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Abstract: Elementary schools in Japan create multiple timetables around school events, in addition to the
timetables used for regular classes. The Ministry of Education, Culture, Sports, Science and Technology
specifies a number of classes to be held annually, and some elementary schools create timetables every week
to ensure that they meet these requirements. Timetabling has been studied in many papers. However, most
studies have been targeted at high schools and universities. Furthermore, the models proposed for timetabling
have been created to meet the unique needs of specific schools. In this paper, we focus on elementary schools.
We aim to construct a flexible mathematical optimization model that can be applied to regular class timeta-
bles, to specific shorter-term periods, and in many types of elementary schools. In most cases, satisfying
all constraints simultaneously is impossible. Thus, our model allows relaxing some constraints and setting
an objective function to balance the degree of violation according to class or teacher. We created three
timetables for two elementary schools by applying our model to give an example of timetabling that can be
used in schools.
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HIce b2 e 2HfT5).

(18)#ED 1 HIZB T 2380 LR T B R 5 BO%EEM
D (1 DOMEICHR D LT 5).

ZIT, Xsrn & 0-1 88 & LTH->TWw5DH 28, i
BELTHHIZILLTEL., 204, L (16) L3N (26)
FUTFOLHIIETL, X7 2HET 5.

Z Z Z $Sj7':§;Xm

weW deD,, jeJSa;ail 7
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$€Se,ceCyg€G,reR?(16)
0< Xen <1
$€S.,c€Cyg€GreR2nel{l,... ,ng} (26)
FIERIS, Yian DEREKE L TR LD TES. 20D
Yitr, (A1) &X(22) ZPTo X1z L, A (18) &
HIER$ 5.

B DD SR

se{s|JyalN{j}#£p,s€52} jeIIS* reRLIUR?

Vtd
Su+ Z'Ytdi
i=1
(t,l,u) € L,d € Dy,w e W (11)
teT,d€ Dy, weWmne{l,...,v}
(22)'

0§’7tdn§1

3t (11), & (16), 7 (22), 3t (26) & 2 h2hat (1),
& (16), 3% (22), 3 (26) 1WEEL, K (17), X (18) %
ik L7-sERAbx TEstil) & L RS EicT 2.

6. FEXE (XEK3)

5 EORFEETNOEAAK (1)~ (26) & HHRHEL
WHYVANZFIF LT, 3 DORBEBIIE T % R EIER
(B 3) %17-o7-.

IR 1, HEE 2, FEE 33, b 20T xA—%
bEBEONERBERERRAOT— 5 Th Y, Thzh, 2
FCHRATz (1) M/ OMEIIR, (2) F U < sofbsie
fiEfH, (3) 1 DORIAFROBEHBIFIEL TV 5.

KRG (EBRT—5) OMEEZR 1 IRT.

1 HOEEBOBBEL yig, LTI, HETEOKH
DIZFERBEAT n 720728 EDRF VT 1 ples? 135 T2

ML72EBNTHE., 61T, ZNICHTLHEHEDOEA

*® 1 FHESEEE 3 1281 2 RER]

Table 1 Problem instances used for the third computational

experiment.
RS 1 [ 2 [l 3

INFAR TGN | RGNFRE | SNFERR
W O F JE AbEHi W
FAEEL 6 6 T*
79 A 24 24 28
HEK 43 44 34
R 16 22 23
HER 36 45 41
poEd il 2 2 ] 1 JE
X GIREBR %L 1,312 1,252 760
A OE & 51.1% 65.6% 91.1%
BB O 13,268 24,940 14,736
ZOMDER DK 32,960 6,720 24,292
R 0% 49,774 28,768 32,171

* 6 AP & AR AR
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2 FHEIE 3 OfR

Table 2 Results of the third computational experiment.

WG] 1| BEE 2 | RS 3
FHAIREH 10 HiE | 72.72 8 | 6.59 1
b D fif e R I T i
H Y BB fiE 555 32 16
3 L 194 32 16
Xern OFA 4 0 16
Vedn DFEFN 9 32
agy DHEF 180
5s§j} DA 1

DU et X LISk~ L7z, 7T A [H2HFREED
BN LIFROEEORERIZE ) B TOENL B LRE
W2 A asy] OBMOBKME (FHEmE) 1T 550
TA P EIRTLELZ, BFLNSHEROILTIT% -
fbiot%%(@%:ﬂ)@N%»%4pg§®@u,
BEEEICHDET, 1, 20, 30D 3FIHE L7z, 2 5%
HEFF LKA n DL EXRFIVT 1 ploem? | 5 (2
IRLIZEBYTH A, S5, FNIIHT 5 EEHEO E A
DU proemt 13, BRRFEOBEEEICH DY, 1, 10, 50,
100, 1,000 @ 5 fEFE & L 7=,

FhEEE IR, chFTelL <, 280GHz Hexa-
Core Intel Xeon CPU X5660, £ P m#{biILH v v N
CPLEX12.5.0.0 % F\v 7z, FH&EFERM O FBRIZ 10 HE &
L7z

EBROMERER 2 IIRT.

