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Abstract: To address state space explosion and the inability to automatically generate the BPEL (business process
execution‘language) codes of the existing methods of composing services based on mediators, this paper presents an
approach to verify the Petri net models of service composition by modular reachability graphs. In this approach, the
Petri net models of service composition are divided into sub-models in a modular way, and verify the feasibility of
composition by analyzing the state spaces of individual sub-models, without unfolding to the ordinary state space.
Using this modular technique can avoid the state space explosion. After verification of the feasibility, the paper
proposes a method of automatically generating the BPEL codes of the whole composite service from the Petri net
models of composition. The main idea is to generate the BEPL codes from the fused transitions between the
sub-models based on ECA rules. Finally, an application of the methods is illustrated though a case study.in an
e-business enterprise.

Key words: mediator; service composition; verification; modular reachability graph; ECA rule
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KEIE: AR RS A B E AR AL T A B ECA ALY
HPEE2ES: TP31I XEkFRIRAD: A

0SB 45 R ASE o SN IR 45— MO AN B (kR S v — Ty i T RS TR AT A% A R A A 2 1 N SR
HH T IR 55 A BB T B0, T R T L R 45 46 1) AR O, DS e 4 R 45 - T 2 11 A TG T B AN e 45 (1) B0
Gt 43 3 (A 330 P R AN — B, ¥ SR B 2 BT A ), th T ik LR AT AL 0 HT

F 17, 32 3% H P 4 2% (mediator/mediation) 35 A K i 9 241 4 B 45 22 1) g A DG e P70 BV 3 7% e A A8k
SHUIR 45 4 A 10 TG 2008 B 45 6 A 75 8 4 Brogi %5 ADIH Y T [ 3) 72 /E BPEL(business process execution
language) Ik 45 2 18] 1 A 3% (0 73 3% ARG YAWL AR #BER Nezhad 25 ANFHRE W T —FhEe T @ sh LR
) 5 AR I 55 AT 2, B 8 7 AR T REAEAE B A 2%, RIS XML Schema TETE J7 ¥k B 80 A2 B 45 18]
S WL Martens™3E T Petri WX 45 HEAT @B, 5 N T 38 A7 7T A Bl (communicating reachability graph, i &

K25 IR 5% 60 e 21 d5e g 7 A AT Y A o A 8% K ongdentha 25 AUV 1 7 75 1fi 4 #2 (aspect oriented programming,
fai Pk AOP)HE AR FEABAT I 2 A% & T-rh A 23 20 5 3 %

AT BRI T AR AR AEE W AN T A R (1) Bk, SCHR[5,6] (1) Petri M 538
AR BPEL MRE A& (HIEAE 2 A5 245 445 1 AN A J6E 6 i A A0 RAS R A ), SCR [0 S5 T AR [ 45 7
WRAEIRA A ) J7 HIHE 5 T — L6 B8 (ER A5 A5 4R 52 2R 57 8 2tk () DR 4. DR bk, 75 82 5SROI 1) 7 120 B 4o 5
AR 1) E.(2) o a v 70 3 e B o W S T 95 oA i 75 S 5 010 0l 2 B e 8 o R Bl o A
55 () BPEL i 3, %5 B0 5 th W AR A I S5 41 S A8 R 11 20 e i 24 pl AN 41 2 i T BPEL ARG 9 28007 1.

IR SRR I AN 5T AL, 1 Ge 3 — Fh I T Petri W AR Bk T a2k [ (0 I 45 20 45 B 0F 5 vk, BRI IR 25 4H &
(1 Petri [ R of 1S AR REAT A 53 0], 53 T3 6E #5353 Ky IS P 8 e R SR T 6 P AT 9 A, BT
TE R G5 414 A TR AT AT A B AR A Tk BRI DK 5 4 28 ) T4, 7 200 2 R) 8 A i L g — O T 70 IR 45 4
BT RO N RS ALE Petri PBTRL R R HEE T ECA MU BPEL RIS A ey v, B i =4 R 55
Z VR I A AR AT DA B B A IR 45 %o 4142 11 (% 1 FH Sl /R AR i A2 1o ECA B T AR F TN L1, 00 A
HREBNMELT . B T A SR R, T X — AN S 3 AT Sk U A A ST ki A Ak

