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ABSTRACT 

Service Oriented Product Line (SOPL) has emerged as a synergy that is able 

to assist systematic reuse by reusing an existing asset resulting to shorter product’s 

time to market. Since huge effort is required to adjust the demand for specific 

requirements and fulfil the need for production of multiple systems, a systematic 

approach is very much needed particularly in identifying only possible core assets to 

be reused and managing variability between different applications. Current 

development of core assets in SOPL did not adequately resolve systematic reuse in 

identification of services to design a Reference Architecture (RA). Variations and 

common assets need to be addressed in order to ensure systematic reuse of core assets. 

Therefore, this study proposes an enhancement of the systematic reuse approach in 

determining reusable core assets by concentrating on the Domain Engineering 

Activity. This leads to the use of Trade-off Analysis between structural stability and 

priority of added services depending on the probability of occurrence for multiple user 

preferences. The approach involves specific processes which core asset identification 

and architectural modelling representation. The set of identified reusable core assets is 

represented into RA model with conceptual and physical levels representation. 

Proposed approach is validated through quantitative and qualitative evaluations to 

measure the applicability of core assets and ensure the artifacts built are according to 

comparative criteria. The proposed identification technique proved that it can improve 

reusability of identified core assets, recording 92% Functional Commonality and 80% 

of Modularity, hence resulting in a more refined RA. However, the result of core assets 

applicability appears to be lower by 9% compared to existing approach due to the 

multiple user requirements. This indicates that core assets are applicable to be reused 

by only one application instead of various applications. Regardless, reuse of core assets 

need to consider preferences and requirements from multiple users who want a 

customized system domain suitable for their organization. 
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ABSTRAK 

Barisan Produk Berorientasikan Perkhidmatan (SOPL) adalah sinergi yang 

mampu membantu guna semula sistematik dengan mengguna semula aset sedia ada, 

memendekkan masa diperlukan untuk pemasaran produk. Pendekatan sistematik amat 

diperlukan dalam mengenal pasti aset teras yang boleh diguna semula dan mengurus 

variasi aplikasi berbeza kerana tidak mudah untuk menentukan permintaan keperluan 

khusus dan memenuhi keperluan pengeluaran pelbagai sistem berbeza. Kini, 

pembangunan aset teras SOPL tidak berupaya menyelesaikan guna semula sistematik 

dan mengenal pasti servis untuk mereka bentuk Seni Bina Rujukan (RA). Aset berbeza 

dan serupa perlu ditangani dengan betul untuk memastikan guna semula aset teras 

sistematik. Kajian ini mencadangkan penambahbaikan kaedah guna semula sistematik 

untuk menentukan aset teras guna semula dengan menumpukan kepada Aktiviti 

Kejuruteraan Domain yang memerlukan penggunaan Analisis Keseimbangan antara 

kestabilan struktur dan keutamaan servis tambahan berpandukan kebarangkalian 

kejadian berdasarkan kepelbagaian pilihan pengguna. Kaedah ini melibatkan proses 

khusus termasuk mengenal pasti aset teras dan perwakilan model seni bina. Set aset 

teras guna semula yang dikenal pasti akan diwakilkan dalam bentuk model RA melalui 

perwakilan peringkat konseptual dan fizikal. Kaedah dicadangkan ditentusahkan 

melalui penilaian kuantitatif dan kualitatif untuk mengukur kebolehgunaan aset teras 

dan memastikan artifak yang dibina adalah berpandukan kriteria bandingan. Teknik 

identifikasi dicadangkan membuktikan penambahbaikan guna semula aset teras 

dikenal pasti dengan mencatatkan 92% Fungsi Keserupaan dan 80% Kemodularan 

bersamaan RA yang lebih baik. Namun, keputusan kebolehgunaan aset teras kaedah 

dicadangkan ialah 9% lebih rendah berbanding pendekatan sedia ada akibat kehendak 

pelbagai pengguna. Ini menunjukkan bahawa aset teras hanya boleh diguna semula 

oleh satu aplikasi sahaja dan tidak boleh diguna semula oleh lebih dari satu aplikasi. 

