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Abstract
Software Systems are evolving by adding new functions and 
modifying existing functions over time. As we do evolution of 
software, the structure of software is becoming more complex 
[5] and so the understandability and maintainability of software 
systems is deteriorating day by day. Copy and paste programming 
is a common activity but it introduces a negative point to reuse 
by creating Clones. Several studies show that about 5% to 20% 
of software systems can contain duplicated code, which are 
basically the results of copying existing code fragments and using 
then by pasting with or without minor modifications. The main 
disadvantage of duplication of code is that if a bug is detected in 
a code fragment; all the other fragments similar to it should be 
investigated to check the possible existence of the same bug in 
the similar fragments. Restructuring of such code is another prime 
issue in software maintenance although several studies claim that 
refactoring of certain clones is not desirable and there is a risk of 
removing them. Detection of duplicate fragments increases the 
efficiency of software maintenance process and thus decreases 
maintenance cost.
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I. Introduction
With the advancement of software industry, the IT sector is 
becoming more prone to the phenomenon of software piracy.  
Out of the various factors, one factor that results in software 
piracy is code clones that are becoming increasingly rampant 
causing harm to the IT world. For customers and IT company’s 
code clones cause a serious threat to the security and legitimate 
rights. Therefore, it is very necessary to detect and check the 
various types of code clones
Code clones are the sections of very similar or identical code 
that are obtained by reusing of code fragments by copying and 
pasting with or without any major or minor adaptations [1]. Due 
to the reason of copy- and- paste programming code clones have 
resulted in generating various issues as listed below:

Degradesreusability and maintainability of code.• 
Long repeated sections of code are createdwhich differ in • 
only a few lines or characters.
Specific purpose of each section remains hidden.• 
Redundancy of code increases which has to be avoided.• 
Increases the maintenance costs.• 

In a software system it has been stated that around 5% to 10% 
code are cloned and around 60% of the efforts of the organization 
is wasted in maintaining the existing software [3, 4]. Due to this 
rapid increase in the code clones and the resulting maintenance 
problems, more and more focus is being shifted to the detection 
of the various types of code clone. Clone detection process is 
shown in fig. 1. Paper [14] states the following:
Language dependency is a big obstacle when it comes to the 
practical applicability of duplication detection. We have thus 

chosen to employ a technique that is as simple as possible and 
prove that it is effective in finding duplication

Fig. 1: The Clone Detection Process [12].

II. Types of Code Clone
There are four types of code clone which are described below.

Type 1: It is also called exact copy clone. In type 1 some 1. 
variations exist in change of comments or in white spaces.
Type 2: It is syntactical same copy. In type 2 literals are 2. 
changed e.g. name of variables and name of functions are 
changed. It is difficult to detect from type 1.
Type 3: It is code clones in which lines are added or deleted 3. 
and lines are interchanged. 
Type 4: It is a code clone which is not created intentionally. 4. 
Developer is un-known to presence of similar code. This type 
of code clone is very difficult to detect. 

III. Related Work
Hummel et al (2010) [1] proposed an index based code clone 
detection methodology. Their method firstly replaces user defined 
identifiers with special tokens in every line of the source code. 
Then, hash values are calculated from them. Next, the method 
stores their hash values, their line numbers [1], and their files 
names into the database. By using the database, lines that are 
duplicated with specified lines can be instantly obtained. Multiple 
lines duplication can be easily constructed by combining single-
line duplication stored in the database.
Yoshiki Higo et al,(2011)[4] discussed PDG approach of code 
clone detection. They developed a prototype tool, and applied 
it to against open source software. The experiment showed that 
the proposed method could obtain code clones within a short 
timeframe and its detection result was quite similar to the detection 
result of an existing PDG-based detection tool.
Nguyen H.A et al. (2012)[11] presented a tool JSync for clone 
management system is detected. This tool provides support to 
clone detection and updating, clone change management, and 
clone synchronizing [11], clone consistency, validating, and clone 
merging. It represents abstract syntax tree which measures for code 
similarity. A new technique has been introduced which computes 
tree editing script, to detect and update clones of code. 
Hiroaki Murakami et al(2012) [9]  says that a variety of code 
clone detection methods have been proposed. However, only a 
small part of them is widely used. Line-based and token-based 
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methods are used widely. Benefit of these methods is that they 
don’t require deep source code analysis or constructing complex 
intermediate structures for the detection. One of the big advantages 
in code clone detection tools is high scalability. But line and token 
based detections yield many false positives. One of the factors of 
this false positive yield is the presence of repeated instructions in 
the source code like presence of consecutive three printf statements 
in C source code. 

