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O ABSTRACT 0O

In this paper we review and list, the advantages and limitations of the significant
effective techniques employed or developed in text plagiarism detection. It was found that
many of the proposed methods for plagiarism detection have a weakness points and do not
detect some types of plagiarized operations.

This paper show a survey about plagiarism detection including several important
subjects in plagiarism detection, which is plagiarism definition, plagiarism prevention and
detection, plagiarism detection systems, plagiarism detection processes and some of the
current plagiarism detection techniques.

This paper compares between different plagiarism detection algorithms, and shows
the points of weakness, and points of efficiency, and describe the power of semantic
plagiarism detection methods, and shows its efficiency in detect plagiarism cases that
another plagiarism detection algorithms don’t able to detect these cases, that semantic
plagiarism detection methods are developed to get rid of traditional weakness points for all
plagiarism detection methods have.

Keywords: Semantic Plagiarism Detection algorithms; Detection Process, Detection
Techniques
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1. INTRODUCTION

Plagiarism is defined as the unauthorized use or close imitation of the language and
thought of authors and their representation as one's own original work [1].

There are many types of plagiarism, such as copy and paste, plagiarism of
paragraphs, plagiarism of idea, and cross language plagiarism, which is done through
translation from one language to another.

These types have made plagiarism very big problem in academic Education. A
modern research in the past few years is done to define plagiarism, and to develop methods
for detect it, and to make methods to prevent plagiarism from done

It found that 70% of students confess to a few plagiarisms, with about half being
guilty of an earnest cheating offence on a written assignment. Additionally, 40% of
students confess to using the "cut- paste" method when completing their assignments [2].
Differentiating between the plagiarized documents and non-plagiarized documents in an
effective and efficient way is one main issue in plagiarism detection field. According to
Carroll [3], at least 10% of student’s work is likely to be plagiarized in USA, Australia and
UK universities [4].

The rest of the paper is organized as follows: Section 2 provides a description of
Plagiarism detection Systems. Section 3 discusses how to reduce plagiarism; Section 4
describes the traditional plagiarism detection algorithms. Section 5 describes the semantic
plagiarism detection algorithms, Full comparison between plagiarism detection algorithms
properties are presented in Section 6 whereas Section 7 concludes the paper.

2. PLAGIARISM DETECTION SYSTEMS :

1) Web-enabled systems: Developing web systems for plagiarism detection
overcomes machine capability problems, facilitate the availability of the system to many
users and extend the search of plagiarized resources to the World Wide Web easily. Here is
discussion of two: First Turnitin [5, 6] is the most well-known commercial plagiarism
detection system to which many universities from UK and USA subscribe. It uses an
enormous database from the Internet and previous student works to be compared with the
query document. Second SafeAssign [7] checks all submitted papers against the following
databases: (i) the Internet. (ii) ProQuest database. (iii) Institutional document A Survey on
Plagiarism Detection Systems A. S. Bin-Habtoor and M. A. Zaher International Journal of
Computer Theory and Engineering Vol. 4, No. 2, April 2012 185 archives containing all
documents submitted to SafeAssign. (iv) Global Reference Database containing documents
that were volunteered by students to help prevent cross-institutional plagiarism.

2) Stand-alone systems: Stand-alone software is developed to be installed on
computers. Two systems will be explored here, EVE [6, 8, 9] and WCopyFind [6, 9, 10].
First EVE (The Essay Verification Engine) is a desktop application but it has the capability
to make large number of searches on the Internet to locate matches between sentences in
the query document and suspected websites. Thus, in order for EVE to work, the machine
should be connected to the Internet. Second WCopyFind developed by University of
Virginia, finds plagiarism between two or more assignments. The user can set or change
some of the parameters that may influence the detection process such as the number of
words used for detecting similarity among statements.

