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2. ZREHIBEOREIE LU SIMPLE TORERH
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2.1 FREf9E (sAMPLESYHIfELE 1.prj ZBR)

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.

HIRD A4 1 2 3 4 5 6 7 8 9
(%) 20 50 30 30 30 60 40 10 10
High (%) 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
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BHOENIETRNTL X 9.
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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

Z oL, BRREE, HIRAETHIER0T, BUEFEREE 2D 9



ERAL L7z fE S % SIMPLE Ttk 92 LT X 92720 £9.

mixturel.smp

S

Variable x1 (name="HRDOH4 1 DIRAELE") ;
Variable (name—"ﬁ&ﬁUYA(>2(Dﬁ%A%tqp");
Variable x3 (name="TRDOHE4 3 DIRELE") ;
Variable x4 (name="TDO&E4 4 DIRELFE");
Variable x5 (name="TRDOHE4 5 DIRAELE") ;
Variable x6 (name="TRDOHE4 6 DIRAELE") ;
Variable x7 (name="TDO&E4 7 DIRELE");
Variable (name—"rh,ﬁjid)é,\ﬁ 8 DIREHE) ,;
Variable x9 (name="TMHKD A4 9 DIRALE");

// EE!‘JF%%%(

Objective z (name="#2= A k",

type=minimize) ;

z=7.3*x1+6.9*x2+7.3*x34+7.5*x4+7.6*x5+6.0*x6+5.8*x7+4.3*x8+4.1*x9;

// FEETHIK
x1 >= 0;
x2 >= 0;
x3 >= 0;
x4 >= 0;
x5 >= 0;
x6 >= 0;
x7 >= 0;
x8 >= 0;
x9 >= 0;
/1 IRAE RO

X1+x2+x3+x4+x5+x6+x7+x8+x9 ==

0.2*x1+0.5*x2+0.3*x34+0.3*x4+0.

.3

0.3*x1+0.4*x2+0.2*x3+0.4*x4+0.

.33

0.5*x1+0.1*x2+0.5*x3+0.3*x4+0.

.4;
// K
solve () ;

// W)

z.val.print ();

1;
3*%x54+0.6*x6+0.4*x7+0.1*x8+0.1*x9==0

3*x5+40.3*x6+0.5*x7+0.3*x8+0.1*x9==

4*x54+40.1*x6+0.1*x7+0.6*x8+0.8*x9==
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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

TR O GBI DR
j D

TR OA4 T OB EH =0 O
=7 Q N

HERReIR | o AR

r.

TR D E 41 DIRE R

TET N
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Wz, B Rk, X &, BER$R) 27 —F 77 A Vb5 %5 SIMPLE €7 V%
RLET. ZOXICETNET =X 20T D2 L1280, HIROAEOESCMH A R O
DENEDLST2E LTHET —F 77 ANEERTLHET THIGTEDL L1872 9.

mixture2.smp
/] BELIRT
Set Alloy (name="MROAEEAL");

Element i(set=Alloy);
Set Blend (name="{HK&BEE") ;
(

Element j(set=Blend);

/] INTA—=H
Parameter r (name="#&ktEE", index=(i,73));
Parameter c (name="2 A ", index=i);

Parameter b (name="HELLE", index=7);

/] BEK

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

// HHIBI%K
Objective z (name="#222 A h", type=minimize);

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

// AR

x[1] >= 0;

// RGO

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

solve () ;

// H

z.val.print();

x.val.print () ;
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T—=4T7 74N (.dat ) I TFDOLH 1T 7.

data2.dat

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,Zinc] 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 =

[1] 7.3

[2] 6.9

[31 7.3

[4] 7.5

[5] 7.6

[6] 6.0

[7] 5.8

[8] 4.3

[9] 4.1

HiER =

[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 BERRE (SAMPLESY(IfELE 1.prj ZBR)

s B T DO A ) S I DB B A~OW ORI F Z RO LB E NS Z N TEF
T i LR A ) — R, WoONLcREE T — 27 LT, mEMEII Ry Y —71C &
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 IARMRPLLRWEEOEONT 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 TELEPLEIEH~OEEREZ UL TOXO LS ITRELET.
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wIZ, BWBIEUL, THEMOIEH~OFERKEICONWT THAEH - Ok a A b & Tk
B OFOBME LTERBT L ENTEET.
%%Kﬁ%%@@# Bk I AR DB VO T, AR L COEARALETT.
BIT, HETHIZOWTTIEHEN S OEEOMPHAG TR T TH 5, FIEEIC OV TSR~
®%%§®ﬁﬂ EERELELY, Wb £

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 OEEROHIK 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

Fy U — 7 CRBETEXAMENLLIE, FTRTEELIICET — I LTERAYE
%) —RIZOWTHINEZTEZTHZ Ltk TERfbEnET.
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ERAL Lo R % SIMPLE TRl 2 LA TR 91T £

transportl.smp

/] B

Variable xla (name=" T35 1 /55 a ~Dig%s &
Variable x1b (name=" T4} 1 2 5JEEH b ~DfgkzE"
Variable xlc (name=" T4} 1 2 5JEEH ¢ ~DfgkzE"
(name=" T35 2 75 JE&H a ~OE "
(

(

’

’

’

’

Variable x2a

’

Variable x2b (name="T.35 2 /»5JEEH b ~DfHkE"

)
)
)
)
)
Variable x2c (name=" T4} 2 75 JEEH ¢ ~DfikzE")

’

// AR

xla >=

x1lb >=

4
;
xlc >= 0;
x2a >=

x2b >=

’
’

0
0
0
0
0
0

xX2Cc >=

’

// L DAEFERDHIK
xla + x1lb + xlc <= 250;

x2a + x2b + x2c <= 450;

[/ TEEOFEEEOFIF

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

// HEJREE

Objective z(name="#8=2 A [", type=minimize);

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

// K

solve () ;

// W)

z.val.print ();
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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

>0

ij =

, Vi e Cannery, Vj e Warehouse

X

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, NT—2EtE2T Ve LT- SIMPLE T V&R LET.

transport2.smp
/] BB LT

Set Cannery (name="_L3");

Element i (set=Cannery);
Set Warehouse (name="JE&H") ;

Element j (set=Warehouse);

/] INTA=H
PAoE=R

Parameter upper(name="ﬁ§%ﬁﬁﬁb§1 , 1index=1i);

=T

Parameter demand (name="FE&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,jl1*x[1,3], (1,3));

// AR

X[llj] >= 0;

/] T3 DOAFEREDHIFK

sum(x[i,3]1,73) <= upperl[il;

// TEEOTEEEOFIF

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

// K

solve () ;

// W)

z.val.print();

x.val.print () ;




T—=4T7 74N (.dat ) I TFDOLH 1T 7.

data2.dat

,f/\l ﬁgi =
[1] 250

[2] 450

~e

D D w DN W
a0 N D

COETNEETTLE, UTOL I RERMEONET.

A h=1620

Bk R [1,"a"]1=26.4602
Bk R (1, "b" =200
Bk R [1,"c"]1=1.79049e-008
Wk [2,"a"]1=173.54
BEE [2, "b"]1=3.58099e-008
s [2, "c"]1=200
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2.3 ZHMFHERE (SAMPLESYSIELE 1.prj BR)

ZHIMEHEFE L 13, ZHMIChZ I ICERRELZ T HHMEO Z L2 nET. 21
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, SREOEETEEa A N, KRGO 2L oM, FREOA 2L oF|H 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,
FREINT-HEOHEMNEE 52 5 NEEIORAREEDOTHIK 2 L o> oM X M
B/MCT 210, SRR 2EMGOAFERLERRELZ EO LS ICRETIUIZEWT
L k9D

Z DORE%Z NUOPT THEL 7o DIZERIL A ATV E T AREIEIISCHK (21202 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.

RABRICHIFIGAE Y. £9, S L OFARKALETT. wIZ, 17 AICFATED
JEEFRRD HINTND DT, £ H I EIZEFEEHIBE T 268 NETYT. I b, FRAMmITxL
THEERIIRO AR LEEETOT, TREEE X HmEOHINZ N £

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

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

FEAHIR

JEEF DK

X, 20, X, 20
X, =0, X,=0
X320, X3 =0
y|120, ylllZO
yIZZO' yII220

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

Xi—Yu= 30
Xu—Yn= 20
Xot Y=Y = 60

Xigt Y=Y = S0

X3+ Y, =80
Xis+ Yo = 90

A lcoWT (14 HA)
B IZoWT (14 HHA)
A lCoWT (2 # HA)
JFELBIZOWT (2 # HA)
FE A IZOWT (32 HH)
FEBIZOWT (32 HH)

L TIZoWT (1 »HH)
B TTICHOWT (14 AH)
L TIZoWT (22 HH)
B TTICHOWT (24 AH)
R TICHOWT 37 HAH)
B TTICHOWT 34 AH)
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B8 % SIMPLE CitilR 9D ELLTFTOL I £,

multiplanl.smp
S
Variable x11

(name
Variable x21 (name
Variable x12 (name
Variable x22 (name
Variable x13 (name
Variable x23 (name
Variable yll (name
Variable y21 (name
Variable yl2 (name

(

Variable y22 (name
// HHIBI%K
Objective z (name=
z=75*x11+50*x21+8
/1 HEAHIK

RS T O 1y HEDOAER) ;
R IT O 1 A BOAEER) ;
=B T D2y HADOAEER”) ;
R IT O 2 » HAOAEER) ;
=" T D 3y HADAER”) ;
8L IT O 3 2 A BOAEER) ;
=" T O 1y HHOEER) ;
=" 1T 01y HBOERE”) ;
=B T O 2y HHOERER) ;
=" TT D 2 » HHOERER) ;

"a A K", type=minimize);

*yll+7*y21+75*x12+50*%22+8*y124+7*y22+75*x13+50*x23;

x11 >= 0; x21 >= 0;
x12 >= 0; x22 >= 0;
x13 >= 0; x23 >= 0;
yll >= 0; y21 >= 0;
yl2 >= 0; y22 >= 0;

/7 JEEFO I

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;
// HATA B Ol

x11 - yll == 30;
x21 - y21 == 20;
x12 + y11 - y12 == 60;
x22 + y21 - y22 == 50;
x13 + yl12 == 80;
%23 + y22 == 90;
/] KA

solve () ;

// W

z.val.print () ;
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28K

ERES]EE
(Fe/Mb)

kS

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

use.,i € Product, j € Material

ij?

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

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

X,,1 € Product,t € Period

Y., 1 € Product,t € Period

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
X — Yy, =0uty

Xip + ¥ip — ¥ip =0Ut
X3 + Y, =O0ut;,

B ZAEET D OICKLE K
K j ot &

t o A BT o &

t » A BHOER | OF A HERE
B OAEFE R R

WA OfEEa 2

Wit » A B4R
@uﬁ':i Ot A BOEEE

=6
>
n
N
-

A B D IE AT
T & D IEA IR

JECRFDAE I B D il

1 » HHOHREIZHSOWT

2 » A HOHWEIZOWT
37 ABHOHEIZDOWT
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W, E¥ET—H T 7 ANNLE5 25 8BE50FT VERLET.

multiplan2.smp
/] BEEWT

Set Product (name="#45") ;

Element 1i(set=Product);

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

Element j(set=Material);

OrderedSet Period (name="Hi[{") ;

Element t(set=Period):;

/] INTA—H

Parameter use (name="JREHEHE", index=(i,3));
Parameter out (name="H{f&E", index=(i,t));
Parameter upper(name="ﬂ&£&fqﬁﬁﬁi", index=(j,t));
Parameter costp(name="fEE§:PX k", index=i);
Parameter costi (name="{EJfE = % k", index=i);
S

Variable x (name="4jE®E", index=(i,t));
Variable y(name="ﬁﬂ$§%", index=(1i,t));

// BRI

Objective z(name="#2=2 A [", type=minimize);

z = sum(costp[i]l*x[i,t]+ costil[il*y([i,t], (i, t)):
/] FERHIF

x[i,t] >= 0;

yli,t] >= 0;

// JERF Ol

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

// TEEEDHIF

x[1,t] - yli,t] == out[i,t], t == 1;
x[i,t] + y[i,t-11 - y[i,t] == outli,t], t == 2;
x[1,t] + y[i,t-1] == out[i,t], t == 3;
/] KA

solve () ;

// 7

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

y.val.print();
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data2.dat
JRRHE & =
["I", "A"] 2
["1", "B"] 5
[("r1", "A"1 7
["II", "B"] 3

~.

920
750
500
790
600
480

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

’

fEEa A~ =
["I"] 8
[HIIH] 7

’

IOETNEFETTDLE, UTOXI RERNELNET.
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A h=21199.2

AEPER["I",1]1=38

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

e ["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, —OEEANRH ET.

FREORMEETIZENT, EEEICETIRFNEOLEE 3 » HRIZOVWTHAELTY

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

HABE L T\ 2B 7.

LasL

e CTIEFER ("1, 3],

TR0 ET.
TEFER [("TI", 3] &E

bt

D DEHUZ SV TIEAHIKILIS ORI 23 720 2
IE/MEIZOWTDO LD TH D Z L,
RS RIE ERL oD L 912
#£LTYH,

ZOEDIZLDIC

&AL LIZBRIZ

&, BLOHRIBEE (=2 )

ZOMWENS, EEE["IY, 3],
E 0 L& LUVVEL
— itk

FERE ("11", 3] DK

RO EEA.
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‘D& HT1E (DEA ; Data Envelopment Analysis) &id, #EEDEERDO I 2hRK M

ZHES D HIET,

At S o0 BRI & L Tix, 89T - Wl dbiF o E 7.

PITFOGIETIE, F=—ERALTWD 6 JFEIZ) LT, DEA ([ZIEDW T ZhZ3M: 0N 21T
WET. B, REITH (31255 e L TWET.

(BilE)

b oM, UTo 6 JERizinz Tnd.

JESE S 1 2 3 4 5 6
JE B 5 10 20 20 30 50
PR H] 24 12 12 24 12 12
7¢I 2 6 10 12 12 20

FIEEAS, EIEEICR L THMRICIRATH 2008 5 a2 fERE L.

ZOMEOESEIZRO & 512720 £

HAEBE (AMb)

il

A« =

X

inD.;, keK,iel

outDkyj, keK,jeld
inW,, iel
outw;, jel
> outD, ,OUtW,
K '

>inD, inW, =1, VkeK

ANHARS
HAHAES

IS

KGR (238005
I HEEE)

AT —4

AT —
ASER RS B EL

HAHE A (S5 5 HA

XRIEHIZTHA

PIE I IOV S
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D 0utD, ;0utW; < 3 inD, Wi, 4 e k5 7 At
J i

vk e K *H
0<inW, Viel
B DIFERLE

OSOUth, Vjeld

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,

Ah, xtEE K o2, (R /BAD) 2L ED, ZhikRIbd 2 X5 2l
ERVET. Ik, ZORMEOERL DK ANHNHBICHT DHEARAT, KIEHLETEZ DN
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
BOGRHIIETH 5720, HIRAIIDIZ RS 2000 Th —fettidkbin e <, 7 A

B oo Th, EHSE 1 EEMTHD LV HHIKRTERD LT, 2 FHn05% AR

B LTH xR bivEEA.

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

PLEDS, AREEICRT 2 @R Lo T,
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DEA. smp

/) ANHHERES

Set I (name="AJJIHHEEA"); Element i (set=I);
Set J(name="[H7JHHESL"); Element j (set=J);
/] RS

Set K(name="JL#i%EA"); Element k(set=K);
WAFSE I |

Set Kbar(name="§#§ﬁ§§$", superSet=K); Element kbar (set=Kbar);
/] ANNT—4

Parameter inD(name="]9ﬁ5§b‘5", index=(k,1));
/] T =%

Parameter outD (name="H717—4%", index=(k,j));
S ¢

[/ AJJHEBIZKET 5 B

Variable inW (name="inW", index=1i);

// W7

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

// BRI

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

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

// il

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

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

0 <= inW[i];

0 <= outW([jl;

options.method = "simplex"; // HAKIEOFI]H

/] KR

solve () ;

/] RERHT

f.val.print();

inW.val.print () ;

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

(csv BT 714 1)

inD.csv outD.csv
AT =45, EER, BBEH hhr—%,5% L
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 B 7 7 A /L)

Kbar.dat
RRIEE = 1;

SEIET OFEE S : 1~6) 1T L TEREMEETHRWHERELUTORIZE LD ET.
E, —ERE RN LT BN A PIFE LA L7 fETERD L TWET.

5 &R 1 2 3 4 5 6
B A B A 0.667 1 1 1 0.9 1
AN HAE (EEH) 0.2 0.067 0.04 0.033 0.025 0.017
HH BHH (BFERFHE) 0 0.028 0.017 0.014 0.021 0.014
H D
HH BA (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
LSl e p)EMH OEHES 1, 5) 1%, SFHEHNEHAZTEOL S REAEZERLT
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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2.5F 7Yy 7 BE (SAMPLESYIELE 1.prj ZH)

F o TV VX, Ty TV 7 OFIN L DD I % DA T I S O RATHE & B
RIZTDEVWHIRETT. 72720, Ty 7V o7 LEMICEENTNEEN 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 Z7REEMEIND DO TT. ek,
0—1F v 7 ¥y 7RBEICOX £ LTIE, KEIOKRE TR LET.

(f51]8)

BE 65 DT v 7Yy VICRORIZH DM ZGE0AL Z 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) 1LV OME 1EbEYOFR
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.
ZO, BEET 0 LLEOELIERS 20 E WS Z EEHIKFEMEE LTHRL TR LEN
b FET. ek, TofEiEwirte) 1T 20 EiEbiAEe ] EMIRL £,

WIZ, KL 52 L2725 BRBEUIFEDIAA T S O ORMIE T . Zhid, Fiamizon
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, ZORIMNT 7y 7OFETHD 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 KAD X R R L OEEL
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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knapsack. smp

/BB EREEET D

IntegerVariable coffee (name= "fia—t —OfFE%EK") ;
IntegerVariable water (name="/KA Y Xy AR FLOEE") ;
IntegerVariable banana (name=" N7 OfEE") ;
IntegerVariable apple (name="¥ A T DEEL") ;
IntegerVariable rice ball (name="HIZE ) OEH") ;
IntegerVariable bread (name=" 3> DfE%K") ;

L i1k S O [ )

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

total value=120*coffee+l30*water+80*banana+100*apple+
250*rice ball+185*bread;

/A EIZET il
l0*coffee+l2*water+7*banana+9*apple+2l*rice ball+l6*bread<=65;

/ /% i 0 B LA EES DIATe
coffee>=0;

water>=0;

banana>=0;

apple>=0;
rice_ball>=0;

bread>=0;

/IRBE LRI 5
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.

