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Although various modern programming languages offers different deliberation systems to 

encourage reuse of the code fragments, is as yet a broadly utilized reuse methodology. This 

frequently prompts various duplicated code fragments which are known as “Clones” in the large 

software systems. However, code cloning is extremely hazardous for programming support as 

it superfluously increases the program size. Since the vast majority of the support endeavors 

coexist with the program size, this additionally expands the maintenance effort because changes 

to one clone, for example, bug settling commonly should be made to alternate clones too, again 

expanding the maintenance exertion. 

Abstract 
 

 
Software systems are getting more complex day by day and to manage such systems is an 

essential topic for the software industry today. Cloning is one of the major reasons which is 

making maintenance of software more troublesome. Code Cloning is a mechanism of 

replicating code fragments by copy-paste. In the early stages of the development of project, 

developers find it easy to copy and simply paste the code. 

 

 

To be more precise, the thought behind this idea of cloning is to make another software product 

that duplicates the perspective and convenience of the original software. It is critical issue to 

comprehend that cloning need not need to include any source code in the original software. The 

objective in cloning is to make another software program that behaves exactly same as the 

original software and the way in which it behaves. 

 
Here on the implemented approach, the clone detection method is implemented using Abstract 

Syntax trees (ASTs). The approach is based on identifying the code clones on the basis of 

common sub expression. The location of code clones and their classification is carried out. 

Categorization is done on the basis of levenshtein distance. The approach involves abstract 

syntax tree based clone detection for python scripts and later comparison with the tool. 
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Chapter 1 

Introduction 

 

 

Code duplication or replicating a code fragment and after that reusing it with or with no 

alterations is an outstanding method in software maintenance. A few investigations demonstrate 

that around 5% to 20% of a software system contains copied code, which are essentially the 

consequences of recreating the already existing code parts and utilizing with or without minor 

alterations. One of the noteworthy drawbacks of the copied code segments is that if a bug is 

identified in a specific code fragment, then various sections like this are found to check the 

possible presence of a similar bug in the comparable pieces. Refactoring of the repeated code is 

another important issue in programming support. Although various surveys asserts that the 

refactoring of specific clones are not wanted and there is a danger of evacuating them. In any 

case, it is additionally generally concurred that clones ought to in any event be distinguished. 

 

Code clones are used most of the time since it can be generated quickly and effectively 

embedded with minimum cost. Code clones may influence software maintenance but it may 

also present poor design, increment the system size, lead to the wasting of time to repeatedly 

understand a fragment of a poorly written code, and resurrect errors which are available in the 

already existing code fragment. These make it a troublesome activity to handle a huge software 

system. 

 

1.1 Code Cloning 
 

Code cloning can be characterized as a demonstration of reusing a code fragment by duplicating 

it from one segment of the software and after that using it with or without some slight alterations 

into different sections of the software. It is an essential method for software reuse. The issue 

with such replicated code fragment is that a bug recognized in the original code must be checked 

in each clone for a similar mistake. 

Reusing software by methods for reorder is a continuous action in programming 

advancement. The copied code is called as Software Clone and the procedure is called as 

Code Clone. An example of code clone is shown in Figure 1.1. 
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Figure 1.1: Example of Code with Clones. 

 
In any case, the code quality investigation (enhanced quality code), replication identification, 

virus recognition, bug exposure and facet mining are the some other programming designing 

undertaking which needs the mining of the syntactically or semantically similar code fragments 

to make the detection of clone significant for software analysis. 

 

1.2 Basic Terminology 
 

As the name suggests code clones are the duplicated regions of code. Be that as it may, not at 

all like biological clone, a software clone could possibly be precisely the same [11]. For a given 

clone relation, if the clone connection holds between the segments a couple of code portions 

is called as clone pair. The equivalent class of clone relation is called clone class [6]. 

 

Techniques and tools for detecting duplicate code are of main concern in software maintenance 

research. Some of the definitions related to code-cloning are discussed below: 

 

A. Code Fragment: It is defined as some sequence of code lines having different types of 

similarity between various code fragments in its source code. These similar code 

fragments may have comments or without comments. For example: sequence of 
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statements, begin-end block, etc. 

 

 

B. Clone Set: It is defined as a set of all the identical or similar code fragments. 

 

C. Clone Pair: If the two code fragments are analyzed and there exists a clone relation 

between the pair of the code fragments then at that point it is known as a Clone Pair. 

