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Chapter 2  Literature Review 

2.1 Requirements issues 

2.1.1 Requirements 

A definition of requirements in IEEE-std.’610’ (1990) is given as follows 
(Loucopoulos and Karakostas, 1995): 

1. A condition or capacity needed by a user to solve a problem or achieve an 
objective. 

2. A condition or capacity that must be met or possessed by a system or system 
component to satisfy a contract, standard, specification, or other formally imposed 
documents. 

3. A documented representation of a condition or capability as in 1 or 2. 

In RUP, a requirement is defined as “a condition or capability to which a system 
must conform”, either derived directly from user needs, or stated in a contract, 
standard, specification, or other formally imposed document. It could be a desired 
feature, property, or behavior of a system (Rational Software Corporation, 2003).  

There are various requirement types (refer to 2.2.3). The FURPS+ model (Grady, 
1992) used to categorize requirements contains requirements about Functionality, 
Usability, Reliability, Performance, Supportability, and design constraints, 
implementation, and so on. Use cases are used to describe the functional requirements, 
and some non-functional requirements (NFRs). The other NFRs such as performance 
requirements are specified in Supplementary Specifications.  

2.1.2 Requirements Engineering 

The IEEE Glossary of Software Engineering Terms gives a definition of the term 
Software Engineering (IEEE Standard 729, 1983): 

 Software engineering is a systematic approach to the development, operation, 
maintenance, and retirement of software. 

    Requirements engineering is one of the software engineering activities. It can be 
defined as (Loucopoulos and Karakostas, 1995): 

 The systematic process of developing requirements through an iterative 
co-operative process of analyzing the problem, documenting the resulting 
observations in a variety of representation formats, and checking the accuracy of 
the understanding gained. 
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Requirements engineering is a systematic way to capture requirement, including 
the main phases: problem analysis, requirements collection and validation. The 
literature on software requirements classifies activities under various terms such as 
“acquisition”, ”elicitation”, ”analysis”, ”specification”, “validation”, etc 
(Loucopoulos and Karakostas, 1995). Different terms are used according to various 
software development methods.  

Requirements engineering can be divided into four phases (Sommerville and Sawyer, 
1997): 

1. Feasibility Study 

2. Requirements Analysis  

3. Requirements Definition  

4. Requirements Specification 

Another literature for requirements engineering process framework is shown in Figure 
2 (Loucopoulos and Karakostas, 1995). 

 

Figure 2 Requirements Engineering Process (Loucopoulos and Karakostas, 1995) 

Nevertheless, there are various methods or processes for requirements 
engineering. It can generally be viewed as a requirement developing process 
composed of a serious of activities that transform customers, users, or stakeholder 
needs into formal documented requirements specifications. These specifications are 
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understood and approved by all stakeholders. 

The core activity of Requirements Engineering is Requirements Analysis 
(Sommerville and Sawyer, 1997). The activities of Requirements Analysis are to 
analyze, elaborate and transform the user needs into software requirements. Some 
earlier studies of requirements analysis have been conducted in the MIS Department 
of NCCU.  

1. An information requirements analysis architecture with the ”Requirement 4+1 
Views” uses Zachman Framework concepts to analyze the various aspects of 
Information System Architecture. Referring to the 4+1views in UP, the 
architecture sets up the Objective/Scope and Enterprise Model, and involves 
OOSD (Object Oriented System Development) to set up System Model and 
Technology Model. Referring to the Zachman Framework, the ”Requirement 
4+1Views” also specify “What, How, Who“- the logic view of information 
requirements, “Where”- the deployment view of information requirements, 
“When”- the process view, and “Why” – the use case view (Sung, 2001). 

2. Another study proposes a requirements analysis framework based on business 
patterns. This framework is based on the six views of Zachman Framework and 
integrates two types of patterns of Eriksson-Penker Business Model (2000), Goal 
Patterns and Process Patterns, to help building business model, capturing the 
requirement specifications, communicating the modeler and the user, and 
establishing the refinement artifacts (Chu, 2002).  

Continuing the earlier studies in requirement analysis, this thesis intends to 
develop an integrated requirements management framework, including requirements 
analysis and change management, as a guideline to meet CMMI goals. 

