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2. ZREHIBEOREIE LU SIMPLE TORERH

ARETIE, 1 BTHEN LIS EAEICT 2MEOFAR L, SIMPLE TOEREI 2N
LET.
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2.1 BeARIE

BEAEOFIE LT, Z 2 TIIFFEDOHMK EZFF>E 42 ERT 2MEEZTRWET. ZoMicd
HEADOPTHECHNERREFZ LGN 2 E 2Dy NEERCRAREE LTHZDH LD
XL =) £,

(1517)

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

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

=X k(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,

F7, L LTHROES 1,2,3,.., 9 DIRAWE, SEVIREAEDLEIEEEL, ZEh
XX Xgyeoy Xg E LEL XD

Wz, BoMET 2 BB, SETHIROEGEICONT THiEY 7= o= A b & NEA
) OEORME L TRITDHZ LN TEET.

RBICHIFGMETT. 7, IRAKKRITIADOEEZ ENETADT, FEHITH L CIEARIKR
VEETT. BRALROBINEL 1 TTOT, TOHRKNLMAET. £, ERT 580/
DOUWT ORI, #, #ish, ARITH LT, BEHROAEICHONTO MR ER] & NEAHE)
OFEORFIN, THZh 30%, 30%, 405E%ELV, LWHRICRY £
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BB (R IME)

HiR DO A4 1 DRA R
TR D &4 2 DIRA R
TR D &4 3 DIRA R
RO A4 4 DIRA R
TR DA 4 5 DIRA R
TR DA 4 6 DIRA R
HilR DG4 7 DIRALF
DA 4 8 DIRA MR
IR D &4 9 DIRAHF

.+

M= A b

7.3%, +6.9%, + 7.3, + 7.5%, + 7.6X; +6.0X; +5.8X, +4.3%; +4.1x

FEAHIRD X =0
X, >0
.20
, 20
s >0
s >0
;>0
>0
>0
R A LR O

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

ZoOREIE, BRREE, HIRAETHRIEROT, BUEGHERES 2D 9



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

/] B
x1 (name="HIROEAE 1 DIRGHE")
x2 (name="MIK DO A4 2 DIREHLZE™)
x3 (name="TiROE4 3 DIRELLE")
x4 (name="MiR D&% 4 DIREHE") ;

Variable x5 (name="HiRDOE4L 5 DIREHER) ;
x6 ( )
x7 ( )
x8 ( )
x9 ( )

’

Variable

’

Variable

4+

’

Variable

4+

Variable

4+

’

name="TRDOE4 6 DIRA LI
name="TRDOE4 7 DIRE L
name="1ifRDOEE 8 DIREHLE"
name="MROEE 9 DIRALFE

Variable

+

’

Variable

’

Variable

+

’

Variable
// BB

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;
// FEATHIK

x1l >= 0;

x2 >= 0;
x3 >= 0;
x4 >= 0;
x5 >= 0;
x6 >= 0;
x7 >= 0;
x8 >= 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*x2+0.2*x340.4*x4+0.3*x5+0.3*x6+0.5*x7+0.3*x8+0.1*x9==
.35
0.5*x1+0.1*x%x2+0.5*x3+0.3*x4+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)

kS

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

> X

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

icAlloy

> 1% =b;,VjeBlend

icAlloy

TR DAL OFEEDOES
TRl 4 Jd DES

RO AENZEB T DiEReE
j D

RO G4 DHENESHTZY O
=7 Q N

HERReIR | o AR

r.

TR D E 41 DIRE R

TET N
S £

IRA EE iKY
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Wz, R R, a2 b, BERR) 25 —F 774 b5 2% SIMPLE €5 /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="=2 A ", 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[1i],1);

// AR

x[1] >= 0;

// RGO

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

solve () ;

// H

z.val.print () ;

x.val.print () ;
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T—=4T7 74N (.dat ) I TFDOLH 1T 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]1 5.8

[8] 4.3

[9] 4.1

iR =

[Lead] 0.3

[Zinc] 0.3

[ Tin] 0.4

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

s T E O A SO BB A~OYMORN F 2RO LB EVND Z N TEFE
7. it L R A ) — R, WoONnLcREE T —27 LT, mEfEII Ry Y —271C &
STRETEZLMEDO—FELIE XD Z LN TE E7. kI3 2 B O FIEFM O % v
N =22 Ko TRIATEHMEIZHINHTEET.

()

HOHMEEFIZ SO TH 1, 206 =>D)58i a, b, c ~DORLOE(EZFTA-T

WnHELET. &1, JEHEHICONT, ENENRAREE L FEENRDOONTED,

ZTNHEG I LOD, b I A RMRPLLRWRFOECNSF 2 EO X 5 ICRET UL X

WTL X I2. & LGOS TRER, KIEMOTFERE, B EHTZV Ok X MILL

oy TY.

T8 G IRE J 5 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, BHE L TELEDPOLEIEH~OWERZ L TORO L ) 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.

R Xia T 1 0 DER a ~oOfiik i
Xy T8 1 b5 b~k
X T3 1 O JEE ¢~k
Xyn T 2 okl a ~OEk &
X, T2 Ol b ~OEk &
X T 2 B JER ¢~k

HAYBIEL  (e/IME) S SN
34X, +2.2%, +2.9% +3.4X,, +2.4X,, +2.5X,,

FEEHIH X, =0
Xy, =0
X, =0
X, =0
520
2 20
T O EREROHI Xo + Xy + X, <250 TH1iconT
Xoq + Xop + X, <450 T35 21225\ T
Jik il O 5 SR D il X + X, =200 JEH 2 l22WN T
Xy, + Xy, =200 JE&E b 122\ T
X, + X, =200 JE& c lzoW\ T

Sy FU—7 CRETEAMEN LT, ECTRTCEELHICKE T — IR L TEHEEHL
%) —RIZOWTHINEZTE=THZ Ltk TERfbEnET.
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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%;

// FEETHIK

xla >=

x1lb >=

7
7
xlc >= 0;
x2a >=

x2b >=

’

’

0
0
0
0
0
x2c >= 0

’

// 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;

/] 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

¢; i € Cannery, j e Warehouse

x;,1 € Cannery, j € Warehouse

2 2 %

ieCannery jeWarehouse
X; 20
, Vi e Cannery, Vj e Warehouse

Y. X; <upper,, Vi e Cannery

jeWarehouse

> x; =demand,, Vj e 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—2EtE2TNE4558E LT SIMPLE T VAR 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="%E&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));

// AR

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 () ;
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&
5
u
N
-
I

NN R
~ 0~ S~~~ S
QO o o o o W
g s s o N

~.

COETNEETTLE, UTOL I RERMELNET.

A h=1620
Wik (1, "a"]
Wik 1, "b"]
s E (1, "c"]=
ke [2,"a"]=
LR [2, "b" ] =
s E 2, "c"]

=26.4602

=200
1.79049e-008
173.54
3.58099e-008
=200




18

2.3 ZHIMFERE

ZWIRIGHEE &%, ZHRIChZ OIS SICERREEZ T L2MEOZ L2 nnET. 2
MFHEREEZ EXbT 256803, MM LA EEZERT HO0 KT,
(f5117)
2HEBEORE A, BAMLL T2 BEORN I, 1T Z4AE LTS LN, MZ 9345 A
MOAEFEFBEAZLTE D & LTWET. FREZ 1 BAAEES D 72O LBE R RO
HE, SRGEOEE TEEa X N, £R-LOA ZEoMiE, FEOR Z & ORI A
BEEIUTOIIICEZLNTWVET.

JEOEHsE & AR FEES A b

I IT I IT

A 2 7 A E 75 50

B 5 3 TE JiE 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

BHICHATT 282 Z DA FICETEETED LIFRSLR20OT, BiDACAEE L
BGEEREE L TRE L CRAICHMT 22 L bB2x0NET. 20O L5 RIRWO T T,
goREn®MhommE S 52X bR ORI AT REEOHIK AT Looka X &
B/MCT 210, SRR 2EMGOAFERLERRELZ EO LS ICRETIUIZEWT
L k9D

Z DOREZ NUOPT THEL 72 DIZERILAATWE T AREIEIISCHK (2122 H D5 H T

£, BHELTHEAICKT 28 1, 1T OEEREEZZIEI X, X X Xigs Xigr Xig & L,
ERRE TNTI Y Y Vi Yip ELEL £ D

I, FRMET 2 & BRBAEUE, AR TERE L TORMEH T2 D a X b & DD
e LTRIET DL ENTEET.

RBRICHIFGAETT. £9, ST L ORFARKALETY. WIS, 1 AICFATED
JEEFRR D HINTND DT, £ H I EIZEREHIBE T 268 MNETYT. I 51T, FRAMICHL
THEERIIRO AR LEEETOT, TREEE X HmEOHINZ N £

UboZ &inb, ROLIICEXMLTHZ ENTEET.
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HArBI% (e ME)

yII2

BT D1 4y AHOEFER
WL IT D1y HEOERER
"W T1D2 y HHOAESR
L IT D2 r HHOARER
LT O3y HEDOAER
R IT D3y HHOARER
BT D1 4 HHOIEE R
R IT O 1y HH O &
BT D2y HHOERE
R IT O 2y HH O &

WMoz b

75X, +50%,; +8Y,, + 7Y, + 75X, +50X%,,, +8Y,, +7Y,, + 75X;; + 50X,

FEAHIR

JEEFD Y

X, 20, X, =20
X, =0, X,=0
X320, X,3=0
y|120, ylllZO
yIZZO' yIIZ20

2%, + 7%, <920
5%, +3X,;, <790
2X, + 7%, <750
5X,, +3X,, <600
2X,3 + 71X, <500
5X; +3X,,; <480

X, — Yy, =30
Xy — Y =20
X, + Yy, — Y, =60
X2 + Yo — Yy, =90
X3 + Y, =80
Xyz + Y =90

LA 22T (14 HHA)
JFEEBIZOWT (14 HH)
JFEE A 22T (2 » HH)
JFEEBIZDWT (2 » HH)
FE A ICHOWT (342 HHA)
FEBIZOWT (34 HHA)

fL T ICoWT (14 HHA)
B TTICHOWT (14 AH)
FL T IZOWT (2 2 HHA)
#H T 2o T (2 2 HAH)
B TICHOWT (34 HA)
B T 2HoNWT (347 HH)
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R % SIMPLE TRtib 4 A ELITOL S22 £7.

z.val.print();

x11 >= 0; x21 >= 0;
x12 >= 0; x22 >= 0;
x13 >= 0; x23 >= 0;
yll >= 0; y21 >= 0;
yl2 >= 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 + y11 - y12 == 60;
%22 + y21 - y22 == 50;
x13 + yl12 == 80;
x23 + y22 == 90;
WAEN,

solve () ;

// D

/] BEK

Variable x11 (name="#5 I D 1 » A HDAKER");
Variable x21 (name="#5 11 D 1 » H HDAFER") ;
Variable x12 (name="#{f 1 D 2 » A HDAFER") ;
Variable x22 (name="#f: 1T ® 2 » H B DAFER") ;
Variable x13 (name="8l54 1 D 3 » H HOAEER) ;
Variable x23 (name="#/L II ® 3 » H HDAEER") ;
variable yll (name="#{/ I ® 1 » H HOIEEE") ;
Variable y21 (name="#fh 1T ® 1 » H H DIEHER") ;
Variable yl2 (name="Hih I ® 2 » H BOIEHE”) ;
Variable y22 (name="#5 11 D 2 » H BDOHEERE") ;
// BB

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

ERES]EE
(Fe/Mb)

kS

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

use.

;1 € Product, j € Material

out. ,i e Product,t  Period

it?

upper,, j € Material,t  Period

costp,,i € Product
costi,, i € Product
X,,1 € Product,t € Period
Y., 1 € Product,t € Period

Z Z (costp, X, + costi Y, )

tePeriod ieProduct

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

D use;X, <upper,

ieProduct

,Vj € Material, vt € Period
Xy — Yy, =0uty

Xip + Yiy — ¥ip = O0Ut;,

X3 + Y, =O0ut;,

T 2 AEET DO HER
K j ot &

t» HHORET O &

t » A BHOER | OF A HERE
B DAEDR A B

BT OFEE T A B

T ot » HHOAEER
ot » A Ao E

=6
>
n
N
-

A B D IE AT
T & D IEA IR

JECRFDAE I B D il

1 7 A BOHMEICDOWT

2 7 HBOHfiEIZ OV T
37 ABOHMEIZOWNT
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W, E¥ET—H T 7 ANNLE5 25 8BE50FT VERLET.

/] A LIRT

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—=HF

Parameter use (name="J#EHEHE", index=(i,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]*x[i,t]+ costil[il*yI[i,t]l, (i, t)):
// FEAIF

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

solve () ;

// 7

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

HH e
", 11 30
", 2] 60
"I", 3] 80
"II", 11 20
"II", 2] 50
"II", 3] 90

=

wT
I

[
[
[
[
[
[

920
750
500
790
600
480

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

’

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

’

TOETNEFETTDLHE, UTOX D RiERNELNET.
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A h=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
{EE & ("1, 1]=8

FEER ["I",2]=15.8621
(EER["I",3]=6.15667e-07
(EER["II",1]1=2.24177e-06
fERER("TI",2]=36.8966
fEER [("TI",3]=7.03619e-07
B, —OEEANRHY ET.

FREORMEETIZENT, EEEICETIRFNEOLEE 3 » HRIZOVWTHAELTY

F4 (TEHE&E([("1",3], fEEE["TII",3]).

AE L TR BT,
LasL

fRFE T B X 91T
e CTIEFER ("1, 3],

IS DI OV TIEARKIFILIA ORIFI D 720 2
/Ml oW T THB Z &,

bt

TR0 ET.

#LTH, ik

ZOEDIZLDIC

&AL LIZBRIZ

L, BLUHAMBEE Gh= A 1)
ZOmMEFEING, fEEE("I", 3],
IE 0 &5 LUMEL

FEFEE ["II", 3] &E

FERE ("11", 3] DK

RO EEA.
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‘D& HT1E (DEA ; Data Envelopment Analysis) &id, #EEDEERDO I 2hRK M
ZWET 2 LT, FHlxGo B4R E LCiE, $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, T 65zt 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 6 10 12 12 20
BIEEEDS, RJEEIZX L CTHRIINCIRITH 20 E ) hEHER X.
ZOMBEOERBIZTERD L H 12720 9.
o I AJJEBES
J HAHEBES
K JEEES
_ xtg)EH (R—ER D
K 1B L)
EH inD.;, keK,iel AHF— &
outD, ;, keK,jeJ HH 7 — 4
¥ inw, iel AN Bkt 2 B
outw;, jel HAEB KT 5 EA

HAEBE (AMb)

il

> outD, ,OUtW,
K '

>inD, inW, =1, VkeK

XRIEEIZxTT D H )

PIE I IOV S
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2_0utD, ,OUtW, <D inDy Wi, 4 i i 54 5 At 7
] i

vk e K i

0<inW, Viel

£
O<outW;, Vjel HADIEARNE

IR T, RiFEOERI LD EZITVET.
DEA TlE, ARBIEDIEHO X 5 725 %t% % DMU (Decision Making Unit) &FFUNET.

AT O DMU % —FEIC I % = SRR -0, EAEA K ICBT 25 255 keK oK iz
EHL-RER E 2 £

MR LT OB, FRERAMET D X5 RMETT. ZoRf 2UTTERT LI L L
LET.

D" outD, outW,
f o= j )] J
< .inDinW,

Aih, xtEE K o2, (RED/BAD) 2L ED, ZhakRIbd 2 X5 2l
ERNET. Ik, ZORMEOERL DS AMNEB IS HEARL, FIEHLETEZLR
LH0E LET. HIRSEMELE LT, EEOEMICELT, (BHD/MAT) 25 1 UIFICR%
EWV) RENKEETT. AlD,

> outD, ;outW,

- - <1, VkekK
> .inD,inW,

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
BOGRHTIETH 5720, HIRAIIIDIZ RS 20T Th —fiettidkbin e <, 7 A

B iconTh, RN E 1 LFHMTHD LI HIFNTHRD LT, HTHS0H%E B

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="§#§ﬁ§§$", superSet=K); Element kbar (set=Kbar):;

/] AT —4

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

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

[/ ANJJHEBIZKET 5 B

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

// W

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

// BHIEI%K

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

f = sum(outD[kbar,j]l*outW([j], (kbar,3j));
// I

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

0 <= inW[i];

0 <= outW([jl;

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

solve () ;

// FERHT

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 A/ 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;

XGIET OEEE S : 1~6) 1T L TEREMEE TRV RERELUTORIZE 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
HH BHA (L) 0.333 0.167 0.1 0.083 0.075 0.05

ARSI 1 &2 5058 (U58% 5 2, 3, 4, 6) ITRNTHLEVZET. —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. FEMCOWTIE, [4] 220
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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 LEMICIENTNEEN 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 7RBEICOX £ LTIE, KEIOKRE TR LET.

(f51]8)

B 65 DT v 7Yy VICRORICH DM ZFEOALZ LICLET. ZOK, G5
IANTE S ORMIE Z e RIS T D72 DT 2 W< DFEDIAT E RWTL X 90 T2
7ZL, R EEzEDAALTHRNWEDE LET.

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

TP, BEIIE LD EFEOALEETT. Lo T, ZOEBUTEEE LB S RnEnS 2k
WD EFT. 2L, -1 EEDIAT L0 D Ko edh D A WEZZHRT D2 MLERH Y 7.
IO, BEET 0 LLEOELIERS 20 E WS Z EEHIKEMEE LTHRL TR LEN
b FET. ek, TofEiEwirte) 1T 20 EiEbiAEe ] EMIRL £,

WIZ, KA 5 2 L2725 BHBEUIFEDIAA T S O ORME T . Ziid, Fdmmizon
T M {EH7=0 OfifE) & [ZDRmWETEDIAALT ) OFFEZRD, TORMERD Z LT
BTEET.

HIFIRIEIE, JB1F EBRR_EEBICBET 2 b OO/, DA OREREN T v 7y s
DEBZBZRNVENI bORHY £7. AMEEOKLFERIZEZXD L, FaMICETL N1
iz OFEE] & (2O ZFE ORI OO Z & 5 LEFDIATZ M DR A &
DRONET. LoT, ZORMNRT 7y 7 OFETHD 65 AR NEND 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 o —t —DfE%k

water KAY ALy bR RV OfEEL
banana T FOEEK

apple D A ZOEEK

rice _ball BIZE Y Ok

bread R OfEEKR

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 = —k —% 0 HLL LEEDIATe

water >0 KAY 2y RAR R o fHEL EFEDIATe
banana >0 ANFFE 0 ELL RS DAL

apple >0 D A ZhE 0 ELLEFE DAL

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, ZOETMICONWTHYORER I EAEE LI2WGE SIMPLE CORIRAEET
LEHTN S RERTFHEBPN->TLENET. ZOMKELT, Ty 7oy 7 ORE, Mo
iR L ORI OEEZINHE LT dat 77 AANBE2 L2 LICLET. Z0X512T5
Z & T, SIMPLE TOFLBNNAHMAL L DIZRY, MOREENED-72L LT dat 77 A
WOEFEDOHLTHIGTED L IR T, ZOHIC, 22T HoEs) Ly otiss
WMALET. 75 ERMITROEHICEXETZENTEET.

e Object ={i 21—t —, KA Xy bR IV, ST D AD, BIZEY, "}
) DES

TR count. ,i e Object i 1w RS IATE L

E capacity Ty Ty s ORE
value, i Object s 1 O 1 EHTZ D Offifi
weight, i € Object w1 D 1EHTZ Y OFE

H HBE%

A 2 valug,-count, YRS TON (o

(%jﬁﬂj) ieObject

VSES . .

LEENES ie(%ject weight, - count, < capacity RECIT 2 HI
count; >0, Vi € Object Fanid 0 UL EREOIATS

ZOERILE SIMPLE T+ 5 &, UTOL S RBEALDICRY 3. ok, WWoHE



B0 EARRRBERIZOWTIL NUOPT Tl dat 7 7 A 06 HEIICER

kL ET.
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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="ﬁﬂ@¢ﬂ§§%",index= i) ;

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], 1i)<=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.

Ty Ty 7 DR E=65;
s DA E=

[ —k—1120

[ZKAD <y R FL1130
[/NTF 180

[WAZ]100

[(FBIZE D 1250
[/3]1185;
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RRIS, ZOFRETIE HEa—e—2 3 fil] W) KO ICEENTFTIRY A UM% m{E T
ORI ENRTEELE. ZNTIE, £ OWNWTTHy 7Y v ZIZGEDIATe Z W TE 5
DIX LT ENS ZEICTHELEDLSCRDTLEI . 2B, ZOHKIBREMA S & 0-1
Ty 7Yy R E WD A7 0-1 BEEGHEREIC /2 Y £ SIMPLE TiX, 0-1 A Th
HEVWIEEEMBIAT) ZENTEET. BRITIE, EIEEPMAIS 7 SIMPLE £7 /L
HCEKEES L TN D%

IntegerVariable count (name="{h»IiATefHEL", index=1, type=binary);
LT HETTT. 61T, ZOEENOLRELN LY I DT 0201 LRnEnd Z LAl
LRI, FdmiE o L EFEEOATe E WO Tcount [1]1>=0;] ZFLIRT D 4FA e <
BRYET. UEORIZOWTET N T 7 A Va2 EEHZ - LT, NUOPT THEITSHED L,

IATHEEK ZEDI=1
&’JJL\U{IE]%I " D AZm"=1

A "/\7L+" =1

A "Xm=1
"EFoa—bk—"]=0

KA A~y AR k=1

I
i
G
=)
fied

BB OB BB B

("
[
[
[
[
[

&
[
&
B
%

«

:ﬁfﬁﬁ“ =745

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

B U LEOHFEEOBRBIOEMOESITHIET 23X MREXLATNSHEDE L
FT. O, 2TO U OBEREIN—T DL ITHIEGOENLHNESZRD, O
2D A A N EiR/MNTT 5 L) RBENESHRERE T CHBNCITREBEEA Y2 —Y &~
JRER ERH Y £F. REBESHBMBEOSLE, U OFEHRIZHOWTHEEMDOEH /I EE TH
N=FHZEEFLTVET. ZOZLICHEEL T, HEEOHPEEGTIN—TLHI L E2HE
ROGE, A SEIREL FHXh, BEXOBREMER SIgSH S TnET.

