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ABSTRACT

AN ACTION RESEARCH OF ACHIEVEMENTS IN A SOFTWARE
PRODUCT LINE IMPLEMENTATION

Ergül, Muhittin Erdem

M.S., Department of Electrical and Electronics Engineering

Supervisor : Prof. Dr. Semih Bilgen

January 2014, 87 pages

Software product lines emphasize, with an innovative approach, the idea of pre-

dictive re-use. In this way, signi�cant improvements are provided in cost, time-

to-market and quality and market dominance is enabled in the target area. The

majority of the academic studies in this area are case studies. In this study it is

also intended to provide scienti�c data to the literature about the achievements

brought about by software product lines. First, the challenges in the software

development activities performed under ASELSAN software testing department

are determined. In this respect, software testing simulators software product

line is established in order to improve software development e�orts and the

achievements are discussed with the measurements and analysis. It is observed

that software product line adoption led to signi�cant e�ort reduction, improved

product quality, homogenous look-and-feel and improved reusability in the soft-

ware development e�orts of software testing department of ASELSAN REWIS

division.
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ÖZ

B�R YAZILIM ÜRÜN HATTI UYGULAMASINDAK� KAZANIMLAR
ÜZER�NE EYLEM ARA�TIRMASI

Ergül, Muhittin Erdem

Yüksek Lisans, Elektrik ve Elektronik Mühendisli§i Bölümü

Tez Yöneticisi : Prof. Dr. Semih Bilgen

Ocak 2014 , 87 sayfa

Yaz�l�m ürün hatlar� yenilikçi bir yakla³�mla kestirimci yeniden kullan�m �krini

öne ç�kar�r. Bu sayede maliyet, pazara ç�k�³ zamanlar� ve kalitede önemli iyile³-

tirmeler yakalanabilmekte ve hedef markette bask�n konuma geçme sa§lanabil-

mektedir. Bu alanda yap�lan akademik çal�³malar�n ço§unlu§unu vaka analizleri

olu³turmaktad�r. Bu çal�³mada da literatüre yaz�l�m ürün hatlar�ndaki kazan�m-

larla ilgili bilimsel veri sa§lamak amaçlanm�³t�r. Öncelikle ASELSAN yaz�l�m

test bölümünde yap�lan yaz�l�m geli³tirme faaliyetlerindeki zorluklar belirlen-

mi³tir. Bu do§rultuda yaz�l�m geli³tirme çabalar�n� iyile³tirmek ad�na yaz�l�m

test simülatörleri yaz�l�m ürün hatt� kurulmu³tur ve al�nan ölçümler ve yap�lan

analizler ile kazan�mlar tart�³�lm�³t�r. Yaz�l�m ürün hatt�na geçi³, ASELSAN RE-

HIS bölümü yaz�l�m test departman�n�n yaz�l�m geli³tirme çabalar�nda önemli

ölçüde efor azaltma, ürün kalitesinde iyile³me, homojen görünüm ve yeniden

kullan�mda iyile³meye yol açm�³t�r.

vii



Anahtar Kelimeler: Yaz�l�m Ürün Hatt�, YÜH Vaka �ncelemeleri, Yaz�l�m Geli³-

tirme �yile³tirmesi, Yaz�l�m Geli³tirme Ölçütleri, Eylem Ara³t�rmas�
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CHAPTER 1

INTRODUCTION

Software products are gaining importance day by day, and being used in a

broader range. However, the competition in software markets is also increasing

rapidly, cost and time-to-market become of utmost importance. Re-use methods

provide great support to software development at this point.

The idea of program families was suggested in the 1970s. Parnas de�ned pro-

gram families in [1] as sets of programs sharing extensive common properties.

When program families are the subject, studying the common properties is ad-

vantageous before analyzing the individual members. The product line concept

was totally introduced in the early 1990s. Unlike single system development,

software product line (SPL) approach enables large-scale reuse of common as-

sets. This leads to a reduction in the total amount of development e�ort. Other

improvements of the approach are quality assurance, higher reliability, security

and usability of the �nal product [2].

Besides its advantages, software product line adoption is a tricky e�ort for an or-

ganization which may fail after some struggle. In [3] common obstacles and their

remedies are described and an incremental progress is recommended instead of

a revolutionary approach. This is the �rst decision to be taken at the beginning

of the adoption process. An evolutionary approach minimizes the risks [4]. Fur-

thermore, in order organizations to more systematically adopt software product

lines, it is helpful to make an evaluation like Families Evaluation Framework

described in [2]. An appropriate evaluation guides to see the current status of
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the organization and to determine a realistic roadmap.

Case studies provide important data to the literature about the challenges and

the achievements of SPL adoption in practice. Systematic large-scale reuse leads

companies to achieve cost, time-to-market and quality improvements. High cus-

tomizability and �exibility can be achieved by variability management in a SPL.

In addition, SPL adoption improves maintenance and modi�ability of the soft-

ware products.

Test Engineering Department of ASELSAN REWIS division performs black-

box testing to verify speci�ed behavior of the software. Software requirements

of the REWIS products usually comprise electrical messaging scenarios which

is only visible when simulators of other units are used. Thus, software test en-

gineers need to develop this kind of software to use for their testing activities.

In general, simulator development constitutes a signi�cant part of the overall

testing e�ort. Formerly, traditional single system development approach was

used in software development. However, some problems were seen in the con-

text of simulator development e�orts. These are e�ort overload, demand for

higher product quality, heterogeneous look-and-feel and low reusability. Then

SPL adoption is suggested to overcome these challenges of software development.

Software testing simulators software product line (STS-SPL) is constructed by

extending the legacy system COBALT (Communication Basics Library for Test-

ing). COBALT provided the reusable software assets of the STS-SPL. STS-SPL

is created by performing a few key activities. First, short and long term strat-

egy of the business and SPL product portfolio are de�ned. Then, STS-SPL

requirements speci�cation is generated. In order to represent variability in re-

quirements, a labeling system is used. COBALT framework is an infrastructure

that has been locally developed in ASELSAN and not formally documented.

Thus, reference architecture and the variability model of the product line is de-

termined by examining the COBALT infrastructure. Later, FEF evaluation is

performed to determine the maturity of the SPL. Finally some improvements

are performed over the STS-SPL.
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In the present study, action research is carried out to assess and enhance, albeit

in a restricted scope, the success of the SPL adoption e�ort described above.

Success is evaluated by taking measurements and the results are discussed. It is

observed that software product line adoption led to signi�cant e�ort reduction,

improved product quality, homogenous look-and-feel and improved reusability

in the software development e�orts of software testing department of ASELSAN

REWIS division. Quantitative assessment of the bene�ts of SPL adoption shall

be carried out as much as possible and together with qualitative evaluations of

the involved sta�. It must be stated explicitly that this is in agreement with

the inherently qualitative nature of the work done, as rather than establish-

ing an all-encompassing theory and asserting general truths, the present aim is

restricted to exemplifying the bene�ts of SPL as achieved in a speci�c project

carried out in a speci�c organization. That is the fundamental aim of the present

study is to provide concrete and elaborated evidence on the costs and bene�ts

of implementing an SPL in a speci�c organization.

The outline of this thesis is as follows: Chapter 2 provides an overview of the

literature on action research methodology, SPL case studies and quality measure-

ment. In chapter 3, an overview of the industrial setting is presented. Chapter

4 describes the ASELSAN STS-SPL and the improvement e�orts. Chapter 5

presents the measurements and their results. Chapter 6 is an overview of the

reported study and includes a general conclusion and discussion.

3
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CHAPTER 2

LITERATURE OVERVIEW

In this chapter, �rst, the methodology of the present research shall be presented,

with reference to its sources in the literature and with justi�cation of its appro-

priateness for the case under focus. Second, a literature overview on SPL case

studies shall be given. Reported bene�ts of SPL's are categorized under six

topics. Finally, an appropriate quality model for the evaluation of the present

study and quality measurement metrics shall be presented.

2.1 Action Research Methodology

Use of qualitative research methods in evaluation of computer systems and in-

formation technology is contemporarily increasing [5, 6]. Action research is a

qualitative research approach initially used in the social and medical sciences

in the mid-twentieth century. In the 1990s it was adopted for use in scholarly

investigations in information systems [7]. In [8] Peter Reason and Hilary Brad-

bury de�ne action research as: �Action research is a participatory, democratic

process concerned with developing practical knowledge in the pursuit of worth-

while human purposes, grounded in a participatory worldview which we believe

is emerging at this historical moment. It seeks to bring together action and

re�ection, theory and practice, in participation with others, in the pursuit of

practical solutions to issues of pressing concern to people, and more generally

the �ourishing of individual persons and their communities.� Sometimes an ac-

tion researcher is referred to as participant observer because the observer also

needs to participate in the setting in order to take action and change the pro-

5



cesses. In fact this setting precisely describes the present study.

According to action researchers, complex social systems cannot be reduced for

meaningful study but can only be understood as whole entities. Thus, they in-

vestigate complex social processes by introducing changes into these processes

and observing the e�ects of these changes [7].

Due to its interpretive and idiographic, that is concrete rather than abstract

and theoretical nature, typically qualitative data is collected in action research.

Thus, it is reasonable initially studying the qualitative research fundamentals

and the di�erences between qualitative and quantitative research methodologies.

2.1.1 Qualitative Research Fundamentals

Qualitative research is an empirical research strategy that is conducted in nat-

ural settings using non-quantitative data instead of numbers. Qualitative data

are generally collected from observations, interviews, and documents by investi-

gating the behavior and reaction of people in particular situations within which

they act. In qualitative methods data is gathered in the form of words such as

transcripts of open-ended interviews, written observational descriptions of activ-

ities and conversations, and documents and other artifacts of people's actions.

The textual essences of such data are preserved throughout the analysis in order

to understand a phenomenon from the participants' perspective in its own envi-

ronment which is not possible when textual data are quanti�ed and aggregated

[5].

2.1.1.1 Qualitative vs. Quantitative Research

Although qualitative or quantitative data may be collected in an empirical study,

there is a strict distinction among them. Quantitative data concerns numbers

and is analyzed using statistics; however qualitative data concerns words, de-

scriptions, pictures, diagrams etc. and is analyzed using categorization and

sorting [6].
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Qualitative research is more useful when the purpose of the study is to ex-

amine the dynamics of a process rather than its static characteristics or the

issues studied are not easily partitioned into discrete entities [5].

2.1.2 Action Research Approach

In action research approach, �rst a client-system infrastructure or research envi-

ronment is established. The client-system infrastructure is the agreement that

speci�es the authority, or sanctions, that researchers should regard in specifying

actions. Later, �ve distinct phases are iterated as follows: Diagnosing, action

planning, action taking, evaluating and specify learning. The details of each

phase are given in [7].

Being a qualitative research methodology, action researchers may use three main

sources for data and four basic techniques of data analysis as outlined in Table

2.1 [5].

Table2.1: Qualitative Data Collection and Analysis Tech-

niques

Sources for Data Data Analysis Techniques

Observations,

Open-ended interviews and survey ques-

tions,

Documents and texts

Coding,

Analytical memos,

Displays,

Contextual and narrative analysis

2.1.3 Other Related Methodologies

Case study which is also based on qualitative data is closely related to action

research with its de�nition and purpose. Key di�erence between two is that a

case study is completely observational but action research requires involvement

in the change process. Action research is suggested to be adopted in software

7



process improvement and technology transfer situations. Case studies are prefer-

able when the e�ect of a change is studied in situations like pre- and post-event

studies [6].

