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Set Alloy(name="THERMDEEHES");
Element i(set=Alloy);

Set Blend(name="H#MEMES");
Element j(set=Blend);

RS A=F

Parameter r(name="#8ALLLEE", index=(i,j));
Parameter c(name="12F", index=i);
Parameter b(name="BEELL3E", index=j);

E -

Variable x(name="iR&HIZE", index=i);

// BRIEEE
Objective z(name="§3 2 ", type-minimize);
z = sum(c[1]*x[i],1);

1/ BT
x[i] »= 8;

1 REHORE
sum(x[i],1) == 1;
sum(r[i,j1*x[11,i) == b[j];
/R

solve();

newModel.smp SIIS| CRLF /I—F§7:5 simple_min 1088.12 MiB (31.09%)

® stdout.log solfilelog
1

=3

=3

[FUsIC

AHBICETFVERAELTLES W, [774NV] A= 2—0 [&Hi 2T TR 2 F4TL, IFx%
TANT = E AR TR L TL 23,

L v WE~ BE v
U wsmeem
1.
 EEEETL
=S
B ezme
i TaTEE

ILI-FHEELTRE

B Joviore rEERE

B Toso oMo e A TRE
JosrohemEUs

B %7

4
15
16
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Ctrl-Alt-5
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Ctri-shift-w|Cr-QIAl-F4 |

BBt v AT v 4 T HEFEECTIDER
i, Vi R T e e Q@ QLT A 13 O chrome
B & EH O

nE

py(name="MIRNEEES");
ctrl-s | i(set=Alloy);
nd(name="HMEEEE");
j(set=Blend);

=5

er rname="HERLESE", index=(i,j));
er c(name="J 2 ", index=1i);

er b(name="BELZE", index=i);

name="B5 ", index=1);

// EIIBE
Objective z(name="E 12 ", type=minimize);

1

'8N0

T7ANVERELTLEZE Y, fziXdat zfHEL TS, §5&, Nuorium IZ newDatadat &\ 9 77
PEBMINETOT, 2T %2 AN KBEENP LI E—&RX—Z b)) LTLZS . ANk
ETFNVERMIC (ZHT 2T TR ICE D T =Y ZRIEL TL 2.
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1.1 BIEDRTEE

L v RE v

7 1/32, 51 1/9
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EEFOTATOT-HT74N

Bt v AT v

~ = A

X TP A

A LTS EEECTNEE
Q@@ 1A |13

C | chrome

C ¥Users¥opt-div¥aaaa¥mixture2.smp SIS

" EPNRE ® Lo m 2w o
N ERE S
V3R 2 Set Alloy(name= RS ZRE"); =i
= £f mixture2_2016/12/01 1 3 Element i(set=Alloy); 26  <preprocess begin>.........
i 4 Set Blend(name="HEREEES"); 21 <iteration begin>
7@ obsectives 5 Element j(set=Blend); 8 res=7.6es08 ... 1.4e-¢
ooz (#3Ak) 3 29 <iteration end>
M sets RN E ] 30
Alloy ( BEOESES ) 8 Parameter r(name:"-ﬁﬁ'ﬁhﬁi‘: inde%lﬂ(i,j)); 31 [Result]
9  Parameter c(name="JR k", index=i); 32 STATUS
Blend ( ERERES ) 10 Parameter b(name="EHEIS", index=j); 33 VALUE_OF_OBJECTIVE
—H elements n 34 ITERATION_COUNT
icAlloy 12/ EH 35  FUNC_EVAL_COUNT
j=Blend 13 Variable x(name=":B&E:ZE", index=1); 36  FACTORIZATION_COUNT
i 14 ) 31 RESIDUAL
Il Parameters 15 // ESEE 38 CONSTRAINT_INFEASIBILITY
ri,j] (#8RRHEE ) 16  Objective z(name="$#$3 X k", type=minimize); 39 ELAPSED_TIME(sec.)
cfi] (3AN ) i 17z = sum(c[i)*x[i],1); 49 ﬁ:lz ~=4.98
; § 18 41 BEHE[1]=8.06186e-11
- bl SELE) W0 e 4 RAHE[2]=1.9997%-18
=Ml variables i w[i] >- 0; 23 EA;@;[;] 8.62036e-11
x[i] (R&LLE ) N 44 REHFE[4]=9.11626e-11
22/ BEHORE 45 ESHEE[5]=8.18494e-11
i 23 sum(x[i],1) == 1; 46 EGHE6]=0.4
i 24 sum(r[i,j1*x[il,i) == b[j]; 41  RSHE[7]=1.48223e-09
25 48 ESHE(8]-0.6
% // KR 49 EEH®9]=1.5847e-89
27 solve(); 58  ,[*] = [i]
28 51

CRLF /I-F57: 5 simple_min| 1016.06 MiB (29.03%)
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S PIEORY

ARETIE, | BTHAN L SHBEICANT 2 MEOHHB L O, SIMPLE TORREZ/HBAL 9.
%B, BPEOFTHEZLIHZZH L TL A&, 72, Nuorium 70 Y =7 MEA 2, H
OHMNTRMEZ LTV ET. 7uvc2 MERICOWTIR LI2EHZ2E L T 23w,

AN mams

REREDF E LT, T TIIREOMBZROEEL AR T HMEZHCE . Z oMb HH
DGR VELREFRCETUCIMLEZE RS54 =y MER CEGRHEE L TR 2 b DIREZIITDH
720 FT.

B P&

g, WY, A XOMEBILERDS, FNFEN30%, 30%, 40%E%5H LD hEEE, HHOGEZR
BEbYE, TEXLPFTLVIRANTAERTAIEAE2ET. BAFICANS Z ENTEX SR
EEFOMIET, ZTNOOMBLRLERVESZ-DVDOIX MIVDTOMEY TT

TEROE&4 1 2 3 4 5 6 7 8 9

8 (%) 20 50 30 30 30 60 40 10 10
st (%) 30 40 20 40 30 30 50 30 10
AR (%) 50 10 50 30 40 10 10 60 80

a2Z bk ($b) 73 69 73 75 7.6 60 58 43 4.1

MEOMEZHOEEE2 IR M e —HFE L ERTHICE, HROGEE2 LD L) ITEEADEN
ERWTL & 9 2.