(15178)

HHE¥TA B, C D, E F, GO7TODTYTNHLE T CEAMEDR EFEL A
DLW, BLEEEFRATLZ LR E L. ZofiTCEEEE OFEMIT 10 A
T, FADBEZETEL2 Y 7B X OB EA K LIZERIZD ) D 2 X MIROED L 91T
o TWET.

R ElEFRET U 7 IR b
(LS A, B, C 200
gk A, D, F 280
e i 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

ZOW, BV RA RN TT OO TERCICEHET A DT ERATAI LR
WTLEID. 7270, BOEFRET Y 7O—EOLZKIET S (B : (FFEICB & DDA
KIET2) Z&ixTERVnEDE LET.

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

oK, HIREEIZED L HIZRTZENTELTL L I £7, EHEEFNIERICHND
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IR PERIALET. ERETRA LI5S Ky =10%4) 1213200 D3 X MR £7.

—J, WHLh o8 (X =0 0OBAE) MEEIC W TS 2 X b23hnh A
BV DL, DIpoloa A RN 0 THHEW) ZLIZRVET. LoT, KHIFLEALLE
Bale 2 SOREEELD DL, ERICOVTTEBITIT 200X, 4, O3 A FRPhoTo bR

BTEET. MOBEMEFITHS L THRERICEREO X M E2RL, TORMZID & EBRIZ)Hr-o

TR A NERDFET. TR MR, RAMETDHZ LIRS BRI T
HFIRRIECONTIE, TH=Y 721 AMERESNHTND ] &0 {2 NTHRBET D L

20 EF. PIE, =T A OGEERE - A - IO P» D 1 NLLERAT D 2 & TR

BT ENTEET. O EERTET & Xy + Xy pe + Xy 2LER D ET. iD= Y

TIZOWTHLERICEZ D Z L THIRRMEZ R TX 7.
iz Ent, ZoflET 0-1 BEGEHEREE LTk X icERfbTcE £,

0-1 2B Xy + X+ Xigi + X+ X+ X+ Kot o Xowpr 7 X+ Ko

FAERE I HOWTEHT D 1, A L7Z2WEE 0 2D A%

P
E(ngi) 200X, 5 +280X, ;. +175X i +560X;,, +200K,,., +245X 5 +80X . +195X,, +265X, , +190X ..,
Wz h oMb

9 Xie T Xagge + Xy =1 T U7 A CHUERREIZT D

Xy T Xepis + X + X 21 U7 B OREFREICT S

Xpeig T R + Xeopr + X 21 T 7 c CHUGERTREICT S

Xopore T X + Xpgge + X 21 T U7 D CHERREICT S

Xists T X + Xy =1 T 7 E CHGERTREICT S

X + Xpogs + Xy + Xpgge + X5 21 T U7 F CHRERREICT S

Xipop + Xapr + Xopop + X 21 T U7 G CHUERREIZT D
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ZOERAL LRI OWTEDE £ 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="{¥il", type=binary) ;
IntegerVariable x_ito(name="ﬁﬁ%",type=binary);
IntegerVariable x_yamamoto(name="ﬂb¢",type=binary);
IntegerVariable x_nakamura(namez"#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;

[/ YT 1 NELERES 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>=1;

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) BE O =) ToHEE] Lo liaz
BALET. o, FEHEOIA MIEEE L TINENL 252 LI LET.

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

9 HIFRIGRATE Xy + Xop g + Xy ZLIZOWTIE, EDOBEMH L HEE D &

Dy + Wl + O+ 0%+ Dy + O + 0% +0Xpogy +0X 0% 21

LEHBTEET. 22T, ZOROELEEICOVTWARE 0 F7213 1 240 b ESE LT
Bz LICLET. £, hoHIEIZ O W THRBRICERZEALET. 5L, £V TIC
X DI EFIE A TR U A CTERL TE 7. ZOFE, SIMPLE TIlE— 722 COR
IWTHIETE, 0D TNEDITRD £7.

PbozZ baBL, ALS BRI TO L 12720 9.

e Man = {1, $nAR, e, o, ), O, LA, TR, /DMK,
3T RE
Area={AB,C,D,E,F,G}  =UTH%A

0-1 &% . e 1 28R D0 1,
X, I € Man .
R L7k 0 2 M5 285K

¥ L : EAi#E 1 A=Y T 3 ISR ERTREZRRE 1,
deliver;,i € Man, j € Area
RAREZRIF 0 &2 HLD
cost,, i € Man i 1 2R L2 = 2 b
—
R 2 cost, a2 hoR/ME
(Fx/IME) icMan
il Z deliver x. >1Vj € Area TRTOTY 7 CHIZEFREIZR 5
ijNio ="

ieMan J: 5 KT%)
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ZhE SIMPLE Titikd 2L, ko220 4. 2B, fREHF I >VWTiET—4% 77
ANVORNEFEZS &I Y T L CHEBIMICARISNET.

/MEREREEB LY THREEDES

Set Man;

Element i (set=Man);

Set Area;

Element j(set=Area);

/3T A =B BIOERDOES

Parameter deliver (name="FCiER[GET YU 7", index=(1i,3));
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();

SATSHBBICNE, KORETRE=Y 72 KT 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 [Eif&]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;

ZDETN T 7 ANERTIELZ LITRY, 1Kk G- FED 3 AZERATERL,
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ZOBEDORITA ML 635 THDHE W) T ENHND E9.

Z 2T, NUOPT DFRIEIZOWNWTH LIRRTEE ET. S EIOHIME CIIREMILE L AV REZ
LEL. —FHT, 0-1 BHGHHMBEOSG A ITILERETH D wesp ZAWVITEiRZRD 5 =
EHTEFET. wesp ZHAWVEBEOIEREEZ KD TZWIGEIZIE, SIMPLE €7 /LH® solve () ;

X vz

options.method="wcsp";

LRBLET. 228, wesp ZHWDLGEITITE T RIFITHAT 2 ERZ W O0RET D Z &N
TEET. #l2IE, wesp ZRKRTLIHHFETLET LIEWGEITIE, E7V7 7 A 0IC

options.maxtim=1;

LR LET. LW LICHEFE L CILINUOPT/SIMPLE ¥ = a7 /L EZHEIC L TLFE.

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

AT EFIRNEE, FIEIZ 120 ) 7IEb x5 81 ATHYET S Lo #ilfEn
A TCHDELEDEHIICHRDTLE I, ZHIEELIFTED 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
—DOThHEKNMHEZIY BFEd. BREREE L, x> Y —2 ETHA (source) 7
L& (sink) ETHT LN TE L2 EOKRKNEL RO HMETY. 72720, FQTTRT 2
EMTEDLED ERBEZLNTHET. E6IT, A EKELSOEIZONTIE, EALT
< HMEEMME L TWSREIT 8T 5] WK (MRFR EFWVET) ALY Lo
W ET. RREHEIE, BECEEOS e LA RRTT.

(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 ER (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, *v FU—7 ETHE XETORK T oA oL A FT2) ~
1 BICHET /N EMOE (5% Rk EEOET) & &I LEnkd /820 o &
ZMELET. 2572%, BMBIEUIZE TBWmEE BH LR .

I, TR OWTERET. £7, 2 AHOEERERICOWVTE, AOMEITFFIT, KIS
THDICEZONTVWD EREZBL IR LARNE W HFIEERLETYT. 2o &iX, BT
PR & L CRIETEET. 51T, FHAUTK U CUIRFRID KA L CW D MERH Y 3.
=L, ®HTHICOW T, FHA~OEE ROV REEREE T V) 2 LR
T, F7, VLA RTUICOWTIE, SHUE D OEEOMAKRESER L —B LT iERy £
T A.
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DlEozZ &b, ZoflETko k> IcERfbTE £,

I total Y
fxa B T30 6 A HUS ~ 8% R
fre B TG B ML~ D% R
fac AHLED D C LA~
fac B HLE 6 C HILE A~ DS
foo B ML 6 D HILE A~ DL
fey CHLE S LR kT v~k
fov DHE /NG LA N T o~ Ol
AruRa% (eRik) total Y
il SES G total = f,, + f, U T C OB R
fun = Tac A Hi S T OB EARAER
fre = fac + fop B Hi 5 T OBk ER1EA
fac + foc = foy C iR T Ok R R
fap = foy D H5 C Ok AR AT R
fey + foy =total LA KNT ORGSR
0< fy, <4 B T 6 A HUS ~O#E RO b TR
0< f,g <6 B T2 6 B HUS ~O#iE RO 1 TR
0<f,c <5 A SN G C HLAA~ORERO TR
0< fgc <4 B HLAA D C HUE~DBRIERO - TR
0< fg, <3 B M1 A D D HUE~DOBIEED - TR
0<f., <8 CHLEND LA kT o ~DHERD F TR

a
0<fyy <5 DHIEND LA T ~OWEED R
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I % SIMPLE CitilR T 5 ELITD LI

(2720 £9.

Variable
Variable
Variable
Variable
Variable
Variable
Variable
Variable

/ /R

/I EBDES

\

#n

total (name="8 THNL LA N T o ~DH \$ﬁ
f XA (name="8} TI5H 6 MG A ~OgkE"
f XB (name="8} T35G5> 6 HA B ~Di 9§i"
f AC (name="Hii A 2> H LA ¢ ~OFERE")

f BC (name="Hii B 7> HHIE ¢ ~DHEE")

f BD (name="H#15 B /5 HIA D ’\@iﬁ\L*"

f CY(name="Him C O LA 7 U ~OffikiE") ;
f DY (name="H/Z D 22H LA h T Dk E")

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 T Z 5
solve () ;
f XA.val.
f XB.

print

’

val.print

’

0

0
f AC.val.print();
f BC. 07
f BD. 0
0
0

val.print

val.print

’

f CY.val.print

’

f DY.val.print

’

total.val.print();

",type=maximize);




TODETNTFANEEITIED L,

45

i
=
H
Nt
&
o
=
Ir
g
)
S
e
5
W

A A 2B HI ¢~k =4

HAS B MBS ¢~k E=3.24901
Mg B 2> B HIS D~k E=2.75099

H CMD LA RT U ~OBiikE=7.24901
HI DD LA R T o ~DOfi%kE=2.75099
B THMNO LA T o ~OflikE=10

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

2, HOEALVWIMEZEALET. £72, 2 SAHEOESRED FRMEE T E LTSS

5252 LcLET. 758, ELIZOWTHKRO LS IcEEEST LN TEET.

f-Spas City={A/B,C,D, X,Y}
B total

f; .1 €City, j eCity

ELEB]ESE o
(KAL)

total

5 upper; ,i e City, j  City

jeCity

> fi=> f,. vk eCity\{X,Y}
i j

> f, =total

ieCity

0 < f; <upper;, Vi, j € City

#WiioEs

S

i %

il

15§ ~Ok g

&
£
5
il

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 TOEMBITKRDO LD b DIz 9.

/BT OREDES

Set City;

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

/1 EBDES

Variable total (name="#J; L0 LA KT o ~DOfREE") ;

Variable f (index=(i,3j));

//2 R OEEED LIRZ AT A -2 L LTEE

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

/ /¥ g D e RAL

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

obj=total;
/ /%5 HLRUT Ok e
total==sum(£["X",3]1,73);

sum(flk,3j1,3)==sum(f[j,k],]), k!="X", k!="Y";
sum (£[1i,"Y"],1i)==total;

/ /s R BE T 5 bR IR
0<=f[i,Jj]l<=upperl[i,j];

//REELTRRZ I 5

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 =BT NV EHENLET.
ZDOETNANTIE, 77 70T ERALET.

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

EAEA V={v,..V,} LAmLES E={e,..e,} »brsAmr77 G(V,E) i

A VL e DEETHELE i, =1,
A VR e OREATHLEE i, =1,
S UL SE: i, =0

ve

L% nxm 4150 1(i,) %, Am7 57 G(V,E) o#mEiaL .

HRFERIETIL, *v MU =7 O ENBIEE~mD 3 flow 2z 7-koOXE2&Ez .
33 flow ok Eo BRI, ool HAo ERosfne LEd.

flow
ed
ed
el
' ed
=
el
(E———s{D)
eb
XD 7770w E |, FDOEEEEZRSETDHZ brve X, KUOHEED
ERRME ARy &3 B2 R LA upper &< &,
max XﬂOW
st | x=0,
X < upper,
x>0

&) BUEEHEIREICIR A T £
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ERALIZOWTIEL FO L Y IcEXE L ET.

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

ZH X, , e € Edge
TER I(v,e),veCity, e e Edge

upper, , e € Edge

E E]/UE?EJ%I (%j(’ﬂﬁ) Xflow

fiESESER I x=0
X <upper
x>0

oR
S|
S
&
=
ffm
S
[_[_
=

B0 2 DR A7 A
KigE RO LR
K HE RO TR




ZAUZ XY, SIMPLE TORIMBIZIKRD L 91T/ F7.

49

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] = xvarlel; // X7 ML x IZEE xvar ZiEDIAT

Objective total (type=maximize);

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

x <= Upper;

options.method="simplex";

solve () ;

ELTHED csv T 7 AMFILLFD o & 700 £9.

I,el,e2,e3,e4,e5,e6,e7,flow
A,-1,0,1,0,0,0,0,0
B,0,-1,0,1,1,0,0,0
c¢,0,0,-1,-1,0,1,0,0
b,0,0,0,0,-1,0,1,0
X,1,1,0,0,0,0,0,-1
y,0,0,0,0,0,-1,-1,1

e, Upper
el,4
e2,6
e3,5
ed, 4
e5,5
e6,6
e’,7
flow, 37
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2.7.1 F/Nrv &

BRI EZ, MIEFTEREO —RBICERL L2 E2FIA LT, ZOMNMETH B,
B/l FUEE SIMPLE T L TAEL X H.

RKEREOHKZ | x=0 , x<upper (Zxt4 2 0xtE%k%, znEhy, 7 & LE7.

F 72, BAFREO BB Xqow 13,

aflow :1’
a,=0,e= flow

ThHEIR_7 L a #HWT a-X ¢RTZEenTEET.
Ko T/ > MRIEIE,

min upper-z (=0-y + upper -z)

st 1'y+z>a,
z>0.

DEITHBTHENTEET.

ERAklc oW T,

WD X O ET.

£t

2

HArBIEk (RAfb)

LIESESUE

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

y, , vV e City
z, ,ec Edge

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

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

flow

upper -z

I"y+z>a

z>0

#HiinkEs
WS

Bt T3
F D DfGEED B[R

e

/'é\
[\

7 MR

PICSETOEN
R B HRIC T
WA 0 Ak




XY, SIMPLE OFMRIIRD L 570 £

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);

/] XU MV oy I yvar EEEOIATe

y[v] = yvar([v]; z
[ /) XTI MV oz ([ZEH zvar HESOIATe

r
z[e] = zvarle];
NN =R}

Objective cut (name="% v FDE", type=minimize);

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

a["flow"] = 1;

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

z >= zeros (Edge) ;
options.method="simplex";

solve () ;

cut.val.print();

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

B b ORRE=10

LWIH RN SN, BAMEL R CABEBOEZED 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 REBELTCOEFATLE., £i2, 8B TH»S 1 BICHHT 2hEROENRRE ST
WD XD GBI O G TR AT O MERH D FT.

REST-BEERY NU—7 ETHAN DA ETRTBECOND2EM (22 ) Z2H/MILE
D EVIED Z & R E/NEMVEREE WVWET. ok, RKEHED & & LRI, RIEAID
RNET HRER DY ET. £, REoE] 21 THIGEITITR/NEREE FXh, 11—
FTES = a AT ATON— MERSREHEDOREEN2 EISH SN THET.

(1517)
%6@%1xﬁm%%I%ﬁ%Ebtdi%%Y$®vxb?yiflH’&@%%
TWET. 2O, ATOXO LI, #HTHEN O VA NT o Tk d 5Micn<
oﬂ@%%%ﬁ&bfni#.it,2o@ﬁm@%fla_$méd§%®$®t@
(kg) BDEOETOLIICPRES>TVET. 51T, 2 DOHEOM T/hEME 1kg
ETDHBIETORIZEDPNTOWBREARIY . 2oL X, INERE skg BT
Bb VA N kT DB DB HITRBEWS B TL X 2. 2720, &
R ITA DM Bk SN T E I/hE A2 2 THOHSICEIXT 26D & LET.

BT L 1kg H7=
D DEH . 5 .
Bk T8 x A 250 g
B T X B 200 4
A C 270 4
B C 300
B D 220 6 -
C VART Y 190 5
D VAR Y 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
AiffiZ 2B I LT IEEV. 2ok, BEMITEREL— MZOWT UhNER 1kg H720 OE )
& T L/ hNER O &) OFEZRDBMEZ LD L TROLNET.



UbkDZ Lk,

ZOBEEIFRDO X Y ICERLTEET.

53

28K

HAEIB% (F/IMb)

il

£

1

fra B T D A HUE~DlfEE

fre B THA D B HUE~DlfiLE

fac A HEA S C HE A~ D R

fac B HIA2 B C M~ DB R

fep B M4 5 D ML~ DB R

fey CHIEMNB LA NT U~k E

fov DHIA D LA T o~k

250f,, +200f,, +270f,. +300f,. +220f, +190f,, +170f,,
o=t

8=f\+ fyg T T COIEE

fya = fac A Hi AL C OB R O RAFH

fXB = ch + fBD

|
B M1 C Dk & D frAFHI
C M T Dk & O fRAFRI
D HiLS T Dk E O PRAFR

LA NT v TCOMER

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

CHIAENDB LA NI U ~DEED E TR
DHIENDB LA T U ~DEiEED  FIR
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ZOfER%E SIMPLE CReld 35 ELLTFD L H 12720 £,

/1 EBDES

Variable f XA (name="#J5 TG 6HE A ~Dlik&E") ;
Variable f XB(name="# L5 6HA B ~OMkE") ;
Variable f AC(name="ﬂﬂm\Aﬁ>%fEM\Cf\@@mk_a"),
Variable f BC(name="Hi/ B 22D iR C ~DEE") ;
Variable f BD(name="Hii B 2D D ~DRERE") ;
Variable f CY(name="Hi#l C 23O LA NT U ~OffikiE")
Variable f DY (name="H;AiDNHL A LT U ~DkE") ;
/ /R O fIME

Objective totalcost (name="#ZH", type=minimize) ;
totalcost=250*f XA+200*f XB+270*f AC+300%f BC+220%f BD+190*f CY+
170*f DY;

/ /& ST Ok &

8=—f XA+f XB;

f XA==f AC;

f XB==f BC+f_BD;

£ AC+f BC==f CY;

f BD==f DY;

£ CY+f Dy==

/ /R EIZ RS 5 BRI

0<=f XA<=4;

O0<=f XB<=6;

0<=f AC<=5;

0<=f BC<=4;

0<=f BD<=3;

0<=f CY<=8;

0<=f DY<=5;

/R THEZH T 5

solve () ;

f XA.val.print

f XB.val.print

f AC.val.print

(

(

(
f BC.val.print()
f BD.val.print(
f CY.val.print(
f DY.val.print(

totalcost.val.print () ;




IOETNEFEITIEDL L,
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F T D LR A ~ Ok
F T80 b LR B ~ Dk
R A B HEEL ¢ ~ Dk =
B 2> B HIUR ¢ ~ Dk =
HisR B 2> B HIUS D ~OD ik &=
S C B LA NT U~k
A DML LA RNT U ~OWfik =
#E H=5260

=
HB=
=
HB=

EWVWIHIFIRDEN, MEREMERTETET.
L ZAT, ZOEFEOFBTIHA T OENZWEIZISHT S Z EBnREETT. 22T, #if
DEEEVWIBMEETEANL, LERT—HETERE LTIHENLE XD X 91295 2 & TRIFMH

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.

=

£45 City={A,B,C,D, X,Y}
.

% f, 1 eCity, j eCity
TER

upper; ,i City, j € City

cost. ,i e City, j e City

ij

supply; ,i e City
ARIBI > > cost; - f,
(F/IMb) jeCity icCity

LLEES U ol

ieCity jeCity

0 < f; <upper,

ij?

«— >, f, =supply,, vk City

Vi, j e City

#HiinkEs

15§ ~Ok g

15§ ~OEED ER

16§ ~OIEDEEIC
DBHINERY 1kg BHT-0 D% ]
i TORMAREEHHEDZE

B H R T Ok E

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

/T OEEDES
Set City;
Element i (set=City),]J(set=City),k(set=City);

/I ERDES

Variable f (name="fk&E", index=(i,J));

[/INT A—HDEF
Parameter upper(name="ﬁﬁﬁgﬁifkhm§",index=(i,j));
Parameter cost(name="ﬁﬁ%%§ﬁ§",index=(i,j));

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

/ [} D /IME
Objective total cost (name="#ZMH", type=minimize);

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

/ /45 HLS T OB
sum (f[i, k], 1i)-sum(flk,jl,])==supplylk];

/ /s R B9 5 B T RRAIR
0<=f[i,jl<=upper(i,]jl:;

//RIELCHRZ 1T %

solve () ;

total cost.val.print();

B, ETRHRICIEIRD 220 csv 77 A (LE-H) L1o5Ddat 774N (H) #542F
9.

fkEo FR,a,B,C,D,X,Y W%k E M, A, B,C,D,X, Y supply=
A,0,0,5,0,0,0 A,0,0,270,0,0,0 [A]0
B,0,0,4,3,0,0 B,0,0,300,220,0,0 [B]O
c,0,0,0,0,0,8 c,0,0,0,0,0,190 [C]0
D,0,0,0,0,0,5 p,0,0,0,0,0,170 [D]O
X,4,6,0,0,0,0 X,250,200,0,0,0,0 [X]-8
Y,0,0,0,0,0,0 Y,0,0,0,0,0, 0 [v]18;
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2.9 ZEERRE

A F TBRATE TR KRR/ E HRAETIE, * Yy FY—7 L& 1FEO O Ljih
TWEHEATLE. LaL, BIEMATIEIRY hU—7 L2EBOLONHND LD Fr— AN
E<HY £, ZERMTHBIL, HEOMMZ TN TR DR A ETEET 2 LW I HEIT
FMASNLMET, BERELOGETIEHENLTHET.

