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Currently, the management of academic schedules in educational institutions faces significant 

challenges, as traditional approaches often prove to be inefficient and lead to conflicts in resource 

allocation. To address this issue, the development of a web application that utilizes genetic 

algorithms as the foundation for creating academic schedules is proposed. Through a literature 

review, key elements were identified, including scheduling approaches, web technologies, and user 

interface components. The conclusion highlights the suitability of genetic algorithms as the primary 

approach, supporting their implementation in a web application based on modern technologies. 

Features such as efficient resource allocation, conflict management, and the generation of optimal 

schedules are proposed. This approach has the potential to significantly enhance academic schedule 

management in educational institutions, promoting efficiency and satisfaction among all involved 

stakeholders.  
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1. Introduction 

Currently, there is a significant concern in the education sector due to the constant delay in the 

scheduling process, attributed to the increasing number of students. Additionally, resources 

must be allocated properly to avoid economic losses; hence, greater attention needs to be given 

to this process. 

 According to Zaqaibeh's research [1], scheduling preparation for the responsible departments 

is challenging due to the growing constraints imposed by Jadara University. In the Philippines, 

manual schedule preparation is a complicated task, as outlined by Austero [2]. They face 
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numerous situations and possibilities to find the optimal schedule and examining all these 

alternatives is often impractical. 

  In some situations, the complexity of this problem arises because institutions are too large, 

requiring consideration of numerous variables and constraints. Handling this manually 

consumes a significant amount of time in the academic field, as mentioned by Marwah 

regarding universities in Saudi Arabia [3]. 

  In countries like Iraq, partially optimal results are achieved despite various preliminary 

efforts. Due to the enormity of the task, the most optimal schedule is often not attained [4]. 

Peru faces similar challenges in schedule creation, as evidenced by the case of the Private 

University of the North. Despite the importance of class schedule generation in achieving 

strategic objectives, the most optimal solution has not yet been found due to the large number 

of students, classrooms, and courses opened each academic semester [5]. 

  The methods commonly used for schedule generation are mostly manual, resulting in a 

lengthy process that does not guarantee the most optimal result. This can lead to monetary and 

resource losses, limiting institutions in their objectives. 

  The research focuses on the current situation of schedule creation in a Private Educational 

Institution. The objective is to implement a web application that produces the most optimal 

schedule in terms of resources and time, using genetic algorithms. 

  The structure of this paper have 5 sections: Section (I) introduces the problem of schedule 

creation in institutions. Section (II) defines the background of the research, explaining 

concepts related to the research proposal. Section (III) includes the literature review of 

academic articles related to the research topic. Section (IV) describes the results found in the 

previous section. Section (V) analyzes the proposals and responds to research questions. 

Finally, Section (VI) presents the conclusions. 

 

2. Background 

A. Scheduling. 

Author Yasuki [6] points out that scheduling is an integral part of the efficiency of an entire 

system, and the more constraints and variables there are, the more it becomes complex and 

extremely difficult. Yunus [7], regarding scheduling in universities and institutions, considers 

the requirements and limitations, aiming to optimize the resources they have (classrooms, 

professors, students) in this process. 

B. Genetic Algorithms. 

Author Tawfiq [8], mentions that a genetic algorithm is a solution inspired by nature and 

demonstrates a significant advantage in generic environments. In Kumar's research [9], it is 

described as an intelligent research technique used to solve NP-hard problems, mimicking the 

process of natural selection by starting with a population of genes and selecting the most 

optimal one over generations. 
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C. Web Application. 

Freyre [10], defines it as software that runs in a web browser. Companies need to share 

information and provide services remotely, and that's why they use web applications to 

communicate with clients securely when necessary. Among the common functions of websites 

are shopping carts, product search and filtering, instant messaging, and social media feeds. 

They share the same design as web applications. 

 

3. Literature Review 

In this article, the primary databases utilized were Science Direct, Scopus, and IEEE. The 

literature review methodology proposed by Kitchenham [11], was employed for this research, 

consisting of three phases: Planning the review, developing the review and review results. 

D. Planning the Review 

The research development questions are as follows:  

Q1: What programming languages are used for scheduling with genetic algorithms?  

Q2: What types of variants of genetic algorithms are employed for scheduling?  

Q3: What approaches do genetic algorithms take in academic scheduling? 

