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Abstract

University course timetabling problems must be solved by the admin-
istration every year, or even term, and they involve a large amount of
human and material resources. In the literature, the problem formu-
lation does not contain the constraint that there should be no conflict
between lessons in the same section. In this paper it is shown how a
course timetabling problem which also includes this constraint can be
formulated, and a tabu search algorithm is proposed to solve this prob-
lem. To show the effectiveness of the proposed algorithm, it is applied
to the timetabling problem of the Statistics Department of Hacettepe
University using a computer program based on this algorithm. It is
observed that the proposed algorithm produces very good timetables
that contain no conflict between lessons in the same section.
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1. Introduction

The problem of building a university timetable consists of assigning instructor-course-
room combinations into specific time periods. The objective in a classical course timetabling
problem is to reduce the number of conflicts, which occur when courses involve common
students, common teachers or require the same classrooms. For large institution such as
universities, the problem becomes more difficult since additional constraints have to be
taken into account.

Solving a course timetabling problem is very difficult. The main difficulty is related
to the size of the problem. It involves a large number of students, teachers, courses and
rooms, linked in many ways by objectives and conditions, and therefore each solution pro-
cedure must take into account very large number of variables and constraints. Moreover,
the structure of the timetables varies from university to university, due to differences
in the education systems. Even within a university, there are major differences among
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departments depending on the particular ways in which teaching is organized. For these
reasons, during the last few decades many contributions related to course timetabling
have appeared and a huge variety of timetabling models have been described in opera-
tions research literature [2].

The solution techniques range from graph coloring to complex metaheuristic algo-
rithms, including linear programming formulations and heuristics tailored to the specific
problem at hand. The more efficient procedures which have appeared in recent years are
based on metaheuristics. Dowsland [6] and Elmohamed [7] have used simulated anneal-
ing, Burke [4], Corne [5] and Paechter [11] have developed procedures based on variants
of genetic algorithms and Hertz [9], [10] and Alvarez [3] have used tabu search techniques.
Gueret [8] has developed a different approach, Constraint Logic Programming.

The next section presents the elements of the problem solved. Mathematical for-
mulation of the problem appears in Section 3. The proposed tabu search algorithm is
expressed in Section 4 and the used program is summarized in Section 5. Section 6 gives
obtained results from application of the proposed algorithm. Finally, in last section,
result of the application of the proposed algorithm is discussed.

2. Objectives and Constraints of the Problem

First of all it is need to explain some basic concepts in course timetabling. Let
‘Probability’ course has two section courses, two hours theoretical and two hours practical
per week. Its sections are denoted by ‘Probability 01’ and ‘Probability 02’ and its lessons
are denoted by ‘Probability 01 Theory’, ‘Probability 01 Practice’, ‘Probability 02 Theory’
and ‘Probability 02 Practice’. Class is a set of courses which is taken by a group of
students. Lesson which has one hour can be assigned to a single period.

In a course timetabling problem, generally, constraints are considered in two types.
One of them is called hard constraints. Every acceptable timetable must satisfy these
constraints. For our problem, these constraints are:

(H1) Every lesson has to be assigned to a period or a number of periods, depending
on the lesson’s length.

(H2) No teacher can give two simultaneous lessons.

(H3) All lessons of the same section cannot be assigned to the same day.

(H4) No room can be assigned to two simultaneous lessons.

(H5) The room assigned to a given lesson must be of the required type.

(H6) All the preassignments and forbidden periods for classes, teachers and rooms
must be respected.

(H7) Lessons of sections of the same class cannot conflict.

We would like to note that Alvarez et al. [2] considered (HT7) as a soft constraint.
Instead of this, the constraint is considered as a hard constraint so it is guaranteed that
the proposed tabu search algorithm will yield solutions which have no conflicts in the
lessons of sections.

On the other hand, there are some conditions that are considered helpful but not
essential in a good timetable. The more these conditions are satisfied, the better the
timetable will be. They are called soft constraints and therefore they will have a weight
in the objective function. For our problem these constraints are:

(S1) Class timetables should be as compact as possible, eliminating idle times for
students.

