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A Web Service Model Based on Partial Order Event Structure and its Formal Composition

HAN Ting-Ting CHEN Tao-Lue YAN Feng LU Jian
(State Key Lab for Novel Software Technology, Institute of Computer Software , Nanjing University, Nanjing 210093)

Abstract With the development of Internet, a software service computing environment based on Web has come into
being. At the same time, as the requirement of large-scale applications, it is often not sufficient for single Web ser-
vice to support some complicated applications. As a result, the composition of Web services becomes even more im-
portant. Due to the interaction and coordination between Web services, distribution and concurrency are two essential
characteristics of the software service distributed system, which makes it difficult to ensure the correctness of the
composition. Thus a mechanism supporting composition should be provided. Moreover, the efficiency of the software
service distributed system is also worth considering. This paper investigates these problems from the point of formal-
ism. Partial order relation, as an ideal and effective means, is utilized because of the natural partial order relation a-
mong Web services. Based on this, this paper gives a formal model of Web services based on partial order event mul-
tisets from the perspective of composition. We deal with the concurrency problem from finer grain of event inside the
Web service itself other than the whole Web service, which makes it possible for more events in one Web service or
from different Web services to execute concurrently and thus improve the efficiency. Furthermore, a Web service
composition language is given with the rules that ensure an efficient composition when correctness is guaranteed.
Some examples are invited to demonstrate the advantages of our model and composition approach.
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KHER B Web RETHEFZEVRHTR. RIOB
BEWEATRNYF T PY Web REESE L . ETEE—
AR PR,

R AR REKEMRFHEXRFEHXBRRZ —
MREFEXOBEAENIBHAEEERANRSETH
FEE KRR~ EERENHRIRE. RITAK BRI
Web RE BB RERBEN . EFEHHFR, m[3,4]F
BERHEN Web REHARFERT XML #9173, 5 Web iR
£ B 5 LFIE (primitive) 38 % Web R 48] B 5h 11 7E
HEMHLHFENHREEEEELNE. molEEEAL
BEIC, H Web RENBRBIEZHER, L ERM EK
It Web RBEERHER LR RAE A RSEMLZ, 284
BFFTa#E O A . XS S E R A1 LA R A B . XF F Web R
FUTERBEERL ANTEHRARKTEHBE U EEHEF N
BESHEEEEENHICHLERE L., EXFEH I
fT—EMBHER.

EHIT Web REERNTES . BRI ERENZER
FARMNBELENFIE .- AT 2 - RINFEERIEERED
R TRIERESREAVRE. AT ERURORE
BEAH Web MEZ AL XFERIRY U EREE
L Web fR & Z [EMATHIFX REMFIE. 2 5B IEE
RHEPEXEEN TS RITTUERA N TRIEHEES
H—BEMRERE ENESHTIHEEH . RO TERE
AU BT EEFY ERIEES LB ERES R eE
BELEZETUXBEZHITHMT HTTUR SRR
HEE. RITHT Web RENEAN T REBBHEL £
BREEHREBTULELEBEZY Web REZRAXBRH
FHTRIA - RiTxLABRTEERLTEREHERSZ .0
RIFEAHERERERRME S MO ERTF. XHBA
R ib R AL B2 TR F 3 R 87 R 40 A5 Sk 3 71 R E
Web lRFMIER:F. SHERFEAURETERERS S
FitE R LA TR L EH ZFRHARB SRR,
BERFERREMMENULBRE-HAEBNE O FE RTE
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BLFEFTRITROTUFZIT. RIS RF 2 EABRA
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FxE, Ef—F 8 RITAAIXIMRFRZEFRIBK.E
PR, WRBESPEE ESIE  IXERFRATOT LARFIT Web B
FZEMFAEXRRANERFZRK L HEBFLRFTSBY,
FEETERE Web BEHHTHEXIHHER L& . ARM
FEHBHTUHE. A—REAVHOBHZEETUFE X
YF Web REMHAEEFZFEEZHNEL., Bt . RITAFHH
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R EBRUREEHRE S FEEET XETLURERE,
TR, A EETREME A EUY IR,

