Aeiler P :fpv

POAD. Sehalava, 4:3- R

RPEOS : PUBLICATION MiIScon pUCT

5 <o TWARE “Toeokl

- USe e.,y ?laﬁiau’im Scﬁ(wam,s

|
I

’

E

n

Ly Tevwdin, ORXUND

o ofer  Saflusmrw Touly
—  Plesgt Ao A Lk o

Lalow thl MNole Aou)w

:‘:‘&\JY.U\ °t' Qoo Vs el d frove
Masz Leses SH4 L’: ¢ e PARE
ks ‘}: C'Sl &b .ezo




An Improved Continuous N-gram chhn-i(-;ue for Textual Plagiarism
Detection in the Research Documents
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Abstrack: In the currem informaticn ag related™to cvery subfect matier 5 now
avidlable to karge extent freely for access by evervone over the imernet subject to auavhed
capyTighl 1aps. [ the scademic wnd scientific research cammmily, howewver such scientific and
ruscarch publications most be plagiarism free. Any ducament submitted for the publication from
an acarlemic and rescarch organizaion in genyral uses copy-free as well as the copyrighted
sircuments. In dhe present paper. we propuse o continuos teigram rovthod and s application for
the retrieval of the siimtlar text frem the lecal carpus as well as from the intemer. This tochniyu
alsa catches the actually plagiatized chunks barowed in the documents amnd nat anly wondy
counls which are the sigwe of the arl of similir toods today. I is Riund g be eMicient than all such

tools reparted ax sach,

Kueywords: Textual Plagiatism, Infirmation Retrieval. N-pram Technique, Textual Matching,
cic.

I. INTRODIMITHON
There are several ssucs in the recent years retated o wcademic plagiagsm. The vse ol copy-free
contents available on the internet can be casily acecssed by vveryene and can be used for any
academic e publishing purpases. However, most of the intemet contents have & copyright notice
on thery. There 15 a necd of some autemalvd system by which the plagiactson can be foood ino1he
new lexiual matier received for publicotion. Yarious effarts have been made 1o solve 1his ssue
Any publication whether it s academic or by @ research organization, if it comains significant
anewt of otker’s research work as copled withow! giving dug credlils to such otivr authors wock
ar any copyrighted matenal wel, then it is colled plagrartstr™. The substantial ameunt of best,
lables, software source code/pseudo code or otier textual contenty i copied 1his way, peed 1 he
detected before accepling a dacurment for publication. The approach to develop some applieaiian
o fbware 100l to aulomate such a system providing aceurate eesults is the need of the hour, Such
an automated plapiarism detection system shoold comprise several components including those

to detect sulf plapiarism and contents of the references cited in the adicle in question. [n the



present work, we propose a continued trigram methodology with its applications for offering
such an automated plagiarism detection system in regard to the textual contents,

Detecting plagiarism and how to avoid academic plagiarism has been an area of interest since the
long past. Denning (1995) suggested establishing libraries of academic works to avoid the
plagiarism in the academic submissions for publication of the Joumals or Conferences
proceedings or the books. This seems to be a generally sensible idea, similar to the way in which
fault detection services are of importance in areas like raw materials used by the factories.
Samuelson suggested that 30% shared similarity is acceptable for self plagiarism (Samuelson
1994). In the current situation however, this is not accepted as such particularly if the past
material/some copyright transfer agreement has already been submitted by the authors to some
other publishers. The similarity of the text should still be avoided for the word by word or exact
similarity even when if it is same*journal wherein the used material was even published in the
same journal. It was also not clarifiéd whether 30% means 30% of word count or 30% of page
count. The pages would any way include diagrams, pictures, flow charts, tables efc. which are
not counted as such in the textual plagiarism. Hence a more detailed examination of what
constitutes self plagiarism is necessary to determine what appropriate prevention methods should

deal with them,

Academia everywhere is making efforts to educate its work force the issues of the concerned

plagiarism and how to avoid it. As a basic measuring criteria in the real practice to find whether

mt g rett
two documents are similar or not, two basic approaches are now well established. These are i)

