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ABSTRACT

Since the emergence of Service Oriented Architecture (SOA)
and its implementation with the Web services technology,
combining several Web services to response to a complex
request presented a hard challenge. This is an area that has
attracted the interest of many research organizations and
manufactories. The goal ofthis research work is proposing a
new approach of modeling and implementing web services
composition. This approach allows a clear and structured
modeling and easy implementation by generating
automatically the executable code from the model. In this
paper, we firstly propose a modeling of the composed system
using the BPM (Business Process Management) standards
and based on Multi-agent reactive decisional system
(MARDS). Secondly, we seek to generate the executable
code BPEL (Business Process Executable Language) from
this modeling to implement the composite web service.
Finally, we present a case study to prove the feasibility and
reliability of our proposed approach.
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1. INTRODUCTION

Nowadays, several companies expose their competences on
the Internet to interact with its partners and seek new
markets. Web services are presented as the ideal and
expected solution to this need due to their interoperability
and the possibility of reuse by other applications. However,
these services themselves may not be very useful without
resorting to a combination with other services.

The composition of web services is to create value-added
services by reusing existing services. By creating composed
services, it is possible to reduce the costs of development, the
production time and therefore, respond to the growing
demand for applications. Web service composition is a
subject of research that has been widely studied both
academically and industrially.

Our work is to propose an approach that combines the Multi
agent system (MAS) with BPM (Business Process
Management) standards in order to reduce time and
development costs, while making the composition of services
more reliable.
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The layout of this paper is as follows. In the second section,
we present a classification of web services composition
approaches and a summary of our proposed approach. Then,
we focus on the tasks of modeling and implementation
respectively in the third and fourth sections. As part of a case
study we consider an online item purchase problem in the
fifth section. This problem is a typical web services
composition scenario to apply the concepts of our approach.
The sixth section is devoted to conclusion and future work.

2. PROPOSITION OF WEB SERVICES
COMPOSITION APPROACH
2.1. Classification of web services composition

approaches

Constructing a composition approach is not a trivial task and
is a problem that has been the subject of many research
studies over the last decade. The approaches presented and
studied in the literature to solve this problem can be grouped
into four classes (Figure 1): workflow-based approaches [1],
approaches based on artificial intelligence planning
techniques [2], approaches based on dependence graphs [3],
and model-driven approaches [4]. All of these approaches
differ in how they perceive the composition of Web services
and use techniques that are compatible with that vision. In
particular, they consider the composition of Web services as
a problem of managing Workflows, of planning, of optimal
path research or of models. And apply techniques from
software engineering, artificial intelligence, graph theory or
specification. We believe that they are all mature and
equivalent if we consider their degree of adaptation to Web
Services composition problem solving; and the proven
maturity of the techniques that they use. In our work we
choose to adopt the model-driven approach. Certainly the
other approaches all allow to generate composition plans,
however their major limitation lies in the dependence of
proposed composition solutions on the semantic models of
Web services description; as well as the level of
composability considered which is often limited to the
pairing of the inputs and outputs of the services, and not
treating the different facets of composability between two or
more services to connect.
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Figure 1: classification of web services composition approaches

2.2. Proposed Approach

In our work, we choose to adopt the Models Driven
Approach (MDA), which concentrates on the realization of
abstract models rather than on computer or algorithmic
concepts. Thus, the phase of specification represents an
important part of the cycle of development of composite web
service. To proceed to the cycle of development of MDA,
The developer specifies the composition scenario using
existing services and a modeling language. In accordance
with the standard web services architecture defined by the
W3C [5], we consider that the developer can find these
existing services using a directory such as UDDI [6]. Once
the specification is complete, the developer proceeds to
generate the code for the new composed service.

Service n

Wﬂtmn

Composed
™ Service: BPEL

service 2

I.W‘ l
Directory :
2. MGW

upD
Medel: MARDS &
BPMN

service 1

3. Implementation

Figure 2: Proposed approach of web services composition

In the process presented in figurel, the first step in the cycle
is the discovery of services using search mechanisms such as
the UDDI directory. Once the existing services are selected,
we pass to the second step which is specification. At this
level we propose a modelling using BPMN (Business
Process Model and Notation) [7] and MARDS model. The
BPMN notation, is a modeling language, it is more adapted
to the domain of the Web services and sufficiently expressive
to allow the generation of executable code from it. The
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MARDS model constitutes an approach among the newest
and most useful ones for the composing and modeling of
complex system [8] [9]. We have used this system in our
approach because it allows to model the composition of
services in a simple and powerful way, and in well-structured
architecture. The next step is the implementation of the
system by generating BPEL [10] executable code from the
BPMN specification. Finally, once the composed service is
implemented, the last step is usually to publish it in the
directory to facilitate its future use. The two stages of
modelling and implementation are presented in the following
sections.

