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Abstract: Scheduling classes is an important work of the educational administration 

department in schools. Recently, with the continuous expansion of the scale of schools, 

the existing curriculum scheduling software has been unable to generate the best 

curriculum scheduling scheme under the constraints of multiple conditions. The 

problem of course arrangement has been proved to be NP difficult and can't get 

satisfactory results with mathematical algorithm. In view of this problem, this paper 

uses genetic algorithm to solve the problem of course scheduling for in-depth research 

and improvement, focusing on the use of genetic algorithm as the core algorithm of 

course scheduling processing, through the study of various constraints, the 

construction of fitness function, to achieve the automatic generation of course 

scheduling scheme. With this as the center, the intelligent course arrangement system 

based on network is constructed to solve the problem of course arrangement in the 

educational administration department of large universities. During the construction 

of chromosome genes, the expression ability of chromosome was enhanced. When 

the fitness function is constructed, the quality of the generated schedule can be better 

guaranteed and the optimal schedule scheme can be obtained. This paper mainly 

introduces the application of genetic algorithm in the course arrangement system, 

carries on the detailed analysis and the algorithm improvement, which can effectively 

improve the science and rationality of the course arrangement scheme, and improve 

the level of school educational administration management. 
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1. Introduction 

In recent years, with the merger and expansion of colleges and universities, their scale 

has become larger and larger, which is mainly reflected in the continuous increase in 

the number of students, the number of teachers, the types of courses, and teaching 
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locations. Under this circumstance, colleges and universities have reasonable 

arrangements for teaching resources and Configuration is particularly important. At 

present, many colleges and universities rely on computer programs to arrange courses, 

input basic information, and automatically generate a schedule plan by the system. 

This method has improved the efficiency of course scheduling, but there are also 

certain problems in the actual use process. According to the characteristics of the 

university curriculum system, we transform it into a multi-objective optimization 

problem under multiple constraints, and then use genetic algorithms to achieve the 

optimal solution. The design and development of the intelligent lesson scheduling 

system can save a lot of manpower and labor, improve the management efficiency of 

the educational administration department, and realize the improvement of the 

information level of colleges and universities; second, it can generate a scientific and 

reasonable lesson scheduling plan, which is conducive to promoting the quality of 

teaching and improving Teaching level, balance the teaching workload of teachers, 

and promote students to master knowledge; thirdly, it also has certain theoretical 

research value for the improvement and optimization of genetic algorithm in solving 

the problem of scheduling. 

 

2. System function architecture design 

The intelligent lesson scheduling system is essentially a set of management 

information system used by the school's educational administration department, but 

in the process of processing, it uses the heuristic intelligent algorithm of genetic 

algorithm. The ultimate development goal of the system is to be able to provide users 

with the functional services they need. According to the analysis results of the needs 

of the system, the system's functional architecture design scheme is shown in Figure 

1.  

 

Figure 1 The functional architecture design plan of the intelligent lesson scheduling 

system 

As shown in the figure above, the intelligent lesson scheduling system is mainly divided 
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into three functional modules, namely, the scheduling processing functional module, 

the scheduling configuration functional module, and the scheduling program 

application functional module. Among them, the course scheduling processing function 

module is mainly to provide scheduling services for the personnel of the school's 

educational administration department, which can process the resources in the system 

according to the needs of users, and finally obtain the most optimized course 

scheduling plan. Course scheduling configuration function module, this function 

module is mainly for system configuration and maintenance personnel to configure 

and maintain the parameters of the course scheduling system. The application module 

mainly refers to that after completing the preparation and generation of the optimal 

course scheduling plan, the relevant users obtain the plan and manage the relevant 

course scheduling information. 

2.1 Overall design ideas 

This article mainly divides the genetic algorithm into the following steps: 

1) Clarify the goal of arranging classes, and establish a mathematical model for 

arranging classes, and require the established model to be suitable for genetic 

algorithm processing; 

2) Transform the teachers, classes, courses and other resources in the course 

scheduling problem into concepts in the genetic algorithm through coding, for example, 

convert the resource codes into genes in the genetic algorithm, and convert the data 

structure in the course scheduling. For the chromosome. 

3) Use operations such as crossover, mutation, and selection in genetic algorithms to 

design relevant operators suitable for arranging courses and apply them to 

chromosome processing. 