(1517)

b DT, X HTOREY THCRYE L= HO/NE R E Y IO/ BET 1 HIZ 8kg
MOTWET., 612, MUEKH TG TRIELZ Y EAHO/NERZ 2D ) EALRE
T1HIZ13 kg MIDTHET. ZOFE, TOROXIIZ, BH TGN VR, 1)
TG 5 EARE THET HMICWL O0OBEZKRB L THWET. £z, 2 2OH
SOMT1 BICHERDSUCHONERE D EARONEROEFED LR (kg) 23X
BTEOLICIRESTVET. &5IC, 2 DOHEOM T HONERRL Y EARD
INEYE kg Wk T D EIC TORIZEDLN TWDETOERAR N £3. oL X,
NCRONERE D EARONERZRD LI &IZTND BRI 0SERIZ 1 H
IZOE RN BTL X H 0.

B0
&) 3 ©
10
® @
LB L NOHONERD 5 EARDNER
LIPS DEiEE

W T4 x A 12 11
B T 55 x B 10 12
A C 4 5

Q |Q |W |w |
(@]
=
=
©
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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
ik & 5 EARONEROEEEOT EIRAB X 20 E WS RGN RETT. £, #
FFANZOWTIIHR PRI LG T 2T 0 0ERHV £, 618, -1 kT 5] &
WA ZEEH D X FEADTELRIZHOWTIFAFIKINSLETT.

UbkozZEns, ROXIICERILTEET.

ZEK PWheat,,,UWheat,, FY TR A MK~k &
PWheat,,,UWheat,, BT B MK~k &
PWheat ,.,UWheat . A MRS C HURA~OHFIE &
PWheat ,, A ML S /S B~ OBE R
PWheat,,,UWheat,, B HLA2 6 A M~k &
PWheat,.,UWheat,. B HIAA D ¢ HLR A~k &
PWheat., C ML B /R B ORI &
UWheat,., C HLEMND H EARA~DiTE R

H i BI%L 12PWheat,, + 10PWheat,, + 4PWheat,. +11PWheat,,
(/M) +6PWheat,, +11PWheat,. + 9PWheat,,
+11UWheat,, +12UWheat,; + SUWheat .
+7UWheat,, + 9UWheat,. + 5UWheat_,
i 5 2

EHFSEYGE PWheat,, +UWheat,, <15, PWheat,, +UWheat,, <12,
PWheat,. +UWheat,. <18, PWheat,, <3,
PWheat,, + UWheat;, <3, PWheat,. + UWheat,. <10,
PWheat., <10,UWheat., <15
F kL — b Ok B O EIRZ#EZ 20
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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,
UWheat,, > 0,UWheat,, >0,UWheat,. >0,
UWheat,, > 0,UWheat,. >0,UWheat., >0

ok B\ B9 % SR AR

i % SIMPLE Citik 35 LD XL D220 9.
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/I EBOES
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 CZz;
//BRBEBOES
Objective total cost (name="#RHIE#", 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;
//EEN— N T L Ok E o 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 CzZ<=15;
/173 DN B % P Az Al
PWheat XA+PWheat XB==8;
PWheat AC+PWheat AY==PWheat XA+PWheat BA;
PWheat BA+PWheat BC==PWheat XBj;
PWheat CY==PWheat AC+PWheat BC;
8==PWheat AY+PWheat CY;
/195 EARONERITE T % RAFHI
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 CZ;
//FEATK
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 T, SIMPLE TORRZ XV B b DI LTV Z LI LET. 2070I21E, #iio
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.

e City ={A B,C,X.Y,Z} BHOEL
% 1 7N TN N
% PWheatij ,1 e City, j eCity iMB 3 ~ORHD
IINZER DR R
UWheat; ,i e City, j  City iMBI~D S EA
DINE R DIk
o upper; ,i €City, j € City 135§ ~OEERD
R
B 4 e OB
PWheat _cost; ,i eCity, j e City 1775 3 ~ORIEDER
B3 DN
¥ 1kg =0 0
M
TR,
UWheat _ cost; ,i City, j City amyyijé D% D

S ELH DO INEW
1kg 720 OEH
i TONUCHONE

PWheat _ supply; ,i € City ¥ 1kg OWAR L
HEDE
i TOH EALHD/N
UWheat _supply; ,i e City ¥ 1kg OWAR L
Uit tH oD 7=

AR Z Z (PWheat _ cost; - PWheat; +UWheat _ cost; -UWheat; )
(%/J\'ﬂj) jeCity iCity

gk

Tars S i
AR PWheat;, +UWheat; < upper;, Vi, j € City LB 3 ~ORERED
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> PWheat, — > PWheat,

icCity jeCity FHRTOSHO
= PWheat _supply, , vk  City NZ R ik
i;‘yUWheatik - J';ﬂyUWheatkj D S L
—UWheat _supply, , vk e City DN Dk fe
0< PWheat, , Vi, j e City S ROMEBOR
EEOIEATKI
0<UWheat, , Vi, j e City > EAROANERD
i 125 1 D AT

SIMPLE Citik T B ERD L HIZRY, HITEDO LD LV HRIZR > TWB Z NG £9.
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/I BHOEEDES

Set City;

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

[/ EBDES

Variable PWheat (name="/ "HO/NER Ok, index=(1,9)) ;

Variable UWheat (name="9 &AM D/NEROEREL", index=(i,7));

[/XTA =B DES

Parameter upper(name="ﬁﬁ%§i@kﬁﬁ ",index=(i,73));

Parameter PWheat cost (name="/ VHO/NEROEEEM ", index=(1,73));
Parameter UWheat cost (name="9 EAMD/NEHOEEEM", index=(1,5));
Parameter PWheat supply (name="PWheat supply",index=k);

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

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

total cost=sum(PWheat cost[i,j]*PWheat[i,J]+UWheat cost[i,j]*UWhe
atli,31,(1,3))7

//EiEN— § T L Ok g LR

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

/12X OB S PR AERI

sum (PWheat [i,k],1)-sum(PWheat([k,j],j)== PWheat supplyl[k];
/1D EROMNERNBET % A7

sum (UWheat [i,k],1)-sum(UWheat([k,j],J)== UWheat supplyl[k];
/1 A

PWheat[1i,3]1>=0;
UWheat[i, J]>=0;

728, FATREHZIZIRD 3 2D csv 7 7 AV (HaEdEo ER - SO/ O@mEgEH - ©
EAVRO/NER OEERM) & 120 dat 7 7 1 /L (Piheat supply 3 X M Ulheat supply)
hHz2ET.
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NRURONEROWEEM, 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, 2
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

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

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

[Y]0 [Z

COETNERITUIERERNLD, MEAN 494 222X 1CEETHEHETHY, HlxiX
WOKD LS ADNERE S EARDNERZEET D E LN RS0 £

N RN ORE R
P
4197392 | 4NQ7392
X 3 ©

3.85608

.892608

(@)

5 ENRDNER DA R
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. HiRRFELEMEDO T D, ZOHT p AT 47 A, ROHIT p o7 —ME%
RO EFET. 2B, AFa2— M) 7 A TIIEHATTFELA T MR (5%IT TFRER] LI

OFEd) THY SIOIHiREZREST 2 Z LN ARAMATEH D ERELET.

T, ATATVIECOWTHMALET. AT 47 2 LIIBFERD D s 2 L LI s (4
®iF THiRRR ) L0 ET) ~OBBIEEEORMZR/NZTHROZETT. £ZLT, ZOAT
AT EROLMED Z L AT 47 VREEFOET. ok, —RIIZEOREDOTFERH 5
MIITFERZEICERRY TTOTEAMTE OBRBEIEZ F/NIT 228220 £3. £, i

i 1P CIER < p EATICERES S L O 2Ea

AT 47 UREEREOET.

(1)

it N
A 800
B i 550
Cifi 780
D ifi 600
E i 1020
F i 360

HHEEE, ATNL FHETO 6 HHOHMND 2 DOHICHICT N— &2 HELLD
EBEZTWET. ZoRy, WEHE TCORBEIEREZ NI 2720123 Lol g
THEERWTL X OID. B, FHOANOFLETOROL I IR TWVET. £/, 2
T OBEBIA FTORO X s TWET. 2720, E#FIE TWO2w 2 #ili o
FEE I DR 2R L7- & & O EEREA A L.

F9, ZOMETIIEHTEICH LT XI— b2 HIETHONE I D0ERTEHENLETHD Z &
NHONYET. Lo, 2T TIEEETNG Eb 5O HEHZ TV ONERD D LENRH D,
BRI TLEWET. 22T, #l 1 I2OoWTHHE § I T 2858 1, £ 9 TR

BRIX 0 2 IS K97 0-1 B8 X ZEALET. ks, X =1ORHTIFHET 1 127 /3= h &

JEL, X =0 ORpTITHE LS WS fipfREe LET.

I, HHIGREICONTEZ TVEET. RIT LR~ L1, X 13800 L ICHET 20 e
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SMERLTVET. ZOMBETE 2 BHICHIELETOT, D X 1E2 ThEBENHY %

F.oEl, BHHCOVTEWFOF /8= M LT UER Y E8 A (REBEOSEIIHE

BILCHODERRT 5 2 L2 £9). X 2MOTRRTHL, 4 1 12o0T Y X 2 1
j

ThoLWn) L ET. KRS, AOEETTLHEL TOARWEHICES S TLES

AREMER DY EF. ZhERB DI, X =00Ba1 X =1L o TRV RN E WS
RRMEPRBETT. SVHBID L, X 13X KV RSWVEZ L HRVEN) Z LRy £, &

ST, RTETLX <X &R0 ET. 2720, ZoffRMTI= | oRa T Bk T

biz JOBAEOATHSTHD Z LICERELTIES W,
HEOBES, B EORBEIEEE VWD Z LTy £, £, #ifi 1 »2o#8d 3 ~0

WHHEE X, =l OB OBERTBLERDY 7. koT, £ 211 1,5 MO X, ©

FEROET. LT, JIZONWTHIZE LD Z &ETHIM 1 22D OEAL LOBERENSG O E
T ZLTC, ZOBBBEHICEATHIANZEITHOEDLZ & THIN 1 2D EALE DT
B A 5 3. EAE O -BEIEREE 2 ToHHIC OV TR, fngk &5 2 & THMBEK
ThHEAMIEORBENMEREE 720 3. 22k, MLV 2 MHHOEHITIROEZOEY 1275
ZEBSM ET

ATH B CHi Dfi Efi Fi
AT 0 7 2 13 19 17
B 7 0 8 6 12 10
Cfi 2 8 0 14 20 18
D 13 6 14 0 7 4
Ef 19 12 20 7 0 3
Fh 17 10 18 4 3 0
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0-1 2:124}& 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 F7iF1 2L oHIETL2ONLHZBITVHIEMITE 2202 RTEK

ENDR:-E-¢

800(7X g + 2Xpc +13X,p +19X,c +17X,¢)
(Fe/ME)

+550(7 Xgp +8Xge +6Xgp +12X5e +10X5:)
+780(2X 5 +8Xcp +14 X p + 20X +18X¢)
+600(13Xp, +6Xp5 +14Xoc + 7 Xpe +4Xoe)
+1020(19x%;, +12X5 + 20X + 7Xep +3Xer )
+360(17 X, +10X5 +18X + 48X + 33X )

HKI S Xap + Xgg + Xoe + Xpp + Xee + Xer =2
Xap T Xpg + Xpae +Xap +Xpe + X =1
Xga + Xgg + Xpe + Xgp + Xge + Xge =1
Xea T Xeg + Xoe T Xep + Xee + X =1
Xpa + Xpg + Xpe + Xpp + Xpe + Xpr =1
Xea + Xeg + Xee + Xep + X + X =1
Xea + Xeg + Xee + Xep + X + X =1
Xag < Xgg 1 Xac < Xeer Xap < Xpp 1 Xae < Xeg 1 Xar < Xep
Xga < Xanr Xgc < Xeer Xap < Xpp 1 Xge < Xeg » Xgp < Xep
Xen SXAA’XCB SXBB’XCD SXDD’XCE SXEE’XCF SXFF’
XDA < XAA’XDB < XBB’XDC < XCC’XDE < XEE’XDF SXFF’
XEA < XAA’XEB < XBB’XEC SXCC’XED < XDD’XEF SXFF’

XFA < XAA’ XFB < XBB ' XFC < XCC ! XFD < XDD ! XFE < XEE

HAT & BB R

2 FRTIC IS

A X 1 EPTICEL Sy
B i3 1 fEETIZ ALy
C X 1 SArichlsy
D ilE 1 @A ALy
E i3 1 T Bl sy
Fild 1 @& il

HE LTV B IS EL Sy

ZOREREZDEE SIMPLE Titd T2 kDL H 12 £
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[/ EBOES
IntegerVariable
x AA(type=binary),x AB(type=binary),x
x AD(type=binary),x type=binary) ,x
x BA(type=binary),x type=binary),x B
x_BD(type=binary),x_ type=binary),x B

x_ DA (type=binary),x_
x DD (type=binary),x
x_EA(type=binary),x
x_ED(type=binary),x
x_FA(type=binary),x_
x FD(type=binary

(
(
(
(
(
x CD(
(
(
(
(
(

type=binary),x CE

)
)
)
)
)
)
)
)
)
)
)
),

B (
E(
B(
E(

x CA(type=binary),x CB(type=binary),x C
(
B(
E(
B(
E(
B(
(

C
F
C
F
type=binary),x DC
F
C
F
C
F

type=binary),x C

type=binary),x D
type=binary),x E
type=binary),x E
type=binary),x F

)
)
)
)
)
)
)
)
)
)
)
)

x FE (type=binary),x F

/ | BB E BB EREE D fe/ME
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)

_AC(type=binary),
F (type=binary),
(type=binary),
(type=binary),
(type=binary),
(type=binary),
(type=binary),
(type=binary),
(type=binary),
(type=binary),
(type=binary),
(

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);
// 2 FHICHIET %
X AA+x BB+x CC+x DD+x EE+x FF==2;
/ /BT 2RSS

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;

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;
//HIE L7 DTS I3 Sy L s

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_ DD;
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 ETEDLETINENGEZDMENRDY £9. 22Tk, AOEHEBECET AT —4 %
T—=HT7ANNLEZDZEIZLET. 2O, a7 —ZICRHGETE D L ICH T OES
EVOMESREZEALTEEET. 758, ERLIZOVWTRO L ICEZEHEET.

e City={A,B,C,D,E,F} wWifi LG

e 0 FiFx 1 2L HMHET 5D
x;,1€City, j e City

0-1 &% MEEZITHPEINDDNER
A

T distance;, i € City, j € City i i 2 HEH 5 F T

population.,i € City i1 o A0
i BA % . .

e > | population,- > (distance; - x;) B X SRR B

(Fx/ME) i<City jeCity i

TSPy i;y X =2 2 BT AR
2, % ~LvicCiy AL 1 ST
jeCity
X; Sij,‘v’i,jECity,i;t j HE LT B 55T I B4y

FRROXE SIMPLE TRtk +5 L, DK IRV £4. 728, NUOPT TOEITHHITIZERT
DEADEENBRERIIT X 7 7 A ADLHBMICRAE L ET. £, simple printf ()
ERAWHIET A E T OAEERTHLIICIRLELE.
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/I BHOEEDES

Set City;

Element i (set=City), J(set=City), k(set=City);
[/NTA—=FDEF

Parameter distance (name="2 #BIfAIDOHREE", index=(1,73));
Parameter population (name="#{TIOANHD", index=1i);

/1 EBDES

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

// BB O ES

Objective total distance (name="#BEIIEHE", type=minimize) ;

total distance=sum(population[i]*sum(distance[i,j]*x[i,]], (J,1!=]

)) 1)

/ /HIRISRAT

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

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

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

/RIS AT 2 5

solve();

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

¥, FEITHERICRO 2 FHROHEEA R T csv 77 AL () EEHFDOANOEFET 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.

"AT IS HIETS.
"E" S HIET .
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2.11 p EBV¥—RE

R p AT 4 7 UL, FBEREMZAOMO (EARfX) WBEEREZ R/NCT 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 DEZEL VWL D ICEREL T HMEE LD Z LN TEET.

ZIT, Bua— L RbEWVEERNLO (EATE) HEEE 5N T DR A 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.

(1517)

HHEET, ATNL FHETO 6 HOHNE 2 DOHIZHZIZT /A= 2 HIEL LD
EBEZTOVET. ZORE, #ilin D HIE - E To AT & BB O &R E & i/
LT EDOHICHET 2 ERNWTL X 90 b, BlOANDITETORD L HIZ
o TWET. 72, 2 MHOERHIA TORD L I ITR>TWET. ks, EHEHEIT
ATV 2 FRTT I O BRI OB T 28 L7z & & O iR s L 7.

A NS
Al 800
B i1 550
c i 780
D i 600
E 1020
F i 360

BB OFIRE & OFWT BRI O 720 T, Z07-8, 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 W § FTOELESBEEMELZ RO ET. 3 X =1 ORFICERZFF

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

I = ORI ZORITFEIC 01220 FTOTHRIIEED RN LIZLET. ®IZ, 4RO X
VR I =y I AMEOERMETO 20T /=y 7 L LTER v ZFTIEALET. 20
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W, BEAMNEBEBEHENAZNEN v LFTHD EWVIHFIREEZMA D Z LT v ICHEATER
BEEEORKMEE V) BRERF-EL LN TEET. koT, £ v BAVHEMBEEE Y
E3

UbozZEnb, kokoicERfbTE £

0-1 &£ Xan Xag 1 Xac 1 Xap 1 Xag 1 Xap 1 Xgar Xg s Xge » Xgp s Xge 1 Xgr 1 Xear Xegr Xoor Xop» Xoe 1 Xer »
Xpar Xpg 1 Xoc 1 Xpp 1 Xpe 1 Xpe 1 Xear Xeg s Xec 1 Xepr Xee r Xee » Xear Xeg s Xee s Xep s Xpe o Xee

0 FF1 2L HIETL2ONLEHRBITVHIIEHITE Z 202K

etV H I E BB O i K AE
EREORECE- S H I E BB O i K AE
(m/IME)

st V=2800x7X,5,V=800x2X,.,V=800x13X,,,V=800x19X,.,v=800x17X,.,
V 2550% 7Xg,,V =550 % 8Xg. , V=550 % 6X5,, V = 550 x12X5 , v > 550 10X,
V2> 780x2X.,,V 2= 780x8X5,V=780x14X,V = 780x 20X,V = 780x18X,
V 2 600x13Xp,,V = 600x6Xy5,V = 600x14X,.,V=600x7X5:,V=600x4X,,
v >1020x19x;,,V 21020 x12X5, v 21020 x 20X,V >1020 x 7 X, V 21020 x 3X¢,

V 2>360x17Xc,,V=360x10X5,V =360x18X,V=360x4X,V > 360x3X,
HEA S BB K EZ B 720

Xap + Xgg + Xoc + Xpp + Xegg + Xer =2 2 #RTIC S

Xap + Xpg + Xpo + Xpp + Xpg + X5 =1 A THIE 1 @RTICRL Y
Xga + Xgg + Xgc + Xgp + Xgg + Xgr =1 B il 1 EETICEL Sy
Xea + Xeg + Xoe + Xop + Xog + X =1 C i 1 &SRy
Xpa + Xpg + Xpe + Xpp + Xpe + Xpr =1 D il 1 ERTICAL )
Xea + Xgg + Xeo + Xep + Xeg + Xegr =1 E il 1 &ETIChL oy
Xea + Xeg + Xee + Xep + Xeg + X =1 FTiE 1 EEETICALSY

XAB < XBB’XAC < XCC’XAD < XDD’XAE < XEE’XAF < XFF’
XBA SXAA’XBC < XCC’XBD SXDD'XBE < XEE'XBF < XFF’
XCA SXAA’XCB SXBB’XCD SXDD’XCE SXEE’XCF SXFF'
XDA < XAA'XDB < XBB'XDC < XCC'XDE < XEE'XDF SXFF’
XEA SXAA’XEB SXBB'XEC SXCC’XED SXDD’XEF SXFF’
XFA < XAA’ XFB < XBB'XFC < XCC’XFD < XDD’XFE < XEE
HIE LT 28 iAoy

Z DR % SIMPLE TReab T2 E RO K H 12720 £,
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[/ EBDES
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),
type=binary),

x BD(type=binary),x BE (type=binary),x B
C C

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

x CD(type=binary),x CE (type=binary),x CF(type=binary),

x_EA(type=binary),x EB(type=binary),x EC(type=binary),

x_ED(type=binary),x EE(type=binary),x E

E
B
E
B

x DD(type=binary),x DE
B
E type=binary),
B

x FA(type=binary),x FB(type=binary),x F

),

)

)

)

)

)
type=binary),x D

)

)

)

) type=binary),

)

AA( ),
( ) )
( ) ( ( )
( ) ( F( )
( ) ( C( )
( ) ( F( )
x DA (type=binary),x DB( C(type=binary),
( ) (type=binary),x DF (type=binary),
( ) ( C( )
( ) ( F( )
( ) ( C( )
( ) ( ( )

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.

