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Abstract—Web services are available applications on the formalisms. Some of the propositions used different kinds
Web which can be invoked by users to accomplish a poten- of Petri Nets, basic Petri nets [4], colored Petri Nets [5]
tially business task. However, to meet user’s requiremenfst [6] and Object oriented Petri Nets [7]. Other proposals ex-

becomes necessary to dynamically organize existent semsfc . . .
and combine them, responding thus to a new purpose. In ploit semantic features offered by Ontologies [8] [9] [10].

this paper, we propose a meth0d0|ogy called WS-mcv (Web In this paper, we address the Web service CompOSition
Service Modeling, Composing and Verifying) that addresses ~ problem by defining an efficient multistep methodology
the main problems arising in Web service composition called WS-mcv (Web Service Modeling Composing and
area. WS-mcv represents an efficient and modular multistep Verifying). WS-mcv has the advantage to resolve the

approach achieved by breaking service composition into . N - .
three processes: service modeling, automatic composition main problems arising in Web service composition area. It

and formal verification. The proposed methodology makes breaks service composition process into several phases to
use of the G-Net framework to allow an easiest modeling offer solutions for both 1) specifying services, 2) automat
of basic and existent services. We propose a collection of jcally composing them and 3) ensuring their correctness.
expressive G-Net based operators that successfully solves For Web services specification, we have proposed a set

complex Web service composition. WS-mcv also_defines of modeling rules which allows modeling Web services
means to ensure composition correctness. All the processes g g

of WS-mcv have been successfully automated in a model in & high level Petri Nets framework called G-Nets [11].

transformation based visual environment. For services composition, we have defined a G-Net based
Index Terms—Web services composition, G-Nets, MDE algebra that successfully solves complex composition.
Graph transformation, ATOM?, G-Net Algebra The proposed algebra supports basic constructs as well as

more elaborate ones. All the operators within the algebra
are syntactically and semantically defined by means of
G-Nets. To ensure Web services correctness, we exploit
Web services are software components available on thieanslation rules [12] which enables to transform G-Net
Web that implement business collaborations between cospecifications into their equivalent Predicate/Transitio
porations. They can be invoked via Internet to accomplisiNets (PrT-Nets) [13]. Unlike others approaches which
a potentially business task making possible interactiondevelop their own verification tools [14], we perform this
between applications and e-customers. Programs or extdransformation in order to exploit existing tools with a
nal users can access Web services using standard Intermvatiety of analysis techniques for PrT-Nets. Each of the
protocols such as Universal Description, Discovery, andinderlying well-defined phases of our methodology is per-
Integration (UDDI) [1], Web Service Description Lan- formed by a different process which has been successfully
guage (WSDL) [2], and Simple Object Access Protocolautomated. As the main requirement of our approach is
(SOAP) [3]. Web services have the particularity to provideto offer a high level of genericity and to make abstrac-
specific and general functionalities and, in most casegjon of a particular implementation, we propose to use
cannot respond to user’s requirements. To provide usefdodel Driven Engineering (MDE) techniques that support
customized services, it becomes then necessary to comodel evolution and manipulate models as instances of
bine existent basic services. The process achieving thimeta-models. The modeling process is implemented as
task is called Web service composition. Current solutions visual environment that allows designing the services
based on UDDI, WSDL and SOAP offer solutions for according to a G-Net meta-model. The composition and
description, publication, discovery and interoperapitif ~ verification processes, including the proposed operators,
Web services but do not accomplish their complex comare implemented by graph transformation techniques. The
position. Research in the area of service composition hagmainder of this paper is organized as follows. In the next
focused on trying to provide models expressed in differensection, we present some related work. Section 3 outlines

I. INTRODUCTION
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the overall approach and presents the different phases bfowever, it does not have an explicit model to define
WS-mcv methodology. We introduce modeling, compo-the components of a message and their semantics. In all
sition and verification processes in Section 4, 5 and @hese works, the composition problem is modeled as a
respectively. For each of them, we describe the operatinglanning problem based on a reasoning process which
mode and the solutions adopted for its implementationuses semantic descriptions of services. Composing by
We finally conclude the paper by summarizing the mainreasoning is a challenging task as it is time consuming
contributions and identifying future research directions and it relies on a set of goals, plans, and rules to design
complex processes.
Il. RELATED WORK

Various techniques for web service composition haveB. Petri-nets based approaches

been suggested in the literature. Most of them try to Existing web service composition works also uses Petri
provide languages, semantic models and platforms ipets framework, simple Petri nets [4] [19] as well as High
order to propose efficient solutions to this problem.jeve| Petri nets [7] [5] [6]. In [4] the authors propose
Syntactic (XML-based) service composition [15] has ag Petri net-based algebra for modeling Web services
limited ability to support automatic composition. This is control flows. Their model is suitably expressive to make
essentia“y due to the absence of semantic representatiOﬁgssib|e the creation of dynamic and temporary rela-
of the available services. Indeed, composition Ianguag%nships among services. However, the main drawback
such as BPEL4WS [16] provide a set of primitives thatjs that the data types cannot be distinguishable because
allows interaction between services being composed. Ign elementary Petri net model is used. The work of [6]
these approaches, flow of processes and bindings betwegRo deals with this problem by modeling and composing
ervices are specified in advance. On the contrary, semantjgeh services using Colored Petri nets (CPN) [20]. Their
approaches [8] [10] [5] [6] allow describing various proposal offers semantic support improving the reliailit
aspects of Web services using machine-understandable sgid maintainability of composite services. It also allows
mantics or solid mathematical basis. Semantic approach@salyzing availability, confidentiality and integrity die

are mainly classified into two categories: ontology-drivercomposite services. CPN framework is also exploited
approaches and Petri Nets based approaches. In the f@ly [5] where an efficient algebra is suggested to model
lowing, we present some works related to each of theyeb service composition. Algorithms to construct and

identified classes. execute a composite service are also delivered. These
two works seems especially connected, even if in [5]
A. Ontology-driven approaches the service composition sequence cannot be generated

