000 20050 0000000—000000000000000—0
0530 020 231-259 oooooo
©2005 0O0OOOOO

oogoouobougd
—00000o0o0oooooo —"

oo oof

Ooo0 20050 50 130000 20050 60 900

u g

goooboooboob1ooboobooboboo3gbgbobooooobbooono
gobooooooOoooooOoOoooooOo0OobooOooOobbooOoOoDboOooboDooo
goooooooooOoOoooooooooOoOoboboo0gobboooobDoogooboooo
gobooooooOoooooo0oobOoCoOo0OobooOoboUObobDoOogoDboOooboDooo
goooooOoboOobooOoo0o0ooobOoOooOoDOoDODOoOO0ODObOOUODObODObDOoD
gopooooooboooOoooooooOogboo0oobooobooooogbooooooooo
00oDo0000ooo0oooo0ooooooooooooooDooooooooooog
U 0000 M Subproblem-centric ApproachJ OO OO0 OOOOOOOOOOOOOOOO
00o0o0000oooooDo00ooooo0ooo0oDoo0oooooooDoooooog
0000000000000 ooooo0ooooooooooooooooooooog
000Do00d0oo00oooooooooooooooooooooooooooooooon
oopoDooooooooooooon

gobboooooooobooooooobooboboOooobobooooooboOooboDbOOoo
gooooboocooooooo

1. 0DOogo

gooooboobooboboobooboobooboobooboobobbobboon
googoooboooobbbbooooobobobo24bbbboooobbbooooo
gobobobo™oobooboobobo™ooobopooobobobobob o
goobooboobuoobooboobbobboobboobbooobobbooobLoo
goobooboobuooboobbooboobooboobooboobboboboo
gobobooboobuoobooooboobbooboobogbbobobboobbooboo
gobooobodboooobooboobbobbobbooboobboobboboon
goboboooobooobbootyrbog 23000 3500 gooboo@monon
01 ooogooooooboboooiob bbb booobboooobobO 11 o
gobooobooboobobuobobooooobobooboboboboboboboboon
gboobooooboooooboooobooboobooboooobooog

fO00D DDOD0D180-8633 DOOOOODOOOOO 3-3-1
*0000TIkegami and Niwal 20030 0000000020040 000000000000000000000O



232 oooooo s3000 200 2005

dodbobooooboooboboooobbooooooooooboobbooboooooo
dddddooobobobbodooooooobbooooooooooboobooboboooOogm 2
gododooobooooo3oobobooooboobooooo@moooooooooooooo
godddmoooboomoooooooboobboooooooooooooooooon
godddoooooobobobobobobdodooooooboobooooooooooooboooo
goddodooooboobbbodoooooooooboobobooobooooooooooboooo
ddddoboboooooooboboooboboooooboboooooobooooooooo
oooooooomooooboboboboo0ob00ob0M@OOboOnOOd Li and Benton, 1996;
Siferd and Benton, 1992; Smith-Daniels et al., 1988 0 0[O0 0O0OOOOODOOOOODOOO
00100000 200000000000 DOO0O0O0OMMO Arther and Ravindran, 1981; Bell
et al., 1986; Chan et al., 1987; Jaumard et al., 1998; Kostreva and Jennings, 1991; Megeath,
1978; Millar and Kiragu, 1998; Miller et al., 1976; Rosenbloom and Goertzen, 1987; Warner,
19760 000000000000000 1000 2000000000000 Aickelin and
Dowsland, 2000; Dowsland, 1998; Dowsland and Thompson, 2000; Jaumard et al., 1998; Musa
and Saxena, 1984; Ozkarahan and Bailey, 1988[ 1 0 0000000 30000000000
0 Arther and Ravindran, 1981; Chan et al., 1987; Jaumard et al., 1998; Kostreva and Jennings,
1991; Megeath, 1978; Meyer auf’'m Hofe, 2001; Ozkarahan and Bailey, 1988; Randhawa and
Sitompul, 1993; Warner, 1976(11 02 0 00 00O OO O O I Aickelin and Dowsland, 2000; Bell
et al., 1986; Dowsland, 1998; Dowsland and Thompson, 2000l DO 00000000 OO0O0O
goooooooooooo0loddddd000000ooOoOo 1000 2000000
g00d000doooooObOoOo0o0o0000oooDoboobObOo00ooooobooODbODbOo0000oOoag 2~3
goood0od0o0oo0dooobDobobbObo0o00o0oo0ooOoOooOooOooooOoooOon
gooooooo0oboobOo0o0ooboooObo0o0ooDoODbOoO0o0o0ooDobOoOoDbOoOoOooooo
Millar and Kiragd1 19980 0 0000000 20000000000000ODOO 20000 4
ooooooooooobooboboboboooobooboooooooooo
godoooboobboobobooooooooooboobooooooooooooboooboooa
o000 ooooooooboboboodooooooob oo oooooooooo
gobobddoooooooboobbobobbobodoooooobo b booooooooooo
gdd@mooo 2000 oo ooboooooobooooooooo
gododoobooooobbooob 00000000000 1Ibbooobo 400000
goobbdoooooboboboboodoooooooo o oo bObooooooooooo
gobobbdddoooooooooooobooboooooooobooboboobobooooooo
gbddooooooobooobbbobdooooooooooooobobooooooooo
godddoooooobobobboooooooobooboboooooooooooooooo
gddddbooooooboobooboboooooooobooooooooobooooooboa
Og0odoobooo 20000000 OJ199s, 1990000000000 OOOOOOO
o000 0oob0oboooobobmOooobg, 1996; Nonobe and Ibaraki, 1998; Osogami and
Imai, 2000, O 1]
godoooobobOboob0o0o00o00ooooooOobOoOo0o0oooooDooObDoOoOoOoOon
Ogoooooobooooo000oo0o0ooooooobOobooOobDoOobOoo00ooDoDoooOoDoODn
goddoboobOo00o00o0oooooobOo0o0ooobOoOo0ooDoOoO0o0ooDDbOoOo0oOo0ooooOoOoo
J00000oobooooooomDbooD Oy, 000000000 0o0oooooooon
000000000 bO0000bObO000oooomobooooOo,eooooooooon
0000000000 0000O0o0o0o0b0bb 2000000000000, 200000000