Z O % Numerical Optimizer T { 72D IZE R L Z ATV E 9. AFIEIZCHK [1] 25 D5 IHTY.
9, 2L LTTROE41,2,3,.. 9 DRGSR, D DREEDLELHEEZ, TNEN X1, x0,x3,..., X
ELELEY.

w2, wMET 2 RE BB, ZHROAEIIOWT [HEN- )03 2 b & [TREE]
DORORHE LTHBTHZ L TEET.
RBICHBEETT. 7, BRALFRIAOHEEZ L NEFEAOT, FEHIH L CHARIK 2 LE
TY. RELFO®RMI 1 TTOT, ZoHFHdMAEd. T2, EET 28580/ T O
¥, &, High, A XIS LT, BHWOEEIIOVTO KR & [RALR] OFoOBHAS,
ZNZEN30%, 30%, 40%EEFEL, EWHRIZRD 7.

DEoZEns, ROLIICERMET LI EDNTEET
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8 % 2 %‘ fﬂ]%@nﬂﬁ

8

i HHOE4 1 ORAHRE
2 TG4 2 ORA
3 R OA4 3 DR AL
H RO G4 4 DA MK
= T 4 5 DL I
6 TG4 6 DRAHHE
. RO &4 7 OREHE
8 T OA4 8 DI AL
® Tl 2 9 DA I

BE9R% (&/ME)

7.3x1 +6.9x) +7.3x3 + 7.5x4 + 7.6x5 + 6.0x¢ + (s%\\j A b

5.8x7 +4.3xg +4.1x9

FEEHIFY

x>0

x>0

x3>0

x4 >0

x5 >0

X6 =0

x7 20

xg >0

X9 >0

EBE RO

X{+ X2+ X3+ X4+ X5+ Xg+ X7+ Xg+ X9 =1

0.2x1 +0.5x, + 0.3x3 + 0.3x4 + 0.3x5 + 0.6x¢ +

0.4x7 +0.1xg +0.1x9 = 0.3

0.3x; +0.4x, + 0.2x3 + 0.4x4 + 0.3x5 + 0.3x¢ +

0.5x7 +0.3xg + 0.1x9 = 0.3

0.5x;1 +0.1x, + 0.5x3 + 0.3x4 + 0.4x5 + 0.1x¢ +

0.1x7 + 0.6xg + 0.8x9 = 0.4

ZoMEX, BB WHRETHRELZOT, BIEFTmEEE ) 9.
ERAL L7k % SIMPLE Ttk A5 LU T X924 ¢

mixturel.smp

SIMPLE fllES BB NTT -8B T L



2.1 EGhEE 9

/1 ZER

Variable x1(name="THRODH4E 1 DEALE);

Variable x2(name="THRD &4 2 DR E LI,

Variable x3(name="Ti{RD &4 3 DA ") ;

Variable x4(name="THIHDE4 4 DRSHLE;

Variable x5(name="TiRD A4 5 DIRELZE;

Variable x6(name="TTHRDH 4 6 DIRAHIE);

Variable x7(name="THRDH4E 7 DEALE);

Variable x8(name="TIIRDE4E 8 DRELZE);

Variable x9(name="TilRD G4 9 DRA ") ;

/7 HEB%

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

Z=7.3*%x1+6.9%x2+7 .3*x3+7 .5%x4+7 .6*xx5+6 . 0*x6+5.8*xx7+4 .3*x8+4.1%x9;
/7 FEEHIFY

x1 >= 0;

x2 >= 0;

x3 >= 0;

x4 >= 0
x5 >= 0
x6 >= 0;
x7 >= 0
x8 >= 0
x9 >= 0;

/7 RE RO

x1+x2+x3+x4+x5+x6+x7+x8+x9 == 1;
0.2%x1+0.5%x2+0.3*%x3+0.3%x4+0.3*x5+0.6%*x6+0.4*x7+0.1%x8+0.1%*x9==0.3;
0.3%x1+0.4%x2+0.2*%x3+0.4%x4+0.3*x5+0.3%x6+0.5%x7+0.3%*x8+0. 1*x9==0.3;
0.5%x1+0.1%x2+0.5%x3+0.3*x4+0.4*x5+0 . 1*x6+0 . 1*x7+0.6*x8+0 . 8*%x9==

/1 KRS

solve();

/1 W

z.val.print();

L PHICHEZ ESETHEUTFOLIIC%D 5.

&4
Alloy = {1,2,3,4,5,6,7,8,9} TROGEOHBEOES
Blend = {Lead, Zinc, Tin} Wl | DEE

SIMPLE fllES BB NTT -8B T L
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i

EH

rij, i € Alloy, j € Blend TROG4 i 1B 28R j ok
ci i € Alloy TROGE i ORfLERDHIZYV DI A T
bj, j € Blend WEIR j o BEELSE

8

xi,i € Alloy RO A4 i ORA L

BrE% (%/IMVLE)

Z CiX; ,{,%t:jx b

i€Alloy

%

x; > 0,Vi € Alloy AR

S ORI 1 205 I
i€Alloy

Z rijXx; = bj, V] € Blend ‘{Eﬁé\kto)fﬁ”%

i€Alloy

W, BF B ax b, HERE) 25— 774 V05525 SIMPLEEF V&R LTS
COEICETNE T =S 2T HZLI2L), TROGEDOESLHEREEOHBEOBI»E L - 72
ELTHTF— 77 ANEBEET AT THIETESL LR ¥

mixture2.smp

/1 B LR

Set Alloy(name="THIRDOGEHELE");
Element i(set=Alloy);

Set Blend(name="fEBR/ES");

Element j(set=Blend);

/] INT A—%
Parameter r(name="fHk L, index=(i,j));
Parameter c(name="J A b", index=i);

Parameter b(name="HfZLL&n index=j) ;

/] EH

Variable x(name="{RALILHE", index=1i);

/7 HE9BI%

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

SIMPLE fllES BB NTT -8B T L



2.1 EGhEE

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

// FEETHIF

x[i] >= 0;

/7 RELOHIHK

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

sum(r[i,jl*x[i],i) == b[j];

/1 KfE

solve();

/7 W

z.val.print();

x.val.printQ);

11

F=%7 74V (dat )

BEUTOLIITRD 5.

data2.dat
RERLLEE =
[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
[6,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
AN =
[1]

