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Abstract : This paper explores the significant role of mathematics in two distinct realms: examination scheduling problems and 

video games. In the context of examination scheduling problems, the paper delves into the application of graph theory. A case 

study is presented, where in a university offers various course combinations, and the objective is to minimize the number of 

examination periods required while ensuring that students can take any combination without conflicts. Graph theory provides a 

systematic approach to represent the relationships between courses and derive optimal schedules, demonstrating its efficacy in 

solving real-life scheduling challenges. Shifting focus to video games, mathematics serves as a fundamental tool for designing 

game mechanics, graphics, and algorithms, contributing to the immersive and interactive gaming experience. The utilization of 

mathematical models, such as matrices and vectors, is discussed in the creation of realistic animations and simulations within 

video games. Through these discussions, the paper emphasizes the diverse and impactful applications of mathematics, 

particularly in the dynamic domains of examination scheduling and video games. 
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1. Introduction  

As civilization has progressed, the significance of various scientific fields has become increasingly 

apparent throughout different eras. In the early stages of human existence, when society was 

uncivilized and coexisted with other animals, a transformative moment occurred with the discovery 

of fire. This development elevated humans above their counterparts, establishing them as the rulers 

of both living and nonliving entities. Subsequently, a curiosity for exploration and discovery emerged. 

Over time, a succession of inventions unfolded, including pivotal milestones such as the creation of 

tools, the wheel, advancements in agriculture, the harnessing of electricity, the creation of the 

electric motor, the industrial revolution, and the advent of computers. The integration of computers 

with the internet marked a new era, propelling the world into a dimension characterized by rapid 

technological progress. 

Chemistry played a crucial role in the industrial revolution, while, in the current computer era, 

mathematics has assumed a significant role. Video games have emerged as one of the most popular 

and widespread applications of computer technology, with mathematics serving as a fundamental 

component in their development and design. The principal branches of mathematics employed in 

video game development encompass algebra, trigonometry, discrete mathematics, calculus, linear 

algebra, and more. 

Integral topics in video game mathematics include the cross product, dot product, scaling vectors, 

reflections, matrices, scalar multiplication, trigonometric functions (cos, sin, tan), delta time, 

domain, range, and others [2, 3, 5]. Advanced video games often incorporate a combination of these 

mathematical concepts, whereas simpler games may only require trigonometry and algebra or a 

limited set of mathematics involving scalar multiplication. 

The utilization of mathematical procedures is evident in various aspects of video game mechanics, 

enabling characters to perform actions such as walking at specific angles, sliding down surfaces, 

firing bullets from guns, and executing jumps. While the mathematics involved in video game 

scripting may be relatively straightforward, the field becomes more complex and mentally 

challenging in the context of game architecture. In game development, mathematical calculations 

are either simulated by developers or handled by the game engine at runtime to execute the required 
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operations. 

This chapter delves into the diverse applications of several mathematical topics in the context of 

video game design, highlighting the indispensable role that mathematics plays in shaping the virtual 

worlds we experience in modern gaming. 

Graph Theory holds a pivotal position within the realm of Discrete Mathematics. Graphs 

play a crucial role as they serve as the exclusive means of visually representing information. Graphs 

have the unique ability to convey information that would otherwise require extensive textual 

descriptions. The principles of graph theory find extensive application in various computer science 

domains. Notable problems in graph theory include the Shortest Path Problem, Traveling Salesman 

Problem, Job Sequencing Problem, Conditional Covering Problem, Graph Colouring Problem, and 

more. Graph Coloring stands as a significant problem within graph theory, playing a crucial role in 

addressing a multitude of real-world challenges such as scheduling, traffic phasing, resource 

allocation, task assignment, and more [1, 20, 25]. The concept of labeling in graph theory serves as a 

generalization of the Graph Coloring problem and finds widespread application in solving issues 

like frequency assignment in wireless communication [10-19, 22, 24, 26, 27, 29, 30, 34, 37, 39]. 

Fuzzy graphs are the extension of graph theory, which have lot of applications in reality [4, 6-9, 21, 

23, 28, 31-33, 35, 36, 38, 40-43]. 

