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Abstract Equivalence checking based on behavioral bisimulation is a crucial aspect of formal verification and model checking
of systems. Strong bisimulation ignoring a specific set of actions V (strong V-bisimulation for short) is an important characteristic
for checking the equivalence of system specifications (such as Hennessy-Milner Logic formulas) over a specific set of actions.
This paper proposes the StrongVB algorithm for computing strong V-bisimulation, and the SCSVB algorithm for generating the
shortest counterexample when two states are not strongly V-bisimilar. Moreover, we prove the correctness of the algorithms and
analyze the time complexity. Extensive experimental results on the VLTS dataset from CADP demonstrate the effectiveness of
the previous algorithms. Since strong V-bisimulation is a generalization of strong bisimulation, these algorithms extend the
traditional methods for computing strong bisimulation and generating its counterexamples. Finally, this paper provides an

algorithmic approach for calculating the repair model based on the weakest condition on a specific action set.
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Fig.1 Strong V-bisimulation algorithm-counterexample schematic diagram
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Fig.2 An example of a single iteration in the strong V-bisimulation algorithm
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K550 WAL EIERIKEL € N, P ~yy QU P ~yy Q-

WEB: RGP~y Q B P ~y v Q, IXRAREAL.

IR AR P~y QAL

= mark‘[P] = mark‘[Q](P ~ oV Q).
= RIS, HIEANPE R — AN ET By, (R
e 2.4) .

S P~y QUUIRTPEQREGAH HHEILRB, . :

1. &EPHMQ#EF|EYB 415

= {P,Q} €nextU CIRIEHIE | 19259 20-22)

= ph = p(P ~uv Q)

= pptt = pgt (PHMIQEIALB 1)

= markt*[P] = mark*1[Q],

=P ~y,,,v Qo

2. EPRQEAREIELRB, .,

= {P,Q} ¢ nextU CIR#HIL 1 HPER 20-22)

= mark![P] = mark'[Q] = mark**'[P] =
mark**1[Q],

=P ~y,v Q-

3. HAFAEP' € Bryy M1G P > P/, (HQATIE,

=> M THAWHEQ » Q'MQ" €S, 47 Q" ¢ Byt
= markt[P'] # markt[Q’],

2P~y Q' (P ~yy Q

= markt[P'] = markt[Q'] (FJ&) -

Bk, EFTAEILT, P ~y,,,v Q¥IAL.

BIH 4.4 F—NA\V = LTS(S,T,so), Hi%: 1 BEARR
HHNAIE,

PR BH A SC I IE B block N A& A 51 HH ARk 2 PRI
SRAE BRI G

HERME: SFEERSxeS, HEH o, ¢ p H
mark([x] &€ remark®}, &blockN = blockN + 1 (W5 1
18 ), ERINENT, pg #pp» WTHEERE, ab €
S,FithlblockN = n + 1, KUkblockN <n + 1, XIiEH T
blockN 724 F ).

R ATESRE 15 14 M5 18 S A HEK
markFIEAE, HPE 14 DA TERERSE a,b € S,0, =
o, © mark[a] = mark[b], ML T mark)Z81tk. 5 18
SRR o, & p H mark[x] & remark W) 2E g B,
KPS MBS mark[x]. &%, RS TRERS,
KR AR L2 21 . X ffifinextU = 0, £ F—Hi%
U = @, BiE&b,

SEH 5455 —MA\V =LTS(S,T,sy), V S Act, W&
mark [x]FTHE IR R~y 4 A ERI—/N5R V-EBHOC R

WEB: nh iR G — RIEFR I ER S, IF A TAERDIRS
x,y € S, emark™[x] = mark™[y],

= o = o}(o, = 0, © mark(x] = mark[y]),

B xSx', yoy, HF aede - V. #EIEY
(x",y") €~y H:

{(labelld,, mark™ [x'])} € oR(HR#fE & X 2.5 FIHIE 1 IR
7 ),

= {(labelldy, mark™ *[y'])} € o (A E L 2.5 ML 1 #)
78,

= mark™[x'] = mark™ [y'l(c} = o),

= mark™ x'] = mark™[x'Imark™ [y'] = mark™[y'] (n
enextU = QWG —IRTEH),

= mark™[x'] = mark™[y'],

= (x,y") E~ap(GE X 2.5 FIAK(3)),
= (x',y") €~y a(5IE 1).

