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ABSTRACT: The composition of heterogeneous Web servicesis a key aspect of usability and applicability of Web servicesin
different application domains such as business applications, healthcare, and e-government. Unfortunately, the reuse of \Web
services raises composition issues since they present, most of the time, mismatching at different levels such as structural,
behavioral and non-functional. The resulted mismatches require adaptation to insure the correct working between Web
services. This paper presents an effective adaptive Web service composition. It gives especially a formal specification of
operations which enable to compose and adapt services at runtime. This specification is given in Maude language as a
logical framework. Thanks to many Maude tools, formal analysis may be easily performed.
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1. Introduction

Last years have seen the emergence of the service oriented architecture (SOA) designed to facilitate the creation, the publication,
the networking and the reuse of applications based on services. Web services are the most important realization of the SOA
architecture. They are self-contained, self-describing, modular applicationsthat can be published, located, and invoked across
the Web. Nowadays, an increasing amount of companies and organizations only implement their core business and outsource
other application services over Internet. Thus, the ability to efficiently and effectively select and integrate inter-organi zational
and heterogeneous services on the Web at runtimeis an important step towards the devel opment of the Web service applications.

Web service composition has been emerged as an important strategy to allow enterprise collaboration [1]. Moreover, Web
services composition simplifies the rapid development of applications by enabling the reuse of existing components. The
composition problem appears when aclient’s request could not be satisfied by any of the existing services on its own. Hence,
it becomes necessary to combine them in order to create a new value-added composite Web service. Particularly, the dynamic
Web service composition is very promoting because it enables the user to select, at runtime, existing Web services to provide
an unlimited number of new servicesfrom limited set of services. Thisdynamic feature of service composition providesflexibility
and adaptability to applications. For example, an application built ontop of the dynamic service composition system is able
to change its user interface dynamically according to user’spreference (e.g. English/Japanese menu, colorful/simple buttons,
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...etc.), Furthermore, atotally new application may emerge by combining several components designed for entirely different
purposes.

In the research related to Web services, several initiatives have been conducted with the intention to provide platforms and
languagesthat will allow easy collaboration, composition and integration of heterogeneous systems. In particular, some standards
have been devel oped such as Universal Description, Discovery, and Integration (UDDI) [2], Web Services Description Language
(WSDL) [3], Simple Object Access Protocol (SOAP) [4], Business Process Execution Language for Web Services (BPEL4AWYS)

5

Despite all these efforts, the Web service composition still is a highly complex task. One source of this complexity is the
mismatchesthat may occur between two services in the composition process. In fact, the composition of Web servicesinvolves
wiring together multiple Web services and having them interact often in ways not originally foreseen during their initial
development. In doing so, it isunavoidablethat mismatches may arise at different levels: signature, behavior, quality of service
and semantics. Hence, thereisaneed for adaptation method to overcome these mismatches without modifying the service code
due to its black-box nature. The adaptation ensures correct working and interaction among the involved components in the
composition.

This paper presents a formal specification of dynamic Web service composition and adaptation [6]. For this purpose, we use
Maude language to define basic adaptation operations and to specify the dynamic composition process.

Therest of thispaper isorganized asfollows. Section |1 presents an overview on Maude system. Section |11 gives specification
of theWeb serviceinterface. Section |V presentsthe specification of Web service compatibility. Section V detailsthe adaptation
operations. Section VI givesthe specification of adaptive composition. Section V11 discussesrel ated work and existing approaches.
Finally, last section concludes the paper with future work.

2. MAUDE overview

Maude [7] [8] is a high-performance language and system supporting both equational and rewriting logic specification and
programming for a wide range of systems and applications. Equational theories describe the static parts of a system and are
represented as functional modules. Rewrite theories describe the dynamic parts of the system and are represented in Maude as
system modules.

A functional module specifies one or more datatypes and operations on them. The sorts of the data types are declared with the
keyword sort, and subsorts are specified using subsort. Functions are declared by op declarations of the form

opf:sl...sn— sjattributes).

