R R E R N D SRR T ]

Using Petri Net for Cloud Computing

A AR BT

ot

PEA - FE



£ =

ZHEL AR A EAP AT R EPRE T RS9l R 7%
TR G A IR B RAT R ZE A RS ER AL AT
EAPIRE T e TIPS 2 3 D RAE AR TERY R F 7 TR
PO PRARE AR > R R SRR E S 0 T A R EIRIR DT 0 g

O PO s e 24

PRPRIFPEE S N AR R E T P B AR R A hi fl2EE s A

HE B E ILARN G fr R AR R ARAT SR Bl b OB R RS B R B S R

2

A B2 AT AFE A I I AT REZOERTOFETFNE L FlF A
R EPFRAd o Tl AR FREIRG e L ANGFEY ¥ 82 2
TEH e B AT ez 2N B > NP R D X R
FRE FE A o RfEOR R 7R A RBIRBEER T A

AT AR R R DA T PR R AR P en D AR AR R o

F L v EH e RPRIAEIE 0 KD SRR B N R R 0 L R
R d 52 S A1 AAD BRI E  #FL A BHE L > TR ERRF

BAR 2% 0 R E LT 0 R R R UL

BT © BRI~ ZERIRIE SRR R S HRGE o



Abstract

Cloud computing is regarded as the most popular recent ICT topic. Any equipment
which can be connected to Internet can provide its user have the access to the various
services, which may be built on different machines, or even may exist in the distant
‘clouds’ far away. However, in the operating process, the user has no need to worry
where the service locates, needless to say how the service operates, which means that

a considerably amount of data and techniques hide behind the Web service.

Web service is an artifical piece of art, the user and the manager can concatenate
several Web services online into a bigger one according to the conditions they need,
which is a considerably simple and fast developing method bringing more
convenience and flexibility for the system. Nonetheless, the managerial part also
becomes more complex in problems like potential infinite loops and abundant
procedures, for instance. What is worse is under the circumstance of resource sharing,
the deadlocks happen while pending or other factors occur. These issues will lead to
severe errors while the Web service compound operates. If the system completely
locks and stops, serious financial damage and loss of commercial reputation will be
caused to the company. Hence the design of procedures needs to be validated and
transformed as Petri Net analysis before the Web service compound operates in order

to assure the accuracy and stability of the procedure design.

Therefore, this paper uses Web service standards, turning Web services into Petri Net
models with knitting technique as analytical base, to validate the accuracy and
stability of the model to avoid deadlock to happen in order to enhance the reliability

of the service.

Keywords: Web service, Cloud services, Petri Net, knitting technique, deadlock.
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fRfIRA R > FIW Va3 R GURIE > 2 3 - R o &7

- HAPRFE > G AP fRg o

IR PRI F B AL B BN MR T

™
c
=k
[k
o

1T AL R F A L ERBEFEL AL A I FE e
R3[(Raoand Su, 2004) » ™ 1 (FjRAR S L S 2 R 3t L5 PRETE

AR e p Bt R FH R T R P BB IR KR E AN LR Ro
ALFEFZ O ORFET NG AFTETARABAAEINDFIR T E R "ﬁ&‘fk

— B ER RN R R PifpE o A L E S ,Liﬂ— e L BE R 0 @ B
Zend &P s TR AEIRIER 2 P FRan- EiEE > g7 T 2 7% (Context)
ALY o iR g T 2 R {%;Jz Maamar 1 * + T < FReppn g o BRI
HOTRRLIRGS 0 Tdg NPT 2 ERANT 2 o HIRIA R RA R Y F F RS LhE &

(Maamar, 2005) -

BIRAR G YT 0 3R SR T 4 £-5HE R R So(Context Awareness) £ ¢E
L# R R FHFH O BRI & RPRIRDF R AR 02 5 FREE o
AL H f ¢ Tim Berners-Lee #73% 2! 7 3% & 4 (Semantic Web) shi% 4 4p 1
(Berners-Lee, 1998) > d *:pR7+7 T AR A3 B E > B ¥ hp o AL T R
% 4R EIRAR S T RATM A - BTk Sde P 3k B4 60 s 1 REIRAR o
RIS F R R B IR fei‘u%\ LR R @ h
B A Y R R TR B 2R LR R T e S R IR IE
SR TR PRI B M R L A ¢ KA R RIRA mﬁ@%ﬁ&?

MEZER o ERyell R P BT E - TR WRGR Y F RN D

ER]
7:‘,-
7
W
F=1)

S AR KR HF ]‘\ﬁ%ﬁ ERCERIE S I ) o 1& ¥

B MR E A F LR BT T
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2.2 % 4, R BIRTH

221 FRph 5

EAL DML AR G A RPN FREL ;%‘c} E 3o i * dhdesd
AREEE o @ WREL L OFRA JRIE 0 L 5 B~ @ 404 3 (Hendler, 2001) o fpt
EHET o K& FE DD F R T (heterogeneous) & A Fr i e(distributed) 7
WMo REFRITA KA At o g H2RFeng oz LT I RE M E

S (Fensel, 2000) o P & & ¥ A8 B¥ MIZFRNFIRT o LR & pRGET 0§

A EEAE R

;ﬁ,_‘!-

DIP TN G T TR R ROl R A 2 TP O RPN R
BobF L RERE S REORA - FL DR AR 2-2 477 o LR D

#FP 4o (Guarino, 1998; Hendler, 2001; Horrocks and Patel-Schneider, 2003) -

Rules

Trust
Data
Proof §
©
Data Logic =
Self- )
desc. Ontology vocabulary =
doc. o)
PDF + rdfschema o

XML + NS + xmlschema

, —
Unicode URI

Bl 2-2 37 & 1K 7 B
AL kR Berners-Lee, 1998
(1) ¥ ®#5 (Unicode)¥r @ * ¥ Jh 2545 (Uniform Resource Identifier; URI)Fg
o AmFed leRhR el 3@ TR QFELY T §
(international characters sets) » ¥ £ 3 28 F 3 BF 2 v 25 (7R
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(2 w # EF 3 A ~ & &3 W (namespace) frat # #3223 3 & & (XML
Schema) s 2> F 08 B it IR enst W {R3e3E 3 %ff 5 A#HD R L

TR AR S o

(3) 7 4w it =2 (Resource Description Framework; RDF) £ 5 k4 it =28 M
Pk > A% R RPRS FTROER - Y TRy % ik i

FHMT T LR T i S ARIE R R oA PR & 0 MR TR AL
FRETRLE S AE 5 pet 20t o R T TR KT A

W RS - A G

(4) 2%/ A - AU FT R EEE 2 Y aE T B 2o 2 B9 5l
2 R enbf e L BERR] 0 3R WA ER AT RS - SERT v

AR S DR TR P ELTHOER -

(5) #4E(Logic) 72 (Proof)fr iz E(Trust) &P =0 3% 5 A2 3 & (7 g R o
BIBFF R AR R R e 4 > B AR IR R TEERD
AL ERE LT R - BRGSO AFH R ERSE 0 LT &

BEEP A sk o

(6) #ici= % & (Digital Signature)r & » 2_iF % | & fachz > % i %

R LA RN E T G RR MR -

Ho Aeh a2 F B BAEF O M GRG0 5 @00 & (Badaetal,
2004; Li et al., 2004; Arpinar et al., 2005; Grau et al., 2006) % & & &= 3 ¢ § p o

W AR M A A ¢
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222 /TR

A - BA R ATFARR Y AT T Ay § ABOR M

fﬂ
|

T

5

B2 SRR B A TATEATR S 6 0 Aor Ky ik P AR

SEE B AT AR A R R AR Y 0 G R R Ol () -

4 Gruber 451 > A G- BHEHEF IR 0 L7 SR DR Ty
FrP Fa vz s it ik f(Gruber, 2000) - 3 & * A% K4y o 4F AR AR
w0 A AR 5 E % 4 (Concept) ~ 4+ i% (Object) & &_%F %] (Class) ~ & 1+
(Attribute) ~ 3 4 (Property) e« #_% ¢ (Role) ~ § ] (Instance)£? i % (Relation)iz® ~

Fchie s > T A R A E

(1) ¥4 @ f gf{u%%&%%ﬁ’%gﬁﬁﬁﬁ%@’#ﬁ%ﬁ%%3

@ (Vocabulary)#rle s enfk & > 2 BEEF NIFL - BRAMK TR =

.

N AR SEERTRAEL R ART P BRI

{

IJ%%}«’P“:\)HTIL‘Z‘- :EJ'D 9

=)

(2) BBy i TR - By il fp i 2 adE R B
T AMGRER BB AR ALYt R s

BET LMY A fge S 2

B Fe¢F tMA T Al E-Fritad 2 ¢ bl TEF

(A2 Fr e 4 ev @A e vims2 Benhl o 18 -
AR R VRN SRR S RN CET

Eovm g sxen | > Bt Lam i it o £ Fetamgp o

(4) B kg n R % e Bl kg AR O R B PR
AT nE E F R B2 Rk R R B A M S E L o A

MR NER AR DEARL > F0 FRE RN e R Rl
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o BV LR SRR R R T PR R d WP W REREA
MG Fy A= R o & ?K{g@@éﬁfﬁg o A AR E- B
PRI R R R EHT Y R BAR Y

HOM G RN hmi o

G) Fol:FoT L FEyr A E Reooph o FIF 0 E D ks w ¥

g," hEX ﬁ Bk b th o T MK E P@Jfﬁfﬁm%"]ﬁ_"‘ﬁ—;ﬁbiﬂ s B G

RNV A G- E L SEREVER S RO RN R RN P
B4 AL - BRAD L AR MR o H - B

doim 2 &k U AL AR b o 1945 Maedche sz ik T A %
e ddmg ool ¥ o AR ERY ¥ BRK N R

(Maedche, 2003) -

W 2-3%p 7 - BREDAMER Y B Apmian kL Tdd > #T
kad TEd o Ty > R REAFEFwA > B ST UL RE ke

o VP lme PR iEa g H IRV R B e o

a3

PR PEAERA L T ARG AL P AE RSN G0 F 2-4

ETIAS

Rl 5 8 # Sensoy fv Yolum &-$fJR7x=ri = chzl A AREIEHE » BB A WP ¥

BRI F ]‘\ﬁ i JRAFEE 0 F oA € m ¥ en A7 R hF 3 (Sensoy and

Yolum, 2006) - & it ¥ {#av > fI% AREH T L[ H g om0 0
B R EGERAS NS EFE P B gt 2 Bl (R 2 W B R LR B

Z‘,ﬂ‘ ’ r:"—i—;}?g—_’ﬁ E‘f");w_, [EIEN f/‘f ~ ]"} o
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B 2-3 * 42 B

domain

) ObjectProperty
Class domain -
_ _ isA hasCommitment
ServiceProvider
iSA-
Class DataTypeProperty CIa}ss
Class Owner hasEulfillment Commitment
ServiceConsumer range \ :
domain
, ObjectProperty Class % DataTypeProperty isA
ObjectProperty |  hasOwner Fulfillment hasResponsbility
hasDate domain range
y v isA
range - .
Class Class e SAT—— | Class Class
Date isa~ | Description |q Responsibility Conditional Commitment
isA
/ / Class DataTypeProperty
Cla?S Ol "\is,\ PreCondition hasPreCondition
Service Demand %~ \
ange
domain range
range
ObjectProperty Class ObjectProperty _ _Class
hasService Experience hasDemand SimilarDemand
V\dumain

Bl 2-4 r1JRG% 5 PRE chA HEIE R )

B

ARt S AT R T -

RectuE ¥ BT o AR IRIAP M

D F]PL o AT B AR W N e

B T G g BB S LR

g °
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23 BRI E &

231 pRIRIFEL KPP th

PRIRIFE & APEIRG PIRIE > T8 g £p PRI A2 AT IR 4
(Marton et al., 1999) > » fﬁa{#&;ﬁ:ﬁ SRR PR A L B 8 0 T R AFFe R AT
R IRTE 0 i5s RRERIRIAT URY g EinE o %Aﬁ Zeng 4 ) 0 r2iRAE G

RANRRIRT 0 L 0 A - BATRAIRIES N TEY LR BN 0 e g

F_*

o0t Eindz 2 (Zeng, 2008) o MinAR L A PREEIRIEE S > L LG ok

PEEAIGI R o et 2N - 5 N S R

>
i

Moo A 5 ZfiFAl(Zeng et al., 2004) 0 H ¢ 2 7 AR RRTE ~ lo 8 BRI

R PRIAALE > WP 4o
(1) RAREIRG  E b BREIRTS - 7 8 G 2 U IR o
(2 & B IRir: REKBE D NREREIRBELE D o

() PRIRIAHE | - FEF AP PR EL > REFT LT 2 F
dh s B B A e i LA AR o blde D G R iRaE R > 2 e

R I R

FI# B PR3 8 g AT fecnS B N4 B¢ ¥ ¥ & ¥ (Business to Business;
B2B)t IF 38 £ ;% (Benatallah et al., 2003a) > & 4F s ™ > @ 1Rk 5 iF &
R AL R p AR > F R0 AL s~ (Casati et al., 2000) -
PRI L2 Pedo EREFE S E 2 Bainfe B FREHPEFE » 5frR
A SFW O EF ARG £ N BE VR EIRIER T RIS
*f—ﬁﬁﬁ“%{ﬁﬁiﬁﬁ#ﬁﬁﬂﬁﬁﬁﬁﬂﬁ’ﬁ%%é%ﬁﬁﬁﬁ’

WL S AN ad i * (Snell, 2001) -

BB W FPRTE 0 L LIS T P AT et G P i}u\l, SRR AR N SN
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TR R IR TS > 1L aE 2 37enpRF4 7 it (Chandrasekaran et al., 2003) -

Wy
_“\
\rn
e
e
?m

At L - BE S e S et BB 5 BARPRIREA B £ g

PRAR &2 4R ARHCA] 0 37 gkt 3 6 (Zeng et al., 2004) o
¥ 4 Lehmann 3& 2t > g pRA: e chp 0> 5 72 v gh(Lehmann, 2003)

(1) #pd Firde BEDFE SR RS2 H T § 5l

nﬁ—

Booom e M e

F..

o

LIRFE > B E R LR F chE e IRAE A JE
(2) 3G PPERIRIE » Fap ot W2 L i #
(3) B PRAE B B 4e o
(4) 4 e PIRAFE & ] AR T

PRIETE L H S ARE AR LE R nAd - B AR LR
g oo &R iRy kSRR E AR K F R A RA AR TR - B
BHLFEERE AL \{%ﬁ—d P PRIRIFTIEF > fie & FoR G R
GHRBES L P R s - BATA e B S S N T RS G A

BEOPER > F 0 F U A e RRIEOE JIF 2o

PERIEFFRE L T RE ol - RSB B R 2 2 TR
FIPRAR 7 i ety i@ (VanderMeer, 2003) o 4% & S@ 11 8 - hr v o R AR D
PRAZYE & * —‘ﬁ I G F ST ﬁ E R A e SN R A R s L R =8 - s eI

SATHE B 0 PYOAR e AZE T ) e B PRAR AT D I

F] Lo ﬁ#ﬁ%.ﬂllﬁ'l"g L B AT A T LML ¥ A ,;;;y%ﬁfrm@

#Eﬁ‘lhé_i s AP g Peik b FE B PRAE o
232 REIRTFE L 2 2
Pane 53 F 5 SRR e E a2 BELAFENHR(ER
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7 2004) 0 ¢35 REIRIEE L PR S B LT JORK 2L SN e