Ontology-driven approaches for Web services comautomatically because pre-defined conditions are required
position [8] [9] [17] [10] use terms from pre-agreed In the Object-Oriented Petri Nets (OOPN) based approach
ontologies to declare preconditions and effects of thd7], the Web service composition relies on mapping a
concerned services. Works of [10] lead to OWL-S, whichservice as the collaborative objects. Therefore, deswibi
is a particu|ar ont0|ogy for dec|aring and describingtheir behavior and communications is eaS”y performed
services. OWL-S provides a standard vocabulary that ca#sing the OOPN model. Their approach is much interest-
be used together with the other aspects of the Owling since they offer a Web process design tool (WPDT)
description language to create service descriptions. Sinfllowing to graphically doing the composition. The behav-
ilarly, SAWSDL [8] defines a set of extension attributesior and performances of a system can be checked when
useful to annotate WSDL interfaces and operations. Thesgudying the process in action. This survey highlights
latter are used to publish a web service in a registrythe challenges and the proposed solutions for integrating
The proposal of [17] is different as it makes use oféXisting services to create new value-added ones. Due
semantic graph transformations to model web serviced0 solid theoretical basis of semantic methods, they are
In the proposed model, each web service operation i#ell suited for not only modeling and composing Web
associated with a semantic annotation that describes tt§€rvices, but also verifying their behavioral correctness
input and output messages specifications using RDF graghntologies are not expressive enough to accomplish this
patterns. The main difference here is that in [10] andask, because they are better to describe the features of
[8] the inputs and OUtpUtS are expressed by Concept@y SyStem rather than its behavior. In our WOfk, we use
while [17] describe them in terms of instance-based grapB kind of object-oriented Petri-Nets for the specification
patterns. If these approaches present the advantage @f complex Web services, namely the G-Net framework
clearly understanding the meaning of the messages, theihich is powerful enough to capture the semantics of Web
main drawback remains the d|ﬁ|cu|ty to discover theserViceS combinations. The fOIIOWing section outlines the
explicit goal of the services. This latter constitutes a keyProposed methodology along with the involved phases and
element when composing by Al planners [18]. WSML [9] technologies.
also provides a formal syntax for web service modeling
based on Description Logics, First-Order Logic and Logic Il. WS-MCV METHODOLOGY OVERVIEW
Programming. It allows specifying axioms with variables Our approach aims to achieve Web service composition
in the pre- and post-conditions of a service capabilitythrough a simple yet powerful methodology. WS-mcv
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performed on them. The complete composition process
H[ Modeling ]9[ Pre-verification ]_> ol accomplishing this phase is presented in detail in Section

Correct] 5 .

(o)
. C. Pre/Post-verification phases

@ [Correct] These two phases represent in WS-mcv the second

and the fourth phases respectively and are both achieved
by the verification process. Accomplishing verification
before and after the composition has the main advantage

to facilitate this operation. Traditional approaches don’

breaks the composition process into four phases: accomplish verification at all or only verify the resulting
1) Modeling of Web services using the basic ConceIot§ervic¢. In doing SO, it becomes difficult to localize the_
of the G-Net framework, potential errors. Unlike other approaches, ours detects if
2) Pre-verification of each modeled Web service, the anomalies occur in the component services or in the
3) Composition of the verified Web services using thecompos?tg one. F.’re-verification.phase is carried out pefore

G-Net algebra, and composition. It mtends to vepfy whether the obtained

4) Post-verification of the resulting service. G-Net models will be executing as expected and don't
contain behavioral inconsistencies such as deadlock or

The separation of the Web service composition PrOCESR,elock. It is convenient to detect and correct possible

into a number of well-defined phases has several adva%’rrors as early as possible. If necessary, steps (1) and (2)

tagehs. E Irst, r']t S|mpl|f|es_f_the colmgosmog %rcf)ceﬁts’tsmf%re repeated until the specification of the modeled services
€ach pnase has a specilic goal. second, 1t 1acilitates Z?asses the verification. Post-verification phase is applied
verification process, since it becomes easier to targ

the potential errors. Third, if offers more flexibility for a{‘fter (_:omposition_i_n ord_er o Ch.eCk the_correctness of the

. ) ' ", . esulting composition; i.e. the integration of the partner
automating the whole composition process, since eacbervices correctly runs. Hence, steps (3) and (4) may
%ﬁso be repeated until the composition of the concerned
rvices passes the verification.

