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Abstract: Course scheduling is a crucial and routine academic activity 

carried out by universities prior to the commencement of a new academic 

year, requiring precise arrangements to avoid timing conflicts for both 

lecturers and students. The course scheduling for the odd semester of the 

2024/2025 academic year at the Mathematics Study Program of Dharma 

Andalas University (UNIDHA) faces high complexity in manually 

allocating various combinations of lecturers, classes, and courses. This study 

aims to optimize the scheduling system by utilizing the concept of graph 

coloring, specifically employing the Welch-Powell Algorithm. The research 

method involves transforming the lecturer's teaching assignment data into 

an undirected graph model. Course variations are modeled as 21 vertices, 

while potential scheduling conflicts due to identical lecturers or student 

groups are represented as edges. The Welch-Powell Algorithm is then 

applied by sorting the vertices based on the largest degree ordering to color 

them progressively. The results indicate that this graph representation 

successfully yields a chromatic number of x(G) = 6. Consequently, from a 

total of 9 lecturers teaching 21 courses, the entire academic schedule is 

optimally distributed into 6 distinct color groups without any conflicts. 

These color groups are successfully implemented into 6 academic working 

days (Monday to Saturday) with precise time-slot allocations corresponding 

to the respective credit semester units (SKS). The study concludes that the 

application of graph coloring using the Welch-Powell Algorithm is highly 

effective, objective, and systematic in resolving course scheduling conflicts 

within the Mathematics Study Program at UNIDHA. 

Keywords: Graph, Graph Coloring, Vertex, Course Scheduling, Welch-

Powell Algorithm, Chromatic Number. 

 

1. Introduction 

Lectures are a key academic activity in higher education that require structured planning, one of 

which is through the preparation of a course schedule at the beginning of the semester (Welch & 

Powell, 1967). However, the manual schedule preparation process often faces high complexity due to 

the increasing number of courses, space constraints, and the potential for conflicting schedules of 
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lecturers teaching more than one class (West, 2001). This allocation optimization problem can be 

mathematically transformed into graph theory, specifically the problem of vertex coloring (West, 

2001). The main problem identified in a case study of the Undergraduate Mathematics Study Program 

at Dharma Andalas University (UNIDHA) in the odd semester of the 2024/2025 academic year is the 

congestion of schedules and time constraints due to several courses being taught by the same lecturer 

or being taught to the same class group. If completed conventionally, this process is time-consuming 

and prone to errors (trial and error). Therefore, a systematic approach based on mathematical 

algorithms is needed to model lecture components as vertices and potential schedule conflicts as 

edges, so that clashes can be minimized objectively. 

Several previous studies have attempted to solve scheduling optimization problems using graph 

theory. Research based on graph coloring algorithms has generally been grounded by Welch and 

Powell (1967) in solving timetabling problems efficiently. In the context of modern educational 

institutions, several similar studies have also utilized adjacency matrix representations to map 

schedule conflicts (Munir, 2010). However, there is a research gap where most previous studies 

applied these algorithms at the macro university scale, assuming classroom availability as the primary 

constraint. Meanwhile, at a more specific study program scale, such as the Mathematics Study 

Program at UNIDHA, the characteristics of the problem found lie in the high frequency of tandem 

courses (taught by the same combination of lecturers) and the distribution of credits that vary between 

2 and 3 credits. The novelty of the current research lies in modeling these local constraints into a 

descending degree order (Largest Degree Ordering) that is realistically adjusted to the institution's 

work schedule distribution. The urgency or significance of solving this problem is to reduce schedule 

preparation time, optimize the operational performance of the study program, and ensure the smooth 

running of the teaching and learning process without interruption from schedule conflicts. Based on 

the background of the problem, the purpose of this study is to find out how to compile, model, and 

color graphs to produce a draft of the odd semester lecture schedule for the 2024/2025 academic year 

in the UNIDHA Mathematics Study Program that is free from conflicts using the Welch-Powell 

Algorithm. 