gooooooooobood 233

gbob20000 3000000000000 00OCO0O0O0O0O0OOO00OOO0OO0DbObO
0000000000 O00000D0 M Ikegami and Niwa, 20030 0000000000 0O0O
gobooooobooooooOooOooOoOoooOoOoOooobOboOoobooOooobObooOoOoooooo
oboboooooooboooo@m@mooooooooooooomooooooooonooOon
gobooooboocooboocooo

2. 0OO0OO

gboobobooboooobooboobooboobogoooog

gooobooboooboobobooobobobooobooboooobobooboboobooo
goooooboboomobooooobomooboobooooboboboboobobooo
gooboooboooboobbuoobbboooboooboo

gooboooobobo mboobbUOooobood n0bbOo0o0bOod0OO0mx nOO
goobooobbuooobooobbooobbs0jO00bDb0o0oobboobbOooo
gooboobuo«gjoooboobboboboobboobbooobooboobboo
000000b0osgubooboooubLboboob vedb 100 bo0obOogn
b 200000dobobooboboobb 2s~3100gonoooon

giogboooboooboobogb 990 110o0gbobobobooooobboobbon
gobobog200b0bbodbobm™bobOonn Ikegami-2shift-DATA1 O Appendix A.1
gooom

gooooboboooobbbo ABOCUOObDbbooooo 28000 oO

0 1. 000000 Ikegami-2shift-DATA1 000000000000 O0OOOOOO
(— A8, Nn: &Y, +:ZOMOEE, /Kk%)

4TS

~lr)2zlr It sp~II~I=2Z2l 1] 1|~[rf{r]=slH={2z2| |~~~ |[1}|2]I8}e

7] 8] oJto[11]12[18[14]15[16]17[18]19]20[21[22]23]24]25]26]27[28][29[30
[T[r[s[sm[TIW[T[F[S[S[M[TIW[T]FH][S[M[TIW[T]|F[S
Nin|/ / Nin|/

blol~|~[~[~[i{s12l 1 [I~FiiI[z[~]1|ZIsli ISz~ 1 |1 ]i]s]{Z2]~]|v|w

i

[[/]-TNn] 4]
99
9

9

Lis[s |11 2Z]~]~]s|~]|»]|w

N

z

sl izl sz~ | [=I=l=]ri~]rpziizi~||2]~] [ v]~]|=
—

11

12

10|12
10|10
9113
9112
10{ 8
10|11
10(12

>
w~fo|ofslwin|—

©
TLEPSIZ i1 [~]|"