(2]
(3]
[4]
(5]
(6]
(7]

o0 o N N N o N
© O o o W © W

SIMPLE flz&s

MRS NTT FT—FHIEVRT I
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12 F28 BlIEDRA

i

[8] 4.3
9] 4.1

HERHE=

[Lead] O.

w

[Zinc] 0.3

[ Tin] 0.4

CDETINVEEFTTLE, TROEE6 % 40%, TROEE 8 & 60%IREELELDNRET, £
DEEDRIANMILI THLZ Db FT.

| 22 B0

sk IS O MG A S BB O T EHAOYORN T 2RO L E V) 2 epTE T, fit
folh & TWEMZ ) — F, YWoRhs&kze 7 —7 L3, WxflEE sy b7 —212X o THIT
EHMEO—RERR B ENTE Y. WkEIITT 22 Mo ERIMO Ry FT—2712k 5
THEBITELMEICHIEHTE LT,

B fiE

HLREEHIZOOTH 1, 295 =DD)klia, b, c ~OEGHOEHLEZFHITH-TWELLE
I KLY, EHICOWT, TR L FERIRO LN TEBY, Zhb iz LoD
RO IAMPPHLRVEFOENFE2ED LS ICRETELVWTL 2 )2 FLEOMKETEE
W, FEHoRER, HMEH72) ORI A MIDTO@E) T

Ti5 #HeFIREE | BH FEE
1 250 a 200
2 450 b 200

c 200

BEUSEHVOEXEIX b

a b C

1134 22 29

2134 24 25

Z Ol % Numerical Optimizer T 72012 AL ATV X T, ARBIEII K [1] 25 D5H T,
9, AL LTE L2 OKEHNOEEELZ U TORO LI IZHELET.

SIMPLE fllES BB NTT -8B T L



2.2 HXfeE 13

Wiz, BB, T SMESNOZREHEIZOWT [ ED 7)) Ok 2 b & [#HxE] o
MoBME LTEATHI LA TEIT.

RRICHFSA T, WMERIZRICE R VB2V T, KBRS L CEARIWILETT. 256
2, FLHTOWTIY D 5 OMEE OB TTRE T TH 5, KIEHIZO W THEH~ D% &
DA TFERLEFEL W, L) Elf2mb ) 5.

UEDOZ ENS, ROLHIICESMMET A ENTEET

8

Xl T 1 25 )EH a ~DOf k=
X1p TH5 12558 b ~ Dk
X1 T 1 5)EE ¢ D%
X2a L85 2 25 )5 a ~ Ok E
X2p L85 2 7 5 KSR b ~ Ok
Xoe T35 2 B B ¢ ~ Ok

BrE% (&/IVL)

34x1,+2.2x1p +2.9x1c + 3.4x04 + 2.4%0p + 2.5x7, ":%\\:l A b

FEEHIFY

X1 =0

x5 =0

X1 20

X2 =0

X >0

X 20

TIEOEEEDHK

Xig + X1p + X1 < 250 TH 1122w T

Xpa + Xop + Xoe <450 T 21220\

SIMPLE fllES BB NTT -8B T L
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14 F£28 fHlEDORA

i

IEHDOREE DRI

X1a + X2q = 200 JE&H a loDW\WT
X1p + X2 = 200 JE& b IZD2WT
Xic + X2 = 200 JEEf cl2DoWnT

v FT =7 CTEBTELIMENE L, FETRTELIIET— 2 LTEHEPERL, &
J—RizownwThli#grz-Tarz ickoTERbsh 7.

TRAL L7k H % SIMPLE Tt 345 EMITD X 1240 9.

transportl.smp

/1 BE

Variable xla(name="_L3j 1 7> 5 54l a ~DlgEE");
Variable xib(name=""T1.35 1 75 )E#&H b ~NDHEE");
Variable xlc(name="_L35 1 75 JH&H ¢ ~Diij%kE");
Variable x2a(name="_L1.3 2 %5 JE&H a ~DHi%E");
Variable x2b(name="_L3; 2 75 Jifili b ~ D) ;

Variable x2c(name="_L.35 2 7 5 JE4H ¢ ~Dif%kE");

/7 FEETHIF
xla >= 0;
x1b >=

xlc >=

0
0
x2a >= 0;
x2b >= 0
0

X2c >=

1/ T HpE s Ol
xla + x1b + xl1lc <= 250;

x2a + x2b + x2c <= 450;

/7 TEEO TR ORI
xla + x2a == 200;
x1b + x2b == 200;
xlc + x2c == 200;

/7 HEIBE

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

SIMPLE fllES BB NTT -8B T L



2.2 HpXRE

/7 Kf#

solve();

/1 W

z.val.printQ);

z = 3.4xxla + 2.2xx1b + 2.9%x1c + 3.4xx2a + 2.4%x2b + 2.5%x2c;

15

D HHMICHEZ EXMETHEUTOLH %) 7.

&4
Cannery = {1,2} T
Warehouse = {a, b, c} )i

EH

upper;,i € Cannery

T i Offa ] gk

demand;, j € Warehouse

B4 j OBEEE

cij, i € Cannery, j € Warehouse

T i D O)EH j~NOHALERD 72D Ok A b

zH

xij,i € Cannery, j € Warehouse

T i D SIEE j ~ Dk

BrE% (&%)

Z CijXij W x b
i€Cannery jeWarehouse
il
xij > 0,Vi € Cannery,Y j € Warehouse JEEHIR
Z xij < upper;, Vi € Cannery Yo AR m 0K
jeWarehouse
Z x;j = demand;,N j € Warehouse JEET DT TR DK

ieCannery

WIZ, ANITF—F 2T NVE5BEL/ SIMPLE EF V2R LET

transport2.smp

/1 HEERT
Set Cannery(name="_I.35");

Element i(set=Cannery);

Set Warehouse (name="JG#l") ;

Element j(set=Warehouse);

SIMPLE flz&s

MRS NTT FT—FHIEVRT I
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/[l INT A =%
Parameter upper (name="ftf5 I HE&E ", index=i);
Parameter demand(name="75% & ", index=j);

Parameter cost(name="Hfj3%3 A k", index=(i,j));

/1 EE

Variable x(name="Hfik&", index=(i,j));

/1 BB
Objective z(name="#2T A b", type=minimize);

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

/7 FERATHIF
x[i,3j] >= 0;

/1 L0 MR OHl#)
sum(x[i,j] ,J) <= upper[j_];

/7 T DT EREOHK

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

/1 KfE

solve();

// W

z.val.print(Q);

x.val.printQ);

>

% 2 E ﬁ“s 0)“1:1

i

T—=57 74 (datBX) GO TFTOLHITHRD .
data2.dat

RS TRER =
[1] 250
[2] 450

SIMPLE flz&s

MRS NTT FT—FHIEVRT I



2.3 ZHIRETERE 17

[b] 200
[c] 200

kI A b =
[1,a] 3.
[1,p] 2.
[1,c]
[2,a]
[2,b]

N W N
a > DO N

[2,c] 2.

