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2. ZREHIBEOREIE LU SIMPLE TORERH

AETIL, 1 BTHEAN LESHEAEICHTARIEOFH AR LY, SIMPLE TORRE &I
LT

—

2.1 EARME

BEAEOFIE LT, Z 2 TIIFFEDOHMK EZFF>E 42 ERT 2MEEZTRWET. ZoMicd
A DOTHACHNERREZ L GUENEEZ DAy NEERCRAREE LTHZD LD
XL =) £,

(1517)

$h, HHER, A RXDOEEKLLED, ZhEh 30%, 308, 40%&7b k) A dE, THIRO
HEEREEDY, TEHRETLRVaANTERT LI EE2ELET. BETIIAND
ZENTELHROAEITIOMET, T D OMEIRILE L HA RS- O3 A MILLF
DAY TH.

HIRD A4 1 2 3 4 5 6 7 8 9
(%) 20 50 30 30 30 60 40 10 10
HHEh (%) 30 40 20 40 30 30 50 30 10
Z R (%) 50 10 50 30 40 10 10 60 80

Z X h(s/1b) 7.3 6.9 7.3 7.5 7.6 6.0 5.8 4.3 4.1

RO AR OERE A A M —FLZERT 5120, filkoaez E0 X 5 ITEE
BHOENIETRNTL X 9.

Z D% NUOPT T 72 DIZERILZATWVE . AREEIZ SR (1126 D5 T,

£, L LTHROES 1,2,3,.., 9 DIRAEWE, SEVREEDEIEEGE, Thth

XX, Xgyeo o Xg ELEL XD

Wz, BoMET 2 _E BIBIELE, &THIROEGEICONT TR RS-V o3 R ~) & RE
) OEORME L TRITDHZ LN TEET.

RBICHIFGMETT. 7, IRAKKRITIADOEEZ ENETADT, FEHITH L CIEARIKR
VETT. BRALROBIL 1 TTOT, ZOHKLMAET. £/2, EKT A0
DOUWT ORI, #, #ish, ARITH LT, BEHROAEICHONTO MR ER] & NEAHE)
OFEORFIN, THZh 30%, 30%, 405E%ELV, LWHRICRY £



PlEozZ e, WO LZER LT A ENRTXET.

HIRDA 4 1 DIRAH R
RO A4 2 DIREHR
TR D& 4 3 DIRA R
HRDA 4 4 DIRE R
TR DA 4 5 DIRA R
RO G4 6 DIRA R
D E4 7T DIRALFE
RO A4 8 DIRE R
RO A4 9 DIREHR

¥
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X X X X X X X

®><00

BB (R IME) M= A b
7.3% +6.9%, +7.3X, + 7.5%, + 7.6X; +6.0X; +5.8X, +4.3%, +4.1x%,

FEEHIH X =0
X, >0
X, =0
X, 20
X =0
Xs =0
X, 20
X3 =0
>0
A LR DI

X X+ X+ X, X+ X X, X+ X =1
0.2x, +0.5x, +0.3%; +0.3%, + 0.3%; + 0.6%, +0.4x, +0.1x;, + 0.1x, =0.3
0.3x, +0.4x, +0.2x, +0.4x, +0.3x; +0.3%; +0.5%, + 0.3%;, + 0.1x, =0.3

0.5x, +0.1x, +0.5x, +0.3x, +0.4x; +0.1x, +0.1x, +-0.6x, + 0.8x, =0.4

ZoOREIE, BRBRE, HIRAETHRIEROT, BUEFHEREE 2D 9



ERAL L2 R % SIMPLE TR 5L FO L H 124 £,

/] EH

Variable (name="MRDOEL 1 DIREHZE")
(name="TIRDOE4 2 DIRAGLLIE")

(name="TRDO G4 3 DIRELE")

(name="THRDE® 4 DIRAGHER") ;
(name="TRD &4 5 DRA ") ;
( )
( )
( )
( )

’

’

Variable

4+

’

Variable

4+

Variable

‘f

’

name="TRDOE4 6 DIRA L
name="TRDOE4 7 DIRE L
name="TiRO G4 8 DIRE LR
Variable x9 (name="TMHKD A4 9 DIRALLHE
// BHIBA%EK

Objective z (name="#8= A M", type=minimize);
z=T7.3*x1+6.9*x2+7.3*x3+7.5*x4+7.6*x5+6.0*x6+5.8*x7+4.3*x8+4.1*x9;
// FEAHIK

x1l >= 0;

Variable

4+

’

x1
X2
x3
Variable x4
x5
X6
Variable x7
x8 ;

’

Variable

+

’

X2 >=

x3 >= 0;
x4 >= 0;
x5 >= 0;
x6 >= 0;
X7 >=

’

x8 >=

’

0
0
0
0
0
0
0
0

x9 >= 0;

// IRE RO

x1+x2+x3+x4+x5+x6+x7+x8+x9 == 1;
0.2*x1+0.5*%2+0.3*x3+0.3*x4+0.3*x5+0.6*x6+0.4*x7+0.1*x8+0.1*x9==
.37
0.3*x1+0.4*x%2+0.2*x3+0.4*x4+0.3*x5+0.3*x6+0.5*x7+0.3*x8+0.1*x9==0
.37
0.5*x1+0.1*%2+0.5*x3+0.3*x44+0.4*x5+0.1*x6+0.1*x7+0.6*x8+0.8*x9==
.45

// KA

solve () ;

// W)

z.val.print();
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28K

HArBI% (e/IME)

il

Alloy ={1,2,3,4,5,6,7,8,9}
Blend ={Lead, Zinc, Tin}

r;,1 € Alloy, j € Blend

c,,i € Alloy
b;, j € Blend
x:,1 € Alloy

PR

ieAlloy

x. >0, Vi e Alloy
> %=1

ieAlloy

> 1% =b,,VjeBlend

ieAlloy

TR DAL OFEEDOES
TRl 4 Jd DES

RO AENZB T DR e)R
j O

RO G OB ESHTZ0 O
7 G N

HERReIR | o AR

r.

TR D E 41 DIRE R

T
I

IRA EE iKY
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Wiz, R REREER, 2z b, BERR) 25 —F 77 A b5 2% SIMPLE £F /L%
RLET. ZOXICETNVET = 20T 5 2 LITX Y, TROBEDECHE KR O
DHBED 1L LTHTF =S 7 7 A VEBET LR TG TE D L 510720 7
/1 A ETRT
Set Alloy (name="HiROGEEE") ;

Element 1i(set=Alloy);
Set Blend (name="tHK&BEE");
(

Element j(set=Blend);

/] INT A=K
Parameter r (name="f#ILE", index=(i,J));
Parameter c(name="=2A K", index=i);

Parameter b (name="H#ELLE", index=7);

S

Variable x (name="{E&HHE", index=1);

// BHIBIEK
Objective z (name="#22 A h", type=minimize);

z = sum(c[i]*x[i],1);

// AR

x[1] >= 0;

// RGO

sum(x[i],1) == 1;
sum(r[i,j]l*x[i],1) == b[j]l;
// KfE

solve () ;

// HH

z.val.print () ;

x.val.print () ;
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T—=47 74N (.dat ) I TFDOLH TR 7.

MR =

[1,Lead] 0.2 [1,Zinc] 0.3 [1, Tin] 0.5
[2,Lead] 0.5 [2,Zinc] 0.4 [2, Tin] 0.1
[3,Lead] 0.3 [3,Zinc] 0.2 [3, Tin] 0.5
[4,Lead] 0.3 [4,Zinc] 0.4 [4, Tin] 0.3
[5,Lead] 0.3 [5,Z2inc] 0.3 [5, Tin] 0.4
[6,Lead] 0.6 [6,Zinc] 0.3 [6, Tin] 0.1
[7,Lead] 0.4 [7,Zinc] 0.5 [7, Tin] 0.1
[8,Lead] 0.1 [8,Zinc] 0.3 [8, Tin] 0.6
[9,Lead] 0.1 [9,Zinc] 0.1 [9, Tin] 0.8
Xk =

[11 7.3

[2] 6.9

[31 7.3

[41 7.5

[5] 7.6

[6] 6.0

[7] 5.8

[8] 4.3

[9] 4.1

iR =

[Lead] 0.3

[Zinc] 0.3

[ Tin] 0.4

IDETNEFEITTDHE, THIROAEE 6 % 40%, HTIIROESE 8 % 60%EE LD DN K
T, FOLEDHAARNL4.98 THDHZ LN 7.
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2.2 BERIE

25 R IS O EAE s S B DO B E A~ DY DTN T E RO HRIEE WD) Z E N TE F
TR L M A ) — R, WOmNAREE T — 7 LU, mEEEIE Ry b —212 &
STRUATELMEO—FELIEZ 2 Z N TE ET . Ikt 2 ERb D H LM O R »
Y —=ZIZK > TRBITEOMEICHICHTEET.

(f5117)

HOHMEETII OO TH 1, 25 =205 a, b, ¢ ~OGOEEZEGEITA->T

W5 ELET. &1, JEHICOWT, ZRENHETREREE FEEN RO LN TEY,

FNDHZEMIZLDD, &b IARXARBPNLRNEFEOENSZ ED L ) ITRETILULE

WTL X 90 BLGOMGRERE, KIEMOFTFER, B EHY Ok X ML,

To®wmy T

T8 G IRE J & TREE

1 250 a 200
2 450 b 200
c 200

BAT RS 7 D ORE SR

Z O %Z NUOPT T 72 DIZEAIL ATV E T ABIEIZSTER (117225 D5 T,
FT, B L TELEPOEIEMH~OWERZ L TOXO L D IZRELET.
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wIZ, BRBEIE, T OIEH~DOFERBICONWT THAEHZ Y OfiEa 2~ & Tk
B OFOBME LTERBT L ENTEET.
%%Kﬁ%%@@# Bk I AR DB VO T, AR L COEARALETT.
BIT, HETHICOWTTIEN S OEEOMPHAG TR T TH 5, FIEEHIC OV TIEH~
@%%i@ﬁﬂ SR LCELY, WO Flsnb Y 9

PlEozZ e, WO LZER LT A ENRTXET.

et Xia T 1 A D IE a ~ORi%R
X T 1 o )EEi b~ &
Xy T3 1 S5 ¢ ~OfEsE
X5a T2 o) a ~OlfkE
Xon T8 2 1 o)EHi b ~OlakE
Xoe T8 2 MO JEE ¢ ~OfFikE
HEuRE% (fe/IMb) oA k

34X, +2.2X, +2.9%, +3.4X,, +2.4X,, +2.5X,,

HAHIK X, =0
Xy, 20
X, =0
X,n =0
L, =0
b =0
T35 DAL pE R DY) X, + X, + %, <250 ITH 12> T
Xon + Xop + X <450 T 212250 T
JE & 0D FE B O K X, + X%, =200 JE&H a Iz T
Xy, + %o, = 200 JEE b 12DV T
X,e + X =200 JE& c 122\ T

Sy FU—7 CRETEAMEN L L, ECTRTCERELIHICKE T — IR L TEHEEHL
%) —RIZOWTHINEZTE=THZ Ltk TER LS ET.
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ERAL L2 R %4 SIMPLE T

BFDELTOLD

2720 E9.

/] BEK

Variable xla (name="_T13%;
Variable x1b (name="_135

Variable xlc (name="_T13;

name="_T1.3;

Variable x2b (name="_135

Variable x2a

(
(
(
(
(
(

Variable x2c (name="_T13%;

// FHEAHIK
xla >=
x1lb >=
xlc >=
x2a >=
x2b >=

xX2C >=

// T3 DAERDFHIK

xla + x1b + xlc <= 250;
x2a + x2b + x2c <= 450;

/] NEEOFEEEOHIF

xla + x2a == 200;
x1lb + x2b == 200;
xlc + x2c == 200;

// BHIEEEK

Objective z (name="# =X k",

z = 3.4*xla + 2.2*x1b + 2.9*xlc + 3.4*x2a + 2.4*x2b + 2.5*x2c;

/1 KR

solve () ;

// W7

z.val.print ();

155 a ~OH% R
1235 JEEE b ~OWh % &
1SR ¢ ~OlgkE
2 5 a ~Olk R
2 B JER b ~OHE R
2 DR ¢ ~OfEE"

%
pES

type=minimize) ;
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S

H # Bk
(Fe/Mb)

il

Cannery ={1,2}
Warehouse ={a, b, c}
upper;,i € Cannery

demand;, j e Warehouse

c; i € Cannery, j e Warehouse

X;,1 € Cannery, j e Warehouse

2 2 G

ieCannery jeWarehouse

X; =20

, Vi e Cannery, Vj e Warehouse

Y. X; <upper, Vi e Cannery

jeWarehouse

Y. x; =demand,, vj € Warehouse

ieCannery

T3

i

T35 1 O rTRE &
JE& ] OREEE

THINOIEE ] ~OHMNED
72 Ok Ak

T DG |~k

S

B
al
N
Z

FEAHIK

T35 DA PE R Dl

JIE & D5 2 E D il
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Wiz, NNT—2EtE2TNE4558ELT- SIMPLE €T V&R LET.

/] A LIRT

Set Cannery (name="_L3");
Element i (set=Cannery);
Set Warehouse (name="/J5#i") ;

Element j (set=Warehouse);

/] INTA—=HF
[S=E=N1]

Parameter upper (name="ft#GA[EEE", index=1i);

Parameter demand (name="F5E&E", index=7);

Parameter cost(name="$ﬁ‘ﬁf€§3,X kv, index=(1i,73));

/] EEK

Variable x (name="HHx&", index=(i,J));

// BRI
Objective z(name="#8=2 A h", type=minimize);

z = sum(cost[i,j1*x[1,3], (1,3));

// FEAHIK

X[llj] >= 0;

/] LD EREDHIFK

sum(x[i,3]1,3) <= upperl[il;

[/ TEEOFEEEOFIF

sum(x[i,3],1) == demand[]j];

/] KfE

solve () ;

// W)

z.val.print();

x.val.print () ;




T—=4T7 74N (.dat ) I TFDOLH 1T 7.

[ 2 T S N (o N NO TS

COETNEETTLE, UTOL I RERMELNET.

A h=1620

Bk R [1,"a"]1=26.4602
Bk R (1, "b" =200
Bk R [1,"c"]1=1.79049e-008
Wk [2,"a"]1=173.54
BiEE [2, "b"]1=3.58099e-008
Bs L (2, "c"]1=200
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2.3 ZHIMFERE

ZWIMEHERE &1, 2ROV IR Z S ICEERELZTOMED Z L 20 nEd. L
MEFEREZ ERILT 25 51%, B2 L ICEBEERT D2 ONR K TT.
(BilE)
2 DR A, B AL LT 2 MO I, 1T ZAEELTWLTENR, 129 37 4
BlOAEFBZTL D L LTWES. #iing 1 BAERET 2 72 0SB 2B Ol
M, SRGOEEMEEa 2 b, FRGOH 2L olfaE, SREOH 2L oF AT
RREFLUTOLIICEZONTWET.

JEOEHsE & AR FEES A b

I IT I IT

A 2 7 A E 75 50

B 5 3 TE Ji 8 7

DR JFE ORI FTRER

I IT A B
1 | 30| 20 1 920 790
2 | 60 | 50 | 2 750 600
3 | 80| 90 | 3 500 480

KA T 28L 22O FIZETEETZ D EITRG2VWDT, JioRIZEELE
BGEEREE L TRE L CRAICHMT 22 L bB2x0NET. 20O L5 RIRWO T T,
goREn®MhommE S 52X bR ORI AT REEOHIK AT Looka X &
BR/MTT BT, AT &R OARER CEFERY SO X5 IcikETUEL VT
L k9D

Z ORIz NUOPT THEL 7o DICEREEATWE T, ABIEITIHK (2] 225 D5 TY.

F9, BRELTEAICBT 28 1, 11 OEERZ ZIEN X, X1 X Xz Xiz: Xig & L
TEREZ ZNEH Y, Vi Yios Yip E LE L E D

WIZ, F/MET D& HIBEEUT, H/AEER ERRE L COBEMEHTZY Oa R h L OO
e LTRET L ENTEET.

RBICHIFISME T, £, HLBUH LORRRIKALETT. &I, 17 AICRATES
JFEEBIRO 5N TVD DT, £A ZEICHFEHIET 2HKALE T, 512, FRMITHL
TIEEETROHICRbEEET 0T, ZRaBE 2 RORIKZMZ £

EDZ b, ROLIICEAET D ENTEET.



19

HArBI% (e ME)

BT D1 4y AHOEFER
WL IT D1y HEOERER
T2 r HHOEER
1T D2 y HEDOERER
BT O3y AHOEFER
R IT D3y HHOARER
"I D1y HHOMEER
L IT D1y HHOERR
BT D2y HEOEER
L IT D2y HHOERR

Ak

75X, +50x,, +8Y,, + 7Y, + 75X, + 50X, +8Y,, + 7Y,,, + 75X;5 + 50X, 5

FEAHIR

JEEFD Y

X, 20, %,=0
X,20,X,,=0
X3=0, X320
yIlZO’ ylllZO

y|220, Yiz 20

2%, +7X,; <920
5%, +3X%,,, <790
2%, + 7%, <750
5X,, +3X,, <600
2X,; + 7X,3 <500
5X,; +3X,,; <480

Xi—Yu= 30
Xiu— Y= 20
Xo+¥Yn—VYp= 60

Xp+ Y=Y = 50

X3+ Y, =80
Xzt VY = 90

JFEE A lZ oW T (14 HH)
JFEEBIZOWT (14 HH)
JFEE A 2o T (2 » HH)
JFEEBIZDWT (2 » HH)
FEAICOWT (342 HH)
FEBIZOWT (34 HH)

fL T IZoWT (14 HHA)
B TTICHOWT (14 AH)
FL T IZoWT (2 » HH)
B TTICHOWT (2 4 AH)
B TIZOWT (34 HHA)
B TTICHOWT (34 AH)
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R % SIMPLE TRtib 9 A ELITOL S22 £7.

z.val.print () ;

x11 >= 0; x21 >= 0;
x12 >= 0; x22 >= 0;
x13 >= 0; x23 >= 0;
yll >= 0; y21 >= 0;
ylz2 >= 0; y22 >= 0;

/1 RO

2*x11 + 7*x21 <= 920;
5*x11 + 3*x21 <= 790;
2*x12 + T7*x22 <= 750;
5*x12 + 3*x22 <= 600;
2*x13 + 7*x23 <= 500;
5*x13 + 3*x23 <= 480;
// HfT B DY

x11 - yll == 30;
x21 - y21 == 20;
x12 + yl1l1 - yl2 == 60;
%22 + y21 - y22 == 50;
x13 + yl12 == 80;
x23 + y22 == 90;
WAEN,

solve () ;

// D

/] B

Variable x11 (name="fi 1 D 1 » A BDAEFER");
Variable x21 (name="#} 1T D 1 » H HDAFER") ;
Variable x12 (name="#ih I ® 2 » H HDOLEER”);
Variable x22 (name="8lL 11 ® 2 » A HOAFER) ;
Variable x13 (name="#i} 1 ™ 3 » H HDAFER") ;
Variable x23 (name="H8l 11 ® 3 » A HOAFER) ;
Variable yll (name="#{ I ® 1 » HHOIEHEE) ;
Variable y21 (name="#5 11 D 1 » H BDHEER") ;
Variable yl12 (name="#{h 1 D 2 » A B OEFEE") ;
Variable y22 (name="#fh 11 ® 2 » H H DIEERE") ;
// BHIBEL

Objective z (name="#22 A h", type=minimize);

2=75%*x11+50%x21+8*y11+7*y21+75%x12+50%x22+8*y12+7*y22+75%x13+50*x23;
// FEAHIF

L VPHICREZ ESYE T2 LT O L 51220 £
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28K

H # Bk
(Fe/Mb)

kS

Product ={I, 11}
Material ={A, B}
Period ={1, 2,3}

use.

;1 € Product, j € Material

out,,i € Product,t € Period
upper;;, j € Material,t  Period

costp,, i € Product
costi,, i € Product

X,,1 € Product,t € Period
Y,.,1 € Product,t € Period

> > (costp,x, +costiy,)

tePeriod ieProduct

X, =0, Vi e Product, vt € Period
Y, =0, Vi e Product, vt € Period

Z use, X, < Upper,

ieProduct

, Vj € Material, V't € Period
X1 — Yy =0ut;

Xip + Y — Yip, =0Ut;,
X3 +Yi, =0Ut;

T 2 AEET DO HER
K j ot &

t > HHOR T o &

t» HHOFEER | OF|H bR
B OAEET A B

B OFEE T A B

it » A AoAER
ot » A HOEER

&
v

N
_

A B D IE AT
T & D IEA IR

JECRFDAE I B D il

1 7 A BOHMEICDOWT

2 7 A BOHMEIZOWT
3 7 A BOHMEICDOWT
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W, E¥ET—H T 7 ANNLE5 25 8BE50FT VERLET.

/] BEEWT

Set Product (name="H") ;

Element i (set=Product);

Set Material (name="J5#}") ;

Element j(set=Material);

OrderedSet Period (name="#If") ;

Element t(set=Period):;

/] INTA—=H

Parameter use (name="JfEHEHE", index=(1i,3));
Parameter out (name="H{f&E", index=(i,t));
Parameter upper (name="HF[EERE", index=(j,t));
Parameter costp (name="4ApEIT A F", index=1i);
Parameter costi (name="{EJfE = % k", index=i);
S

Variable x (name="4FE&", index=(i,t));
Variable y(name="ﬁﬂ$§%", index=(1i,t));

// BHRIBEE

Objective z (name="#8= A M", type=minimize);
z = sum(costp[i]l*x[i,t]+ costil[il*y[i,t], (i, t)):
// FEAF

x[i,t] >= 0;

yli,t] >= 0;

/7 SRR

sum(use[i,jl*x[i,t],1) <= upperlj,t];

// TEEEDHIF

x[i,t] - yIi,t] == outl[i,t], t == 1;
x[i,t] + yli,t-1] - y[i,t] == out[i,t], t == 2;
x[i,t] + yl[i,t-1] == out[i,t], t == 3;
/1 R

solve () ;

// W7

z.val.print();
x.val.print () ;

y.val.print () ;
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JRUEHE R =

["I", "A"] 2
["I", "B"] 5
["II", "A"] 7
["II", "B"] 3

’

e
I

HHAr
", 1] 30
", 2] 60

=

["I
["I
["I", 3] 80
["II", 1] 20
["II", 2] 50
["II", 3] 90

920
750
500
790
600
480

HPES A N =
["I"] 75
["II"] 50

’

FHEI AR =
[HIH] 8
["II"] 7

’

TOETNEFETTDLHE, UTOX D RiERNELNET.
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B A F=21199.2
AEPER["I",1]1=38

EPER ("I, 2]1=67.8621
AEPEE["I",3]=64.1379
AEPER["II", 11=20
AEPER["II",2]=86.8966
AEPEE(["II",3]=53.1034
fEER ("I, 1]1=8

FEEE ("I, 2]=15.8621
R ["I",3]1=6.15667e-07
(EER["II",1]1=2.24177e-06
fERER("TI",2]=36.8966
fEEEE ["II",3]=7.03619e-07

B, —OEERNHY £T.

FRORMEITIZENT, FEEREICETIREMEOEREY 3 » ARIZOWTHHELTWY
£9 (EERE("1v,3], fEEE("II",3]). ZThbiE, ZOEDFUDITERIL LIZERIC
ABE LW EHTT.

L, ZhHDOEBIZOWTIARIKILSA ORI N 2N &, BIOHMRE (fBa X )
X/ MEIZONWTO LD THDHZ L, ZOmMEND, (EHE ("1, 3], fEHEE("II",3] DK
fEAERIZ LD X HITIEF 0 &S LUVMEICR Y £

o TR R ("I, 3], TEER("II",3] 2EXRLTH, BT RbILERA.
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‘D& HT1E (DEA ; Data Envelopment Analysis) &id, #EEDEEKRDO I 2hRK M
ZWET 2 HFET, FHlxGo B4R E E LClE, $9T - WBER ST b ET.

LIT OBIETI,

F—UEBRLTWSD 6 JEEIZR L T, DEA [ZE DWW =R RMEOFHM 21T
WET. B, REITH (31255 E L TWET.

(BilE)

b oM, UTO 6 JERizinz Tnd.

SRS 1 2 3 4 5 6
5 B3 5 10 20 20 30 50
UL 24 12 12 24 12 12
ek 2 3 5 12 12 20
BIEEEDS, RJEEIZX L CTHRIINCIRITH 20 E ) hEHER X.
ZoOREoERITRO X H I £
o | AJJEBES
J HAHEBES
K G A
_ *REE (H—ERE D
K 1B L)
EH inD;, keK,iel AHF— &
outD ;, keK,jel T —4
EH inwW, iel AJEBEIZRHT A EH
outW,, jel I B3 % B

HAEBE (AMb)

il

> outD, ,OUtW,
K. '

>inD, inW, =1, vkeK

XRIEEIZxTT D H )

PIE I IOV S
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ZOUtDk,jOUth SZinDk’iinWi, ATESIC KT B A S
J i

vk e K A
0<inW,, Viel
EADIEASM

OSOUtWJ-, Vjeld

IR T, RiFEOERI LD EZITVET.
DEA ClE, ARBIED GO X 5 723H%t4:% DMU (Decision Making Unit) &PEOVET.

ATODMU & —FEICEHET 5 = L IRRE R 70, EHES KIDBET 25255 keK oK (2
EHL-RER E 2 £

MR LT LML, HRERERT DL REETT. o9 ZUTTERTLZ L L
LET.

D" outD, outW,
f= j V] ]
© D.inD inW,

BIh, s K o2, (R /BAT) 2L ED, iRt 2 X5 2l
ERVET. b, ZORMEOERL DK AHNHBICHT DHRAT, FIEHLETEZ D
HH0E LET. HIRKSEMELE LT, EEOEHICELT, (BHD/MAT) 25 1 UITFICR%
EWV) RENKEETT. AlD,

2 outD, ;outW,

- - <1, VkeK
D.inDinW,

LRV ET. e, FARNEBIHTL2EAOHARKKMNGZE T LILENDH Y £T. 2k, =
ORTEIT A RIBEEL - KA L I B TR D SN O DEGEHEE L 20 3. Zh b DK
BOGRZIIETH 5720, fIFRAImDI OB 200 Th —fiettidkbin e <, 7 A

B iconTh, RS E 1 LHEMTHD LV IHHKTRD LT, SFHs0H% AR

B LTH xR bivEEA.

ZOXIICLT, EMi R E I E S X MO ES AT CDITR LI b D LR
E

PLEDS, AREEICRT 2 @R Lo T,
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// ANHHEBES

Set I(name="AJJTHHZEA"); Element i (set=I);
Set J(name="HHHEHEA"); Element j(set=J);
/] IEEES

Set K(name="JE#i#EA"); Element k(set=K);

WA

Set Kbar (name="XZJ54i", superSet=K); Element kbar (set=Kbar);

/] AT —4

Parameter inD (name="AJJ7—#", index=(k,1i));
/] T =%

Parameter outD (name="H/F—#", index=(k,7J));
/] B

[/ ANJJHEBIZKET 5 B

Variable inW (name="inW", index=i);

// W

Variable outW(name="outW", index=7);

// BHIEEEK

Objective f (name="f", type=maximize);

f = sum(outD[kbar,j]l*outW[j], (kbar,j));
// I

sum (inD[kbar,i]l*inW[i], i) == 1;

sum (outD[k,jl*outW[j], J) <= sum(inD[k,i]l*inW[i], 1);
/AR

0 <= inW[i];

0 <= outW([jl;

options.method = "simplex"; // HKEOFHIH
/] K

solve () ;

// RERHT

f.val.print () ;

inW.val.print();

outW.val.print();
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ANT =2 E LTI T O 3 (csv 77 AV 2 ffH, dat 77 AV 1 FH) Z2HET
LMEENDH Y ET.

(csv BT 714 1)

ANT =45, B, BT HH7F—45, 5k
1,5,24 1,2
2,10,12 2,6
3,20,12 3,10
4,20,24 4,12
5,30,12 5,12
6,50,12 6,20

(dat X7 7 A1)

xHEEE = 1;

R 5T © 1~6) AL TBREMSE TR REZUTORIZE LD ET.
E, —ERE RN LT BN A TS A L7 fE TR D L TWET.

ST 1 2 3 4 5 6
H r RS 5l 0.667 1 1 1 0.9 1
AN HAE (EEH) 0.2 0.067 0.04 0.033 0.025 0.017
HH BHA BFERFRHE) 0 0.028 0.017 0.014 0.021 0.014
H D
. BHA (L) 0.333 0.167 0.1 0.083 0.075 0.05

ARSI 1 &2 5058 (U58% 5 2, 3, 4, 6) ITRMWTHLEVZET. —F, 1
L0 /NEfE L e p)EMH OEHES 1, 5) 1, SHEHNEHAZTEOL S REAEZERL T
HEVEN LIZRD 2720 W) ZET, FMETHDHLE NS Z LR ET.

N EEICB L TUE, IR L o TV B RRZ AR L TW D IESIEAZSBELS L LT
X792 EHREETY. FEMICOWTIE, [4] 22BN
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2.5y Yy 7RIE

F o TV VX, Ty TV 7 OFIN L DD I % DA T I S O RATHE & B
RIZTDEVWHIRETT. 72720, Ty 7V o7 LEICEENTNEEN G251 TNT, A
N2 ORBEN T v 7o 7 OFEEZBL TUINTR2NE W FUERSH Y 7. Z ORI,
MAEEECMEORENRFEO—2L LTILAMBNATWT, T ry=y FOBRRSCWE O
AR EORMEISH SN TWET. LUTIE, B,y 7y Z7RIBEEMEIND DO TT. ek,
0—1F v 7 ¥y I7BEICOEEL UL, AHEORE THENMLET.

(f51]8)

BE 65 DT v 7Yy VICRORIZH DM ZGE0AL Z LICLET. 20K, G5
IANTE S ORMIE Z e RIS T D72 DT 2 W< DFEDIAT E RWTL X 90 T2
2L, RS EEREDAALTHERWVWEDE LET.

Wl

ek 1EGEYOME 1EHEYORE
Fa—p — 120 10
KA~ hR FL 130 12
INT 80 7
DAZ 100 9
BIZED 250 21
NV 185 16

TP, BEIIE AP EFEOALEETT. Lo T, ZOEBTEHE L BRSNS nS 2k
2720 EF. 72720, -1 EEEDRAT ) LD KXo b ) X RWEZ ZYERT OIMLERH Y 7.
IO, BEFIL 0 LLEOHE LIRS RN E NS Z L EHIFIRE S LTHRL TR LER
b FET. ek, TofEiEwirte) 1T 20 EiEDAE RV EMIRL £,

WIZ, KT 52 L1272 BRBEUIFEDIAA T S O ORMIE T . Zhid, Famizon
T M {EH7=0 OfifE) & [ZDRmWETEDIAALT ) OFFEZRD, TORMERD Z LT
BTEET.

FIFISML, JoI1E ERA_IZEICET D L ODOMIZ, FEDRAATERIOREEN T v 7 v s
DEBZBZRNVENI bORHY £7. AMEEOKLFERIZEZXD L, FaMICETL N1
ez OFEE] & (2O ZFEOIRA TR OO Z & 5 LEFDIAATZ M DR A &
DRONET. LoT, ZORMNRT Ty 7OFETHD 65 ZARNENS 2L E2KT
X W LTk 9.
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DLEDzZ &b, ZoflEIIRO LI ICERLT B2 &Ntk E L.

BRI

EEDLEoE
(R ARAL)

LIESESES

coffee =2 — b —Off%k

water KAY ALy bR RV OfEEL
banana T OfE%K

apple D A ZOEEK

rice_ball BIZE Y OfEEk

bread S DfEEK

120coffee +130water +80banana +100apple + 250rice _ball +185bread
YRS S PN A A

10coffee +12water + 7banana + 9apple + 21rice _ball +16bread < 65
AEIZBT D HIK

coffee >0 = — b —i o fHLL LESOIATe

water >0 KAY 2y RAR R o fHEL EFEDIATe
banana >0 ANFFE 0 L ERE DAL

apple >0 D A ZE 0 fELL RS DIATe

rice_ball >0 BIZE VT o Ll EFEOIATe

bread >0 sXUT 0 fEEL EEESAT
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/BB EREEET D

IntegerVariable coffee (name= "{F2—b —ODfELE") ;
IntegerVariable water (name="/K AV Xyv hR MLOEE™") ;
IntegerVariable banana (name=" 37T DO{EE") ;
IntegerVariable apple (name="" A ZOfEE") ;
IntegerVariable rice ball (name="&IZ&E VY OE%") ;
IntegerVariable bread (name=" 3> DfE%K") ;

/ /M E 2 i KL%

Objective total_value(name="%§@ﬂﬁ",type=maximize);

total value=120*coffee+130*water+80*banana+l100*apple+
250*rice ball+185*bread;

/ /BB D il
10*coffee+l2*water+7*banana+9*apple+2l*rice ball+l6*bread<=65;

/1% i o B LA LES DIATe
coffee>=0;

water>=0;

banana>=0;

apple>=0;
rice_ball>=0;

bread>=0;

/IR LR EZ TS
solve () ;
coffee.val.print () ;
water.val.print () ;
banana.val.print();
apple.val.print();
rice ball.val.print();
bread.val.print();

total value.val.print();
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ZDFT /LA NUOPT THEITT S &, &KHEIZ
o — b —Dff%k=3

KAY A~y RAR ML OfEER=0

NP FOfESH=2

D A ZOfEHE=0

BIZE D %=1

X DR E=0

Mt =770

EWIHFRRBENET. LT, ZOERMND HTa—tbv—% 3, XFF%E 2, 2LTE
WICE V&2 L HEDRTE RV W) ZOBBEOE: # R TXE.