| Zisi{~{1{2|=]1}!
ZL ] s
Sslip=]2Zrjufr]1]|~]=
ple | =]~

L l+12] {21 |~]|=]1
Hzlrpsta i | 2Z2I~][]~|2{~]~]2Z]s |~} ||

NN NN ENN A E B EIE IS

-
-

-
1N}

10|12
10{10
10(13
10(10
10(10
10|11
10|11
10(18

9 (11
10{10
10{10
9 [10
9|12
10|10
9|12
9 |10
10|15

-
©w

[
'

o
-
o

[
=Y

-
pcy

-
©

-
=3

AN AEERE RN -4 SN SN I N N N R N b4 DN =R ]

LIS [z ~]|~[2Z22] 1 |~ | 2|5 |~]~]|~|!

s =t {~l2Z]|[~I~l2Zi=1}2[~[1]1

L] 1 [~[z{2] 1 l{~I~[2|~[ri2][1 =]

pists |21 1 I=I~l1]2|~]1|2Z[~]=]1]~]~

/
N
/
/
n{[10] 9
N
/
/
/
/

llzb s~

o
©

13
=3

)
—-

¥
[N

I
[}

Q
I
&

V)
@

)
Pt

Zl+la s~z ][I+ ]2 2N s B 21+

wlafn|alslala|lala|lolals|a|s|slo]slafls]e|olpfstia]s|falaja
o|vl=]jol=lr|olo|of|vir|r|{olrlolololr|iol=|v|r|o|ojoleoje

¥
[}

~[e~|=st12{1{1}|t

EZE+R [+ 2] ]

e | 1|~fzt ]2 [~ =2} i=|~]1

)2zl i lIxIsPy 211 ] reisiei~~|~[=] 1 {~1=2]11|1
ERSRANTALNENERNELNERERE D4 N RN AN IR LN N

~If s~ r]~[2Z21 1 H+{Flst i br =1 |Z|| 1|1 |2]1=]1|~]|2Z]| " |~]>
L sI~[1 2] ]|~]|=

s 2=z I~ 1 ~|~|1I~Fi|2Z]3[~]1

Zitils | [~|2]1

S22 [~[]~]|=]!

St bzl {2~ 1 [2Z2] 1|~z i~ 1isi~I~[=|2|1|[1]!
~|2zZltiil2zI=[s[r|~jri~tt]z|~]2[ ] {~{i{si~]ti~p~|~]|1|®=
LI~[2Z=~]=]1|~]1

e sto=lrpopziprizlzi ool ri=l=p~ffciol=] ] i= 2~}
~|f=|~]i1]t{1]2}=

Iz~ 1 12| ] ~~I~[~|s|Z]~]| |t}

VARS EE A RN -3 NN AN B

N
@

wigll itz oIzl 2zl b ss]E s 2 e S e

wltold~] {1128 [~~~ ]~]1~[2Z]=s {2l |[2]~]|Z|~I5ti]~]|!
wloll ]2~ [zizi~{~ 1] ]~~I~[2Z=] 1 |[~[~ {1z~ |~}2Z]|!
ESbed INNENENCNERNE AN ERIRSER NE - R RERE BRSNS RE -4 DN RN R aN RN -1 B
wloll s |2Z2{s{z]~|1 =[] [~[1]e]|2Z] t |~ v]~[~]t~[]~]|1]|2Z[~]=

wlol| 1 [~[1|~{2Z]~is|1i2Z|i~1i]}[~|~|2]|=|~|!

EN =1 N NN NN ENEE N ANER P41 R N N RN 4 DN N R

wjoll 1 [~[1]1]s]~]|~[2Z)>

I
=
’AH
NE
[*o]

-
P
=
=
=
o
1=
=)

FS

PSS
o

~

——
o
=
S
=
#lo
=
o

nNE
|©]

4
5
st i
'bt—‘
ML
®lo
=
A»—\
=
|*lo)
Sl
*lo
=
o
=
Lt
=
o
'y
IS




234 oooooo s3000 200 2005

boboooooooooooobooosooooobooobOooOoOoobOOoOoboboOon <°0Nn’0
‘+O0¢o 000000000 moomooOoooooooooOmooooooocbonO
‘Nn’O002000000000000000O0C0O0O0O0COOOOO0OOOOOOODOOOOO0
gobooobooooboboooooobooOoooOoOoOobooooobooon

goboboooobooocoooboooOooobooOoOooOoOboOoOoOobOOoboOoooobooOoOoooon
booooooooocoooooooobooOooooOooooooobobooooobooOoooobooo
goboooooooocoooooocoooobooobooooooboOoOoOoOoboOoOoooobooOoa
uobobooobooooooooooioboooboooooooooooobmoooo
gobooooooboooobooboooonn

