JAIST Repository

https://dspace.jaist.ac.jp/

iUy UUg o

19/ 1321

Title 00

Author(s) oo, O

Citation

Issue Date 2000-03

Type Thesis or Dissertation
Text version aut hor

URL http://hdl . handle.net/ 101
Rights

Description VI ach. Mi |l an, ooooooo, oo

AIST

JAPAN
ADVANCED INSTITUTE OF
SCIENCE AND TECHNOLOGY

Japan Advanced Institute of Science and Technology



O o o O

Jooodoobobodboobbodgooboggoboggd

o000 Milan Vlach O [

gooooogoouoon
gooooboooboooboobgn

0o O

200000 20 150

Copyright (© 2000 by Akira SHINJO



1 Odgo

2 Dudboobooooood

I 0
22 OUOOOO0OOOO0O0O0O .00
221 OD0OO0OO0OOO .00 oo e
222 O0O0OOO oo e
223 00000000 .00 oo e
224 0O00O0O0OOOOOODOOODOODOO ..o 00000 ..
23 UUOULOO0OOUOODO0OOOOnOOn oo oo s

2.1

3 Dgugubououboogooooon
Uo0oooooooooog ..o oo

3.1
3.2

gog ...

4 OUgooog
I 0 P

4.1

4.2

4.1.1 Example
googoog

4.3 OUOOO0OO0O0O0OO0O0OO ..o s e

5 Uod

5.1

goooood

52 DUOUOOOOOOO .o

6 00

10
10
11
13
14

16
16
16

21



T Oodgo

(4% S R I

72 UgUoodn

8 U0

i



11 [

oot

D00000000000000000000000000000000000000
000000000000000000.000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000.0000000002000040000
0D000000000000000000000000000000000000 [4].

D00000000000000000000000000000000000000
0D000000000000000000000000000000000000000
0000000000000000000000000000000000000000
00 [5] [6] [7]-

D00000000000000000000000000000000000000
000000000000000000000000000000000000000.
0000000000000000000000000000000000000000
0000000000000000000000000000000000000.00
0D000000000000000000000000000000000000000
0D0000000000000000000000000000 [8] [9] [12].

0000000000000000000000000000000000000000
0D000000000000000000000000000000000000000
0000000000000000.00000000000000000000000
00000000000000000000000.0000000000000000
0000000000000000000000000000000000000.

D00000000000000000000000000000000000000
000000000000000000000000000000000000000



googbougbdgbogbooboboobboonboooubooboon.

goougogbooguogoobnobobobbbobonobooooobouon
goboobbogboobbdbouobouoboubooooobououboooa.

gbodgugbogbogboobogbooboooooboooonoabnoo
gogopouoobgbdoooguboooobgogo.

gbooboodbgubobodbobobbodgboobobonbobo.bobn
gobdoogudobobogoooobobobobobouboooobobbogo
googoon.



1 2 [

Jobdbodotdboddn iy

2.1 ooouooobodd

goboduogodboudogbobouboobbboobobuboobobonon
gboddigoobgbouogbbouuoo sobgbbbououoobg 2000
gobddoboouooogogbobasgbobobonobobobobobo
god.bogbudbguoogoubonoobuouboonbooboobouonoooo
gooobotuogi1bobbgoononoona.

goddbgbdauogdoobgoooubobobbobobooooooboon
gobgoboobbouogoobobbbboooboobooboobooboboong
gougodggggbo.oguoobboubobogbbuoboboobbboobo
guobbouubugoooobobboboooboubobbobooboboobg
googbooooood.

2.2 JUOOQUooooooggo

gogbgdubdgbguogubbgbuogobaboboboooooboood
guobgoubogoboboobbboobobobbobooboobuonoboobod
goudougoouoauooonogoo.

1. gboobooboobogn
2. 0ggboooooboobobboubonuouoobogan.

. uugboonbogboobooubouboubobogbo.