EXHTHEET B— RIEIXRTFEFEHNFE
BORET BRI Web REFBERL B, EARY
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X2 —MTRFELCEFEEIFERSBTEMR
e RS FEEMES . F = F,UF, ,F,NF.=0,F, 3 R%HR
FWSFREERFOIETCEK.F. ARNERS WS FERSH
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TTAWS = (F, WSS), 2, F HREIFTHE; WSS HM%
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(DOFENE O AR IC AR FREH S0 (m) AR
Or bR ERTICRBARFOER. WS, WS, 2%
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LRRONAEATAN S BEENTE, X8 Web R 5 2 M
o SR L 4 e AL O 36 6 A5 [B] B R £ B AR B R L L R A
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()b (m);
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WSs=(F3,WS583), Fs=Fsp U F3 , WSS3=[V3, Fy, 3. 3] Vi = {e!
(m),e? (2}, f? (), f! (mdy,
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F Web REHWEMFLEMFR. SETHBRBFHX
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M [10]4 52185 % .

EEREFLZ BHRAERE « RERER, ~OHK, +
B ONRERBIK. RIVEES ¢ BoES —HREH K
REPIFRARFHARIE.
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THEL,RATE S Web REFM—LARAN . ZPTUER
HEREBES ZEXHHARMN, BRI EARGIRF K
FFH-REGZETESEETL, mARREEANH
GLTF AR B IEBR it AT %, LI R LA Web R B TEA RS
BETMRE—" Web B%F FFEMHBRE —EHRERF ML,
A, BRATHEL H—AMNRLA KNG B A %K ERH*IT.
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(R1) P = P,—P,

P,= (F,, WSS)),P,= (F;, WSS);

Hed WSS, =V, Fiv s <0 WSS:=[Vi, Fov 0],
F\=F,UF\,F;=F,UF.;

ERAKE .P= (F, WSS) WSS=[V, F, u, < ;&
q:

1) F=F,UF.,F,= (Fiy,—F)UF3,,F.= F,J(Fy,—
Fip) i P Fo i FLu 2878 L ERA X TR — R & 899 R
REFHFEC BT FoH FL e TR TSR,

DV =WV, UV, —V.NV) Uupdate(V\NV,) ,update: V
>V, X ROl A R E B L S B R X T
BE-HENELT L VINVIREARMERRS X
LF RN B REETTRESH TEERERE, update IE
Rt X e g m R WA T 83015
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Du=p U Up Upt B o ARARFERE 1 (V)
Uv,—ViNV)—F UF—FNF)  ZREEETERF
EBBREWEAEELHBRE LBV UV, -V.NVIER
BT E, FUFR-FNFORBESEHEXEY S £
BRE  NERERK 4 (VINVO)=(F UF) ZRY
VER TR FEERBENSFEME LB Kb N
VORBELMHNOT S (F UF) R TTREVER X g
W ERRRS .

<=, U UV, Xupdate VNV, UlupdatelV,
NVIXV) L HY Vi Xupdate (VINV)IERV, B4 M E
N update (VINVO B EPEHDREF AN FTHRTFALR,
wpdate\ VNV )XV, ik update (VINVOIESFHERV,
BEPHBHITRE~ETORTFRE.

(R2)P = P,+P,

Py= (F,. WSS ,P,= (F,, WS8S;);

He WSS =[Vh. Fiy oy WHWSS=[Va, Foy gy <2 1s
F,=F,UF, . F;=F,, JFy;

BEHARE . P= (F, WSS) WSS=[V, F, u, < i i
:P

DF=F,UF, Fo=F,UF;,,F.=F,UFu;

V=V, UVy;

Dp=mU ps

Ds=U.

