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Abstract— Plagiarism is an act of presenting other’s works
or ideas as someone’s own. In recent days, online publishing of
text through internet media is rapidly increasing and plagiarism
is one of the most dangerous side effects of that. Plagiarism
detection in academic institutions has become a regular feature
in recent years. There are several approaches available for
detecting plagiarism in the English language and other western
languages. However, there is no plagiarism detection tool
available that supports plagiarism detection in Bangla language
where Bangla is one of the most spoken languages in the world
and widely used on the internet. Therefore, we have developed
a first-ever plagiarism detection tool for Bangla language. To
reduce the domain complexity at this stage, we have reduced our
domain to textbooks only. We have also constructed a corpus
which consists of all books of the National Curriculum and
Textbook Board (NCTB) of Bangladesh from class I-XII. Our
proposed approach shows an accuracy of 96.75% at this stage.
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I. INTRODUCTION

Plagiarism is a crime. Plagiarism is one kind of theft where
presenting other’s works or ideas as someone’s own without
full acknowledgement of source. Plagiarism exists in every
field especially in journalism (i.e., newspapers, magazines,
blogs) and academia (i.e., student reports, assignments,
thesis). Most of the time entire document is exact copy
otherwise modifications of single or multiple sources [1].
Plagiarism detection in academic institutions has become a
regular feature in recent years. According to a study on 18,000
students shows that about 50% of the students admitted they
usually plagiarize their theses and assignments from
extraneous documents [2]. Academic institutions all over the
world try to infix ethical values among students. As a result,
the plagiarism detection tool is very important. According to
our study, there is a significant amount of research works on
plagiarism detection have been done in English and other
languages. Unfortunately, all plagiarism detection tools
including renowned Turnitin do not support plagiarism
detection in Bangla language where Bangla is the 7th most
widely spoken language around the world [3]. Bangla
textbooks are freely accessible on different online websites.
Contents of these books are regularly getting plagiarized and
people behind it getting money and fame instead of the
original authors. Thus, we need a fruitful and efficient Bangla
plagiarism detection tool to stop Bangla text fraud. This
motivates us to develop a Bangla plagiarism detection
mechanism.

As we mentioned earlier, there is no work has been done
in Bangla plagiarism detection. However, a few related works
have been done on Bangla language. In 2017, Nazmul Islam
et al. implemented a stylometric approach for detecting
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authorship from Bangla texts [4]. They classify authorship
using n-grams and evaluated their system depends on 3125
passages which are written by 10 Bengali authors. Their
system achieved 96% accuracy. In 2012, Momtaz et al.
developed an algorithm to detect document similarities for big
data using the Ferret model [5]. They used MapReduce and
the Hadoop framework. They evaluate their system in
standalone and cluster mode. Suprabhat Das and Pabitra Mitra
proposed author identification in Bengali literary works in
2011 [6]. They considered only three authors and use unigram
and bi-gram features. For large training datasets, the system
achieved 90% accuracy for unigram features and 100%
accuracy for bigram features. As we mentioned, a significant
amount of plagiarism detection tools available in English
language and other western languages. We take the help of
these papers to improve our understanding of the plagiarism
detection system. In 2015, N. Riya Ravi et al. proposed an
exploration of Fuzzy C means clustering algorithm in the
external plagiarism detection system[7]. As a dataset, they
used PAN 2013 corpus for evaluation of their system. The
system results are compared with existing approaches, via N-
gram and K Means Clustering. They achieved 100% recall
values for set 1 and around 98% for sets 2 & 3. In 2011, Martin
Potthast et al. explained cross-language plagiarism detection
and pointed out a basic retrieval strategy[8]. They survey
existing retrieval models in detail and proved the CL-C3G
model and the CL-ESA model are better suited for this task.
Efstathios Stamatatos developed a monolingual plagiarism
detection system which is based on structural information in
2011 [1]. In the same year, Asim et al. have done an overview
of comparison between five of the software which are
PlagAware, PlagScan, Check for Plagiarism, iThenticate, and
PlagiarismDetection.org[9]. In 2009, Markus Muhr et al.
proposed a plagiarism detection system based on nearest
neighbor search algorithm to treat external plagiarism
detection and use the stylometric feature for intrinsic
plagiarism detection [10].

