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ABSTRACT 

 With the emergence of new technologies and during global challenges, Artificial intelligence has 

gained attention   of everyone across the globe and has created great upheavals with in the scientific 

world. Mathematics is applicable in every walk of life ranging from our kitchen, garden to Machine 

learning, Artificial intelligence et.al. and every field is incomplete without mathematics. The different 

branches of mathematics play important role in Artificial intelligence also to flourish. At the heart of 

AI exist algorithms, a set of instructions that a computer follows to solve a problem. Artificial 

Intelligence is undergoing a paradigm shift from being a "tool of mathematics" to a "partner in 

mathematics." The paper exhibits the foundational role of mathematical disciplines like linear algebra, 

calculus, and statistics. in the field of Artificial intelligence. It addresses the pedagogical 

transformation of maths education through intelligent tutoring systems and assesses the ethical and 

epistemological risks, including the "black box" nature of AI-generated proofs. The study winds up 

with a futuristic vision of "Hybrid Intelligence," where human intuition and machine computation 

merge to solve unsolved problems like the Riemann Hypothesis. 
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1. Introduction:  

Everything around us is mathematics. Everything around us is numbers. The subject exists in every 

walk of life. Mathematics is an engine powering all machine learning models, translating raw data into 

algorithms. Mathematics makes AI able to present, process, and analyze data in efficient way. In a 

current world laden with data, AI needs powerful mathematical models for complex decisions. 

Mathematicians have given support for the progressive growth of Artificial Intelligence with their great 

efforts, exerting a profound influence on its evolution across the globe. They have established the basic 

principles for AI systems, developing algorithms, models, and procedures that empower machines to 

gain knowledge, engrossed in logical thinking, and make well-informed choices. 

Artificial Intelligence is often perceived as a triumph of computer engineering, yet its heart is purely 

mathematical. In the current era, AI has transcended simple pattern recognition to enter the realm of 

Causal Reasoning and Physical Intelligence. Mathematics provides the formal language required to 

translate human-like intuition into executable code. As we deploy AI in critical sectors like healthcare 

and autonomous logistics, the "Black Box" nature of neural networks is being dismantled through 

rigorous mathematical modelling, making maths the gatekeeper of AI trust and reliability. Many 

researchers have made study in this current area with their different point of view such as Brown, C. 

& Davis, H. (2022) have discussed the Role of AI in Mathematical Creativity. Buzzard, K. & Rabe, 

M. (2023) studied Symbolic AI vs. Neural AI in Theorem Proving. Jordan, M. & Bengio, Y. (2024) 

have debated AI and Predictive Modelling in Mathematics. Fischer, R. & Schmidt, K. (2023) discussed 

AI-Generated Mathematical Conjectures. Floridi, L., & Dignum, V. (2024) highlighted ethical 

Concerns in AI Mathematics and so on. I have also tried to through light on blending of mathematics 

in artificial intelligence in this paper. 

 

2. Objective of Study: In the context of the interrelation between Artificial Intelligence and 

Mathematics, the objective of the study gives a plan to evaluate how these two fields collaborate. The 

primary goal is to shift the perspective from viewing AI as a mere "calculator" to viewing it as a 

collaborative cognitive partner.  
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3. The Mathematical Pillars of Modern AI 

Mathematics can be observed in many instances for developing AI. In fact, the mathematical 

techniques are the base of various AI models that are integrated into AI performances. The 

Mathematical usage in developing Artificial intelligence are such as: 

3.1 Discrete mathematics 

Discrete mathematics is the silent engine behind artificial intelligence. empowering machines to 

process information, make decisions, and learn from data.  

• It is the foundational logics, binary number system, storage calculation 

• It is the basis of the algorithmic data structures such as Graph, tree and sets. 

Its applications in AI are vast and indispensable, shaping the technology that is increasingly becoming 

an integral part of our lives 

3.2 Linear Algebra  

Linear algebra (the language of Data) is the basis of AI, providing the structure to represent and 

manipulate high-dimensional data. 

• Vectors & Matrices: Used to represent datasets (e.g., an image as a pixel matrix). 

• Matrix Multiplication: The fundamental operation of forward propagation in neural networks. 

• Eigenvalues & Eigenvectors: Essential for dimensionality reduction through techniques like 

Principal Component Analysis (PCA). 

• Tensors: Multi-dimensional arrays that allow the processing of complex data structures like 

video and 3D scenes. 

3.4 Calculus  

Calculus (The engine of Learning) plays a supportive role for ML and AI. It helps AI understand how 

models work and find the best weights for ML models. Calculus also helps AI understand the behavior 

of neural networks. It helps AI learn and understand the world like humans do. It focuses on rates of 

change and uses a step-by-step reasoning process that considers cause and effect. 

Calculus deals with changes in parameters, functions, errors, and approximations. A working 

knowledge of multidimensional calculus is essential in AI. It's used to: 

▪ Understand and solve complex optimization problems 

▪ Model uncertainty 

▪ Build advanced AI and ML algorithms 

▪ Optimize algorithms and train models 

▪ Regularization 

The most important concepts in calculus are like 

▪ Derivative: The derivative of a function describes the function's instantaneous rate of change 

at a certain point. Another common interpretation is that the derivative gives us the slope of the 

line tangent to the function's graph at that point.  