RG] 2, RS 3 TlE, IR ThRodfFAYs o
N7z, FER 2 1I2DoWTid, EBOFME T FIHEKED
B EFHED 1 HOBREREROBZR L 22 % 00> 7275, $#
FETIVOREENL, CNOEZHIR L2272 TR L, 458D
FEBR 2 ORI EICIRER LR A [2 RS T2HE]
SAVZZDITH L, EREEHERT I L4 1 RIEEIC
Mz 5HZeDTEI. MEH 3 I2OVTI, EBEORFE
THOFHEEDEL L D270 o 1275, 5T 7 DR &
&, COBFHIKLAZZTTR L, E8B2 ORMET [HE
K20 2%b 2 TADNL 2T ABHoT=DIZR L, EX
BTl CGERE LRICHIZ B2 LT,

—77, PG 1k LTIl a s 5 s, sHEERH
10 HTTH & D gap 7549.94% & 72 5 Wig i % 1572,

RG] 1123 L, EVERZ 2000 THREmass s hz
Mol EEZ ThDH. EERCHREDO N - sk e
W 7FEEBIRIL 2 DD/NFRTITE A EL DL R\,
AR SR 5 (280 & 18R) 721 Th <, HITEA
BEOEENKREL R L. ZOEEFEITIUE, FERIE
LZOFMMIE 7 7 A TERE HR (1) §56b00, HED
BRHEBMOELRZD (HIK () ZIELAEEELELTD X
WOT, 77 AT TR A REL L. M
BB 1 LRI 2 O/NERTIE, ZOEEDEL GEERL
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x 3 FEEEORFHE & RIS RO R HE O
Table 3 Comparison between an actual timetable and the

timetables produced by computational experiments.

EBEO A FiER 2 | IRETTNV

T [T 551 T [ 1 S i 1)
JE S DFH 225 188 194
Kosrn DFEA 16 4 4
Vedn DFEHI 14 8 9
asy OFF 194 176 180
Bysj; ORAN 1 0 1

K4 FB2ALZOUELFHT 208 (Xon OFAD
Table 4 “Number of rooms to use” as the second preference
(total of Xgrp).

FEED 4EFER2 | REET NV
77 A B R ) &) AR ) ) R ] <)
1AEBAL | il 2
14 DA | Ml
245 CHL | A
245 DML | AR
3AEBAML | il 2 2
4 AL | Edlr
44E B AL | SEST
445 CHL | Al
44D ML |

NN N

NN NN
[\V]

NOBEDEEDE G E L), 177 AIZEDLEB DK
D% o TWtzw0, filf () 2T oL < %o
TwiebkE2oNb, —F, FUNARIZET 5 RHEGT
HYH, MEE 1 & RER 2 T, KO SR
E{H R o UL, RER 21, UESERIRCTH
D, BEHEERZOMEROHR» S BHES R R, #
REMPREKVAEINLEZEZOND.

RIZ, RG] 1 L CEERE LT 2 5 kefE
DExREZTHDL. HERE TFTIHRED gap 7749.94% & K
EDolZ NS, RERD S EOREEEN T WD DD,
COERZT TR LS BV, FIT, BEEFILVICLS
MBS B 2B E T, EROREMER 4 EOFE 2 T
BRMEOb 0L KTEL L), R 3IRT.

RETFNVOEBENL TR E O gap #749.94%TH % 75,
FER 2 TROEME L LTHES NS & i LT L ERD
BHIKRELEDL WD, EREHSICMALZET
ETWVWLENVZD. EB2DETFIVOFIKINTIREE T LD
HPERAM L2 D EEZONDLDOT, EREORM (%
oo )VoOHMER cEiNE, BRETTIVIG 2
7PEEROER BRI E ZO TR (EB 2 OR#ElE) &0
gap (& 3.19% L £ B Z L TE BT,

FARXOFHME, Xgn IS LTIER 4, ypgn LT
3R 5, agy KHLTIRER6 LR 7, 3. LTIIRSIZ

585
«1 194—188 ~
194188 » 100 ~ 3.19
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Table 5 Degree of violation for the lower and upper bounds of
the number of lessons in a day of a specific teacher

(total of yian).