Figure 1. WS-mcv methodology

composition process based on the proposed methodolo
is illustrated by UML activity diagram of Fig. 1. We can
see the execution order of the different phases as well o
as the interactions between them. We specify that each: WS-mcv realization
phase uses the results of the previous one and achievedAs we have defined above, WS-mcv methodology in-
by an independent process. In the following, we give mordends to accomplish Web service composition into several
details about each phase. steps, each one achieved by a specific process. Our pro-
posal, as we will see in the next sections, doesn’t remain at
the descriptive level. We propose to describe not only the
operating mode of each process, but also the techniques
The modeling phase is the first step of WS-mcv. Its ro'%dopted for its implementation. To implement the WS-
is to translate the services specifications into G-Nets. Thg,cy processes, we have identified three requirements that
basic concepts of G-Nets are: the interface and the internghst be met by our system:
structure. These two concepts are us_ed for designing 1) It shall support the evolution of the used modeling
the cqmponent services while taking into account the language, i.e. possible extensions of the G-Net
modeling constraints imposed by the G-Net framework. framework.
The intention is to gain benefits of the modularity and the 2) It shall be convivial, to allow users designing and
flexibility offered by this formalism on the one hand and manipulating modeis (G-Net specifications) in a
to exploit its ease of conceptual modeling on the other direct and intuitive way.

hand. This phase is achieved by the modeling process 3) It shall offer a high level of genericity that allows

which will be wholly described in Section 4. users to make abstraction of a particular implemen-
tation.

B. Composition phase To meet these requirements, we propose to:

The composition phase takes as input G-Nets represent- 1) Use the syntax of the visual modeling language (G-
ing the services to compose, together with a composition Net) by means of meta-modeling.
formula and generates a new value added service as a2) Exploit a visual environment that allows designing
G-Net. To perform this operation, we propose a G-Net the services according to the G-Net meta-model.
based algebra. This algebra offers a representative set3) Express model manipulation (i.e. composition) by
of operators that can be applied to the G-Net services. means of graph-transformation.
The composition formula provided as input is in fact 4) Use MDE (Model Driven Engineering) techniques
an algebraic expression where operands are the handled to provide a generic approach that manipulates
services and operators are graph manipulating operations  models as instances of meta-models.

A. Modeling phase
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IV. MODELING USING G-NET FRAMEWORK InitPl > is the name of the initial place for
the method.

— AS is a set of attributes in the form ok
attribute — name >= {< type >} where<
attribute —name > is the name of the attribute
and < type > is the type of the attribute.

o IS(P,T,W,1)is the internal structure of the service,
a modified predicate/transition net [13], where:

In this section, we first present the G-Net framework,
and then we give formal definitions of G-Net services
and web service together with some modeling rules. We
finally describe the operating mode and the implementa-
tion of the modeling process.

A. The G-net framework - P = NPUISPUGP is a finite and non-
G-Net is a Petri Net based framework introduced by empty set of places where NP is a set of normal
[11]. It is used for the modular design and specification places denoted by circles, ISP is the set of
of complex and distributed information systems. This instantiated switch places denoted by ellipses
framework provides a formalism that extensively adopts used to interconnect G-Nets, GP is the set of
object oriented structuring into Petri Nets. The intention goal places denoted by double circles used to
is to take advantages from the formal treatment and the represent final state of method’s execution.
expressive comfort of Petri Nets and at the same time — T'is a set of transitions
to gain benefits from object-oriented approach (reusable — W is a set of directed ardd’ C (P xT)U(T x
software, extensible components, encapsulation, eté...) P) (the flow relation)
system designed by the G-Net framework consists of a —1l: P — OuU{r} is a labeling function where
set of autonomous and loosely coupled modules called O is a set of operation names ands a silent
G-Nets. Similarly to an object in the object oriented operation.

programming concept, a G-Net satisfies the property of Definition 2. (Web ServiceA Web service is a tuple
encapsulation i.e. a module can only access another orfe= (NameS, Desc, Loc, URL,CS, SGN) where:

throw a well defined mechanism called G-Net abstraction. « NamesS is the name of the service used as its unique
A G-Net is composed of two parts: the Generic Switch identifier

Place (GSP) and the Internal Structure of the G-Net (IS). « Desc is the description of the provided service. It
The GSP is a special place and represents the visible summarizes what functionalities the service offers
part of the G-Net i.e. the interface between a G-Net and . Loc is the server in witch the service is located
other ones. The Internal structure is the hidden part of « URL is the invocation of the Web service

the G-Net; it represents the internal realization of the o CS is a set of the component services of the Web
designed system. The notation used for IS specification  service, ifC'S = { NameS} then S is a basic service,
is very close to the Petri Net notation [21]. For more otherwise S is a Composite service

elaborate introduction to G-Nets, the reader is referred « SGN = (GSP,1S) is the G-Net modeling the
to [11] [22]. Like a G-Net system, Web services are dynamic behavior of the service

assimilated to a distributed system that consists of a set Since Web service designer may be unfamiliar with G-

of loosely coupled modules which communicate throwNets, we present modeling rules of a Web service into
messages exchange. Thus, modeling Web services usi®Net concepts.

G-Net is straightforward. 1) Each Web service is represented by a different G-
Net.
B. Web services as G-nets 2) A service operation is modeled by a method in the
e - G-Net. Then each method is associated a piece of
In order to reduce the specification ambiguity and to Petri Net in the IS of the G-Net.

help designers to understand description and possible be-

. . ) > ) Messages exchanged by the service and its cus-
haviors of Web services, we give some formal definitions

tomers are modeled by tokens.

apout G-Net service and Web service. o 4) The state of the service is modeled by the position
Definition 1. ( G-Net Service)A G-net service is a of the tokens in the G-Net.
G-NetS(GSP, 15) where: 5) Synchronization and coordination of information
« GSP(MS, AS) is a special place that represents the exchange between places is modeled by a transition
abstraction of the service where: associated with input and output arcs.
— MS is a set of executable methods in the 6) Interconnection between different G-Nets is carried
form of < MtdName >< description >= by the ISP notation that represents the primary com-
{[P1 : description,...,Pn : description](< munication mechanism (for example, integrating the
InitPL >)} ISP of a server in the IS of a customer service
where < MtdName > and < description > specifies a client/server relation).
are the name and the description of the method
respective'y_ C. Operating mode
< P1 : description, ..., Pn : description > MDE approach is founded on the massive use of mod-

is a set of arguments for the method arnd els during all the steps of an application life cycle. It en-

