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Abstract 

Artificial Intelligence (AI) is one of the newest technologies that have 

become a key driver of modern computing and is used in image recognition, 

natural language processing, autonomous vehicles, and healthcare analytics. 

These intelligent systems are backed up by a solid mathematical basis especially 

by numerical techniques. Numerical Methods give efficient procedures in solving 

mathematical problems that are not solvable analytically or they demand 

approximations of computation. They are important in the training of machine 

learning models, algorithm optimization, solving of DEs, and the processing of 

large data volumes. This paper will discuss the uses and purposes of numerical 

methods in artificial intelligence, such as optimization, matrix computations, 

root-finding methods, numerical differentiation and numerical integration. The 

paper emphasizes the role of numerical algorithms to improve the efficiency and 

accuracy of AI systems and explains the uses of the tool in the fields of neural 

networks, computer vision, and predictive analytics. 

Keywords: Artificial Intelligence, Numerical Methods, Optimization, Machine 

Learning, Gradient Descent, Computational Mathematics 

1. Introduction 

Artificial Intelligence (AI) is the concept of having machines undertake tasks that 

are normally considered to be carried out by humans, including reasoning, 

learning, the decision-making process, and the recognition of patterns. The 

contemporary AI systems are extensively dependent on mathematical models and 

computational methods to work with data and provide meaningful information. 

Among them, the number of methods is an essential part of solving complicated 

mathematical problems that are presented in AI. 
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Numerical methods are mathematical algorithms that are applied to approximate 

solutions to problems that do not necessarily have analytical solutions. They are 

especially useful in the case of large data, nonlinear equations, and high-

dimensional optimization problems that are typical of AI applications. 

The growing complexity of AI models has led to choosing numerical 

computations as the only way to implement it efficiently. In this paper, the 

significant numerical approaches in AI and the way they are applied in various 

fields will be discussed. 

2. Numerical Methods in Artificial Intelligence 

The numerical techniques involve a host of computational methods that comprise 

iterative methods, approximation, and optimization methods.  

In some fundamental ways, some of the numeric techniques employed in AI 

include: 

• Optimization Methods 

• Numerical Linear Algebra 

• Root-Finding Algorithms 

• Numerical Differentiation 

• Numerical Integration 

• Iterative Techniques of Large Systems. 

Most AI methods are mathematically supported by these approaches. 

3. Gradient Descent 

Gradient descent is a mathematical optimization model that is applied in 

minimizing loss functions within machine learning models. It operates by 

changing the model parameters by moving them through the negative gradient. 

Mathematically,  𝜃𝑛𝑒𝑤 = 𝜃𝑜𝑙𝑑 − 𝛼𝛻𝐽(𝜃) where θ = model parameters and α = 

learning rate 

J(θ) = cost function 

Gradient descent is widely used in:  

• Linear regression 

• Neural networks 

• Deep learning models 

• Logistic regression 

4. Numerical Linear Algebra in AI 

Majority of AI algorithms are very dependent on matrices operations. These 

operations are efficiently performed with the assistance of numerical linear 

algebra methods. 
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Key techniques include:  Matrix Multiplication, Applied in neural networks in 

forward propagation, Eigenvalue Computation Significant in methods of 

dimensionality reduction like Principal Component Analysis (PCA). Singular 

Value Decomposition (SVD) Used in: Recommendation systems, Image 

compression NLP Natural language processing.  

5. Root-Finding Methods in AI 

The nonlinear equations that are solved to find the roots are used in optimization 

problems. Examples of some common numerical methods of finding roots are: 

Newton-Raphson Method, Bisection Method, Secant Method Considering the 

example of the Newton-Raphson method the values are updated as follows. 

:  𝑥𝑛+1 = 𝑥𝑛 − 𝑓(𝑥𝑛)/𝑓′(𝑥𝑛)   

Such methods are applied in AI applications in: Estimation of the parameter of 

logistic regression. Probabilistic model training., Nonlinear optimization Solving 

problems. 

6. Numerical Differentiation in Deep Learning 

Deep learning models involve the derivation of loss functions with respect to the 

parameters of a model. When the derivatives are not easy to calculate, numerical 

differentiation assists in the approximation of the derivatives. 

One common approximation is the finite difference method: 𝑓′(𝑥) ≈ 𝑓(𝑥 + ℎ) −

ℎ ∗ (
𝑓(𝑥)

𝑓′(𝑥)
)   

Applications include: Differentiation in neural networks., Gradient-based 

optimization, Algorithms of reinforcement learning. 

