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Abstract: As services are developed by independent providers, it is impossible to predict all potential interactive
possibility at development stage. In order to ensure the correct service collaboration, it is necessary to check the
interaction compatibilities among participating services. This paper presents a top-down approach to improve the
reusability of available services and the flexibility of service collaboration based on a decentralized mediation
model. Through failure-equivalent projection, the collaboration process is transformed to decentralized processes,
which facilitates a more efficient pair-wise compatibility check. A mediation-based method is proposed to check if
the compatibilities can be achieved by using mediation mechanism. Algorithms of compatibility check and
automatic mediator generation are also provided. This approach makes the coupling between available services and
collaborative environment more looser, thus improving the flexibility of collaboration while preserving the
autonomy of services.

Key words: service collaboration; session-oriented service; protocol compatibility; protocol mediation
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T 110 5 45 A DA AT 26D A6 I 45 S A 365 506, DA i e 23 A 5N FE AR Js AR A3t 75 2R Ay A 9 2 T 4 ke 49 )
T Y R R IR E A VAT R R RN B ST R e A B B T B A ok R L Th g, O
SOAPP, WSDL UDDIPV & i 4543k« KAl A BRI FE o o R B2 (16 1 11 (10 Sk 3 A (KR 55 R T Sh s,
ANREHR LS B MR T R T S A 1Al 45 38 e gt 6 25 KT R 45 EAT 20 A5 AN L F IR &5 I AL A B g 4
b 8] I B2B 43 A15 2SR A 1 A 285 (0 A e 5 58 S Bl 25 v A7 A5 1 ST 0 45 P 1 1 I P 3 0L — R 2 A
B A AR A T8 s SCHE B 22 1) (9 S AS B R, S B[R] Rk 45 H B 9] U1, RosettaNet ZH 23 48 Hi [ T 1) Ha 1 7
55 B A b B AR R S5 A U 53— 8 I B AN A SEAACAE by IR 4518 SR 3, e S 4 45 R 25 1) 0 SR SR S 7 R4
FCAtb AT FH (IR 55, AT g 25 7 2 A1 18 {1 55

TR 25 B A1 Hp— A (R R A AR 55 1 IR B Y R 45 1) B2 VIR T AR 45 1 B A LA R el 4ok P 2% ) i
(%977 3, A IR 25 Win F R DG T 4 (1t i dlt SRR [ 70 v K5 IR 25 90 A 125 BB 1) IR 45 (diserete service) Fl 2y 146 2 1) il 45
(session-oriented service) P Fi S B L v 1 5 30 I A JC R A 09 2 AR 45 7 105 (0 ) 52 B 4010 T F o W3R IR IR
A RS FL L R, 7 92 0 R P 53 T 9 AL A N/ L DA AN 8 0 20— S PRI R O 2R, RIS 32 IR 25 1 7 i) B L.

B 55 IR 4B P9 25 B 1) A0 £ T L 4o f 4 R 45 A8 T F — SBOME R IR A P 2 38 SR 45 I 5N S IR S5 B 1A ok T
B, 25 5 W (0 R 45 ANAN 5 2 AE SLAS 5 32 00 i N/ 2 U6 2 DI 5 SR (B 1 i 250 0k ), 78 IR 55 140 i 1) )
S YR A [ A 0 S A A 1 I A 95 SR BT I 5 7 920 0 T R0 G R 0 2005 A2 1 A8 e R — 3550 1 R (W DU
P Rk, 25 5 U A (0 6 55 20 A a0 2R A SR AN 5 30 IE A0 U P (R il bl A2 T 80 e % P e

Bl b3 1) R AR SO T R R S B 45 T A AR T B, B T o A 3 T ok S IR 4 LA
(1M 2 PR 7Y, 3 T 3 T 3 T 01 W DSUSHE 25 A 1 9, R P 3 C L A LA R B R 45 4L A A8 B P 1 22 5,
M3 5 T MR 55 AL RO FH 28 5145 T AR 1) b 30 HE 250 I A AR RO TG 28 11 3 A vk,

ARSCIEE 1 AT HTAR OC TAE LR A SO BTmR. 56 2 45~50 4 954y 3 T A X W AR 2 119 R 45 WA 7 v 1
LA R &5 B S8 X AR SC I 7 VR AT B0IE 5 A2 45 T R A i AR I e .

1 #HxIE

TER S AR S 8L 53 ER 2 A R UL RSN 45 T B SR S08 R, R HE s TIRS A G R
fh HPSE I % T K e-flow RAPHE AL T — ANERCE &, DL FR LA IR S5 10 2 SIS AT 55 W s 25 L AT AR 3=
P X RE 51 % SELF-SERV VI o KR W AR 39 1 Jak 2 27 S A0 — A AR 3 2 1) e 45 T ) HE 24, LA
P2P 177 S S I A IR 45 I ARAT SR 10 40 T BERL IR 3 1) IR 25 20 5 vk A P 48— @ BEE 75 UMLEEAT i 2 1K
4 %, I e B 4 WU 3 H Al bR #E, i WS-BPEL. [R] I, % 77 ¥4 FHOCL(object constraint language) >k %&b 55 41
TR . b a3 L8 S I IR 45 40 & 1 U 2 R 2 S P VR I IR 458 1 2 130 B 1) IR 25 AL T Ve 2% 18 A IR
BT RMS S 5 UE R B0, BN 2% L8 R 5 4 A4 14 J5 2508 T 22 Rl (R B 7 18 2 G &R

e 45 A0 DR B 58 A B9 AT g Me Atk 5 — Bk 7 i A AR 22 W 58 AR, WSTR[ 138 B T 28 TAT A J R e 2%,
S AR 25 WA B 7 90 % 05 VA T A BRAR ZS Pl (finite state machine) A AR £54% 0 AE AT AR S5 40 & 1, 1 20 K
H A MRS 8 ORI 45 248 i 4% DR & L% 4k 9 DPDL(deterministic propositional dynamic logic)fiid, i id ) &
DPDL (¥ ] 3 A VSR b A 2 15 A RV 2 AR AL A TR S5 A% TA/E EEE T R A4, kS L0 R AT
055 A5 A A RS 2 18038 A 1T 43 A A 1) ) R SCRIR[1 2140 iR 45 A5 4 — A Mealy HENHLFHET &
1l 77V, 0 i 2 S ME R RS I R 34T S 5 2 RAT h SCER[I3 1R A A BRARZS PN 23135 28 Ik 2% 3E 4T g 45, 1 LA
R BT MR 55 20 G ik R P R S AP 2 — B B R B Uy AR, IR S5 1 B T B A A T e AR AN TR
W45 R AT g, To ikl U e B bR SCik[ 14,1514 5048 B FSP(finite state process),CSP(communicating sequential
processes)® WS-BPEL 5 WS-CDL 47 T AL &, SCHR[ 161048 ] LTS(labeled transition system)##iik 4 /i
TR A MRS AAFAT A3 B EREC) TR 2 g HE AR 5 52 B IR 25 2 10 ) — 800 1) L, AN 2 2 Ak - AR T,
KA A A VRN U A B AR 5 A IR 2% 20 A AT BEARAS A A 2 A B2 IR ORI G R IR VE RS R AE
— R RGN TR A VE R B ARk AN, R AR TR REAT A R A, TR 5% 21 T L TS B S AR S —
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B ERIZBRAR T IR S5 1w ST e AN 38 ] T 0 e A 2l s 53R B IR 25 oF SR IS S BB IR 55 LA 22 1) A
AR 2 S AT DA e — S8 5 (1 3l C AL ) R ST 2R 5K

