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What is Source-code Plagiarism?

“Plagiarism occurs when programming
assignments are copied and transformed with
very little effort from the students”

(Faidhi and Robinson,1987)

“unacknowledged copying of documents and
programs’

(Joy and Luck,1999)
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Survey on Source-Code Plagiarism

We carried out a survey in order to:

— gather the perceptions of academics on what
constitutes source-code plagiarism, and

— create a structured description of what constitutes
source-code plagiarism from a UK academic
perspective

Short paper:

www.dcs.warwick.ac.uk/research/edtech/publications/CosmaJoy06.pdf

Full report: www.dcs.warwick.ac.uk/reports/422.html
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Data Source

* On-line questionnaire distributed to 120 academics (list supplied
by HEA-ICS).
* Survey:
— Questions were in the form of small scenarios
— Mostly multiple-choice responses
— Comments box below each question
— Anonymous — option for providing details

* Received 59 responses, from academics across more that 34
different institutions

* Responses were analysed and collated to create a universally
acceptable source-code plagiarism description.
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Source-Code Plagiarism Issues

Our description considers various issues on source-code plagiarism
including:
— Source-code reuse
— Source-code self-plagiarism
— Copying without adaptation
— Copying with adaptation: minimal, moderate, extreme
— Converting a source-code to another programming language
— Using code-generator software
— Collusion
— Methods of obtaining source-code written by other authors
— False and “pretend” references

WARWICK



Survey Findings: Reuse

Two grey areas regarding source-code reuse and
self-plagiarism:

* Reuse of code in O-O environments is often
encouraged

* Source code resubmission may be acceptable
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Historical Notes

* First known plagiarism detection system was an
attribute counting program developed by
Ottenstein (1976)

* More recent systems compare the structure of
source-code programs

* Structure-based systems include: YAP3, MOSS,
JPlag, Plague, and Sherlock.

WARWICK



Detection Tools

Structure-based systems:

1. Each program is converted into token
strings (or something similar)

2. Token streams are compared for
determining similar source-code

fragments
3 Tools: JPlag, MOSS, and Sherlock

WARWICK



JPlag

* Developed by Guido Malpohl in 1996

* JPlag currently supports Java, C#, C, C++, Scheme,
and natural language text

* Use of JPlag is free, but user must create an account

* JPlag can be used to compare student assignments
but does not compare with code on the Internet

* JPlag home page: www.ipd.uni-karlsruhe.del/jplag
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JPlag File Processing

g JPlag Web 5tart client v2.0 BETA - Build 293 E |Z”E|E|

Main memnu Help

Title | Submitted

Murmber of programs | Parser errors

Unkitled1 |02.05,2006 17:50:47
c5123 19,05,2006 11:19:08

168 22
202 26

~JPlag progress

v| Packing files

| Sending files

v | Waiting in gueus

v | Parsing files

v | Compating files

| Downloading results

Submission: ts123

Dperation was successiul.

Fesult location:

caDocuments and

SetlingsiGeorginallPlag Resultsiest 2 Nindex html

Hide progress

Mew submission

Wienw result |

Yigw parser log |

Delete result |

Change options

Fename result
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JPlag - Results

-} Search Results - Microsoft Internet Explorer E |Z“E|El
::'

© Fle Edit  Wiew Favortes Tools  Help

L 2 - — ) i
e Resultsin HTML | o © W@ G owe doows @ (-2 - @@ S
: Address |@ CDocuments and SettingsiGeorging! JPlag_Results\cs123%index, html "l Go ilinks i '@ i

Format A

Distribution:

¢ HiStOgram Of 0% - 10084 27 #
similarity values S
found for all e I
pairs of T WL

programs 20%—30%2%‘#&
* Similar pairs

a n d th e I r Matches sorted by average similavity (What is this?): |
SI m I Ia rlty Va I u eS 0260873 0260301 0260376

0260907 - 100.0%) (100.0%) (96.0%)

dISpIayed 0314936 0326645 0335381

O30T > oo 0wy (37.8%) (36.0%)

