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Abstract  This paper purposes a scenario-based analysis and verification approach for the Web
Services message flow, in which UML Sequence Diagrams are used to specify scenario-based spec-
ifications and WS-BPEL is used to describe Web Services designs. Firstly the authors analyze a
WS-BPEL specification and automatically extract its message flow model expressed by a Petri
net. At the same time, according to a given scenario-based specification the authors do the simpli-
fication for both the WS-BPEL source code and the Petri net model to reduce the state space for
efficient verification, i. e. removing the activities and process elements which are not concerned
with the verification against the scenario-based specification. Finally, the authors verify the con-
sistency between the WS-BPEL message flow and the scenario-based specification (existential/
mandatory consistency of message sequence) by traversing the Petri net model. A case study is
given throughout the analysis and verification process to illustrate the approach. And a prototype

tool is implemented to support this approach.
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I ORI B s T F. N WS-BPEL 74
S A Sl R BPN AR A [ o A5 e S WL T BT .
1M 45 W 2 A 3 R Y E
3.2 WS-BPEL jH i E R ML &

ASCHE G ORERET R ML M WS-BPEL i
SV Z ] A — bk R R AT R O TR B AE HAH
FHINE BTG ] 1 (receive) 1§ Bl . (reply) ik 31 .
{invoke) 1% 3] . { pick) /G Bl ) onMessage 4} 3 .even-
tHandlers JLER [ onEvent 73 37 DL J % $ 3X 264 5
FoTR MG, HE L H I RGN T E WA
W& , 451 i1 < assign) 1% 30 « Cempty) i 3 F1 ( wait) {5 57
HARRE TN EEEAR 8 OC R,

FCT 7t % Ji WS-BPEL () £ S 4 # > —. (A
FCT Juz bl 1 50 ik o (9 R 25 2 () 458 4 0] .
R FATHE EOCHE Web IS5 19 20k 55 I 2 L BT DAl
HHg T FCT TX.

314y Y Perri ML E & A& Eid
WS-BPEL i #2 19 3 & i 3, 0¥ )t WS-BPEL 1

F B 55 AR DA B3 B A8 HOAH SE s sh F o & L ]
L AT SRR B i BPN B EUT SR AE AR 25 25
V) 3k A 1 1) A, AT LAt — 2B 1A T Ak

AT WA AL 1 e XF WS-BPEL
VRS HEAT AT JF 4 4k faf ik i) WS-BPEL 6% H 3
1% BPN iR 98 J5 XF % BPN FE R k17 4k
T, Zead X WAL AL 13T . BP N B0 A bR 245 2 [ g K
A4/,
3.2.1 WS-BPEL 55 41k {7

X7 WS-BPEL 5 A% 1 £k 17 A8 ) 3= 2243 45 I B
Cempty) I 8 A i AH 56 1936 2h (9 40 ( wait) 3%
3D FCT Jo & DL BB N BRI ) 19 25 14 163 3. itk
AN A Y Cassign) T B B4R R — A X T
WS-BPEL ¥ 5 1 iy Hp — ST R G5 17 T
L.

X WS-BPEL P A% i b faf 25 B an F

(1) ] Cempty) I 2l IR BT A # (wait) 1 3y
{(throw) }{f 3] . {rethrow) J{§ 3Jj l ( extensionAcitivty)
15 201 P B8 AH L 19 B B AR 6 R 5
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(2) BBRPr A /) FCT JuR Ml (invoke) 1 2l H1 /Y
FIRL FCT Jo 5 S0 B BRIT A FCT JuR E i 6k
OB SC 2 5

(3) 5 (scopey TLE P LA eventHandlers
JCE WA AL 5 E S, W HTIZ (scope) TG R 1 4 &
SR IF HA% (scope) TTER I Y BE #2408 ¢ R
RN Z N R B |