AT FRATTBE T b B i A7 A 1) 55 Bl A1 (K kT 5o S R £ o A B H AR, Ok
S 2S5 3 DS BL o A R A A PR A A LU R R A 1 s, 55 B AR AH L A SO ook 32 2446 T

T A AR S INIRSS U H AR, R 3L A R A8 H AR O P2P 1 0 A SO 7 SR (W B 1 Bos
() ik B e 95 1 VB ), LA AR D e 55 2L AP AR RS 60 b 4, 5 e 55 2P J0E AT 1800 1) e 2 P A 0, AN T R 2% 8 5 T 5%
AUAFAR S A LA AR I — SO, BRAR T s A VA M B 2% 1k

OB T T I8 I P e A A 1 5 i A 2 R 55 A A 7 T L ok o E AL A AL — BV A A P A
SR B e T AL ) 52 P AR A2 T IE C PR B4R 48 T @ BC 4 19 B 8l 2R R B 4 R G 1 T I
19341 AT RSB M H A5, JF5E T8 B 4% 19 Rk 25 4L 19 58 E R GRUE DA 1) A P

$ e G L A 2 G INE 2D B AR T S5 B R 55 5 DR R BT IR R & OQ 3R A 15 A6 AN 5032 U I 55 241 S5 BRI i
F& N AL N P P A AR SR T ELAE DA bk 530 S AR 55 LA Db A AR A I, Ll SR P L G 4 B T £ S B
AR BRAR T RGBT AR A ST A 0 7 VR A DR I 55 (4 AR R 01 [ IR B8 v 17 A b 18] e 55 b A1
R R E.

Collaboration process

Service 4 | Abstract Abstract | Service B
- interface B |
; interface 4 ~_ ;
I o
i \ \T ] i
| tr ! Yo
PO, Ve
I pS— ./ i
Coinpatibility \ Compatibiility
| check | \ check |

Y
Abstract (?

. ~. -
interface € "*=-—-="" Ccompatibility

Service C

Fig.1 Distributed service collaboration model

(S O W 7/ X

N

2 =3I ANARS I ERIE

AN H bR ECE A A R 55 75 R A AL o AR b B IR E R AR Sk 8 N R BERR T 2 5 EM
IR 4% 22 18] (1 2 6 A8 T3 SRR BV 32 20 5% 28 AR SC A% CSPHTE 35 i 7™ 16 i 4l ik IR 45 B A 7 R . CSP 2 B2 3 5 52
A 2 [A) 4180 ] 5% 1 A8 FLAT b o s SR AT g, 1T LA SR A3 F 23 At IFAT R e A5 b R 5 F AT R CSPH Y
T ZINE S, R I RE AT A A TRk s S — AR T A T DLPAT I AR A RO X R I 5 4 RN
P N SR A B A S BT F B0 CSP IR #4757 25

P=a—P|uX-F(X)\P-1Q|PT1O|P;0|P||Q|SKIP|STOP.

A (prefix): W H —FHAFN o, BN PNPATFAF o R )5 Z IR P A RPATH anP IR —
ANVRE LT R IR 4R, AR 24 02 1T 1 (1) (guarded).

I (recursive): # FX) & — MG T XA X IIH TR IR, W wX-FOXO 4 RGP PAT TRFE X 152 X,

A8 5 P % £ (external deterministic choice):— M RFE AT L% M IEFE P OB $AT, B 0T DL R O R Hiid
PAT , Hak £ th AT ER B e, W2 R POQ.
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P B AE B 5 1L 3% $(internal non-deterministic choice):— /N FE AT LLI% I BERE P A BT, LT LLIZIE O
AR AT LIk RE th iR AR B B voe R PRO.

T (sequence):P;Q K 7s AR B 4% FUGERE P IR HE R B AT, a0 R ke Th, M 4k 2L 34 R O IR 0T .

I K (parallel):P||Q 7Rl I JFAT HRAE, HERE P 1 O KL T-45 5 32 h I AH [A) A 0647 [R 28 e AR P AT Q
HF M EaPnaQ FFS.

CSP H1ids s LT PRI kR :STOP 55 SKIP. . b STOP /R FFEAE B SKIP 2R iR AT 1 2.

I i 4 S AT B AR AR A R B — AN U (trace) 5 L T — AN S8 IR 20 9T 3 7% B0 2 AT A B S 1) A0 3%
traces(P)W & LT — /ML FTE T REMIFILIL M4 A

TER R I A AR 5 T, CSP B RS0 I R a8 58 7. 19 56, CSP KA BN 58 M 0 AR T B 5 b AR B0 S e
71,CSP R4 T F= 5 (R SARAE, AR B £ L IR s S s AR X S HAATL T 0 A 2URE R IR LUK,
SEBHLI A 23 4 5 BOR R S 2RI R AL SR A T Al B 5 T R A S AR It 20 T IR 5% T8 (1 AE B 5 A

FET R IRA S T IN A (0AF B4 R EME TR R R 8 X

REX L(GSCP). 4RIt 55 UM HLRE & XA — A = TCALGSCP=(M,R,Pcriop), 3

1) MBI SRR vh A A8 LA S I B M= {my) L<i<n} ,n@ W B WAL H

2) RS 5 UMEREEI M & R={r{1<i<l}, & M T3 H

3) PeporE X T Z 5 AE I M 6 2 0 099 DA B R, 25 T CSPHEAT R 38 . Peyor I S 77 5 42 2 T2
m(re,r) WL Fh o rse Rome MR 7R TH Bom B A B RIE B r.

h T ARUE IR 55 U A A RS 0 LE A 1, FRAT 145t T BATT BRI 4% A

1) B8R R R R AT A

2) HR 0 TR PR AERT RS 5 UME R — A A (31T TR SRR R H — AN A €5 A B0 8 18 ) ok 58 T i 4%
43 SR A DS e 2 2 v 2R IR 45 B AR vh A A AR S R Sk 3 e A 4 (), T HL B SR 570 S I AR 4RV 3
A A7 M B M ¥ & K& & % . & M & & — A x @ # 47 W
B [ (r1,72)—>m3(ra,r) ) —>SKIPT [my(r3,70)—>my(r2,r3)—>SKIP).

ARG 0 Ry PR 58 S T8 IR Homy B o, T 5 AR A 37 P 2 T ALV By By, TR 4,0 Fer Fil s B 1
TE R IEAH N T B G 7, Wy B TE V0 38 T — 20 AR FE X P DL T, 5 B — A2 R I 8 ok W e 7 S ik
FEAHRRAEEE T IR 45 BB RE D, 2 5104 07 BLP2P ¥ J7 N SE A B ME AL — A2 R #5602 8 e, 3k
ATV 22 3K b % Gy 5 S I8 SC I B R RS (R 155 Y00 ) IR, 3 o B o 4 55— MR PR R 3 5 7 oK

3) dJa A G N HAT LR B X (PNQsX).

