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Abstract. This paper discusses the core content and practical application of designing software
performance optimization strategies based on machine learning. The paper also covers the
collection and processing of performance data, as well as feature extraction and selection, which
provide a solid foundation for training machine learning models. It emphasizes the importance of
model selection and training, and outlines the key steps for constructing an optimal decision model.
The practical application case demonstrates that a machine learning-based performance
optimization strategy can effectively enhance the operational efficiency and stability of software
systems, thereby improving the user experience. Additionally, the challenges of data quality and
model stability that may arise in practical machine learning applications are also highlighted. In the
future, as technology continues to advance, the potential applications of machine learning in software
performance optimization will expand.
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1. Introduction

In the information age, software is the fundamental element supporting all aspects of life. However,
as software functions become more complex and the scale expands, software performance issues have
become increasingly prominent. This has become a bottleneck that restricts software development.
Therefore, optimizing software performance and improving user experience has become an urgent
problem for software developers. Traditional methods for optimizing software performance rely
heavily on developer experience and a deep understanding of the software system. They improve
performance by adjusting code, optimizing algorithms, and improving data structures. However,
these methods can be subjective and uncertain, making it difficult to ensure the stability and reliability
of the optimization effect. Due to the continuous upgrading and iteration of software systems,
traditional optimization methods may struggle to address new performance challenges.

In recent years, the rapid development of machine learning technology has provided new methods
for optimizing software performance. Machine learning can automatically discover rules and patterns
in data through analysis and learning from large datasets, enabling accurate prediction and
optimization of software performance. Compared to traditional methods, machine learning is more
objective, accurate, and scalable, and can better adapt to complex and changeable software
environments. The aim of research on software performance optimization strategies based on machine
learning is to investigate the use of machine learning technology to enhance software performance.
By collecting, analyzing, and learning from software performance data, a machine learning model
can be constructed to automatically predict and optimize software performance. This provides
software developers with more efficient and accurate performance optimization schemes. The
significance of the study lies in its ability to offer new technical means and ideas for optimizing
software performance, as well as promoting the in-depth application and development of machine
learning technology in the field of software engineering. This study aims to provide practical
performance optimization suggestions and methods for software developers through the application
and verification of actual cases. The goal is to improve the overall quality of software and user
experience.
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2. Software Performance Evaluation and Analysis

In software engineering, performance evaluation and analysis are crucial to ensuring software
quality, optimizing user experience, and improving system efficiency [1]. The aim of software
performance evaluation is to comprehensively and systematically measure the running speed,
resource usage, and other related performance indicators of software, providing a quantitative basis
for software optimization. Performance analysis aims to identify performance bottlenecks, potential
problems, and provide guidance for optimization strategies.

2.1. Establish a System of Evaluation Indices.

To evaluate software performance, a comprehensive and scientific index system must be
established. This system should include indicators such as response time, throughput, and resource
utilization, which can reflect the software’s performance from different dimensions. In practical
applications, it may be necessary to customize specific performance indicators based on the
software’s specific needs and characteristics to more accurately reflect its performance. Secondly,
performance evaluation involves identifying and analyzing performance bottlenecks. These
bottlenecks are typically characterised by software delays, resource consumption, or other issues. To
locate specific performance bottlenecks, software operation data such as function call stack, memory
usage, and thread status must be collected and analyzed. Furthermore, through an analysis of the trend
in performance evaluation indicators, we can identify the causes of performance bottlenecks, such as
high algorithm complexity, unreasonable data structures, or improper concurrency control. However,
current performance optimization techniques often have limitations. Traditional methods for
optimizing performance often rely on the developer’s experience and understanding of the software
system. However, this can introduce subjectivity and lead to sub-optimal results. As software systems
continue to evolve and become more complex, traditional optimization methods may struggle to
effectively address new challenges. Therefore, it is important to employ objective and comprehensive
optimization techniques that can effectively address a wide range of performance issues. As software
systems evolve and become more complex, traditional optimization methods may struggle to address
new challenges effectively.

2.2. Carry out Performance Testing and Data Analysis.

Therefore, exploring new strategies and technical means for performance optimization is necessary.
Machine learning, as a powerful data analysis tool, provides new ideas and methods for optimizing
software performance. By collecting a large amount of software operation data and using machine
learning algorithms for analysis and prediction, potential performance problems can be identified,
and targeted optimization suggestions can be proposed. In addition, machine learning can aid in
creating an automated performance testing platform to achieve continuous monitoring and real-time
feedback on software performance. Evaluating and analyzing software performance are crucial
components of the software optimization process. By establishing a scientific evaluation index system,
identifying performance bottlenecks, and exploring new optimization strategies and technical means,
we can provide robust support for software performance optimization. With the continuous
development of advanced technologies such as machine learning, it is believed that software
performance optimization will become more efficient, accurate and intelligent.

