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Analyzing Compatibility and Similarity of Web Service Processes

LI Xi-Tong FAN Yu-Shun

(Department of Automation , Tsinghua University, Beijing 100084)

Abstract  Service composition and substitution are key research issues in Service-Oriented Com-
puting (SOC). Among them, analyzing compatibility and similarity of Web service processes are
two closely-related issues and of great importance. This paper models Web service processes
using Colored Petri nets (CPN) and presents the definitions of correctness and compatibility of
Web service processes. Then, the notion of well-structuredness of Web services is developed.
The paper proves that all reachable final markings of a composite service composed by well-struc-
tured services are correct. Based on the compatibility analysis, the paper develops the definition
of similarity of Web service processes in order to investigate service substitution. It is concluded
that substituting a service in a composition can be performed independent of the context as long as
the new service is similar to the substituted one. There is thus no need to verify the substituted
service composition again. The paper develops an algorithm for verifying similarity between two
services. The results and algorithm are used to improve the existing methods of service composi-

tion verification and service substitution.
Keywords Web service; service composition; service substitution; compatibility; similarity
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TS — A T AW A Web il 55 it
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W2 A5 A AEARRUPE. B T 38 A T A A T AR %R
A PR, FL A AR BB A R PR R 2 T A&
1 1.
1 55 it B AR AL ) R A R
Set T(S.M); //for all transitions of service S that are
//enabled in the marking M
Set U, = J; //the set of markings of service S, that
//has been checked
Set M, =M, M, =M, ;
IsSimilar (S, ,S,)
1. if M, € M,
if M, € Myr or M, [TWMI/ € M
then return TRUE;
else return FALSE;
2. for each t, € T(S, ,M,) and M, ¢ U,
if =7, M,[O)M]
then add M, to U, , M, =M, ,
return IsSimilar (S,,S;);
else M,[ )M,
if Elfl S Tl s ifv Ml [T’ >M{ ’ M{ [tl >M;/,
and L(t;)=L(#), ¢(t,)=¢(s;)
then if M7 € M,z or M/[c*)M,, € M,
if M, € My or My[t"YM,, € M,y
then return TRUE;
else return FALSE;
else 31 € Ty, i, M/ [c"YM® M [} ) M
if 3L€Ty, 7, Mi[eHOM;, M[£,) M,
and L()=L(}), o(t3)=¢(s])
then add M, to U, , M, =M{", M, =M>,
return IsSimilar (S,,S;);
else return FALSE;
else return FALSE.
Fi i b a0 Sk T DU A 2« &3 BT B AR
% S5 BRI S, AL S0 b TR —
B RS S S REMI. B 4 4t TIRS Sk
B S, ARER IR S SIS S RHIE . S S,
5MR% S, R A0, I3 IE T i A5 20 i 4518
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Snd order

[o=0,] order

Snd order
[OZUJ

Rec goods

goods

money

K3 S5 S MRS S,

order

Snd goods

[o=0,]

money
Rec money

K4 MRS SIS S,
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21 G R 55 It A 1 T 8 M I R 2 T TR 1) R 5% 1
SR — P ST RS SCBRL 14 ] R A U 9 o S Al
25T AR It O TE A ) SC s RIS [R] Il AT 2%
B IERR 28 0k Z5 A8 DL R JEBE AR 1E A5 4. SCRRL12 ]
& 1 Web filk 55 3 F2 1E 8 AT LA fo 0/ ik 7 I8 38 A7 78 9B
ARl ML 55 A PP (weak soundness) 7 .
SCERLL7 318 1 IR 55 i R A 25 1 3 A [l Y o s
JF98 58 il (completing) AH 2% 7 A % 1F ) 30 E t f
A 5 MR 55 TR AR B[R] L. SR T, 3 26 AN RE
e e Web ik 55 5 T 1 38 {5 LA B 48 B8ORS 5 19
A R

o1 T Petri B 3& & T X4 43 1 2057 20 R Ge kA7 i
B, P VE 2 WF 58 TAE 2R H Petri AR iz 55 IR
FRABIH AT i B JE Rl SCHR[ 18 148 T — 43t
T Petri M A Web IR 55 880, 42 1 T 10 Fh AR 19
R 55 45 O =0, 4 AT DS B Petri W 1) 43 H7 £
ARXH A e 55 AT Rk, SCERL2 48 1 TR T35 @