4) According to the constraints and the criteria of the optimal plan, the fitness function 

is constructed according to the requirements of the genetic algorithm, the individual 

plan in the scheduling problem is calculated, and the individual with the best fitness 

is selected. 

When the genetic algorithm is used to deal with the problem of scheduling, the time 

of the class, the content of the class, and the place of the class are correlated and 

mapped, and they are mapped to the genes in the genetic algorithm. Multiple genes 

form a chromosome, and the individual represented by the chromosome is a possible 

solution in the genetic algorithm, which corresponds to the lesson scheduling system, 

and one chromosome corresponds to a lesson scheduling plan. In the process of 

generating the initial population, the initial population is generated by randomly 

generating chromosomes, and then the genetic evolution related operations are 

performed on the population, and the optimal solution is finally obtained. 
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2.2 Model building  

The scheduling problem is a typical optimization combination problem. It requires 

permutation and combination of various factors in the scheduling program, and finally 

a set of optimization programs that meet each constraint condition are obtained. From 

a mathematical point of view, it is necessary to establish an optimization model based 

on the elements of the course arrangement, and establish multiple constraint 

conditions, and find the optimal solution of the mathematical model through the 

operation and processing of the model. 

There are many factors and constraints involved in the process of arranging classes. 

At the end of each semester, the educational administration department needs to 

make statistics and master the teaching plans for the next semester, and count the 

teaching resources such as classrooms and teachers, and clarify the teaching time and 

the required professors. Courses, teaching classes, and other teaching tasks can be 

started. 

A complete lesson scheduling plan includes a number of contents. According to the 

different objects of the lesson scheduling plan, it can be divided into the timetable 

used by the teacher, the timetable used by the students, and the timetable used by 

the classroom. The basic information of the timetable includes time, teaching location, 

instructor, class, organization, type of classroom, etc. 

From the above analysis, it can be seen that the scheduling problem is a typical 

optimization combination problem. It requires permutation and combination of various 

factors in the scheduling plan, and finally a set of optimization plans that meet each 

constraint condition are obtained. The constraints in the process of arranging courses 

mainly refer to the actual course arrangement requirements while achieving the goals 

of the teaching plan. In this sense, the scheduling problem is a multi-element 

optimization combination problem under the condition of multiple constraints. 

Integrate the factors in the schedule plan, and establish a logical model diagram of 

the schedule problem, as shown in Figure 2. 

 

Figure 2 Logical model diagram of the scheduling problem 



Volume 8 Issue 3 2021 
 

   100 

The curriculum arrangement is completed under the guidance of the teaching plan. 

Therefore, first define the teaching plan,  },,,{ 21 nmmmM  ; Define the teaching time 

as }t,,t,{t n21 T ;Define classroom resources as },,,{ 21 nrrrR  .The classroom 

resource elements include two aspects, one is the capacity of the classroom, and the 

other is the type of the classroom; the class is defined as },,,{ 21 ncccC  . The class 

elements include information such as class major and grade; for some basic courses, 

there may be multiple classes in the same place, which is defined as },,,{g 21 nggG  。 

The elements of the mathematical model are defined above, and the algorithm is to 

study the relationship between different elements, therefore, an incidence matrix 

needs to be introduced Re , The elements ijr  The value is 1 or 0. When the value is 1, 

it indicates that the two elements are related, otherwise it is irrelevant. Using the 

incidence matrix, the relationship between two elements can be defined. For example, 

when a teacher it  teaches a class jg , it can be expressed as the formula (1): 
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According to the definition model of the above relationship matrix, the relationship 

between the class and the classroom, the curriculum and the classroom and other 

elements can be established. According to this definition, the constraint conditions can 

be checked mathematically. For example, the classroom kr  can only carry out the 

teaching constraint of a certain course at a certain point in time ct  , and the 

relationship matrix between the three can be inquired and calculated to satisfy the 

formula (2) Constraints: 
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2.3 Establishment of restrictions 

