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CHAWALIT SAOBAN : ORIGINAL SOURCE CODE IDENTIFICATION .

ADVISORY COMMITTEE: SUNISA RIMCHAROEN, 2019.

Source-code plagiarism in programming assignments is a serious issue. It can lead
to bad consequences of students in personal and professional life. Students who copy someone
else’s source-code did not learn anything. It would be useful if teachers know who is the owner of
the original copy and someone is a copier. They may employ strategies to prevent the plagiarism
and give advice to students who did wrong. This thesis, therefore, proposes two methodologies to
identify the original copy of the source codes among the plagiarized programs. First
methodology, we use six classification techniques to classify the suspect programs i.e. Decision
Tree, REP Tree, Random Forest, Neural Network, K-nearest Neighbor, and Naive Bayes. The
experimental results show that the decision tree algorithm performs best. It yields the accuracy of
82.61% in testing. Second methodology, the owner of an original source code is identified by
inferring from past behavior. This methodology also incorporates submission time and GPA to
decide the original one. The results are reported in two cases. Case 1, the source codes that have
higher similarity score than the threshold are grouped together. We then identify the original one
in each group using the proposed rule. It yields accuracy of 69.39%. Case 2, we assume that we
already known the groups of suspected students. In this case, the accuracy in identifying original
is 91.27%. However, the second methodology may not be convenient to adopt in real situation
due to the difficulty of acquiring historical data of student confession. Students’ behavior may

also change after they confess.
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* To change this license header, choose License Headers in Project Properties. * To change this license header, choose License Headers in Project Properties.
* To change this template file, choose Tools | Templates * To change this template file, choose Tools | Templates
* and open the template in the editor. * and open the template in the editor.
*/ i
]‘#* j‘xx
1. +
* @author dell + ga .
e Program: A i Program: B
public class mainHello { public class mainHello {

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

System.out.println("Hello World!!"); System.out.println("Hello World!!"};

} }
] I

NN 1 @20819NTA0NIAIULLUFHATZAL 0: Original Program
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. Program: B
import java.util.Scanner; Program' A public class p33 {

oublic clasg pre33 { putTstatiT Vot metntSTringt e TR ¢

Scanner kb = new Scanner(System.in);
pub}ic static void main(String[] args) { String a;
Scanner input = new Scanner(System.in); | —
| —|
a = kb.next();
String x = input.next(); int aa = a.length();
int g = x.length();
if(g==2){ if(aa ==

String x1=x.substring(@, 1); String dl = a.substring(@,1);
String x2=x.s ing(1, 2); String d2 = a.substring(1,2)
int y1 = Integer.parselnt(xl);
int y2 = Integer.parselnt(x2); int vl = Integer.parselnt(dl);
int ans =9; int v2 = Integer.parselnt(d2);
if(y1==088y2==0)
ans=y1*(2%1)+y2*1;

Corevam mit mrintinlane

a

NN 3 AIBE1INTABNAULVUFUATLAV 2: Identifier name

- szau 3 mislasunlasdiunueaanils (Variable position)
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public s
JCokb.next().charit(@),d=kb.next().charat)
= REN0):
else 20 rat(e);
siti
if(be=o
244;) it
else{ 2 i
Program: A =y Program:
if(cm int wed;
TN nt t=0;
aasel - int ;
ot | 1=
F (dwm in $=@

ANAN 4 AI9INITADNDULVUFHATEAV 3: Variable position

o J v Y ] 1
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ublic class mainHello { uUPL11C ClasSsS MalnHello {

public static void print_S(string a){
system.out.printlin(a) public static wvoid print_ H(){

}

public static void print H{) Scanner keyboard = new Scanner (System.in):
Scanner keyboard = new Scanner (System.in) String read = keyboard.nextLine():
String re ard.nextLine () ; char[] arr = read.split(""):

char([] ar plit(""); if(arr[0] .equals("H") {
if(arr(0] L. system.out.println("Hello")
print_S("Hello"); }

)
else{ sl

print_S("Nothing™) s system.out.println("Nothing"):
) = }
} }

public static void main( public static woid main(String[]
] print_H()s | print_H{() 7
Program: A | ) Program: B
|

NN 5 AIBE1INTABNAYULUUFUATLAY 4: Function combination

[ A 9 A
- 3¢AU 5 mmJaauuﬂaﬂﬂimiwmmaeﬂ (Program statement)

o o A

AAAD MAINIUANA19) VI TV 115N TY 195 A9 Switch. . .case, if. . else, for, while

3 v 1 ! < 1 3
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v
(2

While Tuvazn TUsunsy B vz ldmda for Faluaiudugrziianyazadieniu

mport java.util.Scanner;

public dass Weight01_1_3_2 { Scanner input = new Scanner{System.in);
publicstaticvoid-mant Strimg-argtyt— [N int number = inout 1 i
Scanner input = new Scanner(System.in);

int number = input.nextInt();

a ?ll:li( static void main({String arg[])

int maximum = Integer. MIN_VALUE;

int imum = Int _MIN_VALUE; int minimum = Integer. MAX_VALUE;

int minimum = Integer.MAX_VALUE; int C =0;
ill;":]cfu;_“ =0; for(int index = 0;index<number;index++)

()< X y
‘":':;-L '_“::"::!'_'I‘I““"[(]‘ < K int data =input.nextInt()
maximum = MAX(d,maximum)
minimum = MIN(d,minimum);
Count = OverWeight{d,Count)
o

}

maximum = Maximum(data,maximum);
minimum = Minimum(data,minimum);
C = over(data,C);

}

. .out.| ("Maxi "4 ),
System.out. printin{"Maximum "+maximum); System.out printin("Maximum maxirm);

o - . System.out. printin{"Mig
System.out. printin{"Minimum "+minimum); (7
System.out. printin{“Over wight *+Count); System.out.printin("0
Program: A . Program: B
}

NNAN 6 AIDYNNITADNAIULVUFHATZAY 5: Program statement
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e (

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

print_H():
Program: A

MNN 7 AI061NNTAONAIULULFHATLAY 6: Program control logic

a

2.1.2 Tuneidsuuuauliinaaila (Decision Tree)

a = Y Y EY Yo A <3| 0 = 9 .. 9
Lﬂﬂuﬂﬂ’]iliﬂugﬂjﬂﬁuqﬂﬂﬂﬁuEl{ﬂ!flluﬂ'lﬁ‘ﬂ']LW'JJ?NGU’E]N“Z’I(Data mining) AIYNIT
v A o 19 o 9 =) Y A 9 o o
u,‘mﬂizl,mmiaﬁnuuﬂwu’mwg"uogaiﬂﬂmim"uagaamiﬂugmoﬁinuuumammi‘mma

9 9 9 o . 9 T v Aa
“lugﬂuuﬂmmsnmu"ln Tagidonvingaanyuz(Atribute) vosdoyausrelumsandule

a

daulsznouvesdulifdaduly Uszneude (finhsor & Fuanysaines, 2560)

[
=1

@ 3 v o '
1) Tnua (Node) Ao gaianvazdoyaiiludmmuandeyass 1)

1 A =3 1

lufirmala TasTnuaiiogqefigaazgnidon THuAIIN (Root node)

2) 14 (Branch) fie AgadnBazves Tnuafiuanneen Tassiuiu
AnzdsaumdugudnsazdoyavodTnua

3)  Tnualy (Leaf Node) o nguTnuafiegaragavesdu 'l Tne'li

~ A a
Nﬂ]ﬁllﬁﬂﬂqjﬂﬂﬂ

Tagmansnonalrosans Inaanudnla’ld daniwn 8
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1411493519 (Root Node)
age /

N4 (Branch)

young senior
middle-
aged
Student? yes Credit_rating?
no yes fair / \excellent Trnualy (Leaf Node)
no yes no yes

NN 8 uaaadegaIulsznoudu lddaguly
ETRE https://www.tutorialspoint.com/data_mining/dm_dti.htm

=

2.1.3 TuneuItanulndesnuanniiga (K-Nearest Neighbor)

E)

a ax Y A @ = I [ A 9 Y o
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9 = o 1

o 2 A o o A o Y A Y IS =
ININDU UDNIINU TITIAYAD ﬁnu')uﬂ]'ﬂ\‘lm'ﬂn@ﬂ(ﬂiﬂﬁlﬂﬂ\ﬁ]g@]@\ulﬂ'ﬁllﬁﬂl]lﬂﬂu%']ugulﬂ'lﬂlﬂ
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De

'
a A A (J !

