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Abstract Due to inconsistent of the interface type or interaction protocol, services can not be combined in the right
way. Web services mismatch detection can accurately capture the mismatch points, which creates a foundation for reali-
zing right interaction, avoid invalid composition. This paper presented a method for detecting mismatch of Web services
based on Satisfiability Modulo Theories(SMT). The issue of detecting mismatch of Web services can be transformed in-
to the problem of existence model checking that a deadlock is reachable or not between the interaction of the services,

and the issue of existence model checking can be transformed into the problem that the logic formula is satisfiable or

not, Finally,an example was given to explain the process of Web service mismatch detection,

Keywords Bounded model checking, Web service, Behavioral mismatch detection, Satisfiability modulo theories

T 1 B 95 B9 4k 3R 45 #4 (Service Oriented Architectures,
SOAYIfE Ny —Fh T BT R TR, ER S RO R KK &
REBEZ P SN E ERELI G R Web % EAR BAT
BETHRERRSMA. BTHEAN Web REBEMIIESR
R, B¥TEHERFPHER, LA LEEESMRFHER—
AMHEEEN NEERHNRS RS, UK EE N AT
K. BEWb RFEASARP, FEXEHUAR—BFHE
B, SRS EEMAEEE. Web IS5k BB 0 MM
AR E HERRF OB HEEETER.

Web [RFAMAIBRLELEESIERE . WBEZE T8
BB RS K REAWARREEET AN EE. fTHRRE
REEREFHRPHELANESRE . ETNE, K RLHNKR
REFWBIMFRE.MINE R BREEERRE . —XE
HEKRR. X —HB AR ., B4E LREM—Fh kBRI
BERER S BB EFRYRE, EYRERERBHEE

P H I 2011-07-21 B4 HHI.2012-03-06
S FEI H (08KJB520010, 10KTB520019) %t Bl .

RERETIBHERIERE . WREISEXENRFRL
HREEBNE S B WK ILRES , BIAFEEFCBUR S, WA R %5 22
ENBRFAERR; ENFELRRE.

1 Web IRE 1T KRB E, BA —BHRERR.
He, ORI JZETH BRRSVUEEL, B T A Web fR%32
HRGRANE FM T iR a . SCRl6 R T —FrE
F Petri M) Web RS R RAR S, B BPEL st
K Petri MR, R FFEAE R BR Y H LY Petri MR FTE
—A~Z K siphon, SCRR[71GEA « WHE IR Web RFATH,
W WERSRIEE L R ARSI RAEN a3
HE. BT » WENHERERBERER, By ik Tk #
Y b E fEREN T W IR G A E 2 B R, SCRRL8 ) A
RAR TR SPIN BiE T SRS XA BRBREREE.

ARSI Web IRF17 0 B E R KRBT , 1 R AR R
2 (Bounded Model Checking, BMO)! 1 AR 5| A B} Web R &

A 3CZER HRBEEE (60973149, TLHE B RBHFEE S (BK2011281), ITHEHH B RB

B H1966—), %, L, BISUSE, TEFRF Y MBKG TREMEE MARKG SHRT 5 KRR B, 8L, B ANK
HRE SHRMETER KR B 88,.CCFRALR, TBHFR T ARE TR, RS CPS.RE 54 AT HE, E-mail: gazhang@

suda. edu. cn,

- 129 -



KRECKERN P . BHIEEST Web REFT RN RACERE, 76
Bl B3R H T 2T AT R PR 8 (Satisfiability Modulo Theo-
ries, SMT) i) Web iR %5 K BLR W O 5, S5 SR AR SO B4
W — A BESMRET RS ZERE KA.

1 Web BR&EITAHRIF LR

EX 1 Web RETHHERNMER W h—FICH
W=(S,5,F,A,E), H,

- S BARREE;

. 5 € S EWHRE;

« FCS BA LRSS

cACMX{?,) L, R XEBEET RRE.MEHEE
A REBIESR N TAEBENHEE me M, m? RRBIH
Bom,m! TR KREHE m;

« ECSXAXS, M FAERBN —FKITB cCE, BT =
Grass) HH s HTRRA, S N BFRA, o BAER T B
BahfE.

