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1.1 OO

googbog,bogo,gbbodgbuogbboobooboobobooboba.
oo,b0b0b00b00b0a,bobobooIrTboboboobobobobobobonbg
g.gbbobodgoobbbouoooobobooog,bbobbuooobobobboooon
gobogdgbbogbbuogobooobbu. gbbooooboobuoobboon
go,goobbbbbotbouogd,gooooobbbbbbod. ogooooo
gobobobobbobooooooooob,oobboobbood. dug,guooon
gbobobboooogb,bbboodoogobobbbouooooo,bbbbuooon
gobobobooboood. g, ggugoooobboobobo,bbooooooon
gbbooggbbougbbuoogbooobobo,obboodobbooobobban
goboboogoob.bbbuoogobobooooobobboooooboobo,on
gbobobbooog,gbbbboodgooobbbbouooo,gobbobobuoooon
goboboboobbobodogd. g, ggooobobooboboboog,ouogogoon
gbbooggbobooobboogbb,dbbboobbboobobboobbboo
goo.

gb,bbudugogobboboau,gggbbobbouooobbbbobuoooan
goob. bodgoobbbooogob,bugoobobbooooobobboooon
ooooo,b0booobuooobooobo,oobboobbog IF-THENDODOO
gobobooooobobbooooobobo,gobobogoobboboogo. o
gbbooggbobooobbooobbooobboog,ogoobboobbbao
goobo,ggbobogguobbbdooooboboogob.obobboooon
gbobbuood,bbuoogbbbuoogobbbooobobobog.

gbobbodog,goobbobuouoogbbbboooooboobobboooon,
oooooboooobo NpPOOOODODODOODD. DOoObbOOODDOODO,NPOO
gbboggbobooob,ogbbbuoobbboobbboobobboobbboo
000000,000000000000O0 (1), 000,000000000D0DODOO
gobobboob,bbbbbououooooooob. b, bbbbbobbboooan
gboboggob. ogg,buoggbbuogobob,gbbbuoobbo,gooogo
gbobo.bbougoobbbuoooobbboooobbobo,oobbbbooon



000,00000000000000000000000.000000000000
0000000000000.000,0000000000000000000000
0000000000000.0000000000,000000000000000
0000000.00000000000000,000000000,0000000
000000000,0000000000000000000000007(2. 000,
0000,00000000000000,00000000000000000000
000000000000.000000000000000000000000,00,
0000000000000000000000000000. 00000000000
00000000,0000000000000000000000000000000
oooooo ).
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goboo,bbbgdgobbugobobugbbugobboobobobooobbao
gbooogbbuogbobou.gob,obboogbodg,bbodgbboobbog.
gboogbobouogbobobooogbbuogobobog,boggobobuooooobgao
gbboboooobobbo,ouobbbbuooobbbooodo.gbbbbooon
ooob.o00,b0b00o0b0boboboobobOo,oboooob NPOODOO
gboboboogd. oo, bboooobobbbuoooobbboooobbbboooon
O,NpO000O00ogoooboboOo. boboboboboboo,NPOOODOoDoo,00
gbboggboboogbboogbbooobbooobboog,ooooobobgo
goobob. boo,bbbboooduooooobboobo,bbbooooooon
gboo.gobod,uoobbugbbodb,gobbdtdnnbl10b000b0000000
goobb. 1oobboogogobbbobobibbbobobooo,00oogoon
gbobo.bbooooobbbuoooobbboooob,bboooobbbbooan
goobobooob. oo, bodguogoob,oobbbobbbooogoooon
go. bbd,ggggbbobbbouoooobbbb. oooogbbobboggo
gboboggbobooogbbooa,bbgobbuooobbooobboogooogao
O0.1000g0o0boooooooo,0oooboobooboooooogog, LSIo
gobobooogooboooooobob.bodog,bbbooooobobboooon
0,0(rlogn)D0000. 00, LEDAOODOOODOOOOOOOOODO. LEDADO,O0O
OO0o0oooooobooboobooooooboooobooooooboo C++0oobogo
Oo0O000bD.0000bDoO0+LEDA=OO0O0OO0O0ODODOOOODOOO,D0000
OO00O00oOg,LEDAODOUOD, 0000000000000 0DOD0O0Ooo0obDOoobogoo
0000 [4). 00,00000000000000000O0DOO0,00,30000000
goboobogogo.
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goobo,bdgooobobougogobobobo,ggooobbobouoooan
gboboboooogobooda. b2b0bu00gbbbboogogb,bbuodaoon
oooo0.o30bo0booboboob,oobuooboo N NPOODOODDOODO
O.00,0b0bobooboboobobobbob NPODODOODODLDO. D4
gbobogdgboogbobuogbboobobbodbboobboo. bboooboon
gbobobo,dgodobn0bbbObuooooobbbboooobobbbog,odn
0000000000 O(nlogn) 00000000000 TIB]. 05000,000000
obooooboooboo.gbboo4boobo20bbooboobooboo,bod
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20 0Oooodd

gobobO,bbbbbotboduooooobbobobbbuouooooob. bb,bbb
gbobobogoobobooooboog.

