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Abstract Model checking techniques can be effectively applied to the verification of exceptions in Web services compo-
sition, such as feature interaction problems, but the verification process is not fully automatic. In order to improve the
verification of intelligence level, we need to transform BPEL language into the input language of MCTK, a symbolic
model checker developed by us. Based on detailed research on the BPEL control flow, we proposed a formal model for
activities implementation and gave the semantics of the BPEL activities implementation, We then respectively developed
an algorithm for automatically converting the BPEL process to seven-tuple collections and an algorithm for converting
those seven-tuples to input language of MCTK, such seven-tuples included effective information about state changes in

the business implementation process. The results show that the proposed algorithm can effectively verify feature intera-
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ction in Web Services,and support the verification of epistemic logic,

Keywords Model checking, Web service composition, Feature interaction, BPEL
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1 BPEL MR ULEREFEHRITIEX

LZEREAR R 5 (Multi-agent System, MAS) 2837 tnal 76
—H BIA MR BB (Agent) Z I MR E 1189478 , AT SERLM]
BMERET . 30k Web IREBALE B RS sk, B
BRI LUK A Web R 5 W E BUR B 28 SRR 4 U 53 76
REGRGE., . HREAGRRaNASEFHFERER
B AN B8 SRR RERFER TR M. HTHEF
LEE, RATHE B 3 R R ERAT B P RS E
Bol. Ak, BSeiEH BPEL MR AT R R iE s BT
HIAHRIE L.

L1 BHABITHREALERE

BTERATES LM E & RIFFEHITZEL, & 30K
XMZEBFER—-MHENE, S ABENES. &
AEAE o T E SR &% FHEWCGH B, WTE A C RRE R AT
B. AXBEMEEEAE AR FEGITEBEETER
AMREEE SHOHE” AT RARBERER. TR 18
BB BT AT A3 RO — A F T4 BFM(BPEL Finite-state
Machine) : BFM=(Q,0,8,Ps, F), H#1,

Q:RFBRENERES

O:-FrekrTMa R ES, Hhafh.

O. . BETRNERES:

O HBELBHHRES;

O FHERNERES;

S IEBRE OXAXQ;

A:0. X O, X0, Xchannel X dir;

Po € Q:H5RE

FeQ.REREBES.

channel R 5 EARMB R BEE, dir RBEESTH
BRERAAREKLEEF YA, Hit, BPEL §1-i&3)
BIBAT = — A HEST RLTE RS C 2, Bl — L T 6, &R X
Rz RdB-tud. HEAREEERAAN (cur(state),0.,0,,
O, schannel,dir,next(state)) , X T BFHHR, Ffilwe X LA
BRI : cur(state) KR TE S IR IR, 8L 2 1% 3h R FF fh 48
7B BB AR S 5 next (state) BARIE S PAT IR E B & AR
& ;csource_state , dest_state) T 5B RERE N HE 4 .8
B B RS T R RS s wlue(wriable) RNE
HPEMEER sdir(channel) 7R BB P EBAZN T M, M5
BEFERAEEIATREMA,

1.2 BPEL FEHITIEN

HAES.

* receive

{receive) TH B M FL R B9 SR ERAK AR SRR BUE , I HARAF
FREERT. HEABFERAN

(receive partnerLink==I. portType= PT operation=Op
variable=V) {/receive)

Receive IEZIINE 1 B,

-T-
B'1 Receive {53h

Receive TEHEHIIE X
Breceie ={ T| Pi s Pi1 €EQAV E O, A\ cur(state) = P; \ next

(state) =Piry Ac(Pi s Piry) = PT A value(PT) =
VAdir(PT)=IN}
P IGA .
T=(P;,V,e,e,PT,IN,P.11)
* reply
Creply) TG 8h B35 TH B A KA R DI E M T receive TE BT
BWRFIMIHE. HEBES5E 1 —H., EREEHRHA

(reply partnerlink = L. portType = PT operation = Op

vartable=V) {/reply>

Reply iE B HY#E 3L :

Septy ={T|Pi s Pis1 EQAVE O, A cur(state) = P; \ next
(state) =Pi+1 Ac(P; s Piv1 ) =PT A value(PT) =
VAdir(PT)=0UT}

F=HEL I

T=(P;,V,e,e,PT,OUT,P;11)