Zachman Framework (Zachman, 2003) extends the concept of Building 
Architecture to express the information system architecture of an organization. It 
concentrates on the “Data, Function, Network, People, Time, Motivation” aspects to 
analyze system. From these aspects, Zachman Framework provides a systematic 
approach to combine the relationship between the information systems and the 
business strategies on “What, How, Where, Who, When, Why” perspectives (5W1H), 
as shown in Figure 3. The concept can be applied for system analyst, database 
designer, programmer, user, and so forth. The previous studies (Sung, 2001; Chu, 
2002; Fang, 2003) have integrated the Zachman’s concepts into RUP and provide the 
basis of further requirements research for this thesis. 
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Figure 3 Zachman Framework (Zachman, 2003) 

2.1.3 Requirements Management 

     A successful software engineering lies on high quality requirements 
management. The definition for Requirements management in RUP is that it is a 
systematic approach to: 

 eliciting, organizing, and documenting the requirements of the system, and 
establishing and maintaining agreement between the customer and the project 
team on the changing requirements of the system (Rational Software Corporation, 
2003). 

The activities with respect to requirements generally comprise requirements 
analysis and requirements specification producing, requirements change management, 
and requirements traceability management (Jalote, 1999). According to the definition 
in RUP, requirements analysis, requirements specification and requirements change 
management are taken consideration into requirements management. Indeed, the 
details of requirements management described in RUP also refer to activities 
regarding requirements traceability.  

The purpose of Requirements Management given by CMMI is to: 

 manage the requirements of the project's products and product components to 
identify inconsistencies between those requirements and the project's plans and 
work products (Carnegie Mellon University Software Engineering Institute 
[CMU/SEI], 2002). 
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2.2 CMMI (Capability Maturity Model Integration) 
and CMM (Capability Maturity Model)  

2.2.1  CMMI (Capability Maturity Model Integration) 

The process model of CMMI (Capability Maturity Model Integration) proposed 
by the CMU/SEI (Carnegie Mellon University Software Engineering Institute) 
provides a world-wide reference model. Organizations can use the CMMI model to 
help set process improvement objectives and priorities, improve processes, and 
provide guidance for ensuring stable, capable, and mature processes (CMU/SEI, 
2002). CMMI provides guidance to improve organization’s processes, and 
management ability to develop, acquire, and maintain products/services. 

CMMI contains “continuous” and “staged” representations. The continuous 
representation uses capability levels to measure process improvement for individual 
process areas, while the staged representation uses maturity levels to apply to an 
organization’s overall maturity (CMU/SEI, 2002). There are twenty-five process areas 
and five maturity levels, numbered 1 through 5. Each maturity level comprises a 
predefined set of process areas. REQM is a process area of maturity level 2 and RD is 
a process area of maturity level 3. 

2.2.2  REQM in CMMI  

The REQM in CMMI provides a set of goals, practices, and related features to 
help establishing and appraising the quality of requirements management. Its generic 
goals (GG), generic practices (GP), specific goals (SG) and specific practices (SP) are 
listed in Table1. 

Table 1 GGs, GPs, SGs and SPs of REQM in CMMI (CMU/SEI, 2002) 
SG 1 Manage Requirements 
 

Requirements are managed and inconsistencies with project plans 
and work products are identified. 

SP 1.1 Obtain an 
Understanding of 
Requirements 

Develop an understanding with the requirements providers on the 
meaning of the requirements. 

SP 1.2 Obtain Commitment to 
Requirements 

Obtain commitment to the requirements from the project 
participants. 

SP 1.3 Manage Requirements 
Changes 

Manage changes to the requirements as they evolve during the 
project. 

SP 1.4 Maintain Bidirectional 
Traceability of Requirements 

Maintain bidirectional traceability among the requirements and the 
project plans and work products. 

SP 1.5 Identify Inconsistencies 
between Project Work and 
Requirements 

Identify inconsistencies between the project plans and work 
products and the requirements. 

GG 2 Institutionalize a 
Managed Process 

The process is institutionalized as a managed process. 