TABLE I. CRITERIA TABLE 
Selection Criteria Exclusion Criteria 

Articles published from 2018 

to 2023. 

Articles published outside 

the range 2018 to 2023. 

Articles related to the topic 

of genetic algorithms for 

scheduling. 

Articles published on 

websites or non-indexed 

journals, videos. 

Publications made in 

conferences and indexed 

journals. 

Articles unrelated to the 

research topic 

E. Developing the Review 

The literature found has been obtained based on the selection criteria from the previous step. 

To make the selection, it was necessary to conduct a preliminary review to determine if the 

content is relevant to the research. 
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Fig.  1 Review Development 

F. Review Results 

The findings derived from the search for relevant information for the research were obtained 

from various studies, of which a total of 20 were selected. Table II presents the number of 

studies retrieved from the databases. 

TABLE II. NUMBER OF STUDIES 
Database Potential eligible 

studies 

Selected 

studies 

Science Direct 12 6 

Scopus 32 14 

IEEE 8 4 

Total 52 24 

 

4. Found Results 

G. Programming Languages for Developing Schedules Based on Genetic Algorithms. 

Alansari [3], designed the genetic algorithm as an Application Programming Interface (API), 

written in the JAVA programming language. This facilitated the integration of services that 

each university possesses. Hedar [12], used various frameworks to create the genetic algorithm 

but primarily employed the C++ programming language, significantly improving precision.  

Gupta & Sinha [13], in their research on schedule creation, investigated formulating a 

mathematical model and complementing it with a simulation system developed in the C 

language, incorporating genetic algorithms to obtain solutions under uncertainties.  

Albedhalim [14], conducted tests for his genetic algorithm personally on a computer, using 

Java 6 as the programming language and PostgresQL 9.3 as the database management system.  

Alomari [15], implemented the proposed genetic algorithm using the MySQL database and 

the PHP programming language, allowing for the coverage of many students and courses as 

the algorithm's population.  
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Arias [16], programmed the genetic algorithm solution in MATLAB, while the factorial design 

was developed in the statistical software Minitab, reaching a solution for the class schedules 

of the academic periods 2018-1 and 2018-2 for the Industrial Engineering program at UIS.  

Oktavia [17], proposed a genetic algorithm to solve the scheduling problem at her university 

and opted for Python to display the results of the teachers' schedules on a specific day and for 

a specific class.  

Ying & Kutty [18], assisted in efficiently creating schedules through a genetic algorithm. For 

this, they created a web application that functions to create academic schedules using the Java 

programming language.  

Reid [19], in his research, created a genetic algorithm to generate schedules for the National 

University of Ireland, considering the availability of teachers, students, or locations. The 

genetic algorithm runs efficiently on a Java application server, presented through a web API 

to control the algorithm's execution.  

Aminu [20], in his article indicates that due to the problems encountered in manually creating 

schedules because of the significant time and resource effort involved, he aims to design an 

efficient automated means to eliminate this tedious process. He designed a genetic algorithm 

in Java with graphical user interfaces (GUI) and used Swing as the database. 

H. Types of Most Used Genetic Algorithm Variants for Educational Institutions' 

Scheduling 

The study by Matías, Fajardo & Medina [21], presents a hybrid variant of the genetic algorithm 

to address scheduling and teaching load management. This algorithm combines the global 

search of genetic algorithms with the adjusting capability provided by local search methods. 

Global search is performed with the genetic algorithm, while local refinement is carried out 

through local search methods. Additionally, penalty techniques and flexible constraints are 

incorporated to ensure solution feasibility and compliance with problem requirements, 

including penalties for workload overload, regulation of teacher preparation, and control of 

classroom usage. Together, this hybrid variant of the genetic algorithm ensures feasible and 

optimal solutions that adapt to the needs of scheduling in the educational context. 

In his article [22], Wang presents an adaptive and hybrid genetic algorithm to address course 

scheduling in academic contexts. The variant of the genetic algorithm presented in this article 

combines adaptive flexibility with the effectiveness of local search. It generates initial 

solutions and improves them in real-time, considering multiple objectives such as daily 

adequacy, course combination, and faculty satisfaction, to provide optimal solutions. In 

summary, Wang's approach is a powerful combination of adaptive genetic algorithms and local 

search to solve challenges in course scheduling in the academic field. 

