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Abstract: Model checking is a formal method to verify the system satisfies an expected property or not. Trere are two
significant advantages of it, one is that it is fully automatic and the other is that if the system doesn't satisfy the checked
property, it will generate an counterexamples which can help to fix errors in the system. The main purpose of this paper
is to generate this counterexamples efficiently and intuitively. In order to generate the counterexamples efficiently and
graphically display the operating processes of the system running alongside the concrete counterexamples, a system
CCGS has been developed. Experimental results have shown that CCGS delivers an expected pe_gforrhanée, and can help
to improve the correctness and safety of the checked systems. \ %
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=30
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start x=0, loop ‘ end
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u x<=10
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UBIN ] F B =15 5L, 400000 start, loop. Al
end, start JERIAA T AL X, Y R EAR R, TR A
299, x BB T 2R 4F loop fE3E, y e T4l loop
TEIN G R s/ NI E], B ZIHLENL loop FEIN G 202
il 20 AN FRLIN A5 A e 2 end 5 R BBIHL—IT
DR AR T-7 55 start, BRI x, y IE AR O, B RZ MV
ARZS Hy(start,0,0). 767 /4 start Abn] LTATAT I Z1 % 2R
M start 3| loop )25 HOT % (LEIRIT# AN T I #),
TR R AR, T start 3 loop 4 EA IR E F“x=0,
y=0", FrLARE x, y #ORAE L E 0 0, BLI RSE W46
REFE T AR (100p,0,0). loop T4 A X 2
S x<= 1074 T ] DUSEET — BRiii,* FUE I b x A
i 10, ARG LMERLE IR 5 AL ),
BRI AEIR AT AS (BRI AS 2R R GE1T mURSA
AR SRV BT A I A B AR 5] (9 G IR ) B ik R — MR
(loop,5,5). 7& loop il F, 4 x==10 WA LUK A
loop %] loop (MBS HUT S, [N x BB 0, MK RS
FIE N —/MR & (loop,0,10); 24 y>=20 AT LA K A2 A
loop % end [T H%, EE4nfE y=20 I R ARSIT#, W)
REF)IE T — AR A (end,10,20). 4 5 ) I ) £ R
(Invariant) FR T AT U5 B A1 fC I a], ] 1
loop 15 s 1) “x<=10". A il EArA RV K EMZ
WA (Guard), Wikl 1 9757 5 loop 277 5 end HITF%
L ty>=20". 1E K AT B I b ET A b E S (update),
Qi A5 start 2175 £ loop W [1)x=0", “y=0".

HH [ start, loop, end. u s AIFEFEESS X B A T 11—
AN, BRI BIRAE, B 1 Xt x, y BRI
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PH IS 18] 15 AL 8 I B35 A R 7 B3, I ) 20 51
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iRNETISEIIN
1.2 zone KL X zone IR

ML SO I R] H ) HUSE YA I = 2R 2 T
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(1) B 45 48 A2 5 AT ST B 91 B 40 1) B 2 A R

gy, WAV E LRI B X x =3 A\ 0<y<<2 Ay=<x-3,

LUK LSS O U < s <R IE A 0-x<-3
A 0-y<OAY-0<2 A\y-x<-3, iX&ikzn] LA %
T 0, x, y =AY 3X3 HIBER R, Wk 1 PR
Bk e oRix e A 50 DBM AR [, Horb INF £ 6
K.

#1 DBM il

0-0<0 0-x<-3 0-y<0
x-0 < INF X-x<0 x-y < INF
y-0<2 y-x <-3 y-y.< 0™

ﬁmeﬁ%%E%%%w%im%
%2 DBM HFE 1 E 4 m

<0 <-3 <0
< INF <0 < INF
<2 <-3 <0

1.3 EEEXNFSHEAIRBHIEXEKRRSG
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25 W IR SRR SR RS Ak e 9 R HE T zone (8l v H]
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((1<>P(1).req)->([1<>P(1).cs)) Bk 4T 4 I Ji5 #5 21| 1) Sz 451

AR BRI
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stateType: 1

(AAA)  var[0,0]

