Proceedings of 2008 Student Conference on Research and Development (SCOReD 2008),
26-27 Nov. 2008, Johor, Malaysia

Plagiarism Detection In Arabic Scripts Using Fuzzy
Information Retrieval
1

2

Salha Mohammed Alzahrani , and Naomie Salim
Dept. of Computer Science, Faculty of CS & Info. Sys, Taif University, Hwiah 888, Taif, Saudi Arabia
2
Faculty of Computer Science and Information Systems, Universiti Teknologi Malaysia, Johor, Malaysia
admin@u2learn.net, naomie@utm.com
1

and finally derived conclusions and suggestions for future
work.

Abstract—The nature of Arabic language structure exposes the
need for fuzzy or vague concept to reveal dishonest practices in
Arabic documents. In this paper, we present a statement-based
plagiarism detection approach in Arabic scripts using fuzzy-set
IR model. The degree of similarity is calculated and compared
to a threshold value to judge whether two statements are the
same or different. Our corpus collection has been built in
which all stopwords were removed and non-stop words were
stemmed for typical Arabic IR. The corpora have 100
documents with 4367 statements in total. Five query
documents with about 250 plagiarized statements were
constructed and tested. Experimental results show that fuzzyset IR successfully detected not only exact but also similar
statements that have different structure. However, our Arabic
fuzzy-set model approach does not handle the case of
rewording with different synonyms/antonyms, a deficiency that
will lead to future work of modeling the system using Arabic
thesaurus.

This paper proceeds to present our results as follows. In
Section 2, we discuss the related work involved in plagiarism
detection on English scripts. In Section 3, we describe a
typical Arabic IR and the work that has been done regarding
stemming and stopwords removal in order to build our
corpus collection. In Section 4, we discuss Arabic fuzzy-set
IR approach for plagiarism detection. In Section 5, we
include the experimental results of our approach. Finally, we
give a concluding remark and suggestion for future work.
II.

To understand the problem domain of plagiarism autodetection, we should look at what type of documents we deal
with and what characteristics they have. The corpora in our
study contain Arabic Natural Language (NL) documents so
we will firstly discuss several documents’ descriptors in
natural languages before applying techniques that are based
on fused descriptors.
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I.

RELATED WORK

INTRODUCTION

A. Document Descriptors in NL
There are several schemes to characterize documents
before applying a plagiarism detection method. Simple
document descriptors include character-based [1], wordbased [2], phrase-based [1, 3-5], statement-based [6-8], linebased such as diff command in Unix/Linux [6], paragraphbased [9], and structure-based [7, 10-12], in which a
document is described as sections, subsections,
subsubsections and so on. Different descriptors can be
combined to assist in plagiarism detection. For example, a
document can be divided into sections and subsections, each
subsection into paragraphs, and each paragraph into
statements. Statements can then be compared in detail to find
plagiarism. Besides, character-based and word-based
descriptors by themselves cannot be used to detect
plagiarism but they can be used to build more sophisticated
descriptors such as hash values [13] or suffix-trees [14, 15].
In this study, statement-based representation has been chosen
since Arabic, just as English; can be easily segmented into
statements using periods and that reduces computations
complexity compared to other descriptors.

Although plagiarism detection in Arabic natural language
documents is important in schools and universities in Arab
countries, yet there are no known techniques to detect
plagiarism in Arabic scripts. Arabic is known as the richest
human language in terms of word’s constructions and
diversity meanings, and hence plagiarism practices could be
more complicated than simple copy and paste. Words could
be cleverly changed to their synonyms and statements could
be easily changed to another structure with the same
meaning such as from active to passive. It is thus
hypothesized that Arabic plagiarism best can be handled
using fuzzy-set information retrieval to reveal more than the
copy and paste plagiarism. This paper presents the work
done to adapt fuzzy-set IR model for use with Arabic
language to detect not only exact or accurate match but also
to detect plagiarized statements based on the degree of
membership between words.
To accomplish the work, we have built our corpus
collection from Arabic Wikipedia and passed the collected
html documents through a series of pre-processing including
eliminating non-essential data from html files, removing
stopwords and stemming. Then, we developed our proposed
method and investigated its efficiency using several
experiments on a set of query documents and the corpora,

B. Plagiarism Detection Techniques in Natural Languages
Different document descriptors entail different
techniques used for plagiarism detection. Techniques could
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be classified into four as follows. The first technique,
fingerprint matching [1, 6] involves the process of scanning
and examining all possible substrings (fingerprints) of
documents generated on a descriptor-basis as discussed in
the previous section. Although fingerprinting (the process of
generating fingerprints) is time and space consuming, it is a
useful measure for detecting exact match.

