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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.

» Keyword: Timetabling, Course Timetabling Problem, Constraint Programming

[. Introduction

ARstE BARA g, 3hd, Aol 3 dE odd A
oS 23T o Sivh ) ARERE A EAllA AlekEd
< F4 AYFA(hard constrain)®t AZ AlFF7A(soft
constraint) & WrolXith 4 Aokl REEA] Fdjof
st Alkzoln M AFRAL 7Ed F4Et o 2
AFzolt}, dubgor MF Aokre BAekre R Y
o I Alfrd e Ao w AT uehd 4 Azt
i A TAE 54T of gk

o
>~

T

A3 2AZ Ao
AFA 4 AE A BAE 27 99 57 L)
3}

3]
=, BHE B, AlE o= ofdd, Ak ZeaYd S5 2

&3 vk H#s) 7] AlAEo] g 2] 58] 20024
3 2007delE Y AIRME AMd B A ARIdE

] =
ITC-2002¢} ITC-2007°] 7HH =AM [3, 4], B2 A7
g 3o dHolHE Ed® o]Fold g5 6, 71
ITC-2002 dloJel&= 3709 H4= A1z} 3719 A5 Ak
Z271& 28, ITC-2007 HolEel= 4719 4= A|lokz7v}

470e] A5 AokxAS 23kech aeu A4 ws
A AR A EAGIA a8k Aok e g
ot} Axpebdoln 7o) whe) wj- B3k Aok
& 5 9lo] AEshe AlxEe] TS oA W
o] ¥ =] o FAW s etE F 2671 Al
gratar glvk. webx] 9143] of7lahd 25749
& 73] delHE 7o R HE 7k %S v
g Ak & 4= glek o] & s AAA FAel
AbEl7F =8 Heolth,

FN
e
o

K}

o
o oo lo

e <

=

£ El orlo N
ol
3

re
-

5
oo do w M oat oo f

=
a2

$e} selebe A
AR, bl 71E
o A3t o) FAHAE] VHEA Y v =G ARE
golt}, 2 g1} o] AA] HelEE o & AT
(8], [917F elek. [81€ 979 4= Alekeglat 1070e] A5
kRS TP £ ARKE 4 BAS dgoE #4
SnelEe Agsgon, 91 7709 85 Aekeast 2

B BAE dgos A5NS4
2] st ] AHA Aol

r
2 O

ut

* First Author: Junha Hwang, Corresponding Author: Junha Hwang

*Junha Hwang (jhhwang@kumoh.ac.kr), Dept. of Computer Engineering, Kumoh National Institute of Technology
* Received: 2019. 03. 20, Revised: 2019. 04. 12, Accepted: 2019. 04. 17.
* This research was supported by Kumoh National Institute of Technology(2018-104-139).



28

Journal of The Korea Society of Computer and Information

gk 7)zsols olm AAl A& o 9 FALE] vEE
gk A5 gtk [9]dME n BEE g gist 75
e Agsta glot ofof gk B4 Azt 9 AA 4§ ol i
o tiaixE AFskA Fsktk

71E AT [10]9AM= & =23 593 7 Ak 2
TAE ez adiet alF AgellM= & 14719 Aok
< 3As] Ak Weks AAE o Al del A48-517]
o= FEg Fol QIth ¥ AT 7€ AT [10]8 EUi&
sha itk WA AleF L2 3% (constraint programming)S-
ARgate]l g AlFRN S e e REeh, B oA Al
of TR S AR HE3Fo RN HT Atxd FH
ANA A&H o2 ¢ 2 & gAsA Hrt

A

(e}
weks

7]

A

3]
A= 20189 187155 20199 1871714 33]el 43 44
Azl Hlg) FAAS] W=
}2)1.

H

3}

lo,
it
=
=
>
)
2
12
BN
2
=

et & A T
z VS

[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?

B ATl M= = AR A EAE Sl s Sl Ak
Z2aWe AR AleF T2 oaeyelA Folzl EAE
e, 7 W] THlQl, AlSRUER ddTh =9l 3§
T T M 5 e HES e AR ¥ A}
HAE ofnlgit), Aok TR O] B3

+ 7 W] ghs e Aol o

9] s FE2S FE F R uAgs) ot

z% I o5 Bk wEA dohgr] $fs)

forward checking, AC-3 & T}t AloF A} Lag]E5o]
94 & AUvH1l
=] o EAe o] RARRE X ek Aok v

.
gAE Ao vE H45 FAl d. 4

2
e

Ir
e
3
il
=
o

=

e e
o
:Kl)ljt
)
T

45} 2419 AAHE BSATHIL A T2 A

kS WEINE AF 7] Ae) Lol A FAL Anh

Aa 27 AN FES AT B2 T o] 94
=3

AL A% sl 5

=4, branch and bounddl] &3 & A
ST FHg o] T4 @2 Wgko 7ol Brle TusH
A}, ueA] o)A o g gl 27)d 1] £L & £&T
| So] R} e 24 5]

= w
50wy 278 9 5 A

=0 7FestA .

