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Abstract

Model checking is among the most effective techniques for automatic verification of hardware and
software systems’ properties. Generally, in this method, a model of the desired system is generated and
all possible states are explored in the space state graph to find errors and undesirable patterns. In
moadels of large, complex systems, if the size of the generated state space is too extensive, so that not all
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available states can be explored due to computational restrictions, the problem of state space explosion
occurs. In fact, this problem confines the validation process in model verification systems. To use the
model checking technique, the system must be described in a formal language. Graphs are very
beneficial and intuitive tools for describing and modelling software systems. Correspondingly, graph
transformation system provides a proper tool for formal description of software system features as well
as their automatic verification.

Various techniques have been investigated in the researches to reduce the effect of state space explosion
problem in the model checking process. Some of these methods try to reduce the required memory by
reducing the number of cases explored. Among others are symbolic model checking, partial-order
reduction, symmetry reduction, and scenario-driven model checking. In a complex system, these
algorithms, along with conventional methods such as DFS or BFS search algorithms may not afford any
complete answer due to the explosion of state space. Hence, the use of intelligent methods such as
knowledge-based techniques, datamining, machine learning, and meta-heuristic algorithms which do not
entail full state space exploration could be advantageous.

Recent researches attest that exploring the state space using intelligent methods could be a promising
idea. Therefore, an intelligent method is used in this research to explore the state space of large and
complex systems. Accordingly, in this paper, first a model of the desired system is created using graph
conversion system. Then, a portion of the state space of the model is generated. Afterwards, using the
conditional probability table, the dependencies between the rules in the paths toward the goal state are
discovered. Finally, by means of the discovered dependencies, the rest of the model state space is
intelligently explored. In other words, only promising paths, i.e., those who match the detected
dependencies are explored to reach the goal state. It is worth noting that the first goal of the proposed
approach is to find a goal state, i.e., one in which either the safety property is violated, or the
reachability property is satisfied in the shortest possible time. The second less important goal is to
reduce the number of explored states in the graph of the state space until reaching the goal state. This
paper provides a way to check the availability feature in complex, large software systems modelled in
the official graph transformation language. The suggested method is implemented in GROOVE, which
is an open-source toolset for designing and model checking graph transformation systems. The results of
experimental tests indicate that the proposed approach is faster than the previous methods and
produces a shorter counterexample/witness.

Keywords: Model checking, State space explosion, Graph transformation system, Conditional
probability table, Reachability property

o I tigdga ooliul SliBlp 5 dang slaclad doo o — )
L] A6l slacn ialed Y] Yo o
22 IS WS PR P RSP W </ F N 1Y WA
Jelosgarszs 5 (Al 5 (o8 Jilow 5 (g3lasS
slSny Js o LAl ke gleae o Slae
Gy Gy Olsisas |y BLT Lo ailols i iy

S oo iy Alas cpl jo 0s5 slaow! s,
5l (o albbls o 4 bgie slagSl s
Wil Sy ot cadady ol glas
Jods @ adlgs s LB SVl ples 4S5 5ba
Sl JSie digd (B9l (Slewlone slaiusgae
anly JSie opl @dlyys Wl i ol olas
LS b0isS gy slaaible 5o 1) cmiwcons

ok g wlad iy s 6 )80 slaaslols o5l
& wes alaghy, Sl eslitul 4y wneadde e 5
dijle (Soe |y a2y slodilele Cono (59, 5 SRy
oo oy Slp e gty 5l o S o)l
@55 st (ig, ol yo IV ewl abile slo S5
2 ks gla S5y o Dsd o dbul ailels )
b sy g 00l BslS 5055 & jgoas oS Sl sl
OUIF g ewyp eadedls gla Shy ()l

I]sgs oo
Ay b Hlais 90 alobus o by, cnl 5l ooliiul (sl p
Sws laylpl LGS 5l oy o, by S
sbable Sl 3 oy Glp Gogd 9 dude

JUCT S PR VS TR &S lon o
O Ol oM Ran T 0% B e Axlee cudgdee Sl (GTS) G135 haws slaable o s )l8la

