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Abstract:  

Graph coloring is one of the most important concept in graph theory and is used in many 

real time applications. Graph coloring includes, vertex coloring, edge coloring, region 

coloring etc., of graphs. Proper edge coloring means, coloring of edges of a graph such that 

no two adjacent edges have the same color. Edge chromatic number of a graph is the 

minimum number of colors required for proper edge coloring of the graph and is denoted 

by χ′(G). In this article, GEC algorithm is proposed for finding the edge chromatic number 

of a graph with computer coding for the same using python. This proposed computer 

algorithm is explained with an example and it helps to understand the execution process of 

python to find the edge chromatic number of a graph.  

Keywords: Edge coloring, Edge Chromatic number, Edge Adjacency matrix, Edge 

degree, Algorithm, Python.                                                                                                                           

1. Introduction 

The origin of graph theory started with the problem of Konigsberg bridge in 1735. Graph theory ideas 

are highly utilized by computer science applications. Graph theory has so many parameters in which 

graph coloring is one among them. Graph coloring is an essential concept and especially used in the 

research areas of computer science such as data mining, image segmentation, clustering, image 

capturing, networking etc., [1]. With the help of graph coloring concepts, we can solve various 

timetabling problems, scheduling problems, job allocation problems, team building problems, etc. 

There are several methods of graph coloring available that can be applied in the immense areas of 

science and technologies as per the condition of the problems. In most of the coloring problems, it is 

expected to discover the chromatic number of graphs i.e., the least possible number of colors for 

appropriate coloring of graph G [16].  So far there are several algorithms were proposed by various 

authors for vertex coloring, egde coloring, total coloring and region coloring etc. By analysing the 

methodologies used in the existing algorithms and knowing the importance of graph coloring, in this 

paper GEC algorithm is proposed to find the edge chromatic number of a graph. 
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2.   Graph coloring algorithms- A Review 

This section briefs various existing graph coloring algorithms. Greedy algorithm uses the techniques 

of deciding the color of vertices sequentially in the coloring process, which gives the minimum number 

of colors for vertex coloring but it need not be a chromatic number [2]. Tabu search techniques provide 

the optimal coloring of a graph having up to 1000 nodes and their efficiency is shown to be 

significantly superior to the famous simulated annealing [3]. David S. Johnson et al presented the 

simulated annealing and its parameterized generic implementation, describes how this generic 

algorithm was adapted to the graph partitioning problem, and reports how well it compared to standard 

algorithms [4]. Daniel Brelaz described efficient new heuristic methods to color the vertices of a graph 

which rely upon the comparison of the degrees and structure of a graph [5]. Amit Mittal et al described 

a method for graph coloring with minimum number of colors and it takes less time as compared to 

other techniques [6]. K A Santosa et al, presented in the form of the pseudocode and flowchart so that 

it can be computerized more easily. The novelty of this research is to detect the character of the 

adjacency matrix so that it can apply to vertex colouring through the matrix [7]. T. Ramachandran 

presented an algorithm based on the adjacency matrix, to color all the vertices of the given graph with 

the minimum number of colors which helps us to determine the chromatic number of any graph [8]. 

Samsul Arifin presented a Bitwise coloring algorithm using Python [9]. Ganga K. M. et al, presented 

First fit algorithm, Welsh Powell algorithm, Largest degree ordering algorithm, Incidence Degree 

Ordering Algorithm, Degree of Saturation Algorithm and Recursive Largest First Algorithm using 

Python Programming [10].  

3. About Python Programming 

Python is a multipurpose programming language and has lot of built-in library support. It has variety 

of modules and software extensions to customize the application to meet specific requirements. 

Python’s community is very active in developing the language so that it becomes a very trustworthy 

language. It has the ability to communicate with other languages and the code can be called from C, 

C++ and other programming languages and vice versa. Python is not only easier to read, but it is also 

more efficient than the languages like C, C++ and Java. Minimum number of lines can be used in 

writing python program when compared with other languages. Python is a widely used programming 

language that is considerably easier to learn. Because the idea of python itself promotes readability, 

the syntax is straightforward, easy to comprehend and remember. Python code is simple to develop 

and read, making it simple to debug and maintain. In short, the reason we use Python is that it is a 

powerful language and can be run on multiple platforms, also very easy to understand [9]. In Particular, 

Python is commonly used to implement graph coloring algorithms like the Greedy Algorithm, 

Backtracking, and Welsh-Powell due to its flexibility and vast library support. Python's NetworkX 

library provides a robust framework for handling graph structures and has built-in methods for graph 

coloring, making it easy to model and solve problems related to coloring [17]. 

4. Preliminaries  

For clear and better understanding of the GEC algorithm some basic definitions and their 

remarks are presented below. 
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4.1 Definition 

Coloring all the edges of a graph with colors such that no two adjacent edges have the same 

color is called the proper edge coloring.  

A graph in which every edge has been assigned a color according to a proper edge coloring is 

called a proper edge colored graph.  

A graph G requires k different colors for its proper edge coloring, and no less,  

is called a k- chromatic graph, and the number k is called the chromatic number of G.  

 

Remarks  

➢ A graph consisting of only isolated edges is 1-chromatic.  

➢ A graph with one or more edges (not a self – loop) is at least 2 – chromatic.  

