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Abstract: As a branch of artificial intelligence, machine learning enables computers to learn rules and patterns automatically 

from massive data by training and optimizing algorithms. This paper discusses the important role of machine learning in big data 

analysis, paying special attention to the application comparison between neural network algorithm and support vector machine 

(SVM) algorithm. This paper first introduces the close relationship between machine learning and big data analysis, and then 

compares the differences between neural network and SVM in calculation time and prediction performance through experiments. 

The results show that when dealing with complex data, the neural network shows higher operating efficiency and prediction 

accuracy, and its accuracy is improved by more than 20% compared with SVM. This discovery provides a powerful basis for 

algorithm selection in the field of big data analysis, and indicates the great potential of neural network in processing large-scale 

data sets. 
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1. Introduction 

Today, with the digital wave sweeping the world, big data 

has become an important force to promote social progress and 

technological innovation. From business decision-making, 

medical health to urban traffic and environmental monitoring, 

the application of big data is everywhere, which profoundly 

changes our lifestyle and working mode [1]. However, the 

explosive growth of big data has also brought many 

challenges. How to efficiently process, analyze and mine the 

value of these data has become a big problem for researchers 

[2]. In this context, machine learning technology came into 

being and gradually emerged. As a branch of artificial 

intelligence, machine learning enables computers to 

automatically learn rules and patterns from massive data by 

training and optimizing algorithms, and then make 

predictions and decisions [3]. Its appearance has greatly 

improved the intelligence level of data analysis and provided 

new ideas for solving complex big data problems. 

The application of machine learning in big data analysis is 

extensive and deep. In the field of recommendation systems, 

machine learning algorithms can accurately push 

personalized content and services according to users' 

historical behaviors and preferences [4]; In the forecasting 

model, machine learning can use historical data to train the 

model, accurately predict the future trend, and provide strong 

support for enterprise decision-making [5]; In the field of 

anomaly detection, machine learning can help us find 

abnormal values or abnormal patterns in data in time, and 

provide important clues for risk control and troubleshooting 

[6]; In clustering analysis, machine learning can classify 

similar data points into one category and reveal the internal 

structure and correlation of data [7]. 

This paper aims to explore the application and optimization 

of machine learning in big data analysis. Firstly, the basis of 

machine learning is introduced, including definition, 

classification, algorithm and evaluation method. Then, it 

shows its examples and capabilities in big data processing, 

and then discusses how to optimize its performance, 

involving distributed framework, parallel computing and 

algorithm optimization. Finally, the optimization effect is 

verified by experiments, and the future research direction is 

prospected. 

2. Fundamentals of machine learning 

2.1. Basic concepts of machine learning 

Machine learning utilizes algorithms to analyze and learn 

from data, enabling it to make informed decisions and 

predictions about real-world events [8]. Unlike conventional 

rule-based or static programs, machine learning systems have 

the capability to extract valuable insights from data and adapt 

their internal structures and parameters accordingly, 

enhancing their proficiency in handling future datasets. 

In this paradigm, data is typically segmented into training 

and test sets. The former serves to train the model by 

optimizing its parameters to minimize prediction errors, while 

the latter assesses the model's performance on previously 

unseen data. The ultimate objective of machine learning is to 

identify a model that excels in both training and testing 

scenarios. 

2.2. Main types of machine learning 

Machine learning can be categorized into three primary 

learning methods: supervised, unsupervised, and 

reinforcement learning [9]. In supervised learning, each 

training sample comes with a pre-assigned label or target 

value, enabling the algorithm to learn the correlation between 

inputs and their corresponding labels. Conversely, 

unsupervised learning involves training samples without 

labels, requiring algorithms to independently uncover hidden 

structures, relationships, or patterns within the data. 

Reinforcement learning, on the other hand, focuses on 

teaching agents to make optimal decisions by interacting with 

their environment. This approach involves agents performing 

actions and learning from the subsequent reward signals 

provided by the environment, with the ultimate goal of 

maximizing cumulative rewards. Reinforcement learning 

algorithms have achieved significant breakthroughs in areas 

such as automatic control, game AI, and robot navigation. 
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2.3. Commonly used machine learning 

algorithms 

Many excellent algorithms have emerged in the field of 

machine learning, and each algorithm has its unique 

advantages and applicable scenarios. Linear regression is a 

supervised learning algorithm for predicting numerical data. 

It describes the relationship between input features and target 

variables by fitting an optimal straight line or hyperplane. 