YW [ ol SO ylae b elasbolos
PRt 7 ST POFERSE slabls slo Shy (cow) oy slp ol

; _ S glies malp lagl Bos> (b gt)s 1 5 6133l 5
Model transformation

8 Architectural styles representation Ik o 8IS bas glabls (uen
9 Refinement ‘
10 Meta-modeling

"Refactoring

0F 2l ¥ 5, VFeY JLl

&


http://dx.doi.org/10.61186/jsdp.20.2.175
https://jsdp.rcisp.ac.ir/article-1-1240-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2026-05-07 ]

[ DOI: 10.61186/jsdp.20.2.175 ]

weleial slaeg 5 jl oslitmwl b eloinl Hlw AT )3 ply BHI (b rame b9y O ALb

s P ml Sy oils cam L slogiasy
e DAL o DWW sl 050l slap ol
slable 0 wepdgeies (Shy o)l
iloadoolaiwl B1,F Lo dble lawg sdbcaioss
il 1y 550 slaslols slagSIl B1S by il o
o Jo s S lag |, Jsd B clacdl> b oS
sy cnl y BFS 5 DFS sl iiw (slais,

IRV LY
['a] GROOVE 3ila s o olgrin oS5,
5 il Glp sboie @lpl &5 caul oudl >l
ool GTS lawgs oo ipnd sloaiboles  omions
B3 per Srdoe s Sy o)ly 4 pol> Al
NP

o 09290 Slalllae i widb o 1y (6 Fodumy

Yoy Shs eyn aStsly

SO S sl 1) st Shis 5 Wil
e sl She Lol o a8 ) Moue >
) s(MLﬂ )‘JS)J 6)"”@"}"‘“‘“} g;)‘s L» Lloads
onLo...) GL“““‘H" slass el )‘0)9.7‘-).3 Lg).uoS
Sl Gan Sl @ e, Ul glad GBI S
sl )5 icesloas poploile 5 O jgod dlie dall
Voot o aileadiosls muse ¥ isn je ladge
5 S oly wiile 3Y (ladinej iy 4D ok
5,59, ¥ g 0 Wlhasdes GTS S

O Gidu j0 ol ool 7y S by b solpiiny
il G5 (275 @l ol penay oleiag b9, 12!
ol dllie Bosao Ll a5 Y oo ol o g sailends

Syl olansl sanl slajipgh § (5 S ams 4

b o gla,l5 -
ly 5o o glad lradl Ao @y 22ls 5 sl
sy aile SedlS slaol, 4 lys o oS
5 [vy-vol Sy ey gmals vy o Yol oS5
a5 oM o by Sal, ol 0,5 o el [Y8] Syl rals
Sla Kol wpdleay auS S5 1) cdl glas 55l

16 |iveness
7 Security
18 Goal state

OF 2l ¥ 5Ll 1F-Y Jlo

<

R Gl egiie Slaty, eadplxl slaiagly 5
an Nlodd g,y o8I cly wl ) 5o ISl S
39 o ysglS slacdl> slass 0,56 S b o ss, ol
oyl A 5l aims malS 1) Lo ge aladl> o
Womoles oSl (ols (g,
2 o8 yn s DY TG als [N T 5
R PRVESUPE IIE SRSRRRTCONrSS A1 o LIV POV FO0N

ey el V-]

Jol Sz wiile pgwpe Sla by, ol pendy oy 5ol
oSee BFS) (i gl soie b (DFS) ee
sz o ailst el ol il s 4 e
Aiabsn slas, jl oalitul ogyenljl dums @il LS
sl e aibls clls glad JolS 5slS aiejls 45
i @dly She g dnhe
J 295 Sle S (o)ly B9, cJgene ok
s (Gl s Sy CnsSl 2l (glab
Sl o o8l iy oS (pu)ly ol Baa gl
b ol (hows glbs clls Sy e olyica)
Slopt)ssdl (el e Sl So oo Sy
Wlaiaisn oot ) Cll slis a5 &l 55 diadsen
4 bgye DMLl gl shate ray S gy
ol 5 00,5 ooliul wilondhsS iy, o > glas
oSty o slisd saladly aS (g, |, Sledlb!
sioms sl Gl e dinden sloi sS4l
wilgioed 1n) saigd eoliinl (el i ola S
Sl oRspka wuS (oS JlS jobay | <l slad
g 5 399 odliiul glalinwe )3 wieder oo ,sSIl S
2885 S (g eed Cuabad b gt Jol> il
2l olbs ol o plogz sl 0 ) sgzy ol aibele
boamlio o 1) @ia ol ppsdl ol wsd
RJURVAPERU S0 BFS P DFS sl s oy oS
Ivel

