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Abstract- Commercial Off-The-Shelf (COTS) components are being used in increasing number to reduce cost and delivery 

time of software. A commercial Off-The-Shelf (COTS) component is becoming more and more important since it promotes 

reuse to higher levels of abstraction. As a consequence, many components are available either being open-source software 

(OSS) or commercial-off-the shelf (COTS). Component - Based Software Development has evolved as a popular software 

development technique since the introduction of Microsoft’s Component Object Model (COM) in the early 90s. This paper 

presents review literature that has been published on empirical research of COTS. We were interested to describe the empirical 

research on COTS to see that if there are any areas of CBSD that are yet to be touched in the research process. Empirical 

studies are the proofs of the hypothesis about the industry’s perception of CBSD process. 

 

Keyword- CBSD, Component object model (COM), COTS. 

 

I. INTRODUCTION 
 

We are in the 21st century presently and two decades will be 

finished soon. A century ago has been considered as the 

ascending of Information and correspondence 

innovation. We are witnessing an enormous expansion in the 

use of software in business, industry, administration, defense 

and research. Software is now become a central factor in 

many fields. System character based on software 

functionality, rather than other characteristics, are becoming 

the most important factor in competing on the market, for 

example in car industry, the service sector and in schools. 

These trends place new demands of software. Usability, 

functionality, robustness, simple installation and integration 

become the most important features of software. As a 

consequence of the wider area of software utilization, the 

need for the integration of different areas has increased. This 

requires established technique and tool support covering the 

entire component and system lifecycle including 

technological, organizational, marketing, legal, and other 

aspects. Component-based software engineering (CBSE) 

represents a new development paradigm: assembling 

software systems from components. This new research area 

has raised a significant amount of interests both in the 

research community and in the software industry-a rare 

phenomenon in the field of software engineering. This 

technique shift from building software from scratch to the 

engineering of assembling components to build software 

involves many issues and it demands more and more 

precision in every aspect to make this new paradigm as the 

most convenient way to resolve the software crisis [1][2][3]. 

CBSE attempts to answer the question Can a software be 

built by assembling components like assembling a bike?  

Following the success of the structured design and Object  

 

oriented technique, Component-Based Software Engineering 

(CBSE) has emerged as the next revolution in software 

development. CBSE emerge as a popular methodology in the 

early 90s and was expected to produce high quality software 

at reduced cost and lesser time as development of software 

need not be done from scratch. Reusability was considered 

as the backbone of CBSE. This paradigm started becoming 

popular after the introduction of middleware technology 

support like Microsoft‘s Component Object Model (COM), 

CORBA, and JavaBeans etc. Component based software 

engineering plays a vital role in increasing the productivity 

of an organization. There is a demand for rich set of 

components in the repository which can be reused. In most 

of the projects, once the requirements are collected, the 

development activity starts from scratch and this may lead to 

overtime and over budget anomaly. If the existing COTS 

component is reused rather than the developing the entire 

system from the scratch, not only the time is saved but 

quality product is produced [4]. 
 

In this paper, we wanted to review the literature that has 

been published on empirical research of CBSD since 1995 

through March 2017. The goal of this research to see the 

areas of CBSD that is yet to be touched in the research 

process. We follow kitchenham’s guidelines to conducting a 

systematic literature review. 
 

The paper is structured as follows: section 2 provides the 

background or related work of this study which covers an 

overview of the process CBSD/COTS, section 3 describes 

the methodology that we followed for this study at length, 

section 4 explains the results of our study, section 5 presents 

a analysis or discussion of the results, section 6 presents 

limitation of work, section 7 presents the conclusion and 

future work. 
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II. BACKGROUND 
 

Spiral Models characteristics are involved in the Component 

Based software Development (CBSD) Model. The CBSD 

Model consists of the applications from the grouped 

software components (called Classes) stated by [5]. The 

component model started with the identification of the 

candidate components from repository and this is achieved 

by identifying the data to be changed by the application and 

the relevant algorithms that will be applied. The data and 

algorithms are encapsulated into the classes. The 

components created in the software projects are stored in 

component repository. Once requirement are identified, the 

repository is mined to check whether the desired 

components are present in the repository. If available, they 

are retrieved and are reused in the project development. If 

the component does not exist in the repository, it is 

engineered using the object-oriented methodology. The first 

iteration of the application to be build is composed of 

components retrieved from the repository and new 

components engineered to meet the requirement of the 

particular application. The process Flow is reversed back to 

the spiral model and will ultimately continue the component 

assembly looping during subsequent passes through the 

component life cycle as shown in figure 1. Software 

Reusability can be achieved by CBSD model which is 

highly useful to the Software Engineers. Yourdon .E in [6] 

shows about the usage of software reusability by QSM 

Associates Inc., and he reports component assembly moves 

to a reduction in software development life cycle, 84% 

reduction in project cost, and a productivity index of 26.2, 

compared to an industry norm of 16.9.With these results, the 

robustness of the component repository and CBSD model 

provides many advantages to the software engineers. 

