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Abstract 
Software undergoes changes at all stages of the software development process. Accepting 

too many changes will cause expense and delay and rejecting the changes may cause 

customer dissatisfaction. One of the inputs that help the software project management to 

decide whether to accept or reject the changes is by having reliable predictions of the 

impact of the changes.  

 

Change impact analysis is one of the methods that can be used to provide the predictive 

information. Many current impact analysis techniques have been developed for the 

software maintenance phase. These techniques assume that all classes in the class artifact 

are completely developed and the class artifact is used as a source of analysis since it 

represents the final user requirements. However, these assumptions are not practical for 

impact analysis in the software development phase as some classes in the class artifact are 

still under development or partially developed. This leads to inaccuracy.  

 

This thesis presents a novel impact analysis framework to be used in the software 

development phase. The framework composes two main stages that are the development 

of the class interactions prediction and the impact analysis.  

 

The significant achievements of the framework are demonstrated through an extensive 

experimental validation using several case studies. The experimental analysis shows 

improvement in the accuracy over current impact analysis results.  
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Chapter 1 : Introduction  

 

Change impact analysis is the important task of estimating the likely effort required to make 

a change to a software project. While many techniques have been developed to make such 

predictions in the software maintenance phase, these techniques assume that all classes are 

completely developed and they use the class artifacts as a source of analysis. However, this 

assumption fails in the software development phase where some classes are only partially 

developed.  

 

This thesis presents a new impact analysis framework that can be used in the software 

development phase. The new framework utilizes the requirement artifacts as the source of 

analysis to perform impact analysis when classes are partially developed and uses the class 

artifacts when classes are fully developed.   

 

This chapter describes the research background, aims, motivation, contributions and thesis 

outline. 

 

1.1 Research Background 

Software is the most malleable component of a system [Pfleeger and Bohner, 1990]. It 

undergoes changes not only in the requirement phase [Bennet and Rajlich, 2000], but also 

throughout the software development phases [Finkelstein and Kramer, 2000].  According to 
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Brooks, changeability is one of the essential difficulties in software development [Brook, 

1987].  

 

It is important to manage the changes in the software to meet the evolving needs of the 

customer and hence, satisfy them [Kotonya and Somerville, 1998]. Accepting too many 

changes causes delay in the completion and it incurs additional cost. Rejecting the changes 

may cause dissatisfaction to the customers. Thus, it is important for the software project 

manager to make effective decisions when managing the changes during software 

development. One type of information that helps to make the decision is the prediction of 

the number of classes affected by the changes. This prediction can be done by performing 

change impact analysis [Arnold and Bohner, 1993; Antoniol et al., 2000; Bianchi et al., 2000]. 

 

Current impact analysis techniques include static analysis techniques [Badri et al., 2005; 

Hassine et al., 2005; Shiri et al., 2007-a] and dynamic analysis techniques [Orso et al., 2003; 

Law and Rothermal, 2003; Apiwattanapong et al., 2005; Huang et al., 2005-a; Huang and 

Seong, 2006]. These techniques are mainly developed for the software maintenance phase. 

The implementation of these techniques is based on the assumptions that: (1) all classes in 

the class artifacts are completely developed; and (2) the class artifact is used as a source of 

analysis since it represents the final forms of user requirements [Bennet and Rajlich, 2000]. 

Unfortunately, these assumptions are not practical for implementing impact analysis in the 

software development phase since some classes in the class artifacts are still under 

development or partially developed [Nuseibeh and Esterbrook, 2000]. 

 

The existence of partially developed classes in the class artifacts causes several problems to 

these static analysis and dynamic analysis techniques. The static analysis technique faces a 

problem related to the accuracy of program static information (i.e., class interactions) that is 

generated from source code through reverse engineering. The generated class interactions 

that involve partially developed classes may not represent the actual class interactions as 

some of the interactions have not been developed yet. On the other hand the dynamic 

analysis techniques [Orso et al., 2003; Law and Rothermal, 2003; Apiwattanapong et al., 

2005] tends to produce inaccurate method execution paths that are generated from source 

code through reverse engineering. This is because some method execution paths that involve 

partially developed classes may have not been developed yet.  
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The inaccuracy of the generated program static information from the static analysis 

technique and method execution paths from the dynamic analysis technique indirectly lead 

to inaccuracy of impact analysis results. 

  

1.2 Research Aims  

We propose a new framework to perform impact analysis during software development. Our 

framework combines current static and dynamic analysis techniques, and supplements actual 

class interactions derived from source code with inferred class interactions derived from the 

requirements. 

 

For the static analysis technique problem, the framework develops the program static 

information (i.e., class interaction prediction) using a predictive technique by analysing the 

requirement artifacts and the design artifacts instead of reverse engineering from the source 

code. For the dynamic analysis technique problem, the framework introduces partially 

developed class analysis that is used to modify the generated method execution paths from 

the source code. The modification is meant to improve the accuracy of the generated 

method execution paths.  

 

1.3 Motivation 

Modern software development is iterative and encourages frequent interactions between the 

software development team and stakeholders including the client [Cockburn, 2001]. These 

interactions will generate change requests as the requirements gradually evolve to meet the 

client’s expectations. However the software developers will have to assess the impact of 

these change requests with respect to incomplete software artifacts: some modules may be 

completely developed and verified; some modules may be partially implemented; some 

modules may have a complete design but not code; and some modules may have 

requirements but no more. This situation presents two important aspects when considering a 

change request. They are which classes will be changed and at what stage of development are 

these classes. (Obviously changing a class that has been verified is more expensive than 

changing a class that has not yet been designed). In this work we will focus on the first 

aspect: How can we predict which classes will be affect by a requirement change, given 

inconsistent states of development across the project? 
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To emphasize the importance of managing the software changes, consider the following 

scenario. Suppose the customers ask that a new requirement for a new feature to be 

incorporated during development of the software. The new requirement states that to enrol 

in a course that has a pre-requisite course(s), a student must have passed all the pre-requisite 

courses. Otherwise, the system will automatically withdraw the student at the beginning of 

the semester term. A new policy has been imposed that students are allowed to retake a pre-

requisite course only twice.  

 

Determining the impact of imposing the new policy depends on how far the development of 

the software has progressed. If the development has not reached the design or coding 

phases, the impact of imposing the new policy will be minimal since there is only 

requirement artifacts affected. However, if the system has been designed and some source 

code has been implemented, then the new policy will affect the design artifact as well as the 

class artifact.  

 

Impact analysis in this particular context should be able to give predictive information on 

what software artifacts (requirement, design or class artifacts) may be impacted if the change 

is made without regard to what point development has progressed. The software 

development team especially the software project manager will use this information to decide 

if it is cost effective to implement the new policy requirement at this time or defer it until 

later. 

 

1.4 Contributions 

The main contribution of this thesis is a new impact analysis framework for the software 

development phase. The new impact analysis framework uses the static analysis technique as 

well as the dynamic analysis technique in the software development phase. This work differs 

from current approaches as the new framework uses the static analysis as well as the dynamic 

analysis technique when necessary. That is, we use the static analysis technique when the class 

artifact is partially developed whereas we use the dynamic analysis technique when the class 

is fully developed. Besides introducing the term “necessary” implementation, this work also 

introduces a new static analysis technique in which this technique combines a new 

requirement interactions detection technique with a refined version of the current horizontal 

traceability analysis technique. The new static analysis differs from current approaches as the 
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combination is done between the new requirement interactions detection and the new 

refined horizontal traceability analysis. 

1.5 Thesis Outline 

This thesis has nine chapters:  

Chapter 2 discusses state-of-the-art work related to impact analysis in the software 

development phase. There are six research areas which are software development lifecycle, 

requirement engineering, change management process, impact analysis, traceability and 

design pattern. Besides that, an extensive review of the current impact analysis techniques 

capabilities is also given. 

Chapter 3 explains the research methodology employed. The explanation includes research 

design, research stages and validation process. 

Chapter 4 presents an overview of the new impact analysis framework for the software 

development phase. There are two main sections in this chapter that reflect the two main 

stages of the framework’s implementation which are developing class interactions prediction 

and performing impact analysis.  

Chapter 5 describes detailed implementation of the first stage in the framework. Each 

process in this stage is comprehensively described and a brief example of each process’s 

implementation is given. 

Chapter 6 describes detailed implementation of the second stage in the framework. Each 

process in this stage is comprehensively described and a brief example of each process 

implementation is given. 

Chapter 7 explains the evaluation strategy that is used to measure the effectiveness of the 

new impact analysis framework. Four hypotheses are defined and two sets of evaluation 

metrics are used to validate those hypotheses.  

Chapter 8 presents the evaluation results that are organized according to the defined 

hypotheses. Based on the results, a comprehensive discussion on why the new impact 

analysis framework is able to effectively support the impact analysis for the software 

development phase is then presented. 

Chapter 9 summarizes the research contribution and proposes future work. 



 6

Chapter 2 : Literature Review 

 

2.1 Introduction 

This chapter describes the state-of-the-art work in impact analysis. The description covers 

six research areas which are the software development lifecycle, requirement engineering, 

change management process, impact analysis, traceability and design patterns. After that, 

current impact analysis techniques are reviewed to identify strengths and weaknesses for the 

software development phase perspective. Based on this review, the needs of a new impact 

analysis framework for the software development phase are then constructed. 

  

2.2 Software Development Lifecycle 

The software development lifecycle starts when customers request software that will satisfy 

their needs from a software development team. A discussion is then conducted to develop 

an initial understanding of what are the expectations from the customers towards the 

software development team. The initial understanding is described in a formal document 

such as the Stakeholder Request Document [Kruchten, 2000]. This document will be used as 

a future reference for developing project planning (schedule, resource and budget) and also 

acts as a high level agreement between the customer and the software development team. 

 

The first phase of the software development is the requirement phase. This phase focuses on 

translating and detailing the initial understanding into more technical language that the 

software developers understand. The software developers use this concept to design and 

develop the software. The detailed requirements of the software are described in a formal 



 7

document such as the Software Requirement Specification [IEEE-Std 830-1998, 1998] or 

Use Case Specification [Kruchten, 2000]. This document will be used to drive the later 

implementation phase.   

 

After completing the requirement phase, the next phase is the design phase. This phase has 

two main stages which are the high level design stage and the low level design stage. The 

high level design stage presents the overall blueprint of the software architecture. The low 

level design stage describes the internal structure and the blueprint of software 

implementation. Interactions among the internal structures are also developed accordingly. 

Both stages’ information are described in a formal document such as the Software Design 

Description or Software Design Document [IEEE-Std 1016-1998, 1998]. This document 

will be further used to drive the subsequent phase implementation.   

 

The next phase is the coding phase or the implementation phase. This phase focuses on 

implementing the overall architectural design and the low level design into actual source 

code implementation. At the end of this phase, the software is ready to be tested by the next 

phase. There is no specific formal documentation for this phase as the software executable 

or source code implementation is considered as the deliverable of this phase. However, the 

Software Development Files [IEEE Std 610.12-1990, 1990] can be used to document all 

materials related to the development of the source codes.  

 

Finally, before delivering the software to the customers, a testing phase is performed. This 

phase concentrates on verifying and validating the software to ensure that the software meets 

the customer expectation as specified in the Stakeholder Request Document [Kruchten, 

2000] and the Software Requirement Specification [IEEE-Std 830-1998, 1998]. There are 

several formal documents [IEEE/EIA 12207, 1998] which can be used to describe the 

testing plan and the testing results such as the Software Test Plan, the Software Test 

Description and the Software Test Results [IEEE-Std 829-2008, 2008]. After completing the 

testing phase, the software is considered ready to be deployed in the customer environment. 

After some time, the software will undergo several changes. Typically these changes are done 

in the maintenance phase.  
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Some researchers [Royce, 1987; Stafford, 2003] address the software maintenance phase as 

part of the software development lifecycle and some of them treat it as an independent 

software phase [Bennet and Rajlich, 2000; Lehman and Ramil, 2000; Kruchten, 2000]. 

Research that claims it is part of software development argues that the software maintenance 

phase is the last stage of development, keeping software up-to-date with environment 

changes and changing user requirements. Figure 2.1 below shows an example of a software 

development model that considers the software maintenance phase as part of its lifecycle. 

 

Figure 2.1: A Waterfall Model [Royce, 1987] 

 

On the other hand, some researchers treat the software maintenance as a different software 

phase from the software development phases. This is because of the software maintenance 

focuses on adapting the software to continuing environment and user requirement changes 

rather than developing software. In fact this phase has several stages of implementation as 

defined by some researchers [Bennet and Rajlich, 2000; Lehman and Ramil, 2000]. For 

example, [Bennet and Rajlich, 2000] defines there are five stages of software maintenance 

phase as shown in Figure 2.2 below. 
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Figure 2.2: A Staged Model of Software Maintenance Phase [Bennet and Rajlich, 2000] 

 

The exact manner of the implementation of the software phases as defined by [Bennet and 

Rajlich, 2000; Lehman and Ramil, 2000; Kruchten, 2000; Beck, 1999] depends on the 

development model that is used by the software development team. There are two types of 

the development models that can be used, either the traditional [Royce, 1987] or the modern 

[Ambler, 2002; Cockburn, 2001] models. An example of the traditional model is the 

Waterfall [Royce, 1987] and an example of the modern model is the Incremental and 

Iterative [Beck, 1999].  

 

The Waterfall model [Royce, 1987] is a linear approach in which each phase of development 

is executed one after another. The entire software product is delivered at the end of the 

development phase (e.g., testing phase) to the customer. The advantage of this model is that 

the software development lifecycle is broken into specific phases thus allowing each module 

in the project to be handled separately from one another and with different teams if 

necessary. However, this model can be considered as fairly rigid where activity of each phase 

must be completed before moving to the next phase. 

 

In the Iterative and Incremental model [Beck, 1999], the development team selects a small 

set of requirements that are related among each others to be implemented in a small 

software development lifecycle (requirement phase, design phase, coding phase and testing 

phase) or Iteration. Comparatively to the Waterfall model [Royce, 1987], this model 
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produces executable software in its Iteration and the Iteration repeats until all requirements 

are implemented. One of the advantages of this model compared to the Waterfall model can 

be seen in the risk management aspect. Iterations are planned depending on risk and 

according to priority. Moreover, assessments are mandatory both for the iteration results and 

the processes.  

 

Regardless of the types of development models used, generally the outcome of the software 

development phases consists of software documentations or software artifacts, source codes 

and an executable software product. The software artifacts from each software phase 

(requirement artifact, design artifact, code artifact and test artifact) are important for 

managing the software changes.  

 

2.3 Requirements Engineering  

One of the definitions of requirements engineering is given in Box 1 below. 

 

Box 1. Definition of “Requirements Engineering” [Zave, 1997] 

According to the above definition, requirements engineering can be viewed from three 

perspectives. First, the definition highlights the importance of software development that is 

based on the “real-world goals” where it concerns the ‘what’ of a system. Second, the 

requirement focuses on “precise specification” where a systematic process that consists of 

requirements discovery, requirements analysis, requirements negotiation and requirements 

specification is required [Nuseibeh and Esterbrook, 2000]. Finally, the definition emphasises 

the reality of requirement changes over time through “evolution over time and across 

software families”.  

 

There are many types of requirement change that have been defined and among them are 

system environment change [Oats et al., 1997], customer knowledge change [Petroski, 1985] 

and business environment change [Madhavji, 1997]. A system environment change happens 

“Requirements engineering is the branch of software engineering concerned with the real-

world goals for, functions of, and constraints on software systems. It is also concerned with 

the relationship of these factors to precise specifications of software behaviour, and to their 

evolution over time and across software families"  
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when the system that will be installed is changed to ensure compatibility with the current 

system environment. A customer knowledge change happens when the customer knowledge 

changes during the development process, leading to new desires for functionality and 

performance. Finally, a business environment change happens when new competitor, or staff 

change emerges that lead to the shifting on the current requirements priorities. 

 

Typically, not all requirement changes are implemented during the development process. 

Some requirements are implemented and some of them are ignored or postponed until the 

next phase of release. The decision on the acceptance or rejection of a particular requirement 

change depends on several factors e.g., the impact complexity of the requirement change. 

One of the inputs that support the estimation of the impact complexity is the number of 

classes that will be impacted by the requirement change [Rohatgi et al., 2008]. The estimation 

of the number of impacted classes can be done through impact analysis [Arnold and Bohner, 

1993; Hassine et al., 2005; Kama et al, 2010-b]. With the number of impacted classes, this 

information will be used as one of the inputs for the project management team to estimate 

the impact complexity and indirectly support the acceptance or rejection decision [Lam and 

Shankararaman, 1998; Lam and Shankararaman, 1999].   

 

2.4 Change Management Process 

The change management process is typically initiated by a change request. The change 

request is generally expressed in natural language by the user or client. This will make the 

software development team find this difficult to interpret and they misunderstand the 

requirement change. Due to this reason, many change request specification templates have 

been proposed [Military Standard, 1994; ISO 10007-1995, 1995; IEEE-Std 1042-1998, 1998; 

Sommerville, 2004]. One of the templates is shown as below. 



 12

 

Figure 2.3: Change Request Specification [Sommerville, 2004] 

 

There are twenty-one attributes in the change request specification. Each attribute is 

described in the following Table 2.1. 

No Attribute Description 

1 Project Name Name of the project under development. 

2 Change Requester Person(s) who requested for change. 

3 Requested Change Description of change request (s). 

4 Number  Change request identification. 

5 Date Date of change request. 

6 Change Analyser Person(s) who are responsible to perform an initial analysis whether 

the change request is valid or not. Typically, the decision is made 

through discussion among software project team. 

7 Component Affected Primary software components to be affected by the requested 

change. The software components include use case requirement, 

design package or technical component. This prediction is done 

through discussion among software project team. 

8 Analysis Date Date that the initial analysis is made. 

9 Associated Component Secondary software components to be affected by the requested 

change. 

10 Change Assessment Brief description of the analysis results. 

11 Change Priority The change priority value can be low, medium or high. The value is 

defined through the initial analysis discussion among software project 

team. 

12 Change Estimation The change estimation effort can be defined in terms of man hour, 
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Effort man day or man month. The value is defined through the initial 

analysis discussion among software project team. 

13 Date to CCB Change request is reviewed by an external group who decide whether 

or not it is cost-effective from a strategic and organizational 

viewpoint rather than a technical viewpoint. The group is called a 

Change Control Board (CCB). The CCB may include representatives 

from client and contractor staff. 

14 CCB Decision Brief description of the CCB results. 

15 CCB Decision Date Date that the CCB decision is made. 

16 Change Implementer Person(s) who are responsible for the change request 

implementation. 

17 Date Submitted to QA Date that the change request implementation results are submitted to 

the Quality Assurance (QA) team. This team verifies the quality of 

the change request implementation results. 

18 QA Decision Brief decision made by the QA based on the change request 

implementation results. 

19 Date Submitted to CM Date that the change request implementation results is submitted to 

the Configuration Manager (CM). A new system version is created 

for the affected and associated components. 

20 Date of Change Date of the new system version when it is created by the CM. 

21 Comments Comments created by the CM if necessary  

Table 2.1: Change Request Specification Attribute Description 

 

There are many change management processes that have been developed [Bohner, 1996; 

Small and Downey, 2001; Sommerville, 2004]. According to [Bohner, 1996], there are five 

steps in the change management process which are managing software change, 

understanding software change and determining impact, specifying and designing software 

change, implementing software change and re-testing affected software. The following 

Figure 2.4 shows the overall structure of the change management process. 

 

Figure 2.4: Change Management Process [Bohner, 1996] 
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[Small and Downey, 2001] introduce another process model that is slightly different to the 

above process. They introduce six steps in the process which are managing changes, 

analysing situation and predicting, re-designing enterprise, planning to implement changes, 

preparing resources to implement and implementing changes. The following shows the 

overall structure of the change management process. 

 

Figure 2.5: Change Management Process [Small and Downey, 2001] 

 

Another process model is proposed by [Sommerville, 2004]. This process model is simpler 

than the above two process models. The model is represented using a simple algorithm as 

below: 

 

Figure 2.6: Change Management Process [Sommerville, 2004] 

Request change by completing a change request form 

Analyze change request 

if  change is valid then  

     Assess how change might be implemented 

     Assess change cost 

    Submit request to change control board 

    if  change is accepted then  

        repeat  

           make changes to software 

           submit changed software for quality approval 

       until  software quality is adequate 

     create new system version 

 else  

     reject change request 

else  

     reject change request 
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There is one similar step in the above three process models which is the determination or 

the estimation of change impact prior to actual change implementation. This can be seen in 

the Bohner’s model (see Figure 2.4) at the understand software change and determine impact 

step, in the Small and Downey’s model at the “analyse situation and predict” step (see Figure 

2.5) and in the Sommerville’s model at the “analyse change request” step (see Figure 2.6). 

This step is also known as change impact analysis [Arnold and Bohner, 1993]. 

 

2.5 Impact Analysis 

To describe the impact analysis area, three main aspects are created which are definition of 

impact analysis, impact analysis process and current impact analysis techniques.  

 

2.5.1 Definition of Impact Analysis  

One of the definitions of impact analysis is given in Box 2 below. 

 

Box 2. Definition of “Impact Analysis” [Arnold and Bohner, 1993] 

The motivation behind the impact analysis activity is to identify software artifacts (i.e., 

requirement, design, class and test artifacts) that are potentially to be affected by a change. 

The change can be in a form of addition, removal and modification of new or existing 

software artifacts. With information on potentially affected software artifacts, effective 

planning can be made on what action will be undertaken with respect to the change. 

 

There are two main perspectives to impact analysis which are the dependency analysis and 

the traceability analysis. Typically, the dependency analysis is also known as a program 

analysis. The program analysis focuses on identifying relationships among class artifacts or 

source codes by exploring the internal structure of the codes [Arnold and Bohner, 1993]. 

This analysis aims to determine what elements in the source codes could be potentially 

affected by a change. There are many types of program analysis techniques that have been 

introduced, such as the control dependency and the data dependency [Horwitz et al., 1990]. 

“Impact analysis is a process of identifying potential consequences of a change, or 

estimating what needs to be modified to accomplish a change” 
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The control dependency uses a program’s conditional structures for the analysis whereas the 

data dependency analyses the program’s variable. 

 

Comparatively to the program analysis, the traceability analysis is the analysis of relationships 

between software artifacts across different software phases. Since this analysis involves 

various software artifacts across different software phases, some researchers use this analysis 

to support impact analysis activity for the software development phase [O’Neil and Carver, 

2001; Kama et al, 2010-b]. The difference between this analysis and the program analysis is 

that this analysis focuses on the dependencies between software artifacts in different 

software phases instead of a single software artifact. There are two types of traceability 

analysis which are the Pre-traceability analysis and the Post-traceability analysis [Gotel, 1995]. 

The pre-requirement traceability provides a mechanism to verify that all requirements have 

been described in a formal requirement specification document.  On the other hand, the 

post-requirement traceability provides a mechanism to ensure all requirements in the formal 

requirement specification document have been implemented and how they have been 

implemented in the software. 

 

Much of the work on impact analysis has been limited to source code analysis [Arnold and 

Bohner, 1993; Law and Rothermal, 2003; Breech et al., 2005] using the dependency analysis 

approach. Relying on the source code analysis does not account for the overall impact to a 

software project [Pfleeger and Bohner, 1990; Bohner and Arnold, 1996]. Software artifacts 

such as design and test artifacts should be kept up-to-date according to the change. This 

indirectly shows that these software artifacts are part of the impacted artifacts by the change. 

Thus, to identify thorough consequences of making a change in a software project, an 

effective combination between the traceability analysis and the dependency analysis is 

important.  

 
 

2.5.2 Impact Analysis Process 

There are three main steps in the impact analysis process [Arnold and Bohner, 1993; Arnold, 

2002] which are: analyse change specification and software artifacts; trace potential impacts; 

and implement the requested changes. Figure 2.7 below shows the overall structure of the 

impact analysis process.  
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Figure 2.7: Overall Structure of Impact Analysis Process 

 

The first step identifies a set of impacted artifacts that is thought to be initially affected by 

the change specification. The initial set of impacted artifacts is called the Starting Impact Set 

(SIS) [Arnold, 2002]. After the SIS identification, the next step analyses the SIS to trace 

potential impacts by filtering the unnecessary or false artifacts. The filtered result from this 

analysis is the Candidate Impact Set (CIS) [Arnold, 2002] (or also called the Estimated 

Impact Set (EIS) [Arnold and Bohner, 1993]). Finally, the last step identifies a set of 

impacted artifacts that is actually modified during the actual change implementation. This set 

is of impacted artifacts called the Actual Impact Set (AIS) [Arnold, 2002].  

 

The structure of the impact analysis process is an iterative process. During actual change 

implementation, new impacted artifacts might be discovered along the process. The new 

impacted artifacts are called the Discovered Impact Set (DIS) [Arnold, 2002]. The DIS is 

considered as the under-estimate impact set in the CIS. Since not all artifacts in the CIS are 

in AIS, the false artifacts in the CIS are called the False Positive Impact Set (FPIS) [Arnold, 

2002]. The FPIS is considered as the over-estimate impact set in the CIS. The combination 

of artifacts in CIS with artifacts in DIS and the elimination of FPIS artifacts in that 

combination should be in the AIS results, i.e., AIS = CIS + DIS – FPIS. 

 

There are several metrics that can be used to evaluate the accuracy of CIS produced by the 

impact analysis process [Arnold and Bohner, 1993; Bianchi et al., 2000; Pfleeger and Bohner, 

1990; Fasolino and Visaggio, 1999; Lindvall and Sandahl, 1998-b]. The metrics aim to 

evaluate the closeness between CIS and AIS results. The closer the results between CIS and 

AIS are, the higher the accuracy of CIS will be. For example, in [Lindvall and Sandahl, 1998-
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b] evaluation metrics, they use three metrics to evaluate the effectiveness of CIS results 

produced by impact analysis process. The metrics are the Completeness, the Correctness and 

the Kappa Value [Cohen, 1960]. The Correctness Metric represents the percentage of the 

actual predicting impacted classes from the overall actual impacted classes, the Completeness 

Metric represents the percentage of the actual impacted classes from the overall predicting 

impacted classes and the Kappa Value Metric is used to represent the level of agreement 

between the predicted set of potential impacted classes (CIS) and the actual set of impacted 

classes (AIS). 

 
Another example is a set of metrics that is based on two-dimensional concepts which are the 

Adequacy dimension and the Effectiveness dimension [Fasolino and Visaggio, 1999]. The 

Adequacy dimension refers to the capability of the impact analysis process to produce CIS 

that includes all actual impacted artifacts. This dimension is expressed by all artifacts in AIS 

are included in CIS. The Adequacy is the pre-requisite prior to assessing the quality of the 

impact analysis process results. If the results are inadequate, the impact analysis process will 

give invalid information to the software developers of maintainers. The second dimension is 

the Effectiveness in which this dimension is only assessed if the impact analysis process results 

are adequate (first dimension is valid/true). The Effectiveness dimension refers to the ability of 

the impact analysis process to produce CIS that actually benefits the software maintainer. 

There are three criteria of the Effectiveness dimension which are the Ripple-sensitivity, the 

Sharpness and the Adherence [Fasolino and Visaggio, 1999]. First, the Ripple-sensitivity 

criterion shows CIS are affected by elements of the ripple effect. The ripple effect is the 

effect of making a change that creates other parts of the system to be affected as well 

[Stevens et al., 1974]. Next, the Sharpness criterion shows CIS manages to avoid including all 

software artifacts in the system, unless they really should be included because they are 

affected. Finally, the Adherence criterion shows the CIS is as close as possible to the AIS. 

The smaller the difference is, the smaller the number of the CIS that will fail to be included 

in the actual modification (AIS).  

 

2.5.3 Current Impact Analysis Techniques 

There are two categories of impact analysis techniques [Jashki et al, 2008; Kama et al, 2010-b] 

which are the static analysis technique and the dynamic analysis technique. The static analysis 

technique develops a set of potential impacted classes by analysing program static 

information that is generated from software artifacts (i.e., requirement, design, class and test 
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artifacts). Conversely for the dynamic analysis technique, this technique develops a set of 

potential impacted classes by analysing program dynamic information or executing code. The 

following sub-sections describe each impact analysis category. 

(a) The Static Analysis Technique  

There are two types of program static information that have been used to perform the static 

analysis technique. The types are the high level artifacts model and the low level artifacts 

model. The high level artifacts model uses the requirement artifacts and the design artifacts 

model as the program static information to develop a set of potential impacted classes. Some 

researchers use a formal notation such as Use Case Maps [Hassine et al., 2005] or Formal 

Concept Analysis [Shiri et al., 2007-a; Shiri et al., 2007-b; Shiri et al., 2007-c] to represent the 

high level artifacts and some of them use informal notation such as class interactions 

prediction [Kama et al, 2009; Kama et al, 2010-a; Kama et al, 2010-c] or requirement 

interactions model [Li et al, 2008].  

 

The low level artifact model uses the class artifact or source code model as the program 

static information to develop a set of potential impacted classes. This model is developed by 

reverse engineering the existing class artifacts or source code. Results from the reverse 

engineering can be in the form of control call graph [Bohner and Arnold, 1996; Badri et al., 

2005; Briand et al., 1999] or data flow graph [Lee et al, 2000]. These graphs will be traversed 

using algorithms [Badri et al., 2005; Rohatgi et al., 2008] to identify a set of potential impacted 

classes.  

 

We now examine three of these techniques which are the Use Case Maps (UCM) technique 

[Hassine et al., 2005], the requirement interdependency technique [Li et al, 2008] and the class 

interactions prediction with impact prediction filters (CIP-IPF) technique [Kama et al, 2010-

b].  

 

The UCM technique [Hassine et al., 2005] uses the UCM model [Mussbacher and Amyot, 

2003] to perform impact analysis on the functional requirements and the high level design 

model. This technique assumes that all the functional requirements and the high level design 

model are completely developed. Basically, there are two main steps in this technique which 

are: developing the UCM model by analysing the requirement and design artifacts; and 

identifying impacted artifacts using the UCM slicing algorithm.  
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This technique has two limitations which are: (1) there is no traceability technique used from 

the functional requirements and the high level design artifacts to the actual source codes. 

This technique only makes an assumption that the content of these two artifacts that is 

represented using the UCM model are reflected to the class artifacts. Any affected elements 

in the UCM model are indirectly reflected to the affected class artifacts; and (2) there is no 

dynamic analysis or source code analysis involved in this technique. Based on the precept 

that some of the effect of a change from a class to other class(es) may only be visible 

through dynamic or behaviour analysis of the changed class [Law and Rothermal, 2003; 

Huang and Seong, 2006; Huang and Seong, 2007], results from this technique tend to miss 

some actual impacted classes. 

 

The requirement interdependency technique [Li et al, 2008] uses a combination of 

requirement interdependency model and horizontal traceability analysis. For the requirement 

interdependency model, the [Dahlstedt and Persson, 2003] requirement interdependency 

detection technique is used whereas for the horizontal traceability analysis, the Information 

Retrieval technique [Antoniol et al., 2002] is employed. As with the UCM technique, this 

technique assumes that the requirements and the class artifacts are completely developed 

prior to implementing the technique. This technique uses the static analysis technique at the 

requirement level. There are three main steps in this technique which are: detecting 

interdependencies between requirements; detecting traceability links between requirements 

and classes; and performing impact analysis.  

 

One main advantage of this technique compared to the UCM technique is that this 

technique has traceability link detection technique between the requirements artifacts and the 

class artifacts. This detection technique is important as impact of changes can be navigating 

to the class artifacts effectively. However, there are also two limitations of this technique.  (1) 

First, this technique does not involve design artifacts. It is known that not all requirements 

can be directly mapped to class artifacts [Fasolino and Visaggio, 1999; Hamou-Lhadj and 

Lethbridge, 2006]. Some requirements need design artifacts as a mediator to map to the class 

artifacts. Thus, not all impacted classes can be detected based on the impacted requirements 

as in some circumstances design decision is required to support the detection. (2) There is no 

dynamic analysis or source code analysis involved in this technique. As described earlier, 

based on the precept that some of the effect of a change from a class to other class(es) may 

only be visible through dynamic or behaviour analysis of the changed class [Law and 
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Rothermal, 2003; Huang and Seong, 2006; Huang and Seong, 2007], results from this 

technique tend to miss some actual impacted classes.  

 

Finally, the CIP-IPF technique [Kama et al, 2010-b] uses a class interactions prediction as a 

model for detecting impacted classes. This technique is almost similar to the requirement 

interdependency technique [Li et al, 2008] as changes to a requirement will be mapped to the 

class artifacts. However, the differences between these techniques are this technique: (1) 

develops its own requirement interactions detection technique; (2) uses the Rule-based 

technique [Spanoudakis, 2002; Spanoudakis et al., 2004] for the horizontal traceability 

analysis technique and (3) assumes that some classes are partially developed and some of 

them are fully developed. There are three main stages in this technique which are: (1) 

developing class interactions prediction from requirement artifacts; (2) identifying an initial 

set of impacted classes; and (3) filtering the initial set of impacted classes.  

 

This technique has its strength compared to the UCM technique and the requirement 

interdependency technique. First, comparing to the UCM technique, this technique has 

traceability link detection between the requirements artifacts and the class artifacts feature. 

This feature is used to navigate impact of changes at the requirement level to the class 

artifacts. Next, comparing to the requirement interdependency technique, this technique has 

design artifacts analysis as part of its process to identify impacted class artifacts. This analysis 

has been demonstrated to increase the accuracy of the prediction of impacted class artifacts. 