The remaining part of this article are organized as follows: the concepts of vectors and its 

applications in video games are discussed in Section 2. In Section 3, graph colouring for various 

subclasses of graphs have studied. In Section 4, an application of graph colouring for scheduling 

examination in an university have presented. Section 5 is for brief conclusion. 

3. Graphs with basic definitions: 

A graph 𝐺 = (𝑉, 𝐸) consisting of the set 𝑉 together with the edge      set 𝐸 which is a subset of the 

Cartesian product 𝑉 × 𝑉 of the set 𝑉. Thus the mathematical representation of the graph shown in 

Figure 4 is given by 𝐺 = (𝑉, 𝐸) where 𝑉 = {𝑎, 𝑏, 𝑐, 𝑑} and 𝐸 = {(𝑎, 𝑏), (𝑎, 𝑐), (𝑐, 𝑑), (𝑏, 𝑑), (𝑏, 𝑐)}.  

Graph theory has started its journey from a historically notable problem of seven bridges of 

Konigsberg solved by Leonhard Euler in 1736 in his literature.  
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The four lands of the city Konigsberg in Prussia (now Kaliningrad, Russia) including two large 

islands Kneiphof and Lompse were divided by  Pregel  river, which was connected  each other by 

seven bridges (see Fig. 1).                                      

 

 

 

 

 

 

 

 

The problem is to devise a walk through those lands using all of those seven bridges once and only 

once. At that time, the problem was solved by Euler by considering its equivalent abstract model 

which was then named as Graph, and from then a new branch of mathematics has opened for further 

development. He had considered every four lands as vertices and bridges between them were taken as 

edges of Graph (see Fig. 2). To understand better how graph theory helps to design some strategic 

games, the first step is to understand how the relationship between objects can be modeled as a graph 

and then finding paths between two specified objects. For this study the following example: 

 

Example: Consider a transportation strategy problem in a country among some cities of it. 

Consider the   country   has    five    cities 𝐴, 𝐵, 𝐶, , 𝐸 among which one has to find a 

shortest transportation route or shortest path. The cities are connected by the routes, it is seen that 

there are 3 possible routes (visiting each city only once) by which transportation can be made 

from the city 𝐴 to the city 𝐸. They are 𝐴 → 𝐵 → 𝐶 → 𝐸, 𝐴 → 𝐶 → 𝐸,   → 𝐷 → 𝐶 →𝐸. It is very 

easy to decide that the shortest route from the city 𝐴 to the city 𝐸 is 𝐴 →𝐶 → 𝐸. But, this decision 

becomes complicated when the number of vertices (nodes) and edges (lines) increases. Again, in these 

type of transportation problems, the most demanding question arises that ―What is the minimum cost 

Figure 6. Map of Konigsberg, Prussia  

(now Kaliningrad, Russia) 

 

Fig. 2. Graph model of Konigsberg bridge 

problem 

 

Fig. 1. Map of Konigsberg, Prussia  

(now Kaliningrad, Russia) 
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to transport certain things from source city to a destination city?‖ In these cases, the edges can be 

assigned cost to transport as edge weights. Now consider the costs of transportation . 

In this case, the route 𝐴 → 𝐷 → 𝐶 →𝐸 gives the minimum cost to transport certain things from 

the source city 𝐴 to the destination city 𝐸. Hence this path will be the shortest path. For a complex 

graph with a huge number of vertices and edges, finding shortest path is a challenging problem for 

researchers. Many algorithms are designed to find the shortest path in several kinds of literature. 

Further graph theory has developed in several ways like fuzzy graph theory [4] where, edge weights 

and vertex weights are taken as fuzzy numbers. Since, fuzzy deals with several vague concepts such as 

tall man, about 5 k.m., within 2 hrs., etc., researches on fuzzy graph theory increases exponentially. 

Now, the question arises how this graph theory helps the computer to guide and take strategy? 

Suppose, in a shooting game a shooter has to shoot an object through the journey of several obstacles. 

In this case, when the computer plays an opponent, it has to decide the minimum number of 

objects to pass through. This problem is the same as finding the best shortest path in the 

equivalent graph model. Here the shortest path algorithm is fundamental to consider for 

programmers. 