4. J0dbooboobuoobooboubouboboobo.

gboogbooboogoogbooaogogo

2.2.1 0JOOOoogod

godobgbgbobdgbobobobnobonbobobobnobboobooooo
gb.gbgbbgoodgbodgbogogbboboobobboobbooboboobo
googbououoouoouogoo.

gobudubgobodgobobobubooobobbobooboobooogo
gogbdooonoubogboguobonoanbobonbobobonoboonoon
gogdgbgbodooubob.bobbuobobobbobuobobdubobood
googdbodgbgdboobooboobobboboobooboob.

gbobobd24ugbuoubgbuodbogboouoobbubobooboon
gogotbobdbobguobbbobobooob.bgbbobobboboubboobood
goodbouooouboguboouoobooboooo.

2.2.2 0O0O0O0O0O

gobobbdggobogooobogbbgbo.ocgbogboobobobobodon
gbodbgubbogouboo1gusugbobooouoobobnoobooooba
gobgbutgbodbotbbotobobboobbonbobogbo.
gboobbobodbodboogooboobooooooooboooanooo
gbogdbgbdogbboboboboooboboooob.boogoobbood
gobogbugboouboooboobbonbounbgoaog.
guobdbogbbdgboobboubooboubooboobbboobooboboyd
gootbgogbogbdabot.gbbboobbobdoboogubonoobooobo
guodbddobobobuouuooubuoooooboboboobobonoba
googbuogoooobogbgbobobooobnboboobon.
gogdbdbdbobouoooguogboboboboobooooboboon
googboboooooboubobobobggooooog.



2.2.3 00OOoOooood

gobodgubobodubooboobbouogubbguoooobnbboubboognon
gobdboboboboouogboboboboboooobobobobobobo
goobodgodab.gbobboguooubooboooouboubuouobobo
guobdbouogoboobogobobobobbbouboobouboobooog
uo.

gbddggbogbobbguogbobogbobbobobobuoouobobg
gob1obgboogogbbobbboubgbobobobooobogbbbobonob
gougoguooboo.guboodgoobouooboonbounbouobuoobouoobo
gogbgbobobooobooobooooooboboboboboboooobo
gbodgbudbdubouooboobnboonbonboobobobooobo.

guobdubgubgbbobbobooobobooobobbooobooobayd
gbodgbdboguubogugboboguooobobbbooboboobobobogo
gogugobbogbooboubguboobouboobobboboboooad
goodoogogg.

goudbodbdgobouooouoobobouobobobboboobouaon
gogobdoodbdgooogodgbobobboobbbobobobobooobag
ao.

godbobdodbodbdgboboboboobooogbbooboobobobob
goougodgougbguogbobboubob.obooboooobobnooobo
gouboboubogboougbobugbooboobooobobboobonood
ga.

2.2.4 UOU00O0OO0O0OOOOOOOOOOOOO

gobgubogboobogoboogbbobobobboobooooouoboooo
goooboobooboboboboooboooba.

e JUUOOOODLDODLODLOOODLDODULDObLODLObOOOOU
o LU DOUODLOOUOLDUOODLLOOLLObLbUUbLOLLuobLooboon.
e DO OODOODO.

e UDUOODLOLODLUOODLOOUOLUOOOO.



e UUOUODLOOLODLOLUDLODLUODLOUOD.

guododbgbooobooogbobobuoouogogbuobobuobobobg
gooooooobobdgodgog.

2.3 UOUO0OooUubouooouooboooooo

gbgbudbgbobooooboooobobuooboboboobuogboobobg
goobooboobooobboobbobooboobooboobuobooboobo
goooooo.

. ggbgbooouoboogoboooooobuobood
2. 000bobobobobbobobobon

. 0uboobooboobobbooboobbobbodgbd

goobobobio2dotoodobogodooooogoooogooooooooonn
gdooooooooobooboooouoboocooooooooooboooooooooao
0 [14].

Oddoboooooobouboooboooooooooooooooooooboooon
0000000000000000000000000000000000000000
gboooooouooooon.

000000000000000000000000000000000000000
O00OO00000000 (1315 DOobOOoOoDbbboooooboboobboobooooboo
Ooooooooootoooooooooboooooooooooooooooooon.

gdooouooodbodtooooiouootoooboooodgooooooonod
Oodooooooooooooooooobooooooouoooooooooboonon
oo,

ooodn

. gbogbodbooboobouboubouboboabo.

2. 0ggbobboobogbbbouboboooouboboubonoonon
gobdbooogbgobouobobobobobg.

goooouggbgbobbguouboobdabgooooobobobon.