©2012 ACADEMY PUBLISHER



2878 JOURNAL OF SOFTWARE, VOL. 7, NO. 12, DECEMBER 2012

G NetsPlace.

sures model stability by using meta-models as structuring
elements. For designer's applications, using these tech-| .
niques prevents them to hardly encode their applications |,
when creating custom modeling environments (domain-
specific tools), as MDE raises the level abstraction from ___L
source code to models. Once the meta-model is defined, it
is easy to make small modifications to obtain customized | ¢
variations of the modeling formalism for specific use.

To implement the modeling process, we exploit the
powerful features of a tool calleddTOM?3, A Tool
for Multi-formalism and Meta-Modeling [23]ATOM?
allows describing (or meta-modeling) different kinds of
formalisms used to model systems. WI'OM?3, En-
tity Relation-ship (ER) formalism extended with con-
straints is available at the meta-meta-level. Therefore,
the designer must use the ER formalism when mod-
eling new meta-formalisms. Given the meta-model of
the G-Net formalism,ATOM? can automatically gen- Figure 2. The G-Nets meta-model
erate a visual modeling tool to create and edit mod-
els in this formalism. In the context of our work,
we make use of the G-Net meta-model defined byA. The G-net based algebra

[12]. As shown in Fig. 2, the meta-model con- \ys mcy allows combining existing G-Net services to

Altributes:

2Tr010 N
TP 0o N
_hasPlacelnside: 1 o 1

> addinnerTransition
M

-To G sition: | 1o 1
- From GNetsIS: [ o |

tains four classegG — NetsGSP,G — NetsIS,G —  gptain a new value added one that best meets end users’
NetsPlace, G — NetsTransition) and five relations roqirements. For example, a service of hotel booking
(GNetsRealisation, G — Nets — hasPlacelnsid, G = ¢an collaborate with a Web mapping service like Google

Nets — hasTransitionInsid,G — NetsPI2Tr,G —  Mapns API Web Service [24] to inform customers about
NetsTr2Pl). To ensure a correct appearance of G-he |gcation of hotels. The collaboration of these services
Nets models, the G-Nets meta-model associates graphicgnerates a composed Web service which performs the
constraints to each G-Net entity. For example, a placgyiginal individual tasks as well as a new one. Various
is associated to a circle and a transition is associated,nstructs for Web service composition were discussed
to a rectangle. These cpnstraings are specified yvhem later works [4] [25] [26]. Based in these works, we
creating the meta-model IMTOM®. Once the tool is 5regent an algebra that combines existing Web services
generated (according to the meta-model), the user ing byiiding more complex ones. We will take Sequence,
terface buttons allow the designer to create entities Opgg|iel, Alternative, Iteration and Arbitrary Sequenee a
his model defined in the G-Nets meta-model. He theryagic constructs. We also define three more developed
applies the modeling rules defined above to conceptualizg,nsirycts which are Discriminator, Delegation and Selec-
any service in the G-Net formalism. The created G+jon The BNF-like notation below describes the grammar

Net services can be stored, edited and modified. Figyefining the set of services that can be generated using
3 illustrates the complete modeling process. After thg, . algebra’s operators.

compilation of the G-Net meta-modeMTOM? only Su=e¢|X|SrS|Sa-S|OS|SaS|
accepts syntactically correct models in this formalism. SOS | (SES) > S | Deleg(S1,0,52) |

The right window in the figure shows an example of a Select|S1 : Sn] o

modeled service edited by the generated tool. The G- |\ o+ follows, we first give an informal definition of

Net service reproduces the behavior of a checkout system, -, operator and then we define its syntax and formal
service. The GSP of the service contains one method, .- i< in terms of G-Nets

(mtd.Collect[Bill : data](PMC)(GP)) which receives
the attribute 'Bill' and have PMC and GP as initial and
goal places respectively. The Checkout service checks t asons

payment mode that the client invokes (PMC). According The Sequence operatdf( » 52) allows the construc-

to the payment mode, the service performs the NECESSan of a service composed of two services executed one

operations. after the other. This construction is used when a service
should wait the execution result of another one before
V. COMPOSING USING THEG-NET ALGEBRA starting its execution. For example when subscribing to
a forum, the service Registration is executed before the
This section first presents the G-Net based algebra thaervice Confirmation.
allows combining G-Net services and then shows how The Alternative operator or Mutual Exclusion operator
the proposed set of operators is implemented using Grapl1 «» S2) is a composite service. When applied to
transformation techniques. a pair of services S1 and S2, it reproduces either the

The Empty servicee| is the Zero Service; i.e. it per-
forms no operation. It is used for technical and theoretical
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G-Nets
Meta-
Model
=i
GENERATES ) | o |
-
APMC
.pm\ - |
*l ash i( heck . by Card
e/ X | r '
-/ CCash \_/CCheck | _JceCara
% SR B CA S o
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. 1 N AJGE
Modeling Tool [~ —ake—
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Figure 3. Customized modeling tool withTO M3

behavior of S1 or S2, but not both. For example theoutputs from S1 and S2. The first service (among S1 and
service ldentification is followed either by the service S2) which responds to the request activates the service S3.
Allow-access or the service Deny-access. All other late responses will be ignored. Note that S1 and

The Iteration operator({ S) represents a composite S2 are performed in parallel and without communication.
service where one service is successively executed multFhe main goal of this operator is to increase reliability and
ple times in a row. An example of use of this construct isdelays of the services through the Web. For customers,
when a customer orders from a service, a good a certaipest services are those which respond in optimal time
number of times. and are constantly available.