EX 24N Web REFEHAES) MNTF—4HS5%HH
Web fR% W1, W, , W, 1, W, ,W,;=(S;,50, Fi ,Ai L E) (i=
L2,eesn)  HAEBR W=W, | W, || == | W || W,,, W=
(Sys0,F,AE) , Hr,

* SEREBE, SHEMRE s A—THRE,s= (51,5,
5.5 €S

* 5o ==Cs01 s S02 ’""So,;)%mﬁﬁﬁ?&i

+ F= Fy XF, X+« XF, BRILREE;

c A=(M U UMD X{?7,1},M; B W BIHEE;

cERTIBLEAELE, ECSXAXS, HE—%&THY =
(sya,s’)»s BERE, S R BWIRES .« BEBEAENIE RS
fE.

2 E-F SMT ¥y Web RRE1TH LBER T

FIE— AR AR T R RN SAT KRS
(F SAT TH), SMT TEY5 SAT TEARFKE,SAT TR
AR REE A /RERNBE AR, W SMT /T LIRER
FRATR LRRTR KEEEBEARM T EER
B B AR (e +2<y) A (y>5). Yices B—# SMT
R, SRINMFF R, TRHEBEMERREEE Bk
BHERE.

Web [REITAFRBERENTSE5XHEARF RLEE
BEHMRIERE, B f BRRGHEAEENEE. BMCRE
WERNE, R EHA 2 EEEA0N, BHREIRIR
B, R BRTE R R R k2 —. R BWC HRH
FEEN Web RELERBRERMH FENE R HA
W RIEBER T RABRAR REW THITE TR
FEBRZHAKX(WI: BERER r R ENZEAR
(LALsBE%IIW, £11: 81 A SWT T A Yices FHE AR
BT R . IRARXTTH R, WBLHE W e~ L5
WRMEE AN IRS R E AR I, B & fE
EHWELLW, 11 FHTTHEEAE, ERAXTHE
BB R BBEERET.

2.1 HAWNLK GREERNZEAR

HW=w, || W, ” H W, ’E':P W, =(8;ss0: s Fi ,A:, E;)

(i=1,2,,n), WHEE W ¢k SBEHHBRIBEAR, T
« 130 -

ST 3 25

$F—% BAHSHRAEHEE;

B HRERNIRRE TRTEBXERT;

FB=4% m THIAEEML EBBHER.

2.1.1 HEmK

EXIGEEMmEY #M=MUMU--UM, BM
FHr MEB. XF Vo € M, E LB Get m:) =i, Sent
(m)=2%r+1—1,

5B L BRH Get 71 Sent , A B FHIRHE BB KA E
EER BIMEEBESHNBEXEK. WF m ME,Ge
m)=1FRRBEWHE L m,Semt(m)=2%r FREEHEB
m. MERZEXTH, NEB—~MHE B Get(m) + Semt
(my=2xr+1, HE m: PR NBERER m. ,m N EET
BEm WE. SHEBMARNER, BATHEA Web RE R
EZH., ERHARERE, A EEEH BRI FHARRIR
. Mm=1F/RHEE m CBHENHBE BRI m =
2% r RAREREHER m  WIHEEAH B,

2.1.2 HBREBGMBRE[FEBLET

# O AEERSBREENBS . R Q(d=a Ha=
Get(m) , WiF R RE s WEHRBHE m; R Q=06 Hb=
Sent(m), M FRRE s WEEEHE m. R s BZ&IER
A, Q()=0, R at; Mat, FHERFBE W: K4RPR
AMEBERRE; BRWTR P, #R W BEBERBERE
MEB, P REETHE P i, 4 V=/{at;,",at., P1,
s Poymayreeom b RES s APIRRERRERRN

()= A Cati=s0) A A (m=0) A A (Pi=Qsu))

M BT 5, BIRRET , BN R B AT RS, AR
AR P oF W, EVHREEESRRES A X HENELL,
FNMHEEBERYIER O.

