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ABSTRACT 

Software modularisation is the process of reverse engineering the structure of a set of 
program code from the relationships within a set of objected orientated program code. The 
method used for this process often comes from the domain of data clustering. This project 
involves the selection of a suitable dataset, extracting the relationships between the classes 
and then applying a number of techniques to reverse engineer the structure. The aims of the 
project are to compare how well the varying types of method perform along with 
consideration of how to rate the worth/value/accuracy of a resultant modularisation. We aim 
to see if we can develop a better way of measuring this, we are going to be comparing our 
prototype with a tool called Bunch, this was the by product of a thesis by B.S. Mitchell. The 
Bunch tool uses its own Modularization Quality (MQ), we are going to implement a different 
metric name EVM to which we shall attempt to view if our results are better. 

The approach that we took was that of an experimental study, with this we would be able to 
consistently attempt different methods and also the test data being used was more suited to 
an experimental study. As stated, the purpose of this study is to conduct an experiment to 
which we attempt to get better results than those of the Bunch tool. Whilst our prototype 
didn’t fulfil all of the main objectives, it did help us in assessing as to our clustering technique 
and assess as to how and whether the EVM metric was functional. We therefore decided to 
conduct numerical analysis on the two tools as this was the most achievable way. Overall 
our study did not produce the required results; this was due to a lack of deep understanding 
as to the programming language used. We decided to focus on making the source code for 
future work in the field as well as hopefully identifying whether our EVM metric would 
supersede Bunch. 
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Introduction 

1.1 Introduction 

In most software systems, there is no limit on the number of modules (classes, entities, 
function) that may exist; a module can have a single procedure which may in turn call on 
other functions and files. The study of this is called software modularization, in this we aim to 
understand the interdependencies of different modules and how they interact with each 
other. Groups of modules that share relationships are placed in what we call subsystems, 
with this we are then able to create a cluster which comprises of the modules that are 
dependent with each other. Software clustering is a research area that is growing in terms of 
the number of studies going into it. This means that there is some value in the process of 
creating conceptual structural views of large systems. A study by Brian S. Mitchell has led to 
the creation of a tool called Bunch. This is a tool given the right data will implement different 
clustering algorithms in order to find out the number of clusters in a given program as well as 
evaluating as to the efficiency of those algorithms as to how they distributed the modules in 
the clusters, the evaluation metric implemented by Bunch Is the MQ metric. 

1.2 Purpose 

The purpose of this study is to identify if we can improve on Bunch by implementing our very 
own versions of different algorithms as well as using different software testing metrics. 
Bunch uses its own MQ metric to understand the fitness functions of its given algorithms, we 
shall be using an EVM metric in order to understand the strength of each. Such a study has 
been implemented by S, Swift et al (2005); however this study implemented noise in order to 
ascertain which metric works best with added distortion. 

1.3 Aims 

As stated, the aim of this study is to help in understanding as to what the best way of 
software modularization is. This will be achieved by creating a program to try and outperform 
Bunch in terms of software clustering. 

1.4 Objectives 

In order to achieve the aim, we will need to achieve certain objectives which range from 

• Literature Review 

• Analysis of algorithms 

• Research Methodologies 

• Design & Implementation 

• Testing 

• Evaluation 

Each of the above objectives is a functional process to the fulfilment of the study of which 
will have provided better results than Bunch. 
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1.5 Research Approach 

This is an empirical study using open source data, the study will not need to have any ethical 
issues as it will not involve any outside participants. The named data comes from open 
source background, the same data will be used on the Bunch tool and the results will then 
be analysed and evaluated. 

1.6  Dissertation Structure 

This dissertation begins with an insight into the research done in related works, the literature 
review is fundamental in understanding the deeper context of the subject matter. From this 
part of the review we shall also discuss the relevant algorithms to be used as well as 
ascertaining as to how they differ from the ones used in the Bunch tool. A deeper 
understanding of the Bunch tool will also be achieved from this literature review. 

A deeper analysis of the algorithms to be used will be discussed in chapter 3, as well as 
discussing why certain algorithms have been chosen rather than others. This part will also 
demonstrate how they work, and discuss how their efficiency will be evaluated.  

Chapter 3 will also discuss what methodology was used to approach the project in terms of 
the software used as well as any techniques applied. Any ethical issues will be considered in 
this part and will be addressed accordingly. Testing methods will also be discussed as well 
as to how they will be implemented. 

Unlike the Bunch tool, my program will not need have a graphical interface, this is due to 
time constraints. However the design of the program will be discussed in chapter 3 as well 
as any relevant issues that were met and how they were dealt with.  

Chapter 4 will consist of the testing and evaluation of my findings, it will showcase as to 
whether we have achieved our aim in trying to understand if there is a better way to 
approach software modularization. 
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Chapter 2 
Related Work/Literature Review 

2.1 Introduction 

The creation of larger systems has helped the science of computing improve in its popularity 
as well as establishing itself as a fruitful profession. Systems of large complexity and 
understanding are being produced at a very fast rate; they can range from large database 
driven applications to new Operating Systems. Openness has also evolved in helping this 
field grow, an example would be open source code that is readily available to anyone who 
may want to experiment and create their own systems. Most systems are then passed on to 
their respective clients thus meaning the need for documentation for the system. However, 
this process is often overlooked by system engineers due to the high rate of turnover.  

