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Abstract. This paper delves into the innovations and challenges of mathematical algorithms in the 
development of artificial intelligence. The fundamental position of mathematical algorithms in artificial 
intelligence and the demand-driven mathematical algorithms in the development of artificial 
intelligence are described. The improvement of traditional mathematical algorithms, the emergence 
of new mathematical algorithms, and the algorithmic innovation brought about by interdisciplinary 
integration are analysed in detail. Meanwhile, the challenges faced by mathematical algorithms in 
the development of AI, such as computational complexity, data quality and uncertainty, 
interpretability, and ethics and safety, are analysed in depth, and corresponding coping strategies 
are proposed. Finally, the future development of mathematical algorithms in AI is envisioned. 

Keywords: Artificial Intelligence; Mathematical Algorithms; Innovation; Challenges. 

1. Introduction 

In today's digital age, artificial intelligence has become an important force for social progress and 
economic development. From voice assistants in smartphones to self-driving cars, from medical 
diagnosis to financial risk assessment, the application of AI is everywhere. And in the development 
of artificial intelligence, mathematical algorithms play a crucial role. Mathematical algorithms 
provide the theoretical foundation and implementation method for AI, and are the core driving force 
for the continuous innovation and development of AI technology. 

Studying the innovation and challenges of mathematical algorithms in the development of artificial 
intelligence has important theoretical significance and practical value. From the theoretical level, it 
helps to reveal the nature and internal laws of artificial intelligence, and enrich and improve the 
theoretical system of artificial intelligence. From the practical level, it can provide strong technical 
support for the application and development of artificial intelligence technology and promote the 
intelligent transformation and upgrading of various industries. 

2. The Relationship between Artificial Intelligence and Mathematical 
Algorithms 

2.1 The Fundamental Position of Mathematical Algorithms in Artificial Intelligence 

Mathematics plays a crucial linguistic role in the field of artificial intelligence. From the initial 
representation of data, to the construction of complex models, to the concrete implementation of 
various algorithms, every aspect is deeply dependent on mathematics. The precision and rigour of 
mathematics provides a clear and accurate expression and description tool for artificial intelligence. 
Whether it is converting various phenomena in the real world into digital signals or constructing 
models that can process and analyses these signals, mathematics is an indispensable foundation. 

At the logical level, mathematical algorithms give a solid logical foundation to AI. Mathematical 
logic and set theory and other branches of mathematics provide strong theoretical support for the 
logical reasoning process of artificial intelligence. Through these theories, AI systems are able to 
make reasonable inferences and decisions, so that they can think and act according to certain logical 
rules when facing various complex problems[1]. For example, in the automatic reasoning system, the 
use of mathematical logic enables the system to deduce reasonable conclusions from known 
preconditions, providing strong support for problem solving. 
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Mathematical algorithms are also a core component of AI models. Knowledge from mathematical 
fields such as linear algebra, probability theory, and statistics is widely used in the design and training 
process of AI models. Matrix operations are heavily used in neural network models for processing 
input data and tuning model parameters. Probability theory, on the other hand, plays a key role in 
probabilistic models such as Bayesian networks, helping the system to model and reason about 
uncertainty. Statistical methods are also used in the analysis of data and the evaluation of models to 
ensure their accuracy and reliability. 

In addition, mathematical algorithms provide standards and methods for performance evaluation 
of AI. During the development and application of artificial intelligence systems, the performance of 
models needs to be objectively assessed and compared to determine their effectiveness and 
applicability under different tasks and scenarios. Methods such as error analysis and accuracy 
assessment in mathematics provide scientific standards and bases for the performance assessment of 
artificial intelligence. Through these methods, the performance indicators of models, such as accuracy, 
recall, F1 value, etc., can be quantified, thus enabling different models and algorithms to be compared 
and evaluated under a unified framework. 

2.2 Demand for Mathematical Algorithms Driven by AI Development 

The rapid development of artificial intelligence has put forward a series of higher requirements for 
mathematical algorithms. In terms of large-scale data processing, with the rapid development of 
information technology, the scale of data is growing explosively, and artificial intelligence systems 
need to have efficient computation and storage efficiency to cope with massive data. The development 
of technologies such as distributed computing and parallel computing provides effective solutions for 
large-scale data processing. These technologies improve computational speed and efficiency by 
distributing computational tasks to multiple computational nodes, enabling AI systems to perform 
fast computation and analysis on large-scale data. 

