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Abstract—It is almost impossible to obtain and understand all 

software requirements at early stages of Software Development 

Life Cycle without changes. Technical requirement evolves after 

software specification phase by client organization or project 

team members frequently. This paper classified the software 

changes problems and list all related software artifacts to 

perform the requested software change. The relationships of 

various change software artifacts during applying change process 

are discussed in detail. 
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I. Introduction  
Software systems have evolved importantly over the past 

decades, and hence software modules have become the critical 
elements of any services or systems [1]. Developments of 
software systems are dynamic processes and because of this 
nature, the technical requirements may often change not only 
in maintenance phase but during Software Development Life 
Cycle (SDLC) processes as well [2-3]. It is almost impossible 
to obtain and understand software requirements specifications, 
designing and implementing the problem solutions without 
software changes. Especially, for complex and large software 
systems, it is difficult to understand all customers’ 
requirements at early stage of SDLC phases [4]. 

Changes on specified software requirements may happen 
due to varied reasons; such as, changing the stakeholders’ 
business needs and technically unfeasibility of initiated 
requirements by customers [4]. Even a little change in one 
requirement can bring ripple effects in other client 
requirements, if organization does not utilize a proper process 
for managing its requirements changes. The ripple effects 
eventually lead to inconsistency in requirements, customer 
dissatisfaction, and project failure [4-5]. Thus, the necessity of 
Requirements Change Management (RCM) process, which is 

a requirement management practice [6], is highlighted for 
software organizations.  

Requirement management processes manage and handle 
all requirements development activities including eliciting, 
specifying, analyzing, validating and verifying requirements 
and also control the requirement changes [6-7]. The purposes 
of RCM process are managing all the related activities to 
perform a change in software projects and consequently 
helping the project completion [8]. Actually, the act of 
software requirement changes can be assumed as a mini cycle 
where a change in specific requirements needs some 
supplementary analysis, a little change to software design 
solution, adapting the project implementation to new design, 
and updating the test cases for regression testing [3]. 
Managing the change mini cycle indirectly leads to successful 
project completion, since unsuccessfully in changing of 
requirements is a highlighted reason of project failure. 

Several approaches, models and frameworks proposed in 
literature for managing the requirement changes of software 
system organizations. A survey was conducted on ten present 
RCM approaches to compare them on the basis of activity, 
artifact and role [9]. The results reveal that there are extremely 
variation among descriptions, and also lack of a clear 
relationship between activity, artifact and actor. In this paper, 
we firstly focus on classification of software changes and 
special RCM techniques.  Finally, all the related and affected 
software artifacts to perform a change mini cycle are listed, 
and how they are related to each other in RCM process are 
discussed. 

II. Review of Literature 
In accordance with CMMI that is a capability maturity 

model, all requirement changes must be sorted in a database, 
the impact of change need to be evaluated by existing 
requirements, and requirement changes effort and rationale for 
changes should be documented in a change history [6]. A 
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survey was conducted by Saffena Ramzan and Naveed Ikram 
for ten present RCM process models on the basis of activity, 
artifact and role. They compared the different process models 
based on 34 activities, 11 artifacts and 6 actors. The result 
shows that (1) there are various differences between 
descriptions, and (2) the relationship among activities, artifacts 
and roles are not clear [9].  

The idea of lightweight requirement management was 
proposed by Delgadillo and Gotel [10]. Their model used the 
concept of Story-Wall which is composed of story cards. Any 
story card has a simple history which is useful to obtain the 
lightweight traceability of changes. Xiang Luo and Koushik 
Kar proposed an algorithmic way for improving the change 
management process of IT organizations [11]. They have tried 
to minimize the time of change implementation, and their 
approach was based on three steps such as, Change 
Requirement Determination, Change Approval, and Perform 
Change. 

Mahmood Niazi and its research group introduced a 
change management model to support the requirement 
changes in software organizations based on five origin steps; 
such as, request, validate, implement, verify and update [2]. 
They mentioned that this model is compatible with level 2 of 
CMMI, but they did not evaluate the development of RCM 
process model. Kannan Mohan, Peng Xu, Lan Cao, and 
Balasubramaniam Ramesh proposed a RCM model [12]. They 
tried to improve the change management of software 
requirement changes by integrating the software traceability 
and software configuration management to their RCM model. 