NIER 6 4t T RGIEVER IE TR, AR SCRR
CountEq\y (P, Q) NRZSP, QFEA\ V I -

EBH 6.WA=(STs) 24 LTS, V S Act, JFA
P,QES. # PQ A5 V-H B, N »RFE
CountEy 4(P,Q) = CountEs\y (P, Q)

YEBA:(=)CountEy 4 (P, Q)

SIEE—A R W(s, @) € CountEy ,(P, Q)TEA R [ V-
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H R A,
> T (s,a) € (Act = V) X (Act = V) HF WM F%&H2—
JRAT
a)  GEWEPS P S PP RIP, XMTEEQ D ¢
f1Q’, Q' »%, i
b)  GEHLQD Q'S QIMQAQ, ML EP S P
HP', P -»%,
= (s, @)#&P, QIEA\ VT IN— " =4
= CountEsy (P, Q)
(&)CountEy\y (P, Q)
SAEE— B (s, @) € CountEgy (P, Q) /RTEA\V I
S8R LAY S A1
=% T (s, ) € (Act — V)* x (Act = V)BT %42 —
RO
a)  GIEWEP S P S PIIPRIPT, WL D Q'
f1Q’, Q' »%, k¥
b)  HEWEQDQ S QMQAMQ, MHEREIEP S P
HIP', P -»%,
= (s, @) /2P, QTEA T 58 V-E LR
= CountEy 4(P,Q)-
4. LWERSHH
ARCA#F CADP (¥ VLTS $ 4!, % 5dm 446 AUT #%
X XR—FHR LTS M OSSR s b 5t
B EBUREE S, EEAFIER RGN, HERARY
BB . VLTS £ S 40 A LTS, HAREA%
n €[289,33949609], ##A%im € [1224,165318222], #h{E
Act € F U 1. ALBIIFLIR Linux20.04. 8 £ 3.50GHz ff]
CPU 1 16GB W17, SHikf#H JAVA 11.0.24 sE3, QRS K 5L

BB AJTAE github -2,
4.1 SCHAEER

RELBAANFNBELS V THAT, RALEHE

V=@, V= {1} |V|=1. |V] = 3M|V| = SEIRREBEERH,

[Vl = 1. |V| = 381|V| = 53X = A oL KO shAERENLILHG, AT
REE A BIET. B S Bt 4 b i T A Bl A R A I DL 34T
T 10 IRBEHLSLS I 1T 2T S [A] o

I 4.Strong VB %731 CPU B [H] (7))

Fig.4 The mean CPU time(s) for StrongVB

ERE 49, JE/RT StrongVB HETHE R V-S540 (1 i
FUBLCIRSHUR) SHATHI ] (B B KRR,
ZEREIR, (RPN T 1050, WY E S EEVA
2 (@) BES NI RVI = DI, FIERIZ T E
LT B XA K S B 4 P B vasy40_60 FY)
R K. BRI ASCHE R T BRI A 88 vasy40_60 (%R
1.

B T30 23 B iy e TR, it vasy. 11026 1
cwi_33949 &, JLEANINKI [FIFE 2 & 4 8 et FR T
AHIETE 1000 RECFIE, BRI SR A R FUSHE,
EFAER I A, BIASURIRE 1 S, &
AMESES VGO N EEEEAT 1000 20, BCFEIE.