£ City={A,B,C,D,E,F} Wi OES

0FIX1Z2LEDHETHONE K HIEN

0-1 % X;,1€City, j eCity
HEHIE & 2 Dna RTEHK

SEE AT S AT & BB IR O iR R fE
E distance; ,i € City, j € City HrT 1 2SHETT 5 £ TORHEE
population,i e City #idi i o0

H # B %%

S B2 & BB O K
(/M)
il ek

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

AT & BB EREE S KA 2B % 7

.%;Mzz 2 FTTIC
ieCity
> x; =1, VieCity

jeCity

AHERTTIL 1 &AL Sy

X; <X, Vi, j eCity,i# ] HIRE LT 2 #8 T I Bl 5y
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4% &, SIMPLE Tldkd X 5 Zpfliipitbic s v £,

/I BHOEEDES

Set City;

Element 1i(set=City), ] (set=City),k(set=City);
[/INTA—HDEE

Parameter distance (name="2#\ififA]DOEEHE", index=(1,75));
Parameter population (name="#BHTDOAH", index=1);
/I EBDES

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

//BRBEBOES

Objective max distance (type=minimize);

max_ distance=v;

4 ESES S
v>=population[i]*distance[i,J]*x[1i,73];
sum(x [k, k], k)==2;

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

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

//REELHIES 282 T %

solve () ;

simple printf ("$s MICHIET D, ¥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 M O, A, B,C,D,E, F O )=
A,0,7,2,13,19,17 ["A"]800
B,7,0,8,6,12,10 ["B"]550
c,2,8,0,14,20,18 ["C1780
D,13,6,14,0,7,4 [("D"]600
E,19,12,20,7,0,3 ["E"]11020
F,17,10,18,4,3,0 ["E"]360;

COEFETFNAEETTHE, B p AT 4 7 U RIBEOBEORE L ITR ALY, Adie FlcH
JET5ERBWT ERDND 9.
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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.

(f5115)
W77 713 A, B, C, D&, DU 7 OFERREZREZR LK TY.

D

1

HHEH AL L, £ CoHTH ML T, HBEHMESIIFETIHES, Pk o>R)E
HECHMZED ERERKERDETLEL O MM

Z ORI % NUoPT THEL I ERALEITWE T, AFIEO ERABIT TR 141 508
TY. “TRTOMATEHM L THRBMAITET L7 Lnwi 2 &iE, —EEZIORKEEZD
7o, FREED E ORI A HREHFIHR L TH LW\WZ 1220 £9. 2 2 CIHMRICHT A &
FEHR L ERTHZ LI LET.

BEIZOWTEZE L L D). EOETNDL EOHHICE > T »ERET HMETTOT,
HOHTHNOROHHETICBETI2HAIC 120, BBILRWEAIC0EEDL57 0-1
ZEHE Xagr Xac» Xans Xacr Xeor Xeos Xear Xear Xpar Xeps Xppr Xpe X BA LT Bl 21X, X (3H0TH
AMLET BICBEITAHAIC 1 2L, BEILAWEAIZIZ 02 L0 7.

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

6X 5 +5Xuc +9Xup + 7 Xge +4Xgp +3Xep +6Xga +OXop +5Xpp + 7 X +4Xpg +3Xpe
ERBTHENTEET.
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BBICHIRIGAE T, KElY — b= CRERAA ORIK), T _ToRfi 276 L TmET 57
EMETL2LERDHY ET. ZoOHIKIE, “FWMHELORE T O 1 OICBEIT S, B
MEH D 1 ONBBENT L LW filKNEGARET. BT, #i A>T,

Xag + Xpe +Xop =1 : #i A B HIERTTO 1 SICBET 5
Xga + Xca + Xpa =1 : #HT A BT D 1 o0 B8 5
SV K LT

EROHKZET TEIEATDTHY, bIDLHKNEZNADHERDHY £, R biE, ki
DEFEITIE,  Xpg = Xga =L Xep =Xpe =1 L7222 &9 22fif, S>F Y —FEHEx T2k
HZERTERVEI BRENFEINTLEI AL TT. Kt — LA~ U BETHE, —EHEE
DA ZY T — LD, TR a—#l B ) O X574, TNTOWMH 2L THan
VT =R T YT = ERFOE T KA — LR CRE TR, ERRRRICIA T I To
V77— RT D7 LS HIRAKEICRY ET. ZoHKERBT L7201, PHAKL
FRIXI D ZH Vg, Yoo Yo AL, &1 B, #ific, #ii D 23D YT — 2R3 2 &\ ) il
KEBALET. ZOHKIT,

Ve — Ve +3Xge <2 e+ (D)
Ve — Yo +3Xgp <2 -+ (2)
Yo — Vg + 3% <2 =+ (3
Yo — Yp +3%p <2 e+ (4)
Yo — Vg +3Xpg <2 2+ (5)
Yo — Ve +3%pe <2 -+ (6)

ERBTHZENTEET. BRI D, B, (1), 3) OHKOmZERELEDED L,
g +3Xp <4
£V, Xgo =Xg =1, T7bbL M B> co#ifiB) D& 5P TV 7 —%PBRL, £
7=, (1), (4), (5)OHKOmIER LE&bLED L,
3Xge +3Xep +3Xpg <6
ETRY, Xgo =Xep =Xpg =1, TbBL, T =&l e~ DM B) DX S5y T
T—ZPBRT DA TEET. B A T LEERPRTE LRV DIL, LY T —F
THZHBRLARNWEIIZT 272D TT. 5%V, #ili A 280 Y7 —0OW, i a LIS CTHERL
SNDYT =T NTHRT 2 EE2RBLTWET.
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PlEozZ e, WO LZER LT A ENRTXET.

0-1 &%

H BB %L (/M)

il

Ye
Yo

R A D> DELTH B ~BEIT D 005
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 )
HRTH B 2> DAL A ~BENT 2 00 E
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,5 +5X,c +9Xup + 7 Xge +4Xgp +3Xep
+6Xgp +9Xcp +OXpp + T Xop +4Xpg +3Xpe

Xag +Xpc +Xpp =1
Xga + Xge +Xgp =1
Xea X + Xcp =1
Xpa + Xpg +Xpe =1
Xga T Xca t Xpa =1
Xpg T Xcg + Xpg =1
Xac + Xge +Xpe =1
Xpp 1 Xgp T Xcp =1
Ve — Yo +3Xge <2
Ys = Yo +3XBD <2
Ye = VYs +3XCB <2
Ye = Yo +3XCD <2
Yo~ VYs +3XDB <2
Yo — Yo +3Xpc <2

TR R

ERH A BBERTH D 1 SICBEIT S
FBH B 2N BBERTH D 1 SICBEIT S
#ic MBRESH O 1 S ICBEIT 5
BT D 2> BRIERT O 1 SICBENT 5
T ACHIFSH O 1 S0 B BET 5
I BICHIFES D 1 >0 b8BT 5
i clIZBE O 1 > S BET S
D ICBIE D 1 > S BEIT S
7 T —PeBRR
7 T — BRI

T 7 7 —PEBR I

T 7 7 —PEBR I

T 7 7 —PEBR I

T 7 7 —PEBR IR

ZORIEEIL, I 0-1 TEEEFEENES - TEY, BB, NS THBIERD
T, IRAEEBEREHEREE 20 4. EL LR % SIMPLE CTitd T 5L T Lk HIC
0 ET.
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/1B
IntegerVariable x AB (name="AtoB", type=binary

’

’

IntegerVariable x AC (name="AtoC", type=binary

’

IntegerVariable x AD(name="AtoD", type=binary

’

IntegerVariable x BC (name="BtoC", type=binary

’

IntegerVariable x BD(name="BtoD", type=binary

IntegerVariable x CD(name="CtoD", type=binary) ;

’

IntegerVariable x BA (name="BtoA", type=binary

’

IntegerVariable x CA (name="CtoA", type=binary

’

IntegerVariable x DA (name="DtoA", type=binary

’

IntegerVariable x CB(name="CtoB", type=binary

’

IntegerVariable x DB (name="DtoB", type=binary

’

( )
( )
( )
( )
( )
( )
( )
( )
( )
( )
( )
( )

IntegerVariable x DC(name="DtoC", type=binary
// B HIBEEL

Objective route (name="fEHKE", 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;

/ /A

Variable y B;

Variable y C;

Variable y D;

/] FEH BRI O 1 DB ET S

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;

/] FEBTNZRETH O 1 S EBET 5

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;




80

/] BT T —EYbRT 5
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;
e

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 BA.val.print();
x CA.val.print();

)
)
)
)

x DA.val.print

x CB.val.print

x DB.val.print

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

HAEBI% (e/ME)

49

City ={A B,C, D}
City_={B,C,D}

dis,,.,,cl e City,c2 e City
num

X.1c0» CL € City, c2 € City

y.,ceCity _

dISclcz Xclc2
cleCity,c2eCity

> Xy =1, VcleCity

c2eCity

D X =1,Vc2 eCity

cleCity

i DS
HiZE LS LIS OFS T DS

i ¢l L #R T c2 ok
#4 City  oEHEK

mclroimc2icBEd
LIS D

T I

W CL BRI D 1 2IX
&
I C2IZHIFT D 1 2 b8
&

Yo — Yo, +NUM- X, ., <num-1cleCity _,c2eCity_,cl#c2

BT T — B HERR




82

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="H{ZFEHIm &R HRH") ;
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 HJBa%L

Objective route (name="#ZEEE", type=minimize) ;

route = sum(x[cl,c2]*dis([cl,c2], ((cl,c2),cl!=c2));
/) BEHS 1 OORETHA~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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T—=4T7 74N (.dat ) FLULTFDOLH 1T/ 7.

"HHi" = A B CD ;
"HFEH A AR AT = B C D ;

"B =
[A,B] 6 [A,C] 5 [A,D] 5
[B,C] 7 [B,D] 4
[C,D] 3
[B,A] 6 [C,A] 5 [D,A] 5
(C,B] 7 [D,B] 4
[D,C] 3

’

ZOETNEFETTDHE, Hh A—ER T B—ER T D—ER T C—#R T A DNEFE TBEIT 5 DA
WEL 720, ZORBEREIZ18 THDZ Lbn 1.
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2.13 FY4 A

FRYRHRH I HAEL K OEBICHIHAEN TWET. 2 2 TITEARRZ2ERYBEOB-EZ Y 1T,
BYMEOERMLDT 7 = 7, FT/UEOR, KIBERRBEICT 27 e —FiEE2F I LE
K

2.13.1 BIYREL I

FIGHE &1L, RE A OBEFLES B OEKOLNIIEIY 4 TH0ERET HRETT.

PAN
e A *& B

m—-
al 0.:.:..:'0 o'oo...... °® ...7
o..o.. Ceeond., cees
* ®e . .‘.. .....">
.°o. ¢ ..". oooo.'...>
o* .. o0 .‘....

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



al

a2

a3

bl O

b2

b3

b4
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FRYREIE~ ZADOWD T ON— N Z il St e LTEHE R 5 2 LI X - T, &% ORIEICKRIGT
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 EBEHR~ AHEDEYME

ZITHRET, vAHEHEOLIFTOMEEE TV E ET.

(ilRE)
AXA4ADAANRHY £

IOV ACAETBEEXTZVOTTR, £ TOMICEL T
LN 2O EHIIRELET. S TEOLITEFTIERWVWTL L D

I Bz 2 o ]

1 12 |3
1
2
3 e
4 |i) .
Vv v
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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

N OV I ST

x41 | x42 | x43 | X44

ERbZ T 5L UTOL DIy 7.

0-1 & Xi1r Xio1 Xi31 Xy ENENOYACAZBELS BT 1 B 2N
Xo11 Xpp1 Xz Xo4 mHlE o .
X31'X32'X33'X34

Xg10 Xa21 Xyzs Xgg

H #IBIEK = ORI B MBI AR

LESES S Xyg + Xip + Xgg + Xy =2 LATAZRICRZ L X 0% 2 o<
Xop + X +Xp3 + X5y =2 2ATH R RI- & X ICH% 2 <
Xag + Xgp + Xgg + X5y =2 SATHARIC R & 10 % 2 o<
Xap F Xgp + Xyg + Xy =2 ATHRBICR - L XIca% 2 o<
Xpg + Xop + Xy + Xy =2 1 HZREHC R L 2o m % 2 o<
Xip X +Xgp + X, =2 2HH ZMEZ AT L ZI2a%E 2 D1 <
Xz + X3 + Xgg + Xg3 =2 SHIAEHEZH - E&EI2mE 201EL
Xy + Xoy + Xy +Xyy =2 AFNB AR R L X Ioh & 2 <




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

~e

~.

",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

o O - B
(@R T )
R O O =
R B O O

EWVIEIRDEN, ZOPIBEOEZ R TEET. FoRBIcH EIToanENTHD
(1 LRFENTNWD) OB £,



89

ST, WIZZOME%A SIMPLE DIRTHERELX AWTET /ML L TAHAET. EXLIFLLTD X

HNCEBLET.

PN | ={12.3,4}
J::{L2514}
o gR%
0-1 2K X,iel, jed
H B %L
I 3 x =2,Vjel
ij !

D% =2,Viel
i

S

17
4l

< Z (i, ) A EEL A BIE X =1, B
Ex; =0&9%.

Z OMBEIZIT BB v
ZE ) ITHRIC A EEICEE 20 <

FAT 1 TR R L= I2mE 2 oEL

WFEERAWDZ LIZEy, UToX ) IcficeET ARk tncaxEd.

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],]J) =

/) BTFEHAROT w7 Z A

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 fEFEIYME
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
DINHMEMRH Y £F. DLTIFRAMEL 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
A A 1500 1000 1200 1200 1500

F7z, UTORZSFLRL TIEWT EHA.

FNZEIVIRDMFIL, RRKTIHDETETS.

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

[RE] THET) TEHL] 31 AZEV YT,

Mg TEE) 3o AR HY T 5.

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

*

*

*

*

*

*

IDEE, aAMNOEHER/NMNITDHEIRED Y CTHERD TFI.
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HIZOZDIFoMBEE LTEZXDLZLENT

YN FH | &R | #F | Lk | g
BN, R, -
B R, 220N —
- i Bz R 2T
HLIN |
£ T LpO% L @#rs O |15h2 2 Pbb.
A7, Fit
I
BHL
B HEZ R854, O
il <L DK 3 Db %)

UbZEkEZRT, UTOXITERMET 22N TEET.

JOB= {#%, HWE, V2#b, %, THET, BHL, \K DA%k}

D
e HECES

PEOPLE = {%ji, ik, $ak, A, i}

UN2E =

0-1 % X, j<JOB, pePEOPLE

EH cost,, j € JOB, p e PEOPLE
Jyukuren, , j € JOB, p € PEOPLE

EEB]ESE /o

Zcostjp X X
(J/ME) ip

ftFEjEApICE LY TERBIE
X =1, %5T°f;u\foc%ci“xjp =0¢&7

%
HEjZAPIZEID B THEDOaR K
2 A p 2T O BEO R

= QN NI7HF ¥ 1|
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(eSS

> x,=2Vje % FE LITL, fE, tHas)

p

%) TERE) Tv 2T h) TmbR) MAZ ) 132 A&2H0 4 T5.
D xp,=LVje {3, AT, HHL)

p

(] TTAET) TEHL) 31 A28 48T,
kaS&VDEPHFiE £ NTIE, IR 3IOETOLFEEZE Y Y
] THZENTES

2. yukuren,, xx;, 20,9 € JOB ety oy 7 4 —itic o Tl
p
ETAR

X, <1,Vp € PEOPLE
IBEtex =iz

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);

total _cost = sum(cost([j,pl*x[J,pl, (3,P));

/) TR T v 7 Z L

solve () ;

total cost.val.print();

simple printf ("%s,%s¥n",j,p,x[]j,p].val == 1);
simple printf ("¥n");

simple printf ("$s D7 A U7 4 —I% %d¥n",
j,sum(jyukuren(j,pl*x[j,pl.val,p));

Element p(set = People);
IntegerVariable x(type = binary, index = (3j,p));
Parameter cost(index = (j,p), name = "I A L"),
Parameter jyukuren(index = (j,p), name = "EAKREE ) ;
sun(x[J,pl,p) == 2,
j —— "*%E" || ] — lv%%n || ] — "I/‘.\/\\*T‘I»Q" ||
Jo== "R 1| § == "fhAAr;
sun(x[J,pl,p) == 1,
j —— H%%E‘En || ] —— H:“XN}%"CH II j —— niéitljbu ;
sum (x[J,pl,J) <= 3;
sum(x[j,pl *jyukuren[j,pl,p) >= 0;
sum(x[3,pl, (3, 3 == "HEE" || § == "BHEB")) <= 1;
Objective total cost(type = minimize, name = "f&= A h");
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LR csv IBROAN 7 7 A0 TF. XA MIBELTERBEICE L CO_MED T 7 /L

EMETOLENRDY 7.

RS, 221, Ve, 8aR, LA, TS
R,-1,3,-2,3,-4
E%,5,-2,3,-4,5
Lo¥b,0,3,-2,3,-1

Wi, -3,-1,1,1,2

AT, 1,-1,3,1,-1
HWHL,-1,-1,1,0,2

bR, 2,-2,2,-3,4
ffiA#*,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
ZH4EC,800,600,1200,800,600
EHHL,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
"LUFTH Y, R
"LUFTH N, S
AT, AR
"fAZR, AR
v, R
"EE, e
nHRE, IR
nHRg, LA
"R, 2R
kR, R
"EH L, LR
"I, e

"ZHETOZFVT 4 —1T 1
LB O A YT =1 2
"HIAB DI F VT 44— 1
"BETOZ 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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(BIE) SElE EDRIEICLLF ORMGZ AT MA TSV,

(B Z2&E5Z L3 Tcairn
(B Z23%25Z LiEcairn
(VUL #3852 LFTERN
[(RE] #3E5ZixTcEn
[(ZHET) 2 SEDHZ LI TERY

o E SRR
Sr2EE
N (@} N

Ny
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ST, ZOMETT Rl

WTEET. Fild T 0BT x OES

IZE R D LHIFZEDORIEICLL T ORIK AT A 52 & TR Z &

VIR, solve() OFFITHNITEZTHMNEVE

A
x ["HEK, L] == 0;
x ["E R, ] == 0;
x["UUHTH, R == 0;
x ["FIE, IIA"] == 0;
x ["IHEET, WA == 0;

ERRdEEML, ETFAEFITTLLMRIIUTOLIICEDY £

a2 h=13470
"I, R
"LUFTH Y, R
"LV B, RS
nAEAZY, LA
"fEA, e
"R, "R
"E T, LA
nHRg, R
TEH L, LR

"THBETOIFIT—F 1
"LUFTH "D A VT 44— 2
AR D AV T 4 —1F 1
"EETOZ AT 4 —IiT 1
"R AT =% 1
RO AV T 40— 0
"BHL"OZ AV T o—1X 0
"RIETOI AT 4 —iE 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)

A LA W3

x B, $K) | x %, 1A | x (0%, 150
[ < G, 207 =[BT, 0]
VO | %[V, B | x1LY, () 2L, W)
$1E x [RTE, ZHE) | x UIE, Pelf] | x D5, K] x [ELE, P
THIET | x(TH, B | x (T8, KR | x(T%, 8K | x[Z%, LA
BUHL | x (B, R | x (B, (IR | x (B, 8hR) | x (B, UKD | x (B, ]
e x (W, WHE] | x [RFR, MEHE) | x URER, 8K | xR, 1WA | xRk,
Az x (A, ZHE] | x [(HEA, Pl | x (A, 8K | x (A, AR | x [(H5A, 1]

ZIT, EOROEDODWNTNDSERSIE 1 12725 2 &R0 OT, XU O D EKE HET
DMENIRNEBZZ D Z ENHBRET. FRCRBEOENYBBEIC IV T, HEERZR A HE(iH
HZEICE Y AHBICHEOHMZ KES LTLEY &, FEORT 4 —v U ZAEFELIKTE
HTLEIHERICARY 7. 2 TEALGLZHRICE L TE THIREMTNZ5 2 L7, £
DX RBRL A A HERL720 ] &V FEEZBALET. UTORO L S oA A= TT.

SR A W50

x %, 8R] | x[BEE, K] | x[#%, El]
B A x [BIRE, 2] < [JBE, WA | x[EE, ]
VUKD | x (LY, BR[| x[ LY, (ERE) ’ x[LY, D]
FE1E x [FE1E, HE] | < [RTE, KB | [ BN ] x [FETE, ]
THIET | x [T, D] | x [T, K] | x[ZH, 8K | x[ T, LIAK]
B L x (B, 2R | < [EH, R | x (Bl 8K | <[EH, AR | x (B, )
b x [FebR, 2R | < mbR, Vi) | x (bR, 83K | < UWBR, AR | x (fakk, 0]
AT x A, LR | x [H0A, PR | x (A, $0R] | x (DA, IR | x (A, (Ei0)

EXMT I, FidRTES IPPair 2 %¥FET 2081 H Y £1.
s (j,p)eJPPair < jZPIZHIVHPTHZ ENTEXS
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LUF 23 JPPair Zz vz gk T

JOB= {#%, HE, VUL, RiE IHET, BHL, ®Bk, (Lid%)

g8 .
tFEDOESR, jeJOB
PEOPLE = {Zejk, 1k, A, LA, )
A0S, pe PEOPLE
(j,p) e JPPair & jZplcHID ¥ THZ LN TED
. . i zE 2 9
0-1 X,,,(J, p) € JPPair fEEJE2ZApICEH LYY TH B IX
X, =1, £5ThRVAELIEX,=0LT%
EH cost;,, (j, p) € JPPair HHFEjEApIEY Y THED= A K
jyukuren,, (], p) € JPPair g J 2 A p AT 5 BEO R
B 9B -2 cost, xxg,
J,p.(i,p)eJPPair
(Fe/IMb)
=S NG v
I Atk Z ij IZ,VJ e (%, FHE, VUL, Wbk, HiAH)

p.(j,p)eJPPair
M%) Vgl TVoFT s Mkl MEAZ] 132 AZ2EI0 B T5.

