eFNQ

;f Kobe University Repository : Kernel

%oBE <

PDF issue: 2025-11-25

11:5’31&1%1%5*“15 AT a—=) T )L—I)LE

IR, —#c

(Degree)
Bt (%)

(Date of Degree)
2004-03-31

(Date of Publication)
2009-11-27

(Resource Type)
doctoral thesis

(Report Number)
F3076

(URL)
https://hdl. handle. net/20.500. 14094/D1003076

X YAVTFUYVIIHRRZOEMBRRTY, BER - FTEFEASE2ELET, ZFEEITROOLNTWREEANT. BNICTFIALCEI W,

\j].\i\'l:lihl'['\'
AN



OO 0d

Joogbooggogd
oottt otdd

Ooiled 10

oogogooooooon

U oo O



10
1.1
1.2

g 20
2.1
2.2
2.3
24

2.5

3.1
3.2
3.3
3.4

3.5

40
4.1
4.2
4.3

RN
UODO0OD00O0 .. e s
OODOOO . s

gopbooboooboonboog

OO o e e e e e
OO000000000 . .. 0 e e e e e e e e
O00000000000000 .« .. 0ot e e
OO00000000 . .0 e e e e e e e e
24.1 00000000 .. .. 0 e e e e e e
242 000000 ... e e e e e
243 000000000O00O00O0O ... oo
OO o e
oooooooooooooooon

OO o e
OO0000000 . .. 0 e e e e e e e e
OO000000 . .. 0 e e e e e e e e e e e
OO00000 .. .. e e e e e e e e e e
341 PittOOOODO ... ..o e e e e e
3.4.2 Michigan OOOODO ... .00 0000 e
343 00000000000 ... e e
P
00o0o000oooooooooooon

P
OOO00 . . e e e e e e e e e e e e
OO0000000O000000000 .. ..ot e e e
4.3.1 OO0OD00O00 .. e e s e
432 0000000 ..o e s

11
12
13

15
15
15
16
19
19
20
23
23



ii

4.4

4.5

4.6

50
5.1
5.2

5.3

5.4

5.5
5.6

6 0
6.1
6.2
6.3

6.4

6.5

I 30
441 OO oo 30
442 00000000000 ..o oo 30
OODO .o e 32
451 OO ..o 32
452 000000000 ... o s 34
453 0000 .. oo 35
454 000D00O0D00O0OO0ODO0O ..o oo 38
455 0000000000000 ..o o oo 43
OO e 44
gobooboooobobooboooboobooboooo 45
OO e 45
OODO0O0 o e 46
521 0O0D0O0OD0OO0O0O0ODO ... o s 46
5.22 O0OD0O0ODO ..o e 49
UO0DO0ODOOD0DOO0n . 51
5.3. 1 O0ODOO0 ..o e o1
532 UO000O0O0OOO0OOO0O0ODOO0O0 ... oo . 52
533 UO0ODOODOOOO0ODOOD0ODOO ... oo 52
OODO0OD0O0 ... s e 53
54.1 O00000000O0O0O0O00O0O .. ... .. 593
542 O00000000O0O0O0O0O0O ... oo 95
OODO .o e 95
OO 59
gbobooboooobbooboobobooon 61
OO 61
OODOO . 61
I 64
6.3.1 O0O0O0O0OO0O00O000 ... oo o o 64
6.3.2 O0O0O0O0O0O0O0 ... e 66
I 0 P 68
641 00000000000 ... 0 oo s 68
OODOO0 o e 70

6.5.1 O0O0O0O0O0000000 ... ... oo 70



iii

6.5.2 UO0O00O0O0O0OO0O0O0O00O00O .. ... oo oo ..
6.5.3 OD0O0DO0O0OOO0OD0O0O0 ... oo o
6.6 OO . ..

ovQgd oo

g0

goog

ggoooboood

79

81

83

87






[]

2.1
2.2
2.3
24
2.5

3.1
3.2
3.3

4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9
4.10
4.11
4.12
4.13

5.1
5.2
5.3
5.4
5.5

6.1

L]
00000000 .« .. o0t 6
000000000000000030000000 ... ... ....... 8
0000000000 . oot s 9
000000000 © o .ottt e 10
000000 . ..ot 13
GAOOOOOOOODO ..ot e e e 17
Pitt D00 OO000 . ..ot o ettt 19
Michigan 00000000 . . ..ot toe 21
00000000 © . ottt e e e e 26
000000000000000000 .« .. o0t 27
000000 . ..ot 29
Pitt 00000000000000000 . ..ottt 31
000000000000000 ..ottt 33
000000000000000 (@0O0000 (1)« oo .. 36
000000000000000 (00000 (2). .+« oo .. 36
00000000 (@000) « oot 39
00000000 (O0) © o vt 39
0000000000 . ottt e e 40
0000000000 (@000) « .« ottt 41
0000000000 (@0) .« vt 41
00000000 .« .. ot 42
0000000000000 (700300800). . .. oo .. .. A7
000000000000 —O0000000 (700300800) ... .. A7
00000 .. ..o 51
00000000000 © .« .ttt e 54
00000000 © . ottt e e e e 54
0000000000000 (700300800). . .. oo .. .. 62



vi

6.2
6.3
6.4
6.5
6.6
6.7
6.8

I 0 65
OODO0OD0O .. e 67
Pitt DODODOODOOOODOOOOD0O0O ...t 69
00000000 . e 73
I 74
O0000000000000 (1) .« .« vttt i it 75

O0000000000000 (2) « v v v v v e e e e e 76



[]

4.1
4.2
4.3
4.4
4.5
4.6
4.7

5.1
5.2
5.3
5.4
5.5

6.1
6.2
6.3
6.4
6.5

L]
0000000000 . oot 32
GAOOOODOD .. oot 35
000 @3)0 0000000 . ...t 37
1 37
0000000 .. o0ttt e e e 40
000000000000000000 .« .. .00 43
000000000 . ..ot e 43
00000000 © . ottt e e e e 56
0000000000 . o0t 56
0000 (QOOO0) .« . oot 57
0000 (QOOO) © ot oot e 58
000000 . ..ot e 58
00000000 © . ottt e e e e 70
GAOODODODOD ..ot 70
0000 (QOO) .« v o e e e e e e e 72
0000000000000 .. .« ot ot 72
0000000000 . o0t 72

vii






0 10

HEN

1.1 ODogogooon

gooobobooboobobobobboboooboobooobooobobobooo
goboboobobooobobooboobobooobooooboobobooobg
00000000 %20000000000000000000000000000000
gbooboobboboboobobooboboouobooooboobobobbaonog
gbooboobbooboobuoboobobooooboobobobooboobooog
gooobobooboboooboboobobobobobobooboboobobg
goboboooobooboobooboobooboobbobooooobooobao
00D0000000000000¥000000000000000000000000
gogbodbooboboobooobbooboobboobooboon

gogbooboboooooooboboooobboooobobobooooboboboooobooo
googoboooboboboooobobbobobobobooboboobobobobg
gboboooboooobooboboooboooboboboobobobobobbobg
goboboboboooobooboooobbobooooobboooobooboboooobobog
gboboboboooboobdoobobbobuoobobobooboboboboonog
0000/00000000oo0O000oo0o00oooOo0ooOoOOoUUoOoOOooooOoOn
goboboooobooobooboobuoobooboobooooboooobooong
0000 %9 0ifthen 0000000000000 00D00O00DOODOOODOOO
0000000000000 %Y DO00000000000000000000000
gbooboboobobobobonooouobobobobooboboobaobbaonog
goboobooooobod

gooobdboobobooboobobooobobobooboooobuooboboobooo
goooboboobooboboobobobobooooboooobboogooobobg
gogboboooobobbooooobbboooobobooobobobooooboboog
0000000000000 0O0o000 (000 bD)0Do00oODODOooD0DLOOoOoOOOoOOoOn
goooboboobobooboboobooboboobobooboboobobg



2 010 OO0

gobooood
goooobobooooobooooboobobooboboobbooboboon
goboobbooobo3boobboooboonon:

() 000000000
(

)
b) 000000000
)

(c) DODOOOOOO

()00000000000O0O0D00O000O00O0O0OO0ODOODODDOO0ODOOODOO
000000o0o0oO00o00oUoo (hWoOoooOOoOoOOUODOOOOOoOOoDUOoUoooOoo
00o00O0oO0O0oO00O0000 (gODOoDODOUDODDODODODODODODODODOOD (DODOO)DOO
ggoooboboobooobooobooboboboboobobbooooobobboobboobobog
DDDDDDDDDDDDDDS)DDDDDDD(C)DDDDDDDDDDDDDDDDD
00 (Genetic Algorithms: GA)Q)DDDDDGADDDDDDDDDDDDDDDDDD
000000 (Genetics-Based Machine Learning: GBML) 1Y) 0000000000000
GBMLOOOD20000000:000000000 MichiganOQOQOOOOOOGOoOO
o000 pPitt000000000DO0DOO0ODOOO0O0ODO0ODOODOO0O0DOOPISCOODOODO
gooooboogd
GBMLODODODODOOOOOOOODODODODOOOOOODODOODODOOOoOoOooOooDooOoO
oooGgBMLOOOOOODODOOOOODOODOOOOOOOOODOOOOOOODOOO
ooo0oooo0oooO0oopoooO0ooooO0ooDooOoooooD GAODoooo
ooboooGeBMLOOOODOOODOOODOODOOOOOOOOODOOOOOOODOOO
0000000000000 itthen0 00000 ODOO0OOQOOODOODOOODOODOODO
00000000000 (thenO)OO0O GAOOOUOODOOUOOOOOOODOOOOOO
D11)DD|:||]DDDD(DD)D|:||:||]DDDDDDDDDDDDDDDDDDDDDDD
gboobboobobooobobuooboboobobooboboobooboobong
gbooboboboobbobbboobuoobobuooboboobobbooboobooonog
00000000 GAOODOODODODOO0OOODODOO0OOO0OODODOoOoOooDoooooO
gboboobooobooobooobobooboobboobooboon
gogboobooooboobooooboboooobobog 20000o0b0o0aooon
ooooooooGBMLOODOOOOODOOOODOOGBMLOOOOOOOOOO
000000000000 0000000000 O0oO0O00O0UDOOD (obooUooo
0)0000000000000O000O00000O0O0OO0LOOOUOOoUDOoUOO
00000oO00o0o0o0o0oo0o0oooO(O0Doo0oUoLD)bOD0o0DUooOoUooO
gboobobooboboooboboobobobobooboboobooboobonog
gobooood
gooooboboobobobgoobobobooobooboboooobobooo



1.2000000 3

gbooboooobobuobooobobboboboboboboobooboobobg
goooboboobooboboobooobobooboboobobbooboobobog
gboooboobooboobobuoooboobobobooboobooboobooobo
gbobobuooboboobobuooboooooboobooboobooboobonog
gbogoobooobbdoboobooobooboobooboobobobobboboan
goog

1.2 00000

gobooboobbooboooo

g200b000000oboobbboooobboooobobobooooboobobooonoon
gbbooboobooboboobooobobobuoobobobobobobobooono
0000000000000 0O000000 (DUoo0UO0)boboo0oUoooUooO
goooboboobooboboboboboobobobooboboobbobobag
gobooboobooooboobobooboobooboboonbd

g3dbobg20boobobooobaoboooboboobooboboobaan
0000000000000 0O00000U0ooOOO0OUO0DUDO0OODO0D0OO0oUOUD (O
00000)00000000oO00 Pit0000O00OO0DOO0OOOOOOOOOOOOO
goooboboooboooobobobooboboobobooboboobobog
gobodboooboobooobbooboobboobuoobooboboobooon

04000000000D000O0GBMLOOOOOODOOOOOODODOOOOD
gbooobuoobobooobooboboooobooboboobooboobonog
0000000000O0U0oO0o00 (Doo0o0DUooO0oUoOoOOoO0)DUooOoUooO
goboobooobooboooboobboobuooboboobg

gsbogobogbobuooooooobobuoobooboobooboboboobono
gboobobbooboobobooboobbooobobooboobooboboonog
0000000000000 0O0O00DO00OO00OO0 (De0)0O0OOOODDO2000
00 (00000000 (D000 ADO0D)D0O0O0DOOOO0OOO (DDOOO BOO
0)0000000000@G) 0000 AO0BOODOOOOUOOOG) D000 AOOO
000 BOOOOOOODOOOOOO () )D0O0O0O0OO0OOOO0OBOOOODODO AQODO
ggbogb3spoboobooabobaoonod

0600000000000 DOOOODOOOOOGBMLOOODOOOOOODOOODOO
oopPit0O00bO0o0bO0ooboobDbob0oobooboobDOoobDboOoDoLobO
gobogobbooosiobobogoboooboooobooobuooobooooboo
goboooobooboooobooboooobobbobobobobboboooboo



4 010 OO

gboobobooboobooboboobobooobooboboobooboobonog
goooboboooboobobobobooooobobooboboobobobobg
gogbooboboooboobooooboobboobuoobbooboobboooobg

googoroobobooobobooooooobobooobobooboobooobogoo
gogboodgbooooboad



0 20

Jooooooooobobood

2.1 00O

gooobboooboboooboboobobooboboboobobobboboon
goooboobobooboboboooboooboboooobooboobobg
00o00o00ooooU00O00o0o0oo(Uoo0oooO)0Dbo0o0DoOoUDUDOooOooo
0000000000000 0000000000OO0O0O0000D (Dobooooooo
000000)0b0000000O00O0 (boUDooOoO0D0OOO00oOO0bOD)0DoDooOoOO

0000000000000 00ooooooOOoDO0O0000D0DoDoODoDoODOOD (OO
0000000)00000o00ooO0U00000O0UODUDOO0O0DLOOoOoULoOoOoOoO
goooboboobooooboobobobobobooooboboboboooobobg
goboobobobooboobooboobooobgo3uonoboboboo:-0boobaog
gbooooboobooboboobobbooboboboboboboobobbonog
gooobobooboboobobuooboboboboobooobooboobobg
gobooboooboooooon

22 OJO0OOoOoobOoon

000000000000000001000000000000([@00000000
000)00000000000000(MO0000000000000000000000
00000000000 00000000000000000000000)000000
0000000000 (00000000)000000000000000000000
00 (00)00000000000000000000000000000000000
o028 Yogoooooon

e NUUOO2000000000000O00O0O0DLOOODOO
e NUUDOO20000000000OO00O00OO0DL0DOOOO

goboobobooboooo



6 020 0O0ODOOODOOOODOOODOO

g

U 21000000040
JOoOoooMDOOOOO

gboboobooboobobooooboboboboobooboobobouobobboooon
gboobobbooobobobobooboobooboboooboboobobaonog
000000000000 (DooO0o0UoOoO0O0oDOo0OO0)0D0DooOOoUoOoOoUoOoO
gooobobboobobobobooboboboboobobbooboobobobg
0000000000000 0000000 (Gantt chart) 0000000000 (O 2.1)0

gbooboogbooboooboobooooboobooboobooooobooooboanon
gbooboboobobooobobooboooboboobobobooboobaonogd
gogboboob4b00bbOo0obooboon:

(a) DOODDOODOOOOOOOO
(

b
(c
(d

(00O0O0O0D000O)0boooOoDooOOooOoOooo

)
)
) 00000000000000000
)

ugbboobuoobboobooobobooog
(p)0000000000000OOOO00000OOOOODOOOD0ODODOOOOOOOD
0000000000000 00000000L0) 00000000000 OODoOOD
0000000000000 0000oOooOo0O0DU0OoOoOoU0LODOOO0O (Doo)ooo
0000000 (@UOo00o0o0oo0o0oUO0O)0000DLOoOU0OOoUDOOOOoOoDoOO
0000 (b)00O0 (¢DO00DDOOOU0ODOOODOOO0OCOOOODDODOOOODODOO (O
gooooOoO)0ooOOO0OOOO0OO0OO0OOO0OO0DO0DOD0ODODO0OODOOOOODODDODOD (DO
0000000000000OOOO0OO0)DODODUOoooOoOOOODOOoOoDOoDoOoOooooo
gooobobooboooboboobuooboboboboboboobooobooboobog
000000000000 (boo00)0DUooO0o0DoDoOO0o0DOoOoOOoULOoDOoOooO
0000000000000 000o0OO0O00000ODOOO000b0O(dOoOoooooo
0000000000000 00000000DO00OOoDO(a)~(c)boOoUoODODODO
0000000000000 0D00000 (DOD0D00O0)0D00D0D0DOOoOooODbooO
000000o0O0o0o0o0o0booOdUooooooooooooooooo



23 0000000000000 0O0 7

0000000000000 000 (0000000000)0000000oo %190
000000000000 000D00000D000D00D00D0D00DDODDnoOonoO
000000000000 00000000000000000000000000000
00000000000000000000000000000000000000000
000000000000000000000000000000000000000000
0000000000000 000 (00D0000000000000000000000
00000000)00000000000000000000000000000000
000000000000 D000D000D00D00000000000000D0000O0noO
0000000000000000000000000000000

23 JU0bboboooooobbod

000000000 0O0o000U0O0LO0O000UO00O0O00 (oooOooUoOoo
00000000000)00000O000O00O0O0O0O0O00O0OO0OOUOOOUOO
gbooboboobobobooobobuoobobooboboboobobobbong
0000000O0O00O000o0oOoOoOo0oU0U0OoOOOOooDUOOOOOoOoUOUOOD (o
00000o0O00)00oo0O (booooO0o0O0)0DooOoOO0ooDoODOOoOoDoOoOOOoOoOooO
goog

(000D0O000000000)
() 00000000

(b) 00O0D0DO0O0O000000
(c)

(00O0DOoo0)

0000000 /oooooo

(d) 00000
() DODODOOOO

goooooooo
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
000000000000000000000000000000000O0O0O0O00000
0000000000 0000(00000000000000000)00000 (00O
000000000000000)000000>M00000000000000000
00000000000000000000000000000000000000000
003000000000000000 1518



§ 020 0O0ODOODLOOODOODLDOO

goono goobooboooooo

gooobod

goobooon

gobobooon

gggd

022 000000000000000030000000

(1) 00D0D000:
000 (0000000000)00000000000000000000

() 000O0O0O00D0:
000000000 (00000)00000000000000000000000
000000000000 (00000000000000)0000000000
0000000000000 00000000000000000,/00000000
0000000000000

(3y 00O00000O:
000000000000000000000000000000000000 (00
00000000)000000

02200000000000000000000000000000000000
()O0O0DO0O000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
(000D0)0D00000000000000 (0000000000000000)000
00000000000000000000000000000000000000000
00000000000000000000(00000)00000000000000
000000000000000000YOoO00000000000000000000
00000000000000000000000000000000000000000
0000000000000002 00000000
(2)000000000000000000000000000000000000000
O00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
O000000000Bierwirth 020000000000 (Genetic Algorithms: GA) )



240000000000 9

gooo { { {

0230000000000

gbooboboooobobooboboboooboobobooboboobobbonog
gbooboboboboboooboooobobooboboboobooboobaonog
0000000000000 000O0000O00000DODO000D0 GAQODOODOoOOoOgo
gooobooobobooboboobuoobobobooooooboobobooonbg
gbobooboboooboooboboboobobooboboboboobobbonog
DDDDDDDDDDDDDDDDDDDDDDDDDDDDD(CABINS)22)DDDDDD

(3000000000000 0OO000D00OOODO0O0D0D0D0OODODOOOOOO
goooboobooobooboboobobobooboobobooboboobobooba
gooobobooboboobobuoobobuoooooobobooboboobog
gbooobuooboboobobuoobobooboboobobobooboobaonogd
gbooboboobobobobooooooboboooboobobbooboobooonog
gobooboooooobooobooo

24 O0O0OOOOOOO

241 000OO0OOOOO

230000000000DbOo0bO0o0b0bbOoboobLDOo0obOoobDOoobLOooOoD
gboobobooboboobobobobobooboooboobuooobobbong
gboboboboobooboobobuooboboooboboobobooooboboooobonog
gogbodboooboobooboboobbooboobooboobuooboon
gooboboobod

e 0OODO [0, T|O
e 00t (ti<T;k=1,---,n)000000000000 (000000000000
0o0o)o

0000000000000 0Do0O0OD (4, 00D0ODOD0O00OD ZkOODZKk)ODOO
00000o0o0000ooO0o0o0UooOo0oU0o Sk) (DoooooosoOoog; oo
0000000000000 000000D)000000U0O0O0O00D ¢ 0000 S0
(¢(=0,---,k—1)0000 Zk) 00000000000 O0OOODO2300000000



10 020 O0ODOOODLOOLDOOODOO0

00000 ¢(w) [

."‘

Oooon 4

024: 000000000

osOo0oboooooooboo0ozobooooooooooooboosoooo z0O
gooooooon :

Y :SExQ— Z (2.1)
gdduooooouooooouoooooon
S(k)=8(0) x S(1) x ... x S(k—1), (2.2)

0000QUOi0d00000DDOO000O0OD000DO0O0D 000000 wOODODOOOO
gobodboooboobooooboobbooboon

(a) DO0ODD0OO0OO0OOSOOO QUUOOOUOOoOO?
(b DOOUOO ¢ ODODOOOOOOODOOO?
(¢ DOODUDwOOOODOOUOO/OODOOO?

goobooooboboooboboooboboboboo24b000bO0obObDOOn
O0000000000000O0oDO 20000000 (O 2.5):

(A) 00000400000
(B) 00000 +¢000000000000 wO

(A)0(B)00D0O0000000000000O00O0O0O0O0O0O0O0O0O0O(2.4.20)0000
0000000000000000000000000 (2.4.30)000



24000000000 11

242 000O0OOO

23000000000000000O0O00DbOoO0bObODbOODbOObDObDbOObbOOn
0000000000000000000000000000000000000000 20
gogbooboobobobobooboboboboobobooooobobobobobo
goboobooboobbobbon (S)DDDDDDZDDDDDDD YyOouoooo
gooboooboooboboobobobooboooobooboboobobobg

gboboboobobobobooboboyboobobobob 30000000

() 0ODO0OODO0ODOOODOODOO: DOODOOOOO0OO(@MOJ;00000p;000
;00000 r;00;,Q)00000000000000000000000DO000

0000000000 (S) 0000000000000 00onoooonooooog
ooooooo b 2425,

e SPT (Shortest Processing Time):
Op,ddoooooooooddo

e EDD (Earliest Due Date) :
0 d;00000000000000

e FCFS (First Come First Served):
Or 0000000000000

ooooboooboobooboooboooEDDOODODbODOODOODOODOOO
000000 Y0000000000000000000000000000000
ubboooboobbooboobbooobooboobboobooan

(b DOODOOODOO0OO0O000: 0000000 (QO00000J;000000
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD(S)DDDDD
gooboobobobooboobooboobooobooboboboobooobog
googooooboboooboobooboobooboobboboboobg

D00000000000000000000000000000000 20

e MST (Minimum Slack Time, SLACK):
00000 (dj—w;(t)—+) 00000000000000
e MDD (Modified Due Date) :
00000 max{dj,t+w;(t)} 00000000000000
e CR (Critical Ratio):
0000 (dj —t)/wi(t) (00O0D0O0OO00)00000000O0O0OOOO0

0000t04d; 000 w;(t)00000000000O0O00ODOOO J;0000000
DJjDDDDDDDDDDDDDDDRajendranD25)DDDDDDDDDDDDD



12 020 0O0OOO0ODOOODOOODOOO0

000000000000000000000000000000000000000
00000000000000000000000000000000000000
0000000000000000000000000000000000000a
00000D000000D0000D0000DO000DO %29

~

(cp DOOODDOUO: ODOUOOOUOOOOOOOOOO (CoD)ODOOO(S)ODOooo
000000 (000oooooO0)0o00o00oU0o0oooOoUbOoooDoOOO
uboboobogoood

000:(0o00b0Ud) —- DOU0O:(Cooooooooo)

0000000000000000000000000000000000000Qd
00000000000000000000000000000000000000
O000000D00000000D0/00000000000000000000DO0
0000000000000 000000%200000000000000000
0000000000000 /000000000000000 (00)000000
000000000o0o0000000000000000ooong

243 0O000O0OODOOOOOOOOOO

2.420000000000000000000000000000000000000
00000000000000000000000000000000000000000
000000000000000 ifthen000000000000002.4.100000
00000000000000000000000000000000+ 0000000
00000000000000 () 00000+ 00000000 (b)00000 %00
0000000000 w00000000000

()00000000

000:(0000000) —» 000:(0000000000)

00000000000000000000000000000(00000000)000
00000000000000(00000000000000000000)08B000
0000000 {$4,...,8A}000000000000000000000000000
000000000 (yO0OO)O0OOS000 Q000 (000)00000000000
00000000000000000000000000000000000000000
0000000000000000000000000000000000000 2.5-(1)
000000 (b)0000()00000000000000000000000000 (8)
000000000000000000000000000+ 000000000000
00000000000000000000000000000000000000000



2500 13

gobooboogooo

Q— . ifSinS! then Z2 = 2!

if $in S! then Z = 2N

() 00000 (a)

gogbodgboogoo

if S in S! then w = w!

if $in SN then w = wN

<

. 00000y ——2Z

N

(2) 00000 (b)

g 25 000000

O00000025(2) 000004000 (00000000 ODDOOODDODOOOOOOODO
06000 (bh)OOOODDOOUDOOODDOOODOOOUDOOODDOOOODOO

25 00O

gbooboboboobobbobboboobobonoooboobobobaan
goooobboogooobooboobbooobbooooobooboboooobbooobobbog
0000000000000 0000O0O00 (DUDoo0UL0)boboo0UoooUooO
0000000000O00O0O000000O0O0O0ODOO00DU0DU0D0OOODOOO0O0 (OO OO
000000oo0o0O00)000oOo000ooOOO0(o0DoOooO0OoDoDOoooODOOoO)bo
00000000000o0oU00o0oOo0o0ooOoU0Oo0DLOOoUO0O (Doobooooo)o
000000000 (o000 000U000D0D0ooDOo0OODODOO00O00O0oooog
00000000o00)00000oo0o0oooUooOooo

g3gboboouoboobooboboobobouoboboobobooboboabobn






0 30

Joboooboooboooboobouogno

3.1 00O

gboboo20b000o0oobobobobobobobobuobobobobDooon
000000000oooooooo0oooOoO0ODOO0O0ODO00000D0D0ODDODOOD (OO
O0000)000O000000Uo Pitt00000O0O0O0OO0DOOOOOO 40000060
0000000000O00O0O0000000O0OODO00DU0DUDOOOODOOO0O0 (DOOOO
000)0000000000 (0000000000000 000D0oOOoDooOO
000o0O0000o0O00O0oO00L0)000O00O0O0UO00O0ULO0O00 (bobooooo
00)000000O0O0o0oooood

goboogboobooboobobooboobuooooboboobobobobooo
gboobobooboboboboboooooboboobobooobobooaobobonog
goboboboooooobooobobobooooboboobooooobooboboooobobog
Michigan OO0 DO 00000 0ODOODO0ODO PittODODOODLOOO0DOODOODOODOODOO
gboobobobrpitbbooboboooobooooooooog

3.2 OOOOOODOO

020000000000000000000ODOOODOO0OOOOO (DO0DODOO)O
goooboboooooboboobuobooboboboboooboobobobobbobg
gooobobooooboooboooobooboboobobobboooooboooobg
000o000o00o00O0o0U0o0/o000000O0o0UoOO0o0ooOOoUooOoUooOoooO
gbogboboobooboboboobooboobobooboooobboboan
gboooobooooboboobooooboboobobooboboobobbonogd
0000000000000 DOShafaei 049 00000000000000000000
0/00000000000000000000C000O00O0UO00UO0OOUOOOOOSPTO
CRDDI]DDDDDDDDDDDDDDDDDDDDDDJeongD26)DD16DDDDDD
gbobobboboobobobobbobboobobooobobooboboobooono

15



16 030 O0DOOODOOODDOODbOOOOD

gboobobobooboobbooboobobobobobobooboboobonog
000000000000 000O00O00O00OO00O0LOO0O0UOO0 (booooo
00oo0)ooog
O00D00000D000000000000000000Shaw® 0000000000
gboobdobobooooooboobobbooobooboboboboboboonog
gobogbooboboobooobbooboobboobooboobboobooonon
000o0o000oo0ooOoU0ooO00ooO/O0bO0o0U0o0o0ooOoooOooooooo
gobooboboobooboo3d4iboobooboobooboobobooonbg
goog
(24.30000000000)00000C0ODOOOOOOOOOODOOOOODOOOOO
0000000000000 O0000000O0O0O (DboooooooOoO)bDbOooo
gooobobooobooboboobboobooboboboooboooobobobobobg
gboboobogobooboobooboboobobooboboboobooboboobog
0000o00o00O00oOoO00O0 (Oo00oO0)b00Db0oO0O0DOOOUoOODOOOobOOD
000000O000O00O00o0oOO0U0b0Oo(@oUoUoOoOOoUOD)booDoooOOoUbOO
goooboooooooboboboboooobobob sgooobooboboonbog:

() 000000000
(

)
b) 00O0O0OOOOO
(c)
(p)0000000000000OOOOO0O000DOO0O0D0D0ODODOODODOOOOOOODO
000000o0o0o0ooo0ooO0 (hoOooOOoUOOoOoUOODoOOOooOOoOoooUoooooo
000000000000 (eD0OU0OO0DOO0O0O0O0ODDOOO0O0OOO (DDOODO)DOooo
gbooboboboboobooobobooobobuoobuobobobobooboboonog
DDDDDDDDDDDS)DDDDD|:|D(C)DDDDDDDDDDDDDDDDDDDD
gboooboooobobooboboobobobobobobooboboobonog
goobooood
gooobdboooobooooboooobobobooboooboboobobooon
OO0000O0O000D0C0O0000 MichiganOOOOOOOODOOOOOOD pPitt0OOO
gogoogooaooo

googoobogo

3.3 UOoogoonon

gbobooboboobooboubooboobooobouoboboboooobbobogn
oooooooooooOCOO0O0O0o0ooooobobDOoOo0ooooboOoDODOOOOO Holand
O00® 0000 GAODODDODOODOOODOOODDOOODONOONDOOoonoooo



3300000000 17

soe:  mesx som
------------
R D BT —

55 ]

031 GAOODODOOOOOO

O0000000000000GAODODOOOODOOOOODO® 00000000000

000o0000o0o00o0o0ooUo0 =20 NODOOO X; (6=1,---,N)OOOOODO
ooooobo NOOOoOobooooboooboboboox; ooooboooooobogoo
gboobobbooboob bobuoobobooooobob 1200000000040
goooboboboboobobooobobobobooboboobooboobobog
gooboboooboobobobobooo xXooooooooobuobooooogo
oo0o0doo0o0ooo0o0oo0o0oooo0o0ooo0o0o0oboo0o0oboo0n0 NyOoOOoooo
0000 (0bob0)00000o0 ¢t00000000o0oODODOoC0O0o0DUoOoODOOUOO (bo
000)b00000000 t+1 0000000000

(a) OO
ud¢+dobooooob sogguobobbuod g bboobooooboooan
0000000000000 0000O0000OoOO0OO0 (DooooooD)ooOoO
Joodooobobobobboooooooon
(b) OO
000000000000 0O00000O0O0DD po(DOO0DODOOO)OOODOOO
gooooboobooooooooobbboodoooooooboobobooogooo
gbbooboobooboobboooobblboobooboobboonbg
ggano
100101 101001
joo — |
11]100]0 11]010]0



18 030 O0ObOO0ObOOobbOoOoboOoon

(c) DOODO
0000000000 p, (00000000)00000000000000000
0000000000000 0000100000000000000

100[1]o1 — 100[0]o1

0000000000000000000000000000000000000000
0000000000000000000 »*00000000000000GAODOOO
00000000

00000000 N, 000000000000 N,00000GAOOOOOO0OODO
0ooooo (O 3.1)0

1° 00000 N, OODDODOO0O00000o0o0P1)000O00000O t=1
good

2000 P)D000D0O0OOOO0ODOOOOOOOOOODODOOOOOD
uboobooobogbooon

3 t<N, 0000 4°000000000 5°00

4 000000000DOO0O0DOOoOobOOO0OobOOobooOobOoOoooooOoo
000 Pt+1) 000000000 t=t+100 2000

5 00dbObO00C0cOoO0bOoOooboboOoO0obDOoUobDoOooboooD
goooGAODOOOOOOOO0OOODOCOOOOOUOOOODODOODOOOOO

() 00000000
00000000000000000000000000000000

(by 00O0DOOO
000 GADODDOOOOOOOOOODODOO0O0O0O0000000000000000
000000000000000000000000000000000000000
0D00000000000000000000000000000000000000

(c) 00ODDOOOO0
000000000000000000000000000000000

(d) DooOoooon

gboooobooboooboobooboooboobboobo
N, : 0O0O0o0goooo

N, : 00000000000
pe : 00000
pm : 0000000



340000000 19

ugboooobooad

00000 Ry
oo oo
» | 00000 Ry

3
3
.

