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Abstract 
Music plays an important role in human development. In order to better study the 
development and specific role of music, finding an effective method to quantify the 
evolution of music is the key. In order to quantify the evolution of music and study the 
similarity between music, this paper uses public data sets. Seven variables are identified 
as the most important factors affecting music evolution. On this basis, the music 
influence model is established, in which the music influence index reflects the influence 
range of the influencer under the influence of seven parameters. At the same time, the 
dimension is reduced by the analytic hierarchy process, and the model is established by 
the similarity algorithm of chords to calculate and compare the similarities between 
various music schools. The experiment found that artists within the genre were not 
necessarily more similar than those between the genres. On the basis of the first two 
models, a model for distinguishing different genres of music is established based on 
LightGBM algorithm. According to the results of the algorithm model distinction, the 
changes of each school are analyzed, and the interaction between influential people and 
artists and the two schools is studied. At the same time, it was found that 1946 and 
thereafter were a period of major leap and many major changes took place. Experiments 
show that LightTGBM has faster training speed and lower memory consumption, which 
has certain advantages in dealing with massive data quickly. In future research, we can 
consider applying it to other fields. 
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1. Introduction 
Music can not only stimulate people ' s imagination and creativity, but also stimulate people ' s 
ability to learn new knowledge. It cooperates with ideological education, moral education, 
behavior education, aesthetic education, intellectual education and physical education. It plays 
an immeasurable role in the harmonious development of morality, intelligence, physical 
education and society [1]. As an art, music covers almost all aspects of human expression, 
including its generation process, cognitive structure, diverse forms and the expression of 
human meaning. Art and science deserve further exploration. Music and art also represent an 
important stage of evolution, affecting the ability of human society to communicate and interact, 
and affecting the entire species [2]. 
In addition, when musicians create music works, they should have rich connotation, beauty and 
creativity in thought, culture and life. The content of music works comes from musicians’ 
understanding and understanding of life, and is the intermediary for musicians to communicate 
with life and society in spirit. Music works are the process in which musicians choose, process 
and reorganize life according to their own experience, aesthetics and aspirations. Therefore, as 
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the main body of music creation, the basic accomplishment of musicians has a great influence 
on the style and style of music works. In this context, finding an effective way to quantify music 
has become a crucial part. The quantification of music should consider various factors [3], such 
as innate creativity, current social or political events, the use of new instruments or tools or 
other personal experience, and select appropriate quantitative standards.  
In order to determine the characteristics of major leaps in the process of music development. 
Compare the similarities and effects between and within schools. The traditional boosting 
algorithm has been quite efficient, but in today's large sample and high-dimensional 
environment, the traditional boosting algorithm seems to be unable to meet the current needs 
in efficiency and scalability. The main reason is that the traditional boosting algorithm needs to 
scan all sample points for each feature to select the best segmentation point, this is very time-
consuming. In order to solve this time-consuming problem in the environment of large samples 
and high latitude data, this paper adopts LightGBM algorithm, which will greatly reduce the 
time complexity of processing samples. However, in terms of accuracy, a large number of 
experiments show that using LightGBM on some data sets does not lose accuracy, and 
sometimes improve accuracy [4].  

2. Method 

2.1. Procedure 

Firstly, add data to the music domain ancestor list, which is tracing all the data to the source. If 
followers and influencers are in the same domain, find out which influencer the influencer is 
following. Then add the data column of the number of influencers. For a certain influencer, find 
the number of people directly or indirectly affected by this influencer. Make the number of 
people in the field table, calculate the total number of artists in the field of masters. At this point, 
the subnetwork parameters are established. Then MISIC influence model is established. 
After that, correlation analysis was used to explore the correlation between each index and 
popularity, and several indicators with low correlation were removed. After the data set is 
cleaned, the code can be used to calculate how similar the music is.  
Finally, the influence between music and artists is analyzed according to the established model. 
In summary, the whole modeling process can be shown as follows: 
 

 
Figure 1. The whole modeling process 
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2.2. Music Influence Analysis based on AHP Method 

2.2.1. Notations 
Important notations used in this paper are listed in Table 1: 
 

Table 1. Notations 

Symbol Description Unit 
Xi’ The first-level index in the model of music video . 
Xik’ The second-level index in the model of music video . 
ωk The weight of the evaluation index of the item . 
U The rotation transformation matrix . 
ζik The correlation degree value of the k index of the i product and the reference sequence. . 