Petri P Web Il 55 B HL, 25t 1 4 B R R A5
EHLIFPHE TIX 4 Pl G iz 55 DL S A R T ) A
BepE . SCHRL6 L (8 Petri O BE Ml 52 17 78T 9]
THER Web I 55 15 1Y i 8 B T X Web Iz 55
JCIH A A K X ik 55 B9 [ 3 45 A9 52 . SCRRL7 ]
FEH T — R T Petri WAYTE L Web IR 55 A s &
T35 %07 1 BE U8 [ i) 2% 1 I 55 e A/ it DL R i
5 WA R . BAR Petri W RE 48 X 4 A IR 55 17
I3 T AN UE  H 2 b AR I ST BRI R AR A
WG AT 1 HY B A WP L8 1 J5 0 A 58 22 S IR 55 1Y
TR A A, SCHERL 19 115 Bh U (siphons) ” B 38 Bff
FE T AT Petri MBITLRY Web I 55 i B2 AH 28 1. 2R
M » bR FE AR R BAT W S B IR 55 U 72 A9 AH 8L
PEFNSE AN P27

I 55 30 A A AL 20 7 2 5 A A o A 2 DD AH O
8 — A~ ). SCHR 15 ] 42 3 7 WF 58 I 55 It 7 A {8 A
SEM R ENE L XA TR 55 A BRI IR 55 R 4 P RE AN
[Fi) 13 I 5% T AR R B4 8 S AH AR 3 30 1 A
LR S5 AR AV 22 18] Y 5C &R 0 T8 AT 23 BT e 45t Y AR
U E SCAEFEAT IR 55 B e ) 2 5 5 B R ST k. R
17 4% (trace) A 2L A H A5 ) (bisimulation) A 1) /&
S0 I R B G AT AR B ST b A d T 0 HE
AR K A MRS O SRR OE 4 R Bk Web ik 55
IR AH 2 0 R PR RN SR BT B AR A L Y R i
TR o T LA DL AR R Y SR 0 R R e 207 3
FR (16 32 ZEBIF5  1> JIR 55 D 52 %) K 25 1 R T R g
(substitutability). i f& B pRic 42 7 R 40 (LTS) 3
Web JIR 55 1047 B #EAT AL S 0 T 3 DA RME &
SO A P E SC, IR AR B b 25 13 7 3 Fh A [ 11 AT
Bt e S Rk el bt 2 X or o 5 B
FHICFN S R SCTE R W Rb. (R AE 3 IR A WA
W5 EF SCTEOC Ry AT M T R 1 TS AR
SCHRLS IR A R A B Web IR 55 i, 45 th 1
5 B SCTE R MR 55 i AR — B ) R RIS
2 AEE AR I Web IR 555 2200 45 b B 1 7 228
TV B G A7 X SR Tk 3 R A K O vk o vk B s
b A X S R A7 X SCHRL22 4 F Martin 85
i (Martin Type Theory, MTT) ## Web iR %17
HWEFE T Web IR 5547 —BbE 5 AHA PR H) 2 7
P LR TR S MTT /75 2 I8 A et Ik
55 P DA P8 A5 4 R A7 200 1 220 D o TIC 1k A A D
I3 BT Web IR 55 19 45 4 1 ot CAn A PE 25D

SRR O AR S AR SO T IR 55 U R AH 2 PE AR
IPEREFE AL T ARG /Y S5 7 FEALL 5 Z A0 L A S
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Background

Service Oriented Computing (SOC) is a new computing
paradigm in the area of software engineering and architec-
ture. Service composition and substitution are key research
issues in SOC, among which analyzing compatibility and sim-
ilarity of Web service processes are two closely-related issues
and of great importance to both the academia and industry. A
few approaches have been developed to verify the correctness
of service composition, but their notions of compatibility and
similarity of Web service processes are not well-defined. Par-
ticularly, the relationship between compatibility and similari-
ty lacks of sufficient research, rendering existing techniques
of service substitution very costly and time-consuming. The
authors’ research work focuses on modeling and analyzing
Web service processes based on Colored Petri nets (CPN).
The authors present the definitions of correctness and com-
patibility of Web service processes. In order to alleviate the
compatibility verification, the authors develop the notion of
well-structuredness of Web services and prove that all reach-

able final markings of a composite service composed by well-
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structured services are correct. Based on the above results of
compatibility analysis, the authors explore the definition of
similarity of Web service processes with the purpose to im-
prove the existing methods of service substitution. The re-
sults conclude that substituting a service in a composition can
be performed independent of other partners in the composi-
tion, as long as the new service is similar to the substituted
one. Therefore, it is no need to verify the substituted service
composition again. The authors develop an algorithm for au-
tomatically verifying similarity between two services. The re-
sults and algorithm concluded in the research can be used to
improve the existing methods and develop more efficient tech-
niques for service composition verification and service substi-
tution.
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