21 0O0O0oooood

g210o0u00dg,bbbbouoooobbo,bu,gooooobboo,ooan
gbobobooooobbodog. gggboboooooobooboog,obbbooan
obooooogobo. booboobuogbobo pPObL,00DbO00bOO0,bO0DO
OcCcoo0o. ob,00b0ob0obob00bo0bob. booooooboobooboOoo
gbbodoodgb.bbouoobbbuoodobbbuoooobboooo.bboadon
gboogdgbogobuoobuodgbogbooba,bbogobboobooobooon.
gbboboooobobboog,bbbbuooobboboooobbboooon.
gobobooooobbbooooob,bggoobobogoobboobog. ggan
gboobouodgbbooboogboobba,booooobbodobbooboon.
g, dgggoobbobbogoooboooobbboo. bba,bbobuoooooon
gobbbobboooogoobbobbliooogo. go,gooboboboooooon
googgboggbobooobooobob.ggobboobboobboobooo. o,
gboobboooogbboboboooo,gbbbbouooooobobbbooo, oo
gbobboggoboogbbog,bbuodgbboogoboogoobuogooboogao
gb.oog,gbbbuoogbbbbouoobbboooobobog.

gboboooggoboboogoooboobooo. gggo,bbuoooboboboooaf
gbobbooooo,bogggbbbuoooobbobuoooobb,ua,obobod
gobooggboboggbobuoodubb.bogbbuoobbooobbooobboon
gooobb,bouotdduudguooggoooogoooooooooonooon.
gbo,bbdgggbbobuogogoobbodoo 1o ggguobobuoooon
gbbboogobboooobobog.

gb,ugdgobbobouggbobobduag.obbb,t021bboodoobbooa.
goooggoogob 300, e,0,0s0 00000000, DDOOOOOOOO,000
OA BOOO. OOOOODOOOOOOD22000.000000000,00,0O0
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ooooobOo0.0boooooboob,00bob0ob00bbo0obo0 ADooogo.
OO0O00AQ0ODOOOOOOOOO,0000DOOO0ODOOO0OBOOODOO.OOO
OBOOOODOOOOOO,0Db00Db0O0DbO0bO0ObDbOO0. o0obOoOgn og, o3
OoOooooooo.obo,0000 A BODOODOOODOOODOOOO,00D000
gbooggbodbogooobiligbbogbbogbb 220000000, 0220
gboboboooobbbouood. gobbboooobbbo,oobbbbooan
gobobogooobogd.
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O ={01,09,-,0,}:000000000.

P:{plap%"'apl}:DDDD-
O:{CI,CQ,"',Ck}IDDDDDDD

gboboudd e, dgggbbbuggbbobuoooobb,gognoboboodad
gboooogo.

000 ord(o;) = (p1,ps, pa, P1)

gooobobobooob,dddbouddduuuouuuuuououoooooon.
gbobbuooogbbbdoooobbboooobobobooo.obobo,

07”d(0i) = (p17017p3, c4,p4,cl,p1)

0000,000000000000000.00,00000000000000000
00000000000000000,0000000000000000000. 00
000,000000000000000000000000. 00000000000
000000000000 0000000000000,0000000000,000
000000000000001000000000.00,00p,000000000
0o;0000000000001;0wu;00000,plj,u;]000000000. 00
0000 000000000000000000000000000, 0(e;)0000
0000000000.00000,

o(0;) = (p1[0,0], ¢1[1, 1], p3[1, 4], eq[1, 1], p4[2, 5], e1[1, 1], p1[0, 0]).

gboboboogoboboo.ooooo,

U(Oz') = (pil [liila uiil]a %[1, 1]72% [liz'ga Uiig]; Ci4[17 1]7 e )

gobobuooogbbobood.

O00000,00000()0000000 ;0000000000000 O0OOO0O
gob. bbuoggd..duguoooooobbbobodooooob,bbbbodggo
gbobobogdg,bbbuoooubbbbuooobbboooobbb.bbooan
gobobuooddbbbogooobbouogob.boag,

U(oi) = (pz1 [liila uiil]a Ciz[]-a ]-]7pi3 [lii37 uii3]7 Ci4[17 ]-]7 T )

000,0000000000p,0000000¢,,0,00000¢,00000000
0t,, 00p,0000000¢,  --00000000000000.000000 o;0
00p,000¢, 000000,00¢,,00000¢,,000000000000,0
0p, 0000000000000 Iy, up, 0000
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i + ligy, <ty <ty + g,

googobuodbbooboodgbbuo. gboobobodgbboobobbodg b
000 op(o;) 00000000. op(e) 00000000000 OOOOODO,

UT(Oi) = (til7ti27 Tt 7)

oooooooooooo.

00,000000000 o,00,--+,0,0000000000000,0000000
0000000000000000. 0000000000,000000000000
00000000000 0000000.0000,0000000000000000
00000000000000000000000000, cap(p;), cap(c;) 000000
00.00000,00000000001000000000000

00,0000000000000000000,00000+0000,000000
00000000000000000.0000000000000000000000,
0000000000000000000000000000000000000000
00000O000.0000000000000000000000.

00,0000000000,0000000000000000000000000
ooooo.

oo,00o0odd s 0ooooogooon,
o(0i) = (i, [lisy > wiir |, cin [1, 1], Pislliia, wais], iy [1, 1], )
gdooouoodoo,oon,
Piy = Ciyy liiy = 1, wiiy, = 1, piy = iy by = 1wy, =1, -
oooo,
0(0i) = (Piy [liir > Wi ] Diy [liin > Wi ] Dis [liis > Wi ], Dia [l > i), -+ *)

ooo.oo0,000b0 pPOOOODOOCO100DO0O0OD POODODOOODOOD
g.boogggoob,bobbbogogogbooboboooooobobb. oogon
gboogbbugbbuoobo.gbbuoobbooobooobboobboon
goo.

