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A Constraint Programming—based Automated Course Timetabling System

Junha Hwang®

Abstract

The course timetabling problem is a kind of very complex combinatorial optimization problems,

which is known as an NP-complete problem. Sometimes a given course timetabling problem can be

accompanied by many constraints. At this time, even if only one constraint is violated, it can be an

infeasible timetable. Therefore, it is very difficult to make an automated course timetabling system

for a complex real-world course timetabling problem. This paper introduces an automated course

timetabling system using constraint programming. The target problem has 26 constraints in total, and

they are expressed as 24 constraints and an objective function in constraint programming. Currently,

we are making a timetable through this system and applying the result to the actual class. Members’

satisfaction is also much higher than manual results. We expect this paper can be a guide for making

an automated course timetabling system.
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[I. Problem Description

1. Course Timetabling Process
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Table 1. Number of Subject and Professor per Semester

Semester | Subject Class TH(z)ter .Professor .
Full-time | Part-time
2018-1 27 71 196 15 5
2018-2 30 73 206 15 5
20191 27 69 191 14 5
2. Constraints
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[Il. Constraint Programming Approach

1. Why Constraint Programming?
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3. Implementation of Hard Constraints
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Fig. 3. An Example of a Professor’s Schedule

4. Implementation of Soft Constraints
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* CP = Create a constraint programming solver
 Set variables and domains for CP
* Add all hard constraints to CP
« Set objective_function = Maximize(objl + o X obj2) to CP
« Set max_time = t // t: maximum execution time
* While current_time < max_time
- Get next solution with CP
- Store the solution

Fig. 5. Automated Timetabling Process

V. Implementation Results
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Table 2. The Result of Professors’ Satisfaction

Semester Number of Number of Average
Total Prof. Responders Score
2018-1 15 1 4o
2018-2 15 1o 58
2019-1 14 2 18




34  Journal of The Korea Society of Computer and Information

V. Conclusions

ol Al Z2adYE

A =BE AAEgl oM, A skl @l 4
A AN B BAE 23] 93 24709)
Eeris 2719 M5 Alokeag w
443 Anur 94 BEE)
o gipl_ wo X_”o]:z =
P 98 A% 2ade s

N,

A

L

B r}m

N
mol
O

TO
ol
L
32

=g
I

u
r%m
= o o
U P

ox 2
I
%> i

i oy

4y o

>

o

=3
= o

:?1:,"
o m
ol
o
oo
L
k1
-
N

o
=]
=
o
Sl
2

s
v
L
o

M i 2

=
i
e
-
o
-
|
aly
%
<
-
2
>

Loy By By
%9,

y,
ol
o,
N
o
ol r
i)
2
o
18
ek
o
ot
4
%0,
o
por

> ol

= ofb

b T

rd

=

1%

=

Ho

et

o

=

X

ol [
~ X

ofy

-

&

2

oo

ot

o,
=
N
N
]
o
A3
e
4

> o yo
A o

o2
e e O et
o2 ofh
S/
lo,
Sy _‘>
o po
(g Mo
oty
i)
)
olf
oX
o
32
+ o
22
+F
) .
o2 —y ©
o m2 El
ol
=

—+ o
N
e}
e
=
o

2018-2 tﬂ 1EH B85 2718l
Z_]—o] i_g_g_]_ gomz Bl A

7k Agaik olF 918 Aok 2219 37} 4
F gom, Ak T2 yel glojA W4
1 Agk A4 4 52 3 wels) 2 e}

A, A8 glolge] uteh= A8 spsa]r

_ﬁm{orﬂnﬁv:\gﬁkﬂ_ﬁm
S
o
1~H
ro
>

9k A
EEH7] e
A3 Aok o= Agafor gtk 1
}_7—] X=4 ;qa]tﬂ— .Ll xﬂokzﬂ e}
7V

St} wepa olel g 2153}
a7t gk,

4
B
¢

I iy
i
-z
rulm

_IO 2

FUPI HHE

REFERENCES

[1] E. Tsang, "Foundations of Constraint Satisfaction,"
Academic Press, London, 1993.

[2] H. Babaei, J. Karimpour, and A. Hadidi, "A Survey of
Approaches for University Course Timetabling Problem,"
Computers & Industrial Engineering, Vol. 86, pp.43-59,
Aug. 2015.

[3] B. Paechter, "International Timetabling Competition,"
httpy//sterics.idsia.ch/Files/ttcomp2002/, 2001.

[4] L. di Gaspero, A. Schaerf, and B. McCollum, "The Second
International Timetabling Competition: Curriculum-based
Course Timetabling (Track 3)," Technical Report, Queen's
University, Aug. 2007.

[5] S. Abdullah, and H. Turabieh, "On the Use of Multi
Neighbourhood Structures within a Tabu-based Memetic
Approach to University Timetabling Problems,"
Information Sciences, Vol. 191, pp.146-168, May 2012.

[6] R. Bellio, S. Ceschia, L. di Gaspero, A. Schaerf, and T.

Urli, "Feature-based Tuning of Simulated Annealing
Applied to the Curriculum-based Course Timetabling
Problem," Computers & Operations Research, Vol. 65,
pp.83-92, Jan. 2016.

[7] A. Bettinelli, V. Cacchiani, R Roberti, and P. Toth. "An
Overview of Curriculum-based Course Timetabling,"
TOP, Vol. 23, No. 2, pp.2-37, July 2015.

[8] H. H. Kim, and Y. N. Choi, "An University Timetabling
System Using Genetic Algorithm," Journal of Science &
Culture, Vol. 2, No. 1, pp.333-342, Feb. 2005.

[9] N. Ahn, "Mathematical Modeling Approach for Classroom
Assignment Journal of the Korea

Academia-Industrial cooperation Society, Vol. 18, No.

10, pp.580-587, 2017.

[10] C. S. Kim, and J. Hwang, "Constraint Programming

Problem,"

Approach for a Course Timetabling Problem," Journal
of The Korea Society of Computer and Information,
Vol. 22, No. 9, pp.9-16, Sep. 2017.

[11] "IBM Decision Optimization CPLEX Modeling for Python",
V2.9, IBM Corporation, 2019.

Authors

Junha Hwang received the B.S., M.S. and
Ph.D. degrees in Computer Engineering
from Pusan National University, Korea, in
1995, 1997 and 2002,
Hwang joined the faculty of the Department

respectively. Dr.

of Computer Engineering at Kumoh

National Institute of Technology, Gumi, Korea, in 2002. He
is currently a Professor in the Department of Computer
Engineering, Kumoh National Institute of Technology. He

is interested in artificial intelligence, combinatorial
optimization, machine learning, and programming
language.