1 BREEE B OWFN(open workflow net)iE 1

1.1 FMIAEFRM(OWFN)

H i, BPEL C0J% A $52 1 B IR 25 241 & btk 5 1 BPEL AV 253 72 Hhi IR 25 9 B0 481 BPEL 52 SRRV 25 i e
IR Bk ST 25 o IR 55 3 6 5 5 1A IR 45 BPEL R 5515030 5 LA 98 oy 52 2% 1 R 0 4l X2 4 A 22 A 3 b
NS A% 10O T % BPEL il 45 AT 84K, SCHR[6,9142 HY T JTJBCLAE I W, 1] LA R %) BPEL (K& AT A

HEAT AL, B 35 (receive) (reply) (invoke) (sequence) (if ),(repeatUntily FI{link) TN
4 7F OWFN A4 rp BPEL H 458 41— JBC i A0 D AR I, A 0 42 1) 2 2 4 1 s
%@CJ\JI)‘JE‘KJ?F)?,E&[‘??T?@El"]?ﬁ'B?ﬁ%@é%“fﬁE\%Fﬁ.ﬁﬂﬁﬂﬁ%?fﬁf%)ﬂ f D
BPMN - ‘%H‘J@’fﬁ%gﬁﬁﬂﬁ,wﬂuﬁﬁ H 3k 5k OWEN 10, .
EX 1FRIIERM). AT AR OWFN=(P,T,F,M,,IP,OP, %
Fy, 2L g t C)Ps
@ {P,T.F,Mo} Jy SCHR[11]H K] WFN. ; l:, o
@ IP AN B PEFT G 0 T VaelP, i B x=0. &

@ OP R BT A X T VxeOP,JG B4 x"=0, H IPNOP=0.
@ F'c(TxOPYU(IPXT) i N/H FEFT AT Z Mk REA
WL 1 7R, pasps.pe W R, He b py F1 pe i tH WS B2 T ps NI

Fig.1 An example of OWFN
1 —4> OWFN 17
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BEEFT p1pa BN py 3900 PIBARZS 580 R 1, 29 N SR BA AR ST T8 3R I8, A SCAE I 2 28 5 TEHER /R BPEL i
ZIAGE.
1.2 OWFN &) By 5 5

7F BPEL it R 4% 2 1638 T K974 B (message) /& —4% part B{#% element 584, B0 we s OAT LLsE X AF
message,part 2, element JZ . — MR UL, B/ IR 25 [RIAFAE — AN B0 WS 0000 1) A BRAR & A 4 & — AN ot
H{src,target), FoHF sre J&— 41 BB E 14 B 1 part 8% element, 1Z 31 & BT 7E BT 4 % 22 BT starget J&— 2571 B
o B R ) part T element, 1% 71 BT LE FE BT N #r N E T
R — 45 BB R 1) part 5% element HYILAE — JC 4l (sre, targety ) src BX target 41, LW T A8 BX
S A SCR A5 AR S T B A BT IR BB R — &M BRI H IR Bk ot 2 e seE M B i) part
B element #BVA tHILAEAT A R b3k 30 B e 2 T IR 5% 2 TR IR A8 T, 7E il 5 OWFN A5 I AT DL 20 ms.
ST B S W (sre,target), 73 B AT AE A(sre)=1,A(target)=1;A(src)>1,A(target)=1;A(src)=1,A(target)>1;
A(sre)y>1,A(target)y>1 3% 4 Fiviis 1L W5 A5 45 22 1) S0 e Sk 00 00 o 2, B AT T U\ﬁfﬁﬂtﬂﬁ%ZIEJﬂ']rh BT
(1) A(sre)=1,A(target)=1:% J] K& 3% (forward) A28 3, AR U0 & 2(a) B 7R,
(2) A(sre)>1,A(target)y=1:K Fi & (merge) ! /A48T KA UR TH B (B 340 6 a2 1y, it i 2(b) 7.
(3) Alsre)=1,A(targety>1: R 53 ff (split) th A 2T K5 2 A~ U5 VE (AL 20 4155 1O AV 5L Bl 2(c)
PR,
(4) A(sre)>1,A(targety>1:3% i A T 1) 2008 WLt ] LA ARG A 2 A A(sre)=1,A(target)=1;A(sre)>1, A(target)—l :
A(sre)=1,A(targety>1 [NALA WAL, 2GR B Lk 3 B forward/merge/split H1 /AR IT R 7~ i &1