3. PHASE OF MODELING

The objective of this work is to develop an approach
allowing the modeling and the implementation of the
business processes generated by the composition of Web
services. The composition of web services can describe and
model these processes using languages and standards based
essentially on the BPM (Business Process Management)[11]
concept such as BPMN notation. This modeling becomes
more complex and unstructured when the number of services
is increasing, making the implementation phase difficult to
afford. This problem requires providing a well-structured
architecture that allows services to be composed in powerful
way, and allows developer to add and remove services
transparently without affecting other services. In turn, multi-
agent systems offer complex and distributed compound
systems that can be modeled by BPM languages, so we will
use this system for the composition of web services. Some
multi-agent models, such as the Multi-Agent Decision-
Reactive System (MARDS), have a well-structured
hierarchical architecture and can be used to model business
processes in a simple, powerful and transparent way to
facilitate the generation of executable code. This model
introduces flexible concepts at the level of its organization,
its modes of interaction and its agents, this justifies its use in
several areas and especially in the modeling of complex
systems [8] [9].

3.1. MARDS Model

The Multi-Agent reactive decisional System (MARDS) [12]
is one of the newest approaches to model reactive system. It
is composed by the decisional reactive agents (DRA), which
are interconnected by communication interfaces. DRA
receives actions (or goals) and can act autonomously until
they are realized within the appropriate timeframe. To
achieve a goal, we can define one or a series of objectives
chained in a certain way that we propose to solve this goal.
The internal structure of a MARDS is based on a two-level
tree (Figure 3), composed in parallel of an Supervisor DRA
(SDRA), of two or more component sub-agents, and of
interfaces communication between the supervisor and his
sub-agents. For a sub-agent MARDSI, it can be either a
simple DRA or a MARDS built recursively.
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Figure 3: Internal Structure of a MARDS.

According to Figure 3, the Supervisor DRA generates several
decisions {di, i = 1 ... m} on receipt of the initial action {a}.
Each of these decisions will be translated by the decision
interface to one or more actions {aik, k = 1 ... n} appropriate
to the lower level agents {MARDS,}. The external states
issued by these agents will be translated by the signaling
interface to a single signaling {si}, which represents the
acquittal of the decision {di}. The MARDS agent will
subsequently generate the decision {di + 1} or just the final
external state {e} considered by the MARDS agent as a
response to the initial action.

The specification phase of our approach is based on the
MARDS model and using BPMN standards. It is called
BPMN-MARDS profile. In the following we present the
prototype modeling of MARDS by BPMN.

3.2. BPMN-MARDS profile

The business model shown in Figure 4 represents a prototype
model for any MARDS agent. The initial action generates
several decisions {dec i, i = ... m} each of which must
trigger one or more actions {act_ki} intended and completed
in parallel by the agents {MARDSK}.
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Figure 4: Business model of MARDS agent

So, any decision represents the starting event; actions are
parallel activities; external states are intermediate events; and
the signaling translated by the signaling interface, is intended
for the supervisor as a final event. All these interrelated
elements, as they are described in sequence, compose an
independently modeled sub-process.

Thus, the modeling of the last sub-process, triggered by the
last decision, will be followed by the final event that
represents the final external state of the base process.

Concerning the activities achieved by {MARDSK} agents,
they can be modeled as simple tasks or sub-processes
according to the nature of the agents in question. For a
composite MARDSK agent, it uses other sub agents to
perform an activity that it will be modeled as a sub process.
In addition, an activity performed by a simple DRA agent
will be modeled by a simple task.

4. PHASE OF IMPLEMENTATION

Standards have been proposed for the implementation of web
services like BPEL language, which is an initiative of BPMI.
The purpose of BPEL language is describe the overall
dynamics of web services by proposing an XML
representation of the activities related to the execution of a
process.

The purpose of this section is to simulate the MARDS
system using the BPEL language. This simulation is done by



BPEL translation of MARDS's BPMN business model. The
principle of this simulation is to consider any agent
composing the MARDS system as a web service and the
supervisor agent that controls and manages these components
as the principal BPEL process. The Structure of this
simulation is divided into two parts, Definition part (WSDL
interface) and Process part (BPEL process).