Consulting is another related de�nition residing in research literature. Although

action research processes and typical organizational consulting processes are sub-

stantially similar; there are �ve key di�erences among them [7].

1. Action research is motivated by scienti�c expectations; however consulting is

motivated by commercial bene�ts.

2. Action researcher is responsible for providing scienti�c knowledge both for re-

search community and client whereas consultant only has responsibility against

client.

3. Collaboration is essential in action research but in consulting, an objec-

tive perspective on the organizational problems is provided.

4. In action research solutions are suggested according to a theoretical frame-

work, but consultants use their own experiences.

5. In action research, organizational understanding is enabled by iterative exper-

imental changes in the organization. However, in consultation, organizational

understanding is enabled through independent analysis of the problems.

Experiment is another similar de�nition which is an essential research method-

ology in science. Controlled experiments are described as �measuring the e�ects

of manipulating one variable on another variable� [6].
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2.2 SPL Case Studies Overview

2.2.1 Easier and Improved Reuse of Software Assets

Reuse is the basic and crucial action of the SPL approach. However distinc-

tively from the other reuse methods it is performed in a prescribed way. It is

also referred to as development for reuse. Development for reuse provides a

basis for the development of the products and this basis includes a variety of

assets regarding the requirements, architecture, implementation and testing. [2].

The amount of reusability improves the bene�ts of the SPL e�ort in the mean-

time a successful SPL improves and encourages the reuse of the core assets.

Usually reusability level is related to the compatibility of the software architec-

ture with the current and planned products. SPL approach requires a reference

architecture to support this ability. In [9, 10], the importance of the reference

architecture is emphasized as a leading factor to high level reuse. AKVASmart

[2], Nokia Networks [2] and U.S. Army Technical Applications Program O�ce

(TAPO) [11] are some of the companies who have explicitly referred to easier

and higher reusability as improvements to their software development process.

To achieve high level of reusability, compatibility with the existing products is

important. In order to incorporate them to the product line usually an evolu-

tionary approach is recommended instead of a revolutionary approach [3].

2.2.2 Cost and E�ort Reduction

Majority of the SPL case studies reports improvements in the reduction of costs

and e�ort. In software development, e�ort composes the majority of the overall

cost and so it is closely related to cost metric. Large-scale software reuse enabled

by SPL adoption is the main reason of e�ort reduction.

An upfront investment is required to instantiate SPL but case studies show that

the investments made are worthwhile. For example, the Wikon GmbH case

study shows that the break-even is as close as 4th product [12]. More generally,
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the break-even point of return on investment to SPL is expected to be between

the 2nd to the 8th product [2].

Successful SPL representatives declare reduction in the demand to sta� resources

which leads to an important cost improvement. U. S. Naval Undersea Warfare

Center and Hewlett Packard report that, with the introduction of SPL, 25%

of the total personnel may be su�cient to develop new products [13, 14]. In

FISCAN's case, less than one-third of the software developers and testers are

su�cient to �nish all the work [15].

Development e�ciency can be raised by enlarging the product portfolio. Because

each product reuse the core assets, when the number of the participants increase

the coding and testing costs of shared components stay in place and the overall

cost is reduced. Dialect Solutions increases its development e�ciency and overall

productivity by enabling core assets to not branch for each product [16].

Asset scoping is an economic decision activity which may be an important factor

in SPL success. Nokia Mobile Browsers binds its SPL success to well manage-

ment of core assets: �To minimize costs, we avoided developing core assets that

we would not reuse.� [17]

Majority of the SPL case studies report general cost improvements acquired

with the systematic reuse of the software assets. SPL adoption leads Boeing

and DNV Software to reduced life cycle costs [2, 18]. Deutsche Bank AG es-

tablished approximately 4 million dollars of direct annual cost savings per year

[19]. E-COM Technology Ltd. [20], Nokia Mobile Browsers [17], Raytheon; U. S.

National Reconnaissance O�ce [21], Bosch Gasoline Systems [2], Danfoss Drives

[10] and U. S. Naval Undersea Warfare Center [14] are other companies those

successfully establish SPL and bene�t reduced cost. Philips Medical Systems

reports 2-4 times e�ort reduction [2].

Productivity of software engineers is a common improvement reported in the

case studies which indicates another reduction in the development e�ort and

cost. CelsiusTech Systems reports extremely high productivity and extremely

low cost with the adoption of SPL [22]. Cummins [9], E-COM Technology Ltd.
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[20], Lucent Technologies [23], Siemens Healthcare [24] and Toshiba [25] state

high productivity in related cases studies.

Other improvements like time-to-market, maintainability, integrability, modi�-

ability etc. have implicit e�ects on cost metric. However some case studies

measures and explicitly reports economic e�ects of these improvements. Rock-

well Collins - Common Army Avionics System (CAAS) bene�ts from the im-

provements in integration, maintenance, documentation, training and testing

costs [11]. U.S. Army Technical Applications Program O�ce (TAPO) reports

improvements in the development, maintenance, integration and documenta-

tion costs [11]. Siemens, ABB and Market Maker Software AG bene�t from

the reduction of cost of quality while having signi�cant quality improvements

[13, 2]. Argon Engineering experiences decrease in the development, upgrade

and technology costs [26].

2.2.3 Better Scheduling and Time-to-Market

SPL approach enables companies to develop and take their software products

into market faster still conserving the quality. Nortel reports that they were

able to reduce cycle time by 45 percent, without any quality payback [27]. This

improvement is achieved by enabling delta engineering which is the action of

producing new products by only giving development e�ort for the variation

points[28]. Besides, if the required variant is available in the product line infras-

tructure, it is reused.

It is visible that there is a close relation between the amount of reuse and time-to-

market. Overwatch Textron Systems estimates the amount of reuse range from

40-70% and time to market by a factor of approximately 2.5 [29]. CelsiusTech

measures the reused common parts of their software products as on average 70%

to 80% and reports a huge schedule reduction [30].

Actually most of the case studies report great time-to-market improvements

along with their SPL experiences. Hewlett Packard's case study is interesting

with the ability to increase time to market 2X while product complexity and the
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number of products increasing 10X. They explain this success with the advance

within their architecture and process which meets their business demands [31].

Other companies reporting time-to-market and development time improvements

are: Argon Engineering [26], Asea Brown Boveri (ABB) [13], Cummins [9], DNV

Software [2], E-COM Technology Ltd. [20], Fiscan [15], General Motors Pow-

ertrain [32], LSI Logic - Engenio Storage Group [33], Mondragón Sistemas de

Información (MSI) [34], Nokia Mobile Browsers [17], ORisk Consulting [35],

Philips- PKI telecommunications switching system [36], Philips Medical Sys-

tems [2], Raytheon; U. S. National Reconnaissance O�ce [21], Salion, Inc. [37],

Siemens [2], TomTom Automotive [38], U.S. Army Technical Applications Pro-

gram O�ce (TAPO) [11], U.S. Army [39], U. S. Naval Undersea Warfare Center

[14] and Rockwell Collins - Common Army Avionics System (CAAS) [11].

As well as bringing the software products to the market faster, better scheduling

is enabled with the SPL approach. This is mostly due to the less complexity

of the systems with the introduction of the variability management and the

visibility of the similarity between di�erent products. Testo reports that they

could �nish all projects on time [40]. However, Market Maker Software AG's

scheduling work caused time lacks because of their SPL setting to be more

complex than traditional development methods. Thus, although they could

reduce time to market 2-4 times than before; resolving issues took longer than

their expectations [2]. Another risk to achieve time improvements is reported

by AKVASmart. Their case study shows that when an evolutionary strategy is

chosen, compatibility issues may make the development time much longer than

expected [2].

2.2.4 Improved Software Quality

Quality of the reusable software assets is a decisive factor in the achievement

of other improvements like time-to-market and development e�ort reduction

because the quality problems in common assets can easily propagate into all

products in a SPL [41]. Thus, achieving high quality level of end products is

only possible by ensuring high quality components. However, a product line
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approach usually ensures the quality of components implicitly by making reuse

of them again and again leading software defects to emerge somehow when a

proper SPL testing approach is followed. Thus, a high level of commonality is a

factor of improved quality.

Quality improvement is one of the important motivations for SPL initiation for

most of the companies. It is generally measured by the defect density rate.

Hewlett Packard [13], Philips Medical Systems [2], ORisk Consulting [35] and

Ericsson [42] reports signi�cantly lower defect density compared to previous

products.

AKVASmart showed that an independent plug-in architecture helps software

quality with the easy deployment of bug �xes [2]. Dialect Solutions reports

rapid improvements to product quality by developing defect �xes within core

assets only once [16]. EIMW SPL's automated SPL process leads to assure

product quality by avoiding human mistakes [43].

Other companies reporting improved reliability and code quality are CelsiusTech

[22], Asea Brown Boveri (ABB) [13], Cummins [9], Dialect Solutions [16], DNV

Software [2], Fiscan [15], Nokia Mobile Browsers [17], Raytheon; U. S. Na-

tional Reconnaissance O�ce [21], Siemens Healthcare [24], Testo [40] and Wikon

GmbH [12].

2.2.5 Product Diversity and Competitiveness

Today, software companies compete with each other to gain market dominance

and SPL approach helps it with time-to-market, cost and quality improvements.

Usually product diversity is needed to address requirements of di�erent cus-

tomers. High customizability and �exibility can be achieved by variability man-

agement in a SPL. Philips pays attention to variability management and satis�es

the variability needs of marketing enabling a single software product line for a

huge product portfolio of mid-range and high-end televisions [2]. Cummins [9],

Telvent [2] and Testo [40] achieve to enter e�ectively to new markets with their

SPL capabilities. Salion, Inc. bene�ts from the scalability of product portfolio
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to increase competitiveness [37].

Flexibility of the reference architecture may be a leading factor for opportunis-

tic reuse of SPL. CelsiusTech could easily expand its product portfolio by the

�exibility of its architecture and product line those were originally developed for

a di�erent domain [30].

Actually there are numerous occasions of SPLs for increased product diversity

and competitiveness. Cost and e�ort reduction enables business organizations

to compete better in a market segment. HomeAway's SPL adoption leads to

e�ort reduction enabling targeting new market segments faster, more e�ciently,

and with greater pro�tability [44]. EIWM product line represents the advantage

of ease of customizability by the help of automation in SPL development [43].

ORisk Consulting emphasize the increases in productivity and implementation

time as key factors to improve competitiveness [35]. Eurocopter follows a bottom

up approach of introducing a SPL and succeeds to manage many software vari-

ants [45]. Also domain potential analysis is an important activity for increasing

product diversity. It aims determining suitable domains to make investments

for reuse [2].

Customer satisfaction is an important outcome that indicates high competitive-

ness. Cummins [9], CelsiusTech [22] and Siemens Metals Technologies [46] report

improved customer satisfaction due to high responsiveness to customer needs. U.

S. Naval Undersea Warfare Center also experience increasing customer satisfac-

tion by covering customer requirements reliably and predictably[14]. Common-

look-and feel with a high usability is an important factor for the customer satis-

faction. AKVASmart [2], Siemens Healthcare [24] and Mondragón Sistemas de

Información (MSI) [34] aimed and succeeded improved uniform look-and-feel in

their products.