3.1 Graph Colouring 

In the context of any simple graph G, graph coloring, or vertex coloring, involves assigning colors 

to the vertices of G in a manner that ensures no two adjacent vertices have the same color. The 

primary goal in graph coloring is to minimize the number of colors used. This number is called the 

chromatic number of the graph and is denoted by χ(G). 

If a graph G is l -chromatic, then coloring all the vertices of G requires l colors. It cannot be colored 

using l or fewer colors. The graph has 6 vertices and it is coloured using only 3 different colors.  (see 

Figure 3).                           
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                         Fig. 3: A three chromatic graph 

  

3.2  Vertex Colouring 

 Next, we will explore the coloring of certain special types of graphs. 

Path nP : Consider a path graph Pn with n (2)vertices. We can color the vertices with odd indices 

by blue(B) and the vertices with even indices by yellow(Y) (refer to Fig. 4). Consequently, Pn is 

2-colorability.         

 

                              Fig. 4: nP  is 2 -colourable, 2n  

 Cycle nC : A cycle graph Cn with an even number of vertices can be colored using only two colors, 

such as blue and yellow (refer to Figure 10). However, if the number of vertices is odd, precisely 

three colors are required for coloring. Consider the vertices of Cn labeled as V1,V2,…,Vn. Assign 

the color violet to V1 and yellow to V2. Since V3 is adjacent to both V1 (colored violet) and V2 

(colored yellow), V3 requires an additional color, say blue. Thus, the vertices V1,V2, and V3 can be 

colored with violet, yellow, and blue, respectively (refer to Fig. 5). 
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                        Fig. 5: Colouring of nC   

Tree: Coloring a tree is a straightforward process. Every tree is 22-colorable, as illustrated in Fig.6.                   

                                    

                          Fig. 6: Tree is 2 -colourable 

  

Complete bipartite graph nmK , : A complete bipartite graph 3,4K  is shown in Fig. 7.                                
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                         Fig. 7: 3,4K  is 2 -chromatic 

  

In general, 2=)( ,nmK . 

4  Applications of Graph Theory in Examination Scheduling 

 

 Graph theory is a powerful tool for solving a wide range of real-life problems. Below, we highlight 

one important application of graph theory in practical scenarios.   

Consider a university that provides the following combinations of courses for students, with each 

student required to choose one group course: 

Group 1: English, Computer Science , Biology. 

Group 2: Physics, Chemistry, Mathematics. 

Group 3: Mathematics, Physics , Computer Science. 

Group 4: English, Chemistry, Physics. 

Group 5: Chemistry, Biology , Mathematics. 

Group 6: Psychology, Chemistry, Biology. 

Group 7: Biology, Mathematics, Psychology. 

Group 8: English, Chemistry, Computer Science. 

The objective is to determine the minimum number of examination periods needed for the seven 

specified courses, ensuring that students can take any combination without conflicts. Additionally, 
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we aim to identify a feasible schedule utilizing this minimal number of periods. 

 

               Fig. 8: Graph corresponding to 8 groups of course. The alphabets within the parenthesis represent colours.  

 

A graph is constructed with seven vertices labeled as English, Biology, Computer Science, Physics, 

Mathematics, Chemistry, and Psychology, denoted by CMPCSBE ,,,,,  and Ps . Edges are drawn 

between vertices if the corresponding subjects belong to the same group. For instance, English, 

Biology, and Computer Science form Group 1, so vertices BE,  and CS  are connected by edges. 

Similarly, Physics, Mathematics, and Chemistry form Group 2, connecting vertices MP,  and C . 

The graph for this representation is depicted in Fig. 8. We colour the vertices M  by V  (violet), 

( BCSCP ,,,  and Ps  can not be coloured by V ), P  by S  (silver) the colour of C  can not be 

V  and S ), C  by R  (red), CS  by W  (white), E  by V , B  by S  and PS  by W  (see 

Fig. 8). Note that only four colors are required to color this graph. Vertices sharing the same color 

are not adjacent, allowing for the scheduling of corresponding subjects in the same examination 

period. For example, since Mathematics (M) and English (E) share the same color, their 

examinations can be held simultaneously. The computer schedule is presented below.    
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Period Subjects 

)1(V  English, Mathematics 

)2(S  Biology, Physics 

)3(R  Chemistry 

)4(W  Psychology, Computer Science 

 

2. Vectors and Video Games 

The initial phase of video game design hinges on the application of vector [3,6] concepts, governing 

the character's movement in various directions—upward, downward, leftward, rightward, and even 

jumping. A vector serves as a mathematical tool capable of representing both magnitudes and the 

direction of movement for a body or any other entity. In the realm of advanced video game 

development, vectors are frequently employed to define changes in position and can be manipulated  

 

 

 

 

 

 

 

 

                                         Fig. 9: Vector representation of an object                                          

While the physical world exists in up to three-dimensional space, mathematically, vectors can 

manifest in one-dimensional, two-dimensional, three-dimensional, four-dimensional, and beyond. 