IV. Drawbacks of Code Duplication
Clones do occur in large software systems. While it is beneficial 
to practice cloning, code clones can have severe impacts on the 
quality,maintainability and reusability of a software system. 
Some of the drawbacks of having cloned code in a system are 
as follow:

A. Probability of Bug Propagation May Increase
If a code segment contains a bug and that segment is reused by 
coping and pasting without or with minor adaptations, the bug 
of the original segment may remain in all the pasted segments in 
the system and therefore, the probability of bug propagation may 
increase significantly in the system [24].

B. Increased Probability of Introducing a New Bug
In some cases, the structure of cloned code is reused in which 
developer adapt the code according to current needs. In such a 
process new bugs may get introduced and also this process can 
be error prone. Also it will become difficult to detect such type 
of bugs.

C. Increased Probability of Bad Design
Software code Cloning may lead to introduction of bad design, 
which may cause lack of good inheritance structure or abstraction. 
Due to result of it, it will become difficult to reuse that part 
of the implementation in further projects. It can also hamper 
maintainability of code [18].

D. Increased Difficulty in System Improvement/
Modification
Due to presence of code clone the system, developer needs 
additional time and attention to understand the existing code clone 
and to adapt it according to current requirements. So it becomes 
difficult to add new modules in the system, or to change existing 
functions [20].

E. Increased Maintenance Cost
Due to presence of duplication of code, if a bug is found in one 
component of code, there will be requirement to find similar bug 
in all cloned components which is a difficult task. Moreover 
it become time consuming and one can’t assure that whether 
that bug was fixed already during the time of reusing or during 
maintenance.Moreover, duplication multiplies the work to be done 
during maintaining or enhancing a piece of code [17-18].

F. Increased Resource Requirements
Code duplication introduces higher growth rate of the system 
size. In some domains system size may not be a big problem but 
for others (e.g., telecommunication switch or compact devices) 
may require costly hardware upgrade with a software upgrade. 
If more code has to be translated which has a detrimental effect 
on the edit-compile-test cycle compilation time can increase. The 
overall effect of cloning has been described as a form of software 

aging or hardening of the arteries.

V. Advantages and Applications of Detecting Code 
Clones
In addition to the direct benefit of knowing how to improve the 
quality of the source code by refactoring the cloned code, there 
are many other advantages and applications of detecting clones. 
We list some of those as follows:

A. Detects Library Candidates
Code fragment, which is used multiple times, proves that it is 
usable code fragment. As a result, this fragment can be added in 
a library for further usage.

B. Helps in Program Understanding
If the functionality of a cloned fragment is comprehended, it is 
possible to have an overall idea on the other files containing other 
similar copies of that fragment of code. For example consider a 
piece of code which is usedto manage memory we know that all 
files which contain a copy must implement a data structure with 
dynamically allocated space [1].

C. Aspect Mining Research
Detecting duplicated code is also required in aspect mining for 
detecting cross-cutting concerns which is typically duplicated 
over the entire application and could be identified with clone 
detection tools [40, 41].

D. Finds Usage Patterns
If all the duplicated fragments of a same source fragment can be 
detected, the functional usage patterns of that fragment can be 
discovered [1, 7].

F. Detects Malicious Software
Clone detection techniques can be used in finding malicious 
software. By comparing one malicious software family to another, 
it is possible to find the evidence where parts of one software 
system match parts of another [2].

G. Detection of Plagiarism and Copyright Fragments
Finding similar code may also useful in detecting plagiarism and 
copyright infringement [1].

H. Helps Software Evolution Research
Software codeclone detection [7] techniques are successfully used 
in software evolution analysis by looking at the dynamic nature 
of different clones in different versions of a system [7-9].

