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Abstract. The automatic course scheduling in college is a complex constraint optimization problem. A kind of selfadaptive constraint particle swarm algorithm is proposed to avoid premature convergence of particle swarm
optimization algorithm. A self-adaptive criterion is applied in different phases of algorithm execution to realize
dynamic and adaptive switch between attractors and repellors during the algorithm’s running process, and inertia
weight will change dynamically and adaptively with the number of iterations. The algorithm performance can be
further improved with a higher convergence speed and stronger robustness.

1 Introduction
The course scheduling in college is a very important and
rather complex work in teaching management. Its main
function is summarizing course application forms of
various teaching institutes and departments and then
formulating class timetables for the whole college
according to the professional talent cultivation plans so as
to enable the whole teaching to proceed in a planned and
ordered way. The course scheduling system must ensure
that no conflicts occur to teachers, students and
classrooms in the course arrangement and meet the
constraint conditions such as the teachers’ requirements
and classroom resources.
Therefore, the course scheduling is a constrained,
multi-objective combinational optimization problem.
How to make use of various existing techniques to realize
the automation, scientification and rationalization of
formulating class timetables and improve the resource
utilization rate as well as the satisfaction of teachers and
students to class timetables is one of burning questions in
college teaching management work at present. It is of
great practical significance to present a self-adaptive
algorithm for the course scheduling problem that can
meet constraints and reduce calculated amount.
To reduce the time needed to judge constraints in the
operational process of the course scheduling system, this
paper presents a new method of solving constrained
optimization problems, self-adaptive constrained particle
swarm algorithm by overcoming the limitation of particle
swarm optimization algorithm. The results show that the
improved algorithm has stronger optimizing capability
and efficiency to solve constrained optimization problems.

kind of evolutionary computation technique, derived
from the research on the birds preying behavior, was
proposed by Dr. Eberhart and Dr. Kennedy in 1995. This
algorithm is a simplified model which was first
enlightened by the regularity of birds’ swarm activities
and then was built with swarm intelligence. By making
use of the information sharing of individuals in the
swarm, the algorithm makes the movement of the whole
swarm produce an evolutionary process from disorder to
order in the problem solution space and then obtains the
optimal solution.
The course scheduling problem mainly involves the
five elements such as teacher, course, class, time and
classroom, among which teacher, course and class are
closely related. The five elements involved in the course
scheduling problem are set as follows:
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The Cartesian product of five elements constitutes
the solution space of the course scheduling problem, and
course scheduling is to find a solution that meets various
constraints in this solutions space.

2 Particle Swarm Optimization
The particle swarm optimization is a new evolutionary
algorithm that has been developed in recent years. It is a
a
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Several methods have been proposed to overcome the
premature convergence of continuous particle swarm
optimization algorithm, yet at present there are not rather
effective methods to solve the premature convergence
problem of discrete particle swarm optimization
algorithm. This paper has proposed a self-adaptive
constrained particle swarm optimization algorithm based
on constrained discrete particle swarm. To overcome the
premature convergence of the algorithm, a criterion of
controlling swarm diversity has been presented to
measure the diversity of the current swarm, and a
repulsive process has been introduced on the basis of the
original algorithm to increase swarm diversity. When the
swarm diversity is below the specified threshold, the
repulsive process will be executed to make particles
deviate from the worst solution of individuals and the
optimal solution of the current swarm and search the
unreached area until the swarm diversity exceeds the
specified threshold, and then the attractive process will be
executed to make individuals move towards the optional
solution of the current swarm as well as individuals. To
further improve the algorithm performance, a selfadaptive strategy has been defined in this paper to make
the inertia weight change dynamically and adaptively
with the iterations in the different executing phases of the
algorithm, and several local search techniques have been
introduced to speed up the convergence and improve the
precision of the solution.
Thus, the two velocity updating formulas and position
updating formulas of particles in the adaptive constrained
particle optimization algorithm are defined as follows:
The velocity updating formulas:
Attractors:

3 The Key Problems In Self-Adaptive
Constrained Particle Swarm
Optimization
3.1 Constrained Swarm Coding
The constrained swarm coding is the key of self-adaptive
constrained particle swarm optimization, and the coding
quality determines the algorithm performance. In this
algorithm, the constrained particle coding adopts decimal
coding, whose structure is shown as Table 1.
Table 1. Constrained Particle Coding Table
Constrained
Particle

digit

Teaching Building

2

Classroom

4

Class

6

Professor

6

Course

5

2
Time
For example, the particle with the code
“0401041101010000541000151” indicates such a course
scheduling information: teaching building 04, classroom
0104, class 110101, the teacher with job number 000054
has course 10001 (appointed as Office Automation in our
college) at the first two classes on Friday morning (time
code is 51).
Every particle shows a possible course scheduling
result, and the merit of particles can be evaluated
according to the fitness function value.