To achieve the research objectives, this analysis is guided by a discrete mathematics framework that 

focuses on graph structure and combinatorial optimization (Munir, 2010). The main theories 

underlying all these experiments include the definition of a formal graph as a pair of vertex and edge 

sets, as well as the principle of graph coloring that aims to assign different colors to neighboring vertices 

using a minimum number of colors (West, 2001). In addition, the Welch-Powell Algorithm is used as 

the main deterministic instrument to sort the vertex degrees from highest to lowest to obtain the 

chromatic number (x(G)) that represents the minimum number of time slots or days required (Welch 

& Powell, 1967; West, 2001). In more detail, the supporting theories underlying this modeling will be 

explained in the following sub-headings. 

Graph 

A graph G is formally defined as a pair of sets (V, E), written as G = (V, E). In this representation, V is 

a finite and non-empty set of vertices, written as V = (v1, v2, v3, ..., vn), while E is the set of edges 

connecting a pair of vertices, written as E = (e1, e2, e3, ..., em) (West, 2001). Two vertices in a graph that 

are directly connected by an edge are called adjacent (Munir, 2010). The number of edges 
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adjacent to a vertex determines the degree of that vertex, denoted as d(v) (Munir, 2010). The 

characteristics of the adjacency and degree relationships are the basic foundation for mapping the 

presence or absence of conflicts between components in a scheduling system. 

Graph Coloring 

Graph coloring is one of the important optimization problems in graph theory which is generally 

divided into three types, namely vertex coloring, edge coloring, and region coloring (West, 2001). The 

main focus in scheduling problems is vertex coloring, which is to assign a color to each vertex in such 

a way that no two neighboring vertices have the same color (West, 2001). The ultimate goal of this 

problem is not just coloring, but minimizing the number of different colors used, which is known as 

the chromatic number and is denoted by x(G) (West, 2001). Through the chromatic number, 

determining the minimum number of time slots that is efficient and conflict-free can be achieved 

(West, 2001). 

Welch-Powell Algorithm 

The Welch-Powell algorithm is a heuristic method used to color the vertices of a graph precisely, 

simply, and easily (West, 2001). This algorithm works based on the Largest Degree Ordering (LDO) 

principle, where the coloring process begins by sorting all vertices by their degree in descending order 

from highest to lowest (West, 2001). The implementation steps include: (1) sorting the vertices in 

descending order; (2) assigning the first color to the vertex with the highest degree and subsequent 

vertices that are not adjacent to it; (3) repeating the process with a new color for the next highest-

degree vertex that has not yet been colored; and (4) iterating the addition of colors until all vertices in 

the graph have been colored (West, 2001). 

 

2. Methods 

This study applies a quantitative-objective approach using formal structural modeling within discrete 

mathematics, specifically leveraging graph theory and combinatorial optimization. The research 

context is centered on the academic administration of the Mathematics Study Program at Dharma 

Andalas University (UNIDHA), Padang. The subjects of this research comprise the scheduling 

configuration for the odd semester of the 2024/2025 academic year, involving a dataset of 9 lecturers 

and 21 unique courses. The primary data source is the official administrative lecturer teaching 

assignment document issued by the department. 

To ensure the quantitative trustworthiness criteria established by Given and Saumure (2008), this 

study satisfies four aspects: internal validity by mapping actual courses directly as vertices (V) and 

schedule conflicts as edges (E); objectivity by using fixed institutional data completely free from 

personal bias; reliability through a deterministic algorithmic process that yields identical results (x(G) 

= 6) under replication; and generalizability by providing an optimization framework that can be 

adapted by other academic programs facing identical multi-variable scheduling barriers. 

The data analysis framework progresses through a systematic procedure directly extracted from the 

original flowchart of the research. The operational stages of this study are visually mapped in Figure 1 
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below: 

 

 

Figure 1. Research Flowchart 

Referring to the data analysis sequence shown in Figure 1, the operational steps are concisely 

elaborated as follows: 

1. Data Collection and Assumptions: Primary administrative data was collected regarding the 

teaching tasks for the odd semester, covering four active student cohorts (2021, 2022, 2023, and 

2024). Two underlying baseline assumptions were applied: the scheduling is strictly bounded 

to this single semester, and classroom spaces are assumed to be constantly available, thereby 

isolating the operational constraints purely to timeline and lecturer allocations. 

2. Graph Model Representation: The parameters were formulated into an undirected graph G = 

(V, E). The fields of teaching assignments (the courses) were represented as a set of 21 vertices 

(V). The timeline collisions—occurring when a lecturer teaches multiple classes or student 

cohorts overlap—were mathematically mapped as connecting edges (E). 

