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Abstract. The Alcor user interface to the Mizar library is intended to
provide a test bed for exploring how a mathematician might interact
with mathematical knowledge management tools. Specifically, how can a
mathematician whilst working on or writing up mathematics look up rel-
evant mathematical knowledge without interrupting their workflow? We
describe how a specific interaction style has been used to implement key-
word search and discuss how that style could benefit other more complex
forms of context-specific searching.

1 Interfaces to MKM

The major goal of mathematical knowledge management (MKM) is to make
available the enormous volume of mathematical knowledge available in current
mathematical resources [9]. Of course, to make that knowledge valuable it needs
to be provided to the right person, at the right time, in the right way. The
potential user-base for MKM is almost anybody who applies or develops mathe-
matical knowledge as part of the their work, that is, mathematicians, physicists,
economists, chemists, social scientists and so on. It is therefore unlikely to be
able to provide a single user-interface that would be acceptable to all users. The
focus then in the current work is to look at user interfaces that might support
mathematicians in developing mathematical material that could then integrate
back in to MKM resources for other mathematicians. Even so, it is expected
that mathematicians could produce and draw upon a wide-range of heteroge-
neous resources such as web-sites, journal articles, software and text-processing
documents such as LATEX.

This general task of integrating knowledge across distributed, heterogeneous
resources with multiple authors is a typical knowledge management task[8]. How-
ever, it is further complicated in the case of mathematics that any synthesis of
this material that a mathematician might make and build upon needs to be
re-integrated back into the body of mathematical knowledge. There is no room
for imprecision or personal interpretation of meaning as this could mean the
difference between a correct proof and an incorrect one.

Mathematical knowledge management is still some way from achieving such
an integrated environment for the working mathematician. I accordingly do not



try to address the full problem but instead consider a mathematician who might
be working using some homogeneous library of mathematics and who would like
in turn to contribute their work back to the library. The prototype environment
would be an author for the Mizar Mathematical Library [6]. To be a successful
Mizar author, a person must add an article to the library that constitutes some
significant mathematical contribution to the library and in addition it should
avoid replicating or apparently contradicting the definitions and theorems al-
ready in the library. To explore the working activities of such an author, the
Alcor system has been developed as a possible working environment. This paper
describes the main motivations for developing the Alcor system. The current
system falls considerably short of these lofty goals, nonetheless, we describe its
current features and capabilities before concluding with the planned future de-
velopments.

1.1 A note on the name

The Mizar system is a proof checking environment built on a sophisticated math-
ematical vernacular. It is famously named after the second star (in fact, quadru-
ple star system) in the handle of the constellation Ursa Major, also designated
ζ UMa. Interestingly, Mizar has a close companion star, Alcor, not in the main
Mizar system. Alcor is visible to the naked eye for those with good acuity. Native
Americans actually called the pair of stars the horse and rider [7]. Inasmuch as
the system described here proposes to sit alongside the Mizar system rather than
augment or integrate into it, the name Alcor seemed appropriate in many ways.

2 Using Mizar

Though the motivation in developing Alcor was to explore how a working mathe-
matician might use Mizar or a system like Mizar, a user-centred design approach
that would be typical for user interface development [11] has not been adopted.
This is for the simple reason that there are currently very few working math-
ematicians who regularly use any sort of automated proving or proof checking
system. The proposed developments in this system and in mathematical knowl-
edge management more generally are innovative, fitting into a complex working
pattern [8] and so a study of existing practices would, at this stage at least, be
uninformative. Instead, a problem statement is used to encapsulate the goals of
the system whilst not forgetting the priority of the user [10]:

Design a graphical user interface to enable mathematicians in their or-
dinary work to successfully develop Mizar articles that do not replicate
existing Mizar content and without the need for extensive knowledge of
the entire Mizar library.

The approach to addressing this problem statement is motivated by a per-
sonal view of the difficulties in developing a Mizar article. A full discussion of



Mizar and the process of developing articles would be inappropriate here and ad-
ditionally it has been discussed in great detail elsewhere [12, 15]. In brief, though,
a Mizar article is a collection of theorems, definitions and proofs written in the
Mizar language. The language is very rich, particularly in comparison to other
formal mathematical languages [14], being intended as a mathematical vernac-
ular though this language is not without its complexities [4]. Having written
theorems and proofs in the Mizar language, the Mizar system itself checks the
proof and is able to assert whether or not the proof is formally correct within the
definition of the language, the context of the particular article and any elements
of the library referenced in the article. The goal, then, of any author is to pro-
duce theorems that are significant mathematically but not previously present in
the library.

There are some natural barriers to achieving this goal. The library is very
large with some 2000 definitions and 30,000 theorems. Full knowledge of it may
only come with years of experience. In addition, like all formal mathematical
languages there is a degree of verbosity [14] which means that not all theo-
rems are of mathematical significance. Finding the key theorems for a particular
task could be difficult. Also, like all formal languages, such as programming
languages, it can sometimes be easier at first to copy and then adapt existing
proofs. Even then, it is important to know that the terms in the proofs are being
used according to their correct definitions.

Given this goal and these possible barriers, a person wishing to write a new
article may well ask the following questions:

1. What is already in the library that I might need?
2. Can I adapt a proof of a similar statement?
3. Is there a theorem that I could use to prove this. . . ?
4. What is the exact definition of. . . ?

These first two questions work at a very high level being very much about the
topic of work. The last two questions are more about the pragmatics of producing
a correct Mizar proof. In particular, I am also working on the third question using
LSI to provide a new search technique that may eventually address questions
1 and 2 [3]. The last question is relatively straightforward and it is this that is
directly addressed in the current version of the Alcor system. It is hoped that
as work on LSI progresses, Alcor will increasingly support answering the other
three questions.