Be W WITE—&TBN,e€Ee=(sa,s),W T
(e)=(at;=35) NCon(a) A (at,’ =s) N (m'=d) N(P/=Q
(') ASam(V\{at;»m,P;}). i a=m!, MW Conla)=true,
d=Sent(m) ; I a=m? ,Con(a) BLFE R G m= Sent(m) , It
FA G URAN m REC WKL, d=Get(m). Sam(VAR)
FRu = Av' =0 A Av, =v, P VAR={u, 0,
30}, VARCV . Sam(V\{at;,m,P; DNERAGER at; ym, P;
5h,V h HAERERAE,

EBRRREE 7€T(Ei)=¢é\/EiT(e)° HILATEH WK

HBER TG, )=TE)IVTEIV - VTED.

WREREPREE R IE— R BRE B HERNTBOREHE
KEWHBEE), BN e, = (s1,a? ,52) F &2 = (51,57 ,s3) &
W, hE BT, R az” =51, 0 P/ BEERTRR R
(P.'=Get(a) N P=Get(b)) V (P;'= Get(b) N P=Get(a)),P
TN . IREARER LB & BBOE B SER
01, TUlAH R st 1 o A B, SRR AU Ab 3
2.1.3 #MYEVBRYET

8 at;_kum_k.P:_k 53BIRR at: om: P; TR k B
. & I, H Var_0 &# Var 83 I, HP VareV, I,
FETREOLRTB., 7 TG ), Var_0 ##t Var,Var_1
B Var' B8 T, , BB VareV, T, ERE 1508, £ T
(sys )W, B Var_1 %t Var,Var_2 ##: Var 183 T, ;KK
HE T, T ZHBIRTIEEW B : SBRENTHE



/A\J_‘X:EEW]]k:Io AT ATI A AT,
2.2 BERERBUERERAIZELAR

EXMREHRATA f B . BRFXESRFER
BORA . WRARILAL HE, MRR LHDRE A FEHOR
. FHRERIEXRILRES, HEZB AKX~ (at_k=F)) A
(at,_k=F) N+ ACata_k =F.DFR; W FRFE W, RE
LR AR HE R A ERRNEEE RE W W, fER
HRETR, B Con(W)OFER W, RBBRERSTH &AM, N
Con(W))=(my_k+P;, k=2xr+1V -\ (m_k+P;,_k=
2% r+1)V (P;_k>r)V ExtraCon,

&KX m;_k+P;_k=2%r+1 83,877 W, BEZERB
W m;, BER. HATEEXTA,m_k WEREEERE 0.Ge
(m,-),Sent(mj) ° ﬁ Pi_k %ﬂ?ﬁﬂﬂﬁﬁﬁﬂﬂ' vﬁ 0<Pi_k<7:

(1)% mj_k=0erlU mj_k+Pi__k Blﬁ?ﬁﬁ%[o,r],%ﬁ
m;_k+P;_k=2%r+1 Ru]BERRIL;

(D mj_k=Get(m;) =3, it 1<y _b<lr, ) 1< _£+-P;
<2 %r,BR, m;_k+P;_k=2xr+1 RAHL;

BEFLERX m k+P,_k=2x%r+1 83.m_k HEER
Sent (m;) ,3XA} P;_k=2% r+1—Sent(m;) =2 % r+1—(2 »
rt1—p=j=Get(m;). BEI ARYE m;_k+P;_k BMEF LIH]
E W, IEBERMER»; BFERE.

