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Abstract. The course scheduling problem is a typical combinatorial optimization
problem. It involves many factors, such as the school management department,
teachers, students, and classrooms. It is a mixed integer nonlinear programming
problem with multiple constraints. The traditional course scheduling algorithm has
many defects. For example, the conventional genetic algorithm is only suitable for
solving continuous function course scheduling problems and cannot be used for
discrete and constant course scheduling problems. The improved genetic algorithm
has unique advantages in solving discrete and continuous combinatorial optimization
problems. This paper combines the traditional and improved genetic algorithms to
solve the course scheduling problem. It applies the combination of the two to
optimize intelligent course scheduling. The experimental results show that the
improved genetic algorithm can improve course scheduling to a certain extent,
including efficiency and scheduling quality.
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1 INTRODUCTION

Scheduling is a critical task in educational management. However, due to the large number of
courses and the strong correlation between them, traditional manual scheduling methods could be
more efficient and prone to conflicts and contradictions. To solve this problem, in recent years,
scholars have begun to use genetic algorithms for intelligent scheduling optimization. Genetic
algorithms have global optimization capabilities and can significantly improve scheduling efficiency
while ensuring scheduling quality. However, the existing genetic algorithms still need some help in

Computer-Aided Design & Applications, 21(S24), 2024, 17-34
© 2024 U-turn Press LLC, http://www.cad-journal.net



http://www.cad-journal.net/
mailto:chery602362497@163.com
mailto:Su_6187@163.com
mailto:Su_6187@163.com
https://orcid.org/0009-0008-9256-7907
https://orcid.org/0009-0004-9009-9426
https://orcid.org/0009-0000-3411-8806

18

their application in educational management. This article aims to enhance the application of genetic
algorithms in educational management to improve the effectiveness and accuracy of intelligent
scheduling [12].

Scheduling is a typical combinatorial optimization problem involving various factors such as
school management, teachers, students, and classrooms, making it a mixed integer nonlinear
programming problem with multiple constraints. Therefore, analyzing and comparing various factors
and comprehensively considering the constraints is necessary for the best and optimal solution. A
genetic algorithm is a global optimization method that simulates the process of biological evolution,
which consists of basic operations such as chromosome generation, selection, crossover, and
mutation to produce excellent genes. Genetic algorithms have two prominent characteristics: one is
to search for the optimal solution by simulating the process of biological evolution, and the other is
to continuously generate new excellent genes through genetic operations [9].

With the rapid development of information technology, education management increasingly
needs artificial intelligence technology to improve efficiency and optimize results. In education
management, scheduling has always been time-consuming and complex, requiring consideration of
various factors such as teacher's time arrangements, student course demands, classroom utilization,
and so on. Traditional manual scheduling methods can no longer meet the needs of modern
education management. Therefore, how to use artificial intelligence technology for intelligent
scheduling optimization has become one of the hotspots in the current research field of education
management.

With the arrival of the intelligence era, the education management field has also ushered in a
significant transformation. In education management, scheduling is a critical task related to the
teaching quality of schools, students' learning effectiveness, and teachers' work quality. However,
traditional scheduling methods have many problems, such as low scheduling efficiency and
unsatisfactory scheduling results. To solve these problems, genetic algorithms have been introduced
into scheduling as an effective optimization method [13].

As an optimization algorithm, a genetic algorithm has a strong advantage in solving complex
problems. Therefore, the application of genetic algorithms to the optimization of intelligent course
scheduling in education management has become a research direction that has attracted much
attention. This article will discuss how to improve the application of genetic algorithms in education
management, improve the efficiency and accuracy of intelligent course scheduling, and provide
strong support for modern education management.

2  ANALYSIS ON THE PROBLEM OF INTELLIGENT CLASS ARRANGEMENT

As an advanced education management method, intelligent course scheduling has significant
advantages but also encounters some problems. First, smart course scheduling requires much course
data and teacher support. Suppose the school curriculum could be better or the number of teachers
needs to be increased. In that case, intelligent course scheduling will require more data, affecting
the accuracy and efficiency of course scheduling. Secondly, intelligent course scheduling must
consider each student's course needs and personal circumstances, which requires the school to have
sufficient student information and data processing capabilities. The wise course arrangement will be
wrong or unreasonable if the student's information or data processing ability is insufficient [7].
Finally, intelligent course scheduling needs to be organically combined with the school's teaching
management system, which requires highly skilled IT personnel to complete. If the school lacks such
IT personnel, the development and application of intelligent class scheduling will be affected.
Therefore, while promoting intelligent class scheduling, schools must also pay attention to solving
the above problems better to promote innovative education management applications [14].
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Figure 1: Course selection constraints diagram.

