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ABSTRACT

This paper proposes an approach for solving thdl@m of

composite process oriented service discovery witksgrving
business and timed relation. Key to our approathdsdefinition

of requirement towards service. Such requiremertt ordy

constrains the functional semantics on an operatfoservice,

but also constrains the timed and business relatiorong

operations of service. Thus, services fulfillingclsuequirement
can preserve the business and timed relation ofcdneposite
process. In order to automatically discover sadsfservices, a
multilevel matching relation model is defined whigicludes

matching rules on the level of syntactic, functiosmantics and
behavioral semantics to test whether service idlainto the

requirement. And based on such relation model |gorithm for

discovering services for the composite processapgsed. The
experimentation shows that the proposed approattpiserve
the timed and business relation effectively.

Categories and Subject Descriptors
D.2.12 [Software Engineering]: InteroperabiliBistributed
Objects.

General Terms
Algorithms, Experimentation.

Keywords
Composite process oriented service discovery,
semantic, functional semantic
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1. INTRODUCTION

Web services are loosely coupled software companent
published, located and invoked across the Web. Wité
prosperity of web services, composing availableises to form
a new value-added one becomes a new business graradiieb
service composition has been studied variously anariety of
frameworks are proposed [1]. These frameworks oelAl
planning based composition [2], workflow based cosifon [3],
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and interactive composition [4-6].

In this paper, we formulate a service compositioobfem which
starts from a composite process specification aisgs naturally
from studies on interactive composition. A compagitocess is a
process for a composite service with each taskéncomposite
process as a placeholder for a concrete service. @nthe
essential technical elements in this framework sirvice
discoveryto find appropriate concrete service for each tiask
order to accomplish the composite process. Appesaan [4, 7]
have reported composite process oriented serviseowdry
problem while simplified such service discovery jemn by
assuming that composite process only hatatelessservices
where there exists no business relation betwedss tasd each
task can be performed by different service. Howeubis
assumption may not always hold. Composite procesgds
stateful serviceare often widely used in the domain area such as
online shopping.
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Fig.1. Problems of composite process oriented service
discovery

Let us illustrate the composite process orientedice discovery
problem withstateful servicesising the example in Fig 1, where
there are three web servicgss, andszas well as one composite
processCP. Services;ands; are provided by two companies for
providing online air ticket bookin@P is a composite process for
booking air ticket and hotel. IBP, t;is a task for querying if the
air ticket is availablet; is a task for ordering desired ticket for
usersfsis a task for receiving payment for the hotel bagkand

t4 is a task for giving the booked room numbkerandb, are the
operations which can fulfill the functional requirent oft; while

a and b, are the operations which can fulfill the functibna



requirement ofz as well asc; and c; are the operations which
can fulfill the functional requirement of andts respectively. Fig

1 (a) shows that tadl is assigned tty anday is assigned tty.

In this situation, ifs; has no air ticket of,, CP cannot run
properly as the output & cannot feed tay; if the price of the
air ticket booked by, is above the price of the air ticket queried

by s, the performance dEP may not be accepted by end users.

The main reason for such phenomenon is that thestseno
business relation requirement between tasks inctimeposite
proces<p. If it is required that; andt, must be assigned by the
same service, such phenomenon will not happenl iy shows
that taskc, is assigned tds and c; is assigned tds. In this
situation,CP cannot run properly also as the timed relation;of
andc; in s violates the timed relation @f andts in CP. The
main reason for such phenomenon is that currenvicger
discovery approach overlooks the timed relationwheh
operations in certain service. If it is requiredhtttoperations
which can assign tb andts must have the same timed relation
as that of, andts, such phenomenon will not happen.

The main contributions of this paper are three-félidst, a novel
approach is proposed to discovering services fanposite
process. Based on the requirement constraininginhed and
business relation among tasks, services with dpesasatisfying
such relation will be discovered. Second, businesation

between tasks is added to composite process ardefimition of

requirement towards service is given. Third, a el

matching relation model including matching rulestba level of
syntactic, functional semantics and business betwlvi
semantics to test whether service is similar tordtpirement is
defined. And based on such relation model, an &lkgor for

discovering services for the composite processapgsed. The
experimentation shows that the proposed algoritam assure
the timed and business relation effectively.