MR W, PHELE—MRE, EARIE—FKBBORBHE
WEBHRE REZEWHBMIEEL , W Con(W,) il it 18
il ExtraCon R, XF 2.1 FHH er M ey ExtraCon=
(a_k+P=2%r+1DV (b_k+P=2xr+1), EHRPRETF

R RETEBWEMHRIL 1) =—(A (et _k=F) AV
Con(W;)).
2.3 FMA SMT TR Yices HIEARMIF I EM
HBEARWIL ALLAL W ATER Yices, ¥ HTT
WM. IRAXATHR, W Yices @ith sat, FFAHHLE f
BB R AR R, W Yices Y unsat, MR T B
H— . TG, s, 5 Var_k Var_(+1D)8#H
Var Var 188 T, B Var €V, FEE W i =[WIk A
T ELLADDe oL 8 o+ 1 B 3 k SRR RILL e . XEERATS
BILIW L ALLA D 2 WER O,

3 XBISH

— AR E 41 R 48 (Stock Analysis Service, SAS) 3%
StockBroker , Investor F} ResearchDept 3 MR 45, X &Y
AW W, W, a5 mE 1-E 3 fin. BEfMXELR
T B 5%, Investor K% regist {5 B iK% StockBroker., #
StockBroker FEHEZ K, WAR B reject i B ; % StockBroker
BEZHER MR B accept B, I B & 3% request 1 BiFR
#4 ResearchDept, 2 & ResearchDept ¥ B E ) /3 tr 85 B re-
port Ki%% Investor, Investor W BRI &G ERL TS
RIS FGEE, W &% ack A B4 StockBroker; 7 M &
1% cancel {§ &, StockBroker W E| ack i B )5, B —1 bill
K74 B 45 Investor, 3-[i] ResearchDept & 3% terminate %53
BRE.

B 1 BR% StockBroker %l 2  BR% Investor iE

@Q‘es‘q e %"/
‘

terminate ?
B 3 PR% ResearchDept Bi%{

3.1 W,,W, W, TR XREBBAXMNELG

BB regist (REG) , accept (ACC) , report (REP) | cancel
(CAN) .ack(ACK) , bill(BIL) . reject (RE]) , request (REQ) .
terminate( TEM) 3¢ 57 #9777 3¢ 43 5 24 (1, 18). (2,17, (3,
16).(4,15).(5,14),(6,13),(7,12),(8,11).(9,10), &
atsstyrs SARIET WL, W, HI W, BYSRTIRE, ', st'yrs’ R 5t
BL R T B IE HRE s Pa, Ps, Pr, Pa’, Ps', Pr' 5y BIZRR W,
W, W, BEBRRSREENMEE. BEBEV Hlat,st,rs,
Pa,Ps, Pr,REG, ACC, REP,CAN, ACK, BIL, REJ, REQ,
TEM},

RE s BFIRIREFIERAN IG)= A (at=0) (st=0) (rs==0)
(REG=0)(ACC=0) (REP=0) (CAN=0) (ACK=0) (BIL=0)
(REJ=0)(REQ=0)(Pa=18) (Ps=1)(TEM=0) (Pr=8 A
P1=9V Pr=9AP1=8),

W. Ha, Bl a; WEH T(ao vﬁ)ﬁ[%ﬂﬂij@:

Tag s )= A Car=0) (ar’ =1) (st =) (s’ =7r5) (REG' =18)
(ACC’ = ACC) (REP’ = REP) (CAN' = CAN) (ACK' =
ACK)(BIL'=BIL)(RE]’ =RE] ) (REQ =REQ) (TEM =
TEM) (Pa’=2)(Ps'=Ps)(Pr'=Pr),

¥ W, W, & W, WA IBNREEERRLAG,
BIERZEBLR T(ss):

T(s,s )=V (A Cat=0)(at’=1) (REG' =18)(Pa’=2) A
Sam(V\{at,REG,Pa}))

(A (at=1)(ACC=17) (at' =2) (ACC'=2) (Pa’=3) A
Sam(V\{at,ACC,Pa}))

(A (at=2)(REP=16) (af =3) (REP =3) ((Pd'=10) V
(Pa’=15)) A Sam(V\{at,REP,Pa}))

(A (at=3) (at’=4) (Pa’=6) (ACK'=14) \ Sam(V'\
{at,ACK,Pa}))