2.2.6 Painless Maintenance and Modi�ability

Several experiences show that code size can be signi�cantly reduced by elimi-

nating duplicated copy-and-paste codes. SPL approach reduces the complexity
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of the products by increasing the similarity between di�erent systems with man-

aged reuse [2]. Reduced complexity and decreased code size improvements of

SPL leads to easier and cost e�ective maintenance, adaptability and modi�-

ability of software products. There are plenty of case studies addressing this

issue. Bosch Gasoline Systems [2] and Wikon GmbH [12] reduce maintenance

e�orts with SPL introduction. Less complexity leads HomeAway to more ef-

fective testing, radically reduced deployment times, and higher quality [47]. In

LG's experience with the reduction of the complexity the maintenance costs are

decreased too [13]. Danfoss Drives [10] and Ericsson-axe [48] reports adaptabil-

ity improvements. Reduction in code size and cyclomatic complexity leads Ricoh

signi�cant maintainability and reusability improvements and fail-safe refactoring

[49].

Reduction in the code size further leads to production and integration simplicity

and developer satisfaction. AKVASmart ASA adopts SPL with an evolutionary

strategy and reduces the code size by more than 70%. It is also reported that

their integration and maintenance process is easier than before [2]. CelsiusTech

emphasize integration simplicity [22]. Nokia [17] and Testo [40] reports increased

developer satisfaction as a consequence of SPL adoption.

2.2.7 Summary

Most of the SPL case studies report cost, time-to-market and quality improve-

ments as a result of systematic large-scale reuse. A full list of improvements

achieved through case studies is given in Appendix A. Achieving most of these

improvements may depend on conforming to some general tips:

• CelsiusTech carry out most of the important improvements of SPL adoption.

Their success comes with a substantial upfront investment and regarding organi-

zational and management issues beside the technical issues. CelsiusTech's high

reuse ability came with their product line architecture and the applied design

practices like information hiding and encapsulation [22].

• Danfoss Drives' mentions that slow and careful stepwise migration to SPL and
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the simplicity of the environment and the processes are key points to achievement

[50].

• Danfoss Drives and Market Maker Software AG case studies show that having

a small team is helpful because of the communication and management issues

[2, 10].

• DNV Software's key success factor is to have a long-term vision, strong man-

agement support and leadership and endurance in the organization [2].

• Mondragón Sistemas de Información (MSI) states the importance of the man-

agement's support and applying the adoption process progressively and itera-

tively [34].

2.3 Measuring Quality

2.3.1 Quality Model

Software product quality is a large and complex concept that is not easily man-

ageable. Quality models provide a taxonomy that split the software product

quality concept into smaller and more manageable parts. This decomposition

facilitates the measurement of software product quality. ISO/IEC 25010 is a

software product quality model standard that is released in 2011 by the Interna-

tional Organization for Standardization. It is the successor of ISO/IEC 9126 and

the most well-known type of software quality models [51]. The model de�nes

attributes, sub-characteristics and characteristics of software product quality.

These de�nitions describe a hierarchical classi�cation where characteristics at

the highest level and attributes at the lowest level. The model is divided into

two main parts: (1) Product quality model (2) Quality in use model. Prod-

uct quality model is based on eight characteristics (functional suitability, per-

formance e�ciency, compatibility, usability, reliability, security, maintainability

and portability) and subdivided into sub-characteristics. Quality in use is de-

�ned as �the degree to which a product or system can be used by speci�c users to

meet their needs to achieve speci�c goals with e�ectiveness, e�ciency, freedom
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from risk and satisfaction in speci�c contexts of use� [52]. This de�nition also

gives the �ve characteristics of quality in use model.

ISO/IEC 25010 product quality model has 8 characteristics and 31 sub-characteristics

and most of the de�nitions are not easily applicable in a particular domain [53].

In the domain of the present study, satisfaction, reliability and maintainability

are relevant and measurable characteristics of the ISO/IEC 25010 model. Thus,

these aspects are discussed in more details.

2.3.1.1 Customer Satisfaction

In [54], customer satisfaction is given as a success indicator for the measure-

ment of software process improvement. It is further regarded as a software

quality indicator. A change in product quality can be noticed by examining cus-

tomer satisfaction. There are two methodologies to assess customer satisfaction.

Qualitative customer satisfaction is generally appraised by questionnaires and

quantitative customer satisfaction requires objective measures. Using question-

naires to measure customer satisfaction gives a better view on software quality;

however it requires the involvement and cooperation of the customer.

ISO/IEC 25010 quality in use model de�nes satisfaction as a quality charac-

teristic. Although product quality model describes the characteristics of the

product, the quality in use model analyzes the characteristics of the interactions

of users with the product. Thus, quality in use is usually associated with us-

ability [51]. Measurement of usability should regard users' subjective reactions

to system. Standardized questionnaires like SUS are useful to make usability

assessments [55].

2.3.1.2 Reliability

Being a sub-characteristic of reliability in ISO/IEC 25010 model, fault tolerance

is measured by defect rate [56]. Defect density rate is a common metric to mea-

sure software quality. The number of defects those emerge during the software
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tests can be divided to project size to measure defect density rate and product

quality. In software product lines literature software quality improvement is

generally measured by defect density rate.

2.3.1.3 Maintainability

Maintainability is one of the most important characteristic of software quality

because it typically comprises 50 percent of the total lifetime cost of a software

system [57]. ISO/IEC 25010 model sub-characterizes maintainability as modu-

larity, reusability, analyzability, modi�ability and testability; however it is not

easy to directly measure each attribute. A characteristic of highly maintainable

software is given in [58] as being open to changes that means less e�ort require-

ment when adding new features. Thus, simply recording the time required to

perform a maintenance task gives an idea about the maintainability of a software

product.

2.3.2 Object Oriented Quality Metrics

Code-based metrics are used widely to measure and improve the software prod-

uct quality. These metrics are collected by analyzing the source code to verify

the quality of the software design. This leads developers to improve software

quality and productivity. It further helps prediction of fault-proneness and early

determination of unsafe components [56]. Most popular object oriented metrics

de�ned in literature are Chidamber and Kemerer's (CK) metrics suite [56, 59].

A brief description of each CK metric is given in the subsections.

2.3.2.1 Weighted Methods per Class (WMC)

WMC is the sum of complexities of methods in a class. Cyclomatic complexity

(CC) is a convenient method to be used in the WMC calculation. CC is the

number of independent paths through the source code of a method. Also, the

number of tests required for a software module is equal to the Cyclomatic com-
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plexity of that module [60]. Usually a small value of WMC is wanted since it

indicates complexity. WMC value is further correlated with the e�ort required

to develop and maintain the class and the possibility of reuse [61].

2.3.2.2 Depth of Inheritance Tree (DIT)

DIT of a class is the maximum length from that node to the root in the in-

heritance tree[61]. The number of inherited methods increases with the depth

of inheritance tree and it becomes harder to estimate its behavior. Also design

complexity increases with the depth of inheritance tree. However, the chance of

reuse is better with a deeper tree [56].

2.3.2.3 Number of Children (NOC)

NOC is the number of immediate subclasses of a class in the inheritance tree.

Having a large number of children requires attention because it may indicate a

misuse of sub classing and more test cases are required. However, when used

carefully, a great number of children lead to improved reusability [61].

2.3.2.4 Coupling Between Object Classes (CBO)

CBO of a class is calculated by counting the number of other classes to which

it is coupled [61]. Coupling a�ects modularity of the design negatively causing

low reusability. Excessive coupling leads to di�cult maintenance and testing of

a class [56].

2.3.2.5 Response for a Class (RFC)

RFC of a class is the total number of methods that can potentially be invoked

by that class. A large value of RFC metric increases the complexity of a class

which leads to complicated and di�cult testing and debugging [62].
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2.3.2.6 Lack of Cohesion of Methods (LCOM)

LCOM of a class is calculated by subtracting the number of method pairs whose

similarity is not zero from those having zero similarity. Similarity of two classes

is de�ned as the number of elements in the intersection set of the instance

variables used by them [61]. Creating cohesive methods is always advised thus

a smaller LCOM value is desirable. Classes with larger LCOM value should

probably be split into several subclasses. Larger LCOM values also indicate

higher complexity and low reusability of a class [56].
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CHAPTER 3

OVERVIEW OF THE INDUSTRIAL SETTING

3.1 Preparation

3.1.1 Conducting Action Research

Action research is accepted as an appropriate approach for this thesis study be-

cause of the main characteristics of the domain. In [7] ideal domain of action

research methodology is described as follows:

1. The research is expected to be bene�cial for both researcher and organization.

2. The researcher is actively involved in the change process and can apply

the obtained knowledge immediately.

3. The research process comprises both theory and practice.

Since the author of the present study is actively working in the organization

where the research is intended to be conducted, the requirement of active in-

volvement is satis�ed. Organizational bene�t of the research is expected to be

the improvement in software development e�orts of software testing department.

The foundation of this improvement will be based on software product line ap-

proach that constitutes the theoretical aspect of the process.

As a result of action research, mostly qualitative data will be collected and
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evaluated. Actually, qualitative methodology is appropriate for this study be-

cause of the following reasons [5]:

1. It is not very easy to measure the subject of study. Some real software

should be developed in order to see the improvement in software development

which is a labor-intensive process. Lack of su�cient sample counts prohibits

quantitative methods to yield de�nitive results. In fact this is the fundamental

reason for referring to the present study as action research. At this point it

is considered bene�cial to repeat what was stated in Chapter 1: Quantitative

assessment of the bene�ts of SPL adoption shall be carried out as much as pos-

sible. But this does not change the inherently qualitative nature of the work

done, as rather than establishing an all-encompassing theory and asserting gen-

eral truths, the present aim is restricted to exemplifying the bene�ts of SPL as

achieved in a speci�c project carried out in a speci�c organization.

2. The research targets the challenges that people encounter and complain

about. Thus, people's reaction to the change that is handled during the re-

search is important. Qualitative methods are helpful in understanding how and

why people think or feel about something.

3. Qualitative methods support materializing the e�ects of social, organiza-

tional, and cultural environment on the inspected situation.

4. The process cannot be regarded as a black-box that is researched with its

outcomes or impacts. It needs to be developed and changed during the research

which is also a reason for qualitative research.

3.1.1.1 Ensuring Validity

Since the nature of data collection and analysis in qualitative research is sub-

jective, the consideration of validity gains importance. Interests, perceptions,

observations, knowledge, and critical faculties of the evaluator play a role in the

study. In order to enlighten the potential in�uence on study results, evaluators
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should report their backgrounds in the research documents [5]. The author of

this thesis study is an electrical and electronics engineering graduate and has

more than 3 years of software testing experience within the organization where

the action research was conducted. He has developed over 20 software testing

simulators in 4 di�erent projects and has used these products for testing embed-

ded software.

Five other strategies are suggested in [5] to further ensure validity. These

are, collecting rich data, paying attention to puzzles, triangulation, feedback

or member checking and searching for discrepant evidence and negative cases.

Four di�erent types of triangulation are described in [6]. These are data (source)

triangulation, observer triangulation, methodological triangulation and theory

triangulation.

Rich data are detailed and varied data those enlighten the whole situation. It

prevents researcher from seeing only clues those support his or her prejudices

and expectations [5]. In the present study, measurements regarding implemen-

tation, maintenance and testing e�orts, quality and usability are collected to

see what software product line causes in software development. So, besides its

improvements, negative characteristic of such an approach will be visible. This

study further utilizes data triangulation in some measurements to increase va-

lidity. Same data is collected in many di�erent development projects to increase

robustness. Finally, discrepant data and negative cases are sought in the study

in order to �gure out important defects that forces particular interpretations or

explanations.

3.1.2 Outline of the Study

Basically, any action research practice comprises the actions of diagnosing and

treatment. More particularly these actions are de�ned in a �ve stage process (di-

agnosing, action planning, action taking, evaluating and specify learning) which

begins after the establishment of client-system infrastructure. This thesis study

generally adheres to the action research approach and the aforementioned stages
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are performed thoroughly [7].

