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ABSTRACT

Despite the ability of current technologies to integrate different applications
together, it also makes integrating application and systems more complicated due to
poor reusability and coupling in the present technologies. The integration solution of
a traditional enterprise application usually focuses on Point to Point (P2P)
integration. Generally, this type of integration creates tight coupling and complex
integration. Service Oriented Architecture (SOA) based integration application is the
most current solution which transforms IT systems into highly reusable and loosely
coupled services. Web Services are the most prominent and experienced technology
under the SOA’s flag. But using Web Services in SOA-Based integration alone still
provides P2P integration. The middleware Enterprise Service Bus (ESB) and
orchestration language Business Process Execution Language (BPEL) together can
provide loosely coupled and reusable integration. Web Services and ESB/BPEL have
a different level of reusability. Consequently, this study attempts to investigate the
reusability level of ESB/BPEL as compared to Web Services. The evaluation of
ESB/BPEL and Point to Point Web Services (P2PWS) has been conducted using the
Islamic Banking System integration case study. The implementation services were
examined and evaluated using quality model metrics to exhibit the reusability level
of ESB/BPEL and P2PWS. Besides the reusability level, the response time of the two
approaches has been measured to illustrate architecture impact on performance. The
result shows that the ESB/BPEL had a higher level of reusability but poor response
time as compared to P2PWS.
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ABSTRAK

Walaupun teknologi masa kini berupaya mengintegrasikan aplikasi yang
berlainan, ia juga membuat integrasi aplikasi dan sistem lebih rumit disebabkan oleh
kebolehgunaan semula yang kurang memuaskan dan gandingan dalam teknologi
sekarang. Penyelesaian integrasi dalam aplikasi perusahaan biasa lazimnya tertumpu
kepada integrasi titik ke titik (P2P). Secara amnya, integrasi sebegini membentuk
gandingan yang ketat dan integrasi yang rumit. Aplikasi integrasi berdasarkan
berorientasikan perkhidmatan seni bina (SOA) ialah penyelesaian yang paling terkini
yang mengubah sistem IT menjadi perkhidmatan sistem guna semula yang tinggi dan
hubungan gandingan yang longgar. Perkhidmatan Web adalah teknologi yang paling
ketara dan paling lama digunakan dibawah bendera SOA. Tetapt menggunakan
perkhidmatan Web di dalam integrasi berdasarkan SOA sahaja masih menyumbang
kepada integrasi P2P. Perantaraan Bas Perkhidmatan Perusahaan (ESB) dan (BPEL)
bersama-sama menyumbang kepada gandingan yang longgar dan integrasi
penggunaan semula. Perkhidmatan Web dan ESB/BPEL mempunyai tahap
kebolehgunaan semula yang berbeza. Oleh itu, kajian ini cuba untuk menyiasat tahap
penggunaan semula ESB/BPEL berbanding dengan perkhidmatan Web. Penilaian
ESB/BPEL dan (P2PWS) telah dikendalikan menggunakan kes kajian integrasi
sistem perbankan Islam. Implementasi perkhidmatan-perkhidmatan telah dikaji dan
dinilai menggunakan metrik model kualiti untuk menunjukkan tahap kebolehgunaan
semula ESB/BPEL dan P2PWS. Selain daripada tahap kebolehgunaan semula,
tempoh tindak balas kedua-dua pendekatan tersebut telah diukur untuk
menggambarkan kesan reka bentuk ke atas pencapaian mereka. Keputusan
menunjukkan bahawa ESB/BPEL mempunyai tahap tempoh tindak balas semula
yang lebih tinggi tetapi , tempoh tindak balas yang kurang memuaskan berbanding
dengan P2PWS.
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CHAPTER 1

INTRODUCTION

1.1 Preview

Today, software and systems have become the keys for doing successful
business. The efficiency of a system has a major role to determine the success of a
business. Therefore, a distribute system environment totally depends on the speed
and agility of IT implementation to provide services and products. The necessity of
the complex systems was felt with the demand from the large scale company or
requirement. For the last decades, software systems have became more complex and
larger such as banking sector. The traditional approaches which is developed a
system from scratch eventually resulted the problems like failure to meet customer
requirements, budget constraint and extend deadline. Therefore the industries cannot
afford to write and develop a new system from scratch and replace it with the legacy
system because this operation needs huge effort and huge cost. Then, in order to
overcome those problems, it was realized that the software reusability is the essential
factors that contributing of minimizing the existing problems. Software reusability
allows parts of software component to be renewed or replaced by existing
components. Thus, software reusability helps software developers to concentrate on
adding more complex system functionalities rather than focusing on developing basic

components.