HIPEIR S5 K 05X W] LLARAT — IRl 2 O E R AR A /0 — N EERE P LB IR H B0 S50 (R 16 45 73 5.

RIS R AR A B R IR R DG AR IR L

E X 2. X F W AE W W Peyor,Var,ase a(Pepor),Vsetraces(Peyor), 41 ay,a, 17 £ T s, H B A first(a,,s)<
first(ay,s),Ma,<<a,(Wa,>>a,).1X 0L, ik Hfirst(a,s) R R W R FAF £ 7E T PATHL s U T a fE AT ELL s
é‘?}”\tﬂfy&ﬁ‘]ﬁ%‘%”.al«azﬁﬁﬁ%ﬁ%mElj,alﬁ:azzﬁﬁ.ﬁﬂﬁﬂ(al«az) Aﬂ(a2<<a1),UllJa1$Da22_l‘EﬂXﬁﬁ:ﬁf?%
%,%Rj"]aﬂﬁa}

245 T AN RS R A% S A 3 A AEH (O M_ERIE@B)M W) P e LLGE
Tl A 306 A TR S 38 L D s R R BRI A5 471 238 T DU IK BT A VT B 3 L A BB T AR T B
UG K VRGN IR VT BRI A B A5 P AR S ] () B A AR S, W) DI PR 2 e R A H T AT R
7 BT R 20 LR 2 AT A R I R A ST O R] IR O 3 38 B A R 1D A A 5 kB
S R A Y WYL B RN B S A 10 1) PR JEAS LA N B A B I CSP itk

Pcpor=uX-[(Search_Request(C,B)—Quote(B,C)—>X)[1(Book_Order(C,B)—Order_Details(B,W)—
Book_Info(W,B)—[(Order_Acceptance(B,C)—>[(Payment(C,B)—Payment_Confirmation(B,C)—
Invoice(B,C)—>SKIP)||(Shipment_Order(B,W)—Shipment_Confirmation(W,B)—SKIP)])I1
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(Order_Rejection(B,C)—>SKIP)]—>SKIP)].

°

C send search_ C send book_ ]
request to B order to B

[ B send quote to C ] [ B send order_

details to W
* W send book_info
to B

B send order_ B send order_
acceptance to C rejection to C
[ C send payment ] [ B send shipment_ ] @

to B order to W

v

[ B send payment _ ] [ W send shipment _ ]
confirmation to C

confirmation to B

B send invoice to C

Fig.2 On-Line bookstore collaboration example

Bl 2 15 SE A AR T
3 ET GSCP Z N HmAERIE

FEAR S J5 v A b I P A ARG e 4 P2P IR 40 A A UME AR B 5 T 2 A A A M 5 R 457 1 14
AN 55 B2 1 s SCT R ) R £ T A B AR o T S BRI A8 FLASE O A R A SR AT T AR SR 2 i
G T D) ) T AR P I T

TE X 3(DSCP). A7 s ET R 4 B 45 32 1 (4R & DSCP={AP|1<i<n} )t S S5 G H 403 5
IR I [ A 5 IR 55 B2 VR TR N AP=(r,Mg_4p,Ms 4p,Pap). 5 GSCP=(M,R,P crior), W7 :

1) r AR AN G 55 Hz UK 1 £ €4, reR;

2) My 4pM AT T 240 M ETEVE T T B 430 B R s

3) M pMEE T 2T i AWM b BT R GE IR 4 i AR G

4) PupiE ST MG NR S He OV SRR B T 22 AT A BT N SE I RS B A R P p IS SR R T
PRV m(r g r ) R 2m (g, g) RS 3K R0 7R LRI A, T2 R 7m T B A me (MR _apOM s 4p).

53 A1 M REDSCPIIAT i 52 XA Ppc=Papl|Papall- - \Papnon A 8 O I HCH AEAE ]| AN REPRIQ
B, 4 S TR 326 e T SRR . I e A o ) 20 R JUA 2 PAL T3 B R R A T O 4k T Rl — 3 R I R R s
B, P AN RS AT — K B A5 B0 VB T TR 45 HE 2T GSCP A 43 Aii =X W 115 S 1) L Ak e 80 ).

MM 1. BB R PME R RE A GSCP=(M,R,Pcror), VAP=(r,Mg 4p,Ms 4p,P1p), % T Perior TR A m(ryra),
Wk r=rWmeMs 4p R r~r,MimeMpy 4p.

U 1 F R AL &AM AT R h T A e i B AR

FM 2. GSCP BEEAMM(HZE 1).
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Table 1  Projection rules on GSCP
Fz 1 GSCP H3¥ M)

Type Rule
Rule 2.1 Atomic event pm]:(SK[P,r):SK[P proj.(m(rx,rd), r)=SKIP (r£rs A1)
proj(m(rs,ra),")=m(rs,ra)  (r=rs) proj(m(rs,ra),)=m(rs,ra) (r=ra)
proj(P;Q,r)=proj(P,r); (A sllAsn »);  proj(Q.r), here
Rule 2.2 P;0 Agyn =|lj<n! Mgyn(r,17), rieHead(Q)  (if reTail(P)) Agyn —=SKIP  (else)

Asvn =li<i?mgn(ri,r), ri€ Tail(P) (if reHead(Q)) Asm —~SKIP (else)
Rule 2.3 m(rs,ra) P Similar to P;Q

Rule 2.4 PO proj(PllQ,r)=proj(P,r)|lproj(Q.r)
Rule 2.5 PMNO proj(PNQ.»)=(|lica!mp(r,r:)); PV‘?f(P,V)n(HiSn!mQ(VJi)); proj(Q,r)  (r=ro)
) proj(PNO,n=mp(ro,r)=>proj(P,r)1?mo(ro,r)—>proj(Q,r) (r#ro)

Rule2.6 | pX(PNQ:X) | proj(uX-(PNIQ:X).r)=uX-(proj(PNQ:X,r))

R 2.2 B Head(Q)={r | 1<j<n}, 2 AR O T AT 2 4R % 30 (R0 JEL R 3% AR (5 I 26 455 Tail(P)={r | 1<i<I},
WAL 3T T A% P A7 25 R 30 O BB €6, LA, B IR 5 R R 2.5 ol (B e o
F 8 K 1o, T {rilrtron | <i<n} W N BT A5 72 2 PELQ A A4 16 411 €8 m p (o, 1) Flm o (o, 350 S 40 365 V0 326 455 ) 250
TH S Mg R 3E B kA, JH R R $0 C o BIT RS 6 1) 20 S TSR PR UE 23 A1 B VR H R 38 56— 2Pk

S b X S5 ] DA — 5 BT B SR 2.2, 8 SR = s =, DUDAH £ [ 25 S R LA s ) R )
2.5, 46— NGy 3P PR Uk ST LU b WU 7] 25 AR e 32, DDA I P — 26 38 5 ) 20 A1 ) LA s

B 5 13 2 Bl G R 55 B 1010 e AL e 20 4 T SR Peor YRR AT A [ 135 1 (liveness) Al 22 42
(safety), FH 3~ 2 7 QP 1 A0 A mh A0 25 AR 0 2 8 32 5 23 S M SCHR[171,P crror 9 P A AN it B AT LI 45 Ay
(trace-equivalent),if 75 22 2K MUZE 7 (failure-equivalent).