00000 Ry

(DDDDDDDD)

[ 00 1
@DDDDD)J

032 pPittdoooonogn

34 UOOOOOOO

0000000 (Genetics-Based Machine Learning: GBML) 3000000 (0o0)
000000000000000000000000GAOODODODOOOOOOOO0N
O0000000000000GBMLOOODOOOODOOO0D0O0000O0 Pitt0DOO00OO
000000000198000Smith0 00000000 LS-1 (Learning System One) 3V [
0000000000000 0 MichiganODOOOOOODDOOO0ODDO1971000 1978
00000 Holland 0 000D OO0 OO CS-1(Cognitive System level One) 32 0 0 0 O
000000000000 GBMLOOOOOOODOODOOOODOO00ODO0O000000
000000000 Pitt0000000000000000000

3.4.1 PittOodQood

Pitt 00000000000 OODOOODOOODOODOUDUOOO (DO)bOoooooOoOO
gooCoCoOOOO0O0O0O0000O00000OD00OoOooOoOoOoGADODOOOOooO
gobooboooboooooboo

Pitt 000000000000 O0O0OO: (a)D00000O(() GA, 000000000
(0 32)000000000000O0O0O0UOOO0

(a) 00DOO
00000000000000000000000000000000000000
00000000000000000000000000000000000000



20 030 DOOObLOObDOOoObDOOobDObO

gbobobooboboooboobodobuooboobooboonobooboonog
gooooboobbooobooboooboobooboboobboobg

if ( condition ) then ( action )

O000000000000000O(condition ) 00000O(action ) 00000000

(b) GA

O0o00000oooooocoo0oO0ooooooo GADOOoDOO

ogooooooooooooo Ny UOOO0O0OPKCOOO0O0O000000O0O000O0
gobooboooboooog

10

20

30
40

50

000000000oo0o0ooO0o0oUooo0 P()DOOOOOOO
U¢t=10000

000 (0o0o0)bo00o0o0oo0oo0ooUooooooooo
gobooboogoog

t< N, OOOO 4000000000 5°00

0000000 GAODOODDOOOOOOOOOOPE+1)0O0OOOOOO
OO0 t¢t=¢t4+100 2°00

gooboobooobdoobooobobooboboobuoobbooboo
good

3.4.2 MichiganO0 O OO0

Michigan OO OO OOO0UOOO0OOOOO0O0OODLOOO0ODOODODODODOODODODObOOOD
gbboobooboouoboobobbobboooboobooboobooboboooboog
0000000000 D00000000000 GAODODOOOOOOOOOO0OO0ooOO 30
0000000000000 000000 (Classifier System) 0000 0O 0O O Michigan O
O000000000000o0O0: () 000/o00b0oUo0UoOo()ODOo0DoOoUoO
O000O(c) GADOUOOOOOOOO (0 33)0000o0o0oooooooooon

() 000/0000000000
000/00000000000000000000000000000000000
000000000000000000000000000000000000000
000000000000 (000)0000000000000000000000
00000000000000000000000000000000000000
0000000 (00)000000000000000/0000000000000
00000000000000000000000000000000000000
0oo00o0o0o0o00



340000000 21

000 /0000000000 F}D
O

000000000 | —0
o & |O

oboobobobogobog

lDoooooo @oo) 1)
looooooo @oo) 2|

|DDDDDD5(DDD)N|

(oo )

k@DDDDD)j

O 3.3: Michigan OO OOOOOO

(message) = {0,1}!
DDDDDDDDDD{O,l}lDODDD[llDlDDDDDDDDDDDDDD
ooooooobobobboooooooooooooooobon

( classifier )} = ( condition ) : ( message )
0000000000 ( condition ) OO

( condition ) = {0,1, # }!
oo000O0oo00ooOooooO¥ 0o, 100b0b00bOobOOobOoboOon
ggoooobooobtbogoooooobobbobdoooobobobobboooooobnbo
gooooobooboooooooobbooooooooobobobooooogno
00000000000O0000oO00 (0bD)b0DLOoUoOoDbOoOOoboOoUoOon
ugoooboboobodogoooooboobbbdoooobobobobbooooonbo
uggobboodobobobooobobobooouobboooobbooobbbooouon
ugodoooooooo
bbb odbooboooooboobuoobodboobbobobon
goooobo0obooooboobooboobbooboboobooboobobon
O0000000000000000000000 (Bucket Brigade Algorithm: BBA)



22

030 oobooboobbooboboooo

OD00D0000000000000 (Profit Sharing Pattern: PSP) 00 0 33 O

BBAOOOOOODOOOOOOOOOOOOOOOOOOOODOOOOOoOoOoooO
gooboobooboobooboobooboobooboobobooboobg
gobogboboboboboboboooooooobobobbobobbooobog
gbboobobooobobbooboobbobbooboobobobboonbg
bbooboobooboooboobooboobboobuooooobooog
goooobooboobooboobbooboobbobooboboobOoobg
googno

PSP OOODODOOODOODOODODOODOODOODODODOOOODOOOODOO
gooboooooobooobooboobooboobooboobobooboobg
uboboooboobobooooo
BBAOOOOPSPOOOODOOOCOOOCOCOOOOOOOOOOOOOODOOOO
gbobooobobobooboooboobuooboobooboobobooboonog
GAOODDOOOO

GA
gooobobobobooobooboobooboobooboobobooboobg
000000 GAOOOOOO

00000000000 (GAO)0000 N,,GAOOODOODOOOO0O00000 N,
O00O0OMichiganOOOOOOODOOODOOOOOOODOOOOOOODOODOO

1° J00000000000ooODoooo P(l)0DOobOOOOOOOt=1
,ubbogboodb e=10000

2 0o0boo0oo0oooOoobo0bOOo0o0oDboOoboOooboooooo
gooboobooobdooboooobooboboobuoobbooboo
gooooboobooobooobon

g Jbbboobboooobooobbooboboooobobooooboboooo
Ubooooooob0ob0obooooobobbooooDubObDUde< Ny
OO000O00D000D0 e=c+1000 22000000000 4°00

4 t< N, OO0ODO S° 000000000 6200

5 0000000000 0D0ODO0O0OD GADUODOODOOUODOODODOO
P(t+1) 000000000 t=t+1,00000 ¢c=1002°00

6 D00000bOOoOoooOoooOoooooooooboOobooOooooo



3.5 00 23

3.4.3 UOUO0U0O0OOOOOOOO

gbooobobooboobobbobaobobdoboboooobobooooboboan
0000000000000 0000 (DO0)DoOOOOODO0OO0DODODODODOOOODbDOOoOO
goboooboooboooboob boobboobboobboobbooobobo
goboobooooboobobobooboobooboboobooboobbooboboooo

gooboobooobboobboobooobooobooobboooboboooboo
0000000000O0o0oO00D0 000000 ODO (DUDD)bDO0oDULODO0O (boboo
0000000)0OoOooOooOoprPitt00O0O00O0O0OODOOOOODOOOODOOOOOO
gooobobobooboobobooboboooobuoobobobobobobooobg
goobboobooboobobooboobbooboobobooobon

gboooboboobobooboobooboboboobobobooooboboan
ooooboobooboobobooprPit00oobo0obOOobOOoO0ObDOoObDOoDbOOn
gbobobuoobobooboboobobobobooboboobooboobaonog
goooboobooboboboobbooobooboooboobobobooboobooobo
goodoooobogobooobboboobooooobooobo pitbboobooboboobbOOoD
oboooboooobooooboobooooobooboboobooboooboOoOn Pitt
goboobooobooobooaod

3.5 0UU

gboboo20b000o0oobobobobobobobobuobobobobDooon
0000000000000 000ooO0O0o0U0oOoOo0O0ooDUOoOoODOOOoUUOD (oo
000)00000000000O Pit0D0000O0OO0OOO0OOOOO0400000600
0000000000000 000oO0O00U0OO0OO0O0D0OOoODOOO(Oooooo
00)0000o000o00O0(D0oOoO0o0U0o0O00LDOoO0o0DUOoOoOoUoOoDOoOooO
000o00000o0O00O0oO00)00o0OO0O00O0O0U0O00U0O0OO0 (DoooUoooo
0)0o0ooooOooooooooo

0400000 6000000000000 (O0D40)0000000O0O0OCOOODOOOO
(0D60)000000O0DOOODODOOOUOOOOOGBMLOODOOODODOOOOOOOO
goood






0 4 0

Jobooooooboooboobouoood

4.1 00O

gooobo3bobooobobooboboobooboboobobooobooon
00000000000000%00000000000000000000000 (0)
gobooobdogoobooobooobboobooobbooobboooboboooboo
000000000000 0O0000O0000ODO0 (DobobooUoooOO)ooooooo
gboobobooboboooboboobooobobobooboobooboobonog
gogboogobobooobooboobbooooobooobooobbuoooboooboboo
gobooboobooooboobobooboobooboboond

gbobobooooooboboooobooooobobobobuoobobobooba
gboobobuooboboobooboboobobobobobobooobobobaong
000 (booOoOoOooOooOOOOOO)ODOOOO0ODOOOO0DOOODODOOOODDODOOD
gooobobbooboobooobuooboboooobooooboobobooobg
goooboboobobooboboobobooboboobobooboboobog
O0000000D00000D000000 GAOOODOOO®Oo0D000000000
gooCoOoO00OO00O0oooooo GAODODDOOOOOOOOOOOOoODOOoOOoOoO
gboobuobobobobboooooboobobooboboboobooboooooboo
0000000000000000000000000000000YW00000000
0000000 @Mob)00oo0o0oU0o0o0oU0oO0oo0oUo0ooUooooUoOooO
gbooboboboboobobuooobboooobooboboobooboobonog
gbooboboooobooboboobobboboobobooobooboboooonogd
goboobooobooboobooboobobooboooo

gbooobooooboooobobooboobouoobooooboboobobooo
gooobobobooooboobobobobobooooboooooobobonbg

25



26 040 DOODOOOOOOODODOODOOOO

041 00000000

4.2 00000

0000000000000 0000000000O00O0O0OD (boo)ooooooo
000000 (0o0oo0)00o0o0o0OoO00UOO0O0DLDOO0O0D0ODOOoUOOoODOoOO
gooobobooooboboobobobooboboobooboboooobobg
0000000000000 00000000O00O00O0OD (booob)UUObObooo
goboodobboooboobbooboooboboan

1) Doooog

2y bogooboooo

4

)
)
3)y ODoOoooooooo
)yoooooooo

00000000000 (04100000 DOOOO0D0OODOOOOODOOODDOOO (O
0000000o0o0)00o00000o000o00o0o0ooO0O0DooDLOOoUDOooOOooD (O
00000000)bo0000000O0oO0OO000DU00O0OOO0O0DOD0OODOOOOoOoOOO
gbooboboobobooobobooobbooooboobooboobooboobonog
000000000O00o0O0O0O000000 (DbooooOoooOoO)ODOoOOo
goboobooooobooooobobboooooooboooooboboooooooo
gogbooogobboobobboobobooobooobooobbooobboooboboo
gbobooboboooboboobobooboobooboboboboboobobbaong
gogbooobobooobooboonon
gobooboobbooobooboobb4200000040

() DO0O0O0OO0D0OUOOOOO0O0ODUOCOCOOOOOODOOOOODOOODUOOCODOOO
goooobogboboobooboooo

(b) 00 ()00 0000000000000 0OCOOOOODODOODOODODODOOOOOO
0000000000000 00o0oo0oOo0oOo(ooooobooOo)Uooo
good

000000000000 00000000000O0O00OO0O0UD(d)0DO0ODOOOOO
0000000000 00O00 (04100 (x)000)000O0OO0DOOODOOOOOOOO



4.2 00000 27

@Dmﬁ‘

042: 0000b00booooboonooon

goo0oooobooooo0oooOooo0obobOoooOOoooobOobooOoooooon
goo0oboOob0oooO0oo0o0o0ogoooboooOoooobooooboboooooOooon
000DOo0ooooooooon

0000000000000 00DOO0D0oO0DOO0oo0DOO0o0oo0ooooooooooog
god:

(A) 0000000 :
e 0O P;(j=1,..., NP)O
-~ 0000 0
- 0ooo 90
- 00 w; *O
0000 (00) ;0
000000 (@O)s; 0

e 0DDDO B; (i=1,..., N®)O
- 0000000 w0
- 0000000 d(mooooon)o
- 0000000 L (000000 00o0o)d

7

- 0000000 & (0000000)d
e 0000 TO
(B) 000D :

e J0DDD w4 000000 (00 (a)0

*0000000000 “0oLD”>UoOooood
f000000000000000000000000000000000000 (DO)oooooooo
god



28 040 DOODOOOOOOODDOODOOOO

e 000 w, 000000 (OO (b)O
e 000D0O s, 000000 (00 (c))O
(C) 000D (0ODO):
e 0000000000 D(0D)D
(D) D000 (DOOO):
e 0000D0DODOOOOOOOO (0OO)D
e JDDIDDOO (DODO)D

4.3 U0O0LOO0OOOOObLOOOOOOoOn
4.3.1 0OOOO0OO0OO

4.2. J00oooooboboobobooboobobobbobobobbobobg
gboobobboobooboboobobooobooboboooboobobbonog
goboobooobooboobobooboobboobooboobbon

gbobooboobboooboobooboboobooobo:

(a) 00 P; 000 w,0
(b) 000O0B, 00000000 »40000
(c) 00O P,00000 g

ooooooboOoOoooooooooobbosOoooooboboooooooooooboooobo
gogo SDDDDDDDDDDDSk(krzl,---,ns)DDDDDDDDDDDDDDDDD
000000000000 000000000000000000D000000 (condition)
0000000000000 00000O(action) DOOOOO:

if (condition) then (action) (4.1)

0000000000000000000000000000000000000000
0000000000000000000000000000000

04300000000000000 »w;000000000000 (000 (1))0000
0D.2000000000000 NBODOOOOOOO (OO0 (2)0000 (1)000
(2000000000000000000000000000000000000000
0000000000000000000000 “4° 0000000 0000000
00000000000000000000000000000000000 Holland OO

oo (h)OOO (cpOD0DO0OO0DO0OOOD0ODOUOODODOOOODOLOOOODUODODOOOODOO
gobooobobgoboooooobobboboboboboobobooboboboboboboboobo
gboboobobobobooboogo