3,509y 3l eoliial wims oo las 3l slaiaghy
Slp ol gladoel, mile 653k 5 glSesls
Sl b anslie )3 alabs sla Shy (a8 i
Sl Sy )98 (Jle (sl aiies SCWDS
SIS oz o2yl 5 PSO) ols syl
@IS Cqzr ohlSes 5 &l slagiesy 0 (GSA)
PR NP LRI PACTSPL Y IO RT-) R

12 symbolic model checking

13 Partial-order reduction

14 Symmetry reduction

15 Scenario-driven model checking


http://dx.doi.org/10.61186/jsdp.20.2.175
https://jsdp.rcisp.ac.ir/article-1-1240-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2026-05-07 ]

[ DOI: 10.61186/jsdp.20.2.175 ]

95! b alio yo |, BDDA™ g o Slee 025
s o Hlis S e oolizul OBDD ;1 a5 BFS
gy YV 5 YEL sns 5 Gug S slayls pegdle
e 1y gy [YAD (1) Ken 5 ge Lags ouiploxd
soasly o 1) Sl Sla Sy (Al Wy &5 0S5 (o
sl 4o Scde ISl by, cnl ST ST sl
Syl o Sie 0)50 53 055 0 050 5251, DFS
shlo wigd oo laz 4 joxie a5 olacdl> 4y 0,5 Cie
2 sy ol 6hpl e b el g0l Jlais!
»BFS g DFS i, 50 o] oYL o5 51 S JPF
Ll (59,50 Slalllas 5l (g,

3 A% S [Vl oS 5 cwlSUsl e 5o
ool LAk Wl b azs) ey o I oS o) 2
w9 9 il (hagh slas Ko, ST @S] (590
&S el 5,50 sl aleax 5 [EV] Cot 5[]
5o, Sy, opl el S LB A* Sl soliiwl 0,50 o
S o ool GBS &yl 5 alis L sl
Calaa |y ol oy 5 AT (glapi ;55 a5 s cnl b
slabls )3 plmiws glaShs U aus
Al &b B0l wsd Jelos GTS by oadpeess
o ) (Bad 5 lao)®) o lisle alis ke Wiy
Sy S5 S b Sl 4y bgy e Gy 5 Gs (slacsl,S
Bl IS 5 ol et S dale §
Oy Sl Wb aS Gs o laad g oo ,S slaas s
hlE ed so dinle wigh Bds L olx Gy «
a0l o8 @l dlewsey DFS s BFS & e b
ewloads

5o s [FF 3 P11 3 5 sla iy o
5 Jgl (et oz AF Colaa oz gl 4L
Cools owin Slr e s o)
o a5 5 (0520 mls it &l (6 pdy o s
Slllas 31 (g ke jo aulyy oo Loyl a5 wims oo ol
il gy 508 5l S |) Sas Sl SG k5350
ats by, Sl 6508 sladiges N2 sla s,
2 S ,Sag, S oo )15 Dl gLad Jlxiil (9, a5
Bap b g e Glalon b 50 ACO 02,6801 &34
o pas 4 1, iolssS (sl e ot slacdls chiS
ez 5 loasatd S plll (B y90 )18, 5l &S (g sl
abbl> 4y eSSl s @ 0,805, cnl o e
£l glas il dacdls oSensd s
IA72 4 § IRVSSIN:

3Li0 g0 dbdl> alS lidas aS Wogzge i (5,500
LYy-¥v] ases oty iolew slacdl> 6,53 6l
A* il loolw 6}5;;.;\ & > ‘51.:::[‘,.';.1)5@
5 65 sleeg,T BS) V5 sz 5 IDAXY
wlad il dine o poe glp &5 siie b,
6,5 sla ol g o ooliiul oK w)ly 4o s
[YF] o0 o ooy 5 VY] 58 (e 5 sy 5o
&L@Q«H} S sL@J}O‘) k}.}“ ).) .n.\.)}:)Lsn Ou\.ﬂ.‘;.ud‘
ol o s 4 goe, Jlisl a5 Wgd o ialow
NG ge 5l 5o ¥0] Lo 5 Kb Guios jo aib i
523995 e ,3gei L olyen (i —Js) szt
5 A 5l solinal b iy, [¥F] o Ken 5 culSUol
9 Sems(y ua.,.‘zm.: vy ..\.:‘yu.n aS ool 4.5‘)‘ IDA*
bl s Sgn wile plesen laailele )3 (el
3 hgy ol iBae cdls sl (5,8 L ogd eolarul
.\.\.;SGA solauwl ‘_g)li‘;..o‘ églb’ u_i: Q‘5—’-‘34—3 d)l-'.’
slopb,z slass il Jagzme Ban cl> :\5‘5‘»’)9.«4’)0
A S e, b il sl b cdls S e Jld
ol 2Ll ogh geaid S50 50 6,50 &b plgreas
Jpl soas [¥fl HSF-SPIN o 1, T 3l
Sl s 0ed e Lal sl SPIN &dlasugs
GBS o)z b alie 5o wu> By, (nl &S
3 6 yeS Slaws islew b1y Bus > wilgs e SPIN
&S @sS bedls>

) ol iz lilge [YF] g g ag S i o
WSS Colaa | A B asols sl g olaws wlwl 1,
Slp ) G¥n o Skl izen ol
o gmlis s 5 colaiul gl sladsl y yo Uas 3L
YL 1, Pathfinder (JPF) o la ISl ol (sl ]
ol slap ;651 o BFS DFS L awslis jo 1) o]
SRR S e Gl (6350 Sllllae (S o
L BDDA* e cou 65,55, [YV] U3, 5 cwlSsl
el (29990 (6 S aeal o loges I eolatul
el S GaS il sbaaslp jo 1) Cann slacdl>

19 Jterative deepening A*
20 Beam search
2 Murf

0F 2l ¥ 5, VFeY JLl

&


http://dx.doi.org/10.61186/jsdp.20.2.175
https://jsdp.rcisp.ac.ir/article-1-1240-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2026-05-07 ]

[ DOI: 10.61186/jsdp.20.2.175 ]

weleial slaeg 5 jl oslitmwl b eloinl Hlw AT )3 ply BHI (b rame b9y O ALb

ooliinl b w9zl [00] o)) Ken 3 coolsUal Wlio o
Slogas Wlgi o 45 onial)] o Sl gemins
Jelos 1, GTS alsgay s0issS slaaiboles (6 Lo
Oloy (28l 4 (o) (s gl sazde 4 S
GTS ;s jiobsS i sloJlio 1 (glitws 5 Julow
osliiul A% 2y oS 5l ez yle ol oS eSS

Sghse >l [6#]HSF-SPIN s 4 05,5
Dz 0,505, 90 LOV] l)Sen 5 ldgy (tg 50
cbable o 1) beauy g o a5 sad &)
a8 @nS GTS Lhuy sabdiwsg RV
(plas) BAT 0,63 BAPSO ol 4 Jol 5,5,
BAT .culoass solizul PSO @l b oMol ey
G I XV PUOW RS LG JUIPCII R
oSS sl I 6581 Aoty Bla Lo
0,500, 090 e LoA] castons EVEICRIRYS
s w8 o eoliul wilay > sl BFA L

s BAPSO o 5ads 5 Sasm 3l olis op20
,» BFS 4 DFS A* PSO GA «cws BFA

Aipd o (69,90 Dlllas 5l gL

JORKVRES P L AP PR VRV VS A
Sxasl 1 dalae o b g gglSosls sla g, (wlul
g oduzmn lraibele o cwypm o Sl glad
S Gk 5l b baibele ol .caslosds &1l Sy
AIF bos wlele dlwsts 5 Wgd i (5 koo
oS Cwwsslllp G ghlene S gl (g3l
Sy Glo Sy 5 had e slagglers 5l sloslgil>
el b aS oo, cnl L8V £l wiS o s 1) o]
sy LRs g 0ei waisls DMCDM (g Lais
B FPSFFCRNCI IRVESHINE SR
@ Sew gloo 5l 6 5SEsS soNl (owly I ool
sl B g 59,55, lp gy ool 0 )glee s
laaslobus )3 (6 s gy (Sog 3l 55 5 S9riey 5
2 oesles byl Cam Gy, onl gy,
cds 5l Gl om0 s b 1,2l GROOVE jéls 5
555y il dblze cul Blie jo )l 0805, (ol Cs s
4o Lo EMCDM .couso S e glacosgase
08z 090 D0 55 giless S L sbraileles
slad Wl o5 g, opl (oplil > slas S o
et 55 clores ol j5bas |, 5SS slesS s
Sl cpl Cudgamme ogu Ogd oo axlge SWSie b
sl sbess s EMCDM IS oS
S SG 0925 pac (@Blgys Ll oud Hib 5SS