The Arbitrary Sequence operatofi( < 52). 'S an The Delegation operatoeleg(S1, 0, 52)), where o
unordered operator that performs the execution of two ! . .
services that must not be executed concurrently. This conz, &" °pe“."‘“°r.‘“( € O1, 01 being the set of operations

: of S1) which is replaced by the ISP of another more

struct is useful when there is no benefit to execute services. ">” . . . . X
. ; : Specialized service (S2). In a given service, this operator
in parallel. For example when there is no deadline ta

Is used to delegate a task to another service that has

accpmpllsh the global task and the parallelism generatenswore abilities to execute it. This operator contributes to
additional costs.

The Parallel OperatorS(101S2) builds a composite increase quality of service, enhances cooperation between

service. Given two services S1 and S2, it performs sf nterprises and decreases the development efforts.

and S2 at the same time and independently (without The Selection operatoiSelect[S1 : Sn]) is a complex
communication and without interaction between them)operator that is applied to n services (S1,,Sn); it sends
The accomplishment of the resulting service is achievedequests to different services through messages passed by
when the two services are completed. This construct itheir ISPs. According to the responses and rank criteria,
useful when a service executes multiple atomic servicethe Selection operator chooses the best service between
completely independent. its competitors for performing a particular task that a
The Discriminator operator(§1 1 S2) > S3) is a company would to subcontract. This operator provides
composite service built on three services S1, S2 and S3.Ways to maintain relationships with different suppliers
submits redundant orders to different services performingvhich can offer different prices and provide different leve
the same task (S1 and S2 for example) and waits thef quality of service. It contributes then to increase the
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independency of a company against its suppliers. .

The proposed algebra verifies the closure property. Thi,; :
property ensures that the product of any operation ol :
services is itself a service to which we can apply algebr:i\ v
operators. We are thus able to build more complex ser =~~~

-nodeWithLabel(3).name = seq

vices by aggregating and reusing existing services throug s ket
declarative expressions of service algebra. Semantics « et @ mesavoned
the composition operators is characterized by descriptio
of the GSP and IS parts of the component services

We also focus on the dynamic behavior of the resultingus_ _ . _ _ _ _._

service and this to address the Web service compositio"'
problem. Table 1 summarizes the G-Net algebra operator!

in particular, it gives their syntax and formal semantics..
The notations which are common to all the operators are e

« NamesS is the name of the new service, )

« Desc is the description of the new service,

« Loc is the location of the new service. It can be in
the same server as one of the component service (: riesoscininaor prr

1
GSP<COPIED>
2
GSP<COPIED>

Rule 2: Arbitrary_Sequence (Prior 2)

|
i
fals—
i

/

~nodeWithLabel(9).InvokedGnet=
LHS.nodeWithLabel(2).name getValue)

or in a new server, R _
« URL is the invocation of the new service. :
| G D
s . :
B. Operator's implementation ‘ i
ed WithLabel(4).n:

For the implementation of the compaosition process, we e
make use of meta-modeling and model transformatiol -w:
techniques based on the G-Net modeling language. Tk wsitomon W\
syntax of the class of models (G-Net) is graphically
meta- modeled in an appropriate formalism, the Entityigyre 4. Some rules of the graph grammar for G-nets services
Relationship Diagrams. Since the abstract syntax of the composition
used models is graph-like, graph rewriting can be used
to perform model transformation. Regarding to existing
classification criteria, the kind of transformation that isj, the python code to compute the attributes values

applied in our approach is: " < SPECIFIED >'. The elements attributes values
« Endogenous (in contrast with exogenous modeln LHSs of the rules are compared with the elements
transformation), since the meta- model used to exattributes values of the host graph during the matching
press both the source and target models is the sangocess. The first rule aims to implement the working
and, of the Sequenceoperator. The LHS of the rule corre-
« Horizontal (in contrast with vertical model transfor- sponds to the GSPs of the two G-Net operands. When
mation), since the source and target models residgepresenting only the G-Net interface (GSP), we make
on the same level of abstraction. abstraction of the internal structure. In LHS, we have

To implement the G-Net algebra’s operators, we havéet all the attributes values ta ANY >. The RHS
defined a graph grammar which consists in a set ofepresents the resulting G-Net service. In this latter, the
transformation rules. The complete grammar includegttributes of the nodes 3, 4 and 6 have the additional
twelve rules which can be applied to perform any operatolabel ” < SPECIFIED >'. This label specifies that
present in a submitted composition formula. When thdhe attribute value is computed by python code defined
graph grammar execution finishes, we obtain a new Gin the’Actions’. The code is executed only if the rule is
Net service that models the composite service. Due t@pplied and the computation of the value is based on the
page limitations we show in Fig. 4 only three rules. In attributes’ nodes of the LHS. For example, in the first
all of these rules, the nodes and different connections arélle, the action:nodeWithLabel(4).InvokedGnet =

labeled by numbers that identify them. These identifierd. H S.nodeWithLabel(1).name.getValue() assigns the
are used during the application of the rules. value of the attributéname’ of the node (1) to the value

If an identifier is present in both the left hand side©of the attribute’lnvokedGnet’ of the node (4). The two

