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Abstract— Similar type of source codes or repetition of source codes in the software is kn@de clones.
e

Clone detection technique is capable of identifying the similar type of source co % t in software
applications. These code clones increases the fault and maintenance cost. New sour, es obtained from
another source code without any proper changes lead to error. Detection of co s help in reducing
the software maintenance and plagiarism detection. Some of the clone de techniques are token
based approach, tree based method, etc. But, the process involved in them a%ry multifaceted and also
identifies only lower level clones of same programming language sougomeq The system mainly focuses
on higher level (Method, File, and Directory) clone detection in i rogramming language source
code called cross language higher level clone detection. The metg d approach helps to reduce the
computational cost in terms of resources and time with high preges his cross language clone detection
increases the interest in multiple languages. Clone detection re can be measured using precision and
recall. .
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Clone detection is a major phenomenon @1 the field of software engineering to find clones. Clone
detection approach helps to find the @ ion of programming language source codes that are widely
used. The source code that occurs ﬁ% an once across different programs of the same entity are called
code clones [1]. Code clones iR theNgOftware system may introduce bugs resulting in the decrease of
understandability in code snipé[Z]. Error containing source codes or inconsistent source codes when
extended will increase the f modification. There are lots of reasons for the occurrence of clones.
Copy paste method is th’@f copying source code from the existing methods and reusing it with some
modifications. This m the major reason for producing clones in software. This method increases the
maintenance cost ?&consistent changes in various copies of the source code [3]. Plagiarism is another
reason for clonﬁi@the requirement is growing day by day coding is becoming larger and complex.
Extensive sof; systems are pricey to build and, are even more costly to maintain. Sometimes,
developers uncomplicated way of implementation by copying some fragments of the existing
program se that code in their work. This type of work is called code cloning [20][19].

@ nes are identical programming language source codes with minor modifications like variable
rermgMng and variation in literals. Continuous occurrence of simple clones with minor modifications
between two or more source codes may lead to method level or file level called higher level clones [2]. The
methods are extracted from a file and metric values are calculated and compared for different source
codes and which are similar termed as method level clones. File level clones are identical source codes
present in two different files. The method level and file level clone detection is mainly for reducing the
deviation of the source code and also for improving the source code quality. These clone detection
techniques are used in various fields such as software evolution analysis, detecting bugs and copyright
infringement investigation [17]. In general, there are two ways of identifying the similarity between source
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code segments: textual and functional similarity [10]. Textual similarity finds the code fragments that are
exactly the same based on the content (text) with minimum modifications. Copy paste method comes
under textual similarity. Two source code fragments identical based on the similar pre and post conditions
are referred as functional similarity [20]. There are four types of code clones in software. They are type-1,
type- 2, type-3, and type-4. They are defined as follows:

Type-1: Two code fragments identical but with some modification like comments, whitespace.

Type-2: Two code fragments similar based on syntax with little difference in identifiers, literals and layouts.
Type-3: Identical code segments with few variations in types, comments, adding or removing stategng@n
the source code. \
Type-4: Similar type of code fragments, with different implementation procedures followed [20].6 *

In the above types of clones defined, the first three types come under the category of text ilarity and
type-4 clone belong to functional similarity. The metric based approach is used to dete€} hidRer level clones
present in cross language platform such as Java and C++. This approach indirectly idehuNgs*the similar type

of programming language source codes. The source code similarity can be idenjj
using metrics. Metric based technique is used for finding clones much easier a
high precision and recall. Metrics are individually calculated for both metho
calculating metric values for identifying similar type of source COdES@S
N

r detecting clones
this technique yields
files. This technique is
ferent files. These metric

values are calculated using computed metrics. *

These metric values are compared to find clones, instead of cQEMRay
direct comparison (Line by line comparison) of source codes, it g
clones in source code. This approach can support differe
clone detection. The overall system architecture of highe

g source code directly. In case of
ifficult and also takes long time to find
tyge of programming language source code
lone detection is shown in Fig. 1.

values for method level clone detection. Matches en different source code metric values to be satisfied
with the threshold value considered as mewve clones. Likewise file level clone detection can be done

using file level metrics.
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Fig. 1.  System architecture

The clone relations are referred using the terms such as clone pair and clone cluster. Clone pairs indicate
that two different code fragments or segments are identical to each other. A large number of code segments
forming a pair of identical code fragments are referred as clone cluster [2]. All clones grouped under the
same domain are called clone class family, otherwise it is known called super clone [17].
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Generally clones are broadly classified into two categories: namely exact clones and near-miss clones [2].
Exact clone or type-1 clone is defined as two or more code fragments that are identical in nature with a
small variation in blank space, new line and adding or removing tabs [17]. Type-2 and type-3 clones may be
termed as near miss clones. Earlier papers dealt with the clone detection in single programming language
source code. The widely increased usage of the source codes need a cross language clone detector which is
proposed in this paper.

I1. Process of Clone Detection

>
The clone detection process helps to detect higher level clones. Comparison of two or more code frd ts
takes place for finding similarity between the source codes. The identical code fragments and id@ic& files
are concluded as clones [7, 2, 10]. @

Metrics are classified as method level and file level metrics. The following method le rr&'ics computed
for source codes are: *

Number of lines of code 6
Number of arguments passed @

Number of function calls

*
Number of local variables ’Q
Number of conditional statements t\

Number of looping statements
Number of return statements @
Number of assignment statements

N A wN

*

The following shows of metrics that are computed for s e todes are[19]:
Number of lines of code $

Number of variables declared

Number of methods defined

Number of function calls

Sequence of function calls s\ﬁo

Fig. 2 shows the input s de that is taken for clone detection. Select two different object oriented
programming language s%e code such as Java and C++ for preprocessing. The input source code can be
extracted from softwal ponent finder and source code repository. Same source code should be selected
for both Java an\ gramming language.

