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Alloy-based verification of Web service composition
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Abstract: Service composition was the core problem of service computing, the validity and reliability of service
composition had become the premise of service execution. A method was presented which utilizes the finite state machine
(FSM) to model the business process's state transitions, and described the required properties with Alloy language. Then,
Alloy model was used to formalize the service FSM and the required properties of the system. Finally, Alloy Analyzer
was used to verify the model that whether the required properties were satisfied. It is shown that the method of
Alloy-based verification of the service composition is of good feasibility.
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BRIRSSHEN SRR, VF2 AR e |
WS-BPEL #7512, ifi H CEAE1EAR 2 SLpAE
BT WSBPEL R H], H1fT WS-BPEL £ ik %540
HIEE O B Tk briE . 152 WSBPEL
2RSS H A W IERRTE . A R SR UE AL 25 & 17
RS R G8, WREAELERAT R RS, AT 2 AR
H1MHE S R Bk, fFZERAIE A%
XF WS-BPEL Mk S5 AR AT I A5 20 #r, DA
A RS AR BT AR A w]
RSB YE . IXFELEML S IRAR AT Z s v] LA 3N
EERFNRIR,  RIUEELE A AR S5 HRAT HR IR R TR o

ARCHH T — AR 8T 7, R
Alloy i 5 X} 3T WS-BPEL (414 ARk S5 ek AT 2
B, FFTE AT AR A A SE Al 1 36 R Ml 55 IR AR A2 75 A2
J@YE, e JEAd FH Alloy Analyzer 43 B iZ A5t Sl
KA SRt E .

2 MH=xIE

B AR 45 T SR AU R R R, LSS TR R 5
TIE CLZ8 2 T ) R 2% T H SR AT — AN B ZE (R 5 7 1)
H a1 B 4 O MO A TAE, 324 3Ry
R T IRS A AL FET Petri (. 2T HZh LA
BEREAE 7% SR 1A B Petri M
(colored Petri nets) 1 /7720 iR 55 4H & HEAT 3 A% . 43
FrAISeiE, $2H 7 WS-BPEL $1| CPN FEAL fr i Hl
o IXHFERL AT LA A CPN tools X% M £ 4t (1 7] 35
WHEAT M6 IE ;. Deepak Z5:7E SCHR[ 3] 1 ] FSM
(finite state machines) % B4 &t T.&. HUMSAT 4= i
NV S5 R I AT AT ARES , FFREGIE AT BE 7 AL AN TTIA
HEB Imi A SRR, SCER[4] B 5E WS-BPEL
8 5 #A A SPIN K46 T B % A—Promelaif &,
FAE PR TR G 56 T SPIN SR 23 B iz B L () s 1k
wa k. JEBIAE SR I AR SCHR[5] A SR [ 6]
W, B AT B 41 B (message sequence chart) X B
M T @8, JE# F LTSA (labeled transition
system analyzer) ¥ A~ AR 1) 17 S5 o e AT PROIR S
1t 72 (finite state process), 73 #M#iH WS-BPEL fi 5%
W ASTRE, IR RS b 55 I R A e A FROIRZS 1%
T, BJEARYE 2 AN PRARAS I FRI6UE & 75 BT 7
BA AT A, 0] PASIERAN FRARAS I FE
AR PERGE B S 8 1 o X5 V0 T SRR L AR s B
IR S5 AR R AT ST b, R BN R AR P 1
ARG Hh R I (FPIRAS s AN AT AAS I e S B 1)

R 25RO 27 41 B LIS B 7 B RS E, 1X
FIE AW I EW T G R R, AFRE 2K
A BRI R, 2 IREGUEARE 741, FEHH
AT A BETF IR SCHR[7] K A I8 A5 Iy 2E 72 (CSP,
communicating sequential processes) f& ! f i& Web
MR %% 2 [AISE 4 5C &, FIF CSP I ERERIE X (trace
semantics) fif AL BH i), I CSP 5 ALl T
H FDR SR (1 IEAf ;. Zhao S57E SCHA[8] H A
1 LOTOS & #5815 & M H 32 4% T. 242 CADP¥ BPEL
Wbt 2] LOTOS HEATI0IE;  SCHR[ )M AR A A 36 7
%, FIH Boger #AK56 TH, WS-CoL Al LTL Xf
WS-BPEL /T # A5 5IE .