 

(b) The Dynamic Analysis Technique  

There are two types of program dynamic information that have been used to perform the 

dynamic analysis technique. The types are the class dependency graph [Hamou-Lhadj and 

Lethbridge, 2006; Rohatgi et al., 2007; Rohatgi et al., 2008] and the method execution paths 

[Law and Rothermal, 2003; Huang and Seong, 2006; Huang and Seong, 2007]. Both types are 

constructed through reverse engineering the class artifact or the source code.  

 

The class dependency graph is typically represented using a directed graph, G= (V,E) where 

V is a set of classes and E a set of directed edges between classes (see Figure below). Each 

edge represents a class in class artifacts whereas the directed relationship from a pointing 
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class to a pointed class represents the pointing class requires the pointed class for its 

implementation. 

 

Figure 2.8: Directed Graph 

 

The impact set of V1 consists of the set of predecessors of V1. A predecessor of a node is 

defined as follows: Considering an edge e1= (V1, V2) from node V1 to V2. If there is a path 

in the graph that leads from V1 to V2, then V1 is said to be a predecessor of V2. Changes 

that happen to V2 will have high potential to affect V1. For the method execution paths, 

some researchers use the directed graph to represent the method dependency paths 

[Apiwattanapong et al., 2005; Breech et al., 2005] and some of them use a string of letters 

[Law and Rothermal, 2003]. The string of letters represents the method execution path. In 

the string of letters, function returns are represented using the r string and program exit is 

represented using the x string. The following Figure 2.9 below shows an example of a set 

string of letters. 

 

Figure 2.9: Example of String of letters 

 

Given an example when changes happen to M7 and M9, the potential impacted methods can 

be identified by searching backward and forward concepts in the path. By searching 

backward in the generated path, any methods that M7 or M9 returns into can be identified. 

The searching backward technique is based on the precept that all methods that the changed 

method (M7 and M9) returns into are considered as the potential impacted methods. In this 

case, both M7 and M9 do not call to other methods. For a change to M7, M1 is excluded as 

M1 is immediately followed by a return string. Thus, the set of potential impacted methods 

are M and M2. For a change to M9, M, M2 and M8 are considered as the set of potential 

impacted methods. If M7 and M9 exist in other generated paths, a combination of the set of 

actual impacted methods in each path is considered as the overall actual set of impacted 

methods.  

 

Path 1: M, M1, r, M2, M7, r, r, r, x 

Path 2: M, M1, r, M2, M7, r, M8, M9, r, r, r, r, x 

v1 v2 
e1 
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There are many techniques that have been developed in the dynamic analysis technique 

category. Among the most popular techniques are the Influence Mechanism technique 

[Breech et al., 2005] and the Path Impact technique [Law and Rothermal, 2003]. Basically, 

these techniques predict the impact set (classes or methods) based on the method level 

analysis.  

 

The Influence Mechanism technique [Breech et al., 2005] introduces the Influence Graph 

(IG) as a model to perform impact analysis. This technique uses the class artifacts as a source 

of analysis and assumes that the class artifacts are completely developed. There are two main 

steps in this technique which are developing the Influence Graph (IG) and estimating the 

impacted methods.  

 

The first step develops the IG by manually modelling a program execution path. The model 

consists of two main elements which are nodes or the methods and edges or the interaction 

between methods. There are several types of edges that can be defined in the model such as 

value, reference and external. The second step estimates the impacted methods in the model 

using the static analysis and dynamic analysis techniques. For the static analysis, a typical 

traversing technique in each element in the graph is used. For the dynamic analysis, two 

algorithms are introduced: the global tracking-based algorithm and; the influence graph-

based algorithm. The first algorithm uses influence information (edges) in the model to 

compute the impact of a change to a particular program. The second algorithm is used to 

filter the first algorithm results by providing a detailed analysis on the influence information 

based on global variable analysis in a particular method’s implementation. 

 

The advantage of this technique can be considered when its uses a combination of the static 

analysis and the dynamic analysis techniques during its impact analysis implementation. The 

static analysis intends to give preliminary results of the impacted class artifacts prior to 

performing the dynamic analysis. Only the preliminary affected classes will be further 

investigated to detect more affected classes using the dynamic analysis. This ultimately 

improves the effectiveness of the technique’s implementation in term of time-consuming 

and cost. However, there is one limitation for this technique which is there is no formal 

mapping process from requirements artifacts or design artifacts to class artifacts. This 

process is important in impact analysis process as changes not only come from class artifacts 

but also from design and/or requirements artifacts. Since design and requirements artifacts 
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do interact among them vertically (between two different artifacts of a same type) and 

horizontally (between requirement and design artifacts), changes that happen to them could 

contribute to different affected class artifacts. In some circumstances, focusing on the source 

code analysis may not able to detect those affected classes.  

 

The Path Impact technique [Law and Rothermal, 2003] uses the Whole Path DAG (directed 

Acyclic Graph) model [Larus, 1999] as a model to perform impact analysis. The concept of 

implementation for this technique is almost similar to the Influence Mechanism technique 

[Breech et al., 2005] as this technique uses the class artifacts as a source of analysis and 

assumes that the class artifacts are completely developed. Besides that, this technique also 

performs a preliminary analysis prior to performing a detail analysis. Instead of using the 

static analysis like in the Influence Mechanism technique, this technique uses the 

SEQUITUR algorithm [Manning and Witten, 1997]. This algorithm is used on the extracted 

method execution paths that are modelled in the Whole Path DAG model to reduce the 

extracted paths collection. The reduced extracted paths collection will be further used by the 

Path Impact algorithm to estimate the potential impacted methods using a recursive forward 

and backward in-order traversals. There are three main steps in this technique which are: 

extracting method execution paths from application; compressing the extracted paths; and 

estimating impacted methods.  

 

The advantage of this technique compared to the Influence Mechanism technique is that this 

technique performs impact analysis at the method level instead of class level analysis. The 

results of the analysis will ultimately give higher accuracy than the results produced at the 

class level analysis. Also, instead of using the preliminary analysis using to reduce the 

detection process complexity, the SEQUITUR algorithm is also used to convert from a 

complex to a simple method execution representation that indirectly reduce the duration and 

cost of the technique’s implementation. However, there are two limitations of this technique. 

Its implementation is time consuming and costly. Even this technique uses the SEQUITUR 

algorithm to reduce the issue, yet the technique still opens to a huge number of data when 

the analysis goes to a large application. Secondly, there is no formal mapping process from 

requirements artifacts or design artifacts to class artifacts. As described earlier, this process is 

important in impact analysis process as changes not only come from class artifacts but also 

from design and/or requirements artifacts. 
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2.5.4 Summary of Current Impact Analysis Techniques 

To summarize the current impact analysis techniques capabilities, five attributes are used. 

The attributes are extracted from the explanation as described in Section 2.5.3 above. The 

attributes are: (1) analysis technique- the values of this attribute could be the static analysis 

or/and the dynamic analysis; (2) artifacts involved- the values of this attribute could be the 

requirement, design or/and class artifacts; (3) artifacts status- the values of this attribute 

could be partially developed or/and fully developed; (4) artifacts’ traceability- the values of 

this attribute either provided or not provided; (5) level of analysis- the values of this attribute 

could be requirement level, design level, class level or/and method level. Table 2.2 below 

shows the summary of current impact analysis techniques capabilities.  

 Analysis 

Technique 

Artifacts 

Involved 

Artifacts 

Status 

Artifacts’ 

Traceability 

Level of 

Analysis 

UCM Technique Static Analysis 

and Dynamic 

Analysis 

Requirements 

and High 

Level Design 

Fully 

Developed 

Not Provided Requirements 

and Design 

Requirement 

Interdependency 

Static Analysis Requirements 

and Class 

Fully 

Developed 

Provided Requirements 

and Class 

CIP-IPF Static Analysis Requirements 

and Class 

Partially 

Developed 

Provided Requirements 

and Class 

Influence 

Mechanism 

Dynamic 

Analysis 

Class Fully 

Developed 

Not Provided Class  

Path Impact Dynamic 

Analysis 

Class Fully 

Developed 

Not Provided Method 

Table 2.2: Summary of Current Impact Analysis Techniques Capabilities 

 

We do not include one of the current techniques which is the Requirement Abstraction 

Model [Gorschek and Wohlin, 2006] in our analysis. This is because this model focuses on 

organizing multiple levels of requirement abstraction in requirement artifacts rather than 

performing impact analysis. We note that the proposed multiple levels of requirement 

abstraction can be used as part of the impact analysis implementation step. 

2.6 Traceability 

Since change not only affects the source code, but also other software artifacts (i.e., 

requirement, design and test artifacts), impact analysis requires traceability to support the 

other affected software artifacts detection. To describe the traceability, three aspects are also 

examined which are definition of traceability, types of traceability and current traceability 

techniques.  
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2.6.1 Definition 

There are many definitions of traceability. Two most popular definitions are given in Box 3 

below. 

 

Box 3. Definition of “Traceability” ([Gotel and Finkelstein, 1994] and [Spanoudakis, 2002] 

respectively) 

Generally, traceability relates requirements with other software artifacts that are produced 

during the software development lifecycle [Thayer and Dorfman, 1994]. With the 

information provided by the traceability, it assists the software developers or the software 

maintainer to understand dependencies among software artifacts in a software phase as well 

as in different software phases.  

 

2.6.2 Type of Traceability 

There are two types of traceability or requirement traceability which are Pre-requirement 

traceability and Post-requirement traceability [Gotel, 1995; Gotel and Finkelstein, 1995]. 

Figure 2.10 below shows the structure of the requirement traceability types. 

 

Legend: RS- Requirement Specification; RT- Requirement Traceability 

Figure 2.10: Traceability Types [Gotel, 1995] 

“Traceability is the ability to describe and follow the life of a requirement, in both a 

forwards and backwards direction” 

 
“Traceability is the ability to relate requirements specification with other artifacts created 

in the development lifecycle of a software system” 
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The definition of the Pre-requirement traceability and Post-requirement traceability are given 

in Box 4 and Box 5 below. 

 

Box 4. Definition of “Pre-requirement Traceability” [Gotel and Finkelstein, 1995] 

 

Box 5. Definition of “Post-requirement Traceability” [Gotel and Finkelstein, 1995] 

The pre-requirement traceability provides a mechanism to verify that all requirements have 

been described in a formal requirement specification document.  The post-requirement 

traceability provides a mechanism to ensure all requirements in the formal requirement 

specification document have been implemented and how they have been implemented in the 

software. 

 

There are two dimensions of the Post-requirements traceability [Bianchi et al., 2000] (which 

will be called “traceability” henceforth in this chapter). The dimensions are the vertical 

traceability dimension and the horizontal traceability dimension. Figure 2.11 below shows 

the traceability dimensions. 

Requirement Phase Design Phase Coding Phase Testing Phase
Phase

Artifacts

Component

1
Component

2Component

3

Reqts1

Reqts2

Reqts3

Class1

Class2

Class3

TestCase1

TestCase2

TestCase3

Stakeholder 

1Stakeholder 

2

Horizontal Traceability TypeVertical Traceability TypeLegend:

 

Figure 2.11: Vertical and Horizontal Traceability Dimensions 

 

The definitions of the vertical traceability and the horizontal traceability are given in Box 6 

and Box 7 below.  

 “Post-requirements traceability is the ability to identify the implementation of 

requirements in the subsequent phase of the software development lifecycle i.e., design 

phase, coding phase, testing phase and maintenance phase” 

“Pre-requirement traceability is the ability to identify the source of requirements. The 

source can be from which stakeholders, business rules or environmental context” 
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Box 6. Definition of “Vertical Traceability” [Pfleeger and Bohner, 1990] 

 

Box 7. Definition of “Horizontal Traceability” [Pfleeger and Bohner, 1990] 

The main difference between the vertical traceability and the horizontal traceability is their 

traceability coverage. For example, the vertical traceability in the requirement phase. There 

are several types of requirements created and documented in different software artifacts. For 

example, the Feature requirement type is documented in the Stakeholder Request, the 

Functional requirement type is documented in the Use Case Specification and the Non-

functional requirement type is documented in the Supplementary Specification [Kruchten, 

2000]. Vertical traceability not only traces dependencies among different software artifacts in 

a software phase, but also dependencies within a software artifact itself such as dependencies 

among requirements in a use case specification [Spanoudakis et al., 2004].  

 

For the horizontal traceability, there are five areas of the traceability which are horizontal 

traceability between requirement artifact and design artifact [Huang and Settimi, 2005-b; 

Lucia et al, 2007; Lorman and Deursen, 2005; Lorman and Deursen, 2006], design artifact 

and coding artifacts [Nistor et al., 2005; Sefika et al., 1996], requirement artifact and coding 

artifact [Marcus and Maletic, 2003; Antoniol et al., 2002; Antoniol et al., 2000; Grechanik et 

al., 2007], requirement artifact and testing artifact [Pinheiro and Goguen, 1996; Lucia et al, 

2007; Lorman and Deursen, 2006] and, requirement artifact and defect reports [Yadla et al., 

2005].  

 

2.6.3 Current Traceability Techniques 

Since there are two dimensions of the traceability, the current traceability techniques 

description is divided into two sections which are current vertical traceability techniques and 

current horizontal traceability techniques. The current vertical traceability technique focuses 

on the vertical traceability techniques among the requirement artifacts or requirement 

“Horizontal traceability refers to the ability to trace dependencies or relationships among 

software artifacts across different software phases” 

“The vertical traceability refers to the ability to trace dependencies or relationships among 

software artifacts in the same software phase” 
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interactions only. For the current vertical traceability techniques in the class artifact or 

dependency analysis, it will be described in Section 2.8 (review current impact analysis 

techniques).  

(a) Current Vertical Traceability Techniques (Requirement Interactions Detection 
Technique) 

Many techniques have been developed to detect requirement interactions.  The term 

interaction refers to when two requirements have a dependency relationship among them. 

The dependency is described as one requirement requires another requirement or both of 

the requirements require each other for its execution. The dependency can be either 

permanent or a temporal relationship. Among the techniques are the semi-formal technique 

[Shehata and Eberlein, 2003-a], requirement attributes technique [Kama et al, 2009] and type 

of interaction-based technique [Carlshamre et al., 2001].  

 

The semi-formal technique [Shehata and Eberlein, 2003-a; Shehata et al., 2004] detects 

requirements interactions through requirement state analysis. There are three steps in this 

technique. The first step is categorizing requirements into two groups which are the system 

axiom and the system dynamic behaviour. The system axiom represents a requirement that 

specifies the property of a system whereas the system dynamic behaviour represents a 

requirement that requires a trigger event to be executed. The second step is tagging each 

requirement in the groups with attributes. There are two attributes for the system axioms 

which are rules and condition. For the system dynamic behaviour, there are four attributes 

which are pre-state, trigger events, action and next state. The last step is detecting the 

requirement interactions based on the four detection rules. The rules are: (a) interactions 

between two axioms; (b) interactions between a system axiom and system dynamic 

behaviour; (c) interactions between requirements triggered by the same event; and (d) 

interactions between requirements that triggered by linked event. 

 

The advantage of this technique is that this technique provides a plug-in feature. This plug-in 

allows this technique to be applied in different domains such as Control domain (e.g., lift 

system), telecommunication domain (e.g., telephony system) and smart home domain (e.g., 

smart home domain). However, the seven proposed steps that includes tables, graphs and 

graphical representations development causes time consuming and cost of the technique’s 

implementation. Furthermore, these steps are meant to be executed manually as some of the 

steps require human analysis involvement. 
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The requirement attributes analysis technique [Kama et al, 2009] is almost a similar technique 

to the semi-formal technique [Shehata and Eberlein, 2003-a; Shehata et al., 2004] as they use 

an attribute concept to detect interactions between requirements. However, there are three 

main differences between them which are as follows. (1) The requirement attributes analysis 

technique analyses the noun and verb in the attribute value to detect interactions between 

requirements. For the semi-formal technique, this technique uses human understanding 

based on the attribute value to detect interactions between requirements. (2) The 

requirement attributes analysis technique has eight requirements attributes whereas the semi-

formal technique has two requirements attributes for the system axioms category and four 

requirements attributes for the dynamic system behaviour category. 

 

There are two steps in the requirement attribute analysis technique which are to tag 

requirements with attributes and detect requirement interactions. The first step tags all 

requirements using eight requirement attributes which are: (1) Unique Identifier (ID)- a 

unique identification for every requirement; (2) Pre-condition (Pre)- a list of conditions of 

the requirement that must be fulfilled prior to its execution; (3) Triggering Event (TrE)- an 

action(s) that cause the requirement to be executed; (4) Subject (Sub)- actor of the 

requirement; (5) Action (Act): action that the subject performs; (6) Target (Tar)- conceptual 

object (results from activity) or physical objects; (7) Direction (Dir)- direction or destination 

of the target to be communicated; and (8) Post-condition (Post): A list of possible outcomes 

after the requirement has successfully been  implemented. The second step detects 

requirement interactions using three requirement interactions detection guidelines. The 

guidelines are: (1) if there exists a significant object in the Pre-condition attribute of a 

requirement (R2) that is similar to a significant object in the Post-condition attribute of 

another requirement (R1), then these two requirements are considered to have an interaction 

between them; (2) if there exists a significant object in the Pre-condition and the Trigger 

Event attributes of a requirement (R1) that is similar to a significant object in the Pre-

condition and the Trigger Event attributes of another requirement (R2), then these two 

requirements are considered to have an interaction between them. 

 

The advantage of this technique is that this technique uses semantic analysis on the attribute 

value to detect interactions between requirements. This semantic analysis does not depend 

on human analysis that indirectly leads to an automation of detection. However in some 

cases, not all requirements especially the Pre-condition attribute value can be describe using 

noun and verb. This requires further improvement on the detection technique. Also, some 
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interaction between requirements may exist due to object state transition as described in the 

Semi-formal technique. 

 

The type of interaction-based technique [Carlshamre et al., 2001] uses five types of 

interactions to detect interactions between requirements. The types are: AND, REQUIRES, 

TEMPORAL, ICOST and CVALUE. The AND type happens when a requirement (R1) 

requires another requirement (R2) to function and R2 requires R1 to function. The 

REQUIRES type exists when R1 requires R2 to function and not vice-versa. This type is 

also known as a pre-requisite relationship where R1 (any requirement) requires R2 (as the 

pre-requisite) to function and R2 does not require R1 to function. The TEMPORAL type 

explains when there is a situation where R1 has to be implemented before R2 or vice-versa 

temporarily. The ICOST and CVALUE types occur when R1 affects the cost of 

implementing R2 (ICOST) and when R1 affects the value of R2 for customer (CVALUE). 

Both values for these two types can be either positive or negative.  

 

The advantage of this technique is that this technique detects interactions between 

requirements not only from semantic relationship between requirements perspective (AND 

and REQUIRES type) but also from the requirement execution perspective (TEMPORAL 

type), customer perspective (CVALUE type) and cost perspective (ICOST type). The 

detection results are considered more thorough than the other two detection techniques 

(Semi-formal and Requirement Attribute Analysis) as they only detect from the semantic 

perspective. However, this technique requires human analysis as this could be time 

consuming and increases the cost of implementation. Besides that, it decreases the 

effectiveness of the technique to be fully automated. 

(b) Current Horizontal Traceability Techniques 

There are many horizontal traceability techniques that have been developed from a very 

simple technique e.g., spreadsheet, up to the complex or formal technique. These techniques 

can be classified based on a method that is used to recover traceability links among software 

artifacts. Among these techniques are the information retrieval technique [Antoniol et al., 

2002; Huang and Settimi, 2005-b; Marcus and Maletic, 2003; Settimi et al., 2004; Zou et al., 

2006], rule-based or heuristic rule-based technique [Spanoudakis, 2002; Spanoudakis et al., 

2004], event-based technique [Huang et al., 2002; Huang et al., 2003] and feature model-based 
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technique [Riebisch, 2004; Pashov and Riebisch, 2004]. All these techniques have been used 

to support impact analysis in the software maintenance phase. 

 

Several researchers use the information retrieval (IR) technique to recover traceability among 

different software artifacts [Antoniol et al., 2002; Huang and Settimi, 2005-b; Marcus and 

Maletic, 2003; Settimi et al., 2004; Zou et al., 2006]. This technique compares similarity 

between the requirement artifact or high level documentation and the class artifact or source 

code. There are two IR models used in [Antoniol et al., 2002], which are the probabilistic 

model and the vector space model [Yates and Neto, 1999]. Besides using these two models, 

[Marcus and Maletic, 2003] use the Latent Semantic Index (LSI) [Deerwester et al., 1990] to 

recover traceability between high level documentation and source code. This work 

demonstrates that the LSI gives better accuracy of traceability recovery results than the 

probabilistic and vector space models. This work also proposes to use morphological 

analysis to improve the probabilistic and vector space models results. 

 

For the rule-based technique, [Spanoudakis, 2002; Spanoudakis et al., 2004] use a technique 

to recover traceability between the requirement artifact and the analysis object model. Two 

traceability rules are created which are requirement-to-object model (RTOM) rule and inter-

requirement (IREQ) rule. These rules are deployed to three software artifacts namely 

requirement statement documents (RSD), use case documents (UCD) and analysis object 

model (AOM). The RTOM rule is used to recover traceability between RSD, UCD and 

element in the AOM whereas the IREQ rule is used to recover traceability between RSD and 

UCD. Another work by [Nentwich et al., 2002] uses the rule-based technique to develop a 

tool namely “xlinkit”. This tool provides rule-based link generation and distributed web 

content consistency checking.  

 

The event-based technique which was proposed by [Huang et al., 2002; Huang et al., 2003] 

uses the event-notifier based concept to recover traceability links between requirement 

artifacts and other software artifacts i.e., design, code and test artifacts. All dependent 

artifacts in the other software artifacts must subscribe to the requirements in the requirement 

artifacts. If changes happen to the requirement, the dependent artifacts will be notified and 

further changes may be made to the dependent artifacts. There are three main elements in 

this technique which are the requirement manager, the event server and the subscribe 

manager. The requirement manager is responsible for managing requirements and publishing 
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change events to the event server. The event server accepts change event from the 

requirement manager and notifies the event to the subscribe manager. The subscribe 

manager receives the change event and manages the event notification to the dependent 

artifacts. 

 

Finally, the feature model-based technique [Riebisch, 2004; Pashov and Riebisch, 2004] uses 

feature modelling from Feature-Oriented Domain Analysis (FODA) concept to recover 

traceability links between requirements and design models. Features are key distinctive 

characteristics of a system. This technique groups or categorizes all requirements into 

features. These features will be analysed to identify its granularity level through analysis of its 

priority, implementation cost and implementation effort. After grouping the requirements 

into features, the implementation artifacts are then later fractionated or grouped by its 

granularity level.  The granularity level is determined by its priority, implementation cost and 

implementation effort. Traceability links between requirements and implementation artifacts 

are identified through the analysis of similarity of the granularity level between requirements 

and feature, and between feature and implementation artifacts. If a requirement element has 

a same granularity level with any implementation artifact, then these two elements have 

traceability link among them. 

 

The following Table 2.3 shows the analysis of each current horizontal traceability techniques. 

Technique  Strengths Weaknesses 

Information 

Retrieval (IR) 

This technique shows that IR provides a 

practicable solution to semiautomatically 

recovering traceability links between 

code and documentation. Both the 

probabilistic model and the vector space 

model achieve one hundred percent of 

recall with almost the same number of 

documents retrieved. 

This technique does not involve the design 

artifact as an input in its process. This artifact 

might affect the traceability recovery results 

due to in some circumstances the design 

strategy or design pattern affects the source 

code implementation [Gamma et al., 2000]. 

Besides that, the technique detects 

traceability links only with reference to a 

common feature of a system between the 

code and the documentation. 

Rule-based This technique demonstrates fully-

automated traceability links detection 

between textual documents that specify 

use case specification and requirement 

statement and analysis object model 

expressed in UML form.  

This technique does not involve the design 

artifact as an input in its process. This artifact 

might affect the traceability recovery results 

due to in some circumstances the design 

strategy or design pattern affects the source 

code implementation [Gamma et al., 2000]. 

Besides that, the technique detects 

traceability links only reference to a common 

feature of a system between the textual 

document and the analysis object model. 
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Event-based This technique supports the process of 

maintaining traceability links between all 

software artifacts using a subscriber-

publisher concept. All changes that 

happen to software artifacts will be 

notified to its subscriber automatically 

throughout the software development 

lifecycle. 

This technique is used for maintaining 

traceability links. However, there is no 

support for traceability links detection 

between the subscriber and the publisher. 

The detection is done manually. 

Feature 

model-based 

This technique uses an intermediate 

element, feature, to link between the 

requirement artifact and the 

implementation artifact (design and 

code). If requirements and 

implementation artifacts have a 

traceability link with the same feature, 

then these two artifacts have a 

traceability link between them. 

There are no specific or detailed guidelines to 

identify traceability between requirement and 

features and traceability between features and 

implementation artifacts. Also, the detection 

is done manually. 

Table 2.3: Analysis of Current Horizontal Traceability Techniques 

2.7 Design Patterns 

To describe the design patterns, the following definition of design patterns, the categories of 

design patterns and an example of design patterns implementation are presented. 

2.7.1 Definition  

Many definitions of design patterns have been developed. One of the definitions is given in 

Box 8 below. 

 

Box 8. Definition of “Design Patterns” [Lethbridge, 2000] 

2.7.2 Category of Design patterns 

There are two categories of design patterns which are coarse-grained design patterns and 

fine-grained design patterns. The coarse-grained design patterns help to solve a high level or 

architectural problem [Liyan, 2009]. Examples of this pattern are the Model-View-Controller 

(MVC) and Boundary-Controller-Entity (BCE) patterns. For the fine-grained design 

patterns, this pattern focuses on low-level software implementation problem and examples 

of this pattern are the Observer, Singleton and Facade patterns [Gamma et al., 2000]. Each 

“A design pattern is defined as a solution that has been useful in one particular software 

design context and will probably be useful in the future design context. The design pattern 

aims at helping the software development team in particular the software designer or 

software architect to build an effective software design implementation” 
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design patterns provide different solutions to different problems during designing the 

software. 

 

According to [Gamma et al., 2000], there are three categories of fine-grained design patterns 

which are creational pattern, structural pattern and behavioural pattern. The creational 

pattern is concerned with managing the object creation process. This pattern assists the 

software developers to create objects in a manner suitable to the situation. The structural 

pattern deals with creating an effective relationship between interacting classes. Finally the 

behavioural pattern identifies a typical pattern of communication between objects. The 

following Table summarizes the current fine-grained design patterns according to the 

categories. 

No Pattern Category GoF Pattern 

1 Creational  AbstractFactoryPattern 

BuilderPattern 

FactoryMethodPattern 

PrototypePattern 

SingletonPattern 

LazyInstantiationPattern 

UtilityPattern 

2 Structural AdapterPattern 

BridgePattern 

CompositePattern 

DataBusPattern 

DecoratorPattern 

FacadePattern 

FlyweightPattern 

ProxyPattern 

RoleObjectPattern 

AnnotatedCallback 

3 Behavioural  ChainOfResponsibilityPattern 

CommandPattern 

InterpreterPattern 

IteratorPattern 

MediatorPattern 

MementoPattern 

ObserverPattern 

StatePattern 

StrategyPattern 

TemplateMethodPattern 

VisitorPattern 

HierarchicalVisitorPattern 

Table 2.4: Fine-grained Design Patterns 
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2.7.3 Example of Design Pattern Implementation 

To demonstrate the example of the design patterns implementation, the BCE design pattern 

is used. This pattern focuses on solving one of the typical problems which is the difficulty to 

maintain a software system because of interdependencies of all components. The 

interdependencies can cause ripple effects when a change is made anywhere. A high coupling 

of classes causes difficulty and it is almost impossible to reuse them as they depend on 

various classes. Furthermore, adding new data may require re-implementing most of business 

logic classes which then requires maintenance in various places.  

 

The BCE design pattern recommends that the software system separate all system classes 

into three design patterns class categories. The categories are Boundary class, Controller class 

and Entity class. The Entity class is a class that possesses data or business rules that access to 

and updates data from/to database. For the Boundary class, it is a class that renders the 

content of the Entity class and presents the content to user. Finally the Controller class is 

responsible for translating the message from Boundary class and passing it to the Entity 

class.  

 

To demonstrate the BCE design pattern implementation in design class interactions, the 

following example of developing the design class interactions from a requirement description 

is used. The requirement description is “the student enters user id and password at the login form. The 

system authenticates the user information and display main menu”. Based on this requirement 

description, three significant objects are detected. The significant objects are Login Form, 

User and Main Menu. The interactions between these significant objects are then developed 

that reflect to the design class interactions. Figure 2.12 shows the design class interactions 

before applying the BCE pattern whereby Figure 2.13 shows the design class interactions 

after applying the BCE pattern. 

 

 

Figure 2.12: Design Class Interactions without the BCE Design Pattern Implementation 
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Figure 2.13: Design Class Interactions with the BCE Design Pattern Implementation 

 

Looking at the above two figures, the difference between them is that in Figure 2.13 

interactions between the Boundary class and the Entity class is managed by the Controller 

class compared to Figure 2.12. 

 

2.8 Analysis of Current Impact Analysis Techniques Capabilities to Support 
Impact Analysis for the Software Development Phase 

As described in Chapter 1 (see Section 1.1 Research Background), there is a major challenge 

for the current impact analysis techniques to be applied in the software development phase 

which is the existence of the partially developed class in the class artifacts. Therefore, a 

comprehensive review on the current impact analysis techniques’ capabilities is important to 

identify which capabilities can be used and which capabilities can be improved to support 

impact analysis implementation in the software development phase.  

 

Three criteria are used to describe the current impact analysis techniques’ capabilities. The 

criteria are [Ibrahim, 2006]: (1) impact analysis model; (2) model development technique; and 

(3) impact analysis coverage. The first criterion describes a type of impact analysis model 

used by the technique as a source of performing impact analysis. There are several types of 

impact analysis model can be used such as Use Case Maps [Hassine et al., 2005], Formal 

Concept Analysis [Shiri et al., 2007-b], Requirement Interdependency [Li et al, 2008], Class 

Interaction Prediction [Kama et al, 2010-c] for the static analysis technique and Directed 

Acyclic Graph [Law and Rothermal, 2003], Component/Class Dependency Diagram 

[Rohatgi et al., 2008], Influence Graph [Breech et al., 2005] for the dynamic analysis 

technique.  

 

The second criterion describes a technique that is used to develop the model. There are two 

types of technique which are the reverse engineering technique and the predictive technique. 

The reverse engineering technique develops the model by analysing, extracting and 
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modelling all information (i.e., class name, class attribute, class operation and class 

interactions) from the source code. Compare this to the predictive technique that develops 

the model by analysing, extracting and modelling all information (object name, significant 

object name, significant object interaction and design patterns) in the requirement artifact 

and the design artifact.  

 

The third criterion shows the coverage of the impact analysis technique. The coverage can 

be between: (1) requirement and design artifacts; (2) requirement and class artifacts; (3) 

requirement, design and class artifacts; and (4) requirement, design, class and test artifacts.  

 

There are two categories of impact analysis technique: the static analysis category and the 

dynamic analysis category, and three impact analysis techniques from each category are 

selected to be reviewed. The selected techniques for the static analysis category are the UCM 

technique [Hassine et al., 2005], the requirement interdependency technique [Li et al, 2008] 

and the class interactions prediction technique [Kama et al, 2009; Kama et al, 2010-a; Kama et 

al, 2010-c] are selected. For the dynamic analysis, the CoverageImpact technique [Orso et al., 

2003], the PathImpact technique [Law and Rothermal, 2003] and the Influence Mechanism 

technique [Breech et al., 2005] are selected. The following Table 2.5 shows the review on the 

current impact analysis technique based on the capability criteria. 

Impact 

Analysis 

Category 
Technique Name 

Impact Analysis 

Model 

Impact Analysis 

Model 

Development 

Technique 

Impact Analysis 

Coverage 

Static analysis 

technique 

Use Case Maps Use Case Map Predictive  Requirement, 

Design and Class 

Requirement 

Interdependency 

Requirement 

Interdependency 

Predictive  Requirement and 

Class 

Class Interactions 

Prediction  

Class Interactions 

Prediction 

Predictive  Requirement, 

Design and Class 

Dynamic 

analysis 

technique 

CoverageImpact Scenario Block Reverse 

Engineering  

Class only 

Path Impact  Directed Acyclic 

Graph 

Reverse 

Engineering  

Class only 

Influence 

Mechanism  

Influence Graph  Reverse 

Engineering  

Class only 

Table 2.5: Review Current Impact Analysis Techniques 

 

To review the capability of current impact analysis techniques to support impact analysis in 

the software development phase, we used four reviewing elements [Hassine et al., 2005; Shiri 
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et al., 2007-b; O’Neil and Carver, 2001]. These elements are considered as important 

elements to support impact analysis for the software development phase. The elements are: 

(1) the source of data to develop the impact analysis model; (2) impact analysis model 

development technique; (3) partially developed class consideration; and (4) impact analysis 

implementation.  

 

The first element is the source of data used to develop the impact analysis model. Some 

techniques use the class artifact or source code and some of them use the requirement 

artifact and the design artifact as the source of developing the model. In the impact analysis 

technique for the software development phase, the requirement artifact and the design 

artifact are considered to be the practical source of development since they are the most 

stable and completed forms of user requirements compared to class artifact or source code 

[Hassine et al., 2005; Shiri et al., 2007-b]. 

 

The second element is the impact analysis model development technique. This element defines a 

technique that the impact analysis technique used to develop the impact analysis model. 

There are two techniques that can be used to develop the model which are the reverse 

engineering or the forward engineering (or predictive technique). Since the class artifact or 

source code is not practical as the source of model development for the software 

development phase, the reverse engineering technique is indirectly considered to be 

impractical as the model development technique [Hassine et al., 2005; Shiri et al., 2007-b].  