The competitive business enterprises need to manage internal and external

information, so the needs of enterprise application integration has always existed



(Center, 2006) because current business solution innovations require integration of
various business units, applications, business systems, and enterprise data. Integrated
systems have a great advantage to improve its competitiveness with unified and
efficient access to the information. Hence, it is easy to see the importance of
integration (Matjaz et al., 2007). The current using Service Oriented Architecture
(SOA) with loosely coupled nature can eliminate the barriers in application
integration. It can follow a modular approach to add new services or update existing
services without changing the original system and can make the new application
systems easily to integrate into other types heterogeneous systems, so that enterprises
can make changes according to the demand changes of market (Pan et al.).
Enterprise architects believe that SOA can help businesses respond cost-effectively
and more quickly with changing of market conditions. SOA promotes reuses at
the service level rather ~ than  class level. It  canalso  integrate simply with

the existing (legacy) assets and use them (Center, 2006).

SOA defines a new and evolving architecture method for building distributed
applications. Distributed component exposed as a service that provide well-defined
interfaces to deliver and process XML messages. This approach makes sense for
establishing and building solutions that cross corporate domain boundaries,
departmental, and organizational. SOA used by business with multiple applications
and systems on different platforms to build a loosely coupled integration solution
that implements unified workflows (Jeffrey and Mauricio, 2006). Gartner Research
in 2005 predicted that by 2008, SOA will be the basis for 80 percent of development
projects (Hayward, 2005).

SOA is not obliged to any particular technology; In fact, the designer can
implement SOA combining a wide range of technologies like Web Services (WS),
Web Service Definition Language (WSDL), Simple Object Access Protocol (SOAP),
Remote Protocol Call (RPC), Common Object Request Broker Architecture
(CORBA), Distributed Component Object Model (DCOM), and Enterprise Service
Bus (ESB).



Web services are popular approach to implement SOA, which services can be
accessed over the Internet independent of platforms and programming languages
(Rosenberg, 2010). Also ESB is another famous approach to implement SOA. ESB is
a software infrastructure that simplifies the integration and flexible reuse of business
components using a SOA (Matjaz et al., 2007). On the other hand using XML based
orchestration Business Process Execution Language (BPEL) enables task sharing
across enterprises using a combination of Web Services (Aarti ef al., 2011). ESB as
middleware resolve the integration issue and BPEL support system integration and
collaboration (Koufi et al., 2010). BPEL uses to orchestrate complex flows, for
example when it contains calling of external services and processing their results to

create result own result.

1.2 Problem Background

Up to date, quite number of studies and project has been done on SOA and
application integration. A traditional enterprise application usually appears in the
form of various independent application systems. Accordingly, the integration
solution of a traditional enterprise application usually focuses on Point to Point (P2P)
integration. P2P were the first type of integration. Generally, this type of integration
creates tight coupling (Votis ef al., 2008). On the one hand, is complicated because
in this way every system needs its own application interface program. On the other
hand, it cannot provide necessary flexibility, adaptability and reusability and thus
impose great burden on the related technical staff in the enterprise (He ef al., 2009).
The next drawback of this style of integration is that integration logic is spread over
all of integrated systems and there was no central control, administration and
management (Kusak, 2010). This was accomplished through Remote Procedure Call
(RPC) which resulting to complex mesh network. To resolve complexity the
Hub/Spoke architecture was introduced. In this architecture, a middleware (hub)
serves as a central point of integration through which all business applications were
connected using various application communication protocols like Internet Inter

Object Protocol (IIOP) (Gu and Zhang, 2010). This approach was successful at



reducing complexity; however, it maintains a tight coupling between the integrated
applications which made it difficult to response to changes in business processes.
Service Oriented Architecture can be defined as an Architectural design style and
principles that enable the integration of enterprise applications as linked loosely

coupled services (Eric and Hugh, 2006).