<3 3 v o w o & A
ailufadedrnn lumsiiniuaeudsiidseaniaiw e ldinnuah lanngsugdiedie

Q

A
NN 9

A @ v 9 2 an Y A ~ .
NN 9 ﬂﬁilﬂﬂq%ﬂ]m;lja"u’f)QSU‘L!G’]’EJIJ’J‘ﬁﬂ”Iiﬂ’J”I‘JJGLﬂaLﬂENN”IﬂVIQ’ﬂ (K-Nearest Neighbor)

N https://en.wikipedia.org/wiki/K-nearest neighbors algorithm
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< 1 4 ] d ° ' <
wiru a1 Welidoyalud (navdidien) emmuanlndifeuilu k=3
@ 4 Yo A 1 o = = T o = o 1A
paansoz IdS1uandmMasuIny 2 nasTmMasuMInY 1 39nauderzgniiuIead
I o

[ ~ 1 A [ o Y o A ~ 1
AUANYUS Yuarvaey uaningen K=5 WaaW‘ﬁi]gllﬂi]WU’JUﬁLWaﬂiJLVITﬂU 3Ua

= Y 1w g/ o 1A o 3 A =
ey Imny 2 magaziuanavazgnyineniguanyuzludmaeniug
g’J a d
2.1.4 UuneUIBUUUMBNIUE (Naive Bayes)

a ax = J @ o 1 I . =
L‘I/Iﬂuﬂ’J‘ﬁLLUUuT@WLUfJ’E)TﬁEJﬁﬁﬂﬂ'liﬂ’J'lllHﬁ]%Lﬂu (Probability) AMUNYHHVDN
7 o = A a A Yy A ) Y1 Y
L1ye (Bayes Theorem) ANTAUNITN 1 LWE)‘I’Y1ﬁ3J3JG]§1H“V]QﬂG]EN1/]’QM Iﬂﬂi%ﬂ’)?ﬂgﬂﬁ]ﬂﬁﬂ?

P(B|A)P(A
P(A|B) =% (1)

9 A o

° ] 3
® B ﬁﬁ] GllﬁmuaVlumﬂ%}miﬂmamuﬂm!ﬁnmmm%mﬂu

VOIANUATIU A

A 1 I 1 Y a
P(A) A9 ANUUIZAUNOURTIVDIANNATIU A

A ' I 1 9 Y @ l
P(B) A9 ﬂ’mJu1%3Lﬂuﬂauwuwmﬂgmayamama B

A ' < A g
P(B|A) e ﬂ’JﬁJ‘Lﬂ%%L‘]JuﬁUf’N B o3 A

A 1 I A g
P(AB) A® ANUUIZAUUDI A o3 B

(2 [ 1

Tagivannisasnanuiainlueadmsuswunngquuestoyauaas

(% =~

P ~ 9 Aq ¥ dda 2 I a i
ﬂm ﬂ‘]&lﬂi%ellf]\isll@u”aﬂl Emg 1/1114!,14@;ﬂﬁmmﬂﬂmmﬂuaaimaﬂu

2.1.5 TunauIslnsanedszanniien (Artificial Neural Network)

(2

A ' ~ < ) = Yq v
L‘lflﬂuﬂﬁ‘ﬁjﬂiﬂﬂl”lﬂﬂigﬁ”lﬂlﬂﬂﬂ L‘]J‘L!ﬂ”li‘WEﬂEﬂiJﬁiNﬂ"liliflugi‘ﬁll NHUS
) s v ) 9 9 A ¥ ° o
ﬂa"lflmJﬁiJ’fNiJiél‘HEJ Iﬂﬂiﬁliﬂugjﬂﬂﬂﬁ‘ﬂ’ﬂu‘ﬂ@yal“]ﬂll1LW@€‘T§"IQLL‘]J‘]J§HE“I@Q11!ﬂﬁVI"IlﬂfJ
) v

A Y A~ Y A Ad o J J
Gllf]lmlﬁﬁlﬂllﬂlslﬂMW Lllf]ll"llf]lmlﬁL"lﬂll1%3Mﬁ’)uﬂim\l’JﬁNﬁ‘mﬂuﬂ1‘§ﬂ1ﬁ@\1l“ﬁﬁﬁﬂi$ﬁ1ﬂﬂl@\?ﬂ1§ﬂEl

X v @ ' < (A~ 2 v o 1 {
(Neuron) %Qﬂﬂu@\iﬂﬁ’nlﬂuﬂ’]ﬁﬁﬂﬂﬁ@ﬂutﬂuiﬂﬁ\iﬁ%}’lﬁﬁuu'l ﬂ\?ﬁ'ﬁ@ﬂ’l\?ﬂ’]Wﬁ 10
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Inpet Layer

Output Layer

A 10 anvaggUuuuvedds Inseadwaiedseamiion (Artificial Neural Network)

N https://dzone.com/articles/an-introduction-to-the-artificial-neural-network

U

a d'ci Y
2.2 NHIEYNNEIVO

{ A Y a = 9 Aav Ay YR = Y =
Gl‘h!“]_l‘ﬂﬁ 1 @’Ji]ﬂllﬂﬂ‘ﬁﬂ'lflﬂﬂ"ll’ﬂllﬁ\ﬂu’)i]ﬁlﬁulﬂﬁﬂ‘hﬂll15'3110\1ﬂ151‘ﬂl1’ﬁ{]ﬂ@ﬂ\1

Y

2 9 v

Aw Agq Ao A 9 2 Y o a A a AW Y v
J1UHA ﬂﬂiﬂﬂﬂlﬂﬂﬂﬂlﬂ\?ﬂﬂ\ﬂuﬂlﬂﬁ q,j 3] Glu’U‘WHi]%Ulﬂu1lﬁu’f]§1€lﬁ3l@ﬁlﬂlW3JL@3J %'lﬂ‘ﬂllﬂﬂ'é‘n'l

1 @ I~ 4 H (] o <
Tdudrnmstaanumieunsoanuaateaasved 1dsunsudluiaean lildenunmin wiu'la

[

A a Y A A 1 k) =3 1 o
NNVNUITIAADAIUNTATIUATOIND TUMTHIAANNAAIEARITEH N LU SUNTUTIUIU
d' A a z'ﬂ d’ Yo a A =\ o
W1n 1SeeNarianilen lasuanutonAs “IPlag” (Prechelt et al., 2002) WNTLUINMTHINIY
Taoguduaziiildsunsy 2 Tsunsuuisdadnindidaniag veen w1y lunisiwen

Tsunsuldnarediulndu shyazasnnd 11

Java source code Generated tokens
1 public class Count { BeEcin_CrLass
2 public static void main(String[] args) VAr_DEF, BEGIN_METHOD
3 throws java.io.IDException {
4 int count = 0; Var_DEF, AssIGN
]
6 while (System.in.read() != -1) AprpLy, BEGIN.WHILE
i count++; AssiaN, END_WHILE
2 System.out.println(count+" chars."); APPLY
9 3 Enp_METHOD
10 } Enp_Crass

M 11 M3ndasmdalunisiam Java) 5 Tndu(Prechelt et al., 2002)

[ g‘/ o S Ay v g’/ =\ @ 9/?:‘/ Aas
naanuuh In@unldannsas ldsunsunfSeuneudu Tasldiuaouls

v v
Greedy String Tiling 1AgUUADUITAINAINNTZUIUMTAINNING 12
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0  Greedy-String-Tiling(String A, String B) {

1 tiles = {};

2 do {

3 maxmatch = M:

4 matches = {}:

5 Forall unmarked tokens A, in A {

6 Forall unmarked tokens By in B {

7 i=0

8 while (Aay; == Bryy; &&

9 unmarked(Aas+;) && unmarked( By ;)
10 7+ -+

11 if (7 == maxmatch)

12 matches = matches @ match(a, b, j):
13 else if (j > mazmatch) {

14 matches = {match(a,b,j)}:
15 mazmatch = j;

16 }

17 }

18

19 Forall match(a., b, marmatch) € matches {
20 For j =0...(mazmatch — 1) {

21 mark(Aq ;)

22 mark( By ;);

23

24 tiles = tiles U match(a,b, mazmatch);
25 ¥

26 } while (maxzmateh > M);

27 return tiles;

NN 12 TUADUIT Greedy String Tilling (Prechelt et al., 2002)

