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Abstract 

 

 

Software Systems are evolving by adding new functions and modifying existing functions over 

time. Through the evolution, the structure of software is becoming more complex and so the 

understandability and maintainability of software systems is deteriorating day by day. These are 

not only important but one of the most expensive activities in software development.  

The copying and duplication of source code has been studied in software engineering under 

several topic areas. Copy and paste programming is a common activity but it introduces a 

negative point to reuse by creating Clones. Detection of duplicate code fragments leads to 

efficiency on the software maintenance process and decreases maintenance cost. It is possible to 

outwit the hindrance of clones by applying a 3-way approach of detecting the clones at design 

and code level. The process is automated by developing a tool that requires no parsing yet is able 

to detect a significant amount of code duplication.  

Since code clones are believed to increase the maintenance effort, several code clone detection 

techniques and tools have been proposed. This thesis proposes a 3-way approach of integrating 

Model Based Visual Analysis using UML, Pattern Based Semantic Analysis and Syntactically 

Code Analysis to detect Type1 and Type 2 clones using Pattern Clone Detector (P C Detector). 

For the implementation of 3-way approach, I have developed a tool, named Pattern Clone 

Detector (PC Detector) that extracts code clones in C and C++ source files. After detecting the 

clones, PC Detector also identifies the pull up pattern residing in the code and thereby removes 

the clones. The proposed 3-way approach is compared with other clone detection techniques. 

The other studied clone detection techniques detect clones at code level but the proposed 3-way 

approach detects and removes cloning at design as well as code level.  
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Chapter 1 

Introduction 

 

This chapter introduces a description of the work presented in thesis. It gives a brief introduction 

of Software Reuse, Software Cloning and concepts, Refactoring Patterns, Need of Cloning, 

objective, scope and organization of thesis.  

Cloning at design as well as at code level is seemed as an obstacle in software development 

activities and so it needed to be removed. Cloning has grown as an active area in software 

engineering research community yielding numerous techniques, various tools and other methods 

for clone detection and removal. 

1.1 Software Reuse 
 

Software reuse reduces software development and maintenance costs in the process of creating 

software systems. It is the likelihood a segment of source code that can be used again to add new 

functionalities with slight or no modification. Reusable modules and classes reduce 

implementation time, increase the likelihood that prior testing and use has eliminated bugs and 

localizes code modifications when a change in implementation is required. Basically, the reuse 

of a software artifact is its integration into another context. The purpose of reuse is to reduce 

cost, time, effort, and risk; and to increase productivity, quality, performance, and 

interoperability [18]. One form of reuse is to copy-paste the code which results in duplication of 

code i.e. clones. 

 

Software Reuse is defined as the “the process of creating software systems from existing 

software systems” [9]. This notion is shared worldwide that it’s easier to modify the existing 

software than developing programs from the scratch and so reuse is emerging as a central theme 

within Software Engineering. The use of existing components is done basically with the activity 

of copy and paste. 

Software Reuse is using existing software artifacts during the construction of a new software 

system. The types of artifacts that can be reused are not limited to source code fragments but 



 
 

rather may include design structures, module-level implementation structures, specifications, 

documentation, transformations, and so on [9]. 

1.2 Software Cloning 

The copying of code has been studied within software engineering mostly in the area of clone 

analysis. Software clones are regions of source code which are highly similar; these regions of 

similarity are called clones, clone classes, or clone pairs. While there are several reasons why 

two regions of code may be similar, the majority of the clone analysis literature attributes cloning 

activity to the intentional copying and duplication of code by programmers [5]; clones may also 

be attributable to automatically generated code, or the constraints imposed by the use of a 

particular framework or library [30]. In addition to these, some other issues, including 

programmers’ behavior such as laziness and the tendency to repeat common solutions, 

technology limitations, code understandability and external business forces have influences on 

code cloning [26]. Cloning is the unnecessary duplication of data whether it is at design level or 

at coding level. 

 

 

 

 

 

 

 

 

Figure 1: Example of Cloning 

Cloning works at the cost of increasing lines of code without adding to overall productivity. 

Same software bugs and defects are replicated that reoccurs throughout the software at its 

evolving as well its maintenance phase. It results to excessive maintenance costs as well. So cut 

paste programming form of software reuse deceivingly raise the number of lines of code without 

expected reduction in maintenance costs associated with other forms of reuse. So, to refactor 

code clones, is a promising way to reduce the maintenance cost in future. 



 
 

Software clones are important aspects in software evolution. If a system is to be evolved, its 

clones should be known in order to make consistent changes. Cloning is often a strategic means 

for evolution. For instance, copies can be made to create a playground for experimental feature 

evolution, where modifications are made in cloned code of a mature feature reducing the risk to 

break stable code. Once stable, the clone can replace its original. Often, cloning is the start of a 

new branch of evolution if the changes in the cloned code are not merged back to the main 

development branch [39]. Clone detection techniques play an important role in software 

evolution research where attributes of the same code entity are observed over multiple versions.  

The reasons why programmers duplicate codes are manifold and include the following reasons 

[32]:  

i. Making a copy of a code fragment is simpler and faster than writing the code from 

scratch. In addition, the fragment may already be tested so the introduction of a bug 

seems less likely.  

ii. Evaluating the performance of a programmer by the amount of code he or she produces 

gives a natural incentive for copying code.  

iii. Efficiency considerations may make the cost of a procedure call or method invocation 

seems too high a price. In industrial software development contexts, time pressure 

together with first and second points lead to plenty of opportunities for code duplication. 

According to the definition of cloning, there can be different notions of similarity. They can be 

based on text, lexical or syntactic structure as shown in figure 2 or can be semantics, model 

based, or functionally. They can even be similar if they follow the same pattern, that is, the same 

building plan. Instances of design patterns and idioms are similar in that they follow a similar 

structure to implement a solution to a similar problem. Semantic similarity relates to the 

observable behavior. A piece of code, A, is semantically similar to another piece of code, B, if B 

subsumes the functionality of A [39]. 

This phenomenon occurs similarly in models, suggesting that model clones are as detrimental to 

model quality as they are to code quality. However, programming language code and visual 

models have significant differences that make it difficult to directly transfer notions and 

algorithms developed in the code clone arena to model clones. The structural clone analysis 



 
 

extends the benefits of analysis based on simple clones in the areas of program understanding, 

maintenance, reuse, and refactoring [40]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Source Code with its Clones 

1.3 Refactoring 
 

Refactoring has as many definitions as practitioners, but perhaps the most concise and certainly 

the most widely cited definition is as follows: “A change made to the internal structure of 

software to make it easier to understand and cheaper to modify without changing its observable 

behavior.” [26]. A more practical-minded definition is, “a technique in which a software 

engineer applies well-defined source-level transformations with the goal of improving the code's 

structure and thus reducing subsequent costs of software evolution." [34]. 

The concept of refactoring (and also the word “refactoring” itself) was coined already several 

years ago, but its breakthrough came with the integration of refactoring into the software 

development process Extreme Programming [21]. Refactoring involves restructuring the system 

by removing duplication, improving communication, simplifying and adding flexibility but 

without changing the functionality of the program  



 
 

Refactoring is used in the context of agile development and reengineering. Agile development 

processes such as Extreme Programming (XP) can rely on refactoring because of their short 

iterative development cycles [10]. For the same reason, refactoring does not fit very well in the 

linear waterfall or incremental spiral models of software engineering [11]. 

In particular, refactoring may not always improve software with respect to clones for two 

reasons. First, many code clones exist in the system for only a short time; extensive refactoring 

of such short-lived clones may not be worthwhile if they are likely diverge from one another 

very soon. Second, many clones, especially long-lived clones that have changed consistently 

with other elements in the same group, are not easily refactorable due to programming language 

limitations [23]. These insights show that refactoring will not help in dealing with some types of 

clones and open up opportunities for complementary clone maintenance tools that target these 

other classes of clones. 

1.4 Need of Software Cloning 

The copying and duplication of source code has been studied in software engineering under 

several topic areas. Copy and paste programming is a common activity but it introduces a 

negative point to reuse by creating clones. Cloning, the copying and duplicating of blocks of 

code, is the basic means of software reuse [25]. The most prominent research area within 

software engineering which studies the duplication of source code is clone analysis; other 

treatments of code copying and duplication include studies of programmer behavior, code 

plagiarism detection algorithms, the post-modern programming movement, as well as the 

development of some specialized programming languages. Clone analysis is, however, the 

largest area of research related to code duplication. 