)

CODEFNVEETTLHE, UTOXI) BRI EONTT.

a

%A [1,"a"]=26.5514

P [1,"b"]=200

Bk & [1,"c"]1=9.93779e-008

HE [2,"a"]=173.449
2% [2,"b"]=1.98757e-007

Wik [2,"c"]1=200

,[¥,%] = [1,3]

ZHMERRE &L, ZPEICO2 ) HIH I ICERRERZ TAMED Z L 2 v E 3. ZHIRHE
W EEZ 2T A0, MM LA BT EH/T 500K TT

B %E
2MEOER A BEMTLC2MEOMMN LT ZEELTWATIEA, MIH 3+ oA E
FHEAEZ VT ELTWET. £ E2 1 BVAEET SO ELEROMHE, &8N0 EE
SR AN, ZFEGOAZEobmE, FEAOHZE ORIV TOLIICEZ6NT
WwWEg,

FEFERE | £E EEAXb

I 10 I I
A 2 7 HEE 75 50
B 5 3 K 8 7

SIMPLE fllES BB NTT -8B T L
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HamOEEE | FEMOFATER
I |1 A |B
13020 920 | 790
2|60 |50 750 | 600
3180 |90 500 | 480

F28 Bl

BRI 282 ZOARICETERETEL LIIEL VDT, BIOHICAREL7-2#- %7
HELTRELTRHCIIFT 228 dFE2oNET
i & 52 5 72 EUR o FI T R &
EBPGOEEREAAHEREL EDO L) ICHETIUTIVWTL & 9

ZOEH)BIRMOT T, EREI B
DOHF =72 Lo I A P ER/MNIT LI, FAICBT

=

DiE

i

Z O #E % Numerical Optimizer T < 720N L Z ATV FE 3. ARHIEII T [2] 225 DB TT.
T3, BHELTHEAICBILZENL UDOERERE ZILEN Xy, xu1, o, X, X3, X3 & L, FEEE%

ZNZEN yi,ymsynym ELEL .

KIZ, wAMET B R E HIBIRLE, SR MEHEE ZOWRMEDHZ) DT R M OO &

LTEITLIENTEET.

RRICHFIEETY. 9, S8 L OFARMALETT. WIS, 17 HIZFHTE 2 5E#
RO LNTVEDT, £HITLIKFERNCET 2H0LETY. 512, LRI L=
FROAICFHLBE T TOT, ThaiTz-BiRotlEzmz 3.

Doz lnrt, ROXIIWCESMETEIENTETT

8
X11
X1
X
X2
X13
X3
yu
ym
i

ym

BrE% (&/IMVLb)

T5x11 + 50x + Syn + 7y111 + 75)612 + 50)6112 + 8y12 +

7y112 + 75)(?13 + 50)([13

SIMPLE flz&s

B]MI10 1 r HHOAER
B]HNO1 7y HEOEMER
BHI02r HHOAER
WHTO2 7y HHOA MR
W10 3 7 HHOAMER
B]HN O3y HEHOEMER
B]HI10 1 r HHO R
AT O 1 7 HHOTEH &
W12 r HHOEE R
HWHN D2 7 AHOER &R

wmax b

MRS NTT FT—FHIEVRT I



2.3 ZHIRETERE

FERHIHY

19

x>0, x>0

xp =0, xp >0

x3 >0, xp3 >0

yu =0,y >0

y220,ym 20

FEROHIH

2)(?[1 + 7)(7[11 <920

EEAICOWT 1 #HH)

S5xn + 3xm <790

ERBIZoWT (1~ HAB)

2xp + Txmp < 750

EEAICOWT 24 HH)

5x12 + 3xI12 < 600

EEBIZOoWT 24+ HH)

2)(?13 + 7XH3 <500

ER AlCDOWT 32 HE)

S5xi3 + 3xz < 480

ERBIZOoWT 3~ HHA)

HEFTEDHIF
x —yn = 30 %EII:E]IL:OV‘VC (1 7}% E)
xm —ym = 20 MBI IZOoWT (17 HH)

xp +yn —yn = 60

W

mIIZowT 24 AH)

xm +ym — ym = 50

W

MILIZOWT 24+ HH)

x3 +yp =80

mIIZoWwWT 34+ HHE)

xm3 + ym = 90

W

mIZoWwWT 34 HH)

RifE% SIMPLE Tt ¢ A LULTD X IZ4H D T

multiplanl.smp

/1 EH

/7 HEIBE

SIMPLE flz&s

Variable x11(name="#} 1D 1+ HHOAER");
Variable x21(name="#/ 11 ® 1 » H H DA jiER");
Variable x12(name="#M 1D 2 » HHOAEE");
Variable x22(name="#/ 11 ® 2 » HH DA MER");
Variable x13(name="#it 1 ® 3 » HHDAEER");
Variable x23(name="#/h 11D 3 r HHDOAE=RE") ;
Variable y11(name="#4h 1?1 7 H HDTEHR");
Variable y21(name="#i I1 ® 1 » JJ H OTEHitE");
Variable y12(name="#/ 1 ® 2 ¥ HHOIEREE");
Variable y22(name="#/h 11 ® 2 » J HOLERE");

MRS NTT FT—FHIEVRT I
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/7 FEEHIFY
x11 >= 0; x21 >=

x12 >= 0; x22 >=

x13 >= 0; x23 >=
y11l >= 0; y21 >=

o O o o o

yi12 >= 0; y22 >=
/7 RO HIF)
2%x11 + 7*x21 <= 920;
5%x11 + 3%x21 <= 790;
2*%x12 + 7*x22 <= 750;
5*x12 + 3%x22 <= 600;
2%x13 + 7*x23 <= 500;
5%x13 + 3*x23 <= 480;
/7 TR OHIH

x11 - yl1 == 30;
x21 - y21 == 20;
x12 + y11 - y12 == 60;

x22 + y21 - y22 == 50;

x13 + y12 == 80;
x23 + y22 == 90;
/1 K
solve();
/7 W

z.val.print();

Objective z(name="#2 A b,

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

>

% 2 E ﬁ“s @l\D

i

type=minimize) ;

SO PHICHEZ ESETHEUTOL %) 5.

