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Abstract:

ily causing the problem of state space explosion, and due to time constraint in data processing for real-time system,a symbolic test

Conformance test is performed to verify and validate the correctness of a system implementa- tion. In view of eas-

generation method is proposed. Firstly, symbolic transition systems and timed automata are extended to establish a semantic model
TSIOSTS, based on which an extension of timed conformance relation tioco is defined. Then, with tioco and the symbolic execution
strategy, a symbolic timed behavior tree of the system model under test is yielded and transformed into test cases. Finally, the pro-

posed method is applied to conformance test of temporary speed restriction server of the CTCS-3 train control system, and the results
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present feasibility and validity of the method.
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AR 7' = (¢t ot Y, 20 a2 H F) STBT
HAR T o5 R 1k, SCHR [ 18 [ Hi 38 T Forward Traversal
T BRI R B A O A I ] — B G R
AR P81, e T AR I AR (S, SA, o,
T) 4 B — S IR 1] TC = ( Qe Ve, Drcs s
>y Cres T, Verdict) . JLEEHE 3, M4 61 1) B0
1E STBT P FHAF S , AT 5 (e nl A S i il
Bl AR S E . X AR E No = (qosTos Yos Zo) 72
STBT FHI G IR 2, B0 4 25 A mo F true, 7 £
QMR g0, FHAIERU 0\ ) s
WS Cop.

Xt AF 5 A8 E (g, 5a, /) € ST AT AL HE,

init: (goq o, true,7y,Z,)
%a

Hoca= {0}

y 7= 3}

7,:(g,9"» true, 7, Z,)

le ?
= % M=)
/:=(c.(f'>)cx =it} = =ul:'. -5
V5=t 8}

1,:(9:9 "5 75 ¥2,Z,) T H(g:9 2, true, 73,2,) 1, (9495575 V352, >

le ! \d
Hea=1a} p‘,{ ={f} Ha={d}
Ysa={a >} Y =112 ) Lol 4}

75:(9,9's, true, 7, Z,) 7g: (asAcoept, 7y, 75,2) T 1(@iq's, true,76,2)
le !

He ={6} ,,_g= (&)

Ta=la>¢ Ta={&—>8}

(995,745 7752,)

72 (695,75, 75, 2,)

9% =(99%) m=@=a)r(c=c) 1o={a->aub>b,coc,d>de>e,f - fr,g=8,}
- , o =(a= b= () o 0 05! 0> 0 0. o0
o =((qu ‘,)) :, =E:=:;:Eb=2;/\(f=f,) n={a>a,b>b,c>cp,d >dye>e,f > fo.g= 8}
ql=(q2‘1,3) T =(a=a) A=A = f)n(e=e) J={a—>a,b>b,c>c,d>d,e>e,f- f,g=2}
. =(q’q 1y PTEmanb=bnU=0ne=s) y={arabrb,crcnd>duerenf > fug=g)
. Z,=(,=0,1,=0} ri=lasabobesad>dyesa,f - fre=g)
q:=(q51§cc3ept) Z,={t,>2} vs={a>a,b>b,c—>c,d >dye>e, f > f,8=8,}
4, =@.4q") Z,={4,<1,4,=0} Ye={a>a,b>b,c>c,d >de>e,f - fr,g=8,}
SOt Z,={1<4,<2,1,=0} ={a>a,b>b,c>c,d>dyese,f - f,8=g)
95 =(q,9"%) Z ={t,>2} " @, > 1 0,66, 8= 8
2,=(2:9"%) Z—f<Lt,=0} fe={a—>a,bo>b,c>c,d>d,eve,f - f,e=g}

HAF— AR AR 1] v ] AAS ) — A8 A A8
F(q,a,P,R,y,q)E T3 FEFSRE 9, F4
EWTE SR — DA S g IR SR TG 3] sca
= (@, flos Vo) s BTG B 2] I8 HARFF SRS
7 it B [ il A2 B A 2% A ARG S I e ) 2 B 5 T Bk
BEONFEIET B R, 38 33 BB AR 58T MR Update () 358
FESC; SEIR IR ZE Ry 5 STP fp (43 B 4 1 — 2. fx
J5 MR W E KB Verdict( ¢ ) 75 31 JE tioco BY
LA, BY Verdict(a) = pass /R IUT FE45d o I93E
G M SRR TUT 5 M —80G 2, Ver-
dict(a) = fail y M A ARVFRYHH, U] IUT 5 M A —
.