During the software development cycle, code cloning is easy and inexpensive (in both effort and 

money). However, this cloning practice can complicate software maintenance and it has been 

suggested that too much cloned code is a risk, albeit the practice itself is not generally considered 

harmful [37]. Not only it effects the maintenance phase but also leads to various problems like 

clones increases Resource Requirements, increases Defect Probability and also increases the 

Probability of Bad Design. 



 
 

1.5 Scope of Cloning 

Today various programming methodologies are being used in the software development process. 

The practice of copy and paste code is extensively acknowledged but is rarely explicitly 

accounted for in models of software development. The software industry seems to be embracing 

yet another change in the way it does business. Because of their emphasis on agility and time-to-

market, many software shops have made the move to extreme programming and agile methods 

[38]. To implement these methods adherents embrace XP practices like pair programming, 

refactoring and collective code ownership to generate their products. These releases, which are 

working versions of the product, not prototypes, are used to demonstrate functions and features 

to stakeholders who help shape their form through refactoring and continuous integration. 

Programming methodology is accompanied with high degree of reuse. Refactoring is one of the 

main practices of Extreme Programming and thus refactoring is used in the cloning process. 

Implementing refactoring patterns and detecting clones helps in improving the code and 

removing the clones. 

Code clones are considered harmful in software development, also provides hindrance in 

software evolution and maintenance phase. So various techniques are used to detect them and 

remove them from the software. One of the approaches is to try to eliminate them through 

refactoring. Various refactoring patterns are used to detect the clones and hence remove them. 

Other techniques are also used to eliminate them. 

1.6 Objective of Thesis 
 

Code clone detection could be useful in many ways e.g. decreasing the cost of software 

maintenance activities. Detection of duplicate code fragments increases understandability of 

software systems and may help system maintainers to increase code quality of the existing 

system. 

 

Detection of duplicate code fragments leads to efficiency on the software maintenance process 

and decreases maintenance cost [7]. The aim of this thesis is to design and implement a tool for 

detecting patterns and clones and removing them.  

 



 
 

In order to achieve this aim, the following objectives must be fulfilled. 

i. To study and compare the existing software clone detection techniques and types of 

clones. 

ii. To study refactoring patterns, UML modeling language and diagrams. 

iii. To propose a clone detection approach to detect clones at design and code level. 

iv. To design and implement a tool that can automate the process of clone detection and 

removal at design and code level. 

1.7 Organization of Thesis 

Chapter 1 gives a brief introduction of Software Reuse, Software Cloning and concepts, 

Refactoring Patterns. 

Chapter 2 deals with basic terminology of Software Cloning, its advantages, types of clones, 

detection techniques, and UML model based analysis, refactoring, refactoring patterns and 

maintenance. 

Chapter 3 identifies the problem of Software Cloning. 

Chapter 4 discusses the proposed 3-way approach for Clone Detection and Removal and its 

implementation through Pattern and Clone Detector (PC detector) tool.  

Chapter 5 concludes the work done along with future directions.  

 

 

 

 

 

 

 

 

 



 
 

Chapter 2 

Literature Survey 

 

This chapter describes in detail the literature survey. It covers basic terminology of Software 

Cloning, its advantages, types of clones, detection techniques, model based analysis, refactoring, 

refactoring patterns and maintenance. 

2.1 Basic Concepts of Clone Detection 

Clones, as the name implies, are copied regions of code. However, unlike a biological clone, a 

software clone may or may not be exactly the same [25]. For a given clone relation, a pair of 

code portions is called clone pair if the clone relation holds between the portions. An equivalence 

class of clone relation is called clone class [34]. The code clone pair and class are shown in 

figure 3. 

 

2.1.1 Cloning Terminologies 

 

Definition 1: Code Fragment. A code fragment (CF) is any sequence of code lines (with or 

without comments). It can be of any granularity, e.g., function definition, begin end block, or 

sequence of statements. A CF is identified by its file name and begin-end line numbers in the 

original code base and is denoted as a triple (CF.FileName, CF.BeginLine, CF.EndLine). 

 

Definition 2: Code Clone. A code fragment CF2 is a clone of another code fragment CF1 if they 

are similar by some given definition of similarity, that is, f(CF1) = f(CF2) where f is the 

similarity function (see clone types below). Two fragments that are similar to each other form a 

clone pair (CF1, CF2), and when many fragments are similar, they form a clone class or clone 

group [4]. 

 

Definition 3: Clone Types. There are two main kinds of similarity between code fragments. 

Fragments can be similar based on the similarity of their program text, or they can be similar 

based on their functionality (independent of their text). The first kind of clone is often the result 



 
 

of copying a code fragment and pasting into another location. In the following we provide the 

types of clones based on both the textual (Types 1 to 3) and functional (Type 4) similarities [5]: 

 

 

 

 

 

Figure 3: Clone relationship [4] 

 

Type 1: Identical code fragments except for variations in whitespace, layout and comments. 

Type 2: They are syntactically identical fragments, except for variations in identifiers, literals, 

types, whitespace, layout and comments. 

Type 3: Copied fragments with further modifications such as changed, added or removed 

statements, in addition to variations in identifiers, literals, types, whitespace, layout and 

comments. 

Type 4: Two or more, code fragments that perform the same computation but are implemented 

by different syntactic variants. 

 

Definition 4: Clone Pair: A pair of code fragments is called a clone pair if there exists a clone 

relation between them, i.e., a clone pair is a pair of code fragments which are identical or similar 

to each other. For instance, the first code segment (a) in fragment 1 of Figure 4, together with 

segment (a) in fragment 2, forms a clone pair. Clones may subsume each other and we are 

typically interested only in the maximally long clones. For instance, segment (a) could be joined 

with the subsequent segment (b) in fragment 1 of Figure 4 to form a larger clone together with 

the joined segments (a) and (b) in fragment [5]. A maximally long clone pair is one whose two 

fragments can be extended neither to the left nor to the right to form a larger clone.  

 

Definition 5: Clone Class. A clone class is the equivalence class formed by the (non-maximal) 

clone relation, that is, it is the maximal set of code fragments in which any two of the code 

fragments is a clone pair. For the three code fragments of Figure 4, we get the clone class 

<F1(b), F2(b), F3(a)> where the three code fragments F1(b), F2(b) and F3(a) each form clone 



 
 

pairs with the others, that is, there are three clone pairs, <F1(b), F2(b)>, <F2(b), F3(a)> and 

<F1(b), F3(a)> [34].  

 

 

 

 

 

 

 

 

Figure 4: Code Example showing Clone pair and Clone Class [5] 

Definition 6: Clone Class Family. The group of all clone classes that have the same domain is 

called a clone class family or super clone. The domain of a clone class is the set of source entities 

from which its source fragments stem [5]. The particular source entities to be considered as 

domains depend on the particular programming language or scope of interest, but common 

examples are files, functions, classes, or packages. 
 

2.1.2 Reason of Software Cloning 

Clones do not occur in the software themselves. There are various reasons that tend the 

developer to do cloning [5]. Figure 5 displays various factors for which clones can be introduced 

in the source code and a short description for some of the factors are discussed below: 

i. Time Limit: One of the major causes of code cloning is that a certain time limit is 

assigned to developer to finish a project. To do this developer just copy and paste the 

existing one and adapt to their current need. 

ii.  Language Limitation: Clones can be introduced due to the limitations of the language, 

especially when the language in question does not have sufficient abstraction 



 
 

Time Limit 

Language Limitation 

Difficulty in Understanding Large Systems 

Reuse 

By Accident 

Developer’s Performance 

Risk in New Code 

Merging of  two similar systems 

mechanisms. Sometimes, the developers are forced to copy because of limitations of their 

knowledge in that particular programming language. 

 

 

 

 

 

 

 

 

 

 

 
 

     Figure 5: Reasons of Cloning  
 

iii. Difficulty in Understanding Large System: It is generally difficult to understand a large 

software system. These force the developers to use the example-oriented programming by 

adapting previously developed existing code.  

iv. Reuse: The prime reason of code duplication is reusing code, logic, design or an entire 

system. Reusing existing code by copying and pasting is the most common form of reuse 

mechanism in the development process which results code cloning. 

v. By Accident: Code cloning may be accidentally. There may be a case that two software 

developers may come with same solution. Programmers may unintentionally repeat a 

common solution for similar kind of problems using the common solution pattern of his 

memory to such similar problems. Therefore, several clones may unknowingly be created 

to the software systems. 

vi. Developer’s Performance: Sometimes the productivity of a developer is measured by 

the number of lines he produces per hour. In such circumstances, the developer's focus is 

to increase the number of lines of the system and hence tries to reuse the same code again 

and again by copying and pasting with adaptations instead of following a proper 

development strategy. 