Wherefisafunction symbol and s1,..., sn and sare sorts. If the number of argumentsof f iszero, thenfiscalled aconstant of
sort s. Function symbols can be declared with both prefix and “mix-fix” form. Inthelatter case, the positions of the argumentsare
given by underscores (*_") inthe function declaration. A function declaration may also contain attributesthat specify properties
of the function. For instance the attributes [comm][assoc][ctor] designate respectively that the operation is commutative,
associative and constructor. A functional module can contain equations and variable declarations. Variables are either declared
separately with the keyword var, or within the equations. Equations may be either unconditional or conditional:

eqt=u.
ceqt=uif cond

System modules can, in addition to the declarations described in afunctional module, contain unconditional and/or conditional
rewriterules of theform

ri[label]:t=u.
crl [label]: t= uif cond

Computationally, arewrite rule of the formt = u describes an atomic and local transition in the system. Logically itisan
inference step from sentences of typet to sentences of type u.
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Although there exist many formal modelslikefinite state machines[21] [22], Petri nets[23] [25], and labeled transition systems
[24], to specify the Web services and their composition, Maude seems adequate to do, sinceit isbased on rewriting logic which
isaunified framework for all these concurrency models. Moreover, Maude supportsin a systematic and efficient way logical
reflection. This makes Maude remarkably extensible and powerful, supports an extensible algebra of module composition
operations, and allows many advanced metaprogramming and metal anguage applications. Indeed, some of the most interesting
applications of Maude are metalanguage applications, in which Maude is used to create executable environments for different
logics, theorem provers, languages, and models of computation. Furthermore, Maude specifications are executable, and can be
subjected to simulation and formal analysis using the Maude interpreter.

3. Specification of Web servicelnterface

Web services are modular applicationswhich can be only viewed through their interface definition dueto their black box nature.
The aim of this section isto specify formally the components of the Web service interface.

3.1 Messages Specification

The cooperation between Web services is based on message exchange. These messages are either input or output ones. Each
Web service operation consumes some incoming messages and/or produces some outcoming ones. The Maude specification of
messages is the following.

Sorts MesageId MessageIN MessageOUT Messages.

Sorts ListMId DirectionIN DirectionOUT.

op msgs(_, ): MessageIN MessageOUT -> Messages.

op msgIN( , ):ListMId DirectionIN -> MessageIN [ctor].
op msgOUT( , ): ListMId DirectionOUT -> MessageOUT
[ctor].

op SM : -> MessageId [ctor].

op TM : -> MessageId [ctor].

ListMIdisalist of message identifiers. DirectionIN (resp. DirectionOUT) isused if the message isan input (resp. an output)
one. The Messageld can have two values either the source message SM or the target message TM.

3.2 Operations Specification

A Web service may provide many functionalities, each of them implemented by an operation. Hence, a\Web servicecan be
viewed as a set of operations. An operation is defined by its name, itsinput and output message types, i.e. 0: = < name, data
Input, data Output >.

M essages need to be grouped into operations, which may define an < input >, and an < output > message [9].

The operations specification is given below.

op Op(_, ) : OperationId Messages -> Operation [ctor].

An operation identifier (Operationld) can be either source operation (SO) or target operation (TO) according to their occurrence
in the composition:

op SO : -> OperationId [ctor].
op TO : -> OperationId [ctor].

3.3Interface specification

A Web service interface is defined by one or more operations. For the sake of simplicity we attribute to each service one
operation to shorten the specification process of composition. The constructor of a Web service interface is the following
Maude operation.

op Inter : Operation -> Interface [ctor].

114 International Journal of Information Studies Volume 4 Number 3 July 2012




4. Specification of Web service Compatibility

Interactions between Web services involve the exchange of messages. Hence it isimportant to check that the data types and
number of the message parameters sent by a service are compatible with the parametersrequired by itspartner. Thisrequirespre-
conditions of inputs and post-conditions of the outputs. In fact the composition of two Web services requires finding two
compensabl e operations (one of each) that can be linked: two operations can be linked when the output parameters of the first
(source) can cover the input parameters of the second (target).

When two services WS1, WS2 have message types respectively SM, TM, which means that the sent messages (source
messages SM ) from thefirst service arereceived astarget messagesin second service (outputl= SM and input2 = TM) , and the
messages from both have the same cardinality, so thereisacompatibility between the messages provided and required (output1,
input2). Otherwise thereis a need for adaptation.

The operations of the services WS1 and WS2 must have respectively identifiers: SO and TO. This means that the operation SO
of thefirst one hasitsrelated operation TO in the second one (SO and TO are compensable operations to perform an adequate
Web service composition).