AT, ZOETMCONWTHYORER I EAEE LT2WGE SIMPLE CORIRAEET
DEAINEL RERTFMN Do TLEVET. ZOMEKEE LT, Ty 7y 7 0RE, o
il L ORI OEEZINHE LT dat 77 AANBE2L5ZLICLET. Z0Xk5I12T5
Z & T, SIMPLE TOFLBNNAHMAL L DIZRY, MOREENED-72L LT dat 77 A
NOEEDOHRTHIGTEHEICRYET. TOEDIZ, ZZ2TE TWoES] LW Hlies
WMALET. 75 ERMIZROEHICEZETZENTEET.

G Object ={fF 23—t — KA Xy bR IV, AFF, VAT, BIZED, R}
A DS
A count, i e Object i i ZEEOIATEEKL
it capacity F T s ORR
value, i< Object a1 O 1AESHTZ Y OFfifiE
weight, ,i € Object dn) 1 D 1L EHTZ Y OFE
H R4
) 2, value, -count I 2 e AA L
(KAL) icObject
9y 5 . .
R A | Ozbj‘;ct weight, - count; < capacity R B 5 I
count, >0, Vi € Object Fanid 0 UL EREOIAT

ZOERILE SIMPLE T+ 5 &, UTDOL S RBEALDICRY 3. vk, WWoE
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/DO EEEEETD
Set Object;
Element i (set=0bject);

[/ T—=B2T77ANDEEZHNRT A= 2EETD
Parameter capacity(name="7F v 7% v 7 DOEE");
Parameter value (name="{MDME", index= 1i);

Parameter weight (name="t¥MDEE", index= 1i);

A% CN G A= )
IntegerVariable count (name="75OIAT{EEL", index= i) ;

/ [ RARE D Fe KAk
Objective total_value(name="%§@ﬂﬁ",type=maximize);

total value=sum(valuel[i]*count[i], 1);

/ /BRI D A

sum (weight[i] *count[i], 1)<=capacity;

/ /i 0 B LA EFEDIATe

count [1]>=0;

//RLFEREZ T 5
solve () ;
count.val.print();

total value.val.print();
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7%, AEIOFIEEIZOWVWTO dat 7 7 A /VITIRO X 512720 7.

T Yy DR E=65;
s DA fiE=
[fF=2—k—]1120
[KAD >y R FL1130
[/NTF 180

[WAZ]100

[BIZE D 1250
[/3]1185;
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RRIS, ZOFRETIE HEa—e—2 3 fil] L) KO ICEENFFTIRY A U E{E T
FOIATDZ ENRTEELE. ZNTIE, £ OWNWTTHy 7Yy ZIGEDIATe Z MW TE 5
DIX LT ENS ZEICTHELEDLSCRDTLEI . 2B, ZOHKIBREMA S & 0-1
Ty 7Yy R E WD A7 0-1 BEEGHEREIC 2 Y £ SIMPLE T, 0-1 ¥ Th
HEVWIEEEMBIAT) ZENTEET. BRITIE, BIEEPMAIS T SIMPLE £7 /L
HCEKEES L TN D%

IntegerVariable count (name="{h»IiATefHEL", index=1, type=binary);
EFTDRTTY. EbIT, ZOESPLEREDLY 5 DMEIT 02> 1 LRnen)d Z LA
LRI, FdmiE o L EFEEOATe E WO K Tcount [1]1>=0;] ZFLIRT D 4EA e <
RV ET. UEORIZOWTET VT 7 A Va2 EEHZ - LT, NUOPT THEITSHED L,

AT A% IEYr=1
&’)Ji\atfﬂﬁl@( " D A Tm=1

A "/\‘j—ﬂ-" =1

iA

("

[

[
atfﬂﬁl%t["/\/" =1

[

[

I
i
G
=)
fied

1'{'5:_1:_'1]20
URAD Ry B R =1

BB OB BB B

&
[
&
B
%

\«

’A‘{ﬂﬂ‘ﬁ:w} 5

EWVOFERMFFON, Ta—t —LSOmPEFEDIAT L BN E WS FRDND 9.
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2.6 EEHBHE

B U LEOHFEEOBRBIOEMOESITHIET 23X MREXLATNSHEDE L
F9. O, 2TO U OBEREIAN—TDLITHIEGOENLEHNESGZRD, O
2D A A N EiR/MNTT 5 L) RBENESHRERE T CHBNCITREBEEA Y2 —Y &~
JRER ERH Y £F. REBESHBMEOSLE, U OFEHRIZHOWTHEEEDEH I EES TH
N=FHZEEFLTVET. ZOZLICHEEL T, HEEOHPEEGTIN—TLHI L E2HE
RONGrE, A NEIRE L FHEh, BEXOBREMER EIgSH S THET.

(15178)

HHE¥TA B, C D, E F, GO7TODTYTNHLE T CEAMEDR EFEL A
HHIW, BLEEEFRAT L LR E L. 2o EE OFEMIT 10 A
T, FABEZETE LY 7B X OB EA K LICERIZ )5 2 X MIROED L 91T
o TWET.

G ElEFRET U 7 IR b
(LS A, B, C 200
R A, D, F 280
ki B, E 175
H C, D, E, F, G 560
1532 A, F 205
S B, D, F 245
IES D 80
ks C, G 195
N Cc, F, G 265
FTIE B, E, G 190

ZOK, BV aRA T T OO ) TIRTCIEET A0 EERAT I LR
WTLXID. 72720, BEARET ) 7TO—MOLKIET 5 (B : FHEICB & DDA
KIET2) Z&ixTERVnEDE LET.

ZOBEDOERIL, BEMEICHOWT AT b LT ALV S ) kier K
TELH0L0ET. LoT, T2 TIEABEMEICR LEAT 2551 1, A LZ2VWEAIT

0 BB & 5 AWK Xy FEALET

O, HRREEIZED L SIZRTZENTELTL L I M. £T, EHEFNIERICHND
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AR PERIALET. ERETRA LI5S (X =1O%E) 1213200 O3 X MR Y £7.

=07, A LRDPoT 58 (X, =00%E) 3OV TIIM S 2 2 h2nh 8 A.
SWHZ DL, DD olca AR 0 THDHEWI ZLITRVET. LoT, KIFLEEALRLE
Baefv 2 >Oga2ELd5 L, ERIZOWTIEBRIZIT 200X, 4, D22 BB To b

BRTXET. oBME G L THRBBICERO 2 X FE2F L, TORMERD & EBIZH)-
e A RERDET. ZORaA IR, g/MET 52 L2 BRBEETT.

FHRISRMEIZ DN T, THF= Y71 AU EREISNTWD] EWIHI A2 TRELTHZ &
270 ET. HIZE, =V T A OBEERE - g - L OTNG 1 ALLERAT S 2 & THME

BT ENTEET. O EERTET & Xy + Xy po + Xy 2LERD ET. iD= Y

TIZOWTHREKRICE 2D Z L THIRIRFEZRILTE T,

UbEDZ Ling,

OB 0-1 BEGIHME L L TR K D IcERETE £

0-1 &% X 1 Xenne r Ko+ X v Koo+ Ko+ X+ Xopr 7+ X 7 Ko
BAEME IOV TERH T2 1, $H L72WIE 0 ZH5 24
E(Tﬁigi) 200X +280X,, 5 +175X1 +560X,,.5 + 205K, + 245K 55 +80X, 1 +195X,,,, +265X +190X..
/N
X hoi/ME
il X{z;ggg + X@f};ﬁ + Xyein =1 T U7 A CEZERREIZT D

Xy T Xspg + Xowige + X 21

Xpee + Xogs + Xy + Xy 21

X &+ Xinn + X + X1 21

Kot + X + X 21

Xonpe F Xggep + X + Xy + Xopope =1

Ko + Xy + Xogupe + Xy 21

EEAHE
T U7 B CHLEFHE
T U7 C CHIEFRE
T U7 D CHEFHE
T U7 E CHEFHE
T U7 F CHEFHE
T V7 G CHIERRE
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ZOERAL LI RICOWTEDE £ SIMPLE Citd T2 KDL D120 £

/I EBOES

IntegerVariable x_sato(name="ﬁE%§",type=binary);
IntegerVariable x_suzuki (name="#3K", type=binary) ;
IntegerVariable x_ takahashi (name="{&", type=binary);
IntegerVariable x_tanaka(name="EU?",type=binary);
IntegerVariable x watanabe (name="{¥iJ", type=binary) ;
IntegerVariable x_ito(name="ﬁﬁ%",type=binary);
IntegerVariable x_yamamoto(name="ﬂﬁ$",type=binary);
IntegerVariable x_nakamura(name="¢ﬂ#",type=binary);
IntegerVariable x_kobayashi(name="d%*",type=binary);
IntegerVariable x_saito(name="¥§$%",type=binary);

// BB DR E

Objective total cost(type=minimize);

total cost=200*x sato+280*x suzuki+175*x takahashi+560*x tanaka+
205*x watanabe+245*x ito+80*x yamamoto+195*x nakamura+
265*x kobayashi+190*x saito;

[/ ) TIZ 1 NPLEERE T S

X _sato+x suzuki+x watanabe>=1;

X _sato+x takahashi+x ito+x saito>=1;

X _sato+x tanaka+x nakamura+x kobayashi>=1;

X _suzuki+x tanaka+x ito+x yamamoto>=1;

x_takahashi+x tanaka+x saito>=l;

x_suzuki+x tanaka+x watanabe+x ito+x kobayashi>=1;
x_tanaka+x nakamura+x kobayashi+x saito>=1;
/R UIREZ 9%

solve () ;

X _sato.val.print();

x_suzuki.val.print();

x_takahashi.val.print();

x_tanaka.val.print();

x _watanabe.val.print();

X _ito.val.print();

X _yamamoto.val.print();

x nakamura.val.print();

x_kobayashi.val.print();

X _saito.val.print();

total cost.val.print();
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ZOFRBERTHND LI, ZOFETTEEERRETT LA THLHY FEA. 20D
72, WHBIZZ D Lo lcERL LR A BT Z LI LET.

AT > 7w 7 BBEOR & FERIC MEfEOES) BEX O =) ToHEE] Lo liaz
BALET. o, FEMHEOIR MIEEE L THONENLHE 252 LI LET.

5T, WRRMFICOVWTHLRELET. #lxiE, =U7 alc 1 A ERESR TS &N

5 HIRIZME Xy + X g + Xy ZLEOVTE, BN OBEMELEET S &

WXy + 1+ 0% +0Xg 0 + 1) + 0% +0X 0 + 0%, +0X 4 +0X e =1

LEHBTEET. 22T, ZOROELEEICOVTWARE 0 F7213 1 240 b ESE LT
HZHZ LI LET. £, oMz O OWTHRBRIZERZEALET. 758, £V T
X DI EFIE A TR U A CTERL TE 7. ZOFE, SIMPLE TIlE— 722 COR
IWTHIETE, 0D TNEDITRD £7.

bozZ Laml, WASEBRIFLTO LI ICk0 £,

L) Man = {7k, $n A, i, 1 o, 020, O, LLAS, TA, /AR, 75 78)
i e
Area={AB,C,D,E,F,G}  =U7##A

0-1 &% . e 1 ZBRAT D0 1,
X, I € Man .
R L7k 0 2 M5 285K

¥ L . EAi#E 1 A=Y T 3 ISR ERTREZR R 1,
deliver;,i € Man, j € Area
RAREZRIF 0 &2 HLD
cost, i € Man i 1 2R L2 = 2 b
o RI%
IR D costix, w2 bR ME
(hx/IME) iMan
il Z deliver. x. >1Vj  Area TRTOTY 7 CHIZEFREIZR 5
ijohi ="

ivan EoicT s
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ZhE SIMPLE Titikd 2L, ko220 4. 2B, fREHF I >VWTiET—4% 77
ANVORNEFEZS &I Y Tk L CHBIMICARISNET.

/MEREREEB LY THEEDES

Set Man;

Element i (set=Man);

Set Area;

Element j(set=Area);

/3T A =B BIOERDOES

Parameter deliver (name="FCEEr[HET YU 7", index=(i,J));
Parameter cost (name="=A R",index=i);
IntegerVariable x(name="¥:H", index=1i, type=binary);
//#ea A b aEIMET %

Objective total_cost(name="%§:LX F", type=minimize) ;
total cost=sum(cost[i]*x[i],1);

/1B TICRET D

sum(deliver[i,J]*x[i],1i)>=1;

[/ RIRUAERZRRT D

solve () ;

x.val.print () ;

total cost.val.print();

AT BBICNE, KORETRE=Y 72K T csv 77 A4 () &3 h&KT dat 77
A () BEZET.

fid#Enfe~Y 7,,B,C,D,E,F,G IR b=

#%#%,1,1,1,0,0,0,0 [#Ef#E1200
$5A,1,0,0,1,0,1,0 (#1280
&f%,0,1,0,0,1,0,0 [=f&]175
m¥,0,0,1,1,1,1,1 [HH1560
¥31,1,0,0,0,0,1,0 [&i11205
{##%,0,1,0,1,0,1,0 (%] 245
(iA,0,0,0,1,0,0,0 (147180

H#f,0,0,1,0,0,0,1 [HFAf1195
/K, 0,0,1,0,0,1,1 [/IMR1265
##%,0,1,0,0,1,0,1 [F#E]1190;

ZDETNT 7 ANEFRTIEHLZ LITRY, (K- Gk - FEO 3 AT ERL,
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ZOBEDR I A ML 635 THDHE W) Z ENHMD E9.

Z 2T, NUOPT ODOFRIEIZOW T LR TR & E7. AEIOFIE CIIBE L Z VO RAEZ
LEL. —FHT, 0-1 BHGHHEMBE OGS A ITILERRETH D wesp ZAWVITEiRZRD 5 =
EHLTEET. wesp ZAWVZEOELMFEZRD WA, SIMPLE 5 /LD solve () ;

X vz

options.method="wcsp";

ERRIRLET. 228, wesp ZAVDHEEIZITKR THREICETAIEREZ W OPRET D Z &R
TEFET. BIZIE, wesp ZIART1IREFETLET LIZWEAITIE, T V7 740

options.maxtim=1;

LR LET. FELWVWI LICHEFE L CILINUOPT/SIMPLE ¥ = a7 /L EZHEIC L TL &,

BEIZ, 203 ANERALZEES, =V T7BIX 3 ALY AEEICR>THnET. Z0L)

RHE TN EHFIRNWE D, BIEIC (12O 7 iEb e o &1 ATHYET L] LWz
A TCHDHELEDEHIICRDTLE I, THIEEITED SIMPLE £ 7 /L H O il K &4
[sum(deliver[i,j]*x[i],i)>=1;] % [sum(deliver[i,jl*x[i],i)==1;] &§5HZ
ETCRBTEET. FT32L, 80K @l - PHZEAT LR, ZOHE0Ra A M
650 THDHEWVWIRMENDTFLNET.
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2.7 e RPEHIRE

ZOETIK, AT T 7 EB LI LT 2 EETH LRy MU — 7 1T D AR R O
—DOThHEKEHEZIY BIFEd. BREREE L, x> Y —2 ETHA (source) 7
Hf&m (sink) ETHT Z LN TEL2EOKRKNEAZ RO HMETY. 72720, FLTITRT 2
EMTEDLEDERBEZLNTHET. E6IT, A EKELSOEIZONTIE, ERALT
< HMEEMME L TWSREIT 8T %) LWIHBFR (MRFR EFWVET) ALY Lo
W ET. RRUEHBIE, BEEEOS R ECILHRRTT.

(f51]8)
bOHMEFET, XICH 28 LS TRIELI/NERE Y IO LA N T D TWET.
ZOB, TORO X, BHTENG LA RNT ETHET MW o EEY
BHLTWET. 72, 2 o0MIS OB T 1 HIGERS/NEHOED EIR (kg) 23D
BFOEICRES>THWET. o, MBTHNSLA NI ~1 HIZHHDLZ LD
TED/NERIRKTH kg TL X I 72770, FHEIIMMOR A Hlgdt S T&
TN 2T O M ICEET Db o L LET.

5
8
4
A
6 5
3

FPEHELT, Xy hU—27 ETHA XETORBTY) HokA THDOLZAFFY) ~
1 BICHET 2/ EZ B o® (5% TREeE] LPOET) L&D kT /02505
FRELET. 2275 &, BOBBITES WX E A L0 7.

I, TR OWTERET. £7, 2 AHOEEREICOVWTE, AOMEITFFST, KIS
THRHEZHENTND EREZBX IR LRV E VI HFIEERMLETT. ZoZ kX, BT
FRAF) E L TRETCEET. 61T, AT L TUIRFRINBNL L TWARERH Y 7.
=L, ®HTHICOW T, FHA~OEE ROV REEREE T V) 2 LR
T, F72, VLA RTUICOWTIE, SHEN D OREEOMMAKRESERE L —B LT hiERy £
HA.
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DlEozZ &b, ZoflETko k> IcERfbTE £,

B total TR g 0%
fra RS TN D A A ~DE%EE
fys RS T D B M ~DEiEE
fac AHE D C HE A~ R
foc B M A S C HLE A~ D%
fan B M A5 D HILE A~ D%
foy CHISMND LA T oDk
foy D HIAAS LA b T o~ Dk &
H RS (Rki{b) total NN
G SESLS total = f,, + .5 LS TR -C Ol e
fen = fac A 18 T O RRAER
fie = foc + fap B Hi i T Ok BT
fac + foc = foy C Hi i T Ok E R
fao = foy D HlL5 C O BI% AR AR
fo, + fp, =total LA T v TOMiEE
0<f, <4 B T4 B A HUS A~ D TR
0< f,z <6 B T4 5 B HUS A~ D TR
0<f,c <5 AHLED D C M~ R D TR
0<fy. <4 B HLE 6 C LA~ DR D E TR
0<fy, <3 B ML 6 D HLE A~ DL R D b TR
0<f, <8 CHIEMNS LR b T L ~DlE RO _E TR

0<f,, <5 DHIED LA RT L ~DOiIEED TR
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I % SIMPLE CitilR T 5 ELITD LI

(2720 £9.

Variable
Variable
Variable
Variable
Variable
Variable
Variable
Variable

/ /R

/I EBDES

\

total (name="8 THNL LA N T o ~Df \$ﬁ
f XA (name="H8F T35 6 MG A ~OgkE"
f XB (name="8 T35 6 HE B ~Di ﬁi"
f AC (name="Hii A 7> HHIE ¢ ~DOFERE")

f BC (name="Hi i B 2> HHIE ¢ ~DHEE") ;
f BD (name="HiiZ B 2> O HIH D ~DHEE") ;

#n

f CY(name="H/Z C "D LA N T U ~DgikE") ;

E'n

f DY (name="Hisi D /n D L A b 7 Dk

wEEO R

\

Objective obj (name="H#¥ TGN E LA b T v ~D#HHIE
obj=total;

/ /45 HiLRUC OBk &

total==f XA+f XB;

f XA==f AC;

f XB==f BC+f BD;

f AC+f BC==f CY;

f BD==f DY;

f CY+f DY==total;

/ /s BT % bR IR
0<=f XA<=4;

0<=f XB<=6;

0<=f AC<=5;

0<=f BC<=4;

0<=f BD<=3;

0<=f CY<=8;

0<=f DY<=5;
/IR TEZ TS
solve () ;
f XA.val.
f XB.

print(

’

val.print

’

f AC.val.print

£ BC.
£ BD.

val.print

’

val.print

’

f CY.val.print

’

):
()
()
()
()
()
()

f DY.val.print

’

total.val.print();

",type=maximize);




TODETNTFANEEITIED L,
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B TN DS A ~DffikE=4
B TN DS B ~DfiikE=6
Hipm A B ¢~k E=4

i B 2B HIA ¢ ~DfiikE=3.24901
HIR B 22 B HIA D ~DigikE=2.75099
HE C B LA RT U ~OEE=7.24901
A DB LA RNT U ~OREE=2.75099
T THND LA N T ~OFRI§EE=10

EWVWIRFNIN, 1 HIZEK 10kg /NEMEZMD DL Z LN TED L VWO RREMATEET.
Z 2T, SIMPLE TOFRRIZONT, IVRARBICEEEL TV ZEIZLET. 207D

2, WHOEALVWIMEZEALET. £7/7, 2 SAHEOEEED ERELZ EHKE LTSNS

5252k LET. 758, ELIZOWTHKRO LS ICEBXEST LN TEET.

Ho City={A,B,C,D, X,Y}
L5 total

f, .1 eCity, j eCity
ERERIEEo

total

(FeKRAk)

EH upper; ,i e City, j e City
[iENES S

total = > f,

jeCity

Z f = Z f, vk e City \{X,Y}
i i

> f, =total

ieCity

0 < f; <upper;, Vi, j € City

#WiioEs

&
=
=
fein

15§ ~Ok g
ik B

15§ ~OEED EIR

B T Cofmik &

12 C Dk B D A HI

LA NS TCOMmER

16§ ~OlgEED TR
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kY, SIMPLE TORMBIIKRDO LI R DT/ £

/I BHOEEDES

Set City;

Element i (set=City),]J(set=City),k(set=City);

/1 EBDES

Variable total (name="8pTHENSL LA KT U ~DOREEE") ;
Variable f (index=(i,J)):

//2 R OEEED EREZNT A -2 L LTEHS

Parameter upper (name=" ﬁﬁ%ﬁi@kﬁ&@",index=(i,j));

/ /Mg R DR

Objective obj (name="Hp THNEH L A b T o ~DOREGIEE", type=maximize) ;
obj=total;

/ /% HiLS T Dk

total==sum (£["X",31,73);
sum(flk,jl,3)==sum(f[3j,k]l,]J),k!="X", kI="Y";
sum(£[1i,"Y"],1)==total;

/ /s R BE T 5 bR IR

0<=f[i,jl<=upperl[i,J]l;

[/ KRIRE L TR Z 1%

solve () ;

total.val.print();

B, ETEICIIRD csv 77 ANV EE X FET.

ko ER,A,B,C,D,X, Y
A,0,0,5,0,0,0
B,0,0,4,3,0,0
c,0,0,0,0,0,8
p,0,0,0,0,0,5
X,4,6,0,0,0,0
Y,0,0,0,0,0,0
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Vector/Matrix #{#f L7 SIMPLE &7 /L
NUOPT V13 L VWEAXNT-, Vector/Matrix 7 7 ADRLBREF T2 ETF L EHBNLET.
ZDOETNANTIE, 77 70T ERALET.

757 G(V,E) O#EFAIFILIE, WOLIICERSHET.

RS V ={v,..V,} LAmLEs E={e,..e,} »onsfams 77 G(V,E) i

A VA W e oEThrEE i, =1,
A VA e OREThDEE i, =-1,
S IIICINES i =0

ve

s nxm 1150 1(i,) &, A7 77 G(V,E) o#FATsIL NS,

BREETI, 2y bU—7 O ELBMEE~m»0 flow ZMx=zkoXE%5 % 1.
33 flow ok Eo FRIL, Mool Ho ERofne LEd.

flow
ed
O—0
ed
el
' ed
=
el
(E———s{D)
eb
XD 777 0w E |, F0OEEEERSETHZ brEe: X, KOO EED
ERMEA Ry & T DT R A upper £ < &,
max  Xg.,
st 1 x=0,
X < upper,
x>0

&) BUEEHEIREICIR A T £
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ERALIZOWTIELL FO Ly IcExE LET.

£

City ={A,B,C,D, X,Y }
Edge ={el,e2,e3,e4,e5,e6,e7, flow}

X, , e € Edge

I(v,e),veCity, e Edge
upper, , e € Edge

Xﬂow

I x=0
x<upper
x>0

#HitiDkEs
SUNOE S&)

B 75
B DL ED LR

«
>3
>

Hﬂbﬂ

TR

=)
=

s EORAER
S B S SN R
B WL RO TR




ZAUZ XY, SIMPLE TORIMBIZIKRD L 91T/ F7.

Set City, Edge;
Element v (set=City), e (set=Edge);

Matrix I((v,e));

Vector Upper (e);

Variable xvar (index=e) ;

Vector x(e);

x[e]l = xvarlel; // 7 bb x I xvar #iEDAT

Objective total (type=maximize) ;

total = xvar(["flow"];
I * x == zeros (City);
zeros (Edge) <= x;

x <= Upper;

options.method="simplex";

solve () ;

ELTHED csv T 7 AMTILLFD o & 700 £9.

I,el,e2,e3,e4d,e5,e0,e7,flow
A,-1,0,1,0,0,0,0,0
B,0,-1,0,1,1,0,0,0
¢0,0,-1,-1,0,1,0,0
n,0,0,0,0,-1,0,1,0
X,1,1,0,0,0,0,0,-1
Yy,0,0,0,0,0,-1,-1,1

e, Upper
el,4
e2,6
e3,5
ed, 4
e5,5
e6,6
e7,7
flow, 37

49
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2.7.1 &/MNryhEE

RS Z, BIERHEREO —RBICEMbL L2 L 2FIH LT, TOMAMETH D,
B/l FUEE SIMPLE T L TAEL X H.

RREFEOHKIX | x=0 , xSupper (x4 5055 %, znzhy, 7 L LET.

F 72, AT BB Xqow 13,

Aoy =1,
a,=0,e= flow

ThrLonr M a ZHWT a-X &EFILNTEET.
Ko T/ > MRIEIE,

min upper-z (=0-y + upper - z)
st 1Ty+z>a,
z>0.
DEHIFRT DT LB TEET

ERALIZHOWTIE, ROELH I £

=4 City={A B,C,D, X,Y } iDL
Edge ={el,e2,e3,e4,e5,e6,e7, flow} WOEE

B y, , v eCity
z, ,ecEdge
TER I(v,e),veCity, e Edge Befoed 751
upper, , e € Edge i Dk O EIR

a, =0 (e = flow),a,,, =1

HRIRI% (Fekqk)  UPper -z NS
GIESE S I"y+z>a PLESEIFSEN

R B HRIC T
WA 0 Ak

z=20




XY, SIMPLE OFRIIRD L 51720 £

Set City, Edge;
Element v (set=City), e (set=Edge);

Matrix I((v,e));

Vector Upper (e);

Variable yvar (index=v), zvar (index=(e));

Vector y(v), z(e);
yIlv] = yvar[v]; // X7 bv y IZEE yvar ZiidiA
zle]l = zvarlel; // X7 bV z IZEH zvar ZitEDiA

=R

Objective cut (name="7% v F D E", type=minimize) ;

cut = inprod (Upper, z);
Vector af(e);
a = zeros (Edge);

al["flow"] = 1;

trans(I) * y + z >= a;

z >= zeros (Edge) ;

options.method="simplex";

solve () ;

cut.val.print();

te
te

ANT—=#1%, RARMHEEFRCTY.
COETNTFANEETTDL L,

B b ORRE=10

LWIH RN SN, BAWMEL R CAMBEBOEZED Z N TEET.

51
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2.8 &/NEHWRE

ATEI O RKIREE T, NER OEEEZFIZR Yy N — 27 25 EEZ TEL72F£< L LD
EV) HETTREEEITWE Lic. 2070, INEMEZIET DERISH DB 72 E Ofkx e
A NEBELTCOWEFATLE. 72, BHTHENS 1 BT 2INEROENRE T
WD XD GBI O G TR A2 T O MERH D FT.

REST-BEERY NU—7 ETHAN DA ETRTBECOND2EM (22 ) Z2H/MILE
DEWVS D Z L E /AN ERATRREE DN WET. Zeds, BRI & & L EERIS, RFERID
RNET HRER DY ET. £, REoE] 21 ThHIGEITITR/NEREE M, 11—
FTES = a AT ATON— MERSREHEDOREEN2 EISH SN THET.

(f5i&)

b HAEFET, X O THcilE L/NEREZ YOV A NZ U FET1 HIZ 8kg 18
TWET. 20, HTFTORO LI, B THENS LA T o F THET DIV L
ONDMBEEZFEH L TWET. /2, 2 DOHEORM T 1 BISESRL/NEHOED LR
(kg) BEOETOLIICRES>TVET. 51T, 2 DOHEOM T/hEME 1kg
ETHBICETORIZEDPNTODREARI LY ET. 20 L X, /INEH%E skg T
Binb LA N T ik T DB 5B HITREWS ST L 92, 2L, &M
RO HS D HEE ST E T NER AR TMORSIZEHET 260 & LET.

L Tpesy L Tpe 1kg H7=
D DEH . 5 .
Bk T8 x A 250 g
B T3 % B 200 4
A C 270 4
B C 300
B D 220 6 i
C VART Y 190 3
D VARNTUY 170 . .

ERAGIZDOWT, AT O KRB ORE & DiE
- AR (ATEIOFIETO total LW IHIEEK) N8 ICE-> TN 5.
- BHIUBAE IR E A O E/IMBIZZE > TV 5.
2 RTT. 202 GPSMI OV T, #iffioflEE R CERbE 2D £TOTRIEIIETT
HifiZ 2ZIC LTSV, ok, HRBEMITEREL— MZOWT UNER 1kg H720 OE
& Tk L7/ N2 O &) O ROz b2 L TRkobnET.



UbkDZ Lk,
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ZOBEEIFRDO X Y ICERLTEET.

28K

HAEIB% (F/IMb)

il

£

1

>
(@]

O
<

—h Th —h —h —h —h —h
(@]

[+
e

R T 5 A HS -~
R T 5 B HuS -~
AHEND ¢ HEA~DHgI%
B IS5 ¢ M S~ Dk
B M2 D ML~ DB R

CHIEND LA kT o ~Dfk
D HIEIND LA KT D

G R
e

33

e

33

05

o)

250 f,, +200,, +270f,. +300 f,. +220 f, +190f., +170f,,

8=f, + fys

fXA = fAC

fXB = ch + fBD
fA(: + ch = fcv

/N
%= gat!

B T C Ot &

A MU T O O RAFH

B it T Ok & O R AR

C HiLR T Ok & O RAFEH

D Hi S C DGk E O RAEH

LA RT U TOEE

B TIE D A S ~O%EEO E TR
TG D B A ~O%kEO E TR
AHUEMN S ¢ HURA~OlEEEO E TR

B iy D ¢ MR~k RO FF R

B #1875 D S A~DOHE RO E TR
CHISMND LA N T v ~DlfikgEd TR
DHIRMND LA KT U~k EO ETR
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Z OFE R %A SIMPLE Tid

WD ELUTOLIITRY 9.

/IERDES

Variable
Variable
Variable
Variable
Variable
Variable

Variable

f XA (name="8F TI5H O HS A ~OEE") ;
f XB (name="8p T35 6 S B ~Dlk&E")

f AC (name="Hi% A 7> H LA C ~DOFERE")

f BC (name="Hii B 7> H LA ¢ ~DHEE")

f BD(name="Hii B 2> LA D ~DOHEE") ;

f CY (name="HIA C DB LA T U ~DlgikE") ;
f DY (name="HI/Z D 22H LA h T Dk E")

/B RO E/IME

Objective totalcost (name="j

2\

WE M, type=minimize) ;

totalcost=250*f XA+200*f XB+270*f AC+300*f BC+220*f BD+190*f CY+
170*f DY;

/ /45 HS T OB

8==f XA+f XB;

f XA==f AC;

f XB==f BC+f BD;

f ACH+f BC==f CY;

f BD==f DY;

f CY+f DY==

/ /g F%TZD R RRARY

0<=f XA<=4;
0<=f XB<=6;
0<=f AC<=5;
0<=f BC<=4;
0<=f BD<=3;
0<=f CY<=8;
0<=f DY<=5;
/R THEZ 5
solve () ;

f XA.val.print

’

f XB.val.print();
f AC.
f BC.

f BD.

0
0
val.print () ;
val.print();
0
0
0

val.print();

£ CY.
f DY

val.print

’

.val.print

’

totalcost.val.print();




ZOETNEFETSHED L,
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B TG0 D ML A ~ DIk E=2
F T D LR B ~DOlfik =6
His A S ¢ ~ Ol E=2
HiS B 2> DS C ~ Dk =3

H B 20 5 H D ~ it =3
HE C B LA RNT U ORGEE=5
HA DD LA RT Ok E=3
B H=5260

EWVHRRPEN, MREMR TS ET.

L ZAT, ZOEFEOFBTIHA T OENZWEIZISHT S Z EBnREETT. 22T, #if
DEEEVWIMEEZEANL, LERT—HEERE LTIHENLE XD X 91295 2 & TR

RREJEICH L THISH LT WL IS LET. £,

ZOHFHTERLE LB T RO I DI

R0 ET. BB, REFEANCOWTIE oSS OlEEEOT] & Mo s~ EOF)

DFEDT —H NN EH 2 2 E2Y £ L7,
OHBPNR LA NI, FLTCOoODOHMARHEE WD Z LT

2, T OFEDE O RS AR T3
B0 FET.