OF 2l ¥ 5Ll 1F-Y Jlo

b4 ACO I was g S [F0] gls 5 LT
Slp a9 GolS (gileang) ke ACONQ
S el (BB LS Cex 4 (S sl
V] 6l g LT Kos slallin 1o opioman 250,
IS rend (S9rty SRy 0958 slr o
B ¢ [FAl o, Kan g 15l5LesS sla imgss 5o cogdleas
cos |, ACOhg wlauls Wse [Fa] o, Ken o
sl o S > 5l b ass peexs EACONQ lgie
@Bo50s,8 gl Gslite (pas 9h (xS slr B0
oy Slaggegd 5l Sglite a5 ws)S &l gad
e s Sl bagges bl i@dly)s gl ooy
S Solaa 18 Byl 1) (B 90 il oo g Wgd oo
WS o Joe ACONG 5l 5385 9 5o, EACONQ
s i Wil 4 3L EACONG slosse Js
sl @lpl & LTSA o gl (a5 b)) sl
Ban b [0-] o) Kan g jtwgs Lawgs g ol o3I oan)ly
wadglal Jos LL p Glojes sable  uwiows
235,51 =

Silwatge PBlos lp oJyere jsbay GA 4z 51
ly ogdioe oslinul 5o oI (ou)ly (1 09550,
o)kygs Wb lapgieey)S aile (cosalio 5 ol v
2 (Bl e 4 plgieds pgjgeg)S Sy digh Ly
adgl b Sy 5l S oy Jsb So L S Sl slas
2 oSy alor I 08 eat 0050 058 s
OSer 5 w5808 slajiegh 4 olsie GA &L
Gidgh 50 oged o,lal [OY] o Kea o LT 55 4 [0)]
Slr swr oy [V GKea 5wy a8
Sleser 2551y glaalils o el slad ool gals
ol ) aS e ol GA ;| a5 ol B e
oolitel ol b olad Lialew @y sl
Olyie b ol 5l [0Y] sy a8 ragy 0 &8 WS
o) e g LT g 0 .cuload 03, oL Verisoft
@iS Gos b GA Ll s 531 e 505 s,y Sy
5 el olb ll> gloacly o oy
ol o ara s [OF] )Sen 5 9lSa ngh
ACO PSO Lols 45 wlos,S dulin |, (5, IS0ll3
b s > slp g 009 GA 5l asas g0 9SA
bl Wsd oo oolinul ol slaasly o ey
Sl b lagy oSl ol 45 sims o (L o ib IS
e, e blas 8l o e 2L
1S ST (g g


http://dx.doi.org/10.61186/jsdp.20.2.175
https://jsdp.rcisp.ac.ir/article-1-1240-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2026-05-07 ]

[ DOI: 10.61186/jsdp.20.2.175 ]

Fge (el ;o Bilgh oo g 009 (5 ine (g,
RIWIVER LY

o jort — ¥
S8 o ailolw - Y-
oS el ooy 0l S (GTS) G5 Los abols
5 LAl b 5l 1) able SO sba,ls, 5 el
SIS o dlble w8 oo slesS gl lee S3L0S
Sl slp gl ptie ooy 0Ly S
GTS (uzmen [PA] ciilig o islo L olaailels
095 o0 oolaial jl38la 3 dxwgs slacdlad 5l 5l 5o
AT g lons ok >k [FA] S0 o waile
NES I 173 d IOV WS A '8 4 NP ST A2 N ISR
Ivel Ll

