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Abstract: Graph theory is the Branch of Discrete mathematics which plays a key role in Machine Learning and Data Science. 
Graph Theory in Machine Learning states to the application of mathematical structures known as graphs to model pairwise 
relations between objects in machine learning.  A graph in this framework is a set of objects, called nodes, connected by links, 
known as edges.  Each edge may be directed or undirected. In mathematics, graph theory is one of the important fields used in 
structural models. This paper explores the applications of Graph theory and various types of graphs in Machine Learning. The 
paper also discusses the advantages and various types of graph theory Algorithms which are used in Machine learning. 
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I. INTRODUCTION 
The pleasant story of graph theory begins with the exploration of relationships between objects. As with many mathematical 
concepts, its origins can be traced back centuries.  
The origin of graph theory started with the problem of Koinsber bridge, in 1735. This problem leads to the concept of Eulerian 
Graph. Euler studied the problem of Koinsberg bridge and constructed a structure to solve the problem called Eulerian graph [7].  
Euler established a foundational approach to network visualization, paving the way for future advancements [3] 
The 19th century witnessed further contributions from mathematicians like Augustus De Morgan and Gabriel Lamé, who explored 
colourability and closed paths within graphs, respectively [3]. Machine learning is an important in many fields such as Mathematics, 
statistics, computer science, cognitive science that make up the background of machine learning. Graph theory join with machine 
learning and databases in several ways such as enabling efficient representation, querying, and analysis of complex relational data. 
Graphical representation is an effective approach to understand the concepts information retrieval, recommendation systems, 
question-answering systems, community detection, Disease analysis, and document classification. Graph theory and machine 
learning are strongly related with each other. The area of graph theory offers vigorous tools and frameworks for the analysis and 
representation of intricate data structures. Machine learning techniques utilize these representations to handle a wide variety of 
problems. The applications of graph theory in different phases of machine learning processes are covered.  
 

 
Figure: Machine Learning Process Source [16] 

Using above steps machine learning algorithm performs. There is a lot of literature which demonstrate the significance of graph 
theory in machine learning tasks [12]. Proposes graph Consideration Organizations (GATs), which use consideration instruments to 
learn node portrayals by taking care of their neighbours [14].  
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II. DEFINITION OF GRAPHS AND ITS TYPE 
1) Graph: A graph G consists of a set V(G) of elements called vertices and a set E(G) of elements called edges together with a 

relation of incidence which associates each edges with a pair of vertices, called its ends. Two or more edges joining the same 
pair of vertices are known as a multiple edge, and an edge joining a vertex to itself is called a loop. 

2) Simple Graph: A graph with no loops and multiple edges is called a simple graph. 
3) Complete graph: A simple graph in which any two vertices are adjacent is called a complete graph. 
4) Isolated and pendent vertex: A vertex with degree zero is called isolated vertex and degree one is called pendant vertex or end 

vertex. 
5) Walk: A walk in a graph is a sequence of vertices and edges where both edges and vertices can be repeated. 
6) Path: A path is a trail in which neither vertices nor edges are repeated. 
 
A. Adjacency and Incidence Matrix 
The adjacency matrix of a graph G with n vertices is denoted by A(G)=[Aij], in which Aij is the number of edges joining vi and vj. 
Then the other matrix is incidence matrix of G, is the matrix M(G)=[Mij], where Mij is the number of times (0, 1 ) that vi and ej are 
incident. 

௜௝ܣ = ቊ1, ௧௛݅ ݊݁݁ݓݐܾ݁ ݁݃݀݁ ݊ܽ ݏ݅ ݁ݎℎ݁ݐ ݂݅  ܽ݊݀ ݆௧௛ ݏ݁ܿ݅ݐݎ݁ݒ 
0, ݏ݁ܿ݅ݐݎ݁ݒ ௧௛ ܽ݊݀ ݆௧௛݅ ݊݁݁ݓݐܾ݁ ݁݃݀݁ ݋݊ ݏ݅ ݁ݎℎ݁ݐ ݂݅

 

 