 
 
 

 

Figure 1.2: Clone pair 

 

 

 

D. Clone Class: It is defined as a set of all the clone pairs in which the existing clone pairs 

having some clone relationship between them is known as clone class. 

 

 
 

 

Figure 1.3: Clone Class 
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1.3  Code Clone Types 
 

Code Clone classification is utilized for development of reengineering and detection methods. 

Figure1.4 describes the classification of code clones. These can be categorized depending on the 

three factors which are given below. Code clones are ordered based on following three angles 

such as: 

 Similarity among the code segments,

 Refactoring opportunities with the repeated code, and

 Clone instance position in a program

 

 

 
 

 

Figure 1.4: Taxonomy of the Code Clones 

 

 

 

The Similarity based clones are of Code Clones are basically of two kinds as follows: 

 

 

 The two code segments can be indistinguishable based upon the likeness of their content 

and program

 The two code segments can be identical in their usefulness without being textually 

identical.

 

However, the textual similarity based clones are predominantly of three following types: 

 

 

1.3.1 Type 1(Exact Clones): These clones are the similar code segments without 

modification except for the change in comments and whitespaces. 
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Figure 1.5: Example of Exact Clones. 

 

 

1.3.2 Type 2 (Renamed/Parameterized): The clones which are syntactically similar 

except for the changes in names of function types, variables and identifiers. 

 
 

 

Figure 1.6: Example of Renamed/ Parameterized Clones. 

 

1.3.3 Type 3 (Near miss clones/Gapped clones): These clones are the similar code 

fragments with or without any other modifications expect if only some statements are added, 

removed or changed. 

 
 

 

 

Figure 1.7: Example of Near Miss Clone. 
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The syntactic sections are to be assessed in a specific order which is balanced by the developers 

after replication. For example, the functions which are same except for name which are 

indistinguishable for the kinds of parameters coordinated in high-similarity code clones. 

 

1.3.4 Type 4 (Semantic clones): If two code segments perform the same functionality but 

they are having different syntax, then they are said to be type-4 or semantic clones. 

 

 

Figure 1.8: Example of Semantic Clones 

 

 

 

1.4 Code Clone Detection Process 
 

A clone indicator must attempt to discover bits of code of high similitude in a framework's 

source content. The principle issue is that it isn't known already which code parts might be 

repeated. Along these lines the locator should contrast each possible fragment and each other 

possible fragment. A clone detection process includes following steps: 

 

 

 

1.4.1  Preprocessing 
 

Towards the start of any clone identification approach, the original code is separated and the 

basis of the comparison is determined. This method ousts uninteresting bits of code, changes 

over source/original code into a fewer units and determines the comparison units. The three 

fundamental assignments of this stage are given beneath. 
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 Expel the unwanted bits of the code. Each segment in the source code which is not critical 

for the examination design are cleared or sifted through in this stage. 

 Recognize the units of source code. The remaining of the source code is separated into 

additionally source pieces, which will then used to check for the presence of direct clone 

relations with each other. 

 Recognize the comparison units. The source units can be separated into smaller units 

depending on the comparison algorithm. 

 

 

1.4.2  Transformation 
 

This stage is utilized by every other methodology with the exception of textual based 

approaches for the detection of clones. This stage changes the source code into a particular 

intermediate portrayal for correlation. 

 

There are different kinds of portrayals relying upon the procedure. The various steps involved 

in this phase are given below. 

 

 Extraction of Tokens: Token extraction or Tokenization is performed amid the lexical 

analysis by compiler front end in the programing languages. Single line of source code 

is changed over into a sequence of tokens.

 

 Abstract Syntax Tree Extraction: All of the source code is parsed to change over into a 

unique abstract syntax tree for sub-tree comparisons.

 

 Extraction of PDG: A Program Dependence Graph (PDG) represents the data 

dependencies and control dependencies. The nodes of a PDG represent the conditions 

and statements in a program. A data dependency represents the data flow of 

information in a program whereas a control dependency represents the flow of control 

information within the program.

 

 

1.4.3  Match Detection 
 

Output of the transformation phase is the input to the match detection phase. Each changed 

code fragment is contrasted with every single other section utilizing a comparison algorithm to 
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discover similar code fragments. The yield of this step is a set of a combination of clone 

pairs in single class or in a single group. 