2. RELATED WORKS

In this section, we review some key relevant dgualents in
composite process oriented service discovery.

In [8], a service discovery algorithm is proposede key of
which is a service template in order to solve thebjem of

heterogeneity among services and requirements.dBasesuch
service template, operations of each service ageritbed and the
functional semantic requirement of each task in dbmposite
process is also described. Thus, the process viteatiscovery
is to find operation of certain service for eactsktan the

composite process. Since that such discovery is dfsthe

requirements of timed relations and business matbetween
tasks in the composite process, the problem ofnlessi relation
disruption and timed relation disruption will occur

In [7], an algorithm for finding service for eachsk in the
workflow is presented. Such algorithm is based bmned
dimensions: syntax, operational metrics and sem@ntThe
operational metrics mentions the QoS requiremehtheotasks
in the workflow. However, as similar to [8], sughpaoach is lost
of the requirements of timed relations and businetations
between tasks in the workflow, which will result ithe
disruption of business relation and timed relation.

[4] gives an automatic service composition appnoadth
services exporting their behavior. This approadsumite state
automata to express business process and througgiingathe

actions of the business process with actions ofices, a
business process can be implemented. Although apphoach
considers the service from the whole point of vighthe service
behavior which considers the timed relation betweparations
of certain service, this approach still takes tledoa in the
business process as the discovering granularitgtwtbes not
constrain the timed relation and business relati@ween
actions of services. This approach may cause theimtion of
business relation and timed relation also.

Compared with above works, the work done in thigpepa
considers the timed and business relation amokg takich will
constrain the relation between operations of dise services.
Thus, our work can solve the problem of disruptdbrbusiness
and time relation faced by current works.

3. APPROACH DESCRIPTION

This paper proposes an approach for solving thél@m of
composite process oriented service discovery withsgrving
business and timed relation. Based on the requiteme
constraining the timed and business relation amtagks,
services with operations satisfying such relatiornll vbe
discovered. In the following, we will give the ddfion of
requirement towards service and service discoveigorithm.

3.1 Definition of Requirement towards
Services

Currently, most of the process description langsagech as
BPEL only identify the control flow which constrairthe timed
relations between tasks. In order to support coitgpgsocess
oriented service discovery, it is needed to addniess relation
between tasks to the composite process. Busindstiore
constrains that tasks having such relation wilpbavided by the
same service. Through adding business relatiohga@omposite
process, in this paper, the definition of businesdation added
composite process is given as follows:

Definition 1. Composite Procesé. composite process can

be defined as a 4-vect®@@P=<TasksetC, B, f >, where:

o Taskset{t;, t,..., t} is a set of task nodes in the
composite process. For eath Tasksett=<ID, Input,
Output, wherelD is the identification ot, Input and
Outputare the input and output parameters and for each
parameterp, it can be defined ap=<ID, Meaning
DataTypes whereMeaningsignifies the semantics of
andDataTypeés the data type .

» C [ Tasksek Tasksekcondition is used to signify the
timed relation. For eack=(t;, t, c,)[]C, it means that if
condition ¢, is true, after task; is finished,t will be
invoked. We call; andtj are respectively the source and

target task o€ which can also be signified B,

» B[] Tasksei Tasksetis used to signify the business
relation. For eac=(t;, ) L1B, it means that andt; have
business relation and they must implemented byraesa
service which can also be signified @At or tAt.
Especially, for each tagk (t;, t) LUB;

- B -~ BRD is a mapping relation fronBB to BRD.
BRD={bry, br,,...,br,}is a set of business descriptions



and for eachor; in BRD, it can be defined asr=<ID,
Fc> wherelD is the identification andrc signifies the
functional category. For ead=(t;, t;) LIB, f(g)=br means
that the business relation betwegnand t; is for the
functionbr.Fc.
Definition 2. Path.In composite processP, there exists a set of
tasksty, to, ..., tn. If tj -<C1 t2-<c2 o= . tn-<cn t;, we call that in

CP, ti can achievet; which can be signified a$ — tj.
(ti,t2,... . ta,tj) is called a path frorg to t;.