3. oood

gobobooboobbobooboboov4 bbb obboboobooo
o00000000000DODODODOOODOO O, 0b0b000000019970
gob 200000000615 0000 3150000000000 00O00O00DODMDOAO,
ooijooooooobobooooooboooobbooobbooobDbooobbooobLbo
goobooobooboborgobboobboobbooo
gobooboobod™doogobd 21 googoooobooboobga
goboobodbooboobbobboosboobooboob srodb4000bo
goooboobobooboboombooboooobob 7Tmsbd~23000 00000
gbobobobobo3gbob34bgb200b00e00000M 90 00000O0O0O0ODO
go2000bogbooobooboboob 20bogbbobbooboobooboboOoon
gopobooobvudoboooobooob 2000booobomm
gobooboobobobooboobooboboobooboobob 2300 ogn
goboobobobobboboobooboo oo 1gbobooboo ibbobbobooboo
goooooo1bo0bo0ob »s00b0obooooboobobobobooboboboooo
gbooboooooono 243@12~4200 0000
gboobo2e00bbogbbobooboobboobbooobooobboboobooboboOoo
goobooooobobobooboobooooboboobobooboobDobOooobooo
goooboobobooooooooooboboobobobboobooboobDobDobooo
gbooooooooooooooooooobobobobobobobo

gobOoobooooboboooonon

oobobo0ooooobOoooboboboooesbM@4o0nnomuoooooono1boOonon
goboboooooooboooOoOoOoooooooobooOoOoOooOobcOoscb0bOoOoOooooboa
goboobooooobooooobooooooOboOooobOOooOobooOoOoOoobOboOooooobooOoOon
ooooboooooboooobooOooooooboOooOoOoboOooobOOoooboooooad
obooboooooooooocobOOoOoOoooooOoObOOo0oOoOobO2000000OoOoOoOoon
ubooooobOooooooocobODbOOo00 sooobooboooooboooooOooonoo
gooooooooooboooooboooooooooboooobooooooooD 2000
ooooobooooo 80ooooorooooooooooooooooooooooDboboo
gobooooboboooooboboooosooo4000oboooboboooobbooooboo
o0 xbwxboofdooooooobodooooooo04000000oooooog
0ooooooo400000000200@0BRMO 0000000000 DOOOOOO
ooobooo



gooooooooobood 235

goboooocooooobooboooooOooooDooOoooooocoOobooboboOoOooOon
goboooz200000 vOooooooOocOooooooo0ooooboocobcoooooooa
coboooooooobooobosooobObooooobOoOoOooooocOoobo@mOooooDooo
boooobOooboooooooooOoe0bO3p0O0OOb0O0ObOOOYObOOOOOOODOO
uoboboobooooooooobooOoooooOooOooooboooooboboOoooobooOoooobooa
uoboboooobooooooocoboooooboOoobooooobOboOooboobOboOoooboDbOoo
bdooooOobomimoooobooooooOoooooono2mooboooooconboonoa
uboboostoocoobooooooossobboooboooooooooooooboOooooo
uobooooobooobOoOooooOooooobooOoOoOoOobOOCOoOobOOOoOoOoDOOOonoOoDbOoo
oboboooboocoooocoooOoooooooooooboboOoooooOoobooOooobooosya
gobboobomooooooooooooooooobbo0ooboobboooboboOoDboboo
gobooooooboobooobboooDbo