L.
#> P )
p v pi W PO |
A © Oty T~ p3
4 pzo. ...................... [ : i lz
(a) (b)
- :“> D2
P ,O i
O
........... O 5} '’
p3 y
(c)
Fig.2 Three basic mediation transitions .

B2 3 MR AT

1.3 BRZOWFNHI4ES

ARICEFR n A~ BPEL RS 41 G (W1 T2 45 T a0 Bk E X

EX 2(FIAEFRM E']iﬂ’a'(composmon of open workflow nets, & #k COWFN)). Xt T-25 1) n NI L
fEWM OWEN(i=1,2,...,n) LB AR IR IT, EAII4L A COWFN=(OWFEN,,...,OWFEN, IT,FI),”3 B AL 43 2 :

® OWFN,:(Pi,Ti,Fl-,MOi,IP,-,OP}, FY(i=1,2,...,0) 00 2 5 X 1

©@ VtelT,J&T {forward,split,merge}iX 3 Fh3EH1 >

® FI & OWFNi=1,2,... )5 X\ /4 H i 2 TR b A AR 5E 2 Rl R R REE &

EE 1. 45E n MRS OWFN(i=1,2,....n) LA X T AT RS IT, X n ANMRSHEET IT ZA A TTATHI, Y BAX
ZeEAIM A A COWEN [ n kB G e R, Ep:

(1) VMeR(COWFN M) AFTE—A KA T 5 ofll — M5 iR Mofdifd Mlo>MoH Mo=M.

(2) X THRIR MeR(COWFNMo) H M= Me(45 FRF), K IpeP {15 M(p)>Me(p), B4 pelPUOP,,...,

© PEEREBAEIIFON  hp/ www. jos. o

rg.cn



AE A SR T AT A B 69 IR 540630 E & BPEL KA A A%, 1813

IP,UOP,.
SERE 1 PR R AT BLZs W SCRR[6]. 35 W2 L R :(1) MRS IS H.— B UR L RE S 3E M 45 W5 (2) #E 4
FORS RIS #0R B B Ot ZORE, [F 78 B B A il R A TR R AT HE (RO B Bl B e &5 &k 26 19 7
AR 5 — R4 B 0).

2 ETHERUANAERES AT

H T FRURIR AR R B, QA BT BRI R B VR AR i W o il 8 DA e SR TR RO VR R AR S
BEF SCHR[1 2] AR B — AN R IR0 0 ARG 41L& B8 COWFN=(OWFN,,...,OWFN,,IT,FI)%y 53] A\ A28 5 53 fift 1
FFAG T BT W OWFNC, 43 i A%/ 90 R 44 2 30 P 35 AR 3T 119 Jm) 38 mI ks [ 8 0 AR AT 2 Tl (g o
AR A B R rT s B X R g = A T A IS R (R R R A, B Tk P AT 0 S ke A 2 A il 25 A 2R R R A S T
HEAT AR 2R X e 43 T 73 2 0 55 W T A7 200t o AR SR A mT 0k T ) 55 2 2k

E X 3(H BN T A F AL T 4E 5% M (open workflow net with communication, 5 # OWFNC)). —™if5 /1 4
AT I TAE RN OWFNC=(P,T,F,My,IP,OP,F',C,F"),}: -

© {P,T,F,My,,O,F'} A58 X 1 ITIC AR N OWFN;

@ CRPAZBITHES M TVeeC e=@ui# *=T;3f HVi, & PAFHE 1 j,i#,CnGrD;

® F"c(OPxCYU(CxIP) 24 N/ H i F A AR5 2 Mo RER.