<=0 <=0 <=0 <=0
<INF <=0 <INF <INF
<=INF <INF <=0 <INF
<INF <INF <INF <=0

— — - -

["“p(1).req” & ! “p(1).cs” Y\

T % 85 50 S LA IR 5 1 B T
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clock§:[0,3,3] var[0,0] stateType:1
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PR pt PR AN B
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2.1 DCFG # %

7t DCFG (WS Tr, T2 v 1) In] Ut & S T
zone [RIAF 54 S 8] B A1 81 AH R P 39 1500 SR AR
o B8 A%, R P i R QBB A T AR 5 A S 491 B A 4
S EHGE O B B B EEOTRE, S EE

FLAA S 1 PR SEE AR 3T JUU AR 2 PR R A DI R e s

DCFG FZA SRy, — MEFF T B ARE
SV, o — 2 B O U AR S 1 AR
2.1.1 R0 s e A5 B R E
4y Th e 1) AR 7 i FE o & 3 pToR.
tranVec s transition 7 vector %8S, 45k
transition £ C++if & it X, Zeo I 1] E 30l L1
TR, Joh = A int BAREHR R L, p, e | Ros 2T
IR PT AL LR location {5 5., p #IRITRE T AL 1 F%
5, e X METITRE location 55 ) LANTRS. BrLlsk
197 #5540 49 % 4% _F ¥ transition A 3R 7S T AH
IR BT A 741
2.1.2 BEHEGE SO BAR ) A
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54 R 4% System Construction
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| ERESRRABEE |
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FRicFEAcyclePRAER B 5N
entryStateIndex

RIS RE R 2 LK
locationf¥5l, ¥
vector <string> locStrVecH

v

‘ index=0,size=locStrVecsize() ‘

TRIElocStrVed 5 5 H
ARE ML, FEH
BAMREREZNWIEZ
ﬁ%%iﬁﬁ:ﬁ t
tranVec.push _back(t),
index++

K3 SREURT 54 s Bl A2 A5 DR B R 1
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SR S R, TR AR AN S5 e 1 i e R
TR EEDR ST JE PR A 0], 75 FRIR A 7% 0] 1Ry i A v i
AT A PEAST N AR S A8 A s aot 5 R A% 4o R S B gl A A
BRI 7 BLACIRZS 27 18] 1) e T

7 DCFG 1, B [RPIRA ] taState 28375, taState
Kk H SPOT FEM state 2K, 7F taState RHLEH T
state J5 HL ) compare PR %L, clone B%L, LLJ% hash %,
Hor compare & R Sk A WIR S @ I ik A2 b A= eIk
BREEOLViM L, hash BT T taState 2t )
BDD, ME4ifrfifi s (8], AR R IF kB tp gk ATk
AR I, clone B T A — AN FIFEHPRAS
FRIXT . FAk, BT statelndex J& 51, A TAricdit
REERES RIS, DUEARRE ] & T
HHRRIEIL T zone I FF 5L S 243 BT 741 T4 4
HPRA A ) B A2 1 B T A
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AT E ARSI E G4k L. THEIEANR
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SHLURTETAR RS, dst FHRR B a) 13 B ATk 22 )
L HPPIRE, tranVec s T 47 540 S A9 A2 1) 5 5
E#AE R, entryStatelndex ic 3% T #F 546 S B 42 HEN
cycle B PR EAE L, AIMENREHE A
statelndex {5 S brid, HILHA 0, RN statelndex %f
MRS TESE T zone AT 5 4k S M % A% v Ao B 7 A,
DU T 55 H AR S W A 454 S 9 8 et 1 28 0T 7
t, AT EHOT t ] DR AR ST t e 15
TR —ANRE, SAPRES B BT S — N H I
KA H sdsHeadState %o, 0% W Y PR AT R I B4
PR BN REIR JE &0 EOT R t BE I H R,
statelndex H7r3k453 sdsHeadState i 1, sdsHeadState
28 GEIRAG B G AR A 1Y Lstatelhde\x TREFAAE, IXFE
HrT MR UE BT %‘ﬁ?iﬁ’ﬂﬁ?& (1455 EbRid statelndex 5
HARIET zone [MFF 510 S A5 % A2 HR 1R 5 RS — 2K

dst=s.clone()
i dfEsrcth- S ¥ R 4R RAFiF location I
InvariantffJmaxDelayLength
v
R BB B E LTRSS BT
#: t=tranVec[src->stateIndex |
v
1R, sre, 3K Hsrcili EiEBt BETHIZ
TR guard 7] FEIR Fiminfimax
v
1R#Et, min,max, maxDelayLenthsK i 7E&/Midelay F &
T EBEBUTRNER B KR A sds, VL 2 B KR

sdsfInvariant fsdsLength,
sds->stateIndex = src->stateIndex +1

v

sds->stateIndex =tranVec.size()