gooooooo
gogoooooboboobobooboboobobbooobobobooobobobbon
gboboboboboboooooooobobob@mobobooboo 1~e00O0O0OD
us3~11goooobobobobobobobobbobobobobombmuobon
gbobogogoobooobbobmobomoooboboboom™ soooobooobon
gmbooooobooooobooooob@mobooboobobobooboboboooboon
gbobooobooboboboboooboobobobobobobomuob bo2e01t00O0O
gooboogbodboooboobboboboobboboobbobobobobboboboo
gopooobodobooobooobboboboobbooboboboobuooboobbobbo
gbooboooboobobogoooboobobomooboobobooobobobomo
goboboi1oobgbbobobomoooooboboobomoooooooooon
gooboooobooboobooboobboobbobobooboobbobbooboo
goooooo
gbobooooobooooboobobooobooooboboobooboooobooboobo
jgboobooboobooboooobuoobobooooboboboobDoo™Ioobooobo
gmoooboboboboooobobooboboobooobooboboboboobobooboo
goboob00 o2 obooboobo@muoboboobobobooboooan st ooo
moooobobooboobooboobooboobooboobooboobooboobobobOobooboo
gooooooobobobomoboboboooobooboobooimoo@moboobooo
gbooboooobooboobooooooboobooooboobooome2oboboboboo
ooobooooboobooobooboooooboboobobobobooboboooobo
03 ooomobobooobooboboobooboobobob0o moobooboboogo
goooooboboobi@mimoboomooboobob40000000 O 20 O
gbooo@oboooboboobooboobobooooboobboobooobobooboooboooo
goobooooooom3muobooboobooboboboboboobogoo
gbobooooobobooboboooboboobobooboobooboboobooo
goboogogobogooooooooobboboobobooooboboboDbo™@bOonn
gbmogobobooboomoooboooooobobooboboobobooobooooon
googooobooboobuoboobbobboobooboobooboobooboon
gbooboomoooboooooomoobooboobmobooooobobooooon
gbm20b0000mobobooobodbobooboboboooobooboooobooobon



236 oooooo s3000 200 2005

ubooooboooboocoboobOoOooOobooobOOoOoOoOooOoOoOoboOoboOoOobOoODbOOonn
obobooooobOocOooooOoooobOooOoOoOooobOboOoboooOOOoOoOoObOOoOoOoOooobooa
uoboboooobobooooobooOoOooOoobOboOooOooboboOoooooboOoobobooOoOoooobooo
uobboooobooooooooboooooooOoOobooboOoboboboOooooboboOoooboDbOoo
gobbooooooboocooooobooobooOoobooooooo

goooooooooo
gbooooooboooboboooooobooboobobooobobboobDobOobn
gbooooooobooboooobooboboobobobobooboobboobooooboo
gboobooooooooooooooon 20000
gbooboboooobooooboboboooooobooboobboooobooboOobo
goobo0obb0b0db0obe bbb UODbOObODODbDUOUOODUODODObDObOOOD
00000000 bO0o00oDbO0o0o0bObO0O0Ob0Doc 0000 bOOOoOoobOOOoOoobDOoOoOon
gboogoboobooooboobbooooboobomoboooboboooboobooboooon
goboboobobooboboooboao
gogbobooboooobooboobooboobobbooboobooboboboo
goboboooooboobobobooooboboobooooobooboobobLoOoo
gogoboooboooboobobooboboooo
gbobobooboboobooboboobobooboombossuboo3suoomooo
gboobooboobotoooboiobooobooboobuobooboboobobooobogon
gboobooobogobooboboboobooooobobboobobm22mbooobogn
gbobobooboooooboboboboomooboboboboooobooboboboo
gboobooooboooobmstobooboobooboboobomooboooon
gbobgobooooboboobo mobg3b0boooo
gbooobooboobobooooboboooboooobobooobobooooboobo
gbooboooooboooboobobooooobobooobbooboboobooboooobooo
gobooboobooooobooboboboobooboboobobobobooboboobooo
goobooboooobooooobuobobooobooboobobobobobobbooboooooo
gobobooooobobooboooboobobobbooboboboobDoboobooboobooo
uboooobOooboobosboooooobooobooooooobOoOobboobooOoomoono
gmoooboboboooobooboboboobooobobOoboboooboobobon
gobooooooos3soonod
obooooooobooooooboooboooOobOOO0Oosbobooo10oooobooooo

02 0000000000O0O0DODOD
(@:FT 7 MBI D ARMERE A VAN —ERN, OF T~ 2OWBATEEZERT 2 &M4)