B Ayl Aok TeagYS sA% T o= Aoz
A& AA T F Ath= Aolvk Aok R aeoA = Al

12
)
o

@A stk B Alfxe] FolAE A
FEshe o By 245 g A | ,

e MR b BA Nk 4 Az Qg

;2 3w [if Time() = Time()) then Room(y) !=

E&8Pd 9t} o714 Time()E o h3k &

BN N o
o o

=

a

(o3

e 19 @

& A%k W4, Room(i il THe 2o WSS olvjdie. o
S qro] ¥ =Ro] thd BAIS ol Theksta BAke Alokx
e TP BAG 9 At 2P FESE 4
W 8o vl fol oz Wusisirh BE Aok =27
W eholneleEe Be Ak A7 289G 5 s 3
WS ATHE 5 LR w9 7L £ =S &
$8 £ AT ok

S AZHE A2 A3 Al Ty e 2A A5
At A g I PSS Tef # 5 Qe 5 AShEe
AHale) B WA BE AFEAES YA 0w e
4 5= glofobil #-go] Fsstehs we] AeHol. wlel Aok



30 Journal of The Korea Society of Computer and Information

szdge Aok 5
whol wek A7 Aol Jbssch A B A EEe
FA SF, B B, A olE)= o@%, IR
ok

y

vt Felag HHst 7ES we 2] o WHES Al
FUES BF AT AR, 5, she] BAE el o
uehr] AT SReA o Ak £ &) mEol e d
T SARE S Aok shRhe WA o B9 A ke
AR E e ek Aol AloF e e a7t =]
RH et B Alkxe] EE BT £ a0 AR
T4 /\]{PE ,

2. CP Modeling for the Timetabling Problem
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Fig. 1. An Example of Variable Expression
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3. Implementation of Hard Constraints

I AGRAE F BlwF Bk Aokxlo == HCe,
HC7, HC13, HC14, HC20, HC21°] it} <] Toﬂ/ﬂ HC7,
HC13, HC140l ot 3-8 "k 7]& A5 [10 sYste
2 B =FA= HC6, HC20, HC210l thet ?ﬁ o] o

3 ApAs] drgeitt

@ HCB.ol9 3] sH3g 71Z 02 2 o) 3 shde] =
£ waES AR 4 glolok Hrk o Fol, waE A9 2
¥ A-lo] 03 Be] WE st Ak B
sh= 49 wihE BE A% A,
HEe T2 wiEe] BE e gANE o ). ey

3

o] 1491 e o

LP

T
S
12}

=
(29 2]9F 2o #uk 7F 247} 271, 3 2 a3}
TEol slvkar stk Ewke] 27091 wlakn 3k EukE A
IFOE, e 3 ke BaFow AAdt) Eto] 37K¢
WAL ZF kS A, B, CFo= AT Eto] 4749
WIEL o] BuS ATEOR, THE 2/)e] Bk B
o7 ARG aeja [29 2]9] el ATy EiE
718, BLw wie7le] e Caw wihs7e] gAlel 774
Aol FPsEES wE W, C1F Bl A% wulo] 27)
EE 470 WY RE Bk B4 AFE 5 A= @
oM CTE RS AT SEe] e mabEe ATE
EE BIFOR FuT Rd & YES d
- : oo PSR N
P i \ / \ TT=a
. 7 1 1 \ RN

Subject A(\ ] \ fj Group B | \

) R, e b - \

] 1 1 | \\ \‘
e | OO || EENE O, R

! \ ! \ 1 !

1 o1 !
Subi 1 N Vs 1

ubject C . \ Group B \ Group CjH
v \ !
AT o \1 !

-

—_——_—— —_——_——

o} dlE B0, 74 ATkl 24]
W 927} 4, a0ld, B-1
Hul B-1¢] &=
AlZto] B2 E}— Aokz7e [(DTay) = DTh)) and (Dﬂal)
'= DT(by)) and (DTTay) '= DT(hy) and (DTa) = DT(hy))]
o} o] HA ®do| 7hsditt

@ HC20.54 ¥4 S @
oh g BAGAE W AV 3 AR TINOR § A%
3% B7} 918 A9 B A 540l ghe 2



A Constraint Programming-based Automated Course Timetabling System 31

_O‘L
£l

Hoxe
i
-
]
Ho
:rlbljt

os]
Lo,
o
il i

=4

i

2

>

Lo,

t

frt

M

rﬂ‘.