𝑟0𝑖' weighted degree of grey incidence  

2.2.2. Grey Correlation Analysis 
Grey correlation degree analysis is a multi-factor statistical analysis method. It describes the 
strength, size and order of the relationship between factors based on the sample data of each 
factor. 
The core of Analytic Hierarchy Process (AHP) is the decision analysis of hierarchical weight. 
The greatest advantage of AHP is that it puts forward the concept of hierarchy, allowing users 
to clearly and comprehensively consider and measure the relative importance of indicators, 
and establishing the hierarchical model of hierarchical index system from bottom to top. 
The first level index in the evaluation hierarchy model of music video recording is named Xi’ (i 
= 1,2,…,n), and there is under each index. A number of evaluation elements, these evaluation 
elements are defined as the second-level indicators in the evaluation system and named as 
Xik’(i = 1,2,…,s; k = 1,2,…,m). In accordance with the same principle, in different industrial 
product evaluation according to the actual situation to set up different number of evaluation 
layers and evaluation indexes. 
Collect and analyze data to form a comparison matrix: 
 

                                                 (1) 

Determine the reference data column: 
 

                                                                (2) 
 
The index data is dimensionless: 

                                                                     (3) 

 
Determine the difference between the two levels: 

 

                                                                   (4) 

 
                                                                    (5) 
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Calculation of correlation coefficient: 
 

                                          (6) 

 
Calculation formula of weighted grey correlation degree: 

 

                                                                      (7) 

2.3. Model based on Chord Similarity Algorithm 

We can according to the artist's style, calculating the average of different schools in each entry, 
and then through standard deviation coefficient of variation and other means to measure the 
same genre and the discrete degree of different genres, through to the various schools of 
average correlation coefficient of correlation between the various schools can get. 
2.3.1. Extracting Important Dimensions 
Due to the large number of variables and high dimensions, it is difficult to analyze. Therefore, 
several important dimensions can be extracted by means of dimensionality reduction. Here we 
select the principal component analysis model to extract the dimension. 
 

 
Figure 2. Principal component analysis schematic diagram 

 
Let's do a linear transformation of the vector, the original random vector into the new 
composite variable y1, y2, …, yn and this are independent of each other, and their variances 
decrease in turn. 
 

                                                     (8) 

 
U is the rotation transformation matrix. 
2.3.2. Model based on Cosine Similarity Algorithm 
In the spatial model, the smaller the Angle between two lines, the greater their cosine value, the 
more similar they are. From the spatial model, the cosine value of the Angle between two lines 
is: 
 

                                                                (9) 
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If the vectors A and B are not two-dimensional vectors, but N-dimensional vectors, then the 
cosine calculation above is still true. If A and B are two N-dimensional vectors, and A is (x1, x2, …, 
xn), and B is (y1, y2, …, yn), then the cosine distance formula for the Angle between A and B is: 

 

                                            (10) 

2.4. Discriminant Genre Model for LightGBM Algorithm 

2.4.1. LightGBM Principle 
Lifting tree is an optimization process of learning using additive model and forward 
distribution algorithm. It has some efficient implementations, such as XGBoost, pGBRT, GBDT 
(Gradient Boosting Decision Tree). GBDT uses negative gradient as index (information gain) 
and XGBoost uses second derivative. Their common disadvantage is that the calculation of 
information gain requires scanning all samples to find the optimal partition point. In the face of 
large amounts of data or high feature dimensions, their efficiency and scalability are difficult to 
satisfy. The direct method to solve this problem is to reduce the amount of feature and data 
without affecting the accuracy. Some work accelerates the booisting process by sampling 
according to the data weight, but GBDT cannot be applied because there is no sample weight. 
The GBDT algorithm combining GOSS and EFB is LightGBM [5]. 
2.4.2. Gradient-based One-side Sampling (GOSS) 
GOSS retains all instances with large gradient, and uses random sampling on instances with 
small gradient. To counteract the effect on data distribution, GOSS introduces constant 
multipliers to small gradient data when calculating information gain. GOSS first selects top a 
examples according to the absolute value of the gradient of the data. Then randomly sample b 
instances in the remaining data. Then, when calculating the information gain, the sampled small 
gradient data is multiplied by (1-a) / b, so that the algorithm will pay more attention to the 
instance of insufficient training, and will not change the distribution of the original data set too 
much. 
Definition: O represents the training set of a fixed node, and the segmentation point d of 
segmentation feature j is defined as: 
 