 

The third element is the partially developed class consideration. This element defines capability of 

the impact analysis technique to include partially developed class analysis in its 

implementation. This consideration is important for the impact analysis technique as not all 

classes in the software development phase are fully developed [O’Neil and Carver, 2001].  

 

Finally, the fourth element is the analysis technique that defines how a technique analyses the 

impact analysis model to identify impacted artifacts. The analysis can be: (1) static analysis 

technique; or (2) dynamic analysis technique. Some techniques use either the static analysis 

technique or the dynamic analysis technique only and some of them combine between the 

static analysis technique and the dynamic analysis technique. Since the static analysis 

technique has an advantage when partially developed class involved in the analysis [Kama et 
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al, 2010-b] and the dynamic analysis technique has an advantage when all classes are fully 

developed compared to the static analysis technique [Orso et al., 2003; Law and Rothermal, 

2003; Apiwattanapong et al., 2005], the combination of both techniques is considered as the 

best analysis technique for impact analysis in the software development phase. However, the 

dynamic analysis technique will only be implemented if some potential impacted classes 

produced by the static analysis technique are fully developed. In other words, the dynamic 

analysis technique will be implemented if possible. 

 

Table 2.6 below summarizes current impact analysis techniques based on the fourth 

reviewing elements. 

No Technique Name Reviewing Elements 

1 Use Case Maps 

[Hassine et al., 

2005] 

Source of analysis: Requirement artifact and design artifact 

Impact analysis model development technique: Predictive technique 

Partially developed class consideration: Not included 

Analysis Technique: Static analysis only 

2 Requirement 

Interdependency 

[Li et al, 2008] 

Impact analysis model development technique: Predictive technique 

Source of analysis: Requirement artifact only 

Analysis Technique: Static analysis only 

3 Class Interactions 

Prediction [Kama 

et al, 2010-c] 

Source of analysis: Requirement artifact and design artifact 

Impact analysis model development technique: Predictive technique 

Partially developed class consideration: Not included 

Analysis Technique: Static analysis only 

4 CoverageImpact 

[Orso et al., 2003] 

Source of analysis: Class artifact or source code 

Impact analysis model development technique: Reverse engineering 

technique 

Partially developed class consideration: Not included 

Analysis Technique: Dynamic analysis only 

5 PathImpact [Law 

and Rothermal, 

2003] 

Source of analysis: Class artifact or source code 

Impact analysis model development technique: Reverse engineering 

technique 

Partially developed class consideration: Not included 

Analysis Technique: Dynamic analysis only 

6 Influence Graph 

[Breech et al., 

2005] 

 

Analysis Technique: Static and dynamic analysis  

Source of analysis: Class artifact or source code 

Impact analysis model development technique: Reverse engineering 

technique 

Partially developed class consideration: Not included 

Table 2.6: Current Impact Analysis Techniques’ Strengths and Weaknesses 
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Looking at the above table, we could say that none of the current impact analysis techniques 

support all the important elements for impact analysis implementation in the software 

development phase. For example, the Use Case Maps technique only supports the source of 

analysis element through the use of requirement and design artifacts and the impact analysis 

model development technique element through the use of the predictive technique. 

However, this technique does not include the partially developed class consideration and 

only uses the static analysis technique for its implementation. Since, these two elements do 

not comply with the reviewing elements, this technique will not be effectively used for the 

software development phase. Therefore, we claim that a new impact analysis technique is 

needed.  

 

The new impact analysis technique will exhibit four characteristics: (1) uses high level 

artifacts (i.e., requirement and design artifacts) as the source of developing the impact 

analysis model; (2) applies the predictive technique as the impact analysis model 

development technique; (3) includes partially developed class analysis in the dynamic analysis 

technique implementation; and (4) combines the static analysis technique and the dynamic 

analysis technique to implement impact analysis. 
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Chapter 3 : Research Methodology 

 

3.1 Introduction 

This section describes the research methodology that includes the research design, research 

stages, and validation process. 

 

3.2 Research Design 

According to [Zelkowitz and Wallace, 1998], there are four methods of conducting research 

which are scientific, engineering, empirical and analytical. The scientific method uses formal 

methods and theory to prove the hypothesis. The engineering focuses on the know-how to 

develop new approach and test a solution to verify the hypothesis. The empirical method 

tends to propose a statistical analysis as a method to validate a given hypothesis. Finally, the 

analytical method develops a formal theory to derive a hypothesis and compares the results 

with empirical observations e.g. using inductive principles.  

 

Looking at the above categories, we have selected the engineering method. To support this 

selection, [Lazaro and Marcos, 2005] emphasize that the engineering method is 

fundamentally concerned with the design and construction of products where software 

engineering research should be able to investigate how to produce a more effective product 

than current products. They also claim that the software engineering research must be 

influenced by the nature of the real world problems and development process.  
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The research method explanation is divided into two areas which are: research stages and; 

data gathering and analysis. 

 

3.3 Research Stages 

There are three stages of developing a new solution for an effective impact analysis activity 

for the software development phase.  

(a) Stage 1: Establishing a set of criteria for reviewing and analysing current works on 
impact analysis solutions  

A set of criteria was developed to review and analyse capabilities of current works in impact 

analysis solutions. The criteria intend to compare, contrast and demonstrate 

advantages/disadvantages of current solutions. The solution could be in a form of model, 

approaches, methodologies or frameworks. The output of this stage was a set of criteria that 

the new impact analysis framework needs to fulfil. The set of criteria was developed 

according to current literature in comparing a new impact analysis technique with current 

impact analysis techniques [Bohner and Arnold, 1996; Lindvall and Sandahl, 1998-b]. Details 

of the criteria will be discussed in Section 7.2.4- Evaluation Metrics. 

(b) Stage 2: Developing/Re-developing a new solution for impact analysis solution  

Based on the developed set of criteria, a new solution for impact analysis was then 

developed. The new solution utilized some current impact analysis capabilities and 

introduced some new capabilities. This stage will be re-implemented if the evaluation results 

performed by the next stage are not satisfied. 

(c) Stage 3: Evaluating/Re-evaluating the new solution 

The new developed solution was evaluated according to the question of does the new 

solution performs better than the current impact analysis solutions? To answer this question, 

two current impact analysis solutions were thoroughly reviewed and implemented in the 

experiment along with the new solution. Results from the experiment were compared and 

discussed. If the results were not satisfied, Stage 2 was re-implemented until the results were 

satisfied. Otherwise, reports were written in this thesis. 
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3.4 Validation Process 

The main criterion for validating the effectiveness of the new framework compared to 

current techniques is the accuracy of its prediction on the potential impacted classes over the 

actual impacted classes according to change requests. The potential impacted classes will be 

determined by implementing the new proposed framework whereas the actual impacted 

classes will be determined by the expert i.e., software developer of a particular knowledge 

domain. The knowledge domain here refers to a specific domain of a software project or 

case study. The case study needs to be selected from an actual software development project 

together with its software developers. 

 

Since this research involves human intervention (a change request comes a human), an 

experiment method of an empirical study is required. The main reason of having this 

experiment is to give software developers using the new framework to predict the actual 

impacts and compare the prediction with the actual impacts through their current practice of 

implementation. This experiment requires several elements that need to be set-up during its 

implementation. There are three elements in the evaluation process which are: (1) subjects 

and case studies; (2) design and procedure; and (3) materials/method. 

 

3.4.1 Subjects and case studies 

The experiment required three on-going software development projects that are developed 

by three different software development teams. The subject of the experiment was the team 

and the case study of the experiment was the software development project. The subject in 

each case study must be at least two persons as they were required to implement impact 

analysis in a group. The reason of having at least two persons is to reduce human error 

during the implementation. The minimum number of case studies was set to three and the 

minimum number of issued change requests to each case study is five. This makes the total 

number of impact analysis results performed by the subjects be fifteen. 

 

3.4.2 Design & Procedure  

Basically there are four main steps in the experiment. First, a set of change requests was 

issued to each case study and the subjects were required to perform impact analysis. Second, 

the experiment required four impact analysis implementation cycles so that each cycle 
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produced results using four different methods. Two methods using the selected current 

impact analysis techniques and the other two methods were using the new solution and a 

manual impact analysis implementation performed by the subjects. The manual 

implementation means that the impact analysis activity is done by the subjects using their 

experience. Third, results from those four cycles were then compared and discussed. A set of 

current impact analysis results evaluation metrics were employed to determine which 

technique produces the highest accuracy of results with the manual impact analysis 

implementation performed by the subjects. 

 

3.4.3 Materials/methods 

There are two types of materials used which are during experiment and after experiment. For 

the material during experiment, a set of software documentation (i.e., requirement, design 

and source code documents) for each case study was required to be developed by the 

subjects. The subject not only required to develop the documents but also to update the 

documents across the software development phase.  Also, a set of change request documents 

was used during the experiment as this document drives the impact analysis activity. Some 

downloaded supporting tools were also required during the experiment as some techniques 

are needed during its implementation. After the experiment, a standardized report template 

was given to the subjects for reporting the outcomes of the experiments. 
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Chapter 4 : Overview of  the Framework 

 

4.1 Introduction 

This section describes an overall structure of a new impact analysis framework for the 

software development phase (which will be called the Software Development Phase Change 

Impact Analysis Framework (SDP-CIAF)). The new framework is a direct extension of the 

Class Interaction Prediction with Impact Prediction Filters (CIP-IPF) technique [Kama et al, 

2010-b].  The difference between the CIP-IPF technique [Kama et al, 2010-b] and this 

framework is the inclusion of the dynamic analysis technique in the impact analysis process 

implementation (which will be further described in Section 4.3.2(b)). In brief, there are two 

main stages in this framework: the first stage is developing the program static information 

(i.e., class interactions prediction) and; the second stage is performing impact analysis. 

 

Prior to describing the structure of the new impact analysis framework, several terms have 

been used. These terms might be used in different ways as there is no formal definition of 

those terms. Thus, we have defined those terms in our ways where the framework is a 

framework for an overall process that has two stages, each with their own processes, and 

each of those with its own elements or individual steps. 

 

4.2 Elements in the Framework  

Based on the needs of the new impact analysis framework elements as described in the 

review of current impact analysis techniques (see Section 2.8), three main elements are 

considered by the new framework to support impact analysis in the software development 
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phase. The elements are: developing class interactions prediction (as the impact analysis 

model) using a new predictive technique; including the partially developed class analysis in 

the dynamic analysis technique implementation; and implementing the static analysis 

technique as well as the dynamic analysis technique when necessary.  

 

The first element is the developing class interactions prediction using a new predictive 

technique. The predictive technique develops class interactions prediction through reflection 

of significant object interactions in the requirement artifact via horizontal traceability links. 

The significant object is an object that has potential to be used as a class name in actual class 

implementation. Thus, the significant object is an object that has a relationship with the class 

that has a similar name with the significant object name. The relationship is also called 

“traceability links” [Bianchi et al., 2000]. The reflection process is based on the precept that 

the significant object interactions in the requirement artifact reflect to the class interactions 

in the class artifact.  

 

The second element is the inclusion of the partially developed class analysis in the dynamic 

analysis technique implementation. Typically the existing dynamic analysis in particular to the 

method-based analysis [Law and Rothermal, 2003; Huang and Seong, 2006; Huang and 

Seong, 2007] consists of two main steps which are generating method execution paths, and 

detecting a set of actual impacted classes based on the generated method execution paths. 

The first step generates the method execution paths from a set of classes in the class artifact 

using a path generator tool whereas the second step analyses the generated method 

execution paths to detect a set of actual impacted classes according to change requests.  

 

We take a closer look at the first step in the existing dynamic analysis steps. This step uses a 

set of classes that are assumed to be completely developed to generate the method execution 

paths. Unfortunately from the software development phase perspective, the generated 

method execution paths tend to be inaccurate as some interactions between methods that 

involve the partially developed class may have not been developed yet. Thus, it will indirectly 

affect the impact analysis results as described in Chapter 1 (see Section 1.1 Research 

Background). Therefore, this framework includes the partially developed class analysis in its 

process to improve the accuracy of the method execution paths. 
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The third element is the implementation of the static analysis technique as well as the 

dynamic analysis technique when necessary. Performing impact analysis using the static 

analysis and the dynamic analysis independently has it owns problems that affects the 

accuracy of the results. As described in Chapter 1 (see Section 1.1 Research Background), the 

static analysis technique faces a problem related to the accuracy of program static 

information (i.e., class interactions) that is used as a source of analysis. On the other hand, 

the dynamic analysis technique faces a problem related to its assumption on the status of the 

class artifact in which they assume that all classes in the artifact are fully developed. 

 

This framework implements the static analysis technique as well as the dynamic analysis 

technique when necessary. That is, the dynamic analysis will only be implemented if there 

exists some partially developed classes in the initial set of impacted class artifacts. Otherwise, 

only the static analysis technique will be implemented. 

 

4.3 Structure of the Framework   

The framework consists of two main stages which are: (1) Stage 1: Developing Class 

Interactions Prediction and; (2) Stage 2: Performing Impact Analysis. In brief, Stage 1 

focuses on developing the class interactions prediction by analysing the requirement artifacts 

and the design artifacts whereas Stage 2 concentrates on identifying a set of potential 

impacted classes using the developed class interactions prediction (Stage 1 result). Figure 4.1 

below shows the overall structure of the framework. 
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Figure 4.1: Overall Structure of the Framework  

 

There are four processes in Stage 1. The first process is the “extracting software artifact 

elements process”. This process focuses on extracting elements in the software artifact i.e., 

requirement from requirement artifact, design class from design artifact and implementation 

class (which will be called “class” henceforth) from class artifact. The outcome of the 

process is a list of extracted elements in each software artifact.  

 

The second process is the “detecting traceability links process”. There are two categories of 

traceability links which are the horizontal traceability link and the vertical traceability link. 

Definitions of each link are presented in Box 9 and Box 10 below. 
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Box 9. Definition of “Horizontal Traceability Link”  

 

Box 10. Definition of “Vertical Traceability Link”  

The horizontal traceability link detects traceability links across different software artifact 

(between source and destination artifacts) whereas the vertical traceability links detects 

traceability links within a software artifact. There are two types of horizontal traceability links 

which are the traceability links from requirement artifact (source artifact) to design artifact 

(destination artifact) and the traceability links from design artifact (source artifact) to class 

artifact (destination artifact). For the vertical traceability link, there are three types of links 

which are the traceability links among requirements in the requirement artifact (which will be 

called “requirement interactions” henceforth), the traceability links among design artifact 

(which will be called “design class interactions” henceforth) and the traceability links among 

classes in the class artifact (which will be called “class interactions” henceforth). The 

outcome of this process is a set of traceability links among the extracted software elements.  

 

The third process is the “developing initial class interactions prediction process”. This 

process focuses on developing the initial class interactions prediction based on the reflection 

of significant object interactions in the requirement artifact. The outcome of this process is 

the initial class interactions prediction. Finally, the fourth process is the “modifying the initial 

class interactions prediction process”. This process modifies the initial class interactions 

prediction based on design patterns selection. This process is important as the design 

patterns affect the actual class interactions [Fowler, 2003-1]. At this moment, this process 

only selects the Boundary-Controller-Entity (BCE) design pattern. The outcome of this 

process is the final class interactions prediction. This outcome will be used in Stage 2. 

 

“A link refers to when two elements (requirement, design class or class) have a 

dependency relationship among them. The dependency is described as one element requires 

another element or both of the elements requires among them for its execution. The 

dependency can be either permanent or temporal relationship"  

“A link refers to a cross-reference relationship between elements in the source artifact with 

elements in the destination artifacts. The source artifact is an artifact that exists prior to 

the destination artifact and it is used as a reference to develop the destination artifact.”  
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There are two main processes in Stage 2 which are the “impact analysis process” and the 

“filtration process”. The first process focuses on identifying a set of potential impacted 

classes using the class interactions prediction according to change requests. The impacted 

class refers to a class that is affected when change happens to a requirement. The outcome 

of this process is a set of initial impacted classes. The second process concentrates on 

eliminating some false results generated by the impact analysis process. There are two 

filtration levels in this process which are the class dependency filtration (CDF) level and 

method dependency filtration (MDF) level. The CDF level performs the static analysis on 

the initial set of impacted classes. The outcome of this filtration level is a set of filtered 

impacted classes. The MDF level performs the dynamic analysis on the method execution 

paths according to the set of filtered impacted classes produced by the CDF level. The 

outcome of this filtration level is an improved set of filtered impacted classes produced by 

the impact analysis process.  

 

4.3.1 Stage 1: Developing Class Interactions Prediction  

This stage focuses on developing class interactions prediction by analysing the requirement 

artifact and the design artifact. There are four processes in this stage which are: (1) 

Extracting software artifact elements process; (2) Detecting traceability link process; (3) 

Developing initial class interactions prediction process; and (4) Modifying the initial class 

interactions prediction. A brief explanation of each process is described in the following sub-

sections: 

(a) Extracting Software Artifact Elements Process 

There are three types of software artifact involved in this process which are: (1) requirement 

artifact; (2) design artifact; and (3) class artifact. The following Table 4.1 shows the elements 

in each software artifact: 

No Software Artifact Elements 

1 Requirement Artifact Functional Requirement, Non-functional Requirements 

2 Design Artifact Design Package, Design Component and Design Class 

3 Class Artifact Class  and Component 

Table 4.1: Elements in Software Artifacts 
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However, not all elements from each software artifact are extracted. This process only 

extracts functional requirements and non-functional requirements from the requirement 

artifact, design class properties (design class name and design class attribute name) from the 

design artifact and actual class properties (class name and class attribute name) from the class 

artifact. The “functional requirements” refers to a requirement that describes a particular 

behaviour that a software system must fulfil to satisfy the user of the system. The behaviour 

can be services, tasks or functions in the system [Kruchten, 2000]. On the other hand the 

“non-functional requirements” is a requirement that specifies criteria that can be used to 

evaluate or judge any behaviour in the system [Kruchten, 2000]. Since, some of the elements 

such as design class or class are not developed yet, these elements are still extracted and they 

are considered as partially developed elements in the model. This process is done manually 

by reviewing each of the software artifacts documentation. The outcome of this process is 

illustrated in Figure 4.2 below: 

 

Figure 4.2: Extracted Software Artifact Elements 

(b) Detecting Traceability Links Process 

There are two categories of traceability link which are the horizontal traceability link and the 

vertical traceability link. For the horizontal traceability links, there are two types of links 

which are from requirements in the requirement artifact to design class in the design artifact 

links and from design class in the design artifact to class in the class artifact links. This 

process only detects the horizontal traceability links from requirement to design as this 

process assumes that the class in the class artifact is developed according to the design class 

in the design artifact.  
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For the vertical traceability links, this process only detects the vertical traceability links 

among requirements in the requirement artifact (or requirement interactions) and the vertical 

traceability links among design classes in the design artifact (or design class interactions). 

This process does not specifically detect vertical traceability links among classes in the class 

artifact (or class interactions) as this process assumes that the design class interactions reflect 

to the class interactions. The following Figure 4.3 and Figure 4.4 show the horizontal 

traceability links and the vertical traceability links between the extracted software artifact 

elements: 

 

Figure 4.3: Horizontal Traceability Links between the Extracted Software Artifact Elements 

 

 

Figure 4.4: Vertical Traceability Links between the Extracted Software Artifact Elements 

 

The outcome of this process is a set of traceability links among the extracted software 

artifact elements as shown in Figure 4.5 below.  
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Figure 4.5: A Set of Traceability Links between the Extracted Software Artifact Elements 

(c) Developing Initial Class Interactions Prediction Process 

This process concentrates on developing initial class interactions prediction based on 

reflection of significant object interactions in the requirement artifact. The outcome of this 

process is illustrated using Figure 4.6 below: 

 

Figure 4.6: The Initial Class Interactions Prediction 

(d) Modifying the Initial Class Interactions Prediction Process 

This process modifies the initial class interactions predictions according to the selected 

design patterns which is the BCE pattern. The outcome of this process is the final class 

interactions prediction as illustrated below: 
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Figure 4.7: The Final Class Interactions Prediction 

 

4.3.2 Stage 2: Performing Impact Analysis 

This stage identifies a set of potential impacted classes using the class interactions prediction 

(Stage 1 result) according to change requests. There are two main processes in this stage 

which are the impact analysis process and filtration process. A brief explanation of each 

process is described below: 

(a) Impact Analysis Process 

This process identifies a set of potential impacted classes using the class interactions 

prediction according to change request specification. In this process, the framework uses the 

change management process and change request specification template introduced by 

[Sommerville, 2004]. The change management process and the change request specification 

are described in Section 2.4 (see Figure 2.3 and Figure 2.6). The outcome of this process is a 

set of initial impacted classes. The following Figure 4.8 shows the example of a set of class 

interactions prediction (highlighted with a dotted box) that is developed based on the 

requirement interactions and design class interactions prediction. Figure 4.9 shows a set of 

potential impacted classes in the class interactions prediction according to a change request. 

To note, DC2 in Figure 4.9 is assumed to be detected as not impacted since it is a partially 

developed class. Some codes that cause interactions to DC2 by DC1 and DC4 have not been 

developed yet.  
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Figure 4.8: Example of Class Interactions Prediction 

 

 

Figure 4.9: A Set of Potential Impacted Classes According to Change Request 

 

The direction of arrows represents two meanings that are: (1) the horizontal arrow shows the 

pointed element is created based on the pointing element; and (2) the vertical arrow shows 

the pointed element requires the pointing element for its implementation. 

(b) Filtration Process 

This process eliminates some typically false results generated by the impact analysis process. 

There are two filtration levels in this process which are the Class Dependency Filtration 

(CDF) level and the Method Dependency Filtration (MDF) level.   

 

The CDF level implements the static analysis on the initial set of potential impacted classes 

produced by the impact analysis process. This implementation is important by the fact that 

some interaction links in the initial set of potential impacted classes have no change impact 

value. The interaction link that has no change impact value means that if change happens to 
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one side of two interacting classes, the other class will not be affected. This is because the 

other class does not require the changed class for its implementation. The following Figure 

4.10 shows the example of performing the CDF level on the class interactions prediction. 

 

Figure 4.10: A Set of Impacted Potential Classes  

 

Looking at the above figure, change to C4 will only affect C2 and C1. C3 is not affected as it 

does not require C4 for its implementation. 

 

The MDF level implements the dynamic analysis on a set of method execution paths 

generated from the set of filtered impacted classes produced by the CDF level. This 

implementation is important by the fact that in some situations the CDF level filtration tends 

to include false impacted class in the filtered set of impacted classes. This situation exists 

when larger classes where a small class only uses part of the services offered. In other words, 

change happens to a particular method in the larger class does not affect the method that the 

small class uses. For example, three methods exist which are a method (M3) in C1 and two 

methods (M1 and M2) in C2. Two scenarios of interaction between the methods are: (1) M3 

requires M2 for its implementation and; (2) M2 has no dependency from M1. When change 

happens to M1 in C2, it will not affect C1 even though C1 requires C2 for its 

implementation. This constitutes the main challenge in the CIP-IPF technique 

implementation [Kama et al, 2010-b]. Thus, this framework overcomes this challenge by 

including the MDF level as part of the existing impact analysis process in the CIP-IPF 

technique [Kama et al, 2010-b]. 

 

Figure 4.11 shows one of the method execution paths using UML sequence diagram 

[Fowler, 2003-1] that is generated according to the set of filtered impacted classes below.  
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Figure 4.11: A Sequence Diagram According to the Set of Filtered Impacted Classes 

 

Looking at Figure 4.10, when change happens to C4, the false impacted class in the set of 

filtered impacted classes according to Figure 4.11 method execution paths is C3. This is 

because this class does not depend on C4 for its implementation. Thus, the final set of 

potential impacted classes is C4, C2 and C1 only. 

 

4.4 Example of the Framework Implementation 

This section describes a brief example of case study of the framework. To demonstrate the 

case study, a Course Registration System development is used. Assuming that the system 

development progress is in the middle of the coding phase where eighty-percent of the 

requirement artifact, fifty-percent of the design artifact and thirty-percent of the class artifact 

have been developed. 

(a) Extract Software Artifact Elements Process 

Three software artifacts are extracted from the system development: the requirement artifact; 

design artifact; and class artifact. The following Table 4.2 and Table 4.3 show the extracted 

elements in each software artifact. Based on logical flow, the “UC1: Login Use Case” is 

implemented prior to “UC2: Register for Courses Use Case” implementation.  

Section Requirement Specification 

UC1: Login Use Case 

Pre-condition There are no preconditions associated with this use case 

Basic Flow 1. The system validates the actor’s password and logs him/her into the system 

2. The system displays the main student form and the use case ends. 

Post-

condition 

The user is logged in the system 

UC2: Register for Courses Use Case 

Pre-condition Before this use case begins the Student has logged in the system 

Basic Flow 1. The Student selects "create schedule." 

2. The system displays a blank register for courses form. 

3. The system retrieves a list of available course offerings from the Course 

Catalog System 

4. The Student selects 4 primary and 2 alternate course ID from the list of 

available offerings.  
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5. The "Add Course Offering" sub-flow is performed at this step for each of 

the selected course offering 

6. The system saves the schedule. 

Post-

condition 

Student’s information is registered in the Course Catalogue System. 

Table 4.2: Example of Extracted Requirement Description 

 

No Design Class Name/Class Name Design Class/Class Attribute Name 

1 Student Name, Address, StudentID 

2 Schedule Semester 

3 CourseOfferings Number, StartTime, EndTime, NumOfStud 

4 Course Credit, Name, Description, CourseID 

5 CourseCatalogueSystem - 

6 RegisterCourseForm - 

7 LoginForm - 

8 MainStudentForm - 

9 RegistrationController - 

10 LoginController - 

Table 4.3: Example of Extracted Design Artifact and Class Artifact 

(b) Detect Traceability Link Process 

After extracting the software artifacts elements, traceability links between elements in the 

requirement artifact and elements in the design artifact are then conducted. In brief, 

significant objects in each requirement description are compared to the design class name 

and design class attribute name. The following Table 4.4 shows the extracted significant 

object name from the requirement description.  

  No Significant Object Name 

1 Student 

2 Schedule 

3 Course Offerings 

4 Course 

5 Course Catalogue System 

6 RegisterCourseForm 

7 LoginForm 

8 MainStudentForm 

Table 4.4: Example of the Extracted Significant Object Names 

 

 



 60

Traceability Links 

Significant Object Name Design Class Name  

Student Student 

Schedule Schedule 

Course Offerings CourseOfferings 

Professor Professor 

Course Course 

Course Catalogue System CourseCatalogueSystem 

Register Course Form RegisterCourseForm 

Login Form LoginForm 

Main Student Form MainStudentForm 

Table 4.5: Traceability Links between Significant Object Names and Design Class Names 

(c) Develop Initial Class Interaction Prediction Process 

The initial class interaction prediction is then developed based on reflection of significant 

object interactions in the requirement artifact. The following Figure 4.12 shows the initial 

class interactions prediction. The dependency arrow between two classes in the diagram 

indicates a pointed class requires a pointing class for its implementation. For example the 

dependency arrow between the Student class and the LoginForm class. The Student class 

(pointed class) requires the LoginForm class (pointing class) for its implementation. 

 

 

Figure 4.12: Initial Class Interactions Prediction 

 

 

Dependency 

Legend: 
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(d) Modify the Initial Class Interaction Prediction 

The initial class interaction prediction is modified according to the BCE design pattern 

implementation. The following Figure 4.13 shows the final class interactions prediction. 

 

Figure 4.13: Final Class Interactions Prediction 

 

The dependency arrow between two classes in the diagram indicates a pointed class requires 

a pointing class for its implementation. For example the dependency arrow between the 

Student class and the LoginController class. The Student class (pointed class) requires the 

LoginController class (pointing class) for its implementation. 

 

(e) Impact Analysis Process 

Assuming the following change request specification as shown in Figure 4.14 is issued during 

the development of the system. The original requirement is “The Student selects 4 primary 

course ID and 2 alternate id from the list of available offerings. Once the selections are 

completed the Student selects ‘submit’ button. The system saves the schedule”. 

Dependency 
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Figure 4.14: Change Request Specification 

 

According to the above change request, there are several steps need to be implemented prior 

to identifying the affected design classes. The steps are analysing the affected requirements, 

analysing the affected nouns/objects and mapping the affected objects to design classes. The 

following Figure 4.15 shows the example of the affected design classes.  

 

Figure 4.15: Affected Design Classes by the Change Request Specification 

 

Assuming that the primary affected design class is the Course class. Since all classes have 

direct and indirect relationship with the Course class, all classes are considered to be the 

affected classes. The direct relationship class refers to a class that has relationship with the 

primary affected class in which in this case is the “RegistrationController” class and the 

“CourseOfferings” class. These classes are considered as the secondary affected classes. The 

indirect relationship class refers to a class that has relationship with the secondary affected class 
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in which in this case the rest of the classes have relationships with the secondary affected classes. 

Therefore, all classes in Figure 4.15 above represent the affected design class by the change 

request specification. 

(f) Filtration Process 

Recall that there are two filtration levels in the framework which are the class dependency 

filtration (CDF) level and the method dependency filtration (MDF) level. 

i. Class Dependency Filtration Level 

This level filters the affected classes based on class dependency analysis. The 

analysis is conducted: (1) between the secondary affected classes and the primary 

affected class; and (2) among the secondary affected classes. For example, consider 

the dependency relationship between the RegistrationController class and the 

Course Class, if a change happens to the Course class, the RegistrationController 

class will be affected as this class depends on or requires the Course class for its 

implementation. If a change happens to the RegistrationController class, the 

Schedule class will also be affected as this class depend on the CourseOfferings 

class in which the CourseOfferings class depends on the RegistrationController 

class for its implementation. Results of this filtration level are shown in Figure 4.16 

below.  

 

Figure 4.16: CDF Filtered Design Classes  

 

ii. Method Dependency Filtration Level 

This level filters the CDF level classes using method dependency analysis. In this 

example, the primary affected class is the Course class and the following sequence 

diagram demonstrates the filtration process. 
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Figure 4.17: Sequence Diagram (Before Change Request) 

 

Figure 4.17 above shows a method execution path for adding primary course in the 

system. First, the “RegistrationController” class retrieves a list of course offerings 

from the “CourseOfferings” class and displays it to the “RegisterCourseForm” class. 

Next, the user of the system selects addPrimaryCourse function in the 

“RegisterCourseForm” class. This selection is then captured by the 

“RegistrationController” class and sent this selection to the “Course” class. Finally 

the Course class performs the “addPrimaryCourse” function. 

 

Since the change request requires a new function which “is to verify Pre-requisite each of 

the selected Course”, then a new function is introduced in the existing method execution 

path (see Figure 4.18) and demonstrated in the following sequence diagram. 

 

Figure 4.18: Sequence Diagram (After Implementing the Change Request) 

 

Looking at the method execution path, the addition of the new function 

(“verifyPrerequisite” function) does not affect the RegistrationController class, 

CourseOfferings class and the RegistrationForm class even they have interactions 
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with the Course class (or the primary affected class). This is due to these classes not 

depending on the new function. Thus by performing this filtration level, the result 

shows the Course class is only affected by the change request. 

 

4.5 Summary 

There are two main stages of the framework which are developing class interactions 

prediction and performing impact analysis. There are four processes in Stage 1 which are 

extracting software artifacts’ elements process, detecting traceability links process, 

developing initial class interactions prediction and modifying the initial class interactions 

prediction. In Stage 2, there are two processes which are impact analysis process and 

filtration process. In the filtration process, there are two filtration levels. They are the Class 

Dependency Filtration (CDF) level and the Method Dependency Filtration (MDF) level. We 

will describe these stages in more details in the following chapters. 
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Chapter 5 : Stage 1- Developing Class Interactions 
Prediction 

 

5.1 Introduction 

This chapter describes the detailed implementation of Stage 1 in the framework. As 

described in Section 3.2.1, this framework uses the predictive technique to develop the class 

interactions prediction as the program static information.  

 

In brief, the new predictive technique develops the class interactions prediction based on 

two analyses which are: (1) significant object interactions analysis in the requirement artifact; 

(2) design patterns analysis in the design artifact. The first analysis analyses the significant 

object interactions in the requirement artifact to develop an initial class interactions 

prediction via horizontal traceability links. For the horizontal traceability links, the new 

predictive technique refines the selected current technique which is the Rule-based technique 

[Spanoudakis, 2002; Spanoudakis et al., 2004].  

 

The difference between the Rule-based technique [Spanoudakis, 2002; Spanoudakis et al., 

2004] and the refined technique is that rule-based technique performs a similarity analysis 

between the requirement statement and the analysis object model elements whereby the 

refined technique performs a similarity analysis between the significant object names and the 

design class properties names (i.e., class name or class attribute name). The similarity analysis 

may not discover sufficient conditions for satisfiability. However, this will be improved in 

the future work (see Section 9.3- Future Work). A detailed explanation and rationale of the 
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difference between the rule-based technique and the refined technique will be described in 

Section 5.3. 

The second analysis is the design patterns analysis. This analysis is considered as an 

important analysis for the new predictive technique as current techniques [Sharble and 

Cohen, 1993; Bahrami, 1999; Liang, 2003] do not exploit the design artifacts. This analysis 

modifies the initial class interactions prediction produced by the first analysis according to 

design patterns. At this moment, this stage performs the analysis according to the Boundary-

Controller-Entity (BCE) design pattern only. However, the developed steps for this analysis 

are flexible in that it can also be used to implement other design patterns analyses (which will 

be described later in Section 5.8(b)).  

 

Recall from Section 4.3, there are four main processes in this stage as shown in Figure 5.1 

below. 