E X 4(F R 1L 7T 3% B (modular reachability graph, & # MRG)). n MRS LIERM A A COWFN=
(OWFNy,...,OWFN,IT,F) P YAl i ikl MRG K — M n+1 T4 (RG,,...,RG,SG), H 1 RG(i=1,2,....,n) &
OWFNC; It i I8 R B Tl ik B ,S G R J Bl 7T 3k B o T 1 9F e T s

(1) RGA(VLEf), ol :(a) (Vi By) 2 1) Bl Vi=R(Mo;) 3% 75 WA T B 1K) T 53 4R B ={(M,,M,,)|[ M, M, € R(M,),
I eTiM[4>M,];(b) A M B A4 AT E G T RITEENRS fE- T (M M)=t, 4 BAUY M [4>M,.

@) SG=(LEN), 3 :(a) (V.E)EAT 11 ,VE R(Moy)x.. xR(Mo, ;E={(My, M) My, M[ €R(Myy),....,M;, M’ €R(Mpy),
e IT:(Mpx.. XMty >(M]x...x M 1}5(b) A7 1] B IR 4D AR 4L 5 IR AE AR 5 LESITAMx.. . xM,,
Mx..x M')=t; 23 HAUE Mpx.. . xMj[t> M x..x M.

B3 1. W COWFN fIREu b ik .

i N:OWFNC(i=1,2,...,n).

iy AL AT IX ] MRG.

Initialization:

Fori=1ton
{WaitingNodes < {M,;},ConstructNode(M,;),SD<};
End for /LA RG, WL 8, WaitingNodes; 7~ T BEAL T PR ASLE A ,SD, MFEBURASES
ConstructNode(My;x...xMy,) /3L SG FIWIUETT A |
Repeat

A\

Fori=lton
While (WaitingNodes #J)
For every Mg WaitingNodes;,>k M " FI GBI & STCT;
If ST=W, then WaitingNodes <« WaitingNodes—{M},SDi<«-SDiU{M};
Else for every teST,
{F ST ST-{t} K M' ,M[t>M',ConstructNode(M"),ConstructArc({M,t,M"));
If M’ g WaitingNodes;, then ‘& WaitingNodes < WaitingNodes, o {M'};}
End while
End for IR RG 53 R 5 R LB B A E O B A AT AN 5 B P A AR IT
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For every teST:  //3K4ATIRES FHERETh A BT K& STIT
If Jope’t, H ope OWFNC; then (3K M| ,M;[r> M|, WaitingNodes<{ M }1;
If 3iper’, H ipec OWFNC; then {3K 1} M, Mj[r> M, ;WaitingNodes«{ M, }];

ConstructNode( M| x M, ); ConstructAre((MixMj,t, M x M, ));

End for I BRE— AN AR EAE SG PR A B

Until ST=Q HHE B EA RN HT,ﬁ/i,uﬂi

SR P AR AR, 1) BT 2k P A KA 5 Dl A s 2 10D A0 e 5 AN R 45 4 B (R R R A% 40 N EEFT . 23 AMRSE 3L
A 4 AR ARE), STHR[S,6] T AL SE AT IA A 3 1497 AN AR 12 281 ANIR(i T B CPNToolst4: i) 1B A
SCIAS B AT A P F5 2 49 AN ASRT 38 AN IR 45 445 B B A mT ok Jel v, mT R FH I 25 R AT IR 45 4
£ BT AT PR IE

BB 1L N SG IR, A R ILHT T AR S AIX LT SRS P AE &S OWENC P58 1 i IR S 54, IR
H X 24 A 1) IR .

