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Formal semantics of XPDL specification in CSP process

GUO Li-hua, Lii Zhao, GU Jun-zhong
(School of Information Science and Technology, East China Normal University, Shanghai 200062, China)

Abstract: Aiming at that the notation specification of XPDL widely supported in practical workflow systems does not
include a formal semantics, an approach of transforming XPDL to Communicating Sequential Process ( CSP) process was

proposed to enhance the formal semantic analysis of workflow process by the rigorous CSP theory. The effectiveness of the

approach was verified through a case study.
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0 5%

T, TAERAE I &5 TR ik S
BRA A SR D AR FER R R SURER Tz A .
HpTERWE XS RIER T/ERRAETHEERT, 2
PRESAT AR E S EAR, B FHERARE CSP AMUAEFZ
ERGAT AR E BRAHITHRENENEE RS, BBR
TR TAE WAL RIS B, b M T AR J A 5 2k 4
TAEW I \Petri 5 5E A F AR O R RIS 2

XPDL( XML Process Definition Language ) & H T/ERE B
BXBH (Workflow Management Coalition, WFMC) ff #& H g — />
FRUEALHIRG , LA XML 1 N AR i R LA D o AT, B
X XPDL 2l 55 i #E bR, B F XML 5 5 5= IR 5L
BB AR A R , (15 i R R MR BN A R I A A
SMHTEEN X, MREEXT XPDL #4744, B4 517
AR BREEEAR, I BES T PR S X ER 2 HAK
(B, B, R T 6 T TR L RE 45 B 47 btk 17 % Ak 1E X
TR ST IR AE , A e] K T8 1) 4 M ok AR A ) XPDL JR 2 5%
ek, CSP ##2 , M #H T X IBEX M EFHEEE L,
AT CSP . AL iR Fn XPDL R ZE T E M E Al b, X
XPDL & LK 5 CSP # R Z Al M 5L B e R A Hritie
FF2EBITEA

1 TEmM#EAE X W CSP #ik

1.1 CSP EXEE
—~ CSP AT AR A 8 1 38 17 -5 H bt 72 5 SN FF
BAERE, — I HRRE—FIEME, B RE—RIISER

i fs B #A ;2007 - 11 -29; f& 5 H#7:2008 - 01 -02,

—NEG, HEBENFER, NABRFTSE5ENEFNES,
aP it T R—E CSP RN EABHAS

P;Q RARIMFRER P I Q RIRFATRR PIIQ FKm N
WERERAE ; PLIQ RARIMR B ERAE P I Q BRI KT #He
1E; P\A FRINBAFARANE , A $87E P BYSMERIF IR P Bk i) S 14
£ ; Skip RN H BRI L L IAT ; Stop KR HRFEY; P I[A]1Q
TR P R Q MTFEE A hHEAMITEEERE.

CSP R T AT MR, QSRR UG B AT A
R, IBAF AT AT ABREE WIT RN - TE—MRBUXR
RARIE— AR BB — R A RS R E R
AR P Q, % Q BRBEEX LR, HELFET PR
EETHEG FEREZILEESTHEG I Q BF P
K BT TR, B AR Q & PR 4Ifb X B, I 41kt h PCrQ &
traces(Q) C traces(P) Bl gsrmibic N P ErQ A
failures( Q) Cfailures(P)"!,
1.2 T{ERERGHEGSERHE

SCEk[6]F {8 A CSP Xf W. van der Aalst 3 H 1) & M35
W TAERBERET TR, A FHSEM TERRE, X
BRMGE R BARAFRE S TY TR, LUnE T
YETRE RIS SCE M

EX 1 ATAERBRIE XL start, complete L) J fail 4,
SMFRRBRNFR R UAE S L, ILZH#BRT R ENE
HEEHR aWF,

EX2 BERANTHERGEIES  EEFHES(n:
A «init. n} N TVERESI M A B HE S, £ 46 {n:A - resource.
work. n} A TAERIE SIPITEMHES , HH resource RTEFH)
PATE X BT E XE—MEE,

EEME : MK A RPAES YT H (60703004) 5 MRk 5 HAR KRR ¥ BT H (055107039)

