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Kangteng Ye, Jim Woodcock, Simon Foster

ROBOSTAR

Probabilistic modelling and verification, and Animation in RoboChart

Probabilistic Modelling Probabilistic Model Checking

RoboChart’s probabilistic semantics given in MDP and automated

. Probabilistic choice is made at probabilistic junctions.
. Each outgoing transition must have a probability value (inside p{}) generation of semantics for PRISM in RoboTool
petween 0.0 and 1.0. . Formalised translation from RoboChart to PRISM

. Probability values of all outgoing transitions from a probabilistic . Run multiple instances of PRISM: one for each property
junction sum to 1.0.

ZsimpRansacsTH . Easily extended to other probabilistic model checkers like Storm and

0 chooseUniform(N: nat) ® Datalnf
- ® ChooseUniforminf S . \A O D E ST
® ChooseUniforminf ® Oplinf Randomisation algorithm :
x index0: int Assertion: P_deadlock_free
Xindex1:int .
. . Assertion states: transitions: result: checkTime:
Automated in RoboTool { PRISM instance 1 | —
T choose/ChooseUniform(N); index0 =i J P_deadlock_free | 3322 | 3742 true 0.004 seconds
fi=0;c=true —yT— 1 ‘
TestLoo i<N- RoboChart PRISM [ . o . Assertion: P_nr_of_tries
P|[not (i<N-1/Ac)] o_’ determinelnliners Model - PRISM instance 2
< Y e ntry ch oose Uniform (N); \\ ~~ , - Assertion states: transitions: result: checkTime:
choose [index0==index1] index1 =i R > | Verification Report P_nrof tries | 3322 | 3742 1.6998561958204306 | 0.055 seconds
. A 7 PRISM instance 3
[|< N-1 /\C] "'l ) g Assertion: P_nr_of_choices
[index0!=index1] )
\ P ) d Assertion states: transitions: result: checkTime:
p{if i<N-1 then 1-(1/(N-i)) ~ p{if i<N-1 then 1/(N-i) badFit pla) Probabilistic PRISM | .
else 1 end}/ i=if (i<N-1) else 0 end}/ c = false Properties Properties .. P_nr_of_choices | 3322 3742 2.6998527952527036 | 0.092 seconds
theni+1 else i end p{1-a} {PRISM D Emge n] Assertion: P_goodfit
dFit p{q} indexOl Assertion tates: transitions: result: checkTime:
good™ p{1-q} indextin Formalised translation Launch verification Collect results
\EJ.. P_goodfit 3322 3742 10 0.029 seconds

Statistic Model Checking

cre . Probability of full coverage in MAX steps
Probabilistic Property Language . Approximate results S ——
1
. Based on the PRISM's (constants C1: Aconstant confiuration |« Analyse properties on a large number | |
o ransacMOD: :ransacRP::N set to 6, : : For a random walker visit-
property language (PCTL ) for | = - - eanencRE: p set 10 1/3 of (Monte Carlo) simulations 5 0o ing a 30:30 squares. Not
DTMC and MDP prob property P_deadlock_free: . Able to analyse blg models 35 ng;i'ebleizgufi:(;;atie
: : not Exists [Finally deadlock] Sl orobabilistic mode| check-| |
. Allow to specify properties with constants C1 . lllustrations and debugging problems | ing An indication of the |
: : . > ’ . . ' battery capacity.
using Vaﬂablesl constants C1: Simulation with multiple constant configurations ) . D@Slgﬂ SpPace eXp|Orat|Oﬂ (DSE) ol |
- MAX from set {10,000 to 80,000 by step 1000}, . | | | | | |
expressions, states, | " o 36, and N set to 36 . Generate test cases that satisfy or S

events, fU I’]CtiOﬂS, prob property P_prob_full_coverage_bound:
Prob>=0.8 of [Finally $visits == M * N]
operations, etc. using sim with CI at alpha=0.01, n=1000, and pathlen Theorem PrQVing
=1000000

from RoboChart | with constant C1 ). Denotational semantics of probabilistic programs in UTP

models. prob property P_goodfit: Quantitative property . Both epistemic and aleatoric uncertainty

. Propert]eg are Prob=? of [Finally ransacMOD::ransacCTRL::stm_ref@ , .
is in ransacMOD: :ransacCTRL: :stm_ref0::goodFit] . Mechanised in |Sabe”e/UTP