EIAT, ZOETNVIZONTHRYOFESE/ E 2 A LI-WE SIMPLE TORRZEES
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 ERMITROEHICEXTETZENTEET.

e Object ={i 21—t —, KA Xy bR IV, ST D AD, BIZEY, "}
) DES
ARG count. ,i e Object a1 AR IATE S
TR capacity T TV ORE
value, i Object s 1 O 1 EHTZ D Offifi
weight, i € Object w1 D 1EHTZ Y OFE
H HBE%
W 2 value,-count, Gl BT 5
(%jﬁﬂj) ieObject
I D" weight; - count; < capacity s B B %
ieObject
count; >0, Vi € Object Fanid 0 UL EREOIAT

ZOERILE SIMPLE T+ 5 &, UTOL S RBEALDICRY 3. ok, WWoHE
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knapsack. smp
/D ESEEET D
Set Object;

Element i (set=0bject);

[/ T—HT7ANNEEZ DRI A—HEESTD
Parameter capacity(name="7F v 7% v 7 DOEE");
Parameter value (name="iMDMME", index= 1i);

Parameter weight (name=" ¥ DK E", index= 1i);

/BB EET 5
IntegerVariable count (name="7%»OIATeEEL", index= 1i);

/ / RATAE D e KA
Objective total value (name="#AflifEi", type=maximize) ;

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

/ /BT Bl

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

/ /i 0 LA ERS DIATe

count [1]>=0;

/)R LIEREZ T 5
solve () ;
count.val.print();

total value.val.print();
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E, SEOFIEIZOWTO dat 7 7 A VIFRO X 5

(2720 £

data knapsack.dat
T Ty 7 DR E=65;
dn ) O fiff e =

—kb—1120
zk]\@f\/ AN RL1130

HFa—k—]10

DAZ19
BizEy 21
/N116;
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BB, ZOFETIE MEa—b—2 3 i) &V KO ICERENRTFTIRY [H L2 ffE <
ORI ENRTEELE. ZNTIE, £ OWNWTTHy 7Y v ZIZGEDIATe Z W TE 5
DT 1T END ZEIZTHEEDLIITRDETLL I, B, ZORIREMx5E 0-1
Fo 7Yy ZEE WD AR 0-1 BEHGHEIBEIZ /20 £97. SIMPLE TiE, 0-1 £¥Th
HEVOESEMBIIT) 2 LN TEET. BRI, K EWAbEE sIMPLE ET L
HCERAES LTV DLEn %

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 <
0 ET. LEORIZOWTET LN T 7 A VB EXH X T2 (knapsack3.smp &) £ T,
NUOPT THEATS ¥ D &,

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

A "/\7L+" =1

A "Xm=1
"EFoa—bk—"]=0

KAD Ay AR Rbm=1

I
i
G
=)
fied

("
[
[
[
[
[

BB OB BB D
.5

&
[
=y
B
%

«

:ﬁfﬁﬁ“ =745

EWVOFERMFFON, Ta—t —LSOMPEFEDIAT LRV E WS FRDND £,
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2.6 HEAWBENE (SAMPLESYBIESE 1.prj W)

B U LEOHFEEOBRBIOEMOESITHIET 23X MREXLATNSHEDE L
FT. ZOK, BTO U OEHRE I A= 5L I ITHOEBOHEN LI ELEEZED, TOR
2D A A N EiR/MNTT 5 L) RBENESHRERE T CHBNCITREBEEA Y2 —Y &~
JRER ERH Y £F. REBESWBMBEOSLE, U OFEHRIZOWTHEEEDEH I EE T
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
HHIW, BEEEFRATLZ LR L. ZofMTCEEEE 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
ki B, E 175
H C, D, E, F, G 560
1532 A, F 205
S B, D, F 245
IES D 80
ks C, G 195
N Cc, F, G 265
FTIE B, E, G 190

ZOW, BV R RN TT OO TERTCICEETADICITHE AT LR
WTLEID. 7270, BOEFRET Y 7O—EOLZKIET S (B : (FFEICB & DDA
KIET2) Z&ixTERVnEDE LET.

ZOBIEOEEIL, FEMEIZOWT AT b LI RALRWY] W) iRERFH
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 (X =10%4) 1213200 O3 X SR £7.

—F, LD E (X =0 08A) IMEBIC OV TS 2 2 F 23500 84
BV DL, DIpoloa A RN 0 THHEW) ZLIZRVET. LoT, KHIFLEALLE
Bale 2 SOREEELD DL, ERICOVTTEBITIT 200X, 4, O3 A FRPhoTo bR

BTEET. MOEMFITS L THRRICERO A M E2RL, TORMEZID & EBRIZ)Hr-o
TR A NERDFET. TR MR, RAMETDHZ LIRS BRI T
HFIRRIECONTIE, TH=Y 721 AMERESNHTND ] &0 {2 NTHRBET DL
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 + Xonne + Xagag + X+ Xown 7 Ko+ Xuwe # Xugr 7 Ko+ Xieps

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

P
Eiﬁ;fifi) 200X, 5 +280X, ;. +175X i +560X;,, +200K,,., +245X 5 +80X . +195X,, +265X, , +190X ..,
Bax koMb

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 CHRERREICT 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 LI RICOWTEDE £ SIMPLE Citd T2 KDL D120 £

coverl.smp

/I EBOES

IntegerVariable x_sato (name="{&f§", type=binary) ;
IntegerVariable x_ suzuki (name="#iK", type=binary) ;
IntegerVariable x_ takahashi (name="{&", type=binary);
IntegerVariable x_tanaka(name="Eﬁ?",type=binary);
IntegerVariable x watanabe (name="{iJ", type=binary) ;
IntegerVariable x_ito(name="ﬁﬁ%",type=binary);
IntegerVariable x_yamamoto(name="ﬂb&",type=binary);
IntegerVariable x_nakamura(name="4ﬂ#",type=binary);
IntegerVariable x_kobayashi(name="d%*",type=binary);
IntegerVariable x_saito(name="?§$§",type=binary);

// BEIBIE DR E

Objective total cost(type=minimize);

total cost=200*x sato+280*x suzuki+l75*x takahashi+560*x tanaka+
205*x watanabe+245*x ito+80*x yamamoto+195*x nakamura+
265*x kobayashi+190*x saito;

//B= VT 1 AL ERES S

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

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

X sato+x tanaka+x nakamura+x kobayashi>=1;
x_suzuki+x tanaka+x ito+x yamamoto>=1;

x_takahashi+x tanaka+x saito>=l;

x_suzuki+x tanaka+x watanabe+x ito+x kobayashi>=1;
x_tanaka+x nakamura+x kobayashi+x saito>=1;

[/ RIEUIREZ 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 EHAL. 20D
72, WHBICZ D Lo lcERL LR A BT Z LI LET.

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

5T, WRRMFICOVWTHLRELET. #ilxiE, =U7 a2 1 A ERESR TS &N

9 HIFIGRATE Xy + Xop g + Xy ZLIZOWTIE, EDOBEMH L HEET D &

Dy + Dl + O+ 0%+ Dy + O + 0% + 0Ky + 0%y 0% 21

LEHBTEET. 22T, ZOROELEEICOVTWARE 0 F721% 1 24 bESE LT
Hx2Z LICLET. £, hoHIEIZ O W THRBRICERZEALET. 5L, £V TIC
X D HIEFIE A TR U A CTERLTE 7. ZORE, SIMPLE TlE— 722 COR
WTHIETE, VORI TNEDITRD £7.

Pz 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}  =UTHA

i 1 2R M9 D85 1,

0-1 2% X, i € Man B

R LRI 0 2 HuD 2%
. . . AT YT G ICEERRERR 1,

- deliver, i < Man, j < Area ffi# 1 2A V7 3 ICBLIE AT REZR Y 1

AATREZRIF 0 & HL D
cost;, i € Man EAfiE 1 2R LB % b
e 2 costx, a2 FoRME
(/M) ieMan
P > deliver x, >1vje Area 7 SCOT YT CRUEAREC A D

ieMan J: 5 KT%)
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ZhE SIMPLE Titikd 2L, kX220 £4. 2B, fREH I VWTiET—4% 77
ANVORNEFEZS &I Y T L CHEBIMICARISNET.

cover2.smp

/IEREEEB IO THREDES

Set Man;

Element i (set=Man);

Set Area;

Element j(set=Area);

[/NT A =B BIOERDOES

Parameter deliver (name="HElEr[HE Y 7", index= (1, 3));
Parameter cost (name="=2A K", index=1i);
IntegerVariable x(name="¥¢M", index=1, type=binary);
/¥R b EfMET S

Objective total cost (name="# 2 A h", type=minimize);
total cost=sum(cost[i]*x[i],1);

/7B TIZELE T 5

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

/I RIEURERE TR D

solve () ;

x.val.print () ;

total cost.val.print();

FITSELBRITIE, ROBZEFEETY 72K T csv 7 71 /L (areadata cover2.csv) &
I X M&FKT dat 77 A /L (costdata cover2.csv) @5 E7T.

areadata cover2.csv costdata cover2.dat
fid#Enfe~Y 7 ,,B,C,D,E,F,G IR b=
¥p%,1,1,1,0,0,0,0 (#1200
$K,1,0,0,1,0,1,0 [#8AK1280
"it%,0,1,0,0,1,0,0 [Ef&1175
m+,0,0,1,1,1,1,1 [HH11560
¥52,1,0,0,0,0,1,0 [&i1205
{##%,0,1,0,1,0,1,0 (g 245
iA,0,0,0,1,0,0,0 [HiA180
4+, 0,0,1,0,0,0,1 [FFf1195
/NME,0,0,1,0,0,1,1 [/’MK]265
#%,0,1,0,0,1,0,1 [FHE1190;
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IDETNT 7 ANEEITSEDZLICLY, - JHE - FiE0 3 ARBHATHLEREL,
ZOBEDR A ML 635 THDHE W) T ENHND E9.

Z 2T, NUOPT DFRIEIZOWNWTH LIRRTEE ET. S EIOHIME CIIREMELE L AV REZ
LE LR, —FHT, 0-1 BEGHRMEOL S ITILEUMETH 5 wesp Z HWVIEEEZ RO 5 Z
EHTEFET. wesp ZHAWVEBEOIEEEZ KD TZWIEEITIE, SIMPLE €7 /LH® solve () ;
X v

options.method="wcsp";

LRBLET. 2B, wesp ZHW DL EITITE T RIFITHAT 2 ERZ W O0RET H 2 &N
TEET. #l2IE, wesp ZEKRT IHHFETLET LEWGEITIE, E7V7 7 A1IC

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
LTRETEET. (coverd.smp M) EITT5L, 8K @ff - PHERAT2LREL, &
DGEDR I A T 650 THDEWVIFERNE LN ET.
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2.7 B KRS (SAMPLESYHIRELE 1.prj BR)

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 AIZEET D b0 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 RN
fra B T 6 A HUS~OH%E R
fre B T 6 B HUS~OH% R
fac A HLED D C HLA A~ DB
fac B HIA A B C HES A~ DB B
foo B HILAA B D MU~ DB
fey CHIEAD LA N T v~k
fov D HIE/NE LA N T L~ R
H R (Rkib) total N
il SES G total = f,, + f,5 B T C ORI B
fin = fac A Hi S T o R R AR
fie = fac + fop B Hi s T O fak AR AR
fac + foc = foy C Hi T Ok B ARATA
foo = fov D H5 T O% R ARAER
fey + foy =total LA KT v TOg%E
0<fy, <4 B T 5 A HS~O#% RO | TR
0< fg <6 B T 6 B HuS~O#i% R | TR
0<f, <5 AHLED D C HL A~ DR D E TR
0<fgc <4 B HLE B C HLA A~ OISR D b TR
0<fgp <3 B M1 B D M~ OISR D E TR
0<f., <8 CHIEMD LA BT o ~OR%EED TR

0<f, <5 DHIEND LA b Ty ~DRERED TR
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% SIMPLE TRt 425 L UUTDO L HIZ2D £5.
maxflowl.smp
/I BEBDOES
Variable total (name="# T3 5H LA KT 2 ~Dj ff}igl EEM
Variable f XA (name="#f5 T35 0 S A ~OkE
Variable f XB(name="#f5 T35 5 A B ~Di 92‘%"
Variable f AC (name="Hi A DML C ~DHIERE") ;
Variable f BC (name="HHi B 72 HHIE C ~DHEE") ;
Variable f BD(name="Hii B 2D i D ~ODHEE")
Variable f CY(name="Hif C 725 LA b7 v ~DlfikiE")

Variable f DY (name="HI/AD D LA T U ~DlgikE") ;
/ /KR % B D e RkAk

Objective obj (name="H#¥ TGN 5E LA b T o ~D#HHIE
obj=total;

/ /45 HiLRUC OBk &

f XA+f XB;

\

",type=maximize);

total==
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;

/ /AR BET D R
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;
//RBLTEZ 9%
solve () ;
f XA.val.

f XB.

O

print (

print
val. ;
f AC.
f BC.

f BD.

val.print (

’

val.print();
val.print

£ CY.
f DY.

val.print () ;

)
)
)
)
)
)

val.print (

’

total.val.print();
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TODETNTFANEEITIED L,

i
=
H
Ni
&
o
=
Ir
g
)
S
&
5
Hﬁbﬂ

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.

H£E City={A,B,C,D, X,Y} Ty

I total TR 08
fij e Clty, j ECity 1D 5~ R

H RS % otal B

(KAL) rETIIS A

R upper; ,i City, j € City i b § ~ORIEREO LR

mioger total= 2 f P
iz f, = Z fs, Vk e City \{X,Y} Sy
i;‘y f = total LA R Ty COlik R

0< fij < upperij,vi, j e City i D § ~OWIERED - FIR
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kY, SIMPLE TOEMBITKRDO LD b DIz 9.

maxflow2.smp
/T OREDES
Set City;
Element i (set=City),]J(set=City),k(set=City);

/I EBDOES

Variable total (name="#J} LD LA KT o~k E") ;

Variable f (index=(i,7j)):

/72 RIEOBERED LRZ AT A—2 L LTES
Parameter upper (name="Hk&E D LR", index=(i,5));
/ /¥ & D fe kAL

Objective obj (name="8HTHENE L R N T o ~DOREEE", type=maximize) ;
obj=total;

/ /% HiLS T Dk

total==sum (f["X",31,7);
sum(f[k,j]l,j)==sum(£[]j,k],]3),k!="X", k!I="Y";
sum(£[1i,"Y"],1)==total;

/ /BRI 5 LRI

O0<=f[i,jl<=upperl[i,jl;

[/ RIRE LT Z 1%

solve();

total.val.print();

R, FEATHRRICIIRD csv 77 AV EH 2 £

upperdata maxflow2.dat
kR 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
0,0,0,0,0,0,5
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
O—0
ed
el
' ed
=
el
(E———s{D)
eb
XD 7770w E |, FDOEEEEZRSETDHZ brve X, KUOHEED
FIRfEZE Ry & T B2 R upper < L,
max Xﬂow
st I x=0,
X < upper,
x>0

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

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

£E
Edge ={el,e2,e3,e4,e5,e6,e7, flow}
25 X, , e € Edge
. I(v,e),veCity, e e Edge
TER

upper, , e € Edge

HArBIE GrRfb) X

flow

fiESESER I x=0
X <upper
x>0

oR
S|
S
&
=
ffm
S
[_[_
3

B0 2 DO AR A7 A
KigE RO LR
K HE RO TR




ZAUZ XY, SIMPLE TORIMBIZIKRD L 91T/ F7.

49

maxflow3.smp

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 MV x [T xvar Zi5OIATe

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 maxflow3.csv

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
¢,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

uperdata maxflow3.csv

e, Upper
el,4
e2,6
e3,5
ed, 4
e5,5
e6,6
e7,7
flow, 37
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2.7. 1%/ y &

RV Z, $OERTEREO —RIBICEAE LI L 2R LT, TORMMETH D,

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

ThorEorex7 v a ZHNT a-X ERTILENTEET.

Ko T/ > MRIEIE,

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

st 1'y+z>a,
z>0.
DEHIZFHEBRT B ENTEET.

ERALIZHOWTIE, RO L H IR £

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

P y, , vV e City
z, e Edge

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

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

flow

HAgBI% (Bek1k)  upper -z

IFSES LS I'y+z>a

z>0

#HiinkEs
WOLEE

B T3
F D DfGEED B[R

e

2\
[

oy MR

PICSETOEN
R BHRRIC T 5
WA 0 Ak




XY, SIMPLE OFMRIIRD L 570 £

mincut.smp
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);
ylv] = yvar(v]; // X7 kv % B yvar ZEtHiAte
zle] = zvarlel; // X7 MV z [ZE¥ zvar #EEDiATe

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

cut = inprod (Upper, z);

Vector a(e);

a = zeros (Edge);
al"flow"] = 1;
trans(I) * y + z >= a;

z >= zeros (Edge) ;

options.method="simplex";

solve () ;

cut.val.print();

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

B kO E=10

LWIH RN SN, BAMEL R CABEBOEZED Z N TEET.

51
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2.8 B/NEFFiE (SAMPLESYHIELE 1.prj )

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 RNEBELTCOEFATLE. £i2, 8B TH»S 1 BICHHTT 2MEROENRRE ST
W5 KD GBI O Gt TR 21T O MENH Y T

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 VAT ATON— MERSEHEOREEN2 EISH STV ET.

(1517)

b HEZET, x OB TH CRIE LI/ EME YTTO LA NT o E T 1 HIZ 8kg i
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
ETDHMETORIZEDPNTOWBREARI»LY . 2oL X, INEHE skg BT
Binb LA b T ik T DB 5B MITREWS 5 TL L 90 22L, £M
R ITA DM Bk SN T E I/hE A2 2 THOHSICEIXT 26D & LET.

BT L 1kg H7=
D DEH . 5 .
f T3 x A 250 g
B T X B 200 4
A C 270 4
B C 300
B D 220 6 -
C VAT LY 190 g
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
AIfiZSZIC LT IEEV. o, BEMIISIEL— MZOWT UhNER 1kg H720 O
& T L/ hNER O &) OFEZRDBMEZ LD L TROLNET.



UbkDZ Lk,

ZOBEEIFRDO X Y ICERLTEET.

53

2K

A% (F/IMb)

il

£

1

B T4 D A L~ DB &
B T4 D B ML ~DHi % &
A M D ¢ R~ OHE
B MmN C Hs A~ D%k &
B M5 D M~ DOl R
CHISMND LA N T U ~Dfi%k
D MmN D LA kT Dk

e

il

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

8= fXA + fXB

fXA = fAC

fXB = ch + fBD

e H]

B T C ok &

A M ok E ORI
B M5 C Ok & OLRATHI
C Hi s T O EORITHI
D 15 C O R ORI
LA NTrTOREE

BT D A HUSA~OF%EEO E TR
B TIN5 B MU ~OFEEO E TR
A ML N D ¢ HLR A~ OIS EO B TFIR
B M D ¢ M~k EO TR
B M5/ D D S A~DOEEED TR

CHIEMND LA R T o ~DlEkEED TR
DHISE NS LA N U ~DiEED TR
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ZOfER%E SIMPLE CRelb 35 ELLTFD L H 12720 £,

mincostl.smp

/1 EBDES

Variable f XA (name="#5 TG 6HE A ~DOlik&E") ;
Variable f XB(name="# TG 6 MM B ~OlfikE")

Variable f AC (name="Hii A 22D C ~DHIER") ;
Variable f BC(name="Hi/ B 22D iR C ~DOEE") ;
Variable f BD(name="Hii B 2D D ~ORERE") ;

Variable f CY(name="Hif C DL A NT U ~OfiEE");
Variable f DY (name="HI;ADNHL A LT U ~DkE") ;
/ /R O fIME

Objective totalcost (name="#ZMH", type=minimize) ;

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

+
170*f DY;

/ /% iR T Ok
8==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==8;

/ /HE R BE9 5 b FIRIAY
0<=f XA<=4;

0<=f XB<=6;

0<=f AC<=5;

0<=f BC<=4;

0<=f BD<=3;

0<=f C¥Y<=8;

0<=f DY<=5;
//RIELTHEZ T %
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():;




IOETNEFEITIEDL L,
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TR L3570 5 HAR A ~ Dk
TR L3570 5 HR B ~ Dk
A A 2> D HIER C ~ DBk =
A B 2> D HIS C ~ Dk &=
A B 2> D HIAS D ~ Dk E=
A CIHD LA RNT Ok R
A DML LA RNT U ~OWfik =
e H=5260

=
HB=
=
HB=

EWVWIHIFIRDEN, MEREMERTETET.
L ZAT, ZOEFEOFBTIHA T OENZWEIZISHT S Z EBnREETT. 22T, #if
DEEEVWIMAEETEANL, LERT—HEERE LTIHENLE XD X 91295 2 & TRIFMK

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.