GP 2.1 Establish an 
Organizational Policy 

Establish and maintain an organizational policy for planning and 
performing the requirements management process.  

GP 2.2 Plan the Process Establish and maintain the plan for performing the requirements 
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management process. 
GP 2.3 Provide Resources 
 

Provide adequate resources for performing the requirements 
management process, developing the work products, and 
providing the services of the process.  

GP 2.4 Assign Responsibility 
 

Assign responsibility and authority for performing the process, 
developing the work products, and providing the services of the 
requirements management process.  

GP 2.5 Train People Train the people performing or supporting the requirements 
management process as needed.  

GP 2.6 Manage 
Configurations 

Place designated work products of the requirements management 
process under appropriate levels of configuration management. 

GP 2.7 Identify and Involve 
Relevant Stakeholders 

Identify and involve the relevant stakeholders of the requirements 
management process as planned 

GP 2.8 Monitor and Control 
the Process 

Monitor and control the requirements management process against 
the plan for performing the process and take appropriate corrective 
action. 

GP 2.9 Objectively Evaluate 
Adherence 
 

Objectively evaluate adherence of the requirements management 
process against its process description, standards, and procedures, 
and address noncompliance.  

GP 2.10 Review Status with 
Higher Level Management 

Review the activities, status, and results of the requirements 
management process with higher level management and resolve 
issues.  

Source: CMU/SEI, 2002 

2.2.3 RD in CMMI  

The purpose of the process area RD in CMMI is to produce and analyze 
customer, product and product component requirements (CMU/SEI, 2002). Its generic 
goals, generic practices, specific goals and specific practices are listed in Table 2. 

Table 2 GGs, GPs, SPs and SPs of RD in CMMI (CMU/SEI, 2002) 
SG 1 Develop Customer 
Requirements 

Stakeholder needs, expectations, constraints, and interfaces are 
collected and translated into customer requirements. 

SP 1.1 Elicit Needs Elicit stakeholder needs, expectations, constraints, and 
interfaces for all phases of the product life cycle 

SP 1.2 Develop the Customer 
Requirements 

Transform stakeholder needs, expectations, constraints, and 
interfaces into customer requirements.  

SG 2 Develop Product 
Requirements 

Customer requirements are refined and elaborated to develop 
product and product-component requirements. 

SP 2.1 Establish Product and 
Product-Component 
Requirements 

Establish and maintain product and product-component 
requirements, which are based on the customer requirements. 

SP 2.2 Allocate 
Product-Component 
Requirements 

Allocate the requirements for each product component. 

SP 2.3 Identify Interface 
Requirements 

Identify interface requirements. 

SG 3 Analyze and Validate 
Requirements 

The requirements are analyzed and validated, and a definition of 
required functionality is developed. 

SP 3.1 Establish Operational 
Concepts and Scenarios 

Establish and maintain operational concepts and associated 
scenarios.  

SP 3.2Establish a Definition of 
Required Functionality 

Establish and maintain a definition of required functionality. 

SP 3.3Analyze Requirements Analyze requirements to ensure that they are necessary and 
sufficient. 

SP 3.4 Analyze Requirements to Analyze requirements to balance stakeholder needs and 
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Achieve Balance constraints. 
SP 3.5 Validate Requirements 
with Comprehensive Methods 

Validate requirements to ensure the resulting product will 
perform as intended in the user's environment using multiple 
techniques as appropriate. 

GG 3 Institutionalize a Defined 
Process 

The process is institutionalized as a defined process. 

GP 2.1 Establish an 
Organizational Policy 

Establish and maintain an organizational policy for planning and 
performing the requirements development process. 

GP 3.1 Establish a Defined 
Process 

Establish and maintain the description of a defined requirements 
development process. 

GP 2.2 Plan the Process Establish and maintain the plan for performing the requirements 
development process. 

GP 2.3 Provide Resources 
 

Provide adequate resources for performing the requirements 
development process, developing the work products, and 
providing the services of the process. 

GP 2.4 Assign Responsibility 
 

Assign responsibility and authority for performing the process, 
developing the work products, and providing the services of the 
requirements development process. 

GP 2.5 Train People Train the people performing or supporting the requirements 
development process as needed. 