Muhammad Wasim Bhatti with a group of five persons 
produced a methodology for managing the requirement 
changes of software projects [4].  They determined 
stakeholders and product works of different step of RCM 
model including “Initiation of Change Management Process”, 
“Receiving of Change Request”, “Evaluations of Change 
Request”, “Approval or Disapproval of Change Request”, 
“Implementation of Approved Change Request”, and 
“Configuration of Change Request”.  M. W. Bhatti and I.A. 
Manarvi surveyed ten items of RCM processes like 
“acceptance of customer’s request for requirement changes” 
and “impact of requirement changes” [13]. The results of 
analysis reveal that these items can provide a valid tool for 
measuring the maturity of the RCM process. 

III. Software Changes  
Customer requirements are documented by software team 

members according to customer’s descriptions at earliest stage 
of SDLC. The initiated technical requirement may often 
change during or after the software development phases due to 
various reasons [2]. The causes of software changes can be 
categorized in external factors and internal factors. The 
external factor of software changes are requested by customer, 
while the internal one usually arises from software project 
teams [14]. There are various reasons for customer’s pressures 
to change his initially defined requirements [4]; such as those 
which are listed below: 

 Changing the stakeholders’ business needs in client 
organization. 

 Misunderstanding of the customer’s descriptions by 
analysts.  

 Creating the new requirements by client organization. 

 Changes depending on project nature.  

 Incompletion of customer’s needs after software 
specification phase.  

Software team members may request for changing 
technical requirements, as well [14]. These changes can be 
requested based on some software development problems [4] 
including the following items: 

 Poor understanding of client business needs. 

 Technically unfeasibility of initiated requirements by 
customers. 

 Requirements exceed the project’s scope boundaries.  

Performing the software changes and managing the change 
processes are two related significant activities, since changing 
to software requirement is an emphasized reason to project 
failure.  The change problem understanding and analysis is a 
most time-consuming activity in change process [15], and the 
biggest challenge of RCM process is to keep all system parts 
consistent to one another simultaneously [16]. Specific 
techniques are used to facilitate change management and 
support change process like, impact analysis techniques that 
analyze the impacts of changes in other parts of system [17], 
change request tracking for supporting the management of 
change request,  and reverse engineering techniques  to derive 
descriptions of higher level from presentations of lower level 
[16]. 

IV. Change Software Artifacts  
Performing the software changes on projects are 

completely complex tasks for software engineers, because 
applying a specific change is related to different software 
artifacts. Hence, project managers assign the experienced 
person as change manager and change developers. As figure 1 
(Change Software Artifacts) shows, software traceability, 
requirement engineering, software configuration management, 
requirement change management, and impact analysis are the 
related and affected software artifacts to perform the software 
changes.  

Change processes start when a customer or a project team 
member request for modification in one or more technical 
requirements. At this time, the needs of initial analysis for 
verifying change request, and impact analysis to find other 
affected requirements by performing the requested change, are 
created. The initial analysis shows that some of the requested 
changes are new requirements and must be referred to 
requirement development, which is a requirement engineering 
process. Impact analysis techniques use software traceability 
to clarify related links among various requirements. The new 
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software versions that are software configuration activities are 
produced after applying change in software projects. 

 

Figure 1.  Change Software Artifacts  

The different abstract level of affected software artifacts 
and their relationships to each other, are demonstrated in 
Figure 2 (Relationships of Change Software Artifacts). The 
explanations of listed software artifacts are expressed in detail 
as follows: 

A. Software Traceability  
Software requirement traceability emphasizes on two 

aspects of software artifact’s relationships including (1) the 
capacity for following up the requirement’s life throughout its 
elicitation, specification ,analysis, development, validation and 
verification [18], and (2) the ability to describe the association 
links among related requirements and their requirement’s life 
[6]. The software traceability has two dimensions that are 
vertical traceability and horizontal traceability. The vertical 
traceability refers to dependences among different software 
artifacts at the same SDLC phase, while the horizontal 
traceability refers to relationships of different software 
artifacts across various software phases. 