(4) G 5 45 #4636 2 09 BT A RS 2 2
Cempty) 1% 3y » W3 8 — 4~ Cempty) 1% 3l A A B 1% 45
P AT 2l I 45 3% 45 70 A G 2 R N Cempty) 1
By 1Y) 5 45 OB OC 3 7% BB 19 Cempty) 16 3l |

(5) W2k Csequence) I 3 1Y P #816 2l o A2 AE —
A Cempty) i 3l H % Cempty) 1 3l /2 4 15 19 I 15
Bl s WK 12 5% 42 4O ¢ R 313X Cempty) T 3l (9 i
KI5 2l 1 I A (sequence) i 8l P BR IZ Cempty) I
3l WRIZ Cempty) 1 3l 2 85 2219 H AR T 30 DR
R ¢ R B 21Z Cempty) 15 31 B 5 4K 36 35 I,
I M (sequence) i 2l 1 8 B 1% Cempty) 1 31 5

(6) 4R AE (sequence) 1 2l P4 #B . ] A 5 4 A~
LAk AH 3 B Cassign) 35 2 0¥ 047, H AT — 4
(assign) I 31 1Y (source) JG & E X H' X} transition-
Condition B B0 K ¥ I JG — > (assign) 1% 3l 19 A8
i, PR J5 — > Cassign) 15 3l H 9 T A Ccopy) TR
% 2 H — > Cassign) 3G sh o, 048 J5 — A (assign) i
Bl b BE AR ¢ R S B AT — A (assign) 3G 3 |,
I J5 M (sequence) i 8l S BR 5 — 1> Cassign) 1% 3l 5

(7 2R — > B 12 1 535 3 A H A T 2l #E 2
Cempty) % 3. W B8 B % 8E 4. 98 05 3h 09 A0 B
(source) JLE 1 H A5 15 3 A ] (target) TG ;

(8) WA if 4y & elseif 43 % . else 4 8% onA-
larm 43 3¢ (9 N 3815 801 & Cempty) 1 81, FLIZ Cempty)
5 B %A (source) T & X, WIFBR 1% 43 3 J (emp-
ty) 16 3l b 1Y 55 4 5 W R Z Cempty) 15 31 (source)
TCERE S M AR B 3% 3 SCR Cempty ) §5 3l A O 6 1%
(1) P55 51 5

(9 7E (flow) 1% 3l N #E » 41 2R N #R Cempty) 1 3l
WA (source) JL R 5E S W BR 1% Cempty) 1 3l . If
% Cempty) 1 2l 1 1 B 422 481 OC R 8 3| (flow) 1
3l b RN Cempty) 1 3 A (source) T &R & X s
£ B8 % Cempty ) 1 AR A 4 42 19 5T 2.

AT UL B AP BR L R ATX WS-BPEL 5 it i
A7 TR X R B ZE AL 7 FRRL I 8 L if A
o3 38 (flow) 1 8l 1 43 3 1 Cempty ) 1 8l 76 HE
AL A S B I L TE T 3% Cempty ) 1 ) 75

AR A B Y IR Bl A7 AR 5 ) WS-BPEL 4%
E SCHAE Ay 4 i A B 58 T 1) i OB O R A R
AR AR,
3.2.2 BPN &1L &

21t 3.2, 1 % WS-BPEL J5 A5 1 46 i . A< 35
Xf 3T Petri BxF WS-BPEL 8 B ji B 2l 2 15 1% i
4 A 3 — 25 19 Ak a7 R0

ALy T IR A A [E] R K ) A g T
FCT Jua, HAE 3. 1 & X i) Petri R4 A, 0]
ARSBR R 43 FCT U3 MR 55 09 e BT 75 i A AR i 4y
FO AR BT 3 1Y Petri AL, #5255, £ T3 224k
fAf L 19 Petri P2k XF WS-BPEL {4 B i H 3l &
B I HA3 310 BPN $RLA AT DLt — 20 174k

TEA AN A5 B 1 BPN #5570 1 4k a7 50 0] 22
i FRATE o P2 k%K.