Several terms associated with the use of vector concepts include: 

Direction: A vector resembles an arrow indicating a specific direction, and indeed, this is its 

practical application. For instance, if an individual possesses a vector pointing south, they can direct 
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all their units to move in the southern direction. 

Unit Vector: A specific instance of a directional vector is a vector of length of 1. This type of vector 

is referred to as a normal vector, or a unit vector. 

 Velocity: Velocity is a vector quantity that describes the rate of motion of an object. It includes the 

speed of the object's and the direction in which it is moving.       

Operations of vectors: There are many algebraic operations on vectors such as addition, 

subtraction, cross product, dot product, and so forth. In the programming realm, developers have 

employed the n-tuple coordinate system to depict a vector. 

In Fig. 9, the object's position is denoted by the vector 𝑟 = (𝑥, 𝑦, 𝑧) or 𝑟 = 𝑥ı̂ + 𝑦𝑗 ̂ +𝑧𝑘 with its 

direction along the line joining the object point and the origin. Vectors can consider as variables in 

mathematics, can undergo operations such as addition, subtraction, and other algebraic expressions. 

Vector addition combines the displacements described by individual vectors into a resultant vector. 

For instance, if an object moves along vector 𝐴 and subsequently along vector 𝐵, the cumulative 

effect is equivalent to moving along vector 𝐶. Fig. 10 illustrates the pictorial representation of vector 

addition, where vectors are depicted along lines. 

In case of vector subtraction (𝐴 − 𝐵), the vector 𝐵 is inverted (i.e., its direction is changed) and then 

added to the first one. This scenario is depicted in Fig. 11.  

  

 

 

 

        

 

 

  

Fig. 10: Addition of two vectors          Fig. 11: Subtraction of two vectors 

 

This resultant vector is termed the velocity vector. Hence, vectors can be categorized into two 

representations: the position vector and the velocity vector. 
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The dot product of vectors: The dot product is a mathematical operation that takes two vectors and 

produces a scalar. It is denoted by a dot (·) between the vectors. For two vectors a and b, the dot 

product is calculated as follows: 

a⋅ b = |a||b| 𝑐𝑜𝑠 𝜃, where 𝜃 stands for the angle between the vectors. In component form, if 

a=( 1 2 3, ,a a a ) and b=( 1 2 3, ,b b b ), then a.b= 1 1 2 2 3 3a b a b a b  . 

Cross product of vectors: The cross product or vector product is a mathematical operation that takes 

two vectors and produces a third vector which is perpendicular to the plane containing the original 

vectors. The cross product of the vectors a and b is defined by 

a × b = |a||b| 𝑠i𝑛 𝜃 𝑛̂ 

where 𝜃 stands for the angle between a and b and 𝑛̂ is the unit vector perpendicular to the plane 

containing a and b in the direction given by right-hand rule. 

Uses of vectors in video games: 

In the preceding section, we familiarized ourselves with vectors. In this section, we explore how 

vectors find application in video games. Let's consider a scenario in a video game where 

cannonballs are thrown towards a target, and the computer needs to track the position of the 

cannonball every second following its initial trajectory. In object-oriented programming, if we 

define a vector as an object, equipped with fundamental operations like addition, subtraction, cross 

product, dot product, velocity, etc., we can efficiently obtain the desired results using the principles 

of vector mathematics. 

Algorithm Move AlongX: 

//This coding moves the cannonball along the horizontal direction from an initial point. 