* Select file pairs ssetog _» Q250562

(100.0%)

to VieW 0260901 -= D260873 0260876

(100.0%) (96.0%)

< | >
é:l Done -j Iy Computer
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JPlag - Matches

* Similar lines
matched with
the same
colour

* Code fragment
similarity
values based
on similar
tokens found
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Matches for 0260976 & 0260907 - Microsoft Internet Explorer

© Fle  Edt

eBack @ \_) \ﬂ @ h /.._\JSearch \‘i'\':(Favorites {‘}

Yigw Favorkes  Tools  Help

-5 5-UB0 3

 Address |@ Ct\Documents and Settings|Georging! Plag_Results\cs123matchz, html V‘ Go Links ™ @ -
-
Maiches for 0260976 & 0260907 0260075 (95.0%) 0260007 (95.0%) Tokens
_ IlD?PUSSlP‘lUUUJ’BDaId.jml-ZE 1072082729000/ Bosrd javal1-26 19
96.0% | 1079033194000 Pogerd jval24067) 1079082729000 Bosrd java( 28.77) 36 b
1079083194000/Board javal70-74) 1079083720000Board java( T2-24) 11
[NDEX - HELP I 1079088194000 Board javal 75-149) 1079082720000 Board javal87-175) 112
I 1072083194000/ Bosrd java(149- 167) 1079082729000/ Bosrd javall 76-193) 23 v
package student; ‘ A &package gtudent; A~
import wrabble.*; import wrabble. ®;
import java.util.StringTokenizer; import java.wtil.StringTokenizer;
public clazs Board implements IBoard public class Board implements IBoard
i {
protected Multiplier [1[lmultipliers;
protected Tile [J[]tiles; protected Multiplier[][] multi;
protected int size;
3 protected Tile[]1[] tile; |
public Board() protected int szize;
{
size = 15;
multiplisrs = new Multiplier [size][size]; public Board()
tiles = new Tile [gsize][size]: {
1 size = 15;
multi = new Multiplier [sizel[sizel:
public void clearBoard() tile = new Tile [sizel[sizel;
{ H
for(int i = 0;1 < 15;it+4)
{
for{int j = 0;j < 1E; j++) public woid clearBoard()
i g i
tiles[i1[3] = null; for(int i = 0;i + getBoard3ize(),;itt)
H {
1 for{int 3 = 0;3 < getBoardSiza(i; j++)
H a {
tile[i1[j] = mull;
public Tile getTile(int x.int y) v H v
¢ | 2 ¢ \ 3
éj Dare vj Iy Computer




MOSS

Developed by Alex Aiken in 1994

MOSS (for a Measure Of Software Similarity)
determines the similarity of C, C++, Java, Pascal,
Ada, ML, Lisp, or Scheme programs.

MOSS is free, but you must create an account

MOSS home page:
www.cs.berkeley.edu/~aiken/moss.html
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Using MOSS

* Moss is being provided as an Internet service

* User must download MOSS Perl script for
submitting files to the MOSS server

* The script uses a direct network connection

* The MOSS server produces HTML pages listing
pairs of programs with similar code

* MOSS highlights similar code-fragments within
programs that appear the same

 Data Protection? — US service
* Maintenance?
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Sherlock

* Developed at the University of Warwick
Department of Computer Science

* Sherlock was fully integrated with the BOSS
online submission software in 2002 and Open-
Sourced

* Sherlock detects plagiarism on source-code and
natural language assignments

* BOSS home page: www.boss.org.uk
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Sherlock - Preprocessing

Comments onhsamelines) Comments onhywsentence) Tokenised |
Ho comments & normalised r Mo comments & no white
Mo whitespace (For other syntax families) r Ho comments

File Types To Use r Original r Hormalised (For Java/CiC++ symitax families)

Select file types to use:

Original
. Output directory: [ariginal
W h I te S p a Ce [ ] Mormalised (For JavaiCiC++ symtax families)
Dutpurdt directomn: normalised

[ ] Mo whitespace {For other syntax families)
C t Ourput directomn: nowhite
Om men S [ ] No comments
Output directorn: nocoamiments
Mo comments & normalised

Normal isation Output directons PR

[ ] Mo comments & no white

Onurput director: nocomwwhi
T k 1 t. [ ] Comments onhrsamelines)
O en Isa Ion Output directorye: comments
Comments onhisentence)
Output directory: [cormsent
Tokenised
Output directorns: [tokenised
Amy matches found will be stored
in the Match directon: [Fratch

Select exclude file to use (in source directorny):

Mo exclude file ann

WViewr exclude file |

Restore all defaults

(0] | | Cancel |




Sherlock - Results

Results displayed

Similarity values of
suspicious files

Similarity values
depend on the
length of similar
lines found as a
percentage of the
whole file size

Select suspicious
matches to examine

Mark suspicious files

[hspla i
File Edit Options Window Help

TYPE

| FILE 1 |

FILE 2 [ %] suspPicious |

¢ L] 040394 2TileBan java & 0403785TileBag java
D Tokenised

Mo comments & normalised
Tokenised
o[ 040394 2B0ard java & 0300334Board java
% Mo comments & normalised
Takenised

o] 0403744 TileBanjava & 0319341 TileBag.java
Mo comments & normalised

Original

Tokenised

Takenised

CiDocuments and Sefings\GearginaiDeskio3OFTDEVEWS--- -
0403942 TileBag java 0403734TileBag java 40

o L] 04039425 pellChecker java & 0300334 5pellChecker java 04039425 pellChec... 03003345pellChec... 84

1-162 1-148 g0
1-10 1-10 B

1- 1466 1-124 Th
0403942Board java 0300334Board java 96
1-83 1-(4 38
1-84 1-64 o]

o= [ 040394 25pellChecker java & 04037855 pellChecker java 04039425 pellChec... 04037855pellChec.. 74
04037 44TileBag java 0315351 TileBag java 100

1-118
1-13
1-122
147- 184

|°' [C] 040334 2B0ard.java & 0104995B0ard java

|n403842B0ard java

o= [ 0319351 TileBao.java & 0300062 TileBag.java

o= [ 0403796TileBan java & 0304820TileBag.java

o= ] 04037445 pellChecker java & 04037 44B0ard java
o= [ 040394 2B0ard java & 0403785B0ard java

o= ] 040327 3B 0ard java & 0300062E0ard java

o= [ 0319334B0ard java & 0300334Board java

o= 031 9334Board java & 0304820B0ard java

o= [ 0403744 TileBanjava & 0300062 TileBag.java

o= 0319351 Board java & 0300062E0ard java

o= [ 0309780 TileBan java & 0304384 TileBag java
o= [ 040327 3B0ard java & 0300334Board java
o= [ 0403786B0ard java & 0300334B0ard java
o= [ 0300334B0ard java & 0104995B0ard java

O AN T e e L b ] 2 OANS4 a0 o i

03193591 TileBag java 0300062 TileBag java a0
o= [ 04037885 pellChecker java & 0300334 5pellChecker java 040378585 pellChec... 03003345pellChec.. 74
0403796TileBag java 0304820TileBag java 26
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040394 2Board java

040327 3Board java

0319334Board java

0319334Board java

04037 44TileBag java 0300062 TileBag java 35
0319351 Board java
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0309780TileBag java 0304334 TileBag java 32
040327 3Board java
0403785B0ard java
0300334Board java

[u W Rutal Ratalnl

- -1

mE

1-68 34
1-4 3
1-72 a1l
8a- 122 13

0104995B0ard java 81

0403744Board java 82
0403va5Board java 77
0300062Board java 69
0300334Board java 60
0304820B0ard java B3

0300062Board java A4

0300334Board java 39
0300334Board java B3
0104995B0ard java 71

(IS faW. Rutal Ralaln] el frLal

OO O0O0 OO0 OO0 OO0 OO0 D00 OO0 OO0 0000000000

-

Total number of matches: 5633, 0 considered suspicious.




