s t
∗/

TEST_F( R e p o s i t o r y B u i l d i n g T e s t , M u l t i p l e C l a u s e s _ M u l t i p l e P r e d i c a t e s )
{

// c lang −format o f f

c on s t L i t e r a l p ( "P" ) ;
c on s t L i t e r a l q ( "Q" ) ;
c on s t L i t e r a l r ( "R" ) ;
c on s t L i t e r a l s ( "S" ) ;

r e p o _ b u i l d _ t e s t (
Mutab leB inaryConnected : : b u i l d (

B ina ryOpera to rTypes : : Con junct ion ,
Mutab leB inaryConnected : : b u i l d (

B ina ryOpera to rTypes : : D i s j u n c t i o n ,
M u t a b l e P r e d i c a t e : : b u i l d ( "P" ) ,
M u t a b l e P r e d i c a t e : : b u i l d ( "Q" )

) ,
Mutab leB inaryConnected : : b u i l d (

B ina ryOpera to rTypes : : D i s j u n c t i o n ,
M u t a b l e P r e d i c a t e : : b u i l d ( "R" ) ,
M u t a b l e P r e d i c a t e : : b u i l d ( "S" )

)
) ,

{ { &p , &q } , { &r , &s } }
) ;

// c lang −format on
}

/∗∗
∗ @ b r i e f Tes t s b a s i c f u n c t i o n a l i t y o f the R e p o s i t o r y B u i l d i n g V i s i t o r f o r m u l t i p l e p r e d i c a t e s ove r m u l t i p l e CNF
∗ c l a u s e s , i n c l u d i n g n e s t e d CNF f o r m u l a s .
∗ @ d e t a i l s
∗ <ul >
∗ <l i >
∗ I n p u t :
∗ @f$ \ l e f t ( \ l e f t ( A \ l o r B \ r i g h t ) \ l o r C \ r i g h t ) \ l and
∗ \ l e f t ( D \ l and \ l e f t ( E \ l and \ l e f t ( F \ l o r G \ r i g h t ) \ r i g h t ) \ r i g h t ) @f$
∗ </ l i >
∗ <l i >
∗ Expected output :
∗ @f$\ l e f t \{
∗ \ l e f t \{ A, B, C \ r i g h t \} ,
∗ \ l e f t \{ D \ r i g h t \} ,
∗ \ l e f t \{ E \ r i g h t \} ,
∗ \ l e f t \{ F , G \ r i g h t \}
∗ \ r i g h t \} @f$
∗ </ l i >
∗ </ul >
∗ @memberof R e p o s i t o r y B u i l d i n g T e s t
∗/

TEST_F( R e p o s i t o r y B u i l d i n g T e s t , Nested )
{

// c lang −format o f f

c on s t L i t e r a l a ( "A" ) ;
c on s t L i t e r a l b ( "B" ) ;
c on s t L i t e r a l c ( "C" ) ;
c on s t L i t e r a l d ( "D" ) ;
c on s t L i t e r a l e ( "E" ) ;
c on s t L i t e r a l f ( "F" ) ;
c on s t L i t e r a l g ( "G" ) ;

r e p o _ b u i l d _ t e s t (
Mutab leB inaryConnected : : b u i l d (

B ina ryOpera to rTypes : : Con junct ion ,
Mutab leB inaryConnected : : b u i l d (

B ina ryOpera to rTypes : : D i s j u n c t i o n ,
Mutab leB inaryConnected : : b u i l d (

B ina ryOpera to rTypes : : D i s j u n c t i o n ,
M u t a b l e P r e d i c a t e : : b u i l d ( "A" ) ,
M u t a b l e P r e d i c a t e : : b u i l d ( "B" )

) ,
M u t a b l e P r e d i c a t e : : b u i l d ( "C" )

) ,
Mutab leB inaryConnected : : b u i l d (

B ina ryOpera to rTypes : : Con junct ion ,
M u t a b l e P r e d i c a t e : : b u i l d ( "D" ) ,
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Mutab leB inaryConnected : : b u i l d (
B ina ryOpera to rTypes : : Con junct ion ,
M u t a b l e P r e d i c a t e : : b u i l d ( "E" ) ,
Mutab leB inaryConnected : : b u i l d (

B ina ryOpera to rTypes : : D i s j u n c t i o n ,
M u t a b l e P r e d i c a t e : : b u i l d ( "F" ) ,
M u t a b l e P r e d i c a t e : : b u i l d ( "G" )

)
)

)
) ,

{
{ &a , &b , &c } ,
{ &d } ,
{ &e } ,
{ &f , &g }

}
) ;

// c lang −format on
}

} // namespace o p t i f o l

1.14.8 ResolutionTest.cpp

/∗
∗ C o p y r i g h t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f Test r e s o l u t i o n o f FOL knowledge ba se s to deduce g o a l s
∗ @author O l i v e r Dixon
∗ @date 2025−09−13
∗ @ v e r s i o n Development
∗/

#i n c l u d e <g t e s t / g t e s t . h>

#i n c l u d e " . . / IR / Mutab l eVa r i an t s / Sen tence s / Mutab leB inaryConnected . hpp "
#i n c l u d e " . . / IR / Mutab l eVa r i an t s / Sen tence s / M u t a b l e P r e d i c a t e . hpp "
#i n c l u d e " . . / IR / Mutab l eVa r i an t s / Sen tence s / M u t a b l e Q u a n t i f i e d . hpp "
#i n c l u d e " . . / IR / Mutab l eVa r i an t s / Sen tence s / Mutab leSentenceRoot . hpp "
#i n c l u d e " . . / IR / Mutab l eVa r i an t s /Terms/ Mutab leFunct ion . hpp "
#i n c l u d e " . . / IR / Mutab l eVa r i an t s /Terms/ M u t a b l e V a r i a b l e . hpp "
#i n c l u d e " . . / IR / Symbo lRepos i to ry . hpp "
#i n c l u d e " . . / I n f e r e n c e / E x p r e s s i o n F a c t o r y . hpp "
#i n c l u d e " . . / I n f e r e n c e / Prove r . hpp "
#i n c l u d e " . . / I n f e r e n c e / QueryResu l t . hpp "

namespace o p t i f o l
{

/∗∗
∗ @ c l a s s R e s o l u t i o n T e s t
∗/

c l a s s R e s o l u t i o n T e s t : p u b l i c t e s t i n g : : Test
{
p r o t e c t e d :

v o i d SetUp ( ) o v e r r i d e
{

s y m b o l _ r e p o s i t o r y = s t d : : make_shared<Symbo lRepos i to ry >() ;
p r o v e r = s t d : : make_unique<Prover >( s y m b o l _ r e p o s i t o r y ) ;

}

s t d : : shared_ptr <Symbo lRepos i to ry > s y m b o l _ r e p o s i t o r y ;
s t d : : un ique_ptr <Prover> p r o v e r ;

} ;

/∗∗
∗ @ b r i e f Tes t s R e s o l u t i o n f u n c t i o n a l i t y f o r a Modus Ponens knowledge base ove r a s i n g l e u n i v e r s a l l y
∗ q u a n t i f i e d v a r i a b l e
∗ @f$ x @f$ and a c o n s t a n t @f$ C @f$ .
∗ @ d e t a i l s
∗ <t a b l e >
∗ <tr >
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∗ <td />
∗ <th>FOL Sentence </th>
∗ <th>CNF Sentence </th>
∗ <th>Conjunct−D i s j u n c t Set </th>
∗ </t r >
∗ <tr >
∗ <th rowspan="2">Knowledge Base</th>
∗ <td>@f$ \ f o r a l l x \ l e f t ( P\ l e f t ( x\ r i g h t ) \ i m p l i e s Q\ l e f t ( x\ r i g h t ) \ r i g h t ) @f$</td>
∗ <td>@f$ \ l n o t P\ l e f t ( x\ r i g h t ) \ l o r Q\ l e f t ( x\ r i g h t ) @f$</td>
∗ <td>@f$ \ l e f t \{ \ l e f t \{ \ l n o t P\ l e f t ( x\ r i g h t ) , Q\ l e f t ( x\ r i g h t ) \ r i g h t \} \ r i g h t \} @f$</td>
∗ </t r >
∗ <tr >
∗ <td>@f$ P\ l e f t (C\ r i g h t ) @f$</td>
∗ <td>@f$ P\ l e f t (C\ r i g h t ) @f$</td>
∗ <td>@f$ \ l e f t \{ \ l e f t \{ P\ l e f t (C\ r i g h t ) \ r i g h t \} \ r i g h t \} @f$</td>
∗ </t r >
∗ <tr >
∗ <th>Goal </th>
∗ <td>@f$ Q\ l e f t (C\ r i g h t ) @f$</td>
∗ <td>@f$ Q\ l e f t (C\ r i g h t ) @f$</td>
∗ <td>@f$ \ l e f t \{ \ l e f t \{ Q\ l e f t (C\ r i g h t ) \ r i g h t \} \ r i g h t \} @f$</td>
∗ </t r >
∗ </t a b l e >
∗ @memberof R e s o l u t i o n T e s t
∗/

TEST_F( R e s o l u t i o n T e s t , ModusPonens_Quant i f ied )
{

s t d : : v e c to r <s t d : : un ique_ptr <IMutableTerm>> s1_p_args ;
s1_p_args . push_back ( M u t a b l e V a r i a b l e : : b u i l d <IMutableTerm >(" x " ) ) ;

s t d : : v e c to r <s t d : : un ique_ptr <IMutableTerm>> s1_q_args ;
s1_q_args . push_back ( M u t a b l e V a r i a b l e : : b u i l d <IMutableTerm >(" x " ) ) ;

s t d : : v e c to r <s t d : : un ique_ptr <IMutableTerm>> s2_p_args ;
s2_p_args . push_back ( Mutab leFunct ion : : b u i l d <IMutableTerm >("C" ) ) ;

// c lang −format o f f

c on s t auto s e n t e n c e 1 = E x p r e s s i o n F a c t o r y : : b u i l d _ s e n t e n c e ( Mutab leSentenceRoot : : b u i l d (
M u t a b l e Q u a n t i f i e d : : b u i l d (

Q u a n t i f i e r T y p e s : : U n i v e r s a l ,
M u t a b l e V a r i a b l e : : b u i l d ( " x " ) ,
Mutab leB inaryConnected : : b u i l d (

B ina ryOpera to rTypes : : I m p l i c a t i o n ,
M u t a b l e P r e d i c a t e : : b u i l d ( "P" , s t d : : move ( s1_p_args ) ) ,
M u t a b l e P r e d i c a t e : : b u i l d ( "Q" , s t d : : move ( s1_q_args ) )

)
)

) , s y m b o l _ r e p o s i t o r y ) ;

// c lang −format on

c on s t auto s e n t e n c e 2 = E x p r e s s i o n F a c t o r y : : b u i l d _ s e n t e n c e (
Mutab leSentenceRoot : : b u i l d ( M u t a b l e P r e d i c a t e : : b u i l d ( "P" , s t d : : move ( s2_p_args ) ) ) ,
s y m b o l _ r e p o s i t o r y ) ;

p rove r −> t e l l (∗ s e n t e n c e 1 ) ;
p rove r −> t e l l (∗ s e n t e n c e 2 ) ;

s t d : : v e c to r <s t d : : un ique_ptr <IMutableTerm>> query_args ;
que ry_args . push_back ( Mutab leFunct ion : : b u i l d <IMutableTerm >("C" ) ) ;

c on s t auto r e s u l t =
prove r −>ask ( Mutab leSentenceRoot : : b u i l d ( M u t a b l e P r e d i c a t e : : b u i l d ( "Q" , s t d : : move ( que ry_args ) ) ) ) ;

EXPECT_EQ( r e s u l t . outcome , Que ryResu l t : : C o n j e c t u r e S t a t u s : : C o n s i s t e n t ) ;
}

TEST_F( R e s o l u t i o n T e s t , R e j e c t _ T r i v i a l )
{

s t d : : v e c to r <s t d : : un ique_ptr <IMutableTerm>> s1_p_args ;
s1_p_args . push_back ( M u t a b l e V a r i a b l e : : b u i l d <IMutableTerm >(" x " ) ) ;

s t d : : v e c to r <s t d : : un ique_ptr <IMutableTerm>> s1_q_args ;
s1_q_args . push_back ( M u t a b l e V a r i a b l e : : b u i l d <IMutableTerm >(" x " ) ) ;

s t d : : v e c to r <s t d : : un ique_ptr <IMutableTerm>> s2_p_args ;
s2_p_args . push_back ( Mutab leFunct ion : : b u i l d <IMutableTerm >("C" ) ) ;

c on s t auto s e n t e n c e 1 = E x p r e s s i o n F a c t o r y : : b u i l d _ s e n t e n c e (
Mutab leSentenceRoot : : b u i l d ( M u t a b l e P r e d i c a t e : : b u i l d ( "P" , s t d : : move ( s2_p_args ) ) ) ,

232



s y m b o l _ r e p o s i t o r y ) ;

c on s t auto s e n t e n c e 2 = E x p r e s s i o n F a c t o r y : : b u i l d _ s e n t e n c e (
Mutab leSentenceRoot : : b u i l d ( M u t a b l e P r e d i c a t e : : b u i l d ( "Q" , s t d : : move ( s2_p_args ) ) ) ,
s y m b o l _ r e p o s i t o r y ) ;

p rove r −> t e l l (∗ s e n t e n c e 1 ) ;
p rove r −> t e l l (∗ s e n t e n c e 2 ) ;

s t d : : v e c to r <s t d : : un ique_ptr <IMutableTerm>> query_args ;
que ry_args . push_back ( Mutab leFunct ion : : b u i l d <IMutableTerm >("C" ) ) ;

c on s t auto r e s u l t =
prove r −>ask ( Mutab leSentenceRoot : : b u i l d ( M u t a b l e P r e d i c a t e : : b u i l d ( "R" , s t d : : move ( que ry_args ) ) ) ) ;

EXPECT_EQ( r e s u l t . outcome , Que ryResu l t : : C o n j e c t u r e S t a t u s : : I n c o n s i s t e n t ) ;
}

TEST_F( R e s o l u t i o n T e s t , C u r i o s i t y K i l l e d T h e C a t )
{

// Anybody who l o v e s a l l a n i m a l s i s t h e m s e l v e s l o v e d by somebody .
s t d : : v e c to r <s t d : : un ique_ptr <IMutableTerm>> animal_args_1 ;
an imal_args_1 . push_back ( M u t a b l e V a r i a b l e : : b u i l d ( " y " ) ) ;

s t d : : v e c to r <s t d : : un ique_ptr <IMutableTerm>> loves_args_1 ;
l ove s_args_1 . push_back ( M u t a b l e V a r i a b l e : : b u i l d ( " x " ) ) ;
l ove s_args_1 . push_back ( M u t a b l e V a r i a b l e : : b u i l d ( " y " ) ) ;

s t d : : v e c to r <s t d : : un ique_ptr <IMutableTerm>> loves_args_2 ;
l ove s_args_2 . push_back ( M u t a b l e V a r i a b l e : : b u i l d ( " y " ) ) ;
l ove s_args_2 . push_back ( M u t a b l e V a r i a b l e : : b u i l d ( " x " ) ) ;

c on s t auto l o v e s _ a l l _ a n i m a l s = E x p r e s s i o n F a c t o r y : : b u i l d _ s e n t e n c e (
Mutab leSentenceRoot : : b u i l d ( M u t a b l e Q u a n t i f i e d : : b u i l d ( Q u a n t i f i e r T y p e s : : U n i v e r s a l ,

M u t a b l e V a r i a b l e : : b u i l d ( " x " ) ,
Mutab leB inaryConnected : : b u i l d ( B ina ryOpera to rTypes : : I m p l i c a t i o n ,

M u t a b l e Q u a n t i f i e d : : b u i l d ( Q u a n t i f i e r T y p e s : : U n i v e r s a l , M u t a b l e V a r i a b l e : : b u i l d ( " y " ) ,
Mutab leB inaryConnected : : b u i l d ( B ina ryOpera to rTypes : : I m p l i c a t i o n ,

M u t a b l e P r e d i c a t e : : b u i l d ( " Animal " , s t d : : move ( animal_args_1 ) ) ,
M u t a b l e P r e d i c a t e : : b u i l d ( " Loves " , s t d : : move ( l ove s_args_1 ) ) ) ) ,

M u t a b l e Q u a n t i f i e d : : b u i l d ( Q u a n t i f i e r T y p e s : : E x i s t e n t i a l ,
M u t a b l e V a r i a b l e : : b u i l d ( " y " ) ,
M u t a b l e P r e d i c a t e : : b u i l d ( " Loves " , s t d : : move ( l ove s_args_2 ) ) ) ) ) ) ,

s y m b o l _ r e p o s i t o r y ) ;

// Anybody who k i l l s an an ima l i s l o v e d by nobody .
s t d : : v e c to r <s t d : : un ique_ptr <IMutableTerm>> animal_args_2 ;
an imal_args_2 . push_back ( M u t a b l e V a r i a b l e : : b u i l d ( " z " ) ) ;

s t d : : v e c to r <s t d : : un ique_ptr <IMutableTerm>> k i l l s _ a r g s _ 1 ;
k i l l s _ a r g s _ 1 . push_back ( M u t a b l e V a r i a b l e : : b u i l d ( " x " ) ) ;
k i l l s _ a r g s _ 1 . push_back ( M u t a b l e V a r i a b l e : : b u i l d ( " z " ) ) ;

s t d : : v e c to r <s t d : : un ique_ptr <IMutableTerm>> loves_args_3 ;
l ove s_args_3 . push_back ( M u t a b l e V a r i a b l e : : b u i l d ( " y " ) ) ;
l ove s_args_3 . push_back ( M u t a b l e V a r i a b l e : : b u i l d ( " x " ) ) ;

c on s t auto k i l l s _ a n _ a n i m a l = E x p r e s s i o n F a c t o r y : : b u i l d _ s e n t e n c e (
Mutab leSentenceRoot : : b u i l d ( M u t a b l e Q u a n t i f i e d : : b u i l d ( Q u a n t i f i e r T y p e s : : U n i v e r s a l ,

M u t a b l e V a r i a b l e : : b u i l d ( " x " ) ,
Mutab leB inaryConnected : : b u i l d ( B ina ryOpera to rTypes : : I m p l i c a t i o n ,

M u t a b l e Q u a n t i f i e d : : b u i l d ( Q u a n t i f i e r T y p e s : : E x i s t e n t i a l ,
M u t a b l e V a r i a b l e : : b u i l d ( " z " ) ,
Mutab leB inaryConnected : : b u i l d ( B ina ryOpera to rTypes : : Con junct ion ,

M u t a b l e P r e d i c a t e : : b u i l d ( " Animal " , s t d : : move ( animal_args_2 ) ) ,
M u t a b l e P r e d i c a t e : : b u i l d ( " K i l l s " , s t d : : move ( k i l l s _ a r g s _ 1 ) ) ) ) ,

M u t a b l e Q u a n t i f i e d : : b u i l d ( Q u a n t i f i e r T y p e s : : U n i v e r s a l , M u t a b l e V a r i a b l e : : b u i l d ( " y " ) ,
M u t a b l e P r e d i c a t e : : b u i l d ( " Loves " , f a l s e , s t d : : move ( l ove s_args_3 ) ) ) ) ) ) ,

s y m b o l _ r e p o s i t o r y ) ;

// Jack l o v e s a l l a n i m a l s .
s t d : : v e c to r <s t d : : un ique_ptr <IMutableTerm>> animal_args_3 ;
an imal_args_3 . push_back ( M u t a b l e V a r i a b l e : : b u i l d ( " x " ) ) ;

s t d : : v e c to r <s t d : : un ique_ptr <IMutableTerm>> loves_args_4 ;
l ove s_args_4 . push_back ( Mutab leFunct ion : : b u i l d ( " Jack " ) ) ;
l ove s_args_4 . push_back ( M u t a b l e V a r i a b l e : : b u i l d ( " x " ) ) ;

c on s t auto j a c k _ l o v e s _ a n i m a l s = E x p r e s s i o n F a c t o r y : : b u i l d _ s e n t e n c e (
Mutab leSentenceRoot : : b u i l d (

M u t a b l e Q u a n t i f i e d : : b u i l d ( Q u a n t i f i e r T y p e s : : U n i v e r s a l , M u t a b l e V a r i a b l e : : b u i l d ( " x " ) ,
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Mutab leB inaryConnected : : b u i l d ( B ina ryOpera to rTypes : : I m p l i c a t i o n ,
M u t a b l e P r e d i c a t e : : b u i l d ( " Animal " , s t d : : move ( animal_args_3 ) ) ,
M u t a b l e P r e d i c a t e : : b u i l d ( " Loves " , s t d : : move ( l ove s_args_4 ) ) ) ) ) ,

s y m b o l _ r e p o s i t o r y ) ;

// Tuna i s k i l l e d by Jack or C u r i o s i t y .
s t d : : v e c to r <s t d : : un ique_ptr <IMutableTerm>> k i l l s _ a r g s _ 2 ;
k i l l s _ a r g s _ 2 . push_back ( Mutab leFunct ion : : b u i l d ( " Jack " ) ) ;
k i l l s _ a r g s _ 2 . push_back ( Mutab leFunct ion : : b u i l d ( "Tuna" ) ) ;

s t d : : v e c to r <s t d : : un ique_ptr <IMutableTerm>> k i l l s _ a r g s _ 3 ;
k i l l s _ a r g s _ 3 . push_back ( Mutab leFunct ion : : b u i l d ( " C u r i o s i t y " ) ) ;
k i l l s _ a r g s _ 3 . push_back ( Mutab leFunct ion : : b u i l d ( "Tuna" ) ) ;

c on s t auto t u n a _ i s _ k i l l e d = E x p r e s s i o n F a c t o r y : : b u i l d _ s e n t e n c e (
Mutab leSentenceRoot : : b u i l d ( Mutab leB inaryConnected : : b u i l d ( B ina ryOpera to rTypes : : D i s j u n c t i o n ,

M u t a b l e P r e d i c a t e : : b u i l d ( " K i l l s " , s t d : : move ( k i l l s _ a r g s _ 2 ) ) ,
M u t a b l e P r e d i c a t e : : b u i l d ( " K i l l s " , s t d : : move ( k i l l s _ a r g s _ 3 ) ) ) ) ,

s y m b o l _ r e p o s i t o r y ) ;

// Tuna i s a ca t .
s t d : : v e c to r <s t d : : un ique_ptr <IMutableTerm>> cat_args_1 ;
cat_args_1 . push_back ( Mutab leFunct ion : : b u i l d ( "Tuna" ) ) ;

c on s t auto tuna_ i s_cat = E x p r e s s i o n F a c t o r y : : b u i l d _ s e n t e n c e (
Mutab leSentenceRoot : : b u i l d ( M u t a b l e P r e d i c a t e : : b u i l d ( " Cat " , s t d : : move ( cat_args_1 ) ) ) ,
s y m b o l _ r e p o s i t o r y ) ;

// Cats a r e a n i m a l s .
s t d : : v e c to r <s t d : : un ique_ptr <IMutableTerm>> cat_args_2 ;
cat_args_2 . push_back ( M u t a b l e V a r i a b l e : : b u i l d ( " x " ) ) ;

s t d : : v e c to r <s t d : : un ique_ptr <IMutableTerm>> animal_args_4 ;
an imal_args_4 . push_back ( M u t a b l e V a r i a b l e : : b u i l d ( " x " ) ) ;

c on s t auto ca t s_a re_an ima l s = E x p r e s s i o n F a c t o r y : : b u i l d _ s e n t e n c e (
Mutab leSentenceRoot : : b u i l d (

M u t a b l e Q u a n t i f i e d : : b u i l d ( Q u a n t i f i e r T y p e s : : U n i v e r s a l , M u t a b l e V a r i a b l e : : b u i l d ( " x " ) ,
Mutab leB inaryConnected : : b u i l d ( B ina ryOpera to rTypes : : I m p l i c a t i o n ,

M u t a b l e P r e d i c a t e : : b u i l d ( " Cat " , s t d : : move ( cat_args_2 ) ) ,
M u t a b l e P r e d i c a t e : : b u i l d ( " Animal " , s t d : : move ( animal_args_4 ) ) ) ) ) ,

s y m b o l _ r e p o s i t o r y ) ;

// T e l l the KB the f a c t s . . .
p rove r −> t e l l (∗ t u n a _ i s _ k i l l e d ) ;
p rove r −> t e l l (∗ tuna_ i s_cat ) ;
p rove r −> t e l l (∗ l o v e s _ a l l _ a n i m a l s ) ;
p rove r −> t e l l (∗ k i l l s _ a n _ a n i m a l ) ;
p rove r −> t e l l (∗ j a c k _ l o v e s _ a n i m a l s ) ;
p rove r −> t e l l (∗ ca t s_a re_an ima l s ) ;

// Did C u r i o s i t y k i l l Tuna?
s t d : : v e c to r <s t d : : un ique_ptr <IMutableTerm>> k i l l s _ a r g s _ 4 ;
k i l l s _ a r g s _ 4 . push_back ( Mutab leFunct ion : : b u i l d ( " C u r i o s i t y " ) ) ;
k i l l s _ a r g s _ 4 . push_back ( Mutab leFunct ion : : b u i l d ( "Tuna" ) ) ;

c on s t auto r e s u l t = prove r −>ask (
Mutab leSentenceRoot : : b u i l d ( M u t a b l e P r e d i c a t e : : b u i l d ( " K i l l s " , s t d : : move ( k i l l s _ a r g s _ 4 ) ) ) ) ;

EXPECT_EQ( r e s u l t . outcome , Que ryResu l t : : C o n j e c t u r e S t a t u s : : C o n s i s t e n t ) ;
}

} // namespace o p t i f o l

1.14.9 UnidirectionalUnificationTest.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f Test u n i d i r e c t i o n a l u n i f i c a t i o n o f FOL s e n t e n c e s and terms
∗ @author O l i v e r Dixon
∗ @date 2025−02−03
∗ @ v e r s i o n Development
∗/
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#i n c l u d e <g t e s t / g t e s t . h>

#i n c l u d e " . . / IR / Sentence s / L i t e r a l . hpp "
#i n c l u d e " . . / IR / Symbo lRepos i to ry . hpp "
#i n c l u d e " . . / IR /Terms/ Funct i on . hpp "
#i n c l u d e " . . / IR /Terms/ V a r i a b l e . hpp "
#i n c l u d e " . . / V i s i t o r s / R e g u l a r T a r g e t s / U n i f i c a t i o n / U n i f i c a t i o n V i s i t o r . hpp "

namespace o p t i f o l
{

/∗∗
∗ @ c l a s s U n i d i r e c t i o n a l U n i f i c a t i o n T e s t
∗ @ b r i e f Tes t s the U n i f i c a t i o n V i s i t o r to v e r i f y t h a t v a l i d s u b s t i t u t i o n s a r e c o n s t r u c t e d i n the
∗ G e n e r a l i s a t i o n o n l y to u n i f y p a i r s o f s e n t e n c e s .
∗/

c l a s s U n i d i r e c t i o n a l U n i f i c a t i o n T e s t : p u b l i c t e s t i n g : : Test
{
p r o t e c t e d :

s t d : : un ique_ptr <U n i f i c a t i o n V i s i t o r > u n i f i c a t i o n _ v i s i t o r ;

v o i d SetUp ( ) o v e r r i d e
{

s y m b o l _ r e p o s i t o r y = s t d : : make_shared<Symbo lRepos i to ry >() ;
u n i f i c a t i o n _ v i s i t o r = s t d : : make_unique<U n i f i c a t i o n V i s i t o r >( s y m b o l _ r e p o s i t o r y ) ;

}

template <typename TermType , c l a s s . . . CtorArgs>
[ [ n o d i s c a r d ] ] c o n s t TermType ∗ r e g i s t e r _ s y m b o l ( CtorArgs &&.. . c t o r _ a r g s ) co n s t
{

r e t u r n s y m b o l _ r e p o s i t o r y −>add_symbol (
s t d : : make_unique<TermType>( s t d : : fo rward <CtorArgs >( c t o r _ a r g s ) . . . ) ) ;

}

p r i v a t e :
s t d : : shared_ptr <Symbo lRepos i to ry > s y m b o l _ r e p o s i t o r y ;

} ;

/∗∗
∗ @ b r i e f Tes t s b a s i c f u n c t i o n a l i t y o f the U n i d i r e c t i o n a l U n i f i c a t i o n T e s t f o r a s i n g l e p a i r o f u n i f i a b l e
∗ l i t e r a l s w i th one a p p l i c a b l e Func t i on / V a r i a b l e s u b s t i t u t i o n .
∗ @ d e t a i l s
∗ <ul >
∗ <l i >G e n e r a l i s a t i o n : @f$ P \ l e f t ( C\ l e f t (\ r i g h t ) , x \ r i g h t ) @f$</ l i >
∗ <l i >I n s t a n c e : @f$ P \ l e f t ( C\ l e f t (\ r i g h t ) , D\ l e f t (\ r i g h t ) \ r i g h t ) @f$</ l i >
∗ <l i >Expected s u b s t i t u t i o n s : @f$ \ l e f t \{ x \mapsto D\ l e f t (\ r i g h t ) \ r i g h t \} @f$</ l i >
∗ </ul >
∗ @memberof U n i d i r e c t i o n a l U n i f i c a t i o n T e s t
∗/

TEST_F( U n i d i r e c t i o n a l U n i f i c a t i o n T e s t , P o s i t i v e _ S i n g l e B i n d i n g _ F u n c V a r )
{

c on s t auto c = r e g i s t e r _ s y m b o l <Funct ion >("C" ) ;
c on s t auto d = r e g i s t e r _ s y m b o l <Funct ion >("D" ) ;
c on s t auto x = r e g i s t e r _ s y m b o l <V a r i a b l e >(" x " ) ;

c on s t auto gen = r e g i s t e r _ s y m b o l <L i t e r a l >("P" , s t d : : v e c to r <c o ns t IProcessedTerm ∗>{c , x }) ;
c on s t auto i n s t = r e g i s t e r _ s y m b o l <L i t e r a l >("P" , s t d : : v e c to r <c on s t IProcessedTerm ∗>{c , d }) ;

EXPECT_TRUE( gen−>accep t (∗ u n i f i c a t i o n _ v i s i t o r , ∗ i n s t ) ) ;

c on s t U n i f i e r expec ted_subs {{{x , d }}} ;
EXPECT_EQ(∗ u n i f i c a t i o n _ v i s i t o r −>o b s e r v e _ s u b s t i t u t i o n s ( ) , expected_subs ) ;

}

/∗∗
∗ @ b r i e f Tes t s b a s i c f u n c t i o n a l i t y o f the U n i d i r e c t i o n a l U n i f i c a t i o n T e s t f o r a s i n g l e p a i r o f non−u n i f i a b l e
∗ l i t e r a l s , v e r i f y i n g t h a t v a l i d s u b s t i t u t i o n s i n the i n s t a n c e a r e r e f u s e d .
∗ @ d e t a i l s
∗ <ul >
∗ <l i >G e n e r a l i s a t i o n : @f$ P \ l e f t ( C\ l e f t (\ r i g h t ) , x \ r i g h t ) @f$</ l i >
∗ <l i >I n s t a n c e : @f$ P \ l e f t ( C\ l e f t (\ r i g h t ) , D\ l e f t (\ r i g h t ) \ r i g h t ) @f$</ l i >
∗ </ul >
∗ @memberof U n i d i r e c t i o n a l U n i f i c a t i o n T e s t
∗/

TEST_F( U n i d i r e c t i o n a l U n i f i c a t i o n T e s t , Negat i ve_S ing l eB ind ing_VarFunc )
{

c on s t auto c = r e g i s t e r _ s y m b o l <Funct ion >("C" ) ;
c on s t auto d = r e g i s t e r _ s y m b o l <Funct ion >("D" ) ;
c on s t auto x = r e g i s t e r _ s y m b o l <V a r i a b l e >(" x " ) ;

c on s t auto gen = r e g i s t e r _ s y m b o l <L i t e r a l >("P" , s t d : : v e c to r <c o ns t IProcessedTerm ∗>{c , d }) ;
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c on s t auto i n s t = r e g i s t e r _ s y m b o l <L i t e r a l >("P" , s t d : : v e c to r <c on s t IProcessedTerm ∗>{c , x }) ;

EXPECT_FALSE( gen−>accep t (∗ u n i f i c a t i o n _ v i s i t o r , ∗ i n s t ) ) ;
}

} // namespace o p t i f o l

1.15 UserTesting

1.15.1 Discovery

1.15.1.1 DiscoveryTestExecutable.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the D i s c o v e r y T e s t E x e c u t a b l e s t o r a g e o b j e c t
∗ @author O l i v e r Dixon
∗ @date 2025−08−02
∗ @ v e r s i o n Development
∗/

#i n c l u d e " D i s c o v e r y T e s t E x e c u t a b l e . hpp "
#i n c l u d e " D i s c o v e r y T e s t F i x t u r e . hpp "

namespace o p t i f o l
{

D i s c o v e r y T e s t E x e c u t a b l e : : D i s c o v e r y T e s t E x e c u t a b l e ( c o n s t G l i b : : u s t r i n g &execu tab l e_pa th ) :
G l i b : : ObjectBase ( " D i s c o v e r y T e s t E x e c u t a b l e " ) ,
f i x t u r e s ( Gio : : L i s t S t o r e <D i s c o v e r y T e s t F i x t u r e >: : c r e a t e ( ) )

{
property_name ( ) . s e t _ v a l u e ( execu tab l e_pa th ) ;

}

D i s c o v e r y T e s t E x e c u t a b l e : : D i s c o v e r y T e s t E x e c u t a b l e ( c o n s t G l i b : : u s t r i n g &executab l e_path ,
BaseObjectType ∗ c o b j e c t , co n s t G l i b : : RefPtr<Gtk : : B u i l d e r > &b u i l d e r ) :

G l i b : : ObjectBase ( " D i s c o v e r y T e s t E x e c u t a b l e " ) ,
S to rageOb jec tBase ( c o b j e c t , b u i l d e r ) ,
f i x t u r e s ( Gio : : L i s t S t o r e <D i s c o v e r y T e s t F i x t u r e >: : c r e a t e ( ) )

{
property_name ( ) . s e t _ v a l u e ( execu tab l e_pa th ) ;

}

G l i b : : RefPtr<Gio : : L i s t S t o r e <D i s c o v e r y T e s t F i x t u r e >> D i s c o v e r y T e s t E x e c u t a b l e : : g e t _ f i x t u r e _ m o d e l ( ) c on s t noexcept
{

r e t u r n f i x t u r e s ;
}

G l i b : : RefPtr<D i s c o v e r y T e s t F i x t u r e > D i s c o v e r y T e s t E x e c u t a b l e : : g e t _ d e f a u l t _ f i x t u r e ( ) co n s t
{

r e t u r n f i x t u r e s −>get_item (0) ;
}

v o i d D i s c o v e r y T e s t E x e c u t a b l e : : a d d _ f i x t u r e ( G l i b : : RefPtr<D i s c o v e r y T e s t F i x t u r e > f i x t u r e ) c on s t
{

f i x t u r e s −>append ( s t d : : move ( f i x t u r e ) ) ;
}

boo l D i s c o v e r y T e s t E x e c u t a b l e : : o p e r a t o r==(c o ns t D i s c o v e r y T e s t E x e c u t a b l e &o t h e r ) co n s t
{

r e t u r n property_name ( ) . ge t_va lue ( ) == o t h e r . property_name ( ) . ge t_va lue ( ) ;
}

boo l D i s c o v e r y T e s t E x e c u t a b l e : : o p e r a t o r==(c o ns t G l i b : : u s t r i n g &othe r_execu tab l e_pa th ) c o n s t
{

r e t u r n property_name ( ) . ge t_va lue ( ) == othe r_execu tab l e_pa th ;
}

} // namespace o p t i f o l

1.15.1.2 DiscoveryTestExecutable.hpp
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/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the D i s c o v e r y T e s t E x e c u t a b l e s t o r a g e o b j e c t
∗ @author O l i v e r Dixon
∗ @date 2025−08−02
∗ @ v e r s i o n Development
∗/

#i f n d e f DISCOVERYTESTEXECUTABLE_HPP
#d e f i n e DISCOVERYTESTEXECUTABLE_HPP

#i n c l u d e <giomm/ l i s t s t o r e . h>

#i n c l u d e " . . / . . / S to rage / Sto rageOb jec tBase . hpp "
#i n c l u d e " D i s c o v e r y T e s t F i x t u r e . hpp "

namespace o p t i f o l
{

/∗∗
∗ @ c l a s s D i s c o v e r y T e s t E x e c u t a b l e
∗ @ b r i e f D e s c r i b e s a t e s t i n g framework−a g n o s t i c e x e c u t a b l e used to d i s c o v e r and model s o f t w a r e u n i t f i x t u r e s
∗ and t e s t s t h e r e o f . De r i v ed c l a s s e s p o p u l a t e the e x e c u t a b l e w i th f i x t u r e s d u r i n g or a f t e r
∗ framework−dependent d i s c o v e r y , and consumers query the model from the base c l a s s .
∗/

c l a s s D i s c o v e r y T e s t E x e c u t a b l e : p u b l i c S to rageOb jec tBase
{
p u b l i c :

/∗∗
∗ @ b r i e f R e t r i e v e s the f i x t u r e s model to use i n a Gtk : : DropDown or Gtk : : L i s t V i e w .
∗ @re tu rn A r e f −counted p o i n t e r to the f i x t u r e s model , c o n t a i n i n g a s i n g l e e n t r y f o r each f i x t u r e w i t h i n
∗ the d i s c o v e r e d e x e c u t a b l e .
∗/

G l i b : : RefPtr<Gio : : L i s t S t o r e <D i s c o v e r y T e s t F i x t u r e >> g e t _ f i x t u r e _ m o d e l ( ) c o n s t noexcept ;

/∗∗
∗ @ b r i e f R e t r i e v e s the f i r s t f i x t u r e o b j e c t a v a i l a b l e w i t h i n the d i s c o v e r e d e x e c u t a b l e .
∗ @re tu rn A r e f −counted p o i n t e r to the f i r s t e n t r y i n the f i x t u r e s model .
∗/

G l i b : : RefPtr<D i s c o v e r y T e s t F i x t u r e > g e t _ d e f a u l t _ f i x t u r e ( ) c o n s t ;

/∗∗
∗ @ b r i e f Compare the t e s t e x e c u t a b l e w i th an o b j e c t o f the same type .
∗ @param o t h e r The o t h e r t e s t e x e c u t a b l e .
∗ @re tu rn Do the t e s t e x e c u t a b l e o b j e c t s r e f e r to the same e x e c u t a b l e ? E q u a l i t y i s de te rm ined by path .
∗/

boo l o p e r a t o r==(co n s t D i s c o v e r y T e s t E x e c u t a b l e &o t h e r ) c o n s t ;

/∗∗
∗ @ b r i e f Compare the t e s t e x e c u t a b l e w i th the g i v e n e x e c t a b l e path .
∗ @param othe r_execu tab l e_pa th The path o f ano the r e x e c u t a b l e on the f i l e −system .
∗ @re tu rn Does the t e s t e x e c u t a b l e o b j e c t and e x e c u t a b l e at the g i v e n path r e f e r to the same e x e c u t a b l e ?
∗/

boo l o p e r a t o r==(co n s t G l i b : : u s t r i n g &othe r_execu tab l e_pa th ) c on s t ;

p r o t e c t e d :
/∗∗

∗ @ b r i e f C o n s t r u c t a new framework−a g n o s t i c t e s t e x e c u t a b l e . Note t h a t f o r the base c o n s t r u c t o r , no
∗ d i s c o v e r y i s pe r fo rmed and an empty f i x t u r e model i s i n s t a n t i a t e d .
∗ @param execu tab l e_pa th The path o f the e x e c u t a b l e to be s u b j e c t to d i s c o v e r y .
∗/

e x p l i c i t D i s c o v e r y T e s t E x e c u t a b l e ( c o n s t G l i b : : u s t r i n g &execu tab l e_pa th ) ;

/∗∗
∗ @ b r i e f C o n s t r u c t a new framework−a g n o s t i c t e s t e x e c u t a b l e . Note t h a t f o r the base c o n s t r u c t o r , no
∗ d i s c o v e r y i s pe r fo rmed and an empty f i x t u r e model i s i n s t a n t i a t e d .
∗ @param execu tab l e_pa th The path o f the e x e c u t a b l e to be s u b j e c t to d i s c o v e r y .
∗ @param c o b j e c t G l i b C o b j e c t .
∗ @param b u i l d e r E x i s t i n g Gtk : : B u i l d e r i n s t a n c e .
∗/

D i s c o v e r y T e s t E x e c u t a b l e ( c on s t G l i b : : u s t r i n g &executab l e_path , BaseObjectType ∗ c o b j e c t ,
c on s t G l i b : : RefPtr<Gtk : : B u i l d e r > &b u i l d e r ) ;

/∗∗
∗ @ b r i e f Share a new f i x t u r e w i th the model . The sha r ed f i x t u r e i s appended to the i n t e r n a l model .
∗ @param f i x t u r e The f i x t u r e to s h a r e .
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∗/
v o i d a d d _ f i x t u r e ( G l i b : : RefPtr<D i s c o v e r y T e s t F i x t u r e > f i x t u r e ) co n s t ;

p r i v a t e :
c on s t G l i b : : RefPtr<Gio : : L i s t S t o r e <D i s c o v e r y T e s t F i x t u r e >> f i x t u r e s ;

} ;

} // namespace o p t i f o l

template <>
s t r u c t s t d : : hash<o p t i f o l : : D i s c o v e r y T e s t E x e c u t a b l e >
{

u s i n g i s _ t r a n s p a r e n t = v o i d ;

s t d : : s i z e _ t o p e r a t o r ( ) ( co n s t o p t i f o l : : D i s c o v e r y T e s t E x e c u t a b l e ∗ o b j e c t ) co n s t noexcept
{

r e t u r n o b j e c t −>hash ( ) ;
}

s t d : : s i z e _ t o p e r a t o r ( ) ( co n s t G l i b : : u s t r i n g &name ) c o ns t noexcept
{

r e t u r n s t d : : hash<s t d : : s t r i n g >{}(name ) ;
}

s t d : : s i z e _ t o p e r a t o r ( ) ( co n s t o p t i f o l : : D i s c o v e r y T e s t E x e c u t a b l e &o b j e c t ) c on s t noexcept
{

r e t u r n o b j e c t . hash ( ) ;
}

s t d : : s i z e _ t o p e r a t o r ( ) (
c on s t s t d : : shared_pt r <o p t i f o l : : D i s c o v e r y T e s t E x e c u t a b l e > &sha red_hashab l e ) c o n s t noexcept

{
r e t u r n shared_hashab l e −>hash ( ) ;

}
} ;

#e n d i f // DISCOVERYTESTEXECUTABLE_HPP

1.15.1.3 DiscoveryTestFixture.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

//
// Created by owd on 7/30/25.
//

#i n c l u d e " D i s c o v e r y T e s t F i x t u r e . hpp "

namespace o p t i f o l
{

D i s c o v e r y T e s t F i x t u r e : : D i s c o v e r y T e s t F i x t u r e ( c o n s t G l i b : : u s t r i n g &name ) :
G l i b : : ObjectBase ( " D i s c o v e r y T e s t F i x t u r e " )

{
property_name ( ) . s e t _ v a l u e ( name ) ;

}

D i s c o v e r y T e s t F i x t u r e : : D i s c o v e r y T e s t F i x t u r e (
c on s t G l i b : : u s t r i n g &name , BaseObjectType ∗ c o b j e c t , co n s t G l i b : : RefPtr<Gtk : : B u i l d e r > &b u i l d e r ) :

G l i b : : ObjectBase ( " D i s c o v e r y T e s t F i x t u r e " ) ,
S to rageOb jec tBase ( c o b j e c t , b u i l d e r )

{
property_name ( ) . s e t _ v a l u e ( name ) ;

}

v o i d D i s c o v e r y T e s t F i x t u r e : : add_tes t ( c o n s t G l i b : : u s t r i n g &name ) c on s t
{

test_names−>append ( name ) ;
}

G l i b : : RefPtr<Gtk : : S t r i n g L i s t > D i s c o v e r y T e s t F i x t u r e : : get_test_mode l ( ) noexcept
{

r e t u r n test_names ;
}

} // namespace o p t i f o l
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1.15.1.4 DiscoveryTestFixture.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

//
// Created by owd on 7/30/25.
//

#i f n d e f DISCOVERYTESTFIXTURE_HPP
#d e f i n e DISCOVERYTESTFIXTURE_HPP

#i n c l u d e <gtkmm/ s t r i n g l i s t . h>
#i n c l u d e " . . / . . / S to rage / Sto rageOb jec tBase . hpp "

namespace o p t i f o l
{

c l a s s D i s c o v e r y T e s t F i x t u r e : p u b l i c S to rageOb jec tBase
{
p u b l i c :

e x p l i c i t D i s c o v e r y T e s t F i x t u r e ( co n s t G l i b : : u s t r i n g &name ) ;

D i s c o v e r y T e s t F i x t u r e (
c on s t G l i b : : u s t r i n g &name , BaseObjectType ∗ c o b j e c t , co n s t G l i b : : RefPtr<Gtk : : B u i l d e r > &b u i l d e r ) ;

v o i d add_tes t ( c o n s t G l i b : : u s t r i n g &name ) c on s t ;

G l i b : : RefPtr<Gtk : : S t r i n g L i s t > get_test_mode l ( ) noexcept ;

p r i v a t e :
G l i b : : RefPtr<Gtk : : S t r i n g L i s t > test_names = Gtk : : S t r i n g L i s t : : c r e a t e ( ) ;

} ;

} // namespace o p t i f o l

#e n d i f // DISCOVERYTESTFIXTURE_HPP

1.15.1.5 GoogleTestDiscoveryExecutable.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the G o o g l e T e s t D i s c o v e r y E x e c u t a b l e d i s c o v e r y e x e c u t a b l e backend
∗ @author O l i v e r Dixon
∗ @date 2025−08−02
∗ @ v e r s i o n Development
∗/

#i n c l u d e <c a s s e r t >
#i n c l u d e <fs t ream >
#i n c l u d e <r a p i d j s o n / i s t r e a m w r a p p e r . h>

#i n c l u d e " . . / . . / E x c e p t i o n s / P a r s e E r r o r . hpp "
#i n c l u d e " . . / Logg ing . hpp "
#i n c l u d e " D i s c o v e r y T e s t F i x t u r e . hpp "
#i n c l u d e " G o o g l e T e s t D i s c o v e r y E x e c u t a b l e . hpp "

namespace o p t i f o l
{

c on s t l o g 4 c x x : : Logge rPt r G o o g l e T e s t D i s c o v e r y E x e c u t a b l e : : l o g g e r =
Logg ing : : g e t _ l o g g e r ({ " U s e r T e s t i n g " , " D i s c o v e r y " , " Goog leTest " }) ;

G o o g l e T e s t D i s c o v e r y E x e c u t a b l e : : G o o g l e T e s t D i s c o v e r y E x e c u t a b l e ( c o n s t G l i b : : u s t r i n g &execu tab l e_pa th ) :
G l i b : : ObjectBase ( " G o o g l e T e s t D i s c o v e r y E x e c u t a b l e " ) ,
D i s c o v e r y T e s t E x e c u t a b l e ( execu tab l e_pa th )

{
s t a r t _ d i s c o v e r y ( ) ;

}

G o o g l e T e s t D i s c o v e r y E x e c u t a b l e : : G o o g l e T e s t D i s c o v e r y E x e c u t a b l e ( c o n s t G l i b : : u s t r i n g &executab l e_path ,
BaseObjectType ∗ c o b j e c t , co n s t G l i b : : RefPtr<Gtk : : B u i l d e r > &b u i l d e r ) :
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G l i b : : ObjectBase ( " G o o g l e T e s t D i s c o v e r y E x e c u t a b l e " ) ,
D i s c o v e r y T e s t E x e c u t a b l e ( executab l e_path , c o b j e c t , b u i l d e r )

{
s t a r t _ d i s c o v e r y ( ) ;

}

G o o g l e T e s t D i s c o v e r y E x e c u t a b l e : : ~ G o o g l e T e s t D i s c o v e r y E x e c u t a b l e ( )
{

i f ( d i s c o v e r y _ e x e c u t o r != n u l l p t r )
l o g g e r −>e r r o r ( " Google Test d i s c o v e r y e x e c u t a b l e f o r \" " + property_name ( ) . ge t_va lue ( ) +

" \" i s be i ng "
" d e s t r u c t e d wi th an unhand led s u b p r o c e s s . D i s c o v e r y w i l l be i n c o m p l e t e . " ) ;

i f ( d i s c o v e r y _ t m p _ f i l e _ p a t h . has_va lue ( ) )
l o g g e r −>e r r o r ( " Google Test d i s c o v e r y e x e c u t a b l e f o r \" " + property_name ( ) . ge t_va lue ( ) +

" \" i s be i ng "
" d e s t r u c t e d wi th an u n r e s o l v e d temporary f i l e a t \" " +
∗ d i s c o v e r y _ t m p _ f i l e _ p a t h + " \ " . D i s c o v e r y w i l l be i n c o m p l e t e . " ) ;

}

v o i d G o o g l e T e s t D i s c o v e r y E x e c u t a b l e : : s t a r t _ d i s c o v e r y ( )
{

c on s t auto current_t ime_ms = s t d : : chrono : : d u r a t i o n _ c a s t <s t d : : chrono : : m i l l i s e c o n d s >(
s t d : : chrono : : sy s tem_c lock : : now ( ) . t ime_s ince_epoch ( ) ) ;

d i s c o v e r y _ t m p _ f i l e _ p a t h . emplace (
"/tmp/ g o o g l e _ t e s t _ d i s c o v e r y . " + s t d : : t o _ s t r i n g ( current_t ime_ms . count ( ) ) + " . j s o n " ) ;

d i s c o v e r y _ e x e c u t o r = s t d : : make_unique<Proce s sExecu to r >(" " , // Cur r en t work ing d i r e c t o r y .
s t d : : v e c to r <s t d : : s t r i n g >{property_name ( ) . ge t_va lue ( ) , "−−g t e s t _ l i s t _ t e s t s " ,

"−−gte s t_ou tpu t=j s o n : " + ∗ d i s c o v e r y _ t m p _ f i l e _ p a t h } ,
s t d : : v e c to r <s t d : : s t r i n g >{},
s i g c : : mem_fun(∗ t h i s , &G o o g l e T e s t D i s c o v e r y E x e c u t a b l e : : d i s c o v e r y _ d o n e _ c a l l b a c k ) ) ;

}

v o i d G o o g l e T e s t D i s c o v e r y E x e c u t a b l e : : d i s c o v e r y _ d o n e _ c a l l b a c k ( co n s t i n t e x i t _ co de ) noexcept
{

a s s e r t ( d i s c o v e r y _ t m p _ f i l e _ p a t h . has_va lue ( ) ) ;

// I n any case , remove the completed sub−p r o c e s s .
d i s c o v e r y _ e x e c u t o r . r e s e t ( ) ;

i f ( e x i t_ co d e != 0) {
l o g g e r −>e r r o r ( " D i s c o v e r y sub−p r o c e s s e x i t e d wi th non−z e r o e x i t code ; no p a r s i n g attempted . " ) ;
s t d : : remove ( d i s cove r y_tmp_f i l e_pa th −>c _ s t r ( ) ) ;
d i s c o v e r y _ t m p _ f i l e _ p a t h . r e s e t ( ) ;
r e t u r n ;

}

t r y {
// Open the temporary f i l e f o r r e c o v e r y o f t e s t i n f o r m a t i o n .
s t d : : i f s t r e a m d i s c o v e r y _ f i l e _ s t r e a m ;
d i s c o v e r y _ f i l e _ s t r e a m . e x c e p t i o n s ( d i s c o v e r y _ f i l e _ s t r e a m . e x c e p t i o n s ( ) | s t d : : i o s : : b a d b i t ) ;
d i s c o v e r y _ f i l e _ s t r e a m . open (∗ d i s c o v e r y _ t m p _ f i l e _ p a t h ) ;

// Parse the JSON pay load g e n e r a t e d by the Google Test sub−p r o c e s s .
r a p i d j s o n : : IStreamWrapper j son_st ream { d i s c o v e r y _ f i l e _ s t r e a m } ;
r a p i d j s o n : : Document document ;
document . ParseStream ( j son_st ream ) ; // May i n v o k e RAPIDJSON_PARSE_ERROR_NORETURN.
pa r s e_ j son_pay load ( document ) ;

} ca tch ( co n s t P a r s e E r r o r &p a r s e _ e r r o r ) {
l o g g e r −>e r r o r (

" Parse f a i l e d f o r Google Test d i s c o v e r y e x e c u t a b l e \" " + property_name ( ) . ge t_va lue ( ) + " \ " . " ) ;
l o g g e r −>e r r o r ( p a r s e _ e r r o r . what ( ) ) ;

} ca tch ( co n s t s t d : : i o s_base : : f a i l u r e &s t r e a m _ e r r o r ) {
l o g g e r −>e r r o r ( " Could not open f i l e \" " + ∗ d i s c o v e r y _ t m p _ f i l e _ p a t h + " \" due to system e r r o r . " ) ;
l o g g e r −>e r r o r ( s t r e a m _ e r r o r . what ( ) ) ;

}

// Remove the temporary f i l e and r e s e t the v a r i a b l e .
i f ( s t d : : remove ( d i s cove r y_tmp_f i l e_pa th −>c _ s t r ( ) ) != 0)

l o g g e r −>warn ( " Could not remove temporary d i s c o v e r y f i l e \" " + ∗ d i s c o v e r y _ t m p _ f i l e _ p a t h + " \ " . " ) ;

d i s c o v e r y _ t m p _ f i l e _ p a t h . r e s e t ( ) ;

a s s e r t ( d i s c o v e r y _ e x e c u t o r == n u l l p t r ) ;
a s s e r t ( d i s c o v e r y _ t m p _ f i l e _ p a t h . has_va lue ( ) == f a l s e ) ;

}
// ReSharper d i s a b l e once CppDFAUnreachab leFunct ionCal l − F a l s e p o s i t i v e . C a l l e d from d i s c o v e r y _ d o n e _ c a l l b a c k .
v o i d G o o g l e T e s t D i s c o v e r y E x e c u t a b l e : : pa r s e_ j son_pay load ( c on s t r a p i d j s o n : : Document &document ) co n s t
{

c on s t auto &f i x t u r e s = document . FindMember ( " t e s t s u i t e s " ) ;
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i f ( f i x t u r e s == document . MemberEnd ( ) | | f i x t u r e s −>v a l u e . I s A r r a y ( ) == f a l s e )
throw P a r s e E r r o r ( " Test s u i t e s a r r a y not found . " ) ;

f o r ( co n s t auto &f i x t u r e : f i x t u r e s −>v a l u e . GetArray ( ) ) {
i f ( f i x t u r e . I s O b j e c t ( ) == f a l s e )

throw P a r s e E r r o r ( " F i x t u r e l o c a t e d , but i s not an o b j e c t . " ) ;

c on s t auto f i x tu re_name = f i x t u r e . FindMember ( "name" ) ;
i f ( f i x tu r e_name == f i x t u r e . MemberEnd ( ) | | f i x ture_name −>v a l u e . I s S t r i n g ( ) == f a l s e )

throw P a r s e E r r o r ( " F i x t u r e name not found . " ) ;

c on s t auto f i x t u r e _ t e s t s = f i x t u r e . FindMember ( " t e s t s u i t e " ) ;
i f ( f i x t u r e _ t e s t s == f i x t u r e . MemberEnd ( ) | | f i x t u r e _ t e s t s −>v a l u e . I s A r r a y ( ) == f a l s e )

throw P a r s e E r r o r ( " F i x t u r e t e s t s not p r e s e n t f o r \" " +
s t d : : s t r i n g ( f i x ture_name −>v a l u e . G e t S t r i n g ( ) ) + " \ " . " ) ;

c on s t auto m o d e l l e d _ f i x t u r e =
G l i b : : m a k e _ r e f p t r _ f o r _ i n s t a n c e ( new D i s c o v e r y T e s t F i x t u r e ( f i x ture_name −>v a l u e . G e t S t r i n g ( ) ) ) ;

f o r ( c on s t auto &t e s t : f i x t u r e _ t e s t s −>v a l u e . GetArray ( ) ) {
i f ( f i x t u r e . I s O b j e c t ( ) == f a l s e )

throw P a r s e E r r o r ( " Test l o c a t e d i n \" " + s t d : : s t r i n g ( f i x ture_name −>v a l u e . G e t S t r i n g ( ) ) +
" \" , but i s not an o b j e c t . " ) ;

c on s t auto test_name = t e s t . FindMember ( "name" ) ;
i f ( test_name == t e s t . MemberEnd ( ) | | test_name−>v a l u e . I s S t r i n g ( ) == f a l s e )

throw P a r s e E r r o r ( " Test l o c a t e d i n \" " + s t d : : s t r i n g ( f i x ture_name −>v a l u e . G e t S t r i n g ( ) ) +
" \" , but i t does not have a d e c l a r e d name . " ) ;

m o d e l l e d _ f i x t u r e −>add_tes t ( test_name−>v a l u e . G e t S t r i n g ( ) ) ;
}

a d d _ f i x t u r e ( m o d e l l e d _ f i x t u r e ) ;
}

}

} // namespace o p t i f o l

1.15.1.6 GoogleTestDiscoveryExecutable.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the G o o g l e T e s t D i s c o v e r y E x e c u t a b l e d i s c o v e r y e x e c u t a b l e backend
∗ @author O l i v e r Dixon
∗ @date 2025−08−02
∗ @ v e r s i o n Development
∗/

#i f n d e f GOOGLETESTDISCOVERYEXECUTABLE_HPP
#d e f i n e GOOGLETESTDISCOVERYEXECUTABLE_HPP

#i n c l u d e <r a p i d j s o n /document . h>

#i n c l u d e " . . / . . / GUI/ P r o c e s s E x e c u t o r . hpp "
#i n c l u d e " D i s c o v e r y T e s t E x e c u t a b l e . hpp "

namespace o p t i f o l
{

/∗∗
∗ @ c l a s s G o o g l e T e s t D i s c o v e r y E x e c u t a b l e
∗ @ b r i e f P r o v i d e s a non−a b s t r a c t imp l ementa t i on o f D i s c o v e r y T e s t E x e c u t a b l e f o r the Google Test un i t −t e s t i n g
∗ framework .
∗
∗ @ d e t a i l s Google Test e x e c u t a b l e s a r e q u e r i e d f o r d i s c o v e r y v i a the asynch ronous non−s t r e a m i n g
∗ P r o c e s s E x e c u t o r . The e x e c u t a b l e g e n e r a t e s a JSON−fo rmat t ed s t r u c t u r e o f f i x t u r e s and t e s t names which i s
∗ pa r s ed and s t o r e d i n the i n t e r n a l s t r u c t u r e . The JSON i s t e m p o r a r i l y s t o r e d on d i s k and i s d e l e t e d a f t e r
∗ p a r s i n g . As an RAII c l a s s , d i s c o v e r y ( and subsequent s u b p r o c e s s i n v o c a t i o n ) i s pe r fo rmed d u r i n g
∗ c o n s t r u c t i o n .
∗/

c l a s s G o o g l e T e s t D i s c o v e r y E x e c u t a b l e : p u b l i c D i s c o v e r y T e s t E x e c u t a b l e
{
p u b l i c :

/∗∗
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∗ @ b r i e f C o n s t r u c t a G o o g l e T e s t D i s c o v e r y E x e c u t a b l e f o r a Google Test e x e c u t a b l e at the g i v e n path .
∗ @param execu tab l e_pa th The f i l e −system path , r e l a t i v e to the CWD of the e x e c u t a b l e , to the Google Test
∗ e x e c u t a b l e .
∗/

e x p l i c i t G o o g l e T e s t D i s c o v e r y E x e c u t a b l e ( c o n s t G l i b : : u s t r i n g &execu tab l e_pa th ) ;

/∗∗
∗ @ b r i e f C o n s t r u c t a G o o g l e T e s t D i s c o v e r y E x e c u t a b l e f o r a Google Test e x e c u t a b l e at the g i v e n path .
∗ @param execu tab l e_pa th The f i l e −system path , r e l a t i v e to the CWD of the e x e c u t a b l e , to the Google Test
∗ e x e c u t a b l e .
∗ @param c o b j e c t G l i b C o b j e c t
∗ @param b u i l d e r Gtk : : B u i l d e r o b j e c t
∗/

G o o g l e T e s t D i s c o v e r y E x e c u t a b l e ( c on s t G l i b : : u s t r i n g &executab l e_path , BaseObjectType ∗ c o b j e c t ,
c on s t G l i b : : RefPtr<Gtk : : B u i l d e r > &b u i l d e r ) ;

/∗∗
∗ @ b r i e f D e s t r u c t the G o o g l e T e s t D i s c o v e r y E x e c u t a b l e , l o g g i n g e r r o r s i f t h e r e i s an u n r e s o l v e d
∗ sub−p r o c e s s .
∗/

~ G o o g l e T e s t D i s c o v e r y E x e c u t a b l e ( ) o v e r r i d e ;

p r i v a t e :
/∗∗

∗ @ b r i e f I n i t i a t e s d i s c o v e r y p r o c e s s on the l oaded Google Test e x e c u t a b l e . A temporary f i l e i s c r e a t e d
∗ f o r the a s y n c h r o n o u s l y l aunched p r o c e s s to w r i t e a JSON−fo rmat t ed s t r u c t u r e d e s c r i b i n g the t e s t
∗ s t r u c t u r e .
∗/

v o i d s t a r t _ d i s c o v e r y ( ) ;

/∗∗
∗ @ b r i e f Hand les the end o f the Google Test d i s c o v e r y sub−p r o c e s s : p a r s e s the JSON i n t o the f i x t u r e / t e s t
∗ model o f the D i s c o v e r y T e s t E x e c u t a b l e base c l a s s , and and d e l e t e s the temporary f i l e .
∗ @param e x i t_ co d e The e x i t code o f the e x e c u t a b l e .
∗ @pre @re f d i s c o v e r y _ t m p _ f i l e _ p a t h i s popu l a t ed .
∗ @post @re f d i s c o v e r y _ t m p _ f i l e _ p a t h i s unpopu lated , i n c d i c a t i n g remova l o f the temporary f i l e .
∗ @post @re f d i s c o v e r y _ e x e c u t o r i s unpopu lated , i n d i c a t i n g comp l e t i on o f the G−Test sub−p r o c e s s .
∗/

v o i d d i s c o v e r y _ d o n e _ c a l l b a c k ( i n t e x i t _c od e ) noexcept ;

/∗∗
∗ @ b r i e f Parse the JSON pay load produced by Google Test , pa r s ed by RapidJSON i n t o the g i v e n document .
∗ @param document The pa r s ed DOM of the JSON pay load .
∗ @throws P a r s e E r r o r i f the document schema was i n v a l i d .
∗/

v o i d pa r s e_ j son_pay load ( c o n s t r a p i d j s o n : : Document &document ) c o n s t ;

s t a t i c c o n s t l o g 4 c x x : : Logge rPt r l o g g e r ;

s t d : : un ique_ptr <Proce s sExecu to r > d i s c o v e r y _ e x e c u t o r ;
s t d : : o p t i o n a l <s t d : : s t r i n g > d i s c o v e r y _ t m p _ f i l e _ p a t h ;

} ;

} // namespace o p t i f o l

#e n d i f // GOOGLETESTDISCOVERYEXECUTABLE_HPP

1.15.1.7 TestSpecificationEntry.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the T e s t S p e c i f i c a t i o n E n t r y s t o r a g e o b j e c t
∗ @author O l i v e r Dixon
∗ @date 2025−07−31
∗ @ v e r s i o n Development
∗/

#i n c l u d e " T e s t S p e c i f i c a t i o n E n t r y . hpp "

namespace o p t i f o l
{

T e s t S p e c i f i c a t i o n E n t r y : : T e s t S p e c i f i c a t i o n E n t r y ( ) :
G l i b : : ObjectBase ( " T e s t S p e c i f i c a t i o n E n t r y " ) ,
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e x e c u t a b l e (∗ t h i s , " T e s t S p e c i f i c a t i o n E n t r y −e x e c u t a b l e " ) ,
f i x t u r e (∗ t h i s , " T e s t S p e c i f i c a t i o n E n t r y −f i x t u r e " )

{
s e t u p _ s y n c _ c a l l b a c k s ( ) ;

}

T e s t S p e c i f i c a t i o n E n t r y : : T e s t S p e c i f i c a t i o n E n t r y (
BaseObjectType ∗ c o b j e c t , co n s t G l i b : : RefPtr<Gtk : : B u i l d e r > &b u i l d e r ) :

G l i b : : ObjectBase ( " T e s t S p e c i f i c a t i o n E n t r y " ) ,
S to rageOb jec tBase ( c o b j e c t , b u i l d e r ) ,
e x e c u t a b l e (∗ t h i s , " T e s t S p e c i f i c a t i o n E n t r y −e x e c u t a b l e " ) ,
f i x t u r e (∗ t h i s , " T e s t S p e c i f i c a t i o n E n t r y −f i x t u r e " )

{
s e t u p _ s y n c _ c a l l b a c k s ( ) ;

}

T e s t S p e c i f i c a t i o n E n t r y : : T e s t S p e c i f i c a t i o n E n t r y ( c on s t T e s t S p e c i f i c a t i o n E n t r y &temp la t e_en t r y ) :
G l i b : : ObjectBase ( " T e s t S p e c i f i c a t i o n E n t r y " ) ,
e x e c u t a b l e (∗ t h i s , " T e s t S p e c i f i c a t i o n E n t r y −e x e c u t a b l e " , t emp l a t e_en t r y . p r o p e r t y _ e x e c u t a b l e ( ) . ge t_va lue ( ) ) ,
f i x t u r e (∗ t h i s , " T e s t S p e c i f i c a t i o n E n t r y −f i x t u r e " , t emp l a t e_en t r y . p r o p e r t y _ f i x t u r e ( ) . ge t_va lue ( ) )

{
property_name ( ) . s e t _ v a l u e ( t emp la t e_en t r y . property_name ( ) . ge t_va lue ( ) ) ;

}

G l i b : : Proper tyProxy <G l i b : : RefPtr<D i s c o v e r y T e s t E x e c u t a b l e >> T e s t S p e c i f i c a t i o n E n t r y : : p r o p e r t y _ e x e c u t a b l e ( )
{

r e t u r n e x e c u t a b l e . get_proxy ( ) ;
}

G l i b : : Proper tyProxy <G l i b : : RefPtr<D i s c o v e r y T e s t F i x t u r e >> T e s t S p e c i f i c a t i o n E n t r y : : p r o p e r t y _ f i x t u r e ( )
{

r e t u r n f i x t u r e . get_proxy ( ) ;
}

G l i b : : PropertyProxy_ReadOnly<G l i b : : RefPtr<D i s c o v e r y T e s t E x e c u t a b l e >>
T e s t S p e c i f i c a t i o n E n t r y : : p r o p e r t y _ e x e c u t a b l e ( ) co n s t
{

r e t u r n e x e c u t a b l e . get_proxy ( ) ;
}

G l i b : : PropertyProxy_ReadOnly<G l i b : : RefPtr<D i s c o v e r y T e s t F i x t u r e >>
T e s t S p e c i f i c a t i o n E n t r y : : p r o p e r t y _ f i x t u r e ( ) c on s t
{

r e t u r n f i x t u r e . get_proxy ( ) ;
}

v o i d T e s t S p e c i f i c a t i o n E n t r y : : s e t u p _ s y n c _ c a l l b a c k s ( )
{

p r o p e r t y _ e x e c u t a b l e ( ) . s i gna l_changed ( ) . connect (
[ t h i s ] { p r o p e r t y _ f i x t u r e ( ) . s e t _ v a l u e ( e x e c u t a b l e . ge t_va lue ( )−>g e t _ d e f a u l t _ f i x t u r e ( ) ) ; }) ;

}

} // namespace o p t i f o l

1.15.1.8 TestSpecificationEntry.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the T e s t S p e c i f i c a t i o n E n t r y s t o r a g e o b j e c t
∗ @author O l i v e r Dixon
∗ @date 2025−07−31
∗ @ v e r s i o n Development
∗/

#i f n d e f TESTSPECIFICATIONENTRY_HPP
#d e f i n e TESTSPECIFICATIONENTRY_HPP

#i n c l u d e " . . / . . / S to rage / Sto rageOb jec tBase . hpp "
#i n c l u d e " D i s c o v e r y T e s t E x e c u t a b l e . hpp "

namespace o p t i f o l
{

/∗∗
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∗ @ c l a s s T e s t S p e c i f i c a t i o n E n t r y
∗ @ b r i e f P r o v i d e s a GObject c o n t a i n e r f o r d e s c r i p t i o n o f a t e s t s p e c i f i c a t i o n . A t e s t s p e c i f i c a t i o n can be
∗ used to c o n s t r u c t a Test and h o l d s a t e s t e x e c u t a b l e , a f i x t u r e , and a t e s t name .
∗ @ d e t a i l s Test s p e c i f i c a t i o n s a r e u s e f u l d u r i n g the <i >d i s c o v e r y </i > phase o f u s e r t e s t i n g . I n p a r t i c u l a r ,
∗ the u s e r s e l e c t s a t e s t e x e c u t a b l e p r o v i d e d by a un i t −t e s t i n g framework ( e . g . Google Test ) , the e x e c u t a b l e
∗ i s q u e r i e d e i t h e r from the f i l e −system or from an i n t e r n a l cache , and s t r i n g models a r e c o n s t r u c t e d to
∗ d e t a i n the a v a i l a b l e f i x t u r e s and t e s t s t h e r e o f . These p r o p e r t i e s a r e encoded by c l a s s e s
∗ D i s c o v e r y T e s t E x e c u t a b l e and D i s c o v e r y T e s t F i x t u r e r e s p e c t i v e l y , and h e l d under sha r ed owne r sh ip by the t e s t
∗ s p e c i f i c a t i o n .
∗/

c l a s s T e s t S p e c i f i c a t i o n E n t r y : p u b l i c S to rageOb jec tBase
{
p u b l i c :

/∗∗
∗ @ b r i e f C o n s t r u c t a new T e s t S p e c i f i c a t i o n E n t r y to r e g i s t e r as a GType wi th empty p r o p e r t i e s .
∗/