\. J
S p e C | fl e d | n a k r. S Isabelle2021-1/HOL - utp_prob_rel_lattice_robot_localisation.thy

DN@E3@E & 9¢ 00 @ TRERER B @ @ €

p a rti C U | a r pr Ob pr Oper ty P_ 1 : |_T|_ o él] utF;,.F[r;k;;:tleat:ce;:)):’o;,-ltoia}iiza::i?{? S(':t/YaE£Zeszarch,WOrkspace/Workspace,IsabelIe/lsabelIe,UTP—Workshop2022/probabi|isticﬁdesigns/probability/probabilisticﬁrelations/Examples/) v Erg‘ isabelle ;‘: ?
Foral 1 [G10b a.l ly (Flnal 1y (fdzzz ) a.nd (Next (fd::®) ) ) ] bel :: [ utp_prob_rel_lattice_robot_localisation.thy 7 %:

. ... section < Example of probabilistic relation programming: f &

definition "door p = ( (p = (0::N)) Vv (p =2))" theory utp_prob_rel_lattice_robot_localisation @

constant

unbundle UTP_Syntax
o definition init :: "robot local state rvhfun" where declare [[show_types]]

L "init = bel U {(0::N), 1, 2}" named_theorems robot_local_defs
! ! alphabet robot_local_state =

efinition "doorp = ((p = (0::N)) vV (p = 2))"

File Browser Documentation 4
=

configuration, function definitions, or uncertain environment.

text < A noisy sensor is more likely to get a right reading than a wrong reading: 4 vs. 1.»
o definition scale door :: "robot local state rvhfun" where
- "scale door = (3 * [«door» (bel>)[ze + 1)¢"

efinition init :: "robot_local_state rvhfun" where
efinition scale_door :: "robot_local_state rvhfun" whe
efinition scale_wall :: "robot_local_state rvhfun" wher
efinition move_right :: "robot_local_state prhfun" whe
efinition robot_localisation where

efinition believe_1::"robot_local_state rvhfun" where
efinition move_right_1::"robot_local_state rvhfun" wh 3.

o definition scale wall :: "robot local state rvhfun" where
- "scale wall = (3 * [-«door» (bel>)]ze + 1)¢"
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Formally Verified Animation for RoboChart

efinition believe_2::"robot_local_state rvhfun" where

d
defi
defi
defi
defi
defi
defi
defi
defi
¢ definition move_right :: "robot local state prhfun" where definition move_right_2::"robot_local_state rvhfun” wh
" . N . - Nt definition believe_3::"robot_local_state rvhfun" where
i move_right = (bel := (bel + 1) mod 3) lemma init_knowledge_sum: "(3_ v,::robot_local_state
! ! ! 1 h h e - — —— - — —— - lemma believe_1_simp: "(init || scale_door) = prfun_of_
° p e ra | O n a S e | | l a n | C S O O O a r g |Ve n | n | n e ra C | Q n re e S [} utp_prob_rel_lamce._robot_locaI|sat|on.thy (~/YE_Research_WorkspaceNVorkspace_IsabeIIe/lsabelIe_UTP-.Workshop2022/probab|I|stlc_des|gns/probab|||ty/probab|I|st|c_re|at|ons/ExampIes/) v lemma believe_1_simp': "(init || scale_door) = prfun_of.
lemma believe 3 sum: " (D «Ve::robot local state. [172 lines] lemma move_right_1_simp: "(init || scale_door) ; move_
lemma move_right_1_dist: "rvfun_of_prfun (prfun_of_rv
. . = o . 5 3 — - o lemma believe_2_sum: "(}_ v, ::robot_local_state.
imports Operations Omove(lv: real, a: Angle) [terminates] OshortRandomWalk() [terminates] lemma belleve73,51mp' ! rObOtflocallsatlon - prfun,Of,erun belleve73 " [11 lines] . ) E'x' 0
l ' I e C a n | S e | n S a e e pr—r— O move(v: real, 2 Angle) lemma believe_2_simp: "(((init || scale_door) ; move_ric
Location::* 1:| randomWalk() © |lemma robot localisation: " ::::Z :i':;’eri-;g?';t:sir:':_m-()f-p'fun (prfun_of_rvfun |
shortRandomwalk() ((((init || scale door) ; move right) | scale door) ; move right) || scale wallll lemma move_right 2 dist: "rvfun_of prfun (prfun_of rv
_ L = prfun_of rvfun (1/18 * [bel> = 0]ze + 8/9 * [bel> = 1]ze + 1/18 * [bel> = 2[ze)e" lemma believe_3_sum: "(3__ v,::robot_local_state.
° e n e rate a S e CO e O r & ChemicalDetector L using believe 3 def believe 3 simp robot localisation def by presburger lemma believe_3_simp: "robot_localisation = prfun_of |
T end lemma robot_localisation: "
Vehicle