&4

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

T

use;j, i € Product, j € Material
outy,i € Product,t € Period
upperj;, j € Material,t € Period

costp;,i € Product

SIMPLE flz&s

B T A OICERER j i &
t o+ HH OB i o mirE

t » HH DR j OF ] e R

B i O A b

MRS NTT FT—FHIEVRT I
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21

costi;, i € Product

i OFfEE a3 A b

zH

Xi1, i € Product,t € Period

Whiorr HBOLER

Yir, i € Product,t € Period

Wiy AHOEE R

B (%/ME)

Z (costpixi + costiyyi) ¥wax b

tePeriod icProduct
%9
xi; > 0,VYi € Product,Nt € Period He i D IEFHTRY
vir = 0,V¥i € Product,Vt € Period T & D IERAFIK

Z use;jxy < upperj,Vj € Material, Nt € JEORL > fifi FH = D il K
ieProduct
Period

Xi1 — Yi1 = outj

1 » HHOWMmEIZOWT

Xip +Yi1 — Yi2 = oulp

2y HHOHATEIZOWT

Xi3 + Yo = out;3

37 HEOWMREIZOWT

RIZ, BEBET =77 ANDPOE5 255607 VERLET.

multiplan2.smp

/] A ERT

Set Product (name="# ") ;
Element i(set=Product);

Set Material(name="J{f}");
Element j(set=Material);
OrderedSet Period(name="[#");

Element t(set=Period);

/1l INT A =%

Parameter use(name=")EEMEH &", index=(i ,3)0)5

Parameter out(name="Hff&E", index=(i,t));
Parameter upper (name="HUIKTHER", index=(j,t));
Parameter costp (name="2E I A b, index=i);

Parameter costi(name="7E I A b", index=i);

/1 EH

Variable x(name="AEJE®E", index=(i,t));

SIMPLE fllES BB NTT -8B T L
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Variable y(name="%EE§§§“, index=(i,t));

/7 HIBE%E

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

z = sum(costp[il*x[i,t] + costilil*y[i,t], (i, t));

/7 AT
x[i,t] >= 0;

y[i,t] >= 0;

/7 JEER DK

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

/7 RO R

x[i,t] - y[i,t] == outli,t], t == 1;
X[i,t] + y[l,t_l] - y[l,t] == out[i,t]’ t == 2’
x[i,t] + y[i,t-1] == out[i,t], t == 3;
/1 K
solve();
/7 W7

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

y.val.print();

=

% 2 E ﬁ“s 0)“1:1

i

T—=5 774NV (datlBX) QP TOLICRDFT
data2.dat

JERHE = =
['I", "A"] 2
[IIIII s IIBll] 5

[IIIIII, I|AII] 7
[IIIIII’ HBII] 3

)

Hifif & =
["I", 1] 30
["I", 2] 60

SIMPLE flz&s

MRS NTT FT—FHIEVRT I



2.3 ZHIRETERE

["I", 3] 80
[("I1", 11 20
["I1", 2] 50
[("I1", 3] 90

)

kv et =
["a", 11 920
["a", 2] 750
["A", 3] 500
["B", 11 790
["B", 2] 600
["B", 3] 480

>

ApEI A T
[IIIII] 75

[IIIIII] 50

3

M2 A b
[IIIII] 8

[IIIIII] 7

3

23

COETNVEFEITTEHE, UTDX) BHRPHONTT.

A h=21199.2

AR ["I",1]=38

AEPER ["I",2]1=67.8621
AFER ["I",3]=64.1379
AR ["11",1]=20

HEPER ["I1",2]=86.8966
AR ["I1",3]=53.1034
,[x,%] = [1,t]

TEHE ["1,1]=8

e ["1",2]=15.8621
e R ["1",3]=1.15881e-006
TEJE R ["11",1]=4.22073e-006

SIMPLE flz&s

MRS NTT FT—FHIEVRT I
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24 F28 BlIEDRA

i

TR ["II",2]=36.8966
FEE R ["II",3]=1.32435e-006

, [, %] = [i,t]

LB, —OEBNNEDY ET.

FREORFETICB T, HEEEICHT 2R EOLKE3 » HEHIZOWTHHELTVWEYT (fE
B [v1v,3], FEMERE ["11I",3]). ChHid, COEDIFZULDICENELABICIE, AELTwad o
7T

L2 L, IhSOEHIIOWTIHATRKDANORI S L, BLXUHWEK Bax ) 3k
IMEIZOWTDBDTHE I E, ZOWMENS, i ["1v,3], TEHE ["I1",3] DKM 1D
DEIIFIFOLFELNEICRD 7.

Peo THERER ["1",3], TEMiE ["I11",3] x EFHRL T, —HMEIIXbILIEA.

XN assiiz (DEA) E5)

Wik (DEA 5 Data Envelopment Analysis) & (&, #EEOMSEROHI I 2R ZWET 2 H
BT, FHEROBMABIE LT, $T - WS ITo T .

DT oBETIE, Fo—YEFLTY2 65N LT, DEAIZEDSWHREOFMZITWE Y.
Gk, AHITIX B Z2BELME LTWET.

m BIE
boHEIE, DTo6EHZIHA TV,

EHES 1 2 3 4 5 6

JEEE 5 10 20 20 30 50
@R 24 12 12 24 12 12
7¢I 2 6 10 12 12 20

ENERAS, AIEHIIS U TH ISR TH 200 L) 2 HlEd X

COMEOERLIZRD L )12 ) 7.