TEE R 24 (1985 - ), ([WIHR) , FRaE T N B FSEAE , EEAF T T7 1) AL R B 5

EA1(1970 - ) , 2, VUYL, Rl

£, 1, EEBTIT R RS JERE S BE G (1949 -) 5, BN, BiR, WA S0, ERFIFIT 1 G EEFEEOR A

PN =573
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AR A

528 %

EX3 KERERESUREE, EAE B RA
FEUREBEEINNGELEE, & XHEASE Data RRE
CSP {518 _HEfRHBUIR - in7x BARALIE x,ch?x: (exp) F
AEABIE x 3 B x FFEREK exp, our x Fnki thBHE .

EX 4 FCSP#E SP(a,b) EXFR—NERKTIE
WE SR, = (1)

aSP(a,b) = {init. a,init. b,work. a}

SP(a,b) = init. a — in?x — resource. work. a —

out!y — init. b — Skip (1)

XA E LE SR TERES) o EERANES) o T
TR & «  RE R AR ERITES , rm EBiE & y
DVt T R HvE s A, Ba b & — N IBUF RS 3 b B AR
— B, TT1E

P(a,X) = init. a — in?x — resourcel. work. a —

outly —lIlb:X + init. b — Skip (2)

Hp X JTEVE D) o $UATRRH b & M —H TAERTE 3%,
HEATF, %

PERFORM(a) = init. a — in?x — resourcel. work. a —

outly (3)

AT &FXF TAE R iy L E R AR 788
Ao

T (Sequence) : 7E TAER AR, 163 b ETES 0« ZJ5
PAT - HR(1):

SEQ(a,b) = SP(a,b) = init.a— in7x —

resource. work. a — out |y — init. b — Skip (4)
543X (AND-split) : 4PN ELE BAL 55 HATIHATHS F5
BT R o HENES, X HEWED) o EREFF KA
HESAEEE S mA(2) & X
ASP(a,X) = P(a,X) = init. a —in?x —
resourcel. work. a — out!y —
Mb:X - init. b — Skip (5)

543 X (XOR-split) : 7E AR Y JE — 0, AR 4B — 45 R Bk
AR HIBUE , N 253 SRR I E — B8 AR o X B E 5K
(6):

XSP(a,Y) = PERFORM. a —1I1b:Y - init. b — Skip (6)

5$& (AND-join) : 4 JLNFFATESE MG T —1E5
A REFF B PATR R E R,

AJP(X,a) = Wk:X - SP(k,a) | [ {init.a} ]|

SP(a,acts) " (7)
He X ATARMEFES

B H A (XOR-join) : HOKFEBEIAT 9 B2 & FF B — 1 BB

BrHEACEH B,

XJP(X,a) = [Jk:X - SP(k,a) | [ {init. a} ]| SP(a,acts)
(8)

2 XPDL # & £ BEIULK L CSP A2 iy Bk &t

2.1 #FITE (Transition) BRR 5T

XPDL H TR (5 B iR TAE R AT #A [R14E 55 8] 7] R
R, U R TS IERBH R, BEIRBE X —
AMEiB, W < Transition Id =" ID" From =" ID1" To =
"ID2"/ > X RifETE Tra_ID,FE 4 ACT_ID1 2% & 7 B4
R ACT_ID2 Hy %5 Ao & FF# 41 F 5 & Condition, 41l

< Condition > orderType == " PO" </Condition > , ¥ H 7E #
RIESHRREHTE S
2.2 EBHITE (Activity ) BYRR ST

TAEREShE AT E AR TERSBHE—ERT
%, RABTERBEBHNEATTR, FHitd 27kl CSP #
BRI EERS.

