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ABSTRACT

In recent time, code clones have gotten much consideration from numerous analysts in the field of software engineering. Code cloning of source code is a noteworthy
issue for substantial, industrial systems. The real outcome of cloning is that it risks the maintenance procedure. Cloning is the most essential methods for software
reuse. Code cloning has been widely utilized inside the product advancement outline group. A software clone is a code piece indistinguishable or like another in the
source code. Clones are viewed as unsafe for programming support and evolution, since it expands complexity of the framework. In the event that a code is altered,
it should be checked against all related code clones to check whether they should be modified also. Removal, avoidance or refactoring of cloned code is other
essential issues in software maintenance. Detection of software clones minimizes the cost maintenance of software and furthermore builds understand ability of
the framework. Many code clone detection procedures have been proposed to distinguish clones. Moreover, we propose a novel method and tool for clone location.
The clones are distinguished by utilizing hybrid approach which is utilized to identify clones in different programming languages. The novel part of the approach
takes the advantage of metric based and token based methods for clone identification. In the experiment, we compared the proposed tool with the existing tool
with performance metrics such as Precision, recall and accuracy. Thus, we affirmed that the proposed instrument was better than the existing tool in simulation
measures, which are appeared by utilizing Net Beans.

KEYWORDS

code clone, clone detection, hybrid approach, software metrics, suffix array.

INTRODUCTION

numerous types of applications created today rely on object-oriented programming (OOP) languages. OOPs are today the predominant worldview in
gstandard programming improvement. As their prerequisite is expanding step by step they are getting to be noticeably bigger and complex. Large scale

programming frameworks are costly to build and, are considerably more costly to keep up. A code clone is a code portion in source files that is identical or
similar to another [1]. A code clone is a code block in source files which is identical or similar to another code block. Code cloning or the act of copying code
fragments and making minor, non—functional alterations, is a well-known problem for evolving software systems leading to duplicated code fragments or code
clones. The normal functioning of the system is not affected, but further development may become prohibitively expensive. Cloning mainly occurs because pro-
grammers find that it is cheaper and quicker to use the copy and paste feature than writing the code from scratch. Sometimes programmers intent on implementing
new functionality find some working code that performs a computation nearly identical to the one desired, copy it entirely and then modify in place [3]. Code
cloning, is considered a serious problem in industrial software [2]. Duplicated code proves easy and cheap during the software development phase, but it makes
software maintenance much harder. Software clone has a number of negative effects on the quality of the software. Besides increasing the amount of the code,
which needs to be maintained, it also increases the bug probability.

TYPES OF CLONE

According to the different similarities, clone can be classified into two categories: One type of similarity considers textual similarity and other second considers

the semantic level, which the clone code must have the same behaviors, means the functional similarity.

TEXTUAL SIMILARITY

Two code sections can be comparative in view of the likeness of their program content. The accompanying sorts of clones are examined keeping in mind the end

goal to discover textual similarity [3].

. TYPE I: In Type | clone, a replicated code piece is the same as the first. Nonetheless, code pieces that is indistinguishable with the exception of changes in
whitespace and remarks.

. TYPE 1I: A Type Il clone is a code piece that is the same as the first aside from some conceivable variations about the comparing names of user-defined
identifiers types, design and remarks.

. TYPE IlI: Copied parts with changes. Statements can be altered, added or removed notwithstanding varieties in identifiers, literals, types, layout and com-
ments are called type Ill Clones.

FUNCTIONAL SIMILARITY

Two code parts can be comparative in light of the comparability of their functionalities without being textually comparable. On the off chance that the function-

alities of the two code sections are indistinguishable or comparable i.e., they have comparative pre and post conditions alluded as Type IV clones [4].

. TYPE IV: Type IV clones are the consequences of semantic similitude between at least two code sections. At least two code parts that play out a similar
capacity however are executed through various language structure are called type IV clones.

CLONE DETECTION TECHNIQUES

Clone detection is an important topic in the research of clones. Many techniques, including those listed below, detect clones automatically. Clone detection
techniques can be categorized into the following categories.

