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Abstract

A feasible document clustering strategy is proposed to improve the execution time of
plagiarism detections in national research report management portal system in Korea. The
proposed document clustering scheme uses both a dimension reducing technique and a
synonym dictionary to produce the appropriate clusters even with large number of
documents. Hence, since the actual plagiarism detection is needed to be applied to only the
related clusters not entire documents in the database, the execution time efficiency of the
plagiarism detection can be improved.

Keywords: Plagiarism Detection, Document Clustering, Dimension Reduction, Synonym
Dictionary.

1. Introduction

Nowadays, document plagiarisms have become a big problem, in not only academic
communities, but also social organizations throughout the world (Velasquez et al., 2016). In
general, the process of the previous plagiarism detection systems such as ‘turn-it-in’
(iParadigms, 1997) have been effective to a point. It aims to treat massive amount of
documents consists of three steps; the first step is to store the meta data of documents and
document themselves into the database, the second step is to select the similar documents
from the database to the input target document, and the last is to locate exactly plagiarized
areas in the detected similar documents.

One of the popular methods for the second step, selecting similar documents from the
database is filtering (Song et al., 2015). Filtering is a kind of sifting method that can remove
the unrelated documents from the candidate list and finally collect only the related
documents from the database through similarity checking against the input target document.
Hence, the number of documents that should be scanned to detect plagiarized areas in the
last step can be reduced. To reduce the number of documents to be scanned in the last step,
as another alternative way, clustering can be used in the first step of storing documents.
Clustering is a kind of grouping method that classifies documents into subgroups according
to their similarity between themselves (Kang, Joo & Lee, 2003). Hence, if the documents are
stored according to the clustering results in the database, only the documents in the similar
clusters will need to be scanned to detect the plagiarized areas instead of whole documents in
the database in the last step.

A document plagiarism detecting system that can be used in a Web environment, in dealing
with a huge amount of documents, has been developed by our research team (Song et al.,
2014). In this system, the filtering method using Jaccard-coefficient algorithm and Cosine-
similarity algorithm for the second step of selecting similar documents is adapted. However,
this system seems to have some weaknesses. The most critical problem is time delay caused
by filtering process in the second step. As such, the filtering process needs more running
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time than that for the last step of actual detecting plagiarized areas in the Web
environments.

In this paper, as a solution to the problem, the clustering method is used before the first step
to reduce the execution time of the second step of selecting similar documents. Also, to get
higher accuracy of the document clustering results, a feasible document clustering strategy
which uses a dimension reduction technique and synonym dictionary for plagiarism
detection is proposed.

2. Related work

To manage the copyrights of the national research reports in Korea, we developed a national
research report management portal system that is working in the Web environment, in
which a document plagiarism detection system is developed and employed (Song et al., 2014;
Song, Min & Kim, 2015). This plagiarism detection system is able to detect not only the
typical cloning types of plagiarisms, but also the synonym substitutions and spacing
manipulation types (Song et al., 2014). [Figure 1] shows the process flow of the system. In
that system, the two-phase filtering scheme, which is developed to efficiently select only
similar documents from the database to the input target document by the Jaccard-coefficient
algorithm and the Cosine distance algorithm, is used for the second step. In addition, for the
last step of actual detecting plagiarized areas, the Euclidean distance algorithm is also used
to compute the similarity between target document and one of the returned results from the
filtering process.
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Figure 1: Process Flow of Plagiarism Detection System

However, although the two-phase filtering scheme can reduce the number of candidate
documents to be scanned to detect plagiarisms in the last step, the more documents are
added, the total execution time is required. Especially the execution time for filtering step
comprises predominantly the total execution time irrespective of the numbers of index terms
in documents of as shown in [Figure 2].
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Figure 2: Execution Time Constitution in Plagiarism Detection System
3. A feasible document clustering strategy for plagiarism detection system

It is very important to reduce the filtering execution time for providing efficient plagiarism
detection services to users in the web environments. So, as a time reducing way, applying a
document clustering strategy as the first step before storing document into the database is
proposed as shown in [Figure 3].
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Figure 3: Process Flow of Enhanced Plagiarism Detection System

However, inappropriate document-clustering may not reduce the execution time of the
filtering step but rather increase the execution time from time to time. Thus, a feasible
document clustering strategy in which a dimensional reduction technique and synonym
dictionary is used is proposed to improve the execution time of plagiarism detections in the
national research report management portal system in Korea.

According to the service process flow in [Figure 3], when the administrator uploads a bunch
of documents, the system extracts index terms and computes their appearance frequencies in
each document to generate the term frequency vector for each document as same in the
previous system. Then, the system begins the document clustering shown in [Figure 4].
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Figure 4: Process Flow of Document Clustering

For document clustering, the system constructs the term-document matrix from the term-
frequency vectors for all documents. In the term-document frequency matrix, the frequency
and dimension of analogous words among the index terms in the matrix are merged by using
the synonym dictionary, so the matrix can be transformed into a smaller matrix that consists
of normalized appearance ranking vectors of index terms and standard deviation respecting
appearance frequencies of index terms in each document. Through this series of processes,
we can get the dimension-reduced matrix to enhance the accuracy of clustering result and to
compensate the drawback which caused by ‘curse of dimensionality’. In succession, the
clustering step, which uses the modified term-document matrix to make the document
groups, is carried out before the storing step. In this step, the clustering algorithm is a
hierarchical agglomerative clustering algorithm such like ‘Single Link’, ‘Complete Link’ or
‘Group Average Link’ (Fagin et al., 2000) which is known as producing more accurate results
than flat clustering methods. Therefore, the structure of each cluster looks like tree shape.
Leaf node represents a document and the root is the representative feature vector of the
cluster. Based on this clustering algorithm, the system makes the document cluster
progressively to handle incrementally uploaded documents and to improve the accuracy of
clustering results. Lastly, the system puts the index terms and the meta data of document
into the database by cluster in the storing step as shown in [Figure 3].

When user who wants to check whether his or her target document has the plagiarized areas
or not requests and submits the target document to the plagiarism detection system. The
system extracts the index terms and makes term frequency vector of target document
through the same process mentioned above. In succession, as the selecting step, the system
selects the proper cluster, which has the similar representative feature vector with the term
frequency vector of the target document through the similarity check using Cosine similarity
algorithm. Unlike previously, the system does not check the similarity between the target
document and all documents stored in the database, the number of documents that should
be checked are significantly reduced. Therefore, the time performance of the service can be
improved naturally.

After that, in the detecting step, the plagiarism detection system detects plagiarized areas
from the documents passed from the filtering process through the similarity check of each
sentence between the original documents in cluster and the target document based on
Euclidean distance algorithm that was used before in (Song et al., 2015). At close of play, the
user gets a response from the system whether the target document has plagiarized areas or
not.
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Conclusion

In this paper, we proposed a feasible document clustering strategy to improve the time
performance of the plagiarism detections in the national research, report and management
portal system in Korea. By applying the document clustering strategy as the first step of the
plagiarism detection system, the enhanced plagiarism detection service is performed through
four main steps; clustering, storing, selecting, and detecting. Hence, the documents
uploaded into the national research report management portal system are grouped based on
their similarities into clusters and stored by clusters. Hence, since the plagiarism detection is
required against only the cluster which has the similar representative vector to that of the
input target document, we can expect an improvement of the execution time of plagiarism
detections against the national research reports.
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