Cn

Definition 3. Business Partitionln composite procesSP, there
exist a set of sets, Xa,..., Xu.. For eachx;, x L1 CP.Tasksetand

XN ¥ =¢(x%x) andx. [J % ... [ x, =CP.Taskset For each

ticLIx and eachyLICP, if tx Aty andt;[1x, we call that %,
X2,..., Xu) IS a business partition @P. And for eachx in the
business partition, we call it a gene.

A business relation added composite process istiited in Fig
2. In Fig 2, taskd; andts; have business relations which mean
that these two tasks must be bind with a same cgerViaskt, ts
and ts have business relation which means that they shioeld
implemented by a same service. Tatkandtg have business
relations and they must be bind with a same seriiicEig 2, {1,

to, t3) isa path froml to ts. ({tl, t3}, {t4, tg}, {tz, ts, te}, {t7}) is
the business partition of the composite processxanfti, ts},
Xo={ta, tg}, Xa={1o, ts, te}, X4={t7} are the genes.
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Fig 2 Example of Business Relation Added Composite
Process

One of the important issues in the composite poaented
service discovery is to make the requirement towatvice full
of timed and business relation in order to solve phoblem of
disruption of timed and business relation illustdain Fig 1. For
each gene in the business partition, it is a séas¥s which have
business relations and must be implemented by & samvice.
Gene constrains the business relation between topesaof
certain service. If taking the gene as the requér@mit will not
disrupt the business relation. However, as the ¢gseno timed
relation, it is needed to add the timed relatiogene, The timed
relation between tasks in the gene must also bsistent with
the timed relation between tasks in the compositeqgss. In the
following, we will give the definition of local coposite process.

Definition 4. Local Composite Proces&or business partition
(X1, X2,-.., Xs) on the composite proce€F and certain geng in
the partition, if the following conditions are truee call that
LCPx is the local composite processxpfinderCP.

e | CPx.Tasksetx.Taskset

« [t, t;LICP.Tasksetand t; <, b if 6, t; ] LCPx.Taskset
then in LCPx, [ t <, U if G L] LCPx.Taskset and

t; []LCPx.Taskset then if [ tc[]LCPx.Tasksetand in CP,

tj <, t then inLCPx, Lt; <, b if t;[]LCPx.Tasksetand

tj L1 LCPx.Taskset then if [ tx[1LCPx.Tasksetand inCP,
t= g, ti, then inLCPx, [t< t.

The first condition in the above constrains thae tlocal

composite process has the same tasks as the demese€ond
condition constrains that if there exists a pattwken two tasks
in the local composite process, there also exigtath between
these two tasks in the original composite procééssieans that
the timed relation between tasks in the local caitpoprocess
must be consistent with the timed relation betwesesks in the
composite process.

Take Fig 2 as an example, for each gene in thenbessipartition
of the composite process, the local composite proa# each
gene is illustrated in Fig 3. For each local coniteogrocess, the
timed relation between tasks is consistent withtitmed relation
between the tasks in the composite process.
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Fig 3 Local Composite Process

For that in the local composite process, all thekgamust be
implemented by a same service and the operatiotisedervice
must have the consistent timed relation as thel looaposite
process, the local composite process can be semgedhe
requirement towards service.

Definition 5. Requirement towards Servicd=or business
partition i, Xo,..., X)) on the composite proce€P, for each
genex in the partition, undex; the requirement towards service
can be defined af=<Fc, LCP>, where Fc is the function
description Fc=CP.f(x.t, x.t) and LCP is the local composite
process ok; underCP.

3.2 Discovering Servicesfor Requirement

We define a service as a set of operations and spetations
have timed relation with each other. In this papes, assume
that for each operation in certain service, it basiness relation
with all the other ones. Finding services for thamposite
process is to find a service for each requiremewatds service
of the composite process. The requirement towarwice
constrains the functional description, the operstidn the
service and the timed relation between operatiorthe service.
Thus, the desired service must have the same Isssine
description, the operations and the timed relatem the
requirement. In the following, we will give the dgfion of
service, ontology and the multilevel matching rielatmodel.

Definition 6. Service.A service can be defined as<ID, Fc,
ServiceModet, wherelD is the identification ofs; Fc is the
functional category anderviceModet<OPsef C> is used to
identify the operations and the timed relation lestw operations
in the service (for eactip in OPset it has the same definition as
task in Definition 1 and C has the same meaning &sin
Definition 1).



