
 

  
Abstract—In this paper we investigate the use of multi-

process quality model in the adoption of process improvement 
frameworks. We analyze an improvement effort based on 
multiple process quality models adoption.  At present, there is a 
possibility of a software development organization to adopt 
multi-quality and improvement models in order to remain 
competitive in the IT market place. Various quality models 
emerge to satisfy different improvement objective such as to 
improve capability of models, quality management and serve as 
IT government purpose. The heterogeneity characteristics of 
the models require further research on dealing with multiple 
process models at a time. We discuss on the concept of software 
process and overview on software maintenance and evolution 
which are important elements in the quality models. The 
concepts related to process quality model and improvement 
models are discussed. The research outlined in this paper shows 
that software processes, maintenance, evolution, quality and 
improvement have become really important in software 
engineering. The synergy among the multi-focused process 
quality model is examined with respect to process 
improvement. The research outcome is to determine key 
processes vital to the implementation of multi-process quality 
model. 
 

Index Terms—evolution; maintenance; multi-process quality 
model, process improvement   
 

I. INTRODUCTION 

N  this paper we investigate the use of multi-process 
quality model in the adoption of process improvement 

frameworks.  The improvement effort in a multi model 
environment must be integrated across the quality standards 
and models which are being used in the software projects or 
organizations.    

 
Manuscript received February 29, 2012. This work was supported by 

Universiti Lumpur and Universiti Teknologi Malaysia. 
A. A. Rahman is with the Software Engineering Section, Malaysian 

Institute of Information Technology, Universiti Kuala Lumpur, 1016 Jalan 
Sultan Ismail, 50250 Kuala Lumpur, Malaysia. (Corresponding author: 
phone: 6-012-6846325; e-mail: aedah@miit.unikl.edu.my).  

S. Sahibuddin is with the Advanced Informatics School, Universiti 
Teknologi Malaysia (e-mail: shamsul@utm.my). 

S. Ibrahim is with the Advanced Informatics School, Universiti 
Teknologi Malaysia (e-mail: suhaimiibrahim@utm.my). 

 Our analysis suggests that due to recent awareness in 
quality initiatives, there is a possibility of a software 
development organization to adopt multi-quality and 
improvement model in order to increase their capability and 
maturity level.  Discussion is first made on the concept of 
software process and software evolution is presented. We 
proceed with the concepts related to process quality model 
and improvement models. The research outlined in this 
paper shows that software processes, evolution, quality and 
improvement are primary success factors in software 
engineering. The synergy among the multi-focused process 
quality model is examined with respect to process 
improvement. The research is expected to determine the key 
processes essential to the implementation of multi-process 
quality model. Process quality models which are adopted by 
software development organizations have been proven to 
improve the software development processes at process, 
project, and organization levels [3]-[6], [20]-[21]. 
Organizations also adopt process quality model for 
achieving quality service [9], [10]. 

In this paper, the basic concepts related to software 
processes are firstly discussed. In addition, an overview on 
software evolution is presented. Furthermore, the basic 
concepts related to software process quality and 
improvement models are discussed. The research outlined in 
this paper indicates the importance of software processes 
and the use of quality models to manage software processes. 
This paper presents the discussion on software processes, 
software maintenance and evolution, software quality and 
improvement, and process quality models in Section II. 
Section III discusses about the research method. Section IV 
describes the research results and discussion, followed by 
the conclusion in Section V. The paper aims to determine 
the key processes needed for adoption of multi-process 
quality model.   

II. RELATED RESEARCH 

A. The Concept of Software Processes 

 Software processes are defined as a set of interrelated 
processes in the software development life cycle. A software 
process establishes a framework for managing software 
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development activities. The relations between software 
project and software processes can also be established. 
Variety of software projects emerged today depending on 
many domains such as banking, ICT, medical and others. 
The diversity of software projects require different set of 
software processes. These software processes produce 
software development work deliverables and products which 
comprises of programs, data, and documentation [29].  Most 
researches have realized the relation between good software 
products, software processes and practices. This relation is 
highly required to achieve higher software process maturity 
levels. The adoption of process quality models plays is a key 
quality indicator. The Standard for Information Technology 
– Software Life Cycle Processes in ISO/IEC 12207 Standard 
defines a software process as a set of interrelated activities 
transforming inputs to outputs.  