GP 2.6 Manage Configurations Place designated work products of the requirements 
development process under appropriate levels of configuration 
management. 

GP 2.7 Identify and Involve 
Relevant Stakeholders 

Identify and involve the relevant stakeholders of the 
requirements development process as planned. 

GP 2.8 Monitor and Control the 
Process 

Monitor and control the requirements development process 
against the plan for performing the process and take appropriate 
corrective action. 

GP 3.2 Collect Improvement 
Information 

Collect work products, measures, measurement results, and 
improvement information derived from planning and 
performing the requirements development process to support the 
future use and improvement of the organization’s processes and 
process assets. 

GP 2.9 Objectively Evaluate 
Adherence 

Objectively evaluate adherence of the requirements 
development process against its process description, standards, 
and procedures, and address noncompliance. 

GP 2.10 Review Status with 
Higher Level Management 

Review the activities, status, and results of the requirements 
development process with higher level management and resolve 
issues.  

Source: CMU/SEI, 2002 

According to the CMMI definitions and the descriptions of SGs or SPs, the key 
activities of RD are to elicit customer needs, analyze and produce requirements, and 
validate requirements specification. The final results of RD generally are requirements 
specification, and thereby the concept of RD in CMMI is similar to Requirements 
Engineering. The term RD includes requirements analysis and specification producing 
and validation process.  

2.2.4 The Interaction of RD and REQM in CMMI 

Table 3 shows a group of related CMMI process areas about engineering. The 
RD process area transforms customer needs into product and product component 
requirements, and delivers them to the REQM process area for management. The 
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REQM responses requirements that should be managed to RD, specially, for those 
changed. 

Table 3 Engineering Process Areas in CMMI  
Related Engineering process area: REQM, RD, TS, PI, Ver, and Val. 

 

Source: CMU/SEI, “CMMI Version 1.1 Tutorial Materials,” 2003 

2.2.5 CMM (Capability Maturity Model) 

Since 1991, CMMs (Capability Maturity Model) have been developed for a 
myriad of disciplines. Some of the most notable include models for systems 
engineering, software engineering, software acquisition, workforce management and 
development, and Integrated Product and Process Development (CMU/SEI, 2002). 

The Capability Maturity Model for Software (also known as the CMM and 
SW-CMM) has been a model for judging the maturity of the software processes of an 
organization for many years. This model helped organizations identify the key 
practices required to increase the maturity of software development. This model is 
one of the models that provided the basis of the CMMI Product Suite (SEI/CMU, 
2004). In fact, CMMI solves the problems in CMM such as the ill-integrated system 
and software disciplines. Applying multiple models not integrated within and across 
an organization becomes more costly in terms of training, appraisals, and 
improvement activities.  

The CMMI literatures or CMMI applying reports are far less than CMM, 
because the development history of CMM is longer than CMMI. Although CMMI 
integrates the different models across an organization, many concepts in CMM are 
still applicable to CMMI. 
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The RD in CMMI maturity level 3 is derived from Software Product Engineering 
in CMM level 3, and the term REQM is constant in CMM level 2. The REQM and 
RD goals in CMM are listed in Table 4 and Table 5. 

Table 4 REQM Goals in CMM 
Goal 1 
 

System requirements allocated to software are controlled to establish a baseline 
for software engineering and management use. 

Goal 2 Software plans, products, and activities are kept consistent with the system 
requirements allocated to software. 

Source: revised from Paulk, Curtis, Chrissis, and Weber (1993) 

Table 5 Software Product Engineering Goals in CMM 
Goal 1 
 

The software engineering tasks are defined, integrated, and consistently 
performed to produce the software. 

Goal 2 Software work products are kept consistent with each other. 
Source: revised from Paulk, Curtis, Chrissis, and Weber (1993) 

2.3 RUP (Rational Unified Process)  
The Rational United Process® or RUP® product is a software engineering 

process that shows a set of so-called “best practices” to apply during the software 
development. These best practices are to develop software iteratively, to manage 
requirements, to use component-based architecture, to model software visually, to 
verify software quality, and to manage the changes of software. 