=

Ho City ={A,B,C,D, X,Y}

f. ,ieCity, j eCity

ij !

5 upper; ,i € City, j € City
cost; ,i eCity, j e City
supply, ,i € City

AR S S cost, -,

(&/IMb) jeCity i<City

iEOESLs z f — z f,, = supply,, vk € City

ieCity jeCity

0< f;; <upper,

ij?

Vi, j e City

#WiioEs

105 5 ~OfE%E

15§ ~OEED ER

15§ ~OEEDERIC
DBINERY 1kg BHT-0DE
i TOMARLIREEDSE

B H R T Ok E

16§ ~OlgEED TR
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ZOERAE LB LR A SIMPLE TRk 52RO I 1y £

/I OEEDES
Set City;
Element 1i(set=City),]j (set=City),k(set=City);

/I EBOES

Variable f (name="#i5&E", index=(1i,73));

J/INT A= DES
Parameter upper (name="#ikED LIR", index=(i,7));
Parameter cost(name="$@f§%§ﬂ§",index=(i,j));

Parameter supply (name="supply", index=k) ;

/1 ¥% R DR /ME
Objective total_cost(name="%§§§ﬂ@",type=minimize);

total cost=sum(cost[i,jl1*f[i,3], (i,3));

/ /45 S T ORI
sum(f[i,k],i)-sum(flk,J],]J)==supplylk];

/ /e EIZ BT % BT IR
0<=f[i,jl<=upperl[i,jl;

/RTINS

solve () ;

total cost.val.print();

BB, EITHIZIERD 2 2D csv 77 A () L 1oDdat 774V (F) 252 F
9.

k& ER,A,B,C,D, X, Y Wk M, A, B,C,D,X, Y supply=
A,0,0,5,0,0,0 A,0,0,270,0,0,0 [A]O
B,0,0,4,3,0,0 B,0,0,300,220,0,0 [B]0O
c,0,0,0,0,0,8 c,0,0,0,0,0,190 [C]O
0,0,0,0,0,0,5 D,0,0,0,0,0,170 [D]O
X,4,6,0,0,0,0 X,250,200,0,0,0,0 [X]1-8
Y,0,0,0,0,0,0 Y,0,0,0,0,0, O [Y18;
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2.9 ZEERRE

A F TRATE TR KRR/ EHRMETIE, Xy FU—7 L& 1HEO O Ljih
TWEHEATLE. LaL, BIEMATIEIRY hU—7 L2EBOLONHND LD Fr— AN
E<HY £, ZERMTHBIL, HEOMMZ TN TR DR A ETEET 2 LW I HEIT
FASNLMET, BERELOFETIEHENTHET.

(f3il)
HHEET, X BT THTE L= U Ho/NWNEREZ YO/ BET1 HIZ 8kg
WMHTWET. oI, MUK THETHELL Y EAHO/NERE 2D EAREE
T1HIZ13 kg MO TWVET. 20K, FTORO X, BB TEN VR, 8
THG ) EARE CEET LMW OPOMEEZRHB L TWET. £/, 2 DOH
SOBT 1 BIZERDXUCHO/NERE D EARONEROEGFHED LR (kg) BEO
BFEOLIITRE->THET. 61T, 2 SOHEDOR TRV HO/NERRL S EAHD
INEW e 1kg BiET DI FORICENPNL TV DL ETOEANPNY 3. 2oL X,
NUROINERE S EARONERZ RO BT R&IZTD DB 0B HIL 1 B
IZOERIENS HTL X 920,
0
) 3 ©)
10
G @
LS LS NURDAERD 5 EAHDNEE
Bt DR
Y T4 X A 12 11
Y T8 X B 10 12
A C 4 5
A NURBY 11 -
B A 6 7
B C 11 9
C NRUEY 9 -
C D ENEZ - 5
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FT, Kk /L — MZOWTS U HO/NER Ok E 5 EARO/NEROREENPERE L
THETT. 12720, 9 EARIZNRUVRAONER ZHE LT 0 XU RIZH EAR O/ &k
LI F22LEHY FEADT, INLITHIET2ABIIZZTIES LRV LIZLET.

Iz, BRIBEEIZ OWTIE R/ N ERERBEDORE & [FIERICE 2 D5 Z L 9. 72721, R
Ro/nER &5 EARD/NER Clgik = 2 SRR 2 JIIZEENLETT.

BB, HIEE 2% 2 4. Kk — MZOWTEZRESTCH 5 K 923 HO/NER O
WiikE e o EAHONEROEEREOMMN EREZBZ 20 E WS SR ETT. £, £
FEANCOWTIIHE LRSI LG A T2 T2 0 ERH Y £ 612, -1 flfxEd 5] &
WA ZEEH Y A FEADTERIZOWTIFAFINLETT.

UbkozZEns, ROXIICERILTEET.

¥ PWheat, ,,UWheat,, BTN D A M~ Ok &
PWheat,, ,UWheat,, BT D B M~ Dk &
PWheat . ,UWheat . A MRS C HURA~OHFIE &
PWheat,, A ML S /S B~ OBE R
PWheat,,,UWheat,, B MR O A M~k &
PWheat,.,UWheat,. B MR G ¢ M~k &
PWheat., C AN B /S R~ Dk
UWheat,., C HLEMND H EARA~DiTE R

EROLEEE 12PWheat,, + 10PWheat,, + 4PWheat,. +11PWheat,,
(/ME) +6PWheat,, + 11PWheat,. + 9PWheat,
+11UWheat,, +12UWheat,, + SUWheat .
+7UWheat,, + 9UWheat,. +5UWheat,,
i 5 2

EHFSEYGS PWheat,, +UWheat,, <15, PWheat,, +UWheat,, <12,
PWheat,. + UWheat,. <18, PWheat,, <3,
PWheat,, + UWheat,, < 3, PWheat,. + UWheat,. <10,
PWheat., <10,UWheat_, <15
Ak L — b oL RO ERZE L 0
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PWheat,, + PWheat,, =8 ,
PWheat,. + PWheat,, = PWheat,, + PWheat;, ,
PWheat,, + PWheat,. = PWheat,; ,

PWheat., = PWheat,. + PWheat,. ,
8 = PWheat,, + PWheat_,

ORI D RAFR

UWheat,, +UWheat,, =13 ,

UWheat,. +UWheat,, =UWheat,, +UWheat,, ,
UWheat,, + UWheat,. =UWheat,; ,

UWheat., =UWheat,. +UWheat,.. ,
13=UWheat,,

5 EAH DN DRI
PWheat,, >0, PWheat,, >0, PWheat,. >0, PWheat,, >0,
PWheat,, > 0, PWheat,. >0, PWheat., >0,

BA —

UWheat,, > 0,UWheat,, >0,UWheat,. >0,

UWheat,, > 0,UWheat,. >0,UWheat_, >0
ik B2 B9 % IEAIKY

i % SIMPLE Citik 35 LD XL D220 9.
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/I EBOEF
Variable
PWheat XA, PWheat XB,PWheat AC,PWheat AY,PWheat BA,PWheat BC,
PWheat CY,
UWheat XA,UWheat XB,UWheat AC,UWheat BA,UWheat BC,UWheat CZ;
// BB D ES
Objective total cost (name="##AE&E", type=minimize) ;
total cost=12*PWheat XA+10*PWheat XB+4*PWheat AC+11*PWheat AY
+6*PWheat BA+11*PWheat BC+9*PWheat CY
+11*UWheat XA+12*UWheat XB+5*UWheat AC+7*UWheat BA
+9*UWheat BC+5*UWheat CZ;
/ /B — R 2 & Ok EO LR
PWheat XA+UWheat XA<=15;
PWheat XB+UWheat XB<=12;
PWheat AC+UWheat AC<=18;
PWheat AY<=3;
PWheat BA+UWheat BA<=3;
PWheat BC+UWheat BC<=10;
PWheat CY<=10;
UWheat CZ<=15;
/123 R DNFRNZ BT % PR AER
PWheat XA+PWheat XB==8;
PWheat AC+PWheat AY==PWheat XA+PWheat BA;
PWheat BA+PWheat BC==PWheat XB;
PWheat CY==PWheat AC+PWheat BC;
8==PWheat AY+PWheat CY;
/19 EARONEBITET % RAFR]
UWheat XA+UWheat XB==13;
UWheat AC==UWheat XA+UWheat BA;
UWheat BA+UWheat BC==UWheat XB;
UWheat CZ==UWheat AC+UWheat BC;
13==UWheat CZz;
/ /AR
PWheat XA>=0;PWheat XB>=0;PWheat AC>=0;PWheat AY>=0;
PWheat BA>=0;PWheat BC>=0;PWheat CY>=0;
UWheat XA>=0;UWheat XB>=0;UWheat AC>=0;UWheat BA>=0;
UWheat BC>=0;UWheat Cz>=0;
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Z 2T, SIMPLE TORRZ L VB LDIZL TV ZEICLET. 207=021%, #dio
REOWMEELEAL, SEIERT —FITHETED LT LI ENFHTT. T O, ik
B0 LRER EO BRI T — 2 2 kL0 520 LI L TREET.

T5E, ERILICOWTIEHKO X IcEHRTEET.

S City ={A,B,C, X,Y,Z} i A
=3 i 7N AN N
wH PWheat; ,i € City, j € City 1B~/ HO
TN Ry Dk B
UWheat; ,i € City, j  City iMB DS EA
DINER DB R
= upper; ,i e City, j e City 10D § ~DlfEED
R
NPT
PWheat _cost; ,i e City, j e City 1735 3 ~ OO
WD 7R F D/
Z0 1kg B2 0%
H
NPT
UWheat _cost; ,i e City, j e City 1705 ~OFRE DR
[NVIRVIRYA)

S ELH DO INEW
1kg H7= 0 OEH
i TOXNCHONE

PWheat _ supply; ,i € City ¥y 1kg OFAR L i
HEOE
i TOH EALHD/N
UWheat _supply. ,i e City ¥ 1kg DFEARL
it & 7

H FIBI > > (PWheat _cost; - PWheat, +UWheat _ cost; -UWheat; )
(fz/IMb)  ieCity iCity

Tars S i
AR PWheat; +UWheat;, <upper;, Vi, j e City LB 3 ~ORERD
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>’ PWheat, — > PWheat,

ieCity jeCity HHAT DO
= PWheat _supply, , Yk e City /N OIS
iEZCi;yUWheatik _,-;‘WUWheatkj B TD 5 P
=UWheat _supply,, vk e City D7NFE R O ik fee
0< PWheat,, Vi, j  City SO ZBOR
KR OIEAHIKI
0<UWheat, , Vi, j € City > EAROAZHO
i 16 B D FEAHIK

SIMPLE Citik T B ERD L HIZRY, HITEDO LD LV HRIZR > TWB Z NG £9.
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/T OREDES
Set City;
Element i (set=City),]J(set=City),k(set=City);

/I EBDOES

Variable PWheat (name="/ > O/NEH OWEH", index=(1,7)) ;

Variable UWheat (name="9 EAHD/NEMOEEL", index=(1,73));
//NTA—HDEE

Parameter upper (name="iE&E D LR", index=(i,5));

Parameter PWheat cost (name="/SVHO/NEHOEEEA", index=(1,73));
Parameter UWheat cost (name="9 EAJHO/NEROWIEEH", index=(1,7));
Parameter PWheat supply (name="PWheat supply",index=k);

Parameter UWheat supply (name=" UWheat supply", index=k);

// BRI OES

Objective total_cost(name="%§ﬁﬁ%%§",type:minimize);

total cost=sum(PWheat cost[i,j]*PWheat[i,]]+UWheat cost[i,j]*UWhe
atli,31,(1,3))

//EREN— b T L OFE RO LR

PWheat[i, j]+UWheat[1i, J]<=upper[i,]j];

/173 A D/NERNZ B % tR A7 A

sum (PWheat [i, k], 1) -sum(PWheat[k,j],j)== PWheat supplyl[k];
/79 EARONEBNTET % ORAFH

sum (UWheat [i,k],1)-sum(UWheat[k,j],j)== UWheat supplylk];
/ /FEAIKI

PWheat[i,]j]1>=0;
UWheat[i,]]1>=0;

728, FATREHZIZIRD 3 2D csv 7 7 AV (HaEdEo ER - SO/ O@mEgEH - ©
EAVRO/NER OEE M) & 120 dat 7 7 1 /L (Piheat supply 3 X M Ulheat supply)
hHZ2ET.
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NRURONEROWEEEM, A, B, C, X, Y, 7
A,0,0,4,0,11,0

B,6,0,11,0,0,0

c,0,0,0,0,9,0

X,12,10,0,0,0,0

Y,0,0,0,0,0,0

z,0,0,0,0,0,0

s ED LR, A, B,C,X,Y, 2
A,0,0,18,0,3,0
B,3,0,10,0,0,0
c,0,0,0,0,10,15
X,15,12,0,0,0,0
Y,0,0,0,0,0,0
Z2,0,0,0,0,0,0

2 EAHONEROEEEM, A, B,C,X, Y, 7
A,0,0,5,0,0,0

B,7,0,9,0,0,0

c,0,0,0,0,0,5

X,11,12,0,0,0,0

Y,0,0,0,0,0,0

Z2,0,0,0,0,0,0

UWheat supply=[A]0
[X]-13

[Y]0 [Z

COETNERITUIERERNLD, MEAN 494 1222 X9 1CEETHEHETHY, HiliX
WOKD LTS HAONERE S EARDNERZEET D E LN RS0 £

N RDNERy DRk B
P
4197392 | 4NQ7392
X 3 ©

3.85608

.892608

(@)

5 EAMNBO/NER OREE
0

~>)

10.882608 1

(X) 0

210392

92608

©

.107392

@)

)

13
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fiz% A & OHSIZELIE T 2 & il 7 D 7% Kb 2 s B E R, #iiEtE 22 SIS s T
WET. MRRFLEMEDO TN D, ZOHT p AT 47 A, ROHIT p o7 —ME%
RO EFET. 2B, AFa2— M) 7ATIEIEHATTFELA T LA (5%IT TFRER] LI

VOFEd) THY IOIHREAREST 2 Z LN ARAHATEH D ERELET.

FT, AT AT UZOVWTHALET. AT 4 7 LIIBFTEAD O MR 2 i E LS (5
%I Thesk s LPEFOVET) ~OBBIHEHORIZ R/NIT 2RO ETT. ZLT, ZOAT
AT HEROLMEDZ L2 AT 4 7 VM EMFOET. ok, —RKICIXEOREOTFRELRH D
EFER T EICRR Y FT O THEASEORBENRRE A R/NCT 22 LIV 3. £/, f

B 1 EPT TR < p EWETICERET D & 9 G al

AT 47 UREEREOET.

(BE)

LEZTVET.

it N
AT 800
B i 550
cili 780
D ifi 600
E 1020
F ifi 360

HOHEEE, A FifiEToeilionnd 2 2OMHICHZICT A= HELE D
Z OKf, HEHE CORBENIEEEZ K/NIT S 70T EOHICHE
THERWTLE I M. 2B, FHOANOFLETOEDOL I/ THET. £, 2
T OEEEHIA TORD L 922> TWET. 72720, E#EEENLTWRW 2 #fi o
BB OFR T 2R L7 & & OB 2 B L £ 4.

9, COMETIIEETICH LT R— 2 HET 200 E I D0 e RTEENVLETHDLZ &
NHONYET. Lo, 2T TIEEETNG Eb 5O HEHZ TV ONERD D LENRH D,
BRI TLEWET. 22T, #l 1 I2OoWTHHE § I T 2858 1, £ 9 TR

SRIX 0 IS K970 0-1 B8 X ZEALET. ks, X =1ORHTITHET 1 127 /38— h &

JEL, X =0 ORHCITHIE LN &0 ) fipiRE LET

WIZ, BIRGRHEICONTEZX TWEET. RITERARIZ LI, X 1T L ICHIET 208
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IMERLTVET. ZOFETIE 2 #WHHIHELETOT, ZX“ T2 THLHILENRDY E

T.oE, BEHCOVTEWFOF /8= MIES LA UER Y £ A (REBEOS S IHE

BICLYLO0EBIRT 5 2 LR ET). X ZHOTERAT DL, 4 1 10o0nT Y X A 1
i

ThoLWn) L ET. KRS, AOEETTLHEL TOARWEHICES S TLES

AREMER DY EF. ZhERB DI, X =00RAI X =1L o TRV RN E WS
RRMEPBETT. VBRI D L, X 13X LV RSWVEZ EBRVEN) ZLIZRY £, &

2T, NTRFL X <X &RV EF. L, ZofEMI =] ORAITITEEKRTT 2

Bi# JOPEDHRTINTHSZ LICEEL TS,
HIOBIEIY, EAMXORBEIERE VWY 2Ll 3. 3, & 1 1o 5 ~0k

B X =LOBRICOBRERT OXERHY T, KoT, £ 21 1, 5 HMOHEEL x; ©

FEROET. LT, JIZONWTHIZE LD Z &ETHIM 1 22D OEAL LOBERENSG O E
T. 2LTC, ZOBEEHICELATHLIAAZHITHOEL Z L THIH 1 NODERZ DT
BEhE 25 E 4. BERt2 o0 BElEEEZ 2 TORHIC OV TR, fz & 52 & THIMEK
ThLELTEORBEIEREE 220 £77. 22, KXV 2 MHHOERIZROEROEY 122D
NG ET.

ATH B CTi D E i F i
AT 0 7 2 13 19 17
B 7 0 8 6 12 10
CTfi 2 8 0 14 20 18
D 13 6 14 0 7 4
Ef 19 12 20 7 0 3
Ff 17 10 18 4 3 0
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UEnzZltuaFldsrl, ROLHITERTEET.

0-1 2154;& XAA'XAB’XAC’XAD’XAE'XAF’XBA’XBB’XBC’XBD’XBE’XBF’XCA’XCB’XCC’XCD’XCE'XCF’
XDA’ XDB’XDC ! XDD’XDE ! XDF ' XEA' XEB ' XEC ! XED ! XEE ! XEF ! XFA' XFB ' XFC ! XFD ! XFE ! XFF

0 F7iF 1 2L oHIET 20N LHZBITVHIEMITE Z D2 RTEK

HITBIEC 800(7x,, +2%,0 +13%,0 +19%, +17X,.) BT & BB

GME) +550(7 Xg +8Xpe +6Xgp +12X5: +10X5,)
+780(2Xcp +8%cg +14Xp + 20X +18X%)
+600(13Xp, +6Xp5 +14Xoc + 7 Xpe +4Xpe)
+1020(19x%;, +12X5 + 20X + 7Xgp +3Xer )
+360(17Xg, +10X:5 +18Xcc +4Xep +3Xe;)
BRI Xaa + Xag + Xee + Xop + Xeg + Xee =2 2 FRTIC S
Xpp +Xpg +Xpo +Xpp +Xpe + X5 =1 AT 1 &AL
Xga + Xgg + Xge + Xgp + Xge + Xge =1 B ild 1 EATIZAL Y
Xea + Xog + Xoe +Xep + X + X =1 C X 1 @EATIChLsy
Xpa + Xog + Xoe + Xop + Xpe + Xor =1 D il 1 AT AL Sy
Xea + Xeg + Xee + Xep + Xeg + X =1 E miiE 1 &ALy
Xea + Xeg + Xee + Xep + Xeg + X =1 Fild 1 @i il sy

XAB = XBB’ XAC = XCC ! XAD = XDD ! XAE = XEE ! XAF < XFF !

Xen = Xanr Xge = Xeor Xap = Xpp 1 Xge = Xeg ) Xge = Xep s

XCA SXAA’XCB SXBB’XCD SXDD’XCE SXEE’XCF SXFF’

Xpa = Xanr Xpg = Xgg» Xpo = Xee s Xpe = Xeg» Xpr = X

Xen = Xan1 Xeg = Xpg1 Xee = Xeor Xep S Xpp s Xgp < Xeg
Xen = Xanr Xeg = Xpg 1 Xee = Xeor Xep S Xpp s Xee < Xee

HE LTV S #E IS Bl 5y

ZOREREZDEE SIMPLE Titd T2 kDL H 1122 £,
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/I EBDES
IntegerVariable
type=binary),x AB(type=binary),x AC(type=binary),

X
x AD(type=binary),x . type=binary),x AF (type=binary),
X

b4
X BA(type=binary),x B X

)
type=binary), C(type=binary),
)

x_ BD(type=binary),x BE (type=binary),x BF (type=binary),

x CA(type=binary),x CB(type=binary),x type=binary),

type=binary),x DC(type=binary),
x DD (type=binary),x DE (type=binary),x DF (type=binary),
x EA(type=binary),x EB(type=binary),x EC(type=binary),
x_ED(type=binary),x EE (type=binary),x E

AA( )

( )

( )

( )

( )

x CD(type=binary),x C

( )

( )

( )

( )

x FA(type=binary),x F
)

( )
E( )
B ( )
E( ) (
B ( ) yx_CC(
E (type=binary),x CF(type=binary),
x DA (type=binary),x DB( ) C(
E( )
B ( )
E( )
B( )
E( )

)
)
F(type=binary),

type=binary),x FC(type=binary),

x_FD(type=binary),x F ( )

/| BIHNTE BB EREE D f/IME

Objective total distance (type=minimize);

total distance=800* (7*x AB+2*x AC+13*x AD+19*x AE+17*x AF)

+550* (7*x BA+8*x BC+6*x BD+12*x BE+10*x BF)

type=binary),x FF (type=binary);

+780* (2*x CA+8*x CB+14*x CD+20*x CE+18*x CF)
+600* (13*x DA+6*x DB+14*x DC+7*x DE+4*x DF)
+1020* (19*x EA+12*x EB+20*x EC+7*x ED+3*x EF)
+360* (17*x FA+10*x FB+18*x FC+4*x FD+3*x FE);

// 2SS S

X AA+xX BB+x CC+x DD+x EE+x FF==2;

VL % ik T e )

x AA+x AB+x AC+x AD+x AE+x AF==1;

X BA+x BB+x BC+x BD+x BE+x BF==1;

x CA+x CB+x CC+x CD+x CE+x CF==1;

=1;

x EA+x EB+x EC+x ED+x EE+x EF==1;

x DA+x DB+x DC+x DD+x DE+x DF=

X FA+xX FB+x FC+x FD+x FE+x FF==1;
//HE L2 nWER i i 4 L7g

X AB<=x BB;
X BA<=x AA;
x CA<=x_ AA;
X DA<=x AA;
X EA<=x AA;
X FA<=x AA;

x AC<=x CC;
x BC<=x CC;
x CB<=x_ BB;
X DB<=x BB;
X EB<=x BB;
X FB<=x BB;

X AD<=x DD;
X BD<=x DD;
x_ CD<=x_DDj;
x DC<=x CC;
x EC<=x CC;
x FC<=x CC;

X AE<=x EE;
X BE<=x EE;
x CE<=x EE;
X DE<=x EE;
X ED<=x DD;
X FD<=x DD;

X AF<=x FF;
X BF<=x FF;
x CF<=x_ FF;
X DF<=x FF;
X EF<=x FF;
X FE<=x EE;
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LTAT, ZORBTT LT OEPEZ -G EIFER N RETH 5 72 & O H TP TIX
HOEFA. EZT, ETATZ7ANVEZRNHANLRLDICL TV ZEIZLET. 20D,
BT =B TEDLETINENOEZDMENRSY £9. 22Tk, AOEHEBECET AT —4 %
T—=HT7ANNLEZDZEIZLET. 2O, a7 —ZICRHGETE D L ICH T OES
EVOMESREZEALTEEET. 758, ERLIZOVWTRO L ICEZEHEET.

H£E City ={A,B,C,D,E,F} EHOEA

x;,1 € City, j e City 0 X1 2 LBHHIET LD

0-1 &K MEEZITEH Dy SND DN ER
TEHK

EH distance,, i € City, j e City 1 A SEH £ TOMERE
population,,i e City CNIEN2YNE

H i B % . .

A z population. - Z (distance;; - x;) T X B IR

(Fx/ME) i<City jeCity,i=]

I iéyxn =2 2 BT AR
,-%“w % =hviecly HAHRTIE 1 ETICELSY
X; <X, Vi, jeCity,i# j HE LT 2RISRy

EiEoRX%E sIMPLE TR T2 &, DX DIV £9. /2B, NUOPT TOFEITHHZITHAL T
DEGDOELNBRBRIIT =X 7 7 ANV HEINICHEFH L ET. £/, simple printf ()
ZRHOHIET 28R EERTLIEIICTRLE L.
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/I BHOEEDES

Set City;

Element i(set=City), Jj(set=City), k(set=City);

[//INT A—=HDEF

Parameter distance (name="2 &R DHEHE", index=(1,7));
Parameter population (name="#HDOANMO", index=1);

[/ EBDES

IntegerVariable x(index=(i,j), type=binary);

// BB OES

Objective total distance (name="#BHIEHE", type=minimize) ;
total distance=sum(population[i]*sum(distance[i,j]*x[i,]], (J,1i!=]
)) 1)

4 ESES S

sum(x [k, k], k)==2;

sum(x[i,31,3)==1;

x[i,k]<=x[k, k],i!=k;

//RIBE UGS 28 iz 9%

solve () ;

simple_printf ("$s MICHIET 5. ¥n", k, x[k, k] .val==1);

¥, FEATRHIIRD 2 FHH OEMZ R T csv 77 AL () LHHTOANAZEZET dat 7 7

A () 252%7.

2 #iiM OB, A, B, C, D, E, F #fio ANA=
A,0,7,2,13,19,17 ["A"]1800
B,7,0,8,6,12,10 ["B"]550
c,2,8,0,14,20,18 ["c"1780
D,13,6,14,0,7,4 ["D"1600
E,19,12,20,7,0,3 ["E"]1020
F,17,10,18,4,3,0 ["F"]360;

ZOETNEFETTLHEROFRNSN, AL ERICHETD LRV L3N £7.

mar S HIET .
"E" HICHIETS.
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2.11 p EBV¥—RE

R p AT 4 7 UL, FBEREMZAOMO (ERfX) WBEEREZ RN T 5 &
WO BRI TIELON-ET LI, 2072, FE AN DR £ TONYHRY e BB ik 2 fo/hc
TOHROBRMEMFFCEET. LoL, MO FITTREAR & HEsR S OB 2 Miim (B TV /A5
DEREENTVWDAREERH Y £, 208, ZOHTHY p B ¥ —MEEE, (EAfX)
BEIERES G I RE VAR DOEZEL VWL D ICEREL T HMEE LD Z LN TEET.

ZIT, Bl EEROEWVFELRNDDO (EAAE) HEEZ H/NCT DR D Z & T,
CORERODLHMED Z L2 Z—MEEWNVONET. £70, p EITICHERZEET 2 L 9 72
A p B —RBEEEY, HIEOX O iR EAEET S X O RGAICAHVLNTHET.

(178)

HHEEE, ATNL FHETO 6 HHOHMNS 2 DOHICHICT S— &2 HELLD
EBZTWET. ZORE, #RITT D IS E TOEANS E BB FREEO 5O E Z oM T
LT EDOHICHET2LERNTLE 2. B, HEHOANAITETORD L HIC
o TWET. Fi2, 2 TROBEEIA FTORO LI IZh-oTWET. Ak, HEHEE
TR 2 FR T O BREfE T OFR T 28 L7z & & ORI B L £ 7.

# i AR
AT 800
B i1 550
c i 780
D i 600
E 1020
Fifi 360

BB OFIRE & OFWT BRI O 20 T, 2078, BIEIOFIETOLEE & HlIfSic
ONWTIEZOBFETHLFOEEMHA L ETOTEHEMIAE 2B LT EE .
B IBIEIZ Wi, B i b HE F COEAM EBEIEROR B E WD Z L2220 $9.

£, W 1 »OEH § FTOELMNESBEEMELZ RO ET. T X =1 ORICERZFF

LOTT D i-3 MOHHE, 1 OARZLTX O 3 22HTabELbOLRY ET. Ik,

I = ORI ZORITHEIC 01220 FTOTHRICIEED RN LIZLET. ®IZ, 4RO X
IR =~y 7 AMBEOEAETO—oDT /= 7 L LTER v ZH-ICEALET. 20



72

W, BEAMNEBEBEHENAZNEN v LFTHD EWVIHFIREEZMA D Z LT v ICHEATER
BEEEORKMEE V) BRERF-EL LN TEET. LoT, £ v BAPHEMBEEE Y
E3

UbozZ b, ko ks icEffbca 7.

0-1 %4}& XAA'XAB’XAC’XAD’XAE'XAF’XBA’XBB’XBC’XBD’XBE’XBF’XCA’XCB’XCC’XCD’XCE'XCF’
XDA’ XDB’XDC ! XDD’XDE ! XDF ' XEA' XEB ' XEC ! XED ! XEE ! XEF ! XFA' XFB ' XFC ! XFD ! XFE ! XFF

0 FF 1 2L HIETL2ONLHRBITVHIIEHITE Z 202 RT A

stV H I & BB ERHE O i K AE
EREOREE- S H I E BB O i K AE
(m/IME)

Hgge: V=800x7X,5,V=800x%2X,.,V=800x13X,,,V =>800x19X,.,v=800x17X,.,
V= 550% 7Xg,,V =550 % 8X;., V=550 % 6X5,,V = 550x12X,. ,V = 550 10X,
V2> 780x 22X,V = 780x8X5,V = 780x14X 5,V = 780x 20X,V = 780 x18X ¢,
V= 600x13X,,V = 600x6Xy5,V = 600x14X,.,V = 600x 7X5:,V = 600x 4%,
v>1020x19xc,,V>1020x12X_;,V 21020 x 20X,V >21020x 7X,V 21020 x 3X,
V 2360x17Xc,,V2=360x10X 5,V =360x18X .,V =360x4X,V=360x3X

HHET E BB R R X e

Xan + Xgg +Xee + Xpp + Xeg + Xeg =2 2 B IS

Xap + Xag T Xac + Xap + Xpe + Xpe =1 AT 1 ST Ay
Xga + Xgg + Xge + Xgp + Xge + Xgr =1 B ifiiE 1 fEATIC Ay
Xea +Xeg + Xoe + Xop + Xeg + X =1 C miE 1 EpTICALSY
Xpa + Xpg + Xpe + Xpp + Xpe + Xor =1 D iiE 1 EETICE Sy
Xea + Xeg + Xee + Xep + Xeg + X =1 E ifiiE 1 ETic il sy
Xea + Xeg + Xee + Xep + Xeg + X =1 F il 1 &Sy

Xpg = Xggs Xac = Xeor Xap = Xpp i Xag = Xeg 1 Xap = Xep s
Xen = Xanr Xge = Xeor Xgp = Xpp 1 Xge = Xeg» Xge = Xep s
Xoa = Xans Xog = Xgg s Xop = Xpp s Xoe = Xegs Xep = Xees

XDA < XAA’XDB SXBB’ DC —XCC’XDE SXEE'XDF SXFF’
XEA SXAA’XEB SXBB’XEC —XCC'XED SXDD’XEF SXFF’

Xen = Xanr Xeg = Xgg1 Xee = Xeor Xep = Xpp s Xee = Xee
HIE LT 2882 Bl 5y

Z DFER % SIMPLE TReab T2 ERD K 512720 £,
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/I EBOES
IntegerVariable
type=binary),x AB(type=binary),x AC(type=binary),
x AD(type=binary),x AE (type=binary),x AF (type=binary),

)
)
x BA(type=binary),x BB(type=binary),x BC(type=binary),
)
)
)

AA( ), ),

( ) )

( ) ( ) (
x BD(type=binary),x BE (type=binary),x BF (type=binary),
x CA(type=binary),x CB(type=binary),x CC(type=binary),
x CD(type=binary),x CE (type=binary),x CF(type=binary),
x DA (type=binary),x DB(type=binary),x DC(type=binary),
x DD(type=binary),x DE (type=binary),x DF (type=binary),
x_EA(type=binary),x EB(type=binary),x EC(type=binary),
x_ED(type=binary),x EE (type=binary),x EF(type=binary),
x FA(type=binary),x FB(type=binary),x FC(type=binary),

( ) ( ) ( )

x_FD(type=binary),x FE(type=binary),x FF(type=binary);
Variable v;
/| BT & BB e KAE O e/ IME
Objective max distance (type=minimize);
max_distance=v;
v>=800*7*x AB;
v>=800*17*x AF;
v>=550*12*x BE;
v>=780*14*x CD;
v>=600*6*x DB;

v>=800*2*x AC; v>=800*13*x AD;
v>=550*8*x BC;
v>=T780*2*x CA;
v>=780*18*x CF;

v>=600*7*x DE;

v>=550*7*x BA;
v>=550*10*x BF;
v>=780*20*x CE;
v>=600*14*x DC;

v>=550*6*x BD;
v>=T780*8*x CB;

v>=600*4*x DF;

v>=1020*%19*x EA;v>=1020*12*x EB;v>=1020*20*x EC;v>=1020*7*x_ ED;
v>=360*18*x FC;

v>=1020*3*x EF;
v>=360*4*x FD; v>=360*3*x FE;
//HE & BB B RS

X AA+x BB+x CC+x DD+x EE+x FF==2;

v>=360*17*x FA; v>=360*10*x FB;

X AA+xX AB+x AC+x AD+x AE+x AF==1;
X BA+x BB+x BC+x BD+x BE+x BF==1;
x CA+x CB+x CC+x CD+x CE+x CF==1;
X DA+x DB+x DC+x DD+x DE+x DF==1;
x EA+x EB+x EC+x ED+x EE+x EF==1;
x FA+x FB+x FC+x FD+x FE+x FF==1;

v>=800*19*x AE;

v>=600*13*x DA;

X AB<=x BB;
X BA<=x AA;
x CA<=x_ AA;
X DA<=x AA;
X EA<=x AA;
X FA<=x AA;

x AC<=x CC;
x BC<=x CC;
x CB<=x BB;
X DB<=x BB;
X EB<=x BB;
X FB<=x BB;

X AD<=x DD;
X BD<=x DD;
x_ CD<=x_DDj;
x DC<=x CC;
x EC<=x CC;
x FC<=x CC;

X AE<=x EE;
X BE<=x EE;
x CE<=x EE;
X DE<=x EE;
X ED<=x DD;
X FD<=x DD;

X AF<=x FF;
X BF<=x FF;
x CF<=x_ FF;
X DF<=x FF;
X EF<=x FF;
X FE<=x EE;
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TOFEFETIEHRELGPVIZSWTTOT, FifiL FEEIZ SIMPLE TORREERLLOITL
TV Z&iZLET. 2o, EXMbiZonWTIIRO L9 b iz LET.