NE RO A RRIRFELSAPR S 2 ot 2-1 7

% 2-1 ERIRFFE LM 2 20 Rk

PRl & R 43 i
(1) LI E
PR IRTE LA E (2) TA&IFE (Yang and Papazoglou, 2002)

(3) 7 iTFF &

1) A2 5 Fo Rt

RRRTE L T RS .
e AR ) 46 Eo it

(Matskin and Rao, 2002)

(1) #F 7 3

(2) X HZ (Yang and Papazoglou, 2002)
SRR £ S 3) B

1)

(2)

ap

(Benatallah et al., 2003b)
(Chandrasekaran et al., 2003)

% %[ @
=

=

(1) ¢ & FHat

RRPRFE L F N , L
v il T @) megEa

(Benatallah et al., 2003b)

T EA R R RIRE SRR s A e RE R RIS 2 e R A

g i T E B R P
2321 RBIRBELIFER

% # Yang {- Papazoglou & ¥t it JRix ke & o H-fE I R JRIF e £ i AT

AR S 2 ke 5= B £ (Yang and Papazoglou, 2002) :
(1) RAIFFE D FH 475 7 i eniFE IR > 32 T o b4 ot &
Mol bR §A2FRPEETF X RBRT AR DREH -
(2) TAERMFER A2 FHARRIRIFELE NI PR PAE D ERIRIA
B EARR
(3) F IFRFE 1R LR A PR RIRIS £ RHK > F PO RRIRIE 2 & o

l“

o

ik
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2322 REIRIBEL T RAE

&+ Matskin {r Rao #-fe i JRi% ke & ehF fRF - % 4 5 12T 3 f8(Matskin

and Rao, 2002) » & 7 1 425 FE o A fr i b Ere B 0 WP 4o T

(1) #2 % ¥ 445 (Process Oriented Specification; POS) : & 3 ¥ % 3 % i* e

(2) 4

BIRir~ i > B8 F R SR N3 TR S o f Tl ERIR
PRz Brendhe M % E R N g X BB L AH o e s Eina

RG] 0 KT ITRBEIRI R E B S o

o % 435 (Interface Oriented Specification; 10S) @ & & PRi*F T
%%%%ﬁﬁﬁE’ﬁ%ﬁ%%ﬁﬂﬁwwfﬂ%?’E%ﬁﬁﬁﬁi
BrfRdffecnima > Gldr e EPRIEP » TR & ZIRE RRPRIF L > &

RS f R PRI o BB AIEGS 5 LA ERSN R e

gl

e gk o 1 iE S REIRIR O B S o

2323 REIRIFE L 2

%+ Yang {- Papazoglou Rl#-feiRixle & a0 58> F A 5 = i & (Yang

and Papazoglou, 2002) - PRFENCLHIFNEHINeL > P AT

(1) 48 & 5\ (explorative)de & : R pepRIFcne & £ ikgpit * ¥ g Ko A7

2) =

A
PEEPA A B BURAR o % KU AR TR R URTE > RIS IR A
F 6 v RG IR ot 1 RAEY 0 TP A SRR
FedtiE > BC A2 9T 7o iR RIRIFE S E o i A4 IR
BEEV R OV UAPRLED R FERBFLERER S b4 T

FALR S F s Ri SR EHE o BERBIRAEL SN LAR

FRESHALT TP RB RS B PRI o
S E N (semi-fixed) e &t AR RLIRAF S 2 3N G IR FPRGRE B
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A AR A T § P ARERIRIR e S A e BE S R e B R TR
EEFEAEAAL > A ERPFEE Y T LAIRBIE P  foi

AT LR SIRGE A KRG AL B

(3) Bz (fixed) e & @ H e iRz s » ¥ iﬁ*‘u;‘i— THE S L

HRTE TR o A B RS RTE S AR R o B 4 IR

\\ﬁr

BFEEARDT R L AEI LB FE L CRRIRF T -

R S EAEE-RE R R R E SRk R
£ Benatallah §= Chandrasekaran #7#& -@L2k((Benatallah, 2003b; Chandrasekaran,
2003)4p 0 > He A HZE R EF DTN 4 B Bl SRR e & TR AR K 3P

ek BEGAEIEFDT TR IR > BEE L ERITT % » Flta L8

MR AR A AR TS A AR e LR BB L G EE Y B EP

P F S WA FIL AR APEEE oA AL e 70 REIRIE D

o

2

#

L - R AR N R - AR B AR s L B

o

#rie & > 3% (Yang and Papazoglou, 2002) o ¢t 83 % ehie ELPRIF & 0 F IR IR

&y

2 E ARNGEY - AT RRINB IR BRI R T Akl and s N o
2324 FRIRIFE ER (T L

ﬁiBmthﬁm, ERIRIF e LA fE BR (T2 > 2450 L B

(Central Authority) #5-3% v 2t 4+ 2L (Peer-to-Peer; P2P) 15 (Benatallah, 2003b) -

(1) ¢ & B4t @ ¢ L BHERhpeR IR E S > 4 b FPRE B E

(

FRDHREFLHL - BREJEDBELPRE - RRES CJHRHG
BB RAR S iy RN AR > A s T B R EIRAR 8 o TR R SRR
(Fon it EEhp Do RAAFLAVGRITFIALY RA DG S o el

e B PRI S o b ob s PR B T S et AT R P F Rf D
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B Ao Az EL 0 L Ao ASL T A

(2) B3 REH

Bk o

PR L s s g IRRGE S ik

o ipHh IR

PEARE EH ARG 2 R &Y AR Baplet » R f kLRI

5 N ;

BE o BRg BRSNS AR o R

R AP A

233 RRIRIFEL T 5

i%H%BW%PWﬁEAmﬁ%FX’”Fﬁﬁg

FUSION 4= SCET % = B e pRizr e & T

Hf Ak B 0 A R RTR A T

3 22 BRIRIFEE

‘f S fimlﬂ»’}’é

S

wd A Bl o o 0l

’L o

.,

¥iEir o s

RN

[ AL B N2

Bk - B RRIRISE & ORE o 3l

H ¢ & 3= Self-Serv~

AR L A 8 R

fmdck 2-2 917 L

gL
24 FUSION Self-Serv SCET
Y RIE P
EAE fio HEe 2R e 2R i
274 Rt S Rt
A WSESL & WSFL
eEFE
Hi7H 5 il oLyt EL PR
EL HEFEE e BTy A T TR
A7 & A AT il
BLYFEL GO A JRFF~ T L A LES AR CHPIE IS 3¢ =3
B LSRRI | AR R 1\ 24 h A 35
1R E Beoped * g L Nk
o VanderMeer et al., Benatallah et al., Chandrasekaran,
LA 2003 2003a 2003
12T - w2 FUSION -~ Self-Serv v SCET % = B gt pRI: 2 & T 5 engd
I,‘i [e]
(1) FUSION : @ VanderMeer & 5 - 74 1 » JUPRGE » ¢ Ll o o Prs %‘g

d FUSION i seendl 17 » % 805 b cnfhd 2 1 o FRAE » © & F 8§ 11T
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SR QR R R F P RTI o (D)RR Y PR HETF

RE R E AR A2 R EF RE R P REQEET LR (O

FREDp R BT

A RS RRIRE

PEFanfE s 2 A ARG E S & (d)#

¥ AT R o ()R TR

TP RE R LI RAR O OFRFLE T B EG Y o

AR E By R RARRE > PRI F R RG> (@RS E B

3% 7 R+ (VanderMeer et

ST o

al., 2003) - FUSION = L7 1 B » 4o ] 2-5

User . A
Requrements | User Specification
—

Subsystem (USS)

Web Services
Dynamic Plan
Generator
Subsystem (WGS)

T

User
Regsponse

User Response Servi
Generation S L erviges
Subsystem (URGS)
i
e Result Incomplete
Verified Yts P Service
Result ‘ # Request
g B Verification Service Plan Execution
Cé Subsystem (VS) Result Subsystem (PES) orvice
(<)
§ No 5 B Response
D > S
3 8 g
g

Recovery Request

Recovery
Subsystem (RS) =

Recovery Response

B 2-5FUSION jx vz 1B

t FUSION % %47 - ¢ §

74 %k ¢ VanderMeer et al., 2003

R = A FH& Ao

(@ #* H 37 FHe % #u(User Specification Subsystem; USS) : iz ¥ - B

WA eniG o FBF ARt b g R T2

3%
2
e
ke

T2 > R BHT DFE NITERRIRDE LS FAL S
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R %

(b) R pRIxd it > % A& 4 + % ¥e(Web Services Dynamic Plan Generator
Subsystem; WGS) @ G d R PRi+H > 24 4 F G kgl » 7
AADET Y R B OHES % o M HES ZE U RBEIRANF

#2353 (Web Services Execution Specification Language; WSESL) %

B Rk G 30 RRE

(c) » %3#4 {7 % si(Plan Execution Subsystem; PES) : #-= & %t 3| F %+
WA E O REEZ P REFT Y 8 BIRB > B RAFESE

2 N ¢, 222 % -z
B EERTE ko

(d) &2 % si(Verification Subsystem; VS): 53 i St € B PRIF P (7 5%

%o LF LG R AR .

(e) 41 /& % ¥u(Recovery Subsystem; RS) : EZzE %% # 1 & pHpig it >
Rl -2 % BUETIR AR 5 AR G ST T2 1 g fah - @ d

YR R ARR o

(hH @& * ﬁ v A 4 & u(User Response Generation Subsystem; URGS) :

BT TS SR R A R

EREG R

L T U R K - R EIRIR e S T 5 ¢ JEIRTE

B S RFRNE S S SRR T Ie S R PR IE o

PRAR~ vl 0 R F RF s R S RRRIRB R L o d W F KF e
AR F A R R RG] RS 2 EARR o JRAF A U AR A1 3L,

WiE T F o b MR i R B R RIRI e & L

(2) Self-Serv : Self-Serv & % > ¥ 4 Benatallah % FH#&D - Self-Serv 53
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v BEHEE LA A ene BOPR 3 2 4 #07) (Benatallah et al., 2003a) o
Self-Serv &~ B fepeRird Ll £ en? AW AR 73 BIRA © &

SIRIFE RIS B R AT

(@) & *PRF% ¢ A Self-Serv @ > & X PRFER & 5 A fE ¢ A H B IRIFE
b RREIRTE o AA PRI - BRI 2 FRP ORI H
TR c B L RRIRGINERBEEBEC PR E LD 2 o A

PRIFE & i AR B ER i > 5 > FR R R VAT o

(b) PRAxF F ¢ o SPPRARE B $OOH R IRIE ORI ~ R RIE
BenfFAsh AR o T s RRIRBELS T F AR A SE SRS
“”WﬁﬁﬁmﬁM,fiﬂﬁw¢ﬁ£&%%mmwﬁﬁago
JRF BB ENR PN T IRFRAIRBEE < JRIBF BT
A~ B8P Z RIS  HAES U &% FE 2 il
FEF I TFEY 0 RREBDIR LR AN AR T Y
BepRAs A R0 QBB A o blde FEEE Y K F
B LA R AJE o B P HN Y RERIRS RS E I 25

i S L EEY AR

Self-Serv £ * Zh¥fgbtanfe = 38 A FRBIRBEELE-HY ¢ Z 0T A

rAaF R REEREERL £ o

(@) A fE b3t ¢ 0 Self-Serv @ el i 4a3d F o R4k 6 W e AR gy i

Ao T d R BIRGRREE P T IL o R BRI e ARk

N

p

T;;P\_ :é\‘:‘,’%?%—:ﬁ Eﬁﬁﬁ\—[" ° ji_‘;.] /“'\—lE'J‘_E: 3 r'/j— LE] '3" m/n ﬁ_f_;P‘ 4\» p
oo kT R B AR RERDE S MR o § R

BRE AP G TRERAFLEr T - BRE -

(b) Bed 2 AP K 0 RS BED & 0 UEBAF B U e -
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Syt s 0 QR E AR o ¥ - B

R AR GRS R L B

i

Self-Serv # (T Jf B o efie B 44 3 0 ¥ i REIRIE B L P B
= 50, @ (T3 o

(3) SCET :

PRF% & & 434 {7 1 & (Service Composition and Execution Tool;

SCET) » i & Hsc 4 »eit ek 4L » 2 feh— B 2 A chi B RFR 0 & T

v

(Chandrasekaran et al., 2003) -

€% v r1F i SCET el A) i 3K 3 # i ) BB FE AL e A R RPR TR 0 AR (S

e

12 e B PRI IR AZEE 5 (Web Services Flow Language; WSFL)AR. §= <72 3% 55 7% o B,

RIS RATIE S > A 4285 i P BLPRARFEIE 0 T T i B H L R R RIE B L e
i oo B FRARS & 0 SCET € 1243 % B IRIMIRARIE 2 chfy if > f

o Perl 4 T A28 > k% 2RI & o

A 2 AR
i A~ %> ® 0 SCET #% * Java fi$t

# it & 5t (Java-Based Simulation and Animation Environment; JSIM) ez = 54 »

ko A7 R BPRTE L ke e

AR T AR B D PR A s BT F AL R A
1 S FRF;

PR AR S o TR BIRGE ARV TR Y RN F3F T -

234 PRAARRITHES

CEZRFRNFRE > ZE G (B E LR EF RRBTTEEIR

% % (Web Service Composition Language)
M RTENR B PR TS 0 H B gL R

&R BB REIRIy 3 3F 5 2 1 (van der Aalst,

P RRLIRIAE S LR RRIRBFEMERGTE T FEAERNGFE S
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(Business Process Modeling Language; BPEL)(W3C, 2010)~2£ ¥ &3z /s /24w it 3% 5
(XML Processing Description Language; XPDL)(W3C, 2010) ~ 3§ PR ix 50 1 @
(Web Service Choreography Interface; WSCI)(W3C, 2010) ~ 2 ¥ &3z A2 43t 3% 3
(XML LANGuage; XLAN)(W3C, 2010)% » H #» ~ /g pRixF £ AR 7353
(Web Services Business Process Execution Language; WSBPEL) % # 34 ik » B 2

BORY AP ow kAt oo

FEMERFEFT > E-Aru i feEs Rt fEP IR
2002 £ 8 1 d etk 27 CIBM 2P feBEA S = R L TR E R L LT Ein
A2 T S % AT e gk PR 3 (Business Process Execution Language for Web
Services; BPELAWS) » 1 2002 # 13 % - % ~* 2003 # { #7% 11% > 2 1 4
p 1 WSBPEL 2.0 %< (Andrews, 2003) o # = i~ & & & R JRTE > 6 PR > ot
T pah B EARRRE Y AT NP R BR RS
PR s B e g S B RERIRIE L S A Bk S e iy 2 /i en

FALHBEL @R AE2 A7 ) f £inAR 4 N RBEIRET LB

TEAAF &
REIRBE RN FET R AR A A BV - B AR E A A

IR H 0 blde 0 B8 PRFRAIT o 4 (Message) te N 2 5 ¥ - BRI Rt - B
REERAL AP B A2 B A SRR 0 0B AR BT DB ETARR] o Bds wf IR AR
Gl iPRjZ‘m Riz ﬁk‘ﬁ’l FRjz’—]% ‘,:‘fl‘— _‘1"_'—?’% 7% F\:' R % it Jf’r‘; = B Jf’r‘é/',i ’ igﬁ

BOEIARY R RGY 0 R T EINARE $ (Activity) o BB g A ey i ¢

““—’}

ALHE T S BT BRI A R B R R RRIRGD EERGE

TP NABEBTALE AR CREERET LR AT EP EiEbi

<

FRE NN E AT &R e VU RRETNEER T D A gr_]ﬁ
Rk A A > FP TR AL T A ARBEIRDRE EARNFET 1LX
P ¥ F gk #4e (Fransisco et al., 2002) ¢
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<partners>: & 7 — i@t B R RLJRIF L TRF > TR LT SR EL IR TR o
<variables> : A e PRI & iRARP o AT B F Dlen% e o

2

<sequence>:1 g 7| NH (FErE N F o
<flow> : T {73 MR 708 7 ahp F oo

<while> : i B3 N E B FAre 5 ap R oo

<switch>: 1242383 % F * chcase * 340 hfre Zenp B¢ B - ARGT
<pick>: fe & *h henFE 2 FEH o

<invoke> : #¥ e 3 (7 - 1B TR B IR AR o

<receive> ! FEITERIEFR F i B w i R L o e eI SRR IR o
<reply>: @ Ffad RRIRBZFH FrZ Beand ol Lo w RRBIRZEL o
<assign> : 3 i Ff— B LDE -

<empty>: 2 ®H {FE®{T5E LB o

<throw> : 845 3F-PF § 7 45108 oF 0 T8 TR FE 4 R o

<Wait> © 4 £ TR AR B - R o

<terminate> : = T L AR o

M RRERIRBE EERFE T MR A 10 L1 2 F R A 2005
EHEARNFET > LA RBIRPB EARNFET 2008 BB {
Fopd B o T 0 1.0 0 1.1 5K 2 <switch>#? <terminate>= B & > H 4
FTH % # 40T (Assaf et al., 2005) -

<validate> : Z#E S % -
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<exit>: & T AITARS 0 F N7 @ 4K a<terminate) o
<rethrow> @ ¥ ¥ e D] erssif > Ew { B & T AL E -
<> EREE AL aER o PO o sk<switch>2 # g o
<forEach>: 121 [B] = ;N g2 % - BFIEP o

BiEds o B - RN 2 X LS

—,M‘.