(A (at=3)(at =5) (Pa’=19) (CAN' =15) A Sam(V\
{at,CAN,Pa}))

(A (at=5)(at’ =6) (Pa’=0) A\ Sam(V\{at,Pa}))

(A Cat=4)(BIL=13) (at’ =6) (Pa’ =0) A Sam(V\{at,
BIL,Pa}))

(A (rs=0)(REQ=11) (rs' =1)(REQ =8) (Pr' =16) A

Sam(V\{at,REQ,Pa}))

(A Gs=1)(rs =2)(REP =16) (PY =0)) A Sam(V\
{rs;REP,Pr}))

(A Gs=0)(TEM=10) (rs' =2)(TEM'=9) (P¥ =0) A
Sam(V\{rs, TEM, Pr}))

(A (st=0)(REG=18) (s =1)(REG' =1)(Ps' =12V
Ps'=17) A Sam(V\{st,REG, Ps}))
(A (=1 (st =2)(ACC'=17) (Ps’ =11) A Sam(V\{st,
ACC, Ps}))
(A G =8) Gt=D(REJ =12)(Ps'=10) A Sam(V\{st,
REJ,Ps}))
e 131 -



(A (st=2)(st' =3)(REQ =11) ((Ps'=4) A (P2=5) V
(Ps'=5) A (P2=4)) A Sam(V\{st,REQ, Ps}))

(A (st=3)(ACK=14) (st'=4) (ACK'=5)(Ps' =13) A
Sam(V\{st,ACK, Ps}))

(A (st=3)(CAN=15)(st'=6) (CAN'=4) (Ps'=10) A
Sam(V\{st,CAN,Ps}))

(A (st=6)(st' =5) (TEM =10) (Ps' =0) (at’ =ar) A
Sam(V\{st, TEM, Ps}))

(A Gst=4) (st =5) (BIL' =13) (Ps'=0) A Sam(V\{st,
BIL,Ps}))

He, FKERX Sam(V\{at,REG,Pa}) i V H B4 HE az.
REG.Pa 5} KRN EBEARAE , Sam(V\{at,REG, Pa}) = A
(st'=st) (rs’ = rs) (ACC' = ACC) (REP’' = REP) (CAN =
CAN)(ACK'=ACK)(BIL=BIL"Y(REJ=REJ])(REQ =
REQ) (TEM'=TEM) (Ps'=Ps)(P¥' =Pr),

3.2 RESHRZENFIHRIZEAMHK

EARP FEHRERNRARIEREWEBARNEEH
—((at_k=6) A\ (st_k=5) N rs_k=2)), T HR%E W. . 1E4FDIR
STREETBHEMRE Con(W,) =V (Pa_k+REG_k=19
(ACC k+Pa k=19 (REP_k+Pa_k=19)(CAN_k+Pa_k=
1D (ACK_k+Pa_k=19)(BIL_k+Pa_ k=19)(RE]_k—+Pa_
k=19)(REQ k+ Pa_k=19)(Pa_k>9)(Pa_k+TEM_ k=
19,

TS W ESIRETREERSTIBHRGE
Con(W,)=V (REG_k+Ps_k =19)(ACC_k +Ps_k=19)
(REP_k+Ps_k=19)(CAN_k+Ps_ k=19 (ACK_k+Ps_k=
19)(BIL_k+Ps k=19 (REJ_k+Ps_k=19)(Ps_k +REQ _
E=19)(TEM _k+Ps_k=19)(CAN_%k +P2=19)(ACK_k+
P2=19)(Ps_k>9), ¥ P2 ZBREKRE X W, hRE 3 H
PIREBIE S H4 .