I City ={A,B,C,D,E,F} i OEE

0FIX1Z2LEDHETHONE K HIEN

0-1 %% X;,1€City, jeCity
HIEHIT & Z e Dind £ T A

LS 0 G I & B B R O fi R AE
E distance,,i € City, j € City HrT 1 2SHETT 5 £ TORHEE
population,,i € City i oAn

H # B %%

Sy T X BB DA
(/M)
OB

v > population, - distance; - X;, Vi, j € City,i # ]

AT & BB EREE S A KA 2B % 7

Xii:2 e
ig% 2 FRTTICHE
2, % =LvieCiy SR 1 BT

\ z N
X, <X;, Vi, j City,i # j HIE LT 2 T ICAL )
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4% &, SIMPLE Tldkd X 5 Zpfliipitbic s v £,

/T OREDES

Set City;

Element i (set=City),]J(set=City),k(set=City);
[/INTA—=BDEF

Parameter distance (name=" 2 #\iiflOHHE", index=(1,7));
Parameter population(name="ﬁﬁﬁ0)}\ﬂ",index=i);
/I EBDES

IntegerVariable x(index=(1i,]),type=binary);
Variable v;

// BB D ES

Objective max distance (type=minimize);
max_distance=v;

/ /HIFISRAT

v>=population[i] *distance[i,J]*x[1,7];
sum(x [k, k], k)==2;

sum(x[i,73]1,7)==1;

x[1i,k]l<=x[k,k],1i!=k;

/R UHIET 282 H T %

solve () ;

simple printf ("%s micHIE9d 5. ¥n", k,x[k,k].val==1);

FEITTHERTIE, AIEiOBIRE & RIS O 2 FHH OB RS csv 77 AV (FE) &AL
HONAZRT dat 77 A4V (F) &5 2F7.

2 #iM o, A, B,C, D, E, F #fio ANA=
A,0,7,2,13,19,17 ["A"]1800
B,7,0,8,6,12,10 ["B"]550
c,2,8,0,14,20,18 ["C"]1780
D,13,6,14,0,7,4 ["D"]1600
E,19,12,20,7,0,3 ["E"]1020
F,17,10,18,4,3,0 ["F"]360;

ZOETNEFEITTDHE, BIHIO p AT 47 RBEORORELIZR R, adié FfilcH
JET 45BN ERb0 £,
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2.12 XpEEZ—NV 2= 8

KEE—N 23 AEEE, BV A BH 286N L, £2TofliziiL 7T, M
FHAIIET 256, SO XD RIEHF THdi 20 5 O BN RFERKE Th 20, Lo RETT.
Z OBBEITEZICHNAEH A A TR THINEWIFRELH Y T, 22T, &
BRI DI A TH DL LW IHIREOMBEAMRIN LET. £io, —Eihih-#m 2
L THOHIZBEIT 5 L 5 BRGEAEIEEL W L L LET.

(f5117)
WD 7Z713#dia, B, C, D&, FDVU L7 OEHEREFR LK TT.

D
4

HOHWHNOHIEL, ETOMBT LML T, HEMAUIFES S5E, X5 2)H
FCHT AR5 & REREERDTL X 9D

Z ORI % NUoPT THEL I ERILZITWET. AFIEO ERABIZ SR 141 508
TH. “TRTOFH A L THBEHSISMEST 27 L) ZLld, —EHEZORKEEZD
728, BEEOE O T & AR T X W2 L2 £9. 2 2 TIRICET A 2
FEHUT LR T 5 2 LICLET.

BEIZOWTEZE L L D). EOETNDL EOHHICE > T »ERET HMETTOT,
HOLEINLROHLEHIIBET2HAIC1 240, BEILALWEAIZ0E2ED5K897 0-1
ZEH Xz Xac s Xaps Xger Xan s Xeos Xaar Xear Xpar Xegr Xpps Xpc B HA LET. B2, X, (TH0TH
AMLET BICBEITAHAIC 1 2L, BEILAWEAIZIZ 02 L0 7.

I, H/METRE BRI REICZR Y £3 0T, KA OEREAE HWT,

6X g +9Xpc +9X,p + 7 Xge +4Xgp +3Xep +6Xg +5Xcp +OXpn + 7 X +4Xpg +3Xpe
ERBTHENTEET.
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RBRICHIFIRAATT. Kt —b~ CRERA OfilK), “T~ToMiizal L TmEd 57
EXMET2LE R HY T, ZoOHKIE, “FEHPLHETO 1 SICBET 57, B
B O 1 O bBET2” LW olilieasEsd. A, WAz nTid,

Xpg + Xpe + Xpp =1 - #ili A 2B HIEHT O 1 DICBEIT 5
Xap + Xca + Xpp =1 : #li 2 (ZHIHLTHT O 1 S0 HBHT 5
EV I RIS BT,

EROHKIIZT TEIAHITHY, b LHREMADHNERHY £ b, B
DEEITIE, Xpg =Xga =L Xop =Xpe =1&702 L9 2k, SF Y —FEE TERET M
HIENTERVED RREAFINTLEI NS TT. KEt— LA~ U RETIE, —EHX
DA Z Y 7 — LIFY, T a-#idT Bl Al O XS, FARTOWHZEM L TV
VT =TT = LR T KA — 2w CRETE, BRI T N To
V7T —RPRT D7 LW HKINLECRY EF. ZofKERIT 0L, hEELKL
MR D Vg, Yoo Yp 25 AL, #ifi B, &l c, #ii D 238D LY 7 —2HEERT 25 & 9 il
KzEALET. ZoflKiL,

Yo — Yo +3Xge £2 e+ (D)
Y — Yp +3Xgp <2 -+ (2)
Yo — Vg + 3% <2 =+ (3
Yo = Yp +3Xep <2 o0 (4)
Yo — Vg +3Xp £2 2+ (5)
Yo — Yo +3Xpe £2 -+ (6)

ERBTHZENTEET. BRI D, B, (1), 3) OHKOmZERELEDED L,
IXpe +3Xg <4
LY, Xge =X =1, TbH [Hil B> co#ii B) DX SRV 7Y 7 —2HL, F
72, (1), (4), (5) OFKOmILEELEDES &,
3Xge +3Xep +3Xpg <6
ETRY, Xge =Xep =Xpg =1, T7bBH, T =&l el p—#fHi B) O L 57T
TR T D A TEET. B A T LEERSRITE LRV DIL, LY T —F
THEPRLAANWEIIZTLH72DTT. 2FE0, Wil a 2BV 7 —0OW, & A LIS CTHERL
SNDZYT—m T NTHRT D2 L 2RBLTWET.
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PlEozZ e, WO LZER LT A ENRTXET.

0-1 &%

H BB %L (/M)

il

>
@

>
(@]

X X X X X X X X X X
O U O w O W W >
@ » » » O O O ©O

xX X
9] =)
@) @

Ys
Ye
Yo

BT A D DHESTT B ~BENT 5 00
i A BAEST ¢ ~BEIT 2 0
BT A2 DELTH D ~EENT 2 00 E
i B M BHELTHT ¢ ~BEIT S 0 E
i B M HHELTHT D ~BENT S im0
BT C 7 BAET D ~BENT 5 2 )
BT B 2> DELTT A ~BENT 2005 M
R C N DELT A ~BENT 2 00 E )
HRTH D 2> HELT A ~BENT 2 00 E )
i C M BHETT B ~BEIT S 0 E
BT D BAT B ~BENT 2 2
T D BESTHT ¢ ~BENT S im0
HfRI A %K

HfRIZE %K

HfRI A %K

6X g + X +5X,p + 7 Xge +4X5p +3Xep
+6Xgp +OXcp +OXpp + X +AXpg +3Xpe

Xpag +Xpe +Xap =1
Xga + Xge +Xgp =1
Xea T Xeg T Xep =1

Xpa + Xpg +Xpe =1
Xga T Xca + Xpa =1

Xpg T Xcg + Xpg =1

X + Xge + Xpe =1
Xap T Xgp T Xep =1
Yo — Ye +3Xgc <2
Ys =¥ +3XBD <2
YC _YB +3XCB <2
yc _yD +3XCD <2
Yp — Y +3Xps <2
Yo = Yo +3Xpe <2

PRI R

ERH A DB BEST D 1 SICBEIT
EH BN BBERTH D 1 DI BEIT S
#ic MBRIESH O 1 S IcBEIT S
BT D 22 BRIERT O 1 SICBEIT 5
T ACHIFS O 1 S0 B BET 5
I BICHIFS O 1 >0 b BET 5
i clICBE O 1 > S BET S
D ICHIE D 1 > S BEIT S
T 7 T —PeBRR
7 T —HEBRR
T 7 7 —PEBR IR
T 7 7 —PEBR IR
T 7 7 —PEBR IR
T 7 7 —PEBR I

ZORIEEIL, I 0-1 TEEEFEENES - TEY, BB, #HRNETHRIERD
T, IRAEEBEREHEREE 20 4. EL LR % SIMPLE CTitd T 5L T Lk HIC
2 E£9.
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LSS

IntegerVariable x AB(name="A->B", type=binary);
IntegerVariable x AC (name="A->C", type=binary);
IntegerVariable x AD(name="A->D", type=binary);
IntegerVariable x BC(name="B->C", type=binary);
IntegerVariable x BD(name="B->D", type=binary);
IntegerVariable x CD(name="C->D", type=binary);
IntegerVariable x BA (name="B->A", type=binary);
IntegerVariable x CA(name="C->A", type=binary);
IntegerVariable x DA (name="D->A", type=binary);
IntegerVariable x CB(name="C->B", type=binary);
IntegerVariable x DB (name="D->B", type=binary);
IntegerVariable x DC (name="D->C", type=binary);
// BEI%

Objective route (name="#F¥KE", type=minimize) ;
route=6*x AB+5*x AC+5*x AD+7*x BC+4*x BD+3*x CD+6*x BA
+5*X_CA+5*X_DA+7*X_CB+4*x_DB+3*x_DC;

/ /R

Variable y B;

Variable y C;

Variable y D;

/] BEH N DRIFEH O 1 2B E 5

x AB+x AC+x AD==1;

x BA+x BC+x BD==1;

x CA+x CB+x CD==1;

x DA+x DB+x DC==1;

/) BHEAZRIET O 1 o HBET S

x BA+x CA+x DA==1;

x AB+x CB+x DB==1;

x AC+x BC+x DC==1;

x AD+x BD+x CD==1;
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/] TIT =T
y_B-y C+3*x BC<=2;
y_B-y D+3*x BD<=2;
y C-y B+3*x CB<=2;
y _C-y D+3*x CD<=2;
y_D-y B+3*x DB<=2;
y D-y C+3*x DC<=2;

/ /KSR

solve ()

/7

x AB.val.print
x AC.val.print

x AD.val.print

x BC.val.print

x BD.val.print

x CD.val.print

x CA.val.print

x DA.val.print

x CB.val.print

x DB.val.print

(
(
(
(
(
(
x BA.val.print(
(
(
(
(
(

x DC.val.print
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0-1 &%
28K

HAEBI% (e/ME)

49

City ={A B,C, D} witioks
City_={B,C,D} HRE S IS DER T DI A

dis,,.,,cleCity,c2 e City #orfi €L & A iii c2 o
num H£4City _ o#EFEK

i i i LA BRI C2 IS B
Xecar cle Clty, c2e Clty i # %

D IR
y.,ceCity _
disclczxcch %}:%E

cleCity,c2eCity

z X2 =1, V€l e City i clia bR Hi o 1 SIcB
c2eCity i

Z X0, =1, V€2 € City i C2 ICRIERTH D 1 S5 6B
cleCity &

Yy — VY., +Num-x,., <num-1,cleCity _,c2eCity_,cl=c2

BT T — A HERR
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Wiz, E (BEHEOER) 25 —% 7 7 A Vb5 2% SIMPLE £5 /L& /R LET.

DEICETNET = FanliT 2 28Ik, MHBPLEboT L LTHT =277 A NV

BT THISTE L9127 £

—

/B WA

Set City (name="#Bi");
Element cl (set=City);
Element c2 (set=City);
Set City (name="HHFEHS AR HT™) ;
Element c_(set=City );
Element cl (set=City );

)

’

Element c2 (set=City
[/INT F—H

Parameter dis (name="HH#", index=(cl,c2));

Parameter num = City .card();

/1 EH

IntegerVariable x (name="##)", index=(cl,c2), type=binary) ;
Variable y(name="JIE%", index=c );

// B RIBEK

Objective route (name="fEHKE", type=minimize) ;

route = sum(x[cl,c2]*dis([cl,c2], ((cl,c2),cl!=c2));
/) BEH S 1 OORFETH~BET 5

sum(x[cl,c2], (c2,cl!=c2))==1;

/) BHEHIZ 1 SOBIESHI A D BET S

sum(x[cl,c2], (cl,cl!=c2))==1;

/] BT T —EPERT S

ylcl 1 - ylc2 ] + num*x[cl ,c2 ] <= num-1, cl !=c2 ;
/ /KA

solve () ;

//H7

x.val.print () ;

y.val.print();

route.val.print();
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llEE%‘EH —
[A,B

(o8]
Q

4

Q
w)

14

[vs]
>

14

Q
o

14

D,

@

]
[ ]
[ ]
[ ]
[ ]
[ ]

’

w 3 o0 W I3 o

"EHi" = A B CD ;
"R AR ERTTY = B € D ;

(A, C]
(B, D]

[C,A]
(D, B]

(A, D]

(D, A]

5

5

ZOETNEFETTDHE, Hh A—ER T B—ER T D—ER T C—#R T A DNEFE TBEIT 5 D2

WEL 720, ZORBEREIZ18 THDZ Lbn 1.
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2.13 FY4 A

BRI IBEZ S OEBICTHA SN TWET. 2 2 TITEAR 2B L RIEOFIEA Y BT,
FMMEOEbDT 7 =y 7, T /LOH], KEFERREICHT 27 7 e —FiEE2RN LE
7.

2.13.1 FYRELIX

FIMRE S, A A OEFLES B OERO LNITEHIY Y THNERET HRETT.

PAN
e A *& B

m—
al o.:.:::co oooo...... N ...7
0, "%, LA XY Pl .o
°, .... .... oooo.....>
.°o. o ..'o. .oo°‘°..>

F7, BRYMEII A 2O AMEICEESHmZ DN TEET. FRRoXE, v A HEZH
DEAA—TTERTEUTORDOLHIZHRY £7.
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a2

a3

bl O

b2

b3

b4
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FPYREIE~ ZADMD T OV — N Z il St L LTHE R 5 2 LI X - T, il % ORIEICRIGT
BRI ZAT) ZENTEET. BIUMEOISHAIE LT, FIZIFLTFOLDORH Y £,

*

A BB RS
DA N R il |
P L e R

*

*

*

*

A 22—V o ZIRGERE
~—7 v b7 U U —RERE

2.13.2 EEAR~ AHEDE| LB

ZITHRET, vAHEHEOLIFTOMEEE TV E ET.

(f51l78)
AXADABNHY £

O AAEBEZ VO TTN, £TOHREICE LT
LN 2O LHIRELET. S TEOLITEFTIERWVWTL L D2
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ZoMEEZERET H72011E, 0-1 BREEMVWDLILENH Y £F. ZORBEDOLELLT D
DX, F~vRIx LT 0-1 BHEEexhcs L.

x11 | x12 | x13 | X14

x21 | x22 | x23 | X24

x31 | x32 | x33 | X34

S w [N e

x41 | x42 | x43 | X44

ERbZ T 5L UTOL DIy 7.

0-1 £¥% X115 X191 Xy3s Xy FNENO<ACAEBELI LT 1 BN
X21’X22!x23)X24 fﬁ%&i 0 .
Xa1s Xap» Xags Xay

Xarr Xazs Xazs Kag

B = ORI H BRI AR
e Yo X + X5+ X, =2 LATHERIC R L X0 % 2 S <
X1+ Xop + X5+ Xpy =2 2ATHAMRIC R & X Icm % 2 o<
Xgp + Xgp + X3 + X5, =2 SITHZRIC R & X ICH% 2 @<
Xgp +Xgp +Xg3 X,y =2 ATTHEMBRICR - L X ICA % 2 0B<
X1+ Xoy + Xgy + Xy =2 1HIH ERHC R & X ICHE 2 o<

Xy + Xy + Xy + Xy =2 2HNE U R X% 2 0E<
Xig + Xog + X + Xy =2 3FIBEHEUCRI- L X Ich % 2B
Xig + Xog +Xgg + Xy =2 AFNBEEHEC R L X Ic6% 2oL




ERM LZfiR % SIMPLE TR I B2 LUTO XS0 £

IntegerVariable x 11 (type =
IntegerVariable x 21 (type =
IntegerVariable x 31 (type =
IntegerVariable x 41 (type =

IntegerVariable x 12 (type =
IntegerVariable x 22 (type =
IntegerVariable x 32 (type =
IntegerVariable x 42 (type =

IntegerVariable x 13 (type =
IntegerVariable x 23 (type =
IntegerVariable x 33 (type =
IntegerVariable x 43 (type =

IntegerVariable x 14 (type =
IntegerVariable x 24 (type =
IntegerVariable x 34 (type =
IntegerVariable x 44 (type =

x 11
x 21
x 31
x 41

x 12
x 22
x 32

x 42

x 13
x 23
x 33
x 43

x 14 ==
X 24 ==
X 34 ==
x 44 ==

+ o+ o+ o+

x 11
x 12
x 13
x 14

x 21
x 22
x 23
x 24

x 31
x 32

x 33
X 34

x 41 ==
x 42 ==
x 43 ==
x 44 ==

+ o+ o+ o+
+ o+ o+ o+
+ o+ o+ o+

/) LRI v 75 A

solve () ;

o\
o\

%

simple printf ("%

o\
o\
o\

%

simple printf

o

d¥n
d¥n
simple printf (" %d¥n
d¥n

o

o 0 O O
o

o 0 O O

o\

d
d
d
d

o\

%

(
(
(
(

simple printf ("%

binary) ;
binary) ;
binary) ;

binary) ;

binary) ;
binary) ;
binary);

binary) ;

binary);
binary) ;
binary) ;

binary);

binary) ;
binary);
binary) ;

binary) ;

~.

NN

DN N

",x 11,x 12,x 13,x 14
",x 21,x 22,x 23,x 24
",x 31,x 32,x 33,x 34
",x 41,x 42,x 43,x 44

)
)
)
)

’

’

’

’

87
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ZDET)LE NUOPT TEITTDH L&, HKEIC

1010
1100
0101
0011

EWVIEIRDEN, ZOBBEOEZ MR TEET. FoRRICH EI T oanNENWTHD
(1 LRFENTNWD) OB £,
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ST, WIZZOME%A SIMPLE DIRTHERELX AWTET /ML L TAHAET. EXLIFLLTD X

HNCEBLET.

N | ={1.2,3,4}
J::{L2#&4}
P
0-1 2K &MeLjeJ
5] 3k~
LESESEE Z x. =2,Vjel
ij !

ka:ZWel
i

S

17
4l

~ A (1)) CaEEL ABIEY =1, B0
Ex; =095,

Z OMBEIZIT BB v
ZE ) ITHRIC A EE A E 20 <

BAT 1 ITHEC R L X IR E 2 ofE L

WWTEAWDZ LICEY, UTFToOLY)IClBIcET VR T2 EmMTaEd.

Set T = "1 2 3 4";
Set J = "1 2 3 4";
Element i(set = I);

Element j(set = J);
IntegerVariable x(type =

(
sum(x[i,3],1) == 2;
2;

sum(x[i,3],3) =

/) TR0 T v 7 Z 4

solve () ;

binary,index = (i,3));

simple printf("%d %d %d %d¥n",
x[i,3]1,x[i,3+1],x[1,3+2],x[1i,J+3],] == )7
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2.13.3 {HEEIYRME
TITHE, AEAANCHRICE DY TCOHMEELIRY FIFET. koplEEE L FT.

(BIRE) 2] TEgk) TeaARk) TIuA) MR o 5 NSfEFEERID Y CEd. (HF
X TEER) B TVo8Ts ) T3 T2A8T) THINL) bRy A% @ 8 o
T, HFAEEEFICE D Y THIE A SR, ZHIEMEAN AEFIC L > TR EY
FT. F, FAFENETNOMAFEICH L THEERSH Y, BHENSEWVIEFE R R
DINDMEMAH Y £F. DLTIFRAMEL a A M2 ELHZHLOTT.

R S Ve R LA 157
P -1 3 -2 3 -4
5t 53 5 -2 3 -4 5
LUFTH |0 3 -2 3 -1
FEIE -3 -1 1 1 2
THEET |1 -1 3 1 -1
Hii L -1 -1 1 0 2
bR 2 -2 2 -3 4
AR 5 -2 0 1 5
= L Ve jk R LA 157
PR 570 1400 520 1410 450
Jt 5 1800 1000 1700 1050 2300
LVUFTH | 800 1500 500 1500 600
HEIE 500 600 1000 1000 1200
ZHEET ]800 600 1200 800 600
HiL 600 600 800 700 1300
@b 1200 500 1200 500 1300
A2 1500 1000 1200 1200 1500

F7z, UTORZSFLR TIEWT EHA.

FENCHVIRDFL, RT3 DETLET 5.

Mg [EE TLvodh ) bkl AR 122 A&2HID BT,

[RE] THET) TEHL] 31 AZEV YT,

Mg TEE) 3o AR HY T 5.

FAEFIZBWT, (EFEEZHEYT 5 NORMEOEZ, ZOMFEO I AV T 4 —LT 5.
FALFEO 7 AV T 4 —IFAIT TS TEWT 7200,

*

*

*

*

*

*

IDEE, aANOEHER/NMNITDHEIRED Y CHERD TFI.
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ZORBELATHI OB E FRICUL TO L S R~ 2 BIZO&ZD T HRBEE LTEXD ZENT

TET.
e ) 2B 6@ | wk Lk |82
KN, B, oz
EE, &2 —
TR 15 BE Bic RS AT
if“ﬁiﬁ\(}ﬁ“ LUHE O 120 2 b 5.
KA. it
THET
EHL
b it Rma, O
fLild < BIRK 30D D,

UbZikE2 T, UTOXIITERMET 2 ENTEET.

#£4

0-1 &

EEB]ESE /o
(&/IME)

JOB= {#%, HE, VvV, ik, ZHET, BHL, #F DAk}

HECES

PEOPLE = {ji, 1ok, #ak, A, i}

UN2E =

X, j € JOB, p e PEOPLE

cost,, j € JOB, p e PEOPLE
jyukuren, , j € JOB, p € PEOPLE

D cost, xXx,,
ip

ftFEjEAplcHEH VY TDHROIE

X, =1, 5 CRNRBIEX, =0 LT

%

fEE 2 A pIcEID Y THEDa A b

(15 | % A p 351 5 B Bt

= QN NI7HF ¥ 1|
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(eSS

D> X, =2, Vje (%, R, VUL, filk, Ak

p

M%) TEE) TV TRbr) MEAA ) 132 AE2HI0 Y T3,
D> X, =LVje (3 ZHHET, HHL)

p

(] TTAET) TEHL) 31 A28 48T,

> x,, <3,Vp c PEOPLE BT, BeR 3 O E TOMHEH D Y
p =
j THZENTED

2. iyukuren, < x;, >0,Vj € JOB 4 t14t05 » oy 7 ¢ —piga1c 72 o T 13
p
WIF 720

X, <1,vp e PEOPLE
Jo e, HEY

R, HHETES AP HET D (R AR EE LEEZRRZRWD).
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SEIEBICAL I 7 7 A NPT =2 2 52 THET.ETAEMMIILLTO L S22 £

ER

Set Job;

Set People;

Element j(set = Job);
Element p(set = People);

IntegerVariable x(type = binary, index = (3j,p)):;
Parameter cost(index = (j,p), name = "2 A K");
Parameter jyukuren(index = (j,p), name = "EHE");
sum(x[j,pl,p) == 2,

Jo== "EEE" || o= "HE" || j = "LTHbH" ||

j == "fwbR" 1| 3 == "fhiAAn;
sum(x[j,pl,p) == 1,

Jo== "FEE" || § == "ITHET || j == "HHL" ;

sum(x[j,pl,]) <= 3;
sum (x[Jj,pl*jyukuren[j,pl,p) >= 0;

sum(x[3,pl, (3, J == "#E" || j == "HE")) <= 1;
Objective total cost(type = minimize, name = "fA= X h");
total cost = sum(cost[],pl*x[J,pl, (J,P));

/) AT T e 7 F 4

solve () ;

total cost.val.print();

simple printf ("%s,%s¥n",Jj,p,x[J,pl.val == 1);
simple printf ("¥n");

simple printf ("$s ®27 A4V 7 4 —IL %d¥n",
j,sum(jyukuren([j,p]l*x[]j,p].val,p));
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PLFN csv BROAN 7 7 A0 TF. a A MIBELTERBEICEH L CO_FEOT 7 A /v

EMETOLENRDY 7.

RS, 22, Ve, 80K, 1A, )
% ,-1,3,-2,3,-4

g, 5,-2,3,-4,5
LUiH,0,3,-2,3,-1

ik, -3,-1,1,1,2
TH¥ETC,1,-1,3,1,-1
HitL,-1,-1,1,0,2
fHbr,2,-2,2,-3,4

A%, 5,-2,0,1,5

a R, 2R, Ve, S8R, LA, T
% ,570,1400,520,1410, 450
JEfFE,1800,1000,1700,1050,2300
LT%,800,1500,500,1500, 600
%7,500,600,1000,1000,1200

A 45, 800,600,1200,800,600
EHL,600,600,800,700,1300
f#F%, 1200,500,1200,500,1300
A, 1500,1000,1200,1200,1500




ZDET)LE NUOPT TEITTH L, KEIC

A h=13380
" AHEETC, M
LT H N, R
"LUFTH N, S
niEiAZY, LA
"fAZR, AR
"R, AR
"EE, e
nHRE, IR
nHRg, LA
"R, 2R
kR, R
"EH L, LR
"I, e

"ZHETOZFVT 4 —1T 1
LB O AT 40— 2
"HIAB D F VT 44— 1
"BETOI AT 4 —ix 1
RO AV T 44— 2
RO F U T 4 —I1E 0
"EHL"OZ AT 4—1F 0
"RETDOI AV T 44— 1

EWHFIRNEN, ZOPIBEOER 2R TE £
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(BIRE) el & DOREIZLL T ORMEZATTIMA TR SV,

Mg 23g5ZLiIrcain
(BFR) #3852 L FTERn
LT #3852 FETER0D
[RE] 23EDZLIETERD
[CTHET] 23EDHEIFETE RN

N

B EREFA
s

N
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ST, ZORMBETTREHIZEAD LK EDOMBIZLL TORIFKI 2 TMA D Z L TR Z &

WTEET. Fild T H0LEIT x OFE
A

=

IR, solve() OFFITHNITEZ THMNEVE

< ["HEH, TR == 0;
x [T, Mol =
x["L VAT, AN == 0;
[
[

Il
(@)

x ["JELE, IR"] == 0;
x["ZHHET, L] == 0;

ERRdEEML, ETFAEFITTLLMRIIUTOLIICEDY £

=2 h=13470
nZHEET, R
LT B, R
mLUETHY, I
"HDAZR, LA
AT, R
"B, VR
"R, LA
mEEA e, Rk
"RERT, L
EH L, LR

"IHETOZAVT 44— 1
"LUFTH O A VT 4= 2
"LAB D F VT 4 —I1T 1
"EETOI AT 4 —iT 1
"R AT =13 1
"R DAV T 4 —I1T 0
"EHL"OZ AT 4—1% 0
"REOIAVT 4 —I1L 1

MRAERDE, RaZXMNREL o TWD I ENGMNY 9.
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U EDEZTFIIUTORO X O ICEBZRE L, QTN TNDEZ AR 0 THD LW I
RERTTZEZEZALZLERTEET. (RBHTOLVE VUL, ZHIITAHET, HHITH
L, HAFIAZRTY)

AR (LA 130

X%, BK) | x (B, A | x (%, B0
[ < G, 207 =[BT, 0]
VO | x(LY, KB | x( ] x[VY, W)
$1E x [RTE, ZHE) | x UIE, Pelf] | x D5, 80K) x [ELE, P
SHIET | x(TFH, DR | x[TH, B | x(Th, A | x( T, IA]
BIHL | x (B, RUE) | < BN, PelR] | < (B, 8040 | x (B, UK | x (B, 96)
e x [k, ZHE] | x [RFR, VEHE] | x URMR, AR | xR, U] | xRk,
Az x (A, %R | x (A, Pl | x (HEA, 8K | x (A, AR | x (A, 1]

ZIT, EOROEDODWNTNDSERSIE 1 12725 2 &R0 OT, XU O D EKE HET
DMENIRNEBZ D T ENHPRET. FRCRBEOENYBBEIC IV T, HEERZR A2 HEf
HZEICE Y AHBICHEOHMZ KES LTLEY &, FEORT 4 —v U ZAEFELIKTE
HTLEIHERICARY 7. ZZTEHALGLZRHRICE L TE THIREMTNZ5Z 87, £
DX RBRL A A HERL720 ] &V FEEZBALET. UTORO L S oA A= TT.

AR (LA 5

x %, 8R] | x[BEE, K] | x[#%, E]
B A x [BIRE, 2] < [JBE, WA | x[EE, ]
VUKD | x (LY, BR[| x[ LY, (ERE) ’ x[LY, D]
FEE x [FVE, ZTHE] | x [31E, 1B | x [3B1E, 8HAR] x [FEE, L]
THIET | x [T, D] | x [T, K] | x[ZH, 8K | x [T, ILIK]
B L x B, 2k | < [HH, ) | <8, 89K | x (B, K] | <[Hil, #Ei]
b x [mBR, 2R | < 4mbR, Peff) | x UmBR, 80R] | < UWBR, AR | x @bk, i8]
AT x A, LR | x [H0A, PR | x (A, $0K] | x (DA, AR | x (A, (Ei0)

ERIT AR, FaaRTHES IPPair ¥ T A LENH Y 7.
¢ (j,p)elPPair & jEZpIZHIV Y THZ ENTEXSD
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LUF 2% IPPair &z fivizE e <.

JOB= {#%, HRE, L UbL, RiE IHET, BHL, ®Bk, (Lid5)

g4 .
HEOEA, j<JOB
PEOPLE = {Zepk, 1k, vk, LA, )
A4, pe PEOPLE
(j,p)eJPPair & jEpICZEIDV Y THZ ENTEXSD
- - 1 : = N4 -~
0-1 X,,(J, p) € JPPair TFEJZAPpICHYYTD X
Xp=1, €5 TRNERBITX, =072
EH cost;,, (j, p) € JPPair HHFjE APl YTHEDa A K
jyukuren,, (], p) € JPPair g | &2 N p BT D BB E
EEB]EAE , Z - COSty, x X,
j,p.(j,p)edPPair
(/M)
a2 A hO#RFD
g Sk z Xjp =2,Vje {(#%, BHE, VUL, Wk, (AR

p.(J,p)elPPair
Mg et TvodTs ) Hebrl TMiAZ ) T2 AzEI0 4 To.

> Xp=LVje UiE, JAHET, HHL)

p,(j,p)eJPPair
MRE] TTHEET) TEHHEL] 131 AZEDETS

X, <3
J,(J,p)eJPPair

FANTIE, R3O ETHELZHIVYTHIENTED
> jyukuren, xx,, >0

p =
p,(j,p)eJPPair

BHEFEO I XV T 4 —PNAITR > TIEWIT 2N

X, < 1
(j.p). jeB% 53} (], p)<IPPair

B2, WHEIIES APHEET 5.