B R B AT WL, B TARASHL ik & iR
W2 ke —, TR RS B 50 e
() AN 5635 LA R K AR R 30 T R SCRF, axf
FFAAEE 2. TR R E
AR R R TR AL o i RGER, 4
SIS, RN, ARAE AR AU 0 H R0 nT DAA A
R B, XN ATE T RGE A B E
PAEH. SPIN. Boger. SMV. NuSMV. BLAST %
TR SRR i D) TR IR ) K e . BT
25 406 TEAff P B IE 179 = i S AR R R T AR R
B b, SRAIRUE T BT Web %5 4H & 3T H AL
Ee o, BURERT TR R S X E

BT, ASCHEHE A Alloy 18 5 % WS-BPEL
WSS IR — N B A i B A R
WE R G I BB A7 E e R RS ) 5 T
] 200 A R A 5T . 6 Alloy #iiR R 40
BB LU JUANRE R

1) Alloy BB AR A , {1 Alloy AR I = i
R R — i L S PR RGN AN R

2) Alloy HAL AT S5 # 1). ff FH Alloy 1 5 #ifiid
(AR AT LS B — A E 3401 T B SR AR 56
R @, BT ER A AR B0 .
36 AT LAP=AE S 5], s S 5 mT DA — D G A A A
AT

3) Alloy AR P PR o — AN UL PE A R
T 5 R AL AR IR — A RE PR AT
Neo H—MEEWNETAR, EA @ i
RS LSRR Z T AT SR AT R4 O 405 o IX AN
FEAS Alloy JEHIE & F RS T E A EA, i
BT —FiE 5 R IR B 1k

4) Alloy 5 FH PR R R 5 R0 1K . Alloy 155 2



55 22 1

WYOHI%: T Alloy MRS 214 30IE -3

RIRHIR . i RGGHI R R

ET 4 AN R AR AT AN AN Alloy
PrRs A ), (H, Alloy £54 1 BT 4 MR AL
R 9] 2 Ul B PR AT AT 23 AT X 2 N E R A A
Alloy AFHIE S T RS 0

3 WS-BPEL #1 Alloy

3.1 WS-BPEL W EREMITIES
WS-BPEL & H T Web IR % M4LA gtk A&
e, BLSEEL SRR B 3 i iE F M E .
WS-BPEL J&F XML i 5 FIHLE, Bt 7 —#R751
BA R 1 s H Tk 55 A2 AT o, i
A SSHRAR R HATRER B3k, —4> WS-BPEL Mk
2% 1 R A% 00350 43 7E <sequence></sequence> i 25
X, FERAPRZE R <invoke>. <receive>.
<reply>. <assign>. <throw>. <wait>. <terminate>.
<copy>5545 Fa 0l 55 T FEEAT A o
—ANRTFM B E A5 WS-BPEL k.55 i ke
LUR
<sequence>
<!-- Receivetheinitial request from client -->
<receive partnerLink="Client"
portType="buy:BuyBookPT"
operation="BuyBook"
variable="BookPurchase"
createl nstance="yes" />
<!-- Prepare the input for the Book Rating -->
<assign>
<COpy>
<from variable="BookPurchase" part="book"/>
<to variable="BookRatingRequest"
part="book"/>
</copy>
</assign>
<!-- Synchronously invoke the Book Rating Web
Service -->
<invoke partnerLink="BookRating"
portType="bkr:BookRatingPT"
operation="BookRating"
inputVariable="BookRatingReguest"
outputVariable="BookRatingResponse"
/>

[ W

</sequence>
3.2 Alloy B&RiES

Alloy #& H MIT B AR5t TAR4 T 1997 % 1t
B JE OOy, CAE 2 A SUR T N H . Alloy s 5
FRAM—MBEIET, FNEWESHEE
BE . RIESCHER[1 AT 50, Alloy i 5 7E1E & Rid R
71+ SHP R B LRSS B2 AR AR5
[ RE - 110 Alloy Analyzer fEf% A Alloy iE & &
)R B B4 B BN A I 2 AT D . Alloy Analyzer
K B A A IR RIE T, AR5 A5 i A2 1 B
XTI HEAT 73 M7  Alloy Analyzer #2458 F AR Sk
Hsg—A “BimAR” TH, HEALH—/ Alloy
EEMZHEERIER, Alloy Anayzer K45 E B AT
Gz AL PIRR, i E Rk A2
1 2507 B 2 R Tk