EX 6. HRET".P>P. T (p)=U,c,t".

EXT. EHHS :P>P.S"(p=U,., t

BRELT" (p) Y EE RNy p- h A 22 39 s H
PRJEFT S ES. BBS (OSSR N p T E
7 s R P T SR

EX S8 HRBT.T=T.T"W=U,c, rpemrp -

EX9. RS T>T.8 (W =U,c. n,emd.

BRELTT (O B 25 R ¢ rp T A AR I S PR I 1Y R
) HAR ST SIS, RS (OMEER K P
A AR B SRR AR S

L 3 AR PAT BUE 25 BR FRATT R A A 3 Y
BPN B8 k47 4 ff. 2 kAo F2 09 45 R A 10
BPN RIS AR Hp P, CP M T..CT &%
— WAL 3 AL TR S S R I 1) T 1Y R RS A
RIS BERB R AG A oy . LATT 5 25 Ak 15 B8 0] v
fro—E X T R A S RO R A Y S
AL I BPN BRI A8 4L X 2L i 6 P s T
I G AR 118 T (B A i 3

(LY peP, p=p'=F — P, =P, Ulp};

file BE AL BR 1 B BR BT A 9 IS 2 B 15 s BRI
A A T R A R T B R I
Blan, 24 4 4~ BPN BRI b % F (exit) 1§ 3l B,
(process) JG 2 X W A 21 exited #1124 9157 & fir
L YRR AR S R BATE R Z G s — A EPT T A
R B AL S T e B 8 A T AR B L D i
W ATE T — F6 Ak 1 2 SR AAT I AT RE B 9K ST i
RED=%

(2)VpeP,L(p)="abnormal” A p'=T —

P, = P..U{p};
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fE e R — AW AT W AW ET Y Th =T Ul AY(p, €N p, E MP), P, =
2R abnormal 42 FAELE 32425 115X 7 A9 3 3l A 23 P.UG—Up,) N F) = F(zneu A Vpr,xpr
A (source) JC F & S, P L AN 5 2256 UF % 76 8h 2 & Lo L s F Page) 7= F(Poge) Ut — {toea ) » HiHp
B2k, PR 2 B BRX AME R abnormal £z 171 1 {ta ) =T ()

JIT 5 R fifp e A0 4 FI2B R 5 LRI A0 R 4549 . — 4 Pe-
Ve T’ =F—>T,, = T, U }' tri 5T R BT 5 a5 p BRSS9 A O WY IT A J5 4A 1y
fipRE AL R 3 OB AT R T AR AT A AR — A IR T S A — A JE 4k T 5 G &l 10

YERITCAR T B (a) 1 10(h) FIF 7% ) o % 45+ AT Ak BT Sk B4 5 05 (p
(D VpEPEP tEMP A EMP AT (p) | wo).

=1A[S" (P |=1>P = PoyU{pux) N Thii= (6)Vpet'/\pwo,teﬁm/\I'p\zl»

T.Up A F<p>/ =F (pox) N Ylwgre € P P, = P, Ul{p

Fltyp) =F ) ULp) = { pree ) s HH { prc ) = il B« T 2R — /\E‘?Fﬁw RS IR SR

T (p); B Can & 10Co) fir ) s 20 B8 6 B BR % 4 Jir v A5

GO VeeT,pet | T"WI=1N|S"(D)|=1—

(a) (b) (c)
P10 A AL U Y A 5

(D YVpEP,...F(p) =T, P =P—{p};Vte A TF 1R T IR PAT. T LR . 2 Rk
T F() =, T:= T—{1}. R AR, L% E PR R
fERE A 1 B TE 6 v, BT S R AR VA 5% < R 58 24 bR A T 45 B AR BT & IR