First, the system's operation will be constrained by the number of students because the courses
offered by different majors will be affected by the teaching methods (multimedia, blackboard writing,
etc.), the classroom's capacity for the number of students, etc. There is a maximum number of
people, so in selecting and arranging courses, it is necessary to control the classroom model of the
class according to the number of people who choose courses and promptly adjust the resource
information of the courses [11].

Secondly, the opening of courses will also be limited by time factors, mainly reflected in three
aspects: classroom vacancy time, student class time, and teacher teaching time. In the same period,
only one teacher can be assigned to teach one course in one classroom, and one student can only
complete the study of one course. Therefore, in the course selection system, it is necessary to make
timely adjustments to the conflicts between the above three factors to eliminate the time conflicts
in different courses.

Finally, there are dependencies between different courses because there are multiple courses in
the same major; some are professional introductory courses, and some are professional advanced
courses. The introductory courses need to be started and completed before the advanced courses.
In the course scheduling process, it is also necessary to consider the dependency relationship
between different classes. If these factors are not considered, the course scheduling information will
be unreasonable[4].

Mathematical permutation and combination problems will be involved in the course scheduling
process, and the content included in the course scheduling process mainly includes restrictive
conditions and optimal solutions to nonlinear problems. Simply put, it is necessary to solve the
conflicts between different resources in scheduling courses and arranging courses within a specific
limit to avoid conflicts between other factors. Therefore, the principles that need to be followed in
the course scheduling process are:

1. Strictly follow the teaching plan principles

The teaching plan must be strictly followed in course arrangement management because it is
the core program of the school's teaching work and provides programmatic guidance for the
development of the entire teaching work.

2. In the course scheduling process, the summary needs to follow the constraint principle

In today's information age, education management needs more advanced technical means to
improve efficiency and quality. Among them, class scheduling, as an essential part of teaching
management, has always been a complex problem in education. The traditional manual course
scheduling method has complicated, time-consuming, and error-prone issues, and it is challenging
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to meet the rapidly changing needs of students and teaching models. Therefore, introducing an
intelligent course scheduling system has become one of the crucial ways to solve the course
scheduling problem [19].

In the same time period, the In the same time period, only one
teacher can only teach one course can be arranged in one
course classroom

. . When arranging courses, it is
In the same time period, a

professional student can only
study one course in one class

necessary to meet the course
capacity requirements in the
teaching plan.

Figure 2: Class schedule constraint principle.

After the above constraints are completed, the initial stage of course selection is entered. In the
initial stage of course selection, the educational administrators and teachers need to learn the
specific situation of the student's course selection. In this case, the course selection without
constraints can be implemented. The natural course selection stage provides a more accurate and
practical reference. After obtaining these data, the administrators of the Academic Affairs Office can
set some course selection rules during the course scheduling process. In the actual course selection
stage, students must select courses according to these rules, such as how many credits they need
to complete this semester, Which courses are compulsory, etc. Students can submit course selection
applications on the system after following these course selection constraint rules [10].

Finally, it enters the stage of course arrangement and management. After the students complete
the online course selection application, the administrative staff of the Academic Affairs Office can
extract and organize the course selection information data in the system's background and the
teaching resources according to the student's course selection. Optimal distribution [18].

3 IMPORTANCE OF IMPROVED GENETIC ALGORITHMS IN INTELLIGENT COURSE ARRANGEMENT
SYSTEM

In education management, class scheduling is a critical task. The traditional way of arranging courses
usually takes a lot of time and workforce, and meeting the needs of all teachers and students is
often challenging. Therefore, it is becoming more and more urgent to develop an intelligent course
scheduling system. The traditional genetic algorithm has good robustness and searchability but can
only be used in continuous functions, not discrete and ongoing ones. Moreover, the algorithmic
complexity of the traditional genetic algorithm is very high, and the amount of calculation is also
significant, leading to large errors in the course scheduling system during operation [2].

Compared with the traditional genetic algorithm, the improved genetic algorithm can overcome
the defects of the conventional genetic algorithm to a certain extent. For example, the improved
genetic algorithm has a robust global search ability and a better local search ability. In addition, the
improved genetic algorithm can solve many problems only by modifying some basic parameters.
Therefore, introducing the improved genetic algorithm into the course scheduling system can
effectively enhance the course scheduling system's course scheduling quality and reduce the course
scheduling system's calculation amount to a certain extent so that its operation speed is greatly
accelerated, thereby improving the course scheduling system. Work efficiency [2].
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Figure 3: Importance of improved genetic algorithms.