3. Welch-Powell Graph Coloring: The computational optimization was executed using the Welch-

Powell algorithm through four precise sub-steps: 

a. All 21 vertices were sorted in descending order based on their degree values d(v) using 

the Largest Degree Ordering (LDO) method. 

b. The primary color was assigned to the first vertex with the highest degree value. 

c. The same color was sequentially applied downward to subsequent uncolored vertices that 

are not adjacent (do not share an edge) with the first vertex. 

d. The algorithm reset its pointer to the next highest available uncolored vertex, introducing 
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a new distinct color, and repeated the loop until all vertices were successfully labeled 

4. Finish and Schedule Mapping: The process terminated once all 21 vertices were fully colored, 

defining a final chromatic number x(G) = 6. These 6 independent color boundaries were directly 

mapped into the 6 active operational working days of the university (Monday to Saturday), 

establishing a perfectly distributed, conflict-free academic timetable. 

 

3. Results and Discussion 

Representing Data in Graph Form 

The data used are teaching decrees for lecturers in the Mathematics Study Program at Dharma 

Andalas University during the odd semester of the 2024/2025 academic year. The data includes a list of 

lecturers' names, courses, and teaching hours. The variety of courses and lecturers is expressed in 

vertex code, modeled in a graph and represented as nodes, which represent constraints to be met. The 

constraints are requirements to ensure that the course schedules used in the odd semester of the 

2024/2025 academic year do not conflict. Lecturers who have the same number of teaching hours as 

other lecturers represent the edges connecting the nodes. 

Definition of each vertex 

1. Courses taught by two lecturers are considered tandem courses. The number of credits for these 

courses is multiplied by 2. 

2. Tandem courses are taught by only one lecturer. 

3. The number of credits available at Dharma Andalas University is only 2-3 credits. 

The vertex code, adjacency, and coloring order can be presented in the table below. 

Table 1. Vertex Code, Adjacency, and Coloring Order 
 

Vertex Code Adjacency Degrees Coloring Order 

V1 V2, V5, V6, V14, V15 5 1 

V2 V1, V5, V6, V14, V15 5 2 

V3 V4 1 12 

V4 V3 1 13 

V5 V1, V2, V6, V14, V15 5 3 

V6 V1, V2, V5, V14, V15 5 4 

V7 V8,V9,V13,V21 4 7 

V8 V7,V9,V13,V21 4 8 

V9 V7, V8, V13, V21 4 9 

V10 V11 1 14 

V11 V10 1 15 
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V12 V20 1 16 

V13 V7, V8, V9, V21 4 10 

V14 V1, V2, V5, V6, V15 5 5 
 

V15 V1, V2, V5, V6, V14 5 6 

V16 - 0 20 

V17 V18 1 17 

V18 V17 1 18 

V19 - 0 21 

V20 V12 12 19 

V21 V7, V8, V9, V13 4 11 

 

In the table above, we can see that there are neighboring nodes and there are also non-neighboring 

nodes. The degree of these nodes is determined by the number of their neighbors, so we can determine 

which nodes have the highest to lowest degree and determine the coloring order of these nodes and 

the data representation obtained is modeled in the form of a graph as follows: 

 

 

Figure 2. Uncolored graph 

From the figure above, we can see that some vertices have edges connecting them, while others do 

not. Therefore, based on Table 1. and Figure 2, we can explain that: 

1. Vertex V1 has 5 neighbors: V2, V5, V6, V14, and V15. 

2. Vertex V2 has 5 neighbors: V1, V5, V6, V14, and V15. 

3. Vertex V3 has 1 neighbor: V4. 

4. Vertex V4 has 1 neighbor: V3. 

5. Node V5 has 5 neighbors: V1, V2, V6, V14, and V15. 

6. Node V6 has 5 neighbors: V1, V2, V5, V14, and V15. 

7. Node V7 has 4 neighbors: V8, V9, V13, and V21. 

8. Node V8 has 4 neighbors: V7, V9, V13, and V21. 
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9. Node V9 has 4 neighbors: V7, V8, V13, and V21. 

