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Abstract 
Graph coloring methods have a wide range of applications in addressing scheduling issues 

across various fields. In this paper we discuss a study of graph coloring as an important 

subfield of graph theory describing various methods of coloring and also here we focus on 

different applications of graph coloring in different fields such as aircraft scheduling, Bi-

processor task, Frequency assignment, final exam timetabling. Aircraft scheduling revolves 

around assigning resources like gates and runways to incoming and outgoing flights 

efficiently, while preventing clashes. Graph coloring aids in illustrating scheduling 

limitations and relationships, allowing the allocation of resources to flights without conflicts. 

In the case of bi-processor task scheduling, the goal is to allocate computational tasks to bi-

processor systems to enhance resource usage and decrease completion time. Graph coloring 

techniques assist in outlining task and processor dependencies, making it easier to assign 

tasks to processors while ensuring workload balance. Meanwhile, frequency assignment in 

wireless communication networks involves allotting frequencies to communication channels 

to minimize interference and maximize bandwidth utilization. The use of graph coloring 

helps to represent network structures and interference constraints, leading to the allocation of 

non-interfering frequencies to communication channels. Final exam timetabling requires 

planning exams for multiple courses, considering factors like student preferences, room 

availability, and avoiding exam schedule conflicts. Graph coloring is valuable in presenting 

the exam timetable dilemma as a graph, where exams are vertices and conflicts are edges, 

allowing for conflict-free exam schedules to be developed. 
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1. Introduction 

Graph theory is the branch of mathematics, it consists of 

vertices V(G) and an edges E(G). Graph coloring is a subfield 

of graph theory and which is having many applications of 

different fields such as Aircraft Scheduling, Bi-processor 

tasks, Frequency assignment, Guarding an Art Gallery, Final 

Exam Timetabling and many more. Graph coloring is an 

assignment of colors either vertices or edges in different 

ways. 

 

2. Preliminaries 

2.1 Complete Graph 

A complete Graph is a simple graph such that every pair of 

vertices are joined by an edge [1]. 

 

2.2 Chromatic Number 

The minimum number of colors required to color the non-

adjacent vertices of the graph is called as chromatic number. 

Denoted by χ(G). [2] 
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2.3 Vertex Coloring  

The process of giving colours to vertices so that no two colors 

are assigned the same color is known as vertex coloring. 

When a graph's vertex set (pts) is allocated to a color set, the 

end points of each edge are given two distinct colors. This is 

known as appropriate vertex coloring. The chromatic number, 

represented as χ(G), of a graph G is the bare minimum of 

colors needed to properly colour its vertices. Vertex colouring 

is used in computer optimisation, radio frequency assignment, 

scheduling, and the separation of flammable chemical 

mixtures. Figure 1[3] illustrates how a whole graph should be 

colored. 

 

 
 

Fig 1: Vertex coloring of a Graph 
 

2.4 Edge Coloring 

Edge coloring of a graph is assigning colors to the edges such 

that no two edges gets the same color. Let χ(Gˈ) denote the 

chromatic index of G that is the minimum number of colors 

necessary to color the edges of G. Vizing. V.G[4] proved that 

χ(Gˈ) is either Δ(G)+1 for each graph G, where Δ(G) denotes 

the maximum degree and ẟ(G) denotes the minimum degree 

of a vertex in G. edge coloring have an application in 

scheduling problems and in frequency assignment for fibre 

optic networks. The proper edge coloring of a complete graph 

is as shown in fig2. 

 

 
 

Fig 2: Edge coloring of a Graph 
 

2.5 Region Coloring 

Region coloring of a graph is an assignment of colors to the 

different regions of the planar graph such that no two adjacent 

regions have the same color. Two regions are said to be 

adjacent if they have a common edge [4]. The region coloring 

is as shown in fig 3. 