A o A =3 3 9 o 9 ~ A 1
wedutumsnfseumeuaiauad nlulslugasamaunisn 2 wWwenia

Y =S o
ﬂ’JﬂJﬂmﬂﬂmﬂuﬂlﬁlﬂﬂitlﬂ‘im

: __ 2:coverage(tiles)
sim(4,B) = TAIIED )

e coverage(tiles) = Yimatch(ab,length) length

@

Xooa A A A Aa v v = o '
UDNINNUIIUATOIUDOUNUNITAUNIANUAAIYIAAINY LB U MOSS SIM

Lo

1 a

I y £ o I 4 ) 1 Ao e
YAP3 Plague COPS il u@u uanail gaso1diaonld pag flunseclodinsvaiuiveil
A g 1 g A A Aqu 1 1 =2 g9 o '
iiesnniiu lwasesdielFnudie azaindenisastoyanmuanyuza1eg veelusunsy
{ o g 4 < s .
MhfSeumeu aasaauaiuso s 1aNaUUIATo (Stand Alone) 1aziI1 14¢ (Web Site)
A 3 o < sa . o & o 1 ~
M99V udANM I LD Ia (Web Service) Ay minii liaesanaziinnueazain

=< [l Y
vazvangulumslonu
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YA o

1 g o 3 A gya v = A Y 2
LLﬂﬁWWiUﬂi%mu‘ﬂEj’] ‘t’JﬂfNﬂ'liﬁﬂ‘HWLW?Jﬂ"Iﬁl,Lﬂll“UﬂﬂluﬁTﬂ"lia’f)ﬂ!,aﬂulmﬂ

Y I v 9 o

o 9 o A Y A v Y = Y v Y
THAAURUU AD ﬂ']ﬁﬂuﬁ'lmﬂizuﬁu@]@ﬂlﬂﬁWL‘]JML%WJENTH’?WIH%‘U‘U Gluﬂ']ﬁﬁﬂ‘kl']ﬂuﬂ’ﬂ‘llﬂgﬁ

U

ax 9

29 .. Y o =) Y Y Y =
911390 (Bandara & Wijayarathna, 2011) 1d1himsiSeudaredsaremsasiegiuuunisdon
X a 4 a 1 {
Tlsunsuvesyana Faldldmadiaizeuiunuudvid vazmatiansmarlndifeaiga
&2 W Yo S A o ) o v Y = 0 o o
Fa'lammua Inaunseanvauzmsldgiuuudmdsiamaisiei 2 Tanhaudnsazainarn

=) 9 a 2’, 9 = J
mwﬂugmumﬂuﬂmﬁmuuu%g"l@gﬂgmmmﬂmmﬂuTﬂsuﬂimmLmazuﬂﬂa

o [ Aa o 1 I~

dsuauiteae 11hilu (Ohno & Murao, 2011) msad1aTuea lasnisisouiaie
= g).: d' 9 =1 1 =1 [ a A
vuaeu CM ieadwgluuvvesmsdeuTlsunsunaazyaa Taelinisialsz@ninmves

Tutaaaae SIM taad ldaanmng 13

(% <) [ =)

A1519% 1 AU ﬂymzamiummaui (Bandara & Wijayarathna, 2011)

Metric Name Description
LineLengthCalculator (LLC) This metric measures the number of characters in one source code line.
LineWordsCalculator (LWC) This metric measure the number of words in one source code line.
AccessCalculator (ACL) Java uses the four level access controls: public, protected, default and

private. This metrics calculates the relative frequency of these access

levels used by programmers.

CommentsFrequencyCalculator | Java uses three types of comments. This metrics calculate the relative

(CFC) frequency of those comment types used by the programmers.
IndentifiersLengthCalculator This metric calculates the length of each identifier of Java
(ILC) programs.

InLineSpacelnlineTabCalculator | This metric calculates the whitespaces that occurs on the

(INT) interior areas of non-whitespace lines.

TrailTabSpaceCalculator (TTS) | This metric measures the whitespaces and tabs occurring at

the end of each non-whitespace line.

UnderscoresCalculator (USC) This metric measures the number of underscore characters used in

identifiers.

IndentSpaceTabCalculator (IST) | This metric calculates the indentation of whitespaces used at

the beginning of each non-whitespace lines




16

Inputtoken sub Observation probabiltes | | Qutputfromthe

sequences foreachinputs model *{
— . ol 33 Outputfromthe
— &) coding models

;t:iz’zozse | : - i: } ~ Xa1 » StudentA's

] — » X'y coding style

: - average :

: : *: LN

E @5
=- =
= Models of >x*: |
=3 ey .
= - student A s X :
o average

AR 13 UuuumMsiSeuiAeiuasIUY CM (CM Algorithm) (Ohno & Murao, 2011)

a o Y I [

Aa A v = v 9 o 9
NUIYFANY SYRYRR LTS ﬂﬂasngﬂgm‘umsaamaﬂmmmwﬁmauumﬂ

Aacy 9 Aa o 9 9 [ g/} ax . d‘d [ LY
‘ﬁﬂ"liﬁi%‘l’)’)ﬁlu"lﬂ”lilmﬂﬂullﬂ Tnee1faIUAUIT Local Alignment numsdsuaiannu

9 2K o [ ~ = YA o a 1 v 1 v A [ (% 1 1
ANYAAINY AININN 14 FIFIVBDTUIYI HAANTIINNTHIAIINNINIIIANYTUAINAII A
Y KX o ~ [ Y] =\
AnuAdeAaInuYed ldsunsu AR, vaz Tisunsy B(P,) %1n P, e P, Tsimin P, tngy

P

a

~a-logy(f, - f,) ifx=y
B-logy(fc-fy) ifx#y
y-log, f. ifyisagap symbol

e

6-log, f, ifxisa gap symbol.
AN 14 11e317AANNAR18ARIN UV T151ATUAIY Local Alignment (Ji et al., 2008)

A v Y 2 o Y ' ~ g o ' Y
mE]U],ﬂﬂ1ﬂ’ﬂnﬂﬁmﬂﬁdﬂu@’)ﬂﬂnﬂﬂ“ﬂ@ﬂﬂmd WD Glumuc‘]@uﬂ\jﬂa']j!laj YILLNU

o o A ° ' . .
A28 AsymScore(P, P,) Wiwadnsn laudiuinegluziluunuasgiu (Normalization) #2¢

]
= 1 3 1

= Y 2 o 1 ¥ v A X 1 dqy
aumsi 3 udrnuhminedlugduuvinasgunnudunedreaunsi 4 Fuilumnlsian
Himsaen@eunnunie T Tassmuald &1 EvolDist(P, P,) < EvolDist (P, P,) vza31l1d31 P,
=} 9 9 ] 1 Y =S 4 3’, d‘ o
asn@ounuy P, asetwdbilyasdlaa p,asn@ounuy P, duiu e lisunsunn

Y
Tsunsuvesgadoyanfsouiiounuaieisnsieg lamsszyduvesmsaonidounuylu
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1 g}/ ax 9 9 ]

nagnauailudnyazavl udrwdasnrldaaodludull d2035asdu lfuunki

Lgﬂﬁq A (Minimum Spanning Tree)

2:AsymScore(Pg,Pp)

Asym(Pa) Pb) = (3)

AsymScore(Pg,Pg)+AsymScore(Pp,Pp)

EvolDist(P,, P,) = 1 — Asym(P,, Pp) @
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9
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Level Plagiarism Method
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& > C O localhost/outputdl/ aw &®H O @ ¢

Matches sorted by average similarity (Whatis tis?):
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A B c D E F G H | J K L W