For complex tasks, AI requires algorithms with strong modelling and learning capabilities. Tasks 
such as image recognition, speech recognition, and natural language processing are highly complex 
and challenging, requiring mathematical algorithms that can deeply understand and process the 
complex patterns and structures in the data [2]. Novel algorithms such as deep learning have emerged 
to meet the demands of complex task processing. Deep learning is able to automatically learn features 
from data by building multi-layer neural networks to achieve efficient processing of complex tasks. 

Real-time and accuracy are also important needs in the development of AI. In some application 
scenarios, such as automatic driving and intelligent medical care, AI systems need to make accurate 
decisions in a very short time. This requires mathematical algorithms to have efficient computational 
speed and high-precision prediction capability. In order to achieve a balance between real-time and 
accuracy, researchers need to continuously optimise the algorithms to improve computational 
efficiency while ensuring the accuracy and reliability of the models. 

Interpretability and reliability are equally important needs for mathematical algorithms in the 
development of artificial intelligence. With the increasing application of AI in critical fields, people 
have put forward higher requirements for the interpretability and reliability of AI systems. 
Mathematical algorithms, as the core component of AI systems, need to have good interpretability so 
that people can understand and trust the decision-making process of AI systems. At the same time, 
the reliability of the algorithms is crucial to ensure that the system can operate stably in various 
situations and avoid errors and failures. 
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3. Innovation of Mathematical Algorithms in the Development of Artificial 
Intelligence 

3.1 Improvement of Traditional Mathematical Algorithms 

In the process of artificial intelligence development, traditional mathematical algorithms continue 
to improve and optimise. Among them, the improvement of optimisation algorithms is crucial. 
Optimization algorithms are used in machine learning and deep learning to adjust model parameters 
to minimize the loss function. Traditional optimisation algorithms such as the gradient descent 
method have problems such as slow convergence and the tendency to be trapped in local optimisation. 
For this reason, researchers have proposed many improved algorithms. The stochastic gradient 
descent method randomly selects a small batch of data to update the parameters, which reduces the 
computational complexity and improves the convergence speed. The momentum method introduces 
momentum terms to accelerate the convergence to the optimal solution and reduce the oscillations, 
and the Adam optimisation algorithm combines the advantages of adaptive learning rate and 
momentum method, automatically adjusts the learning rate, adapts to the different parameters and 
data distributions, and improves the performance and stability of the algorithm. 

Regularisation methods are also widely used in machine learning and deep learning. To prevent 
model overfitting and improve generalisation, regularisation reduces complexity by constraining 
model parameters. Traditional L1 and L2 regularisation penalise the absolute and squared values of 
the parameters to achieve model sparsity and stability. In recent years, new regularisation methods 
are emerging: Dropout method randomly sets neuron outputs to zero during training, similar to 
randomly sampling between different neural network structures, which effectively prevents 
overfitting; Batch Normalization method standardizes the inputs of each layer, which makes the 
model training more stable, accelerates the convergence, and improves the generalization ability. 

The improvement of feature extraction algorithms is an important direction for the innovation of 
traditional mathematical algorithms. In machine learning and deep learning, feature extraction is 
critical and directly affects model performance. Traditional feature extraction algorithms such as 
principal component analysis and linear discriminant analysis have limitations such as strong 
assumptions on data distribution and features are not robust enough. To overcome these problems, 
novel feature extraction algorithms are proposed[3]. Deep Self-Encoder constructs multi-layer neural 
networks to automatically learn features with strong robustness and generalisation ability. 
Convolutional neural networks are designed for image data, effectively extracting image features 
through the combination of convolutional and pooling layers, and have achieved great success in 
tasks such as image recognition. 

In addition, the development of model fusion algorithms contributes to AI performance 
improvement. To improve model performance and stability, the algorithm combines multiple weak 
learners to build strong learners. Traditional model fusion algorithms such as Bagging and Boosting 
combine multiple models in different ways to improve accuracy and generalisation. 

 

Table 1. Optimisation algorithm performance comparison table 

optimisation algorithm 
Number of epochs required to achieve similar 

accuracy 
Average time per epoch 

(minutes) 

gradient descent 100 5 

stochastic gradient descent 60 3 

momentum method 50 2.5 

Adam optimisation 
algorithm 

40 2 
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This table visualises the performance of different optimisation algorithms for specific image 
classification tasks. It can be seen that as the algorithms continue to improve, the number of training 
cycles (epochs) required to achieve similar accuracy gradually decreases, while the average elapsed 
time per epoch also decreases. This indicates that the improved optimisation algorithm can train the 
model more efficiently and converge to a better solution faster. 

