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Abstract. The unethical behaviour of acts of plagiarism has been a disgrace in the educational
realm. Using the internet, people can easily find articles or documents that are relevant to their
current work, and simply duplicate the sentences or paragraphs without paraphrasing or giving
correct citations. Such action falls into the area of plagiarism. In order to minimize the
problem, especially in the educational field, it is necessary to develop plagiarism detection
applications. The algorithm employed in the application plays an important role in obtaining
accurate plagiarism detection results. To the best of our knowledge, three algorithms are
commonly used in plagiarism detection applications, namely Winnowing, Rabin Karp and
Knuth Morris Pratt, which are all employed in our application. To specify the accuracy of each
algorithm, the percentages of the plagiarism detection results are compared to the results from
examination by a human expert. From our results, we found that the order of the accuracy from
highest to lowest corresponded to the Winnowing algorithm, Rabin Karp algorithm and Knuth
Morris Pratt algorithm, with value differences of 1.19%, 53.91% and 83.91% respectively.

1. Introduction

Plagiarism involves presenting and claim the work of another person as one’s own [1]. In the
technological era, there is widespread plagiarism, especially in the world of education, and the practice
has greatly increased due to easy internet access. Therefore, it is necessary to devise the most optimal
detection tools. The optimization of detection is affected by the algorithm [2]-[4], which plays an
important role in obtaining accurate results. This paper will discuss three algorithms that are often
used in plagiarism detection, namely Rabin Karp, Winnowing and Knutt Morris Pratt (KMP) [5]. In
the research, we compare the efficacy of the three algorithms in detecting plagiarism in texts in two
languages, Indonesian and English.

The investigations to detect the degree of similarity were conducted using the Winnowing
algorithm [6]-[8], Winnowing and Rabin Karp [9], and KMP algorithm [2], [10]-[12]. The other
previous research detect documents [13]-[16] using the Rabin Karp algorithm to evaluate the
similarity of hash and k-gram values [17], [18]; the Rabin-Karp algorithm was employed to calculate
the percentage of document similarities; and a combination of the Rabin-Karp and Levenshtein
distance algorithms was used to assess the levels of similarity [19], [20]. Plagiarism detection in
Indonesian text can be performed by Winnowing, preceded by the bypass pre-processing stage, Rabin-
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Karp and the Confix-Stripping algoriffin [21]. In this investigation, plagiarism detection in the
documents will be analysed using three algorithms, namely the Winnowing algorithm, the Rabin Karp
algorithm and the Knuth Morris Pratt algorithm, followed by data processing to obtain the results of
the performance of each of these.

2. Method
We compared three algorithms, namely Winnowing, Rabin Karp and the KMP algorithms, in detecting
plagiarism. The comparison process used in the research is described in Figure 1.
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Figure 1. Process of Winnowing, Rabin Karp and KMP algorithms

Calculating similarity of
documents using Cosine
Similarity

Winnowing [22]-[24] is implemented by the following steps. First, unnecessary characters in the
text, such as symbols, punctuation and spaces are deleted, capital letters changed to lower case. The
second step is the formation of grams; for example, the value of grams with a size of 7. The third step
is the Rolling Hash process to produce hash value from each gram formed. The hash values are then
divided according to the window; for example, the specified window value is 4. The window selection
is almost the same as the formation of grams. The next step is to choose the smallest hash value of

(5]
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each window to use as a fingerprint. The following sentences are used to explain the calculation of the
hash value.
Sentence 1: “Jurusan Teknik Informatika adalah salah satu jurusan yang ada di Fakultas Teknik
Universitas Muhammadiyah Ponorogo”
Sentence 2: “Jurusan Teknik Informatika adalah salah satu jurusan terfavorit di FT Unmuh
Ponorogo”

From the calculation, we obtained 38 fingerprints for the first sentence, and 28 for the second. The
percentage of similarity was then calculated using the Jaccard similarity coetficient equation (1). The
total of equal fingerprints is 17, and the number of different fingerprints is 32; therefore, the total of all
fingerprints is 49.