▪ Integral Calculus: Integral Calculus is the branch of calculus where we study integrals and 

their properties. Integration is an essential concept which is the inverse process of 

differentiation. Both the integral and differential calculus are related to each other by the 

fundamental theorem of calculus. 

▪ Vector/Matrix Calculus:  Matrix calculus is a collection of notations that use vectors and 

matrices to collect the derivative of each component of the dependent variable with respect to 

each component of the independent variable. Matrix calculus allows us to write the partial 

derivatives of functions of multiple variables as a vector or a matrix that can be treated as a 

single entity. 

▪ Gradient Algorithms:  Gradient algorithms are iterative optimization algorithms that find the 

minimum of a function. They are commonly used in machine learning and deep learning to 

minimize a cost or loss function. 
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3.5 Probability & Statistics: Managing Uncertainty 

Since AI operates in the real world with noisy data, it must reason under uncertainty. 

 

 

3.5.1 Statistical techniques 

• Statistics are the subject of maths which is associated with the structure and flow is sequence 

and points. 

• Statistical methods such as regression and measure of center provides vital contribution to the 

AI systems. 

• The graphical statistics techniques contributes the model evaluation processes. 

• Bayesian Inference: Updating the probability of a hypothesis as more evidence becomes 

available. 

• Probability Distributions: Modeling data behavior (e.g., Gaussian distribution for noise). 

• Maximum Likelihood Estimation (MLE): A method to estimate the parameters of a statistical 

model that best fit the observed data. 

3.5.2 Probability 

• The probabilistic approaches are often used in the AI development to reduce the bias and 

leverage precision. 

• The famous approaches like Naive Bayes are the approaches based on the mathematical Bayes 

theorem. 

• The sub fields of Artificial intelligence such Natural language processing and Language 

modelling often uses probabilistic approaches such as ngram model. 

 3.6 Optimization: Finding the Best Solution 

Optimization is the process of adjusting parameters to find the minimum of a Loss Function. 

• Gradient Descent: The most common iterative optimization algorithm. 

• Convex vs. Non-Convex Optimization: While many AI problems are non-convex, 

mathematical theory helps identify pathways to global minima. 

There are many other subfields of mathematics that is used in the development of AI based on machine 

learning and data science technologies. 

3.7 Physical AI and "Predictive Math" 

In 2026, the "Silent Revolution" in robotics is fuelled by Dual Numbers and Jets. These tools allow 

robots to calculate not just their own movements, but the "ripples" those movements cause in the 

physical environment. This enables "intuitive" physics—allowing a robot to understand weight, 

balance, and friction without explicit programming 

 

4. Discussion:  

In spite of many benefits, the intermixing of AI into mathematics faces challenges also. 

• The "Black Box" Problem: Traditional math relies on "transparency." A proof is only accepted 

if a human can follow every logical step. AI can sometimes provide a "correct" answer or a 

verified proof that is thousands of pages long, making it impossible for humans to derive 

"insight" or "understanding" from it. 

• Cognitive Atrophy: In education, there is a risk that students may rely on AI (like Photomath 

or ChatGPT) to solve problems, leading to a decline in foundational "number sense" and critical 

thinking. 

• Algorithmic Bias: If an AI is trained on a specific subset of mathematical approaches, it may 

ignore "fringe" or creative methods of problem-solving, leading to a homogenization of 

mathematical thought. 

 

5. Futuristic Vision 
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Looking towards 2030 and beyond, we anticipate the rise of Artificial General Intelligence (AGI) in 

mathematics. 

• Conjecture Machines: AI will move from proving known theorems to proposing entirely new 

mathematical conjectures that humans haven't even thought to ask. 

• Personalized Math Mentors: Education will shift from "one-size-fits-all" to AI mentors that 

adapt to a student's specific cognitive gaps in real-time, potentially eliminating "math anxiety." 

• The Great Unsolved: We may see the first AI-led solutions to the Millennium Prize Problems, 

where the AI handles the gruelling symbolic manipulation while humans provide the high-level 

strategic direction. 

 

6. Conclusion 

The blending of mathematics and AI creates new opportunities for scientific exploration and facilitates 

practical implementations in diverse areas like healthcare, finance, robotics, and other. The 

intermingling of mathematics and AI have the capability to revolutionize various sectors, upgrade our 

way of life, and stimulate groundbreaking advancements.  

  All of us know that AI is the burning issue of this century across the world but it not mean that 

AI is going to replace the mathematician; rather, it represents the evolution of the craft. Machine 

without man is incomplete. Machine must be subservient to man; Subordinate and supplementary. 

Mind of man is maker of Machine. Just as the calculator did not make arithmetic outdated but allowed 

for higher-level calculus, AI will free mathematicians from the "grunt work" of computation, 

supporting them to focus on the more profound aspects of creativity and conceptualization. While AI 

tools excel at pattern recognition and exhaustive search, human intuition remains needful for defining 

"beauty" and "significance" in mathematical thought. The progressive tomorrow of the field depends 

upon a balanced approach—leveraging AI for its speed and precision vis-a vis maintaining a rigorous 

human-centric attention on conceptual understanding and ethical application. The future of 

mathematics is not human vs. machine, but a hybrid synergy that will unlock the deepest secrets of the 

universe. 
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