1 |P_A P_B Treshold_P_A_TiP_A_mP_A_mP_A_mP_A_A\P_A_S1P_B_TP_B_nP_B_mP_B_
2 |Weightd1_1_1java  Weight01_1java 100 100 1 412 100 85.3273 15.8107 100 1 412 10
3 |Weighto1_1_1java  Weighto1_1_2java 100 100 1 412 100 853273 15.8107 100 1 412 10
4 |Weightd1_1_1.java  Weight01_3java 95 95.082 1 412 100 853273 15.8107 95.082 14 435 10
5 |Weighto1_1_1.java  Weightd1.java 95 95082 1 412 100 853273 158107 95.082 14 435 10
6 |Weightd1_1_1java  Weight01_4 java 904 934426 1 412 100 853273 15.8107 93.4426 12 419 10
7 |Weightd1_1_1.java  Weightd1_4_1.java 904 93.4426 1 412 100 853273 15.8107 93.4426 12 419 10
B |Weight01_1_1java  Weightd1_1_3java 852 85.2459 1 412 100 853273 15.8107 85.2459 13 412 10
9 |Weight01_1_1java  WWeight01_1_3_1java 852 85.2459 1 412 100 853273 15.8107 852459 13 42 10
10 |Weight01_1_1.java  Weightd1_1_3_2java 818 819672 1 412 100 853273 15.3107 81.8672 15 423 8
11 |Weight01_1_1.java  Weightd1_4_2java 743 73.7705 1 412 100 853273 15.8107 73.7705 12 44 91,
12 |Weight01_1_1.java  Weight02_1.java 412 327869 1 412 100 853273 15.8107 32.7869 18 412 94,
13 |Weight01_1_3_1java Weightd1_1_3.java 100 100 13 412 100 73.1692 19.8582 100 13 412 10
14 |Weight01_1_3_1.java Weighto1_1_3_2java 95 95082 13 412 100 73.1682 19.8582  95.082 15 423 g
15 | Weight01_1_3_1.java Weightd1_1_2java 852 85.2459 13 412 100 73.1682 19.3382 85.2459 1 412 10
16 |Weight01_1_3_1.java Weightd1_1.java 852 85.2459 13 412 100 73.1682 19.3582 85.2459 1 412 10
17 | Weight01_1_3_1java Weightd1_3java 818 819672 13 412 100 73.1692 19.8582 819672 14| 435 10
18 | Weight01_1_3_1.java Weight01.java 819 81.9672 13 412 100 73.1692 19.8582 81.9672 14| 435 10
19 |Weight01_1_3_1.java Weightd1_4_1.java 777 80.3279 13 412 100 73.1682 19.8382 80.3279 12 419 10
20 | Weight01_1_3_T.java WWeightd1_4.java 777 80.3279 13 412 100 73.1692 19.8582 80.3279 12 419 10
21 |Weight01_1_3_1.java Weightd1_4_2java 57.8 573771 13 412 100 73.1692 19.8582 57.3771 12 44 91,
22 |Weight01_1_3_1.java Weight02_2_2 java 412 327869 13 412 100 73.1682 19.3382 32.7869 1 412 10
23 | Weight01_1_3_1.java Weight02 java 412 327869 13 412 100 73.1692 19.8582 32.7869 1 412 10
24 | weighto1_1_3_1.java Weight0Z_2java 412 327869 13 412 100 73.1682 19.8582 32.7869 1 412 10
25 |Weight01_1_2java  Weightd1_1.java 100 100 1 412 100 853273 15.8107 100 1 412 10
26 |Weight01_1_2java  Weight01 java 95 95.082 1 412 100 853273 15.8107 95.082 14 435 10
27 |Weight01_1_2java  Weightd1_3.java 95 95082 1 412 100 853273 158107 95.082 14 435 10
28 |Weight01_1_2java  Weightd1_4_1java 904 934426 1 412 100 853273 15.8107 93.4426 12 419 10
29 |Weight01_1_2java  Weightd1_4.java 904 93.4426 1 412 100 853273 15.8107 93.4426 12 419 10
30 |Weight01_1_2.java  Weightd1_1_3java 852 852459 1 412 100 853273 15.8107 852459 13 42 10
31 |Weight01_1_2java  Weightd1_1_3_2java 818 81.9672 1 412 100 853273 15.8107 81.9672 15 423 g
32 |Weight01_1_2java  Weightd1_4_2java 743 73.7705 1 412 100 853273 15.8107 73.7705 12 44 91,
22 listei A pem h S s1n 1z a1 s
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= ° o o w v Y o 9 o
TN 4 MUUAUANHUSTIHIUNITIZUAUADINIVIITUAAURUY (Source Code)
o o o o
AManyaS NI [RRGI IRt
file] name P A yalusunsun 1 MhwFeuiey @rualiye Tusunsy A)
file2 name PB yalusunsudn 2 Mhwnneuiey mualiyelUsunsy B)
Similarity Score Thr_SIM manuaswaaunasninmivih llsunsy A liluBeudenTisunsy B
wazihlvsunsy B luufSeudieuTdsunsy A (Aundeves Thr PA AU
Thr_PB)
. . . ' v =2 w = 2
Similarity between A and B Thr_PA manuaenasnuues lsunsy A weunullsunsy B
P . ' k3 2 o a o
Similarity between B and A Thr PB manuaareaanuvedJUsunsy B Weunullsunsy A
08 o 3 Ao v = o
The Number of Programs that are similar Num_SPA Suldsunsunauanlinnuadieadenuldsunsy A
to Program A
b_o o 7 o v = o
The Number of Programs that are similar Num_SPB Suldsunsunanuanlinnuadieasenuldsunsy B
to Program B
09 Ol " ' Y =2 o Ay A o ' a @
Minimum Similarity score of the Min_PA ﬂ1mmﬂmﬂﬂmnu‘wuaaqmuauﬂﬂﬁLmiummmnﬁﬂnmaunu
programs that compare to A Tilsunsu A
g . . . ' Y = o Ay A o ' a @
Minimum Similarity score of the Min_PB ﬂ1mmﬂmﬂﬂmnumuaaqmmauﬂﬂiLmsummmnﬁﬂumaunu
programs that compare to B Tlsunsu B
. A . Y = o A Ao ' Ao
Maximum Similarity score of the Max_PA ﬂ1?’1’311Jﬂﬁ"lﬂﬂﬁ\iﬂu'ﬂll1ﬂf!ﬂm‘0u"liﬂ5llﬂillﬂN‘]i.l"lLlEﬂiJWlfJiJﬂTJ
programs that compare to A Tdsunsu A
. b ¥ ' Y = oo Ay A o ' a o
Maximum Similarity score of the Max_PB ﬂ‘lﬂ’J‘IiJﬂmeﬂﬁQﬂu%uaﬂgﬂmE]‘L!‘IiﬂiLLﬂiiJﬂ‘lQ“]iﬂLlﬁfJ‘UWlEmﬂlJ
programs that compare to B Tdsupsu B
N o o ' = v =2 o A o ' =t a o
Average Similarity the program that AVG PA Aunasal1uaaleaasnwildo ldsunsuarenndSeuifouny
compare to A Tdsunsu A
R ' = v =2 o A o ' =t a o
Average Similarity the program that AVG PB anafgnluadlenanilei ldsunsyareuulSeuiouny
compare to B Tdsunsu B
Standard deviation similarity scores SD_PA Marudioauuasgiuanuadiondssudionr TUsunsud1agun
compared to A nfSeuieunu Tsunsy A
Standard deviation similarity scores SD _PB mauwdsauuniasgiuanuadioadsdudiont ldsunsuaie
compared to B neuieunuTlsunsy B
. . o o = ~ v =2 o
First line number of program A that NSA favussiausni Tdsunsy A Tamanuadiendeny B
similar to B
. . o o a o v 2 o
First line number of program A that NSB aaravussnausni llsunsy B Imnnuadienaeny A
similar to A
o PN da 1 9 = o ' o ' 4
The Number of Tokens NST suuInfunimuanimadisndanuluunazussiavess llsunsun
hfFeuisunu
) ;
Total number of similar lines of program DLP HATINVDINAANNIHYATBITIUIUYTTHATIAG19AT IR UTEH I

A and B

Tlsunsy A nagTdsunsu B
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{ o ' o @ a o a 1
AN 5 ﬂ']ﬁﬂ']ﬁl!ﬂﬂWﬁ"]‘Viﬁ‘UW']ﬁHJLﬂﬂﬁﬁlul‘ﬂﬂuﬂﬁN‘]

mAlA iines mfmnzandmumsnaaes
Decision Tree (J43) no pruning yes
REP Tree no pruning yes
Random forest min variance prop 0.003
numFolds 2
seed 2
Neuron Network (MLP) | hidden layer 5
learning rate 0.1
momentum 0.8
training time 2000
K-Nearest Neighbor (Ibk) | k 2
Naive Bayes = 3

3.1.3 I5mMInaas

minaaosainlumalunisszyduasysanisnaaeninaaunliy d1auusn

1 ~ I J ' ) @ ..
1190 ldmiadeyan lavinde 3.1.2 eenilu 2 ngu laun deyadmsumsiSons (Training

U

) 0 = ]

9
Data) LLﬁ%aﬁjﬂgﬁﬁoﬁﬁiﬂﬂﬂﬁ@U (Testing Data) 1a391NUU WveyaaIuN 1 MWﬁﬁWQIlILﬂﬁ“H?’E)

U

ndMTuUMITzyAuUaDv0INIIARaENIHAAURLD uazidIud 2 wnadoy dmSuns

[

Y
a$1Tumail FI9elaleIsmsswuniszinn 6 matia dszneudle (1) Baulidadulaly
)

ax a ax an ax 1
VUADUITYUA J48 (2) 954 UY REP Tree (3) 151UV Random forest (4) 7% Iasavielseanwy
) H 9
ouldvunoui® multilayer perceptron (5) 33A21u Inamesuinngaldvunouis Bk

d’ o 1 A d’ o 1 9 . . as
He9NEINITONMHUATZIS A NIuaeN temruaa K 1aegly Cross-validation (6) 95

