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A Plagiarism Detection Technique for Source Codes

Considering Data Structures
Kihwa Lee" - Yeoneo Kim"™ - Gyun Woo™

ABSTRACT

+

Though the plagiarism is illegal and should be avoided, it still occurs frequently. Particularly, the plagiarism of source codes is more
frequently committed than others since it is much easier to copy them because of their digital nature. To prevent code plagiarism, there

have been reported a variety of studies. However, previous studies for plagiarism detection techniques on source codes do not consider the
data structures although a source code consists both of data structures and algorithms. In this paper, a plagiarism detection technique for
source codes considering data structures is proposed. Specifically, the data structures of two source codes are represented as sets of trees
and compared with each other using Hungarian Method. To show the usefulness of this technique, an experiment has been performed on

126 source codes submitted as homework results in an object-oriented programming course. When both the data structures and the
algorithms of the source codes are considered, the precision and the F-measure score are improved 22.6% and 19.3%, respectively, than
those of the case where only the algorithms are considered.

Keywords : Program Plagiarism Detection, Static Analysis, Program Similarity, Similarity on Data Structures
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The Architecture of the proposed plagiarism detection
system considering data structures

Fig. 1.
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class Point

{

private int x; ‘_ Data Structure
private int y; Area

public int setPoint(int x, int y) {
this.x = x;
this.y = y;
return 0;
}
public int getX() {
return x;
}
public int getY() {
return y;

}

r Algorithm Area

}

Fig. 2. The algorithm area and The data structure area of Point
class written in Java
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class A {
Int 1; QP cas | s
B b;
char c; » CIS . 10
} -CIS
lass B { -S Local s 10
class .
String [P N'Qf;:ﬂﬁ D 00 | 00
str; .
} Hungarian
. Method
rce Code
o A Data Structure
class A { ‘ Sim'larity
int i; Data Normlization
B b; Structure:
char c; Linearize:
}
-CIS H(P,Q)
) SIMp(AB) = ————— <2
class B { S D
String -D min{H(P,P),H(Q,Q)}
strs 3.0+1.0
} Q SIMp(4,B) = === 1.0
class C { P : The set of linearized data
double d; structure of source code A.
} Q: The set of linearized data
[Source Code B] structure of source code B.

Fig. 3. The measurement process for the similarity of two data
structures
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Table 1. Orders and tokens of data types to linearize data structures

Java Data Type Order Token

boolean, Boolean 1

char, Character
byte, Byte
short, Short

int, Integer, Biglnteger

long Long
float, Float
double, Double
String

[ |0 W] w]| DN

[1 (1-dimensional array)

[I[] (2-dimensional array) -
Java API 999
User Defined Class 1000
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Fig. 4(a) class Al Fig. 4(b) class A2

Fig. 4. Examples sorted data structures of which are essentially same
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class Ex {

public static void main(String[] args) {

if (b == true) {

b = false;
} else {

value = 1 - 2; // Order 1, 11
b

value = 1 + 2; // Order 1, 11,

1 class Ex {
public static void main(String[] args) {

1

class Ex {

public static void main(String[] args) {‘

if (b == false) {
value = 1 - 2; // Order 1, 11
} else {

b = false;
}

value = 1 + 2; // Order 1, 11,

1

weett

e 39

3

\=]
hus

;f (b == true) {

} else {
value =1 + 2;
b = false;

)i

value =1 - 2;

// Order 1, 11

// Order 1, 11, 1

)

Fig. 5. An example of normalizing branch structures
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class Sort {

private static int[] selectionSort(int[] list)

X X LB main ('
int min = 6; UC String / (
int temp = @; LB // selectionSort '{'
N : ; : : FOR
for (int i = @; i < list.length - 1; i++) { P
min = i;
for (int j = i + 1; j < list.length; j++) { IS’\E.’I\./II
if (list[j] < list[min]) { LESS
min = j; INT
¥ MINUS
1L

temp = list[min];
list[min] = list[i];
list[i] = temp;

}

return list;

public static void main(String[] args) {
System.out.println("Sort Class");

int[] list = {4, 2, 1, 5};
selectionSort(list);

¥

// selection '}’

// main '}

Fig. 6. Generating the token sequence using static tracing of programs
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Table 2. Experimental results. The precision and the F-measure have been promoted with the help of comparing data structures

. HW6 HW7 HW8 HW9
Evaluation
CS DS+CS CS DS+CS CS DS+CS CS DS+CS
Precision 10% 20% 100% 100% 50% 100% 25% 33%
Recall 100% 100% 100% 100% 100% 100% 100% 100%
F-measure 18% 33% 100% 100% 67% 100% 40% 50%
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