The services can be existing legacy applications modules that are wrapped
and exposed as web services or newly developed J2EE or .NET Web services
components. Web service and SOA can realize not only business function integration
but also data integration. And it can expediently encapsulate legacy system to
integrate with SOA system, having lower cost and realizing software reusing (Votis
et al.). A Web service, however, greatly simplifies the development of the enterprise
applications by dividing them into various modules which can be easily integrated
and reused. In this way, information sharing and data interaction based on the same
services framework can be realized within the enterprise and even among enterprises

(He et al., 2009).

Web Service has a great flexibility by relaying to standards such as XML,
WSDL, SOAP, and the ability of reusing functionality of SOA. According to this
Web Service enabled SOA offers a solution to the standards problem by avoiding the
central point of integration, which is often a bottleneck in previous EAI solutions.
Also it reduces the number of P2P adapters because each interface is based on
WSDL and it can communicate with each other WSDL enabled interface (Lu and
Zhang, 2009). But still using the Web Service alone provides the P2P integration
(Riad et al., 2010).

The implementation of SOA solves the problem of interoperation during
service module calling. To better serve enterprise applications, ESB is introduced
(He et al, 2009). ESB is a collection of middleware services which provides
integration capabilities. The integration logic is placed inside the ESB and integrated
systems are connected to the ESB via entry points. ESB came to the rescue. An ESB

provides many functions, including protocol and message transformation, message



routing based on content and context, location transparency, Quality of Service
(QoS), data enrichment, and other functions. Also, developing applications that
support web services interfaces will not be enough to provide complete and
coordinated business processes. Therefore, another approach is needed to compose
and organize these web services together in order to form processes definition
(Abdaladhem et al., 2009). Using XML based orchestration BPEL with ESB enables
task sharing across enterprises using a combination and Orchestration of Web
Services (Aarti et al., 2011). Hence each of these technologies and approaches has a
set of capabilities that make it a suitable and compatible option of realization for

specific demands and cases (Raid ef al., 2010).

Nowadays quit number studies have been done to evaluate each of these
approaches to show there capability and suitability. Fraz (2008) evaluate ESB and
P2PWS to E-Learning system for some criteria such as Scalability, Reliability, and
Security which shows that P2PWS is better than ESB to be applied in small and
medium system. Graaff (2009) illustrate the comparison of P2P, traditional EAI and
ESB based on some criteria such as messaging, reliability, flexibility, scalability, and
security which show the advantage of ESB over traditional EAI. Sabooniha et al.
(2012) evaluate Traditional EAI techniques such as CORBA, and DICOM for the
Hospital Information System (HIS) in term of flexibility, reliability, reusability,
complexity, and maintainability that show the CORBA and other technique of
traditional EAI increase reusability of applications. Kruessmann et al. (2009)
evaluate availability of open source ESB tools. Ahuja et al. (2011) evaluate ESB

performance for some open source ESB tools.

One application which can benefit from reusability advantages of SOA is
Islamic Banking (IB). Banking system is the most complicated parts in software
development and software market, because this kind of system needs to develop
various systems and advance technologies and techniques to integrate these systems
together (Raid ef al., 2008). In addition, these systems become more complex and
heterogeneous due the increasing business requirements with growing new
customer's needs, therefore, banking system should be developed on the basis of

market demands. Islamic banking (IB) is a one of those requirements that emerged in



the Middle East countries during the last decades and European countries in recent
years. The IB is a financial system which is based on Islamic law and guided by
Islamic economics which made the system even more complex than the conventional
banking system. Therefore software reusability helps these kinds of system to

decrease the complexity and the cost.

This research use IB as a case study, so as the perspective of banking system
there are many attempts to use SOA based integration in the banking system. Raid et
al. (2008) proposed banking integration based on SOA and web services to solve
point-to-point integration but this kind of integration using web services still in
point-to-point integration and its lack of fully loosely coupled, flexible reusability.
Many banking systems deploy Enterprise Application Integration (EAI) to integrate
front ends and core banking systems which are suffering in lack of scalability,
loosely coupled, and heterogeneity. So Jenny et al. (2006) proposed ESB to integrate
front-end application and back-end applications in traditional banking system with
chorography approach to composite application which is still not a flexible approach

and lack of loosely coupled between presentation layer and process layer.

