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Abstract: 
Linear algebra is a critical component of artificial intelligence (AI), providing the 

mathematical framework necessary for representing, processing, and computing data. This paper 
examines key linear algebra techniques such as matrix operations, vector transformations, 
eigenvectors, and singular value decomposition (SVD) that support various AI models. These 
techniques are essential for performing tasks like dimensionality reduction, data encoding, and 
optimization, enabling efficient, scalable approaches to complex AI challenges. By investigating 
their applications in neural networks, support vector machines, and principal component analysis, 
this paper demonstrates how linear algebra improves model accuracy, decreases computational 
demands, and strengthens the reliability of AI algorithms. A solid grasp of these core concepts 
provides valuable insights for researchers and developers working to enhance AI through optimized 
data handling and better-performing algorithms. 
 

Introduction: 

Linear algebra is a key part of artificial intelligence (AI), giving the math needed to represent, 

process, and manipulate data. As AI continues to change industries like healthcare, finance, and 

entertainment, its ability to handle and compute large amounts of data is crucial to its success. Linear 

algebra helps AI systems organize data, perform complicated operations, and make calculations more 

efficient. This makes it an important tool for many AI applications, from machine learning to deep 

learning. 

Some of the most important ideas in linear algebra for AI are matrices, vectors, eigenvalues, 

and singular value decomposition (SVD). A vector is like a list of numbers used to represent data 

points, while a matrix is a grid of numbers that helps AI models work with more complex data. 

These tools help turn data into forms that machine learning algorithms can understand and use. 

Operations like multiplying, adding, and inverting matrices and vectors are key for AI models to  
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learn from data and make predictions. 

One of the most common uses of linear algebra in AI is in neural networks, a type of model 

used for many AI tasks. Neural networks rely on matrix operations to adjust values (called weights) 

and process information. Each layer of a neural network can be seen as a matrix operation applied to 

data, transforming it and making predictions. The backpropagation algorithm, used to train these 

networks, also depends on linear algebra to adjust weights using a method called gradient descent. 

Besides neural networks, linear algebra is important for other techniques like principal 

component analysis (PCA), which simplifies data by reducing its dimensions. PCA uses eigenvalues 

to break down complex data, keeping only the important information. This helps make AI models 

work faster and more efficiently while still keeping the necessary details for predictions and learning. 

Another useful technique in linear algebra is Singular Value Decomposition (SVD), which 

breaks down matrices to find patterns in large datasets. SVD is used in recommendation systems, 

text analysis, and image compression. It helps AI models identify structures in data, improving the 

accuracy and efficiency of tasks like analysing text or recommending products. 

As AI models become more complex, they need more advanced and faster calculations. 

These matrix operations can be expensive in terms of computing power, especially with large 

datasets. Graphics Processing Units (GPUs) have become essential for speeding up these operations. 

GPUs can process many calculations at once, making AI models more powerful and faster. linear 

algebra is the foundation of AI, providing the tools needed to manipulate data, train models, and 

optimize calculations. Understanding how these linear algebra techniques work in AI models helps 

researchers and developers build better systems. As AI becomes more widely used, mastering these 

concepts is important for advancing the field and driving innovation. 

Methodology: 

1. Matrix Operations in Artificial Intelligence: 

Matrix operations are a key part of AI, especially in deep learning, where data is usually 

stored and processed as vectors and matrices. 

Matrix Multiplication: 

Explanation: Matrix multiplication is the process of combining two matrices to create a new one. 

This is important in AI because it helps change input data into more useful forms. For example, in 

neural networks, the input data is multiplied by a weight matrix at each layer to produce the output. 

 Example: 

Imagine you have a dataset with three features: height, weight, and age. Each feature can be 

shown as a separate list of values, called a vector. 
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X = ൥
170
70
30

൩ 

W = ቂ0.5 0.2 0.3
0.4 0.1 0.7ቃ 

To predict something like income using the features, you use a weight matrix W that shows the 

connection between the features and the label. You multiply the feature data X by W to make the 

prediction. 

After performing matrix multiplication, then obtain the transformed output: 

X ′ = X × W 

The result of this operation gives a new representation of the data based on learnedweights 

Matrix Addition/Subtraction 

Explanation: Adding or subtracting matrices is important for fine-tuning AI models, especially 

during training. For example, in neural networks, weights are updated during backpropagation by 

adding or subtracting gradient values. 

 Example: 

During training, the weights matrix W in a neural network is adjusted using gradients. 

Gradients are values that show how much the weights need to change to improve the model. 

For example, the gradient matrix might look like this:  

∇W = ቂ 0.05 0.01
−0.02 0.03ቃ 

The weights are updated by subtracting the gradient values from the current weights. 

W୬ୣ୵ = W − ∇W 

Matrix subtraction changes the weights to reduce the error in the predictions. 

2. Eigenvalue Decomposition and Eigenvectors: 

Eigenvalue decomposition is a method used to understand the core structure of a matrix. It's 

useful for simplifying data by reducing its dimensions and compressing it. 

Eigenvalue Decomposition 

 Explanation:  

Eigenvalue decomposition breaks a matrix into its eigenvalues and eigenvectors. In AI, it 

helps us understand how data is spread out and how it can be transformed to simplify it. This 

is especially helpful in methods like Principal Component Analysis (PCA) for reducing the 

number of dimensions in data. 