Improving the application of genetic algorithms can optimize the utilization of teaching resources,
reduce teaching conflicts and waste of teaching resources, and enhance the quality of teaching and
efficiency. At the same time, it can meet the needs of students, teachers, and schools and realize
the intelligence and informatization of education management. In practical application, improving
the genetic algorithm can further improve the performance and function of the intelligent course
scheduling system. For example, enhancing the genetic algorithm coding method, selection operator,
and crossover operator can optimize the quality and feasibility of course scheduling results. In
addition, techniques such as multi-objective and constrained optimization can also be introduced to
meet different requirements and constraints [3].

The genetic algorithm is an optimization algorithm that can provide efficient solutions when
solving complex problems. The genetic algorithm can generate the optimal course scheduling
scheme through continuous evolution and selection in an intelligent course scheduling system.
However, the traditional genetic algorithm has some problems in the smart course scheduling
system, such as the selection operator, crossover operator, mutation operator, etc.

Improve the selection operator to increase the convergence
speed of the algorithm
Genetic

Algorlthm for A variety of crossover operators are used to enable the
|mprOVemen algorithm to better explore the search space

t
An adaptive mutation operator can be introduced to make
the algorithm better adapt to the complexity of the problem

Figure 4: Genetic algorithm for improving strategies.

To solve these problems, the genetic algorithm needs to be improved. First, the convergence speed
of the algorithm can be enhanced by improving the selection operator. Second, various crossover
operators can enable the algorithm to explore the search space better. Finally, an adaptive mutation
operator can be introduced so that the algorithm can better adapt to the complexity of the problem.

By improving the genetic algorithm, the intelligent course scheduling system can generate the
optimal course scheduling plan more efficiently to meet various needs in education management. It
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can reduce class scheduling conflicts, improve the satisfaction of teachers and students, optimize
the utilization efficiency of educational resources, and thus promote education development.
Therefore, the improved genetic algorithm is significant in the intelligent course scheduling system
[26].

In short, applying an improved genetic algorithm in an intelligent course scheduling system has
essential significance and value. It can improve the efficiency and accuracy of class scheduling,
optimize the use of teaching resources, improve teaching quality and efficiency, and realize the
intelligence and informatization of education management.

4  IMPROVED GENETIC ALGORITHM

The course scheduling problem is a typical combinatorial optimization problem with two cases of
discrete and continuous functions. For the discrete course scheduling problem, the genetic algorithm
is used to solve the problem, and its running time and resource utilization rate are high, while for
the continuous course scheduling problem, the genetic algorithm is used to solve the problem slowly.
To improve the algorithm's efficiency, this paper adopts the improved genetic algorithm to solve the
course scheduling problem.

A traditional genetic algorithm can solve the class scheduling problem of continuous function. In
practical application, if the conventional genetic algorithm cannot decrypt the constant function, then
the method combining the genetic algorithm and simulated annealing algorithm can be used to solve
it. However, it should be noted that when applying the improved genetic algorithm, it should be
noted that the improved genetic algorithm is only suitable for discrete class scheduling problems
[26].

4.1 Traditional Genetic Algorithm

The traditional genetic algorithm is an optimization algorithm based on evolutionary thinking. It
continuously iterates out the optimal solution by operating and mutating the population's genetic
information. Genetic algorithms are widely used in education management to optimize intelligent
course scheduling. The traditional genetic algorithm achieves the purpose of optimal course
scheduling by adjusting the parameters of course time and place. However, the conventional genetic
algorithm also needs some help.

The optimization effect of The traditional genetic The computational efficiency of
traditional genetic algorithm algorithm can't deal with the the traditional genetic algorithm

is greatly affected by constraints problem well is low, and a large number of
parameter settings iterations are required to obtain

the optimal solution.

Figure 5: Disadvantages of traditional genetic algorithm.

First, parameter settings significantly affect the optimization effect of traditional genetic algorithms.
If the parameters are not appropriately set, the algorithm may fall into a local optimal solution, and
the optimal solution cannot be obtained. Second, the traditional genetic algorithm cannot deal with
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the constraints problem well. In education management, there are some constraints on course
scheduling, such as only one course can be arranged in a classroom at a time. It is difficult for the
traditional genetic algorithm to deal with these constraints well, and it can easily lead to insufficient
optimization of the course scheduling results. Finally, the computational efficiency of the traditional
genetic algorithm could be higher, and many iterations are required to obtain the optimal solution,
which is unacceptable for educational management [16].