the local (in the local repository) or direct and ii) global (in large set of data available on internet
globally)or indirectf approach (Ahlgren et al., 2003; van Eck and Waltman 2009). In the local
approach, the similarity between two documents is found by direct matching with every sccond
document in the local repository. In the global approach, the similarity between two objects is
obtained by measuring the similarity between their profile feature vectors that often contain the
number of co- occurrences (eventually normalized) of an object with each other considered as

objects (Cristian Colliander, 2011).
Lancaster and Culwin in year 2005 tried to classify metrics used for plagiarism detection. In their

proposed methodology, they defined the metrics in two simple ways. First classification is based
on the number of documents involved in metrics calculations process and second is based on
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computational complexity of the design and methodology for similarity check up. In another
approach of n-gram technique proposed by [S. Brin et al, 1995] emphasis is on the common
string in two texts where these text are characterized with sequence of N consecutive characters.
In these applications of statistical measures, each document can be defined with so called
fingerprints [Stein. B et al,2006; Schleimer S et al 2003], where n-grams are hashed and then
some are selected to form fingerprints. The probability based measures have been defined as
information theoretical measure was advocated by [Aslam J.A et al, 2003], and language model
measure was advocated by [Zhai C et al, 2001]. In the present paper, a variant of N-gram,
(trigram) methodology has been proposed on a continued basis for output generation. The system
is not only based on word count, it highlights the plagiarized portions in the output/results giving
complete plagiarism report with all the copied text along with their source in a side by side two
columnar display.

2. PRIOR ART OF THE WORK

In the previous decade, many techniques and methodologies have been reported for having been
used for realizing an automated system for detection of plagiarism. Some of them were restricted
only for the local repository as search space and some others were for web applications. In the
natural course of plagiarism detection, some of them included detecting similarity across
multiple texts as well as within one textual content. The plagiarism detection across multiple
texts includedﬂssﬁchi.ng for matching common substrings of length n, where n is chosen based
on certain considerations [Brin. S et al, 1995; Shivkumar N et al, 1996; Lyon. C et al, 2001;
Broder A Z, 1998]. If n is made fixed then the substrings are said to be n-grams. In the n-gram
technique the substring can be restricted on any number of strings depending upon the algorithm
used. The value of n may be different when retrieving subsequences from different parts of the

document. The value of n however cannot be big since not all content is usually copied verbatim

from a single source document.

Many methods have been reported for plagiarism detection. These include, for example,
similarity between texts based on the longest common subsequence, approximate string
matching, the overlap of longest common substrings (eg: COPS [Brin. S et al, 1995), Koala
[Heintz N, 1996], YAP3 [Wise M, 1996] SCAM [Shivkumar N et al, 1996}, JPLAG [Prechelt L
et al, 2000], the proportion of shared content words; particularly those occurring only once,



CopyCatch [Woolls D et al, 1998], the overlap of consecutive word sequences or word n-grams

002] are
from file
compression and copy detection have
Cloud P.D, 2003). Methods have also

(e.g. Ferret [Lyon. C et al, 2001), and compressed versions of the texts [Medori J et al, 2
some noteworthy developments noted in the history. Methods of detection originating
comparison, information retrieval, authorship attribution,

all been applied to the problem of plagiarism detection [

been developed 1o visualize the similarity between texts including Visualisation and Analysis of
Similarity Tool (V AST) [Culwin and Lancaster 2004]. Dotplot [Church K W et al, 1993],
Bandit8 and Duploc [Ducasse S et al, 1999] are also worth mentioning. In another methodology
of the text matching of the submitted document, statistical method used for detecting plagiarism
makes use of "Latent Semantic Analysis (LSA)”. In using the LSA, the word similarity and the
extraction of the word sense or meaning and then their comparison for the similarity check in the
body of the text is the key idea. This kind of system which detects semantic similarities to grade
some work can also be used effectively for paraphrased plagiarism detection. Thus, the
semantics of the words are recognized in detecting the plagiarism. The cosine similarity measure

can then be used to find semantic relevance among passages at a much reduced computational
Cost.