SQ le java Browse java code 1gl.cpp Browse c++ code

SIS

A. Input selection

A #incdude <iostream>
o using namespace std

7
* @author characters /inline function, no need prototype
o inline float triangle_area(float base, 1
¢
public class Areaoftriangle {

{
public static double distance(double floatarea; .

{ area = (0.5 " base " height);

return area;

3
3 H

H
public static double heron(double a, d
z int main(void)
- {

floatb, h, a;
hzd
-

O — . >

{
return Math. sqQrt((x2-x1)* (x2-x1)+(y2-y1)

double p = a+b+C v

v

Fig. 2. Inputfile
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B. Pre-processing the Source Code

The screen shot of source code preprocessing is shown in Fig. 3. Selected source code should be normalized.
Normalization is the removal of header files, removal of blank lines, removal of whitespaces and removal of
single and multiple comment lines. This pre-processing step is most important for every source code helps
to remove unnecessary lines [10].This step reduces the number of lines of source code and make the source
to standardized format.

L Java preprocessing J L C++ preprocessing J ’\Q
all Al ‘ b *

public class Areaoftriangle { using namespace std;

public static double distance(dou inline float triangle_area(float base, float
{ {

return Math. sqrt((x2-x1)*(x2-x1)+(y2- float area; *
) area = (0.5 * base * height);

public static double heron(double return area;

{ }

double p = a+b+cC, int main(void)

double s=p2; {

return Math.sqrt(p*(p-3)*(p-b)*(p-c) floatb, h, 3;

} b=4;

*
>
public static void main(String|] args' v h=86; \a v
[Se————T— | | |= AN v |

Fig. 3. Source code pre| ro@ng
*

plate conversion

C. Intermediate Form (IR

ramming language source code. After preprocessing

Fig. 4. shows the template conversion of different
ach line of source code can be converted into tokens

step, convert the source code into intermediate fo
to make template conversion easier.

L Java templ [ C++ template J
. .
class na using namespace std;
functio g@tlon 4 function definition 2
{ {
retu ment float datatype
} function definition 2
\t 1on definition < | return statement
}
0 signment statement main function
assignment statement {
return statement float datatype

H assignment statement

QO e e O W e L O
- L | < >

Fig. 4. Template Conversion

D. Method Extraction
The methods are extracted after template conversion. Each and every method is individually extracted from

both Java and C++ files. This step is mainly focus on methods alone and avoids remaining lines of source
code. The methods are only used to calculate method level metric values
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E. Metric value Calculation

Fig. 5. and Fig. 6. listed the calculated metrics values for both Java and C++ source code. Source code
metrics are computed for calculating metric values.

| Java method metrics | [ C++ method metrics J
lines in each method:10 lines in each method:8
looping statement in each method :0 looping statement in each method :0 - Q
function call in each method:0 function call in each method:0 \
conditional statements in each method:0. conditional statements in each method:0
return statement in each method:2 return statement in each method:1 6 *
arguments passed to the method:7 arguments passed to the method:.7
local variables declared in each method:t local variables declared in each metho
assignment statement in each method:2 assignment statement in each me' d&
*

O

- '_\ /‘ » <" S %6 Ad
Fig. 5. Method level metrics O\Q ¢

File level and method level metrics are listed in sectionl.The m \alues are calculated for different
methods and files. The metric values are generated after the t conversion. This approach helps to
detect higher level clones easier.

*

Java file level metrics | [C»ﬁlelml metrics )

tal number of lines @27 tal number of lines 18
imber of variables used O 2 | imberof variables used
7

tal number of function call 13l number of function call
imber of methods ceﬁEd 2 imber of methods defined

bQ)
< '\%' JIr| [« T
\O Fig. 6. File level metrics

Few exar@or template conversion is renaming variable, renaming of data type etc. This step is carried
out for nd every line of source code. This Java and C++ template mainly helps for comparison of two
j ogramming language source code easier [20] [8].

- N

F. Identify Matches

The percentage of method level and file level clone detection to be displayed in the Fig. 7. The metric values
are compared for finding similarity between the source code. Java source code metric values are compared
with C++ metric values for both method level and file level clone detection [18]. Finally aggregate the
matches (identical code fragment) metric values between two different programming language source
codes. The aggregation of similar metric values is done based on the threshold value defined by the user
and the clone is detected.
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I11. Result

The metric values of Java and C++ codes are calculated using the above proposed technique. All the metric
values are obtained. The difference between each metric values of both Java and C++ are obtained for each
metrics listed in the Section I. The average of the metrics is calculated. A threshold is set and the presence
of exact and near miss clone is detected accordingly.

| Method level clone detection File level clone detection . Q
: : o
90% ) 91%
90% clone exist

clone exist :,> s\sg

A4
1& ) y » - \ ) y »
Fig. 7. Clone detection @2
The clones are classified based on the threshold value as shown in thg T@ ¢

Table I: Clones classified based on thr value
[}
Average (%) Eﬂstge of Clonesg
>=90 . \Nact Clone
>=70 \ '®ar miss Clone
<=69 No Clone

| nclusion
higher level clones in source codes. Additionally in the latter

This metric based technique helps to id

stage the textual comparison of th @ed template of the source code is also employed. This type of
comparison increases the perform& f clone detection measure such as high precision and recall. This
clone detection approach also uces the computational overhead. The file level clone between two
different language source co@ cted with a higher accuracy.

The proposed cross lang
Comparison approac

@ lone detection approach reduces the time complexity compared to the direct
J also increases the importance in multiple programming languages. This work
may be extendgd eloping a generic tool which accepts source codes of any language for clone
detection and glgN go for next higher level detection.
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