4.1. WSDL interface

The goal of WSDL [13] is to describe the services as a
set of operations and abstract messages, connected to
protocols and network servers. So WSDL can locate and
describe in detail the use of a web service. This description
contains operational information about the service such as: a
definition of messages, portType, and partnerLinkType.
Table 1 describes the WSDL elements defined for an agent
MARDS.

Table 1: WSDL components of the MARDS

WSDL components of the
WSDL elements MARDS

e Input message (action: text).
o Output message (external state:
text).

message

A first portType "MARDS_PT"
which groups operations "action_i"
to receive requests.

e A second portType
"MARDSCallBack_PT" that groups
operations "action_iCallback" to
respond to requests.

portType

A partnerLinkType
"MARDS_action_i_LT" for each
action with two roles:
"action_i_Role" and
"action_iCallBack Role".

partnerLinkType

4.2. Process description
The BPEL file includes:

A. The definition of elements (variables, partnerLink ...)

e The declaration of the partnerLinks, the only partner is
"MARDS_action™ with two roles.

- The first "myRole = action_Role" indicates the role
of the BPEL process.

- The second "partnerRole = actionCallBack_Role"
indicates the role of the partner.

o The definition of the initial activity receive as a request
from the partner "MARDS_Action", a request made by
the operation "Action™ integrated in the portType
"MARDS_Action_PT".

e A definition of the last activity invoke as a response to
the request of the partner "MARDS_Action” by the
operation "ActionCallBack™ integrated in the portTpe
"MARDS_ActionCallBack PT".
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B. The description of the process and the sequence of his
actions.

In a MARDS system, each decision issued by the supervisor
is translated as several actions corresponding to the agents at
the next lower level. A decision is represented by Flow
activity that allows the execution of several parallel actions
(Figure 5). These actions will be considered as calls
(invocations) to the functions implemented by these agents
(web services). Then, the external states deliberated by these
agents are answers to the functions invoked by the
supervisor. For completion of the initial action, each
composite agent will, in turn, call other functions
implemented by its own sub agents to answer the supervisor's
call. So, the hierarchical structure of the MARDS system
decomposes the BPEL process into several sub-processes.
Therefore, the definition of the BPEL process must contain
those of these sub-processes.

<Flow>

<! Realization of the action Actionp by the agent MARDS -»
<sEquUence>

<l Initialization of the variables --»

<assign>

<Copy>

<from expression="Actionp" />

<to variable="action_MARDSI" part="action" />
<fcopy>

< fassign=

<invoke partnerlink="MARDSI.Actionp”
portType=" MARDSI_PT"

pperation=" Actionp"

inputVariable= "Action_MARDSI" /=

<receive partnerLink=" MARDS1.Actionp "
portType=" MARDSICallBack_PT "

operation=" ActionpCallBack”

Variahle= "X5_MARDSI"/>

<[sequence>

<! Realization of the action Actionk by the agent MARDS] -»
<SEqUENCE> ...

< [sequence>

o [Flow>

Figure 5: BPEL description of a decision

In the next section, we will provide a case study that allows
modeling and implementation of a web service composition system
using our development approach described previously.

5. CASE STUDY

As case study, we will consider in this paper an online item
purchase problem. This is a simple illustrative example that
present a typical scenario for web services composition
problem. As far as creating the e-commerce composite
service, we can use seven basic services ("ltem”, "Provider",
"Promotion”, "Cart", "Payment Detail", "Bank" and
"Transport™) that will internally execute the e-commerce
service, each one executes a set of tasks.



5.1. Modelling phase

A. Structure of Web services composition

For modeling the example of Web Service composition we
are going to follow these steps for composing MARDS
agents:

e To organize agents in layers depending on the tasks and
activities that they execute.

e To specify atomic agents which execute simple services,
this agents present the basic components (DRA agents)
of each layer.

e To identify the first and the intermediate composite
agents (MARDS agent) of each layer, if they exist.

e To specify the principal composite agent that represents
the agent which receives the main composite request
from client.

Applying these steps to the example, we obtain the MARDS
structure of this example shown in figure 6.

In this model of service composition, the basic components
are: ("Item", "Provider", "Promotion", "Cart",
"Payment_Detail", "Bank™ and "Transport". The intermediate
components are: "Amazon"; "Pay"; "Research”. The main
composite component is "E-commerce™.