Saptarini [23], propose an Adaptive Genetic Algorithm (AGA) to address the complex 

problem of scheduling in secondary schools. The AGA uses a flexible mutation rate adjusted 

according to the current population's fitness to effectively explore the solution space and avoid 

local optima. Its fitness function evaluates the quality of generated schedules, considering both 

hard and soft constraints. Schedules that violate hard constraints are discarded, and those 

violating soft constraints are penalized proportionally. This approach aims to maximize 

fitness, resulting in schedules that meet all problem constraints, achieving high-quality 
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solutions. 

According to Abayomi [24], proposes an effective hybrid variant of the genetic algorithm to 

solve the university exam scheduling problem. This system combines genetic algorithms with 

tabu search memory and the "course sandwiching" technique. Genetic algorithms generate 

initial solutions and evolve the solution population, while tabu search memory is used to 

explore the solution space and improve the current solution's quality. The "course 

sandwiching" technique is employed to address constraints related to course conflicts and 

classroom availability. 

According to Badoni [25], a hybrid variant of the genetic algorithm is proposed in combination 

with local search and tabu search to solve university course scheduling problems. The genetic 

algorithm is described as an optimization technique based on natural selection and 

evolutionary theory, finding the optimal solution to the complex problem of scheduling. In 

this study, a population of candidate solutions is created, and genetic operators such as 

selection, crossover, and mutation are applied to generate new solutions. The fitness of each 

solution is then evaluated, and the best ones are selected for the next generation. This process 

is repeated until a satisfactory solution is found or an iteration limit is reached. 

In the article by Hafsa [26], the multi-objective variant MOEA (Mult objective evolutionary 

algorithm) of genetic algorithms is employed to address a professional course scheduling 

problem at Mandarine Academy. This multi-objective optimization problem involves five 

objectives and 18 constraints (both hard and soft). The objectives include minimizing schedule 

conflicts, maximizing schedule quality, reducing overtime hours, decreasing working days, 

and minimizing classroom changes. The article also introduces custom genetic operators and 

compares them with classical genetic operators to assess their effectiveness. 

The article by Kakkar [27], mentions genetic algorithms as an intelligent technique to address 

hard problems. The article focuses on using genetic algorithms to generate class schedules that 

meet specific constraints and objectives, highlighting their effectiveness in solving complex 

scheduling problems. Previous related research, such as the use of hybrid variants combining 

genetic algorithms with simulated annealing and tabu search, is also mentioned, showing 

promise in this field. Overall, the article underscores the potential of evolutionary algorithms, 

such as genetic algorithms, to address challenges in class scheduling and suggests future 

improvements in this area. 

Vrielink [28], in their article on scheduling research, rely on the best individual solution in the 

population space. The article also mentions that memetic algorithms are a hybrid variant of 

genetic algorithms and are mainly based on local search methods. The article notes that finding 

the right balance between exploiting local search and exploring through population-based 

methods in the search space is a challenge. 

Arias & Mora in their article [16], provide a comprehensive solution to the university exam 

scheduling problem that can easily adapt to different contexts. The proposed solution uses a 

genetic algorithm and a conflict matrix to develop the schedule. The conflict matrix is 

employed to identify courses that are often taken together, and this is used in the data mining 

process to create the exam schedule. The genetic algorithm is used to optimize the schedule 

by generating a population of possible solutions and selecting the best ones based on their 
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fitness. Additionally, the proposal also uses a memetic algorithm, forming a hybrid variant of 

genetic algorithms together with hill climbing, for additional schedule optimization. The 

solution is evaluated based on its compatibility with the actual schedule developed for the 

current period. 

 

5. Approaches of Genetic Algorithms in Academic Scheduling. 

In the research conducted by Siang [29], which aimed to review all methods used to solve high 

school scheduling problems, genetic algorithms are mentioned to focus on heuristic 

optimization and efficiently utilize resources. 

Thepphakorn & Pongcharoen [30], propose a genetic algorithm to solve scheduling problems, 

emphasizing the search and resource utilization approach that can be obtained compared to 

other algorithms. 

Diveev [31], indicates that a genetic algorithm allows finding a solution close to the optimal 

one, and its precision increases the longer the genetic algorithm is executed. Furthermore, it 

can provide more than one optimal solution in programming, indicating its heuristic 

optimization nature. 