If you do not consider various restrictions and constraints, the school scheduling 

activities can be simply abstracted as the class, teacher, teaching content, teaching 

location, permutation and combination on a weekly basis, so that there is no conflict 

between them. problem. However, in the actual arrangement process, there are often 

contradictory situations. Just as a teacher is located in two classrooms at the same 

time to teach, a certain classroom cannot accommodate multiple teaching classes at 

the same time. It has the conditions to complete the teaching task of a certain course, 
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but some restrictions are implicit. For example, two courses are generally arranged in 

a morning, and each course has two sessions. If the location of the previous course is 

different from If the teaching location of the latter course is located in the same 

teaching area, this plan can be established and implemented, but if the teaching 

locations of the two courses are located in two teaching areas, the students cannot 

reach the teaching location in a short time, then this row The lesson plan does not 

conform to reality. In addition to the contradictions and decision issues in the 

scheduling of classes, the constraints that need to be considered are the full utilization 

of teaching resources. The school’s teaching resources are relatively limited. Under 

the premise of ensuring the completion of the teaching tasks, the existing teaching 

resources should be fully utilized. There should not be a situation in which a lecture 

hall with 300 or 400 people only arranges small classes of 20 or 30 people. It is also 

considered from the perspective of reducing teaching operating costs. E.g: 

A certain teaching class shall not arrange two or more courses at the same time, and 

shall not be located in multiple teaching locations. 

A teacher shall not teach two or more courses at the same time, and shall not be 

located in multiple teaching locations. 

A certain teaching location cannot arrange two or more courses at the same time at 

the same time. 

When arranging courses, specific classrooms should arrange corresponding courses, 

such as computer labs for computer operation courses, speech classrooms for English 

speaking or listening courses, etc. 

The capacity of the teaching place must be greater than the number of all students 

arranged at the place at the same time. 

The ratio of the number of students to the capacity of the teaching place should be 

greater than 75%. 

For special courses, the teaching time should be limited. For example, physical 

education cannot be arranged in the morning 1-2 sessions, and music lessons are 

generally arranged in the afternoon. 

Regarding the conversion of teaching locations between different courses, for each 

teaching class or teacher, if there are two courses or teaching tasks in half a day, try 

to arrange them in the same teaching area and the teaching locations of two adjacent 

courses. The journey should not exceed 10 minutes. 

The number of class hours arranged for any course in the class schedule plan should 

be strictly equal to the number of class hours specified in the teaching plan. 

Other constraints are not mandatory, but if these constraints are taken into account 

in the scheduling plan, the scheduling plan can be made more humane and more 

maneuverable. E.g: 
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The teaching location of a certain class for half a day should be arranged in the same 

teaching building in the same teaching area as much as possible, so as to reduce the 

time and energy spent by teachers and students on the journey as much as possible. 

For a teacher, the teaching work during the week should be arranged as evenly as 

possible. For example, if a teacher has three classes in a week, it is better not to 

arrange consecutively, but to arrange it the next day. 

For teaching classes, especially in the first two years of university education, the 

teaching requirements for basic courses and professional courses can be alternated, 

so as to better stimulate students' enthusiasm and enthusiasm for learning. 

For basic courses, such as university politics, multiple classes can be arranged to teach 

in large lecture classrooms, while college English, which is also a basic course, is 

suitable for teaching in small classrooms due to its teaching characteristics. 

Some teachers are responsible for the teaching tasks of multiple courses. In the course 

scheduling plan, they should arrange the same teaching content as much as possible 

throughout the day to improve the teaching efficiency. 

2.4 Algorithm design 

When the genetic algorithm is used to deal with the problem of scheduling, the time 

of the class, the content of the class, and the place of the class are correlated and 

mapped, and they are mapped to the genes in the genetic algorithm. Multiple genes 

form a chromosome, and the individual represented by the chromosome is a possible 

solution in the genetic algorithm, which corresponds to the lesson scheduling system, 

and one chromosome corresponds to a lesson scheduling plan. In the process of 

generating the initial population, the initial population is generated by randomly 

generating chromosomes, and then the genetic evolution related operations are 

performed on the population, and the optimal solution is finally obtained. 

First determine the representation method of related objects and parameters: suppose 

the size of the population is N , the probability of selecting the operator is xp , the 

probability of crossover operation is xp , and the probability parameter of mutation 

operation is mp . Suppose the value p range of the parameter is  maxmin , pp , the 

parameter value is expressed in decimal, and the number of digits is set to be n , and 

the relationship between the variables is shown in formula (3). 

)(1
2

p minmaxmin pp
x

p
n









                                (3) 

Determine the chromosome code. Use decimal encoding. Transform the attributes of 

teachers, classes, courses, classrooms, class time and other attributes into genes to 

form a chromosome, that is, a solution for arranging courses. 