In this paper, we have proposed a comprehensive closed
domain Bangla plagiarism detection and corpus creation
approach. As we have mentioned earlier, to reduce the domain
complexity at this stage, we have chosen the educational
domain for our corpus. We have developed the corpus with all
the textbooks of class I to XII of NCTB except English
literature. We tokenize each sentence in both corpus and
suspicious text. After tokenization, we have removed the
Bangla stop words from each sentence. Then, we generate TF-
IDF [11] scores of each sentence in both corpus and suspicious
text and finally, we compare these values using Cosine
Similarity [12] algorithm to generate similarity. If the
similarity is greater than a specific threshold, we consider that
portion of text is plagiarized. It also marks plagiarized



sentences and indicates the source document. The system
shows a complete report of plagiarism of the suspicious
document. Since this is the first work on Bangla plagiarism
detection, we will publish our project in our GitHub repository
including corpus for future researchers. The tool will certainly
develop awareness among students and authors.

The paper is organized as follows: In section II, we
described our proposed method with step by step
explanations. In section III, we described our experimental
result and performance analysis of the system. Finally, in
section IV, we conclude the paper mentioning the limitations
of our system and future work.

II. PROPOSED METHOD

In this section, we have described our methodology to
develop the Bangla plagiarism detection system.

A. Corpus Creation and Pre-Vectorization

Corpus is a collection of written texts and most important
element of our plagiarism detection tool. We have developed
our corpus on the educational domain by downloading all the
textbooks of Class [-XII NCTB except English literature
books and can be found in [13]. Each of these books requires
processing before finally added to our corpus. Preprocessing
includes the following steps:

1) Text Extraction: The textbooks are available in Pdf
format only. First, we convert all the textbooks into writable
Docx format. Then, we remove all the images and tables from
the books followed by removal of all additional whitespaces
and tabs. This gives us a book with plain Bangla texts only.
The whole text extraction process has been done manually
and it consumes huge time. Thus, we are developing an
autonomous tool to do this task.

2) Tokenization: Tokenization is the process of splitting
text based on some delimiter such as punctuation, newline,
tab, character etc. Here, we split extracted texts by “|(Bangla
full stop)”. This gives us separate sentences and we then trim
each sentence to remove additional whitespaces. The
tokenization part is done automatically by Python’s NLTK
library functions[14].

3) Stop words Removal: Stop word is a word that does
not put any significant information in a sentence[15]. Thus,
stop words are filtered out after tokenization and before the
processing of natural language data. In Bangla, these are 4%
(and), 22T (it), AP (many), OIFF (then) etc. We have
created a dataset of Bangla stop words by combining and
removing redundant stop words from different sources
[16][17][18].

4) TF-IDF Scores Generation: After removing stop
words, we have generated the vector representation of the
sentences using the TF-IDF algorithm. TF means term-
frequency while IDF means inverse document frequency[11].
It is a statistical measure that decides how significant a word
is to a corpus or in a single document. Our similarity measure
algorithm detects similarity between texts using these TF and
IDF scores. Around 83% of the text-based recommendation
system uses the TF-IDF algorithm in digital libraries [19]. It
uses flowing decision rule,

tf —idf(t,d) =tf(t,d) x idf (t)

Here t is a certain term and d is a total number of the
document.

The simplified formula of tf(t,d) is,
t

tf(t,d) = ]
Where t is the total number of times a term occurs in a
document and d is the total number of the document.
The simplified formula of idf(t) is,

14+n

= log—1 e, +1

Where n is the total number of documents, and df(t) is the
number of documents with the term in it.

idf (t)

We then store these TF-IDF scores of each sentence with
the corpus sentence as Pre-Vectorization technique to make
the system faster and efficient than the on the fly vectorization
technique. Algorithm 1 demonstrates the procedure of corpus
creation in brief.

Algorithm 1 Corpus Creation

1: booksPDF < download all books from NCTB
2: booksPDF«— remove all English literature books
3: for each book in booksPDF do

4. bookDocx < convert book into writable docx
5:  remove all images and tables from bookDocx
6:  remove whitespaces and tabs from bookDocx
7:  tokenize bookDocx using ‘ |’(full stop)

8: for each sentence in bookDocx do

9: trim sentence

10: remove Stop Words from sentence

11: TFV « Calculate TF value from sentence
12: IDFV+« Calculate IDF value from sentence
13: TFIDF <« Calculate TF-IDF score

14: store TFIDF score in corpus

15:  end for

16: end for

B. Similarity Measure:

To detect the plagiarism in a suspicious test. We
vectorize the suspicious text in the same way we vectorize
reference corpus texts. First, we apply some basic filter on the
suspicious text by removing punctuations and additional
whitespaces. Then, tokenizing the text by “I (Bangla full
stop)” followed by stop words removal and vectorizing the
text using TF-IDF algorithm. Finally, we pass this TF-IDF
scores of both the suspicious text and the corpus texts to the
Cosine Similarity algorithm to generate the similarity score.

