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Abstract

Reusing the code in multiple locations is called in software engineering Code Clone. Detection of a
clone is important to reduce the maintenance time and size of code. There are four techniques to detect
the code clone: text-based, token-based, AST(Abstract Syntax Tree) based, and PDG(Program
Dependence Graph) based.

In this paper, we propose and implement the token-based method for code clone detection in the Dart
language. The proposed method 1s evaluated by injecting clones to Dart programs. Results show that
the proposed method detects all the injected codes.
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Introduction

A code clone is a code fragment that appears in multiple locations in the source file[4]. This clone
makes the maintenance of software difficult, takes more time also leads to the spread of bugs in all
locations that copied the fragment to it[2]. This clone can occur in the level of file, class, method, or
number of lines. There are four categories of clones [9].

1- The first category where the clone is identical to the original fragment, changing only in
comment or whitespace[1,6,2,8].

2- The second category includes the clone as in the first category plus changes in identifiers
names ( variable names, methods names, and identifiers numbers value).[1,2,8]

3- The third category in addition first and second categories changes code fragments by adding
or deleting or modifying code fragments.|[5,2,8]

4- The fourth category takes the functionality of the code fragment and rewrites it in different
syntaxes ( copy the function of the code fragment ).[6,8]

Researchers propose multiple code clone detection methods ( text-based, token-based, AST(Abstract
Syntax Tree) based, and PDG(Program Dependence Graph) based) that are different in the precision
and time have taken to find the clone[11]. Code clone detection is very important to other software
engineering stages [3].

Dart language appears in 2011, It is developed by Google and used for developing fast applications for
many platforms ( Mobile applications, Web Applications, and Desktop applications).[10]
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This research aims to propose the methodology and implementation of Code Clone Detector for Dart
language that is based on the token.

Section 2 contains the methodology of the proposed method. Section 3 contains evaluation of the
proposed method. Section 4 contains conclusion and future work.

Methodology

The source code files written in Dart language under testing are read and pass the Preprocessing stage.
After this it’s tokenized into tokens then compare them to find the code clone between files. Figure -1
shows the overall method.

Select files Pre-processing Tokenize the files Matching detection
> — i

Package of files files Pre-processed files

Tokenized files Show Clone percentage

Lexical Analysis Clone Detection

Token-based

Figure 1 overall method

2-1 preprocessing

In this step, all comments, whitespace, and import of libraries are removed from the source
code[3,5,7]. In Dart language, the Comment can be one line by adding the (//)symbol to the line or
multiple lines comment by adding the (/*) symbol at the beginning of the comment and the (*/)
symbol at end of the comment. For import libraries in the Dart language, The (“import”) keyword is
used to enable user to use these libraries[10]. All this with whitespace will be removed in this step.
This step is shared between two types of clones ( first Category and second Category ).

2-2 Lexical analysis( tokenizer)

Lexical analysis is the first stage of a compiler that takes the source code after preprocessing and
breaks each line into a set of tokens each token has information ( token, token type, and line number ).
This information will be used to find the clone between two files. For First Category, this token will
be used without any normalization to find the similarity between the two files.

For Second Category, after getting tokens, all the tokens that are type identifiers (variables, methods
name, numbers ) are replaced by a special token we use (“#VOD”). This replacement makes code
fragments that renamed identifiers similar to each other.

2-3 Matching detection

From all the previous steps the tokens are compared and detected. The clone pair then is converted
into line numbers on the source files and then compute the clone percentage between two files and
then display results.
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Figure 2 shows the Activity diagram for the proposed Token-based method a- the first category b -

The second category.
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Figure 2 the Activity diagram for The proposed Token-based method

The sequence diagram shows process interactions arranged in time sequence in the field of software
engineering. It depicts the processes involved and the sequence of messages exchanged between the
processes needed to carry out the functionality. Figure 3 shows the sequence diagram for the proposed

method.
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Figure 3 Sequence diagram for proposed Token-based method.

3. Evaluating The Proposed Method
To evaluate the method token-based for detection clones of first and second categories. The
following steps are used :
1. obtaining Source code files written in Dart language from Github.
2. injecting these files with clones of code
3. Editing files as shown in table 1.

Table 1 shows the types of edits applied to clones

Edit Category
Add whitespace. First Category
delete whitespace. First Category
Change in between token (/* */) comments First Category
Change at the end of line (//) comments. First Category
Add import library First Category
Delete import library First Category
Systematic renaming of an identifier. Second Category
Arbitrary renaming of an identifier Second Category
Change in value of a numeric Second Category

After executing of the proposed Code Clone Detector, all the injected clones are retraveled without a
false position. The Recall for these clones and editing is shown in table 2.
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Copies First Category Second Category
umber inject Find inject Find
25 25 25 25
Recall
Token-based %100 %100

The detector is tested on files more than one and measure the time required for each one (ms). The
average time for the token-based is shown in Figure 3 for each category. The second category takes
more time because it needs additional time to search and replace all identifiers with a special token.

Execution time for Token-based

Method

- —

First Category

® First Category

Second Category

* Second Category

Figure 4 Execution time for The proposed Token-based method

Conclusion and future work

The paper proposed a token-based code clone detector. It detects clones in programs written in Dart
language. The implemented detector is tested by injecting clones to Dart programs obtained from
Github by codes. It detects all the clones.

In the future, the same method can be used for other languages such as Java, C++, .... Etc. Also
make the method work on the function level and detect the third category.
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