Performer ; Activity JGZ FP ) performer TG 15 7] TAETR
25 LK, KB EE X —MEiE, WAES ShipOrder i
XPDL & X FEFE < Performer > Shipper < /Performer > , Il 5f:
7] % X Shipper. work. shiporder X & & FH 4k X /R TE S
shiporder AT o

Implementation ; Activity JG 2 #7 f{J Implementation T~ JG &
FRESHPITH R, 2 5F No implementation, Tool LA
Subflow, X F X LA R i A1 552K B, ALK 43 BIAT B R [R] )
CSP #7#&:

1) Activity fJ Implementation FJGZE 5 No Implementation,
BPAAE 55 AT AS 2 o R P ) L P SRR P ST HE Y o

2) Activity #J Implementation FJGZ & Tool, /R {EFE H
— N EA N ARF T,

Hrp Actual Parameters T J0 R UM% 1% 45 40 b2 b 72 7
HSEFNF., F7EAHN N AP E#HZS 5 MODE B2 X
IN &2 OUT, X R Sk i A Sk th S48

LA R BAR SR 1 B ST S, 0 < Activity
Id ="36" Name =" Ship Order" > X} BIZE{4FH act_36,

3) Activity #J Implementation FJGZ & Subflow, £/~ 1ZAF
FHFRE, KRS E RS HX N HR, FiRE
AR EFES AT,

TransitionRestriction ; Activity T Z $ B
TransitionRestriction FILEZH T & XA ES WA BB MR
BTSRRI

MRS P RA R FIUER , WAL S Bt b i) A2 v] 5
J& BESHRHATITHE

R 1 NAFFES) CSP BRGY

I i 3h XPDL ##3& Xt ¥ CSP #ER
< Activities >
< Activity Id ="Actl" >... </Activity > et
€
< Activity Id ="Act2" > ... </Activity >
ey ¢ ey ACT_Actl = SEQ(act_Actl, act_Act2)
</Activities >

< Transitions >

< Transition Id = "Tra5" From ="Actl" To ="Act2"/ >

< /Transitions >

within
ACT_Actl I[ init. act_Act2] | ACT_Act2

NSRAE 5 XPDL € X A ZFE TransitionRestriction FJG
R, TR T ILF B :
1) #4 Join, ik —MNMENAE B MMAHEBIIE Lo

(1) Join Type 2y AND, FREGIRIES A RAFKEBK
HELBERFL . RAEMARABBERBREAE LS
A B R IT o



AL TR EAE S XPDL 3] CSP #4269 3 4LAF R

®2 RAEEZ CSP BRG

XPDL #iik

XL CSP #i#s

Sl

< Activity Id = "Actl" Name = “[F{2EBH” >
< TransitionRestrictions >
< TransitionRestriction >
< Join Type ="AND"/ >
< /TransitionRestriction >
< /TransitionRestrictions >
</ Activity >
< Transitions >
< Transition Id = "Tra5" From ="Act2" To ="Actl"/ >
< Transition Id = "Tra6" From ="Act3" To ="Actl"/ >
< /Transitions >

ACT_Actl =
AJP({act_Act2, act_Act3}, act_Actl)

XOR

Act3

< Activity Id = "Actl" Name = “SEFFRE” >
< TransitionRestrictions >
< TransitionRestriction >
< Join Type ="XOR"/ >
< /TransitionRestriction >
< /TransitionRestrictions >
</ Activity >
< Transitions >
< Transition Id = "Tra5" From ="Act2" To ="Actl"/ >
< Transition Id = "Tra6" From ="Act3" To ="Actl"/ >
< /Transitions >

ACT_Actl =
XJP({act_Act2, act_Act3}, act_Actl)

