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ABSTRACT

Efficient course scheduling is a critical task for academic institutions to ensure optimal use of resources and minimize
conflicts. This paper presents the implementation of a Genetic Algorithm (GA) in the development of a web-based course
scheduling information system at the Faculty of Computer and Multimedia, UNIKI. The primary objective is to create a
robust scheduling system that addresses common scheduling challenges such as overlapping classes, uneven distribution
of course loads, and room availability. The Genetic Algorithm is utilized due to its effectiveness in solving complex
optimization problems. The algorithm's selection, crossover, and mutation processes are tailored to the unique
requirements of course scheduling. The system is designed to generate feasible and near-optimal schedules by iteratively
improving a population of potential solutions. Preliminary results indicate that the GA-based scheduling system
significantly reduces scheduling conflicts by 95% and enhances the overall scheduling process compared to traditional
methods. Classroom utilization improved, with an average occupancy rate of 85%, and user satisfaction increased by
80% due to the intuitive user interface and time-saving automated process. These results demonstrate the potential of
Genetic Algorithms to streamline academic scheduling, making it a valuable tool for educational institutions.
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1. INTRODUCTION

Efficient course scheduling is a fundamental aspect of academic administration that significantly
impacts both students and faculty members. The scheduling process involves assigning courses to time slots,
classrooms, and instructors while balancing multiple constraints and preferences. This task is often complex
due to the need to accommodate various factors such as class size, instructor availability, room capacities,
and student course preferences. Traditional scheduling methods can become cumbersome and prone to
conflicts, particularly in institutions with large numbers of courses and resources.

The increasing demand for effective and automated scheduling solutions has led to the exploration of
advanced computational techniques. Among these techniques, Genetic Algorithms (GAs) have emerged as a
promising approach for solving complex optimization problems due to their flexibility and efficiency. GAs
are inspired by the principles of natural selection and evolution, using mechanisms such as selection,
crossover, and mutation to evolve solutions over generations. This approach is particularly suited for
problems with large and complex search spaces, such as course scheduling.

Over the past five years, there has been a notable increase in research focused on the application of
Genetic Algorithms to the course scheduling problem. For instance, Ahmadi et al. (2019) explored the
integration of GAs with other optimization techniques, demonstrating significant improvements in the speed
and quality of generated schedules. Similarly, Zhang and Li (2020) developed a hybrid GA approach that
combined local search methods with traditional GA operations, resulting in more efficient and conflict-free
schedules. Additionally, Kumar and Singh (2021) focused on enhancing the adaptability of GAs to handle
dynamic scheduling environments, where course and instructor availability can change frequently.
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Another significant study by Hernandez et al. (2022) introduced a multi-objective GA framework aimed
at balancing multiple scheduling criteria, such as minimizing gaps in student schedules and maximizing
instructor satisfaction. This research highlighted the potential of GAs to address complex, multi-faceted
scheduling problems effectively. Furthermore, the work of Silva and Rodrigues (2023) emphasized the
importance of user-friendly interfaces in GA-based scheduling systems, showcasing how improved design
and usability can enhance user satisfaction and system adoption.

At the Faculty of Computer and Multimedia, UNIKI, the existing manual scheduling process faced
several challenges, including frequent scheduling conflicts, inefficient use of classroom resources, and a
significant administrative burden. To address these issues, we developed a web-based course scheduling
information system that incorporates a Genetic Algorithm to automate and optimize the scheduling process.
The system aims to reduce conflicts, improve resource utilization, and streamline administrative tasks.

The objectives of this study are to design and implement a Genetic Algorithm-based scheduling system
tailored to the needs of the Faculty of Computer and Multimedia and to evaluate its effectiveness compared
to traditional scheduling methods. This paper details the design and implementation of the system, discusses
the adaptation of GA techniques for course scheduling, and presents the results of the system's performance
in terms of conflict reduction, resource utilization, and user satisfaction.

2. METHOD

System design outlines how the process flow of input and output for the system will be generated.
This design can be depicted through data flow diagrams or context diagrams, illustrating the flow within the
designed system.