<repeatUntil> : p # £ 4 7

[E3= Ve Nt -1
235 PRIRIFEE RS

BOTR B R AT R B RIS S 4 ol AR R e L T R
TR IRAF & RARY 5 0 Foay IR & 2 5% o Aalst et al. (2003)#-1 (5%
Bk AL AR RO P RR PR F DRREIRIFEEF S

1"
WSBPEL ~ XLANG ~ WSFL ~ XPDL ¥ B & ;2 %= 20§ (F2 -1 (¥ 424k o

et ch o B AR MRERRIEEFT 0 blAed TR W AReE T
(Workflow XML; WFXML) ~ i g PR 7+ % £ 4 5 (Web service choreography
interface; WSCI) ~ 4 g PR 3% % 12 £ 35 3% = (DARPA agent markup language for
services; DAML-S) %~ 7 4ple R AE > 2R m > B av e RJIRIFE LS 3L (7 0 F & R
LRI EEF S 0 FI o AP ARRERIRINE S T4 BT R

o g 4 R P AT & 5]

2.4 2 HIRI%

ZHRAEL TR RERIRIASY P i A SRR Y o SRR TR S
BARAPF > B S DPRABERE P R ERBEE SV g R
ZHRABA KA T o8 Afp it pRERT L RRBEEPE ﬁ%%&,‘gzﬂ I
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Erd
i
v
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,‘]T\
=
&y
d?k'
1%
(i}
e
3‘
e
avs
"
=
7
w
3
(i}
e
i
=
1
.
A

ZHELABEZR AL > d AT R AR P HRAFZIYLLRET A
A Ee @7 kDS R R ABEL AR N T RS ERRAN T
LGN G RGE AT ARG DAY & G R B E 4 B 5 BRI
Flpb o fEFFTERER p 2 rﬁ?;ﬂ,\'-‘ o T L AT Y A I PPRFE 0 154

S S

FTAPRIAFGE > B Bt AP ek P o

FE PR AR VAN Z BRI T RS RTS8 AW

71~

PR
3

=B IRAR OB o 4o 26 1 -

REBPTIRF LR B R NZHRBR Y E O RA LT 2R
2 2] £ Z (IBM, 2010) > &4 Amazon.com £ Google ¥ 4 i PR3% 7o 0 #7308
FOZHIRBHG L fFR R IRPER LG Z O HY 5 DG 2 PPRIER
¥ % & » 08 PR ix+(Software as a Service; SaaS) ~ T 5 PR ix(Platform as a

Service; PaaS) £ 2L # = pRix(Infrastructure as a Service; laaS) % = #z (IBM, 2010) -

Clients

User Machine
Interface Interface

Application

Components Services

Platform

Compute | Network Storage

Infrastructure

Servers

Cloud Computing Stack

B 2-6 Z =HPRI+= fEPRIAA B
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(1) 58 T IRGE © HedMAR & - IR AR > MR ERT o A

()

PR AR L 2 PRIE 0 @ LR o RPRIRNICM T iR g hR E RR
B YREARPRBERETIRFEA R FLEE S BARER &
4 R M R G RO S A g
p—‘ﬁf&&%_ﬁj{i"m@%ﬁ%pgj}mi& ERF R RF L J‘z\q*x
Saleforce.com = Google Apps o ¢t ¢t » B 5 Rp S HZ B2 F
YouTube ~ Facebook ~ Twitter 2 e e s & * f25% > % FH30 7 b 2| h
BB WRAR o el o P+ cn Office fdl > ¥ oh % iR Ap R eha
Office ##YFRTE: > i5» B AWM W pRFFcn- A3 50 o AiEF 29 > p
Amazon #7# &g B4 38 x4 Rk pR5% CloudFronts 2 R 4%k £ 3 & F
HLIE i PR A Shpcdc Live Mesho 884 # 4 $73¢ 2 25505 e i

FRAZJE T o

TR WIRIEE G pnens Sl R B R AR s A

¥ * AR FF - B ? s L EA3 P - TR
Frent 2o b ik e ?Tﬁl Fow A & gESp (g g A R AT o

T 5 WPRFE L FIER TR T R R o B F B (BT S R
FARFR TSR LR ET - BERABEFHAR Y AT L G
AREBRARNBIT SRR AT S b AAT SREYBanlg o &
& * #25% 4 & (Application Programming Interface; AP PR 7% » iz ut FR%ZJF’K

.,

R i % e 2R (7 60 o SalesForce.com + BT L WRGR OGS o T

uE

WPRFFAVE B 3 B0 PRAE ~ PIRE MG R IRR A RS
R FRE Y o TREET AR RDLE T RE PRI o F)p 5 T
o WPRGRNZERER ST - AR LG ] IR Rt

Bafo i FenT 5o T 5 WPRGFERTE » &8 %A BpRGE ~ 37
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friwp ¥ e XA LFTRENFLAR T FMBPOF P o R

PEARY 0% SR FREET PRI RBEEARY > @ A L

P
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i’l
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kL
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47Q
_‘1
(\_
hpas)
=
—=\
\\1;;;

FEREA] 0 Blde P AR R TS S R A
BEE T L R T SqeE it T 5% % o b4 Facebook €_-
BALLAFA DY T L0 Y F 22 BRT ERATDEY R Kk
[ SIRAFER T K o X Dlhofk 0 F 2 B T E SLIRAA S 0 R AR
BT L NAEE PR DNDPHPIEEIRG c AIRDBPFEEL L
PO BFART N ATSFOPKESNT S B T PR
AARFC o 4 b Google » & BB A2 A B JRIE > REHEREREEY

P
2%
wbl ©°

PR E WIRAR T AR TIRAE A A REIN > DA AR B o T IR
%> IR e B PR o 3R B A AH KGRI RLF 4 Google
Amazon- * #=F 5 &% ",f o 1B Send 830 F PRIE O > A AR JRAR
SRR 0 A A A P RJIE 0 ik P L E R TR o £

ERR P EV RGBT A R ARSI E AL N MM

|

SR AT RAEE 4 A E 0 B R Rl A R R

TR R T B A AR TR S R
FEOUH ST i R S EF AR PR DT RIS o F

UF ~ LESRfE o Bt o 49 oal B A ko HER G st A

PR AR AR TR S B K T g E R T 0

-
Sk
8
=

B RS OT AL N R ERET LRI A B E R
PRI P pER T HEQTD B L EE el M olicdp? o o
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REAATOE R YT BB IPR SRS 3R LB RT LY gk
BEOR AT 2 AR RTRB Y O B AR AT ko Bt A 2 7 - ATHRRAL
FPEFTEREE LSRR FF A TREL  TRETANE EE
FARORIL LD BEE 4 E DA g~ X 2T LT 3
LR AE s dofe p B BRI B o ERAE Y o TRGE Y 2 R TR

RERFE NP F NEFRT I A TRXIFEL g2 F8 7> 5
o SR LI R BAE Y BRI Bl AT g

O PR RAAEIE L R0 4 r R IE B ST DURE R G ek B AR TR o

25 B i

2 e i (Petri Net; PN)§_1962 & > d & 1g %% R Carl A. Petri 2 1 3% 1) > if
Ergg i 2hle o ey TR R K SLECA] o R B R B F A
FERIEORGEE S N At B2 S S ol R o 9
TEBAERILE G i 2 o AN TV A RT (T AL AR LTS 0

L

- PEHEEG A E AR ED F{o i TR ATH S R A

(\x.
E'l

I

%Hﬁi%&ﬁﬁ%,‘ﬁkkbﬁﬁ o A ¥ =3

MR REE R AR S KAy B R P ko A AR
s B pLk A B Y R s i3 % s(Flexible Manufacture System; FMS) ~ &
“a 5 ¢ #li¢ (Computer Integrated Manufacturing; CIM) ~ FF 4L B 3835 ~ 4 85 2
TFTREFTEE S Bidr @3 JehR s B A4 ¢ o d SRR e
Bait 2L AR RO RRIEp B RGD- B F BT RG R
LR ATF AR AT T 2R o

- =

~=i
et

2+ ez % (Murata, 1989) » i it d 7 BN & PN =

(P, T,F, W, M) » izt ‘e & <% A w4 ik (Place) ~ 12z (Token) ~ # #5 (Transition)
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o 3 by 25 (ArC) A R R § el REEESS AR
P={p1,p2 ....pm} m=1-pa—- g "L i & &
T={tn,ty ...t} N=1>t 5 - fef "LehlkfH & & 5
Fe (PXxT)U(TXP) » & - =3 wi%f & A2 hE %
W:F-{1,2,3, ..} > - BfEL Ik,
Mo : P—{0,1,2,3,...} » EA4 40 R i § ek ik

#¢ PNT=0-PUT#0-

phud

L&fEFAcL 2.3 977 o 2RI E IR kg o & 0 A2 Kl (Flowchart) » %]
v B3 L i3 (Parallel) I 45 (Concurrent) st v 4 > #x 2 4 2 R EL* &7

A iE

—\

PYERCRAS SRS e AR R i -

% 23 m¥pep e E A KDL

B2 A LR

A TR~ 15 S s R
w4 (CE A R TR
e RS TR T

js PR TR TR Al

R kR Murata, 1989

P R A RO RRCA] P R R S fR3T 5 G ek g B 1T B
LA kBT 5N o Mk et e 3 oentRie(- B 8 B)E T kALY - B

TR 0 A R Y Ard B L S et £ (Marking) -

A RAT AP g BB REBSEE A e R SRR R
WA e RE T kA AAFL WMo FHF 2R - BERE § By

fered P AR GRS I Y - BARG oA I Y RGP TR
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AR B E R o

PUTOR - ]S 0 KM AR R R T Hs (o Bl 27 B - BRER
Benied] o WY hE - A i) - BEIS BRSO ARIRE bl py &
L2 @b BF PR F o 02 U pd to L s Lty
AR I Py e Aty - fﬁﬁ%}"ﬂ’%ﬁé oA O B F - B o0 s ,TL[,
Ldpw pedtvf @ 3% S0 DR Rt B IR o Bt T R R BARG -
P A Sl iE 0 @ AR PR B AR (5 0TS RSk o - RS T
i R 0 B RGP 0 4 AT A GOECES B B © R L 4 51
P R A R R R TR DR B o] 27 SRR e
BAFICARPN s pdf e b § ER WA o R EFH N RED

Trec 8 2o IR B Pt oA e pp A (8 B A eraRg sy ¢ EF

4 o
O—L
P1 P2
AREEEEFZ Hi]
"N
OO
O

: Place . . Token t | : Transition

O

B 2-7 7B e ix A B

R R E G 45 ()7 £ 2 (reachability) - (2)3 24+ (boundedness) -

(3)% 21+ (Safeness) » (4):= 14 (Liveness) » H 34 L1 o f 2-4 #757 o
(1) ¥ i+ (reachability) : & - B e ? » 53 AF - BFF VIS > B
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ASAe B Mo T BT M et i o AL S HRisR B Mo S 2 ik

oo d MoFI MyFIE ek fi2 8 2 » 2 RMo) % & 7

(2) 7 "t (boundedness) = - B iRE g ¢ o BRLASASKR A E Moo K-
@ PP R ket U ko 2ok ARG
k-bounded -

(3) % =1+ (Safeness) : Bk — <X i 5 1-bounded » R Fpt i%e R et {4

@.’é’il]‘io

(4) B (Liveness) @ - BB RER Y > B o x5 BH RMy)d M

AE - BESB U FAF - MEA RY 25 U AN RERRP L

B s RRF KA E - BER S BT CORIBNGE 0 A G %
i S
Lo 20 R ek 1 REID 4
‘;’r’& ‘*P 1 A [l
’i.r; mERBERARA FRIRIEP 0T
S Gt o IR AR KN sy o PR A AN A
o ERBAF R FE z
4}5 S & WEFR P DR i S SR = x ]y abid
SR AR Rkl SE I Al B « P . .
g & ﬁ*i AT E - B RIEFRT
‘/F"H:— \il—- ~ lT:“_#:\! _‘?_E\‘ ’éfﬁF —#JL"
=
GEVECEE; L

SR e Rk TR HRS A B FURE X Zhou B 4 28T - e

PR H e g ik BlL4e ™ (Zhou et al., 1996) :
(1) ¥ * BA 350 22 ARH] .
(2) ¥ d R QR ORCE] > B RIE OGRS 1T
(3) Pk h AT S A TR 4
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(4) 2 LEF TS LI B o

AL RBRBRREIRIR G ¢ d e SR AR AR IR BT
SRR TN F A g R A S AT R S BB SR
S i R B 438 4 Zhou ¥ 4 2 7 § (Zhou et al., 1996) » % ¥ ik £
- BRGE LI E 5 FP o AFT Y BT Y R R RS 0 e AR B R 0 I

R Rk RO K LR A R R o

2.6 /% H gk > i k) 8

A TR G o B ROGE S F PR RIAELE ATh i (T E kY o
P 4 R Bl e b heT
(1) = = (Mutual Exclusion) : FiRE § ikt JF & & T RT3 >

(2) # # 4 2 (Non-Preemption) : 55 F ik i * ¢ > B2 ¥ 1053 Byt TR o

K3
AL R R ETRE Y AR K TRy o

(3) #¥ % ¥ % #F(Hold and Wait) : TR - BaJLE Ay o T E AR
* o F] LU E &@ﬁ,r ﬁmﬁmwgi/&?%@gﬁg,jﬁ
R TR o

A5
:“;‘I

F_&

(4) 75% % & (Circular Wait) : - 2 RJdZ < po> p1v ...7 po> E ¥ poit

PLAT#EF PF R 0 @ Pl BE PTG DE R 0 Lo Pl B F po fTiE

FEOFT R A EREF o
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EF R TR Adp AR LR Y L gL BER O @ g
PR ALY TR A IR TR chb I A A S R Pl
FBIR T o e (TR 7 (token ring) B TR ¢ P Rk o % TR T E

