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Abstract— Graph coloring is one of the most important areas 

in graph theory and is used in many real time applications in 

computer science and other fields as well. The main aim of 

this paper is to present various application areas of graph 

coloring such as map coloring and GSM mobile phone 

networks, frequency allocation, cognitive radio, exam 

scheduling, aircraft scheduling and CCTV installation. 
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I. INTRODUCTION 

Graph coloring is a problem of coloring each vertex in a 

graph such that no two adjacent vertices have same color by 

using minimum number of colors. Suppose we have a graph 

G in which there are n vertices, in vertex coloring we have 

to assign colors {1, 2… k} to these vertices such that no two 

adjacent vertices have same color. It is also known as k-

coloring problem. Smallest of k is the chromatic number of 

graph. The concept of vertex coloring of a graph can be used 

to model many scheduling problems, optimal assignment of 

channels to radio stations. Similarly, in an edge coloring, 

allots a color to each edge so that no two adjacent edges 

share the same color and in a face coloring of a planer graph 

assigns a color to each face or region such that no two faces 

that share a boundary have same color. This paper presents 

various application areas of graph coloring such as map 

coloring and GSM mobile phone networks, frequency 

allocation, cognitive radio, exam scheduling, aircraft 

scheduling and CCTV installation.  

II. BACKGROUND 

The foundation of graph theory started with the problem of 

Koinsber bridge, in 1735. This problem lead to the concept 

of Eulerian Graph. Euler planned the problem of Koinsberg 

bridge and assembled a structure to solve the problem called 

Eulerian graph. A.F Mobius gave the idea of complete graph 

and bipartite graph in 1840 and Kuratowski proved that they 

are planar by means of leisure problems. The concept of 

tree, (a connected graph without cycles [1]) was instigated 

by Gustav Kirchhoff in 1845, and he working graph 

theoretic ideas in the calculation of currents in electrical 

networks or circuits. Coloring theory started with the 

problem of coloring the countries of a map in such a way 

that no dual countries that shared a border obtain the 

identical color. If we denote the countries by points in the 

plane and link each pair of points that parallel to countries 

with a common border by a curve, we obtain a planar graph. 

[2] 

III. APPLICATIONS OF GRAPH COLORING 

Graph coloring have many practical applications in 

Computer Science. Some of them are discussed here. 

A. Map Coloring and GSM Mobile Phone Networks 

Groups Special Mobile (GSM) may be a mobile network 

wherever the geographical region of this network is split 

into polygon regions or cells. Every cell incorporates a 

communication tower that connects with mobile phones 

among the cell. All mobile phones connect with the GSM 

network by sorting out cells within the neighbors. Since 

GSM operate solely in four totally different frequency 

ranges, it's clear by the conception of graph theory that 

solely four colors may be accustomed color the cellular 

regions. These four totally different colors area unit used for 

correct coloring of the regions. Therefore, the vertex 

coloring rule could also be accustomed assign at the most 

four totally different frequencies for any GSM mobile 

network. Given a map drawn on the plane or on the surface 

of a sphere, the four color theorem assets that it's perpetually 

doable to paint the regions of a map properly exploitation at 

the most four distinct colors specified no 2 adjacent regions 

area unit appointed an equivalent color. Now, a twin graph 

is made by putt a vertex within every region of the map and 

connects 2 distinct vertices by a grip if their several regions 

share an entire section of their boundaries in common. Then 

correct coloring of the twin graph offers correct coloring of 

the initial map. Since, coloring the regions of a flattened 

graph G is corresponding to coloring the vertices of its twin 

graph and the other way around. By coloring the map 

regions exploitation four color theorem, the four frequencies 

may be appointed to the regions consequently. [3][4] 

B. Frequency Allocation 

The aim of frequency allocation is to allocate required 

number of frequency to each cell such that efficient 

frequency spectrum consumption is providing and 

interfering effects are minimized [5]. Suppose we have a 

number of radio stations and we have to assign different 

frequencies to nearby stations but without interference. So 

we represent this problem in the form of graph. 

In frequency allocation some steps are followed- 

 First a graph is created for a network in which vertices 

represent the transmitters. 

 Edges represent separation constraints and co adjacent 

channel interference. 

 With the help of algorithm Independent set is created.   

 Assign different colors to each independent set. 

This frequency allocation technique is static. When 

the region is small all stations are nearby needed more 

bandwidth to set different frequencies to different stations 

which is also degrading the performance and is also costly. 