Definition 7. Ontology An ontology Q = {concept,...,

concepi} contains a set of classes. Each clasacepthas an
associated set of propertiBg={pa,..., pm}. An ontology relates
more specific concepts to more general ones fromchvpeneric
information can be inherited. Such links have beariously
name “is a”, “subset of”, “member of”, “sub conceft, “supper

concept”, etc.

Definition 8. Multilevel Matching Relation ModeThe proposed
multilevel matching relation model for matchmakibgtween
service and the requirement contains rules orgdnite 3 levels
(Fig 4). Each ruleMRyq at a levelML, (p=1...3) compares a
specific feature of requirements withitL,. The first levelML;
compares syntactic attributes such as the numbtesk$ MR;1).
The second leveML, compares functional semantic attributes.
We define 3 groups of rules at this level. The tfigsoup
compares the functional semantics of functionaégaty of the
requirement and that of the service. The secondpgoompares
the functional semantics of parameters of each wfskhe
requirement and that of parameters of each operaifothe
service. The third levellL; compares the behavioral semantics
of the requirement and service. We define one gafuples at
this level which compares the timed relation amtagks of the
requirement and service.

Behavioral Lacal
Semunties ecomposite Consistent Timed Relation

MLy progess MR,

FHRECTinml

Functional Category Fe
Semantics MR,

Ml.; Parmeter Mezning

MR, Dinta Ty pe

Syntax ML, Task MR, Number of Tasks

Fig 4 Multilevel Matching Relation Model

For services and requirement, the syntax and functional
semantics and behavioral semantics rules is gimefable 1.

Based on these rules, satisfied services can beoweised.

Algorithm 1 gives the algorithm of discovering deev for

requirement towards service.

Table.1 Rulesin Multilevel Matching Relation M odel

MR Rule Description

MRy |s.OPsdt=|r Taskset

MR1 O pUtaskoutput L p'[op.Output p.Datatypeis
the sub-type of  p’.Datatype and
Q (p.Meaning=Q (p’.Meaning;
O p' Qoplinput, C pLtaskinput, p’.Datatypeis
the sub-type of p.Datatype and
Q (p’.Meaning=Q (p.Meaning. (task Ir.Taskset
oplr.0P)

MRz2 Q (sFo)=Q (r.Fc)

MRy Oelr.C, in s, there exists a path which makes
etarget — esource

Algorithml. Discovering Service for
Service

Requirement &rds

DS DiscoveryRS Servicesgt/ RS is the set of requirements
generated based on Algorithm 1

1 begin
2 for eachr in RSdo
begin
DYi].Fc=r.Fc;
for eacts in Servicesetlo
begin

if MRu(s, r) and MRxi(s, r) and MRxo(s, r) and
Rsi(s, r) then

pusintoDJi].S
end

© o =N o U A W
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i++;

11
12 end

end

Through testing if the service has matching retatwith the
requirement, it can discover service for each megoént towards
service of the composite process. Thus, for theblpm
illustrated in Fig 1, as andt, have business relation, they must
be implemented by a same service. As in sersicehe timed
relation betweer, andb, is consistent with that df andt; in
the composite process.is a service that can implemenandt,.
Let us illustrate a more sophisticated exampleFit 5, as the
timed relation betwees;.ops and s1.0p; is hot consistent with
the timed relation betweet and ts, s, is not an appropriate
service. In Fig 5, as there exist a path fremop; to s,.0ps, the
timed relation between them is consistent withttimed relation
betweent, andts, s, will be an appropriate service. Also, service
sswill be the appropriate service for the undgrequirement.
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f2 ts s oI
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S—al et

Operations satisfying the
I:] syniactic and functional
rules of the task

Fig 5 Example for Service Discovery
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For composite proces3P, the requirements generating fradP
forms the seR={ry, ry,..., rn}. There exists a se&b of services,
for each services in S there exists one and only onein R,
which can be implemented Isy Since that the service model of
services may be heterogeneous from the local cdteppocess
of r, there may exist additional interactions betweenvises inS
which may cause deadlock among services. Thusefvices in
S a compatible detection of these services wildbae in order
to determine whether the service set is a candidateposite
service. As lots of works have been done in thedf{8], in this
paper, for the limitation of this paper, we willtrgive algorithm
for detecting the compatibility among discovered/mes.