HiE3 S PIATRHOIR T 5k
ﬁ?)\: Iﬁ]ﬂ}ﬁ:{ STP = ( QSTP’ VSTP? DSTP’ q(S):'l'P! 2:S'I'P’ CST‘P» TSTP)
DA TT = (S, SCA, 7, ST)

s A TC = ( Qrc» Vi, Drcs q(%c, Sirc s Cres Trc, Verdict)

1: Init( Vac) = Ve, and Init(Dye)—>1x1x€ VU DI

2:Let o= (qotrue, Yo, Zo) s // FRIE 7o A ORI IR SRS
4: Qpc: = S

5:qfc: = 7%

6: 2 = U(a,,lm.as(_a)escAai

7: Crc: = Csps

8:for each < 7,sca, 7' > € Tysg do

9:  q:=7;

10: a: = (a, fryns @ua) s/ HEWH B pr A5 A5 15 B R 7R 5
A/ i 3

1: P:=xURC; /T2 R B S AR [B] 24 5

12: R: = Update( R®) s /3t e I T2 B 397 BR 500 I 3

13: y:=ysmws

14: ¢:=79;

15:  AddTransition (TC,(q,a,P,R,y,q'));

Z,={1<t,<2,t, =0}
Z,={, <1}

B5 i E45TRH R R S AL RAT A4

16:  AddVerdict(TC, Verdict(a) ) ; // Verdict(a) = { pass, fail | Sy 32k B
R
17: end-for

L3R 8 AT
1 for 1 34 X 7SS H
BAE T HAT IR 5
r, — BIE T, R
STBT & % Accept
RS H BB T A% A
AT E (1 T 1) . BT LA
k3 R R ] &

Eﬁi}mmyﬂ6

Y5 11T M S [ STBT
A I 191

6 K7

T LA CTCS-3 #1145 2 il i) B Al 55 7% (TSRS) 4
BB ARSI 2k 1 31 2 G i — BobE
DA B AR SCHRE S 1 0 A il v
6.1 |llfGB PR AR 5525

I B R 3 (TSR 2 48 2k 5 [ B 3 LA A iy ELAT 52
ST B B , B dG it T EAE S R R BR G B AR
W VLA TS R 28 A 1 PR HE 45 . TSRS & — > S 7
ST R G0, H BB RE AL 4G X TSR A A7 it A5
B BB TR, DA B R 38 15 B L %) i B

%a
[£=0,2,=0]

Ee6 MESKZSET 3R iR A5l
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i Ao S 8 4> 114 — S0 AR 00 0 A 47 % 5 487 TR P
FE AL (TCC) F1 TGk A ZE 0 (RBC) S AHAB A TSRS
S5 b T 180 A SR S L AR T LA TSRS A Il i B iy 4>
FAT T RE A ] 150 I A S HE 19 S e 2R 48— 30rE U
e A I B PR Ay A BT A AR o, fe 4R PR R
(CTC) F & BR# A4 (SetTSR) , TSRS X i% iy 2 #E A7 4% 4
IR IR B AR L. 5 CTC AE 3 A4 Ty AT i 3]
TSRS M S 55, M EE 3205 B . XA 36 B oy 1 PRk i
4, CTC MR FE47 , 26 O BLTE RS04 T 19 TSR A 2 JF
1] TSRS & 2% B 1E FR 2 Ay 4 (ActTSR) . TSRS X 422 YA £ 1)
A4 IEATHR A R A0 R AH I E A 38 48 i i 531) ) 36 iE
4> AR TCC 1 RBC 43 B0 $2 U5 31 1) iy 4 154 7 30k
KT R BRI TE 45 15 B 45 TSRS. 24 2 15 25 B ik A%
1, TSRS 1] CTC & E I IEE AL E B, AR — &5
TER Y, 3 A Ty AR IR 8150 GE 25 5L, W] 1] CTC 3R 1]
P2 565 AF 2R e . % 36 UE B P 19 TSR w4, CTC [] TSRS &
PEPAT B 4 iy 4 (ExcTSR) . TSRS ¥ fir 4 73 & % H ¥
TCC 1 RBC $AT ¥ AT 15 B R 151 45 TSRS. TSRS X 4
TS RIATLR B HE B AR EAT — A P T R 5k 3 4~
Ty AR R TEE S, I ] CTC 3R [ P01 72 06 5 7 4
B BE A AT I, W 1] CTC 3R [ AT 15 B
6.2 TSRS &1

Ll 7 & TSRS Il B FR 3 2 B4 T DI E Y TSIOSTS
B M=(Q,V,D,q0,>,C, T) R Y7 = {SetTSR,
ActTSR, ExcTSR}, X' = {SaveTSR, SetNo, ActNo, ExcNo,
ActSucc, ExcSucce, Err, Delay% , 0= { Qo> 15" qlz} , D=
%tsr,msg} ,V=10< tsr<300;msg=m;: 1 =1 ,2,3,41,C =
Poyy tys s Hod AR B tsr FE7R AT 250 R 2 Ay 2 {H, msg
FER IR SR MRS R g0, TR RGN
VA B R 2 i 4>
6.3 MR ERL