(LHS) and right hand side (RHS) of a rule, the corre-other rules are based on the same reasoning to perform
sponding element (nhode or connection) will be preservedibitrary Sequenceand Discriminator operators.

in the result. If this identifier appears only in LHS, the Like the modeling process, the composition process
corresponding element will be deleted. If this identifieris also performed withAToM?3, since this tool offers
appears only in RHS, the corresponding element will becapabilities for model manipulation by graph transforma-
created. As we will see, the identifiers are also usedion. The graph grammar presented above is stored in the

i
i
i
i
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TABLE I.
THE G-NETS BASED ALGEBRA FOR WEB SERVICE COMPOSITION

Operator Syntax Semantic
CS = CS1UCS2. SGN = (GSP,IS) where GSP = (MS,AS)|[MS =
Sequance S1 » S2 = (NameS, Mid.seq{[..](p1)}, AS = 0 ; IS = (P,T,W,L)|P = {pl,p2,p3},

Desc, Loc,URL,CS,SGN) T = {t1,t2}, W = {(pl,tl), (t1,p2), (p2,t2), (¢2,p3)}, L = {(P1,Isp(S1)),
(P2, Isp(S2)), (P3, goal)}.
CS = CS1UCS2. SGN = (GSP,IS) where GSP = (MS,AS)|[MS =
S1 «4» S2 = (NameS, Mtd.Alt{[..](p1)}, AS = 0 ; IS = (P,T,W,L) where P = {pl,p2,p3,pd},

Alternative 5 Toe, URL,CS,SGN) T =  {t1,62,13,¢4}, W =  {(pl,t1). (t1,p2). (p2, £3), (¢3, pd), (p1, £2).
(t2,p3), (p3, t4), (t4,p4)}, L = {(P1, 1), (P2, Isp(S1)), (P3, Isp(S2)), (P4, goal)}
_ 5 S1 = (Names, CS = OSL SGN = (GSPIS) where GSP = (MS AS)MS =
Iteration Dese. Loc. URL. C'S SGN7) Mtd.iter{[...](p1)}, AS = 0 ;IS = (P, T,W,l) where P = {pl,p2}, T = {t1,t2},
’ ’ L W = {(p1,t1), (t1, pl), (p1,t2), (t2,p2)}, I = {(P1, Isp(S1)), (p2, goal)}
CS = CS1 U CS2. SGN = (GSP,1S) where GSP =
(MS,AS)|MS = Mtd.ar.seq{[...](p1)}, AS = 0 5 IS =
; _ P, T,W,L) where P = pl, p2,p3, p4,p5,p6, p7,p8,p9}t, T =
Arbitrary Se- - S1 & 52 = (Names, Etl,tQ,tB,t)zl,t&tG}, W = {{(pl,tl),(tl,p2),(t1,p3),(tl},p4),(p2,t2),
guence Desc, Loc,URL,CS,SGN)

T e (t2, p5), (p5,t4), (t4,p7), (t4,p3), (p7,16), (t6,p9), (p3,t3), (p3,16), (p4,t3), (¢3, p6),
(6, t5), (t5, p3), (t5,p8), (p8,t6)} L = {(P1,71),(P2,7),(P3,7),(P4,7),(PT7,7),

(P8, 7), (P5,1sp(S1)), (P6, Isp(52)), (P9, goal)}
CS = CS1UCS2. SGN = (GSP,IS) where GSP = (M5, AS)[MS =
parallel S1052 = (NameS, Mtd.par{[...](p1)}, AS = 0 ; IS = (P,T,W,l) where P = {pl,p2,p3,p4},T =
Desc, Loc,URL,CS,SGN) {t1,t2}, W = {(pl,t1),(t1,p2), (t1,p3), (p2,t2), (p3,t2),(t2,p4)} | =

{(P1, 7), (P2, Isp(S2)), (P3, Isp(52)), (p4, goal)}
cS = CS1 uU CS2 U CS3. SGN = (GSP,IS) where GSP =
 (MS,AS)|MS = Mtddisc{[..](p1)}, AS = 0 ; IS = (P, T,W,)
(51 L 52) > 83 = \Svhere P = {pl,p2,p3,p4 P5 P6,pT}, T = {t1,62,13,t4,65}, W =
B o CoL.tD), (11,92). (10 (1 55), 08, 12), (53,90, (2, (83, i) (0, ),
’ (p5, t4), (t4, p6), (p6,t5), (t5,p7)} | = {(P1,7),(P4,71),(P5,7), (P2, Isp(S1)),

(P3, Isp(S2)), (P6, Isp(S3)), (p7, goal)}

CS = CS1UCS2, SGN = (GSP,IS) where GSP = (M5, AS)[MS =
MS1, AS = AS1; IS = (P,T,W,L)| P = PI\L='(0) U Isp(52), T = T1,
W = W1U{(t, Isp(S2))|t € eL~1(0)} U {(Isp(S2), )|t € L~1(0)e}\{(p, Dlp €

Deleg(S1, 0, 52) =
Delegation (NameS, Desc, Loc,URL,

CS,SGN _ -
: L @N\{(tp)lp € L '(0)} L= LLU{(Pr. Isp(52))}
cs = U,0S5,SGN = (GSP,IS) where GSP = (MS,AS)|MS =
Mtd.Select|](pl), AS = ASp41; IS = (P,T,W,L)] P = pi,....,02n+3,
. _ T = ti,.tonge, W= (p1,t1) U UM (tp) U UM (piste) U
Select[S1 :  Sn] o 3hig St
Selection (NameS, Desc, Loc, URL, (t227pn2+2) U Uli(pnta,ts) U UZs (e U UZRis(pst) U
s, SGN) Ui2:+3(pi7t2n+3)y L = {(P17T)}U {(P27181?(51-7’€Q))7---7(17n+1,1817(5n-7’€Q))}