EE 1 WHE S IE RN GSCP=(M,R,Pcyor), I LU 1 FRN 2 Fr 43 2 1) 23 A X W A5 WA b
DSCP={AP|1<i<n}, WG failures(P cror)=failures(Ppc\ady,). 3 1 failures(P)={s,X|s etraces(P)rX e refusals(P/s)},
refusals(P) &I G5 DR FEPYE B A AT A5 s nad M CL B0 H 0 ad 2 FEON) 2 TR T N B T AT [R) 20 <A 4
By NI B R A AT B o, TP E SCRT SRS N T U5 A W E B 1L BRATT G g B L.

SIH 1. BPcror=(PcrorisPcror)Pocl|isn P n R Bl Pp =proj(Pcrorsri) I ALEPpc P X —
NEEME AT

ta>>blae a(proj(Pcroras1)),b€ a(proj(Pcrori>r)}(i=1,2,...,n) (1)

I BF AR i B S ), BT T P =proj(PcroriiPcrorast)=proj(Pcrori V)i (Asn_sillAsyn ri):Proi(PerorasTi)-

W TR A

1) WERr=r), W B AR FATAT {a>>blae a(proj(Pcrorasr)).b e alproj(Pcuorr)) M 22 Z (1) AT

2) WR (rer), AT AR 4 Fis L

(a) re Head(P cryopra)~ri€ Tail(Peyor1)

HRE Ay F Ay P78 ST AT — AN 2 11 [R] 25 9 R R 1% 5 W AR 3 B A AE — D ave aldy, )T
b€ Ay ), 1 a.=b.. T3EH {a>>a,=b>>blac a(proj(Pcrorar)).b € a(proj(Peori-ri) ), B 22 (PSR BT

(b) re Head(Pcpora)~ri# Tail(Ppor:), B 4 :

X T rAEPeport P AT B A b, BAFAE 2R D — AN F b, F0 T BN ()8 T Tail(Peyori ), B b<<b,.

R 17 B (a) LA << (R AR 3 PR FRAT TS W] LAAS 31 28 (D).

(¢) r& Head(P criopa)Ari € Tail(P cprory ), 5 185 0 (b) R 31, 3R AT Tl LAZE 3 A (1),

(d) re Head(P criora)Ari2 Tail(Pcpor: ), IF) I 3 F AW BL(0) B B0 (c), AT AT AR 3 24 (). O

R RIRATL e B 1 R,

E B ) VA 9V SR AE B AT AR P cron, SEHRRE 5 153 B0 1K) 23 A1 X EME SRR A Poc, 1T ad gy S P I TR 22
A MR cor T T B IR HCH 4.
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B 1. =1 B, Peyor=m(ri,r2)—>SKIP.
T, Py =lm(ry,r2)>SKIP, % T r, Py, =2m(ry,r2)—>SKIP, )|
Py | Py =tm(r1.r2)—>SKIP|2m(r1,r2)—>SKIP=m(r1,r2)—>SKIP.
ST ad = {3, B8 Ppc\ad sy =( P, || Py, WA= Py || P, TR AT
failures(p,, || P,, =L ANDLmrora) Am(rsora) ) (m(rer) ), (XX o Py I P, V)i =failures(Peror)-
I 2 RYEY j<I(>1) I, R 45 R AT SR BT
IR 3. M=l WA TRFEP crori FIP crors, AT MEAE LB 2 AR L B Pper, Ppey 73 0 o4 52 )5
13218 3 A1 UE TR, 1T @l gy T @A g0 53 TN I P s FNP o R )20 AR SR 5
1) WERPcror=(Pcrori:Pcror)
Jailures(Pcor)={(s,X)|(s. X (N} efailures(Penor)} (s t.X)Is" (N} e traces(Pesor)AN(.X) failures(Penor2)}
Ppc\ad gy ={[proj(Pcror11):70f(Pcrora:t DI - I70j(Pcror1>1n)ip70j (P crorastn)1} -
AR 1 (W28, 3RATTAT AR 3
Uproj(Pcuoris1):proj(Pcnorasr |- - |[proj(Pcrorisra);proj(Perorasr )1} =
{[proj(Pcror1sr Il -lproj(Pcrorisrn) 1 [proj(Pcrorasr I - lproj(Perorasrn)1} »
XaAsynganynluaAsynZ’%uﬁPDC\anyn=(PDC1\aAsyn1);(PDC2\aAsyn2),)n\IJ
failures(PDc\aAw,):{(s,X)|(s,Xu{\/})efailures(PDCl\aASy,,1)}u
(", X)s" ) e traces(Ppci\aA g )N, X) efailures(Ppc\aA ) } -
R AR B, FRATV A failures(Ppc\ads,,)=failures(Pcror)-
BT T RIRAE LT ] LLR AR S WU AR5 MR, AT e B AT A ) ) 4 S e 7.
2) WRPcror=(PcrorillPcror2)s
failu”es(PCHORF{(S,XUY)\SG(aPCHORlUaPCHORz)*/\(STO—'PCHORl,X)GfaﬂWES(PCHORl)/\
(STaPCHORZsY)efailureS(PCHORZ)}-
X B TR AT B ) BRI R AR 4T T4 BN s vh HEREE & A4 B8 LI AT,
Ppc=[proj(Pcrorir )IProj(P crorasr D1II- - |[[proj(Pcrorisr)|lproj(Perorastn)]
=proj(Pcrori,r)|lproj(Pcuorasr - - lproj(P cuori )l lProj(Perorasr)
=lproj(Pcrori DI lproj(Pcuorisr)ll- - Nproj(Pcuora, r)IIProj(Perorasrs)]
=PpcillPpc2,
failureS(PDC\aAxyn):.failures((PDCl\aAsynI)H(PDCZ\O—’AsyrtZ))
={(s,XUY)|se((aPpci—aA gu NP pca— A gyn2))* A
(N aPpei—adgm).X) efailures(Ppei\ad g A
(N (aPpcr—adyp),Y) efailures(Ppes\oA o)}
?’JaPCHORFaPDcvaAWﬁD P crory= 0P per— A synn Ux&uzlém1FXJi}XL,;gfailureS(PDC\aAsyn)zfailures(PCHOR)-
3) WERPcror=(Pcrori MPcrorn),
failures(P cyor)=failures(P cyory ) Jfailures(Pcryoro)-
XL AT B etk S A 10 Ky UHT
Ppc=[proj(PcroriNPcrore DI - [proj(Perori NP crorasr )]
=[((h<iza!mcror1(r1,7:));proj(Penort,r D)) W <isu! mcnora(r1,1:))iproj(Perorasr )|l
Ih<i<al ?mcror1(r1,7)—>proj(Perori ) (?merora(ri,r) —>proj(Perorasti)]
=[(<isumcror1(r1,7));proj(Perori>r I-- - lproj(Perori>r) 1M
[(l1<isam crora(F157));prof (P crorasr DI - lproj(Perorastn)]s
)
PDC\aAsynz{[proj(PCHORlarl)”~'~Hproj(PCHORlarn)]rl[proj(PCHORZarl)H-~'”prOj(PCHORZJn)]}\aAsyn
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=(Ppci rlPDCZ)\aAsyn=(PDC1\aAsynl)rl(PDCZ\aAsynZ)~
I,
Jailures(Ppc\oA,y,)=failures(Ppci\ad gy ) Ifailures(Ppcr\aA )
=failures(P cyor) )\ Vfailures(P cyora)=failures(Pcyor)-
1X-(Perori NP crora: X)) AT 5 3R [ FE A HE R 2. |
SE B 1 AIE B G A ) 1 N A5 R0 2 8 ST R R 23 A P A IR A A b UM R AR AR AT
Ay AT (¥ 8 AR A TR P A 0 B35 U200 SR ek B 1) 2 BR K S 1 R S BB S g (R UE A5 3
(1 43 A1 2 A A v 2R R B AH R A AT 2 FRAT T T AT 326 S 20 0 V7% 071 A BE A 5 IR 55 E SR ER S 1 5 AT
RS H R T B R NARE T 80T 5 IR B AT RSk, U\Fﬁ?@bﬂ?ﬁ%ﬂlmé
FEFRATH ] b A b UM R 50 2 D 3 AN GRS 1,50 00k Py, , Py, Py B 345 T 10 £ €1 b
FALN Py HE LT HEFR RS NI )25 4 3L CSP ik i 1
P2, =uX-[(?Search_Request(C,B)—!Quote(B,C)—X) (?Book_Order(C,B)—!0Order Details(B,W)—
?Book_info(W,B)—[(!Order_Acceptance(B,C)—[(?Payment(C,B)—!Payment _Confirmation(B,C)—>
?mp,(C,B)—>Invoice(B,C)—SKIP)||(?m,(C,B)—>Shipment_Order(B,W)—
?Shipment_Confirmation(W,B)—SKIP))[1(!m,.(B,W)—!Order_Rejection(B,C)—SKIP)]—>SKIP)].