3. REDUCING PLAGIARISM : there are two ways to reduce plagiarism as
it shown in the following figure[11]:
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Fig (1): Plagiarism Preventing and detecting [11]

Plagiarism prevention : including make plagiarism hard to perform by preparing
individual exercises, concentrating on the classroom work, and by using software tools, to
support “fair play” among students by forming their positive attitude to academic honesty
principles , and to explicitly formulate “fair” and “unfair” techniques[11].

To publish legal documents such as honor codes and university regulations, stating
strict punishments for plagiarism[11].

Plagiarism detection: it includes manual plagiarism detection, and computer —
aided detection by developing a system for automatic plagiarism detection[11].

4. TRADITIONAL PLAGIARISM DETECTION ALGORITHMS: This
section mainly discusses all category of plagiarism detection algorithms ,and describes the
weakness points of every type of these algorithms.

4.1. fingerprinting algorithms: these algorithms generate unique code for
every file and this code is called as file fingerprint , and then these algorithms use
fingerprints codes to compares between files (origin and suspected files ) ,there are three
types of fingerprint algorithms as the following[12]:

e Char based fingerprint

¢ Word based fingerprint

¢ Sentence based fingerprint

The most famous fingerprint plagiarism detection algorithm is “Winnowing”
algorithm, which runs as explained in the following example:

Example[13]: let the following is a sentence of origin file:“A do run run run, a do
run run”

The algorithm removes the spaces between words: “Adorunrunrunadorunrun”

Then it generates windows (its length is k =5) which called 5-grams windows, the
windows are generated by one alignment in each iteration, after generating these windows
the text will be:

“adoru dorun orunr runru unrun nrunr runru unrun nruna runad unado nador adoru
dorun orunr runru unrun”

Then the algorithm generates a hash code for every generated window then it
formulates the file fingerprint code as the following:

{77 72 42 17 98 50 17 98 888 67 39 77 72 42 17 98}
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Then the algorithm apply a heuristics for choosing set of codes to be the representing
for the file, winning apply the following function : (0 mod 4)

After applying this function, the final fingerprint code is: {72 8 88 72}

Then the algorithm generates the fingerprint for the whole origin and suspected file
and then it compares between these fingerprints (LCS algorithm is most used algorithm for
fingerprint matching[14]).

The most weakness point in fingerprint plagiarism detection methods in all versions
that it strongly affected by words rearrangements and word Synonyms replacements.

4.2. String matching algorithms: which are based on matching between origin and
suspected files strings, the most famous one is “Karp-Rabin Matching” algorithm; these
types of algorithms have serious weakness point, which called “Split Match” Problem,
which is setting the optimal minimal length of substrings to be matched between files[15].

The use of smaller “shortest string length to match” constant can effectively fight
against swaps as well, but it also significantly increases the possibility of false matches.
Furthermore, larger values of this constant make detection algorithm work faster [15].

4.3. Tree matching algorithms: these types of algorithms make new representation
of the text using trees, like computer programs, natural language sentences have syntactic
and semantic structure. There are software tools available that can be used to build parse
trees for individual sentences. Most automatic English parsers use Chomsky-styled Penn
Treebank grammars [15], based on the traditional linguistic approach to the syntax
analysis, producing phrase structure-styled analyses. For example, the phrase “the monkey
ate the banana” will be represented as[15]:

———SENTENCE———

SUBJECT L_VERB OBJECT
ARTICLE Late ARTICLE
L-the L-the
NOUN NOUN
l—monkey Lbanana

Natural language parsers can recognize noun phrases, homogeneous parts of the
sentence, etc. It is clear that word swapping can occur, in particular, in sentences with
conjunctions, such as “and”, “or”, “but”, etc. For example, the phrase “I ate the pizza, the
pasta and the donuts” can be reworded as “I ate the pasta, the donuts and the pizza”.
Instead of comparing sentences as word strings, we can first analyze them by a parser that
recognizes the syntactic structure. These syntactically tagged structures normalize
differences between sentences with the same proposition expressed with different word
order, thus revealing potential plagiarism[15]. The most weakness point of these
algorithms that generated from the ambiguity which exist in the natural language that this
ambiguity leads that we have more than one tree representing the same sentence, and these
types of algorithms are so weak in languages which have Diacritics to words(such as
Arabic Language), that the absence of these Diacritics leads to fail these algorithms to
generate the representing trees.