AN EESR RSB REES Pl T, i, Yirace€ TRACE,,;,= Jtrace’ € TRACE, , Hitp
':F' B 7 N BPN BERI R 888 BR i A g sk 1Y TRACE, 2k AT 2 IRZ J5 I BPN iRl

J2E T A s MR T FOHHILES.
LA B RIATEE R Z 5 3R B2 R 1 IF K BAEFATUEWT 2S5 =+ 1 Y AT bR AL T 20 3R

PATIXEL BR WRAE — R AT %A 774 BPN ZJG, Vtracee TRACE,,;,= Jtrace’ € TRACE, .
A B e AR, ) 3%k AR o AR Ak, 45 B % WS-BPEL W8 0 90 ] %, Yirace € TRACE,,, = Jtrace’ €

HE T & BPN B, TRACE, . N it . AL UE W] Verace € TRACE, =
AR SCHE AR TRT RS 25 e 28 90 4y BPIN R A Jtrace’ € TRACE, ;. f #& Jtrace € TRACE,,

HIHE B HIE , uEBH I T, Virace’ € TRACE, .\ ,trace’ #trace, P 4 trace —
EX 10, FHE LS. WS-BPEL Petri i ETEA T B T

BPN 5138 5 & TRACE ypy J& BPN th i g AR (1) ARSI 19 8 T IS s kL A ot

HELES. LSRR I 5 ASTE ) b R e s D2 T 1 A

EE 1. Virace€ TRACE,, . i TRACE,,,  A2BTE BPN BT — Az 17 s W 2R % 2 By
S IE BPN A8 3 R Bl 5 & = Jerace’ € T RAERI IR AR R, N BPN (AT i 32 47 #1446 b
TRACE,,, . Jf" TRACE,,, )R J5 1% BPN PP BRIz B 15 05 Bk J5 /) BPN {1938 174K &
S RNDERERRUE S FUE . PN BRARAL 2 Y A 2 73 TRACEHI

WAL e A LB R AR U TRACE, . A .

Fr R BHEAT T AR AR MR — A JEFR R p =D BN
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BPN WALz 7 M ER p . MBR G BPN 191217
WK & . B BR p A 2 i 43 TRACE, I
TRACE, ., ).

HB)  MPE DT FETE =2t A
1£ BPN (AR 159, e (1) — E A 1E TRACE, i)
FEOF Pk b B BR ¢ R 2 i 48 TRACE, Hil
TRACE, ., ).

BERD) B X TR po & TV (p) | =
ISP [ =1 UBBOBHE . AFH 25 oM
I K NVE 194 28 5 1 SR BB O R AN X Petri ) p
55 D e Z MR T 8 3 B 5 1 ELXE T Y € p e
AR TE B R A 255 W AT An] BPN [ 38 47 %5 B 1Y)
FFRAE. U X FARE A A LR [T (o | =
ST =1, UM HE A 0 5t MR
FE L B4 J2E BT 15 ORI AR i 56 R s AN X Petri W ¢ 5
1 et Z AN 1 0 6 R 1) 5 AN, R £ 5K 4 R
TR AE TR T 10 SR I S T RS S 55
DRI GE 2o I B AH N Y TR DR 2D T 5 ¢ R T B
JE BTG R AR AR R A 2552 BPN (19 4F:
a3z 47 %4 B ) = R0 25 B B3R (4) (5) R fifi
% TRACE, 1 TRACE, ., R[Hl.

B X F—NEFTE ] pl =1, K
1€ p IR ARPEAT A RSB p AN ST
MAE BPN ATzt BRAE p € wo. BN ET AN
235 1 TRACE, il TRACE . A [R) » M 5 13 RF 1)
p R&ffif% TRACE, fl TRACE, K.

AR CT) W I B3 11 T 1 R A8 T 5
B B BRI 2P A 2 18 i TRACE, fil TRACE, |,
AN T o B 3% 3K A 1 20 O 40 A AR TR AN S AR
TRACE, #1 TRACE, ., INH].