> Xp=LVje UJiE, JAHHET, HHL)

p,(j,p)eJPPair
[RE)] AT THHL) 31 AZEVHTS

> Xp <3

j,(Jj,p)eJPPair
FANTIE, RR3IODETHHFELRNV Y THZENTED
> jyukuren, xx, >0

p =
p,(j,p)eJPPair

BHEFEO I XV T 4 —PNAITR > TIEWIT 2N

Xm§1
(j,p), je(#2% 67}, j, p)eJPPair

B, WHEIIES AN T 5.
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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 L");
Parameter jyukuren(index = JPPair, name = "EAEHE");
sum(x[J,pl, (p, (J,p) <JPPair)) == 2,

3 == BN 11§ == CERY 1§ == "LUHTBY |

Jo== "fwbR" 1 3 == "tAAr;
sum(x[J,pl, (p, (J,p) <JPPair)) == 1,

§ == "REE" || 3 == "SAHHETT || § == "HHL"

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

sum(x[3,p], (3, (3,p) <JPPair,j == "EE&" || j == "HE")) <= 1;
Objective total cost(type = minimize, name = "fA= X h");

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

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

x.val.print () ;
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EEEFERWN O JPPair (IS [§,p] OXT EZANTIEHEWT WO T, AN77A41%
FIUHEWEL T O X 5122 v 9.

3, p, BB, T R b
Pe, Vg, 3,1400
PR, 80K, -2,520
PRk, LA, 3,1410
Pk, I, -4, 450

[t , Wk, 5,1800
JEt5E , # A, 3, 1700

J§f 7, 1WA, -4, 1050
B, i, 5, 2300
VUL, %, 0,800
LIS, 1, 3, 1500
LU, A, 3,1500
VUL, 10, -1, 600
1, 2k, -3,500
U, R, -1, 600
FEUE, #5K,1,1000
FE9E, P, 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, 2k, 2,1200
bR, ek, -2, 500
bR, 884K, 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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FIZOETNEHIFIFEMBE Y VN wesp ZRHWDGEIITET VELUTO X HICEES

LMERH Y £

"wesp";// FRIEIC wesp ZHAWVWDIRTE

E1==3

options.maxtim = 10;// FHERFHORT

options.method

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 L");
Parameter jyukuren(index = JPPair,name = "Z\REE");
sum(x[Jj,pl, (p, (J,p)<JPPair)) == 2,

jo== "ZE" || § == "EHE" ||

jo== "LUATE" || § == "fEkRT 1§ == "fdae;

// wcsp FiH DBEE selection
selection (x[J,pl, (p, (J,p)<JPPair)),
j — H%%»]j_‘;n I ] — H:“%\%“(H II j — "EH:IIL/";

Sum(X[jlp]l (jl (er)<JPPair)) <= 3,'
sum(x[j,pl*jyukuren(j,pl, (p, (j,p)<JPPair)) >= 0

g -

sum(x[j,pl, (3, (3, p)<JPPair,j == "H&E" || j == "EHE")) <=
Objective total cost(type = minimize,name = "fA=T A k"),

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

/) LSRR v 7 A
solve () ;
total cost.val.print();

x.val.print () ;

KRB 72824 R 2 g < BRORTERAN G 2505 & LT ER TR LEEFEZR L TAT

TEu.
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2.13.4 fEREERME
ZITE, PR AERET AN EIRETHMEAEIRY B ET. koplEEE L ET.

(BIRE) Mk ZEA LD & ZIZTOMNERE LET. Mgk & L CRARFOINA+%
AFET. DFV, KETOKEGRMRAETOEEDZ T ANEFLEZET DD, =T O
B ANEEEEBTHIOTIIARL, H UV TOMETREEZ I AA—TE T EL, HlziT
figk 1 MU T A, B, C YT DL X, Mk 1 OFEICETIHIT A, B,
C DAHAETIEIRLS, A, B, C U TDOZTNTNDANEE I AA—TEIEIVEN)
ZEIZDET. ZUL, BRL5 U T CRIBHCERNDEZ Y X RNETLELTEZ
HZEEBEWLET. MEEZLITICEIELET.

s BOREONELEBEST D (e 2 Hull & FIRFITIVAE L7220

o BRI ZITANEELFF>TWD

o BHUIBITRFOMBRIZHLDIT b D

¢ BREEA—N—T 25013 EMICHAT 23X F23dh2 T 3 AFTHRETSZ L
MWTED

o fERRAERTDITIZ T A FRND

o Rk OB AL 7 A TH D

o HiliiX 5 X 5 ® 25 HHETHD

TolE, FEBEaRANEHERER A NOERAMET D L0 REFRGHTERE L
7-nE LET.
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ULZEEZRT, UTOX @ MbT 22N TEES. HL MITREREHE LET.

£

H HIRE %L
(J&/ME)

LESESES

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

X1 €l

Y, jed

dist.

Ij,iel,jeJ

num,
capa,
cost,

) costx; +

2.y, mindist; +M (1-x,),i)

MRkl 2R T 5001 =1, £5T
BN b X =0L72

U7 JICRLCo@BiEAE. 0 ... 3
Dz & 2

MEFE 1 2> D Hs | £ COMRE. AaldE
B b 2 EAREEEET AN TRD S

Hi j THRAT D RABE K

BiEZ 1 AT AND Z L DTE D AEK

fa% 1 DR =2 A k

o 2 b O

HFFRE THEHIRITRFOMRICNAESND] L) L&, THREROINFITIIEERDH Y,
3AETHAEOBBBEDOND] LWVWH LT, Zhik wese FFAOBBTH S
argmin PFIBEZHWH Z LIZL>T1 SOHMNTRET HZ N TEET. ZIUTERICE
TIVCHERZ L TR I,

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

ER
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/] R DES

Set I;

Element i(set = I);

/] M DES

Set J;

Element j(set = J);

IntegerVariable x(index = 1i,type = binary,name = "x");

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

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

// dist ITEFTNNTEHET S

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

/) EERTITLL T OEEEZ AT 5

Parameter pos xi(index = i,name = "pos xi");

Parameter pos xj(index = j,name = "pos xj");

Parameter pos yi(index = i,name = "pos yi");

Parameter pos_yj(index = j,name = "pos yj");

// BEBETERREEREAE S 2 D

dist[i,]J] = sqgrt(pow((pos_xi[i] - pos xj[]j]),2)
tpow ((pos_yil[i] - pos_yjl[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;

// FRE DR EBIR Y D7D DOFE

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

Objective total cost (type = mlnlmlze)

total cost = sum(cost[i]*x[i],1i) +

sum(y[J]*min(dist[i,j]+ M*(1 - x[1i]),1),3)’

/7 RIS, EIEA y 2OV T ORI

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

~
~

3
6

14

~

14

]
1
2
3
4,
5
6
7
8

~
~

~ o 01 O~
o Ul N~
w J

o~
~
=
N

4

4

~

4

~

g0 o1 O O O O o
~

~

~
R OO NREFE 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 X I, wese FrA OB E WD EEMERFIRIXTHMBEICEER TE 256050 £7.
WICZ DORET TRFOfiGRE T 10.5 LULEEHENH 2180 10 HilliE TLFFES R0 &
WORIRZFTIRTDHZ L2 EZXTAHAET. Tt wesp D count BEE FHWALIEREIZHE
BT LHZLENTEET. ZOHAELOMBNEOT Y TEMYTLLE VA z ZMZTUUT
DEIIFLRT HZ ENTEET.

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

Element ii(set = I);

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

count ( 10.5 <= z[i,jl*dist[i,j], (i,])) <= 10;

Z 2T semiHardConstraint ZHAWEDIE AR — 10 HIBLUNTEBIEL o256
W2 T725_< 10 #HLINT) W Z L 2REATH-0OTT.
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TRENRYIBE & X, 1957 4F Koopmans & Beckmann ([ZXVDEBRINTZ, BRIEEN K
XL 5EYRETY. NUOPT VI3 LV EAINT Vector/Matrix 7 7 ADXRLEHWT,

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

OYEZEET 58, MERLEOT7n—&, BIOFHXMEOER, UTFDX I
FEzbhTnd 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

WEOEEaA e (7r—) x () THEXDLE, LA MR LRVE
BEAERDEIW,

C R, THEOTa—% F(f)), BXEOERTAZ D(,) £T5L,

QQ'S”ZZ fii dsoppy (1
i
ERBIShET. 22T, S, 1E n koE#EE ( ZofETiEn=5) T7.
ZIT, B e S, TR, RDIDBREE X,

Xik:{ 1 if g(i) =k

0 otherwise.
ZRICRONXNITE] X 205 28T, ()22 dyg), 13
(dyy03)) = XDX'

ERTZLPTEET.
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Fo T, KOX> REEGHEREICEE ML D Z LN TEET.
minFe XDX' %Eﬁﬁﬂdu
i]

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

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

X, ={0,1}, i,k=12,...,n.

PlEXDy, Evbidko L5z £9.

) Fac
Loc

TER F, I, jeFac
D.,..,mneLoc

E X,.,1€Fac,me Loc

HABIS (/ME)
Fe(XDXT)

Gl 2%
(RSB Xe

XTe=¢e

I
D

THOEE
X DES

K TEW o7 a—

A5 M X ] O e

THi X mIci@ET 5484 1
FNLIANT 0

o [TER T L OO

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

/] BhHEIRT
Set Fac, Loc;

Element 1i(set=Fac),]j (set=Fac),m(set=Loc),n(set=Loc);

/] INT A=A
Matrix F((i,J)),D((m,n));

S

IntegerVariable x(index=(1i,m),type=binary);
Matrix X ((i,m));

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

// BRI
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 [TAET H¥n”,i,m, X[1i,m].val ==1);

V12 £ TP SIMPLE TliE, Z D HMWEEEZ

total cost = sum(f[i,j]*d[k,1]*x[1i,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 11,4,0,2,5,4
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 RIERPHELNET.

TH1 2K 11 ICRET D
T2 X v ICEET D
T3 #HX 111 (ZRET D
T84 22X 1v ICRET D
TH 5 2HX 1 ICEET D
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2.15 FfEEE &

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

()

BAZEAL THEEZIT>TWVDH L5 L0, BFEEEHORELOTAZEHE L TV
EY. LR LZOBE, BALLARy NENLAFEEOEIONN, BESNDHT T
DA TENFEZ LESR2TER 0 A, 0k, BAZIEET D ARy MEES
kD 3 DL LET. ARy FMEHTTOT, KABICHEAT MM EZERESTL 2 L0
FEETY. 722 L, FREEICE W THT 1 DOfMmZ B R L CHEA L2 TR £HA.

P 1 2 3
H 7187 (kwh) 5 10 | 20
BTS00 2k |10 | 20 | 30

iz, BB AT DM & 2 28 ERIT, LTO 6 FHE LET. EHZEAL
E9L, UTOXOSRERNRENBGEONLbDOE LET.

T8 e 1 2 3 4 5 6
HJ1E&E ) (kwh) 5 6 8 10 |15 |20
A A B 100 | 120 | 150 | 160 | 280 | 300

2t = 1,...,24 KOWTEABETE D, BUTFOLIICEZLRTND LD
LET. AFy MEABMAD X b & RBHEAD 2 hORER/MET 5 L5 72, FEHKO
BAFEBEOAKy MEHOBAFIEEZRDTFEN

Dt 10| 10|12 |12 |15|20| 30|30 |35]|40|50]| 56
t 13|14 | 15|16 |17 |18 |19 |20 |21 |22|23]|24
Dt 52 | 47|40 | 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;, ] € Dynamo
j

D" costS; xu;' + > costP, x X
it f

> u'=1, vt eTime

mtaX{Dt _Z P ><uit}

Squxxj
]

A P A R D B AR R
bl oa Rk
FIERICH T LHAA
A b
Frsn O BRALR M &H 72
DHJIE )

% JE FERE O AL R & 72
Do )E

B 2L o )EE

FREL Z LA RERIC D
WC, FIAT 26T,
FIA L2 siXo
FIERICEAL T, AT
576X 1, LN siX
0

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

FREZNCH 1T 5 A b il
X1 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 K FE R Y VN wesp &2 AW THES <, SIMPLE TIZLA T D K 2Rk L £7. 723,
max BIFUZBI L E LTI, NUOPT SIMPLE v==a 7 Ol bbb TIEF I,

// PSS

Set Product;

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

Set Time;

Element t(set=Time);

/] TS

Set Dynamo;

Element j (set=Dynamo) ;

/] TA B

// BREICHR T D AR &H 72 ) D= R b
Parameter costS (name="costS", index=i);
/] BIEEEIIKTTHEAT AR

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

// I

// BRSO RALR 7= v D TIFE T
Parameter p(name="p", index=i);
/] BFEEREDBALRH 7=V DH IFE T

Parameter g(name="q", index=7j);

/) WA T OB STEE

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

S

/) BRI Z &I, CopEihaEFIAT 50

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

IntegerVariable x(name="J8%&”", index=3j, type=binary);
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// BB (o= 2 b Dae/IMb)

Objective cost (name="#8=2 A h", type=minimize);

cost = sum(costS[i]l*uli,t], (i,t)) + sum(costP[jl*x[j1, J):

// il

/) SEERICIR T DM OEHIE 1 >DH

selection(ufi,t], 1i);

/) FRTOBZNCENT, BALERE Y MES L HEREO I NE) ORI
// BHFTEE LRISRnEnign

max(D[t] - sum(p[i]*uli,t], 1), t) <= sum(gljl*x[3], 7J);

/BRI RIRRER] DR E

options.maxtim = 5;

i

solve () ;

/] FEFROHT
cost.val.print();
x.val.print () ;

u.val.print();

T—H 774 (dat X)) IZLLTFTO X220 9.

costsS [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 [e6] 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;
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A VAN VNV VS VU VU S VU

S VO VO VA U U}

— — /= o/ o/ o/ o/ o/

Y SV VU VU )

DETNZIATTH L, LUFO &9 RIENTF L, FEKOEANT ik XOE) OWEAITIE

WREVELL.

-
—

— = o/ = —
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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. 758, —RICBBIRITHNTT —Z LET/LOMICITA
ENFEAELTLENET. ZORE, TEBHRICEIT 25820 ZF i i/ M3 5] &) i
ERALRDRSBEVIBRICYTED L) T2 R/ FMEE 20 5.

(f31l7)

ASAE, BRGNS t BEO y EWOEEZFHIIT S LV ) EREITVELE. 20
FEREZLDDE, TORDLITARVELE. A SATZOMEEZ oy FLEECD
%, ft)=at’+bt+c L) "R EF MY TEHHEND Z IR E E L.
Z T, KA TOT—HEE T ANLEDLN DM E OREED " FFIR/NI 72
HEIoWa,b,c BHEELTTFIV,

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

ZOBIBEICEWNT, BEE R LOIMET D a,b,c ® 30T, Fi2, bHLHEIHREZItTO
F—2EY() LEFANSELNDE T () & ofsEFat® +bt+c—y(t) LRV E9. 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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28K

EEBLCE- S
(F/IME)

o))

2 IROTEDIREL
1 IR DOIEDIREL

FEHIH

(0.5%a+0.50 + ¢ —1.22470) + (1.0%a +1.0b + ¢ — 0.87334)?

+(1.5°a+1.5b+¢—0.99577)% + (2.0°a + 2.0b + ¢ —1.34215)?
+(2.5%°a+2.50+c—2.12172)* + (3.0°a+3.0b + ¢ — 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)*

F AN I 1 HRRZED 3R

ZIT, ZOE%E SIMPLE T H LIRETIZEHBRTHERDOLH 1220 £

/1 EBDOES
Variable a(name=" 2 ROIDLRE") ;
Variable b (name="1ROIHDLRE") ;
Variable c (name="7EKHE");

/[ REFED R D e/ IME

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)
O*a+1.
.5*a+l
0O*a+2.
.5%a+2
0*a+3.
.5%a+3
O*a+4.

.5*a+4

a.val.print();
b.val.print();

c.val.print () ;

+(1.0*1.0*%a+1.0*b+c-0.87334) *(1.0*1.
+(1.5*1.5%a+1.5*b+c-0.99577) * (1.5*1
+(2.0*2.0*%a+2.0*b+c-1.34215)*(2.0*2.
+(2.5*2.5%a+2.5*%b+c-2.12172) * (2.5*2
+(3.0*3.0*%a+3.0*b+c-3.22933) *(3.0*3.
+(3.5*3.5%a+3.5*b+c-4.44744) * (3.5*3
+(4.0%4.0%a+4.0*b+c-6.13509) *(4.0%4.
+(4.5%4.5%a+4.5*%b+c-8.14697) * (4.5*4
+(5.0*5.0*a+5.0*b+c-10.50759) *

[/ RIBE LA R Z R %

solve () ;

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)
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THTIE, RS FREIT O KO RGBAEETNT 7 A VDEEIZKRERFMA 1> TLEND
R TIEH Y FHA. £ T, SIMPLE ORFRZ 4D LERA REIERRICKHETE 5 L 2 ITE
O RELTHE ET.

F7, HHFHUEL ¢ TOT—2HY{H) EETANLELNLME (L) L OiRZELe(t) & RT
ZLICLET. T, LiFroEasbet)=at’ +bt+c—y(t) LAV EF. chky, H
BT e(t)’ & t ItV TRAE L 5 b DL EXET. SIMPLE 238 THE, Expression %
ANWDZ e THAEZESTEET. Lo, e(t) % Expression Tk 922 & TET LT
7TANE LRRLOICTEET. £2, Z®MERD LT OV T HBHRHOES 2 H
AT 25ZETsum () Z AWVHICFR TE E9. &El, KFHRIRZ ¢ 2B 2 y(t) OEixE
BETNLNT 7 A NVZEIRT 2D TIERLS csv 77 ANV EEZXDZ LI LET.

UbDZ &b, ROXIITEAE LB ENTEET.

H4H ObserveTime ={0.5,1.0,1.5,2.0,2.5,3.0,3.5,4.0,4.5,5.0}
BRI DA
B a 2 IRDIEADAREL
b 1 ROHEDHREL
c TEHOH
EH y(t),t € ObserveTime {5371 WiabSTpReY =il LR
AR %
HIR > oe®’= > (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.

/ /BRI OEEDES

Set ObserveTime;

Element t (set=0ObserveTime);

[/ BAEZ T A =2 L LTES
Parameter y(index=t);

/I EBOEF

Variable a (name=" 2 RDIADLREL") ;
Variable b (name="1RDIADIRE") ;
Variable c (name="7EH") ;

/ /7% Expression # HHW TR TS
Expression e (index=t);
e[t]l=a*t*t+tb*t+c-yI[t];

/ [RAFED " FFAD I/ IME

Objective err (type=minimize);
err=sum(e[t]*e[t],t);
//RIFLUTRERZH T2

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 s w w NN RO
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ZOETNEFETTLE, KERIC

2IRDIEDIEH=0.644402
1 ROEDIRE=-1.47656
TEHIE=1.76057

LVWORFBENET. 2o b, f(t)=0.644402t2-1.47656t +1.76057 &\ H ik
BETVRHEE CE -2 L2y £9.



121

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 yVEFAOHLE R LET. BIRIZIER— 74 U Db 7= 5T IS ROLEE DO Kk =
S (VRY) ZHEBTEHHITAZLICL, Tnai/IMET 5 L 9 REERS ZRD £

(BilE)
AN 1, 2 16T DU ROV TN 20 I T OO X 5IZHFELNATHD & LET.

0.25

—0— AFA 1

0.15 \R
0.1 /

o
= 005
0
1 2 3 4 5 6 7 8 9 10 131415161718
-0.05
-0.1
Ho7IL

ZOWIEEROY TN EANTHR— N7 3 U A DOIIEROSE D /N & 70 D &Ry &
ROFET. ZEL, TBEREVIITERWVWLDEL, FoR— b7 3 U A DINGEEROBHE
ol LET.
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ZOMEEZERET D EUTOL TR £

ZH

HArBI% (e/ME)

il

{68

Asset ={1, 2}

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

I, t € Sample, j € Asset

T,= > r,/|Sample]
teSample

, ] € Asset

X;, J € Asset

> dev,’/|Sample]
teSample

dev,= > X, —rp

jeAsset

, Vt € Sample

= X,

jeAsset

X; 20, V] € Asset

> x =1

jeAsset

rp=>0

EHOES
YT ILDOES

P T AITET B8 | DU
AR

FRI | O

BN § DR LR

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

YA RBIT DEHNLOD
S

AN—~ 7+ U OISR

A (22

=
b

D EEIE)

AR ORFIL 1

N— Tt 7% U ANE 25 HFIN
WRIT o Uk

Z OREIT AABIES R TH D HlFIAUT A THRIZ T o T kGEHEMEIC R Y £7
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/] BEERT

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

Set Sample (name="">7/L");
Element t (set=Sample);

/] INT A=K
Parameter r (name="J{{&¥*", index=(t,3));

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

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

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

// #

Expression rpb (name="HfFIVIEE") ;

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

Expression dev (name="{fz=", index=t);

dev([t] = sum(r[t,J1*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;

/] KA

solve () ;

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

x.val.print();

£ Sample @
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T—47 74/ (.dat EX)

LT X D270 5.

e
[ 1,1]
[ 2,1]
[ 3,1]
[ 4,1]
[ 5,1]
[ 6,1]

10,1
11,1
12,1
13,1
14,1
15,1
16,1
17,1
18,1
19,1

1]
1]
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

[ 1,2]
[ 2,2]
[ 3,2]
[ 4,2]
[ 5,2]
6,2]

—

2]

2]

2]
10,2]
[11,2]
[12,2]
[13,2]
[14,2]
[15,2]
[16,2]
[17,2]
[18,2]
[19,2]
[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 A27=0.000951734
HFFIN 4 38=0.0199126

FAALLR (1
AL 2

=0.800874
=0.199126
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NUOPT V13 L VWEAXNT-, Vector/Matrix 7 7 ADRLBREF =BT NV EHENLET.