Fitness function design 

Section optimization degree value: first calculate the curriculum section optimization 
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degree value in the current course scheduling plan, add it and divide by the total 

number of courses. Suppose the quality value of different teaching periods is i, and 

the total number of courses taught is n, as shown in formula (4). 





n

i
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                                                    (4) 

The balance of class hours distribution: Let it represent a certain class iC , d used to 

represent the first teaching day, then dh  used to represent the number of courses 

taken by the class iC  in the first teaching day, the number of class days per week is 

n , which represents the average daily class of the class. The number of sessions is to 

calculate the balance of the average daily class hours distribution of a certain class, 

as shown in formula (5). 
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The above is to deal with the balance of scheduling days of a certain class. Assuming 

that there are m classes in the whole school, the balance of class hours distribution in 

the whole school can be expressed as formula (6)  

m
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C

m

i

i



1                                                    (6) 

Course combination optimization degree: The evaluation of the optimization degree 

can be determined by looking up the table in combination, and ib  used to indicate the 

total number of courses taught more than twice a week, which is the number of all 

classes in the school, then the overall curriculum combination optimization degree can 

be expressed as a formula (7) 
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D                                              (7) 

Fitness function: According to different colleges, grades, teaching objects, etc., 

determine the proportion of different factors in the final optimization degree, that is, 

determine the weight value, and construct the fitness function of the genetic algorithm 

for class scheduling, as shown in formula (8) Show. 

 eDpCplPF I 32
3

1
                                       (8) 

In the formula 321pp p  is the weight value, which indicates the degree of importance 

of each factor. Set the value of e according to the constraint conditions. If there is a 

conflict in the scheduling plan, the value of e will be 0, and the value of e will be 1 for 

the rest. 
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2.5 Design of algorithm parameters 

The genetic algorithm includes multiple parameters, such as population size, number 

of iterations, crossover probability, mutation probability, etc. The rationality of 

parameter settings has a significant impact on the efficiency of class scheduling based 

on genetic algorithm. According to the processing requirements of the school, the 

number of populations is set to 10, and the maximum number of iterations is designed 

to be 5 times. According to the demand scale of our school, this parameter setting 

takes into account the effect of optimization search and the convergence efficiency of 

the algorithm. For the setting of the selection operator, in order to ensure that 

individuals with high fitness can be selected and avoid the problem of over-selection, 

the value of this operator is designed as [0.1-0.2]. 

For the setting of the crossover operator parameters, the first step is to calculate the 

fitness of the two individuals to be crossed, and process them according to the 

crossover probability. After a new individual is formed, it should be compared with the 

previous generation of individuals, and the individuals with higher fitness should be 

retained. . For the mutation operator, set the variation range between 0.001 and 0.2. 

If the mutation probability is too large, the subsequent evolution will be uncontrollable, 

and if it is too small, it will affect the search for the global optimal solution. 

 

3. Conclusion 

Class scheduling is a main content of the academic affairs of colleges and universities. 

In order to improve the efficiency and effectiveness of arranging classes, scholars and 

experts in related fields have done a lot of work, but from the current situation, 

although the scheduling work of various schools has been eliminated By adopting the 

traditional manual arranging model, relying on computer programs to realize the 

automatic arrangement of courses, which improves the efficiency of arranging courses 

to a certain extent. However, with the continuous expansion of the school scale, the 

number of teachers, the types of courses, the number of students, the number of 

classrooms, etc. are constantly increasing. The existing scheduling software cannot 

generate the best scheduling plan under multiple constraints. 

This article focuses on the in-depth study and improvement of the use of genetic 

algorithm to solve the problem of scheduling. When constructing chromosome genes, 

in addition to taking into account teachers, classes, and courses, classroom numbers, 

weekly hours, and course characteristics are also added to enhance the expression 

ability of chromosomes. Each chromosome is a class schedule for a certain group and 

adopts a random method. Generate chromosomes, and continuously select 

chromosomes that meet the requirements to join the population based on constraints. 

When constructing the fitness function, comprehensive consideration is given to 



Volume 8 Issue 3 2021 
 

   105 

indexes such as schedule optimization degree, daily combination optimization degree, 

and section combination optimization degree, as well as criteria such as the feasibility 

of the combination and the optimization degree of resource distribution. The 

constructed fitness function can be To better ensure the quality of the generated 

timetable, through the selection, crossover, mutation and other processing steps in 

the genetic algorithm, the most optimized timetable plan is finally obtained. 
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