The overall architecture of the RUP has two dimensions. The horizontal axis 
portrays the dynamic aspect of the process to represent time and shows that the 
software lifecycle is based on four phases, each composed of one or more iterations. 
The vertical axis portrays the core workflows from the static aspect. These core 
workflows logically grouping activities and workers are called disciplines or areas of 
concern. For each discipline, an activity diagram is presented to show the workflow, 
expressed in terms of workflow details.  

Different from the traditional “waterfall” or “linear” software development 
process, RUP, a widely popular object-oriented development framework, prescribes 
iterative approach. 

Late discovery of design defects results in costly overruns. An iterative approach 
can make risks mitigated earlier, provide management with a way of making tactical 
changes to the product and result in a robust architecture because flaws are detected 
during the early iterations (Rational Software Corporation, 2003). 

2.3.1  REQM in RUP  

Requirements management provides a systematic way to eliciting, organizing, 
documenting the requirements of the system, and a process to establish and maintain 
agreement between the stakeholders and project team on the requirements changing or 
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tracking. Both are the purposes of the Requirements discipline in RUP (Rational 
Software Corporation, 2003). 

The Requirement workflow in RUP is illustrated in Figure 4. There is a set of 
workflow details on the Requirement workflow in RUP, including Analyze the 
Problem, Understand Stakeholder Needs, Define the System, Manage the Scope of the 
System, Refine the System Definition, and Manage Changing Requirements. Each 
workflow detail has some activities involved. Table 6 describes the activities within 
each workflow detail. Figure 5 shows the activities overview within the Requirements 
Workflow in RUP and the roles responsible for them  

Analyzing the Problem and Understanding the Stakeholders Needs are the 
primary requirements goals during the Inception phase of a project. During the 
Elaboration and Construction phases, the emphasis shifts more towards Define and 
subsequently Refine the System Definition in terms of the detailed requirements. 
Managing the Scope of the System and ongoing Manage Changing Requirements are 
addressed continuously throughout various phases (Inception, Elaboration, 
Construction, and Transition) and disciplines (Rational Software Corporation, 2003).  

The left part of the workflow that all workflow details are involved (except 
Manage Changing Requirements) is mainly related to requirements analysis, 
especially in the earlier phases. These requirements analysis workflow details 
compose of a process to analyze, elaborate and transform stakeholder needs into 
software requirements, to fulfill one of the major purposes of Requirements discipline 
in RUP. Due to its process framework characteristic, RUP provides guidelines, not 
elaborative enough, for the software development team. The other purpose of 
Requirements discipline in RUP is represented by the only workflow detail, Manage 
Changing Requirements, in the right part detail of the Requirement workflow. This 
workflow detail, including some activities (Table6), is normally addressed throughout 
each iteration of the project. However, there is no systematic process to provide the 
stakeholders or development team to conform for the requirements changes.  

To extend the concept of “Manage Changing Requirements” workflow detail to 
meet CMMI goals, an integrated process of requirement management, including items 
regarding requirements analysis and requirements change management, is therefore 
deserved to be investigated. 
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Figure 4 The Requirements Workflow in RUP (Rational Software Corporation, 2003) 

Source: Rational Software Corporation, 2003 

Table 6 Requirements Workflow Details in RUP (Rational Software Corporation, 2003) 
Workflow detail Involved Role (Who) Involved Activity 
Analyze the 
Problem 

System Analyst, 
Customer, 
End User, Other 
Stakeholder 

Capture a Common Vocabulary, 
Develop Requirements Management 
Plan, Find Actors and Use Cases, 
Develop Vision 

Understand 
Stakeholder Needs 

System Analyst, 
Customer, End User, 
Other Stakeholder 

Capture a Common Vocabulary, Find 
Actors and Use Cases, Develop 
Vision, Elicit Stakeholder Requests, 
Manage Dependencies 

Define the System System Analyst Capture a Common Vocabulary, Find 
Actors and Use Cases, Develop 
Vision, Manage Dependencies 