* 1 AFZMEES V FSRIRER ), W (T) Bhry=i

Table 1 Experimental results (partial) under different action sets V, times (T) are in ms

V={9} V={t} IVI=1 [VI=3 [VI=5
Hodi n m
BN TPre TAlg BN TPre TAlg BN TPre TAlg BN TPre TAlg BN TPre TAlg
vasy0_1 289 1224 9.0 31.8 16.3 9.0 319 164 5.0 31.2 14.5 1.0 30.0 10.2 1.0 30.0 10.1
cwil_2 1952 2387  1132.0 414 46.4 11.0 39.0 171 10440 417 45.1 852.1 415 419 7038 41.1 39.7
vasyl_4 1183 4464 28.0 474 27.5 4.0 46.8  20.7 23.8 47.6 25.4 12.1 46.6 21.8 2.8 452 16.5
cwi3_14 3996 14552 62.0 62.8 39.4 2.0 57.1 16.0 31.2 60.4 27.6 1.0 57.0 16.5 1.0 571 16.5

! https://cadp.inria.fr/resources/vlts/

bisimulationandcounterexample/tree/main.

2 https:/github.com/sokbutnew/Strong V-



vasy5_9 5486 9676 145.0 64.8 404  133.0 643
vasy8_24 8879 24414  416.0 86.3 779 1190 847
vasy8_38 8921 38424 2190 1438 757 193.0 1433
vasyl0_56 10849 56156 2112.0 127.0 2388 28.0  126.7

36.5

69.4

92.7

140.6 65.0 404 1302 64.6 393 1186 647
366.5 87.1 750 2275 86.2 662 1023 848
2164 146.6 747 2114 1472 736 2051 1492
946.4 1313 190.0 186.7 132.1 112.8 334 1299

54.4
72.1

70.5

W 1 FoR, ASCH S MBI ERES VI 5 5 B
O (BND o VAEFRI ] (Tppe) FIGVANE] (Tyg) it T
B G IFREER3. b n SRR H FPREE, miE
R RS AR B BB RALNAS, VAR5
IR RN RS (ms) o MERAPTTLIIERE], BEE |V
HR, BN. Tppe FITo g HTEFEIR, XK U1 B 2 ) 5)
TS BTG, WA ok 2 (KpRES 2 IR 2 5 V- LA
WxRZR, HEANmELT, PraRSHEE V-LESR .

Wl vasy0_1 4, HILEPWANHHARZE “GITRUE” Al
“GIFALSE” , ¥ V={@)3{ V={t}I}, VAEIREMFE, #
M SER A5 RRBUEE, WA&RISA 9 AN, VAT (A 7E
31.8ms fifi, SIARIRIZE 16.3ms Zi47: MVI=LBF, 5%
S PEON 5.0, IXERE MBEREAEG SRS, HiR
S T EBEMKR; AV, dT iz AW
ANEE, BOMAEBS A SERE BB T, RS2
S V-ELBS . DRIBE, 7R RBEAS B A T, RS
At Z B G AMHCE S, T LMER ISR R . 2 VL
(i, HSIGAURTRELL V=T HE V=3 4, nHdE
cwil 2. vasy8 38 %, IXE/R V HEE S ShELEFE b I

I IR R R R
4.2 vasyd0 60 BB

vasy40_60 FHE 7 40,006 MMRAS . 60,007 ANFEHAN 3
MNEWERRRE . AERRRE LI R N, BEbR AT R
7E 20,003 MR F b, ZERRE | BIERRZ 2 % HILEE
20,002 MIREFA . BRI TAR V o ki
AT (V ALERIS [R] LK 5 V- FLASHUL SRS TR]D R e
NI . 2 VRGN, LR T 40,006 MR, X R IZ
LTS HER MRS H AL B EEIUR: HY = (138 =
{23F, KI5rHE 40,006 N, XFRIRZ LTS HAEREFAMR

3 RIGAR T RERS], Ry, X TR R
IS E], B 1000 T HACR T EME, & BV

AN R R{ 1} A BRI SR, 4V = {1
B, RIS 6 MR, XRRE Y ZIRE NR{T B
K24 TIVI=1 FHUCBAT P R&SREL Bk NEFR
DE (#1105 VAR [ FIEVER B R FEME . M V=
{2} B, BATEIAERCR, I 150 B2, TV = {1} IEAT I [A]
FHXTRAR, 2V = (T}, BEIBATIN T AR R T HoAh /N T