B2, N SG A IR A LA OWFNC AR A TR i ok A d ZOIR A W n] 2 RG0S 2O SRS

W3 B RLORESE S TSRS G5 ACRAS A 5%, 08 T AT, 45 )00 36 AR T 4

3 BRE4EESH) BPEL 3F2/KH0 B SR 5T 4 X

FENR S5 A5 B AT AT PRI IE S5, 7 B0t — R AL i R W 95 B 4 BPEL AR RS 3 5 /2 AR 4 I 45 98 I 56 ) I
J g ST AR I (9 I P, P AR A0 I P Pl 1R A7 3 4 BREL o 2 1oy AR 4 5495 10 1) 52 2 P 3 S0 P i A
75 T 2L A 00 R P LS T T RS 24 AL 3 52 2 R 45 41 4 I 7 2 9 BPEL RIS etk
R BEAN 1o LU AL S 2%, HAR D i 47 oy TRAE T 1) 1 95 PO 25 1355 SR ECA I3 BPEL R R AR R AT Bk
o RIGTESE . B T A S A e 3 TR AR tH— IR S5 414 1 BPEL AR5 8 A oy i

\

BPEL process

A Al
- Ercaon

Invoke

.

Invoke A
7 Invoke

or @E - lsy

Service x Service y Service z

Fig.3 BPEL process based on ECA rules
3 BT ECA MU BPEL it i

AR MRS 1 WSDL ST EF 3145 12 LU 5 R (variable)i 51 7 SCXEEHE LR ST X MK 22 B

W 2. PR @EL(M%@%%)E’J%@,%%UWE AR IRl B4R A i ECA MU 4 1R 46 &
(precondition sets).XJT A& i% (forward) 1 /1 483, 9 2(a) ¢, I 45145 & PreCondSet(t))={completion("p,)}, 1 Bl i%
AT Y p B EFEH X B H completion(*p)) % N T (invoke) 5 reply) i #).

I 3 RIER AT B AT AN ECA ML, B1 I8 I (OnMessage) i & 5 W 2544, 15
(assign) T copy i 811 56 J Rk 55 i N/ 0 JEk 2 Tl 1) 504l A% a3 R 4 55 A 4 (merge) T /1 AR 3T F1 53 iR (split)
AT A 4 P B A A 2 AN LR AND B OR, 1T LUK B T 56564k fii 46 ECA T,
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W A BRSPS A A AR B8 IR 55 N 5B 58, SR H (receive) (invoke) R (reply) i Bl i 2L 2 4
B2 AT I H B VR A R I8 I (while) i 8 B 6 A8 N B A A AR ST 1 ECA HLI) 2 A5 CL& AT, 40 2R 9 3,4 BE
1T %8 OB,

WS, ¥ FIRREY BeSE — 4 E (process)(/process) il 3 AT T 45 B 414 5 (19 BPEL i FEARAS . 3 o 45
AN AR 5532 100 sl B e AR BER H (flow) ik B 41 A 4 — 2 A e 41T 3 R 134T

4 SHIHR

4.1 f5IFi AR

NIHI LA eBay JIit 45 R4 = )5 45 55 55 (third party checkout, fiiFK TPC) A 4911k 3 W A% S 7572 ¥ FLAA A i ik
P b eBay o4 3277 R 7 S A L IR R 55, TPC ik 45 S5 I A s A o 60 4 S 4 3 7 A ke 45 4 4t 4D
(9 Zh RE(H iR TR AL IF A AZ T AN SE A LRC . AN T8 A HEA 3 1 20 0 i 4(a) MHET 4(b) T rs.

InitateCheckoutPT: (SecretID) : ;
InitateTPC operation (SecretlD) [nitatePT:
P ReceivelD
operation
(CardToken,ResSecID) \
ReceiveFetchTokenPT: (CardTokeniResSecID,
ReceiveFetchToken (CardID,Passward) Orderld,UserID) GetOrderTransPT:
operation ‘ = - GetOrderTrans
eBay operation TPC
service - service
ReceiveGetOrderDataPT™\ (ResSecID,Orderld,UserID) (CardID,Passward, :
ReceiveGetOrderData OrderData) ReceiveTransDataPT:
operation ReceiveTransData
P operation
ReplyOrderDataPT: (OrderData)
ReplyOrderData (ACK) ReplyAckPT:
operation ReplyAck operation
(a) (b)

Fig.4 Interfaces of two services

K4 ARSI D

eBay R4 HifE: ‘

(1) LR ERMWY), 45 F R R 8, 8 F 45 5 Ik 45 (invoke TPC)Jf: /& 1% % 4= ID(SecretID), LIARAE 22 4.