AL, AR 7 B R & 3 ol TRACE, #
TRACE, .. A A, = 5 &% F J5E. M Virace €
TRACE,= Jtrace’ € TRACE, ..

g5 i s FARIE.

Bl 3. AT SRR TR - DE RO M R 55

PERAZME M55 (LAS) 91 i WS-BPEL 5 A5 7¢
WS-BPEL 2.0 #2525 o ol 555 e R 1%
i) v 2 3k R A Ak 1R 25 SR 1 WS-BPEL JE A% 7E SSCC
W3k v 25 L AR AR RS 19 WS-BPEL 5 5 (1) 3 fif
BB HE IR 55 (LAS) B B B @ sha s, 9 )
5211 BPN BEARIIEAT AL . S i s 25 B RS 2
6] H1 77 AN JEFESY 50 58 ANAR KB T A s bk 31 A
JE T AR 18 AN AR TR A o AT L A S Ak R Y 4
FAnE 11 iR,

T 2.

WA T 1 3 T 3 A Web IR 55 31 80 20 #4556 iE 1769
©
[0
@
@3 1 ey @ @
‘ DL\ 0@
®
AN °
X
TN
12 15 1 @
(9
4
15 ‘
@ o 1D
19 8
(12
1)
2 13
®)

F1L RO MENR 55 23 B A 5 A b B0 4

11 7 BPN BRI AT 6 A th B AR R 1Y
JBE BT 5 5K 3RO B 28 L receive-to-assess, re-
ceive-to-approval, assess-to-setMessage, asses-to-
approval, setMessage-to-reply, approval-to-reply.
B PEFTY A BB — S S DU T A A5 1 Bl
B partnerLink, portType, operation, message [&
PE. 40F R

(1) f(#;) = custormer.loanServicePT.request.
creditInformationMessage?,

(2) f(t,) =assessor.riskAssessmentPT.check.
creditInformationMessage! ,

(3) f(t;) =assessor.riskAssessmentPT.check.
riskAssessmentMessage?,

(4) f(ty) = custormer.loanServicePT.request.
approvalMessage! ,

(5) f (t;3) = approver. loanApprovalPT. ap-
prove.creditInformationMessage! ,

(6) f (ty,) = approver. loanApprovalPT. ap-
prove.approvalMessage?
3.3 HEETIHEMAN Web IR FH B REIE

Ze3d %) WS-BPEL i & Ui 19 23 #r 8 A 5 46 )
Z e AT SR Y 1] gt v 28 B R 56 Uk e UML i
J I R 0 35 T 37 5 B 24 Ry BE T Petri [0 455 784 4
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Bl

i 2009 4F

R WS-BPEL {4 B i Z [A] 1 — Bk, 3 A ] 8 AJ
PAHE - SCHR A T A0 LAt 78 SCHRCA b, A1
AT Petri ARV &0 B (Message Se-
quence Charts, MSCs) Z [A] i) — U1k 55 1E 559 , B 4
SRR SR BT X VA A8 ELGUY A A/ i ] — B .
P UML T 5 MSCs JE AL SCHRCA TR 512
M A SO AT 7 A DR A ST 5 12 1 36 i [

4 FETH

ESCER Y Web IR 55 L 23 BT AR 36k
FHiEEe LELHM Ml — R A T H SSCC (Service
Scenario-based Consistency Checker)®, H: & £ H
FRE A 12 R,

|&| SSCC: Service Scenario-based Consistency Checker L] l‘:”;”lﬁ
File
Console
WS-BPEL: EMas_files\LoanApprovalService.bpel View =
Sequence Diagram 1:  Elas_files\assessorUsD.mdl View

Sequence Diagram 2: E-\las_filesireplyUSD . mdl

Sequence Diagram 3:

Existential Consistency Checking

View Simplified WS-BPEL

® Mandatory Consistency Checking

®» Forward mandatory consistency
Backward mandatory consistency

Bidirectional mandatory consistency

View Generated Petri Net (in PNML fomat)

Transforming WS-BPEL process

[Transforming completed!