Walau bagaimanapun, penggunaan semula aset teras mengambil kira keutamaan dan 

keperluan pelbagai pengguna yang mahukan sistem domain yang bersesuaian dengan 

organisasi mereka.  
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CHAPTER 1  

 

 

INTRODUCTION 

1.1 Overview 

Service-Oriented Architecture (SOA) is an architectural model for building 

systems based on the interaction of services as it is realizable by service-orientation 

which allow flexible application composition quickly and cost-efficiently (Ezenwoke 

et al., 2013). SOA also aims to modularize and develop independent service (Juan 

Carlos Herrera et al., 2016b) as it is able to manage rapidly changing business 

environments via runtime (Jaejoon Lee et al., 2010). To increase the productivity of 

business, software reuse is a critical factor that contributes in increasing the 

productivity of businesses (Garusinghe et al., 2017b). In this case, SOA has proven to 

be useful architecture for increasing productivity and reusability (Garusinghe et al., 

2017b). To enable an effective and systematic reuse of software components which 

are not supported by SOA (Abu-Matar and Gomaa, 2013), variations of similar 

software products should be considered. This is achievable via Software Product Line 

(SPL) paradigm (Ezenwoke et al., 2013).  

SPL is a software reuse paradigm for the development of a system which 

reduces time to market and improves quality by developing core assets that enable 

systematic reuse (Jaejoon Lee et al., 2010). SPL aims at identifying variabilities and 

commonalities in a product family developed by one producer alone (Juan Carlos 

Herrera et al., 2016b). Since 1990, software engineer have been paying close attention 

to SPL due to the benefits it offers, such as reuse in software development, time to 

market reduction, cost reduction, improved software quality and customer satisfaction 

(Chacón-Luna et al., 2020). Studies on the synergy of SPL and SOA is considered as 

an emerging topic in recent years (Garusinghe et al., 2017a; Khoshnevis and Shams, 

2017a; Lu et al., 2019). The fusion of SOA and SPL can be regarded as Service 

Oriented Product Line (SOPL) (Ezenwoke et al., 2013).  
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Rather than designing everything from scratch which will consume more time 

and cost, SOPL provides a more systematic way to reuse core assets to meet specific 

stakeholder’s need that are common throughout application (Garusinghe et al., 2017b). 

However, to adequately identify the particular core assets to be reused might be one of 

the biggest challenges for most researchers. SOPL accommodates these challenges by 

modifying the software to be reused or composing new orchestration of services 

(Castelluccia and Boffoli, 2014b). Reusing services can be strengthened by developing 

a product line that meets several criteria from various customer’s applications, and 

variabilities is included in the design of the product line following SOA principles and 

implemented using services or components (Ribeiro et al., 2011). From the concept of 

core asset development, SOPL enables systematic reuse of core assets and satisfies the 

needs for mass customization (Lee, 2012).  

This study will focus on the adaptation of SPL development life cycle into SOA 

is being focussed. SPL process is divided into two activities which are Domain 

Engineering (DE) and Application Engineering (AE). DE defines the development of 

core assets while AE defines the development of product using the core assets 

(Ezenwoke et al., 2013; Achour, Labed and Ben Ghezala, 2015; Ali, 2018). There are 

four processes commonly involved in DE which are: Domain Scoping (DS), Domain 

Analysis (DA), Domain Design (DD), and Domain Implementation (DI) (Ezenwoke 

et al., 2013; Losavio et al., 2016). However, this study only covers the development 

of core assets in DE that aims to define variability and commonality of a system to 

establish a set of services to be reused. (Alférez and Pelechano, 2011). Several 

researches have applied systematic approach for developing core assets via DE 

activities (Galster and Eberlein, 2011; Ezenwoke et al., 2013; Parra and Joya, 2015). 

However, only a limited number of existing works offer a complete DE activity.  

There exist certain challenges when adapting SPL development life cycle into 

SOA. One of the main challenges is the role of service and how SOPL can be extended 

to make it applicable for a family of products instead of a single system (Serajzadeh 

and Shams, 2012). SOPL necessitates the management of variability within service 

composition, variation among products requirement, identifying service variability, 

and defining architectural views (Castelluccia and Boffoli, 2014a). Furthermore, 
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managing variability is a large part of SPL since variability tends to  provide requisite 

flexibility for service identification and diversification (Castelluccia and Boffoli, 

2014a).  In this case, SOPL is considered as a systematic approach that provides 

guidance in solving the challenges aforementioned which are not sufficiently being 

researched by existing studies. Therefore, an approach that addresses and deals with 

variability during core asset development is crucial and need to be further investigated. 