 

1.4.4 Formatting 
 

In this step, it changes over a clone pair list got by the comparison algorithm from the Match 

Detection step into another clone pair list identified with the original source code. 

 

1.4.5 Filtering 
 

It is not necessary for every clone detectors go through this step. This phase includes the 

extraction of clones and the filtering out of the false-positive clones. This phase is also as known 

Manual Analysis phase because a human expert is required to filter out the false-positive clones. 

 

1.4.6 Aggregation 
 

As the vast majority of the tools straightforwardly distinguish clone classes, a large portion of 

them match clone pair accordingly. This progression can be performed to decrease the amount 

of data, perform consequent analysis or to aggregate the clones into clone classes. 
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Figure 1.9: Code Clone detection process 
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1.5 Reasons for Code Cloning: 
 

There are number of reasons why developers clone the source code. Cloning for the most part 

happens in light of the fact that for developers it is less demanding to reorder the code as 

opposed to composing it starting with no outside help. Developers may sometimes duplicate the 

code because of time constraints, these constraints may be forced by deadlines. 

Programming clone has various negative impacts on the nature of the product. Other than 

expanding the measure of the code which should be kept up, it additionally builds the bug 

likelihood. 

Some of the reasons of code cloning are mentioned as follows: 

 Time Limit 

It is the major cause of code cloning as the certain time confine is relegated to 

developer to finish a project. So developer basically reorders the current one and 

as indicated by their present need. 

 Trouble in Understanding Large System 

By and large, it is hard to comprehend an extensive programming framework. 

Along these lines, it powers the programmers to utilize the illustration arranged 

programming by adjusting already existing code. 

 Hazard in the new code 

There is dependably a danger of blunders in new code pieces and in light of the 

fact that officially introduce code is tried and there is bring down danger of 

mistake. In this way, it is encouraged to developers to reuse the officially existing 

code by replicating and changing the current code as per the new item's necessity. 

 Performance of a Developer 

Here and there the execution of a developer is estimated by the quantity of lines 

delivered by him. In such conditions the developer's concentration is to increase 

the quantity of lines, so the developer attempts to reuse a similar code. 

 Language Limitation 

Sometimes, the developers copy because of the limitation of developer’s 

knowledge in the particular language. 
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1.6 Drawbacks of code duplication 
 

Code Clones has serious effect on the viability, reusability and nature of a product framework. 

The accompanying are the disadvantages of having cloned code in a framework. 

 

 Higher likelihood of bug propagation: On the off chance that a code section contains a 

specific bug and that portion is reused by replicating and the reused with or without 

changes, the error in the first portion will be available in all the glued fragments in the 

product framework and therefore, the likelihood of bug propagation will increment 

essentially in the system [32]. 

 Higher likelihood of presenting another bug: n the majority of the cases, just the 

structure of the copied piece is reused by the designer to satisfy the present need. This 

procedure can be erroneous and may present the new bugs in the framework [33]. 

 Large likelihood of bad design: Code Cloning can likewise present absence of good 

inheritance structure or deliberation and terrible design. Along these lines, it turns out to 

be exceptionally hard to reuse this part in future undertakings. 

 Difficulty in framework change/alteration: Due to the recreated code in the framework, 

extra time and consideration is expected to comprehend the current cloned execution and 

approaches to be adjusted, and in this way, it turns out to be extremely hard to include new 

functionalities in the framework. 

 Higher upkeep cost: On the off chance that a cloned fragment is observed to be contained 

a mistake, the majority of its counterparts should be explored for redressing the bug as 

there is no assurance that the bug has been as of now been expelled from other comparative 

parts at the season of reusing or amid upkeep. [27] 

 

 

 

1.7 Advantages of Code Clone Detection 
 

 Supports in understanding of program: The usefulness of a cloned piece is 

comprehended, to get a general thought of different documents containing comparative 

duplicates of the section 

 Helps perspective mining research: Recognizing code clone is additionally essential in 

perspective mining to identify the cross-cutting concerns. The code of cross-cutting 
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concerns is commonly copied over the whole application that could be related to clone 

discovery devices [39, 40]. 

 Detection of malicious software: In detection of a pernicious programming code clone 

identification systems assumes an indispensable part. By examination of one pernicious 

programming to another it is conceivable to discover the regions where parts of the one 

programming framework coordinate parts of another. [36]. 