FORT LT o R RIRIFTARILFIEAT LR F 0 AT T KRR R A o

BJRGRL G B IEE - 2 3 7 P i NI s TN a2 e

!
R
[

)

e

EARRE Rt > FIR B b S s RHAR LR AL BA

5
3

$Z BB ¥ o RBRELILG PR PEA 0 T E S

L L

Foo B NG o TR RRY F AR RO LR RET RS

E-D
e
Dy
*,,m

P F oo RE ERFREME AR R R RETH RAS ST
FAE G o % = ~ B9 TR AR S @Ak Bk 7 23 R IFIRE

FEFAER S 5 A9 IS -

FFE bz B EE AT Y AR F T ¥R A2 WSBPEL 2.0 & 4 % B e pLpE o
gfiﬁ’/‘\g e B

%’93
?@
/\‘
X
Ead
e
=
=5
=
N~
Ny
)
e
&
Rt
..
F*
i
p
V‘:L
o
“
?’R«
75
wn
vs]
O
m
-

2.0 4% R B RIS 2B BRRE G T F S R TR 1 T
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¥

I
I
ke
o+
A
W

AFETRFEOARL R 5 A 0 § - iy R RIRI R 58
WSBPEL # i 2 /B ep ; 5 - p 4R REREFTASIT - APk &4
LA A RN B - L ATH#F 3140824 & 3.1 & 234 WSBPEL
BN R e 3.2 & 454 WSBPEL 2.0 /% ¥ g e A2 2 jf B 2 > 3.3 &

Ty i AR oo AT R o

3.1 WSBPEL & %% 3§ 8 4/

WSBPEL % - #5 it Finfe2 425835 ¢ L R AR 7 A2 anfzst ~ AR

o PR3 Ao z’a;f‘”gd BPEL #25% 3% 3 k& {7k - A A+ BPEL ¥ .l‘l,f‘ggl 7 e AR

Fit1 2 kA2 > 4o Oracle JDeveloper ~ IBM Websphere ~ Eclipse » & ¥ 45 it d

FTHED LG R RN Rdom ik 0 BPEL 3 - A2V 3 A 2 A Y

Pz

WD el - BRNFT 0 §ARGFIFFLEF > oA L L BN
(dead lock) » p*#F R 38> PR & A TRFARE S T I HRBHRPIL o B E
TH R E 2 BPEL FAE > & SdZ i S i 2 i B OB R o ik
B A5 TR ALBE AT B0 X AR BN SLER AT i WSBPEL # 5% i

2 £ BLE HEA ST
%‘f;ﬁr“sa«; (2004) - % WSBPEL #|4 3 4 L% ~ Bt L4 » & (7 AL
~Ez s

=4

o & WSBPEL ¥ A & = % R i» & $& receive ~ reply ~ invoke ~ throw ~

-ﬂ\y

empty ~ wait ~ assign ¥ 78 B ; i1t ~ & B¢ 7 sequence ~ pick ~ while 5 ¥ {7 s

WA Me § flow o

éjl%t‘ ’ ?ﬁ % &ﬁc(2004)i/€ﬂf » ¥ BPEL f#% =0 ke B ez 3 ¥y 4%
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FHA GRS EE S TR AR 2ER L RR R 2 TN

2 LAY or 7ELE WSBPEL & 8 £ i -

e §_f BPEL 4 & % ¥ i oAz 2 B 6 % 1 37 5 & AR 4L
%t Bl4e(L)FIWSBPEL % A & € 47> BF WA 7 chitipdn £ rdeat - p v e

ALY 0 TR B (AT WSBPEL Hi4r 1 35 § ATH £ 2 E o fkA

=
/\‘
'S\
S
7
=
IRy
<
A-*

L7 - HRrRSE o Q)EH R RERE LR ER
ANMAL B IR AERC RN BE FE NIRRT R E
FF RAERLE  QEEHRLET AL EM RS > - L2 P A PR
i g EE 0 Flt o B AR AN R A A 0 I R R
Tt PISHEAR S R AL o U v BE L RFT G 454 WSBPEL 3 T /% ¥ e g0

o RER ﬁvmk o
3.1.1 WSBPEL 2.0 ###% 5 /%3 e 5.2 30

d *> WSBPEL 4 = /% R e i » £ 4RP~— $- @3> 34 0 F]t o Y 2
& 2 WSBPEL 2.0 F = 23 F 2 » 4 5 A # (Assaf et al., 2005) - I 3% 4c B >+
WSBPEL 2.0 i ¥ 427 » B8 ig B jEd 2 55| o A ] §_5 d# % # (Basic
Activities) ~ 1§ i+ 7% #+ (Structured activities) 2 Jit 2 i #- (Process activities) - #- %+
S i=x Mg BAEHBARY o b AR A B AR R R R%
Repd @Sk R

./‘;, 5N
BB R o

(rv’

3111WSBPEL 2.0 A#EH i 3 ¥ ppLp)|

A

. WSBPEL 2.0 3L g=¢ » & 7 receive ~ reply ~ invoke - assign ~ throw - exit ~
wait ~ empty ~ rethrow % validate » &4t 45 £ & Ak # % b (Basic activities) - 2 # %
LR ARE N N - L Jf;]/'w‘rc'f” BRTEEE S At s B ARSI E 0 1Y

A B -
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R AAJEER ¢ 5 oreceive s reply ~ invoke £ = JE S o BRI EILAR TAK
AR RERRAAGPRBE AL F o ¥ e d 2 N A1 B R AEe

RS RRE B A R E S

AR EIARRIEED Y o A A2 (Sequence) ~ T {7 &2 (Concurrent) 1
AR RJLZ A0 H P 2 bR @A 5 % AL (Foster et al., 2003; Fu, 2005) -
Ll B JRPF 0 T ¥ 4(Business process)? FRAx(Service) v 24 JRFRE AR ~ &
AR eI AR B € BT AN > H AN BV R 3-1 B E I ARE JRAME W F)

) e L 2
IR OF o

client portType

v
e
e
FEERTES Service 1

* Partner Linkg
Partner Link
Web
Service 2

Partner LinkJ

BPEL process as Web Service

B 3-1 7 £inA28 pRIE R

ol 3-1 477 0 B i ARE T g B ARG 2 B il > 3R AL 3 Partner
Link 12 2 Port Type o A& * L s - 3 pr > fe58 M-8 3 ig = BFAlR F ik
b - attributes) - » 3% & partnerLink ~ portType % JRi4 ¥ 4w v 5] chik i
operation °
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(1) receive ## %

receive # 7t A Ein AR BFEPRAAP > fFEE B P F
oA L 6 REIESH B AL o 2B WSBPEL 2.0 R3¢ 2 4

<receive>:iE i P Tk & o bldrk 3-1 477

% 3-1receive 32 L0 & § 6] %

EFEE Nl o
<receive partnerLink="NCName" <receive partnerLink="client"
portType="QName"? portType="com:InsuranceSelectionPT"
operation="NCName" operation="SelectInsurance"
variable="BPELVariableName"? variable="InsuranceRequest"
createlnstance="yes|no"? createlnstance="yes" >

messageExchange="NCName"? <[receive>
standard-attributes>
standard-elements
<correlations>?
<correlation set="NCName"
initiate="yes|join|no"? />+
</correlations>
<fromParts>?
<fromPart part="NCName"
toVariable="BPELVariableName" />+
</fromParts>

<[receive>

P bAor 0 P T T A RIS OENARE &% Fil client 54

com:InsuranceSelectionPT * = Selectinsurance /&2 = ;% i@ w I InsuranceRequest

IE A e

% PR w0 it e e LR o receive & F e P R R I E R > 2 5 2 /i

43



4e » 3 5% % @[partnerLink] : [portType] (operation) ; * ¢ Zf+4c + #75 WSBPEL 2.0
BRI s 2 R R R R R DB R AT o &

FE b ik o G (5 0 % B )40 ] 3-2 91 o

receive: 3-8
@client:
com:InsuranceSelectionPT
(Selectlnsurance)

B 3-2 receive 7« i B

(2) reply # #
reply ¥ #4434 RGP > AT auBAZE (T w K o £ receive 4p T 35 0 1@

B RO AR L PRS2 PRI PRI G (AL o B A g blAo & 3-2 A1 e

% 3-2reply 3% 2 AR & = 5] £

R Al = 5
<reply partnerLink="NCName" <reply partnerLink="client"
portType="QName"? portType="com:InsuranceSelectionPT"
operation="NCName" operation="SelectInsurance"

variable="BPELVariableName"? variable="InsuranceSelectionResponse" >

faultName="QName"? <[reply>

messageExchange="NCName"?

standard-attributes>

standard-elements

<correlations>?

<correlation set="NCName"
initiate="yes|join|no"? />+

</correlations>

<toParts>?
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<toPart part="NCName"
fromVariable="BPELVariableName" />+
</toParts>

</reply>

,

Bt S g 0 BT A2 OEIRARR R 0 w R BRI T P 5

-

client p¥ » w % 0= ;X p] §_i% i com:InsuranceSelectionPT =7 portType =¥ =

Selectinsurance 7 operation o 135 & 3 L] > reply $#4 5 v ¥ e P g 4 >

5 A

&g oreply #rim F2 0 3 A AACGLER 2 £ G Bl k5 oW 3-3 4 o

reply: 3-8
@client:
com:InsuranceSelectionPT
(Selectinsurance)

B 3-3reply /%X 4§ @]
(3) invoke ## &

invoke 7 WSBPEL 2.0 # # ¥ » Hefed H 4 chge o JRis » dofe B © gk A&
LEde o 53 partnerLink dp PR - £ G5 portType = = 4% _operation ° 3%

ORI 2 g blhe & 3-8 4 o

% 3-3invoke 3F i AR & B 6] £

EXCRA)

F o

<invoke partnerLink="NCName"
portType="QName"?

operation="NCName"

inputVariable="BPELVariableName"?
outputVariable="BPELVariableName"?

standard-attributes>

<invoke partnerLink="insuranceA"
portType="ins:ComputelnsurancePremiu
mPT"
operation="ComputelnsurancePremium"
inputVariable="InsuranceRequest"
outputVariable="InsuranceAResponse" >

</invoke>
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standard-elements
<correlations>?
<correlation set="NCName"
initiate="yes|join|no"?
pattern="request|response|request-respon
se"? [>+
</correlations>
<catch faultName="QName"?
faultVariable="BPELVariableName"?
faultMessageType="QName"?
faultElement="QName"?>*
activity
</catch>
<catchAll>?
activity
</catchAll>
<compensationHandler>?
activity
</compensationHandler>
<toParts>?
<toPart part="NCName"
fromVariable="BPELVariableName" />+
</toParts>
<fromParts>?
<fromPart part="NCName"
toVariable="BPELVariableName" />+
</fromParts>

</invoke>

bz g bl IR W T e IR AR FRAEEE e insuranceA PRE > T i d
portType ins:ComputelnsurancePremiumPT =# = operation

ComputelnsurancePremium> & #-=£ v B 52 4 75 % inputVariable InsuranceRequest
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®oo 2T @R > @ oinsuranceA w R BF 0 P-4 5% 3275 > outputVariable
InsuranceAResponse ¥ o &R A A RIEE R RIL S 2 o P A AL B2
Bt o eri Eh A2 PR T R i S L RR Y 2 @8 S

4o @ 3-4 #r7 o

invoke: 3-9
@insuranceA:
ins:ComputelnsurancePremiumPT
(ComputelnsurancePremium)

B 3-4 invoke /%X i i B

3.1.1.2 fiRis b 4%
dpi%idds ¢ 7 WSBPEL 2.0 ¢ chassign /& é » 7 Ip 3 A & edZ i # 0 dp i
B H A PRIER P o PRI PR AR 2 ?#-’3@- 748 PR 2 5 assign i 3% i& {7
P oo
assign /=4 B0 BB RHcE B H B PR FiRiF AR BT WO
#c o fassign ¥ i * dp 4 copy fdp 4 copy ¥ x & 77 45 Wenkik from vz 2 AF

WP 100 B2 AR E BT L4 34507 o

% 3-4assign 37 i AP & § 0] £

EFEE Nl # o
<assign validate="yes|no"? <assign>
standard-attributes> <copy>
standard-elements <from
( variable="InsuranceAResponse" />
<copy <to
keepSrcElementName="yes|no"? variable="InsuranceSelectionResponse" />
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ignoreMissingFromData="yes|no"?> </copy>
from-spec </assign>
to-spec
</copy>
|
<extensionAssignOperation>
assign-element-of-other-namespace
</extensionAssignOperation>
)+

</assign>

R UG Epc i) #_#-% #c InsuranceAResponse 4§ %l 3 InsuranceSelectionResponse °
assign s 3k LR - g LR ¢ 7 assign i d et ] 0 %] assign 4 WSBPEL 2.0
P AE i LR R i 32 e ¥ § Fiuahcopy 4 4 o
2 mAggleop 3 d kR(from)3 B oen(to)r ¥ Bl — dpid o B g TR aGRw o

Hikisw i Y 5 24 5 assign iFde 2 poen o S & o] 3-5 FroT e

assign: 3-8
InsuranceAResponse ->
InsuranceSelectionResponse

B 3-5assign ;%% 4§ [§]

3113%E=d i

Bh¥EIRF%¢ 5 WSBPEL 2.0 ¢ svalidate » 3 & % S #ichc@ .2 512 > 1Y

FEWT E O ARA 59 & FESL 7 0 0T HE-404 validate $E 438 TP o
validate ¥ 7 % #c S B ARJT {6 #F B A AR TE L - | & ik g iR B (s o
FERLBcE L F & AE o fvalidate ¢ 0 B B2 variables 4 % F 2 fho 2 ¢
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VEE-I S BRE REEPHEIT Y F LB o validate e93E 0 R
% #jwwwfzr'%\ 3-5 #7157 o

# 3-5validate 3% i 2P| & § ] 4

EFEE Nl = o
<validate <validate
variables="BPELVariableNames" variables="InsuredPersonRequest
standard-attributes> InsuranceRequest
standard-elements PartiallnsuranceDescription " />
</validate>
% B+ i > validate & & % 3 7 = i % #ic InsuredPersonRequest ~

InsuranceRequest 2 2 PartiallnsuranceDescription- ] % validate /> WSBPEL 2.0
VinEd o pae R A B 2 FEEgER S 8 B G variables 2 (8 0

AR gep i A o Ak 5 % Ao 3-6 AT o

validate: 10
InsuredPersonRequest
InsuranceRequest
PartiallnsuranceDescription

B 3-6 validate /= % 4 i B

3114 FF|EH
FolEd ¢ 7 WSBPEL 2.0 ¥ shempty ~ wait % exit > i & § § = i in
Fe N EERIEE FIFRT TR LG A DER
(1) empty i

& WSBPEL 2.0 # » 3 & {5

*’—“‘\

TR AR TR AE R AEID
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i{ aempty HF 0 e B fé k1 g PP R N R 4}5 LR 4 27 ER e
AL o it i e WSBPEL 2.0 #3F » S LR R IR GES » ipe e _empty

hrs % o HIFE P Glded 36 A1om o

% 3-6 empty cEapE 3 Wil *’k’% ] %

XN ol

<empty standard-attributes> <empty />

standard-elements

</empty>

empty ;2§ IR RLR] 0 FILRE R D hh LR ¢ AT o ik E A

R R R e r AR e B S E A B o M B % Ao 37 ST o

empty: 10

B 3-7 empty /%X 52 B

(2) wait ## 3%

e

LAY o oud walt B TR TR d iR m ORI € Wi

==
S

PN AR A AP HE FETIE A fRFT - Ao wait ¢
B dn 4 o until & for A uld R HEE 2 dpHE FEE 1 E R0 6l