First the client-system infrastructure is established informally with the manage-

ment. The management was persuaded with the expectation of improvement in

software development of software testing products. Author is well accepted as

a researcher. Other employees of software testing department were employed as

the participants of the research with a limited involvement. They participated

in interviews and small sized experiments.

In the diagnosis stage, problems within the software development e�orts were

determined and these challenges speci�ed the source of the organization's mo-

tivation for change. These problems are described in Section 3.3. Later, for

the action planning stage researchers and practitioners collaboratively speci�ed

the actions to perform in order to solve the primary problems. The action con-

cerned the adoption of software product line approach in software development

which was a tremendous engagement that also includes some risks. Fortunately,

a legacy-system COBALT was suitable for composing the reusable asset base

and reference architecture. The change is expected to lead to a future state of

improved development with fewer challenges.

After performing the actions described in Chapter 4 in detail, results of the

qualitative investigations are evaluated. Details of the collected data are pre-

sented in Chapter 5 and they are evaluated in Chapter 6.

The knowledge gained by the organization through the investigation of changing

the process will lead to the restructuring of organizational norms.
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3.2 REWIS Software Testing Process

3.2.1 Overview

ASELSAN is the leading defense industry company of Turkey developing state

of the art land, air, naval and space electronic systems and products. Radar,

Electronic Warfare and Intelligence Systems (REWIS) division of ASELSAN de-

signs, develops and produces high technology military radar systems, Electronic

Warfare Self Protection Systems, Electronic Support and Attack Systems and

their sub-systems [63]. These products are developed according to customer re-

quirements and usually composed of several sub-systems including complicated

hardware and software components. Software components of the systems are

called computer software con�guration item (CSCI) and hardware components

are called the hardware con�guration item (HWCI) [64]. CSCIs vary from em-

bedded software running on real time operating systems to JAVA applications

including complex graphical user interfaces.

Software is an important part of products in REWIS. Software development

is carried out by 65-70 developers. Software testing is performed by an inde-

pendent group of software test engineers. Testers constitute a smaller part of

the organization with 9 sta�s. Each REWIS product is required to be tested

carefully to ensure high quality and customer satisfaction. Because of the prod-

uct diversity and the high testing e�ort costs of their complicated structures, a

need for continuous technology improvements in software testing emerges. Next

section describes the method and scope of the REWIS software testing e�orts.

Later, the encountered problems with the software testing are discussed.

3.2.2 Test Method and Scope

REWIS Test Engineering Department performs functional requirement based

software tests which is called black-box testing. Unlike structural testing (white-

box), in black-box testing the speci�ed behavior of the software is tested without

any knowledge about the program code. This method is also called as speci�ca-
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tion based, behavioral, and responsibility-based testing [65].

REWIS uses V development process model in software development. As seen in

a simpli�ed model shown in 3.1, it de�nes test levels by determining which test

activity to perform at each development step [13].

Figure 3.1: V-model [13]

In V-model main test levels are unit test, integration test and system test.

Unit Test: A component, method, or class maybe the unit under test. Actually

each implemented unit should be unit tested. The unit test validates a unit

against its speci�ed requirement which is the input/output behavior of that

unit. In REWIS, the programmer of the unit performs the unit test.

Integration Test: Units that have passed the unit test, constitute a con�guration

which is speci�ed in the architecture. The integration test validates the behavior

of these units when they come together according to the reference architecture.

System Test: The system test is performed in order to validate the behavior

of the system according to the system requirements speci�cation. REWIS test

engineering department performs the system level tests of the software products.
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3.2.3 Software Development in the Software Testing Process

3.2.3.1 Software Testing Simulator

A software testing simulator is the software that is developed and used for the

testing of other software. Software requirements of the REWIS products usually

comprise electrical messaging scenarios which is only visible by creating and us-

ing simulators of other units. These messages are transmitted between di�erent

CSCI and HWCIs via interfaces like serial channel, Ethernet, PCI-Express and

MIL-STD-1553. According to the con�guration and state of the unit, the trans-

mitted messages and their parameters change. The simulators are developed by

software test engineers to control the messaging to verify these kinds of software

requirements. An overview of the software testing simulators is given in Figure

3.2.

Figure 3.2: Software testing simulators overview
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3.2.3.2 The E�ort Required for Simulator Development

In general software testing e�orts includes test case derivation from require-

ments, simulator development, performing the tests and generating the test

reports. Simulator development constitutes a signi�cant part of the overall

e�ort. Simulator development covers the complete steps of software develop-

ment process as requirements speci�cation, design, implementation, testing and

maintenance. The requirements of the software under test and communication

interface speci�cations determine the requirements of the simulators. After the

implementation of the simulator according to a convenient design, the simulator

is also tested with the black box approach. And as in any software development

process maintenance is required to keep simulator up-to-date. Furthermore,

usually testing of a CSCI requires more than one simulator to be developed.

3.2.3.3 Software Testing Simulators Product Portfolio

In general, software testing simulators product portfolio includes products that

do the following:

• Send and receive messages from a communication interface

• Record the properties and parameters of the received and sent messages in a

speci�ed location

• Include a user interface to change the parameters of the messages to be sent

• Display the sent and received messages

The type of communication interface and the real-time working speci�cations

create a variation in the type of the simulators. The simulators are developed

with di�erent programming languages (Java, C#, C++) and for di�erent oper-

ating systems (Windows, VxWorks) and platforms (Embedded systems, PC).

When a graphical user interface (GUI) is needed or the messaging doesn't need

to be real-time; a PC simulator is developed with Java or C# according to

developer's preference. However, when high frequency messaging in orders of

millisecond is required, then C++ is used to develop an embedded simulator for

real-time operating systems. Sometimes the type of the implemented interface
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requires embedded programming (e.g. PCIe, message queue). Also, when test

automation is in question, the simulator needs to be compatible with the test

automation tools. Actually, a full set of requirements for an individual simulator

product is determined being speci�c to project that the simulator is used for.

3.3 Problems with Simulator Development E�orts

Previously, traditional single system development (SSD) approach was used in

software development. In this approach each product is developed separately

with an opportunistic reuse method.

The following problems and challenges were seen in the context of test engineer-

ing department's simulator development e�orts. This observation is based on

three years software test engineering experience of the author and well accepted

by department management.

3.3.1 E�ort Overload

The similarity between di�erent products reveals the consideration of e�ort over-

load in many aspects. Redundant e�ort is spent for the design, implementation,

testing and maintenance of the software those have very similar requirements

but discrete development life-cycles like single system development.

Single system approach leads to diverse technological platform and code style

where each developer works independent of each other. After some period team-

work of simulator development becomes troublesome. Also the maintenance of

the software becomes very hard to be performed by a di�erent engineer than its

developer.

Besides, di�culty of the new technology insertion becomes troublesome with

the conventional development methods. Diverse technological platform and code

style causes to redundant e�ort by developing the same new features separately

for di�erent products.
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E�ort assessment

Measuring the e�ort spent for the development of a software asset is relatively

simple. Time required to create source codes, perform a maintenance task and

execute the software tests shall be measured in units of man-hour.

3.3.2 Demand for Higher Product Quality

Higher product quality is essential because �nal products are used for the testing

of the other software products. When an incompatibility is identi�ed in the

tests, it is probable to have originated from the testing software. Reporting these

kinds of defects in the software leads to redundant e�ort both for developers and

testers. Thus, defects in the simulators lead to delays in the overall development

process.

Quality assessment

Defect density rate is a metric to measure software quality. The number of

defects in the simulators those emerge during the simulator tests can be divided

to project size to measure defect density rate and product quality. Another

quality indicator is customer satisfaction that shall be evaluated by interviews

and questionnaires. Furthermore, Chidamber and Kemerer's metrics suite shall

be used to measure software product quality. Since CK metrics are code based,

they shall be measured by using a tool that analyzes the compiled bytecode �les.

Finally, in order to assess the maintainability of the software, maintenance e�ort

shall be utilized.

3.3.3 Heterogeneous Look-and-Feel

User interface consistency is an important factor of usability of developed sim-

ulators. There is a demand for the high usability of the simulators and this can

be ensured by a common and well accepted graphical user interface. However
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it is not ensured with conventional methods. Not always the developer of the

simulator uses it for the software testes but sometimes other test engineers and

even system and software engineers need these simulators. Then usability and

homogeneous look-and-feel gain importance.

Usability assessment

It is not easy to measure usability property; however standardized question-

naires like SUS [55] are useful to make usability assessments. Also, interviews

and questionnaires those are speci�c to the current setting shall be applied to

provide quantitative data for the research.

3.3.4 Low Reusability

Reuse level is not very high with the traditional development methods. Con-

ventional reuse e�orts are limited to reuse of source codes by copy-pasting in a

non-systematic way. However, requirement, code and test assets for the simula-

tors are estimated to have high potential for large-scale reuse.

Reuse assessment

Reuse rate is the size of reused assets divided by the total assets. Reuse rate

can be measured in the requirements, code and test assets. When source code

level reuse is the subject, the most suggested size measurement metric is non-

comment source line of code (SLOC) [56]. Source code level reuse shall measured

by dividing reused SLOC by total SLOC.

Similarly, requirements level reuse shall be measured by dividing reused require-

ment count by total requirements count.

Finally, test level reuse shall be measured by dividing reused test case count

by total test case count.
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3.3.5 Summary

Problems with the simulator development e�orts of test engineering department

are determined as e�ort overload, demand for higher product quality, heteroge-

neous look-and-feel and low reusability. As given in Chapter 2 - Literature Re-

view, software product lines enable improvements in quality, usability, reusabil-

ity and e�ort reduction areas. A series of measurements will be taken in order

to show the amount of improvements enabled by adopting SPL in the context

of this thesis work. Table 3.1 gives the problems and related metrics to be mea-

sured for examining the consequences of the SPL adoption. Details of how and

under which conditions the measurements are taken and their results are given

in Chapter 5.

Table3.1: Problems with the Simulator Development Ef-

forts and Related Metrics

Problem Metric

E�ort Overload Implementation e�ort

Maintenance e�ort

Testing e�ort

Demand for higher product quality Defect density rate

Average LCOM

Average CBO

Average DIT

Average NOC

Average WMC

Maintenance e�ort

Customer satisfaction

Heterogeneous look-and-feel Customer satisfaction

Low reusability Source code reuse rate

Requirements reuse rate

Test case reuse rate
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CHAPTER 4

IMPROVING SOFTWARE DEVELOPMENT

The problems listed in the Section 3.3 are the main reasons for SPL adoption

in software testing. In the past, some improvement e�orts for the simulator

development have been carried out. In the next section, these e�orts will be ex-

plained. Later, software testing simulators software product line will be de�ned

in details. Finally, some improvements will be applied to the STS-SPL.

4.1 Previous Improvement E�orts

Previously an infrastructure for the simulator development has been established.

It is called COBALT (Communication Basics Library for Testing) framework

and used in over 50 simulator development projects. The main motivation for

the development of the COBALT framework was to increase the reuse level of

common software assets in individual products. Thus, it provided most of the

reusable software assets and reference architecture of the STS-SPL.