 Detection of plagiarism and copyright encroachment: Finding comparable code is 

additionally helpful in distinguishing the plagiarism and copyright encroachment [36, 

37, and 38]. 

 

 

1.8 Motivation 
 

Code cloning is hazardous for the support period of the product on the grounds that if the cloned 

code comprises of a mistake then we have to identify and amend a similar blunder from the 

clones of that code which shows that it is beneficial as if the tested or bug free code is inserted in 

other places then it is easier to maintain the source code. So that is the reason cloning is 

important. Recognition of code clones is beneficial much of the time, for example, code 

understanding, compacting programming size, and distinguishing pernicious programming and 

use designs. For recognition of cloned code, various strategies have been proposed so far that are 

quite efficient in detecting clones. But some of these techniques are very complex and some 

techniques take a huge amount of time. So, there is a need for a simple, time efficient and space 

efficient clone detection technique. 

 

1.9 Thesis Outline 
 

This thesis work is organized into six chapters. Each chapter is written to be largely self- 

contained and complete. The summary of the rest of the chapters are given below. 

Chapter 2 provides the overview of the various existing techniques and compares Abstract 

Syntax Tree based code clone detection techniques, their advantages, disadvantages and scope. 

This chapter provides a way to find the research gap and to propose an idea for thesis work 

which is discussed in the Chapter 3. 

 

Chapter 3 defines the problem statement and the research objectives of this thesis. On the basis 
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of the objectives, the problem and complete methodology is formulated in various subparts 

which is discussed in the chapter 4. 

 

 Chapter 4 explains the proposed approach and its execution. A complete methodology of the 

code clone detection is discussed.  

 

Chapter 5 gives the experimental results of executing the proposed approach on a software 

system. This chapter includes the obtained experimental outcomes and related discussions. 

 

Chapter 6 concludes the thesis and gives bearings for future work 
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Chapter 2  

Literature Survey 

 

 

This chapter gives a review of various existing code cloning detection techniques. To detect the 

cloned code, numerous methodologies have been proposed which are explained in the below 

sections. 

 

Clone detection attempts to find out the duplicate code within whole software, which may be 

exactly-copied or modified somewhere. Several techniques are available to detect duplicate code. 

 

2.1  Text Based Code Clone Detection Technique 
 

 

In this approach, the whole source code is accepted as the arrangement of strings. A solitary line 

of code is compared with another line by applying string matching algorithms, and identical 

strings are reported as code clones. The raw source code is used for detection because this method 

is purely textual there is no other transformation to source code can be performed. Raw source 

code may contain white spaces and comments. However, it may be needed some time to remove 

white spaces and comments etc. 

Ducasse et al. [6] proposed an approach in which, source code is changed into internal format by 

the removal of comments and white spaces then further comparisons are done. 

S. Lee et al. [24] developed SDD (Similar Data Detection) algorithm that finds exact clones. 

SDD has controlled complexity using Inverted Index and an index. Authors revealed that SDD 

shows better results than PMD, which is a source code analyzer that discovers basic programming 

imperfections like unnecessary object creation, empty catch blocks, unused variables, and so 

forth. SDD also detects modified clones by using N-neighbor distance concept. Moreover, SDD 

is language independent. 

J.R. cordy et al.[25] discussed light weight text based approach to detect near-miss clones. 

Basically they applied Pretty printing and Code normalization technique to find code clones. 

Code lines are broken into parts and clones are extracted by comparing the broken text and by 

applying code normalization. Basically UPI (Unique percentage of Items) is calculated and on 

the basis of those unique line gaps are detected. Whole technique is implemented in a tool 

NICAD, which is parser based and language specific but reasonably light weight using simple 
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line matching. Several case studies are carried out that Abyss [2] of 1500 lines and Weltab [3] of 

11000 lines. These two are taken as test beds because results are already published for these. 

 

2.2  Token Based Code Clone Detection Technique 
 

Kamiya et al. [8] described the process of token-based technique. This procedure comprises of 

four stages: 

Lexical Analysis: Every line of source files is separated into tokens according to lexical rules of 

respective programming language. The generated tokens from all the source files are concatenated 

to form one single sequence of tokens. It will be easy then to perform analysis of this single token 

sequence. White spaces, comments and tabs are removed from source code during preprocessing. 