 
Figure1. Component Based Software Development 

Model 

III. METHODOLOGY 
 

This section describes the method we followed for our study 

in detail is taken from [7]. This section covers the research 

questions of our study, the search process we followed in 

order to accumulate the relevant literature, the selection 

criteria of the literature, quality assessment of the selected 

literature and finally the procedure we followed for 

extracting the data from the literature. 

 

3.1 Research questions 
The three research questions for our study are related to 

since 2017: 

 

RQ1: What kind of empirical research has been done on 

CBSD? 

 

RQ2: What research topics are being addressed in CBSD by 

these empirical studies? 

 

Relative RQ1, we were interested in knowing the types of 

empirical studies that were conducted from 1995 to March 

2017 with respect to CBSD or CBSE or Component Based 

Software (CBS). 

 

Regarding RQ2, we are interesting to explore the areas 

concerning CBSD or CBSE or CBS that were covered by the 

empirical studies, for instance, the number of studies that 

were published on the issue of reusability of the 

components. 

 

3.2 Search process 
The keywords were – CBSE, Software development, 

organization, CBSD, component, component based software 

(CBS), empirical study, and empirical research. 

 

The five databases used for our search are SpringerLink, 

ACM Digital Library, IEEE Xplore and Elsevier. Some 

important papers also included from other journal. These 

databases that contain much of the literature related to 

Software Engineering that was published by various 

international conferences, journals. 

 

3.3 Study selection criteria 
This section present in what follows is the criteria which we 

followed in including and excluding the studies for our 

study. 

 

Inclusion criteria 
• Number of Papers that were published from January 1995 to 

March 2017 was selected. 

• Number of Papers that describe their study as an empirical 

study in their titles or has at least one type of empirical study 

as part of their study. 

• Number of Studies that focus on aspects of CBSD, 

Component Based Software (CBS) or COTS was selected 
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•Number of Papers included the keywords ‘empirical’, ‘case 

study’ or ‘experiment’ relating to CBSD, CBS or COTS was 

selected. 

 

Exclusion criteria 

 position papers, view point and studies that are not 

empirical or do not contain an empirical study as part of 

their whole study were excluded 

 Papers that are not related to CBSE or COTS or CBS 

were not included, for example, a paper discussing about 

reusability but not in regard to software components. 

 Duplicate papers of the same study were excluded. 

 

3.4 Procedure followed 
We started searched for papers on CBSE without including 

the keyword ‘empirical’ or any of its synonyms in the search 

string. The total number of empirical studies on CBSE or 

COTS which includes literature reviews, opinion papers, 

position papers, etc. from the 4 databases which resulted in 

366,723 papers. After applying selection criteria, we were 

left with total 40 studies. 

 

3.5 Quality assessment criteria 
Quality assessment criteria extracted from [8] and modified 

so as to make them adaptable for our study. The criteria 

which is based on three questions: 

 

Q1 – Were the findings and analysis of CBSD clearly 

presented? 

Q2 - Is the type of research method explained? 

Q3 – Are the result justified by the data? 

 

With respect to Q1 we find the results obtained from the 

study were clearly presented in terms of appropriateness. 

This means that if the study was qualitative one, then we 

considered the way the results were presented i.e. they may 

explanatory or not. If the study was quantitative one, then 

we looked out for the results numerically or statistically 

presented or not. For papers with results of complex type, 

we read and interpreted only certain parts of those results 

and assessed the quality, for example, papers with 

mathematical results or results with heavy usage of various 

mathematical formulae, etc. 

 

With Q2 we find the result obtained from study was clearly 

explain in term of appropriateness. It mean if the study was 

stated to be qualitative one, then we considered result were 

presented but if the study was quantitative one, then we look 

out the result whether they are numerically or statistically 

presented or not. 

 

With respect toQ3 it find the conclusions drawn from the 

study had a mapping to the data presented in the results 

section. This is done by reading the conclusion section of all 

the studies 

• The kind of study that would be followed – whether it would 

be a qualitative or quantitative study 

• Description of the study context – whether it could takes 

place in an industrial or in an academic environment. 