 

Figure 5.1: Stage 1- Developing Class Interactions Prediction Processes 

 

The processes are: P1: Extracting software artifact elements; P2: Detecting traceability links; 

P3: Developing initial class interactions prediction; and P4: Modifying the initial class 

interactions prediction. The following sections explain detailed implementation of each 

process in this technique. 
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5.2 P1: Extracting Software Artifacts Elements Process 

This process extracts functional and non-functional requirements from the requirement 

artifact, design class properties (design class name and design class attribute name) from the 

design artifact and actual class properties (class name and class attribute name) from the class 

artifact. The extraction process is done manually by identifying these elements in each piece 

of the software artifact documentation.  

 

5.3 P2: Detecting Traceability Links Process 

This process performs three categories of traceability link detection between the extracted 

software artifacts’ elements. The categories are: (1) detecting horizontal traceability links 

from requirements in the requirement artifact to the design class in the design artifact; (2) 

detecting vertical traceability links among requirements in the requirement artifact 

(requirement interactions); and (3) detecting vertical traceability links among design classes in 

the design artifact (design class interactions).  

 

We developed three new techniques to support all the categories implementation. The first 

category we refined the current Rule-based Technique [Spanoudakis, 2002; Spanoudakis et 

al., 2004] to become our new technique. This technique will be described in Section 5.3.2 – 

The Refined Rule-based Traceability Technique. For the second category, we develop a new 

technique that is called the Requirement Attributes Analysis [Kama et al, 2009; Kama et al, 

2010-a]. This technique will be described in Section 5.3.4- Detecting Vertical Traceability 

Links in the Requirement Artifacts or Requirement Interactions. Finally, for third category 

we also develop a new set of rules that uses the second category technique to detect 

traceability links among design classes. These rules will be described in Section 5.5- 

Developing Initial Class Interactions Prediction. 

 

Prior to describing the first category technique, the rule-based technique is described. 

However, the description of this technique focuses on some aspects of the technique that 

are involved in the refinement. 
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5.3.1 The Rule-based Traceability Technique  

This technique performs traceability links detection between three types of software artifacts 

which are requirement statement, use case specification and analysis object model. Two 

groups of traceability rules are used for the detection which are: (1) Requirement-To-Object-

Model or RTOM rule and; (2) Inter-REQuirement or IREQ rule.  

 

The RTOM rule is used to detect traceability links between: (1) parts of requirement 

statements and elements of analysis object model (classes, attributes and operations) and; (2) 

parts of use cases description and elements of analysis object model (classes, attributes and 

operations). On the other hand, the IREQ rule is used to detect traceability links between: 

(1) two different requirement statements; (2) between two different events of a use case; (3) 

between an event and a pre-condition of a use case; and (4) between an event in a use case 

and a requirement statement.  

 

In each group, four types of traceability links can be used to detect the traceability links: (a) 

Overlap link; (b) Requires_Execution_Of link; (c) Requires_Feature_In link and; (d) 

Can_Partially_Realise link. Since the Requires_Feature_In and Can_Partially_Realise links 

are not involved in the refinement, these links will not be discussed.  

(a) Overlap link 

This link exists between: (1) parts of requirement statements and elements of analysis object 

model (classes, attributes and operations); and (2) a sequence of terms in use case 

descriptions and elements of analysis object model (classes, attributes and operations).  

 

There are two situations where this link could exist. The first situation either between: a 

sequence of terms in a requirement statement and class properties (i.e., class name, attribute 

name, or operation name) in an analysis object model; or part of a use case description and 

class properties in an analysis object model. The second situation is between a sequence of 

terms in a requirement statement and a sequence of terms in a part of use case description.  

 

In each situation, different scenarios of traceability links can be detected which are: (1) 

Scenario #1: Detecting traceability links between a sequence of related terms or part of a use 

case description and a class attribute name in an analysis object model and; (2) Scenario #2: 
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Detecting traceability links between a sequence of related terms or part of a use case 

description and a class name in an analysis object model.  

i. Scenario #1: Detecting traceability links between part of a use case description and a 

class attributes name in an analysis object model. 

This scenario matches a sequence of terms that consists of a noun (x1) preceded by 

two qualifiers (x2 and x3) in a sequence of terms of a use case description with a 

class attribute name in an analysis object model. The matching succeeds if: (1) 

Matching Rule #1: The name of the class that defines the attribute contains the first 

two qualifiers (x1 and x2) and the name of the attribute includes the singular form of 

the third qualifier (x3) or; (2) Matching Rule #2: The name of the class that defines 

the attribute contains the first qualifier in the expression (x1) and the name of the 

contains the second qualifier (x2) and the singular form of the qualified noun (x3).  

 

The assumptions for this scenario are:  

� the qualified nouns in the sequence of terms signify a feature that may have been 

modeled as an attribute in an analysis object model;  

� the first qualifier (x1) in the sequence of terms signifies the owner of this feature 

or signifies as a class name that defines the attribute name in the analysis object 

model and;  

� the second qualifier (x2) signifies an additional characterization of the feature 

that may has been modeled as the attribute name of the class.  

 

Before illustrating the scenario, note the following definitions are used. 

� SEQUENCE (x)- a function that extracts a syntactic pattern of terms that a rule 

expects to find in a requirement document or use case specification. x represents 

a variable that may take as value a word in the requirement document or use case 

specification 

� CONTAIN(NAME (x,y))- This function becomes true if y is a sub-string of x 

� SINGULAR_FORM (x): y- This function takes as input a string and if this string 

is a noun in the plural form it returns the noun in its singular form (if x is not a 

noun it returns an empty string) 

� OPERATION_OF(Id1,Id2)- This predicate becomes true if the UML model 

element identified by Id1 is an operation, the UML model element identified by 

Id2 is a class, and Id1 is defined in or inherited by Id2 
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� MEMBER_OF(String1, Set of <String>)- This predicate becomes true if String1 

is a member of the set of strings Set of <String> 

� SYNONYMS (String1): Set of <String>- This function takes as input a string 

that is the name of a UML operation stereotype and returns the list of verbs that 

may be used in a piece of text to signify the primary function of the operations 

that have been classified under this stereotype 

� STEREOTYPE(Id1): Set of <String>- This function takes as input the identifier 

of a UML object model element and returns a set of strings which are the names 

of the stereotypes of this element 

� EQUAL_TO(String1, String2)- This predicate becomes true if String2 is a equal 

to String1 

 

RTOM_RULE_ BEGIN 

SCENARIO 

SEQUENCE (x1, x2 and x3) in Requirement Document (A1); and Class Name (x4) that 

consist of Attribute Name (x5) in an Analysis Object Model 

IF EXIST 

CONTAIN(NAME(x4,x1)) AND [CONTAIN(NAME(x4), x2) OR 

CONTAIN(NAME(x5), x2)] AND CONTAIN(NAME(x5), SINGULAR_FORM (x3) 

THEN 

GENERATE Overlap (A1, x5) 

RTOM_RULE_END 

 

For example in a Course Registration System: One of the sequence of related terms 

in a requirement statement is the “Primary(x1) Student(x2) Name(x3)”. This term 

matches with a class name ‘“Primary Student(x4)” and its attribute name “Student 

Name (x5)” in its analysis object model. 

ii. Scenario #2: Detecting traceability links between part of a use case description and a 

class name 

This scenario matches a sequence of related terms that consists of two nouns (x1 and 

x2) in which the former qualifies the latter with a class name that contains both of 

them. The assumption for this example is that the sequence of related terms signifies 

an aspect of a system that may has been modeled as a class name.  
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RTOM_RULE_ BEGIN 

SCENARIO 

SEQUENCE (x1, x2, x3, x4) in Requirement Document (A1); and Class Name (x5) in 

Analysis Object Model 

IF EXIST 

CONTAIN(Name (x5,x1)) AND CONTAIN(Name (x6,x4)) 

THEN 

GENERATE Overlap (A1,x5) 

RTOM_RULE_END 

For example in a Course Registration System: One of the sequence of related terms 

in the requirement statement is the “Primary (x1) or (x2) Secondary(x3) Student(x4)”. 

This sequence of related terms matches with a class name “Primary Student(x5)” in 

its analysis object model. 

(b) Requires_Execution_Of link 

This link exists between part of a requirement statement (pre-condition, post-condition, 

normal or exceptional events) and operation name in an analysis object model. If this link 

exists between a pre-condition or a post-condition and an operation name, the execution of 

the operation name is required to verify the satisfiability of the pre-condition or the post-

condition. Also, if this link exists in any events in the requirement statement, those events 

will not be realized without the execution of the operation name. 

 

There are three scenarios where traceability link can be detected: Scenario #1: Detecting 

traceability links between any part of a use case or the description of a requirement statement 

and an operation in an analysis object model; Scenario #2: Detecting traceability links 

between a pre-condition of a use case and an operation in an analysis object model; and 

Scenario #3: Detecting traceability links a post-condition of a use case description and an 

operation in an analysis object model. 

i. Scenario #1: Detecting traceability links between any part of a use case or the 

description of a requirement statement and an operation in an analysis object model 

This scenario matches an expression that consists of a part of a verb phrase in active 

voice indicated by a verb in the infinitive form (x1) and a qualified noun (x7) that is the 

object of it in the part of a use case description with an operation name (x9) in the 

analysis object model. The object of the verb-phrase (x3) of the rule must be qualified by 

one or more qualifiers (x4, x5, x6) forming a syntactic conjunction in the text. 
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The matching succeeds if:  

� the verb of the syntactic expression of the rule is a member of the set of 

synonyms (verbs) which are associated with the stereotype of the operation; 

� the first qualifier of the object of the verb-phrase is contained in the class name 

that defines the operation in the analysis object model  

� the singular form of the object of the verb-phrase is contained in the name of the 

operation.  

RTOM_RULE_BEGIN 

SCENARIO 

SEQUENCE( x1, x2,x3)  AND SEQUENCE(x4, x5,x6 ,x7) in Requirement Statement 

(A1); and Class (x8) Operation (x9)  in Analysis Object Model 

IF EXIST 

OPERATION_OF(x9,x8) AND MEMBER_OF(x1, 

SYNONYMS(STEREOTYPE(x9)) AND CONTAIN(NAME(x9),x7) AND 

CONTAIN(NAME(x8), x3) 

ACTION 

GENERATE Requires_Execution_Of (A1,x9) 

RTOM_RULE_END 

 

For example, given a sequence of terms the “adjust the primary or the secondary 

registered student” and the operation name “Set_Primary_Student()”. These terms can 

be tagged as: (1) “adjust (x1) the (x2) primary (x3) or (x4) the (x2) secondary (x5) 

registered (x6) student (x7)” and; (2) “Set Primary (x8) Student (x9)”. The synonym of 

the “Adjust” term in the requirement statement is the “Set” term in the analysis object 

model. 

 

ii. Scenario #2: Detecting traceability links between a pre-condition of a use case and 

an operation in an analysis object model 

This scenario matches an expression that composed of a noun which is qualified by one 

or more qualifiers and is followed by the third person of the verb ‘‘TO BE’’ with an 

operation. The matching succeeds if: (a) the operation name includes the qualified noun 

(see condition CONTAIN(NAME(x6),x3)), (b) the class name that defines the operation 

name includes the first of the encountered qualifiers (see condition CONTAIN( 

NAME(x5),x1)), and (c) the operation is stereotyped as a <<get>> operation (see 

condition EQUAL_TO(STEREOTYPE(x5),‘‘get’’)). 
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RTOM_RULE_BEGIN 

EXISTS 

SEQUENCE(x1, x2, x3, x4) in a Precondition of Requirement Statement (A1); and Class 

(x5) Operation name (x6) in Analysis Object Model 

IF EXIST  

OPERATION_OF(x6,x5) AND CONTAIN(NAME(x5,x1) AND 

EQUAL_TO(STEREOTYPE(x6), "get") AND CONTAIN(NAME(x6),x3) 

ACTION 

GENERATE REQUIRES_EXECUTION_OF(A1,x5) 

RTOM_RULE_END 

 

For example, given a sequence of terms the “Student status is” and the operation name 

“Get_Student_Status ()”. These terms can be tagged as: (1) Student (x1) status (x3) is (x4); 

and (2) Get Student (x5) Status (x6). The term is linked with the operation name that is 

defined in the “Student” class name. 

 

iii. Scenario #3: Detecting traceability links between a post-condition of a use case 

description and an operation in an analysis object model 

This scenario matches an expression that exists in the text describing the post-conditions 

of a use case description and consists of a qualified noun followed by a verb phrase in 

passive voice (i.e., an expression that has the syntactic form SEQUENCE (x1, x2, x3, x4, 

x5) with an operation in an analysis object model. In this syntactic expression the 

qualified noun (x3) is typically the object of the action that is expressed by the verb 

phrase. 

 

The matching succeeds if: 

� the name of the operation includes both the qualified noun and the first of the 

terms that qualify it (see conditions CONTAIN(NAME(x6), x3) and 

CONTAIN(NAME(x6), x1), respectively); 

� the main verb of the verb phrase is in the list of the synonyms associated with 

the stereotype of this operation (see condition MEMBER_OF(x5, 

SYNONYMS(STEREOTYPE(x6)))). 

 



 75

This condition is used to increase the likelihood of creating a matching with an operation 

that implement an action of the same kind as that expressed by the main verb of the 

expression. 

RTOM_RULE_BEGIN 

EXISTS 

SEQUENCE(x1, x2, x3, x4, x5) in Post-condition of Requirement Statement (A1); and  

OPERATION(x6) in Analysis Object Model 

SUCH THAT 

CONTAIN(NAME(x6,x1) AND CONTAIN(NAME(x6), x3) AND MEMBER_OF(x5, 

SYNONYMS(STEREOTYPE(x6)) 

ACTION GENERATE 

REQUIRES_EXECUTION_OF(A1,x6) 

RTOM_RULE_END 

 

For example, given a sequence of terms the “registered primary student is set” and an 

operation name “Set_Registered_Primary_Student()”. These terms can be tagged as: (1) 

registered (x1) primary (x2) student (x3) is (x4) set (x5) and; (2) Set Registered Primary 

Student (x6).  

 

5.3.2 The Refined Rule-based Traceability Technique  

The refined technique modifies the rule-based technique [Spanoudakis, 2002; Spanoudakis et 

al., 2004] by eliminating some features and introducing some new features in the traceability 

link detection implementation.  

 

The detection rules are developed based on the noun type of comparison in which the 

comparison are between the extracted significant object names in the requirement artifacts 

and the extracted class name from the class artifacts. The framework does not use the 

natural language processing (NLP) type of comparison like the original technique (rule-based 

technique). The NLP type is also called as the semantic analysis type [Deerwester et al., 1990; 

Marcus and Maletic, 2003]. 

 

The difference between these two types is the NLP type compares between a sequence of 

terms and the class properties (class name, attribute and operation) [Spanoudakis, 2002; 

Spanoudakis et al., 2004] whereas the noun type compares the extracted nouns from a 
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sequence of terms with the class properties. Furthermore, the NLP type does not require 

human involvement during the comparison while noun type requires human involvement 

during extracting noun from the sequence of terms.  

 

There are several pros and cons of these two types from traceability links detection context. 

Among them are: (1) the NLP type implementation is more cost-effective as it can be fully 

automated compared to the noun type. However, the NLP type depends on quality of 

written statement in the requirement document. Some documents may easy to be processed 

and some of them are not. This indirectly affects the outcome of the processing; and (2) the 

noun type is more accurate during comparison due to the compared variables (noun) are 

more reflected to actual class implementation. This is because the extraction is done by a 

human (or document creator). However, this type exposes to human error and costly as well. 

 

There are two justifications why the framework uses the noun type of comparison. First, the 

framework focuses on reducing error due to quality of written language rather than the 

human error during traceability detection process.  This decision is made because the human 

error can be reduced through a systematic review during extracting nouns from requirement 

document. The effort will be on reviewing the extracted nouns from a sequence of terms by 

the requirement document extractor. Compared to errors that are caused by the quality of 

written language, this error requires improvement of all sentences from the requirement 

document creator. 

 

Second, this framework focuses on the impact analysis framework rather than traceability 

links detection. However, this does not mean the traceability links detection is not an 

important aspect. We note that the quality of the traceability links detection reflects the 

quality of the impact analysis results. In this work, we give more attention to demonstrating 

the effectiveness of combining between the static analysis and dynamic analysis techniques in 

the software development phase.  

 

Based on the above three justifications, we are also aware of the strength of NLP or 

Semantic analysis type of implementation compared to the noun type of implementation. 

For example, assuming that one of the requirement statements uses the “Course Offered” 

and “Course that is Offered”. The NLP or the semantic analysis will consider that these two 
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terms have a same meaning. Conversely, the noun type of analysis will not say that these two 

terms have a similar meaning as it will say there are two different terms detected: Course 

Offered and Course. However from this example, the noun type analysis requires support 

from human involvement or human analysis prior to its comparison implementation. 

 

The rationales of the refinement of the rule-based technique are shown in Table 5.1 below.  

Item Rule-based Technique Features Refinement 

1 There are two types of traceability detection rules 

which are the RTOM (requirement to object 

model) or horizontal traceability link type and the 

IREQ (inter requirement) or vertical traceability 

link type 

 

The new technique modifies the RTOM type 

only. The IREQ type is excluded in the new 

technique 

2 There are four types of RTOM traceability links 

which are: (1) Overlap link; (2) 

Requires_Execution_Of link; (3) 

Requires_Feature_In link; and (4) 

Can_Partly_Realise link 

 

 

The new technique uses the Overlap and the 

Requires_Execution_Of type of traceability 

links only 

3 There are two scenarios for the Overlap link 

which are: (1) Scenario #1: A traceability link 

between a sequence of related terms or part of a 

use case description and a class attribute name 

and; (2) Scenario #2: a traceability link between a 

sequence of related terms or part of a use case 

description and a class name. 

The new technique modifies the existing 

scenarios and introduces four new scenarios. 

The scenarios will be described in Section 

5.3.3 

 

4 There are three scenarios for the 

Requires_Execution_Of link which are: (1) 

between any part of a use case or the description 

of a requirement statement and an operation in 

an analysis object model; (2) between a pre-

condition of a use case and an operation in an 

analysis object model and; (3) between a post-

condition of a use case description and an 

operation in an analysis object model. 

The new technique does not use the existing 

scenarios but introduces two new scenarios. 

The scenarios will be described in Section 

5.3.3 

 

Table 5.1: Refinement on the Rule-based Technique Features 

 

Based on Table 5.1, the rationales of the refinement are described as below: 

a. Item [1]- The IREQ type is excluded in the refined technique. The reason of the 

exclusion is that the IREQ rule implementation depends on the RTOM rule 

implementation. If the RTOM rule implementation produces low accuracy of 
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results, it will indirectly affect the accuracy of the IREQ rule implementation. 

Therefore, the author develops a new requirement interactions detection 

technique that does not depend on the horizontal traceability link 

implementation (or the RTOM). This technique is called Requirement Attributes 

Analysis [Kama et al, 2009; Kama et al, 2010-a].  

b. Item [2]- The Requires_Feature_In and the Can_Partly_Realise links are 

excluded in the new technique as these links are used to support the IREQ rule 

implementation.  

c. Item [3]- The refined technique modifies the two current scenarios of the 

Overlap link. This is due to the sequence of terms tending to include words that 

are not nouns in its analysis. The use of the significant object name extraction 

improves in the syntactic analysis implementation [Kama et al, 2010-c]. 

d. Item [4]- The refined technique does not use the Requires_Execution_Of link 

detection rule because this rule uses the UML operation stereotype signature i.e. 

<<set>> or <<get>> in its implementation. This dependency restricts the use 

of this detection rule to only applications that employ the UML object model to 

represent the analysis or design model. If the applications do not use the UML 

object model, this detection rule is not applicable. 

 

 

To note, the main difference between the rule-based technique [Spanoudakis, 2002; 

Spanoudakis et al., 2004] and the refined technique is that the rule-based technique uses a 

sequence of terms that is extracted from requirement artifacts to be compared to the design 

class properties (i.e., class name, class attribute name and class operation name) in an analysis 

object model. On the other hand, the refined technique uses an extracted potential 

significant object name that is extracted from requirement artifacts to be compared to the 

extracted design class properties (design class name and design class attribute name only) 

from design artifacts. One of the reasons that the new technique does not use the sequence 

of terms is that the sequence of terms tends to include words that are not nouns in its 

analysis.  

 

Two categories of similarity analysis are introduced which are: SA#1: Similarity analysis 

between the potential significant object name and the design class name and; SA#2: 

Similarity analysis between the potential significant object name and the design class attribute 
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name (see Section 9.3(e)- Future Work). A detailed explanation of each similarity analysis is 

described below: 

a. SA#1: Similarity analysis between the potential significant object name and the 

design class name 

This analysis compares the potential significant object name with the design class 

name. There are three similarity analysis guidelines for this category which are: (1) 

SA#1.1: Similarity analysis between the potential significant object name with a 

pattern of object name three nouns (x1, x2, x3) and the design class name; (2) SA 

#1.2: Similarity analysis between the potential significant object name with a pattern 

of object name of two nouns (x1, x2) and the design class name and; (3) SA #1.3: 

Similarity analysis between the potential significant object name with a pattern of 

object name a single noun (x1) and the design class name. Detailed explanations of 

each similarity analysis are described as below: 

i. SA#1.1- Object Name (x1, x2, x3) vs. Design Class Name (x4) 

This analysis compares the potential significant object name that consists of 

three nouns (x1, x2 and x3) with the design class name (x4). If the analysis 

identifies any combination of a noun with any later noun in the potential 

significant object name with the design class name that contains both of them, 

then a traceability link is established. The combination can be between: (1) x1 

and x3; (2) x1 and x2 or; (3) x2 and x3.  

RULE_ BEGIN_SA#1.1 

SCENARIO 

SEQUENCE (x1, x2, x3) in Requirement Document (A1); and Class Name (x4) in 

the Extracted Design Class Name 

IF EXIST 

[CONTAIN(Name (x4,x1)) AND CONTAIN(Name (x4,x3))] OR 

[CONTAIN(Name (x4,x1)) AND CONTAIN(Name (x4,x2))] OR 

[CONTAIN(Name (x4,x2)) AND CONTAIN(Name (x4,x3))] 

THEN 

GENERATE Overlap (A1,x4) 

RULE_END 

 

Example of SA#1.1 implementation in the Course Registration System (see 

Appendix- P3: Course Registration System): One of the extracted potential 

significant object names in the requirement artifact is a “Course Catalogue 

System” and one of the extracted design class name in the design artifact is the 
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“Course Catalogue”. By implementing this rule, a traceability link is established 

between these names. This is because of a combination of “Course (x1)” and 

“Catalogue (x2)” in the potential significant object name is similar to the 

“Course Catalogue (x4)” design class name. 

ii. SA#1.2- Object Name (x1, x2) vs. Design Class Name (x3) 

This analysis compares the potential significant object name that consists of 

two nouns (x1 and x2) with the design class name. If the analysis identifies a 

combination of both nouns (x1 and x2) as similar with the design class name 

(x3) that contains both of them, then a traceability link is established. 

RULE_ BEGIN_SA#1.2 

SCENARIO 

SEQUENCE (x1, x2) in Requirement Document (A1); and Class Name (x3) in the 

Extracted Design Class Name 

IF EXIST 

CONTAIN(Name (x3,x1)) AND CONTAIN(Name (x3,x2)) 

THEN 

GENERATE Overlap (A1,x3) 

RULE_END 

Example of SA#1.2 implementation in the Course Registration System (see 

Appendix- P3: Course Registration System): One of the extracted potential 

significant object names in the requirement artifact is “Course Offerings” and 

one of the extracted design class name in the design artifact is “Course 

Offerings”. By implementing this rule, a traceability link is established between 

these names. This is because of the combination of “Course (x1)” and 

“Offerings (x2)” in the potential significant object name is similar to the 

“Course Offerings (x3)” design class name. 

 

iii. SA #1.3- Object Name (x1) vs. Design Class Name (x2) 

This analysis compares the significant object name that consists of a single 

noun (x1) with the design class name. If the analysis identifies the single noun 

(x1) as similar (or more than fifty percent similar) with the design class name, 

then a traceability link is established. 
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RULE_ BEGIN_SA#1.3 

SCENARIO 

SEQUENCE (x1) in Requirement Document (A1); and Class Name (x2) in the 

Extracted Design Class Name 

IF EXIST 

CONTAIN(Name (x2,x1))  

THEN 

GENERATE Overlap (A1,x2) 

RULE_END 

Example of SA#1.3 implementation in the Course Registration System (see 

Appendix- P3: Course Registration System): One of the extracted potential 

significant object names in the requirement artifact is “Professor” and one of 

the extracted design class name in the design artifact is “Professor”. By 

implementing this rule, a traceability link is established between these names 

because the “Professor (x1)” in the potential significant object name is similar 

to the “Professor (x2)” design class name. 

 

b. SA#2: Similarity analysis between the potential significant object name and the 

design class attribute name  

This analysis compares the potential significant object name with the design class 

attribute name. There are two similarity analysis guidelines for this category which 

are: SA#2.1: Similarity analysis between the potential significant object name with 

pattern of object name three nouns (x1, x2, x3) with the design class attribute name 

(x4) and, SA#2.2: Similarity analysis between the potential significant object name 

with pattern of object name two nouns (x1, x2) with the design class attribute name 

(x4). A detailed explanation of each type of analysis is described as below: 

i. SA#2.1- Object Name (x1, x2, x3) vs. Design Class Attribute Name (x4) 

This analysis compares the potential significant object name that consists of 

three nouns (x1, x2 and x3) with the design class attribute name (x4). If the 

analysis identifies any combination of a former noun qualifies and any latter 

noun in the significant object name with the design class attribute name (x4) 

that contains both of them, then a traceability link is established. The 

combination can be between: (1) x1 and x3; (2) x1 and x2 or; (3) x2 and x3.  
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RULE_ BEGIN_SA#2.1 

SCENARIO 

SEQUENCE (x1, x2, x3) in Requirement Document (A1); and Class Attribute Name 

(x4) in the Extracted Design Class Name 

IF EXIST 

[CONTAIN(Name (x4,x1)) AND CONTAIN(Name (x4,x3))] OR 

[CONTAIN(Name (x4,x1)) AND CONTAIN(Name (x4,x2))] OR 

[CONTAIN(Name (x4,x2)) AND CONTAIN(Name (x4,x3))] 

THEN 

GENERATE Overlap (A1,x4) 

RULE_END 

 

Example of SA#2.1 implementation in the Course Registration System (see 

Appendix- P3: Course Registration System): One of the extracted potential 

significant object names in the requirement artifact is the “Registered Course 

ID” and one of the extracted design class attribute name in design artifacts is 

the “Course ID”. By implementing this rule, a traceability link is established 

between these names. This is because of a combination of “Course (x2)” with 

“ID (x2)” in the potential significant object name is similar to the “Course ID 

(x3)” design class attribute name. 

 

ii. SA#2.2- Object Name (x1, x2) vs. Design Class Attribute Name (x3) 

This analysis compares the potential significant object name that consists of 

two nouns (x1 and x2) with the design class attribute name (x3). If the analysis 

identifies: (1) a combination of both nouns (x1 and x2) or; (2) any part of the 

nouns (either x1 or x2) is similar with the design class attribute name (x3), then 

a traceability link is established. 

RULE_ BEGIN_SA#2.2 

SCENARIO 

SEQUENCE (x1, x2) in Requirement Document (A1); and Class Attribute Name 

(x3) in the Extracted Design Class Name 

IF EXIST 

[CONTAIN(Name (x3,x1)) AND CONTAIN(Name (x3,x2))] OR 

[CONTAIN(Name (x3,x1)) OR CONTAIN(Name (x3,x2)] 

THEN 

GENERATE Overlap (A1,x3) 

RULE_END 
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Example of SA#2.2 implementation in the Course Registration System (see 

Appendix- P3: Course Registration System): (1) Case #1: one of the extracted 

potential significant object names in the requirement artifact is “Course ID” 

and one of the extracted design class attribute name is “Course ID” from 

“Course” class. By implementing this rule, a traceability link is established 

between these names. This is because one combination of the “Course (x1)” 

with “ID (x2)” in the potential significant object name is similar to the “Course 

ID (x3)” design class attribute name and; (2) Case #2: the potential object 

name is “Registered Course” and the extracted design class attribute name is 

“Course ID”. By implementing this rule, a traceability link is established 

between these names. This is because the “Course” noun in the potential 

significant object name has similarity with the design class attribute name 

“Course ID”. 

 

5.3.3 Detecting Horizontal Traceability Links from Requirements Artifacts to Design 
Artifacts 

There are four steps in the detection which are: (a) Step 1: Extracting potential significant 

object names from the requirement artifact; (b) Step 2: Classifying the extracted potential 

significant object names into pattern of object names; (c) Step 3: Extracting design class 

properties from the design artifact; and (d) Step 4: Detecting traceability links between the 

extracted object names and the extracted design class properties.  

(a) Step 1: Extracting Potential Significant Object Names from the Requirement 
Artifact 

A potential significant object is an object that has responsibilities in achieving a requirement 

goal. The requirement goal is seen as either value that the requirement supplies to its user. 

For the functional requirements, it can be explicitly represented using the Use Case Diagram 

[Jacobson et al, 1999] whereby for the non-functional requirements it can be represented 

using the NFR-Graph [Sommerville, 2004]. The following Figure 5.2 shows the example of a 

requirement goal.  

 

Figure 5.2: Example of a Functional Requirement Goal using a Use Case Diagram 
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The above figure describes the requirement goal which aims to allow the student to register 

course in a Course Registration System. There are several potential significant objects that 

can support the requirement’s goal achievement such as course and student objects. Since 

these objects are considered as the necessary or important information for the new course to 

be registered, then they are considered as the potential significant object names. 

(b) Step 2: Classifying the Extracted Potential Significant Object Names into Pattern of 
Object Names 

This step classifies the extracted potential significant object names into a pattern of object 

names. This classification is important as the similarity analysis will be performed between 

the extracted potential significant object names with different patterns of object names and 

the design class name or the design class attribute name. There are three types of pattern of 

object names which are: (1) an object name that has a single noun (x). For example a 

“Student” significant object name; (2) an object name that has two nouns (x1, x2). For 

example a “Course Offerings” significant object name; and (3) an object name that has three 

nouns (x1, x2, x3). For example a “Course Catalogue System” significant object name.  

(c) Step 3: Extracting Design Class Properties from the Design Artifact 

This step extracts design class properties which are design class name and design class 

attribute name from the design artifact. This extraction is done manually by reviewing design 

artifacts document. The extracted names will be compared to the extracted significant object 

names from the requirement artifact in Step 4.  

(d) Step 4: Detecting Traceability Links between the Extracted Significant Object 
Names and the Extracted Design Class Properties 

The detection is done using the new traceability technique as described in the previous 

Section 5.3.2. 

 

5.3.4 Detecting Vertical Traceability Links in the Requirement Artifacts or Requirement 
Interactions  

To detect the vertical traceability links in a requirement artifact or requirement interactions, a 

technique that is called Requirement Attribute Analysis [Kama et al, 2009; Kama et al, 2010-a] 

is used. This technique introduces a set of requirement attributes that is tagged to each 

requirement description in the requirement artifact. The detection of requirement 
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interactions is done by analysing the value (object name) in the requirement attributes 

through a set of requirement interactions detection guidelines.  

 

There are two steps in the technique which are: (a) Step 1: Restructuring each requirement 

into requirement attributes; and (b) Step 2: Detecting requirement interactions using 

requirement interactions guidelines. Detailed explanations of each step are described as 

below: 

(a) Step 1: Restructuring requirement into requirement attributes 

This technique uses eight requirement attributes [Kama et al, 2009; Kama et al, 2010-a]. The 

attributes are: 

i. Requirement Identifier (or ID)- A unique identification of each requirement 

in the requirement artifact. It can be alphabet, number , or combination of 

alphabet and number. 

ii. Pre-condition (or Pre)- A statement that describes one or more conditions 

that a requirement must fulfil prior to its implementation. The statement 

consists of two important elements which are significant objects name and its 

states. For example, “the student has been registered”. The “student” is 

considered as the significant object name whereas the “registered” is 

considered as the states of the significant object name. 

iii. Triggering Event (or TrE)- A statement that describes an action that causes a 

requirement to be implemented. The statement consists of two important 

elements which are the significant objects’ name and its states. For example, 

“the number of students exceeds limit”. The “number of students” is 

considered as the significant object name whereas the “exceed limits” is 

considered as the states of the significant object name. 

iv. Requirement Description (or ReqtDescr)- Description of the original  

requirement from user. The description is broken into four attributes. 

� Subject (Sub): A statement that describes actor/user that involves 

directly or indirectly with the requirement. The subject can be human, 

system, or hardware device. The statement consists of a significant 

object name only. For example, “the course registration system”.  

� Action (Act): Statements that describes behaviour that the Subject 

performs. The statements consist of two important elements which are 
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the significant objects’ name and its states. For example, “the student 

selects courses”. The “student” is considered as the significant object 

name whereas the “select courses” is considered as the states of the 

significant object name. 

� Target (Tar): A statement that describes actor/user that involves 

directly or indirectly with the requirement. The Target can be a human, 

system, or hardware device. The statement consists of a significant 

object name only. For example, “the course registration system”. 

� Direction (Dir): A statement that describes the source or destination of 

the Target value. The statement consists of a direction either to or 

from and the significant object name. For example, “to the course 

catalogue system”. The “to” is considered as the direction whereas the 

“course catalogue system” is considered as the significant object name. 

v. Post-condition (or Post)- Result(s) after a requirement has been  successfully 

implemented. The value of this attribute comprises a list of significant 

objects (noun) and the significant object state (passive verb).  