®3  SXEZ) CSP G

43 3E B XPDL #i& XTI CSP 7
< Activity Id = "Actl" Name = "[F]24r " >
< TransitionRestrictions >
< TransitionRestriction >
< Split Type ="AND" >
< TransitionRefs > et
e
TransitionRefld = "Tra5"/ >
ET"‘“sftf"“Re = Teens ACT_Actl = ASE(act_Actl, { act_Act2,
ransitionRefld = "Traf
t_Act3
AND. Act2 < /TransitionRefs > a(f - o3})
</Split > within
Act3 T ‘.’t, Restriotion ACT_ Aetl | [ init. act _ Act2, init. act _
o fta:nm I;ontriei.nc 1zn Act] |
< he ,ia“j‘ ronfiestnctions (ACT_Ac2111 ACT_Act3)
ctivity
< Transitions >
< Transition Id = "Tra5" From ="Actl" To ="Act2"/ >
< Transition Id = "Tra6" From ="Actl" To ="Act3"/ >
< /Transitions >
< Activity Id = "Actl" Name = “3E£/r 7 >
< TransitionRestrictions >
< TransitionRestriction >
< Split Type = "XOR" >
< TransitionRefs >
< TransitionRefld = "Tra5"/ >
T T8 ﬂ = IIT "
</T< ra..:sm;n;{i d Tab"/ > ACT Actl =
Tansition
</Solit >ans ontels let exp(act_Act2) = orderType =="PO"
pli .
t_Act3) = orderType == "Credit"
XOR. Act2 < /TransitionRestriction > e)fp('ac ~Act3) = orderType redt
.. . within
Act3 < /TransitionRestrictions >

</ Activity >

< Transitions >

< Transition Id = "Tra5" From ="Actl" To ="Act2" >
< Condition > orderType == "PO" </Condition >

< /Transition >

< Transition Id = "Tra6" From ="Actl" To ="Act3"/ >
< Condition > orderType == "Credit" </Condition >

< /Transition >

< /Transitions >

XSE(act_Actl, {act_Act2, act_Act3})
ACT _ Actl | [ init. act _ Act2, init. act_
Act3] I (ACT_Act2[] ACT_Act3)
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(2) Join Type & XOR, K- A Al AR, RERF . — Skip (9)

LE—MAFEB KA AERN, 5 B BHAT.

2) 43X Split, iR —MEF L KW BB HIE L.
HH Transition Refs AR MEF M MHEBIIR, BN EBH
ID FHATHR IR

(1) Split Type &y AND, ;X &7x Ui th BRI AT L 7]
BRI R AR, BERERBAN, MIFTIIT I E PR 2 5K
BT 5E-HBXBN &G, ENRFRMNTER, B
TEICHITE E X CSP AT/ X B S5 R HEHBEGEE,
FESLANF

ASE(a,X) = PERFORM(a) —lllk.X « (exp(k) —init. k)

Hep X AES T E RS S5, B Transition Refs 1% %
BH) TO B R AE %5 5 &, exp(h) M AT @ i3 & D HB K
Condition &4 3K15

(2) Split Type & XOR, FrniE45- I H # B BIFR IR 51 &
REFTEPITHERE ., WREBBRZPEDBRTE—KHE
BHIRME. EXH:

XSE(a,X) = PERFORM. a —

Ok:X - (exp(k) — init. k) — Skip  (10)

3)BEA 4 X Split XA A Join, RNESHFEA LR

AMEBANFEE . WA Bk e AR,

®4 ESRARASHZER CSP RS

[ JA 4y 3B XPDL ##i5&

XL CSP #i#s

<Activity Id ="Actl" Name = "[I2b B A FA 45" >

< TransitionRestrictions >
< TransitionRestriction >
< Join Type ="AND"/ >
< /TransitionRestriction >
< TransitionRestriction >
< Split Type ="AND" >
< TransitionRefs >

< TransitionRefld = "Tra5"/ >

D

< /TransitionRefs >
</Split >
< /TransitionRestriction >
< /TransitionRestrictions >
</ Activity >
< Transitions >

A ' A

< TransitionRefld = "Tra6"/ >

ACT_Actl =

AJP({act_Act4, act_Act5}, act_Actl)
I[ init. act_Actl] |

ASE(act_Actl, {act_Act2, act_Act3})

< Transition Id = "Tra5" From ="Actl" To ="Act2"/ >
< Transition Id = "Tra6" From ="Actl" To ="Act3"/ >
< Transition Id = "Tra7" From ="Act4" To ="Actl"/ >
< Transition Id = "Tra8" From ="Act5" To ="Actl"/ >