௜௝ܯ = ൜1, ݂݅ ݁݀݃݁ ௝݁ ℎ ௜ܸݐ݅ݓ ݐ݊݁݀݅ܿ݊݅ ݏ݅  
݁ݏ݅ݓݎℎ݁ݐܱ                                            ,0  

 
III. MACHINE LEARNING 

Machine learning is a branch of artificial intelligence that enables algorithms to uncover hidden patterns within datasets. Machine 
learning is the field of study of systems that learn problems examples obtained by raining Data. It allows them to predict new, 
similar data without explicit programming for each task. There are two types of techniques in machine learning first one is 
supervised learning and second one is unsupervised learning. Thus, Machine learning aims to propose algorithms that can learn 
iteratively with the available data, in order to apply such algorithms to automate the construction of models capable of performing 
classification, regression, and clustering. [10,15]. there are some specific areas where machine learning is being used: 
1) Predictive Modelling 
2) Natural Language Processing 
3) Computer Vision 
4) Graphical Neural Network 
5) Decision Support System 
6) Fraud Detection 
 

IV. GRAPH THEORY ALGORITHMS USED IN MACHINE LEARNING 
Graph theory algorithms are useful in machine learning for understanding complex relationships in data. They help to analyse 
connected structures like social networks, recommendation systems, biological networks, and knowledge graphs. These algorithms 
are used for tasks like clustering, classification, anomaly detection, and prediction [17]. There are various graph theory algorithms 
are commonly used in machine learning.  
These are as bellow.  
1) Graph Traversal:  
2) Shortest Path Algorithms:  
3) Centrality Measures: . 
4) Graph Clustering 
5) Graph Clustering:  
6) Graph Neural Networks (GNNs) 
7) Minimum Spanning Tree (MST) 
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V. GRAPH THEORY IN MACHINE LEARNING 
Graph theory plays a crucial role in machine learning by providing a structured way to represent and analyse complex relationships 
between data points. Many real-world problems naturally fit into a graph-based framework, making graph theory an essential tool 
for various machine learning applications. There are some key applications of graph theory in machine learning is mentioned below.  
1) Graph Neural Networks (GNN): Graph Neural Networks are a powerful way to combine graph theory and neural networks. 

GNNs operate directly on the graph structure and can capture complex relationships in the data. In GNNs, the nodes represent 
entities, and the edges represent relationships between these entities. GNN can capture relationships and dependencies between 
entities in complex networks. 

2) Graph Convolutional Networks (GCN): These extend convolutional neural networks (CNN) to non-Euclidean graph data, 
allowing the learning of node representations. 

3) Social Network Analysis (SNA): The Social Network Analysis is the mathematical process that helps to find social structure. 
This is the unique approach that combines various nodes and edges of the society to understand effective social structure. It 
helps to understand social structures with the help of graph theory and networks. In social structure, there are several terms of 
nodes such as people, individual actors, and other things. In the Social network Analysis nodes and edges are most important 
components that help to represent social structure.  A social media graph is lokes like as following image. 

 
 
Clustering and Community Detection 

 Spectral Clustering: 
 Community Detection: 

 
Natural Language Processing (NLP) 

 Text Summarization: 
 Knowledge Graphs for NLP: 

 
VI. ADVANTAGES OF GRAPH THEORY IN MACHINE LEARNING 

Graph theory offers several advantages in machine learning, especially in handling structured data and complex relationships. Here 
are some key benefits. 
 
A. Enhanced Model Development 
Graph theory provides a robust framework for representing and analysing interconnected data. This capability is crucial for 
developing machine learning models that can efficiently process and interpret complex relationships, leading to more precise and 
actionable insights [11]. 
1) Improved Data Structure and Interpretability 
2) Scalability and Efficiency 
3) Flexibility Across Domains 
4) Interpretability: 
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VII. CONCLUSION 
Graph theory provides a versatile and powerful framework for modelling and analysing complex relationships in data science and 
machine learning. The integration of graph-based methods with machine learning techniques has run to significant advancements in 
various applications. This paper explores the use of graph theory algorithm in machine learning, benefits of graph theory in machine 
learning and brief overview of graph theory.  
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