• Description of the subjects involved in the study – whether 

humans or systems were the subjects. 

 

IV. RESULT ANALYSIS 
 

This section describes the result of the study. The result is 

presented in the form question. 

 

4.1Q1 Kind of empirical studies 
Q1 what types of empirical studies from 1995 to 2017 has 

been done with respect CBSD/COTS? 

 

The answer of this question is figure 2.the most preferred 

methodology is experiment and case studies, they constitutes 

55% and 35% of total number of studies (40) respectively. 

Survey constitutes 7% and correlation studies constitute 3% 

of the total number of studies. 

 

 
Figure2. Types of empirical study 

 

4.2 Q2 Research topics being discussed 
 

The result of Q2 i.e. what research topics are discussed by 

empirical studies? 

The most discussed topics are reusability of components, 

selection of components and design and implementation of 

components. 

Reusability of components constitutes (15%), selection of 

components constitutes (15%), reliability of components 

constitutes (14%) and design implementation constitutes 

(12%). The next most discussed topics are integration of 

components (10%), testing of components (9%), CBSD 

process (9%), maintenance of component (8%), and Cost 

reduction of components (3%) contribution. 
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Figure3. Research topics being addressed 

 

V. DISCUSSION OF RESULT 
 

In this section, we discussed about research methodology that are most preferred in empirical research of CBSD/COTS. 

 

5.1 Case studies 
Table 1 present lists of all case studies that were conducted in the industry. This table presents the summary of the study and 

area of CBSD. 

 

Table 1 Case Studies 

Paper ID Description Research area of CBSD/COTS 

P[9] The object that needs to be managed in 

CBSD is analyzed and a component- 

based SCM is presented. 

Management of components 

P[10] This paper presents a sample application 

of component- oriented programming 

concept for CBSD.CBSD process and 

some of the potential risk and challenge 

in CBSD are also presented 

CBSD process 

P[11] This article presents the process of 

modeling control algorithms as means to 

increase reliability of software 

components. The propose approach 

developing EmbeddedControl Software 

(ECS) is tailored to Component- based 

Software Development  

(CBSD) and such tailoring allow 

reusing the ECS development process 

tools in a development process for 

robotics software. 

Reliability of components 

P [12] This paper describes a pattern story that 

shows how a component-based design 

has been implemented using periodic 

Design of components 
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concurrent tasks with RT requirements. 

P[13] Evaluates the reliability of component-

based software using adaptive Neuro-

Fuzzy inference system. This model 

considers the factors particular to 

component based software that affects 

its reliability and hybrid neural network 

used in ANFIS is trained using the data 

set obtained from a survey 

Reliability assessment of component 

P[14] This article provide an overview of the 

actual state of the OSS marketplace and 

report preliminary findings about how 

companies interact with this 

marketplace to reuse OSS components 

and such data was gathered from 

interviews in software companies in 

Spain and Norway. These results 

identify some challenges aimed to 

improve the industrial reuse of OSS 

components. 

Reuse of components 

P[15] This paper discussed an overview of a 

distributed architecture for the 

deployment of applications based on 

business components. 

Design & implementation 

P[16] This paper suggests functional testing 

strategy and test case generation 

technique for component- based 

software. When two components are 

joined or integrated then they generate 

some specific effect. This strategy is 

called integration-effect graph. 

Integration of components 

P[17] This article present a reusable 

component model-FLP model for 

reusable component which describes 

components from three dimensions 

form, level and presentation) views 

components and their relationships from 

the perspective of process and 

management. 

Reusability of components 

P[18] 

 

 

 

This article present proposed model that 

determines the sphere of reusable 

components, the time points of reusing 

components in the development process 

and the needed means to present 

components in terms of the abstraction 

level, logic granularity and presentation 

media. 

Reusability of components 

P[19] It proposes a component framework for 

supporting the architecture-based design 

and development of self –adaptive 

application. 

Design of components 

P[20] This paper present using CAD tools that 

support an ideal separation between 

component, system development, 

experiments were conducted to 

Testing of components 
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investigate two related question: (1) To 

what extent can unit (component) 

testing replace system testing? (2) What 

properties of software influence the 

quality of sub domain testing? 

 

P[21] The component-based software 

development (CBSD) to identify 

Design and to build the components and 

interface of the system that provides and 

requires services. The proposal took a 

study case based on development of an 

academic management system basic 

module with a persistence model 

dependent a distributed database system.  