43 0000000000 DbOO00ObDbOO0 29

@ . 2 3 )
oo oooo 1
oo 000

gooood

ooo oono

0000 0000 (b)
043: 000000

0000000000000000000000000000000000003 0000
00000000000000000000000000000000000000000
¢;00000000000000000 N,0000000000000000P,000
000000000 00000000 1700000000 (000 (3)000000
0000000000 “1’00000000000000000000000000000
00000000000000000000000000000000000000000
000000000000 B,00000000000
0000000000000000000000000000000000000 (1)0
00 (2)0000000000000000000000000000000000000
000 (00000 (a)0000)0000000 (3)000000 (h)Oo00o0oooooo
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000

4.3.2 0O0OOOO0OOO0

431 00000000000000O0000bO0O00b000bbOOd:

l°0dboo0ooobo0ooooo0ooboboooobbooobobog2eOOO
ooooooboOoooooooOooooooDboOoboboooDo 4200

2 00000000000OOOO0OO0OO00O0 3)oooo «1”»ooooooo
gboobooboooboobooooboobbooboobbooboo
goobooboobboobooboooobon

3 2000000000000D000000DODOOOODODO0O0OODOOOO (O
000000o0000oOo0)ooo0ooUoooooooooooo
0000000000000 000O0O0O00 (DOo0)OoDooooUoDooo
000000000 (Dbooooooooooo)o



30 040 DOOODOOOOOOODODOODOOOO

4° 00000000 (0O00O0)DODOooOooooOoOOOoOoOoO1I°POOOO

ooooooilrrooooodoooooo ps.000000000 B, DOOOOOO
gobodoboobobooboobboobooooboboobooboboan

1° J000o0oo pPer: 0OOOOOODODOODOOOOOP(MeB;BODO
000000000000 00U00oO0o0o0oOoOOoUoOoO)UoDoO0Oo
Uub w OOO0OO0OOO0OO0DO0O0ODLOO0ODLODO0ObObOO0ObDOOn
ooo Py 0000

20000 B.: PeO00OO0O0000O0O00O0OOOOOOOOOOO
ooobobooos;, OODO

Z‘[*

44 UO0O0LO0O0OOOOOOLOOOOOOOO

4.4.1 0O

43.100000000000b00o0b0b0obobooo3sobooounouoanoanog
(Genetic Algorithm: GA)? 00000000000 0000O0D00O000O0O0 (Genetics-
Based Machine Learning: GBML) D0 O0O0OO0OGBMLOOOOODOOO0OO0ODOOOOOO
O0 Michigan OO0 OO0O0O Pitt OO0OOOOOCOOODOOOMichigan OO0OOO0O0OO
0(@000)0000000000000o0o0000ooOOoO0OO0DOOULODOOOODbOOO
goooboobooboboooboorpittbbobobooboooobooooobogo
Oo0b0obobobobOoOMichigan OODOOOO0OOOODODODODODODODOODODO
gooboboobooooooooobobobobobo Pt ODbUODOD
oooooob4400000000000000 Pit0DO0ODOODOODOOODOODODO
gogooo

442 0O0O0O0OO0OOOOOO

GBMLOOOOODODOOGAOOOOOODOODOOOOOOOOODOOOOOOOOODO
gogboooboboooboooo

(1) 00000000

Pitt 0000000000 0ODOOD GAODOODDODDOOOODOODOODODODODOODO 430
o0ooOooooooooood rg(k=1,---,N,)00000DO0OOOOOODOOOCOO
goboooodn:

{7”1,7"2" o ,’I"Nr}



44 000000000O0DOO0ODODOOO 31

4 I
0000000
HOoO0O00000000000000
0 E
/R
.................. " g //{DDDDDDDDD\
O B
000001 o [ :
00o0o000o0o
000 - 1
ooooo 2| 0
: ooooo
: \_ J
0ooooo

loooooooo |

044 Pitt00O00O0O00O0ODOODOOOODOO

o,gjogbobobobobo. o0 NyOOUOOOoOobobobobobobooboobooo
gopbogoooo

(2) 00000

0000000000000000000000000000000000(1)0000
0000000000()00000 000000000000000000000000
000@3)00000 000000000000000¢ 0 ((1)0(2)0(@3)0000000
0000000000000

(3) 00000

GAOODOODODOOODOOO0DODOO0DO0O00DO0O0O0? 00000

(a) OO0O0ODO 0000000000000 000ODOODOODOOODODOOOODOO
googood:

1° 000 ,000000000000000 e, =g,/¢g0000. 00
0g¢g 000g0,000000 k0000000000000000
oooooo.

2° 0000000 |e) 00000000000, 000, |z/0 00
ooooooooo.

3 00000000 N,0OOODODODOD0D000.

4° ¢, — |, 00000000000000O0O0OO,00000000
N,0DODOOOODO.

(b OO :000000D0OO0OO0OO0OUOOOODOOOOOO poOOOOODOOD (O



32 040 DOOO0OOOOOOODODOOODOOOO

041: 0000000000

0000 & P K

K3 K3 (3

B, 00200 200 200 O
B, 00400 400 400 20

O000000000OOoo0ooOoooooooOo)o

() 000D0:000000000000000000000000000000000
00000 (1)0(2)0000 (3)00000000000000000000000
pn 000000000000000000 (000000000000O000O0O0
ooooooo)d

4.5 OO0

4.5.1 0O

goooooboboinD B 000 B O0000boboboooobooboboo
obooboooooB, 0b00obo0oobooboobobob0ob0ob0ooooo0obo0obognB,
gogboodbbooobuooboobboobbooboobbooboobobooonog

e OODO: 360

goboooboobooo
e JOOUODO (DODO): 7,412 (9,969,921 kg)O
e JOOUODO (DODO): 6,639 (8,514,600 kg)O
e DO ODO: 240
e O 0: 160
e NIIDDOOODOODDOO: 1,050

oboobobobobobobobobobobUobobobobobUobo450b0O0
gooboood

e Bi(By) 0O O: 2,500t (15,000 t)0
e 000000000OB,B, 000000 7% 000000000000

gobooobboooobooobooooobbooobbo410b00000DO0O0b0DbDOObD
000000000000 00D 400 (0 /t)0200(0/t)DO00000OOO0OOOOOOOOO



4.5 000

33

oooo @

oooo @

0000 @

700~

6001

500 2 7

4001

3001 e 7
2001 7 ik

100}

04/27 430 55 510 515 520 5/25 5/31

aad
0 () 0000

700
600} -
500f - 7
400t
300t
200¢

100}

0 /7| L
4/274/30 5/5 510 5/15 5/20 5/25 5/31

aagd
0O (b)000o

700
600}
500}
400t
300}

200}

100t 7
| B 8.00 ol

4/27 4/30 5/5 510 515 5/20
0od

0 (¢)000000

\\\\\\N
NN
O N
Ny
\

U 45 00000000O00O0O0ODOOO0O



34 040 DOOO0OOOOOOODODOOODOOOO

452 000000000
(1) 000000

0O0oGBMLOODODOOODOOOOOODODOOOOO0DOO

e OO :

() 00O P; 000 w;
000000000000000000000000
~ 2,000kg 00O
~ 2,000kg O O, 6,000kg O OO
~ 6,000kg 0O DO

(b) 00 B; 00000000 wi
00B,0000000000000000000OODOOO B, OOOOOO
000000000 0000B, 000000000000000B, 00000
0 o O

o1 = wi | w (4.2)

0000O0o0,;=0900000000000000000

() DODODOO g
0000000000000 D00000000000000000000000
00000000000000N,=384 000000000000

e OO :
0000 100002000000

00000000000000000000 (a)000000000000000000
00000000000000000 (1)000 (2)000000000 (00000 (b))
000000 (3)00000000000 (00000 (¢)00000000000000
00000000 (1)000004.3.1 00000000000000000000000
0000 (2)00000 (1)000000000000

00000000000000000000000000000000000 B,000
00000000

(2) 00000000000

GAODDODOOODODODDOOOOO0ODOOOO0O0ODODO 0D42000000000000000
Ny, Ng, pe, pn 100 N OOODOOOOOOOOOOOOOODOOOODOOOOOOOO
gboobobbooboboooouooboboobobooobobobonoboboonod



4.5 000 35

0 42: GAOOOOOO
Np Ng Pe  Pm Ve

100 10000 0.5 0.1 1

N,=1000000000000000000000 (3)000000000000000
O ppD “1” 000000000

00000000000000410000000000000000000000000
00000000000000 400(0/t)0200(0/t)0000000000000000
00 0000000 00000000000000000000000000000
0D0000000000000000000000 000000000000 k000
0g¢O0000000000000000M, M,0000000000000000000
M; =08, M,=50000

2 X ¢ — ck
gk = <7’f - M1> — M, (4.3)

Cr

4.5.3 0OO0O0OU

O0000000@(1) 0000 (000 (bh)DOOUODDODOOOODOOOUOODOO (200
OO0 (b)0OOOOOOOOODOO0OO0O0OO0O0DO0OOOU0OO0Oo0ooOoUoOoUoo
ggooaoo

(1) 00000 ()0(b)0(c)0000000000
(2) 00000 (a)00pge 0 {0.005, 0.010, 0.050, 0.100, 0.200} 00000000000

00000000 (1)0000000000 (b)000000000 (1)000 (2)00
00000000000000000000000000000000000000000
0000000000000GADOOO(00O00)000000000000000000
00000000 (¢)00000000000000000000000000000GA
0000000000000000000000000000 (2)000000pg = 0.010
oooo

0460000000 (a)0(b)000 (¢)000000000000000000000
000000000000 (000)000000000000000000000000
0000000000500000000000000000000

e 000OO ()0(b)D(c)00000000000000 ()000000000(c)0
00000000000000000000000 (00000000 (0000)
0000000000000000 (00000)0000000000000000
0000



36 040 DOOO0OOOOOOODODOODOOOO

10.6
10.4f
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, oo
~10.2
‘:l ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
U100 0oooo (b)
2
O 9.8
[
g 9.61,
‘ 0oooag (o)
94| T TTTSSsIoTToTTT T mmooooT oo
02 0oooag (a)
"0 2000 4000 6000 8000 10000

uo

046: 00000000000O0O0O0OO (DOOOO (1))

10.6
10.4} 00000 (a)
7102
[
2
O
[
[
[
< S S
0 2000 4000 6000 8000 10000

o

047 000000000000000 (00000 (2))



4.5 000 37

043000 3)0“woOoOooooo
pao  0.200 0.100  0.050  0.010  0.005

pan, 0.2041 0.1052 0.0526 0.0168 0.0122

0 44: 0000
() 000001
0oooo  (a) (b) (e

OO0 (0) 387 279 88

(byDODODODO 2
pao 0.200 0.100 0.050 0.010 0.005

oo (@) 27 293 299 387 467

gooogooo

00000000 (2000000 4.700pge O 0.005, 0.010, 0.050, 0.100 O OO 0.200
ooo0o0OO0O0O00O0O00D0000O0000O0OC0OODODOOD (oOD)UDUObODbDoOoOo
000000000000 ()OoOoOooOoOooOoOOooOoOOoUoOOooUoOoOooOoos5000
00o0000o00o0o00o0oOoooO0ooO0oOoOO0oOOo0OO0 3)UUoo “«1voUoO
gobod430000047000

e pyo=001000000000000DO0O0ODLO0ODLOOODOODOOOD

ooooooDo

O00pep 0000000000000 (3)0 07 0000000000000 00pg
O000000000 (00000000)000000000000GADDOOODOO
(3)0000000000000000000000000000 3)0000 GADOOO
00000000000000000000000000000 (3)0 170000000
pan, 000000 peo 0000000000 (043)000000000000Pitt00
0000000000000 0000000000000000000000000000
O000000000000000000000000000000000 (000 (3)0
000D0000000)000000000000000000000000000000
0000000000000 00000000D00000000000000000000
0000000000000 0000000000000000000000000000
03 o0oooooooo

O00000D00D0 (1)000 (2)000000000000000000 4.4-(a)000
044-(b)000000000000000D0DOOO0OPPentium I 933MHz 0000 O



38 040 DOOO0OOOOOOODODOODOOOO

gobooood

044-(a) 00000000 (0000000 DODOOO0OODOOOOODOOOOOOO
goboboobobobobobooobobbobooboooboboobooboobobg
000000044-(b)000pep 000000000000 O4.540000000000
gbooboboobobooobobooobooboobobooobobobobbong
ggoooboood

454 0O0O0O0OO0OO0OOOOOOOO

gbooobdoboobobooboboobobuonobobooobobooboboban
000000000 (1)OoO0O0OO0O0 (p)DO0ODO0O0O00000D00480000000
gboobobbooboooboboboobobooboboboobobooboobooboo
gobooooobooboooboboobboboooob49b00bbo0oobbobg
gooobobooobobobooboboobobobooboobobooboboobobg
oboobobobo go450041000411 000 0D4120000

0000000000000 0000O000U00D (DDO0O00 ()0D0DOoboooOoOoo
000000413000000000000 (a)~(d) 000000

(a) DOODDOOOODODOODODOO
(

b
(c
(d

ubbooboobboobooboobobooboobobo

)
)
) 00000000000 0oooooooooooo

)yJ0o0O0O0O00000U0ooooOOoooUOoooooooOoO

gooobooobobooooboobobobuoobobbobooboboboobg
0460000

(1) 000000000

048000 0490000000000 0OOOOOOOODOODOODOOO

e D00 DOUDODODLOOOODUDLODLDODLDODODODODUODLOOOODOO
gboogooboood

gboooboooobo4sdgbobooobobooboobooboobooboong
gbooboboobobooobobooboobooobooobooboboobobbonog
goboogooaoo



4.5 000

39

| I
0.9 1
+ A+
- +~+‘+++ Y e et B
O LTS
|
O 0.7f
0.6}

0.5 s . . - . . .
4/27 4/30 5/5 5/10 5/15 5/20 5/25 5/306/1
oo

048 00000000 (DDOOD)

0.6}

0.5 s . . . . . .
4/27 4/30 5/5 5/10 5/15 5/20 5/25 5/306/1
o0

049 00000000 (@©QO)



40 040 0ODLOOODDOODOOODOODOO

U 45 0000000
oo ogoo g

00 0010,286,850  —
000000 9,296,533 990,317

40

35
30t
25¢

O
O 201

15}
000
10}

. 000
0 . e

4274130 B8 B0 515 5120 5125 - B/30 6/1
0o

0 410: 000000 DOOO

(2 J0000OO0O0O0OOOUOOOODOO

5/6000005/24000000000000000000000000O00OOOOO
gbobooooboobobobobooobobuooboobobobooobobobobooonog
gboobobboooobobooboboboobooboboboooboboobobbonog
gobooooooboobobooobobooboboobooboboooobobg
gogboobooobooboooboobbooboobbooboobooon

(3 ooDUoooooooooOoo

0411000 04120000000000000000000000DODOOO0ODODO
ooobo py0gboobobogooobobb0 pyoboboboooboobobooooon
gogooaoo

e JO0U0DOOO0O0OODOODODLODOLOOOOLODOODOODODODLOODOOD B1O
gbboooboooboboooobod

gogooaoo



4.5 000 41

% 5 10 15 20 25 30 35
0000
0411: 0000000000 (QO0O0)
900
800}
700}

20 25 30 35

0 412: O0000O0OO0OOO (0DO)



42 040 0O0OOO0OODDOOODOOODOODOO

800 800
6004
O
O 4004~
O
0 2004~
0 n |
100 gy ] n
60 (d)
02 (b)
ooo 0 @
(b) pao = 0.100
800, ) 800
6001 ‘
-
O 4004 i
0
0 200
0
100 f
j il (d) (d)
20 b 20 (b)
000 0@ (b) ooo N
(¢) pao = 0.050 (d) pao = 0.010
800 -
6001
O
O 400
O
O 200
0
100 NG @
ooo 20 (b)