The main characteristics of traditional genetic algorithms. First, a genetic algorithm is a global
search algorithm that can search for the optimal global solution to a problem. The genetic algorithm
has broader applicability and better searchability than other optimization algorithms. Secondly, the
genetic algorithm can continuously optimize the quality of the solution through the selection,
crossover, and mutation operations of the population. In this way, the genetic algorithm can balance
diversity and convergence in the solution space and prevent the algorithm from falling into a local
optimal solution. In addition, the genetic algorithm is robust and adaptable. Since the genetic
algorithm is based on population evolution, it can adaptively adjust the search strategy of the
algorithm by selecting individuals with high fithess and random mutation to adapt to different
optimization problems. Finally, the genetic algorithm has better interpretability. Since the operation
process of the genetic algorithm is similar to the process of natural evolution, it can help people
understand the principle of the algorithm and the optimization process by visualizing and explaining
the process of population evolution. These characteristics give genetic algorithms broad application
prospects in intelligent course scheduling optimization in education management. By designing an
appropriate genetic algorithm model and optimizing the objective function, the rational allocation
and optimal utilization of educational resources can be realized, and the quality and efficiency of
education can be further improved [17].

Start

S S

Initial population: Randomly generate a set
of initial solutions as the first generation
population.

>

Fitness calculation: For each individual in the
population, calculate its fitness function
value

Selection operation: According to the fitness
function value, select some excellent
individuals as the parents of the next

generation population.

]

Crossover operation: Perform crossover
operation on parent individuals to generate
new individuals.

|

Mutation operation: perform mutation
operation on new individuals and introduce
new solutions.

End

Figure 6: Flowchart of genetic algorithm.

A genetic algorithm is an optimization algorithm based on natural selection and natural genetic
mechanisms. In education management, genetic algorithms can be applied to course scheduling
optimization. The following is a flow chart of the genetic algorithm:
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1. Initial population: Randomly generate a set of initial solutions as the first-generation
population.

2. Fitness calculation: Calculate each individual in the population's fitness function value.

3. Selection operation: According to the fitness function value, select some excellent individuals
as the parents of the next generation population.

4. Crossover operation: Perform crossover operation on parent individuals to generate new
individuals.

5. Mutation operation: perform mutation operation on new individuals and introduce new
solutions.

6. Repeat steps 2-5 until the preset stop condition is reached.

Insufficiency of traditional genetic algorithm. Applying conventional genetic algorithms in
education management has achieved specific results, but some things could be improved. First, the
conventional genetic algorithm may have limitations on the problem's search space, which means
that the algorithm may fall into a local optimal solution and need help finding a globally optimal
solution. Secondly, the traditional genetic algorithm has the problem of slow convergence speed;
because of the high randomness, it requires a lot of iterations to get better results. In addition, the
traditional genetic algorithm cannot deal with multi-objective problems, and the optimization effect
of the conventional genetic algorithm is also limited to some complex issues in education
management. Some improved genetic algorithms have emerged in recent years to solve these
problems. Among them, the multi-objective genetic algorithm (MOGA) is a commonly used improved
algorithm, which can effectively avoid the limitations of traditional genetic algorithms when dealing
with multi-objective problems. In addition, the improved genetic algorithm also includes some new
operation methods, such as crossover operator, mutation operator, etc. These operation methods
can help the algorithm explore the search space better, thereby accelerating the convergence speed
of the algorithm. At the same time, the improved genetic algorithm also applies some heuristic
algorithm ideas, such as particle swarm algorithm, ant colony algorithm, etc [8-24]. These heuristic
algorithms can explore the search space more intelligently, thereby improving the algorithm's
optimization effect. In short, the improved genetic algorithm has broad application prospects in
education management. It can effectively help education managers solve complex problems such as
class scheduling problems and improve the efficiency and quality of class scheduling.