U{(pn+2, SelectService)}J {(pn+3,[sp(S1.mtd)), ..., (p2n+2,Isp(Sn.mtd))} U
{(p2n+2, goal)}

user area ofATOM?3. The actions associated to eachthe product is not available, they trigger their respective
rule are specified by Python code. Fig. 5 illustrates theestock procedure and recheck availability.
implementation of the first rule isdToM?3. The reader In Fig. 6, we present the services composition using
can see the LHS and RHS of the rule as well as the@ur graph transformation based tool. The three services
python code (in the top of the figure) which specifies thebeing modeled and imported in the tool, the user enters
action discussed above. The composition process startise formula (Providerl ] Provider2 > Checkout .

by the importation of G-Net services previously modeled ATOM? applies our graph grammar. At the end of
The user enters the composition formula according to thgrammar execution, we obtain the composite service Disc
defined algebra. Since the formula may involve severashown in the right side of Fig. 4. We can see that Disc
operators, the corresponding rule(s) of each operator isivokes Providerl and Provider2 through their ISPs. The
(are) applied to the imported operand services. Considdirst service which responds to the request activates the
the example composition scenario that occurs when &heckout service.

customer wants to get a product as soon as possible.

The customer submits redundant orders to two Provider V1. VERIFICATION PROCESS

services. Once he obtains a response from the fastestWS_mCV methodology deals with the formal verifica-
service, he starts the payment procedure. This scenaripy, in order to test and repair design errors even before
can be performed using ttRiscriminator operator. The  40t51 running of the (composed) service. The intention is
payment is achieved by th€heckout G-Net service , rajse reliability of Web service composition by ensuring

presented above and the providers are modeled by &, 5 composite G-Net service will behave as required
G-Net servicedProviderl and Provider2 The Providerl by its specification and that the system and its compo-

and Provider2 services start by checking availability of hants contain no errors or behavioral anomalies (such as
the required product (CA). If the product is available, theyqeadiock and livelock). To perform formal verification on
make a bill and send it to the customer. In the case Whergystems modeled by Petri-Nets like languages, current
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Figure 6. G-nets services composition using our tool

researches exploit the powerful features of reachabilitgoncerns the resulting service. In this way we guarantee
graph analysis techniques. Since there is no reachability correct Web service modeling and composition. The
analyzer tool for the G-Net framework, we make useverification process is then divided in two tasks: 1) the
of translation rules which enables to transform G-Netransformation of a G-Net service into an equivalent PrT-
specifications into their equivalent Predicate/Transitio Net and 2) the translation of the obtained PrT-Net into
Nets (PrT-Nets). This transformation is performed inPROD description.

order to exploit an existing tool with a variety of anal-

ySiS tEChniqueS for PrT-Nets namely PROD reaChabi”tyA_ G-net/PrT-net transformation

analyzer [27]. PROD creates a reachability graph of a
system modeled as PrT-Nets. From that graph, users ¢
search for terminal nodes, path leading to that termin

nodes and path which satisfy some given propertie ows transforming a G-Net specification into its equivalent

The complete manual of PROD can be found in [28].5 — ; : ;
Unlike other approaches, WS-mcv methodology aIIOWSPrT Net using a defined graph grammar. This latter has a

formi ification bef d after th it slight inconvenient as, when applied to a source model,
pertorming verification betore and after the composition, progressively deletes it. As a consequence, we have

in order to detect if the anomalies occur in the componenih]proved these grammar rules in order to preserve the

services or in the composite one. The two phases of Pr?ource model (G-Net model). We propose to exploit the
and Post verification occur in the same way except th

the f th d ; d the | tf\];nodified grammar inATOM? environment. Once we
€ former concerns the operand services an el ?)rrovide our tool the meta-model of the PrT-Net formalism

To perform this task, we still use MDE techniques in
lder to make model transformation. The works of [12]
resent a graph transformation based framework that al-
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[12] and the modified G-Net/PrT-Net grammar, it can thenservice composition. Compared to other Petri Nets based
support the two formalisms of G-Net and PrT-Net. It canapproaches, ours presents several advantages. It requires
also automatically generate PrT-Net specifications fronless effort when modeling complex services and produces
G-Net ones. The verification process starts by specifyingnore reduced models. Furthermore it offers a visual tool
the G-Net service the user wants to analyze. The transfoend deals with the formal verification. In future work,
mation rules are then applied to the G-Net model. Onceve will propose to meta-model the WSDL description
it finishes, we obtain an equivalent PrT-Net specificationlanguage and to define a graph grammar which allows
This transformation is illustrated by the user interface oftranslating Web services described in WSDL language
ATOM? in Fig. 7. In the left side of the figure, we into equivalent G-Net services. Then we will extend our
can see theProviderl service in the G-Net formalism. tool with a new module that can import existing services
The right side of the same figure represents its equivalenh WSDL and automatically model them into G-Net

resulting PrT-Net. concepts. We also plan to improve the verification process
by automating the transformation task from PrT-Nets to
B. Prt-net/PROD net description transformation PROD’s Net description language. This will avoid users