000000 (0oooo)

00: 0000 P={p,ps--+,p}, 00000000 O={01,00,++,0n}, 00000
000, €000000 o(;), 000 p; € POODOOOD0DO cap(p;)

00: 000000000000000000000000000000000000
00,000000000000000




gb,dgdbbbooodgbbbuooobbooogbn.

000000 (0ooo)

00: 0000 P={p,ps--+,p}, 00000000 O={01,00,++,0n}, 00000
000, €000000 0(0;), 000 p; € PO0DOOOODcap(p;), 000 T

00: 000000000000000000000000000000000000
00,000000007000000000000000

gogbodgbodgb,gbobboboobobobobua. gbuobboboobobo
gobobbooooobobobooogoooboobboooog,gb,bbbouooon
DOoooOoo0T70bodbdYesOUDOOOO. DODDOODO NoOODOOO. ODOO
gbobobuooooboobuoogoon.

23 OOOOOOOO

gbobbbbobbuouuooog,gggobbooboboa. og,0u0uoooaf
goood.

ood 1d P = {pl,pQ,pg,m},O = {01,02,03};

o(01) = (p1[0, 0], pa[1, 1], p2[4, 6], pa[1, 1], p3[3, 5], pa[1, 1], 1[0, 0]),
0(02) = (p1[0, 0], pa[1, 1], p3[2, 4], pa[1, 1], p1[0, 0]),

o(03) = (p1[0, 0], pa[1, 1], p3[4, 6], pa[1, 1], p2[3, 5], pa[1, 1], 1[0, 0]),
cap(p1) = cap(pz) = cap(ps) = cap(ps) =1

OoboO0,4000000000000 PO 30O0O0O0ODOOODOODOOOOODO O,
gboogbbugbbeoeboobbod. gbbudbtuoodooobbuoobboon
oobooooboboobboobooboo POODbOODO,0DDDODODODO
0000000000.0010000,00000000000000 23(d)000. 0O
goodbooodbobude,o,osd0gn. DO0gooboobboobboon
000000,00000000000000000000000. 023(@)00,000
000000000000 00000.0000,00000018000.023(b)0O0O,
gbbobodoe,os,ee 0000000000 OOO0O00. O00OOO, 000000000
g,gggoooboboobotbodoggooo,ggobobooobobboooogoo. oo
O00,00000012000,023(@)00000000. 000000000 o3,01,09
0000000000000 23(c)000. 000000000 11000,000000
gboobbod. bb,buoooobbbbuoodg. buodd,edoesbogggn
goobooooboboodgbb,gg,bbooogobooboooobobod, oo



os000000000000000 1000000000000 0O. 000, 0 2.3(c)0

1gobbougogbboooogooboog.
gbo,gobbbbbbboudgooooobbobobobb. oougg,goooao

gobobuogdg,bbogobbobboooobobuooooDn.

Oooo 20 P = {p17p27p37p47p5}70 = {01702703}

0(01) = (pl[O,O],pg,[l, 1]:202[3: ] [1 1] p3[ 7517275[1: 1]7204[375]:205[171]7271[070])7

0(02) = (pl[O,O],p5[1,1],p2[3,5] 5[1 1] p3[ 5] p5[1,1] p4[375]7p5[171]7p1[070])7

0(03) = (pl[O,O],p5[1,1],p2[3,5] 5[1 1] p3[ 5] p5[ ]7p4[375]7p5[171]7p1[070])7
) (

cap(p1) = cap(p2) = cap(ps) = cap(ps) = cap(ps) = 1

O00,00000000000000000024(2)000.00000,000000
gobobboooggoooo,bggggobbbuoooobb,bbouooon
gbobboooobbbbouoooobobbooogb. bbbooooobobbo,don
gobobooooo.obbboooobobooo,bbbbooooobobboooon
24b)000. 0000000000000 O0OOOO,0D0000000000000.
gobbuooog,bogggbobobuoouobobbuoooonbn.

gb200000,00000000bbbbbuoooob,bbbuouooaon
gobobuooggobob.ogggbobooog.

00030 P ={pi,p2,p3},0 = {o1,02},
a(01) = (p1[0,0], p3[1, 1], p[3, 6], p
o (02) = (p1[0, 0], p3[5, 5], 1[0, 0]),
cap(p1) = cap(pa) = cap(ps) = 1

3[1,1], p1[0,0]),

0000000000000 0000025(k)0000. 0000000000000
000,00 0p, 0000000 50000.000,0 00000000 25b)0000
goooboogg. bbobbuoooooobooboo. gbbbboo,oggon
gobbuooogbobbuoooobbobog.

gobobboggobobooboogod.

oo 40 P = {p17p27p37p4} O - {01702}7
0(01) ( [0 0] p4[1 1] p2[ 5] p4[272] 2[375]7p4[171]7p1[070])7
o(02) = (p1(0, 0], pa[2, 2], p3[1, 3], pa[1, 1], p: [0, 0]),
cap(p1) = cap(pz) = cap(ps) = cap(ps) =1
goddooooououooooooooo 2.6(&)DDD. oo ps0OOOOOO 300

O000000000,026b)000000000ODODODOOO. 0000,000000
gbobbuooggbobbiloobbbo,gbbbuooobbbuoooobbbood.
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(b)

U24: 000 200000000000
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[3.6]
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g 25 00030000000000
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P
P2
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O (0]
[3,5] [3,5]
[1,3]
(a)
O (07
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gb,uoggbobbobooggbbbduooobboooooon.