4.1.1 COBALT Framework Overview

COBALT framework is an infrastructure that has been locally developed in

ASELSAN, not formally documented, and is used in the development of simula-

tors. This is the legacy system that constitutes the basis of the software testing

simulators software product line. It is mainly composed of three main abstract

parts:
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• GUI components (CNodeExplorer, LoggerTable)

• Data parser/generator

• Data tree representation

An important task of the simulators is to send and receive messages from a

speci�c communication interface. The structure of the messages is di�erent for

each product. COBALT represents messages with data trees in a composite

structure. Developer generates the message classes by using the infrastructure

and the infrastructure carries out the display and serialization/deserialization

tasks. COBALT takes the communication library's output and input streams

and enables the transfer of messages over this channel. Data parser reads the

bytes from the input stream and generates the message objects. Data generator

transforms the message object into a byte array and sends it over the output

stream. CNodeExplorer displays the contents of a message with data tree rep-

resentation. It also enables user to change any parameter of that message on

runtime. LoggerTable is a list that is used to display the sent and received

message's name, source and time stamp.

COBALT framework was developed for traditional opportunistic reuse in simu-

lator development and began to be used by a few sta�. Later, COBALT users

increased and it is used widely by many software testers. We believe that it

increased the software reuse level and development e�ciency but there are no

qualitative measurements to prove that. With the adoption of an SPL approach

the improvements are assumed to be increase and the problems depicted in Sec-

tion 3.3 are assumed to be addressed.

In the next section, usage of COBALT framework in software development will

be extended to an SPL approach and will be de�ned in details.

34



4.2 Introduction to Software Testing Simulators Software Product

Line (STS-SPL)

This section describes the SPL adoption process by extending the existing infras-

tructure to be coherent with the SPL approach. COBALT framework already

includes a business-centric, reference architecture and two-life-cycle approach

but these aspects haven't been de�ned explicitly so far.

Fundamental concepts of product line engineering are: variability management,

business-centric development, architectural-centric development and two-life cy-

cle approach [2]. There exist a reference architecture re�ecting the generic design

of the simulators, common software assets and a development approach similar

to SPL's two-life cycle approach. However, variability is not managed explicitly.

4.2.1 Business-Centric

4.2.1.1 Short and Long Term Strategy of the Business

The characteristic of the market in this work is so di�erent than the other ex-

amples described in the literature. Software developers are also the customer of

the product. The market and the product portfolio are well de�ned because the

requirements and the needs of the customer is determined by the developer. On

the other hand, although there is not any real competition for the market, de-

velopers should compete with themselves to overcome the demand for producing

higher quality products in less time. With the improved simulator development,

overall software testing can be performed more e�ciently and e�ectively.

The domain is quite suitable for SPL adoption because of the product variability

and the commonalities among di�erent products. Short time strategy of the

business is to adopt SPL approach for the product portfolio described in the

next section. In long term, applying continuous domain potential analysis, new

domains will be searched and majority of the simulators used for software testing

e�orts will be developed by SPL infrastructure.
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4.2.1.2 SPL Product Portfolio

General product portfolio of the simulators required for the software testing

e�orts is quite wide as described in Section 3.2.3.3. However SPL adoption

will cover a subset of this portfolio. SPL product portfolio is restricted to Java

products.

4.2.2 Software Testing Simulators Software Product Line Require-

ments Speci�cation

STS-SPL requirements are given in Table 4.1. In order to represent variability

in requirements, labels are attached on each entry. These labels specify the

variation dependencies and constraint dependencies.

4.2.2.1 Variability Dependencies

Meanings of the variability dependency labels are as follows:

<Mandatory>: Mandatory requirement that has to reside in every product

<VP(X)_Option(N)>: N. option of variation point X. It can be reused in appli-

cations optionally.

<VP(X)_Alternative(N)>: N. alternative of variation point X. Application en-

gineer chooses one of the alternative variants.

4.2.2.2 Constraint Dependencies

Meanings of the constraint dependency labels are as follows:

<VP(X)_Option(N):Requires_VP(Y)_Option(M)>: If there are constraint de-

pendencies they are stated after the variability dependencies. This label states

that N. option of variation point X requires M. option of variation point Y.

<VP(X)_Option(N):Excludes_VP(Y)_Option(M)>: This label states that N.
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option of variation point X excludes M. option of variation point Y.

Table4.1: STS SPL Requirements Speci�cation

Id Requirement Test

Level

Data Tree Representation Requirements

SRS-1 <VP1_Option1> Simulator shall receive TBD (to be

de�ned) message over the communication interface.

System

SRS-2 <VP1_Option2> Simulator shall send TBD message

over the communication interface.

System

GUI Requirements

SRS-3 <VP2_Option1> STS-SPL shall include a tree view

that displays all of the �elds of the message classes.

Tree view shall be a GUI component that is developed

with Java Swing toolkit.

System

SRS-4 <VP2_Option1:Requires_VP1_Option2> Tree view

shall let the user of the simulator to change the pa-

rameters of the displayed message to be sent on run-

time.

System

SRS-5 <VP3_Option1> STS-SPL shall include a logger table

that lists the sent and received messages.

Logger table shall be a GUI component that is devel-

oped with Java Swing toolkit.

System

SRS-6 <VP3_Option1> The logger table shall include time

stamp, name and source columns.

An object shall be hold in the memory for each of the

rows of the table.

System

SRS-7 <VP3_Option1:Requires_VP2_Option1> If the re-

lated object of a row is a message class, it shall be

displayed on any tree view when the row is clicked by

the user.

System
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This set of requirements will be extended with asset scoping e�orts that aim to

determine which components must be built for reuse [2]. Details are described

in Section 4.3.1.

4.2.3 Reference Architecture of the Legacy System

COBALT framework has a reference architecture that application engineers

should derive in order to generate application architecture. Architecture is or-

ganized under four layers being similar to the MVC architecture [66]. Each

abstraction layer hides the implementation details from the others. COBALT

includes the components those are included in the user interface and data layers.

Components under the communication and controller layers are developed being

product-speci�c. The Figure 4.1, prepared by the present author as a �rst step

towards documenting the hitherto undocumented COBALT architecture, shows

an overview of the architecture. The arrows indicate the data �ow direction.

On the communication layer, communication standards like Ethernet, serial

channel and MIL-STD-1553 are implemented. The data transfer between the

data layer is enabled with the input and output streams. Data layer gets the

input and output streams from the communication layer and sends messages

regardless of the implementation details of the communication layer.

Message classes are implemented in the data layer. The structures of the mes-

sages vary in every simulator so the exact de�nition of the message classes are

done by application engineers. Data tree representation (DTR) enables mes-

sage classes to be represented in a composite structure. When the user de�nes

message classes with the DTR, the message parser and generator functions are

adopted automatically. When CSAbstractComposite class is inherited, sub-

classes become serializable. To enable this, application engineer composes the

instance variables of the message class with the COBALT wrapper classes and

other CSAbstractComposite classes. Here, the use of inheritance adaptation

mechanism leads to a variation point.

COBALT includes the logger table and tree view components at the user inter-
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Figure 4.1: An overview of the legacy STS-SPL architecture

face level. These components are developed with the Java Swing library and can

be reused at the development of GUI. Tree view enables data tree representation

to be viewed and changed by the user at the runtime. Logger table is a table

component that stores the sent and received messages. Each logger table can
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hold a reference to a related tree view. When the user clicks a row on the logger

table, the related message is displayed on the tree view.

The controller layer is similar to the MVC architecture's controller. It changes

the state of the data layer and view's presentation of the model. It starts and

stops the communication, includes the message listeners and controls functions

like logging. Controller is developed by application engineers.

4.2.3.1 Variability Model

Explicitly managed variability is an essential concept of any SPL e�ort. The

reference architecture of the STS-SPL is compatible with all of the variation

points. STS-SPL requirements are also created being competible with the vari-

ation points described here. Variability is represented in the requirements with

variability and constraint dependency labels. There are three variation points

represented in the requirements.

Normally a speci�c product includes requirements like �The Simulator shall send

and receive Parameters Message to/from the communication interface�. In do-

main requirements, one choice is to include a requirement for each of the possible

messages and make these requirements optional. However this is impossible be-

cause of the in�nite number of possible message con�gurations. Thus, SRS-1

and SRS-2 cover all of these requirements by specifying a generic message name

TBD. This results in variation point 1 as shown in 4.2.

Application engineers develop each variant (message classes) by inheriting the

DTR infrastructure of COBALT. GUI requirements are optional, because if the

test process is automated, GUI may not be used. For instance when Fitnesse

tool is used to automate the testing, HTML pages replace the GUI. Simulator

code and HTML pages communicate via �xtures which have to be product

speci�c. Tree view component is the only optional variant for the variation

point-2 (Message display by) and logger table is the only optional variant for

the the variation point-3 (Log display by).

There are di�erent approaches for representing variability. Applying the graph-
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ical notation described in [13] the Figure 4.2, 4.3 and 4.4 are derived:

Figure 4.2: Variation point 1 - Message classes

Figure 4.3: Variation point 2 - Message display by

4.2.4 Two-Life-Cycle Approach and Organization

Software development process of test engineering department is similar to the

SPL's process approach. There are separate life-cycles of domain and applica-

tion engineering which is a key characteristic of the SPL engineering. Domain

engineering is responsible of the development of reusable assets organized under
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Figure 4.4: Variation point 3 - Log display by

COBALT framework. Domain requirements engineering, domain design, domain

realization and domain testing is performed by domain engineers. Application

engineering focuses on the development of the �nal products and gives feedback

to domain engineering. They perform application requirements engineering, de-

sign, realization and testing activities.

Software test engineering department in ASELSAN consist of 9 sta� comprising

the entire SPL organization. The organizational structure is product-oriented

where organization is distributed over domain and application engineering units

[2]. There is a domain engineering unit and several application engineering units.

Because the organization is very small, usually all application engineering activ-

ities of a product are performed by a single application engineer who is regarded

as the customer of the Domain Engineering Unit for this speci�c product. After

the development of the simulator, it is used for the software testing of a CSCI

which is another software. All domain engineering activities including product

and asset management are performed by a small group of domain engineers and

there is not a clear distinction of responsibilities among them. Actually domain

engineers also need to perform application engineering activities and thereby

become the customer of the product which helps them to quickly respond to the

needs of domain and customer. There is not any communication based problem

which is usually encountered in large organizations. Figure 4.5 shows the roles
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Figure 4.5: Roles and responsibilities

and their responsibilities in the organization.

4.2.5 FEF Evaluation

Up to now, an SPL initiation is enabled and FEF evaluation will be used to �nd

out the maturity of the SPL and what have to be done to improve it.

The purpose of the Family Evaluation Framework (FEF) is to assess the e�ec-

tiveness of the software product line engineering e�orts of companies. There

are four concerns of FEF evaluation: Business, architecture, organization and

process. There are certain evaluation aspects for each dimension [67]. Business,

architecture and organisation dimensions are evaluated in the context of this

thesis work by the author and REWIS Software testing team leader approved

the evaluation results. In 2012, ASELSAN was evaluated at CMMI level 3 and

this information is referenced in the process dimension of the evaluation.

FEF evaluation result is a pro�le that includes four values for each one of the

BAPO dimensions. Each evaluation value is formed in �ve levels determining
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the maturity of related dimension.

4.2.5.1 Business Dimension � Level 1

Business dimension of FEF evaluation deals with the business issues that are

unique to SPL organizations including investment decisions, measuring the costs

and pro�ts of SPL engineering and funding of domain engineering [2].

Sales, marketing, product management involvement. This aspect measures the

level of involvement that marketing, sales and product management perform in

SPL. In our case software test engineering team constitutes the entire SPL orga-

nization. Thus, there are not sales or marketing departments in the organization.

Management is not aware of the opportunities of SPL.

This aspect is evaluated at level 1: Project based.