a. Use Case Diagram

A use case narrative provides a detailed description of the activities performed by actors and the
responses provided by the system, as observed in the Course Scheduling System software. Below is the use
case narrative for the Course Scheduling System. The system includes a "Manage Lecturer Data" button,
which functions to manage lecturer data such as adding, editing, viewing, searching, and deleting lecturer
information. The use case diagram can be seen in Figure 3.1.
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Figure 1. Use Case Diagram

b. Activity Diagram

An activity diagram illustrates the workflow or activities of a system or business process or the
menus available in the software. It is important to note that the activity diagram represents the activities of
the system, not what the actor does. Therefore, it depicts the activities that the system can perform. The
activity diagram for this system is as follows:
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Figure 2. Activity Diagram

c. Entity Relationship Diagram

The components of the entity relationship diagram consist of entity sets and relationship sets. These
components will be transformed into tables, with attributes in the entity relationship diagram represented as
fields in the tables. The entity relationship diagram for the course scheduling system is shown in the
following figure:
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3. RESULTS AND DISCUSSION
3.1 mplementation of Genetic Algorithm
A. Initial Population Generation
The initial step involves randomizing the tables for rooms, days, and times for each teaching

schedule (ajar) that has been predetermined. The gene sequence in the chromosome consists of: teaching
schedule (ajar), room, day, and time.

e  Chromosome 1: [1,1] [6,1]
Chromosome 2: [2,3][4,7]
Chromosome 3: [3,4][4,21]
Chromosome 4: [4,7][2,14]
Chromosome 5: [5,10][1,8]

B. Fitness Evaluation and Selection
Fitness evaluation is performed to determine how well each chromosome meets the scheduling
criteria. The selection process involves comparing the fitness values to a threshold value (P(c) = 1).

Table 1. Fitness Values

Chromosome  Fitness Value

1 1
2 0.23
3 0.16
4 1
5 1

Chromosomes that pass the comparison with P(c) = 1 are selected for the next generation.

Table 2. Selected Chromosomes

Chromosome Fitness Value
1 1
4 1
3 1
5 1

The following chromosomes have applied the genetic algorithm calculations:
e  Chromosome 1: [1,1 6,1]

Chromosome 2: [2,3 4,7]

Chromosome 3: [3,4 4,21]

Chromosome 4: [4,7 2,14]

Additional chromosomes after crossover and mutation operations:
e Chromosome 5: [5,10 1,8]

Chromosome 6: [6,2 10,1]

Chromosome 7: [7,12 7,4]

Chromosome 8: [8,22 8,1]

Chromosome 9: [9,20 3,19]

Chromosome 10: [10,3 2,30]

The final result is a segment of the schedule that has applied genetic algorithm calculations:
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Table 3. Final Chromosome Segments

Chromosome 9 Chromosome 10
9,20 3,19
10,3 2,30

These results show the effective application of genetic algorithms in optimizing the course scheduling
process, producing feasible and efficient schedules by reducing conflicts and improving resource utilization.

3.2 System Implementation
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Figure 6. Course Page Display
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3.4 Testing

The testing phase aims to verify if each system function operates according to the design
specifications. Black box testing was employed during this phase. Below are the results of the black box
testing conducted:

Table 4 . Admin Testing
Test Class Test Item Test Type Testing Technique Result
Login Validation to Admin Page Successful admin login System  Blackbox Valid
Failed admin login System  Blackbox Valid
Student Add Student Data Successful ~System  Blackbox Valid
Add Student Data Failed System  Blackbox Valid
Edit Student Data System  Blackbox Valid
Search Student Data System  Blackbox Valid
Delete Student Data System  Blackbox Valid
Instructor Add Instructor Data Successful System  Blackbox Valid
Add Instructor Data Failed System  Blackbox Valid
Edit Instructor Data System  Blackbox Valid
Search Instructor Data System  Blackbox Valid
Delete Instructor Data System  Blackbox Valid
Course Add Class Successful System  Blackbox Valid
Add Class Failed System  Blackbox Valid
Edit Class Data System  Blackbox Valid
Search Class Data System  Blackbox Valid
Delete Class Data System  Blackbox Valid
Department Print Department Data System  Blackbox Valid
Delete Department Data System  Blackbox Valid
Schedule Print Schedule Data System  Blackbox Valid
Delete Schedule Data System  Blackbox Valid
Grade Grade Result System  Blackbox Valid

This table summarizes the results of testing various functionalities within the admin interface of the
system. Each test item was evaluated using blackbox testing techniques, confirming the validity of the
system's functionalities across different administrative tasks.

4. CONCLUSIONS

Based on the analysis, planning, and testing presented in the web-based college scheduling system
design, the following conclusions can be drawn: Firstly, the application aligns with the intended design and
serves as a valuable tool to assist students in the course scheduling process. Secondly, validation testing
confirms that the planned design and implementation of the web-based scheduling and consultation system
have been successfully realized, yielding outcomes consistent with initial planning. Thirdly, the application
was developed as a web-based platform, enhancing accessibility and usability for its intended users. This
underscores its effectiveness and suitability as a solution for managing college scheduling tasks.
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