4o 3-7 2751 o
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# 3-T wait 3% /2 71 & §= ) £

ERE R -] = o
<wait standard-attributes> <wait>
standard-elements <until>'2011-06-18T21:00:00+01:00'
( </until>
<for </wait>

expressionLanguage="anyURI"?>duration-ex
pr</for>

|

<until
expressionLanguage="anyURI"?>deadline-ex
pr</until>

)

</wait>

i et iﬁ%bd v 3 owait FF % FE 7] 2011 &£ 6 7 18 poent A 4 B o A
35 R E e PF > wait 3 WSBPEL 20 shil AEd > safg e S @B AL 2 &
FHAp 4 until & for 2 o > M2 wait FEd R 2P 2 R &S AR

3-8 “7% o

wait; 10-12
until: 2011-06-
18T21:00:00+01:00

Bl 3-8 wait i & e 2 )

(3) exit f# 4
eXit ¥ " A RARY R IR 0 2 W @ AR o H T P8 g

blde 3-8 #1F o
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# 3-8 exit 37 iF P& o b A

ERE R Nl = o

<exit standard-attributes> <exit />
standard-elements

<[exit>

exit /&% jH> WSBPEL 2.0 fk A5 » s 2 %% i pr > v 45 chd)

oo Flexit Fdcnp chHE ¥ > sx N g P& - KEHERR e BFER Ay 29 47

' 2

5 EER o R i % 4o B 3-9 1T o

exit: 10

B 3-9 exit /%X 5 B

3.1.1.5 4 i 5 #

iR Eae L > & 7 WSBPEL 2.0 2 throw 12 % rethrow & 4 » # p % 40T

Ak
(1) throw i $&

throw F& 7 U FERF Fife? > S8 i g g msEan d &7

ko PREFH B ER RARIE o B2 RN bl4ed 3-9 41T o

# 3-9 throw 3F i P &2 §5 & £

ERE R Nl 5

<throw faultName="QName" <throw

faultName="WrongEmployeeName" />
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faultVariable="BPELVariableName"?
standard-attributes>
standard-elements

</throw>

Yot it g ] o RIEAE R F R 0 B - B throw B B LR A &
faultName # o fadd LR e BEER IESVE TP ¢ T35 A

vt m%@ v 2 2 g4 faultName o ## 3% % % 4o B 3-10 #751 o

throw: 10
WrongEmployeeName

B 3-10 throw 7« % 4 % [§]

(2) rethrow ## %
% fﬁ?ﬁ’—%’gﬂ throw /& &% 118 > wdZ e £ 425 7 J‘!%ﬁ“gl rethrow :#-4% 3%

AL BTN L B8 (7L o H 5302 RAr e bldr £ 3-10 #4777 -

# 3-10 rethrow 3% i AR & & &) £

TR #51

<rethrow standard-attributes> <rethrow />
standard-elements

</rethrow>

rethrow 7 852 § #r sl it § & 3 20 F15 2 b LB p e Bl et 38

e

FAatEEd @i v eRm RAESES KRG T2 e R Y 2

i L%]ﬁ ° ﬁ*—%l‘é%ﬁr@ 3-11 #557 o
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rethrow: 10

B 3-11 rethrow 7% % 4 §% B

3.1.2 WSBPEL 2.0 B f* B # 4§ 3 /% J B0

WSBPEL 2.0 # s i+ i #- (Structured activities)- ¢ z 7 if>while~repeatUntil ~
pick ~ forEach -~ sequence % flow - iz sequence £ flow ot ez H o S 4f i & #

Fle oo @3 313 A UGRP o A B AR AR SRR RRFE S S

~.

A 23
% ¥%

ER 2 R B R A S EE SRR BRSNS ER CERNER L S

4

BB kR

p

3121 N EH

=y

% 3 (Conditional)i& # » & 5 WSBPEL 2.0 * 2 if j&8% » i & 754 # it

Fenfi s iR BT R AR RJE G Y 0 T RN I ke AP o
ifRdfkiET 7 28amE £ e ¥ kB3 b enfRd = nfgas Lo

FoAo- AN VR f B oelseif ki T L B E o HF R AR e Ao

% 3-11 #%5 o

4 3-1Lf 372 )2 g 6] £

EZEE Nl F
<if standard-attributes> <if>
standard-elements <condition>
<condition $InsuranceRequest.insuredPersonDat
expressionLanguage="anyURI"?>bool-expr< | a/ins:Age > 50
/condition> </condition>
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activity perform activities for age 51 and
<elseif>* over
<condition <elseif>
expressionLanguage="anyURI"?>bool-expr< <condition>
/condition> $InsuranceRequest.insuredPersonDat
activity alins:Age > 25
<[elseif> </condition>
<else>? perform activities for age
activity 26-50
<lelse> </elseif>
</if> <else>
perform activities for age
25 and under
</else>
<[if>

-

de b iG] E Y T & o if /26 ¢ v condition > @ else if » F 4oyt o if
mE e SR B R pE o if EE AL R A T 0 84 90 condition B A B
# 5+ > condition & Jf £ P condition £ ; A REEERENA R AL 2R
R RS IR R E Rk SO S L SRR TE N | PR N o

T o SR doF] 3-12 S o

condition: Activities
P»{ $InsuranceRequest.insuredPersonData/ forage 51 and |
ins:Age > 50 over
condition: Activities
if: 30-44 P SInsuranceRequest.insuredPersonData/ > [if: 44
o for age 26 - 50
ins:Age > 25
condition: Activities
> ’ forage 25and |
else
under

Bl 3-12if i R B
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3.1.2.2 if‘ﬁa S
8% 3 (Loops)®#+ ¢ 7 7 WSBPEL 2.0 ¥ while ~ repeatUntil % /& - &
W #F . F_2 condition kAT e EE £AFE(T o
(1) while ## 3

while 7= % iz B condition » &% FRiE £ > g H j

@17 HER RS bl g 312 517

# 3-12 while 37 2 P &2 §= b 4

FiE AR = o
<while standard-attributes> <while>
standard-elements <condition>
$Counter &lt;

<condition
expressionLanguage="anyURI"?>bool-expr | $NoOfPassengers

</condition> </condition>

perform activities

activity
</while> </while>
i 4 & » while 1345 2 T condition 2. T & % i+ - 1% * g & F £ TRUE &
FisgEd o FE% 5 FALSE Pl & while /&8 o #3% 5 7 ® 4 pF while vk
fedom ¥ e 7= 29 2 g condition Rz g&# A& o7 0 F e B condition i
FEE L% I orrz B Kk e condition ApdE A 4 2 iE 2 Bz while 5 B 2

Hipsk o while gk e g HEE A2 29 2 R o @k % 4oBl 3-13 977 o
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condition: J
»|  S$Counter < Activities
$NoOfPassengers

condition:
false

while: 30-40

B 3-13 while 7% ® % % @]

(2) repeatUntil i 4%
repeatUntil /= #> 2 while /=& #g 0z » 12 condition 2 #72_ # 4R % » AT 5
B FEFEE 0 3 F A repeatUntil £33 7758 » £ 2| %7 condition /4 % &_

TEEHRE  HFZ 2 %E‘Jﬁ?%i’n}ﬁr% 3-13 #17% o

# 3-13 repeatUntil 3% i L7 &2 § b 4

EXC RN 3
<repeatUntil standard-attributes> <repeatUntil>
standard-elements perform activities
activity <condition>
<condition $Counter <=

expressionLanguage="anyURI"?>bool-expr | $NoOfPassengers

</condition> </condition>

<[repeatUntil> <[repeatUntil>

i PB it b 0 Bl E A FiE S > £ K% condition ¢ 2 iF it %A o £
AT AT EARTIEE o LR R Rk £ 7 repeatUntil 72 3 H g
Bl > fieefmeniad RIARET N 78784 - £ 2k k& condition » condition
MERBEREENFEAT 0 RIS EEP R E LT repeaetUntil 0 T iEAH A
fii%ﬁf]%\» 7T oo kL% 4o 3-14 Ao o
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condition: J
$Counter <=

$NoOfPassengers

repeatUntil:
30-40

Activities @

condition:
false

Bl 3-14 repeatUntil ;= % & g B

3123EFEHF N FH
% 4% ;% (Selective)iEd» » g AT TE RN ES 0 kBRI PR G B AR 2
AT A o AEBNERY & 51 WSBPEL 2.0 hpick iE#e 0 1T gt
¥ pick fg k2 (7P o

A

pick Z# E 52 Fg 4 hE 2> Z2EE5RGFA Rt L > & 57 17 onMessage

@ e 2 U onAlarm - TP R 4 BE o SF 0 RS B blAed 3-14 #ToT o

% 3-14 pick % P 22§ i) %

EXCE AL o
<pick createlnstance="yes|no"? <pick>
standard-attributes> <onMessage

standard-elements
<onMessage partnerLink="NCName" partnerLink="AmericanAirlines"
portType="QName"?
operation="NCName" portType="aln:FlightCallbackPT"
variable="BPELVariableName"?
messageExchange="NCName"?>+ | operation="FlightTicketCallback"

<correlations>?
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<correlation set="NCName"
initiate="yes|join|no"? />+
</correlations>
<fromParts>?
<fromPart part="NCName"
toVariable="BPELVariableName" />+
</fromParts>
activity
</onMessage>
<onAlarm>*
(
<for
expressionLanguage="anyURI"?>duration-ex

pr</for>

variable="FlightResponseAA">
<empty/>
<!-- Continue with the rest
of the process -->
</onMessage>

<onMessage

partnerLink="AmericanAirlines"

portType="aln:FlightCallbackPT"

operation="FlightNotAvaliable"

variable="FlightFaultAA">

<throw

faultName="trv:FlightNotAvaliable"

<until faultVariable="FlightFaultAA"/>
expressionLanguage="anyURI"?>deadline-ex </onMessage>
pr</until> <onAlarm>
) <for>'PT30M'</for>
activity <throw
</onAlarm> faultName="trv:CallbackTimeout" />
</pick> </onAlarm>
</pick>
do b i fEbopick EE kR AT 2 B A LA B Ed PRI AmericanAirlines

,%”g d portType aln:FlightCallbackPT #% {7 «» operation FlightTicketCallback 2

FlightNotAvaliable #ri&-=2_> ¥ - @ 5 PR3] 7 30 » 452 > € & (7§ % o & pick

?ehd Bdp 4 > onMessage H Bt A AE S Y Rk A dRE F AR 0 Jh

partnerLink ~ portType % operation #72_> @

v ,%”gé 4p 4 for 2 until & -
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W SRR o DICK MR AR Y B R A A R L E R
T AR L & T 0 4o WSBPEL 2.0 A A#H S d 4 5 kB R (S cniE S 4p 07 o
#< onMessage #& % & JE ¢ 7 @partnerLink:portType (operation) - @ onAlarm R’
¢ ¢ for & E until B4 4 p 355 BA L S HRIL s PRk 2R B

EHAPR > Bfd L R A& T pick B ek f o S % Aol 3-15 1T o

onMessage: 31-35
@AmericanAirlines:
aln:FlightCallbackPT
(FlightTicketCallback)

onMessage: 41-45

@AmericanAirlines: o
| ain:FlightCallbackPT " | Activities

(FlightNotAvaliable)

Activities |

onAlarm: 51-53
for: PT30M

Activities —

B 3-15 pick /% & 4 5 B

3124 5 £ 5 A N5
% & & £ ;X (Multiple branches) /& # > & 3 7 WSBPEL 2.0 ¢ ¢ forEach i # >
B Tt B TR DI 2 TR B FER D= T R
forEach ## 3% & 7 3P o
forEach e #5274 » 224 2 >t Java 3% 3 ¢ ¢ for-each v [B] - forEach 3%
747 o H T 7 & ¢ startCounterValue % finalCounterValue - H 3% 2R # bl

4o 3-15 #157 o
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# 3-15 forEach 3% /% L7 & §= b %

ERER -] ol
<forEach <forEach
counterName="BPELVariableName" counterName="Counter"
parallel="yes|no" parallel="no">

standard-attributes> <startCounterValue>
standard-elements number(1)
<startCounterValue </startCounterValue>
expressionLanguage="anyURI"?> <finalCounterValue>
unsigned-integer-expression $NoOfPassengers
</startCounterValue> </finalCounterValue>
<finalCounterValue perform activities
expressionLanguage="anyURI"?> </forEach>

unsigned-integer-expression
</finalCounterValue>
<completionCondition>?
<branches

expressionLanguage="anyURI"?

successfulBranchesOnly="yes|no"?>?
unsigned-integer-expression
</branches>
</completionCondition>
<scope ...>...</scope>

</forEach>

b g b)Y 0 T & shstartCounterValue & i 72 % ** finalCounterValue & /% »

EE R FF o T kLY eRpF > forEach Rk e U AT > TR

=

HawE? 2 g startCounterValue % finalCounterValue R] = condition » 1 3
#% % 51 I 4c + startCounterValue % finalCounterValue =i i ; forEach & & 15 i
de b2 P2 = o ik % o] 3-16 #F T o
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number(1) =

/forEach: 40
$NoOfPassengers

forEach:
30-40

condition: -
——) false Activities —|

B 3-16 forEach /%« ¥ 4% [§]

3.1.3 WSBPEL 2.0 inf2 /5 # 3% T /% J e B LR

P

i A% # (Process activities) &= WSBPEL 2.0 ¥ » Bt gfpit B » = 2 p
GHB SRR o m N kW o - R F RSB R RIT )
VAR ARSI 4 32 WSBPEL 2.0 5 sequence * flow - #eii
f2sd & 77 WSBPEL 2.0 ¥ shasequence 2 flow » gt ¢t 444 flow link #2 4% :&
fFm
(1) sequence # 4%

sequence & & BT IR R A B AR 0 H = & & osequence EF 2 T i
WSBPEL 2.0 #F#-iifz? » % F kB ITEKDVES BB JIL o B F 3R 8§ 5l

% 316 #r 7 o

# 3-16 sequence 3% i+ P &2 & 0] &

ERE Al i o

<sequence standard-attributes> <sequence>
standard-elements perform activity 1
activity+ perform activity 2
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</sequence>

perform activity n

</sequence>

Ryp bt ge bl R A L osequence P i EH 0 & kBB

LR
¢ A EIREE 1~ EB 28 TR & A N 2IAIT 2 & (4 sequence A B €

B oo i AR F pEpF o sequence Bk R T o4 F @ 7 H sequence EEHLE

B 29 2 0] & & osequence T e BIAE PR E EARE AT EE
Atz Bk Al 2 ssequence B AP IGR A T o e FRAFZ =)

Bk % % 4o B 3-17 #7o7 o

sequence: - - . Isequence:
I Activityl Activity?2 »| Activity N 5

B 3-17 sequence /¥ 4§ [§]

(2) flow # 3%

flow /& & % ¥ 7 (Concurrent) &2 » & f flow ™ 5 6 » ¢ & flow & 8- &

A 1T B 4pAE 0 3E 0% LR g Blde & 317 ST o

+

% 3-17 flow 3% i 2LR] &2 §= b &

ERE R #

il
<flow standard-attributes>

<flow>

standard-elements perform activity A

<links>? perform activity B
<link name="NCName" />+ </flow>
</links>
activity+
</flow>
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do bt e b 0 flow 7B de § A B AN o p e B2 15 TE AE R