Set Asset (name="#4fA"), Sample (name="% 7 /L7);

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

/] INT A—=ZATH], X7 Fv

Matrix R (name="IX{£*%”, (Sample,Asset)),Rbar ((Sample,Asset));
Vector r (Asset);

r[j] = inprod(ones (Sample),R.col(7j))/Sample.card();
Rbar([t,Jj] = RI[t,J] — r[]];

/] B, BB v

Variable x (name="#ALH”, index=7);

Vector xv (Asset),

dev (Sample) ; // fRAENZ FL

xv[j] = x[31;// B x X7 bV xv [ZEEOIAT

dev = Rbar*xv;

Expression rpb (name="HFINIEHR") ;

rpb = inprod(r,xv);

Objective V(name="U A 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 () ;

FATRFICIE, M7 =277 A NVEERET.
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2.18 B VAT 4 v 7 EIFEET IV

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

(f5117)

RILT7¥AROD Iris setosa & Iris versicolor iIZEAL T, K DEZ, 283< DOIF,
EFRDOES, EROIEICHET 2% %250 HOT —FBFETH. b0 4 DEFHAER
L LT, Iris setosa & Iris versicolor ZHBIT DLV AT 0 v/ EIFET
VRS X

ZOMEOESEIFTRO & 512720 £

Ra | VA% 2o
J BIERES

EH d,, ieljel ST — &
7Y A OFESE
ki, el (0:Iris setosa,

1:Iris versicolor)

K a0

i HEE LW T A —X
a;, Jel

X, il (PRZEE
[xi = aO+ZajdijJ
i

Arms ity (ki —log(1+exp(x,))) SO
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Yo TNEGOEFZI el ITHL, rYxT 0 v Z7BEL(X) X, UFOXS R THDTZ
EMTEET
L(Xi): exp(xi)
1+exp(x;)

EELXIE, X =a0+) ad, TRbshsboL LET.
j
WIZ, B PAT 4 v 7 ¥ VT aO,aj DRT A =B HEEFIEOHTHEITNET. [HHT

—HETIHTHLELO LEEZER, ThADKRKERDL LS a0,a; ZkoEd. QL, BAY

B f %
f=TTLoo (@-Lx)) ™

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

BB, TOFFETIEEGEROBRNEM D, BEK f oL THE s o f

ki log L(x,)+(1—k;)log (1-L(x)))

log
Z
2

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

_ 1t
1+exp(x;)
kX, —log (1+exp(x,)))

f

(

( 1e'°( ) a- ki)log;j
, +exp(x;) 1+exp(x)

X

THHBEHBZE S B LT —RIEIIRDNURWEEZFIH LT, R LR OMEDE S # 2 %
ITWET.

LB ERILOFHA & 720 £

WIZ, TYAOFHMT —HTT, T (5] OXHkICHHT—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) (RO )
T —%, <0k 34,5.5,4.2,1.4,0. 70,5.6,2.5,3.9,1.
S, WL O, EFRORK 35,4.9,3.1,1.5,0. 71,5.9,3.2,4.8,1.
S, fEFR 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 37,5.5,3.5,1.3,0. 73,6.3,2.5,4.9,1.
2,4.9,3,1.4,0.2 38,4.9,3.6,1.4, 74,6.1,2.8,4.7,1.
3,4.7,3.2,1.3,0.2 39,4.4,3,1.3,0. 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. 77,6.8,2.8,4.8,1.
6,5.4,3.9,1.7,0.4 42,4.5,2.3,1.3,0. 78,6.7,3,5,1.7
7,4.6,3.4,1.4,0.3 43,4.4,3.2,1.3, 79,6,2.9,4.5,1.5
8,5,3.4,1.5,0.2 44,5,3.5,1.6,0.6 80,5.7,2.6,3.5,1
9,4.4,2.9,1.4,0.2 45,5.1,3.8,1.9, 81,5.5,2.4,3.8,1.
10,4.9,3.1,1.5,0.1 46,4.8,3,1.4,0.3 82,5.5,2.4,3.7,1
11,5.4,3.7,1.5,0.2 47,5.1,3.8,1.6, 83,5.8,2.7,3.9,1.
12,4.8,3.4,1.6,0.2 48,4.6,3.2,1.4, 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.
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 £,

/] U TNVES

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

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

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

// 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(alj] * d[i,31, J):

/) B (H B
Objective f (name="%$EJE", 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, UTFOX SRR FohEd.

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=k AP LFERO S R E TRA SNDIEEIOPDLEROZ L) THHY
BERMGELET. B, A — NV NI —T7ORRIZIFIEA — 8 (O L2330 ofifg) Ldfif—n

(ET%D@%@)% , ATEIIEHESR L RIS DIZI NEL< 5 T L2 EWRL,
%I %%éﬂi@%E%Aﬂ@ioﬂﬁ<&é EEERLTOET.

DUTOFETIE, EBEOBMIELGARY M— ME#HET HMEEE Z, OWTiX, A —b
N —7 OHEEZEITVET.

(BjE)
i (E=BIRED 25 1~10 M TH Y, FxITHT ARy Fb—F L ZHNT, B

s
t
S(t;r,...,r)=1/>.d;, d, =1/(1+0.01-1,)

i=1
DY ICEHSNTOD LT 5. MR S() o
t.S) iefl...60}
MEZBRTVD & X,

DSt =S}

Pi/MET B L9 ARy bL— M EHEER L.
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COMEEZERET A EUTDOL IR 9.
BB, RKODHARy FL— FOEMIET% (=2 b)) &L, ATHLILDELET.

£ Term Wi (B £E
Point BHSOES

ek tvalue,, i< Point BB DMTH B 2>
Svalue,, i< Point B

28K r, teTerm t Wi 2Ky hL—Fh

2
B (/M) > {S(tvalue,)—Svalue,},  spzafe & B OED — Fef

Str,....r)=

1/2(1/(1+ 0.01-1)")

i=1

LIESESEE 0

IA
-~

, VteTerm ARy b L— hOIEFASMH

Z OREIT BB IR T O T, IEREEIEREICR Y 7
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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);

// BLELR

Set Point;

Element 1i(set=Point);

Parameter tvalue (name="tvalue", index=i); // {TH#iE

Parameter Svalue (name="Svalue", index=1i); // BHMHE (s)

// BB E

Expression d(index=t);

dit] =1 / pow(1+0.01*r[t], t);

// tvaluel[i] #IZEBIT D s OHFHE

Expression S (index=i);

S[i] = 1 / sum(d[t], (t, t<=tvalueli])); // tvalueli] i 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);

A ISESES
0 <= rtl; // AKRy blb—bOIEASEME

/] 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




ZOETNEFEITTD L, UTOX S niohEd.
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BTl & BLHIE O

DREFZED —FeFn=1.74889e-05

ARy hb—F[1]1=2.07687
ARy FL— R [2]=2.82648
ARy hb— K [3]1=3.7392
ARy hL—h[4]=3.94718
ARy hb— b [5]=4.37854
ARy L — b [6]=4.91763
ARy hb— b [7]1=5.05042
ARy hb— 1K [8]=5.5363
ARy hb— 1 [9]=5.76144
ARy ML — 1K [10]=5.74989
ZOHEORZIZ, BEICHEELZARY Fb— &2 1T, Excel ETA— Vv RU—T7 %4

xFET. FODIZ,
ETNVOMRREEIIOM S EZ U TOLIICEETZLERH Y i’ﬁf

AR b L— k% Excel

HAATERE

Excel FIZERLET.

// AR

err.val.dump () ;

r.val.dump () ;

L Excel kIZ

, Bz x

TROXIICEFSNET.

1. 746BE-05

i lES BLR D A — F50

ELlil

At —F

2.07687

202648

3.73820

384718

437654

481763

5.05042

5.53630

5.76144

=R e R L R S L R e

574988

St Le—

A=k h—7

HF
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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
FAZ72 0 £ L, IR L e 2 REMN LT 5 &, BEMZEOREORIEI D IREDRKREL 700 £

FATTHERBATHI & 1%, & DT Z2 52 TV A ERER, —EMMZICED X D 2T &
IRDMCONWTDOEREETITHND Z & BV ET.

UTTIE, ZoMHTHRBITHIOHEICET 20EEE 2 £7.

(f51/8)
¥AFir & LT, {AAA, AA, A, BBB, BB, B, CCC, CC, C} ODOIFEHIHILDE
LT, #HTIZBT 5 1 FROHEBITH Q) BUTDLEITEALNATVWDIHDET D,

HERE BT

@0 AAA Ad A BEB BB B [ofu]s co C

BAS 059F51 | 00348 0 0 0 0 0 0 0
H AL 00356 09382 Q0262 0 0 0 0 0 0
oA 0004 00453 09364 Q0186 00003 0 0 0 0
Bl BBB ] 0 00352 09456 00154 00038 0 ] 0
D BB 0 ] 0 01078 0872 00045 00153 0 0
# B 0 0 0 0 00747 08762 Q041 00081 0
1 cco ] 0 0 0 0 00278 05554 00068 0
It o 0 ] 0 0 0 0 00083 08E75 00242

C 0 0 0 0 0 0 0 Q0266 09734

Qy &IEIT, 1 7 AR ORATITHERITH Q ZHEEHE L.




137

WRBMEEITS Q II~Aa7@RICEI bOL LET. 2oL, EE LTS QY 1347

5 Q LAN T BT TT. oT, 1151 Q T B L1, |Q-QY| T

5897 Q BRDHEVI Z LRV ET. AB ||, 1, Frobenius (FENR=vR)

WD ET, ATHDZIT D MOV IR ERT DL LET.

T, BATHERBITHIOME L LT, 1751 Q OFITOMIE 1 THEERMIFHFATHL LD L
LET.

UbZzgkEzx oL, EXMLITLLTO XL 1270 £,

[[[Efaces Rating AT OES
TEH 0 . ) 1 % ORI HERBATS (Q,)
q5, I, JeRating
DL
B - . 1 7 A AL ORAT T HERAT S
d;> 1, ) eRating
(Q) DHEFEH
H RIS (B Mb) 2|2 751Q, &£ Q¥ D 7 m =
|-,
TRV AD
T 2, G =LVieRating iy Q wsafrom

jeRating

0<g; <1,Vi, j e Rating 1751 Q DOHREFSM

Z OREIT BB IERIE T O T, IEREEIEEICR Y 7
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ERA LI R % SIMPLE TRtk 975 L LA RO X 91/ b £
ek, 1141 Q¥ LTI
Q12 =(Q*-Q*)*-(Q*-Q%)
THRETHZ EIZLDY, ?/\ﬁmﬁ@ﬁt%ﬁn%’ﬁré TENTEET.
Fio, RPRICH S 2 & # R 579, 38 X OURE COREEEZ BT 570, 1751 Q
OPHME L LT, ARSI 0.9 52, IERAERO LRELX 0.05 L LTRBEET.

/] BE R B NT A

OrderedSet Rating; // KfHTHEE

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

Variable q(name="Q", index=(i,3)); // 1 # HRANOEITHERITSI DK ER
Parameter g0 (name="Q0", index=(i,3)); // 1FZDOEIITHBRITIIORESR
// ERDERICHIAT 2 HFE ORI L &R DRk

Expression g2 (name="qg2", index=(i,73));

Expression g4 (name="g4", index=(1i,7));

Expression g8 (name="g8", index=(1i,73));

Expression gl2 (name="gl2", index=(i,73));

q2[llj] = Sum(Q[i,k]*Q[k,j], k);

q4[llj] = Sum(qz[l,k]*qz[k,j], k);
g8[i,3] = sum(q4[i,kl*q4lk,J1, k);
qlz[llj] = Sum(q8[l,k]*q4[k,j], k);

Expression diff (name="diff", index=(i,3j));
diff[i,3]1 = gO0[i,3] - gl2([i,J];

// BB

Objective diffnrm(name="1T7%] Q0 & 174 Q ® 12 ] DOFE L LAD 3Fr,
type=minimize) ;

diffnrm = sum(pow (diff([i, 3], 2), (i,3));

// KIS

sum(qli,j1, 3) == 1; // 4781 Q IZ25WT, FATORMIF 1

0 <= qli,i] <= 1; // 178 Q OxFHERRM:

0 <= ql[i,3] <= 0.05, i != 3; // 4781 o OIERFAEHRSM:
// FIEMEEE

qlk,k]=0.9;

i

solve () ;
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// RERHT

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", qglk,Jl);
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 00 & 1781 0 ™ 12 | DFE )L 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
"cce",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.

/] RERHT
diffnrm.val.dump () ;
g.val.dump () ;

Excel BROZFEMICOXF L TIE, NUOPT Excel BfE~v==27/1] ZZBEFI\. R
Excel k2, HlIzIETROXIICEREINET.

THl QO L iTRl QD12 FODENLD ZFE
0.0001 54701
HIFEO R

Q AAL Ad A BEBE BB B CoC (oo} o]

AAA 099630 | 000285 | 000006 | 0.00004 | 000007 | 000006 | 000004 Q00004 | 000004
i YN 0002598 | 055447 | 000218 | 000006 000008 000008 | 000005 QO0005 | 0.00005
oA 000007 | 000371 | 0599435 000152 000010 000003 | 000006 000006 | 0.00006
Al BEB 000007 | 000006 | 000288 | 089505 000158 000013 | (000006 Q00008 | 0.00007
@ BB 000008 | 000008 | 000005 | 000866 0883833 000033 | 000123 Q00010 | 000008
# B 000003 | 000006 | 000008 | 000003 000684 098830 000345  QO0056 | 0.00008
T cco 000005 | 000005 | 000006 | 000005 000006 000235 | (099688 000046 | 0.00005
It cc 000005 | 000005 | 000006 | 000006 000008 | 000008 | (000058 Q98705 | 000194

C 000004 | 000004 | 000004 | 000005 | 000007 | 000007 | 000004 Q00210 | 089754
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NUOPT V13 L VDEAINT-, Vector/Matrix 7 7 AZHAWEETNLEZHBENLET.
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Set Rating;
Element i(set=Rating), Jj(set=Rating);

Matrix QO ((i,3));
Variable g(name="Q", index=(i,7j)):

Matrix Q((i,3)); Q[i,3] = qli,3]1;

Matrix Q2((i,3)), Q4((1i,3)), Q8((i,3)), Q12((i,3));

Q2 = Q*Q;
Q4 = Q2*Q2;
08 = 04*04;

Ql2 = Q8*04;

Matrix D((i,73));
D= Q0 - Ql12;

Objective diffnrm(type=minimize);

diffnrm = inprod(D,D);

Q*ones (Rating) == ones (Rating);
0.00 <= gq[i,i] <= 1;

0 <= g[i,J] <= 0.05 , i'!=7;

ali,1]=0.9;

solve () ;

FEATRFICIE, M7 =277 ANVE5E2ET.
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2.21 FHETHI USR8

RO DI RN T — 2 %, M Z R - 2ELEBS 2 3L S B DB, STOMBATHIN OB
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.

(f5115)
DTFORBATHIAICK L T7 a2 X ) LV ADOERT—FETL, 1o, FFEEBETH
% &) I RBTTEI X 2R K.

A 1 2 3 4 5] a] 7 g = 10
100 017 | 017 | 080 | 080 | 000 | 010 | 000 | 080 | 070
Q17 100 010 | 080 Q20 040 | 000 Q00 | 000 000
017 010 | 1.00 | 020 | 000 | 000 | 000 | 000 | 000 | 000
080 0BD | 020|100 020 | 020 020 | 020 | 000 | 000
080 D20 000 | 020 1.00 | 040 | 000 | 000 | 000 | 000
Qo0 | D40 000 | 020 040  1.00 | 000 000 | 000 000
Q10 000 | 000 | 020 | 000 | 000 | 1.00 | 000 | 000 | 000
Qo0 o0 | 000 | 020 000 | 000 | 000 | 1.00 000 | 000
080 000 000 | 000 | 000 | 000 | 000 | 000 | 1.00 | 000
D70 | 000 | 000 | 000 000 | 000 | 000 000 | 000 1.00

LR e R s R oy [ R T R e




COMEEEALTDEUTOL IR ET.
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H4 N={2,...,10}

EH %JENJEN
minEig

R X ieN,jeN

HBI% ORe/ME) > (X, -A)
Ul ]

i,jeN

LIESESEE X >minEig
X.,=1 VieN

FBAITH DT K OFN DA

AT G- DATHN D E 5%

FABIATH1 D fe/ N [ A i

FBATTHI D EFE

JEDITHI EFBAITAIDZED 7 v
R R ) VD

eI EE I
SHEERIT 1

Z ORMEIFFIEEERIFIAA > TWDHOT, FIEEHEFEREEIC Y 9.
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ERAL L7z fE S % SIMPLE Ttk 92 LT X 92720 £9.

/] BHETRT
OrderedSet N;
Element i (set=N), j(set=N);

/] INT A=K
Parameter A(index=(i,3j)); // HZoNATHIOESR
Parameter minEig; // W) &3 B FEEETT I O e/ )N [E A i

minEig = 1.0e-3;

/] B
Variable X (index=(i,3)):

/] RFATHI
SymmetricMatrix M((i,73));
M[i,3] = X[i,31, 1 <= 3; // L=AHSOHER

// BHEBEEL
Objective diffnrm(type=minimize); // ZDITHID /)L A

diffnrm = sum((X[i,J1-A[1,3]1)*(X[1,31-Al1i,31),(1i,3)):

/ /RIS

M >= minEig; // CEIEEAERIRY
X[3,1] == X[i,31, i < 3; // XIHFRTA
X[i,1] == 1; // RAERILL
// KR

solve () ;

// W (csvig)

simple printf (" X");

simple printf(",3%5d", 1i);

simple printf ("¥n");

for (i=N.first(); 1i<N; i=N.next (i)) {
simple printf ("%2d4d", 1i);
simple printf(",%5.2f", X[1i,]]);
simple printf ("¥n");
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AL1,2,3,4,5,6,7,8,9,10

i,1.00 ,0.127 ,0.127 ,0.%0 ,0.%0 ,0.00 ,0.10 ,0.00 ,0.80 ,0.70
2,0.17 ,1.00 ,0.10 ,0.%0 ,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.% ,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, O0.61, 0O0.65, 0.06, 0.10, 0.03, 0.57, 0.50
2, 0.27, 1.00, O0.10, 0.85, 0.15, 0.41, 0.00, 0.01,-0.04,-0.04
3, 0.15, 0.10, 1.00, O0.21, 0.01,-0.00,-0.00,-0.00, 0.01, 0.01
4, 0.61, 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, O0.18,-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
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2.22 2 NAR hAR— b7 3 U A HELRIE

— h 74 VADY AT ZFENGONIEE OB AT 2 ORIl 5~ 1rabe y
VETIICEBWTC, 525N TN, LI LIRRIESEME 2 RN E 3. 2 ORMEEN
WKL Ca AR N RfRESL U TOMEEE 2 £7.
IR MBI 72 « e T V2 E 2 £9.
max ' X —AX' Zx
X (1
st. x'e=1

T, prHf) 2=, Za ) Z— OB gEITY, XER— 7+ U FDOEAR,
/”L Z ) A7 [AEER L LR
SIS EATINZ (ICAMEFER S & LT, UFOu AR MR— 7 4 U AR Ez
ERET. RBULIE, AHEEERED Z LIk TRY 92 2T 21T50HEE L LET.

YeUy

max {,u x— Amax {x" Zx}} .

st. x'e=1
U, & LT, B BATHIE ORZEHRN
<<y

DX KM ZFFSL LET. Zo& & (2)1%, FHATs U, LEZAWTLLTO L 5 il
EEWZDHZ LN TEET (6], 0BT, BIZXL, AeBix, AL BOWNHEERT HDL
LET.

max,u X— /1( YelU — ZOL)
st. x'e=1
(U—L x] 3)
r |0
X 1

U=0,L>0
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()

SIHEE S EATHE O/ EFEO FIREZRTI7FIsigL, ERREZFRIITHISIigU 3L FD XL 5
IZHE2bNTWDH EE, Bl (3) ZME a0,

sigl 1 2 3 4 5 6 7 8
1] 1800 —1.400 -1.000 -1.000 —1.000 -0500 -1.000 0100
2| 1400 3500 -1500 0500 —1.200 -1.200 0400 0600
3| 1000 -1500 5000 -1.125 1100 0800 0300 -0200
4| 1.000 0500 -1125 6000 1500 0400 1.200 -0800
5| 1000 —1.200 1100 1,500 4500 -1.400 0150 -2.000
6| -0500 —1.200 0800 0400 —1400 9.000 -1.000 0500
7| 1000 0400 0300 1.200 0150 -1.000 5500 —1.250
5| 0100 0600 -0200 -0900 -2000 0500 -1.250 11500
sigl 1 2 3 4 5 6 7 8
1| 3000 1.000 2500 -0800 1.000 -0400 2500 2000
2| 1000 4500 -1.400 1.200 0500 -1100 0500 2600
3| 2500 1400 6000 -0500 1200 1.000 0400 -0100
4| -0900 1200 -0500 6500 1600 0500 1.300 -0.800
5| 1000 0500 1200 1.600 5500 -1.300 0160 -1.800
6| -0400 —1100 1000 0500 -1.300 11.000 -0800 0600
7| 2500 0500 0400 1300 0160 -0800 6500 —1.200
5| 2000 2600 -0100 -0.800 —1.900 0600 -1.200 13500

L, A=1, u' :(0.1,0.1,0.1,0.1,0.1,0.1,0.1,0.1) ELET.
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ZOMEEZERET D EUTOL TR £

A A={12,...,8} B OES

R sigl;,ieA jeA Sy BATHI DA B O TR
sigU;,ieA jeA S AL ATHI O 4 B FH D LR
A U R 7 [alEEERER
e A BHEER G D THIIN RS 5

28K X, 1€ A PN
Lij,ieA,jeA
Uij,ieA,jeA

R dRRfb) 7 o [TBHE L OREDOF

—A(sigu eU —sigL e L)

I P U-L x N
: >0 IR
X 1
Z;‘ X =1 A= OBANT 1

1TH L oK ERICETHIHFEAS
14

. . 17 #2\z ﬁﬂ
UijZO, VieA JeA ;;K?IJU DHFEFICHT S A%

LU.ZO, VieA jeA

ZOMBEITEEEERHINBA-> TWEOT, FIEEMEA®HEIC Y 4.