B R GE 1 TSIOSTS BEARHE ST 2 5, 45— an &l
8 Pt/ BB eI A4 TTP, 2R FHER 5 715 45 H AR 4H 1 24
2, A B R A S AR AT R, IR A B ] 9 BRAR 1)
T3 41

X9 AR i e S8, ATTE — A E0
44 145,60,80, 120, 160,200,250,300, 350} . 11 X6 T+ Hsf ]
¢ ISEG PG ERTE 0 B R R AOAT B AE, (L e 52
FRuE , FRATT 248 2 — A~ BRAE . AR SCHE B ] X3 4]
R t=0.0<t <3 =3 =5, BEER i, 7] A
FEIX 3 AN KT B E ¢ A S BUEI T, DL =
I3 1 7 5

T3 —J7 10, AESE BRI, FRATTR A & 10 B s 1y
AEHY . BT Control #B43 #R7R F G 42 Wi 4w AT 3 5
i JO7 i+, SEBR AMER PR 9 8 4 5 Clock 543 Sk Ab P

1ActNo(tsr !ActSucc(tsr)
Validate(tsr)(=fa)1se Validate(tsr)=true
0<t,<3
7
PExcTSR(tsr
c =0R( )

2

'ExcNo(tsr)

Delay(ts:
Generate(tsr)=false elay(tsr)

>3

|ExcSucc(tsi
Generate(tsr)=true
0<zt,<3

@)

7 TSRS PRI fir 4 P47 2 B M TSIOSTS B AL

2SetTSR(tsr)
1,=0,t=0

1SaveTSR(tsr)
O<tsr & & tsr<300
0<t,<3 ?ActTE(l)l(tsr)

t,

1

!ActSucc(tsr)
Validate(tsr)=true
0<t,<3

?ExcTSR(tsr)
t,=0

{ExcSucc(tsr)
Generate(tsr)=true
0<z,<3

B8 W AR E K TTP

?SetTSR(ts)
£=0,t=0

!Delay(tsr)

SaveTSR(tsr)
O<tsr & & tsr<300
0<1,<3

?ActTSR(tsr)
t=0
!ActSucc(tsr) !
Validate(tsr)=true
0<1,<3

ExcSucc(tsr)
Generate(tsr)=true

0<t,<3
B9 A H
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FRGUHLE I [A) 28 5, 21 {7 2 YR — AN A S, A6
ES YN T D R O N AT S G Y SN
25 Control F547-, [R] B A 1) B B SR 2 . 33 b 00 B 44 465 7
by S A A A, o0 2K 2R 0 SRS A A R SRS R ) Y
i L
6.4 ik

FRATHE FH A TSRS & & |

P A 0 %, % TSR 3 T |
RESEATINA, GBI 1.

M B 43 B - TSRS & Control Clock
s B o R P —
S B W BRG] ro W

B AT . AR I3 ] Y
BEREAD7 H, FATTR 25 0T e A I A T T A IR
BASIE . 2% S B S ER A7 PR B A ) B 5 A5 1 BRI DA &
RGN IR AW SCHREAS &, 0] B 4 24 B9 [ E A7 T 3
MR, INBVE RN 0< 0 <3 W, LI P E N
0< ¢t <4, NIUIRZE R AT UL, B %25 30 D) BRARF1E 2E 15 1
B BIEAS Fa] DUIE 3@ 2 B i T A A7 78 ] ok A
AT H AR F A AT R A A s 2 BRIk
SRS, Fail (430528 FH 41 20
£ 1 TSRS ThEEMR A TR
WA G2 I RERFAE | TSR 815 | TSR 36| TSR 77-6%| TSR 47| TSR B
Je I 3 5105 55 45 45 40 35
SIIBUR I 55 45 43 39 35

EBuR 100% | 100% | 95.6% | 97.5% | 100%

7 it

N T I A I I 7E 52 I 2R e 0 Y 1 L AR
SCER T — M S AL AT 1 S I 2R 48— S AR A
Jrik Sl AR S R SR, BT %
I SE SCT I [A] — B0 5¢ 2 UAR = R GE il A A, 7
BEHERS] ESIAT A5 5 SR AT HLH, X B A AT RE ™ AR B I
(155 i A 5 (AU B R A B, 2 0 (R B T4 5 1k
P IL S, G 1 iy T AR MO T i B = ) R A
HJim 8 SR UE T %5 R Y AT A R

T2 FATME & LA A SR H T Ak
DNRHEZR , DLSE e 1) ik e S i 28 29 v ) 230 45 e i )
PR FR A I 25 I 3 A i e b 540 1 s A
TFRAT AL AR 18 B A0 30 % [ T, i — A i g 1% A
2RI .