=

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

5 ”JEQWJECW

EE upper; ,i e City, j  City
cost; ,i eCity, j eCity
supply. ,i € City

H A BI%

> > cost, - f
jeCity ieCity

(f/ME)
oz 2 o 2
ieCity jeCity

0 < f; <upper,

ij?

— > f, =supply,, vk € City

Vi, j e City

#HitinkEs

15§ ~Ok g

15§ ~OEED ER

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

B H R T Ok E

16§ ~OlgEED TR




ZOERE LE LEERESY SIMPLE Calid T4 kD L 912700 £

mincost2.smp

/I BHOEEDES

Set City;

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

/I BEEDOES

Variable f (name="fk&E", index=(i,7J));

//INTA—HDEF
Parameter upper (name="Hk&ED L[R", index=(i,7));
Parameter cost (name="#EEMH", index=(i,7));

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

/ /¥ R D ME
Objective total_cost(name="%§%ﬁﬁ",type:minimize);

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

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

//EE IR 5 BRI
0<=f [ll j ] <=upper [ll j 17

/IR TRRZ 5

solve () ;

total cost.val.print();




R, FEITREHCIIRD 2 5D csv 77 AN 1 ODdat 77 ANEHEZET.

upperdata mincost2.csv
msEO LR, 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
0,0,0,0,0,0,5
X,4,6,0,0,0,0
Y,0,0,0,0,0,0

costdata mincost2.csv
Wk E M, a,B,C,D,%, Y
A,0,0,270,0,0,0
B,0,0,300,220,0,0
c,0,0,0,0,0,190
0,0,0,0,0,0,170
X,250,200,0,0,0,0
Y,0,0,0,0,0, O

supply mincost2.dat

57
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2.9 ZALENEIE (SAMPLESYHIELE 1.prj ZH)

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
FASNLMET, BERELOFETIEHENTHET.

(1517)

b DT, X HTORY TECoYE L= /N E R E Y i8S BET 1 HIZ 8kg
MOTWET., 612, MUK TG TRIELZ Y EAHO/NERE 2D EARE
T1HIZ13 kg MIDTHET. ZOFE, TOROXIIZ, BH TGN VR, 1)
THnb 9 EARE TRET I O0OBEERB L TWET. £/, 2 2Ol
ROMT1 BISERDZNVCHONERE S EAHONEROEFED LR (kg) KO
BFEOLITEES>TVET. EHIZ, 2 SOHEDOR TRV HO/NERRH EALHD
INEYE kg Wk T D EIC TORIZEDLN TWDETOERAR N £3. oL X,
NCRONERE D EARONERZRD LI &IZTND BRI 0SERIZ 1 H
IZOE RN B TL X 92

B0
&) 3 ©
10
® @
LB L WOHDNERD 5 EALRDNEE
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
L7235 Z2LEHVEEADT, TRLICHIST OEBIIZZTIIES LRV LI LET.

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
ke 5 EARO/NEHOREEOTN EREB X 720 E W SRR NETT. £, £
FFANZOWTIIHR PRI LG T 2T 0 0ERHV £, 618, -1 kT 5] &
WA ZEEH D X FEADTEEIZOWTIFARIKINLETT.

UbkozZEns, ROXIICERILTEET.

ZEK PWheat,,,UWheat,, FY TR A MK~k &
PWheat,,,UWheat,, BT B MK~k &
PWheat ,.,UWheat . A MRS ¢ 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

12PWheat,, + 10PWheat,, + 4PWheat,. +11PWheat,,
H HBI%K +6PWheat,, +11PWheat,. +9PWheat,,
(Bz/IMb) +11UWheat,, +12UWheat,, + SUWheat .
+7UWheat,, + 9UWheat,. +5UWheat_,

X Tpe ¢

PWheat,, + UWheat,, <15, PWheat,, + UWheat,, <12,
PWheat,. + UWheat,. <18, PWheat,, <3,

PWheat,, + UWheat,, <3, PWheat,. +UWheat,. <10,
PWheat., <10,UWheat., <15

CYy — CzZ —

LESESES

FE L — h OFE RO _ERAZBZ R0
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PWheat,, + PWheat,, =8 ,
PWheat,. + PWheat,, = PWheat,, + PWheat,, ,
PWheat,, + PWheat,. = PWheat,; ,

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

DN S BRAER

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

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

5 EAMDNEBITEET 5 RAFRI

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 B2 B4 % AR




Z A% SIMPLE TR 372 RO KX S50 £,
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multiflowl.smp
/1 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 CZ;
// BRI O ES
Objective total_cost(name="k§ﬁﬁ%%§",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;
/ /R L— R 2 Ok 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 CZ<=15;
/)3 DN BT % PR A7 Al
PWheat XA+PWheat XB==8;
PWWheat AC+PWheat AY==PWheat XA+PWheat BA;
PWheat BA+PWheat BC==PWheat XB;
PWheat CY==PWheat AC+PWheat BC;
8==PWheat AY+PWheat CY;
/19 EARONZRNEET S RAFR
UWheat XA+UWheat XB==13;
UWheat AC==UWheat XA+UWheat BA;
UWheat BA+UWheat BC==UWheat XB;
UWheat CZ==UWheat AC+UWheat BC;
13==UWheat CZ;
/1 FEATIH
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 2, SIMPLE TORRE L VEELLOIC LTV ZEICLET. 20DI2i, &fio
EEOMEEZEAL, SEZFELT—HITHIETEDLICT DI ENAELTT. Z DO, fEmk
B ERER EOBKH T =2 2 kA 7204525 K0l L TRE £

T5L, ERLICOVWTIFRD X H ICEKBRTEET.

H4 City ={A /B,C, X,Y,Z}

I PWheat; ,i € City, j € City
UWheat; ,i € City, j € City

ER upper; ,i City, j e City

PWheat _cost.. ,i € City, j € City

j !

UWheat _cost. ,i € City, j € City

ij !

PWheat _ supply; ,i € City

UWheat _ supply; ,i € City

i DEE

1B ~OHD
INFER D% B
imby~D EAM
D /NFER i % e

1D g ~DEGEED
BB
105 § ~DHEDEE
BN HD N
¥ 1kg =0 0
H

15§ ~DHFIRE DR
WD

2 E M DNER
1kg H7=0 OEH

i TONRUCHONE
¥ 1kg OFAR L i
HEDZE

i TOHELHDIN
XF 1kg OFLARL
Bz

HIIBIEC 3" 3" (Pwheat _ cost, - PWheat, +UWheat _ cost, -UWheat, )

(%/J\'ﬂj) jeCity iCity

R S PWheat; +UWheat; <upper;, Vi, j € City

ij —

> PWheat, — > PWheat,
ieCity jeCity

= PWheat _ supply,, vk € City

LRR

KHETONRCHD
INFER Dk R
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> UWheat, — > UWheat, ST S P A

ieCity jeCity
=UWheat _ supply,, Vk e City D/ Dk B
0 < PWheat,, Vi, j  City IS D NZE R O
RO I AR
0<UWheat,, Vi, j  City > EARDNE D
i % o> FE A

SIMPLE CitiRk T B ERD L HIZRY, HITEDO LD LV HRIZ/R > TWB Z ENgnh £9.

multiflow2.smp
/I OREDES
Set City;

Element 1i(set=City),j (set=City),k(set=City);

/I EBDES

Variable PWheat (name="/ > O/NER OGiEE", index=(i,7))

Variable UWheat (name="9 &AM D/NEMOEIEL", index=(i,7));
[/XTA—=FDESE

Parameter upper(name="ﬁﬁ%§i@kﬁﬁﬁ",index=(i,j));

Parameter PWheat cost (name="/ N HO/NEHOEEEM", index=(1,73));
Parameter UWheat cost (name="9 EAMD/NEHOEEEM", index=(1,3));
Parameter PWheat supply (name="PWheat supply",index=k);

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

// BRI OES

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

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

//HEL— R T Otk RO EIR

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

/123 DN BT D R A

sum (PWheat [i, k], 1) -sum(PWheat [k, J],J)== PWheat supplylk];
/719 ENRONZBNZET % AR

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

PWheat[1i,]j1>=0;
UWheat [1,j]>=0;




64

¥, FATRHTIIRD 3 5D csv 7 7 AV (@ikED LR « OB OEEER - 9
EAVRO/NER Ok #E M) & 120 dat 7 7 1 /L (Pitheat supply 3 X (M Ulheat supply)

rhH2ET.

PWcost multiflow2.csv
NRURAONEROREEM, A, B,C,X, Y, Z
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

upperdata multiflow2.csv
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
z,0,0,0,0,0,0

UWcost multiflow2.csv

o EAMONER Ok EM, A, B,C, X, Y, Z
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

supplydata multiflow2.dat

PWheat supply=[A]O0 [B]O [C]O

UWheat supply=[A]0 [B]O [C]O
[X1-13 [Y]O0 [Z]113;

TDETNEFEITUIERND, BRERD 494 IR EHICHETAEHETHY, BlxIX
WORD L H R HADONERE D EARO/NERZEGET D E IV ERDY 7.

N RN ORE R

o

4107392 4¥07392

Y ©

3.85608

()

.892608

©
()

5 EVHDO/NER OMREE
0 .{:>

92608

)

10.8682608 1

x) 0 ©

210392

13

107392

@
Q)
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2.10 p AT 47 & (SAMPLESYHIELE 2.prj M)

MEF% 2 & OHLRICELE T2 & il 72 D)% 3R ed 2 sk Bl iE M, A g 72 SIsH ST
WET. MEEREOR NS, ZOHT p AT 47 VWEEZ, ROET p B ¥ —MEE
B EFEd. 2k, AFa— M) TATEERAITFEL T M0 (5% THBER LT
WET) THY EHITHEXZRET S Z EN AR TEH D EIRELET.

ET, AT AT VIOV LET. AT 4 7 v EIEEFERD D sk 2 FliE Lz s (5
%L Tk s EFEONET) ~OBBIEHORMA RN T 2RO ETT. ZLT, ZOAT
AT HEROLMEDZ L2 AT 4 7 VM EMFOET. ok, —RKICIXEOREOTFRELRH D
MPIETRER I LICRR Y FTOTEAMT E OBRBEIERA BN 22 810 £3. £,
a1 EFTCIE R p EFTICEET DL RGAICp AT 47 VB E MO ET.

(17)

HHEEE, ATNL FHETO 6 HHOHMND 2 DOHICHICT N— &2 HELLD
EBEZTWET. ZoRy, WEHE TCORBEIEREZ NI 2720123 Lol g
THERBWTLE M. B, ETOANOEFETOEROLI TR TVET. £/, 2
T OIS TORDO X 512> Tk T, =720, BHEMKEN Ly 2 #Hifi o
FEE I DR 2R L7- & & O EEREA A L.

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

F9, ZOMETIIEHTICH LT A= 2 HBIETH2ONE I D0ERTEENLETHD Z L
NHONYET. Lo, 2T TIEEETNG Eb 5O HEHZ TV ONERD D LENRH D,
HHEZRR > T LEWVWET. 22T, & 1 [ZHOWTHET § IR0+ 58568 1, £ 95 TRy

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

WL, X =0 ORHTITHE LRV & WS #ERE 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 %

FoEl, FHHCOVTENFOF /8 MRS LATUER Y E8A (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
RRMEPBETT. SVHBID L, X 13X LV RSWVEZ L HRVEN) Z LR £, &

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
BEEEE A 5 3. EAE O -BEIEREEZ 2 ToHHIc OV TR, fix L 52 & THEMBEK
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




UEnzZltuaFldsrl, ROLHITERTEET.
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0-1 &%

H Ay B %%
(m/IME)

il

£

1

XAA'XAB’XAC'XAD’XAE’XAF’XBA’XBB’XBC’XBD'XBE’XBF'XCA’XCB’XCC’XCD’XCE’XCF’
XDA’ XDB7XDC ! XDD’ XDE ' XDF ! XEA’ XEB ! XEC ! XED’ XEE ! XEF ! XFA’ XFB ' XFC ! XFD’XFE ! XFF

0 F7iT 1 2L oHIET 2O LHZBITVHIEMITE 22D 2RTEK

800(7X g + 2Xpc +13X,p +19X,c +17X,¢)
+550(7Xg, +8Xge +6Xgp +12X5 +10X%,:)
+780(2X. 5 +8Xcp +14 X p + 20X +18%:)
+600(13Xp, +6Xpg +14X5c + 7Xpe +4Xpe)
+1020(19x;, +12Xcg + 20X + 7 Xep +3Xer )
+360(17 Xz, +10X5 +18X +4Xep + 33X )

XAA +XBB +XCC +XDD +XEE +XFF

=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

HE LTV AT AL Sy

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

ZOREREZDEE SIMPLE Titd T2 kDL H 12 £
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medianl.smp

[/ EBDES

IntegerVariable
x_ AA (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),
x BD(type=binary),x BE (type=binary),x BF (type=binary),
x CA(type=binary),x CB(type=binary),x CC(type=binary),
x CD(type=binary),x CE(type=binary),x CF(type=binary),
x DA (type=binary),x DB(type=binary),x DC(type=binary),
x DD (type=binary),x DE(type=binary),x DF (type=binary),
x EA (type=binary),x EB(type=binary),x EC(type=binary),
x_ED(type=binary),x EE (type=binary),x EF (type=binary),
x FA(type=binary),x FB(type=binary),x FC(type=binary),
x FD(type=binary),x FE(type=binary),x FF(type=binary);

/ | BT E BB ERRE D i/ IME

Objective total distance (type=minimize);

total distance=800* (7*x AB+2*x AC+13*x AD+19*x AE+17*x AF)
+550* (7*x BA+8*x BC+6*x BD+12*x BE+10*x BF)
+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);

// 2HBHICHIET S

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

VRS Yk i e A

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;

//HE L2 W i i3m sy L s

X AB<=x BB; x AC<=x CC; x AD<=x DD; x AE<=x EE; x AF<=x FF;

x BA<=x AA; x BC<=x CC; x BD<=x DD; x BE<=x EE; x BF<=x FF;

x CA<=x AA; x CB<=x BB; x CD<=x DD; x CE<=x EE; x CF<=x FF;

X DA<=x AA; x DB<=x BB; x DC<=x CC; x DE<=x EE; x DF<=x FF;

x EA<=x AA; x EB<=x BB; x EC<=x CC; x ED<=x DD; x EF<=x FF;

x FA<=x AA; x FB<=x BB; x FC<=x CC; x FD<=x DD; x FE<=x EE;
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LIZAT, ZORBRTT EEHTOBBIEZ 125G LR N KRE TH 5 72 E O A TR TIE
HOEFA. EZT, ETATZ7ANVEZRNHANLRLDICL TV ZEIZLET. 20D,
BT =2 TELREINTNOE5Z20ERNHY £, Z2Cik, A0 EHEBCHET 27T —4%
T—=HT7ANPOEZDLZLICLET. 2O, fkx 27 — XIS TE D L) ITHTTOHES
EVIOMREEALTCEBEET. 72&, EMRIZOVWTKRO L ICESEEET.

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

0 F/HIT 1 A2LAHETSD

0-1 2% X;.1 City, j e City ME LIRSy SND DR R
TEHK
X distance; ,i € City, j € City i 1 2 DHE 5 F TR
population.,i € City i1 o A0
() B % . .
H A B %% Z popu|at|oni . Z (d|stanceij . Xij) B AL & B E) Rk
(Fx/ME) i<City jeCity i

ror: i;y X =2 2 T i
2, % ~LvicCiy AL 1 ST
jeCity
X <X, Vi, j e City,i # G LT 2 8B I Al 4y

FERoOXE SIMPLE TRtk +5 L, DK IR0 £4. 728, NUOPT TOEITHHITIZERTH
DEADEENBRERIIT X 7 7 A ADD HBNICRK L 9. £/, simple printf ()
ERAWHIET A E T OAEERTHLIICIRLELE.
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median2.smp
/BT OEADES
Set City;
Element 1i(set=City), J(set=City), k(set=City);
//NT A= HDEE
Parameter distance (name="2 #BHifAIDHEEE", index=(1,73));
Parameter population (name="#{TIOANHD", index=1i);
/I EBDOES
IntegerVariable x(index=(1i,]),type=binary);
// BRSO ES
Objective total dlstance(name—"f\izibﬁﬁﬁ" type=minimize) ;

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

)) 1)

A ESESGS

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

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

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

/R CHE S 28 2 T 5

solve();

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

P, EATHRICKRD 2 B OEMAE T csv 77 A4V () LEHDOADEFKET dat 7 7

A (h) 252 %7.

distancedata median2.csv populationdata median2.dat
2 #miH O, A, B,C,D,E, F #HioANB=
A,0,7,2,13,19,17 ["A™]800

B,7,0,8,6,12,10 ["B"]1550

c,2,8,0,14,20,18 ["Cc"1780

D,13,6,14,0,7,4 ["D"1600

E,19,12,20,7,0,3 ["E"]11020

¥F,17,10,18,4,3,0 ["F"]1360;

ZOFTNEFETTDERODFRVPEN, ATE EMICHET2LERVWI DY £7.

"A" THICHE TS,
"E" HICHET S,
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2.11 p B ¥ —FfiE (SAMPLESYHIfELE 2.prj ZMR)

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 WVHAGDEZEL VWL D ICERELZ 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
EEBEZTOET. ZoWE, #ili D HIE M E TOBRELT & BB O O & 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 FR T O BB I I OFR T 248 L7c & & ORI 2 SR L E 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 § FTOELMN S BEEMELZ RO ET. T X; =1 ORFICERZFE

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



72

W, BEANEBEBEHENZNEN v LFTHD EWIHFIREEZMA D 2 LT v ICHEATER
BEEEORKMEE VI BRERF-EL LN TEET. LoT, £ v BAVHEMBEEE Y
E3

UbozZEnb, kokoicERfbTE £

XAA'XAB’XAC'XAD’XAE’XAF’XBA’XBB’XBC’XBD'XBE’XBF'XCA’XCB’XCC’XCD’XCE’XCF’

0-1 &%
XDA’ XDB ! XDC ' XDD’ XDE ' XDF ! XEA’ XEB ! XEC ! XED’ XEE ! XEF ! XFA’ XFB ' XFC ! XFD ! XFE ! XFF
0 E720E 1 % & HHIET B DML B bITVHIEHIL Y = 720 E R 5K
gV T2 & IR DK
A ) BY % .
TRy Bt & BB O B K i
(s Mb)

Hlgogr:  V=800x7X,g,Vv=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,

FA? FB*
FHEAN E BB R E 2R 70

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 L T 28I iL 5y

Z DR % SIMPLE TReab T2 E RO K H 12720 £,
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centerl.smp
/I EBOES

IntegerVariable

x AA(type=binary),x
x AD(type=binary),x A
X BA(type=binary),x B
x BD(type=binary),x B
x CA(type=binary),x C
x CD(type=binary),x C
x DA (type=binary),x D
x DD (type=binary),x D
x_EA(type=binary),x E
x ED(type=binary),x E
x_FA(type=binary),x F
x_FD(type=binary),x_

type=binary),x
type=binary) ,x
type=binary) ,x
type=binary),x
type=binary) ,x

type=binary),x
type=binary),x
type=binary) ,x
type=binary),x

AB (

E(

B(

E(

B(

E (type=binary),x_

B(

E(

B(

E(

B (type=binary),x_
FE (

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

type=binary) ,x

_AC(
E(
C(
E(
C(
E(
C(
E(
C(
E(
C(

FF (

Variable v;

/ | BT E BB ERERE O i RAE D e/ ME

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;

/ /s & By

v>=800*2*x AC;
v>=550*7*x BA;
v>=550*10*x BF;
v>=780*20*x CE;
v>=600*14*x DC;
v>=1020*%19*x EA;v>=1020*%12*x EB;v>=1020*20*x EC;v>=1020*7*x ED;
v>=1020*3*x EF;
v>=360*4*x FD;

v>=360*17*x FA;
v>=360*3*x FE;
[ she Y HIESES S

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

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;

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 DC<=x CC; x DE<=x EE;
x EB<=x BB; x EC<=x CC; x ED<=x DD;
x FB<=x BB; x FC<=x CC; x FD<=x DD;

X AD<=x DD;
X BD<=x DD;
x CD<=x DD;

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>=360*10*x FB;

X AE<=x EE;
X BE<=x EE;
x CE<=x EE;

type=binary),
type=binary),
type=binary),
type=binary),
type=binary),
type=binary),
type=binary),
type=binary),
type=binary),
type=binary),
type=binary),
type=binary) ;

v>=800*19*x AE;

v>=550*6*x BD;
v>=780*8*x CB;

v>=600*4*x DF;

X AF<=x FF;
X BF<=x FF;
x CF<=x FF;
X DF<=x FF;
X EF<=x FF;
x FE<=x EE;

v>=600*13*x DA;

v>=360*18*x FC;
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TOFEFETIEHRELGPVIZSWTTOT, FifiL FEEIZ SIMPLE TORREERLLOITL
TV Z&iZLET. 2o, EXMbiZonWTIIRO L9 eb iz LET.