J>
ﬂh

=% B
B dnit (7 o dhde 5 B peRpF flow MEH LT > 7 ¢ 3 flow Bd 4 27 4

Al TR R flow TEEBRINES LT > EREER LTI EG @

RGBS st flow 2 B ik 5 flow ik A U L o 8

4 4 % b ) 3-18 S o

Activity A

flow: 60-100 |— —»] /flow: 100
Activity B

Bl 3-18 flow 7= 3 e j [§]

(3) flow link 2 3%
3 & flow ? 9 WSBPEL 2.0 /& # > % 3 link chgF42(Matjaz et al. ,2010) »
link % &-WSBPEL 2.0/ #/i42® T&x m 218 2 EROF L Ed {7 uir
link #& 7 flow rZiEA2? > & FRILFE oA i 4 o H g2 P& b

44 3-18 #7157 o

% 3-18 flow link 3% i 2P &2 45 b 4

TRE LR BEirF AR
<links> <source linkName="NCName"/>
<link name="NCName"/> <target linkName="NCName" />
</links>

p o
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<flow>

<links>

<link name="Ato B"/>
</links>
<Activity A>

<source linkName="Ato B"/>
</Activity A>
<Activity B>

<target linkName="Ato B"/>
</Activity B>

</flow>

PR ] hiEE AP KR link kR EE B Yo w2 link
P e R A B R pFlink kA& 7 0 F & 3 2 & linkName» ¢ source
FuEde o 2T link ki fs > £ 4 link JEAE > i 2T target iE#e 0 H el %

,T.%%irﬂ? - 45 flow g d o B fg 3% % 5% ho B 3-19 #77F o

flow: 60-100 |—

—p] /flow: 100

Activity B

@B 3-19 flow link /%% % i, 8]
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3.2 WSBPEL 2.0 # /% ® e imf2 % % & i3

t WSBPEL ## 3% = /% ¥ Qe gz cinfz® i@ * A7 p {7 B4 2 BPEL-PN 3l
& (BPEL-PN Engine) » # 31 & 2 = i+ $ i 73] (Document Object Model; DOM)
A e TR G & A BPEL-PN 318 JE A2 51 S akiEAr 0 T 0 45t

B B EINBFIP o
3.2.1 BPEL-PN 3! &

AET R U2 5 PR L AAA#H S BPEL-PN 31 # > i 7 WSBPEL 2.0 #
e AN R R Rl iR AL BT R R o B 3-20 gkl 2 X

SRR -

WSBPEL 2.0 or
Petri net
Source file

Source Type Analysis Module
\

v v
BPEL-2-PN Dead Lock Analysis
Module Module

BPEL-PN Engine

Petri net Dead Lock
File Report

Bl 3-20 451 &2 5 A% HEE
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BPEL-PN 318 2 & &4 &6 < 300> » % - 00> F 4~ WSBPEL 2.0 #3% 5 i%
B et 3N gt e A 5 TBPEL-2-PN Module ;5 % = #8 > 5 & g 3t i
3z -4 5 Dead Lock Analysis Module o & %4%] r51E s € G ’”ﬁf Source Type
Analysis Module p & 8 plFE R 4] > &9 #Bph R 0 Ao T Lk

B it A it~ %R i ~ BPEL-2-PN #ie ¥ 2. WSBPEL 4% » #-¢ 4%

‘é
i
e

'*’J MR Rt 2 SR T - W 2 (S E A HTIRT R A4

R4 RN BT - B FEP o F 4 L4 BPEL-2-PN fikeie
(73 e

R E LS R = BASEE - & b _Normalized Processor ~ Format Processor
2 2 \WSBPEL to Petri net Processor - Normalized Processor chp chi 4 ~ A2 4 &
TR 2 B FAILR* > I WSBPEL 2.0 s 2 > 3 4 18 4§ jed®
»zit 5 Format Processor §  #-WSBPEL 2.0 ¥ cE és de Floe ™ &k » 2 -2
#5632 17 & 4 WSBPEL to Petri net Processor B § § &JZ WSBPEL 2.0 # 4% 31
P e gL iE AR o “,f Pk S AR BEERA BERE > A u A
Parser Registration Manager - ¥ WSBPEL to Petri net Processor #5 iz 77 Converter
Manager - Parser Registration Manager ¢ 4-%F WSBPEL ¢~ i » #-2f # {E3e3F 3
~ e 2 Ap ¥R o WSBPEL 2.0 % #5358 ; Converter Manager R &_#-=
WSBPEL 2.0 /&8 cnfm & » 48 52 %X g B & 2L o B 3-21 BPEL-PN £_51 &

%L -
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WSBPEL 2.0

Source file

\ 4 ]
WSBPEL

Ll . Acceptable
Ranged file |« Normalized Processor ™ Handler

A 4

WSBPEL
Normalized file

Parser Registration
Manager

Analysis Regstration

Format Processor Handler Table

|_¢ 1

DOM Tree

p—

| Basic activities |

WSBPEL to Petri net | Structured activities |

Processor
| Process activities |
Converter Manager
\ 4
Petri Net
file

Bl 3-21 BPEL-PN 31 & % £ ]

BE #j ~ BPEL-2-PN Module =» WSBPEL 2.0 ~ i# > ¢ -4 Normalized
Processor & {7 & 214 EJd? > #-2 2 ¢ 2 [ prehdk 7 s AT F 272 (S ik P

p

BB N FREFRS 2B G AL Y-

=

P G EINFSIP A
WSPBPEL Normalized file » ¢t 4§ % . 7 (538 7 M B AR5 > 7 3 4o (8 F 3% ok

W R U B ALY NIA s 6 o
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w2 it ek i 0 A4 Parser Registration Manager 2 %rm 2> & & k| BF 45
3 7] BPEL-PN 51 & £ v = 24 2 §773] 5 A # Kk eg@ e @ Parser Registration
Manager ® 1 Acceptable Handler » :#-¢ &%+ Normalized Processor {2 ch# —

B @ @A) &8k > (7 T RJT 2 %7 > Acceptable Handler :#-&° gLi% » 3

TEMLTRAIDL > K ALE BTG ES

L2tk s kPR — WP F T 4rif o WSBPEL 2.0 fE 4 R B R o &

=f

- BEAIRE 486 ¢ § A A WSBPEL 2.0 ja s crnfe[fl ; s A 2 % = B P 0
#h%E o fs WSBPEL Ranged file » & - * % 12 % 7 ””:Q;ﬁd WSBPEL 2.0 #
LR RR B REREAERE T Y %gd PR e ¢ g ok B E IR

FFR 0 F b BB AR TR AL -

#7 & WSPBPEL Normalized file # % - ¢ &3l & p 382 3%i% » Format
Processor » % Format Processor ¥ & P~{7 & — i3 WSBPEL 2.0 ¥ & chf fl » &
T E R ARG EEY gtk s (R b - HamEp > WSBPEL 2.0 iriE e A & A
P A .f%ﬁnb HE R AR E D o 273 9 WSBPEL 2.0 & # % i Format

Processor p¥ » #-¢ i » Parser Registration Manager ¢ :&{7 4 #f -

% Format Processor {4 » € A 2 #5553 AP h 25 B HCA - A
Pt i 3% ~ WSBPEL to Petri net Processor # - i& 7 WSBPEL 2.0 ## 4% 5 /v ¥
BT o 3342 ¢ > WSBPEL to Petri net Processor ¢ 4_3% < & 4 i+ i3] &
gL9 i a8 3 3% ~ Converter Manager i {7 2| %7 > &R s #8p T o
LEr AR PEREE R EA R B SR T - MR FE S

18 WSBPEL to Petri net Processor & » i ¢ & # # 3 = 74 Tk ¥ Rt v 2 o
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3.2.2 WSBPEL 2.0 # /% & i % & /2

"I WSBPEL 2.0 5% % e Bs » #ert G HUAR 0 S G 20 R G B

BPEL-PN 31 & <7 WSBPEL to Petri net Processor 2% iz » 3P 4o F o

F AL A ARG F LD B R R R e 2 B 5 2 PNML

I B gk 2k Ay & 7 process =R 4 o T Kk #-4iF BPEL-PN Engine Format

(~N

Processor &JE i i & 8L » B~ 3 & 85| 4 0 1%~ Parse()? &7 AJIE ; § R
BRARIEZZ E (5 > #4% Link 22238 % B (5 454 process g ki = R - £ #

PNML #5 & = 5 f 5 o L 0ARIF B 2 4 o & 3-19 4757

% 3-19 A URARE B 2 0 E

Function Main flow

Description Input:
WSBPEL, root of DOM tree

Variable:
PNML, root of Petri net
Ps, place of Petri net to represent the start of process

Pe, place of Petri net to represent the end of process

Algorithm Main()
{
Create PNML as petri net root;

Create place, Ps, as the start of process;

PNML.add(Ps);

Parse(WSBPEL.getChildList(), PNML); // Traversal tree
Link();

Create place, Pe, as the end of process;

Nn = PNML.getLastNode();

if (Nn == “transition”)

{
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Create transition Tn;
PNML.add(Tn);
Create arc link from Nn to Tn;

Create arc link from Tn to Pe;

else

Create arc link from Nn to Pe;
}
PNML.add(Pe);
Output(PNML);

Parse 4 it &4 1@ » o3 & BEF| L 0 B (7T FTRAIL > £ 4E - B & B AR
7 0o Ld BPEL-PN 51 & | & & gL w] » § ConverterManager ¥ - @;ﬁﬂ & 8L
R P~ B2 )5 0 Foeked convert i& SRk o dod 3-20 Tor 0 5 iR 34T

TEE IR

2320 thiw 345w B A g ol A

Function Traversal Parse

Input:
NLO, Node List

Description

PNML, root of Petri net
Variable:

Bt, WSBPEL Type

Parse(NL, PNML)
{

Algorithm

if (validate(NL))
{

For each node in NL
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{
Bt = node.getWSBPELType();
converterManager(Bt).convert(node); // Main
convert flow in here
}
}
}
vt vd ConvertManager » srrconvert {s > ¢ & B &8 3w it 3L ) > #- WSBPEL

20 kipd e g TR0 BALAHAGE > AAHFEY > SHEB O DE L

ErEH AT EER o ZE 2 pm PNML ¢ > B RTeng SR A5 B e AR o ",%

gz b flow ? ehalink #-§ B G ARGES ¢ o B HAAUE R R B3 E

2Lit {7 % % 0 35 11 Link 9 Source 2 Target &5t LinkMap @ » & 18 S A2 o 4r

% 321477 0 L AHFEEEFRZF 0L

# 321 A#FG T Y 204

Function

Basic activities of WSBPEL convert

Description

Input:
N, current Node
PNML, root of Petri net
Variable:
LinkMap, the map holds source and target of link

Nn, the last child of PNML

Algorithm

basicActivitiesConvert(N, PNML)

{
Nn = PNML.getLastChild();
Create transition T as N in Petri net;
Create an arc to link from Nnto T;
if (Nn == "transition")

{
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Create place Pn;
Create arc link from Nn to Pn;
Create arc link from Pn to N;

PNML.add(Pn);

else

Create arc link from Nn to N;

}
PNML.add(T);

Get children nodes list NL of N;

For each node of NL

{
if (node.getNodeName() == "sources")
{
For each source of sources
{
Get attribute linkName value of source, Ls;
LinkMap.put(Ls, T);
}
}
else if (node.getName() == "targets")
{
For each target of targets;
Get attribute linkName value of target, Lt;
LinkMap.put(Lt, T);
}
}
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LG HE T E R 0 pAR Y pick B B 0 BB g Ap e g E 0 Y R
RE TR g ALE2d BRGE NEATEHEEFh DR paEL - £ 0
2 PNML &8 - @ & 2 B epk § chid & (R 3% o pick @ & - 4 2 gRa2
13 pick 2 T 5 & 2k % & chonMessage & onAlarm @ s g2 F 437 pick sh & & o
P-{¥ onMessage = onAlarm ik & o &7 i = @A o 3 2 2 pick Sk i
2 A B 0 33t onMessage & onAlarm i # {8 & rJR s 0 B - pick F
S FEEF A > B B~ Parse() ¥ it 7R R o k{8 BvEe aJdR {8 eh gk

22 pick 5k ek fE APl o SR ARAe A 3-22 A1oF o

#03-22 Rip it R R ERIE N b A

Function Structured activities convert

Description put:
N, current Node
PNML, root of Petri net

Variable:
LinkMap, the map holds source and target of link
Nn, Nnn, the last child of PNML

Nn1, the first child of PNML

structuredActivitiesConvert(N, PNML)
{

Algorithm

Nn = PNML.getLastChild();

if (N.getNodeName() == "pick")

{
Create place Ps as start of pick
PNML.add(Ps);
Create place Pe as the end of pick
Create arc link from Nn to Ps;

NL = N.getChildNodes();
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For each node of NL
{
if (node.getNodeName() == "onMessage" ||
node.getNodeName() == "onAlarm")
{
Create transition Tn as onMessage;
PNML.add(Tn);
Create arc link from Ps to Tn;
Parse(node);
Nnl = PNML.getFirstChild();
Create arc link from Tn to Nnl
Nnn = PNML.getLastChild();
Create arc link from Nnn to Pe
}
}
PNML.add(Pe);
}
¥
A AR BB IR 0 F H_sequence s PRiE A Bk o A B AT BB

foo T raE Bk s PNML ¢ Bcfs & 8baig & F 454 sequence & T
o BhiE 7 ifr Parse() Rt 0 s £ # PNML 2 = if® {8 chdfs & 8 » &7

sequence & & ek i fpid TR A o

F AL flow h3n i » § A Lz flow Biafrd a4 > 2 B H 40
5 22 PNML P % B fé cnah B o 4277 k& B flow ¥ eh3 & 8Leg® » 3 ¢ alink
L& LinkMap # o £ FRre 5 ket 2 b o B ghie &3 en 5% Parse()#
- Bagk kis & PNML ¥ & {3 e gk, &2 flow 3 & ahi 4513 5% o iE A2 404 3-23

ATIR o
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% 3-23 inARFE BRI R 2 4

Function

Process activities convert

Description

Input:
N, current Node
PNML, root of Petri net
Variable:
LinkMap, the map holds source and target of link
Nn, Nnn, the last child of PNML

Algorithm

processActivitiesConvert(N, PNML)

{
if (N.getNodeName() == "sequence")

{
Nn = PNML.getLastChild();
Create a place Ss as the start of sequence;

if (validate(Nn))

{
if (Nn == "place")
{
Create place P2;
PNML.add(P2);
Create arc link from Nn to P2;
Create arc link from P2 to Ss;
}
else
{
Create arc link from Nn to Ss;
}
}
PNML.add(Ss);

Parse(N.getNodeL.ist, PNML);
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Se;

}

Create a place Se as the end of sequence;
Create an arc to link from Ss to the first node of N;

Create an arc to link from the last node in PNML to

PNML.add(Se);

else if (N.getNodeName() == "flow")

{

Nn = PNML.getLastChild();

Create a transition T1 as the start of flow;
PNML.add(T1);

Create a transition Tn as the end of flow;
Create arc link from T1 to Nn;

NL = N.getNodeL.ist();

For each node of NL

{
if (node.getNodeName() == "links")

{
Get child node named link and get attribute

name of link L;

LinkMap.createlndex(L);
}
Create a place P1 as the start of branch;
Create an arc to link from T1 to P1;
Parse(node, PNML);
Create a place Pn as the end of branch;
Nnn = PNML.getLastChild();
Create arc link from Nnn to Pn;
Create arc link from Pn to Tn;

¥
PNML.add(Tn);
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[ER U A A » R B Link R p 1R b Bt — =X g2 e 44 % LinkMap