. Line Based Techniques

. Token Based Techniques

. Tree Based Techniques

. Graph Based Techniques

. Metric Based Techniques
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FIGURE 1: CLONE DETECTION TECHNIQUES
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. Line Based Technique: Line-based methods distinguish clones by looking at each line of code parts as a string [4]. Line-based systems can recognize clones
rapidly as contrasted and other discovery strategies, since they don't require any pre-processing of the source code.

. Token Based Technique: Token-based systems change source code into a token grouping [5]. At that point, they identify regular sub-groupings of the tokens
as clones.

. Tree Based Technique: In tree based system, comparative sub trees are searched in the tree. At the point when a match is discovered relating source code
of the comparative sub trees are returned as clone combines or clone classes [6].

. Graph Based Technique: In diagram based methods, source code is changed into a chart portrayal [7]. A program dependence graph (PDG), which is one of
the notable diagram portrayals.

. Metric Based Technique: Metric based systems figure different measurements for each program module, for example, method, function, and class and
afterward recognize clones by contrasting the likeness of the modules in view of the measurements [8].

RELATED WORK

In Past, a broad number of studies have been finished with respect to numerous approaches for clone.

C.K.Roy ed.s [9] compared the various techniques of clone detection such as textual approach, lexical approach, semantic approach and metric based approach
and furthermore comparing and evaluating clone detection tools such as Duploc, simian and NICAD. They proposed that NICAD tool is the best among all others.
They use the clone detection process- pre-processing, transformation, match detection, formatting, filtering and aggregation. They also provide examples of how
one may utilize the results of this examination to pick the most proper clone discovery apparatus or strategy with regards to a specific arrangement of objectives
and limitations.

D.G.Devi ed.s [10] detects the different types of clones using different algorithm like textual analysis, metric based distance algorithm and mapping algorithm. The
detected clones are-extract clone, renamed clone, gapped cloned and semantic clone. They utilized clone identification and metrics to assess quality. In situation
based algorithm the two strategies are utilized —token based and line based. A token-based technique will be more costly as far as time and space complexity than
a line-based one because a source line contains several tokens. Metric based clone detection approach uses the metric based distance algorithm. Then they
compared different types of approach using different algorithm and calculate their metrics, speed, cost and quality.

A. De Lucia ed.s [11] illustrate a novel approach for updating Web Applications(WAs) in view of clone analysis that objective at identifying and generalizing static
and dynamic pages and navigational examples of a web application. Clone analysis is likewise useful for distinguishing literals that can be produced from a database.
A case study is described which indicated how the proposed approach can be utilized for restructuring the navigational structure of a Web Application by removing
repetitive code. An instrument to identify and analyze cloned patterns in web applications utilizing clone analysis and clustering of static and dynamic web pages.
The tool has been implemented for WAs developed using PHP or JSP technology. It supports the user to filter out details that do not contribute to the analysis of
cloned patterns.

G.Gupta ed.s [12] plan and implement a Code Clone Detector instrument to detect clones. The novel aspect of the work is done by utilizing metric based approach
on Java source codes. For calculating metrics Java byte code is utilized and after that source code refactoring is done in order to minimizing code clones. Since the
byte code is taken which converts the source code into uniform representation and it is given as an input to the tool for calculating metrics value, so up to some
extent it is able to identify the semantic clones. Also byte code is platform independent which makes this tool more productive than the already existing tools.
T.Muhammad ed.s [13] displayed Dynamic web pages composed of inter-woven (tangled) source code written in various programming languages (e.g., HTML,
PHP, JavaScript, CSS) makes it hard to investigate and manage clones in web applications. They display an exploratory investigation on the patterns of both exact
(Type-1) and near-miss (Type-2 and Type- 3) code clones in two industrial web applications, which underwent two different development styles. One was devel-
oped using the traditional style where HTML mark-up and PHP code were put together on dynamic web pages. The other was developed following a more sophis-
ticated approach using the MVC (Model-View-Controller) pattern that resulted in a relatively more modularized implementation.

RubalaSivakumar ed.s [14] identified that the code cloning is not only found in software products and programming language but it can also be found in web
applications. Scripting languages such as ASP, JSP, PHP etc are used in the development of web sites in which code duplication practice usually involved in making
of several web pages. The proposed tool gives its evaluated result in precision and recall parameter which then further compared with the other existing. The
result of comparison showed that the value of precision and recall in term of percentage with the proposed tool using.NET gives higher value with accuracy than
the other tool.