xLW  

(2)
Repellors:

xi(t 1) Z u xi(t )  I1 (qi ,c  qi ,w )  I2 (qn,c  gb )

3.2 Fitness Function

Among them,
denotes the inertia weight that is
used to control the influence which the previous velocity

I I

has on the current velocity 1 , 2 denote the learning
coefficients, whose values are random numbers between
0 and 1.
Position updating formulas:

PD[ I [ [  ;
Z1 u f1  Z2 u f 2  Z3 u f 3

(1)
Among them, x is a feasible class timetable, X is the
set constituted by all feasible class timetables,

Z 2 ǃ Z3

(3)

Z

Let x be a feasible class timetable and X be the set of all
feasible class timetables, and we build the fitness
function as follows:

f ( x)

Z u xLW  I TLE  TLF  I JE  TLF

qi( t 1)

Z1 ǃ

qi( t )  xi( t 1)

(4)

It can be seen that, as for attractors, particles share the
information of the current better solution and attract each
other; as for repellors, particles share the information of
the worst solution of individuals and the optimal solution
of current swarm and move in the direction of deviating
from these positions and search the potential optimal
solution area that has not attained to increase the swarm
diversity.
The discrete particle swarm optimization algorithm to
solve the course scheduling problem proceeds as follows:

are the corresponding weights, which meet

Z1  Z2  Z3 1 . f1 ǃ f 2 ǃ f3

are fitness functions
which meet course dispersion degree, time utilization
ratio and classroom utilization ratio respectively.

4
SELF-ADAPTIVE
CONSTRAINED
PARTICLE SWARM OPTIMIZATION

1) Initialize the swarm size M,
loop iterations k=0;

4.1 The Description of Self-Adaptive Constrained
Particle Swarm Optimization

2

Z , c1 , c2 ,
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2) Randomly initialize the positions of particles in
the swarm, calculating the fitness values of the
initial particles, and sorting the fitness values in
an ascendant manner;

pb ( t )

This paper has introduced a solution for the course
scheduling problem in colleges by using the self-adaptive
constrained particle swarm optimization algorithm. This
solution introduces a repulsive process to prevent the
swarm premature convergence, using attractive and
repulsive processes to evolve the swarm constantly. To
improve the algorithm performance, a strategy of
dynamically and adaptively changing inertia weight has
been proposed and local search techniques have been
introduced.
The key point of the follow-up study is to further
expand the experimental scope and introduce other
intelligent algorithms to further improve the course
scheduling system for the solution of the course
scheduling problem in college.

X ( t ) ; gb ( t )

i
i
is set to the position of
3) Let
the optimal particle in the initial swarm;

4) Judge

whether

the

algorithm

convergence

criterion is met; if it is met, then output gb ,
and obtain the optimal class timetable, thus the
execution of the algorithm ends; otherwise
execute step (5);
(t )

5) Do the following operations on all the particles in
the swarm:
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, let
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6) Let k=k+1, and jump to step 4).
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w=0.9, c1=0.5, c2 =0.5; the maximum iteration times
MaxDT =10. The analysis of the experimental result
shows that the class timetables generated by the
algorithm in this paper have no conflicts and all of them
are arranged in the confined scope. The newly generated
class timetables not only meet the conclusive condition
but also appear more reasonable and humanized than the
existing class timetables.

5 Conclusion

3

Liao Caicai, Xi Guang, Xu Jianzhong. An Improved
PSO Algorithm for Solution of Constraint
Optimization Problem and its Application [J] Journal
of Engineering Thermophysics, 2010.01,32-35
Zhang Huawei, Yang Kai. Research on Timetabling
Problem Based on Particle Swarm Optimization [J].
Journal of Zhengzhou University of Light Industry
(Natural Science), 2010.12,49-52
Yu Chengmin, Jiang Hua, Li Huan, Jia Baoxian.
Research on Timetabling Problem Based on Discrete
Particle Swarm Optimization [J]. Microcomputer
Applications, 2010.07,67-71
Zhang Changsheng, Sun Jigui, Ouyang Dantong. A
Self-Adaptive Discrete Particle Swarm Optimization
Algorithm [J]. Chinese Journal of Electronics,
2009.02,299-304