4.1 Improved Genetic Algorithm

The genetic algorithm is applied to the problem of intelligent course arrangement in colleges and
universities, and an innovative course arrangement system is realized. Combining the soft and hard
constraints that the wise course scheduling system needs to design and the characteristics of
"walking" students' hierarchical course selection, the shortcomings of the traditional course
scheduling algorithm are analyzed, and the constraints and related factors of the college course
scheduling problem are combined with the adaptive genetic algorithm. Correspondingly, optimize
and adjust the initial population homogenization, fitness function, genetic operators, etc., establish
a corresponding mathematical model of the intelligent course scheduling system, and apply it to the
actual education and teaching environment to meet the requirements of administrative class
scheduling. The demand for class and class scheduling provides a new idea and new method for the
development of today's education in the issue of course scheduling, making the course scheduling
system of colleges and universities tend to be intelligent and improving the completion of college
education and teaching plans [1].
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The genetic algorithm draws on the random search algorithm evolved from the biological
evolution law in nature. According to the evolutionary principle of "survival of the fittest and survival
of the fittest," it finds high-quality genes, selects chromosomes with high fitness, and then performs
genetic crossover and genetic mutation operations to obtain A new generation of individuals, which
are the current population for the next iteration of evolution. In real-life applications, the genetic
algorithm provides optimization ideas for solving complex problems and many constraints. It does
not need to consider the target problem itself. It only needs to encode and analyze the situation and
set an appropriate objective function to calculate and determine each. The size of the encoded
individual fitness and the evaluation of the individual fitness must be determined by the operation
of the fitness function. The initial population of the genetic algorithm is generated by randomly
searching individuals in the problem. Each individual is regarded as a possible or approximate
optimal solution to the problem. After genetic encoding, each needs to be compared with the fithess
function. The algorithm protects individuals with high fitness values for evaluation and judgment, so
individuals with large fitness values will be selected first.

In contrast, individuals with small fithess values will be eliminated and discarded, leaving only
fitness values in the population. For high chromosomes, the selected individuals directly perform
genetic crossover and genetic mutation operations, and a new generation of individuals forms
offspring populations. In this cyclic iterative operation, the good chromosomes left in the final
population can get the optimal solution to the problem. As mentioned above, the whole evolutionary
process embodies the basic genetic algorithm principle. The algorithm is very efficient in the
application process, and the global search function can be realized by using this algorithm. In the
process of rapid development in recent years, it has been widely used in many fields.

The application of a genetic algorithm mainly starts from a specific feasible solution set of the
problem to be solved. This set can be regarded as a population composed of a specified number of
individuals, and the individuals in the population are collected of genes through coding. In the specific
solution, the biological evolution process is simulated so that the probability selection of some
individuals in the population can be realized, and the optimal solution can be obtained at the end
through gradual evolution. Before each iterative operation, it is necessary to calculate and solve the
fitness value of the individual in the population, select some individuals based on the probability
value, and then continue to perform operations, such as crossover and mutation, to form a new
population. In specific applications, inferior individuals in the entire population can be eliminated
through multiple iterative calculations to generate better individuals through genetics, and the
optimal solution can be obtained after calculation. Figure 7 below shows the algorithm's calculation
process [5].

Improved genetic algorithm coding method. The improved genetic algorithm coding method
optimizes the traditional genetic algorithm coding method. The conventional genetic algorithm
coding method adopts binary coding. When this coding method deals with complex problems, the
chromosome length is too long, and the search space is too large, leading to the algorithm's low
efficiency. The coding method of the improved genetic algorithm adopts accurate number coding,
and expressing genes as real numbers solves the problem of excessive length of chromosomes. At
the same time, the actual number code can also tell the gene's value range more intuitively,
improving the algorithm's search accuracy. Intelligent course scheduling optimization in education
management must consider multiple factors, such as students' course selection, teachers' teaching
conditions, and class scheduling conditions. The traditional genetic algorithm makes it difficult to
deal with these complex constraints, and the improved genetic algorithm coding method can solve
this problem by introducing additional constraints. For example, the teacher's teaching time
arrangement can be a further constraint to optimize teaching time [25].
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Figure. 7: Genetic algorithm flowchart.

The flow chart of the improved genetic algorithm. The application of the improved genetic algorithm
in education management can be used for intelligent course scheduling optimization. In practical
application, the improved genetic algorithm must complete the whole optimization process through
a series of steps. Below, we will introduce the flow chart of the improved genetic algorithm:

Need to identify the goals

and constraints of the select operation

problem
The flow
Determine the fitness c.hart of the
et improved e cross operation
unction genetic
algorithm
Initialize the . .
mutation operation
population

Figure 8: The flow chart of the improved genetic algorithm.

In the first step, the goals and constraints of the problem need to be determined. In educational
management, the goal is usually to maximize students' learning effect, and the constraints include
teachers' working hours, classroom capacity, etc.
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In the first step, the goals and constraints of the problem need to be determined. In educational
management, the goal is usually to maximize students' learning effect, and the constraints include
teachers' working hours, classroom capacity, etc.

The third step is to initialize the population. A population is a collection of individuals with the
same genetic characteristics. In the course scheduling problem, the population can be composed of
different course scheduling schemes.