(1) #axsFs & & (2) TEIETF Z0GM
ORAH o [E OFLET BIkH
0% 7 b NEWER OWERE) D [EIFK
OBHEEH O OB D [E4K
OHERE o[BI [ B N YN =L 2
OFHET BHRA OB D EI%
@ A XU bOAAHE (O AT S g ol AN e
Qv 7 hRF— DN T ONEX
@A L RA—DHEE




gooooooooobood 237

03 0000000000

| 3 S I 2 2Rk |
(1) ZIEARF— (1) ElF—r
HRE—>AE wH—aE
WRRE-YERY) B 2 HigiLl b
A 8 RAE) B 7 EAELL b
TR 2 HERELL 1
TR 3 ikl b
HEAT B 3 kLl b
YERG B 4 8RR b
s 7 ESID E
(2) HFELLIARNRREZ— (2) HFELL g —r
YRR SR D— A ) ") 2 gLl 1
ERY—-AE) ) 3 HikiLl b
FRRE->BEREG KB — A8 {iTA & B #23%:<
HERLH] 4 R -

goboooooooboocooooobooooooOoooboboOooobboOoobobOoOoOooboDbOboOoo
boooboooooooooooboooooooboooboooooboboboOoobooboOoooooo
gobooooobooooobosb ~16000000150 300 ~23000000220 300 ~0O
ggispbiooooooooooooooobu ~b0oboooobooobooboooooDo
gbobobooobooooboocoobooookdsboooooooooooobooobooo2d
obobooooboocoosooooooooooooooobooooboOooobooboboOon 2d
oooooboooboo200000000004000000D0C00D0O02000000 10
goboooooboz2000000000000000

goobooooogoo

gboobooboooooooboobooboobobobooboobobooboobooboobooDImoo
gobooboooob™ooobooboboooooobobooboboobooboboobbooom
0ogooooobmoobooboooobooooboobooboboooobooboo
gdmsbogobooboooboobobooboobmbooobooboobooboo
googoooboooobom4bggoobbbboooobbo™oobbooooo
gogooboooobooobbooobooobobt Wobboobboobboooobo

gogbooobooboooboboboobobbooboubooboboobboboon
gooms3std 20e D00 boooobboodbbbmin204o b Oogn
gobooobodgboobboobobboboobbobooboobboobboboon
gooboobooboobobbooboobobbobbooboobboobooboo
goobooobooobooboboobboboobbooo

gogbobooobooobooobooboo

gogboooboobooobuoobooboobooboobooboboobbooboon
goobooboobboboobobobobboboobbooboobooboobboobbo
gooodbooboobooboobbooboboobooboobbobbooboobbo
gobogoobooboobooboboboboobobboobooboob 20bbobboOon
goobobodboobooboobbooboboobooboobbobooooob oo
gooobooboooooooooboboboobobodbobooogboobooooo
gobobooooobooobooboooobobobobooboboboboboobobooboobo



238 oooooo s3000 200 2005

uoboboooooooooobooooOoOoOooOobooOoOoOobOboOoOoOoboOoOoOooDooboo
goboboooooooooooooooooobooOooooOocoOoOooobooboOoooooo
oobooobodooooOoooboooooOooobOboOoOobOboOoOoOooOobooOobooOoOooon
goboOoooobOoocooobooOooooOOoOoOoOoOooOoobooOoooooOooOoooboooOoOoonoo
ubobooboobo40000C0C00000O0COO0OODODIOOOOO0ODOOO0OOOODOOO
ubobbooobobOooomebOm2oboOoOooOoOOOOOOOOOOOOOOonoonOOoa
bbb 24a0@M3muooboooooooooboboooobooooboom220004md
ibdoomuooomso@moooooooooocoooooooooooooobooa
oboboooossobooonom2om3smobooooooooooooooooonoooa
goboocoboooobobooooooooooboooooboooo