View
[To see simplified WS-BPEL proce
[To see Petni net click the “View Ge

Loading files
UWL Sequence Diagram 1: asse
UML Sequence Diagram 2: reply

loaded!

Checking consistency of
WS-BPEL process against
UWL specifications

Checking strategy:
Forward Mandatory Consistency
] m—— >

TITIIII1]

B 12 XRS5 13 T 5 i B D AT

SSCC 1% A i WS-BPEL ¥4 % 3C 4 #l Ra-
tional Rose UML JIfi JF & 34, i 4 2 BPN 2 #1 F
ISAF 45 5, Htp BPN 44 # % PNML ( Petri net
Modeling Language) #% ;.

SSCC iy AL BRI - & 5. P 4R E 18 L
A A WS-BPEL % 3 #1 UML JIiUT & 3¢
fFOIF BT H AT — BOME R E M RN 2L 125
SSCC %:F BPN xf WS-BPEL {§ B #1737, A
SR IR AL . B )5 . SSCC T i) 5 T 37 5 i W 24 3
FT48 8 B — BV Bk, 45 50 R 45 R I 43t BPN
BRI rh R IR 2 g A 5 B T LA — 8L TR
Je FoAfi F Tt 28 SSCC W 3 v [w] ef 45 . P 36
REfdE ] SSCC #& & B A i A 1t SCfF.

Bl 4. BAE BERZUENR 55

B B R IR 55 2 491 . ok B 4 o O 2 S . 5
55 1 LL UML T #l approvalUSD Sy i 24 56 Uk £ 7E
—HPE(E 1), Hodr approvalUSD £ K D, B 56 4iF 78
M55 ia 47 FE v 2 A B D Rl AR 1 B AR Ok 3
L R AME R 55 EAS 43 2w i) s 5250 2 LA
UML Jiii % K assessorUSD #l replyUSD iy 3 24 16
TE 1) Aif 9k ) — Bt o assessorUSD /E N D, s re-
plyUSD 24 D, , Bl 55 0E >4 D, # i85 37 5t G X

B PEAG I 55 RAS If-45 21 mw hif) B0 AE I 55 s 17 2ok A
HEE L, D, IR B 3 (PR HE IR 55 LAS X% 7 1)
M 07 ) J2 75 SRR . AR A SSCC 52 i i H
H BPN A Can & 11 i) fil i 5L F 3 5
YU 2 fir ) Z 8] 1) — SO R k.

B AEZE SRR pros o AR 1 R ORTE A
11 R A 49 4500 1D JP 5.

S 1T EAEALI R R B A R R R A%
HEMR 55 EAS JE45 210 i X — 5 5 10 B2 3 —
878 4197 T R (T

AAAAA

AAAAAAA

SCU 2 i AR AL R AR F B A BEA XU B
il g5 RAS F-45 21 ) B7 X — 377 5% (19 % 4% HF 3 i 3%
Gy stJa R B BB AL E I 55 LAS X% P i)
W S5 3o — 373 55 o 9 2 1] T ) — SR A 3R 20 B AR IR

AAAAAAA
AAAAAA
AAAAA

@ SSCC: Service Scenario-based Consistency Checker. ht-

tp://seg. nju. edu. cn/SSCC/index. htm.
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5 MExI*E