£4

1 AT EH A

J I H A

K TGS

K MGG (R —BHED S % HHEA)
EH

inDy, ke K i€l AF—%

outDy j, k€ K,jeJ Bhr—%

SIMPLE fllES BB NTT -8B T L



24 agaiE (DEA) ETIL 25

zH
inW,iel ANEH A 5 EA
outW,,jeJ DB 2 HA

BERE%H (RX1b)

Z outDy joutW; R EEIT 5

k.j

HF=R

D inDyinW; = 1,vk e K KGO AT S F

Z outDy. joutW; < Z inDy;inW;, Yk € K EJEEIIHT 5 A&
J i

0<inW,Viel EADOIFASMH

0<outW;VjelJ

DFT, AMEOEROFTNAZITNET.

DEA T, ABIEDEEID X 9 75834 % DMU (Decision Making Unit) &IFONE 3. 4 CTD DMU
—JEICEHIET 5 2 L IdWEEZR 720, JERIEA KIET2H 5 )M ke KcKIZHH L7-MEEE 2
9.

AR LT LB, EERKT S L) RMETT. COELEUTTERTLILELET
Z_/ outDE,jouth
D inDginW;

%, WG ST 5, GRIBIMATD) 2R EED, INERKIET S X9 REEZRVF T

BB, COMEOERE R {AMDEB T 2EAL, FEMHtAEcEZOohsb0L LTS, #l
R E LT, EEOIEHICH LT, GIAMAIN 251 EIFICR 2 &) FESLETY. A,

Z AoutDk,jouth
J

D inDyinW,
ERDET. F, HFAMDEBISHT2HAOIARK S ER T Z2LESHY T, B, oM
RIS HBBEE - fHNE B ICHBNTEDL I NS HETHFEE 20 3. h SO0 BBEEO I
ZIETH 570, HRRITM L5 BTG 22000 Th— iz kbhze, FHMBEEK £ IOV T
b, GHEGE 1 EEMTH L EVIHIKRNTED LT, 5475 0AE HREEE LTH —&itix
KbhEdA.
COEHITLT, Sl MIEEtE M EICE SR 2MEOES LI LDITR LD LD F7
PLbAs, ARREICHT 2 @ MbOFHPTT.

<1,VkeK

Z DM % SIMPLE Ttk 35 &, TS24
DEA.smp

SIMPLE fllES BB NTT -8B T L
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>

% 2 E ﬁ“s @l\D

i

/1 Bty LR

Set I(name="AJJIHHES");

Element i(set=I);

Set J(name="HHJHHESG");

Element j(set=J);

Set K(name=")HHlifEE");

Element k(set=K);

Set Kbar(name="XJZRJE#li", superSet=K);

Element kbar(set=Kbar);

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

Parameter outD(name="{NJJ7 — %", index=(k,j));

/1 ER
Variable inW(name="inW", index=i); // ANJJHEHBIZH$ 5 EA

Variable outW(name="outW", index=j); // HJJ

/7 HEBI%

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

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

/7 FEETHIF
0 <= inW[i];

0 <= outW[jl;

/7 il
sum(inD [kbar,i]l*inW[i] ,i) == 1;

sum(outD [k, jl*outW[j]l,j) <= sum(inD[k,il*inW[i],i);

/1 KE
options.method = "simplex"; // HAKIEDOFIH

solve();

/7 FERMN

f.val.print();

SIMPLE flz&s

MRS NTT FT—FHIEVRT I



25 FyvITHwIHE 27

inW.val.print();

outW.val.print();

ANF—=2E LCTRUTO3FEE (csv 7 7 AV 1 288, dat 7 7 A )V @ 1 FidH) 2 BT HLED

HHET.

inD.csv outD.csv
ANT =%, JEE K, BREKEH Whr—%, %Lk
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

Kbar.dat
RN = 1;

K NES (iS5 © 1~6) % Kbardat (IZBWTERBILEETHOEREZUTORICT LD E
. B, RGBT SN R NERALETED LTV ET.

) #i R 5 1 2 3 4 5 6
H 14 B8 Rl 0.667 1 1 1 0.9 1
EA B 0.2 0.067 0.04 0.033 0.025 0.017
AJJEH —
EA (BEFER) | 0 0.028 0.017 0.014 0.021 0.014
WhEE | =4 (56L) 0.333  0.167 0.1 0.083 0.075 0.05

HIWBIEUEDS 1 & 2 2058 O8IES 12, 3, 4, 6) IHFENTHLL 0wz ET. —J, 1 XIY/hS
e %508 QRS 01, 5) &, SN EZHzTEOL ) aEAZBIRL TORFEL? 1124
DZABENWEN) LT, FRHERTHLEN) ZLIZRDET.

IR EFICE LTI, IR E Lo TR EREZBEL T2 JEHiIEAEESIREGE LTEE
P EBUWEETY. SOV TIE, 4] 2B SV,

LR ryoyyomm

F v Ty L, v Ty 7 O Oh 0 G §E O AR AT i) O FATME % RS
THLEVIHRETT. 72720, Ty Ty 7 LI ENRENEEST A X526 TwT, A
N2 O A 0D F Y Ty 7 OFEZBEITIIVWIT2VWE W) EHEPH) £, ZoME
&, MAEREEEORENLRFO—2L LTILMOLNTVT, 7uY 27 hOBRRSYWEOMEA
ZEOMEICDHINTYET. DT, By 7%y ZJEEIFEN 3 OTY. 7B, 0-1F v

SIMPLE fllES BB NTT -8B T L
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28 F28 BlIEDRA

i

¥y ZEEIZOE T LTE, AHiORBETHMNLIT.

B %E

BREOGDF Y THy Z7IZRORIZH LMW ritortZ LICLET. ZO, #EORAALZNBO
WAME Z R RICT 720132 W DAt E BWTL X9 2. 72720, U Sz D
AATHHEVW DL LFET.

LE7) 1EH-UDOMHEE 1EHLYDOYAX
Ha—k— 120 10
AKAD Ry FARMLV 130 12
NFF 80 7
DAZ 100 9
BIZED 250 21
IR 185 16

¥, ZRESEGEWEZOAGEKTT. XoT, ZOEKRRIBHELINSZVWE W) LI
DFEF. 2720, [ EDRAL] 2V LI %D 2 VEZERTILENIHY ET. 207
B, BZEBIZOULEOME LIS 2 nE VD T E 2 HREME LTHRLTBLLESH Y 3. %
B, TofEEDRL] X [ZoRWEiEoiiT v LMRLET.

WIS, AL 2 2 L1 2 HBBIZFEDAAZ S OOKMIETY. ik, FiiconT 1
7= oftifi] & [ZDRPE2aEORALZMEE] O EZRD, TORMEZNSL Z L THRBTEET.