ET VT TO XL ST £

99

Set Job;

Set People;

Element j(set = Job);
Element p(set = People);

Set JPPair (dim = 2, superSet = (Job,People));
IntegerVariable x(type = binary, index = JPPair);
Parameter cost (index = JPPair, name = "I A K");
Parameter jyukuren(index = JPPair, name = "EAEHE");
sum(x[j,pl, (p, (J,p) <JPPair)) == 2,

j == "HEE" 113 == "HRE" || 3 == "LIFL ||

§ == R 1) 3 == HEABY
sum(x[Jj,pl, (p, (J,p)<JPPair)) == 1,

Jo== "FEE" || § == "ITHET || == "HHL" ;
sum(x[J,pl, (3, (J,p)<JPPair)) <= 3;

sum(x[j,pl*jyukuren(j,pl, (p, (j,p)<JPPair)) >= 0;

sum(x[J,p), (3, (3,p)<IPPair,j == "HZE" || j == "HE")) <=
Objective total cost(type = minimize, name = "= X h");

total cost = sum(cost([]j,pl*x[j,p], (J,p, (J,p)<JPPair));

/] USFHIAT v 75 A
solve () ;
total cost.val.print();

x.val.print () ;

1;
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EEEFRRWN O JPPair (IS [§,p] OXT EZANTIEHEWTR2WVWOT, AN77A41%
FIUHEWEL T O X 5122 v 9.

3, p, PAEE, 3 R b
Pe, Vg, 3,1400
PR, 89K, -2, 520
PRk, LA, 3,1410
Pk, I8, -4, 450

J§F 55, %Rk, 5, 1800

J5F 7, $8K,3,1700

Jgf 7, WA, -4,1050
B, i, 5, 2300
VUL, %, 0,800
LIS, 1, 3, 1500
LU, A, 3,1500
VUL, 10, -1, 600
FEVE, ZR, -3,500
U, R, -1, 600
FEUE, #5K,1,1000
FUE, L, 2,1200
THIET, 7Rk, 1,800
T HHETC, Rk, -1, 600
THEET, 8K, 3,1200
THEET, IR, 1,800
B L, %, -1,600
B L, Rk, -1, 600
B L,#AK,1,800
HiL, 1WA, 0,700

B L, #0,2,1300
bR, ZHk, 2,1200
b, ERE, -2, 500
bz, 84K, 2, 1200
bR, (LA, -3, 500
b, #EL, 4,1300
tEiAZ, Z2fE, 5, 1500
AT, #ef, -2,1000
A, 85K, 0, 1200
A, A, 1,1200
A, 51,5, 1500
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FIZOETNEHIFIFEMEBE Y VN wesp ZHWDGEIZITET VEUTO X O ICEET
LUMENRH Y FT.

options.method = "wcsp";// #RIEIC wesp HHAWDHIETE
10;// FHHEKFE O E

options.maxtim

Set Job;
Set People;

Element j(set Job) ;

Element p(set = People);

Set JPPair (dim = 2, superSet = (Job,People));
IntegerVariable x(type = binary,index = JPPair);
Parameter cost (index = JPPair,name = "2 A K");

Parameter jyukuren(index = JPPair,name = "ZHE");

sum(x[J,pl, (p, (J,p)<JPPair)) == 2,
||#§gu H j P ||J§\jﬁ%u ||
S LUHTBY | § == R 1] 5 - AR

]
]

// wcsp BFA DB selection
selection (x[j,pl, (p, (j,p)<JPPair)),
Jo== "HFE" || § == "THET" || §J = "HHL";

sum(x[J,pl, (3, (J,p)<JPPair)) <= 3;
sum(x[Jj,pl*jyukuren([j,pl, (p, (J,p)<JIPPair)) >= 0;

sum(x[3,pl, (3, (§,p)<JPPair,j == "H&" || J == "HE")) <= 1;
Objective total cost(type = minimize,name = "fA= A L") ;

total cost = sum(cost[]j,pl*x[j,pl, (J,p, (J,p)<JPPair));

[/ BNTHAR T v 7T A
solve();
total cost.val.print();

x.val.print ();

KRB 72824 R 2 g < BRORTERAN G 2505 & LT ER TR LEEFEZR L TAT
TEW.
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2.13.4 MEREERNE
ZITE, PR AERET AN EIRETHMEAEIRY B ET. koplEEE L ET.

(BIRE) Mk 2D & ZIZBTHNERE LET. ik & L TRARFOWNA =5
ZFET. 2FV, KETOKESCWAETOREOZ T ANEEEBETH20, =V TO
B ABEEETZOTIEIRL, BV TOMETFHEEE I AA—TE T LL, Hl2E
MEEx 1 A=V 7 A, B, C YT L L XITIE, Mk 1 OFREICETLHKIE A, B,
C ODAFHAETIEZRL, A, B, C T TOZENENDANEE I AN—TEUXI N END
TEIIRVET. L, B2 T CHRICERPE D ZRNVETLELTER
HZEEBEWLET. BEAZLTICEBEL £,

» BORFONELBET D (Fe 2 HugZ [FIRFITIVA L 72V

* BRiRITZITANBEELZFRF>TWVD

o B MU TR T ORI IS DT b

* REEZA— =T 55GITEMICHAIT 23X M2 3 AETHREBTLZ L
MNTED

o JERREEE T HITIE T A MBS

o fiEk O EAMIL 7 R TH D

o WilIZ 5 X 5 @ 25 WETHD

IDEE, KREBEa AN EfERER T A NOTER/IMET D & O RERGAT A E L
7unveE LET.
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ULZEEZRT, UTOX @R MET 22N TEET. HL M ITREREHE LET.

£

i35¢ %

K

H HIRE %L
(J&/ME)

LESESES

l={1 ... 7}
R DEE
J=1{1 ... 25}
i DEA

X, 1€l

Yy, jeld

diStij,ie l,jel
numj
capg;
cost,

Y cost,x, +

2.y, min(dist; +M (L-x,)i)

Ml 2 dHRT 57001 x, =1, £5T
BN biEx =0L72

TUT JIxLCoBBAL. 0 ... 3
DIEZE &5

Bk 12> & Mk | £ CoME A EIE
125 2 B ET LN TRD S

Hi j THRAT D BRABE K

BiEk 1 AT AND Z L DTE D AE

W% DR = A K

o 2 b O

HlF UL TR TR FOMBRICINASIND] L) 2L, THROINEIZITEEND Y,
3ANETHAREOBBNEDOND] VW) ZETT. T wese FrFOMETH D
argmin PFIBEZHWH Z LIZL>T1 SOHMNTRET HZ N TEET. ZIUTERICE
T THERZ LT RSV,

SENTERCBEAL X T 7 AN T —F 2 52 THET. TSI TOL 120 &

ER
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/] i OHEE
Set I;
Element i (set
// HIRDOES
Set J;
Element j(set J);

IntegerVariable x(index = i,type = binary,name = "x");

I);

Set S = "0 ... 3"; // BEEEHRHOES

DiscreteVariable y(dom = S,index = j,name = "y");

// dist I XTETNVNTEHET S

Parameter dist(index = (i,J),name = "dist");

/] EBRTITU T OREEZ AT 5

Parameter pos xi(index = i,name = "pos xi");
Parameter pos xj(index = j,name = "pos o x3");
Parameter pos yi(index = i,name = "pos yi");
Parameter pos_yj(index = j,name = "pos yj");

// PEEEIXERIEREAY Z % 5

dist[i,]j] = sqgrt(pow((pos xi[i] - pos xjI[J]),2)
+pow ((pos_yil[i] - pos yj[3l1),2));

Parameter num(index = j,name = "num");

Parameter n(index = (i,7j),name = "n");

Parameter capa(index = i,name = "capa");

Parameter cost(index = i,name = "cost");

Parameter M;

M = 100;

// B DRI DT D DFHE

n[i,j] = capali] - num[j];

Objective total cost (type = mlnlmlze)

total cost = sum(cost[i]*x[i], +

sum (y[j]l*min(dist[i,j]+ M* (1 - X[l]),i),j);

// HRE, A vy IZOW T ORI

nlargmin((x[i] - 1)*M + dist[i,3],1),3] + y[3j] >= 0;

options.maxtim = 5;
options.method = “wcsp”’;
solve () ;
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VT2 csv TBRDOAT)Z 7 AT Mgl 2B LT & Mgt L Co ZRH0 7 7 A v
BTOMER LY ET.

i,pos_xi,pos_yi,capa,cost
1,13,18,6,24

2,14,4,9,20

3,19,15,7,41

4,3,10,5,13

5,18,11,7,23

6,7,5,10,18

7,6,1,7,20

,POS_XJ,pos_yJj,num

14

~

14

~

14

]
1
2
3
4,
5
6
7
8

~

14

4

~

~
@ o1~

o~
~
=
N

4

~

g0 o O O O O o
~

~

~
R OO NRFE P 01O

9,5,15,3
10,5,20,4
11,10,0,5
12,10,5,9
13,10,10,2
14,10,15,1
15,10,20,11
16,15,0,3
17,15,5,4
18,15,10,5
19,15,15,9
20,15,20,1
21,20,0,5
22,20,5,7
23,20,10,8
24,20,15,2
25,20,20,11
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ZD LI,

WCSP KA DR A F % LIFHEZRHFI AT H M BICRR T 25B803H 0 4.

WIZZORET TERFOGRET 10.5 LLEREENH 2T 10 #HilliE TLEFSI 2] &

WO RIKIZFER T H 2 L AEXTHET.
WL ENTEET.
DEIITRHET D ENTEET.

ZhiE wesp D count BEZEAWIIXEHEIZE
ZOBEEDORENEDT Y T EZHYETHLENWIEE 2z ZMZTUUT

IntegerVariable z(index = (i, Jj),type = binary);
selection(z[i,J1,1);

Element ii(set = I);

sum(dist[i,jl1*z[i,3]1,1) <= min(dist[ii,j1+(1 - x[ii])*M,ii);
semiHardConstraint () ;

count ( 10.5 <= z[i,]]*dist[i,3]1,(1i,]3)) <= 10;

Z Z T semiHardConstraint & MW7z

DITFHN— 10 HISLIN TE S E SR 28E

(2 [722~< 10 HIBLINT) WD 2L &RBT 572D TT.
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TRENRYIBE & 1X, 1957 4F Koopmans & Beckmann ([ZXVDEBRINTZ, BRIEEN K
XL 5EYRETY. NUOPT VI3 LV EAINT Vector/Matrix 7 7 ADXRLEHWT,

ROFIEZEZ THET.
()
%1, .., 5 2K 1, .., VICRETDIZLaBEXET. L, £ THEMT

DG ZELET DR, HEREOT7n—&, BIUOSHXEOERS, UTFDOX I
FEzxbhTnsp e LET.

F LD 71— A5 Ml ] O FREE

1 2 3 4 5 I II TIIT IV V
110 15 12 8 7 I 0 4 7 6 10
2115 0 14 2 4 II 4 0 2 5 4
3112 14 O 6 6 | IIT | 7 2 0 8 7
41 8 2 6 0 11| IV 6 5 8 0 12
51 7 4 6 11 O 4 10 4 7 12 0

WEDEaA e (7r—) x () THEXDLE, LI A NBDLNLRVE
BEAERDEIW,

C R, THEOTa—5% F(f,), BXEOERTHZ D(d,) £T5 L,

Qlisnzzfijdmi)as(j) (1
n i
ERBIENET. 22T, S 13 N koBEHE ( ZoRETIEN=5) TT.
ZIT, ## pe S, ITHL, RDOIIBREE X,

mk={ 1 if g(i) =k

0 otherwise.

ERICRONXNITE] X 205 28T, ()I2sd 2 dyg,; 13

(.. )=XDXT

#(D)4(1)

ERTZLBNTEET.
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EoT@) i, KOL> REEGEMEEICEX R D2 ENTEXET.
minFe XDX' %Z(fijdm 5
i]

st Y % =1, k=12..,n,

D % =1,i=12,..n,
k

X, ={0,1}, i,k =1,2,....n,

PlEXDy, Evbidko L5z £9.

£E Fac
Loc

EH F, i, jeFac
D,..,.mneloc

B X. ieFac, meLoc

im?

AR (R/hMb)
Fe(XDX)

Gl 2%
(RSB Xe

XTe=¢e

I
@

THOEE
X DES

K TEW o7 a—

A5 M X ] O e

THIZHEMICEEBET A5G 1
FNLIANT 0

o [TER T L OO

e IXERSY 1 DT R
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ERAL L2 R % SIMPLE TR 5L FO L H 124 £

/] BEETRT
Set Fac, Loc;

Element i (set=Fac),](set=Fac),m(set=Loc),n(set=Loc);

/] INT A—=H
Matrix F((i,3)),D((m,n));

/] EE
IntegerVariable x(index=(i,m), type=binary);
Matrix X((i,m));

X[i,m] = x[i,m];// BEEITINGFEED D

// BB

Objective total cost (type=minimize);

total cost = inprod(F,X*D*trans (X)) :;

// RIS
X*ones (Loc) == ones(Fac);

trans (X) *ones (Fac)== ones (Loc) ;

options.method = “wcsp”;

options.maxtim = 10;

solve () ;
simple printf (“L#¥; %d ZHIX s ITEET H¥n”,i,m,X[1i,m].val ==1);

V12 £ TP SIMPLE TliE, Z D HMWEEEZ

total cost = sum(f[i,j]*dlk,1]*x[i,k]*x[]3,1],(i,3,%k,1));

LRI LFET. Vector/Matrix 7 7 ALY, LVRICEBTELZ ERNbD £9.
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VLTH csv BRODATT 7 7 A LTI

F,1,2,3,4,5 D,I,II,III,IV,V
1,0,15,12,8,7 1,0,4,7,6,10
2,15,0,14,2,4 I1,4,0,2,5,4
3,12,14,0,6,6 111,7,2,0,8,7
4,8,2,6,0,11 Iv,6,5,8,0,12
5,7,4,6,11,0 v,10,4,7,12,0

ZOETNEETTDHERD LD RFERPELNET.

T3 1 #HX 11 [CRLET D
T2 X v ICEET D
TH 3 2HX 111 ICEET D
T35 4 #HUX 1V [ZRLET D
T35 # X 1 IZRET D
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2.15 FfEEE &

frtEfE S LT OBE T, BAZMEA L TEELIT> TS THEM, AZEERHO
FeEMAEANT HMEEE L ET.

()

BHEBAL TEEZIT>TWVDH 5 L0, BFEEEMOREROZAZEHE L T
FT. ERELZOE, BALZARy MENLBFEEOEOMN, BESNDT T
DORATENFEZ LREO 2T £EA. 2B, BMAZIEET 2 ARy MEIMEMG
KD 3 2L LET. ARy FEHTTOT, FABICEAT IMEMELEE T DI &0
ARETY. 2720, FRLICE N TLT 1 SOBMZ IR L THA LR ITIERY EHA.

7 1 2 |3
) (kwh) 5 10 | 20
WA H7-0 o2~ |10 | 20 | 30

Flo, BB AT LML R EMRIL, T 6 FEE LET. BERLZEAL
F9L, UTOXSRERNRENIGONbDE LET.

R RN 1 2 3 4 5 6
H 718 77 (kWh) 5 6 8 10 |15 |20
HAIA B 100 | 120 | 150 | 160 | 280 | 300

BEZl £ = 1,...,24 IZOVWTENTETE D, BUTOLIIZHEZLATHS bDOL
LET. ARy MEOWAa R b EREREA IR FORER/MET S &0 7%, JEEHD
AT ERB L OAR y MEHOWEATIEEZRD TFEW.

D |10 |10|12|12|15|20|30|30|35]|40]| 50|56
t 13114 |15|16 |17 18|19 |20 |21 |22 |23 |24
52147140 | 35|42 |50|48 |40 | 30| 20| 15| 12

ZOMEOERLE, LTSk £
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HEIBE%E (e IME)

il

{68

Product
Dynamo

Time

costS;, i< Product
costP,, j € Dynamo
p,, 1<Product

d;, Jj<Dynamo

D)

., teTime

u-, I1eProduct, teTime
X., Je€ Dynamo

]

D _costS; xu;' + D _costP, x X,
it ]

> ut=1, vteTime

mta'X{Dt _Zi: P xu;'}

Squxxj
J

A P A R D B AR R
bl oa Rk
BIREEICHF T HEAN=
Z b
Frsn O BRALR M &H 72
DHJIE )

% JE FERE O AL R & 72
Do )E

B 2L o )EE

FWEL T L ICAFE LI
WC, FIHT 22261 1,
FIFA L2222 513 0
FIERICEAL T, AT
576X 1, LN siX
0

o Zs (AR NE A=
AREFEEE AN ARDFN)
DI/ IMb

FRELNZ I T D P O fl
A1 o0k
TRTORFZNZIBNT, B
AL7EARy NEHEA
FHEOH J1ET O R
BHFEELZ LRGSRV E
AGEAR
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ERILDORA b ELELTE, TRXTORZNCI T 5B OfF & EHFREICET 51
Z, BRI Z LRI 20T, FZICET 2 max BBEHWTERBT2R/ICHY ET. 20
T KT R Y VN wesp &2 W THES <, SIMPLE TIZLA T D K 9 IZFik L £7. 723,
max BIFUZBI L E LTI, NUOPT SIMPLE v=a 7 Ol bbHbHE TIEF I,

// P EES

Set Product;

Element 1i(set=Product);
/] WS

Set Time;

Element t (set=Time);

/] FEEIES

Set Dynamo;

Element j (set=Dynamo) ;

// A B

/) BREICKT D B H 720 D= X b
Parameter costS (name="costS", index=i);
/] BFEEEHT HEAT A |

Parameter costP(name="costP", index=7j);

// HIES

// BPEERORALREH 7= D J)FE T
Parameter p (name="p", index=i);
/] BIEROBENHH- 0 O E

Parameter g(name="q", index=j);

/] WL OENE

Parameter D (name="D", index=t);

/]

/) BRI Z LT, EopgiERIHT 50

IntegerVariable u(name="Fhh”, index=(i,t), type=binary);
/] EDREREZENT D)

IntegerVariable x (name="J8%M”’, index=7j, type=binary);
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// BIE% (= A s ofx/IMb)

Objective cost (name="#=2 A k", type=minimize);

cost = sum(costS[i]*uli,t], (i,t)) + sum(costP[j]1*x[j]1, J):

// I

// FREICBIT DEmOERIL 1 SDOR

selection(ufi,t], 1i);

/) TRTCOREANZENT, BEALZARy NEEAFREOHEIOFMR
// BHFEEZ LRGN E N T RN

max (D[t] - sum(p[i]*uli,t], 1), t) <= sum(gl[j]l*x[J], J):

/] BRKRIRRFR] D% TE

options.maxtim = 5;

i

solve () ;

// FEROHT
cost.val.print();
x.val.print () ;

u.val.print () ;

T—H 774 (dat X)) IZLLTFTO X220 9.

costs [1] 10 [2] 20 [3] 30;
costP = [1] 100 [2] 120 [3] 150 [4] 160 [5] 280 [6] 300;

p = [1] 5 [2] 10 [3] 20;
g = [1] 5 [2] 6 [3] 8 [4] 10 [5] 15 [6] 20;

D= [1] 10 [2] 10 [3] 12 [4] 12 [5] 15 [e] 20 [7] 30 [8] 30
[9] 35 [10] 40 [11] 50 [12] 56 [13] 52 [14] 47 [15] 40 [16] 35
[17] 42 [18] 50 [19] 48 [20] 40 [21] 30 [22] 20 [23] 15 [24] 12;




115

— = o/ o/ o/ o/ o/ o/

VSV VU VO VAU A VR N VN I S

— = o/ o/ o/ o/ o/ o

VI O VO VU T O I S

S T T VS S VU

DETNZIATTH &, LUFO &9 RENTF L, FEEKOEANT ik X OE) OEATTIE

WREVELL.

-
—
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2.16 F/M_FRRE

BN RMEE, B LFonB CRFH SN EARNRMETY. 2 ORBEORAE) 7
FlE LT, RO IO H Y £T. ERICKVEONTT —F 27 VHIRICY TIXOE
BEMEL TV ZLEEZXET. 728, —RICBEBHERICENWTT —Z LET L OMICITA
ENFEAELTLENET. ZORE, TEBHRICEIT 25820 ZF i i/ M3 5] &) i
ERALRDRSBEVIBRICYTED L) T2 R/ FMEE 20 5.

(i)

A SALE, ERBBID ¢ BHEO y EWIEEZFHIT 5 L0 ) EREITVWE LEZ. 20
FEREFELDDE, TORDOIIIRVELE. A SAFIOERE Ty N LEEED
%, ft)=at’+bt+c 5 “KBEKEF LSS T LD Z LRt &E E L.
Z 2T, KBAHILTOF =2 ELEEFANLELNDE L ORRED TR E/NI
X912 a,b,c BHELTFEW.

t y t y

0.5 1.22470 3.0 3.22933
1.0 0.87334 3.5 4.44744
1.5 0.99577 4.0 6.13509
2.0 1.34215 4.5 8.14697
2.5 2.12172 5.0 10.50759

ZOBEICBNT, BEERDLZOFMET D a,b,c D 3HOTE. Fi2, HHEREIFELLTO
F—2EY({) LEFANSELNDE T () & ofsEFat® +bt+c—y(t) LRV ET. Lo,

BRHUERFANZ DWW TRRZED "3k 23R, T DMz L 5 2 & TR/MET 2 BB SO ET.



UbkDZ Lk,

ZOBIEIIRO X S ICERIETEET.
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Variable a (name=" 2 IR DOIEDZRE") ;
Variable b (name=" 1 RDOEDZRE") ;

Variable c (name="/E#HE") ;
/ /REZED "D e/ ME

Objective err (type=minimize);

err=(0.5*%0.5%a+0.5*b+c-1.2247) *(0.5*%0.5%a+0.5*b+c-1.2247)
0*b+c-0.
5*b+c-0.
O*b+c-1.
5*b+c-2.
0*b+c-3.
5*b+c-4.
0*b+c-6.
5*b+c-8.
0*b+c-10.50759)

1.0*1.
1.5*1.
2.0%2.
2.5%2.
3.0*%3.
3.5%3.
4.0*%4.
4.5*%4,
.0*5.

O*a+l.
5*a+l.
0*a+2.
5*a+2.
0*a+3.
5*a+3.
O*at4.
5*a+4.

0*a+5.

/IR URERE TR D

solve () ;

a.val.print();

b.val.print();

c.val.print () ;

LO0*1.
.5*1
.0*2.
.5*2
L.0*3.
.5*3
.0%4.,
.5*%4

O*a+l.
.5*a+l
0*a+2.
.5*a+2
0*at3.
.5*%a+3
O*at4.

.5*a+4

0*b+c-0.

.5*b+c-0.

0*b+c-1.

.5*b+c-2.

0*b+c-3.

.5*b+c-4.

0*b+c-6.

.5*b+c-8.
(5.0*5.0*a+5.0*b+c-10.50759) ;

87334)
99577)
34215)
12172)
22933)
44744)
13509)
14697)

5 a 2 KROEDIEHK
b 1 K DIEDHRE
c RO
HISBEL (0.52a40.50+ ¢ —1.22470)% + (1.0°a+1.0b + ¢ —0.87334)?
G ME) +(L.5%a+1.5b+¢—0.99577)? +(2.0%a+ 2.0b + ¢ —1.34215)?
+(2.5%2a+2.5b+c—2.12172)? + (3.0%a +3.00 + ¢ — 3.22933)?
+(3.5°a+3.5b +Cc—4.44744)° + (4.0°a+4.0b + ¢ — 6.13509)*
+(4.5°a+4.50+c—8.14697)* + (5.0°a +5.0b + ¢ —10.50759)*
KRR 351 5 BBED —
ZZT, ZOfER%E sIMPLE T/ H LRETICFRIBT S RO L H I £
| VISR DE S
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ZHTIE, RIS ERZIT ) KO RBEET VT 7 A VOEBIEICKRERFRMDB 0> TLEND
BRHTIIH Y FEA. £ 2T, SIMPLE DFFR & A0 LR R HIERRITHIG TE D & O ITE
Afb B RELTHNE ET.

F7, HHFHUREL ¢ TOT—2HY({A) EETANDELNLME f(T) L oiRELe(t) & RKT
ZLICLET. TaL, KiEFlo@mmrbet)=at? +bt+c—y(t) LAV EF. Zhkb, H
MBI e(t)’ & itV TRE L > bD L EXET. SIMPLE BT, Expression &
A2t TcHAEESTEET. LoTC, e(t) % Expression Tilih 3+ 52 & TET VT
TANE LVBRRLOICTEEY. £, ML RDDETITONTHBRERHOES 28
AT 5HZETsum () F AW HRICERIR TE F9. K&, R © 120 5 y(t) offidE
BETNLNT 7 A NVZEIRT 2D TIERLS csv 77 ANV EEZXDZ LI LET.

UbDZ &b, ROXIITEAE LB ENTEET.

A ObserveTime ={0.5,1.0,1.5,2.0,2.5,3.0,3.5,4.0,4.5,5.0}
BRI OEA
ik a 2 IRDOTEDFREK
b 1 IR OE DR
c EH A
e y(t),t € ObserveTime BT 12350 2 B
R %
HIR doe®?’= > (at’+bt+c-y(t))’

=
(Fe/Mb) teObserveTime teObserveTime

BB I 1T HRRZED 3
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T DFER %A SIMPLE Tioalb 472 ERDE TR0, FIFEDHDIZH~NPHAERE L & 51T
R0\ oizz> CTWnET.

/ /B OEEDES

Set ObserveTime;

Element t (set=0ObserveTime) ;
/BN Z T A—2 & LTHES
Parameter y (index=t);

[/ EBDES

Variable a (name=" 2 ROEDIRE") ;
Variable b (name="1ROIEDIREE") ;
Variable c (name="/E#IH");
//i87% Expression ZHWTERIT S
Expression e (index=t);
e[t]l=a*t*t+b*t+c-yI[t];
//RAFED "R D R/ IME

Objective err (type=minimize);
err=sum(e[t]*e[t], t);

/R THRERZ T 5

solve ()

a.val.print();

b.val.print();

c.val.print();

BB, ETIEIARIIEROL I TR csv 77 ANV EHE 2 FT.

~

1.22470
0.87334
0.99577

,1.34215
2.12172
3.22933

.5,4.44744

.0,6.13509

.5,8.14697

.0,10.50759

g b W w DN RO
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SORFAEFITTD L, Rk

2 IRDOIEDIEH=0.644402
1 ROEDIFRE=-1.47656
TEHIE=1.76057

PWORFENRENET. 2oz khnb, f(t)=0.644402t*-1.47656t +1.76057 L\ 5 %k
BT VN HECEZ iz F9.
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2.17 R— b+ 73 U T EE{LRIE

ZIZTIE, A= b7 VAR EZHINRBRO S ETHMIT At E e L TR L oHE W5
< Nat v VEFILOHLE R LET. BIRIZIER— 74+ U A0 b 7= 5T IS ROLEE DO K =
S (VRY) ZHEBTEHHITAZLICL, Tnai/IMET 5 L 9 REERS ZRD £

(f5)78)
L, 2 12T DML ROY T 20 I MU TFTORO L 512G 5nTnbd & LET.

0.25

—0— FR1A1 |
—— #iH2

: /
= 0.05
0

12 3 4 5 6 7 8 9 10 131415161718

HoIIL

ZORWEROY TN B HANTHR— b7+ U A DIGRRD /N L 70 DGRy %
ROFET. 2L, ERVIITERWEDEL, FAR— 73 U ORISR OHAFRHE
ol ke LET.
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ZOMEEZERET D EUTOL TR £

ZH

HArBI% (e/IME)

il

{68

Asset ={1,2}

Sample ={1,2,3,...,20}

.t € Sample, j € Asset

T,= > r,/|Sample]

teSample

, ] € Asset

X;, J € Asset

> dev’/|Sample]
teSample

dev,= > rx,—rp

jeAsset

, Vt € Sample

=3 X

jeAsset

X; 20, V] € Asset

> ox =1

jeAsset

rp=>0

EHOES
YT ILDOES

P TN E T D | DU

FEI | O

BN j DR LR

W=7+ VAR E 2 5 HFFIN
RO (VA7)

YA RBIT DEHNSOD
S

AN—~ 7+ U OISR

A (22

=
b

D EEIE)

AR ORFIL 1

RN—hr 74 U ANEz 5 HFIN
WwRIT 0 Uk

Z ORIBEIT A WBIES ZRTH U HlFIAIT A THRIZ T o T kGEHEEIC R Y £7
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/] BEERT

Set Asset (name="$4") ;
Element j (set=Asset);

Set Sample (name="Y% 27 /L");
Element t (set=Sample);

/] INTA—H
Parameter r (name="IYZ&*F", index=(t,7));

Parameter rb (name=" FEHJIEHE", index=7);

rb[j] = sum(r[t,j],t)/Sample.card();// Sample.card() :

DES

/] B
Variable x (name="#fH A", index=73);

// #

Expression rpb (name="HfFIVIEE") ;

rpb = sum(rb[jl1*xI[31,]);

Expression dev (name="fRz=", index=t);

dev[t] = sum(r[t,jl*x[j],])-rpb;

// BHIBE%K
Objective V(name="VU X7 ");
V = sum(dev([t]*dev[t],t)/Sample.card();

// I

x[j] >= 0.0;
sum(x[j1,3) == 1.0;
rpb >= 0.0;

i

solve () ;

// W
V.val.print();
rpb.val.print () ;

x.val.print();

£ Sample @
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T—=27 74 (.dat BX)

LT X D270 5.

IPETE .

[ 3,1]

—

6,1]

o
e

[E
U VS VO U S S

12,1
13,1
14,1
15,1
16,1
17,1
18,1
19,1
20,1

— /= = —/ = —/ —/ — —/ /= — — —

.0000
.0162
.0307
.0419
.0485
.0498
.0458
.0368
.0238
0.0082
-0.0082
-0.0238
-0.0368
-0.0458
-0.0498
-0.0485
-0.0419
-0.0307
-0.0162
0.0000

O O O O O O o o o

[20,2]

0.100
0.161
0.197
0.192
0.148
0.084
0.026
0.000
0.016
0.068
0.132
0.184
0.200
0.174
0.116
0.052
0.008
0.003
0.039
0.100

ZOETNEEITTLHLEUTOL ) BRI ELNET.

Y RA7=0.000951734
HAFFIN S 28=0.0199126

AR 1
FHARE=R 2

=0.800874
=0.199126
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NUOPT V13 L WEA XN/, Vector/Matrix 7 T ADLIMREF > T-FF L EZHM L ET.

Set Asset (name="#4f"), Sample (name="% 7 /N");

Element j(set=Asset), t(set=Sample);

/] INTA—=ZATH], XT Fv

Matrix R (name="IXZ&3*”, (Sample,Asset)),Rbar ((Sample,Asset));
Vector r (Asset);

r[j] = inprod(ones (Sample),R.col(]))/Sample.card();
Rbar([t,j] = R[t,J] — r[3];

/] B, BT BV

Variable x(name="fALLZ", index=7);

Vector xv (Asset),

dev (Sample);// WA FL

xv[3] = x[31:// ZE x X7 bV xv ([ZEEOIATe

dev = Rbar*xv;

Expression rpb (name="HIffI#EK") ;

rpb = inprod(r,xv);

Objective V(name="U A 7”7, type=minimize);

V = inprod(dev,dev)/Sample.card() ;

xv >= 0.0;
inprod (ones (Asset),xv) == 1.0;

rpb >= 0.0;
solve () ;
V.val.print();

rpb.val.print () ;

x.val.print () ;

FEITHHCIX, MUT—% 774 Ve85 2 $7.
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2.18 B VAT 4 v 7 EIFEET IV

ARETE, a VAT 4 vy ZRRET MK B/3T A—=2WEF L%, 7 A OB % Flc
G AN
WaLET.

(f5117)

RILT7¥AROD Iris setosa & Iris versicolor (IZEAL T, B DEZ, 283< DOIF,
EFRDOES, EROEICET 2% %250 HOT —FBFETH. b0 4 SEFHIAERK
L LT, Iris setosa & Iris versicolor Z¥BIT 5L 2R u T AT 4 v/ EUFET
IV AR K.

ZOMEOESEIFTRO & 512720 £

Ra | VLI 1o
J BIIZH I

e dj ieljed Rl — 4
7Y A OFERE
ki, el (0:Iris setosa,

1:Iris versicolor)

L a0

. HEE LW T A —X
a;, Jel

X, iel (hEZ#)
[xi = aO+Zajdij]
i

Ao gty Oo(kx —log(L+exp(x)))) SRR




127

PUoTNVEEOERIe IIHL, ny 70y 7B LX) X BToX5RATtkbT
EMWTEET.
exp(x;)

L) = 1+exp(x;)

EELX I, x=a0+) ad; TRbShHboL LET.
i
Wi, B VAT 4 v 7 MR AV a0,a, D/8F A — 2 EEFEOBRIIETOET. T

—HETIHTHEL D LELEZ, ThAEKE RS E7% a0,a, #RHET. Bb, A
R f %
f =L @-L(x)) ™

TEHL, IhakKNMeTsMELZEX 528128y, a0,a; OHEEZITOET.