Application of components 

P[22] This article presents a model for 

estimating CBSS reliability, known as 

an Adaptive Neuro Fuzzy Inference 

System (ANFIS) that is based on these 

two basic elements of soft computing 

and we compare its performance with 

that of a plain FIS (Fuzzy Inference 

System) for different data sets. 

Reliability of components 

P[23] This approach is validated with the 

reporting service of a document 

exchange server, by modeling the 

reliability, conducting a reliability 

prediction and sensitivity analyses and 

demonstrating its ability to support 

design decision. 

Reliability of components 

P[24] A study of the safety properties of HTS 

using a calculus of component 

composition has provided solid 

foundations for the design of 

configuration languages for the safe 

specification and deployment of parallel 

components 

Performance of components 

P[25] It presents a self- adaptive software 

architecture (model-based) approach for 

supporting seamless integration of 

COTS components 

Integration of components 

P[26] It present a component management 

system to manage distributed software 

components for large- scale software 

system development and component 

repository was introduced as the basic 

logic unit for storage and management 

of the software components in 

accordance with development stage. 

Management of component 

 

Commercial Off-The-Shelf (COTS) software components From the table1 it is clear that much of research that has been done 

focused on reusability of component, selection of components and design of components. This gives a direction that other area 

such quality, testing and storage of components which are vital in the process of CBSD were less researched area. 
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5.2 Experiments: A Research Methodology 
Table 2 Presents list of all 23 experiments that were conducted with respected to the CBSD approach. Studies of CBSD are 

evaluated by full text reading. 

 

Table2. Experiment in the Empirical Research of CBSD/COTS 

Paper ID Description Research area of CBSD/COTS 

P[27] This article describes the use of CAD 

tools that support an ideal separation 

between component and system 

development. Experiments were 

conducted to investigate two related 

question: (1) To what extent can unit 

testing replace system testing? (2) What 

properties of software influence the 

quality of sub domain testing? 

Testing of components 

P[28] This article describe the CBSD theory 

and tools, lists insight gained and it 

suggest new ways to think about testing 

using test –based specifications. 

Testing of components 

P[29] 

 

 

This paper presents the application of 

the CBSE paradigm for the development 

of a university ERP- specifically an e-

Administration System and the result of 

the case study yielded a usable ERP for 

a Nigerian university and concrete 

empirical data confirmed the superiority 

of CBSE over traditional software 

development. 

Application of components 

P[30] This paper describes the effects of AOP 

(Aspect – Oriented Programming) on 

the maintainability of two COTS based 

system: Openbravo POS and Jasper 

report. The effects were measured using 

the maintainability metrics of the 

ISO/IEC 9126 model. 

Maintainability of components 

P[31] This paper presents result of an 

empirical study concluded to quantify 

the implementation, testing and 

knowledge requirement costs of 

building a self – adaptive software 

system using control engineering 

methods. Our objective is to find, 

whether these costs can be significantly 

reduced if a library of pre - packaged 

control components is available to 

software engineers and the findings of 

the study indicate that the 

aforementioned costs can be 

significantly reduced when supporting 

libraries are available. 

Cost reduction using components 

P[32] This article can develops a theoretical 

framework based on formally certified 

semantic preserving graph- theoretic 

transformations that allows us to 

associate to each concrete component 

Maintainability of components 
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repository a much smaller one with a 

simpler structure so that we call strongly 

flat, with equivalent co-installability 

properties. 

P[33] The objective of this paper is to describe 

the characteristics of some selected state 

of the art CBSD models and a new 

reusable software process model has 

been designed for the optimal selection 

of components based on the new 

optimal algorithm 

Selection of components 

P[34] This paper presents a methodology to 

decouple the tasks of component and 

application developers, who will be able 

to share information asynchronously as 

well as independently and communicate 

implicitly by developing and deploying 

what we call healing connectors. 

Selection of components 

P[35] The objective of this paper is to select 

the suitable mix of components using 

build-or-buy strategy or considering 

fabrication and to propose a multi-

objective model for software modular 

system with objective of maximizing 

reliability while simultaneously 

minimizing the cost. 

Selection of components 

P[36] This paper presents a system 

development life cycle model which has 

incorporated most importantly customer 

participation, customer support, 

customer feedback analysis and new 

component development phases by 

providing fully complete customer 

requirement oriented framework. The 

propose model for CBSD named as 

Customer Requirement Oriented CBSD 

life cycle Model(CROM) 

CBSD concept and propose model 

P[37] It introduces concepts and mechanism 

that allow to model security 

specifications and derive automatically 

corresponding security implementations 

by transforming the original component 

model into a secured one taking into 

account sensitive data flow in the 

system and the resulted architecture 

ensures security requirements by 

construction and is expressed in the 

original meta model form. 