1 30

oo oud o

gobboogobbobbdgogboodgoboogubbogobbboooobodgn
oo oooouboobobobobuoobooboboobg
goodbboooogobooonogbo.
guodudubouobuooboudouobobobboboobobobobnoog
ggbogboboboobogbouubobuooboboobobbobobooon
guogodbodgbgubobboboubo.ggboubounboobonooobo
goouoboobdgogooood.
godbgboboooobdboonoooobobonboubooboboboboago
godbguoudobobuouoouooboboobbobobbobbobobobo
googoon.
godoododbdodgogbdbobogbdbobobobobuoba N OO
gobgbobb.ggooubou1oguooboobobbobodgbodgboud
O0O000D0000OO000booboNPOOODOD 2 0000O00O00OODOOOOO
gobogbbooogbbboobboboboobogoboboobounoobooog
gobogdgoodgoodgn.
godbobuoubbogbgoubobob bbb obooobuoobouooan
goobgbooogood.

3.1 JO0oodoooobogboon

n000000 Hy, Hy, ..., H,000,,,»000000 Ry, R, .., R, 100000000
0000000000000000000000000000000000000.



gudbodboggodbgobobnbouboboobooboub.

goudbogboggugbouboubouboobog.

e D UODLOODLOLOLOLDDLOLDDLLUUDLObLOULbLOUObLUOOLUbOn
gubdobooobogoboon.

Doo0d rRgoooooboodgdd p,000000aaon.

Dodooot R0 RUODR, RUU0000000OO0O0O00O000O00O00O0O
UM 00oobooooooooooo.

Ooooobbod yOooododobooddo 7000000 w, 0000004
go.

pobooooooonoooooddododoodanoooooooooon
googbogogooobg.

0000000000000000000000000000.
S: R (HS,CY)

oMiDDDD rRoboooooooboooodod
oC’fDDDD rR;0000d

goo.

oo ogboubobobobonobboooobooaba
gogbbgbogooubogboubooboooooobobob.obnboobbad
goodbugoouoguoaoooboobon.

gbobougogudbodooggbuogouboboobobobooboobooboan
googod.

3.2 0O0OO

godogboooodgo S:Rj|—>(Hg,Cf)DDDDDDDDDDDDDDDDD
DDDC’JSijDDDDDDDDDDDDDD RUORLODOOO

HSZHzi = C,szf—l—pk—l—sjk or szC,f—I-pj—i—skj

8



goog.
O00000«000000000¢;(t)00000.

‘P](t)—{o if t4T,

gboogggodbogboobgbodgbogbg.
Oo0dd p,00000 73000 »;,00000 «»;,0000000000000000
gooobbooobooooodad

maximize Xn: w;;(CY)
=1
guobdbgubooobboobguboobbuoobbooooooooboobayd
gubutdbobuobgdubogbugobooobooubuobuoubbouoba
godoood.

oo obbuoobboubobouuoda
oo oot tdn>m
goouoogodod.

DobodouboubboobooobogbbooobooboaboabdTy > p,0
go.

oo bobooouobobogbouboooa.



1 4 [

Juouod

0000000000 0ooooooooooobooognonD @={N,G,c,w} 000
goudboboobooubouboouoobon.

4.1 UOUOOUOOOOOOOO
000000 G={N,G,ew}00000000000.

Od NOOOd 2n+20000000.

Sy A1, A2, ...y A, b17 b27 y bTH t.

o 10 FUO
(s,a1),(s,az2),...,(s,a,)
(a1,b1), (az,b2), ..., (an, bp)
(b1,1), (b, 1), ..., (bp, t)
O000i#4#k00 Ty >Ti+p:+ M, 000000 ,k00000 (b;,a,) DO0ODO.

Oo0000odbd eF - R.O00001000.

e JUUD wk — R UOUODUOODOO0ODLDODOOO.

0 otherwise

w(e) = { wj for e =(aj,b;)

gboodbuoggoubobodu guubuogoogooaon.

10



1. O (a;,b;) 00000 R(j=1,2,.,m)0000000.

2.0s00t¢t00000000000 (e,b;)) 0000000000 OO0DOOOOO
gbbogbobbooooobbuooubobobobuogog.