 

 
 

Fig 3: Region coloring of a graph 
 

 

3. Applications of Graph Coloring 

1. Scheduling of Aircraft 

Assume that we have k aircraft and that we must assign them 

to n flights, with the ith flight occurring in the middle of the 

(ai; bi) time interval. It is obvious that we cannot assign the 

same flying machine to both flights if there are two covering 

flights. The flights are represented by the vertices of the clash 

graph; two vertices are connected if the comparing time 

intervals overlapped. In this regard, the collision graph can be 

optimally shaded in polynomial time and serves as an 

intermediate graph [6] 

 

2. Bi-processor tasks 

Anticipate that we will have a certain number of machines, or 

processors, and a set of tasks. Each task needs to be 

completed simultaneously on the two pre-designated 

processors. A processor is unable to work on two tasks at 

once. Such biprocessor jobs, for example, arise when we have 

to schedule processor swaps or due to shared demonstrative 

testing of processors [7]. Let's look at the network whose 

vertices are related to the processor. If an operation needs to 

be performed on processors p and q, we add an edge 

connecting the two corresponding vertices. At the moment, 

the scheduling issue can be seen as this graph's edge 

colouring. Thus, in order to ensure that each colour appears at 

a vertex no more than once, we must re-expatriate shades to 

the edges in this manner. Although edge colouring is NP-hard 
[8], there are numerous approximation techniques. The graph's 

maximal degree Δ is determined by a lower bound on the 

number of colours needed to shade the graph's edges. If two 

activities do not require the same number of processors, then 

the Vizings theorem provides a useful method for obtaining a 

(Δ+1) edge colouring. If more than one edge is permitted, the 
[9] algorithm produces an approximate 1:1 layout. 

 

 
 

Fig 4: Multiple Edge Graph 
 

3. Assigning Frequencies 

Different radio stations, as we are all aware, are identified in 

the plane by their x and y coordinates. The reason for the 

strong necessity to choose the frequency for each station is 

interference: stations that are "close" to one another require 

different frequencies. These issues arise when base station 

frequency tasks are performed in a plane network. Although 

this isn't true-if there are many stations in a small region, then 

they are all close to each other-it may seem at first that the 

conflict graph in this case is planar and that the four-color 

hypothesis can be applied. A unit plate graph is a conflict 

graph. When two vertices are connected if and only if the 

associated circles meet, and each vertex in the plane 

corresponds to a circle with a unit circle. The frequency task 

problem can be solved with a 3-approximation using the unit 

circle graph colouring approach provided in [9], yielding a 3-

approximation for the frequency task problem.  
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4. Time Table Scheduling  

One of the most important applications of the graph coloring 

is Time Table scheduling. Time table is the most common 

problem university student’s face and there is no feasible 

method designed to prepare course time table following 

various constraints such as faculty, periods, rooms and credits 

etc. [10].  

Time table scheduling using graph theory is nothing but the 

assignment of timeslots for different events. In graph coloring 

each color represents for particular time slot. By assigning 

particular colors to the particular subject can be able to frame 

the time table such that no two adjacent vertices or edges or 

faces gets the same color.  

For Example: If suppose there are 4 teachers say T1, T2, T3, 

T4 to be assigned 5 subjects say S1,S2,S3,S4 and S5 the 

requirement matrix is M=[Mij][11] is given as 
 

Table 1: The teaching requirement matrix for four Teachers and five 

subjects 
 

M S1 S2 S3 S4 S5 

T1 2 0 1 1 0 

T2 0 1 0 1 0 

T3 0 1 1 1 0 

T4 0 0 0 1 1 

 

The Bipartite Graph is constructed as Follows. 

 

 
 

Fig 5: Bipartite graph with 4 Teachers and 5 subjects 
 

5. Assignment of Frequencies in Wireless Networks 

Graph colouring can be used to solve frequency assignment 

issues in wireless communication. Every transmitter and 

receiver can be visualised as a node, while edges represent 

device interference. Interference can be avoided by assigning 

frequencies to devices so that adjacent devices use distinct 

frequencies. 

 

Conclusion 

In this paper our approach as to convey one of the graph 

theory concepts of graph coloring, its types and applications 

in different fields. We can see the difference between vertex 

coloring, edge coloring and region colring. This paper gives 

clear picture about applications of graph coloring such as 

Aircraft Scheduling, Bi-processor tasks, frequency 

assignments, time table scheduling, and Assignment of 

Frequencies in Wireless Networks. 
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