Read a,b,c,v; 

position=(a,b,c); //The cannonball is initially at a point in 3-dimensional space which is at a 

distance a units from x-axis, b units from y-axis and c units from z-axis. 

velocity=(v,0,0); //Here we set the velocity of the cannonball at v points per second along 

x-axis. 

position=position+velocity; //This operation moves the cannonball to the position (a+v,b,c) 
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along horizontal direction. 

//Here we have used the vector addition. 

End MoveAlongX. 

Similarly, to move the cannonball along the y-axis and z-axis (vertical direction) the following 

algorithms can be used. 

Algorithm MoveAlongY: 

//This coding moves the cannonball along the y-axis from an initial point. Read a,b,c,v; 

position=(a,b,c); //The cannonball is initially at a point in 3-dimensional space which is at a 

distance a units from x-axis, b units from y-axis and c units from z-axis. 

velocity=(0,v,0); //Here we set the velocity of the cannonball at v points per second along 

y-axis. 

position=position+velocity; //This operation moves the cannonball to the position (a,b+v,c) 

along y-axis. 

//Here we have used the vector addition. 

End MoveAlongY.  

Algorithm MoveAlongZ: 

//This coding moves the cannonball along the z-axis from an initial point. Read a,b,c,v; 

position=(a,b,c); //The cannonball is initially at a point in 3-dimensional space which is at a 

distance a units from x-axis, b units from y-axis and c units from z-axis. 

velocity=(0,0,v); //Here we set the velocity of the cannonball at v points per second along 

z-axis. 

position=position+velocity; //This operation moves the cannonball to the position (a,b,c+v) 

along z-axis. 

//Here we have used the vector addition. 

End MoveAlongZ. 
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2.1 A matrix in video games 

Matrix [10] is another important topic to use in video game programming. Matrix is a rectangular 

array elements arranged in rows and columns. A matrix of order 3 × 3 can be written as 

11 12 13

21 22 23

31 32 33

a a a

a a a

a a a

 
 
 
 
 

 

A matrix can serve as an alternative representation of vectors. Specifically, the columns of a matrix 

can be interpreted as column vectors, while the rows of the matrix are referred to as row vectors. 

Before going to use the matrix in video games, some basic matrix operations are described. 

Addition and subtraction of matrices: 

Let 

 

 

 

be two matrices each of order 𝑚 × 𝑛. Here ij-th or (i, j)-th element of the matrix 𝐴 is 

𝑎ij. Similarly, ij-th or (i, j)-th element of the matrix 𝐵 is 𝑏ij. The addition of these two matrices can 

be obtained by adding the elements of their respective positions. Notice that addends in the addition of 

matrices are of same order. Thus, 

 

Similarly, 
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Multiplication of matrices: 

Multiplication of matrices is a bit different. In general,  multiplication of matrices is 

non-commutative. That is, 𝐴𝐵 ≠ 𝐵𝐴. Two matrices 𝐴 and 𝐵 can be multiplied and the result 𝐴𝐵 is 

obtained iff the numbers of column of A is equal to the number of rows of B. 

A matrix is multiplied by another matrix by the vector dot product. The dot product of i-th row vector 

of 𝐴 and j-th column vector of 𝐵 is the ij-th element of 𝐴𝐵. Thus for any given two matrices 

 

 

we have 

 

Now, rotating of an object in space is another essential task of a programmer in video game 

programming. For rotating an object in a 2-dimensional plane, we use a rotation matrix 

. 
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In order to rotate an object, its position is represented by a position vector, often treated as a column 

vector v. The resulting vector after rotation can be acquired through matrix multiplication, denoted as 

Rv. In a three-dimensional system, a fundamental rotation involves rotating vectors by an 𝜃 about the 

𝑥-,- or 

𝑧- axis using the right-hand rule. Three basic rotation matrices are utilized for this purpose. 

 

 

 

 

 

,  

 

 

Each of these rotation matrices has the capability to rotate an object, represented by a position 

vector treated as a column vector, in a counterclockwise direction. This occurs when the axis about 

which the rotation takes place points towards the observer, the coordinate system is right-handed, 

and the angle 𝜃 is positive. For instance, to perform a rotation of the 𝑥-axis by an angle of 90 

degrees about the 𝑧-axis, the following steps are executed: 

 

 

Other rotational matrices can be obtained from these three using matrix multiplication. This basic 

rotation methodology can be used in cannonball game also. Here is an algorithm to rotate a cannonball 

which is moving in any plane of a 3- dimensional space. 
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2.2 Probability and Statistics in Video Games 

Human beings have harbored a deep fondness for gaming throughout the various stages of 

civilization. Across the ages, numerous types of games and sports have been invented. Many games 

hinge on predictive skills, while sports serve as demonstrations of physical prowess. Gambling 

stands out as one of the most popular games, demanding a keen sense of prediction. Gamblers have 

perpetually sought to grasp the odds in games of chance, leading to the evolution of the scientific 

study of probability within mathematics. 