7e¥5, ZOEETIHNBEROEAE -0, BB f o LTs L -7 f

f =log
=Y (klog L(x)+ @~k )log(1-L(x)))

f

(

exp(x;) B 1

Z‘[ki log 1+exp(x,) +(d=k)log 1+ exp(xi)]
(

Z k; log (exp(x;))+log

_ 1
1+exp(x;)
k;x, —log (1+exp(x,)))

=2

THRBEHEAZEESZRB L TH—RMEIIRDARWHEE LR LT, R ERLIMEDE X %
TWET.

LB ERILOFHA & 720 £

WIZ, TYAOFHWMT —HTT, T (5] OXHKIZHHT—4 (Iris setosa, Iris
versicolor, %450 f#) ZfEHLET.

BRI, UTO XS5 2 D csv 77 A V2B LET.
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(esv IEX 774V ;1 FEHH)

(LB D) (FE:DfE )
AT =%, " DR 34,5.5,4.2,1.4,0. 70,5.6,2.5,3.9,1.
S, B O, fEF DK 35,4.9,3.1,1.5,0. 71,5.9,3.2,4.8,1.
S, BT DR 36,5,3.2,1.2,0.2 72,6.1,2.8,4,1.3
1,5.1,3.5,1.4,0.2 37,5.5,3.5,1.3 73,6.3,2.5,4.9,1.
2,4.9,3,1.4,0.2 38,4.9,3.6,1.4,0. 74,6.1,2.8,4.7,1.
3,4.7,3.2,1.3,0.2 39,4.4,3,1.3,0.2 75,6.4,2.9,4.3,1.
4,4.6,3.1,1.5,0.2 40,5.1,3.4,1.5 76,6.6,3,4.4,1.4
5,5,3.6,1.4,0.2 41,5,3.5,1.3,0.3 77,6.8,2.8,4.8,1.
6,5.4,3.9,1.7,0.4 42,4.5,2.3,1.3, 78,6.7,3,5,1.7
7,4.6,3.4,1.4,0.3 43,4.4,3.2,1.3,0. 79,6,2.9,4.5,1.5
8,5,3.4,1.5,0.2 44,5,3.5,1.6,0 80,5.7,2.6,3.5,1
9,4.4,2.9,1.4,0.2 45,5.1,3.8,1.9,0. 81,5.5,2.4,3.8,1.
10,4.9,3.1,1.5,0.1 46,4.8,3,1.4,0 82,5.5,2.4,3.7,1
11,5.4,3.7,1.5,0.2 47,5.1,3.8,1.6,0. 83,5.8,2.7,3.9,1.
12,4.8,3.4,1.6,0.2 48,4.6,3.2,1.4,0. 84,6,2.7,5.1,1.6
13,4.8,3,1.4,0.1 49,5.3,3.7,1.5 85,5.4,3,4.5,1.5
14,4.3,3,1.1,0.1 50,5,3.3,1.4,0.2 86,6,3.4,4.5,1.6
15,5.8,4,1.2,0.2 51,7,3.2,4.7,1.4 87,6.7,3.1,4.7,1.
16,5.7,4.4,1.5,0.4 52,6.4,3.2,4.5,1. 88,6.3,2.3,4.4,1.
17,5.4,3.9,1.3,0.4 53,6.9,3.1,4.9,1. 89,5.6,3,4.1,1.3
18,5.1,3.5,1.4,0.3 54,5.5,2.3,4,1.3 90,5.5,2.5,4,1.3
19,5.7,3.8,1.7,0.3 55,6.5,2.8,4.6,1. 91,5.5,2.6,4.4,1.
20,5.1,3.8,1.5,0.3 56,5.7,2.8,4.5,1. 92,6.1,3,4.6,1.4
21,5.4,3.4,1.7,0.2 57,6.3,3.3,4.7,1. 93,5.8,2.6,4,1.2
22,5.1,3.7,1.5,0.4 58,4.9,2.4,3.3,1 94,5,2.3,3.3,1
23,4.6,3.6,1,0.2 59,6.6,2.9,4.6,1. 95,5.6,2.7,4.2,1.
24,5.1,3.3,1.7,0.5 60,5.2,2.7,3.9,1. 96,5.7,3,4.2,1.2
25,4.8,3.4,1.9,0.2 61,5,2,3.5,1 97,5.7,2.9,4.2,1.
26,5,3,1.6,0.2 62,5.9,3,4.2,1.5 98,6.2,2.9,4.3,1.
27,5,3.4,1.6,0.4 63,6,2.2,4,1 99,5.1,2.5,3,1.1
28,5.2,3.5,1.5,0.2 64,6.1,2.9,4.7,1. 100,5.7,2.8,4.1,1.3
29,5.2,3.4,1.4,0.2 65,5.6,2.9,3.6,1.
30,4.7,3.2,1.6,0.2 66,6.7,3.1,4.4,1.
31,4.8,3.1,1.6,0.2 67,5.6,3,4.5,1.5
32,5.4,3.4,1.5,0.4 68,5.8,2.7,4.1,1
33,5.2,4.1,1.5,0.1 69,6.2,2.2,4.5,1.
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(esv BT 74V ;2 FEH H )

(LB DR E) (FEDHEX)

i, fRJA 34,1 68,0
1,1 35,1 69,0
2,1 36,1 70,0
3,1 37,1 71,0
4,1 38,1 72,0
5,1 39,1 73,0
6,1 40,1 74,0
7,1 41,1 75,0
8,1 42,1 76,0
9,1 43,1 77,0
10,1 44,1 78,0
11,1 45,1 79,0
12,1 46,1 80,0
13,1 47,1 81,0
14,1 48,1 82,0
15,1 49,1 83,0
16,1 50,1 84,0
17,1 51,0 85,0
18,1 52,0 86,0
19,1 53,0 87,0
20,1 54,0 88,0
21,1 55,0 89,0
22,1 56,0 90,0
23,1 57,0 91,0
24,1 58,0 92,0
25,1 59,0 93,0
26,1 60,0 94,0
27,1 61,0 95,0
28,1 62,0 96,0
29,1 63,0 97,0
30,1 64,0 98,0
31,1 65,0 99,0
32,1 66,0 100, 0
33,1 67,0
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PlE%% &2 sIMPLE Citid 95 &, LT LS b £,

/] B TNEE

Set I(name="%7/NVEE"); Element i (set=I);
/] EBES

Set J(name="FHIEHKESL"); Element j (set=J);
/] T—5

Parameter d(name="#tH|7—%", index=(i,7));
/] T A DT

// 0 : Iris setosa, 1 : Iris versicolor
Parameter k(name="FiA", index=i);

/] HEE LTV T A—H

Variable a(name="a", index=7j);

Variable a0 (name="alO");

// FRRIZEE

Variable x(name="x", index=i);

x[1] == a0 + sum(al[j] * d[i,31, J):

/7 RHBCLE (B89BE%ED
Objective f (name="X#XE", type=maximize);
f = sum(k[i]*x[1] - log(l+exp(x[i])), 1);

EN;

solve () ;

/] FEROEAEL T
al0.val.print();

a.val.print();

COETNEETTDHE, UTOX S R fFohEd.

a0=-3.80539
al"NL DEE"]1=6.94731
al"< DIE"1=6.08239
al["fEFDOES"]1=-14.0887
a["fEFFDIE"1=-19.5508
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2.19 f —)V KA —7HERBE

A=V RA—7 L%, RO B2 5500 2 6 SEHESICOWT, FlE0 & EEYIMoME
BAA M 7o dhAR Gioesh : FlE1 0, B (DRI o2 20 nET. 22T, ZoFIEY A
ARy b L—h (ﬁﬁE#Eﬁ%w%éﬁﬁifﬁﬁéﬂégﬁ’ﬂﬂééﬂ@’k)T%é%
HBEMRLELET. 0B, 4=/ FI—=T7ORRITITNEA — v F G L3 Y o) Lifif—1

(ET%D@%@)% v, RIETEEA X D%ﬁ%%ﬂ@i9#%<@é_k%%%u
BTSN L0 bEMESFOIZ) VK D Z 2B LTV ET.

DUTOFETIE, EBEOBMIELGARY M— ME#HET HMEEE Z, OWTiX, A —b
N —7 OHEEZEITVET.

(15l )
B (ORHIR) 25 1~10 MIETH Y, B2l T 528y hL—h . 2nT, B
s m
t
S(t;r,....r)=1/>d;, d =1/(1+0.01-r)’
i=1
DESITERSNTWD ET L. BLFER (L, S(t)) ofi
(t.,S;) i1e{L...,60}
MEZ 5T & &,

iz{sai)—si}z

ZiAMET D KD R ARy b L— M EHEEE K.
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COMEEZERET A EUTDOL IR 9.
BB, RKODHARy FL— FOEMIET% (=2 b)) &L, ATHLILDELET.

£ Term B (R ES
Point BRSOES

TEH tvalue,, ie Point FRR S DMATH E )
Svalue,, i< Point B fE

£ L, teTerm t WKt B ARy b L—k

2
B (/M) D {S(tvalue)—Svalue }", sz b BHEOED — Fef

éax,“”n)z

1/2(1/(1+ 0.01-r)")

i=1

GHESESES 0<r, VteTerm ARy b L— bk OIFEASFAM

Z OREEIT BB IERIE T 0T, IEREEIEREICR Y 7.



ERAL L2 R % SIMPLE TR 5L FO L H 1z £
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/] ARy FL— FORE

Set Term(name="HART"); // HIMESE
Term = "1 .. 10";

Element t (set=Term);

Variable r (name="A7R> hL— k", index=t);

// B

Set Point;

Element i (set=Point);

Parameter tvalue (name="tvalue", index=i); // {iTHiH >

Parameter Svalue (name="Svalue", index=1i); // BHMHE (s)

// PRERERE

Expression d(index=t);

dit] =1 / pow(1+0.01*r[t], t);

// tvalueli] WIZHI}D s OFGHIE

Expression S(index=1i);

S[i] = 1 / sum(d[t], (t, t<=tvalue[il)); // tvalue[i] HIE TOF
Expression diff (index=1i);

diff[i] = S[i] - Svaluel[i];

// BB9EI%k
Objective err (name="RHinfl & BUAEOFRED “FF", type-minimize);

err = sum(pow(diff[i], 2), 1);

// WIS
0 <= r[t]; // AXRv bLb—OIEASKME

/1 KR

solve () ;

/] FEROIEREH T
err.val.print () ;
simple printf ("¥n");

r.val.print () ;
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T—=27 740 (csv BR) IFLLTFO LS IT0 9.

(FEBE DR ) (B X)
i, tvalue, Svalue 21,4,0.272115 41,7,0.167762
1,1,1.020476 22,4,0.272244 42,7,0.167502
2,1,1.020582 23,4,0.272818 43,8,0.152239
3,1,1.021692 24,4,0.271190 44,8,0.150571
4,1,1.020304 25,5,0.222502 45,8,0.151664
5,1,1.021171 26,5,0.223564 46,8,0.151251
6,1,1.020387 27,5,0.222312 47,8,0.152121
7,2,0.520158 28,5,0.223726 48,8,0.151681
8,2,0.518884 29,5,0.222489 49,9,0.138188
9,2,0.519507 30,5,0.223251 50,9,0.138396
10,2,0.518841 31,6,0.190145 51,9,0.139097
11,2,0.519271 32,6,0.190989 52,9,0.139389
12,2,0.519520 33,6,0.191429 53,9,0.138134
13,3,0.355121 34,6,0.191156 54,9,0.138999
14,3,0.353832 35,6,0.191077 55,10,0.128923
15,3,0.355088 36,6,0.191451 56,10,0.129079
16,3,0.353742 37,7,0.168971 57,10,0.129807
17,3,0.354565 38,7,0.167869 58,10,0.129427
18,3,0.354443 39,7,0.168913 59,10,0.128610
19,4,0.271774 40,7,0.168672 60,10,0.129465

20,4,0.271318
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ZOETNEFEITTD L, UTOX S niohEd.

PREGE & B D= D ~Ffi=1.74889e-05
ARy Fb— 1 [1]1=2.07687
ARy FL—F[2]1=2.82648
AR b b— b [3]=3.7392
ARy Fl— 1 [4]=3.94718
ARy bl —F[5]=4.37854
ARy Pl —F[6]=4.91763
ARy Pl —h[7]1=5.05042
AR ML — K [8]=5.5363
ARy L —h[9]=5.76144
ARy Pl —F[10]=5.74989

ZOHORBIZ, ERICHEELIZARY hb—1r&2H E1Z, Excel ETA =V R I—T %H
EET. FOEDIZ, ARy Fb— % Excel HAREREIZ LV, Excel FIZERRLET.
T NORERH IO U TOLIICEETEZMENRH Y £

/] KERMT
err.val.dump () ;

r.val.dump () ;

fiRlE Excel EIZ, BIAIXTROIIICERINET.

i LR (D RO — F50

1.7489E-05 A=IFn—3
2R | 2wkl —F 70000
1 2.07667
2 2 52648 00000 /4—.
3 3.73920
4 394718 = 500000 /
5 437654 T 400000
g 491763 A /—”
7 5.05042 5 500000
F] 5 53650 1S /
g 576144 R —
10 5.74989
1,00000
Q00000

HAF
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2.20 BT HERBATHHERE S RE

AP (rating) &%, REOFTTLHMED LA, FEOZINNGENE T v 7 B TER
L72bDTY. B atidmB oma&fRobE, A, B, ¢ +, — REDEFZEZHNT
KGHAED Y 27 EE VAR LET. MATIE, #AEDOAZAN) O3 2 & B ARy o AT 5
BAZZ2 D £ L, IR L e 2 REMN G T 5 &, BEMZEOBEORIEI D IREDHEAEL 70 £

FATTHERBATHI & 1%, & DT Z2 52 TV A ERER, —EMMZICED X D 2T &
RN ONWTDOEREETITHNDO Z & VN ET.

UTTIE, ZoMHTHRBITHIOHEICET 20EEE 2 £7.

(f5)/8)
¥AFir & LT, {AAA, AA, A, BBB, BB, B, CCC, CC, C} ODIFEILHLIHLDE
LT, BMATICHET 2 1 FHROHEBITS] Q) NUTDOLIITHEALNTNDIHD LTS,

RO T

G0 AL Ad, A EEE BB E oG o o]

ALA 08651 00349 0 0 0 0 0 0 0
HAA 00356 08382 00262 0 0 0 0 0 0
A 00014 00433 08364 00186 Q.0003 0 0 0 0
Bl BEB ] 0 00352 05456 00154 00038 ] 0 ]
D BB ] 0 0 01078 0872 00045 00153 0 0
# B 0 0 0 0 00747 08762 0041 00081 0
T cco 0 0 0 0 0 00278 05554 00068 ]
1T co ] 0 0 0 0 0 00083 08575 00242

C 0 0 0 0 0 0 0 00266 09734

Q, AT, 1 » ARMHIMOKAITHERBITH Q ZHEHE L.
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HEBHRITY Q 1~ a7 BRICES bo Lk LET. 2oL, EELVTH QY X147

ﬁUQ)k$%—ﬁ¢éﬁff#.%of,ﬁﬂ(3%%E?étﬁ,k%—@ﬂF%%¢K¢

5897 Q BRDHEVI Z LRV ET. AB ||, 1, Frobenius (F7ER=vR)

WD LT, ATHIDKRS D RMDFE R E£TbDOELET.

T, AT HERBITSIOME L LT, 174 Q OFfTofMiE 1 THESIFHFEATHI LD L
LET.

UbZzgkEzx oL, EXMLITLLTO XL 1270 £,

NEFE A Rating WA OES
=% . _ 1R ORRATIHEBITH (Q,)
e q%, i jeRating ! HQ,
DAFER
IEHK . . 1 A WL O T HEBAT
d;> 1, ) eRating
(Q) D#&HHE
HEBIs (Fe/Mb) oI 751Q, & Q¥ mED 7 m =
=@,
TA)IVAD T
Bl At 2, G=LvieRaing 55 Q oairomis
JeRating
0<g, <1,Vi, j e Rating 1151 Q OATEHREM

Z OREEIT BB IR T O T, IEREEIEREICZR Y 7
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ERAL L7zfER % SIMPLE CRtilk T2 ELLTFO L 512720 £9.
ek, 4751 QP icBL T,
Q”=0Q%-Q*'=(Q*-Q)*-(Q*-Q%
THRETHZLICLY, BEORMAENT S LN TxET.
E7, RIRICK D 2 L 2T 5 72, 35 X O E CORERE A BT 579, 1751 Q
OMHEE LT, AN 0.9 252, FEAEHRO LREL 0.05 L LTHEET.

/] RE B B RTA—H

OrderedSet Rating; // ¥fHTES

Element 1i(set=Rating), Jj(set=Rating), k(set=Rating);

Variable g(name="Q", index=(i,3)); // 17 HELOKEMITHEBITIIOS TR
Parameter g0 (name="Q0", index=(i,73)); // 1FHDOENITHEBITSHI DK IR
// ERDOERIHA 2 HE DR AR T D5k

Expression g2 (name="qg2", index=(1i,73));

Expression g4 (name="qg4", index=(i,3J)):;

Expression g8 (name="g8", index=(1i,3j));

Expression gl2 (name="qgl2", index=(1i,73));

az[i,j] = sum(qli,kl*ql[k,J], k);

q4(i,J] = sum(q2[i,k]*q2[k,]J], k);

a8[i,j] = sum(g4li,k]*qdlk,J], k)’
ql2[i,j] = sum(qg8[i,k]*q4[k,]J], k)i
Expression diff (name="diff", index=(i,7J));
diff([i,3] = q0[i,3] - gl2[i,3];

// BRI

Objective diffnrm(name="{74%] Q0 & 175 Q ® 12 F’ DE/ L LD ",
type=minimize) ;

diffnrm = sum(pow (diff([i,J], 2), (i,3)):

AR SES S
sum(qli, 31, 3) == 1; // 4791 Q {Z5WT, #FHTOFMIT1

/] ATH Q DOxAEFRSEAE

5, 1 1= 3; // 4751 Q OIEAERLM

0 <= qgli,1i] <= 1;
0 <= gl[i,Jj] <= 0.0
/] ERE
aglk,k]1=0.9;

/] Kk

solve () ;
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// RERT

diffnrm.val.print();

simple printf ("¥n");

simple printf ("Q");

simple printf(",%s", k);

simple printf ("¥n");

for( k=Rating.first(); k<Rating; k=Rating.next (k) ){
simple printf("%s", k);
simple printf(",%7.5f", glk,Jjl);
simple printf ("¥n");

T—=H T 7 AN (csv FBR) IZLLTFTO X220 7.

Q0,AAA,AA,A,BBB, BB, B,CCC,CC,C
AAA,0.9651,0.0349,0,0,0,0,0,0,0
AA,0.0356,0.9382,0.0262,0,0,0,0,0,0
A,0.0014,0.0433,0.9364,0.0186,0.0003,0,0,0,0
BBB,0,0,0.0352,0.9456,0.0154,0.0038,0,0,0
BB,0,0,0,0.1078,0.872,0.0049,0.0153,0,0
B,0,0,0,0,0.0747,0.8762,0.041,0.0081,0
ccc,0,0,0,0,0,0.0278,0.9654,0.0068,0
cc,0,0,0,0,0,0,0.0083,0.9675,0.0242
¢0,0,0,0,0,0,0,0.0266,0.9734

ZOETNEEITTDHLEUTOL ) RERELNET.
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1751 Q0 & 17481 @ @ 12 ! DFE ) NV AD _F=0.000154701

Q, "AAA"™, "AA","A","BBB", "BB","B","CCC","CC","C"
"AAA",0.99680,0.00285,0.00006,0.00004,0.00007,0.00006,0.00004,0.00004,0.00004
"AA",0.00298,0.99447,0.00218,0.00006,0.00008,0.00008,0.00005,0.00005,0.00005
"a",0.00007,0.00371,0.99435,0.00152,0.00010,0.00009,0.00006,0.00006,0.00006
"BBB",0.00007,0.00006,0.00289,0.99505,0.00158,0.00013,0.00006,0.00009,0.00007
"BB",0.00008,0.00008,0.00005,0.00966,0.98839,0.00033,0.00123,0.00010,0.00008
"B",0.00008,0.00006,0.00008,0.00003,0.00684,0.98880,0.00348,0.00056,0.00008
"ccc",0.00005,0.00005,0.00006,0.00005,0.00006,0.00235,0.99688,0.00046,0.00005
"cc",0.00005,0.00005,0.00006,0.00006,0.00008,0.00008,0.00059,0.99708,0.00194

"c",0.00004,0.00004,0.00004,0.00005,0.00007,0.00007,0.00004,0.00210,0.99754

TEHTIE, ZTOET )N % Excel BAREREZ AWV T Excel BIZFRREIVEFET. FO=0HIT,
EFILOREREIOESEZUTOLIICEETHILENH Y 1.

// FEFRMT)
diffnrm.val.dump () ;
g.val.dump () ;

Excel BROZFEMICOXF L TIE, NUOPT Excel BfE~v==27/] ZZBE FI\. R
Excel k2, HlIzIETROXIICEREINET.

TR Q0 EiTRl QD12 FODEALDIE

0.000 5470
IO BT
Gl Al A A BEE BB B coC co C
AAA 0898680 | 000285 | Q00005 000004 | 000007 | 000005 | 000004 | 0.00004 @ 0.00004
A 000258 | 055447 000218 000006 @ 000005 | 000008 @ 000005 | 000005 | 0.00005
A 000007 | 000371 | 0859435 00052 | 000010 | 000003 | 000005 | 000005 @ 0.00008

EBE Q00007 | 000005 | 000285 089505 | 000158 | 000013 | 000005 | 000008 @ 0.00007
Q00008 | 000005 | Q00005 000256 | 05985358 000033 | 000123 | 00000 | 0.00008
B 000008 | 000006 000003 000003 @ 000654 | 053530 000348 000054 | 0.00005
CCC 000005 | 000005 | 000005 000005 | 000006 | 000235 | 088638 | 000045  0.00005
cc Q00005 | 000005 | 000006 000006 | 000008 | 000003 | 000058 | 0838705  0.00154
C 000004 | 000004 | Q00004 | 000005 | 000007 | 000007 | 000004 | 000210 | 085754

el g
m
m




Vector/Matrix % f\ 7/~ SIMPLE &5/

NUOPT V13 L VWHEAINT, Vector/Matrix 7 T AEHWEETFTAEZHEMLET.
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Set Rating;

Matrix QO ((i,3));

Q2 = 0*Q;
Q4 = Q2*Q2;
08 = 04*04;

Ql2 = Q8*Q4;

Matrix D((i,73));

D =0Q0 - Ql12;

diffnrm = inprod(D,D);

Q*ones (Rating) == ones (Rating);

0.00 <= q[i,i] <= 1;

0 <= gli,j] <= 0.05 , il!=9;

qgli,1]1=0.9;

solve () ;

Element i(set=Rating), Jj(set=Rating);

Variable g(name="Q", index=(i,7j)):

Matrix Q((l/j))r Q[l/]] = q[l/j]l

Matrix Q2((i,3)), Q4((i,3)), Q8((i,3)),

Objective diffnrm(type=minimize) ;

Ql2((1,3)):

FEATRZIE, AT —2 77 A NVEH 2 F9.
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2.21 FHETHI USR8

B OMAM DI RN T — 2 %, M AR - 7oELEBS 23 L S H DB, STOMBATHIN DB
EHLOBEMBICERELEVWGERHY £3. LrL, MEEZF - ELEBSN 2@ ESED
72O, MBI EEME THLLER DY £3. £I T, EAOBNTATINZ —FIELS, 2
O, FIEEMETH D X 9 RS 2Bk Sz 5 2 7.

(f5117)
DTFORBITH AICKH L T7 R 2 ) )V ADEBERT—E&IEL, 7o, FEEETH
5 59 72 METTA X 23Rk L.

A 1 2 3 4 3] 4] 7 g =] 10
1.00 0 017 | 017 | 080 | 08B0 | 000 | 010 | 000 | 080 070
017 100 010 | 050 020 | 040 000 Q00 | 000 000
017 010 | 1.00 | 020 | 000 | 000 | 000 | 000 | 000 000
080 080 020 | 1.00 | 020 | 020 | 020 | Q20 | 000 000
090 020 000 | 020 | 1.00 | 040 | 000 | Q00 | 000 000
000 | 040 000 0Z0 040 100 000 Q00 | 000 000
010 000 | 000 | 020 | 000 | 000 | 1.00 000 | 000 000
000 o0 | 000 | 020 | 000 | 000 | 000 | 1.00 | 000 000
080 000 000 | 000 | 000 | 000 | 000 | 000 | 1.00 000
070 000 | 000 | 000 000 | 000 000 000 | 000 1.00

lan i R I ) R SR T R L
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COMEEEALTDEUTOL IR ET.

4 N={L2,...,10} FBIATHI DI TR OSI DA
T A ieN, jeN AT 5 D178 DB

minEig FHBIATH O fe/ )N [E A
I XijieN,jeN B TSI O BEHR

AR (F/IME) Z (xij 'y )2 JTLOATH L HBATTHIDED 7 |

i,jeN N R ) )V D

LIESESEE X >=minEig L TE AR
Xi=1 VieN RAEEHIT 1

=]

Z ORI IEEEHRKIAA S TWDHOT, PIEEMFFEFEIC R £,
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ERAL L7z fE S % SIMPLE Ttk 92 LT X 92720 £9.

/] HBhH ERTE
OrderedSet N;
Element i (set=N),Jj(set=N);

/] INTA—H
Parameter A(index=(i,3)); // B2 bNTATHIOETRE
Parameter minEig; // W1 &3 B ARBATTH O fe/ N E A fiE

minEig = 1.0e-3;

/]
Variable X(index=(i,3J)):

/] RATH
SymmetricMatrix M((i,]J));
M[i,3] = X[i,3], 1 <= 3; // L=AESOHER

// BHHIBEE
Objective diffnrm(type=minimize); // ZDITFID /) VA

diffnrm = sum((X[i,J]1-Al1,3])*(X[1,J]-A[i,3]),(1,3)):

/7 RIS

M >= minEig; // EIEEE K
X[3,1] == X[i,3], 1 < 3; // XIERFRITHI
X[i,i] == 1; // RAERIT 1L
/] KfE

solve () ;

// W (csvig)

simple printf (" X");
simple printf(",%5d", 1i);
simple printf ("¥n");

for (i=N.first (); i<N; i=N.next (i)) {
simple printf ("%24d", 1i);

simple printf(",%5.2f", X[i,3J]);

simple printf ("¥n");




T=2 7740 (Lesv B) FUTOLHITY £
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A,1,2,3,4,5,6,7,8,9,10

1,1.00 ,0.127 ,0.17 ,0.90 ,0.90 ,0.00 ,0.10 ,0.00 ,0.80 ,0.70
2,0.17 ,1.00 ,0.120 ,0.90 ,0.20 ,0.40 ,0.00 ,0.00 ,0.00 ,0.00
3,0.127 ,0.10 ,1.00 ,0.20 ,0.00 ,0.00 ,0.00 ,0.00 ,0.00 ,0.00
4,0.90 ,0.90 ,0.20 ,1.00 ,0.20 ,0.20 ,0.20 ,0.20 ,0.00 ,0.00
5,0.90 ,0.20 ,0.00 ,0.20 ,1.00 ,0.40 ,0.00 ,0.00 ,0.00 ,0.00
6,0.00 ,0.40 ,0.00 ,0.20 ,0.40 ,1.00 ,0.00 ,0.00 ,0.00 ,0.00
7,0.10 ,0.00 ,0.00 ,0.20 ,0.00 ,0.00 ,1.00 ,0.00 ,0.00 ,0.00
8,0.00 ,0.00 ,0.00 ,0.20 ,0.00 ,0.00 ,0.00 ,1.00 ,0.00 ,0.00
9,0.80 ,0.00 ,0.00 ,0.00 ,0.00 ,0.00 ,0.00 ,0.00 ,1.00 ,0.00

10,0.70 ,0.00 ,0.00 ,0.00 ,0.00 ,0.00 ,0.00 ,0.00 ,0.00 ,1.00

ZOETNEEITTDHLEUTOL ) BRI ELNET.

X, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10

i, 1.00, 0.27, 0.15, 0.61, 0.65, 0.06, 0.10, 0.03, 0.57, 0.50
2, 0.27, 1.00, 0.10, 0.85, 0.15, 0.41, 0.00, 0.01,-0.04,-0.04
3, 0.15, 0.10, 1.00, O.21, 0.01,-0.00,-0.00,-0.00, 0.01, 0.01
4, 0.1, 0.85, 0.21, 1.00, 0.34, 0.17, 0.20, 0.18, 0.12, 0.11
5, 0.65, 0.15, 0.01, 0.34, 1.00, 0.37,-0.00,-0.01, 0.10, 0.09
6, 0.06, 0.41,-0.00, 0.17, 0.37, 1.00, 0.00, 0.00,-0.02,-0.02
7, 0.10, 0.00,-0.00, 0.20,-0.00, 0.00, 1.00, 0.00,-0.00,-0.00
8, 0.03, 0.01,-0.00, 0.18,-0.01, 0.00, 0.00, 1.00,-0.01,-0.01
9 0.57,-0.04, 0.01, 0.12, 0.10,-0.02,-0.00,-0.01, 1.00, 0.08
10, 0.50,-0.04, 0.01, 0.11, 0.09,-0.02,-0.00,-0.01, 0.08, 1.00




146

2.22 2 NAR hAR— b7 3 U A HELRIE

R—=b74VADY A7 2 FERNRONIEEO GBI HATIZ AW CEHIT 5~ raey
YETACEWT, 52 b8 EATINE, UL VISR EFEMEEZ PN ET. 2 ORI
WXL TRrANR MR 250 N TORMBELE 2 £7.

LUF MM 725« pET V2B ET.

max ' X —AX' ZX
x (1
st. x'e=1

T, uEHRHI X —r, T a VX OIS EATY, X ER— N7+ U A OEA,
A%V A7 BRI E LET.

SIS BATHNZ ICAEFNEDRE S & LT, AFDr AR MR— 7% U A i E %
B2 ET. B UL, RHEEMENEED 2 EICE>T]Y 9 5 2 ICHT 2ITHI0EAL LET.

YeUy

max { z' X — A max XTZX}
x { { } 2
st. x'e=1

U, &L LT, BELBATHIE D& BEHRDN
<<y

DEI R EFS L LES. 2oL x 2)iF, #HicATs U, L 2Tl To X ) 2R8I
BEEMALHZLNTEET (6], 2B1THIA, BICKL, AeBlE, At BONHEART DL
LET.

maXyTx—/l(ioU —;-L)
st. x'e=1
U-L X ®)
T >0
X 1

Uuz=0,L2>0
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()

IS EATHNE O ERO T IREFTIrHIsigL, LRZ2EIITHIsSiQU BALLTD X H
ICEZ2bNnTna EE, Bt (3) &V,

sigl 1 2 3 4 5 g 7 8
1] 1900 -1.400 -1.000 —1.000 -1.000 -0500 -1.000 0100
2| 11400 3500 -1500 0500 -1.200 -1.200 0400 0600
3| 1000 -1500 5000 -1125 1100 0800 0300 -0200
4| 1000 0500 -1125 6000 1500 0400 1.200 —0800
5| 11.000 -1.200 1100 1500 4500 -1.400 0150 -2.000
| 0500 -1.200 0800 0400 -1400 9000 -1.000 0500
7| 1000 0400 0300 1200 0150 -1.000 5500 —1.250
5| 0100 0600 -0.200 -0800 -2000 0500 -1.250  11.500

sigl 1 2 3 4 5 g 7 8
1] 3000 1000 2500 -0800 1.000 -0400 2500 2000
2| 1000 4500 -1.400 1200 0500 -1100 0500 2600
3| 2500 -1400 6000 -0500 1200 1000 0400 -0100
4| -0900 1200 -0500 6500 1600 0500 1.300 —0.800
5| 1.000 0500 1.200 1600 5500 -1.300 0160 -1.800
| 0400 -1100 1.000 0500 -1.300 11.000 -0800 0600
7| 2500 0500 0400 1300 0160 -0800 6500 —1.200
5| 2000 2600 -0100 -0800 -1.900 0800 -1.200 13500

7L, A=1, 4" =(0.1010210.10.10.1,0.10.1) > L7
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ZOMEEZERET D EUTOL TR £

28K

HARBI% (e KAb)

LIESESEE

A={12,...,8}

sigly,ieAjeA

sigu.,ieA jeA

ij?
A

u,ieA
X,1€eA

Lj,ieAjeA

U.,iecAjeA

ij?