T e s t S p e c i f i c a t i o n E n t r y ( ) ;

/∗∗
∗ @ b r i e f C o n s t r u c t a new T e s t S p e c i f i c a t i o n E n t r y to r e g i s t e r as a GType wi th empty p r o p e r t i e s and an
∗ e x i s t i n g C o b j e c t .
∗ @param c o b j e c t E x i s t i n g C o b j e c t
∗ @param b u i l d e r E x i s t i n g s o u r c e Gtk : : B u i l d e r
∗/

T e s t S p e c i f i c a t i o n E n t r y ( BaseObjectType ∗ c o b j e c t , co n s t G l i b : : RefPtr<Gtk : : B u i l d e r > &b u i l d e r ) ;

/∗∗
∗ @ b r i e f Copy−c o n s t r u c t a T e s t S p e c i f i c a t i o n E n t r y from the g i v e n temp la t e e n t r y .
∗ @param temp la t e_en t r y The e n t r y to c l o n e .
∗/

T e s t S p e c i f i c a t i o n E n t r y ( co n s t T e s t S p e c i f i c a t i o n E n t r y &temp la t e_en t r y ) ;

/∗∗
∗ @ b r i e f R e t r i e v e s a read−w r i t e proxy f o r the D i s c o v e r y T e s t E x e c u t a b l e e x e c u t a b l e p r o p e r t y .
∗ @re tu rn A read−w r i t e proxy f o r the e x e c u t a b l e .
∗/

[ [ n o d i s c a r d ] ] G l i b : : Proper tyProxy <G l i b : : RefPtr<D i s c o v e r y T e s t E x e c u t a b l e >> p r o p e r t y _ e x e c u t a b l e ( ) ;

/∗∗
∗ @ b r i e f R e t r i e v e s a read−w r i t e proxy f o r the D i s c o v e r y T e s t F i x t u r e f i x t u r e p r o p e r t y .
∗ @re tu rn A read−w r i t e proxy f o r the f i x t u r e .
∗/

[ [ n o d i s c a r d ] ] G l i b : : Proper tyProxy <G l i b : : RefPtr<D i s c o v e r y T e s t F i x t u r e >> p r o p e r t y _ f i x t u r e ( ) ;

/∗∗
∗ @ b r i e f R e t r i e v e s a read−o n l y proxy f o r the D i s c o v e r y T e s t E x e c u t a b l e e x e c u t a b l e p r o p e r t y .
∗ @re tu rn A read−o n l y proxy f o r the e x e c u t a b l e .
∗/

[ [ n o d i s c a r d ] ] G l i b : : PropertyProxy_ReadOnly<G l i b : : RefPtr<D i s c o v e r y T e s t E x e c u t a b l e >>
p r o p e r t y _ e x e c u t a b l e ( ) c on s t ;

/∗∗
∗ @ b r i e f R e t r i e v e s a read−o n l y proxy f o r the D i s c o v e r y T e s t F i x t u r e f i x t u r e p r o p e r t y .
∗ @re tu rn A read−o n l y proxy f o r the f i x t u r e .
∗/

[ [ n o d i s c a r d ] ] G l i b : : PropertyProxy_ReadOnly<G l i b : : RefPtr<D i s c o v e r y T e s t F i x t u r e >> p r o p e r t y _ f i x t u r e ( ) co n s t ;

p r i v a t e :
/∗∗

∗ @ b r i e f E s t a b l i s h c a l l b a c k s such t h a t the i n t e r n a l i n t r a −model s t a t e s t a y s c o r r e c t l y s y n c h r o n i s e d .
∗ @ d e t a i l s I n p a r t i c u l a r , changes i n the @re f e x e c u t a b l e w i l l u n i d i r e c t i o n a l l y p ropagate to the @re f
∗ f i x t u r e .
∗/

v o i d s e t u p _ s y n c _ c a l l b a c k s ( ) ;

/∗∗
∗ @ b r i e f The d i s c o v e r e d e x e c u t a b l e shared −owner sh ip r e f e r e n c e p r o p e r t y .
∗ @ d e t a i l s Th i s p r o p e r t y s h a r e s owne r sh ip f o r a D i s c o v e r y T e s t E x e c u t a b l e o b j e c t . Shared owner sh ip i s
∗ n e c e s s a r y he r e ; m u l t i p l e T e s t S p e c i f i c a t i o n E n t r y o b j e c t s a r e l i k e l y to r e f e r to the same
∗ D i s c o v e r y T e s t E x e c u t a b l e . Due to t h i s , i t i s l i k e l y t h a t c a l l e r s ( c . f . ManageTestsPopover ) w i l l want to
∗ ma in ta i n some s o r t o f se t −based cache and p r o v i d e r e f e r e n c e s . L i f e t i m e g u a r a n t e e s cannot be p r o v i d e d on
∗ the cache , so sha r ed owne r sh ip i s n e c e s s a r y .
∗/

G l i b : : Proper ty <G l i b : : RefPtr<D i s c o v e r y T e s t E x e c u t a b l e >> e x e c u t a b l e ;

/∗∗
∗ @ b r i e f The d i s c o v e r e d f i x t u r e shared −owner sh ip r e f e r e n c e p r o p e r t y .
∗ @ d e t a i l s Th i s p r o p e r t y s h a r e s owne r sh ip f o r a D i s c o v e r y T e s t F i x t u r e o b j e c t . Shared owne r sh ip i s
∗ u n f o r t u n a t e l y n e c e s s a r y he r e . The D i s c o v e r y T e s t F i x t u r e w i l l , under d e f i n e d o p e r a t i n g c o n d i t i o n s , be a
∗ member o f the f i x t u r e s d e t a i n e d by @re f e x e c u t a b l e . Although l i f e t i m e g u a r a n t e e s can be p l a c e d on the
∗ D i s c o v e r y T e s t E x e c u t a b l e , G l i b does not gua ran t ee s t a b l e p o i n t e r s w i t h i n the i n t e r n a l Gio : : L i s tMode l ;
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∗ hence we need to c l a i m owner sh ip l o c a l l y .
∗/

G l i b : : Proper ty <G l i b : : RefPtr<D i s c o v e r y T e s t F i x t u r e >> f i x t u r e ;
} ;

} // namespace o p t i f o l

#e n d i f // TESTSPECIFICATIONENTRY_HPP

1.15.2 Execution

1.15.2.1 PartialTestResult.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

//
// Created by owd on 8/10/25.
//

#i n c l u d e " P a r t i a l T e s t R e s u l t . hpp "

namespace o p t i f o l
{

P a r t i a l T e s t R e s u l t : : P a r t i a l T e s t R e s u l t ( s t d : : s t r i n g f i l e , co n s t s t d : : s i z e _ t l i n e , c o n s t s t d : : s t r i n g &message ) :
G l i b : : ObjectBase ( " P a r t i a l T e s t R e s u l t " ) ,
f i l e (∗ t h i s , " P a r t i a l T e s t R e s u l t − f i l e " , s t d : : move ( f i l e ) ) ,
l i n e (∗ t h i s , " P a r t i a l T e s t R e s u l t −l i n e " , s t a t i c _ c a s t <gu in t >( l i n e ) )

{
property_name ( ) . s e t _ v a l u e ( message ) ;

}

P a r t i a l T e s t R e s u l t : : P a r t i a l T e s t R e s u l t ( s t d : : s t r i n g f i l e , co n s t s t d : : s i z e _ t l i n e , c o n s t s t d : : s t r i n g &message ,
BaseObjectType ∗ c o b j e c t , co n s t G l i b : : RefPtr<Gtk : : B u i l d e r > &b u i l d e r ) :

G l i b : : ObjectBase ( " P a r t i a l T e s t R e s u l t " ) ,
S to rageOb jec tBase ( c o b j e c t , b u i l d e r ) ,
f i l e (∗ t h i s , " P a r t i a l T e s t R e s u l t − f i l e " , s t d : : move ( f i l e ) ) ,
l i n e (∗ t h i s , " P a r t i a l T e s t R e s u l t −l i n e " , s t a t i c _ c a s t <gu in t >( l i n e ) )

{
property_name ( ) . s e t _ v a l u e ( message ) ;

}

G l i b : : RefPtr<Gtk : : TreeL i s tMode l > P a r t i a l T e s t R e s u l t : : g e t _ t e s t s _ t r e e ( ) c o n s t noexcept
{

r e t u r n n u l l p t r ;
}

G l i b : : RefPtr<Gtk : : TreeL i s tMode l > P a r t i a l T e s t R e s u l t : : g e t _ r e s u l t s _ t r e e ( ) c on s t noexcept
{

r e t u r n n u l l p t r ;
}

G l i b : : Proper tyProxy <G l i b : : u s t r i n g > P a r t i a l T e s t R e s u l t : : p r o p e r t y _ f i l e ( )
{

r e t u r n f i l e . get_proxy ( ) ;
}

G l i b : : Proper tyProxy <gu in t > P a r t i a l T e s t R e s u l t : : p r o p e r t y _ l i n e ( )
{

r e t u r n l i n e . get_proxy ( ) ;
}

G l i b : : PropertyProxy_ReadOnly<G l i b : : u s t r i n g > P a r t i a l T e s t R e s u l t : : p r o p e r t y _ f i l e ( ) c o n s t
{

r e t u r n f i l e . get_proxy ( ) ;
}

G l i b : : PropertyProxy_ReadOnly<gu in t > P a r t i a l T e s t R e s u l t : : p r o p e r t y _ l i n e ( ) co n s t
{

r e t u r n l i n e . get_proxy ( ) ;
}

} // namespace o p t i f o l
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1.15.2.2 PartialTestResult.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

//
// Created by owd on 8/10/25.
//

#i f n d e f OPTIFOL_PARTIALTESTRESULT_HPP
#d e f i n e OPTIFOL_PARTIALTESTRESULT_HPP

#i n c l u d e " . . / . . / S to rage / Sto rageOb jec tBase . hpp "
#i n c l u d e " . . / M o d e l l i n g / ITestModelNode . hpp "

namespace o p t i f o l
{

c l a s s P a r t i a l T e s t R e s u l t : p u b l i c StorageObjectBase ,
p u b l i c ITestModelNode

{
p u b l i c :

P a r t i a l T e s t R e s u l t ( s t d : : s t r i n g f i l e , s t d : : s i z e _ t l i n e , co n s t s t d : : s t r i n g &message ) ;

P a r t i a l T e s t R e s u l t ( s t d : : s t r i n g f i l e , s t d : : s i z e _ t l i n e , co n s t s t d : : s t r i n g &message , BaseObjectType ∗ c o b j e c t ,
c on s t G l i b : : RefPtr<Gtk : : B u i l d e r > &b u i l d e r ) ;

[ [ n o d i s c a r d ] ] G l i b : : RefPtr<Gtk : : TreeL i s tMode l > g e t _ t e s t s _ t r e e ( ) co n s t noexcept o v e r r i d e ;

[ [ n o d i s c a r d ] ] G l i b : : RefPtr<Gtk : : TreeL i s tMode l > g e t _ r e s u l t s _ t r e e ( ) c o n s t noexcept o v e r r i d e ;

[ [ n o d i s c a r d ] ] G l i b : : Proper tyProxy <G l i b : : u s t r i n g > p r o p e r t y _ f i l e ( ) ;

[ [ n o d i s c a r d ] ] G l i b : : Proper tyProxy <gu in t > p r o p e r t y _ l i n e ( ) ;

[ [ n o d i s c a r d ] ] G l i b : : PropertyProxy_ReadOnly<G l i b : : u s t r i n g > p r o p e r t y _ f i l e ( ) c o n s t ;

[ [ n o d i s c a r d ] ] G l i b : : PropertyProxy_ReadOnly<gu in t > p r o p e r t y _ l i n e ( ) c on s t ;

p r i v a t e :
G l i b : : Proper ty <G l i b : : u s t r i n g > f i l e ;
G l i b : : Proper ty <gu in t > l i n e ;

} ;

} // namespace o p t i f o l

#e n d i f // OPTIFOL_PARTIALTESTRESULT_HPP

1.15.2.3 TestExecutable.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the a b s t r a c t Ta rge tTes tExecu tab l eBase
∗ @author O l i v e r Dixon
∗ @date 2025−08−02
∗ @ v e r s i o n Development
∗/

#i n c l u d e " T e s t E x e c u t a b l e . hpp "

namespace o p t i f o l
{

T e s t E x e c u t a b l e : : T e s t E x e c u t a b l e ( co n s t G l i b : : u s t r i n g &execu tab l e_pa th ) :
G l i b : : ObjectBase ( " T e s t E x e c u t a b l e " )

{
property_name ( ) . s e t _ v a l u e ( execu tab l e_pa th ) ;

}

T e s t E x e c u t a b l e : : T e s t E x e c u t a b l e ( co n s t G l i b : : u s t r i n g &executab l e_path , BaseObjectType ∗ c o b j e c t ,
c on s t G l i b : : RefPtr<Gtk : : B u i l d e r > &b u i l d e r ) :

G l i b : : ObjectBase ( " T e s t E x e c u t a b l e " ) ,
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Sto rageOb jec tBase ( c o b j e c t , b u i l d e r )
{

property_name ( ) . s e t _ v a l u e ( execu tab l e_pa th ) ;
}

boo l T e s t E x e c u t a b l e : : o p e r a t o r==(co n s t T e s t E x e c u t a b l e &o t h e r ) co n s t noexcept
{

r e t u r n property_name ( ) . ge t_va lue ( ) == o t h e r . property_name ( ) . ge t_va lue ( ) ;
}

} // namespace o p t i f o l

1.15.2.4 TestExecutable.hpp

/∗
∗ C o p y r i g h t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the a b s t r a c t Ta rge tTes tExecu tab l eBase
∗ @author O l i v e r Dixon
∗ @date 2025−08−02
∗ @ v e r s i o n Development
∗/

#i f n d e f TARGETTESTEXECUTABLE_HPP
#d e f i n e TARGETTESTEXECUTABLE_HPP

#i n c l u d e <giomm/ f i l e m o n i t o r . h>
#i n c l u d e <unorde red_set >

#i n c l u d e " . . / . . / S to rage / Sto rageOb jec tBase . hpp "

namespace o p t i f o l
{

c l a s s Requi rement ;
c l a s s D i s c o v e r y T e s t E x e c u t a b l e ;
c l a s s T e s t R e s u l t ;

/∗∗
∗ @ c l a s s T e s t E x e c u t a b l e
∗ @ b r i e f D e s c r i b e s a framework−a g n o s t i c t e s t e x e c u t a b l e p r o v i d e d by a s o f t w a r e un i t −t e s t i n g system . The
∗ T e s t E x e c u t a b l e i s a Sto rageOb jec tBase such t h a t i t s main a t t r i b u t e s a r e a c c e s s e d v i a the G l i b t y p e s and
∗ p r o p e r t i e s system .
∗ @see D i s c o v e r y T e s t E x e c u t a b l e f o r the non−r u n n a b l e d i s c o v e r y e q u i v a l e n t .
∗/

c l a s s T e s t E x e c u t a b l e : p u b l i c S to rageOb jec tBase
{
p u b l i c :

/∗∗
∗ @ b r i e f C rea te a new Targe tTes tExecu tab l eBase wi th a name .
∗ @param execu tab l e_pa th The path o f the t e s t e x e c u t a b l e .
∗/

e x p l i c i t T e s t E x e c u t a b l e ( c o n s t G l i b : : u s t r i n g &exe cu tab l e_pa th ) ;

/∗∗
∗ @ b r i e f Ta rge tTes tExecu tab l eBase
∗ @param execu tab l e_pa th The path o f the t e s t e x e c u t a b l e .
∗ @param c o b j e c t G l i b C o b j e c t
∗ @param b u i l d e r Gtk : : B u i l d e r t emp la t e
∗/

T e s t E x e c u t a b l e ( c on s t G l i b : : u s t r i n g &executab l e_path , BaseObjectType ∗ c o b j e c t ,
c on s t G l i b : : RefPtr<Gtk : : B u i l d e r > &b u i l d e r ) ;

boo l o p e r a t o r==(c on s t T e s t E x e c u t a b l e &o t h e r ) co n s t noexcept ;

p r i v a t e :
G l i b : : RefPtr<Gio : : F i l e M o n i t o r > f i l e _ m o n i t o r ;
s t d : : unorde red_set <s t d : : shared_ptr <Tes tResu l t >> r e c e i v e d _ b l o b ;
boo l i s _ o u t d a t e d = f a l s e ;

} ;

} // namespace o p t i f o l

#e n d i f // TARGETTESTEXECUTABLE_HPP
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1.15.2.5 TestResult.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the T e s t R e s u l t r e s u l t s s t o r a g e
∗ @author O l i v e r Dixon
∗ @date 2025−07−20
∗ @ v e r s i o n Development
∗/

#i n c l u d e " T e s t R e s u l t . hpp "

#i n c l u d e <c a s s e r t >
#i n c l u d e < u t i l i t y >

namespace o p t i f o l
{

T e s t R e s u l t : : T e s t R e s u l t ( G l i b : : u s t r i n g test_name , c o n s t boo l passed , co n s t s t d : : s i z e _ t execut ion_t ime ,
s t d : : v e c to r <G l i b : : RefPtr<P a r t i a l T e s t R e s u l t >> &&p a r t i a l _ r e s u l t s ) :

test_name ( s t d : : move ( test_name ) ) ,
pas sed ( pas sed ) ,
e x ecu t i on_t ime ( execu t i on_t ime )

{
f o r ( co n s t auto &p a r t i a l _ r e s u l t : p a r t i a l _ r e s u l t s )

t h i s −>p a r t i a l _ r e s u l t s −>append ( p a r t i a l _ r e s u l t ) ;
}

s t d : : s i z e _ t T e s t R e s u l t : : hash ( ) c o n s t noexcept
{

r e t u r n hash_combine ( s t d : : hash<s t d : : s t r i n g >{}( f i x tu re_name ) , s t d : : hash<s t d : : s t r i n g >{}( test_name ) ) ;
}

G l i b : : RefPtr<Gtk : : TreeL i s tMode l > T e s t R e s u l t : : g e t _ t e s t s _ t r e e ( ) c on s t noexcept
{

r e t u r n n u l l p t r ;
}

G l i b : : RefPtr<Gtk : : TreeL i s tMode l > T e s t R e s u l t : : g e t _ r e s u l t s _ t r e e ( ) co n s t noexcept
{

r e t u r n p a r t i a l _ r e s u l t s _ t r e e ;
}

v o i d T e s t R e s u l t : : p op u l a t e _t e s t _ f i x t u r e_ n am e ( c o n s t s t d : : s t r i n g &incoming_f ix tu re_name )
{

f i x tu re_name = incoming_f ix tu re_name ;
}

G l i b : : u s t r i n g T e s t R e s u l t : : copy_test_name ( ) co n s t noexcept
{

r e t u r n test_name ;
}

boo l T e s t R e s u l t : : has_passed ( ) c on s t noexcept
{

r e t u r n pas sed ;
}

s t d : : s i z e _ t T e s t R e s u l t : : ge t_execut i on_t ime ( ) c o n s t noexcept
{

r e t u r n execu t i on_t ime ;
}

G l i b : : u s t r i n g T e s t R e s u l t : : copy_f ixture_name ( ) c on s t noexcept
{

r e t u r n f i x tu re_name ;
}

boo l T e s t R e s u l t : : o p e r a t o r==(c on s t T e s t R e s u l t &o t h e r ) c o n s t noexcept
{

r e t u r n test_name == o t h e r . test_name && f i x tu re_name == o t h e r . f i x tu re_name ;
}

boo l T e s t R e s u l t : : o p e r a t o r==(c on s t s t d : : p a i r <G l i b : : u s t r i n g , G l i b : : u s t r i n g > &names ) c on s t noexcept
{
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r e t u r n names . f i r s t == f i x tu re_name && names . second == test_name ;
}

} // namespace o p t i f o l

1.15.2.6 TestResult.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the T e s t R e s u l t r e s u l t s s t o r a g e
∗ @author O l i v e r Dixon
∗ @date 2025−07−20
∗ @ v e r s i o n Development
∗/

#i f n d e f TESTRESULT_HPP
#d e f i n e TESTRESULT_HPP

#i n c l u d e <giomm/ l i s t s t o r e . h>
#i n c l u d e <glibmm/ u s t r i n g . h>
#i n c l u d e <o p t i o n a l >
#i n c l u d e <s t r i n g >
#i n c l u d e <vec to r >

#i n c l u d e " . . / . . / I H a s h a b l e . hpp "
#i n c l u d e " . . / M o d e l l i n g / ITestModelNode . hpp "
#i n c l u d e " P a r t i a l T e s t R e s u l t . hpp "

namespace o p t i f o l
{

/∗∗
∗ @ c l a s s T e s t R e s u l t
∗ @ b r i e f D e s c r i b e s a s i n g l e r e s u l t p r o v i d e d by a s o f t w a r e un i t −t e s t i n g framework . The T e s t R e s u l t i s a g n o s t i c
∗ to the framework , but does encode the t e s t name , t e s t f i x t u r e name , and e x e c u t a b l e path f o r which the
∗ r e s u l t i s r e l e v a n t .
∗/

c l a s s T e s t R e s u l t : p u b l i c IHashab l e ,
p u b l i c ITestModelNode

{
p u b l i c :

/∗∗
∗ @ b r i e f C rea te a new T e s t R e s u l t w i th the g i v e n name , r e s u l t , e x e c u t i o n time , and p a r t i a l r e s u l t s .
∗ @ d e t a i l s Note t h a t the t e s t f i x t u r e name i s not s p e c i f i e d upon c o n s t r u c t i o n . Th i s i s due to a
∗ r e q u i r e m e n t on many backend p a r s e r s t h a t the f i x t u r e o b j e c t i s pa r s ed a f t e r i t s c o n s t i t u e n t t e s t
∗ r e s u l t s . T h e r e f o r e the f i x t u r e name i s s p e c i f i e d a f t e r c o n s t r u c t i o n wi th @re f
∗ p op u l a t e _t e s t _ f i x t u r e_ n am e .
∗ @param test_name The name o f the i n d i v i d u a l t e s t .
∗ @param passed Did the t e s t pas s ?
∗ @param execu t i on_t ime Running e x e c u t i o n t ime o f the t e s t .
∗ @param p a r t i a l _ r e s u l t s P a r t i a l r e s u l t s g e n e r a t e d by the t e s t i n g framework .
∗/

T e s t R e s u l t ( G l i b : : u s t r i n g test_name , boo l passed , s t d : : s i z e _ t execut ion_t ime ,
s t d : : v e c to r <G l i b : : RefPtr<P a r t i a l T e s t R e s u l t >> &&p a r t i a l _ r e s u l t s = {}) ;

/∗∗
∗ @ c o p y b r i e f I H a s h a b l e : : hash
∗ @re tu rn The hashcode o f the T e s t R e s u l t o b j e c t
∗ @warning This hash f u n c t i o n i s i n c o m p l e t e . I t w i l l o n l y u n i q u e l y i d e n t i f y the Test w i th which the
∗ r e s u l t i s a s s o c i a t e d , a c c o r d i n g to the t e s t name and f i x t u r e name . I t does not c o n s i d e r the f a b r i c o f
∗ the r e s u l t .
∗/

[ [ n o d i s c a r d ] ] s t d : : s i z e _ t hash ( ) c o n s t noexcept o v e r r i d e ;

[ [ n o d i s c a r d ] ] G l i b : : RefPtr<Gtk : : TreeL i s tMode l > g e t _ t e s t s _ t r e e ( ) co n s t noexcept o v e r r i d e ;

[ [ n o d i s c a r d ] ] G l i b : : RefPtr<Gtk : : TreeL i s tMode l > g e t _ r e s u l t s _ t r e e ( ) c o n s t noexcept o v e r r i d e ;

/∗∗
∗ @ b r i e f Endow the T e s t R e s u l t w i th the name o f the f i x t u r e o f the Test to which the T e s t R e s u l t r e l a t e s .
∗ @param incoming_f ix tu re_name The f i x t u r e name .
∗/

v o i d po pu l a t e _t e s t_ f i x tu r e _ na me ( c o ns t s t d : : s t r i n g &incoming_f ix tu re_name ) ;
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/∗∗
∗ @ b r i e f Get a copy o f the Test name a s s o c i a t e d wi th the T e s t R e s u l t .
∗ @re tu rn The name o f the Test to which the T e s t R e s u l t r e l a t e s .
∗/

[ [ n o d i s c a r d ] ] G l i b : : u s t r i n g copy_test_name ( ) c o n s t noexcept ;

/∗∗
∗ @ b r i e f Q u e r i e s the b i n a r y r e s u l t .
∗ @re tu rn Did the t e s t pas s ?
∗/

[ [ n o d i s c a r d ] ] boo l has_passed ( ) c o n s t noexcept ;

/∗∗
∗ @ b r i e f Q u e r i e s the t e s t e x e c u t i o n t ime .
∗ @re tu rn Dura t i on t ime f o r e x e c u t i o n o f the t e s t .
∗/

[ [ n o d i s c a r d ] ] s t d : : s i z e _ t ge t_execut i on_t ime ( ) c on s t noexcept ;

/∗∗
∗ @ b r i e f Get a copy o f the f i x t u r e name o f the Test a s s o c i a t e d wi th the T e s t R e s u l t .
∗ @re tu rn The name o f the f i x t u r e to which the T e s t R e s u l t r e l a t e s .
∗/

[ [ n o d i s c a r d ] ] G l i b : : u s t r i n g copy_f ixture_name ( ) co n s t noexcept ;

/∗∗
∗ @ b r i e f Compare two T e s t R e s u l t o b j e c t s u s i n g o n l y the a s s o c i a t e d t e s t name and f i x t u r e name .
∗ @param o t h e r The o t h e r T e s t R e s u l t .
∗ @re tu rn Are the two T e s t R e s u l t o b j e c t s r e l a t i n g to the same Test ?
∗/

boo l o p e r a t o r==(co n s t T e s t R e s u l t &o t h e r ) c o n s t noexcept ;

/∗∗
∗ @ b r i e f Compare a T e s t R e s u l t o b j e c t w i th an e x p l i c i t t e s t name and f i x t u r e name .
∗ @param names A @re f s t d : : p a i r encod ing o f the f i x t u r e name f o l l o w e d by the t e s t name .
∗ @re tu rn I s the T e s t R e s u l t f o r the f i x t u r e −t e s t Test s p e c i f i e d by the p a i r ?
∗/

boo l o p e r a t o r==(co n s t s t d : : p a i r <G l i b : : u s t r i n g , G l i b : : u s t r i n g > &names ) co n s t noexcept ;

p r i v a t e :
c on s t G l i b : : u s t r i n g test_name ;
G l i b : : u s t r i n g f i x tu re_name ;

c on s t boo l pas sed ;
c on s t s t d : : s i z e _ t execu t i on_t ime ;

c on s t G l i b : : RefPtr<Gio : : L i s t S t o r e <P a r t i a l T e s t R e s u l t >> p a r t i a l _ r e s u l t s =
Gio : : L i s t S t o r e <P a r t i a l T e s t R e s u l t >: : c r e a t e ( ) ;

c on s t G l i b : : RefPtr<Gtk : : TreeL i s tMode l > p a r t i a l _ r e s u l t s _ t r e e =
Gtk : : TreeL i s tMode l : : c r e a t e ( p a r t i a l _ r e s u l t s , &ITestModelNode : : g e t _ g i v e n _ r e s u l t s _ t r e e , t r u e ) ;

} ;

} // namespace o p t i f o l

template <>
s t r u c t s t d : : hash<o p t i f o l : : Te s tResu l t >
{

u s i n g i s _ t r a n s p a r e n t = v o i d ;

s t d : : s i z e _ t o p e r a t o r ( ) ( co n s t o p t i f o l : : T e s t R e s u l t ∗ o b j e c t ) co n s t noexcept
{

r e t u r n o b j e c t −>hash ( ) ;
}

s t d : : s i z e _ t o p e r a t o r ( ) ( c o n s t s t d : : p a i r <G l i b : : u s t r i n g , G l i b : : u s t r i n g > &names ) c o n s t noexcept
{

r e t u r n o p t i f o l : : I H a s h a b l e : : hash_combine (
s t d : : hash<s t d : : s t r i n g >{}(names . f i r s t ) , s t d : : hash<s t d : : s t r i n g >{}(names . second ) ) ;

}

s t d : : s i z e _ t o p e r a t o r ( ) ( c o n s t o p t i f o l : : T e s t R e s u l t &o b j e c t ) c on s t noexcept
{

r e t u r n o b j e c t . hash ( ) ;
}

s t d : : s i z e _ t o p e r a t o r ( ) ( c o n s t s t d : : shared_ptr <o p t i f o l : : Te s tResu l t > &sha r ed_hashab l e ) c on s t noexcept
{

r e t u r n shared_hashab l e −>hash ( ) ;
}

} ;

#e n d i f // TESTRESULT_HPP
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1.15.2.7 PayloadManagement

1.15.2.7.1 GoogleTestLexer.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the Google Test pay load l e x e r base c l a s s
∗ @author O l i v e r Dixon
∗ @date 2025−08−02
∗ @ v e r s i o n Development
∗/

#i f n d e f GOOGLETESTLEXER_HPP
#d e f i n e GOOGLETESTLEXER_HPP

#pragma c l a n g d i a g n o s t i c push
#pragma i d e d i a g n o s t i c i g n o r e d " OCUnusedSt ruc t In spec t i on "
#pragma i d e d i a g n o s t i c i g n o r e d " Not ImplementedFunct ions "
#pragma i d e d i a g n o s t i c i g n o r e d " O C U n u s e d G l o b a l D e c l a r a t i o n I n s p e c t i o n "

#i n c l u d e " Go og l e Te s t Pa r s e r . hpp "

#i f n d e f __FLEX_LEXER_H
#undef y y F l e x L e x e r
#d e f i n e y y F l e x L e x e r G o o g l e T e s t F l e x L e x e r
#i n c l u d e <F l e x L e x e r . h>
#e n d i f

namespace o p t i f o l
{

/∗∗
∗ @ c l a s s Goog l eTes tLexe r
∗ @ b r i e f Base c l a s s f o r the F lex −g e n e r a t e d C++ l e x e r to l e x Google Test r e s u l t s p a y l o a d s .
∗ @see Go og l e Te s tP a r s e r f o r the p a r s i n g dua l .
∗/

c l a s s Goog l eTes tLexe r : p u b l i c y y F l e x L e x e r
{
p u b l i c :

/∗∗
∗ @ b r i e f C o n s t r u c t a new l e x e r o b j e c t f o r l e x i n g Google Test r e s u l t p a y l o a d s .
∗ @param yy_in The i n p u t st ream .
∗ @param yy_out The output st ream .
∗/

Goog l eTes tLexe r ( s t d : : i s t r e a m &yy_in , s t d : : ost ream &yy_out ) :
y y F l e x L e x e r ( yy_in , yy_out )

{
}

/∗∗
∗ @ b r i e f Lex the next token on the i n p u t st ream and
∗ @param y y l v a l The l e x e d token type output paramete r
∗ @re tu rn F l e x e r r o r s t a t e
∗/

i n t l e x ( Go og l e Te s t Pa r s e r : : s emant i c_type ∗ y y l v a l ) ;
} ;

} // namespace o p t i f o l

#pragma c l a n g d i a g n o s t i c pop

#e n d i f

1.15.2.7.2 GoogleTestLexer.l

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

%{
#i n c l u d e " Go og l e Te s t Pa r s e r . hpp "
#i n c l u d e " Goog l eTes tLexe r . hpp "
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#undef YY_DECL
#d e f i n e YY_DECL i n t o p t i f o l : : Goog l eTes tLexe r : : l e x ( o p t i f o l : : G oo g l eT e s t Pa r s e r : : s emant i c_type ∗ y y l v a l )
%}

%o p t i o n c++ i n t e r a c t i v e noyywrap n o y y l i n e n o
%o p t i o n y y c l a s s ="Goog l eTes tLexe r "
%o p t i o n p r e f i x ="Goog leTest "

w h i t e s p a c e ( [ \ t \n ]+)

%%

[^\ t \n=&]+ {
y y l v a l −>emplace<s t d : : s t r i n g >(YYText ( ) ) ;
r e t u r n G oo g l eT es t Pa r s e r : : token : : L i t e r a l ;

}

" g t e s t _ s t r e a m i n g _ p r o t o c o l _ v e r s i o n =" r e t u r n G oo g l eT es tP a r s e r : : token : : P r o t o c o l V e r s i o n ;
"&e lap sed_t ime=" r e t u r n G oo g l eT es t Pa r s e r : : token : : ElapsedTime ;
"&pas sed=" r e t u r n G oo g l eT es tP a r s e r : : token : : Passed ;
"&name=" r e t u r n Go og l e Te s t Pa r s e r : : token : : Name ;

" even t=TestProgramStar t " r e t u r n G oo g l eT e s t Pa r s e r : : token : : ProgramStar t ;
" even t=TestProgramEnd " r e t u r n G oog l e T es tP a r s e r : : token : : ProgramEnd ;

" even t=T e s t I t e r a t i o n S t a r t " r e t u r n G oo g l eT e s t Pa r s e r : : token : : I t e r a t i o n S t a r t ;
"& i t e r a t i o n =" r e t u r n Goo g l eT e s t Pa r s e r : : token : : I t e r a t i o n C o u n t ;
" even t=T e s t I t e r a t i o n E n d " r e t u r n G oog l e T es tP a r s e r : : token : : I t e r a t i o n E n d ;

" even t=T e s t C a s e S t a r t " r e t u r n Go og l e Te s t Pa r s e r : : token : : T e s t C a s e S t a r t ;
" even t=TestCaseEnd " r e t u r n G oo g l eT es tP a r s e r : : token : : TestCaseEnd ;

" even t=T e s t S t a r t " r e t u r n G oo g l eT es tP a r s e r : : token : : T e s t S t a r t ;
" even t=T e s t P a r t R e s u l t " r e t u r n G oo g l eT es tP a r s e r : : token : : T e s t P a r t i a l ;
"& f i l e =" r e t u r n Go og l e Te s t P a r s e r : : token : : F i l e ;
"& l i n e =" r e t u r n Go og l e Te s tP a r s e r : : token : : L i n e ;
"&message=" r e t u r n Go og l e Te s t Pa r s e r : : token : : Message ;
" even t=TestEnd " r e t u r n Go og l e Te s t P a r s e r : : token : : TestEnd ;

<<EOF>> r e t u r n G oo g l eT es tP a r s e r : : token : : End ;
{ w h i t e s p a c e } /∗ I g n o r e w h i t e s p a c e ∗/

%%

1.15.2.7.3 GoogleTestListener.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the Google Test TCP s o c k e t l i s t e n e r
∗ @author O l i v e r Dixon
∗ @date 2025−07−20
∗ @ v e r s i o n Development
∗/

#i n c l u d e <giomm/ i n e t s o c k e t a d d r e s s . h>
#i n c l u d e <giomm/ r e s o u r c e . h>
#i n c l u d e <giomm/ s o c k e t l i s t e n e r . h>

#i n c l u d e " . . / . . / . . / Logg ing . hpp "
#i n c l u d e " G o o g l e T e s t L i s t e n e r . hpp "

namespace o p t i f o l
{

c on s t l o g 4 c x x : : Logge rPt r G o o g l e T e s t L i s t e n e r : : l o g g e r =
Logg ing : : g e t _ l o g g e r ({ " U s e r T e s t i n g " , " Network " , " Goog leTest " }) ;

G o o g l e T e s t L i s t e n e r : : G o o g l e T e s t L i s t e n e r ( c o n s t g u i n t 1 6 port_number ) :
p a r s e r (& l e x e r , s i g c : : mem_fun(∗ t h i s , &T e s t L i s t e n e r B a s e : : a c c e p t _ r e s u l t ) )

{
t r y {

c on s t auto a d d r e s s = Gio : : I n e t A d d r e s s : : c r e a t e _ l o o p b a c k ( Gio : : Socke tFami l y : : IPV4 ) ;
c on s t auto s o c k e t _ a d d r e s s = Gio : : I n e t S o c k e t A d d r e s s : : c r e a t e ( add re s s , port_number ) ;
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G l i b : : RefPtr<Gio : : SocketAddress > e f f e c t i v e _ a d d r e s s ;

i f ( l i s t e n e r −>add_address ( socke t_addre s s , Gio : : Socket : : Type : : STREAM, Gio : : Socket : : P r o t o c o l : : TCP,
e f f e c t i v e _ a d d r e s s ) == f a l s e )

throw Gio : : R e s o u r c e E r r o r (
Gio : : R e s o u r c e E r r o r : : INTERNAL , " Could not b ind to " + socke t_addre s s −>t o _ s t r i n g ( ) ) ;

l i s t e n e r −>accept_async ( s i g c : : mem_fun(∗ t h i s , &G o o g l e T e s t L i s t e n e r : : c o n n e c t i o n _ c a l l b a c k ) ) ;
l o g g e r −>i n f o ( " Opened l i s t e n i n g TCP s o c k e t on " + e f f e c t i v e _ a d d r e s s −>t o _ s t r i n g ( ) ) ;

} ca tch ( co n s t G l i b : : E r r o r &e x c e p t i o n ) {
l o g g e r −>e r r o r ( " Cannot open TCP s o c k e t f o r l i s t e n i n g . " ) ;
l o g g e r −>e r r o r ( e x c e p t i o n . what ( ) ) ;
throw ;

}
}

v o i d G o o g l e T e s t L i s t e n e r : : c o n n e c t i o n _ c a l l b a c k ( c on s t G l i b : : RefPtr<Gio : : AsyncResu l t > &r e s u l t ) noexcept
{

l o g g e r −>debug ( " Connect ion c a l l b a c k t r i g g e r e d ; a t t empt i ng to decode c l i e n t and read b y t e s . " ) ;

t r y {
c on s t auto c o n n e c t i o n = l i s t e n e r −>a c c e p t _ f i n i s h ( r e s u l t ) ;
l o g g e r −>i n f o ( " Accepted TCP c o n n e c t i o n from " + connec t i on −>get_remote_address ( )−>t o _ s t r i n g ( ) ) ;

c on s t auto input_st ream = connec t i on −>get_input_st ream ( ) ;

/∗
∗ We can make some a s s e r t i o n s on the f u l l r e s u l t s s t r i n g , so s t d : : s t r i n g : : append i s l i k e l y more
∗ pe r fo rmant than s t d : : o s t r i n g s t r e a m : : ope ra to r <<. See h t t p s : // s t a c k o v e r f l o w . com/ q u e s t i o n s /19844858.
∗ I n p a r t i c u l a r , we know the f o l l o w i n g :
∗
∗ 1 . The p a r s e r i s non−st reaming , so we need to have the e n t i r e i n p u t s t o r e d b e f o r e p a s s i n g i t to
∗ the l e x e r and p a r s e r r o u t i n e s . When the TCP p a c k e t s a r r i v e i n chunks o f
∗ G o o g l e T e s t L i s t e n e r : : t emp_bu f f e r_s i z e bytes , they must be c o l l a t e d i n t o a s i n g l e s o u r c e ; and
∗
∗ 2 . The c o l l a t e d b u f f e r w i l l grow by f a c t o r s o f G o o g l e T e s t L i s t e n e r : : t emp_bu f f e r_s i z e pe r append
∗ o p e r a t i o n , so we can do a l l o c a t i o n ahead o f t ime .
∗/

s t d : : s t r i n g r e s u l t s _ s t r i n g ;
#pragma c l a n g d i a g n o s t i c push
#pragma c l a n g d i a g n o s t i c i g n o r e d "−Wunsafe−b u f f e r −usage "

/∗
∗ Our b u f f e r a c c e s s i s gua ran teed to be s a f e . Access i s pe r fo rmed at two p o i n t s :
∗
∗ 1 . Gio : : InputSt ream : : r ead mutates the b u f f e r i n the maximal h a l f −open i n t e r v a l [ 0 ,
∗ s i z e o f ( b u f f e r ) ) . Th i s i s gua ran teed by documented c o n s t r a i n t s on the read f u n c t i o n ; and
∗
∗ 2 . We manua l l y append a NULL−t e r m i n a t o r at the p o s i t i o n i n d i c a t e d by the r e t u r n v a l u e o f the read
∗ f u n c t i o n . Th i s i s f u r t h e r gua ran teed to be w i t h i n the h a l f −open i n t e r v a l [ 0 , s i z e o f ( b u f f e r ) ) , hence
∗ the a c c e s s can occu r at most s i z e o f ( b u f f e r ) − 1 b y t e s i n t o the a r r a y .
∗
∗ The use o f an " u n s a f e " C c o n s t r u c t i s e n f o r c e d by the GioMM l i b r a r y .
∗/

cha r b u f f e r [ t emp_bu f f e r_s i z e ] ;

g s s i z e by te s_read = 0 ;
w h i l e ( ( by te s_read = input_stream −>read ( b u f f e r , s i z e o f ( b u f f e r ) − 1) ) > 0) {

/∗
∗ We r a t h e r do a s i n g l e worst−case a l l o c a t i o n o f the e n t i r e temporary b u f f e r than l o t s o f s m a l l
∗ a l l o c a t i o n s i n the a c t u a l number o f b y t e s r ead . I n Google Test s t r eaming , p a c k e t s a r e o f t e n
∗ s m a l l and numerous .
∗/

r e s u l t s _ s t r i n g . r e s e r v e ( r e s u l t s _ s t r i n g . c a p a c i t y ( ) + temp_bu f f e r_s i z e ) ;
b u f f e r [ by te s_read ] = ’ \0 ’ ;
l o g g e r −>t r a c e ( " Read " + s t d : : t o _ s t r i n g ( by te s_read ) + " from i n p u t st ream o f l a s t c o n n e c t i o n . " ) ;
r e s u l t s _ s t r i n g . append ( b u f f e r ) ;

}
#pragma c l a n g d i a g n o s t i c pop

l i s t e n e r −>accept_async ( s i g c : : mem_fun(∗ t h i s , &G o o g l e T e s t L i s t e n e r : : c o n n e c t i o n _ c a l l b a c k ) ) ;

/∗
∗ Push the c o l l a t e d i n p u t i n t o a l e x e r stream , l e x and parse , and e x e c u t e the c l o s e d c a l l b a c k to
∗ i n d i c a t e t h a t the c l i e n t s topped s e n d i n g data and the c o n n e c t i o n was c l o s e d .
∗/

l e x e r _ i n p u t _ s t r e a m . s t r ( r e s u l t s _ s t r i n g ) ;
p a r s e r . p a r s e ( ) ;

} ca tch ( co n s t G l i b : : E r r o r &e x c e p t i o n ) {
l o g g e r −>e r r o r ( " Cannot accep t or r ead from c l i e n t on TCP s o c k e t . " ) ;
l o g g e r −>e r r o r ( e x c e p t i o n . what ( ) ) ;
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} ca tch ( co n s t Semant i cExcep t i on &) {
l o g g e r −>e r r o r ( " Semant ic e r r o r d u r i n g p a r s e : the p a c k e t s were r e c e i v e d and comp l i ed wi th the p r o t o c o l "

" schema , "
" but were m e a n i n g l e s s . " ) ;

} ca tch ( co n s t P a r s e E r r o r &) {
l o g g e r −>e r r o r ( " Parse e r r o r d u r i n g r e c e p t i o n : the p a c k e t s were r e c e i v e d , but d i d not comply w i th the "

" schema . " ) ;
}

}

} // namespace o p t i f o l

1.15.2.7.4 GoogleTestListener.hpp

/∗
∗ C o p y r i g h t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the Google Test TCP s o c k e t l i s t e n e r
∗ @author O l i v e r Dixon
∗ @date 2025−07−20
∗ @ v e r s i o n Development
∗/

#i f n d e f GOOGLETESTLISTENER_HPP
#d e f i n e GOOGLETESTLISTENER_HPP

#i n c l u d e <giomm/ s o c k e t l i s t e n e r . h>
#i n c l u d e <l o g 4 c x x / l o g g e r . h>

#i n c l u d e " Goog l eTes tLexe r . hpp "
#i n c l u d e " T e s t L i s t e n e r B a s e . hpp "

namespace o p t i f o l
{

c l a s s T e s t R e s u l t ;

/∗∗
∗ @ c l a s s G o o g l e T e s t L i s t e n e r
∗ @ b r i e f Accept incoming p a c k e t s from the Google Test t e s t i n g framework , p a r s e the p a y l o a d s i n t o T e s t R e s u l t
∗ o b j e c t s , and i n v o k e the l i s t e n i n g c a l l b a c k s .
∗
∗ @ d e t a i l s The c o n s t r u c t e d c l a s s opens a non−b l o c k i n g l i s t e n e r , bound to the IPv4 l o c a l h o s t a d d r e s s
∗ 1 2 7 . 0 . 0 . 1 , on a s i n g l e imp lementat ion −d e f i n e d p o r t number . C l i e n t c o n n e c t i o n s on TCP a r e accep ted and
∗ c o n t i n u e to be read i n t o a l a r g e per−c o n n e c t i o n i n t e r n a l b u f f e r u n t i l the c o n n e c t i o n i s c l o s e d on the
∗ s o c k e t . I n d i v i d u a l T e s t R e s u l t o b j e c t s a r e c o n f i n e d i n t o an owning c o n t a i n e r and s t o r e d i n t e r n a l l y . Once the
∗ s t r e a m i n g has completed , c a l l e r s can e x e c u t e
∗ @re f T e s t L i s t e n e r B a s e : : endow_test to p r o v i d e r e f −counted p o i n t e r s to Test o b j e c t s r e l e v a n t to the st reamed
∗ T e s t R e s u l t r e c o r d s .
∗
∗ @see @re f Goog l eTes tLexe r . l f o r the expec t ed token format o f the Google Test Pay load
∗ @see @re f G oo g l eT e s tP a r s e r . y f o r the expec t ed grammar o f the Google Test pay load
∗/

c l a s s G o o g l e T e s t L i s t e n e r : p u b l i c T e s t L i s t e n e r B a s e
{
p u b l i c :

/∗∗
∗ @ b r i e f C o n s t r u c t the l i s t e n e r by open ing a new l i s t e n i n g s o c k e t and r e g i s t e r i n g c a l l b a c k s .
∗ @param port_number The p o r t number o f the l i s t e n i n g s o c k e t .
∗ @throws G l i b : : E r r o r The s o c k e t cou ld not be e s t a b l i s h e d .
∗/

e x p l i c i t G o o g l e T e s t L i s t e n e r ( g u i n t 1 6 port_number ) ;

p r i v a t e :
v o i d c o n n e c t i o n _ c a l l b a c k ( c o n s t G l i b : : RefPtr<Gio : : AsyncResu l t > &r e s u l t ) noexcept o v e r r i d e ;

s t a t i c c o n s t l o g 4 c x x : : Logge rPt r l o g g e r ;
s t a t i c c o n s t e x p r s t d : : s i z e _ t t emp_bu f f e r_s i z e = 1024 ;

G l i b : : RefPtr<Gio : : S o c k e t L i s t e n e r > l i s t e n e r = Gio : : S o c k e t L i s t e n e r : : c r e a t e ( ) ;

s t d : : i s t r i n g s t r e a m l e x e r _ i n p u t _ s t r e a m ;
Goog l eTes tLexe r l e x e r { l e xe r_ inpu t_s t r eam , s t d : : c e r r } ;
Go og l e Te s tP a r s e r p a r s e r ;

} ;
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} // namespace o p t i f o l

#e n d i f // GOOGLETESTLISTENER_HPP

1.15.2.7.5 GoogleTestParser.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n o f the exposed Google Test r e s u l t s p r o t o c o l p a r s e r
∗ @date 2025−07−14
∗ @author O l i v e r Dixon <od641@york . ac . uk>
∗ @note This f i l e depends on b u i l d −t ime g e n e r a t e d s o u r c e from F l e x and Bison .
∗/

#i f n d e f GOOGLETESTPARSER_HPP
#d e f i n e GOOGLETESTPARSER_HPP

#pragma c l a n g d i a g n o s t i c push
#pragma c l a n g d i a g n o s t i c i g n o r e d "−Weveryth ing "
#i n c l u d e <g e n e r a t e d / BaseGoog l eTes tPa r s e r . hpp> // Generated by Bison
#pragma c l a n g d i a g n o s t i c pop

#i n c l u d e <l o g 4 c x x / l o g g e r . h>
#i n c l u d e <s i g c++/s l o t . h>
#i n c l u d e " . . / . . / . . / E x c e p t i o n s / P a r s e E r r o r . hpp "
#i n c l u d e " . . / T e s t R e s u l t . hpp "

namespace o p t i f o l
{

/∗∗
∗ @ c l a s s Go og l e Te s t Pa r s e r
∗ @ b r i e f P ro v i d e a d d i t i o n a l f u n c t i o n a l i t y to the Bison−g e n e r a t e d imp l : : BaseGoog l eTes tPa r s e r f o r enhanced
∗ owne r sh ip s e m a n t i c s o f produced r e s u l t s .
∗
∗ @ d e t a i l s I n p a r t i c u l a r , the p a r s e r s h o u l d obey the f o l l o w i n g sequence f o r a l l i n d i v i d u a l l y pa r s ed t e s t
∗ r e s u l t s w i t h i n t h e i r r e s p e c t i v e G−Test t e s t c a s e s : <ol > <l i > C o n s t r u c t the T e s t R e s u l t and t r a n s f e r
∗ owne r sh ip to the p a r s e r i n the <i >Pending </i > s t a t e w i th
∗ @re f a d d _ p e n d i n g _ t e s t _ r e s u l t . Pending r e s u l t s a r e h e l d i n @re f s t d : : un ique_pt r c o n t a i n e r s .
∗ </ l i >
∗ <l i >
∗ Once the t e s t f i x t u r e name i s known by the i nne rmos t TestCase p roduc t i on , e x t r a c t a l l pend ing
∗ r e s u l t s and p o p u l a t e w i th the f i x t u r e name . Ownership o f the pend ing T e s t R e s u l t i s t r a n s f e r r e d back to the
∗ grammar p r o d u c t i o n g e n e r a t e d member f u n c t i o n . Use @re f s t e a l _ n e x t _ p e n d i n g _ r e s u l t u n t i l i t i n d i c a t e s t h a t
∗ t h e r e a r e no f u r t h e r pend ing r e s u l t s owned by the p a r s e r i n s t a n c e .
∗ </ l i >
∗ <l i >
∗ As T e s t R e s u l t o b j e c t s a r e popu l a t ed wi th the t e s t ca s e name , use @re f p u s h _ r e s u l t to i n v o k e the
∗ p a r s e r −d e f i n e d c a l l b a c k and t r a n s f e r owne r sh ip o f the T e s t R e s u l t to the c l i e n t .
∗ </ l i >
∗ </ol >
∗/

c l a s s G oo g l eT e s tP a r s e r : p u b l i c imp l : : BaseGoog l eTes tPa r s e r
{
p u b l i c :

/∗∗
∗ @ b r i e f I n s t a n t i a t e a new Google Test r e s u l t s p r o t o c o l p a r s e r , to be s u p p l i e d by the g i v e n l e x e r
∗ @param l e x e r The Flex −c r e a t e d l e x e r w i th which the p a r s e r s h o u l d be a c q u a i n t e d
∗ @param p u s h _ c a l l b a c k The c a l l b a c k to which newly pa r s ed T e s t R e s u l t o b j e c t s s h o u l d be s e n t
∗/

e x p l i c i t G oo g l e T e s tP a r s e r (
Goog l eTes tLexe r ∗ l e x e r , s i g c : : s l o t <v o i d ( s t d : : un ique_ptr <Tes tResu l t > &&)> &&p u s h _ c a l l b a c k ) :

BaseGoog l eTes tPa r s e r ( l e x e r ) ,
p u s h _ c a l l b a c k ( s t d : : move ( p u s h _ c a l l b a c k ) )

{
}

v o i d e r r o r ( c o n s t s t d : : s t r i n g &msg ) o v e r r i d e
{

Logg ing : : g e t _ l o g g e r ({ " U s e r T e s t i n g " , " P a r s i n g " , " Goog leTest " })−>e r r o r ( msg ) ;
throw P a r s e E r r o r (msg , 0) ;

}
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/∗∗
∗ @ b r i e f I nvoke the c a l l b a c k to i n d i c a t e a new T e s t R e s u l t has been produced by the p a r s e r
∗ @param t e s t _ r e s u l t An e x c l u s i v e l y owning c o n t a i n e r f o r the c o n s t r u c t e d T e s t R e s u l t o b j e c t
∗ @note This member f u n c t i o n must be p u b l i c as i t i s a c c e s s e d by the Bison−g e n e r a t e d C++ grammar
∗ p r o d u c t i o n s code .
∗/

v o i d p u s h _ r e s u l t ( s t d : : un ique_ptr <Tes tResu l t > &&t e s t _ r e s u l t ) c on s t
{

p u s h _ c a l l b a c k ( s t d : : move ( t e s t _ r e s u l t ) ) ;
}

/∗∗
∗ @ b r i e f P ro v i d e a new T e s t R e s u l t to be s t o r e d i n the pend ing s t a t e , such t h a t the T e s t R e s u l t i s
∗ t e m p o r a r i l y h e l d by the p a r s e r f o r f u r t h e r mutat ion b e f o r e i t i s s u i t a b l e f o r the push c a l l b a c k .
∗ @param t e s t _ r e s u l t The e x c l u s i v e l y owning c o n t a i n e r f o r the pend ing T e s t R e s u l t o b j e c t
∗ @note This member f u n c t i o n must be p u b l i c as i t i s a c c e s s e d by the Bison−g e n e r a t e d C++ grammar
∗ p r o d u c t i o n s code .
∗/

v o i d a d d _ p e n d i n g _ t e s t _ r e s u l t ( s t d : : un ique_ptr <Tes tResu l t > &&t e s t _ r e s u l t )
{

p e n d i n g _ t e s t _ r e s u l t s . push_back ( s t d : : move ( t e s t _ r e s u l t ) ) ;
}

/∗∗
∗ @ b r i e f E x t r a c t and p r o v i d e the next pend ing t e s t r e s u l t ; t h i s f u n c t i o n s h o u l d t y p i c a l l y be p o l l e d u n t i l
∗ t h e r e a r e no more pend ing r e s u l t s , as the o r d e r i n g i s not d e f i n e d .
∗ @re tu rn An e x c l u s i v e l y owning c o n t a i n e r f o r the s t o l e n Tes tResu l t , o r n u l l p t r i f t h e r e a r e no pend ing
∗ r e s u l t s .
∗ @note This member f u n c t i o n must be p u b l i c as i t i s a c c e s s e d by the Bison−g e n e r a t e d C++ grammar
∗ p r o d u c t i o n s code .
∗/

s t d : : un ique_ptr <Tes tResu l t > s t e a l _ n e x t _ p e n d i n g _ r e s u l t ( ) noexcept
{

i f ( p e n d i n g _ t e s t _ r e s u l t s . empty ( ) )
r e t u r n n u l l p t r ;

auto b o r r o w e d _ r e s u l t = s t d : : move ( p e n d i n g _ t e s t _ r e s u l t s . back ( ) ) ;
p e n d i n g _ t e s t _ r e s u l t s . pop_back ( ) ;
r e t u r n b o r r o w e d _ r e s u l t ;

}

p r i v a t e :
s t d : : v e c to r <s t d : : un ique_ptr <Tes tResu l t >> p e n d i n g _ t e s t _ r e s u l t s ;

s i g c : : s l o t <v o i d ( s t d : : un ique_ptr <Tes tResu l t > &&)> p u s h _ c a l l b a c k ;
} ;

} // namespace o p t i f o l

#e n d i f

1.15.2.7.6 GoogleTestParser.y

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

%r e q u i r e " 3 . 7 . 4 "
%language "C++"

%d e f i n e a p i . p a r s e r . c l a s s { BaseGoog l eTes tPa r s e r }
%d e f i n e a p i . namespace { o p t i f o l : : imp l }
%d e f i n e a p i . v a l u e . t ype v a r i a n t
%d e f i n e a p i . p r e f i x { Goog leTest }
%d e f i n e p a r s e . e r r o r d e t a i l e d
%d e f i n e s
%s k e l e t o n " l a l r 1 . cc "
%parse −param { Goog l eTes tLexe r ∗ s c a n n e r }

%code r e q u i r e s
{

#i n c l u d e <cmath>
#i n c l u d e <memory>

#i n c l u d e " . . / E x c e p t i o n s / Semant i cExcept i on . hpp "
#i n c l u d e " . . / E x c e p t i o n s / P a r s e E r r o r . hpp "
#i n c l u d e " . . / T e s t R e s u l t . hpp "
#i n c l u d e " . . / Logg ing . hpp "
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namespace o p t i f o l
{

c l a s s Goog l eTes tLexe r ;
}

}

%code
{

#i n c l u d e " Goog l eTes tLexe r . hpp "
#d e f i n e y y l e x ( x ) scanner −>l e x ( x )

c on s t l o g 4 c x x : : Logge rPt r l o g g e r = o p t i f o l : : Logg ing : : g e t _ l o g g e r ({ " U s e r T e s t i n g " , " P a r s i n g " , " Goog leTest " }) ;
}

%token P r o t o c o l V e r s i o n
%token End
%token Passed
%token ElapsedTime
%token Name

%token <s t d : : s t r i n g > L i t e r a l

%token ProgramStar t
%token ProgramEnd

%token I t e r a t i o n S t a r t
%token I t e r a t i o n C o u n t
%token I t e r a t i o n E n d

%token T e s t C a s e S t a r t
%token TestCaseEnd

%token T e s t S t a r t
%token T e s t P a r t i a l
%token F i l e
%token L ine
%token Message
%token TestEnd

%type <G l i b : : RefPtr<P a r t i a l T e s t R e s u l t >> p a r t i a l _ t e s t
%type <s t d : : v e c to r <G l i b : : RefPtr<P a r t i a l T e s t R e s u l t >>> p a r t i a l _ t e s t _ l i s t

%s t a r t program_entry

%%

program_entry :
p r o t o c o l _ l i n e ProgramStar t i t e r a t i o n _ l i s t ProgramEnd Passed L i t e r a l End
{

r e t u r n 0 ;
}
|
e r r o r
{

r e t u r n −1;
}
;

p r o t o c o l _ l i n e :
P r o t o c o l V e r s i o n L i t e r a l
{

c o n s t e x p r f l o a t s u p p o r t e d _ v e r s i o n = 1 .0 f ;

t r y {
c on s t f l o a t v e r s i o n = s t d : : s t o f ( $2 ) ;
i f ( f a b s f ( v e r s i o n − s u p p o r t e d _ v e r s i o n ) >= s t d : : n u m e r i c _ l i m i t s <f l o a t >: : e p s i l o n ( ) )

throw Semant i cExcep t i on ( " Unsupported Google Test p r o t o c o l v e r s i o n " + $2 ) ;
} ca tch ( co n s t s t d : : l o g i c _ e r r o r& p a r s i n g _ e x c e p t i o n ) {

l o g g e r −>e r r o r ( p a r s i n g _ e x c e p t i o n . what ( ) ) ;
throw P a r s e E r r o r ( " Could not p a r s e Google Test p r o t o c o l v e r s i o n number \" " + $2 + ’ " ’ , 0) ;

} ca tch ( co n s t Semant i cExcep t i on& s e m a n t i c _ e x c e p t i o n ) {
l o g g e r −>e r r o r ( s e m a n t i c _ e x c e p t i o n . what ( ) ) ;
throw ;

}
}
;

i t e r a t i o n :
I t e r a t i o n S t a r t I t e r a t i o n C o u n t L i t e r a l c a s e _ l i s t I t e r a t i o n E n d Passed L i t e r a l ElapsedTime L i t e r a l
{
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// C o l l a p s e i t e r a t i o n l i s t s
i f ( l o g g e r −>isDebugEnab led ( ) )

l o g g e r −>debug ( " Parsed i t e r a t i o n #" + $3 + " , t a k i n g " + $9 + " wi th an o v e r a l l r e s u l t o f " + $7 +
’ . ’ ) ;

}
;

i t e r a t i o n _ l i s t :
%empty
{
}
|
i t e r a t i o n _ l i s t i t e r a t i o n
{
}
;

ca s e :
T e s t C a s e S t a r t Name L i t e r a l t e s t _ l i s t TestCaseEnd Passed L i t e r a l ElapsedTime L i t e r a l
{

// C o l l a p s e t e s t ca s e s e t s
i f ( l o g g e r −>isDebugEnab led ( ) )

l o g g e r −>debug ( " Parsed t e s t ca s e \" " + $3 + " \" , t a k i n g " + $9 + " wi th an o v e r a l l r e s u l t o f " + $7
+ ’ . ’ ) ;

auto& s e l f = dynamic_cast<Go og l e Te s t Pa r s e r&>(∗ t h i s ) ;
s t d : : un ique_ptr <Tes tResu l t > b o r r o w e d _ r e s u l t ;

w h i l e ( ( b o r r o w e d _ r e s u l t = s e l f . s t e a l _ n e x t _ p e n d i n g _ r e s u l t ( ) ) != n u l l p t r ) {
bo r rowed_re su l t −>p op u l a t e _t e s t _ f i x t u r e_ n am e ( $3 ) ;
s e l f . p u s h _ r e s u l t ( s t d : : move ( b o r r o w e d _ r e s u l t ) ) ;

}
}
;

c a s e _ l i s t :
%empty
{
}
|
c a s e _ l i s t ca s e
{
}
;

t e s t :
T e s t S t a r t Name L i t e r a l p a r t i a l _ t e s t _ l i s t TestEnd Passed L i t e r a l ElapsedTime L i t e r a l
{

t r y {
c on s t auto p a s s e d _ r e s u l t = s t d : : s t o i ( $7 ) ;
i f ( p a s s e d _ r e s u l t != 0 && p a s s e d _ r e s u l t != 1)

throw Semant i cExcep t i on ( " I n v a l i d t e s t r e s u l t ; s h o u l d be ’0 ’ o r ’ 1 ’ , but r e c e i v e d " + $7 ) ;

/∗
∗ C o n s t r u c t the t e s t w i thout a t e s t ca s e name , and add i t to a s p e c i a l l y d e s i g n a t e d ’ pend ing ’

r e s u l t s
∗ v e c t o r . Once the i nne rmos t t e s t ca s e has been parsed , a l l pend ing r e s u l t s a r e popu l a t ed wi th

the ca se
∗ name and moved to the ’ popu l a t ed ’ r e s u l t s v e c t o r .
∗/

dynamic_cast<Go og l e Te s t Pa r s e r&>(∗ t h i s ) . a d d _ p e n d i n g _ t e s t _ r e s u l t ( s t d : : move (
s t d : : make_unique<Tes tResu l t >($3 , p a s s e d _ r e s u l t , s t d : : s t o i ( $9 ) , s t d : : move ( $4 ) ) ) ) ;

i f ( l o g g e r −>isDebugEnab led ( ) )
l o g g e r −>debug ( " Parsed t e s t \" " + $3 + " \" , t a k i n g " + $9 + " wi th an o v e r a l l r e s u l t o f " +

( ( p a s s e d _ r e s u l t ) ? "PASS" : " FAIL " ) + ’ . ’ ) ;
} ca tch ( co n s t s t d : : l o g i c _ e r r o r& p a r s i n g _ e x c e p t i o n ) {

l o g g e r −>e r r o r ( p a r s i n g _ e x c e p t i o n . what ( ) ) ;
throw P a r s e E r r o r ( " Could not p a r s e Google Test t e s t r e s u l t \" " + $3 + ’ " ’ , 0) ;

} ca tch ( co n s t Semant i cExcep t i on& s e m a n t i c _ e x c e p t i o n ) {
l o g g e r −>e r r o r ( s e m a n t i c _ e x c e p t i o n . what ( ) ) ;
throw ;

}
}

t e s t _ l i s t :
%empty
{
}
|
t e s t _ l i s t t e s t
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{
}
;

p a r t i a l _ t e s t :
T e s t P a r t i a l F i l e L i t e r a l L i n e L i t e r a l Message L i t e r a l
{

t r y {
$$ = G l i b : : m a k e _ r e f p t r _ f o r _ i n s t a n c e ( new P a r t i a l T e s t R e s u l t ( $3 , s t d : : s t o i ( $5 ) , $7 ) ) ;

i f ( l o g g e r −>isDebugEnab led ( ) )
l o g g e r −>debug ( " Parsed p a r t i a l t e s t r e s u l t i n f i l e \" " + $3 +" \" at l i n e " + $5 + ’ . ’ ) ;

} ca tch ( co n s t s t d : : l o g i c _ e r r o r& p a r s i n g _ e x c e p t i o n ) {
l o g g e r −>e r r o r ( p a r s i n g _ e x c e p t i o n . what ( ) ) ;
throw P a r s e E r r o r ( " Could not p a r s e Google Test p a r t i a l r e s u l t i n f i l e \" " + $3 + " \" at l i n e " + $5

+
" \ " : " + p a r s i n g _ e x c e p t i o n . what ( ) , 0) ;

}
}

p a r t i a l _ t e s t _ l i s t :
%empty
{
}
|
p a r t i a l _ t e s t _ l i s t p a r t i a l _ t e s t
{

$$ = s t d : : move ( $1 ) ;
$$ . push_back ( s t d : : move ( $2 ) ) ;

}
;

%%

v o i d o p t i f o l : : imp l : : BaseGoog l eTes tPa r s e r : : e r r o r ( c on s t s t d : : s t r i n g& msg )
{

dynamic_cast<Go og l e Te s t Pa r s e r&>(∗ t h i s ) . e r r o r ( msg ) ;
}

1.15.2.7.7 TestListenerBase.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the g e n e r i c automated t e s t s o c k e t l i s t e n e r
∗ @author O l i v e r Dixon
∗ @date 2025−07−27
∗ @ v e r s i o n Development
∗/

#i n c l u d e " T e s t L i s t e n e r B a s e . hpp "
#i n c l u d e " . . / . . / . . / S to rage / Requi rement . hpp "

namespace o p t i f o l
{

v o i d T e s t L i s t e n e r B a s e : : a c c e p t _ r e s u l t ( s t d : : un ique_ptr <Tes tResu l t > &&t e s t _ r e s u l t )
{

r e c e i v e d _ t e s t _ b l o b . emplace ( s t d : : move ( t e s t _ r e s u l t ) ) ;
}

v o i d T e s t L i s t e n e r B a s e : : endow_test ( Test &c a n d i d a t e )
{

// T e s t R e s u l t s a r e keyed on the f i x t u r e and t e s t name . I f a Test demands one t h a t i s i n our blob , s h a r e
// i t .
c on s t auto r e s u l t _ i t = r e c e i v e d _ t e s t _ b l o b . f i n d (

s t d : : make_pair ( c a n d i d a t e . p r o p e r t y _ f i x t u r e ( ) . ge t_va lue ( ) , c a n d i d a t e . property_name ( ) . ge t_va lue ( ) ) ) ;

i f ( r e s u l t _ i t != r e c e i v e d _ t e s t _ b l o b . cend ( ) )
c a n d i d a t e . e m p l a c e _ r e s u l t (∗ r e s u l t _ i t ) ;

}

} // namespace o p t i f o l
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1.15.2.7.8 TestListenerBase.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the g e n e r i c automated t e s t s o c k e t l i s t e n e r
∗ @author O l i v e r Dixon
∗ @date 2025−07−20
∗ @ v e r s i o n Development
∗/

#i f n d e f TESTLISTENERBASE_HPP
#d e f i n e TESTLISTENERBASE_HPP

#i n c l u d e <giomm/ a s y n c r e s u l t . h>
#i n c l u d e <glibmm/ r e f p t r . h>
#i n c l u d e <memory>

#i n c l u d e " . . / O p t i f o l . hpp "
#i n c l u d e " . . / T e s t R e s u l t . hpp "

namespace o p t i f o l
{

c l a s s Test ;

/∗∗
∗ @ c l a s s T e s t L i s t e n e r B a s e
∗ @ b r i e f P r o v i d e s a t e s t −framework−a g n o s t i c l i s t e n e r to accep t network−streamed p a y l o a d s d e s c r i b i n g r e s u l t s
∗ o f automated t e s t s . Asynchronous network o p e r a t i o n s a r e p r o v i d e d by the G l i b s o c k e t a b s t r a c t i o n l a y e r s .
∗ Rece i v ed T e s t R e s u l t o b j e c t s a r e s t o r e d by the l i s t e n e r i n a b lob and can be d i s t r i b u t e d ( through sha r ed
∗ owne r sh ip ) to r e l e v a n t Test o b j e c t s w i th @re f endow_test .
∗/

c l a s s T e s t L i s t e n e r B a s e
{
p u b l i c :

/∗∗
∗ @ b r i e f D e s t r u c t the T e s t L i s t e n e r B a s e , d i s c a r d i n g any unused T e s t R e s u l t o b j e c t s and c l o s i n g any opened
∗ network s t a t e .
∗/

v i r t u a l ~ T e s t L i s t e n e r B a s e ( ) = d e f a u l t ;

/∗∗
∗ @ b r i e f Accepts a newly formed T e s t R e s u l t o b j e c t
∗ @param t e s t _ r e s u l t The owning c o n t a i n e r o f the c o n s t r u c t e d T e s t R e s u l t
∗/

v o i d a c c e p t _ r e s u l t ( s t d : : un ique_ptr <Tes tResu l t > &&t e s t _ r e s u l t ) ;

/∗∗
∗ @ b r i e f G iven a Requi rement wi th an a s s o c i a t e d Test o b j e c t , de t e rm ine whether a s t o r e d T e s t R e s u l t
∗ matches the t e s t s p e c i f i c a t i o n o f the Requi rement . I f i t does , s h a r e the T e s t R e s u l t w i th the
∗ Requi rement .
∗ @param c a n d i d a t e The Requi rement to c o n s i d e r s h a r i n g the T e s t R e s u l t
∗ @throws Semant i cExcep t i on i f the Requi rement r e f u s e d the T e s t R e s u l t
∗ @see Requi rement : : e m p l a c e _ t e s t _ r e s u l t
∗/

v o i d endow_test ( Test &c a n d i d a t e ) ;

p r o t e c t e d :
/∗∗

∗ @ b r i e f Handle an G l ib −a s y n c h r o n o u s l y accep ted c o n n e c t i o n from a c l i e n t , r eady to r e c e i v e data .
∗ @param r e s u l t The r e s u l t o f the asynch ronous s o c k e t o p e r a t i o n .
∗ @note A l l i m p l e m e n t a t i o n s o f t h i s member f u n c t i o n must be noexcept as they a r e c a l l e d from an
∗ asynch ronous G l ib −d e f i n e d c o n t e x t . Any e x c e p t i o n s thrown by composed r o u t i n e s s h o u l d be abso rbed by the
∗ c a l l b a c k and logged u s i n g l o g 4 c x x i n s t a n c e f o r the imp l ementa t i on c l a s s .
∗/

v i r t u a l v o i d c o n n e c t i o n _ c a l l b a c k ( c o n s t G l i b : : RefPtr<Gio : : AsyncResu l t > &r e s u l t ) noexcept = 0 ;

p r i v a t e :
SharedUnorderedSet <Tes tResu l t > r e c e i v e d _ t e s t _ b l o b ;