7. Numerical Integration in AI 

Numerical integration is applied when it is hard or impossible to compute 

integrals analytically.  

Common techniques include: Trapezoidal Rule, Simpson's Rule, Monte Carlo 

Integration, In AI, Monte Carlo methods have been applied to:  Bayesian 

inference, Reinforcement learning 

Probabilistic models 

In a Bayesian machine learning example, numerical integration for probability 

distribution integrals is frequently used. 

8. Applications of Numerical Methods in AI Systems 

8.1 Neural Networks 

The optimization of neural networks requires the modification of millions of 

parameters through numerical optimization algorithms, like the gradient descent. 
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Numerical procedures are applied to: Weight updates, Loss minimization, 

Backpropagation 

8.2 Computer Vision 

Image processing algorithms are based on the numerical operations like matrix 

transformations, convolution operations, and optimization. 

Applications include:  Object detection, Face recognition, Image classification 

8.3 Natural Language Processing 

Natural Language Processing (NL) represents an additional software 

development field that offers opportunities to observe more effectively how 

companies could use AI in their operations. <|human|>NLP Natural language 

processing (NLP) is another area of software development, which provides a 

chance to see better how companies might apply AI to their business. 

Applications include: Word embeddings, Language translation, Chatbots 

8.4 Autonomous Vehicles 

The self-driving cars apply numerical algorithms to: 

Sensor data processing, Path optimization, Real-time decision making 

Motion planning involves the use of optimization and numerical different 

equations. 

8.5 The medical and healthcare 

The medical and healthcare diagnosis field is highly sensitive and requires 

analysis by lawyers who are proficient in this domain. <|human|>Medical and 

healthcare diagnosis 8.5 is a very sensitive area and it needs to be analyzed by 

lawyers who have been specialized in this area. 

9. Numerical Example: Gradient Descent for Linear Regression 

Consider a dataset with input x and output y. The linear regression model is: 

y=mx+c  

The cost function is 𝐽(𝑚, 𝑐) =
1

𝑛
∑(𝑦𝑖 − (𝑚𝑥𝑖 + 𝑐))

2
 

Gradient descent updates parameters iteratively. 

9.1 Python Implementation 

import numpy as np #numerical python library 

import matplotlib.pyplot as plt # plotting library  

x = np.array([1.0,2.0,3.0,4.0,5.0])  

y = np.array([2.0,4.0,5.0,4.0,5.0]) 

m = 0.0 

c = 0.0 

lr = 0.01 

epochs = 100.0 
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n = len(x) 

for i in range(epochs): 

    y_pred = m*x + c 

        dm = (-2/n)*sum(x*(y - y_pred)) 

       dc = (-2/n)*sum(y - y_pred) 

        m = m - lr*dm 

    c = c - lr*dc 

print("Slope:",m)  # display slope 

print("Intercept:",c) # display intercept  

plt.scatter(x,y) #plot scatter  

plt.plot(x,m*x+c) #plot predicted values  

plt.show() # display plot  

This program demonstrates how numerical optimization helps train a machine 

learning model. 

 
10. Advantages of Numerical Methods in AI 

➢ Complex mathematical problem enable solutions. 

➢ Big data efficient. 

➢ Both conditions are necessary in machine learning. 

➢ Enhance AI with real-time calculation. 

➢ Scaleable deep learning models. 

Challenges 

➢ Irrespective of their significance, numerical techniques have a number of 

problems: 

➢ Computer cost of large models. 

➢ Numerical instability 

➢ Convergence issues 

➢ Parameters sensitivity. 

Researchers are constantly coming up with better numerical algorithms to 
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overcome such problems. 

12. Conclusion 

Artificial intelligence systems are developed and implemented with the help of 

numerical methods. They offer effective computational aids to solve optimization 

problems, carry out matrix maths, estimate derivatives and integrate complicated 

mathematical models. Gradient descent, numerical linear algebra, and Monte 

Carlo techniques are common in contemporary machine learning and deep 

learning programs. 

With the further development of AI models, numerical methods will become 

even more important. The developments of numerical algorithms will allow 

training it faster, more closely, and work with the large data volumes more 

effectively. It is probable that the future research will be aimed at creating more 

stable, scalable, and efficient numerical methods to underpin next-generation AI 

systems. 
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