The fourth step is to select an operation. The selection operation refers to selecting excellent
individuals from the population for crossover and mutation. The improved genetic algorithm can use
roulette and tournament selection [6].

The fifth step is cross-operation. In the genetic algorithm, the crossover operation generates a
new individual by exchanging the chromosomes of two individuals. In the course scheduling problem,
two different course scheduling schemes can be cross-operated to create a unique course scheduling
scheme.

The sixth step is mutation operation. Mutation operation refers to randomly changing a gene in
an individual's chromosome to generate a new individual. In the course scheduling problem, a
course's scheduling time or location can be randomly changed.

The above is the flow chart of the improved genetic algorithm. Through these steps, we can
continuously optimize the course arrangement plan, improve students' learning effect, and realize
the optimization of intelligent course arrangement.

4.1 Application of Genetic Algorithm in Course Arrangement

In the course scheduling process design, it can be abstracted as calculating the optimal solution for
a 5-element array, which mainly includes courses, classes, teachers, classrooms, and time, which
can be expressed as follows:

TP = (KC, BJ,SJ,JS, CR) (1)

In the 5-tuple above, where
A collection of courses is represented by : KC={KC1, KC2, KC3...KCn}
A class collection is defined as B]J={BJ1, B]2, B]3...BIn}
The collection of times is defined as SJ={SJ]1, SJ2, SJ3..SJn}
The teacher set is as follows : JS={JS1, JS2, JS3..1Sn}
The classroom set is as follows : CR={CR1, CR2, CR3...CRn}

During the actual scheduling process, Durin the actual scheduling process, TP = (KC, B], S],JS, CR).
This set is combined according to the constraints. We combine the time factor and the classroom
factor, and G can be expressed as :

G = SJ « CR{(S]1, cr1), (sj2,cr2), ...(sjm,crn)} (2)
In the above collection, the relevant elements in the G collection mainly represent the combination
of classrooms and time. The problem of class scheduling can be abstracted according to the

arrangement of teaching tasks. According to the corresponding matching relationship, it can be
expressed in the following calculation formula :

T = &(SJ,CR) (3)
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In problem conversion, the set G generated by time and classroom is called the resource set. In
setting up the course arrangement, the three factors of course, class, and teacher constitute a set
of necessary factors. Combining these three constraints, the class scheduling event E can be
recorded as :

E ={el,e2e3,..em} (4)

By analyzing the above, we can get the constraints between the scheduling event E and the obtained
set G, get: E—>G

Due to time conflicts between different courses in the course scheduling process, only one
teacher can be arranged to teach one course in one classroom simultaneously. To effectively judge
these conflicts, it is necessary to design a method for evaluating conflicts in algorithm design. Let's
illustrate the conflict of time factor as an example [20].

1. Through the above analysis and design, two-time factors are coded SJAi in the process of
conflict variable detection;

2. Perform an AND operation on the two coding factors to solve;

3. If the AND operation result is not equal to 0, it means that there is a conflict and needs to be
rearranged;

4. The two codes are used to obtain a new code.

By adopting this method, the conflict of different teaching resources in the course scheduling
process can be effectively avoided, thereby ensuring the orderly development of teaching planning
tasks.

5 EXPERIMENTAL RESULTS AND ANALYSIS

To verify the effectiveness and feasibility of the course scheduling algorithm in this paper, we
designed two sets of experiments for testing. The first group of experiments used the traditional
genetic algorithm, and the second group used the improved genetic algorithm.

5.1 Build a Mathematical Model

The previous analysis taught us that the course scheduling process will be subject to various artistic
restrictions. Hence, optimizing the course scheduling plan is necessary when dealing with the course
scheduling problem. In the course scheduling function module, it is essential to establish a problem
optimization processing model, and at the same time, it is necessary to develop multiple constraints.
Under the typical restrictions and limitations of various constraints, the calculation and processing
of the mathematical model can be realized, and finally, the optimal mathematical model can be
obtained. Excellent solution [23].

In dealing with the course arrangement problem, the mathematical model is mainly constructed
according to the teaching plan arranged by the teacher. Suppose the teaching plan is: P=
{p1,P2,P3 -, Pn}; Class hours for each semester are: T = {t;,t,,t3,...,t,}; The classroom resources
that the school has in teaching areS = {s;,s;,ss, ..., sp}; The information of the classes involved in
teaching in each semester is: C={cy,c3¢3,..,cn}, The limiting factor for the scheduling problem
caused by some other factors is : G = {g1,82,83, -, &n}-

By analyzing the above mathematical model, we can get the constraints of different aspects of
the course arrangement. In problem-solving, we can explore and calculate the relationship between
other elements., An incidence matrix will be introduced in the calculation process R, ; to represent
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the relationship between different constraints. r;; Calculate the optimal solution according to the
corresponding constraints set, t;,and classc;. The relationship between the two elements is shown
in the formula below.