2.2 An insight into software modularization 

“A clear mental representation of a structure of a complex system, and keeping that mental 
model consistent with changes that occur as the system evolves is one of the many serious 
problems that confront modern software developers” (Mitchell, 2002). The aim of this study 
as stated is to help in understanding as to what the best way of software modularization is, 
however we must ask ourselves, what is software modularization? There stands no official 
definition of software modularization; however one can define it as the process of composing 
loosely coupled modules and forming them together into a complete system. The modules 
themselves may comprise of files, functions, classes and variables, in a given system, it can 
have a number of these. However, one thing that is guaranteed is that each of the different 
modules may depend on another to call another function or even to exist in the system. 
Dependent modules need to be grouped together to form a cluster, groups that are in 
constant relation are then placed in one cluster. 

There are 7 layers that can be defined for a module; Myers (1978) defines them as, 
“functional, informational, communicational, procedural, classical, logical and coincidental”, 
this theory is also supported by his claim that “a high-strength module is superior to a low-
strength module”. A study by D N. Card et al (1985) attempts to determine the effectiveness 
of two widely used criteria for software modularization, they are strength and size. This study 
was a first step towards defining empirically based standards for software modularization. 
Whilst we are not studying the effectiveness of module size and strength, we are using an 
approach based on the cohesiveness of a cluster based on the modules that are in that 
cluster. Cohesion and Coupling are measures that will be discussed further in the chapter; 
however a brief introduction into their ideologies will be discussed. As stated, the most 
common metrics of design modularity include coupling, cohesion e.t.c. A study by Y. Cai et al 
(2004) proposed the development of a new metric based on Design Structure Matrix (DSM). 
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2.3 An insight into Software Clustering 

A cluster can be defined as a collective group of objects in one place; in the Bunch tool, the 
aim is to group together modules that are interrelated into one cluster, this process is 
achieved by using search based algorithms in a heuristic approach. Clustering is essentially 
a method of unsupervised learning and is a common technique used in data analysis. It has 
been used in fields such as data mining, image analysis and bioinformatics. Saeed et al, 
(2003) however do state that “the application of cluster analysis to software artefacts is 
comparatively a newer area of research where lots of issues have not been addressed”. 
There are different algorithms that can be used for clustering, they are useful for simplifying 
program maintenance and can also help in improving program understanding. Saeed et al 
(2003) state that “the major aim of software clustering is to automate the process of 
discovering high level abstract subsystems within the source code”. When we are clustering 
entities together we aim to achieve high cohesion, for example if we have classes that share 
a common variable, our algorithm should put them into the same cluster, the cluster will tend 
to have a high communicational cohesion to it. Saeed et al (2003) Discuss that there are 
four issues that need to be considered when clustering, they are; 

1. The entities that should be grouped together 

2. Similarity measures that can be used to group similar entities 

3. Clustering algorithms to be applied 

4. Evaluation of a partition 

Through common logic, one can understand as to why the above are important when 
considering the clustering process. As mentioned the process of clustering is an automated 
one thus making it less time consuming if one was to try and achieve it manually. Clustering 
helps in creating a mental model of systems architecture, however Mitchell et al (2002) 
discuss that, “for software clustering to be useful, researchers and practitioners must (a) 
investigate tradeoffs associated with using different clustering algorithms for different types 
of systems, and (b) evaluate individual clustering results against accepted benchmark 
standards”. 

2.4 An introduction to the Bunch Tool 

A thesis by Brian S. Mitchell, the aim was to create a search based approach to the software 
clustering problem. This was approached by creating several heuristic search algorithms 
that automatically cluster the source code into subsystems; these partitioned subsystems 
are in turn the clusters containing the modules that share relationships respectively. The 
Bunch tool will output the results in either a graphical output or as a textual representation as 
well as outputting the Modularization Quality value every iteration. 

2.5 Overview of the Bunch Software Clustering Process 

As with most programs, they function step by step and achieve the overall goal, this can also 
be said for the Bunch tool. The first step in the clustering process is to mine the module-level 
dependencies from the source code and store the resulting information in a database. After 
all of the module-level dependencies have been stored in a database, a script is executed to 
query the database, filter the query results and produce as an output a textual 
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representation of the module dependency graph (MDG). The MDG will be defined later 
however one can view it as a graph that represents the modules in the system as nodes, 
and the relations between modules as weighted directed edges. After the MDG has been 
created, Bunch applies the clustering algorithms which are chosen by the user to the MDG. 
The clusters in the partitioned MDG represent sub-systems where each sub-system contains 
one or more modules from the source code.  

Mitchell (2002) clearly states that the goal of Bunch’s clustering algorithms is to determine a 
partition of the MDG that represents meaningful subsystems. After the partitioned MDG is 
created, Bunch utilizes graph drawing tools such as dotty defined in a study by Anquetil 
(2000) or Tom Sawyer which was also defined by Anquetil (1999) to visualize the results. Fig 
2.1 will show the Bunch software clustering environment as showcased in the thesis. The 
centre of Figure 2.1 depicts additional services that are supported by the Bunch clustering 
tool. 

!  

2.6 Bunch MDG 

Bunch introduces the Module Dependency Graph (MDG); this is defined as a generic 
language independent of the structure of the systems source code, component and relations 
(Mitchell et al). This representation does include all the modules in the system and the set of 
dependencies that do exist between the modules. The MDG can be created using the 
aforementioned source code analysis tools, Acacia for C and C++, CIA for C and Chava for 
Java. These tools are readily available for download on the AT&T Research Labs website. A 
formal description of MDG is, the MDG = (V,E) is a graph where V is the set of named 
modules of a software system and   is the set of ordered pairs (u, v) that represent the 
source-level relations between modules u and v of the same system. 