E-Commerce
*
4 4
Amazon Pay Transport
Payment
Research Cart s Bank
*
4 t

Item Provider | Promotion

Figure 6: Web service composition model based on MARDS
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B. Business Model of the Composite Service “E-commerce”

The Figure 6 shows the Business model of the composition
services model based on MARDS. The action “A_Online
Bay” received by “E-commerce” component generates three
decisions {D1_Choose Items; D2_Pay; D3 _ Deliver}. Each
decision corresponds to a several sub-actions received by
“Amazon” component {D1_Choose Items; A_Select Items},
by “Pay” component {D2_Pay, A_ Pay} and by “Transport”
component {D3_Deliver, A Deliver}. Every sub-action
received by any composite component will be realized and
modeled as a sub-process.

The sub-action “A_Select Items” received by the “Amazon”
component generates two decisions {D1_Select Items; D2_
Add to Cart }. The first sub-decision “D1_ Select Items”
generates the {A_ Search} action for “Research” composite
component.

The second sub-decision “D2_ Add to Cart” generates the
“A_Add to Cart” action for “Cart” basic component. The
sequencing of the two sub-decisions corresponds to the sub-
process of the “A_Select Items” sub-action.

The sub-action “A_ Search” received by the “Research”
composite component generate the sub-decision “D_Search”.
On his part, this sub-decision generates three parallel sub-
actions {A_Search Item; A_Search Provider; A_Search
Promotion} for the components "ltem"; “Provider” and
"Promotion”. The three sub-actions correspond to the
subprocess of the sub-action "A_Search". The sub-action
“A_ Pay” received by the “Pay” component generates two
decisions {D1_Call for payment detail; D2_ Invoice}. The
first sub-decision “D1_ Call for payment detail” generates
the {A_ Call for payment detail} action for
“Payment_Detail” basic component. The second sub-
decision “D2_ Invoice” generates the “A_ Invoice” action for
“Bank” basic component. The sequencing of the two sub-
decisions corresponds to the sub-process of the “A_ Pay”
sub-action.



Nouha ADADI et al., International Journal of Advanced Trends in Computer Science and Engineering, 8(6), November - December 2019, 3381 — 3388

ccmfr:erce Amazen | Research Ttem Provider | Promeotion Cart Pay P;):‘::;lt Banl Transport
: N
A_Online
Bay
' ~
A select
@ Items
Di_ i
Choose '
( 3 A Search
Item -
D1_Select
Ttems 3
(.| A search | | [A_Search | (A Search
D_Search Ttem Provider | ||| Promotion
M5 Ttemn MS_ Provider XS _
Search Search Promotion
Result Result Search Resnlt
Salacted
@ S A Addto
Cart
D2 Add tof 5
Cart
35 Ttem
Added
m@m
A added A
—
@ fi T ] T i i E A Pay A Callfor
4 payment
D2 Pay : detail
D1_Call for
payment detaill
{5 Pavment
Dietail
(@) | A Invoice
D2 Imvoice i
HE Ttem
paid
XS _Bill
paid
@ A Deliver
D3_ Deliver
XS _Item
k. delivered
Xs_gient
Servi

Figure 7: BPMN Diagram of "E-Commerce"” Composition Scenario

5.2. Phase of implementation

Applying the rules and methods described in Section 4 to the
BPMN models presented in Figure 7, we obtain the
following BPEL description.
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<definition>

<l—import of Cart, Item, Provider, Promotion, Transport,
PaymentDetail & Bank Wsdl interfaces —>
<import namespace location="_/ ltem.wsd|"> _.
<1—definition of messages--=

<Message name= "StartState” >

<part name="action” type="string" />
</Message>

<Message name= “EndState” >

<part name="external state” type="string" />
<Message>»

<Message name= “Error_State” />

<part name="Error” type="string"/>
<Message>»

<!—definition of portType -->»

<!—portType of E-=Commerce agent-->
<portType name="E-Commerce_PT"=>
<pperation name="4_Online Bay™>

<Input Message="StartState" >

<foperation>

</portType>

<portType name=" E-CommerceCallBack_PT" >
<pperation name="4_0nline BayCallBack">
<Input Message="EndState” />

</operation>

</portType>

<!—portType of Transport agent-—>»
<portType name="Transport_PT"=
<pperation name="A4_Deliver”=

<|nput WMessage="5tart5tate"/»

<[operation=

<fportType>

<!—portType of all other agent-—>
<!—partnerLinkType of E-Commerce agent--»
<plnk:partnerlinkType name=" E-Commerce
A_OnlineBay_LT"=>