1 Tz 7 Tig
21 T2z - Tan

Re,, = (3)
Tt1 Tz 0 Tig

From the above discussion, we know that by constructing the corresponding matrix equations, the
relationship between different elements related to course scheduling can be established, and the
constraints can be calculated and solved by combining the corresponding equations. In a specific
period, t., fixed classroom s,,t can only be used to teach one course, and the following constraints
can be obtained according to the correlation matrix relationship.

Tij=1,i=k&#c
{Ti,j:m::k&:c (6)
5.2 Algorithm Design Ideas

1. The goal of the course scheduling problem must be clarified, and a mathematical model of course
scheduling must be built according to the problem.

2. In the course scheduling problem, the elements involved, such as teachers, classrooms,
classes, and courses, are converted by coding.

3. Construct the genetic factor of the course scheduling problem according to the actual situation
and apply the genetic factor to the chromosome-corresponding operation.

4. Construct the corresponding fitness function according to the problem's constraints and the
objective function, then iteratively calculate and solve based on the constructed mathematical
model. The individual with the best fitness can be obtained.

5. The decoding operation is performed on the individuals obtained by iterative calculation so
that the actual problem can be restored and, finally, the curriculum that satisfies the constraints can
be introduced.

5.3 Chromosome Code

The genetic algorithm's basic information and parameters must be processed to a certain extent,
affecting its computational efficiency and closely related to the coding scheme. Real-number coding
is the most common, and it is also used in this study [21].

Chromosome coding mainly encodes various factors that affect the class arrangement, including
the class number, period code, and classroom number, which are recombined and then used as gene
fragments. Table 1 follows the encoding format table.

| Period D (2 bit) | Classroom D (4 bit) | Classroom ID (8 bit ) ]

Table 1: Encoding format table.

Based on this encoding format, classroom, classroom number, and period are processed. For
example, 20200618-22-1006 represents that the school with the number 20200618 will have class
in classroom 1006 on Thursday's third period.
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5.4 Fitness Function Design

The key to designing based on a genetic algorithm is to complete the design of the fitness function,
which is influenced by various factors. This article discusses only three dimensions of combinatorial
optimization: class hour distribution and the optimization degree of class periods in the design of
the scheduling algorithm.

After analyzing the relevant influencing factors, the various influencing factors must be
comprehensively analyzed in the design of the fitness function. At the same time, it is also essential
to determine the proportional weight of the different factors influencing the fitness function. The
weight values of other factors reflect this in the algorithm. Based on the above analysis, the design
of the fitness function can be implemented, as shown in the specific formula below.

F=§(P1I+P2C+P3D)e (7)

In the fitness function designed above,p;p,p3;, The weight values of different influencing factors in
the algorithm summary are represented separately. Due to the multiple factors affecting automatic
class scheduling in practice, numerous constraint conditions and factors must be checked during the
algorithm design process.

If there is a resource conflict in scheduling, the value of e will be set to 0. This indicates that this
scheduling plan is not feasible. If there is no resource conflict, the parameter e will be set to 1.
lindicates the section priority, C indicates the classroom priority, and D indicates the resource
priority [22].

5.5 Genetic Operator Design

After the comprehensive analysis above, the problems related to gene coding and chromosome
composition in the genetic algorithm processing were designed and completed. Finally, it realized
the design of the fitness function. The processing of genetic algorithms mainly includes the following
processes.

Assuming Crossover Probability in Solving Practical Problems Based on Genetic Algorithms p,
The probability of variation that may occur in the actual calculation process is py,; in the processing
of the problem, it is assumed that the population size of the genetic algorithm is M, The maximum
number of runs that need to be run in an iterative calculation of the algorithm is G, The final
termination condition of the algorithm in the iterative calculation process is to find a specific solution
for fitness.

The probability of generating a new generation of population after population initialization and
iterative calculation is P. Through a detailed analysis of the steps in the calculation process of the
algorithm, the initial population of the algorithm can be generated using random generation to
ensure that the randomly generated values have balanced distribution characteristics in the
application, and through the characteristics of the population, it can be determined that the initial
population has a uniform distribution. Distribution characteristics [15].