B. The Concept of Software Maintenance and Evolution 

The need for software change has been tremendously 
increasing due to rapid growth of software development. 
Evolution refers to progressive change in software features 
or attributes. Sommerville [8] defines software evolution as 
“managing the processes of software system change”. He 
divided software change and evolution into three strategies 
which are software maintenance, architectural evolution and 
software re-engineering. His definition of software 
maintenance is stated as modifying a program after it has 
been put into use. According to him, there are three types of 
software maintenance:  

• Corrective - maintenance to repair software faults 
• Adaptive - maintenance to adapt software to 

different operating environment 
• Perfective - maintenance to add or modify system’s 

functionality 
Yang and Ward [7] defines software maintenance as: 
• Modification of software products to correct faults 
• Improve performance or other attributes 
• Adapt the product to a changed environment 
Other researchers who work on software change and 

evolution and their related metrics are Lehman and Ramil  
[23]-[27]. Lehman proposed the Lehman’s Law indicating 
the laws of software evolution of a software system. The 
laws include: continuing change, increasing complexity, self 
regulation, conservation of organizational stability, 
conservation of familiarity, declining quality and feedback 
system. Maintenance phase ensures that the system is 
functioning efficiently and effectively. Maintenance phase is 
only limited to the original implementation of software life 
cycle. Thus, only faults during the initial development are 
fixed. In view of this, we suggest that the “maintenance” is 
replaced with “evolution”. Through software evolution 
software practitioners can perceive into a global view of 
software problems which are highly depending on the rapid 
changing requirements and environment. Software 
maintenance phase does not look into this aspect. Bennet 
and Rajlich [16] in their study proposed five stages which 

are initial development, evolution, servicing, phase-out and 
close-down. 

In summary, the research works on software maintenance 
and evolution outlined above has become very vital in 
software engineering domain. This base of our research is to 
look into the importance of the software processes and their 
evolution, which will lead to the area of software process 
quality, improvement, models and standards.   

C. The Concept of Software Process Quality and 
Improvement 

Process quality and improvement may be applied to any 
discipline. The quality initiatives have emerged as early as 
1931 by Shewart including his further work in [32]. Deming 
[33,34] proposed the cyclic process improvement approach, 
Plan-Do-Check-Act (PDCA). Basili and Rombach [36] have 
redefined the PDCA approach specific for the software 
engineering practices. Each process quality model has its 
own specific focus and direction such as improving the 
software products, services, projects or organization. The 
process quality models are used to assist the organizations to 
evaluate and improve their software development processes 
and capabilities. Humphrey [35] initiated early research 
works on software process improvement which defines the 
initial step towards improving the capabilities of a software 
organization. It started by understanding the current status of 
software development practices. Research on software 
process improvement via the CMM model has been 
performed in [20], [21].   

D. The Process Quality Models 

There are various process quality models emerged today 
including PDCA, Ishikawa, QIP, IDEAL, Software 
Capability Maturity Model (SW-CMM), Capability Maturity 
Model Integration (CMMI), BOOTSTRAP, ISO/IEC 12207, 
ISO/IEC 15504 (formerly known as SPICE), ISO/IEC 
20000, ISO 9000 series and ISO 9126-1. These process 
quality models are used to manage improvement and process 
capability of the software development organizations. 
Among quality experts involved in the quality works are 
Shewart, Deming, Ishikiwa, Basili, Rombach and 
Humphrey.  The list of process quality models are: IDEAL 
Model, CMMI, ISO/IEC 20000, BOOTSTRAP, ISO/IEC 
15504, ISO/IEC 12207, SW-CMM, Shewart Cycle, Plan-
Do-Check-Act (PDCA), Quality Improvement Paradigm 
(QIP) and Trillium Model. 

This paper will focus on reviewing four process quality 
models to determine and compare relevant maintenance 
processes suitable for the integrated multi-process quality 
model. The models are ISO/IEC 12207, ISO/IEC 15504, 
CMMI, and ISO/IEC 20000.  