0 (a

(e) pgo = 0.005

0 413: 00000000



4.5 000 43

046 00000000 OO0ODOODOOO
Pdo 0.200 0.100 0.050 0.010 0.005

oooo 75 84 95 97 97

O 47 000000000
Doooo () (b)) (o)

Te 1.096 1.043 1.089

(4 J00000O0O0ODOOODOOODOOO

gboooboboooboooobooboobonoboboooboobooboboan
oooooobobooobobobobDo0obobobOobo41300 pgo oo oO
goboooboooboobboobtdppeo0bbooobbooob4..3000000
OO0 pao ~pan, DOODOOOOOOOONO (3)000U00o0o0oUooooooUoooo
gbooooboobooboooboboobobooboboobobbobooboonog
0000000000000 000000OO0DU0D0OOO0O0DUOOO0O0O (0460000
poo UOOOOOO0OOOO0OOODOOOOODOOLOOObOOObOOOoObOoOOobOOoan
gooobobooboooobobobbobobooboobbobobobbobag
goooooooboboobobobobobobooooboboboboobobobo
obobd4eb00000000O00OD0OODODODODODOODOODO

4.5.5 UO0OOOgoobOoOOoOooon

gooobobooboboobooooboobobooboboooboobooo
goooboboboboobobobooboobobobobobobooobobobobg
gogbooboooboboobooabb e bOoOonOg

Te = Co/Cd (4.4)
oddoooooooog 0000000000000 o0oooooooon eqd
O0o0o0oodoooooooooooooooooooooooooooooooo

00000 (a), (b)000 ()00000000000000470000000000
gddbooooobooouobooo suobouobooouonooouoon

D47 00000000000 O000O000O000O0OO0O00O00OOO0OO00O0OO0O0O00O0O
000o000oO0o0oooUo (hoOoUooOOooOooOooOOoUOUOO (DooooUooooooo
00000)0o00o00o0o0000U00O00o00o0oOoU0oOOo0bOOoOoUOOoUoOoOoO
000000000 000O0O0O0000O000OO0OO0 (h)OoOooOoOoOoooooOOooooo



4 040 0O0LOOOODDOODOOODOODOO

000000000O00000 (a)000 (e)OD0OO0OO0D0DO0DODODOODODOODOOOODOO
gogooooo

4.6 OO

gboobobobooouboboobobooboobobooouoobobboboan
oobobooooooooooboboboboooooobobo Pit0bObDOD
goboobooooooboooobooo

e OUOOOOOODLOODLDOOODLOODLOOO
e OU0ODLOOODODOOOOOODLDOODLDDOOODLDOODLOODLOODDOO

e IO OO0ODLOOODOOODDOOODOODLUOODLOODDODOOLbOOODOO
ugboooood

gboobobuoobobooboobobooobuobobobobooboboobong
gbooboboboooboobobooboooboooobobooboobooonog
goooboboobobooooboboobboboboobobooboboobobg
gooobobooboboooobuoboboobobobobobbooboboobobog
gogbooobobooobooboonon
gboobdoboooboooobooboobobobobooobobooboboan
uggbooobooobooboooboboobooaonooo



0 50

obooobooooboobotoobooobon
oooobogo

5.1 OO

00000000000000000000000000000O00O0D0O0000000
0000000000000000000000000000000O0O0O0O0000000
0000 b?20000000000000000000000000000O0O00OO00
0000000000000000000D0D00OO0OD0DDODODoooooooo®00
000000000000000000000000000000000000O0o0o0o0og
0000000000000000000000000000000000000000
00000000000000000000000000D0O00000000000000
0000000000000 0D0000000000000000O0D0O0O0O0O0000000
00000000000000000000000000000000O0O0OOO0oOooooO
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
00000000000 (0000)0000000000000000000DO(0ODO
00000D0)0000000000000000000000000000000000
00000000000000000000000000000000000000000
0000000000000000000000000000a0
0000000000000000000000000000000000000000
000000000000000000000000000000000000000000
000 (0000000000000 00)0000000000000000000000
0000000000000 D0000D00000000Y00000000003%%3900
00000000000000000000000000000000000000000
00000000000000000000%0000000000000000000
00000000 (0000000000000000)0000000000 45424 g
0000000000000 000000000 (000D000)00000000000

45



46 050 0ODLOOOLOOOOODLOODODOODLOODDOODOObOOD

DDO00DO0Ooooooo440((0o000000)d00000000Doo0ooooo
00000000000 000000000D0D0O0“% goooooooooo

0000000000000000000000000000000 (Mixed-Integer Pro-
gramming: MIP) D000 0000000000000 0D0000O000ODOOODOOO0O
00000000000 000000D0D000 (00)00000D0000000Do000o0
0000000000000000000000000000000000000000
00000000000000000000000000000000000 (060)00
00000000000000200000000000000000 300000000
0000000000000 DO%%0o000000000000000000000
00000000000000000000000000000000000000000
0000000000000 0000O0MIPOOOOOOOODOOOOOOOOOOO
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
0000o0o0oo0oooooooon

5.2 UJUO00On

5.2.1 0O00OO0OODOOOODOOO

000000000000000000000000000000000ONY 0000
Jy =1 NYyoonNnMoooo M (i=1,---,NM)yDDODOODODOOOOOO
J;00n; 0000 Of (k=N;j_y+1,---,Nj; N;j=3I_n;; No=0) 0000000
00000000, — Oy (k =Ny +1,---,N; —1) 000000000000 Oy
w:L~,vazmw:zﬁhmDDDDDDDDDDDDA@DDDDDD%D
0000000000000000 6, 000 M;000000000000000000
ogag

000000000000000000000000000:

() OO00OD0: 0D000000DO0O0DO0O0O0UOO0O0DOOOODOOODODOO

(b DOOD0OUOOO: 000000000000 0O0O0OO0OOODOODOODOOOOOO
googoobooboobooboobbooboobboboobobooboobg
ugboboobogoood

(¢ 00O0O0OO0: 00000000000 OOOOOOODOOOOOOOOUDODODOO
0000000000000 000O0O00 (D0oooDL)00o0oOoOoUoooOOoOo
gooboobooboobobooboonboo

gobobooooobabboodobbbouooobbooobooobooooooobooboo



5200000

47

() 00000000 (0OO000)

(00

{M1,M2, Mgt {Mg, M7}

{M1,M2,M3g  {Myg,Ms}  {Mg, M7}

{Mg, Mg}  {M1,Mp, M3 {Mg, M7}

(bhyOODDOOODO

051: 0000000000000 (rOO0300800)

052 000000000000 —O0O0OOOOO (rOO300800)



48 050 0OOLOO0OOLOOOOODLOODODOODLOObDDOODbDObOObOOD

ooo
N . 0000
NM.ODOoo
N 000 (=Ny).
00000 MO000J;,000000,000000000000000000
0Do00:
ws: 0000060000000 M,; 00000000000000O0O0O
0Do00:
d; 000
n;: 0dog
0DooO:
S 000000
rO: 0000
st,s2: 0000000000000O00OO
s3,s3: 000000000000000O0O
My: 000, 0000000000

0000000000000 0D000000D0O000D000O000000000 Cpax O

00000 Teu OO OO

_ _ F _ F
21 = Chax = mjax th = mkax e

z9 = Toum = Z {max (O, t&, — dj)} ,

J

gobooood

t#: 000, 00000000
tf.000,00000000

0000000000000 0000000000000b0000o000
z = w1 21 + w2 22

gobooobtd v»wbw 000000000

(5.1)

(5.2)

(5.3)

000000000000000000000000000000 (NM =7, N = 3,

N=8)00510000000000000b200000000



5200000 49

5.2.2 0O0O0OOOO

5.21000000000D000O00000DLO0LDOODOOOOObOOO0ObOOn
ggbo10bb0 ez, y 000« 00000000000O00O00O0

zg (i=1,..., NM; k=1,..., N):

o,0M;,0D0ODODOODODO
yre (K, K =1,..., N):

024 =100000000 a4 = 00

0,00, 0000000000000y =100000000 y =00

Uk k! (k‘, k‘lzl,...,N)I

xzk:xzk/(W)DDDD ’U,kk/=1DDDDDDDD ’U,kk/ZOD

O0000wDO02x0y0000000000O0OO00O0DODOOOUODODOOOOD (z0OD0ODO)DO

0000 (S00D0)000000000
y0OoOS0ooo

0@ 000)000000000000000 =,

0000 (5.3) 0000000000000 0UDO0ODOOO0OUDOODOOOOODOUOD*O
00000000000 Y0000000000000000000000000000
00000(z,y) D0DOOODOOOOOOOOOODO 1010000000000 00OOO
000 (b3)0 20z 0y0000000CDOOOOOOOOCODODOOOOOOOOOOO

oooOono
Minimize
2 = w121 + waz9

subject to

N M

sz’k =1
i=1

xikzo

fEikE{O, 1}

Uk = Tig + Ty — 1
Ugk! < T — Tigr + 1
Uggr < Tigr — Ty + 1

Ukk! 6{0, 1}

(5.4)

(k=1,...,N) (5.5)

(i Mg; k=1,..., N) (5.6)

(i=1,...,NM; k=1,...,N) (5.7

(i=1,...,NM; k, k' =1,...,N; k> k) (5.8)
(i=1,...,NM; k, k' =1,...,N; k> k) (5.9)
(i=1,..., N kK =1,...,N; k> k) (5.10)

(k, ' =1,...,N; k> k) (5.11)

*000000000000000000000D0DO0000UO000DOO00DOODODOOUDOOUDOOO

gboboboobobooboobooobobo



50 0O 50 DOOD0OOOO0OO0ODLOOObOOObOObDbOOObOObDobOO

v € {0, 1} (k, ' =1,...,N; k>FK) (5.12)

th >0 (k=1,...,N) (5.13)
1=ty + st
(k=Nj_1+2,...,N;; j=1,..., N7) (5.14)
th <th_i+ s
(k=Nj_1+2,...,N;; j=1,..., N') (5.15)
ty >t + (8% + 5%:) App — M1+ yer — uprr)
(kK =1,...,N; k>k) (5.16)
1>t + (53 + sk ) A — M(2 — o — urw)

(kK =1,...,N; k>Fk) (5.17)

Nl\l
=5+ (r,? s, xzk) (k=1,...,N) (5.18)
=1
21 >ty (j=1,..., Ny (5.19)
NJ
2>y max (0, ty, —d;) (5.20)
j=1

0000 (5.16) 0000 (5.17) O Agpr 0O

1, 6,46 0000
Aggr =
0, OOOoQoad

(5.21)

00000000000OMOO0OD0O0D0D0D0000T0000000000000000
e 0000000000000 O00000 (DO0OO0O0O0ODO0OUDOUOOUODOOOObOO)O
0000 0,00 000000D000DDOO0DODOOO0ODDOO0DODOOOODOOOOnO

0 (5.16) 0000 (5.17) 00
e >t + (st 4+ s8) A 000 5 >t + (sh+ s0) Appr

0000000000000 200000000000000000000000 (5.16)00 (5.17) O O gy
0wy 0000000000000000MOO00000000000000000000000 MOOO
000000000000t 0s;0s 0000000000000000000000000000 (MO
000 o0000)MOOOOO0o00000



53 0000000000000 51

o:0000 p:00000

O G G OO O G On

g s3: 00000

0000000000000 (16) 0000 (B17)0D00DDOOODOOODODO (520000
00 ‘max” 00000D0OC0O0DOOOOOOOOODOOOOOOOOOODDOOOODOOO
goobooooMIPOODOOOOOOODOOOOOO

5.3 UUbouboooooobon

5220000 MIPOOO000000000000000000000O00OOOOOOO
00000000000000000000000000000000000000000
0000000000000000000000000000000000000 (Genetic
Algorithm: GA) 9 000000000000000(0000)00000000000

GAOODOODOO0OOO00O00000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000

5.3.1 0O0OOOO

000000000 (e, /)0O0O0OOODOOO (OB3) 000000

o 000, 00000000000
B,:000,00000

oooooooo, 000000 O,0000000 M, (5220000000000
02)0000000000D0OO0O0OOO0 B 0000000O00O00O0ODOOOOO (y)O
000000000000 pO00OD0OO0ODOOODO

ak€{17 27"'7NM}7 (522)
ﬁk S {17 27 Ty B}7 (523)

oboobobooBpOUObObDODOD



52 0O 50 DOOO0OOOO0OOODLOOOOOObDOODbDbOOObOObDDOO

5.3.2 UU0O0OOLOODLOOOOOOLOODOOOd

5.2.200000000000000000000000000000000000 ()
000000000000 (y)0000000000 (¢000000000000000
000000000000000000000005.3.1000000020y0 00
0400000000000000000000«z0«0000000000000000
000000000000000000000000000000000000000 (O
000000000000000000000)0000000000000000000
000000000 40000000000 0*000000000000*000000
00000000000000000000000000000000000000000
0000000000000000

000000000000 (5.15)00000000000000 (5150000000
0000000000000000000000000000000000 (000000
00000)00000000000000000000000000000000000
000000000000000000 (5.15)00000000000000 (z,y)00
000000000000000000000000 (515 00000000000000
0 (0 (515 00000000)000000:

2 = wy 21 + wo 29 + w3 23 (5.24)
ooono
NY N;
=Y Y max{0, -7} (5.25)

T = th + s} (5.26)

0000000000000000 (b.249)000000Z/000000000OO0OOOOOO

5.3.3 UU00OOOOOOOObObODbOOOd

GAOOOOODOODOOOO0O0O0O0O0D0D0O000000000000000000000
Steady-state GA 49 0 00 0 O Steady-state GADODODODODO0DOODOOODDOOODOO
00000000000000000000000000000000000000000
0000000000000000000000000000000000O0O0O0O0D000
00000000000000000000000000000000000000 (00
O0:n)00000000000D00000000O0ODODOO000000ODOOOOO0
00000 p, 000D0O0O0O000O0O0O0O0OO



5400000000 53

54 UO0OOOOODOO

5300000000000 b0DbOo0on:

() 000000000 (x000)0
(b) 0DODOODO (yOODO)O
(o 0DODDOOD (SO000)O

000 GAOOOUOOOOO0ODOOOO0OOOOO0OOOOOOODOOOODOOOOO
000000000GAOOODOO0OO0OOODOOOO0O0OOOOODOOo0OoOOooDOoooO
goos40dbognoooboobooboobooboobooboobooboong
gooooopooooOoooooocooOooooooooMIPOODODOOOOO GAO
gboobobobooobobbooboobobobooooobobobooboboonog
gooGAQOOOOOOOCOOOOCOOOOOOUOUOOUOUOOOODOOOOOOOOO
00GAOOUOOOOUOO0O0OODOO0OUOOO0O (055 0000000ODO0O0ODODOO
000000o00o0Oo0oU00oOo00ooO0UOoO0O0ODO (Oo)ooDoUooOoUooo
gogbogboobobooobooobboobuooboobboobooboo

O0H,: 0000 ()0 GADOOOOOOD
O0H,: OOOO ()0 GAOOOOODOOO

0000000ooDo0d0 l000GAOOOODOODOOODOODOOO0O00OooOooogooo
gooobobbooboobobooboobobooooobobooboooooog
U H00000000O00DOO0O0O00O0OD0b0oboboOooboobODobDbooOooDOoo
gboobobbooboobobboouoboboboobooboboboooboonogd
gbooboboobobooobobooobooboboobooboboobobong
0000000000000 0o00ooo0o0oOoO0oDOo0oO(GAODUDOOOODOON)
gobooboooboobooooobooboobobooboobooboboobboooo