Budgeting and investment. There aren't speci�c budgets for domain and ap-

plication engineering. Also there isn't any investment to generate a reusable

asset repository.

This aspect is evaluated at level 1: Project based.

Vision and business objectives. Top management encourages any reuse and

technology improvement e�orts. Development of COBALT framework was also

supported but hasn't been incorporated in the organization's vision and business

objectives. There is not a de�ned SPL strategy of the organization.

This aspect is evaluated at level 2: Aware.

Strategic planning. There are not roadmaps for domain and application en-

gineering. Application engineering uses the outcome of domain engineering in

an opportunistic way.

This aspect is evaluated at level 2: Aware.
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Combining the results, software testing department is evaluated at level 1 (project

based) in the business dimension.

4.2.5.2 Architecture Dimension � Level 3

The Architecture dimension deals with the technical aspects of the product line

development.

Asset reuse level. There is a collection of common assets but there is a lack

of variants for the variable parts.

This aspect is evaluated at level 3: Software Platform.

Software product family architecture. There is a reference product line architec-

ture containing common rules, and determining the use of the common platform.

Reference architecture and components are developed in-house.

This aspect is evaluated at level 3: Software Platform.

Variability management. The reference architecture incorporates explicit varia-

tion points but doesn't determine rules for them to obey.

This aspect is evaluated at level 3: Software Platform.

Combining the results, software testing department is evaluated at level 3 (Soft-

ware Platform) in the architecture dimension.

4.2.5.3 Process Dimension� Level 3

ASELSAN is at CMMI level 3.
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4.2.5.4 Organization Dimension� Level 2

The organization dimension deals with the how e�ective the distribution of do-

main and application engineering over the organization performed.

Roles and responsibilities. Domain and application engineering roles are apart.

However, major role in software development belongs to application engineering

and there are not coordination roles between domain and application engineer-

ing.

This aspect is evaluated at level 3: Weakly connected.

Structure. Domain and application engineering have project-oriented structure

and there is a separate domain-engineering project (COBALT framework).

This aspect is evaluated at level 3: Weakly connected.

Collaboration schemes. Collaboration is not document based but based on ne-

gotiations and information sharing.

This aspect is evaluated at level 2: Reuse.

Combining the results, software testing department is evaluated at level 2 (Re-

use) in the organization dimension.

4.2.5.5 Results

REWIS test engineering department FEF evaluation results are shown in Figure

4.6:

4.3 Improving Software Testing Simulators Software Product Line

The improvement e�orts described under this section have been undertaken

exclusively by the author in the context of the present thesis work. The results
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Figure 4.6: FEF evaluation results

of the overall SPL adoption process will be measured in Chapter 5 and evaluated

in Chapter 6.

4.3.1 Asset Scoping

Legacy system was mainly focused on the commonalities between products. As-

set base mostly included most common components and the number of variants

wasn't satisfactory. With the asset scoping activity, the number of components

included in the product line infrastructure is intended to be increased. Besides

the common assets, the number of the variants is increased with asset scoping.

As a rule of thumb, the feature that is expected to be used in at least 3 di�erent

products is included in the product line infrastructure.

In this context, two variations of the component that implements the communi-

cation interface is developed. These are the serial and Ethernet communication
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components. Application engineer chooses and reuses the components by inher-

itance. This leads to a variation point of communication type as depicted in

Figure 4.7: Two requirements are added with the arrival of the new variation

Figure 4.7: Variation point 4 - Communication by

point. Additional requirements SRS-8 and SRS-9 are given in Table 4.2.

Table4.2: Additional Requirements Related with the

Variation Point-4

Id Requirement Test

Level

Communication Requirements

SRS-8 <VP4_Alternative1> The messages shall be sent and

received over serial channel interface.

System

SRS-9 <VP4_Alternative2> The messages shall be sent and

received over Ethernet interface.

System

4.3.2 Creating Test Assets

The variability explicitly de�ned in the requirements is used to create system

level test asset base to be reused for the application testing.
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All system tests are performed by application engineers because the number of

product variants is so much. Application engineers should derive application

test case scenarios from the domain test case scenarios. Also other simulators

may be required to verify the messaging requirements of the tested simulator.

The following domain test cases are derived from the SPL requirements:

Domain Test Case Scenario -1

Addressed Requirements: SRS-1, SRS-3, SRS-5, SRS-6, SRS- 7, SRS-8, SRS-9

Test Procedure:

1. <VP4_Alternative1> Connect the simulator to the serial channel. [SRS-8]

2. <VP4_Alternative2> Connect the simulator to the Ethernet interface. [SRS-

9]

3. <VP1_Option1> Send all of the messages to the simulator sequentially.

<VP3_Option1> Verify that the received messages are listed in the logger table

in the correct order and with the correct name and time stamp information.

[SRS-5]

<VP3_Option1> Verify that there exist time, name and source columns on the

table.[SRS-6]

4. Click to each row on the logger table.

<VP2_Option1&VP3_Option1> Verify that the related message is displayed on

the tree view. [SRS-3, SRS-7]

<VP1_Option1> Verify that all of the parameters of the received messages are in

correct order and value. [SRS-1]

Domain Test Case Scenario -2

Addressed Requirements: SRS-2, SRS-4, SRS-5

Test Procedure:

1. <VP4_Alternative1> Connect the simulator to the serial channel.

2. <VP4_Alternative2> Connect the simulator to the Ethernet interface.

3. <VP1_Option2& VP2_Option1> Display and change all of the parameters of

the sent messages. [SRS-4]

4. Send all of the messages from the communication interface sequentially.

<VP1_Option2> Verify that all of the parameters of the messages are sent in a
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correct order and with the correct value. [SRS-2]

<VP3_Option1> Verify that the sent messages are listed in the logger table in the

correct order and with the correct name and time stamp information. [SRS-5]

Example. The following example illustrates how requirements of a speci�c

application are determined and how application test case scenarios are derived.

The requirements of a sample project are derived from the domain requirements

set. First, all mandatory requirements in the domain requirements set are taken

to application requirements (There is not any mandatory requirement in this

case). Later, all of the optional requirements are included in the application

requirements. TBD expression is replaced with the Parmaters and Response

names in SRS-1 and SRS-2 respectively. Then, alternative-2 variant is selected

from the alternative requirements. Finally, product speci�c requirement SRS-10

is added to the requirement set.

Table4.3: Example Product Requirements Speci�cation

Id Requirement Test

Level

Data Tree Representation Requirements

SRS-1 <VP1_Option1> Simulator shall receive Parameters

message over the communication interface.

System

SRS-2 <VP1_Option2> Simulator shall sendResponse mes-

sage over the communication interface.

System

GUI Requirements

SRS-3 <VP2_Option1> STS-SPL shall include a tree view

that displays all of the �elds of the message classes.

Tree view shall be a GUI component that is developed

with Java Swing toolkit.

System

Continued on next page
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Table 4.3 � Continued from previous page

Id Requirement Test

Level

SRS-4 <VP2_Option1:Requires_VP1_Option2> Tree view

shall let the user of the simulator to change the pa-

rameters of the displayed message to be sent on run-

time.

System

SRS-5 <VP3_Option1> STS-SPL shall include a logger table

that lists the sent and received messages.

Logger table shall be a GUI component that is devel-

oped with Java Swing toolkit.

System

SRS-6 <VP3_Option1> The logger table shall include time

stamp, name and source columns.

An object shall be hold in the memory for each of the

rows of the table.

System

SRS-7 <VP3_Option1:Requires_VP2_Option1> If the re-

lated object of a row is a message class, it shall be

displayed on any tree view when the row is clicked by

the user.

System

Communication Requirements

SRS-9 <VP4_Alternative2> The messages shall be sent and

received over Ethernet interface.

System

SRS-10 <ProductSpecific> Simulator shall send Response

message automatically as a response to the Param-

eters message.

System

After generating the requirements for the product, application test case scenar-

ios are derived from domain test case scenarios as follows. The labels in the

requirements are used to determine the test cases to be reused. Later, test cases

are developed for the product speci�c requirements. Variability management

labels may be removed after creating application requirements and test case

scenarios.
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Application Test Case Scenario-1

Addressed Requirements: SRS-1, SRS-3, SRS-5, SRS-6, SRS- 7, SRS-9

Test Procedure:

1. <VP4_Alternative2> Connect the simulator to the Ethernet interface. [SRS-

9]

2. <VP1_Option1> Send all of the messages to the simulator sequentially.

<VP3_Option1> Verify that the received messages are listed in the logger table

in the correct order and with the correct name and time stamp information.

[SRS-5]

<VP3_Option1> Verify that there exist time, name and source columns on the

table.[SRS-6]

<Product Specific> Verify that Response message is sent automatically as a

response to the Parameters message. [SRS-10]

3. Click to each row on the logger table.

<VP2_Option1&VP3_Option1> Verify that the related message is displayed on

the tree view. [SRS-3, SRS-7]

<VP1_Option1> Verify that all of the parameters of the received messages are in

correct order and value. [SRS-1]

Application Test Case Scenario -2

Addressed Requirements: SRS-2, SRS-4, SRS-5

Test Procedure:

1. <VP4_Alternative2> Connect the simulator to the Ethernet interface.

2. <VP1_Option2&VP2_Option1> Display and change all of the parameters of

the sent messages. [SRS-4]

3. <VP1_Option2> Send all of the messages from the communication interface

sequentially.

<VP1_Option2> Verify that all of the parameters of the messages are sent in a

correct order and with the correct value. [SRS-2]

<VP3_Option1> Verify that the sent messages are listed in the logger table in the

correct order and with the correct name and time stamp information. [SRS-5]
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4.3.2.1 Establishing Traceability between the SPL Assets

One of the most important activities of variability management is establishing

traceability links between reusable assets. This leads to more e�cient and con-

trolled reusability. The complexity of the traceability increases with the number

of requirements and test cases thus it must be managed explicitly. Traceability

is established between the requirements (SRS) and test cases (DTCS) of the

STS-SPL by generating a traceability matrix.

Table4.4: Traceability Matrix between Domain Require-

ments Speci�cation and Domain Test Case Scenarios

Domain SRS Domain Test Case Scenario

SRS-1 DTCS-1

SRS-2 DTCS-2

SRS-3 DTCS-1

SRS-4 DTCS-2

SRS-5 DTCS-1, DTCS-2

SRS-6 DTCS-1

SRS-7 DTCS-1

SRS-8 DTCS-1

SRS-9 DTCS-1
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CHAPTER 5

MEASUREMENTS AND EVALUATION

Results of SPL adoption in test engineering department will be investigated

in two contexts. First, measurements concerning real world practices will be

taken. In this context, data will be acquired from real business performed in

ASELSAN during and before this thesis work. It is di�cult to compare di�er-

ent approaches in this context because it is not a controlled experiment. Thus,

additional measurements were taken in another context which is more controlled.

The products developed with SSD and SPL approaches were compared with

the measurements taken under each context. SPL products were developed

by performing the whole life-cycle of application engineering where all reusable

domain assets were utilized. Domain requirements, source code asset bases, ref-

erence architecture and domain test case scenarios were derived to be reused in

applications. However, SSD products were developed from scratch by avoiding

STS-SPL's infrastructure including reusable source code assets of COBALT. By

this way SPL approach could be compared to development from scratch and the

achievements of SPL adoption in a speci�c industrial setting could be inspected.

5.1 Industrial Experiences

In this context, six simulators those have been used in ASELSAN for the testing

of real software were examined. Due to con�dentiality reasons, names of the

simulators will be suppressed but alias will be used instead. A, B and C simula-

tors were developed with the single system development (SSD) approach and D,
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E and F were developed with software product line SPL approach. Overview of

the simulators used for the measurement in this context are given in Table 5.1.