Receive search Receive book_
requcst from C order from C

Send quote to C Send order
details to W

Send payment Send shipment
confirmation to C order to W

___________

___________

Send invoice
to C

Fig.3 Abstract service interface of bookstore
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LERSL T AT IR G UMER IR Z 5, 752550 DSCP FSZ bR IR 45 (47 g 42 1 34T e 2 P A 8, LA AIE 1E 7 11



1478 Journal of Sofiware A% Vol.20, No.6, June 2009

FREIME R R IX B FRAT) E B B S A 1 se 8 RS L D i e X

EX AS. RS AR — A = T0dLSI=(My 5. M5 s1.Psp) For:

1) Mg s IRSS B A IO AR & M s RSG5 T R ROE T B A

2) Py B 45 A1 10 52 11 D 8L P09 25 12 T L B 6155 4 m e (M, s10M 7).

TEL RS 42 1 (0 e 5 ST, T 56 08 SRS MR 55 452 1Py IR KT AR SRR, BT 55 P p R AT 2 ) A0 8, 0, 4T
WA 8RR I A, S5 2 N SR (TRD B, P 0 328 B 455 TR A1 350 32 485 15 A 1 82 B A 2 480 ) 22 b S R P 1 1
5 HAR A 2 7 R 2 A 5 (adsy,) WE AR 2 AR JE 0 DRSS IR A ) B i 2 A i 3 e 55 4 1
IS MR 55 T8 RS T XU XA T 43 B Py p B R 28 L P

EX S(PAETNFRE). A E MG MRS 1 O P p I AR IR FEP o0, WP o 4| P s AT AEFE RIS BATTIA K, P
ISR M 55 452 11 P P2 W DUHE R 1.

F% 0B U801 2K T ) = A b 24 2R 2123 5 491 JEL 2 0 (unspeecified . reception) FI 4E 43 (deadlock). Hif
FoR e — 7 RIET BN 53— 5 IR E & B G B 5 2 WHE RS AT BUTE — i 1k T AR IR &S JF K
U1 2 PPy T BLJF R 75 L3S0 K 0 R R 8 CSP I 10 G F o B0 A0 0 7 8
[ 25 B — 5 Kb 1 a2 9 ROIR S, 59— 5 0 20 ) I Ak T O 1 B RDIR S X R TR i e — U7 RIE T BVH 5 — 7
RME B BOZI B I SRAT AT —J7 R BE BTN &5 R, R ALG Poyl| PsB o BE NFEBUIRAS.

42 EEMFIHEEE

A BT A R IR 2525 N ZEAS [R] B WA 3 st v B0 3 AR L A8 TSI IR Al i) 19 B 4 B L2 65 384 1 TR
55 TE AR L4572 P AR M CRAIE L TR 45 76 7 [R] 0 Bl B 55 vl 268 R A 7™ A 0 tfe 25 ki L, el T IR 45 10 1 v 1k G
AR B B 25V, e AT 23 T A S0 8 W UL X RE e W) I WM AR A 2% R R 2 R AR AR AT i T R By
VEGLRE 8 LB 3 IR 45 40 A SE BB B B O 28, AN AR W v 0 EL R AR T L S B b, 51 A2 R IS i i 180 22
AT DL 38 BEATL R SR AN, 5 N B 2 w2 AR 45 414 14 AT FH 2381 FL AT DL s iR 45 WA 1) R v

EX 6(AHEE TR E). W1 RAFTETFE Pasediaror 13 P oal|Prsediator |Psi AT LETEBE, A AT A P o R SE
7 1R 25 452 11 P gy TT S FC B 150 S 25 114

5 A P T T P 3 8 5 R S 2 T A 2 A RS ST AR T RS B R R L R R A iR O L A A
TEER 0T AL DA R IR 55 (1 3E BC T 93 5 v v, STk [24,25] 2 0 B T IR 45 2 10 2 [ R P a0 O E B 5. STk [22] 1 &
RULE T35 O Ik R0 2R 40 S I, 6] 388 WA 2 BT T5C 35 1Y) B S A8 I IRV A 48 HE PR 1) 43 A R R IE. STk [21 14
A SRR S ML 20 42 1 Bl iSG3E AT A, L R PRV A T30 D7 3 R IB e ) AN 2 190 G TGV 3Rk ff e ki .
e PE R . R 0 FE R 4B S 55, R G T R A 1R I B O 328 38 08 ok 56 J 3 T 2% A A gt L i v RS
LA BT 2 00 (I ARAR 1) SR AR, FL 5 B 2% BE 0 O(nxm), Fo v jn Flm 43 ) 24 B A B S0k 25 5 B i B ATl it
CSP (1% HE 5 K0 56 A2 B AT SR8 A 2, . 52 2% BE 7T 2 O(n+m). SCHR [26]148 H Pi-Calculus 0 42 11 Pp iS55, B
AR IR T3 SR 1% 7 08 0 2 A58 D0 30 1) 5 2Kk S BIIE e 2% I A i 7R — A0 MR BN A A8 B 45 0
HEAT — WBERAS 25, S0 A AR 52 2% T HLASCR AR AT 75 v R I CSPIX M e ik Wik . BE A7 R e =\ qk 5 vk,
P& w5 P USCRIIE T 25 1) H5 3 B8 7, A TT0 TG 200 R IN A4 PR I 5 O 3R 488 . [ BT, 4 37 A2 T 0 UL D e 200 T A L R A
I LT C A%, R 0 HE AR AS B S5 A — RGBS 2, 7 VA A R H 5 T SO e A SR A e 8 MR A 2 (0 Sk ik
L REAE IS T A AN A2 T O T St A ) A L AR, BRI R DL ST I T

FATVIE AL JE N7 P o FH P gy T (1) Bl R S 284 e 5 300 3 T P 1 250 e 5 P A A AR I RC 28 1) 1 00 A k.