£ City={A,B,C,D,E,F} Wi OES

0FIX1Z2LEDHETHONE K HIEN

0-1 %% X;,1€City, j eCity
HIEH T & Z 2 D )E RT 2K

SEE AT S I & R B R 0D fi R AE
TEH distance; ,i € City, j € City HrT 1 2SHET 5 E TORHEE
population,i € City i oAn

H # B %%
S GIEAVAE $77 HE TN SN
(/M)

Higispr V= population; - distance; - X;, Vi, j € City, i # |

T E AT & BB EREE S KA 28 % 7

2 % =2 o H T

ieCity

> x; =1, VieCity

jeCity

AHERTTIL 1 &AL Sy

X, <X, Vi, j eCity,i # | HUE LTV 285 I il 4
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center2.smp

/I BHOEEDES

Set City;

Element i (set=City),J (set=City),k(set=City);
[/XTA =B DES

Parameter distance (name="2#\ififA]DEEHE", index=(i,5));
Parameter population(name="%ﬁﬁ0)ﬂ\ﬂ",index=i);
/I EBOES

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 9%

solve () ;

simple printf ("$s MICHIET S, ¥n", k,x[k, k].val==1);

FATTHBRTIT, RIEIOFIE L FRRIZRO 2 TR OBEEAZ KT csv 7 7 AV () L5H

HONAZRT dat 77 A4V (F) &5 2F7.

distancedata center2.dat populationdata center2.dat
2 # i Ok, A, 8,C,D,E, F O N =
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 ["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;

TDETNEFEITTDHE, BIEDO p AT 4 7 RIBEOBOR R L I1XEARY, A Pl
JET5ERBWZ ERNbDND F9.

(2
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2.12 XEE—V 2~ RfE (SAMPLESYBIRELE 2.prj ZHR)

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
LTHOEHIZBEIT 5 L5 BRGEAIEEL RN 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
TH. “TRTOFH A L THBEHSISMET 27 L) ZLld, —FEHEZORKEEZZD
72, RO E O &2 HBEHAUTHER L CTH RV L2z 3. 2 2 TIERICHETT A 2H
FEHR LIRS 5 Z LIl LET.

BEIZOWTEZE L L D). EOETNDL EOHHICE > T »ERET HMETTOT,
HOHTHNOROHHETICBETI2HAIC 120, BBILRWEAIC0EEDL57 0-1
A Xpg» Xac Xap» Xacr Xaps Xops Xear Xcar Xpar Xces Xppr Xpc & A L E T PIRIE, Xyg (3401
AMLET BICBEITAHAIC 1 2L, BEILAWEAIZIZ 02 L0 7.

I, H/METRE BRI REICZ2R Y £3 0T, KA OEREE AW T,

6X 5 +5Xuc +9Xup + 7 Xge +4Xgp +3Xep +6Xga +OXop +5Xpp + 7 X +4Xpg +3Xpe
EREBTHZENTEET.
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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

EROFFIIZT TIIATSTHY, oDV LMKZMA L LENHY £9. ¥ bid, 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—#f B ) O X574, TNTOWMH 2L Tuen
VT —EFHIF T YT = ERFOET. KR — A R T, ERRHRICIA 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 +2Xpg <2 2+ (5)
Yo — Ve +3%pe <2 -+ (6)

ERBIT L ENTEES. ERHIKL, #lXE, (1), (3) OffomNE R LEbEL L,
g +3Xp <4
£V, Xgo =Xg =1, T7bbL M B> co#ifiB) D& 5P TV 7 —%PBRL, £
7=, (1), (4), 5)OfIKOmIERELEbED L,
3Xge +3Xep +3Xpg <6
ETRY, Xgo =Xep =Xpg =1, TbBL, T =&l e~ DM B) DX S5y T
TR T D LR TEET. Bl A ICHETFERANICEARVOIR, RERDLY T —F
THEHRLARVEDICT 2720 TY. 5%V, i A 250y 7 —0OW, #if A LIS TREK
SNDYT =T NTHRT 2 EE2RBLTWET.

L ZATHRIEE Y, Yo Yp 1, #NDWHOIEFREEZE X b ET. #HilxiX, &t B—>#ilic
RO EFFO, TRDOD Xge =1 EMELET. HIKX (1) 1Ty, 2Yg +1 2R LET. £,
(1)~ (6) BT RTH—DFAE LTS Z &b, max(y,;c eCity)—min(y,;ceCity) <2 %
DBNDHI, BB Y. =Y HIDEIT A 2 A EARET. 20X HICLT, Y, (¢ iEB, C,
D ODWTNN) FAT v 7RI 2o TRIEFNAG2ONET. ROFKX (7), (8), (9)
HEATLHILET, Y IZ1DMELLIICHETESET. ORI LTRIEFE, #if A
EHBELTOLHUMBHAICR > T 2 E TOKENEZ —F D2 ENARETT .
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(7
-+(8)
-+ (9)



PlEDzZ e, WO LZER LT A ENRTXET.
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0-1 &%

Hh A%k

H BB (/M)

il

Ye
Yo

BT A D DETT B ~EENT 5 00 E
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
HHi C M HHETHT D ~BENT S im0
HRTH B 2> DAL A ~BENT 2 00 E
R C N DELT A ~BENT 2 00 E )
HRTH D 2> HESTT 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
AT B &K [Eld 5 A%

AT C &K [ElF B A

AT D &K [Eld B A

6X,5 +5X,c +9X,up + 7 Xge +4Xgp +3Xep
+6Xgp +9Xcp +OXpp + T Xop +4Xpg +3Xpe

Xag T 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
1<y, <3
1<y.<3

1<y, <3

TR R

ERH A BBERTH D 1 SICBEIT S
EH BN BBERTH D 1 SICBEIT 5
#ic MBRESTH 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
A DICRIES D 1 o088 5
7 7 — BRI
7 T — BRI

T 7 7 —PEBR I

T 7 7 —PEBR I

T 7 7 —PEBR I

T 7 7 —PEBR IR

#ih B ZEN DIEF O L TR
#ihi C RN DIEF O E TR
#7Hi D RN DNEE O E TR
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Z OREEIX

3 da

0-1 2%k &

HRAHPBNRS > Th Y, HABREE, SN2 TRRERO

T, REBEMWEGHEMEL 20 4. &Y LR %E SIMPLE TRtk T2 L LATD L D1
Y ET.
TSP1l.smp
/1 BEEK
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="fREKE", 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;

/ /IR

Variable y B;

Variable y C;

Variable y D;

// FAHTBHIEH O 1 SICBET 5

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

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

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

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

/) EETIZRIERT O 1 2L BET 2

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

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

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

X AD+x BD+x CD==1;
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/] BT T —EHERT S
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;
/ /A % 38 2 AR (T H S R LA OFF i LT
1<=y_B<=3;
1<=y_(C<=3;
1<=y_D<=3;
/ /KR
solve();
/7
x AB.val.print();
x AC.val.print();
)7
):
)7
)7
)7
)7
)7
)7
)7
)7

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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LV PHICREZ ERE T2 LU TDO L 512720 £

0-1 &%
2%

HAEBI% (e/ME)

49

City ={A,B,C,D} i DES
City_={B,C,D} HiSE S LA DB T DS

dis,,,,cleCity,c2 e City #iti €1 & 47 €2 o> B
num #£4 City _ oEHEHK

i i i LA BRI C2 (T B
X4c,: Cle City,c2 e City i # %

VAWREEVIR
diSclczxclcz %}:%E
cleCity,c2eCity
> X =1 VcleCity it LB BT O 1 SIcH
c2eCity Ej]
> Xy, =1,Vc2 e City B C2 1T RIS D 1 S5 B
cleCity Ej]

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

P77 — ek
1<y, <3,VceCity _ #itic Zi@sIEED TR
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Wiz, @ (BEHBOWER) 25 —% 77 A Vb5 2% SIMPLE 5 V&R LET. =
DEICETNET—HENET A2 LI, HHENEboT2E L THLT— X7 7 A NVEE
FF AT THICTED LI 9.

TSP2.smp

/I EE LIRATF

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

)

’

Element c2 (set=City
//INT A—H

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

Parameter num = City .card();

VLS S

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

// B HIBSEKL

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

route = sum(x[cl,c2]*dis[cl,c2], ((cl,c2),cl!=c2));
/) BEHND 1 ODRETA~EET S

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

/) BHEHIZ 1 S ORIESHI A D BET S

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

/] BT T —EPRT D

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

// N o> LT BRI
1 <=ylc_] <= num;
e

solve () ;

/ /7
x.val.print () ;
y.val.print () ;

route.val.print();
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T—=4T7 74N (.dat ) I TFDOLH 1T 7.

data.dat
"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

’

ZoETAEFEITTL L, YIB]=3,Y[C]=1Yy[D]=2 &b, #ii a—Hi c—#i p—
#ifi Bo# il A OIEE THBIT 2 ORI S 220 T, ZORKEIZ 18 ThHhDH Z L by
S
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2.13 B4R98% (SAMPLESYHIEL 2.pr7 M)

FRYRIEITHAE L OEBICFIHENTWET. 2 2 TIIEARNRE Y MEOFELE Y BT,
BYBEOESRbDT 7 = 7, FTMEOH], KB RBBEICHT 27 e —FiE2/E LE
7.

2.13.1 BIYREL I

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

AN
£8 A *E B

p—
al 0.:.:..:'0 0.0oo..... e® ...7
o..o.. Ceeond., cees
* ®e ° .‘.. .....">
..°- ... ..". oooo"...>
* .. o0 .‘....

F7, BRYMEII A 2O AMEICEESHmZ DN TEET. FRRoXE, v A HEZH
DEAA—TTERTEUTORDOLHIZHRY £7.
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al a2 a3
bl O
b2 O
b3
b4 O

FRYREIE~ ZADOWD T ON— N Z il St e LTEHE R 5 2 LI X - T, &% ORIEICKRIGT
BRI ZAT) ZENTEET. BIUMEOISHAIE LT, FIZIFLTFOLDORH Y £,

* NEBRBLERE
¢ VT NRFVa—V v TRE
o BEEH I

*

A 22—V o ZIRGERE
~—7 v b7 U U —RERE

*

2.13.2 EBEHR~ AHEDEYME

ZITHRET, vAHEHEOLIFTOMEEE TV E ET.

(f5115)
AXADAANHYET. ZOFTRAZHEBEBEZWVOTTN, £ TOHRRIZBEIL T
LN 2O EHIIRELET. S TEOLITEFTIERWVWTL L D

1 2 3 4
1
>
2
) I Bz 2 o ]
4 i .. >
Y Y Y v
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ZoMEEZERLT D720121E, 0-1 ZHEEMVWDLILENH Y £F. ZORBEDOLELLTD
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.

X115 X125 Xi31 X4
v Xo11 Xons Xpz1 Xoy FNENOAZAEEL 26T 1 @nin

0-1 2% \
X311 Xap 1 Xagy Xgy oo .
X41' X42’ X43’ X44

ERESIEAEx Z ORIEIC X B AR EIE 22

HlHI St X+ X, + X5+ X, =2 14TH 2RI /T & X 12H % 2 ofEL
Xop + Xy + Xy +Xoy =2 2ITHERRICRI- L X lcm% 2oL
Xay + Xy + Xag + X5, =2 SITHEMBICRI- L X lcm% 2oL
Xgp + Xgp +Xg3 + X4y =2 A{THEREICR - X Ioa% 2 oEL
Xy + Xy + Xy + Xy =2 1HIB ZHHC R L X0 % 2 9B <

Xip +Xop +Xgp + Xy =2 25 A &AM T & X ICH & 2 i<
Xig + Xog + Xz + X3 =2 SHIHZMEC AL EITH%E 2 o<
Xig + Xy + Xy + X4y =2 4FBEHECRT-E &A% 2 0@
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ERM LZfiR % SIMPLE TR I B2 LUTO XS0 £

fieldassignl.smp

IntegerVariable x 11 (type = binary);
IntegerVariable x 21 (type = binary);
IntegerVariable x 31 (type = binary);
IntegerVariable x 41 (type = binary);
IntegerVariable x 12 (type = binary);
IntegerVariable x 22 (type = binary);
IntegerVariable x 32 (type = binary);
IntegerVariable x 42 (type = binary);
IntegerVariable x 13 (type = binary);
IntegerVariable x 23 (type = binary);
IntegerVariable x 33 (type = binary);
IntegerVariable x 43 (type = binary);
IntegerVariable x 14 (type = binary);
IntegerVariable x 24 (type = binary);
IntegerVariable x 34 (type = binary);
IntegerVariable x 44 (type = binary);

x 11 + x 12 + x 13 + x 14 == 2;

X 21 + x 22 + x 23 + x 24 == 2;

x 31 + x 32 + x 33 + x 34 == 2;

x 41 + x 42 + x 43 + x 44 == 2;

x 11 + x 21 + x 31 + x 41 == 2;

x 12 + x 22 + x 32 + x 42 == 2;

x 13 + x 23 + x 33 + x 43 == 2;

x 14 + x 24 + x 34 + x 44 == 2;

/) BRI AO T 7T A

solve () ;

simple printf("%d %d %d %d¥n",x 11,x 12,x 13,x 14);
simple printf ("%d %d %d %d¥n",x 21,x 22,x 23,x 24);
simple printf ("%d %d %d %d¥n",x 31,x 32,x 33,x 34);
simple printf ("%d %d %d %d¥n",x 41,x 42,x 43,x 44);
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ZDET)LE NUOPT TEITTDH L&, HKEIC

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

EWVIEIRDEN, ZOBIBEOEZ MR TEET. FoRBICH EIToanNENTHD
(1 LRFENTNWD) OB £,
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ST, WIZZOME%A SIMPLE DIRTHERELX AWTET /ML L TAHAET. EXLIFLLTD X

HNCEBLET.

#H I ={12,3,4} 17
J={12,34} 51

0-1 &% X,iel, jeld
Ex; =0L9%.
R = ORI 1 A AR
IR 2% =2vie) K51 | BT & X a2 Sl <
gku:ZWEI FAT 1 IHEC R & icaE 2 o<

BFEMNLZ LIk, UTOX)ICHRIZET AR T D52 LN TEET.

< A (i, ) A A B R BIE X =1, a7z b

fieldassign2.smp

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

Element j(set = J);

IntegerVariable x(type = binary,index = (i,3));

sum(x[i,3],1) == 2;
sum(x[i,3]1,]) == 2;
/) BNRIRHAO O 7 v 7 Z 2

solve () ;

simple printf("%d %d %d %d¥n",
x[1,31,x[1,3+1]1,x[1,3+2],x[1i,3+3]1,] == 1);




91

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
DINHMEMAR Y £F. DIFIFRAMEL a2 A ML ELOTZEDOTT.

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 ABHY3 5.

FAEFIZBWT, (EFEEZHEYT 5 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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ZORBELATHI OB E FRICUL TO L S R~ 2 BIZO&ZD T HRBEE LTEXD ZENT

xFET.
/ j N FHE | ER A | bE | EA
‘N, BE, -
%, —
- i Bz R 2T
N |
i:;@ﬁ s Ot |10 2 L.
7. Eit
THET
B
P HEZRI=5A, O
ik - WK 325 Dl

UbZEEEZT, UTFTOXIICERMET 2 ENTEET.

0-1 &

EEB]ESE /o
(&/IME)

JOB= {#%, W, Lo4Th, 3, AT, HHL, @R, (A4

ttFEOES

PEOPLE = {%jif, ik, Ak, A, i}

UN2E =

X, j € JOB, p e PEOPLE

cost i

j e JOB, p e PEOPLE

Jyukuren, , j € JOB, p € PEOPLE

Zcostjp X X
ip

ftFEjEApICEY Y TERBIE
Xp =1, %5T°fccu\foc%6i“xjp =0¢&t7

%
HEj2ZAPIZEID U THEDOa R K
2 A p 2T O BEO R

= S NPF ¥




93

(eSS

> x,=2Vje % FE LITL, fR, Has)

p

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

p

M) T2 T) THEIL) 31 AZ2EI0 HTS.
> x,, <3,Vp e PEOPLE NI, R 3o E TOHEEE Y 4
j THZENTED

2. Jyukuren;, xx;, 20, V] € JOB ¢ ity 5y 7 4 — s 72> T
p
DT 7R

X, <1,Vp € PEOPLE
i je(B, B}

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

jobassignl. smp

Set Job;

Set People;
Element j(set = Job);

Element p(set = People);
IntegerVariable x(type = binary, index = (3j,p));
Parameter cost(index = (j,p), name = "I A L"),
Parameter jyukuren(index = (j,p), name = "RHEE");
sun(x[J,pl,p) == 2,

j P ll%}g" || j == "E‘TE" || j P ll]/\:/“j:]“%n ||

j —— n*%lgé%n || ] — "ﬁ:ii\%("-
sum(x[J,pl,p) == 1,

j — "%\E,Q:/_:‘E" || j — u:_“&%"(u || j — "EH:I[L/" ;

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

sum(x[3,pl, (3, J == "#E&X" || § == "EE")) <= 1;
Objective total cost(type = minimize, name = e i Gl NALA
total cost = sum(cost[j,pl*x[J,pl, (J,p));

/) TR T v 7 Z 4

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));
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PLFMN csv IBROANZ7 7 A0 T9. a2 X MIBELTERBEICEH L CoO_MED T 7 /L
ERHETOMNENDY £,

jyukuren.dat

RGBS, 22, Ve, 80K, 1A, )
WK,-1,3,-2,3,-4

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

9k, -3,-1,1,1,2
TH¥ET,1,-1,3,1,-1
HiiL,-1,-1,1,0,2

bR, 2,-2,2,-3,4
ffiA#x,5,-2,0,1,5

cost.dat

AR, 2R, Ve, R, LA,
$:%,570,1400,520,1410, 450
Jgf55,1800,1000,1700,1050,2300
L5, 800,1500,500,1500, 600
%%, 500, 600,1000,1000,1200
Z#HHEC,800,600,1200,800,600
HHL,600,600,800,700,1300
&%, 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 D 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 £

(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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SCZOMETTINEFICEZD ERITEDOMBEICULTORKZMNITINZ D Z L TR Z &
NTEXFET. BT HMEL x OEFLURE, solve() OFFITHOIULTEZTHLNENE

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

Rtk A BML, €7/ (jobassign2.smp)
7.