S.Ur. Rehman ed.s [15] demonstrates a new code clone detection technique. A method is capable for distinguish clones inside vast source codes and is particular
in its capacity to detect code duplication independent of the source language. They are additionally working on some of its future directions including the removal
of the clones detected from the source code.

OBIJECTIVES OF THE STUDY
1. Analysis of code clone detection of web language using suffix array based tokenization.
2.  To evaluate result to compare with existing technique.

PRESENT WORK

Cloned software is a noteworthy issue in extensive software frameworks that have advanced over along period of time. The issue is not amenable to a straight
forward solution to totally reengineer the framework is a conceivable option, but is very cumbersome and involves much cost. Current work presents a practical
method, for detecting exact clones for object oriented program source code. In this model a hybrid approach using combination of metrics based and token based
technique is used for detection of clone. The approach is divided into two stages. In the primary segment, metric primarily based method is used to hit upon the
capability clones. The metrics are calculated primarily based on class degree and characteristic degree and the edge stage is also defined for the matching of
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metrics. In the second phase, if the metrics healthy count reaches the edge fee then simplest actual clones are detected through using Suffix array based tokeni-
zation technique.
FIGURE 2: CLONE DETECTION ARCHITECTURE
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PROPOSED APPROACH INCLUDED FOLLOWING STEPS

Step 1. Input two source files related to web language like asp.net and php.
Step 2. Pre-processing and Filtering of file by removing white spaces and all types of comments.
Step 3. Metric Calculation

List of metrics (Function & Method level)

Class level metrics

. LOC

. No of private variable

. No of public variable

. No of protected variable

. Total no of variable

. No of loop control statements(for+ while+ do-while)

. Redirect statements

. No of conditional statements (if + switch)

. Friend variable

. Private function

. Public function

. Protected function

. Total no of functions

Function level metrics

. Function name

. No of local variables

. No of Function calls

. No of arguments/parameters passed in function

. No of loop controls

. No of return statements.

Step 4: Calculating the tokens and detection of clones using Suffix array based tokenization technique.
Step 5: Analysing the results
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FLOWCHART 1: FLOWCHART OF PROPOSED APPROACH
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RTF TOKENIZATION MECHANISM

Repeated Tokenization Finder (RTF) likewise enables the client to tailor the token string for better clone detection. The principal probability is the suppression of
certain insignificant token classes that may be considered noises in source code for clone recognition. For instance, contrast of get to modifiers like private,
protected, public and so forth may not be exceptionally intriguing between two generally indistinguishable techniques and subsequently these tokens can without
much of a stretch be stifled. The client can basically demonstrate, from a rundown of all dialect tokens, the tokens that ought to be stifled amid code checking and

these tokens won't turn into a piece of the last token string.
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TABLE 1: SIMPLY TOKENIZATION SCHEME

TOKEN CLASS | ID
Kevwords
private 1
public 2
protected 3
returm 4
Operators
+ 31
* 32
Identifiers 40
Constants 41
Literal strings 42

Punctuation svimbols

(
)
{ 53
}

54
55
56
Tvpe names
int 71
short 72

Another alternative offered is to compare the distinctive token classes. For instance, if the client does not have any desire to separate between the sorts {int,
short, long, float, double}, a similar ID can be utilized to speak to each individual from the above arrangement of sorts. Along these lines, every one of those code
parts that vary just in the kind of specific factors end up noticeably correct copies of each other in the token string. Clients can likewise liken operators, certain
keywords, punctuation symbols, access specifiers and so on. Contingent on the necessity.