0o si P = {p17p27p37p47p5}70 = {01702703}

ooooo,

(01) = (1[0, 0], ps[1, 1], pa[3, 6], ps[1, 1], 1[0, 0),
o (02) = (p1[0, 0], ps[1, 1], p3[3, 6], ps[1, 1], p1 [0, 0]),
(03) = (1[0, 0], ps[1, 1], pa[2, 4], ps[1, 1], 1[0, 0]),
cap(p1) = cap(p2) = cap(ps) = cap(ps) = cap(ps) =

00000000000000000027ka)000.00,0 2.7(b)(c)(d)

g3tdbbuoggooobuooognoboorogg.gbooog,3bbuogoon.
gbobuoggbbuogdgbboodobboobbogb1odabb. booobbao
gooboood.

goo ed

P = {p17p27p37p47p57p6}7 0= {01, 02, 03, 04}7

o(o1) = (p1[0, 0], pe[1, 1], 2[4, 6], ps[1, 1], p3[4, 6], ps[1, 1], pa[4, 6], ps[1, 1], 1[0, 0]),
o(02) = (p1[0, 0], ps[1, 1], 2[4, 6], ps[1, 1], p3[4, 6], ps[1, 1], pa[4, 6], ps[1, 1], 1[0, 0]),
o(03) = (p1[0, 0], ps[1, 1], 3[4, 6], ps[1, 1], pa[4, 6], ps[1, 1], p5[4, 6], ps[1, 1], 1[0, 0]),
o(03) = (p1[0, 0], ps[1, 1], 3[4, 6], ps[1, 1], pa[4, 6], ps[1, 1], p5[4, 6], ps[1, 1], 1[0, 0]),

cap(p1) = cap(ps) = 1, cap(p2) = cap(ps) = cap(ps) = cap(ps) =2

0000000,00 po,ps,pa,ps 00000000 2000,00000000000
000000000000000000020000000.000000000000
00000000 28@)(b)000. (00000000 o03,04,01,0000000000
00000000, (b)00000000 o1,03,00,0,0000000000000000
0000,00000018000. 00 po,ps,ps,ps 0000000000000 200
0000000000000.000000000000000000

goooo
gbooobog

gopooboo,gggoboboouggg,gbobobboooooooboboo
gbobobo. buoogbboboag,bbbbouooobbbooodan

gobobobboboboooooooooboboo,bbobboodgdg. oo, 000on
obogNpODOODOODOODOO,00b0obboooobooonoo.
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030 0O0OO00O0ONPOOO

Pvs. NPOOODOOOODOOOOOOOO, 197000000 Stephen Cook [0 Leonid
LevinO0OQOOOUOOO0OO0O. O0O0O,0000000000NPODOODOOODOOO
gboboboogobbb,ooobbbbuooobobb.bboooobbbbooon
oboooboooboobobooboboooboob,NPODOODLOOooobooboobo
obooobouodb. obboobboob NpDOOONPODDOODOO. OO NPDODO
goboboogobobboooon.

oooogod,NpOOOODOOOOOOOO0O0O0O0DOOOO,0b0b00bO00d
gboboggboggbbuogbbogbobbogboboobb.ogbbuooooboon
gooobbobbbbobbbbbbboboboououououuuouoooooooooon
oooo,PONPODOODODOODOOOOODODO,000NPODODODODOOOO
00000000000000000000oooooooa [e.

gbobooggoooogooboobod.

oboooboobooobobob pOoNPODODOD.

1. B eNP
2NPOOOODDOOO AD BOOODOOODOO

OO0O0OBONPOOODOO,00NPODOODCODOOD BLpCUOOO,CONPODO
goo.

gooo,gobob20000o0boood.

o011 00000O0oNPOODODO.
ob2. 0000000000000 00bO00boobooboobo NPODODOD.
ob01000 NpOOODOO,000000,000000D000D00O0O0DOAO.

1.000b00ob0bONPODOODOO
2.0000bbbuoogbobbbuoogboobobbouooobooboa

oo,00o00bdboNpDOODOOO0ODOO0O. 00000000, 0b000b00000O0
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gboboboooobbbodg. gooobbboooobbbooooob,buoan
gobobooooobobbooooobobooogoooboo. oo, obobboooon
ooorooooobo. oboboobbooboboobo. gobbooboooboo.
ooOOo,000bo0b0oNPODOODOODOD.