() ¥k B TPC MW A, H NS EEE M &% K (CardToken) FUKHE SecretID AR ) i % 4> 1D
(ResSecID), ki i ZBUE H ' =5 F% 65 (CardID,Passward):

(3) HZk A TPC I SN Z 82 ResSecID,Orderld F1 UserID.

(4) R[] #.45 B\ OrderData.

TPC 55 Ui

(1) e 42 ID(SecretID) JF 3l H S it FE.

2) WH H P “GetOrderTrans #:4F 381}t CardToken F1 ResSecID,$X Jii Ji 2l — AN FE Wik 3 5= 20 &5 £F iR A
(CardID,Passward,OrderData).

(3) IR R Ack, AR Ak 2 1) 45 2R /s HE oK

4.2 HEFITHEIE
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AR S5 B AN 1 AT A5 S e g

(eBay.SecretID,TPC.SecretID),

(eBay.(CardToken,ResSeclD,OrderID,UserID),TPC.(CardToken,ResSecID)+(ResSeclD,OrderID,UserID)),

(eBay.(CardID,Passward)+OrderData,TPC.(CardID,Passward,OrderData))

MR 29 WS, 23 07 0 3 AT AR, AT AT 1540 &1 5(b) IRk 25 215 B8 COWFNAR G A TR 3l vh v A8
A 32 AT AT 43 0 w] 45 B0 5 A AH B 1) T AR, R AR 0 18] 678 b ALl b, 5 T AR SCI AR Ak ] ok I M) i SRk,
13 205 (A RAL T IK B MRG={RG,p4y,RG1pc,SG}, W 7 Ji7n. i T A G 5 RS M B ZORE A, 5 583k
I SG H KR (1010022 10018)-(P2pepsP12) M (Dap12p16) R I5 , NIXEEIR S T HE RGopay M RGrpe TP 7T
IR A2, SR HH B IR A A [0 TR RS, M SG eh 75 4RI 5 6, JUAR 25 TR MR N o e RS 4 51
IR EORASIE A {apopr) B, T R PIAN IR 25 1 LA AT SE TR A ST 1,05 1 1 10415

eBay TPC eBay TPC
P Pio
Ds P14
h ) 21
P2 pu
DPis
ts
P2
Dis
t6
P17 P13
(a) (b)
Fig.5 OWFN and COWFN models of case
K5 Sl ) OWEN Al COWFEN H 7
RGcBay SG
D1 Pua Pro o
s - ! P t (P2p3P10s
t [ F— I > I a— 4 L7.02D10D14)
(pap12p15:1s,
DPPePsP12)
(Pap1pop12,
l9,paP12P16)
[5)
3

Fig.6  OWFNC models of case

Fig.7 Modular reachability graph of case
K6 Sfiff) OWFNC iRl Bl 7 Sl b b ar ik B
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4.3 A& HIBPELADA B
FRIEASCH 3 1910532, 1 s A RS54 D5 B A &
(variables)

(variable name="“SecretID”,messagetype="...”[)

{/variables)

RGBT AT 17,68 1 19 53 TR HI(OnMessage) i &) AT (1 ECA B JE 2R 2 AR h A AR 5T 17, AT AT
FWF I BECA MUFEX ¥ BPEL 4UH5:

(onMessage partnerLink="eBay” portType="Initate CheckoutPT” ,operation="Initate TPC”,

variable="“SecretID”)

(assign)
(copy) (from variable=“SecretID”/) (to variable=“TPCSecretID”/) {/copy)

(lassign)
{/lonMessage)
e J5, AT P AN R 55 w16 R FH 35 Bl B ARG XS 7 0 % v, A2 i BPEL G AR S HoAdsdin TPC R %5
(sequence) \