Primarily, we have considered two similarity measure
algorithms and they are Cosine Similarity and Jaccard
Similarity algorithm. After analysis of these algorithms, we
found Cosine Similarity gives better performance than Jaccard
on Bangla text. We have compared and analyzed the
algorithms for the same similarity task. The comparison and
analysis are given below.

Article 1: “3I=it 255, 4RICF 26w, @i 2F5e “fRree ! oig (13
2A5F T3 A5 TR MRF (T prF RN ok *[9l @sfiw
AT ST 20w gacer efeia few fowr face fResiaair”



Article 2: “4RI A5, 0T 46w, @i 26w sifiros! o1 €3
205% 2fSfim IR (iezd (oo §re Rive fog [ Resiar asfi
SATICICT TACa 25 aces efel fea fowr feeeiP

Table 1: Comparison of performance on Bangla article 1 and 2
Cosine similarity | Jaccard similarity
0.835 0.758

Table 1 shows the similarity measure between Article 1
and 2 by Cosine and Jaccard similarity algorithm. We find out
the Cosine similarity gives accurate similarity result than the
Jaccard similarity algorithm by manually calculating the
approximate similarity between these two articles. Jaccard
similarity does not give better outcomes in this situation where
the passage is paraphrased by making some structural changes
or modifications on words or sentences.

Cosine similarity is a technique of measure similarity
between two non-zero vectors. It measures the cosine angle
between them using the Euclidean dot product formula where
the outcome is bounded between o and 1. Formula is,

A- B = |A||B|cosO @)
(2)

AB _ S AiB;
|Al|B| no 42 [yn p2
Yi=1 A7 |Ziz1 B

similarity = cos@ =

If the similarity score between the suspicious text and corpus
text is greater than a threshold, we consider it as plagiarism.
In our system, the threshold is 0.7 or 70%. We arrived at this
threshold via manual trial and error on a small subset of
suspicious documents. When a sentence is flagged as
plagiarized, the system stores the sentence, similarity score,
source/book name and other necessary information for the
demonstration of the final plagiarism report. In the final
report, we show the percentage of similarity from each source
along with the total similarity of the suspicious document. If
the system returns very small similarity from a source or
multiple sources it generates a summation of these similarity
scores and shows the summation result under the source
named “S7y(other)”. Algorithm 2 demonstrates the process

of plagiarism detection in brief.

Algorithm 2 Plagiarism Detection

1: suspiTxt < input suspicious text/document

5: remove all images and tables from suspiTxt

6: remove whitespaces and tabs from suspiTxt

7: tokenize suspiTxt using ‘ I’(full stop)

8: for each sentence suspiSen in suspiTxt do

9:  trim suspiSen

10: remove Stop Words from suspiSen

11: TFV « Calculate TF value from suspiSen

12: IDFV+« Calculate IDF value from suspiSen

13: TFIDF< Calculate TF-IDF score

14: for each sentence corpSen in corpus do

11: corpTFIDF « fetch TF-IDF score of corpSen from
corpus

12: sim <— Cosine Similarity(TFIDF, corpTFIDF)
13:  if sim > threshold (in our case 0.70) then

14: flag suspiSen as plagiarized

15: store suspiSen, sim and other pointers
16: end if

15: end for

16: end for

17: display similarity report with all details

III. EXPERIMENTAL RESULT AND PERFORMANCE ANALYSIS

In this section, we have demonstrated the
experimental result and performance analysis of the system.
The experiment has been performed on Kaggle Notebook.
Kaggle Notebook is a free cloud computational service with
5 GB disk space, 13 GB RAM and Tesla P100 GPU 16 GB
memory [20]. Here, we have shown the performance and
output of our plagiarism system with two sample suspicious
texts. In suspicious text-1, we have compiled a passage with
text from 3 different books. Since the whole passage consists
of texts only from textbooks of NCTB, the passage is 100%
plagiarized.