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
"HAB D AV T 4 —F 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

EIFTTHEMBIIUTOLIICEDY £

MRAERDE, RaZXMNREL o TWD I ENGMNY 9.
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U EDEZTFIIUTORO X O ICEBZRE L, QTN TNDEI 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 [k, ZHE] | x [RFR, VEHE] | x URER, AR | xR, WA | xRk,
Az x (A, ZHE] | x [(HEA, Pl | x (A, 8K | x (A, AR | x [(H5A, 1]

ZIT, EOROEDODWTNDSERSIE 1 12725 2 ER720OT, XU O D EHKE HET
DMENIRNEBZZ D Z ENHBRET. FRCRBEOENYBBEIC IV T, HEERZR A HE(iH
HZEICE Y AHBICHEOHMZ KES LTLEY &, FEORT 4 —v U ZAEFELIKTE
HTCLEIHERICARY ET. 2 TEAGLZRHEFICEL TE THNEMHTNZ 52 L7, &
DX RBRL A A HERL720 ] &V FEEZBALET. UTORO L S oA A= TT.

AR (LA 5

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]
FETE < [FTF, KRR | x 1387, R | xI( EAR] x [FETE, JEi0]
THIET | x [T, D] | x [T, K] | x[ZH, 8K | x[ T, LIAK]
HiHL x [, R | x (B, ) | x (B, 8K | x[(BH, IWAR] | x[(BEH, i)
il x [ImbR, ZHE) | x [fabR, i) | < RbR, 89K | x @R, IWAR) | < [fwkk, ]
AT x A, LR | x [H0A, PR | x (A, $0R] | x (DA, IR | x (A, (Ei0)

ERALT BRI, EitaRTHES IPPar 2 ¥H T 20BN H Y £9.
s (j,p)eJPPair < jEpIZHIV B THZ ENTXS
LLUF 2 JPPair # vz ek 7.
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JOB= {#2%%, BimE, VUTh, i, AT, "L, fkk, HiAA)

£E
ftFoks, jeJOB
PEOPLE = {#%jk, ik, &k, LA, M0}
AND#E4A, pe PEOPLE
(j,p)edPPair < jZpICEIV B THZ ENTED
0-1 ij,(j,p)eJPPair tEJZApICEH LYY THRBIX
X, =1, £ TRVARLIEX,=0LF2%
EH cost;,, (j, p) € JPPair HHFjEApIEY Y THED= A K
jyukuren, , (], p) € JPPair g &2 N p T D BB E
ERERIESEo cost, x X, O
(F/Mb) §.p.(j.p)eIPPair
3 S X,=2, Vie (#%, HE, LiIb, bk, {HiAz]

p.(j,p)eJPPair
M%) Vgt TVoFT s bkl MEiAAR) 132 AzHI0 4 T5.

> Xp=LVje UiE, JAHHET, HHL)

p,(j,p)eJPPair
MRE] TTHHET) TEHL] 131 AZEIDETS

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

BN, BR3DFTHELZEV L TEHRIENTED

> jyukuren, xx,, >0

p,(j,p)eJPPair
FHEEO T AV T =N TEWT 2

xmgl
(j,p), je{B2% 6t E}.(j, p)eIPPair

7%, BEITES APHY TS,




100

ET VI TO XL ST £

jobassign3. smp

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 h");
Parameter jyukuren (index = JPPair, name = R ;
sum(x[3j,pl, (p, (J,p)<JPPair)) == 2,

Jo== "EEET || § == "EHE" || § == "LTHHBH" ||

j == "f@bR" || 3 == "fLiAAn;
sum(x[Jj,pl, (p, (J,p)<JPPair)) == 1,

J == MREHEN || § == "IAHETT || 5 == "EHIL

sum(x[J,pl, (j, (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 == "HE&" || j == "HE")) <= 1;
Objective total cost(type = minimize, name = "f&= A R");

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

// LT T e 7T A
solve () ;
total cost.val.print();

x.val.print () ;

LR N O JPrair IZIXMEEKZ: [3,p] OXTEZANTIIWNTZ2WVWDOT, A7 7A4v%
ZHUTHEONEL T O L 912D £7.



101

.CSV
3, p, B, 3 X b
B, ek, 3, 1400
K, gk, -2,520
Bk, IR, 3, 1410
Peg, Wi, -4, 450
J6f 57, &, 5, 1800
Jgt s, # A, 3,1700
JEf 5, 1WA, -4,1050
J5f 7, #i0, 5, 2300
LUFTS, i, 0,800
VTS 1R, 3,1500
LUFTH, A, 3, 1500
LUFTH, I8, -1, 600
U, &k, -3,500
FE1E, Ve, -1, 600
U, AR, 1,1000
FEE, P, 2,1200
THEET, R, 1,800
THEET, KRR, -1, 600
THEET, 80K, 3,1200
THEET, IR, 1,800
BH L, %28k, -1, 600
B, £/, -1, 600
B L, 8K, 1,800
B L, 1A, 0,700
HHL,#L,2,1300
bR, 22, 2, 1200
bR, ik, -2, 500
fbr, K, 2,1200
bR, IIA, -3,500
bR, 54, 4, 1300
ATx, R, 5,1500
A AR, -2,1000

F, 88K,0,1200
AT, A, 11,1200
A, P, 5,1500

N

ERERRR

SIS
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FIZOETNEHIFIFEMBE Y VN wesp ZRHWAGEIITET VEUTO X HICEES
LUMENRH Y FT.

jobassignd.smp
options.method = "wcsp";// #RIEIC wesp ZEHWDIETE
10;// FHEFFEOBRE

options.maxtim

Set Job;

Set People;

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

Set JPPair (dim = 2, superSet = (Job,People));
IntegerVariable x(type = binary,index = JPPair);
Parameter cost (index = JPPair,name = "2 A L");
Parameter jyukuren (index = JPPair,name = "S\HEE");
sum(x[J,pl, (p, (J,p) <JPPair)) == 2,

jo== "EE" || J = "EE" ||

Jo== "LUATHY || § == "@BR" || § == "iAAR";

// wesp FFH OB selection
selection(x[j,pl, (p, (7,p)<JPPair)),
j — H%%»]j_‘;n I ] — H:“%\%“(H II j — "EH:IIL/";

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

Sum(X[jlp]l (jl (jlp)<JPPairlj == "%g" [ j == "J—ﬁt‘j“}%")) <=1;
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));

/1 BNFHIIR T e 77 4
solve () ;
total cost.val.print();

x.val.print () ;

RBUL 7284 R 2 i < BRORTEBAN T 2508 & LT ER TR LEFEZR L TAT
TEW.
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2.13.4 fEREERME
ZITE, PR AERET AN EIRETHMEAEIRY B ET. koplEEE L ET.

(BIRE) ik 2 Ao & Z 1T DM ERE L ET. fiik & L CRARFOINAN 4+
AET. DFV, KETOKEGRMRAETOEEDOZ T ANEFELZEST D20, =V TD
At A EBETLOTIERL, £ TOMNBTHEEE D AA—TE XL L, FlxiE
Mgt 1 A=Y 7 A, B, C YT DL EITL, Mk 1 OFEICET HHKIL A, B,
C DEFIAEKTIERL, B, B, C TUTOZNETND NEE W A—TEIEI N EWVD
ZEIZDET. ZUL, BRL5 U T CRIBHCERNDEZ Y X RNETLELTEZ
HZEHEBEWLET., MEEZLITICERLET.

s BOREONEEBET D (e 2 HugZ [FIRFITINA L 72 \Y)

o BRI ZITANEELFF>TWD

o FHIBIIRFORBRIZTHLST Hbid

¢ 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 @R MET 22N TEET. HL M ITREREHE LET.

£

H HIRE %L
(J&/ME)

LESESES

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

X 1€l

Y, jed

dist.

Ij,iel,jeJ

num,
capa,
cost,

) costx; +

Eiyunm(mmr+M(1_&)J)

MRkl 2R T 5001 x, =1, £5T
BN biEx =0L792

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

MEFE 1 2> D Ml | £ CORRE. AlaldE
B b 2 EAREEEET AN TRD S

Hi j THRAET D BRABE 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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InstitutionSettingl.smp
// MRk DEE
Set I;
Element i(set = I);
// HRDOEE
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 IZTEFTNLNTEHET S

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

/) EERTITLLT OEEEZ AT S

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_vyjl[jl),2));

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

Parameter n(index = (i,3J),name = "n");

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

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

Parameter M;

M = 100;

// FiRE DR BRIy DT DOFE
nl(i,j] = capali] - num[]J];

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

sum(y[j]*min(dist[i, j]+ M* - x[1]1),1)
/7 HRIE, A v 2OV T Ol
nlargmin ((x[i] - 1)*M + dist[i,j1,1),7]

options.maxtim = 5;
options.method = “wcsp”’;
solve () ;

,3)7

+ yl[3] >= 0;
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LITAS csv TEROATI 7 7 A T Mgl B L T & Mz L Coo O 7 7 A v &2 M
ETO0LERHY £

capa cost.csv

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

num.csv
pos_xj,pos_yJj,num

’ ;3
’ ;6

14 14 14
14 14 14

3,
1,0,
2,0,
3,0
4,0
5,0,
6,5
7,5
8,5
9,5

(@36 N o]
w 3

14 14

~
o« o1~

14 14

14 14

~
}—‘}—‘U‘IO!\)}—‘D—‘U‘IO

a1 O~
~

,12
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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D& DI, wese KA OREE V5 MR THL IR TE 258050 £
RICZOMBET MRFOMEET 10.5 LLEREERH 21T 10 HllE TL RS20 &
WORIKZFLR T2 2 L 2B X THAET. 2L wese D count BEEZE AW BIZRE
B2 ENTEET. ZORELEORRNEOTY T EHEETLLWHIELK z 2 MATUT
DEICFERTHZ ENTEET. (InstitutionSetting2.smp ZH)

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 T72 < 10 #HUBLINT) W Z L 2RBATH-0OTT.
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2.14 “RENYFE (SAMPLESYIEE 2.prj ZR)

TRERYIBE & 1X, 1957 4F Koopmans & Beckmann ([ZXVDEBRINTZ, BRIEEN K
XL 5EYRETY. NUOPT VI3 LV EAINT Vector/Matrix 7 7 ADXRLEHWT,
WOBIEEE 2 CHET.

(1517)

T8 1, .., 5 2#fiX 1, .., VIIRETLZZLEERET. L, FLEHT
OGS S, HEREO7e—&E, BIOSMXBEOBERMS, TFoXHic
Bz TWbELET.

F LD 71— 5 LIk ] D B

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

WEOEaA e (7r—) x () THEXDLE, LI A BN LRVE
BEAERDEIW,

Z ORI, THEO7a—F5% F(f)), BKEOERETZ D(d,) 258,

glisr: ZZ i @
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

.
(dy)(5)) = XDX

ERTZLPTEET.



EoTA) I, Kok S AREGHEREI B X A% - LB TEET

- T _
min FeXDX (_Z fijdﬂiw))
oy

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

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

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

PlEXDy, Evbidko L5z £9.
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2H

HAEYBEEL (m/IME)

LESESES

Fac

Loc

F, I, jeFac
D.,..,mneLoc
X...,1 € Fac,me Loc
Fe(XDXT)

Xe=¢

XTe=¢

THOEE
X DES

K TEW o7 a—

A5 M X ] O e

THi X mICEET 556 1

FNLIANT 0

o [TER T L OO

eII &Ry 1 DT v
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ERAL L2 R % SIMPLE TR 5L FO L H 124 £

QAP. smp
/] A EIRTF
Set Fac, Loc;

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

/] INT A—=H
Matrix F((i,J)),D((m,n));

S ¢

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

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

// BHIEEEK

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#; 3d ZHIX 3s IZEET D¥n”,i,m, X[i,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.csv D.csv
F,1,2,3,4,5 D,I,II,III,IV,V
1,0,15,12,8,7 1,0,4,7,6,10
2,15,0,14,2,4 I1,4,0,2,5,4
3,12,14,0,6,6 111,7,2,0,8,7
4,8,2,6,0,11 Iv,6,5,8,0,12
5,7,4,6,11,0 v,10,4,7,12,0

ZDOETNEETTDHERD LD BRERPGELNET.

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 FEFHERE (SAMPLESYHIELE 2.prj ZBR)

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 LEO 2T £HA. 2B, BMAZIREST 2 ARy MEMEM
FRD 3 2L LET. ARy MEHTTOT, FFABIZIEAT M E LT T2 LN
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, VteTime

mtaX{Dt _Z P; Xuit}

Squij
j

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

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

Baxh (AR NE A=
AREFEEE AN ARDFN)
DOi/ME

FREZNCH 1T 5 A b il
X1 o0k
TRTORFZNZIBNT, B
AL7EARy NEHEA
FHEOH J1ET O R
BHFEELZ LRGSRV E
AGEAR
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ERIEORA B ELE LT, TXTORZNCEBT 5EIOMFNE BEHFTFEICET 2 HHX

, WA Z L& T 20T, AT 2 max BBEZHAWTERIT L R8ICHY £, 20
7o DK TR Y VS wesp W TR X<, SIMPLE TIEEA T O L D IZFEik L £ 9. 72 ks,
max BIFUZBI L E LTI, NUOPT SIMPLE v==a 7 Ol bbb TIEF I,

FPP.smp

// Pﬁﬂnﬂ%é\

Set Product;

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

Set Time;

Element t(set=Time) ;

// FEEMES

Set Dynamo;

Element j (set=Dynamo) ;

/] TA B

// AP D AR 72D D= A b
Parameter costS (name="costS", index=i);
/] BIEERIIKTTHEAT AR

Parameter costP (name="costP", index=7j);
// W7

// BRSO BALR ] 7= v DT

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

/] BFEEREO AR 7= DH BT
Parameter g(name="qg", index=j);

/] WA & DETFE

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

/) B

/) BRI &, EopEsERIHET %0

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

IntegerVariable x (name="38&ME’, index=j, type=binary);
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// BHIBEE (=2 b of/IMb)

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

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

// il

/) SEEREICIR T DM OEHIE 1 >DH

selection(uli,t], 1i);

)] FRTOBLNCENT, A LEAKy MEH L BEREOHAES ORAR
/) BHFTEEZ LRIL 20 E N T 720

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

/] B RORIEIRE R DX E
5;

options.maxtim =

/] KR

solve () ;

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

u.val.print();

T—H 774 (dat X)) IZLLTFTO X220 9.

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

Il
N
(@)

[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 [6] 20 [7] 30 [8] 30
[9] 35 [10] 40 [11] 50 [12] 56 [13] 52 [14] 47 [15] 40 [16]
[17] 42 [18] 50 [19] 48 [20] 40 [21] 30 [22] 20 [23] 15 [24]
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DETNEZIATT D&, LUFO &9 RIENF O, FEKOEANT ikl X OE OWEATTIE

WREVELL.

-
—

T VIR S

VA VA U U VU Y

— — /= o/ o/ o/ e e

T VIR S

— — = —/ =/ o/ —/ o/ o/ o/ o/ o o

NV VA U A U VU Y

— — /= o/ o/ o/ o/ o/

VS SV

— — /= —/ /= —/ —/ —/ —/ — —/ o/ o/ —

VA U VU )

— = o/ = —
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2.16 B/N _RE (SAMPLESYHIELE 2.prj ZMR)

BN RMEE, B LFonB CRFH SN EARNRMETY. 2 ORBEORAE) 7
FlE LT, RO IO H Y £T. ERICKVEONTT —F 27 VHIRICY TIXOE
BEMEL TN ZEEEBXET. 758, —BTEBPRICBNTT —% 2T LOMICITHA
ANFELTLENWET. ok, THBIHLEICEIT 232D ZFMAi/MNIT D] L) L
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.
ZIZT, K TOT—HELE T ANLEDLN DM E DREED "I /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.
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bz End, ZoflET%RO LD ICER(LTE £

K a 2 IROEDLREK
b 1 ROEOLREK
. EHOR
HIOBEC (0.5%a+0.50+¢ ~1.22470)? + (1.0°a+1.0b + - 0.87334)?
(ME)

+(1.5%°a+1.50+¢—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+C—4.44744)* + (4.0°a+4.0b + ¢ - 6.13509)°
+(4.5%a+4.5b+c—8.14697)° + (5.0%°a+5.0b + ¢ —10.50759)?

F AN I 1 HRRZED 3R

ZIT, ZOE%E SIMPLE T H LIRETIZEHBRTHERDOLH 1220 £

leastsquarel.smp

/I EBDOES

Variable a(name=" 2 ROIEADRE") ;

Variable b (name="1ROIHDLHRE") ;

Variable c(name="7EH") ;

/| FEZED T D /ML

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)
1.0%1.0*a+1.0*b+c-0.87334)*(1.0*1.0*a+1.0*b+c-0.87334)
1.5%1.5%a+1.5*b+c-0.99577)* (1.5*1.5%a+1.5*b+c-0.99577)
2.0%2.0%*a+2.0*b+c-1.34215) *(2.0*2.0*a+2.0*b+c-1.34215)
2.5%2.5%a+2.5*b+c-2.12172)*(2.5*2.5%*a+2.5*b+c-2.12172)
3.0*%3.0%a+3.0*b+c-3.22933)*(3.0*3.0*%a+3.0*b+c-3.22933)
3 ) * (3 )
4 ) * (4 )
4 ) * (4
*

*
*
*

*

.5*3.5*a+3.5*%b+c-4.44744) * (3.5*3.5*a+3.5*%b+c-4.44744
.0*%4.0*a+4.0*b+c-6.13509 .0*4.0*a+4.0*b+c-6.13509
.5%4.5*a+4.5*b+c-8.14697 .5*4 . 5%a+4.5*b+c-8.14697)
+(5.0%5.0*a+5.0*b+c-10.50759) *(5.0*5.0*a+5.0*b+c-10.50759) ;
/IR R TR D

solve () ;

*

*

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

c.val.print () ;
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THTIE, RS FREIT O KO RGBAEETNT 7 A VDEEIZKRERFMA 1> TLEND
R TIEH Y FHA. £ T, SIMPLE ORFRZ 4D LERA REIERBRICKHETE 5 L O 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)’ % L IcoWWTRAE L 57- b DL EXET. SIMPLE 2B 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.

£4 ObserveTime ={0.5,1.0,1.5, 2.0,2.5,3.0,3.5,4.0,4.5, 5.0}
BRI O£ A
L a 2 IRDOTEDREL
b 1 ROIEDLREL
c TEEH
T y(t),t € ObserveTime 2] 13 0T 2 B
A R > oe®’= > (at’+bt+c—y(t))’
teObserveTime teObserveTime
(Fe/Mb)

B BLIEZNC BT 23820 —FF
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T DFER %A SIMPLE Tioalb 472 ERDE TR0, FIFEDHDIZH~NPHAERE L & 51T
R0\ oizz> CTWnET.

leastsquare2. smp
/ /BLHIRFRI DS DE S

Set ObserveTime;

Element t (set=0ObserveTime) ;

[/ BREZ T A =2 L TES
Parameter y(index=t);

/I EBOESF

Variable a (name=" 2 KROIEDLRE") ;
Variable b (name="1RDOIEDLRE") ;
Variable c (name="/EKIHE");
//R7=% Expression # W TRILT S
Expression e (index=t);
e[t]=a*t*t+b*t+c-y[t];

/ [RAZED “RFA D F/IME

Objective err (type=minimize);
err=sum(e[t]*e[t],t);
//RIEELCRERZ M TIT 2

solve () ;

a.val.print();

b.val.print();

c.val.print () ;

BB, ETIEABRIIEROL I T csvy 77 ANV EHE 2 FT.

data leastsquare2.csv

tyy
.5,1.22470
.0,0.87334
.5,0.99577
.0,1.34215
.5,2.12172
.0,3.22933
.5,4.44744
.0,6.13509
.5,8.14697
.0,10.50759

(@)

g b w w NN
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COETNEFETTLE, KEIZ

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

LOWOERFBENET. 2o s, f(t)=0.644402t2-1.47656t +1.76057 &% ik fH
BET VRHEE CE -2 L2y 9.
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2.17 " — b7 % U FHRE(LRIE (SAMPLESYHIELE 2.prj 2R))

LI T, A= 74 U ARG WG R O 2 i il D FtaH R & LR L aiE Vw5
~NAabyYETFNAOEEZRLUET. BARRIIEIR— 7+ VA0 b 72 6T IS ROEH D K&
S (VAZ) 8Tl &icL, EhvaeioMbd 2 X5 REER D 2RO ET.