 
 

vii. Risk in New Code: There is high risk of software error in new code fragments and 

because existing code is already tested and there is less risk of error , so the developer is 

often asked to reuse the existing code by copying and modify it according to the new 

product’s requirements. 

viii. Merging of Two Similar Systems: Sometimes two software systems of similar 

functionalities are merged to produce a new one. Although these systems may have been 

developed by different teams, clones may produce in the merged system because of the 

implementations of similar functionalities in both systems. 
 

2.1.3 Types of Clones 

The degree of similarity varies from an exact superficial copy to more semantically similar 

regions of code (they do the same thing) or structurally similar regions of code (similar patterns 

of statements) [25]. Clones are categorized into four types: 

Type I: Exact Software Clones (Changes in layout and formatting) 

In Type I clone, a copied code fragment is the same as the original. However, there might be 

some variations in whitespace (blanks, new line(s), tabs etc.), comments and/or layouts. 

Type II: Near-Miss Software Clone (Renaming Identifiers and Literal Values) 

A Type II clone is a code fragment that is the same as the original except for some possible 

variations about the corresponding names of user-defined identifiers (name of variables, 

constants, class, methods and so on), types, layout and comments. 

Type III: Near-Miss Software Clone (Statements added/deleted/modified in copied 

fragments) 

Type III is copy with further modifications, e.g. a new statement can be added, or some 

statements can be removed. The structure of code fragment may be changed and they may even 

look or behave slight differently.  

Type IV: Near-Miss Software Clone (Statements reordering/control replacements) 

Type IV clones are the results of semantic similarity between two or more code fragments. In 

this type of clones, the cloned fragment is not necessarily copied from the original. The same 

kind of logic may be implemented making the code fragments similar in their functionality [5]. 

Example study of Clone types is shown in Figure 6. 



 
 

     Example code fragment 

 

 

Type 1: 

 

 

 

    Changes in whitespace   Changes in comments       Changes in formatting 

Type 2: 

 

 

 

      

    Renaming of identifiers        Renaming of Literals and Types 

Type 3: 

  

 

 

 

         Modification of lines   Addition of new of lines          Deletion of lines 

Type 4: 

 

 

 

         Reordering of Statements   Control Replacements 

Figure 6: Types of Clone 



 
 

2.1.4 Advantages of Clone Detection 

In addition to improve the quality of the source code by refactoring the cloned code, there are 

several other benefits of detecting clones [7]. The list of some of those is as follows: 

i. Detect Library Candidates 

It has noticed that a code fragment that has been copied and reused multiple times in the 

system apparently proves its usability. As a result, this fragment can be incorporated in a 

library, to announce its reuse potential officially. 

ii. Bug Detection 

There is also a close relation between clone detection and software bug detection. Copy-

pasted software bugs, especially, can be successfully detected by clone detection tools. 

iii. Program Understanding 

Clone detection techniques may assist in understanding a software system. As clones 

hold important domain knowledge, one may achieve an overall understanding of the 

entire system by understanding the clones of a system. For example, Johnson [20] 

visualizes the redundant substrings to ease the task of comprehending large legacy 

systems. Program comprehension techniques, such as search-based techniques or concept 

analysis may greatly help clone detection research. 

iv. Code Compaction 

Clone detection techniques can assist with fitting code into compact devices (e.g., mobile 

devices) by reducing source code size [7]. 

v. Find Usage Patterns 

If all the cloned fragments of a same source fragment can be detected, the functional 

usage patterns of that fragment can be discovered. This is the reason why the software 

clone detection gains considerable attention. 

 

2.1.5 Software Clone Analysis 

In reality code duplication leading to cloning is a common habit. Many authors have reported 7-

23% code duplication; and in some cases even 59% [56]. Duplication and redundancy can 

increase the size of the code, make it hard to understand the many code variants, and cause 

maintenance difficult. The goal of avoiding clones has provided the momentum to investigations 

on software reuse, software refactoring, modularization, and parameterization. 



 
 

Clone analysis studies report a number of values indicating how much code was cloned. In their 

extensive review of clone analysis research [5] report that between 5% and 20% of code in large-

scale software systems is duplicated or copied [25]. Baker reported up to 38% of code in the 

systems she studied was cloned [2]; Its found 59.3% of the system they studied was copied code 

[32]. Clone analysis has typically been used to measure the quality of source code, and indicate 

areas for refactoring [1] and improvement. The general argument against cloning (i.e., the 

duplication of similar or identical code) is that similar regions of code represent unnecessary 

duplication within the program, which increases the cost and complexity of maintaining the code 

as programmers must track more code, make repeated edits to multiple clones, and can easily 

propagate bugs [25].  

 

2.1.6 Overview of Clone Detection Techniques 

Code cloning detection had been an active research for almost two decades. The detection of 

code clones is a two phase process which consists of a transformation and a comparison phase. 

In the first phase, the source text is transformed into an internal format which allows the use of a 

more efficient comparison algorithm. During the succeeding comparison phase the actual 

matches are detected. Due to its central role, it is reasonable to classify detection techniques 

according to their internal format.  

The techniques cover the work on text, lexical and syntactic information, software metrics, and 

program dependency graphs [4]. 

i. String-based- the program is divided into a number of strings (typically lines) and these 

strings are compared against each other to find sequences of duplicated strings. 

ii. Token-based- a laxer tool divides the program into a stream of tokens and then searches for 

series of similar tokens. 

iii. Parse–tree based- after building a complete parse-tree one performs pattern matching on   

the tree to search for similar sub–trees. 

iv. PDG based- after obtaining program dependency graph similar graphs are search. 

v. Metric based -metrics are calculated form program and these are used to find duplicate 

code. 



 
 

vi. Hybrid- detection techniques that use a combination of the other clone detection 

techniques. 

 

2.2 Design Model (UML) Based Clone Detection 

As a consequence of the highly reuse-oriented approach, the identification of common elements 

in different parts of the software provides an important asset for the model-based development 

process [42]. 

2.2.1 Design Model Based Development 
 

A model plays the analogous role in software development that blueprints and other plans play in 

the building of a skyscraper. Models help to understand the system by simplifying some of the 

details. The choice of what to model has an enormous effect on the understanding of the problem 

and the shape of the solution. UML is a modeling language that is used for specifying, 

visualizing, constructing, and documenting the artifacts of software systems. UML is a pictorial 

language used to make software blue prints. UML is described as a general purpose visual 

modeling language used at design level. It was initially started to capture the behavior of 

complex software and non software system and now it has become an OMG standard [46]. 

 

Model-based development is becoming an increasingly common development methodology. 

Modeling a software system has become an integral part of the software development and 

maintenance process and therefore has a major economic and strategic value for the software-

developing organizations. Nevertheless little work has been done on a quality defect that is 

known to seriously hamper maintenance productivity in classic code based development: 

Cloning. However, there has been very little work on cloning in the context of modeling at 

design level.  An approach for the detection of clones is to detect them in UML diagrams during 

modeling at design level. 
 

 

It is well known that most code clones are created by ad-hoc-reuse through copy/past. Code 

fragments are copied but no explicit link is established between them. Since this practice is 

common in modeling, too, it is plausible to assume that the same holds for models. In fact, 

something worse happens: the two parallel structures discussed in Figure 7 are affected in 

different ways by editing operations like copy and paste. 



 
 

 It is common practice among industrial modelers to interact with the model primarily or only 

through the diagrams, i. e. the model views during designing phase [43]. This leads to a 

hazardous feature interaction between common editing commands: copying a diagram element 

may either create only a new (visual) reference to a pre-existing model element, or also a new 

copy of the model element. Deleting a diagram element, on the other hand, is usually 

implemented as deleting only the visual reference, but leaving the corresponding model element 

untouched. So, a modeler may inadvertently create clones when they just wants another visual 

reference, or when they delete the visual reference only, instead of both the diagram element and 

the model element. Figure 7 sketches a typical situation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: Simple copy/ paste or editing operations can create clones in models [44] 
 
 

Probably the biggest problem with source code clones is defining exactly what is and what not a 

clone [45] is. For model clones, this is at least not as difficult, as it can be visualized easily. A 

model clone is a set of similar or identical fragments in a model. Unfinished modeling contains 

lot of clones that are needed to be removed at this level only. As shown in Figure 8 the common 

data is pulled up so that no commonalities may occur. 