Lo

4

A

>,

©
E -
1o

o M X
N o=

R

29
o
02(:4“
i
)

7}o

gul

>

Moo
@9)

Ja o
X o
o,
2
N
S
i,

Kuf
2
]

e

o
M
rﬂ‘.
i
—
1o
e
4 &l

¢} BO 4
2T} g, a, TRF B-19] WS QE2~7} by, b} 7P
HC202 [DT(a) < DITh) and DT a1) < DT(b) and DTTa)
< DTh) and DTay) < DT(by) 19k 22 A|fz710=2 @4
I or, wHE A9l wIE B BE Fulk] gl o4
e AYzAE FU1skA Hr.

>
Y
3
)
>

M
=
o
o
ot
<t
ful
=
N
s
o2l
ol
ol
2
o,
o,
o
w
=
M
=

A-39] 217t SHME T Zldike oAl Yebd = Qith
olZ e Ak HC229F HC23E SAl0] MEHEE dho
(13 3]@eF 22 AHEE E=EsHA du).

A-19] Bg AJZ QIEI 2T} gp0]aL A-29] W AJZF Q1Y
227t anol™ A-39] W AZ} Q27 g5 002kal 7H sk
AR 59 Azke] 3AIRED Bl A9 X5 2719 g 2
AIZE ASIE ov)et i S o FslAl |t whEbA 7 B
Who] A7 S8 Qe 22t g + 2, an + 2, as + 27}
"} 2822 HC212 [ { (Kay) < Nan + 2)) and (Xaz)
< Dagy + 2)) and (Kaz1) < a1 + 2)) } or { (Ka) >
Dan + 2)) and (Nap1) > Naz + 2)) and (Kaz1) > Naz1 +
2) } 18} Zo] xddE + vk

i

2ol

N

Mon.|Tue. |Wed.|Thu. | Fri. Mon.|Tue. |Wed.| Thu. | Fri.

1 1

2 |A-1 A-3 2 |A-1 A-3

3 |A-1 A-1 3 |A-1/A-3|A-3

4 4

5 5

6 |A-2 A-2 6 |A-2|A-1|A-2

7 |[A-2|A-3 7 |A-2

8 A-3 8

9 9

(a) satisfied by HC21 (b) unsatisfied by HC21

Fig. 3. An Example of a Professor’s Schedule
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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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Fig. 6. Search Patterns for Each Data

2018-29] A BE W& FokxAd S uEss Fo] ®
°l 37}—50}“5} olol] we} HC233} HC24E 4% ﬂ%zﬂo
= 7HFatan SC2sk ol BARR Fkskerk ol & <8 tf
E delHERT IR 2 BATs s 7 slE0] &AL
SICk 2018-29) A% o 2L3AE F FAYS kel 1172
3l 271817F BE&E o, HFEe FAg 12600t}
2018-2& T2 dlo|gd] nlg) EukrEE W Ax

g o

>

N

N,

=

o

i

i3

>

N

N,

2

N

2

>,
2 £ & o
to mu @O |

a9 71 2019-19) HEs O g 54 nge] AR
dojt}. 7} £+ ARF ME AT A, waks, Fejale] 7
o] 9lon, WwiEe shd IRR)/A(0), uaEy, Fit
o2 ydue k. &g wavt 843 S
aHE A £ A7 4xztolH, A A% A
2 [ag 7] NEE ol B
T3 BE wypEe] dls] 4o “RA'Z] wigs 24
o o]l whel v E ATk S W= aE 30A 370
gdata g, Az H2lel wel BE Eilo)
b IAIZE o2 oA s o] glar Alekx H220l uhe) =
o] 2A1ZF TSI7F 1AIZE T H T obA B E o,
239 wpg} 184 285 3ENE o2 g EH . g
29 SOA1, SOA2, SOA33} o] H&et4= SC20 uje}
T 7o 1)) hgA e 2o wAE A 9]
9t &8 924 30A1% Zo] tE Futy 4o
o HH%%EM Fale A9E gleh o dld wgvh 8 g

—{ﬂ
o
B
ol
2!
pass
=
:?1:1'
oft
9%k
2 4 3

o Ry
to fo rlr fo kI fy & 1o

N Fr

¥

N

4
>

r\l
[‘ﬂ

)3

U
pom 2
0
To
PN Rz

o ot K
o 2

m&l

me

ko o
1o

rlr



A Constraint Programming-based Automated Course Timetabling System 33

315 4213k olu] W4 Aot el 4

%50,

22 o wig
o] B7kssl7] witolth. 7Hd e 8.4l wiAe] 7hsshtt st

Hete v A3 Alokzds aelste] 22 add wAEA]
2 F& gtk F, SC2 SWelAe BA3 Hushs A
2o g9 wWAS 915 Aujek wdke on]slE Zot).
A SCL S0 B W, % 5o gad wgw
30A33} o] Az A7} 23191