Linear regression has the advantages of simplicity and easy 

explanation, and has achieved good results in many practical 

problems. Decision trees are classification and regression 

techniques that utilize a tree-like structure. They recursively 

divide datasets into purer subsets to construct the tree. This 

algorithm is intuitive, easy to implement, capable of handling 

nonlinear relationships and discrete values, and exhibits 

robustness when confronted with missing or abnormal data. 

SVM is a popular supervised learning method for 

classification and regression tasks. It identifies an optimal 

hyperplane to separate samples of different classes, aiming to 

maximize the margin between them. Neural networks mimic 

the structure of human brain neurons, consisting of 

interconnected neurons. Each neuron processes input signals 

from others, generates output signals based on its internal 

weights and activation function. The network adjusts its 

weights using the backpropagation algorithm to minimize 

prediction errors. Neural networks excel in handling complex 

patterns and large datasets, achieving significant 

breakthroughs in areas like image and speech recognition. 

3. Application of machine learning in 
big data analysis 

3.1. Recommendation system 

Recommendation system is a typical application of 

machine learning in big data analysis. On e-commerce, music, 

video and other platforms, the recommendation system can 

recommend personalized products, music or video content for 

users according to their historical behaviors, preferences and 

other users' behaviors. Through machine learning algorithm, 

the system can automatically learn users' interests and 

preferences, thus providing users with more accurate and 

personalized recommendations. This not only improves the 

satisfaction and stickiness of users, but also brings more 

business opportunities for enterprises. 

3.2. Prediction model 

Predictive model is another important application field of 

machine learning. In big data analysis, forecasting models can 

use historical data to predict future trends and results. For 

example, in the financial field, machine learning algorithms 

can predict the trend of stock prices according to historical 

stock data; In the medical field, machine learning can predict 

the occurrence probability of diseases and the rehabilitation 

of patients. These forecast results provide an important 

reference for enterprise decision-making, which is helpful to 

reduce risks and improve efficiency. 

3.3. Anomaly detection 

In large-scale data sets, the detection of outliers or 

abnormal patterns is an important task. Machine learning 

algorithm can automatically learn the normal pattern of data 

and identify abnormal values or behaviors that are 

inconsistent with the normal pattern. For example, in the field 

of network security, machine learning can help to detect 

abnormal behavior in network traffic, so as to find potential 

network attacks in time; In industrial production, machine 

learning can monitor the running state of equipment, find 

abnormal situations in time and give early warning to avoid 

production accidents. 

3.4. Cluster analysis 

Cluster analysis is an unsupervised learning method in 

machine learning, which can classify similar data points into 

one category. In big data analysis, cluster analysis can help us 

discover the internal structure and correlation in data. For 

example, in market segmentation, cluster analysis can classify 

customers with similar consumption behavior into one 

category, thus making more accurate marketing strategies for 

enterprises; In bioinformatics, cluster analysis can be used to 

analyze gene expression data and reveal the functional 

relationship between different genes. 

4. Optimization strategy 

In neural networks, the objective function serves as a 

metric for gauging the discrepancy between the predicted 

output and the actual sample label, thereby evaluating the 

effectiveness of network training. Depending on the specific 

task, distinct objective functions may be employed. Presently, 

square loss function and cross entropy loss function are 

widely utilized. Suppose that the genuine label linked to 

sample 
( )ix   of type i   is 

( )iy  , the network's regression 

prediction is 
( )( );ixh  , and    represents a network 

parameter; in this context, the square loss function can be 

formulated as follows: 
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In the context of linear regression, where N  denotes the 

sample count, ( )xh   represents a linear function. 

Consequently, ( )J   becomes a convex function, allowing 

for the direct computation of an optimal solution using 

numerical methods to minimize ( )J . However, in the case 

of a neural network ( )h , the scenario is far more complex 

due to its nonlinear nature, making it impractical to obtain an 

optimal solution directly. Instead, the network's parameters 

   must be iteratively updated using gradient descent 

techniques to converge on a locally optimal solution. For 

classification tasks, the cross entropy loss function serves as 

a widely adopted objective function. This metric effectively 

quantifies the discrepancy between the output distribution of 

the Softmax function and the empirical distribution. 

The cross entropy loss function is the most frequently 

employed objective function for classification tasks. It 

quantifies the discrepancy between the output distribution of 

the Softmax function and the actual distribution. Suppose that 

the genuine label linked to sample 
( )ix  of type i  is 

( )iy , 

and there are K  distinct classes being outputted (denoted by 
( )  Ky i ,,1  ). In this scenario, the cross entropy loss 

function is expressed as follows: 
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 K ,,, 21 =
  represents the parameter generated 

by applying the Softmax function to the network's output, 

while N   designates the total number of samples. 
·1

 

serves as an indicator function, assigning a value of 1 when 

the enclosed expression holds true and 0 otherwise. 