WS-BPEL ( Jz J& 5 3] it & BPELAWS, fi] F&
BPEL) I AL T8 SO A 47 K Web il 55 fF 52 408
9 Z 5T Ty ). Fu %8 A A T2 B 3Pl (guarded
automata) 3Ky BPEL @ a0 Rzl 7 T A
WSAT Horp Tk A Sl 8% A Promela FE7
AT AT DA o A5 7 4G 55 T2 5 SPIN 58 it Web il 45
AW E T4, 55 4 XML % s il XPath £
Promela W) 78 J7 AL SCHRLS I b 047 T IR AT
. W — 2 T 1E {# F F #2108 (process algebra)
K%k BPEL H- i 47 55 4iF : Salatin 58 A fifi f§ CCS
(Calculus of Communicating Systems) 2y BPEL 1%
Fh@ ke ; He {fi i UTP (Unifying Theory of Pro-
gramming)"' %4} BPEL 1935 XY ; Foster % A {fi
JH FSP (Finite State Process) ik BPEL i #al?,
JRSEE T TR LTSA-WS ] 753kt FSP #l MSC
AR B Web IR 55 406 B9 —2hE .

Petri PIE R —Fag A J1 09 V8 x5 947 T ik
BB, H B T4l i& BPEL Jii #% : Schmidt 58 AR}
T M BPEL % Petri M ) 56 42 5 4 JF 9280 T
T E BPEL2PNMY ; Martens fifi | Petri W 2R 5 jiF
BPEL i 2 (1 40 &5 Ouyang 55 A %5 8 T H
BPEL2PNML 3 #t47 )\ BPEL 4 4 iii B Petri M
B i T E B o PNML % XL IR ATk 56
JE T H WoIBPEL f# ' ; Reisig f#f F§ business
process nets (Petri W [ — #f1) 3 & BPEL gt gl
Verbeek 28 \ ¥ BPEL # ¥4 workflow nets(Petri
WO —FO L BR T R 2 B Petri 19 T AE
Hb, R B Petri MW T 503k BPEL Wi fE 19 4H 45
B4 €0, Petri 51,

AR SO A A B3R AR R A [F] U 7E T A S8
HE PR 7 T 1) 2 T o 2y B TR X I S U A
TE /5 ] — B0 55k 5] B, P AN 77 8 AR T A —
FE45t WS-BPEL 1415 . i & ] BPN kX
WS-BPEL 4 B i B 3h d #2, Jf X ix — B Bk 471 1
AT A B /N 1SR bR 285 5 T o (75 6 5 1
15 UAA RS2 B

ASCHE T — B [ 5 T 3 S LA X Web ik
558 B AEAT 0T 5 S 0 5 vk R ST SRR

TR R T A

A SO SRR FE T 5o 2 RRE i b )R 817
(BeAT B IS MR R . JATHE— 2P/ TAE—TJ7
JE BT A 42 R AT O B T S LA P R A SO T
B+ 75— 07 TR 7 3C T 2 75 35 0 T R LA 1 52
b 451
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Background

The Web Services technologies play an important role
for the development and execution of business processes
which are distributed over the network. The verification for
Web Services behavior and composition becomes a problem
that attracts more and more attention underlying Web Serv-
ices. The Web Services Business Process Execution Language
(WS-BPEL), which is a de facto standard in Web Services
standard suite, can be used for behavior description and com-
position of Web Services. So in the past years many research
groups discussed the verification for WS-BPEL (and the old
version BPEL4WS), by using formal methods such as guard-
ed automata, process algebra (e. g. CCS, UTP and FSP)
and Petri net.
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approach UML Sequence Diagrams are used to specify sce-
nario-based specifications, and WS-BPEL is used to describe
Web Service designs. According to a given scenario-based
specification, the authors firstly analyze a WS-BPEL specifi-
cation under verification and automatically extract its message
flow model expressed by a Petri net. At the same time, the
authors do the simplification for both the WS-BPEL source
code and the Petri net model to reduce the state space for ef-
ficient verification, i. e. removing the activities and process
elements which are not concerned with the verification a-
gainst the scenario-based specification. Finally, the authors
verify the consistency between the WS-BPEL message flow
and the scenario-based specification (existential/mandatory
consistency of message sequence) by traversing the Petri net
model.
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