ISO/IEC 12207 is a reference framework that covers all 
aspect of the software life cycle processes [15]. The 
framework covers acquisition of software systems, products 
and services for the supply, development, operation and 
maintenance of software products and organization. 
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ISO/IEC 12207 describes the architecture of the software 
life cycle o processes. However, the weakness of this 
framework is, it does not indicate how to implement the 
activities and tasks in the processes. The framework can be 
tailored to responsibility of other parties such as the 
maintenance acquirer and supplier. Five main processes in 
ISO/IEC 12207 are Acquisition, Supply, Development, 
Operation, Maintenance and Disposal. Each process consists 
of set of activities. Each activity contains of set of tasks. 
ISO/IEC 12207:2008 Systems and Software Engineering – 
Software Life Cycles consists of 43 systems and software 
processes. The development, maintenance and operation 
processes in ISO/IEC 12207 are related to the context of this 
research which will be discussed in the next section. In 
ISO/IEC 12207 standard, Improvement process under the 
Organizational process class is important to assess, measure, 
control and improve the organizational life-cycle processes. 
Improvement process contains the following activities: 
Process Establishment, Process Assessment and Process 
Improvement. 

 ISO 15504 process quality model is aligned with the 
ISO/IEC 12207. In ISO 15504, the activities in 
Improvement process of ISO/IEC 12207 is described under 
Process Improvement process group (PIM). ISO 15504 is 
described by the authors of Capability Maturity Model 
(CMM), Trillium and BOOTSTRAP process quality models 
as the most comprehensive software process-oriented 
reference model [28]. ISO/IEC 15504 is a process 
improvement and assessment standard originated from a 
special project called SPICE (Software Process 
Improvement and Capability dEtermination). ISO/IEC 
15504 contains the following life cycle processes: Primary, 
Organizational and Supporting [14]. ISO 15504 Part 7: 
“Guide for use in process improvement” has been developed 
and added to existing process reference model and 
assessment model. 15504 Part 7 is developed as 
complementary to the IDEAL improvement model and SW-
CMM.  

CMMI framework describes discrete levels of process 
improvement [4]-[6]. CMMI is a capability map which gives 
description of specific goals and practices that should be 
attained by an organisation in order to achieve a level of 
capability and maturity.  There are various versions of 
CMMI now including CMMI v1.2 which consists of three 
constellations: development (CMMI-DEV v1.2), acquisition 
(CMMI-ACQ v1.2) and services (CMMI-SVC v1.2). Other 
works on CMMI have been analyzed in [3], [22], [19]. 
CMMI has enhanced the assessment approach in 
BOOTSTRAP and ISO 15504 [28], [14]. CMMI staged 
representation uses predefined process areas to define 
improvement path [4], [5]. The CMMI continuous 
representation allows an organization to perform 
improvement work for a selected process [5], based on four 
categories: Process Management (five process areas), 
Project Management (six process areas), Engineering (six 

process areas) and Support (five process areas). The table I 
below presents the processes defined in CMMI staged 
representation. Further work on interpreting CMMI and its 
insights have been performed in [19], [22], [30]. 

 
TABLE I 

PROCESSES IN CMMI  – STAGED APPROACH 
Causal Analysis & Resolution Level 5 

Optimizing Organizational Innovation &  Deployment 
Level 4 
Quantitatively 
Managed 

Quantitative Project Management 

Organizational Process Performance 

Decision Analysis & Resolution 
Integrated Project Management 
Organizational Process Definition 
Organizational Process Focus 
Organizational Training 
Product Integration 
Requirements Development 

Level 3 Defined 
 
 
 
 
 
 
 
 Risk Management 

Technical Solution 
Validation 

 Verification 
Configuration Management 
Measurement & Analysis 
Project Monitoring & Control 
Project Planning  
Process & Product Quality Assurance 
Requirement Management 

Level 2  Managed 
 
 
 
 
 
 Supplier Agreement Management 
Level 1 Initial - 

 
Descriptions on some of other process quality models are: 