Total of equal fingerprint

Similarity = x 100% (1)

Total of all fingerprint

= g x 100% = 34.7%
49

In the Rabin Karp algorithm [25]-[31]. the first to third steps are the same as in the Winnowing
algorithm. However, after obtaining the hash value of the Rolling Hash process [32], it is determined
the equal hash of two documents. In this case, we used the same two sentences as before. From the
calculation, 42 hashes were obtained. The percentage of similarity was calculated using the Dice
similarity coefficient equation. The number of equal hashes is 42, the number of hashes in sentence 1
is 99, and the number of hashes in sentence 2 is 67. We then calculated the similarity using the Dice
similarity coefficient equation (2).
2xsumof equal hash

x 100%

Similarity =
total of hash from two document (2)

_2x42
99467

x 100%

=2 100%
166
=50.6%

With the same two sentences, the steps applied in the Knuth Morris Pratt algorithm are as follows.
The first step is the same as the previous two algorithms. The next step is to eliminate the stop word.
The third is forming a collection of words or patterns. The result of the patterns in sentences 1 and 2
are shown in Table 1.

Table 1. Formation of words patterns collection in sentence 1 and 2

Jjurusan Jjurusan
teknik teknik
informatika informatika
Jurusan jurusan
di terfavorit
ftakultas di
universitas ft
muhammadiyah unmuh
ponorogo ponorogo

The following steps are the process of weighting the frequency of words. Once the word collections
are formed, they are combined into one group and the frequency of the document is calculated. The
results of the frequency of sentences 1 and 2 is shown in Table 2.
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Table 2. Determination of the frequency of words or patterns

Words Frequency in Frequency in
sentence 1 sentence 2
teknik
informatika
jurusan
terfavorit
di
fakultas
ft
unmuh
universitas
muhammadiyah
ponorogo

—_—— S = = S b — b
—_ D e D D e b =

The final step is calculation of the percentage of similarity with the Cosine Similarity equation (3).

. (2x 1)+ (131 ) -+ (1x0)+(1x1) (3)
CosS = 100%
ossm V22412 412412 x 124124402412 X ?
_ 2140+ <100%
VAT + A1+ 1 x VIF I+ 0+ 1
=2 x100% = —— x100%
V14 x 10 11.83
=57%
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Figure 2. Percentage of similarity

The documents used in the research were written in Bahasa and English on grouping. Ten test
documents were used and 20 comparison documents. The three algorithms were applied to the
documents in .pdf format with the following conditions:
- For the Winnowing algorithm, gram is 5, window is 7 and base is 3, with use of the similarity
equation of the Jaccard coefficient.
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- For the Rabin Karp algorithm, gram is 7 and base is 3, with use of the equation of the
coetticient of similarity of dice.
- For Knuth Morris Pratt (KMP), the equation used was the cosine similarity.

Figure 2 shows the results of the three algorithms for the detection of plagiarism in the first test
document of 10 comparison documents. From the figure, it can be concluded that the use of the
Winnowing algorithm produced is approximately 40% to 75%. It used 10 test documents, compared to
20 comparison documents with grouping issues. The value of gram is 5, window 7 and base 3.

Regarding the use of the Rabin Karp algorithm, percentage of similarity between the documents
was produced, on average between 15% and 25%. Finally, regarding the use of the Knuth Morris Pratt
algorithm, there was a low percentage of similarity between the documents, or only a small degree of
similarity between the documents, because the percentage produced was less than 15%.

Further, we performed tests to determine the level of accuracy of the measurement results of the
three algorithms used. These were performed by comparing document 1, which had 17.605 characters,
and document 2, obtained from the process of removing several sentences from document 1. The
number of characters in document 2 was consequently 16,393, According to manual calculations, the

16393 £ 100% = 93.115%.
17,605

percentage of similarity between the two documents was

Table 3. Resultf the similarity percentage from tests using the Winnowing algorithm,
Rabin Karp algorithm and Knuth Morris Pratt algorithm

gurithm Similarity (%) Reference (%)  Difference (%)

Winnowing 9430 1.19

Rabin Karp 39.20 93.11 53.91
Knuth Morris Pratt 9.20 83.91

Table 3 shows the result of the similarity percentage of the three algorithms. From the table, it can
be seen that they produce similarity percentages of 94.3%. 39.2% and 9.2% respectively. When they
are compared to the results of the manual calculations, the order of accuracy from highest to lowest
was obtained from the Winnowing algorithm, Rabin Karp algorithm and Knuth Morris Pratt
algorithm, with value differences of 1.19%, 53.91% and 83.91% respectively.

4. Conclusion

The Winnowing algorithm can detect high levels of plagiarism in documents, the Rabin Karp
algorithm at a medium level, and the Knuth Morris Pratt algorithm can detect plagiarism at a low level
in documents that have the same subject, with gram arrangements = 5, window = 7 and base = 3. The
analysis confirms that the optimal algorithm of the three is the Winnowing algorithm, which produced
94 3% of similarity. It also exhibits the highest accuracy, with only a 1.19% difference from the
examination by the human expert, at 93.11%.
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