= S A A Aa a dg}./ ax "o 9
wionwauIsnulseansnn uazmu@mmﬂu%ucﬁau
v Y A 3}_, ax o o Y o v 9 v KX o
waqmﬂ"l@m;]mawmmﬁ FIMIUNITISUYAUADNITAAADNTUAAURUY U

v Y ) @

9 ]
ﬂg]‘l’i%f]"llu@]f]u’ﬁiﬂ\iﬂﬁTJlﬂ‘ﬂ@ﬁ@ﬂﬂﬂﬂfﬂﬂlﬂhﬁﬁ1ﬂiﬂﬂ@ﬁﬂﬂ (Testing Data) Lﬁﬂﬁi’)%ﬁﬂ‘ﬂ

Q U

] ' Y
anuuiudveang e lddrlaunsuamisaesuie ldamununimnszuiuadangms
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H = 2, -
JuneuTsdmivmaniialuaa (Model)

Decision Tree

K-Nearest Neighbor > Tunarie Nf) (Model Evaluation)

¥ a9 9
Yoyasu; yoyananoy

Naive Bayes

(Training Data) (Tramning Data)

Neural Network

y

ATIgNAD I

(Accuracy)

{ 9 2 4 Y [ v 9 @
ﬂ']Wﬁ 19 ﬂi3‘]J'Juﬂ'liﬁ‘i’l\?mu@@uﬁlﬁaﬂ'ﬁiguGluﬁaﬂ'ﬁﬂﬂaﬂﬂiﬂﬁﬁuﬂﬂﬂ

3.1.4 maadszansaw

o Y

nmsnadoulszaniamueengnisszydunenisanaonsHaduniiualenis

° 9 Y ax A A 9 = a a
muuﬂmeyamanmﬁ 6 INAUA Lwa“lwmmiammmmmmmimzazﬂﬁzﬁmmw“lumi

v (%

mneraveuaazimaila lumsszyauasveInsaaaensiaauniiy §Iit9ve1reA1iooaz
<3| @ @ ' o a ~
A2WYNABY (Accuracy) 1 UNIATFIUNITTANA AI0E1INITIAANUYNADI TUNAI 1311)
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Y
15192 NNITUINNINYNABIVBINY AL

Y y A o 1 PR 1y a o
mﬂ;]mmm'izumuweuuazw3'@ﬂﬂﬁszTwuﬂ"lmﬂummﬂymzmmﬂu

Tassadundvuaauninla

Y] 1 ) Y Y x o Y
l#de1 ngasasuun lded1egndass Fedmualing
o 9 1 9 v 1 = 1T v 1 9 o 9 1
twun ldedagndessznaneg Ilsunsulinuminy 1wy 61 ngenusodmunduszniig A

9 I o dy 9 o =KX A 1w v & v 9 Yy =X a
uaz B Idilu agnasandnds A Jelianiu 1 aaiu M5iadesaznugnAoIdeaInITnesue

Taas

e

nudusounazignasszuingsaduniufissygndes

fosazANgNADT = 100

o y A ' 2
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{ % 1 9
7NN 20 10819 1ATIEI19NITaRNRE UL

3.2 HamInaaoy

a o

2 o Y o v o Ay A g 0w v
ﬂluﬂ’]ﬁ‘ﬂﬂa'ﬂ\‘]u Ej') ﬂﬂlslfﬁﬁﬁﬁi‘!ﬂUTJ(11!ﬂ’]ﬁ!ﬁﬂuglWﬂﬁS’NﬂQﬁ’]WﬁUﬁguﬁu@]@ﬂﬁli
[ v Y v Y axy o a o 4 9 ) [ ]
ARAADNTUTAURUUAIYITNITIULUD 6 NAUA ITUIU 60 hh/‘la Llﬁgi%jﬂiuﬂﬁllﬁ']ﬁillﬂ'ﬁ?ﬂ

UszansnmueaTumadena1y $1uau 17 d Taewaawssingamisiai 6

A1519% 6 NaﬂTi‘i/]ﬂa'O\‘i"Uf)\‘iﬂ?ii%ﬂﬁ}uﬁﬂﬂWiﬁ}ﬂaﬁ)ﬂﬁ}’lﬂ?ﬁﬂﬁﬂonluﬂ

AW AININGNABA
VHADUID g—

NN UI (%) A1NMINAaOU (%)
Decision Tree (J48) 94.74 82.61
REP Tree 93.23 82.61
Random Forest 100.00 73.91
Neural Network (MLP) 89.47 69.57
K-Nearest Neighbor (Ibk) 100.00 65.22
Navie Bayes 66.17 60.87

A < 1 o a v a {
NATTNINN 6 %mu'lﬁ}’n ﬂ']iﬂ']uuﬂ@%}')ﬂ 6 INAUAM WaﬁW‘ﬁﬂlﬂﬁﬂWiﬂﬂﬁﬂUﬁ 2 Lﬂﬂuﬂﬁ

' { 1 1 ] <
Timnnugndeawiniiga 1aun Decision Tree, 118 REP Tree 1A0814' 150010 REP Tree 19

=

aanugnaeslugadoyadiniunisBeuiioanii Decision Tree 11QWaD1AAINT REP

U q

o A o a o 1 L. <
Tree NMIaanduedu'lil i ldealideAanainnmssuniInn1 Decision Tree lanN1ioo
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1 if Thr SIM<=97.5
2 | ifDLP<=9
3 | | if Num SPB<=5
4 | | | if Num SPA<=7
5 | | | | f NSB<=27classify as C
6 | | | | elseclassify as B
7 ||| else
8 | | | | if Num SPA <= 10 classify as A
9 | | || elseclassify as C
10 | | else
11 | | | if NST <= 26 classify as C
12 ] | | else
13 | | | | fAVG_PB <=71.190909
14 || || | fMax PA<=975
15 || ||| ] ifNSA<=26
16 | | || | | | ifNST<=27classifyas B
17 L] else
18 | ||| |1 1] ifMin PA <=44 classify as C
19 | ]| ||| ]| elseclassifyas A
20 | ||| | | elseclassify asB
21 | ||| | else
22 | || | | | if SD_PA <=16.398742 classify as C
23 | ||| || else
24 | | | | | | | if DLP<=1 classify as A
25 LT else
26 | ||| | ||| ifSD_PA<=17.621168 classify as A
27 ||| 1 || ]| elseclassifyasC
28 || | | else
29 | | | | | fAVG PB <= 74.233333
30 | ||| || ifMax PB<=975 classify as C
31 | ||| ]| else
32 | ]| ||| ] ifNum_SPB<=12
33 | ||| ||| ifSD PA<=16.972676 classify as C
34 | ||| ||| elseclassifyasB
35 1 ] ]| ||| elseclassify as C
36 | | | | | elseclassify as C
37 | else
38 | | if Num_SPB <= llclassify as A
39 | | else
40 | | | ifMin PB <=423
41 | | | | if DLP <= 1lclassify as C
42 | | | | elseclassify as A
43 | | | elseclassify as C
33 44 else classify as B

d' d' Yo a o o
AINN 21 ﬂaw"lmmnﬂmmﬂ Decision Tree

d'cl YJas

o o A A 9y a 3 a 9 9y 9

disumaiinduq 1dun (1) maiin Random Forest 1lumaiaf 1935msasiadu 1

v A .. o Y X ! Y Y A 9y A 1 v o

andula (Decision Tree) S1IUMMIBAY Fawaazauv: Idguauiiauaz deyauanaianu
v J 1 < 1 v W

Iflawadnsvesmanugndeslumsieudiludosas 100 ualumandunulumsnaaeuld

v A 9 =2 a Y ) @ = 4 v 9
WNAANTINENTIBYAS 73.91 ﬁnmﬁmﬁmﬂ"lmmgmmnm‘maugmmzmwmﬂmayaﬁaumﬂ

d‘ﬂlﬂlg [

a a a . I a '
A1) (2) MAUA Neural Network FUA Multi-layer perceptron wWuwmaianlsvunoumsaen

4

9 v . A A 9 ' a v ~ @ @ A
#9UNAY (Backpropagation) LW’EJL?EJHE%”Iﬂﬂ”Iﬂ'NlINﬂwa”lﬂ"llﬂﬂﬂﬂﬂwmﬁﬂﬂlﬂﬂﬂﬂ']JNaE‘]‘WTJ"Vl
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I o = I a J o A Y ¥ @ . A 9
WuAunas Bawa W‘ﬁﬂWﬂWﬁWﬂ%ZQﬂﬁﬂﬂaULWﬂulﬂﬂﬁUﬂWuWﬁuﬂ (Weight) HAIHBIINYBYA

dyd 9 A [ o Y1 Aa = Y [ [} 1
veoumsnaaestuanNulnamesnuuin M lamranaraianulnamesnu nsdsun

v

¥ = 1 o o Yya 9 a ~ & A . =
Wninde liudud shldinaderanaialumaiinil (3) At K-Nearest Neighbor #4113