P i — BIE P P~18 Source 2 Target> 4-%t Link £ =} fx 7 ¥ 3#-Source 2 Target

RAp IS o L& 3-24 9551 o

# 3-24 i3 R RJLIF B b £

Function Link
Description Input:
LinkMap, link relations keeped in this map
Variable:
Source, source node of each link item
Target, target node of each link item
Algorithm Link@
{
For each item of LinkMap
{
Source = item.source;
Target = item.target;
if (validate(Source) & validate(Target))
{
Create place P named item.key;
Create arc link from Source to P;
Create arc link from P to Target;
PNML.add(P);
}
}
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323 A¥ RS B E

# BPEL-PN 318 ¥ » ¥ — 385 5 0 PIRB o pt 23189 5 -

B ae » H B w2 ’]‘]Ef_ﬂw&rﬂ B8] 3-22 #7151 o

B A AR g A% E ~ Node Inflator # 38 {7 &2 > 4% = F 9188 2 > 0%
Roep b b g RS Mo 2 R e LR F i TR R Lh B %

Ao EHN S B RE B AR RRERR Y B0 2 g 2 AN

)

2 cha gh(Node) - @ & 8h4 5 A 5750 > 2 BRGNS R SR

m A4 “E‘!:.Bﬁslfrpi‘?ﬂfﬁg%]“} » A E R Y o LT - P B AT o

2= iF Node Inflator FdZ {s s % » 37T % i¥ ~ Process Manager > Process
Manager € #-4gi% fefRile B EEM M IR > @ B P R e
B o R R GAm g oty fiRE B frﬂémﬁﬂ » Bcfois O B 3B 2 ET
2 g o 45 FlAc 4 2E(Begin Node) 2 & & 8L > AehnBES 7 5 e &8 ¥ P R
7 - flﬂi%]/\ e TR R A AR - ﬁ%ﬂ'm@‘s‘ﬂ\ v v BBl B eh
B2 oAid - B RS AT R R SRS o it G ARSI B ap

i ek & 47 (Basic Process) o

3 MEM a8 4 > €4 Process Manager i¥ » i 4% 7 4% (pseudo process;

PSP) ¢ 32 - PSP Candidate Manager i& 7 # ] = #t5 73 PSP Candidate » ¥ 4
mﬂ‘!ﬁgw» BE_AH - m@qj » B i%&;ﬁﬁfé ERE iﬂi%] r o %’gﬁ TR PFS

J et eniz iE (Candidate) g /2 o £ %ﬁr‘ o o AL T BTN 0 38 T BN ARES S

EFE B DR E R EERIAR *%' T R AR KR T (S SR o
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Petri Net
Document

Node Inflator

O
Jofofo
loflo

Process Manager

PSP Candidate
Manager

Dead Lock Detector

NAVAVAN

Report Generator

Bl 3-22 fepisr A 47 B HEF

=it
gy

Rl > 7 R R B M-S B AR R AT o B R % 0§

Report Generator & # 4F % 4. » 1 & IR e R 15 &2 i
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3.3 4w

PRI g AR Y ehat i e (Knitting technique) £ BH ~ 3 kA aB
BEoom BT OUE L A AR EIR BP s e BT A R o U e e
B g § - 48 I ¥ & 4% (Synchronized Choice; SC) 4t © 4o % — i % 3+ i ¥
it A EEERORAET G T MRS BNE R R e a T

oy ER PR - RFRIANER A A E Y AP BB

PG AEEAR I RETE ERSHEET LE DR -

* 3] TR R A e B AL T TR R A R R R T
AR CR I :}iﬁtrm’;é (Chao, 1992; Chao, 19944, b, e, f; Chao, 1995; Chao, 19973;
Chao, 2001a, b)43 3 7 — £ f§ B @ 5 22 f] > 7 10445 & = R R R RATE oD
g e B 5 W S B AJE A B A% 2 [ (Transition to Transition; TT)
fF B B T (7RI 0 fod Bk gk 2 B (Place to Place; PP)chf A & 3 S5 425 > #7 4

Feert o B bR R URIE R T 0 A LR AR e blde s b B LT

14-

IR~ I =W ils R A A 3 %2 fF R R (7 e A2(Zhou, 1991) - i ¥

A o E R S 8RR s

i<

B BRI A # S

RiEHERE -

2 ;’g%v‘ ¥R A TR G (X5 0 blded F AT (top-down)st Ed T b
(bottom-up) (Chen, Tsai and Chao, 1993; Datta and Ghosh, 1984; Silva,1985, Zhou,
1989) - ¥t & F 44 2 = ;2 (peer entity generation) (Ramamoorthy, 1985)fr 4" 32
(Chao, 1999; Chao et al. 1994a, b, c; Chao and Wang, 1997) » # = 7 #-4*: Mif%‘« pES

BEFEFERY -

BT ORALHLNTERLY TR T OUL SR v T FIZD 16 B Ap M

T B AR AT



Z & 1 F# EEd(synchronic distance) » Ztifrt, s BHEAS 2 F > 48 - BRE

P >N & 5 dyo=Max{lo(t) — o)} r 2 * o & T % aESE »

P o)E T o F L AR o dW, V)EW & £ ¢ o A b L RS B

V & &8 AR A o

5 323 ¢ > Bl(Q) & - BIEERT A R R i Bl()A 7 PT 2 &

B [psts pats]s BI(C) % 7+ 4 » — B2 & :® & (regulation circuit, RC) [t; p7 t3 pe]fé °

ﬁ@ﬁkﬁ’ﬁgﬁ%$—%&ﬁ%ﬁi%ﬁmﬁ$@o

B 3-230C)" o dya=10 FIAtgT bty FARFRHE - = o

P1

D1

P1

PTy

(@)

(b)

Bl 3-23 7 Ie {4 5 i iR B g e )

©

F_&K 2 A= % (Home place, pn) » to - TML?J ek iy o X F - BRE iR GE

ek R AeAC A BE o
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Z 4 3 4k & A7.(basic process) f ik B gL ¢ 5 15 H - (B (A ] e BT > B
POVEET  *t=[t"|=1> 2 VpeP °p|=[p°|=1; (QAcde i ¥ pn &F
7 F tRseae
B 3-23(@)" > prA- BAh=¥ > A[prtipstapsts pi]i— B A XA i
SR R ) RE S R RCE A R TR R o 1 S TR A
%T%mﬁﬁﬁﬁ’ﬁzgsﬁzﬁﬁ%,?u%$m%gﬁﬁﬁm§$ﬁog

o BRPTY B AP F %{/‘\f FRORFTAAZET K BT R -

TR mEaAlle Ay o - B et ipEr > Hize- B

SE(F FRBARE) R VA BHRBEE TG - B SR

ﬁ%J GBL G AT B T R G AR B O U ERE - B AR
FREBL- BALSRELSEALRDTER THL i

B13-23(a) ¢ - B EI0; = [ty po to pa] » o< B JJ_q*'«r; B R AR > T U H

BAgm =t jm=psc FT R BT T - 86 m RITARH 5 PSP

%_#5 & #PSP(virtual PSP, VVP) - Ko v A B e Bhang FR AR o §]3-23

R
(@ » B [ps ts] e A 1 m 4 PSP -

RA6: Bm AR oo Tl 3 & (prime) (2 2p) > 7 0 - B (&
AR ) B p) AT 2 e R B A (R ) e B Ty(#
M) ... Ti(s 215) » K,éf TN R B SRR R
3 o
ST S AR 0 H 2 el 5 Bt A MR SRR BT R MR

I;B

B B A2 B DB 1 o

TR ILfello? B mHEii Az B e o > 3¢ Ihfellinh B & 7= A%

-

(1) = = (Exclusive) : #ILfrll 4 5 = B (R 5 EX) R AL |1
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Bk 3 Iy fellsp & ps e

(2) & 17 (Concurrent) : IT; eIl 84p 3 & {7 én(35 8 5 ‘CN’)>Hhse S I || 11 -
B3k ()3 Hl'frl'lz.&ﬁ"ﬁ Bt & A (DI frll A S 2 {72 ot i

B @A) e e

(3) ¥ 7 (Sequential) : BRI eI &3 5+ 3 £ {7 3K (@)jm = Om
f)vpel £(@):(b)H P - & > HILFTLPEE? > p#ph B &
Va R gk e o T v T4 P (sequentially earlier) (358 & *SE”) - fhse
# Il — Tl > @ g 95 5 eyl e prIlp - Tk ¥ (sequentially later) (S5 8 &

‘SL”) > #e sl I o
B 3-24 £_TT 4o PP ch Bl g2 6> R TT.3 2 ¢ & Jf I pF4 i TP(bi4e[t, pa])
Fe PT(5l4e[ps t7]) e = 5 Bl(@) % 7 ¢ 7 g B E TP 24 & ik T [ts pa] » =
¥ tolte PFoRR TT.3 R E4 B47F f LEX chif# o t4e LEX(t, pa) = {to, te} ©
Bl (0)% 7 Vp € LCN(TPyg, PTag) (= {ps, ps}) * ¢ EF — i% VPT j&_ps ¥| PTy # &
PP2 th& — BRA] > ZRIHE-€ @ ps ¥ F sl £ "Lk n ;s B(C)% T >

WA L E L it ht(p) o Bl - BRE B0 ¢ iR pbts€ (pr=ps)°
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(@) (b) ©
B 3-24 TT 4w PP L7 § 61 ]

¥ &8 : 4 PSPPI PP B¢ ¢ pF > K I > PIIOTL -

B FURP Rl 403 A) % i B> fhee 2 Tholly BTl — I
AEIL T E P iEie— fin > G e > BRI ki it

BEAl R T 3 R TR AR I -

% [B]3-24(a) L) [t1 p7 ts]’f\f'[tl p2]& * 0 E’ﬁ'ﬁ Bty=t>» BPEEPI T

3@3-25(8.)" I = [p4 t3] » 21l = [p4 t4] ’ p4’51—}§|_ & aps 0 21N | I,
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TPig f1
t3 ‘ ts
<
TPy

t2
» i

ta

(@) (b)

Bl 3-25TP 2 = chiFsk i % °SQ’{o‘CN’ # 5| R

£ 3-25 ¢ » Wl(a)% 7 TPy ‘SQ TPy H(b)# 7= TPy ‘CN’ TPy °

& H3-26()¢ »Thi=[taprte prta] ¥ Mo = [tipo] > i 4R & e b — Bk hix ]

y# ¢y e g I felly s BRI — T, e
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TP1g TP1q

ts

L]
©
T kS ™ p1
t1
Gg s
PTy; t2
_V_‘[s @
TP1g
Y
{3
Ds
TPy
PToq
(@)
E— “

© ®

Bl 3-26 TPEPT 4 =& 7R fiw 4 | B

% B 3-26 ¥ > Bl(a)% 7+ PTy ‘SL’ TP1g ¥ PTy ‘SE’ PTy 0 iz _F v 4 = [l
(b)%\ 7T Tilﬁ tl?ﬁt}?g’% ?9 » TP ﬁ’,é-/?if‘f”’]‘%-;\% » + 5}% 1 PT ﬁ%./?_-f_ ’ Tplg = tl ;f'] Tplj = Ps3 ;
B(C)% 7 PTy ‘SE’PTyg iz» A5 w2 2 o Vpy(=ps) > —(Pv||PT2)F1 5 ps—t1°

A BE PR A R o BI(d)A 7 PTy SE” PTyg > 8- BEF w2 =
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Pv=Ps > (Pv|| PToj=to) o A= crihic Bt Py & GARFEH (8 paciihie 44 40>
B G g far B mE R R T p MEAT T - BF w4 % TPPT -
H PTy— TPy ie i e i 2% > 2—(py || PTy) o py=ps° PTy =ty ik 27 >
Gt AR (S 0 g wat - BT ps; B(AR T - BF w4 % TPPT» PTy—
TP fe PTyj || TPy > & BI(d) 7 I e el e ite Z 55 a(py || PTag) > Py = Ps

PToy=t i ts 5 15 > € wAT - BT pyo

W3-27 (@) WABLIL LT R ki pofepsip 3 1 7 e

@ (b)

Bl 3-27 TPPT &t & &2 & & 2 & ]

A 3277 s B(@)% w1 # h TPPT 2 & » TPy ‘EX TPyj » PTy ‘SL’ TPyg 5
Ple pS’ﬁ)’]g}i*ﬂ)ch)»’gféG\;?.%o

TR BRI BEBAR - BABIMEY T A BT gD
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BBEEEA Al - BAEKEIAAY TIPS B BT - B K o

2

Z 410 @ FI# I E A %3 T & (local exclusive set, LEX) B % » Xi®_#7F B #tin
BB A FE(RAAABDEE) TIFET FAENN AT R L E
Ix %3 % o
I Xik = LEX(IT;, Tlk) = {IL; | II; = [T 211, | ITi » TT—(T1, | Iy) > V 1,10 I € Xik
Iy |} > #7 Xife X 23 5 6o

¥ 11 : Ik 3n 1 7 & (local concurrent, LCN) £ [T efd % » Ciy 8975 M Hfon A7 5
AR EAAMAEDEL) v PEALF S ENAITEE T BB

s —

IfF e

T Cix = LCN(Hi, Hk) 7 {Hz | IT, = IT; " {Hz I IT; » H—|(HZ I Hk) » VI, Ipp €
Cik » I |} » #7012 CyfrCi & {7 e 0

B13-24(a)® > X3 = {1 = [p2ta ps] » Tlo = [Pa te pa]} » #* “t Xa1 = {3 = [ps ts
Pa ts Ps]} o

®13-24(b) ® > Cae = {I14 = [ts ps ts] » I15 = [ts pg ts]}2* *} Cea = {Ils = [ts Ps t7 P2 t1]} ©
Ho Cikﬂ}ffxik? AL A rE— o Cik(xik)é‘f”’f"i"ﬁ T AR R ﬁj}fg%ﬁ&%g‘_ s ;E’- APPETT

PR TY 0 FRIT R g F A SRR U T T G A AP el
(LEX, TT, |)4=(LCN, PP, |)

3 > LEX(t, to) (LON(pa, Po)) - Sl #% 250 i > @ 7 SUB$RELIT o IR
GU) 4 7 - BT Tl > fe* 8 - BTTAPPRAA » 5 3 i 4 e @ "R % »

e S OATENRLIT o KU FREL T DA B XA Bl I E B Xg o
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¥ _#K12: H ¥ 4 & (Pure Generation, PG) - & m /S ® A4 - BES =B A A

i uf%;:]\;_ B = FJ”JZ‘PE’&%' °

T HI3: T = (Interactive Generation, IG) & B m /S 7 » 24 — BE
T TTAPPeA 2T o & F e Bi# 2% 2 > KA B Bty 2 py

s o PIGA s & BEE &

HoASaynfg £ 28 BRI 8 Z 22 S FEd ok 2
R AL N AR v i&‘.{—~ ETTPPA & }%)@mﬁég_fik{TTz\ PP

BT o 4o B13-24(a) TTEL IS 5 [ty p7ts] » PPES S 2 [Pate pa]

TTHePPRRA Y » * F® A & & 73] 45 > & » (forward){fc &~ = (backward) 2 = »

£ R F AT
LKL BR Ngond He b2 A Fire(RaEn)d A v e o

F13-23(2) ¢ - [ty pa]BefmEit % 2 & 5 B13-26(2) ¢ cH[pa to]Ee T EF o 4

>R e

%% 15: TP PTi» & PSP »(i=1,2) it A ki Hd izl iamz 42

§ i s

TPigfr TPj : £ ¥ g4rj A ul & 7 TP 4 = BL(Generation Point)fri &

2t (Joint Point) -
PTigfr- PTjj: 2 ¢ grj» w &7 PTicnd = Bhqfcdx & 8L o
Hgifell - 2 g’f‘f'jAr’\ B 4 7 TP PTi¥ i T a4 = f‘{h‘fr’:}%é‘. gl o