} ;

} // namespace o p t i f o l

#e n d i f // TESTLISTENERBASE_HPP
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1.15.3 Modelling

1.15.3.1 ExecutionGroup.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the framework−a g n o s t i c e x e c u t i o n group
∗ @author O l i v e r Dixon
∗ @date 2025−08−08
∗ @ v e r s i o n Development
∗/

#i n c l u d e " Execut ionGroup . hpp "
#i n c l u d e " Test . hpp "

namespace o p t i f o l
{

boo l Execut ionGroup : : o p e r a t o r==(c on s t T e s t E x e c u t a b l e &o t h e r ) c on s t
{

r e t u r n o t h e r . property_name ( ) . ge t_va lue ( ) == e x e c u t a b l e . property_name ( ) . ge t_va lue ( ) ;
}

boo l Execut ionGroup : : o p e r a t o r==(c on s t Execut ionGroup &o t h e r ) c o n s t
{

r e t u r n o t h e r . e x e c u t a b l e == e x e c u t a b l e ;
}

G l i b : : u s t r i n g Execut ionGroup : : get_executab le_name ( ) c o n s t
{

r e t u r n e x e c u t a b l e . property_name ( ) . ge t_va lue ( ) ;
}

Execut ionGroup : : Execut ionGroup ( co n s t T e s t E x e c u t a b l e &e x e c u t a b l e ) :
e x e c u t a b l e ( e x e c u t a b l e )

{
}

boo l Execut ionGroup : : c h e c k _ e l i g i b i l i t y ( c o n s t Test &t e s t ) c on s t
{

r e t u r n ∗ t e s t . o b s e r v e _ t e s t _ e x e c u t a b l e ( ) == e x e c u t a b l e ;
}

s t d : : s i z e _ t Execut ionGroup : : hash ( ) c o n s t noexcept
{

r e t u r n e x e c u t a b l e . hash ( ) ;
}

} // namespace o p t i f o l

namespace s t d
{

s i z e _ t hash<o p t i f o l : : Execut ionGroup >: : o p e r a t o r ( ) ( c on s t o p t i f o l : : Execut ionGroup &o b j e c t ) c o n s t noexcept
{

r e t u r n o b j e c t . hash ( ) ;
}

s i z e _ t hash<o p t i f o l : : Execut ionGroup >: : o p e r a t o r ( ) ( c on s t o p t i f o l : : T e s t E x e c u t a b l e &e x e c u t a b l e ) co n s t noexcept
{

r e t u r n e x e c u t a b l e . hash ( ) ;
}

s i z e _ t hash<o p t i f o l : : Execut ionGroup >: : o p e r a t o r ( ) (
c on s t un ique_ptr <o p t i f o l : : Execut ionGroup > &un ique_hashab l e ) c o n s t noexcept

{
r e t u r n un ique_hashab le −>hash ( ) ;

}

} // namespace s t d

1.15.3.2 ExecutionGroup.hpp
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/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the framework−a g n o s t i c e x e c u t i o n group
∗ @author O l i v e r Dixon
∗ @date 2025−08−08
∗ @ v e r s i o n Development
∗/

#i f n d e f EXECUTIONGROUP_HPP
#d e f i n e EXECUTIONGROUP_HPP

#i n c l u d e <glibmm/ r e f p t r . h>
#i n c l u d e <glibmm/ u s t r i n g . h>
#i n c l u d e <s i g c++/f u n c t o r s / s l o t . h>
#i n c l u d e <unorde red_set >

#i n c l u d e " . . / . . / I H a s h a b l e . hpp "

namespace o p t i f o l
{

c l a s s T e s t E x e c u t a b l e ;
c l a s s Test ;

c l a s s Execut ionGroup : p u b l i c I H a s h a b l e
{
p u b l i c :

[ [ n o d i s c a r d ] ] s t d : : s i z e _ t hash ( ) c o n s t noexcept o v e r r i d e ;

v i r t u a l v o i d add_tes t ( G l i b : : RefPtr<Test> new_test ) = 0 ;

v i r t u a l v o i d remove_test ( c o n s t G l i b : : RefPtr<Test> &t a r g e t _ t e s t ) = 0 ;

v i r t u a l v o i d run ( ) = 0 ;

[ [ n o d i s c a r d ] ] v i r t u a l s t d : : s i z e _ t is_empty ( ) c on s t noexcept = 0 ;

[ [ n o d i s c a r d ] ] boo l o p e r a t o r==(co n s t T e s t E x e c u t a b l e &o t h e r ) co n s t ;

[ [ n o d i s c a r d ] ] boo l o p e r a t o r==(co n s t Execut ionGroup &o t h e r ) c on s t ;

[ [ n o d i s c a r d ] ] G l i b : : u s t r i n g get_executab le_name ( ) c on s t ;

p r o t e c t e d :
e x p l i c i t Execut ionGroup ( c on s t T e s t E x e c u t a b l e &e x e c u t a b l e ) ;

[ [ n o d i s c a r d ] ] boo l c h e c k _ e l i g i b i l i t y ( c o n s t Test &t e s t ) co n s t ;

p r i v a t e :
c on s t T e s t E x e c u t a b l e &e x e c u t a b l e ;

} ;

} // namespace o p t i f o l

template <>
s t r u c t s t d : : hash<o p t i f o l : : Execut ionGroup >
{

u s i n g i s _ t r a n s p a r e n t = v o i d ;

s t d : : s i z e _ t o p e r a t o r ( ) ( co n s t o p t i f o l : : Execut ionGroup &o b j e c t ) c on s t noexcept ;

s t d : : s i z e _ t o p e r a t o r ( ) ( co n s t o p t i f o l : : T e s t E x e c u t a b l e &e x e c u t a b l e ) c o n s t noexcept ;

s t d : : s i z e _ t o p e r a t o r ( ) ( co n s t un ique_ptr <o p t i f o l : : Execut ionGroup > &un ique_hashab l e ) c on s t noexcept ;
} ;

#e n d i f // EXECUTIONGROUP_HPP

1.15.3.3 GoogleExecutionGroup.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
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∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the Google Test e x e c u t i o n group
∗ @author O l i v e r Dixon
∗ @date 2025−08−08
∗ @ v e r s i o n Development
∗/

#i n c l u d e " Goog leExecut ionGroup . hpp "

#i n c l u d e " . . / . . / E x c e p t i o n s / Semant i cExcept i on . hpp "
#i n c l u d e " G o o g l e T e s t L i s t e n e r . hpp "
#i n c l u d e " Test . hpp "

namespace o p t i f o l
{

g u i n t 1 6 Goog leExecut ionGroup : : port_number = Goog leExecut ionGroup : : minimum_port_number ;

Goog leExecut ionGroup : : Goog leExecut ionGroup ( G l i b : : RefPtr<Test> i n i t i a l _ t e s t ) :
Execut ionGroup (∗ i n i t i a l _ t e s t −>o b s e r v e _ t e s t _ e x e c u t a b l e ( ) )

{
Goog leExecut ionGroup : : add_tes t ( s t d : : move ( i n i t i a l _ t e s t ) ) ;

}

v o i d Goog leExecut ionGroup : : run ( )
{

i f ( i s_empty ( ) )
r e t u r n ;

i f ( cache_ok == f a l s e )
i n v a l i d a t e _ c a c h e ( ) ;

l i s t e n e r = s t d : : make_unique<G o o g l e T e s t L i s t e n e r >(port_number ) ;
e x e c u t o r = s t d : : make_unique<Proce s sExecu to r >(" " ,

s t d : : v e c to r <s t d : : s t r i n g >{get_executable_name ( ) , "−−g t e s t _ f i l t e r=" + f i l t e r _ l i n e _ c a c h e ,
"−−g t e s t _ s t r e a m _ r e s u l t _ t o = 1 2 7 . 0 . 0 . 1 : " + s t d : : t o _ s t r i n g ( port_number ) } ,

s t d : : v e c to r <s t d : : s t r i n g >{}, s i g c : : mem_fun(∗ t h i s , &Goog leExecut ionGroup : : d i s t r i b u t e _ r e s u l t s ) ) ;

i f (++port_number == maximum_port_number )
port_number = minimum_port_number ;

}

v o i d Goog leExecut ionGroup : : add_tes t ( G l i b : : RefPtr<Test> new_test )
{

i f ( c h e c k _ e l i g i b i l i t y (∗ new_test ) == f a l s e )
throw Semant i cExcep t i on ( "The Test does not match to the Goog leExecut ionGroup . " ) ;

t e s t s . push_f ront ( s t d : : move ( new_test ) ) ;
cache_ok = f a l s e ;

}

v o i d Goog leExecut ionGroup : : remove_test ( c on s t G l i b : : RefPtr<Test> &t a r g e t _ t e s t )
{

t e s t s . remove ( t a r g e t _ t e s t ) ;
cache_ok = f a l s e ;

}

s t d : : s i z e _ t Goog leExecut ionGroup : : i s_empty ( ) c o n s t noexcept
{

r e t u r n t e s t s . empty ( ) ;
}

v o i d Goog leExecut ionGroup : : d i s t r i b u t e _ r e s u l t s ( c o n s t i n t e x i t_ c od e ) c on s t
{

s t d : : i g n o r e = e x i t _c od e ;
f o r ( auto &t e s t : t e s t s )

l i s t e n e r −>endow_test (∗ t e s t ) ;
}

v o i d Goog leExecut ionGroup : : i n v a l i d a t e _ c a c h e ( )
{

f i l t e r _ l i n e _ c a c h e . c l e a r ( ) ;

f o r ( co n s t auto &t e s t : t e s t s )
f i l t e r _ l i n e _ c a c h e +=

t e s t −>p r o p e r t y _ f i x t u r e ( ) . ge t_va lue ( ) + ’ . ’ + t e s t −>property_name ( ) . ge t_va lue ( ) + ’ : ’ ;

cache_ok = t r u e ;
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}

} // namespace o p t i f o l

1.15.3.4 GoogleExecutionGroup.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the Google Test e x e c u t i o n group
∗ @author O l i v e r Dixon
∗ @date 2025−08−08
∗ @ v e r s i o n Development
∗/

#i f n d e f GOOGLEEXECUTIONGROUP_HPP
#d e f i n e GOOGLEEXECUTIONGROUP_HPP

#i n c l u d e <f o r w a r d _ l i s t >

#i n c l u d e " . . / . . / GUI/ P r o c e s s E x e c u t o r . hpp "
#i n c l u d e " Execut ionGroup . hpp "
#i n c l u d e " Test . hpp "
#i n c l u d e " T e s t L i s t e n e r B a s e . hpp "

namespace o p t i f o l
{

c l a s s Goog leExecut ionGroup : p u b l i c Execut ionGroup
{
p u b l i c :

e x p l i c i t Goog leExecut ionGroup ( G l i b : : RefPtr<Test> i n i t i a l _ t e s t ) ;

v o i d run ( ) o v e r r i d e ;

v o i d add_tes t ( G l i b : : RefPtr<Test> new_test ) o v e r r i d e ;

v o i d remove_test ( c o n s t G l i b : : RefPtr<Test> &t a r g e t _ t e s t ) o v e r r i d e ;

/∗∗
∗ @ b r i e f Q u e r i e s the empty s t a t e o f the Test l i s t .
∗ @re tu rn Does the Execut ionGroup c o n t a i n any Test o b j e c t s ?
∗/

[ [ n o d i s c a r d ] ] s t d : : s i z e _ t is_empty ( ) c on s t noexcept o v e r r i d e ;

p r i v a t e :
/∗∗

∗ @ b r i e f Handle the sub−p r o c e s s e x i t by d i s t r i b u t i n g r e s u l t s from the l i s t e n e r poo l to the Requi rement
∗ o b j e c t s .
∗ @param e x i t_ co d e E x i t code from the Google Test sub−p r o c e s s .
∗/

v o i d d i s t r i b u t e _ r e s u l t s ( i n t e x i t_ co de ) co n s t ;

/∗∗
∗ @ b r i e f Force a r e b u i l d o f the @re f f i l t e r _ l i n e _ c a c h e s t r i n g from the @re f t e s t s con t en t .
∗/

v o i d i n v a l i d a t e _ c a c h e ( ) ;

s t a t i c c o n s t e x p r cha r p a t t e r n _ s e p a r a t o r = ’ : ’ ;
s t a t i c c o n s t e x p r cha r component_separator = ’ . ’ ;

s t a t i c c o n s t e x p r g u i n t 1 6 minimum_port_number = 1024 ; // F i r s t u n p r i v i l e g e d p o r t number under L inux .
s t a t i c c o n s t e x p r g u i n t 1 6 maximum_port_number = s t d : : n u m e r i c _ l i m i t s <gu int16 >: : max ( ) ;
s t a t i c g u i n t 1 6 port_number ;

s t d : : un ique_ptr <Proce s sExecu to r > e x e c u t o r ;
s t d : : un ique_ptr <T e s t L i s t e n e r B a s e > l i s t e n e r ;

s t d : : f o r w a r d _ l i s t <G l i b : : RefPtr<Test>> t e s t s ;

/∗∗
∗ @ b r i e f The Google Test f i l t e r s p e c i f i c a t i o n f o r the l oaded @re f t e s t s . The Google Test fo rmat f o r a
∗ s i n g l e f i x t u r e −t e s t p a i r i s <code>f i x t u r e . t e s t :</code >. The c o l o n i s a d e l i m i t e r and may be t r a i l i n g .
∗/

s t d : : s t r i n g f i l t e r _ l i n e _ c a c h e ;
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/∗∗
∗ @ b r i e f I s @ re f f i l t e r _ l i n e _ c a c h e a r e p r e s e n t a t i v e Google Test f i l t e r s t r i n g f o r the d e t a i n e d @re f
∗ t e s t s ?
∗/

boo l cache_ok = t r u e ;
} ;

} // namespace o p t i f o l

#e n d i f // GOOGLEEXECUTIONGROUP_HPP

1.15.3.5 ITestModelNode.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the ITestModelNode i n t e r f a c e
∗ @author O l i v e r Dixon
∗ @date 2025−08−02
∗ @ v e r s i o n Development
∗/

#i f n d e f TESTMODELNODE_HPP
#d e f i n e TESTMODELNODE_HPP

#i n c l u d e <gtkmm/ t r e e l i s t m o d e l . h>

namespace o p t i f o l
{

/∗∗
∗ @ c l a s s ITestModelNode
∗ @ b r i e f P r o v i d e s an i n t e r f a c e f o r p a r t i c i p a t i o n i n the h i e r a r c h y o f r u n n a b l e so f twa re −l e v e l Test o b j e c t s .
∗ Such nodes expose two r e t r i e v a l f u n c t i o n s to ge t c h i l d Gtk : : T reeL i s tMode l o b j e c t s f o r the Test and
∗ T e s t R e s u l t t r e e s . These can be a c c e s s e d through a G l ib −f r i e n d l y s t a t i c c o n t e x t w i th @re f
∗ ITestModelNode : : g e t _ g i v e n _ t e s t s _ t r e e and
∗ @re f ITestModelNode : : g e t _ g i v e n _ r e s u l t s _ t r e e .
∗/

c l a s s ITestModelNode
{
p u b l i c :

/∗∗
∗ @ b r i e f D e s t r u c t the ITestModelNode .
∗/

v i r t u a l ~ ITestModelNode ( ) = d e f a u l t ;

/∗∗
∗ @ b r i e f S t a t i c a l l y r e t r i e v e the Test o b j e c t t r e e from the g i v e n ITestModelNode d e t a i n e d by a
∗ G l i b : : ObjectBase .
∗ @param node The ITestModelNode , wrapped i n a G l i b : : ObjectBase .
∗ @re tu rn The Test o b j e c t t r e e , o r an empty G l i b : : Re fPt r f o r a l e a f node or node o f i n c o r r e c t type .
∗/

s t a t i c G l i b : : RefPtr<Gtk : : TreeL i s tMode l > g e t _ g i v e n _ t e s t s _ t r e e (
c on s t G l i b : : RefPtr<G l i b : : ObjectBase> &node ) noexcept

{
c on s t auto typed_node = dynamic_cast<ITestModelNode ∗>(node . ge t ( ) ) ;
i f ( typed_node == n u l l p t r )

r e t u r n n u l l p t r ;

r e t u r n typed_node−>g e t _ t e s t s _ t r e e ( ) ;
}

/∗∗
∗ @ b r i e f S t a t i c a l l y r e t r i e v e the T e s t R e s u l t o b j e c t t r e e from the g i v e n ITestModelNode d e t a i n e d by a
∗ G l i b : : ObjectBase .
∗ @param node The ITestModelNode , wrapped i n a G l i b : : ObjectBase .
∗ @re tu rn The T e s t R e s u l t o b j e c t t r e e , o r an empty G l i b : : Re fPt r f o r a l e a f node or node o f i n c o r r e c t type .
∗/

s t a t i c G l i b : : RefPtr<Gtk : : TreeL i s tMode l > g e t _ g i v e n _ r e s u l t s _ t r e e (
c on s t G l i b : : RefPtr<G l i b : : ObjectBase> &node ) noexcept

{
c on s t auto typed_node = dynamic_cast<ITestModelNode ∗>(node . ge t ( ) ) ;
i f ( typed_node == n u l l p t r )

r e t u r n n u l l p t r ;
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r e t u r n typed_node−>g e t _ r e s u l t s _ t r e e ( ) ;
}

p r i v a t e :
/∗∗

∗ @ b r i e f R e t r i e v e the Gtk : : T reeL i s tMode l c o n t a i n i n g the c h i l d Test o b j e c t s .
∗ @re tu rn The t r e e , o r an empty G l i b : : Re fPt r f o r a l e a f node .
∗/

[ [ n o d i s c a r d ] ] v i r t u a l G l i b : : RefPtr<Gtk : : TreeL i s tMode l > g e t _ t e s t s _ t r e e ( ) co n s t noexcept = 0 ;

/∗∗
∗ @ b r i e f R e t r i e v e the Gtk : : T reeL i s tMode l c o n t a i n i n g the r e s u l t s o f the c h i l d Test o b j e c t s .
∗ @re tu rn The t r e e , o r an empty G l i b : : Re fPt r f o r a l e a f node .
∗/

[ [ n o d i s c a r d ] ] v i r t u a l G l i b : : RefPtr<Gtk : : TreeL i s tMode l > g e t _ r e s u l t s _ t r e e ( ) c o n s t noexcept = 0 ;
} ;

} // namespace o p t i f o l

#e n d i f // TESTMODELNODE_HPP

1.15.3.6 Test.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the Test−l e v e l s t o r a g e o b j e c t
∗ @author O l i v e r Dixon
∗ @date 2025−07−17
∗ @ v e r s i o n Development
∗/

#i n c l u d e " Test . hpp "
#i n c l u d e " . . / . . / E x c e p t i o n s / Semant i cExcept i on . hpp "
#i n c l u d e " . . / D i s c o v e r y / D i s c o v e r y T e s t F i x t u r e . hpp "

namespace o p t i f o l
{

Test : : Test ( s t d : : shared_pt r <T e s t S p e c i f i c a t i o n E n t r y > t e m p l a t e _ s p e c i f i c a t i o n ) :
G l i b : : ObjectBase ( " Test " ) ,
ta rge t_executab l e_name (∗ t h i s , " Test−t a r g e t −e x e c u t a b l e −name" ) ,
f i x t u r e (∗ t h i s , " Test−t e s t −f i x t u r e " ) ,
r e s u l t (∗ t h i s , " Test−r e s u l t " )

{
i n s t a n t i a t e _ f r o m _ s p e c i f i c a t i o n ( s t d : : move ( t e m p l a t e _ s p e c i f i c a t i o n ) ) ;

}

Test : : Test ( s t d : : shared_pt r <T e s t S p e c i f i c a t i o n E n t r y > t e m p l a t e _ s p e c i f i c a t i o n , BaseObjectType ∗ c o b j e c t ,
c on s t G l i b : : RefPtr<Gtk : : B u i l d e r > &b u i l d e r ) :

G l i b : : ObjectBase ( " Test " ) ,
S to rageOb jec tBase ( c o b j e c t , b u i l d e r ) ,
ta rge t_executab l e_name (∗ t h i s , " Test−t a r g e t −e x e c u t a b l e −name" ) ,
f i x t u r e (∗ t h i s , " Test−t e s t −f i x t u r e " ) ,
r e s u l t (∗ t h i s , " Test−r e s u l t " )

{
i n s t a n t i a t e _ f r o m _ s p e c i f i c a t i o n ( s t d : : move ( t e m p l a t e _ s p e c i f i c a t i o n ) ) ;

}

boo l Test : : o p e r a t o r==(c on s t Test &o t h e r ) c on s t
{

r e t u r n p rope r t y_ta rge t_executab l e_name ( ) . ge t_va lue ( ) ==
o t h e r . p rope r ty_ta rge t_executab l e_name ( ) . ge t_va lue ( ) &&
p r o p e r t y _ f i x t u r e ( ) . ge t_va lue ( ) == o t h e r . p r o p e r t y _ f i x t u r e ( ) . ge t_va lue ( ) &&
property_name ( ) . ge t_va lue ( ) == o t h e r . property_name ( ) . ge t_va lue ( ) ;

}

G l i b : : RefPtr<Gtk : : TreeL i s tMode l > Test : : g e t _ t e s t s _ t r e e ( ) co n s t noexcept
{

r e t u r n n u l l p t r ;
}

G l i b : : RefPtr<Gtk : : TreeL i s tMode l > Test : : g e t _ r e s u l t s _ t r e e ( ) c o n s t noexcept
{
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i f ( r e s u l t . g e t_va lue ( ) == n u l l p t r )
r e t u r n {} ;

r e t u r n r e s u l t . g e t_va lue ( )−>g e t _ r e s u l t s _ t r e e ( ) ;
}

v o i d Test : : e m p l a c e _ r e s u l t ( c on s t s t d : : shared_pt r <Tes tResu l t > &t e s t _ r e s u l t )
{

c on s t auto &g iven_f i x tu r e_name = t e s t _ r e s u l t −>copy_f ixture_name ( ) ;
c on s t auto &expec ted_f i x tu re_name = f i x t u r e . ge t_va lue ( ) ;

i f ( g i v en_f i x tu r e_name != expec ted_f i x tu re_name )
throw Semant i cExcep t i on ( " Incoming t e s t r e s u l t was from a d i f f e r e n t f i x t u r e : \" " + g iven_f i x tu r e_name +

" \" , but needed \" " + expec ted_f i x tu re_name + " \ " . " ) ;

i f ( t e s t _ r e s u l t −>copy_test_name ( ) != property_name ( ) . ge t_va lue ( ) )
throw Semant i cExcep t i on ( " Incoming t e s t r e s u l t was from a d i f f e r e n t t e s t : \" " +

t e s t _ r e s u l t −>copy_test_name ( ) + " \" , but needed \" " + property_name ( ) . ge t_va lue ( ) + " \ " . " ) ;

r e s u l t . s e t _ v a l u e ( t e s t _ r e s u l t ) ;
}

v o i d Test : : a c c e p t _ t e s t _ e x e c u t a b l e ( s t d : : shared_pt r <Tes tExecutab l e > shared_exe )
{

t a r g e t _ e x e c u t a b l e = s t d : : move ( shared_exe ) ;

i f ( t a r g e t _ e x e c u t a b l e == n u l l p t r )
ta rge t_executab l e_name . s e t _ v a l u e ( " " ) ;

e l s e
ta rge t_executab l e_name . s e t _ v a l u e ( t a r g e t _ e x e c u t a b l e −>property_name ( ) . ge t_va lue ( ) ) ;

}

c on s t T e s t E x e c u t a b l e ∗ Test : : o b s e r v e _ t e s t _ e x e c u t a b l e ( ) c o n s t noexcept
{

r e t u r n t a r g e t _ e x e c u t a b l e . ge t ( ) ;
}

G l i b : : PropertyProxy_ReadOnly<G l i b : : u s t r i n g > Test : : p rope r ty_ta rge t_executab l e_name ( ) c o n s t
{

r e t u r n ta rge t_executab l e_name . get_proxy ( ) ;
}

G l i b : : Proper tyProxy <G l i b : : u s t r i n g > Test : : p r o p e r t y _ f i x t u r e ( )
{

r e t u r n f i x t u r e . get_proxy ( ) ;
}

G l i b : : Proper tyProxy <s t d : : shared_pt r <Tes tResu l t >> Test : : p r o p e r t y _ r e s u l t ( )
{

r e t u r n r e s u l t . get_proxy ( ) ;
}

G l i b : : PropertyProxy_ReadOnly<G l i b : : u s t r i n g > Test : : p r o p e r t y _ f i x t u r e ( ) c on s t
{

r e t u r n f i x t u r e . get_proxy ( ) ;
}

G l i b : : PropertyProxy_ReadOnly<s t d : : shared_pt r <Tes tResu l t >> Test : : p r o p e r t y _ r e s u l t ( ) co n s t
{

r e t u r n r e s u l t . get_proxy ( ) ;
}

v o i d Test : : i n s t a n t i a t e _ f r o m _ s p e c i f i c a t i o n ( s t d : : shared_ptr <T e s t S p e c i f i c a t i o n E n t r y > spec )
{

a c c e p t _ t e s t _ e x e c u t a b l e ( s t d : : make_shared<Tes tExecutab l e >(
spec−>p r o p e r t y _ e x e c u t a b l e ( ) . ge t_va lue ( )−>property_name ( ) . ge t_va lue ( ) ) ) ;

p r o p e r t y _ f i x t u r e ( ) . s e t _ v a l u e ( spec−>p r o p e r t y _ f i x t u r e ( ) . ge t_va lue ( )−>property_name ( ) . ge t_va lue ( ) ) ;
property_name ( ) . s e t _ v a l u e ( spec−>property_name ( ) . ge t_va lue ( ) ) ;

spec−>property_name ( ) . s i gna l_changed ( ) . connect (
[ t h i s , spec ] { property_name ( ) . s e t _ v a l u e ( spec−>property_name ( ) . ge t_va lue ( ) ) ; }) ;

spec−>p r o p e r t y _ f i x t u r e ( ) . s i gna l_changed ( ) . connect (
[ t h i s , spec ]
{

p r o p e r t y _ f i x t u r e ( ) . s e t _ v a l u e (
spec−>p r o p e r t y _ f i x t u r e ( ) . ge t_va lue ( )−>property_name ( ) . ge t_va lue ( ) ) ;

}) ;
}

} // namespace o p t i f o l
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1.15.3.7 TestGroup.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the TestGroup g roup ing GLib o b j e c t
∗ @author O l i v e r Dixon
∗ @date 2025−07−20
∗ @ v e r s i o n Development
∗/

#i n c l u d e <c a s s e r t >
#i n c l u d e <gtkmm/ l a b e l . h>
#i n c l u d e <gtkmm/ l i s t i t e m . h>

#i n c l u d e " . . / . . / E x c e p t i o n s / Semant i cExcept i on . hpp "
#i n c l u d e " . . / Logg ing . hpp "
#i n c l u d e " Goog leExecut ionGroup . hpp "
#i n c l u d e " TestGroup . hpp "

namespace o p t i f o l
{

c on s t l o g 4 c x x : : Logge rPt r TestGroup : : t e s t g r o u p _ l o g g e r =
Logg ing : : g e t _ l o g g e r ({ "GUI" , " S t o r a g e C o n t r o l " , " TestGroup " }) ;

TestGroup : : TestGroup ( co n s t G l i b : : u s t r i n g &name ) :
G l i b : : ObjectBase ( " TestGroup " ) ,
ObjectGroup ( s i g c : : mem_fun(∗ t h i s , &TestGroup : : hand le_requ i rement_model_change ) )

{
property_name ( ) . s e t _ v a l u e ( name ) ;

}

TestGroup : : TestGroup (
c on s t G l i b : : u s t r i n g &name , BaseObjectType ∗ c o b j e c t , co n s t G l i b : : RefPtr<Gtk : : B u i l d e r > &b u i l d e r ) :

G l i b : : ObjectBase ( " TestGroup " ) ,
S to rageOb jec tBase ( c o b j e c t , b u i l d e r ) ,
ObjectGroup ( s i g c : : mem_fun(∗ t h i s , &TestGroup : : hand le_requ i rement_model_change ) )

{
property_name ( ) . s e t _ v a l u e ( name ) ;

}

boo l TestGroup : : o p e r a t o r==(c o n s t TestGroup &o t h e r ) c o n s t noexcept
{

r e t u r n property_name ( ) . ge t_va lue ( ) == o t h e r . property_name ( ) . ge t_va lue ( ) ;
}

G l i b : : RefPtr<Gtk : : TreeL i s tMode l > TestGroup : : g e t _ t e s t s _ t r e e ( ) c o n s t noexcept
{

r e t u r n t e s t s _ t r e e ;
}

G l i b : : RefPtr<Gtk : : TreeL i s tMode l > TestGroup : : g e t _ r e s u l t s _ t r e e ( ) c o n s t noexcept
{

r e t u r n r e s u l t s _ t r e e ;
}

d e c l t y p e ( TestGroup : : e x e cu t i on _ g r ou ps ) : : c o n s t _ i t e r a t o r TestGroup : : beg in_execu t i on_groups ( ) c o n s t noexcept
{

r e t u r n ex ec u t i on _g ro u ps . c b e g i n ( ) ;
}

d e c l t y p e ( TestGroup : : e x e cu t i on _ g r ou ps ) : : c o n s t _ i t e r a t o r TestGroup : : end_execut ion_groups ( ) c o n s t noexcept
{

r e t u r n ex ec u t i on _g ro u ps . cend ( ) ;
}

v o i d TestGroup : : b ind_name_to_labe l ( c o n s t G l i b : : RefPtr<Gtk : : L i s t I t e m > &item ) noexcept
{

c on s t auto t a r g e t _ l a b e l = dynamic_cast<Gtk : : Labe l ∗>( item−>g e t _ c h i l d ( ) ) ;
c on s t auto typed_group = dynamic_cast<c on s t TestGroup ∗>( item−>get_item ( ) . ge t ( ) ) ;
i f ( t a r g e t _ l a b e l == n u l l p t r | | typed_group == n u l l p t r )

r e t u r n ;

t a r g e t _ l a b e l −>s e t _ t e x t ( typed_group−>property_name ( ) . ge t_va lue ( ) ) ;
}
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v o i d TestGroup : : handle_requ i rement_model_change (
c on s t g u i n t i n i t i a l _ i n d e x , c o n s t g u i n t removed_count , co n s t g u i n t added_count ) noexcept

{
t e s t g r o u p _ l o g g e r −>debug ( " Hand l ing r e q u i r e m e n t s change : " + s t d : : t o _ s t r i n g ( added_count ) +

" a d d i t i o n s and " + s t d : : t o _ s t r i n g ( removed_count ) + " d e l e t i o n s at p o s i t i o n " +
s t d : : t o _ s t r i n g ( i n i t i a l _ i n d e x ) + ’ . ’ ) ;

h a n d l e _ t e s t _ d e l e t i o n s ( i n i t i a l _ i n d e x , removed_count ) ;
h a n d l e _ t e s t _ a d d i t i o n s ( i n i t i a l _ i n d e x , added_count ) ;

}

// ReSharper d i s a b l e once CppDFAUnreachab leFunct ionCal l − F a l s e p o s i t i v e : c a l l e d from ’ h a n d l e _ t e s t _ d e l e t i o n s ’
// c a l l b a c k .
v o i d TestGroup : : d e r e g i s t e r _ t e s t _ r e s u l t s ( G l i b : : RefPtr<Test> t e s t )
{

a s s e r t ( t e s t != n u l l p t r ) ;
c on s t auto c a l l b a c k _ i t = r e g i s t e r e d _ c a l l b a c k s . f i n d ( t e s t ) ;

i f ( c a l l b a c k _ i t == r e g i s t e r e d _ c a l l b a c k s . cend ( ) )
t e s t g r o u p _ l o g g e r −>e r r o r ( "Removed Test \" " + t e s t −>property_name ( ) . ge t_va lue ( ) +

" \" d i d not have a r e g i s t e r e d c a l l b a c k i n Test Group \" " + property_name ( ) . ge t_va lue ( ) +
" \ " . " ) ;

e l s e {
c a l l b a c k _ i t −>second . d i s c o n n e c t ( ) ;
r e g i s t e r e d _ c a l l b a c k s . e r a s e ( c a l l b a c k _ i t ) ;
t e s t g r o u p _ l o g g e r −>i n f o ( " D i s connec t ed r e s u l t s s i g n a l h a n d l e r f o r Test \" " +

t e s t −>property_name ( ) . ge t_va lue ( ) + " \" i n Test Group \" " + property_name ( ) . ge t_va lue ( ) +
" \ " . " ) ;

}

i f ( r e s u l t s _ m o d e l . d e l e t e _ o b j e c t ( s t d : : move ( t e s t ) ) )
t e s t g r o u p _ l o g g e r −>i n f o (

"Removed Test \" " + t e s t −>property_name ( ) . ge t_va lue ( ) + " \" from the f a i l e d r e s u l t s model . " ) ;
}

// ReSharper d i s a b l e once CppDFAUnreachab leFunct ionCal l − F a l s e p o s i t i v e : c a l l e d from ’ h a n d l e _ t e s t _ d e l e t i o n s ’
// c a l l b a c k .
v o i d TestGroup : : d e r e g i s t e r _ t e s t _ e x e c u t a b l e ( c o n s t G l i b : : RefPtr<Test> &t e s t )
{

a s s e r t ( t e s t != n u l l p t r ) ;

/∗
∗ Locate the Execut ionGroup t h a t s h o u l d c o n t a i n the Test , a c c o r d i n g to i t s Ta rge tExecu tab l e , and remove
∗ i t from the Execut ionGroup . I f t h e r e i s no s u i t a b l e Execut ionGroup , then t h a t i s c o n s i d e r e d an e r r o r as
∗ a l l t e s t s have a s s o c i a t e d Ta rge tExecu tab l e s , and s h o u l d have been a l l o c a t e d a p p r o p r i a t e l y upon be ing
∗ r e g i s t e r e d wi th the TestGroup .
∗/

c on s t auto exe_group_i t = ex e cu t i on _ g r ou ps . f i n d (∗ t e s t −>o b s e r v e _ t e s t _ e x e c u t a b l e ( ) ) ;
i f ( exe_group_i t == ex ec u t i on _g ro u ps . cend ( ) )

t e s t g r o u p _ l o g g e r −>e r r o r ( " Test \" " + t e s t −>property_name ( ) . ge t_va lue ( ) +
" \" was not a member o f any Execu t i on Groups i n \" " + property_name ( ) . ge t_va lue ( ) + " \ " . " ) ;

e l s e {
(∗ exe_group_i t )−>remove_test ( t e s t ) ;
t e s t g r o u p _ l o g g e r −>i n f o ( "Removed Test \" " + t e s t −>property_name ( ) . ge t_va lue ( ) +

" \" from Exec u t i on Group f o r \" " + (∗ exe_group_i t )−>get_executable_name ( ) + " \ " . " ) ;
}

// I f the e x e c u t i o n group i s now empty , remove i t .
i f ( ( ∗ exe_group_i t )−>is_empty ( ) ) {

t e s t g r o u p _ l o g g e r −>i n f o (
"Removed empty Exec u t i on Group f o r \" " + (∗ exe_group_i t )−>get_executable_name ( ) + " \ " . " ) ;

e x e cu t i o n_ g r ou p s . e r a s e ( exe_group_i t ) ;
}

}

// ReSharper d i s a b l e once CppDFAUnreachab leFunct ionCal l − F a l s e p o s i t i v e : c a l l e d from ’ h a n d l e _ t e s t _ a d d i t i o n s ’
// c a l l b a c k .
v o i d TestGroup : : r e g i s t e r _ t e s t _ r e s u l t s ( c o n s t G l i b : : RefPtr<Test> &t e s t )
{

a s s e r t ( t e s t != n u l l p t r ) ;

/∗
∗ R e g i s t e r a r e s u l t s c a l l b a c k so we ’ r e i n fo rmed each t ime a new T e s t R e s u l t i s emplaced i n t o the Test .
∗ Thi s needs to be r e c o r d e d so i t can be d i s c o n n e c t e d when the t e s t i s d e l e t e d . Note t h a t TestGroups do
∗ not pe rm i t d u p l i c a t e s , so a r e g u l a r hash t a b l e , keyed on the Test , i s a c c e p t a b l e .
∗/

r e g i s t e r e d _ c a l l b a c k s . emplace ( t e s t ,
t e s t −>p r o p e r t y _ r e s u l t ( ) . s i gna l_changed ( ) . connect (

s i g c : : b ind ( s i g c : : mem_fun(∗ t h i s , &TestGroup : : h a n d l e _ i n c o m i n g _ r e s u l t ) , t e s t ) ) ) ;
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t e s t g r o u p _ l o g g e r −>i n f o ( " Connected r e s u l t s s i g n a l h a n d l e r f o r Test \" " +
t e s t −>property_name ( ) . ge t_va lue ( ) + " \" i n Test Group \" " + property_name ( ) . ge t_va lue ( ) + " \ " . " ) ;

}

// ReSharper d i s a b l e once CppDFAUnreachab leFunct ionCal l − F a l s e p o s i t i v e : c a l l e d from ’ h a n d l e _ t e s t _ a d d i t i o n s ’
// c a l l b a c k .
v o i d TestGroup : : r e g i s t e r _ t e s t _ e x e c u t a b l e ( c o n s t G l i b : : RefPtr<Test> &t e s t )
{

a s s e r t ( t e s t != n u l l p t r ) ;

t r y {
c on s t auto g roup_ i t = e xe c u t i o n_ g ro up s . f i n d (∗ t e s t −>o b s e r v e _ t e s t _ e x e c u t a b l e ( ) ) ;
i f ( g roup_ i t == ex e cu t i o n_ g r ou ps . cend ( ) ) {

// The f i r s t t e s t we ’ ve seen u s i n g t h i s e x e c u t a b l e . C rea te a new e x e c u t i o n group .
e xe cu t i o n_ g r ou p s . emplace ( s t d : : make_unique<Goog leExecut ionGroup >( t e s t ) ) ;
t e s t g r o u p _ l o g g e r −>i n f o ( " Created new Execu t i on Group f o r e x e c u t a b l e \" " +

t e s t −>o b s e r v e _ t e s t _ e x e c u t a b l e ( )−>property_name ( ) . ge t_va lue ( ) + " \ " . " ) ;
} e l s e

// We ’ ve seen t h i s e x e c u t a b l e b e f o r e . Add i t to the e x i s t i n g e x e c u t i o n group .
group_it −>get ( )−>add_tes t ( t e s t ) ;

t e s t g r o u p _ l o g g e r −>i n f o ( " Added Test \" " + t e s t −>property_name ( ) . ge t_va lue ( ) +
" \" to Execu t i on Group f o r \" " +
t e s t −>o b s e r v e _ t e s t _ e x e c u t a b l e ( )−>property_name ( ) . ge t_va lue ( ) + " \ " . " ) ;

} ca tch ( co n s t Semant i cExcep t i on &s e m a n t i c _ e x c e p t i o n ) {
t e s t g r o u p _ l o g g e r −>e r r o r (

" Could not p ropagate Test a d d i t i o n f o r Test \" " + t e s t −>property_name ( ) . ge t_va lue ( ) + " \ " . " ) ;
t e s t g r o u p _ l o g g e r −>e r r o r ( s e m a n t i c _ e x c e p t i o n . what ( ) ) ;

}
}

// ReSharper d i s a b l e once CppDFAUnreachab leFunct ionCal l − F a l s e p o s i t i v e . C a l l e d from ’ hand le_ob jec t_change ’ .
v o i d TestGroup : : h a n d l e _ t e s t _ d e l e t i o n s ( c on s t g u i n t i n i t i a l _ i n d e x , c o n s t g u i n t removed_count ) noexcept
{

f o r ( g u i n t remove_count_i = 0 ; remove_count_i < removed_count ; ++remove_count_i )
// Get the d e l e t i o n reco rd , keyed by the o l d index , to r e c o v e r the d e l e t e d Requi rement and Test .
t r y {

c on s t auto d e l e t e d _ i t = s t e a l _ d e l e t e d _ o b j e c t ( i n i t i a l _ i n d e x + remove_count_i ) ;
c on s t auto d e l e t e d _ t e s t s = d e l e t e d _ i t −>g e t _ t e s t s ( ) ;
c on s t auto d e l e t e d _ t e s t _ c o u n t = d e l e t e d _ t e s t s −>get_n_items ( ) ;

i f ( d e l e t e d _ t e s t _ c o u n t == 0)
c o n t i n u e ; // Nothing to do . . .

f o r ( g u i n t d e l e t e d _ t e s t _ i n d e x = 0 ; d e l e t e d _ t e s t _ i n d e x < d e l e t e d _ t e s t _ c o u n t ;
++d e l e t e d _ t e s t _ i n d e x ) {

c on s t auto t e s t = d e l e t e d _ t e s t s −>get_item ( d e l e t e d _ t e s t _ i n d e x ) ;
d e r e g i s t e r _ t e s t _ e x e c u t a b l e ( t e s t ) ;
d e r e g i s t e r _ t e s t _ r e s u l t s ( t e s t ) ;

}
} ca tch ( co n s t s t d : : r u n t i m e _ e r r o r &g l o b a l _ e r r o r ) {

t e s t g r o u p _ l o g g e r −>e r r o r ( " Could not p ropagate any d e l e t i o n s o f " + s t d : : t o _ s t r i n g ( removed_count ) +
" from i n d e x " + s t d : : t o _ s t r i n g ( i n i t i a l _ i n d e x ) + " f o r Test Group " +
property_name ( ) . ge t_va lue ( ) + " \ " . " ) ;

t e s t g r o u p _ l o g g e r −>e r r o r ( g l o b a l _ e r r o r . what ( ) ) ;
}

}

// ReSharper d i s a b l e once CppDFAUnreachab leFunct ionCal l − F a l s e p o s i t i v e . C a l l e d from ’ hand le_ob jec t_change ’ .
v o i d TestGroup : : h a n d l e _ t e s t _ a d d i t i o n s ( c o n s t g u i n t i n i t i a l _ i n d e x , co n s t g u i n t added_count ) noexcept
{

f o r ( g u i n t added_count_i = 0 ; added_count_i < added_count ; ++added_count_i )
t r y {

// Get the Tes t s from the incoming Requi rement .
c on s t auto &t e s t s = get_ob jec t_by_index ( added_count_i + i n i t i a l _ i n d e x )−>g e t _ t e s t s ( ) ;
c on s t auto added_test_count = t e s t s −>get_n_items ( ) ;

// For each Test , r e g i s t e r a r e s u l t s h a n d l e r and a l l o c a t e to the s u i t a b l e e x e c u t i o n group .
f o r ( g u i n t added_tes t_ index = 0 ; added_tes t_ index < added_test_count ; ++added_tes t_ index ) {

c on s t auto t e s t = t e s t s −>get_item ( added_tes t_ index ) ;
r e g i s t e r _ t e s t _ r e s u l t s ( t e s t ) ;
r e g i s t e r _ t e s t _ e x e c u t a b l e ( t e s t ) ;

}

} ca tch ( co n s t s t d : : r u n t i m e _ e r r o r &g l o b a l _ e r r o r ) {
t e s t g r o u p _ l o g g e r −>e r r o r ( " Could not p ropagate any a d d i t i o n s o f " + s t d : : t o _ s t r i n g ( added_count ) +

" from i n d e x " + s t d : : t o _ s t r i n g ( i n i t i a l _ i n d e x ) + " f o r Test Group " +
property_name ( ) . ge t_va lue ( ) + " \ " . " ) ;

t e s t g r o u p _ l o g g e r −>e r r o r ( g l o b a l _ e r r o r . what ( ) ) ;
}
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}

v o i d TestGroup : : h a n d l e _ i n c o m i n g _ r e s u l t ( c o n s t s t d : : shared_pt r <Test> &owning_tes t ) noexcept
{

i f ( own ing_tes t == n u l l p t r ) {
t e s t g r o u p _ l o g g e r −>e r r o r ( " Test Group \" " + property_name ( ) . ge t_va lue ( ) +

" \" was in fo rmed on r e s u l t o f non−e x i s t e n t Test . " ) ;
r e t u r n ;

}

c on s t auto t e s t _ a l r e a d y _ e x i s t s = r e s u l t s _ m o d e l . c o n t a i n s _ e x a c t ( own ing_tes t . ge t ( ) ) ;
c on s t auto r e s u l t = owning_test−>p r o p e r t y _ r e s u l t ( ) . g e t_va lue ( ) . ge t ( ) ;

i f ( r e s u l t == n u l l p t r | | r e s u l t −>g e t _ r e s u l t s _ t r e e ( )−>get_n_items ( ) == 0) {
i f ( t e s t _ a l r e a d y _ e x i s t s ) {

r e s u l t s _ m o d e l . d e l e t e _ o b j e c t ( own ing_tes t ) ;
t e s t g r o u p _ l o g g e r −>i n f o ( "Removed Test \" " + owning_test−>property_name ( ) . ge t_va lue ( ) +

" \" from the f a i l e d model f o r the Test Group \" " + property_name ( ) . ge t_va lue ( ) + " \ " . " ) ;
}

r e t u r n ;
}

// The t e s t has p a r t i a l r e s u l t s , so add i t to the r e s u l t s model i f i t doesn ’ t a l r e a d y e x i s t .
i f ( t e s t _ a l r e a d y _ e x i s t s == f a l s e ) {

t r y {
r e s u l t s _ m o d e l . i n s e r t _ o b j e c t ( own ing_tes t ) ;
t e s t g r o u p _ l o g g e r −>i n f o ( " Added Test \" " + owning_test−>property_name ( ) . ge t_va lue ( ) +

" \" to the f a i l e d model f o r the Test Group \" " + property_name ( ) . ge t_va lue ( ) + " \ " . " ) ;
} ca tch ( co n s t s t d : : r u n t i m e _ e r r o r &e r r o r ) {

t e s t g r o u p _ l o g g e r −>e r r o r ( " Could not add Test \" " + owning_test−>property_name ( ) . ge t_va lue ( ) +
" \" to the f a i l e d model f o r the Test Group \" " + property_name ( ) . ge t_va lue ( ) + " \ " . " ) ;

t e s t g r o u p _ l o g g e r −>e r r o r ( e r r o r . what ( ) ) ;
}

} e l s e
t e s t g r o u p _ l o g g e r −>debug ( " Rece i v ed v a l i d f a i l u r e r e s u l t f o r Test \" " +

owning_test−>property_name ( ) . ge t_va lue ( ) +
" \" , but i t a l r e a d y e x i s t s i n the model f o r Test Group \" " + property_name ( ) . ge t_va lue ( ) +
" \ " . " ) ;

}

} // namespace o p t i f o l

1.15.3.8 TestGroup.hpp

/∗
∗ C o p y r i g h t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the TestGroup g roup ing GLib o b j e c t
∗ @author O l i v e r Dixon
∗ @date 2025−07−20
∗ @ v e r s i o n Development
∗/

#i f n d e f TESTGROUP_HPP
#d e f i n e TESTGROUP_HPP

#i n c l u d e " . . / . . / S to rage / ObjectGroup . hpp "
#i n c l u d e " . . / . . / S to rage / Requi rement . hpp "
#i n c l u d e " Execut ionGroup . hpp "

namespace o p t i f o l
{

/∗∗
∗ @ c l a s s TestGroup
∗ @ b r i e f A TestGroup i s a use r −popu l a t ed s t r u c t u r e t h a t g roups Test o b j e c t s .
∗ @ d e t a i l s
∗ I n t e r n a l l y , a TestGroup m a i n t a i n s a number o f models t h a t must be s y n c h r o n i s e d . Most o f the imp l ementa t i on
∗ o f TestGroup i s f o c u s e d on keep ing t h e s e models s y n c h r o n i s e d through a s e r i e s o f c a l l b a c k s . There a r e t h r e e
∗ models o f note : <o l > <l i > <b>The Requi rement model .</b> Prov ided by the ObjectGroup<Requirement> base
∗ c l a s s , the TestGroup groups Requi rement o b j e c t s endowed wi th Test o b j e c t s . Th i s may seem counte r −i n t u i t i v e ,
∗ but i t i s d e s i r e d b e h a v i o u r . I t means t h a t Test o b j e c t s must be added v i a t h e i r c o n s t i t u e n t Requi rement
∗ pa r en t s , which a l l o w s the TestGroup to d i r e c t l y expose Test i n s t a n c e s grouped a c c o r d i n g to the
∗ c o r r e s p o n d i n g Requi rement . As the ObjectGroup CRTP base c l a s s i s be i ng used , Requi rement o b j e c t s a r e
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∗ t r a n s p a r e n t l y h e l d i n both a l i n e a r model ( i t e r a t i o n ) and a hashed model ( lookup ) t h a t a r e i n v a r i a n t l y
∗ s y n c h r o n i s e d .
∗ </ l i >
∗ <l i >
∗ <b>The Execut ionGroup model .</b> Prov ided by an imp l ementa t i on d e t a i l , Execut ionGroup o b j e c t s
∗ a g g r e g a t e Test o b j e c t s ( i r r e s p e c t i v e o f Requi rement ) a c c o r d i n g to t h e i r a s s o c i a t e d T e s t E x e c u t a b l e .
∗ The re fo r e , i n a d d i t i o n to a model c e n t r e d on Requirement , t h e r e i s a model c e n t r e d on T e s t E x e c u t a b l e .
∗ Execut ionGroup o b j e c t s can be a c c e s s e d v i a the i t e r a t o r −based member f u n c t i o n s @re f beg in_execu t i on_groups
∗ and
∗ @re f end_execut ion_groups .
∗ </ l i >
∗ <l i >
∗ <b>The T e s t R e s u l t and P a r t i a l T e s t R e s u l t model .</b> Prov ided by ObjectGroup<Test >, the TestGroup
∗ groups T e s t R e s u l t and P a r t i a l T e s t R e s u l t o b j e c t s based on the Test to which they r e f e r , i r r e s p e c t i v e o f
∗ Requi rement or T e s t E x e c u t a b l e . Th i s e n a b l e s a second ’ v iew ’ o f the TestGroup , a c c e s s i b l e v i a the
∗ ITestModelNode member f u n c t i o n s , d i s p l a y i n g T e s t R e s u l t i n f o r m a t i o n w i thout r e g a r d to the
∗ Requi rement s t r u c t u r e .
∗ </ l i >
∗ </ol >
∗/

c l a s s TestGroup : p u b l i c StorageObjectBase ,
p u b l i c ObjectGroup<Requirement >,
p u b l i c ITestModelNode

{
UniqueUnorderedSet <Execut ionGroup > e xe cu t i o n_ g r ou p s ;

p u b l i c :
/∗∗

∗ @ b r i e f C o n s t r u c t s a new TestGroup wi th the g i v e n name
∗ @param name The i n i t i a l name o f the TestGroup
∗/

e x p l i c i t TestGroup ( c o n s t G l i b : : u s t r i n g &name ) ;

/∗∗
∗ @ b r i e f C o n s t r u c t s a new TestGroup wi th the g i v e n name
∗ @param name The i n i t i a l name o f the TestGroup
∗ @param c o b j e c t The base C GTK o b j e c t
∗ @param b u i l d e r The s o u r c e GTK b u i l d e r o b j e c t
∗/

TestGroup ( c on s t G l i b : : u s t r i n g &name , BaseObjectType ∗ c o b j e c t , co n s t G l i b : : RefPtr<Gtk : : B u i l d e r > &b u i l d e r ) ;

/∗∗
∗ @ b r i e f Dete rmines e q u a l i t y between two TestGroup o b j e c t s based on t h e i r name
∗ @param o t h e r The TestGroup wi th which e q u a l i t y s h o u l d be t e s t e d .
∗ @re tu rn I s the o b j e c t e q u i v a l e n t to the g i v e n TestGroup ?
∗/

[ [ n o d i s c a r d ] ] boo l o p e r a t o r==(co n s t TestGroup &o t h e r ) c o n s t noexcept ;

[ [ n o d i s c a r d ] ] G l i b : : RefPtr<Gtk : : TreeL i s tMode l > g e t _ t e s t s _ t r e e ( ) co n s t noexcept o v e r r i d e ;

[ [ n o d i s c a r d ] ] G l i b : : RefPtr<Gtk : : TreeL i s tMode l > g e t _ r e s u l t s _ t r e e ( ) c o n s t noexcept o v e r r i d e ;

/∗∗
∗ @ b r i e f Get the c o n s t a n t i t e r a t o r to the b e g i n n i n g o f the o r d e r e d e x e c u t i o n groups .
∗ @re tu rn Constant i t e r a t o r to the b e g i n n i n g o f the e x e c u t i o n groups .
∗/

d e c l t y p e ( e xe c u t i o n _g ro up s ) : : c o n s t _ i t e r a t o r beg in_execu t i on_groups ( ) c o n s t noexcept ;

/∗∗
∗ @ b r i e f Get the c o n s t a n t i t e r a t o r to the one−past−end o f the o r d e r e d e x e c u t i o n groups .
∗ @re tu rn Constant i t e r a t o r to the one−past−end o f the e x e c u t i o n groups .
∗/

d e c l t y p e ( e xe c u t i o n _g ro up s ) : : c o n s t _ i t e r a t o r end_execut ion_groups ( ) c on s t noexcept ;

/∗∗
∗ @ b r i e f Bind the name o f the TestGroup to a Gtk : : Labe l .
∗ @param item A Gtk : : L i s t I t e m wi th a Gtk : : Labe l c h i l d and TestGroup i tem .
∗/

s t a t i c v o i d bind_name_to_labe l ( c on s t G l i b : : RefPtr<Gtk : : L i s t I t e m > &item ) noexcept ;

p r i v a t e :
/∗∗

∗ @ b r i e f Hand les a change to the u n d e r l y i n g o b j e c t model by r e g i s t e r i n g and/ or de−r e g i s t e r i n g Test
∗ o b j e c t s from Requi rement o b j e c t s .
∗ @param i n i t i a l _ i n d e x The i n i t i a l i n d e x i n the l i s t model from which changes were made .
∗ @param removed_count The number o f removed i t ems at the i n i t i a l i n d e x .
∗ @param added_count The number o f i n s e r t e d i t ems at the i n i t i a l i n d e x .
∗ @see h a n d l e _ t e s t _ d e l e t i o n s f o r the d e l e t i o n h a n d l e r
∗ @see h a n d l e _ t e s t _ a d d i t i o n s f o r the a d d i t i o n h a n d l e r
∗/

v o i d handle_requi rement_model_change (
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g u i n t i n i t i a l _ i n d e x , g u i n t removed_count , g u i n t added_count ) noexcept ;

/∗∗
∗ @ b r i e f Remove the T e s t R e s u l t model e n t r i e s f o r the g i v e n Test .
∗ @param t e s t The s l a t e d Test a s s o c i a t e d wi th the T e s t R e s u l t model e n t r i e s to de−r e g i s t e r .
∗ @see @re f r e s u l t s _ m o d e l f o r the model .
∗ @pre The g i v e n Test c o n t a i n e r i s non−n u l l .
∗/

v o i d d e r e g i s t e r _ t e s t _ r e s u l t s ( G l i b : : RefPtr<Test> t e s t ) ;

/∗∗
∗ @ b r i e f Remove the g i v e n Test from the c o r r e s p o n d i n g Execut ionGroup w i t h i n the group model . I f the
∗ remova l r e n d e r s the c o r r e s p o n d i n g Execut ionGroup empty , i t i s removed from the model e n t i r e l y .
∗ @param t e s t The Test to remove from the Execut ionGroup .
∗ @see @re f e x ec u t i on _g ro up s f o r the model .
∗ @pre The g i v e n Test c o n t a i n e r i s non−n u l l .
∗/

v o i d d e r e g i s t e r _ t e s t _ e x e c u t a b l e ( co n s t G l i b : : RefPtr<Test> &t e s t ) ;

/∗∗
∗ @ b r i e f R e g i s t e r a new c a l l b a c k to l i s t e n f o r changes to the T e s t R e s u l t o b j e c t s a s s i g n e d to the g i v e n
∗ Test , and s y n c h r o n i s e the changes i n our l o c a l @ re f r e s u l t s _ m o d e l .
∗ @param t e s t The Test whose r e s u l t s to watch .
∗ @pre The g i v e n Test c o n t a i n e r i s non−n u l l .
∗/

v o i d r e g i s t e r _ t e s t _ r e s u l t s ( co n s t G l i b : : RefPtr<Test> &t e s t ) ;

/∗∗
∗ @ b r i e f A l l o c a t e the incoming Test to the s u i t a b l e Execut ionGroup , de te rm ined by the Test ’ s t a r g e t
∗ e x e c u t a b l e p r o p e r t y . A new Execut ionGroup i s c r e a t e d i f one does not a l r e a d y e x i s t .
∗ @param t e s t The Test to r e g i s t e r i n the e x e c u t i o n model .
∗ @throws s t d : : r u n t i m e _ e r r o r i f the Test cou ld not be added .
∗ @pre The g i v e n Test c o n t a i n e r i s non−n u l l .
∗/

v o i d r e g i s t e r _ t e s t _ e x e c u t a b l e ( c o n s t G l i b : : RefPtr<Test> &t e s t ) ;

/∗∗
∗ @ b r i e f Handle Test d e l e t i o n s by d e r e g i s t e r i n g watche r s f o r T e s t R e s u l t changes , and removing from the
∗ Execut ionGroup model .
∗ @param i n i t i a l _ i n d e x The i n i t i a l i n d e x o f the d e l e t e d Test o b j e c t s ; s e e @re f
∗ ObjectGroup : : s t e a l _ d e l e t e d _ o b j e c t .
∗ @param removed_count The number o f removed Test o b j e c t s from the i n i t i a l i n d e x .
∗ @see d e r e g i s t e r _ t e s t _ e x e c u t a b l e f o r remova l from Execut ionGroup model .
∗ @see d e r e g i s t e r _ t e s t _ r e s u l t s f o r remova l from T e s t R e s u l t model .
∗/

v o i d h a n d l e _ t e s t _ d e l e t i o n s ( g u i n t i n i t i a l _ i n d e x , g u i n t removed_count ) noexcept ;

/∗∗
∗ @ b r i e f Handle Tets a d d i t i o n s by r e g i s t e r i n g watche r s f o r T e s t R e s u l t changes , and i n s e r t i n g i n t o the
∗ Execut ionGroup model .
∗ @param i n i t i a l _ i n d e x The i n i t i a l i n d e x o f the i n s e r t e d Test o b j e c t s ; s e e @re f
∗ ObjectGroup : : ge t_ob jec t_by_index .
∗ @param added_count The number o f i n s e r t e d Test o b j e c t s from the i n i t i a l i n d e x .
∗ @see r e g i s t e r _ t e s t _ r e s u l t s f o r i n s e r t i o n i n t o T e s t R e s u l t model .
∗ @see r e g i s t e r _ t e s t _ e x e c u t a b l e f o r i n s e r t i o n i n t o Execut ionGroup model .
∗/

v o i d h a n d l e _ t e s t _ a d d i t i o n s ( g u i n t i n i t i a l _ i n d e x , g u i n t added_count ) noexcept ;

/∗∗
∗ @ b r i e f Handle a new T e s t R e s u l t o b j e c t f o r the g i v e n Test .
∗ @param owning_tes t The Test c o n t a i n i n g the new r e s u l t .
∗/

v o i d h a n d l e _ i n c o m i n g _ r e s u l t ( co n s t s t d : : shared_ptr <Test> &owning_tes t ) noexcept ;

s t a t i c c o n s t l o g 4 c x x : : Logge rPt r t e s t g r o u p _ l o g g e r ;

G l i b : : RefPtr<Gtk : : TreeL i s tMode l > t e s t s _ t r e e =
Gtk : : TreeL i s tMode l : : c r e a t e ( get_model ( ) , &ITestModelNode : : g e t _ g i v e n _ t e s t s _ t r e e , t r u e ) ;

ObjectGroup<Test> r e s u l t s _ m o d e l ;

SharedUnorderedMap<Test , s i g c : : connec t i on > r e g i s t e r e d _ c a l l b a c k s ;

G l i b : : RefPtr<Gtk : : TreeL i s tMode l > r e s u l t s _ t r e e = Gtk : : T reeL i s tMode l : : c r e a t e (
r e s u l t s _ m o d e l . get_model ( ) , &ITestModelNode : : g e t _ g i v e n _ r e s u l t s _ t r e e , t r u e ) ;

} ;

} // namespace o p t i f o l

#e n d i f // TESTGROUP_HPP
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1.15.3.9 Test.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the Test−l e v e l s t o r a g e o b j e c t
∗ @author O l i v e r Dixon
∗ @date 2025−07−17
∗ @ v e r s i o n Development
∗/

#i f n d e f TEST_HPP
#d e f i n e TEST_HPP

#i n c l u d e " . . / . . / S to rage / Sto rageOb jec tBase . hpp "
#i n c l u d e " . . / D i s c o v e r y / T e s t S p e c i f i c a t i o n E n t r y . hpp "
#i n c l u d e " . . / Exe cu t i on / T e s t E x e c u t a b l e . hpp "
#i n c l u d e " . . / Exe cu t i on / T e s t R e s u l t . hpp "
#i n c l u d e " ITestModelNode . hpp "

namespace o p t i f o l
{

/∗∗
∗ @ c l a s s Test
∗ @ b r i e f The Test s t o r a g e o b j e c t deno te s a s i n g l e u n i t t e s t to be execu ted a g a i n s t a t e s t a b l e t a r g e t
∗ e x e c u t a b l e .
∗/

c l a s s Test : p u b l i c StorageObjectBase ,
p u b l i c ITestModelNode

{
p u b l i c :

e x p l i c i t Test ( s t d : : shared_pt r <T e s t S p e c i f i c a t i o n E n t r y > t e m p l a t e _ s p e c i f i c a t i o n ) ;

Test ( s t d : : shared_pt r <T e s t S p e c i f i c a t i o n E n t r y > t e m p l a t e _ s p e c i f i c a t i o n , BaseObjectType ∗ c o b j e c t ,
c on s t G l i b : : RefPtr<Gtk : : B u i l d e r > &b u i l d e r ) ;

[ [ n o d i s c a r d ] ] boo l o p e r a t o r==(co n s t Test &o t h e r ) c on s t ;

[ [ n o d i s c a r d ] ] G l i b : : RefPtr<Gtk : : TreeL i s tMode l > g e t _ t e s t s _ t r e e ( ) c on s t noexcept o v e r r i d e ;

[ [ n o d i s c a r d ] ] G l i b : : RefPtr<Gtk : : TreeL i s tMode l > g e t _ r e s u l t s _ t r e e ( ) c o n s t noexcept o v e r r i d e ;

/∗∗
∗ @ b r i e f Accept a sha r ed T e s t R e s u l t o b j e c t to i n d i c a t e the l a s t −known r e s u l t o f the Test .
∗ @param t e s t _ r e s u l t The T e s t R e s u l t to s h a r e .
∗ @throws Semant i cExcep t i on i f the T e s t R e s u l t was not a p p r o p r i a t e or r e l e v a n t to the Test .
∗/

v o i d e m p l a c e _ r e s u l t ( c on s t s t d : : shared_pt r <Tes tResu l t > &t e s t _ r e s u l t ) ;

v o i d a c c e p t _ t e s t _ e x e c u t a b l e ( s t d : : shared_pt r <Tes tExecutab l e > shared_exe ) ;

[ [ n o d i s c a r d ] ] c o n s t T e s t E x e c u t a b l e ∗ o b s e r v e _ t e s t _ e x e c u t a b l e ( ) co n s t noexcept ;

[ [ n o d i s c a r d ] ] G l i b : : Proper tyProxy <G l i b : : u s t r i n g > p r o p e r t y _ f i x t u r e ( ) ;

[ [ n o d i s c a r d ] ] G l i b : : Proper tyProxy <s t d : : shared_pt r <Tes tResu l t >> p r o p e r t y _ r e s u l t ( ) ;

[ [ n o d i s c a r d ] ] G l i b : : PropertyProxy_ReadOnly<G l i b : : u s t r i n g > prope r ty_ta rge t_executab l e_name ( ) c o n s t ;

[ [ n o d i s c a r d ] ] G l i b : : PropertyProxy_ReadOnly<G l i b : : u s t r i n g > p r o p e r t y _ f i x t u r e ( ) c on s t ;

[ [ n o d i s c a r d ] ] G l i b : : PropertyProxy_ReadOnly<s t d : : shared_pt r <Tes tResu l t >> p r o p e r t y _ r e s u l t ( ) co n s t ;

p r i v a t e :
v o i d i n s t a n t i a t e _ f r o m _ s p e c i f i c a t i o n ( s t d : : shared_ptr <T e s t S p e c i f i c a t i o n E n t r y > spec ) ;

s t d : : shared_ptr <Tes tExecu tab l e > t a r g e t _ e x e c u t a b l e ;
G l i b : : Proper ty <G l i b : : u s t r i n g > target_executab l e_name ;
G l i b : : Proper ty <G l i b : : u s t r i n g > f i x t u r e ;
G l i b : : Proper ty <s t d : : shared_ptr <Tes tResu l t >> r e s u l t ;

} ;

} // namespace o p t i f o l

#e n d i f // TEST_HPP

274



1.16 Visitors

1.16.1 MutableTargets

1.16.1.1 RepositoryBuildingVisitor.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the Symbol R e p o s i t o r y −B u i l d i n g V i s i t o r
∗ @author O l i v e r Dixon
∗ @date 2025−06−22
∗ @ v e r s i o n Development
∗/

#i n c l u d e " R e p o s i t o r y B u i l d i n g V i s i t o r . hpp "

#i n c l u d e <c a s s e r t >

#i n c l u d e " . . / . . / IR / Mutab l eVa r i an t s / Sen tence s / Mutab leB inaryConnected . hpp "
#i n c l u d e " . . / . . / IR / Mutab l eVa r i an t s / Sen tence s / M u t a b l e P r e d i c a t e . hpp "
#i n c l u d e " . . / . . / IR / Mutab l eVa r i an t s / Sen tence s / Mutab leSentenceRoot . hpp "
#i n c l u d e " . . / . . / IR / Mutab l eVa r i an t s /Terms/ Mutab leFunct ion . hpp "
#i n c l u d e " . . / . . / IR / Mutab l eVa r i an t s /Terms/ Mutab leSko lemFunct ion . hpp "
#i n c l u d e " . . / . . / IR / Mutab l eVa r i an t s /Terms/ M u t a b l e V a r i a b l e . hpp "
#i n c l u d e " . . / . . / IR / Sentence s / L i t e r a l . hpp "
#i n c l u d e " . . / . . / IR / Sentence s / SentenceRoot . hpp "
#i n c l u d e " . . / . . / IR /Terms/ Funct i on . hpp "
#i n c l u d e " . . / . . / IR /Terms/ Sko lemFunct ion . hpp "
#i n c l u d e " . . / . . / IR /Terms/ V a r i a b l e . hpp "

namespace o p t i f o l
{

c on s t cha r ∗ R e p o s i t o r y B u i l d i n g V i s i t o r : : v i s i t o r _ n a m e = " R e p o s i t o r y −B u i l d i n g V i s i t o r " ;

R e p o s i t o r y B u i l d i n g V i s i t o r : : R e p o s i t o r y B u i l d i n g V i s i t o r ( s t d : : shared_ptr <Symbo lRepos i to ry > s y m b o l _ r e p o s i t o r y ) :
s y m b o l _ r e p o s i t o r y ( s t d : : move ( s y m b o l _ r e p o s i t o r y ) )

{
}

s t d : : s t r i n g _ v i e w R e p o s i t o r y B u i l d i n g V i s i t o r : : g e t_v i s i t o r_name ( )
{

r e t u r n v i s i t o r _ n a m e ;
}

c on s t I P r o c e s s e d S e n t e n c e ∗ R e p o s i t o r y B u i l d i n g V i s i t o r : : v i s i t ( c o n s t M u t a b l e Q u a n t i f i e d &node )
{

s t d : : i g n o r e = node ;
a s s e r t ( f a l s e ) ;
// ReSharper d i s a b l e once CppDFAUnreachableCode − Not u n r e a c h a b l e i f a s s e r t i o n s d i s a b l e d .
r e t u r n n u l l p t r ;

}

c on s t B inaryConnected ∗ R e p o s i t o r y B u i l d i n g V i s i t o r : : v i s i t ( Mutab leB inaryConnected &node )
{

c on s t auto o p e r a t o r _ t y p e = node . ge t_ope ra to r_type ( ) ;
a s s e r t ( o p e r a t o r _ t y p e == Bina ryOpera to rTypes : : Co n ju nc t i on | |

o p e r a t o r _ t y p e == Bina ryOpera to rTypes : : D i s j u n c t i o n ) ;

/∗
∗ The " manage c l a u s e " f l a g i n d i c a t e s t h a t t h i s f u n c t i o n i s r e s p o n s i b l e f o r committ ing and r e s e t t i n g the
∗ work ing c l a u s e member f u n c t i o n , and t h a t i t s c a l l e e s a r e e x c l u s i v e l y a l l o w e d to i n s e r t l i t e r a l s i n t o
∗ the work ing c l a u s e . Note t h a t t h i s s h o u l d be s e t f o r any c o n j u n c t i v e node , and i f an e x i s t i n g non−empty
∗ work ing c l a u s e i s p r e s e n t , i t may be s a f e l y assumed to be f u l l y popu l a t ed and committed to the s e n t e n c e
∗ r o o t .
∗/

c on s t boo l managed_clause = o p e r a t o r _ t y p e == Bina ryOpera to rTypes : : Con jun c t i on ;