Sds->stateIndex =entryStateIndex

pb——V
done() EAY 3
Y
N
R sdsHeadState LA X sdsLength,

curOffset7HE H F—MNE4kRE

4 R A (1 R TT R R A I

2.2 simulator T & &%

simulator 1] DL B AXASHLIN (1] B S HLAS A H AR
BRI AT I R, A A AR s A9 45 R R 7 S LML,
TR I ) IS0, B 2% 2 B, B RSB IE A R A
ANIOEEE]

simulator H java 55 SEHL, FESH WA
figureOfConnection, figureOfNodes, operationBoard,
timedAutomataCreated. t H [ figureOfConnection,
figureOfNodes JH ok & SCI ] [ S HIKIER 145 mifi S
figureOfConnection A, [t My_Con‘nection V7T
PonIineConne(;tid)n JEEN TR AR T 2y, it
PRI DA AT IR A e o 04 1 A B2 T
RGO TR S NS R, N HWBE R
figureOfNodes J& X 4 fiAH (55 K. operatingBoard H* (1]
MainBoardWindowlnit 24 simulator 1) F=HERE, HIok &
i el P T FH T k7 1 2 AT P A P e A, 23 R
£t O TI = ey 1 RO  <9  <  |  = N S 1]
DataOfEnableTransition 2% ] >k Jy # 1k i A _E (1)
EnabledTranstion ¢ A AE $2 fit Py %, H $ 1
DataOfTrace 251 >k by Transition trace SCASHEFR (I #5
(R B TZE A G TR N 2, A SUARHE#R A2 Jface 1 11
ListViewer Y (AL, SCHER AP A ) AT AL 3,
WG] DASEHRR AR OB 1) ) 2k A AR O A, R R SR Ak
BRI A5 % ST DA B A S I 1] F ALV IS
fFiLFE. timedAutomataCreated {3117 XMLReader 2
XF xml SCARSEAFREATEEN, SRAF RAMAUH LIS &,
Instance Analysis 51 I R i AH . (1) 28 S R4 AT 114 55
SR FNA K, AR50 A % S 1 vp t I I 8] 3 B4
HIZRAU AN, 1) Timed AutomataFigure 28 a] DUFE 3 i)
A AR ISR Y. 1) 45 55 R0 320 ()45 501 L B 1) 1 3L
B,

simulator [ETES WK 5 Fror, 2880 i
PEAR, HTHHIETE BoR, A28 AR R g s i
XN B I ) B SR ETEAL B, A gr ik KR

simulator EJEAL 2R I E) F SIHLHT A HAR I iz
AT B AR RS

@® A UPPAAL HIY iR TE 5 32 FF 1K xml LA
A

@ A InstanceAnalysis 84347 xml SCA A4
7, MR RGRA E SIS FEAN B DL R A5 AR AH

System Construction ZZ 4% 55

© PEREEBRLEHTT

http:#/www.c-s-a.org.cn



5N R o N H

http://www.c-s-a.org.cn

2013 4E 5223 & 11

(o) ) ) (=
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® BLELFR R0 S, AR A 5
IS HERR 55 B 3R G5 L 4 SN N 0 A e )
HLEAL B T B .

@ s AETTER 710 open fickll, A DCFG
YA I LR R 8, R B R R A

© Wk Fe b BT A e S A AR T AR b
() next #4H, LIS TransitionTrace SCASHE ) N 78 N #2,
FI T 3 IR (1) 45 AL A A S SCASHE P 25 0B 6 50 4, 1
OV FT AL T BRI 4, BT AG SRR iR
BN HAR RIS AT I 2.