(S2) In class timetables, students should not have more than a specified number of
lessons hours.
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(S3) In class timetables, if possible students should not have a day with a single
lesson.

(S4) Teachers’ non-desired periods should be avoided.

(S5) For rooms, the objective is adjusting their capacity to the number of students
assigned to them.

3. Problem formulation

We need to define the following elements:

A Set of courses

Y ={Y11,Y12,...,Yjk,...}  Set of section lessons

Y; Set of section k of course j

L Set of lessons

C Set of classes

Cs = {C11,Ch2,...,Csj,...} Set of classes with section

Cij Set of section j of class 4

T Set of teachers

LT, Set of lessons of teacher T}

P Set of periods

P, Set of periods of day [

D Set of days

d; Duration of lesson 7

R Set of rooms

R, Set of rooms of type r

LR, Lessons requiring rooms of type r
TR Different types of rooms

Myt Number of rooms of type r

F Set of preassigned lessons

i Preassigned period of lesson ¢
U; Set of forbidden periods of lesson

We define the variables:
{1, if lesson ¢ starts at period ¢ in room a
Lita =

0, otherwise

In the objection function, for the constraints (S1), (S2) and (S3) which are for the
students, the functions fs1(z), fs2(z) and fs3(x); for the constraint (S4) which is for
the teachers, the function f;(z); and for the constraint (S5) which is for the rooms,
the function f.(z) are defined. Each objective appears with its corresponding weight
w: Wws1, ws2 and wss corresponding to the students, w: corresponding to the teachers,
and w, corresponding to the rooms. In the computer program used, the weights can
be determined by the user. In this way, a user can decide how much importance each
constraint has.

The problem is [1]:
(3.1) min f(l‘) = ’UJslfsl(JJ) + w32f52 (13) + ’UJngsg (CL’) + wtft (l’) + wrfr(x):

subject to
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(3.2) SN wia=1,VieL,

acERteP

t
(3.3) > Y wma<1,VteP VEET,

@ERIELT), T=t—d;+1

(3.4) D30 wiwa <1, VY €Y, Vie D,

a€RtEP, i€EYy,

t
(3.5) > Y wra<LVYaER VteP

i€L T=t—d;+1

t
(36) > > > mira<mu, VtEP, VreTR,

ac€R, i€ELR, T=t—d;+1

(3.7) > Tipa=1,VieF,
a€ER

(3.8) 33 ) wia=0,Viel,

a€RteU; r=t—d;+1

t
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The constraints (2), (3), (4), (5), (6) and (9) are a mathematical expression of the hard
constrains (H1), (H2), (H3), (H4), (H5) and (HT), respectively. Constraints (7) and (8)
are an expression of constraint (H6).

For our problem, the number of days is 5 and there are 8 periods in each day, so there
are 40 periods in all. There are 4 classes, 2 sections for courses, 36 section courses, 57
lessons, 27 teachers, 6 rooms and 2 types of room. In addition, we assume that there
are no preassignments or forbidden periods for any lesson. In this case, there are 57
constraints for (2), 1080 for (3), 180 for (4), 240 for (5), 80 for (6), 10 for (7), 10 for
(8) and 320 for (9). Thus we have a total of 1977 constraints, and the total number of
variable is 13680. Since the number of variable is bigger than the number of constraints,
this formulation cannot be solved by exact methods.

4. Solution method

A tabu search algorithm is proposed to solve the problem defined in section 3. In this
section,the elements, parameters and operation of this algorithm are expressed.

4.1. Elements of the proposed tabu search algorithm. The elements of the tabu
search algorithm in connection with the timetabling problem are defined below.

a) The solution x.

In each solution z, a number of variables equal to the number of lessons have the value
1 and the others have the value zero.

b) The initial solution.