s R HG TG) alfan o 900 GTS
R o™ b jloges HG Moo Hloges TG o« Sl g0
TG g5 Joges LV0] cadl Jos oilsd 5l Slacgame
aS 098 0 Lasine (TGN, TGE, SIC, trg) & g0a
TGE 5 (wgy) o5 Elgl 5l lacgorms TGN OT 59
s=bgs g o SIC .cawl el I lacgame Jol
Sais 0)f Sy g lae oF o b 4 oS alis
Slaiges b g cl e 1,5 HG AR o anass
sl oS Gl SIS mizmen Bk g9 SIS
olgd 5l Glacgeme Rosas o olis 1) albele S
SIREICHS—RHS G158 bos 96 SO el oo
2 RHS § LHS wses G5 cix 5 5 R 6l X
SIS LHS cubus S TG g9 G5 o,
sasmosles RHS GIS g (gl Ll o i saimslis
Sl GSae 38 2 eizmen el gl Ll
oS ail (ate 9,05 Lylp) NAC sz | S ol
ol ST wasls S8 pliee SIS 0 Lulyd cal S
So o3 oed Jleel Gl SIS 65, Wlgiee ol
ceol o L NAC 5 RHS LLHS (lols (sils
slzl 5l plaS e pasis lp () 6188550, 5 oud
Syobew 3Ll (Jle sl dgyse,Sa ]
Jhee! 5l o s RHS g LHD slacsl 5 4 sleie
b Blie Syl perabi LHS (g5, war oo
Ju S ey wiss Bie ol 51wl ol SIS
Obgee SIS 50wl sae 56 Jlosl 5l an o 55,50

2 Type graph
24 Host graph

EMSDM 0453890 el aiboles SO gl j5S>gS
OlSaegy glacusgime Guiz @3 Glp b
comomd Ladd aS ol e ailosls sl 1) (69,50,
FSzsS Gl | pan S ipllra - glad |
ol o IV a9t ey wish esgeny JalS jsboa,
5l dsglSesls dwgas 6,.50L) LDM ol & 5,55,
oolazl [SYIAPIION i 61 suidlol doens o
yobas a5 Sl glad 5l eusgd | ST 668U SO b ons
odigd |5 L55§J‘ oS LRlS edds 0dg0m (D3>
lag,] 5l eolatul 1,5 51 0 aS cunl (uilgd 51 slalss
Aol Gae dll S a4 ey 4 e
S5 )‘| LBN Q\};.c o '5)5-.!5) 09 ‘Jb"f"&)o
S A slad gl Gl xSl sl g A
odbadS uils 5l eolaiwl b 008 oo colaiul
> sLad sailerdl (g5 At b oisd ;S5 (555N
So &5 Gloy b oglion Gialoy diediga jobay oSl
L wlie LBN 3 LDM slcwsa Goa o>
(Sl s s Shsy Jlbs sly EMCDM
JF] Ul o aise solitul sy co 9y g (o]
<l BOA) (njm sloaig 0,68 S8 L (o,
(;))5 ‘5...:)‘3 9 wau) Ay U.M.BM a5 Cewloads
PH W 2\.1.&»94) OMM}: 6[&4.:[.0[..» 3o Lg).!duuu).\.mb
Gub 5l o 08 S5 BOA s el GIS s
o}wsa LS)L“’A"W (M 9 adw:fl?ul 6)_,..?0[4 Coro>
[90]s jglewsa 1) saas sloolss wlgn b
le SOl eatangs PPl elegs Lmagh o
Cawlos S oolaiwl suuzey diadign dloln G (g3lus!
wile SS9, O wslbe laShy >n oSl Gl
S (s bl 5l Allie cl o ogloglST g JolS
Sloy e oleadl by T S SIS oo
DNA 6[.@J95J9.A )I aS G»L...JL?LA Cawloads 00y 0 yf2
‘;)M ‘) p...L:.c (5)‘9.0 (Sji” tj) ‘.\.HSGA oslazul
D590 yO O9>90 ‘_gLQ:w\)j.\?bo » ..\.:‘5_»‘5‘0 FLy A.HSSA
9§.” ) ch)LC‘\-f \_\_‘] k55[.‘3 u;».u.u Lgl.@d.sl.:‘) G»l)lf
ne Sy g (Fhwlome (oo by S Olpiew
S8 Slewbre laoje 5l ()l ;o 9T odazmy
Sl 31 LEV] e g g5 cgcnlsl ccolazsls
DNA claslrs & 5 53 (o) (278 mls Gk

2 Clarke-McMillan

0F 2l ¥ 5, VFeY JLl

&


http://dx.doi.org/10.61186/jsdp.20.2.175
https://jsdp.rcisp.ac.ir/article-1-1240-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2026-05-07 ]