Figure 1. The effect of removing Arabic stopwords on the number of
words and size for the first 10 documents

The second approach is clustering [7, 16] that uses
specific words (or keywords) to find similar clusters between
documents. Clustering by itself cannot be used to judge
plagiarism but it might be used as a first level of detection to
find similar documents that discuss the same subject.
Clustering could be followed by another level of comparing
similar documents in detail, i.e. on a sentence-per-sentence
basis to highlight plagiarism.

B. Stemming Arabic Words
Stemming is a technique aims to extract common affixes
of various lengths from non-stopp words. Thus, words which
are literally different but have a common stem may be
abstracted by their stem [21]. As an example, the sentence Si

آﻌﺒﺔ ﺑﻨﺎء ﻣﻮﺟﻮد ارض ﻣﻜﺔ ﻣﻨﻄﻘﺔ ﺣﺠﺎز ﺳﻌﻮدي رﺑﻂ رآﻦ اﺳﻠﻢ ﺣﺞ زﻳﺎرة
آﻌﺒﺔ ﻃﺎف ﺟﺰء ﻓﺮض ﺣﺞ ﻣﺴﻠﻢ

Structure-related techniques or so-called Stylometry [1012] focuses on the trend of structure that the overall
document has. This technique has not gained popularity in
the majority of plagiarism detection tools because it is hard
to maintain the style or structure of natural languages
compared to source code programming [12].

was obtained from its original sentence S

اﻟﻜﻌﺒﺔ هﻲ ﺑﻨﺎء ﻣﻮﺟﻮد ﺑﺄرض ﻣﻜﺔ ﺑﻤﻨﻄﻘﺔ اﻟﺤﺠﺎز ﻓﻲ اﻟﺴﻌﻮدﻳﺔ ﻳﺮﺗﺒﻂ ﺑﺄرآﺎن
 ﺟﺰءا ﻣﻦ ﻓﺮﻳﻀﺔ، و ﻳﻌﺪ زﻳﺎرة اﻟﻜﻌﺒﺔ واﻟﻄﻮاف ﺣﻮﻟﻬﺎ، اﻻﺳﻼم وﺧﺎﺻﺔ اﻟﺤﺞ
.اﻟﺤﺞ ﻋﻠﻰ آﻞ ﻣﺴﻠﻢ

Previous techniques are not optimal in case of rewording
and/or restructuring of statements, a deficiency that can be
solved by using fuzzy IR model [17, 18]. The vagueness can
be modeled using fuzzy framework as follows. Each word in
a statement is associated with a fuzzy set, and hence this
statement has a degree of membership with this fuzzy set.
Thus, the membership is now a gradual notion ranging from
0 to 1, contrary to crisp Boolean logic. Reference [6] utilized
fuzzy-set IR as a copy detection approach for web
documents and the results show that it outperforms
fingerprinting techniques in handling the cases of rewording
and restructuring. For that reason, this paper uses the
methodology of [6] to develop Arabic fuzzy-set IR approach
for plagiarism detection.
III.

after applying stopwords removal and stemming algorithm.
For this purpose, we used the algorithm in [22] to stem
Arabic words wherein no root dictionary is needed.
C. Building Corpus Collection
The corpora of this study were collected from Arabic
Wikipedia [23]. It consists of 100 documents chosen
arbitrary about some general topics. Some non-essential data
in the collected documents were removed to speed up
processing. This includes removing HTML tags, eliminating
empty lines, removing all lines that contain less than four
words because they are meaningless to be plagiarized. The
resulted documents have 4367 statements distributed evenly
as shown in Figure 2. On the other hand, five query or test
documents were used to verify the correctness and
usefulness of our approach. Query documents (QDocs) were
constructed manually with different degree of plagiarism
from the corpus collection (CDocs) as follows.

ARABIC INFORMATION RETRIEVAL

Arabic IR is the science of searching and retrieving
Arabic text, documents, web pages etc from various
resources within homogenous or heterogeneous databases.
Arabic nature exposes many complexities and difficulties in
IR [19] because of the high inflection, momentous eloquence
and diacritics influence. There are two steps essential to
eliminate unnecessary data and thence accelerate the
retrieval process; removing stopwords and stemming.

i.

QDoc1 is a duplicate of CDoc1.

ii.

QDoc2 is closely related to CDoc2 wherein all
sentences were included by with the order of
paragraphs, statements and words changed.

iii. QDoc3 was constructed
statements to the CDoc3.