(while condition="t; true”)
(invoke partnerLink="“TPC” portType=InitatePT” operation="ReceivelD”,

inputVariable=“TPCSecretID”) (/invoke)
(/while)

(Isequence)

AR E R R, R AT LR A SE45] oh eBay A1 TPC [ g5 414 9 BPEL A AAT ARG 4 s A il Ay AR B A ST

5 HEXIESH

HIT R IEAT B, 1 4t T AR SOy 025 [ A A JE T rh A 38 55 40145 05 58T LA ST BPMIN R UML 3% )
B A AR I A T A AL & T iU > Oy L e 4 R, 2 B L B A4 '

(1) SR RIETT A B A B Petri 1925 T8 04 (¥ 7775 5 BPMN Hl UML 2841 JE AL 74

(2) 4570 BPEL 2R i M B ik #5X BPEL it B IRALHLAN scope 45 44 b4,

(3) 7375 18 BPEL 41L& A L8 AR B P ANG AT AR, 10 28 LAFE 58 T 2 /NBPEL 1A H.

(4) AT AA AR S ) AR ) .

(5) A ALLA B LRSS 4 A BPEL U5,

Table 1 Comparison of our approach-and other correlative works

R 1 AT S AHOCHETT T AR (1 B

Correlative works (1) 2) 3) “4) 5
Brogi"! . T YAWL Yes Yes Yes No
Nezhad™! FSM No Yes Yes No
Marteng!! Petri net No Yes Yes No
Tan!® Petri net No Yes Yes No
Kongdenfhal”) N/A Yes No Yes No
Ouyang!"! BPMN Yes Yes Lack of verification capability No
Korherr!'®! UML activity diagram Yes Yes Lack of verification capability No
Our approach Petri net No Yes No Yes

Ty A AE TAR RN 45 0 R 45 B, T 7T R BPMIN I UML 3% 20y U0 R Al 1 488 R RN (R AF
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H T P % 0 55 L5 5 i AR IAT T 5 0 RER (ELT AR TR R A R A 1) B DL ek 2 A5 2% AT AT
BPEL AR (A 2l 4 j 77 125 45 i 1A SCAL AL T 3K AN J7 T AN A2 3 77— Al T BE Ak w3k T 0 ik 55 41 & ]
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I 55 X5k A1 10 A Y g8 A A S A 1 BCA R R 3 e ANl BN T T 1 O RAT B b L 5) T 44 4%
P

TEASCK LA b, R B IR AR ELAG 7 LR AT FU i £ i L5 XML 4385 5 T R HoR, A 2 1
2 TR EH 1 B SR O3 SO I T T T S SO N A 95 AL A1 6 R AR 2R G SRR Y A, M T B A
SCREIR S5 AL A (1 SEBLAT AT

References:

[11  Yue K, Wang XL, Zhou AY. Underlying techniques for Web services: A survey. Journal of Software, 2004,15(3):428-442 (in
Chinese with English abstract). http://www.jos.org.cn/1000-9825/15/428.htm

[2] Benatallah B, Casati F, Grigori D, Nezhad HRM, Toumani F. Developing adapters for Web services integration. In: Pastor O,
Fakae-cunba J, eds. Proc: of the CaiSE 2005. LNCS 322, Heidelberg: Springer-Verlag, 2005. 415-429.

[3] Brogi A, Popescu R. Automated generation of BPEL adapters. In: Dan A, Lamersdorf W, eds. Proc. of the ICSOC 2006. LNCS
4294, Hgidelberg: Springer-Verlag Press, 2006. 27-39.

[4] (Nezhad HRM, Benatallah B, Martens A, Curbera F, Casati F. Semi-Automated adaptation of service interactions. In: Williamson

! CL, ed. Proc. of the WWW 2007. Banff: ACM Press, 2007. 993—1002.

[5] Martens A. Consistency between executable and abstract processes. In: Proc. of the ICTCS 2005. Washington: IEEE Computer
Society Press, 2005. 60-67.