5. SEMANTIC PLAGIARISM DETECTION ALGORITHMS : the
weakness points in traditional plagiarism detection algorithms make the research towards
developing a new plagiraims detection algorithms that that try to overcome on these
weakness points .

5.1.semantic plagiarism detection algorithms which based on semantic
dictionaries :these types of algorithms use semantic dictionary as a resource to find the
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relation between vocabulary of language , there is a famous semantic dictionary for
English language called as “WordNet” , in this dictionary every word has its related words
into set which called as synset of word, the main usage of these dictionaries is to find the
words Synonyms ,that when a person do the plagiarism operation he usually use word
replacements with its Synonyms.

these algorithms usually use the following function to calculate the similarity
between the origin text and the plagiarized text [16]

1 if w, and w, are identical
Fox=4 0.5 1f'wy Is in the synset of w;,
0 otherwise

That the function return the value /1/ if the two words are identical.

In addition, the function returns the value /0.5/ if the two words are in the same
synset, this means that one word is Synonym to the other word.

In addition, the function return the value /0/ if the tow words are different.

Example: calculate the similarity between “the car consume oil" and “car consume
petrol”[16].

car consume oil
I car I consume I petrol I
Sim(S1,S>) = (1+ 1+ 0.5)/3 = 0.83

Fig (2): similarity calculate using synonyms [16]

In addition, there is another example in similarity calculation between the following
two sentences

“The teacher gives each student a text that he authored”
“A textbook authored by the instructor is given to his pupils”

teach give student text author

I textbook I author I instruct I give I pupil |

SinsS;.S>) = (0.5+ 1+ 0.5+ 0.5+ 1)/5=0.7

Fig (3): similarity calculate using the synonyms and different structure [16]

The most weakness point of these algorithms is the limitation of the size of the
vocabulary of the semantic dictionaries.

5.2. Semantic plagiarism detection algorithms which based on semantic web
languages:

these types of algorithms are based on the languages which describe the semantic
web such as OWL,RDF, and these algorithms are based on the mapping between the
ontologies of the origin files and the ontologies of the suspected ones ,as it shown In the
following figure[17] :
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Fig (4): Ontology mapping Example [17]
and the following figure shows the general structure of these types of algorithms :

Fig (5): Architecture of detection system [17]
these algorithms as described in the figure above depends on learning the ontology
for the origin documents, and from the suspected documents, and then it make the mapping
stage between the resulting ontologies from the learning stage, The mapping between
ontologies is done as described into the following figure:

Ontology A Ontology B8

Fig (6): Ontology Matching [18]
The main weakness point of these algorithms is in the learning of ontologies from the
web pages, that the automatic ontology learning process is not valid yet, and it requires a
lot of manual validation to be valid 100%.
5.3. Semantic citation based plagiarism detection algorithms: these type of
plagiarism detection methods are based on the analysis of the citations in the origin and
suspected files ,as shown in the following figure[19] :
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Fig (7): citation based plagiarism detection algorithms: [19]

These types of algorithms are language independent [20] that means the origin and
suspected files maybe in tow different languages, the main weakness point in these
algorithms that it cannot discover or detect plagiarism in the absence of citation marks in
the origin and suspected texts parts.

5.4. Semantic plagiarism detection algorithms basing on concepts similarity
[21]:

These algorithms for plagiarism detection composes of two phases: semantic
analyzing and semantic comparison (each of them contains multi steps to finish). In this
section, we will give a brief description of the algorithm.