R GML, BIZERRIZEBICHET 2 OIS, FEDAATZMP DY A XDMAHF v T4 v
JOREREBIBVEV) LONHY FT. HWHEBOREFKIIEZ S L, £aWIclss [1#
B2 DHAX] & [ZDMWEFEDAATNE] OROBAZ & 5 LFEDAALZMY DI A4 XD
MAEONTET. LoT, ZOBRMNF Y THy 7ORETHD 65 2BAEVEN) 2 LERTHRYE
FIwaeiznzh 9.

UEoZ ERs, ZOFEIZRO LHIZESMET L2 kT L.

BREH

cof fee Ha—rv—of

water KAD Ry FR P VOMEE
banana INFF DAEE

apple N A ZDMEE

rice_ball BIZE) o

bread I8 DR

BRIEEE (®K1E)

120cof fee + 130water + 80banana + 100apple + MG 2 AL %

250rice_ball + 185bread

SIMPLE flz&s

MRS NTT FT—FHIEVRT I



25 FyvITHwIHE

LlERES S

10cof fee + 12water + Tbanana + 9apple + HEIZET 5l

21rice_ball + 16bread < 65

coffee>0 Ha—e—iZ 0Ll ik AT

water > 0 KA Ry MR VI oLl EEED AL
banana > 0 NP0 AL EEE O AT

apple > 0 DAZIE oML EEEDIAT

rice_ball > 0 BIZED I oML LR DAL

bread > 0 N Z 0 DL EEE AT

29

ERAL L7 R % SIMPLE CTiRtilR 95 RO X H 2% b 7.

knapsackl.smp

/1EBEREEET 5

IntegerVariable coffee(name= 22—kt — O ;
IntegerVariable water (name="7K A ) X bR FIVOEE") ;
IntegerVariable banana(name="/\7}F OfE%L");
IntegerVariable apple(name=" /) A ZOEE) ;
IntegerVariable rice_ball(name="3(ZX ) OfE%L");

IntegerVariable bread(name="/%> OfE%L") ;

//RAHME 2 e RAE T %
Objective total_value (name="#AMfiti " ,type=maximize) ;
total_value=120*coffee+130*water+80*banana+100*apple+

250*rice_ball+185*bread;

/BRI SR

10*coffee+12*water+7*banana+9*apple+2l*rice_ball+16*bread<=65;

/7% o P ERE DAL
coffee>=0;

water>=0;

banana>=0;

apple>=0;

rice_ball>=0;

bread>=0;

J/RFBLEREMIIT 5

solve();

SIMPLE fllES BB NTT -8B T L
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i

coffee.val.print();
water.val.print();
banana.val.print();
apple.val.print();
rice_ball.val.print();
bread.val.print();

total_value.val.print();

il
=\

9
I

Z D€ 7 )V % Numerical Optimizer THEATT % &,

I — b — D=3
KA FR VO =0
INFF DO Fr=2

0 A Z D H=0

BIZEY %=1

N OfEH=0

#AtifE=770

EVIHFRDPENTY. LT, TOERPSL [{FEI—e—%3fH, NFF22M ZLTBIZEY
Z LEGEORL E Rw] 2V ) COBEOER ZHRTE 7.

EZAT, TOETNVIZOWTHIOFRE R &2 T L7726 SIMPLE TORLR 2 15159 2 T
BELRELFMBE o TLEVET. ZORELLT, vy 7¥y7oRE @PoMMiftis X
POV A XERNHBE L72dat 77 A VD525 8ICLEY. 2OLIHITTSHI LT, SIMPLE
TORBRPZIHN R DIZRY, MWORHEIZEDb 722 LTh dat 774 VOEFEDOATHIGTE
X912 EY. 20D, TR Mok e] Lo EALT Y. 5L
ROEHIZHESETZIENTEET.

&4
Object = {fEI— —, KAy KR IV, NF  SBHOES
FOAZ, BIZED, )

BHER

count;,i € Object i i %A A T E L

ER

capacity Fv Ty s OFRE

value;, i € Object i O 172 Y offifiE
weight;, i € Ob ject mi o1 EHH7z) O A X

SIMPLE fllES BB NTT -8B T L
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B (&RX1b)

31

Z value; - count; KAiE % e RIE 3 5
i€Ob ject
Hll#I=
Z weight; - count; < capacity HEICET 5118
i€Object
count; > 0,Vi € Object Aimid o MLl EFE D AT

ZDOEXILE SIMPLE Tritib§ 2 &, UTO L) B2 b0l %) ¥, 4k, mWoEaOR
PRI 72 BEFE 12D\ Tl Numerical Optimizer Tl dat 7 7 4 V25 HEIIZEERR L £ 9.

knapsack2.smp

/] BHERT
Set Object;

Element i(set=0bject);

/] INTRA—%
Parameter capacity(name="7 v 7% v 7 DF®E");
Parameter value(name="\m¥DMfE", index=1i);

Parameter size(name="m¥ DA A", index=1i);

/] EE

IntegerVariable count (name="5% A TMEEL", index=1i);

/7 HIBI%

Objective total_value(name="#&flifH", type=maximize);

total_value = sum(value[i]*count[i],i);

/! BRI 5HE

sum(size[i]l*count[i],i) <= capacity;

/7 FmiE o Ll EE DAL

count[i] >= 0;

/7 KfE

solve();

// FERMT

SIMPLE flz&s

MRS NTT FT—FHIEVRT I
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i

count.val.print();

total_value.val.print();

B, SHOBFEICOVWTOdat 7 7 A VIEKRD L HITHhD 5
data_knapsack.dat

F v Ty 7 D E=65;
i Ol it =

(32—t —1120

KA D~y FKR V1130
[’¥F 7180

[ A 1100

[BIZ& D250
[232]1185;

i DY A X=
[Ha—t—110

RAD Xy FoKR V112
NF 17

(D ACI9

[(BIZ&ED]121

(/¥ ¥116;

Wi, COBIETIE [HI—t =233 L) X9 ICHFRDFFTIDY [F UMY T b itoiik
LIENRTEFELA ERTIE, SOV TFy THy 7 ICEEOAL I L TE 501 12T
EVIHZEILTREEDLIDITARBTLEI Y. B, ZORREMAS L 0-1Fy 7Yy ZEEE
V) BN 7 0-1 BB RTREIC 2 ) £37. SIMPLE T3, 0-1 28 TH 5 EVI) HEE ZMHIIT) 2
ENTEEY. BAIICIE, IR X €72 SIMPLE EF VI TARZES LTV A ES%