[ DOI: 10.61186/jsdp.20.2.175 ]

weleial slaeg 5 jl oslitmwl b eloinl Hlw AT )3 ply BHI (b rame b9y O ALb

el 03,51 GROOVE

Sl Sl (V) JSs ye ogh sbeRHS

f Phil

think
hungry »
Phil
n0 think
hasLeft
ot right
hasRight
n4 ns
oat Fork Fork
I right ‘ left
n3
hold Phil
left think
right
¢ (Obyee S1)5)
ni

n2
Phil
hungry
left < right
n5
new: w2
Fork
get-left 3 del Fork
Phil | hungry
& right I
n3
Phil
think

s get-left 55 Jlesh)

chungry ;56 i el s liee B1F Sl i)

(@et-left .,

GROOVE I3l acgommo 50 Bgudd 140595108 Aliu 5l ol 21y o8I 51 SLIse 1) - Ui
Figure-11: details of the designed model for the dining philosopher’s problem in the GROOVE toolset
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Algorithm 1: The BFS algorithm in GROOVE

1)  Input: M: a model described by GTS.

2)  Output: S: the state space of M.

3) GraphState state = the initial state of M;
4)  LinkedList<GraphState> stateQueue=new LinkedList<GraphState> ();

5)  stateQueue.enqueue (state);
6)  S.nodes.add (state);

7)  while stateQueue.size () > 0 do

8) state = stateQueue.dequeue ();

9) for each MatchResult match in state.getMatches () do

10) GraphState next = state.applyMatch(match);

11) if next I= null then

12) if 1S.nodes.contains (next) then
13) stateQueue.enqueue (next);
14) S.nodes.add (state);
15) end if

16) S.edges.add (new Transition (state,match,next));
17) end if

18) end for

19) end while

20) returnS;

Algorithm 2: Generate the conditional probability table

1) Input: training set, p: a set of all Rules.
2)  Output: conditional probability table.

3) Table: conditional probability table.
4)  for i=1to length of p do

5) for j=1 length of p do

6) Calculate the probability p(X1=ri | X0=rj) for each pair ri and rj in the
training set and set in the conditional probability table.

7) end for;

8) end for;
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Algorithm 3: Intelligent checking of the large model.

1) Input: test set, large model, conditional probability table.

2) Output: a witness for reachabiliy property

3) foreach path in the test set do

4) Calculate the probability the path using conditional probability table.
5) end for

6) Sortall paths of the test set according to the probability value.

7) foreach path in test set do

8) apply path on the large model.

9) If current state is a goal state then

10) return the path starting from initial state and leading to the current state as a witness
11) else

12) path=next path in test set;

13) end if

14) end for
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Figure-2: Diagram of the proposed approach
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Table-1: The initial values of parameters

Benchmark Value GA PSO

Dining philosophers,

process life cycle 10 Crossover rate 50% Cl|2
Beam width

Travel agency 30 Mutation rate 30% Cc2 |2

Electronic control Position of crossover | Middle of chromosomes | W | 0.8
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Table- 2: Details of the considered problems
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Table- 3: Comparison of running times of all approaches to solving the dining philosopher’s problem to verify
the reachability property
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Tab-le 4: Comparison of running times of all approaches to solving the Process life cycle problem to verify the reachability

property
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Tab-le 5: Comparison of running times of all approaches to solving the travel agency problem to verify the reachability property

e I 06 sy slaz b lST | (456) (5 o e b 5T | (4) (5 ke ot b 5T

IDA* YAD Not found Not found

BS RS Not found Not found
GA o.v8 Y £O.X

PSO .59 107 Not found

PSO-GSA £AY 107 Not found
Model checking+ AdaBoost YA FAY VoA
Model checking+ Random forest £V AN .Y
BOACtp(2019) FAA VAY Ve FY
Proposed method v o.¥ Y.AQ

OF 2l ¥ 5Ll 1F-Y Jlo


http://dx.doi.org/10.61186/jsdp.20.2.175
https://jsdp.rcisp.ac.ir/article-1-1240-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2026-05-07 ]

[ DOI: 10.61186/jsdp.20.2.175 ]

& 55 Wlno 50 5y s (S dml §lp Bbsy &b 12! Gloj dwlio F - Jgua
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Table- 8: Comparison of the number of the explored states by all approaches to verify the reachability property
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Figure- 3: Comparison of the accuracy by all approaches to verify the reachability property
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