4.1.1 Example

googobog.

m=4000000000000000000000000 7000000000 p;
goodgbbooooobooo

j | 000000 T, | 0000 p;
1 1 3
2 3 3
3 9 3
4 11 4

0 2 4 8 10 12 14 16

0 4.1: Example Request

11



googbbobbgbggbobbobbbuoouoooo42000ooo.

[0 4.2: Example Network

12



4.2 U0OOOOOO

00000000 s00¢000000000000n00 vertex-disjoint 00000
0000000000000000000000000000000000000000
oo (17

000000 0-10000000000000000000000000 vertex-disjoint
0000000000000 0Ahuja0MagnantiJOrin 00000000000 [18] [19].

0000000000000000 (a;,b) 0000 1000000000 vertex-disjoint
00000000000000000000000000000000000000.

000000000000000000000000000000000000000
00000000000 mOO0OO0O000000Obinary-search 00000000000
ooooooo.

0000000000 m=40000000040000000000000000
O0O000000oooo.

0 4.3:

13



O0000001000000b0b0o00b000d (ef,0,)00bb1ooboD. o

R

goobbogutoooobooobogooboobon.

gobboododbodbobodbobbdbidtdiUl nmmd 1 <npm, <400
g.ugbbgbgubouboubbbbdbuodib n=00000

UOUOOn, =2000000000.

14



4.3 UUOOOOOOOOOOO0O

gobobbobouboubouboobobooubooboobboooboobayd
gdoobob.obogdgubdaboduobodd 7;gduboboguobooodgnon
gudbdgbuogudodbobououbooobobobnbuoboobobobooa
googbooo.

goodgon

@;(t) =1 — |sign(t — d;)|

1 of >0
sign(z)=¢ 0  if z=0
-1 if <0

googooo

15



] 5[

HRNRE

5.1 UUOoogn

godboggoboboubouobouboogbooguboboboooboonon
godbdboobduuoouooououboooboboobobobobonobg
gubdbobobobooogoobgboboboooboboooboboboba
oot ooooboooo.

gooboodbodb nngoooobdab 200bd1iedbbogbogog.ogn
gboudbugboauooubouuobuodgbbobogbouboubouobon.

5.2 U0OUOOUooon

gobogbbobboubouboobouboubooboobooboobayd
goooobooobobobooboooboooba.
gobdbdm=24000.

16



000000 T, | 0000 p
1 4 3
2 2 1
3 6 4
4 3 2
5 3 1
6 4 3
7 3 2
8 6 3
9 6 2

10 8 4

11 7 3

12 9 4

13 7 2

14 11 4

15 12 4

16 9 2

17 10 3

18 13 4

19 12 4

20 13 3

21 13 3

22 14 3

23 14 2

24 15 2

googbooooodgsirnoooog.
godbgbobooutoooooboobbodggbobobobooboobon
goodgus3dbggnogd

17



16

15

14

13

12

11

10

™
- (]
< ~
(]

o
— —

n
—
<
~
- —
[}
—
~N
—
o™
-

<
3
IN]
~ 13
N
=} o
© « N
—
[
=1

U 5.1: Request

18



T A

Z L7 7T 7757
Z T/ 7)) 7
!, 7 //,7:{//////’ ,’///// 27 /7 7 Noal

@%%%Z/%y’
@%%%

v, /////////////7,’ . 2

D), @) @) @) @) @) ©) @
3‘\\§\\§
$§\s\\\\§

N\

N

@)

\ 4
()

\
()
&

\ 4
()

) 4

@ty > 'r

19
O 5.2: Network



2 4 6 8 10 12 14
Lo | [as] [ 15 |
] e 1 L] [z ]

L s | [ w | [z |
La | | 10 | | 18 |

[s] [ ] [ oo ] [oa]
Le | [ 22 | [ 2 |
L7 | Lo | [ s | [a]

O 5.3: Schedule

20



1 6 [

U

gogogbgboboobooooobnbooooboobbobooboboboooon
gbogobogbuogbogbbobuogbouboon.
gboogooooooogobogbobbg