 

Figure 5.3 below illustrates the new requirement description structure. 

 

Figure 5.3: Requirement Description Structure  

 

For example a login requirement from the Course Registration System (see Appendix- P3: 

Course Registration System) is “UC1: The student enters student information. The system 

validates the user information. The system displays the main student form.” This 

requirement is tagged with the requirement attributes as shown in Table 5.2 and Table 5.3 

below. 

ID Pre TrE ReqtDescr Post 

UC1 The application has 

been successfully 

installed 

The student enters 

user information to 

the login form 

See Table 5.3 

below 

Main student form has 

been displayed by the 

system 

Table 5.2: Requirement Attributes (ID, Pre, TrE and Post Description) 
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To summarize the above table: (1) the pre-condition attribute: “the application (noun) 

installed (passive verb)”; (2) trigger event attribute: “the student (noun) enters (verb) user 

information (noun)”; (3) post-condition attribute: “main student form (noun) displayed 

(passive verb)”.  

ID 
ReqtDescr 

Sub Act Tar Dir 

UC1 

The student enters student information (user name, password) to the login form 

The system validates the student information from the student 

The system displays main student form to the student 

Table 5.3: Requirement Attributes (Requirement Description) 

 

This technique is used because of its capability not only to detect requirement interactions 

like existing techniques [Carlshamre et al., 2001; Shehata and Eberlein, 2003-a; Shehata and 

Eberlein, 2003-b; Yang et al., 2007] but also to detect the significant objects’ interactions 

detection in the requirement artifact (will be further described in Section 5.5). The detection 

is done by reviewing values in the selected requirement attributes.  

(b) Step 2: Detecting requirement interactions using requirement interactions detection 
guidelines 

Before illustrating the guidelines, note the following definitions are used: 

i. Pre(R): a function that extracts the pre-condition of a requirement R 

ii. Post(R): a function that extracts the post-condition of Requirement R 

iii. TrE(R): a function that extracts the Trigger Event of Requirement R 

iv. SO(cond): a function that extracts significant objects in the condition C 

v. SOS(cond): a function that extracts significant object states in the condition C 

vi. →: represents interaction between two requirements 

There are two requirement interactions detection guidelines using the Pre-condition and the 

Post-condition attributes (See Section 7.2.8(iii) for the limitation of using these attributes). 

To describe the first guideline, we assume that: (1) R represents a requirement; (2) SO 

represent a significant object and; (3) SOS represent the significant object state such as 

displayed, calculated; and (4) two distinct significant objects can have a same state such as 

“Course” object and “Professor” object can share a same state which “registered”. The first 

guideline is (let R1 represents Requirement#1 and R2 represents Requirement#2): 
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BEGIN 

IF [(SO(Pre(R2))) ∩ (SO(Post(R1))) ≠ Ø] AND  

[(SOS(Pre(R2))) ∩ (SOS(Post(R1))) ≠ Ø] THEN 

R1 → R2  

END 

This guideline explains that if there exists a significant object name and its state in the pre-

condition attribute of a requirement (R2) is similar to a significant object name and its state 

in the post-condition attribute of another requirement (R1), then these two requirements are 

considered to have an interaction between them. The rationale of this guideline is that every 

requirement has pre-condition(s). This pre-condition must be validated as to whether it is 

successful or unsuccessful prior to the requirement execution. If the validation is successful, 

then the requirement can be executed. Otherwise, it will not be executed.  

 

For example, given two extracted requirements descriptions (R1 and R2) where:  

Post(R1)={the course is full}; then SO(Post(R1))={course}; and SOS(Post(R1))={course: 

full}; 

Pre(R2)={the course is full}; then SO(Pre(R2))={course}; and SOS(Pre(R2))={course: full}. 

By looking at the two extracted requirements description, this guideline creates an interaction 

link between these requirements. 

 

The second guideline is (let R1 represents Requirement#1 and R2 represents 

Requirement#2): 

BEGIN 

IF [[(SO(Pre(R1))) ∩ (SO(Pre(R2))) ≠ Ø] AND  

[(SOS(Pre(R1))) ∩ (SOS(Pre(R2))) ≠ Ø]] AND  

[[(SO(TrE(R1))) ∩ (SO(TrE(R2))) ≠ Ø] AND  

[(SOS(TrE(R1))) ∩ (SOS(TrE(R2))) ≠ Ø]] THEN 

R1 → R2  

END 

 

This guideline explains that if there exists a similarity between a significant object name and 

its state in the pre-condition and the significant object name and its state in the trigger event 

of a requirement (R1) with a significant object name and its state in the pre-condition and 
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the significant object name and its state in the trigger event of another requirement (R2), 

then these two requirements are considered to have an interaction between them. The 

rationale for this guideline is that every requirement has its pre-condition and trigger event. 

As described in the first guideline, the pre-condition must be validated as to whether it is 

successful or unsuccessful prior to the requirement execution. The trigger event indicates an 

event that consists of significant object name and its state which causes a requirement to be 

executed. If two requirements have a similar pre-condition and trigger event even they have 

different implementations and post-conditions, then these two requirements are considered 

to have an interaction between them. 

 

For example, given two extracted requirements descriptions (R1 and R2) where:  

Pre(R1)={the course is full}; then SO(Pre(R1))={ course }; and SOS(Pre(R1))= 

{course:full};  

TrE(R1)={add item in the course}; then SO(TrE(R1)={item}; and SOS(TrE(R1))= { 

course:add}; ReqtDescr(R1)={check the course}. 

 

Pre(R2)={the course is full}; then SO(Pre(R2))={course}; and SOS(Pre(R2))={course:full}; 

TrE(R2)={add item in the course}; then SO(TrE(R2)={item}; and SOS(TrE(R2))= { 

course:add}; ReqtDescr(R2)={inspect items in the course}. 

 

By looking at the two extracted requirements description, this guideline creates an interaction 

link between these requirements. 

 

5.4 Example of P2 Implementation 

This example focuses on the vertical traceability links detection or requirement interactions 

detection. The following list of requirements is part of the overall Course Registration 

System requirements (see Appendix- P3: Course Registration System).  

a. UC1: The student enters student information. The system validates the user 

information. The system displays the main student form. 

b. UC2: The student selects to create a new schedule at the main student form. The 

system displays blank registration form. The system retrieves a list of course 

offerings from the Course Catalogue System. 
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c. UC3: The student selects courses from the list of course offerings. The student 

adds the selected courses to the database. The system updates the selected 

courses to the database. 

d. UC4: The student selects “Delete Schedule” function at the main student form. 

The system requests for deletion confirmation from the student. If the student 

confirms the deletion at the deletion box, the system deletes the schedule in the 

database. 

 

Table 5.4 and Table 5.5 below show the example of requirement descriptions that have been 

structured according to the requirement attributes: 

ID Pre TrE ReqtDescr Post 

UC1 The application has 

been successfully 

installed 

The student enters 

user information to 

the login form 

See Table 5.5 

Main student form has 

been displayed by the 

system 

UC2 

Main student form has 

been displayed by the 

system 

The student selects 

“create schedule” 

function 

 List of course offerings 

has been retrieved by 

the system -  

UC3 

List of course 

offerings has been 

retrieved by the system 

 

The student selects 

course offering 

See Table 5.5 

The selected course has 

been updated in the 

Course Catalogue 

System 

UC4 

List of course 

offerings has been 

retrieved by the system 

The student selects 

course offering 

The course offering has 

been marked as selected 

in the Course Catalogue 

System 

Table 5.4: Requirement Attributes (ID, Pre, TrE and Post Description) 

 

ID 
ReqtDescr 

Sub Act Tar Dir 

UC1 

The student enters student information (user 

name and password) 

to the login form 

The system validates the student information from the student 

The system displays main student form to the student 

UC2 

The student selects 
create new schedule 

function 
at the main student form 

The system displays registration form to the student 

The system retrieves  list of course offering 
from the Course 

Catalogue System 

UC3 The student selects courses  
from the list of course 

offering 

 The student Adds the selected courses to the database 

 The system updates the selected courses  to the database 

UC4 The student selects delete schedule function at the main student form 
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The system requests deletion confirmation from the student 

The student confirms the deletion at the deletion box 

The system deletes the schedule in  the database 

Table 5.5: Requirement Attributes (Requirement Description) 

 

5.5 P3: Developing Initial Class Interactions Prediction Process 

As described earlier in Section 4.3, this process develops initial class interactions prediction 

based on reflection of the significant object interactions in the requirement artifact. This 

process is important as this process assumes class interactions are developed based on the 

design class interactions, the design class interactions indirectly represent the initial class interaction 

prediction.  

 

There are two steps in this process which are: (a) Step 1: Detecting significant object 

interactions; and (b) Step 2: Reflecting the significant object interactions to design class 

interactions. Detailed explanations of each step are described as follow: 

(a) Step 1: Detecting Significant Object Interactions 

There are two types of the significant object interactions. The first type is the significant 

object interactions in a requirement description and the second type is the significant object 

interactions in two interacting requirement descriptions. To detect these types of 

interactions, requirement description structure as described in the requirement attribute 

analysis technique (see Section 5.3.4(a)) is used. 

 

The first type of interactions detection uses the target and the direction attributes. The 

following detection guideline is used (given SO[Tar] represents significant object in the target 

attribute,  SO[Dir] represents significant object in the direction attribute, and → symbol 

represents interaction):  

SO(Tar) → SO(Dir) 

This guideline explains that the significant object in the target attribute of all requirement 

descriptions will have interaction with the significant object in the direction attribute. This 

guideline is based on the precept that the significant object in the target attribute will have 

described where it will be sent to or where it comes from in the direction attribute. Thus, the 
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significant object that exists in the target attribute will interact with the significant object in 

the direction attribute.  

 

For example, the extracted requirement description (ReqtDescr) of a requirement is: 

ReqtDescr(R1)={the student enters user id and password at the login form}; then 

SO(Tar)={user id; password}; and SO(Dir)={login form};  

By looking at the above example, this guideline creates two interactions links which are 

between: (1) the “user id” object and the “login form” object and; (2) the “password” object 

and the “login form” object. 

The second type of interactions detection uses the pre-condition, post-condition and target 

attributes in the requirement description structure. The guideline is: 

BEGIN 

IF [(SO(Pre(R2))) ∩ (SO(Post(R1))) ≠ Ø] AND  

[(SOS(Pre(R2))) ∩ (SOS(Post(R1))) ≠ Ø] THEN 

SO(Tar(R2)) → SO(Post(R1))  

END 

 

There is a condition that needs to be verified prior to implementing in this guideline. The 

condition is that this guideline can only be performed on two interacting requirement 

descriptions that are detected through the first requirement interactions detection guideline 

(see Section 5.3.4). If this condition is met, then this guideline is the significant object in the 

target attribute of R2 will interact with the significant object in the post-condition attribute 

of R1. This guideline is based on the precept that the significant object in the target attribute 

of R2 can only perform its activity after the significant object in the post-condition attribute 

of R1 is verified (either true of false). This situation indirectly shows the significant object in 

the target attribute of R2 has an interaction with the significant object in the post-condition 

attribute of R1. 

 

For example, given two extracted requirements descriptions (R1 and R2) where:  

Post(R1)={the course is full}; then SO(Post(R1))={course}; and SOS(Post(R1))={course: 

full}; 

Pre(R2)={the admin detects the course is full}; then SO(Pre(R2))={course; admin}; and 

SOS(Pre(R2))={course: full}. 
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By looking at the two extracted requirements description, this guideline creates an interaction 

link between the “admin” object in the pre-condition of R2 and the “course” object in the 

post-condition of R1. 

(b) Step 2: Reflecting the Significant Object Interactions to Design Class Interactions 

The reflection is based on the precept that the significant object in the requirement artifact 

reflects to the design class. Thus, the interactions between the significant objects also reflect 

to the interactions between the design classes. To describe the reflection process from the 

significant object interactions to design class interactions, the following Figure 5.4 and Figure 

5.5 are used.  

 

Figure 5.4: Significant Object Interactions 

 

 

Figure 5.5: Traceability Links between Significant Object and Design Class 

 

Looking at the above figures, there are three interacting significant objects (SO) which are 

SO1, SO2 and SO3 where: (1) SO1 interacts with SO2; (2) SO1 interacts with SO3 and; (3) 

SO2 interacts with SO3. Also, the significant objects have traceability links to the five design 

classes (DCL). Based on the significant object interactions, the reflection process is shown in 

Figure 5.6. 
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Figure 5.6: Reflection of Significant Object Interactions to Design Class Interactions 

 

Since this process assumes that the class interactions are developed based on the design class 

interactions, the design class interactions indirectly represent the initial class interaction 

prediction. The following Figure 5.7 and Figure 5.8 show the reflection of the design class 

interactions to the initial class interactions prediction. 

 

Figure 5.7: Traceability Links between Design Class and Implementation Class  

 

 

Figure 5.8: Reflection of Design Class Interactions to Class Interactions 

 

5.6 Example of P3 Implementation 

This example is a continuation from Process 2 example as described in Section 5.4.  

(a) Step 1: Detecting Significant Object Interactions Results 

Table 5.6 below shows a list of extracted significant objects from each requirement 

description. 
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ID List of Significant Objects (SO) 

UC1 Student, Main Student Form, Login Form 

UC2 Schedule, Registration Form, Course Offering, Main Student Form, Course 

Catalogue System 

UC3 Course Offering, Course, Registration Form, Course Catalogue System 

UC4 Schedule, Main Student Form, Course Catalogue System  

Table 5.6: List of Extracted Significant Objects  

 

The following Table 5.7 shows the detected significant object interactions.  

  SO
1 

SO
2 

SO
3 

SO
4 

SO
5 

SO
6 

SO
7 

SO1               

SO2 X       

SO3        

SO4  X X     

SO5 X X  X    

SO6 X X  X    

SO7 X     X  
Legend: SO1- Main Student Form, SO2- Registration Form, SO3- Course Catalogue System, SO4- Course Offering, SO5- 

Schedule , SO6- Student, SO7- Login Form; X- Interaction 

Table 5.7: Significant Object Interactions Matrix 

(b) Step 2: Reflecting the Significant Object Interactions to Design Class Interactions 

The significant object interactions are then reflected to the design class interactions as shown 

in Table 5.8. In this example, we assume that each significant object is reflected to a design 

class. Then, the design class interactions indirectly reflect to the initial class interactions 

prediction. 

  D
C

L
1 

D
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L
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D
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 3

 

D
C
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 4

 

D
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L
 5

 

D
C

L
 6

 

D
C

L
 7

 

DCL1               

DCL 2 X       

DCL 3        

DCL 4  X X     

DCL 5 X X  X    

DCL 6 X X  X    

DCL 7 X     X  

Legend: DCL1- MainStudentForm; DCL2- RegisterForCoursesForm; DCL3- ICourseCatalogueSystem; DCL4- 
CourseOffering; DCL5- Schedule; DCL6- Student; DCL7- LoginForm; X- Interaction. 

Table 5.8: Design Class Interactions Matrix 
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5.7 P4: Modifying the Initial Class Interactions Prediction Process 

As described earlier in Section 4.3, this process modifies the initial class interactions 

prediction according to design patterns selection. However, this process only modifies the 

initial class interactions prediction according to the BCE design pattern. A brief summary on 

modifying the initial class interactions prediction based on other design patterns (i.e., Model-

View-Controller and Broker design patterns) will be described later in Section 5.8(b). 

 

There are three steps in this process which are: (a) Step 1: Identifying affected classes by the 

design patterns implementation; (b) Step 2: Creating a new design pattern class type in the 

initial class interactions prediction; (c) Step 3: Modifying the initial class interactions 

prediction based on the design pattern implementation. The following sub-sections describe 

detailed implementation of each step based on the BCE design pattern. 

(a) Step 1: Identifying Affected Classes by the Design Pattern Implementation 

There are two types of classes will be affected in the initial class interaction prediction. The 

types are the Boundary class and the Entity class [Cockburn, 2000; Jacobson et al, 1999]. To 

identify these types of classes in the initial class interaction prediction, the role of each class 

is reviewed. There are three potential roles that a class may represent the Boundary class type 

which are: (1) a class that communicates with human user of a software system that is also 

known as user interface class; (2) a class that communicates with other systems or external 

system that is also known as system interface class and; (3) a class that communicates with 

devices to detect external events that is also known as hardware interface class. Any classes 

that manage persistent data that is used by the system are considered as the Entity class. 

(b) Step 2: Creating New Design Pattern Class in the Initial Class Interactions 
Prediction 

A new class which is the controller class is created for each use case. The reason of the 

creation per use case is because the controller class is responsible for managing a use case 

implementation [Jacobson et al, 1999]. For example if the software system has five use cases, 

then five new controller class are created in the initial class interactions prediction.  

(c) Step 3: Modifying the Initial Class Interactions Prediction based on the Design 
Pattern Implementation  

Prior to modifying the initial class interactions prediction, all classes (boundary, controller 

and entity classes) are reviewed to identify which use case they are belonged to. For the 
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boundary and the entity classes, they are reviewed to identify which significant object in 

requirement descriptions they belonged to or are created from. The identification is done by 

reviewing the horizontal traceability links of these classes with the significant objects in 

requirement descriptions. However in some circumstances, these classes may be created 

from a significant object that exists in different use cases. If this situation occurs, it means 

that these classes belong to and can be classified in any of those use cases. For the controller 

class, since this class is created for each use case, then they automatically belong to the use 

case that they are created from. 

 

To modify the initial class interactions prediction, the following Table 5.9 shows the BCE 

design pattern interactions rules in a use case.  

 Boundary Controller Entity 

Boundary Valid Valid Invalid 
Controller Valid Valid Valid 
Entity Invalid Valid Valid 

Table 5.9: BCE Design Pattern Interaction Rules 

 

According to the above table, there are two significant interaction rules in the BCE design 

pattern. The first rule is the design pattern does not allow interaction between the Boundary 

class and the Entity class. Any interactions between these classes are considered as invalid 

interactions and they need to be eliminated. The second rule is the design pattern uses the 

Controller class as a mediator of interactions between the Boundary class and the Entity 

class.  

 

5.8 Example of P4 Implementation 

There are two sub-sections in this section. The first sub-section describes an example of 

modifying the initial class interactions prediction and the second sub-section is a brief 

summary on the application of this process steps in other design patterns.  

(a) Modifying the Initial Class Interactions Prediction 

The example that is used in this sub-section is a continuation of Process 2 example as 

described in Section 5.4 and Process 3 in Section 5.6. The initial class interactions prediction 

and the final class interaction prediction results are shown as below. 
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L
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C
L

 6
 

C
L

 7
 

CL1(B)               

CL 2(B) X       

CL 3(B)        

CL 4(E)  X X     

CL 5(E) X X  X    

CL 6(E) X X  X    

CL 7(B) X     X  

Legend: CL1- MainStudentForm; CL2- RegisterForCoursesForm; CL3- ICourseCatalogueSystem; CL4- 
CourseOffering; CL5- Schedule; CL6- Student; CL7- LoginForm; X- Interaction; 

B- Boundary; E- Entity; C- Controller 

Table 5.10: The Initial Class Interactions Prediction  

 

No Class Interactions Modification Process 
1 CL1 – CL2 Not Changed 
2 CL2 – CL4 Restructured to CL2 – CL8 – CL4 
3 CL3 – CL4 Not Changed 
4 CL1 – CL5 Restructured to CL1 – L8 – CL5 
5 CL2 – CL5 Restructured to CL2 – CL8 – CL5 
6 CL4 – CL5 Not Changed 
7 CL1 – CL6 Restructured to CL1 – CL8 – CL6 
8 CL2 – CL6 Restructured to CL2 – CL8 – CL6 
9 CL4 – CL6 Not Changed 
10 CL1 – CL7 Not Changed 
11 CL6 – CL7 Restructured to CL6 – CL8 – CL7 

Legend: CL1- MainStudentForm; CL2- RegisterForCoursesForm; CL3- ICourseCatalogueSystem; 
CL4- CourseOffering; CL5- Schedule; CL6- Student; CL7- LoginForm 

Table 5.11: Modification Process 
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CL1(B)                 

CL 2(B) X        

CL 3(B)         

CL 4(E)         

CL 5(E)    X     

CL 6(E)    X     

CL 7(B) X     X   

CL8 (C) X X X X X X X  

Legend: CL1- MainStudentForm; CL2- RegisterForCoursesForm; CL3- ICourseCatalogueSystem; CL4- 
CourseOffering; CL5- Schedule; CL6- Student; CL7- LoginForm; CL8- RegistrationCtl; X- Interaction;  

B- Boundary; E- Entity; C- Controller 

Table 5.12: Class Interactions Prediction  
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(b) A Brief Summary on the Application of the Process Steps in Other Design Patterns 

Table 5.13 below shows the example of applying the process steps for two selected design 

patterns which are the Model-View-Controller (MVC) and the Broker design patterns. In 

brief, the MVC design pattern intends to provide an ability of an application to maintain 

multiple views or presentations of a single data. This design pattern hinges a clear separation 

of class application into three types of design pattern classes. The classes are the Model class 

that is used for maintaining the application data, the View class for presenting all or portion 

of the Model class data and the Controller class for handling events that interact with the 

Model class and the View class. 

 

For the Broker design pattern, this pattern focuses on structuring a distributed application to 

hide or to encapsulate implementation details of remote service invocation. The 

encapsulation is done by structuring the details of remote service invocation into a different 

layer than the business logic layer. This layer provides an interface that allows client classes 

to invoke any methods like any local interface from the server class. This pattern considers 

any class that use the remote service invocation service as a client class whereas any classes 

that respond to the service as a server class. However, detailed implementation of the MVC 

and the Broker pattern are not considered in detail here. 

Step Description 
Design Pattern 

MVC Pattern Broker Pattern 

Step 1: Identifying Affected Classes 

by the Selected Design Pattern 

Implementation 

User interface class and business 

logic class. The user interface 

class is considered as the View 

class whereby the business logic 

class as the Model class 

Any class or client class that 

requires service from any class 

that provide the service or 

server class 

Step 2: Creating a New Design 

Pattern Class Type in the Initial 

Class Interactions Prediction 

 

Controller class Server Class, Client Class and 

Broker Classes 

Step 3: Modifying the Initial Class 

Interactions Prediction According 

to the Selected Design Pattern 

Implementation 

Eliminates existing interactions 

between the user interface class 

and the business logic class. 

 

Develops new Controller class 

interactions with the user 

interface class and the Model 

class 

Eliminates existing interactions 

between the client class and 

server class. 

 

Develops new Server Proxy, 

Client Proxy and Broker 

Classes with the client and 

server classes 

 

Table 5.13: Summary of the MVC and Broker Design Patterns Implementation 
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5.9 Summary 

There are four main processes in this stage which are: P1: Extracting software artifact 

elements process; P2: Detecting traceability links process; P3: Developing initial class 

interactions prediction; and P4: Modifying the initial class interactions prediction. The first 

process extracts software artifacts’ elements in the software artifacts. Three software artifacts 

involved in this process which are the requirement artifact, the design artifact and the class 

artifact. The second process detects traceability links among the extracted elements in 

software artifact. A refined technique from the existing technique is used for the detection. 

The third process develops an initial class interactions prediction. The development is based 

on a reflection of significant object interactions in the requirement artifact. Finally the fourth 

process modifies the initial class interactions prediction. The modification is based on the 

BCE design pattern implementation structure.  
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Chapter 6 : Stage 2- Performing Impact Analysis 

 

6.1 Introduction 

This chapter describes detailed implementation of Stage 2 in the framework. There are two 

main elements in this stage which are the inclusion of the partially developed class analysis in 

the dynamic analysis technique implementation and performing the static analysis technique as 

well as the dynamic analysis technique to develop a set of potential impacted classes according to 

change request. Since none of the current impact analysis techniques includes the above two 

elements in the technique implementation, this Stage 2 implementation is considered as a 

new impact analysis technique for the software development phase. 

 

In brief, the new impact analysis technique consists in performing the static analysis 

technique as well as the dynamic analysis technique when necessary, i.e. when partially 

developed classes exist in the initial set of potential impacted classes, the new framework 

performs the dynamic analysis technique as well as the static analysis technique. The 

implementation of the dynamic analysis technique aims at improving the initial set of 

potential impacted classes produced by the static analysis technique. Conversely when there 

are no partially developed classes exists in the initial set of potential impacted classes, only 

the static analysis technique is performed. 

 

Also, the new impact analysis technique provides high level steps that support the inclusion 

of the partially developed class analysis in the dynamic analysis technique implementation. 

The steps are designed to be independent from any specific instance of dynamic analysis 

technique implementation. At this moment, the framework uses the Path-Impact [Law and 
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Rothermal, 2003] technique as an instance of the dynamic analysis technique 

implementation.  

 

Recall from Section 4.3, there are two main processes in this stage as shown in Figure 6.1 

below. 

 

Figure 6.1: Stage 2- Performing Impact Analysis Processes 

 

The processes are: (1) P1: Impact analysis process; and (2) P2: Filtration process. Detailed 

explanations of each process are given in the following sub-sections. 

 

6.2 P1: Impact Analysis Process 

This process identifies a set of potential impacted classes using the class interactions 

prediction (produced by Stage 1) according to change requests. In general, each change 

request will be analysed to identify a set of impacted requirements in the requirement 

artifact. The set of impacted requirements will be used to identify a set of impacted design 

classes via traceability links between requirements and design artifacts. Since this framework 

assumes the implementation class (or class) is developed according to design classes, then 

the set of impacted design classes indirectly represents the set of potential impacted classes.  

 

There are three steps in this process which are: Step 1: Identifying a set of impacted 

requirements; Step 2: Identifying a set of impacted design classes; and Step 3: Identifying an 
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initial set of potential impacted classes. The outcome of this process is an initial set of 

impacted classes that will be used by the next process (the filtration process) to filter false 

impacted classes in the initial set of impacted classes if they exist. A detailed explanation of 

each step is described in the following sub-sections. 

  

6.2.1 Step 1: Identifying a Set of Impacted Requirements 

This step identifies a set of impacted requirements through analysis of change request 

specification. However, in some situations the impacted requirements are not described or 

stated in the change request specification. As an alternative, the identification is done 

through discussion with the software developer.  

 

There are two types of impacted requirements which are primary impacted requirements and 

secondary impacted requirement. The primary impacted requirement is a requirement or a 

set of requirements that have a direct impact from the change request specification. The 

direct impact refers to a requirement that is stated in the change request specification. For 

the secondary impacted requirement, it is a requirement or a set of requirements that have an 

indirect impact from the change request. The indirect impact means that the requirement is 

impacted because of its interaction with the primary impacted requirements or with any 

earlier detected secondary impacted requirements. The following Figure 6.2 illustrates an 

identification of the primary impacted requirements that are identified from the change 

request specification. 

 

Figure 6.2: Example of Primary Impacted Requirements(R) Identification 

 

R1 and R2 are the primary impacted requirements as they are clearly stated in the change 

request specification and represented as the graphical nodes in Figure 6.2. The secondary 

impacted requirements are identified by reviewing requirement interactions with the primary 

Requirement Nodes 

R1 

R2 

Change 
Request Form 

R1 

R2 
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impacted requirements. The following Figure 6.3 illustrates the secondary impacted 

requirements detection. 

 

Figure 6.3: Example of Secondary Impacted Requirements(R) Identification 

 

R3 and R4 are the secondary impacted requirements as they have interaction with R1 and R2 

(primary impacted requirements) through dependency relationship. In other words, R3 

depends on R1 and R4 depends on R2 for their implementation. For R5 and R6, they are 

also considered as the secondary impacted requirements because of their dependency to R3 

and R4 (secondary impacted requirements). 

 

6.2.2 Step 2: Identifying a Set of Impacted Design Classes 

The second step is to identify a set of impacted design classes based on the detected primary 

and secondary impacted requirements. The identification is done by reviewing horizontal 

traceability links that exist between the impacted requirements (primary and secondary) and 

design class artifacts. Any design class in the design class artifacts that has a traceability link 

with the impacted requirements is considered to be an impacted design class.  

 

There are two types of impacted design classes which are the primary impacted design class 

and the secondary impacted design class. The primary impacted design class is a design class 

or a set of design classes that have horizontal traceability links with the primary and 

secondary impacted requirements. For the secondary impacted design class, it is a design 

class or a set of design classes that have an indirect impact from the primary impacted design 

class. The indirect impact means that the design class is impacted because of its interaction 

with the primary impacted design class or with any earlier detected secondary impacted 

Change 
Request Form 
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R2 

Requirement Nodes 

R1 

R2 

R3 

R4 

R5 

R6 

dependency relationship 
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design class. The following Figure 6.4 shows an example of the primary impacted design 

classes that are identified based on the primary and secondary impacted requirements via 

horizontal traceability links (or traceability links). 

 

Figure 6.4: Example of Primary Impacted Design Class(DC) Identification 

 

DC1 and DC2 are the primary impacted design classes as they have traceability links with all 

the primary and secondary impacted requirements. For the secondary impacted design 

classes, they are identified by reviewing interactions that the detected primary impacted 

design classes have. The following Figure 6.5 illustrates the secondary impacted requirements 

identification. 

 

Figure 6.5: Example of Secondary Impacted Design Class(DC) Identification 

 

DC3 and DC4 are the secondary impacted design classes as they have interactions with DC1 

and DC2 (primary impacted design classes) through dependency relationship. For DC5 and 
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DC6, they are also considered as the secondary impacted design class. This is because of 

their dependency to DC3 and DC4 (the earlier detected secondary impacted design classes).  

 

6.2.3 Step 3: Identifying an Initial Set of Impacted Classes 

The third step is to identify an initial set of impacted classes. Since this framework assumes 

that the class is developed according to the design class (see Stage 1 implementation), the 

primary impacted design class is considered as the primary impacted class and the secondary 

impacted design class is considered as the secondary impacted class. The following Figure 

6.6 illustrates the identification of the set of potential impacted classes from the set of 

impacted design classes. 

 

Figure 6.6: Example of Impacted Class(C) Identification 

 

C1 and C2 are considered as the primary impacted classes whereby C3, C4, C5 and C6 are 

considered as the secondary impacted classes. A closer look at DC5 and DC6 classes, these 

classes do not have traceability links with any requirement nodes. These classes are 

considered as the Controller class that are created based on design pattern implementation. 

Therefore, the initial set of potential impacted classes is C1, C2, C3, C4, C5 and C6. 

 

6.3 P2: Filtration Process 

To recap, this process focuses on filtering the initial set of potential impacted classes 

produced by the impact analysis process. There are two filtration levels in this process which 
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are the class dependency filtration (CDF) level and the method dependency filtration (MDF) 

level.  

 

The CDF level aims to filter the initial set of potential impacted classes based on class 

interactions flow analysis. The analysis focuses on detecting and eliminating the invalid class 

interactions flow in the initial set of potential impacted classes. This analysis is important 

based on the precept that not all interaction links between classes in the initial set of 

potential impacted classes have change impact to one another. The change impact means 

that if change happens to one side of two interacting classes, the other side class will be 

impacted as well. Given the example two interacting classes are C2 and C1 where C2 

depends on C1. If change happens to C2, it will not affect C1 as C1 does not depend on C2 

for its implementation. Conversely if change happens to C1, then C2 will be affected. Since 

the class interactions flow analysis is performed on the program static information i.e. an 

initial set of impacted classes, the CDF level is considered a static analysis technique. The 

outcome of this filtration level is a filtered set of impacted classes. 

 

The MDF level concentrates on filtering the filtered set of potential impacted classes that is 

produced by the CDF level based on a set of method interactions flows or method execution 

paths analysis. This analysis focuses on detecting a set of impacted methods that are affected 

by any particular change request from the method execution paths. This analysis is important 

based on the precept that the filtered set of potential impacted classes produced by the CDF 

level tends to overestimate the impacted classes (see Section 6.1). For example when a 

change happens to C1 that will not affect C2 even C2 requires C1 for its implementation. 

This is because of the change that happens to a specific method in C1 has no dependency 

from any method in C2. Since this filtration level uses the program dynamic information i.e., 

a set of method execution paths, the MDF level is considered a dynamic analysis technique. 

The outcome of this filtration level is a final set of impacted classes.  

 

The implementation of the filtration levels depends on the status of the set of initial 

impacted classes. If the initial set of potential impacted classes consist of some fully 

developed classes, both CDF and MDF levels will be implemented sequentially. Conversely, 

if the initial set of potential impacted classes consists of all partially developed classes, only 

the CDF level will be implemented. Figure 6.7 below summarizes the filtration process 

implementation flow. 
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Figure 6.7: Filtration Process Execution Flow 

 

A detailed explanation of each filtration level implementation is described in the following 

sub-sections. 

 

6.3.1 The Class Dependency Filtration (CDF) Level 

There are three steps in this filtration level which are: Step 1: Reviewing primary impacted 

class; Step 2: Identifying valid interactions flow; and Step 3: Eliminating overestimate 

impacted classes. The following Figure 6.8 shows the steps in this filtration level. 

 

Figure 6.8: Overall CDF Steps 

 

A detailed explanation of each step is described in the following sub-sections: 
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(a) Step 1: Reviewing Primary Impacted Class 

This step aims to review the identified primary impacted class from the impact analysis 

process. In some situations, there will be more than one primary impacted class in the set of 

initial potential impacted classes. The identified primary impacted class will be used as a 

starting point to review class interactions flow from the primary impacted classes to 

secondary impacted classes.  