Manage the Scope 
of the System 

System Analyst, 
Customer, End User, 
Other Stakeholder, 
Software Architect   

Prioritize Use Cases, Develop 
Vision, Manage Dependencies 

Refine the System 
Definition 

Requirements Specifier Detail a Use Case, Detail the 
Software Requirements 

Manage Changing 
Requirements 

System Analyst, 
Customer, End User,  
Other stakeholder, 
Technical Reviewer 

Structure the Use-Case Model, 
Manage Dependencies, Review 
requirements 
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Figure 5 Activities within Requirements Workflow in RUP and Roles Responsible for Them (Rational 
Software Corporation, 2003) 

2.3.2 UML (Unified Modeling Language)  

UML (Unified Modeling Language) is the industry-standard modeling notation 
for object-oriented systems, and is the premiere platform for rapid application 
development. It provides a visual modeling process that taking the information from 
the model and displaying it graphically using a standard set of graphical elements.  
(Boggs, W. and Boggs, M., 2002). There are a set of different types of diagrams in 
UML, including Business Use Case diagrams, Use Case diagrams, Class Diagrams, 
Activity diagrams, Sequence diagrams, Collaboration diagrams, Statechart diagrams, 
Component diagrams, and Deployment diagrams. These diagrams can set up a 
complete picture of the system design. 

In RUP, the recommended method to organize your functional requirement is 
using use case, which can define the behavior performed by a system and tell a story 
of how someone may use the system (Rational Software Corporation, 2003). 
Combined with the UML notation, RUP provides a visual modeling approach to 
model business processes or software requirements during the software development 
process 

2.3.3 Other Key Items and Concepts in RUP  

Some other key items and concepts about requirements management in RUP are 
listed below. These items will be used in this study and served as the main elements 
during the concept development and prototype system implementation phase.  
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Table 7 key Requirements Management Items in RUP (Rational Software Corporation, 2003) 
Items Definition in RUP Examples 
stakeholder 
need 

The business or operational problem 
(opportunity) that must be fulfilled in order to 
justify purchase or use. 

 

feature  
 

An externally observable service provided by 
the system which directly fulfills a stakeholder 
need. A property, like operation or attribute, 
which is encapsulated within a classifier, such 
as an interface, a class or a datatype. 

 

stakeholder 
request 

A request of various specialized types from a 
stakeholder. 

change request , enhancement 
request , request for a requirement 
change, defect 

enhancement 
request  

A type of stakeholder request that specifies a 
new feature or functionality of the system. 

 

Change Request 
(CR) 

A general term for any request from a 
stakeholder to change an artifact or process. 
Documented in the Change Request is 
information on the origin and impact of the 
current problem, the proposed solution, and its 
cost.  

 

defect  
 

An anomaly, or flaw, in a delivered work 
product. Examples include such things as 
omissions and imperfections found during 
early lifecycle phases and symptoms of faults 
contained in software sufficiently mature for 
test or operation. A defect can be any kind of 
issue you want tracked and resolved.  

 

requirement 
attribute 

Information associated with a particular 
requirement providing a link between the 
requirement and other project elements. 

priorities, schedules, status, design 
elements, resources, costs, hazards

requirement 
type  
 

A categorization of requirements based on 
common characteristics and attributes. 
Sometime requirement types are based on the 
requirement source or area of effect. 
Requirements may also be categorized based 
on the dimension of software quality that they 
represent (for example, FURPS+) 

stakeholder need, feature, use 
case, supplementary requirement, 
documentation requirement, 
hardware requirement, software 
requirement, and so on. 

software 
requirement 

A specification of an externally observable 
behavior of the system  

inputs to the system, outputs from 
the system, functions of the 
system, attributes of the system, or 
attributes of the system 
environment 

software 
requirements 
specifications 
(SRS) 

A set of requirements which completely 
defines the external behavior of the system to 
be built, sometimes called a functional 
specification. 
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2.4 RUP and REQM/RD process area in CMMI 
Some literatures claim that RUP can help to reach the goals and practices of 

REQM and Software Product Engineering in CMM.  

 goals 

In CMM, “The purpose of Software Product Engineering is to consistently 
perform a well-defined engineering process that integrates all software engineering 
activities to produce correct, consistent software products effectively and efficiently. 
Software Product Engineering describes the technical activities of the project; for 
example, requirements analysis, design, code, and test.” RUP reaches the Software 
Product Engineering goals in CMM as follows (Rational Software Corporation, 
2000b): 

Goal 1: The software engineering tasks are defined, integrated, and consistently performed to 

produce the software.  