< /Transitions >

2.3 TI{EREE T E (Workflow Process) BJRR 5T

XPDL fr g R R TAE R BT R I . B4 5]
A EAES R (AT 1) (N DA K ad R A R SE AR B 8 X
A,

X FE— MR, & XH CSP # 2% WF_ID, H e ID 2y
WAREE ID, R R A S SR SRR IFE X
HMEE SR XPDL iR P& N ES TR AR, HE
MRS H E XEHES W, BHEE DS, IR RRES
DTS, W RIS RS,

3 ET CSP W& LB M 4ar

K XPDL i 78 4l ik e e 09 CSP #E 7%, 9 T LUFI A
CSP R AU &0 TAR WAL #EAT 18 LA B Al o

B iR 22 3R K5 ( Failure Divergences Refinement, FDR) &
CSP 2R B AL B Zh A Il 4% . FDR & R4S I #5345 75 1> CSP
HRE—RA RN HERENRA, o 2
BELRIHABRTRMAHRIKKE. TR, RATEAT LUE X
T B TR 25 FhiE SR YRR SPEC /E LYY, G 5
Fi T E. FDR ¥ 5 SPECCSWF F1 SPECCrWF , AT HI W
TAERBR R R EHF & %18 URYE AT 45 s i :

1) Fe48 : BEREA REBEATAE T R

DFCrWF, DFCrWF (11)

Wi s (11) ISR WF RE AFEBHEAR , Kb DF = Ilx:
aWF + x— DF*

2) BdEUC AL AR HEE R A RN A

DIO SrWF\( 2 \aDIO) ,DIO ErWF\( 2 \aDIO) (12)

x5 ILERIBERKETE

TAEW A XPDL ik FHERATEKMAEX
< WorkflowProcess Id ="2" Name =" FillOrder" >
< Formal parameters > ... </Formal parameters > Activities 2 B3 FE 15 sh 3 3R
< DataFields > ... </DataFields > Applications T 1E i i FH 7= B3 3
< Participants > ... < /Participants > Data Fields T{EWA X5 dE5FHE

< Applications > ... </Applications >
< Activities > ... </Activities >
< Transitions > ... </Transitions >

< /WorkflowProcess >

Formal Parameters ] {43 34 2 I S 55| %
Participants 3 AT I BT 51 R
Transitions ¥ i AT 45 R 1051 2%




%58 HELF. . TEREEES

XPDL #| CSP # #2649 #5410 AF
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T (12) HIWr#HER WF R SR8 50E R E B, K

DIO = init. a— in?x ;Input(a) — resourcel. work. a— out |
y:Output(a) — DIO ,Input(a) F1 Output(a) A FERNIEF a
NEAF-E H i A B F0 A B0 SR

3) IR MR RT3 E L PATHRIFEARLE,

GLCrWF\( =\aGL) ,GLCsWF\( = \aGL) (13)

WrE (13) MR WF EERF S RIFELREE, P
GL =resource;:R(a) - resource. acquire — resource. use —
perform. a— resource. release— GL,R(a) F/ni% 3 a YATFITH
BEHRE,

L8, % FIE S E EHImAT R, A — R R
FRBAR B BE JOR IR P R 0 R M, AT A CSP %
/N, FFiEid TH FDR #4740, B3 W] L, CSP B ZI il &
GeAT R HIRERY , RBAE B 4T b SRR BB B 1F SRR B, CSP
BA#THEENEEE RS, B W Petri LR HLZ HEIE M
FRER TR AE SRR ; 3¢ B B F 8 3% T & FDR
B SZRE Rl Bt SR A 5 o

4 AR

THE TR SR E LI5S ——XPDL #1365 ke i o i
—ANFR AR FillOrder () XPDL 58 A, in 1 i , A
B XPDL #3585 CSP BERRAEEIL T B

order Type=="PQ" m Create
| |—' }.llV Ui CC|
—1 E-mail
O-» Ship |Receipt or|
Invoice

timeputException

Order
Ch
order Type=="Credit" Get. 88| [ Create
Creditp={ Credit Receint
Cord eceip
noftifyException Info