4, EXPERIMENTATIONS
The algorithms are implemented in Java. All theegipents are
carried out on Pentium IV 2.4GHz with 1GB RAM under



Windows XP. We will compare the performance of entr
composite process oriented service discoveringridhgo [7] and
the proposed algorithm.

Experimentation 1 Disruption of Business Relation
On the testing set where the number of servic&@ lrandomly
generating 10 requirements towards service, comphe
performance of current composite process orientedvice

discovering algorithm and proposed service diséoger
algorithm in  preserving the business relation.
experimentation is shown in Table 2 where if thecdiered
service satisfies functional semantic rules of MMRwill not

disrupt the business relation signifying as 1 dnsluch service
does not satisfy the rule, it will disrupt the ness relation
signifying as 0.

Table2 Comparison of Disruption of Business Relation

Requiremen |1 | 2 | 3| 4| 5| 6| 7| 8 9 1
t towards
Service

The 111111 1] 1/ 1 1
Proposed
Algorithm

Current |O | O} 1| 0] 2| Of 1] 1] 0O O
Algorithm

Table 2 shows that current composite process @tenervice
discovering algorithm will be likely to disrupt thbusiness
relation while the proposed algorithm can presehe business
relation. This is because that in the proposed rigthgo, the
requirement towards service constrains that tasksthe

requirement must be implemented by a same serwibée in

the current algorithm, tasks in the requirement dam
implemented by operations from different services.

Experimentation 2 Disruption of Timed Relation

On the testing set where the number of servic&@ lrandomly
generating 10 requirements towards service, comphe
performance of current composite process orientedvice

discovering algorithm and proposed service disdéoger
algorithm in preserving the timed relation. The exqmentation

is shown in Table 3 where if the discovered sensgaésfies

behavioral semantic rules of MMR, it will not diptuthe timed

relation signifying as 1 and if such service doest satisfy the
rule, it will disrupt the business relation sigtiify as 0.

Table3 Comparison of Disruption of Timed Relation

Requirement | 1|2 | 3| 4| 5| 6] 7 89| 10
towards
Service

TheProposed | 1|1 | 1] 1| 1| 1] 1 111
Algorithm

Current 0|0 |0] 0] 1 o 1 00| 1
Algorithm

Table 3 shows that current composite process @teservice
discovering algorithm will be likely to disrupt thiemed relation
while the proposed algorithm can preserve suchioelaThis is
because that in the proposed algorithm, the reanging towards
service constrains the timed relation between djma®in the

The

service while in the current algorithm, the reqoieat lacks of
such constraint.

Experimentation 3 Discovering Efficiency

The experimentation is taken on 4 testing sets evhie
numbers of services are 200, 400, 800 and 160Cectsely.
Randomly generate 20 requirements towards serwicd, take
the average discovering time as the result. Comparme of
the proposed algorithm and composite process edeservice
discovering algorithm, the experimentation ressishown in Fig
6.

Fig 6 shows that the runtime of current algoritherailittle less
than that of the proposed algorithm. This is beeahst in the
proposed algorithm, it is needed to test whetherojerations in
the service have the consistent timed relationaa&st in the
requirement towards service while in the curregbathm, this
work is not done.

40000
35000
30000
25000

—e— Current Algorithm

Runtime(

20000
15000 /'/ —=— Proposed Algorith
10000 _
5000 e
—

o
200 400 800 1600
Number of Services

Fig 6 Comparison of Runtime

5. CONCLUSION

This paper proposes an approach for solving thél@mo of
composite process oriented service discovery. &h sipproach,
based on the requirement constraining timed andnéss
relation among services, services with operati@atisfying such
relation will be discovered. The experimentatiomgs that the
proposed algorithm can preserve the timed and bssirelation
effectively.

In this paper, we assume that different genes @ khsiness
partition of the composite process will be impleteeh by
different services. However, in reality, one sesvienay
implement multiple genes. In this situation, thésea work
needed to be done in order to test if the servioe satisfy the
timed relation between these genes and in thedutwe will

works on such problem. This work is supported ey Kational
Natural Science Foundation of China under Gran60i673218.
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