If a sample attribute contributes significantly to the 

classification system, its information gain will be notably 

higher. During feature selection, the initial step involves 

computing the information gain of each attribute. An attribute 

with the highest information gain value indicates the greatest 

discriminatory power within the given set. The formula for 

calculating the information gain of attribute A  is as follows: 

  
( ) ( ) ( )AEsssIAGain m −= ,,, 21        (3) 

( )msssI ,,, 21   is determined by calculating the entropy 

of the sample and can be defined as follows: 

( ) ( ) ( )
=

−=
m
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    (4) 

In this context, ( )iCP  represents the likelihood that any 

given sample belongs to iC . m  denotes the total number of 

sample categories present, while is   signifies the count of 

samples affiliated with class iC . Lastly, s  is the cumulative 

number of samples in the entire dataset. 

5. Result analysis and discussion 

The experiment aims to compare and analyze the 

performance of neural network and SVM in big data analysis. 

We use data sets from many fields and implement standard 

neural network and SVM algorithm. By evaluating the 

running time, recall and accuracy, the experiment 

comprehensively measures the calculation efficiency and 

prediction performance of the two algorithms. The 

experiment is carried out in a high-performance computing 

environment, which ensures the accuracy and reliability of the 

results and provides strong support for subsequent research 

and application. 

As can be seen from Figure 1, in the initial stage, there is 

little difference in computing time between the neural 

network algorithm and the SVM algorithm, and even in some 

cases, the SVM may show a slightly faster computing speed. 

This may be because the computational complexity of the two 

algorithms is similar when the data volume is small and the 

model structure is relatively simple, while SVM may have 

more advantages in some simple tasks because of its solid 

mathematical foundation and optimized solution method. 

 
Figure 1 Algorithm calculation time comparison 

With the increase of data complexity, neural network 

algorithm gradually shows its advantages in operating 

efficiency. This is mainly because neural network, especially 

deep learning network, has strong representation learning 

ability and can automatically extract useful features from 

complex data, thus reducing the demand and time cost of 

artificial feature engineering. In addition, neural network can 

further improve the computational efficiency through parallel 

computing and distributed training, making it more scalable 

when dealing with large-scale data sets. 

Figure 2 and Figure 3 show the comparison of recall and 

accuracy of neural network algorithm and SVM algorithm in 

big data analysis and prediction respectively. It can be clearly 

seen from the figure that the neural network algorithm is 

significantly superior to the SVM algorithm in recall and 

accuracy, and the accuracy is improved by more than 20%. 

 
Figure 2 Comparison of recall rate of big data analysis 

 
Figure 3 Comparison of accuracy of big data analysis 

Neural network has strong nonlinear fitting ability and can 

capture complex patterns and associations in data. Moreover, 

neural network can realize more elaborate and complex 

feature transformation and abstract representation through the 

design of multi-layer network structure and activation 

function. In addition, the neural network can also learn and 

adjust its parameters through back propagation algorithm and 
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gradient descent optimization method, so that it can better 

adapt to the training data and improve the prediction 

performance. Although SVM algorithm is also a powerful 

machine learning algorithm, it may be limited by the nature 

of its linear classifier when dealing with complex data. 

Although nonlinear classification can be realized by mapping 

data to high-dimensional space through kernel technique, in 

some cases, this mapping may not fully capture the complex 

structure in data. 

6. Conclusions 

This paper delves into the utilization and refinement of 

machine learning in big data analysis. Through comparative 

experiments, it examines the efficacy of neural network and 

SVM algorithms in this context. The findings reveal that the 

neural network algorithm excels when confronted with 

intricate and voluminous datasets. As data complexity 

escalates, the neural network's computational prowess 

becomes increasingly evident, highlighting its remarkable 

processing capabilities and scalability for complex 

information. Additionally, in predictive performance, the 

neural network algorithm outperforms the SVM, achieving a 

substantial improvement in recall and accuracy by over 20%. 

This superior performance is credited to the neural network's 

robust nonlinear modeling and feature extraction abilities. 

In conclusion, the neural network algorithm emerges as a 

highly efficient and accurate tool for big data analysis, 

particularly when tackling intricate and extensive datasets. 

Looking ahead, as computing power continues to advance and 

data volumes expand, the neural network's potential in big 

data analysis is poised for even greater realization. 
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