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Abstract of the thesis presented to the Senate of Universiti Putra Malaysia in fulfillment of
the requirement for the degree of Doctor of Philosophy

QUALITY ENHANCEMENT OF SOFTWARE MAINTAINABILITY EVALUATION
MODEL VIA CMMI PROCESS

By
AL-AHMAD HANEEN HASSAN

June 2015

Chairman : Rodziah Atan, Ph.D.
Faculty : Computer Science and Information Technology

The enhancement of software maintenance process is one of the most rapidly growing
concerns for many reasons such as successful delivery of projects and organization
management. Software maintenance companies are reluctant to implement process
improvement models and procedures because of their complex construction and challenging
implementation techniques. It has been observed that the enhancement efforts are based on
process development frameworks which are considered normally for large organizations.
The Capability Maturity Model Integration (CMMI) enables companies and organizations to
enhance presentation and rate the maturity of their level of process. This thesis focuses on
classifying the significant process areas and components for software maintenance
improvement and provides best performance observation for the enhancement process of
which that can be applied in small organizations. The main objective of this study is to
establish a new predictive model by reducing the CMMI level maintenance process
integrated with agent tools. It also aimed to improve the existing model of CMMI for multi
agent system (MAS) in the collaborative software maintenance environment. This thesis
formulated its research objectives through relevant literature and organized reviews of
CMMI and Software Performance Indicator (SPI). The study was developed based on the
CMMI process reports. The investigation of the study was divided into 4 phases based on
objective directions to obtain the results. The new mapping of maturity level process areas
and problems is completed by analyzing CMMI process and specific practices. This research
has obtained a significant finding: the establishment of a new predictive model which
reduces the CMMI level maintenance process, integrated with agent tools for process
enhancement. The conclusions of this study measured the performance of the improved
CMMI maintenance process and defined that the existing CMMI methods for advance
process just provided the controlling principles to succeed the maturity of the software
maintenance process. Finally, the new integrated model based on the proposed components
with software maintenance indicates a high reliability data of 0.82 and Cronbach alpha of
0.94 as an output of questionnaire design according to proposed modification.
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Jun 2015
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Peningkatan proses penyelenggaraan perisian adalah salah satu kebimbangan yang
meningkat naik disebabkan oleh banyak perkara seperti kejayaan penghantaran projek dan
pengurusan organisasi. Syarikat penyelenggaraan perisian enggan melaksanakan model
penambahbaikan proses dan prosedur kerana kaedah implementasi yang kompleks dan
teknik pelaksanaan model yang mencabar. Berdasarkan pemerhatian usaha-usaha
peningkatan adalah berasaskan kepada rangka kerja pembangunan proses yang dianggap
biasa bagi organisasi besar. Model Capability Maturity Model Integration (CMMI)
membolehkan syarikat dan organisasi meningkatkan penampilan dan tahap kadar
kematangan proses. Fokus tesis ini adalah untuk mengklasifikasikan proses penting dan
komponen bagi penambahbaikan proses penyelenggaraan perisian dan menyediakan kaedah
terbaik pemantauan prestasi untuk peningkatan proses yang mampu diaplikasi dalam
organisasi kecil. Objektif utama kajian ini adalah untuk mewujudkan satu model ramalan
baharu dengan mengurangkan proses penyelenggaraan tahap CMMI bersepadu bersama
dengan peralatan ejen. la juga mensasarkan untuk meningkatkan model sediaada CMMI
dengan sistem ejen berbilang (MAS) dalam persekitaran penyelenggaraan perisian
kolaboratif. Objektif tesis ini dirumuskan melalui kajian literatur yang berkaitan dan ulasan
diunjurkan kepada CMMI dan bidang proses prestasi (KPA). Kajian ini telah dibangunkan
berdasarkan laporan proses CMMI. Siasatan kajian telah dibahagikan kepada empat fasa
berdasarkan arah objektif untuk mendapatkan keputusan. Penyesuaian baru tahap
kematangan proses dan masalah diselesaikan dengan menganalisis proses CMMI serta
kaedah amalan yang dilaksanakan. Kajian ini telah menghasilkan satu dapatan penting:

iatu pembangunan sebuah model baharu yang dapat mengurangkan tahap proses
penyelenggaraan bersepadu CMMI menggunakan peralatan ejen yang dicadangkan bagi
peningkatan proses penyelenggaraan. Kesimpulan bagi kajian ini ditakrifkan sebagai
mengukur keber kesanan proses penyelenggaraan CMMI untut bertambah baik dan kaedah
CMMI yang sedia ada untuk proses awalan bagi menyediakan prinsip-prinsip untuk berjaya
mengawal kematangan proses. Akhir sekali, model bersepadu baharu berasaskan komponen
penyelenggaraan perisian berkolaborasi yang dicadangkan menunjukkan kebolehpercayaan
data yang tinggi sebanyak 0.82 dan Cronbach alpha sebanyak 0.94 dari output reka bentuk
soal selidik validasi mengikut cadangan pengubahsuaian.
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CHAPTER 1

INTRODUCTION

1.0 Introduction

Software Maintenance (SM) is of great importance to organizations mainly because
organizations depend on how quickly and reliably the software can be changed to
meet the ever changing business environment (Bennet & Rajlich, 2000). In order to
survive the stiff competition of modern business, software systems and their
respective maintenance activates should be incorporated with a current enhanced
method for better execution. In recent years, there has been a trend for the software
industry to improve system development processes following methodologies, best
practices and standards recognized in the market. Different methods exist which are
used to manage software change such as software maintenance, architectural alteration
and software engineering (April & Abran, 2012).

Software maintenance in software engineering is the modification of a software
product after delivery to correct faults, to improve performance or other attributes
including non-functional software features. The efforts and expenses involved in
maintaining software are considerable and software organizations are demanding
greater effectiveness in the process of maintenance. This study proposes a viable and
effective process improvement model by describing the theoretical framework that is
applied in actual and current organization. The study identifies the problem to be
solved and proposed solution for maintenance activities to be improved within key
process area covered in popular software standard used by many organizations - the
Capability Maturity Model Integration (CMMI) developed by the (SEI) at Carnegie
Mellon University (CMU) mainly covered three software areas which are
development, acquisition and services.

CMMI consists of KPAs that need to be fully considered by companies applying it.
CMMI models provide guidance for developing or improving processes that meet the
business goals of an organization. A CMMI model may also be used as a framework
for appraising the process maturity of the organization. The practices of software
maintenance method studies in this thesis come from a good demonstration,
experience-based software maintenance activities.

The focus of this research is the investigation and analysis of software maintenance
process and models utilized in organizations as portrayed in CMMI KPAs. The study
observed and identified the best approaches needed to improve the performance of
software maintenance process. The study analyzed critically important key process
areas as explained by CMMI, needed in software maintenance activities. The study
classifies the challenges in software maintenance and its associated improvement
based on CMMI; design an appropriate model for third party development using the
categories of maintenance KPAs. Specific goals and practices to be proposed in the
model will be the basis for software development activities which focused on
maintenance phase from every CMMI level. All the component actions needed for
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software process maintenance process improvement will be considered in this study.
Apart of proposing an improvement model to software maintenance activities based
on CMMI, this research also translates the model into an architectural design in a
multi-agent system (MAS) environment.

A multi-agent system (MAS) is a computerized system composed of multiple
interacting intelligent agents within an environment. (Fitzgerald et al., 2007). In
Durfee et al., (1989), MAS is defined as “a loosely coupled network of problem-
solver entities that work together to find answers to problems that are beyond the
individual capabilities or knowledge of each entity”.

Agents are mostly viewed as independent units. These could be in the form of
software programs or robots. Their communication can be either supportive or
detached. This means that, agents are free to share information on a common ground
or decide to independently follow their own interests. This factor that makes it
important to form a general architecture design based on MAS for the proposed
model. The architecture design can then be used multiple times by software
maintainers for different maintenance issues.

Agent properties (Wooldridge & Jennings, 1995) are as follows:

e  Autonomy: agents are independent and operate with obstruction from outside
forces and also have control of their actions and internal state.

e  Social ability: connection between agents is done through some kind of ACL.

e  Reactivity: agents can understand their environment giving them the ability to
respond promptly to changes occurring therein.

o Pro-activeness: More-so, agents can take initiative towards goal achievement.