 

In source code, elements like types, procedures, and so on are identified by their names. In 

general, code fragments are identified exactly by their textual representation. Copying a text 

fragments obviously retains this identity. That is to say, source code clones are identical (to 

begin with). In many modeling environments, on the other hand, model elements have internal 



 
 

identifiers. Since these internal identifiers are usually understood as globally unique, a deep copy 

of a model element will consistently change the identifiers in the duplicate. Thus, model clones 

are equal, but not identical. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8: (a) Unfinished Modeling   (b) Finished Clone Free Modeling [43] 

 
 

2.2.2 Definition of Model Clones 

 

UML models can be regarded as sets of instances of Meta model elements which may have links 

to other such elements. So, a first attempt to define model clones might simply be: any model 

element e that bears a high degree of similarity to some other model element e’. On the other 

hand, model elements like Class or Activity should not be considered in isolation, as individual 

model elements. Rather, they are the roots of trees of elements. For instance, a Class owns a set 

of Properties and Operations, which may own Types and Parameters in turn. So, as a second 

step, we might define model clones as pairs of model fragments, where a model fragment is a 

(complete) tree of model elements. This leads to the following definition. 

 

Definition (Model Fragment, Model Clone): A model fragment is a set of model elements that is 

closed under the containment-relationship. A model clone is a pair of model fragments such that 

there is a high degree of similarity between the fragments [44]. 

 

 



 
 

2.2.3 Types of Model Clones 

 

There are several different ways of defining code clones. The following list enumerates the most 

commonly cited clone type classification [47] [48]. 

Type I: Exact clone: A duplicate that is identical except at most changes to whitespaces and 

comments.  

Type II: Renamed clone: A duplicate with consistent changes to identifiers of variables, types, 

or functions 

Type III: Parameterized clone: A duplicate allowing arbitrary changes, additions or removals of 

parts. This type of clone is also called near-miss clone. 

Type IV: Semantic clone: A duplicate in content only that may be due to code copying, 

convergent development, or other processes. 

 

2.3 Clone Detection with Refactoring Patterns 

Refactoring code clones is an effective way to reduce code clones in a software system. 

Refactoring patterns are used to find the clone codes. It is a typical activity to remove code 

clones.  

“Every pattern describes a problem which occurs over and over again in our environment, and 

then describes the core of the solution to that problem, in such a way that you can use this 

solution a million times over, without ever doing it the same way twice.” – Christopher 

Alexander. 

2.3.1 Refactoring 

 

Refactoring is an effective technique to conduct the perfective maintenance. It is defined as “the 

process of changing a software system in such a way that it does not alter the external behavior 

of the code yet improves its internal structure[50].” It's important to note that refactoring don't 

change or improve software from a functional point of view [49]. The program is intended to do 

the same thing after refactoring that it did before refactoring. 

               

Today, many development methods have a different approach to software design. Especially 

agile development methods – most prominently extreme programming – no longer treat software 



 
 

design as a clearly and rigidly defined constant that is defined at the beginning of a development 

project. Design improvements become established as an important and independent activity 

during development and evolve into an integral part of this process. This activity is called 

refactoring. First of all, refactoring means, changing the internal structure of software to make it 

easier to read and modify without altering its observable behavior. Besides acknowledging this 

rather technical definition, many developers also associate a process-related aspect and a certain 

attitude with the refactoring term. In the context of extreme programming, refactoring means 

first and foremost an ongoing and repeated reflection about the software’s structure and 

improving it in small increments. 

 

 

 

 

 

 

 

 

 

 

 

Figure 9: Identifying Clones through Refactoring Patterns 

 

2.3.2 Refactoring Patterns 

 

Various refactoring patterns are used to remove code clones like [26] “Extract Method” and 

“Pull Up Method” that are related to the code clone. However, quite often one must use a series 

of refactoring to actually remove duplicated code, as in Transform Conditionals into 

Polymorphism where duplicated conditional logic is refactored over the class hierarchy using 

polymorphism [8]. With refactoring tools like the refactoring browser [7] emerging from 

research laboratories into mainstream programming environments, refactoring is becoming a 

mature and widespread technique. 

 



 
 

Refactoring pattern as shown in Figure 9 improves the code by detecting clones and then 

removing them. Here four cloning patterns are discussed namely extract, pull up, template and 

strategy. If the same code structure is in more than one place, it’s sure that code will become 

better if it is unified. The simplest duplicated code problem is having the same expression in two 

methods of the same class. Then Extract pattern is used and the code is invoked from both 

places. 

 

Another common duplication problem is having the same expression in two sibling subclasses. 

This duplicity is removed by using Extract pattern in both classes then Pull Up Field. If the code 

is similar but not the same then Extract pattern is used to separate the similar bits from the 

different bits. If the methods do the same thing with a different algorithm Strategy pattern can be 

used [51]. 
 

2.3.2.1 Extract Pattern 

Refactoring with Extract Method is useful when a method is too long to understand, or when 

common blocks of code appear in multiple places. Code is extracted to create a separate method, 

and the original method is changed to invoke the new method [51]. Extract Method means 

extraction of a part of existing method as a new method, and extracted part is replaced by a new 

method caller shown in figure 10. 

First, it increases the chances that other methods can use a method when the method is finely 

grained. Second, it allows the higher-level methods to read more like a series of comments. 

Overriding also is easier when the methods are finely grained.  

In general, this pattern is applied to the case that there is a too long method. In applying the 

pattern to code clones, a new method, that is a code fragment of code clone, is defined and the 

original code clones are replaced by the new method caller. As the result, we can remove the 

code clones [36]. 

2.3.2.2 Pull Up Pattern 

Pull Up Method is a simple refactoring pattern. It means pulling up a method which defined in 

child class to its parent class. If the parent class has several child classes and some of them have 

the same method (that is, code clone), pulling up the method can remove the code clone [36].  



 
 

 

Figure 10: Example of Extract Method [36] 

This refactoring is especially useful when subclasses of a certain class share some functionality 

but each implements it separately. Moving the shared functionality to the super class will keep 

the functionality of the subclasses as it is, and give us less code duplication and better code 

readability [52]. The easiest case of using Pull Up Method occurs when the methods have the 

same body, implying there’s been a copy and paste. 

Eliminating duplicate behavior is important. Although two duplicate methods work fine as they 

are, they are nothing more than a breeding ground for bugs in the future. Whenever there is 

duplication there is risk that an alteration to one will not be made to the other. Usually it is 

difficult to find the duplicates. Figure 11 shows the example of pull up method. 

 

 

 

 

 

Figure 11: Example of Pull Up Method [36] 
 

2.3.2.3 Template Pattern 

The dictionary definition of a template is a preset format, used as a starting point for a particular 

application so that the format does not have to be recreated each time it is used. On the same idea 



 
 

is the template method is based [52]. A template method defines an algorithm in a base class 

using abstract operations that subclasses override to provide concrete behavior. Example of 

Template pattern is shown in figure 12. 

The template method occurs frequently, at least in its simplest case, where a method calls only 

one abstract method, with object oriented languages. If a software writer uses a polymorphic 

method at all, this design pattern may be a rather natural consequence. This is because a method 

calling an abstract or polymorphic function is simply the reason for being of the abstract or 

polymorphic method. The template method may be used to add immediate present value to the 

software or with a vision to enhancements in the future [51]. 

 

 

 

 

 

 

Figure 12: Example of Template Pattern [51] 

The Template Method pattern should be used: to implement the invariant parts of an algorithm 

once and leave it up to subclasses to implement the behavior that can vary and when refactoring 

is performed and common behavior is identified among classes. A abstract base class containing 

all the common code (in the template method) should be created to avoid code duplication. 

2.3.2.4 Strategy Pattern 

There are common situations when classes differ only in their behavior. For this case is a good 

idea to isolate the algorithms in separate classes in order to have the ability to select different 

algorithms at runtime. 

