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Solving a timetabling problem with an artificial bee colony algorithm
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ABSTRACT: An efficient arrangement of teaching resources, including the allocation of times and classrooms for
university courses, through the process of timetabling, is a common problem faced by many universities in China.
In order to allocate the resources in a timetabling problem to seek a reasonable solution, a method based on a discrete
artificial bee colony algorithm has been devised and is presented in this article. It improves, upon the basic artificial bee
colony algorithm, and was tested to verify that it can arrange all the resources reasonably in the process of timetabling.
In addition, an adaptive local optimisation strategy improves the convergence and efficiency of the timetabling.

INTRODUCTION

The timetabling problem is a typical combinatorial optimisation problem, which was proved to be an NP
(nondeterministic polynomial) complete problem in the early 1970s [1]. Research on this problem has been highly
active since the 1960s and many algorithms and techniques have been introduced. The early research was mainly based
on heuristic algorithms and manual simulations. These algorithms lack intelligence, have limited performance, and it is
difficult to handle a large number of scheduling tasks. The timetabling problem, being NP-complete, means that
algorithms used to solve NP-complete problems can be applied. These include the greedy algorithm, the backtracking
method and the graph algorithm [2-5]. Indeed, these have been used successfully.

With the development of computers, a new type of algorithm has been developed in recent years, viz. intelligent
optimisation algorithms [6]. These have been used to simulate human intelligence, biological evolution, physical and
chemical phenomena, and animal swarm behaviour. The algorithms include the genetic algorithm, neural network
algorithm, immune algorithm, simulation annealing algorithm, tabu search and the swarm intelligence algorithm.
Intelligent optimisation has been applied to solving the timetabling problem.

An artificial bee colony (ABC) algorithm inspired by the intelligent foraging behaviour of a honey bee swarm was
proposed by Karaboga [7]. It has been used widely in complex optimisation problems [8][9], such as teaching
evaluation [10] and flow shop scheduling [11]. Its principle and mechanism are simple, with few adjustment
parameters. The algorithm is easy to implement. The traditional ABC algorithm can be applied only to continuous
problems; for discrete problems, a discrete ABC algorithm can be used.

Using the discrete ABC algorithm, a new method by which to solve the timetabling problem is presented in this article.
This improves efficiency and overcomes problems existing in the traditional method.

PROBLEM DESCRIPTION AND MATHEMATICAL MODEL

The timetabling problem involves determining the times and classrooms for all courses, including teacher assignments,
so as to avoid conflict among the courses. There are some hard constraint conditions and there are also some soft
constraint conditions, which could improve teaching and should be considered as far as possible.

Problem Description

Timetabling involves five elements, viz. teacher, classroom, course, class and time. The goal is the optimal allocation of
the above five elements; namely, the reasonable arrangement and use of teaching resources. This is a non-linear multi-
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objective combinatorial optimisation problem. Generally, there does not exist a unique optimal solution to this problem
and so the aim is to find a reasonable approximate optimal solution.

A reasonable and feasible timetable must meet some hard constraint conditions, and also should meet soft constraint
conditions, as far as possible. More specifically, hard constraint conditions must be met; if not met, there will be
conflict. While soft constraint conditions should be met, as far as possible, to make the timetable more reasonable. Hard
constraint conditions include the following:

e Ateacher cannot teach more than two courses at the same time.

e  Aclass cannot be on two courses at the same time.

e A course cannot have the same class more than once.

e  Aclassroom cannot be scheduled for two courses at the same time.

e  The classroom capacity must be adequate for any course that uses it.

Soft constraint conditions vary according to department, but generally contain the following:

e  The total capacity of all the classrooms should be as small as possible.

e  The number of students in a class is as close as possible, but not greater than, the classroom capacity, so as to
make good use of resources.

e  The same course should be distributed evenly within one week.

e  Special conditions on teachers, such as working on different campuses, should be minimised.
e  Students’ courses should be uniformly distributed within one week.

e  Classroom adjacent courses should not be nearby.