O00,000000000<,000000000.000,000000000 (00O
000 (bin packing problem)) 000000 NPOOOOOOOOOO,0000000
goo.

goobooogn

00: 00000 C, 000004 000000000 (Ly,Ls, -+, Ly)
00: 00000000 8=(S,S5,---,5%)00000000

S;={1,2,---,n},¥i ¥ L; < C

1 JES;

k
1=

nd0000000000000D0D0OO000000 Lii=1,2,---,n)0000000O0O.
Oo0dnO0000D0O0O0,000COOO0kO0ODOODOODOOOO,O00000DO
uo.

gbobuoggbbuoodgbbooobbuooobooboob,ogboboobobbao
goboobogogo.

gbobobboooooboboboooonbobonbt:

P = {p17p2}70 = {017 02,y 0n,yOp41,° ", 0n+k};
o(0;) = (p1[Ls, L)) (1 < i < n),
U(Oi) = (pl[la 1]7p2[07 C]apl[la 1])(TL+ 1 S i S n+ k)?

cap(pl) = cap(pQ) =1,
T = k(C +2)

n0000000,0(=1,2---,n00000000.000,00000000 L;i(i=
1,2,---,n)0,00000000000000000000000000O00. k000
00,0(i=n+1,n+2---,n+k)0000000. 000,000000C0O,00
00000000000000000000000000. 7000000000000
O0000000000. 0000000000000000000000 310000
00000000000,00,0000000070000000000000000

18



L3 Ln Ll Ln-l L2

P [C.C] [C.C] [C.Cl

U31:001000o0o0ood

U,yesUUO0O, 00000000, no0000000. 000,00000000000
gobobogd.boboooooob1boooobn.

gbo 2000 0O0,002000000.000000000000000000. 0
gbobob,dggbbobuoooobbbbouooobb.bbboooobbbbooan
O,NpOOOO0OOOODOOOODODOOOD. O0ObbOoOobOooobboobooooobo
gboboboood. gob,booogbbbuooobbboooobbbbooan
gobobooooobob,gguobbbuooobobog.gguobobboooon
gbooog.

gboboboggobbbuogoboboogobobuooobboboooubon 2:

P ={p1,p2, -, Pus2}, O = {01,002, -+, 0n, Onsy1, -+, Ongi },
o(0;) = (p1[1, 1], pis1[0, 00, p1[Li, Li]) (1 < @ < n),

o(0;) = (p1[1, 1], pus2[C, Cl,pi[L, 1) (n+1 <i < n+k),
cap(p;) =1(1 <i<n+2),

T=n+kC+2)

n0000000,0(=1,2---,,0000000.000,00000000 L;i(i=

1,2,---,n)0,00000000000000000000000000O00. k000
00,0(i=n+1,n+2---,n+k0000000. 000,000000CO,0
0000000000000 00000000000000. 70000000000
00,0000000000000000000. 0000000000000000
01,09, 0ns0ni1, onpy 000. 0000000000000000000000 3.2
0000.00000000000,00,00000000700000000000
000000,yesO00OO0,00000000,000000000.000,000000
O00000000000.0000000002000000

19



01 02 On On+1[L1,L1] [Ln,Ln] [Lz,Lz]

P: |

i [0,00] | |

P2 F { I

P ot i [0,] l

| |

| |

| |

I |

pn+1 L [O’oo] J
e [c.cl [c.Cl [c.cl

U 3200200000000
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40 0ODU0U0doooonnddn

0000000000C0NPOODOOODOOODOOOOOOOO,P=NPOOOOOO
0000000000000000000000000000000000000 [7]8].
0000000000000000000000000,00000000000000
00000. 000000,00000000000 cap(ps) =1(p; € P)00OOOO
0000000000000000000000. 00000000000000000
00000000000 00000000000. 00000000,00000000
000000000000000000. 00,0000000000000000, 0
000000000000 00O0000. 00000000000000000000,
0000000000000000.000,0000000000000000000
O000000000.000000000000000000000000,0000
0000000.00000000000000000000000000000000
O00000.00000000000000000000,000000000000
000000000.000000000000000000000000000000
00000000000 000000000000000000. 0000000000
000000000000000000000000000000000000000
000000000000000LSID00000000000000000 90000
000000000000000000,00000000. 00000,000000
0000000000,0000000,00000000000000000000

4.1 0OO0O0O0OOOOOOO

gbobbodog,goobbobuouoogbbbboooooboobobboooon,
0000000000000 000000000000OO (10 D000Dooooooo
gboboboogg,bbuogoobbbbuooobbboooobb.bbbooon
gbobobooooobobbooooobo.obo,goobbobboogoobobboooon
g,0bugggbbobuoogubb.bbbuoooobbboooobbbboooan
O00,000000000000000000O00oooOO ).

gbobouoooobboood. bbboooobobboooobobog.

0010 P ={pi,ps,psps}, 0 = {01,0:},
0(01) = (pl[oa 0],]73[]-, 1],]72[3, 5]7]94[17 1],]91[0, 0])7

21



[3,9] [3,9]

X1 X2 X3 Xa X5 Xe X7 Xs

U41: 00100000000

(02) = (1[0, 0], ps[1, 1], p2[3, 5], pa[1, 1], 1[0, 0]),
cap(p1) = cap(p2) = cap(ps) = cap(ps) = 1

000000000000000000000041000.000,0000000
0000 z(i=1,2,---,8)000000. 2s00000000000,00000000
000000000,2,00000000.
000000000000000000, 2, — 2y — 23 — 2,0 25 — o5 — 27 — Tg
000.000,0000 23 — 26,79 — 25,74 — 2, 00000000000. 0000
d(i,j)=2; —2;0000,0000000000000000000000

d(1,2) =1,3 < d(2,3) < 5,d(3,4) = 1,
d(5,6) = 1,3 < d(6,7) < 5,d(7,8) = 1,
d(3,6) > 0,d(2,5) > 0,d(4,7) > 0,
ro =21 +d(1,2), 23 = 29 + d(2,3), x4 = x3 + d(3,4),
g = x5+ d(5,6), 7 = 26 + d(6,7), 25 = x7 + d(7, 8),
e = x5+ d(3,6),r5 = 2 + d(2,5),x7 = x4 + d(4,7)

gobouogobobooooobobbuoooub,boogobobooooo.
OO000oobooo0ooo,00b00bo0b0bobobobobodg IpsolvelOOOO
gobo.obogogbobogg,bboogoboboboboooooboboa. oo,
0,()0000000000000,00000000000000. 00,0<000>0
Olpsolve UODODOOOODDODOODODOO0OO<OODO>0D000. DOOOODDOODOO
OOoooog,o0bbnoobobooboonoobg. lpsolveDOOODOOOO,0000
goboboggoobogd.