// Crea te a f r e s h c l a u s e f o r the LHS operand , committ ing a p r e v i o u s l y popu l a t ed c l a u s e i f n e c e s s a r y .
i f ( managed_clause && ! work i ng_c l au se . empty ( ) )

commit_work ing_clause ( ) ;

c on s t auto bound_lhs = node . take_lhs_operand ( ) ;
c on s t auto r e p o _ lh s = bound_lhs−>accep t (∗ t h i s ) ;
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/∗
∗ I f the LHS r e c u r s i o n produced any l i t e r a l s under d i s j u n c t i o n , commit the s e t to the s e n t e n c e root , and
∗ c r e a t e a f r e s h c l a u s e f o r the RHS operand .
∗/

i f ( managed_clause && ! work i ng_c l au se . empty ( ) )
commit_work ing_clause ( ) ;

c on s t auto bound_rhs = node . take_rhs_operand ( ) ;
c on s t auto repo_rhs = bound_rhs−>accep t (∗ t h i s ) ;

// L i k e w i s e , commit any d i s j u n c t i v e l i t e r a l s produced by the RHS r e c u r s i o n to the s e n t e n c e r o o t .
i f ( managed_clause && ! work i ng_c l au se . empty ( ) )

commit_work ing_clause ( ) ;

r e t u r n s y m b o l _ r e p o s i t o r y −>add_symbol<BinaryConnected >(
s t d : : make_unique<BinaryConnected >(node . ge t_ope ra to r_type ( ) , r epo_lhs , r epo_rhs ) ) ;

}

c on s t L i t e r a l ∗ R e p o s i t o r y B u i l d i n g V i s i t o r : : v i s i t ( M u t a b l e P r e d i c a t e &node )
{

c on s t auto &owned_terms = node . obse rve_arguments ( ) ;
s t d : : v e c to r <c o n s t IProcessedTerm ∗> proce s s ed_te rms ;
p roce s s ed_te rms . r e s e r v e ( owned_terms . s i z e ( ) ) ;

f o r ( c on s t auto &term : owned_terms )
p roce s s ed_te rms . push_back ( term−>accep t (∗ t h i s ) ) ;

// Crea te the L i t e r a l symbol and append to the work ing c l a u s e .
c on s t auto new_symbol = s y m b o l _ r e p o s i t o r y −>add_symbol<L i t e r a l >( s t d : : make_unique<L i t e r a l >(

s t d : : s t r i n g ( node . get_name ( ) ) , s t d : : move ( p roce s s ed_te rms ) , ! node . i s _ n e g a t i v e _ p o l a r i t y ( ) ) ) ;
wo rk i ng_c l au s e . a d d _ l i t e r a l ( new_symbol ) ;
r e t u r n new_symbol ;

}

v o i d R e p o s i t o r y B u i l d i n g V i s i t o r : : v i s i t ( Mutab leSentenceRoot &node )
{

a s s e r t ( r o o t == n u l l p t r ) ;
r o o t = s t d : : make_unique<SentenceRoot >() ;
c on s t auto s e n t e n c e = node . t ake_sen tence ( ) ;
s en tence −>accep t (∗ t h i s ) ;

s y m b o l _ r e p o s i t o r y −>inc rement_sentence_count ( ) ;

i f ( ! wo rk i ng_c l au se . empty ( ) )
commit_work ing_clause ( ) ;

}

s t d : : un ique_ptr <SentenceRoot> R e p o s i t o r y B u i l d i n g V i s i t o r : : t a k e _ l a s t _ r o o t ( ) noexcept
{

a s s e r t ( r o o t != n u l l p t r ) ;
r e t u r n s t d : : move ( r o o t ) ;

}

v o i d R e p o s i t o r y B u i l d i n g V i s i t o r : : commit_work ing_clause ( )
{

root −>add_c lause ( s t d : : move ( wo rk i ng_c l au se ) ) ;
wo rk i ng_c l au s e = Clause ( ) ;

}

c on s t V a r i a b l e ∗ R e p o s i t o r y B u i l d i n g V i s i t o r : : v i s i t ( c o n s t M u t a b l e V a r i a b l e &node ) c o n s t
{

r e t u r n s y m b o l _ r e p o s i t o r y −>add_symbol<V a r i a b l e >(
s t d : : make_unique<V a r i a b l e >( s t d : : s t r i n g ( node . get_base_name ( ) ) ,

s t d : : s t r i n g ( node . get_base_name ( ) ) + M u t a b l e V a r i a b l e : : d i s a m b i g u a t i n g _ d e l i m i t e r +
s t d : : t o _ s t r i n g ( s y m b o l _ r e p o s i t o r y −>get_sentence_count ( ) ) ) ) ;

}

c on s t Func t i on ∗ R e p o s i t o r y B u i l d i n g V i s i t o r : : v i s i t ( Mutab leFunct ion &node )
{

c on s t auto &owned_terms = node . obse rve_arguments ( ) ;
s t d : : v e c to r <co n s t IProcessedTerm ∗> proce s s ed_te rms ;
p roce s s ed_te rms . r e s e r v e ( owned_terms . s i z e ( ) ) ;

f o r ( c on s t auto &term : owned_terms )
p roce s s ed_te rms . push_back ( term−>accep t (∗ t h i s ) ) ;

r e t u r n s y m b o l _ r e p o s i t o r y −>add_symbol<Funct ion >( s t d : : make_unique<Funct ion >(
s t d : : s t r i n g ( node . get_disambiguated_name ( ) ) , s t d : : move ( p roce s s ed_te rms ) ) ) ;

}
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c on s t Sko lemFunct ion ∗ R e p o s i t o r y B u i l d i n g V i s i t o r : : v i s i t ( c o n s t Mutab leSko lemFunct ion &node )
{

c on s t auto &q u a n t i f i e d _ t e r m s = node . observe_arguments ( ) ;
s t d : : v e c to r <c o n s t IProcessedTerm ∗> proce s s ed_te rms ;
p roce s s ed_te rms . r e s e r v e ( q u a n t i f i e d _ t e r m s . s i z e ( ) ) ;

f o r ( co n s t auto &term : q u a n t i f i e d _ t e r m s )
p roce s s ed_te rms . push_back ( term−>accep t (∗ t h i s ) ) ;

r e t u r n s y m b o l _ r e p o s i t o r y −>add_symbol<SkolemFunct ion >( s t d : : make_unique<SkolemFunct ion >(
s t d : : s t r i n g ( node . get_disambiguated_name ( ) ) , s t d : : move ( p roce s s ed_te rms ) ) ) ;

}

} // namespace o p t i f o l

1.16.1.2 RepositoryBuildingVisitor.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the Symbol R e p o s i t o r y −B u i l d i n g V i s i t o r
∗ @author O l i v e r Dixon
∗ @date 2025−06−22
∗ @ v e r s i o n Development
∗/

#i f n d e f REPOSITORYBUILDINGVISITOR_HPP
#d e f i n e REPOSITORYBUILDINGVISITOR_HPP

#i n c l u d e <s t r i n g _ v i e w >

#i n c l u d e " . . / . . / IR / Sentence s / B inaryConnected . hpp "
#i n c l u d e " . . / . . / IR / Sentence s / SentenceRoot . hpp "
#i n c l u d e " . . / . . / IR / Symbo lRepos i to ry . hpp "

namespace o p t i f o l
{

c l a s s M u t a b l e P r e d i c a t e ;
c l a s s L i t e r a l ;
c l a s s M u t a b l e Q u a n t i f i e d ;
c l a s s Mutab leSentenceRoot ;
c l a s s SentenceRoot ;
c l a s s Mutab leB inaryConnected ;
c l a s s B inaryConnected ;
c l a s s M u t a b l e V a r i a b l e ;
c l a s s V a r i a b l e ;
c l a s s Mutab leFunct ion ;
c l a s s Func t i on ;
c l a s s Mutab leSko lemFunct ion ;
c l a s s Sko lemFunct ion ;

c l a s s I P r o c e s s e d S e n t e n c e ;

/∗∗
∗ @ c l a s s R e p o s i t o r y B u i l d i n g V i s i t o r
∗ @ b r i e f R e c u r s i v e l y v i s i t s a mutable , owning IMutab l eSen tence / IMutableTerm AST s t r u c t u r e and e x t r a c t s common
∗ terms i n t o a b a s e l i n e Symbo lRepos i to ry ; t r a n s f o r m s i n t o an immutable , non−owning I S e n t e n c e / IProcessedTerm
∗ AST .
∗ @ d e t a i l s
∗ <p>
∗ L o g i c a l a n a l y s i s r e q u i r e s i d e n t i f i c a t i o n o f common symbol s ( p r e d i c a t e s , f u n c t i o n s , f r e e v a r i a b l e s
∗ e t c . ) a c r o s s a l l f o r m u l a s w i t h i n a problem s e t . Lex ing , p a r s i n g , and CNF n o r m a l i s a t i o n does not hand l e
∗ e x t r a c t i o n o f symbols , and the h a n d l i n g o f d u p l i c a t e s t h e r e o f , i n t o a common domain r e p o s i t o r y . The
∗ R e p o s i t o r y B u i l d i n g V i s i t o r pe r f o rms t h i s t a s k as the l a s t s t a g e o f the FOL−p r e p a r a t i o n p i p e l i n e . HCI i s a l s o
∗ s u b s t a n t i a l l y improved as common e l ement s can be i d e n t i f i e d and man ipu la ted wi th v i s u a l a i d s .
∗ </p>
∗ <p>
∗ The t r a n s l a t i o n o f a mutable , owning AST t r e e i n t o an immutable , non−owning dua l a c h i e v e s l a r g e g a i n s
∗ i n e x p r e s s i v e n e s s and s i m p l i c i t y . Ownership s e m a n t i c s a r e reduced to a s i n g l e owning r e p o s i t o r y ( q u i c k l y
∗ s e a r c h a b l e due to ha sh ing p r o p e r t i e s o f immutable nodes and STL @re f s t d : : uno rde r ed_se t w i th C++23
∗ t r a n s p a r e n t ha sh i ng ) t h a t imposes l i f e t i m e g u a r a n t e e s on i t s members . Immutable AST nodes then ho ld an
∗ o b s e r v i n g raw p o i n t e r to the c o r r e s p o n d i n g i tem d e t a i n e d by the Symbo lRepos i to ry , a c c e s s i b l e th rough co n s t
∗ noexcept g e t t e r s , which a r e a l i a s e d i n c a s e s o f common symbol s a c r o s s nodes and f o r m u l a s .
∗ </p>
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∗ <p>
∗ I n p a r t i c u l a r , the v i s i t o r pe r f o rms the f o l l o w i n g t r a n s f o r m a t i o n s on the mutable s e n t e n c e t r e e s to
∗ produce c o r r e s p o n d i n g immutable t r e e s : <t a b l e > <tr > <th>Mutable Sentence Target </th> <th>Immutable
∗ Product ion </th> <th>E x t r a c t a b l e Terms</th> <th>E x t r a c t a b l e Sentences </th>
∗ </t r >
∗ <tr >
∗ <td>Mutab leBinaryConnected </td>
∗ <td>BinaryConnected </td>
∗ <td>None</td>
∗ <td>LHS s e n t e n c e ; RHS sentence </td>
∗ </t r >
∗ <tr >
∗ <td>Mutab l ePred i ca te </td>
∗ <td>P r e d i c a t e </td>
∗ <td>A l l argument terms </td>
∗ <td>None</td>
∗ </t r >
∗ <tr >
∗ <td>MutableSentenceRoot </td>
∗ <td>SentenceRoot </td>
∗ <td>None</td>
∗ <td>Deta ined sentence </td>
∗ </t r >
∗ </t a b l e >
∗ Note t h a t the Mutab leSentenceRoot t r a n s f o r m a t i o n r e p r e s e n t s a s p e c i a l c a s e : the g e n e r a t e d SentenceRoot
∗ i s not r e g i s t e r e d i n a Symbo lRepos i to ry but i n s t e a d pas sed w i t h i n an ownersh ip −c o n t r o l l e d c o n t a i n e r , which
∗ becomes the r e s p o n s i b i l i t y o f the v i s i t o r . C a l l e r s may then e x t r a c t the l a s t −g e n e r a t e d s e n t e n c e r o o t from
∗ the v i s i t o r i n s t a n c e , which c o n t a i n s a s e t o f l i t e r a l s ( " c l a u s e s " ) under c o n j u n c t i o n .
∗ </p>
∗ <p>
∗ Term t r e e s a r e a l s o e l i g i b l e f o r t r a n s f o r m a t i o n by the v i s i t o r :
∗ <t a b l e >
∗ <tr >
∗ <th>Mutable Term Target </th>
∗ <th>Immutable Product ion </th>
∗ <th>E x t r a c t a b l e Terms</th>
∗ </t r >
∗ <tr >
∗ <td>Mutab leFunct ion </td>
∗ <td>Funct ion </td>
∗ <td>A l l argument terms </td>
∗ </t r >
∗ <tr >
∗ <td>Mutab l eVar i ab l e </td>
∗ <td>V a r i a b l e </td>
∗ <td>None</td>
∗ </t r >
∗ </t a b l e >
∗ </p>
∗ @see Symbo lRepos i to ry
∗ @warning The R e p o s i t o r y B u i l d i n g V i s i t o r i s a one−way t r a n s f o r m a t i o n between mutable and immutable
∗ r e p r e s e n t a t i o n s . V i s i t e d nodes a r e a lways decomposed and r e n d e r e d unus ab l e to t r a n s f e r owne r sh ip to the
∗ c e n t r a l Symbo lRepos i to ry .
∗/

c l a s s R e p o s i t o r y B u i l d i n g V i s i t o r f i n a l
{
p u b l i c :

/∗∗
∗ @ b r i e f C rea te a R e p o s i t o r y B u i l d i n g V i s i t o r w i th a c o r r e s p o n d i n g Symbo lRepos i to ry f o r t r an s −fo rmu la
∗ symbol s t o r a g e
∗ @param s y m b o l _ r e p o s i t o r y A mutable Symbo lRepos i to ry
∗/

e x p l i c i t R e p o s i t o r y B u i l d i n g V i s i t o r ( s t d : : shared_pt r <Symbo lRepos i to ry > s y m b o l _ r e p o s i t o r y ) ;

/∗∗
∗ @ b r i e f Gets the human−r e a d a b l e v i s i t o r name
∗ @re tu rn An o b s e r v i n g v iew o f the human−r e a d a b l e v i s i t o r name s t r i n g
∗/

[ [ n o d i s c a r d ] ] s t a t i c s t d : : s t r i n g _ v i e w ge t_v i s i t o r_name ( ) ;

/∗∗
∗ @ b r i e f P l a c e h o l d e r v i s i t o r to b u i l d an immutable q u a n t i f i e d i tem from a M u t a b l e Q u a n t i f i e d node .
∗ @param node The q u a n t i f i e d node .
∗ @warning
∗ <p>
∗ This method a lways f a i l s w i th a bad a s s e r t i o n . Mutable s e n t e n c e s a r e o b l i g e d to accep t v i s i t a t i o n
∗ r e q u e s t s from the R e p o s i t o r y B u i l d i n g V i s i t o r , but at p r e s e n t , the r e p o s i t o r y o n l y c o n t a i n s e x p r e s s i o n
∗ t r e e s i n f u l l C o n j u n c t i v e Normal Form (CNF) . P r e d i c a t e CNF does not pe rm i t q u a n t i f i e r s , and a l l
∗ q u a n t i f i e r s s h o u l d have been removed by the f o l l o w i n g v i s i t o r s i n the n o r m a l i s a t i o n p i p e l i n e : <ul >
∗ <l i >U n i v e r s a l q u a n t i f i e r s : U n i v e r s a l E l i m i n a t i o n V i s i t o r ; and</ l i >
∗ <l i >E x i s t e n t i a l q u a n t i f i e r s : S k o l e m I n t r o d u c i n g V i s i t o r ( where e x i s t e n t i a l s a r e r e p l a c e d wi th
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∗ s y n t h e s i s e d Skolem f u n c t i o n s p r o v i d e d by Mutab leSko lemFunct ion ) .
∗ </ul >
∗ </p>
∗ @re tu rn @re f s t d : : n u l l p t r _ t
∗/

s t a t i c c o n s t I P r o c e s s e d S e n t e n c e ∗ v i s i t ( co n s t M u t a b l e Q u a n t i f i e d &node ) ;

/∗∗
∗ @ b r i e f Trans forms a Mutab leB inaryConnected d i s j u n c t i v e or c o n j u n c t i v e node i n t o an e q u i v a l e n t
∗ BinaryConnected node .
∗ @param node The Mutab leB inaryConnected node to be d e s t r o y e d and used to c o n s t r u c t the B inaryConnected
∗ e q u i v a l e n t .
∗ @re tu rn The BinaryConnected node , r e f e r e n c i n g symbol s i n the Symbo lRepos i to ry e q u i v a l e n t to the
∗ ope rands o f the o r i g i n a l Mutab leB inaryConnected .
∗ @pre The g i v e n Mutab leB inaryConnected node must be a d i s j u n c t i o n or c o n j u n c t i o n ; the p r e s e n c e o f any
∗ o t h e r o p e r a t o r i n d i c a t e s a non−n o r m a l i s e d t r e e .
∗/

c on s t B inaryConnected ∗ v i s i t ( Mutab leB inaryConnected &node ) ;

/∗∗
∗ @ b r i e f Trans forms a M u t a b l e P r e d i c a t e node i n t o a L i t e r a l , r e g i s t e r i n g the argument terms i n the c e n t r a l
∗ Symbo lRepos i to ry . The L i t e r a l i t s e l f i s a l s o added to the c e n t r a l Symbo lRepos i to ry .
∗ @param node The M u t a b l e P r e d i c a t e node to be t r a n s f o r m e d i n t o the c o r r e s p o n d i n g immutable
∗ r e p r e s e n t a t i o n .
∗ @re tu rn A non−owning immutable p o i n t e r to the Symbo lRepos i to ry L i t e r a l node .
∗/

c on s t L i t e r a l ∗ v i s i t ( M u t a b l e P r e d i c a t e &node ) ;

c on s t V a r i a b l e ∗ v i s i t ( co n s t M u t a b l e V a r i a b l e &node ) co n s t ;

c on s t Func t i on ∗ v i s i t ( Mutab leFunct ion &node ) ;

c on s t Sko lemFunct ion ∗ v i s i t ( co n s t Mutab leSko lemFunct ion &node ) ;

v o i d v i s i t ( Mutab leSentenceRoot &node ) ;

s t d : : un ique_ptr <SentenceRoot> t a k e _ l a s t _ r o o t ( ) noexcept ;

p r i v a t e :
v o i d commit_work ing_clause ( ) ;

/∗∗
∗ @ b r i e f The work ing c l a u s e s t o r e s the work ing s e t o f l i t e r a l s under d i s j u n c t i o n f o r the c u r r e n t c l a u s e .
∗ The work ing c l a u s e s h o u l d be committed to the SentenceRoot @re f r o o t node once i t has been f u l l y
∗ popu l a t ed .
∗ @see SentenceRoot : : commit_clause
∗/

C lause work ing_c l au s e ;

s t d : : un ique_ptr <SentenceRoot> r o o t ;

s t a t i c c o n s t cha r ∗ v i s i t o r _ n a m e ;

c on s t s t d : : shared_pt r <Symbo lRepos i to ry > s y m b o l _ r e p o s i t o r y ;
} ;

} // namespace o p t i f o l

#e n d i f

1.16.1.3 Observers

1.16.1.3.1 IObservingNodeVisitor.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f I n t e r f a c e s p e c i f i c a t i o n f o r the node−o b s e r v i n g v i s i t o r .
∗ @author O l i v e r Dixon
∗ @date 2024−11−29
∗ @ v e r s i o n Development
∗/

#i f n d e f IOBSERVINGNODEVISITOR_HPP
#d e f i n e IOBSERVINGNODEVISITOR_HPP
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namespace o p t i f o l
{

c l a s s M u t a b l e Q u a n t i f i e d ;
c l a s s Mutab leB inaryConnected ;
c l a s s M u t a b l e P r e d i c a t e ;
c l a s s Mutab leSentenceRoot ;

c l a s s Mutab leFunct ion ;
c l a s s Mutab leSko lemFunct ion ;
c l a s s M u t a b l e V a r i a b l e ;

c l a s s I O b s e r v i n g N o d e V i s i t o r
{
p u b l i c :

v i r t u a l ~ I O b s e r v i n g N o d e V i s i t o r ( ) = d e f a u l t ;

v i r t u a l v o i d v i s i t ( c on s t M u t a b l e Q u a n t i f i e d &node ) = 0 ;

v i r t u a l v o i d v i s i t ( c on s t Mutab leB inaryConnected &node ) = 0 ;

v i r t u a l v o i d v i s i t ( c on s t M u t a b l e P r e d i c a t e &node ) = 0 ;

v i r t u a l v o i d v i s i t ( c on s t Mutab leSentenceRoot &node ) = 0 ;

v i r t u a l v o i d v i s i t ( c on s t Mutab leFunct ion &node ) = 0 ;

v i r t u a l v o i d v i s i t ( c on s t M u t a b l e V a r i a b l e &node ) = 0 ;
} ;

} // namespace o p t i f o l

#e n d i f

1.16.1.3.2 LaTeXSerialisationVisitor.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

//
// Created by owd on 7/6/25.
//

#i n c l u d e " L a T e X S e r i a l i s a t i o n V i s i t o r . hpp "

#i n c l u d e " . . / . . / . . / IR / Mutab l eVa r i an t s / Sen tence s / Mutab leB inaryConnected . hpp "
#i n c l u d e " . . / . . / . . / IR / Mutab l eVa r i an t s / Sen tence s / M u t a b l e P r e d i c a t e . hpp "
#i n c l u d e " . . / . . / . . / IR / Mutab l eVa r i an t s / Sen tence s / M u t a b l e Q u a n t i f i e d . hpp "
#i n c l u d e " . . / . . / . . / IR / Mutab l eVa r i an t s / Sen tence s / Mutab leSentenceRoot . hpp "
#i n c l u d e " . . / . . / . . / IR / Mutab l eVa r i an t s /Terms/ Mutab leFunct ion . hpp "
#i n c l u d e " . . / . . / . . / IR / Mutab l eVa r i an t s /Terms/ M u t a b l e V a r i a b l e . hpp "

namespace o p t i f o l
{

v o i d L a T e X S e r i a l i s a t i o n V i s i t o r : : v i s i t ( c o n s t Mutab leSentenceRoot &node )
{

l a t e x << ’ $ ’ ;
node . o b s e r v e _ s e n t e n c e ( )−>accep t (∗ t h i s ) ;
l a t e x << ’ $ ’ ;

}

v o i d L a T e X S e r i a l i s a t i o n V i s i t o r : : v i s i t ( c o n s t Mutab leB inaryConnected &node )
{

node . obse rve_ lh s_ope rand ( )−>accep t (∗ t h i s ) ;
l a t e x << get_connected_symbol ( node . ge t_ope ra to r_type ( ) ) << ’ ’ ;
node . obse rve_rhs_operand ( )−>accep t (∗ t h i s ) ;

}

v o i d L a T e X S e r i a l i s a t i o n V i s i t o r : : v i s i t ( c o n s t M u t a b l e Q u a n t i f i e d &node )
{

l a t e x << g e t _ q u a n t i f i e r _ s y m b o l ( node . g e t _ q u a n t i f i e r _ t y p e ( ) ) << ’ ’ ;

node . observe_bound_term ( )−>accep t (∗ t h i s ) ;
l a t e x << " \\ l e f t ( " ;
node . o b s e r v e _ s e n t e n c e ( )−>accep t (∗ t h i s ) ;
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l a t e x << " \\ r i g h t ) " ;
}

v o i d L a T e X S e r i a l i s a t i o n V i s i t o r : : v i s i t ( c o n s t M u t a b l e P r e d i c a t e &node )
{

l a t e x << node . get_name ( ) << " \\ l e f t ( " ;
c on s t auto &arguments = node . observe_arguments ( ) ;

i f ( ! arguments . empty ( ) ) {
c on s t auto argument_count = arguments . s i z e ( ) − 1 ;

f o r ( s t d : : s i z e _ t argument_idx = 0 ; argument_idx < argument_count ; ++argument_idx ) {
arguments [ argument_idx]−>accep t (∗ t h i s ) ;
l a t e x << ’ , ’ ;

}

arguments [ argument_count]−>accep t (∗ t h i s ) ;
}

l a t e x << " \\ r i g h t ) " ;
}

v o i d L a T e X S e r i a l i s a t i o n V i s i t o r : : v i s i t ( c o n s t Mutab leFunct ion &node )
{

l a t e x << node . get_disambiguated_name ( ) << " \\ l e f t ( " ;
c on s t auto &arguments = node . observe_arguments ( ) ;

i f ( ! arguments . empty ( ) ) {
c on s t auto argument_count = arguments . s i z e ( ) − 1 ;

f o r ( s t d : : s i z e _ t argument_idx = 0 ; argument_idx < argument_count ; ++argument_idx ) {
arguments [ argument_idx]−>accep t (∗ t h i s ) ;
l a t e x << ’ , ’ ;

}

arguments [ argument_count]−>accep t (∗ t h i s ) ;
}

l a t e x << " \\ r i g h t ) " ;
}

v o i d L a T e X S e r i a l i s a t i o n V i s i t o r : : v i s i t ( c o n s t M u t a b l e V a r i a b l e &node )
{

l a t e x << node . t o _ s t r i n g ( ) ;
}

s t d : : s t r i n g L a T e X S e r i a l i s a t i o n V i s i t o r : : e x t r a c t ( ) c o n s t
{

r e t u r n l a t e x . s t r ( ) ;
}

c on s t cha r ∗ L a T e X S e r i a l i s a t i o n V i s i t o r : : g e t _ q u a n t i f i e r _ s y m b o l ( co n s t Q u a n t i f i e r T y p e s q u a n t i f i e r ) noexcept
{

s w i t c h ( q u a n t i f i e r ) {
ca se Q u a n t i f i e r T y p e s : : U n i v e r s a l :

r e t u r n " \\ f o r a l l " ;
c a s e Q u a n t i f i e r T y p e s : : E x i s t e n t i a l :

r e t u r n " \\ e x i s t s " ;
}

r e t u r n " ?? " ;
}

c on s t cha r ∗ L a T e X S e r i a l i s a t i o n V i s i t o r : : get_connected_symbol ( c o n s t B ina ryOpera to rTypes op ) noexcept
{

s w i t c h ( op ) {
ca se B ina ryOpera to rTypes : : I m p l i c a t i o n :

r e t u r n " \\ i m p l i e s " ;
ca s e B ina ryOpera to rTypes : : C on j unc t i o n :

r e t u r n " \\ l and " ;
ca s e B ina ryOpera to rTypes : : D i s j u n c t i o n :

r e t u r n " \\ l o r " ;
ca s e B ina ryOpera to rTypes : : B i c o n d i t i o n a l :

r e t u r n " \\ i f f " ;
}

r e t u r n " ?? " ;
}

} // namespace o p t i f o l
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1.16.1.3.3 LaTeXSerialisationVisitor.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

//
// Created by owd on 7/6/25.
//

#i f n d e f LATEXSERIALISATIONVISITOR_HPP
#d e f i n e LATEXSERIALISATIONVISITOR_HPP

#i n c l u d e <sst ream >

#i n c l u d e " I O b s e r v i n g N o d e V i s i t o r . hpp "

namespace o p t i f o l
{

enum c l a s s Q u a n t i f i e r T y p e s ;
enum c l a s s B ina ryOpera to rTypes ;

c l a s s L a T e X S e r i a l i s a t i o n V i s i t o r : p u b l i c I O b s e r v i n g N o d e V i s i t o r
{
p u b l i c :

v o i d v i s i t ( c o n s t Mutab leSentenceRoot &node ) o v e r r i d e ;

v o i d v i s i t ( c o n s t Mutab leB inaryConnected &node ) o v e r r i d e ;

v o i d v i s i t ( c o n s t M u t a b l e Q u a n t i f i e d &node ) o v e r r i d e ;

v o i d v i s i t ( c o n s t M u t a b l e P r e d i c a t e &node ) o v e r r i d e ;

v o i d v i s i t ( c o n s t Mutab leFunct ion &node ) o v e r r i d e ;

v o i d v i s i t ( c o n s t M u t a b l e V a r i a b l e &node ) o v e r r i d e ;

s t d : : s t r i n g e x t r a c t ( ) c o n s t ;

p r i v a t e :
[ [ n o d i s c a r d ] ] s t a t i c c o n s t cha r ∗ g e t _ q u a n t i f i e r _ s y m b o l ( Q u a n t i f i e r T y p e s q u a n t i f i e r ) noexcept ;

[ [ n o d i s c a r d ] ] s t a t i c c o n s t cha r ∗ get_connected_symbol ( B ina ryOpera to rTypes op ) noexcept ;

s t d : : o s t r i n g s t r e a m l a t e x ;
} ;

} // namespace o p t i f o l

#e n d i f // LATEXSERIALISATIONVISITOR_HPP

1.16.1.3.4 TextSerialiserVisitor.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the t ex t −s e r i a l i s i n g o b s e r v i n g v i s i t o r .
∗ @author O l i v e r Dixon
∗ @date 2024−11−29
∗ @ v e r s i o n Development
∗/

#i n c l u d e " T e x t S e r i a l i s e r V i s i t o r . hpp "

#i n c l u d e " . . / . . / . . / IR / Mutab l eVa r i an t s / Sen tence s / Mutab leB inaryConnected . hpp "
#i n c l u d e " . . / . . / . . / IR / Mutab l eVa r i an t s / Sen tence s / M u t a b l e P r e d i c a t e . hpp "
#i n c l u d e " . . / . . / . . / IR / Mutab l eVa r i an t s / Sen tence s / M u t a b l e Q u a n t i f i e d . hpp "
#i n c l u d e " . . / . . / . . / IR / Mutab l eVa r i an t s / Sen tence s / Mutab leSentenceRoot . hpp "
#i n c l u d e " . . / . . / . . / IR / Mutab l eVa r i an t s /Terms/ Mutab leFunct ion . hpp "
#i n c l u d e " . . / . . / . . / IR / Mutab l eVa r i an t s /Terms/ M u t a b l e V a r i a b l e . hpp "

namespace o p t i f o l
{
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v o i d T e x t S e r i a l i s e r V i s i t o r : : v i s i t ( c o n s t M u t a b l e Q u a n t i f i e d &node )
{

p r i n t _ p o l a r i t y (&node ) ;
output_stream << M u t a b l e Q u a n t i f i e d : : ge t_operator_symbo l ( node . g e t _ q u a n t i f i e r _ t y p e ( ) )

<< node . observe_bound_term ( )−>t o _ s t r i n g ( ) << ’ ’ ;

node . o b s e r v e _ s e n t e n c e ( )−>accep t (∗ t h i s ) ;
}

v o i d T e x t S e r i a l i s e r V i s i t o r : : v i s i t ( c o n s t Mutab leB inaryConnected &node )
{

p r i n t _ p o l a r i t y (&node ) ;
output_stream << ’ ( ’ ;

node . obse rve_ lh s_ope rand ( )−>accep t (∗ t h i s ) ;
output_stream << BinaryConnected : : ge t_operator_symbo l ( node . ge t_ope ra to r_type ( ) ) ;
node . obse rve_rhs_operand ( )−>accep t (∗ t h i s ) ;

output_stream << ’ ) ’ ;
}

v o i d T e x t S e r i a l i s e r V i s i t o r : : v i s i t ( c o n s t M u t a b l e P r e d i c a t e &node )
{

c on s t auto &arguments = node . observe_arguments ( ) ;
p r i n t _ p o l a r i t y (&node ) ;
output_stream << node . get_name ( ) << ’ ( ’ ;

c on s t auto argument_count = arguments . s i z e ( ) ;
f o r ( s t d : : remove_const_t<d e c l t y p e ( argument_count )> i = 1 ; i < argument_count ; ++i )

output_stream << arguments [ i − 1]−> t o _ s t r i n g ( ) << ’ , ’ << ’ ’ ;

i f ( argument_count > 0)
output_stream << arguments [ argument_count − 1]−> t o _ s t r i n g ( ) ;

output_stream << ’ ) ’ ;
}

v o i d T e x t S e r i a l i s e r V i s i t o r : : v i s i t ( c o n s t Mutab leSentenceRoot &node )
{

node . o b s e r v e _ s e n t e n c e ( )−>accep t (∗ t h i s ) ;
}

v o i d T e x t S e r i a l i s e r V i s i t o r : : v i s i t ( c o n s t Mutab leFunct ion &node )
{

c on s t auto &arguments = node . observe_arguments ( ) ;
output_stream << node . get_disambiguated_name ( ) << ’ ( ’ ;

c on s t auto argument_count = arguments . s i z e ( ) ;
f o r ( s t d : : remove_const_t<d e c l t y p e ( argument_count )> i = 1 ; i < argument_count ; ++i )

output_stream << arguments [ i − 1]−> t o _ s t r i n g ( ) << ’ , ’ << ’ ’ ;

i f ( argument_count > 0)
output_stream << arguments [ argument_count − 1]−> t o _ s t r i n g ( ) ;

output_stream << ’ ) ’ ;
}

v o i d T e x t S e r i a l i s e r V i s i t o r : : v i s i t ( c o n s t M u t a b l e V a r i a b l e &node )
{

output_stream << node . t o _ s t r i n g ( ) ;
}

s t d : : s t r i n g T e x t S e r i a l i s e r V i s i t o r : : e x t r a c t ( )
{

auto s t r = output_stream . s t r ( ) ;
s t d : : o s t r i n g s t r e a m ( ) . swap ( output_stream ) ;
r e t u r n s t r ;

}

v o i d T e x t S e r i a l i s e r V i s i t o r : : p r i n t _ p o l a r i t y ( c o n s t IMutab l eSentence ∗ node )
{

i f ( node−>i s _ n e g a t i v e _ p o l a r i t y ( ) )
output_stream << ’ ~ ’ ;

}

} // namespace o p t i f o l
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1.16.1.3.5 TextSerialiserVisitor.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the t ex t −s e r i a l i s i n g o b s e r v i n g v i s i t o r .
∗ @author O l i v e r Dixon
∗ @date 2024−11−29
∗ @ v e r s i o n Development
∗/

#i f n d e f TEXTSERIALISERVISITOR_HPP
#d e f i n e TEXTSERIALISERVISITOR_HPP

#i n c l u d e <sst ream >

#i n c l u d e " . . / . . / . . / IR / Mutab l eVa r i an t s / Sen tence s / IMutab l eSentence . hpp "
#i n c l u d e " I O b s e r v i n g N o d e V i s i t o r . hpp "

namespace o p t i f o l
{

enum c l a s s B ina ryOpera to rTypes ;
enum c l a s s Q u a n t i f i e r T y p e s ;

c l a s s T e x t S e r i a l i s e r V i s i t o r : p u b l i c I O b s e r v i n g N o d e V i s i t o r
{
p u b l i c :

v o i d v i s i t ( c o n s t M u t a b l e Q u a n t i f i e d &node ) o v e r r i d e ;

v o i d v i s i t ( c o n s t Mutab leB inaryConnected &node ) o v e r r i d e ;

v o i d v i s i t ( c o n s t M u t a b l e P r e d i c a t e &node ) o v e r r i d e ;

v o i d v i s i t ( c o n s t Mutab leSentenceRoot &node ) o v e r r i d e ;

v o i d v i s i t ( c o n s t Mutab leFunct ion &node ) o v e r r i d e ;

v o i d v i s i t ( c o n s t M u t a b l e V a r i a b l e &node ) o v e r r i d e ;

[ [ n o d i s c a r d ] ] s t d : : s t r i n g e x t r a c t ( ) ;

p r i v a t e :
s t d : : o s t r i n g s t r e a m output_stream ;

v o i d p r i n t _ p o l a r i t y ( c o n s t IMutab l eSentence ∗ node ) ;
} ;

} // namespace o p t i f o l

#e n d i f

1.16.1.4 Sentences

1.16.1.4.1 MutatingSentenceVisitorBase.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the Mutat ing Sentence V i s i t o r base c l a s s .
∗ @author O l i v e r Dixon
∗ @date 2024−11−24
∗ @ v e r s i o n Development
∗/

#i n c l u d e " M u t a t i n g S e n t e n c e V i s i t o r B a s e . hpp "

#i n c l u d e " . . / . . / . . / IR / Mutab l eVa r i an t s / Sen tence s / Mutab leB inaryConnected . hpp "
#i n c l u d e " . . / . . / . . / IR / Mutab l eVa r i an t s / Sen tence s / M u t a b l e Q u a n t i f i e d . hpp "
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#i n c l u d e " . . / . . / . . / IR / Mutab l eVa r i an t s / Sen tence s / Mutab leSentenceRoot . hpp "

namespace o p t i f o l
{

v o i d M u t a t i n g S e n t e n c e V i s i t o r B a s e : : v i s i t ( M u t a b l e Q u a n t i f i e d &node )
{

auto bor rowed_sentence = node . t ake_sen tence ( ) ;
bor rowed_sentence −>accep t (∗ t h i s ) ;
node . put_sentence ( s t d : : move ( bor rowed_sentence ) ) ;

}

v o i d M u t a t i n g S e n t e n c e V i s i t o r B a s e : : v i s i t ( Mutab leB inaryConnected &node )
{

auto borrowed_operand = node . take_lhs_operand ( ) ;
borrowed_operand−>accep t (∗ t h i s ) ;
node . put_lhs_operand ( s t d : : move ( borrowed_operand ) ) ;

borrowed_operand = node . take_rhs_operand ( ) ;
borrowed_operand−>accep t (∗ t h i s ) ;
node . put_rhs_operand ( s t d : : move ( borrowed_operand ) ) ;

}

v o i d M u t a t i n g S e n t e n c e V i s i t o r B a s e : : v i s i t ( M u t a b l e P r e d i c a t e &node )
{

( v o i d ) node ;
}

v o i d M u t a t i n g S e n t e n c e V i s i t o r B a s e : : v i s i t ( Mutab leSentenceRoot &node )
{

auto bor rowed_sentence = node . t ake_sen tence ( ) ;
bor rowed_sentence −>accep t (∗ t h i s ) ;
node . put_sentence ( s t d : : move ( bor rowed_sentence ) ) ;

}

} // namespace o p t i f o l

1.16.1.4.2 MutatingSentenceVisitorBase.hpp

/∗
∗ C o p y r i g h t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the Mutat ing Sentence V i s i t o r base c l a s s .
∗ @author O l i v e r Dixon
∗ @date 2024−12−01
∗ @ v e r s i o n Development
∗/

#i f n d e f MUTATINGSENTENCEVISITORBASE_HPP
#d e f i n e MUTATINGSENTENCEVISITORBASE_HPP

#i n c l u d e <s t r i n g _ v i e w >

namespace o p t i f o l
{

c l a s s M u t a b l e Q u a n t i f i e d ;
c l a s s Mutab leB inaryConnected ;
c l a s s M u t a b l e P r e d i c a t e ;
c l a s s Mutab leSentenceRoot ;

/∗∗
∗ @ c l a s s M u t a t i n g S e n t e n c e V i s i t o r B a s e
∗ @ b r i e f The Mutat ing Sentence V i s i t o r Base p r o v i d e s an a b s t r a c t base f o r sen tence −mutat ing v i s i t o r s .
∗/

c l a s s M u t a t i n g S e n t e n c e V i s i t o r B a s e
{
p u b l i c :

v i r t u a l ~ M u t a t i n g S e n t e n c e V i s i t o r B a s e ( ) = d e f a u l t ;

[ [ n o d i s c a r d ] ] v i r t u a l s t d : : s t r i n g _ v i e w ge t_v i s i t o r_name ( ) c on s t = 0 ;

/∗∗
∗ @ b r i e f A p p l i e s a mutat ing t r a n s f o r m a t i o n to the g i v e n q u a n t i f i e d s e n t e n c e node , i n c l u d i n g the
∗ q u a n t i f i e d s e n t e n c e .
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∗ @param node The q u a n t i f i e d s e n t e n c e r o o t node o f the t r a n s f o r m a t i o n t a r g e t .
∗/

v i r t u a l v o i d v i s i t ( M u t a b l e Q u a n t i f i e d &node ) ;

/∗∗
∗ @ b r i e f A p p l i e s a mutat ing t r a n s f o r m a t i o n to the g i v e n connected s e n t e n c e node and both ope rands .
∗ @param node The connected s e n t e n c e r o o t node o f the t r a n s f o r m a t i o n t a r g e t .
∗/

v i r t u a l v o i d v i s i t ( Mutab leB inaryConnected &node ) ;

/∗∗
∗ @ b r i e f A p p l i e s a mutat ing t r a n s f o r m a t i o n to the g i v e n p r e d i c a t e s e n t e n c e node and a l l arguments .
∗ @param node The p r e d i c a t e s e n t e n c e r o o t node o f the t r a n s f o r m a t i o n t a r g e t .
∗/

v i r t u a l v o i d v i s i t ( M u t a b l e P r e d i c a t e &node ) ;

/∗∗
∗ @ b r i e f A p p l i e s a mutat ing t r a n s f o r m a t i o n to the g i v e n s e n t e n c e r o o t
∗ @param node The s e n t e n c e r o o t c o n t a i n e r c o n t a i n i n g the r o o t o f the s e n t e n c e .
∗/

v i r t u a l v o i d v i s i t ( Mutab leSentenceRoot &node ) ;
} ;

} // namespace o p t i f o l

#e n d i f

1.16.1.4.3 CNFNormalisers

1.16.1.4.3.1 DisjunctionDistributionVisitor.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the D i s j u n c t i o n −D i s t r i b u t i o n V i s i t o r and i t s a s s o c i a t e d r u l e s e t .
∗ @author O l i v e r Dixon
∗ @date 2024−11−25
∗ @ v e r s i o n Development
∗/

#i n c l u d e <c a s s e r t >

#i n c l u d e " . . / . . / . . / . . / IR / Mutab l eVa r i an t s / Sen tence s / Mutab leB inaryConnected . hpp "
#i n c l u d e " D i s j u n c t i o n D i s t r i b u t i o n V i s i t o r . hpp "

namespace o p t i f o l
{

c on s t cha r ∗ D i s j u n c t i o n D i s t r i b u t i o n V i s i t o r : : v i s i t o r _ n a m e = " D i s j u n c t i o n D i s t r i b u t i o n " ;

s t d : : s t r i n g _ v i e w D i s j u n c t i o n D i s t r i b u t i o n V i s i t o r : : g e t_v i s i t o r_name ( ) c o n s t
{

r e t u r n v i s i t o r _ n a m e ;
}

v o i d D i s j u n c t i o n D i s t r i b u t i o n V i s i t o r : : v i s i t ( Mutab leB inaryConnected &node )
{

c on s t auto c u r r e n t _ o p e r a t o r _ t y p e = node . ge t_ope ra to r_type ( ) ;

i f ( c u r r e n t _ o p e r a t o r _ t y p e == Bina ryOpera to rTypes : : Co n j unc t i o n )
/∗

∗ I f we ’ r e a c o n j u n c t i o n node , we might be a c a n d i d a t e c h i l d . T r a n s f e r owne r sh ip o f our LHS and RHS
∗ operands to the top l a y e r o f the operand s tack , w i th the o r d e r de te rm ined by the t r a c k i n g mode , to
∗ be r e t u r n e d by the a t t empt_reduc t i on member f u n c t i o n .
∗/

s w i t c h ( track ing_mode ) {
ca se TrackingMode : : Le f tMa jo r :

t r acked_ope rands . emplace ( node . take_lhs_operand ( ) , node . take_rhs_operand ( ) ) ;
b reak ;

ca s e TrackingMode : : R ightMajor :
t r acked_ope rands . emplace ( node . take_rhs_operand ( ) , node . take_lhs_operand ( ) ) ;
b reak ;

ca s e TrackingMode : : NotTrack ing :
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// I f t h e r e ’ s no th i ng f o r us to do , pas s both ope rands through the v i s i t o r w i thout f u r t h e r a c t i o n .
M u t a t i n g S e n t e n c e V i s i t o r B a s e : : v i s i t ( node ) ;
b reak ;

}
e l s e

// I f we ’ r e not a c h i l d cand ida te , we mark the end o f any c h a i n . Stop the t r a c k i n g he r e .
t rack ing_mode = TrackingMode : : NotTrack ing ;

i f ( c u r r e n t _ o p e r a t o r _ t y p e == Bina ryOpera to rTypes : : D i s j u n c t i o n ) {
/∗

∗ I f we ’ r e a d i s j u n c t i o n node , we might be a c a n d i d a t e p a r e n t . Check the l e f t and r i g h t b ranche s f o r
∗ c a n d i d a t e c h i l d r e n , r e d u c i n g r e c u r s i v e l y where n e c e s s a r y . Once we ’ ve reduced on both branches , and
∗ owne r sh ip has been r e tu rned , s top the t r a c k i n g .
∗/

track ing_mode = TrackingMode : : R ightMajor ;
auto borrowed_rhs = node . take_rhs_operand ( ) ;
borrowed_rhs−>accep t (∗ t h i s ) ;
node . put_rhs_operand ( s t d : : move ( borrowed_rhs ) ) ;

i f ( ! a t t empt_reduc t i on ( node ) ) {
// I f we can ’ t do a r e d u c t i o n on the RHS, t r y the LHS .

track ing_mode = TrackingMode : : Le f tMa jo r ;
auto bor rowed_lhs = node . take_lhs_operand ( ) ;
borrowed_lhs −>accep t (∗ t h i s ) ;
node . put_lhs_operand ( s t d : : move ( bor rowed_lhs ) ) ;

a t t empt_reduc t i on ( node ) ;
}

track ing_mode = TrackingMode : : NotTrack ing ;
}

}

boo l D i s j u n c t i o n D i s t r i b u t i o n V i s i t o r : : a t t empt_reduc t i on ( Mutab leB inaryConnected &node )
{

// Cand idate c h i l d r e n are , by d e f i n i t i o n , d i s j u n c t i v e c l a u s e s .
a s s e r t ( node . ge t_ope ra to r_type ( ) == Bina ryOpera to rTypes : : D i s j u n c t i o n ) ;

i f ( ! t r acked_ope rands . empty ( ) ) {
/∗

∗ I f the t r a c k e d operands s t a c k i s non−empty , i t s t i l l h o l d s owne r sh ip o f ope rands i n c l a u s e s t h a t
∗ need to be d i s t r i b u t e d . We c o n s i d e r f o u r ’ d e s t i n a t i o n ’ ope rands based on the top l a y e r o f the s t a c k
∗ used to c o n s t r u c t the d i s t r i b u t e d c o n j u n c t i v e c l a u s e o f d i s j u n c t s :
∗
∗ − LHS/LHS : The LHS operand o f the f i r s t d i s j u n c t
∗ − LHS/RHS : The RHS operand o f the f i r s t d i s j u n c t
∗ − RHS/LHS : The LHS operand o f the second d i s j u n c t . Th i s i s the d i s t r i b u t e d l i t e r a l c l o n e d from
∗ LHS/LHS .
∗ − RHS/RHS : The RHS operand o f the second d i s j u n c t .
∗/

auto d e s t i n a t i o n _ l h s _ l h s =
track ing_mode == TrackingMode : : Le f tMa jo r ? node . take_rhs_operand ( ) : node . take_ lhs_operand ( ) ;

auto d e s t i n a t i o n _ l h s _ r h s = s t d : : move ( t racked_ope rands . top ( ) . f i r s t ) ;

auto d e s t i n a t i o n _ r h s _ l h s = d e s t i n a t i o n _ l h s _ l h s −>c l o n e ( ) ;
auto d e s t i n a t i o n _ r h s _ r h s = s t d : : move ( t racked_ope rands . top ( ) . second ) ;

node . s e t _ o p e r a t o r _ t y p e ( B ina ryOpera to rTypes : : Con ju nc t i on ) ;

node . put_lhs_operand ( s t d : : make_unique<MutableBinaryConnected >( B ina ryOpera to rTypes : : D i s j u n c t i o n ,
s t d : : move ( d e s t i n a t i o n _ l h s _ l h s ) , s t d : : move ( d e s t i n a t i o n _ l h s _ r h s ) ) ) ;

node . put_rhs_operand ( s t d : : make_unique<Mutab leBinaryConnected >( B ina ryOpera to rTypes : : D i s j u n c t i o n ,
s t d : : move ( d e s t i n a t i o n _ r h s _ l h s ) , s t d : : move ( d e s t i n a t i o n _ r h s _ r h s ) ) ) ;

t r acked_ope rands . pop ( ) ;
M u t a t i n g S e n t e n c e V i s i t o r B a s e : : v i s i t ( node ) ;

/∗
∗ The above r e c u r s i v e c a l l s h o u l d empty the t r a c k e d operands s t a c k wi th t h i s member f u n c t i o n . I f we
∗ end wi th a non−empty s tack , i t s t i l l owns ope rands t h a t s h o u l d ’ ve been r e t u r n e d to the
∗ Mutab leB inaryConnected or used to c o n s t r u c t a new operand .
∗/

a s s e r t ( t r acked_ope rands . empty ( ) ) ;
r e t u r n t r u e ;

}

r e t u r n f a l s e ;
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}

} // namespace o p t i f o l

1.16.1.4.3.2 DisjunctionDistributionVisitor.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the D i s j u n c t i o n −D i s t r i b u t i o n V i s i t o r and i t s a s s o c i a t e d r u l e s e t .
∗ @author O l i v e r Dixon
∗ @date 2024−11−25
∗ @ v e r s i o n Development
∗/

#i f n d e f DISJUNCTIONDISTRIBUTIONVISITOR_HPP
#d e f i n e DISJUNCTIONDISTRIBUTIONVISITOR_HPP

#i n c l u d e <memory>
#i n c l u d e <stack >

#i n c l u d e " . . / M u t a t i n g S e n t e n c e V i s i t o r B a s e . hpp "

namespace o p t i f o l
{

c l a s s IMutab l eSentence ;

/∗∗
∗ @ c l a s s D i s j u n c t i o n D i s t r i b u t i o n V i s i t o r
∗ @ b r i e f The D i s j u n c t i o n −D i s t r i b u t i o n V i s i t o r a p p l i e s the d i s t r i b u t i v e law to e l i g i b l e connected s e n t e n c e s .
∗
∗ @ d e t a i l s The D i s j u n c t i o n −D i s t r i b u t i o n V i s i t o r r e w r i t e s the model to d i s t r i b u t e d i s j u n c t i o n s a c r o s s c l a u s e s
∗ o f n e s t e d c o n j u n c t i o n s . I n p a r t i c u l a r , <ul > <l i ><code>P | (Q & R)</code> becomes <code >(P | Q) & (P |
∗ R)</code >; and l i k e w i s e , </ l i > <l i ><code >(P & Q) | R</code> becomes <code >(R | P) & (R | Q)</code >.</ l i >
∗ </ul >
∗ The r e w r i t i n g r u l e s execu t ed h e r e i n do not make use o f p r o x i e s , as fundamenta l t y p e s a r e not a l t e r e d ( i . e .
∗ o n l y the s u b s t a n c e o f the Mutab leB inaryConnected ope rands a r e a l t e r e d ) .
∗
∗ @warning Although m u l t i p l e p a s s e s a r e not r e q u i r e d f o r t h i s CNF−n o r m a l i s i n g v i s i t o r , i t does r e c u r s e on any
∗ produced terms to e n s u r e a f u l l r e d u c t i o n . On e x t r e m e l y d e e p l y n e s t e d s e n t e n c e s , t h i s cou ld cause a machine
∗ s t a c k o v e r f l o w .
∗/

c l a s s D i s j u n c t i o n D i s t r i b u t i o n V i s i t o r : p u b l i c M u t a t i n g S e n t e n c e V i s i t o r B a s e
{
p u b l i c :

[ [ n o d i s c a r d ] ] s t d : : s t r i n g _ v i e w ge t_v i s i t o r_name ( ) c on s t o v e r r i d e ;

/∗∗
∗ @ b r i e f R e c u r s i v e l y a p p l i e s d i s j u n c t i o n −d i s t r i b u t i o n to the connected sentence , in −p l a c e .
∗ @param node The r o o t o f the connected s e n t e n c e on which d i s j u n c t i o n −d i s t r i b u t i o n s h o u l d be a p p l i e d .
∗/

v o i d v i s i t ( Mutab leB inaryConnected &node ) o v e r r i d e ;

p r i v a t e :
/∗∗

∗ @enum TrackingMode
∗ @ b r i e f I n d i c a t e the c u r r e n t s t a t e o f ’ t r a c k i n g ’ , as r e q u i r e d by a c a l l i n g v i s i t o r .
∗ @ d e t a i l s When t r a c k i n g i s enab l ed ( l e f t − or r i g h t −major ) , ope rands / c h i l d r e n o f b i na r y −connected nodes
∗ s h o u l d be t r a c k e d by the D i s j u n c t i o n D i s t r i b u t i o n V i s i t o r i n s t a n c e .
∗/

enum c l a s s TrackingMode
{

NotTracking , /∗∗< Not t r a c k i n g ; n e s t e d c h i l d r e n shou ldn ’ t r e c o r d t h e i r ope rands . ∗/
Lef tMajor , /∗∗< Track ing to the l e f t : n e s t e d c h i l d r e n s h o u l d r e c o r d t h e i r l e f t ope rands i n the major

s l o t ∗/
RightMajor /∗∗< Track ing to the r i g h t : n e s t e d c h i l d r e n s h o u l d r e c o r d t h e i r r i g h t ope rands i n the major

s l o t ∗/
} ;

s t a t i c c o n s t cha r ∗ v i s i t o r _ n a m e ;

/∗∗
∗ @ b r i e f The c u r r e n t operand−t r a c k i n g s t a t e
∗/
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TrackingMode track ing_mode = TrackingMode : : NotTrack ing ;

/∗∗
∗ @ b r i e f The t r a c k e d operand s t a c k s t o r e s , depth−wise , the major and minor c h i l d ope rands o f connected
∗ nodes , r e s p e c t i v e l y .
∗/

s t d : : s tack <s t d : : p a i r <s t d : : un ique_ptr <IMutab leSentence >, s t d : : un ique_ptr <IMutab leSentence >>>
tracked_ope rands ;

/∗∗
∗ @ b r i e f Apply any a p p l i c a b l e r e d u c t i o n s to the g i v e n node , g i v e n the c o l l e c t e d t r a c k e d operands from
∗ e l i g i b l e c h i l d r e n .
∗ @pre The g i v e n node must be o f a d i s j u n c t i v e n a t u r e .
∗ @post The t r a c k e d operand s t a c k i s empty .
∗ @param node The r o o t node on which r e d u c t i o n s h ou l d be a p p l i e d
∗ @re tu rn Was at l e a s t one r e d u c t i o n per fo rmed ?
∗/

boo l a t t empt_reduc t i on ( Mutab leB inaryConnected &node ) ;
} ;

} // namespace o p t i f o l

#e n d i f

1.16.1.4.3.3 DMLVisitor.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the De Morgan ’ s Laws V i s i t o r and i t s a s s o c i a t e d r u l e s e t .
∗ @author O l i v e r Dixon
∗ @date 2024−11−27
∗ @ v e r s i o n Development
∗/

#i n c l u d e " DMLVis itor . hpp "
#i n c l u d e " . . / . . / . . / . . / IR / Mutab l eVa r i an t s / Sen tence s / Mutab leB inaryConnected . hpp "
#i n c l u d e " . . / . . / . . / . . / IR / Mutab l eVa r i an t s / Sen tence s / M u t a b l e Q u a n t i f i e d . hpp "

namespace o p t i f o l
{

c on s t cha r ∗ DMLVis itor : : v i s i t o r _ n a m e = "DeMorgan" ;

s t d : : s t r i n g _ v i e w DMLVis itor : : g e t_v i s i t o r_name ( ) co n s t
{

r e t u r n v i s i t o r _ n a m e ;
}

v o i d DMLVis itor : : v i s i t ( Mutab leB inaryConnected &node )
{

/∗
∗ I f we ’ r e i n an im m ed i a t e l y n e g a t i v e c o n t e x t ~( Mutab leB inaryConnected ) , we app l y the t r a n s f o r m a t i o n
∗ a c c o r d i n g to the b i n a r y o p e r a t o r type . Th i s r e q u i r e s t a k i n g temporary owne r sh ip o f the ope rands .
∗/

i f ( node . i s _ n e g a t i v e _ p o l a r i t y ( ) ) {
auto bor rowed_lhs = node . take_lhs_operand ( ) ;
auto borrowed_rhs = node . take_rhs_operand ( ) ;

s w i t c h ( node . ge t_ope ra to r_type ( ) ) {
ca se B ina ryOpera to rTypes : : D i s j u n c t i o n :

node . s e t _ o p e r a t o r _ t y p e ( B ina ryOpera to rTypes : : Con ju nc t i on ) ;
borrowed_lhs −>f l i p _ p o l a r i t y ( ) ;
borrowed_rhs−>f l i p _ p o l a r i t y ( ) ;
node . f l i p _ p o l a r i t y ( ) ;
b reak ;

ca s e B ina ryOpera to rTypes : : C on j unc t i on :
node . s e t _ o p e r a t o r _ t y p e ( B ina ryOpera to rTypes : : D i s j u n c t i o n ) ;
borrowed_lhs −>f l i p _ p o l a r i t y ( ) ;
borrowed_rhs−>f l i p _ p o l a r i t y ( ) ;
node . f l i p _ p o l a r i t y ( ) ;
b reak ;

d e f a u l t :
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( v o i d ) 0 ;
}

node . put_lhs_operand ( s t d : : move ( bor rowed_lhs ) ) ;
node . put_rhs_operand ( s t d : : move ( borrowed_rhs ) ) ;

}

/∗
∗ R e g a r d l e s s o f whether we d id a t r a n s f o r m a t i o n , t h e r e may be f u r t h e r o p p o r t u n i t i e s f o r t r a n s f o r m a t i o n on
∗ the i n d i v i d u a l ope rands .
∗/

M u t a t i n g S e n t e n c e V i s i t o r B a s e : : v i s i t ( node ) ;
}

v o i d DMLVis itor : : v i s i t ( M u t a b l e Q u a n t i f i e d &node )
{

/∗
∗ I f we ’ r e i n an im m ed i a t e l y n e g a t i v e c o n t e x t ~( M u t a b l e Q u a n t i f i e d ) , we app l y the t r a n s f o r m a t i o n a c c o r d i n g
∗ to the q u a n t i f i c a t i o n type . Th i s r e q u i r e s t a k i n g temporary owne r sh ip o f the q u a n t i f i e d s e n t e n c e .
∗/

i f ( node . i s _ n e g a t i v e _ p o l a r i t y ( ) ) {
auto bor rowed_sentence = node . t ake_sen tence ( ) ;

s w i t c h ( node . g e t _ q u a n t i f i e r _ t y p e ( ) ) {
ca se Q u a n t i f i e r T y p e s : : U n i v e r s a l :

node . s e t _ q u a n t i f i e r _ t y p e ( Q u a n t i f i e r T y p e s : : E x i s t e n t i a l ) ;
bor rowed_sentence −>f l i p _ p o l a r i t y ( ) ;
b reak ;

ca s e Q u a n t i f i e r T y p e s : : E x i s t e n t i a l :
node . s e t _ q u a n t i f i e r _ t y p e ( Q u a n t i f i e r T y p e s : : U n i v e r s a l ) ;
bor rowed_sentence −>f l i p _ p o l a r i t y ( ) ;
b reak ;

}

node . put_sentence ( s t d : : move ( bor rowed_sentence ) ) ;
node . f l i p _ p o l a r i t y ( ) ;

}

/∗
∗ R e g a r d l e s s o f whether we d id a t r a n s f o r m a t i o n , t h e r e may be f u r t h e r o p p o r t u n i t i e s f o r t r a n s f o r m a t i o n on
∗ the q u a n t i f i e d s e n t e n c e .
∗/

M u t a t i n g S e n t e n c e V i s i t o r B a s e : : v i s i t ( node ) ;
}

} // namespace o p t i f o l

1.16.1.4.3.4 DMLVisitor.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the De Morgan ’ s Laws V i s i t o r and i t s a s s o c i a t e d r u l e s e t .
∗ @author O l i v e r Dixon
∗ @date 2024−11−27
∗ @ v e r s i o n Development
∗/

#i f n d e f DMLVISITOR_HPP
#d e f i n e DMLVISITOR_HPP

#i n c l u d e <memory>
#i n c l u d e <vec to r >

#i n c l u d e " . . / M u t a t i n g S e n t e n c e V i s i t o r B a s e . hpp "

namespace o p t i f o l
{

c l a s s IMutab l eSentence ;

/∗∗
∗ @ c l a s s DMLVis itor
∗ @ b r i e f The DML (De Morgan ’ s Laws ) V i s i t o r a p p l i e s De Morgan ’ s Laws wi th n e g a t i v e r e d u c t i o n to e l i g i b l e
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∗ s e n t e n c e s .
∗
∗ @ d e t a i l s The DML v i s i t o r r e c u r s i v e l y r e w r i t e s the r o o t model w i th the f o l l o w i n g r u l e s :
∗ <ul >
∗ <l i ><code >~(P | Q)</code> becomes <code>~P & ~Q</code >;</ l i >
∗ <l i ><code >~(P & Q)</code> becomes <code>~P | ~Q</code >;</ l i >
∗ <l i ><code >~~P</code> becomes <code>P</code >;</ l i >
∗ <l i ><code>~%Ux(P( x ) )</code> becomes <code>%Ex (~P( x ) )</code >; and</ l i >
∗ <l i ><code>~%Ex (P( x ) )</code> becomes <code>%Ux(~P( x ) )</code >.</ l i >
∗ </ul >
∗
∗ @warning Although m u l t i p l e p a s s e s a r e not r e q u i r e d f o r t h i s DML−n o r m a l i s i n g v i s i t o r , i t does r e c u r s e on any
∗ produced terms to e n s u r e a f u l l r e d u c t i o n . On e x t r e m e l y d e e p l y n e s t e d s e n t e n c e s , t h i s cou ld cause a machine
∗ s t a c k o v e r f l o w .
∗/

c l a s s DMLVis itor : p u b l i c M u t a t i n g S e n t e n c e V i s i t o r B a s e
{
p u b l i c :

[ [ n o d i s c a r d ] ] s t d : : s t r i n g _ v i e w ge t_v i s i t o r_name ( ) c o n s t o v e r r i d e ;

v o i d v i s i t ( Mutab leB inaryConnected &node ) o v e r r i d e ;

v o i d v i s i t ( M u t a b l e Q u a n t i f i e d &node ) o v e r r i d e ;

p r i v a t e :
s t a t i c c o n s t cha r ∗ v i s i t o r _ n a m e ;

} ;

} // namespace o p t i f o l

#e n d i f

1.16.1.4.3.5 ImplicationEliminationVisitor.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the I m p l i c a t i o n −E l i m i n a t i o n V i s i t o r and i t s a s s o c i a t e d r u l e s e t .
∗ @author O l i v e r Dixon
∗ @date 2024−11−24
∗ @ v e r s i o n Development
∗/

#i n c l u d e " I m p l i c a t i o n E l i m i n a t i o n V i s i t o r . hpp "

#i n c l u d e " . . / . . / . . / . . / IR / Mutab l eVa r i an t s / Sen tence s / Mutab leB inaryConnected . hpp "

namespace o p t i f o l
{

c on s t cha r ∗ I m p l i c a t i o n E l i m i n a t i o n V i s i t o r : : v i s i t o r _ n a m e = " I m p l i c a t i o n E l i m i n a t i o n " ;

s t d : : s t r i n g _ v i e w I m p l i c a t i o n E l i m i n a t i o n V i s i t o r : : g e t_v i s i t o r_name ( ) c o n s t
{

r e t u r n v i s i t o r _ n a m e ;
}

v o i d I m p l i c a t i o n E l i m i n a t i o n V i s i t o r : : v i s i t ( Mutab leB inaryConnected &node )
{

M u t a t i n g S e n t e n c e V i s i t o r B a s e : : v i s i t ( node ) ;

c on s t auto o p e r a t o r _ t y p e = node . ge t_ope ra to r_type ( ) ;

i f ( o p e r a t o r _ t y p e == Bina ryOpera to rTypes : : I m p l i c a t i o n ) {
node . s e t _ o p e r a t o r _ t y p e ( B ina ryOpera to rTypes : : D i s j u n c t i o n ) ;
auto bor rowed_lhs = node . take_lhs_operand ( ) ;
borrowed_lhs −>f l i p _ p o l a r i t y ( ) ;
node . put_lhs_operand ( s t d : : move ( bor rowed_lhs ) ) ;

} e l s e i f ( o p e r a t o r _ t y p e == Bina ryOpera to rTypes : : B i c o n d i t i o n a l ) {
node . s e t _ o p e r a t o r _ t y p e ( B ina ryOpera to rTypes : : Con ju nc t i on ) ;

auto s a v e _ l h s = node . take_lhs_operand ( ) ;
auto save_rhs = node . take_rhs_operand ( ) ;

auto new_rhs = save_rhs −>c l o n e ( ) ;
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new_rhs−>f l i p _ p o l a r i t y ( ) ;

node . put_lhs_operand ( s t d : : make_unique<MutableBinaryConnected >(
B ina ryOpera to rTypes : : D i s j u n c t i o n , save_ lhs −>c l o n e ( ) , s t d : : move ( new_rhs ) ) ) ;

save_ lhs −>f l i p _ p o l a r i t y ( ) ;

node . put_rhs_operand ( s t d : : make_unique<Mutab leBinaryConnected >(
B ina ryOpera to rTypes : : D i s j u n c t i o n , s t d : : move ( s a v e _ l h s ) , s t d : : move ( save_rhs ) ) ) ;

}
}

} // namespace o p t i f o l

1.16.1.4.3.6 ImplicationEliminationVisitor.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the I m p l i c a t i o n −E l i m i n a t i o n V i s i t o r and i t s a s s o c i a t e d r u l e s e t .
∗ @author O l i v e r Dixon
∗ @date 2024−11−24
∗ @ v e r s i o n Development
∗/

#i f n d e f IMPLICATIONELIMINATIONVISITOR_HPP
#d e f i n e IMPLICATIONELIMINATIONVISITOR_HPP

#i n c l u d e " . . / M u t a t i n g S e n t e n c e V i s i t o r B a s e . hpp "

namespace o p t i f o l
{

/∗∗
∗ @ c l a s s I m p l i c a t i o n E l i m i n a t i o n V i s i t o r
∗ @ b r i e f The I m p l i c a t i o n E l i m i n a t i o n V i s i t o r a p p l i e s the f i r s t s t a g e o f in −s i t u model−r e w r i t i n g to Negated
∗ Normal Form .
∗
∗ @ d e t a i l s The I m p l i c a t i o n E l i m i n a t i o n V i s i t o r r e w r i t e s the model to remove i m p l i c a t i o n s and e q u i v a l e n c e s .
∗ I m p l i c a t i o n s a r e r e w r i t t e n as d i s j u n c t i o n s , and e q u i v a l e n c e s a r e r e w r i t t e n as c o n j u n c t i o n s o f d i s j u n c t i o n s .
∗ I n p a r t i c u l a r , <ul > <l i ><code>P( x ) =&gt ; Q( x )</code> becomes <code>~P( x ) | Q( x )</code >; and l i k e w i s e , </ l i >
∗ <l i ><code>P( x ) &l t ;=&gt ; Q( x )</code> becomes <code >(P( x ) | ~Q( x ) ) & (~P( x ) | Q( x ) )</code >.</ l i >
∗ </ul >
∗ The r e w r i t i n g r u l e s execu t ed h e r e i n do not make use o f p r o x i e s , as fundamenta l t y p e s a r e not a l t e r e d ( i . e .
∗ o n l y the s u b s t a n c e o f the Mutab leB inaryConnected ope rands a r e a l t e r e d ) .
∗/

c l a s s I m p l i c a t i o n E l i m i n a t i o n V i s i t o r : p u b l i c M u t a t i n g S e n t e n c e V i s i t o r B a s e
{
p u b l i c :

[ [ n o d i s c a r d ] ] s t d : : s t r i n g _ v i e w ge t_v i s i t o r_name ( ) c on s t o v e r r i d e ;

/∗∗
∗ @ b r i e f R e c u r s i v e l y a p p l i e s i m p l i c a t i o n −e l i m i n a t i o n t r a n s f o r m a t i o n s to the g i v e n connected s e n t e n c e r o o t
∗ @param node The connected s e n t e n c e r o o t node on which the i m p l i c a t i o n −e l i m i n a t i o n s h ou l d be a p p l i e d
∗/

v o i d v i s i t ( Mutab leB inaryConnected &node ) o v e r r i d e ;

p r i v a t e :
s t a t i c c o n s t cha r ∗ v i s i t o r _ n a m e ;

} ;

} // namespace o p t i f o l

#e n d i f

1.16.1.4.3.7 QuantifierExtractingVisitor.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
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∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the Q u a n t i f i e r E x t r a c t i n g V i s i t o r
∗ @author O l i v e r Dixon
∗ @date 2025−05−04
∗ @ v e r s i o n Development
∗/

#i n c l u d e <c a s s e r t >

#i n c l u d e " Q u a n t i f i e r E x t r a c t i n g V i s i t o r . hpp "

#i n c l u d e " . . / . . / . . / . . / IR / Mutab l eVa r i an t s / Sen tence s / Mutab leB inaryConnected . hpp "
#i n c l u d e " . . / . . / . . / . . / IR / Mutab l eVa r i an t s / Sen tence s / Mutab leSentenceRoot . hpp "

namespace o p t i f o l
{

c on s t cha r ∗ Q u a n t i f i e r E x t r a c t i n g V i s i t o r : : v i s i t o r _ n a m e = " Q u a n t i f i e r E x t r a c t i o n " ;

s t d : : s t r i n g _ v i e w Q u a n t i f i e r E x t r a c t i n g V i s i t o r : : g e t_v i s i t o r_name ( ) c on s t
{

r e t u r n v i s i t o r _ n a m e ;
}

v o i d Q u a n t i f i e r E x t r a c t i n g V i s i t o r : : v i s i t ( Mutab leB inaryConnected &node )
{

a s s e r t ( ! t r a n s f o r m a t i o n . has_va lue ( ) ) ; // Ensure t h e r e i s no pend ing t r a n s f o r m a t i o n .