» [ invoke

(invoke) & BN SRV L % FiAR W25 B 525 A F i & 1B LKA
RO RS . B %5 SC B AT LR B8R 1) S SR -1 R B4 4 B2
RIS invoke 5[F4 invoke, HEAIFLEMAN

{invoke partnerLink = I. portType= PT operation=Op

inputVariable== IV outputVariable=0V) (/invoke)

& Invoke {EZNINE 2 iR,

&2 5% Invoke &3

[F2F Invoke IEBHITE X :

Sirte ={ T | P;s Pec EQ AN IVE O, A cur(state) =P; A\
next(state) =Py N c(Pi s Pix1)=PT Avalue(PT) =1V A dir
(PT)=0UT} A{T: | Pi+1 s Pir2s €EQAOVE O, A cur(state) =
Py Anext(state) = Pirs A c(Piyy s Pivz ) = PT_back N\ value
(PT_back) =0V Adir(PT)=IN}

Jaite = wp vt

T.=(P;,1V,e,e,PT,OUT,P;11)

T,=( Piy1,0V,e,es PT_BACK,IN,P;y5)

« #4F invoke

{invoke partnerLink = L. portType= PT operation=Op
inputVariable=1V) {/invoke)

Ha#EEE 1,

54 Invoke SEFEHIIE X

Oimote ={ T | Pi» Pir1 € QN IVE O, A cur(state) = P; A\

next(state) = P;1y A ¢ (Pi, Py ) = PT A walue
(PD)=IVAdir(PT)=0UT}

[tz o v -

T=( P;,1V,e,e,PT,OUT,P;1,)

E R

» switch

(switch) IEFI SERE MM BTSN, A—4
4 BB P E— M E IS S ST AT . HEAES
BRA
{switch)

{case condition=C, )+++{/case)

{case condition=C, )+*+{/case)
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(otherwise) **+{/otherwise)
(/switch)
Switch {EZ 4N 3 iR,

& o »

B3 Switch 50
Switch FHIE L RIEHA N 5% .
Sveiter =Riecn { Te | Piv P EQAC € Oy A Gy =true A
cur(state) = P; \ next(state) =P, }
Jala o8 oW vt ::
Ti=( Pjsese,Cy =true,erey Prvy)
T,=( P;,¢,6,C, =truesee, Pits)

Ti=C( Pi,e,e,Co =true.eses Pity)

QFRFEFWE—ITRBEZH P, B - B M
%,

* pick

(picdk) G S/F—HHEHF R RH - AN E
L REWTE RENFHMEEEKNES, HERELBERX
R
{pick>

{onmessage variable = m, porttype = PT) +:+ {/onmes-
sage)

{onmessage variable = m, porttype = PT) +-+ {/onmes-

sage)

{/pick)
Pick iGN 4 B .

m(l) m(2) m(k)

B4 Pick &8

Pick T 815 X (B IZTEFE n T {onmessage) {G &) :

Ssict =i { Tul Pis Piss € QA m; € O, A cur (state) =
P; A next(state) Piyy ANc(P; s Py, Y=PTAdir(PT)
=[N}

Jaite o o<

T, =(P;ym; se>es PT,IN, Pis1)

T;=( P;ym; s65¢, PT,IN,P;15)

Tk:( Pivmk ,E,E,PT,IN,P,+/&)

RFRAEF, WE—-TRBEEH, BA - T B g
x.
2 WiEE

AP E B 1 B4 BPEL =4 % IE
PRBOREHBIE R LT AER, Uy ERE 2 F AL
iE#%-tiod A g A MCTK B, #MRIEH A RS . YT
BSR4 BPEL W S W DER touH B B2T:

B G D ) RAME—TE IO T, o0 )RR
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PATIEE IR A L 2 WA g et e . S TFER
JT Ccur(state) , O, , O, O, s channel , dir, next (state)) s B A
PRICTCAL tuplel jIRSE i TR tuple[ 517,
&% B2T B2T(ACT(S),STAT(S))
A H5E Web 4% # BPEL IR
W .EBELTHES
Init Act. Top= (sequence) ; Init Stat, Top=sleep; cur(state) =sleep;
scan from current activity (++<3+-+> to the last activity;
for each element ¢+++3--+) do
{ /* BEDRFEDHPITERREAR */
Act, Top ++ & Act. Push (-++3-+);
OC(reaSee);
Stat, Top ++ & Stat. Push(next(state));
Cur(state) =next(state) ;
H((-++3n-+ Y= {otherwise) U (case))
{ /% EHEHRBARERFEHRED switch » /
do
{
Act. Pop & Act. Top——;
Stat. Pop &. Stat, Top——;
ywhile(Act. Top ! = (switch));
Cur(state) =Stat. Top;