To insurethe compatibility between two services, we have to check if the sent messages are compatible with the required ones,
and each operation must be linked to its related one.

The operation check-compatibility is specified as follows:

op check-compatibility: Interface Interface-> Bool

eq check-compatibility(I,I2) = if getOId(I) == SO
and getOId(I2) == TO

and lenght (getLMOUT(I)) == lenght (getLMIN(I2))
and verifyType(getLMOUT (I), getLMIN(I2)) == true

then true else false fi.

The operations getOld, getLMIN and getLMOUT used in the above equation allow to get respectively the identifier of the
operation (SO/TO), thelist of input messages, and thelist of output messages. The operation verifytype checksthe compatibility
between messages types.

5. Specification of Adaptation operations

The scenarios in the Figure 1 show possible mismatches which may occur at runtime between the involved componentsin the
composition. In the first scenario (a) the Web service sends two different messages (A and B) while only one of them (A) is
expected. In the scenario (b) messages are sent aggregated (A+B) when they are needed to be separated. The third scenario (c)
isthe reverse of (b): the messages are sent separately when they are needed in aggregation. In the last scenario (d), the type of
the sent message does not match with the required type.

To insure the correct working among the involved components in the service composition we propose a set of adaptation
operations which perform the needed mapping of interfaces.

We have used in the process of adaptation four operationsto perform the needed mapping. Three of them are presented in [10],
which helpsto fulfill the compatibility requirement these operations perform the following functions:

¢ Collapse: is used when a stream of messages is aggregated into a single message.

* Burst: worksin the reverse of the Collapse operation and it is used when a single message needs to be split into a stream of
messages.
* Hide: isused when a message from the source interface is not required in the target interface.

* ResvType: isused when thetype of the message provided in the source interface is not compatible with therequired oneinthe
target interface.
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Figure 1. Mismatch scenarios

The profile of each adaptation operation is specified in Maude by the following Maude operations.

op collapse: ListMId -> MessageId.
op burst: MessageId Int -> ListMId.
op hide: Int ListMId -> ListMId.

op resvType: ListMId -> ListMId.

The sort ListMid standsfor list of messagesidentifier (SVl or TM). The formal semantics of these operationsis specified by the
following set of Maude equations.

eq collapse(MI: LMI) = MI.
eq burst(MI, 1) = MI: nil.
eq burst(MI, N) = MI: burst(MI, N - 1).
eq hide(1, MI: LMI) = LMI.
eq hide(N, MI: LMI) = MI: hide(N - 1, LMI).
eq resvIiype(MI: nil) = SM: nil.
ceq resvType(MI: LMI) = SM: resvType (LMI)
if MI == TM.
eq resvType(MI: LMI) = MI: resvType(LMI) [owise].

6. Specification of Adaptivecomposition

When aWeb serviceisunableto provide alone auser request, it communicates with other Web services either to provide a part
of the requested service or to request another part of it. Thisis known as Web service composition.

A composite Web service consists of several conceptually autonomous but cooperating units in order to establish a long-
running service composition [11]. Consequently, each operation involved in the composition process will be contained in the
functionalities of the composite service(CWS):

opxop---xop->CWS
The composition of nWeb servicesis defined recursively by the function Rec_comp asfollows:
* Rec_comp (n) = compose (Rec_comp (n-1), Ws,) if n>2.
* Rec_comp (1) =WsL.

For instance: Rec_comp (2) = compose (Rec_comp (1), ws,)
= compose (wsl, ws2) .

In fact, the composition processis highly complex task sinceit requires the ability to discover or detect pairs of services such
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that the output of one service is equal or equivalent to the input of another (correspondence between interfaces). If the
mismatch occurs, the adaptation will be performed using the mapping operations presented previously. Hence, we resolve
inadequacy resulted due to number and type of parameters.

According to the user request, our approach selects at runtime the adequate services (Ws,Ws,,....,Ws, ), verifiesthe compatibility
and composes them if no mismatch occurs. Otherwise the adaptation is required using mapping operations .

We consider listinter alist of selected services interfaces for composition as follows:

eq listinter (LI) = Inter (Op (SO, msgs (msgIN(TM:
nil, IN, msgOUT( SM: TM: TM: SM: nil, OUT)))) ++
Inter (Op (To, msgs (msgIN( TM: TM:

nil,IN, msgOUT(SM: nil, OUT)))) ++ nil.