1.2 Problem Background 

The combination of SPL and SOA paradigms is said to promise better reuse 

with systematic and large-scale reuse (Benabdelali et al., 2015). SOA refers to an 

architectural model where the logic of information is broken down into smaller, 

distinct logic units that are used collectively to construct a broader system of market 

automation (Tirapathi, 2016). However, SOA alone is not able to provide a systematic 

reuse, and a way to design SOA that is highly customizable and that supports planned 

reused is by integrating SPL into SOA paradigm (Galster and Eberlein, 2011; 

Mohabbati et al., 2014; Garusinghe et al., 2017). SOA takes advantage of SPL which 

aims at providing systematic reuse (Abu-matar, 2014) by improving reusability and 

remove wasteful generic development of components (Mohabbati et al., 2014). Many 

approaches have proposed integrating systematic reuse of SPL in facilitating SOA 

development (Mohabbati et al., 2014; Losavio et al., 2015; Garusinghe et al., 2017a; 

Lu et al., 2019) which was then called SOPL. 

Although SOPL offers systematic reuse towards development of core assets, 

there is an uncovered challenge arises on how to identify only potential core assets to 

be reused (Galster and Eberlein, 2011; Zhu et al., 2013). Lack of systematic reuse 

approach has been addressed in managing variability in requirement and architecture 

which causes inadequate identification of core assets to be reused, in turn results to 

low reusability of core assets (Kang and Baik, 2010; Serajzadeh and Shams, 2012; Gu 

and Lago, 2013; Garusinghe et al., 2017a; Ali, 2018). This challenge needs to be 

solved since the primary outcome of core assets development is a set of highly reusable 

core assets (Zhu et al., 2013). Furthermore, since variability in SOA is addressed 
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through loose coupling of service and dynamic retrieval, facilitating variability can 

lead to different instances of SOA (Galster and Eberlein, 2011). Therefore, a 

systematic process that can manage variability during core assets development is 

needed to treat different instances of a service-based system as a member of SPL as it 

shares commonalities but vary in certain aspects. 

There exist quite a number of research on systematic reuse through SOPL 

(Ezenwoke et al., 2013; Parra and Joya, 2015; Imran Abbasi and M. Mackenzie, 2017). 

In the scope of core assets development during DE, four sub-processes—DS, DA, DD, 

and DI—are commonly being applied by researchers to achieve better core assets 

reusability (Ezenwoke et al., 2013; Losavio et al., 2015). However, only a limited 

number of existing works offers a complete DE activity of identifying reusable core 

assets and most research that tackle DE activity starts with DA whilst neglecting the 

first process, DS (Imran Abbasi and M. Mackenzie, 2017; Kamoun, Kacem and 

Kacem, 2017; Lu et al., 2019). DS is the process where information used in developing 

software systems within the domain is identified, captured and organized with the 

purpose of making it reusable when building new products (America et al., 2001). The 

absence of DS process means there is lack of planning in obtaining highly reusable 

core assets (Jihyun Lee et al., 2010). 

DS is often represented in a form of Product Map (Schmid, 2002; Ezenwoke 

et al., 2013) and proven to support reusability (Jihyun Lee et al., 2010). However, 

reuse approaches that is being proposed by most researchers are solely based on user’s 

requirements without incorporating other aspect of reuse such as the priorities of the 

core assets (Ezenwoke et al., 2013; Mohabbati et al., 2014; Juan Carlos Herrera et al., 

2016a). Priorities are strategies used by developers which may help in specifying 

intended resolution of feature interactions (Soares et al., 2018). Structure of the system 

that is generated should be considered in the earlier stages of development (Schmid, 

2002). However, existing studies of DS only focus on reuse without concerning on 

high reusability of core assets (Jihyun Lee et al., 2010).  

Furthermore, there is a lack of focus on structural system is being considered 

at the early stage of development. Consequently, as more core assets are being reused, 
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structure of the system may be affected thus leading to an increase in cost and effort 

for implementing and maintaining architecture (Galster and Eberlein, 2011). This 

shows that the structure of the system really depends on the core assets identified 

during the early stages. However, current studies may have disregarded this problem 

as most of them are only focusing on reusing core assets without concerning on the 

quality and architectural aspect of the system. Therefore, instead of only focusing on 

reuse of core assets, deriving core assets that can survive evolutionary changes or 

remain stable while accommodating the development and fulfilling user requirements 

is crucial to bring positive impact on the architecture (Dias et al., 2010).  