5.4.1 0O00OO0OOOOOOOOODOOOO

00,000 HO0000000000000000000000

Hy:53.10000000« 0000000, 00000 OO0 M, OO0O0O0O0OO
Hy,: OOO pgOodooOOO0oOCOoOOOD goOOOOODOOOOOODooOOoOooo
gboogoboood

gobobobogoobouboboobbooboouobooooboobbouoboos.s.20
000000000 (.15 0000000000000 00ODODOO0O0ObOD (400D
000 000000000000D000GADDODDOOODOOOOODODOOOODOOOO



54 050 DOOD0OOOO0OOODLOOOOOObDOODObOOObOObDDOO

oo

good (Coooooooono)

ol (e )
oooo O oooo
googo oooon

ooooo \\\ l

Us4: 00000000000

(oo

000 / | i

(0oDoooooOo00) S
0ooo

Uss5: 000oooonf



5.5 000 95

gogbodoboboooboobooboboobboobooboboobuooboon

5.4.2 0O00OO0OOOOOOOODOOOO

GAODODOODODOOOOODODOOOODOOOODDODOOObOOOOODOOOObOOOOO
gbooobboobooooobouoobobooboboboboooboboobobooog
O000000ooOoo0O0ODDOO0O000000DoOoO0O0oO0O0OOgg Steady-state GA O
gbogooboobooboboobobobooobonoobob s330ubonooong
goon

0000000 (boo0oO0o0L0)0o00D0o00o0DoOoOO0OUbOOOOUbODOOoUObDOOn
gboobobuoobobooboobobooobuobbobobooboboobong
0000000000000 0000000000000000000000000000

5.5 U0OO

gbobooboooobobooboooo

E:: 1200 600 1800000
E,: 600600 1800000
Es: 1200900 4500000

gboodgos3boubs4dbobooonobooaoogsiobooboonooonoan 5.2
goooboboobooooooboboboboboobooboboboboboobg
goooooboboooooboboobobooooboooobob 20b0b0onoon
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD(CPLEX)47) g
goog
gboboubooooooooobgooboobobooobos3boboonoaoon
000000 (CPLEX)UOUOU0OU0OUOUOOUOOUOODOODOO0OOOOOOO 54000
0000 (UltraSPARCIII 750MHz 000 0)0 0000000 Es00000000O000O0O
oooboooooobobobo 000000 bOO0bOobOobOObObOObObObOOD
0000000oO(@Mo)b00o00000O0boO0DU0oOO0o0ooOoUoOOOobDOoOoOlL, 000,000
gobooboopooooboobobooboobooboboond
gs3bibgs4bpoboobooooboobobboboobobobobooonoo

(a) OO0 EL0E, 00000000 0OO (DODODO)ODO0ODOODUOCODOOODOODOOOOOO
000000000000000000000000000000000000n,(0

0000000000000 0D0000000000000000000000000000000000
gboboboobobobooooooooo



56 050 DOODOOLOO0OOODLOOODLOOObDOODbOOObOObDDOO

gs1: 00000000

00 (wy, we, w3)  (0.25, 0.25, 0.50)

0o M 289 (for E1), 649 (for Es),
1621 (for E3)
000000 B 18 (for Eq, Es),
45 (for Eg)

0s2. 0000000000

000 n,
000 ng
00000 n.
00000 pn

50
1000

0.1

00)0000n,(000)0000000000OO00OO0OO0O0OOO

(b) D0 Es0000000O0O0O0OO0O0OOO0OOODOO (w1, we, ws) DODOODOODO
00000000000 0DO00GAODOODDOODODOOOODOODOOOoOOooOn

uboboobooboboooo

gobooboobooooboon

(cp DOOUDODOUOOOOD WK, 0D00H,0000000000DOO0OOODOOOO
U000dbD H,O000 ;0 E,00000000D0000000H,0D00O0DOO
00000000000 GAOODUOOOOOOOOOooO (5.12)00 (5.16) 0000
(5.17) 00 000C00O0DOOOODOOO00OO0OOODOOOOOOODOODOOOOOO

gbobooboogoood

(d 0000000000000 0O0O0000OOODO0OO0DO0DODOOOOOOOOOO
gooobobooboboobooooboobobobobobobobobobobo
U0 H0000000000DO0OD0OO00ODO0ODUODODObODbOODbDODUODODO
O00o00ooOooooo0oGADOOOOUOUOODDOOOOOOODOODOOOOO

ubbooobuoobbooboobbooboaonoo

00 (¢)000 (d)0000H, 0000 E,0E,000E00000000000000
00000000000000000000000000000000000000000
00000000 H;0H,00000000000000000000GAOOOOOOO
00000000000000000000000000000000000000000
GAOOOO (5.6)~(5.11) 00 (5.16)0 (5.17) 0000000000000 O0BABO OO
0000000000000000000H,00000000000000000000



5.5 000 o7
053 0000 (D0O00O0O)
(a) Eq
00 gooon
oog ™ oog* ggd goon
GA 17.75 (63, 8, 0) 21.50 (70, 12, 2) 20.31 0.84
000000 (H)  17.75 (63,8, —) 20.00 (64, 16, —)  18.85 0.63
000000 (Hy)  17.75 (63,8, —) 17.75 (63, 8, —)  17.75 0.00
CPLEX 17.75 (63, 8, —)
(b) Eg
00 gooon
goag* oog-* oo gogon
GA 32.75 (78, 53, 0) 37.25 (84, 63, 1)  35.59 1.24
000000 (H) 2975 (74, 45, —)  32.00 (75, 53, =)  31.04 0.58
000000 (Hy) 2950 (74, 44, —)  31.00 (78, 46, —)  29.93 0.42
CPLEX 29.50 (74, 44, —)
(c) Es
ol gooon
goag* oog-* ggod goon
GA 68.75 (189, 42,22) 91.75 (204, 101,31)  82.08 6.18
000000 (Hy) 4575 (170, 13, —)  48.50 (181, 13, —)  47.38 0.87
CPLEX** 67.75 (184, 87, —)

«00003000000 (21,292,23) 0000

»+ O00000000000001L,00000000000000000
oooobobooooboooo



58 0O 50 ODOODODLOOOOODLOOODLOOODOODOOObOOODbDDbOO

054: 0000 (D0O0OO)

00 00 ooooo)*
E GA (0DDOO) 0.11
000000 (H,000) 41.18
000000 (Hy, OOD) 2206.28
CPLEX 41.72
E, GA (0DDOO) 0.12
000000 (H,000) 155.46
000000 (Hy,, OOD) 19659.18
CPLEX 8411.13
Es GA (0DDOO) 0.55
000000 (H,000) 18769.59
CPLEX** 23626.08

% UltraSPARC 1II (750MHz) O 0 O

»+ O00000000000001L,00000000000000000
obooobOobooooboboon

gss5: 00040oo

oo 000 O0o0O0 oOoOood
BAB O O X
Hs o O X
H; O o O

GA X X O




5.6 00O 99

gogboodgboooobad

gbooopooobooboboboobobooboboboobobooboobobooo
goboobooobooobogossooboon

gbbogbbooboboobboobboobooobboooboooooboooboo
gbogboobooboobobboboobobboboobobooboooboboon
gboobobooboboooboooobobobooboboobooboobong
0000000000000 00DoDoO00oooo000ooooOo0ooooogn GAO
goobobooooooo )y i, 00bobooooooboobooobboboboboo
gogbogboooboogoon

5.6 0UU

gboboooooooooooobobobobooobooboboboboboboono
goobobobuooboboooboobooboboobobbooboooobobog
gooobboooboboboobobuoobbooobobboobobboobobbobg
ggbooobuooobooobboooboboobbooobooooboooboooboobooo
gbooboboobobooboobobooboboboobobobooobobooaong
goboobooooooboobobooboobooboboobooono

gooobbooooboobooooobbbooooboboooobbbooooooDoo
gobooobooobooboooboboan






0 6 0

Joooobooobooboooboooboon

6.1 00U

gooobo3gogoobobboooboboooobbooooooobooooo
gboooboobooboobobuoobooboobobobobboobooboobo
0449 00000000000000000000000000000000000000
00000000000000000?00000000000000000000000
gboobobobobboboobbobobuobbooboooboboobobbaonog
0000000o00O0U00O00Uo0D (D 40)0000000O0DOOOUOODOOODODOO
gogboobooobooboooboboobooobooboobobooboooo

PittOOOOUODOOUOOUODLOODOODOOSODULOODUDbUOUODODUUDbOUObLOOD
ggboobobobobooboouoooobooboobobooboobooboog
gbooboboobobooobobooboboboboobobuoobobooboanog
gooobobooboobobooboboobobooo40bobobobobobo
googboboobooboobobooobobooboboobobooboboboobg
goboobobbooooboboooooboobobooooboboboooooboobobooooboobog
gogbooooboboobbodobbuoooboboobboooboboobobooobobo
goboobooboboooooaboboobuooboaobboonod

gbooobooogboooobobooboobouoobooooboboobobooon
gooobobobooooboobobobobobooooboooooobobonbg

6.2 U000

0000000000000 000000000000000000ONDDDO J4
Gj=1--- . NYoNMODOOOM,; (i=1,---,NM)DOOODDOODOOOODOOOO NFO
Oo00F, (h=1,---,NF)DOOODODO (00)000000000 F,0n,000000
M; (i=Np_1+1,---,Np ; Ny=Y1 n; No=0)000D00000000000000
0000000000 J;0n; 0000 Of (k=Nj_1+1,---,Nj; Nj=Y3_,ng; No=0)

61



62 060 DOODOOOOOODDOODOOOODLOOODOOO

061: 0000000000000 (vOO300800)
osl100b0oooobooboobooboob0 Fpoboboboooboo

0000000000 O = Oy (k=N;_1+1,---,N;-1) 000000000000
000000 (k=1,---,N°) 0000000 000000000 M,0000000
006 00000000MO000000,00000p000000000 4000

() 00000000 (0OO000)

F1 F3
3 (o)

{M1,M2, M3 {Mg, M7}

n (0 (0
{M1,M2, M3t {My, Mz}

F F
% (g ——(0)-

F3
(o)

{Myg, M5} {Mg,Mp, M3 {Mg, M7}

(by0ODODODOODO

0006 00000000000000000O0
gbobodobogbbooboobobooobooboooo

() OO0O0O: 0000000000000 DODOOO0ODO0DUODODODODODOOO

(b DOOD0OUOOO: 000000000000 0O0O0OO0OOODOODOODOOOOOO
googoobooboobooboobbooboobboboobobooboobg

ugboboobogoood

gobooboobboobobgoo

NF¥.oooo
NM. oooo
NJ .o0ooo



6200000 63

N : 000 (=Ny).

00000 F,000MO000J,000000,000000000000000000
(A) 0DOO

n,: 0000
(B) oDOOO

we: 0000060000000 M;00000000000000000
(C) oDOoO

d;: 000

n;: 0ddg
(D) OO0

5 0000

r: 0000

sp,s2: 0000000000D000DOO

M 000, 0000000000

pi: 0000 (i = pis, 7x)0
000000000000000000000000000000000000 Cax O
00000 Teum OO OO

21 = Crax = m]ax t]FV], = mkax tg , (6.1)
29 = Toum = Z {max (0, t%j — dj)} , (6.2)
j
ooooDood
t: 000, 00000000
tf.000,00000000
0000000000000000000000000000000000
Z = wi 21 + Wy 2 (6.3)
0000000 w000 w, 00000D0DODOO
0000000000000000000000000000000000000000
ooo
(1) DODO0O0oDoooo
(2) 000000000000



64 060 DOODOOOOODDOODOOOODLOOODOOO

(3y 00000000
(4 00000000

0000000000000 000ooOODOO0O0()DOOoOoDoDoUoODOoODODOOoOoOoOoooOo
00000000000000000000 (NM=7 N'=3 N=8) 00610000
goooo

goboogbooboboobobobooboobobooboboboboobooooboon
0000000000000 Y000000000000000000000000000
0000 (1)00o0 (2)000o0oooooOOOoOooUooUoObooOo

gbooboboobooooobobuooobooooboboobobooboboboboan
googboooboobooboobobboboobobooboboobooboboon
gogboobboooobooooooobboooboooobbboooooobooobobog
ggbooobooboooboobog

6.3 UUULonooooooobobod

goobobobobobooboobobooboobooobooboboobobobooon
gobooboboobe20b00b00b0obOo0obooboobobobbobOonbg
goboobboooooooboboboooobobbbooooobbobboooooobobog
000000000000 0000000000000000000000000 70
0000000000000 000000DO000O0O00ODO0O0DO0O0OODO0O0ODO M«(1)
gooooboogoo OEDDDDDDMi*(T)DDDD rO00000@O0O0)o0oo0
goboobboobbooboboobboobboonbg Og*(T)DDDDDDDDDD
goboobooboobboboooboobooed10boboboooe20000
gogooo

6.3.1 OU0O0OO0OOOOOOO0On

1° (000)
0D00000000000000+7-=0000000000000 0=
0000

2° (000000000)
() 00 M;O0ODOO 000000000000 O%r)=000000
00,00000000000000(00; 0000 k-1=N;)0

00000000000000000000 (O, €e0!00000
00;j0000k-1#N,;,)000000,000000000000



630000000000 DOOODOO 65

U 6200000000000



66 060 DOODOOOOODDOODOOOODOOODOOO

OM eM) 000 O r)=0%r)u{0,} 0000000000
00 OXr)=000007r=7+10002°00
(b) O, € O¥(r)DD0000O00DODOODO:
max(ty_q + pik—1,
t5 + pie, + ekl ),
ty = if k#Nj_y, j=1,---,N7,
max (0, £ + pir, + se,600k),

otherwise,
0000 (0,000 M;00000000000000 ;5 Age O 0 #

Sw 000100000000 000000000)0
(c) U;03(r) 0000000 (&) +pi) 00000000000000O0O
00000000000 O 000 M- 0000
3 (00000000000)
OX(r) 000 ) <t +pwp- 0000000000 OL(7) (S OX(7))
0000
4 (000000000)
000 O, €03(r) 000000000000 000000O0000 Oy
D000, 000000 ¢#=¢ 00000'=0'n{0;} 0000
5° (0D0O0)
0=NO0D00000000000200

6.3.2 0O0O0O0OOOOO
6.3.104°0000000000000O0000O0O0O0O ¢ 00D0O00O0DOODOO:
Na
Guk = Y Wurlre- (6.4)
=1

000 age (k=1,---,N;¢=1,---,n,) 0000 O, 0000000 (DODOODO)OODO

w000 (0000000000 O0OO (00)SOO0O0OU0OO0DOOUOO)O S, 000

ggbogbooobobooobooaoboboooboan
O0000000000000000000000O00 400 (np=4)0000:

(A) 0000 (Q000000000) py0
(B) 00000000 |My|O

(C) 000000 w *0

‘up =d;j —t5*, (k=N;_1+1,---,N;)0000 ¢*0 (0, 00000)000000000000000
00000000 (000000000000000000000000)0000000000 J;0000
ooooo




630000000000 DOOODOO 67

o &
S S
NERSIRS SRS

<>Q<> QQQ QQQ QQQQQQQQQQQQ
ST O O YOO

C’ Chx Dag Wi Wy Wy W,
"2 ]1]3]1][0]-1]2]
<condition> <action>

ge63: 0004000

(D) 000000 nkCO
0000000000000000000 (0000)00000

(1) 0ooooo ¢'o
(2) 000000 Chaxd
(3) DO0DD0O0D0O0 DO

oo0obOobOobooobooboooo SObobOobOoboboboo
ogooo s, 0000w,y OO0O0DOO0DOODODOODOOODODODODOODODOO
({condition)) 0 OO0 ({(action)) D0 DO OOOODOO :

if (condition) then (action) (6.5)

gooboboooboooboboobuooboboobobooboobobooobboobg
oooooo (bo)Ss,000oooooooooooooe(=1,---,n,)000000OO
goooooooo s, 0bo0oooooooow,, 0DOOOO0ODOOOOODOOOO
o{-ny,---,ny} 000000000000O00O0O0OO0O0G630000000000OO
000000000000 0O000000D0 (a)Doooo
6.3.100000000b0obboobobbooboboobooobooboonoon
goo0oO00O (o)0D0D0O0O0OOO0O0OOOOOO0OOODODODODODODODOOOODbDDOOD
gbooooobooobobooboboobooboboobobobobobbaoonog
gobodboooboobooooobooboon