2.7 An introduction to the Bunch MQ method 

Modularization Quality (MQ) is a fitness function that is proposed by Mitchell (2002). MQ 
determines the quality of an MDG partition quantitatively as the trade-off between inter-
connectivity and intra-connectivity. “The MQ method was designed to reward the creation of 
highly-cohesive clusters that are not coupled excessively to other clusters” (Mitchell, 2002). 
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Inter-connectivity is defined as a way to measure the degree of connectivity between two 
distinct clusters Mitchell (2002). From this we can gather that a high degree of inter-
connectivity indicates a poor subsystem partition. With a high number of inter-dependencies, 
this can complicate software maintenance as changes to a module may affect parts of the 
system due to the subsystem relationships. Conversely, having a low degree of inter-
connectivity is therefore desirable as it does indicate that the clusters of the system are to a 
large extent independent. The other mentioned measure is intra-connectivity; this measures 
the degree of connectivity between the components (modules) that are grouped in the same 
cluster. With this, a high degree of intra-connectivity indicates a good subsystem partition 
because the modules grouped within a common subsystem share many software-level 
components. However a low degree of intra-connectivity indicates poor subsystem 
partitioning as the modules assigned to a particular subsystem share few software-level 
components. The measures mentioned share software quality metrics such as cohesion and 
coupling. 

2.8 Introduction to Software Measurement 

We must ask ourselves what is measurement? Shepperd (1995) defines this as the process 
of assigning symbols, usually numbers to represent an attribute of the entity of interest by 
rule. The above definition viewed from a computer science approach provides us with 3 
points of which must be essentially followed for any given measurement to be successful. 
The entity to be measured can be an object, attribute, function e.t.c. secondly there must be 
some distinct attribute that we wish to measure in that entity. Thirdly we would need an 
output; essentially these would be in the form of numbers that will represent the attribute 
being measured. 

Another question that we must ask ourselves is why measure? A simple answer to such a 
question is that we measure in order to answer questions; an example would be measuring 
to see if technique A yields more productivity gains as opposed to technique B. Shepperd 
(1995) Underlines that whilst measurement informs our analysis and provides a level of 
precision not otherwise possible, this is not to say that measurement is a panacea as misuse 
is all too possible. “We must underline to where it is no longer functional to measure 
however; measuring in computer engineering has the potential to underpin computing as an 
observational science and software development as an engineering activity” (Shepperd, 
1995). 

2.9 Cohesion and Coupling as Software Quality Metrics 

Measures of coupling and cohesion can provide some measure of the degree of mutual 
dependence between units of a system. These two software quality metrics were invented 
by Larry Constantine (link) based on characteristics of good programming practices that 
reduced maintenance and modification costs. Coupling can be described as the degree unto 
which each module relies on each one of the other modules. Coupling therefore has a direct 
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impact on maintenance as the more closely dependant two modules are, the more difficult it 
is to change one without knowledge of or changes to the other. (Lano et al, 1994) give an 
example, if two modules are control coupled, the meaning of a control parameter will be 
changed to the invoking module if the contents of the invoked module are changed. There 
are essentially 7 types of coupling, they are content coupling, common coupling, external 
coupling, control coupling, stamp coupling, data coupling and message coupling. A tightly 
coupled module will be more desirable as it will have exhibited more inter-dependency, more 
co-ordination and more information flow. Out of the named types of coupling, the key one is 
content coupling, this is when one module modifies or relies on the internal workings of 
another module therefore changing the way the second module produces data thus 
changing the dependent module. Common coupling indicates when two or more modules 
share the same global data, this can range from a variable to a function. The loosest type of 
coupling is message coupling; in this, modules are not dependent on each other. Loose 
coupling will showcase the opposite of tight coupling thus meaning there is less inter-
dependency, less-coordination and less information flow.  

Coupling does exhibit some advantages and disadvantages, tightly coupled systems are 
disadvantageous for the following reasons 

- A change in one module usually forces a ripple effect of change in other modules 

- Assembly of modules might require more effort and/or time due to the increased 
inter-module dependency 

- A particular module might be harder to re-use and/or test because dependent 
modules must be included 

Loosely coupled systems show the following characteristics which are seen as 
advantageous 

- A change in one module usually does not force a ripple effect of changes in other 
modules 

- Assembly of modules might require less effort due to the decreased inter-module 
dependency 

- A particular module might be easier to re-use because dependent modules do not 
need to be included 

Cohesion can be described as the measure of how strongly-related or focused the 
responsibilities of a single module are. (Lano et al, 1994) support this view as they define 
cohesiveness as “the measure of an individual modules internal structure”. When being 
discussed, modules that exhibit high cohesion tend to be preferable as high cohesion is 
associated with several desirable traits of software including robustness, reliability, 
reusability and easier to understand. Low cohesion exhibits undesirable qualities such as 
being difficult to test, being difficult to re-use and also being difficult to understand.  

Just as coupling, there are different types of cohesion; they range from coincidental 
cohesion, logical cohesion, temporal cohesion, procedural cohesion, communicational 
cohesion, sequential cohesion and functional cohesion. 
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The following table will show the types of cohesion in best to worst order 

Constantine et al (1979) discuss that when applied to systems design; the last three 
(coincidental, logical and temporal) constitute as very low and generally unacceptable levels 
of cohesion, suggesting a poor and costly design. This is the opposite to the first three 
(functional, sequential and communicational) which produce generally acceptable levels of 
cohesion. However; while functional cohesion is considered as the most desirable type, it 
may not be achievable. In some cases, communicational cohesion is the highest level of 
cohesion that can be achieved. 

