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Abstract

Timetabllng is to alloc~te the lectures in the time slot of a week, so as to fulfill various constraints.

Timetable is re-created every year due to alternate professors, revision of a curriculum and so on. How

ever, creating timetable is complicated because of a variety of constraints. This paper proposes a tech

nique to create timetables using genetic algorithms. Timetabling problem is formulated as an optimiza

tion problem which satisfies students' desires as much as possible and professors' requir~ments are

considered as constraints. A university timetable is created using the proposed technique and compared

with an actual timetable. The experiment shows that the proposed technique can create a timetable with

same or higher quality as an actual timetable.
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Introduction

Timetable is re-created every time by reasons of alter

nation of professors and revision of a curriculum and so

on. Timetabling problem has various conditions, so man

ual fashion is very difficult and creator's responsibility

becomes large. Therefore timetable creation by the com

putet has been expectanted.

Timetabling methods developed so far are simu

lated annealing1),tabu search1) ,random search2),Monte

Carlo method3) ,best first search algorithm4) ,genetic

algorithm1, 5) etc.

Most conventional methods solve timetabling problem

as a constraints satisfaction problem. We propose a novel

technique that adds newly an element "students' desires"

and define the problem as an optimization problem which

maximizes students' desires.

The university timetable is created using this technique

and compared with an actual timetable for validation.

l)Professor, Dept. of Computer Science and Systems Engineering
2)Undergraduate Student, Dept. of Computer Science and Systems

Engineering
3) Associate Professor, Dept. of Computer Science and Systems En

gineering

2 Timetabling problem

2.1 Conventional university timetabling problem

There is a difference type of constraints between the ju

nior high school and high school timetabling problem and

University one. For example, a junior high school and

a high school do not almost have the relation between a

grade and lectures and has less lectures and teachers com

pared with a university. On the other hand, at a university,

the relation is also strong between a grade and lectures

and the relation exists between faculty and department.

University has many lectures and professors, so the can

didates of solution are increase compared to the timetable

of a junior high school and high school. Thus, university

timetabling problem is difficult from junior high school

and high school one.

2.2 Extended university timetabling problem

As mentioned above, in case of creating the timetable

of a university, we have to consider many constraints.

These constraints are categorized into two types. They

are "essential conditions" and "desirable conditions".

"Essential conditions" are indispensable restrictions

when creating a timetable and "desirable conditions" are

constraints with desirable filling as far as possible. Many

of timetabling problems are solved as a restrictions suffi-
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ciency problem which only fills constraints. However, the

timetabling problem in this paper is defined as the prob

lem which solves the optimization problem of fulfilling

more students' desires P, with filling constraints.

• Objective(Students' desires)(P) :

p = LSi(X) -? max (1)

Table 1 The Students' Desires

SI
A compulsory lecture is needed

without assigning in the 1st period.

S2
The period which is free

between lectures is reduced.

S3
Same professors' lecture

does not continue.

Table 2 The Essential Conditions

x : Timetable

Si: The i-th students' desire

• Constraints(Fc):

Constraints are the sum of the essential conditions

and the desirable conditions. In fact, weight factor is

attached to each conditions. Therefore, constraints

Fe are defined as follows,

(2)

• Essential condition(F~e)) :

The lecture cannot be assigned

Cl to the period which
the cultural lecture is assigned.

C2
A professor can perform only one

at the same time.
The compulsory lecture of

C3 consecutive grade cannot be
allocated to the same period.

C4
Exercises and eXJ?eriments are

assigned in the 4th and 5th periods.

Cs
A normal lecture is not

assigned in the 5th period.
The lecture cannot be assigned at

C6 the period which the professor
cannot take charge of.

Table 3 The Desirable- Conditions

x : Timetable

C i : The i-th essential condition

Hi : The i-th desirable condition

(In this paper, refer to the Table2, 3 for

CI ,C2 ··· Cn ,HI ,H2 .• .Hm .)

n

F~e) =L C/x) -? max
i=l

• Desire condition(F~d)) :

m

F~d) =LHi(x) -? max
i=l

(3)

(4)

HI
We allocate the lecture to the period

which is wished by professor.
If possible, we do not alloca,te the lecture

H 2 to the period which the professor does
not want to put the lecture.
If possible, we allocate the lecture

H 3 so that the professor may not
take charge of the lecture continuously.

H4
If possible, the lecture is not allocated

in the 1st period.
If possible, the lecture is allocated

Hs so that the number of lectures
may not biased by the day of the week.

H6
If possible, the period which is free

is not made between lectures.

H7
We allocate the lecture as a priority to

2nd period and 3rd period.

2.3 Problem setting details

We compose the timetable in the first semester of our

university and this is created using a genetic algorithm

and comparison with an actual timetable is performed.