R < PR o Ay Yo 9 A A Yy Y1 Y}
maaﬂ%m K=2 %1ﬂﬂ"|§‘1/]ﬂaﬁ]\ﬁ]$ﬂ’iullﬂ’.l"l waaw‘ﬁ‘nllmmnﬂﬁuauamsﬂug"lﬂmmmgﬂﬁm
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=< 9 o Y o 9 ) o P2 =
330YaT 100 ‘an‘ﬂﬂ'liﬁ]'luuﬂiuﬂl@Haﬁ']‘ﬂiﬁﬂTi‘ﬂﬂﬁ’ﬂUqﬂﬂTu@ﬂ mmmﬂiumaumm
v 9 = 9 a ' = @ a A
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. < A A Y 9 9 ~ ZIJ ~ 9 [
Naive Bayes %QlﬂulﬂﬂuﬂﬂﬂlWﬂTﬂQTMQﬂ@]@\‘]u'ﬂﬂ‘ﬂq@ﬂl’ﬂﬁ‘l’lﬁﬁﬂﬂ flnﬂ‘ﬂ]lﬂﬂﬁTJ“lul‘W@WﬁﬂJ@\‘]

T 9 = Y A 1] o Y ' A o o Y
Neural Network 'J’l"]]'t’]ya‘JJﬂ'J'lllclﬂfﬂﬂEJQﬂull1ﬂ1/]'lblfﬂﬂ’lil!ﬂ\?ﬁﬁ@ﬂ’lll“ﬂﬂ’l]‘lﬂﬂ'lﬂ Iﬂﬁllﬂw'lg
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. a cilﬁ ] o o U dy J o I ¥ v JY
(Nominal Data) mﬂuﬂumhlllm‘mzﬁ‘nﬂumﬁnﬂammﬂm’m ﬁﬁWﬁﬂTiﬂqﬂwaﬁWﬁiﬂﬂﬁg

Y 9 A
ﬂ’ﬂilgﬂ@lﬂ\‘luﬂﬂﬂf,:fﬂ

{ 1 A o o v d a .. a o
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A Y a 9 a a 4 9 [
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saduniiy Veadelassadedu lifasn@euuuy 31921 10 Tilsunsy awainn 22
° 1 I o I v T dy
mvualduaaz Tsunsy unudyu Tnuavesdu'lld 1diagnas («—) dludrisdmdunians
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' o Ay Y o v A . A Y a g
AWaansn Iwa1nmssuunaeny Tunmi 22 (Predicted Class) TumsnaisandoAanainna
=~ 9 1 o w a Y Aa 1
2 n3dl 1aun Tnua J-F uaz Ivua D-E lud1dunsnazinizivonanainsesrning 1vua J-F
= v A Y 3 1 Yo I ] o 1
Fenwaaninaosmaunard B uang laswuniluaaia ¢ snmsdunalagnisiin
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AAUANEULYDIINUA J-F lun1sdmunueangnussna 29 Wy “if AVG PB <=
2 9 A A =2 o
742333337 GIAINUANYUL AVG PB 404 11ua J-F A9 73.17 uag Inua J-B Ao 85.33 337
o I a 1 v A
14 Tvua 1-B Swunilunard ¢ Tuvaz Tvua J-F desgniiaisuiae luussian 32 «if
o Y o I = v A Y < 1A
Num_SPB <= 12” #1114 J-F suunilunaid ¢ (@waansnaosnmsiuaaid B) uaiosan
AMAVUANH UL Num_SPB 404 1¥ua J-F HA1m1nna 12 d1msulunstiveslviua D-E naain
~ o A n ) Y o I A 1
M3NnQ IuusINAN 1 “if Thr SIM <= 97.5” ¥ 1% Iviua D-E Swunilunard B 110391061
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Identifying an original copy of the source codes in
programming assignments

Chawalit Saoban

Faculty of Informatics
Burapha University
Chon Buri, Thailand 20131
60910062@go.buu.ac.th

Abstract—Source-code  plagiarism in  programming
assignments is a serious issue. It can lead to bad consequences
of students in personal and professional life. Students who copy
someone else’s source-code did not learn anything. This
improper behavior is unacceptable. It would be useful if
teachers know who the owner of the original copy and someone
is a copier. They may employ strategies to prevent the
plagiarism and give advice to students who did wrong. This
paper, therefore, proposes the methodology to identify the
original copy of the source codes among the plagiarized
programs. The data are collected from an introduction to
programming course and some data are generated to test the
algorithms. We use six classification techniques to classify the
suspect programs i.e. Decision Tree, REP Tree, Random
Forest, Neural Network, K-nearest Neighbor, and Naive Bayes.
The experimental results show that the decision tree algorithm
performs best. It yields the accuracy of 82.61% in testing.

Keywords—plagiarism, progr ing
code, classification

source

I. INTRODUCTION

Plagiarism is "the practice of taking someone else's work
or ideas and passing them off as one's own." [1]. It occurs
often to academic e.g. assignment, publication, research, etc.
This problem must be considered as an important issue
because it may affect academic integrity, society, industries,
ete. If we are not well aware of this issue, new knowledges
and technologies will not be developed because there is no
new creative work. In a computer programming course, we
also have a problem. Students copy source-codes from their
classmates. Someone copies the whole source-codes or some
parts without any changes. Someone changes the codes a
little bit e.g. a variable name. This problem is serious and
must be addressed carefully. Misbehavior and negative
attitudes may cause students getting poor academic
achievement and affecting their careers in the future.

According to [2], modification of source-codes can be
characterized as six levels. Level 0 is keeping the source
code without any changes. Level 1 is changing comments
and indentations. Level 2 is changing the name of variables
or functions. Level 3 is changing the variable, constant or
function declaration. Level 4 is changing the program
modules. Level 5 is changing the program statements and
control structures. Level 6 is changing the program
logic. There are two main approaches of the source code
plagiarism detection [3] L.e. feature comparison and structure
comparison. The feature comparison approach calculates
similarity between two programs by comparing the features
extracted from the source codes e.g. the number of comment
lines, the number of indented lines. The structure comparison
approach estimates the similarity of two programs by
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analyzing their structures e.g parsing the programs,
comparing their tokens. Thus, this methodology is difficult to
detect plagiarized codes when the plagiarism level is 4 or
higher [4].

There have been many pieces of research that propose the
methods to detect source code plagiarism. Prechelt et al. [5]
and Duracik et al. [6] proposed the evaluation of JPlag
system in finding the similarity of plagiarized programs.
Funseca [7] presented the approach for dealing with the large
scale of source codes. Bandara et al. [8] introduced using
students’programming styles to detect the plagiarism. They
employ three machine learning techniques (i.e. Naive Bayes,
K-Nearest Neighbor, and AdaBoost Meta-Learning
Algorithm) to learn structure-based properties of plagiarized
programs. Ohno et al. [9] also uses a student’s coding style
incorporated with Hidden Markov model to verify the
source-code owner. Schneider et al. [10] proposed the new
approach to consider interaction logs collected during the
creation process e.g. string insertion, cursor movement, copy
and paste etc. All these researches attempt to detect a pair of
source codes that seems to be similar, but do not aim to
identify the original source code. Ji et al. [11] proposed the
generating of source code plagiarism evolution tree, which
can show the inheritance of source codes. They calculate an
asymmetric similarity score of two programs based on a
local alignment technique. They defined EvolDist(A, B) as
an estimated distance from transforming program A into
program B. If the EvolDist(A, B) is less than the EvolDist(B,
A), then they concluded that program B is evolved from
program A. Otherwise, program A is evolved from program
B. After identifying the evolution direction, all pairs of
programs associated with EvolDist are used to generate the
evolution tree by finding a minimum spanning tree.

Most of the previous works did not focus on identifying
the original copy of the source codes. However, we think that
if we know the original, we can manage the plagiarism
problem at the root cause. This is because if we keep an eye
on the student who own the original source code and do not
let him to share it to his friends, there is no source code to
copy. Other students must do the assignment by themselves.