. gdgbogbooubobboobboobbooboubooboon
2. 0boobooboobooboooooobuoboobnooboubono
. ubgbobobobooboboboboboobuoboboboboon

gboogbogoogoagobbgod.
goubigodoguboobobougoboobooobuoooboobobbg
godboubobogbobubbouooboobobobouooooboobobo
goguoouogbobobogoooboboboobonbgd.
godbogbobobotooooggbogbobooobbooobooboooobgn
gooobouooogoogn.
gobbobobboguoobgbgboboboboboobboobobooban
goudbouogoguoooooouog.
gobubdgbbbogbgboboguououboboboboboboooboobon
godbdbabdaboagogoooobobbboobonoobouoboooon
goguobouoogbdgooooonod.
gbodbodbouuogoouoobobboodbobooboouoboboga
gogoodgt.gbuoguoboobgubobuooboonbooboobouobnboooa
gogoobobogbdgbgbobobgudooooboboboobobooboog.

21



godgdbodbouodgbooogbooouboub g oboobbbobooooon
gobdgguooobboouboogobon.
gogbodbdbobuuogboogbgbdbobobouooboobooban
guobgubgob.bgubobodgbboboobooboobobooobboboon
gougoduodbomgbooogubobouboooobobboobnooobo
gbogbuobogboobobdabbbobobobobuogbobbboboboood
uo.
gudbbdbutbuogugoboobobboboboboobooboobouobooban
godbgdoobdgbooboooooooooobobobobobboboboba
gooobogooood.
gobdudboboboobboguboobouboobobbobodoooboa
godbodgbot.guugbogbogoobouboboobnoubobboooo
guobguoobgobgoubobboobobboobbooboboboboboobd
gogodgboooboood.
godbgbodbooubouogogoobobobbobobnbooboobooboan
guotbbooboobgboob.obooooboobobnboobooboboobod
ao.
goubobgboobobobobbobbboobobobboobounboood
googouogobobogbobogboubodboubonbonbouboouoo.
gboubgboobobuogodobboobuooboouboobobuoobobg
gogudgdogubboguboggbboobobooobbooobuoooonoa
googuodgoobobooguubobouoobobonbooboboob. obobg
gogbdobobooodboboboboooobobuoooboboboboooa
googoo.obobobgbuoubobobnbobouoobobuoobobobouoba
godbgdgbodboboooooooooonoooobobobobobooobo
gudoobodboogboogogoobg.
guobdubogbboobouboobobboobobbobobboooboyd
goodbougoouboguoaooooboobon.

22



70

HENREN

7.1 OgU

gbodbogodboubguogbgbogogbbbooboboooab. oo
goddboogugooboboobobogbobboobobobboobobobobo
googod.

godoobooguoubodgooboooubbgbogboboboobooboooan
goubobooooboobbtobobogoo.

goubodgtugbodudgugubuoggbobgobooobbooubbooann
gobdgboubgubobbobooobboboooboboooobobooooobon
g.uggogbgbuodgbuogbgubooooboobobboobnboobboboooo
gobgbboubgboooboobobgoo. bobbbobooboboooooog
godbdgbobouooooooobooooogbobobboobobbboboba
godudbdddbodubodbobobooobobobobobouobouo.
goodbbooobooboboooboadobo.

goddbgbdbouugoauuguoboboboboooooooobodan
gogbdabuoogbbbobobuoouogboboboboobooooboboood
godbogodbootuogboodbooouboobob. boooooooobaoba
goguoobdgboguooguboooouboboouboobobobuoboboon
gobodbotgbotobotoboobobbooobonboobogn.

goboduogbodboduoobogbobbbobouoobobboobnboooan
goobodgoodg.ogugbogggoboooobobnbonboooooobo
googoobudgbooooboobobuobooboob.oboouobuoobooobo

23



godbdgbooboubbogobooboboboouuooooboobobboobobg
gogobdogbobobobobobobobooobonoboooboooona
gobododbobobobobobuobobooubboooboubobboooba
gd.

7.2 QoOoognd

goooboobgbbgbbobgobogbooboobouboonbonoa.