Raise Cancle
Alarm Order

&1 FillOrder 72

72 FILLORDER K XPDL ##iR 3| CSP #H#2 iy 41k 1T 12
W T A S SRR TS S AR

1) RYEZWMARA XPDL fiiR & TR, X WF_2 £
MR ZREIR) CSP B, W, 278 WF_2 HiiE 304, DS,,
FRMERIEES , DTS, KA BIRRBES RS, Fm WF_2
HIB IR o R4 init. fault IR FLAEH RIMEE R, F A4 init.
suce FRTARKI RN RS

Wy =

{ shiporder, raisealarm, cancelorder, billing,

createinvoice,  getcreditinfo,  chargecreditcard,
createreceipt, emailreceipteorinvoice }
RS,; = {Shipper, DBConnection, Sytem}
DS,, = { orderNumber, orderType,
creditInfo, docURI, Status}
DTS, = {STRING, INTEGER, CreditInfo|

oWF ={ a:W,;, resource:RS, - init. a,

emailAddress,

resource. work. a} U {start, complete, fail
init. fault, init. succ }
2) MR AR &N 3 XPDL iR i &N BT R
Sy = { SHIPORDER, RAISEALARM, CANCELORDER,
PODEAL, CREDITDEAL, EMAIL}
Sy TR TEMTARN CSPHfRER £ A S, PR
JE AN
SHIPORDER =
let exp( raisealarm) = durtime( shiporde) >3 days
exp( cancelorder) = durtime( shiporde) >5 days
exp ( billing) = orderType: PO,
orderType: Credit

exp ( getcreditinfo) =

within XSE ( shiporder, ( raisealarm, cancelorder, billing,
getereditinfo) )
RAISEALARM = SP (raisealarm, shiporder)
CANCELORDER = SP ( cancelorder, fault)
PODEAL = SEQ (billing, createinvoice, emailreceiptorinvoice)
CREDITDEAL = SEQ ( getcreditinfo, chargcreditcard, createreceipt,
emailreceiptorinvoice)
EMAIL = SP ( emailreceiptorinvoice, succ)
3) K EAE S HBRAITA S, 58] CSPH#R WF2 4.
WF 2=
let
START = start — init. shiporder — Skip
FIN = init. succ — complete — Skip
FAULT = init. fault — cancel — Skip
WF; =(SHIPORDERI[ init. billing, init. getcreditinfo,
init. raisealarm, init. cancelorder | |( PODEAL[]
CREDITDEALJRAISEALARM[JCANCELORDER)) |
[ init. emailreceiptorinvoice | IEMAIL
within ( START | [ init. shiporder] | (WF | [init. succ,
init. fault] | (FINCJFAULT))); WF
4) &7, FIF FDR LA K CSP WpREALAetE , ol AR 5 %t
FALE 9 CSP HERRFATIE UM RIARIN o ANHT T E . DF =
Ix:aWF « x— DF;DIO = init. a—in?x:Input( a) — resourcel.
work. a — outly:Output(a) — DIO, A1 7] LA I Bt 5
DFCiWF 2,DF CrWF_2 Ll } DIO CS:WF_2\( 2 \aDIO) ,
DIO SrWF_2\( 2 \aDIO) 535 FT 2 it AR SE8 LA K 35 3h
N B0 R A DU BC A4

5 #iE

TE TAERBT I SURAFTE & £ A I TAERAL R 3R 7

¥, T CSP BT /™8 HTE SRR IR BE ) A B B AT A

1 s MR A T3 TAE AR R 3 AT1E SR 40

A, XPDL 2 T4 Ji 8 BBk B 52 SCH9 XML #% =X i3 72

FE XZHIE T , BRI, 18 R PR AR v AR B v AR

EZE2) T ZHN A, &R TAER ™ Xt XPDL #5541

BRI o Bk, BF5T XPDL | CSP A2 M Bt A 1

FSFBLSE R E S o ASCER I T AnfapKe XPDL 2 4 it R

CSP BERRE J7 1 , T X AEAT 755 XPDL 4 i ) TAE J A B

YR ARG B CSP AR, DAF AR A% CSP B ig Xt

BEVHAT 0 BE— B9 TAE RGBT R (6] B9 CSP X4

Y o i TR AR M BEA T AR , LU BE SE B AR BRI 20 o
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