The need for better search facilities is recognised by frequent users (and de-
velopers) of Mizar [2], indeed, Bancerek and Rudnicki ask similar questions when
it comes to searching Mizar. Their approach has been to develop a query lan-
guage to do semantic retrieval that addresses the last two of the above questions.
With the Alcor system, the approach has been rather to take a more graphical
“point-and-click” style though at the moment this is at the cost of being less
powerful in the kinds of retrieval that it can do.



3 The Alcor System

Given the current goal of the Alcor system is to be able to find definitions for
an author working on an article, a workflow approach to authoring was taken
inspired by the Phrasier system [5]. More explicitly, the author should have a
full text editor that allows them to produce an article but at the same time be
integrated with a search tool that enables them to look up definitions without
interrupting their attention from their own work.

Fig. 1. The Alcor system

Figure 1 shows the main screen of the Alcor system. The left hand window
is the main editor where the author would be working. There are many ways to
enable a simple keyword search for definitions. Several have been included. There
is a text box along the bottom of the screen where users can type free text. This
text box also has a drop down menu that shows past search terms. This acts like
a history function so that the author can easily replicate previously performed
searches and peruse them if they have forgotten the exact terms of the search.
The third method for entering search terms is simply to highlight words in the
editor window. In this way, the author can maintain their focus at the position in
their article where they are currently working. Having highlighted the word, they
can then click the “Search” button that runs beneath the menu bar (though this
in fact is not easily recognised in its current location). Alternatively, in keeping
with the PC paradigm, the user could right click and select to search on the
highlighted word.

Search results appear in the lower window. Currently the display results
are the location, that is, the Mizar reference, for the found items and also the
type of item that has been found. This is because a single term may be defined
in multiple senses depending on the particular need in particular articles. For
example, the figure shows the results of a search on the term “closed” that has
resulted in 9 items found. The context of work is an article on topology but of
course with a novel piece of mathematics, it could be misleading to assume that
only the topological definition of closed is required. For example, if the article
were on topological groups then closed could be needed in either the sense for
topologically closed or for algebraically closed.

To see the actual definitions, the user simply clicks on the location in the
search results window. The required definition is displayed in the right hand
window as given in the abstract (rather than the full Mizar article). This is
partly simply to demonstrate the principle and partly because of implementation
limitations in finding the definition in the full article. To make the definition clear
to the user, it is positioned at the top of the window and highlighted in yellow.

As is often the case, the results of one search may lead on to further searches
to clarify or explore other possibilities. The right hand window therefore also



supports the same interactions for performing searches. Thus, the author could
highlight search terms in their own work, get a retrieved abstract in the other
window and carry on highlighting new search terms in the retrieved abstract.
New retrieved abstracts would still come up in the right hand window so that
the author would always have their own work on display.

Thus, a keyword search for definitions is implemented in a traditional graph-
ical user interface style. In this sense, it is very like the Phrasier system where
a text document being written, say a newspaper article, acts as a context for
searching for similar or related articles. The found articles are shown in parallel
to the article being worked on. In a natural language context, this could act
as the “plagiarist’s dream” (I. Witten, personal communication, 2002) but for
mathematics where there is much less profit in plagiarism this workflow may be
of real benefit.

Indeed, it is hoped that this has a more integrated workflow than the use
of either a separate query language or a separate tool entirely such as grep.
Also, the style of interaction is clearly extensible to other sorts of search. For
example, to find a theorem that might help in proving a particular proof step,
the author could highlight the entire step (rather than just a single word) and
search on that. And highlighting a theorem might search for related theorems
whose proofs could be adapted to prove the author’s theorem. In all of these
examples, the context of the current work, namely the article that the author is
currently working on, indicates the kind of query that is required. This removes
the onus from the author to formulate the query precisely and so allows them
to concentrate only on authoring.

Of course, achieving this context-aware searching requires appropriate un-
derlying algorithms. This is the aim of other work [3] but it is worth noting that
the interaction style is actually independent of the methods use to produce good
search results.

4 Future Work

In its current state, the Alcor system is intended as a test bed for different
types of interaction that might support an author. In particular, the initial focus
has been on supporting searching the Mizar Library. Thus, Alcor is far from
a complete authoring environment for Mizar articles — it certainly does not
attempt to offer the full functionality that the Mizar mode in emacs offers. In
fact, so far, it only colours keywords in approximately the same way as the emacs
Mizar mode. A first step before trying out Alcor with real Mizar authors would
be to augment it to be at least as good as the emacs mode with the additional
interactions discussed here. That way, authors would not be disadvantaged over
using existing tools and and investigation of the real efficacy of the proposed
interactions could be done.

The fact that searches produce retrieved articles that can then be used to
define further searches means that there is the possibility of an author losing
useful searches whilst they explore other possibilities. There is already a history



mechanism for search terms but a more sophisticated history mechanism includ-
ing forward and back as in a web browser and found items listed by article may
also be required.

Alcor is intended to support novel search methods for the Mizar library and
my other work is looking at how to implement that. A specific problem with
the LSI method is how to formulate suitable queries so it is hoped that Alcor
would provide sufficient support to automatically formulate queries based on the
context of searching. In fact, the highlighting style of defining search terms could
give valuable information as to the exact nature of the search being done. In this
sense, the style of interaction would become integral to the search algorithm. This
may not be desirable in the long run and other methods of defining context may
be explored in future versions of Alcor.
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