M X

—A(sigU eU —sigLe L)

(U-—L xj
T =0
X 1

HZQ VieA jeA

U. >0, VieAjeA

]

BENZOES

ST HATII DO HEFR D TR

SIS BATHI OB ER O LR
U 2 7 [l RERRE
F PG RO NS

DN o <

o [TER T L OO

RS

AR ORFIL 1

T8I L o BRI T 5 A%
(G5
115U OF R AR
7

Z ORI EEEHRKAA S TWDLOT, PIEEMFFEFEEIC R £,



ERAL L2 R % SIMPLE TR 5L FO L H 124 £,

149

/] BEERT

Parameter nhd; // $4WEK
Sequence Asset (from=1, to=nA);
Element 1 (set=Asset);
Element j(set=Asset);

/] INT A=A

Parameter sigL (index=(i,J)):
Parameter sigU(index=(i,3)):;
Parameter lambda;

Parameter mu (index=1i);

/]

Variable U(index=(i,Jj));
Variable L(index=(i,Jj));
Variable x (index=1i);

/] RFRTHI

Sequence V (from=1, to=nA+l);
Element v (set=V);

Element w(set=V);

SymmetricMatrix M((v,w));
// MOEZDOER (=M DH)

M[i,J] = U[i,J] - L[i,3], 1 <= 3;
M[j,nA+1] = x[j]; /] Ak
M[nA+1,nA+1] = 1; // BATF

// BB
Objective f (type=maximize);

f = sum(mul[i]*x[i],1)

// b (O =8 S)

- lambda*sum(sigU[i,3]1*U[i,3]-sigL[i,J]1*L[i,3]1,(i,3));

/7 RIS

x.val.print () ;
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T—=H T 7 A MILTO=Z>TT.

(csv IER)

siglL,1,2,3,4,5,6,7,8
1,1.9,-1.4,-1,-1,-1,-0.5,-1,0.1
2,-1.4,3.5,-1.5,0.5,-1.2,-1.2,0.4,0.6
3,-1,-1.5,5,-1.125,1.1,0.9,0.3,-0.2
4,-1,0.5,-1.125,6,1.5,0.4,1.2,-0.9
5-1,-1.2,1.1,1.5,4.5,-1.4,0.15,-2
6,-0.5,-1.2,0.9,0.4,-1.4,9,-1,0.5
7,-1,0.4,0.3,1.2,0.15,-1,5.5,-1.25
8,0.1,0.6,-0.2,-0.9,-2,0.5,-1.25,11.5

(csv IER)

siqgU,1,2,3,4,5,6,7,8
1,3,1,2.5,-0.9,1,-0.4,2.5,2
2,1,4.5,-1.4,1.2,0.5,-1.1,0.5,2.6
3,2.5,-1.4,6,-0.5,1.2,1,0.4,-0.1
4,-0.9,1.2,-0.5,6.5,1.6,0.5,1.3,-0.8
51,0.5,1.2,1.6,5.5,-1.3,0.16,-1.9
6,-0.4,-1.1,1,0.5,-1.3,11,-0.9,0.6
7,2.5,0.5,0.4,1.3,0.16,-0.9,6.5,-1.2
8,2,2.6,-0.1,-0.8,-1.9,0.6,-1.2,13.5

(dat )
nA = 8;

lambda = 1;
mu= [1] 0.1 [2] 0.1 [3] 0.1 [4] 0.1 [5] 0.1 [6] 0.1 [7] 0.1 [8] O0.1;
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ZOETNEFEITTDHLEUTOL ) BRI ELNET.

x[1]=6.46383e-006
x[2]=0.233187
x[3]=0.175312
x[4]=0.0633794
x[5]=0.171046
x[6]=0.131894
x[7]=0.152881
x[8]=0.0722949
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2.23 BEEEATS (KA > LRIE)

KRBy MBI, BERFETTTD ) —FE 2007 NV—T 128+ 5T, 71—
ST ELEBICE Yy hEhb =y VOEABMEZRKET HARHBETT. 22T, 220/ — KR
BRI N—TIZRLICEE, ZO2R/ 20Ty VR hy hENDHEFTVET.

ZOMEIX, 77 7BERBETIITE X b L0 ) FlEREL £ Fi, R L &
LTiX, spoP#EffEE L TRER FFYEZRODLZENTEHHEL L THMLNTWET.

(f5)/8)
WDTZ 7%, /J—FR&ELT1L, 2, 3, 4, 5, 6 0BEL XTI T7TF. =y IR

WA, EAE 0 ELET

) —FR&E_ZODIN—TIZHIFT, Iy hENDHDZ vy VOELOBTIZR KL LIZWE
E, EOLIRITN—TL7BTL X 9.

=

Z ORI % NUOPT CTEL 7o DI ERAL I TWE 28, 903 spp fEffEE L CEMk L,
HIOREEED FREEZRD THE L L 9. NUOPT VI3 2°5 Vector/Matrix 7 7 ANFIHTE
D&l Tind, T T AT OF R HRICEKB T 5 LN TEL LRV ELE. 2
TTTFTATHNEND, 7T 7 OWREATH &L BHEATAIN G 2 bivle & &, REATHID 6 BT
ERIWATHICERSNET.

UTFTRAT2ERMIEIZEB R (71 L v £, 5, /—FoEAELELTNEEZ,

Ik LTx e{-LIL(eN) 25259, coL%, /—Fi, je NI LT, X =X, Ti, ]
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BRILZA—=TICR LTS L&, X X, TL]BRRLI7V—=TICRELTVWDS L &2RT

ZliZToE, WOLOITESELTHZENTEET.
max l Z Gij (l_xixj)
i,jeN,i<]j
st. x,e{-11} VieN
ERERMICH L, AHx,ie N & X, = XX Tl #2285 X,

IJ,i eN,jeN &&EAS
L, WORMBEEREIZ/RD ZENMbNTHET.

max % > G-X,)

i,jeN,i<j

st. X>0
rank(X) =1
X,=1 VieN

% e{-L0E, X;(=xx)=LhEl, X, X, OEoEEMHEE X =0, rank(X)=1ixf

J
JELET. ZIT, ZRRM LB RO spp B E 72 v £,
1
max 2 > G-X,)

i,jeN i<j
st. X>0
X.=1 VieN
ek B B &
1 1
5 z Gij(l_xij)z_zGij(l_Xij)
2i,jeN,i<j 4i,jeN
1
zzz[ZGijx“-ZGux”]
ieN \_jeN jeN

= %(diag(Ge) -G)eX

ERER 2T 5 L TUTOESMEBNELNET.

N N ={1,2,3,4,5,6} J— Fofs

J—FKieN&t/—F jeN
TR Gij,ieN,jeN N BTy DELEFER
T 5 BEETTS
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757G D777 A7

L =diag(Ge)-G
(€ IZHAL~RI L)
mAAICIZ, —KieN &/
: . —FjeNnsy hShTe
I X, ieN,jeN Ie 7

HEEIT-1, Ty PERTWR
WHEIZ 1 & & A

" 1 MBI TIEA Yy PSnLdTy
HEBI% (RAAb) ZL.X

T DOEFDKETFN
Gk X >0 - IE E B I
X, =1 VieN SHA BT 1

Iz, {7 T =2 77 AN 6E5%2% SIMPLE £7 /&R~ LET. UTOET/ILTIIRE
TR A RERIR D EETH20D, BEEZ LA LNERE L CWRWET VIR 7.
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/] BB EWAT

Set Ny

Element 1 (set=N);
Element j (set=N);

/] ATHNWNT A—4

Matrix G((i,3)); // BEHNEEHEITH
Matrix L((i,3)); // 727 G ®Z 77 A{75
L = diag(G*ones (N)) - G;

Set NN(dim=2); // L=f4
NN = setOf ((i,3), i<=]);
Element 17 (set=NN);

/1=K
Variable x(index=ij);

SymmetricMatrix X ((i,3J));

X[i,31 = x[1i,3]1, 1i<=7;
X[jll] = X[ilj]l i<j;
x[i,1] == 1; // XMEFHIT 1
X >= 0; // IR EAE IR
// BHIER%

Objective obj (type=maximize) ;

obj = 0.25 * inprod(L,X);

/] K

solve () ;

// Hh
obj.val.print();
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— 2 774N (.csvIEX) ITZLLTFDX DT F5.

o 0 W NP @
~

w P O w N O B
~

SO O N BPrOo NN
~

w O N O W Ww
~

N N \C T |G B @ BT o
~

N O kB O O = O
~

SO N b W O W o

ZOEFETNEETTDLE, BRBIEME 18.7437 NELNET. ZAUTEKALRIE O R0
TTOT, AEEO FREE 720 £

WIZ 0-1 BEGFHEE S L ToERIEZ BN LET. sop BAMECH L EREOREE
S THEL LS.

FPEEL, A/ — FISHL 0-1 2% x,(1eN)ZHELT 12 2OZV—T125ET 5]
oDz —71 & 11 OEEEDTAV—T ) ICHISSEET. £, /—FRik/
— R JPRRLZI7NV—TOLEIZ 1 HLY, L7V —TDLEIT 0 %L DEH

Vi, @eN ,jeN ZHELET. Zobx, BOEEID Y bz y POELOBRITY

Mo, D Gy TRESHET. WETH_E L L LTX &Y, OBANE L HHlKZENT

i<j

HUERD Y EF. B (%,X, Y;) = (0,11),(L0,),(0,0,0),(LL0) & 72 % il frtr & st

FEWOT, ZoMEEOMESESEZT(X, X, Y;)=(010),10,0),(0,0,1),(11L1) L7235

MEEZHRT MK EZEALET. 2oL 5 2flKeTEALESBITRO & 9127220 7.

EE N ={12,34,5,6} J— FDES

J—FieN&t/—FjeN
175 G;,ieN,jeN WO by VOELE R
T 5 BT

0-1 D 2 DI NL—TDEHL

0-1 &% X,1eN
BIZAD ERTEL
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By hERTT Y VOB RE

7% deN,jeN
R Yyl €T € X\ X; B3 B 12 OAHK
By hENDEZ Y PDOEHRD
s gkl GV n i
i<j e
il %% X=XtV <0 (1) (Xi1Xj1 yij) =(0,0,1) DR
=X +X,-Y; <0 (2) (%, %, ¥;) = (0,1,0) DHEER
X=X —Y; <0 (3) (%, %}, ¥;) = (1,0,0) DHEER
X+X +y; <2 (4) (X, X, ¥y) = (LLL) OHERR

FRECTAES Y S E L CER SN TV E T, EERIZIE 0-1 Lne bRVWEK LR

vEF. ZhuE, ) (4) kv y; 2025 (2) (3) kv, Y SIavEn, E5I2(X,X;) O

fMaE25(0,0),(0,1),(1,0), ALL e bRV E EK (1) (2) (3) (4) b, Y, =00rlsE
PIVET. Eiz, EROFLERMEE 2 PR 5 TIEONH & LT o-1 Bz Z:BML T,

X +X; +Y; :Zzij

CERBTAFELHY 9. KIS, SIMPLE ETFNAZRLET. DITOETFT /L TIIRERLEK
ZAREIRIRVIEET D72, BE L= LHER L TV R2WET /MIRY 7.
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/] A
Set N;
Element 1i(set=N);
Element j (set=N);

/] T
Matrix G((i,3));

Set NN(dim=2); // XI5y
NN = setOf ((i,J),1i<3);
Element ij (set=NN) ;

S ¢
IntegerVariable x(index=i, type=binary);

Variable y(index=ij);

// x[1] x[3) yli,3] OEEMEE L HHIK

- x[i] - x[3] + y[i,3] <= 0, (i,7J)<NN;

- x[1] + x[3J] - yl[i,J] <= 0, (1i,7)<NN;
x[1] - x[3] - y[i,3] <= 0, (1,])<NN;
x[i] + x[j] + y[i,3] <= 2, (i,7)<NN;

// BRI

Objective obj (type=maximize) ;

obj = sum(G[ij]*y[ij],1]);

[/ FRIFAERTEIZ I LT O s %= AV 5
/] % FORE, v & 0-1 BEEKICTANERND D

// options.method="wcsp";

/] KAE

solve () ;

// W)

x.val.print () ;

obj.val.print () ;
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ZOETNEETTHE, HIOBEME 18, /— K1, 4, 5T N—TE ) —K2,3,6 DT
N—T RS ET. sDP AEMMETRD LAz BIBEEEA 18.7437 TholmZ 525X 5
&, SDPEMRIEN IR ICRE R LIYEZ 52 TWD 2 & bn £7.

FERRO LS spp EMMECTRE R ERMEEG O D Z Enbno TuiuE, EMEE v
TWCSP 7Y RADKEEMRFEICHA LY, B TRUEEZRETIRCHLAATEET. %8
F TIZ SDP FEFME, BRTE (+O0HRENE), WesP TENENMNZREREZ L FICR L ET.
LUF DFIL spp B O EFUEOREEE & T {PUfifls wese OLEW A R T Ha R ER L T E
7.

SDP SIMPLEX WCSP
Graph TIME Upper TIME Optimal TIME Lower
G20.csv 0.2 464.39 0.2 452 0.05 452
G30.csv 1.2 825.64 1.2 797 2.1 797
G40.csv 6.5 1215.86 6.0 1164 1.7 1164
G50.csv 23.1 1736.33 23.7 1651 7.6 1651
G60.csv 55.5 2156.71 153.2 2068 27.4 2068

# Graph 7—% Gr*.csv @ D) |1/ — FHERT. EEF—2EF~T/ — FICH LTF
10 OV v BIEET 5 £ ICHERERESE T — 4.
# WCSP 7T U XADHREIL, R AREERNEM 10 B, &LEE W 3BIOERRAITEIT-7-.
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2.24 I F—HYBE

FIRHRIS AP a— ) C7RIEOE & LT, ARETIEE I —a2hRtaticks iy 5 27
Va—VEEEZ L FTEATHE T

(/& 1)
HoHE I T —EDYHRESIE, UTD 1~6 FTOEBIF—ITKL, SaiRit+ s
HoELET.

~
171
1
n

HFEI)P—0a~v
4
6
5

3

10

o O | W N

7

BIE 1 T, FEIFT—ICBWT1HbIVICHEkTEsa~ix1 2 LET. B
DEIF—%FA—OXLGTITH> ZEETERNEDEL, 1 B OSLHEAHOK
KE4LTHELEE, INHTRTCOBIT—BETTHRLARRNERD LI RA T
22—V ERDTFE.

BB, TRTCOEIFT—BNKTIHETORKIIRARTHL 20 HFETELET.




ZOMEEERLTSLE, LT LT F9.
DT, —ODEWRE LTI EITHERELTTFE.
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¥, I T —EYHIE L TIRBIA R0

HEuREa% (he/IMb)
2 2 — )V

Se

MM., ieSe

act., ieSe

completionTime

T

IS —% 1~6

IR

(£ i el

¥
E

£ —1 O
RLPRIRER - 4

VLR ER 1 A AR R PRI 1
¥ 2 F—2 O~k
JLERRFRE : 6

VB B 1 AR R RIS 1
I —3 O a~vEHELITE
RLERIRER < 5

VLR ER 1 A AR R PRI 1
¥ 2 —a O a~EIE LIk
JLERARRERE « 3

VB EIR 1 AR R IS 1
¥ 2 —5 O a~ LIk
KLBRIREf#] : 10

VLR ER 1 A AR R PRI 1
¥ It —6 O a~EHHLTIE
AILPRIER < 7

VB B 1 AR R T 1

BIF—iNED S HE—NES

IS —i BT EE
WERE— R A

BOIEEDTE TR

54
BKRT20H&ET 5

TEAAL L72#E R %A SIMPLE TRtk 5 LTk H 1z £
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/] BIRORF Y 2— 1 T R
Set T (name="T");
Element t (set=T);

/] B eI ) EA
Set Se (name="Se");

Element se(set=Se);

/] ®— RES
Set M(name="M");

Element m(set=M);
/] FEIFT—NED S BHE—F

Set MM (name="MM", index=se);

[/ EIRGRE) RE
Set Ro (name="Ro");

Element ro(set=Ro);

// &E— NP ORKBELFE COHMES
Set TT (name="TT");
Element tt (set=TT);

/] UEEER

ResourceRequire reqg(name="req", mode=M, resource=Ro, duration=TT) ;

// BEIRARG R

ResourceCapacity cap (name="cap", resource=Ro, timeStep=T);

/] TI7T4ET A

Activity act (name=" I 7J}—", index=se, mode=MM[se]);

// BRIBREE (F_XTok I F—D5%E TRZ D i/IMb)
Objective f (name="f/I5E T H#”, type=minimize);

f = completionTime;

/ /R e R IRE ]

options.maxtim = 5;
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// KA

solve (

/] AER

f.val.print();

) ;

DS

simple printf ("% I7F—[%s]

/] o b F¥— b T

Gantt
g.add(
g.dump

g
act[se],

()7

se) ;

= %d¥n", se,

act[se] .startTime) ;

ANT =4 (dat B 1%, BLTFTO LS IT20 £,

cap =

req =

1,0] 4
1,7] 4

1,19]
1] Al
(Al,1,1
(a2,1,1
[A2,1,6
[(A3,1,1
(A4,1,1
[A5,1,1
[A5,1,6
(A6,1,1
[

[
]
]
]
]
]
]
]
]
A6,1,6]

[
[
[1,13] 4
[ 4
[

[1,20] 4;

2]

A2 [3] A3

[Al,1,2]
(A2,1,2]

(1,1] 4 [1,2]
(1,8] 4 [1,9]
[1,14] 4 [1,15] 4 [1,16]

1
1

e e e

4 [1,3] 4
4 [1,10]

[4] A4 [5]
(Al,1,3]
[A2,1,3]

4

[1,4] 4 [1,5] 4 [1,6]
[1,12] 4

[1,11] 4
4 [1,17]

A5 [6] A6;

1
1

e

[Al,1,4]
[(A2,1,4]

[A3,1,4]

[A5,1,4]

[A5,1,9]
[A6,1,4]

=

4

[1,18]

[A2,1,5]

[A3,1,5]

[A5,1,5]

4

[A5,1,10]

[A6,1,5]

4

1

1

1

1
1
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B, AN1TF—H % Excel BIRHEEZ AW TEHE 252 L bA[ETY. BRMICIIRXD L 5
1T —H % Excel "B NUOPT ICIEL £ 7. T — X ZIFE L HIEIC D& £ L CILINUOPT Excel
HA~Y=2T ] BRI,

cap ) hlbd
1 8] 4 1A
1 4 2]A2
2 4 3[A3
) 4 4|44
4 4 5[AS
B 4 6[AG
5] 4
7 4
=} 4
e} 4
10 4
11 4
12 4
13 4
14 4
15 4
16 4
17 4
18 4
19 4
20 4
red 1 2 i) 4 B 5] 7 g 9 10
Al 1 1 1 1 1
A2 1 1 1 1 1 1
A3 1 1 1 1 1
Ad 1 1 1
A 1 1 1 1 1 1 1 1 1 1
Al 1 1 1 1 1 1 1

faRlE, IFO X912 £

&/NSE T BE=10

R"

§ oo

J0 1 )4 1 )

e

[0 010
I

FEFEROE I F—OEIE, £EI S —0BBHKEEEL TWET.
BB, W b Fy— NI 2BHEAOREHILEITS &, RO DI F5.
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B 1 OfFD 51

RN CEENE
IEEEN ST T P A

BIEE 1 T, I —CBI32FE—FNI18EE (—H—a~3 258k LTn) OATL
725, Pl 2 TIE, I =i LTV 200 —RFEHEL, #lE 1 »60RD
W ERIEL £ 7.



166

(/& 2)
BIE 1 OO L, KHEIF—IZBWT, a~HOWILHIEDEIRKEZ W D0 E
Z25b0ELET. BERMICIE, UToEROEY TY.

T IF—4 R I F—a~Hob ik
1 Al 1 1-1-1-1
2 A2 1 1-1-1-1-1-1
A2 2 2-2-2
A2 3 1-1-2-2
3 A3 1 1-1-1-1-1
A3 2 2-2-1
4 A4 1 1-1-1
5 A5 1 1-1-1-1-1-1-1-1-1-1
A5 2 1-2-2-2-2-1
A5 3 2-2-2-2-2
6 A6 1 1-1-1-1-1-1-1
A6 2 1-2-2-2
A6 3 2-2-2-1

KORFTTR™, HlziEa2 2 TLED, B3 —2n3ea~ves 3 B> TK~
2 TOWMET D, Lo 2R ET. FEITFT I, Z2oBIF—FAICHESN
E— RO B ENN—2FBIRL2TERY THA. FIZITEIF—3 1T 5E
—RNEZA3 1, A3 2D 2O HLHDT, TENHDIHLDELLENEZBRLTEI T —D
avHEMET D EWS ZEiCR £

TRTOEIFT—NETT LD HNERD LD, #WURE—RLBRLTAS
Ta—LERDTTI,

ERICBELEL T, FlE 1 LREEETT. TTOT, ETAT7 7 A VORBRLEIE 1 L [F
—IZ7 D ET.

BlE 1 LR D01E, AT —ZDOHTY. Excel BAREREE VT Excel 75 NUOPT ~
THEBETHEIE, ROXOBRT 425252 FT.
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cap SE it
1 9] 4 11A1.1
1 4 2142 1 A2 2 A2 3
2 4 3431 Al
3 4 41441
4 4 5141 AB 2 A5 3
5 4 G546 1 AF 2 A5 3
g 4
7 4
8 4
3 4
10 4
11 4
12 4
13 4
14 4
15 4
16 4
17 4
18 4
15 4
20 4
req 1 2 3 4 5 10
Al 1 1 1 1 1
A2 1 1 1 1 1 1
A2 2 2 2 2
A2 3 1 1 2 2
Ad 1 1 1 1 1 1
Al 2 2 1
Ad 1 1 1 1
A1 1 1 1 1 1 1
AS 2 1 2 2 2 2
A5 3 2 2 2 2 2
A1 1 1 1 1 1
A5 2 1 2 2 2
A5 3 2 2 2 1

BIE 1 LT DL, H£EIT—IZBNWTLY 95— FORBEATL I ENBDONYITR
L ERNET.
faRlE, IFO X912 £

Il
g O H» O U1 O
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FERNPOHALNZRE DI, Bl 1 ITHAT, #il8 2 TEEIF—2 TRAZEHTE D X9
IRAT Y a— VEHEENTH I EMTEE L., ZhU, I F—0E0 9 5F— RO
M1l L Tz itk bs72HTT.

m¥, W b F¥— MIRDMHNORRIZLLTOL S0 £

B 2 OfFD 51

NN CEEEE
I PO F A R Py N

ZOHIORKIZ, SETIIERERDIEHI—2DAHTLEN, O —2&RLERLIEG 4B
MUTHEL LY. BIFT—2FE T2 A0 25 R L7285 MR ok o7d
DZBE L TWIERETE, B0 IiZhdnre BnET.

(5178 3)

BIE 2 OFHOH L, SIBICAA R EABELET.
FEIT—LBITAAN VR T HEI T —%4To72%, ToOMmoS (BLF T,
PTEGERSEZ LI LED) KBWTEENOEIF—2ITo b0 L LET. 728
TORIF—EEHEE, plE2 ER—ELET. 1 B o7 2EERKORKIC
BALELTY, FIEL - BIE2 FER, 4 & LET.

AAVEGTIH LI A LIFEEAOEIFT—LIMTI ZENRTET, Lrb AL 5%
EIF—DIEFLOHD 1 avDLLNFIHTLZENTERVLDLTHLEE, TTO
I F—RETTIRLARERNERD LI RATr Va— L ERDTF S,

ERLE LTI T O LI, I F—Lbil, A vaGTEI T =277 &I T2
BTIT 9 LW O SEATHIFI D D £, RBETERIEIICEVRTbOL LET.
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R

JeAT

0
1
il act,, <act,,, VieSe

A Y, HHeEHIC 1
Y72, faRE: I 4

FEEOEIF—IIZBWT, A2 T
TIF—ERITEBICAAL L USNDOEET
DY IF—IIBITTSH

FERERLOBMAZ KB L. SIMPLE TOETILERIE, UTD LIy £1.

/] BRDAr Y 2— 1 7R
Set T (name="T");

Element t (set=T);

/] AEEEI T EA
Set Se(name="Se");

Element se (set=Se);

/] E— NES
Set M (name="M") ;

Element m(set=M);

/] BIR (FE) £E
Set Ro (name="Ro");

Element ro (set=Ro);

/] HFEIFT=D0RED S LHE—F

Set MM (name="MM", index=(se,ro));

// FE— NP O KBS £ TOMMES
Set TT (name="TT");
Element tt (set=TT):;

/] LEER

ResourceRequire req(name="req’, mode=M, resource=Ro, duration=TT) ;
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/] T T 4T 4
Activity act (name=""% I} —", index=(se,ro), mode=MM[se,rol);
// FEATHIK

act[se,ro-1] < act[se,ro], ro > 0;

// BB (T Tk I F—0D5E TRZ O /IME)

Objective f (name="#/NET HE”, type=minimize);

f = completionTime;

JAEN, =N

options.maxtim = 5;

/] KR

solve () ;

// RO
f.val.print();

simple_printf("ffi‘fy‘[%s,%s] = %d¥n", se, ro, act[se,ro].startTime);

[/ Fv b Fx— M)
Gantt gy
g.add(act[se,ro],se, ro0);

g.dump () ;

AT —H1%, Excel #@RHEEA HWTLL T O X 5727 —# % NUOPT IZIE L £ 7.
AA CEGIHTHE— ML, FEI T —& bIC large room & LTHEX TS Z EIZHER
LTFRE0.
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] 1 3 5 10 W
brge room 0 1 1 0f large room
At 1 1 1 1| A
41 1 1 1 ! 0] farge room
2 2 2 A By N3
a1 1 ? i 0] farge room
Al 1 1 1 1A 2
A2 2 1 4 0] laree room
M1 1 1 1| Ml
A1 1 1 1 1 5 0f brge room
4 1 ? 2 1|45 2o A
41 2 ? 2 i 0] lrge room
Al 1 1 1 A M2 M3
42 1 ?
41 2 !
| o 0 1 3 § 10 12 13 14 15 16 17 18 1 20
0 1 1 1 1 1 i 1 1 1 1 1 1 l i
1 4 4 4 4 4 4 4 4 4 4 4 4 4 4

FERIL, UToXkoc2n £

/i
[

1014 )4 101 )4
01101

171

I

O A
i

171

R

m/NGET HE=11

o o U oD W NN

~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~

P O P O FPr O O Fr O +r»r O

Sw RO o Do Ww N

T, ZORRET Y FF v — MR DMENTAHME L TREELE L X O . MENCHEE IS

— & B, ARG TOR I =k, ¥ 725 TEI T —2fT o TV D500

BCEET.
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BIRE 3 OfEO I -

A A
P A A N A VA I

large_room

Ad 1
45 1
461
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2.25VaFvay R a—Y U RE

VaTdvay T Arva—U o MEEE, AEFEEOBY CHNA, HF (Y a 7)) M
I RIICHI VIR D F T, 58 TR, MHIENEOR/MEEZBRE LAYV a—Y U 7ET
T 2T, FRCEMOENEECT, (ESEBOEE (AL —va ) bR, &
HFEOETOEENVBEIND &, (EFOLBENTET T 5 ESIM (serial machines) 2D
WCTEKALET. KBBEIL, EESLBHENADIEFICE ST, LFO 321 kKlshET.

(1) FA—7rvay7ME (2.25.1 i)

BAEED IR S 1L D DNEFF I3 FE > T,

(2) 7u—ravy7ME (2.25.2 #)

FAFZEDLIE S D DN 237 L.

(3) varZyav7iE (2.25.3 ffi)

FAEEDN UL SN DB DNEF RIS LN TNDD, THHDIEFIIMEFERT LI

WTH I, 7e—ya v 7REO—RIE.

LIFT, Ei(1)~(3) DFIEAHFMN LET. HEIZE T T INUOPT SIMPLE ¥ == 7 /L]
DHEELHETIET .

2.25.1 4—7vvay T8

(FIE) A—7r > a v 7HE
3 ODEENDEREND, 3 DOMEFERHD & LET. BIEEA NP 5 & LB
RERIILL T X 2 Ic5 26N TWnET.

TR 1 (FEAK 1) 13 2 (HEK 2) TR 3 (HEK 3)
L& a 5 HF[H] 8 HFfH] 4 FREfH]
¥ b 5 HF[H] 4 HF[H] 6 ¢
L& c 6 M§fH] 5 HF[H] 5 My

BB ZALEE L TSNS, OTEREZ NS Tk EEA. £z, 1K

Z AL D NER ICHIRITH D FEA.

ZDOGEDREDIEREDTE TR RN E 2D X

N DI, BEFEEZ EO X 5 ITHEMICH Y IRV W T L X 9. 2E, TXTO

HFEE2E 2D FE COFRERMIZENTI30 AETLET 5.
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COMBEEEPREIRNE A7 V2= ZRETENET 5 &, BIRAITLLTORRICAR Y 9.
FAEFROBMEEIIFERFIT 2 DU EABHDRVWEE, ¥ I —EHRZHWTRIL THDHHIZ

EELTRFSIW.
=g/ machinel Btk 1, fife=EHIic 1
machine?2 MR 2, AR Wi 1
machine3 b 3, HfaE Wi 1
d1 FI—EH 1, fieE: w21
d2 FI—ER 2, iR I
d3 I —HIR 3, MR I
£— R mode_a 1 RLBRIRFH] < 5
VB E : machinel, dl ZLBREERIAHIZ 1
mode a 2 KLBRIRFH] - 8
VBEE : machine2,dl ZALEREFE I 1
mode a 3 KLBRIRFH] - 4
VB E : machine3, dl ZLBERFRTHHIZ 1
mode b 1 RLPRRREA] 2 5
VB E : machinel, d2 ZLBEREERIAHIZ 1
mode b 2 KLBRIRFH] - 4
VBEE : machine2, d2 ZALEREFE I 1
mode b 3 RUEEREH] « 6
VB E : machine3, d2 ZALBERFRTFEIZ 1
mode c 1 RUPEREH] - 6
VB E : machinel, d3 ZALBERFRTFEIZ 1
mode c 2 RUPHRREH] : 5
VBEE : machine2, d3 ZALEREFE I 1
mode c 3 RUPHRREH] : 5
VB E : machine3, d3 ZALBRRFRTFEIZ 1
TITAET 4 act, 5 a OIFE¥ 1
WBEE— R :mode a 1
act, , i a OE¥E 2
WELE— K i mode a 2
act, , 1 a OIFE% 3
WBEE— R : mode a 3
act, b OIE¥E 1
WBEE— R :mode b 1
act, , fhFp OrE¥E 2

WLBEE— K :mode b 2
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act, , fhF b OIFE¥E 3
WPFEE— K :mode b 3
act, fhd c OfE%
WPFEE— R :mode c 1
act,, fHF c DIF 2
WELE— K i mode c 2
act_, 15 c DEE 3
WPEE— K :mode c 3
HrIBE%E (&/Mb) completionTime e t% OVEZED 52T B
A 2 — L T KT 30 K L35

i % SIMPLE Citibkd 5 RO I DT 5.

BB, 77T 4T 4 O5ICHESE— MEE TR, LF - EEoflAbabEICH L TE

DE— FBRIET D0 E VI LS AvailMode T HE L, TN Zn|#E LTELET.