Apart from that, in developing reusable core assets, existing studies have 

discussed on how to accommodate core assets development in SPL by focusing on 

grouping core assets into feature model during DA (Kang and Baik, 2010; Alférez and 

Pelechano, 2011; Zhu et al., 2013) which can aid service identification activity at 

certain extend. However, there is lack of detailed explanation on the approach of 

grouping core assets into commonalities and variabilities. This challenge needs to be 

tackled as it serves as the fundamental of system development and main output for 

core asset development (Zhu et al., 2013). Therefore, a study is required on how to 

extend these existing approaches so that they are applicable for a new product family 

(Galster and Eberlein, 2011) and can be represented in Reference Architecture (RA) 

during DD. 

DD is where an architecture is created with the variability of various services 

and is presented through various views for different stakeholders (Ezenwoke et al., 

2013; Achour, Labed and Ben Ghezala, 2015). RA is designed as a concrete 

architecture system in achieving a system with high structural stability and low 

structural complexity during DS (Nakagawa et al., 2014). However, since SOPL is 

closely related with managing variability systematically throughout the development 

of core assets, most studies still show lack of contribution on these aspects when 

designing RA (Galster and Avgeriou, 2011; Galster et al., 2013; Guessi et al., 2014). 

Variability has been one of the common issues tackled by most researchers during the 

process of designing RA (Palanivel and Kuppuswami, 2011; Galster et al., 2013; 

Guessi et al., 2014; Losavio et al., 2015; Juan Carlos Herrera et al., 2016b; Abu-Matar 
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and Mizouni, 2019). Despite the idea of addressing variability in an architecture, there 

is still lack of understanding about how variability can be handled properly in RA 

(Nakagawa et al., 2014). 

RA are usually designed in an unsystematically manner (Galster et al., 2013; 

Mistrik et al., 2019) thus making the RA complex (Martínez-Fernández et al., 2013). 

One way to handle RA design systematically is by documenting the architecture 

(Phillippe Kruchten, 1995). However, there only exist a few number of studies that 

documented the architectural design in a proper manner such as studies from Flávio 

M. Medeiros et al. (2010). Without a proper documentation, variability description for 

constructing architectural views can’t be supported (Guessi et al., 2014; Bedjeti et al., 

2017) and it is hard to maintain the systematic manner of designing architecture. 

Therefore, in order to design RA while considering variability description 

systematically, a sufficient documentation should be provided.  

Other than that, in adapting user’s requirements, most software developers 

strive to provide views for different stakeholders (Flávio M. Medeiros et al., 2010; 

Gomaa and Hashimoto, 2012; Abu-Matar and Gomaa, 2013). Different views are 

needed to define solution at many levels of abstraction and for different purposes (US 

Dept. of Defence / Office of the DoD CIO, 2010; Heuser et al., 2017). To describe the 

entire software architecture of a system, multiple and concurrent diagrams are a 

common feature of graphical documentation to overcome issues such as crowded 

diagram, inconsistent notation, mixing architectural style, overemphasizing one 

element, and ignoring individual stakeholder concerns (Philippe Kruchten, 1995; May, 

2005). Therefore, it is important to provide a basis for organization that can maximize 

the benefit for certain group of stakeholders in handling these issues. This provides 

additional challenge to DD process because most studies only focus on the 

development of conceptual level and forsake the physical level where mapping of 

software onto hardware and deployment process are being handled. Especially when 

the development involves web service composition, the ability to rapidly design and 

deploy service composition during physical level are very much needed (Ben Hadj 

Yahia and Laurent, 2017). Due to this, the architectural reusability cannot be 
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maximized as not all stakeholder perspective is being considered (Suvelayutnan, 

2018). 

1.3 Problem Statement 

Both SPL and SOA offer the concepts of reusability rather than redeveloping 

the system from scratch. Both methods may have different outlooks on reusability and 

as this research proposes the combination of these two approaches, a lot of critical 

things need to be taken into account. In identifying reusable assets, services that may 

be the foundation of SOPL need to be defined in the form of commonalities and 

variabilities. The selection mechanism should be based on a thorough examination of 

the context in which the service would actually be used (Garusinghe et al., 2017a). 

For DS, the main problems discovered involve the technique for identification 

of reusable core assets that concern the architectural of the system from the early phase. 

In addition, most studies do not open to incorporate multiple user requirements during 

DS. Besides, although SOPL offers reuse towards development of core assets, there 

are still uncovered challenges arises on how to identify only potential assets to be 

reused through SOPL as existing studies shows lack of systematic manner for reuse. 