10. Node V10 has 1 neighbor: V11. 

11. Node V11 has 1 neighbor: V10. 

12. Node V12 has 1 neighbor: V20. 

13. Node V13 has 4 neighbors: V7, V8, V9, and V21. 

14. Vertex V14 has 5 neighbors: V1, V2, V5, V6, and V15. 

15. Vertex V15 has 5 neighbors: V1, V2, V5, V6, and V14. 

16. Vertex V16 has no neighbors because there are no edges connecting them. 

17. Vertex V17 has 1 neighbor: V18. 

18. Vertex V18 has 1 neighbor: V17. 

19. Vertex V19 has no neighbors because there are no edges connecting them. 

20. Vertex V20 has 1 neighbor: V12. 

21. Vertex V21 has 4 neighbors: V7, V8, V9, and V13. The number of neighbors of each vertex is the 

degree used to sort the coloring from highest to lowest. 

 

Aplication of  Welch- Powell Algorithm 

 

The course scheduling in the Mathematics study program at Dharma Andalas University for the odd 

semester of 2024/2025 uses the Welch-Powell algorithm for graph coloring, which begins by sorting 

vertices from highest to lowest degree. The process continues with gradual coloring of non-adjacent 

vertices, repeating until all vertices are colored. The nodes, their sorted degrees, and the colors of each 

node are presented in the table below. 

Table 2. Nodes, sorted degrees, and colored 
 

Nodes Degrees Color Noted Degrees Color 

V1 5 Purple V3 1 Purple 

V2 5 Pink V4 1 Pink 

V5 5 Green V10 1 Green 

V6 5 Blue V11 1 Yellow 

V14 5 Yellow V12 1 Red 

V15 5 Red V17 1 Purple 

V7 4 Purple V18 1 Pink 

V8 4 Pink V20 1 Green 

V9 4 Green V16 1 Blue 

V13 4 Blue V19 1 Red 

V21 4 Yellow    
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Incremental Graph Coloring 

 

Based on Table 2. it can be applied to the image in the graph model that has been colored according to 

the number of chromatic numbers, namely 6 and given 6 colors and the results of the graph that has 

been colored based on the chromatic number are obtained in the image below. 
 

Figure 3. Colored graph 

The minimum number of colors required, or chromatic number, is X(G) = 6. The graph coloring 

results, i.e., the chromatic number, of the 9 lecturers teaching 21 courses, can be scheduled within 6 

days of teaching in the Mathematics Study Program at Dharma Andalas University. 

Nodes with the same color indicate that the subjects can be scheduled in the same class, while edges 

that connect or connect the nodes indicate that the lecturers cannot teach in the same class. Therefore, a 

course can be scheduled in the same class on a single day and in different classes on different days, thus 

avoiding conflicts. 

The following are the results of the subjects that can be scheduled in the same class: 

1. Nodes V1, V3, V7, and V17 can be scheduled in the same class because they have the same node 

color, namely purple. 

2. Nodes V2, V4, V8, and V18 can be scheduled in the same class because they have the same node 

color, namely pink. 

3. Nodes V5, V9, V10, and V20 can be scheduled in the same class because they have the same 

node color, green. 

4. Nodes V6, V13, and V16 can be scheduled in the same class because they have the same node 

color, blue. 

5. Nodes V14, V11, and V21 can be scheduled in the same class because they have the same node 

color, yellow. 

6. Nodes V12, V15, and V19 can be scheduled in the same class because they have the same node 

color, red. 

Based on the above description, a course schedule can be prepared for the teaching and learning 

process in the odd semester of the 2024/2025 academic year in the Mathematics Study Program at 

Dharma Andalas University (UNIDHA). The division of lecture time is adjusted according to the 
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provision that 1 credit unit is equivalent to 45 minutes, so that a 2-credit unit course is conducted for 90 

minutes and a 3-credit unit course for 135 minutes. With this arrangement, all courses can be 

implemented systematically and without conflicting with each other. 

 

4. Conclusion 

Based on the results of data representation and course scheduling in the Mathematics Study Program 

at Dharma Andalas University, it can be concluded that the Welch-Powell algorithm can create a 

course schedule by representing data on the distribution of lecturers' tasks in the Mathematics Study 

Program at Dharma Andalas University during the teaching and learning process in the odd semester 

of the 2024/2025 academic year into a graph and generating chromatic numbers of six colors, which 

are represented as the days for the lecturers' teaching schedules in each class. 
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