%30k

[1] Abdeslam E, Rachida D, Ferhat K. Timed Wp-method: testing

real-time systems[] |.IEEE Transactions on Software Engineer-

ing,2002,28(11):1023 - 1038.

[2] Moez K, Stavros T. Conformance testing for real-time systems
[J]. Formal Methods in Systems Design, 2009,34(3):238 -
304.

[3] Constant C, Thierry J, Marchand H. Integration formal verifica-
tion and conformance testing for reactive system [J]. IEEE
Transactions on Software Engineering,2007,33(8) :558 — 574.

(4] #5%, REF, 55 PPP —EUEMNART ST [T]. W T2 4R,

2002,30(8) : 1242 — 1245.

HU Yu, WU lJian-ping, et al. PPP conformance testing research

[J]. Acta Electronica Sinica, 2002, 30(8): 1242 — 1245. (in

Chinese)

Mrfls i o R, 2R — B8 [F] B SR 52 AT

RGN 2 [T] . B4R, 2007, 18(1) :62 - 73.

CHEN Wei, XUE Yun-Zhi, ZHAO Chen, LI Ming-Shu. A

method for testing real-time system based on timed automata

[J].Journal of Sofware,2007,18(1):62 - 73.

[6] Rachel C O, Tim G. A practical and complete algorithm for
testing real-time systems [ A]. Proc of the 5th International

(5

[}

Symposium on Formal Techniques in Real-Time and Fault-
Tolerant Systems| C] . Berlin: Springer- Verlag Press, 1998 . 251
—-261.
[7] Styp S V, Bohnenkamp H, Schmaltz J. A conformance testing
relation for symbolic timed automata[ A]. Lecture Notes in
Computer Science[ C] . Berlin: Springer-Verlag Press, 2010.243
—-255.
2k, R, FRIR B — I 1) R B A S R G 7
5 T] . HF 24, 2005,33(5) :827-834.
LI Shu-hao, WANG Ji, QI Zhi-chang. An approach to property-
oriented testing of real-time systems[ J] . Acta Electronica Sini-
ca,2005,33(5) :827 - 834. (in Chinese)
Adjir N, Pierre S S, Kamel M R. Time optimal real-time test

(8

[

(9

[

case generation using prioritized time petri net[ J] . Proceedings
of First International Conference on Advances in System Test-
ing and Validation Lifecycle[ C] . New York: IEEE Press,2009.
110 - 116.

[10] Krichen M, Tripakis S. State identification problems for timed
automatal A ] . Proceedings of the 17th International Confer-
ence on Testing of Communicating Systems [ C]. Berlin:
Springer-Verlag Press,2005.175 - 191.

[11] Khoumsi M. Complete test graph synthesis for symbolic real-
time systems [ J]. Electronic Notes in Theoretical Computer
Science,2005,30(5) : 79 - 100.

[12] Thierry J. Symbolic model-based test selection|[ J] . Electronic
Notes in Theoretical Computer Science,2009,240(7):167 —
184.

[13] ISO/IEC. Information Technology, Open Systems Intercon-
nection, Conformance Testing Methodology and Framework

[S].ISO/IEC 9646,1991.



2284 H +

2013 4

(14] FZ3, &, SAGH  —FIE b0 SEat P B AR
MR T7 L [T] . R E 4,2008,38(10) : 1614 - 1635.

[15] King J C. Symbolic execution and program testing[ J] . Com-
munications of the ACM, 1976,19(7) :385 - 394.

[16] Gaston C, Gall P L, Rapin N, Touil A. Symbolic execution
techniques for test purpose definition[ A]. Lecture Notes in
Computer Science[ C] . Berlin: Springer-Verlag Press, 2006. 1

- 18.

[17] Andrade W L, Machado P D L, Thierry J. Abstracting time
and data for conformance testing of real time systems[ A] . The
4th Internal Conference on Software Testing, Verification and
Validation Workshop[ C] . New York: IEEE Press, 2011.9 —
17.

[18] Elisabeth J, Martin W, et al. When BDDs fail: conformance
testing with symbolic execution and SMT solving[ A] . The 3rd
International Conference on Software Testing, Verification and
Validation Workshop[ C]. New York: IEEE Press, 2010. 479
—488.

ABE(EFEEE) 5,181 11 Hilk
TP & B RIS R T 515 B LR AR
NG IVE o L R S S 3 U L o
BT A g, (7 205 I
E-mail : wybingsh @ 163 .. com

#1964 4 6 HHVETIL LS.
BRI PR T 505 B LR 2 Befis B9 d 1%
TRERPER LA I NI AR E
G PR 5 T R DFFE AT
E-mail : xuzhongweish @ 163 . com