animation (on terminal now) oo 1 o Tl

obstacle: Loc . obstacle: Loc

gas: Seq(GasSensor) ]gas: Seq(GasSensor)

. Able to reason about large models with an infinite state space
Forany N > 1,

. Able to animate a state machine,

o8 ref MainControll o3 ref MicroController
ref MainController

turn: Angle turn: Angle

an operation, a controller, or a

stop

Viej< (N -1 rob’ (v[j, false/i,c] = 1/N))) A
(""‘*F ( 1(97'319’ (Jv[(zgr— 1),)tze(/]§, ) (:[{/N e = 1) ))
C ChooseUniform(N)

eeeeee

whole mode]

Internal Activity...

. . . Events: (1) RandomwalkCall (); (2) Gas (Din, [1); in, , ; as (Din, ' HI () . .

Animation of a chemical (Din, [(1, ©)1); (6) Gas (Din, [(1, 1)1); (7) Gas (Din, [(0, ©),(0, ; in, [(0, Ba esian bellef model 1.00

(9) Gas (Din, [(@, @),(1, @)]); (10) Gas (Din, [(@, @),(1, 1)1); in, , 1),(0, 0)1); (12) Gas ° y
. B (Din, [(0, 1),(e, 1)1); (13) Gas (Din, [(@, 1),(1, @)]); (14) Gas in, i ,(1, 1)1); (15) Gas (Din, [( 0.90

siiclarolsnnoe CIRIaERSacIalcIalON 1 o). (0, ¢)1); (16) Gas (Din, [(1, ©),(0, 1)1); (17) Gas (Din, [(1, 0),(1, @)1); (18) Gas (Din, [(1, 0, (1
, 1)1); (19) Gas (Din, [(1, 1),(@, ©)1); (20) Gas (Din, ; as (Din, [(1, 1),(1, @)1); 0.80

d ‘t ‘t d . ‘t . (22) Gas (Din, [(1, 1),(1, 1)1);
1 0.70

ctecte an intensive gas [Choose: 1-22]: RandomWalkCall ()

Events: (1) Gas (Din, []); (2) Gas (Din, [(@, @) in, , H [(1, 0)]) : i . / | | | 0.60
prentes T A (1 (8] fes toin, [0 O D pie GGk 1 e RO Ulle DU 24 Localisation: robot’s belief in its current
1, 0)1); (9) Gas (Din, [(@, @),(1, 1)]); (10) Ga in, » 1),(0, ; (Din, [(0, 1),(0, ; 0.50
(12) Gas (Dbin, [(@, 1),(1, @©)1); (13) Gas (Din, [ , (1, i in, [(1, @),(0, 0)]1); ( it
(bin, 1(1, 0}, (0, 1)1} (18) Gas position changed after 3 sensor
(1, 1),(@, ©)1); (19) Gas (Din, in, ' (1, ; (21) Gas (Din, [(1, ,
1, 1)1); . . 0.30
9 readings and two movements: very
[Choose: 1-21]: Gas (Din, [(@, @),(1, 1)1) 0.20
Internal Activity... . o o o
Events: (1) MoveCall (@,Chemical_Angle_Front); |||<e‘y (ﬂeaHy 90%) |t IS 1N ﬂ'Oﬂt O]C \/\/a” 0.10 I I
[Choose: 1-1]: MoveCall (@,Chemical_Angle_Front) 0.00 H l -
Events: (1) Flag Dout; NOW. 0 - Door 1 - Wall 2 - Door

1
[Choose: 1-1]: Flag Dout

Internal Activity...
Terminated: ()
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