The proposed tabu search algorithm starts from an initial solution. This initial solution
is generated randomly.

c) The solution space X
This is the set of solutions satisfying constraints (2)—(9).
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d) The objective function f(x).
The objective function, in which each individual objective appears with its corresponding
weight, is as shown in (1).
e) The neighborhood N(x).
We have defined two alternative neighborhoods created by the following moves:
A simple move, in which a solution 2’ € X is a neighbor of solution z € X if it

can be obtained from x by changing the assignment of one lesson i from one period t to
another period ¢'.

The swap move or interchange of lessons, in which a solution 2’ € X is a neighbor
of solution x € X if it can be obtained by interchanging the periods assigned to the two
lessons i and i’

The simple move and the swap move are illustrated in Figure 1 and Figure 2, respec-
tively.

Figure 1. A Simple Move

Monday Tuesday Wednesday | Thursday Friday
1 g 17 25 33
2 10 18 26 34
3 11 lesson ¢ |19 27 35
4 12 lesson § N0 28 36
5 13lesson @ [2TN 29 37
6 14 22N, [T 38
7 15 23 (3] 39
8 16 24 B 40
Figure 2. A Swap Move
Monday Tuesday YWednesday | Thursday Friday
1 9 17 25 33
2 10 18 26 a4
3 1 19 27 lessop @ |35
4 12 28 lesson ' |36
5 lesson i |4 |21 79 37
B lesson & |14 22 a0 38
7 15 23 31 34
g 16 24 3 40

For our problem, when the proposed algorithm is implemented, it is observed that the
simple move produces better results than the swap move. Therefore, in our algorithm,
we have used the simple move to produce neighborhoods.

f) Candidate list strategy.

For a given solution z, it is computationally too expensive to explore its whole neigh-
borhood Nz. Therefore, each lesson is moved randomly and the best one is chosen. For
example, in a simple move, a period to which a lesson is assigned is chosen randomly



58 C.H. Aladag, G. Hocaoglu

among all empty periods. However, randomness here is restricted, because the chosen
next solution x’ has to be a feasible solution satisfying the hard constraints. Thus, for
solution x, instead of examining of all neighborhoods Nz, a candidate list consisting of
neighbors which are as many as the number of lessons is examined.

g) The tabu list.

Complete solutions are not kept in the tabu list. Attributive memory is used for the tabu
list, and the the e-attributes of an accepted move are stored. Changed lesson i, period
(from — ¢); at which the lesson 4 started before the change, and the room (from — a);
in which lesson ¢ started before the change are kept in the tabu list. Therefore, when
determining the tabu status of a move, the changed lesson ', period (to — t);; to which
the lesson ¢’ is assigned, and the new room (to — a); are considered. For example,
for a given move made by changing lesson ', if i’ = i, (to — t)y = (from — t);, and
(to — a);; = (f**rom — a);, this move is classified as tabu.
For the tabu list a “first in first out” (FIFO) data structure is used.

h) The aspiration criterion.
As an aspiration criterion, global aspiration by objective is used. If an explored move
produces a solution 2’ with an objective function value lower than the objective function
value of the best solution obtained so far, the move is made in spite of its tabu status.

i) Selection of moves.
It has been mentioned that the number of trial moves is the same as the number of
lessons. These moves are ordered by the value of the objective function of solutions
produced by them. Then the move with the best objective function value is chosen, and
it is accepted, if it is not tabu. If it is tabu and satisfying the aspiration criterion it
is accepted, but it does not satisfy the aspiration criterion, another move with the best
objective function value is examined. Thus, the best acceptable move is chosen and the
new current solution is the solution produced by this move.

k) Intensification strategy.
After a new starting solution, a solution with the best objective function value obtained
in this new region is saved by using explicit memory. If a better solution than the saved
one is not be obtained after a fixed number of iterations determined by the user, this
saved solution will be examined again. Therefore, it is ensured that the search focuses
on neighbors of good solutions.