Adams and Meltzer proposed [Adams E et al, 1993] trigrams and inverted files for exact matches
with query terms. They reported [Canvar W B, 1994] 100% recall with high precision for their
experiments and recommended trigram based search as an acceptable alternative to word-based
search and a superior method for retrieval of common word cluster fragments, N-grams are used
as an cffective metric for TREC-2’s retrieval and routing tasks providing promising results.
Since N-grams are [Canvar W B, 1995; Cohen j D 1995] language-independent, the strategies
used for retrieval can be used for document collections in languages other than English. N-grams
are used [Lee J H et al, 1996] along with word-based systems for effectively retrieving
compound nouns in Korean documents. N-grams can be used [Canvar W B et al, 1994;
Damashek M, 1995] to distinguish between documents of different languages in multi-lingual
collections and to gauge topical similarity between documents in the same language. Retrieval
based on N-grams is found [Canvar W B, 1995; Huffman S, 1996; Robertson et al, 1992] to be
robust to spelling errors or differences and garbling of text. In another experiments of
fingerprinting system [A Chowdhury et al, 2002] proposed an intelligent system called I-Match,
to filter out terms based on inverse document frequency. In the pre-processing of the developed



u‘hm’l

system, the most frequent and rarest terms are both removed. They used ranking method and

ights to recognize the importance of document terms according to the frequency. The system
focused on detecting near exact copies.

The earliest known systems for plagiarism detection were based on feature vectors. Ottenstein
1976 came up with such a system in 1976. Later some more systems were reported but their
performance was not so remarkable. The System Developed by [Saul Schleimer et al 2003]
named MOSS (Measure of Software Similarity) used for detecting plagiarism in computer
software codes uses Rabin-Karp Algorithm with Windowing. However it wasn't of much use for
detecting content plagiarism as it failed to detect the semantics associated with the document.

The present system has the distinction that it can test plagiarism from existing documents on the
Internet as well as from the local repository of documents. The majority of softwares currently
available addresses only one of above catchment areas and performs only the word or
fingerprints set of data categories. Also the majority of software’s currently available in the
market are detecting program source texts in number of word format. The present proposed
system is based on sentences and paragraphs chunks and its performance is much superior to the
tools available for the purpose e.g VeriGuide [www. veriguide.org], DocCop [www.doccop.com),
Plagiarism Detect [plagiarism-detect.com | etc.

3. IMPLEMENTATION OF METHODOLOGY

Plagiarism is the most popular problem in the academic and publications arca and it becomes a
major challenge to train new authors how to keep their research articles free from plagiarism. A
number of applications have been developed and day by day some of them are being updated. In
the literature we have mentioned some of the developed applications and products which have

some significant presence amongst the users for the said problem.

In the methodology proposed by us, we have adopted altogether a different approach of detecting
the textual plagiarism, it does not use the set of rules of word matching or fingerprinting. Finding
of maximum number of common textual chunks in the query research document and repository
documents is the main target of our proposed methodology. We make use of a continuous
trigram technique to match the textual data of query document with each document in repository
and find the longest sequence and then calculate the similarity measure for plagiarism. This

ad



system works well both on local repository as well as on internet, The system detects the longest
sequence of the sentences of the two documents as long as it is continued right from the extent of
word to line and beyond of the sentences. Then it counts the similarity of the text and displays

the results in the output. The whole working architecture of the proposed system is given below
in the figurel,

Based on Sefectiors of Preprocessing of the Irgut Text for Query
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Figurel. The process diagram of the proposed methodology
3.1.Pre-Processing of the Input Document

The query input file can be uploaded in .pdf format for the plagiarism checkup. The system has
been designed in such a way that a .pdf file will be converted in .txt file for further processing by
the system itself. System asks the user to choose the option for the plagiarism checkup, whether
the input query files will check on the local database or in the internet. The user has to specify
the search option along with the query documents and only then the plagiarism checking process

proceeds further.
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Document
|
L Input file preprocessed Choose the Search Preprocessing works for
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Figure 2 shows the flow chart of the preprocessing of the input data