Software Capability Maturity Model (SW-CMM) which 
describes the practices for software process maturity and 
assessment [21], [22]; BOOTSTRAP that widened the 
assessment activities scope to the software development 
organizations and their processes, and practices for 
evaluating and improving the quality of the organization, 
project and software development processes. The process 
areas are organization, methodology and technology [28]; 
ISO 9001 which describes a model for quality assurance in 
design, development, production, installing and servicing 
[11]; ISO 9000-3 that describes guidelines for the 
application of ISO 9001 in software development [13]; and 
ISO 9126-1 which describes a model for software product 
quality consisting of six characteristics such as functionality, 
reliability, usability efficiency, maintainability and 
portability [12].  

The process quality model for services has been adopted 
by many organizations such as CMMI–SVC and IT Service 
Management (ISO/IEC 20000). Hochstein, Tamm and 
Brenner [2] discussed about issues on services management 
particularly on the benefit, cost and success factors of 
service oriented IT management. Improvement in service 
oriented IT management context is an important factor. 
ISO/IEC 20000 is the international standard for IT Service 
Management. The two parts of the standards are: ISO/IEC 
20000-1 and ISO/IEC 2000-2 [9], [10]. ISO/IEC 20000 
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framework can be divided into several processes and their 
sub-processes as described below: 

• Service Delivery Processes – Sub-Processes 
(Capacity Management, Availability and Continuity 
Management, Service Level Management, Service 
Reporting, Information Security Management, Budgeting 
and Accounting for IT Services) 

• Resolution Processes – Sub-Processes (Incident 
Management, Problem Management) 

• Release Processes – Sub-Processes (Release 
Management) 

• Control Processes – Sub-Processes (Configuration 
Management, Change Management) 

• Relationship Processes – Sub-Processes (Business 
Relationship Management, Supplier Management) 

Research on multi-process quality model has been 
conducted by Rout and Tuffley [31] by assessing two 
models, the ISO/IEC 12207 and CMMI. Moore [18] also 
conducted related research on the integration of multi 
software engineering standards. Cater-Steel, Tan and 
Toleman [1] in their study also researched on the challenges 
on adopting multiple process improvement frameworks. 

III.  RESEARCH METHOD 

The research method focuses on the theoretical literature 
by critically reviewing the multi-process quality models. We 
perform minor mapping among the existing multi-process 
quality model. We use the result to determine the most 
suitable processes for use in the integration of the multi-
process quality model. The tables II - III below present the 
key processes and activities in ISO/IEC 12207:2008 model.  

 
TABLE II 

ISO/IEC 12207:2008 – SYSTEMS AND SOFTWARE ENGINEERING – 

SYSTEM LIFE CYCLE PROCESSES 
Agreement Processes  Acquisition 
 Supply 
Organizational  
Project-Enabling Processes 
 

Life Cycle Model Mgt  
Infrastructure Mgt  
Project Portfolio Mgt 
Human Resource Mgt 
Quality Mgt  

Project Processes Project Planning  
Project Assessment and Control 
Decision Mgt 
Risk Mgt 
Configuration Mgt 
Information Mgt 
Measurement 

Technical Processes 
 
 
 
 
 
 
 
 
 
 
 

Stakeholder Requirements 
Definition 
System Requirements Analysis 
System Architectural Design 
Implementation 
System Integration 
System Qualification Testing 
Software Installation 
Software Acceptance Support 
Software Operation 
Software Maintenance 
Software Disposal 
 

TABLE III 
ISO/IEC 12207: 2008 – SYSTEMS AND SOFTWARE ENGINEERING –

SOFTWARE LIFE CYCLE PROCESSES  

Software 
Implementation 
Processes 
 
 
 
 

Software Implementation 
Software Requirements Analysis 
Software Architectural Design 
Software Detailed Design 
Software Construction 
Software Integration 
Software Qualification Testing 

Software Support 
Processes 

Software Documentation Management 
Software Configuration  Management 
Software Quality Assurance 
Software Verification   
Software Validation 
Software Review 
Software Audit  
Software Problem Resolution 

Software Reuse 
Processes 
 

Domain Engineering 
Reuse Asset Management 
Reuse Program Management 

 
 The table IV below presents the key processes and 
activities in ISO/IEC 15504-5:2006 process quality models.  