(R3)P = P,0P,

Pi= (F,, WSS8),.P,= (F,, W5S,);

HH WSS, =[V.., Fi, M gl]'WS'SZ:[‘/Z’ Fav 1 gz]v
Fi=F,UF, . F,=F,,F,;

BRANRE . P= (F, WSS)  WSS=[V., F, u, < &
e

VF=F,UF, . F,= F,UFy ,F,.=F,,UFy;

V=W, UV, =V,NV) Uupdate (V,NV,),update: V
~V, XEVTHAKREH EXHT S EHEBE T I LER
BEMENELTE,. VNVOERAMERS EHEAN
SR RAET AN EAESCTESa TEREEENR
2 update JE BT SCE 3 X S0 T R ELAS 1T 4 50 4E.

Dp=mUpmUp Upt B o IIRERE . (V)
UV,—ViNVO—~(FLUF,—F,NF)  ZEREFETERFE
ERREEREE XA, Kh v, UV, -V, NV &
BREHY A, (FUFR—FNFORFEEEREIL T &
BB o AIEVFEERE L (VINVI—>F UF), ZEK
YERFEMFERBENSFMMNE LamH, Hd N
VORBESHFNT S (F UF)RE TTREER FEX S Hie
TE MRS,

D=, U,.

(R4)P= P,OP,

Py= (F), WSS,),P,= (F;, WSS,);

Hp WSS, =[V,, Fi, s, <, 1 WSS, =[Vss For 0y <010,
Fi=F,UF.,F,=F,,UF,;

BHAYE .P= (F, WSS, WSS=[V, F, . < ;&
&

DF=F,UF. . F,=cut(F,) UFy, ,F.=F, UF,;cu
(FLOREV, 2 BAEERANR SIET &

DV=cut(V)UV,ocut : V>V, XRTTHAEEHEY
BT PR RS T PR R REOR ST A e
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VDRV, PAEEROTAHES LR EEPHZATV,
hEy a8, A F A cw B PR E MR GHT
Rtz

Dpu=pm U Up Up® Fop o AT R I 47 cut
(VD= cut (FDVZEBE FEPHERBENETRSAE
HowmemE GCEEFEAE LTI, b cur
(VORIEHUTH T S e (FOEIEEERHTEXET S B6
BB u MIEWRTRE a7 Vi cutd FD)VIZBREB FES
MR R VERT S A B O A9 T 0 3 Vv, TTRE AP T RT &Y
cut (FPHERR%.

O =< U U et (V) XV et VO XV, 3
TR cc VORI HF RGOS V. PRI EFRE LA H
MIRTXE.

(R53)P= P;°

P= (F, W88,);

Kr‘)f" W551=[V:- Fiyops g:]v F1==F;,UF;,;

EBRAEE . P= (F, WSS, WSS=[V, F, u, < ;&
th

DF=F,UF, ,F,= F,,,F,=Fy,;

V=V, Uupdale(V;).updaZe: VoV, X2 HEEE
HEXM D SEFEE X FHEAEEREREE-IEHTL
T EHEENE B XY AR O TG ELTIRES
B FER K AW update [FRTAT I X 25 728 T R BEY
1 Atk

Dp=mUpt K o HEARERE : V=F FE
HAER FEWEA 5 SRR FNZE LA

DK< =<, U Cupdate (V) X V) U (Vy X update (Vi) U
(update(V,)) Xupdate(V,)).

3.3 {RAFRMVEHS

ERSCHARBET WM F PR BEREERE RS
BEHRFZEAN. FL L FREAERSBREZIIRIIT
UMBERLERE 2 EHRBXRE. RIVERS RFEHER
TMUESHERGEV FHRFARS FR<SEZBITNE
R R E R IR 45 R 55 2 1A1 69 S A, AT 16 15 153
EAMB REE AT, A RIOBIRZE MRS AR
LR BEBEREA EmMEERS. UTH

WIS RFEIF R BB R .