Application of components 

P[38] This paper present V& V when 

developing software components which 

are helpful in improving the 

functionality and quality of component 

and Component-Based System (CBS) 

by using a new X Component-Based 

Model. 

CBSD proposed model 
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P[39] It introduces a new reliability analysis 

technique applicable to high- level 

design. The technique is named 

Reliability Analysis Based on Rewrite 

Logic (RABRL). 

RABRL is specific for component- 

based software whose analysis is strictly 

based on its operational profile and 

specification. 

Reliability of components 

P[40] This paper proposes metrics for 

measuring the complexity, 

customizability and reusability of 

software components. 

Quality of components 

P[41] For a component-based approach, two 

steps may be used to estimate the 

overall size of object-oriented(OO)  

software:  a  designer  uses metrics to 

predict the size of the software 

components and then ultimate the sizes 

to estimate the overall project size. 

Cost estimation of components 

P[42] The propose optimization model is 

presented to solve component selection 

problem considering reusability and 

compatibility simultaneously. This 

model can be used to assist software 

developers in selecting software 

components when multi-application are 

undertaken concurrently. Four 

experiments are conducted with the 

purpose to provide some insights in 

management perspective. 

Selection of components 

P[43] This paper describe the characteristics 

of some selected state of art CBSD 

models and a new reusable software 

process model has been designed for the 

optimal selection of components based 

on the new optimal algorithm. 

Selection of components 

P[44] This paper describes a set of measure to 

assess the usability of software 

components and it also describes the 

method followed to obtain and validate 

them. 

Usability of components 

P[45] This paper describes a function point-

like measure named Component Point 

(CP). 

For measuring the system level size of a 

CBSS specified in the Unified 

Modelling Language. The proposed 

approach integrates the three software 

measure and extends an existing size 

measure from the more matured Object 

Oriented paradigm to the related and 

relatively young CBSS discipline. 

Cost estimation of components 

P[46] It evaluates the impact of three popular 

CBAs, namely Enterprise Java Beans, 

Reusability of components 
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Distributed Inter Network Architecture 

and object Management Architecture on 

reusability. 

P[47] This paper discusses how an evidence-

based approach to component 

evaluation can improve repeatability 

and reproducibility of component 

selection under the following 

conditions: (1) functional homogeneity 

of candidate component (2) high 

number of components and selection 

problem instances. 

Selection of components 

 

 

 

 

 

 

 

 

 

 

P[48] It presents a systematic approach that 

makes it possible to derive architectural 

models with structural descriptions and 

behavior from Teleo – Reactive 

Programs and therefore benefits 

significantly from a combination of two 

approaches. 

Reusability of components 

P[49] This article formalizes an evolution 

management model that generates 

evolution plans according to a given 

architecture change request thus 

preserving consistency of architecture 

description and coherence between 

them. 

Management of components 

 

P[50] This paper describes a set of measures 

to assess the usability of software 

components and describes the method 

followed to obtain and validate them. 

Usability of components 

 

From table 2 it is clear that most covered area of 

experiments is selection of components, implementation of 

component, and reusability of components being the most 

researched area. Other areas are CBSD process, 

management of components, and design of components as 

well as performance of components. 

 

VI. LIMITATIONS OF THE STUDY 

 

We basically review articles of four databases, also some 

important article collected from some others journal from 

January 1995 to march 2017 based on COTS or CBSD or 

CBSE. But there are other good journals which are not used 

in this study. This is one of the limitations of our work. 

Other limitation may be partially based papers on 

CBSD/COTS are not considered. 

 

VII. CONCLUSION AND FUTURE WORK 

 

We describe the systematic review of article from January 

1995 to March 2017. This study shows almost all areas of 

CBSD are covered. We found 40 studies of empirical 

research on CBSD. Most discussed research topics were: 

 Selection of component.  

 Reusability of component 

 Quality of component through different model  

 Implementation of component 

 Apart from that, we found certain topics that should be 

focused in future. 

 There is a need of standard quality model to build 

COTS component. 

 No single algorithm enough to find most 

appropriate component from repository. 

 The main challenge of COTS is achieving a best 

conversion procedure from requirements to 

components and then from components to system. 

The future work of this study could be possible by adding 

some new rule in the method section and it could help in 

extracting more analytical information. 
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