(b) Step 2: Identifying Valid Class Interaction Flow  

This step aims to identify valid class interaction flow from the primary impacted classes to 

secondary impacted classes in the initial set of impacted classes. The valid flow is defined as 

a flow that has direction of interaction flow from a potential impacted class to the actual 

impacted class. In this definition, the potential impacted class refers to a class that is 

currently being analysed to identify whether it is the actual impacted class or not. The actual 

impacted class is a class that has been considered to be impacted by the change request. This 

flow explains that the potential impacted class requires the actual impacted class for its 

implementation. If change happens to the actual impacted class, the potential impacted class 

will be affected as well. Any flows that do not comply with this definition are considered to 

be invalid interactions flows. 

(c) Step 3: Eliminating Overestimate Impacted Classes 

This step eliminates the overestimate (or false) impacted classes in the initial set of potential 

impacted classes. Any class that is pointed by the detected invalid interactions flow is 

considered as the false impacted class. 

 

6.3.2 Example of the CDF Level  

To demonstrate the example of the CDF level, the following Figure 6.9 is used. This figure 

shows a set of potential impacted classes that is generated from the impact analysis process 

(see Section 6.2).  
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Figure 6.9: Example of Class Dependency Filtration 

 

Looking at the above figure, there are seven classes (C) in the initial impacted classes. The 

classes are C1, C2, C3, C4, C5, C6 and C7. (Step 1) Given an example where C1 is the 

primary impacted class. C2 to C7 are considered as the secondary impacted classes. (Step 2) 

e1, e4 and e6 links are considered as invalid interaction flows because of: (1) e1- C1 is 

considered as the primary impacted class and the direction of interaction is from C1 to C6. 

This direction does not comply with the definition of valid interaction flow; (2) e4- C3 is 

considered as the secondary impacted class/actual impacted class and the direction of 

interaction is from C3 to C4. This direction does not comply with the definition of valid 

interaction flow and; (3) e6- C5 is considered as the secondary impacted class and the 

direction of interaction is from C5 to C4. This direction does not comply with the definition 

of valid interaction flow. (Step 3) Based on the invalid interaction flow, C4 is considered as 

the false impacted class. The reason is that the invalid interaction flow for e4 and e6 is 

directed to C4. C6 is not considered to be not impacted even though e1 is the invalid 

interaction flow. This is because of e7 is considered as a valid interaction flow from C5 

perspective where C5 is required by C6 implementation. 

 

6.3.3 The Method Dependency Filtration (MDF) Level 

To recap, the MDF level performs another filtration on the filtered set of potential impacted 

classes produced by the CDF level. In brief, all method execution paths from the filtered set 

of potential impacted classes will be extracted and further analysed to eliminate false 

impacted classes. In this work, the author uses the backward and forward analysis technique 

from [Law and Rothermal, 2003]. This level can be considered as the dynamic analysis level 

as it uses the method execution paths to identify potential impacted classes [Orso et al., 2003; 

Apiwattanapong et al., 2005; Huang and Seong, 2006; Huang and Seong, 2007]. 
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There are several perspectives where the method execution paths can be developed from the 

application such as the statement coverage, branch coverage and path coverage [Patton, 

2005]. The statement coverage develops the method execution paths based on the order of 

statements in a method or class are executed whereas the branch coverage is based on the 

order of outcome of a decision in a method or class. The path coverage develops the 

method execution paths based on the possible paths exist in each methods. A path is a 

sequence of execution from the entry a method to its exit. If the method contains a loop, 

then the number of paths for that method depending on the number of loop it have.  The 

MDF level uses the path coverage perspective to develop the method execution paths. 

 

Generally, most dynamic analysis techniques [Orso et al., 2003; Apiwattanapong et al., 2005; 

Huang and Seong, 2006; Huang and Seong, 2007] consist of two main steps in its 

implementation. These steps are extracting method execution paths from the application and 

analysing the generated method execution paths to identify a set of potential impacted 

classes (according to change request). The first step focuses on generating method execution 

paths from completed classes using a path generator tool. There are many existing path 

generator tools that can be used for the generation such as Code Surfer [Metzger, 2004] or 

IBM Rational Application Developer [Fung et al., 2005]. The next step analyses the generated 

method execution paths to detect a set of actual impacted classes according to change 

requests using detection technique such as the backward or forward technique from [Law 

and Rothermal, 2003], the global tracking-based algorithm and the influence graph-based 

algorithm from [Breech et al., 2005]. 

 

There are two main disadvantages of the current dynamic impact analysis techniques from 

the software development phase perspective which are: (1) all techniques are developed to 

support change impact analysis in the software maintenance phase, and; (2) all techniques do 

not consider or include partially developed class analysis in its implementation. This second 

disadvantage occurs because of all classes in the software maintenance phase have been 

completely developed or full developed. Thus, it is not important for these techniques to 

have the partially developed class analysis.  

 

From the dynamic impact analysis implementation in the software development phase, the 

inclusion of partially developed class analysis is an important feature. This is due to in the 

software development phase where situation of some classes in the class artifacts are still 
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under construction or partially developed exist. This inclusion is required to ensure the 

accuracy of the extracted or generated method execution paths from class artifacts. This 

accuracy indirectly contributes to the accuracy of the set of potential impacted classes results 

as previously described in Section 6.1. 

 

Prior to demonstrating the importance of the inclusion of partially developed class analysis 

in the dynamic analysis technique, the partially developed class is defined as a class that 

consists of some undeveloped methods. Typically, this undeveloped method is replaced 

using a dummy code or a stub [Dustin, 2002]. Figure 6.10 below is an example of stub. 

 

Figure 6.10: Example of Stub  

 

The above figure shows a Method 1 in Class A reads a temperature using a 

ThermometerRead function call from Method 2 in Class B. Since the Method 2 has yet to be 

completely developed, the ThermometerRead function is replaced using a default value (41) 

to represent the Method 2 functionality. In this case, the “ThermometerRead(41)” is 

considered as the stub. To demonstrate the importance of the inclusion of partially 

developed class analysis in the software development phase, the following Figure 6.11 is 

used.  

 

Figure 6.11: Example of Several Methods’ Algorithms 

 

Assuming that M8 is partially developed, M2 and M3 consist of M8 stubs. This stubs will not 

call actual M8 method (see asterisk (*) symbol represents the actual M8 implementation). 

M() 

{ 

M1(); 

IF Cond1 THEN M2(); 

ELSE M3(); 

 

WHILE Cond2 DO 

{ 

M4(); 

M5(); 

} 

M6(); 

} 

M2() 

{ 

M8(); //method stub 

M10(); 

} 

 

M3 () 

{ 

M8();//method stub 

} 

 

M6() 

{ 

IF Cond4 THEN M7(); 

ELSE M9(); 

} 

 

M8 ()*- Partially 

Developed  

{ 

} 

 

Method 1 in Class A Pseudocode:    
BEGIN (P1) 
       Temperature = ThermometerRead(41) 
       IF Temperature > 40 THEN 
            PRINT "It's HOT!" 
       END IF 
   END (P1) 

 

Method 2 in Class B Pseudocode:    
   BEGIN ThermometerRead(Source insideOrOutside) 
        // to be developed 
        RETURN 
   END ThermometerRead 
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Based on the path generator tool (IBM Rational Application Developer tool [Fung et al., 

2005]), among the extracted method execution paths are: (1) Path 1: M, M1, M2, M10, M4, 

M5, M6, M7 and; (2) Path 2: M, M1, M3, M4, M5, M6, M7. However based on the actual 

method execution paths, the actual path (based on Path 1 and Path 2) are: (1) Path 1: M, M1, 

M2, M8, M10, M4, M5, M6, M7 and; (2) Path 2: M, M1, M3, M8, M4, M5, M6, M7.  

 

The difference between the generated method execution paths using automated tool and the 

actual method execution paths can be seen after M2 execution. The path generator tool does 

not consider M8 after M2 in the generated paths as the statement to call M8 is replaced by a 

stub. Therefore, by looking at this example, there are two important aspects can be seen. 

First, the stub has caused the method execution paths generated are not reflected to the 

actual method execution paths. Second, the partially developed class analysis/stub analysis 

consideration is important to produce an accurate potential set of method execution paths.  

 

Therefore, the MDF level introduces a new step in the typical current dynamic analysis steps 

which is partially developed class analysis or stub analysis step. Figure 6.12 below shows the 

overall main steps of the MDF Level whereby Table 6.1 shows the sub-steps of each main 

step in the MDF Level. 

 

Figure 6.12: Overall MDF Steps 
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Step No. Step Name 

1 Generating method execution paths 

1.1 Identifying impacted components 

1.2 Generating UML sequence diagram 

1.3 Identifying set of filtered potential impacted classes in the sequence 

diagram 

1.4 Generating method execution path 

2.0 Modifying the generated method execution paths 

2.1 Detecting partially developed class 

2.2 Identifying stub 

2.3 Modifying the generated method execution paths 

3 Identifying actual impacted methods 

3.1 Identifying primary impacted method in the set of filtered potential 

impacted classes 

3.2 Identifying impacted methods using backward or forward tracing concept 

4 Updating the filtered set of potential impacted classes 

Table 6.1: Sub-steps of Each Main Steps in the MDF Level 

 

There are five main steps in the MDF level. The main steps are: (a) Step 1: Generating 

method execution paths; (b) Step 2: Modifying the generated method execution paths; (c) 

Step 3: Identifying actual impacted methods; (d) Step 4: Updating the filtered set of potential 

impacted classes. A detailed explanation of each step is described as below: 

(a) Step 1: Generating Method Execution Paths  

This step focuses on generating method execution paths based on the filtered set of potential 

impacted classes using path generator tool. There are many ways to generate the method 

execution paths depending on the selected path generator tool. This filtration level uses the 

IBM Rational Application Developer tool [Fung et al., 2005] as the selected path generator 

tool to generate the method execution paths.  

 

This tool is selected as it is among the established tool and widely used in the software 

development phase area [Kruchten, 2000; Sommerville, 2004]. This tool is an Eclipse-based 

integrated environment that intensively supports software developers to design, develop, 

analyse, test and deploy a software application. Among those capabilities, it also provides 

reverse engineering service by generating the UML sequence diagram [Fowler, 2003-2] from 

a selected component of an existing system. Since the UML sequence diagram represents a 

set of method execution flows for a component [Fowler, 2003-2], the generated UML 

sequence diagram indirectly reflects to the method execution paths for that component. 
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Thus, an additional step is required to generate the method execution paths from the 

generated UML sequence diagram. 

 

Looking at the IBM Rational Application Developer tool’s capability, five sub-steps are 

formalized to generate the method execution paths. The steps are: (1) Identifying impacted 

components; (2) Generating UML sequence diagram; (3) Identifying set of filtered potential 

impacted classes in the sequence diagram; and (4) Generating method execution paths. The 

first sub-step is to identify the impacted components according to the set of filtered 

impacted classes which is produced by the CDF Level. The identification is done by 

reviewing each class in the set of filtered impacted classes to identify which components are 

affected to.  

 

The second sub-step is to generate the UML sequence diagram using the IBM Rational 

Application Developer tool. The generation of the UML sequence diagram is based on the 

identified impacted components. The following Figure shows the example of the generated 

UML sequence diagram from multiple use cases. 

 
Figure 6.13: Example of the UML Sequence Diagram 

 

 

The third sub-step is to identify the set of filtered potential impacted classes in the UML 

sequence diagram. This step is important as it reduces the scope of method execution paths 

generation. In other words, the method execution paths are only generated according to the 

set of filtered impacted classes. Looking at the above figure, assuming that the set of filtered 

impacted classes are UC1Interface, UC1Ctl, Speed, Mileage, Fuel classes, getAverageSpeed 

(m1), getSpeed (m2), getMileage (m3) and calculateAvgSpeed (m4) methods will only be 

analysed for the method execution paths generation.  
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The fourth sub-step is to generate the method execution paths according to the generated 

UML sequence diagram. The generation is based on the identified primary impacted method. 

Continuing from the above example where the “getAverageSpeed” method is the primary 

impacted method, the method execution path is from m1 to m2, from m2 to m3 and from 

m3 to m4. To represent return statement and program exit indicators in the method 

execution path, the r string and x string are used. The return statement and program exit 

indicators will be used to support the actual impacted method identification later. Therefore, 

the generated path is getAverageSpeed, getSpeed, r, getMileage, r, calculateAvgSpeed, r, r, x. 

(b) Step 2: Modifying the Generated Method Execution Paths  

This step modifies the generated method execution paths using stub analysis. There are three 

sub-steps to modify the generated method execution paths which are: (1) Detecting partially 

developed class; (2) Identifying stub; and (3) Modifying the generated method execution 

paths. The first sub-step is to identify partially developed classes in the set of filtered 

impacted classes produced by the CDF level. This step is important prior to identifying the 

stub as it reduces the number of methods to be reviewed. Without this step, the stub 

identification will be time-consuming.  

 

The second sub-step is to identify a stub in the set of filtered impacted classes. Prior to the 

identification, a potential class that defines the stub needs to be identified. Any classes in the 

set of filtered impacted classes that have interactions with the partially developed class are 

considered as the potential class. This is because the class that interacts with the partially 

developed class has the potential to define a stub for any an undeveloped method in the 

partially developed class. Then, each method in the potential class is reviewed to identify the 

stub.  

 

Finally, the third sub-step is to modify the previous generated method execution paths. As 

described in the previous example (see Figure 6.11), interaction of a method that has been 

replaced with the stub is included in the previous generated method execution paths.  

(c) Step 3: Identify a Set of Actual Impacted Methods 

This step focuses on identifying a set of actual impacted methods based on the modified 

generated paths. The identification is based on a rule which is if change happens to a method 
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in the generated paths any methods that are called after the changed method or on the call 

stack after the changed method returns are considered as the actual impacted method.  

 

There are two steps to identify the actual impacted methods which are: (1) Detecting primary 

impacted method and; (2) Detecting actual impacted method using the backward or forward 

tracing technique. The first step is to detect the primary impacted method in the filtered 

impacted class according to change request specification. The primary impacted method is 

defined as a set of methods in the primary impacted class that has direct impact from change 

request. The detection can be done through expert opinion from the software developer.  

 

The second step is to detect the actual impacted method based on the primary impacted 

methods. The following Figure 6.14 explains one of the detection techniques which is using 

backward or forward tracing technique [Law and Rothermal, 2003]. The generated paths 

uses a function return that is represented using r string and program exit by x. The multiple 

returns exist when a method has several sub-methods in its implementation. 

 

Figure 6.14: Example of Generated Paths 

 

Given an example when changes happen to M7 and M9, the actual impacted methods can be 

identified by searching backward and forward concepts in the path. By searching backward 

in the generated path, any methods that M7 or M9 returns into can be identified. The 

searching backward technique is based on the precept that all methods that the changed 

method (M7 and M9) returns into are considered as the actual impacted methods. In this 

case, both M7 and M9 do not call to other methods. For change to M7, M1 is excluded as 

M1 is immediately followed by a return string. Thus, the set of actual impacted methods are 

M and M2. For change to M9, M, M2 and M8 are considered as the set of actual impacted 

methods. If M7 and M9 exist in other generated paths, a combination of the set of actual 

impacted methods in each path is considered as the overall actual set of impacted methods.  

 

The actual impacted methods can also be identified by searching forward technique in the 

generated paths. The unmatched function returns that exist in the paths show which 

methods are returned into. For example in Path 1, counting forward from M7 shows there 

Path 1: M, M1, r, M2, M7, r, r, r, x 

Path 2: M, M1, r, M2, M7, r, M8, M9, r, r, r, r, x 
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are three function returns (including M7 function return). This indirectly indicates that there 

are three methods which were returned into. By searching backward, the three unmatched 

returns are paired with any method names that do not have associated returns. For instance, 

searching backward from M7 shows two methods names exist before M7 was called which 

are M and M2. M1 is skipped because of a function return exists after the method in which 

indirectly indicating that M1 returned before M7 was called. Thus, the actual impacted 

methods can also be identified by searching forward in the generated path. 

(d) Step 4: Update Set of Filtered Potential Impacted Classes  

This step focuses on updating the set of filtered potential impacted classes produced by the 

CDF level according to the detected actual impacted methods.  

 

The following example shows a scenario of updating the generated impacted class based on 

actual impacted methods. Figure 6.15 shows a set of potential impacted classes from the 

CDF level whereby the following Figure 6.16 shows the generated method execution paths. 

 

Figure 6.15: A Set of Potential Impacted Classes 

 

 

Figure 6.16: Generated Paths 

 

Generated Path: M, M1, r, M2, M3, r, M4, M5, r, r, r, r, M8, r, x 

M() 

{ 

   M1() 

   M2() 

} 

 

M8() 

{.. } 

C1 

M2() 

{ 

   M3() 

   M4() 

} 

 

M10() 

{..} 

 

C3 

M7() 

{ 

  M8() 

} 

M9() 

{ 

  

M10() 

C4 

M4() 

{ 

  

M5() 

} 

C5 

C2 

M5() 

{.. } 

C6 
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The above Figure 6.15 shows there are six impacted classes from the CDF level. Assuming 

that a scenario where change happens to C6 at a method M5. After analysing the generated 

path, M, M2, M4 and M5 are considered as the actual impacted methods. Looking at the 

origin of the actual impacted classes where M belongs to C1, M2 belong to C3, M4 belong to 

C5 and M5 belong to C6, then the actual impacted classes are C1, C3, C5 and C6 only. C2 

and C4 are considered as false impacted class. 

 

6.3.4 Example of the MDF Level 

To recap, the overall steps of the MDF level are shown in Table 6.2 below.  

Step No. Step Name 

1 Generating method execution paths 

1.1 Identifying impacted components 

1.2 Generating UML sequence diagram 

1.3 Identifying set of filtered potential impacted classes in the sequence diagram 

1.4 Generating method execution path 

2.0 Modifying the generated method execution paths 

2.1 Detecting partially developed class 

2.2 Identifying stub 

2.3 Modifying the generated method execution paths 

3 Identifying actual impacted methods 

3.1 Identifying primary impacted method in the set of filtered potential impacted 

classes 

3.2 Identifying impacted methods using backward or forward tracing concept 

4 Updating the filtered set of potential impacted classes 

Table 6.2: Overall Steps of the MDF 

 

Prior to explaining the example, three assumptions have been made. The first assumption is 

the initial set of potential impacted classes is shown in Figure 6.17 below. There are six 

classes in the initial set of potential impacted classes which are C1, C2, C3, C4, C5 and C6. 

Most of them are fully developed classes except C5 as M4 is still under development. The 

second assumption is all classes in the initial set of potential impacted classes are coming 

from three different components which are Component 1 consists of C1, C3, C6 and C5, 

Component 2 consists of C2 and Component 3 consists of C4. Then, three different 

sequence diagrams as shown in Figure 6.18 are generated using the path generator tool. The 

third assumption is that the primary impacted class is C1 and the impacted method is M. 
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Figure 6.17: An Initial Set of Potential Impacted Classes 

 

 

Figure 6.18: Generated Sequence Diagram 

 

Based on Figure 6.18, three method execution paths are generated: (1) Path 1: M, M1, r, M2, 

M3, r, M4, r, r, M8, r, r, x ; (2) Path 2: M7, M8, r, r, x ; (3) Path 3: M9, M10, r, r, x. 

 

To modify the generated paths based on stub analysis, all classes in the initial class 

interactions prediction are reviewed to identify partially developed class. As described in the 

first assumption, there is only one partially developed class which is C5. Since M2 in C3 

 

M() 
{ 
   M1() 
   M2() 
   .. 
} 
 
M8() 
{.. } 

C1 M7() 
{ 
  M8() 
} 

C2 

M5() 
{..}  
 
M10() 
 

C6 

M2() 

{ .. 

   M3() 

   M4()- Stub 

 } 

 
M10() 

{..} 

 

C3 

Legend:  
PD - Partially 

Developed 
C - Class 
M    - Method 

- Dependency 

M4() 
{ 
  M5() 
} 

C5 (PD) 

M9() 
{ 
  
M10() 
} 

C4 
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depends on M4 in C5 that is still under development, method call to M4 in M2 is replaced 

using stub. After analysing the stub, an interaction between C3 and C5 is established. The 

modified sequence diagram and method execution paths are shown in Figure 6.19 below.  

 

Figure 6.19: Modified Sequence Diagram 

 

The modified Path 1 is: M, M1, r, M2, M3, r, M4, M5, r, r, r, M8, r, r, x. After the 

modification, the actual impacted methods are identified according to change request. The 

third assumption is the primary impacted class is C5 and the primary impacted method is 

M5. Using the backward tracing concept, the actual impacted methods are:  M, M2, M4 and 

M5. Based on the actual impacted methods, the set of filtered potential impacted classes (C1, 

C2, C3, C4, C5 and C6) generated from the impact analysis process is updated. The final set 

of filtered impacted classes is C1, C3, C5 and C6. 

 

6.3.5 Summary 

There are two main processes in this stage. The first process is the impact analysis process. 

This process develops an initial set of potential impacted classes based on Stage 1 results. 

The outcome of this process is used by the second process which is the filtration process. 

There are two filtration levels in the second process which are class dependency filtration 

level (CDF) and method dependency level (MDF). The CDF level filters the initial set of 

potential impacted classes based on class interaction flow analysis whereas the MDF level 

filters the filtered impacted classes by the CDF level based on method interactions analysis. 
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Chapter 7 : Evaluation 

 

7.1 Introduction 

This chapter describes the evaluation strategy that is established to measure the new 

framework from two evaluation aspects. For easy reference in the evaluation description 

(Chapter 7 and Chapter 8 only), the new framework is called the SDP-CIAF (Software 

Development Phase Change Impact Analysis Framework).  

 

The first evaluation aspect is based on the question of “Does the SDP-CIAF give better accuracy 

of impact analysis results than the selected current impact analysis techniques?”. The two selected current 

impact analysis techniques are: (1) the Class Interactions Prediction with Impact Prediction 

Filters (CIP-IPF) technique [Kama et al, 2010-b] (see Chapter 2 in Section 2.5.3(a)) and the 

Path Impact technique [Law and Rothermal, 2003] (see Chapter 2 in Section 2.5.3(b)).  

 

The reason of selecting these two impact analysis techniques are: (1) the CIP-IPF is selected 

because it is the latest-developed change impact analysis technique for the software 

development phase. Since the SDP-CIF extends this technique by including the dynamic 

analysis technique in its implementation, by comparing the SDP-CIF with the CIP-IPF will 

indicate the effectiveness of the inclusion of the dynamic analysis technique in change 

impact analysis for the software development phase; and (2) the Path-Impact technique is 

selected since the SDP-CIF uses this technique as an instance of the dynamic analysis 

technique in its implementation. The comparison with this technique will indicate the 

effectiveness of the combination of the static and dynamic analysis techniques in change 

impact analysis for the software development phase. 
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This aspect measures the average of accuracy of impact analysis results produced by all 

techniques according to a specific number of change requests. This aspect intends to identify 

which technique gives better accuracy of impact analysis results across all change requests. It 

is created based on the precept that a technique may have different performance of accuracy 

for a specific type of change request such as corrective or adaptive types [Pfleeger and 

Bohner, 1990; Arnold and Bohner, 1993]. For example, a technique may produce a high 

accuracy of impact analysis results for the corrective type but not for the adaptive type. 

 

The second evaluation aspect is based on the question of “Does the SDP-CIAF give better 

accuracy of impact analysis results than the current impact analysis techniques results in each software 

phase?”. The software phases refer to the requirement phase, design phase and the coding 

phase only.  

 

This aspect measures the accuracy of impact analysis results produced by all techniques across 

the software phases i.e., requirement phase, design phase and coding phase. This aspect aims to identify 

which technique gives (or consistently gives) better accuracy of impact analysis results in 

each of the software phases. It is created based on the precept that a technique may have 

different performance of accuracy in different software phases.  

 

7.2 Evaluation Factors 

Eight evaluation factors are considered: (1) subjects and case studies; (2) software 

development process; (3) evaluation procedure; (4) evaluation metrics; (5) evaluation design; 

(6) hypotheses; (7) data analysis procedure; and (8) threats to validity.  

 

7.2.1 Subjects and Case Studies 

The participants of the experiment were three groups of final year post-graduate students of 

software engineering course at Advanced Informatics School, Universiti Teknologi Malaysia 

(UTM). During their professional attachment session in the industry, the author was 

involved as one of the software developers in these projects. The author developed some of 

the modules which are then used as the case study. The following Table 7.1 shows a brief 

description of the case study (detailed requirements can be referred to Appendix A). 
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ID Project Name Overview 

P1 Car Management 

System 

This system simulates a car driving assistant. The simulation covers 

some major car management functionalities such as starting the engine, 

managing auto-cruise mode, calculating average fuel consumption and 

monitoring car maintenance functions. The system was developed using 

Java technology. The documentation of the system includes software 

requirement specification, design description document and class 

implementation document. 

P2 Database Encryption 

System 

The Database Encryption System is a tool that provides encryption and 

decryption facilities in the Oracle RDBMS. This system consists of two 

main modules which are key management, and encryption and 

decryption of data modules. The key management module manages the 

user of the database such as adding, deleting and updating user 

information or privileges. The second module allows the user to 

perform two-ways data conversions in the database from plaintext 

(readable) data to encrypted (unreadable) data or vice-versa. The system 

was developed using a Java technology. The documentation of the 

system includes software requirement specification, detailed design 

description and software development files. 

P3 Course Registration 

System 

This system provides an automated course registration for the 

university’s student. Among the functions provided by the system are 

the system allows the students to register courses through web; the 

students are able to access the system to view their report card and; the 

lecturers are able to access the system to indicate which courses they will 

be teaching and record grades for the students. The system was 

developed using Java technology. The documentation of the system 

includes software requirement specification, software design description 

and software development files. 

Table 7.1: Overview of the Case Studies 

 

For the purpose of performing the impact analysis evaluation, the author issues a set of 

change requests to the developed modules and the impact analysis results according to the 

issued change requests are then identified.  

 

This experiment requires the subjects to implements three different impact analysis 

techniques which are the CIP-IPF technique [Kama et al, 2010-b], the Path-Impact technique 

[Law and Rothermal, 2003] and the SDP-CIAF. The subjects are given a preliminary 

guideline and briefing on these techniques prior to the experiment implementation. The 

guideline includes thorough technique descriptions and example of its implementation from 

research papers was given. A close-monitoring on each technique’s implementation during 

experiment is conducted as well. 
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7.2.2 Software Development Process 

The Iterative model is selected to develop all the software projects [Ambler, 2002] (as 

described in Chapter 2 in Section 2.2).  

7.2.3 Evaluation Procedure 

There are four steps in the evaluation procedure.  

i. Step 1: Issuing fifteen change request specifications to all software projects 

The change requests distributions are shown in Table 7.2 below. 

Project 

ID 

Requirement Design Coding 

I1 I2 I1 I2 I1 I2 

P1  

(4CRs) 

CR1      

 CR2     

  CR7    

    CR12  

P2 

(6CRs) 

CR3      

 CR4     

  CR8    

   CR9   

    CR13  

     CR14 

P3 

(5CRs) 

CR5      

 CR6     

  CR10    

   CR11   

    CR15  

Key: CR- change request; P1- Project 1; P2- Project 2; P3- Project 3; I- Iteration 

Table 7.2: Change Request Distribution across All Software Projects 

 

Three types of change request specifications are created and issued to the software 

projects (P1, P2 and P3) which are Corrective, Adaptive and Perfective types 

[Pfleeger and Bohner, 1990; Arnold and Bohner, 1993]. The Corrective type of 

change request is a change request that is related to fixing error in a software system. 

The Adaptive type of change request is related to software environment such as the 

hardware or operating system such as changing on the software or hardware 

operating platforms. Finally the Perfective type of change request is a change request 

that is intended to improve current requirement’s implementation of the system. The 

change request is aimed at increasing the system’s maintainability, such as updating 

documentation, adding comments, and improving the modular structure of the 

system. These types of change request are distributed across all software projects as 

shown in Table 7.2 above. Each change request will contribute to three sets of 

change request impact analysis results. The three sets are coming from three different 
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change impact analysis techniques: (1) CIP-IPF technique; (2) Path Impact 

technique; and (3) SDP-CIA technique. Therefore, there are forty-five (45) change 

impact analysis results will be generated from fifteen change requests. The detailed 

change request specification can be referred to Appendix B. 

ii. Step 2: Developing a set of potential impacted classes according to the change 

request specifications. The subjects in each software project are required to 

develop three sets of potential impacted classes for the issued change requests using 

the three impact analysis techniques. Prior to developing the three sets of results, the 

subjects were given a briefing session on how to use the three impact analysis 

techniques. To ensure that all subjects have sufficient understanding on these 

techniques’ implementation, the session is supported by an extensive examples and 

guidelines from literature. The first set is developed using the CIP-IPF technique 

[Kama et al, 2010-b], the second set is developed using the Path Impact technique 

[Law and Rothermal, 2003] and the last set is developed using the SDP-CIAF. This 

step starts by analysing the issued change request to identify the primary and 

secondary impacted requirements. After that, based on the detected impacted 

requirements, the three impact analysis techniques are then used to identify the 

impacted classes: (1) CIP-IPF: Prior to identifying the impacted classes, traceability 

links between requirements artifacts and class artifacts are developed using the 

defined detection rules. After that, based on the detected primary and secondary 

impacted requirements, an initial set of impacted classes is identified using that 

traceability links. Filtration rules are then applied on the initial set of impacted classes 

to filter the unnecessary detected classes; (2) Path Impact: based on the detected 

primary and secondary impacted requirements, the primary impacted classes are 

identified based on the subject’s experience in developing the case study. The 

primary impacted classes are then analysed to identify the secondary impacted classes 

using the defined algorithm; and (3) SDP-CIAF: this framework implementation uses 

same steps like the CIP-IPF implementation. The difference is that, after applying 

the Filtration rules, the Path Impact algorithm is then applied when necessary. By 

“necessary” we mean when there exist partially developed classes in the filtered 

impacted classes. the detected primary and secondary impacted classes produced by 

all techniques are then recorded. 

iii. Step 3: Developing actual set of impacted classes according to each change 

request specification. The subjects in each software project are required to develop 

actual set of impacted classes through actual change implementation. This step starts 
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by analysing the issued change request to identify the primary and secondary 

impacted requirements. After that, based on the detected impacted requirements, the 

primary impacted classes are then identified manually based on the subject’s 

experience in developing the case study. Then, based on the identified primary 

impacted classes, the secondary impacted classes are identified through actual change 

implementation. After the actual implementation, all the detected primary and 

secondary impacted classes are then recorded. 

iv. Step 4: Measuring accuracy of the set of potential impacted classes that are 

generated by the SDP-CIAF compared to the selected current impact analysis 

techniques. The detected primary and secondary impacted classes produced by all 

techniques in Step 2 will be compared to the actual impacted classes produced in 

Step 3. The comparison uses a set of evaluation metrics that will be described in 

Section 7.2.4 

 

7.2.4 Evaluation Metrics 

A set of evaluation metrics from [Lindvall and Sandahl, 1998-b] is used to measure the 

accuracy of the impact analysis results produced by all techniques. The prediction of the 

impacted classes is categorized into four groups. The groups are: 

i. Not predicted and not changed (correct prediction) 

ii. Predicted but not changed (false prediction) 

iii. Not predicted but changed (false prediction) 

iv. Predicted and changed (correct prediction) 

 

Based on the above groups, the following Table 7.3 shows a “Contingency Table” [Lindvall 

and Sandahl, 1998-a; Lindvall and Sandahl, 1998-b] that summarizes the produced predictive 

results compared to the actual results. 

 Predictive Results 

Not Predicted Predicted 

Actual 

Results 

Not changed A (correct) B (error) 

Changed C (error) D (correct) 

Table 7.3: Contingency Table 

 

A detailed explanation of each metrics is described as following: 



 128

(a) Completeness Metric  

The Completeness Metric represents the percentage of the actual impacted classes that are 

correctly predicted to be impacted. The following formula is used: 

Com = 
D

C + D
× 100 

D value represents the number of impacted classes that are predicted and changing. For 

C+D value, it represents the number of impacted classes that are actually changed. 

(b) Correctness Metric 

The Correctness Metric represents the percentage of the predicted impacted classes that are 

actually changed. The following formula is used: 

Corr = 
D

B + D
× 100 

D value represents the number of impacted classes that are correctly predicted to be 

changed. For B+D value, it represents the number of impacted classes that are predicted to 

be changed. 

 

The combination of the correctness and completeness value can be further used to identify 

the pattern of the impact analysis prediction. To describe the pattern of prediction, a set of 

patterns from [Murphy and Notkin, 1996] work is used as shown in Table 7.4 below: 

Value 
Pattern of Prediction 

Optimistic Conservative Approximative Ideal 

Corr High Low Low High 

Com Low High Low High 

Table 7.4: Pattern of Prediction 

 

According to the above table, there are four patterns of prediction that can be used to reflect 

the impact analysis results: 

i. Optimistic: The impact analysis results comprises all actual impacted classes and 

miss some actual impacted classes (false negatives) 

ii. Conservative: The impact analysis results comprises all actual impacted classes, but 

also includes some false impacted class (false positives) 

iii. Approximative: The impact analysis results miss some actual impacted classes but 

also comprise of some false impacted classes 



 129

iv. Ideal: The impact analysis results comprise all actual impacted classes 

(c) Kappa Value Metric 

The Kappa Value Metric is used to represent the level of agreement between the predicted 

set of potential impacted classes and the actual set of impacted classes. The following 

formula is used: 

PA: proportion of units in which there is an agreement: 

PA =  
A + D

N
  

A+D value represents the number of correct predictions. N value represents the total 

number of classes. 

PC: proportion of units for which agreement is expected by chance: 

PC =  
A + B

N
×

A + C

N
+

B + D

N
×

C + D

N
 

Kappa value is then calculated as: 

Kappa =  
PA − PC

1 − PC
 

 

To describe the relative strength of the value, a table from [Landis and Koch, 1977] was 

employed. 