In the proposed methodology of the plagiarism detection, there are two main modules. i) First is
local data based plagiarism checkup and ii) Second is Online Internet based plagiarism checkup.
In both of the proposed module, there is option of specific search, that means in the local
database we have given a option to the user to search the plagiarism with specific files only and
generate the plagiarism results. In the same line in the internet based search we have given
option to the user to opt some free websites like Wikipedia or Encyclopedia web sites for free
from searching and plagiarism criteria. In the initial steps for the plagiarism checkup, user can
follow these criteria and options for the better and optimum result generation for a particular
input query file. The system will perform the initial steps of stemming and finding the root word
of the each and every word in the query input document with the help of wordnet after due

removal of the ‘stop words’.

3.2. Text Extractions for the Similarity Checkup

For the extraction of the similar text on the internet or from local repository documents, we use
query file to provide the input document. The input file is first cleaned of all stop words and then
the ‘stemming’ process cnables to store all words in their root forms. Now, we generate query of
trigram like fragments of words 1-3, 4-6, and so on and then search these entire generated query
for the similar content on the internet with the help of search engines. In this process, we get the
links of the similar contents and we download the respective contents from the results so
obtained in the searching process. We save the downloaded documents in the local database in
the .txt form for further processing. All the URL’s so obtained are used to download relevant
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contents to form a repository. In the searching process, one needs to neglect some copy-free web
sites. The system creates a look-up list of such website addresses and when so ever, the link
extraction process starts and encounters such addresscs, the system skips the links and moves to
the next URL to download the contents from such links.

For finding the suspected plagiarized portions from the downloaded documents, the sentences
into trigram words sequences arc fragmented. Let the suspicious document s be split into
sentences (sf). Now si is split into word n-grams. The set of n-grams represent the sentence. Thus
a document 4 is not split into sentences, but simply into word n-grams; and cach sentence si € s
is searched singleton over the downloaded documents. In order to determine if si is a plagiarised
portion from d € D, we compare the corresponding sets of n-grams.

_IN(si) n N(d)|

Cli | =—eri = coriiinniainin (1

where N ( +) is the set of n-grams in ( ). If the maximum C (si | d), after considering every d €
D, is greater than a given threshold, si becomes a portion plagiarized from d,

3.3. Textual Similarity for the Input Document

In the proposed methodology, the main task is to search the similar text with all the downloaded
documents from the internet or from the local repository of such documents and then generate
the plagiarism results. For this purpose, the main query document is divided into several
paragraphs with some words counts. The downloaded documents are divided into several
paragraphs also with some words counts. The division of the paragraphs is also applicable for the
local repository documents if the searching is specified on the local repository search. Now the
searching module is invoked to compare the query document with the downloaded documents
for the textual similarity.

In fact, each paragraph of the query document containing some set of words is compared with
the set of two successive paragraphs in the downloaded or local database documents. We
compare all the possible sequence of paragraphs from all the downloaded documents and we
store such paragraphs which are textually more similar. We compare the corresponding
paragraphs using the “Longest Common Subsequence Algorithm™ (LCSA) to get the common



data of the two paragraphs. This is done to handle the para-phrasing concept which involves
searching and comparing the given chunk by considering all the possible positions of words. The
Pseudo code for the algorithm of the above process is as follows.
Get input document
Func Trigram (){
String line, linel, line 2, line 3, result
Perform Pre-processing of the input text by removing all stop words and stemming
Divide the input text in several paragraphs

for (String ngram : ngrams(3, line)){

String[] words = ngram.split(" ");
for (String ngram| : ngrams(3, linel)) {
String[] words1 = ngram1.split(" ");
if{words.length==3 && words].length==3)

if{words[0].equals{words1[0]) &&words[1].equals(words1[1]) && words[2].equals(words1(2]) )

{
Result+=words[0]+" “+words[1]+" *“+words[2];//append the match window to the result}

Else {
{//Match the antonyms synonyms using wordnet

The time complexity of the algorithm is O(n*m) where n=database size and m==size of
plagiarized data
4. RESULTS

