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  Abstract 
Music is an indispensable part of our life, affects every aspect of social life. Quan-
tifying music changes and influences plays a big role in the understanding of ex-
isting music and optimization of future music development. This paper, using the 
data given by 2021ICM, builds a model to value the influence of music and uses it 
to analysis music evolution as well as the relationship between the musicians and 
music genres. Creating model based on the PageRank algorithm along with the 
calculation method of the paper’s impact factor (IF) can measure the importance 
(influence level) of nodes (individual musicians) in complex network and achieve 
the dual construction of qualitative and quantitative network. Moreover, the paper 
establishes the model of similarity metrics in order to measure music similarity. 
Pearson correlation coefficient is used to assess the similarity of songs in the same 
genre and the similarity of different artists, accompanied with the aid of Python to 
process large amounts of data. 
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1. Overall Analysis 

This paper analyzes influence and connection between musicians and genres from some different aspects. Firstly, per-
sonal influence factors are further assessed and weightily optimized by the model built for evaluating the importance of 
certain nodes in the music influence network. This model is based on the PageRank algorithm along with the calculation 
method of the paper’s impact factor (IF), which can be targeted to measure the importance (influence level) of nodes (in-
dividual musicians) in the complex network [1]. 

Second step aims to measure music similarity, the paper establishes the model of similarity metrics. Upon collection of 
multiple forms, informative data will be derived. Pearson correlation coefficient is used to assess the similarity of songs in 
the same genre and the similarity of different artists. 

All origin data are from 2021 ICM competition. 

2. Establish Models 
2.1 Optimized PageRank algorithm 

PageRank algorithm is based on the random surfer model, using thethought of traditional citation to process keyword 
matching search results based on the analysis of web links to judge the importance of web pages [2]. 

The importance of web pages can be calculated by theformula: 
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PR(x) =
(1 − σ)

n
+ σ�

PR(Yi)
C0(Yi)

n

i=1

 

Symbols used to represent parameters and their corresponding descriptions are listed in Table 1. This algorithmreduces 
the bad influence of human factors. In addition, a web page can only increase its own PR value through the references of 
other pages, which greatly reduces the error [3]. 

PageRank value precipitation phenomenon, which is due to the spontaneous Internet link structure and disordered for-
mation. This paper optimized it for this shortcoming. 

 
Figure 1. PageRank Value Sinking Phenomenon. 

In addition, the existing evaluation criteria for the importance of network nodes are mainly focused on indirect and not 
weighted networks, while the real network is complex and not all nodes are equally weighted. This paper considered the 
direction of the interaction between nodes, and effectively measured the length on the basis of the directed weighted 
complex network model [4]. 

The third optimization of the PageRank method is to consider the text content and add several new parameters to eva-
luate its importance. The basic algorithm form of the new method is the same as the new PageRank algorithm: 

𝑃𝑃𝑃𝑃𝑞𝑞(𝑗𝑗) = (1 − 𝑑𝑑)𝑃𝑃𝑞𝑞 ’(𝑗𝑗) + 𝑑𝑑� 𝑃𝑃𝑃𝑃𝑞𝑞(𝑖𝑖)ℎ𝑞𝑞(𝑖𝑖, 𝑗𝑗)
𝑖𝑖∈𝐵𝐵𝑗𝑗

 

Model is established using the optimized PageRank algorithm. Here are the steps: 
Step 1: Firstly, the PageRank algorithm is used to evaluate the importance of complex network nodes. 

v =
w(vi, v)

∑ w(vj, zj)m
j=1

 

v represents the weighed parameter. The paper impact factor is calculated by the number of times the paper is citedthe total 
number of articles in the magazine in that year. The parameters w1, w2 can be designed according to this idea. 

𝑤𝑤1 =
𝑛𝑛
𝑟𝑟𝑖𝑖

 

𝑤𝑤2 =
𝑛𝑛
𝑟𝑟𝑓𝑓
∗
𝑟𝑟𝑖𝑖
𝑎𝑎

 

𝑤𝑤𝑚𝑚 = 𝑤𝑤1 + 𝑤𝑤2 
Step 2: Calculates the weight between the two node. 

The origin equation of PageRank can be change into this version. 

N(v) =
(1 − σ)

n
+ σ�

w(vi, w)
wm ∗ ∑ w(vj, zj)n

j=1
N(vi)

n

i=1

 

Step 3: The importance of the node is calculated by using the probability transition matrix Q'. That is, the vector(1/n)eT  
is used to replace the rows in the matrix Q where the elements are all 0. 

Q′ = Q + η ∗ (1/n)eT = (mij /�mij + η ∗ 1/n)
n

j=1 n∗n

 

A = σ ∗ Q′T + (1 − σ) ∗ 1
n
∗ ET = σ ∗ Q′T+(1 − σ) ∗ 1

n
∗ eT  

Step 4: Final calculation 
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Figure 2. Calculation method. 

After the calculation, each node is ranked from most important to least important (see Table 1), and The Beatles tends to 
be the most profound musicians. 