1) Diversification strategy.
As a diversification strategy, the restarting strategy is used. In an intensification strategy,
the number of iterations made while the search is focusing on the region, in other word,
how the number of times the search returns to the regional best solution is determined.
For this number of iterations, if a solution better than the regional best solution is not
found, the search will start to explore another region. A new initial solution is produced,
and from this point, the algorithm begins to run again. Thus, it is ensured that the
search examines different regions in the solution space.

m) Stopping criteria.
When a solution with a zero objective function value is obtained, the search is stopped.
When the maximum iteration bound determined by the user is reached, or for the number
of iterations specified by the user, if a solution better than the previous best one cannot
be found, the search is terminated.
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Figure 3. Flow chart of the proposed tabu search algorithm.
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4.2. Parameters of the proposed tabu search algorithm. Five parameters lead
the search can be determined by a user. These parameters are:

Tteration bound: This is the maximum a number of iterations that the search can continue
for.

Number of global unimproved iterations: If a solution which is better than the best one
found so far cannot be obtained for the number of global unimproved iterations, the
search will be stopped.

Number of regional unimproved iterations (NRUI): If a solution better than the best one
found regionally cannot be obtained for the number of global unimproved iterations, the
search will restart from the regional best solution.

The boundary of intensification (BI): This represents the number of times the search can
return to the regional best solution.

The length of tabu list: This represents the number of iterations for which the tabu status
of a move continues.

4.3. Flow chart of the proposed tabu search algorithm. Let z, z’, BestRegional x
and BestGlobal x represent the current solution, a neighboring solution obtained from ,
the best solution found regionally and the best solution found so far, respectively. Let
Prev x represent the previous current solution. Finally, let IRBS and IGBS represent the
improvements in the regional best solution and in the global best solution, respectively.
To explain how the proposed tabu search algorithm operates, its flow chart is shown in
Figure 3 on the previous page.

5. The computer program used

In Figure 4, the main window of the program implementing the proposed tabu search
algorithm is shown. A user can add or remove a course and change information of any
course from here.

When a user clicks the ‘Atama’ (Assign) button in the main window, the window in
Figure 5 appears. In this window, all the lessons are shown, and the user can define
constraints about any lesson by clicking the ‘Oncelik Belirle’ (Constraints) button.

When a user clicks the ‘Segenekler’ (Properties) button in the main window, the
window in Figure 6 appears. There, a user may set the objectives’ weights according
to their importance and the tabu algorithm parameters from among a wide range of
possibilities.

Finally, after clicking the ‘Atama’ (Assign) button, the‘Céziim’ (solution) button in
the main window will be enabled, and then a course timetable will be obtained by clicking
‘Coziim’ (Solution) button. An example of program output for the problem was defined
in the end of Section 3 is shown in Table 1. For instance, in the example, the lesson
‘Kalite Denetimi’ (Quality Control) starts at periods 6, on Friday, in room 2.

The computer program was coded using Delphi 7.0. Full information about the pro-
gram can be found in Aladag [1].
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Figure 4. The Main window of the program
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Figure 5. The Atama (Assign) window
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Figure 6. The Secgenekler (Properties) window
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6. Application of the proposed tabu search algorithm

To show the effectiveness of the proposed algorithm, it was run 50 times for the
problem defined at the end of section 3. The results are shown in Table 2, where ‘Obj’
represents the value of the objection function. The values of the weights and algorithm
parameters are chosen as in Figure 6.

It is observed from Table 2 that the proposed algorithm yields successful results. The
average value for these results is 1.43. For comparison, 50 solutions were generated
randomly and their average value of the objection function was found to be 50.75. It
is clearly seen that the proposed tabu search algorithm produced very good timetables.
Moreover, all of these timetables certainly do not contain any conflict.