4.3 BEIHiFEE

Po TPy 1) (R R K% 20 AT A 77 THD R 220) L - 45 38 i 28 A0 0% 38 1 B e 5 DL R iR L AT A K 7 2D
AEH AR R T 43 ) 45 H H e S

B WS A 3L P o R P gy 2 1) TR B H AR G R ke el 37, B — T B s BB B I v B el Ja ot ) — 7 i R 367 8
KAiE.
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EX 7. B S RS Maps;, OA>$HMaP<oA s Fe 1, Map sy 0.4={synthi(m,,Mg)|m,e My 04,MscMs g,
1<i<n} 25 H T MM o BIMp o RIS & Mg e 5 m, A7 OO0 ZR I RE W B G synth bR B4 1 T 2T M
KA 1T Bom, 7.

[FIFEHE, Map o450,/ MM 043 My 5B U SE 5

Bl 4 250 T SBR TN MR S5 AL AR p X B FRATR W AR Y E B bR SRR L P R kW
book_order W FVELIE T order_info UL} shipment_info, 7 5B I 552 4] R 42U order_info 1 5L, T AEAT 5K 5
THRWCE B2 S shipment_info L 3 FE 4 vha] LUt G RE 5 52 B iR 25 2 1] 0 2R IE 2 B2 A48 0 AR 1Y
K\(shipment _ confirmation)~ H 2 H17H K\ (payment_confirmation)~ 34 5\ 53 ff (GG 093X book_order .5 T S5
551 order  info F1 shipment_info) LA K Wi FF B (payment 1 shipment). 36 2 45 H T W _E 155 M Fh & 4% 0 5 51

B 1 55 28] P Bk (i O 2R

Receive Receive ]

search request order_info

v
Send quote Send
order_details

book _info

[Send acceptance [ Send rejection ]

®

Send invoice

Receive shipment info

v

Send shipment_order

®

Fig.4 Concrete service interface of bookstore

K4 M_EP)E RS AR

Table 2 Data dependencies of bookstore
2 MRS B OB R

Abstract interface messages Concrete service messages
search_request «—» search_request
quote +—> quote
book_order 4—':: o'rderiin}l"o .
- shipment _info
order_details +—> order_details
book_info <+—> book_info
order_acceptance —> acceptance
order_rejection +—> rejection
payment —> payment
shipment_order —> shipment_order
shipment_confirmation —> NULL
payment _confirmation +—> NULL
invoice <+“———> invoice
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TRATTRR a3 010G 28 ) 3 5 WS A G S B IR 25 1% order_info A1 shipment_info 181l EBUAh % 4% B h
book_order 3 EL AR N5 43453 21,56 T80 1) payment_confirmation 5 I3, @ i #4 3 — AN 19 SR SEIR.

SR H @ FE AL s N, 35 G 28 77 A8 HL XU 2 TS B HHhs 2 A - AL 45 DA R W U v 5 A e F) 1 Y L3 TG
P8 T U SATART — Jy R 3% 1T S, 3 FLAE 75 00 B i 1 5 R 36 B0 A L IR F2 0y . S o b 3 P 28 (9 A7 AE AT 45 )
A WA H.T5 4 T e, AT 5L P o, R Py I 5 25 A8 LS 2SR 23 A W A R K sh 28 AT 4 T I 45t Poy
HIP I 25 A8 HAB A,

TEX 8. Po M Ps 2 0] 1) 50 B AE BN (||;<nPipe_m)/I[Pos acllPsi acl-

1) Pipe_m, 2 ¥ 0 T8 , KA fitt XUT5 B 3500 A8 L 1R B0 0 T 50 WS ob (syneh(m,, M g)) (R BEAS BE B0 6
., BRAFAE— AT B ¥ SN 838 Pipe_m,, FAT i i

Pipe_m,=[(||icnleft?ms;)—>synth—right!m,—SKIP] [close—SKIP].
X mg e Ms,no2m, T AU &% BB H 0 BaiE F R g A7 B, el B O leffs R ol B, F
Horight{5 18 35N B synth 2 5040 WU T8 SCP R syneh o8 5000 AH B SE B DR A #H G Y. PR 98 J8 P BBA7 7E T 8 70 =C
A PR A — R AR P A8 L R R AT RE S AN RO B G T A 23 32), [close—SKIP] 2 SCHJ A £E A8 Had 2
A8 56 JIIN O PV R RV A A T B 5 A e D A R R AT A ik
Pipe_m,=pX-([(||;cnleft?mg)—>synth—right!m,—X]|O[close—SKIP]).
2) Pou acHPsy 438K P o 1 Psy P IR AR BEAT U 5 ok g i
o Vlme aPo (B aPg), 7 mTE SO WL A AT A R 1) B OC 2R 58 SN m=>(|| i<, Pipe_m;.left!\m),nie T4 K #i
Tm I SHCH A5, = SKIP;

o V?2me aP o (B aPg), 45 mAEEHE WL o A7 W TR 9% 2 2 X, ?2m=>Pipe_m.right?m; {5 W),2m=STOP.

3) X H TR NBARAERT /A5 5 FE L8 53 BIAE NI R Pog_acllPsi ac I IR SRR, B IR U AR v 1 S A
VU BRE (Po sclIPst ac) Fo VLA I 41 LR
44 ETFHAREMAERRESEEERZE

PN ARIATRAE, 21 (|l :<Pipe_mi)/I[Pou acllPsi aclBEAT JEBLIN P o, P 156 A2 T I8 T A0 P iSCHE AT

T2 K H.{Xi—/l(”ignpipeimi)//[PO/tAd|PSIiAC]Z:Z?’(‘EZ/_E%Ji P o A1 P AT 33 BE W i3S 25 1)

VX-LR_POAﬂR_PSﬁJ\}EJ"JZ%POMEDPSIE"]XULTI%?}ﬁﬁi,—lﬁ5]5’{%‘PO/LACER_POAQ#,PSLACER_PHQ#,ﬁéﬁ?ﬁ%:

Xﬁﬂ:PoA(giPs/)EP EI‘J/I\%-’S}Wa,R_POA(EER_PSI)EP*BFEE‘J%ﬁﬁ?'Ja',ﬁiﬁﬁ:POA_AC(EEPs;_Ac)EPXﬁ@%%@%ﬁ*ﬁ
Ha" ATEAT AR o7k iE e a Fla" (8 o’ AW FEAT A a'>a" T WH a"—a'). A 5 5 T H8058 500 & X
HPosoacfPsoac

iE A A O A5 AR T 4R IR R AR T VR 3E 1 Posoac M Psioac, AT aPos=aR_Poy,aPs=aR_Ps UL
aPosoac=aR _PosIaPoy 4o, APsioac=aR_PsfoaPs; 4c.