(4 000000000000 f

gobobobobooooooboooobboboooooboboboooobooboooobooboog
0000000ooooO (ooooo
0000000000000 oU0ooOn, 00000000000 {r1,rg,--+,rp,} 00
0000000o0o0oU0Oo0ooO0ooOo0O0o0ooOoU0OoOoO0ooOoOU0DOOobDO(Dooo)o
gboobobuooboboooboboobobobobobobooboboobonog
ooooooooooooooooooooo0ooD U, Sy DO0O0DODODOOOOooooOo



68 060 DOODOOOOLOODDOODOOOODLDOODOOO

(oo s, 0000000000000 000D0D0D0DODDDODOoOoOooOOoDODDODODODOO
0)Doo0o0oo0o0ooOoU0oOOo0oU0oUo0o0ooO0oUOoOooDoDOoUoOoOooO
goobobooooboooobobooobobobooboooobuooboooboooon
()00000000000 (DOOO0O0U0OOO0OO0)DODDOOOoDUOOooOoOOOoOoooOo
0000000 (0O)boo0O0O0O00000DUOOOOODOOOOODODOOObDOOO
gboobobooobbodobooboobbobuooboobooboboobobbaonog
00000000000 (bh)00O00000D0O0O0UO0O0O0OO0 WOOOoOoUoOoUooo
00000000o0O000oO0000o000O0O000ODO (O)OODULoOooUoOoUooOo
gbobobobooboooboboobuobbobuoobooobooboooobooboonog
goboobobooobooboobobooabobooboan

64 UUOUOOLOOOOOOOOLOOOOOO

6.3DDDDDDDDDDDDDDDDDDDDDDDDDDDDDD(GA)46) goo
DDDDDDDDDDDDDDDDDD(GBML)31)DDDDDDGBMLDDDDDDDD
000000000 MichiganOODOOODO PittO0D0OO0OOOOODOOOD Michigan O
ooo0oO0oO0OO00O (COLO)DO0DU0DO0D0ODUDOUODOODOODODOOOODODOODODOODODODODOO
gooboooboboooboboooboboboopittoboboobobooooboo
ooobobob0oboob0obobobuoboOMichigan DOOODOODODOODODOODO
ooobobobooooooooboobobobobooboooooonD pit0bODO
gogboogbboobooooo

GBMLODOOOOOOOOOOOODOOOOOOOODOOOOOODDOOOOOOOo
0000000000000 000D0 GAODDOODO Pit0D0O0ODODOODOOOOOOO
goobobobboboooooogo pitbObobObOO0ObObDObObD 640000

6.4.1 OU00O0OO0OOOOOOO

GBMLOOOOOOODOOGAOOOOOOOOOOODOOOOODOOOOOODO
gobooboooboobooobooooobo

(1) 00000000

Pitt 00DODO0OODOOOOODODO GAOODODOOODOOOOODOODODOODOOO
ry(({=1,---,n,) 0000000000000 OOOO:

{r17r27' o 7rnr}



64000000000DLOODOOOOO 69

gooooono

Y.

| oooooooo |

|

Doooo 1
00000 2 [f—————

goooog

A,
goooo

064 PittD0O000O00O0O00O0O00OO0O

ggbooboooooon.

(2)00000

gooboobbooobooboboobobooboboobboobbuooboDoboooboo
00000 (63)00000000000000OO0DODOOOO0e6.3.200000000
goooboboobobooboboobobuoobooboooboboboobobg
gogboooboogd

(3)0UooOooooUoooo

GAOODOOOODDODOOO0ODOODOODOOO000000D0DOODOO0000000D0ODO0000
0000000000 Steady-state GA*6) 00 00 O Steady-state GAO O D OO0 D OO
000000000000 00000000000000000000000000000
00000000000000000000000000000000000000000
0000000000000 00D0000D0000D000000000000D0000DO0
0000oD000000DOoooO:

() O0: 00000000000 COO0OODODOOO0OO0OOOOOO0OOOOODODODODOOO
0000000000000 000000D (CoooL)UoooooooooOoo
googno

(b DOOO: DO00O0OO000OOOO0DO0DOOOUOOOODODOOOUOUOO P, OODOOO
(00000000 (DOo0DoUooO0o00bLD)00o0UooooO S, 000oo0o00
oooooooooooo {-ny,---,ny}000000000O000)0000000
O00000000000oooooO0(booobo)ooooooo



70 060 O0O0ODLOOODLOLDOODDOOODOODOOD

Oo6l: 00000000
NM NN (wy, we)

EA 6 6 18 (0.5,0,5)
EB 12 9 45 (05,0,5)
EC 11 70 219 (0.5, 0,5)

062 GAOODDOOO

000 n, 100
000 ng 5000
00000 pu 0.1
0000 n 100

6.5 UUOOO

0610000003000000000 (£A0&B000 &% 00000000000
000000200000 (BADEBOOOES (i=1,---,20)0000006.3000 6.4
000000000000000000(1)0000000000000000000000
0000000000000000O0 (00000000)0(2) (1)0000000000
0000000 (3)0000000000000000000 (000000000000
0000)0000000000000000000000000000000 (0000
00000) 0000000000

6.5.1 0OO0O0O0OO0OOOOOO0OO0OO0

0000000000000 (a)00000000 (b)000000 (00 GBML(a) OO
OGBML(b)ODOO)OODOODODOODDOOODDOODO0O0OD 100000000000000
00000000000000 |S,|=10° (GBML(a) 00 0)0|S,| = 103 x N¥ (GBML(b)
000)00000000000000000000000nY =4=1,---,40000
O0D00OGBMLOOOODOOOODOOOODOO62000000000GBMLOOOOO
0000000000000 00D00000000D00000000000000000
ODO0GBMLOOODOODODOOODOO0DO0DO0DO0O ffBMMO00GADDODOOOD
0000000000 (00 GA)ODDOO0OD0DO00DO0O0000O000O ffA0D0O0
pi(= fEBML/ fGAYMOODO0D0 GAOODOODOOODODODOODOO0DO000O0
000 0,0000 ¢, 000000:

{01,02,---, 0N}



6500000 71

000000006300000000000 (2000000)p,0000000000000
00000 630000000000 &A0000000000000000OO CPLEXY)D
D000000000000000000 fPEXgOQO pf (= fEBML/fCPLEXy 0000
00000000006400000 GBML(a)JOO GBML(b)OODOODOOODOOO
Do0ooooo

06300000 GBML(a) 0OO GBML(b)JDOODOODOOOOOOODOO

e 000D EADDDONONOODDDDOOONONONODODDDOOOOODODO

e J000COOO0OO0O0OIOUOLODGAODODOOIOOOODDODDOODOOOCODOOOO
000 (0O00o00oooo)boboooooOooooo

00000000000 GBMLOOO GAOUOOOUOOO (oOOoOooo)boooooo
ooboooobooobooobDoOobooooo GBMLOODOOOODOOOODOOO
goobobooboboobobobobooboboobobooobooboobooooobog
GBML(a) O GBML(b)OOUOOOODOOODDOOOOOOOOODOOOOOOOOOOOO
gobooobooobooboooboboan

6.5.2 0OUOO0O0O0OO0OOOOOOO0OO0

gboooogbobooobobooobobooooboooboboobobooooon
0000000 (00000000)00650000000000000DOO0ODODOO
gooobobooboboooobobooboboboobbobooboboobobog
ooobob NOOOOOoOOOobOOobOoOOOobOobOobOobOoboboobooooo
gogbooobooboon E?DDDDDDDDDDDDDDDDDDDDDDDDDDDDD
000 (00 GBML(p)OOOOODO)OO 650000

06500000 GBML(a)OODOOOOO

e NIDDOODODOODLDDOODUOODLDOODLOODDOODO

gboobobobooboboobooboooobooboboooobobobonog
00 (0e63) 000000000000 LDODOOOODDOOOODOODOOOO (6.5.300
0)0b00000000O0O0/00000ooO0U00O000DLOOoOO0D0DOOoOoOoOooooO
0000000000000 0000D00DDOODOO GBML(b)ODODDOOOO

e I0GBML(d)DUOODOODDODOOUDOOOODDOOODOOOODOD

goooboboobobooboboobobooboobobooboboobobog
goood
gbboboboobbooobooboobesdnd

e NIDOODDOODLOODDOODLOODDOODO



72 060 O0O0ODOOODOLDOODDOOODLOODOOD

063 0000 (000)
(1) 0O GBML(a)

oo 0 p(p")
oo 0O 00 oooo
oA 096  1.13 1.01 0.03
(1.00) (1.18)  (1.04) (0.05)
EB 0.97  1.03 0.99 0.01
£© 0.96  1.04 1.00 0.02
(2) 0O GBML(b)
oo 0 p(p")
oo 0O 00 oooo
oA 095 1.13 1.01 0.03
(1.00) (1.18)  (1.03) (0.05)
EB 0.97  1.02 0.99 0.01
£© 0.96  1.04 1.00 0.02

(1) 0 O GBML(a)

064 0000000000000
(2) 0O GBML(b)

OO0 0000 (0] OO0 0000 (O]
A 1.4 A 2.1
EB 5.7 EB 10.9
EC 93.2 EC 865.7

(1) 00 GBML(a)

U060 0douooooog
(2) 00 GBML(b)

00 0OO0O0000 00 O0Oooooo
EA 9.0 EA 12.0
EB 7.2 EB 14.2
EC 7.9 £C 18.1




6500000 73

0 50 100 150 200
oo

Oes5 000000000

o0o0o0O0O0O0O0000000D0D00000O0OC0OODODOODODOOO (oDODO)DOoOo
gbooboboobobooobobooboboobobooboboobooboobonog
gooogooobgoboobooooboboobuobboobooboboobobobobg
gooooo

6.5.3 OUOU0OO0OOOOOO0OOO0O0

00000000000 (M0O00000)0002000000 (EFOEMOOOD EF)O
0000000000000000000 (2000000000000000000000
0000)000 GBML(a)JOO GBML(b)DODODDOOOOOOOOO0ODOOOODODOOO
00000000 (0O0O0000)20000 (EFADEFBODOEF) DO0DOODODODOO
000000000000 (0D0D0000000000000)000000000000
D00 fROO0DO0DOO00OO0DO00O00O f(EFA00D000000000000EFEOD
OEFO00D00D000GADDOODOD GBMLODOOOOOOODOOO0OO0O0OO0O)O0
Opf(=fR/f)0000000006600000000660000000000000
00 (SPT: 00000000000, EDD: 000000000000 SLACK: 0000
0000000)000000000000000000000000000000000
0000000000000 00000000000000000000000000) O
0000000000000 0000000000D000000000000000000
00 p000 pr0000670000680000

066000000000000000

e 0/00D0D000LODODDOOSNUDOODOOUOOOLDDOOUDOOODOOO



4 060 O0O0ODLOOODOLDOODOOODOODOOD

24 o
1
22} /| o GBML()
'\ - GBML(b)
20} I+ SPT
|\ -~ EDD
181 || -0 SLACK

ooooono

2.4
2ol - GBML(a)
- GBML(b)

- 20l -+ SPT
- -»- EDD
018} -o- SLACK
o16f Tk e ey
0O L ¥

140 7

24 . .
+ R |
1 + - + T e
oot + //,’u\\_,,r*' . /\i]\ + -+ ,5 +
/DA—FE( \\D'—D . // \\ // \\ /D\{]
() 20 // \\ /E‘_D \EL‘D\\ // \\ /D
O [j/ \ / D‘\D\\D/ o
O 18F Voo
O - GBML(a)
016} -~ GBML(b)
- -+ SPT
14+ -2 EDD
A -0~ SLACK

TR

ﬁ"l

=
o

066 00000000000



6500000

75

ooooono

oooooo

ooooono

w
o

w
o

N
ol

N
o

=
(631

=
o

35

n
o

=
ol

=
o

w
o

w
o

N
ol

N
o

=
ol

=
o

- GBML(a)
-o- GBML(b)

0o
() 00000: A000D0O0: &8

- GBML(a)
-~ GBML(b)

RN

(b)DODOO: A0D0D00DO: &°

- GBML(a)
-o- GBML(b)

0o
(cODOO0OD: BO0DDO0ODO: &A

067 00000000000O0OO0O (1)



76

el UO0ODLOODDODOODLDOODLOODLDOOD

ooooono

oooooo

ooooono

N
o

=
ol

=
o

w
o

w
o

N
a1

n
o

=
o

35

N
o

=
(63}

=
o

=
ol

- GBML(a)
-o- GBML(b)

0o
(2 00000: fo0Doon: &°

%~ GBML(a)
-~ GBML(b)

RN

(b)yDODOO0: 000000: &A

- GBML(a)
-o- GBML(b)

0o
(cODDOO: 000000 &8

068 000000000O0OODOOO (2)



6.6 U0 7

e EDDOSPTOODO SLACKOOOOO(DOOODOO)OOOOOOOoOoooooO
googno

000000O00O00000O000O0U0DOO0DO0O0 (DoO)obooDUooDOoUOooDoOo
gobooboopooooboobobooboobooboboond

gobgoder7bobbesUibbDbO0ODbDbO0ObDOO0ODOOODDOODOODnDD
0000000000000 000 (000000 0)00000D0D0DODOoOoODoOOO
000000000000 00D0D0O00O00OO0OOOODOODODOOOO0O (DO)DDoOOoOOo
gboobobuoobobooboobobogobobobobobooboboobonog
goooboboooboboobobuoobobobobobobooboboobobog
goobooood

6.6 U0

gbbobg3gubouooboobooobobobbobbobbobobobboaan
ogooobooboboooborpPitboboobobDb0obD0oobUob0bobOoobDg s
gbooobobooooooboboooboboooboooooobobobobobobg
gobobooboboooboobooobobooboobobobobboobooboobg
gbooboboooboobobuoobooooobooboboobooboobonog
0000000000000 0000000000D00D0O0DO00D00O(CO)ooo
000000000000oO0O0o0oo0O0 (DUooLO)b0o0DoOoOo0UooOoUooO
goog

gboboooboogn

() 0000000000000 O0O0OO0O0O0OUDOO0OO0DOOODODOOOOOO
gboogooboood

(b DOOODOOOOOOUOOOODOOODOOOOOO0OOOOUOOOODODOOO
(o DOOODDOUDOOOUDOOODODOO

goooooboogd






HEN

gooobooobobooboboobooooooboboobobooboboog
goobooboboooboboobooboobobobobDoobooboobboobag
goboobooboboboobouoboobboboboobbobbobobonb2d
gbooboboobooobobboobouooboboobooboboobobobaonod
goboobooooobod
g200000000boo0booooobobuoobobooboooobonbooon
gbooboobooooobobboobooboboboooobooooooboboboonog
0000000000000 0000000 (D0D0D00oO0)0D0DoDoDooUoobooo
gboobobboobobobobobobobooboboboobobooobbonog
goboobooobooboooboobboobuooboboobag
g300bbo20g0oboobooooboboobobboooobobobooooooo
0000000000000ooo0o0ooUUooOOoOooDoooooOOoOooUOooD (o
00000)000000O00000Pitt0000DO0OODOOOOODOODO4000006
gbooboboobobooooboooobobobooboboobooboobong
goooboboobooboobobuoobobobobobobooboboobobg
goog
400000 300000000DO0O0OODOOODOOOODODOOOODOODLOO
0000000000000 00000000O0O0O0ODO (ODoooOoD)LObOboLoo
goooboobooboboboboobuobobouooboobDooboboobobobobg
0000000000000 0000O0o000U0 (booUoooOooUoooUooD)ooo
goooboboobobooboboobooooobuooboboobooboobobg
gboobobooboboooobuooobboooobooboboobooboobonog
gboobobuooboboooouboboobobooobobooboboobaonogd
goobooboogoo
gs0bdboobooboooboboobobobuooooboooobooboboon
gobobooobobboogetdbboobboobbobobobboobooboooanog
gboobobooboboboboobouooboboobooboboboobobbonog