ERXAL UI-4EE A2 SIMPLE TEtb T 5 L LLFD L 9

(2720 £9.
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/] BEEWT

Parameter nA; // $4iA#K
Sequence Asset (from=1, to=nA);
Element i (set=Asset);

Element j(set=Asset);

/] INTA=H

Parameter sigL(index=(i,73));
Parameter sigU(index=(1i,7));
Parameter lambda;

Parameter mu (index=i);

S

Variable U(index=(i,3));
Variable L(index=(i,3));
Variable x(index=1i);

/] RFTH

Sequence V (from=1,to=nA+l);
Element v (set=V);

Element w(set=V);

SymmetricMatrix M((v,w));

// MOEZDOEFER (E=AH50H)
M[i,3] = U[i,3] - Lli,3],
M[j,nA+1] = x[7] // Ak
M[nA+1l,nA+1] = 1; /] BT

// BRIEEEL
Objective f (type=maximize);

f = sum(muli]*x[1i],1)

- lambda*sum(sigU[i,j]1*U[i,3]-sigL[i,J]1*L[4i,3],

/ /RIS
M >= 0; // #ﬁftﬁi”ﬂﬁ%'h’*’]

sum(x[i], = 1;

Uli,j] == UIl3,1], 1 > 3;
L{i,3] == L[j,1i], 1 > J;
Uli,j] >= 0;

L{i,3]1 >= 0;

// *ﬁ%

solve () ;

// W7

x.val.print () ;

i<=73; // ELE (OE=ZAEHD)

(i,3)):
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T—=H T 7 A MILTO=Z>TT.

(csv IER)

sigL,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
5,1,0.5,1.2,1.6,5.5,-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]1 0.1 [8] 0.1;
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ZOETNEFEITTDHLEUTOL ) BRI ELNET.

x[1]=6.46383e-006
x[2]=0.233187
x[3]1=0.175312
x[4]=0.0633794
x[5]=0.171046
x[6]=0.131894
x[7]1=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—TIZRLIZEE, ZO2_ 20Ty VRN hy hENDHEFWET.

ZOMEIX, 77 7BERBETIITE X b L0 ) FlEREL £ Fi, R L &
LTiX, spoP#EffEE L TRER FFYEZRODLZENTEHHEL L THMLNTWET.

(HRg)
WDOTZ71%, J—F&LT1, 2, 3, 4, 5, 6 0ELNEXTT 7T, =y IR

WA, EAE 0L LET.

)= REZODITNV—=TIZH5TFT, By bENDT v VOELRDBRME R KL LW
&, FOXoBIN—FLRHTLEIDN.

Z ORE%Z NUOPT CTEL 72O ERAL ZITWE 28, F90% spp i@ E L CEMk L,
HEOREEED FREEZRD THE L L 9. NUOPT VI3 2°5 Vector/Matrix 7 7 ANFHTE
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.

UTTRAT2ERMITZBR (71 L v £, 5, /—FoHEAFELELTNEEZ,

gL e{-L,(ieN)zb52x%3. colx, /—Fi,jeNIZHLT, X =X7Ti,]j
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BRILZA—=FICB LTS L&, X X TL]BRRL7V—=TICRELTVWDS L2 RT

ZEiZTHE, MOXIICESNMET HZENTEET.
max = > Gy-xXx,)
2i,jeN,i<j
st. x,e{-11} VieN
EREAcx L, AHox,ie N & X = XX TR 585 X

IJ,i eN,jeN zE AT
HE, WOMBEREIZRDZ ENMBNTWET.

max % > G-X,)

i,jeN,i<j

st. X>=0
rank(X) =1
X,=1 VieN

X e{-L1ix, X;Exx)=Lwisl, X, X;Of0REEMT X =0, rank(X) =11z
e LET. ZZTHIKEA rank(X) =1 A#Ef L= RO spp EFBEE E 72 £

max % 2. G-Xy)

i,jeN,i<j
st. X>0
X;=1 VieN
Eitesbo B % %
l Z Gij(l_xij)zlzeij(l_xij)
2i,jeN,i<j 4i,jeN
1
:—Z(ZGan—ZGuXu]
4ieN jeN jeN

:%(diag(Ge)—G)oX

EAER 2T 5 L TUTOESMENELNET.

o N ={1,2,3,4,5,6} J— RS

J—FieN&/s—FjeN
TR G;,ieN,jeN DO DTy VOELERE
T 5 BEETTS
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757G D777 A7

L =diag(Ge)-G ‘
(€ IZHAL~TRL)
EFAT T/ —RieN &/
: : —FjeNnsy FShTe
o X, ieN,jeN Je 7

HEEIT-1, Ty PERTWR
WHEIZ 1 & & A

1 ER T Yy Pa&RD T
HEB% (kb ZL'X ' > o

T DE I DTN
GilES] X >0 HEIE EAE R
X;=1 VieN SHAEFRIT 1

Iz, TN T =2 77 AN 65%2% SIMPLE £7 /L& RrLET. UTOET/ILTIIRE
TR AR IR D HETH20D, BEE LA LNEREL TCWRWET VIR 7.
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/] BB ERAT

Set N;

Element i (set=N);
Element j(set=N);

/] ATHWNT A—4

Matrix G((i,3)); // EHfFEEHEATS
Matrix L((i,3)); // 777 G DT 7T Z{T4
L = diag(G*ones (N)) - G;

Set NN(dim=2); // E=#AH%
NN = setOf ((i,73), i<=3j);
Element ij (set=NN) ;

/1=K
Variable x(index=ij);

SymmetricMatrix X ((i,3)):

X[1i,73] x[i,31, i<=3;
X[3,1] = x[i,3], i<3;
x[i,i] == 1; // ®AAEHRIT 1
X >= 0; // IR E AR

// BB

Objective obj (type=maximize) ;

obj = 0.25 * inprod(L,X);

// RIR

solve () ;

// H
obj.val.print();
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T=2 7740 (Lesv B) FUTOLHITY £

4 4

G, 1, 2, 3, 4, 5
i, 0, 2, 3, 0, 1
2, 2, 0, 1, 2, O
3, 3, 1, 0, 2, O,
4, 0, 2, 2, 0, 1
5 1, 0, 0, 1, O
6, 3, 0, 3, 4, 2

4 4

O N B W O W o

4 4

ZOFETNAEETTDLE, BRBIEME 18.7437 RO ET. T AT EKALRIEEOFEFn R
TTOT, KEEO LFEL 720 £

WIZ 0-1 BEGEHERE L L CoERbZ/Mr LET. sop EMEETH b EREDRSE
AR THELED.

FPTEHUE, A/ — RicxtL 0-1 2 X, (1eN)ZHELT 2 2OZ V=158 5
oz V—7) & 1 OEEEDZINV—T) xHEESEET. £/, /—FKik
— R JBRBRRDLZIIN—TOLEIZ 1 2L, AILIZV—TDLEIZ 0 2LDEHK

Vi, @eN jeN #HELET. Zobx, BMEEID Y Sz y POEZOBRITY

Mo, DGy TRESHET. WETH_E L L LTX &Y, OBANEE L HHlKZENT

i<j

LRENR DY ET. BEINC (X, X, ;) =(0,11),(1,0,2),(0,0,0),(L,1,0) & 72 24061 & 5kt

FEWOT, ZoMEEOMESESZT(X, X, Y;)=(010),10,0),(0,01),LL1) L7235

MEEEHRT oMM ZEALETS. 20X 2HfZEALLEMBITRO L S22 0 £

o N ={1,2,3,4,5,6} J— RS

J—FKieN&/—FjeN
175 G;,ieN,jeN WO by VOELE R
5 BEEAT S

0-1 D 2 DI NL—TDEHL

0-1 £ X, eN
DIZAD D ERTEK
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By hERTT Y VOB RE

K YN JeN X, X, 22 5155 720 DS
Amm gkl 2CiY Py RERBT Y EDRAD
i<] A
% X=X +Y; <0 (O (%, %;,Y;) =(0,0,1) DHEER
=X +X-Y; <0 (2 (%, %;, ¥y) = (0,1,0) DHEBR
X=X —Y; <0 (3) (%, %;, ¥y) = (1,0,0) DHEER
X +X +Y; <2 (4) (%, X}, ¥y) = 0,11) O Pk

RS TR Y, AR L L TER SN TOET A, EBITIT 0-1 LnE bARNER L2
DEF. ZhuE, ) (4) k0 y; 2025, (2) (3) kv, yy SIavEn, E5I2(X,X) D
a3 (0,0),(0,1),(1,0), LIl e bz & &K(1) (2) (3) (4) b, Y, =00rlzE
PIVET. Eiz, EROFLIERMEE 2 PR 5 TEONM & LT o-1 Bz, #:BML T,

X +X; +Y; =2

CRBTAHFELHY £, KkIZ, SIMPLEETLVZRLET. LUITFTOETNVTIIRELRERK
ZARERIBVHET I, A2 F=ATS L ERL TWRWETLICAR Y F9.
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A =
Set N;
Element 1i(set=N);
Element j(set=N);

/] TEE
Matrix G((i,j)):

Set NN(dim=2); // xffpksy
NN = setOf ((i,3),1<3);
Element ij (set=NN) ;

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

Variable y(index=ij);

// x[i] x[3] yli, ] OBEMZ L HHIF

- x[1] - x[3] + yI[i,J] <= 0, (i,]J)<NN;

- x[1i] + x[J] - y[i,3] <= 0, (1,])<NN;
x[i] - x[j] - yI[i,3] <= 0, (i,7)<NN;
x[1] + x[3] + yvI[i,J] <= 2, (i,7)<NN;

// BRI
Objective obj (type=maximize) ;

obj = sum(G[ij]*y[ij],13);

[/ FRIRAERTEIZ T LT O s %= AV 2
/] ¥ FORR, v B 0-1 BEERKICTHILEND D

// options.method="wcsp";

/] KA

solve () ;

// W7
x.val.print () ;

obj.val.print();
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ZOETNEETTHE, HIOBEME 18, /— K1, 4, 5T N—TE ) —K2,3,6 DT
N—T R HET. sDP AEMMETRD HiLiz BIBEEEA 18.7437 TholmZ 525X 5D
&, SDPEMRIEN IR ICRE R LIYEZ 52 TWD 2 & bn £7.

FERRO LS spp EMMECTRE R ERMEEG O D Z Enbno TuiuE, EMEE v
TWCSP 7V Y RADKEEMRFECRA L0, B TRUEZRETIRCHLAATEET. %8
F TIZ SDP FEFIME, BKRIE (+O0HRENE), WeSP TENENMN SR EZ L FITR L ET.
LUF DFIL spp BRI O EFUEOREEE & {PUfiflE 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 217.4 2068

# Graph 7—4# G**.csv @ [**] 3/ — FNEEFRT. LT —HET T/ — R LTFE
10 OV v BIEET 5 £ ICHERERESE T — 4.
# WCSP 73 XADRTEIL, mAYEREEE 108, ElEE AW 3 RIoOBERERRIT2ir-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)
HDHEIF—SERESHIL, UTD 1~6 S TOEIT—ICHL, SBE42EMAET 5
Lo LET.

/i
|
n

E¥IF—ma<

10

oxm.bwm»—\[_\‘.
(&)

FIE 1 CTlE, I =BV T1HbEVICHLTEa~HT1oELET.
DEIFT—%FA—ORLTITHIZLIETERVWbDEL, 1 HbH7 Y OSBHERAOK
KeabdrLx, ZROTRTOEIT—NRETTIHRANRANERD LD IRy
22—V ERDTFIN,

B, TRTOEI TR TTHETORKIIRANTHL 20 HETELET.




ZOMEEERLTSLE, LT LT F9.
DT, —ODEWRE LTI EITERELTTFE.
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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

e 7T 4

¥
E

I —1 O a~vEHELITE
KLBRIRFH] - 4

VLR ER 1 A AR R PRI 1
I —2 oa~vHHEL AL
LERRER - 6

VB B 1 AR I 1
I —3 O a~vEHELITE
RLBRIRF[H] < 5

VLR ER 1 A AR R PRI 1
I —4 oa~vHHEL AL
JLERRERE - 3

VB B 1 A ALERER I 1
t I F—5 Oa~vHEb L
RLBRIRERH < 10

VLR ER 1 A AR R PRI 1
I —6 O~ HIHL L
ALBRIRERE = 7

VB B 1 A ALERER T 1

BIF—iNED S HE—NES

v IF—i EIRIEE
MEE— R A

BOIEEDTE TR

54
BKRT20H&ET 5

TEAAL L72#E R %A SIMPLE TRtk 5 LTk H 1z £
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/] BRDA Y a—1 IR
Set T (name="T");

Element t (set=T);

/] EEEI T EA
Set Se (name="Se");

Element se(set=Se);

// F— FES

Set M(name="M") ;

Element m(set=M);

/] BEIFT=NEDHIDHE-N

Set MM (name="MM", index=se);

/) B GEE) BE
Set Ro(name="Ro");

Element ro (set=Ro);

// &E— N ORKEMESIH £ COHFES
Set TT (name="TT") ;
Element tt (set=TT):;

/LB

ResourceRequire req(name="req", mode=M, resource=Ro, duration=TT) ;

// B R

ResourceCapacity cap (name="cap", resource=Ro, timeStep=T);

/] T T4ET 4

Activity act (name="% I 7} —", index=se, mode=MM[se]);

// BRBEE (T_Co'IF—0% TR ORK/IME)
Objective f (name="f/I5E T H¥”, type=minimize);

f = completionTime;

// KRR KR

options.maxtim = 5;
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solve

// KA
()7

/] FEROHT]
f.val.print();

simple printf ("& I7F—[%s]

/] T b TFx— M

Gantt g;
g.add(act[se],
g.dump () ;

se);

= %d¥n", se, act[se].startTime);

ANT =4 (dat B 1%, BLTFTO LS IT20 £,

cap = [1,0] 4
(1,71 4
[1,13] 4

[1,19] 4

[1] Al
req = [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]

[1,20] 4;

2]

1
1
1
1
1
1
1
1
1

A2 [3] A3
(AL, 1,2]
[A2,1,2]

A3,1,2
Ad,1,2
A5,1,2
A5,1,7
26,1,2

[
[
[
[
[
[A6,1,7

]
]
]
]
]
]

(1,1] 4 [1,2]
(1,81 4 [1,9]
[1,14] 4 [1,15] 4 [1,16]

1
1

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

T

[Al,1,4]
(AZ,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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¥, ANITF—F% Excel HAREREAZHWTE 252 & bARETY. BARIZITRK D L 5
25— XA % Excel 7»6 NUOPT ICJE L 9. Excel HARMREICKIT 2T —ZZITE L HEICS
ZF LTI INUOPT Excel #fg~==7 /] ZZETF I\,

cap SE Rt
1 8] 4 1]A1
1 4 2|A2
2 4 3]A3
3 4 4|A4
4 4 5|AS
B 4 6|46
5] 4
7 4
8 4
9 4
10 4
11 4
12 4
13 4
14 4
15 4
16 4
17 4
18 4
19 4
20 4
reg 1 2 3 4 5i 5] 7 g 9 10
Al 1 1 1 1 1
A2 1 1 1 1 1 1
A 1 1 1 1 1
Ad 1 1 1
AS 1 1 1 1 1 1 1 1 1 1
Af 1 1 1 1 1 1 1

faRlE, IFO X912 £

R/NET B¥=10
EIF—[1] =0
IS —[2] =4
I —[3] =0
'IJ)—[4] =5
ZIJF—[5] =0
TIF—[6] =0

FEFEROE IR, £EI T —0BBHEEEEAEL TOWET.
BB, W b Fy— NI 2BHEAOREHILEITS &, RO DI F5.
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B 1 OfFD 51

RN CEENE
IEEEN ST T P A

Bl 1 TIE, eI T —ICBT2FE— NI 11 (—H—a~xFoHkLTWn) OATL
=R, LB 2 T, BEIFT—IEH LTV onoE—REAEL, B 1 »HOMED
HERBEMAEL £7.
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(/& 2)
Bl 1 DML E, HEIFT—I2BWT, a~HOMILHFEDOEREZ W DG
Z2H5b0ELET. BARMIZIE, UToRO@EY TY.

¥ IF—4 F— K T I —a~EoM b TE
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 Ad 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

RORFGFTTN, FlxiEaz 2 TLiES, BEIF—2hea~viies 3 HIZHE-> TH~A
2 TOMET D, LWV Lk ET. FEIST—IE, ToBIFFRFICHEIN
TE— RO BLENDL—DZBIRL 2 ITNIER0 ¥ A. HIZIXEIFT—3 ITT5E
—RIEA3 1, A3 2D 290 HLHDT, TNHLDHIHLDELLPEZRIRL TEI T —D
avHEEET D END 2 LT T

FTRTOEIF =R TTLONANRNERD LT, HWURE— REZRRLTAS
Va—/ERO TR,

ERICBELEL T, FlE 1 LREEETT. TTOT, ETAV7 7 A LORBLEIE 1 L[F
—IZ7R 0 7.

BlE 1 ER-ARD01E, AT —FDOHTY. Excel BARHEHREE AUV T 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 5L, H£EIT—IZBNWTLY 95— FORBEATLI ENBDLNDITR
L ERNET.

faRlE, IFO X912 £

= /J\

S
141

g o B 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, SETIFERERDIEHIT—2DHTLEDN, b5 —2&RERLE%4R
MUTHEL LY. BIFT—2FE T2 A0 25 R L7285 MR ok o7d
DZBE L TWIERETE, B0 IiZhdnre BnET.

(f5 3)

BIE 2 OFMHOH L, SIBICAA R EABELET.
FEIFT—LBIASN VR TL HEI T —2To721%, FOMoEE (LLFTIE,
VT RGEESZ LI LETD) BV TEEROEIFT—%21To b0 L LET. V728
TOYIF—FEHEE, flE2 ER—ELET. 1 BHE o7 2EERAKOKRKIC
BILELTYH, BIEL - FIE2 Ak, 4 & LET.

AAVERGTIE1I B 1EEOEI T LTI ZENTET, Lk AA 25135
EIFT—DIELOD 1 avOLELIFHT LI ENTERVEDETLHEE, T3TO
I FTRETTLIRFLANENERD LI RAT Va2 — L ERDTF I,

ERLE LTI T O LI, I F—Lbil, A vaGTEI T =277 &I T2
TIT 9 LW O SEATHIFIS DD £, RBETERE<ICEVRT DL LET.
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R 0 A Y, HHeEHIC 1
1 YTy, e w24
JeATHIA act,, <act,, VieSe fLEOEIFT—IZBVT, A2 TO

T T EKA BRI AAL LV PUSORY T
DEIFT—IIBITTD

FERERLOBMEZ KM L. SIMPLE TOETIERIE, UTDO L2y F£1.

/] BRDAr Y 2— 1 7R
Set T (name="T");

Element t (set=T);

/] AEE(EI T EA
Set Se (name="Se");

Element se (set=Se);

/] E— RES
Set M(name="M");

Element m(set=M);

/] BIR (FE) £E
Set Ro (name="Ro");

Element ro (set=Ro);

/] HEIFT=DRED S LHE—F

Set MM (name="MM", index=(se,ro));

// FHE— NP O KBS E TCOMRES
Set TT (name="TT") ;
Element tt (set=TT):;

/] EEER
ResourceRequire req(name="req’, mode=M, resource=Ro, duration=TT);

ResourceRequire cap (name="cap”’, resource=Ro, timeStep=TT);
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/] T T4 ET 4
Activity act (name="1t I} —", index=(se,ro), mode=MM[se,ro]);
/] FEATHIKY

act[se,ro-1] < act[se,ro], ro > 0;

// HHREE (T XToO® I F =% TRAIDOR/ME)

Objective f (name="#/NET HE”, type=minimize);

f = completionTime;

JAEN, =N

options.maxtim = 5;

/] KR

solve () ;

// RO
f.val.print () ;

simple printf ("t IJ—I[%s,%s] = %d¥n", se, ro, act[se, ro].startTime);

/)] A N Fx— D
Gantt g;
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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ey 1 ? 1 { i f 1 g 9 10 WM
bz room 0 1 1 01 large room
Al 1 1 1 1 1Al
a1 1 1 1 i i 2 0] largs room
22 ? ? A Y R
A3 1 ! ! 3 0] brge room
A1 1 1 1 1 oA A
42 ? 1 4 0] lare room
M1 1 1 1M1
41 i | i 5. Ol
42 1 ? ? ? i i o I I
43 ? ? ! ! ! f 0} largz room
LAl 1 1 1 1 1 i 1 1M1 | M) | M3
41 1 ? ! !
43 ? ? ! !
= 0 1 ? i : i i 1 I 8 1 14 15 L N N O
0 ! 1 1 1 1 1 1 1 1 1 1 1 ! 1 1 1 1 1
1 i i i i { 4 4 4 4 ] i i i 4 i 4 4 ] i i
FERIT, UTOXIIZRY ETF.
/NET H=11
IS —[1,0] = 2
I —[1,1] = 3
vIJ)—1[2,0] = 4
IS —[2,1] =5
vIF—1[3,0] =1
I —[3,1] =2
'IJF—1[4,0] =5
vIF—1[4,1] =7
+3IF—[5,0] = 0
IS —[5,1]1 =1
'IJ)—[6,0] = 3
tIJ)—1[6,1] = 4
T, ZO/RET S FF v — ML AT TAHAL L THRIELEL X 5. fENICEE IS
— LB, ARG TOE IS —HLE, V725 TEI T —2fTo TV 2 0OPRMRTE £ 7.
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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 Ay va—U o JMEEE, AEFEEOBYCHN, HF (Y a 7)) M
(DRI EI VIR D T, 58 TR, MENFEOR/IMbZ B E LT A7 Y a—U V 7RET
T 2T, FRCEMOENEECT, (EESEBOEE (PR —va ) bR, &
HFEOETOEENVBEIND &, (EFOLBENTET T 5 ESIM (serial machines) 2D
WCTEKALET. KBBEIL, EESLBHENADIEFICE ST, LFO 321 kKlshET.