𝑉 | (𝑑) =
1

𝑛
(
(∑ 𝑔 )∈ :

𝑛 |
(𝑑)

+
(∑ 𝑔 )∈ :

𝑛 |
(𝑑)

 

 

Among them,𝑛 = ∑ 𝐼[𝑥 ∈ 𝑂], 𝑛 | = ∑ 𝐼[𝑥 ∈ 𝑂: 𝑥 ≥ 𝑑] , 𝑛 | = ∑ 𝐼[𝑥 ∈ 𝑂: 𝑥 > 𝑑]. 

Each splitting point of each feature is traversed to find 𝑑∗ = 𝑎𝑟𝑔𝑚𝑎𝑥 𝑉 (𝑑) and calculate the 
maximum information gain 𝑉 (𝑑∗) . Then, the data is divided into left and right sub-nodes 
according to the splitting point d∗ of feature j∗. 

In GOSS, the training descending order is first sorted according to the gradient of the data. Keep 
top a data instance as a data subset A. For the remaining instances of data, a subset B with size 
b is obtained by random sampling. Finally, we estimate the information gain by the following 
equation: 
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𝑉 (𝑑) =
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               (11) 

 
Here GOSS estimates the information gain V~j(d) through a small dataset, which will greatly 
reduce the calculation amount. More importantly, our next theory shows that GOSS does not 
lose much training accuracy than random sampling. We define GOSS approximation error as: 
 

ε(𝑑) = 𝑉 (𝑑) − 𝑉 (𝑑) , �̅� (𝑑) =
∑ | |

∈ ∪

( )
 

 

Probability at least 1 − δ1 have: 
 

ε(𝑑) ≤ 𝐶 , ln 1
𝛿 ∗ 𝑚𝑎𝑥

( )
,

( )
+ 2 ∗ 𝐷 ∗ 𝐶 ,                         (12) 

 

Among them, 𝐶 , =
√

𝑚𝑎𝑥 ∈ |𝑔 |,  𝐷 = max �̅� (𝑑), �̅� (𝑑) . 

Based on the above theory, we draw the following conclusions: 

 The asymptotic approximation ratio of GOSS O
( )

+
( )

+
√

. If data segmentation is 

not extremely unbalanced, (e.g. 𝑛 (𝑑) ≥ 𝑂 √𝑛  and 𝑛 (𝑑) ≥ 𝑂 √𝑛 ), Then the 
approximation error in inequality (2) will be dominated by the second term, when n tends to 
infinity (large amount of data), 𝑂 √𝑛  will tend to 0, That is, the larger the amount of data, 
the smaller the error, the higher the accuracy. 

 Random sampling is a case of GOSS at a = 0. In most cases, GOSS performance is better than 
that of random sampling, that is 𝐶 , − 𝐶 ,  that is > , Among them α =

𝑚𝑎𝑥 ∈ ∪ |𝑔 | 𝑚𝑎𝑥 ∈ |𝑔 | . The generalization of GOSS is analyzed below. Considering 

GOSS generalization error 𝜀 (𝑑) = 𝑉 (𝑑) − 𝑉∗(𝑑)  This is the gap between the variance 
gain calculated by GOSS sampling and the variance gain of the actual sample. Transformed to 
𝜀 (𝑑) = 𝑉 (𝑑) − 𝑉 (𝑑) + 𝑉 (𝑑) − 𝑉∗(𝑑) ≔ 𝜀 (𝑑) + 𝜀 (𝑑), Therefore, in the case of 
accurate GOSS, GOSS generalization error is similar to the full amount of real data. On the 
other hand, sampling will increase the diversity of the base learner (because the data 
obtained from each sampling may be different), which will improve the generalization. 