// Recur se down the LHS and app l y any a p p l i c a b l e t r a n s f o r m s g e n e r a t e d d u r i n g the v i s i t .
t rack ing_mode = TrackingMode : : Le f tMa jo r ;
auto borrowed_operand_lhs = node . take_ lhs_operand ( ) ;
borrowed_operand_lhs−>accep t (∗ t h i s ) ;
bor rowed_operand_lhs = app l y_t ran s f o rm ( s t d : : move ( borrowed_operand_lhs ) ) ;

i f ( ! quant_lhs_data . has_va lue ( ) )
// I f no q u a n t i f i e r , j u s t r e t u r n the borrowed LHS .
node . put_lhs_operand ( s t d : : move ( borrowed_operand_lhs ) ) ;

// Recur se down the RHS and app l y any a p p l i c a b l e t r a n s f o r m s g e n e r a t e d d u r i n g the v i s i t .
t rack ing_mode = TrackingMode : : R ightMajor ;
auto borrowed_operand_rhs = node . take_rhs_operand ( ) ;
borrowed_operand_rhs−>accep t (∗ t h i s ) ;
borrowed_operand_rhs = app l y_t ran s f o rm ( s t d : : move ( borrowed_operand_rhs ) ) ;

i f ( ! quant_rhs_data . has_va lue ( ) )
// I f no q u a n t i f i e r , j u s t r e t u r n the borrowed RHS .
node . put_rhs_operand ( s t d : : move ( borrowed_operand_rhs ) ) ;

a s s e r t ( ! t r a n s f o r m a t i o n . has_va lue ( ) ) ; // Ensure t h e r e i s s t i l l no pend ing t r a n s f o r m a t i o n .
t rack ing_mode = TrackingMode : : NotTrack ing ;

/∗
∗ Apply the r u l e s :
∗
∗ − I f t h e r e ’ s a q u a n t i f i e r on the LHS and the RHS, the q u a n t i f i e r s cannot be moved any f u r t h e r
∗ outwards .
∗ − I f t h e r e ’ s n e i t h e r o f the ope rands were q u a n t i f i e r s , t h e r e a r e no q u a n t i f i e r s to move outwards .
∗ − I f t h e r e ’ s a q u a n t i f i e r on e i t h e r the LHS or the RHS, p r e p a r e the c u r r e n t Mutab leB inaryConnected to
∗ be the q u a n t i f i e d s e n t e n c e by r e t a i n i n g the non−q u a n t i f i e d s i d e , and u s i n g the p r e v i o u s l y q u a n t i f i e d
∗ s e n t e n c e as the o t h e r operand .
∗
∗ At each stage , we e n s u r e t h a t any borrowed s e n t e n c e s / ope rands have been r e t u r n e d to an owner . Once
∗ t h i s o p e r a t i o n i s complete , o n l y the bound v a r i a b l e may be h e l d i n the q u a n t i f i e r t emp la t e w i thout a
∗ permanent owner .
∗/

i f ( quant_lhs_data . has_va lue ( ) ) {
i f ( ! quant_rhs_data . has_va lue ( ) ) {

// I f the LHS o n l y i s a q u a n t i f i e r , s e t our LHS as i t s s e n t e n c e .
node . put_lhs_operand ( s t d : : move ( quant_lhs_data−>s e n t e n c e ) ) ;
t r a n s f o r m a t i o n . emplace ( quant_lhs_data−>type , s t d : : move ( quant_lhs_data−>bound_term ) ) ;

} e l s e {
// I f both ope rands were q u a n t i f i e r s , t h e r e ’ s no t r a n s f o r m a t i o n to do . Return ope rands to our
// node .
node . put_lhs_operand ( s t d : : move ( borrowed_operand_lhs ) ) ;
node . put_rhs_operand ( s t d : : move ( borrowed_operand_rhs ) ) ;

quant_lhs_data−>return_to_owner ( ) ;
quant_rhs_data−>return_to_owner ( ) ;

quant_rhs_data . r e s e t ( ) ;
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}

quant_lhs_data . r e s e t ( ) ;
} e l s e i f ( quant_rhs_data . has_va lue ( ) ) {

// I f the RHS o n l y i s a q u a n t i f i e r , s e t our RHS as i t s s e n t e n c e .
node . put_rhs_operand ( s t d : : move ( quant_rhs_data−>s e n t e n c e ) ) ;
t r a n s f o r m a t i o n . emplace ( quant_rhs_data−>type , s t d : : move ( quant_rhs_data−>bound_term ) ) ;
quant_rhs_data . r e s e t ( ) ;

}

// Ensure t h e r e a r e no v a l u e s w i th i n d e t e r m i n a t e owners .
a s s e r t ( node . obse rve_ lh s_ope rand ( ) != n u l l p t r ) ;
a s s e r t ( node . obse rve_rhs_operand ( ) != n u l l p t r ) ;
a s s e r t ( ! quant_lhs_data . has_va lue ( ) ) ;
a s s e r t ( ! quant_rhs_data . has_va lue ( ) ) ;

}

v o i d Q u a n t i f i e r E x t r a c t i n g V i s i t o r : : v i s i t ( M u t a b l e Q u a n t i f i e d &node )
{

c on s t auto was_t rack ing = track ing_mode ;
track ing_mode = TrackingMode : : NotTrack ing ;

auto bor rowed_sentence = node . t ake_sen tence ( ) ;
bor rowed_sentence −>accep t (∗ t h i s ) ;
bor rowed_sentence = app l y_t ran s f o rm ( s t d : : move ( bor rowed_sentence ) ) ;

s w i t c h ( was_t rack ing ) {
ca se TrackingMode : : NotTrack ing :

node . put_sentence ( s t d : : move ( bor rowed_sentence ) ) ;
r e t u r n ;

ca s e TrackingMode : : Le f tMa jo r :
quant_lhs_data . emplace (

node . g e t _ q u a n t i f i e r _ t y p e ( ) , node . take_bound_term ( ) , s t d : : move ( bor rowed_sentence ) , &node ) ;
b reak ;

ca s e TrackingMode : : R ightMajor :
quant_rhs_data . emplace (

node . g e t _ q u a n t i f i e r _ t y p e ( ) , node . take_bound_term ( ) , s t d : : move ( bor rowed_sentence ) , &node ) ;
b reak ;

}
}

v o i d Q u a n t i f i e r E x t r a c t i n g V i s i t o r : : v i s i t ( Mutab leSentenceRoot &node )
{

auto bor rowed_sentence = node . t ake_sen tence ( ) ;
bor rowed_sentence −>accep t (∗ t h i s ) ;
node . put_sentence ( app l y_t ran s f o rm ( s t d : : move ( bor rowed_sentence ) ) ) ;

}

s t d : : un ique_ptr <IMutab leSentence > Q u a n t i f i e r E x t r a c t i n g V i s i t o r : : app l y_t r an s f o rm (
s t d : : un ique_ptr <IMutab leSentence > &&t r a n s f o r m _ t a r g e t )

{
i f ( t r a n s f o r m a t i o n . has_va lue ( ) ) {

t r a n s f o r m _ t a r g e t = s t d : : make_unique<Mutab l eQuant i f i ed >(
t r a n s f o r m a t i o n −>f i r s t , s t d : : move ( t r a n s f o r m a t i o n −>second ) , s t d : : move ( t r a n s f o r m _ t a r g e t ) ) ;

t r a n s f o r m a t i o n . r e s e t ( ) ;

// The i n t r o d u c t i o n o f a new q u a n t i f i e d s e n t e n c e may open new o p p o r t u n i t i e s f o r r e d u c t i o n , to an
// a r b i t r a r y depth
t r a n s f o r m _ t a r g e t −>accep t (∗ t h i s ) ;

}

r e t u r n t r a n s f o r m _ t a r g e t ;
}

} // namespace o p t i f o l

1.16.1.4.3.8 QuantifierExtractingVisitor.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the Q u a n t i f i e r E x t r a c t i n g V i s i t o r
∗ @author O l i v e r Dixon
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∗ @date 2025−05−04
∗ @ v e r s i o n Development
∗/

#i f n d e f QUANTIFIEREXTRACTINGVISITOR_HPP
#d e f i n e QUANTIFIEREXTRACTINGVISITOR_HPP

#i n c l u d e <memory>
#i n c l u d e <o p t i o n a l >

#i n c l u d e " . . / . . / . . / . . / IR / Mutab l eVa r i an t s / Sen tence s / IMutab l eSentence . hpp "
#i n c l u d e " . . / . . / . . / . . / IR / Mutab l eVa r i an t s / Sen tence s / M u t a b l e Q u a n t i f i e d . hpp "
#i n c l u d e " . . / . . / . . / . . / IR / Mutab l eVa r i an t s /Terms/ IMutableTerm . hpp "
#i n c l u d e " . . / M u t a t i n g S e n t e n c e V i s i t o r B a s e . hpp "

namespace o p t i f o l
{

/∗∗
∗ @ c l a s s Q u a n t i f i e r E x t r a c t i n g V i s i t o r
∗ @ b r i e f The q u a n t i f i e r −e x t r a c t i n g v i s i t o r s h i f t s q u a n t i f i e r s outwards o f b i na r y −connected nodes .
∗
∗ @ d e t a i l s
∗ <p>
∗ The q u a n t i f i e r −e x t r a c t i n g v i s i t o r r e w r i t e s the model such t h a t q u a n t i f i e r s may o n l y occu r i n the
∗ i n i t i a l p r e f i x o f a formula , but n eve r i n s i d e a negat ion , c o n j u n c t i o n , o r d i s j u n c t i o n . I n p a r t i c u l a r , the
∗ f o l l o w i n g t r a n s f o r m a t i o n s a r e r e p e a t e d l y a p p l i e d : <t a b l e > <tr > <th>#</th> <th>Match</th>
∗ <th>Replacement </th>
∗ </t r >
∗ <tr >
∗ <td >1</td>
∗ <td>@f$ P \ land \ f o r a l l x Q( x ) @f$</td>
∗ <td>@f$ \ f o r a l l x \ l e f t ( P \ l and Q( x ) \ r i g h t ) @f$</td>
∗ </t r >
∗ <tr >
∗ <td >2</td>
∗ <td>@f$ P \ l o r \ f o r a l l x Q( x ) @f$</td>
∗ <td>@f$ \ f o r a l l x \ l e f t ( P \ l o r Q( x ) \ r i g h t ) @f$</td>
∗ </t r >
∗ <tr >
∗ <td >3</td>
∗ <td>@f$ P \ land \ e x i s t s x Q( x ) @f$</td>
∗ <td>@f$ \ e x i s t s x \ l e f t ( P \ l and Q( x ) \ r i g h t ) @f$</td>
∗ </t r >
∗ <tr >
∗ <td >4</td>
∗ <td>@f$ P \ l o r \ e x i s t s x Q( x ) @f$</td>
∗ <td>@f$ \ e x i s t s x \ l e f t ( P \ l o r Q( x ) \ r i g h t ) @f$</td>
∗ </t r >
∗ </t a b l e >
∗ </p>
∗ <p>
∗ Note t h a t the above t r a n s f o r m a t i o n s a r e commutat ive i n the b i n a r y o p e r a t o r . That i s , the above
∗ t r a n s f o r m a t i o n s match e q u a l l y f o r q u a n t i f i e r s on the LHS and non−q u a n t i f i e r s on the RHS . C r u i c a l l y , b i n a r y
∗ s e n t e n c e s w i th q u a n t i f i e r s i n both or n e i t h e r operand s l o t ( s ) a r e not e l i g i b l e f o r t r a n s f o r m a t i o n .
∗ </p>
∗/

c l a s s Q u a n t i f i e r E x t r a c t i n g V i s i t o r : p u b l i c M u t a t i n g S e n t e n c e V i s i t o r B a s e
{
p u b l i c :

[ [ n o d i s c a r d ] ] s t d : : s t r i n g _ v i e w ge t_v i s i t o r_name ( ) c on s t o v e r r i d e ;

v o i d v i s i t ( Mutab leB inaryConnected &node ) o v e r r i d e ;

v o i d v i s i t ( M u t a b l e Q u a n t i f i e d &node ) o v e r r i d e ;

v o i d v i s i t ( Mutab leSentenceRoot &node ) o v e r r i d e ;

p r i v a t e :
/∗∗

∗ @ c l a s s Quant i f i edTemp la t e
∗ @ b r i e f A b a s i c owning s t r u c t u r e f o r q u a n t i f i e r data ( type , bound term , and bound s e n t e n c e ) w i th an
∗ owner to which i t can be r e t u r n e d .
∗/

s t r u c t Quant i f i edTemp la t e
{

/∗∗
∗ @ b r i e f C o n s t r u c t a new Quant i f i edTemp la t e to ho ld owne r sh ip o f the g i v e n bound term and sentence ,
∗ borrowed from the s p e c i f i e d owner
∗ @param type The c h a r a c t e r i s t i c t ype o f the q u a n t i f i e r
∗ @param bound_term The v a r i a b l e term bound by the q u a n t i f i e r , to be owned by the t emp la t e
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∗ @param s e n t e n c e The s e n t e n c e bound by the q u a n t i f i e r , to be owned by the t emp la t e
∗ @param owner The owner o f the bound term and s e n t e n c e to which r e s p o n s i b i l i t y may be r e t u r n e d at
∗ any p o i n t th roughout the l i f e t i m e o f the Quant i f i edTemp la t e .
∗/

Quant i f i edTemp la t e ( c on s t Q u a n t i f i e r T y p e s type , s t d : : un ique_ptr <IMutableTerm> &&bound_term ,
s t d : : un ique_ptr <IMutab leSentence > &&sentence , M u t a b l e Q u a n t i f i e d ∗ owner ) :

t ype ( type ) ,
bound_term ( s t d : : move ( bound_term ) ) ,
s e n t e n c e ( s t d : : move ( s e n t e n c e ) ) ,
owner ( owner )

{
}

/∗∗
∗ @ b r i e f Return the borrowed e l ement s to the r e s p o n s i b i l i t y o f the o r i g i n a l s t a t e d owner
∗/

v o i d return_to_owner ( )
{

owner−>put_sentence ( s t d : : move ( s e n t e n c e ) ) ;
owner−>put_bound_term ( s t d : : move ( bound_term ) ) ;

}

Q u a n t i f i e r T y p e s type ;
s t d : : un ique_ptr <IMutableTerm> bound_term ;
s t d : : un ique_ptr <IMutab leSentence > s e n t e n c e ;

p r i v a t e :
M u t a b l e Q u a n t i f i e d ∗ c on s t owner ;

} ;

/∗∗
∗ @enum TrackingMode
∗ @ b r i e f I n d i c a t e the c u r r e n t s t a t e o f ’ t r a c k i n g ’ , as r e q u i r e d by a c a l l i n g v i s i t o r .
∗ @ d e t a i l s When t r a c k i n g i s enab l ed ( l e f t − or r i g h t −major ) , ope rands / c h i l d r e n o f b i na r y −connected nodes
∗ s h o u l d be t r a c k e d by the Q u a n t i f i e r E x t r a c t i n g V i s i t o r i n s t a n c e .
∗/

enum c l a s s TrackingMode
{

NotTracking , /∗∗< Not t r a c k i n g ; n e s t e d c h i l d r e n shou ldn ’ t r e c o r d t h e i r ope rands . ∗/
Lef tMajor , /∗∗< Track ing to the l e f t : n e s t e d c h i l d r e n s h o u l d r e c o r d t h e i r l e f t ope rands i n the major

s l o t ∗/
RightMajor /∗∗< Track ing to the r i g h t : n e s t e d c h i l d r e n s h o u l d r e c o r d t h e i r r i g h t ope rands i n the major

s l o t ∗/
} ;

/∗∗
∗ @ b r i e f Apply any pend ing q u a n t i f i c a t i o n t r a n s f o r m a t i o n to the g i v e n ( borrowed ) t a r g e t
∗ @param t r a n s f o r m _ t a r g e t The t a r g e t s e n t e n c e to be t r a n s f o r m e d / wrapped by the pend ing t r a n s f o r m a t i o n
∗ q u a n t i f i e r
∗ @re tu rn An owning c o n t a i n e r to the wrapped t a r g e t sen tence , o r the o r i g i n a l s e n t e n c e i f t h e r e was no
∗ s u i t a b l e pend ing t r a n s f o r m .
∗ @ d e t a i l s There a r e two p o s s i b l e c a s e s :
∗ <ol >
∗ <l i >
∗ There i s no pend ing t r a n s f o r m a t i o n . Th i s f u n c t i o n does noth ing , and r e t u r n s an owning
∗ c o n t a i n e r to the borrowed t a r g e t .
∗ </ l i >
∗ <l i >
∗ <p>
∗ There i s a pend ing t r a n s f o r m a t i o n encod ing a type and bound term . The t r a n s f o r m a t i o n
∗ t a r g e t i s i n t e r p r e t e d as a s e n t e n c e t h a t s h o u l d be wrapped by a Mutab l eQuant i f i e rNode wi th the
∗ c h a r a c t e r and bound v a r i a b l e d e s c r i b e d by the t r a n s f o r m a t i o n p a i r . The t r a n s f o r m a t i o n i s a p p l i e d to the
∗ t a r g e t , thus making i t a Mutab l eQuant i f i e rNode b i n d i n g the s e n t e n c e p r e v i o u s l y h e l d by the
∗ t a r g e t , and the owning c o n t a i n e r i s r e t u r n e d .
∗ </p>
∗ <p>
∗ I n g e n e r a l , i f the t r a n s f o r m a t i o n metadata h o l d s a <code>T</code>−type q u a n t i f i e r b i n d i n g
∗ the v a r i a b l e <code>x</code >, and the t r a n s f o r m a t i o n t a r g e t h o l d s a s e n t e n c e <code>S</code >, the
∗ r e t u r n e d v a l u e i s an owning c o n t a i n e r f o r a <code>T</code>−type q u a n t i f i e r b i n d i n g the
∗ v a r i a b l e <code>x</code> with the s e n t e n c e <code>S</code >.
∗ </p>
∗ </ l i >
∗ </ol >
∗/

s t d : : un ique_ptr <IMutab leSentence > app l y_t r an s f o rm ( s t d : : un ique_ptr <IMutab leSentence > &&t r a n s f o r m _ t a r g e t ) ;

s t a t i c c o n s t cha r ∗ v i s i t o r _ n a m e ;

TrackingMode track ing_mode = TrackingMode : : NotTrack ing ;
s t d : : o p t i o n a l <Quant i f i edTemp la te > quant_lhs_data ;
s t d : : o p t i o n a l <Quant i f i edTemp la te > quant_rhs_data ;
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s t d : : o p t i o n a l <s t d : : p a i r <Q u a n t i f i e r T y p e s , s t d : : un ique_ptr <IMutableTerm>>> t r a n s f o r m a t i o n ;
} ;

} // namespace o p t i f o l

#e n d i f

1.16.1.4.3.9 SkolemIntroducingVisitor.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the E x i s t e n t i a l S h i f t i n g V i s i t o r
∗ @author O l i v e r Dixon
∗ @date 2025−05−04
∗ @ v e r s i o n Development
∗/

#i n c l u d e " S k o l e m I n t r o d u c i n g V i s i t o r . hpp "

#i n c l u d e <c a s s e r t >

#i n c l u d e " . . / . . / . . / . . / IR / Mutab l eVa r i an t s / Sen tence s / Mutab leB inaryConnected . hpp "
#i n c l u d e " . . / . . / . . / . . / IR / Mutab l eVa r i an t s / Sen tence s / M u t a b l e P r e d i c a t e . hpp "
#i n c l u d e " . . / . . / . . / . . / IR / Mutab l eVa r i an t s / Sen tence s / M u t a b l e Q u a n t i f i e d . hpp "
#i n c l u d e " . . / . . / . . / . . / IR / Mutab l eVa r i an t s / Sen tence s / Mutab leSentenceRoot . hpp "
#i n c l u d e " . . / . . / . . / . . / IR / Mutab l eVa r i an t s /Terms/ Mutab leSko lemFunct ion . hpp "

namespace o p t i f o l
{

c on s t cha r ∗ S k o l e m I n t r o d u c i n g V i s i t o r : : v i s i t o r _ n a m e = " S k o l e m I n t r o d u c t i o n " ;

S k o l e m I n t r o d u c i n g V i s i t o r : : S k o l e m I n t r o d u c i n g V i s i t o r ( )
{

u n i v e r s a l l y _ q u a n t i f i e d _ v a r i a b l e s . emplace ( ) ;
}

S k o l e m I n t r o d u c i n g V i s i t o r : : ~ S k o l e m I n t r o d u c i n g V i s i t o r ( )
{

a s s e r t ( sko l em_rep lacements . empty ( ) ) ;
a s s e r t ( u n i v e r s a l l y _ q u a n t i f i e d _ v a r i a b l e s . s i z e ( ) == 1 && u n i v e r s a l l y _ q u a n t i f i e d _ v a r i a b l e s . top ( ) . empty ( ) ) ;

}

s t d : : s t r i n g _ v i e w S k o l e m I n t r o d u c i n g V i s i t o r : : g e t_v i s i t o r_name ( ) c on s t
{

r e t u r n v i s i t o r _ n a m e ;
}

v o i d S k o l e m I n t r o d u c i n g V i s i t o r : : v i s i t ( M u t a b l e Q u a n t i f i e d &node )
{

auto bor rowed_sentence = node . t ake_sen tence ( ) ;

s w i t c h ( node . g e t _ q u a n t i f i e r _ t y p e ( ) ) {
ca se Q u a n t i f i e r T y p e s : : U n i v e r s a l :

open_scope ( node ) ;
bor rowed_sentence −>accep t (∗ t h i s ) ;
c l o s e _ l a t e s t _ s c o p e ( node ) ;

i f ( e x t r a c t e d _ s e n t e n c e == n u l l p t r )
node . put_sentence ( s t d : : move ( bor rowed_sentence ) ) ;

e l s e
node . put_sentence ( s t d : : move ( e x t r a c t e d _ s e n t e n c e ) ) ;

b reak ;

ca s e Q u a n t i f i e r T y p e s : : E x i s t e n t i a l :
e l i m i n a t e _ e x i s t e n t i a l (∗ node . observe_bound_term ( ) ) ;
bor rowed_sentence −>accep t (∗ t h i s ) ;
e x t r a c t e d _ s e n t e n c e = s t d : : move ( bor rowed_sentence ) ;

b reak ;
}

}
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v o i d S k o l e m I n t r o d u c i n g V i s i t o r : : v i s i t ( M u t a b l e P r e d i c a t e &node )
{

i f ( sko l em_rep lacements . empty ( ) )
r e t u r n ;

auto &a r g s = node . observe_arguments ( ) ;
c on s t auto argument_count = a r g s . s i z e ( ) ;

f o r ( s t d : : remove_const_t<d e c l t y p e ( argument_count )> i = 0 ; i < argument_count ; ++i ) {
c on s t auto &p o t e n t i a l _ r e p l a c e m e n t =

sko l em_rep lacements . f i n d ( s t d : : s t r i n g ( a r g s [ i ]−>get_disambiguated_name ( ) ) ) ;
i f ( p o t e n t i a l _ r e p l a c e m e n t != sko l em_rep lacements . cend ( ) )

a r g s [ i ] = p o t e n t i a l _ r e p l a c e m e n t −>second−>c l o n e ( ) ;

a r g s [ i ]−>accep t ( t e r m _ v i s i t o r ) ;
}

}

v o i d S k o l e m I n t r o d u c i n g V i s i t o r : : v i s i t ( Mutab leB inaryConnected &node )
{

auto borrowed_operand = node . take_lhs_operand ( ) ;
borrowed_operand−>accep t (∗ t h i s ) ;
i f ( e x t r a c t e d _ s e n t e n c e == n u l l p t r )

node . put_lhs_operand ( s t d : : move ( borrowed_operand ) ) ;
e l s e

node . put_lhs_operand ( s t d : : move ( e x t r a c t e d _ s e n t e n c e ) ) ;

borrowed_operand = node . take_rhs_operand ( ) ;
borrowed_operand−>accep t (∗ t h i s ) ;
i f ( e x t r a c t e d _ s e n t e n c e == n u l l p t r )

node . put_rhs_operand ( s t d : : move ( borrowed_operand ) ) ;
e l s e

node . put_rhs_operand ( s t d : : move ( e x t r a c t e d _ s e n t e n c e ) ) ;
}

v o i d S k o l e m I n t r o d u c i n g V i s i t o r : : v i s i t ( Mutab leSentenceRoot &node )
{

auto bor rowed_sentence = node . t ake_sen tence ( ) ;
bor rowed_sentence −>accep t (∗ t h i s ) ;
i f ( e x t r a c t e d _ s e n t e n c e == n u l l p t r )

node . put_sentence ( s t d : : move ( bor rowed_sentence ) ) ;
e l s e

node . put_sentence ( s t d : : move ( e x t r a c t e d _ s e n t e n c e ) ) ;

sko l em_rep lacement s . c l e a r ( ) ;
}

v o i d S k o l e m I n t r o d u c i n g V i s i t o r : : open_scope ( M u t a b l e Q u a n t i f i e d &node )
{

u n i v e r s a l l y _ q u a n t i f i e d _ v a r i a b l e s . top ( ) . push_back ( node . take_bound_term ( ) ) ;
}

v o i d S k o l e m I n t r o d u c i n g V i s i t o r : : c l o s e _ l a t e s t _ s c o p e ( M u t a b l e Q u a n t i f i e d &node )
{

c on s t auto scoped_var_count = u n i v e r s a l l y _ q u a n t i f i e d _ v a r i a b l e s . top ( ) . s i z e ( ) ;
a s s e r t ( scoped_var_count >

0) ; // We assume to be w i t h i n a scope , and thus must have at l e a s t one bound v a r i a b l e .

// Return the l a t e s t v a r i a b l e from the l a t e s t scope to the g i v e n node , assumed to be i t s o r i g i n a l owner .
node . put_bound_term ( s t d : : move ( u n i v e r s a l l y _ q u a n t i f i e d _ v a r i a b l e s . top ( ) . back ( ) ) ) ;

i f ( scoped_var_count == 1) {
// I f t h e r e ’ s o n l y one v a r i a b l e c u r r e n t l y scoped , we c l e a r t h i s scope l e v e l and r e s e t i t .
u n i v e r s a l l y _ q u a n t i f i e d _ v a r i a b l e s . pop ( ) ;
u n i v e r s a l l y _ q u a n t i f i e d _ v a r i a b l e s . emplace ( ) ;

} e l s e
/∗

∗ Otherwise , j u s t remove the r e t u r n e d v a r i a b l e . There a r e o t h e r u n i v e r s a l l y q u a n t i f i e d v a r i a b l e s t h a t
∗ need to be r e t u r n e d at t h i s scope l e v e l .
∗/

u n i v e r s a l l y _ q u a n t i f i e d _ v a r i a b l e s . top ( ) . pop_back ( ) ;
}

v o i d S k o l e m I n t r o d u c i n g V i s i t o r : : e l i m i n a t e _ e x i s t e n t i a l ( co n s t IMutableTerm &t a r g e t _ b o u n d _ v a r i a b l e )
{

// Clone the u n i v e r s a l l y q u a n t i f i e d v a r i a b l e s i n the c u r r e n t scope .
c on s t auto &arguments = u n i v e r s a l l y _ q u a n t i f i e d _ v a r i a b l e s . top ( ) ;
s t d : : v e c to r <s t d : : un ique_ptr <IMutableTerm>> argument_copy ;
argument_copy . r e s e r v e ( arguments . s i z e ( ) ) ;

f o r ( co n s t auto &argument : arguments )
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argument_copy . push_back ( argument−>c l o n e ( ) ) ;

// Crea te a new Skolem f u n c t i o n to be p a r a m e t e r i s e d by a l l u n i v e r s a l l y q u a n t i f i e d v a r i a b l e s i n the c u r r e n t
// scope .
auto skolem = s t d : : make_unique<MutableSkolemFunct ion >(

’S ’ + s t d : : t o _ s t r i n g ( sko lem_counte r++) , s t d : : move ( argument_copy ) ) ;

/∗
∗ I n d i c a t e to the v i s i t o r t h a t a l l i n s t a n c e s o f the e x i s t e n t i a l l y q u a n t i f i e d v a r i a b l e s h o u l d be r e p l a c e d
∗ by a Skolem f u n c t i o n , to be c l o n e d from the temp la ted c r e a t e d above .
∗/

sko l em_rep lacements . emplace ( t a r g e t _ b o u n d _ v a r i a b l e . get_disambiguated_name ( ) , s t d : : move ( sko lem ) ) ;
}

} // namespace o p t i f o l

1.16.1.4.3.10 SkolemIntroducingVisitor.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the E x i s t e n t i a l S h i f t i n g V i s i t o r
∗ @author O l i v e r Dixon
∗ @date 2025−05−04
∗ @ v e r s i o n Development
∗/

#i f n d e f SKOLEMINTRODUCINGVISITOR_HPP
#d e f i n e SKOLEMINTRODUCINGVISITOR_HPP

#i n c l u d e <stack >
#i n c l u d e <unordered_map>
#i n c l u d e <vec to r >

#i n c l u d e " . . / . . / . . / . . / IR / Mutab l eVa r i an t s / Sen tence s / IMutab l eSentence . hpp "
#i n c l u d e " . . / . . / Terms/ T e r m R e s o l u t i o n V i s i t o r . hpp "
#i n c l u d e " . . / M u t a t i n g S e n t e n c e V i s i t o r B a s e . hpp "

namespace o p t i f o l
{

c l a s s S k o l e m I n t r o d u c i n g V i s i t o r : p u b l i c M u t a t i n g S e n t e n c e V i s i t o r B a s e
{
p u b l i c :

S k o l e m I n t r o d u c i n g V i s i t o r ( ) ;

~ S k o l e m I n t r o d u c i n g V i s i t o r ( ) o v e r r i d e ;

[ [ n o d i s c a r d ] ] s t d : : s t r i n g _ v i e w ge t_v i s i t o r_name ( ) c o n s t o v e r r i d e ;

v o i d v i s i t ( M u t a b l e Q u a n t i f i e d &node ) o v e r r i d e ;

v o i d v i s i t ( M u t a b l e P r e d i c a t e &node ) o v e r r i d e ;

v o i d v i s i t ( Mutab leB inaryConnected &node ) o v e r r i d e ;

v o i d v i s i t ( Mutab leSentenceRoot &node ) o v e r r i d e ;

p r i v a t e :
v o i d open_scope ( M u t a b l e Q u a n t i f i e d &node ) ;

v o i d c l o s e _ l a t e s t _ s c o p e ( M u t a b l e Q u a n t i f i e d &node ) ;

v o i d e l i m i n a t e _ e x i s t e n t i a l ( c on s t IMutableTerm &t a r g e t _ b o u n d _ v a r i a b l e ) ;

s t a t i c c o n s t cha r ∗ v i s i t o r _ n a m e ;

s t d : : s tack <s t d : : v e c to r <s t d : : un ique_ptr <IMutableTerm>>> u n i v e r s a l l y _ q u a n t i f i e d _ v a r i a b l e s ;

s t d : : s i z e _ t sko lem_counter = 0 ;

s t d : : unordered_map<s t d : : s t r i n g , s t d : : un ique_ptr <IMutableTerm >, Str ingHash , s t d : : equa l_to<>>
sko l em_rep lacements ;

T e r m R e s o l u t i o n V i s i t o r t e r m _ v i s i t o r { sko l em_rep lacements } ;
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s t d : : un ique_ptr <IMutab leSentence > e x t r a c t e d _ s e n t e n c e ;
} ;

} // namespace o p t i f o l

#e n d i f

1.16.1.4.3.11 SymbolStandardisingVisitor.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the Symbol−S t a n d a r d i s i n g V i s i t o r and i t s a s s o c i a t e d r u l e s e t .
∗ @author O l i v e r Dixon
∗ @date 2024−12−01
∗ @ v e r s i o n Development
∗/

#i n c l u d e <c a s s e r t >

#i n c l u d e " S y m b o l S t a n d a r d i s i n g V i s i t o r . hpp "

#i n c l u d e <a lgo r i t hm >

#i n c l u d e " . . / . . / . . / . . / E x c e p t i o n s / Semant i cExcept i on . hpp "
#i n c l u d e " . . / . . / . . / . . / IR / Mutab l eVa r i an t s / Sen tence s / M u t a b l e P r e d i c a t e . hpp "
#i n c l u d e " . . / . . / . . / . . / IR / Mutab l eVa r i an t s / Sen tence s / M u t a b l e Q u a n t i f i e d . hpp "
#i n c l u d e " . . / . . / . . / . . / IR / Mutab l eVa r i an t s /Terms/ M u t a b l e V a r i a b l e . hpp "

namespace o p t i f o l
{

c on s t cha r ∗ S y m b o l S t a n d a r d i s i n g V i s i t o r : : v i s i t o r _ n a m e = " S y m b o l S t a n d a r d i s e r " ;

s t d : : s t r i n g _ v i e w S y m b o l S t a n d a r d i s i n g V i s i t o r : : g e t_v i s i t o r_name ( ) co n s t
{

r e t u r n v i s i t o r _ n a m e ;
}

v o i d S y m b o l S t a n d a r d i s i n g V i s i t o r : : v i s i t ( M u t a b l e Q u a n t i f i e d &node )
{

/∗
∗ Open the scope , d e a l w i th the conten t s , and c l o s e i t . Note t h a t the ac t o f open ing a scope t r a n s f e r s
∗ owne r sh ip o f the bound term to the i n t e r n a l v i s i t o r s t a t e , hence i t cannot be used u n t i l the scope i s
∗ c l o s e d and the bound term i s r e t u r n e d . I t i s i n v a r i a n t t h a t
∗ S y m b o l S t a n d a r d i s i n g V i s i t o r : : v i s i t ( M u t a b l e Q u a n t i f i e d &) does attempt to a c c e s s i t s own bound term w h i l e
∗ i t s r e l e v a n t scope i s open .
∗/

c on s t auto r u l e _ r e f e r e n c e = open_scope ( node ) ;
M u t a t i n g S e n t e n c e V i s i t o r B a s e : : v i s i t ( node ) ;
c l o s e _ s c o p e ( node , r u l e _ r e f e r e n c e ) ;

}

v o i d S y m b o l S t a n d a r d i s i n g V i s i t o r : : v i s i t ( M u t a b l e P r e d i c a t e &node )
{

auto &a r g s = node . observe_arguments ( ) ;
c on s t auto argument_count = a r g s . s i z e ( ) ;

// For each term argument , app l y any r e l e v a n t d i s a m b i g u a t i o n r e w r i t i n g . Then r e c u r s e w i th the term
// v i s i t o r .
f o r ( s t d : : remove_const_t<d e c l t y p e ( argument_count )> i = 0 ; i < argument_count ; ++i ) {

c on s t auto &r u l e = r e w r i t i n g _ r u l e s . f i n d ( a r g s [ i ]−>get_disambiguated_name ( ) ) ;
i f ( r u l e != r e w r i t i n g _ r u l e s . cend ( ) )

a r g s [ i ] = r u l e −>second−>c l o n e ( ) ;

a r g s [ i ]−>accep t ( t e r m _ v i s i t o r ) ;
}

}

s t d : : o p t i o n a l <d e c l t y p e ( S y m b o l S t a n d a r d i s i n g V i s i t o r : : r e w r i t i n g _ r u l e s ) : : i t e r a t o r >
S y m b o l S t a n d a r d i s i n g V i s i t o r : : open_scope ( M u t a b l e Q u a n t i f i e d &node )
{

c on s t auto &or i g i na l_name = node . observe_bound_term ( )−>t o _ s t r i n g ( ) ;
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i f ( scope . c o n t a i n s ( o r i g i na l_name ) )
throw Semant i cExcep t i on (

" Dec l a r ed v a r i a b l e \" " + or i g i na l_name + " \" i s a l r e a d y d e f i n e d i n the c u r r e n t scope . " ) ;

i f ( a d j a c e n t . c o n t a i n s ( o r i g i na l_name ) ) {
// I f an a d j a c e n t scope has a l r e a d y used a v a r i a b l e w i th t h i s name , i t i s ambiguous and needs
// renaming .
auto new_name = generate_name ( o r i g i na l_name ) ;

w h i l e ( a d j a c e n t . c o n t a i n s ( new_name ) )
// Repea t ed l y d i s a m b i g u a t e u n t i l we have someth ing un ique .
new_name = generate_name ( new_name ) ;

/∗ I n a d d i t i o n to upda t i ng the scope se t , we a l s o manage the r e w r i t i n g r u l e s t a b l e , s i n c e an e n t r y
∗ would o n l y appear g i v e n a p r o s p e c t i v e l y ambiguous v a r i a b l e node , which c l a s h e s w i th a bound
∗ v a r i a b l e i n an a d j a c e n t scope . ∗/

node . put_bound_term ( s t d : : make_unique<Mutab l eVar i ab l e >( or ig ina l_name , new_name ) ) ;
scope . emplace ( node . observe_bound_term ( )−>t o _ s t r i n g ( ) ) ;
r e t u r n r e w r i t i n g _ r u l e s . emplace ( o r i g ina l_name , node . take_bound_term ( ) ) . f i r s t ;

}

scope . emplace ( node . observe_bound_term ( )−>t o _ s t r i n g ( ) ) ;
r e t u r n {} ;

}

v o i d S y m b o l S t a n d a r d i s i n g V i s i t o r : : c l o s e _ s c o p e ( M u t a b l e Q u a n t i f i e d &node ,
c on s t s t d : : o p t i o n a l <d e c l t y p e ( S y m b o l S t a n d a r d i s i n g V i s i t o r : : r e w r i t i n g _ r u l e s ) : : i t e r a t o r > &r u l e _ r e f e r e n c e )

{
i f ( r u l e _ r e f e r e n c e . has_va lue ( ) && r u l e _ r e f e r e n c e != r e w r i t i n g _ r u l e s . end ( ) ) {

/∗
∗ I f we were p r o v i d e d wi th a v a l i d r u l e i t e r a t o r r e f e r e n c e , r e t u r n the borrowed bound term to the
∗ q u a n t i f i e r . I f the o p t i o n a l c o n t a i n e r i s empty , we assume t h a t no r e w r i t i n g r u l e was produced f o r
∗ t h i s scope , and thus t h e r e was no borrowed bound term t h a t needs to be r e t u r n e d . Th i s i s v e r i f i e d
∗ wi th an a s s e r t to e n s u r e t h a t we can get some o b s e r v i n g r e f e r e n c e to the bound term o f the g i v e n
∗ q u a n t i f i e d node .
∗/

node . put_bound_term ( s t d : : move ( r u l e _ r e f e r e n c e −>ope ra to r −>()−>second ) ) ;
r e w r i t i n g _ r u l e s . e r a s e (∗ r u l e _ r e f e r e n c e ) ;

}

c on s t auto bound_term = node . observe_bound_term ( ) ;
a s s e r t ( bound_term !=

n u l l p t r ) ; // Ensure t h a t the bound term has been c o r r e c t l y r e t u r n e d to the q u a n t i f i e r node .

c on s t auto &name = bound_term−>t o _ s t r i n g ( ) ;
a s s e r t ( scope . c o n t a i n s ( name ) ) ; // Ensure t h a t the c u r r e n t scope i s what we e x p e c t .

scope . e r a s e ( name ) ;
a d j a c e n t . emplace ( bound_term−>get_disambiguated_name ( ) ) ;

}

s t d : : s t r i n g S y m b o l S t a n d a r d i s i n g V i s i t o r : : generate_name ( c on s t s t d : : s t r i n g &name )
{

r e t u r n name + M u t a b l e V a r i a b l e : : d i s a m b i g u a t i n g _ d e l i m i t e r + s t d : : t o _ s t r i n g ( unique_name_counter++) ;
}

} // namespace o p t i f o l

1.16.1.4.3.12 SymbolStandardisingVisitor.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the Symbol−S t a n d a r d i s i n g V i s i t o r and i t s a s s o c i a t e d r u l e s e t .
∗ @author O l i v e r Dixon
∗ @date 2024−12−01
∗ @ v e r s i o n Development
∗/

#i f n d e f SYMBOLSTANDARDISINGVISITOR_HPP
#d e f i n e SYMBOLSTANDARDISINGVISITOR_HPP

#i n c l u d e <o p t i o n a l >
#i n c l u d e <unordered_map>
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#i n c l u d e " . . / . . / . . / . . / IR / Mutab l eVa r i an t s /Terms/ IMutableTerm . hpp "
#i n c l u d e " . . / . . / Terms/ S c o p e d T e r m R e s o l u t i o n V i s i t o r . hpp "
#i n c l u d e " . . / M u t a t i n g S e n t e n c e V i s i t o r B a s e . hpp "

namespace o p t i f o l
{

/∗∗
∗ @ c l a s s S y m b o l S t a n d a r d i s i n g V i s i t o r
∗ @ b r i e f The symbol−s t a n d a r d i s i n g v i s i t o r v a l i d a t e s the semant i c c o r r e c t n e s s o f v a r i a b l e s and s t a n d a r d i s e s
∗ the names t h e r e o f th roughout the model .
∗
∗ @ d e t a i l s The symbol−s t a n d a r d i s i n g v i s i t o r r e c u r s e s th rough the model , pay ing p a r t i c u l a r a t t e n t i o n to
∗ v a r i a b l e s . I t p e r f o rms two o v e r a r c h i n g t a s k s : <ol > <l i ><b>V e r i f y i n g semant i c c o r r e c t n e s s :</b> e n f o r c e s the
∗ r u l e s s u r r o u n d i n g the usage o f v a r i a b l e s . I n p a r t i c u l a r , v a r i a b l e s may o n l y be i n t r o d u c e d by way o f a
∗ q u a n t i f i e r . I f a v a r i a b l e i s r e f e r e n c e d w i thout hav ing been bound by a q u a n t i f i e r i n the r e l e v a n t scope , an
∗ e x c e p t i o n i s thrown . Dua l l y , i f a v a r i a b l e i s bound by a q u a n t i f i e r hav ing a l r e a d y been d e f i n e d i n the
∗ r e l e v a n t scope , an e x c e p t i o n i s thrown .</ l i > <l i ><b>S t a n d a r d i s i n g naming o f a d j a c e n t v a r i a b l e s :</b> e n s u r e s
∗ t h a t s y n t a c t i c a l l y and s e m a n t i c a l l y v a l i d s e n t e n c e s d i s c r i m i n a t e between v a r i a b l e s o f the same name when
∗ used a c r o s s d i f f e r e n t s c o p e s . For example , <code>%Ux(P( x ) ) | %Ex (Q( x ) )</code> would be s u i t a b l y r e w r i t t e n
∗ as <code>%Ux(P( x ) ) | %Ex_0 (Q( x_0 ) )</code >, where <code>x_0</code> i s the i n t r o d u c e d v a r i a b l e .</ l i >
∗ </ol >
∗
∗ @warning Although m u l t i p l e p a s s e s a r e not r e q u i r e d f o r t h i s symbol−s t a n d a r d i s i n g v i s i t o r , i t does r e c u r s e
∗ on any produced terms to e n s u r e a f u l l r e d u c t i o n . On e x t r e m e l y d e e p l y n e s t e d s e n t e n c e s , t h i s cou ld cause a
∗ machine s t a c k o v e r f l o w .
∗/

c l a s s S y m b o l S t a n d a r d i s i n g V i s i t o r : p u b l i c M u t a t i n g S e n t e n c e V i s i t o r B a s e
{
p u b l i c :

[ [ n o d i s c a r d ] ] s t d : : s t r i n g _ v i e w ge t_v i s i t o r_name ( ) c on s t o v e r r i d e ;

/∗∗
∗ @ b r i e f R e c u r s i v e l y a p p l i e s the symbol−s t a n d a r d i s a t i o n p r o c e d u r e s to the g i v e n q u a n t i f i e d s e n t e n c e r o o t .
∗ @param node The r o o t q u a n t i f i e d s e n t e n c e node
∗ @throws Semant i cExcep t i on
∗/

v o i d v i s i t ( M u t a b l e Q u a n t i f i e d &node ) o v e r r i d e ;

/∗∗
∗ @ b r i e f R e c u r s i v e l y a p p l i e s the symbol−s t a n d a r d i s a t i o n p r o c e d u r e s to the g i v e n p r e d i c a t e r o o t node .
∗ @param node The r o o t p r e d i c a t e s e n t e n c e node
∗ @throws Semant i cExcep t i on
∗/

v o i d v i s i t ( M u t a b l e P r e d i c a t e &node ) o v e r r i d e ;

p r i v a t e :
s t a t i c c o n s t cha r ∗ v i s i t o r _ n a m e ;

/∗∗
∗ @ b r i e f Name−r e w r i t i n g r u l e s f o r v a r i a b l e s encounte r ed i n the c u r r e n t scope .
∗ @ d e t a i l s Any v a r i a b l e w i th a name matching a key o f the map s h o u l d be c o m p l e t e l y r e p l a c e d by the
∗ v a r i a b l e un ique p o i n t e r i n the c o r r e s p o n d i n g v a l u e . Only v a r i a b l e s w i th d i s amb igua ted names occupy
∗ e n t r i e s i n the map , and the map s h o u l d be c l e a r e d down when the scope i s r e l e a s e d .
∗/

s t d : : unordered_map<s t d : : s t r i n g , s t d : : un ique_ptr <IMutableTerm >, Str ingHash , s t d : : equa l_to<>>
r e w r i t i n g _ r u l e s ;

/∗∗
∗ @ b r i e f The s e t o f pre−d i samb igua ted names bound i n the c u r r e n t scope .
∗/

s t d : : unorde red_set <s t d : : s t r i n g > scope ;

/∗∗
∗ @ b r i e f The s e t o f pre−d i samb igua ted names bound by a d j a c e n t scopes , not i n c l u d i n g the c u r r e n t scope .
∗/

s t d : : unorde red_set <s t d : : s t r i n g > a d j a c e n t ;

/∗∗
∗ @ b r i e f The s u f f i x o f the next v a r i a b l e name r e q u i r i n g d i s a m b i g u a t i o n .
∗/

uns i gned i n t unique_name_counter = 0 ;

/∗∗
∗ @ b r i e f The n e s t e d term v i s i t o r used to a s s i s t r e w r i t i n g o f v a r i a b l e s n e s t e d i n terms t h a t a r e not
∗ a c c e s s i b l e th rough the s e n t e n c e i n t e r f a c e ( i . e . f u n c t i o n s ) .
∗/

S c o p e d T e r m R e s o l u t i o n V i s i t o r t e r m _ v i s i t o r { scope , r e w r i t i n g _ r u l e s } ;

/∗∗
∗ @ b r i e f E s t a b l i s h e s a new scope , i n t r o d u c i n g the v a r i a b l e bound by the g i v e n q u a n t i f i e r . I f n e c e s s a r y ,
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∗ the bound name i s d i samb iguated , i n which ca se a r e w r i t i n g r u l e e n t r y i s added .
∗ @param node The bounding q u a n t i f i e r r e s p o n s i b l e f o r the opened scope
∗ @re tu rn An o b s e r v i n g r e f e r e n c e f o r the r u l e o f the opened scope .
∗/

s t d : : o p t i o n a l <d e c l t y p e ( r e w r i t i n g _ r u l e s ) : : i t e r a t o r > open_scope ( M u t a b l e Q u a n t i f i e d &node ) ;

/∗∗
∗ @ b r i e f C l o s e s the c u r r e n t scope , c l e a r i n g a p p l i c a b l e e n t r i e s from the scope naming s e t and the
∗ r e w r i t i n g r u l e map . The bound v a r i a b l e o f the c l o s e d scope i s comi t t ed to the a d j a c e n t s naming s e t .
∗ @pre The scope naming s e t must c o n t a i n a v a r i a b l e name o f the g i v e n node .
∗ @param node The v a r i a b l e bound by the scope
∗ @param r u l e _ r e f e r e n c e An o b s e r v i n g r e f e r e n c e to the r u l e o f the c l o s e d scope .
∗/

v o i d c l o s e _ s c o p e ( M u t a b l e Q u a n t i f i e d &node ,
c on s t s t d : : o p t i o n a l <d e c l t y p e ( r e w r i t i n g _ r u l e s ) : : i t e r a t o r > &r u l e _ r e f e r e n c e ) ;

/∗∗
∗ @ b r i e f S u f f i x the g i v e n v a r i a b l e name wi th a un ique i d e n t i f i e r , u n t i l i t does not c o n f l i c t w i th any
∗ member o f the a d j a c e n t s naming s e t .
∗ @param name The ambiguous name
∗ @re tu rn The d i s amb igua ted name
∗/

s t d : : s t r i n g generate_name ( c o n s t s t d : : s t r i n g &name ) ;
} ;

} // namespace o p t i f o l

#e n d i f

1.16.1.4.3.13 UniversalEliminationVisitor.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the U n i v e r s a l −E l i m i n a t i o n V i s i t o r and i t s a s s o c i a t e d r u l e s e t .
∗ @author O l i v e r Dixon
∗ @date 2024−11−25
∗ @ v e r s i o n Development
∗/

#i n c l u d e " U n i v e r s a l E l i m i n a t i o n V i s i t o r . hpp "

#i n c l u d e " . . / . . / . . / . . / IR / Mutab l eVa r i an t s / Sen tence s / Mutab leB inaryConnected . hpp "
#i n c l u d e " . . / . . / . . / . . / IR / Mutab l eVa r i an t s / Sen tence s / M u t a b l e Q u a n t i f i e d . hpp "
#i n c l u d e " . . / . . / . . / . . / IR / Mutab l eVa r i an t s / Sen tence s / Mutab leSentenceRoot . hpp "

namespace o p t i f o l
{

c on s t cha r ∗ U n i v e r s a l E l i m i n a t i o n V i s i t o r : : v i s i t o r _ n a m e = " U n i v e r s a l E l i m i n a t i o n " ;

s t d : : s t r i n g _ v i e w U n i v e r s a l E l i m i n a t i o n V i s i t o r : : g e t_v i s i t o r_name ( ) c o n s t
{

r e t u r n v i s i t o r _ n a m e ;
}

v o i d U n i v e r s a l E l i m i n a t i o n V i s i t o r : : v i s i t ( M u t a b l e Q u a n t i f i e d &node )
{

auto bor rowed_sentence = node . t ake_sen tence ( ) ;
bor rowed_sentence −>accep t (∗ t h i s ) ;
i f ( e x t r a c t e d _ s e n t e n c e == n u l l p t r )

node . put_sentence ( s t d : : move ( bor rowed_sentence ) ) ;
e l s e

node . put_sentence ( s t d : : move ( e x t r a c t e d _ s e n t e n c e ) ) ;

i f ( node . g e t _ q u a n t i f i e r _ t y p e ( ) == Q u a n t i f i e r T y p e s : : U n i v e r s a l )
e x t r a c t e d _ s e n t e n c e = s t d : : move ( node . t ake_sen tence ( ) ) ;

}

v o i d U n i v e r s a l E l i m i n a t i o n V i s i t o r : : v i s i t ( Mutab leB inaryConnected &node )
{

auto borrowed_operand = node . take_lhs_operand ( ) ;
borrowed_operand−>accep t (∗ t h i s ) ;
i f ( e x t r a c t e d _ s e n t e n c e == n u l l p t r )

node . put_lhs_operand ( s t d : : move ( borrowed_operand ) ) ;
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e l s e
node . put_lhs_operand ( s t d : : move ( e x t r a c t e d _ s e n t e n c e ) ) ;

borrowed_operand = node . take_rhs_operand ( ) ;
borrowed_operand−>accep t (∗ t h i s ) ;
i f ( e x t r a c t e d _ s e n t e n c e == n u l l p t r )

node . put_rhs_operand ( s t d : : move ( borrowed_operand ) ) ;
e l s e

node . put_rhs_operand ( s t d : : move ( e x t r a c t e d _ s e n t e n c e ) ) ;
}

v o i d U n i v e r s a l E l i m i n a t i o n V i s i t o r : : v i s i t ( Mutab leSentenceRoot &node )
{

auto bor rowed_sentence = node . t ake_sen tence ( ) ;
bor rowed_sentence −>accep t (∗ t h i s ) ;
i f ( e x t r a c t e d _ s e n t e n c e == n u l l p t r )

node . put_sentence ( s t d : : move ( bor rowed_sentence ) ) ;
e l s e

node . put_sentence ( s t d : : move ( e x t r a c t e d _ s e n t e n c e ) ) ;
}

} // namespace o p t i f o l

1.16.1.4.3.14 UniversalEliminationVisitor.hpp

/∗
∗ C o p y r i g h t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the U n i v e r s a l −E l i m i n a t i o n V i s i t o r and i t s a s s o c i a t e d r u l e s e t .
∗ @author O l i v e r Dixon
∗ @date 2024−11−25
∗ @ v e r s i o n Development
∗/

#i f n d e f UNIVERSALELIMINATIONVISITOR_HPP
#d e f i n e UNIVERSALELIMINATIONVISITOR_HPP

#i n c l u d e <memory>

#i n c l u d e " . . / . . / . . / . . / IR / Mutab l eVa r i an t s / Sen tence s / IMutab l eSentence . hpp "
#i n c l u d e " . . / M u t a t i n g S e n t e n c e V i s i t o r B a s e . hpp "

namespace o p t i f o l
{

c l a s s IMutab l eSentence ;

c l a s s U n i v e r s a l E l i m i n a t i o n V i s i t o r : p u b l i c M u t a t i n g S e n t e n c e V i s i t o r B a s e
{
p u b l i c :

[ [ n o d i s c a r d ] ] s t d : : s t r i n g _ v i e w ge t_v i s i t o r_name ( ) c on s t o v e r r i d e ;

v o i d v i s i t ( M u t a b l e Q u a n t i f i e d &node ) o v e r r i d e ;

v o i d v i s i t ( Mutab leB inaryConnected &node ) o v e r r i d e ;

v o i d v i s i t ( Mutab leSentenceRoot &node ) o v e r r i d e ;

p r i v a t e :
s t a t i c c o n s t cha r ∗ v i s i t o r _ n a m e ;

s t d : : un ique_ptr <IMutab leSentence > e x t r a c t e d _ s e n t e n c e ;
} ;

} // namespace o p t i f o l

#e n d i f

1.16.1.5 Terms

1.16.1.5.1 MutatingTermVisitorBase.cpp

/∗
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∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the Mutat ing Term V i s i t o r base c l a s s .
∗ @author O l i v e r Dixon
∗ @date 2024−11−30
∗ @ v e r s i o n Development
∗/

#i n c l u d e " Mutat ingTermVi s i to rBase . hpp "
#i n c l u d e " . . / . . / . . / IR / Mutab l eVa r i an t s /Terms/ Mutab leFunct ion . hpp "

namespace o p t i f o l
{

v o i d Mutat ingTermVi s i to rBase : : v i s i t ( Mutab leFunct ion &node )
{

c on s t auto &arguments = node . observe_arguments ( ) ;

f o r ( c on s t auto &argument : arguments )
argument−>accep t (∗ t h i s ) ;

}

v o i d Mutat ingTermVi s i to rBase : : v i s i t ( M u t a b l e V a r i a b l e &node )
{

s t d : : i g n o r e = node ;
}

v o i d Mutat ingTermVi s i to rBase : : v i s i t ( Mutab leSko lemFunct ion &node )
{

s t d : : i g n o r e = node ;
}

} // namespace o p t i f o l

1.16.1.5.2 MutatingTermVisitorBase.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the Mutat ing Term V i s i t o r base c l a s s .
∗ @author O l i v e r Dixon
∗ @date 2024−11−30
∗ @ v e r s i o n Development
∗/

#i f n d e f MUTATINGTERMVISITORBASE_HPP
#d e f i n e MUTATINGTERMVISITORBASE_HPP

namespace o p t i f o l
{

c l a s s Mutab leFunct ion ;
c l a s s M u t a b l e V a r i a b l e ;
c l a s s Mutab leSko lemFunct ion ;

c l a s s Mutat ingTermVi s i to rBase
{
p u b l i c :

v i r t u a l ~ Mutat ingTermVi s i to rBase ( ) = d e f a u l t ;

v i r t u a l v o i d v i s i t ( Mutab leFunct ion &node ) ;

v i r t u a l v o i d v i s i t ( M u t a b l e V a r i a b l e &node ) ;

v i r t u a l v o i d v i s i t ( Mutab leSko lemFunct ion &node ) ;
} ;

} // namespace o p t i f o l

#e n d i f
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1.16.1.5.3 ScopedTermResolutionVisitor.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the Scoped Term−R e s o l u t i o n V i s i t o r and i t s a s s o c i a t e d r u l e s e t .
∗ @author O l i v e r Dixon
∗ @date 2025−05−08
∗ @ v e r s i o n Development
∗/

#i n c l u d e " S c o p e d T e r m R e s o l u t i o n V i s i t o r . hpp "

#i n c l u d e " . . / . . / . . / E x c e p t i o n s / Semant i cExcept i on . hpp "
#i n c l u d e " . . / . . / . . / IR / Mutab l eVa r i an t s /Terms/ M u t a b l e V a r i a b l e . hpp "

namespace o p t i f o l
{

S c o p e d T e r m R e s o l u t i o n V i s i t o r : : S c o p e d T e r m R e s o l u t i o n V i s i t o r ( c on s t s t d : : unorde red_set <s t d : : s t r i n g > &scope_hook ,
c on s t s t d : : unordered_map<s t d : : s t r i n g , s t d : : un ique_ptr <IMutableTerm >, Str ingHash , s t d : : equal_to<>>

&r e w r i t i n g _ r u l e s _ h o o k ) :
T e r m R e s o l u t i o n V i s i t o r ( r e w r i t i n g _ r u l e s _ h o o k ) ,
scope_hook ( scope_hook )

{
}

v o i d S c o p e d T e r m R e s o l u t i o n V i s i t o r : : v i s i t ( Mutab leFunct ion &node )
{

T e r m R e s o l u t i o n V i s i t o r : : v i s i t ( node ) ;
}

v o i d S c o p e d T e r m R e s o l u t i o n V i s i t o r : : v i s i t ( M u t a b l e V a r i a b l e &node )
{

c on s t auto &name = node . t o _ s t r i n g ( ) ;

i f ( ! scope_hook . c o n t a i n s ( name ) )
throw Semant i cExcep t i on ( " Re f e r enced v a r i a b l e \" " + name + " \" i s not d e f i n e d i n the c u r r e n t scope . " ) ;

}

} // namespace o p t i f o l

1.16.1.5.4 ScopedTermResolutionVisitor.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the Scoped Term−R e s o l u t i o n V i s i t o r and i t s a s s o c i a t e d r u l e s e t .
∗ @author O l i v e r Dixon
∗ @date 2025−05−08
∗ @ v e r s i o n Development
∗/

#i f n d e f SCOPEDTERMRESOLUTIONVISITOR_HPP
#d e f i n e SCOPEDTERMRESOLUTIONVISITOR_HPP

#i n c l u d e <unorde red_set >
#i n c l u d e " T e r m R e s o l u t i o n V i s i t o r . hpp "

namespace o p t i f o l
{

c l a s s S c o p e d T e r m R e s o l u t i o n V i s i t o r : p u b l i c T e r m R e s o l u t i o n V i s i t o r
{
p u b l i c :

S c o p e d T e r m R e s o l u t i o n V i s i t o r ( c o n s t s t d : : unorde red_set <s t d : : s t r i n g > &scope_hook ,
c on s t s t d : : unordered_map<s t d : : s t r i n g , s t d : : un ique_ptr <IMutableTerm >, Str ingHash , s t d : : equal_to<>>

&r e w r i t i n g _ r u l e s _ h o o k ) ;

v o i d v i s i t ( Mutab leFunct ion &node ) o v e r r i d e ;
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v o i d v i s i t ( M u t a b l e V a r i a b l e &node ) o v e r r i d e ;

p r i v a t e :
c on s t s t d : : unorde red_set <s t d : : s t r i n g > &scope_hook ;

} ;

} // namespace o p t i f o l

#e n d i f

1.16.1.5.5 TermResolutionVisitor.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the Term−R e s o l u t i o n V i s i t o r and i t s a s s o c i a t e d r u l e s e t .
∗ @author O l i v e r Dixon
∗ @date 2024−11−30
∗ @ v e r s i o n Development
∗/

#i n c l u d e " T e r m R e s o l u t i o n V i s i t o r . hpp "
#i n c l u d e " . . / . . / . . / IR / Mutab l eVa r i an t s /Terms/ Mutab leFunct ion . hpp "

namespace o p t i f o l
{

T e r m R e s o l u t i o n V i s i t o r : : T e r m R e s o l u t i o n V i s i t o r (
c on s t s t d : : unordered_map<s t d : : s t r i n g , s t d : : un ique_ptr <IMutableTerm >, Str ingHash , s t d : : equal_to<>>

&r e w r i t i n g _ r u l e s _ h o o k ) :
r e w r i t i n g _ r u l e s _ h o o k ( r e w r i t i n g _ r u l e s _ h o o k )

{
}

v o i d T e r m R e s o l u t i o n V i s i t o r : : v i s i t ( Mutab leFunct ion &node )
{

auto &a r g s = node . observe_arguments ( ) ;
c on s t auto argument_count = a r g s . s i z e ( ) ;

f o r ( s t d : : remove_const_t<d e c l t y p e ( argument_count )> i = 0 ; i < argument_count ; ++i ) {
c on s t auto &r u l e = r e w r i t i n g _ r u l e s _ h o o k . f i n d ( a r g s [ i ]−>get_disambiguated_name ( ) ) ;
i f ( r u l e != r e w r i t i n g _ r u l e s _ h o o k . end ( ) && node != ∗ r u l e −>second )

/∗
∗ Rewr i t e the argument a c c o r d i n g to the r u l e i f and o n l y i f :
∗
∗ − A s u i t a b l e r u l e i s a v a i l a b l e , such t h a t the d i s amb igua ted name o f the argument has been
∗ i d e n t i f i e d as r e w r i t a b l e ; and
∗ − The r e w r i t i n g would change the argument . I f t h i s check i s not done , an i n f i n i t e l oop would
∗ be caused by the f o l l o w i n g accep t c a l l .
∗/

a r g s [ i ] = r u l e −>second−>c l o n e ( ) ;

a r g s [ i ]−>accep t (∗ t h i s ) ;
}

}

} // namespace o p t i f o l

1.16.1.5.6 TermResolutionVisitor.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the Term−R e s o l u t i o n V i s i t o r and i t s a s s o c i a t e d r u l e s e t .
∗ @author O l i v e r Dixon
∗ @date 2024−11−30
∗ @ v e r s i o n Development
∗/
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#i f n d e f TERMRESOLUTIONVISITOR_HPP
#d e f i n e TERMRESOLUTIONVISITOR_HPP

#i n c l u d e <s t r i n g >
#i n c l u d e <unordered_map>

#i n c l u d e " . . / . . / . . / IR / Mutab l eVa r i an t s /Terms/ IMutableTerm . hpp "
#i n c l u d e " Mutat ingTermVi s i to rBase . hpp "

namespace o p t i f o l
{

c l a s s M u t a b l e V a r i a b l e ;

/∗∗
∗ @ c l a s s T e r m R e s o l u t i o n V i s i t o r
∗ @ b r i e f The T e r m R e s o l u t i o n V i s i t o r r e w r i t e s a term−based model a c c o r d i n g to a v a r i a b l e s e t o f s u b s t i t u t i o n
∗ r u l e s .
∗/

c l a s s T e r m R e s o l u t i o n V i s i t o r : p u b l i c Mutat ingTermVi s i to rBase
{
p u b l i c :

/∗∗
∗ @ b r i e f C o n s t r u c t a new T e r m R e s o l u t i o n V i s i t o r w i th a weak o b s e r v i n g r e f e r e n c e to the s u b s t i t u t i o n r u l e s
∗ @param r e w r i t i n g _ r u l e s _ h o o k A weak r e f e r e n c e , gua ran teed to p e r s i s t f o r the l i f e t i m e o f the
∗ T e r m R e s o l u t i o n V i s i t o r o b j e c t , mapping term names to r ep l a c ement terms . Keys a r e v i ews and have the same
∗ l i f e t i m e g u a r a n t e e s as the map .
∗/

e x p l i c i t T e r m R e s o l u t i o n V i s i t o r (
c on s t s t d : : unordered_map<s t d : : s t r i n g , s t d : : un ique_ptr <IMutableTerm >, Str ingHash , s t d : : equal_to<>>

&r e w r i t i n g _ r u l e s _ h o o k ) ;

/∗∗
∗ @ b r i e f Rewr i t e a f u n c t i o n and a l l arguments a c c o r d i n g to the s u b s t i t u t i o n r u l e s e t .
∗ @param node The f u n c t i o n node to r e w r i t e
∗ @ d e t a i l s G iven an @f$ N @f$−ary f u n c t i o n @f$ f \ l e f t ( x_1 , \ l d o t s , x_N \ r i g h t ) @f$ , the v i s i t o r
∗ r e w r i t e s the model to produce @f$ f ^\ pr ime \ l e f t ( x_1^\ prime , \ l d o t s , x_N^\ pr ime \ r i g h t ) @f$ ove r the
∗ r u l e s e t @f$ V @f$ where
∗ @f [
∗ \ a lpha =
∗ \ beg in { c a s e s }
∗ \ a lpha ^\ pr ime & \ t e x t { i f } \ l e f t \{ \ a lpha \mapsto \ a lpha ^\ pr ime \ r i g h t \} \ i n V \ t e x t { ; o r } \\
∗ \ a lpha & \ t e x t { o t h e r w i s e }
∗ \end{ c a s e s }
∗ @f ]
∗ f o r @f$ \ a lpha \ i n \ l e f t \{ f , x_1 , \ l d o t s , x_N \ r i g h t \} @f$ .
∗/

v o i d v i s i t ( Mutab leFunct ion &node ) o v e r r i d e ;

p r i v a t e :
c on s t s t d : : unordered_map<s t d : : s t r i n g , s t d : : un ique_ptr <IMutableTerm >, Str ingHash , s t d : : equal_to<>>

&r e w r i t i n g _ r u l e s _ h o o k ;
} ;

} // namespace o p t i f o l

#e n d i f

1.16.2 RegularTargets

1.16.2.1 FeatureBuildingVisitor.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the f e a t u r e −b u i l d i n g v i s i t o r
∗ @author O l i v e r Dixon
∗ @date 2026−02−04
∗ @ v e r s i o n Development
∗/

#i n c l u d e " F e a t u r e B u i l d i n g V i s i t o r . hpp "

#i n c l u d e " . . / . . / IR / Sentence s / C lause . hpp "
#i n c l u d e " . . / . . / IR /Terms/ Funct i on . hpp "
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namespace o p t i f o l
{

F e a t u r e B u i l d i n g V i s i t o r : : F e a t u r e B u i l d i n g V i s i t o r ( )
{

f e a t u r e s . r e s e r v e ( Fea tu r e : : f e a t u r e _ t y p e s . s i z e ( ) ) ;
f o r ( co n s t auto f e a t u r e _ t y p e : Fea tu r e : : f e a t u r e _ t y p e s )

f e a t u r e s . emplace_back ( f e a t u r e _ t y p e ) ;
}

v o i d F e a t u r e B u i l d i n g V i s i t o r : : v i s i t ( c on s t C lau se ∗ c on s t c l a u s e ) noexcept
{

r e s e t _ c o u n t e r s ( ) ;

s e e n _ f u n c t i o n s . c l e a r ( ) ;
s e e n _ v a r i a b l e s . c l e a r ( ) ;

f o r ( co n s t auto l i t e r a l : ∗ c l a u s e )
l i t e r a l −>accep t (∗ t h i s ) ;

}

v o i d F e a t u r e B u i l d i n g V i s i t o r : : v i s i t ( c on s t L i t e r a l ∗ c on s t l i t e r a l ) noexcept
{

e n t e r ( ) ;
Fea tu r e : : ge t ( f e a t u r e s , Fea tu r e : : FeatureType : : L i t e r a l C o u n t ) . i n c r ement ( ) ;

c on s t auto &a r g s = l i t e r a l −>observe_arguments ( ) ;
f o r ( co n s t auto argument : a r g s )

argument−>accep t (∗ t h i s ) ;

e x i t ( ) ;
}

v o i d F e a t u r e B u i l d i n g V i s i t o r : : v i s i t ( c on s t Func t i on ∗ c on s t f u n c t i o n ) noexcept
{

e n t e r ( ) ;

c on s t auto [ i t , was_new ] = s e e n _ f u n c t i o n s . i n s e r t ( f u n c t i o n ) ;
i f ( was_new ) {

Fea tu r e : : ge t ( f e a t u r e s , Fea tu r e : : FeatureType : : Funct ionCount ) . i n c r ement ( ) ;
c on s t auto &a r g s = f u n c t i o n −>observe_arguments ( ) ;
f o r ( co n s t auto argument : a r g s )

argument−>accep t (∗ t h i s ) ;
}

e x i t ( ) ;
}

v o i d F e a t u r e B u i l d i n g V i s i t o r : : v i s i t ( c on s t Sko lemFunct ion ∗ c on s t sko l em_func t i on ) noexcept
{

s t d : : i g n o r e = ∗ sko l em_func t i on ;

// S p e c i a l ca s e : Skolems s h o u l d not c o n t r i b u t e toward the f u n c t i o n −count f e a t u r e , as they a r e a lways
// s y n t h e s i s e d .
e n t e r ( ) ;
e x i t ( ) ;

}

v o i d F e a t u r e B u i l d i n g V i s i t o r : : v i s i t ( c on s t V a r i a b l e ∗ c on s t v a r i a b l e ) noexcept
{

e n t e r ( ) ;

c on s t auto [ i t , was_new ] = s e e n _ v a r i a b l e s . i n s e r t ( v a r i a b l e ) ;
i f ( was_new )

Fea tu r e : : ge t ( f e a t u r e s , Fea tu r e : : FeatureType : : V a r i a b l e C o u n t ) . i n c r ement ( ) ;

e x i t ( ) ;
}

s t d : : v e c to r <Feature > F e a t u r e B u i l d i n g V i s i t o r : : e x t r a c t _ s o r t e d _ v e c t o r ( )
{

auto s a v e d _ f e a t u r e s = f e a t u r e s ;
r e s e t _ c o u n t e r s ( ) ;
r e t u r n s a v e d _ f e a t u r e s ;

}

v o i d F e a t u r e B u i l d i n g V i s i t o r : : e n t e r ( ) noexcept
{

Fea tu r e : : ge t ( f e a t u r e s , Fea tu r e : : FeatureType : : MaxDepth ) . maximise(++cur r en t_dep th ) ;
}
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v o i d F e a t u r e B u i l d i n g V i s i t o r : : e x i t ( ) noexcept
{