Furthermore some studies have been done on SOA and Islamic banking.
Halimah et al. (2008,2009,2010) has develop Islamic banking system (HiCORE)
which address limitation problem to create a new product for the customer based on
Islamic principles that cover both deposits and financing. Also, an Enterprise
Application Integration subsystem based on bus technology is used to integrate all
applications together without considering detail of integration issue in IB. So until
now many studies have been done on the SOA based integration to a specific domain
such as banking system, healthcare system, and supply chain management system as
well as in general domains. Also, many studies have been done to illustrate the
advantages and drawbacks for each approach. But still there is not quit studies that
show ESB/BPEL effect in term of reusability as well as the advantages of
ESB/BPEL over the P2PWS. Also there are not many studies that evaluate
ESB/BPEL in the banking sector especially the IB.



1.3 Problem Statement

In relation to the issues mentioned, there are some problems and requirement
such as 1) The most of current SOA or non SOA based integration, such as
traditional EAI hub-spoke to integrate existing applications increase reusability but
still suffer to provide high reusability, complexity, and loosely couple to achieve
flexible integration. 2) Also studies show that a Web Service and ESB promote the
high reusability which does not show the real reusability ratio of these approaches. 3)
The most of studies and evaluations on ESB does not consider the orchestration

service and its effect on reusability.

However, still there is not much research dealing with improving reusability
of application integration based on ESB with consideration to orchestration approach
like BPEL. Even so, a previous research does not show the real service reusability
with difference approach to integration such as Web Service and ESB/BPEL. Thus,

this research will answer the following questions:

e How the ESB and BPEL improve the reusability of service?

e How difference approach of application integration like (P2PWS and
ESB/BPEL) affect service reusability and loosely coupled?

e What is the draw back of ESB/BPEL in order to increase the

reusability and loosely coupled.

In order to answer this question, a set of research questions that will aid to

solve this problem are defined as below:

1. What is SOA and SOA approaches to integration?

e What are the services in SOA and what is SOA feature in the
integration?
e What are the SOA-based application integrations and service

composition approaches?



e How SOA with integration technology helps specific domain such as
IB system in the integration issue to achieve loosely couple, and

reusability?

1.4 Research Aim

The aim of this research is to apply the Enterprise Service Bus (ESB) with
Business Process Execution Language (BPEL) together to integrate application in the
IB system and evaluate reusability of ESB/BPEL. Also compare the evaluation with
P2PWS to show the differences between them and show the performance drawbacks

of ESB/BPEL in term of response time.

1.5 Research Objectives

According to the problems descriptions above the objectives of this research

arc:

1. To identify and study of current integration approaches based on
SOA.

2. To propose and apply ESB/BPEL with SOA integration application
framework model.

3. To implement the chosen approach using a case study.

4. To evaluate reusability of ESB/BPEL approach using quality model
metrics and compare it with P2PWS approach.



1.6 Research Scopes

In this research a sample of Islamic banking services will be taken for
implementing and demonstration of integration process, and some of the Islamic
principles for IB will be defined. Overall, the scope of this research is on the

following area:

1. This research was inspired by the concepts of the Web Service and its
initiatives proposed both in academic and in industry. This concept is
XML based and wuses standard protocols such as Universal
Description, Discovery, and Integration (UDDI), Web Services
Description Language (WSDL), and Simple Object Access Protocol
(SOAP), Business Process Executing Language (BPEL), and
Enterprise Service Bus (ESB).

2. This research focuses on application integration and process
integration in IB system as well as proposes ESB/BPEL to integrate
applications and processes.

3. Dot Net technology (C#) was used to develop services.

4. This research uses as a case study (DIJLAH & FURAT BANK FOR
INVESTMENT AND DEVELOPMENT) in Iraq to demonstrate

Islamic bank structure and integration approach of IB system.

1.7 Research Significant

The study focuses on integration of SOA, and IB service architecture and
integration of IB with corresponding banks. This study provides some idea which can
be used as a benchmark for researches and practitioners who are interested in system
integration and architecture. This research could be a part of research work on
system reusability, and loosely coupled. The advantages that can be derived from this
study are to motivate the use of new technologies to improve the reusability and

loosely coupled for application and services.
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