WAL o
3 2 vasy40_60 FAE AT, W] (T BANFD

Table 2 Analysis for vasy40_60, times (T) are in s

v BN #It Tore Tiia

1 40006 40002 0.360 37.995
2 40006 40002 0.399 169.587
2 40006 40002 0.360 202.918
1 40006 40002 0.672 20933
T 6 2 0377 0.177
2 40006 40002 0.359 158.294
2 40006 40002 0.473 153.319
1 40006 40002 0.517 26.077
T 6 2 0.572 0.188
2 40006 40002 0425 174.596

MEHFTLLRI, X V={1}, V={2} 1N, BT &
KON 40,002, FFHIEARHIRE M)y 40,002, XFRIZH
TR UGS R PAUE — MRS E TR . xR IR
BLIFERMT LMK R —NIREEHEE, S2H
ERPRA A REAE T — IR E . B TR, M50
vasy40_60 ) SR A ALK, vasy40_60 EE T, 112
FIIRRHES (RIS A ARM) o Bk L, it
HzhfEcA 2 1%, mahfE 1 EREICREDAIR (i, A
REFREI -3, WE 4 PR,

7EFE 4 v, Tteration] 1 Iteration 2 2 Ji {1 = A T A TE
FS1RR TR RER PR ENextU T IIRES . 24V = ¢
B, FURIERFH KRERESENextUF, FEBKIZITH
. M, 2V = i, B RERFIRESEE R,
NextUfU L& BA ¥ AR . X SECF —kiEAh

NextUJy=%, M fEA3 HIs AT (8] etk o

M)A 1L
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Wy = (1A, A — YO AR R SRR
1, ABFTIRS TS, S B SR A [ 95
PR . SRR AR, SUOER (b
CARE, SEAEINERE, TN .

W, MV = (@0, SRS NextU 5 KRR
B BPRAZ IR KR, BREALEARRE,
B A Next U SIS B b . i, e 38 0 A b
NextUMF/NJam, WIS + 10 R S Jyn —

—

1(1 <i < Vertex, 0 <n < Vertex), IXFEIZITH ]

O, @
A A A
v 7

1 1
@o@oo OHE 0> O>® O
1 1
A A A A A A

Iteration:

Iteration2
1| 050500505050 050 b0
Iteration: A A AN A A A A
Iteration2: Va v ]

1

6) m Fo @0
T T

teration? : A A A A A A A A A A

Iteration2: J J J J J J J J J

[ 4.vasy40 60 EHi 4l b GiA
Fig.4 Detailed analysis of vasy40_60 benchmark(partial)

4.3 LERSH

IR V- BN EE WIS AT I ] S EEV I /N A Ry
I IR Z YIS, MV = o8l|v] = 16, ik
AT EHATEZIEA, Rl BRI T, SEEK
HIZATI ). 40, 7E vasy40 60 BdEd, v = o, &
ArES IR 150 F, JFFEBEREIERREL. BEHV IR/ Y
v =38kv] =5) , SRR R, 55T BT
W], 45 T VA R UBOIRZAS 2 ] T (KA A%

AV o= (O, AR 5 HAE LTS F Bk
LK B e A%, Kk, 8RR BT 2
LRI LTS i UL B HAE # b LI K. ROVT i %2 3k
SEAMEREE, PR RRAE SIS 1T A B3 . X &
B, BEE|VISEm, thER R RE R, R T I RAEN

VULSEHU R CEVERE RV LN, R R AR B A RS S

W RGN, EFAENIMEES VILHEE,
4.4 ISR

3 RN TR BARAE T 8 B 4 S BE AL AR A i
17 SCSVB SR, BN ERTHEE 1000 EUANH 258 V-1
BANG R E, X Blsep R BRI T KEE, Tsepth
SCSVB FEIZ AT KPR Al T UREL, 24|VI=3 B|V|=5
W, vasy0_1 Fl ewi3_14 il Figeg, TscpPIN-F15, X
NHIVI=3 B VI=5 I, X PN AT DURESHE 58 V- AR