−−cur r en t_dep th ;
}

v o i d F e a t u r e B u i l d i n g V i s i t o r : : r e s e t _ c o u n t e r s ( ) noexcept
{

cu r r en t_dep th = 0 ;

f o r ( auto &f e a t u r e : f e a t u r e s )
f e a t u r e . r e s e t ( ) ;

}

} // namespace o p t i f o l

1.16.2.2 FeatureBuildingVisitor.hpp

/∗
∗ C o p y r i g h t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the f e a t u r e −b u i l d i n g v i s i t o r
∗ @author O l i v e r Dixon
∗ @date 2026−02−04
∗ @ v e r s i o n Development
∗/

#i f n d e f OPTIFOL_FEATUREBUILDINGVISITOR_HPP
#d e f i n e OPTIFOL_FEATUREBUILDINGVISITOR_HPP

#i n c l u d e <vec to r >

#i n c l u d e " . . / . . / IR /Terms/ Funct i on . hpp "
#i n c l u d e " . . / . . / IR /Terms/ V a r i a b l e . hpp "
#i n c l u d e " . . / . . / I n f e r e n c e / Fea tu r e . hpp "
#i n c l u d e " . . / . . / O p t i f o l . hpp "

namespace o p t i f o l
{

c l a s s C lause ;
c l a s s L i t e r a l ;
c l a s s Sko lemFunct ion ;

/∗∗
∗ @ c l a s s F e a t u r e B u i l d i n g V i s i t o r
∗ @ b r i e f The F e a t u r e B u i l d i n g V i s i t o r r e c u r s e s ove r a C lause s t r u c t u r e and b u i l d s up f e a t u r e s a c c o r d i n g to the
∗ s t a t e o f the immutable AST .
∗/

c l a s s F e a t u r e B u i l d i n g V i s i t o r
{
p u b l i c :

F e a t u r e B u i l d i n g V i s i t o r ( ) ;

v o i d v i s i t ( c o n s t C lause ∗ c l a u s e ) noexcept ;

v o i d v i s i t ( c o n s t L i t e r a l ∗ l i t e r a l ) noexcept ;

v o i d v i s i t ( c o n s t Func t i on ∗ f u n c t i o n ) noexcept ;

v o i d v i s i t ( c o n s t Sko lemFunct ion ∗ sko l em_func t i on ) noexcept ;

v o i d v i s i t ( c o n s t V a r i a b l e ∗ v a r i a b l e ) noexcept ;

/∗∗
∗ @ b r i e f E x t r a c t the f e a t u r e s computed s i n c e the p r e v i o u s i n v o c a t i o n on the C lause .
∗ @re tu rn The s t o r e d f e a t u r e s , i n the o r d e r s p e c i f i e d by the Fea tu r e comparator .
∗/

s t d : : v e c to r <Feature > e x t r a c t _ s o r t e d _ v e c t o r ( ) ;

p r i v a t e :
v o i d e n t e r ( ) noexcept ;

v o i d e x i t ( ) noexcept ;
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v o i d r e s e t _ c o u n t e r s ( ) noexcept ;

un s i gned i n t cu r r en t_depth = 0 ;

s t d : : v e c to r <Feature > f e a t u r e s ;

RawUnorderedSet<c o ns t Funct ion > s e e n _ f u n c t i o n s ;
RawUnorderedSet<c o ns t V a r i a b l e > s e e n _ v a r i a b l e s ;

} ;

} // namespace o p t i f o l

#e n d i f // OPTIFOL_FEATUREBUILDINGVISITOR_HPP

1.16.2.3 IObservingBinaryVisitor.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f I n t e r f a c e s p e c i f i c a t i o n f o r the FOL b i n a r y v i s i t o r
∗ @author O l i v e r Dixon
∗ @date 2026−02−02
∗ @ v e r s i o n Development
∗/

#i f n d e f OPTIFOL_IOBSERVINGBINARYVISITOR_HPP
#d e f i n e OPTIFOL_IOBSERVINGBINARYVISITOR_HPP

namespace o p t i f o l
{

c l a s s L i t e r a l ;
c l a s s V a r i a b l e ;
c l a s s Func t i on ;

/∗∗
∗ @ c l a s s I O b s e r v i n g B i n a r y V i s i t o r
∗ @ b r i e f I n t e r f a c e f o r o b s e r v i n g v i s i t o r s to despa tch on two o b j e c t s .
∗/

c l a s s I O b s e r v i n g B i n a r y V i s i t o r
{
p u b l i c :

v i r t u a l ~ I O b s e r v i n g B i n a r y V i s i t o r ( ) = d e f a u l t ;

// L i t e r a l

[ [ n o d i s c a r d ] ] v i r t u a l boo l v i s i t ( c o n s t L i t e r a l &p r e d i c a t e _ l h s , c o n s t L i t e r a l &p r e d i c a t e _ r h s ) = 0 ;

// V a r i a b l e on LHS

[ [ n o d i s c a r d ] ] v i r t u a l boo l v i s i t ( c o n s t V a r i a b l e &v a r i a b l e _ l h s , c on s t Func t i on &f u n c t i o n _ r h s ) = 0 ;

[ [ n o d i s c a r d ] ] v i r t u a l boo l v i s i t ( c o n s t V a r i a b l e &v a r i a b l e _ l h s , c on s t V a r i a b l e &v a r i a b l e _ r h s ) = 0 ;

// Funct i on on LHS

[ [ n o d i s c a r d ] ] v i r t u a l boo l v i s i t ( c o n s t Func t i on &f u n c t i o n _ l h s , co n s t Func t i on &f u n c t i o n _ r h s ) = 0 ;

[ [ n o d i s c a r d ] ] v i r t u a l boo l v i s i t ( c o n s t Func t i on &f u n c t i o n _ l h s , co n s t V a r i a b l e &v a r i a b l e _ r h s ) = 0 ;
} ;

} // namespace o p t i f o l

#e n d i f // OPTIFOL_IOBSERVINGBINARYVISITOR_HPP

1.16.2.4 Unification

1.16.2.4.1 BidirectionalUnificationVisitor.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/
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/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the FOL b ina r y −u n i f i c a t i o n v i s i t o r ( b i d i r e c t i o n a l )
∗ @author O l i v e r Dixon
∗ @date 2025−06−08
∗ @ v e r s i o n Development
∗/

#i n c l u d e " B i d i r e c t i o n a l U n i f i c a t i o n V i s i t o r . hpp "

#i n c l u d e " . . / . . / . . / IR / Symbo lRepos i to ry . hpp "
#i n c l u d e " . . / . . / . . / IR /Terms/ ITerm . hpp "
#i n c l u d e " . . / . . / . . / IR /Terms/ V a r i a b l e . hpp "
#i n c l u d e " U n i f i c a t i o n A p p l i c a t i o n V i s i t o r . hpp "

namespace o p t i f o l
{

B i d i r e c t i o n a l U n i f i c a t i o n V i s i t o r : : B i d i r e c t i o n a l U n i f i c a t i o n V i s i t o r (
s t d : : shared_ptr <Symbo lRepos i to ry > s y m b o l _ r e p o s i t o r y ) :

U n i f i c a t i o n V i s i t o r ( s t d : : move ( s y m b o l _ r e p o s i t o r y ) ) ,
a p p l i c a t i o n _ v i s i t o r ( s u b s t i t u t i o n s , t h i s −>s y m b o l _ r e p o s i t o r y )

{
}

boo l B i d i r e c t i o n a l U n i f i c a t i o n V i s i t o r : : v i s i t ( c o n s t Func t i on &f u n c t i o n _ l h s , c o n s t V a r i a b l e &v a r i a b l e _ r h s )
{

r e t u r n U n i f i c a t i o n V i s i t o r : : v i s i t ( v a r i a b l e _ r h s , f u n c t i o n _ l h s ) ;
}

boo l B i d i r e c t i o n a l U n i f i c a t i o n V i s i t o r : : v a r i a b l e _ g e n e r i c (
c on s t V a r i a b l e &v a r i a b l e _ l h s , co n s t IProcessedTerm &gene r i c_te rm_rhs )

{
i f ( v a r i a b l e _ l h s . hash ( ) == gene r i c_te rm_rhs . hash ( ) )

// I f a tomic s ( e . g . v a r i a b l e s ) a r e t r i v i a l l y i d e n t i c a l , they can be u n i f i e d w i thout an e x p l i c i t
// s u b s t i t u t i o n .
r e t u r n t r u e ;

/∗
∗ I f the g i v e n LHS v a r i a b l e a l r e a d y has a b ind ing , e n s u r e t h a t i t s bound mapping can be u n i f i e d w i th the
∗ o t h e r v a r i a b l e .
∗/

c on s t auto &l h s _ b i n d i n g _ i t = s u b s t i t u t i o n s −>u n i f i e r . f i n d ( v a r i a b l e _ l h s ) ;
i f ( l h s _ b i n d i n g _ i t != s u b s t i t u t i o n s −>u n i f i e r . cend ( ) )

r e t u r n l h s _ b i n d i n g _ i t −>second−>accep t (∗ t h i s , gene r i c_te rm_rhs ) ;

// Perform an ’ o c c u r s check ’ o n l y when c o n s i d e r i n g b i n d i n g a v a r i a b l e to a g e n e r i c , non−v a r i a b l e term .
i f ( occur s_check ( v a r i a b l e _ l h s , gene r i c_te rm_rhs ) )

r e t u r n f a l s e ;

// I f a l l checks pass , we can do a u n i f i c a t i o n between the v a r i a b l e s . R e g i s t e r the r ep l a cement and
// i n d i c a t e s u c c e s s .
r e g i s t e r _ s u b s t i t u t i o n ( v a r i a b l e _ l h s , gene r i c_te rm_rhs ) ;
r e t u r n t r u e ;

}

boo l B i d i r e c t i o n a l U n i f i c a t i o n V i s i t o r : : occur s_check (
c on s t V a r i a b l e &v a r i a b l e _ l h s , co n s t IProcessedTerm &gene r i c_te rm_rhs )

{
c on s t auto app l i ed_te rm = gene r i c_te rm_rhs . a ccep t ( a p p l i c a t i o n _ v i s i t o r ) ;

c on s t boo l i s _ s e l f _ n e s t e d = ∗ app l i ed_te rm == gene r i c_te rm_rhs
? gene r i c_te rm_rhs . i s _ s e l f _ n e s t e d ( v a r i a b l e _ l h s )
: app l i ed_term −>i s _ s e l f _ n e s t e d ( v a r i a b l e _ l h s ) ;

a p p l i c a t i o n _ v i s i t o r . d i scard_new_symbols ( ) ;
r e t u r n i s _ s e l f _ n e s t e d ;

}

} // namespace o p t i f o l

1.16.2.4.2 BidirectionalUnificationVisitor.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/
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/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the FOL b ina r y −u n i f i c a t i o n v i s i t o r ( b i d i r e c t i o n a l )
∗ @author O l i v e r Dixon
∗ @date 2025−06−08
∗ @ v e r s i o n Development
∗/

#i f n d e f BIDIRECTIONALUNIFICATIONVISITOR_H
#d e f i n e BIDIRECTIONALUNIFICATIONVISITOR_H

#i n c l u d e " U n i f i c a t i o n A p p l i c a t i o n V i s i t o r . hpp "
#i n c l u d e " U n i f i c a t i o n V i s i t o r . hpp "

namespace o p t i f o l
{

c l a s s ITerm ;
c l a s s Symbo lRepos i to ry ;

/∗∗
∗ @ c l a s s B i d i r e c t i o n a l U n i f i c a t i o n V i s i t o r
∗ @ b r i e f B i d i r e c t i o n a l v a r i a n t o f the U n i f i c a t i o n V i s i t o r , p e r m i t t i n g s u b s t i t u t i o n s i n the g e n e r a l i s a t i o n and
∗ the i n s t a n c e , and i n c l u d e s an occur s −check f o r s a n i t y −c h e c k i n g s u b s t i t u t i o n s .
∗/

c l a s s B i d i r e c t i o n a l U n i f i c a t i o n V i s i t o r : p u b l i c U n i f i c a t i o n V i s i t o r
{
p u b l i c :

/∗∗
∗ @ b r i e f I n i t i a l i s e the B i d i r e c t i o n a l U n i f i c a t i o n V i s i t o r f o r use w i th symbo l s r e g i s t e r e d i n the g i v e n
∗ Symbo lRepos i to ry .
∗ @param s y m b o l _ r e p o s i t o r y The Symbo lRepos i to ry c o n t a i n i n g symbols f o r the terms r e c e i v e d by the v i s i t o r .
∗/

e x p l i c i t B i d i r e c t i o n a l U n i f i c a t i o n V i s i t o r ( s t d : : shared_pt r <Symbo lRepos i to ry > s y m b o l _ r e p o s i t o r y ) ;

[ [ n o d i s c a r d ] ] boo l v i s i t ( co n s t Func t i on &f u n c t i o n _ l h s , c on s t V a r i a b l e &v a r i a b l e _ r h s ) o v e r r i d e ;

p r o t e c t e d :
/∗∗

∗ @ b r i e f Attempt to u n i f y a v a r i a b l e w i th a non−v a r i a b l e (" g e n e r i c " ) term .
∗ @ d e t a i l s
∗ To u n i f y a v a r i a b l e w i th a g e n e r i c term , they must be one o f the f o l l o w i n g . P r o v i d i n g t h a t
∗ u n i f i c a t i o n i s s u c c e s s f u l i n the non− t r i v i a l sense , a s u b s t i t u t i o n i s added to the map . <ul >
∗ <l i >Hash−i d e n t i c a l : i f they have the same hash , they a r e assumed to r e f e r the same o b j e c t .
∗ U n i f i c a t i o n i s v a l i d i n the t r i v i a l sense , and an e x p l i c i t s u b s t i t u t i o n does not need to be
∗ r e c o r d e d .</ l i > <l i >Not cha in −u n u n i f i a b l e : i f the v a r i a b l e i s a l r e a d y bound to a s u b s t i t u t i o n , the bound
∗ term must be u n i f i a b l e to the g e n e r i c term .</ l i >
∗ </ul >
∗ @param v a r i a b l e _ l h s The LHS v a r i a b l e
∗ @param gene r i c_te rm_rhs The RHS g e n e r i c term
∗ @re tu rn Can the v a r i a b l e and term be u n i f i e d ?
∗/

[ [ n o d i s c a r d ] ] boo l v a r i a b l e _ g e n e r i c (
c on s t V a r i a b l e &v a r i a b l e _ l h s , co n s t IProcessedTerm &gene r i c_te rm_rhs ) o v e r r i d e ;

p r i v a t e :
/∗∗

∗ @ b r i e f Dete rmines whether the LHS V a r i a b l e o c c u r s i n the RHS IProcessedTerm , or any a p p l i c a b l e
∗ s u b s t i t u t i o n s t h e r e o f .
∗ @ d e t a i l s
∗ <p>
∗ A f a i l u r e o f the ’ o c c u r s check ’ p r o c e d u r e i n f o r m s a u n i f i e r whether the i n t r o d u c t i o n o f a V a r i a b l e
∗ s u b s t i t u t i o n w i l l cause a c y c l e w i th i t s e l f , o r w i th an e x i s t i n g s u b s t i t u t i o n i n the u n i f i e r @f$
∗ \ t h e t a @f$ .
∗ </p>
∗ <p>
∗ I f the p r e s e n t l y g e n e r a t e d u n i f i e r @f$ \ t h e t a = \ l e f t \{ \ theta_1 , \ l d o t s , \ t h e t a _ i \ r i g h t \} @f$ i s
∗ a l r e a d y composed o f @f$ i @f$ s u b s t i t u t i o n s , and the o c c u r s c h e c k e r i s c o n s i d e r i n g the a d d i t i o n o f a
∗ new s u b s t i t u t i o n
∗ @f$ \ theta_ { i +1} = \ l e f t [ \ a lpha \mapsto \ beta \ r i g h t ] @f$ , <code>true </code> i s r e t u r n e d i f and
∗ o n l y i f
∗ @f$ \ a lpha @f$ appea r s i n the e x p a n s i o n o f @f$ \ beta @f$ or any o f the f o l l o w i n g :
∗ @f [
∗ \ t e x t {Sub}\ l e f t ( \ theta_1 , \ beta \ r i g h t ) , \ l d o t s , \ t e x t {Sub}\ l e f t ( \ the ta_ i , \ beta \ r i g h t ) .
∗ @f ]
∗ </p>
∗ @param v a r i a b l e _ l h s The V a r i a b l e f o r which to s e a r c h i n the s u b s t i t u t e d enumerat ion o f the RHS
∗ IProcessedTerm .
∗ @param gene r i c_te rm_rhs The g e n e r i c IProcessedTerm to e x p l o r e under s u b s t i t u t i o n s , s e a r c h i n g f o r the
∗ V a r i a b l e .
∗ @re tu rn Does the V a r i a b l e appear i n the IProcessedTerm , or any i somorph i sms ( under s u b s t i t u t i o n ) u s i n g
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∗ the p r e s e n t l y g e n e r a t e d s u b s t i t u t i o n s ?
∗/

[ [ n o d i s c a r d ] ] boo l occur s_check ( c o n s t V a r i a b l e &v a r i a b l e _ l h s , c on s t IProcessedTerm &gene r i c_te rm_rhs ) ;

/∗∗
∗ @ b r i e f A h e l p e r s u b s t i t u t i o n a p p l i c a t o r f o r @re f occur s_check .
∗ @note This i s <code>mutable </code> because i t ’ s e s s e n t i a l l y a throw−away , s i n g l e −use cache f o r the
∗ o c c u r s check , and we don ’ t want to break API s e m a n t i c s by i n d i c a t i n g the occur s −check p r o c e d u r e i s
∗ non−c o n s t a n t on the v i s i t o r o b j e c t .
∗/

U n i f i c a t i o n A p p l i c a t i o n V i s i t o r a p p l i c a t i o n _ v i s i t o r ;
} ;

} // namespace o p t i f o l

#e n d i f

1.16.2.4.3 UnificationApplicationVisitor.cpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the FOL s u b s t i t u t i o n −a p p l i c a t i o n v i s i t o r
∗ @author O l i v e r Dixon
∗ @date 2026−01−21
∗ @ v e r s i o n Development
∗/

#i n c l u d e " U n i f i c a t i o n A p p l i c a t i o n V i s i t o r . hpp "

#i n c l u d e " . . / . . / . . / IR / Sentence s / L i t e r a l . hpp "
#i n c l u d e " . . / . . / . . / IR / Symbo lRepos i to ry . hpp "
#i n c l u d e " . . / . . / . . / IR /Terms/ Funct i on . hpp "

// ReSharper d i s a b l e C p p U n u s e d I n c l u d e D i r e c t i v e − F u l l d e f i n i t i o n s r e q u i r e d f o r t r a n s p a r e n t ha sh i ng o f sub .
// map .
#i n c l u d e " . . / . . / . . / IR /Terms/ V a r i a b l e . hpp "
// ReSharper r e s t o r e C p p U n u s e d I n c l u d e D i r e c t i v e

namespace o p t i f o l
{

U n i f i c a t i o n A p p l i c a t i o n V i s i t o r : : U n i f i c a t i o n A p p l i c a t i o n V i s i t o r (
s t d : : shared_ptr <U n i f i e r > u n i f i e r , s t d : : shared_pt r <Symbo lRepos i to ry > s y m b o l _ r e p o s i t o r y ) :

s u b s t i t u t i o n s ( s t d : : move ( u n i f i e r ) ) ,
e x i s t i n g _ s y m b o l _ r e p o s i t o r y ( s t d : : move ( s y m b o l _ r e p o s i t o r y ) ) ,
new_symbo l_repos i to ry ( s t d : : make_unique<Symbo lRepos i to ry >() )

{
}

c on s t IProcessedTerm ∗ U n i f i c a t i o n A p p l i c a t i o n V i s i t o r : : v i s i t ( c o n s t V a r i a b l e &node ) c on s t
{

c on s t auto i t = s u b s t i t u t i o n s −>u n i f i e r . f i n d ( node ) ;
r e t u r n i t == s u b s t i t u t i o n s −>u n i f i e r . cend ( ) ? e x i s t i n g _ s y m b o l _ r e p o s i t o r y −>get_symbol_handle ( node )

: i t −>second ;
}

c on s t IProcessedTerm ∗ U n i f i c a t i o n A p p l i c a t i o n V i s i t o r : : v i s i t ( c o n s t Func t i on &node ) co n s t
{

auto t rans fo rmed_arguments = app ly_to_term_vector ( node . obse rve_arguments ( ) ) ;

/∗
∗ I f the u n i f i e r cou ld be s u c c e s s f u l l y a p p l i e d component−wi s e to the arguments ( i n d i c a t e d by the
∗ s t d : : o p t i o n a l c o n t a i n i n g a v e c t o r ) , c r e a t e the a p p l i e d Func t i on symbol and add i t to the
∗ Symbo lRepos i to ry . Otherwise , p r o v i d e a hand l e to the o r i g i n a l unmutated Funct i on .
∗/

r e t u r n t rans fo rmed_arguments . has_va lue ( )
? e x i s t i n g _ s y m b o l _ r e p o s i t o r y −>add_symbol ( s t d : : make_unique<Funct ion >(

s t d : : s t r i n g ( node . get_disambiguated_name ( ) ) , s t d : : move (∗ t rans fo rmed_arguments ) ) )
: e x i s t i n g _ s y m b o l _ r e p o s i t o r y −>get_symbol_handle ( node ) ;

}

c on s t L i t e r a l ∗ U n i f i c a t i o n A p p l i c a t i o n V i s i t o r : : v i s i t ( c o n s t L i t e r a l &node ) c on s t
{

auto t rans fo rmed_arguments = app ly_to_term_vector ( node . obse rve_arguments ( ) ) ;
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r e t u r n t rans fo rmed_arguments . has_va lue ( )
? e x i s t i n g _ s y m b o l _ r e p o s i t o r y −>add_symbol<L i t e r a l >(

s t d : : make_unique<L i t e r a l >( s t d : : s t r i n g ( node . get_name ( ) ) ,
s t d : : move (∗ t rans fo rmed_arguments ) , ! node . i s _ n e g a t i v e _ p o l a r i t y ( ) ) )

: e x i s t i n g _ s y m b o l _ r e p o s i t o r y −>get_symbol_handle<L i t e r a l >(node ) ;
}

v o i d U n i f i c a t i o n A p p l i c a t i o n V i s i t o r : : d i scard_new_symbols ( )
{

new_symbo l_repos i to ry = s t d : : make_unique<Symbo lRepos i to ry >() ;
}

v o i d U n i f i c a t i o n A p p l i c a t i o n V i s i t o r : : keep_new_symbols ( )
{

e x i s t i n g _ s y m b o l _ r e p o s i t o r y −>i n h e r i t _ r e p o s i t o r y ( s t d : : move ( new_symbo l_repos i to ry ) ) ;
d i scard_new_symbols ( ) ;

}

s t d : : o p t i o n a l <s t d : : v e c to r <c o n s t IProcessedTerm ∗>> U n i f i c a t i o n A p p l i c a t i o n V i s i t o r : : app ly_to_term_vector (
c on s t s t d : : v e c to r <c on s t IProcessedTerm ∗> &terms ) c on s t

{
boo l changed = f a l s e ;
s t d : : v e c to r <c o n s t IProcessedTerm ∗> trans fo rmed_arguments ;

t rans fo rmed_arguments . r e s e r v e ( terms . s i z e ( ) ) ;

f o r ( co n s t auto &argument : te rms ) {
c on s t auto t rans formed_argument = argument−>accep t (∗ t h i s ) ;
t rans fo rmed_arguments . push_back ( t rans formed_argument ) ;

i f ( t rans formed_argument != argument )
changed = t r u e ;

}

i f ( ! changed )
/∗

∗ I t ’ s o n l y worth r e p o r t i n g our t r a n s f o r m e d argument v e c t o r i f a t r a n s f o r m a t i o n o c c u r r e d on at l e a s t
∗ one o f the arguments . E l s e i t ’ s j u s t the o r g i n a l argument vec to r , and we can i n d i c a t e t h i s w i th an
∗ empty o p t i o n a l .
∗/

r e t u r n s t d : : n u l l o p t ;

r e t u r n t rans fo rmed_arguments ;
}

} // namespace o p t i f o l

1.16.2.4.4 UnificationApplicationVisitor.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the FOL s u b s t i t u t i o n −a p p l i c a t i o n v i s i t o r
∗ @author O l i v e r Dixon
∗ @date 2026−01−21
∗ @ v e r s i o n Development
∗/

#i f n d e f OPTIFOL_UNIFICATIONAPPLICATIONVISITOR_HPP
#d e f i n e OPTIFOL_UNIFICATIONAPPLICATIONVISITOR_HPP

#i n c l u d e <o p t i o n a l >
#i n c l u d e <vec to r >

#i n c l u d e " . . / . . / . . / I n f e r e n c e / U n i f i e r . hpp "

namespace o p t i f o l
{

c l a s s Symbo lRepos i to ry ;

c l a s s Func t i on ;
c l a s s B inaryConnected ;
c l a s s L i t e r a l ;
c l a s s SentenceRoot ;
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c l a s s U n i f i c a t i o n A p p l i c a t i o n V i s i t o r
{
p u b l i c :

e x p l i c i t U n i f i c a t i o n A p p l i c a t i o n V i s i t o r (
s t d : : shared_ptr <U n i f i e r > u n i f i e r , s t d : : shared_pt r <Symbo lRepos i to ry > s y m b o l _ r e p o s i t o r y ) ;

[ [ n o d i s c a r d ] ] c o n s t IProcessedTerm ∗ v i s i t ( co n s t V a r i a b l e &node ) c o n s t ;

[ [ n o d i s c a r d ] ] c o n s t IProcessedTerm ∗ v i s i t ( co n s t Func t i on &node ) c o n s t ;

[ [ n o d i s c a r d ] ] c o n s t L i t e r a l ∗ v i s i t ( co n s t L i t e r a l &node ) c o n s t ;

v o i d d i scard_new_symbols ( ) ;

v o i d keep_new_symbols ( ) ;

p r i v a t e :
[ [ n o d i s c a r d ] ] s t d : : o p t i o n a l <s t d : : v e c to r <c o n s t IProcessedTerm ∗>> apply_to_term_vector (

c on s t s t d : : v e c to r <c on s t IProcessedTerm ∗> &terms ) c on s t ;

s t d : : shared_ptr <U n i f i e r > s u b s t i t u t i o n s ;

c on s t s t d : : shared_pt r <Symbo lRepos i to ry > e x i s t i n g _ s y m b o l _ r e p o s i t o r y ;
s t d : : un ique_ptr <Symbo lRepos i to ry > new_symbo l_repos i to ry ;

} ;

} // namespace o p t i f o l

#e n d i f // OPTIFOL_UNIFICATIONAPPLICATIONVISITOR_HPP

1.16.2.4.5 UnificationVisitor.cpp

/∗
∗ C o p y r i g h t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s imp l ementa t i on f o r the FOL b ina r y −u n i f i c a t i o n v i s i t o r ( u n i d i r e c t i o n a l )
∗ @author O l i v e r Dixon
∗ @date 2025−06−08
∗ @ v e r s i o n Development
∗/

#i n c l u d e " U n i f i c a t i o n V i s i t o r . hpp "

#i n c l u d e <a lgo r i t hm >
#i n c l u d e <ranges >

#i n c l u d e " . . / . . / . . / IR / Sentence s / L i t e r a l . hpp "
#i n c l u d e " . . / . . / . . / IR / Symbo lRepos i to ry . hpp "
#i n c l u d e " . . / . . / . . / IR /Terms/ Funct i on . hpp "
#i n c l u d e " . . / E x c e p t i o n s / Semant i cExcept i on . hpp "

namespace o p t i f o l
{

U n i f i c a t i o n V i s i t o r : : U n i f i c a t i o n V i s i t o r ( s t d : : shared_pt r <Symbo lRepos i to ry > s y m b o l _ r e p o s i t o r y ) :
s y m b o l _ r e p o s i t o r y ( s t d : : move ( s y m b o l _ r e p o s i t o r y ) ) ,
s u b s t i t u t i o n s ( s t d : : make_shared<U n i f i e r >() )

{
}

boo l U n i f i c a t i o n V i s i t o r : : v i s i t ( c on s t L i t e r a l &pred i ca te_gen , c o n s t L i t e r a l &p r e d i c a t e _ i n s t )
{

i f ( p r e d i c a t e _ g e n . i s _ n e g a t i v e _ p o l a r i t y ( ) != p r e d i c a t e _ i n s t . i s _ n e g a t i v e _ p o l a r i t y ( ) )
r e t u r n f a l s e ;

i f ( p r e d i c a t e _ g e n . get_name ( ) != p r e d i c a t e _ i n s t . get_name ( ) )
r e t u r n f a l s e ;

c on s t auto &gen_args = p r e d i c a t e _ g e n . observe_arguments ( ) ;
c on s t auto &i n s t _ a r g s = p r e d i c a t e _ i n s t . obse rve_arguments ( ) ;

i f ( gen_args . s i z e ( ) != i n s t _ a r g s . s i z e ( ) )
r e t u r n f a l s e ;
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r e t u r n s t d : : r a n g e s : : a l l _ o f ( s t d : : r a n g e s : : v i ews : : z i p ( gen_args , i n s t _ a r g s ) , [ t h i s ] ( c o n s t auto &a r g _ p a i r )
{ r e t u r n s t d : : get <0>(a r g _ p a i r )−>accep t (∗ t h i s , ∗ s t d : : get <1>(a r g _ p a i r ) ) ; }) ;

}

boo l U n i f i c a t i o n V i s i t o r : : v i s i t ( c on s t V a r i a b l e &v a r i a b l e _ g e n , c on s t Func t i on &f u n c t i o n _ i n s t )
{

r e t u r n v a r i a b l e _ g e n e r i c ( v a r i a b l e _ g e n , f u n c t i o n _ i n s t ) ;
}

boo l U n i f i c a t i o n V i s i t o r : : v i s i t ( c on s t V a r i a b l e &v a r i a b l e _ g e n , c on s t V a r i a b l e &v a r i a b l e _ i n s t )
{

r e t u r n v a r i a b l e _ g e n e r i c ( v a r i a b l e _ g e n , v a r i a b l e _ i n s t ) ;
}

boo l U n i f i c a t i o n V i s i t o r : : v i s i t ( c on s t Func t i on &funct ion_gen , c o n s t V a r i a b l e &v a r i a b l e _ i n s t )
{

s t d : : i g n o r e = func t i on_gen ;
s t d : : i g n o r e = v a r i a b l e _ i n s t ;

r e t u r n f a l s e ;
}

boo l U n i f i c a t i o n V i s i t o r : : v i s i t ( c on s t Func t i on &funct ion_gen , c o n s t Func t i on &f u n c t i o n _ i n s t )
{

i f ( f unc t i on_gen . get_disambiguated_name ( ) != f u n c t i o n _ i n s t . get_disambiguated_name ( ) )
r e t u r n f a l s e ;

c on s t auto &gen_args = func t i on_gen . observe_arguments ( ) ;
c on s t auto &i n s t _ a r g s = f u n c t i o n _ i n s t . obse rve_arguments ( ) ;

i f ( gen_args . s i z e ( ) != i n s t _ a r g s . s i z e ( ) )
r e t u r n f a l s e ;

r e t u r n s t d : : r a n g e s : : a l l _ o f ( s t d : : r a n g e s : : v i ews : : z i p ( gen_args , i n s t _ a r g s ) , [ t h i s ] ( c o n s t auto &a r g _ p a i r )
{ r e t u r n s t d : : get <0>(a r g _ p a i r )−>accep t (∗ t h i s , ∗ s t d : : get <1>(a r g _ p a i r ) ) ; }) ;

}

c on s t U n i f i e r ∗ U n i f i c a t i o n V i s i t o r : : o b s e r v e _ s u b s t i t u t i o n s ( ) c o n s t noexcept
{

r e t u r n s u b s t i t u t i o n s . ge t ( ) ;
}

s t d : : shared_ptr <U n i f i e r > U n i f i c a t i o n V i s i t o r : : s h a r e _ s u b s t i t u t i o n s ( ) co n s t noexcept
{

r e t u r n s u b s t i t u t i o n s ;
}

v o i d U n i f i c a t i o n V i s i t o r : : r e s e t _ s u b s t i t u t i o n s ( ) c o n s t noexcept
{

s u b s t i t u t i o n s −>u n i f i e r . c l e a r ( ) ;
}

v o i d U n i f i c a t i o n V i s i t o r : : r e g i s t e r _ s u b s t i t u t i o n (
c on s t V a r i a b l e &bound_key , c on s t IProcessedTerm &bound_value ) c on s t

{
c on s t auto v a r i a b l e _ r e p o _ p t r = s y m b o l _ r e p o s i t o r y −>get_symbol_handle ( bound_key ) ;
c on s t auto bound_repo_ptr = s y m b o l _ r e p o s i t o r y −>get_symbol_handle ( bound_value ) ;

i f ( v a r i a b l e _ r e p o _ p t r == n u l l p t r | | bound_repo_ptr == n u l l p t r )
throw Semant i cExcep t i on ( " Attempted to r e g i s t e r s u b s t i t u t i o n f o r " + bound_key . t o _ s t r i n g ( ) +

" but the "
" R e p o s i t o r y i s i n c o m p l e t e . " ) ;

s u b s t i t u t i o n s −>u n i f i e r . emplace ( v a r i a b l e _ r e p o _ p t r , bound_repo_ptr ) ;
}

boo l U n i f i c a t i o n V i s i t o r : : v a r i a b l e _ g e n e r i c (
c on s t V a r i a b l e &v a r i a b l e _ g e n , c on s t IProcessedTerm &g e n e r i c _ t e r m _ i n s t )

{
c on s t auto i t = s u b s t i t u t i o n s −>u n i f i e r . f i n d ( v a r i a b l e _ g e n ) ;
i f ( i t != s u b s t i t u t i o n s −>u n i f i e r . end ( ) )

r e t u r n v a r i a b l e _ g e n . o p e r a t o r ==(∗ i t −> f i r s t ) ;

r e g i s t e r _ s u b s t i t u t i o n ( v a r i a b l e _ g e n , g e n e r i c _ t e r m _ i n s t ) ;
r e t u r n t r u e ;

}

} // namespace o p t i f o l
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1.16.2.4.6 UnificationVisitor.hpp

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

/∗∗
∗ @ f i l e
∗ @ b r i e f C l a s s s p e c i f i c a t i o n f o r the FOL b ina r y −u n i f i c a t i o n v i s i t o r ( u n i d i r e c t i o n a l )
∗ @author O l i v e r Dixon
∗ @date 2025−06−08
∗ @ v e r s i o n Development
∗/

#i f n d e f UNIFICATIONVISITOR_H
#d e f i n e UNIFICATIONVISITOR_H

#i n c l u d e " . . / I O b s e r v i n g B i n a r y V i s i t o r . hpp "
#i n c l u d e " U n i f i c a t i o n A p p l i c a t i o n V i s i t o r . hpp "

namespace o p t i f o l
{

c l a s s ITerm ;
c l a s s Symbo lRepos i to ry ;

/∗∗
∗ @ c l a s s U n i f i c a t i o n V i s i t o r
∗ @ b r i e f P r o v i d e s a v i s i t o r f o r b i na r y −u n i f i c a t i o n o f FOL terms and s e n t e n c e s
∗ @ d e t a i l s
∗ <p>
∗ For d e t a i l s o f the U n i f i c a t i o n Problem and p a r t i c u l a r s o f the c a n o n i c a l s o f t w a r e imp lementat ion , s e e
∗ <i > A r t i f i c i a l I n t e l l i g e n c e , A Modern Approach </i > by R u s s e l l and Norv ig . I n b r i e f , the a l g o r i t h m
∗ c o n s i d e r s two s e n t e n c e s @f$p@f$ and @f$q@f$ and r e t u r n s a v a r i a b l e s u b s t i t u t i o n map @f$ \ theta@f$ , o r
∗ <i >u n i f i e r </i > i f one e x i s t s :
∗ @f [
∗ \ t e x t { U n i f y }(p , q ) \ math re l {\ v c e n t e r {:}}= \ t h e t a \ t e x t { such t h a t }
∗ \ t e x t {Sub }(\ theta , p ) = \ t e x t {Sub }(\ theta , q ) .
∗ @f ]
∗ For b r e v i t y , the d e f i n i t i o n o f our sameness m e t r i c i s not e l a b o r a t e d he r e .
∗ </p>
∗ <p>
∗ The most b a s i c U n i f i c a t i o n V i s i t o r i s u n i d i r e c t i o n a l ; t h a t i s , i t a c c e p t s a " g e n e r a l i s a t i o n " and an
∗ " i n s t a n c e " , and s u b s t i t u t i o n s may o n l y be made i n the g e n e r a l i s a t i o n . I f s u b s t i t u t i o n s s h o u l d a l s o be made
∗ i n the i n s t a n c e , use the B i d i r e c t i o n a l U n i f i c a t i o n V i s i t o r i n s t e a d , which i n c l u d e s an occur s −check to v e r i f y
∗ c o r r e c t n e s s o f s u b s t i t u t i o n s .
∗ </p>
∗ <p>
∗ The o v e r a l l a s s o c i a t i o n r u l e s w i t h i n the c o n s t r a i n t s o f the O p t i f o l t ype sy s tems i s :
∗ <ul >
∗ <l i >P r e d i c a t e s might u n i f y w i th p r e d i c a t e s o n l y ;</ l i >
∗ <l i >V a r i a b l e s might u n i f y w i th any term ;</ l i >
∗ <l i >F u n c t i o n s might u n i f y w i th f u n c t i o n s o n l y ; and</ l i >
∗ <l i >Any term might u n i f y w i th v a r i a b l e s o n l y .</ l i >
∗ </ul >
∗ These r u l e s a r e r e f l e c t e d i n the v i s i t o r member f u n c t i o n s , and must be r e s p e c t e d by u n i f i a b l e t y p e s
∗ imp lement ing the a c c e p t o r member f u n c t i o n s . Note t h a t t r i p l e −despa tch may be n e c e s s a r y i n some c a s e s
∗ ( a c c e p t o r c a l l i n g ano the r o v e r l o a d accepto r , which then c a l l s the v i s i t o r ) to c o r r e c t l y e x p l o r e
∗ term−s p e c i a l i s e d c a s e s .
∗ </p>
∗ <p>
∗ F o l l o w i n g a u n i f i c a t i o n attempt (<code>v i s i t </code> c a l l ) , any a p p l i c a b l e s u b s t i t u t i o n s w i l l have been
∗ t r a c e d by the v i s i t o r i n s t a n c e and w r i t t e n to an i n t e r n a l s t a t e a c c e s s i b l e w i th @re f o b s e r v e _ s u b s t i t u t i o n s .
∗ I f u n i f i c a t i o n was s u c c e s s f u l , i n d i c a t e d by the r e t u r n code o f <code>v i s i t </code >, the s e t c o n s i s t s o f
∗ most−g e n e r a l u n i f i e r s . I f u n i f i c a t i o n was u n s u c c e s s f u l , the s u b s t i t u t i o n s w i l l not n e c e s s a r i l y produce
∗ matching c l a u s e s under a p p l i c a t i o n , and the s t a t e s h o u l d be r e s e t w i th @re f r e s e t _ s u b s t i t u t i o n s . Th i s i s a
∗ c o n s c i o u s API d e s i g n cho i ce , as i t i s o c c a s i o n a l l y u s e f u l f o r u s e r s to i n s p e c t the p a r t i a l s u b s t i t u t i o n
∗ t r a c e o f a f a i l e d u n i f i c a t i o n .
∗ </p>
∗ @note
∗ <p>
∗ There i s o p p o r t u n i t y f o r s i g n i f i c a n t o p t i m i s a t i o n o f t h i s p r o c e d u r e . I n p a r t i c u l a r , the imp l ementa t i on
∗ he r e i s r e m i n i s c e n t o f R u s s e l l and Norv ig ’ s a d a p t a t i o n o f J . A . Robinson ’ s 1965 e x p o n e n t i a l a l g o r i t h m .
∗ At some po in t , t h i s v i s i t o r s h o u l d use the a l g o r i t h m o f de Champeaux (2022) which i s l i n e a r −bounded . A Java
∗ r e f e r e n c e imp l ementa t i on can be found at h t t p s : // g i t h u b . com/ ddccc / U n i f i c a t i o n . See a l s o the paper :
∗ h t t p s : // d o i . o rg /10.1007/ s10817 −022−09635−1.
∗ </p>
∗ @see B i d i r e c t i o n a l U n i f i c a t i o n V i s i t o r f o r the u n i f i c a t i o n v i s i t o r to produce s u b s t i t u t i o n s on both the
∗ g e n e r a l i s a t i o n and the i n s t a n c e .
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∗ @see U n i f i c a t i o n A p p l i c a t i o n V i s i t o r f o r the mutat ing v i s i t o r to app l y U n i f i e r e l ement s to ASTs .
∗/

c l a s s U n i f i c a t i o n V i s i t o r : p u b l i c I O b s e r v i n g B i n a r y V i s i t o r
{
p u b l i c :

/∗∗
∗ @ b r i e f I n i t i a l i s e the U n i f i c a t i o n V i s i t o r f o r use w i th symbo ls r e g i s t e r e d i n the g i v e n Symbo lRepos i to ry .
∗ @param s y m b o l _ r e p o s i t o r y The Symbo lRepos i to ry c o n t a i n i n g symbols f o r the terms r e c e i v e d by the v i s i t o r .
∗/

e x p l i c i t U n i f i c a t i o n V i s i t o r ( s t d : : shared_pt r <Symbo lRepos i to ry > s y m b o l _ r e p o s i t o r y ) ;

/∗∗
∗ @ b r i e f Attempt to u n i f y two p r e d i c a t e s ( L i t e r a l s ) on the p r e d i c a t e and component−wi s e arguments .
∗ @ d e t a i l s U n i f i c a t i o n between two p r e d i c a t e s w i l l succeed i f and o n l y i f they a r e i d e n t i c a l l y named ,
∗ have the same number o f term arguments , have the same p o l a r i t y , and the terms can be z i p p e d and
∗ m u t u a l l y u n i f i e d i . a .w . o t h e r r u l e s d e s c r i b e d h e r e i n .
∗ @param p r e d i c a t e _ g e n The g e n e r a l i s a t i o n L i t e r a l to u n i f y
∗ @param p r e d i c a t e _ i n s t The i n s t a n c e L i t e r a l to u n i f y
∗ @re tu rn Can the g e n e r a l i s a t i o n be u n i f i e d i n t o the i n s t a n c e ?
∗/

[ [ n o d i s c a r d ] ] boo l v i s i t ( co n s t L i t e r a l &pred i ca te_gen , c on s t L i t e r a l &p r e d i c a t e _ i n s t ) o v e r r i d e ;

/∗∗
∗ @ b r i e f Attempt to u n i f y a V a r i a b l e and a Funct i on term .
∗ @param v a r i a b l e _ g e n The LHS V a r i a b l e to u n i f y
∗ @param f u n c t i o n _ i n s t The RHS Funct i on to u n i f y
∗ @re tu rn Can the LHS and RHS o b j e c t s be u n i f i e d ?
∗/

[ [ n o d i s c a r d ] ] boo l v i s i t ( co n s t V a r i a b l e &v a r i a b l e _ g e n , c o n s t Func t i on &f u n c t i o n _ i n s t ) o v e r r i d e ;

/∗∗
∗ @ b r i e f Attempt to u n i f y two V a r i a b l e terms .
∗ @ d e t a i l s U n i f i c a t i o n between two V a r i a b l e terms w i l l succeed a c c o r d i n g to the same c o n d i t i o n s as th o s e
∗ r e q u i r e d by @re f v i s i t ( co n s t V a r i a b l e &, co n s t Constant &) .
∗ @param v a r i a b l e _ g e n The LHS V a r i a b l e to u n i f y
∗ @param v a r i a b l e _ i n s t The RHS V a r i a b l e to u n i f y
∗ @re tu rn Can the LHS and RHS V a r i a b l e o b j e c t s be u n i f i e d ?
∗/

[ [ n o d i s c a r d ] ] boo l v i s i t ( co n s t V a r i a b l e &v a r i a b l e _ g e n , c o n s t V a r i a b l e &v a r i a b l e _ i n s t ) o v e r r i d e ;

/∗∗
∗ @ b r i e f Attempt to u n i f y a Func t i on and a V a r i a b l e .
∗ @param func t i on_gen The LHS Funct i on to u n i f y
∗ @param v a r i a b l e _ i n s t The RHS V a r i a b l e to u n i f y
∗ @re tu rn Fa l s e , s i n c e a Funct i on and a V a r i a b l e cou ld o n l y be u n i f i e d i f the V a r i a b l e cou ld be
∗ s u b s t i t u t e d . I n t h i s case , i t ’ s i n the i n s t a n c e .
∗/

[ [ n o d i s c a r d ] ] boo l v i s i t ( co n s t Func t i on &funct ion_gen , c o n s t V a r i a b l e &v a r i a b l e _ i n s t ) o v e r r i d e ;

/∗∗
∗ @ b r i e f Attempt to u n i f y two Funct i on terms .
∗ @ d e t a i l s U n i f i c a t i o n between two Funct i on terms w i l l succeed a c c o r d i n g to s i m i l a r c o n d i t i o n s as t h o s e
∗ r e q u i r e d by @re f v i s i t ( co n s t L i t e r a l &, co n s t L i t e r a l &) , i . e . i d e n t i c a l l y named symbol s and
∗ component−wi s e u n i f i c a t i o n .
∗ @param func t i on_gen The LHS Funct i on to u n i f y
∗ @param f u n c t i o n _ i n s t The RHS Funct i on to u n i f y
∗ @re tu rn Can the LHS and RHS Funct i on o b j e c t s be u n i f i e d ?
∗/

[ [ n o d i s c a r d ] ] boo l v i s i t ( co n s t Func t i on &funct ion_gen , c o n s t Func t i on &f u n c t i o n _ i n s t ) o v e r r i d e ;

/∗∗
∗ @ b r i e f Observe the work ing s e t o f s u b s t i t u t i o n s produced s i n c e the l a s t @re f r e s e t _ s u b s t i t u t i o n s c a l l .
∗
∗ @ d e t a i l s The U n i f i e r s e t c o n s i s t s o f s u b s t i t u t i o n s e x p l o r e d by the v i s i t o r w h i l s t a t t empt ing to f o r c e
∗ two c l a u s e s to be e q u i v a l e n t under a p p l i c a t i o n . I f a <code>v i s i t </code> c a l l i n d i c a t e d s u c c e s s f u l
∗ u n i f i c a t i o n , the s u b s t i t u t i o n s r e p r e s e n t the most−g e n e r a l u n i f i e r s r e q u i r e d to make the two r e s p e c t i v e
∗ c l a u s e s e q u i v a l e n t under the U n i f i c a t i o n A p p l i c a t i o n V i s i t o r . An empty se t , o r s e t r e t u r n e d f o l l o w i n g a
∗ f a i l e d u n i f i c a t i o n attempt , may be u s e f u l to c a l l e r s but a r e not u n i f i e r s .
∗
∗ @re tu rn The work ing U n i f i e r s e t .
∗/

[ [ n o d i s c a r d ] ] c o n s t U n i f i e r ∗ o b s e r v e _ s u b s t i t u t i o n s ( ) c on s t noexcept ;

[ [ n o d i s c a r d ] ] s t d : : shared_ptr <U n i f i e r > s h a r e _ s u b s t i t u t i o n s ( ) co n s t noexcept ;

/∗∗
∗ @ b r i e f C l e a r u n i f y i n g s u b s t i t u t i o n s and r e s e t the s t a t e such t h a t @re f o b s e r v e _ s u b s t i t u t i o n s p roduce s
∗ an empty work ing s e t .
∗/

v o i d r e s e t _ s u b s t i t u t i o n s ( ) c o n s t noexcept ;
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p r o t e c t e d :
/∗∗

∗ @ b r i e f Attempt to u n i f y a v a r i a b l e w i th a g e n e r i c term .
∗ @ d e t a i l s To u n i f y a v a r i a b l e w i th a g e n e r i c term i n the u n i d i r e c t i o n a l case , the mapping must e i t h e r be
∗ new , or be i d e n t i c a l to an e x i s t i n g e n t r y .
∗ @param v a r i a b l e _ g e n The LHS v a r i a b l e
∗ @param g e n e r i c _ t e r m _ i n s t The RHS g e n e r i c term
∗ @re tu rn Can the v a r i a b l e and term be u n i f i e d ?
∗/

[ [ n o d i s c a r d ] ] v i r t u a l boo l v a r i a b l e _ g e n e r i c (
c on s t V a r i a b l e &v a r i a b l e _ g e n , c on s t IProcessedTerm &g e n e r i c _ t e r m _ i n s t ) ;

/∗∗
∗ @ b r i e f R e g i s t e r s a new s u b s t i t u t i o n @f$ \ a lpha \mapsto \ beta @f$ f o r a V a r i a b l e @f$ \ a lpha @f$ and
∗ g e n e r i c IProcessedTerm @f$ \ beta @f$ i n terms o f t h e i r e x i s t i n g p o i n t e r s i n the @re f s y m b o l _ r e p o s i t o r y .
∗ @param bound_key The @f$ \ a lpha @f$ V a r i a b l e key to b ind .
∗ @param bound_value The @f$ \ beta @f$ IProcessedTerm b i n d i n g .
∗ @throws Semant i cExcep t i on i f e i t h e r @f$ \ a lpha @f$ or @f$ \ beta @f$ do not e x i s t i n the @re f
∗ s y m b o l _ r e p o s i t o r y .
∗/

v o i d r e g i s t e r _ s u b s t i t u t i o n ( c on s t V a r i a b l e &bound_key , c on s t IProcessedTerm &bound_value ) c on s t ;

/∗∗
∗ @ b r i e f The Symbo lRepos i to ry f o r the env i ronment o f the u n i f i e d p a i r , p r o v i d e d by the consumer .
∗/

c on s t s t d : : shared_pt r <Symbo lRepos i to ry > s y m b o l _ r e p o s i t o r y ;

/∗∗
∗ @ b r i e f The work ing s e t o f V a r i a b l e −to−Term s u b s t i t u t i o n s f o r the u n i f i c a t i o n attempt . Once u n i f i c a t i o n
∗ has r e t u r n e d a v e r d i c t , the f i n a l s e t can be o b s e r v e d wi th @re f o b s e r v e _ s u b s t i t u t i o n s .
∗/

c on s t s t d : : shared_pt r <U n i f i e r > s u b s t i t u t i o n s ;
} ;

} // namespace o p t i f o l

#e n d i f

2 CMakeLists.txt

# Co p y r i g h t ( c ) A l l R i g h t s Rese rved
# 2025 O l i v e r Dixon <od641@york . ac . uk>

# F i l e : CMakeLists . t x t
# B r i e f : B u i l d the O p t i f o l system wi th CMake
# Author : O l i v e r Dixon
# Date : 2024−11−15
# V e r s i o n : Development

cmake_minimum_required (VERSION 3.10 FATAL_ERROR)
i n c l u d e ( FetchContent )
p r o j e c t ( O p t i f o l )

s e t (CMAKE_CXX_STANDARD 26)
s e t (CMAKE_CXX_STANDARD_REQUIRED ON)
f ind_package ( PkgConf ig REQUIRED)

# S t r i p r e l e a s e − l i k e b u i l d s , e x c e p t d e b u g i n f o r e l e a s e b u i l d s .
f u n c t i o n ( u t i l s _ s t r i p TARGET)

add_custom_command (
TARGET "${TARGET}" POST_BUILD
COMMAND $<$<OR: $<CONFIG : release>,$<CONFIG : mins i ze re l>> : ${CMAKE_STRIP}>
ARGS −−st r ip−a l l $<TARGET_FILE : ${TARGET}>

)
e n d f u n c t i o n ( )

######################################
## O p t i f o l Generated Object L i b r a r y ##
######################################

# The " g e n e r a t e d " o b j e c t l i b r a r y c o n t r o l s the i n v o c a t i o n o f a l l non−GTK code−gene ra to r s r e q u i r e d f o r O p t i f o l .
# Namely : F l e x ( l e x e r , g e n e r a t e s C++) and Bison ( p a r s e r , g e n e r a t e s C++) . A l l g e n e r a t e d s o u r c e t r a n s l a t i o n
# u n i t s a r e p l a c e d i n ${GENERATED_SRC_DIR} , and h e a d e r s a r e p l a c e d i n ${GENERATED_INCLUDE_DIR} .

f i nd_package (FLEX REQUIRED)
f ind_package (BISON REQUIRED)
pkg_check_modules (GTKMM REQUIRED gtkmm−4 . 0 )
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s e t (GENERATED_INCLUDE_DIR ${CMAKE_CURRENT_BINARY_DIR}/ i n c l u d e )
s e t (GENERATED_SRC_DIR ${GENERATED_INCLUDE_DIR}/ g e n e r a t e d )
f i l e (MAKE_DIRECTORY ${GENERATED_SRC_DIR})

b i s o n _ t a r g e t ( FOLParser
Source / I n t e r p r e t e r / FOLParser . y
${GENERATED_SRC_DIR}/ BaseFOLParser . cpp
COMPILE_FLAGS "−t −Wcounterexamples "

)

f l e x _ t a r g e t ( FOLLexer
Source / I n t e r p r e t e r /FOLLexer . l
${GENERATED_SRC_DIR}/ FOLLexer . cpp

)

b i s o n _ t a r g e t ( Go og l e Te s t Pa r s e r
Source / U s e r T e s t i n g / Execu t i on /PayloadManagement/ Go og l e Te s t Pa r s e r . y
${GENERATED_SRC_DIR}/ BaseGoog l eTes tPa r s e r . cpp
COMPILE_FLAGS "−t −Wcounterexamples "

)

f l e x _ t a r g e t ( Goog l eTes tLexe r
Source / U s e r T e s t i n g / Execu t i on /PayloadManagement/ Goog l eTes tLexe r . l
${GENERATED_SRC_DIR}/ Goog l eTes tLexe r . cpp

)

# Note t h a t a v e r y u s e f u l q u a l i t y example o f u s i n g CMake to g e n e r a t e m u l t i p l e s u b c l a s s e d C++ l e x e r s and
# p a r s e r s i s OpenSTA from P a r a l l a x So f tware : h t t p s : // g i t h u b . com/ p a r a l l a x s w /OpenSTA .
add_f lex_b i son_dependency ( FOLLexer FOLParser )
add_f lex_b i son_dependency ( Goog l eTes tLexe r Go og l e Te s tP a r s e r )

a d d _ l i b r a r y ( O p t i f o l G e n e r a t e d OBJECT
${BISON_FOLParser_OUTPUTS}
${FLEX_FOLLexer_OUTPUTS}
${BISON_GoogleTestParser_OUTPUTS}
${FLEX_GoogleTestLexer_OUTPUTS}

)

# F l e x and Bison g e n e r a t e a l l s o r t s o f s u s p e c t m e l t i n g pot s o f C and C++. I t i s assumed s a f e and c o r r e c t to
# s u p p r e s s a l l c o m p i l e r warn ings produced by t h e s e p rog rams , hence the g roup ing o f a l l g e n e r a t e d code i n t o a
# d i s t i n c t CMake t a r g e t .
t a r g e t _ c o m p i l e _ o p t i o n s ( O p t i f o l G e n e r a t e d PRIVATE −Wno−everything )

t a r g e t _ i n c l u d e _ d i r e c t o r i e s ( O p t i f o l G e n e r a t e d PRIVATE
Source / I n t e r p r e t e r
Source / U s e r T e s t i n g / Execu t i on /PayloadManagement
${GENERATED_INCLUDE_DIR}

)

t a r g e t _ i n c l u d e _ d i r e c t o r i e s ( O p t i f o l G e n e r a t e d SYSTEM PRIVATE
${GTKMM_INCLUDE_DIRS}

)

s e t _ s o u r c e _ f i l e s _ p r o p e r t i e s (
${BISON_FOLParser_OUTPUTS}
${FLEX_FOLLexer_OUTPUTS}
${BISON_GoogleTestParser_OUTPUTS}
${FLEX_GoogleTestLexer_OUTPUTS}
PROPERTIES GENERATED TRUE

)

###################################
## O p t i f o l Common Object L i b r a r y ##
###################################

a d d _ l i b r a r y ( OptifolCommon OBJECT
Source / I n t e r p r e t e r /FOLLexer . hpp
Source / IR / Mutab l eVa r i an t s /Terms/ IMutableTerm . hpp
Source / IR / Mutab l eVa r i an t s / Sen tence s / IMutab l eSentence . hpp
Source / IR / Mutab l eVa r i an t s /Terms/ M u t a b l e V a r i a b l e . hpp
Source / IR / Mutab l eVa r i an t s /Terms/ Mutab leFunct ion . hpp
Source / IR / Mutab l eVa r i an t s / Sen tence s / M u t a b l e P r e d i c a t e . hpp
Source / IR / Mutab l eVa r i an t s / Sen tence s / Mutab leB inaryConnected . hpp
Source / IR / Mutab l eVa r i an t s / Sen tence s / M u t a b l e Q u a n t i f i e d . hpp
Source / I n t e r p r e t e r / FOLParser . hpp
Source / V i s i t o r s / Mutab leTargets / Sen tence s / CNFNormal i sers / I m p l i c a t i o n E l i m i n a t i o n V i s i t o r . hpp
Source / V i s i t o r s / Mutab leTargets / Sen tence s / M u t a t i n g S e n t e n c e V i s i t o r B a s e . hpp
Source / V i s i t o r s / Mutab leTargets / Sen tence s / CNFNormal i sers / DMLVis itor . hpp
Source / IR / Mutab l eVa r i an t s / Sen tence s / Mutab leB inaryConnected . cpp
Source / IR / Mutab l eVa r i an t s / Sen tence s / M u t a b l e Q u a n t i f i e d . cpp
Source / IR / Mutab l eVa r i an t s / Sen tence s / M u t a b l e P r e d i c a t e . cpp
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Source / V i s i t o r s / Mutab leTargets / Sen tence s / CNFNormal i sers / U n i v e r s a l E l i m i n a t i o n V i s i t o r . hpp
Source / V i s i t o r s / Mutab leTargets / Sen tence s / CNFNormal i sers / D i s j u n c t i o n D i s t r i b u t i o n V i s i t o r . hpp
Source / V i s i t o r s / Mutab leTargets / Sen tence s / CNFNormal i sers / D i s j u n c t i o n D i s t r i b u t i o n V i s i t o r . cpp
Source / V i s i t o r s / Mutab leTargets / Sen tence s / CNFNormal i sers / U n i v e r s a l E l i m i n a t i o n V i s i t o r . cpp
Source / V i s i t o r s / Mutab leTargets / Sen tence s / CNFNormal i sers / I m p l i c a t i o n E l i m i n a t i o n V i s i t o r . cpp
Source / V i s i t o r s / Mutab leTargets / Sen tence s / CNFNormal i sers / DMLVis itor . cpp
Source / V i s i t o r s / Mutab leTargets / O b s e r v e r s / T e x t S e r i a l i s e r V i s i t o r . cpp
Source / V i s i t o r s / Mutab leTargets / O b s e r v e r s / T e x t S e r i a l i s e r V i s i t o r . hpp
Source / V i s i t o r s / Mutab leTargets / O b s e r v e r s / I O b s e r v i n g N o d e V i s i t o r . hpp
Source / V i s i t o r s / Mutab leTargets / Sen tence s / CNFNormal i sers / S y m b o l S t a n d a r d i s i n g V i s i t o r . cpp
Source / V i s i t o r s / Mutab leTargets / Sen tence s / CNFNormal i sers / S y m b o l S t a n d a r d i s i n g V i s i t o r . hpp
Source / E x c e p t i o n s / Semant i cExcep t i on . hpp
Source / V i s i t o r s / Mutab leTargets /Terms/ Mutat ingTermVi s i to rBase . hpp
Source / V i s i t o r s / Mutab leTargets /Terms/ T e r m R e s o l u t i o n V i s i t o r . cpp
Source / V i s i t o r s / Mutab leTargets /Terms/ T e r m R e s o l u t i o n V i s i t o r . hpp
Source / V i s i t o r s / Mutab leTargets /Terms/ Mutat ingTermVi s i to rBase . cpp
Source / V i s i t o r s / Mutab leTargets / Sen tence s / M u t a t i n g S e n t e n c e V i s i t o r B a s e . cpp
Source / V i s i t o r s / Mutab leTargets / Sen tence s / CNFNormal i sers / Q u a n t i f i e r E x t r a c t i n g V i s i t o r . cpp
Source / V i s i t o r s / Mutab leTargets / Sen tence s / CNFNormal i sers / Q u a n t i f i e r E x t r a c t i n g V i s i t o r . hpp
Source / V i s i t o r s / Mutab leTargets / Sen tence s / CNFNormal i sers / S k o l e m I n t r o d u c i n g V i s i t o r . cpp
Source / V i s i t o r s / Mutab leTargets / Sen tence s / CNFNormal i sers / S k o l e m I n t r o d u c i n g V i s i t o r . hpp
Source / O p t i f o l . hpp
Source / Logg ing . hpp
Source / Logg ing . cpp
Source / IR / Mutab l eVa r i an t s / Sen tence s / Mutab leSentenceRoot . hpp
Source / IR / Mutab l eVa r i an t s / Sen tence s / Mutab leSentenceRoot . cpp
Source / IR / Mutab l eVa r i an t s /Terms/ Mutab leFunct ion . cpp
Source / IR / Mutab l eVa r i an t s /Terms/ M u t a b l e V a r i a b l e . cpp
Source / IR / Mutab l eVa r i an t s /Terms/ Mutab leSko lemFunct ion . cpp
Source / IR / Mutab l eVa r i an t s /Terms/ Mutab leSko lemFunct ion . hpp
Source / V i s i t o r s / Mutab leTargets /Terms/ S c o p e d T e r m R e s o l u t i o n V i s i t o r . cpp
Source / V i s i t o r s / Mutab leTargets /Terms/ S c o p e d T e r m R e s o l u t i o n V i s i t o r . hpp
Source / E x c e p t i o n s / P a r s e E r r o r . hpp
Source / I H a s h a b l e . hpp
Source / V i s i t o r s / R e g u l a r T a r g e t s / U n i f i c a t i o n / B i d i r e c t i o n a l U n i f i c a t i o n V i s i t o r . cpp
Source / V i s i t o r s / R e g u l a r T a r g e t s / U n i f i c a t i o n / B i d i r e c t i o n a l U n i f i c a t i o n V i s i t o r . hpp
Source / IR / Mutab l eVa r i an t s / OwningBu i ldab l e . hpp
Source / IR / Symbo lRepos i to ry . cpp
Source / IR / Symbo lRepos i to ry . hpp
Source / IR / Sentence s / I S e n t e n c e . hpp
Source / IR /Terms/ IProcessedTerm . hpp
Source / IR / Sentence s / L i t e r a l . cpp
Source / IR / Sentence s / L i t e r a l . hpp
Source / IR /Terms/ V a r i a b l e . cpp
Source / IR /Terms/ V a r i a b l e . hpp
Source / IR /Terms/ Funct i on . cpp
Source / IR /Terms/ Funct i on . hpp
Source / IR /Terms/ IProcessedTerm . hpp
Source / C o m p o s i t e S e r i a l i s a t i o n H e l p e r s . hpp
Source / IR / Sentence s / BinaryConnected . cpp
Source / IR / Sentence s / BinaryConnected . hpp
Source / V i s i t o r s / Mutab leTargets / R e p o s i t o r y B u i l d i n g V i s i t o r . cpp
Source / V i s i t o r s / Mutab leTargets / R e p o s i t o r y B u i l d i n g V i s i t o r . hpp
Source / IR / Sentence s / SentenceRoot . cpp
Source / IR / Sentence s / SentenceRoot . hpp
Source / V i s i t o r s / Mutab leTargets / O b s e r v e r s / L a T e X S e r i a l i s a t i o n V i s i t o r . cpp
Source / V i s i t o r s / Mutab leTargets / O b s e r v e r s / L a T e X S e r i a l i s a t i o n V i s i t o r . hpp
Source / IR / Sentence s / I P r o c e s s e d S e n t e n c e . hpp
Source / U s e r T e s t i n g / Execu t i on /PayloadManagement/ Goog l eTes tLexe r . hpp
Source / U s e r T e s t i n g / Execu t i on /PayloadManagement/ Go og l e Te s t Pa r s e r . hpp
Source / U s e r T e s t i n g / Execu t i on / T e s t R e s u l t . cpp
Source / U s e r T e s t i n g / Execu t i on / T e s t R e s u l t . hpp
Source /GUI/MainWindow . cpp
Source /GUI/MainWindow . hpp
Source /GUI/ A p p l i c a t i o n . cpp
Source /GUI/ A p p l i c a t i o n . hpp
Source /GUI/GTKHelpers . hpp
Source / Sto rage /TreeNode . cpp
Source / Sto rage /TreeNode . hpp
Source / Sto rage / P r o j e c t . cpp
Source / Sto rage / P r o j e c t . hpp
Source / Sto rage / Subsystem . cpp
Source / Sto rage / Subsystem . hpp
Source / Sto rage / Sto rageOb jec tBase . hpp
Source /GUI/ P r o j e c t H i e r a r c h y P a n e / P r o j e c t H i e r a r c h y P a n e . cpp
Source /GUI/ P r o j e c t H i e r a r c h y P a n e / P r o j e c t H i e r a r c h y P a n e . hpp
Source /GUI/ Requ i r ement s IndexArea / Requ i r ement s IndexArea . cpp
Source /GUI/ Requ i r ement s IndexArea / Requ i r ement s IndexArea . hpp
Source /GUI/ Contex tBut tonCor re spondence . cpp
Source /GUI/ Contex tBut tonCor re spondence . hpp
Source / Sto rage / Requi rement . cpp
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Source / Sto rage / Requi rement . hpp
Source / Sto rage / Sto rageOb jec tBase . cpp
Source /GUI/ A n a l y s i s A r e a / A n a l y s i s A r e a . cpp
Source /GUI/ A n a l y s i s A r e a / A n a l y s i s A r e a . hpp
Source / Sto rage / A n a l y s i s G r o u p . cpp
Source / Sto rage / A n a l y s i s G r o u p . hpp
Source /GUI/ Repor t sArea / Repor t sArea . cpp
Source /GUI/ Repor t sArea / Repor t sArea . hpp
Source /GUI/ Repor t sArea / ReportsAreaGenerateLaTeXPopover . cpp
Source /GUI/ Repor t sArea / ReportsAreaGenerateLaTeXPopover . hpp
Source /GUI/ Tes t i ngArea / Tes t i ngArea . cpp
Source /GUI/ Tes t i ngArea / Tes t i ngArea . hpp
Source /GUI/ IWindowArea . hpp
Source /GUI/ A n a l y s i s A r e a / Ana l y s i sAreaNewAna ly s i sGroupPopove r . cpp
Source /GUI/ A n a l y s i s A r e a / Ana l y s i sAreaNewAna ly s i sGroupPopove r . hpp
Source /GUI/ Requ i r ement s IndexArea / IndexNewRequirementPopover . cpp
Source /GUI/ Requ i r ement s IndexArea / IndexNewRequirementPopover . hpp
Source /GUI/ Requ i r ement s IndexArea / Inde xDup l i c a t eReq u i r e mentP opov e r . cpp
Source /GUI/ Requ i r ement s IndexArea / Inde xDup l i c a t eReq u i r e mentP opov e r . hpp
Source /GUI/ Requ i r ement s IndexArea / IndexDe l e t eRequ i r ementPopove r . cpp
Source /GUI/ Requ i r ement s IndexArea / IndexDe l e t eRequ i r ementPopove r . hpp
Source / U s e r T e s t i n g / Execu t i on /PayloadManagement/ T e s t L i s t e n e r B a s e . hpp
Source / U s e r T e s t i n g / Execu t i on /PayloadManagement/ G o o g l e T e s t L i s t e n e r . cpp
Source / U s e r T e s t i n g / Execu t i on /PayloadManagement/ G o o g l e T e s t L i s t e n e r . hpp
Source / U s e r T e s t i n g / M o d e l l i n g / Test . cpp
Source / U s e r T e s t i n g / M o d e l l i n g / Test . hpp
Source /GUI/ P r o c e s s E x e c u t o r . cpp
Source /GUI/ P r o c e s s E x e c u t o r . hpp
Source / U s e r T e s t i n g / M o d e l l i n g / TestGroup . cpp
Source / U s e r T e s t i n g / M o d e l l i n g / TestGroup . hpp
Source / Sto rage / ObjectGroup . hpp
Source /GUI/ Tes t i ngArea / Test ingRunTestsPopover . cpp
Source /GUI/ Tes t i ngArea / Test ingRunTestsPopover . hpp
Source /GUI/ S t r e a m i n g P r o c e s s E x e c u t o r . cpp
Source /GUI/ S t r e a m i n g P r o c e s s E x e c u t o r . hpp
Source / U s e r T e s t i n g / Execu t i on /PayloadManagement/ T e s t L i s t e n e r B a s e . cpp
Source / U s e r T e s t i n g / Execu t i on / T e s t E x e c u t a b l e . cpp
Source / U s e r T e s t i n g / Execu t i on / T e s t E x e c u t a b l e . hpp
Source /GUI/ Requ i r ement s IndexArea / ManageTestsPopover . cpp
Source /GUI/ Requ i r ement s IndexArea / ManageTestsPopover . hpp
Source / U s e r T e s t i n g / D i s c o v e r y / D i s c o v e r y T e s t E x e c u t a b l e . cpp
Source / U s e r T e s t i n g / D i s c o v e r y / D i s c o v e r y T e s t E x e c u t a b l e . hpp
Source / U s e r T e s t i n g / D i s c o v e r y / T e s t S p e c i f i c a t i o n E n t r y . cpp
Source / U s e r T e s t i n g / D i s c o v e r y / T e s t S p e c i f i c a t i o n E n t r y . hpp
Source / U s e r T e s t i n g / D i s c o v e r y / D i s c o v e r y T e s t F i x t u r e . cpp
Source / U s e r T e s t i n g / D i s c o v e r y / D i s c o v e r y T e s t F i x t u r e . hpp
Source / U s e r T e s t i n g / D i s c o v e r y / G o o g l e T e s t D i s c o v e r y E x e c u t a b l e . cpp
Source / U s e r T e s t i n g / D i s c o v e r y / G o o g l e T e s t D i s c o v e r y E x e c u t a b l e . hpp
Source / U s e r T e s t i n g / M o d e l l i n g / ITestModelNode . hpp
Source / U s e r T e s t i n g / M o d e l l i n g / Execut ionGroup . cpp
Source / U s e r T e s t i n g / M o d e l l i n g / Execut ionGroup . hpp
Source / U s e r T e s t i n g / M o d e l l i n g / Goog leExecut ionGroup . cpp
Source / U s e r T e s t i n g / M o d e l l i n g / Goog leExecut ionGroup . hpp
Source / R e p o r t i n g / I R e p o r t G e n e r a t o r . hpp
Source / R e p o r t i n g / LaTeXReportGenerator . cpp
Source / R e p o r t i n g / LaTeXReportGenerator . hpp
Source /GUI/ Tes t i ngArea / Test ingNewTestGroupPopover . cpp
Source /GUI/ Tes t i ngArea / Test ingNewTestGroupPopover . hpp
Source /GUI/ Tes t i ngArea / Test ingCopyToTestGroupPopover . cpp
Source /GUI/ Tes t i ngArea / Test ingCopyToTestGroupPopover . hpp
Source /GUI/ Tes t i ngArea / Test ingCopyMovePopoverBase . cpp
Source /GUI/ Tes t i ngArea / Test ingCopyMovePopoverBase . hpp
Source /GUI/ Tes t i ngArea / Test ingMoveToTestGroupPopover . cpp
Source /GUI/ Tes t i ngArea / Test ingMoveToTestGroupPopover . hpp
Source /GUI/ Tes t i ngArea / Tes t i ngDe l e t eTes tGroupPopove r . cpp
Source /GUI/ Tes t i ngArea / Tes t i ngDe l e t eTes tGroupPopove r . hpp
Source /GUI/ Tes t i ngArea / Test ingRenameTestGroupPopover . cpp
Source /GUI/ Tes t i ngArea / Test ingRenameTestGroupPopover . hpp
Source /GUI/ Tes t i ngArea / T e s t i n g F a i l e d V i e w . cpp
Source /GUI/ Tes t i ngArea / T e s t i n g F a i l e d V i e w . hpp
Source / U s e r T e s t i n g / Execu t i on / P a r t i a l T e s t R e s u l t . cpp
Source / U s e r T e s t i n g / Execu t i on / P a r t i a l T e s t R e s u l t . hpp
Source / I n f e r e n c e / Prove r . cpp
Source / I n f e r e n c e / Prove r . hpp
Source / V i s i t o r s / R e g u l a r T a r g e t s / U n i f i c a t i o n / U n i f i c a t i o n A p p l i c a t i o n V i s i t o r . cpp
Source / V i s i t o r s / R e g u l a r T a r g e t s / U n i f i c a t i o n / U n i f i c a t i o n A p p l i c a t i o n V i s i t o r . hpp
Source / I n f e r e n c e / E x p r e s s i o n F a c t o r y . cpp
Source / I n f e r e n c e / E x p r e s s i o n F a c t o r y . hpp
Source / IR / Sentence s / C lause . hpp
Source / IR / Sentence s / C lause . cpp
Source / I n f e r e n c e / U n i f i e r . hpp