Suspected
sections
marked with

**begin suspicious section**

and

**end suspicious section™*

g
& 3 0 CO

herlock - Matches

it normalised versio DCO ori0404802Spe

File Edit Options Window Help

dva pcomnor¥04025965pe E ™

Tokenised |

: Submitted file, 04048025pelIChecker java

Submitted file, 04025965peliChecker java

Comments onlyisentence)

4] i

:‘|

No comments & normalised

o

Original

Wb R

[t

Mo comments & normalised, 04025965pellChecker java.ncn

“fpublic boalean checkivard(String ward) {
Aretum tcheckiword),

|

“{class BinanyTree |
“JBinanyTreeMode root;
“fpublic BinanTrea( {
“fraat= nul;

“Iprivate woid addToSubTree(BinarnTreeNode n, String ) {

5@ if {v.compareTofn.getvalued) = 04

“if (n getLeft) == null

n.setleftinew BinanTreaModeadd),

PREGIN SUSPICIOUS SECTION

B else addToSubTreeln. getleftd), v,

]
elze

fin.getRightd == null)

“in.setRight(nes BinaryTreeNodedd);

else addToSubTree(n. getRight(), +;

i |

r

Npublic void add(Sting
fif {roat == nully

roat= new BinanTreeModed),
‘{else addToBubTree(roat, ¥,

S END EUERICIOUE SECTION™

“fnublic boolean checkSubTree(BinanTreeMode n, String v |
?E String nialue = n.getvalue(,

if (v.compareTalgnareCase(mvalue) == 0)

=0

“Areturn true,

tiordTreeMode root;
“|public WaordTreeq {
|root = null;

|
arivate void addToSubTreedordTreeblade n, String v {

Sfifen = nun {

: String nvalue = {(Stringingetyalued);

v.earmpareTo(yalue),

fli=mi=1,;

elseif(i=0i=-1,

Helsei=0;

“awitehiy {

5@ case- 1. if {n.getleftd == null) n.setlefiinew WordTreeModein
SBEGIN SUSPICIOUS SECTION™

?E elze addToSubTreain. getleft), v,

“|break;

caze 1 if{n.getRight( == null) n.setRight{new WardTreerMode
§§ else addToSubTreain. getRight(), i,

‘fhreak;

J|case 0 break,

I
o
|
“nublic void addvord(String «) {

Afif trant==num{

raot = new \WordTreeModednew String(v);
i1
else addToSubTreedroot, v);
::}
END SUSPICIOUS SECTION=

“Jpublic int searchSubTreedordTreeMode n, String ¥ {
String nWalue = {(Stringin.getvalued);

KOl I | D

4 Il | Iv]

FY

| Suspicious || Inhocent |




Sherlock — Document Set

File Edit Options Window Help

* User can view
graph
* Each node

represents one
submission

* An edge means
two submissions

* Options to select
threshold

* Click on lines to
view or to mark
suspicious
matches

Zoom: *1 C} 1 Percentage above (including) 60% will be shown; |

ID

Mark 3%, Original as SUSPICIOUS

Mark 5%, Tokenised as SUSPICIOUS

Mark 9%, Original as SUSPICIOUS

Mark 14%, No comments & normalised as SUSPICIOUS
Mark 29%, Tokenised as SUSPICIOUS

q] Il I ] |
| D304820Board.java & 0104995Board.java, 60%
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Tool Efficiency

* MOSS, JPlag and Sherlock are effective
* Results returned are not identical
* User interface issues may be important
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Conclusion

* Important to communicate clearly to students what
constitutes source-code plagiarism within a broad, and
where appropriate, an assignment specific context (for
example, state explicitly whether source-code reuse is
encouraged)

* Several free plagiarism detection tools are available

* Important to use the tools
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