In order to take more practical timetable, we send out

questionnaires about the period to assign the lecture etc.

to the professors who take charge of the lecture before the

experiment. In the result, the essential conditions and the

desirable conditions are determines as shown in Table 2

and Table 3. Additionally, about the students' desires are

determines as shown in Table 1.

3 Timetabling using Genetic Algorithms

Genetic Algorithm is the solution search algorithm im

itating the process of natural evolution of a living thing6).

It is a technique which expresses a solution as a gene and

the solution improve by genetic operation as crossover,

mutation and selection. Figure 1 shows the procedure of

a genetic algorithm used in this paper.

3.1 Genetic Coding

The gene loci are put on the position which shows

the 5th period on Friday from the 1st period on Mon-
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Fig. 2 Composition of a Gene

day(Figure 2). The value which shows the lecture "N"(In

case of N lectures in one grade: "1" - "N"), "-1" show

ing a cultural lecture and "0" that shows a non-assigned

position. This is made from 1st grade to 4th grade.

3.2 Genetic Operators

Fig. 4 Method of Mutation

3) Fitness Evaluation

The fitness is defined as follows,

Fe = aLL Ci + f3 L L hi,
gig

(5)

g: grade

i : number of conditions

Ci : number of breach parts of the i-th essential con

dition

hi : number of breach parts of the i-th desirable con

dition

a , f3 : weight factor

s: constant(small value)

4) Selection

The first generation advances the generation for

the purpose of fulfilling essential conditions com

pletely. If it is attained, the generation is advanced

for the purpose of fulfilling more desirable condi

tions, in this paper. If it fills until it can also ful

fill desirable conditions, a generation is advanced

for the purpose of fulfilling a students' desires as

much as possible, making it not affect the degree

of achievement of essential conditions and desirable

1) Crossover

Crossover is performed for every grade and PMX

(Partially Matched Crossover) is adopted. Fig

ure 3 shows, if one-point crossover is performed, a

gene with the same value occurs and the gene which

should exist is lost. If same value occurs, the same

lecture will performe twice at one week and when

the value which should exist is lost, it becomes im

possible to perform the lecture which should origi

nally performe. Such a gene which is called lethal

gene and it is not composed as a timetable. For these

reasons, PMX which a lethal gene does not generate

is used in this paper. Although two or more values

"0" which show a non-assigned position exist in a

gene, this "0" ignores at the time of crossover.

2) Mutation

As shown III Figure 4, mutation as well as

crossover is performed for each grade and mutation

is choosing two points at random and exchanging

the value of gene loci.

1
fitness = P + -p--'

e+ S
(6)
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conditions finally. After that, ranking selection is

performed in order with the high degree of confor

mity from both parents and children. And only the

same number as parents survives the next generation

and the gene which remained disappears.

3.3 Exclusion of a similar gene

It is operated to keep a gene with the high degree of fit

ness in this paper. While repeating the genetic operations,

there is a possibility that the similar gene may increase.

The gene becomes converged to local minima. The result,

global search becomes impossible, then search of the op

timal solution become difficult. Consequently, in order to

avoid it, a similar gene is eliminated as follows.

If change of the elite's degree of fitness is lost, it is

compare with the genes which fitness resembled. In the

result, when judged with it being the similar gene, other

gene eliminated and replaces a random gene.

It is defined that gene A is similar to gene B when LA,B

is smaller than some value. LA,B is defined as follows,

(7)

comparison is shown in Table 6. In a total of 20 ex

periments, all the solutions are able to fulfill the es

sential condition. Comparison of the desirable con

ditions which are not fulfilled has become as it is

shown in Table 4.

Table.4 The Desirable Conditions Which Are Not
Fulfilled

Best Actual
Conditions solution timetable
Not yet achievement of
professors' requirements. 2 places --

(The breach of condition H] ,H2 • )

A professors' continuation lecture.

(The breach of condition H3 . )
oplace 1 place

Assignment to the 1st period.

(The breach of condition H4 • )
1 places 1 place

Deviation of the number of
lectures by the day of a week. 8 lectures 6 lectures
(The breach of condition Hs. )
Free time between lectures.

(The breach of condition H6• )
1 place 2 places

Breach of the 2nd period and
the 3rd period priority. oplace 2 places
(The breach of condition H7 • )

(The sum total of the

number of breach.) 12 12

ai : The gene A to the i-th element

bi : The gene B to the i-th element

d(aj,bjJ = g (ai "* bi)

(ai =bJ'
(8) • About students' desires.

A students' desires which is not filled becomes as

it is shown in Table 5.

Table. 5 The Students' Desires Which Are Not
Fulfilled

4 The comparison experiment based on actual data

4.1 Experimental conditions

The experimental conditions are as follows.

• The number of population: 100

• Crossover rate : 100%

• Mutation rate: 5%

• The end condition : There is no change in 500 gen

eration elite's fitness.

4.2 Results

• About constraints.