1. Transformation: Identifiers are then replaced with customized tokens by using 

transformation rules. And this replaced information is kept at back up for future formatting into 

original text. 

2. Match Detection: At that point on changed token arrangement, the sequence of lines is then 

compared efficiently using similarity detection algorithm (token suffix tree). Then the similar 

lines of sequences are reported as clone pairs. 

3. Formatting: Every area of clone pair is changed into line numbers on the first source 

records. 

 

 

A clone detection tool Dup [21] used a sequence of lines for the representation of source code 

and it detects clones line-by-line. It replaces identifiers present in the source code with common 

identifier name as id1,id2….idn and returns code clones using suffix tree algorithm. The line- 

by-line method has a limitation in the line-structure modification. 

Ref: [23] Token-suffix trees scales very well in time and space, because of its linear complexity. 

Studies [9, 11] have shown that token based clone detection approaches suffer from many false 

positives, but this technique has high recall value with low precision. 

Ueda et al. [20] developed Gemini in which maintenance support environment is used for 

visualization of clones on the output of CCFinder. Gemini specify GUI (scatter plot and metrics 

graph about code clones). This is basically used for the visualization of detected code clones. The 

scatter plot graphically demonstrates the areas of code clones among source codes. The 

measurements diagram indicates metric estimation of every clone. Utilizing Gemini, we can 

indicate the code clones that ought to be paid heed in the maintenance stage.
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2.3  Abstract Syntax Tree (AST) Based Code Clone Detection Technique 
 

 

In this approach, Abstract Syntax Tree (AST) of a program is produced utilizing a parser of a 

dialect. Then tree matching technique is applied on that AST generated to identify identical sub 

trees. When a match is found between two sub trees, then source code of identical sub trees are 

returned as clone-pairs. Baxter et al., [5] uses a hash function to partition sub trees of the abstract 

syntax tree of a program. Then sub trees in the similar partition are compared using tree-matching 

technique. A comparable strategy was additionally proposed by Yang [2] utilizing dynamic 

programming to distinguish contrasts among different adaptations of same files. Jiang et al., [23] 

presented an approach that has been implemented through tool Deckard. This tool is platform 

independent. Characteristic vectors of AST are calculated in a Euclidean space and then those 

vectors are merged to compute similarity among sub trees. LSH (Local Sensitive Hashing) has 

been used to cluster similar vectors that can hash two similar vectors to the same hash value with 

arbitrary high probability and two distant vectors with arbitrary low probability and hence find 

clones. 

 

2.4  Metric Based Code Clone Detection Technique 
 

 

In this approach different software metrics are gathered and on the basis of similar values of 

these metrics, clones are detected. At first an arrangement of programming measurements are 

assigned to syntactic units such as classes and functions .Then estimations of these measurements 

were thought about. If the two syntactic units are having the same metric value, then these can be 

regarded as a clone pair. 

Mayrand et al. [4] used various metrics to detect clones. Functions with similar metric values 

are returned as clone-pairs. Metrics are calculated from expressions, control flow of functions,  

layouts and names.  
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2.5  Program Dependence Graph (PDG) Based Code Clone Detection 

Technique 

 
Program Dependence Graph (PDG) is used to show control flow and data flow dependencies of a 

program. The isomorphic sub graphs in a program dependence graph are named as clone-pairs. 

PDG based technique can detect Type-3, 4 clones, because semantic information is carried out in 

PDG. Lieu et al. [10] has implemented a plagiarism detection algorithm and Gplag tool is 

implemented, which is based on PDG approach. 

Related Comparitive Studies: 

Rysselberghe et al., [13] compared three techniques: parameterized matching, simple line based 

matching and metric fingerprints. Research process used during experiment is based on Goal- 

Question-Metric worldview like what sorts of matches are found? How accurate are the results 

and how useful information is gained? etc. The conclusions has been drawn that simple line 

matching is purely language independent on the other hand all other techniques need some kind 

of configuration. Function block duplication is found by metric fingerprint technique and general 

duplication is found by other techniques. No false matches are found by basic line matching, few 

false matches are found by parameterized technique and even more false matches are found by 

metric fingerprint (characterization of expressions which lacks accuracy is responsible for this 

problem). False matches for metric fingerprint thus depends on the way expressions are 

characterized and the length of the code fragments under consideration, While number of 

recognizable matches are high for this technique. 

