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ABSTRACT 
 
Music plagiarism is an important concern for the music industry. Current methods of using experts to detect 
plagiarism are subjective and error-prone. This paper compares the performance of both string-searching algo-
rithms and algorithms traditionally used in bioinformatics, and in particular, Knuth-Morris-Pratt (KMP) and 
Smith-Waterman, for the detection of melodic plagiarism. The input MIDI files are converted into an array after 
data processing and used as the basis for comparison.  Across most thresholds, melodic plagiarism detection 
using KMP exhibits greater recall than, similar precision to, and faster runtimes than Smith-Waterman. We 
conclude that exact string searching algorithms like KMP can be more effective than local sequence alignment 
methods like Smith-Waterman.  
 

Introduction 
 
In today's music landscape, the issue of music plagiarism has caused significant financial losses, leading to 
multi-million-dollar lawsuits and potential job instability within the music industry [1]. Often, music producers 
unintentionally create compositions that bear striking resemblances to existing melodies, resulting in allegations 
of plagiarism. Recent high-profile cases, such as Ed Sheeran's legal battle over his song 'Thinking Out Loud,' 
alleged to have similarities with Marvin Gaye's 'Let’s Get it On' [2], shed light on the complexity of proving or 
disproving musical plagiarism, despite Sheeran's eventual legal victory. 

This research paper delves into the existing methods and techniques for detecting similarities in musi-
cal compositions, aiming to address the challenges of identifying potential plagiarism. Previous studies have 
explored diverse approaches, such as converting MIDI files into grayscale images for analysis using Siamese 
CNN [3], employing path exploration over a binary mask [4], utilizing bipartite graph matching [5], and apply-
ing text-similarity and clustering algorithms [6].     

The primary focus of this paper is to propose and discuss two main models—Smith-Waterman and 
Knuth-Morris-Pratt (KMP)—adapted for detecting similar melodies within songs. The adaptation of the Smith-
Waterman model, known for aligning local DNA sequences, offers a potential solution for identifying resem-
blances in musical compositions. Similarly, the KMP model, originally used for pattern searching in texts, could 
be repurposed to seek out analogous melodies in music compositions. Notably, both models provide reliable 
and efficient similarity measurements crucial for effective detection. 

To enable effective analysis, the research also introduces a method to convert MIDI files into a man-
ageable data format. MIDI, a standard file type in music, contains information about notes, tempo, and velocity. 
Transforming this data into a matrix format—each row representing a time step and each column a note on the 
piano—facilitates the identification of played notes for analysis. Understanding that plagiarism in music ex-
tends beyond exact note replication and may involve variations in pitches, the paper proposes considering the 
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distances between notes played to account for pitch changes. Using vector representation and relative arrays of 
the MIDI, the research aims to refine the data for application in the KMP and Smith-Waterman algorithms. In 
essence, the study endeavors to contribute to the ongoing efforts to detect music plagiarism and aims to offer 
insights into developing more robust and accurate methods for analyzing musical compositions. 
 
 
 

Methods 
 

 
 
Figure 1. The process of the Music Plagiarism Detector. The MIDI File is transformed into a matrix, converted 
into a vector, cleaned, and converted into relative arrays. The final result is fed into the KMP and Smith-Wa-
terman Algorithms. 
 

Pre-Processing 
 
In the realm of musical data analysis, preprocessing steps play a crucial role in transforming raw MIDI files 
into formats conducive to computational analysis. This section explores the sequential steps involved in pre-
paring MIDI data for further analysis. 

I. Conversion of MIDI to Matrix 
Raw MIDI files, a digital representation of musical notes, are transformed into matrices. These matri-

ces encapsulate the velocities of each note (ranging from 0 to 127) at various time steps. This transformation 
allows a structured representation of the musical data, enabling subsequent computational processing. 
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II. Vectorization of Matrices 
Matrices are further converted into vectors to facilitate enhanced readability and ease of computational 

analysis. Notes played are organized and appended into a list according to their respective time steps, simplify-
ing subsequent data handling and analysis. 

III. Removal of Repetitive Notes 
To streamline computational processing and retain the melodic integrity of the musical piece, a func-

tion is implemented to eliminate repetitive notes within the list. This removal of redundant notes contributes to 
faster processing without compromising the musical essence. 

IV. Relative Arrays 
Another essential aspect of preprocessing involves the creation of relative arrays. These arrays are 

generated to analyze the relationships between note lengths by computing the edit distance between each note. 
This step aims to provide insights into the duration relationships within the musical sequence. 

Each of these preprocessing methods is designed to make the musical data more manageable for com-
putational analysis while ensuring that the fundamental musical characteristics are preserved. 

The comprehensive preprocessing steps detailed in this section set the foundation for further compu-
tational analysis of MIDI data and compare performance across different algorithms. 

KMP Function: 
This function takes in both data that will be compared with each other, and a threshold that represents 

the minimum amount to be considered plagiarized. KMP Function or the Knuth Morris Pratt algorithm is a 
well-known algorithm that checks the occurrence of a word within another word. This function can be manip-
ulated into taking a list of integers and with the help of a loop, it can check if two MIDI data are plagiarized. It 
will take the smaller list, and make sublists with the length, according to the threshold. These sublists will be 
compared with the bigger list, as both lists are relative lists of the MIDI data, the common pattern, or the pla-
giarized melodies can be found. The time complexity of this is O(n+m) [7]. 
 