79



80 O 70 OO

000000000O0OO0O0O0O00020000000 (DODO0DOQOODODO (OO (A)ooo
000000000 (Db (B)) booUoOOOOO0O3000000LOOOOOOOOO
000000 (A)D0D0O00o0o0ooO0o0U0O0oOoU0Oo0ooDoOUOoOoDUOOOoUoOoOO
oooooOoOoO(@MO (A)CoooOoOoOoODOOODODOOOOOOODOOODOOOOO)bO
gboobooboobobobdobboboogobooboboobobooboobbonog
gogbooboooboobobooaboobooood
gedobobo3bbooboopoboobbobobooboobooboobobonoo
goooboboboboobobopPitDbobob0obDO0OO0ObObODUOoOobDOoObO sDbOOD
goooOoQoOoOoOOOOOOOOCOOOOOOOUOODODODUOOODO (A DODODDDOO
00000000 000O0O00 (B)ooOoUDUoOOOOODUDOOODOOODOUbODODOOOOO
gobooobuooobooobuooobooooboooooooboobobooooobooo
00000oO000b00o00000o0oO0U00D (bo)bOoOoUooOOooUooOoUOooOo
0000000 (b0o0bD)000oo0oUooooUoDOoUbDoOOooo
gbooouobobooobooboboooboooobooboobooboboan
000000000O0oO0O0O000DU0o0OoOoOOO0o0DUOUOOOOO/ooDo0O0D0OooOO
goooboboobobooobobooboboobobooboboobobobog
gooobobooboobobobobooboboobobooobooobooboooobog
gooobobooboboooobbooboboobobobooboboobobg
gbooboboobobooobouoobobooobooooboobooboobonog
ggbobooboboobobbooboboboobooooboboobooboooboon
gobooboooobooboobobooboobobooboobboobg



gbooobdoboobooooobobbobobuooboobooobobooboboan
gbooboboobobobobooobobouoobobooboboboobobbaonog
gobodbbo obooboooboobooboboobbooboog

goboobob oobboobobooboboobboooboobboooboooo
gobodbobooobooboobbooboobobobooboobbooo

gbobooobooboobobbooobboobboobobooobbuoon boooo
gogboooobooooboboboobboobbooo booobooooboooobobo
gboooboboobooboboobobobobooboboooboboboboobobg
goooboooboboobooobobooboboobobooboboobobg
oo booboooobboobobobobboobooboobooboobooaya
0000000000000 0D0O00000000OD0O Fujitsu AMD Semiconductor Limited
LLCO Edward WuO O OOOODOOOOOOODOOOOOOODOOOOOOODOOOO
gobooboobooboobodb obboboobbobooboobooboog
gobooobooooboooboobbbooobooobooobbooobooo ba
gogboogbboooboooboooon

gbboobbo oobboobboobbooobboobboobboobboanoon
gooobobooboooboboobooboouoooobooboboobobobobg
goboobobooooboboooobbooobbbooboobboooobbooob o
goobooboboboboooboooboboboooobooboboboobobg
gogbogbbooobooboobobooobbooboobooboooan

81






oo

)

10)

11)

12)

M. Pinedo: Scheduling: Theory, Algorithms, and Systems, Prentice-Hall, 2nd edition,
2002.

J.Blazewicz, K.Ecker, E.Pesch, G.Schmidt and J. Weglarz: Scheduling Computer
and Manufacturing Processes, Springer-Verlag, 2nd edition, 2001.

T. E. Morton and D. W. Pentico: Heuristic Scheduling Systems, John Wiley & Sons,
1993.

R. Shafaei and P. Brunn: Workshop scheduling using practical (inaccurate) data Part
1: The performance of heuristic scheduling rules in a dynamic job shop environment
using a rolling time horizon approach, Int. J. Prod. Res., Vol.37, No. 17, pp. 3913—
3925, 1999.

R. Shafaei and P. Brunn: Workshop scheduling using practical (inaccurate) data Part
2: An investigation of the robustness of scheduling rules in a dynamic and stochastic

environment, Int. J. Prod. Res., Vol. 37, No. 18, pp. 4105—4117, 1999.

M. J.Shaw, S.Park and N.Raman: Intelligent Scheduling with Machine Learning
Capabilities — The Induction of Scheduling Knowledge, IFE Trans., Vol. 24, No. 2,
pp. 156-168, 1992.

C.Chiu and Y. Yih: A learning-based methodology for dynamic scheduling in dis-
tributed manufacturing systems, Int. J. Prod. Res., Vol.33, No. 11, pp. 3217-3232,
1995.

0000,0000:00000000000000000000,000000000
00 D-I, Vol. J83-D-1, No. 1, pp. 3-25, 2000.

D. E. Goldberg: Genetic Algorithms in Search, Optimization and Machine Learning,
Addison-Wesley, 1989.

OO0 0O: OD0D0oO0oooooo (2), J. Signal Processing, Vol. 4, No.6, pp. 417-424,
2000.

00 0,0000,0000:00000000000000000000000000
0000,00000000000, Vol.35, No. 3, pp. 428-434, 1999.

oboob:00000ooooo,bobo, 1974,

83



84

goog

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

00 0:00000000000000000000000000000O00O,000A0,
000oOoooboooano, 1993.

ooo0o,00 O0:0000000000000000-1—000000000,00
00 /00/00, Vol. 44, No. 8, pp. 468-475, 2000.

00 0:0000000000000000,0000/00/00, Vol.41, No. 3, pp.
92-99, 1997.

00 0,0000 (0):00000o0oooo,ooo0o, 2002.

P. Brucker: Scheduling Algorithms, Springer-Verlag, 3nd edition, 2001.
O0000:00000000000D00000000000O,00000, Vol. 33, No. 7,
pp. 571-574, 1994.

V. J.Leon, S. D. Wu and R. H. Storer: Robustness measures and robust scheduling
for job shops, IIE Trans., Vol. 26, No. 5, pp. 32—43, 1994.

S. V. Mehta and R. M. Uzsoy: Predictable Scheduling of a Job Shop Subject to Break-
downs, IEEFE Trans. Robitics and Automation, Vol. 14, No. 3, pp. 365-378, 1998.

C. Bierwirth and D. C. Mattfeld: Production scheduling and rescheduling with genetic
algorithm, Ewvolutionary Computation, Vol. 7, No. 1, pp. 1-17, 1999.

K. Miyashita and K. Sycara: CABINS: a framework of knowledge acquisition and
iterative revision for schedule improvement and reactive repair, Artificial Intilligence,
Vol. 76, pp. 377-426, 1995.

00 0,0000,0000: 000000000000 0ODO0ODOO0O, 00000,
Vol. 33, No. 7, pp. 566-570, 1994.

oooo0,00 0:0000000000000000-V—00000000000
O0000,0000/00/00, Vol.45, No. 4, pp. 213-219, 2001.

C.Rajendran and O. Holthaus: A comparative study of dispatching rules in dynamic
flowshops and jobhshops, European J. Operational Research, Vol. 116, pp. 156-170,
1999.

K. C.Jeong and Y. D.Kim: A real-time scheduling mechanism for a flexible manu-
facturing system — using simulation and dispatching rules, Int. J. Prod. Res., Vol. 36,
No. 9, pp. 26092626, 1998.

E. Kutanoglu and I. Sabuncuoglu: An analysis of heuristics in a dynamic job shop
with weighted tardiness objectives, Int. J. Prod. Res., Vol.37, No.1, pp. 165-187,
1999.

J. H.Holland: Adaptation in Natural and Artificial Systems, University of Michigan
Press, 1975.



good 85

29)
30)

31)

32)

33)

34)

35)

36)

37)

38)

39)

40)

A1)

42)

43)

gbooo,bob o,bo b,obbo:-0boobobooboob,o0oboo, 1998.

00 0. 0000000000000 0bDOo,o00o000, Vol 32, No. 1, pp. 24-30,
1993.

S. F.Smith: A Learning System Based on Genetic Algorithms, PhD Thesis, University
of Pittsburgh, 1980.

J. H.Holland and J. S. Reitman: Cognitive Systems Based on Adaptive Algorithms,
Pattern-directed Inference Systems (D. A. Waterman and F. Hayes-Roth(eds.)), Aca-
demic Press, pp. 313-329, 1978.

oot gobooooooo, oo, 2002.

ogooo,0o0 o,000,0000,0000,0000: 0000000000000
0000000000000 o00obOOo,00o0ooaono ¢, Vol. 123, No. 4, pp. 823-831,
2003.

gooo, oo, oo, oo dgooobooogoooboooooon
00,0000 cOoooad, Vol 116, No. 5, pp. 577-583, 1996.

J. H.Holland: Hidden Order: How Adaption Builds Complezity, Addison-Wesley,
1995.

oooo,0ddo: oo ooooooooooooa,
Oo0DOOoOooooood, Vol 36, No. 10, pp. 842-851, 2000.

Y. Yang, S. Kreipl and M. Pinedo: Heuristics for Minimizing total weighted tardiness
in Flexible Flow Shops, J. Schduling, Vol. 3, No. 2, pp. 89-108, 2000.

J.Cheng, Y.Karuno and H.Kise: A Shifting Bottleneck Approach for a Parallel-
Machine Flowshop Scheduling Problem, J. the Operations Research Society of Japan,
Vol. 44, No. 2, pp. 140-156, 2001.

K. E.Stecke: Formulation and Solution of Nonlinear Integer Production Planning
Problems for Flexible Manufacturing Systems, Management Science, Vol. 29, No. 3,
pp. 273-288, 1983.

H.Chen, J.Thlow and C.Lehmann: A Genetic Algorithm for Flexible Job-Shop
Scheduling, Proc. the 1999 IEEE Int. Conf. Robotics & Automation, pp. 1120-1125,
1999.

M. Mastrolilli and L.M. Gambardella: Effective Neighborhood Functions for the Flex-
ible Job Shop Problem, J. Scheduling, Vol. 3, No. 1, pp. 3—20, 2000.

K. Mesghouni, S.Hammadi and P.Borne: Hybrid Representation for Genetic Algo-
rithm to Solve Flexible Job Shop Scheduling, Proc. the 15th IMACS World Congress
on Scientific Computation, pp. 433-438, 1997.



86

goog

44)

45)

46)

A7)
48)

49)

50)

K. Sakakibara, H. Tamaki, H. Murao and S.Kitamura: Mathematical Modeling and
Hybrid Solution for a Class of Flexible Shop Scheduling Problems, Int. Symp. Schedul-
g 2002, pp. 93-96, 2002.

gooob,00 0,0b 0,000b:-ggbbuooobobbooobobooobobag
gbob,00 140 0DLO00DLDOOo0bOoOooboOoOoDbog, pp. 324-327, 2002.

T.Béck, D. B. Fogel and Z. Michalewicz(eds.): Evolutionary Computation 1, Institute
of Physics Publishing, 2000.

ILOG Inc.: CPLEX 6.6, http://www.ilog.co.jp/, 1999.

0000,00 0,00 0,0000:000000000000000000000
0000000000 —000000000000000,00000000000
0000 2003, pp. 104-109, 2003.

gooo,00 40,0b o,g00b: ogbbuooobobboooboooobod
goboo —oobooboboobboobooobbooboboob,boobobag
gobooboooooo.booo.

B. Giffler and G.L. Thompson: Algorithms for solving production scheduling problems,
Operations Research, Vol. 8, pp. 487-503, 1960.



Jooooogo

oood

(1)

0000,00 0,00 0,0000,0000,0000,0000000000000
00000D0OoO0oO0ooOOooooo,0booobooa G, Vol 123, No. 4, pp.823-831,
2003.

gooo,dd o,on0 o,0ougg,gooboooooooonoooooon
o000 —000o0oooooooooooooooooooooo,oooooo
dooooooooooo,ooond.

0gooo,00 0,00 0,0000,000000000000000000000
dodddddoooddooooooooo,0o0o0o0o0o0o0o0ooooo,oooa.
K.Sakakibara, H.Tamaki, H.Murao, S.Kitamura, Metaheuristics Approach for Rule
Acquisition in Flexible Shop Scheduling Problems, Post-Conference Volume of The
Fifth Metaheuristics Int. Conference, 0 O O .

godd

(1)

K.Sakakibara, H.Tamaki, H. Murao, S.Kitamura, “Mathematical Modeling and Hy-
brid Solution for a Class of Flexible Shop Scheduling Problems”, Int. Symp. Schedul-
ing 2002, pp.93-96, 2002.

H.Tamaki, K.Sakakibara, H.Murao, S.Kitamura, “Modeling and Meta-Heuristic So-
lution for Flexible Shop Scheduling”, 15th IFAC World Congress on Automatic Con-
trol, CD-ROM paper, 2002.

K.Sakakibara, H.Tamaki, H.Murao, S.Kitamura, “Toward a Real-Time Scheduling
for a Class of Flexible Shop Problems”, SICE Annual Conference 2002, pp.1379-
1384, 2002.

K.Sakakibara, H. Tamaki, H.Murao, S.Kitamura, “Metaheuristics Approach for Rule
Acquisition in Flexible Shop Scheduling Problems”, The 5th Metaheuristics Int.
Conference, CD-ROM paper, 2003.

87



88

goooooood

oood

(1)

(2)

(11)

(12)

goog,bb o,bo0b,0obbgo,bboobooboooboobbooba
uboboobogboobgo,be0b00dbboononoooboodd, pp.s1-52, 2000.

ot g,guboo,bobobo,bo bo,bbobo,booobobooboboboooyd
O000000000O00oo0ooUoO,00000ooooooooo (IS-01), pp.11-16,
2001.

ugogobo,o0 ag,bb b0o,0000,0000b0booobobogooooooobod
gbobooboboobboob,bo0boobobuo0obooon 2001, pp.161-166,
2001.

goog,00 0,00 b,0boo,gogboboboboobobooboobo
gboobobobob,b0b0ob0oboboboboboobgd, pp.71-74, 2001.

0000,00 0,00 0,0000,000000000000000000000
000000000,01000000000000000000000000000
0000, pp.3-6, 2001.

0000,00 0,00 0,0000,000000000000000000000
0000000000 —000000000000000000,08000000
00000000, pp.103-104, 2002

goog,bo b,0b0 0,b0ob,0bboooboboboooboobOooobg
goo,00 140 0000 oooboobooobboon, pp.324-327, 2002.

goog,00 0,00 b,0boo,goboboobbooboobooboobo
ugobooobob —oOobbooobabbooobbbooobooboobooooobooba
obooboboO0o,0b0b0b0ob0obobOobo 2002, pp.134-139, 2002.

oooo,0o0 0,00 0,0000,GBMLOOOODOOCOOOOOOOOODO
ub —oboooooobobobobuoobobobuobooooobooboobooobog,
g2000000b0bbooobboobbbooobooooboobd, pp.3r-40,
2002.

0000,00 0,00 0,0000,000000000000000000000
0000 —000000000000000000,00000000000000
0000, pp.287-288, 2002.

0000,00 0,00 0,0000,000000000000000000000
00000 —0000000000000000000000000,0 90 MPS
000000, pp.93-98, 2003.

goog,00 0,00 b,0boo,googboboboboobobooboobo



gopbooboogod 89

0000000000 —000000000000000000000000000
0000 2003, pp.104-109, 2003.