[6] Tan W, Fan YS, Zhou MC. A Petri net-based method for compatibility analysis and composition of Web services in business
process execution language. IEEE Trans. on Automation Science and Engineering, 2009,6(1):94-106. [doi: 10.1109/TASE.2008:
916747]

[71 Kongdenfha W, Saint-Paul R, Benatallah B, Casati F. An aspect-oriented framework for service adaptation: In: Dan A, Lamersdorf
W, eds. Proc. of the ICSOC 2006. LNCS 4294, Heidelberg: Springer-Verlag, 2006. 15-26.

[8] Juric MB, Mathew B, Sarang P. Business Process Execution Language For Web Services—An Architect and Developer’s Guide to
Orchestrating Web Services Using BPEL4WS. 2nd ed., Birmingham: Packt Publishing, 2006. 122—-156.

[91 Lohmann N, Massuthe P, Stahl C, Weinberg D. Analyzing interacting BPEL processes. In: Dustdar S, Fiadeiro JL, Sheth A, eds.
Proc. of the BPM 2006. LNCS 4102, Heidelberg: Springer-Verlag, 2006. 17-32.

[10] Dijkman RM, Dumas M, Ouyang, C. Formal semantics and analysis of BPMN process models using Petri nets. Technical Report,
7115, Brisbane: Queensland University of Technology, 2007.

[11] Li JQ, Fan YS, Zhou MC. "l;iming constraint workflow nets for workflow analysis. IEEE Trans. on Systems, Man, and
Cybernetics—Part A, 2003,33(2):179-193. [doi: 10.1109/TSMCA.2003.811771]

[12] Christensen S, Petrucci L. Modular analysis of Petri nets. The Computer Journal, 2000,43(3):224-242. [doi: 10.1093/comjnl/
43.3.224]

[13] CPN tools. 2001. http://www.daimi.au.dk/CPNTools

[14] Ouyang C, Dumas M, Breutel S, ter Hofstede A. Translating standard process models to BPEL. In: Dubois E, Pohl K, eds. Proc. of
the CaiSE 2006. LNCS 4001, Heidelberg: Springer-Verlag, 2006. 417-432.

© PEER

AT

http:// Www. jos. org. cn



AZ A O T AT X B 69 IR 42043 & BPEL AL A A, 1819

[15] Ouyang C, Dumas M, ter Hofstede AHM, van der Aalst WMP. Pattern-Based translation of BPMN process models to BPEL Web
services. Int’l Journal of Web Services Research, 2007,5(1):26-35.

[16] Korherr B, List B. Extending the UML 2 activity diagram with business process goals and performance measures and the mapping
to BPEL. In: Roddick JF, et al., eds. Proc. of the ER 2006. LNCS 4231, Heidelberg: Springer-Verlag, 2006. 7-18.

[17] Zhao ZK, Sheng QJ, Shi ZZ. An execution semantics of UML activity view for workflow modeling. Journal of Computer Research
and Development, 2005,42(2):300-307 (in Chinese with English abstract).

[18] White SA. Process modeling notations and workflow patterns. Business Process Trends, 2004,3(1):1-24.

B o 325 2 Sk
[1] 5B, EWer?, A HoE Web JIR 55 %0 SCHE B AR W JU 45008 3 A 24 41,2004, 15(3):428—-442. hitp://www.jos.org.cn/1000-9825/15/
428.htm

[17] X&KL AKR, S A UML 3% ) B 8 TAE R AT 15 ST SEHLIE 9T 5k f#,2005,42(2):300-307.

MELA979—), 5,0 M DN U

$f§.ﬂz(19824),%,\@?&&%6}?%@)@1&
VAT, 32 BT 943 T AL, T 1 IR 45 4

?Eﬁ%%%%%%ﬂwgw%ﬁﬂﬂ.

), Petri W) Ji BE K W 2 il
/
SEEIR(1962—), 9 18+ iz S o
O, TR AG  T  i
AAEHE S
'R y
) \\
s ) o
\ =
\ \ - =
) 2
\ )
\ '} P

© hHER

CRPERFFYUIE hup:/ www. jos. org. cn




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [3600 3600]
  /PageSize [612.000 792.000]
>> setpagedevice