The selection operator is needed in the calculation based on the genetic algorithm. Based on the
selection operator, the selection of different populations in the iterative calculation process of the
population can be completed so that local optimal solutions can be avoided in the calculation process.
The probability of an individual being selected during the solution process is:

Fi

Q=4 (8)
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The crossover operator mainly completes the selection of individuals in the calculation. In an iterative
solution, not all the selected individuals need to perform crossover operations and other processing,
but only the selected individuals have a higher crossover probability than others. Individual: At the
same time, in the crossover calculation, it is necessary to follow the crossover probability of p.
conduct. Usually, the corresponding cross operator and cross point are selected during the cross
calculation.

The mutation operator mainly sets the corresponding calculation in the algorithm's iterative
process. The algorithm also needs to use the mutation operator to process the chromosome. In the
specific implementation, the probability of occurrence will be controlled using random numbers. In
this paper's course scheduling algorithm design, mutation operators are mainly used to realize the
selection of classes and the processing of mutation genes.

5.6 The Experimental Results of the Improved Genetic Algorithm

After completing the design of the genetic algorithm, it is necessary to verify its operation effect. In
this paper, the single-objective optimization problem is mainly confirmed. Respectively selected
Schwefel, Griewank, Sphere, Rosenbrock, and Rastrigin functions to verify the algorithm's operation
effect. Keep one running scenario for the five algorithms, and calculate the average running time for
five single-objective optimization problems after 15 consecutive calculations(unit : ms); according
to the analysis of running results, the algorithm can meet the requirements. Figure 9 below shows

the running results.
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600

500
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0
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Figure 9: Algorithm running result.

The experimental results of the improved genetic algorithm scheduling conflict problem. The
improved genetic algorithm has been widely used in optimizing intelligent course arrangements in
education management. In the experiment, we applied the improved genetic algorithm to the
curriculum scheduling of a middle school and compared it with the traditional scheduling method.
The experimental results show that the improved genetic algorithm can more accurately deal with
the conflicts in course scheduling and effectively enhance its efficiency and accuracy. In the
experiment, we used the improved genetic algorithm to arrange courses, which adopted a new
crossover and mutation strategy and added a fitness function and penalty function so that the
algorithm could better deal with the conflicts in the course arrangement question. We also set up
multiple experimental groups in the experiment, using different parameters to schedule lessons and
compare them. The experimental results show that using the improved genetic algorithm to arrange
courses can better solve the conflict problem in course arrangement and can better meet the needs
of students and teachers. Compared with the traditional course scheduling method, the improved

Computer-Aided Design & Applications, 21(S24), 2024, 17-34
© 2024 U-turn Press LLC, http://www.cad-journal.net



http://www.cad-journal.net/

32

genetic algorithm can save more time and energy and better ensure the accuracy and fairness of
course scheduling. The improved genetic algorithm has a broad application prospect in optimizing
intelligent course arrangement in education management. This algorithm will shortly become integral
to education management, providing students and teachers more efficient services.

6 CONCLUSIONS

Due to its slow convergence speed and premature convergence, the traditional genetic algorithm is
limited mainly when applied to the course scheduling problem. This paper proposes an improved
genetic algorithm and uses the enhanced genetic algorithm for course scheduling optimization. The
algorithm speeds up the evolution of the population by introducing crossover operators and improves
the population evolution rate by setting the genetic mutation rate and operation operators. Diversity
effectively avoids the problem of premature convergence. Experimental results show that the
algorithm is feasible in solving the class scheduling problem.

The improved genetic algorithm is vital in optimizing intelligent course arrangements in
education management. By enhancing the genetic coding method, the algorithm can better adapt to
different course scheduling needs while ensuring the feasibility and rationality of the course
scheduling results. Further experimental results show that the improved genetic algorithm has
significantly improved the efficiency and accuracy of the optimized course scheduling scheme.

In addition, the improved genetic algorithm is also highly robust and adaptable. In the face of
complex course scheduling scenarios, the algorithm can quickly converge and find the optimal
solution while avoiding the trap of locally optimal solutions. These characteristics make the improved
genetic algorithm widely used in education management and provide a better course arrangement
plan for the education management department.

In short, the improved genetic algorithm significantly optimizes intelligent course scheduling in
education management. With the continuous progress and development of related technologies, this
algorithm will play an increasingly important role in future education management and provide
strong support for developing and improving education. Incorporating AI-driven genetic algorithms
for scheduling in medical research and educational management promises to significantly improve
productivity, efficiency, and overall outcomes in these critical domains, benefiting both research
endeavors and academic experiences within the medical field.
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