F. Zibran et al., [26] discussed a focused approach of a selected code segment which is known 

as seed segment rather than the location of all clones from the whole code-base rather than the 

location of all clones from the whole code-base. The limitations of available techniques are to 

find out type-1 and 2 clones and mainly implemented as stand-alone tools which uncovers the 

area of clone-aware development. Seed fragment is compared with the search space (whole 

source code) to find out type-3 clones. Mainly fingerprinting technique is used to generate finger 

prints for the unique lines and then syntax tree or suffix tree is generated for the whole fingerprint 

sequence. Suffix tree is generated for the generalized fingerprint sequence using Ukkonen's 

online algorithm. Eclipse's JDT API's are used to generate the ASTs (Abstract Syntax Trees). 

Fabio Calefato et al., [27] described a semi automated approach to find clones in scripting code 

of web applications. The approach is useful to select function clones and to inspect selected script 

functions. The Semi-automated approach is both effective and efficient for identification of 

function clones in web applications. Muhammad Asaduzzaman [28] addressed that in spite of 
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number of clone detection tools are available, even then there is one challenge of handling raw 

clone data, because of textual nature and large in volume. To address this issue, a framework 

VisCad is proposed for performing large scale code clone analysis. It also acts as a maintenance 

support environment. In VisCad various visualization techniques, number of metrics and data 

filtering options are available, therefore users can analyze and identify distinctive code clones. 
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Chapter 3 

Problem Statement 

 

 

Various surveys show that a large portion of source code in some substantial scale applications 

contains code clones. The presence of code clones can present much instability within a software 

application, unnecessary duplicates may create ambiguity. These insecurities can confound 

routine maintenance tasks, since an adjustment in one strategy may prompt changes crosswise 

over numerous techniques. Moreover, necessary duplicates can possibly instigate the spread of 

bugs and keep changes from being engendered. Subsequently, keeping in mind the end goal to 

anticipate and treat these insecurities, we must figure out where potential clones occur. There are 

different techniques for detecting code clones which are discussed in the literature survey. Each 

technique has its own benefits and limitations. 

As the Text based techniques provides the simplest way of detecting the clones but they can only 

identify Type 1 clones. Though the Token based techniques can identify both type-1 and type-2 

clones but these techniques need a lexical analyzer to transform the code into tokens. A 

significant amount of time is consumed in tokenization. Metric- based code clone detection 

techniques need a PDG generator or parser to find out the metrics values. The two code 

fragments having the same metric values may not have the identical code fragments dependent 

only on the metrics. PDG based techniques can find Type 3 clones but these techniques take a 

tremendous measure of time and are extremely complex. To convert a program into its PDG 

representation, its data flow graph and control flow graph are required. In AST based techniques, 

the source code is parsed into an abstract syntax tree (AST) using a parser and then the generated 

sub- trees are compared to detect the clones using tree-matching algorithms. The AST based 

linear representations of source code is effective than some any other comparison algorithms. 

One of the advantages of the working on the lexical level is that the lexical stream better represents 

the “structure" of a program. The parse tree or Abstract syntax tree built from the lexical analysis 

of a program also shows the structure of the underlying program.
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3.1  Gap Analysis 

 

i. An efficient approach for code clone classification is required to classify code clones 

into respective categories. 

ii. An AST or parse tree contains the whole information about the source code. In spite of 

the fact that the names of the variables and literal values of the source are disposed of in 

the tree representation, more refined strategies for the detection of clones. 

iii. Abstract syntax tree have the entire information about the code. The result obtained 

from this technique is quite efficient. 

 

3.2 Objective 
 

The basic issue in clone detection is the disclosure of code fragments that figure the "same" 

result. To do this, first section the program in parts we will analyze, and a short time later 

decide whether fragment pairs are equivalent. Since determining that even a single fragment 

halts is impossible, it cannot determined that the two arbitrary program fragments halt under 

the similar circumstances, and accordingly it is impossible in theory to conclude that they 

compute identical results. 

 

More straightforward meanings of code equivalence may do the trick if unreasonably various 

false positives are not created. This suggests the clone detection by more syntactical methods. 

One can go the level of comparing the source lines. Source line equality expect that the cloning 

process introduced no adjustments in comments, spacing, identifiers, or other non- semantic 

changes, and in this manner it limits clone detection to exact matches. 