➢ A complete graph of n edges is n-chromatic.  

➢ A graph consisting of simply one circuit with n≥3 vertices is 2 – chromatic if n is even and 

3-chromatic if n is odd.  

4.2 Definition 

Edge Adjacency Matrix of G be a graph with n vertices, e edges, and no self – loops is defined 

by an e by e matrix denoted by A= [𝑎𝑖𝑗], whose e rows and e columns are corresponding to the e edges. 

The matrix elements are  

                          [𝑎𝑖𝑗] = 1, if ith edge is adjacent to jth edge,  

                                   = 0, otherwise 

Remarks 

➢ Edge Adjacency matrix is also known as [0,1] matrix 

➢ Edge Adjacency matrix is symmetric,i.e [𝑎𝑖𝑗]  = [𝑎𝑗𝑖] 

➢ Simple graph doesn’t have a loop, so the diagonal elements of the edge adjacency matrix are 

always zero.  

➢ The number of 1’s in each row and column equals the degree of the corresponding edge. 

4.3 Definition 

The edge degree d(e) of the edge e = uv is defined as the number of neighbours of e, i.e., 

|𝑁(𝑢) ∪ 𝑁(𝑣)| – 2. 

4.4 Definition 

An algorithm is a set of steps for accomplishing a task or solving a problem. In the context 

of computer science, an algorithm is a mathematical process for solving a problem using a finite 

number of steps.  

5. GEC algorithm using Edge Adjacency matrix  

In order to find edge chromatic number of a graph using edge adjacency matrix, a step-by-step 

procedure of GEC algorithm is described below. 
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Step 1 

User Input: 

Get the number of edges ‘e’ and enter the edge adjacency matrix A 

Step 2 

Initialization: 

Initialize the color list {1,2,3……. e} for each edge 

Step 3 

Color Assignment: 

(a)The first color is assigned for the first edge and this color is removed from the color list of all 

adjacent edges. 

(b) For each subsequent edge the smallest available color from the color list of the associated edge is 

assigned and this color is removed from the color list of adjacent edges of associated edge. Repeat this 

step until the colors are assigned for all the edges. 

Step 4 

Determine Chromatic number: 

The highest color value used is the edge chromatic number of the graph. 

Step 5 

Output: 

Print the edge chromatic number and color assigned to each edge 

6. Python coding for GEC algorithm 

def edge_coloring(edge_adj_matrix): 

    n = len(edge_adj_matrix)  # Number of edges 

    edge_color = {} 

    color_list = {i: list(range(1, n + 1)) for i in range(n)}  # Step 1: Initialize the color list 

    # Step 2: Assign the first color to the first edge and remove it from adjacent edges 

    edge_color[0] = color_list[0][0] 

    first_color = edge_color[0] 

    # Remove the assigned color from the neighboring edges 

    for adj_edge in range(n): 

        if edge_adj_matrix[0][adj_edge] == 1 and first_color in color_list[adj_edge]: 

            color_list[adj_edge].remove(first_color) 

    # Step 3: Iteratively assign colors to the rest of the edges 

    for edge in range(1, n): 

        # Assign the smallest available color to the current edge 

        edge_color[edge] = color_list[edge][0] 



Communications on Applied Nonlinear Analysis 

ISSN: 1074-133X 

Vol 32 No. 7s (2025) 

 

722 
https://internationalpubls.com 

        current_color = edge_color[edge] 

        # Remove the assigned color from the neighboring edges' color lists 

        for adj_edge in range(n): 

            if edge_adj_matrix[edge][adj_edge] == 1 and current_color in color_list[adj_edge]: 

                color_list[adj_edge].remove(current_color) 

    # Step 4: Determine the chromatic number 

    chromatic_number = max(edge_color.values()) 

    # Step 5: Display the chromatic number and color assignments 

    print("Chromatic Number:", chromatic_number) 

    for edge in edge_color: 

        print(f"Edge {edge} -> Color {edge_color[edge]}") 

# Function to read matrix from user input 

def read_matrix(): 

    print("Enter the number of edges:") 

    n = int(input()) 

    edge_adj_matrix = [] 

    print("Enter the edge adjacency matrix (rows separated by newline and values separated by 

space):") 

    for _ in range(n): 

        row = list(map(int, input().split())) 

        edge_adj_matrix.append(row) 

    return edge_adj_matrix 

# Main execution 

edge_adj_matrix = read_matrix() 

edge_coloring(edge_adj_matrix) 

7.Example 

To understand the above algorithm for finding the edge chromatic number of any graph and to execute 

the python coding an appropriate example is taken and solved hereunder.  
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Consider the following graph with 15 edges and 10 vertices. Find the edge chromatic number 

of a graph with the help of the proposed GEC algorithm using python program 

 

Figure:1(15,10) graph 

Solution: 

The screenshot of the output of the python program is given below 

Output: 

 

Result: 

By the proposed GEC algorithm, the edges of a graph is colored with minimum four colors and its 

chromatic number is 4. 

8.Conclusion 

The proposed GEC algorithm with python code helps to determine the edge chromatic number of any 

graph. Minimum number of lines used in python code and the given example is solved in programming 
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approach. The methodology used in this algorithm is simple and different from the various existing 

algorithm of edge coloring. 
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