No Kappa Value Strength of Agreement 

1 < 0.00 Poor 

2 0.00 – 0.20 Slight 

3 0.21 – 0.40 Fair 

4 0.41 – 0.60 Moderate 

5 0.61 – 0.80 Substantial 

6 0.81 – 1.00 Almost perfect 

Table 7.5: Strength of Agreement 

 

These metrics not only used to measure the accuracy of impact analysis results, but also as a 

base for measuring the accuracy of class interactions prediction results. The author has 

extended the metrics and detailed explanation of the metric can be found in [Kama et al, 

2009; Kama et al, 2010-a; Kama et al, 2010-c]. 
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7.2.5 Evaluation Design 

This evaluation design aims to answer two main questions which are: (1) does the 

combination of the static and dynamic analysis techniques give higher accuracy of impact 

analysis results than the independent technique or not. The SDP-CIAF is used to represent 

the combination and the two selected current impact analysis techniques are used to 

represent the independent technique; and (2) does the combination of techniques 

consistently give higher accuracy of impact analysis results across three software phases or 

not than the two independent techniques. 

 

Three running software development projects (which will be called case studies) were chosen 

including its software developers (which will be called subjects). Prior to selecting the case 

studies, each case study is reviewed to identify a degree of distribution between them. 

Number of requirements, design classes and implementation classes involved are the 

reviewed criteria.  

 

Project 1 (P1) consists of five subjects, Project 2 (P2) consists of six subjects and Project 3 

(P3) consists of five subjects. Each case study has two subjects (which will be called impact 

analysis team) that responsible for performing impact analysis. The reason of having two 

subjects is to reduce the internal validity threats such as experiment error or human-error 

and indirectly improve the effectiveness of impact analysis implementation. 

 

The selected subjects are well-equipped with the basic software development phase subject 

as this was taught in their post-graduate program. The subjects were familiar with some 

programming language such as Java and C++ program as this language were taught and used 

in some course work projects. Also, in the coursework program, the subjects were taught a 

software project management and how to read/write the software project documentations. 

To ensure the unequal distribution of working experience in each case study, post-graduate 

students without working experience are selected as the subjects.  This indirectly eliminated 

the confounding factor that the results might depend on the experience of the users.  

 

Each case study group has to develop and update three software project documentations 

which are Software Requirement Specification (SRS), Software Design Description (SDD) 

and list of classes along with its attribute and method names for each class across 
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development time lifecycle (or source codes). The evaluation involves three typical software 

phases only which are the requirement phase, the design phase and the coding phase. 

 

In each software phase, a set of change requests (CR) is issued according to Table 7.2 above. 

The impact analysis team in each project is required to predict impacted classes according to 

each CR in four rounds: (1) R1- predict impacted classes using the CIP-IPF technique; (2) 

R2- predict impacted classes using the Path Impact technique; (3) R3- predict impacted 

classes using the SDP-CIAF; and (4) R4- predict impacted classes manually. Prior to 

performing the four rounds, the case study group were required to update the SRS, SDD and 

list of classes (or source codes). All results for a CR from R1 until R3 will be compared to R4 

using a set of evaluation metrics. 

 

The order of change request issuance for the experiments is shown in Table 7.6 below. 

Project 
ID 

Requirement Phase Design Phase Coding Phase 

CRID Round CRID Round CRID Round 

P1 

CR1 

R1- CIP-IPF 

CR7 

R1- CIP-IPF 

CR12 

R1- CIP-IPF 

R2- Path-Impact R2- Path-Impact R2- Path-Impact 

R3- SDP-CIA R3- SDP-CIA R3- SDP-CIA 

R4- Manual R4- Manual R4- Manual 

CR2 

R1- CIP-IPF   

  

  

  
R2- Path-Impact     

R3- SDP-CIA     

R4- Manual     

P2 

CR3 

R1- CIP-IPF 

CR8 

R1- CIP-IPF 

CR13 

R1- CIP-IPF 

R2- Path-Impact R2- Path-Impact R2- Path-Impact 

R3- SDP-CIA R3- SDP-CIA R3- SDP-CIA 

R4- Manual R4- Manual R4- Manual 

CR4 

R1- CIP-IPF 

CR9 

R1- CIP-IPF 

CR14 

R1- CIP-IPF 

R2- Path-Impact R2- Path-Impact R2- Path-Impact 

R3- SDP-CIA R3- SDP-CIA R3- SDP-CIA 

R4- Manual R4- Manual R4- Manual 

P3 

CR5 

R1- CIP-IPF 

CR10 

R1- CIP-IPF 

CR15 

R1- CIP-IPF 

R2- Path-Impact R2- Path-Impact R2- Path-Impact 

R3- SDP-CIA R3- SDP-CIA R3- SDP-CIA 

R4- Manual R4- Manual R4- Manual 

CR6 

R1- CIP-IPF 

CR11 

R1- CIP-IPF 

  

R2- Path-Impact R2- Path-Impact 

R3- SDP-CIA R3- SDP-CIA 

R4- Manual R4- Manual 

Table 7.6: Order of Change Requests Issuance 
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Basically, all the three projects were running in parallel where change requests were issued 

according to software phase. In this experiment: (1) six change requests were issued in the 

Requirement phase (across all projects). After completing the four rounds; (2) five change 

requests were issued in the Design phase (across all projects). Also, after completing the four 

rounds; (3) four change requests were issued in the Coding phase (across all projects).  

 

7.2.6 Hypotheses 

Two sets of hypotheses are created based on the two evaluation criteria or evaluation aspects 

which are: 

(a) Evaluation Aspect #1:  

The hypotheses investigate the effectiveness of combining the static analysis and 

the dynamic analysis techniques when necessary in change impact analysis for the 

software development phase. The SDP-CIF represents the combination technique 

whereby the selected current impact analysis techniques represent the independent 

technique (CIP-IPF- static analysis technique only; Path Impact- dynamic analysis 

technique only). If the combination is not effective, H0 is accepted. Otherwise, H0 is 

rejected. The hypotheses are: 

H0: The SDP-CIAF does not give higher accuracy of impact analysis results than 

the selected current techniques results 

Ha: The SDP-CIAF gives higher accuracy of impact analysis results than the 

selected current techniques results 

(b) Evaluation Aspect #2 

The hypotheses investigate the effectiveness of combining the static analysis and 

the dynamic analysis techniques when necessary across software phases i.e., 

requirement phase, design phase, and coding phase. The SDP-CIF represents the 

combination technique whereby the selected current impact analysis techniques 

represent the independent technique (CIP-IPF- static analysis technique only; Path 

Impact- dynamic analysis technique only). If the combination is not effective, H0 is 

accepted. Otherwise, H0 is rejected. Three sets of hypothesis are created: 
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(c) Set 1: 

H0: The SDP-CIAF does not give higher accuracy of impact analysis results in the 

requirement phase than the selected current techniques results 

Ha: The SDP-CIAF gives higher accuracy of impact analysis results in the 

requirement phase than the selected current techniques results 

(d) Set 2: 

H0: The SDP-CIAF does not give higher accuracy of impact analysis results in the 

design phase than the selected current techniques results 

Ha: The SDP-CIAF gives higher accuracy of impact analysis results in the design 

phase than the selected current techniques results 

(e) Set 3: 

H0: The SDP-CIAF does not give higher accuracy of impact analysis results in the 

coding phase than the selected current techniques results 

Ha: The SDP-CIAF gives higher accuracy of impact analysis results in the coding 

phase than the selected current techniques results 

 

7.2.7 Data Analysis Procedure 

Data were collected on three cycles in the experiment. The first cycle, fifteen change requests 

were issued to all software projects. Each change request was analysed to identify potential 

impacted classes using the CIP-IPF technique [Kama et al, 2010-b] and actual impacted 

classes through actual change implementation. Also in the subsequent cycles, there were 

fifteen change requests issued and each change request was analysed to identify potential 

impacted classes and actual impacted classes through actual change implementation. In the 

second cycle, the Path Impact technique [Law and Rothermal, 2003] was used to identify the 

potential impact classes whereby in the third cycle the SDP-CIA technique was used. The 

total number of change requests was thus forty five (45). The change requests for the 

different impact analysis method were considered similar since they have the same Change 

Request ID. 

 

Detailed analysis procedure for each evaluation aspect is described as follows: 
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i. “Does the SDP-CIAF give better accuracy of impact analysis results than the selected current 

impact analysis techniques?” - To validate this aspect, two tables of data were created. 

The first table shows results between the change request id (independent data) and 

the pattern of prediction (combination of the Completeness and the Correctness 

results) produced by all techniques (dependent data). The second table shows results 

between the Change Request ID (independent data) and the Kappa Value 

(dependent data) produced by all techniques. An Independent T-Test statistical 

analysis technique [Lyman and Longnecker, 2000] was used to determine whether 

there is a statistically significant difference between the means of two unrelated 

group of data (independent and dependent data) in the first table and the second 

table. The null hypothesis for the Independent T-Test was that the population means 

from the two independent and dependent data in each table are equal, H0: d1 = d2. 

The alternative hypothesis for the Independent T-Test was that to reject the null 

hypothesis which was that the population means from the two independent and 

dependent data in each table are not equal, H0: d1 ≠ d2. To do this, a significance 

level (alpha) that is used to either reject or accept the hypotheses is set to 0.05. To 

identify whether the SDP-CIAF results improves the selected current impact analysis 

techniques (CIP-IPF technique [Kama et al, 2010-b], the Path Impact technique [Law 

and Rothermal, 2003]) or not, a comparison of mean values produced by all 

techniques were then conducted. 

ii. “Does the SDP-CIAF give better accuracy of impact analysis results than the current impact 

analysis techniques results in each software phase?”- The software phases refer to the 

requirement phase, the design phase and the coding phase. To validate this aspect, 

three sets of hypotheses are created that reflects to each software phase. A table of 

data between the software phase and the Kappa value produced by all techniques is 

developed. A comparison of the Independent T-Test mean values and Sig. (2-tailed) 

value between: (1) the CIP-IPF technique and the SDP-CIAF; and (2) the Path 

Impact technique and the SDP-CIAF; in each software phase are then performed. 

The null hypothesis for the Independent T-Test was that the Kappa mean value 

from the comparative techniques (CIP-IPF vs. SDP-CIAF and Path Impact vs. SDP-

CIAF) are equal, H0: µ1=µ2. The null hypothesis for each set is accepted if the Sig. (2-

tailed) value is greater than 0.05. The alternative hypothesis was used to reject the 

null hypothesis for each set if the Kappa means values from the comparative 

techniques are not equal, H0: µ1≠µ2. The alternative hypothesis is accepted if the Sig. 

(2-tailed) value is less than 0.05. 
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We are aware that the amount of data involved in this experiment is minimal which is only 

fifteen change requests issued across three comparative techniques that produces forty-five 

points of data only. This contributes to the difficulties in the statistical analysis.  However 

according to [Wohlin et al., 2000], it is still very useful to propose relationships on the basis 

of a small number of real case studies. They claim that an experiment is highly dependent on 

the reliability of the measures. This measurement can be divided into two classes which are 

the objective measurement and the subjective measurement. The difference of these two 

measurements is that the objective measurement does not involve human judgement 

whereby the subjective measurement does. Since this study only focuses on the objective 

measurement (“Does the SDP-CIAF give better accuracy of impact analysis results than the selected 

current impact analysis techniques?” and Does the SDP-CIAF give better accuracy of impact analysis 

results than the current impact analysis techniques results in each software phase?), then we claim that the 

statistical results from this study is still significant. 

 

7.2.8 Threats to Validity  

There are three types of threats which are construct validity, external validity and internal 

validity [Aalst et al., 2009]. The construct validity reflects to what extent the experiment 

operational measures really represent what the author has in mind. There are three threats 

from this type which are: 

i. Different interpretation of requirement descriptions in the requirement artifact by 

the author. This different interpretation indirectly affects the accuracy of the 

generated significant object interactions results produced by Stage 1.  

ii. Inconsistency between the software artifact documentation and the actual class 

implementation. This inconsistency indirectly affects the accuracy of the class 

interactions prediction results produced from the requirement artifact 

documentations.  

iii. Not all functional pre-conditions can be described using a pre-specified sentence 

structure. This is because some pre-conditions cannot be expressed with just a noun 

and passive verb. This limitation indirectly affects accuracy of the generated 

significant object interactions results produced by Stage 1. 
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The external validity threat refers to what extent it is possible to generalize the findings, and 

to what extent the findings are of interest to other people outside the investigated case. 

There are three threats from this type to the evaluation results which are:  

i. Defect on the implementation of the selected existing dynamic analysis technique. 

The defect may affect the accuracy of impacted class prediction results. The defect 

may only exist to the dynamic analysis technique implementation as the static analysis 

technique is the author’s previous work.  

ii. Sample change requests size- there are only fifteen change requests data available for 

the experiment. This sample size may not strongly strengthen the experiment results.  

iii. The use of student as the experiment’s subject- The subjects who participated in the 

experiment were post-graduate students of software engineering and not the 

software developers from industry. This makes different on the experience in 

performing change impact in the software development phase. 

iv. Project size is limited- The selected projects or case studies in the experiment are 

limited to small size projects. This will affect to the generalization of the results to 

medium or large projects.  

 
The internal validity threat refers to the degree of validity of statements about cause-effect 

inferences. It comes from confounding the effects of differences among artifacts and 

environments. 

i. Artifacts- Different artifacts may lead to different results. This experiment assumes 

that each artifact that involves in the experiment is tailored to a specific standard 

documentation specification. For example, all requirements specification are 

modelled using a use case diagram and detailed description of each use case is further 

described in a standard use case specification template [Cockburn, 2000].  

ii. Environments- Different environments such as development style (object-oriented 

vs. functional) in the experiment may cause different results. We reduce this threat by 

selecting all case studies that use the object-oriented development style.  

 

7.2.9 Summary 

There are two evaluation aspects are developed: (1) “Does the SDP-CIAF give better accuracy of 

impact analysis results than the selected current impact analysis techniques?”; and (2) “Does the SDP-

CIAF give better accuracy of impact analysis results than the current impact analysis techniques results in 
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each software phase?”. In each evaluation aspect, a set of hypothesis are created. The first 

evaluation aspect is: (1) H0: The SDP-CIAF does not give higher accuracy of impact analysis 

results than the selected current techniques results; and (2) Ha: The SDP-CIAF gives higher 

accuracy of impact analysis results than the selected current techniques results. The second 

evaluation aspect is: (1) H0: The SDP-CIAF does not give higher accuracy of impact analysis 

results in each software phase than the selected current techniques results and; (2) Ha: The 

SDP-CIAF gives higher accuracy of impact analysis results in each software phase than the 

selected current techniques results. 
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Chapter 8 : Results and Discussion 

 

8.1 Introduction 

This chapter presents the results of conducting the experiment. The results are organized 

into two main sections that reflect the two evaluation aspects. Later, discussion on the 

reasons of why the SDP-CIAF is able to effectively support impact analysis activity in the 

software development phase is presented. 

 

8.2 First Evaluation Aspect Results 

To recap, the hypotheses of this evaluation aspect are: 

H0: The SDP-CIAF does not improve on current impact analysis techniques results 

Ha: The SDP-CIAF improves on current impact analysis techniques results 

 

Table 8.1 shows impact analysis results produced by all impact analysis techniques (the Class 

Interaction Prediction with Impact Prediction Filters (CIP-IPF), the Path Impact technique 

and the SDP-CIAF).  
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Project 

ID 
CRID 

CIP-IPF Path Impact  SDP-CIAF 

Com  

(%) 

Corr  

(%) 

Kappa 

Value 

Com  

(%) 

Corr  

(%) 

Kappa 

Value 

Com  

(%) 

Corr  

(%) 

Kappa 

Value 

P1 

CR1 80 100 0.785 66.7 100 0.652 86.7 100 0.876 

CR2 81.3 100 0.821 78.6 100 0.789 92.9 100 0.935 

CR3 76.9 100 0.768 80 92.3 0.752 100 93.8 0.944 

CR4 83 94 0.795 88.7 94.1 0.85 94.4 94.4 0.903 

CR5 83 91 0.767 91.7 91.7 0.852 91.7 91.7 0.852 

P2 

CR6 82.4 100 0.832 76.5 92.9 0.721 94.1 94.1 0.842 

CR7 81.8 90 0.734 80 94.1 0.764 95 95 0.912 

CR8 80 100 0.806 78.6 100 0.787 92.9 100 0.935 

CR9 75 100 0.752 87.5 100 0.884 87.5 100 0.884 

CR10 76 100 0.77 88.2 100 0.892 94.1 100 0.947 

P3 

CR11 85.7 100 0.863 73.7 93.3 0.695 94.7 94.7 0.908 

CR12 80 100 0.773 68.8 100 0.676 87.5 100 0.884 

CR13 90.9 90.9 0.83 76.5 100 0.769 94.1 100 0.947 

CR14 83 100 0.843 77.8 100 0.784 94.4 100 0.95 

CR15 80 92 0.749 80 100 0.804 86.7 100 0.874 

Key: P1- Project 1; P2- Project 2; P3- Project 3; Com- Completeness; Corr- Correctness 

Table 8.1: Impact Analysis Results Produced by All Techniques  

 

To validate the hypothesis, the Independent T-Test statistical analysis is used. Two stages of 

analysis are created. The first stage compares Means results between the CIP-IPF technique 

and the SDP-CIAF whereas the second stage compares Means results between the Path 

Impact technique and the SDP-CIAF. Prior to performing the analysis, the Assumption of 

Normality test is conducted as the Independent T-Test requires the dependent variable 

(Kappa value) to be approximately normally distributed within each technique. Then, the 

Shapiro-Wilk test is used for the test and the results are shown in Table 8.2 below. 

Tests of Normality 

 
Technique 

Kolmogorov-Smirnov Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

Kappa Value CIP-IPF Technique .191 15 .146 .959 15 .680 

Path Impact Technique .113 15 .200* .970 15 .855 

SDP-CIAF  .215 15 .061 .901 15 .099 

Table 8.2: Test of Normality for the Kappa Value Distribution 

 

To identify whether the Kappa value data is normally distributed or not, the Sig. value in the 

Shapiro-Wilk test [Lyman and Longnecker, 2000] results are reviewed. If the value is greater 

than 0.05, the data is considered to be approximately normally distributed. Otherwise, the 

data is considered to significantly deviate from a normal distribution. 
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Looking at the results, the Kappa values were normally distributed in all techniques (the 

CIP-IPF technique, the Path Impact technique and the SDP-CIAF). Therefore, an 

Independent T-Test can be performed on the data. 

(a) Stage 1 Analysis: The CIP-IPF Technique vs. The SDP-CIAF 

Figure 8.1 below shows the Independent T-Test results. 

 

Figure 8.1: Independent T-Test Results between the CIP-IPF and the SDP-CIAF  

 

The null hypothesis for the Independent T-Test was that the Kappa mean value from both 

techniques are equal, H0: µ1=µ2. The null hypothesis is accepted if the Sig. (2-tailed) value is 

greater than 0.05. The alternative hypothesis was used to reject the null hypothesis if the 

Kappa means values from both techniques are not equal, H0: µ1≠µ2. The alternative 

hypothesis is accepted if the Sig. (2-tailed) value is less than 0.05.  

 

Group Statistics 

 Technique N Mean Std. Deviation Std. Error Mean 

Kappa Value CIP-IPF Technique 15 .7927 .03807 .00983 

SDP-CIAF 15 .9060 .03795 .00980 

 
Independent Samples Test- Results 1 

 Levene's Test for 
Equality of Variances 

t-test for Equality of 
Means 

F Sig. t df 

Kappa Value Equal variances assumed .000 .989 -8.166 28 

Equal variances not assumed   -8.166 28.000 

 

Independent Samples Test- Results 2 

 t-test for Equality of Means 

Sig. (2-tailed) 
Mean 

Difference 
Std. Error 
Difference 

Kappa Value Equal variances assumed .000 -.11333 .01388 

Equal variances not assumed .000 -.11333 .01388 

 

Independent Samples Test- Results 3 

 t-test for Equality of Means 

95% Confidence Interval of the Difference 

Lower Upper 

Kappa Value Equal variances assumed -.14176 -.08490 

Equal variances not assumed -.14176 -.08490 
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Results in Figure 8.1 shows the Sig. (2-tailed) value at the Equal Variances Assumed row is 

0.000. Since this value is less than 0.05, the null hypothesis is rejected and the alternate 

hypothesis is accepted. Thus, the SDP-CIAF gives higher accuracy of impact analysis results 

than the selected current impact analysis techniques (in particular to the CIP-IPF technique). 

 

To answer the question of “Does the SDP-CIAF give better accuracy of impact analysis results than 

the selected current impact analysis techniques (CIP-IPF technique)?”, the Mean results from both 

techniques at the Group Statistics box is reviewed. The results show the SDP-CIAF value is 

0.9060 and the CIP-IPF technique value is 0.7927. This shows that the SDP-CIAF value is 

higher than the CIP-IPF technique. Thus, the values reject the null hypothesis (H0: The 

SDP-CIAF does not improve on current impact analysis techniques results (in particular to 

the CIP-IPF technique)) and accept the alternate hypothesis (Ha: The SDP-CIAF gives 

higher accuracy of impact analysis results than the selected current techniques results (in 

particular to the CIP-IPF technique)). 

 

(b) Stage 2 Analysis: The Path Impact Technique vs. The SDP-CIAF 

Figure 8.2 below shows the Independent T-Test results. 
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Figure 8.2: Independent T-Test Results between the Path Impact and the SDP-CIAF  

 

Similarly to the Independent T-Test between the CIP-IPF technique and the SDP-CIAF, the 

null hypothesis for the Independent T-Test was that the Kappa mean value from both 

techniques are equal, H0: µ1=µ2. The null hypothesis is accepted if the Significance (2-tailed) 

value is greater than 0.05. The alternative hypothesis was used to reject the null hypothesis if 

the Kappa means values from both techniques are not equal, H0: µ1≠µ 2. The alternative 

hypothesis is accepted if the Sig. (2-tailed) value or the rho value is less than 0.05. Thus, the 

SDP-CIAF gives higher accuracy of impact analysis results than the selected current impact 

analysis techniques (in particular to the Path Impact technique). 

 

Results in Figure 8.2 shows the Significance (2-tailed) value at the Equal Variances Assumed 

row is 0.000. Since this value is less than 0.05, the null hypothesis is rejected and the alternate 

hypothesis is accepted. 

 

Group Statistics 

 Technique N Mean Std. Deviation Std. Error Mean 

Kappa Value Path Impact Technique 15 .7773 .07106 .01835 

SDP-CIAF 15 .9060 .03795 .00980 

 

Independent Samples Test- Result 1 

 Levene's Test for 
Equality of Variances 

t-test for Equality of Means 

F Sig. t df 

Kappa Value Equal variances assumed 3.554 .070 -6.186 28 

Equal variances not assumed   -6.186 21.384 

 

Independent Samples Test- Result 2 

 t-test for Equality of Means 

Sig. (2-tailed) 
Mean 

Difference 
Std. Error 
Difference 

Kappa Value Equal variances assumed .000 -.12867 .02080 

Equal variances not assumed .000 -.12867 .02080 

 

Independent Samples Test- Result 3 

 t-test for Equality of Means 

95% Confidence Interval of the Difference 

Lower Upper 

Kappa Value Equal variances assumed -.17127 -.08606 

Equal variances not assumed -.17188 -.08546 
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To answer the question of “Does the SDP-CIAF give better accuracy of impact analysis results than 

the current impact analysis techniques results in each software phase? (Path Impact technique)?”, the Mean 

values from both techniques at the Group Statistics box is reviewed. The results show the 

SDP-CIAF value is 0.9060 and the Path Impact technique value is 0.7773. This shows that 

the CIP-IPF technique value is higher than the Path Impact technique. Thus, the values 

reject the null hypothesis (H0: The SDP-CIAF does not give higher accuracy of impact 

analysis results than the selected current techniques results (in particular to the Path Impact 

Technique)) and accept the alternate hypothesis (Ha: The SDP-CIAF gives higher accuracy 

of impact analysis results than the selected current techniques results (in particular to the 

Path Impact Technique)). 

 

8.3 Second Evaluation Aspect Results 

This aspect focuses on answering the question of “Does the SDP-CIAF give better accuracy of 

impact analysis results than the current impact analysis techniques results in each software phase?”. The 

software phases refer to the requirement phase, the design phase and the coding phase. The 

three sets of hypothesis are: 

(a) Set 1: 

H0: The SDP-CIAF does not give higher accuracy of impact analysis results in the 

requirement phase than the selected current techniques results 

Ha: The SDP-CIAF gives higher accuracy of impact analysis results in the 

requirement phase than the selected current techniques results 

(b) Set 2: 

H0: The SDP-CIAF does not give higher accuracy of impact analysis results in the 

design phase than the selected current techniques results 

Ha: The SDP-CIAF gives higher accuracy of impact analysis results in the design 

phase than the selected current techniques results 
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(c) Set 3: 

H0: The SDP-CIAF does not give higher accuracy of impact analysis results in the 

coding phase than the selected current techniques results 

Ha: The SDP-CIAF gives higher accuracy of impact analysis results in the coding 

phase than the selected current techniques results 

 

Table 8.3 shows the Kappa value results produced by all techniques according to software 

phases.  

Software 

Phases 

CIP-IPF 

Kappa Value 

Path Impact 

Kappa Value 

SDP-CIAF 

Kappa Value 

Requirement 

0.821 0.789 0.935 

0.832 0.721 0.842 

0.806 0.787 0.935 

0.863 0.695 0.908 

0.83 0.769 0.947 

0.843 0.784 0.95 

Design 

0.767 0.852 0.852 

0.752 0.884 0.884 

0.77 0.892 0.947 

0.785 0.652 0.876 

0.773 0.676 0.884 

Coding 

0.768 0.752 0.944 

0.795 0.85 0.903 

0.734 0.764 0.912 

0.749 0.804 0.874 

Table 8.3: Impact Analysis Results Produced by All Techniques According to Software Phases 

 

We compared the Independent T-Test mean values and Sig. (2-tailed) value between: (1) the 

CIP-IPF technique and the SDP-CIAF; and (2) the Path Impact technique and the SDP-

CIAF; in each software phase. The null hypothesis for the Independent T-Test was that the 

Kappa mean value from the comparative techniques (CIP-IPF vs. SDP-CIAF and Path 

Impact vs. SDP-CIAF) are equal, H0: µ1=µ2. The null hypothesis for each set is accepted if 

the Sig. (2-tailed) value is greater than 0.05. The alternative hypothesis was used to reject the 

null hypothesis for each set if the Kappa means values from the comparative techniques are 

not equal, H0: µ1≠µ2. The alternative hypothesis is accepted if the Sig. (2-tailed) value is less 

than 0.05. Table 8.4 below shows the generated mean values whereby Table 8.5 and Table 

8.6 show the Sig.(2-tailed) value. 
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 Mean Values 

Requirement 

Phase 

Design  

Phase 

Coding  

Phase 

Kappa CIP-IPF .83250 .76940 .76150 

Path Impact .75750 .79120 .79250 

SDP-CIAF .91950 .88860 .90825 

Table 8.4: Mean Value Results using the Independent T-Test for All Techniques 

 

CIP-IPF vs SDP-CIAF Requirement 

Phase 

Design  

Phase 

Coding  

Phase 

Sig. (2-tailed) Value 0.001 0.000 0.000 

Table 8.5: Significance values for the Independent T-Test between the CIP-IPF and the SDP-CIAF 

 

Path Impact vs SDP-

CIAF 

Requirement 

Phase 

Design  

Phase 

Coding  

Phase 

Sig. (2-tailed) Value 0.000 0.003 0.005 

Table 8.6: Significance values for the Independent T-Test between the Path Impact and the SDP-

CIAF 

 

Looking at Table 8.4, Table 8.5 and Table 8.6 results, the null hypothesis in each set is 

rejected and the alternative hypothesis in each set is accepted because the mean values from 

the comparative techniques (CIP-IPF vs. SDP-CIAF and Path Impact vs. SDP-CIAF) are 

not equal, H0: µ1≠µ2 and the Sig. (2-tailed) value is less than 0.05.  

 

Since the SDP-CIAF mean values (see Table 8.4) are higher than the CIP-IPF and the Path 

Impact techniques in all software phases, this also indicates that the SDP-CIAF gives higher 

accuracy of impact analysis results than the CIP-IPF and the Path Impact techniques in all 

software phases. 

 

To support the findings, the change requests’ pattern of prediction produced by all 

techniques according to software phases as shown in Table 8.7 below is used. To recap, the 

pattern of prediction is developed based on [Murphy and Notkin, 1996] pattern of 

prediction. For example, if the Correctness value is high and the Completeness value is low, 

the pattern of prediction is considered as Optimistic. 
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Software 

Phases 
CRID 

Pattern of Prediction 

CIP-IPF Path Impact  SDP-CIAF  

Requirement 

CR2 Ideal optimistic Ideal 

CR6 Ideal optimistic Ideal 

CR8 Ideal optimistic Ideal 

CR11 Ideal optimistic Ideal 

CR13 Ideal optimistic Ideal 

CR14 Ideal optimistic Ideal 

Design 

CR5 Ideal Ideal Ideal 

CR9 optimistic Ideal Ideal 

CR10 optimistic Ideal Ideal 

CR1 Ideal optimistic Ideal 

CR12 optimistic optimistic Ideal 

Coding 

CR3 optimistic Ideal Ideal 

CR4 Ideal Ideal Ideal 

CR7 Ideal Ideal Ideal 

CR15 Ideal Ideal Ideal 

Table 8.7: Impact Analysis Results According to Pattern of Prediction 

 

Looking at the above table, a scenario can be seen that the CIP-IPF technique produces an 

ideal pattern that reflects to the high accuracy of impact analysis results in the early stage of 

development. However the accuracy then slowly decreases in the later software phases. 

Conversely for the Path Impact technique scenario where the ideal pattern of prediction 

comes in the later software phases. These scenarios indirectly show that the current impact 

analysis techniques produce high accuracy of impact analysis results in either at the early 

stage or the later stage of software phases. For the SDP-CIAF, a scenario can be seen that 

this technique produces an ideal pattern of prediction across software phases. Again, based 

on the results, the null hypothesis for this evaluation aspect is rejected (H0: The SDP-CIAF 

does not give higher accuracy of impact analysis results in each software phase than the 

selected current techniques results) and the alternative hypothesis (Ha: The SDP-CIAF gives 

higher accuracy of impact analysis results in each software phase than the selected current 

techniques results) is accepted. 

 

8.4 Discussion 

To recap, there are two objectives of the evaluation that reflect to the questions of: (1) “Does 

the SDP-CIAF give better accuracy of impact analysis results than the selected current impact analysis 

techniques?” and; (2) “Does the SDP-CIAF give better accuracy of impact analysis results than the current 

impact analysis techniques results in each software phase?”. The following sub-sections discuss the 

implication of the experiment results. 
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(a) The CIP-IPF Technique and the SDP-CIAF results 

We note two interesting aspects to the results of this experiment which are: (i) both 

techniques produce similar accuracy for impact analysis results in the early stage of software 

phase i.e., requirement phase; and (ii) accuracy of impact analysis results produced by the 

CIP-IPF technique decreases across software phases.  

i. Both techniques produce similar accuracy for impact analysis results in the early stage 

of software phase 

This is because both techniques implement static analysis technique on class interactions 

prediction to identify impacted class. Since in the early stage of software phase where 

most classes are not fully developed yet, the static analysis technique is considered as the 

best approach for performing impact analysis [Hassine et al., 2005; Kama et al, 2010-b]. 

Thus, these two techniques produce high accuracy of impact analysis results in the early 

stage of software phase. However in the later stage of software phase, the SDP-CIAF 

can only produces high accuracy of impact analysis results. This is due to this technique 

has included partially or fully developed class artifacts analysis through the dynamic 

analysis on method execution paths in its implementation. The significance of this 

implementation can be seen in the later stage of software phases where the status of 

most classes is partially or fully developed.  

ii. Accuracy of impact analysis results produced by the CIP-IPF technique decreases 

across software phases 

This is because the accuracy of the static analysis technique decreases when more classes 

are developed or implemented. The static analysis technique focuses more on detecting 

impacted classes based on the location of change in the call graph or class dependency 

graph than behaviour of a program. This differs from the dynamic analysis technique 

where the impacted classes are detected based on the behaviour of a program. Besides 

that, the static analysis technique is also based on a reflection of program behaviour 

structure. This technique uses every possible behaviour rather than likely actual 

behaviour. This sometimes leads to overestimation of impact analysis results. 

 

This experiment does not include the execution time or slow-down statistics since the static 

analysis implementation process for both techniques are similar. However, an automated 

implementation would simplify some steps that could lead to the improvement in 

implementation time. The automation will be included in the future work (see Section 9.3). 
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Table 8.8 below shows the summary of Stage 1 implementation steps and justification of the 

viability of automation is then presented. 