}

If((+++3+++) =(onmessage))

{/* EIRERERESHRER pick »/

do
{
Act. Pop & Act, Top——;
Stat. Pop & Stat. Top——;
ywhile(Act. Top | = (pick));
Cur(state) =Stat, Top;
}
}
Hodr, Act(s) BRiE s, stat () RARRER, “="F R
MFHBRIEE,A=B B H{XY A,B LM, cur(state) &
AREEANEB L THNE I W TRENHRE, EA)
ERXRE KIS BZRTINE send "85 “get ", TR LT BEARAY
REAEERETEGBRSHFCERTRERRS. =4
IEHM 2 X A IEH HE, A SCR AR BEERIE T EREK
LT E, BTFREN LR TEREFARES, HEET
TEEIAL S AR AL , N BRI SR n, T SE B i 18] 5 2%
R O,

Eit B2T Bk v BRI — AT B-Lnd. TR
TAERAERIF BV, A T S — B & ShRHE , B4R
Hh TeM B8, HEERL BT Bk M —4 -t odifE v
As B MCTK U EE#S5r. ERERIFHUN, &
SEHITHN B, RIARAEA CPTIRIE B Z A A 3 4 BT
A H)(variable) FRic P ISR ICZ A mtype G5 . WEESW
4L N none,

HiE TeMUB®RIEE o Mg
/x BB FEERRESIBEANRBRE x/
for each tuple[i](i<{n)

{ Next(state) ; = case
(state=tuple[i]") & (ObsPrm_tuple[i]®. mtype= tuple[i]®).
tuple[i]7

}

/B2 BZHE tuple[i]© =0UT WMTHIEAH m A, 0. » /



for each tuple[j]( j7£i A j<<m<Cn)
{
ifCtuple[ i1 ==1uple[j]1"’) then
/* FEERRE PR R T RBAB. «/
{
next(tuple[i]®. mtype) ; = case
(state= tuple[i]V) &
(ObsPrm_tuple[ i1 . mtype=tuple[j1® ) : tuple[i]?®;
next(tuple]1]¢® . source) : = case
(state= tuple[i]V) &
(ObsPrm_tuple[j1®. mtype=tuple[j]?):
tuple[i]®’. sourceAgent;
next(tuple[i]‘®. dest) ; = case
(state=tuple[i]V) &
(ObsPrm_tuple[j]®. mtype=tuple[j]¥) .
tuple[i]®. destAgent;
}
}
HTFEEFEHE—EXARAMER »—1 Mutd
DARFIMR of HIBTRAMTHAES, BN ERZFHRT
BIEZEHR 0D,

3 ;%

AR ARMNFRME TS AEBNEREN TR
MCTK &30 SCER(8]h R AL 5 R 4L STS M4l fE
FAEMFEZERE, BOUKSTBEAIERH—E 68
h—REZGMSEAB . Bl SRR HZE TR BPEL
R85 HTAL T, 2 5 MR B2T B A 84758
BRF—RIER- Lo B HAAES TPM B BRNRA LB E
MCTK {53, B5# A MCTK, BRI RER. TEREEN
ARXHTEERE TR,

3.1 ERTAMERMNE:

REE L B2T, B 3h 4 sl A9 BPEL B E b In Tt
TTHRFEE, R —/ME R HBD
(sleep, sStotraReqMsg, +++, Tra_TCI, IN, get_sStotraReqMsg)
(get_sStotraReqMsg, sStockquoteRegMsg, -+, Tra_TQO,QUT, send_
sStockquoteReqMsg)

(send_sStockquoteReqMsg, sStockofferMsg, +++, Tra_TQI, IN, get_sS-
tockofferMsg)

(send_sStockquoteReqMsg, sStockNAMsg, «--, Tra_TQI,IN, get_sS-
tockNAMsg)