The operation compose defined bel ow, composes the servicesif thereis compatibility between them. In the case of mismatch,
the operation resolves-mismatch will beinvoked until the interfaces become compatible to compose the services.

op compose :Interface Interface -> ListInter

eq compose(I,I2) = if check-compatibility (I, I2) ==
true then comp(I,I2) else comp(resolve-
mismatch(I,I2, false),I2) fi

The operation resolve-mismatch (I, 12, B), adaptsinterface | to 12 when B = false using the adaptation operations presented
previously.

op resolve-mismatch: Interface Interface Bool -> Interface.

Depending on the case of mismatch, the operation resolve-mismatch invokes one of the following operations :

o collapse: when stream of messages need to be aggregated into one single message (ie: the length of output messageslist is
> 2 and length of required target messageslist is equal 1).

ceq resolve-mismatch(I,I2,B) = resolve-
mismatch (setLMOUT (collapse (getLMOUT (I)) :
nil,I),I2,check-
compatibility (setLMOUT (collapse (getLMOUT (I))
nil,I),I2))
If lenght (getLMOUT (I)) >= 2 /\ lenght
(getLMIN (I2)) == 1 /\ B == false.

e bur st: when asingle message needsto be split into a stream of messages (ie: length of output messageslist = 1 and the length
of target input messages list > 2).

ceqg resolve-mismatch(I,I2,B) = resolve-

mismatch (setLMOUT (burst (elmAt (1,getLMOUT (I),

lenght (getLMIN(I2))), I),I2, check-

compatibility (setLMOUT (burst (elmAt (1,getLMOUT (I)),

lenght (getLMIN(I2))), I), I2))
if lenght (getLMOUT (I)) ==
lenght (getLMIN(I2)) > = 2

1 /\
and

« hide: when additional message need to be hidden becauseit’snot required in the target interface (ie: when the length of ouput
messages list is greater than the length of target input message list ).
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Figure 2. Main Steps of our approach for web service composition and adaptation

ceq resolve-mismatch(I,I2,B) = resolve-
mismatch (setLMOUT (hide (lenght (getLMOUT (I)),
getLMOUT(I)),I),I2,check-
compatibility (setLMOUT (hide (lenght (getLMOUT (I) ) ,getILMOUT(I)),I),I2))
if sus (getLMOUT (I),getLMIN(I2)) > =1 /\ B
== false.

e resvType: when the type of the message provided in the sourceinterfaceisnot compatible with the required one in the target
interface.

ceq resolve-mismatch(I,I2,B) = resolve-

mismatch (setLMOUT (resvType (getLMOUT (I)),I),I2,check-

compatibility (setLMOUT (resvType (getLMOUT (I)),I),I2))
if verifyType (getLMOUT (I),getLMIN(I2)) == false
and B == false

When the compatibility becomes true the operation resolve- mismatch will return the same adapted interface.

ceq resolve-mismatch(I,I2,B) = I if B == true.

[llustrating examples:
Let’streat some simple examples using the proposed specification in Maude.

eqg listinter (LI) = Inter (Op(SO,msgs (msgIN (TM:
nil,IN), msgOUT( TM: TM: nil, OUT)))) ++
Inter (Op (TO, msgs (msgIN( TM: TM:

nil, IN) ,msgOUT (SM: nil,OUT)))) ++ nil.

The selected Web servicesarefoundintheListinter (LI ) whichisalist of linked interfacesof theform| ++12 +.....+ nil. We can
access to an element from the list of interfaces through the operation elmAt (N).

In thefirst example we treat the case when the mismatch raises because thetype of provided messagesisnot compatible with
required type of the target interface.

To composethe servicesin Listinter (LI ) weinvoke the operation compose (elmAt (1,listinter (LI )), elmAt (2, listinter (LI)))
The execution result of compose operation isgiven below.