 

Table 2. Comparison table of the effect of regularisation methods 

regularization method 
Accuracy of the test set for the text 

categorisation task 
Description of the degree of 

overfitting mitigation 

regularity-free 80% severe overfitting 

L1 Regularisation 85% bound to ease 

L2 Regularisation 87% Further relief 

Dropout method 90% Effectively prevents overfitting 

Batch Normalization 
Method 

89% Effectively prevents overfitting 

 
The table reflects the effect of different regularisation methods on model accuracy and overfitting 

phenomena in text classification tasks. Without regularisation, the model overfitting is severe and the 
accuracy is low. With the application of regularisation methods, the accuracy gradually increases and 
the degree of overfitting gradually decreases. Among them, the Dropout method and Batch 
Normalisation method are effective in preventing overfitting and also improve the accuracy. This 
indicates that regularisation methods are crucial for improving the generalisation ability of the model, 
and different regularisation methods may have different performances in different tasks, so it is 
necessary to choose the appropriate method according to the specific situation. 

 

Table 3. Comparative table analysis of the effect of feature extraction algorithms 

feature extraction algorithm Speech recognition task accuracy 

principal component analysis (PCA) 70% 

linear discriminant analysis (LDA) 75% 

Deep Self-Encoder 85% 

 

This table shows that the performance of different feature extraction algorithms varies greatly in 
speech recognition tasks. The traditional principal component analysis and linear discriminant 
analysis algorithms have relatively low accuracy, while the deep selfencoder automatically learns 
features by constructing a multilayer neural network, which has stronger robustness and 
generalisation ability, and the accuracy is significantly higher than that of the traditional algorithms. 
This indicates that the new feature extraction algorithms have greater advantages in dealing with 
complex data tasks, and can better extract effective features and improve the performance of the 
model. 

3.2 Emergence of New Mathematical Algorithms 

With the development of artificial intelligence, new mathematical algorithms are emerging, 
bringing new opportunities and challenges. Deep learning algorithms have emerged as a machine 
learning method based on artificial neural networks with powerful modelling and learning capabilities. 
In recent years, it has gained great success in the fields of image recognition, speech recognition, 
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natural language processing, etc. Its core is neural network construction and training, which involves 
mathematical knowledge such as linear algebra, probability theory, optimisation theory, etc. It is able 
to automatically learn features through multi-layer neural networks to efficiently handle complex 
tasks. 

Generative Adversarial Networks (GANs) are major breakthroughs, consisting of generators and 
discriminators that generate data through adversarial training [4]. It is powerful in image generation 
and data enhancement, such as generating realistic images to provide tools for image editing and art 
creation, as well as increasing the amount and diversity of training data to improve model 
performance and generalisation. 

Reinforcement learning algorithms have also made important contributions, learning optimal 
strategies through the interaction of intelligences with their environments, with notable results in 
areas such as robot control and game intelligence. Its core is value function estimation and strategy 
optimisation, which involves mathematical knowledge such as dynamic programming, Monte Carlo 
methods, deep learning, etc., and can achieve efficient processing of complex tasks. 

Graph neural network is an important trend, processing data based on graph structure, the core of 
which is graph convolution operation and message passing mechanism, which involves mathematical 
knowledge such as linear algebra, graph theory, deep learning, etc., and can mine the complex 
relationships and patterns in graph-structured data to provide strong support for application tasks. 
These novel algorithms drive AI forward. 

 

 
Figure 1. Emergence of new mathematical algorithms 

3.3 Algorithmic Innovation from Interdisciplinary Integration 

Interdisciplinary integration is an important trend in scientific research, and the integration of 
mathematics with other disciplines brings new algorithmic innovations to artificial intelligence. 

The integration of mathematics and physics brings new breakthroughs. As an intersection of 
physics and computer science, quantum computing has powerful computing capabilities and potential. 
The combination of quantum computing and artificial intelligence, such as quantum neural networks, 
quantum machine learning and other new algorithms are emerging, using quantum parallelism, 
quantum entanglement and other characteristics to improve the performance and efficiency of 
artificial intelligence systems. 

The integration of mathematics and biology also innovates algorithms. Biological heuristics 
simulate biological systems, such as genetic algorithms, ant colony algorithms, particle swarm 
algorithms, etc., which draw on the mechanism of biological evolution and group behaviour, and have 
good global search capability and robustness. Combined with artificial intelligence, they provide new 
ideas for solving optimization problems, such as genetic algorithms that simulate biological evolution 
to find optimal solutions, and ant colony and particle swarm algorithms that simulate group behaviour 
to efficiently solve complex problems. 