Chapter 3 
Methodologies and Approach 

3.1 Introduction 

Table 2.1    SCALE OF COHESION

Functional BEST MAINTAINABILITY 

WORST MAINTAINABILITY 

Black box Testing 
Not-quite-so-black box 
Gray box 
White or transparent box

Sequential

Communicational

Procedural

Temporal

Logical

Coincidental
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This chapter will cover key aspects of the study and also as to how it is being approached. 
Ethical issues that need to be considered will be discussed as well as the type of approach 
that has been taken to the research. The application of the research will also be discussed 
with topics detailing the tools used, why they were chosen as opposed to their counterparts. 
The relevant data being used will also be discussed as well as to why this research is being 
conducted.  

3.2  Ethics 

As with most projects, considerable measures must be taken to make sure they adhere to 
ethical standards. As mentioned earlier, this is an empirical study which does not use any 
outside participants. The only user of the proposed tool is the author in measuring its results 
as opposed to the Bunch tool. In addition the data being used in both tools is open source 
data that does not require any approval. All in all this means that there is no need for any 
ethical issues to be considered for this project.  

3.3 Our Research 

As stated in the beginning, we are aiming to see if we can improve on a tool called Bunch in 
terms of seeing if we can develop a better way of measuring software modularity. As stated, 
this is an experiment thus meaning the results may vary depending on the assigned data. 
Our first task was to come to terms with the Bunch tool; this is freely available at the Drexel 
web site {link}. A background study of the thesis by B S. Mitchell was also appropriate as it 
helped in understanding how the tool works internally and also understand as to why they 
decided to take up this subject matter. Understanding how Bunch measures the partition of 
its MDG’s was also an essential part as it gave us an opportunity to see if we could use 
other metrics on our program. Research in this domain led to the discovery of the EVM 
metric as a clustering fitness function that was previously applied to time series and gene 
expression data. A study by (Harman et al, 2005) studied the robustness of the two fitness 
functions MQ and EVM; however their study concentrated on seeing which worked best 
when arbitrary noise was added into the equation. Whilst trying to emulate a tool such as 
Bunch, we must ensure boundaries are not crossed and moreover ensure that we do not re-
invent the wheel so to speak in terms of creating another Bunch. As stated we would not 
need to create a tool that incorporates a user interface as we are only aiming to achieve at 
the basic level a better fitness function than that provided by Bunch. Bunch uses 3 distinct 
measures of MQ, “Basic MQ, Turbo MQ and Incremental Turbo MQ” (Mitchell, 2002), trying 
to effectively achieve a better result than each of the stated MQ’s is beyond the scope of this 
study hence Basic MQ will be the only one attempted. 

3.4 An introduction to the data being used 

After a review of the bunch tool and accredited thesis, the first thing on the agenda was 
acquiring the relevant data to be implemented. The data comes in the form of text files and 
can be viewed on notepad, understanding the data was at first complex, however after 
further review we were able to understand how it was structured. Below is an example with 
annotations discussing how the data is arranged in the text file.  
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!  

One of the other approaches that we took was to create matrices from this data, from this we 
would then be able to fully understand the relationships that exist between each module in a 
more graphical representation. 

The data may be open source however it is taken from real life examples of programs, below 
is a table describing each of the  

1 1 0 0 1

0 0 0 0 0

0 0 0 0 0

1 1 1 0 1

0 0 0 0 1

Data Name Data Description

Mtunis A simple operating system written in the Turing Language

Ispell A Spell checking utility

RCS Revision Control System

Bison GNU version of the yacc parser generator

Grappa Evolutionary Algorithm tools

Incl Graph drawing tool

Dot Graph drawing tool

Compiler Small compiler program developed at the University of 
Toronto

Linux Old version of Linux OS
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As	 can	 be	 seen	 from	 fig	 3.1,	 both	 columns	 have	
integer	 numbers,	 from	 a	 layman	 view	 they	 mean	
nothing	however;	the	numbers	on	the	leO	signify	a	
module,	 corresponding	 to	 the	 right	 is	 a	module	 to	
which	they	share	a	relaBonship.

Fig.	3.1:	An	example	of	data	to	be	used



As stated from each of the different data sets, we could then create a matrix for each to 
show a better view of the relations. The manually created matrices would then be confirmed 
with our very own MDG’s that would be created by the program as it read in the data. 
However a complex matrix such as that of the Linux data would take an eternity to complete 
therefore some of the data sets would not have a manually created matrix. 

3.5 Our Algorithm approach 

In our study, we shall be implementing similar algorithms to those of the Bunch tool. There 
are three distinct algorithms that are implemented; they are variants of three popular 
algorithms in Genetic Algorithms, Simulated Annealing and A Hill Climbing Algorithm. These 
are essentially search based algorithms and are best suited for problem solving and finding 
the optimum solution to a problem. An approach that was considered was using different 
algorithms to those of Bunch however it became apparent that such methods were beyond 
the scope of this study. We then proposed to focus on just one algorithm and attempt to 
emulate in the Bunch manner as well as trying to add any protocols that would make it more 
functional. We decided to focus on the Hill Climbing Algorithm with the notion of attempting 
the Simulated Annealing approach if time permitted. Similar to a Genetic Algorithm, the Hill 
Climb algorithm is more systematic and less random. It begins with one solution to the 
problem at hand which is usually chosen at random. The string is then mutated, if the 
mutation result is a higher fitness than the current solution then the new solution is kept, 
otherwise the current solution is retained. This process is repeated until no mutation can be 
found that causes and increase in the current solution’s fitness. 