YFHES W  ELACRETRRERSEIBNEZLGR
Con(W,)=V (REG_k+Pr_k=19) (ACC_k+ Pr_k=19)
(REP_k~+Pr k=19)(CAN_k+Pr_k=19) (ACK_k+Pr_k=19)
(BIL k+Pr k=1 (REJ_k+Pr_k=19)(REQ_k+Pr_k=
19)(TEM k+Pr_k=19)(CAN_k+P,;=19)(ACK_k+Pl=
1D (Pr_k>9),

FATEEIT 1k =—at_k=6) A (st_k=5) \ (rs_k=2))
A—(Con(W,) V Con(W,) \V Con(W,)),

3.3 Web R % KB40 T LHE

B 4 RiB1T Yices HlE # 8| ARIIWIL ALLAL 97T
WREENZRBE. £1IBRBESWRGEP RS RERTHE
.

A4 BESTREKEEETTE

+ 132 -

1 BESNMRENREAELRER
AEHEMD B EAHES X

k=0 3. 949 0. 002 unsat
k=1 4,074 0. 004 unsat
k=2 4,203 0. 008 unsat
k=3 4,332 0.016 unsat
k=4 4, 460 0. 02 unsat
k=5 4. 589 0,028 sat

EELBF, — 4 SMT BB AE — 4304, L6
CCW11o ALLA e #74E sas_O. smt U . MEEIREE R A4,
M k=5 B, Yices Bt sat, BB k=5 LB RAHER, th
HWATAIR S W, W, A1 W, WA BEERE. X a 5=
1.st_5=5.rs_5=2 &, W, F1 W, D HEE 8 HLIERE, T
W, SR8 KAHE B ACC BE K%, Bt RS HFESUR
. MBRED SR aRENZELBE R

REG! REG? REJ!
(aoy$0s70)—>(a1 50 s70)—>(a ss19 70 )—>(arss5570)

TEM! TEM?
——>(a1,s5,70) ——>(a1,85,72) .

HWIE  FICHESE Web IR 45 R BCR B RFFHIR, R
FARRF RV A SR , 38 H— P2 T 7T 3 2 AR (SMTD
9 Web 4515 0 2% BUR I 7 vk » FOH 25 BoA B 1= BB 4% 4L 02
BT EEHE RS, SRR U T A
ERAATERNERE. B TE-SNASBR P, RS E KR
HEHRE B, LT —2 TS5 BAT 245
i Web fig % 5 BOA U M RE .

& X T

[1] Papazoglou M, Heuvel W. Service Oriented Archite-ctures; Ap-
proaches, Technologies and Research Issues[J]. VLDB Journal,
2007,16(3):389-415

[2] Gacek C,Gamble C. Mismatch Avoidance in Web Services Soft-
ware Architectures[]]. Journal of Universal Computer Science,
2008,14(8):1285-1313

[3] Camara J, Salaun G,Canal C. Composition and Run-time Adap-
tation of Mismatching Behavioural Interfaces[]J]. Journal of U-
niversal Computer Science,2008,14(13):2182-2211

[4] Kongdenfha W,Nezhad H,Benatallah B. Mismatch Patterns and
Adaptation Aspects; A Foundation for Rapid Development of
Web Service Adapters[J]. IEEE Transactions on Services Com-
puting, 2009,2(2) : 94-107

[5] Benatallah B,Casati F, Toumani F. Representing, Analyzing and
Managing Web Service Protocols[J]. Data & Knowledge Engi-
neering, 2006,58(3) : 327-357

[6] Xiong P,Zhou M, Calton P, A Petri Net Siphon Based Solution
to Protocol-level Service Composition Mismatch[ C] / IEEE In-
ternational Conference on Web Services(ICWS). Los Alamitos:
IEEE Computer Society, 2009 :952-958

[7] MKk, ZE%, g, % Web RETHHEAURMHEE TR
(7], Bkf42£3 , 2007,18¢12) : 3001-3014

[8] Dong R,Zhao W,Luo X. Model Checking Behavioral Specifica-
tion of BPEL Web Services[ C]// The World Congress on Engi-
neering, Springer,2008.:198-203

[9] Biere A, Cimatti A, Clarke E, et al. Symbolic Model Checking
Without BDDs[C] // International Conference on Tools and Al-
gorithms for the Construction and Analysis of Systems
(TACAS). Berlin; Springer, 1999:193-207