(BilE)
AN 1, 2 16T DU ROY TN 20 I T OO X5 I2HFELATHD & LET.

0.25

—0— AFA 1

0.15 \
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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ZH

HArBI% (e/IME)

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,= > rx,—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

RN—hr 74 VAR5 25 HREFIN
WRIT o Uk

Z OREIT AABIES R TH D HlFIAUT A THRIZ T o T kGEHEMEIC R Y £7
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ERAL L2 R % SIMPLE TR 5L FO L H 124 £,

portfoliol.smp
/] BELRT
Set Asset (name="#1");

Element j (set=Asset);
Set Sample (name="Y% 7 /L");
Element t (set=Sample);

/] INT A=A

Parameter r (name="IVZF3", index=(t,3));

Parameter rb (name=""FEHJIL4EH", index=7);

rb[j] = sum(r(t,3],t)/Sample.card();// Sample.card() : $£H Sample D

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

// A

Expression rpb (name="HfFIVIEE") ;

rpb = sum(rb[j1*x[j1,73);

Expression dev (name="{f#2", index=t);

dev([t] = sum(r[t,J1*x[j],])-rpb;

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

// I

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

AEN.

solve () ;

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

x.val.print () ;




T—47 74/ (.dat EFX)

LT X D270 5.
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data.dat
NEER =

[ 1,1] 0.0000
[ 2,1] 0.0162
[ 3,1] 0.0307
[ 4,1] 0.0419
[ 5,11 0.0485
[ 6,11 0.0498
[ 7,11 0.0458
[ 8,11 0.0368
[ 9,11 0.0238
[10,1] 0.0082
[11,1] -0.0082
[12,1] -0.0238
[13,1] -0.0368
[14,1] -0.0458
[15,1] -0.0498
[16,1] -0.0485
[17,1] -0.0419
[18,1] -0.0307
[19,1] -0.0162
[20,1] 0.0000

~ ~

~

~

~

O J o Uk w N
~

I
(@]
~ ~ ~
D DNDNDNDNDNDNDDND NN

[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

COETNEFETTDHELUTOL D RBENGLIET.

Y AX27=0.000951734

MRN8 %=0.0199126
AL [11=0.800874
FHALE=[2]1=0.199126
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Vector/Matrix ZfHf L7~ SIMPLE &7 /)L
NUOPT V13 X VEAXNT, Vector/Matrix 7 F ADFBEHEST-EF VLM LET.

portfolio2.smp
Set Asset (name="#4f1"), Sample (name="% 17 /N");

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,3j] = RI[t,J] — r[]];

/] R, BT b

Variable x (name="#AL", index=7);

Vector xv (Asset),

dev (Sample) ; // WY kv

xv[j] = x[31;// BE x X7 bV xv ([ZEEDiATe

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, AT =277 ANVEERET.
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2.18 P RT 4 v Z7ERET N (SAMPLESYHIRELE 2.prj BR)

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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YUoTNEGOERI el ITHL, nPAT7 4y Z7BIL(X%) 1, STk 5 aXTERbT
EMTEET.

L(X-): exp(xi)
Y 1+exp(x)

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

— X ETIHTHEL D LELEZ, ThAEKERB L% a0,a, #RHET. b, HIY
R f %
f=TTLoos (1-L(x)) ™

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

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

f =log f
= > (ki log L(x) +@—k)log (1— L(x)))

_ exp(x;) _ 1
B iz[ki log 1+ exp(x;) +(d=k)log 1+ exp(xi)j

::ZZ[kJog(exp(&))+Iog———éL———j

1+ exp(x;)
= > (k% —log (1+exp(x,)))

THHBEEZEE B L TH—RIEIEDNRWEEZFIA LT, 4R LR oMEOE S # 2
ZATWET.

LB ERILOFHA & 720 £

WIZ, TYRAOFRT —Z TN, 2t [5] OXERICH AT —4F (Iris setosa, Iris
versicolor, %450 f#) ZfEHLET.

BRI, UTOL DR 2 D csv 77 A VERRELET.
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(csv X771/ ;data.csv)

(LB D) (RO )
T —%, <0k 34,5.5,4.2,1.4,0.2 70,5.6,2.5,3.9,1.1
S, WL O, EFROK 35,4.9,3.1,1.5,0.2 71,5.9,3.2,4.8,1.8
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 37,5.5,3.5,1.3,0.2 73,6.3,2.5,4.9,1.5
2,4.9,3,1.4,0.2 38,4.9,3.6,1.4,0.1 74,6.1,2.8,4.7,1.2
3,4.7,3.2,1.3,0.2 39,4.4,3,1.3,0 75,6.4,2.9,4.3,1.3
4,4.6,3.1,1.5,0.2 40,5.1,3.4,1.5,0.2 76,6.6,3,4.4,1.4
5,5,3.6,1.4,0.2 41,5,3.5,1.3,0 77,6.8,2.8,4.8,1.4
6,5.4,3.9,1.7,0.4 42,4.5,2.3,1.3,0.3 78,6.7,3,5,1.7
7,4.6,3.4,1.4,0.3 43,4.4,3.2,1.3,0.2 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 45,5.1,3.8,1.9,0.4 81,5.5,2.4,3.8,1.1
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 47,5.1,3.8,1.6,0.2 83,5.8,2.7,3.9,1.2
12,4.8,3.4,1.6,0.2 48,4.6,3.2,1.4,0.2 84,6,2.7,5.1,1.6
13,4.8,3,1.4,0.1 49,5.3,3.7,1.5,0.2 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 87,6.7,3.1,4.7,1.5
16,5.7,4.4,1.5,0.4 52,6.4,3.2,4.5,1.5 88,6.3,2.3,4.4,1.3
17,5.4,3.9,1.3,0.4 53,6.9,3.1,4.9,1.5 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 55,6.5,2.8,4.6,1.5 91,5.5,2.6,4.4,1.2
20,5.1,3.8,1.5,0.3 56,5.7,2.8,4.5,1.3 92,6.1,3,4.6,1.4
21,5.4,3.4,1.7,0.2 57,6.3,3.3,4.7,1.6 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 59,6.6,2.9,4.6,1.3 95,5.6,2.7,4.2,1.3
24,5.1,3.3,1.7,0.5 60,5.2,2.7,3.9,1.4 96,5.7,3,4.2,1.2
25,4.8,3.4,1.9,0.2 61,5,2,3.5,1 97,5.7,2.9,4.2,1.3
26,5,3,1.6,0.2 62,5.9,3,4.2,1.5 98,6.2,2.9,4.3,1.3
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 64,6.1,2.9,4.7,1.4 100,5.7,2.8,4.1,1.3
29,5.2,3.4,1.4,0.2 65,5.6,2.9,3.6,1.3
30,4.7,3.2,1.6,0.2 66,6.7,3.1,4.4,1.4
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 69,6.2,2.2,4.5,1.5
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(csv B 7 71 /v ; kind.csv) (EE D) (P Bt x)
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 £,

LogisticRegression.smp

/] TS

Set I(name="%27/NVEE"); Element i (set=I);
/] AR BEE

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

Parameter d(name="&l#|7—#", index=(i,j));
/] T ADOHSH

// 0 : Iris setosa, 1 : Iris versicolor

Parameter k(name="FfH%H", index=i);
/] WEE LW T A =X

Variable a(name="a", index=7j);
Variable a0 (name="al0");

// TS

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

x[i] == a0 + sum(alj] * dli,31, 3);

/) S (BB
Objective f (name="XI#LE", type=maximize);
f = sum(k[i]*x[1] - log(l+exp(x[il)), 1)

EN

solve () ;

/] FEROIEAER T
al.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 14—V FA—T7HEWME (SAMPLESYHIRELE 3.prj ZH)

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 hb— b (BRFRPORERO & AR E TRASNDEEILLNDLEF D L) ThHY
HBEMRLELET. 0B, A=V FI—=T7ORRIIFNEA — v K G LY ofify) Lifif—1
“(ETﬁD@%ﬁ)ﬁ HY, FIETEMEM LY B RHGHOIZ NEL< D EE2EKL,
BEITWE AR L 0 b RHEFIDOIF ) MELS D Z L EAERL TV ET.

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
DESITERSNTND ET L. BUKSR (L, S(t)) ol
(t,S;) ie{L...,60}
DhEZLNATWS & E,

DSt =S}

Pi/MET B L9 ARy bL— M EHEER L.




COMEEZERETHEUTDOL IR 9.
BB, RKODHARy FL— FDOEMIET% (=2 F) &L, ATHLILDELET.
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£ Term B (E=HE) £46
Point
BRSOES
TER tvalue,, i< Point B ANV B 2
Svalue,, i< Point )
B
28K r, teTerm t Wi 2Ky hL—Fh

HER (5 ME) > {S(tvalug) - Svalue,}, o
i PRI & BRME DR ZED —
Sir,....r,)=

1/2(1/(1+0.01-ri)‘)

i=1

LIESESEE 0

IA
-~

, VteTerm ARy b L— hOIEFASMH

Z OREIT BB IR T O T, IEREEIEREICRY 7
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ERAL L2 R % SIMPLE TR 5L FO L H 1z £

YieldCurvre. smp

// ARy kL — hORE

Set Term(name="HIf"); // HIHEE
Term = "1 .. 10";

Element t (set=Term):;

Variable r (name="A7R> hL— k", index=t);

// B

Set Point;

Element i (set=Point);

Parameter tvalue (name="tvalue", index=i); // {JH#HH»

Parameter Svalue (name="Svalue", index=1); // #HHHE (s)

// BAEGRE

Expression d(index=t);

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

// tvalue[i] WNZHT D s OBGMHE

Expression S (index=i);

S[i] = 1 / sum(d[t], (t, t<=tvaluelil)); // tvalueli] HiE o
Expression diff (index=1i);

diff[i] = S[i] - Svaluel[i];

// BB
Objective err (name="ElufH & BIHEDRRZED " Ff", type=minimize);
err = sum(pow (diff[i], 2), 1i);

// RIS
0 <= r[t]l; // ARy bFL—FOFEAZMNE

AEN.

solve () ;

// HERDOEEAEH T
err.val.print();
simple printf ("¥n");

r.val.print () ;




F—H 77 A ) (tSvalue.csv) IZLLTFDO L DT F9.
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(FEBE DR ) (B X)
i, tvalue, Svalue 21,4,0.272115 41,7,0.167762
1,1,1.020476 22,4,0.272244 42,7,0.167502
2,1,1.020582 23,4,0.272818 43,8,0.152239
3,1,1.021692 24,4,0.271190 44,8,0.150571
4,1,1.020304 25,5,0.222502 45,8,0.151664
5,1,1.021171 26,5,0.223564 46,8,0.151251
6,1,1.020387 27,5,0.222312 47,8,0.152121
7,2,0.520158 28,5,0.223726 48,8,0.151681
8,2,0.518884 29,5,0.222489 49,9,0.138188
9,2,0.519507 30,5,0.223251 50,9,0.138396
10,2,0.518841 31,6,0.190145 51,9,0.139097
11,2,0.519271 32,6,0.190989 52,9,0.139389
12,2,0.519520 33,6,0.191429 53,9,0.138134
13,3,0.355121 34,6,0.191156 54,9,0.138999
14,3,0.353832 35,6,0.191077 55,10,0.128923
15,3,0.355088 36,6,0.191451 56,10,0.129079
16,3,0.353742 37,7,0.168971 57,10,0.129807
17,3,0.354565 38,7,0.167869 58,10,0.129427
18,3,0.354443 39,7,0.168913 59,10,0.128610
19,4,0.271774 40,7,0.168672 60,10,0.129465

20,4,0.271318
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ZOETNEFEITTD L, UTOX S niohEd.

PRERAE & B OFRZED —Ffi=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

ZOEORBIC, ERICHELEARY FL— 2 H LT, Excel FTA—A NI —7 %
EFET. FOEDHIZ, ARy hlb— M %& Excel HARIERE Excel FIZERLET.
ETNVOMRREEIIOM S EZ U TOLIICEETZLERH Y i“ﬂf

// AR

err.val.dump () ;

r.val.dump () ;

FERIT Excel BT, HIZIETFRROLIICEREINET.

EERlE S EAED R0 — F50 PR
1.7485E-05
HRR | Rk L —tF 7.00000
1 2,07687
z 2 02648 00000 //_4—0
3 3.73920
] 3.54718 g "0 /
5 437854 TR
8 451763 A /‘”
2z
7 5.05042 % 30000
B 5.53630 ’r? /
5 5.76144 2 00000
10 5.74989
1,00000
000000
a 2 4 8 8 10 12
78
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2.20 #ATHITHERBATH | HEE S E (SAMPLESYIRELE 3.pr7 )

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
BAZ72 0 £ L, IR L e 2 MM ST 5 &, BEIZEOBEORIEI D IREDEAEL 70 FF.

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.




138

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
o o i Ratin VAEB ORI BT (Q,)
i ) E
TE a; J g R
. . 1 A EALORAHT HEBAT S

I ¥ o 1, JeRatin
- G- J (Q) D%&mH

1751Q, £ Q¥ s 7 m =
A g |Q-Qe Qe

A VD R
2 b 2 G =LvieRaling 15 Q oafrom 1

jeRating

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

Z OREIT BB IERIE T O T, IEREEIEEICR Y 7



ERAL L7z fE S % SIMPLE Ttk 92 LT X 92720 £9.
wE, 174 Q R L Tix

Q12 =(Q*-Q%)*(Q*-Q")
f%ﬁf@:em;w,L;@@@%m%fé_gwf%if.
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7o, RIS 2 L 2B 2 720, 36 L UM £ COME R Z BT 5 720, 1751 Q

DMBMEL LT, dARSIC 0.9 252, HMERO LIRIEZ 0.05 & L TR ET.

Ratingl.smp

/] BE R B NT A

OrderedSet Rating; // KfHTHEE

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

Variable g(name="Q", index=(i,3)); // 17 HBELOEITHBITIIOA TR
Parameter g0 (name="QO0", index=(i,3)); // 1FHZROEMITHRBRITIIOKEHE

[/ ERDFEZRITHM T 5 A ORE A iR 3 2 5k
Expression g2 (name="g2", index=(i,73));
Expression g4 (name="g4", index=(1i,73));

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

Expression gl2 (name="gl2", index=(i,73));
az[i,Jj] = sum(qli,k]l*qlk,3J], k)i
q4(i,j] = sum(a2[i,k]*a2([k,3J], k)i
g8[i,J] = sum(qg4[i,k]*q4[k,3], k);
ql2[i,Jj] = sum(q8[i,k]*qg4([k,]J], k)i

Expression diff (name="diff", index=(i,3j));
diff[i,j] = g0[1i,3] - ql2[i,3]1;

// BHRIBI%L

Objective diffnrm(name="17%1 Q0 & 174l 9 ® 12 T DFE /L LD FE",
type=minimize) ;

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

A SES S

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

0 <= qli,i] <= 1; // 178 O OxAERRM

0 <= qli,j] <= 0.05, i !=3; // 1741 Q DOIEXf4EFEMN
/7 B E

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.csv

Q0,AAA, AR, 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
c,0,0,0,0,0,0,0,0.0266,0.9734

ZOETNEEITTDHLEUTOL ) RERELNET.
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1751 Q0 & 1741 @ @ 12 ! DFE ) NV AD _F=0.000154701

Q, "AAA"™, "AA","A","BBB", "BB","B","CCC","CC","C"
"AAA",0.99680,0.00285,0.00006,0.00004,0.00007,0.00006,0.00004,0.00004,0.00004
"AA",0.00298,0.99447,0.00218,0.00006,0.00008,0.00008,0.00005,0.00005,0.00005
"a",0.00007,0.00371,0.99435,0.00152,0.00010,0.00009,0.00006,0.00006,0.00006
"BBB",0.00007,0.00006,0.00289,0.99505,0.00158,0.00013,0.00006,0.00009,0.00007
"BB",0.00008,0.00008,0.00005,0.00966,0.98839,0.00033,0.00123,0.00010,0.00008
"B",0.00008,0.00006,0.00008,0.00003,0.00684,0.98880,0.00348,0.00056,0.00008
"ccc",0.00005,0.00005,0.00006,0.00005,0.00006,0.00235,0.99688,0.00046,0.00005
"cc",0.00005,0.00005,0.00006,0.00006,0.00008,0.00008,0.00059,0.99708,0.00194

"c",0.00004,0.00004,0.00004,0.00005,0.00007,0.00007,0.00004,0.00210,0.99754

TEHTIE, ZTOET )N % Excel BAREREZ AWV T Excel BIZFRREIVEFET. FO=0HIT,
EFILOREREIOESEZUTOLIICEETHILENH Y 1.

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

Excel HZDFEMIZC DX F L TIE, [NUOPT Excel HfER~==a7 /1] #ZEFI\V. FEEIZ
Excel EiZ, BIZIETROLIICEKREINET.

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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Vector/Matrix % f\ 7/~ SIMPLE &5/

NUOPT V13 L VWHEAINT, Vector/Matrix 7 T AEHWEETFTAEZHEMLET.

Rating2.smp
Set Rating;

Element 1i(set=Rating), Jj(set=Rating);
Matrix Q0 ((i,3));
Variable g(name="Q", index=(1i,7j));

Matrix Q((i,3)); Qli,J] = gli,J1;

Matrix Q2 ((i,3)), Q4((i,3)), Q8((i,J)), Ql2((i,3));

Q2 = 0*Q;
04 = Q2*Q2;
Q8 = 04*0Q4;

Q12 = Q8*Q4;

Matrix D((i,3));
D =0Q0 - Ql12;

Objective diffnrm(type=minimize);

diffnrm = inprod(D,D);

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

0 <= gl[i,j] <= 0.05 , 1i!=7;

qgli,1]1=0.9;

solve () ;

FEATRFICIE, M7 =277 ANVE5E2ET.
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2.21 FAEM T B3 RIRE (SAMPLESYJIfEEE 3.prj ZBH)

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
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COMEEEALTDEUTOL IR ET.