3 SEIRREAT
Sy T Wi DA ST SR A R M8 e e kA

SIS S R RO AR R BT

(1) B HORBE RSN, AR SCACT B R RS

L% it DCTAV, CTAV, CCGS = AN LHZ ][]t
%, JLh DCTAV & f#SEIH BRI T AL, A
B (1 2 ERORRE ARG I T AT 5 AN (1%, CTAV
S RGBT SE I IR S SO RS SRS T
., CCGS by SC S I PR AR i 128 10 SO HoAk
A5 J B T A S s L AAR S 9 1 L, A P £ A A5
M2 Fischer HRPMSCEIAY, Brgcill iy LTL PE5A:
((O<>*p(i).req”)—>(0<>"p(i).cs™)), H A&7 HIPE DA
HERE p(i)BEOR R K G FBRERE I SR IX. o p(i)H
(1 1 BRRICA I, Fon AR p(i). BT S
BHL a=7, b=4, HEFEE N=20, R4 R WL 3 Fiow,
" R IN I IR I AN N

56 R4:## System Construction

% 3 DCTAV. CTAV. CCGS 1Lt

i DCTAV CTAV CCGS
| W) | RS | ) W“\ Sle “é iz
# (s) % K
1 0.250 34 0.180 23 0.531 21 7
4 0.313 98 0.301 103 0.578 50 28
7 | 0688 3666 0598 | 1476 | 0641 | 386 | 196
9 9.078 50108 | 2.892 | 6452 | 1.094 | 1538 | 772
10 37.438 161361 7.675 13300 1.719 3074 1540
11 | 1094.89 | 465063 | 28.622 | 27316 |y 4.047 | 6148 | 3077
12 - - 9375 | 55988 "'-6.07'8 12290 | 6140

13K 3 W LAF Y, T zone (755 46 91 7
RS0 HGE SC R R B B A T CCGS PR
I ZER /N T DCTAV. LI L (KPR A%, 7ERT
(i) b 2% ) B3 S (80, I HAERE R Sl s A2 K
FERIIN, RGBT KT, CTAV 5 CCGS (i) 2 Al
DA KGR G RPIR A #7 [8] 2 MBI IE T DCTAV, KB T
WU AR AL ORIt CCGS AR A T 7 54k
FRURST I I it £ v 25 R LA S 490 1) U 12

CCGS 1 simulator Bl 724k it 7 Fischer B iS4
TP 3 (([<>“p(L).req™)—>([]<>“p(L).cs™)) K Ml J5 1=
A IR HAA S A (P A LS 6.

Enabled Transiions
>
bR)
pE)
pl)
9
oE)
(2u}
pE) = =
o
o |
[ree]

[open) () (reat] (o]

K 6 Fischer &5 WS &R S0

B TS UE K R GEBAT 20 ANRERE, XTR AT 20
AN ESIHLETE, R RIS, R e R
AR AT RE. B 6 HUH B BRI T B
VLT BAR R B AT R R RIS, SIS % 1 (]
HEIHLE A T R TEEIRE, R AETRGA T
REAAA), AW a7 next 124,
VA F 1 F) N 1) 5 S ATLAR T3 SRS (1779 ORI R
AN AR AR Sy 2, iR SRS B ARE SRS
(V03 B RA A, LR B AR 27 I 8] 8 3
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UL ALY BAR R B Is AT b i, XA LR E0 5 2L
fifp, I EHLAT BLELMCR AT ST 28 G028 ] — 20 20 3 A AN
AEPTRLIE IR, RSB IERSE, 8RS
i AL P it (AP

4 Zhik

TEASC, Ay T AR B SR AR R i A
WU AT 1 A L %, w8t S 3T zome PRI
Ak K R 4 B GEE TE A R RS, ST T LA Sk
WURHET zone (MAF LR I TR S, s b i
W) 19 2L B SR LA S A1 3 P T S ) 1 3
DL Bk S I AT bR T B CCGS, AR T
45 AR O ek R e A D LA 491 B R 125
Y TEL L o 0 e, 75591 420 G 2 P e 2 [
I B 41 5L L0055 0, 3 A T LU 3 2 4
BB TR S L R RSS2 o
DL SR A, G IR 0 2R 5 1 T T o 3 4t

PR ORI EE LAERY & 583% CCGS LA, #
INBERAE [ LTL $ET 56, 484 simulator 7645500
T b BB BN 15 R B, A HC D B S 4 T
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