Table5.1: Overview of the Simulators in Industrial Con-

text

Simulator

Name

Development

Approach

A SSD

B SSD

C SSD

D SPL

E SPL

F SPL

When determining the simulators to be examined in the context of industrial

experiences, the most similar ones were selected. In the assessment of the results

under this topic, it is important to consider the following factors:

• All simulators have similar capabilities.

• All simulators were developed by the same developer but at di�erent times

when he has di�erent level of experience. A, B and C were developed in an

earlier period.

• Message structures are similar.

• A, B, C and D implement serial channel while E and F implement TCP

communication interface.

• A, B and C were developed with C# and D, E and F were developed with

JAVA programming language.

5.1.1 Reuse Rate

Reuse rate was measured by dividing reused SLOC by total SLOC in an indi-

vidual simulator and given in Table 5.2.
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A line of code is considered reused only if it is reused in both three SSD or

SPL projects. In order to calculate reuse level for C# and JAVA source codes a

reuse level calculator tool was developed. The tool parses the source code of a

project and distinguishes the non-comment source line of codes. Then it splits

the source code around matches of the characters '{', '}' and ';'. Then each

split is considered a SLOC unless it starts with the keywords "using", "else",

"break", "get", "set" and "try". Finally the tool counts the reused SLOCs by

checking if that SLOC exists in all of the compared projects.

Table5.2: Reuse Rates of the Simulators in Industrial

Context

Simulator

Name

Source Code Reuse Rate

A 6%

B 14%

C 22%

D 85%

E 89%

F 94%

5.1.2 Implementation E�ort

Implementation e�ort time was measured by taking the overall time required

for the coding of each simulator and given in Table 5.3.
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Table5.3: Implementation E�ort of the Simulators in In-

dustrial Context

Simulator Name LOC Implementation E�ort (ManHour) E�ort/KLOC

A 4161 55 13,2

B 2176 30 13,8

C 951 17 17,9

D 9633 13 1,35

E 9213 8,5 0,92

F 8752 8 0,91

5.1.3 Maintenance E�ort

Quantitative data is not available to measure this metric for the A, B, C, D,

E and F simulators. However, the developer questionnaire given in Appendix

C was �lled by four application engineers those have developed at least three

products with STS-SPL infrastructure. According to the questionnaire, devel-

opers agree that, developing a simulator from scratch is preferable when they

have to maintain it in case of 50% of the requirements are modi�ed and if the

simulator is developed by another developer with single system development ap-

proach. They also strongly disagree that developing a simulator from scratch

is preferable when they have to maintain it in case of 50% of the requirements

are modi�ed or 50% of the messages structures are modi�ed and if the simula-

tor is developed by another developer with software product line approach. A

complete result of the questionnaire is given in Appendix C.

5.1.4 Testing E�ort

Data is not available to measure this metric for the A, B, C, D, E and F simu-

lators.
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5.1.5 Defect Density Rate

Quantitative data is not available to measure this metric for the A, B, C, D,

E and F simulators. However, according to the developer questionnaire given

in Appendix C, developers strongly agree that there is a signi�cant decrease in

error counts with the SPL adoption.

5.1.6 CK Metrics

CK metrics suite provide quantitative data about the quality of the code being

analyzed. However, in the present context, the software being compared do

not implement the same requirements and message structures making strictly

quantitative measurements insigni�cant. Thus, this metric suite was used in the

context of controlled experiments.

5.1.7 Customer Satisfaction

A customer interview was made with 4 software test engineers who have at least

4 years of software testing experience. Each participant has used several STS-

SPL products for their software testing e�orts. Interview questions are given

in Appendix D. Again, quantitative measurements like SUS questionnaire were

avoided because of the di�erences among software being compared in this con-

text.

All of the participants state that STS-SPL products have common look-and-

feel and this leads to improved usability of the products and short learning

periods. Users can intuitively use a new simulator after a few experiences with

the STS-SPL products. A participant also emphasizes the importance of com-

mon look-and-feel in complex software testing setups where several simulators

may be utilized simultaneously.

General customer satisfaction is quite high. Each participant indicates that

STS-SPL products improve e�ectiveness and e�ciency of software testing. The
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main reason for this improvement is considered the improved quality and low

defect density rates of products. A negative criticism about the STS-SPL is the

late response time of new feature requests when they require the modi�cation of

SPL assets. Two participants suggest extending SPL capabilities by continuous

asset scoping activities to improve time-to-market.

5.2 Controlled Experiments

In this context, four simulators were developed in a more controlled environment.

X and Y simulators were developed with the single system development approach

from scratch. Z and Q simulators were developed with SPL approach. Overview

of the simulators used for the measurement in this context are given in Table

5.4.

Table5.4: Overview of the Simulators in Controlled Con-

text

Simulator

Name

Development

Approach

X SSD

Y SSD

Z SPL

Q SPL

In the assessment of the results under this topic, it is important to consider the

following factors:

• All simulators were developed by the same developer in a short period.

• X and Z simulators have the same requirements and message structure but

developed with di�erent approach.

• Y and Q simulators have the same requirements and message structures but

developed with di�erent approach.

• All simulators were developed with JAVA programming language.
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5.2.1 Reuse Rate

Source code level reuse rate of the simulators in controlled experiments context

were calculated using the reuse level calculator tool and given in Table 5.5.

In this context, requirements and test cases reuse rates are also measured by

dividing the number of reused items to the overall number of items. An item

is regarded as reused when it is reused in all of the SSD or SPL products. In

this context reuse improvement is not as much as in industrial context because

of applying opportunistic reuse in SSD. However, average reuse level of SPL is

still signi�cantly higher than the SSD case. Reuse level of product Z is 100%

because all of the requirements of Z is reused in product Q but product Q has

some product speci�c requirements.

Table5.5: Reuse Rates of the Simulators in Controlled

Context

Simulator

Name

Source

Code Reuse

Rate

Requirements

Reuse Rate

Test Cases

Reuse Rate

X 55% 45% 50%

Y 79% 43% 50%

Z 96% 100% 71%

Q 97% 94% 71%

5.2.2 Implementation E�ort

Implementation e�orts for each simulator are given in Table 5.6.
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Table5.6: Implementation E�orts of the Simulators in

Controlled Context

Simulator Name LOC Implementation E�ort (ManHour) E�ort/KLOC

X 2655 11,73 4,42

Y 1627 1,5 0,922

Z 9298 2,58 0,277

Q 9150 0,38 0,042

5.2.3 Maintenance E�ort

In this experiment, the e�ort required to maintain the simulator was measured.

Two application engineers made modi�cations to the simulators X, Y, Z and Q

those were developed by a third developer. Modi�cations were done in terms

of extensions by new message classes and new capabilities. Modi�cations done

to X-Z and Y-Q pairs are just the same. The time required to make each

modi�cation was recorded and given in Table 5.7.

Table5.7: Maintenance E�ort of the Simulators in Con-

trolled Context

Simulator Name Maintenance E�ort of

Developer 1 (min)

Maintenance E�ort of

Developer 2 (min)

X 33 47

Y 29 75

Z 9 30

Q 26 45

5.2.4 Testing E�ort

Time required to create software requirement speci�cation and related system

level test case speci�cation and performing the tests were measured and given

in Table 5.8.
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Table5.8: Testing E�orts of the Simulators in Controlled

Context

Simulator

Name

SRS Cre-

ation E�ort

(min)

Test Case

Creation

E�ort (min)

Testing

E�ort

(min)

X 46 56 60

Y 20 26 100

Z 14 14 100

Q 6 15 60

5.2.5 Defect Density Rate

The number of defects encountered during the system tests of each product

was divided to software size to calculate defect density rate. Software size was

measured by counting the thousand lines of code (KLOC). Results are given in

Table 5.9.

Table5.9: Quality Level of the Simulators in Controlled

Context

Simulator

Name

Defect Count Defect Density

(Defects/KLOC)

X 12 4,5

Y 4 2,45

Z 2 0,215

Q 2 0,218

5.2.6 CK Metrics

CK metrics were measured using ckjm program [68]. All class �les of the com-

piled software were given to the tool and the measurement results for each class

�le were summed up and divided to the �le count to calculate average values
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for each metric. When calculating results for the SPL products, class �les of

the infrastructure were given to the tool with the project speci�c class �les and

average values were calculated for the product. Measurement results are given

in Table 5.10.

Table5.10: Chidamber and Kemerer's Metrics Results

Simulator

Name

WMC DIT NOC CBO RFC LCOM

X 4.45 1.76 0 2.45 16.82 19.47

Y 3.94 1.59 0 2.53 14.81 16.74

Z 6.15 1.21 0.24 3.21 15.59 20.71

Q 6.19 1.18 0.24 3.28 15.61 20.84

The description of how each metric is measured is as follows [69]:

WMC: The complexities of the methods are summed up to measure the weighted

methods per class metric. Instead of calculating the cyclomatic complexity, the

ckjm program assigns 1 to each method's complexity value. Hence, WMC value

is equal to the number of methods of a class.

DIT: Depth of inheritance tree metric of a class is calculated by counting the

levels of inheretance tree from top to the node being measured.

NOC: Number is childeren is calculated by counting the number of immedi-

ate descendants of the class.

CBO: Coupling between object classes is measured by counting the number

of classes coupled to a given class through method calls, �eld accesses, inheri-

tance, arguments, return types, and exceptions.

RFC: Ckjm prgram calculates the response for a class metric by counting the

number of method calls within the class's method bodies instead of calculat-
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ing the transitive closure of the method's call graph. (Transitive closure of the

method's call graph is the set of methods those can be reached through the

method calls of this class or by repeating this for each called method.) This

simplication is suggested in the original (1994) Chidamber and Kemerer de-

scriptions [61].

LCOM: The lack of cohesion in methods is calculated by subtracting the num-

ber of method pairs that access at least one common �eld of the class, from the

number of method pairs that don't share a �eld.

5.2.7 Customer Satisfaction

The end user questionnaire given in Appendix B was given to 3 people to answer

the questions about the usability of the simulators X, Y, Z and Q. In this con-

text, each simulator was developed by the same developer and each participant

evaluated all of the simulators. Results are given in Table 5.11. Average SUS

scores indicate that SPL products' usability is relatively higher than the SSD

products.

Table5.11: Usability of the Simulators in Industrial Con-

text

Development

Approach

Sample Count Average SUS

Score

SSD (X and Y) 6 51

SPL (Z and Q) 6 91
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CHAPTER 6

DISCUSSION AND CONCLUSION

In this study, action research was conducted within ASELSAN, a major de-

fense industry company in Turkey. The aim of the research was inspecting

the consequences of SPL adoption in software testing department for the soft-

ware testing simulators product family. First, the problems with the traditional

single system development approach of the department are reported as e�ort

overload, demand for higher product quality, heterogeneous look-and-feel and

low reusability. Then, SPL adoption is suggested to overcome these challenges

of software development and software testing simulators software product line

is constructed by extending the legacy system COBALT. Short and long term

strategy of the business and SPL product portfolio are de�ned. STS-SPL re-

quirements speci�cation, reference architecture and the variability model are

designated. An initiation of the SPL is enabled by these de�nitions and later

additional improvements of SPL are performed. Applying asset scoping enabled

SPL to extend with two new requirements. Later, a test cases asset base was

created by initially covering all STS-SPL requirements. Applied labeling system

facilitated reusing these domain test case scenarios in application development.