Table 1. Part of the calculation results based on optimized PageRank procedure  

Musicians Importance 
The Beatles 0.014379 
Bob Dylan 0.009095 

The Rolling Stones 0.007458 
David Bowie 0.005565 
Led Zeppelin 0.005167 
limi Hendrix 0.0047 
The Kinks 0.004489 

The Beach Boys 0.004349 
Hank Williams 0.004302 

The Velvet Undergro 0.004232 
Black Sabbath 0.003998 
Marvin Gave 0.003951 
Elvis Presley 0.003881 
Miles Davis 0.003741 
Chuck Berry 0.003718 
The Byrds 0.003694 

James Brown 0.003601 
Sex Pistols 0.003577 
The Who 0.003484 

Neil Young 0.00346 
Pink Floyd 0.00332 

Stevie Wonder 0.003227 
The Clash 0.00318 
Brian Eno 0.003156 

Sam Cooke 0.002993 
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Table 2. A list of symbols used in this paper and their definitions 

Symbol Meaning 

G Network model 
V Network nodes 
σ damping coeffificient 

MR The importance of node sources pointing to nodes 
n The number of followers of the influencer 
r Total popularity of a certain genre 
ri Total number of followers’ genres 
rf Total number of influencers’ genres 
α The total popularity 
M The adjacency matrix 
Q Probability transition matrix 
Q’ The probability transition matrix Q’ of overhanging virtual nodes 
s The number of songs 
sg The number of a certain genres’ songsq 
q Weighed parameter 

2.2 Similarity analysis 

In order to establish a reasonable and scientific measure of similarity, all aspects of the characteristics of the music and 
the relationships between the music genresshould beall considered. Using Pearson correlation coefficient to participate in 
the calculation [5]. 

Pearson correlation coefficient between two variables is defined as the quotient of covariance and standard deviation 
between two variables: 

ρX,Y =
cov(X, Y)
ρXρY

=
E[(X − μX)(Y − μY)]

σXσY
 

Pearson correlation coefficient, commonly used English lowercase letter r represents: 

r(X, Y) =
∑ (xi − x�)(yi − y�)n

i=1

[∑ (xi − x�)2 ∑ (yi − y�)2n
i=1

n
i=1 ]

1
2
 

So, when the value of r is between 0.6 and 1.0, X and Y are strongly correlated. That’s how Pearson’s correlation coef-
ficient is calculated [6]. 

After practical calculation, analysis and discussion, the paper concludes that some features of music have a great impact 
on the similarity of music (see Figure 4).  

After a series of verification calculations, it’s highly possible that the factors mentioned in Figure 4 have the same ability 
to influence musical similarity. 

In order to better describe the similarity, the quantity of similarity is introduced, which is represented by the letter A. 
Using A1 to A10 to represent danceability, energy, energy, loudness, mode, key, acousticness, instrumentalness, liveness, 
speechiness and duration-ms, respectively. Among them, 

Ai = ri 

A =
A1+A2 + ⋯+ A9 + A10

10
 

Where i is a variable from 1 to 10 and r is the Pearson correlation coefficient of a particular feature of the two different 
songs.  

However, in the face of a huge amount of data, it is difficult to obtain the similarity of a large number of musicians’ data 
through simple processing. Therefore, a Python program based on Pearson’s correlation coefficient is used to calculate the 
similarity of musicians of one music genre and musicians of different genres.  

The main steps of the program are shown in Figure (see Figure 5). 
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Figure 3. Influence Factors. 

 
Figure 4. Programme Steps. 

 
Figure 5. Results of Programme. 

The model mainly uses the principle of Pearson correlation coefficient, and can calculate the similarity between music 
quantitatively. The similarity is determined by the values obtained from the model. Python is used to solve the problem of 
processing large amounts of data. Here are some of the results from running Python code. 

3. Result Analyses 
According to the calculation, three conclusions have been drawn. 
(1) Same genre: musicians of the same genre tend to have a higher degree of similarity, which is related to the fact that 
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music of the same genre often has the same characteristics. At the same time, the music of the same genre will influence 
each other internally, making the music parameters tend to a certain value. 

(2) Different Genres: Different genres of music tend to be less similar. The reason for this is that different genres 
represent obvious differences in musical characteristics, so such differences lead to large differences in musical characte-
ristics between different genres, thus leading to having lower similarity. 

(3) Special Similarity: It can be found that some music of different genres also have high similarity. For this problem, a 
possible explanation is that there may be two reasons for this result. Firstly, there may be some influence between musi-
cians of different genres, making the musical characteristics of the affected musicians similar to those of the influencers. 
Secondly, due to the limitations of data and the difficulty of visualizeabstract music features, such similarity can be re-
garded as a kind of coincidence to some extent. 

4. Evaluation of the Models and the Results 
(1) The application of knowledge graph makes the description of relationship has high visibility. 
(2) The improved PageRank algorithm based on the influence factor calculation method of the paper solves the limita-

tions of the traditional PageRank algorithm and at the same time, takes the special characteristics of the music field into 
account, making the calculation of parameters more representative. 

(3) The application of Pearson’s correlation coefficient and the conclusion of measurement standard make the mea-
surement of similarity more rigorous. 

(4) The weighted parameters and formulas created according to the characteristics of the music domain make the data 
processing more scientific and representative. 

(5) Qualitative and quantitative assessment has been achieved on the whole. 
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