The Mathematical Model

The five elements in the timetabling problem can be described by the following sets:

The set of teachers P={p} 1=12, ..., ny
The set of courses L={li},i=1,2,..,n;
The set of classes C={ci}, =1, 2,...,n;

The set of classrooms R={r} i=1, 2,...,n;
The set of times T={t}, i=1, 2,---, ng;
Where np, ni, ne, Ny, Ny respectively, are the total number of teachers, courses, classes, classrooms and times.

The sets are all ordered, with elements sorted according to an appropriate code. The classrooms include those that are
ordinary, multimedia, computer rooms and laboratories; and are sorted according to the different categories, so as to
form a one-dimensional linear structure.

The teaching time is from Monday to Friday each week; each lesson is in a basic teaching period, with two classes.
The lessons every day cover no more than five basic teaching periods, for a total of 10 classes. The set of times contains
five lessons (10 classes), from Monday to Friday. Each lesson can be seen as an element, so there are 25 elements, that
is, ny=25.

The input of the timetabling problem can be described by the set | = {ix}, k = 1,2..., n. Each element ix= (px, lk, Ck, Wk, hi,
', o), PkSP; kEL ; ck&C; wi is the week’s classes for cx; hx are the whole classes of cx; r is the requirement for the
classroom of ci; ox are other requirements, including the teacher’s request for teaching time, the beginning and end
week of a course, and so on. The different courses and classes that each teacher teaches must occur as a single entry in
the set I. That is, for each element in the set I, teacher, course and class cannot be the same.
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ALGORITHM DESIGN
The Solution

The description of the solution of the artificial bee colony algorithm is most important. Binary code is used in the
algorithm described in this article. Considering the characteristics of the timetabling problem and the mathematical
model, two-dimensional co-ordinates are used to code. A cross value represents whether some course of a class is
arranged at this time.

Group Initialisation

In initial population generation algorithms, the most commonly used method is to generate randomly the initial
population, which can avoid a premature solution. However, this will generate too many conflicts and increase the
extent of the evolution. Therefore, in this article, a compromise approach is used to generate a group of individuals,
with no classroom conflicts as the initial group. The set of the number and capacity of the classrooms also has a great
impact on the operation of the algorithm. The classroom is an important resource in the timetabling system.
The classroom utilisation rate is defined as:

Classroom utilisation rate = the number of used classrooms/the whole number of classrooms + the total number of
students attending class/the whole capacity of classrooms.

This is seen as an important indicator by which to test the effectiveness of the timetabling system. When multiplied by
10 it serves as a fitness value for the computation.

Food Source Evaluation

There is more than one optimisation objective in the timetabling problem, so a combination of multi-object and fitness
function is adopted.

e Important courses are arranged at the best time for teaching, as far as possible. For ai(i = 1,2,3,4,5), there are five
teaching units each day. The 1st, 3rd, 5th teaching units are better for teaching; so ai= 1(i = 1,3,5). The 2nd, 4th
teaching units are worse for teaching; so ai= 0 (I = 2,4). gi(j = 1,2,3,4) represents the importance of the course as
a weighting. The courses contain those that are elective, basic, professional and degree, with weights respectively

of 1, 2, 3, 4. Therefore, the optimal objective is max(f;) = Z(ai x B;) -

e  Aim to meet the requirement of teachers’ teaching classes at times according to their preference, as far as possible.
Set the coefficients according to the title of the teacher yi(i = 1,2,3,4). The teaching assistant, lecturer, associate
professor, professor are 1, 2, 3, 4, respectively. The willingness to teach in a given time is given by d;, 6; = 0, 1, 2

meaning not willing, indifferent and willing, respectively. So, the optimal objective is max(f,) = Z(;(i xd;).