/] NEEES

Set J; // fl=F

Element j(set=J);

Set S; // 1F¥%

Element s (set=S3);

/] = RS

Set M;

Element m(set=M);

Set AvailMode (name="AvailMode", index=(j,s)); // HfEFEOF~L — 3
NTBWTAE ENLE—F

[/ BIRES

Set R;

Element r (set=R);

/] NEER RS

Set D; // &ET— FOIEREKHORA
Element d(set=D);

// WRES

Set T; // A7 Y =a— VIR
T="0 .. 30";

Element t(set=T);
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/] TITT 4T 4 ()

Activity act (name="act", index=(j,s), mode=AvailMode[j,s]):

/] TEE

/] PR E

ResourceRequire reqg(name="req", mode=M, resource=R, duration=D);
// EIRHEG

ResourceCapacity cap (name="cap", resource=R, timeStep=T);

caplr,t] = 1;

// HHIBI%K
Objective f (type=minimize);
f = completionTime; // Hf% DIEFEDTE TRl H/Mb

[/ SRIF R RIFIR] DR FE

options.maxtim = 15;

i

solve () ;

/] FEROIEAE )

simple printf ("act[%s,%d] = %d¥n", j, s, act[]j,s].startTime);

T—=H T A MIRD L DT/ £,

AvailMode =

[a,1] mode a 1
[a,2] mode a 2
[a,3] mode a 3
[b,1] mode b 1
[b,2] mode b 2
[b,3] mode b 3
[c,1] mode c 1
[c,2] mode c 2
[c,3] mode c 3

~e
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req =

[mode a 1,machinel, 1]
[mode a 1,machinel, 2]
[mode a 1,machinel, 3]
[mode a 1,machinel, 4]

[mode a 1,machinel, 5]

mode b 1,machinel, 1]

mode b 1,machinel, 2]

[
[
[mode b 1,machinel, 3]
[mode b 1,machinel, 4]
[

mode b 1,machinel, 5]
mode c¢ 1,machinel, 1]
mode ¢ 1,machinel, 2]

mode c¢ 1,machinel, 4]

[
[
[mode c 1,machinel, 3]
[
[mode c 1,machinel, 5]
[

mode ¢ 1,machinel, 6]

e e

[ e e

e e e

[mode a 2,machine2, 1]
[mode a 2,machine2, 2]
[mode a 2,machineZ, 3]
[mode a 2,machineZ, 4]
[mode a 2,machine2, 5]
[mode a 2,machineZ2, 6]
[mode a 2,machine2, 7]

[mode a 2,machine2, 8]

mode b 2,machine2, 1
mode b 2,machine2, 2

[ ]
[ ]
[mode b 2,machine2, 3]
[ ]

mode b 2,machine2, 4

mode ¢ 2,machine2, 1]

mode ¢ 2,machine2, 2]

[
[
[mode c 2,machine2, 3]
[mode c 2,machine2, 4]
[

mode ¢ 2,machineZ2, 5]

T

e e e

e

[mode a 3,machine3, 1]
[mode a 3,machine3, 2]
[mode a 3,machine3, 3]

[mode a 3,machine3, 4]

mode b 3,machine3, 1

[
[mode b 3,machine3, 2
[
[

]
]
mode b 3,machine3, 3]
mode b 3,machine3, 4]

]

[mode b 3,machine3, 5

[mode b 3,machine3, 6]

mode c¢ 3,machine3, 1]

mode ¢ 3,machine3, 2]

[
[
[mode c 3,machine3, 3]
[mode c 3,machine3, 4]
[

mode ¢ 3,machine3, 5]

[mode a 1,d1,1]
[mode a 1,d1,2]
[mode a 1,dl, 3]
[mode a 1,d1,4]
[mode a 1,d1,5]

= T = T = S =

[mode a 2,d1,1]
[mode a 2,d1,2]
[mode a 2,dl, 3]
[mode a 2,d1,4]
[mode a 2,d1,5]
[mode a 2,dl, 6]
[mode a 2,dl,7]
[mode a 2,dl1, 8]

[mode a 3,d1,1]
[mode a 3,dl1,2]
[mode a 3,dl, 3]
[mode a 3,d1,4]

O = S S G

T

I = T = S Gy e

L
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[mode b 1,d2,1]
[mode b 1,d2,2]
[mode b 1,d2,3]
[mode b 1,d2,4]
[mode b 1,d2,5]

[mode ¢ 1,d3,1]
[mode c 1,d3,2]
[mode c 1,d3,3]
[mode c 1,d3,4]
[mode c 1,d3,5]
[mode ¢ 1,d3,6]

’

e e e e

e e e e

[mode b 2,d2,1]
[mode b 2,d2,2]
[mode b 2,d2,3]
[mode b 2,d2,4]

[mode c 2,d3,1]
[mode c 2,d3,2]
[mode c 2,d3, 3]
[mode c 2,d3,4]
[mode c 2,d3,5]

I S SR =

I R S R S G

[mode b 3,d2,1]
[mode b 3,d2,2]
[mode b 3,d2,3]
[mode b 3,d2,4]
[mode b 3,d2, 5]
[mode b 3,d2, 6]

[mode c 3,d3,1]
[mode c 3,d3,2]
[mode c 3,d3, 3]
[mode c 3,d3,4]
[mode c 3,d3,5]

e

I R S R S G

FATT D L, FHIEROBLARA]

act [" 1] =0

act["a",2] =5

act["a",3] = 13
act["b",1] = 6

act["b",2] = 13
act["b",3] =0

act["c",1] = 11
act["c",2] =0

act [" 3] = 6

BHASHET.

UTFTE, v b Fr—MIEVBOHDOREILEZITVET.
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Bl (A—7rva v HE oo -

act[a" 1011
act["a"1[z]
act[ a" 1[3]
act[ B 1111
act[ k" 1Z]
act[ k" 1=]
act['c"101]
N =

act[ " 1[3]

mode_a_1
mode_a_2
mode_a_3
mode_k 1
mode_h 2
mocde_k 3
mode_c_1

mode ¢ 2
mode_c_3
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2.25.2 7u—va v 7RE

(FlE) 7u— g v 7RE

2.23.1HioA—7 v ay FMEOSFMEDOT, &HE, ¥ 1, (EE2, F¥3 0
ETRE ENRT USRS E LET. ZOBRADOREDOIELDE TIAIMN R/ E 72
HENCTHITE, EOXITHEBAEE D IRIVEEZWTL X 9.

Z OMEZFLRT 2121, FAEEOLBRF ZHHT 2L T OEATHNZMZ 2L ERH VD £
T, B, UTFTTHWTWS < 13T eETTs e LET.

SEATHIKY fHF a OFEF£ 113, % a OE¥E 21Tk
act,, <act,, B
’ ’ T35
fH5F a OFE#£ 213, % a OE¥E 31Tk
act,, <act,, B
‘ ‘ 1775
£ b OIEH 113, H£F b OE¥E 21Tk
act,, <act,, B
‘ ’ 1775
5 b OIE# 2 1%, HF b OE¥E 31Tk
act,, <act,, B
’ ’ FERA
fH5F c OFE#£ 113, % c OE¥E 21Tk
act,, <act_, B
‘ ' FERA
fHF c OFE# 213, % c OE¥E 31Tk
act_, <act_, B
‘ ' FERA

FEOEATHIEIZ M Z 7= SIMPLE DEF/MIFILLTOREIZAR Y £4. i, FEEORKEXLR
BEIZ 2 DLL VBRSNS, TR TR SN TV D FICHERE L TFEL.

/] NEEES

Set J; // ffi=
Element j(set=J);
set s; // fF¥%
Element s (set=S);
/] EF— FEE

Set M;

Element m(set=M) ;
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Set AvailMode (name="AvailMode", index=(j,s)); // HtEFEOAL —
N BNWTREIENGE— R

/] BIEES

Set R;

Element r(set=R);

/] VRIS

Set D; // &E— FOIEERORK
Element d(set=D);

// WIS

Set T;: // AT =a— /LHI
T="0 .. 30";

Element t(set=T);

/] TIT 4T 4 ()

Activity act (name="act", index=(j,s), mode=AvailMode[j,s]);

/] TEEK

/] R

ResourceRequire req(name="req", mode=M, resource=R, duration=D);
// EIRHEE

ResourceCapacity cap (name="cap", resource=R, timeStep=T);

cap[r,t] = 1;

// BB (B tk DIEEDTE THREZ O /ME)
Objective f (type=minimize);

f = completionTime;

// SEATHIR

act[j,s-1] < act[j,s], 1 < s;

/[ SRR ER R R] DR E

options.maxtim = 15;

AEN.

solve () ;

/] FEROERERT)

simple printf ("act[%s,%d] = %d¥n", j, s, act[]J,s].startTime);
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FATHIRI Z R T 2 FIC kY, I —EREMNNDBENES o7y, T—2 T 740D 1D

AIDN

ToORIEESNET.

req =

mode _a 1,machinel,l

mode_a 1,machinel, 2

mode a 1,machinel, 4

[ ]
[ ]
[mode a 1,machinel, 3]
[ ]
[ ]

mode_a 1,machinel,5

mode b 1,machinel,l

mode b 1,machinel, 2

mode b 1,machinel, 4

[ ]
[ ]
[mode b 1,machinel, 3]
[ ]
[ ]

[
[
[
[
[
[

’

mode b 1,machinel,5

mode c¢ 1,machinel,l
mode ¢ 1,machinel, 2
mode c¢ 1,machinel, 3
mode c¢ 1,machinel, 4
mode ¢ 1,machinel,5

]
]
]
]
]
]

mode c¢_1,machinel, 6

[ = = T =

e e

e =

mode a 2,machine2, 1

[ ]
[mode a 2,machine2, 2]
[mode a 2,machine2, 3]
[mode a 2,machine2, 4]
[mode a 2,machine2, 5]
[mode a 2,machine2, 6]
[mode a 2,machine2, 7]
[ ]

mode a 2,machine2,8

mode b 2,machine2, 1
mode b 2,machine2, 2

[ ]
[ ]
[mode b 2,machine2, 3]
[ ]

mode b 2,machine2, 4

mode ¢ 2,machine2, 1

mode ¢ 2,machine2, 2

[ ]
[ ]
[mode c¢ 2,machine2, 3]
[mode c¢ 2,machine2, 4]
[ ]

mode ¢ 2,machine2,5

T

I S g

R

mode a 3,machine3, 1

[ ]
[mode a 3,machine3, 2]
[mode a 3,machine3, 3]
[ ]

mode a 3,machine3, 4

mode b 3,machine3, 1
mode b 3,machine3, 2

[ ]
[ ]
[mode b 3,machine3, 3]
[mode b 3,machine3, 4]
[mode b 3,machine3, 5]

[mode b 3,machine3, 6]

mode c¢_ 3,machine3, 1

mode c¢_ 3,machine3, 2

[ ]
[ ]
[mode ¢ 3,machine3, 3]
[mode c 3,machine3, 4]
[ ]

mode ¢ 3,machine3, 5

e

[ = T = S S B

R

FATT 5L, BAEEORBELANUTO LS IS ET.
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act["a",1

act["
nan,
"b", 1
"b", 2
"b", 3
c",1
"c", 2
"c", 3

act
act
act
act
act

act

act

11
16
24

11
16

11

PUFCIE, 2.25.1 HiFEE, BROLTY M Fr¥— D EITWET.

Bl (7 o— gy 7RE) OfFo 5]

act["a" 1]
act[ a"1[Z]
act["a"1[E]
act[" b 101 ]
act[ 0" ][Z]
act["b" =]
act["c"11]
act[ c"]1[2]
act["c" 3]

mode_a_1
mode_a_2
rmode_a_3
mode_k 1
mode_b 2
mode_kb 3
rode_c_1
mode_c_2
mode_c_3
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2.25.3Va7vay 78

(Bl varvay FRE
2.23.2 BioA—T7 v a vy THEOSEMOT, SAFELLUTF OIBEIZAAE X 3 T iuE
RERWVWEDE LET.

TE3E 1 (WK 1) TEZE 2 (B¥hk 2) B3 3 (H&hk 3)
fl4 a 1 3 2
¥ b 1 2 3
L% c 2 1 3

ZOBEDOREOEEDTE TRLANR/NE 72D X212 5120%, Eo ko4 E Y
IRIVIEEZWTL & 9 7.

ZOREIE, FATHRIN LT ORRICEE SN ET.

FeATHIA

act,, <act,,
act, , < act, ,
act,, < act,,
act, , < act,
act, , < act,,

act,, < act_,

flda OIEE 113,

ERA

fL# a OIEX 313,

ERA

fHE b OEE 113,

+5

8 b O 2 13,

ERA

fL# c OfEX 213,

ERA

e c O 113,

+5

f# a OVEZE 31258817

HEH 2 OVEE 2 1284T

b OEEE 2 1257

b OEEE 312517

HH c OV 112847

¢ OEEE 312517

EROEITHNE T =2 6526058 )12 SIMPLE DET IV ET—HXEEELET.
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/] NERES

Set J; // ff=

Element j(set=J);

set s; // 1F3%

Element s (set=S);

/] EF— FES

Set M;

Element m(set=M);

Set AvailMode (name="AvailMode", index=(j,s)); // HtEFOAL — 3
NZBWTBL SN D E—F

// BIRES

Set R;

Element r(set=R);

/] VR RS

Set D; // BE— FOEERRH DK
Element d(set=D);

// RS

Set T; // AT =a— )LH
T="0 .. 30";

Element t (set=T);

/] TIT 4T 4 (ER

Activity act (name="act", index=(j,s), mode=AvailMode[j,s]);

/] TEE

/] EEERE

ResourceRequire reqg(name="req", mode=M, resource=R, duration=D);
// EIRHEG E

ResourceCapacity cap (name="cap", resource=R, timeStep=T);

cap[r,t] = 1;

// BB (B tk DAEZEDTE THREZ O /ME)
Objective f (type=minimize);

f = completionTime;

/] SEATHIR

Set Prec (name="Prec", dim=3);
Element u(set=S);

Element v (set=S);

act[j,u] < act[j,v], (j,u,v)<Prec;
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[/ SKIG I RIFR] DR E

options.maxtim = 15;

i

solve () ;

/] FEROERAER )

simple printf ("act[%s,%d] = %d¥n", j, s, act[]J,s].startTime);

T=HT7AND1IORUTORIEESNET.

AvailMode =
[a,1] mode a 1
[a,2] mode a 2
[a,3] mode a 3
[b,1] mode b 1
[b,2] mode b 2
[b,3] mode b 3
[c,1] mode c 1
[c,2] mode c 2
[c,3] mode c 3
Prec =

al

o o o

Q
NN W
w B w NN W

RITT DL, FERORBRAPUTOL S ICHERET.



act["a",1] =
act["a",2] =
act["a",3] =
act["b",1] =
act["b",2] =
act["b",3] =
act["c",1] =
act["c",2] =
act["c",3] =

14

10
14
10

20

2.25.2 HilFEE, BROTY M TFr— M HEIEUTOIIIITVET.

BlE (Y a7y ay7RE ofod e
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act["a" 11
actl"a" 1=
act[ a" 13
actl" B 11

act[ ¢ 1l

]
]
]
]

actl" K" 1z2]
act[" k" 13]

]

act[ " ][2]
act[ " 1[3]

mode_a_1
mode_a 2
moce_a_3
mode_k 1
mode b 2
mode_b 3
moce_c_1
roce_c 2
mode_c_3
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2.25.4 VA7V a—Y v /HE

EEEOBILTIE, & DR SIE LSO RBEENEZ2FERLITLIEDH Y 3. 208
G, BEORAF Y 2a—VEEEL, FMHEEE LR, BEAFYa—VElAELET. 20
FORMEAZ Y AV a—U U EE SR LET.

BE) VA a—1 7R
2.23.38i0YaTyvay MEEROT-RER, SEEOBBEEANT,

TEE 1 (B¥hK 1) B3 2 (H&hk 2) TEZE 3 (B¥hk 3)
L% a 0 14 5
fL# b 5 10 14
ft#c 10 0 20

RV FELE., ZORT T a— VIZHESW T ZEIRE L TV AT, 10 RFEIAREE 72
BTG, ik 2 NPEL, s EREILT2FICR 0 E L. ZOHREDOKREDIEEDTET
AN E/NE R D LI ED LI ICA TV a— N EBHAERFIXTLWTL X 9.

ZOMBEEFTLIRT HITIE, MEORT YV a— NV EBEET DA, 77747 1 EEBK
(fixActivity) ZMHEHTLAMENRNH Y £7. £, KRROAF P a— U RN@EIRKRZNL D
2T 5%, £ COEEITHITT D sourceActivity (EBITEREIN TV D) & W) SBITHIK
LR T MR D £

UboZ tz@Ex5 L, filfe LTUIHEICULTO OB Mb Y £
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TIT 4T 4 OB

BAEIEZ [ E

T T4 T 4 DF

— FEE

FeATHIA

fixActivity(act, ,.startTime)
fixActivity (act, ,.startTime)
fixActivity (act, ,.startTime)
fixActivity(act, ,.startTime)
fixActivity(act, ,)
fixActivity(act, ,)
fixActivity(act, ,)
fixActivity(act, ,)

sourceActivity < act_ ,,10

a,2!
sourceActivity < act, ,, 10
sourceActivity < act, ;, 10

sourceActivity < act_,,10

sourceActivity < act_,,10

T a OFEFE L OB Z 0 ICHEE
T 5

ft¥#a OFE¥E3 OB % 5 I[ZEE
T 5

TF b OFE¥E 1 OB %Z 5 ICHEE
T 5

Tt c OIE¥E2 OB %Z 0 ICHEE
T5

ft# a OfF¥E 1 OF—F% mode_a 1
WZEES D

ft=F a OfF¥ 3 DEF— F% mode_a 3
WZEET D

ftF b OfE¥E 1 OEF— K% mode b 1
WZEES D

ft# ¢ OfF¥ 2 OF— K% mode c 2
WZEES D

5 a2 OFE¥ 213, B4 10 DLETICI3aL
I

13 b OEE 213, FEZ) 10 DIATICIZAL
I

5 o OFEZE 3 1%, K4l 10 LIRS i3
I

fHf c OFEZE 1 1%, Wl 10 LR
I

fHF c OFE3E 3 1%, Wl 10 LR i3
B

£z, A2 1L, K

| 10 25 5 HFEEIET 50T, BIRNLLTORRIEESNET.

HP

machinel Mt 1, e EFIz1

machine? ek 2, fRG &%l 10 LLE 15 R 0, £
DI 1

machine3 Btk 3, fibfamsiic 1

ZH % SIMPLE Citihd 2 &ELLTORRIZARD £79.
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/] AEREES

set J; // fL%E

Element j(set=J);

set s; // 1F¥

Element s(set=S);

/] E— FES

Set M;

Element m(set=M);

Set AvailMode (name="AvailMode", index=(3j,s)); // &fEFEOLL — 3
IZBWTREL SN D E— R

/] BIRES

Set R;

Element r(set=R);

/] AERERF IR A

Set D; // &E— FNOIEERHOHEK
Element d(set=D);

// HIHESE

set T; // A7 ¥ a—/LHif
T="0 .. 30";

Element t(set=T);

/] TIT 4T 4 (ER)

Activity act (name="act", index=(j,s), mode=AvailMode[j,s]);

/] REEREE (ER)

ResourceRequire reqg(name="req", mode=M, resource=R, duration=D);
// BFRMEEE (50

ResourceCapacity cap (name="cap", resource=R, timeStep=T);
caplr,t] = 1;

cap["machine2", t] = 0, 10<=t<=14; // #FEIZxtG

// ABRIBIE (e tk DIEED 58 T RZ D e/ IME)
Objective f (type=minimize);

f = completionTime;

// SEATHIA

Set Prec (name="Prec", dim=3);
Element u(set=S);

Element v (set=S);

act[j,u] < aCt[le]r (errV)<Prec,’
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/¥ ——= DRV a—U T DHEDHIK ——- */
// B\EO .. 10) ODAF Y a—VEETE

Set FixAct (name="FixAct", dim=2);

Parameter fixTime (name="fixTime", index=(j,s));

act[j,s].startTime = fixTime[]j,s], (j,s) < FixAct;

Parameter fixMode (name="fixMode", index=(j,s));

act[j,s] = fixModel[]j,s], (j,s) < FixAct;

fixActivity(act[]j,s].startTime, (j,s) < FixAct);

fixActivity(act[j,s], (j,s) < FixAct);
[/ BEDOY a TUIMIAT v 7 10 PEHIHK TR B 720
Set NotFixAct (name="NotFixAct", dim=2);

NotFixAct = setOf((j,s), (j < J, s < 8)) - FixAct;

sourceActivity < actl[]j,s], (Jj,s) < NotFixAct, 10;
2 */

options.maxtim = 15;

solve () ;

simple printf ("act[%s,%d] = %d¥n", Jj, s, act[j,s].startTime);

FT—=R T 7 AND1ONLLTFORFIMEIESNET.
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AvailMode =
[a,1] mode a 1
[a,2] mode a 2
[a,3] mode a 3
[b,1] mode b 1
[b,2] mode b 2
[b,3] mode b 3
[c,1] mode c 1
[c,2] mode c 2
[c,3] mode c 3
Prec =

al3

a 3 2

b 12

b 23

c 21

c1l3

FixAct =

al

a 3

b1

c 2

fixTime = [a, 1]

0 [a,3] 5 [b,1] 5 [c,2] O;

fixMode = [a,1] mode a 1 [a,3] mode a 3 [b,1] mode b 1 [c,2] mode c 2;

RITT DL, FIERORBRANPUTOL S ICHERET.




act["a",1] =
act["a",2] =
act["a",3] =
act["b",1] =
act["b",2] =
act["b",3] =
act["c",1] =
act["c",2] =
act["c",3] =

19

15
21
10

16

2.25.3 HilAkE, BROTY v TFv— M HIEUTOIIIITVET.

B (U A7 a—1 7R OO TIH]

Al a—1
v EE

A

VR a—=Y 7

N —
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act["a" 1]
act["a"1[=]
act["a"1[=]
actl B 101 ]
act[ B 1]
act["B"1[E]
act[" 511 ]
act[ c" 1]
act["c" 1[3]

mode_a_1
mode_a_2
mode_a_3
mode_k 1
mode_lk 2
mode_kb 3
mode_c_1
mode_c_2
mode_c_3

B 2 bR
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2.26 BEHERITS

T, EBEETINERCEMEEZHEINLET. NUOPT VI3 MAHLEA I
Vector/Matrix 7 7 A&EFIHAT B L, EBRMERITIEZRAWT-FMERGELR LS 720 9.

(f]78)

& 2 MU ZIT/NEREAS 31, RS 2 18, ASEERS 2 b D . ENTNDFIIC
FAFEDONEHIRARD 51 TIEY, EOFRAEFT D 0OBBMERB D> T
&9 5.

WE, HOFEONERNFTEERANEETHT 5L, DR 2 OAFE EIREZRIE
(A TLE-T2lz), INER 2 DDB/ANERE 1, /INFRE 3 ~DANEE N O 24T 5
Ll ZOFEEORENEG X ONTEBMHRIIIE > THER, mFEARIERT
LEWRELZLE, ANFEELRGERZWTZ L, 2 2ok/ho NG TR LToWGa,
ED XD R NEFIE AT 2T L0

AFFEAY NI I 1)
LERAHSB
2008 | /R
Fhess g SEFR
280N O | /IhEFE#R2
=nf=ab Srp) 555202
200N D> | /NE#R3

HEZT DERDEBRERMN
EZon TS

Z O %E NUOPT THEL 72D ERILZI TV E T

BHNT, /NI 2 DN D/INFEAR 1 ~OFHFEANFX LN 2 InB/NERE 3 ~OFFEANE Y & L
F9. BHBEBRITFHBEALOR/IMETTOTX+Y Ea 0 3. £/, AEMELZEET L LE
BUTHES A & D08, 2 2Tl AR e LT, 1507 O 2 B HEIZ LD TER Y 5
ZlizLET.

WITHIFIGEE2EZEZ . £, FEAKICOWTORIKE LT, FEAHK, IO AK
DFRFNDINERE 2 DNFTENEBZ TIR LRV EVIHIKNH Y £9. £z, #FEBMH



195

I » T2 LTCE B I ENEN DA NFENBHIR 2723 LW O HlR 3 S 0 £
UbZSEXTKRO LI ITERLENET.

EE E={ELE2E3} INER DS
J={31J2} HER DRSS
H={HLHZ2} MR OES
. VR TR~ DE
- EJ,ecE,jel B INFRE B A H L &
BT
. FAL D TR A~D
H, jedheH B R D B A R
BT
B /NFAR A D NF T E AL
flow,,ec E
7 hov
Eup,.ecE BINERED NFF LIRS
Jup;, jed KU D N IR L
B m PR D NFE LRSI E
Hup,,h e H H e AT
v
\'&l’ 3 by \'&L’ % N éu%
o « /] i&Zﬁ B/NFRE L ~DF
NI
y INTERRE 2 70 B 1 INFAR 3 ~ DB
NI
NEGH AL DB NFIEA~D A
X..eekE i
FNEART bov
Xg, = flow, +x
Xg, = flow, —x—-y
Xgg = flowg, +y
HEIBE% (m/ME)  X+Y AN D B/ IME
il X,y=0 FEAHIF
AL ORANI AR 2~
x+y< flow, DNFET N 28 A T

X <Eup

5720
BTN D N N D il B
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(X" -EJ)" < Jup L Y IN oL
(X" -EJ-JH)" <Hup B B D N NI HIIR

Wiz, XTIV EITINET =X 7 7 A Vb5 25 SIMPLE 5 VAR LET.
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/] BEEIRATE

Set E; Element e(set=E); //
Set J; Element j(set=J); //
Set H; Element h(set=H); //

R
>F

~
=
P2

F

o
s

W &

=

/] ATBNWRTG A =B L XT "ML T A—F
Matrix EJ((e,J)), JH((J,h));

Vector flow(e), Eup(e), Jup(j), Hup(h);

/]

Variable x,y;

0 <= x;

0 <= vy;

x + vy <= flow["E2"];

/] BT v
Vector X (e);

X["E1"] = flow["E1"] + x;
X["E2"] = flow["E2"] - x - Vy;
X["E3"] = flow["E3"] + y;

// il

X <= Eup;

trans (trans (X) * EJ) <= Jup;
trans (trans (X) * EJ * JH) <= Hup;

// B HIBIEUE

Objective obj (type=minimize) ;
obj = x + vy;

// KA

solve () ;

//
x.val.print () ;

y.val.print();

2
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T—=HT7 74N (LcsvIER) T TFOLH TR 7.
BINFREA~DNFNE L, B FARA~DOEF OB MEFRITS

e, flow EJ,J1,J2 JH, H1,H2
E1,200 E1,0.8,0.2 J1,0.6,0.4
E2,280 E2,0.4,0.6 J2,0.45,0.55
E3,200 E3,0.3,0.7

HFRDNF: LR
e, Eup j,Jup h, Hup
E1,240 Jl,360 H1,360
E2,240 J2,360 H2,360
E3,240

COEFAEEFTHE, x=152007, y=24.7003 5K E D E50T, BHKIEICHDT
INFRE 2 0B NERE 1 ~OTITAIL 15 A EANERE 2 70 B/ 3 ~OTIEAS 25 AWEB R

£, F2, TORE, UTOXIICTEFETFEANEDR LY £

u15.2907

B

INFERL

240

INEAR2

L224.7093

INEAR3

L335.645

P ——

male ol S|

[_;44.355

P —

1 >

=2

L356.347

D e m—

1 >

o

b

Pl

i}
4
o

L323.653

1~

o
I
i
W
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2.27 A—T + Xy a— X—EHE1TH]

NUOPT V13 5718 A X472 Vector/Matrix 7 7 ADHEWHITIEND 728, HKik
(ERETIEH D TR, 2—7 - oo —X gt 2RO THEL X H. ZOMBEIZ8]
FHETEE L TWET.

(f5il3E)
WOATFI A D, A—T -~ m— 2 — it 5 AT sk I
1 -1 1
1 1 -1
A=
1 1 1
1 1 1

A Zmxn {75l TR RN AX=y BEXEROE97 y Il T, X=Ay
NDZOFERKO—2DfL 72554, nxm 175 A~ = A O—ERFITH &V ET.
A O, IROXNPLRODHZ LN TEET.
AA A=A
—EC AT T EBICEE Y EHA.
15 M OIEEO—fE¥ifi5Z2 M~ tRTEE, A OL—T - o — X745
AT g

A+==ATA(ATAATA)'AT

FELZLNTE, CHE-BICEEVET. o, AT 1 A OEETHICT
EoT, ATAATA oxtd 2 —filfitthla — kb Lo &by 9.
by, kokylcERfbcxEd.

£ M 17
N 5]
EH A, ,meM,neN EBATHIRL Sy
ZEH X ieN, jeN BEATHI Y
H BBk Z ORI B ABIEU T

LIESESES ATAATAX ATAATA=ATAATA X 1 ATAATA O 4751
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ER L L2 R %A SIMPLE Ttk A5 &L T L HIThy £4

Set M, N;
Element m(set = M), i(set = N), Jj(set = N);

/] TEEATH
Matrix A((m,i)), B((i,73));
B = trans (A) *A*trans (A) *A;

S ¢

Variable x(index = (i,3)):

Matrix X ((i,3));

X[1i,3] = x[1,31:// 1780 X IZEH, x ZREOIATe

// RIS
B*X*B == B;

solve () ;

/] BT s m e RS
Matrix A plus((i,m));
A plus = trans (A) *A*X*trans (A);

for(int k = 1; k <= N.card(); k++){
simple printf (“$5.4f “, A plus[k,m].val);
simple printf (“¥n”);

}

csv BROAN 77 A VTN TFO L H 1220 £,

A,1,2,3
1,1,-1,1
2,1,1,-1
3,-1,1,1
4,1,1,1




ZDFETFIIE NUOPT THEITTH L, RHEIC

0.2500 0.2500 -0.2500 0.2500
-0.2500 0.2500 0.2500 0.2500
0.2500 -0.2500 0.2500 0.2500

EWVWIHIFRIRDENT, ZOPIEDE RN

N S S
ANl N N T
Y s Ha

THHZ NN 7.

201



202

2 Z BN

[1] George B. Dantzig, Mukund N.Thapa, Linear Programming 1l:Introduction,
Springer, 1997

(2] f@EHER, BOHFmAM, #a&E, 199

[3] JIRIE, KEEGHE, FAHEE, 2007

(4] H.P.UA VT AA, BEGHEET VOMERIE, EERE, 1995

[5] Fisher,R.A., The Use of Multiple Measurements in Taxonomic Problems.
Annals of Eugenics, 7, 179-188, 1936

[6] Frank J.Fabozzi, Petter N.Kolm, Dessislava A. Pachamanova, Sergio M.
Focardi, Robust Portfolio Optimization and Management, John Wiley & Sons,
Inc., 2007

[7] Christoph Helmberg, Semidefinite Programming for Combinatorial
Optimization, Konrad-Zuse-Zentrum fur Informationstechnik Berlin, January
2000

[8] WIFEARSR - MRS, BHEATHI —ARATH 4 RAEAIR, BUTREHIRS



&5l

0-1 #&HGEH iR, 156

A

Activity, 188

C

csv, 28, 40, 46, 49, 56, 63, 70, 75, 94, 105, 110,
118, 119, 127, 134, 139, 145, 198, 200

D

dat, 11, 17, 23, 28, 32, 33, 34, 40, 56, 63, 70, 75,
83, 114, 124, 134, 139, 163

DEA, 25

DMU, 26

E

Excel #if%, 135, 140, 164, 166, 170

Expression, 118

L

LP, 4,5

M

max 4%, 113
MILP, 4

203

MIP, 4, 5

N

NLP, 4, 5
NUOPT, 6, 12, 18, 33, 41, 69, 76, 152, 164, 166,
170, 194

P

p Er&—[M4, 5, 65, 71
p AT 4T, 5, 65

print, 69

Q

QP, 4,5

R

RCPSP, 4, 5

S

SDP, 4, 5

SIMPLE, 4, 10, 32, 35, 39, 41, 45, 61, 74, 89,
118

solve, 41, 96

sum, 41, 118

A%

Vector/Matrix, 47, 107, 125, 141, 152, 194,
199
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I KR, 5, 42, 52, 57

% )
YTT—, 77
wesp, 41, 101, 113
WCSP, 4, 5 L

BIRHIFIE A 2= 7RI, 4, 160, 174

)
I, 121, 146
S —NRH—7, 5, 131, 135 %4, 33, 36
PaNy iy H
S — VR I — T HE e, B HEAWAERNE, 5, 36
— %4751, 199 T 5ME, 41
KE—n A~ R, 76
> E BRI, 42

A .
Vadvay AV a— )R, 5, 173

SDP #E i, 152, 153 vaZvay 7, 173

B B

W ME=RITSI, 137
PR RE, 4
ARy L—h, 1381, 132, 135

=7 ay R, 173

P

AT, 5, 136, 137 NEA
AT HERATS, 5, 136, 137
AT HERBATHIHE E R, 5
HhFv—h, 164, 168, 171, 178, 183, 187, 193

FHGEHRIRE, 4, 85, 37, 41

HilR=, 7, 26, 78, 113, 122

il 7 2 H1RE, 4, 101, 113

Hilx2ett, 6, 13, 18, 26, 29, 37, 39, 40, 41, 42, 58,

(Y

65, 71, 77, 85, 194
Pt 741, 47

RAEFH IR, 5, 111
BIF—FIYR, 5
BRAEEITS, 194

WIEEH R, 4, 7, 26, 78
AT, 168, 180, 182, 184, 188

RABIZIRELEET BRI, 4

&

He/INJ7 MR, 50
/NSRRI, 5, 116

eV RIS, 5, 52, 57, 58
R MR, 152
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% [
FABE1T51, 5, 142 Bl ARIRE, 5, 6
FARET TR, 5 INTA—BHEE, 126, 127
M EEHL, 50 HIEEAM, 4, 142, 143, 148
XOcHERE, 50 IR EEEH R, 4, 143, 148
Tz O
Z HIMGHmRRE, 5, 18 IERME R, 4, 132, 137

% LR, 5, 57

Ta—ay 7, 173
HRRAE S, 77 SRR BT, 146
) N
VT —, 77 PARK, 77
¥, 6,12, 18, 18, 26, 29, 36, 37, 42, 58, 65, 71,
< 76, 78,97, 116
FH, 10, 22, 39, 41, 45, 55, 93, 103, 116, 117, I
118
T REHEIRDE, 4 EIHTIE, 25
R—b7+VA i biRE, 5
78

ES

Fo 7Yy RE, 4, 5, 29, 35, 39
~/Lat Ve, 121, 146
-
z

T

TREIMS T, 107

=<y ARE, 71
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e

=T e — X174, 199

b

£—NR, 165, 167, 168, 170, 174, 175, 189
HEES%K, 6, 7, 13, 18, 24, 26, 29, 36, 42, 52, 58,
66, 71, 76, 78, 116, 118, 122, 127, 132, 137,
156, 194
£/, 10, 16

ETNT7AIN, 35,41

i

ki, 5, 12

2

TTT2LTH, 152

Y

Y27, 121, 136, 146
VA 2=, 188
W17 41, 152

5

AT 7, 126
VAT w7 BEL, 127
a/RANKR— 7 U A i v, 5

O

HIM[HE, 5, 84, 85, 97, 101