2.4.3. LightGBM Detail Technology 
1) Histogram optimization 
In XGBoost, the method of pre-sorting is used. In the calculation process, the partition income 
is calculated by data samples one by one according to the value. This algorithm can accurately 
find the best partition value, but the cost is relatively large and there is no good promotion.  
Instead of using the traditional pre-sorting idea in LightGBM, it divides each of these precise 
continuous values into a series of discrete domains, that is, cylinders. Taking floating-point data 
as an example, the value of an interval will be used as a cylinder, and then these cylinders are 
used as histograms of precision units. In this way, the expression of data becomes more 
simplified, reducing the use of memory, and histogram brings a certain regularization effect, 
which can make our model avoid overfitting and has better generalization. 
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Figure 3. Compression of feature 

 

2) Memory optimization 
When we use the bin of data to describe the characteristics of data, the changes are as follows: 
first, we do not need to store the sequence of each sorted data like the presorting algorithm, 
that is, the gray table in the figure below. In LightGBM, the calculation cost of this part is 0; 
Second, generally, the bin will be controlled in a relatively small range, so we can use less 
memory to store. 
3) Depth limited node expansion method 
Most decision tree learning algorithms grow trees by level (depth), as shown in the following 
figure: 
 

 
Figure 4. Level-wise tree growth 

 
LightGBM uses the node expansion method leaf wise with depth constraints to improve the 
accuracy of the model [6], which is a more efficient method than level wise in xgboost. It can 
reduce the training error and get better accuracy. However, the simple use of leaf wise may lead 
to the growth of deep trees, which may cause over fitting on small data sets. Therefore, an 
additional depth limit is added to leaf wise. 
 

 
Figure 5. Leaf-wise tree growth 

 
4) Histogram difference optimization 
Histogram difference optimization can achieve twice the acceleration. The histogram on a leaf 
node can be observed, which can be obtained by subtracting the histogram of its parent node 
from the histogram of its brother node. According to this point, we can construct the histogram 
on the leaf node with small amount of data, and then use the histogram to get the histogram on 
the leaf node with large amount of data, so as to achieve the effect of acceleration. 
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Figure 6. Histogram difference optimization 

 
5) Support category characteristics 
Traditional machine learning generally can’t support direct input of category features, and 
needs to be transformed into multi-dimensional 0-1 features first, which is inefficient in both 
space and time. By changing the decision rules of the decision tree algorithm, LightGBM directly 
supports the original category features without conversion, which improves the speed by 
nearly 8 times. 
 

 
Figure 7. Support category characteristics 

 
6) Support parallel learning 
LightGBM natively supports parallel learning. At present, it supports feature parallel and data 
parallel. The main idea of feature parallelism is to find the optimal segmentation points on 
different feature sets of different machines, and then synchronize the optimal segmentation 
points between machines. Data parallelism is to let different machines first construct 
histograms locally, then merge them globally, and finally find the optimal segmentation point 
on the merged histograms. 
 

 
Figure 8. Feature/attribute parallelization 
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LightGBM optimizes these two parallel methods. In the feature parallel algorithm, all data are 
saved locally to avoid the communication of data segmentation results; In data parallelism, the 
task of histogram merging is allocated to different machines by using the decentralized protocol, 
which reduces the communication and calculation, and uses the histogram to make difference, 
which further reduces the traffic by half. 
 

 
Figure 9. Data parallelization 

 
Voting based data parallelism further optimizes the communication cost in data parallelism and 
makes the communication cost constant. When there is a large amount of data, using voting 
parallelism can get a very good acceleration effect [7]. 
 