A. Removing Stop Words
Arabic has many words’ constructions that build words
not needed to judge plagiarism. Thus, stopwords removal
algorithm [20] were run before applying the proposed
technique. This avoids non-significant words from
interfering during plagiarism detection. In addition,
removing stopwords reduces the number of words and size
of document by 30-50% as can be seen in Figure 1.

by

adding

unrelated

iv. QDoc4 is moderately related to CDoc4 but words
were replaced with their synonyms and antonyms.
v.

QDoc5 has exact and similar statements from more
than one document in the corpus collection. This
query is used to demonstrate the persistence,
correctness and stability of our proposed approach.
IV.

ARABIC FUZZY-SET IR MODEL

Two statements can be treated as the same although
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No of Documents

TABLE IV.

No of Statements

Figure 2. Statement Distribution in our Corpus Collection

they are semantically different based on the degree of
similarity among words in both. Similarity between two
statements has two cases: restructuring (i.e. changing the
structure such as from active to passive) and rewording
(replacing words with synonyms and antonyms). Fuzzy-set
IR model [6, 17] can be used to judge similarity in both
cases. This section describes the methodology used to adopt
Arabic fuzzy-set IR model as in [6]. Table I exemplifies a
pair of similar but restructured Arabic statements.
TABLE I.
(Si,Sj)
Si
Sj

EXAMPLE SIMILAR ARABIC STATEMENTS

TERM-TO-TERM CORRELATION MATRIX

<wi, wj>

ﺳﻴﺎرة

ﻋﺮﺑﺔ

ﻧﻘﻞ

ﻃﺎﺋﺮة

ﻣﻨﻀﺪة

ﺳﻴﺎرة
ﻋﺮﺑﺔ
ﻧﻘﻞ
ﻃﺎﺋﺮة
ﻣﻨﻀﺪة

1
-

1
1
-

0.5
0.5
1
-

0.1
0.1
0.5
1
-

0.001
0.001
0.002
0.003
1

Fourthly, term-to-sentence correlation factor is computed as
μi,j = 1−∏wk∈Sj(1 − ci,k)

where wk is one of the words in Sj and ci,k is the correlation
factor between wi and wk. This is followed by degree of
similarity between (Si, Sj) as
Sim(Si, Sj) = ( μw1,j + μw2,j + . . . + μwn,j ) / n

(4)

where SQDoc∩SCDoc is the number of similar statements in
query document and corpus document, respectively.

To start with, we generate a different pairs of Arabic terms
from both CDocs and QDocs. Samples of pairs are listed in
Table II. Note that we use “term” here to refer to non-stop,
stemmed words.

To evaluate the retrieval process, precision and recall can
be used [21]. They can be defined in our problem in terms of
the number of statements detected as plagiarized and number
of actual plagiarized statements. The following equations
describe how to calculate precision and recall values
Recall= (#plagiarized+#detected)/(#detected)

TABLE II.

(3)

Then, we apply a threshold value[6] to find whether two
statements should be treated as same or not. Finally, we
compute the resemblance (degree of overlap) to measure
how much of QDoc is contained in CDocs, as
R= (SQDoc∩SCDoc)/( SCDoc), 0≤R≤1

Statements
اﻟﺴﻴﺎرة هﻲ إﺣﺪى وﺳﺎﺋﻞ اﻟﻤﻮاﺻﻼت
Car is one of transportation means
ﺑﻌﺾ وﺳﺎﺋﻞ اﻟﻤﻮاﺻﻼت ﺗﺸﻤﻞ اﻟﺴﻴﺎرة واﻟﻄﺎﺋﺮة
Some transportation means are cars and airplanes

(2)

SAMPLE OF ARABIC TERMS PAIRS

Precision= (#plagiarized+#detected)/(#plagiarized)

(5)
(6)

Generated <wi,wj> Pairs
Arabic

English

<ﺳﻴﺎرة،>ﻋﺮﺑﺔ
<ﺳﻴﺎرة،>ﻧﻘﻞ
<ﺳﻴﺎرة،>ﻃﺎﺋﺮة
<ﺳﻴﺎرة،>ﻣﻨﻀﺪة

<car, automobile>
<car, transportation>
<car, airplane>
<car, table>

V.

a. English translation has been provided here to make Arabic words clearer to the reader but it does
not interfere with programming

Secondly, we construct a term-to-term correlation factor
(ci,j) that defines the extent of similarity between <wi,wj>,
using the equation
ci,j = ni,j/(ni + nj − ni,j)

(1)

where ni,j is the number of documents that has both terms and
ni, nj if the number of documents that has wi, wj respectively.
ci,j is one for synonyms and in the range [0-1] to measure
how similar one word to another as shown in Table III.
TABLE III.