There was [11] that can identify the original one. They
used the data sets obtained from the East-Asia ICPC
(International Collegiate Programming Contest). The source
codes are collected from competitors who have high
programming skills. Therefore, structures of the plagiarized
programs are complex and lie in a high level of plagiarism.
In addition, these data sets are not public for researchers to
do the experiments. In this paper, thus, we use the data sets
obtained from the first-year-students” programming-
assignments. There are 140 programs that have an average



similarity computed by IJPlag [5] of 61%. which is quite
high. We observed the pairs of source codes that have
similarity scores more than 60% and found that the
plagiarism levels are not higher than level 4. Unfortunately,
from these data, we do not know which a source code is
original. We, then, create a data set by imitating students’
plagiarism-styles. We have 10 original programs and the
other 68 programs are derived from them. This data set is
divided into training and testing data. We compare each pair
of source codes using JPlag and the similarity scores are
gathered. We also extract useful attributes from the source
codes. The six classification techniques i.e. Decision Tree,
REP Tree, Random Forest, Neural Network, K-nearest
Neighbor, and Naive Bayes are applied to classify the pair of
source codes (program A and program B) into three classes:
1) program A is the original 2) program B is the original and
3) A and B are not plagiarized programs.

This paper is organized as follows. Section 2 presents a
background about the tools for detecting source code
plagiarism and classification techniques. Section 3 describes
details of the proposed method. Section 4 shows the
experiment results and analysis. Section 5 is a conclusion.

II. BACKGROUND

A. Plagiarism detection tools

Most of the tools for detecting plagiarized programs work
based on comparing the similarities of the program
structures. This paper also uses similarity scores and other
features to identify the original copy of the source codes.
Recently, there are many tools for comparing the pair of
programs e.g. JPlag [S], MOSS [14], SIM [15], etc. These
tools have different properties. Hage et al. [12] and Ahadi et
al. [13] published the papers that present the comparison of
features of plagiarism detection tools in terms of current in
used, supported language, open source, etc. In this paper, we
select the tool that can run on websites (due to the reason that
our students’ programming-assignments are submitted via
the website and it would be convenient to manage them
online). From the survey [12-13], MOSS and IPlag are what
we want. However, Moss run on the Moss server at Stanford
University, it is inconvenient for us. Thus, we select JPlag to
use in the experiments.

B. Classification algorithms

Classification is a method to identify a group or a
category to the things. It is one of the supervised learning
techniques for data mining. Each record in the training data
contains the attribute known as the target value, which plays
an important role in guiding the correct answer to a
classification algorithm during the learning process. The
algorithm learns from this data and construct a model to
classify the data into a proper class. The following
subsection will introduce the classification algorithms used
in this paper.

e Decision Tree

Decision tree consists of root node, intermediate node,
and leaf node. Root node and intermediate node contain the
features that are tested for decision-making. Leaf node
contains the classes that are the result of classification. J48 is
one of the popular decision tree algorithms. [t is an extension
of ID3.

This algorithm finds the best feature that will be used as a
decision node by calculating information gain, which is
derived from entropy. This process continues until all data is
classified.

e REP Tree

Reduced Error Pruning Tree (REP Tree) is a decision tree
that uses the reduced-error pruning technique. The algorithm
checks each internal node and try to replace the node with
the most common class if it does not reduce the accuracy.

e Random Forest

Random forest constructs multiple models of decision
trees. Each decision tree may has different data and features.
Each tree is trained with different training data sampling with
replacement from the data. Afterwards the class will be
decided from the votes of all trees. This technique is called
bagging ensemble or bootstrap aggregating.

e Neural Network

This paper uses Multi-Layer Perceptron algorithm (MLP)
which is a feedforward neural network that consists of three
main layers, i.e. input layer, hidden layer, and output layer. It
employs a supervised learning technique called
backpropagation for training. It learns by comparing the
output of the network with the target output, and the error is
propagated back to the previous layer. The weights are then
adjusted.

e K-Nearest Neighbor

K-nearest neighbor is a classification technique, which
does not create a model for prediction. It uses predefined K-
value to consider K objects that have the nearest distances.
Generally, the distance between X and Y is calculated using
Euclidean Distance as follows:

DGy) = /Z(x - %y
- M

e Naive Bayes

This classification technique uses the Bayesian theorem.
For creating the model, there are n attributes defined as: Al,
A2, ..., An. Let E is a vector < al, a2, ..., an >, where ai is
the value of Ai. Let C is a class variable and ¢(E) is denoted
as a class of E. The Bayesian classification is defined as (2).

co(B) = argmax P(c)P(ay,ay, ..., a3]c) @

Assuming that all attributes are independent given the
class label, thus, the Naive Bayes is defined as:

c(E) = argmax P(c) 1_[ P(a, Ic)
i=1 3)
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1. METHODOLOGY

In this section, we present the method to identify the
original copy of source codes. It consists of four steps:

1) Data preparation 2) Attribute selection 3) Algorithm
and parameter settings 4) Performance evaluation.

B. Data Preparation

As mentioned above, that data sets used in the
experiments are created by imitating student’ plagiarism-
styles. Because of the 140 programs from the students are not
labeled. From the data we do not know which one is the
original. Therefore, we use the styles of these source codes
as the patterns to create the new ones. The following steps
are how we create them.

1) Design three programming problems

2) Write source codes to solve those problems (the
original ones), all the original codes must have different
structures. All these source codes have similarity scores
close to zero when use the JPlag tool to check the
Plagiarism. These programs can be viewed as root nodes.

3) Create the plagiarized programs which are derived
from the programs in step 2), and then create the
plagiarized programs that derived from the plagiarized ones
(Level 2 and 3 of the tree) by changing some parts of the
source codes according to level 1-4 [2].

We have 78 programs that will be used as the data sets in

C. Attribute Selection

In this step, we extract information from the data by
running the JPlag to compare each pair of source codes. The
data obtained from JPlag are 1) the average similarities in
each pair of programs 2) similarities of program A compared
with B and program B compared with program A 3) groups
of similar lines 4) the number of tokens in each group that
have similar lines. An output obtained from JPlag is shown
in Fig. 1. All the attributes used in this research show in
Table IL.

Matches sorted by average similarity (What is this?):

WeShOL 1. 25a | -> WeightOl 1java WeightOl 1 ljava WeightOljava

(1006%) (10070%) (95.0%)
: sa eightO1 1 3java Weight0l 1java Weight0l 1 Lj
WSRHULILS Toava (1000%) (85.2%) (85.2%%)

Weightol | 1jova - WeishtOl ljava  WeightOljava Weightol 13 S

(100.0%) (95.0%) (55.2%
e . . WeightOljava Weight0l 1 3java

e} Lo (95:0%) (85.2%)
= . WeightOljava

Weight01_1_3 java e

Fig. 1. Aresult of JPlag

D. Algorithm and Parameter Settings
We use six classification techniques for the experiments.

All techniques run with Weka 3.83. The parameters are set
as Table III.

the experiments. The detail is shown in Table I. The problem TABLEII.  PARAMETER SETTINGS
1 and 2 are used to train the model. The problem 3 is a test -
blem. Tecl.mlgues Parameters Values
pro | Decision Tree (J48) 0o pruning es
REP Tree no pruning es
TABLEL DESCRIPTION OF DATA SETS USED IN THE EXPERIMENTS Random.forest mn ;afl‘d"‘me Prop 2‘003
numFolds
Problem | Problem 1 Problem 2 Problem 3 seed 2
Description Neuron Network (MLP) hidden layer 5
The number of all 34 30 14 learning rate 0.1
source codes momentum 0.8
The number of 4 4 2 training time 2000
original source codes K Nearest Neighbor (Tbk) k ol
Level of the tree 3 3 3 Naive Bayes = =
TABLEIL DESCRIPTION OF DATA SETS USED IN THE EXPERIMENTS
Attribute Abbreviation Description
Similarity Score Thr STM A similarity threshold in the comparison of Program A and Program B
Threshold of Program & Thr P& A similarity threshold of Program & compared to Program B
Threshold of Program B Thr_PB A similarity threshold of Program B compared to Program A
The Number of Programs that are similar to | Num_SPA The number of all programs that are similar to Program A
Program &
The Number of Programs that are similar to | Num_SPB The number of all programs that are similar to Program B
Program B
Minimum Similarity of Program A Min PA A minimum similarity threshold of Program A
Minimum Similarity of Program B Min_PB A minimum similarity threshold of Program B
Maximum Similarity of Program A Max PA A mazimum similarity threshold of Program A
Maximum Similarity of Program B Max PB A magimum similarity threshold of Program B
Average Similarity of Program A AVG PA An average similarity threshold of Program A
Average Similarity of Program B AVG PB An average similarity threshold of Program B
Standard deviation of Program & D_PA A standard deviation of similarity threshold of Program A
Standard deviation of Program B SD PB A standard deviation of similarity threshold of Program B
The Number of Similar Lines of Program A NS4 The number of all lines that are similar to program A when compared with
program B
The Number of Similar Lines Program B NSB The number of all lines that are similar to program B when compared with
program A
The Number of Similar Tokens NST The number of tokens in similar lines which is compared between program A
and program B
Different Number of Lines DLP The number of differences in all similar lines between program A and program
B
Classes (e} The result of classification 1) Program A is the original 2) Program B is the
original and 3) They are not the plagiarize programs
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E. Performance Evaluation

In the experiments, we need to know the performance of
the classification techniques in identifying original source
codes. We measure the performance of six techniques by
comparing accuracies from classifying the testing set.