I. Helps in Code Compacting
Detection of code clone techniques can be used for compact device 
by reducing the source code size [4,9].

VI. Various Methods to Detect Software Cloning
The various techniques for detection software cloning are:

A. Text Based 
It requires little or no transformation or normalization. In this 
approach code slices are considered as sequences of strings and 
then these are compared with each other in order to find the same 
strings [6]. Firstly, fragments of code, of a fixed number of lines 
(the window) are hashed and then a sliding window technique in 
combination with an incremental hash function is used to identify 
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sequences of lines having the same hash value as clones. Sliding 
window technique is used repeatedly[4] with various lengths to 
find clones of different lengths.This approach can detect Type-1 
code clone but cannot detect the structural type of clones having 
different coding but same logic [8].

B. Token Based 
Token based approach is also known as lexical approach. This 
approach uses parser or lexer for the transformation of source code 
into a sequence of tokens. Then the scanning of these sequences 
of tokens is done to find the same token sequences. The original 
code slices are that are represented by the token sequences will 
then be returned as clones. This approach though more efficient 
than text based approach over minor code fragments if there 
exists blank spaces and comments but its accuracy level is not 
satisfactory as various false positive clones will be introduced in 
the code while conversion of source code in the token sequence 
[8]. Also due to not taking into consideration of syntax, clones 
found by this technique may result in the overlapping of different 
syntactic units.

Table 1: Example of Simpleand Normalized Code for Token 
Base

Simple Code Normalized Code
void equation()
{
inta,b,c,d,e;
   c= a+b;
   e=c-d;
}

void $id()
{
int $id, $id,$id,$id,$id;
   $id= $id+$id;
   $id=$id-$id;
}

C. Abstract Syntax Tree Based 
In AST the clones are searched by searching for similar sub- 
trees. Similar sub tree denotes presence of code clone. The level 
of accuracy is considered good in this approach but it results in 
unstable scalability as it depends on the algorithm that is being 
used to build and compare of the trees [9].

Fig. 2: Sample Code and Abstract Syntax Tree of Code

D. Program Dependency Graph Based
This approach lays emphasis on data dependencies and control flow. 
After applying PDG isomorphic sub-graph matching algorithm is 
used to obtain code clones [11]. This helps in the finding of the 
clones. The dependency graphs needed to be built for this approach 
and the accuracy of these graphs have to be extremely taken care 
of, as a simple form of error in the dependency graph could highly 
lead to the building of codes which makes it difficult to detect the 
clones.  PDG- based detection approach is very effective as it can 
detect non- contiguous code clones. But it is a cumbersome and 

costly process to obtain PDG for large software. Fig 1.11 shows 
the sample code and its dependency graph.

Fig. 3: Sample Code and Dependency Graph

E. Metric Based
Here metrics are used to measure clones in software after the 
calculation of metrics from source code. This approach parses the 
source code to its AST/PDG representation for the calculation of 
metric [9]. For the purpose of calculation of metrics from source 
code various tools like Columbus, Source monitor are available 
[8]. This approach provides high accuracy and scalability level. 
Some common fields used in metric based detection.

Number of declaration statements (Decl.)• 
Number of executable statements (Stmt.)• 
Number of conditional statements (Cond.)• 
Number of looping statements (Loop)• 
Maximum nesting level of control constructs (Nest)• 
Number of return statements (Ret.)• 
Number of parameters (Param.)• 
Number of called functions (Call)• 

F. Line Based 
In line based techniques code is matched for each line. In type 3 
code clone the lines of code are interchanged or lines are added or 
deleted. So line by line checking of code is also required instead 
of complete matching of code. In line based technique each line 
of first code is matched to each line of other code. Line Based 
technique has high accuracy.

VII. Conclusion
Code clones presence is being recognized as an emerging cause 
of concern in software industry. Due to the presence of code 
clone maintenance of software has become extremely difficult. 
Therefore, identification of code clones becomes extremely 
necessary in order to avoid the problems caused by them. In 
this paper we have studied about code cloning drawbacks of 
code cloning, advantages of detecting code cloning and various 
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techniques to detect code clone. In future, work can be done on 
some new technique of detecting code clone.
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