A Hill Climb Algorithm is termed as a greedy algorithm, this means it makes the best choice 
available at each step in the hope that the overall best result can be achieved this way, it is 
however stated as one of the simplest algorithms to implement due to its lack of complexity. 
The other stated algorithm that would be implemented is the Simulated Annealing (SA) 
algorithm, this is often used when the search space is isolated thus it works better for some 
problems as opposed to the HC. SA works by trying random variations of the current 
solution, a worse variation can be accepted as the new solution with a probability that 
decreases as the computation proceeds. The slower the rate of decrease, the more likely 
the algorithm is to find an optimal or near-optimal solution. We decided not to focus on the 
Genetic Algorithm (GA) as it was beyond the scope of this study and would need a 
substantial amount of time to understand and implement into our tool. Once we have created 
our matrix, our algorithm will be implemented and sort the modules into their respective 
clusters.  

Our matrix is essentially the same as Bunch’s MDG in a textual representation; this will be 
the input into the algorithm, below is a figure showing the data as well as the resulting 
matrix. 

Swing Java user interface class library
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With the data above, the algorithm would then be initialised with the aim of creating a graph 
partition in which the cluster maximizes the number of internal edges and minimizes the 
number of external edges; this is essentially maximum cohesion and minimal coupling. The 
figure below shows the different clusters that can be created using the data from fig? 

 

!   

Module A Module B Module C Module D Module E Module F

Module A 0 1 1 0 0 0

Module B 0 0 0 0 0 0

Module C 0 1 0 1 0 0

Module D 0 0 0 0 0 1

Module E 0 0 0 0 0 0

Module F 0 0 0 0 1 0

A

CB D F

E
A B
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Module	A	 	 Module	B	
Module	A	 	 Module	C	
Module	C	 	 Module	B	
Module	C	 	 Module	D	
Module	D	 	 Module	F	
Module	F	 	 Module	E

Figure	3.2	an	example	of	data	to	be	used

Figure	3.3	MDG	graph	from	data	of	figure	3.2

Table	3.3	ResulBng	matrix	from	data

Figure	3.5	shows	the	clustering	process	2Figure	3.4	shows	the	clustering	process	1



Clustering	3

 

 

Our Algorithms would partition the MDG into one of the three cluster partitions as shown in 
figures 3.4, 3.5 and 3.6. The first cluster clustering process only has one cluster; this is 
essentially the original MDG without any partitioning. In clustering process 2, the resulting 
process turns the original into two clusters, A and B, as we can see, cluster A contains high 
cohesion between modules A,B, C and also has very low coupling in terms of C and D. 
cluster B contains D,E,F. clustering process 3 presents an outcome with three distinct 
clusters. From this we can see there is an element of high coupling between modules A-C 
and B-C. The algorithm will process until the best partition can be found by minimizing 
coupling and maximizing cohesion. From the above example, we can decide as to the best 
cluster by virtue of sight. Cluster 2 harbours the best possible outcome as it minimizes 
coupling unlike cluster 3 which shows a higher amount of coupling with less cohesion 
between the modules. 

3.6 Our Evaluation Approach 

As stated in previous chapters Bunch uses the MQ metric to measure its fitness value. In our 
study we shall be using a different approach. We shall be using the Evaluation Metric (EVM) 
defined by Swift et al (2001) in a study on grouping multivariate time series via correlation. 
However as Harman et al discuss, the EVM function was not defined with software 
engineering goals in mind. Nevertheless it is similar to the MQ in terms of that it rewards 
clusters which have a larger number of intra-module relationships. An example would be 
where for each cluster, C, it defines the score for the cluster in terms of the maximum 
possible set of intra-module relationships, incrementing the clusters’ score for each 
relationship which is present, and decrementing it for those which are absent. Swift et al 
state that the formal definition of EVM(C) for clustering, C is 

Where, the score for cluster is defined as 
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Figure	3.6	shows	the	clustering	process	3



!  

When implemented, the EVM metric will assess the robustness of our algorithm. We chose 
to evaluate our algorithms with this metric as opposed to the MQ method as it would be 
simply re-implementing Bunch and may just display the same results as Bunch. As stated by 
Swift et al, neither MQ nor EVM are metrics so to speak, this is due to the fact that in each 
case, the value of the function is the result of a summation over individual values for each 
cluster. Below is the formal definition of MQ(C) for a clustering, C 

Where the score, CF(), awarded to a single cluster,  is defined as follows 

!  

Where  is the number of relationships between elements in cluster  and  is the number of 
relationships between elements of cluster  and. As stated in an earlier chapter, these two 
metrics had been discussed and studied by Harman et al in a study of their robustness. 
Unlike that study we will not be implementing generic noise into the data. We are not 
assuming that EVM is better than the MQ method by any chance; we do however hope that 
our fitness function will be better than the current Basic MQ method. 