323



Source / I n f e r e n c e / R e s o l v e n t . cpp
Source / I n f e r e n c e / R e s o l v e n t . hpp
Source / I S e r i a l i s a b l e . hpp
Source /GUI/ A n a l y s i s A r e a / A n a l y s i s Q u e r y . cpp
Source /GUI/ A n a l y s i s A r e a / A n a l y s i s Q u e r y . hpp
Source /GUI/ A n a l y s i s A r e a / Ana l y s i sQue ryCanvas . cpp
Source /GUI/ A n a l y s i s A r e a / Ana l y s i sQue ryCanvas . hpp
Source / I n f e r e n c e / U n i f i e r . cpp
Source / I n f e r e n c e / QueryResu l t . hpp
Source / I n f e r e n c e / Reso lventQueue . hpp
Source / I n f e r e n c e / Reso lventQueue . cpp
Source / I n f e r e n c e / ProofTreeNode . hpp
Source / IR /Terms/ Sko lemFunct ion . cpp
Source / IR /Terms/ Sko lemFunct ion . hpp
Source /GUI/ A n a l y s i s A r e a / CanvasSupport . hpp
Source / V i s i t o r s / R e g u l a r T a r g e t s / U n i f i c a t i o n / U n i f i c a t i o n V i s i t o r . cpp
Source / V i s i t o r s / R e g u l a r T a r g e t s / U n i f i c a t i o n / U n i f i c a t i o n V i s i t o r . hpp
Source / V i s i t o r s / R e g u l a r T a r g e t s / I O b s e r v i n g B i n a r y V i s i t o r . hpp
Source / V i s i t o r s / R e g u l a r T a r g e t s / F e a t u r e B u i l d i n g V i s i t o r . cpp
Source / V i s i t o r s / R e g u l a r T a r g e t s / F e a t u r e B u i l d i n g V i s i t o r . hpp
Source / I n f e r e n c e / FVIKnowledgeBase . cpp
Source / I n f e r e n c e / FVIKnowledgeBase . hpp
Source / I n f e r e n c e / Fea tu r e . hpp

)

t a r g e t _ i n c l u d e _ d i r e c t o r i e s ( OptifolCommon PRIVATE
Source / I n t e r p r e t e r /
Source / U s e r T e s t i n g / Execu t i on /PayloadManagement
${GENERATED_INCLUDE_DIR}

)

t a r g e t _ i n c l u d e _ d i r e c t o r i e s ( OptifolCommon SYSTEM PRIVATE
${GTKMM_INCLUDE_DIRS}
${RAPIDJSON_INCLUDE_DIRS}

)

########################################
## O p t i f o l GUI A p p l i c a t i o n E x e c u t a b l e ##
########################################

find_program (GLIB_COMPILE_RESOURCES NAMES g l i b − c o m p i l e − r e s o u r c e s REQUIRED)
f ind_package ( l o g 4 c x x REQUIRED)
f ind_package ( RapidJSON REQUIRED)

s e t (RESOURCE_DIR ${CMAKE_CURRENT_SOURCE_DIR}/ Resou r ce s )
s e t (RESOURCE_XML_IN ${RESOURCE_DIR}/ o p t i f o l . g r e s o u r c e . xml . i n )
s e t (RESOURCE_XML ${GENERATED_SRC_DIR}/ o p t i f o l . g r e s o u r c e . xml )
s e t (RESOURCE_OUT ${GENERATED_SRC_DIR}/ r e s o u r c e s . c )
s e t (RESOURCE_DEP ${GENERATED_SRC_DIR}/ o p t i f o l . g r e s o u r c e . d )

s e t (AWK_SUBSTITUTION_SCRIPT ${RESOURCE_DIR}/ s u b s t i t u t e . awk )

s e t (MAINWINDOW_RESOURCE_INPUT ${RESOURCE_DIR}/ UI/MainWindow/MainWindow . u i . i n )
s e t (MAINWINDOW_RESOURCE_OUTPUT ${GENERATED_SRC_DIR}/MainWindow . u i )
s e t (MAINWINDOW_RESOURCE_COMPONENTS

${RESOURCE_DIR}/ UI/MainWindow/ Pro j ec tPane / Pro j ec tPane . u i
${RESOURCE_DIR}/ UI/MainWindow/ Pro j ec tPane / NewProjectPopover . u i
${RESOURCE_DIR}/ UI/MainWindow/ Pro j ec tPane / NewSubsystemPopover . u i
${RESOURCE_DIR}/ UI/MainWindow/ Pro j ec tPane / E d i t S t r u c t u r e P o p o v e r . u i
${RESOURCE_DIR}/ UI/MainWindow/ Pro j ec tPane / D e l e t e S t r u c t u r e P o p o v e r . u i

${RESOURCE_DIR}/ UI/MainWindow/ Requ i r ement s IndexArea / NewRequirementPopover . u i
${RESOURCE_DIR}/ UI/MainWindow/ Requ i r ement s IndexArea / De le teRequ i r ementPopove r . u i
${RESOURCE_DIR}/ UI/MainWindow/ Requ i r ement s IndexArea / Ed i tRequ i r ementPopove r . u i
${RESOURCE_DIR}/ UI/MainWindow/ Requ i r ement s IndexArea / Dup l i ca t eRequ i r ementPopove r . u i
${RESOURCE_DIR}/ UI/MainWindow/ Requ i r ement s IndexArea / ManageTestsPopover . u i
${RESOURCE_DIR}/ UI/MainWindow/ Requ i r ement s IndexArea / Requ i r ements IndexV iew . u i

${RESOURCE_DIR}/ UI/MainWindow/ A n a l y s i s A r e a / A n a l y s i s V i e w . u i
${RESOURCE_DIR}/ UI/MainWindow/ A n a l y s i s A r e a / NewAnalys i sGroupPopover . u i
${RESOURCE_DIR}/ UI/MainWindow/ A n a l y s i s A r e a / D e l e t e A n a l y s i s G r o u p P o p o v e r . u i

${RESOURCE_DIR}/ UI/MainWindow/ Tes t i ngArea / Test ingV iew . u i
${RESOURCE_DIR}/ UI/MainWindow/ Tes t i ngArea / NewTestGroupPopover . u i
${RESOURCE_DIR}/ UI/MainWindow/ Tes t i ngArea / RenameTestGroupPopover . u i
${RESOURCE_DIR}/ UI/MainWindow/ Tes t i ngArea / De le teTestGroupPopover . u i
${RESOURCE_DIR}/ UI/MainWindow/ Tes t i ngArea / CopyToTestGroupPopover . u i
${RESOURCE_DIR}/ UI/MainWindow/ Tes t i ngArea / MoveToTestGroupPopover . u i
${RESOURCE_DIR}/ UI/MainWindow/ Tes t i ngArea / RunTests . u i

${RESOURCE_DIR}/ UI/MainWindow/ Repor t sArea / Repor t sArea . u i
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${RESOURCE_DIR}/ UI/MainWindow/ Repor t sArea / GenerateLaTeXPopover . u i

${RESOURCE_DIR}/ UI/MainWindow/ r e p l a c e m e n t s . t x t
)

# Genera te the Main Window UI s p e c i f i c a t i o n f i l e u s i n g the g i v e n Awk s c r i p t . The Awk s c r i p t n o m i n a l l y t a k e s a
# number o f key−value p a i r s , d e f i n e d i n . / r e p l a c e m e n t s . t x t ( r e l a t i v e to the l o c a t i o n o f the UI f i l e s ) , and
# r e p l a c e s a l l i n s t a n c e s o f the key wi th the c o n t e n t s o f the f i l e whose path i s d e t a i n e d by the v a l u e .
add_custom_command (

OUTPUT ${MAINWINDOW_RESOURCE_OUTPUT}
MAIN_DEPENDENCY ${MAINWINDOW_RESOURCE_INPUT}
DEPENDS ${MAINWINDOW_RESOURCE_COMPONENTS} ${AWK_SUBSTITUTION_SCRIPT}
WORKING_DIRECTORY ${RESOURCE_DIR}/ UI/MainWindow
COMMAND awk −f ${AWK_SUBSTITUTION_SCRIPT} > ${MAINWINDOW_RESOURCE_OUTPUT}
ARGS ${MAINWINDOW_RESOURCE_INPUT}

)

# Per forms any CMake v a r i a b l e s u b s t i t u t i o n s i n the GResources m a n i f e s t . Th i s i s r e q u i r e d due to some i n c l u d e d
# r e s o u r c e f i l e s be i ng g e n e r a t e d d y n a m i c a l l y , hence e x i s t i n g i n an imp l ementa t i on−de f i n ed g e n e r a t e d s o u r c e
# d i r e c t o r y .
c o n f i g u r e _ f i l e (

${RESOURCE_XML_IN}
${RESOURCE_XML}

)

# The below command g e n e r a t e s the ’ r e s o u r c e s . c ’ pseudo−blob wi th ’ g l i b − c o m p i l e − r e s o u r c e s ’ , c o n t a i n i n g o c t a l
# r e p r e s e n t a t i o n s o f GTK r e s o u r c e s . Th i s i s l a t e r l i n k e d i n t o the GUI t a r g e t o n l y . A Make−style d e p f i l e i s a l s o
# c r e a t e d and r e t a i n e d i n the g e n e r a t e d s o u r c e s r o o t , u s i n g paths r e l a t i v e to the c u r r e n t b i n a r y d i r e c t o r y , o r
# a b s o l u t e p a t h s , as r e q u i r e d by the N in j a backend .
add_custom_command (

OUTPUT ${RESOURCE_OUT}
MAIN_DEPENDENCY ${RESOURCE_XML}
DEPENDS ${MAINWINDOW_RESOURCE_OUTPUT}
DEPFILE ${RESOURCE_DEP}
VERBATIM
WORKING_DIRECTORY ${CMAKE_CURRENT_BINARY_DIR} # Force g l i b − c o m p i l e − r e s o u r c e s to emit r e l a t i v e paths
BYPRODUCTS ${RESOURCE_DEP} # Don ’ t l e t N i n j a abso rb the d e p f i l e i n t o i t s i n t e r n a l da tabase
COMMAND ${GLIB_COMPILE_RESOURCES}
ARGS
−−generate−source
−−generate−phony−targets # I n d i v i d u a l r e s o u r c e f i l e s a r e not g e n e r a t e d
−−dependency−fi le=${RESOURCE_DEP}
−−target=${RESOURCE_OUT}
−−sourced i r=${RESOURCE_DIR}
${RESOURCE_XML}
COMMAND sed −i " s | ${CMAKE_CURRENT_BINARY_DIR} / | | g " ${RESOURCE_DEP} # Clean up paths t h a t a r e a b s o l u t e

)

# Suppre s s c o m p i l e r wa rn ings known to be h a r m l e s s l y i nvoked by g l i b − c o m p i l e − r e s o u r c e s t r a n s l a t i o n u n i t s .
s e t _ s o u r c e _ f i l e s _ p r o p e r t i e s (

${RESOURCE_OUT}
PROPERTIES COMPILE_OPTIONS
" −Wno−over length−str ings ; −Wno−reserved−macro−ident i f ie r ; −Wno−unused−macros"

)

add_executab l e ( O p t i f o l G U I
${RESOURCE_OUT}
Source /GUI/ GUIDr ive r . cpp

)

s e t (COMMON_COMPILER_OPTIONS
−Weverything
−Wno−exit−time−destructors
−Wno−unknown−pragmas # Support some I n t e l l i J IDEA i n − l i n e d i r e c t i v e s
−Wno−c++98−compat
−Wno−padded
−Wno−c++98−compat−pedantic
−Wno−switch−default
−Wno−shadow−field−in−constructor
−Wno−weak−vtables
−Wno−shadow−field
−Wno−global−constructors
−f sa f e−bu f f e r−usage−sugges t i on s

)

t a r g e t _ c o m p i l e _ o p t i o n s ( O p t i f o l G U I PRIVATE ${COMMON_COMPILER_OPTIONS})

t a r g e t _ l i n k _ l i b r a r i e s ( O p t i f o l G U I PRIVATE
OptifolCommon
O p t i f o l G e n e r a t e d
l o g 4 c x x
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${GTKMM_LINK_LIBRARIES}
)

t a r g e t _ i n c l u d e _ d i r e c t o r i e s ( O p t i f o l G U I SYSTEM PRIVATE
${GTKMM_INCLUDE_DIRS}
${RAPIDJSON_INCLUDE_DIRS}

)

u t i l s _ s t r i p ( O p t i f o l G U I )

##########################################
## O p t i f o l Google Test S u i t e E x e c u t a b l e ##
##########################################

i n c l u d e ( Goog leTest )
cmake_pol i cy (SET CMP0135 NEW)

FetchContent_Dec la re (
g o o g l e t e s t
GIT_REPOSITORY h t t p s : // g i t h u b . com/ goog l e / g o o g l e t e s t . g i t
GIT_TAG 52 eb8108c5bdec04579160ae17225d66034bd723 # v . 1 . 1 7 . 0

)

s e t ( g t e s t _ f o r c e _ s h a r e d _ c r t ON CACHE BOOL " " FORCE)
FetchContent_MakeAva i l ab le ( g o o g l e t e s t )

e n a b l e _ t e s t i n g ( )

add_executab l e ( O p t i f o l T e s t i n g
Source / Tes t s / FOLParserTest . cpp
Source / Tes t s / CNFNormal i sat ionTest . cpp
Source / Tes t s / B i d i r e c t i o n a l U n i f i c a t i o n T e s t . cpp
Source / Tes t s / U n i d i r e c t i o n a l U n i f i c a t i o n T e s t . cpp
Source / Tes t s / Goog leTes tSuppor t . hpp
Source / Tes t s / R e p o s i t o r y B u i l d i n g T e s t . cpp
Source / Tes t s / R e s o l u t i o n T e s t . cpp
Source / Tes t s / L i t e r a l O r g a n i s a t i o n T e s t . cpp
Source / Tes t s / F e a t u r e V e c t o r I n d e x T e s t . cpp

)

t a r g e t _ i n c l u d e _ d i r e c t o r i e s ( O p t i f o l T e s t i n g PRIVATE
Source / I n t e r p r e t e r /

)

t a r g e t _ i n c l u d e _ d i r e c t o r i e s ( O p t i f o l T e s t i n g SYSTEM PRIVATE
${GTKMM_INCLUDE_DIRS}
${RAPIDJSON_INCLUDE_DIRS}
${GENERATED_INCLUDE_DIR}

)

t a r g e t _ l i n k _ l i b r a r i e s ( O p t i f o l T e s t i n g PRIVATE
OptifolCommon
O p t i f o l G e n e r a t e d
l o g 4 c x x
GTest : : gtest_main
${GTKMM_LINK_LIBRARIES}

)

t a r g e t _ c o m p i l e _ o p t i o n s ( O p t i f o l T e s t i n g PRIVATE
${COMMON_COMPILER_OPTIONS}
−Wno−global−constructors # GTest i s known to g e n e r a t e d e c l a r a t i o n s which r e q u i r e g l o b a l c o n s t r u c t o r s

)

g t e s t _ d i s c o v e r _ t e s t s ( O p t i f o l T e s t i n g )

######################################
## O p t i f o l Documentat ion G e n e r a t i o n ##
######################################

s e t (DOXYGEN_OUTPUT_DIR ${CMAKE_CURRENT_SOURCE_DIR}/ GeneratedDocumentat ion )
s e t (CPPREFERENCE_DOXYGEN_WEB_TAG ${DOXYGEN_OUTPUT_DIR}/ cppreference−doxygen−web . tag . xml )
s e t (DOXYGEN_SENTINEL ${DOXYGEN_OUTPUT_DIR}/ . doxygen_cmake_sent ine l )

# C o l l a t e d e c l a r e d s o u r c e f i l e s from a l l e l i g i b l e t a r g e t s c o n t a i n i n g Doxygen d i r e c t i v e s .
s e t (DOXYGEN_TARGETS OptifolCommon O p t i f o l G e n e r a t e d O p t i f o l T e s t i n g O p t i f o l G U I )
s e t (DOXYGEN_SOURCES)
f o r e a c h ( t a r g e t IN LISTS DOXYGEN_TARGETS)

g e t _ t a r g e t _ p r o p e r t y ( t a r g e t _ s o u r c e s ${ t a r g e t } SOURCES)
i f ( t a r g e t _ s o u r c e s )

l i s t (APPEND DOXYGEN_SOURCES ${ t a r g e t _ s o u r c e s })
e n d i f ( )
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e n d f o r e a c h ( )

# Download a known v e r s i o n o f the c p p r e f e r e n c e . com Doxygen web tag XML f i l e .
add_custom_command (

OUTPUT ${CPPREFERENCE_DOXYGEN_WEB_TAG}
WORKING_DIRECTORY ${DOXYGEN_OUTPUT_DIR}
VERBATIM
COMMAND wget h t t p s : // www−users . yo rk . ac . uk/~ od641/ cppreference−doxygen−web . tag . xml

)

add_custom_command (
OUTPUT ${DOXYGEN_SENTINEL}
MAIN_DEPENDENCY D o x y f i l e
DEPENDS ${DOXYGEN_SOURCES} ${CPPREFERENCE_DOXYGEN_WEB_TAG}
VERBATIM
WORKING_DIRECTORY ${CMAKE_CURRENT_SOURCE_DIR}
COMMAND doxygen
COMMAND touch ${DOXYGEN_SENTINEL}

)

add_custom_target ( OptifolHTMLDocumentation DEPENDS
${CPPREFERENCE_DOXYGEN_WEB_TAG}
${DOXYGEN_SENTINEL}

)

3 CMakePresets.json

{
" v e r s i o n " : 3 ,
" c o n f i g u r e P r e s e t s " : [

{
"name " : " x64−l i n u x −dynamic−vcpkg " ,
" g e n e r a t o r " : " N in j a " ,
" b i n a r y D i r " : "${ s o u r c e D i r }/ b u i l d " ,
" c a c h e V a r i a b l e s " : {

"VCPKG_TARGET_TRIPLET" : " x64−l i n u x −dynamic "
} ,
" t o o l c h a i n F i l e " : " $env {VCPKG_ROOT}/ s c r i p t s / b u i l d s y s t e m s / vcpkg . cmake " ,
" warn ings " : {

" u n u s e d C l i " : f a l s e
}

}
]

}

4 UI

4.1 Application.ui

<? xml v e r s i o n=" 1 .0 " encod ing="UTF−8" ?>
<!−−

− C o p y r i gh t ( c ) A l l R i g h t s Rese rved
− 2025 O l i v e r Dixon <od641@york . ac . uk>
−−>

<i n t e r f a c e>
<menu i d=" top_menu ">

<submenu>
<a t t r i b u t e name=" l a b e l ">F i l e</ a t t r i b u t e>
<s e c t i o n>

<submenu>
<a t t r i b u t e name=" l a b e l ">New</ a t t r i b u t e>
<s e c t i o n>

<item>
<a t t r i b u t e name=" l a b e l ">R e p o s i t o r y</ a t t r i b u t e>
<a t t r i b u t e name=" a c t i o n ">app . n e w _ r e p o s i t o r y</ a t t r i b u t e>

</ item>
</ s e c t i o n>
<s e c t i o n>

<item>
<a t t r i b u t e name=" l a b e l ">P r o j e c t</ a t t r i b u t e>
<a t t r i b u t e name=" a c t i o n ">win . new_pro jec t</ a t t r i b u t e>

</ item>
<item>

<a t t r i b u t e name=" l a b e l ">Subsystem</ a t t r i b u t e>
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<a t t r i b u t e name=" a c t i o n ">win . new_subsystem</ a t t r i b u t e>
</ item>
<item>

<a t t r i b u t e name=" l a b e l ">Requi rement</ a t t r i b u t e>
<a t t r i b u t e name=" a c t i o n ">win . new_requi rement</ a t t r i b u t e>

</ item>
</ s e c t i o n>

</submenu>
<item>

<a t t r i b u t e name=" l a b e l ">Save R e p o s i t o r y</ a t t r i b u t e>
<a t t r i b u t e name=" a c t i o n ">app . s a v e _ r e p o s i t o r y</ a t t r i b u t e>

</ item>
<item>

<a t t r i b u t e name=" l a b e l ">Open R e p o s i t o r y</ a t t r i b u t e>
<a t t r i b u t e name=" a c t i o n ">app . o p e n _ r e p o s i t o r y</ a t t r i b u t e>

</ item>
<submenu>

<a t t r i b u t e name=" l a b e l ">Recent R e p o s i t o r i e s</ a t t r i b u t e>
</submenu>

</ s e c t i o n>
</submenu>
<submenu>

<a t t r i b u t e name=" l a b e l ">E d i t</ a t t r i b u t e>
<s e c t i o n>

<submenu>
<a t t r i b u t e name=" l a b e l ">Modify</ a t t r i b u t e>
<s e c t i o n>

<item>
<a t t r i b u t e name=" l a b e l ">R e p o s i t o r y</ a t t r i b u t e>
<a t t r i b u t e name=" a c t i o n ">app . m o d i f y _ r e p o s i t o r y</ a t t r i b u t e>

</ item>
</ s e c t i o n>
<s e c t i o n>

<item>
<a t t r i b u t e name=" l a b e l ">P r o j e c t</ a t t r i b u t e>
<a t t r i b u t e name=" a c t i o n ">win . m o d i f y _ p r o j e c t</ a t t r i b u t e>

</ item>
<item>

<a t t r i b u t e name=" l a b e l ">Subsystem</ a t t r i b u t e>
<a t t r i b u t e name=" a c t i o n ">win . modi fy_subsystem</ a t t r i b u t e>

</ item>
<item>

<a t t r i b u t e name=" l a b e l ">Requi rement</ a t t r i b u t e>
<a t t r i b u t e name=" a c t i o n ">win . mod i f y_requ i r ement</ a t t r i b u t e>

</ item>
</ s e c t i o n>

</submenu>
</ s e c t i o n>

</submenu>
<submenu>

<a t t r i b u t e name=" l a b e l ">Help</ a t t r i b u t e>
<item>

<a t t r i b u t e name=" l a b e l ">Help</ a t t r i b u t e>
<a t t r i b u t e name=" a c t i o n ">app . h e l p</ a t t r i b u t e>

</ item>
<item>

<a t t r i b u t e name=" l a b e l ">About</ a t t r i b u t e>
<a t t r i b u t e name=" a c t i o n ">app . about</ a t t r i b u t e>

</ item>
</submenu>

</menu>

<o b j e c t c l a s s=" GtkAboutDia log " i d=" about_d ia l og ">
<p r o p e r t y name=" t i t l e ">About O p t i f o l</ p r o p e r t y>
<p r o p e r t y name=" program−name">O p t i f o l</ p r o p e r t y>
<p r o p e r t y name=" v e r s i o n ">In−Development V e r s i o n</ p r o p e r t y>
<p r o p e r t y name=" comments ">A f o r m a l r e q u i r e m e n t s −e n g i n e e r i n g framework</ p r o p e r t y>
<p r o p e r t y name=" lo go ">r e s o u r c e : /// uk/ ac / york /www_users/od641/ o p t i f o l / Images / wide_logo . png</ p r o p e r t y>

<p r o p e r t y name=" webs i t e −l a b e l ">O p t i f o l So f tware Source R e p o s i t o r y</ p r o p e r t y>
<p r o p e r t y name=" w e b s i t e ">h t t p s : // g i t h u b . com/ o l i v e r d i x o n / O p t i f o l −So f tware</ p r o p e r t y>
<p r o p e r t y name=" c o p y r i g h t ">C op y r i g h t (C) 2025 O l i v e r Dixon . A l l r i g h t s r e s e r v e d .</ p r o p e r t y>

<p r o p e r t y name=" a u t h o r s ">O l i v e r Dixon &l t ; od641@york . ac . uk&gt ;</ p r o p e r t y>
<p r o p e r t y name=" a r t i s t s ">Maia Dixon&#10;Theos S tud io (SVG Repo Logo )</ p r o p e r t y>

</ o b j e c t>
</ i n t e r f a c e>
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4.2 MainWindow

4.2.1 MainWindow.ui.in

<? xml v e r s i o n=" 1 .0 " encod ing="UTF−8" ?>
<!−−

− C o p y r i g h t ( c ) A l l R i g h t s Rese rved
− 2025 O l i v e r Dixon <od641@york . ac . uk>
−−>

<i n t e r f a c e>
<menu i d=" st ruc tu re_context_menu ">

<s e c t i o n>
<item>

<a t t r i b u t e name=" l a b e l ">New P r o j e c t</ a t t r i b u t e>
<a t t r i b u t e name=" a c t i o n ">win . new_pro jec t</ a t t r i b u t e>

</ item>
<item>

<a t t r i b u t e name=" l a b e l ">New Subsystem</ a t t r i b u t e>
<a t t r i b u t e name=" a c t i o n ">win . new_subsystem</ a t t r i b u t e>

</ item>
<item>

<a t t r i b u t e name=" l a b e l ">E d i t D e t a i l s</ a t t r i b u t e>
<a t t r i b u t e name=" a c t i o n ">win . e d i t _ s t r u c t u r e</ a t t r i b u t e>

</ item>
<item>

<a t t r i b u t e name=" l a b e l ">D e l e t e S t r u c t u r e</ a t t r i b u t e>
<a t t r i b u t e name=" a c t i o n ">win . d e l e t e _ s t r u c t u r e</ a t t r i b u t e>

</ item>
</ s e c t i o n>

</menu>

<menu i d=" requi rement_context_menu ">
<s e c t i o n>

<item>
<a t t r i b u t e name=" l a b e l ">New Requi rement</ a t t r i b u t e>
<a t t r i b u t e name=" a c t i o n ">win . new_requi rement</ a t t r i b u t e>

</ item>
<item>

<a t t r i b u t e name=" l a b e l ">E d i t Requi rement</ a t t r i b u t e>
<a t t r i b u t e name=" a c t i o n ">win . e d i t _ r e q u i r e m e n t</ a t t r i b u t e>

</ item>
<item>

<a t t r i b u t e name=" l a b e l ">D e l e t e Requi rement</ a t t r i b u t e>
<a t t r i b u t e name=" a c t i o n ">win . d e l e t e _ r e q u i r e m e n t</ a t t r i b u t e>

</ item>
<item>

<a t t r i b u t e name=" l a b e l ">D u p l i c a t e Requi rement</ a t t r i b u t e>
<a t t r i b u t e name=" a c t i o n ">win . d u p l i c a t e _ r e q u i r e m e n t</ a t t r i b u t e>

</ item>
</ s e c t i o n>

</menu>

<menu i d=" ana ly s i s_groups_context_menu ">
<s e c t i o n>

<item>
<a t t r i b u t e name=" l a b e l ">New A n a l y s i s Group</ a t t r i b u t e>
<a t t r i b u t e name=" a c t i o n ">win . new_ana lys i s_group</ a t t r i b u t e>

</ item>
<item>

<a t t r i b u t e name=" l a b e l ">E d i t A n a l y s i s Group</ a t t r i b u t e>
<a t t r i b u t e name=" a c t i o n ">win . e d i t _ a n a l y s i s _ g r o u p</ a t t r i b u t e>

</ item>
<item>

<a t t r i b u t e name=" l a b e l ">D e l e t e A n a l y s i s Group</ a t t r i b u t e>
<a t t r i b u t e name=" a c t i o n ">win . d e l e t e _ a n a l y s i s _ g r o u p</ a t t r i b u t e>

</ item>
</ s e c t i o n>

</menu>

<menu i d=" test_groups_context_menu ">
<s e c t i o n>

<item>
<a t t r i b u t e name=" l a b e l ">New Test Group</ a t t r i b u t e>
<a t t r i b u t e name=" a c t i o n ">win . new_test_group</ a t t r i b u t e>

</ item>
<item>

<a t t r i b u t e name=" l a b e l ">Rename Test Group</ a t t r i b u t e>
<a t t r i b u t e name=" a c t i o n ">win . rename_test_group</ a t t r i b u t e>

</ item>
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<item>
<a t t r i b u t e name=" l a b e l ">D e l e t e Test Group</ a t t r i b u t e>
<a t t r i b u t e name=" a c t i o n ">win . d e l e t e _ t e s t _ g r o u p</ a t t r i b u t e>

</ item>
<item>

<a t t r i b u t e name=" l a b e l ">Copy Requi rement to Test Group</ a t t r i b u t e>
<a t t r i b u t e name=" a c t i o n ">win . copy_to_test_group</ a t t r i b u t e>

</ item>
<item>

<a t t r i b u t e name=" l a b e l ">Move Requi rement to Test Group</ a t t r i b u t e>
<a t t r i b u t e name=" a c t i o n ">win . move_to_test_group</ a t t r i b u t e>

</ item>
<item>

<a t t r i b u t e name=" l a b e l ">Run Tes t s f o r S e l e c t e d Test Group</ a t t r i b u t e>
<a t t r i b u t e name=" a c t i o n ">win . r u n _ t e s t s</ a t t r i b u t e>

</ item>
</ s e c t i o n>

</menu>

<menu i d=" reports_context_menu ">
<s e c t i o n>

<item>
<a t t r i b u t e name=" l a b e l ">Genera te LaTeX/PDF</ a t t r i b u t e>
<a t t r i b u t e name=" a c t i o n ">win . r e p o r t s _ g e n e r a t e _ l a t e x</ a t t r i b u t e>

</ item>
<item>

<a t t r i b u t e name=" l a b e l ">Genera te HTML</ a t t r i b u t e>
<a t t r i b u t e name=" a c t i o n ">win . r e p o r t s _ g e n e r a t e _ h t m l</ a t t r i b u t e>

</ item>
</ s e c t i o n>

</menu>

<!−− P r o j e c t pane popove r s −−>
${NEW_PROJECT_POPOVER}
${NEW_SUBSYSTEM_POPOVER}
${EDIT_STRUCTURE_POPOVER}
${DELETE_STRUCTURE_POPOVER}

<!−− Requ i rements i n d e x a r ea popove r s −−>
${NEW_REQUIREMENT_POPOVER}
${EDIT_REQUIREMENT_POPOVER}
${DUPLICATE_REQUIREMENT_POPOVER}
${DELETE_REQUIREMENT_POPOVER}
${MANAGE_TESTS_POPOVER}

<!−− A n a l y s i s a r ea popove r s −−>
${NEW_ANALYSIS_GROUP_POPOVER}
${EDIT_ANALYSIS_GROUP_POPOVER}
${DELETE_ANALYSIS_GROUP_POPOVER}

<!−− T e s t i n g and comp l i ance a r ea popove r s −−>
${NEW_TEST_GROUP_POPOVER}
${RENAME_TEST_GROUP_POPOVER}
${DELETE_TEST_GROUP_POPOVER}
${COPY_TO_TEST_GROUP_POPOVER}
${MOVE_TO_TEST_GROUP_POPOVER}
${RUN_TESTS_POPOVER}

<!−− R e l e a s e s and r e p o r t s popove r s −−>
${GENERATE_LATEX_POPOVER}

<o b j e c t c l a s s=" GtkBox " i d=" r o o t _ g r i d ">
<p r o p e r t y name=" o r i e n t a t i o n "> v e r t i c a l</ p r o p e r t y>
<c h i l d>

<o b j e c t c l a s s=" GtkPaned ">
<p r o p e r t y name=" o r i e n t a t i o n ">h o r i z o n t a l</ p r o p e r t y>

<!−−
− The l e f t m o s t c o n t a i n e r , t y p i c a l l y c o n t a i n i n g p r o j e c t −r e l a t e d v i ews such as the i n t e r a c t i v e
− h i e r a r c h i c a l e x p l o r e r v iew and any p r o j e c t metadata .
−−>

<c h i l d>
${MAINWINDOW_PROJECT_PANE}

</ c h i l d>

<!−−
− The c e n t r a l s t a c k c o n t a i n e r , t y p i c a l l y c o n t a i n i n g e d i t o r −r e l a t e d v i ews such as the t a b u l a r
− r e q u i r e m e n t s i n d e x e r , p r o j e c t r e p o r t s : a n y t h i n g e x t e n s i v e l y g r a p h i c a l o r o f p r e m i e r
− i n t e r e s t to the u s e r .
−−>

<c h i l d>
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<o b j e c t c l a s s=" GtkBox ">
<p r o p e r t y name=" hexpand ">t r u e</ p r o p e r t y>
<p r o p e r t y name=" o r i e n t a t i o n "> v e r t i c a l</ p r o p e r t y>
<c h i l d>

<o b j e c t c l a s s=" GtkStackSw i t che r ">
<p r o p e r t y name=" s t a c k ">c e n t r a l _ s t a c k</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkStack " i d=" c e n t r a l _ s t a c k ">
<c h i l d>

<o b j e c t c l a s s=" GtkStackPage ">
<p r o p e r t y name=" t i t l e ">Requ i rements I ndex</ p r o p e r t y>
<p r o p e r t y name=" c h i l d ">

${REQUIREMENTS_INDEX_VIEW}
</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkStackPage ">
<p r o p e r t y name=" t i t l e ">A n a l y s i s and O p t i m i s a t i o n</ p r o p e r t y>
<p r o p e r t y name=" c h i l d ">

${ANALYSIS_VIEW}
</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkStackPage ">
<p r o p e r t y name=" t i t l e ">T e s t i n g and Compl iance</ p r o p e r t y>
<p r o p e r t y name=" c h i l d ">

${TESTING_VIEW}
</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkStackPage ">
<p r o p e r t y name=" t i t l e ">R e l e a s e s and Repor t s</ p r o p e r t y>
<p r o p e r t y name=" c h i l d ">

${REPORTS_VIEW}
</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkBox " i d=" sys tem_status_bar ">
<s t y l e>

<c l a s s name=" o p t i f o l _ s t a t u s _ b a r " />
<c l a s s name=" o p t i f o l _ b o x e d " />

</ s t y l e>
<c h i l d>

<o b j e c t c l a s s=" GtkLabe l ">
<p r o p e r t y name=" l a b e l ">Ready .</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>

<o b j e c t c l a s s=" G t k F i l e D i a l o g " i d=" gene ra t e_ la t ex_outpu t_pa th_choose r_d i a l og ">
<p r o p e r t y name=" accept −l a b e l " t r a n s l a t a b l e=" ye s ">S e l e c t D i r e c t o r y</ p r o p e r t y>
<p r o p e r t y name=" modal ">t r u e</ p r o p e r t y>
<p r o p e r t y name=" t i t l e ">S e l e c t LaTeX/PDF Output D i r e c t o r y</ p r o p e r t y>

</ o b j e c t>
</ i n t e r f a c e>

4.2.2 replacements.txt

MAINWINDOW_PROJECT_PANE=./ Pro j ec tPane / Pro j ec tPane . u i
NEW_PROJECT_POPOVER=./ Pro j ec tPane / NewProjectPopover . u i
NEW_SUBSYSTEM_POPOVER=./ Pro j ec tPane / NewSubsystemPopover . u i
EDIT_STRUCTURE_POPOVER=./ Pro j ec tPane / E d i t S t r u c t u r e P o p o v e r . u i
DELETE_STRUCTURE_POPOVER=./ Pro j ec tPane / D e l e t e S t r u c t u r e P o p o v e r . u i

REQUIREMENTS_INDEX_VIEW=./ Requ i r ement s IndexArea / Requ i r ements IndexV iew . u i
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NEW_REQUIREMENT_POPOVER=./ Requ i r ement s IndexArea / NewRequirementPopover . u i
DELETE_REQUIREMENT_POPOVER=./ Requ i r ement s IndexArea / De le teRequ i r ementPopove r . u i
EDIT_REQUIREMENT_POPOVER=./ Requ i r ement s IndexArea / Ed i tRequ i r ementPopove r . u i
DUPLICATE_REQUIREMENT_POPOVER=./ Requ i r ement s IndexArea / Dup l i ca t eRequ i r ementPopove r . u i
MANAGE_TESTS_POPOVER=./ Requ i r ement s IndexArea / ManageTestsPopover . u i

ANALYSIS_VIEW=./ A n a l y s i s A r e a / A n a l y s i s V i e w . u i
NEW_ANALYSIS_GROUP_POPOVER=./ A n a l y s i s A r e a / NewAnalys i sGroupPopover . u i
EDIT_ANALYSIS_GROUP_POPOVER=./ A n a l y s i s A r e a / E d i t A n a l y s i s G r o u p P o p o v e r . u i
DELETE_ANALYSIS_GROUP_POPOVER=./ A n a l y s i s A r e a / D e l e t e A n a l y s i s G r o u p P o p o v e r . u i

TESTING_VIEW=./ Tes t i ngArea / Test ingV iew . u i
NEW_TEST_GROUP_POPOVER=./ Tes t i ngArea / NewTestGroupPopover . u i
RENAME_TEST_GROUP_POPOVER=./ Tes t i ngArea / RenameTestGroupPopover . u i
DELETE_TEST_GROUP_POPOVER=./ Tes t i ngArea / De le teTestGroupPopover . u i
COPY_TO_TEST_GROUP_POPOVER=./ Tes t i ngArea / CopyToTestGroupPopover . u i
MOVE_TO_TEST_GROUP_POPOVER=./ Tes t i ngArea / MoveToTestGroupPopover . u i
RUN_TESTS_POPOVER=./ Tes t i ngArea / RunTests . u i

REPORTS_VIEW=./ Repor t sArea / Repor t sArea . u i
GENERATE_LATEX_POPOVER=./ Repor t sArea / GenerateLaTeXPopover . u i

4.2.3 styles.css

/∗
∗ C o p y r i gh t ( c ) A l l R i g h t s Rese rved
∗ 2025 O l i v e r Dixon <od641@york . ac . uk>
∗/

. o p t i f o l _ s t a t u s _ b a r {
font −s t y l e : i t a l i c ;

}

. o p t i f o l _ b o x e d {
padd ing : 0 . 5 ex ;
b o r d e r : 1px s o l i d l i g h t g r a y ;
border −r a d i u s : 5px ;

}

. op t i f o l_monospace {
font −f a m i l y : monospace ;

}

. o p t i f o l _ t e x t _ v i e w {
padd ing : 1 . 3 ex ;

}

. opt i fo l_unknown {
font −s t y l e : i t a l i c ;
c o l o r : g ray ;

}

. o p t i f o l _ e m p h a s i s e d {
font −s t y l e : i t a l i c ;

}

. o p t i f o l _ a d v i s o r y {
padd ing : 1 ex ;
font −s i z e : l a r g e ;
c o l o r : g ray ;
margin : 1 ex ;

}

. o p t i f o l _ g r i d _ d i a l o g > ∗ {
margin : 1 ex ;

}

. opt i fo l_combo_box {
padd ing : 0 ;

}

4.2.4 AnalysisArea

4.2.4.1 AnalysisView.ui

<!−−
− C o p y r i g h t ( c ) A l l R i g h t s Rese rved
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− 2025 O l i v e r Dixon <od641@york . ac . uk>
−−>

<o b j e c t c l a s s=" GtkBox ">
<c h i l d>

<o b j e c t c l a s s=" GtkLabe l " i d=" a n a l y s i s _ a d v i c e _ u n s e l e c t e d ">
<s t y l e>

<c l a s s name=" o p t i f o l _ a d v i s o r y "/>
<c l a s s name=" o p t i f o l _ b o x e d "/>

</ s t y l e>
<p r o p e r t y name=" use−markup ">TRUE</ p r o p e r t y>
<p r o p e r t y name=" j u s t i f y ">GTK_JUSTIFY_CENTER</ p r o p e r t y>
<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_CENTER</ p r o p e r t y>
<p r o p e r t y name=" v a l i g n ">GTK_ALIGN_CENTER</ p r o p e r t y>
<p r o p e r t y name=" hexpand ">TRUE</ p r o p e r t y>
<p r o p e r t y name=" vexpand ">TRUE</ p r o p e r t y>
<p r o p e r t y name="max−width−c h a r s ">80</ p r o p e r t y>
<p r o p e r t y name=" wrap ">TRUE</ p r o p e r t y>
<p r o p e r t y name=" l a b e l ">

<! [CDATA[<b>The A n a l y s i s View i s not a p p l i c a b l e to P r o j e c t −l e v e l s c o p e s .</b>

The <i >A n a l y s i s View</i > a l l o w s o r g a n i s a t i o n o f Requ i rements d e f i n e d i n the s e l e c t e d Subsystem i n t o
<i >A n a l y s i s Groups </i >.

A n a l y s i s Groups can be i n d i v i d u a l l y checked f o r l o g i c a l c o n s i s t e n c y and scanned f o r redundant e n t r i e s .

To p r e p a r e A n a l y s i s Groups , s e l e c t a Subsystem from the l e f t −hand <i >P r o j e c t E x p l o r e r </i > pane and d e f i n e some
Requ i rements i n the <i >Requ i rements Index </i > v iew . ] ]>

</ p r o p e r t y>
</ o b j e c t>

</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkPaned " i d=" a n a l y s i s _ i n d e x _ c o n t e n t ">
<p r o p e r t y name=" v i s i b l e ">FALSE</ p r o p e r t y>
<p r o p e r t y name=" o r i e n t a t i o n "> v e r t i c a l</ p r o p e r t y>
<c h i l d>

<o b j e c t c l a s s=" GtkBox ">
<p r o p e r t y name=" o r i e n t a t i o n "> v e r t i c a l</ p r o p e r t y>
<c h i l d>

<o b j e c t c l a s s=" GtkBox ">
<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_FILL</ p r o p e r t y>
<s t y l e>

<c l a s s name=" t o o l b a r "/>
<c l a s s name=" o p t i f o l _ b o x e d "/>

</ s t y l e>
<c h i l d>

<o b j e c t c l a s s=" GtkMenuButton " i d=" new_ana lys i s_group ">
<p r o p e r t y name=" icon −name">f o l d e r −new−s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">New A n a l y s i s Group</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkMenuButton " i d=" e d i t _ a n a l y s i s _ g r o u p ">
<p r o p e r t y name=" icon −name">document−e d i t −s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">E d i t S e l e c t e d A n a l y s i s Group</ p r o p e r t y>
<p r o p e r t y name=" s e n s i t i v e ">FALSE</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkMenuButton " i d=" d e l e t e _ a n a l y s i s _ g r o u p ">
<p r o p e r t y name=" icon −name">e d i t −d e l e t e −s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">D e l e t e S e l e c t e d A n a l y s i s Group</ p r o p e r t y>
<p r o p e r t y name=" s e n s i t i v e ">FALSE</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkSepa ra to r "/>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkMenuButton ">
<p r o p e r t y name=" icon −name">e d i t −copy−s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">Copy S e l e c t e d Requi rement to A n a l y s i s

Group
</ p r o p e r t y>
<p r o p e r t y name=" s e n s i t i v e ">FALSE</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkMenuButton ">
<p r o p e r t y name=" icon −name">go−bottom−s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">Move S e l e c t e d Requi rement to A n a l y s i s
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Group
</ p r o p e r t y>
<p r o p e r t y name=" s e n s i t i v e ">FALSE</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkMenuButton ">
<p r o p e r t y name=" icon −name"> l i s t −remove−s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">Remove S e l e c t e d Requi rement from A n a l y s i s

Group
</ p r o p e r t y>
<p r o p e r t y name=" s e n s i t i v e ">FALSE</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkSepa ra to r "/>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkMenuButton " i d=" create_new_query ">
<p r o p e r t y name=" icon −name"> l i s t −add−s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">Crea te New Query</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkMenuButton " i d=" d e l e t e _ s e l e c t e d _ q u e r y ">
<p r o p e r t y name=" icon −name"> l i s t −remove−s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">Remove S e l e c t e d Query</ p r o p e r t y>
<p r o p e r t y name=" s e n s i t i v e ">FALSE</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkBox ">
<p r o p e r t y name=" hexpand ">TRUE</ p r o p e r t y>
<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_END</ p r o p e r t y>
<c h i l d>

<o b j e c t c l a s s=" GtkEntry ">
<p r o p e r t y name=" s e n s i t i v e ">FALSE</ p r o p e r t y>
<p r o p e r t y name=" p l a c e h o l d e r −t e x t ">Search by Name</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkButton ">
<p r o p e r t y name=" s e n s i t i v e ">FALSE</ p r o p e r t y>
<p r o p e r t y name=" icon −name">e d i t −f i n d −s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">Search Requ i rements</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkButton ">
<p r o p e r t y name=" s e n s i t i v e ">FALSE</ p r o p e r t y>
<p r o p e r t y name=" icon −name">e d i t −c l e a r −a l l −s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">C l e a r Search</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkScro l l edWindow ">
<p r o p e r t y name=" vexpand ">TRUE</ p r o p e r t y>
<c h i l d>

<o b j e c t c l a s s=" GtkColumnView " i d=" a n a l y s i s _ g r o u p s _ v i e w ">
<c h i l d>

<o b j e c t c l a s s=" GtkColumnViewColumn ">
<p r o p e r t y name=" i d ">ana l y s i s_requ i r ement_name</ p r o p e r t y>
<p r o p e r t y name=" t i t l e ">Requi rement</ p r o p e r t y>
<p r o p e r t y name=" r e s i z a b l e ">TRUE</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkColumnViewColumn ">
<p r o p e r t y name=" i d ">a n a l y s i s _ r e q u i r e m e n t _ s t a t e m e n t</ p r o p e r t y>
<p r o p e r t y name=" t i t l e ">Statement</ p r o p e r t y>
<p r o p e r t y name=" r e s i z a b l e ">TRUE</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkColumnViewColumn ">
<p r o p e r t y name=" i d ">a n a l y s i s _ r e q u i r e m e n t _ c n f</ p r o p e r t y>
<p r o p e r t y name=" t i t l e ">Norma l i s ed Statement</ p r o p e r t y>
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<p r o p e r t y name=" r e s i z a b l e ">TRUE</ p r o p e r t y>
</ o b j e c t>

</ c h i l d>
</ o b j e c t>

</ c h i l d>
</ o b j e c t>

</ c h i l d>
</ o b j e c t>

</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkNotebook " i d=" a n a l y s i s _ q u e r i e s ">
<p r o p e r t y name=" tab−pos ">GTK_POS_LEFT</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>

4.2.4.2 DeleteAnalysisGroupPopover.ui

<!−−
− C o p y r i gh t ( c ) A l l R i g h t s Rese rved
− 2025 O l i v e r Dixon <od641@york . ac . uk>
−−>

<o b j e c t c l a s s=" GtkPopover " i d=" d e l e t e _ a n a l y s i s _ g r o u p _ p o p o v e r ">
<p r o p e r t y name=" c h i l d ">

<o b j e c t c l a s s=" GtkBox ">
<s t y l e>

<c l a s s name=" o p t i f o l _ g r i d _ d i a l o g " />
</ s t y l e>
<p r o p e r t y name=" o r i e n t a t i o n ">GTK_ORIENTATION_VERTICAL</ p r o p e r t y>
<c h i l d>

<o b j e c t c l a s s=" GtkGr id ">
<s t y l e>

<c l a s s name=" o p t i f o l _ g r i d _ d i a l o g " />
</ s t y l e>

<c h i l d>
<o b j e c t c l a s s=" GtkLabe l ">

<p r o p e r t y name=" l a b e l ">A n a l y s i s Group</ p r o p e r t y>
<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_END</ p r o p e r t y>
<l a y o u t>

<p r o p e r t y name=" column ">0</ p r o p e r t y>
<p r o p e r t y name=" row ">0</ p r o p e r t y>

</ l a y o u t>
</ o b j e c t>

</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkEntry " i d=" de l e t e_ana l y s i s_g roup_prope r t y_name ">
<p r o p e r t y name=" s e n s i t i v e ">FALSE</ p r o p e r t y>
<l a y o u t>

<p r o p e r t y name=" column ">1</ p r o p e r t y>
<p r o p e r t y name=" row ">0</ p r o p e r t y>

</ l a y o u t>
</ o b j e c t>

</ c h i l d>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkSepa ra to r " />
</ c h i l d>

<c h i l d>
<o b j e c t c l a s s=" GtkBox ">

<p r o p e r t y name=" hexpand ">TRUE</ p r o p e r t y>
<c h i l d>

<o b j e c t c l a s s=" GtkLabe l ">
<s t y l e>

<c l a s s name=" o p t i f o l _ e m p h a s i s e d " />
</ s t y l e>
<p r o p e r t y name=" l a b e l ">Are you s u r e ?</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkBox ">
<p r o p e r t y name=" hexpand ">TRUE</ p r o p e r t y>
<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_END</ p r o p e r t y>
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<s t y l e>
<c l a s s name=" o p t i f o l _ g r i d _ d i a l o g " />

</ s t y l e>
<c h i l d>

<o b j e c t c l a s s=" GtkButton " i d=" d e l e t e _ a n a l y s i s _ g r o u p _ c a n c e l ">
<p r o p e r t y name=" icon −name">window−c l o s e −s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">Cance l A n a l y s i s Group D e l e t i o n</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkButton " i d=" d e l e t e _ a n a l y s i s _ g r o u p _ c o n f i r m ">
<p r o p e r t y name=" icon −name">emblem−ok−s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">Conf i rm A n a l y s i s Group D e l e t i o n</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ p r o p e r t y>

</ o b j e c t>

4.2.4.3 EditAnalysisGroupPopover.ui

<!−−
− C o p y r i g h t ( c ) A l l R i g h t s Rese rved
− 2025 O l i v e r Dixon <od641@york . ac . uk>
−−>

<o b j e c t c l a s s=" GtkPopover " i d=" e d i t _ a n a l y s i s _ g r o u p _ p o p o v e r ">
<p r o p e r t y name=" c h i l d ">

<o b j e c t c l a s s=" GtkBox ">
<s t y l e>

<c l a s s name=" o p t i f o l _ g r i d _ d i a l o g " />
</ s t y l e>
<p r o p e r t y name=" o r i e n t a t i o n ">GTK_ORIENTATION_VERTICAL</ p r o p e r t y>
<c h i l d>

<o b j e c t c l a s s=" GtkGr id ">
<s t y l e>

<c l a s s name=" o p t i f o l _ g r i d _ d i a l o g " />
</ s t y l e>

<c h i l d>
<o b j e c t c l a s s=" GtkLabe l ">

<p r o p e r t y name=" l a b e l ">Old A n a l y s i s Group Path</ p r o p e r t y>
<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_END</ p r o p e r t y>
<l a y o u t>

<p r o p e r t y name=" column ">0</ p r o p e r t y>
<p r o p e r t y name=" row ">0</ p r o p e r t y>

</ l a y o u t>
</ o b j e c t>

</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkEntry " i d=" e d i t _ a n a l y s i s _ g r o u p _ p r o p e r t y _ o l d _ p a t h ">
<p r o p e r t y name=" s e n s i t i v e ">FALSE</ p r o p e r t y>
<l a y o u t>

<p r o p e r t y name=" column ">1</ p r o p e r t y>
<p r o p e r t y name=" row ">0</ p r o p e r t y>

</ l a y o u t>
</ o b j e c t>

</ c h i l d>

<c h i l d>
<o b j e c t c l a s s=" GtkLabe l ">

<p r o p e r t y name=" l a b e l ">New A n a l y s i s Group Path</ p r o p e r t y>
<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_END</ p r o p e r t y>
<l a y o u t>

<p r o p e r t y name=" column ">0</ p r o p e r t y>
<p r o p e r t y name=" row ">1</ p r o p e r t y>

</ l a y o u t>
</ o b j e c t>

</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkEntry " i d=" ed i t_ana l y s i s_group_prope r ty_new_path ">
<l a y o u t>

<p r o p e r t y name=" column ">1</ p r o p e r t y>
<p r o p e r t y name=" row ">1</ p r o p e r t y>

</ l a y o u t>
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</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkSepa ra to r " />
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkBox ">
<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_END</ p r o p e r t y>
<s t y l e>

<c l a s s name=" o p t i f o l _ g r i d _ d i a l o g " />
</ s t y l e>
<c h i l d>

<o b j e c t c l a s s=" GtkButton " i d=" e d i t _ a n a l y s i s _ g r o u p _ c a n c e l ">
<p r o p e r t y name=" icon −name">window−c l o s e −s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">Cance l A n a l y s i s Group Changes</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkButton " i d=" e d i t _ a n a l y s i s _ g r o u p _ c o n f i r m ">
<p r o p e r t y name=" icon −name">emblem−ok−s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">Conf i rm A n a l y s i s Group Changes</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ p r o p e r t y>

</ o b j e c t>

4.2.4.4 NewAnalysisGroupPopover.ui

<!−−
− C o p y r i gh t ( c ) A l l R i g h t s Rese rved
− 2025 O l i v e r Dixon <od641@york . ac . uk>
−−>

<o b j e c t c l a s s=" GtkPopover " i d=" new_ana lys i s_group_popover ">
<p r o p e r t y name=" c h i l d ">

<o b j e c t c l a s s=" GtkBox ">
<s t y l e>

<c l a s s name=" o p t i f o l _ g r i d _ d i a l o g " />
</ s t y l e>
<p r o p e r t y name=" o r i e n t a t i o n ">GTK_ORIENTATION_VERTICAL</ p r o p e r t y>
<c h i l d>

<o b j e c t c l a s s=" GtkGr id ">
<s t y l e>

<c l a s s name=" o p t i f o l _ g r i d _ d i a l o g " />
</ s t y l e>

<c h i l d>
<o b j e c t c l a s s=" GtkLabe l ">

<p r o p e r t y name=" l a b e l ">A n a l y s i s Group Name</ p r o p e r t y>
<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_END</ p r o p e r t y>
<l a y o u t>

<p r o p e r t y name=" column ">0</ p r o p e r t y>
<p r o p e r t y name=" row ">0</ p r o p e r t y>

</ l a y o u t>
</ o b j e c t>

</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkEntry " i d=" new_analys i s_group_property_name ">
<l a y o u t>

<p r o p e r t y name=" column ">1</ p r o p e r t y>
<p r o p e r t y name=" row ">0</ p r o p e r t y>

</ l a y o u t>
</ o b j e c t>

</ c h i l d>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkSepa ra to r " />
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkBox ">
<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_END</ p r o p e r t y>

337



<s t y l e>
<c l a s s name=" o p t i f o l _ g r i d _ d i a l o g " />

</ s t y l e>
<c h i l d>

<o b j e c t c l a s s=" GtkButton " i d=" new_ana ly s i s_group_cance l ">
<p r o p e r t y name=" icon −name">window−c l o s e −s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">Cance l A n a l y s i s Group Changes</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkButton " i d=" new_ana ly s i s_group_conf i rm ">
<p r o p e r t y name=" icon −name">emblem−ok−s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">Conf i rm A n a l y s i s Group Changes</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ p r o p e r t y>

</ o b j e c t>

4.2.5 ProjectPane

4.2.5.1 DeleteStructurePopover.ui

<!−−
− C o p y r i g h t ( c ) A l l R i g h t s Rese rved
− 2025 O l i v e r Dixon <od641@york . ac . uk>
−−>

<o b j e c t c l a s s=" GtkPopover " i d=" d e l e t e _ s t r u c t u r e _ p o p o v e r ">
<p r o p e r t y name=" c h i l d ">

<o b j e c t c l a s s=" GtkBox ">
<s t y l e>

<c l a s s name=" o p t i f o l _ g r i d _ d i a l o g " />
</ s t y l e>
<p r o p e r t y name=" o r i e n t a t i o n ">GTK_ORIENTATION_VERTICAL</ p r o p e r t y>
<c h i l d>

<o b j e c t c l a s s=" GtkGr id ">
<s t y l e>

<c l a s s name=" o p t i f o l _ g r i d _ d i a l o g " />
</ s t y l e>

<c h i l d>
<o b j e c t c l a s s=" GtkLabe l ">

<p r o p e r t y name=" l a b e l ">S t r u c t u r e Path</ p r o p e r t y>
<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_END</ p r o p e r t y>
<l a y o u t>

<p r o p e r t y name=" column ">0</ p r o p e r t y>
<p r o p e r t y name=" row ">0</ p r o p e r t y>

</ l a y o u t>
</ o b j e c t>

</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkEntry " i d=" d e l e t e _ s t r u c t u r e _ p r o p e r t y _ p a t h ">
<p r o p e r t y name=" s e n s i t i v e ">FALSE</ p r o p e r t y>
<l a y o u t>

<p r o p e r t y name=" column ">1</ p r o p e r t y>
<p r o p e r t y name=" row ">0</ p r o p e r t y>

</ l a y o u t>
</ o b j e c t>

</ c h i l d>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkSepa ra to r " />
</ c h i l d>

<c h i l d>
<o b j e c t c l a s s=" GtkBox ">

<p r o p e r t y name=" hexpand ">TRUE</ p r o p e r t y>
<c h i l d>

<o b j e c t c l a s s=" GtkLabe l ">
<s t y l e>

<c l a s s name=" o p t i f o l _ e m p h a s i s e d " />
</ s t y l e>
<p r o p e r t y name=" l a b e l ">Are you s u r e ?</ p r o p e r t y>

</ o b j e c t>
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</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkBox ">
<p r o p e r t y name=" hexpand ">TRUE</ p r o p e r t y>
<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_END</ p r o p e r t y>
<s t y l e>

<c l a s s name=" o p t i f o l _ g r i d _ d i a l o g " />
</ s t y l e>
<c h i l d>

<o b j e c t c l a s s=" GtkButton " i d=" d e l e t e _ s t r u c t u r e _ c a n c e l ">
<p r o p e r t y name=" icon −name">window−c l o s e −s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">Cance l S t r u c t u r e D e l e t i o n</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkButton " i d=" d e l e t e _ s t r u c t u r e _ c o n f i r m ">
<p r o p e r t y name=" icon −name">emblem−ok−s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">Conf i rm S t r u c t u r e D e l e t i o n</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ p r o p e r t y>

</ o b j e c t>

4.2.5.2 EditStructurePopover.ui

<!−−
− C o p y r i gh t ( c ) A l l R i g h t s Rese rved
− 2025 O l i v e r Dixon <od641@york . ac . uk>
−−>

<o b j e c t c l a s s=" GtkPopover " i d=" e d i t _ s t r u c t u r e _ p o p o v e r ">
<p r o p e r t y name=" c h i l d ">

<o b j e c t c l a s s=" GtkBox ">
<s t y l e>

<c l a s s name=" o p t i f o l _ g r i d _ d i a l o g " />
</ s t y l e>
<p r o p e r t y name=" o r i e n t a t i o n ">GTK_ORIENTATION_VERTICAL</ p r o p e r t y>
<c h i l d>

<o b j e c t c l a s s=" GtkGr id ">
<s t y l e>

<c l a s s name=" o p t i f o l _ g r i d _ d i a l o g " />
</ s t y l e>

<c h i l d>
<o b j e c t c l a s s=" GtkLabe l ">

<p r o p e r t y name=" l a b e l ">Old S t r u c t u r e Path</ p r o p e r t y>
<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_END</ p r o p e r t y>
<l a y o u t>

<p r o p e r t y name=" column ">0</ p r o p e r t y>
<p r o p e r t y name=" row ">0</ p r o p e r t y>

</ l a y o u t>
</ o b j e c t>

</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkEntry " i d=" e d i t _ s t r u c t u r e _ p r o p e r t y _ o l d _ p a t h ">
<p r o p e r t y name=" s e n s i t i v e ">FALSE</ p r o p e r t y>
<l a y o u t>

<p r o p e r t y name=" column ">1</ p r o p e r t y>
<p r o p e r t y name=" row ">0</ p r o p e r t y>

</ l a y o u t>
</ o b j e c t>

</ c h i l d>

<c h i l d>
<o b j e c t c l a s s=" GtkLabe l ">

<p r o p e r t y name=" l a b e l ">New S t r u c t u r e Path</ p r o p e r t y>
<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_END</ p r o p e r t y>
<l a y o u t>

<p r o p e r t y name=" column ">0</ p r o p e r t y>
<p r o p e r t y name=" row ">1</ p r o p e r t y>

</ l a y o u t>
</ o b j e c t>

</ c h i l d>
<c h i l d>
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<o b j e c t c l a s s=" GtkEntry " i d=" ed i t_s t ruc tu r e_prope r t y_new_path ">
<l a y o u t>

<p r o p e r t y name=" column ">1</ p r o p e r t y>
<p r o p e r t y name=" row ">1</ p r o p e r t y>

</ l a y o u t>
</ o b j e c t>

</ c h i l d>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkSepa ra to r " />
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkBox ">
<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_END</ p r o p e r t y>
<s t y l e>

<c l a s s name=" o p t i f o l _ g r i d _ d i a l o g " />
</ s t y l e>
<c h i l d>

<o b j e c t c l a s s=" GtkButton " i d=" e d i t _ s t r u c t u r e _ c a n c e l ">
<p r o p e r t y name=" icon −name">window−c l o s e −s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">Cance l S t r u c t u r e Changes</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkButton " i d=" e d i t _ s t r u c t u r e _ c o n f i r m ">
<p r o p e r t y name=" icon −name">emblem−ok−s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">Conf i rm S t r u c t u r e Changes</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ p r o p e r t y>

</ o b j e c t>

4.2.5.3 NewProjectPopover.ui

<!−−
− C o p y r i gh t ( c ) A l l R i g h t s Rese rved
− 2025 O l i v e r Dixon <od641@york . ac . uk>
−−>

<o b j e c t c l a s s=" GtkPopover " i d=" new_pro ject_popover ">
<p r o p e r t y name=" c h i l d ">

<o b j e c t c l a s s=" GtkBox ">
<s t y l e>

<c l a s s name=" o p t i f o l _ g r i d _ d i a l o g " />
</ s t y l e>
<p r o p e r t y name=" o r i e n t a t i o n ">GTK_ORIENTATION_VERTICAL</ p r o p e r t y>
<c h i l d>

<o b j e c t c l a s s=" GtkGr id ">
<s t y l e>

<c l a s s name=" o p t i f o l _ g r i d _ d i a l o g " />
</ s t y l e>

<c h i l d>
<o b j e c t c l a s s=" GtkLabe l ">

<p r o p e r t y name=" l a b e l ">P r o j e c t Name</ p r o p e r t y>
<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_END</ p r o p e r t y>
<l a y o u t>

<p r o p e r t y name=" column ">0</ p r o p e r t y>
<p r o p e r t y name=" row ">0</ p r o p e r t y>

</ l a y o u t>
</ o b j e c t>

</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkEntry " i d=" new_project_property_name ">
<l a y o u t>

<p r o p e r t y name=" column ">1</ p r o p e r t y>
<p r o p e r t y name=" row ">0</ p r o p e r t y>

</ l a y o u t>
</ o b j e c t>

</ c h i l d>

</ o b j e c t>
</ c h i l d>
<c h i l d>
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<o b j e c t c l a s s=" GtkSepa ra to r " />
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkBox ">
<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_END</ p r o p e r t y>
<s t y l e>

<c l a s s name=" o p t i f o l _ g r i d _ d i a l o g " />
</ s t y l e>
<c h i l d>

<o b j e c t c l a s s=" GtkButton " i d=" new_pro j ec t_cance l ">
<p r o p e r t y name=" icon −name">window−c l o s e −s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">Cance l P r o j e c t Changes</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkButton " i d=" new_pro jec t_conf i rm ">
<p r o p e r t y name=" icon −name">emblem−ok−s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">Conf i rm P r o j e c t D e t a i l s</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ p r o p e r t y>

</ o b j e c t>

4.2.5.4 NewSubsystemPopover.ui

<!−−
− C o p y r i gh t ( c ) A l l R i g h t s Rese rved
− 2025 O l i v e r Dixon <od641@york . ac . uk>
−−>

<o b j e c t c l a s s=" GtkPopover " i d=" new_subsystem_popover ">
<p r o p e r t y name=" c h i l d ">

<o b j e c t c l a s s=" GtkBox ">
<s t y l e>

<c l a s s name=" o p t i f o l _ g r i d _ d i a l o g " />
</ s t y l e>
<p r o p e r t y name=" o r i e n t a t i o n ">GTK_ORIENTATION_VERTICAL</ p r o p e r t y>
<c h i l d>

<o b j e c t c l a s s=" GtkGr id ">
<s t y l e>

<c l a s s name=" o p t i f o l _ g r i d _ d i a l o g " />
</ s t y l e>

<c h i l d>
<o b j e c t c l a s s=" GtkLabe l ">

<p r o p e r t y name=" l a b e l ">Path</ p r o p e r t y>
<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_END</ p r o p e r t y>
<l a y o u t>

<p r o p e r t y name=" column ">0</ p r o p e r t y>
<p r o p e r t y name=" row ">0</ p r o p e r t y>

</ l a y o u t>
</ o b j e c t>

</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkEntry " i d=" new_subsystem_property_path ">
<p r o p e r t y name=" s e n s i t i v e ">FALSE</ p r o p e r t y>
<l a y o u t>

<p r o p e r t y name=" column ">1</ p r o p e r t y>
<p r o p e r t y name=" row ">0</ p r o p e r t y>

</ l a y o u t>
</ o b j e c t>

</ c h i l d>

<c h i l d>
<o b j e c t c l a s s=" GtkLabe l ">

<p r o p e r t y name=" l a b e l ">Subsystem Name</ p r o p e r t y>
<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_END</ p r o p e r t y>
<l a y o u t>

<p r o p e r t y name=" column ">0</ p r o p e r t y>
<p r o p e r t y name=" row ">1</ p r o p e r t y>

</ l a y o u t>
</ o b j e c t>

</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkEntry " i d=" new_subsystem_property_name ">
<l a y o u t>
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<p r o p e r t y name=" column ">1</ p r o p e r t y>
<p r o p e r t y name=" row ">1</ p r o p e r t y>

</ l a y o u t>
</ o b j e c t>

</ c h i l d>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkSepa ra to r " />
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkBox ">
<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_END</ p r o p e r t y>
<s t y l e>

<c l a s s name=" o p t i f o l _ g r i d _ d i a l o g " />
</ s t y l e>
<c h i l d>

<o b j e c t c l a s s=" GtkButton " i d=" new_subsystem_cance l ">
<p r o p e r t y name=" icon −name">window−c l o s e −s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">Cance l Subsystem Changes</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkButton " i d=" new_subsystem_conf i rm ">
<p r o p e r t y name=" icon −name">emblem−ok−s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">Conf i rm Subsystem D e t a i l s</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ p r o p e r t y>

</ o b j e c t>

4.2.5.5 ProjectPane.ui

<!−−
− C o p y r i gh t ( c ) A l l R i g h t s Rese rved
− 2025 O l i v e r Dixon <od641@york . ac . uk>
−−>

<o b j e c t c l a s s=" GtkBox ">
<p r o p e r t y name=" o r i e n t a t i o n "> v e r t i c a l</ p r o p e r t y>
<c h i l d>

<o b j e c t c l a s s="GtkDropDown" i d=" p r o j e c t _ p a n e _ s w i t c h e r ">
<p r o p e r t y name=" model ">

<o b j e c t c l a s s=" G t k S t r i n g L i s t ">
<i t ems>

<item>P r o j e c t E x p l o r e r</ i tem>
<item>System Metadata</ item>

</ i t ems>
</ o b j e c t>

</ p r o p e r t y>
</ o b j e c t>

</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkStack " i d=" p ro j e c t_pane_s tack ">
<c h i l d>

<o b j e c t c l a s s=" GtkStackPage ">
<p r o p e r t y name="name">p r o j e c t _ e x p l o r e r</ p r o p e r t y>
<p r o p e r t y name=" c h i l d ">

<o b j e c t c l a s s=" GtkBox ">
<p r o p e r t y name=" o r i e n t a t i o n "> v e r t i c a l</ p r o p e r t y>
<c h i l d>

<o b j e c t c l a s s=" GtkBox ">
<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_FILL</ p r o p e r t y>
<s t y l e>

<c l a s s name=" t o o l b a r "/>
<c l a s s name=" o p t i f o l _ b o x e d "/>

</ s t y l e>
<c h i l d>

<o b j e c t c l a s s=" GtkMenuButton " i d=" new_pro ject ">
<p r o p e r t y name=" icon −name">document−new−s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">New P r o j e c t</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkMenuButton " i d=" new_subsystem ">
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<p r o p e r t y name=" icon −name">window−new−s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">New Subsystem</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkMenuButton " i d=" e d i t _ s t r u c t u r e ">
<p r o p e r t y name=" icon −name">

a c c e s s o r i e s −tex t −e d i t o r −s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">E d i t S t r u c t u r e</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkMenuButton " i d=" d e l e t e _ s t r u c t u r e ">
<p r o p e r t y name=" icon −name">e d i t −d e l e t e −s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">

D e l e t e S t r u c t u r e from Here</ p r o p e r t y>
</ o b j e c t>

</ c h i l d>
</ o b j e c t>

</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkScro l l edWindow ">
<p r o p e r t y name=" vexpand ">TRUE</ p r o p e r t y>
<c h i l d>

<o b j e c t c l a s s=" GtkL i s tV i ew " i d=" p r o j e c t _ v i e w ">
<p r o p e r t y name=" s i n g l e −c l i c k −a c t i v a t e ">FALSE</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkStackPage ">
<p r o p e r t y name="name">pro j ec t_metadata</ p r o p e r t y>
<p r o p e r t y name=" c h i l d ">

<o b j e c t c l a s s=" GtkScro l l edWindow ">
<p r o p e r t y name=" vexpand ">TRUE</ p r o p e r t y>
<c h i l d>

<o b j e c t c l a s s=" GtkColumnView ">
<s t y l e>

<c l a s s name=" data−t a b l e "/>
</ s t y l e>
<c h i l d>

<o b j e c t c l a s s=" GtkColumnViewColumn ">
<p r o p e r t y name=" i d ">p r o j e c t _ m e t a d a t a _ a t t r i b u t e</ p r o p e r t y>
<p r o p e r t y name=" t i t l e ">A t t r i b u t e</ p r o p e r t y>
<p r o p e r t y name=" r e s i z a b l e ">TRUE</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkColumnViewColumn ">
<p r o p e r t y name=" i d ">pro j e c t_metada ta_va lue</ p r o p e r t y>
<p r o p e r t y name=" t i t l e ">Value</ p r o p e r t y>
<p r o p e r t y name=" r e s i z a b l e ">TRUE</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>

4.2.6 ReportsArea

4.2.6.1 GenerateLaTeXPopover.ui

<!−−
− C o p y r i gh t ( c ) A l l R i g h t s Rese rved
− 2025 O l i v e r Dixon <od641@york . ac . uk>
−−>

<o b j e c t c l a s s=" GtkPopover " i d=" r e p o r t s _ g e n e r a t e _ l a t e x _ p o p o v e r ">
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<p r o p e r t y name=" c h i l d ">
<o b j e c t c l a s s=" GtkBox ">

<s t y l e>
<c l a s s name=" o p t i f o l _ g r i d _ d i a l o g " />

</ s t y l e>
<p r o p e r t y name=" o r i e n t a t i o n ">GTK_ORIENTATION_VERTICAL</ p r o p e r t y>
<c h i l d>

<o b j e c t c l a s s=" GtkGr id ">
<s t y l e>

<c l a s s name=" o p t i f o l _ g r i d _ d i a l o g " />
</ s t y l e>

<c h i l d>
<o b j e c t c l a s s=" GtkLabe l ">

<p r o p e r t y name=" l a b e l ">Output D i r e c t o r y</ p r o p e r t y>
<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_END</ p r o p e r t y>
<l a y o u t>

<p r o p e r t y name=" column ">0</ p r o p e r t y>
<p r o p e r t y name=" row ">0</ p r o p e r t y>

</ l a y o u t>
</ o b j e c t>

</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkEntry " i d=" gene ra t e_ la t ex_output_path ">
<l a y o u t>

<p r o p e r t y name=" column ">1</ p r o p e r t y>
<p r o p e r t y name=" row ">0</ p r o p e r t y>

</ l a y o u t>
<p r o p e r t y name=" e d i t a b l e ">FALSE</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkButton " i d=" gene ra te_ la tex_output_path_choose r_but ton ">
<l a y o u t>

<p r o p e r t y name=" column ">2</ p r o p e r t y>
<p r o p e r t y name=" row ">0</ p r o p e r t y>

</ l a y o u t>
<p r o p e r t y name=" icon −name">f o l d e r −open−s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">S e l e c t LaTeX/PDF Output D i r e c t o r y</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkSepa ra to r " />
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkBox " i d=" g e n e r a t e _ l a t e x _ d e t a i l s _ c o n t a i n e r ">
<p r o p e r t y name=" o r i e n t a t i o n ">GTK_ORIENTATION_VERTICAL</ p r o p e r t y>
<c h i l d>

<o b j e c t c l a s s=" GtkScro l l edWindow ">
<p r o p e r t y name=" vexpand ">f a l s e</ p r o p e r t y>
<p r o p e r t y name=" hexpand ">t r u e</ p r o p e r t y>
<p r o p e r t y name=" propagate −n a t u r a l −h e i g h t ">t r u e</ p r o p e r t y>
<p r o p e r t y name=" propagate −n a t u r a l −width ">t r u e</ p r o p e r t y>
<c h i l d>

<o b j e c t c l a s s=" GtkTextView " i d=" g e n e r a t e _ l a t e x _ o u t p u t ">
<s t y l e>

<c l a s s name=" opt i f o l_monospace " />
</ s t y l e>
<p r o p e r t y name=" e d i t a b l e ">FALSE</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkSepa ra to r " />
</ c h i l d>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkBox ">
<p r o p e r t y name=" hexpand ">TRUE</ p r o p e r t y>
<c h i l d>

<o b j e c t c l a s s=" GtkCheckButton " i d=" g e n e r a t e _ l a t e x _ s h o w _ d e t a i l s ">
<p r o p e r t y name=" l a b e l ">Show c o m p i l e r output</ p r o p e r t y>
<p r o p e r t y name=" a c t i v e ">TRUE</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkBox ">
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<p r o p e r t y name=" hexpand ">TRUE</ p r o p e r t y>
<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_END</ p r o p e r t y>
<s t y l e>

<c l a s s name=" o p t i f o l _ g r i d _ d i a l o g " />
</ s t y l e>
<c h i l d>

<o b j e c t c l a s s=" GtkButton " i d=" g e n e r a t e _ l a t e x _ c a n c e l ">
<p r o p e r t y name=" icon −name">window−c l o s e −s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">Cance l LaTeX G e n e r a t i o n</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkButton " i d=" g e n e r a t e _ l a t e x _ c o n f i r m ">
<p r o p e r t y name=" icon −name">emblem−ok−s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">Genera te LaTeX and PDF</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ p r o p e r t y>

</ o b j e c t>

4.2.6.2 ReportsArea.ui

<!−−
− C o p y r i g h t ( c ) A l l R i g h t s Rese rved
− 2025 O l i v e r Dixon <od641@york . ac . uk>
−−>

<o b j e c t c l a s s=" GtkBox ">
<c h i l d>

<o b j e c t c l a s s=" GtkLabe l " i d=" r e p o r t s _ a d v i c e _ u n s e l e c t e d ">
<s t y l e>

<c l a s s name=" o p t i f o l _ a d v i s o r y "/>
<c l a s s name=" o p t i f o l _ b o x e d "/>

</ s t y l e>
<p r o p e r t y name=" use−markup ">TRUE</ p r o p e r t y>
<p r o p e r t y name=" j u s t i f y ">GTK_JUSTIFY_CENTER</ p r o p e r t y>
<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_CENTER</ p r o p e r t y>
<p r o p e r t y name=" v a l i g n ">GTK_ALIGN_CENTER</ p r o p e r t y>
<p r o p e r t y name=" hexpand ">TRUE</ p r o p e r t y>
<p r o p e r t y name=" vexpand ">TRUE</ p r o p e r t y>
<p r o p e r t y name="max−width−c h a r s ">80</ p r o p e r t y>
<p r o p e r t y name=" wrap ">TRUE</ p r o p e r t y>
<p r o p e r t y name=" l a b e l ">

<! [CDATA[<b>The R e l e a s e s and Repor t s View i s not a p p l i c a b l e to P r o j e c t −l e v e l s c o p e s .</b>

The <i >R e l e a s e s and Repor t s View</i > a l l o w s automat i c g e n e r a t i o n o f HTML and LaTeX/PDF r e p o r t s based on the
Requ i rements and r e l a t e d A n a l y s i s o f a Subsystem .