ETPPTRRAIT » 3 3F 5 & P38 > F & L A 33th 0 22 2RA A% 0 PTHe

TPerpe/Ep b 2 #b > e F 0 &R F el A BRSBTS F 0T 3 R4

(1) TPy&E TPygefa iz ¥ £ o
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(2) Png‘f\f’Psz'&L" " 1%" ﬁ °

T k0 A Ao e B TPy ~ PTogfePTy

TPy R TPy R EI TP > 3 F 23 # 8 UH  2 R 1§ A BHR

(1)“SQ”(H13-25(a)) & “CN”(#3-25(b)) 1= (2)“EX"(H13-27(3)) °

2o HTPRLE % e o §]2-25(a) 777 » ¥ — fA 2 F PTELZ hii & 9 L TPELZ >
‘Eﬁv?‘*"* 1~ gE et eniRie o dE GIACBI3-28 7 o Aied BERT 0 K L PTy

‘LSQ” TPlj °

B 3-28 PTog ‘SQ’ TPy~ & Bl
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POC Report
- purchaseOrderProcess.bpel-pt.xml Dead Lock Report

Basic Process:

[process,T1,sequence:23-92,receive:24-26 @purchasing:Ins:purchaseOrderPT(sendPurchaseOrder),P1,flow:27-88,sequence:35-57,assign:36-41 SPO.customerinfo-
>3shippingRequest.customerinfo ,P2,invoke:42-50 @shipping:Ins:shippingPT(requestShipping),P3,receive:51-56 @shipping:Ins:shippingCallbackPT(sendSc
hedule), fsequence:57,/flow:88,P7,reply:89-91 @purchasing:Ins:purchaseOrderPT(sendPurchaseOrder),/sequence:92,T2,/process]

PSP:
[invoke:42-50 @shipping:Ins:shippingPT(requestShi ),P3,receive:51-56 @shipping:ins:shippingCallbackPT(sendSchedule),ship-to-scheduling,invoke: 77-86
@scheduling:Ins:schedulingPT(sendShippingSchedule),/sequence:87,/flow:88]
[invoke:42-50 @shipping:Ins:shippingPT(requestShipping),P3,receive:51-56 @shipping:Ins:. shlpplngCallbatkPT(sendSchedula) /sequence:57,/flow:88]
[invoke:77-86 @scheduling:Ins:schedulingPT(sendShippingSchedule),scheduling-to-ship,invoke:42-50 ipping:Ins: i T(request
1-56 @shipping:Ins:shippingCallbackPT(sendSchedule),/sequence:57,/flow:88]
[invoke:77-86 @scheduling:Ins:schedulingPT(sendShippingSchedule), fsequence:87,/flow:88]
[flow:27-88,5equence:72-87,invoke:73-76 @scheduling:Ins:schedulingPT(requestProductionScheduling),P6,invoke:77-86 @scheduling:ins:schedulingPT(sendShip
pingSchedule),scheduling-to-ship,invoke:42-50 @shipping:Ins:shippingPT(requestShipping)]
[flow:27-88,sequence:35-57,assign:36-41 $PO.customerinfo->$shippingRequest.customerinfo ,P2,invoke:42-50 ipping:Ins:shi
[receive:51-56 @shipping:Iins:shippingCallbackPT(sendSchedule),ship-to-scheduling,invoke:77-86 @scheduling:Ins:schedul
nce:87, /flow:88]
[receive:51-56 @shipping:Ins:shippingCallbackPT(sendSchedule),/sequence:57, /flow:88]

ipping),P3,receive:5

PT(requestShipp
PT(sendShippingSchedule),/seque

Dead Lock Detection Result:
invoke:77-86 @scheduling:Ins:schedulingPT(sendShippingSchedule)

Bl 4-3 7 H g2 i 482 A 73R 4 B
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Loan
Procurement
Start
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(o N

Credit
Rating
< Star Loan
/
v y
/
Send Loan </ Receive Loan
Application |~ Offer
N
> Y
R\ United Loan
Select

K Lowest Offer j

Loan
Procurement
end

Bl 4-4 5‘ P18 TR AR )

BondRe g A F R * =% (Credit Rating) » 3% % & % {2 > Pl 0 B a0
#(Send Loan Application) » 4 %] % % Star Loan 14 2 United Loan & H = ; # 3 H
PASE R RS 0 € T B AR eI % % (Receive Loan Offer) » 37 % & i eh 5 £ 14
i 4% (Select Lowest Offer) » g % P 4c B~ B iz it » B 4-4 ¢ w5 T (7 edL

S o * 4-1 : 7}"?’"']—»%3}\"{%

EOAL FAY SIS 62

<?xml version="1.0" encoding="UTF-8"?>

<process name="LoanFlow" targetNamespace="http://samples.cxdn.com”
suppressJoinFailure="yes" xmlns:tns="http://samples.cxdn.com”
xmlns:services="http://services.cxdn.com"

xmlns="http://schemas.xmlsoap.org/ws/2003/03/business-process/*'>
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<sequence>
<receive name="receivelnput" partnerLink="client"
portType="tns:LoadFlow" operation="initiate" variable="input"
createlnstance="yes"/>
<sequence>
<assign>
<C0py>
<from variable="input" part="payload"
query="/loanApplication/SSN"/>
<to variable="crlnput" part="payload" query="/ssn"/>
</copy>
</assign>
<invoke name="invokeCR" partnerLink="creditRatingService"
portType="services:CreditRatingService" operation="process"
inputVariable="crInput™" outputVariable="crOutput"/>
<assign>
<C0py>
<from variable="crOutput" part="payload"
query="/rating"/>
<to variable="input" part="payload"
query="/loanApplication/creditRating"/>
</copy>
</assign>
</sequence>
<sequence>
<assign>
<C0py>
<from variable="input" part="payload"/>
<to variable="loanApplication" part="payload"/>
</copy>
</assign>

<flow>
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<sequence>
<invoke name="invokeUnitedLoan"
partnerLink="UnitedLoadService" portType="services:LoadService"
operation="initiate" inputVariable="loadApplication"/>
<receive name="receive_invokeUnitedLoan"
partnerLink="UnitedLoanService" portType="services:LoanServiceCallback"
operation="onResult" variable="loanOfferl"/>
</sequence>
<sequence>
<invoke name="invokeStarLoan"
partnerLink="StarLoanService" portType="services:LoanService"
operation="initiate" inputVariable="loanApplication"/>
<receive name="receive_invokeStarLoan"
partnerLink="StarLoanService" portType="services:LoanServiceCallback"
operation="onResult" variable="loanOffer2"/>
</sequence>
</flow>
</sequence>
<switch>
<case
condition="bpws:getVariableData('loanOfferl','payload’,'/loanOffer/ APR")&gt;
bpws:getVariableData('loanOffer2','payload’, /loadOffer/APR')">
<assign>
<C0py>
<from variable="loanOffer2" part="payload"/>
<to variable="selectedLoanOffer2" part="payload"/>
</copy>
</assign>
</case>
<otherwise>
<assign>

<copy>
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<from variable="loanOffer1" part="payload"/>
<to variable="selectedLoanOffer1" part="payload"/>
</copy>
</assign>
</otherwise>

</switch>

<invoke name="replyOutput" partnerLink="client"
portType="tns:LoanFlowCallback" operation="onResult"
inputVariable="selecredLoanOffer"></invoke>

</sequence>

</process>

S AP ik AJR B AR > T M-t ik WSBPEL 2.0 A7V S 4 S R
Behfe st o 2h 4 4-1 2 BARTR AR BIAR SRS S fR A 0 i (T HEEH {5 J Pipe 3.0
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process

[process

sequence:15-

sequence:55-58

INVOKE:S6 [UMTeaL0ANS ervIceTlSLoanserviceiniate) I

recelve:57 @UnitedLoanServicests:ioanserviceCallbackionResulth I

I SRqUEnceZsE

otherwlse:7i- b0

1
asslgnee6-71 loanfter2- »selectedLoanOiter I
asslgne74-79 loanDfter 1- >selectedLoanDter I 1
1]

fotherwlse:s0

1

Y

P4 C
P5

1

e (

-0 e

-
sequencess z}O

1

INVOKeED [@STArLoanserylcerls:Loanservice(imuiate) I

1

recelves6l @StarLoanServicestis:LoanserviceCallbackionResult I

1

-LoanFlowC.

Tz sequend Ba( ) d Invoke:B2

B 4-5 ? P E AR P H e B 0T B
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flow = 64-81 1 switch /i 4% > TT1q &_flow: 54-63 > TTy; & /flow: 63 > PPy &_switch:

64-81 » PPy £/switch: 81 » {5 85| &1 %04 M #5542 o

.00 Report
| \
| - LoanFlow-pt.xml Dead Lock Report

Dead Lock Detection Result:
No DeadlLock

Basic Process:
[
1. process
2.T1
3. sequence:19-83
I 4. receive:20 @client:tns:LoanFlow(initiate)
5
6
.
8

.P1
| . assign:21-26 input->crinput
| . P2
. assign:48-53 input->loanApplication
9.73 ‘
10. flow:54-63 ‘

| 11. sequence:55-58
12. invoke:56 @UnitedLoanService:tls:LoanService{initiate)
13.P4
14. receive:57 @UnitedLoanService:tls:LoanServiceCallback(onResult)
15. /sequence:58
16. /flow:63
17. switch:64-81
18. case:65-72 |
19. P6 |
20. assign:66-71 loanOffer2->selectedLoanOffer |
21.P7 |
22. [case:72 |
23. [switch:81
24. invoke:82 @client:tns:LoanFlowCallback(onResult)
25. /sequence:83
26.T2
27. /process

TT1lg = flow:54-63
TT1j = [flow:63
PP2g = switch:64-81
PP2j = [switch:81

PSP:
[
flow:54-63
sequence:55-58
invoke:56 @UnitedLoanService:tls:LoanService(initiate)

B 4-6 [ #P~@ondes % 4R 4 B

it

tL%T}IJI%"E‘;’}%l&é%Fﬂ\’P\ % WSBPEL 1.0 5% » fe gt sk A ¢ 3R ix 42 5\ 75
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% 4-2 § 45~ n 42 WSBPEL 1.0 42 5% 78

<switch>
<case
condition="bpws:getVariableData('loanOfferl','parameters’,'result/APR’") >
bpws:getVariableData('loanOffer2','parameters’,'result/ APR") ">
<assign>
<copy>
<from variable="loanOffer2" part="parameters"
query="result"/>
<to variable="selectedLoanOffer" part="parameters"
query="/onLoanFlowResult/result"/>
</copy>
</assign>
</case>
<otherwise>
<assign>
<copy>
<from variable="loanOfferl" part="parameters"
query="result"/>
<to variable="selectedLoanOffer" part="parameters"
query="/onLoanFlowResult/result"/>
</copy>
</assign>
</otherwise>
</switch>

AFTE 2 31 802 WSBPEL 2.0 5 2 > 2 540 % WSBPEL 1.0 4% & e o iz
B A R AR AR it~ WSBPEL 2.0 HR1S 0 44 S i w & i 4o
switch case % % » #] L #4258 78 ¢ o switch case #2575 > 12 :2 & % £ WSBPEL 2.0

w2 if dit o Bk Aok 4-3 BARE-1F i 42 WSBPEL 2.0 4258 A5 22 A F 4% o
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% 4-3 P ARP~17 142 WSBPEL 2.0 #2.5% 7%

<if>

<condition>bpws:getVariableData('loanOfferl’,'parameters’,'result/
APR') > bpws:getVariableData('loanOffer2','parameters’,'result/ APR") </condition>

<assign>

<copy>

<from variable="loanOffer2" part="parameters" query="result"/>

<to variable="selectedLoanOffer" part="parameters"
query="/onLoanFlowResult/result"/>

</copy>

</assign>
<else>
<assign>
<copy>
<from variable="loanOffer1" part="parameters"
query="result"/>
<to variable="selectedLoanOffer" part="parameters"
query="/onLoanFlowResult/result"/>

</copy>

</assign>
<[else>

<[if>

(AR A L F75 WSBPEL 2.0 %518 » 3TiR en i 20 B~ 8 infe b 3 5 iR ¥ et 2

Bk hoR] 47 A o
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process |« t
t 1
sequence:19-82 _
recelve:20 @cllenctns:LoanFlow(intiate}
AssIgCZ 1-26 Input->cring
flow:54-63,
1
— —
sequence:ss-5 sequence:59-62
Invoke:56 @UnitedLoanservicestis:LoanService(initiate} Invoke:60 @StarLoanservicetis:LoanService(initiate)
2 PS5
recelve:57 @UnitedLoanServicetlsiLoanServiceCallbackionResult) recelvessl @StarLoanServicestls:LoanServiceCallbackionResult)
sequence:5 Jsequencess?
1 1 -
— /
iTlow63
1

condition: else

bpws:getvar loanOfter L, p s reshit/APR) > bpwsagetvar loanOfter2,p s\ result/ APR’)

D)

assigne7i-78 loanDfferl->selectedLoanOfer assignoe6- 71 loanOfferz- »se Ieic(edLna no

1 1 1

[process C/ TZ l .'seamme:u_Q Invoke:B1 @ollentins:Loant lowCallbackionResult

B 4-7 WSBPEL 2.0 5% | 32 B~ (7 in 422 % ¥ e 12 H5073 B

Ed AFEY 2518 5 B WSBPEL 2.0 4% 5 i ¥ pe2 B 5% (8> ¥ F iE ~ 5
He V- B BFEFRER o RIS AL 2Z3RE 0 4oB 48 97T o AR
P AR S BT SAE 25 BA RS H Y 5 - TT{ PPz >

4 %] H_54-63 e flow - 64-80 craswitch /i #2.0 TT1g &_flow: 54-63>TTy; & /flow: 63 -
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a0 Report

- LoanFlow_2.0-pt.xml Dead Lock Report

7
Dead Lock Detection Result:

No DeadLock

Basic Process:
[
process
T1
sequence:19-82
receive:20 @client:tns:LoanFlow(initiate)
Pl
assign:21-26 input->crinput
P2
assign:48-53 input->loanApplication
P3
. flow:54-63
. sequence:55-58
. invoke:56 @UnitedLoanService:tls:LoanService(initiate)
. P4
. receive:57 @UnitedLoanService:tls:LoanServiceCallback(onResult)
. /sequence:58
. [flow:63
. if:64-80
. condition:65 bpws:getVariableData(loanOfferl’,'parameters’,'result{APR') > bpws:getVariableData('loanOffer2','parameters’,'result{APR')
. P6
. assign:66-71 loanOffer2->selectedLoanOffer
. Jif:80
. invoke:81 @client:tns:LoanFlowCallback(onResult)
. [sequence:82
. T2
. /process

e N Y T

el e e =
Wl NG W R WM O

RORORR R R
[T P N )

TT1lg = flow:54-63

TT1j = /flow:63
PP2g = if:64-80
PP2j = /if:80
PSP:
[
flow:54-63

sequence:55-58
invoke:56 @UnitedLoanService:tls:LoanService(initiate)
P4

receive:S7 @linitedl nanServicetls:l nanServiceCallback(onResult)

Bl 4-8 WSBPEL 2.0 %= B 25 B~ 7 /i 425~ % 1 JR|4% % B
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