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Probabilistic modelling and verification in RoboChart

O ChooseUniform(N: nat) PrOpertleS
Probabilistic junctions to model B chaosevnieanin, Qualitative Will the robot never collide with obstacles
randomness in robot control Quantitative How likely a robot will ...... ?
algorithms, such as /i=0;c=true? Quality of Service On average, how many deliveries the robot can ... °

. Localisation and mapping TestL.oop f[not (i<N-1Ac)]

Probabilistic property language

(RANSAC,SLAM) ) N
. b i % prob property P_1:
. Control and planning (PRM) <N\ PRISM PCTL [ Forall [Globally (Finally (fd==2) and (Next (fd==0)))]
® . e 1000 (Probabilistic CTL + % -
p{if i<N-1 then 1-(1/(N-))) ~ p{ifi<N-1 then 1/(N-i : . ( -
else 1 end}/i = if (i<N-1) else 0 end}/c = false LTL) enriched with Pr::osf:p:;"téfgsff;f;;sacmw. e CTRL: st refd
gl il e =7 : .
snirieneten RoboChart elements is in ransacMOD::ransacCTRL: :stm_ref0: :goodFit]

Probabilistic Models Probabilistic Properties

Formal Verification Techniques

Probabilistic Model Checking Statistical Model Checking

. "Exact” (numerical) results, . Approximate results on sampling . Exact results

. Medium and large finite models . Very large finite models . Infinite large models

. Fully automated . Fully automated . Largely automated
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Isabelle/UTP

lemma robot localisation: "
((( init || scale door) ;
move right || scale door) ;
move right || scale wall)

RoboChart N _

models I  models L orfun of rvfun (
! 1/18 * [bel> = 0]z +
8/9 * [bel> = 1]z +
1/18 * [[be1> = 2]]Ie
)"

apply (simp add: robot localisation def)
apply (simp add: move right 2 simp believe 3 def)
: ] apply (simp add: scale wall def door def pfun defs)
RoboChart PRISM . o apply (simp add: move_right 2 dist)
. > . v apply (simp add: move right 2 def dist defs)
Properties Properties appoly (expr simp 1)
apply (rule HOL.arg cong[where f="prfun of rvfun"])
apply (simp add: ring distribs(2))
apply (subst fun eq iff, rule alll)

: , , ; | apply (auto)
> Formal Translation > Launch > Parallel Execution > Result collection > S by (simp add: believe 3 sum)+
Verificati It Probability of full coverage in MAX steps 100 Bayesian approach for localisation: the change of robot's belief
erimcation results . | | | | | | 0o Of its current position after three sensor readings and two
Assertion: P_deadlock_free 0.80 Moves.
. ) o ) . 0.8 1 . N 0.70
Assertion states: transitions: result: checkTime: F or aran dom Walker Visit-
P_deadlock_free | 3322 | 3742 true 0.004 seconds 2 06l ing a 30x30 squares. Not - 200
2 possible for probabilistic 0.50
Assertion: P_nr_of _tries Q )
£ 04 model checking and so use 0.40
Assertion states: | transitions: | result: checkTime: SMC here for DeSign Space 0.30
: 02| Exploration: an indication of
P_nr_of_tries 3322 3742 1.6998561958204306 0.055 seconds . 0.20
the battery capacity.
Assertion: P_nr_of_choices 0 = 0.10 I l l I
\ | \ | \ I 0.00 - -
Assertion states: transitions: result: checkTime: 0 1 2 3 4 5 0 - Door 1-wall 2 - Door
MAX .104
P_nr_of_choices 3322 3742 2.6998527952527036 0.092 seconds

Probabilistic Model Checking Statistical Model Checking | Theorem Proving

Qualitative 0 Vv o

Quantitative = 550 % ~ 545 % =1/18
Quality of Service = 4.286 ~ 4.35]1 = 30/7

Assertion: P_goodfit

Assertion states: transitions: result: checkTime:

P_goodfit 3322 3742 10 0.029 seconds

Engineering and

N
///ﬁ Royal Acade.my Physical Sciences
@ of Engineering Research Council