(1) A—=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 B SN D ONEF RIS LN TNDD, ZHDDIEFIIERERT L icii-T

WTH I, 7e—ya v 7REO—RIE.

LIFT, Ei(1)~ (3) DFIEAHFMN LET. HEIZE T T INUOPT SIMPLE ¥ == 7 /L]
DHEELHETIET .

2.25.14—Fvvay 8

(FIE) A—7r > a vy 7iE
3 ODEENDEREND, 3 DOMEFERHD & LET. BIEEA NP 5 & LB
RERIILL T X 2 Ic5 26N TWnET.

TE3E 1 (MR 1) 1E3E 2 (Hk 2) 1E3 3 (B 3)
ftda 5 HRFfH 8 HFfH 4 WFfH]
¥ b 5 ] 4 FR§FH 6 MRl
i c 6 IRefi] 5 HFfH] 5 HEfH]

B MERE AL L T D IE, MOEEA BT 2 FITHRERFA. o, HIEE
AT HNEFICHIRIZH 0V A, ZOBFEOREDOIEEDE TREAN RN E 72D X
T HITIE, HEFE LD LI ITHEMICHI IRUITWWT L X 20 ek, 33TO
fEFEEK XD E COFEREMITRAK T30 HETET 5.




174

ZOMBEEEREIRNE A7V a—) IRETERET 5 &, BIAITLLTORRIZZR Y 9.
FAEFROBMEEIIFERFIT 2 DU EABHDRVWEE, ¥ I —EHRZHWTRIL THDHHIZ

EELTRFSIW.
=g/ machinel Btk 1, ffa=mHIiC 1
machine?2 MR 2, AR Wi 1
machine3 b 3, ffaE Wi 1
d1 FI—EH L, iR w21
d2 FI—EH 2, GEEIC1
d3 I —HIR 3, RIS
£— R mode_a 1 RLBRIRFH] < 5
VB machinel, dl & UBREERIAHIZ 1
mode a 2 KLBRIRFH] - 8
VBEE : machine2,dl & ALEREFE A HIZ 1
mode a 3 KLBRIRFH] - 4
VB E : machine3, dl Z LB HIC 1
mode b 1 RLPRRREA] 2 5
VB E : machinel, d2 & LBREERI A HIZ 1
mode b 2 RUEEREH] « 4
WVEEE : machine2,d2 ZHIRFH I EIC 1
mode b 3 RUEEREH] « 6
WV E : machine3, d2 & LB AIZ 1
mode c 1 RUPEREH] - 6
VB E : machinel, d3 Z LB AIZ 1
mode c 2 RUPHRREH] : 5
WVEE : machine2,d3 ZAHIFHHEIC 1
mode c 3 RUPHRREH] : 5
VB E : machine3, d3 & LB AIZ 1
TITAET 4 act, , ¥ a OfF¥E L
MBEE— K :mode a 1
act, , i a OIE¥ 2
WELE— K i mode a 2
act, , g4 a OFEE 3
WBEE— R : mode a 3
act,, F o DIEE 1
WBEE— R :mode b 1
act, , fhF b OIE¥ 2

JFEE— R :mode b 2
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act, , fhF b OIFE¥E 3
WPFEE— K :mode b 3
act, , fh#c o1
WPFEE— R :mode c 1
act_, 5 ¢ DfEE 2
WEEE— K : mode c 2
act_, 4 ¢ OIEE 3
WPEE— K :mode c 3
A% (FeMb) completionTime % DIEEDTE T EH)
A 2 — L T KT 30 K L35

i % SIMPLE Citibkd 5 RO I DT 5.
BB, 7774 T 4 O ICETE— RESTTN, (LF - 1EEOKMAEDEIZR L TE
DEF— FRHISTHNENIES AvailMode ZHE L, ThxoleE LTHELET.

/] AEREES

set J; // fL%

Element j(set=J);

set s; // B3

Element s(set=S);

/] = FEE

Set M;

Element m(set=M);

Set AvailMode (name="AvailMode", index=(j,s)); // HFEOFXL — 3
SNZBWTAE NS E—F

/1 BRES

Set R;

Element r(set=R);

// VEERFHES

Set D; // &F— FOIEERHOHEK
Element d(set=D);

// WiRES

Set T; // AT a— )LHHE]
T="0 .. 30";

Element t (set=T);
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/] TIT 4T 4 (EE)

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 () ;

/] FEROEREN T

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 c 1,machinel, 2]
[mode c 1,machinel, 3]
[mode c 1,machinel, 4]
[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 c¢ 3,machine3, 2

[ ]
[ ]
[mode c 3,machine3, 3]
[mode c 3,machine3, 4]
[ ]

mode c¢ 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,dl,1
mode a 3,dl,2
mode a 3,dl1,3

[
[
[
[mode a 3,d1,4

]
]
]
]

O = S S G

= e e

I = T = = G

e e
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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 S =

I R e S e

[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 e

I R e S e

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—v a3 v 7HE

(FlE) 7u— g v 7RE

2.23.1HioA—7 v ay FMEOFMEDOT, &HE, ¥ 1, 1EE2, E¥3 0
ETRE ENRT USRS E LET. ZOBRADOREDOIELDE TIAIMN R/ E 72
HENCTHITE, EOXITHEBAEE D IRIVEEZWTL X 9.

Z ORMEZFLRT 2121, FAEEOLBRF ZHHT 2 U T OEATHNZMZ 2 LERH Y £
T 2B, UFTHWTWS < [IETBREETREE & 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
’ ’ FERA
£ b OIE# 2 1%, HF b OEE 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

FEOEITRHIRIZ N Z 72 SIMPLE OFEF/VIZLL FOREIZR Y 4. 4, FALEEOEKIEEXEH
FEIZ 2 DLL EALBRH SRV, TR TR SN TV A FITER L TR IV,

/] TERES

Set J; // ff=
Element j(set=J);
set s; // fF¥%
Element s (set=S);
// F— FESH

Set M;

Element m(set=M) ;




181

Set AvailMode (name="AvailMode", index=(]j
g NIBWTREENDE—F

// BIRES

Set R;

Element r(set=R);

/) VBRI S

Set D; // &E— FOIEERORK
Element d(set=D);

// RS

Set T; // A7 ¥ a—/LHH
T="0 .. 30";

Element t(set=T);

/] TIT 4T 4 ()

,8)): /) BEFEOAFL—v

Activity act (name="act", index=(j,s), mode=AvailMode[j,s]);

/] TEE
/] EEERE
ResourceRequire req(name="req", mode=M,

// BEIRARG R

resource=R, duration=D);

ResourceCapacity cap (name="cap", resource=R, timeStep=T);

cap[r,t] = 1;

// BB (B tk DIEZEDTE THREZ O /ME)
Objective f (type=minimize);

f = completionTime;

// SEATHIR

act[j,s-1] < act[j,s], 1 < s;

VWAEN, 55 INGI 25 i
1

options.maxtim =

AEN.

solve () ;

/] FEROERERT)

simple printf ("act[%s,%d] = %d¥n", j, s,

act[j,s].startTime) ;
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FATHIF Z T2 LY, FI—BREZFAVWAIVENE ol T—H 774D 1D
NUTORRIZELESINLET.

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 ¢ 1,machinel, 1
mode c¢ 1,machinel, 2

[ ]
[ ]
[mode c 1,machinel, 3]
[mode c 1,machinel, 4]
[mode c 1,machinel, 5]
[mode c 1,machinel, 6]

’

T e

= e

[ S S S SR SR R S

[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,machineZ2, 6]
[mode a 2,machine2, 7]
[mode a 2,machineZ2, 8]

mode b 2,machine2, 1

[ ]
[mode b 2,machine2, 2]
[mode b 2,machine2, 3]
[ ]

mode b 2,machine2, 4

mode ¢ 2,machineZ2, 1

mode ¢ 2,machine2, 2

[ ]
[ ]
[mode c 2,machine2, 3]
[mode c 2,machine2, 4]
[ ]

mode ¢ 2,machine2,5

T

[ S S S

I = T S =S

[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 ¢ 3,machine3, 1

mode c¢ 3,machine3, 2

[ ]
[ ]
[mode c 3,machine3, 3]
[mode c 3,machine3, 4]
[ ]

mode c¢ 3,machine3,5

N

I = T =yt

I = T S =S

RITT DL, FEROBMBRANUTOL I ICH S ET.
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act["a",1] = 11
act["a",2] = 16
act["a",3] = 24
act["b",1] = 6
act["b",2] = 11
act["b",3] = 16
act["c",1] = 0
act["c",2] = 6
act["c",3] = 11

PUFCIE, 2.25.1 HiFEE, RO M Fv¥— b DEITWET.

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/HE

(Bl varvay FRE
2.23.2 BioA—7v g v FRBEOSLMED T, SAHEITU FoIEICAE 2T
RV EDE LET.

TE3E 1 (WK 1) TEZE 2 (B¥hk 2) TE3E 3 (H&hk 3)
L% a 1 3 2
¥ b 1 2 3
L% c 2 1 3

ZOBEDOREDIEEDTE TRLNR/NE 72D X 92T 51201%, Eok ok %zE D
IRIVIEEZWTL & 9 7.

ZOREIE, FATHRIN LT ORRICEE SN ET.

JEATHIK

act,, <act,,
act, , < act, ,
act,, < act,,
act, , < act,,
act, , < act,,

ath‘l < a.th’3

L% a O 113,
T5
9 a OIFE¥E 313,
75
T b OFE¥ 113,
75
T b OFE 213,
T5
% c OIFE¥E 213,
T5
¥ c OFFE¥E 113,
T 5

a2 OEEE 312517

HE 2 OVEE 2 1204T

b OEEE 2 125ET

b OEZE 3125817

HH c O 112847

5 ¢ OIEZE 312017

EROEITHNE T —2 6526058 )12 SIMPLE DET IV ET—XEEELET.
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/] NERES

Set J; // ff=

Element j(set=J);

set s; // 1F3%

Element s (set=S);

/] E— NEE

Set M;

Element m(set=M);

Set AvailMode (name="AvailMode", index=(j,s)); // &EFEOAFL— 37
ZBWTLE SN DT —F

// BIRES

Set R;

Element r(set=R);

/] VR RS

Set D; // &E— FOERRMORK
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;

// BRI (B tk DAEZEDTE THREZ D d/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] < actl[j,v], (j,u,v)<Prec;
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/[ SRIGE RN R DR AE

options.maxtim = 15;

WAEN. -

solve () ;

/] FEROERELT)

simple printf ("act[%s,%d] = %d¥n", J, s, actl[]j,s].startTime);

T=HT7AND1IORUTORIEESNET.

AvailMode =

©

mode a 1

V]

mode_a 2

©

mode a 3
mode b 1
mode b 2
mode b 3

o

o O
~ S
w N R W N R W N R

Q

mode c 1

c mode c 2

~

[
[
[
[
[
[
[
[
[

c mode c¢ 3

~

’

Prec =

o o o o
—

Q
oD N W
w P w ND DN W

RITT DL, FERORBRAPUTOL S ICHERET.
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act["a",1] =0
act["a",2] = 14
act["a",3] =5
act["b",1] =5
act["b",2] = 10
act["b",3] = 14
act["c",1] = 10
act["c",2] =0
act["c",3] = 20

2.25.2 HilFEE, BROTY M TFr— M HEIEUTOIIIITVET.

BlE (Y a7y ay7RE ofod e

act["a" 111
act[" 3" 1[2]
act["a" 1[3]
act[ B ][]
act" k" 1[2]
act[ B3]
act[ " 111 ] e —
act[ c"][2] M

act[ g 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 VAV a—Y I8

EEEOBIGTIE, H DR ME L2 EORBEENEZ2FENLITLIEH Y 3. 208
B, BMEOAFrVa—NVEEEL, FHEELEE L%, BEAFPa— N EHAELET. 20
FORMEEZ YV Ay a— ) Vo EEESEICLET.

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 ZEIE L TV, 10 RFEIAEE 72
BTG, ik 2 NPEL, s EREILT2FICR 0 E L. ZOHREDOKREDIEEDTET
AN/ NE D LI ED LI ICA TV a— NV EBHAERIXTLWTL X D).

ZOMBEEFTLIRT HICIE, MEORT YV a— NV EBEET DA, 77T 4T 1 EEBK
(fixActivity) ZMHEHTLAMENRNH Y £7. £, KRROAF P a— U RN@EIRKRZNL D
T 5%, £ COEEITHITT D sourceActivity (HEITEZREIN TV D) & WD BITHIK
LR T MR D £

UboZ tz@Ex5 L, filfe LTUIHEICULTO OB Mb Y £



189

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
sourceActivity < act, ,,10
sourceActivity < act, 5,10
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 OBWBEA%Z 5 ICHEE
T 5

Tt c OIE¥E2 OB %Z 0 ICHEE
T 5

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

fH5 b OFEE 2 1%, W4 10 BARTICIFL
B0

5 o OFEZE 3 1%, K4l 10 LIRS i3
B2

fH5 ¢ OFE3E 11%, W4 10 BARTICIEL
I

fH5 ¢ OFE3E 3 1%, W4 10 BARTICIFL
B0

£z, A2 1L, B

| 10 205 s BERFIET 20T, BFEALUTORIEESNET.

HP

machinel Mt 1, e EFIz 1

machine? ek 2, RS E %l 10 PLE 15 R 0, £
DI 1

machine3 Btk 3, fibfam iz 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
IR WTHE I NDE— 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; // =G

// ABIBIE (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(actl[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", j, 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.

Bl (U A7 a—1 7)) OO TIH]

v EE

A

VA a—= 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, EBMETINERCEMEEZHFEIN L ET. NUOPT VI3 MHEA IR
Vector/Matrix 7 7 A&FHAT B &, ERBERITIEZRAWT-FENTEL LS 20 9.

(f]78)

& 2 MU ZIT/NEREAS 31, RS 2 18, ASEERS 2 b D . ENTNDFIIC
FAFEDONEHIRARD 51 TIEY, EOFRAEFT D 0OBBMERB D> T
5895,

WE, HOFEONERNFTEERANEETHT 5L, DR 2 OAFE EIREZRIE
(A TLE-T2lz), INER 2 BN 1, /INFRE 3 ~DANEE N O 24T 5
L. ZOEEORENE X DNTCEBMHRIIE > THEK, &mFARITEET
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

BHAL, /INFRL 2 DD B/NFER 1 ~OFHEENEX E/NFERE 2 N D/ANFAR 3 ~OFFFEANEY & L
F9. AMBEKITHEBAKOR/IMETTOTX+Y /a0 £9. £/, BEMELZEETD LA
BUTHES A & D08, 2 2Tl AR e LT, 1507 O 2 B HEIZ LD TER Y 5
ZlizLET.

WITHIFIGEE2EZEZ . £, FEAKICOWTORIKE LT, FEAHK, IO AK
DRFID/NFRE 2 DANFTENBEZBL TUIR RN EVWIHIKINS Y £7. £, KEBMH
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I - THEEZ LTCE B I ENENDOERDO NFNEHIRZ W72 L0 O HilRR H 0 £
UbZSEXTKRO LI ITERLENET.

il E={ELE2 ES3} INFIRDRSE
J={J1J2} HEROEE
H={HLHZ} WL OED
_ VEERE BT D B
- EJ,ecE, jel B IR & # R &
BT
. 2L RS AN E—‘/\"r'ﬁ% ,J</\0)
JH, jed,heH B AR B A R
B MEEATS
B /NFAR A D NF T E AL
flow,,ec E
7 hov
Eup,.ecE HINFEREDNFERE BRI L
Jup;, jel HHFEREONFH ERA~TBV
RO NFH LRAIB
Hup,,h e H F PO NFE LR
L
NS by N RIS gu%
o X /] i&Zﬁ B/NFRE L ~DF
NI
y INERL 2 I B /N 3 ~ DS
NI
NBGREE R DA /NFREA~D A
X..eeE
FANEART by
Xg, = flow, +x
Xg, = flowg, —x-y
Xeg = flowg, +y
ARIBI% oR/IME)  X+Y AN D/ IME
GHER) X,y=0 FEAHIF

X+y < flow,

X <Eup

FEEANFL DRI NFAL 2~
DANFETENE 2B A TiEi
7R

B/ NFRL DN NEL DR
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(XT-EJ)" <Jup AR DA NBLOD IR
(XT-EJ-JH)" < Hup £ RS D N NI O R

Wiz, XTIV EITINET =X 7 7 A Vb5 25 SIMPLE 5 VAR LET.
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/] BELERATF

Set E; Element e (set=E); // /NFK
Set J; Element j(set=J); // HFK
Set H; Element h(set=H); // BEFK

/] ATHWNTG A—=Z LT fART A—4
Matrix EJ((e,J)), JH((J,h));

Vector flow(e), Eup(e), Jup(j), Hup(h);

S ¢

Variable x,y;

0 <= x;

0 <= vy;

X + vy <= flow["E2"];

/] EEAT b
Vector X (e);

X["E1L"] = flow["E1l"] + x;
X["E2"] = flow["E2"] - x - Vy;
X["E3"] = flow["E3"] + vy;

// K

X <= Eup;

trans (trans (X) * EJ) <= Jup;
trans(trans(X) * EJ * JH) <= Hup;

// BHBIEE

Objective obj (type=minimize);
obj = x + y;

/] KSR

solve () ;

// W7
x.val.print () ;

y.val.print();
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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

B DONF: IR
e, Eup j,Jup h, Hup
E1,240 J1l, 360 H1,360
E2,240 J2,360 H2,360
E3,240

COETNEFETTDHE, x=15.2907, y=24.70932KE 0 3O T, BEMEICADT
FFENEL 15 N E/NFRE 2 D /NFERE 3 ~DOFRFENE 25 A5G 61
9. E72, TOME, UTOLSICHERETEANEN b 1.

INEERE 2 I /N 1~ D

u15.2907

P —

INFERR1

240

INEAR2

Lz|24.7093

INFER3

L335.645

P —

make b S|

L356.347

P —

1 >

i}
4

o

l.

~

\

b

#

1

L344.355

L3Z3.653

1 %

=2

| >

i}
4

i

>
Sk
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2.27 Ah—7T « Ry a— A—{RPLTH]
NUOPT V13 5718 A X472 Vector/Matrix 7 7 ADHEWHITIEND 728, HKik
ERETIEH D TR, 2—7 - oo —X T2 RO THEL X H. ZORBEIT8]
FHETEE L TWET.

(f3i5E)
WOATHIAD, ”—T + ~u—R—fgitifis] AT %k k.
1 -1 1
1 1 -1
A=
1 1 1
1 1 1

A Zmxn {75l HBGRA AX=Yy BEXERSL57% y LT, X=A"y
NZDOFBERO—2DfEL 72554, nxm 178 A~ & A O— il nwnEd.
A DO—FITHNE, RORNGRDDHZENTEET.
AA A=A
—MHIC AT X RBICEE D AL
75 M OEEO—fETHE M~ ERTLE, A OL—T v m—X 75
AT X

A*:ATA(ATAATA)‘AT
LELZLNTE, CHE-BICEEVET. o, AT 1 A oEETHICT

EoT, ATAATA 1oxtd 2 it thla — kb Lo & sbah 9.
by, kokylcERfbcxEd.

S

H£E M 17
N 7]
TER A,,meM,neN EHATEI RSy
¥ X;.ieN,jeN IERATHIR S
H ) B %L Z ORI H B S
GIFSE ST ATAATAX ATAATA=ATAATA X 13 ATAAT A D —fiii1 75
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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), j(set = N);

/] EBATH
Matrix A((m,1i)), B((i,73));
B = trans (A) *A*trans (A) *A;

S ¢

Variable x(index = (i,73));

Matrix X ((i,3));

X[i,3] = x[1,3];// FT90 X I8 x ZFHEDIAT

// RIS
B*X*B == B;

solve () ;

/] BT e Aa— XTI
Matrix A plus((i,m));
A plus = trans (A)*A*X*trans (4);

for(int k = 1; k <= N.card(); k++){
simple printf (“$5.4f “, A plusl[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 THEITTHE, BHEIC

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

Yo Yo Vs 7
A=l T T
Yo Ja Va7

THHZ NN 7.

201
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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« 7, 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



204

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
A — VR I — T HeE R, B LA, 5, 36
—MHAT4, 199 T4 41
KEt— LA~ RRE, 76
> TR, 42

A .
Vadvay AV a— )R, 5, 173

SDP #E i, 152, 153 vaZvay 7, 173

B B

HERME=AT41], 137
HOHET iR, 4
ARy hL—F, 131, 132, 135

=7 vay 7, 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

HELFHE R, 4, 35, 37, 41
HilR=, 7, 26, 78, 113, 122
A FE 2 HIRE, 4, 101, 113

- HilKI%1E, 6, 13, 18, 26, 29, 37, 39, 40, 41, 42, 58,
- 65, 71, 77, 85, 194

Pt 751, 47

RAEFH IR, 5, 111
BIF—FIYR, 5
BRAEEITS, 194

FRIEFHIERE, 4, 7, 26, 78
JEATHIA, 168, 180, 182, 184, 188

RABIZRELE BRI, 4

&

He/INJ7 MR, 50
/NSRRI, 5, 116

eV RIS, 5, 52, 57, 58
R I7v 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 PR, 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, IF
118
T IREHEIERE, 4 EIHTIE, 25
R—b7+VA i biRE, 5
78

ES

Fo 7Yy R4, 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

oY AT 47 alE, 126
AT v/ B, 127
O ARANR—h7 VA i bR, 5

O

HIM[HE, 5, 84, 85, 97, 101