3.2 MCIK I BB E]

BT AL, MR R A Web R4 H WSDL LR,
MBS #Y (port Typt name) , WE T A 54 H RIAMEBK R
RO, B8 AEEMAEE. K BIERE T2M, 4% ik
LA MCTK S AE S, 88 MCTK #RREIH
HABEERTEE, FTERFH—/MFRBRBD -

VAR
state; {sleep,send_StockquoteReqMsg,
get_StockofferMsg, send_StockACKMsg, -} 5
ASSIGN
next(state) ; = case
(state=send_StockquoteReqMsg) &
(ObsPrm_ch2. mtype=sStockofferMsg) : get_StockofferMsg;

1:state;esac;

ERAHEGH, HEERERE N ERE T REEER,
BEeRAGEEE ch2 SR THEBREER, Wt AEH
BERME R

TR R EE AP E R RAB R B
Next(chl. mytype) : =case *++ee+

(state=get_BankofferMsg) & (ObsPrm_ch4. mytype= sBankoffer-
Msg) : {sStock ACKMsg, sStockNACKMsg }

Next(chl, source) : =case

(state= get_sStotraReqMsg) & (ObsPrm_chl, mytype= sStock-
quoteRegMsg) : Trading_PLT;

(state=get_BankofferMsg) & (ObsPrm_ch4. mytype = sBankoffer-
Msg) : Trading_ PLT; Next{(chl. dest) : =case

(state= get_sStotraReqMsg) & (ObsPrm_chl. mytype = sStock-
quoteRegMsg) : Quote_PLT;

RS, 4 chd SEE P HBTRENEAFESH
AEBEZSBERE ET % chl dREENIREE
HAERAREREMALRENEL. AN ABEEAT
UREZGRGFHENBZSE KRG, chl BEHFREEH
HREBNBEERENREXZS RS H, BinE RIEIRE
EHREHE.

4 SLWERSH

TRV ERW 1. 25G A K& % H 77 % i3, Ubuntu
5.04 Linux £%4t. AgentA REFEREA S IR 55 B, AgentB 1L
FKRBEEHRSE H, AgentC RRBAIT (AgentC2 fREF —H
B]1P) AgentDRRAF . RIVEAHERNRNBFFEILST
ALUTF BLIERAIE «

HR 1 FEdi(Deadlock)

ML : AG(a>—EGa)

H,oa REFRERSEBRPFHE—RS. HHAHEE
A—BEREEARMRE, KREERLHEARERE.
HHITERAE LR true, RAAFEFEAR. 4o RER
FIARZS B, B UERT [l B AR E] . AR EZHEI a 14K send_
sStockquoteReqMsg ARZS, B UERT ] 2 1. 223s,

&2 #8442 (Invocation error)

HFE : AG(AgentD. state=send_sCancelMsg —

—EF(AgentC., state=get_sBankapproveMsg))

RS XRBEMER T, WRAFLILRERZS
BEVMBETHERSBEARAETHR. ERERIELEREN
false, Ud BT BB < BRI HE (Y 0] B, BN 76 45 (B #2400, B
SRECEPITSEE ., BIENEY 2. 725s,

MR 3 ETASLM (Race condition)

T : AG (AgentC. state = get _ BankreqMsg — —EF
(AgentB. state=get_StockQuoteReqMsg))

HATE R — BRAT A B B BOE , B B T — R
s EHRISER, E N LR ELRE S MBS BROHRE
WAAR—B R . RIS R false, A BB
EERRETEMBITXSIRETRORAR. RiEafFEN
2. 247s,

R4 FEIIRE (oop situation)
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HTE: AG ((AgentC. state = sleep & AgentC2. state =
sleep) — —~EF ( AgentC. state = send _ sFundRegMsg &
AgentC2, state= send_sFundReqMsg))

M S LR FEXFERIHEL, B AgentC 24 §T
RENREESER, T AgentC2 HRPRA R L X T &
K, AgentC fl AgentC2 HHE NIBEEHRMM S . BWIELFE
H false, WHEH & H BRI AL . BAERTIEDY 2. 1145,

BT B 4 RSB BT, RAOTEEAUE T 0T &R
MBI : AG(chb5. mtype=sApproveMsg— AF(AgentD K
(ch2. mtype = sStockapproveMsg & ch4, mtype = sBankap-
proveMsg)))
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