3.7 Design/Implementation Approach 

As this is an experimental study, there was no need to focus too much on the development 
process; we decided to use java as the coding language. The initial plan was to implement 
the tool in MATLAB however time constraints and an understanding of the software proved 
to be a hindrance. The IDE that we chose to code in was NetBeans. The Bunch tool is also 
built on a java framework however unlike our tool it does have a graphical interface where 
the user can select their choice of algorithm method and metric to measure the MQ. The 
design of our program consisted of 4 key stages, read in the data from a text file, create an 
MDG from the data, the next stage would then see the clustering algorithm being 
implemented and a final stage of displaying the results to the user whilst showing the EVM 
and the different clusters that have been created. Whilst undertaking this process, key 
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factors had to be taken into consideration; one was how to clearly decipher the text data into 
a suitable MDG matrix as well as making sure the results made sense. 

Stage one of the design was to read in the data file, however the simplicity of the phrasing 
masks the complexity that was in terms of making the data two distinct variable. For instance 
the test data may be 12-32 but we need to get the integer values of the data in order to 
create the matrix in the next step. Designing simple pseudo code was the first step and we 
decided to focus on the space area between the text data. This space was declared as p, 
p-1 would be the value of the integer in this case 12 and p+1 would be the value of the 
second integer which would be 32. The next step was to read in this data and create a two 
dimensional array where for each relationship that existed between the adjacent row and 
column an integer value of 1 would be allocated and for each part where no relation existed, 
an integer value of 0 would be allocated. 

The Bunch tool has 3 design requirements; they are Flexibility, Installation and Portability 
and Performance. In our program, we decided to focus on performance as it was the only 
requirement that would be functional in our program as well as that of the Bunch tool. Our 
next step was to implement the algorithms to cluster the matrix into suitable clusters where 
the maximum cohesion could be attained with the lowest coupling. The measure to which 
this would be calculated was the EVM metric which would be the final output showing the 
clusters that have been formed as well as the time taken to calculate as we also wanted to 
view if our tool worked faster and more efficiently. Fig 3.7 shows how the Bunch tool works 
by displaying the key stages and defining the different protocols that occur. 
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Read	Text

Implement	MDG	
(matrix)

Display	Created	
Clusters	

Display	ParBBoned	
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Clustering	

Algorithms	on	MDG
Algorithm	will	have	

a	for	loop

Graphical	view	of	typunch’s	workings

Figure	3.7	shows	the	process	of	typunch’s	working	process



In the Bunch tool, the user has the choice of selecting the data they wish to test, in our tool 
there is no user interface. To overcome this hindrance, we will be manually entering the data 
name into the source code for every different data that needed to be measured. 

Chapter 4 
Testing and Evaluation 

4.1 Introduction 

This part of the study will comprise of the results from the two tools as well as an evaluation 
as to whether our evaluation metric performed better than the MQ of Bunch. The first part of 
this section will discuss the results attained from the Bunch tool unpacking the raw results. 
We shall then compare the results with those of our EVM metric. The next step will be 
discussing any significance of the results as well as discussing as to the final standings of 
our result. We decided not to use all the different data files and only focus on 6. We decided 
on the bison, mtunis, ispell and rcs data files. Due to time constraints we would not be able 
to implement all the different named data files. 

4.2 Bunch Results 

The figure below shows the Bunch tool environment where as you can see the users have 
the choice to implement more than one algorithm. As with all the different data types, we will 
be running the algorithm 3 times and choosing to focus on the 3rd iteration as this gives the 
Bunch tool the opportunity to display consistent results. 

!  
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Fig	4.1	–	The	Bunch	User	Interface



Our first test is the Mtunis data file, we have started with this particular one as it holds the 
fewest data and therefore can be easily visualised even manually. The bunch tool will give 
us the MQ value of the MDG as well as telling us how many clusters were created from the 
MDG, below are the results 

!  

From here using the basic MQ method and the hill climbing algorithm, we get a result that 
states there are 9 clusters and the MQ value is 0.14004629629629625 below are the results 
of the clustering process in a textual format. 

SS(17.ss) = 17, 18, 19 
SS(8.ss) = 16, 8 
SS(5.ss) = 15, 5 
SS(14.ss) = 13, 14 
SS(3.ss) = 12, 3 
SS(11.ss) = 10, 11 
SS(9.ss) = 9, 7 
SS(1.ss) = 1, 4, 6 
SS(2.ss) = 0, 2 

We can see from above that we have 9 clusters as well as showing as to the locations of 
each module. 

The next figure discusses the ispell results as well as showing the resultant clusters and the 
assigned modules. We can clearly see that the Bunch tool has created 9 clusters with 
cluster number 11 having the most modules. The MQ value is 0.230902777777777773 

!  

SS(9.ss) = 9, 1, 0, 19 
SS(11.ss) = 11, 12, 13, 4, 5, 16, 18, 8 
SS(2.ss) = 2, 15, 17 
SS(7.ss) = 14, 7 
SS(6.ss) = 10, 6 
SS(3.ss) = 21, 3 
SS(20.ss) = 22, 23, 20 

The next results generated were for the rcs data file, as we can see, the Bunch tool 
generated 10 clusters with an MQ value of 0.2144274376417233 
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Fig	4.2	–	Mtunis	Bunch	results

Fig	4.3	–	Ispell	Bunch	results



� 	
	

SS(19.ss)	=	24,	19	
SS(1.ss)	=	1,	18	
SS(13.ss)	=	9,	12,	13,	14,	15,	17,	28	
SS(21.ss)	=	0,	21,	16,	8	
SS(11.ss)	=	3,	11,	7	
SS(10.ss)	=	10,	2	
SS(22.ss)	=	27,	22	
SS(6.ss)	=	6,	23	
SS(20.ss)	=	25,	20,	26	
SS(5.ss)	=	4,	5	

On the next iteration we tested the Bison data file on the bunch tool; we can see that the 
bunch tool has created 13 clusters where the MQ value is 0.19636679458108033. we can 
also establish from the data below that the cluster with the most cohesion is cluster 22. 