Alloy 28 T it RG2S E 2= FE T ik
M —FAGE S . — AN AR Alloy B H— &
%\ signature. field. fact. predicate. assert )7 ]
M. H, signature & Alloy A AL, KR
T—NETFRI4E, TRk ad fidd A, T
field 17 B4R T signature 2 B )% & ; fact NI
XTI signature FRTRR 14 R B, BAT#HRIE signature
Z A AL R predicate & AT LAHE S 501
PRI AR, el LAY A T fact Hh; assert 2T 5,
REFHINERATEWH LS RSEN, FIH Alloy
Analyzer 5 7] LU X IX AT & AT 04 . IR RS
ANl 2 XA B, Alloy Analyzer 4377 A2 AT 2 1%
JEVEI S o

4 Alloy BRSS9

T FIH Alloy X WS-BPEL V. 45 i #2347 5
BT, 72K WSBPEL #1404 Alloy, Ff# F Alloy
Analyzer BT HT. MEIXEREH, ARCIRBMFEHE
FRARZASHL (finite state machine) % WS-BPEL 1))V 5%
R FEHEAT A, B A FRARS YLK iR WS- BPEL
Ml 25 3ok i il 2 R AURT R 326 3 J2 - 5 B PIRAS 4t
&, SRIEMEH Alloy XA FRARASHLA WS-BPEL i3
ITRIR, HE T2 TR R BRI UE I B A Alloy
AT AR, &5 Alloy Analyzer X} Alloy
R AT 3 0, SR A 45 R, Hh ok mr BB
WS-BPEL i () MV 55 i fE A i e Mk 55 75 3K
4.1 M WS-BPEL A &iRF22| BIRIRSH

WSBPEL 551 FRAFARIAFHESZH S (message)
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T AREIMEAH MBI ZH . H% A
WS-BPEL A& k551 K H B, WS-BPEL k551t
38 A 5 R R A S5 HR AR, AE % 47 A S I 1 SR TH
B IR RS T RURE RS R B MR
FPAT R RRIGHEER, i WSBPEL KikH
R 55 B2 S, 1 WS-BPEL I 2 38 i #22 i i 97
SN e iS5 B A« R RIRER 572, WS-BPEL
WSS AR AT LU 2455, SEBLIRSS DhRERI2H
B WSBPEL 7E k55 H B AR b HRRESE A Bt
Ak, T WS-BPEL ARZS AL, I/ H1IX L4175 SR AN
IR SR A EL MU BT 4R 7€ 1T o

T LA B, ASCHR A A BRARESHL T %
Ky WS-BPEL #EAT @M, BEARDIRINT .

1) 4 B AR E IR

FEREA WS-BPEL MV 4R ) e i — A
E SRR, XA g SUHR AL E AR A
<variables> </variables> 2 H' . XLEAF R E X T IH S
RIZRTY, AR T R RO B 2R IE 2 KGR TH R
IR XAt M EAR ) WS-BPEL ML 552 E
S ERT XML SRBIRRTE S8 . 3K L B 2R 7Y
Fesem A BRI Birf S5 SOR AGE T S . 72
KA <reply>. <invoke>AFli<receive>H, 158 T i
MR 2RSS a0 H A B4R LA
At X ANARE AT DL T ARAE LT A AR B
AN B R ROL 2 ROETH B AL

<variable name="BookRatingRequest"

messageType="bkr:BookRatingRequestM essage"
/>

T AR & 5 YA <variable></variable> b5 %5

=1

Z W, %45 &4 4 BookRatingRequest, 4% &5 AIEIH
R 27 BookRatingRequestMessage. it LAZE A FAR
SHFFZEFE LU bookRatingReguestM essage f]
THERA. [FIRE, MREH A AR & AT LS T T
ISENLY/ ISR St

2) REHAHK F

H1 T WS-BPEL MV 55 it F2 AR 22 dl i e Y An
FORTH R TT FOREEALHY, L, MRSSHAR S Tk
5 WA AR BN SR AR IR ES . /£ WS-BPEL #)
YO AR AE — LS A2 PRI 7 R8s Gl ik
THRMEE TR, WL — LS8R 2 HRIE T
ik 55 $0AT 5 R CGE I S W7 AR 55 1R i 2 VE B 5
B XFEARAEAN A B S8 1A, A LAE SCAS R IR
AR FR - WS-BPEL 1) 5 ] <reply>. <invoke>
M<receive>SEHL 1Mk 55 AE S 1 IR S5 1OV B AS HL.
FEA FROARZSHLA, RS &2 Lk 1R,
4.2 NBIRIKZSHLE Alloy B1RES

AL ESCER BRI L S5 b, o
Prandrie A BRSO Alloy ERLE S .