7. Conclusion

Alvarez et al. [2] gave a formulation of a timetabling problem, but in this formation
conflicts in lessons of section was regarded as a soft constraint. That is, this given
formulation does not contain this constraint. In this paper, a formulation of a timetabling
problem containing this constraint is presented in (9). Then, to solve the problem posed, a
tabu search algorithm is proposed. To show the effectiveness of the proposed algorithm, it
is applied to a timetabling problem of the Statistics Department of Hacettepe University,
using a computer program described in Section 5. It is observed from the results in
Table 2 that the proposed tabu search algorithm produces very good time tables which
do not contain conflicts. It is known that although there are many types of timetabling
problem, all of them include similar components. Therefore, since the proposed tabu
search algorithm is effective in solving the present problem, it can be used to solve
timetabling problem of other Departments or any timetabling problem in Universities.
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Table 1. An example of program output
Mo |Dersin Adi Dersin Sorumlusu| Saati] Pazadesi Sall Cargamba | Persembe | Cuma
1]TKD TKO01 2 3-45)
2|TKD TKDO1 2 3-415
3|AIT AlTD1 21 2-34
41AIT AT 2 3-411)
5|Olasihik | C. Inal 1 5-B15) 5-B(N)
B|Olasilik | G. Ergin 4670 2-3()
7M. | M. Tirkyilmaz 5 6-7(1) |3-4-5(3)
B|Mai. | I, Diker 5§ 1-2-3@) 7-Bin
9|0od. Cehirl T. Siizer & 3-4-50)
10[Dog. Cebirl  |T. Sazer 3 6-7-8()
11|Bilg. Prog. Girig |l Zor 5 3-4(Lab) G-7-8(5)
12|Bilg. Prog. Girig ||, Sinir 5 1-2-303) 5-6(Lab)
13]lleri Mat. | H Es 5| 4-5(1) [4-5-603)
14]ilen Mal. | R. Erirk 5 1-2@ 2-3-403)
15| Mai. lst. 5. Glnay 4 4-51(5) 3-40
16| Mat, Ist 3. Gilnay 4 | 4-50) | 3-4(
17| ¥an, Ar. Girig_|G. Hocaagiu 5 6-70) 5-6-7(1)
18| Yén. Ar Girg  [M. Sucu 5 1-2105) B-7-B(2
19 Bilgisayar Prog. |l Sinir 4 7-8(Lab.) 1-2(M
20| Crnakleme H. Cingl 4 4-5(N 3-43)
21[Ornekleme H_ Cingi 4 -7 1-2(1)
22ist. Yaz. I. Sinir 4 1-2(Lab) 4-4 (Lab.)
23(lst. Yont. I 3. Aktag 5 5-6-7() [1-2(Lab)
24]lst. Yant. Il T Sarachag 5 5-6-7(3) 1-2 (Lab)
25|Par. Ol Yant. H. Tathdil i 1-2-3(1)
26| Aktlerya . Yapar 3 |6-7-8()
27 |Uyg. Say. Coz. M. Cetin 4 14-5(Lab) 3-44)
28|Kalite Danstimi_ |C. Hamurkaroglu | 3 E-7-8B()
23| Deney Tasanrm [T Sarachas) 5 3-4(Lsh) 5-b-7(03)
J0(Cok Ded. Céz.  [H. Tathdil 5 2-3-4() |3-4(Lab)
3| Zaman Diz. Gz, [C. Erdemir 5 5-6{Lab) J-4-5(5)
32|lst. Karar Kuram |T. Séazer 3 1-2-3()
33|Ytn. Aragtirmas| |G. Hocaoglu £ | 4-50H) G-7-8(3)
J4|Sistem Coz. |, Zor 3 5-6-7 (Lab)
35|lst. Secme Kon. |G Ergin 2 7-B@
Table 2. Results of the proposed tabu search algorithm
No. Obj No. Obj No. Obj No. Obj No. Obj
1 1.00 11 1.75 21 1.25 31 1.00 41 1.75
2 1.25 12 2.00 22 1.25 32 2.00 42 1.50
3 1.00 13 1.50 23 1.00 33 1.50 43 1.50
4 1.50 14 1.50 24 1.50 34 1.00 44 1.75
5 1.25 15 1.25 25 1.25 35 1.50 45 1.25
6 1.50 16 1.75 26 1.25 36 1.25 46 1.00
7 1.00 17 1.00 27 1.75 37 2.25 47 1.75
8 2.25 18 1.25 28 1.50 38 1.00 48 2.25
9 1.50 19 2.25 29 1.00 39 1.50 49 1.75
10 1.00 20 1.50 30 1.25 40 1.00 50 1.00
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