17140 517140 567140 52 53 4 4031 55 542 72 40 5172 405672 40 52 53 4 4032 55 54

The repetitive parts of the string are underlined. On the off chance that the client chooses to smother tokens private (token ID 1), open (token ID 2) and secured
(token ID 3), the resultant token string would progress toward becoming:

714051714056 714052 53 4 40 31 55 54 72 40 51 72 40 5672 40 52 53 4 40 32 55 54

Presently, if the operators + (token ID 31) and * (token ID 32) are likened, and furthermore sort names int (token ID 71) and short (tokenlID 72) are compared, we
would get only two indistinguishable substrings covering the two procedures absolutely, plainly demonstrating the abnormal state of similitude introduce between
the two system:

7140517140567140525344031555471405171405671405253440315554

It ought to however be noticed that utilizing these components of controlling the input tokens discretionary and does not hamper the ease of use of the instrument.
Rather, it is additional preferred standpoint for advanced users, a classification that we can securely expect that maintenance engineers should fall into. RTF can
successfully distinguish helpful clones even with no any user-defined customizations. However, if the users suspect, based on their experience with the source
code, that by customizing the input tokens they can show signs of improvement comes about, RTF gives the flexibility to do so.

Clone detection is basically an issue of looking repeated and non-overlapping substrings which are the regular prefix of some suffixes. Along these lines, the key
of solving this problem is to use suffix array. The suffix array (SA) is an array SA[0..n-1] in which SA[j] = i if suffix i is the jth in lexicographical order among all the
suffixes of S. The suffix array of a string of length n over an integer alphabet can be computed in O (n) time. After building the suffix array, we simply utilize some
programming techniques to locate every repeated substring whose lengths are in the interval [max, min].

FIGURE 3: SA AND LCP ARRAYS OF STRING §

/012345678 910111213141516 171819 20 21

S ATGCAAT GCCVGGCATTGCATYV
SA 4051419313188 9 21217711116 615201021
Icp 114220231103 4210431100

Give us a chance to mean the length of the longest common prefix of suffixes i and j by LCP (i, j). At that point, the LCP array contains the lengths of the longest
common prefixes between successive suffixes of SA. That is, LCP[i] = lcp(SA[i-1], SA[i]) for 0 <i < n-1. Given S and SA, LCP can also be computed in 6 (n) time [21].
An example of this is shown in Figure 3.
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ALGORITHM 1: PSEUDO CODE OF CRFINDER ALGORITHM

CRFinder(S, Pmin, Fmin)

Input: string S of length n, requested minimum repeat length threshold Pmin and minimum frequency Fmin

Output: all complete repeats (p; i, j) in S that appear at least Fmin times and period p > Pmin

Preprocessing: Computer SA[/] and LCP[/] (0<isn-1) of string S; let LCP[0] = -1, LCP[n] = -1

1. k=0; push (STALOCH; 0, 0)

//(location, height) are stored in stack STALOCH, initial values set to 0

2. while (k <n-1)

3. while (LCP[k] <= LCP[k+1]) do

//when LCP[k]<LCP[k+1]: open a potential repeat occurring

4. if (STALOCH[top].height < LCP[k+1]) then

push (STALOCH; k, LCP[k+1])

5. k++

6. while (LCP[k] > LCP[k+1]) do

//when LCP[k] > LCP[k+1]: close the repeat previously created

7.j=k

8. k++

9. pop(STALOCH) to (i,h)

10. while (STALOCH[top].height > LCP[k]) do

11. for p = h down to STALOCH[top].height +1 do

12. Check(p, i, j)

//check period and occurrence frequency satisfy the requirements

13. pop(STALOCH) to (i,h)

14. for p = h down to LCP[k] +1 do

15. Check(p, i, j)

16. if (STALOCH[top].height < LCP[k]) then

push (STALOCH; i, LCP[k])

17. while (LCP[k] = LCP[k+1]) do

//when LCP[k] = LCP[k+1]: sustain a potential repeat occurring

18. k++

Function Check(p, i, j)

1. f=j-i+1

2. if f>=Fmin and p >= Pmin then

3. output (p; i, j; )

RESULTS AND DISCUSSIONS

This section exhibits the simulation results of the proposed technique. We study that our proposed method detects the clones available within the supply docu-
ments in an efficient way. We have compared the proposed technique with the already present clone detection device supply monitor as a way to deliver less
precision and take into account charge while as compared to our proposed technique. We have done trials with the existing and proposed system to recognize
the clones. The after effects of the methodology have been tried on two web source code records and their resultants are appearing in table 2 and table 3.
EVALUATION PARAMETERS

The evaluation parameters include various terms such as true positives, true negatives, false negatives and false positives. These are the terms that are used to
compare the class labels assigned to documents with the classes the items actually belong to by a classifier. True positive terms are truly classified as positive
terms. False positive are not labeled by the classifier as positive class but should have been. True negative terms are correctly labeled as in negative class by the
classifier. False negative terms are those terms that are not labeled by the classifier as belonging to negative class but should have be classified. Confusion Matrix
contains these terms that are used for evaluation.