1. ogboboogod

2. 000bogboooogon

. uboboobobgoobboan
4. D00booobogboogoa

. ubooboobodobobboobboun

godooogogooogboggbgboobgboboboboboboboban
gobbgbbotbbodgbdgbobooooboooboboboboooooooboa
gobdbugboboooboobonbounbouoa.

guobgbgogboobbobobobobdbgobobobooboboboag.g
gobodbogugogbobbabbgbobgbobobboboooboboogo
gogupouoobdgogoouobooogobgobgoooog.

gogoodbogogbdgbgboboboabobooboboboooboobobob
goo.

24



] 8 [

U

gbhodbdobuodbogobodbobooobobooboobuoob Milan Vlach
gubbboggbooodgu. bbb ooubbooonboooonobooooon
VlachOOGOOOoOoooooo.

gobodbobuuouuoobobobuogbbouboboobobboobouoboan
go.ogoggbgoood.

gbooobogubguboggugboogboobbubooboobooon.
goouobogodod.

gboogbodbodgbouboouubogoobbugbo.bobouooooon
googooon.

gododbogbobbbbbboboboobobooboooobooboobobobob
Udubdogudbuoubguooboobuuoobonboubooob oo o
goooodgogbodboooobobo oo oubobbbooobboobo
gbbgbugoogbouboubonbguboonboboobouoog.

godboubogbouooboboboobobboboobobbobooboa
gobgboogoodgooobogbobogbooobobbonbobnboobbaonon
goodbououoguogooaa,.

25



[]

[1]

[3]

HENRN

Conway R.W., Maxwell W.L. and Miller L.W.
“Theory of Scheduling”
Addison-Wesley,Reading Mass.(1967)

Chrtienne P, Coffman E.G., Lenstra J.K, Liu Z.
“Scheduling Theory and its applications”
Jhon Willey & Sons.(1995)

Blazewick J., Ecker K.,Schmidt G. and Weglarz J.
“Scheduling in Computer and Manufacturing Systems 2nd”

Splinger-Verlag,New-York,Berlin (1994)
“aooogogr

000
“10000000000000000007
00 225 (1990)

000
“100000000000000000”
00 700 (1997)

00oo000,0000
‘1000000000007
0000 (1998)

00 00 0,00000,0000 0
«J0000 240000000007
0000 (1996)

26



9] 00 00 0,00000,0000 O
“01000'0240000000007
000O0 (1996)

[10) 00000000000000000000000
«]0000000000000000”
000000000000 (1997)

(1] DO0O0O00ooooobooDbOooooobo
“guoooboboobogoogo”
000000000000 (199)

[12] 00000000000000000
«]00000000000000000000000000000000”
000000000000 (1998)

(13 0000,0000
“100000000000000000000007
000000000000000000000 (1995),pp89-125

(14 0000,000,0000
«10000000000000000000”
000000000000 (1996) ppd36-442

[15] Warner D.M.,Prawda J.
“A MATHMATICAL PROGRAMING MODEL FOR SCHEDULING NURSING
PERSONNEL IN A HOSPITAL”
MANAGEMENT SCIENCE Vol.19 No.4 December Part.I (1972)

[16] Lann A. and Mosheiov G.
“Single machine scheduling to minimize the number of early and tardy jobs”

Computers Ops Res. Vol.23 pp765-781 (1996)

[17] Chung-Lun L.,McCormic S.T., and Simchi-Levi D.
“Finding disjoint paths with different path-costs:Complexity and Algorithms”
NETWORKS, Vol.22 (1992)

27



[18]

[19]

[20]

[21]

22]

Ahuja R.K.,Magnanti T.L. and Orlin J.B
“Network Flows - Theory, Algorithms and Applications”
Prentice-hall,Englewood Cliffs, NewJergy, (1993)

Chvatal V.
“Linear Programing”

Freeman amd Company, NewYork,(1983),Chapter 12.

Corman T.H.,Leiserson C.E. and Rivest R.
“Intoroduction to Algorithms”

The MIT Press, Cambridge,Massachussets, (1996)(Seventeenth printing),chapter 12.

Garey M.R.,Jhonson D.S.
“Computers and Intractability”

Freeman amd Company, New York,(1979).

Hiraishi K.,Levner E. and Vlach M.

“Scheduling on Parallel Idential Machines of Maximize the Weighted Number of Just-
In-Time Jobs”

APIEMS 99 10ct (Kanazawa,Japan)(1996)

28