BEP=Po||(|lisnPipe_m)/[PosoaclPsioaclllPs=(lli<aPipe_m)/[Pol|PosoacllPsioacl PsI(11 AL &5 75 %), M races
(P)YaPo=traces(Po4l|R_Poy). Al K # | i& 45 traces(P)T aPs=traces(Ps||R_Pg;) Hl traces(P)T(aPOAiACUaPS,iAC)=
traces((|lisnPipe_m)//[Po4_acllPsr acl)-

B4 (llienPipe_m)//TPos_acllPsr acl:PoallR_PosF1Ps||R_P s ANAEAE LS.

Ji A, BT aP=aPooaPs 0aPoy 4 daPs; ac, Bl M P I AT B AN A7 AE 8 B (STOP) 1 4, |1
(lizaPipe_m)!! [PoaoacllPsioac) & Pos M P 1A 2 I i e

D BLA A A THE Pogac T Psioac e e BCAEAN 10 A1 58 1 3 B 1 bs HETE 3K, B Poyoac=Poi NP, M. TP,
Psoac=Pa NP TP, Py P oy (8P Poo) SRR TR P oaoac(BPsoac) 173 ST U AE, M

PoaoacllPsioac=(PotIPs)TT(Po2l| P )P, [|P2) V(P ol |Pe) ... TP, || Py),

FEr (P ol lPo1 ) (Poal|Pst) 55 S Posoac BN Py TR — 4% SE bR 1828 B 8% A%, L AR G WY 186 T Posoac B PsioacZ 1]
SEHEMIRL AR

AT LG BI,R_PosFR_Pgite Poy K Py (155 M5 TR, 15 P oy B P EL A7 A1 R 1 &5 44 iy B AT LAJG 4448 1L TN
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W Posoac B Pgoac M IE R A G @i M S5 B BB S T Poy M Py I8 T A 28 B M8 A2 (0 58 342 & IR b, fn 1
(licnPipe_m)I[Poa_acl\Psi_ac) P AFLEZERAH B30, 15 (||i<nPipe_m /[P oavacllPsioac] 3 4 AT YU vh 47 4E.STOP
JA, I ZR W] P o 1P g, 75 1% 308 2o 01010 1) 77 2 S B0 A 10 5 L, RIVAN il A2 Wl 3 ) 0 S e A 1. O
TR FRAT 48 R LA 10 I S A A A S A R HE 2 SR R R T BRAT K Py ac RN Py B 4 S A
(K ARl A A1 B 5 PR AR R 2085 FAT IS Poa_ac TPy sl I R AL S b R g — 2% A LR AR HEAT Ao 6. G R
A H AR IR 45 R AAFAEIC DL P os_ac MNPy actIIF IR AL 2 TEAEBI).
HiE L wd Rk A .
NP acll152 3% T HiREp 1Py, 4 clf058 3T B Mo, i85 SUBIE (cnPipe._m);
i :Boolean freeOfDeadLock.
1. while (true) do
2. result py, p; <—MOVe(p,),result_p,, py <—MoOVe(p,)
3 if (result_p,=STOPvresult_p,=STOP) return false end if
4 if (result_p;=NoMovenresult_p,=NoMove) return false end if
5. if (result_p,=SKIPAaresult p,=SKIP) return true end if
6
7
8
9

PU= PP D)
end while
procedure result p,p’ move(p)
q:=firstSubProtocol(p)
10. if (isSequence(q)) hasMoved=false;
11.  while empty(q)=false do
12. result_g,q'<—move(q)
13. if (result_q=SKIP) p:=removeHead(p,q),q:=firstSubProtocol(p),hasMoved:=true
14. else if result_gq=STOP return (STOP,union(q',p,*;”))
15. else if (hasMoved=truevresult g=Move) return (Move,union(q',p,*;”))
16. else return (NoMove,union(q',p,;”))
17. end if

18.  end while

19.  return (SKIP,NULL)

20. else if isParalle(q)

21.  for all subprotocol ¢; do

22. result’:=move(q;)

23.  end for

24. if all result’=SKIP return (SKIP,NULL)

25. else if exist result=STOP return (STOP,union(q;,“||”))

26. else if exist result’=Move return (Move,union(q:;,“||”))
217. else return (NoMove,p)
28. endif

29. else if isExternalChoice(q)

30.  if exist g; isChoosed(g;)=true return move(g;) else return (NoMove,p) end if
31. else if isSendActivity(q)

32.  if canSend(q)

33. p:=removeHead(p,q), result,p’'<—move(p)
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34, if result=NoMove return (Move,p) else return (result,p’) end if

35.  else return (NoMove,p)

36. endif

37. else if isReceiveActivity(q)

38.  if canReceive(q) p:=removeHead(p,q), result,p'<—move(p)
39. if result=NoMove return (Move,p) else return (result,p’) end if

40.  else return (NoMove.p)

41.  endif

42. else if ¢g=SKIP return (SKIP,NULL)

43. else if g=STOP return (STOP,NULL)

44. endif

45. end procedure

TEAZSEVE T BN D S S IS0 IRD 328 % 43 S DIl S0 1R AR SRR R Blmove FH RSP0 L IR $0AT, 32 [
?ﬁ%p'%%ﬁﬁ?ﬂﬁﬁﬁ"]$ﬁ&}ﬁE‘J?Jﬁﬁ.ﬁﬁresult[)]u;ﬁ 4 AL SKIP,STOP,NoMove  Move. ix £, 1 e 5 AN 1)
AR IR (B SKTP, Ut W 5 5 #8 2 J D 0T 5¢ B8, W L AT AN AE SE A WUERAT A — U7 3R (Bl STOP, 583 Wi 25 #R Sk 14
AT (R [7 NoMove), W H: A B AFAE BEB. B8 Bl canReceive M canSend 53 57) F A 25 AR M. (149 714 J2L 30 38 IR S 72
0] LA N DL R 75 n) DA BB . — 0 56 1) I 18] 52 2% 8 2K O(metn),m AT n 53 53l /2 T AN 7 i 301 440 4
H AR BEPos acHI Py 4 M7 DI 73500 A 5 s, WU BEAN S0 R IR 18] 52 2% B2 20 O (s xsox (metm)). DR K BRI 20 52
£ H AR TR EE R/, B R A BT LA IR N O(n+m).