The timetable optimized using the genetic algo

rithm is Table 7 and this is the solution whose de

gree of fitness is highest. The actual timetable for

Best Actual
Conditions solution timetable
The compulsory lecture is
assigned in the 1st period. 1 place 1 place
(The breach of condition S]. )

Free time is between lectures.

(The breach of condition S 2. )
1 place 2 places

The same professors' lectures
do not continue. oplace 1 place
(The breach of condition S 3. )

(The sum total of the

number of breach.) 2 4

Almost all the created timetables have been created with

out generating an professors' continuation lecture. Com

pared with the result to which others were outputted, the

best timetable filled professors' requitements. Addition

ally, about the constraints, the created timetable is the al

most same level compared to the actual timetable. As
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Table･6 TheActualTimetableforUniversity

Monday Tuesday Wednesday Thursday Friday

q)｢⊃qLqコ+Jtノ)1 CulturalLecture CulturalLecture lntrod止i擁 瀬覇 黛=S CufturalLecture

2 Cultura Lecture

3 ntroductiontoC叩uterScJ'enCYamamori MathematicalAnaysisZHatsukade ntrodー頑 き年号琴
4 CurturaZLecture Laboralnfor甲tor5 atLii声

%亡ロ 1. CulturaJLecture Analys s ofDynan icS ystem Sato2 AppliedAnalysisⅠYazaki MathematicaIProgramin lkeda Probabiityand StatisticsYokomiGhi

LqJ｢コ⊂～ 3 G｢aphandNetwork丁.Katayam CUltUralLecture NumericalAnaysisYoshihara
4 LaboratoryforlnformationProcessingⅢ okomichi ExperGenermentslPhys∩CS MatsudaT.Katayana5

q)｢:⊃CE} 12 LinerSystqnandSignalProcessin Kono AlgorithmsandDataStructureYoshiharalntroductiontoNodernPhysicsSaito lnformationNetworkOkazakiIntroductjontoAppliedCh珊istr HByashi

Lqコ 3 iscrete-eventSystcmTomita Compilers Sakamot undmentalsofKnoyEedgeProcessingTomitaProbabInform ーkeda

｢:)｣くつ 4 AnalysisofNeasurementdataHatsukade AdVancedLaboratoryforJnformationProcessingⅠSomeone Robotics Sato5 Someone

q>｢⊃CEl 12 ParallelComputingandYamamori

しく:フ 3

I+.■寸 4

5

Thepart wJ'th wh ich a studen ts'des ireswas notfulfilled.

Table.7 TheResultofTimetableforUniversity

Monday Tuesday Wednesday Thursday Friday

qユー⊂コtも｣く三>+-t4 1 CulturalLecture CulturalLecture ++ヾ CulturalLeGture

2 CUlturalLecture

3 ntroductionto叫)uterScienceYarnamorj 薫ヾ ntroduGtiontoProgramingFurutani MathematicalAnalysisIHatsukade

.4 Cu托UralLecture Laboratoryforlnformat ionProcessingⅠFurutani～.Katayama5

q.ニー｢=コ一句Lq≡>｢=さE～ 1 CulturaJLecture

2 AnalysisofDynanicSysteTnSato AppliedAna】ysisⅠYazakiMathematicalPrograⅧtin lkeda ProbabHtyand StatisticsYokomichi

3 GraphandNetworkT.Katayama CUlturaiLectUre umericalAnalysisYoshihara

4 LaboratoryforlnformationProcessingⅠⅡokomichi ExperimentsinGeneralPhysics NatsudaT.Katayama5

q.a｢=コ亡可 1 Someone2 und耶ntalsofKnoyLcdgeProcessinETomitaLinerSystanandSignaFProcessingKono IntroductiontoNodernPhysic Saito lgorithmsandDataStructuresoshiharalntroductiontoAppliedChemistrHayashi

ー(=声 3 AnalysisofNeasurementdataHatsukade CompiJers SakamOtOiscrete-event SystemsTomita nformationNetworkOkazaki

｢=ILr′■> 4 lkeda AdvancedLaboratOryforlnfornationProcessingⅠSomeone Robotics Sato5

蔓 12 araHeIComputingandYamamori

一.q=芦_.⊂=+ーtJ~ 34

5

Thepartwithwhichastudents'desireswasnotfulf=led.
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compared with the actually used timetable, the result has

improved about a students' desires.

5 Conclusion

The technique of creating the timetable as an optimiza

tion problem was developed using genetic algorithms.

And we experimented using the proposed technique. In

the result, about constraints, the elite solution fulfills

all essential conditions and the desirable conditions are

also attained considerably. About the students' desires,

the result timetable better than an actual timetable was

obtained. The experiments lead us for the conclusion

that the proposed method gives a timetable with same or

higher quality as handmade.

Future investigation is developing the high system of

the flexibility which can take into consideration multiple

departments.
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