1) & HE Message, I3 M A\ 5 DL A K
HHE

abstract sig Message{ }

abstract sig InputM essage extends Message { }

abstract sig OutputM essage extends Message { }

I/l Input Messages Definition

one sig ClientBookPurchaseMessage extends

InputM essage( }
one sig BookRatingResponseMessage extends

InputM essage( }

RSB FR

WS-BPEL X:4#id]

AR

Receive partnerLink= “client”
portType= “buy:BuybookPT”
operation= “BuyBook”
variable= “BookPurchase”

Invoke partnerLink= “BookRating”
portType= “bkr:BookRatingPT”
operation= “BookRating”

inputVariable= “BookRatingRequest”

Reply partnerLink= “client”

portType= “ReceiveResultPT”
operation= “ReceiveResult”

variable= “BookResult’

. ReceiveBookPurchase °
o SendBookRatingRequest °
o SendBookResult °




HZ2H WIHE: T Alloy R%E A& KIE «5-
one sg BookResponseMessage —extends /NS 1 B A REISORT R 26 B I SR EE E S
InputM essage( } IHEHUH B
I/ Output Messages Definition pred ReceiveClientBookPurchaseM essage[ m:

one sig BookRatingRequestMessage extends

OutputM essage({ }

one sSig BookRequestMessage  extends
OutputM essage({ }

one  sig WS-BPEL BookPurchaseM essage
extends OutputM essage{ }

2) & SUIRZGS State, BEAMIRAS 1 Fan A0 H
BEEHE, HIlEUREHEH FECRES AL,
M HIUEIRAS I N A H v BB N .

Il State Definition

sig State {

input: set InputM essage,
output: set OutputM essage

}

fact initial State {

let so = ord/first | {
No S.input & & No So.output
}

}

3) 1EE NHFIREG, AR REHHM %
i, BRSO R IEE B . (A Alloy BTE 5 8 X
R #5¢ R 7 EARYE A RORSHL AR S H
R ZAANFRE N, 5E 2 Pror.

2 iR 7 A BUIRSHRPIRESEHOC R, e
Alloy 1) 7€ X A8 1 %4t 1] Pred K€ L —4~2)
W, HAZEdn: mBookPurchase #2128
#4174 BookPurchase 1] m ¥ 5., 1fi pre #1 post A%
TAERSOH BT S AN EPIRAS, pre &80 B AT
FPIRZS, post ARFR 1 #MOH B G FPIRES . N Z M

*=2

ClientBookPurchaseM essage, pre, post: State] {
pre = ord/first
post.input = m

}

I IETH B

pred SendBookRatingRequestM essagelm: Book
RatingRequestM essage, pre, post: State] {

one cbpm: ClientBookPurchaseMessage |
cbpm in pre.input

post.input = pre.input

post.output = pre.output + m

}

4) WAAE SUIRASFAR ) AR, H fact B
BT S A58 <3 R 2 1, B el i A\ R
A, I HATFAERFH 2 MRS

/[Transition condition

fact Legal Trans{

al pre: State - ord/last, post : ord/next[pre] |
one m:Message {
(min InputMessage) =>{
ReceiveMessage[m, pre, post]
}else{
SendMessage[m, pre, post]

}
/I not exist two equivalent states

fact NoEquivalentStates{
no pre: State - ord/last |

R KX FZB Alloy EX

A RUREH

Alloy 5& 3L

o ReceiveBookPurchase .
o SendBookRatingRequest °
o SendBookResult °

Pred ReceiveBookPurchaselm:BookPurchase, pre, post: State]

Pred SendBookRating [m:BookRating, pre, post: State]

Pred SendResult [m: BookResult, pre, post: State]
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let post = ord/next[pre] | {
post.input = pre.input & &
post.output = pre.output

}

}
4.3 Alloy Analyzer 387l 555532

WS-BPEL W & FRIE & # 4 2 J5 & N
i /3 Alloy 5 5 i i& OB RL, W RLAE A Alloy
Analyzer £F Xt 75 BLIGUE I J@ AT 00T, B LU 4
Bl R, R SR AE A Alloy #E4T 2L