W), AR
®3RPIGER YD, WAL (ms)
Table 3 Counterexample results(partial), times are in ms

¥ V=1 VI=3 [V|=5
A lsce Tsce lsce Tsce lsce Tsce
vasy0_1 2.35 17.81 - - - -
cwil 2 3.52 18.86 3.46 19.05 3.45 19.12
vasyl 4 1.14 19.08 1.16 19.28 1.23 19.05
cwi3_14 41.35 131.16 - - - -
vasy5_9 1.02 18.33 1.03 18.33 1.02 18.24
vasy8_24 1.05 18.30 1.08 18.67 1.10 18.85
vasy8_38 1.02 16.60 1.02 16.65 1.02 16.76
vasyl0 56 1.33 19.10 1.24 19.37 1.17 19.28
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SE MRS AR AR DR — BUR B 4 R G AL SOAIE
(U E B ik 2 —[2], Paker Al Milner $ H )58 HLBLUNE & [4]
TR RGUIRA Z 18525 LA 7] 44 3 1F 7 D BC I (R 4k LA
s B2 TR 55 ELAEIA[14] 540 3 HARI[15] A A B
G0y AR T S A S N bR . BT TR S
e FOGHSCBEENE 1T 3R, Zhou[ S AR H 5 V- HLAS L
IS, HATRS “BR” [16,171301E, ME L E iR
TENER AN S Z R 7T . Blom 1 Orzan[2] $2iH T
AT B AR SRE DLE 22 A B3R 8] 73 P AR & . ZRIRES
[V RRNE[12,13] , (EFCHERR (R3804 732 T 97 o P 1 B 3

EAh, TR E R SN PR I EOR D 2 A
BT AMANELAF, CADP X Beg min THARA T
Paige-Tarjan SLEREAT LTS f/Mb, R0 TREMA G
BB . [FRE, mCRL2 #R4E T Ips2its A ltsmin 25T H., it
SR EHUHEAT LTS A2 R B Mb, AT RERS i R0 B KRR
BRL. SPIN[2 1Tt R Y ELB B ARG 2 S 40 ME IR R4 R G047
N, BT E e R R G




SRR HA S 4y A O T 2B A S AR,
5 V-E AR Z A SIS RGEMER R B T L. AL
£ Blom 73 AT A E AL IMESE b, 25t T 58 V- AL
TREALSEIL (StrongVB) M HC 42 1) 5 o I 1 12
(SCSVB) , FHMIEMME. &bt 5 57 s BB fR
iE. 7E CADP () VLTS i I, SR RIR: 7EBSH S 30ME
Ja, REGUMBRE T, B0 5 R AR B
65 7 o 3 B SR T SR ELAS DR 2 TR0, A9 3R )
/MBI RE A ROERRZER:, IS T IR RS A S 5)
TEREE TR,

AR E SR VIR IR 758 V- B A5
HE S A A N TT kR . R VAR TR E S RISEI G
B, StrongVB {ELRUESFAN DR 1 1 RN A R R A 2310
J&JE, SCSVB $RULFTfiRRe . I Fl T/ IMUAE S 1 b5 Ji S 451 o
WP 5 ILRIRY], PRI IE IR R T IR
AT fRRME S T RN, N SER S A S SIEE R T
HIS R .

Foke, AT StrongVB/SCSVB ) B F4) 32 H.
BRI R RGN, HE—b 5 B BRNE 59 3057
HIAbEE, LR, SEamS T A ITE, KRR R R
Z R B, R AT AT R, TRk
“UEFRIG— R BIRRE— R MBS (MR, BRIk, 1E5
AT P v R o> TAE 55 1 5 DL 5 BEREIE 1 fx
Ja, Y778 VLTS/ b G 3 E I 51 N\ AT 2 I S il A i

N V- TLASDL A SRR 7C 5 3t 5 4L SE 1 Bl ST -
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