118 International Journal of Information Studies Volume 4 Number 3 July 2012




Maude> zelect interlist .
Mande> red compose (elmAt(l,listinter(LI}),elmit(2,listinter(LI)})
reduce in interlist : compose(elmit(l, listinter(LI))}, elmAt(2, listinter(LI}))

rewrites: 141 in -1525B161320Ems= cpu (Oms real) (~ rewrites/second)
result ListInter: comp(Inter(Cp(S0,m=gs (m=gIN(TM : (nil).ListMId, IN),m=gCUT (SM
SM : (nil).ListMId,CUT)}}), Inter(Cp(TC,msgs (msgIN(TM : TM : |
nil) .ListMId, IN),msqOUT (SM : (nil).ListMId,OUT)))))
Maude:>

Let’sconsider through the following exampl e, an another case of mismatch when the provided messages (output messages) are
sent in aggregation (length of output messages list = 1) when they are needed to be split (length of target input messages list
=2).

eq listinter (LI) = Inter (Op(SO,msgs (msgIN(TM:
nil, IN) ,msgOUT (SM: nil,OUT)))) ++ Inter (Op(TO,
msgs (msgIN(TM: TM: nil,IN),msgOUT (SM:
nil,OUT)))) ++ nil.

Maude> select interlist .

Maude> red compose (elmAt(l, listinter (LI)), elmAt(Z, listinter(LI))) .

reduce in interlist : compose(elmdt(l, listinter(LI)), elmht(2, listinter(LI}))

rewrites: 119 in -152509804%1ns cpu (0ms real) (~ rewrites/second)

result ListInter: comp(Inter(Op(SO,msqs (msgIN(TM : (nil).ListMId,IN),msqOUT(SM
: 84 ¢ (nil).ListMId,00T)))), Inter(Op(T0,msqs(msgIN(TM : TM : |
nil) .List¥Id, IN) ,meqOUT (SM : (nil).ListMId,00T)))))

Maude>

The third scenario is the reverse of the second scenario, when the provided messages are sent split when they are needed in
aggregation.

eq listinter (LI) = Inter (Op(SO,msgs (msgIN(TM :
nil,IN) ,msgOUT( SM : SM : SM : nil,OUT)))) ++
Inter (Op(TO ,msgs (msgIN( TM : nil, IN) ,msgOUT (SM:
nil,OUT)))) ++ nil .

Maude> select interlist .
Maude> red compose{elmat(l,listinter(LI))},elmat(2,listinter(LI)})
reduce in interlist @ compose (elmit(l, listinter(LI}), elmit(2, listinter(LI})})

rewrites: 96 in -152587253129m= cpu (Oms real) (~ rewrites/second)
result ListInter: comp(Inter(Cp(5C,msgs (msgIN(TM : (nil).ListMId, IN),msgCUT (SM
(nil) .Li=stMId,0UT) ) ) ), Inter(Cp(TO,msgs(magIN(TM : (nil).ListMId,IN),
msgOUT (SM : (nil).ListMId,0UT)))))
Maude>
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In the forth scenario we treat the case of mismatch when an additional message in the provided messagesis not required in the
target interface.

eq listinter (LI) = Inter (Op(SO,msgs (msgIN(TM :
nil,IN) ,msgOUT( SM : SM : SM : nil,OUT)))) ++
Inter (Op(TO ,msgs (msgIN( TM : TM :

nil,IN) ,msgOUT(SM : nil,OUT)))) ++ nil.

Maude> select interlist .
Maude> red compose (elmit(l,listinter(LI)},elmht {2, listinter(LI)))}
reduce in interlist : compose (elmft(l, listinter(LI}), elmit(2, listinter(LI})})

rewrites: 153 in -152592B20995ms cpu (Oms real) (~ rewrites/second)
result ListInter: comp(Inter (Cp(50,msgs (msgIN(TM : (nil).ListMId, IN),msgCUT (SM
EM : (nmil).ListMId,OUT})}), Inter{Op(TO,msgs (msgIN(TM : TM : (|
nil) .ListMId, IN),msgOUT (SM : (nil).ListMId,OUT)))})
Maude>

The above examples of Maude specification execution show that we achieved the compatibility in all casesusing adaptation
operations via the operation resolve- mismatch.