!  

SS(29.ss)	=	31,	32,	29	
SS(28.ss)	=	15,	28	
SS(25.ss)	=	24,	25,	27	
SS(22.ss)	=	9,	35,	36,	22,	12,	6,	26	
SS(21.ss)	=	21,	23	
SS(5.ss)	=	20,	5,	14	
SS(2.ss)	=	17,	2,	8	
SS(19.ss)	=	11,	19	
SS(7.ss)	=	13,	7	
SS(4.ss)	=	4,	10,	18	
SS(3.ss)	=	3,	16	
SS(0.ss)	=	34,	0,	1	
SS(33.ss)	=	30,	33	

4.3 Our results 
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Fig	4.4	–	Rcs	Bunch	results

Fig	4.5	–	Bison	Bunch	rsults



As stated, our tool has three parts to it, read a text file, determine the MDG from text file and 
cluster the MDG into suitable clusters whilst determining the EVM. Below are figures 
displaying the developed MDG’s for each of the named data files.  

The first figure shows the results of the Mtunis data file 

Mtunis 

!  

As we would not be able to develop an appropriate measuring method within the time that 
was left, we decided to manually create clusters whereby the data from the matrices would 
be used to create a visual representation of the cluster not only in matrix form. The figure 
below shows how the clustering would be for Mtunis. 

!  

Surprisingly, we were able to come up with the same number of clusters for this data file as 
that of the Bunch tool, however it is clear from the visual representation that there is a 
degree of high coupling whilst the cohesion levels are not maximized for some of the 
modules. 
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Figure	4.6	–	Mtunis	matrix

Figure	4.7	–	Mtunis	manual	cluster



Fig shows the results of the MDG created using our tool with the Bison text data file. As 
stated above the manual cluster for this matrix was not created due to the time constrains. 
This approach was also taken for the other remaining matrices in terms of Ispell, and rcs. 

Bison 

!  

ispell 

!  

rcs 

!  
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Fig	4.8	–	Bison	matrix

Fig	4.9	–	Ispell	matrix

Fig	4.10	–	rcs	matrix



4.4 Conclude on final standing 

Due to time constraints, we were unable to implement our algorithms to work in the manner 
that would produce the best clustering formation. However, as stated we decided to improve 
on our prototype and produce our results and attempt to beat Bunch so to speak. As stated, 
the results above do not convey as to which worked best, Bunch or our prototype, they only 
emit the MDG partition from the selected data. Visual analysis was made to understand as 
to whether we could develop better results in terms of clusters than the Bunch tool. So far in 
our short analysis, we have identified that the Bunch tool can provide us with useful 
information, an example is where we were able to achieve the same results in terms of 
cluster size. Whilst the overall aim may have not been achieved, we have been able to gain 
a deeper understanding on the study and will work on achieving the whole aim without the 
limitation of time.  

Chapter 5 
Conclusions 
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5.1 Introduction 

This is the final chapter of the study and will discuss as to the findings of the project. We 
shall discuss as to what we have done in order to achieve our objectives as well as 
discussing the prototype of our tool and as to any problems that were encountered. We shall 
also discuss as to any new findings that were before unknown. The final section of chapter 5 
will discuss as to how we may improve on our tool as well as any other approaches that can 
be taken. 

5.2 Issues/Problems in the prototype development 

As stated the prototype trypunch was developed using the java framework in the NetBeans 
IDE, implementation was not an easy process as we had to understand the java language in 
a more complex manner as well as clearly defining the steps of the different functionalities of 
the system. Our first problem area in this field was figuring as to how our tool would read in 
the data from the text file into the tool and re-presenting the results as a matrix. To solve this 
issue, we sourced out readily available source code from the internet showing how to 
structure a piece of code in order to read in a text file and display its results. The next step 
was defining a matrix (MDG) from the data to which where a relationship existed, a 
numerical value of 1 would be inserted and where no relationship existed, a numerical value 
of 0 was initialized. This section did prove to be a bit of a hindrance as creating a 2 
dimensional array in java proved to be a snag however after some consultation and 
background reading we were able to implement this part of the system. The implementation 
of the algorithm was the next step in creating our tool, this process did also provide some 
difficulty however the problem area was dealt with and we were also able to implement our 
software measuring metric in terms of the EVM in order to measure the effectiveness of the 
clustering process. Whilst there were problems in this process, we would like to stress that 
they were not functionality issues as they only involved the need for a deeper understanding 
of the coding language in order to implement what later became simple commands. 