Change developers deal with both vertical traceability and 
horizontal traceability for applying requested change, since 
they must maintain bidirectional traceability across software 
artifacts during change mini cycle. The dashed line between 
different SDLC phases and traceability in Figure 2 
(Relationships of Change Software Artifacts) shows both 
needed type dimensions for applying software changes among 
different SDLC phases. 

B. Requirement Engineering 
Requirement engineering is a branch of software 

engineering that cover five core activities include eliciting, 
analyzing, communicating, agreeing, and evolving 
requirements [7]. These activities are classified in two overall 
process areas including requirement development and 
requirement management. Performing the changes in software 
products are concerned with requirement management process 
area. According to CMMI [6], the requirement management 
has five specific practices that are shown in Figure 2 

(Relationships of Change Software Artifacts). These practices 
are “understand requirements”, “obtain commitment to 
requirements”, “manage requirement changes”, “maintain 
bidirectional traceability of requirements”, and “ensure 
alignment between project work and requirements”.  

The third and fourth specific practices are used for 
establishing the connections of requirement engineering with 
other change software artifacts. The “manage requirement 
changes” practice refers to the requirement engineering 
activities to RCM processes, and the “maintain bidirectional 
traceability of requirements” practice highlights the 
association of requirement engineering activities and software 
traceability artifact. 

 

Figure 2.  Relationships of Change Software Artifacts 

C. Software Configuration Management 
The aim of software configuration management is to set up 

and maintain integrity for software products [6]. As it is 
shown in Figure 2 (Relationships of Change Software 
Artifacts), the software configuration activities embrace the 
RCM and impact analysis artifacts. According to CMMI the 
configuration management process has three specific goals 
including “establish baselines”, “track and control changes”, 
and “establish integrity”.  
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The second goal “track and control changes” emphasize 
the connection of software configuration management and 
RCM artifacts. Track of requested changes and control of 
change configuration are two configuration activities that are 
related to perform the software changes. 

D. Requirement Change Management 
The most stressed software area for applying the software 

changes is RCM process.  As Figure 2 (Relationships of 
Change Software Artifacts) revealed, this artifact is related to 
three other software artifacts including requirement 
engineering, software configuration management and impact 
analysis. In some cases, the initial analysis of requested 
change specifies that it is a request for new requirement. 
Therefore, change analysts refer the new requirement to 
requirement development team. Once the implementation of 
new requirement is finished by requirement developers, some 
of requirements need to be updated for maintaining 
consistency.  

In the case that the initial analysis determines the request 
as a software change request, the change analysts focus on 
validity of requested change. Sometimes the requested change 
is rejected due to various reasons like technically unfeasibility 
of change implementation. The valid requests are referred to 
impact analysts to list the affected requirements. After change 
implementation, the affected software requirement of software 
changes need to be updated for requirement consistency. 

E. Impact Analysis 
The purpose of impact analysis or change impact analysis 

is to manage the problem that happens during the apply of 
software changes. These problems can create unintended 
result, and costly and time-consuming effects [17]. As Figure 
2 (Relationships of Change Software Artifacts) indicated, this 
software artifact is allocated inside the RCM process, and is 
related to RCM software traceability artifacts as well.  

When change analysts ascertain the request as a valid 
change request, the impact analysts initiate the impact analysis 
techniques like cost and time estimations. The significant task 
of impact analysts are to list the affected requirements by 
performing specified change to software project. This list is 
going to be used by change developers to update other 
requirement for maintaining the consistency. 

V. Conclusion and Future work 
Software changes and RCM of projects can lead to 

troublesome and expensive errors in requirement management. 
Software changes that are requested by client organization 
may occur due to modification in stakeholders’ business 
needs. Besides, software changes that are requested by project 
team members may happen because of technically 
unfeasibility of initiated requirements. This paper has listed 
change software artifacts and their relationships to each other, 
while applying change mini cycle process. 

This helps the change manager and change developers in 
software organizations to have excellent understanding of 

change process activities, and also aids the software change 
researchers to observe clearly all affected software artifacts of 
software changes. Our future research is to propose a RCM 
framework in order to support requirement changes in 
software organization. 
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