 

To solve the above stated problem, an approach is proposed for identifying the code clones. 

The main objective is to create a program that can find out the location of code clones and their 

types. There are various approaches involved in checking code clones, we are going to use 

Abstract Syntax Tree (AST) because ASTs offer syntactic knowledge which can be leveraged 

to filter certain types of clones. We implemented String Distance currently to label the clones 

as Type 1 and Type 2. Categorization is done on the basis of master expression strings.



21 

 

 

Chapter 4  

Proposed Approach and Implementation 

 

In order to find clones using AST based approach we have to compare each subtree to each 

other subtrees in AST. Figuring out the similarities of all subtree pairs are not productive, 

where complexity of computation is O (N^3), where N is the number of nodes in AST. The 

advantage of the working with the AST is that it better represents the structure of a program 

other than any technique. So, AST based technique is more reliable for clone detection. 

 

4.1  Techniques Used 
 

The tree matching approach depends on the idea of comparing the sub trees in order to find the 

similarities among them with the purpose of detecting the clone from the code [12]. The tree 

represents the keywords, literals, identifiers, variable names and tokens which are abstracted 

from the source code [9]. The following techniques were used to find out the similarity among 

the code fragments on the basis of which the clones were identified. 

 

4.1.1  Abstract Syntax Tree 
 

An AST is a data structure that represents a piece of code in a hierarchical manner, and it 

greatly facilitates reasoning, analyzing, and even modifying the code in an automated way. 

In order to translate code from one language to another, or to analyze and reason about code, 

the first step is to parse the code. In simple terms, parsing is like grammatically dissecting a 

text passage, sentence by sentence, clause by clause, word by word, and assigning a category to 

each word, such as noun, verb, adjective, etc., as well as properties, such as subject, object, etc. 

Parsing code results in an Abstract Syntax-Tree (or AST), which is a tree-shaped data structure 

that represents the code, but is easier to manipulate than plain text. Once the code is in AST 

form, a sequence of analyses and transformations are applied to the AST as it is gradually 

translated to the target language. 

For example, parsing the python expression x * (3+y) will produce the following AST: 
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Figure 4.1: Example of AST 

 

where BinOp is a kind of expression that is made up of a binary operator, a left hand side 

(LHS)expression, and a right hand side(RHS) expression. The LHS and RHS expressions can 

in turn be identifiers (e.g., x, y), constants (e.g., 3), other binary expressions, or other types of 

expressions. 

 

The python AST module provides tooling to convert Python code from textual form into its 

corresponding Abstract Syntax Trees, and for manipulating such trees. 

 

Basic Approach 
 

 

 

Figure 4.2: Overall process 
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4.1.2 Levenshtein Distance 
 

Levenshtein distance is named after the Russian scientist Vladimir Levenshtein, who devised 

the algorithm in 1965. Levenshtein Distance is also sometimes called as edit distance. 

 

Whenever a program or an application is required to use some kind of spell checking or error 

correction this technique is used. 

 

The Levenshtein distance among the two strings a and b is given by levena,b(len(a), len(b)) 

where levena,b(i, j) is equal to 

 

 max(i, j) if min(i, j)=0

 otherwise: 

min(levena,b(i-1, j) + 1,

levena,b(i, j+1) + 1, 
 

levena,b(i-1, j-1) + 1ai≠bj) 

 

 

 
where 1ai≠bj</sub> is the indicator function which is equal to 0 when ai=bj and equal to 1 

otherwise, and levena,b(i, j) is the distance between the first i characters of a and the first j 

characters of b. 

 

The Levenshtein distance has the following properties: 

 
 Its value is zero iff the strings are equal.

 It gives the least difference between the sizes of the two strings.

 It gives at most the length of the longest string.

 
 

4.2  Proposed Approach 
 

The current work presents an approach to detect the number of clones and its classification. 

 

1. For implementation a python script “test.py” is taken as an input and firstly 

comments are removed. A file named “clonedlib.py” is generated after the comment 

removal. Comments are removed because they tend to be repetitive and they would 
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appear a lot in the clones, the main focus is to concentrate on the code rather than 

comments. In the comment removal process tokenization and lexical analysis 

techniques are used. 

 

2. Then the updated source code file without comments is passed to generate the AST. 

The Abstract Syntax Trees are generated and then compared with each other to find out 

the clones. 