“The RUP activities and definitions of what is required by each role, against a 
backdrop of required project-planning artifacts, ensure that tasks are defined, 
allocated, and completed.”  

Goal 2: Software products are kept consistent with each other. 

“Traceability is maintained among the engineering models, such as use case models, 
design models, source code, and executable components, by the environment.”  

These Software Product Engineering goals- Goal 1 and Goal 2- are considered 
and mainly reached by these RUP workflows: Business Modeling, Requirements, 
Analysis and Design, Implementation, Test, and Deployment. This research aims at 
the Requirements workflow, and therefore the compliable RD goals of CMMI met by 
RUP are deserved to be investigated.  

 Practices 

A recent research (Manzoni and Price, 2003) using CMM to assess RUP provides 
enough evidence to prove that approximately 83% key practices of Requirements 
Management and 80% key practices of Software Product Engineering are supported 
by RUP. It also describes the remainder required by RUP to meet the Requirements 
Management and Software Product Engineering key process areas in CMM. The 
missing or incomplete REQM and Software Product Engineering key practices in 
CMM are described in Table 8. The conclusion of this research indicates that the RUP 
presents a well-defined approach on software project management and software 
engineering processes, but it is not an approach centered on systems management 
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concerns. Therefore, it lacks activities involving issues such as cost management, 
human resource management, communications management, and contracts 
management (Manzoni and Price, 2003).  

CMMI is the extension of CMM so that many concepts are relevant closely. The 
missing or incomplete CMM key practices of REQM and Software Product 
Engineering required in RUP are also described in Table 9 to show their relationships 
with CMMI practices of REQM and RD. The correspondence implies the lack of 
resource allocation and human resource management in RUP.  

Table 8 The Missing or Incomplete CMM Key Practices Required in RUP 
Key Process Area Missing or Incomplete CMM Key Practices 

( Software Engineering Institute [SEI], 1993) 
Requirements 
management 

Adequate resources and funding are provided for managing the allocated 
requirements. 

 Members of the software engineering group and other software related 
groups are trained to perform their requirements management activities. 

Software Product 
Engineering 

Adequate resources and funding are provided for performing the software 
engineering tasks. 

 Members of the SEG receive required training. 
 Members of the SEG receive orientation in related software engineering 

disciplines. 
 The project manager and all software managers receive orientation in the 

technical aspects of the software project. 

Source: revised from Manzoni and Price, 2003 

Table 9 The Corresponded CMMI Key Practices of REQM and RD 

Key Process Area Missing or Incomplete CMM Key Practices
The CMMI practices 
Corresponded to CMM 
practices 

Requirements 
management 

Adequate resources and funding are provided 
for managing the allocated requirements. 

GP2.3 Provide Resources 
(REQM) 

 Members of the software engineering group 
and other software related groups are trained 
to perform their requirements management 
activities. 

GP2.5 Train People  
(REQM) 

Software Product 
Engineering 

Adequate resources and funding are provided 
for performing the software engineering tasks.

GP2.3 Provide Resources 
(RD) 

 Members of the SEG receive required 
training. 

GP2.5 Train People 
(RD) 

 Members of the SEG receive orientation in 
related software engineering disciplines. 

N/A (involving other 
software engineering 
disciplines, for example, 
analysis and design, coding, 
and testing) 

 The project manager and all software 
managers receive orientation in the technical 
aspects of the software project. 

GP2.5 Train People  
(RD) 

Source: revised from Manzoni and Price, 2003 

The missing issues are deserved for further investigation to meet CMMI goals. 
Especially for achieving maturity level 3 of CMMI, every process area should be 
escalated to capability level 3 which emphasizes to institutionalize a defined process 
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for every process area. With regard to requirements issues, RUP not only emphasizes 
on the popular object-oriented software development process framework, but also 
meets most goals and practices in CMM/CMMI, despite some deficiency. Thereby, an 
investigation on tailoring RUP for further achieving the missing practices and goals 
should be valuable. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