The foundations of probability theory were laid in the sixteenth century by the Italian polymath 

Gerolamo Cardano. Subsequently, in the seventeenth century, mathematicians Pierre de Fermat and 

Blaise Pascal further pioneered the field of probability. Jakob Bernoulli and Abraham de Moivre, in 

later periods, treated probability as a distinct branch of mathematics. Since then, probability has 

blossomed into a fully-fledged and essential discipline within the realm of mathematics. 

In the domain of probability theory [5], discussions revolve around the likelihood of events 

occurring, quantified as a numerical value between 0 and 1 (equivalently, 0% to 100%). If the chance 

of an event happening is 100%, it is certain to occur. A 50% chance indicates equal likelihood of 

occurrence or non-occurrence. 

Consider a dice game where the die has six faces numbered 1 through 6. Can anyone predict which 
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number will appear face-up before the die is thrown? 

No one can tell exactly but definitely can tell that the chance of coming any one of the faces is 

. In a probabilistic approach, this value becomes  

 

Probability and statistics play a crucial role in the realm of video game design. Consider a card- 

playing game scenario where a user opts to play against a computer opponent. In such instances, the 

programmer needs to establish a winning probability corresponding to the chosen difficulty level. 

This probability is contingent on factors such as the distribution of cards and the user's gaming 

techniques. These calculations often rely on classical probabilistic theories, outlined as follows: 

In a TETRIS game, various shapes of objects appear randomly, and players aim to arrange them to 

form a horizontal line without any gaps. The programmer's responsibility includes the effective 

randomization of these objects, a task that can be tackled by calculating the probabilities associated 

with different shapes. 

 

 

 

2.3 Graphs and Strategic Games: 

 

 

 

 

 

 

 

 
Fig. 12: Graph with 4 vertices and 5 edges. Fig. 13: Directed graph with 4 vertices 
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Due to the advancement of computers, various strategic games are invented and become popular 

among youngsters as well as adults. There are so many strategic games such as Dominoes, Checkers 

or Draughts,  Monopoly, Scrabble, Kensington, Backgammon, Risk, etc. In each of these games, the 

human player competes with a computer as their opponent. These games do not require too much 

graphics, but it demands strategy to decide what will happen upon a decision taken by the player and 

this should be programmed so that the computer can take right strategy against a decision taken by a 

real player. Because computers cannot think for themselves yet! They need to be told correctly what to 

do. In most of the strategic games such as Checkers, Chess, Monopoly, Diplomacy, etc., computers 

have to find the best path to move the object from one point to another point. In this case, the task of a 

programmer is to give exact instructions to the computer at every stage of the journey of the 

object. These type of problems are called pathfinding. The problems can be nicely solved by using 

Graph Theory. 

Graphs are finished up of vertices (nodes or points), and the relations between them are represented 

by straight or curved lines which are called edges (arcs or lines). If the edges have directions then the 

corresponding graph is called a directed graph (see Fig. 13) otherwise the graph is undirected (see Fig. 

12). Graphs find application in representing diverse relationships and processes within various fields. 

In computer science, graphs are secondhand to represent very complicated networks, data structure 

handling and also in the programming of video games. 

5. Conclusion 

In this article, the exploration of mathematics in video games and examination scheduling 

underscores its diverse applications. In the gaming industry, mathematical models enhance graphics, 

animations, and algorithms, enriching the gaming experience. On the academic front, graph theory 

proves instrumental in optimizing examination schedules, demonstrating the practical significance of 

mathematics in real-world problem-solving. The pervasive impact of mathematics in these domains 

emphasizes its ongoing role in addressing complex challenges and enhancing both entertainment and 

educational sectors. 
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