Based on the problem related to DS, intended resolution of feature interactions is 

specified (Soares et al., 2018) while considering the structural architecture of the 

developed system. Therefore, in emphasizing the long-term effects of the architectural 

structure while meeting user’s requirements  (Herrera et al., 2016b), an expressive 

identification technique of highly reusable core assets during DS is needed. The 

identified reusable core assets are then used as an input to design RA during DE.  

Subsequently, in terms of DD, RA is usually complex (Martínez-Fernández et 

al., 2013) because it is often designed in an unsystematically manner (Galster et al., 

2013; Mistrik et al., 2019). Another main problem is the ability to provide a physical 

view that is able to maximize the benefit for certain group of stakeholders while 

managing architecture variability. It is critical to have a basis for organization that can 

optimize the advantage for a certain group of stakeholders (Philippe Kruchten, 1995; 
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May, 2005). Especially when web service composition is involved, the ability to build 

and deploy service compositions quickly at physical level is critical (Ben hadj yahia 

and Laurent, 2017) since the involvement of both conceptual and physical levels in 

designing RA is very much needed. Last but not least, to ensure that the enhancement 

made in this study is suitable to be used for developing core assets, the overall process 

is evaluated to analyze the artifacts built and to identify whether the end product is 

applicable to be reused across various applications. 

From the previous discussion, the primary research question that this research 

is trying to address is:  

“How to enhance systematic reuse approach of Domain Engineering Activity 

which comprises of Domain Scoping (DS), Domain Analysis (DA), and Domain 

Design (DD) in identifying reusable core assets for Service Oriented Product Line 

(SOPL)?” 

A set of research questions are derived to support the primary research question 

as below: 

1) To what extend does the core assets development through SOPL is being 

studied? 

2) How do other research perform identification technique of reusable core assets 

for DS and grouping of commonality and variability for DA? 

3) How do previous research handle variability management and architecture 

representation for  identified reusable core assets? 

4) What is the process used to evaluate applicability of core asset and artifacts 

built from the proposed systematic reuse approach in identifying reusable core 

asset is evaluated? 
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1.4 Research Aim 

This research aims to enhance an existing systematic approach of Domain 

Engineering Activity which comprises of DS, DA, and DD in identifying reusable core 

assets for Service Oriented Product Line. 

1.5 Research Objectives 

In order to achieve the goal of this research as aforementioned, the following 

objectives are set: 

1) To enhance an identification technique for highly reusable core assets for DS.  

2) To enhance the variability representation for RA during DD based on the 

identified reusable core assets.  

3) To evaluate the applicability of core asset and artifacts built from the proposed 

systematic approach in Core Assets Development for SOPL.  

 

1.6 Research Scope 

This research focuses on the following research scopes: 

1) Static service composition during Domain Engineering Activity that consist of 

DS, DA, and DD only. 

2) Architectural representation of multiple view RA to define solution at many 

levels of abstraction and for different purposes. 
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1.7 Research Contribution 

The significance of this research is the enhancement of existing approaches on 

identifying and developing reusable core assets for Domain Specific Application 

through the implementation of SOPL. SOPL will involve three activities in DE which 

are DS, DA, and DD. SOPL is beneficial because it saves time (does not require a new 

system to be developed from scratch) and a reusable system can also help in enhancing 

the quality of a system. This research may also provide a guidance for other researchers 

on a systematic process to identify and represent the core assets to be reused by 

multiple stakeholders and on ways to evaluate the identified core assets.  

The approach proposed in this research helps in deriving highly reusable core 

assets with a comprehensive identification technique during DS and provides a 

thorough view of RA with the addition of physical level view. Likewise, quality of the 

artifacts built and applicability of product from this study attract the interest of other 

researchers to use this approach for potential core asset development approach that 

involves multiple user preferences and requirements. To conclude, two main 

contributions addressed in this study are in terms of core assets identification technique 

and RA representation that includes conceptual and physical levels representation. 

1.8 Research Organization 

This thesis is organized into six chapters. The first chapter gives an 

introduction of the proposed research project and briefly explains the problem 

background that this study is trying to tackle. Chapter two discusses existing studies 

to examine the gaps and potential rooms for improvement. Chapter three describes the 

research methodology that consists of research framework, research process, and case 

study. The fourth chapter demonstrates the proposed systematic approach. Chapter five 

illustrates the evaluation of outcome for each objective and chapter six concludes this 

research by discussing the contributions and suggestions for future works. 
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