The integration of mathematics and psychology brings new directions. Cognitive computing 
simulates human cognitive processes, such as attention mechanisms and memory networks in deep 
learning, drawing on human attention and memory mechanisms to better understand and handle 
complex tasks. Combined with artificial intelligence, in natural language processing, attention 
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mechanisms help models focus on important information to improve language quality, and memory 
networks simulate human memory to deal with long-term dependencies. 

The integration of mathematics and engineering provides new tools and methods. Optimisation 
engineering uses optimisation theory and methods for engineering design optimisation, and combines 
them with artificial intelligence to provide new tools for system design optimisation. Such as model 
compression, pruning technology to reduce parameters and computation, improve model efficiency 
performance; engineering design, artificial intelligence with optimisation algorithms to find the 
optimal solution to improve quality and efficiency. 

4. Challenges for Mathematical Algorithms in the Development of Artificial 
Intelligence 

4.1 Computational Complexity Challenges 

As AI applications expand, data size and model complexity increase, and mathematical algorithms 
face computational complexity challenges. Large-scale data processing requires efficient 
computation and storage efficiency, distributed and parallel computing provides a solution, but brings 
problems such as data communication overhead and task scheduling, which requires optimisation of 
algorithms and system architecture. In terms of complex model computation, deep neural networks 
and other complexity, researchers have taken to simplify the model structure, optimise computation 
methods, such as model compression and pruning, and also explore new methods such as quantum 
computation to cope with the challenges. In scenarios with high real-time requirements, such as 
autonomous driving and intelligent medical care, millisecond-accurate decision-making is required, 
requiring algorithms with efficient computational speed and real-time performance. This can be 
achieved through hardware acceleration and algorithm optimisation, such as the use of GPUs, FPGAs 
and other devices, as well as the continuous optimisation of algorithms to reduce the amount of 
computation. In conclusion, in the face of the challenge of computational complexity, multiple efforts 
are needed to improve the performance of mathematical algorithms to meet the needs of AI 
development. 

4.2 Data Quality and Uncertainty Challenges 

Data is the basis of artificial intelligence, and its quality and uncertainty affect the performance of 
mathematical algorithms. In practical applications, data often have problems such as noise, missing 
values and outliers, which affect the effectiveness of algorithms. Researchers have proposed data 
cleaning, filling and outlier detection methods to cope with this, such as data cleaning to remove noise 
and outliers, and data filling to make the data more complete. In terms of data uncertainty, data in 
some scenarios are uncertain, such as sensor data errors and subjective expert opinions. Dealing with 
uncertain data is challenging, although Bayesian networks, fuzzy logic, etc. can be dealt with, but 
there are problems with computational complexity and interpretability, and new algorithms need to 
be explored to improve processing capabilities [5]. Data privacy is also a key issue and user privacy 
needs to be protected from disclosure during collection and processing. Differential privacy protects 
data privacy by adding noise to prevent attackers from inferring sensitive information, and 
homomorphic encryption allows computation on encrypted data without decryption. In conclusion, 
addressing data quality, uncertainty and privacy issues is crucial for AI development and new 
methods and techniques need to be continuously explored. 

4.3 Interpretability Challenges 

Black-box algorithms such as deep learning are widely used in AI, but their internal working 
mechanisms are complex and difficult to understand and explain, posing interpretability challenges 
for applications. When a model makes an error or unreasonable prediction, it is difficult to identify 
the root cause of the problem and to improve and optimise it. In fields with high requirements for 
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interpretability, such as healthcare and finance, trust issues may be faced. Improving the 
interpretability of algorithms is of great significance, as it can enhance the trust of users, increase the 
acceptance and application scope of the system, and help researchers understand the principles of the 
algorithms, find the shortcomings, and improve the optimisation. To improve the interpretability, 
researchers have proposed model interpretation methods, visualisation methods and interpretable 
machine learning algorithms. Model interpretation methods analyse the structure and parameters to 
explain the decision-making process; visualisation methods visualise the internal working mechanism 
for easy understanding by users; and interpretable machine learning algorithms design structures with 
interpretability to make the decision-making process more transparent. In conclusion, addressing 
interpretability challenges is crucial for the development and application of AI. 