 
Figure 10. Parallel optimization-voting based parallel 

3. Experiment 

3.1. Data Preparation 

(1) Data collection 
The data used in this paper is a public data set provided by the integrated collective music (ICM), 
which includes four data files. These data include the influence and followers of 5854 artists 
over the past 90 years, as well as 16 variable entries, including musical features such as dance, 
rhythm, loudness and tone, and artist for 98340 songs_ Name and artist_ id. 
(2) Data cleaning 
Some methods for missing values in data, noise data and data specification. 
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1) Missing value: Method: use ignore tuple; Fill in the missing value manually; Fill in the missing 
value with a global constant; Fill in the missing value with the central measure of the attribute; 
Use the attribute mean or median of all samples of the same class as a given tuple; Deal with 
missing values using methods such as the most likely value padding.  
2) Noise data: noise is the random error or variance of the measured variable. Methods: the 
methods of box, regression and outlier analysis were used: the median of box was smooth; 
Smooth box; The boundary of the box is smooth. Regression: use a fitting function to smooth 
the data. Outlier analysis: outliers can be detected by clustering. 
3) Detection and processing of data value conflict: data specification strategies include 
dimension specification, quantity specification and data compression. Dimension specification 
reduces the number of random variables and attributes considered. The methods of dimension 
specification include wavelet transform, principal component analysis and attribute subset 
selection. The quantity specification replaces the original data with a smaller data 
representation. 
 

 
Figure 11. An Example of Data Cleaning 

3.2. Description of Impact Data 

The analysis of the data set of influence_data.csv shows that there are altogether 20 genres as 
follows: 
 

Table 2. 20 Genres’ names 

Genre Genre 
Avant-Garde Latin 

Blues New Age 
Children’s Pop/Rock 
Classical R&B 

Comedy/Spoken Reggae 
Country Religious 

Easy Listening Stage & Screen 
Electronic Unknown 

Folk Vocal 
Jazz International 

3.3. Establish Multiple Directional Music Influence Networks and Their Sub 
Networks 

Through the establishment of multiple directional music influence networks and their sub 
networks, the influencers and followers establish contact [8]. Set the appropriate parameters 
to capture the "music influence" in the network. 
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Through Python's NetworkX library, it can be used to create and operate complex networks and 
learn the structural dynamics and functions of complex networks, so that a network diagram 
similar to the following can be drawn: 
 

 
Figure 12. The whole Network of the influence_data.csv set 

 

Create multiple directed networks of music influences using the Influence_Data.csv set or part 
of it, in which influencers connect to followers. By analyzing data sets and previously 
constructed subnets, you can see the influence of individuals and the speed at which genres are 
spreading, and find out how genres are evolving. 
 

 
Figure 13. The local network of the influence_data.csv set 

 

To quantify music, we develop parameters such as: innate creativity, current social or political 
events, the use of a new instrument or tool, the age of the musician, the musician's status in 
society and within the field, and the popularity of the artist's field. These seven factors 
determine a subnetwork. 
 

 
Figure 14. A subnetwork based on sevem parameters 
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Through the establishment of the network model, it can be concluded that under the seven 
parameters as important attributes, the music influence index can reflect the size of the 
influence range radiated under the influence of an influencer. 

3.4. Model based on Cosine Similarity Algorithm 

According to the cosine similarity algorithm, combining the two data sets, we can get a complete 
calculation result. Due to the huge amount of data, we randomly selected 4 out of 19 schools as 
representatives for comparison, and the results were as follows:  
 

Table 3. Similarity within genres 

Genre 1 Genre 2 Similarity 

Avant-Garde Avant-Garde 0.87 

Blues Blues 0.89 

Children's Children's 0.90 

Electronic Electronic 0.89 

 
Table 4. Similarity between genres 

Genre 1 Genre 2 Similarity 

Avant-Garde Blues 0 

Avant-Garde Children's 0.86 

Avant-Garde Electronic 0 

Blues Avant-Garde 0.85 

Blues Children's 0.90 

Blues Electronic 0.90 

Children's Avant-Garde 0 

Children's Blues 0 

Children's Electronic 0 

Electronic Avant-Garde 0.88 

Electronic Blues 0.89 

Electronic Children's 0.83 

 

According to the results in the table, using our indicators, artists within genres are not 
necessarily more similar than artists between genres. 
According to the results of the algorithm, we can visualize them and intuitively see the 
differences of different genres under various factors. The changes of the genre over time are as 
follows: before 1946, the genre fluctuated around 1900. From 1946 to 1993, there were more 
than 1900 kinds of this school, showing a stable state. After 1993, this school declined. The rise 
and fall of schools are not independent, and each school will be affected by other schools in the 
process of development. From this, we can judge that 1946 was the Great Leap Forward period. 
Artists after 1946 can be said to be the influencers of major changes. 
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Figure 15. The genre varies with the year 

3.5. Genre Differentiation Model based on LightGBM Algorithm 

According to the results of the algorithm, we can visualize them, and we can intuitively see the 
differences of different genres under various factors. Through parameter analysis and so on, 
we can easily distinguish the different genres. 
 