main : x8;
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pr
P2
Pe
o1

Ps
e e e e e B S A B s B B s B s e B B B Sy S B B B B B S L B e
X1 X2 X3 Xa X5 X6 X7Xs XoX10  X11X12 X13X1a  XisX16X1X1s  X19X20  X21X22 X23X24

U 42: 00200000000

d12=1;3<d23:d2.3 < 5,d3.4=1;
d56=1;3<d6.7;d6_7 < 5;d78 =1,
r2=xl4+dl2;23 =22+ d2.3;24 = 23 + d3.4;
6 = x5 4+ d5_6;27 = 26 + d6_7; 28 = 7 + d7_S8;
26 =134+ d3.6;x5 =12+ d2.5; 27 = x4 + d4_7;

gbobouogobbbuoog,bbbuogogbbbbuooobbbodgo. o
gbobobuogoobobooooboboboo.ggoooog.

0020 P ={p1,p2,p3, P1, 05}, O = {01,002, 03},

0(01) = (p1[070]7p5[151] p2[3a ] [1 1] p3[ 75]71’5[1’1]ap4[3a5]ap5[1a1],p1[0,o]),

o(03) = (p1[0,0], ps[1, 1], p2[3, 5], ps[1, 1], ps[3, 5], ps[1, 1], pa[3, 5], ps[1, 1], 1[0, 0]),

o(03) = (p1[0,0],ps[1, 1], p2[3, 5], ps[1, 1], p3[3, 5], ps[1, 1], p4[3, 5], ps[1, 1], p1[0, 0]),
(

cap(p1) = cap(pz) = cap(ps) = cap(ps) = cap(ps) = 1

O00o0o000oooooooooooobo42000. 000,00000000000
r(i=1,2,---,2)000000. 2, 00000000000, 00000000000
o000,z 0000n0ood. 0dooobogooooooog, xs — xg, 211 —
Ti8,Ts — T12,T13 — Tog, T7 — T14,T15 — T U OO0, 000000 0O0OOOOOOOO
good.

min : Toq
s.t. d(1,2) =1,3<d(2,3) <5,d(3,4) =1,3<d(4,5) <5,
d(5,6) =1,3<d(6,7) <5,d(7,8) =
d(9,10) = 1,3 < d(10,11) < 5,d(11,12) = 1,3 < d(12,13) < 5,
d(13,14) = 1,3 < d(14,15) < 5,d(15,16) = 1,

23



d(17,18) = 1,3 < d(18,19) < 5,d(19,20) = 1,3 < d(20, 21) < 5,
d(21,22) = 1,3 < d(22,23) < 5,d(23,24) = 1,

d(3,10) > 0,d(11,18) > 0,

d(5,12) > 0,d(13,20) > 0,

d(7,14) > 0,d(15,22) > 0,

Ty =21 +d(1,2), 25 = x2 + d(2,3), x4 = 3+ d(3,4),

T5 = x4 +d(4,5),

re = x5 +d(5,6), 27 = x5+ d(6,7), x5 = 7+ d(7,8),

Ty = xg + d(9,10), 211 = z19 + d(10,11), 215 = 11 + d(11,12),
T3 = T2 + d(12,13),

14 = x13 + d(13,14), 215 = 214 + d(14,15), 215 = 15 + d(15, 16),
T1g = T17 + d(17,18), 219 = 215 + d(18,19), x99 = w19 + d(19, 20),
Top = Tog + d(20,21),

Tog = Loy + d(21,22), x93 = x99 + d(22,23), 294 = 93 + d(23,24),
T19 = 23 + d(3,10), 2153 = 11 + d(11,18), 212 = x5 + d(5, 12),

Tog = w13 + d(13,20), 214 = x7 + d(7,14), x93 = 15 + d(15, 22)

O0,lpsolve D0 O0OOOOOOOOO. OO lpsolveUODOOOOOOOOO.

main : x24;

dl12=1;3 <d2.3;d2_3 < 5;

d3-4 =1;3 < d4.5;d4.5 < 5;

d5.6 =1;3 < d6.7;d6_7 < 5;

d78 = 1;

4910 = 1;3 < d10_11; d10_11 < 5;
d11.12 = 1;3 < d12.13;d12.13 < 5;
d1314 = 1;3 < d14.15;d14_15 < 5;
d15.16 = 1;

d17.18 = 1;3 < d18.19;d18_19 < 5;
d1920 = 1;3 < d20_21; d2021 < 5;
d21.22 = 1;3 < d22.23; d22.23 < 5:
423 24 = 1;

r2=xl4+dl2;x3 =22+ d2.3;24 =23 + d3.4;
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rh =14+ d4.5;x6 = x5 + d5_6; 27 = 26 + d6_7; 28 = x7 + d7_8;
210 =29+ d9.10; 211 = 210 + d1011; 212 = x11 + d11_12;

x13 =212+ d12.13; 214 = 213 + d13_14; 215 = z14 + d14_15;
x16 = 215 + d15_16;

x18 = 217+ d17.18; 219 = 218 + d18-19; 220 = 219 + d19_20;
221 = 20 + d2021; 122 = 221 + d21.22; 223 = 222 + d22_23;
x24 = x23 + d23_24;