4.4 Ethical and Security Challenges 

The development of artificial intelligence poses ethical and security challenges. On the ethical side, 
there are issues of algorithmic bias, privacy protection and employment impact. Algorithmic bias may 
lead to unfair decision-making, privacy protection concerns user data security, and AI development 
may affect employment. To address ethical issues, algorithm design and application should consider 
ethical norms to ensure fairness, transparency, and interpretability, while enhancing data privacy 
protection and enacting regulations to govern development. In terms of security, AI algorithms are 
vulnerable to malicious attacks, such as anti-sample and data poisoning attacks, which may lead to 
performance degradation or even failure. To address security issues, it is necessary to strengthen 
algorithmic security protection, develop anti-attack algorithms and models, and strengthen security 
monitoring and management. In development, it is necessary to balance ethics and security, ensure 
that algorithms comply with ethical norms and avoid unethical decision-making, and at the same time 
strengthen security protection to protect user safety and interests. 

5. Strategies and Perspectives to Address Challenges 

5.1 Strategies at the Technical Level 

To meet the challenge of computational complexity, technical tools such as algorithm optimisation 
and parallel computing can be used. Algorithm optimisation can be achieved by improving the 
structure of the algorithm, reducing the amount of computation, and increasing computational 
efficiency. Parallel computing can increase the speed of computation by distributing computational 
tasks to multiple computational nodes. In addition, distributed computing, cloud computing and other 
technologies can be used to make full use of computing resources and improve the performance of 
the algorithm. 

To address the data quality and uncertainty challenges, new mathematical tools can be developed. 
For example, Bayesian non-parametric models, uncertainty estimation methods in deep learning, etc., 
can be used to better handle uncertain data. To improve the interpretability of algorithms, 
interpretable machine learning algorithms, model interpretation methods, etc. can be developed. To 
address ethical and safety challenges, ethical review tools, safety assessment methods, etc. can be 
developed. 

5.2 Education and Talent Development Strategies 

The development of artificial intelligence requires interdisciplinary talents with solid expertise in 
mathematics and computer science, as well as knowledge of physics, biology, psychology and other 
related disciplines. Cultivating interdisciplinary talents can promote exchanges and cooperation 
between different disciplines and promote the innovation and development of AI technology. 

In order to meet the development needs of artificial intelligence and mathematical algorithms, the 
education system needs to be adjusted. In terms of curriculum, relevant courses such as artificial 
intelligence, mathematical modelling and data science should be added to cultivate students' practical 
and innovative abilities. In terms of teaching methods, case teaching, project-driven teaching and 
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other methods should be adopted so that students can learn and apply their knowledge in real projects. 
In addition, international exchanges and co-operation should be strengthened, and foreign advanced 
education concepts and teaching methods should be introduced. 

 

 
Figure 2. Education and talent development strategies 

5.3 Future Prospects 

In the future, the application of mathematical algorithms in artificial intelligence will be more 
extensive and in-depth. With the development of new technologies such as quantum computing and 
bio-inspired computing, more new types of mathematical algorithms will emerge, bringing new 
opportunities and challenges to the development of artificial intelligence. At the same time, the 
interpretability, safety, and ethical issues of algorithms will also become the focus of research to 
promote the sustainable development of AI technology. 

The synergistic development of artificial intelligence and mathematical algorithms will bring great 
changes to human society. In the future, AI will be smarter, more efficient and more reliable, bringing 
more convenience and innovation to people's life and work. Meanwhile, mathematical algorithms 
will also continue to innovate and develop under the impetus of AI, providing more powerful tools 
and methods for scientific research and engineering applications. 

6. Conclusion 

6.1 Summarise the Innovations and Challenges of Mathematical Algorithms in AI 
Development 

This paper delves into the innovation and challenges of mathematical algorithms in the 
development of artificial intelligence. Mathematical algorithms play a fundamental position and a 
core driving force in AI, and continue to drive the innovation and development of AI technology 
through the improvement of traditional algorithms, the emergence of new algorithms, and 
interdisciplinary integration. However, mathematical algorithms also face challenges such as 
computational complexity, data quality and uncertainty, interpretability, and ethics and safety in the 
development of AI. 

6.2 Emphasising the Importance of Continuous Research and Innovation 

In order to meet these challenges, corresponding strategies are needed at the technical level and in 
education and talent training. At the same time, it is also necessary to continue research and 
innovation, develop new mathematical algorithms and tools, and promote the continuous progress of 
AI technology. Only in this way can the synergistic development of AI and mathematical algorithms 
be realised and make greater contributions to the progress and development of human society. 
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