ooo
goooboooboooooboooooboooooooobooooooooboOooDog
gbobobobobobobobobooboobobobobobom2snog 31500000
gbobomoooboooboooooooooooooooooooboboboo
gobobooooooooooboooobooooooboooooobooooooooooon
gstbbomobeb0ombobboobbooboboboboobbooboobooobon
gboooboogoboooboooooboobogoboo1bogbooboomoboooooooboooon
gioooobooboogoooooooobooooobbooooooboooooboooooboo
gobooooobooooooooooooboooooobbooobooooooboooooboo
gooobooooooobobooooobooboooooooboooooooobobooooooon
gboobooboobgoboobooooboboobooboooobobobooboboooo
oooooooboooooooboobboobobOoOoo0oooooboooooooDooo
gbobooobooboobooooboboobgsgboobooboobooboboon
gboooobooooboboob4b0000bO0bOODODLDOODODOODOOD
ubobooooobooobooobooobooooooobOoooboocOobooobooooocOoobooOooan
uobboooobooboooobooocooooboooOooobOoOoboOooOoboOoOobobooOoOoooDoDbOOoo
goboobooooboocoooooooOobooOoOoobooOoOobOOooOooOoooog
uboooboooboooboobOooooobocooooboooboOoooOoOooboOoOooOoOobooag
uobocobooooboocooboooooOooobOboOoOoOooOobooOooon
ooooooooooooooooooooooooooooooooooooooooon
uoboboooooboooomoooooboooooooooo@mooooooooooDoboOoa
goboooooooooooboooooboOoooOboOoOoOoOoboOooOobOOoOoOoooboDboboo
gobboooobooboooobooooooooboboooobOooobbooooobooboOoooboooa
uobboooobooooooocoboooocoOoooboooooboOoobobOOoOoOoooboDbooo
uobooooboooobooooooOoooooooooooOooooOooooOooobooooo
gobooooboooooboooooooobooooooobooOoobooOoooobooOoooobooa
uboooobOoobooobooooooooooOoobOOoobooobomoocoooOooona
umoobooooooooooooooooOoooooOooboOobooOoOoooboo

4. 00O

gob20bbobbobobooodboboobooboobooboobbobnboo
gobdob20boboobobooobooboboooboobobmooboboo™m o
gobooobooboobmobooboobmbooboobobboboobobooo



gooooooooobood 239

uoboooooobooooooboooooooboboOooobOOooOoboOoOoOooOoboOoOoOooDbooOoOon

goboooboooooboocooo
goboboooooooooooobooobooooooobooOoooobooooooboboooooon

uobObooooooboooboooboboobooo

oooocooo

gobobooooooooooooboocoooobocoooobocOoooobooOoobooboooooon
obobooooboooooobooooooobcooooOobOoOooooboOoobooOoooobooOoOon
uobObooooooboooboooboboobooo

goboboOooobooooobooo@moooobooooooooobooooooboooooon
ubooooboooboooboooooooboO0obobooOooo0omoboOooboOoOono 2000
gooooobooooooooboooboooooooboomoooooooboooooooDo
gobboobo@obooomoooooooogoboooooooooooon

goooood

gogbooobooboob sgbodbuoobbobbooobooboobboobboon
googbobbOType I U0 MOoooobobboooboboboooobbbbooooo
gboodboboobbddType Il DO0ODOODODOODODOOODDODOODLDOOO
U0Type III DOO0ODOOOODOODODOOODOOODOOODLDOOO

TypelOOODOOODODOOOOODOOODOODDODDOODLOODOODO TypelIlI U
gooobooboooobbbooooobboooobbboooobbbooobbboobo
Type I DO OOO0O0OO 300000DOODODOOOO0O0ODODODOOOOOIMOODDO
gobbooboobobobobosboobooboboobobDimobboobobooooboo
gogboobooboooboobboob40bb00™@bDbo0oboob eoooD
uilbbogdooodobooobooobuooboboobbooooboooboo

od

gobobooooobooocoooobooooobooOoooOoboOoOoobooOoboOobOboOoOobooOoOoOooon
obobooocooooboooooooooocoboboOooooooocoooooboooOooooonn
goboooooooboobooobooooboocoboboOoobooOooooooaon

goboboooooooooooobooooooboOooobooOoOoooOoOobocOoooobooOoOoon
ubooobOz2000000000000C00DO00CO30000000O0O0DO0O0ODOO0On0
ubooo0ooobOoobono200000000000000TypeI O TypellIODOODOO
gobooboooobooooooobooooo

gooooo

i0doboocoobooooboocoooOoo0ooooboooooooooboboOoooOooooooOon
obooooooooooboooOoooobOoOoOoOoOoboOooOooboboOoooobooOoooobOoo
oboboooobooOoooooooOoOooooocOooboooOooboOoOoobobooOoOooobooOoa
uboobooooobOocoooooooobooboOooobOboOoOooboOoOoboOoOobOOoOoOooDOboOa
oooogobo+<000b0000b0o0obnD ¢g0DbOo00OO000DbObO 1ID0bbO000ooOobod
gopboobog n00ooooboooo

oo
M={1,2,..,m}0000000000
N={1,2,...,n}0000000000000000



240 oooooo s3000 200 2005

W = {shift1, shift2,..., shift w}0 00D 000000000000 000
R={rr 00000 }00000000000000000000000
G.={000:00000 000}, reRO
a,rERGENKeWD 00000 k00000000 0000000000

by, r€R,jEN,keWD; 00000 k00000000 0000000000
p0000+0 0000000000000 O0000000MO000000000
500000 ¢0 ;00000 40000000000 100000000 000000
0ooo