== R
Semantic Analyzing Stage

\ J

, 4 :
Semantic Detection Stage

Fig (8): Algorithm main stages [21]

e Semantic Analyzing: the semantic stage is described in the following figure :
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Fig (9): semantic analyses [21]

In this phase, the aim is to get semantic representation of the text using global
semantic resources like WordNet ,and domain Ontologies. As domain ontology EMBLEBI
an ontology lookup service was used, which provides a unified service for about 93
medical Ontologies [22], the biggest Ontologies in this set are the following ones:

e Gene Ontology (GO): GO ontology has developed three structured Ontologies that
describe gene products in terms of their associated biological processes, cellular
components and molecular functions in a species-independent manner [23].

e Infectious Disease Ontology (IDO): The IDO Ontologies are designed as a set of
interoperable Ontologies that will together provide coverage of the infectious disease
domain [24].

¢ Foundational Model of Anatomy (FMA): The FMA is reference ontology for the
domain of anatomy. It represents the canonical, phenotypicstructure of the human body,
spatial-structure and relations that characterize the Physical organization of the body at all
salient levels of granularity [25]:

e Human Disease (DOID): The Disease Ontology has been developed as a
standardized ontology for human disease with the purpose of providing the biomedical
community with consistent, reusable and sustainable descriptions of human disease terms
[26].

e Cell Type (CL): The Cell Ontology is designed as a structured controlled
vocabulary for cell types. This ontology was constructed for use by the model organism
and other bioinformatics databases [27]. A free Ontologies OWL files could be
downloaded from the OBO Foundry [28].

e Semantic comparison: After extracting semantic representations of the origin text
and the suspected text, semantic comparison goes through two stages: Domain comparison
and similarity measure. Domain comparison ,It is very clear that if the two texts are from
different domains, then any further investigations will be meaningless. In response, the
following function was developed and used to compute domain closeness of two texts
depending on their semantic representation, the function definition is described as :
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' is a function returning the weight of concept c in b

Ce (O M SRtl M SRt2 Are all shared concepts/terms between the two texts
and domain ontology O.

Then if the tow files are in the same domain a Similarity Measure function is used to
compute the semantic similarity between origin text and suspected text sentences ,this
function is described as the following [29] :

4-8B

similarity =cos(0) = I l|]||lf|l -
p. ” n

Where: A: is the first terms vector.
B: is the second terms vector.
N: is the count of the shared terms
These types of plagiarism detection methods overcome to most of weakness point of
traditional plagiarism detection methods, but these types have high complexity more than
traditional plagiarism detection methods.
6. COMPARISON BETWEEN PLAGIARISM DETECTION ALGORITHMS
This table compares between weakness points, and features of plagiarism detection
algorithms, the comparison includes the capacity of algorithms to detect plagiarism in
cases of Words Synonyms replacements, Words order changements,and it includes The
most important weakness point.

Words Synonyms | Words order | The most important weakness point
replacements changements

Fingerprint algorithms Fail to detect plagiarism in words
Synonyms replacements

X X
String matching X X Setting the optimal strings length
algorithms when comparing
Tree matching algorithms Generating more than one
v v representing tree to the same text

Words Synonyms | Words order | The most important weakness point
replacements changements
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Dictionary based semantic The small size of the semantic
detection algorithms v v dictionaries vocabularies
semantic detection The automatic ontology learning
algorithms based on v v which produce not valid ontologies
semantic web languages
Citation based algorithms X X Does not work in the absence of

citation marks

semantic plagiarism v v The complexity of these algorithms

detection algorithms

basing on concepts
expansion

7. CONCLUSION : in this paper we present plagiarism definition |,
plagiarism detection systems, plagiarism reducing ,then we described the traditional
plagiarism detection algorithms and the semantic plagiarism detection algorithms, and we
have discussed the weakness points in every type of plagiarism detection algorithms, and
finally we have compared between all plagiarism detection algorithms to know capacity of
it to detect plagiarism in cases of Words Synonyms replacements and Words order
changements, and this paper has shown that the semantic plagiarism detection algorithms
are the most efficient detection algorithms, but it has complexity more than other
plagiarism detection algorithms due the usage of semantic web resources in plagiarism
detection.
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