A strategy is an algorithm. Strategies often have internal variables that record the state of the 

algorithm. At the end of the algorithm, the variables might record the result, but in general they 



 
 

are only meaningful during the execution of the algorithm. A strategy is either selected by an 

outside agent or by the context. A strategy tends to have a single "start" method, and it calls all 

the rest. There is a lot of cohesion between the methods of a strategy [52]. Figure 13 shows an 

example of Strategy Pattern. 

 

 

 

 

 

 

 

 

Figure 13: Example of Strategy Pattern [52] 

2.4 Cloning and Software Maintenance 

The impact of clones is of special concern from a software maintenance point of view. The 

software life cycle comprises two major parts; first we define the specification and implement it; 

then, we need to maintain the finished product and evolve it to better suit user needs. However 

for software development it has been found that maintenance and evolution are also critical 

activities from the cost perspective and might comprise up to 80% of the overall cost and effort 

[15] [17]. 

 

Fowler suggests that code duplication or cloning is a bad smell and thus one of the major 

indicators of poor maintainability [15]. Cloning is an easy, tempting alternative to the hard work 

of actually refactoring the code. Maintaining the cloning relationship is thus a very important 

consequence of copying and pasting. Without tracking clones over time, identifying and 

consistently changing clones can be problematic [28] [29] and increases the maintenance cost.An 

intrinsic property of software in a real-world environment is its need to evolve. As the software 



 
 

is enhanced, modified and adapted to new requirements, the code becomes more and more 

complex and drifts away from its original design [41]. Because of this, the major part of the total 

software development cost is devoted to software maintenance [53]. Better software 

development methods and tools do not solve this problem, because their increased capacity is 

used to implement more new requirements within the same time frame, making the software 

more complex again. To cope with this spiral of complexity there is an urgent need for 

techniques that reduce software complexity by incrementally improving the internal software 

structure. The research domain that addresses this problem is referred to as restructuring [54] or, 

in the case of object-oriented software development, refactoring [55]. 

 

As such, the maintenance of clones can be considered to fall under the spectrum of software 

maintenance, a phase in software development that can encompass up to 90% of the total effort 

in software development [56]. However, clone maintenance can occur during any software 

lifecycle phase that involves coding as programmers continue to fix or refine the code that may 

contain clones. Cloning can reduce increasing the cost of maintenance and also improves the 

quality of software. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

Chapter 3 

Problem Statement  

 

Software Cloning effects software maintenance and other engineering efforts. Cloning at design 

as well as at code level is seemed as an obstacle so it is needed to be removed. And hence 

cloning has grown as an active area in software engineering research community yielding 

numerous techniques, various tools and other methods for clone detection and removal. Cloning 

in source code has been reported for different programming languages and application domains. 

There are various techniques for detecting clones at code level. But no such technique or 

methodology is available that could detect the clones at design level. Design is one of the starting 

phases of software development. It would be more effective and useful if clones are detected at 

this level. It will enhance the maintenance with comparatively less efforts. These detected clones 

can be easily visualized and hence analyzed in UML diagrams and thus cloning can be removed. 

The refactoring patterns are used to improve the code. The same if integrated with cloning can 

easily detect the clones and then can remove them. No such integration methodology is there for 

cloning. Hence integrating patterns in cloning will not only enhance the code but will also detect 

the clones which are then removed from code. 

Problem Identification: 

i. We need a better approach for the analysis of clone detection, its removal and also 

elimination of flaws present.  

ii. An approach that could integrate cloning at design as well as code level for the effective 

maintenance is needed. 

iii. As it is based on Code Detection, an automated system or tool is needed, that can 

automatically detect and remove clones. This will definitely contribute to reduce the 

maintenance efforts. 

This thesis presents a 3-way approach for detecting and removing clones. This work contributes 

a methodology by integrating and merging Model-Based Visual Analysis, Pattern Based 



 
 

Semantic Analysis and Syntactical Analysis of Code for Clone detection and thereby improves 

the code, design, maintenance, quality and software as a whole. 

In this dissertation, a methodology is proposed that integrates work in three stages. Firstly, 

clones are detected at design level through Model-Based Analysis of UML diagrams and are then 

removed. Secondly, Pattern Based Analysis is done. And thirdly, Syntactical clones are detected. 

This clone detection and removal technique is a 3- Way approach that enhances and improves 

the coding as well as designing of the software. Also a tool named PC Detector is developed to 

automate pattern and clone detection process and thereby its removal.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chapter 4 



 
 

Pattern & Clone Detector (PC Detector) 

 

4.1 Proposed Model 

Embracing software cloning is the cornerstone of software development and maintenance. Being 

able to detect clones more efficiently will improve its quality, increase its reuse and will also 

reduce the overall cost of maintenance. Manually tracing the clones is difficult. In proposed work 

an automated tool for detecting patterns and clones is developed. 

In this thesis, a 3-way approach is proposed based on Model Based Visual Analysis; Pattern 

Based Semantic Analysis and Syntactical Code Analysis for detection and removal of clones. 

This 3-way approach detects clones that cannot be detected by other methods at both design and 

code level. The tool is based on (a) simple string matching and parameterized string matching, 

(b) refactoring pattern detection and removing the clones by synthesizing the duplication 

information found, and (c) matrix representation visualization as a helpful means in analyzing 

duplication.  

 

The tool also makes a token sequence from the input code after normalization and filtration. The 

purpose is to transform code portions in a regular form to detect Type 2 clone code portion. 

Another purpose is to filter out code portions with specified keywords. Representing a source 

code in matrix format enables us to detect clones within same and different files also. Using this 

tool it is easy to identify (a) duplicated code between several files, (b) within the same file. The 

clones detected provide useful information for practical software maintenance and reengineering 

tasks. 

 

The proposed model as shown in figure 14 is divided into three phases: Model Based Visual 

Analysis, Pattern-Based Semantic Analysis and Syntactical Code Analysis. At design level, the 

clones are detected and removed through UML model-based visual approach. At code level 

clone detecting patterns and their solutions are applied that remove the clones. Even after Pattern 

Based Semantic Analysis some syntactically similar code clones are remained that are further 

detected. Pattern- Clone Detector (PC Detector) tool is developed to automate the task of pattern 

and syntactical clone detection. 



 
 

 

 

 

 

 

 

 

 

   

 

Figure 14: A 3-Way Approach for Clone Detection and Removal with PC Detector 
 

4.2 Model Based Visual Analysis through UML 

During design phase of software development process modeling of system is done using UML 

diagrams. With the help of Use case, Class diagrams and Activity diagrams software structure 

and its behavior can easily be understood and hence it helps in detecting the clones. 

We will use the case study of Hospital Management System (HMS) as our running example.  

There are occurrences of common methods and variable among classes. It can’t be said just 

looking at the view that they are clones or not. 

  

Model clones through unfinished modeling are needed to be detected and removed. Some clones 

may be characterized as the remains of unfinished modeling. Use case diagram are used to view 

overall behavior of system, class diagram directly helps in implementing the code, activity 

diagrams are used to show various actions step-by-step. Thus removing clones at design level 

only will further help at coding level.  

4.2.1 Case Study: Hospital Management System (HMS) 

Model-Based 

Visual Analysis 

Clone Detection and Removal 

Pattern & Clone Detector Tool 

(PC Detector) 

 

 Syntactical 

Code Analysis 

Pattern Based 
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Here a case study of Hospital Management System (HMS) is taken to show UML diagrams to 

detect the clones at design level and then removing them. The Hospital Management System is 

an integrated end-to-end System that provides relevant information across the hospital to support 

effective decision making for patient care, hospital administration and critical financial 

accounting, in a seamless flow. 

 

The HOSPITAL MANAGEMENT SYSTEM (HMS) covers many hospital activities. It also 

allows hospitals to choose from the various modules to match their specific needs. Every hospital 

big or small keeps the records of its patients including the registration details of the patient and 

the fee payments. Patients are categorized as In Patients and Out Patients. The entry of patients is 

determined whether he has arrived in emergency, OPD or for a routine check-up. The patient 

who gets admitted is provided with a room according to his/her choice. The patient is allotted a 

doctor according to his illness. The doctor may refer the patient to another doctor with expertise 

of the illness. On discharge, the patient is required to settle the bills sent by the accounts 

department of the hospital.   