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

JLOITH EFREITHIDZED 7 1
=Ny NN

eI EE I
SHEERIT 1

Z ORMEIFFIEEERIFIAA > TWDHOT, FIEEHEFEREEIC Y 9.
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CorrelationMatrix.smp
/] BB EIRTF
OrderedSet N;

Element 1i(set=N), j(set=N);

/] INTA—H
Parameter A(index=(i,3)); // HRAONTATHIOHEFHE
Parameter minEig; // & A MBATTH O e/ NEE E

minEig = 1.0e-3;

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

// ST H
SymmetricMatrix M((i,73));
M[i,3] = X[i,3], 1 <= 3; // LE=AHSORER

// BHIER%L
Objective diffnrm(type=minimize); // ZDITFID /)L A
diffnrm = sum((X[i,31-A[1i,3])*(X[1,31-A01,31),(i,3))7

/7 HIRISE

M >= minEig; // IR EAE R
X[3,1] == X[1,3), 1 < 3; // XITHFTHI
X[i,1i] == 1; /] RIMERIT L
// K

solve () ;

// WA (csvig)

simple printf (" X");
simple printf(",%5d", 1i);
simple printf ("¥n");
for (i=N.first(); i<N; i=N.next (i)) {
simple printf ("%2d", 1i);

simple printf(",%5.2f", X[i,3J]1);

simple printf ("¥n");
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T=2 7740 (Lesv B) FUTOLHITY £

A.csv

AL1,2,3,4,5,6,7,8,9,10

i,1.00 ,0.127 ,0.127 ,0.%0 ,0.90 ,0.00 ,0.10 ,0.00 ,0.80 ,0.70
2,0.17 ,1.00 ,0.10 ,0.90 ,0.20 ,0.40 ,0.00 ,0.00 ,0.00 ,0.00
3,0.127 ,0.10 ,1.00 ,0.20 ,0.00 ,0.00 ,0.00 ,0.00 ,0.00 ,0.00
4,0.90 ,0.90 ,0.20 ,1.00 ,0.20 ,0.20 ,0.20 ,0.20 ,0.00 ,0.00
5,0.%90 ,0.20 ,0.00 ,0.20 ,1.00 ,0.40 ,0.00 ,0.00 ,0.00 ,0.00
6,0.00 ,0.40 ,0.00 ,0.20 ,0.40 ,1.00 ,0.00 ,0.00 ,0.00 ,0.00
7,0.10 ,0.00 ,0.00 ,0.20 ,0.00 ,0.00 ,1.00 ,0.00 ,0.00 ,0.00
8,0.00 ,0.00 ,0.00 ,0.20 ,0.00 ,0.00 ,0.00 ,1.00 ,0.00 ,0.00
9,0.80 ,0.00 ,0.00 ,0.00 ,0.00 ,0.00 ,0.00 ,0.00 ,1.00 ,0.00

10,0.70 ,0.00 ,0.00 ,0.00 ,0.00 ,0.00 ,0.00 ,0.00 ,0.00 ,1.00

ZOETNEEITTDHLEUTOL ) BRI ELNET.

X, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10

i, 1.00, 0.27, 0.15, 0.61, 0.65, 0.06, 0.10, 0.03, 0.57, 0.50
2, 0.27, 1.00, O.10, O0.85, 0O0.15, 0.41, 0.00, 0.01,-0.04,-0.04
3, 0.15, 0.10, 1.00, O.21, 0.01,-0.00,-0.00,-0.00, 0.01, 0.01
4, 0.61, 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, 0.127, 0.37, 1.00, 0.00, 0.00,-0.02,-0.02
7, ¢0.10, 0.00,-0.00, 0.20,-0.00, 0.00, 1.00, 0.00,-0.00,-0.00
8, 0.03, 0.01,-0.00, 0.18,-0.01, 0.00, 0.00, 1.00,-0.01,-0.01
9, 0.57,-0.04, 0.01, 0.12, 0.10,-0.02,-0.00,-0.01, 1.00, 0.08
0, 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 B NR MR— 7% U A EEVRE (SAMPLESYHiIRELE 3.prj W)

N7+ VFDY R ZFERFZONERD B GHATH Z W CEHIT o~ raey
YETACEWT, 52 b8 EATINE, UL VISR EFEMEEZ PN ET. 2 ORI
WXL TRrANR MR 250 N TORMBELE 2 £7.

LU OB 725 « e T VA B R T

max ' X —AX' Zx
X (1)
st. x'e=1

ZITC, uEMRY X—r, TEV X OB EAITA, XER— N7+ U A DOES,
A% A7 GRS LET.

AL BATH Z I ED L LT, LT AR MR— 7+ U A E{CEE
ERET. RBULIE, AHEEERED Z LIk TRY 92 2T 21T50HEE L LET.

max {yTx—;tmax{xTZx}}

TeUy (2)
st. x'e=1
U, & LT, SHOESEITAIS 0k

T<Z<Y

DEI R ERFHSOL LES. 2oL x 2)iF, HiATs U, L2 AW TUTo X ) Z2REIC
EEWZDHZ LN TEET (6], 0BT, BIZXL, AeBix, AL BOWNHEERT HDL
LET.

max,uTx—ﬁ(ioU —Xe L)
st. x'e=1
(U —L Xj (3)
—
X 1

U=0,L>0
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()

SIHEE S EATHE OB/ EFEO FIREZRTI75Isigh, ERREZFRIITHISigU 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 £

=4 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

ARIBI% (kb 7 o [IETH L OROF

—A(siguU eU —sigLe 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.
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ERAL L2 R % SIMPLE TR 5L FO L H 124 £,

RobustPortfolio.smp
/] A LIRT
Parameter nA; // $4i%K

Sequence Asset (from=1, to=nA);

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

/] INTA—=H

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

Parameter mu (index=i);
S ¢

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

/] RFTH

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

Element w(set=V);

SymmetricMatrix M((v,w));
/] MOEFRDER (E=AETDRH)

M[j,nA+1] = x[J]; // HE
1; // BT

M[nA+1,nA+1] =
// BHEIBEEL
Objective f (type=maximize) ;

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

- lambda*sum(sigU[i,j]1*U[i,J]-sigL[4i,31*L[1i,3], (i,3));

/ /RIS
M >= 0; // FIEEMHK

x.val.print () ;
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(csv IER)
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sigL.csv

sigL,1,2,3,4,5,6,7,8
,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)

sigU.csv

sigU,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 &0

data.dat

nA = 8;

lambda = 1;

mu= [1] 0.1 [2] O.1 [3] 0.1 [4] 0.1 [5]

0.1

(6]

0.1

[7]

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 BEBETH] (KU » MRIE) (sAMPLESYHIELE 3.prij )

BKAy NS L, BEAME 7T 70— K& 2007 v—125E T 5T, 71—
ST ELEBICE Yy hEhb =y VOEABMEZRKET HARHBETT. 22T, 220/ — KR
BN —TIRB LI E, ZO28 50Ty IRy hENDHEFNET.

ZOMBIX, 77 7EERBEITIITEZ OGNS EWIIRBAR LT, Ee, BOHEEE 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—=TIZH5FT, By hENDT v VOEALRDBRME R KL LW
B, FOLOIRITN—TF LB TL X I D

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.

UTTRAT2ERMIIZEB R (71ICL EF. 5, /—FoHEAELELTNEEZ,

gL e{-L,(ieN)zb52x%3. colx, /—Fi,jeNIZHLT, X =X7Ti,]j
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BRILZA—=TICR LTS L&, X X TL]BRRL7V—=TICRELTVWDSZ L 2RT
TLiLTaL, ROEIITERMMETH LN TEET.
1
max = > G(l-xX,)
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, WOMBLEREICRDZ ENMBNTWET.

max % 2, Gl-Xy)

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
EiEesbo HER S A
1 1
s Z Gij(l_xij):_ZGij(l_Xij)
2i,jeN,i<j 4i,jeN
1
zzz[ZGux"-ZGijxij]
ieN \_jeN jeN

= %(diag(Ge)—G)o X

ERER 2T 5 L TUTOESNMEBNELNET.
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A N ={12,3,4,5,6} ) — FO%EE
. . J—FieN&t/—F jeN
GyicN,jeN =N Je
Ex MO DTy VOEALERBEL
5 BT
L =diag(Ge)-G 777G D77 TA{TS
(e IFHNL T PL)
X ieN,jeN BRREICIX/, —FieN &

v —FjeNnny hsnTH
DEAEIT-1, Ty P EINTWR
WIEAIT 1 & & DR

ZH

" 1 BB Xy a5y
HBE (mkik) ZL.X

D E DTN
9 X >0 HIE EAEHI
X.,=1 VieN RHAEFRIL 1

WIZ, (T 5T —2 77 AN 52% SIMPLE 7% LET. UTFTOEF L TIIARE
REREARERBOIEET 720, BEE EZAMSLNERZL TOARWETILIZARY £4.
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maxcutl.smp

/] BB ERAT

Set N;

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

/] ATHNWNT A—4

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

Set NN(dim=2); // L=
NN = setOf ((i,73), i<=3j);
Element ij (set=NN) ;

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

SymmetricMatrix X ((i,3)):

X[i,31 = x[i,31, i<=3;
X[3,11 = x[i,31, i<3;
x[1,1]1 == 1; // XAEHEIL 1
X >= 0; // IR EME K

// BB

Objective obj (type=maximize) ;

obj = 0.25 * inprod(L,X);

// RIR

solve () ;

// H
obj.val.print();
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— 2 774N (.csvIEX) ITZLLTFDX DT F5.

~
[y
~

4 4

G.csv

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

~

4 4

4 4

4 4 4 4

4 4 4 4

O N D W O W o

4 4 4 4

ZOETNEETTHE, BRIBEIE 18.7437 ML E T, ZiudEARLRIE ORI E
TTOT, KEEO EREE 2 5.

WIZ 0-1 BALFHERE L L COBRYLZHEI LET. sDP MMM CTH Oz ESEORSE
AMNTHEL X D.

FPTEHUE, A/ — RicxtL 0-1 2 X, (1eN)ZHELT 2 2OZ V=158 5
oz V—7) & 1 OEEEDZINV—T) xHEESEET. £/, /—FKik
— R JPRRRLZI7NV—TOLEIZ 1 HLY, L7V —TDLEIT 0 2L DEH

Yi-(ieN, jeN)#MELEY. oL, AMBEKEY » FE3NTy POBELOBRMTT

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

i<j

HUERD Y EF. B (%,X, Y,) = (0,11),(L0,),(0,0,0),(LL0) & 72 % il At & st

EEVOT, ZOMAEOREAEELT (XX, Y;)=(010),(10,0),(0,01),LLY £ 775

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,ieN
BIZAD M ERTEK
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HEIBE%E (R RAE)

il

yij,ieN,jeN

zGij Yij

i<j

=X —X; + Y <0 (D
=X +X; — Y <0 (2
X=X —Y; <0 (3)

X+ X+ Y <2 (4)

By hERTT Y VOB RE

X, X; 1 DAGF D Te D DKL

Dy hEINBdBZy VOELD

(%, %;,Y;) =(0,0,1) DHEER
(%, X yij) =(0,1,0) D YRR
(%, %;, ¥y) = (1,0,0) DHEER

(%, X}, ¥y) = 0,11) O Pk

ERICTER Y, 1

=

B L TERSNUTOETA, FEFRIIT 0-1 Lnd bR0WERL 2

DEF. ZhuE, ) (4) k0 y; 2025, (2) (3) kv, yy SIavEn, E5I2(X,X) D

#aw2:(0,0),(0,1),10),LY) Lrbbanzt (1) (2)(3) (4)2h, y; =00rlzE

PIVET. Eiz, EROFLIERMEE 2 PR 5 TEONM & LT o-1 Bz, #:BML T,

ERBTLHELHY T3, &I,

X +X; +Y; =2

SIMPLE EF /&R LFET.

ZARERIRVMET A0, BEE F=ATS LNERE L TWWRWETLIZZR Y 1.

LT DOET L TIIRERESE
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maxcut2.smp

A =

Set N;

Element 1i(set=N);
Element j(set=N);

/] TEE
Matrix G((i,3)):

Set NN (dim=2); // *kEpks
NN = setOf ((i,7),1i<3);
Element ij (set=NN) ;

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

Variable y(index=ij);

// x[1] x[3] yl[i,3] OEEME L HHIN

- x[i] - x[3] + y[i,3] <= 0, (i,3)<NN;

- x[1] + x[3] - y[i,3] <= 0, (i,3)<NN;
x[1] - x[3] - y[i,3] <= 0, (1,3)<NN;
x[1] + x[3] + y[i,3] <= 2, (1i,3)<NN;

// BHIREEL
Objective obj (type=maximize) ;

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

[/ FRIFAERTEIZ T LT O UL %= AV 5
/] ¥ FOER, v B 0-1 BEEKICTILNEND D

// options.method="wcsp";

/] KA

solve () ;

// 7
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 7 /b T Y R LDREERFEICFIA L7z h, S TRIFEZRETHEICBFIATEET. 358
F TIZ SDP FEFME, BRIE (+0HRENE), WesSP TEN TN 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, ARETlEE I —a2hRtaticks i 5 27
Va—VEEEZ L FTEATHE T

(/& 1)
HDHEIF—SERESHIL, UTD 1~6 S TOEBIT—ICHL, 4R AET 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.
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ZOMEEERLT 5L, BTFOL TR0 T, b, ¥ I 72T L TRERINAY
DT, —ODEWRE LTI EITERELTTFE.

I F—HEE Se TI)—4% 1~6

(=30 1 I F—=

e 7T 4

¥
E

TR A €21 o3RIk
SLVERIRERE : 4
MEEE R 1 2B R 1
A, ¥ I F—2 O~ EWEHE
SLPRIRE : 6
VB EIR 1 2B R 1
A, 2 —3 O <Kl ITE
ALVERIRERE : 5
MEEE R 1 2B R 1
A, T I —4 O a~EIHITE
SLERER] - 3
VB EIR 1 2 ALBEER R 1
A T F—5 O =~ HIHIL Ik
ALBEIRFR] : 10
VB IR 1 A B R 1
A ¥ I F—6 O~ HIE
JLERRERE < 7
VB EIR 1 2 ABEER R 1

T FEAE MM,, ieSe
BIFT—12E0 D HE—NESR
TIT4ET 4 act, ieSe TIS—i B RTEE
wEE— R A
He9BI% (m/IMb) completionTime % OIEE D58 T
2 2 — )V T HKRKT20HETS

TEAAL L72#E R %A SIMPLE TRtk 5 LTk H 1z £
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SeminarAssignl.smp
/] EERDRT Y 2= T HiHE

Set T (name="T");

Element t (set=T);

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

Element se (set=Se);

/] E— FEE

Set M(name="M") ;

Element m(set=M);

/] HFEIFT=D0nED S LHE—F

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

// B G A
Set Ro (name="Ro");

Element ro (set=Ro);

/] &E— R ORISR £ COMMES
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 T 48T 4

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

// BB (7 CToEF—0D5 TR O R/ME)
Objective f (name="lx/NE T HE”, type=minimize);

f = completionTime;

/ /KA KRR

options.maxtim = 5;
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// RIE
(

solve () ;

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

simple_printf("fﬁiff“—[%s] = %d¥n", se, act[se].startTime);

/) A b Fx— bt
Gantt g;
g.add(act[se]l, se);
g.dump () ;

ANT =% (dat B 1%, LT X512y 9.

Data SeminarAssignlA.dat

cap = [1,0] 4 [1,1] 4 [1,2] 4 [1,3] 4 [1,4] 4 [1,5] 4 [1,6] 4
[1,7] 4 [1,8] 4 [1,9] 4 [1,10] 4 [1,11] 4 [1,12] 4
[1,13] 4 [1,14] 4 [1,15] 4 [1,16] 4 [1,17] 4 [1,18] 4
[1,19] 4 [1,20] 4;

MM = [1] Al [2] A2 [3] A3 [4] A4 [5] A5 [6] A6;

req = [Al,1,1] 1 [Al,1,2] 1 [Al,1,3] 1 [Al,1,4] 1
[A2,1,1] 1 [A2,1,2] 1 [A2,1,3] 1 [A2,1,4] 1 [A2,1,5] 1
[A2,1,6] 1
[A3,1,1] 1 [A3,1,2] 1 [A3,1,3] 1 [A3,1,4] 1 [A3,1,5] 1
[A4,1,1] 1 [A4,1,2] 1 [A4,1,3] 1
[A5,1,1] 1 [A5,1,2] 1 [A5,1,3] 1 [A5,1,4] 1 [A5,1,5] 1
[A5,1,6] 1 [A5,1,7] 1 [A5,1,8] 1 [A5,1,9] 1 [A5,1,10] 1
[A6,1,1] 1 [A6,1,2] 1 [A6,1,3] 1 [A6,1,4] 1 [A6,1,5] 1
[A6,1,6] 1 [A6,1,7] 1;
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B, AN1TF—H % Excel BRHEEZ AW TEHE 252 L bA[ETY. BRMICITIRXD 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 10
Al 1 1 1 1 1
A2 1 1 1 1
A 1 1 1 1
Ad 1 1 1
AS 1 1 1 1 1
Af 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

FEFEROEI T —OEE, £EI T —0BBEKEAEEL TWET.
BB, W b Fy— NI 2BHEAOREHILEITS &, RO DI F5.
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B 1 OfFD 51

RN CEENE
IEEEN ST T P A

Bl 1 TIE, eI T —ICBT2FE— NI 11 (—H—a~xFoHkLTWn) OATL
=R, LI 2 T, BEIFT—IZH 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
—RIEXA3 1, A3 2D 29N HLHDT, TNHLD I HLDOELLPEZEIRL TEIT—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.



168

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 5] 7 g 9 10
Al 1 1 1 1 1
A2 1 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 1 1 1 1
AS 2 1 2 2 2 2 1
A5 3 2 2 2 2 2
A1 1 1 1 1 1 1 1
A5 2 1 2 2 2
A5 3 2 2 2 1

BIE 1 LT DL, H£EIT—IZBNWTLY 95— FORBEATL I ENBDONYITR
L ERNET.
faRlx, LT X 21C2 £7

w/NTE T A =9
EIF—[1] =0
®IJ)—[2] =5
£I)—1(3] =0
I, —14] = 4
ZI)—[5] =0
I —16] =5
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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.

mE, W b F¥— MIRLMHIORRIZLLTOL 51270 £

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,
YIRS LS ZLICLETD) BV TAENOEIFT—2175 b0 & LET. 725
TOYIF—FEHEE, flE2 ER—ELET. 1 BHE o7 2EERKOKRKIC
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 SEATHIFIN D Y £, RBETERE<ICEVRTbOL LET.
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HR

JeAT

0 AA ety fHeEEIC 1

1 YTy, e w24

EEOEIFT—1ZBWT, AAf a8 To
il act, <act,, VieSe E“IF—&MKATRIZAALLIORYET
DI F—IIBITT S

=

FERSLDBEMZ KW L7~ SIMPLE CTOETARIRIL, UFOL IRy £9.

SeminarAssignlB. smp
/] BEDORT Y 2—1 7 i

Set T (name="T");

Element t (set=T);

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

Element se (set=Se);

/] E— NES
Set M(name="M");

Element m(set=M);

/] BIR (FE) £E
Set Ro (name="Ro");

Element ro (set=Ro);

/] BHEIFT=DRED S LHE—F

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

// FHE— NP O KEESME TOMRES
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;

// HHRE (T XToOE I F =% TRAIDOR/NME)

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
FERIE, UTOXIICRY ET.
/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.




BIRE 3 OfEO I -

A A
P A A N A VA I

large_room

Ad 1
45 1
461
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2.25Vadvay AR Va—Y 8B (SAMPLESYHIELE 3.prj ZMH)

VaTdvay Ay va—U o MBS, AEFEEOBY CHAL, (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

(B A—7> v a v 7HE
3 ODEENOHREND, 3 SOMEERHD L LET. FSEEL AT 5 & 0
LI FO L 952 b TV T

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]

BB ZALEE L TSNS, OTEREZ NS Tk EEA. £z, 1K

Z AL D NER ICHIRITH D FEA.