IV. EXPERIMENT RESULTS

In the experiments, we use 60 programs to train the
algorithms to create models for identifying the original
source codes and uses 17 programs as the testing data set for
evaluating the performance of the models. The experiment
results are shown in Table IV.

TABLE IV. THE ACCURACIES OF THE ALGORITHMS IN IDENTIFYING
THE ORIGIN AL SOURCE CODES
Algorithm Accuracies

Training (%) Testing (%)
Decision Tree (J48) 94.74 82.61
REP Tree 93.23 82.61
Random Forest 100.00 2391
Neural Network (MLP) 89.47 69.57
K -Nearest Neighbor (Tbk) 100.00 65.22
Navie Bayes 66.17 60.87

Table IV shows that the decision tree (J48) and the REP
Tree yielded the best accuracy for the testing data. However,
in the training data set the decision tree (J48) outperformed
the REP Tree. Due to the fact that the REP tree is a pruned
tree, it is obvious that the decision tree without pruning is fit
to data and yields more accuracy than the REP ftree.
Therefore, in this paper, we will analyze the results from the
decision tree. The rule obtained from the decision tree is
shown in Fig. 3.

Regarding the random forest, which is created from
multi-decision trees with different features and data, it
yielded an accuracy of 100% for the training data, but it
performed worse when it was applied to the testing data. This
model is over fit. The neural network model with multi-layer
perceptron, which used the backpropagation algorithm to
learn from the error of the output compared with the target
output, obtained less accuracy than the decision tree models.
We observed that why the MLP performed worse than the
decision tree models. The reason may come from the values
in each attribute is quite similar. The weights of the MLP
may not be adjusted to differentiate the classes. The KNN
(k=2) also yielded the accuracy of 100% for the training data
but the accuracy greatly reduces when applied to the testing
data. This model is over fit to the training data. From the
experiments, the Naive Bayes eamed the smallest accuracy.
This is because this algorithm is suitable to nominal data In
our experiments, the attribute values have small ranges so
that it may hard for Naive Bayes to distinguish the classes.

Fig 2. An example of plagiarized programs that is represented as graphs:
(a) the desired output and (b) the output obtained from our experiment

The graph in Fig. 2 (b) is the one that is constructed from
using the rule presented in Fig. 3. Most of the original source
codes are correctly identified using our proposed rule. It has
only 2 incorrect pieces 1) it cannot correctly identify the
plagiarism between node F and node J, 2) it decides that
node D is derived from Node E, but in fact they are not
plagiarized programs. The analysis of these misclassified
cases will present as follows.

TABLE V. AN EXAMPLE OF ATTRIBUTE VALUES FROM TESTING SET

To illustrate the classification’s results, we repr ted
the results as a phylogenetic tree in Fig. 2. There are 10
programs that are denoted as the nodes in the tree. Let an
arrow (<) indicates the direction of imitation such as A<—B
denotes that program B is derived from program A.

Node Jand F Jand B DandE DandB
Attribute
Thr STM 95.00 81.90 100.00 100.00
Thr PA 95.08 81.97 100.00 100.00
Num_ SPA 15 15 11 11
Min PA 42.30 42.30 41.20 41.20
Max PA 85.00 95.00 100.00 100.00
AVG PA 72.15 72.15 8533 8533
SD PA 19.84 19.84 15.81 1581
Thr PB 95.08 81.96 100.00 100.00
Num_SPB 13 11 11 11
Min PB 41.20 41.20 41.20 41.2
Max PB 100.00 100.00 100.00 100.00
AVG PB 7317 8533 85.33 8533
SD PB 19.86 15.81 15.81 1581
NSA 48 35 65 65
NSB 48 44 58 67
NST 58 50 61 61
DLP 0 9 7 2
Actual Class B o] C B
Predicted Class C C B B
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Table V shows the data that are used to decide the class.
The last two rows show the target classes and the predicted
classes. Our proposed rules yielded two cases of
misclassification: node J-F and node D-E. Firstly, we will
analyze node J-F that why the rule returned the predicted
result as the class C instead of B. We observed the data of
node J-F compared with node J-B as shown Table V. The
rule can predict the class of node J-B correctly. From the
proposed rule (Figure 3.) at the line number 29, “if AVG_PB
<= 74.233333", the attribute AVG_PB of the node J-F is
73.17 while that of the node J-B is 85.33. Therefore. the node
J-B is classified as the class C. In this case, the node J-F has
the value of AVG PB <= 74.233333, then it must be
checked by the rule at the line number 32 “if Num SPB <=
12”. The value of the attribute Num_SPB of the node J-F is
13. which is grater than 12, therefore the class is predicted as
the class C (indeed it should be a class B). For the later case.
the misclassification of the node D-E occured from the rule
at the line number 1, “if Thr SIM <= 97.5”. The value of the
attribute Thr_SIM of the node D-E is 100, which is grater
than 97.5, then it is classified as the class B. However, these
are only two cases that the proposed rule cannot predict the
class correctly. This may need more training data and more
validation data to tune the model. We will take these issues
into consideration in the future work.

if Thr SIM <=97.5

1
2 | ifDLP<=9
3 | | ifNum SPB<=5
4 | | | ifNum SPA<=7
S | | | | if NSB<=27classify as C
6 || | else classify as B
7 ||| else
8 || | if Num_SPA <= 10 classify as A
9 || | else classify as C
10 | | else
11 | | | ifNST <= 26 classify as C
12 | | | else
13 [ ] | if AVG_PB <= 71.190909
14 || | | ifMax PA<=975
15 || | | | ifNSA<=26
16 | | | | | | ifNST <= 27 classify as B
17 [ L] else
18 | | || ||| | ifMin_PA <= 44 classify as C
19 | | [ ||| || elseclassifyasA
20 || | || elseclassify as B
21 || | | else
22 || | | | if SD_PA <= 16.398742 classify as C
2 11| else
24 | | | | | | | ifDLP<=1 classify as A
25 | L] else
26 | | || ||| | ifSD_PA<=17.621168 classify as A
27 || | ||| | elseclassifyasC
28 | | | | else
29 | | | | ifAVG_PB <= 74.233333
30 | | || || ifMax_PB<=975 classify as C
31 || | || else
32 || | || | ifNum_SPB <=12
33 | ||| ||| | if SD_PA<=16.972676 classify as C
34 | | | ||| || elseclassifyasB
35 | | ||| ]| elseclassifyasC
36 || | | else classify as C
37 | else
38 | | if Num_SPB <= llclassify as A
39 | | else
40 | | | ifMin PB<=423
41 | | | | if DLP <= 1lclassify as C
2 || | else classify as A
43 || else classify as C

44 elseclassify as B

Fig. 3. The rule for identifying an original source code

In addition. we show the scatter plots of the attributes’
values i.e. Thr SIM, NST. SD PA and SD PB. Fig. 4
illustrates that some ranges of these values are overlap. The
classes cannot be separated using these values. So, it is
difficult to perfectly classify them.
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Fig 4. Scatter plot of the attributes’ values.

V. CONCLUSION

This paper proposes the rule for identifying the original
source codes from a set of plagiarized programs. The aim of
this research is to find the original copy of the source codes
submitted in programming assignments. We have studied the
plagiarism level of 140 students” programs collected from
the first-year-students” programming-assignments. We select
the programs that have a similarity score more than 60% (the
similarity score obtained by JPlag). We found that the
plagiarism levels are not higher than level 4. We created 78
programs by imitating student’ plagiarism-styles which have
10 original programs and 68 plagiarized programs, and
extracted 17 attributes from those source codes e.g. similarity
score, line of codes. These data are divided into training and
testing data. Six classification techniques are used in the
experiments i.e. decision tree. REP tree, random forest,
neural network, K-nearest neighbor, and Naive Bayes. The
decision tree using J48 and the REP tree vyield the best
accuracy of 82.61% in the testing data.
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