 

Out Patient segment keeps the record of outdoor patients. It has various features like adding new 

patient details, searching, updating or deleting patient records, preparing medical bill, keep track 

of patient records and also the bill reports. In Patient segment keeps the record of admitted 

patients. It has various features like adding new patient details, searching, updating or deleting 

patient records, preparing medical bill, keep track of patient records and also the bill reports. It 

also keeps record of discharged patients. 
 

Here the Hospital Management System (HMS) case study is used as a running example, a small 

analysis-level model expressed in following UML diagrams in order to show the clones. 

 Use-case Diagram 

 Class Diagram 

 Activity Diagram 

 

4.2.2 Use-Case Diagram 



 
 

 

 

 

 

 

 
 

 

 

 

 

        Figure 15 (a): Use Case Diagram showing Unfinished Model 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

      Figure 15 (b): Use Case Diagram showing Finished Model 

The HMS case study is used to show how the clones can easily be detected and how the problem 

of their removal is solved. Figure 15 (a) shows the use case diagram of the category of patients- 

InPatients and OutPatients. It can be seen that inpatients and outpatients have same behavior and 

common attributes. Visualizing these we can see that they are actually clones to some extent. So 



 
 

we can easily remove these clones as shown in the figure 15 (b). As getDetails() is a common 

method of InPatients and OutPatients. This can be pulled up thus removing the common data, i.e. 

clones. 

4.2.3 Class Diagram 

 

 

 

 

 

 

 

 
 

 

Figure 16 (a): Class Diagram showing Unfinished Model 

  

 

 

 

 

 

 

 

 

 
 

 

Figure 16 (b): Class Diagram showing Finished Model 

Figure 16(a) shows a schematic representation of a part of the HMS highlighting the class 

structures. It is seen in the figure 16(a) that there are occurrences of common methods and 

variable of both the two classes named InPatient and OutPatient in the diagram. The method 

getDetails and various attributes like name, id, age, contact,and others that are identical in both 



 
 

classes InPatient and OutPatient. They could be factored out into a class Patient which is a 

common superclass to both InPatient and OutPatient , yielding the model shown in Figure 16(b). 

4.2.4 Activity Diagram 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 17(a): Activity Diagram showing Unfinished Model 

Activity diagram shows series of actions performed. This will not only remove the outer clones 

but also the clones among the same class or of same actor. As shown in figure 17 (a) , the input 

of personal details of patients is common in both the methods of getDetails() and 

getAdmitDetails(). So the detection of clones is further analyzed and thus they are removed. So 



 
 

the common entry of personal details is extracted and made common among both methods thus 

removing the clones as shown in figure 17 (b). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 17 (b): Activity Diagram showing Finished Model 

 

 

 

4.3 Pattern Based Semantic Analysis 



 
 

Pattern based semantic analysis detects cloning patterns and remove them. There are various 

refactoring patterns where clones can be detected. Automating this task of recognizing the 

patterns and applying appropriate solution will detect the clones and also remove them with 

greater accuracy. Here Pull Up pattern is automated using P C Detector tool. The tool will detect 

common data members and member functions among the classes. It outputs a new parent class 

and makes other classes its child classes. The process is explained with the help of flowchart 

shown in figure 18 followed by its algorithm.  

4.3.1 Flowchart of Pattern Detection Process 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 18: Flowchart of Pattern Detection 

4.3.2 Algorithm of Pattern Detection Process 
 

No 

Yes 



 
 

Input: Source code 

Step 1 Detect classes from the given source code. 

Step 2 Compare the classes detected from the source code for the commonalities (i.e. common 

data members and member functions). 

Step 3 If there are no common data members and member functions present, then pattern 

cannot be applied. 

Step 4 If common data members and member functions are present, then create a parent class 

file. 

Step 5 Put the identified common data and member functions in the newly created parent file 

and delete from child classes. 

Step 6 Display the output. 

 

4.4 Syntactic Detection of Clones 

Even after detection and removal of code at design level and further through pattern, there are 

some syntactic code clones that are needed to be detected. For this purpose P C Detector detects 

clones. Presently it is detecting Type1 and Type 2 clones. Later it can be easily enhanced to 

detect type 3 and type 4 clones. 

4.4.1 Flaw in Type 2 Clones: 

Type 2 clones are syntactically identical fragments, except for variations in identifiers, literals, 

types, whitespace, layout and comments. Two code fragments having same data structure and 

same number of literals with different name can be considered as clones of each other because 

they can replace each other as their outputs are same. But if two code fragments have renamed 

literals and different data structures, e.g. one code fragment has integer data type and second one 

has double data type, these two code fragments cannot be considered as clones  as they can never 

produce same output. 



 
 

 

Figure 19: Example explaining the Flaw in Type 2 Clones with respect to Data types 

This clause shows a flaw in the definition of type clones and is proved by schematic diagram 

shown in figure 19. There are two code fragments – source code 1 and source code 2. In order to 

detect Type 2 clones the variables are converted into similar tokens. The tokenized code shows 

that they are clones of each other but as shown in figure 19 they are producing different outputs. 

Hence during clone detection and comparison data types are needed to be considered. 

 



 
 

4.4.2 Flowchart of Clone Detection Process 

 

Figure 20: Flowchart of Clone Detection Type1 and Type 2 

The flowchart in figure 20 shows the process of Clone detection of Type1 and Type 2 and gives 

the output in the form of matrix. In between the code is normalized, filtered and tokenized. The 

process is explained in the following algorithm. 
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4.4.3 Algorithm of Clone Detection Process 

Input: Two source codes 
 

Step 1 Take two source codes in which clones are to be detected. 

Step 2 Normalize both the source codes by removing the comments and white spaces. 

Step 3 Filtrate the source code obtained after normalization by removing the elements of the 

code such as void main(), header files, getch(), etc. 

Step 4 Compare the two files after filtrations to check whether they are same or not. 

a. If they are not same, it means there are no clones in the codes and exit. 

b. If similarities are found, it means code contains Type I clones. 

Step 5 After the identification of Type I clone, convert the literals present in the code into some 

type of token (a $ sign is taken here for this purpose). 

Step 6 Compare the tokens of the two codes. 

Step 7 If match is found, it means Type II clones are present in the two codes. 

Step 8 Represent the identified clones of Type I and Type II in the form of a matrix. 

 

Output: Matrix Representation of the identified clones. 

 

4.5 PC Detector: Implementation and Working 

Proposed clone detector is implemented in C# using development environment in . Net 

i.  The tool detects object oriented base Pull Up pattern from C++ source file and outputs 

the clone free enhanced code. 

ii. The tool also extracts clones from C and C++ source files. It detects clone in same file or 

among different file and report its output in matrix format. 

The working of tool is basically divided into two modules 

i. Pattern detection 

ii. Clone detection 

 

 

 



 
 

4.5.1 Pattern Detection Process 

In pattern detection the tool detects Pull Up pattern in source code and refactor the code by 

removing clones. The tools take C++ file as input by browsing it from location where it is 

placed. On detection of Pull Up, a new classes created with named as  ‘Parent ’ class which 

contain all the common data member and member function of the classes. The common data 

members and member function are deleted from there respective classes and extracted up in the 

parent class. 

 

 

 

 

 

 

 

Figure 21: Example of Pull Up Pattern Detection 

4.5.2 Clone Detection Process 

In clone detection module, the tool detects syntactical clones. This tool detects Type 1 and Type 

2 clones. Type 1 clones remove white spaces, comment or Layout in the code fragment. Type 2 

clones detects names of user defined identifiers - variables, constant, classes, methods etc and 

rename them as $ token. The clones can be present in the same file or among different files. 

Technique used for clone detection is string matching and parameterized String matching on the 

token stream of input code. The clones are detected in various stages as shown in figure 20 of 

flow chart. The clone detection has further two sub modules, one for detection of clone in same 

file and other for detection of clones in different files. The option is provided for the user to 

detect the clone from any file.  

 

Class Parent 
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} 

 

class outPatient :class Parent 

{ 

 

} 

class inPatient :class Parent 

{ 
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4.5.2.1 Clone-Detecting Process 

Clone detection is a process in which the input is source files and the output is matrix showing 

which lines are having clones. The entire process of our clone detecting technique is shown in 

Figure 20. The process consists of four steps. Once the source file is input in the form of C or 

C++ file it goes through following stages for detection of Type 1 and Type 2 clones.  