ZDOGEDREDIEREDTE TR RN E 2D X

N DT, BEFEEZ EO X5 ITHEMICE Y IRV T L X 9. 22E, TXTO

HFEE2E 2D FE COFRERMIZENTI30 AETLET 5.
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ZOMEEEREFISE Ay Va—) v RETERIE TS &, BIZIELL T ORI £9.
BALFEOKNEEIZFERICIT 2 DU EAFI SR WHEE, I —EHREZFAVTRIL TWEHEI
EELTCFE.

machinel Mk 1, fEfeE . wic 1
machine? bk 2, it EEIC 1
o machine3 1‘%%:19& 3,‘ %fﬁ% (=]
d1 X —@P 1, faE I 1
d2 X I—ER 2, HE:HIC1
d3 A I—EJ 3, AR FIC1
ALPRIER 2 5
mode a 1
- VBEE : machinel, dl ZXLFERFE EIC 1
ALPREER : 8
mode a 2
- - VBEE : machine2,dl & ALEREFE A HIZ 1
ALPREER : 4
mode a 3
- VEEE : machine3, dl ZXFEEFE FEIC 1
ALPRIER : 5
mode b 1
- VEEE  machinel, d2 ZXLFERFE FEIC 1
. SLVERAERE < 4
£— K mode b 2 )
- VB : machine2, d2 Z ALERRER H 1 1
ALPRERR : 6
mode b 3
- VEEE : machine3, d2 ZXLFERFE FEIC 1
JLPRIRER : 6
mode c 1
- VEEE : machinel, d3 ZXLFERFE FEIC 1
ALPREER : 5
mode c 2 .
- VB machine2, d3 & ALERRER H 12 1
ALPREER : 5
mode c 3 .
- VBEE : machine3, d3 ZALERREFE P 1
5 a OFEZE 1
act_,
’ WHEE— R :mode _a 1
15 a D1EE 2
ac%z .
’ WEEE— K :mode a 2
Ha DIF¥E 3
TITAET 4 act, , e 2 OIF
’ WBEE— R : mode a 3
t#F o OfE¥1
act, ,
' WHE— K :mode b 1
15 b O1EE 2
act, ,

JFEE— R :mode b 2
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act 3 b DIEE 3
b3 WPFEE— R :mode b 3
4 c DIEE L
act,, .
' WELE— K :mode c 1
4 c DIEHE 2
act,, .
’ WELE— K :mode c 2
5 c DIEE 3
aC%3 .
' WPEE— K :mode c 3
A% (FeMb) completionTime % DIEEDTE T EH)
A7 2 — L T BT 30K &35

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.

openshop. smp

/] EREES

set J; // L=
Element j(set=J);
set s; // B3
Element s (set=S);
// E— FES

Set M;

Element m(set=M);

Set AvailMode (name="AvailMode", index=(j,s)); // HLFOFL— 37
BT ENSE— R

/] BIRES

Set R;

Element r(set=R);

/] VERERFRIR S

set D; // KE— FOIEERROKRAK
Element d(set=D);

// WIRIES

Set T; // A7 ¥ a—/VHiRH

T = "0 .. 30";

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

Activity act (name="act", index=(j, s

/] EE
[/ BRI

ResourceRequire reqg(name="reqg", mode=M,

// EIRERG R

ResourceCapacity cap (name="cap", resource=R,

caplr,t] = 1;

// BHIEEEK

Objective f (type=minimize);

), mode=AvailMode[],s]):

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, actlj,s]

resource=R, duration=D);

timeStep=T) ;

.startTime) ;

T—=H T A MIRD L DT/ £,

data.dat
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

~

’
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req.dat
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 ¢ 1,machinel, 3
mode ¢ 1,machinel, 4

mode ¢ 1,machinel,5

[
[
[ ]
[ ]
[ ]
[mode c 1,machinel, 6]

[mode a 1,d1,1]
[mode a 1,dl,2]
[mode a 1,d1, 3]
[mode a 1,d1,4]
[mode a 1,dl1,5]

I =

e

T e

[ = T =W S S S

[mode a 2,d1,1
[mode a 2,d1,2
[mode a 2,d1,3
[mode a 2,d1,4
[mode a 2,dl1,5]

[mode a 2,machine2, 1]
[mode a 2,machineZ, 2]
[mode a 2,machineZ, 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 c 2,machine2, 1]
[mode c 2,machine2, 2]
[mode c 2,machine2, 3]
[mode c 2,machine2, 4]
[ ]

mode ¢ 2,machine2,5

] [
] [
] [
] [

[mode a 2,d1,6] 1
[mode a 2,d1,7] 1
[mode a 2,d1,8] 1

T i

I S

e e

mode a 3,dl,1
mode_a 3,dl,2
mode a 3,dl1,3
mode a 3,dl,4

[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

e = S S G

]
]
]
]

e

[ = T = T S S

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 SR =

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 2 HHT 2L T ORATHNZ M 2 L ERH Y £
T 2B, UFTHWTWS < [IETBREETREE & LET.

I3 a OFE3 1 1%, 15 a OFFE3 2 1256
act,, <act,,

742
HE 2 D% 213, fH a OFFE 3 10k
act,, <act,, -
’ ’ 1795
HE b D% 113, fHb OFEE 2 10k
aCtb’1 =< aCtb’2 B
AT s
" HE b O 2 13, fH b OFEE 3 10k
act, , <act,, -
: ’ 1795
HE e O 113, % c OfEE 2 10k
act_, <act_, -
‘ ‘ 1795
HE e O 2 13, fHH c OFFE 3 10k
act_, <act,, -
’ ’ 1795

FEOEATHIEIZ M Z 7= SIMPLE DEF/ITILLTOREIZAR Y £4. i, FEEORKEXLR
REIZ 2 DLLEAVERH SR 20T, TR TR SN TV D FICHERE L TEF L.

flowshop.smp

/] NERES

Set J; // ff=
Element j(set=J);
Set s; // 1%
Element s (set=S);
/] EF—FEE

Set M;

Element m(set=M);
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Set AvailMode (name="AvailMode",
g NIBWTREENDE—F

/] BIRES

Set R;

index= (]

Element r(set=R);

/) VBRI S

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

// RS

Set T; // AT Y a—/VHiH

T ="0 30";

Element t(set=T);

/] TIT A4 ET A (K
Activity act (name="act", index=(j,s),
/] TEE

/] EEERE

ResourceRequire req(name="req", mode=M,
// EIRHE

ResourceCapacity cap (name="cap",
cap[r,t] = 1;

// BRIPEE (kDI D 5E TR D /M)
Objective f (type=minimize);

f = completionTime;
/] FEATHIA

act[j,s-1] < act[j,s], 1 < s;

/[ RIS DR E
options.maxtim = 15;
// KA

solve () ;

/] FEROERERT)

simple printf ("act[%s,%d] = %d¥n", j, s,

/] BHEOF L —

;8));

mode=AvailMode[j,s]);

resource=R, duration=D);

resource=R, timeStep=T);

act[j,s].startTime) ;
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FATHIRI Z R T 2FIC LY, I —EREMNNDLENES o7, T—F 774D 1D

MUTORIEIESVET.

req.dat

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]

’

e e

e e

e e e

[mode a 2,machine2, 1]
[mode a 2,machine2, 2]
[mode a 2,machine2, 3]
[mode a 2,machine2, 4]
mode a 2,machine2, 5]

[

[mode a 2,machine2, 6]
[mode a 2,machine2, 7]
[

mode a 2,machine2, 8]

mode b 2,machine2, 1
mode b 2,machineZ2, 2

[ ]
[ ]
[mode b 2,machine2, 3]
[ ]

mode b 2,machineZ2, 4

mode ¢ 2,machine2, 1

mode c¢ 2,machine2, 2

[ ]
[ ]
[mode c 2,machine2, 3]
[mode c 2,machine2, 4]
[ ]

mode ¢ 2,machine2, 5

e e

1
1
1
1

e e

N

[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

e e

I = S = S S S

e e

RITT DL, FEROBMBRANUTOL I ICH S ET.
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)
N

11
16
24

11
16

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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(Bl va7syay FRE
2.23.2 BioA—T7 v a vy THEOSEMOT, SAFELLUTF OIBEIZAAE X 3 T iuE
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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jobshop. smp

/] NERES

Set J; // ff=

Element j(set=J);

Sset s; // 1E¥

Element s (set=S);

/] E— NES

Set M;

Element m(set=M);

Set AvailMode (name="AvailMode", index=(j,s)); // &EFEOAFL— 37
ZBW T SN D E—F
// BIRES

Set R;

Element r(set=R);

/] NEER RS

Set D; // &E— FOIERRMORK
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);

caplr,t] = 1;

// BRI (B tk DAEZEDTE THREZ D d/IME)
Objective f (type=minimize);

f = completionTime;
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/] AT

Set Prec (name="Prec", dim=3);
Element u(set=S);

Element v (set=S);

act[j,u] < act[j,v], (j,u,v)<Prec;
/R RIFR O E

options.maxtim = 15;

WAEN. -

solve () ;

/] FEROEREL T

simple printf ("act[%s,%d] = %d¥n", Jj, s, actl[]j,s].startTime);

T=HT7AND1IORUTORIEESNET.

data.dat
AvailMode =

a

~

mode_a 1

[J))

mode a 2

V]

mode _a 3
mode b 1
mode b 2
mode b 3

o

o o
~ 0~
O I N I e S

Q

mode c 1

c mode c 2

~

[
[
[
[
[
[
[
[
[

c mode c 3

~

’

o o o o

Q
RN N PR W
w B w NN W
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FTT 5L, BIEEORMRARLUTO X S IcH s ET.

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 HiFEE, BROTY FTFr— M HEIEUTOIIIITVET.

BIE (Y a7y ay7RE oo e

act["a" 1011

act[a"12]

act[ 2" 1[3]
act[ b ][1]
act[ b 1[2]
act[ b ]3]
act[" " 1[1]
act[ " 1[2] T

act ¢ 3]

mode_a_1
mode_a_ 2
rnoce_a_3
mode_k 1
mode_b 2
mode_b 3
mode_c_1

rnode_c_2
mode_c_3
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2.25.4 VAV a—Y I8

EEEOBISTIX, & DR TIE L7 EORBEINEI2ENLIELIEHY £3. 20
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. ZOART T a— VIS THEM 2 EE L CWAT, 10 REEIAREE 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) ZMEHTLAIMENH Y £7. £, KRROAF Va2 — U RN@EITRKRZNEL D
T 5%, £ COEEITHITT D sourceActivity (HEITEZREIN TV D) & WD BITHIK
LR T MR D £

UboZ tz@Ex5 L, filfe LTUIHEICULTO OB Mb Y £
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TIT 4T 4 OB

BAEIEZ [ E

T T4 T 4 DF

— FEE

FeATHIA

fixActivity(act, ,.startTime)
fixActivity (act, ,.startTime)
fixActivity (act, ,.startTime)
fixActivity (act, ,.startTime)
fixActivity(act, ,)
fixActivity(act, ,)
fixActivity (act, ,)
fixActivity(act, ,)
sourceActivity < act, ,, 10
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 5 BERFIET 20T, FFEALUTORIEESNET.

HP

machinel

machine?2

MR 1, e
¥tk 2, iR 10 BLE 15 R 0, €&

SEIC 1

DIz 1

machine3

>

PR 3, HEREE I 1

i

ZH % SIMPLE Citihd 2 &ELLTORRIZARD £79.
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jobShopRsch. smp
/] NEREES

set J; // fL%E
Element j(set=J);
set S; // 1FX
Element s(set=S);
// F— FES

Set M;

Element m(set=M);

Set AvailMode (name="AvailMode", index=(j,s)); /] BHEEOSX L — g
IZBWTHRBE ENDE— R

/] BIRES

Set R;

Element r(set=R);

/] AERERF IR A

Set D; // BE— NOEERFHDRK
Element d(set=D);

// HIFESE

Set T; // A7 ¥ a—/LHIH
T="0 .. 30";

Element t (set=T);

/] TITT4ET 4 (B

Activity act (name="act", index=(j,s), mode=AvailMode[j,s]);

/) EERE (GER)

ResourceRequire reqg(name="req", mode=M, resource=R, duration=D);
// BRMEEE (EX)

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 TUSMIAT v 7 10 PEHIHKTIEZR B 720
Set NotFixAct (name="NotFixAct", dim=2);

NotFixAct = setOf((j,s), (j < J, s < 8)) - FixAct;

sourceActivity < actl[]j,s], (Jj,s) < NotFixAct, 10;
2 */

options.maxtim = 15;

solve () ;

simple printf ("act[%s,%d] = %d¥n", Jj, s, act[j,s].startTime);

FT—=R T 7 AND1ONLLTFORFIMEIESNET.
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data.dat
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
[ ] mode b 3
[c,1] mode c 1
[c,2] mode c 2
[c,3]

mode c_ 3

a 32
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.
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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 —

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

IIZTIE, EBEERITINERAWEMBEEZFE IS LE T, NUOPT VI3 HEAINT
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.

WICHIFISEEEZEZEZ T, £F, FBRAKICOWTORIKE LT, FEAKIK, L0 ALK
DRFID/NFRE 2 DANFTENBEZBL TUTREBRNEVWIHIKNH Y £F. £, FEBH
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RIZUE» T2 LT GBI ENENOFERD N FENERIR 2 /729 & W D filF23 6 0 9.

UbZSEXTKRO LI ITERLENET.

HEIBE%E (Fe/IME)

il

E={ELE2 E3}

J={3132%

H={HLH2}

EJ

ej?

JHjh,jeJ,heH

flow,,ec E
Eup,,.ecE
Jup;, jel

Hup,,heH

y

X..eeE

Xg, = flow,, +X
Xg, = flowg, —x-y
Xey = flowg, +y

X+Yy

X,y >0
X+y < flow,

X <Eup

(XT-EJ)" <Jup
(XT-EJ-JH)" <Hup

eck,jeld

B INFRE D B 4 R~ D B e
{75
&R B 4 B R~ O B
175

YN 2NN ST I VAN
V%

HINFRED N LRI IL

H RO NFE LRIV

FRFEFRONFE LR~V

INSERE 2 70 B /NFRE 1 ~ DTN
INSERE 2 7 B /NFRE 3 ~ DTN
IN €L YOE- VIR 2 SNOPN:-IN
B~z hov

ELEEIN- 2% 2|4

AR

THEE NI DORFNTNERL 2 ~D N
TENEZEBZ TX 250

B/ NFRE D N NF DR

B W O NFNE D IR

R BB O NF B DOHIBR
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Wiz, T MNVETTINET =2 T 7 A NINEH 2% SIMPLE €7 VAR LET.

TPM. smp

/] BB ERRTF

Set E; Element e(set=E); // /NEK
Set J; Element j(set=J); // WFK
Set H; Element h(set=H); // @HFK

/] AT TG A= L X7 NIRRT A—H
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"];

/] BT hv

Vector X (e);

X["E1"] = flow["E1"] + x;
X["E2"] = flow["E2"] - x - Vy;
X["E3"] = flow["E3"] + y;

// iR

X <= Eup;

trans (trans (X) * EJ) <= Jup;
trans (trans (X) * EJ * JH) <= Hup;

// B EIEEEE

Objective obj (type=minimize) ;
obj = x + y;

WAEN,

solve () ;

// Hh
x.val.print () ;

y.val.print () ;
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T—=4T7 74N (LcsvIER) T TFOLH T/ 7.
BINFREA~DNFNE L, B FARA~DOEF OB MEFRITS

flow.csv EJ.csv JH.csv
e, flow EJ,J1,d2 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

BN LI
Eupper.csv Jupper.csv Hupper.csv
e, Eup 3, Jup h, Hup
E1, 240 J1l,360 H1,360
E2,240 J2,360 H2,360
E3,240

ZOETNEFETTDHE, x=15.2907, y=24.7093KE 0 3O T, BEMICHDT
INFERE 2 I B /NERE 1 ~DOFHFENEL 15 N E/NVFERL 2 I B/NVEIR 3 ~OFHFEAEL 25 ARG LI
9. E72, TOME, UTOLSICHERETEANEN b 1.

u15.2907

P —

INFERR1

240

INEAR2

Lz|24.7093

INFER3

L335.645

P —

| >

make b S|

L344.355

B

EEAR2

L356.347

P —

1 >

ok

1

2

i}
4
o

L3Z3.653

’.

m}
#
L
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2.27 A—T « Xy a— X—EHE1TH]

NUOPT V13 5718 A X472 Vector/Matrix 7 7 ADHEWHITIEND 728, HKik
ERETIEH D TR, 2—7 - oo —X—RgfTi 2RO THEL X H. ZOMBEIZ8]
FHETEE L TWET.

(f3ilE)
WOFFIAD, K—T « o — 2 siie AT a2k 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.

or M 7
N |
TER A,,meM,neN EHATEI RSy
L Xy ieN, jeN RTINSy
H BB %K Z ORI B BB SIE M

eSS ATAATAX ATAATA=ATAATA X 1z ATAATAD 3751
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ERAL L2 R % SIMPLE Ttk 5 LT L H 1T £

MPpsedoinverse. smp
Set M, N;

Element m(set = M), i(set = N), j(set = N);

/] EEATH
Matrix A((m,1i)), B((i,3))7
B = trans (A)*A*trans (A) *A;

/]

Variable x(index = (i,3));

Matrix X((i,73));

X[1,31 = x[1,31:// 1780 x 2B, x %ZiE0iAt

/7 HRISAT:
B*X*B == B;

solve () ;

/] BT e Nrm— XTSI
Matrix A plus((i,m));
A plus = trans (A)*A*X*trans (4);

for(int k = 1; k <= N.card(); k++){
simple printf (“s5.4f ¢, A plus[k,m].val);
simple printf (“¢¥n”);

}

csv BROAN 77 A VTN TFO L H 1220 £,

A.csv
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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MIP, 4, 5
0
N
0-1 ®EHGEHmRE, 157
NLP, 4, 5
A NUOPT, 6, 12, 18, 33, 41, 69, 76, 153, 165, 167,
171, 195
Activity, 189
P
C
p BVF—R&, 5, 65, 71
csv, 28, 40, 46, 49, 57, 64, 70, 75, 95, 106, 111, p AT 474, 5, 65
119, 120, 128, 140, 146, 198, 200 print, 69
D Q
dat, 11, 17, 23, 28, 32, 33, 34, 40, 57, 64, 70, 75, QP, 4,5

84, 115, 125, 140, 164

DEA, 25 R
DMU, 26
RCPSP, 4, 5
E
S

Excel 4%, 136, 141, 165, 167, 171
Expression, 119 SDP, 4, 5
SIMPLE, 4, 10, 32, 35, 39, 41, 45, 62, 74, 90,

L 119
solve, 41, 97
LP, 4,5 sum, 41, 119
M VvV
max B8%, 114 Vector/Matrix, 47, 108, 126, 142, 153, 195,

MILP, 4 199
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I K, 5, 42, 52, 58

% )
YTT—, 77
wesp, 41, 102, 114
WCSP, 4, 5 L

BIREIFI A 2= 7RI, 4, 161, 175

)
IR, 122, 147
A —NRA—7, 5,132, 136 %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—) 7R, 5, 174

SDP #Z iR, 153, 154 vaZvay7 R, 174

B B

HER =174, 138
HOHET iR, 4
ARy hL—F, 132, 133, 136

=7 vay 7, 174

P

T, 5, 137, 138 NEA
AT HERRATS, 5, 137, 138

AT HERBATHIHE E R, 5

HohF—h, 165, 169, 172, 179, 184, 188, 194

HELFH R, 4, 35, 37, 41
HilfI=, 7, 26, 80, 114, 123
A FE 2 MR, 4, 102, 114

- HilKI%1F, 6, 13, 18, 26, 29, 37, 39, 40, 41, 42, 59,
- 65, 71, 77, 86, 195

Pt 751, 47

RAWFH R, 5, 112
BIF—FIYR, 5
ERHERITS, 195

FRIE IR, 4, 7, 26, 80
JEATHI, 169, 181, 183, 185, 189

RABIZRELE BRI, 4

&

He/INJ7 MR, 50

/N RRE, b, 117

eV RIS, 5, 52, 58, 59
BRI MR, 1563
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% [
FHBE1751, 5, 143 Bl ARIRE, 5, 6
FARET TR, 5 INTA—BHEE, 127, 128
M EEHL, 50 HIEEAM, 4, 143, 144, 149
XOcHERE, 50 IR, 4, 144, 149
Tz O
Z HIMGHmRRE, 5, 18 IERME R, 4, 133, 138

% LR, 5, 58

Tu—ay /M, 174
HRRAE S, 77 SRR EAT A, 147
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