The system has been designed with the user friendly environment. Figure 3 given bclo.w shows
the graphical user interface designed for the query input by the user. On obtaining, the mp.ul .ﬁlc
for the plagiarism search, it provides different options to search the input file for the plagiarism
detection such as for the local repository search, web search and specific search as the catchment
area to the user for the plagiarism detection. Figure 4 shows a typical output of the system. The



figure 4 given below shows the plagiarism detection results with the system designed output
criteria i.e. side by side columnar display of query document sections along with the contents
wherefrom it is copied as plagiarised portions. The cfficiency and results output of the system
have been tested on several input documents mainly research papers. The results of the system
are most satisfying and effective. For this purpose, 50 research papers having different level of
percentage plagiarism were evaluated. The percentage plagiarism found out varies form case to
case in line with the initially modified documents for the testing purpose. Even almost 100%
plagiarism cases were detected. The test results are summarized as table 1 given below. Figure 5
given below shows how % of plagiarism cases fall down for higher plagiarism infections in a

typical newly established institute.
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Figure 3 Shows the User Interface for inputting the test Data
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Figure 4 shows the output of the input file for the selected search type




j 'S.No. Percentage Plagiarism Number of Cases | Overall % Share
ol in total %

01 20%-30% 30 60%

02 30%-40% 10 20%

03 40%-50% 04 8%

04 50%- Above 04 8%

05 100% 02 %

Total-50

In the sample of 50 test cases, 30 research articles i.c. 60% of total were found to have

plagiarism in the range 20%-30%. The graph plotted for the pattern of the test cases is shown in
the figure 5 given below and shows that higher the level of plagiarism, smaller are the
corresponding number of rescarch articles i.e the number falls almost exponentially. Very few
cases were found to have plagiarism in range of 40% to 50% type. Some of the cases were also
found in which word for word is copied from the source and thus they manifested 100%

plagiarism.

e Test cases for the plagiarism checkup I
l
i

m Cases 35

Detected
30
X

o

20 \
15 ———Testcases forthe plagiarism
J X checkup
10 \
: = |
° F__ el e "rd | ~ry | e . - 1 e ‘
20%-30% 30%-40% 40%-50% S0%-Above  About ‘
100%

} Lavel of Percentage Plaglarsn Found

Figure 5 shows that the test cases prepared for the different level of plagiarism percentage in the query documents

After analyzing the outcomes of plagiarism test cases, three main patterns were noted. These
patterns emerged since different types of documents contain different type of plagiarism. In most



of the research articles, the plagiarism type is paraphrasing i.c.; it contains less amount of exact
cOpy‘ing material. A distinct pattern was seen in the larger documents such as Doctoral or Master
Thesis. Here the infected documents contain exact copying or almost similar data copying.
Performance of our tool was compared with some other tools for same test cases. This comparing s

P
£ M mblcwl“ the given table 2, out of 30 cases shown in table 1, 10 plagiarism cases
has been taken which has been tested with the developed software and found 20%-30%

plagiarism which is already shown in the table 1. The above found 10 plagiarized document has
been taken as input query file for the plagiarism detection from online available well known
plagiarism detection softwares. They provide guest permission to check the plagiarism which has
been used for the plagiarism checking process.

Table 2 Shows the results obtained from online available plagiarism detection software of 10 test cases

Some
Online (Percentage | (Percentage  (Percentage | (Percentage | (Percentage
Plagiarism | Plagiarism) | Plagiarism) | Plagiarism) | Plagiarism) | Plagiarism)
Checking 1110%-20% 20%-30% | 30%-40% | 40%-50% | Free
Products and Above
VeriGuide | 04 02 02 - 02

40% 20% 20% 20%
DocCop 02 - - - 08
(File 20% 80%
Check)
Plagiarism | 03 - 04 - 03
Detect 30% 40% 30%
Plagiarism | 02 - - - 08
Tracker 20% 80%
Turnitin 01 - 04 05 -

10% 40% 50%
Total 12 02 10 05 21




The all 10 test cases have been tested in the online plagiarism checker product and find out some
results. The Veriguide, Tumitin and DocCop plagiarism detection software detected some extent
of plagiarism in all 10 cases but maximum number of cases found plagiarism in 10%-20% or
plagiarism free. Few have detected having 30%-40% of percentage plagiarism. The DocCop
software available online only file check process is free, so the results may be vary in this case
but other than this available free for users.