 

 

 

 

 

 

 

Figure 22: Sample Codes 

Step 1: Normalization 

In this phase the code (shown in figure 22) is normalized by removing all the comments 

or whitespaces. The code obtained is normalized (shown in figure 23) and is input to next 

stage of filtration. 

 

 
 

 

 

 

 

 

 

 

Figure 23: Normalized Code 



 
 

Step 2: Filtration 

This phase is an important phase as it filters the codes from the common data like main 

function, header files that are commonly found in all codes yet not considered as clones 

as there detection does not matters in case of clone detection. Also other common 

functions like getch( ), clrscr( ), etc are also filtered from the code. 

 

 

 

 

 

 

 

 

Figure 24: Filtered Code 

Step 3: Comparison 

This phase inputs the filtered code that is to be compared for clone detection. The textual 

comparison technique is used to find if any text matches. If any match is found it means 

they are clones of each other. Thus type 1 clones are detected. 
 

Step 4: Tokenization 

Each line of source file is divided into tokens corresponding to a lexical rule of the 

programming language. For detection of Type 2 clones we need to tokenize the variables, 

constants, class, method names as a special token ‘$’ so as to check if they are same or 

not. The code is converted so as to detect type 2 clones that are different by names yet are 

clones of each other. As shown in the fig. 25, the two statements are same; their intent is 

same to add two values. Thus they are detected as Type 2 clones. 

  

           

 Tokenization  

   

Figure 25: Example of Tokenization 

 

File 1 : a= b + c; 

File 2 : sum = num1 + num2; 

 

File 1 : $= $ + $; 

File 2 : $= $ + $; 

 

Tokenized 



 
 

 

 

 

 

 

 

 

Figure 26: Tokenized Code 

Step 5: Matrix Representation 

The clones detected are represented in the form of matrix. The row of matrix represents 

line number of first file. The column of matrix represents line number of second file 

which is compared with first file to detect if clones are present. In case of detecting 

clones in same file, both row and column are represented by line numbers of same file. If 

a match occurs, it is represented in the matrix by value 1 or else by 0 values as shown in 

figure 27. 

 

 

 

 

 

 

 

 

 

             Figure 27: Matrix representing Clones present in two files 

 



 
 

4.6 Tool Snapshots 

4.6.1 Start up Form of PC Detector: 

This screenshot shows the start up form of pattern and clone detector (PC Detector) tool. The 

tool is divided into two modules pattern detection and clone detection. After that main form is 

displayed.   

 

 

 

 

 

 

    Snapshot 1: Start up Form 

4.6.2 Main Form of PC Detector: 

The tool is divided into two modules: pattern detection and clone detection. On clicking the 

pattern detection button a form opens for detecting the pull up pattern. On clicking clone 

detection button the file form is displayed. 

 

 

 

 

 

 

 

Snapshot 2: Main Form 



 
 

4.6.3 Pull Up Pattern Module: 

This is the pull up pattern form.  C++ file is taken as input which contains classes from where its 

parent class can be made.  C++ source file is browse and the file is displayed in first textbox. On 

clicking to pull up button, a new class is created named as class parent and is displayed in the 

second text box. The other classes become its child classes and are displayed in their respective 

textboxes. 

 

 

 

 

 

 

 

 

Snapshot 3: (a) Pull Up Pattern Input 

 

 

 

 

 

 

  

Snapshot 3: (b) Pull Up Pattern Output 



 
 

4.6.3.1 Input C++ File under Case Study of Hospital Management System 

Class InPatient 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

#include<iostream.h> 

#include<conio.h> 

class InPatient 

{ 

      char name[20]; 

      int id; 

      char address[50]; 

      int pr_yr; 

      int bi_yr; 

      int age; 

      char gender; 

      char ph[10]; 

      char doc_name[30]; 

      char disease [30]; 

      int bed_no; 

      char ward[30]; 

      int duration; 

       

    public :   

           getDetails() 

            { 

                             // enter personal details of 

patient. 

                        cout<< "Enter Personal 

Details\n"; 

                        cout<< "Enter Name\n"; 

                        cin>> name; 

                        cout<< "ID\n"; 

                        cin>> id; 

                        cout<< "address\n"; 

                        cin>>address; 

                        cout<< "Present Year & Year of 

Birth\n"; 

                        cin>> pr_yr>> bi_yr; 

                        age= pr_yr-bi_yr; 

                       cout<< "Age is"<<age; 

                       cout<< "Gender\n"; 

                        cin>>gender; 

                        cout<< "Phone_No\n"; 

                        cin>> ph; 

                         

                        // Enter all hospital bill related 

details. 

                        cout<< "Enter Bill Id\n"; 

                        cin>> b_id; 

                                                           

                        //Enter doctor details. 

                        cout<< "Enter consulting 

doctor\n"; 

                        cin>> doc_name; 

                        cout<< "Type of disease"; 

                        cin>> disease; 

                 }        

               getadmitDetails() 

 {      

                        //admit related details. 

                            cout<< "Enter Bed No.\n"; 

                            cin>> bed_no; 

                            cout<< "Ward "; 

                            cin>> ward; 

                            cout<<"Enter admit duration"; 

                            cin>> duration; 

                            cout<<"Enter discharge date\n; 

                            cin>>discharge_date; 

 } 

  public : 

              displayDetails() 

              { 

                   cout<<"Details are as follows:\n"; 

                    cout<<"NAME:"<< name; 

                    cout<<"ID:"<< id;      

                    cout<<"ADDRESS:"<< address;   

                    cout<<"AGE:"<< age;  

                    cout<<"GENDER:"<< gender;  

                    cout<<"CONTACT_NO:"<< ph; 

                    cout<<"BILL ID:"<< b_id;         

                    cout<<"BILL AMOUNT:"<< bill_amt; 

                    cout<<"CONSULTING DOCTOR 

NAME:"<< doc_name; 

                    cout<<"TYPE OF DISEASE:"<< 

disease; 

 } 

  

             displayadmitDetails() 

 { 

                            cout<< "Bed No.:"<<bed_no; 

                            cout<< "Ward:"<<ward; 

                            cout<<"Admit 

Duration:"<<duration; 

                            cout<<"Discharge 

Date:"<<discharge_date; 

                                                         

        } 

                           

};                           



 
 

Class OutPatient 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

#include<iostream.h> 

#include<conio.h> 

class OutPatient 

{ 

      char name[20]; 

      int id; 

      char address[50]; 

      int pr_yr; 

      int bi_yr; 

      int age; 

      char gender; 

      char ph[10]; 

      char doc_name[30]; 

      char disease [30]; 

      time app_time;       

    public :   

           getDetails() 

            { 

                             // enter personal details of 

patient. 

                        cout<< "Enter Personal 

Details\n"; 

                        cout<< "Enter Name\n"; 

                        cin>> name; 

                        cout<< "ID\n"; 

                        cin>> id; 

                        cout<< "address\n"; 

                        cin>>address; 

                        cout<< "Present Year & Year of 

Birth\n"; 

                        cin>> pr_yr>> bi_yr; 

                        age= pr_yr-bi_yr; 

                       cout<< "Age is"<<age; 

                       cout<< "Gender\n"; 

                        cin>>gender; 

                        cout<< "Phone_No\n"; 

                        cin>> ph; 

                         

                        // Enter all hospital bill related 

details. 

                        cout<< "Enter Bill Id\n"; 

                        cin>> b_id; 

                                                           

                        //Enter doctor details. 

                        cout<< "Enter consulting 

doctor\n"; 

                        cin>> doc_name; 

                        cout<< "Type of disease"; 

                        cin>> disease; 

                 }        

               getappointmentDetails() 

 {                  

                          //Appointment detail. 