Input: Suspicious text-1:

BB T FFIBE AR F T G BERGAT A SCS Gl
IR ARG 21 RETR bfes w1 1l a3vem et ¢l «Fh Ste!
A A e T I, G IO T oRfE Sl ATF Al
COMIRPAIS I, 0 AT TSGR B AT G151 A | SIS SR FCST =0T
4 G (4 220 e 9Tt 125 By Se-ale wwl ik
f&fi51 230eTE PRI CIRTS WCol, G5! SRS TrgT wigl ©13 &=
TG A0 (T CTRSRIA =1, 32 (I (2 T P A IO ey [&fib12
SRCE 7 (77, 321 TSI Tgeraired]

Output:
Table 2: Similarity report of suspicious text 1.
Sources Similarity

R IS — bF A 35.80%

ifzey SR — b3 G 35.72%

2T @ (AT 2@ — 5F-doN 23.26%

M

O @ (AN 2T b (N 3.54%

Riicis 1.68%

Total Similarity 100%

Our system found plagiarism in three major sources as
expected for the suspicious text-1 which are “ S99 A5 — b

@F(Anondo Pat Class-8) », “ iifzey 31 — v ¥ (Sahitto
Konika Class-8)”, and “ 927 @ (P effe—s¥-do% & (ICT
Book Class-9&10)”. Moreover, the system detected one minor
source “ 27 @ (AN &YfFE—HT @& (ICT Book Class-8)” and
some negligible sources combinedly named “S=ji=j(other)”.

Although the passage of suspicious text-1 has been created by
compiling texts from the first 3 books only, it found a small
fraction of similarity from other books as well.

In suspicious text-2, we have compiled a passage where
first two lines are from a textbook, next three lines are from
another textbook and last ten lines are from a story written by
an author of this paper.

Input: Suspicious text-2:

“eiferr 22w (T AFSFCIF FFH AT [T ©F 5o FCw Ao sfes
TP *IIRT 2T (AT IS HRIF (A QT SRET S FfeT (e
TG M T G 701 BRI 5T (T IR TS J SO o 9



9 (I (T ST QT AIRMCEIF IFHFCRT Ayl (T FEIT WGC Refs ofF
GG AR (9013 A M et Gl 9181 beeT Colt (13 whmia aifes el
FEIHT TT SR I+ STS1- ST S, TR e (T (S 2 542l NG O SICeAs
I ACFT) TN A0S, 9 20T 79 9% GRmE AGH FICT 5T SAFE
GfCE 47 T TOEAT IT MR SR GIHF SR @RE (33 @t
BE, TP, AR 9 G| IRCP SIS IS e 2o 3 fowg
CACF @ #1fR 5 TE© GFB! 91 FCF (TCF Tl fof 4 Fog S
ZSBT (5T 4391 N N WOCF TICeTS, SR Jece ety =11

Output:
Table 3: Similarity report for suspicious text-2.
Sources Similarity
BIEAIS- LY N 16.90%
LT @ RgATBT-H-T N 15.49%
RIS 0.8%
Total Similarity 33.19%

Table 3 shows two major sources of similarity which are
515 L3 i ( Charupath Class-6)” and « 310 @ Re=f@5365

9 (Bangladesh o Biswa Parichay Class-8)”. This shows the

passage has a similarity score of 33.19% which is correct since
the majority of the portion is genuine texts written by an
author of this paper as we have mentioned earlier.

We have manually tested our system with a test dataset of
400 Bangla passages consists of fully copied passages,
partially copied passages and not at all copied or genuine
passages. The test result shows, in 386 passages it gave 100%
accurate report and in 14 passages it provided partially
incorrect report. This gives us 96.75% overall accuracy by our
Bangla plagiarism detection tool.

IV. CONCLUSION AND FUTURE WORK

In the age of information technologies, plagiarism has
become a threat and turned into a serious problem to the
genuine authors. The paper demonstrates every step of our
closed domain Bangla plagiarism detection and dataset
creation approach. We have created a dataset which consists
only textbooks of NCTB at the current state. We have
successfully implemented the plagiarism detection tool for
Bangla language and tested with several Bangla passages. It
shows a significantly high accuracy of 96.75% at the current
approach and corpus.

Although we have achieved our goal, the system has some
limitations as well. According to our study, the first major
limitation is the size of our corpus and the second is handling
the paraphrased sentences. At current state, the system is
based on a dataset which consists only textbooks. Moreover,
as we have mentioned earlier, we use TF-IDF for vector
representation from a string. Here TF-IDF has some
limitations such as it works based on term and number of
existences of a particular word which is weak handling
synonyms. This leads us in a difficult situation to detect
paraphrased sentences. Authors are planning to use Deep
Neural Networks approach to improve the performance of our
plagiarism detection system. Moreover, authors are working
to make the system more robust so that it can detect Bangla

difficult paraphrased sentences as well. Besides, authors will
increase the dataset to cover more domains shortly.
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