No Process Name Step Reference 

1 P1: Extracting Software 

Artifacts Elements Process 

 See Section 5.2 

2 P2: Detecting Traceability 

Links Process 

Step 1: Detecting Horizontal Traceability 

Links from Requirements to Design Class 

See Section 5.3.3 

Step 2: Detecting Vertical Traceability Links 

in the Requirement Artifact or Requirement 

Interactions 

See Section 5.3.4 

3 P3: Developing Initial Class 

Interactions Prediction 

Process 

Step 1: Detecting Significant Object 

Interactions 

See Section 5.5 

Step 2: Reflecting the Significant Object 

Interactions to Design Class Interactions 

See Section 5.5 

4 P4: Modifying the Initial 

Class Interactions 

Prediction Process 

Step 1: Identifying Affected Classes by the 

Design Pattern Implementation 

See Section 5.7 

Step 2: Creating New Design Pattern Class 

in the Initial Class Interactions Prediction 

See Section 5.7 

Step 3: Modifying the Initial Class 

Interactions Prediction based on the Design 

Pattern Implementation 

See Section 5.7 

Table 8.8: Stage 1 Implementation Steps 

 

To recap, there are four main processes in this stage. The first process is the extraction of 

elements from the software artifacts. The second process consists of two steps which are 

detection of the horizontal traceability links and the vertical traceability links. The first step 

can be automated as the new technique is based on the automated rule-based technique that 

was developed by [Spanoudakis, 2002; Spanoudakis et al., 2004]. The second step can also be 

automated as the requirement interactions detection rules are based on the significant object 

name analysis in requirement descriptions. However, requirements still have to be written to 

fit the required format prior to performing the rules. The third process focuses on detecting 

the significant object interactions and reflection of the significant object interaction to the 

design class interactions. The automation of this process is not a new work as it has been 

done by many researchers [Liang, 2003; Antoniol et al., 2002; Spanoudakis et al., 2004]. 

Finally, the fourth process is the modification of the existing class interactions based on 

design pattern. This step also can be automated as most existing software development tools 

provide the modification features such as the Rational Rose tool [Boggs, 1999] and the IBM 

Rational Application Developer tool [Fung et al., 2005]. 
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(b) The Path Impact Technique and the SDP-CIAF Results 

There are two interesting aspects to the results of this experiment which are: (i) Both 

techniques provide similar accuracy of impact analysis results in the later stage of software 

phase i.e., design phase and coding phase; and (ii) Accuracy of impact analysis results 

produced by the Path Impact technique is lower than the SDP-CIAF in the requirement 

phase. 

i. Both techniques provide similar accuracy of impact analysis results in the later stage 

of the software phase 

This happens because both techniques use a similar dynamic analysis technique process 

to detect the potential impacted classes. The process detects the impacted methods using 

the Path Impact algorithm from the extracted method execution paths. As described in 

Section 2.5.3(b), this technique uses a forward or backward traversal technique to detect 

the impacted methods. However, there is only one difference between these two 

techniques which is the SDP-CIAF provides static analysis in its implementation. This 

analysis acts as an alternative analysis for detecting impacted methods when a scenario 

happens where most or all classes are not fully implemented or developed yet. This 

scenario happens in the early stage of software development, the requirement phase. 

 

ii. Accuracy of impact analysis results produced by the Path Impact technique is lower 

than the SDP-CIAF in the requirement phase 

The poor accuracy of the Path Impact technique in the requirement phase is because this 

technique only depends on the dynamic analysis in its implementation. Again, since in 

the requirement phase where most classes are partially developed, the analysis based on 

the class artifact tend to be imprecise. This is because most class interactions have not 

been established yet. The interactions between classes in this phase do not reflect the 

actual class interactions.  

 

Also, this experiment does not include the execution time or slow-down statistics since 

the dynamic analysis implementation for both techniques is similar. However, an 

automated implementation would simplify some steps that could lead to the 

improvement in implementation time especially to the partially developed classes 

detection step in the Method Dependency Filtration process (see Section 6.3.3(b)). The 

automation of the implementation will be included in the future work (see Section 9.3). 
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Table 8.9 and Table 8.10 below show the summary of Stage 2 implementation steps and 

justification of the viability of automation. 

No Process Name Step Name Implementation 

Mode 

1 Impact Analysis 

Process 

Step 1: Identifying a Set of Impacted Requirements 

All steps are done 

manually and will be 

automated in the 

future work 

Step 2: Identifying a Set of Impacted Design Classes 

Step 3: Identifying an Initial Set of Impacted Classes 

2 Filtration 

Process 

Class Dependency 

Filtration (CDF) Level 

Step 1: Reviewing Primary 

Impacted Class 

Step 2: Identifying Valid 

Class Interaction Flow 

Step 3: Eliminating 

Overestimate Impacted 

Classes 

Method Dependency 

Filtration (MDF) Level 

See Table 8.10 below. 

Table 8.9: Summary of Stage 2 Implementation Steps 

 

Step Name Sub-step Name Implementation Mode 

Step 1: Generating method 

execution paths 

Sub-step 1: Identifying impacted 

components 

These sub-steps use the IBM-

Rational Application Developer 

tool 

Sub-step 2: Generating UML 

sequence diagram 

Sub-step 3: Identifying set of filtered 

potential impacted classes in the 

sequence diagram 

Sub-step 4: Generate method 

execution path 

Step 2: Modifying the 

generated method execution 

paths 

Sub-step 1: Detecting partially 

developed class 
This step is done manually and will 

be automated in the future work 
Sub-step 2: Identifying stub 

Sub-step 3: Modifying the generated 

method execution paths 

This sub-step uses the IBM-

Rational Application Developer 

tool 

Step 3: Identifying actual 

impacted methods 

Sub-step 1: Identifying primary 

impacted method in the set of filtered 

potential impacted classes This step is done manually and will 

be automated in the future work Sub-step 2: Identifying impacted 

methods using backward or forward 

tracing concept 

Step 4: Updating the filtered 

set of potential impacted 

classes 

 
This step is done manually and will 

be automated in the future work 

Table 8.10: Summary of Stage 2 Implementation Steps (continuation from Table 8.9) 

 

To recap, there are two processes in this stage which are the impact analysis process and 

filtration process. The first process is a detection of a set of impacted classes based on a set 

of impacted requirements. This process is a common impact analysis process that has been 
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automated by several researchers [Ibrahim et al., 2005; Fasolino and Visaggio, 1999]. The 

automation of this process can be done by using any existing technique implementation.  

 

The second process consists of two implementation levels which are the Class Dependency 

Filtration (CDF) level and the Method Dependency Filtration (MDF) level. The CDF 

implementation is viable to be automated as this level is similar to some existing works 

[Rohatgi et al., 2008; Rohatgi et al., 2007; Hamou-Lhadj and Lethbridge, 2006]. These works 

focus on identifying impacted features using a component dependency graph.  

 

The MDF level is a technical step as it involves source code analysis. The SDF-CIAF 

technique uses the IBM-Rational Application Developer tool [Fung et al., 2005] to support 

Step 1 implementation. However in Step 2, the implementation involves manual 

implementation and automated tool support. The manual implementation (sub-step 1 and 

sub-step 2) can be automated as the stub detection can be created and imported as a plug-in 

component [Kelly and Stocker, 2005] in the IBM-Rational Application Developer tool [Fung 

et al., 2005]. Finally, Step 3 and Step 4 implementation can be automated as these steps are 

originally automated in the [Law and Rothermal, 2003] work.  
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Chapter 9 : Conclusion 

 

9.1 Research Summary 

The main objective of this research is to develop a new framework that is able to support 

impact analysis implementation for the software development phase. We have developed a 

new impact analysis framework that fulfils four important elements to support change 

impact analysis in the software development phase (as described in Section 2.8- Analysis of 

Current Impact Analysis Techniques Capabilities to Support Impact Analysis for the 

Software Development Phase). The first element is the source of data used to develop 

impact analysis model. The impact analysis model refers to a model that is used to identify 

the impacted artifacts according to change requests. The new framework uses requirement 

artifact and the design artifact as these artifacts are the most stable and completed forms of 

user requirements compared to source code. The second element is the new framework uses 

the forward engineering (or predictive) technique to develop the impact analysis model. This 

technique uses the requirement artifacts and the design artifacts compared to the reverse 

engineering technique that uses the source code. The third element is the partially developed 

class analysis consideration during impact analysis implementation. This consideration is 

important as not all classes in the software development phase are fully developed. Finally, 

the new framework uses the static analysis technique as well as the dynamic analysis 

technique when necessary.  This is because the new technique utilizes both techniques’ 

strength during its implementation. 

   

The new framework divides its implementation into two main stages which are: (1) 

Developing class interactions prediction (see Chapter 5); and (2) Performing impact analysis 

(see Chapter 6). The first stage develops the class interactions prediction that is used as a 
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source of analysis for the static analysis technique whereas the second stage performs both 

the static analysis technique as well as the dynamic analysis technique when necessary based 

on the developed class interactions prediction. 

 

To measure the effectiveness of the new framework (in the evaluation description, the new 

framework is referred as “the SDP-CIAF” - see Section 7.1) in predicting a set of impacted 

classes according to a change request, two evaluation aspects’ questions are developed. The 

questions are: (1) Does the SDP-CIAF give better accuracy of impact analysis results than 

the selected current impact analysis techniques namely the CIP-IPF technique [Kama et al, 

2010-b] and the Path-Impact technique [Law and Rothermal, 2003] and; (2) Does the SDP-

CIAF give better accuracy of impact analysis results than the current impact analysis 

techniques results in each software phase?. The difference between these questions is that 

the first question concerns the accuracy of the SDP-CIAF across all change requests whereas 

the second question measures the capability of the SDP-CIAF dealing with different statuses 

of class (partially developed and fully developed) across software phases (i.e., requirement, 

design, and coding phase) 

 

9.2 Contributions 

To recall, there are three main contributions of this thesis to the state of knowledge of 

impact analysis which are: 

(a) A new impact analysis framework for the software development phase  

The new impact analysis framework uses the static analysis technique as well as the dynamic 

analysis technique in the software development phase. The static analysis technique is used 

when the status of class in the class artifacts is partially developed and the dynamic analysis 

technique is employed when the status of classes are fully developed. In brief, the static 

analysis technique composes all processes in Stage 1 as described in Chapter 5, impact 

analysis process and class dependency filtration (CDF) level filtration process. The dynamic 

analysis technique uses all processes in the static analysis technique and the method 

dependency analysis (MDF) level filtration process as described in Chapter 6. 
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(b) A new predictive technique for developing program static information (i.e., class 
interactions prediction)  

The new impact analysis framework introduces a new predictive technique to develop 

program static information using the requirement artifacts and design artifacts. The 

developed program static information is then used as an input to support the static analysis 

technique implementation. To recall, the program static information is used as an input for 

the static analysis technique implementation. The difference between the new predictive 

technique and current techniques [Liang, 2003; Sharble and Cohen, 1993] is that the new 

technique introduces design pattern analysis in its implementation. This analysis is used to 

improve the predicted class interactions that are developed through reflection of significant 

object interactions in the requirement artifacts. The analysis can be seen in Chapter 5 at 

Section 5.8(a). 

(c) A new dynamic analysis technique that includes partially developed class analysis in 
its implementation  

The new impact analysis framework introduces a partially developed class analysis in the 

dynamic analysis technique implementation. This analysis is used to improve the accuracy of 

method execution paths that are generated from source code. This analysis can be seen in 

Chapter 6 in Section 6.3.3. 

 

We note that the above contributions are subject to the following limitations: 

a. This experiment measures the number of potential impacted classes according to 

change requests produced by the new framework compared to the selected 

current impact analysis approaches. The measurement does not consider 

performance issues such as impact calculation duration/times required to identify 

a set of potential impacted classes for a particular change request.  

b. The new predictive technique includes the Boundary-Controller-Entity (BCE) 

design pattern only in its prediction. Extension to others design patterns in the 

prediction process will benefit further as most applications employ more than 

one design patterns. 

c. The new framework’s implementation involves both manual and automated 

steps. For the automated steps, the framework uses the IBM Rational 

Application Developer tool [Fung et al., 2005] to support Stage 2 implementation 

in particular to generate method execution paths step. This combination of 
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implementations could decrease the effectiveness of the implementation 

compared to a single tool that performs all steps. 

d. As large systems are very complex, the usefulness of the new framework is only 

tested and applicable to a small size of software system. Large systems may 

involve some integrated applications of different platforms and environments.  

 

9.3 Future Work 

Based on the above limitations, the following areas may constitute possible future work: 

a. To increase the effectiveness of change management using the new framework in 

the software development phase, a set of guidelines that supports the technique’s 

implementation in the current software development lifecycle/process needs be 

developed. The guidelines are expected to be easily-incorporated in any software 

development lifecycle/process. 

b. Extending the experiment by including a performance metric. This metric 

measures the amount of time that is used to identify a set of potential impacted 

classes according to a particular change request. Prior to extending the 

experiment, the framework’s implementation needs to be automated. The 

automation covers all Stage 1 and Stage 2 implementation processes. This 

automated process is expected to assist the experiment to get reasonable 

implementation times required by the framework for a particular change request. 

c. An examination of the flexibility of Stage 1 implementation to others design 

patterns (e.g., Broker pattern or Facade pattern) in the class interaction 

prediction development. Different design patterns may require different 

modification rules. Also, the application of Stage 2 implementation to others 

dynamic analysis algorithm will be included.  

d. The new framework’s capability will be extended not only to identify a set of 

impacted classes according to a change request but also to assess the degree of 

impact a change may have on the software project with respect to the other 

change requests. This indirectly extends the software project management 

capability from predicting the impact of a change to others prediction such as 

change prioritization and effort estimation. 

e. The assumption that an object name can only consist of 1-3 nouns in the refined 

traceability technique’s implementation may not sufficient conditions for 

satisfiability. This assumption will be improved in the future work by including 
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other broad types of traceability links detection such as ontology [Ramesh and 

Jarke, 2001]. 
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P1: Car Management System 

Section Requirement Specification 

UC1: Start Vehicle Use Case 
Pre-
condition 

This use case is initiated by the driver. It provides the capability to start the vehicle and 
initialize the fuel tank, kilometer reference and reset the initial distance. 

Fuel tank = 35 liters 

Km reference, 1 km = 5291 pulses 

Initial distance = 0 km 

Calibrate tolerance = 20% 

Basic Flow 1.    This use case begins when the driver clicks on the “Ignition” button to activate the 
vehicle. 

2.    The CSCI initialize the fuel tank, kilometer reference and initial distance with the 
default value.   

3.    The use case ends. 

Post-
condition 

The CSCI initialize the fuel tank, kilometer reference and initial distance as default 
value. 

UC2: Control Cruising Speed Use Case 
Pre-
condition 

Not applicable 

Basic Flow 1.    This use case begins when the driver clicks on the “Activation” button to activate 
the auto-cruise control function 

2.    The CSCI lit the “ON/OFF” LED.  

3.    The CSCI gets the current speed as the cruising speed.  

4. The system highlights a warning message when the speed is less or greater than 5 
km/h from the cruising speed and highlight a danger message when the speed exceeds 
150 km/h 

5.    The CSCI shall maintain the cruising speed. 

6.    The CSCI must update the cruising speed output at least once a second.  

If the current speed 2km/h greater then selected cruising speed, then E-2: Downgrade 
Situation 

If the current speed 2km/h less then selected cruising speed, then E-3: Upgrade 
Situation 
7.    The driver shall be able to do the following functions: 

A-1: Perform Acceleration 

A-2: Suspend Auto Cruise  

7.    The driver presses the “Deactivation” button.  

8.    The CSCI unlit the “ON/OFF” LED. 

9.    The CSCI release the auto-cruise control mode by returns the control to the driver 
independent of other commands. 

10. The use case ends. 

Post-
condition 

The CSCI maintain the selected cruising speed. 

UC3: Calibrate Kilometer Use Case 
Pre-
condition 

1.    The ignition of the vehicle is turned on. 

2.    The cruise control function is inactive.  
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Basic Flow 1.  This use case begins when the driver clicks on the “Start” button to start the 
calibration.  

2.  The CSCI starts counting the pulses. 

3.  The driver shall be able to stop the calibration by click on “Stop” button after 1 km 
distance to stop the calibration activity.  

4.  The CSCI calculates the number of pulses during the interval.  

If the count of pulses not in range of ± 20% of default value (5291 pulses) for 
kilometer reference, then 

E-1: Exceed the Calibration Error Limit. 

5.  The CSCI stores the number of pulse of the shaft. 

6.  The use case ends. 

Post-
condition 

The CSCI store the resulting value as a kilometer reference value 

UC4: Calculate Average Speed Use Case 
Pre-
condition 

The ignition of the vehicle is turned on. 

Basic Flow 1. This use case begins when the driver clicks on the “New” button to indicate the start 
of the trip for average speed calculation.  

2. The CSCI store the data related with average speed calculation to the beginning of 
the trip. 
3. The user selects calculate average speed function. The system calculates and displays 
average speed of the vehicle at the display panel 
4. The CSCI display the average speed of the vehicle for the time elapsing since the 
“New” button is pressed.  

5. The calculation is valid until the next “New” button is press again. 

6. The use case ends. 

Post-
condition 

The average speed of the vehicle is displayed 

UC5: Supervise Fuel Consumption Use Case 
Pre-
condition 

The ignition of the vehicle is turned on. 

Basic Flow 1. The user selects calculate average fuel consumption function. The system calculates 
and displays average fuel of the vehicle at the display panel 

2. The CSCI will store the data related with average fuel consumption to the beginning 
of the trip. 

3.  The driver shall be able to do the following functions: 

A-1: Press Average Fuel Consumption Button 

A-2: Press Amount of Fuel Button 

4. The use case ends. 

Post-
condition 

1.   The CSCI shall display the average fuel consumption on the trip up to recent filling 
to the driver. 

2.   The CSCI shall display the average fuel consumption of the vehicle for the last two 
fillings. 

UC6: Assist Maintenance Schedule Use Case 
Pre-
condition 

This use case is initiated by the driver. It provides the capability to check the vehicle 
distance and notify the driver of the required maintenance based on the vehicle 
distance. 

Maintenance Schedule: 

1. Oil and Oil Filter Change - 8,000 km 
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2. (1) + Air Filter Change - 16,000 km 

3. (1) + (2) + General Check - 24,000 km 

Basic Flow 1.  The CSCI get the maintenance schedule. 

2.  The CSCI get the current distance for the vehicle. 

3.  The CSCI verifies the vehicle distance for maintenance. 

4.  When the vehicle distance reaches 400 km before maintenance mileage, the CSCI 
displays the maintenance message intermittently. 

5. The driver can perform the maintenance after received the first reminder. 

6. The driver can perform the maintenance after received second reminder. 

7. The driver can perform the maintenance after the vehicle reached the mileage 
maintenance. 

8.  The use case ends. 

Post-
condition 

The vehicle maintenance is completed 
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P2: Database Encryption System 

Section Requirement Specification 

UC1: Initialize System Use Case 

Pre-condition The database is available to be used by the system 
Basic Flow 1. The user executes the OraCrypt application (Oracrypt.exe).  

2. The system identifies all databases available on the network and display to user the 
list of databases to choose. 

3. The user selects the database name. If the system checks Oracle version is not equal 
to 8, the system display error message. 
4. The system sets the selected database as the system default database and stores the 
path in the OraInit.ini file. 

5. The system then identifies the list of users existed in the default database and display 
it to the user for Security Manager ID selection. 

6. The user selects the user ID for the security manager. The system will: 

Set the user ID as the default Security Manager for Oracrypt system and stores the 
user ID in the OraInit.ini file 

Create a new Oracrypt scheme in the default. 

Create new tables for Oracrypt. 

Execute the import user function [refer to Use Case Specification – Manage User 
Info] 
Create the backup file for each of table belongs to every user. 

Expand the size of each field in the tables to be doubled than the original size. 

Load crypto library (ORACRYPT.dll) and encrypt decrypt component 
(ENCDEC.dll) into Oracrypt Scheme. 

The system display the message “The Oracrypt was successfully installed.”   

7. If the initialization process fail, then see [E-1: Initialization Failed]. 

8. The system then prompts the user to read the ReadMe.txt file  

The use case ends. 

Post-
condition The system has been installed and all system parameter are set to their default value. 

UC2: Login Use Case 

Pre-condition Log ID and password already stored in the database 

Basic Flow 1. The user enters database login information and the system authenticates the 
information. If successful, the user then swipes smartcard for the next of 
authentication process. If successful, the system displays main form 
 
2. The system then prompts the user to select any activity as following by clicks “OK” 
or “Change Password” button: 

i. Log into the smartcard [A-3: Login to Smartcard] 

ii. Change smartcard password [A-4: Change Smartcard Password] 

3. The system displays a menu based on the programs that the logged in Log ID can 
have access on it 

4. The system logs the users’ activities 

5. If the user did not do anything within three (3) minutes, the system exit 
automatically 

The use case ends. 

Post-
condition 

Post-condition of a use case is a list of possible states the system can be in immediately 
after a use case has finished, as state below: 
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a) The user has logged into the system or access denied 

b)The login activity is log. 

UC3: Generate Key Use Case 
Pre-condition For System Key generation, the system is executed. 

For user Master Key generation, the hierarchical structure had been built and the key 
type had been selected.  

Basic Flow The system verifies the execution status in a log file : 

i.    UC3.2 If the system executes at the first time, it generates the System Key  [A-1: 
Generate System Key] 

ii.    UC3.3 If not, the system prompts to the user to select any activity  as following: 

� Generate System Key [UC3.3.1 A-1: Generate System Key ]. 

� Generate Security Manager Master Key [UC3.3.2 A-2: Generate Security 
Manager Master Key ]. 

� UC3.3.3 Manage key structure [A-3: Manage Key Structure]. 

The system logs the user’s activities into the database  

The use case ends. 

Post-
condition 

The entire appropriate key had been generated (System Key, Master Key, Shared Key 
with Control, and Shared Key without Control). 

UC4: Encrypt Data from OraCrypt Use Case 
Pre-condition The user is logged into the Oracrypt application.(refer Use Case Specification – Login) 

The user has obtained the right to access into the database . 

Basic Flow The user selects the encryption menu. 

UC4.2 The system loads the available tables from database for that particular user.  

If the tables cannot be loaded, then see [E-1: Unload Table]. 

UC4.3 The user selects the appropriate table and selects the encryption algorithm  

The user selects the appropriate key for the encryption  

The system verifies the user key base on the key info and display a list of organizations.  

If the key information is invalid, then see [E-2: Invalid Key Info]. 

UC4.4 The user selects the organization, table name and column name to be encrypted 
and then clicks “Encrypt” button. 

The system prompts the user for encryption confirmation. 

UC4.5 The system verifies the encryption process and acknowledges the user the 
encryption process is successful by displaying message “The Data Has Successfully 
Encrypted.”  
If the encryption process is failed, then see [E-3: Encryption Failed]. 

UC4.6 The system updates the selected column with the encrypted data (cipher text). 

The system logs the user activities   

The use case ends. 

Post-
condition 

The selected column is updated with the cipher text (encrypted text). 

The encryption activity has been logged. 

UC5: Decrypt Data from OraCrypt Use Case 
Pre-condition The user is logged into the Oracrypt application.(refer Use Case Specification – Login) 

The table has been encrypted before.(refer Use Case Specification - Encrypt Data 
From Oracrypt)  

Basic Flow The user selects the decryption menu. 

The system loads the available tables from database for that particular user.  

If the table cannot be loaded, then see [E-1: Unload Table]. 
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UC5.3 The user selects the table. The system then validates the user accessibility to the 
selected table  [S-1: Validate User Node ID]. 

UC5.4 The user selects the column name to be decrypted and then clicks “Decrypt” 
button. 
The system prompts the user for decryption confirmation. 

The system gets the user and table owner structure information. 

Based on that information, the system re-generates the table owner key that is used for 
encryption process before. 

The system decrypts the data in the selected column with the appropriate key. 

The system verifies the decryption process and indicate to the user that the decryption 
process is successful by displaying a message “The data has successfully decrypted.”   

If the decryption process is failed, then see [E-2: Decryption Failed]. 

 UC5.5 The system updates the selected column with decrypted data (plain text). 

The system logs the user activities.  

The use case ends. 

Post-
condition 

The selected column is updated with the original plain text. 

The decryption activity has been logged. 

UC5: Encrypt Data from Application Use Case 

Pre-condition The Oracrypt application has been initialized 

Basic Flow The application sends a request for insert or update statement . 

UC6.3 The system validates the requester user . 

If the user is not authorized to encrypt, then see (E-1: Unauthorized User). 

UC6.4 The system inserts or updates the database with encrypted data for sensitive 
columns.  
The use case ends. 

Post-
condition 

The insert and update statement with encrypted data have been executed. 

UC5: Decrypt Data from Application Use Case 
Pre-condition The Oracrypt application has been initialized. 

The sensitive columns have been encrypted from Oracrypt system  
Basic Flow The application sends a request for select statement . 

UC7.3 The system validates the requester user .  

If the user is not authorized to decrypt.[E1 – Unauthorized User] 

UC7.4 The system selects the decrypted data from sensitive columns  

The use case ends. 
Post-
condition The select statement with decrypted data has been executed 

UC5: Manage User Info Use Case 

Pre-condition 

The Security Manager Master Key (SMMK) must be generated and smartcard is 
inserted in the smartcard reader  

Basic Flow The SM selects “Manage User Info” menu. The system displays the list of user 
registered to the system  

The system then prompts to the SM to select any activity as following  : 

i. Import user information [UC8.2.1 A-1: Import User Info ]. 

ii.  Smartcard and user management [UC8.2.2 A-2: Smartcard and User Management ]. 

UC8.3 The system displays the updated user information for the selected user . 

The use case ends. 

Post- The database user information is managed and updated  
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condition The destructive smartcard had been repaired or produced the new one. 
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P3: Course Registration System 

Section Requirement Specification 

UC1: Register for Courses Use Case 

Pre-condition Before this use case begins the Student has logged onto the system 
Basic Flow 1. The Student selects "create schedule." 

2. The system displays a blank register for courses form. 
3. The system retrieves a list of available course offerings from the Course Catalog 
System 
4. The Student selects 4 primary course id and 2 alternate id from the list of available 
offerings. Once the selections are complete the Student selects "submit." 
5. The "Add Course Offering" sub-flow is performed at this step for each selected 
course offering 

6. The system saves the Course Catalogue System 
Post-
condition Student information is registered in the database. 

UC2: Submit Grades Use Case 

Pre-condition Before this use case begins the Professor has logged onto the system 
Basic Flow 1. The system displays a list of course offerings the Professor taught in the previous 

semester. 

2. The Professor selects a course offering. 
3. The system retrieves a list of all students who were registered for the course 
offering. The system also retrieves the grade information for each student in the 
offering. 
4. The system displays each student and any grade that was previously assigned for the 
offering. 
5. For each student on the list, the Professor enters a grade: A, B, C, D, F, or I. The 
system records the student’s grade for the course offering. If the Professor wishes to 
skip a particular student, the grade information can be left blank and filled in at a later 
time. The Professor may also change the grade for a student by entering a new grade. 

Post-
condition Student grades is submitted to the database 

UC3: View Report Card Use Case 

Pre-condition Before this use case begins the Student has logged onto the system 
Basic Flow 1. The system retrieves the grade information for each of the registered courses id by 

the Student completed during the previous semester. 

2. The system prepares, formats, and displays the grade information. 

3. When Student is finished viewing the grade information the Student selects "close." 
Post-
condition 

The selected report card is displayed to the student 

UC4: Login Use Case 

Pre-condition There are no preconditions associated with this use case 
Basic Flow 1. The system validates the actor’s password and logs him/her into the system. 

2. The system displays the Main Form and the use case ends. 
Post-
condition The user is logged in the system 

UC5: Maintain Student Information Use Case 

Pre-condition Before this use case begins the Registrar has logged onto the system 
Basic Flow 1. The Registrar selects "add student." 

2. The system displays a blank student form. 
3. The Registrar enters the following information for the student: name, student id, 
address, types of student: part time student or full time student. 
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4. The system validates the data to insure the proper format and searches for an 
existing student with the specified name. If the data is valid the system creates a new 
student and assigns a unique system-generated id number. 
5. Steps 2-4 are repeated for each student added to the system. When the Registrar is 
finished adding students to the system the use case ends. 

Post-
condition 

Student information is updated in the database 
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Design Class Interaction Diagram for P3 

 

  

BillingSystem

// submit bill()

<<boundary>>

Close Registration Form

// open()

// close registration()

<<boundary>>

Course Catalog

<<entity>>

Full Time

gradDate

<<entity>>

Login Form

// login user()

// enter username and password()

// validate username and password()

<<boundary>>

Part Time

maxNumCourses

<<entity>>

PrimaryScheduleOfferingInfob

grade

// is enrolled in?()

// mark as enrolled in()

// mark as committed()

<<entity>>

Professor

name

ProfessorId : UniqueId

<<entity>>

CourseCatalogSystem

// get course offerings()

<<boundary>>

Course

credits

name

curriculum

description

number

course id

// getPrerequisites()

<<entity>>

0..n 0..n
+preRequisites
0..n 0..n

Register For Courses Form

// submit schedule()

// display course offerings()

// update schedule()

// delete schedule()

// confirm schedule deletion()

// request schedule delete confirmation()

// display schedule()

// register for courses()

// display possible operations()

// save schedule()

// create schedule()

// select 4 primary and 2 alternate offerings()

// display blank schedule()

// update offering selections()

<<boundary>>

Course Offerings

number : String = "100"

startTime : Time

endTime : Time

days : Enum

/ numStudents : Int

// add student()

// remove student()

// close registration()

// get number of students()

// cancel()

// still open?()

// add professor()

// close()

// save()

<<entity>>
0..n

1

0..n

1

0..1

0..n

+instructor0..1

0..n

Schedule Offering Info

status

// mark as selected()

// mark as cancelled()

// is selected?()

<<entity>>

Close Registration Controller

// is registration open?()

// close registration()

<<control>>

0..1

1

0..1

+Biller
1

1 11 1

0..1

1

0..1

1

0..1

0..n

0..1

+semesterOfferings

0..n

Registration Controller

// get course offerings()

// get current schedule()

// delete current schedule()

// submit schedule()

// is registration open?()

// save schedule()

// create schedule with offerings()

// update schedule with new selections()

<<control>>

0..n

1

0..n

1

1
1

1
1

Student

name

address

studentID

// get tuition()

// add schedule()

// get schedule()

// delete schedule()

// has pre-requisites()

<<entity>>

0..1

0..n

0..1

0..n

0..1

0..1

0..1

+registrant
0..1

Schedule

semester

// commit()

// select alternate()

// remove offering()

// level()

// cancel()

// get cost()

// delete()

// submit()

// save()

// any conflicts?()

// create with offerings()

// update with new selections()

<<entity>>

0..1

0..n

0..1

+semesterSchedules
0..n

0..n

0..2

0..n

0..2

0..1

0..1

0..1

+currentSchedule

0..1

0..n

0..4

0..n

0..4

0..n

1

0..n

1



 180

 

 

 

 

 

 

 

 

 

 

 

Appendix B- Examples of Change Request Specification 

 

 

 

 

 

 

 

 

 

 

 

 

 



 181

Example of List of Affected Requirements 

PRJ 

ID 
CRID 

Location in Requirement 

Document 
Requirement Description 

Use Case ID-Name  Reqt 

ID 

P1 

CR#1 
UC2: Control Cruising 

Speed 
UC2.4 

The system highlights a warning message when the 

speed is less or greater than 5 km/h from the cruising 

speed and highlight a danger message when the speed 

exceeds 150 km/h 

 

CR#2 
UC4: Calculate 

Average Speed 
UC4.3 

The user selects calculate average speed function. The 

system calculates and displays average speed of the 

vehicle at the display panel 

 

CR#3 
UC6: Assist 

Maintenance Schedule 
UC6.5 

The driver can perform the maintenance after received 

the first reminder 

 

CR#4 
UC6: Assist 

Maintenance Schedule 
UC 6.6 

The driver can perform the maintenance after received 

second reminder 

 

P2 

CR#5 UC2: Login UC2.1 

The user enters database login information and the 

system authenticates the information. If successful, the 

user then swipes smartcard for the next of 

authentication process. If successful, the system 

displays main form 

 

CR#6 UC1: Initialize System UC1.3 

The system checks Oracle version in the machine. If 

the version is not equal to 8, the system display error 

message. 

 

CR#7 
All Use Cases 

 
- 

All requirements that has a statement of “The system 

updates the database..” 

 

P3 

CR#8 
UC1: Register for 

Courses 
UC1.4 

The Student selects 4 primary course id and 2 alternate 

id from the list of available offerings. Once the 

selections are complete the Student selects "submit." 

 

CR#9 

UC5: Maintain Student 

Information  

 

UC5.1 

The Registrar selects "add student." 

CR#10 UC2: Submit Grades UC8.4 
The Professor selects a course offering. 

 

Table 1: Example of List of Affected Requirements 
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Example of Change Request Specifications 

PRJI

D 

CRID Change Request Specification 

P1 

CR#1 

The system highlights a warning message when the speed is less or greater than 

15 km/h from the cruising speed and highlight a danger message when the 

speed exceeds 155 km/h 

 

CR#2 

Extends the system’s capability from calculating and displaying average speed to 

calculating and displaying average fuel consumption of the vehicle at display 

panel 

 

CR#3 

When the vehicle distance reaches 400 km before maintenance mileage, the 

system displays the maintenance message intermittently. 

 

CR#4 

When the vehicle reaches the mileage for the maintenance operation mileage, the 

system displays the maintenance message continuously until the driver performs 

maintenance or until the next milestone mileage maintenance occurred. 

 

P2 

CR#5 

The system adds another authentication process which is User level. This level 

requires the user to enter their user id and password 

 

CR#6 

The system extends the capability of encrypting and decrypting data to Oracle 9i 

versions as well 

 

CR#7 

The system updates audit trail data prior to updating or receiving data from/to 

database 

 

P3 

CR#8 

The system checks pre-requisite requirements for each selected course. If the 

pre-requisite requirements are not fulfilled, the system notifies the student. Some 

courses require student’s academic mentor approval prior registering the course. 

 

CR#9 

Registrar not only manages the student information but also professor 

information 

 

CR#10 

Add Professor functions to not only submitting student grades to the system but 

also selecting courses to teach in every semester. 

 

 