These e�orts and related measurements were carried out in accordance with ac-

tion research methodology.

Consequences of SPL adoption are inspected from the perspective of previously

reported problems with the traditional single system development approach.

Thus, there are four aspects of the assessments: E�ort, quality, look-and-feel

and reusability.
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Measurements show that implementation, maintenance and testing e�orts were

signi�cantly reduced with SPL adoption. E�ort required performing the tests

didn't improve because all products were tested from scratch with SSD testing

approach; however SRS and test case creation e�orts reduced signi�cantly.

Four quality indicators were utilized in this study: Defect density rate, code-

based CK metrics, maintenance e�ort, customer satisfaction. First, decreased

defect density rates indicate highly reliable and of good quality products. Sec-

ond, code based metrics reveal the complexity problem of SPL infrastructure.

CK measurements show that SPL products have relatively high WMC, NOC,

CBO and LCOM values, low DIT values and roughly equal RFC values. Five

metrics are related to complexity and three of them (WMC, CBO and LCOM

values) indicate high complexity which leads to di�cult maintenance and test-

ing. However, most of this complexity comes from the shared components and

it generally complicates the rework and testing e�orts performed by the domain

engineers. Contrarily to other metrics, DIT results indicate low design complex-

ity and roughly equal RFC mean equal complexity. Combining the results, we

can conclude that attention should be given to the high complexity components

and problematic components should be revised. Third, since maintenance e�orts

reduce remarkably, it indicates high maintainability of SPL products. Finally,

applied questionnaires and interviews exhibit high customer satisfaction that is

an indicator of improved quality.

Applied SUS questionnaire and customer interview results show that STS-SPL

products' usability is better and STS-SPL products have common look-and-feel.

Source code, requirement and test case reuse rates increased with the SPL

adoption. Actually it is a natural consequence of any SPL initiative because

the development for reuse is one of the fundamental actions of SPL develop-

ment. Actually, improved reusability enables the previously described bene�ts

of the SPL.
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In conclusion, SPL adoption led to signi�cant e�ort reduction, improved prod-

uct quality, homogenous look-and-feel and improved reusability in the software

development e�orts of software testing department of ASELSAN.

The main challenge of this study was measuring the e�ects of proposed changes

in software development in actual industrial settings due to time and e�ort con-

straints. The process of developing a simulator product for real-world software

testing purposes is a large task and creating lots of them with control sample

pairs in order to make quantitative assessments was not possible in the period

of this study. Hence, two identical product pairs were developed with SSD and

SPL approaches under the controlled experiments context; but other measure-

ments taken within the industrial experiences context were done with control

samples those are analogous in terms of features and message structures but not

identical. Furthermore, using these simulators in software tests and measuring

e�ectiveness and e�ciency of the simulators was not possible because of the

projects' scheduling.

In the short term, a future study can aim to collect quantitative data for the fur-

ther assessment of SPL improvements. In addition, e�ectiveness and e�ciency

measurements shall be taken by investigating the consequences of software test-

ing projects those utilize STS-SPL products.

The improvements of SPL adoption can be expended by creating SPL man-

agement tools. Tool support is an e�cient mechanism for con�guring domain

components to be reused in applications [2]. Thus, SPL management tools may

be created and used for managing reusable assets. Furthermore, STS-SPL can

be extended to incorporate automation abilities for the products. Because au-

tomation is an e�cient way of performing software tests and this can be enabled

by using simulators with automation support.

Finally, SPL testing is an important concern of the SPL adoption process. The

lack of attention given to SPL testing leads it to become the bottleneck of the

entire process. Thus improvements in testing shall be handled as a long term fu-
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ture work especially regarding automated test case generation strategies. There

are signi�cant amount of studies regarding automatic test case derivation strate-

gies in literature [70, 71, 72, 73, 74]. These strategies mostly adopt model-based

testing approach. This approach includes a test model (state charts, activity

diagrams) which is derived from the requirements. Then, test cases are de-

rived from the test model. Most important challenge for model-based testing

in software product lines is the variability management [75]. To deal with the

variability, testing process of an organization may need to be revised compre-

hensively. In industry where SPL concepts are not strictly followed, it is hard

to apply a model-based test case derivation technique [76].
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APPENDIX A

CASE STUDIES OVERVIEW

An overview of the case studies and reported improvements in software devel-

opment achieved with SPL adoption are given in Table A.1.

TableA.1: Case Studies Overview

Nu Company Name Reported Improvements

1 AKVAsmart ASA [2] Code size, Look-and-feel, Maintainability, Integra-

bility, Easier reuse

2 Argon Engineering

[26]

Scheduling, Development cost, Upgade cost, Cost

3 Asea Brown Boveri

(ABB) [13]

Development time , Quality, Cost

4 Boeing [18] Cost

5 CelsiusTech [22, 30] Scheduling, Time-to-market, Productivity, Cost,

Reliability, Competitiveness, Improved reuse, Cus-

tomer satisfaction, Integrability

6 Cummins [9] Time-to-market, Competitiveness, Productivity,

Quality, Customer satisfaction

7 Danfoss Drives [50] Production simplicity, Development e�ciency

8 Deutsche Bank [19] Cost

9 Dialect Solutions [16] Quality, Development e�ciency, Productivity

10 DNV Software [2] Time to market, Quality, Life cycle costs

Continued on next page
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Table A.1 � Continued from previous page

Nu Company Name Reported Improvements

11 E-COM Technology

Ltd. [20]

Cost, Time to market, Productivity

12 Ericsson-axe [48] Adaptability

13 Ericsson-telecom net-

work [42]

Defect count

14 Eurocopter [45] Variability

15 ElWM (E-learning

Web Miner) [43]

Customizability, Quality, Testing cost

16 Fiscan [15] Cost, Time to market, Improved quality

17 General Motors Pow-

ertrain [32]

Time-to-market

18 Hewlett Packard [13,

31]

Labor cost, Defect count, Complexity, Productiv-

ity, Time-to-market

19 HomeAway [47, 44] Performance, Complexity, Testability, Quality,

Time-to-market, Maintenance cost

20 LG Industrial Systems

[13]

Complexity, Function size, Upgrade cost

21 LSI Logic - Engenio

Storage Group [33]

Variability, Time-to-market

22 Lucent Technologies

[23, 13]

Productivity, Reliability, Performance

23 Market Maker Soft-

ware AG [2]

Time-to-market, Maintenance cost, Cost of qual-

ity, Reliability

24 Mondragón Sistemas

de Información (MSI)

[34]

Development time, Product heterogeneity

25 Nokia-Mobile

Browsers [17]

Development e�ciency, Cost, Quality, Developer

satisfaction

26 Nokia Networks [2] Manageability, Improved reuse

Continued on next page
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Table A.1 � Continued from previous page

Nu Company Name Reported Improvements

27 Nortel [27] Cycle time

28 ORisk Consulting [35] Time for changes Quality, Customizability, Com-

petitiveness

29 Overwatch Textron

Systems [29]

Time to market,

30 Philips- PKI telecom-

munications switching

system [36]

Time to market, Improved reuse

31 Philips-High-end Tele-

visions [2]

Reliability, Diversity, Variability

32 Philips Medical Sys-

tems [2]

E�ort, Time-to-market, Defect count, Look-and-

feel, Manageability

33 Raytheon; U. S. Na-

tional Reconnaissance

O�ce [21, 13]

Cost, Time to market, Quality

34 Ricoh

citeKolb:2006:RLC:1133105.1133108

Maintainability, Code size, Complexity

35 Robert Bosch Corp.

[2]

Calibration e�ort, Cost,

36 Rockwell Collins

- Common Army

Avionics System

(CAAS) [11]

Maintenance cost, Documentation cost , Testing

cost, Development time, Development cost, Com-

petitiveness

37 Salion, Inc. [37] Time to market

38 Siemens - Metals

Technologies. [46]

Customer satisfaction

Continued on next page
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Table A.1 � Continued from previous page

Nu Company Name Reported Improvements

39 Siemens - Software for

viewing and quanti-

fying radiological im-

ages [2]

Cycle time, Cost of quality,

40 Siemens Healthcare

(syngo.via) [24]

Look and feel, Quality, Productivity

41 Telvent [2] Competitiveness, Manageability

42 Testo [40] Competitiveness, Diversity, Developer satisfac-

tion, Scheduling, Quality

43 TomTom Automotive

[38]

Time to market

44 Toshiba [25] Productivity

45 U. S. Naval Undersea

Warfare Center [13,

14]

Cost, Development time, Labor cost, Customer

Satisfaction, Competitiveness

46 U. S. Army [39] Development time, Manageability, Complexity

47 U.S. Army Technical

Applications Program

O�ce (TAPO) [11]

Development, maintenance, Integration and Doc-

umentation costs, Development time, Improved

reuse

48 Wikon GmbH [12] Quality, E�ort, Maintenance cost
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APPENDIX B

SUS QUESTIONNAIRE

The following questions are asked to the participant in order to evaluate the

usability of the simulator which is not developed but have been used by the

participant [55].

1. I think that I would like to use this system frequently

2. I found the system unnecessarily complex

3. I thought the system was easy to use

4. I think that I would need the support of a technical person to be able to use

this system

5. I found the various functions in this system were well integrated

6. I thought there was too much inconsistency in this system

7. I would imagine that most people would learn to use this system very quickly

8. I found the system very cumbersome to use

9. I felt very con�dent using the system

10. I needed to learn a lot of things before I could get going with this system

B.1 Scoring SUS

The participant gives a score to each question between 1 (Strongly disagree) and

5 (Strongly agree). For items 1, 3 ,5, 7 and 9 the scale position minus 1 gives

the score contribution and for items 2, 4, 6, 8 and 10; 5 minus the scale position

gives the contribution. Then, sum of the scores is multiplied by 2,5 and overall
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SUS value is obtained. SUS scores range from 0 to 100 [55]. Relatively bigger

score states better usability and end user satisfaction.
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APPENDIX C

STS SPL DEVELOPER QUESTIONNAIRE

The following questions are asked to the 4 participants who have used STS-SPL

infrastructure in the development of at least three products.

(Please give a score between 1-5 to all of the questions where 1 stands for strongly

disagree and 5 stands for strongly agree.)

1. I think that I would like to develop a simulator from scratch when it is

developed by another developer with single system development approach and

I have to maintain it in the case of...

a. 50% of the message structures are modi�ed

b. 50% of the requirements are modi�ed

2. I think that I would like to develop a simulator from scratch when it is

developed by another developer using the STS-SPL infrastructure and I have to

maintain it in the case of...

a. 50% of the message structures are modi�ed

b. 50% of the requirements are modi�ed

3. I think that there is a signi�cant quality improvement (decrease in error

counts) with the SPL adoption.
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C.1 STS-SPL Developer Questionnaire Results

TableC.1: STS-SPL Developer Questionnaire Results

Question

Number

Developer

I Scores

Developer

II Scores

Developer

III Scores

Developer

IV Scores

Average

Scores

1.a. 4 2 2 3 2,75

1.b. 5 4 4 3 4

2.a. 1 2 1 1 1,25

2.b. 1 2 1 2 1,5

3. 4 5 5 5 4,75
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APPENDIX D

CUSTOMER INTERVIEW

The following questions are asked to the participant in order to evaluate the

customer satisfaction.

1. Do you think that SPL products have common look-and-feel? Why com-

mon look-and-feel is important for you?

2. What is your general opinion about STS-SPL? How does it e�ect software

tests' e�ectiveness and e�ciency?

3. Do you have further suggestions to improve STS-SPL?
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