3. Fundamentals and Key Technologies of Machine Learning

Machine learning is a crucial aspect of artificial intelligence that allows computer systems to
extract knowledge from data and make predictions and decisions by simulating the human learning
process[2]. In software performance optimization, the use of machine learning technology can greatly
enhance the optimization effect and reduce the need for manual intervention. This section will provide
a detailed introduction to the fundamental concepts of machine learning and the key technologies
used in software performance optimization.

185



Highlights in Science, Engineering and Technology CDMMS 2024
Volume 103 (2024)

3.1. Comprehension of Fundamental Machine Learning Concepts.

Understanding the fundamental concepts of machine learning is a crucial step. Machine learning
can be categorized into three types: supervised learning, unsupervised learning, and reinforcement
learning. Supervised learning involves training the model using pre-existing labeled data, enabling
the model to predict new unlabeled data. In software performance optimization, supervised learning
algorithms can be used to classify or regress performance data, allowing for the prediction of software
performance in different configurations or scenarios. On the other hand, unsupervised learning
involves training the model by discovering the internal structure and laws within the data, without the
use of labeled data. In performance optimization, unsupervised learning can be used to identify
abnormal performance or cluster similar performance patterns. This provides a basis for the
formulation of optimization strategies. Reinforcement learning is used to learn the optimal decision-
making strategy through interaction with the environment. It is suitable for optimization problems
that are difficult to model or obtain complete data.

3.2. Mastering the Key Technology of Machine Learning.

In software performance optimization, the application of machine learning involves several key
technologies. The first of these is feature selection and extraction. In machine learning, the feature is
the key factor that affects the performance of the model. For software performance optimization, it is
necessary to extract performance-related features from a large amount of running data, such as
response time, resource utilization, and system load. The selection and extraction of features must be
based on a comprehensive understanding of the software system and a thorough analysis of
performance issues. By using appropriate methods for feature selection and extraction, we can convert
the original data into a format that can be processed by a machine learning model.

3.3. Selecting and Training Machine Learning Models.

The selection and training of a machine learning model are fundamental guarantees. Different
machine learning algorithms are suitable for different optimization problems. In software
performance optimization, it is necessary to select the appropriate machine learning model based on
the specific problem characteristics and needs. For regression problems, available model options
include linear regression, decision tree regression, and neural network models. For classification
problems, available model options include support vector machine, random forest, and naive
Bayesian model. Once a model is selected, it should be trained using labeled data and its performance
should be optimized by adjusting its parameters and structure.

Deep learning has great potential in software performance optimization. It is a branch of machine
learning that simulates the learning process of the human brain by constructing a deep neural network
model. In software performance optimization, deep learning can process complex performance data
and discover deep-seated rules and patterns hidden in the data[3]. For instance, the deep learning
model can be utilised to model time series data in the software running process and predict future
performance trends. Alternatively, deep learning can be used for image recognition to extract
performance-related features from screenshots of the software interface.

The use of machine learning in software performance optimization is a process that requires careful
adjustment and optimization based on the specific software system and performance issues.
Customized machine learning algorithms or models can be designed for specific problem scenarios.
To address data sparsity or imbalance, data enhancement or sampling strategies can be employed to
improve the model’s generalization ability. At the same time, attention should also be given to the
stability and inter-pretability of the model to ensure the optimization strategy’s reliability and
effectiveness.
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4. Design of Software Performance Optimization Strategy based on Machine
Learning

In the field of software performance optimization, machine learning-based strategy design is a new
research focus and practical direction. By leveraging machine learning technology, we can unlock the
full potential of software operation data to develop more accurate and efficient performance
optimization schemes. This chapter will explain the core steps and key elements of software
performance optimization strategy design based on machine learning.

4.1. Data Collection and Processing.

The collection and processing of performance data are crucial for strategy design. Various types
of performance data are generated during software operation, such as response time, resource
occupation, and error logs[4]. These data serve as the foundation for training and optimizing machine
learning models. Therefore, it is essential to design a reliable data collection mechanism to ensure
data integrity, accuracy, and real-time processing. Simultaneously, to address issues of noise,
redundancy, and inconsistency in the original data, data cleaning, preprocessing, and standardisation
are necessary to enhance data quality and establish a foundation for subsequent feature extraction and
model training.