In the article developed by Ruji [2], a genetic algorithm is implemented to optimize how 

teachers' work is allocated and how study rooms are used, optimizing resources (rooms, 

teachers, money, courses), and improving time efficiency by 89%. 

Tawfiq [31], aimed to reduce the costs associated with exam scheduling at Al-Hussein Bin 

Talal University in Jordan. The conclusion is that a higher number of enrolled students in the 

semester does not negatively impact, effectively utilizing the allocated resources. 

In the research conducted by Hosny & Al-Olayan [32], it is explained that there are many 

constraints considered when creating academic schedules, depending on the university. In 

response to this situation, a classic genetic algorithm is proposed to optimize two key points: 

room allocation and supervisor assignment, both being university resources. As a result, the 

algorithm positively affects the creation of exam schedules at the university. 

 

6. Analysis of Results 

Based on the results of the literature review, this section provides an analysis of the findings 

and answers the questions formulated in Chapter IV. 

I. Programming Languages for Genetic Algorithm-Based Scheduling.  

The obtained results are detailed below in Fig. 2, where the following is identified:  

Java proves to be the most widely used, representing 50% of the programming languages. 
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Fig.  2 Results of programming languages to create schedules based on genetic algorithms 

J. Types of Genetic Algorithms Used for Scheduling 

The obtained results are detailed below in Fig. 3, where the following is identified: 

The most used genetic algorithm variant is the hybrid, representing 63.64% of all variants 

found in the literature review. 

Another result we found was that the hybrid variant of the genetic algorithm is most frequently 

combined with a local search algorithm. 

 

Fig.  3 Results of the types of variants of genetic algorithms used in the preparation of 

schedules 

K. Approaches of Genetic Algorithms in Academic Scheduling. 

The obtained results are described below in Fig. 4, where the following is identified: 

The most used approach is the "use of resources," representing 62.50% of the identified 

approaches. 
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Fig.  4 Results of genetic algorithm algorithm approaches when drawing 

up academic schedules 

 

7. Architecture Proposal 

As a proposal, we have designed a web-based application using a genetic algorithm capable 

of creating schedules based on the specified generations, as shown in Fig. 5. 

 

Fig.  5 Web application architecture 

In the presentation layer, the interaction of the user (administrator or teacher) with the various 

views provided for the use of web applications is shown. To create the views, we will use 

HTML, CSS, and JavaScript. 

In the business logic layer, user interactions are received from the view and coordinate actions 

between the view and the model. Additionally, it contains the logic to perform operations 

(Authentication, Scheduling Module, Reports Module) in the model according to the view's 

requests. For this, we will use the Java programming language. 

In the data layer, the model is primarily located, representing the data structure. It will also 

handle any interaction with the MySQL database. 
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To implement this web application, the following table provides a description of the system. 

 

Fig.  6 Application Description 

In Fig. 6, it is explained that only the administrator can generate schedules through the user 

interface, and through the scheduling module, the genetic algorithm will be used to return the 

generated schedule. It is observed that the database provides information to both the genetic 

algorithm and the reporting module. In the latter, results are displayed through the user 

interface to the administrator and the teacher. 

For the genetic algorithm, we will use the following code shown in Fig. 7. 

 

Fig.  7 Genetic Algorithm Code 

We will employ the function of a hybrid algorithm, adding to the code shown a basic search 

algorithm that aids in facilitating schedule creation. This genetic algorithm is focused on 

optimizing the use of resources such as time, classrooms, and teacher availability to distribute 

them efficiently. 

 

8. Conclusion 

In conclusion, genetic algorithms are effective in optimizing school schedules by minimizing 
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conflicts and satisfying the preferences of students and teachers. They use genetic 

representation and simulate evolutionary processes to enhance the quality of schedules and 

reduce human errors. 

Genetic algorithms are versatile and can adapt to various constraints and optimization criteria, 

improving the satisfaction of all parties involved in education. Furthermore, empirical results 

support their effectiveness, demonstrating significant improvements compared to traditional 

approaches. This not only increases efficiency but also enhances the educational experience. 

In summary, genetic algorithms are a valuable tool in educational management for optimizing 

school schedules and promoting future research in artificial intelligence applied to educational 

planning. 
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