Pl_’PZ — b
<1>a———! <7 (I).a,bﬁ?xm%wﬁ;

a? (p<a! (m)’

WS, ~WS,—~WS, .
@ e Gy  RTFR AT A e RT

FZ"aZpE:j: FZpo

AT E M R &ML R AT 2 B L WS, —
WS, WS K (DIER MR AR SR F 2889 R F
RAEERHEBHLERBEREHEZIAE (D Q)HE
RHE-TRENFHZEORFERR, QRRBEUMR S
RIBEEHEHLERESERHEFHZ AL OO RTE
EIMERBS F EREGLERBEISIRS F, MR EFR
2RI,

2)

a’x) (D al(m) | b,Ux) (1) byl(m)
a,!l(m) (1) a,2x) | byl(m) (1) by?(x)

ws1 l_‘y}l J Ws3

(2)

Bz BRERFIEHRFOHRNLE
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4 WBRFHBEERLTE

F—FHEROINBT I RERFHEARES UKAR
U, AT # S REMERFOAELE . RIFY 2.3
s R BB, LR B8 Web REZ BRI X ESHEM XK
R EIHAHNE-IEAECORIAE, TRETTHRE
EAE - RMERAE MLLRHA.

L —MAFEBITE WSoae /7 L KR WS naeena I
HATEF L WS oot B F R MU R IENEE A
SN RANEREFRERIAEEFR EFHFETN
I EHEEE A X m R FRIESRTH .

LUEFEZRE HETHEER WS REAFIHEY
oA BERENER TN KIER WS s KEZE WS
BZE8 WS, XEFAZ RIRETEFEEESN.

ZRF EOHEETFEHE. AR HRERE—BHFE
SHER LT WS EFE LB SR HE WSasr .

RREGEEH S RE FLHEEERF WS.w.

SEe, B—&RBHLERTR, YEIITEN,AF
ERFHEAFTRGFTERNELT S WSop ;s IS T
BAEFES L SR S R ERE
ERXCEAARRET WS, SHGENHEET —CBE
A AE N ELYHHARRLAEMEEKREZHERT &
WSime FUMEEEHABRRIM LG URKESH =& .

EXHMN—IYRAFEERT RMNA 2 PHORBDE#HRX
THE. T

P= (WSoter 00 WSprops) > (WSaternas = WS proauce) " —

(W Saisipmes O WS.presa) = (WS ptane + WSiain + WSiiip)
> (WSetdsate O WSaewiate) > WS apir OW S image)

AXHEHHFERARMTMRFREPRERENH
R MRXEMTAARNIEBPRILIBTXE.RTH
B RIMNRALARMNSRTER THPHRFXEZEHF
EFHAET (i update 1 cue 30w M w* BB E X
), REprmmT.

B3 fksmlfe

B4 REGEMEAERSHRSALCEETERE, ¥
HRETTE:

B5 B update Ml cut BER AR EE R EHSENR
FENCREEG— LA, B o~ M ot BB A BEIT
E#HATBIE;

F=F HRFOEE REAEBENTFEHESRE;

L, N R ERE RS M LEE.
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GRBHE—STHE Web BENRBZARSABMES
— BT Web 3 RKBERF T HFREERLN. Web
BEEETRREFHER TR SERH B 6.0
&80 Web HAR , MAHRATREFRSLARFOIE.
RTT{LHE Web REAFHHHFRRME - LR RONA, W
A A% XRERHEHE Web RERAMARLE
HERENRE URZESHREK.

FXRBENRNABRT ALK R Web B
B AT R BT S  RATE AR T W
EATF PR Web RFEZEMFHRE B ABRE ZE K RF
X R T L FBY AR ARG X B R 55 0555 IATIRF it
ik £ LA R 8 R 5 HATHTT BTRITAEHN
BHOREEEERFOH K. HETRABS G BTN
R .A—RFHBE BRI L, T K255
7. #—pi, ARBTHNARANORY  SARTRE
®T —MRE EHRETUAROERT . A B —ERHH
MEEEmE N EROERE. RERFRFPIBHRFZ
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