4.2. Feature Selection and Extraction.

Feature selection and extraction are crucial in strategy design for machine learning. The quality of
features determines the model’s performance. Therefore, it is necessary to extract performance-
related features from the original data based on the requirements of software performance
optimization. These features may include system configuration, user behavior, operating environment,
and other relevant information. By using appropriate feature selection methods, such as statistics-
based, model-based, or expert experience-based methods, we can select the features that have a
significant impact on performance and provide strong support for subsequent model training.

4.3. Model Selection and Training.

When selecting and training a machine learning model, it is important to choose the appropriate
model based on the problem’s characteristics and the nature of the data. For regression problems,
models such as linear regression and support vector regression can be selected. For classification
problems, models such as decision trees, random forests, and neural networks can be used. Once a
model is selected, it is necessary to train it using marked performance data. By adjusting the model’s
parameters and structure and optimizing its fitting and generalization abilities, it can accurately
predict the software’s performance under different conditions.

4.4. Performance Optimization and Analysis.

The core task of strategy design is constructing a performance optimization decision model. The
model should formulate specific performance optimization strategies based on the prediction results
of the machine learning model and the actual situation of the software system. This involves
interpreting the prediction results, generating optimization strategies, and evaluating the
implementation effect of the strategies. A reasonable mechanism for generating optimization
strategies must be designed to ensure their effectiveness and feasibility. Additionally, an evaluation
system for the implementation of the strategy should be established, and quantitative analysis and
comparison of the actual effects of the optimization strategy should be conducted to continuously
improve the strategy design.

4.5. Other Key Factors.

When designing a software performance optimization strategy based on machine learning, it is
important to consider several key factors. Firstly, the timeliness and dynamics of data are crucial.
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Software performance data can change due to system upgrades, environmental changes, and user
behavior changes. Therefore, it is necessary to design a dynamic data collection and processing
mechanism that can adapt to these changes. Secondly, when designing a strategy, it is important to
consider the stability and robustness of the chosen machine learning algorithms and models. This will
ensure the reliability of the optimization strategy. Additionally, it is crucial to consider the cost and
benefit of implementing the strategy to ensure its economic and practical feasibility.

5. Case Study and Practical Application

In the field of software performance optimization, machine learning has been widely used for
strategy design in case studies and practical applications. These cases not only verify the effectiveness
of machine learning in performance optimization but also provide valuable experience for the further
promotion and application of related technologies.

5.1. Opportunities and Efficiency.

Consider the following typical case of software performance optimization: A large internet
company developed an online payment system. As the number of users grew, the system’s
performance gradually exposed bottlenecks. To address this issue, the company decided to adopt a
performance optimization strategy based on machine learning. A large amount of system operation
data was collected, including response time, throughput, and resource utilization. This data was then
used to train several machine learning models to predict system performance under different
configurations and loads. By comparing the prediction results of different models, the root cause of
the performance bottleneck was identified, and the system configuration and algorithm parameters
were adjusted accordingly. The performance improved significantly, and user satisfaction also
increased significantly.

In addition to this example, there are many other practical scenarios that demonstrate the value of
performance optimization strategies based on machine learning. For instance, in the field of cloud
computing, machine learning can assist cloud service providers in predicting and adjusting resource
allocation to enhance resource utilization and reduce operating costs. Machine learning can be utilized
in the development of mobile applications to optimize startup speed, reduce power consumption, and
enhance user experience[5]. Additionally, in big data processing, machine learning can aid in
optimizing data processing processes and algorithms, thereby improving data processing efficiency
and accuracy.

5.2. Challenges and Limitations.

However, in practical applications, it is important to consider the challenges and limitations. The
quality and quantity of data are crucial to the performance of machine learning models. If the data is
noisy or insufficient, the model’s prediction results may be inaccurate or unstable. Therefore, it is
essential to be extra careful when collecting and processing data to ensure its accuracy and integrity.
Secondly, training and optimizing a machine learning model requires a significant amount of time
and computing resources. This can increase the cost and duration of software development. Therefore,
when deciding whether to implement a performance optimization strategy based on machine learning,
it is important to comprehensively consider the project’s requirements, available resources, and time
constraints.

6. Summary

The use of machine learning to optimize software performance has become a crucial method for
improving software quality and enhancing user experience. By thoroughly analyzing performance
data, we can identify potential areas for optimization and develop precise and effective strategies.
Although challenges such as data quality and model training remain in practical applications, these
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issues will gradually be resolved with the continuous progress of technology. In the future, we
anticipate the application of more innovative machine learning technologies to software performance
optimization, injecting new vitality into the sustainable development of the software industry.
Simultaneously, it is important to consider the ethical and security implications of emerging
technologies to safeguard the privacy and rights of users.
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