S={ss0 100000000000

£\, i€M,qeP,), seSO00 s0000000000000000

godigobobobbboooooobbbbboooubobbbbbooooonoDD g
goobooobooobooboboobobboobboobboo

(4.1) Minimize » ~ fs(Xig,i € M,q € P,)
seS
subject to
(4.2) Ak < Y Y BigjeNig <brjk TER, jEN, keW
i€Gr qEP;

(4.3) > Aig=1 ieM

qEP;
(4.4) Aig=0 or 1 ieM, ge P

gobdoobooobboooobdoboboobobboobobooobbobobobobo
gobooobodboobooobobbooboobobboobbobboobobooo
gooboobobobooobooboobboobboobooboobbobbooboo
goboooboobooboboboobooboobooboboob1goboobboboon
gomoobobooobbooob 207obooobboobboom

gogbo20dpobooboooobooobooboobDbooboobbobobobboonoo
goboboboobobobobbbep0boobobobobooboboboboobon
gooood

(4.5) Minimize Y f.(xix,i € M,j € N,k € W)
ses
subject to
(4.6) arjkg Z .Tijkgbrjk TGR, jeN, keW
1€Gp
(4.7) czk§2x”k§dlk ’iEM, keW

JEN

(48) -Tijk =T (Z7J7k) € FT7 TE {07 1}



gooooooooobood 241

h
(4.9) > Tijratka <h—1 ieM, je{l,...,n—h+1},
a=1
(k)l,kg,...,kh)eph, h€{2,3,...}
h
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No. [F|s|S|H|T|W|T|F|s|s|M|T|W|T|F|s|[s[m|[T|[W[T[F|H|S M|[T|W[T|[F[S|[/]=|Nn|+
1 (n|/ /= n]n]/]- - FnNTa /== I~n{n|/ N|n|/ BRI IBREBEE
2 | /IN|n|/ “INTal/[7 N[n|/ —In{nly N[n|/ /17 oi1]s5 [0
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6 |/ —I~{al/ E N|n|/ N|n|/ /17 N[nl/ 7]15] 4 [0
7 =1 == 1/1=-1+IN|={/{/1=In[a]/]/1/ N|n|/ HE BEERERRER
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25 |nl/]/]-]=|N{a]/]-]- MY —In[a]/ N[n|/ N|[6|14] 5 |0
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0O6. 0000 I0ODOOOO0OOOOOOODOOOOO2shift-DATA1CO

A team
Nurse No. 1 2 3 4 5 6 7 8 9 10
Number 1965 | 2752 1925 | 4222 | 9164 | 6187 | 1906 | 710 782 | 6502
B team
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Nurse Scheduling
— Site Research, Modeling and Algorithms——

Atsuko Tkegami

Faculty of Science and Technology, Seikei University

This paper deals with the scheduling of nurses to staff shifts at a hospital. The basic
difficulty lies in the necessity of maintaining a certain level of service and skill in the
makeup of every shift, while balancing the workload among the nurses involved. As a
result, it is usually impossible to develop a schedule that satisfies all the requirements in
spite of the time and resources spent in the effort.

In this paper, we present our latest developments by demonstrating the entire process
of problem solving, from modeling based on site research and a suvey of possible appli-
cations. We first describe the nurse scheduling problem in Japan, and then present our
model that accounts for the problems identified in Japanese scheduling systems. We pro-
pose an efficient approach that takes advantage of the structure clarified in the modeling,
and based on this approach, we show an algorithm for a 2-shift system that provides effi-
cient, appropriate solutions. Finally, to assess the possibility of using efficient algorithms
that can account for both 2-shift and 3-shift systems, we show the results of preliminary
computational experiments using newly developed, prototype algorithms. The proposed
model and approach can be adapted for the majority of hospitals in Japan, as well as
for some hospitals in other countries and could be applied to many other staff scheduling
problems in the fields of health services, business and logistics.

Key words: Nurse scheduling, questionnaire survey, mathematical programming model, block-angular
problem, tabu search.