5SS A S R R v A — IR DL AN Jle B (B2 1R false), 2 W] 17 7 24 i 1R A HL A AR AE A e
AR 0. BT LRSI A7 AN 2 (028 LB AR 3R (0] 45 O 3 45 WIAE IR SEA5 D0 B JEVEJE T 3 IO EAT 1 (9 A2 EL T
e LA Shy 2 A o 0 7 A T ) A L R R A R e A e DR A B 5 o e 45 A U 4 IR B I A
RO T Hk AR
45 EEFEENER

HE 5 58 PR 2 BAIE WA 45 58 A 185 25 T (|lienPipe_m)/[Poaoacl|Psioac) SE I IE L 28 B 3 K38 50398 7] LR 1) 5& 5T
BEECAET 3 MBI Posvac T IIR_Po 53 SEILS FAD G BE 38 (M IBAF Poy ach T8 B 18 Pipe S HLH &
FI A7 B Py 1T S TR 5 52 B B 45 B9 48 L (|| s Pipe_m) M ST SO A2t HE e TG 2% 422 00— O 1O 300
0 LB G AE, IR e o) — T I 5 B A 20, T AR v UIE A RS R RGR 550 Ty GE L 2% 2 2E
T IR (1 A7 5 B LR SR R 2 AR A8 B 22 5

IS LA 1 B AR L R R A P os ac TR _Posbh K Ps; 4o MIR_Pgp 3% ML AT 48 W BLAK IR B V%
IR B 2 B ) B AR S48 o A5 80 0 P L T DB P s ac A Psgoac, 83 0 R :

Poonc=tX-[(?2S_R—>Psp.left!(S_R)—>P,.right?(Qu)—!Qu—X) (?B_O—>(P,.left\(B_O)||Pg;.left!(B_O))—

Pop.right?(0_D)—!0_D—>?B_I—Pp, left\(B_I)—>[(P...right?(Ac)—10_A—[(?Pa—>Pp,.left!(Pa)—>
Ppc.right?(P_C)—P_C—>Py,.right?(In)—In—>SKIP)||(Pso.right?(S_0)—!S_0—?S_C—SKIP)])L
(Pge-right?(Re) —10_R—SKIP)]—SKIP)],
Psioac=HX-[(Psg.right?(S_R)—!S_R—>?Qu—>Py,.left!(Qu)—X) (Poy.right?(0_)—'0_I-?0_D—>
Pop.left(O_D—Ppgright?(B_I)—>'B_I—-[(?Ac—P 4..left\(Ac)—>Pp,.right?(Pa)—>!Pa—?In—
Ppc.leftl(P_C)—>Ppc.left!(In)—>Ps,.right?(S_I)—>1S_I—>?S_0—>Pso.left!(S_0)—SKIP)[
(?Re—>Py,.left\(Re)—>SKIP)]—>SKIP)].

FRATLA b3 B 130 Ay 49 > JEL A i P 88 A2 B £ 1 38 8 4 D 1.

41, WP osoac ™ I [2Pa—>Pp,.left!(Pa)—>...||Pso.right?(S_O0)—\S_O—... 182 UL & i 5 2 5 HiAth & i
FHIAE K AL F shipment M paymentiH J8., T AH I I Psjouc ™ I[P pa.right?(Pa)—Pa—>...2S_O0—>Psp.left!(S_O)]3i 4>
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(130 43 3L v IR R R E 0 4y S I T b [ R R A A T R R Ik 45 R W E P & OnceBPD 3R 5%
IL.OnceBPD T Eclipse HEZE $RALT ) IR 55 A 45 SRR (gl e . ARG . R 5 W N T e A1
J& T OnceBPD [ 4H 3¢ Th fig B B >k 52 F 43 A =X B 8 100 IR 55 W 46 5 ik R AT TR R T B 4 3R F2 B AT R 4¢
OnceBPEL LA #§JE T BPEL 8 5 (MK 55 G AR IR A BT 5 AT A5 BATT (9 52491 5641 71 ,OnceBPEL R 4i A4 2 551

P IR 25 S A

----------------- == el |
1 N A7 | T ) Y
Il Collaboration process modeler = 1| Compatibility Mediator |,
1 Mismatch aiczier |
1 J ihformatiodl checker & I
1 ‘ 1
] S

1

Process
rojection
pm{)dule | abstract |
| e ———— 4 | process !

Service interface™ =~ """ 7T T T T T T T T specifica iohd Mapping
specifications ] ]

Mediator Dep
manager

Service »| CSP mapping I

! manager tool  sdtvice behavide -
| T e - _-—-—-—--Z= “specificatiofs— — — — — — Collaboration
Collaboration management participant

Fig.5 Architecture of prototype implementation
5 SRS RGN

PpE % # (collaboration management) [ Collaboration Process Modeler = % 52 HL & 24l 55 i 72 1 FE FE AL
5 HL.CSP Mapping Tool #4 Mk 55 i FE 15 1 4 24 CSP ##14, Process Projection Module %1 (A 50544 42
o Ol 55 TR e 46 Ay 23 A U E R VR

Service Manager 11 578 B2 15 WM (1R 55, I 5% (94T D4 #% 1B 1L BPEL $ili 2 Wit 2 oK #4138 . BPEL il G i )
DA 25 b 37538 IR 45 A8 B i30T ELAS R R P9 358 40 45 . BPEL il 5 i F2 4438 1k CSP Mapping Tool 44t i & CSP ik
TE 3L WK 3.
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Fig.6 Global collaboration process of on-line bookstore
K6 M _bA5 i e p X PR ViR A

B b A PME AR AR A A (A5 5 18 Sl M 45t 3 A s UMV VRS AR N B8 3 () CSP 4348 I A ST vh 4538 43 D
BB WE T HARTIHE BN ) % e 5 52 b IR 45 190 20 4 i 5 68 D) i Data Mapping Editor 34T T A8 4K 11 2 45
$ T ok, Compatibility Checker 4 £ 2 75 A7 76 A R 3 FE 2% . A5 ) 7 H, 15 3 16 552 B AR 25 7T DA I 3o 3@ C 1) 77 =X
K SEPL B, R 1, Mediator Manager 45 i 55 42 1145 BURS 15 T o % e AN ) BPEL iR AT 7 TR i 1
A5 R i 5% Xk 1 3 B 4% (¥) BPEL ik Bt % BURE R T W M book_order F X order_info i ., SE BLSE B i
55 (R 1IN T iE v] LU i Pipes SEELA flow BY-7iG ), €015 BRI A Bl link JCHE KL

<process name="B ookstore_Mediator" targetNamespace="urmn: samples: Onlinebookestore”

smlne="httg//schemas zmlsoap. orgfws/2003/03/business-process™>
<flow name="MalnFlow' =
<sequence name="Ab stractProcessSequence">

<receive name="~R eceiveb ookOrider" partnerLink="hookstoreF rontFnd"
portT: glpa: "tnghookstoreServiceP T" operation="bookorder"
e="bookOrderVar">
P e o pipes'ss
<rECEive/>

<EEGUENCE >
<SeqUENCE narme=" Cun\:rasSexviceSequmce >
<invoke name=" mVDkEnrdEannk partnerLire="support:B ooiestoreServicePL T
o1t T Em BookstoreSerwicePT" operation="orderB ook"
input anahlac orderTnfolfar'>
IarEat linkMName="pipes-to-orderinfo"/>
</invo]

<SEUENCES>
<flow name="pipesFlow"=
<sequence name="booko rderPipe>
<target linkMName="hookorder-to-pipes" />
<source linkName="pipes-to-orderinfo"/>

<assign>

<cop

Igum variable="bookOrderVar" part="orderInfo"/>
<to variahle="ord erTnfo Var' />

<foopy=

<fassign>
<SEUENCE >
<flowi>
</lows
</nrocess>

Fig.7 BPEL process of bookstore mediator
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