7 . Related work

Serviceinterfaces can be described from a structural perspective (where the focus is on message types), and from abehavioral
perspective (where the focus is on control dependencies between message exchanges). The problem of interface adaptation
from the structural perspective has received considerable attention leading to a number of transformation definitions such as
XSLT [12] and schemamapping toolssuch as Microsoft BizTalk Mapper [13], Stylus Studio XML Mapping Tools[14], and SAP
X1 Mapping Editor. However the problem of interface adaptation from behavioral perspectiveisstill open. A number of studies
inthisfield have been proposed. For instance, in [10] the authors describe the interface as ordered sequence of actionsand they
have proposed an algebra of transformation of interfaces, depending on the cases of mismatch that could occur to resolve
inadequacy between interfaces. They take asinput asource interfaceto produce atarget interface by transforming theinterfaces
viasix operatorswhich are:

Flow : where adefined action in the sourceinterface becomes another action in the target interface.
Gather: isapplied when multiple actions from the source interface map to asingle action in the target interface.
Scatter: isapplied when asingle action in the sourceinterfaceis transformed into multiple actions in the target interface.

Collapse: isused when astream of messages resulting from multiple instances of the same communication action isaggregated
into a single message.

Burst: works in the reverse of the Collapse operator and is used when a single message needs to be split into a stream of
messages.

Hide: isused when an action from the source interface is not required in the target interface.

In [15] the authors proposed an approach to the composition and adaptation of mismatching componentsin systems where the
number of transactionsisnot known in advance. Their approach appliescomposition at run-time with respect to the composition
specification, using m-cal culus to specify component interfaces.

In[16] the authors specify mediator with finite state automatathat resolves behavioral mismatches at runtime due to the removal
of operationsin provided interfaces, they also proposed an algorithm that resolves such mismatches .

In [9] the authors have proposed an approach for composition that only uses already available information in service interface
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definitions. It does not require service providers to describe their interfaces with semantic markup. They proposed data types
matching and service composition algorithm, using the measure of linguistic similarity between two data types.

In [17] the authors have identified a number of possible mismatches between services and some basic mapping functions that
can be used to solve simple mismatches. Such mapping functions can be combined in a script to solve complex mismatches.
Scripts can be executed by a mediator that receives an operation request, parses it, and eventually performs the needed
adaptations.

In [18] the authors propose a process mediation architecture based on Triple space computing, and present potential solutions
for resolvable message sequence mismatches. In addition, they categorize these resolvable mismatch scenarios into five
classes. This analysis generalizes the resolvable message sequence mismatches, provides the basis for checking Web service
compatibility from the behavioral aspect, and offers an opportunity to have a uniform solution to address these mismatches.

In[19] theauthors present aframework for Dynamic service composition and parameters matchmaking. They discussed main
problems faced by dynamic service composition. Among which are transactional support and compositional correctness. To
make the system flexiblethey include user involvement at few stepsfor exampl e selection of service and matchmaking decision.

In [20] the authors present anovel approach for formalizing Web service composition as an executable formal specification
described in the Maude language Strategy, a recent extension of Maude. The formalization process is accomplished in two
steps: (1) tranglating the BPEL descriptionin an extension of UML 2.0 called UML-S*“UML for Services’ and (2) translating the
UML-S graphical description generated to Maude's strategy language.

Our contribution regarding the most approaches is that we have used the dynamic composition and adaptation whereas the
other approachesresolve either the dynamicity of the composition or the adaptation of static composition. In our previouswork
[6] we presented an algorithm that supports both dynamic composition and adaptation of Web services. The interface descrip-
tion of the services is used to detect the mismatches between services. The approach allows to perform the recovering of
structural and behavioral mismatches viaa set of mapping operations. We presented also atool CompAdapt which implements
the presented algorithm in Javalanguage. In[6] we used simulation and testing processto validate our approach whereasinthis
current paper we present aformal approach using Maude to specify an adaptive Web service composition. Thus we endow the
previouswork [6] with formal aspects. Particularly, we provide aformal and executabl e specification in Maude which specifies
the process of composition and adaptation automatically. The use of Maude system allows to perform formal verification and
promotes the evolution of the composition specification by adding eventually new sorts, operations, equations and rules.

8. Conclusion

In this paper we presented aformal specification of dynamic web service composition and adaptation using Maude whichisa
high-performance reflective language and system, supporting both equational and rewriting logic specification. Maude supports
inasystematic and efficient way logical reflection. Indeed Maude allowed performing an executabl e specification of web service
composition and adaptation using a set of operations, all that based solely on interface description. Thanks to this logical
framework we do not only obtain ahigh level specification of dynamic adaptation and service composition, but weare also able
to executeit and formally reason onit.

In future it will be interesting to use the rewriting logic to simulate the process of web service composition and adaptation
through rewriting rules and also specifying the function of composition for n elementsrecursively.
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