 
TABLE IV 

PROCESSES CATEGORIES &GROUPS IN ISO/IEC 15504-5: 2006 (A) 

PRIMARY LIFE CYCLE PROCESSES 

Acquisition Process Group 
Acquisiton Preparation 
Supplier Selection 

Supply Process Groups Contract Agreement 
Supplier Monitoring 
Customer Acceptance 
Supplier Tendering 

Engineering Process Group Requirements Elicitation 
System Requirements Analysis 
System Architectural Design 
Software Requirements Analysis 
Software Design 
Software Construction 
Software Integration 
Software Testing 
System Integration 
System Testing 
Software Installation 
Software and System Maintenance 

Operation Process Group 
 

Operational Use 
Customer Support 

ORGANIZATIONAL  LIFE CYCLE PROCESSES  

Management Process Group Organizational Alignment 
Organizational Management 
Project Management 
Quality Management 
Risk Management 
Measurement 

Process Improvement Process 
Group 

Process Establishment 
Process Assessment 
Process Improvement 

Resource and Infrastructure 
Process Group  

Human Resource Management 
Training 
Knowledge Management 
Infrastructure 

Reuse Process Group Asset Management 
Reuse Program Management 
Domain Engineering 
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TABLE IV 
PROCESSES CATEGORIES &  GROUPS IN ISO/IEC 15504-5: 2006 (B) 

SUPPORTING LIFE CYCLE PROCESSES 

Support Process Group Quality Assurance 
Verification 
Validation 
Joint Review  
Audit 
Product Evaluation 
Documentation 
Configuration Management 
Problem Resolution Management 
Change Request Management 

 
The table V below presents the structure comparison of 

the selected process quality models in ISO/IEC 15504, 
CMMI-DEV and ISO/IEC 20000 process quality models.  

 
TABLE V 

COMPARISON OF STRUCTURE OF THREE SELECTED PROCESS 
QUALITY  MODELS 

PROCESS 
QUALITY 

MODELS AND 
FOCUS 

PROCESSES/LEVELS 

ISO/IEC 15504 
(System and 
Software) 

Primary Life Cycle Processes, 
Organizational Life Cycle Processes, 
Supporting Life Cycle Processes 
 

CMMI-DEV 
(Software 
Development) 

Levels in Staged approach – Initial, 
Repeatable, Defined, Managed and 
Optimizing 
Process Categories in Continuous approach 
– Process, Project, Engineering, Support 
 

ISO/IEC 20000 
(Services) 

Service Delivery Processes, Resolution 
Processes, Release Processes, Control 
Processes 
Relationship Processes 

IV. RESULTS AND DISCUSSION 

The results from the mapping made on the process quality 
models are used to determine the processes for use in the 
integration of multi-process quality models. There synergy 
among the models have derive several processes that need to 
be considered for the adoption of multi-process quality 
model. We determined from our research that CMMI-DEV 
v1.2 focuses on improvement of development processes 
only, and not on post-deployment processes. Configuration 
Management is identified as a process that can be linked to 
maintenance process. ISO/IEC 12207 and ISO/IEC 15504 
have included the maintenance, support and process 
improvement processes. As these are all from the viewpoint 
of development, we are also looking into the view of 
services using ISO/IEC 20000. ISO/IEC 20000 provides a 
holistic view of service operation and management although 
lack improvement path. The processes that we derive from 
the mapping are development, maintenance, and support 
processes. 

V. CONCLUSION 

This paper has reviewed recent studies in multi-process 
quality models to manage software process improvement of 
the software development organizations. They aim to 
leverage the benefits of each model to develop a common 
solution for their quality practice. The adoption of multi-
process quality models bring new challenges that need to be 
handled by the software development organizations. For this 
reason, we have conducted comparison among four process 
quality models and discover several issues related to process 
improvement for development and operation. Despite the 
commonalities obtained, we encounter significant 
differences in terminologies, structures, purpose and 
direction among the models. Relevant key processes for 
multi-process quality models have been identified and 
extracted to support the integration approach. 
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