TERM-TO-TERM CORRELATION FACTOR

<wi,wj>
<ﺳﻴﺎرة,>ﻋﺮﺑﺔ
<ﺳﻴﺎرة،>ﻧﻘﻞ
<ﺳﻴﺎرة،>ﻃﺎﺋﺮة
<ﺳﻴﺎرة،>ﻣﻨﻀﺪة

Correlation Factor
1
0.5
0.1
0.001

Thirdly, we construct a term-to-term correlation matrix that
consists of term pairs and their correlation factors as seen in
Table IV.
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EXPERIMENTAL RESULTS

Using the corpora and query documents, a term-to-term
correlation matrix was constructed with around 4000 unrepeated Arabic terms. Our fuzzy-set IR model was tested
using five test cases presented in Table V along with number
of statements in corpus and query documents, number of
plagiarized statements, number of detected statements by our
approach, and finally the measure of resemblance R as
explained in (4). As can be seen in case (i) and (iii), Arabic
fuzzy-set IR performed very well in detecting duplicate
statements although some unrelated statement were added in
(iii). In case (ii), all statement in CDoc were included in
QDoc with three different practices of plagiarism: copy and
paste (duplicate), changing the structure of statements, or
changing the words with synonyms and/or antonyms in some
statements. The last two practices were also mixed. The
measure of resemblance was 88% which indicates that
Arabic fuzzy-set IR successfully highlights most of the
plagiarized statements. The few statements not detected as
plagiarism in this case is related to the third practice;
replacing words by synonyms and/or antonyms. This can be
significantly interpreted taking into account the last two
cases.
In case (iv), only about 10% of plagiarized statements
could be detected wherein 30 plagiarized statements were
constructed by changing most of words with their synonyms

Figure 3. Precision & Recall

and antonyms. Our Arabic fuzzy-set IR detected only less
than half of them. That is, the problem is not with
restructuring but with rewording. This is because our termto-term correlation matrix does not have enough pairs of
terms with their synonyms and antonyms. Besides, we found
that 25% of plagiarized statements detected in case (v) were
mostly restructured but not reworded statements. Precision
and recall in Figure 3 were calculated as illustrated in (5) and
(6). As can be seen, the first three cases were optimal or near
optimal since most of the statements were either duplicates
or semantically the same but with different structure. In
contrast, the effectiveness of our retrieval model measured in
precision and recall in the last two cases was not
encouraging, which gives a remarkable point for further
enhancement of our model.
TABLE V.
Case
i
ii
iii
iv
v

duplicate
closely
related
unrelated
statement
moderately
related
any
(restructuring
& rewording)

Arabic Fuzzy-Set IR

CDoc

QDoc

Total

#Plagiarized

#Detected

R%

43

43

86

43

43

100
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134
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69
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142
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All
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0.23

[12] Byung-Ryul, A., K. Heon, and K. Moon-Hyun. An Application of
Detecting Plagiarism using Dynamic Incremental Comparison
Method. in International Conference on Computational Intelligence
and Security. 2006.
[13] Sergey, B., et al., Copy detection mechanisms for digital documents.
1995, ACM. p. 398-409.
[14] Kriszti, M., Z. Arkdy, and S. Heinz, Document overlap detection
system for distributed digital libraries, in Proceedings of the fifth
ACM conference on Digital libraries. 2000, ACM: San Antonio,
Texas, United States.
[15] Raphael, A.F., et al., Signature extraction for overlap detection in
documents, in Proceedings of the twenty-fifth Australasian conference
on Computer science - Volume 4. 2002, Australian Computer Society,
Inc.: Melbourne, Victoria, Australia.

CONCLUSION AND FUTURE WORK

We have presented the work done to construct Arabic
fuzzy-set IR approach for the purpose of plagiarism
detection. Based on the nature of Arabic which makes
plagiarism easily done by restructuring and rewording
statements rather than only copy and paste, it has been
concluded that fuzzy-set IR is a suitable approach. Our
Arabic fuzzy-set IR approach captures duplicates and
similar statements with different structure perfectly.
However, it does not handle cases of rewording with
different synonyms/antonyms. This gap can be bridged by
modeling fuzzy sets based on Arabic thesaurus. Future work
also includes increasing the corpus collection with
documents discussing the same subject, rather than varying
topics, which can enhance the overall performance of the
system. Besides, more test cases should be further included
to increase the reliability of results in our approach.
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