o o
m §0.00% o =—a—VeriGuice
10%=01 \
70.00% \
~8~DocCop
A | 60.00% \ (File Check)
50.00% \ / —i—Plagiarism Detect
30.00% :/ -\ \ / \ —FlaglanismTrackar
20.00% s —X\ ‘\‘ |
s Turnitin !
10.00% / W \4 ‘
0.00% _— ;

0% 10%-20%  20%-30% 39%—40% 40%-5

_\  Llavel of Percentage Plagiarism
7

Figure 6 shows that the test cases prepared from online available 5 known plagiarism detection softwares

10 test cases have been taken from the above results given in the table 1 which is having 30%-
40% plagiarism in each documents. Total test performs in four online software tools are 40. Out
of 40, only 18 test cases found having plagiarism in some extent and 22 test cases found free
from plagiarism. 14 test cases found having 20%-30% of plagiarism and 4 test cases found 40%-
50% plagiarism which is checked by Plagiarism detect software tool. In the individual 10 test
cases for each softwares Veriguide software tool detected 7 test cases having plagiarism 20%-
30%. In figure 7 added the proposed method test cases which have level of plagiarism 20%-30%
which is tested for others software in table 2.
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Figure 7 shows that the test cases prepared from online available $ known plagiarism detection softwares with
proposed method technique

5. DISCUSSION and CONCLUSION

In the current academic “scenario, it is a challenge to protect the digital data and assure the
originality in a new research paper intended to be published. Plagiarism in the textual data
received for the academic or research publications are therefore a need of the hour. A number of
applications have been developed in this regard so as to avoid plagiarism. Some of these major
applications developed have been discussed in the section 4 of the current paper. There are
different user groups of target documents needing the check-up of the plagiarism. Some of them
are only for students’ assignments and essays written in the pre-university classrooms. Whereas

others are like book publishers, research conferences, journal paper etc. Based on the target

group of users, some techniques were developed like trigram, variable words count, keyword

overlapping, shingling, and visualization etc.

The recent research and developments in the arca of finding textual similarity of the submitted
document with those in a corpus is advancing day by day. Some of the professional setups in



these .mcent years are providing the services to the universities and research organizations for
reporting  the textual similarity of their submitted documents. The technologies and
methodologies used in these developments for the similarity findings are mostly on the word
counts. The word counts in the submitted documents with the similar corpus documents are used
to provide the similarity index for the given text. Most of the cases are based on the corpus or
local repository based resource documents. Web based repository has also been tried largely.
However in both of these cases, the systems provide only a coarse value of plagiarism results and
are not satisfactory.

In the current paper, the modified technique of trigram has been used which counts the longest
sequence of the similarity matches and then catches the plagiarism portions in a chunk of data
with paraphrasing applications. The results of our system have been tested and it is found to be
superior to those as state of art tools like VeriGuide, DocCop, tumitin, Viper, Plagiarism,
Plagiarism.net, Plagtracker, DustBall, DupliCheck, and Plagiarism Detect etc. During In the test
cases evaluations, three major types of plagiarisms documents have been found. The results
analyzed of exact copied plagiarized documents, almost plagiarized documents, and paraphrased
documents. Each type of plagiarized documents has different set of conditions to retrieve such
plagiarized documents. The more emphasis given to the time taken in the process of the input
data for the plagiarism check up. In regard to the accuracy of the similarity checkup our tool not
only checks similarity based on 3 words but it counts the longest words chunk and then decide to
have plagiarism or not and then show in the results section.

The present system of the textual plagiarism detection is based on practical experiences and is a
modified version of the main concept of the trigram technique for the selection of words to be
used for the similarity check up in the documents. The main idea of 3 words has been modified
to different level of words continued as per the need for realising improvements in the results,
The system is found to be superior in its performance compared to popular competing tools used
for the purpose of plagiarism detection in research documents.
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