The c on t e n t o f e x p o r t e d Repor t s can be che r r y −picked , and f o r m a t t i n g can be e x t e n s i v e l y cu s tom i s ed .

To p r e p a r e a Report , s e l e c t a Subsystem from the l e f t −hand <i >P r o j e c t E x p l o r e r </i > pane and d e f i n e some
Requ i rements i n the <i >Requ i rements Index </i > v iew . ] ]>

</ p r o p e r t y>
</ o b j e c t>

</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkBox " i d=" r e p o r t s _ c o n t e n t ">
<p r o p e r t y name=" v i s i b l e ">FALSE</ p r o p e r t y>
<p r o p e r t y name=" o r i e n t a t i o n "> v e r t i c a l</ p r o p e r t y>
<c h i l d>

<o b j e c t c l a s s=" GtkBox ">
<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_FILL</ p r o p e r t y>
<s t y l e>

<c l a s s name=" t o o l b a r "/>
<c l a s s name=" o p t i f o l _ b o x e d "/>

</ s t y l e>
<c h i l d>

<o b j e c t c l a s s=" GtkMenuButton " i d=" repor t s_mod i fy_metadata ">
<p r o p e r t y name=" icon −name">document−e d i t −s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">E d i t Report Metadata</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkSepa ra to r " />
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</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkMenuButton " i d=" r e p o r t s _ i n c l u d e _ e l e m e n t ">
<p r o p e r t y name=" icon −name">tab−new−s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">I n c l u d e S e l e c t e d Element</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkMenuButton " i d=" r e p o r t s _ e x c l u d e _ e l e m e n t ">
<p r o p e r t y name=" icon −name"> l i s t −remove−s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">Exc lude S e l e c t e d Element</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkSepa ra to r " />
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkMenuButton " i d=" r e p o r t s _ g e n e r a t e _ l a t e x ">
<p r o p e r t y name=" icon −name">emblem−documents−s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">Genera te LaTeX/PDF Report</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkMenuButton " i d=" r e p o r t s _ g e n e r a t e _ h t m l ">
<p r o p e r t y name=" icon −name">emblem−documents−s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">Genera te HTML Report</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkScro l l edWindow ">
<p r o p e r t y name=" vexpand ">TRUE</ p r o p e r t y>
<c h i l d>

<o b j e c t c l a s s=" GtkColumnView " i d=" r e p o r t s _ e l e m e n t s _ v i e w ">
<c h i l d>

<o b j e c t c l a s s=" GtkColumnViewColumn ">
<p r o p e r t y name=" i d ">reports_e lement_name</ p r o p e r t y>
<p r o p e r t y name=" t i t l e ">Element</ p r o p e r t y>
<p r o p e r t y name=" r e s i z a b l e ">TRUE</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkColumnViewColumn ">
<p r o p e r t y name=" i d ">repo r t s_ i t em_count</ p r o p e r t y>
<p r o p e r t y name=" t i t l e ">Item Count</ p r o p e r t y>
<p r o p e r t y name=" r e s i z a b l e ">TRUE</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>

4.2.7 RequirementsIndexArea

4.2.7.1 DeleteRequirementPopover.ui

<!−−
− C o p y r i gh t ( c ) A l l R i g h t s Rese rved
− 2025 O l i v e r Dixon <od641@york . ac . uk>
−−>

<o b j e c t c l a s s=" GtkPopover " i d=" d e l e t e _ r e q u i r e m e nt _ p o po v e r ">
<p r o p e r t y name=" c h i l d ">

<o b j e c t c l a s s=" GtkBox ">
<s t y l e>

<c l a s s name=" o p t i f o l _ g r i d _ d i a l o g " />
</ s t y l e>
<p r o p e r t y name=" o r i e n t a t i o n ">GTK_ORIENTATION_VERTICAL</ p r o p e r t y>
<c h i l d>

<o b j e c t c l a s s=" GtkGr id ">
<s t y l e>

<c l a s s name=" o p t i f o l _ g r i d _ d i a l o g " />
</ s t y l e>
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<c h i l d>
<o b j e c t c l a s s=" GtkLabe l ">

<p r o p e r t y name=" l a b e l ">Requi rement Name</ p r o p e r t y>
<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_END</ p r o p e r t y>
<l a y o u t>

<p r o p e r t y name=" column ">0</ p r o p e r t y>
<p r o p e r t y name=" row ">0</ p r o p e r t y>

</ l a y o u t>
</ o b j e c t>

</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkEntry " i d=" de l e te_requ i r ement_prope r ty_name ">
<p r o p e r t y name=" s e n s i t i v e ">FALSE</ p r o p e r t y>
<l a y o u t>

<p r o p e r t y name=" column ">1</ p r o p e r t y>
<p r o p e r t y name=" row ">0</ p r o p e r t y>

</ l a y o u t>
</ o b j e c t>

</ c h i l d>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkSepa ra to r " />
</ c h i l d>

<c h i l d>
<o b j e c t c l a s s=" GtkBox ">

<p r o p e r t y name=" hexpand ">TRUE</ p r o p e r t y>
<c h i l d>

<o b j e c t c l a s s=" GtkLabe l ">
<s t y l e>

<c l a s s name=" o p t i f o l _ e m p h a s i s e d " />
</ s t y l e>
<p r o p e r t y name=" l a b e l ">Are you s u r e ?</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkBox ">
<p r o p e r t y name=" hexpand ">TRUE</ p r o p e r t y>
<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_END</ p r o p e r t y>
<s t y l e>

<c l a s s name=" o p t i f o l _ g r i d _ d i a l o g " />
</ s t y l e>
<c h i l d>

<o b j e c t c l a s s=" GtkButton " i d=" d e l e t e _ r e q u i r e m e n t _ c a n c e l ">
<p r o p e r t y name=" icon −name">window−c l o s e −s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">Cance l Requi rement D e l e t i o n</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkButton " i d=" d e l e t e _ r e q u i r e m e n t _ c o n f i r m ">
<p r o p e r t y name=" icon −name">emblem−ok−s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">Conf i rm Requi rement D e l e t i o n</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ p r o p e r t y>

</ o b j e c t>

4.2.7.2 DuplicateRequirementPopover.ui

<!−−
− C o p y r i gh t ( c ) A l l R i g h t s Rese rved
− 2025 O l i v e r Dixon <od641@york . ac . uk>
−−>

<o b j e c t c l a s s=" GtkPopover " i d=" d u p l i c a t e _ r e q u i r e m e n t _ p o p o v e r ">
<p r o p e r t y name=" c h i l d ">

<o b j e c t c l a s s=" GtkBox ">
<s t y l e>

<c l a s s name=" o p t i f o l _ g r i d _ d i a l o g " />
</ s t y l e>
<p r o p e r t y name=" o r i e n t a t i o n ">GTK_ORIENTATION_VERTICAL</ p r o p e r t y>
<c h i l d>
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<o b j e c t c l a s s=" GtkGr id ">
<s t y l e>

<c l a s s name=" o p t i f o l _ g r i d _ d i a l o g " />
</ s t y l e>

<c h i l d>
<o b j e c t c l a s s=" GtkLabe l ">

<p r o p e r t y name=" l a b e l ">Old Requi rement Name</ p r o p e r t y>
<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_END</ p r o p e r t y>
<l a y o u t>

<p r o p e r t y name=" column ">0</ p r o p e r t y>
<p r o p e r t y name=" row ">0</ p r o p e r t y>

</ l a y o u t>
</ o b j e c t>

</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkEntry " i d=" dup l i ca t e_requ i r ement_prope r ty_o ld_name ">
<p r o p e r t y name=" s e n s i t i v e ">FALSE</ p r o p e r t y>
<l a y o u t>

<p r o p e r t y name=" column ">1</ p r o p e r t y>
<p r o p e r t y name=" row ">0</ p r o p e r t y>

</ l a y o u t>
</ o b j e c t>

</ c h i l d>

<c h i l d>
<o b j e c t c l a s s=" GtkLabe l ">

<p r o p e r t y name=" l a b e l ">New Requi rement Name</ p r o p e r t y>
<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_END</ p r o p e r t y>
<l a y o u t>

<p r o p e r t y name=" column ">0</ p r o p e r t y>
<p r o p e r t y name=" row ">1</ p r o p e r t y>

</ l a y o u t>
</ o b j e c t>

</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkEntry " i d=" dup l i cate_requ i rement_proper ty_new_name ">
<l a y o u t>

<p r o p e r t y name=" column ">1</ p r o p e r t y>
<p r o p e r t y name=" row ">1</ p r o p e r t y>

</ l a y o u t>
</ o b j e c t>

</ c h i l d>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkSepa ra to r " />
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkBox ">
<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_END</ p r o p e r t y>
<s t y l e>

<c l a s s name=" o p t i f o l _ g r i d _ d i a l o g " />
</ s t y l e>
<c h i l d>

<o b j e c t c l a s s=" GtkButton " i d=" d u p l i c a t e _ r e q u i r e m e n t _ c a n c e l ">
<p r o p e r t y name=" icon −name">window−c l o s e −s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">Cance l Requi rement D u p l i c a t i o n</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkButton " i d=" d u p l i c a t e _ r e q u i r e m e n t _ c o n f i r m ">
<p r o p e r t y name=" icon −name">emblem−ok−s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">Conf i rm Requi rement D u p l i c a t i o n</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ p r o p e r t y>

</ o b j e c t>

4.2.7.3 EditRequirementPopover.ui

<!−−
− C o p y r i gh t ( c ) A l l R i g h t s Rese rved
− 2025 O l i v e r Dixon <od641@york . ac . uk>
−−>
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<o b j e c t c l a s s=" GtkPopover " i d=" ed i t_ requ i r ement_popove r ">
<p r o p e r t y name=" c h i l d ">

<o b j e c t c l a s s=" GtkBox ">
<s t y l e>

<c l a s s name=" o p t i f o l _ g r i d _ d i a l o g " />
</ s t y l e>
<p r o p e r t y name=" o r i e n t a t i o n ">GTK_ORIENTATION_VERTICAL</ p r o p e r t y>
<c h i l d>

<o b j e c t c l a s s=" GtkGr id ">
<s t y l e>

<c l a s s name=" o p t i f o l _ g r i d _ d i a l o g " />
</ s t y l e>

<c h i l d>
<o b j e c t c l a s s=" GtkLabe l ">

<p r o p e r t y name=" l a b e l ">Requi rement Name</ p r o p e r t y>
<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_END</ p r o p e r t y>
<l a y o u t>

<p r o p e r t y name=" column ">0</ p r o p e r t y>
<p r o p e r t y name=" row ">0</ p r o p e r t y>

</ l a y o u t>
</ o b j e c t>

</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkEntry " i d=" ed i t_requ i r ement_proper ty_name ">
<l a y o u t>

<p r o p e r t y name=" column ">1</ p r o p e r t y>
<p r o p e r t y name=" row ">0</ p r o p e r t y>

</ l a y o u t>
</ o b j e c t>

</ c h i l d>

<c h i l d>
<o b j e c t c l a s s=" GtkLabe l ">

<p r o p e r t y name=" l a b e l ">D e s c r i p t i o n</ p r o p e r t y>
<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_END</ p r o p e r t y>
<l a y o u t>

<p r o p e r t y name=" column ">0</ p r o p e r t y>
<p r o p e r t y name=" row ">1</ p r o p e r t y>

</ l a y o u t>
</ o b j e c t>

</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkTextView " i d=" e d i t _ r e q u i r e m e n t _ p r o p e r t y _ d e s c r i p t i o n ">
<s t y l e>

<c l a s s name=" o p t i f o l _ b o x e d " />
<c l a s s name=" o p t i f o l _ t e x t _ v i e w " />

</ s t y l e>
<l a y o u t>

<p r o p e r t y name=" column ">1</ p r o p e r t y>
<p r o p e r t y name=" row ">1</ p r o p e r t y>

</ l a y o u t>
</ o b j e c t>

</ c h i l d>

<c h i l d>
<o b j e c t c l a s s=" GtkLabe l ">

<p r o p e r t y name=" l a b e l ">FOL Sentence</ p r o p e r t y>
<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_END</ p r o p e r t y>
<l a y o u t>

<p r o p e r t y name=" column ">0</ p r o p e r t y>
<p r o p e r t y name=" row ">2</ p r o p e r t y>

</ l a y o u t>
</ o b j e c t>

</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkEntry " i d=" e d i t _ r e q u i r e m e n t _ p r o p e r t y _ s e n t e n c e ">
<s t y l e>

<c l a s s name=" opt i f o l_monospace " />
</ s t y l e>
<l a y o u t>

<p r o p e r t y name=" column ">1</ p r o p e r t y>
<p r o p e r t y name=" row ">2</ p r o p e r t y>

</ l a y o u t>
</ o b j e c t>

</ c h i l d>

<c h i l d>
<o b j e c t c l a s s=" GtkLabe l ">

<p r o p e r t y name=" l a b e l ">A s s o c i a t e d Test</ p r o p e r t y>
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<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_END</ p r o p e r t y>
<l a y o u t>

<p r o p e r t y name=" column ">0</ p r o p e r t y>
<p r o p e r t y name=" row ">3</ p r o p e r t y>

</ l a y o u t>
</ o b j e c t>

</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkEntry " i d=" e d i t _ r e q u i r e m e n t _ p r o p e r t y _ t e s t ">
<p r o p e r t y name=" p l a c e h o l d e r −t e x t ">None</ p r o p e r t y>
<l a y o u t>

<p r o p e r t y name=" column ">1</ p r o p e r t y>
<p r o p e r t y name=" row ">3</ p r o p e r t y>

</ l a y o u t>
</ o b j e c t>

</ c h i l d>

<c h i l d>
<o b j e c t c l a s s=" GtkLabe l ">

<p r o p e r t y name=" l a b e l ">P r i o r i t y</ p r o p e r t y>
<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_END</ p r o p e r t y>
<l a y o u t>

<p r o p e r t y name=" column ">0</ p r o p e r t y>
<p r o p e r t y name=" row ">4</ p r o p e r t y>

</ l a y o u t>
</ o b j e c t>

</ c h i l d>
<c h i l d>

<o b j e c t c l a s s="GtkDropDown" i d=" e d i t _ r e q u i r e m e n t _ p r o p e r t y _ p r i o r i t y ">
<s t y l e>

<c l a s s name=" o p t i f o l _ b o x e d " />
<c l a s s name=" opt i fo l_combo_box " />

</ s t y l e>
<p r o p e r t y name=" model ">

<o b j e c t c l a s s=" G t k S t r i n g L i s t ">
<i t ems>

<item>O p t i o n a l</ i tem>
<item>Low</ item>
<item>Normal</ item>
<item>High</ item>
<item> C r i t i c a l</ i tem>

</ i t ems>
</ o b j e c t>

</ p r o p e r t y>
<l a y o u t>

<p r o p e r t y name=" column ">1</ p r o p e r t y>
<p r o p e r t y name=" row ">4</ p r o p e r t y>

</ l a y o u t>
</ o b j e c t>

</ c h i l d>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkSepa ra to r " />
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkBox ">
<p r o p e r t y name=" hexpand ">TRUE</ p r o p e r t y>
<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_END</ p r o p e r t y>
<s t y l e>

<c l a s s name=" o p t i f o l _ g r i d _ d i a l o g " />
</ s t y l e>
<c h i l d>

<o b j e c t c l a s s=" GtkButton " i d=" e d i t _ r e q u i r e m e n t _ c a n c e l ">
<p r o p e r t y name=" icon −name">window−c l o s e −s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">Cance l Requi rement Changes</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkButton " i d=" e d i t _ r e q u i r e m e n t _ c o n f i r m ">
<p r o p e r t y name=" icon −name">emblem−ok−s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">Conf i rm Requi rement D e t a i l s</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ p r o p e r t y>

</ o b j e c t>
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4.2.7.4 ManageTestsPopover.ui

<!−−
− C o p y r i g h t ( c ) A l l R i g h t s Rese rved
− 2025 O l i v e r Dixon <od641@york . ac . uk>
−−>

<o b j e c t c l a s s=" GtkPopover " i d=" manage_tests_popover ">
<p r o p e r t y name=" p o s i t i o n ">GTK_POS_RIGHT</ p r o p e r t y>
<p r o p e r t y name=" c h i l d ">

<o b j e c t c l a s s=" GtkBox ">
<s t y l e>

<c l a s s name=" o p t i f o l _ g r i d _ d i a l o g " />
</ s t y l e>
<p r o p e r t y name=" o r i e n t a t i o n "> v e r t i c a l</ p r o p e r t y>
<c h i l d>

<o b j e c t c l a s s=" GtkColumnView " i d=" manage_tests_view ">
<c h i l d>

<o b j e c t c l a s s=" GtkColumnViewColumn ">
<p r o p e r t y name=" i d ">manage_test s_target_exe</ p r o p e r t y>
<p r o p e r t y name=" t i t l e ">Target E x e c u t a b l e</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkColumnViewColumn ">
<p r o p e r t y name=" i d ">m a n a g e _ t e s t s _ f i x t u r e</ p r o p e r t y>
<p r o p e r t y name=" t i t l e ">Test F i x t u r e</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkColumnViewColumn ">
<p r o p e r t y name=" i d ">manage_tests_name</ p r o p e r t y>
<p r o p e r t y name=" t i t l e ">Test Name</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkSepa ra to r " />
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkBox ">
<p r o p e r t y name=" hexpand ">TRUE</ p r o p e r t y>
<s t y l e>

<c l a s s name=" o p t i f o l _ g r i d _ d i a l o g " />
</ s t y l e>
<c h i l d>

<o b j e c t c l a s s=" GtkButton " i d=" manage_tests_new_test ">
<p r o p e r t y name=" icon −name"> l i s t −add−s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">Add New Test</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkButton " i d=" m a n a g e _ t e s t s _ d u p l i c a t e _ t e s t ">
<p r o p e r t y name=" icon −name">e d i t −copy−s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">D u p l i c a t e S e l e c t e d Test</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkButton " i d=" manage_te s t s_de l e t e_te s t ">
<p r o p e r t y name=" icon −name">e d i t −d e l e t e −s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">D e l e t e S e l e c t e d Test</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkBox ">
<p r o p e r t y name=" hexpand ">TRUE</ p r o p e r t y>
<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_END</ p r o p e r t y>
<c h i l d>

<o b j e c t c l a s s=" GtkButton " i d=" manage_tests_conf i rm ">
<p r o p e r t y name=" icon −name">emblem−ok−s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">Update Tes t s</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ p r o p e r t y>
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</ o b j e c t>

4.2.7.5 NewRequirementPopover.ui

<!−−
− C o p y r i g h t ( c ) A l l R i g h t s Rese rved
− 2025 O l i v e r Dixon <od641@york . ac . uk>
−−>

<o b j e c t c l a s s=" GtkPopover " i d=" new_requi rement_popover ">
<p r o p e r t y name=" c h i l d ">

<o b j e c t c l a s s=" GtkBox ">
<s t y l e>

<c l a s s name=" o p t i f o l _ g r i d _ d i a l o g " />
</ s t y l e>
<p r o p e r t y name=" o r i e n t a t i o n ">GTK_ORIENTATION_VERTICAL</ p r o p e r t y>
<c h i l d>

<o b j e c t c l a s s=" GtkGr id ">
<s t y l e>

<c l a s s name=" o p t i f o l _ g r i d _ d i a l o g " />
</ s t y l e>

<c h i l d>
<o b j e c t c l a s s=" GtkLabe l ">

<p r o p e r t y name=" l a b e l ">Requi rement Name</ p r o p e r t y>
<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_END</ p r o p e r t y>
<l a y o u t>

<p r o p e r t y name=" column ">0</ p r o p e r t y>
<p r o p e r t y name=" row ">0</ p r o p e r t y>

</ l a y o u t>
</ o b j e c t>

</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkEntry " i d=" new_requirement_property_name ">
<l a y o u t>

<p r o p e r t y name=" column ">1</ p r o p e r t y>
<p r o p e r t y name=" row ">0</ p r o p e r t y>

</ l a y o u t>
</ o b j e c t>

</ c h i l d>

<c h i l d>
<o b j e c t c l a s s=" GtkLabe l ">

<p r o p e r t y name=" l a b e l ">D e s c r i p t i o n</ p r o p e r t y>
<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_END</ p r o p e r t y>
<l a y o u t>

<p r o p e r t y name=" column ">0</ p r o p e r t y>
<p r o p e r t y name=" row ">1</ p r o p e r t y>

</ l a y o u t>
</ o b j e c t>

</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkTextView " i d=" n e w _ r e q u i r e m e n t _ p r o p e r t y _ d e s c r i p t i o n ">
<s t y l e>

<c l a s s name=" o p t i f o l _ b o x e d " />
<c l a s s name=" o p t i f o l _ t e x t _ v i e w " />

</ s t y l e>
<l a y o u t>

<p r o p e r t y name=" column ">1</ p r o p e r t y>
<p r o p e r t y name=" row ">1</ p r o p e r t y>

</ l a y o u t>
</ o b j e c t>

</ c h i l d>

<c h i l d>
<o b j e c t c l a s s=" GtkLabe l ">

<p r o p e r t y name=" l a b e l ">FOL Sentence</ p r o p e r t y>
<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_END</ p r o p e r t y>
<l a y o u t>

<p r o p e r t y name=" column ">0</ p r o p e r t y>
<p r o p e r t y name=" row ">2</ p r o p e r t y>

</ l a y o u t>
</ o b j e c t>

</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkEntry " i d=" new_requ i r ement_prope r ty_sentence ">
<s t y l e>

<c l a s s name=" opt i f o l_monospace " />
</ s t y l e>
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<l a y o u t>
<p r o p e r t y name=" column ">1</ p r o p e r t y>
<p r o p e r t y name=" row ">2</ p r o p e r t y>

</ l a y o u t>
</ o b j e c t>

</ c h i l d>

<c h i l d>
<o b j e c t c l a s s=" GtkLabe l ">

<p r o p e r t y name=" l a b e l ">Sof tware Tes t s</ p r o p e r t y>
<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_END</ p r o p e r t y>
<l a y o u t>

<p r o p e r t y name=" column ">0</ p r o p e r t y>
<p r o p e r t y name=" row ">3</ p r o p e r t y>

</ l a y o u t>
</ o b j e c t>

</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkBox ">
<p r o p e r t y name=" o r i e n t a t i o n ">h o r i z o n t a l</ p r o p e r t y>
<c h i l d>

<o b j e c t c l a s s=" GtkEntry " i d=" new_requ i rement_test_count ">
<p r o p e r t y name=" p l a c e h o l d e r −t e x t ">No t e s t s d e f i n e d</ p r o p e r t y>
<p r o p e r t y name=" s e n s i t i v e ">FALSE</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkMenuButton " i d=" new_requirement_manage_tests ">
<p r o p e r t y name=" icon −name">document−e d i t −s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">Manage A s s o c i a t e d So f tware Tes t s</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<l a y o u t>

<p r o p e r t y name=" column ">1</ p r o p e r t y>
<p r o p e r t y name=" row ">3</ p r o p e r t y>

</ l a y o u t>
</ o b j e c t>

</ c h i l d>

<c h i l d>
<o b j e c t c l a s s=" GtkLabe l ">

<p r o p e r t y name=" l a b e l ">P r i o r i t y</ p r o p e r t y>
<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_END</ p r o p e r t y>
<l a y o u t>

<p r o p e r t y name=" column ">0</ p r o p e r t y>
<p r o p e r t y name=" row ">4</ p r o p e r t y>

</ l a y o u t>
</ o b j e c t>

</ c h i l d>
<c h i l d>

<o b j e c t c l a s s="GtkDropDown" i d=" n e w _ r e q u i r e m e n t _ p r o p e r t y _ p r i o r i t y ">
<s t y l e>

<c l a s s name=" o p t i f o l _ b o x e d " />
<c l a s s name=" opt i fo l_combo_box " />

</ s t y l e>
<p r o p e r t y name=" model ">

<o b j e c t c l a s s=" G t k S t r i n g L i s t ">
<i t ems>

<item>O p t i o n a l</ i tem>
<item>Low</ item>
<item>Normal</ item>
<item>High</ item>
<item> C r i t i c a l</ i tem>

</ i t ems>
</ o b j e c t>

</ p r o p e r t y>
<l a y o u t>

<p r o p e r t y name=" column ">1</ p r o p e r t y>
<p r o p e r t y name=" row ">4</ p r o p e r t y>

</ l a y o u t>
</ o b j e c t>

</ c h i l d>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkSepa ra to r " />
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkBox ">
<p r o p e r t y name=" hexpand ">TRUE</ p r o p e r t y>
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<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_END</ p r o p e r t y>
<s t y l e>

<c l a s s name=" o p t i f o l _ g r i d _ d i a l o g " />
</ s t y l e>
<c h i l d>

<o b j e c t c l a s s=" GtkButton " i d=" new_requ i rement_cance l ">
<p r o p e r t y name=" icon −name">window−c l o s e −s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">Cance l Requi rement Changes</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkButton " i d=" new_requ i rement_conf i rm ">
<p r o p e r t y name=" icon −name">emblem−ok−s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" s e n s i t i v e ">FALSE</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">Conf i rm Requi rement D e t a i l s</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ p r o p e r t y>

</ o b j e c t>

4.2.7.6 RequirementsIndexView.ui

<!−−
− C o p y r i g h t ( c ) A l l R i g h t s Rese rved
− 2025 O l i v e r Dixon <od641@york . ac . uk>
−−>

<o b j e c t c l a s s=" GtkBox ">
<p r o p e r t y name=" o r i e n t a t i o n "> v e r t i c a l</ p r o p e r t y>
<c h i l d>

<o b j e c t c l a s s=" GtkLabe l " i d=" r e q u i r e m e n t s _ i n d e x _ a d v i c e _ u n s e l e c t e d ">
<s t y l e>

<c l a s s name=" o p t i f o l _ a d v i s o r y "/>
<c l a s s name=" o p t i f o l _ b o x e d "/>

</ s t y l e>
<p r o p e r t y name=" use−markup ">TRUE</ p r o p e r t y>
<p r o p e r t y name=" j u s t i f y ">GTK_JUSTIFY_CENTER</ p r o p e r t y>
<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_CENTER</ p r o p e r t y>
<p r o p e r t y name=" v a l i g n ">GTK_ALIGN_CENTER</ p r o p e r t y>
<p r o p e r t y name=" hexpand ">TRUE</ p r o p e r t y>
<p r o p e r t y name=" vexpand ">TRUE</ p r o p e r t y>
<p r o p e r t y name="max−width−c h a r s ">80</ p r o p e r t y>
<p r o p e r t y name=" wrap ">TRUE</ p r o p e r t y>
<p r o p e r t y name=" l a b e l ">

<! [CDATA[<b>The Requ i rements I ndex i s not a p p l i c a b l e to P r o j e c t −l e v e l s c o p e s .</b>

The <i >Requ i rements Index </i > p r e s e n t s a t a b u l a r v iew o f a l l Requ i rements w i t h i n the a c t i v e Subsystem .

From the Index , you can rev i ew , modify , s ea rch , and f i l t e r Requ i rements i n p r e p a r a t i o n f o r f o r m a l a n a l y s i s ,
comp l i ance v e r i f i c a t i o n , and r e p o r t g e n e r a t i o n .

To v iew an Index , s e l e c t a Subsystem from the l e f t −hand <i >P r o j e c t E x p l o r e r </i > pane . ] ]>
</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkBox " i d=" r e q u i r e m e n t s _ i n d e x _ c o n t e n t ">
<p r o p e r t y name=" v i s i b l e ">FALSE</ p r o p e r t y>
<p r o p e r t y name=" o r i e n t a t i o n "> v e r t i c a l</ p r o p e r t y>
<c h i l d>

<o b j e c t c l a s s=" GtkBox ">
<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_FILL</ p r o p e r t y>
<s t y l e>

<c l a s s name=" t o o l b a r "/>
<c l a s s name=" o p t i f o l _ b o x e d "/>

</ s t y l e>
<c h i l d>

<o b j e c t c l a s s=" GtkMenuButton " i d=" new_requi rement ">
<p r o p e r t y name=" icon −name">tab−new−s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">New Requi rement</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkMenuButton " i d=" e d i t _ r e q u i r e m e n t ">
<p r o p e r t y name=" icon −name">document−e d i t −s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">E d i t S e l e c t e d Requi rement</ p r o p e r t y>
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<p r o p e r t y name=" s e n s i t i v e ">FALSE</ p r o p e r t y>
</ o b j e c t>

</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkMenuButton " i d=" d e l e t e _ r e q u i r e m e n t ">
<p r o p e r t y name=" icon −name">e d i t −d e l e t e −s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">D e l e t e S e l e c t e d Requ i rements</ p r o p e r t y>
<p r o p e r t y name=" s e n s i t i v e ">FALSE</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkMenuButton " i d=" d u p l i c a t e _ r e q u i r e m e n t ">
<p r o p e r t y name=" icon −name">e d i t −copy−s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">D u p l i c a t e S e l e c t e d Requi rement</ p r o p e r t y>
<p r o p e r t y name=" s e n s i t i v e ">FALSE</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkBox ">
<p r o p e r t y name=" hexpand ">TRUE</ p r o p e r t y>
<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_END</ p r o p e r t y>
<c h i l d>

<o b j e c t c l a s s=" GtkEntry ">
<p r o p e r t y name=" s e n s i t i v e ">FALSE</ p r o p e r t y>
<p r o p e r t y name=" p l a c e h o l d e r −t e x t ">Search by Name</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkButton ">
<p r o p e r t y name=" s e n s i t i v e ">FALSE</ p r o p e r t y>
<p r o p e r t y name=" icon −name">e d i t −f i n d −s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">Search Requ i rements</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkButton ">
<p r o p e r t y name=" s e n s i t i v e ">FALSE</ p r o p e r t y>
<p r o p e r t y name=" icon −name">e d i t −c l e a r −a l l −s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">C l e a r Search</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkScro l l edWindow ">
<p r o p e r t y name=" vexpand ">TRUE</ p r o p e r t y>
<c h i l d>

<o b j e c t c l a s s=" GtkColumnView " i d=" requ i r ement s_v i ew ">
<c h i l d>

<o b j e c t c l a s s=" GtkColumnViewColumn ">
<p r o p e r t y name=" i d ">requirement_name</ p r o p e r t y>
<p r o p e r t y name=" t i t l e ">Name</ p r o p e r t y>
<p r o p e r t y name=" r e s i z a b l e ">TRUE</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkColumnViewColumn ">
<p r o p e r t y name=" i d ">r e q u i r e m e n t _ d e s c r i p t i o n</ p r o p e r t y>
<p r o p e r t y name=" t i t l e ">D e s c r i p t i o n</ p r o p e r t y>
<p r o p e r t y name=" r e s i z a b l e ">TRUE</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkColumnViewColumn ">
<p r o p e r t y name=" i d ">requ i r ement_s ta t ement</ p r o p e r t y>
<p r o p e r t y name=" t i t l e ">Statement</ p r o p e r t y>
<p r o p e r t y name=" r e s i z a b l e ">TRUE</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkColumnViewColumn ">
<p r o p e r t y name=" i d ">r e q u i r e m e n t _ p r i o r i t y</ p r o p e r t y>
<p r o p e r t y name=" t i t l e ">P r i o r i t y</ p r o p e r t y>
<p r o p e r t y name=" r e s i z a b l e ">TRUE</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkColumnViewColumn ">
<p r o p e r t y name=" i d ">r e q u i r e m e n t _ t e s t</ p r o p e r t y>
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<p r o p e r t y name=" t i t l e ">Test</ p r o p e r t y>
<p r o p e r t y name=" r e s i z a b l e ">TRUE</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkColumnViewColumn ">
<p r o p e r t y name=" i d ">r e q u i r e m e n t _ s t a k e h o l d e r</ p r o p e r t y>
<p r o p e r t y name=" t i t l e ">S t a k e h o l d e r</ p r o p e r t y>
<p r o p e r t y name=" r e s i z a b l e ">TRUE</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkColumnViewColumn ">
<p r o p e r t y name=" i d ">r e q u i r e m e n t _ c r e a t e d</ p r o p e r t y>
<p r o p e r t y name=" t i t l e ">Created</ p r o p e r t y>
<p r o p e r t y name=" r e s i z a b l e ">TRUE</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkColumnViewColumn ">
<p r o p e r t y name=" i d ">r e q u i r e m e n t _ m o d i f i e d</ p r o p e r t y>
<p r o p e r t y name=" t i t l e ">Mod i f i ed</ p r o p e r t y>
<p r o p e r t y name=" r e s i z a b l e ">TRUE</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>

4.2.8 TestingArea

4.2.8.1 CopyToTestGroupPopover.ui

<!−−
− C o p y r i gh t ( c ) A l l R i g h t s Rese rved
− 2025 O l i v e r Dixon <od641@york . ac . uk>
−−>

<o b j e c t c l a s s=" GtkPopover " i d=" copy_to_test_group_popover ">
<p r o p e r t y name=" c h i l d ">

<o b j e c t c l a s s=" GtkBox ">
<s t y l e>

<c l a s s name=" o p t i f o l _ g r i d _ d i a l o g " />
</ s t y l e>
<p r o p e r t y name=" o r i e n t a t i o n ">GTK_ORIENTATION_VERTICAL</ p r o p e r t y>
<c h i l d>

<o b j e c t c l a s s=" GtkGr id ">
<s t y l e>

<c l a s s name=" o p t i f o l _ g r i d _ d i a l o g " />
</ s t y l e>

<c h i l d>
<o b j e c t c l a s s=" GtkLabe l ">

<p r o p e r t y name=" l a b e l ">Requi rement Name</ p r o p e r t y>
<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_END</ p r o p e r t y>
<l a y o u t>

<p r o p e r t y name=" column ">0</ p r o p e r t y>
<p r o p e r t y name=" row ">0</ p r o p e r t y>

</ l a y o u t>
</ o b j e c t>

</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkEntry " i d=" copy_to_tes t_group_requ i rement ">
<p r o p e r t y name=" s e n s i t i v e ">FALSE</ p r o p e r t y>
<l a y o u t>

<p r o p e r t y name=" column ">1</ p r o p e r t y>
<p r o p e r t y name=" row ">0</ p r o p e r t y>

</ l a y o u t>
</ o b j e c t>

</ c h i l d>

<c h i l d>
<o b j e c t c l a s s=" GtkLabe l ">

<p r o p e r t y name=" l a b e l ">New Test Group</ p r o p e r t y>
<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_END</ p r o p e r t y>
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<l a y o u t>
<p r o p e r t y name=" column ">0</ p r o p e r t y>
<p r o p e r t y name=" row ">1</ p r o p e r t y>

</ l a y o u t>
</ o b j e c t>

</ c h i l d>
<c h i l d>

<o b j e c t c l a s s="GtkDropDown" i d=" copy_to_test_group_new_group ">
<s t y l e>

<c l a s s name=" o p t i f o l _ b o x e d " />
<c l a s s name=" opt i fo l_combo_box " />

</ s t y l e>
<l a y o u t>

<p r o p e r t y name=" column ">1</ p r o p e r t y>
<p r o p e r t y name=" row ">1</ p r o p e r t y>

</ l a y o u t>
</ o b j e c t>

</ c h i l d>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkSepa ra to r " />
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkBox ">
<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_END</ p r o p e r t y>
<s t y l e>

<c l a s s name=" o p t i f o l _ g r i d _ d i a l o g " />
</ s t y l e>
<c h i l d>

<o b j e c t c l a s s=" GtkButton " i d=" copy_to_tes t_group_cance l ">
<p r o p e r t y name=" icon −name">window−c l o s e −s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">Cance l Requi rement Copy</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkButton " i d=" copy_to_test_group_conf i rm ">
<p r o p e r t y name=" icon −name">emblem−ok−s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">Conf i rm Requi rement Copy</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ p r o p e r t y>

</ o b j e c t>

4.2.8.2 DeleteTestGroupPopover.ui

<!−−
− C o p y r i gh t ( c ) A l l R i g h t s Rese rved
− 2025 O l i v e r Dixon <od641@york . ac . uk>
−−>

<o b j e c t c l a s s=" GtkPopover " i d=" de l e t e_te s t_group_popove r ">
<p r o p e r t y name=" c h i l d ">

<o b j e c t c l a s s=" GtkBox ">
<s t y l e>

<c l a s s name=" o p t i f o l _ g r i d _ d i a l o g " />
</ s t y l e>
<p r o p e r t y name=" o r i e n t a t i o n ">GTK_ORIENTATION_VERTICAL</ p r o p e r t y>
<c h i l d>

<o b j e c t c l a s s=" GtkGr id ">
<s t y l e>

<c l a s s name=" o p t i f o l _ g r i d _ d i a l o g " />
</ s t y l e>

<c h i l d>
<o b j e c t c l a s s=" GtkLabe l ">

<p r o p e r t y name=" l a b e l ">Test Group Name</ p r o p e r t y>
<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_END</ p r o p e r t y>
<l a y o u t>

<p r o p e r t y name=" column ">0</ p r o p e r t y>
<p r o p e r t y name=" row ">0</ p r o p e r t y>

</ l a y o u t>
</ o b j e c t>

</ c h i l d>
<c h i l d>
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<o b j e c t c l a s s=" GtkEntry " i d=" de lete_test_group_name ">
<p r o p e r t y name=" s e n s i t i v e ">FALSE</ p r o p e r t y>
<l a y o u t>

<p r o p e r t y name=" column ">1</ p r o p e r t y>
<p r o p e r t y name=" row ">0</ p r o p e r t y>

</ l a y o u t>
</ o b j e c t>

</ c h i l d>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkSepa ra to r " />
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkBox ">
<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_END</ p r o p e r t y>
<s t y l e>

<c l a s s name=" o p t i f o l _ g r i d _ d i a l o g " />
</ s t y l e>
<c h i l d>

<o b j e c t c l a s s=" GtkButton " i d=" d e l e t e _ t e s t _ g r o u p _ c a n c e l ">
<p r o p e r t y name=" icon −name">window−c l o s e −s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">Cance l Test Group D e l e t i o n</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkButton " i d=" d e l e t e _ t e s t _ g r o u p _ c o n f i r m ">
<p r o p e r t y name=" icon −name">emblem−ok−s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">Conf i rm Test Group D e l e t i o n</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ p r o p e r t y>

</ o b j e c t>

4.2.8.3 MoveToTestGroupPopover.ui

<!−−
− C o p y r i gh t ( c ) A l l R i g h t s Rese rved
− 2025 O l i v e r Dixon <od641@york . ac . uk>
−−>

<o b j e c t c l a s s=" GtkPopover " i d=" move_to_test_group_popover ">
<p r o p e r t y name=" c h i l d ">

<o b j e c t c l a s s=" GtkBox ">
<s t y l e>

<c l a s s name=" o p t i f o l _ g r i d _ d i a l o g " />
</ s t y l e>
<p r o p e r t y name=" o r i e n t a t i o n ">GTK_ORIENTATION_VERTICAL</ p r o p e r t y>
<c h i l d>

<o b j e c t c l a s s=" GtkGr id ">
<s t y l e>

<c l a s s name=" o p t i f o l _ g r i d _ d i a l o g " />
</ s t y l e>

<c h i l d>
<o b j e c t c l a s s=" GtkLabe l ">

<p r o p e r t y name=" l a b e l ">Requi rement Name</ p r o p e r t y>
<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_END</ p r o p e r t y>
<l a y o u t>

<p r o p e r t y name=" column ">0</ p r o p e r t y>
<p r o p e r t y name=" row ">0</ p r o p e r t y>

</ l a y o u t>
</ o b j e c t>

</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkEntry " i d=" move_to_test_group_requi rement ">
<p r o p e r t y name=" s e n s i t i v e ">FALSE</ p r o p e r t y>
<l a y o u t>

<p r o p e r t y name=" column ">1</ p r o p e r t y>
<p r o p e r t y name=" row ">0</ p r o p e r t y>

</ l a y o u t>
</ o b j e c t>

</ c h i l d>

<c h i l d>
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<o b j e c t c l a s s=" GtkLabe l ">
<p r o p e r t y name=" l a b e l ">New Test Group</ p r o p e r t y>
<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_END</ p r o p e r t y>
<l a y o u t>

<p r o p e r t y name=" column ">0</ p r o p e r t y>
<p r o p e r t y name=" row ">1</ p r o p e r t y>

</ l a y o u t>
</ o b j e c t>

</ c h i l d>
<c h i l d>

<o b j e c t c l a s s="GtkDropDown" i d=" move_to_test_group_new_group ">
<s t y l e>

<c l a s s name=" o p t i f o l _ b o x e d " />
<c l a s s name=" opt i fo l_combo_box " />

</ s t y l e>
<l a y o u t>

<p r o p e r t y name=" column ">1</ p r o p e r t y>
<p r o p e r t y name=" row ">1</ p r o p e r t y>

</ l a y o u t>
</ o b j e c t>

</ c h i l d>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkSepa ra to r " />
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkBox ">
<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_END</ p r o p e r t y>
<s t y l e>

<c l a s s name=" o p t i f o l _ g r i d _ d i a l o g " />
</ s t y l e>
<c h i l d>

<o b j e c t c l a s s=" GtkButton " i d=" move_to_test_group_cance l ">
<p r o p e r t y name=" icon −name">window−c l o s e −s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">Cance l Requi rement Move</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkButton " i d=" move_to_test_group_conf i rm ">
<p r o p e r t y name=" icon −name">emblem−ok−s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">Conf i rm Requi rement Move</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ p r o p e r t y>

</ o b j e c t>

4.2.8.4 NewTestGroupPopover.ui

<!−−
− C o p y r i gh t ( c ) A l l R i g h t s Rese rved
− 2025 O l i v e r Dixon <od641@york . ac . uk>
−−>

<o b j e c t c l a s s=" GtkPopover " i d=" new_test_group_popover ">
<p r o p e r t y name=" c h i l d ">

<o b j e c t c l a s s=" GtkBox ">
<s t y l e>

<c l a s s name=" o p t i f o l _ g r i d _ d i a l o g " />
</ s t y l e>
<p r o p e r t y name=" o r i e n t a t i o n ">GTK_ORIENTATION_VERTICAL</ p r o p e r t y>
<c h i l d>

<o b j e c t c l a s s=" GtkGr id ">
<s t y l e>

<c l a s s name=" o p t i f o l _ g r i d _ d i a l o g " />
</ s t y l e>

<c h i l d>
<o b j e c t c l a s s=" GtkLabe l ">

<p r o p e r t y name=" l a b e l ">Test Group Name</ p r o p e r t y>
<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_END</ p r o p e r t y>
<l a y o u t>

<p r o p e r t y name=" column ">0</ p r o p e r t y>
<p r o p e r t y name=" row ">0</ p r o p e r t y>

</ l a y o u t>
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</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkEntry " i d=" new_test_group_name ">
<l a y o u t>

<p r o p e r t y name=" column ">1</ p r o p e r t y>
<p r o p e r t y name=" row ">0</ p r o p e r t y>

</ l a y o u t>
</ o b j e c t>

</ c h i l d>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkSepa ra to r " />
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkBox ">
<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_END</ p r o p e r t y>
<s t y l e>

<c l a s s name=" o p t i f o l _ g r i d _ d i a l o g " />
</ s t y l e>
<c h i l d>

<o b j e c t c l a s s=" GtkButton " i d=" new_test_group_cance l ">
<p r o p e r t y name=" icon −name">window−c l o s e −s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">Cance l Test Group Changes</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkButton " i d=" new_test_group_conf i rm ">
<p r o p e r t y name=" icon −name">emblem−ok−s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">Conf i rm Test Group Changes</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ p r o p e r t y>

</ o b j e c t>

4.2.8.5 RenameTestGroupPopover.ui

<!−−
− C o p y r i gh t ( c ) A l l R i g h t s Rese rved
− 2025 O l i v e r Dixon <od641@york . ac . uk>
−−>

<o b j e c t c l a s s=" GtkPopover " i d=" rename_test_group_popover ">
<p r o p e r t y name=" c h i l d ">

<o b j e c t c l a s s=" GtkBox ">
<s t y l e>

<c l a s s name=" o p t i f o l _ g r i d _ d i a l o g " />
</ s t y l e>
<p r o p e r t y name=" o r i e n t a t i o n ">GTK_ORIENTATION_VERTICAL</ p r o p e r t y>
<c h i l d>

<o b j e c t c l a s s=" GtkGr id ">
<s t y l e>

<c l a s s name=" o p t i f o l _ g r i d _ d i a l o g " />
</ s t y l e>

<c h i l d>
<o b j e c t c l a s s=" GtkLabe l ">

<p r o p e r t y name=" l a b e l ">Old Test Group Name</ p r o p e r t y>
<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_END</ p r o p e r t y>
<l a y o u t>

<p r o p e r t y name=" column ">0</ p r o p e r t y>
<p r o p e r t y name=" row ">0</ p r o p e r t y>

</ l a y o u t>
</ o b j e c t>

</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkEntry " i d=" rename_test_group_old_name ">
<p r o p e r t y name=" s e n s i t i v e ">FALSE</ p r o p e r t y>
<l a y o u t>

<p r o p e r t y name=" column ">1</ p r o p e r t y>
<p r o p e r t y name=" row ">0</ p r o p e r t y>

</ l a y o u t>
</ o b j e c t>

</ c h i l d>
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<c h i l d>
<o b j e c t c l a s s=" GtkLabe l ">

<p r o p e r t y name=" l a b e l ">New Test Group Name</ p r o p e r t y>
<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_END</ p r o p e r t y>
<l a y o u t>

<p r o p e r t y name=" column ">0</ p r o p e r t y>
<p r o p e r t y name=" row ">1</ p r o p e r t y>

</ l a y o u t>
</ o b j e c t>

</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkEntry " i d=" rename_test_group_new_name ">
<l a y o u t>

<p r o p e r t y name=" column ">1</ p r o p e r t y>
<p r o p e r t y name=" row ">1</ p r o p e r t y>

</ l a y o u t>
</ o b j e c t>

</ c h i l d>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkSepa ra to r " />
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkBox ">
<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_END</ p r o p e r t y>
<s t y l e>

<c l a s s name=" o p t i f o l _ g r i d _ d i a l o g " />
</ s t y l e>
<c h i l d>

<o b j e c t c l a s s=" GtkButton " i d=" rename_test_group_cance l ">
<p r o p e r t y name=" icon −name">window−c l o s e −s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">Cance l Test Group Rename</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkButton " i d=" rename_test_group_conf i rm ">
<p r o p e r t y name=" s e n s i t i v e ">FALSE</ p r o p e r t y>
<p r o p e r t y name=" icon −name">emblem−ok−s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">Conf i rm Test Group Rename</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ p r o p e r t y>

</ o b j e c t>

4.2.8.6 RunTests.ui

<!−−
− C o p y r i gh t ( c ) A l l R i g h t s Rese rved
− 2025 O l i v e r Dixon <od641@york . ac . uk>
−−>

<o b j e c t c l a s s=" GtkPopover " i d=" run_tes t s_popove r ">
<p r o p e r t y name=" c h i l d ">

<o b j e c t c l a s s=" GtkBox ">
<s t y l e>

<c l a s s name=" o p t i f o l _ g r i d _ d i a l o g " />
</ s t y l e>
<p r o p e r t y name=" o r i e n t a t i o n ">GTK_ORIENTATION_VERTICAL</ p r o p e r t y>

<c h i l d>
<o b j e c t c l a s s=" GtkGr id ">

<s t y l e>
<c l a s s name=" o p t i f o l _ g r i d _ d i a l o g " />

</ s t y l e>
<c h i l d>

<o b j e c t c l a s s=" GtkLabe l ">
<p r o p e r t y name=" l a b e l ">Test Group Name</ p r o p e r t y>
<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_END</ p r o p e r t y>
<l a y o u t>

<p r o p e r t y name=" column ">0</ p r o p e r t y>
<p r o p e r t y name=" row ">0</ p r o p e r t y>

</ l a y o u t>
</ o b j e c t>
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</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkEntry " i d=" test_group_name ">
<l a y o u t>

<p r o p e r t y name=" column ">1</ p r o p e r t y>
<p r o p e r t y name=" row ">0</ p r o p e r t y>

</ l a y o u t>
<p r o p e r t y name=" s e n s i t i v e ">FALSE</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ c h i l d>

<c h i l d>
<o b j e c t c l a s s=" GtkSepa ra to r " />

</ c h i l d>

<c h i l d>
<o b j e c t c l a s s=" GtkBox ">

<p r o p e r t y name=" hexpand ">TRUE</ p r o p e r t y>
<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_END</ p r o p e r t y>
<s t y l e>

<c l a s s name=" o p t i f o l _ g r i d _ d i a l o g " />
</ s t y l e>
<c h i l d>

<o b j e c t c l a s s=" GtkButton " i d=" r u n _ t e s t s _ c a n c e l ">
<p r o p e r t y name=" icon −name">window−c l o s e −s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">Cance l Test Execu t i on</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkButton " i d=" r u n _ t e s t s _ c o n f i r m ">
<p r o p e r t y name=" icon −name">emblem−ok−s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">Run Tes t s</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ p r o p e r t y>

</ o b j e c t>

4.2.8.7 TestingView.ui

<!−−
− C o p y r i gh t ( c ) A l l R i g h t s Rese rved
− 2025 O l i v e r Dixon <od641@york . ac . uk>
−−>

<o b j e c t c l a s s=" GtkBox ">
<c h i l d>

<o b j e c t c l a s s=" GtkLabe l " i d=" t e s t i n g _ a d v i c e _ u n s e l e c t e d ">
<s t y l e>

<c l a s s name=" o p t i f o l _ a d v i s o r y "/>
<c l a s s name=" o p t i f o l _ b o x e d "/>

</ s t y l e>
<p r o p e r t y name=" use−markup ">TRUE</ p r o p e r t y>
<p r o p e r t y name=" j u s t i f y ">GTK_JUSTIFY_CENTER</ p r o p e r t y>
<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_CENTER</ p r o p e r t y>
<p r o p e r t y name=" v a l i g n ">GTK_ALIGN_CENTER</ p r o p e r t y>
<p r o p e r t y name=" hexpand ">TRUE</ p r o p e r t y>
<p r o p e r t y name=" vexpand ">TRUE</ p r o p e r t y>
<p r o p e r t y name="max−width−c h a r s ">80</ p r o p e r t y>
<p r o p e r t y name=" wrap ">TRUE</ p r o p e r t y>
<p r o p e r t y name=" l a b e l ">

<! [CDATA[<b>The T e s t i n g View i s not a p p l i c a b l e to P r o j e c t −l e v e l s c o p e s .</b>

The <i >T e s t i n g View</i > a l l o w s o r g a n i s a t i o n o f Test−a s s o c i a t e d Requ i rements d e f i n e d i n the s e l e c t e d Subsystem
i n t o <i >Test Groups </i >.

Test Groups can be i n d i v i d u a l l y s u b j e c t to e x e c u t i o n under an e x t e r n a l u n i t t e s t i n g framework , such as Google
Test , to de t e rm ine so f twa re −l e v e l s a t i s f a c t i o n o f Requ i rements .

To p r e p a r e Test Groups , s e l e c t a Subsystem from the l e f t −hand <i >P r o j e c t E x p l o r e r </i > pane and d e f i n e some
Requ i rements i n the <i >Requ i rements Index </i > view . ] ]>

</ p r o p e r t y>
</ o b j e c t>

</ c h i l d>
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<c h i l d>
<o b j e c t c l a s s=" GtkBox " i d=" t e s t i n g _ c o n t e n t ">

<p r o p e r t y name=" o r i e n t a t i o n "> v e r t i c a l</ p r o p e r t y>

<c h i l d>
<o b j e c t c l a s s=" GtkBox ">

<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_FILL</ p r o p e r t y>
<s t y l e>

<c l a s s name=" t o o l b a r "/>
<c l a s s name=" o p t i f o l _ b o x e d "/>

</ s t y l e>
<c h i l d>

<o b j e c t c l a s s=" GtkMenuButton " i d=" new_test_group ">
<p r o p e r t y name=" icon −name">f o l d e r −new−s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">New Test Group</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkMenuButton " i d=" rename_test_group ">
<p r o p e r t y name=" icon −name">document−e d i t −s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">Rename Test Group</ p r o p e r t y>
<p r o p e r t y name=" s e n s i t i v e ">FALSE</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkMenuButton " i d=" d e l e t e _ t e s t _ g r o u p ">
<p r o p e r t y name=" icon −name">e d i t −d e l e t e −s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">D e l e t e Test Group</ p r o p e r t y>
<p r o p e r t y name=" s e n s i t i v e ">FALSE</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkSepa ra to r "/>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkMenuButton " i d=" copy_to_test_group ">
<p r o p e r t y name=" icon −name">e d i t −copy−s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">Copy S e l e c t e d Requi rement to Test Group</ p r o p e r t y>
<p r o p e r t y name=" s e n s i t i v e ">FALSE</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkMenuButton " i d=" move_to_test_group ">
<p r o p e r t y name=" icon −name">go−bottom−s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">Move S e l e c t e d Requi rement to Test Group</ p r o p e r t y>
<p r o p e r t y name=" s e n s i t i v e ">FALSE</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkSepa ra to r "/>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkMenuButton " i d=" r u n _ t e s t s ">
<p r o p e r t y name=" icon −name">emblem−ok−s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">Re−Run S e l e c t e d Test Group</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkBox ">
<p r o p e r t y name=" hexpand ">TRUE</ p r o p e r t y>
<p r o p e r t y name=" h a l i g n ">GTK_ALIGN_END</ p r o p e r t y>
<c h i l d>

<o b j e c t c l a s s=" GtkEntry ">
<p r o p e r t y name=" s e n s i t i v e ">FALSE</ p r o p e r t y>
<p r o p e r t y name=" p l a c e h o l d e r −t e x t ">Search by Name</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkButton ">
<p r o p e r t y name=" s e n s i t i v e ">FALSE</ p r o p e r t y>
<p r o p e r t y name=" icon −name">e d i t −f i n d −s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">Search Requ i rements</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkButton ">
<p r o p e r t y name=" s e n s i t i v e ">FALSE</ p r o p e r t y>
<p r o p e r t y name=" icon −name">e d i t −c l e a r −a l l −s y m b o l i c</ p r o p e r t y>
<p r o p e r t y name=" t o o l t i p −t e x t ">C l e a r Search</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
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</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ c h i l d>

<c h i l d>
<o b j e c t c l a s s=" GtkPaned ">

<p r o p e r t y name=" o r i e n t a t i o n "> v e r t i c a l</ p r o p e r t y>
<p r o p e r t y name=" p o s i t i o n ">400</ p r o p e r t y>
<c h i l d>

<o b j e c t c l a s s=" GtkScro l l edWindow ">
<p r o p e r t y name=" vexpand ">TRUE</ p r o p e r t y>
<c h i l d>

<o b j e c t c l a s s=" GtkColumnView " i d=" te s t_groups_v i ew ">
<c h i l d>

<o b j e c t c l a s s=" GtkColumnViewColumn ">
<p r o p e r t y name=" i d ">test_requ i rement_name</ p r o p e r t y>
<p r o p e r t y name=" t i t l e ">Test Case Name</ p r o p e r t y>
<p r o p e r t y name=" r e s i z a b l e ">TRUE</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkColumnViewColumn ">
<p r o p e r t y name=" i d ">t e s t _ t a r g e t _ e x e c u t a b l e</ p r o p e r t y>
<p r o p e r t y name=" t i t l e ">Target E x e c u t a b l e</ p r o p e r t y>
<p r o p e r t y name=" r e s i z a b l e ">TRUE</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkColumnViewColumn ">
<p r o p e r t y name=" i d ">t e s t _ f i x t u r e</ p r o p e r t y>
<p r o p e r t y name=" t i t l e ">Test F i x t u r e</ p r o p e r t y>
<p r o p e r t y name=" r e s i z a b l e ">TRUE</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkColumnViewColumn ">
<p r o p e r t y name=" i d ">t e s t _ s t a t u s</ p r o p e r t y>
<p r o p e r t y name=" t i t l e ">Test S t a t u s</ p r o p e r t y>
<p r o p e r t y name=" r e s i z a b l e ">TRUE</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkScro l l edWindow " i d=" t e s t _ g r o u p s _ f a i l e d _ c o n t a i n e r ">
<p r o p e r t y name=" vexpand ">TRUE</ p r o p e r t y>
<p r o p e r t y name=" v i s i b l e ">FALSE</ p r o p e r t y>
<c h i l d>

<o b j e c t c l a s s=" GtkColumnView " i d=" t e s t _ g r o u p s _ f a i l e d _ v i e w ">
<c h i l d>

<o b j e c t c l a s s=" GtkColumnViewColumn ">
<p r o p e r t y name=" i d ">f a i l e d _ t e s t _ m e s s a g e</ p r o p e r t y>
<p r o p e r t y name=" t i t l e ">F a i l e d Test Message</ p r o p e r t y>
<p r o p e r t y name=" r e s i z a b l e ">TRUE</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkColumnViewColumn ">
<p r o p e r t y name=" i d ">f a i l e d _ t e s t _ s o u r c e _ f i l e</ p r o p e r t y>
<p r o p e r t y name=" t i t l e ">Source F i l e</ p r o p e r t y>
<p r o p e r t y name=" r e s i z a b l e ">TRUE</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>
<c h i l d>

<o b j e c t c l a s s=" GtkColumnViewColumn ">
<p r o p e r t y name=" i d ">f a i l e d _ t e s t _ s o u r c e _ l i n e</ p r o p e r t y>
<p r o p e r t y name=" t i t l e ">Source L ine</ p r o p e r t y>
<p r o p e r t y name=" r e s i z a b l e ">TRUE</ p r o p e r t y>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
</ c h i l d>

</ o b j e c t>
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</ c h i l d>
</ o b j e c t>

5 vcpkg.json

{
"name " : " o p t i f o l " ,
" v e r s i o n −date " : "2025−09−25" ,
" d e p e n d e n c i e s " : [

{
"name " : "gtkmm" ,
" v e r s i o n >=": " 4 . 1 4 . 0 "

} ,
{

"name " : " l o g 4 c x x " ,
" v e r s i o n >=": " 1 . 5 . 0 "

} ,
{

"name " : " r a p i d j s o n " ,
" v e r s i o n >=": "2025−02−26"

}
]

}

6 .clang-format

−−−
Language : Cpp
BasedOnSty le : LLVM
A c c e s s M o d i f i e r O f f s e t : −4
A l i g n C o n s e c u t i v e A s s i g n m e n t s : f a l s e
A l i g n C o n s e c u t i v e D e c l a r a t i o n s : f a l s e
A l i gnOperands : f a l s e
A l i gnTra i l i ngComment s : f a l s e
A lwaysBreakTemp la t eDec l a ra t i on s : Yes
BraceWrapping :

A f t e r C a s e L a b e l : f a l s e
A f t e r C l a s s : t r u e
A f t e r C o n t r o l S t a t e m e n t : f a l s e
AfterEnum : t r u e
A f t e r F u n c t i o n : t r u e
AfterNamespace : t r u e
A f t e r S t r u c t : t r u e
A f t e rUn ion : t r u e
A f t e r E x t e r n B l o c k : t r u e
Be fo reCatch : f a l s e
B e f o r e E l s e : f a l s e
BeforeLambdaBody : t r u e
Be fo reWh i l e : f a l s e
Sp l i tEmptyFunc t i on : t r u e
Sp l i tEmptyRecord : t r u e
Spl i tEmptyNamespace : t r u e

BreakBe fo r eBrace s : Custom
B r e a k C o n s t r u c t o r I n i t i a l i z e r s : A f t e r C o l o n
B r e a k C o n s t r u c t o r I n i t i a l i z e r s B e f o r e C o m m a : f a l s e
ColumnLimit : 110
C o n s t r u c t o r I n i t i a l i z e r A l l O n O n e L i n e O r O n e P e r L i n e : f a l s e
C o n t i n u a t i o n I n d e n t W i d t h : 8
I n c l u d e C a t e g o r i e s :

− Regex : ’^ <.∗ ’
P r i o r i t y : 1

− Regex : ’ ^ " . ∗ ’
P r i o r i t y : 2

− Regex : ’ . ∗ ’
P r i o r i t y : 3

I n c l u d e I s M a i n R e g e x : ’([ −_ ] ( t e s t | u n i t t e s t ) ) ?$ ’
IndentWidth : 4
Inse r tNewl ineAtEOF : t r u e
MacroBlockBegin : ’ ’
MacroBlockEnd : ’ ’
MaxEmptyLinesToKeep : 2
S p a c e A f t e r C S t y l e C a s t : t r u e
SpaceAfterTemplateKeyword : f a l s e
SpaceBeforeRangeBasedForLoopColon : f a l s e
Space InEmptyParentheses : f a l s e
S p a c e s I n A n g l e s : f a l s e
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S p a c e s I n C o n d i t i o n a l S t a t e m e n t : f a l s e
S p a c e s I n C S t y l e C a s t P a r e n t h e s e s : f a l s e
S p a c e s I n P a r e n t h e s e s : f a l s e
TabWidth : 4
A l l o w S h o r t F u n c t i o n s O n A S i n g l e L i n e : None
P a c k C o n s t r u c t o r I n i t i a l i z e r s : Never
A l i gnA f t e rOpenBracke t : DontAl ign
BinPackArguments : t r u e
BinPackParameters : BinPack
B r e a k I n h e r i t a n c e L i s t : AfterComma
C o n s t r u c t o r I n i t i a l i z e r I n d e n t W i d t h : 4
. . .
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