ELN0) 4 FER 2 | REETW
HBEA TE [ 51 5 T 61 TF [T 51
HE 17 4 3 3
#HE 18 1 1
#H 19 2
#H 20 3 1 1
A 21 2
¥ 22 3 3
¥ 23 1
#HH 24 1 1 1

£ 6 T LLARVIEMITON2EEDEK (ag, DA
Table 6 Number of lessons scheduled outside preferred time

(total of asy).
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KT as; ORMOFY (BB CHEESE (TE)

Table 7 Mean and standard deviation of the total of agy (up-

per row: mean; lower row: standard deviation).

EBRO | 4 HiEER2 | ERETN

A | WM | B | e
14 7 7.75 7
1 1.09 0
2 4 6.5 5.5 6
0.5 1.12 0
34 7.5 7 7
1.5 1.22 0
44 8 7.5 8
0.71 1.12 0
5 4 9.25 8.25 9
0.83 1.64 0
64 | 10.25 8 8
0.83 2.24 0

MR /N 2L X TE L Twa,

77 A

FERED
I i 1)

4 Fi%EER 2
TR [ 51

REETI
IR 5 51

145 A #L 8 8 7
14 B AL
14 C HL
14 DA
2 4E AL
2 4E B Al
24E CHl
24D
34 A
34 B
34 CHL
34E DM
445 AFL
44 B
4 4F C #L
4 4E D AL
54F Al
5 4F B Al
54 C#l
54 DA
6 4 A M
6 4F B Al
6 1 C il
6 4 DA

[S23 NI N I B =2 I BNl e A B S e s B e e

5 5 ® ©|® ® 9 00 o o Olu N0 oo 0 o
ES TN

— =
_

11

©
-
0 W 0 W[ © © ©W|lw W W WU N T N[ D AT N

—
[e=]
ot

NG

FA4IZBWT, 3DODOHMEIT Xgp, DESIRE o
TEEHI T NTEMTH L. 2EBEARTH- 72720, K
7T ATEMDENIA2 Lo Tz

F51ZBVWT, 1HICBTAEREIZ LIz 5N Tw
7oDT, RROBEKITEKHBEFHL I EATE L.
6 DML, HLRHEROREND LIFRES O
RTAThbN D EIRZE L7282 R L TWwb, RN FRKRT
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£ 8 HILLAVEEDETICR 728 (B,,,; PHA)
Table 8 Number of undesirable arrangements of class lessons
(total of B_,;7).
FEBR DI 4 FigERR 2 e | PR E TOVIRE M E
I 1 I L L 1
6 4 C il 5 4 C Al

2 3 HARHE 3 B

ERQEEE 3

1H HARHE 3 FFIR
REQRFEE 2

H AN =2
6 4 C#l 6 4 D #l
2 HHARME 4 KR 1 HARNE 4 kR
FEQIRES 2 IR QIRFT AR 2

(&, 1HRRE EAAAFTO 4 KR H AR ENIF E Lk
EZEZoNTEBY, HTEDHOZERD LR 0 128E L7
WEOER, 2F VIHEDIOBBOZERZICR > Tnh,
REETNVORMEITIE, FENTIORIEFEICL ST
WBZEWGDPE. O (asy) DFENOFIME LR
WREL, £7IRT.
RETTNVOEMEITIE, agy OFBMAT180 T, FEEi2
DOFFEI D 176 L VDB LE LK o TWED, EE207 F
AMOIEL2E%EZ DL, WYL TOERTEZ2HEIC
X, KIEICSHHEENTWBE I EDDHh D, $72, EBEOE
FENCBVTY, EBR2 ORME & Y FENTING 208
ENTWAEZEDL, /NERHETIE, EXEDONT VA
ICEXZBWCHMEER L CTnWD 2 L) 12 5.
# 8T, HFELLARWIFEDILIZ R s 72NFEERL
TwWh, EBROBMETE, 577 ATBHz %9
BERC T L (FEORBRIEE) 2710, REETLO
EREICIE, 1 DDHE (fifk) CTHIGITR LR 5 EDRER
¥EDHd 2L (FBEf2 THAELEDRIZ6FLE) 251 b
D, EE2 OB TIE, TRODERD Lozl %
RLTWD.
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