The robust opinion of agent is the lee way of the weaker idea and supports more on
humanistic, mental properties such as belief, desire, and intention of operations
(Shoham, 1993).

This study is motivated by the actual scenario happened in organizations with weak
management of maintenance process and activities. Without proper maintenance
model to follow, these organizations would not be able to conduct maintenance
activities or answer to request change quickly or within stipulated time.

1.1 Problem Statement

This study is conducted based on problems in the area of software maintenance (SM)
as indicated by other researchers. The three problems are listed, by their respective
researches:

e Itis hard to organize the important SM key process area if the classification of
information was not carried out as to highlight the continuous improvement
process as proposed in CMMI (CMMI Product, 2006).



e The measurements to change request performance indicators defined for SM
processes and activities does not accurately reflect to the process maturity and
the task difficulty (Pesic, 2009).

e Measuring the whole CMMI software maintenance KPAs is time consuming
whereby it is affecting the effectiveness of software maintenance activities (SEI,
2006).

1.2 Research Questions

The following research questions need to be addressed in conjunction with the above
stated problems.

I.  What is the effectiveness of CMMI SM process adapted in five levels of
CMMI?
ii.  How can CMMI software maintenance process be improved?
iii.  How can an agent tool support the maintenance process?

1.3  Research Objectives

There are four main objectives formulated for this research. They are listed as
follows:

I.  To characterize the typical processes of SM and its activities.
ii. To formulate a model of CMMI based on Multi agent system design in
collaborative SM environment.
iii.  To design an agent-based architecture that support the proposed mode
iv.  To analyze the model effectiveness.

1.4 Contribution of the Research

This research contributes to the software management model for CMMI maintenance
process, through the improvement of the CMMI maintenance plan. The deliberated
objectives addressed in this study have been achieved following suit the stated goals
by obtaining the characteristics of the software environment, establishing proposed
enhanced model based on CMMI level, reducing the process layers and incorporate
agent tool design to improve the planning.

This study undertakes steps that are presented by initial measurement of
questionnaires based on actual environment. The measurement carried out shown to
be capable of finding reasonable condition to reduce the CMMI software
maintenance activities compared to current CMMI practices. Effective set of
questionnaire are distributed and CMMI model for maintenance was formulated
accordingly. The proposed model demonstrates inventive steps for maintenance
process plan to be considered in software management and maintenance.



This study is significant for several motivations, which are in the sense of identify
and reporting problems by third party software process developers. The study
highlights the main components and factors for the software process improvement
and provides CMMI-based solutions. It categorizes the critical process aspects of
software maintenance using the proposed model approach in these key areas of
process. It also interprets CMMI-based model for third party software developers’
usages that can assist organizations to attain improved maintenance outcomes and
manage quality software products. These products eventually will run in minimized
effort, time and cost of maintenance. It also helps organizations to improvement their
model for process maintenance based on concrete implementation approach.

1.5 Thesis Organization

Chapter 1 provides the general overview of the theory and application, problem
statement, research objectives, research questions, a list of contributions and thesis
organization associated with this thesis. Capability maturity model integration for
multi agent software system maintenance was studied and its importance is
discussed. Measured data from questionnaire are analyzed in order to gain
knowledge about the typical processes of software management conducts. The
relations of these characteristics with software parameters and questionnaire data are
studied, using statistical properties. The improvement offered by the proposed
models is also listed in this chapter.

Chapter 2 describes the different methods used in software maintenance that are
currently available, which could help the research in modeling the software
maintenance management. Chapter 3 covers descriptions of issues related to the
modeling of the CMMI maintenance process, the MAS architecture framework for
the proposed model that would be used in software maintenance, its measurement
process and some analysis properties are also described in detail. Chapter 4 describes
in detail the questions used as part of model definition, formation and application to
the improved SM and questionnaires for model validation.

The system design and proposed maintenance architecture design using MAS is
described in Chapter 5. Chapter 6 displays the results of the proposed model and its
analysis of evaluation. Chapter 7 ends the thesis with conclusions and
recommendations for future work.
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