 
Figure 16. Difference judgment chart of different genres 

 

According to Figure 8, we can compare the similarities and influences between and within 
schools.  
It can be seen from Figure 9 that the influencer actually affects the artist. Over time, more and 
more followers of this genre follow up, while more and more artists create. Therefore, we can 
see that the influencers affect artists. At the same time, we can also see that ' influencers ' can 
indeed affect their followers ' music. Some music features play a similar role in affecting the 
music of an artist, not because they are more influential than others. 
 

 
Figure 17. Influential relationship between influencers and artists 
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We choose R&B genre as the research object, and its evolution process is shown in Figure 10. It 
can be seen from the figure that over a long period of time, this school presents an evolution 
trend of steady growth with a steady increase in number and roughly the same trend. However, 
from around 1963, the genre entered a period of rapid evolution, which was very rapid and 
continued continuously without any intention of change. According to the above analysis, 
indicators of dynamic influencers are as follows:  
 

Table 5. Indicators of dynamic influencers 

Innate creativity Current social or political events 
The use of a new instrument or tool The age of the musician 

The musician's status in society The musician's status within the field 
The popularity of the artist's field  

 
With the change of time, the seven factors that influence the evolution of the genre will also 
change, which in turn affects the evolution of the genre, so the genre changes with the change 
of time.  
 

 
Figure 18. R&B genre’s evolution graph 

4. Conclusion 
If the artist is strongly influenced by factors other than the selected parameters, the 
experimental results may be inaccurate. The rise and fall of schools are not independent, and 
each school is affected by other schools in the process of development. Adapt to the trend of 
survival, otherwise it will disappear in the long river of history. Therefore, the existence of 
schools is influenced by other schools. Influencers actually influence artists. 
Because the artist genre may be influenced by other factors such as personal life and occupation. 
In this paper, only seven factors and other factors that may be affected are considered in the 
research within and between schools, so the classification results can only be used as a 
reference. In practical application, we should also combine the changes of followers caused by 
the change of artist's geographical location, the number of populations at that time and other 
factors to conduct more accurate research. If we have more complete data, the analysis of 
schools will be more accurate. 

References 
[1] Wei Sheng. Infiltration of moral, intellectual and physical beauty in music education [J]. House of 

Drama, 2019, (11): 198.  



Volume 3 Issue 4, 2022 

DOI: 10.6981/FEM.202204_3(4).0057 

454 

Frontiers in Economics and Management 

ISSN: 2692-7608 

[2] Wang Tianyan, Feng Shengzhong. Present Situation and Challenges of Evolutionary Musicology [J]. 
Progress in Psychological Science, 2017,25 (11): 1831-1843.  

[3] Li Ziming. Quantitative evaluation of objective music description and music similarity based on 
mathematical model [D]. Beijing University of Posts and Telecommunications, 2020.001151. 

[4] Wang, Y; Wang, T. Application of Improved LightGBM Model in Blood Glucose Prediction APPLIED 
SCIENCES-BASEL. 2076-3417 MA 2020.10.9.3227. 

[5] Guolin Ke, Qi Meng, LightGBM: A Highly Efficient Gradient Boosting Decision Tree. Advances in 
Neural Information Processing Systems 30 (NIPS 2017), pp. 3149-3157. 

[6] Shi, Haijian. “Best-first decision tree learning.” Diss. The University of Waikato, 2007. 
[7] Qi Meng, Guolin Ke, Taifeng Wang, Wei Chen, Qiwei Ye, Zhi-Ming Ma, Tie-Yan Liu. “A 

Communication-Efficient Parallel Algorithm for Decision Tree.” Advances in Neural Information 
Processing Systems 29 (NIPS 2016), pp. 1279-1287. 

[8] Chen Shi, Ren Zhuoming, Liu Chuang, Zhang Zike. Research progress on identification methods of 
key nodes in time series networks [J] Journal of University of Electronic Science and Technology, 
2020,49 (02): 291-314. 