AR Ak oz 53¢ ol
om E 44 E= 3R wiARE AL 9SS 1T 5
Period
1 2 3 4 5] 6 7 8
Day
0 3 5 1 1 5 5 4 3
Mon 30A1 2RA1
RA RA
0 5] 5] 1 1 5 5 4 3
Tue. 30A2 30A3
RA RA
3 5 0 0 1 5 5 4 3
Wed. 2RA1
RA
0 5 5] 1 1 4 4 2 2
Thur. 30A1 | 30A2 30A3
RA RA RA
0 0 0 0 0 0 0 0 0
Fri.

m

rL
>
o

3 8] 29} xE ol Ao 7k =4 Al
FE anES R8I F 87H A= 247 ko] 9]
on FAHOZE 2RA 37) H4h 2RB 371 #4k 2RC 470
9k 2RD 371 #45h 2RE 370 THJ, 20A 371 #4t 20B 270
W 20C 371 ENke2 A o] ok gk HH B AE
S ou|Elal 224 w4 BaE, ek mjAe C1ES 9
ngheh, Alokzz] HC179 of3f wid Al Al 4A] B
S5uAlel= =qlo] mjAE o] JA vk 18]al, 2RD+= 2RESH
A8 AHo] gl W o Aoz HC204 Wt 2RD7}
ZREEE} b Qo Ak A HC249) o8] A&l w3}=5(0)

= 1ol g s o] QA etk &, e 1uAld] widE

20A2¢ @3

RE nyie] ANHE HAEE 3
o) gl FEE HaEs e (1

5 =]
FAL 15 ¥

.
oo r

o o

ot

20C, 2RE w3}
Hj| 7 5] o]

5
_/I:_

o] @ el of gk Alolth Aok HC6olM =

Aol

o}
= 2 =

5

1A
‘F %\E]' 01]'2_ =

=
5 BT

ALt FLY 8, gAY A2
Hlo]B 2 20A2F BEo|X

PRt

729

o
e,

3
l"écﬂ&—%

ol

2RC2+= Aol Ho A& the o] uidd

& 915 ¥4

8ls B

31, 2RC ﬂqﬂ | 47) EHtolm

stetstal FRASIIEAE Hehlle 7H T Hket & ¢
AT
Period
1| 2 ‘ 3| 4| 5|6 | 7|89
Day
y 2RD1 20B1 | 2RA1[20C1
on.
2RC3 2RC-4 2RD2
2RC1 20A1  |20B1
Tue. 2RC2 |2RC4
20B2 20A3  |2RC3
2RA1  [2RA2 20A1[20B2|20C3|  20A2
Wed. 2RA3
2RD3 20C2|  2RB1 2RC2
2RD1] 2RCH 20CH
Thur. [20A2 2RD2
2RB2 2RB3
2RD3|20A3]  2RA3 20C3
Fri. 20C2 2RE3
2RA2 e 2RE2

Fig. 8. An Example of a Schedule for the Second Grade

NN M
Roox m? 2 X M

g Aotk —?, B AES 7Y o] S ovjdt
2 20184 18H7]9} 20184 28k7]oll &= Aok HC233} H24
7b A857] Helqiet. webA 2018-13 2018-2% HC23%
H245 A9 235 oo g sloj, 2019-12 & Al
kRS WdE AHE o 3 Aotk A5E Bd 1%
71 ARbgel tigh vEert 2817] ARbRe] ek iR
453 oS & 5 Atk o= 28] i waHE, Bk
% Zbo] 1817 K} Wol &A| ZA7} t] o H7]
e} o]& QI8 27IeE EEe 7 E
5L Keh o ]}_x-l o2 9 A w3k /\H—,Hx-l [¢]
A F& BoR wddnh 12y 2018-29) 38xq T
EE w2 "ol & 4 itk
—1x0h G4 A derstth 2019—1
o] 79 2018-1¢°l| W3] EHFE 27017 B AL wge 17
o] A7] wjitell Al AA7F v & Aow o det
olJal 9 Adslk uwpel o] 20199 18H7)ol= HC233
H24E x3k3F B & AekxAdo] vtdd o gn wse ukEn

T

m*

” @]

Table 2. The Result of Professors’ Satisfaction

Semester Number of Number of Average
Total Prof. Responders Score
2018-1 15 11 40
2018-2 15 12 a8
2019-1 14 12 18
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V. Conclusions
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