CONTINGENCY TABLE

Correct Labels
Positive Negative
Classified Labels | Positive | True Positive (n_) False Positive(n;,_,s)
Negative | False Negative(n,_) | True Negative (n;_;)
Precision, recall and accuracy parameters are used for evaluating the performance:
PRECISION AND RECALL
It verifies what number of cloned documents is effectively identified as clones among those all that are having clones. It can be measured by number of files cloned
that are effectively recognized as clone to the aggregate number of files taken as clones.

Precision = —5=25 Eq. (1
n"sas“‘"has q ( )
_ Mgl
Recall = Ea— Eq. (2)
ACCURACY

Accuracy is the percentage of effectively identified files as clone. It can be measured as the quantity of correctly classified files as clones to the aggregate number
of files. It should be highest for the best technique.

n, +n,
Accuracy = ———==25"_hoh Eq. (3)
NgsstNgp+Nhss+HNpsh

We have done trials on 50 files from which 40 files are actual cloned files and 10 are non-cloned files. A few files are taken from different data sources online.

TABLE 2: RESULTS OF EXISTING METRIC WITH TEXTUAL APPROACH
Existing technique | Predicted Positive | Predicted Negative
Positive Cases 32 8
Negative Cases 4 6

Proposed technique | Predicted Positive | Predicted Negative
Positive Cases 34 6
Negative Cases 2 8
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TABLE 3: RESULTS OF PROPOSED SUFFIX ARRAY TOKENIZATION APPROACH

Parameters | Metric with Textual Approach | Suffix Array Tokenization Approach
Precision 0.88 0.944

Recall 0.80 0.85

Accuracy 0.76 0.84

Using the more than four conditions, we have looked at the execution of our proposed approach and existing approach in view of table 2 and table 3. The got
results are appearing in table 4. Figure 4, 5 and 6 illustrates the precision, recall and accuracy of the web based cloned files.

Precision value
© o o o
o N B O 0
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Accuracy value

FIGURE 4: PRECISION RATIO OF PROPOSED AND EXISTING APPROACH

Metric with Textual Approach

FIGURE 5: COMPARISON OF PROPOSED AND EXISTING APPROACH IN TERM OF RECALL

Recall value
o
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FIGURE 6: COMPARISON OF PROPOSED AND EXISTING APPROACH IN TERM OF ACCURACY
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We have performed experiments on some gathered sample files to analyze the precision, recall and accuracy parameters to evaluate the performance of the
proposed approach. We have observed that proposed tool is detecting more efficient number of clones as compared to existing technique, so cloning rate ascer-

tained by our clone identifier tool

is more.
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CONCLUSION

Software clone is a phenomenon in large software system. It is usually caused by programmers copy and paste activities. The reason for the existence of clones in
the source code is that making a copy of a code fragment is simpler and faster than writing it from scratch. In this paper, we have concentrated on clone detection
systems and tools, giving a concise however extensive study and a speculative assessment in view of altering situations. Our technique can making sense of clones
inside enormous supply codes and is unprecedented in its ability to hit upon code duplication free of the supply language. The tool Code Clone Detector created
works just for the object oriented language code and it is anything but simple to utilize. In this introduced work metric based approach is utilized to distinguish the
potential clones and after that upgrading the clone by means of utilizing token based technique.This approach is compared with source code of netbeans bellon
and overshadows bellon individually in term of precision, recall and accuracy. From the simulation comes about it has been noted that the proposed approach
give better outcomes as compared with existing methodology.

In future, this approach can be coordinated with different methodologies like abstract syntax tree based approach and the program dependence graph approach
to deal with clone efficiently.
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