210 = 23 4+ d3.10; 218 = z11 + d11_18;

212 = 25+ d5.12; 220 = 213 + d13_20;

214 = o7 + d714; 222 = 215 + d15.22;

gbobouoggoboboogoob.bobog,obbobuooogboboooan
OOooobobooooooooobobooo.bobo,0000gn lpsolveldogo,
gobobooogoobo. bbb, gobbbugoobobboogoobobboooon
gogobob. bbbbobboo,bbbouuoooobobbbodgd. gggg11ggaao
gbobobuoogobb,ggob2b0bdggobbodogobobooooonn.

4.2 OJO0O0OO0OOOOO

00000000000 200000000000000000000000000
0. 00000G=(,4)0000VOO0O00 A0DOOODOOOO. 00,00000
G=(V,A)0O0ODaec ADDOOOOd(eOO00O0O0DOODOOD,000000 (G,d)0
GO0d00000.
00000000000000000010000000000000.000000
00000000000000000000.0000004100000000000
000000000000,00000000000000000000000.000
000000000000000000.00,00000000000000.
000,00000000000 2(:eV)000000,0000 d(i,j)=a; —x;0
000,0000000000000000000000.

minimize T — Ty
st.  x;—x; >d(i,j) for each arc(i,j) € A
()
oguo,d0stddtdodooouodoooooououon. oooouoon

00000000000000000.0430041000000000000000
000.00000000000000,a(2,5),a(3,6),a(4,7)030000. 04400
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U 44: 042000000000000

42000000000000000000. 0440,00000000000000
a(3,10),a(11,18), a(5,12),a(13,20),a(7,14),a(15,22) 0 60000. 00000, 000
0000000000000000000000000000000.00000000
0oo0o0o0o0o000.

oo 30 P = {p1,p2,p3,ps},0 = {01, 02},

o(01) = (p1[0, 0], pa[1, 1], p2[3, 7], pa[1, 1], p1[0, 0),
1[0, 0], pa[1, 1], p3[3, 5], pa[1, 1], p1 [0, 0]),
cap(p1) = cap(pz) = cap(ps) = cap(ps) = 1

o(0g) =

0000000000000000000450000.0000000000000
00,2, - 23,26 > 2;000000. 0000000000000000004.6000.

0000n=|V|Om=|A|000000000000000030000m < 3n=0(n)
0ooo
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P
N 7]
N 35
P4
Xi Xo Xs Xe  Xs Xo X7 Xa

U045 00300000000

U 46: 045000000000000
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4.3 O0O0O0OOOOOOOOO

O000000,000000000000,000000000000000. 00, (%)
gbbboooogbbbbuooodg,bbbooodgbb sbbodg¢bbbuooan
gobobuod.gobobooggbooog.

2000000000

00: 00000G=(V,E)000000d:A—=Z,00seV,00teV,000
B
00:000GO00«000K0000000000,00000 BOOOOOOO
ooooooo

00000,000000000NPODOOCOOOOO,00000000000
000000000 (7. 000,0000000000000000000000000
0,0000000000000000. 000000000,00000000000
O0000000000.000,000000000000000000000000
000,000000000000000. 0

00,0000000000 (G,d)000000 Varc(i,j) € A,d(i,j) = —d(i,7) 00
00. 00000000 (G,d)00000,0000000000000. 000000
000000000000,000000000,000,00000000000000

0000000000000, 0460 (G,d)000000 (G,d)00 470000

100040404

000 00000 G=(V,A)DOOOOO0d:A—-R,00seV
gbdsbbgdbbodbboobbuoobbuobbuoobooobooboooboo
g.obb,gdsbboggobobbogobobogg,bbouoo1obo.

(G,)000000000000OO0. 0000, (G,d) 000000000000 0O0O
000000. 000, Bellman-FordDOOOO, 000 O(mn) = 0(n?) 000000
000 [9. 000,0000000000000000O000O0O0O0O0OODOOOOO,
O(nlogn)DOOOODOOOO.

IEO)DDiDDDDDDDDDDDDDDDDDDDDDDDDDDDDD.DDD,D
0o000000o00o00ooO, %@ eV)D, (x\)000D00D0000000. 000
godad

d(i,j) = 2 — 2 +d(i,j) = 2" — 2 —d(i,5) > 0

)

000000000 (G,d00000. 0460 (G,d000000 (G,d)00 4800
0000D000000000000,0000000000000. 000,00000
00000000 1000000000000000000000.
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0 47: 0460 (G,d)000000000O0O0O0O (G,d)

0oooooo
000000 v0000 disty] =co000.
dist[s] =0000 (s0000.
0000000000 POOOO.
while(POO OO0

N = O

e N R R e R R R T
ot
e’ N e e e e e S e N

e}

w

4 POO dist]] 00000000 wOD0OOO.
v O0o0ooooag.

6 for(000000000 00000 v)

7 if(dist[u] + cost(u,v) < dist[v])

oo

then dist[v] = dist[u] + cost(u,v)

distiu]: 00 s0 000 «00000000000000O0ODO.
cost(u,v): 200 w,v 0000000000,
g0o0o P O000O0D0DODODOOOODODODOO.