 
3. Then we store the clones generated in the previous step and get the list of clones. We 

iterate over this list, and mark the lines and the strings which consist of the clone. As 

there are multiple lines in the code, where clone is detected, we count those and put 

those back in a separate .csv file for the ease analyze the code clones and their 

classification. 

 

 

 

Figure 4.3: Block Diagram of Implementation 

 

 

4.3  Execution of the Proposed Work 
 

The proposed approach is implemented in python. At the very first step we input a python 

script “test.py” to get comments free file because we are more focused on finding 

duplication in the code not in the comments. 
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Figure 4.4: Input file which includes the comments 

 

 

After the input file gets passed for comment removal, the comments get removed and a new 

file “cleanedlib.py” is created without comments. 

 

 

Figure 4.5: Output file generated after comment removal 
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Now the comment removed file is passed to the script that generates the AST and searches for 

the code clones. These clones are stored in a .csv file and we get the list of clones. Then we 

iterate over the list and will get the lines and the master string expression which contains the 

clone. The Master String Expression is basically a string expression in balanced parenthesis 

form. 

 

Figure 4.6: Count of clones including the string and the line number 
 

As there are various lines in the code where the clones are detected, so a .csv file is generated which 

contains the count of the clones with respect to the string. 

 

Figure 4.7: Number of clones detected 

 

 

At the next step code clones are classified into defined categories as type 1 and 2. Then we 
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iterate over the list and will get the type of clone and the string. 

 

 

Figure 4.8: Classification of Code Clone 

Now the results are stored into a .csv file. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

Figure 4.9: .csv file of the type of clone 

 

Further, in next chapter results of proposed approach are verified on subject system and 

compared with tool “Clone Digger”. 
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Chapter 5 

Experimental Results 
 

 

As per the proposed approach clones has been classified. Now the results have been compared 

with the results of Clone Digger on subject system. 

 

Clone Digger is a duplicate code detection tool, which supports Python and Java languages. 

Discovered clones can differ in small sub expressions, comments and whitespaces are ignored. 

Clone digger is platform-independent and is implemented in Python language. 

Clone Digger is a tree-based clone detection approach. At first it generates Abstract Syntax 

Tree (AST) by parsing the source code. Then matches the sub-trees to detect the clones. 

Clone Digger: 

 ignores the comments and whitespaces 

 supports clone parameterization, 

 allows the changes of function names, variable and constants 

Clone Digger is not efficient to find out the gapped clones. 

 

Although Clone Digger is a commercial tool, it detects only the code clones and the line 

number at which the clone is detected but doesn’t detect the type of the clone. 

 
 

Figure 5.1: Clone detection result by Clone Digger 
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Techniques used 

 

 

Proposed 
Approach 

Clone Digger 

Detecte
d 

Types of Clones     
                          

2
 

 

 

 

As the proposed approach gives both the number of clones and the lines at which the clones are 

present and also specifies the types of the clones whereas the tool “Clone Digger” detects the 

clones and the line number where the clones are present but it does not specify the type of the 

clone. 

The following are the results of comparison between the proposed approach and Clone Digger 

for the types of clones detected and the percentage of lines of duplication. 

The proposed approach is capable of detecting up to type-2 clone whereas Clone Digger is not 

able to detect the type of clone. 

 

Figure 5.2: Comparison of Techniques for Types of Clones Detected 

 

Figure 5.3: Comparison between the Techniques for the % of lines are duplicates 
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Chapter 6  

Conclusion and Future Scope 

 

 

6.1 Conclusion 
 

The proposed approach generates the count, line number and type of clone. In the proposed 

approach a python script was taken as an input and first of all comments are removed. Then the 

modified file is passed to the script that can generate AST and detects the clones. Now, as a 

result of this we get the list of clones. As there are numerous lines in the code at where the 

clones are detected, we count those and put those back in a separate CSV file. Types of clones 

are also stored separately. Now the results are compared with the clone detection tool- Clone 

Digger which can only specify the count and line number of the clone but unable to detect the 

type of the clone. 

 

  

6.1 Future Scope 
 

 The most obvious next step is to automate the removal of detected clones from 

the source. 

 The proposed approach can be extended so that it can detect Type 3 and Type 4 

categories of code clones. 

 The proposed approach can be applied to the larger subject system and object 

oriented software systems. 

 The proposed approach can be extended to detect the clones in other 

programming language also. 
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