AR TR @ AT 0 B WSBPEL
PAT 5 LIRS IS B ZORAS . SR IXANEME, Al
H Alloy i LARIA A

assert FinallyEnd{

ord/last.input = InputMessage && ord/

last.output = OutputM essage

}

check FinallyEnd for 9
Horpr, check fir 272 F SR 50 0E— AN & 7E L E YU [
(scope) W I FTAT S48 & 5 2, A SRz 5 2 1k
W, WA ARG RZ, WRZWEE AR
SLH, WS ARSI RG] . BT AR i %
A AT DA A R EEAGE IR a8 1 A BT, B AN AT
0 A] DU A2 B B g SR Aar 25 A 13t 7, IR BAE
KRABIEBTIE Lo I — DR EERRE, T
A8 PE W50 VR R AE — e YO A B A S0 3k AT 95
2k g BT A BCAH L IS, ml ] LA
FEAZO N T A S0 XA @ PE R O . HAZ,
BB AIE 1) J P AT P BEAS AL, R Alloy Analyzer
A AT VG A RS2 6. MR Y5 SCBR[12] £
X /N FER A A L R SRR 25 SR RT DA B S8

Statel State3

BookResponse2

BookRequest| || BookRatingRequest

26K 73 1) bug 7E /1N FE A S5 o gt vT DA 7
Ko FrEA, GIIE ) )8 PR A BT .

MAEI 5k S5 AR XA 7, (56 SATAD fi#
H A%, check iy A&t 125ms (4T /G, RIEA
A=A o BT AR AT 5 1% 8 1 & AL IR, T an SR
H RBP4, ¥ assert i pred, It H AT run
FinallyEnd for 9 XM a4, £t 79ms KIHAT G
A DAS B —ANSe], il 1R . 25 9 MRS S,
B T REZIRE

FRAE 7 5K, 38 AT LUK 56 HoAt (IR S 2 75 Pl
TN T A 20 R SR ARG E 15 B8 R 4 R E B RR
A, run i HERE R AR AR 1S

pred StateReachable[S: State]{

S.input = ClientBookPurchase +
BookRatingResponse& & S.output =
BookRatingRequest + BookRequest1

}

run StateReachable for 5

IBAT JE RISl 2 fros, g0d 5 ASIRES,
KO “Stated” BT H ERIPIRES . tbsh, FIH
check i & AT LUK 5 75 EE90 IR 1K J& M 2 5 L,
RABSL S . fERFHES, WHRiEE
TR AR ASLBURES . 72 Alloy B, XANE
PERT LA A Ny

assert Deadlock{

no pre: State - ord/last |

let post = ord/next[pre] |

preinput = post.input && preoutput = post.
output

}
check Deadlock for 9

i th

BookRequest2 State(

| BPELBookPurchase

K1 s s
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W% JET Alloy MRS H & RAE

State4
($State Reachable_S)

|Cl ientBook Purchase|

|1-mnkRatinchspm1sL{ | BookRatingRequest

|Bonk Requestl

2 AL

Executing “ Check Deadlock for 9”

Solver=sat4j Bitwidth=4 MaxSeq=7 SkolemDepth=1 Symmetry=20

295 vars.81 primary vars. 653 clauses. 110ms.

Counterexample found. Assertionisinvalid. 50ms.

| Smtcﬂ‘ [ State2 ‘ [ State3 ‘ ‘ Stated ‘

| State5 | ‘ Statet |

State7

($Deadlock_pre) StatcB

¥ 3 Alloy Analyzer FE4HIZ 1T 45

& Alloy W & ik 7 X FE— RGOl 78 Alloy
BT HRORN B HH IR SN [F] — PR S I O, RIHT
SRS [FIFEE A SATAI M52, check M4
225k 50ms H1izAT E, RIU=B!, X EiuiEE Alloy
BATULEYE I O WARTESES, 1745 R 3 Fis.

HERE

MR35 20 G R MR 55 T SR A E T L 1 T
A, RS A IS A E . AR T —
Folt i 160 77 VR R 45 20 A AR AT BIE . IR AN TV
50k WS-BPEL ## A BUIRESHL, AR BVIRES
ML 3 38 Ml 5% 3 R 8 328 A2 IS0 U2 i i A otk
AEH; JRTESLEERE 1, (FH Alloy ZERIE kA
i’ WS-BPEL W 55imte; o, A Alloy #iiid &
FIGIERJEYE, ARG Alloy Analyzer 43 #riZ 4%
BT 2 RGP S E

FER R TAE, Kt — SR A A BRRZSHLE)
B, AR IS B bR A RS A Ak,
7E18 F Alloy 53R IR 25 414 o] DUINN 33 b B i
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