 Example: 

For a 2 × 2 matrix A:  
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A = ቂ4 1
2 3ቃ 

Eigenvalue decomposition finds eigenvalues λ and eigenvectors v such that:  

Aϑ = λϑ 

Solving this equation gives us the eigenvalues and eigenvectors, which help us find the directions 

where the data varies the most. 

Principal Component Analysis (PCA) 

Explanation: PCA is a method used to reduce the size of large datasets by identifying the most 

important features. It uses eigenvalue decomposition to find the main directions (principal 

components) that capture the most variation in the data. 

 Example: 

3. Singular Value Decomposition (SVD): 

Imagine a dataset with two features: height and weight. PCA will find the main direction in 

this 2D space that shows the most variation in the data. It then projects all the data points onto this 

new axis, which simplifies the data while keeping the most important information. 

Singular Value Decomposition (SVD) is a method that breaks a matrix into three smaller, 

simpler matrices. It’s especially helpful for working with large and sparse datasets. 

Matrix Factorization with SVD 

 Explanation:  

SVD breaks a matrix A into three parts: U, Σ, and V. This helps reveal hidden patterns or 

features in the data that aren’t easily seen at first.  

 Example: 

Imagine we have a 3×3 matrix A that shows the ratings given by three users to three different 

movies. 

A = ൥
5 3 0
4 0 4
0 4 5

൩ 

By applying SVD, you decompose A into U, Σ, and V: 

A = UΣV୘ 

These decomposed matrices can show hidden factors, like user preferences and movie features, 

which are important for creating recommendation systems. 

Applications in Collaborative Filtering (Recommendation Systems) 

Explanation: Explanation: SVD is widely used in recommendation systems. It finds hidden patterns 

in user-item data to predict what items a user might like, even if they haven’t rated them yet.  

 Example: 



www.irjhis.com            ©2025 IRJHIS   | Special Issue, January 2025 | ISSN 2582-8568 | Impact Factor 8.031 
One Day International Symposium Organized by Seth Hirachand Mutha College of Arts, Commerce & 
Science, Kalyan (Maharashtra, India)  On "Artificial Intelligence"  

IRJHISIS2501004|     International Research Journal of Humanities and Interdisciplinary Studies (IRJHIS)| 27  

In Netflix’s recommendation system, SVD breaks down the user-item rating matrix. It 

predicts missing ratings by using hidden patterns, helping recommend movies based on what 

the user might like. 

4. Gradient Descent and Optimization: 

Gradient descent is a basic algorithm that helps adjust a model’s settings to reduce errors and 

make the model more accurate. 

Gradient Calculation 

Explanation: In machine learning, we calculate how the loss function changes with respect to the 

model's settings. Linear algebra helps compute this change (the gradient), which is then used to 

update the model and make it better. 

 Example: 

In a simple linear regression model the loss function (mean squared error) is:- 

L(w, b) =
1
n෍(y୧ − (wx୧ + b))ଶ

୬

୧ୀଵ

 

The gradient of the loss function with respect to w and b is computed as:  

∇୵L(w) =
2
n෍−x୧(y୧ − (wx୧

୬

୧ୀଵ

+ b)) 

The gradient of the loss function with respect to w and b is  

computed as:  

Backpropagation: 

 Explanation: 

Backpropagation is a method used in neural networks to calculate how much each weight 

contributes to the error. Linear algebra helps efficiently pass these gradient values backward 

through the network, allowing the weights to be updated.  

 Example: 

In a neural network, we calculate how the loss function changes with respect to the weights 

using the chain rule. These gradients are then passed backward through the network and 

adjusted with matrix operations to reduce the error. 

5. Linear Transformations and Data Mapping 

Linear transformations are operations that modify the data, such as scaling, rotating, or 

projecting data into different spaces. 

Feature Scaling and Normalization: 

 Explanation: Feature scaling makes sure all features have the same impact on the model.  
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Normalization or standardization is used to adjust each feature so it has a mean of 0 and a 

standard deviation of 1. 

 Example: 

For a dataset with features like age, height, and income, scaling makes sure all features are 

within a similar range. This stops features like income, which might have much larger values, 

from overpowering the learning process. 

Data Projection (e.g., in SVM) 

 Explanation:  

Linear transformations can move data into higher-dimensional spaces, making it easier to 

separate different classes. This method is used in Support Vector Machines (SVM) to find the 

best boundary (hyperplane) that divides the data points into distinct classes.  

Example: 

In an SVM with a linear kernel, the data is moved into a higher-dimensional space using a 

mapping function. This makes it easier to find a separating boundary (hyperplane). For 

example, changing a 2D space to a 3D space can make a dataset that couldn't be separated 

before, easier to separate. 

Result: 

The research shows how important linear algebra is for artificial intelligence (AI). 

Techniques like matrix operations, eigenvalue decomposition, singular value decomposition 

(SVD), gradient optimization, and feature scaling help in organizing data, training models, 

and speeding up computations. These methods simplify complex data, find hidden patterns, 

and improve the performance of AI algorithms. They make AI models more accurate, 

scalable, and faster to train. Examples such as neural networks, recommendation systems, and 

machine learning clearly show how these techniques are used in real-world applications. This 

proves that linear algebra is a key part of building and improving AI systems to solve 

challenging problems. 
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