                            cout<< "Enter Appointment 

time\n"; 

                            cin>>time; 

                             

       }   

     public : 

              displayDetails() 

              { 

                   cout<<"Details are as follows:\n"; 

                    cout<<"NAME:"<< name; 

                    cout<<"ID:"<< id;      

                    cout<<"ADDRESS:"<< address;   

                    cout<<"AGE:"<< age;  

                    cout<<"GENDER:"<< gender;  

                    cout<<"CONTACT_NO:"<< ph; 

                    cout<<"BILL ID:"<< b_id;         

                    cout<<"BILL AMOUNT:"<< bill_amt; 

                    cout<<"CONSULTING DOCTOR 

NAME:"<< doc_name; 

                    cout<<"TYPE OF DISEASE:"<< 

disease; 

 } 

  

             displayAppointmentDetails() 

 { 

     cout<< "Appointment time:"<<time; 

                   }                           

};                           



 
 

4.6.3.2 Output File: Parent and Child Classes after Pattern detection and Clone Removal 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

class parent 

{ 
      char name[20]; 
      char address[50]; 
      int pr_yr; 
      int bi_yr; 
      int age; 
      char gender; 
      char ph[10]; 
      char doc_name[30]; 
      char disease [30]; 
       
       getDetails() 
            {      
                        cout<< "Enter Personal 
Details\n"; 
                        cout<< "Enter Name\n"; 
                        cin>> name; 
                        cout<< "ID\n"; 
                        cin>> id; 
                        cout<< "address\n"; 
                        cin>>address; 
                        cout<< "Present Year & Year of 
Birth\n"; 
                        cin>> pr_yr>> bi_yr;                        
                        age= pr_yr-bi_yr; 
                        cout<< "Age is"<<age; 
                                                                         
                        cout<< "Gender\n"; 
                        cin>>gender; 
                        cout<< "Phone_No\n"; 
                        cin>> ph;                       
                        cout<< "Enter consulting 
doctor\n"; 
                        cin>> doc_name; 
                        cout<< "Type of disease"; 
                        cin>> disease; 
                 } 
       displayDetails() 
              { 
                             
                             cout<<"Details are as 
follows:\n"; 
                    cout<<"NAME:"<< name; 
                    cout<<"ID:"<< id;      
                    cout<<"ADDRESS:"<< address;   
                    cout<<"AGE:"<< age;  
                    cout<<"GENDER:"<< gender;  
                    cout<<"CONTACT_NO:"<< ph; 
                    cout<<"BILL ID:"<< b_id;         
                    cout<<"BILL AMOUNT:"<< bill_amt; 
                    cout<<"CONSULTING DOCTOR 
NAME:"<< doc_name; 
                    cout<<"TYPE OF DISEASE:"<< 
disease; 
 } 
 
}; 

 

 class InPatient: public parent 

{ 
 
      int id; 
      int bed_no; 
      char ward[30]; 
      int duration; 
 getadmitDetails() 
 {      
                         
                            cout<< "Enter Bed No.\n"; 
                            cin>> bed_no; 
                            cout<< "Ward "; 
                            cin>> ward; 
                            cout<<"Enter admit duration"; 
                            cin>> duration; 
                            cout<<"Enter discharge date\n; 
                            cin>>discharge_date; 
 } 
 displayadmitDetails() 
 { 
                            cout<< "Bed No.:"<<bed_no; 
                            cout<< "Ward:"<<ward; 
                            cout<<"Admit 
Duration:"<<duration; 
                            cout<<"Discharge 
Date:"<<discharge_date; 
                                                         
        } 
}; 

 

class outpatient: public parent 

{ 
 
      int id; 
       
 getAppointmentDetails() 
 {                  
                                             
                         
                         
                            cout<< "Enter Appointment 
time\n"; 
                            cin>>time; 
                             
       } 
 displayappointmentDetails() 
 { 
        
                            cout<< "Appontment 
time:"<<time; 
                             
                                            
       } 
}; 

 



 
 

4.6.4 Clone Detection Module: 

On clicking clone detection button another form is displayed to detect clones in same file or in 

other files. On clicking to single file or two files button their respective forms are displayed. 

 

 

 

 

 

 

 

 

Snapshot 4: Clone Detection Module 

The tool has the option to identify duplicated code between several files and within the same file 

by clicking on single file or two file button.  

 

 

 

 

 

 

 

 

Snapshot 5: Clone Detection in Single and in Two Files 



 
 

4.6.5 Single File Form: 

This form detects clone in single file. Firstly a combo box is there to choose which type of clones 

is to be detected-Type1 or Type2. A file is browsed and is displayed in source code text box.  

Various steps of clone detection are then shown in the text boxes and finally they are represented 

in matrix format.  

 

 

 

 

 

 

 

 

Snapshot 6: Single File Form 

4.6.5.1 Type 1 Clone 

Type 1 Clone detection is shown in following snapshot. A C++ file is browsed; it is converted to 

normalized form. It is then filtered and finally represented in form of matrix showing the clones. 

 

 

 

 

 

 

Snapshot 7: Type 1 Clone 



 
 

4.6.5.2 Type 2 Clones 

Type 2 clones are detected and shown in matrix form in following steps: 

Step 1: Input Source Code 

 

 

 

 

 

 

 

 

 

Snapshot 8: Type 1 Clone - Input Source Code 

 

Step 2: Source code converted to Normalized code 

 

 

 

 

 

 

 

Snapshot 9: Type 1 Clone - Source code converted to Normalized code 

#include<iostream.h> 
#include<conio.h> 
voidmain() 
{ 
clrscr(); 
 
intaa,b,c; 
 
c=aa+b; 
cout<<c; 
 
getch(); 
} 

#include<iostream.h> 
#include<conio.h> 
void main() 
{ 
clrscr(); 
//Declaration of 
variables. 
 int aa,b,c; 
/*Addition of two 
numbers */ 
  c=aa+b; 
 cout<<c; 
 
getch(); 
} 



 
 

Step 3: Normalized code converted to Filtered code 

 

 

 

 

 

 

 

 

 

Snapshot 10: Type 1 Clone - Normalized code converted to Filtered code 

Step 4: Filtered code converted into Tokens 

 

 

 

 

 

 

 

 

 

Snapshot 11: Type 1 Clone - Filtered code converted into Tokens 

 
$,$,$; 
$=$+$; 
cout<<$; 

 

 
int aa,b,c; 
c=aa+b; 
cout<<c; 

 



 
 

Step 5: Matrix Representation of Clones 

 

 

 

 

 

 

 

 

 

Snapshot 12: Matrix Representation of Clones 

4.6.6 Clone Detection in Two Files 

 This form detects the clones in two different files. The steps followed are same as followed in 

detecting clones in same file. 

 

 

 

 

 

 

 

Snapshot 13: Clone Detection in Two Files 

1   0   0 

0    0   1 

0    1    0 

1   0   0 

0   1   0 

0   0   1 



 
 

Chapter 5 

 Conclusion and Future Work 

 

5.1 Conclusion 

The proposed methodology addresses the problem of clone detection and removal. The clone 

detection and removal is done using the 3-way approach of integrating Model Based Visual 

Analysis using UML, Pattern Based Semantic Analysis using P C Detector tool and Syntactically 

Code Analysis to detect Type1 and Type 2 clones using P C Detector. 

It is possible to outwit the hindrance of clones by applying a 3-way approach of detecting the 

clones at design and code level. The process is automated by developing a tool that requires no 

parsing yet is able to detect a significant amount of code duplication.  

 

Since code clones are believed to reduce the maintainability of software, several code clone 

detection techniques and tools have been proposed. This thesis proposes a new Pattern and Clone 

Detection approach as PC Detector tool that works on the transformation of input source text into 

normalized code, then filtering the code, comparing and detecting Type 1 clones. Also a token-

by-token comparison is done on the filtered code to detect type 2 clones. 

 

Summarizing the Work Done: 
 

i. An effective 3-way approach is proposed for the analysis of clones, their detection, and 

removal thus enhancing the quality and maintenance of software.  

ii. Detecting the clones at design level by using UML diagrams and hence removing them. 

iii. Applying patterns at code level to detect and remove semantic clones. After semantic 

code removal, the code is further analyzed to detect syntactical clones. 

iv. Developing Pattern and Clone Detection tool and hence automating the task of pattern 

and syntactical clone detection. 

 

 

 



 
 

5.2 Future Work 

i. PC Detector detects Type 1 and Type 2 clones. This filtered token based clone detection 

method, is very efficient and scalable to large software systems. This can further be 

extended to detect Type3 and Type4 clones. 

ii. PC Detector can easily detect Refactoring Patterns. Presently, it is working on Pull Up 

Pattern only but it can be extended to detect other cloning patterns like Extract, 

Template, and Strategy Patterns.  

iii. Cloning at design level can further be enhanced by automating the Model Based 

Analysis. 

iv. Currently PC Detector detects clones in C and C++ source files. This tool can be adapted 

to other Object Oriented Languages like Java, C#, etc. 

v. Software Cloning can be integrated in Agile Experiments which can improve its 

maintenance phase. 
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