Sometimes it happens that any of the station is not used 

much for a long time. Multicolor graph coloring is also used 

to assign frequencies dynamically. In dynamic frequency 

allocation the nearby stations dynamically change their 

frequency limit in minimum bandwidth. 
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C. Cognitive Radio 

The word cognitive radio was initially introduced to public 

in an article [6] by Joseph Mitola III where it was defined 

as: “The socket in which wireless personal digital assistants 

(PDAs) and the related networks are sufficiently 

computationally intellectual about radio resources and 

related computer to computer communications to identify 

user communications needs as a purpose of use context, and 

to deliver radio resources and wireless services most 

appropriate to those needs.” Cognitive radio techniques 

offer the proficiency to use or share the spectrum in an 

opportunistic manner. Dynamic spectrum access techniques 

permit the cognitive radio to operate in the best available 

channel. [7] With an oversized increasing range of wireless 

devices, Frequency spectrum is turning into a lot of and a lot 

of scarce. For wireless communications, most spectrums 

have been allotted to authorize users by the regulative 

agencies statically. In fact, these spectrum haven't been used 

all the time or sufficiently utilized at your time, which 

implies most spectrum are wasted as ”white space” in 

existing bands. To use this spectrum, a spectrum policy has 

been employed by psychological feature radio that permits 

secondary users to share idle spectrum with primary users 

opportunistically. [8][9] 

In graph coloring model of cognitive radio present 

a graph with vertex V which represents users, L is the list of 

available channels and E is the set of edges between vertices 

representing interference between two vertices. Now the 

spectrum allocation problem is represented by graph in 

which each vertex have color list and an appropriate color is 

chosen to maximize the system utility. 

D. Exam Scheduling 

Various approaches are used to solve timetabling problems. 

Carter and Laporte considered timetabling problems in four 

categories; classification methods, generalized search 

techniques, sequential methods and constraint satisfaction 

approaches [10]. 

Exam timetabling is one of NP-hard problem [11]; 

therefore creating an exam timetable is difficult to be done 

manually due to the complication of the problem. 

Graph coloring heuristic is suitable for the problem 

that focuses on hard constraint but it is difficult to solve the 

soft constraints [12]. 

There is a list of different subjects and students 

enrolled in every subject. Many students would have 

common subjects (of same batch, some backlog students). 

Now the problem arises how to schedule the exam such that 

no two exams for common students are schedule at same 

time but with minimum time slots? This paper represent this 

problem as a graph where every vertex is a subject and an 

edge between two vertices means there is a common student. 

Assign colors to the vertex where different colors are time 

slots.  

In the exam timetabling problem:  

 Colors correspond to time slots,  

 Nodes correspond to exams, and  

An edge between a pair of nodes indicates that 

there are students taking both exams, so the exams cannot be 

scheduled in the same time slot. 

Suppose there are four students {S1, S2, S3, S4}, 

they have some common subjects (as some have backlog 

subjects), now we have to prepare a timetable in which no 

two exams are conducted on the same day for a common 

student. First draw a graph for this problem: 

A vertex in G represents a subject, an edge 

represents a Common student that conflict, and a color 

represents the Time slot in which that particular exam is to 

be scheduled. Four time slots are essential to schedule all the 

exams without conflict: (G) = 4. According to the coloring 

theory, schedule exam of subject 101 in 1st time slot, exam 

of subject 102 in 2nd time slot, exam of subject 103 and 105 

in 3rd time slot and exam of subject 105 in 4th time slot 

without any conflict. With course timetabling, it is often 

desirable that courses do not “student-conflict” (i.e., those 

two exams sharing a common student will not be scheduled 

at the same time). 

 
Fig. 1: Colored graph G for 5 subjects 

The result for the above example is as follows: 

Time slots Subjects 

1st 101 

2nd 102 

3rd 103, 105 

4th 104 

Table 1: Schedule for exams 

Four different colors (time slots) are required to 

schedule all the exams without conflict: (G) = 4. 

E. Aircraft Scheduling 

Assume that we have x aircrafts, and we have to assign them 

to y flights, where the ith flight is during the time interval (ai, 

bi). Clearly, if two flights overlay, then we cannot assign the 

same aircraft to both flights. The vertices of the clash graph 

link to the flights; two vertices are connected if the 

corresponding time intervals overlap. Therefore the clash 

graph is an interval graph, which can be colored optimally in 

polynomial time. 

F. CCTV Installation 

The application of Graph Coloring is also used in CCTV 

installation. To keep a premise under CCTV vigilance 

number of cameras should be as small as possible because 

small number of cameras reduces the cost of system. But it 

is important to specify positions where to place a CCTV 

camera to cover a large part of that premises. Before finding 

the positions for cameras we should describe the notion for 

the premise. A premise is 3- dimensional space but the floor 

plan gives us enough information to place the cameras so 

represent the map of premise into simple polygonal region 

in the plan. The position of camera should be the points of 

polygon. Then sub divide the polygon into triangular regions 

because the CCTV can cover a triangular region. A 

triangulated simple polygon can always be 3 – colored. In 

graph coloring algorithm represent a problem into the graph 

and assign colors to each vertex or edge or face. By using 
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graph coloring algorithm identify positions to install a 

camera which covers a large part of the premise. The 

problem is divided into three parts- Graph creation, 

Independent set computation and reduction of Independent 

set to Graph Coloring. An independent set in a graph is a set 

of vertices, no two of which are adjacent. A maximal 

independent set is an set that is not well contained in any 

other independent set. Assign different color to each 

Independent set. By finding the independent set for a set of 

vertices of a random graph the optimum number of colors 

can be found which can be used to identify locations of 

CCTV camera. Maximum area will be cover in minimum 

number of cameras. 

IV. CONCLUSION 

This paper gives an overview of various computer science 

applications which uses graph coloring. Various papers 

related to graph coloring applications, scheduling problems, 

and frequency allocation techniques has been studied and 

the overview has been presented to project the idea of 

implementation. 
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