o  Weekly multi-class courses should be arranged, so that classes are separated by at least one day, as far as possible,
which can ensure better teaching. j(j = 1,2,3,4) represents the teaching effect coefficient of a course arranged in an

interval of j days. So, the optimal objective is max(f;) = Z (Bix&j)-

e Aim to improve the utilisation ratio of resources, as far as possible. A good timetabling result can save a lot of
resources. In a lesson, the greater the ratio of the number of students to the capacity of the classroom, the higher
the utilisation of the resource. The maximum value is one, which represents no idle resource. So, the optimal

T k
objective ismax(f,)=» (=%).
j (f)=D( )
The fitness function for the timetabling problem is the weighted sum of each target value, that is:
4
F=>6xf 1)
i=1

The value of the weights, 8; , can be defined by management. These represent the relative importance of each objective.
For the four objectives above, the values chosen were 3, 1, 2, 4, respectively.

Worker Bee Stage

In the basic ABC algorithm, the worker bees produce food sources in the neighborhood of their current position.
The specific process may include two types of operation. One is to encode a group, and see if the code belongs to the
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same teacher-class-course as applied to the timetabling problem. Then, back to bees, choose randomly a pair of
individuals and a group of genes, and exchange the pair of genes. In terms of the timetabling problem, it is possible to
avoid errors such as a change in the number of arranged courses, and it is only necessary to detect whether there is
conflict between two individuals, including the conflict that may arise among teachers, classes and classrooms at the
same time. If there is a conflict, the selection can be cancelled or the individual exchanged. The other operation is to
select a set of genes randomly and exchange randomly a non-null alleles with a non-conflict zero gene in the same

group.
Observation Bee Stage

In the basic ABC algorithm, observation bees choose the food source according to the probability value gi. The method
is similar to the roulette selection method in the genetic algorithm. By using this, the nectar source with more nectar
will attract more observation bees to do a search of the neighborhood. This is an advantage in getting close to the
optimal solution. Thus, the formula for choosing the nectar source is as follows:

oo fit(x) )
1 SN

> fit(xy)

m=1

Investigation Bee Stage

In the basic ABC algorithm, the investigation bees randomly generated a food source in the pre-defined search space.
However, in the process of evolution, the optimal food source usually is better than that of other food sources. Thus, the
operation of the investigation bees will reduce the efficiency of the algorithm. Here, the operation of the investigation
bees was improved. The food source is generated by the insertion, exchange and inversion of the optimal food source.
In addition, in order to avoid the algorithm identifying a local optimal solution, multiple operations are performed.

SIMULATION EXPERIMENT

The algorithm above was applied to an actual timetabling problem. Data from a computer college in the first semester
of 2014-2015 were used as the sample data to test the algorithm’s validity. The relevant data are shown in Table 1.
The ABC algorithm parameters are: SN = 10, limit = 20, MEN = 500.

Table 1: The sample data.

Number of Number of Number of Numbers in
Number of classrooms
teachers courses classes classes
110 105 50 60 18-24

A manual method of timetabling and the ABC algorithm were used to find the optimal timetabling. The results are
shown in Table 2.

Table 2: The timetabling scheme.

Method Classes per Interval of Classroom Teachers’ Utilisation ratio of
day for aclass | same course utilisation (%) satisfaction (%) teaching time (%)
Manual 4-8 1-3 88 85 03
ABC 4-8 1-2 93 90 90

As can be seen from Table 2, the timetable generated by the ABC algorithm is very close to the results of the manual
method. Compared to the manual schedule, the interval of the same course is improved to some extent. In addition,
the classroom utilisation, teachers’ satisfaction and utilisation ratio of teaching time are all improved.

There are many variable factors in an actual timetable, e.g. some classes attend the course together, graduating classes
attend the course, a course is taught by different teachers. Thus, the timetable needs to be adjusted subtly.

CONCLUSIONS

The timetabling problem is a non-linear multi-objective optimisation problem. The application of the artificial bee
colony algorithm reported in this article makes timetabling simple, and with few parameters to set. It can ensure
a global optimal solution using the special nectar search function and the adjustment function to improve local search.
However, only the basic method of solving the problem is presented in this article. In fact, analysis and summary of the
timetabling is needed for better results.
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