5.3 Further work in the field 

This project gave me a glimpse of the world of software modularization; I found it a rather 
confusing environment at first as understanding the equations that came with the algorithms 
as well as the different metrics used to measure proved to be a huge barrier at the 
beginning. As I progressed into the background reading I started to develop an 
understanding of how the different methods worked as well as understanding as to why they 
are used. It quickly dawned on me on the significance of this domain as it can help in 
maintaining a software system and also aid in the development of systems which will be 
structured in a systematic and informative manner in terms of the source code. Ideally 
further work in this field would be to implement a new tool capable of outperforming bunch; 
however this tool would only be developed in the hope of aiding the domain of software 
modularization. The Bunch tool is a dynamic piece of code and also has the capability to be 
altered freely by anyone who wishes to take an interest in this field. This would be the first 
task in this field as a full understanding of the full inner workings of Bunch would be crucial. 
Therefore I would like to state that undertaking further studies in this field will become a past 
time to which I will hopefully be able to help in the domain of software modularization. 
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ppendix	A:	CommunicaBons	Log	

Communications Log 

This is the full list of the communications that took place between the student Timothy Simon 
and his supervisor Dr Stephen Swift. We agreed to meet up every Monday to which we 
would discuss as to the progress of the project. For any missing days, this was because we 
decided to communicate by e-mail for instances where a meeting would not be essential. 

Communications Log
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Date:	23/3/2010 

Signature: Timothy Simon    
………………………………………………………………………….............................................. 

Signature:  Stephen Swift   
…………………………………………………………………………..............................................        

Appendix	B:	Source	Code 

Date Time Comments

5/10/2009 13:00 First Meeting regarding the choice of my 
dissertation

26/10/2009 13:00 Introduction to the domain as well as an idea of the 
background reading

9/11/2009 13:00 Update on how the literature review is progressing

16/11/2009 13:00 Update on how the literature review is progressing

30/11/2009 13:00 Update on how the literature review is progressing 
as well as the progress of task 1

7/12/2009 13:00 Discussed on the deliverables in task 1

4/01/2010 13:00 Update on how task 2 will be constructed as well as 
progress of project

11/01/2010 13:00 Update on progress of report

18/01/2010 13:00 Update on what task 2 will consist as well as 
booking of room and date

25/01/2010 13:00 Update on progress of report

8/02/2010 13:00 Discussion on metrics as well as being given 
further background reading

15/02/2010 13:00 Update on implementation of prototype

22/02/2010 13:00 Update on implementation of prototype

8/03/2010 13:00 Discussion on what algorithms will be implemented

15/03/2010 13:00 Meeting discussing how the prototype’s source 
code is defining any problems

18/03/2010 13:00 Update on how the source code implementation 
process is going

22/03/2010 14:00 Adding further elements to the source code to 
make it fully functional
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package trypunch; 

import java.io.BufferedInputStream; 
import java.io.DataInputStream; 
import java.io.File; 
import java.io.FileInputStream; 
import java.io.IOException; 
import java.util.Random; 

/** 
 * This program reads a text file line by line and prints to the console. It uses 
 * FileOutputStream to read the file. 
 * 
 */ 
class Main { 
public static void qmain(String[] args) { 
    //mdg m; 
    //m = new mdg(); 
    mdg.main(args); 
} 
  public static void main(String[] args) { 

    //File file = new File("C:\\mtunis.txt"); 
    File file = new File("C:\\rcs.txt"); 
    FileInputStream fis = null; 
    BufferedInputStream bis = null; 
    DataInputStream dis = null; 
    int array[][]; 

    //array = new int[20][20]; 
    array = new int[29][29]; 
    try { 
      fis = new FileInputStream(file); 

      // Here BufferedInputStream is added for fast reading. 
      bis = new BufferedInputStream(fis); 
      dis = new DataInputStream(bis); 

      // dis.available() returns 0 if the file does not have more lines. 
      while (dis.available() != 0) { 

      // this statement reads the line from the file and prints it to 
        // the console. 
          String line = dis.readLine(); 
          Integer p = line.indexOf(" ",0); 
          
          //0 to p-1 first integer p+1 to length(line) second integer 
          String si = line.substring(0,p); 
          String sj = line.substring(p+1,line.length()); 
          Integer i = Integer.parseInt(si); 
          Integer j = Integer.parseInt(sj); 
          array[i][j] += 1; 
      } 
      mdg.outputArray(array); 

      int cluster1[] = {1,1,1,2,2,2,3,4,4}; 
       
      System.out.println(mdg.EVM(cluster1, array)); 
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      // dispose all the resources after using them. 
      fis.close(); 
      bis.close(); 
      dis.close(); 
    } 
    catch (IOException e) { 
    } 
  } 
} 
package trypunch; 
public class mdg { 

    public static void main(String[] args){ 
       int array[][]= {{0, 1, 1, 0, 1}, 
                       {1, 0, 1, 0, 0}, 
                       {0, 1, 0, 0, 1}, 
                       {1, 0, 1, 0, 1}, 
                       {0, 1, 0, 1, 0}}; 
       outputArray(array); 
    } 

    public static void outputArray(int[][] array) { 
        int rowSize = array.length; 
        int columnsize = array[4].length; 

        for(int i = 0; i <rowSize; i++){ 
            System.out.print("["); 
            for(int j = 0; j <columnsize; j++){ 
                System.out.print(" " + array[i][j]); 
            } 
            System.out.println(" ]"); 
        } 
        System.out.println(); 
    } 
    public static int EVM(int[] cluster,int[][] mdg) 
    { 
        int evm = 0; 
        int n = cluster.length; 
        for (int i = 0; i<=n-2;++i){ 
            for (int j = i+1; j<=n-1;++j){ 
              if (cluster[i] == cluster[j]){ 
                  if (mdg[i][j] == 1){ 
                      evm = evm+1; 
                  } 
                      else{ 
                          evm = evm-1; 
                  } 
              } 
            } 
        } 
        return(evm); 
    } 
}
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