To perform the analysis using PROD, we need to cont© be familiar with PROD Net descriptions.
vert the PrT-Net specification into PROD’s Net descrip-
tion language. This language is C preprocessor language REFERENCES
extended with net description directives. PROD compiles [1] F. Curbera, M. Duftler, R. Khalaf, W. Nagy, N. Mukhi,
this net description and generates the full reachability = and S. Weerawarana, “Unraveling the web services web
graph. However, at present time, this task is still manually ~ an introduction to soap, wsdl, and uddiZEE INTERNET
performed. Later, when the user interface of our tool _ COMPUTING _
will be complete, the user doesn't have to be familiar [%! E V\C/:hrlstensen, F. Curbera, G. Meredih, and
. . " . . Weerawarana, “Web services description language
with PROD. Using the reachability graph, we can verify (wsdl) 1.1 Mar 2001, [Online]. Available:
many important properties such as boundedness, liveness  http://www.w3.org/TR/wsdl.
and reachability which can be used as general criteria[3] D. Box, D. Ehnebuske, G. Kakivaya, A. Layman,
of correctness of composition. The result of this trans- ~ N. Mendelsohn, , H. F. Nielsen, S. Thatte, and D. Winer,
formation is illustrated by Fig. 8. This figure represents Simple object access protocol (soap) 1.1, May 2000,

. o . . Online]. Available: http://www.w3.0rg/TR/2000/NOTE-
the resulting PROD net description file of the service [SOAP_]20000508/. P g

Providerlpreviously described in PrT-Net formalism. [4] R.Hamadi and B. Benatallah, “A petri net based-model for
web service composition,” ipproc. the 14th australasian
VIlI. CONCLUSION database conferenceadelaide. Darlinghurst: Australian

. .. . Computer Society, 2003, pp. 191-200.
In this paper, an efficient model-driven methodology 5] G. Yupbin, D. Yuyu)t/e, and XPgianqing, “A cp-net model and

for Web service composition has. been presented. _The operation properties for web service compositid@iinese
proposed methodology offers solutions for both modeling Journal of Computers (Chinese editipnpl. 29, Number
existent services, successfully composing them and ver- 7, p. 10671075, 2006.

ifying their correctness. The main contributions of this [6] Z- Zhang, F. hong, and H. xiao, “A colored petri net-based
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o ) University (English Edition)vol. 12, Number 4, pp. 323—
« The definition of a set of modeling rules for Web 329, 2008.

service specification into G-Net concepts. [7] X.Feng, Q. Liu, and Z. Wang, “A web service composition
« The proposition of a G-Net based algebra that allows ~ modeling and evaluation method used petri net,Pioc.

. _ : : APWeb Workshop2006, pp. 905-911.
combining G-Net services by means of basic and [8] R. Akkiraju and B. Sapkota, “Semantic annotations for
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s ) wsdl and xml schema usage guide,” (2007), [Online].
« The formal definitions of G-Net services as well as Available: http://www.w3.0rg/TR/sawsdl-guide/.

the introduced operators. [9] J. Bruijn, D. Fensel, U. Keller, H. M Lausen, R. Krum-

« The implementation of the proposed operators by an menacher, A. Polleres, and L. Predoiu, “The web ser-
efficient graph grammar vice modeling language wsml,” 2005, [Online]. Available:

AL L http://www.wsmo.org/wsml/.
« The specification of a verification method to ensure[1o] p. Martin, M. Burstein, J. Hobbs, and al, “Owl-s: Se-

composition correctness. mantic markup for web_ s_ervices,” [Online]. Available:
All the phases of our methodology have been realized  http://www.w3.org/Submission/OWL-S/.
under different processes. The modeling and compositiof] Y- Deng, S. K. Chang, J. C. A. De Figueiredo, and
processes have been implemented with a customized A, dpsrku-s'Ch’ I?tegrﬁtmg so-fft-war-e eng'gee”ng methOdfs
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V|Sua| tOOI Wh|Ch a.”OWS ed|t|ng a.nd manlpula’[lng mOdelS Comp|ex information Systemsy" ifProc. The 14th Inter-
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is partially automated, is based on model transformations _ Nets Chicago, June21-25, 1993, pp. 206-223.
performed byATOM?3 to produce models that can be [12] E. H. Kerkouche and A. Chaoui, “A formal framework and
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#trans T_Make_bill

in  {Make_billf:<.seq.>;}
out {Make_b1111.<.seq.>,}
#endtr

#place CAf

. |#place cAl
#place make_billf
#place Make_billl

‘#p1ace Is #trans 3

#place If in  {mMake_billl:<.seq.>;}
#place 3f out {3f:<.seq.>;}

#place 31 | #endtr

#place 12 #trans T_3

#place 12 in {3f:<.seq.>;}

#place 11 out {31l:<.seq.>;}

#place 11 #endtr

#place 13 #trans T_3

in {GP1f:<.seq.>;}
out {GPlll:<.seq.>;}
#endtr

#trans T_11

#trans T_CA

in {caf:<.seq.>;}
out {CAl:<.seq.>;}
#endtr

#trans Avaw]ab1e out {IS:<.w,i+l.>;12:<.5eq.>;}
in {cAl:<. > ¥ #endtr

out {Make_| b111f < seq.>; ¥ #trans !Available

#endtr v in {CAl:<.seq.>;}

in {Is:<.w,i.>;If:<.seq.>;}

out {If:<.seq.>;} @
| |#endtr

#trans T_12

in {12:<.seq.>;}

out {ll:<.seq.>;}

#endtr

#trans T_14

in {11l:<.seq.>;
out {13:<.seq.>;
#endtr

#trans T_13

in {13:<.seq.>;}
out {12:<..>;}
#endtr

#trans 2

in {11l:<..>;}

out {CAf:<.seq.>;}
#endtr

}
3

—
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