<plnk:role name="4_OnlineBayl_Role™>
<plnk:portType name="E-Commerce_PT">
</plnk:role>

<plnk:partnerLinkType=>...
«<!—partnerLinkType of every action of all other agents—»
</definitions=
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A. WSDL Interface

B. BPEL process

<process name= “ Online_Purchase process:>
<1 Déclaration des partnerLinks -->
<Partnerlinks>

<Partnerlink name = "E-Commerce &_OnlineBay"
partnerlinkType = " E-Commerce.&_COnlineBay_LT"
miyRole =" A_OnlineBay_Role”

partnerfole =" &_0OnlineBayCallabck_Role” />
<Partnerlink name = "Amazon A_Selectitems”
partnerLinkType = " AmazonA_Selectiterns_LT"
partnerRole = “A_Selectltemns _Role"

myRaole = "4_Selectltems Callabck_Role” /=

< /PartnerLinks>

«<1- Declaration of variables --»

<variables>

<l—input and output for Travel process -->
<yariable name="Action_ Travel"
meszageType="5tart5tate" />

<yariable name="External5tate_Travel"
messageType="EndState"

<1— input and output for Pay process >
<yariable name="A_Pay"
messageType="5tart5tate" />

<yariable name="External5tate_Pay”
messageType="EndState" /=

<1— input and output for Reservation process —>
<variable name="A_ Reservation”
messageType="5tart5tate" />

<variable name="External5tate_Reservation"
messageType="EndState" /=

< fvariables>

«1—Definition of the BPEL process main body —>
<SRUEnCE>

<receive partnerlink=" E-Commerce A_OCnlineBay "
portType=" E-Commerce A_OnlineBay _PT"
operation=" A_0CnlineBay "
Variable="Action_E-Commerce"
Createlnstance="Yes" />

<1 Decision Mame = D_Choose Item >

<Flow

<1 Action = *A_Selectltem”, Agent = Amazon--=>
<SeqUEnCe>

<assign>

“Copye

<from expression="4_selectitems" />

«<to variable="Action_~Amazon” part="Message" />
<fcopy>

< fassign=

<invoke partnerlink="Amazon.&_5elactitems"
portType=" Amazon.&_Selactlitems”_FT"
operation="4_5%electitems"
inputVariable="Action_Amazon™ />

<receive partnerlink=" Amazon.&_Selectltams ™
portType=" Amazon.&_Selactltams Callﬂack_P'I'I"




operation=" A_Selectitemns CallBack"
Varigble="External State _ Amazon" />
<sequences

< (Flow>

<! Decision Mame = D_Pay >

<Flow .. </Flows

<! Decision Mame = D_Deliver >

<Flow ... </Flows

<invoke partnerLink=" E-Commerce A_CnlineBay ™
portType=" E-Commerce A_OnlineBay CallBack_PT"
operation="A_CnlineBay CallBack"
outputVariahle=" External5tate _E-Commerce”
</sequence=

<!—Definition of Amazon process >
CEEUENCE™. ..

</sequence=

<!—Definition of Research process -->
CIEqUEnCE>....

</sequence=

<!—Definition of Pay process —>»

CIE(UEnCE™

<receive partherlink=" Pay.A_Pay"

portType=" Pay.A_Pay _PT"

operation="A_Pay "

Variahle="Action_Pay "

Createlnstance="Yes" />

<! Decision Mame = D_CallForPaymentDetail -->
<Flow=__.

< (Flow>

<! Decision Mame = D_Invoice --»

<Flow ... </Flow>

<invoke partnerlink=" Pay. & Pay"

portType=" Pay.&_PayCallBack_PT"

operation=" A_PayCallBack"

outputVariable=" ExternalState _Pay" /=
<sequence>

=fprocess:|

6. CONCLUSION

In this work, an approach for modeling and implementing
web services composition is proposed.

The modeling phase insists on presenting the business
processes of web services composition using BPM standards
and the MARDS model. The implementation phase consist
on generating the BPEL executable code from the
specification.

Our approach of composition of web services is based on
standardized and powerful languages, templates and
technologies (MARDS model, BPMN Notation, BPEL
language), therefore it can solve problems of the web
services composition in different application domains and at
all levels of complexity. As part of a case study, we chose the
E-commerce sector and we have detailed each step of our
proposed approach, to better explain, illustrate and help to
understand this approach.
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For the prospects, we are currently working on the automatic
transformation of BPMN models into BPEL code. This work
is important to facilitate the task of the developer.
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