guooobooooobboogoob. oo, ggooo,goooob1oobon
ooooo,000O0Om)000. OO0O0D0D0O0OO0, 000 POOODOODOOOOOO
00o00o000o0oooo. oooooooO0o, o0, |PlO00OODOOOCOO, 000
O(r?)000,00000000,0(m+n?)=0®)000000000000. 00
oo, oo ooaod
000000000,000000000/(1].000,00000000000D00O00O
00, O(mlogn)=0(nlogn) 000000000 [9]. Fredman-Tarjan O Fibonacci O O O
[11]00000,0(m+nlogn)000. 000,00,000000000000. 000,
Goldberg-Tarjan[12) 0 0 0000000000 Fibonacci D0 D000 D0O0O0O0O0OO,
J00o0oDo0o00o00odgg, FibonacciDOODODOOOODODODODDODODDOOOOOOO
guooooooooon.

O0000,00000~000000000000O0(nlogn)0000000DO0O0O0O.
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048 0460 (G,d)000000000000 (G,d)
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50 Uty

0000000000000 00O000000D0O0DbOO000000OnO Bellman-Ford
doddooooooooodooooboooooobooooooooooooon
OO0000000 LEDAOOODOOODOOODOOOO

LEDA (Library of Efficient Data types and Algorithms, 000 )0, 00000000
Odooooooooooobooobooooooooo C++00oooooooooa.
00000000 LEDADOODODOOOODOOOODDOOOO,OD00O0OOoO0OoooOoaga,
LEDAOOOO,O00D00000O00DOO0OO0DOOOODOO0ODOOOOOOODOOn. oo,
0oooooooooooo, oo oooooooooooo,onooooooaon
O0O0000OO000O0O. OO0, LEbDAODDOOOOOODOO,0D0000O0O00ooOg
doooooouooooo, 0o, onoboooooooooog. onooooooo
4.60000000000,00000000000000000000000000 gw
goooooooao.

000000000000
000 G=(V,A),00004d,00 s
000 s0000000000000000

000, Bellman-FordODO O OODOOODUOOOOOoOoooooooooOO.
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#include<LEDA /graphwin.h>
#include<LEDA /graph_alg.h>
int main() {
string a;
a =read_string("0 000000 : 7);
GRAPH<Int, int> G;
G.read(a);

node s = G.first_node();
edge_array<int> d(QG);

d = G.edge_data();
edge_array<int> cost(G);

edge e;
forall_edges(e, G)
costle] = -d[e];

node_array<int> dist(G, MAXINT);
node_array<edge> pred(G, nil);

bool b;
b = BELLMAN_FORD _B(G, s, cost, dist, pred);
if (b == false)

cout << 70 00000O00O0O” << endl,;
else {

node v;

forall_.nodes(v, G)

cout << "node” << index(v) << 7 : 7 << -dist[v] << endl;

}

return 0;

gob,dgbbbbdgoobobbogoguobbooooobboooon.
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#include <LEDA /graphwin.h>
#include <LEDA /graph_alg.h>
int main() {
string a;
a =read_string("0 000000 : 7);
GRAPH<Int, int> G;
G.read(a);

node s = G.first_node();
node_array<int> x(QG);
x = G.node_data();
edge_array<int> d(QG);
d = G.edge_data();
edge_array<int> cost(G);
edge e;
forall_edges(e, G)

costle] = x[G.target(e)] - x[G.source(e)] - de];
node_array<int> dist(G, MAXINT);
node_array<edge> pred(G, nil);

DIJKSTRA_T(G, s, cost, dist, pred);

node v;
forall nodes(v, G)
cout << "node” << index(v) << 7 : 7 << x[v] - dist[v] << end];

return 0;
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Jell OUUOMO

6.1 OO0

gbbogdgbbouogoboodbboooobobbooobogbbogoobo. o
g,ggbuodgbboobuogobobobbo,bgbodgbooobogboobbo.
gobbuooogoobuoogoon.

e JJ0ODOONPODOODO.DOLO,0DO00O0DOOO0DDOODODOODOODLODO
gbuogobodbuogoboboobuooobga.gb,gbboboobuogaboobo
obooboodoNpOODOO.OOO,0000000000OODOO.

e OO DODOOOOLOLOOODLDOLDIDDLD,DD0O0DLDDLOLDODLODbOOOO0
gboogdb,gbbddnbbodbbogbuobbooobood. bbbogo
00000000000, 0(nlegn) 00000000000, OODOOOOOOO
OO0 LEDAOODOODOODOOOOODOODOn.

6.2 0O0OOOO

gbuogbboobobobbuoobboobuoobboogbooodgbuoobbod
gbobogobodbboobogbbougoboboboobboobooobooboban
gboogbobobuoobbuodgbbodbbobbuoooboooobboboon
googobuodbbggbogobuooboouooobobuooooboobooobon
gbobbuoogobbbuoooobbbuooobobbbuooobobobboooooobobo
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BN

gbobobobbbbobbb, 0000 ooooobbbbbbbobobobobn.
gobobboooooboooboogogooboobboooo,gobobooboba,o0on

gb,u0ggdgbobbuoogobobbuoooobbog.
gb,0dbbuogdgoboodgbboubbbugbbboobbboobbban

O0(0)0D0ooooooo,0o0ooooooo.
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