Smith-Waterman Algorithm 
 
The Smith–Waterman algorithm is a popular method to identify similarities in DNA. The algorithm performs 
local sequence alignment; that is, for determining similar regions between two strings of nucleic acid sequences 
or protein sequences. Instead of looking at the entire sequence, the Smith–Waterman algorithm compares seg-
ments of all possible lengths and optimizes the similarity measure. The Smith-Waterman Algorithm can be 
manipulated to take in a list of integers (the final result from the preprocessing functions) and align them ac-
cording to the best alignment. This also gives which parts of the data are plagiarized.  
 

Dataset 
 
50 data points with plagiarized and unplagiarized melodies were used, which contained simple MIDI data, and 
the plagiarized ones were made with some similar data of varying degrees. These pieces of data were handmade 
by using MIDI files from Cymatics [8] and Unison [9,10] and manipulating them to make plagiarized and 
unplagiarized datasets.  We originally selected simple melody files from different sources. Plagiarized data 
were created by infusing parts of the melody file into another melody file of varying degrees. For example, a 
small section of the original file was copied and pasted into another melody file at different spots. This creates 
a plagiarized file. Similarly, differing sizes of sections were copied and pasted on a second file to create multiple 
plagiarized sets. 
 

Results 
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The KMP exhibited an average precision score of 0.972 and an average recall score of 0.88 with an average 
runtime of 416.54 seconds across the 6 thresholds that we evaluated. The Smith-Waterman algorithm exhibited 
an average precision score of 0.983 and an average recall score of 0.767 with an average runtime of 2025.57 
seconds across the 6 thresholds we evaluated. KMP was more efficient and resulted in higher performance than 
Smith-Waterman. However,  Smith-Waterman provided an opportunity to handle plagiarism despite gaps in the 
sequence, a functionality that is missing in the KMP algorithm. 
 
 
 
 
 
 
 
 
Table 1. A table with the threshold, precision score, recall score, and time in seconds of both KMP and Smith-
Waterman. 
 

KMP Threshold Precision Recall Total Time (s) 

0.10 0.89 0.94 445.88 

0.20 1.00 0.94 456.96 

0.25 1.00 0.94 337.78 

0.40 1.00 0.71 425.53 

0.60 1.00 0.65 249.80 

0.75 1.00 0.53 222.56 

Smith-Waterman Thresh-
old 

Precision Recall Total Time (s) 

0.10 0.93 0.93 1,754.78 

0.20 1.00 0.80 1769.27 

0.25 1.00 0.80 2281.85 

0.40 1.00 0.53 2296.37 

0.60 1.00 0.47 1804.24 

0.75 1.00 0.40 1743.80 
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Figure 2. The KMP is the blue line and the Smith-Waterman is the orange line. These graphs compare the 
runtime, precision, and recall between the Smith-Waterman and KMP algorithms. 
 

Discussion 
 
We have explored the issue of melodic plagiarism detection. Our primary objective was to compare the perfor-
mance of two algorithms, Knuth-Morris-Pratt (KMP) and Smith-Waterman, in identifying melodic plagiarism 
within music compositions. We achieved this by adapting algorithms originally designed for sequence align-
ment and string searching, repurposing them for the specific task of identifying analogous melodies in music. 
Our results [Table 1, Figure 2] demonstrate that KMP, an exact string searching algorithm, exhibits superior 
recall and efficiency compared to Smith-Waterman, a local sequence alignment method, across various simi-
larity thresholds. This method offers a reliable and efficient tool for protecting the integrity of musical compo-
sitions. However, our study is not without its limitations. One significant limitation is the relatively small dataset 
of 50 data points used in the experiments. While we aimed to create plagiarized data by infusing parts of one 
melody into another, our dataset may not fully represent the variability and complexity of real-world music 
compositions. The runtime of smith-waterman is O(mn) which makes the runtime long due to the input being 
every single note. Additionally, the study primarily focuses on melodic similarities, ignoring other crucial as-
pects of music such as harmony and chord progression. Addressing these limitations presents opportunities for 
future work. To enhance the robustness of the algorithm, the dataset can be expanded to include a more diverse 
range of music compositions and explore the integration of additional features, like harmony analysis. Further-
more, research into the application of machine learning techniques to improve detection accuracy and develop-
ing a user-friendly software tool for music professionals would be promising avenues for future research in this 
field. 
 

Conclusion 
 
In summary, our research demonstrates the efficacy of repurposed algorithms, particularly Knuth-Morris-Pratt 
(KMP), in detecting melodic plagiarism within music compositions. The results highlight KMP's superior re-
call, comparable precision, and faster runtimes compared to the Smith-Waterman algorithm. While acknowl-
edging limitations, such as a small dataset and a focus on melodic similarities, our study provides a foundation 
for future research. Ultimately, our findings contribute valuable insights, offering a pathway for developing 
more effective and objective tools to protect the creative integrity of musical compositions in the face of pla-
giarism concerns. 
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