IntegerVariable count (name="7% AL MAEL ", index=1, type=binary) ;

ETBHETTT. EHIT, COHEHSPOLRKERNED S BTN 1 Larkwneiw) ZEDHLN%
720, B oMLl EEoART W) HlE [count[i]>=0;] ZRBTHLENRLL LD ET. Do
MIZOWTETFTIVT 74 VEFHEZH 272 1T, Numerical Optimizer THEITIH 5 &,

AT (" BICE D "]=1
HOAGMEB " A TI=1
DAL [N F F]=1
ORI [t ]=1

DA GEE [T — —"]=0
FHORGME [AKRAD Xy bR FV=1

SIMPLE fllES BB NTT -8B T L
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, [x] = [i]
M fififiEi=745

EVI)RRDPHON, HEI-e—DAHORMEFEDAL ERVE W) Fpbr) £

(26 ETULDL

BEULZORTEEOEB LSBT EEITTIETL2IAMBEIZLNTWEbDELET. &
DR, ETOUDEFENN—T B L) IR EEOHEI LT EEGEEDY, ZOBI2rH1SH T b
RER/NITHE V) MEFESEEMETY. IWHAIICRIREREA Y V2 =) Y R DY £
T, ZBEAPEMEOLA, UDREZRIIOWTHEHOBRGEGTHIN—FTLILEZHFLTVE
. ZOZLICHME LT, HEEOMSEETHN—FTHI ER2HS RS, BEOEIMEL L
1,
|

BRX OB EMELZ SIS EhTwET.

BRE

HHEFEEIA B, C D E F, GOTODLY) 7HH LT CERMEDOIERELZIBD B -0,
BOEBARHTAIEICAD F L. COBHICIZEGEROBEMIZ 10 AT, FADEETEX LT
V7BIXOEZEZEBELZBIZAIE I A MIKOED I H I sTHET.

fx#E EOEFRETI VU7 X b

kW A B, C 200
K A D F 280
i B, E 175
Hirp C, D, E, F, G 560
iU A, F 205
i B, D, F 245
A D 80
Hkf C, G 195
NS C, F G 265
%% B, E G 190

COME, AL VIARNTTOOIY) PERTICEETL7-DICZH#LTHATHLERVTL &
AN 722, EEWREZY 7T O—EOAREKEET S (B FHEICB £ D OARKIETS) T LT
EhwborLET

COBIEOERZ, KEMEICOWT [HHTL] LA MRHLEW] Lw) kgL KBITE
2b0L%HNFET. LoT, TITREBEMEITH LRHTIHEGE L, BHLEZVWEEIR 02
£ BB x gz EHEALT T

oK, HMBHRIZEDLIIZRT LD TELTLE I 2. T, EEZHICERIC»22 3R
FERBLET. EREZRA LSS (e =1 OWE) (21320003 2 M2 2 0 5. —75, #RH
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i

Lo ety Gy = 0 DBE) BEBICOWTIRME I X M2 00) A, BRI E, »
Moz AMR0OTHELVH)TEILDET. LoT, BIEFEEALLEREHC 200 E%F
EwbE, FERIIOWTIIERTIE 200k DITA PP ho/c b RBTEET. MoBEmHHE I L
TOHRBRICEBOIR M E2ERL, TOBRAEME LEBIIP->TRIA LD ET. ZOKRITA

NS, MBS B2 LS B HIYEETY.

HHIGREICOVWTIE, [H1) 7T AMERESTTWS ] Lv) e iTEBTL2 81240
9. BIRIE )T ADOLENRE - Sk - LR, S 1| AMLERHAT 2 2 L TRz T L
BTEET. COZEEZRTETE app+xpp t g > 1 2D ET. MO TITOWTHEKIC
E2BIETHMEMERIATEIY

DEoZEHs, 2o 0-1 BEGEIMHEE L TR X ) IZERLTE 7.

0-1EH
X{E@g, Xﬁ\*, x%ﬁ, qu], x?'fgi;l, Xﬁ};gé, x[J.lZF’ Xq;.ﬂ, %ﬂ%%ﬁ%b:ov‘f?%ﬁqj—éﬁ% 1, ?%ﬁﬁ L &b\ﬂ# 0
Xtk X7t ol e

BrE% (&/IMVLb)
2002 +280xg 4 + 175555 + 560x41 +205xg + F&T A+ DIR/ME
245)%}@% + 80)([1]2'3 + 195)(.;,:1@ + 265)(,]\% + 190)(?;?@%

i

X + Xgpok + Xy = 1 LY T ACHRETREICT S
Xpeme + Xihe T Xprgg T e = 1 T1) 7 B CHOEWREICT B
X + Xmep + Xy + g = 1 T) 7 C CRUEMREICT 5
Aok + Xep + X + X 2 1 T 7 D CEEWHEICT 5
X + Xpip + Xy = 1 T) 7 E CEOGEWREICT S
Xk + X + Xygn + X + Xppp 2 1 T 7 FCRGEMREICY 5
Xpgep + Xt + Xppk + X = 1 T 7 G CTHGEWREICT 5

COERL L 72K RIZOWTZD E £ SIMPLE TR 35 L IRD X H 122D 9.

coverl.smp

/1EBDES

IntegerVariable x_sato(name="{KJE",type=binary);
IntegerVariable x_suzuki(name="§5/K",type=binary);
IntegerVariable x_takahashi(name="/51&",type=binary);
IntegerVariable x_tanaka(name="HH'", type=binary);
IntegerVariable x_watanabe (name="{¥ /" ,type=binary) ;

IntegerVariable x_ito(name="fAJ", type=binary);

IntegerVariable x_yamamoto(name=" AR ,type=binary) ;

SIMPLE fllES BB NTT -8B T L
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IntegerVariable X_nakamura(name="£P*T",type=binary);
IntegerVariable x_kobayashi(name="4\$$",type=binary);
IntegerVariable x_saito(name="§$$§",type=binary);

// BWIBIR DR E

Objective total_cost(type=minimize);
total_cost=200*x_sato+280*x_suzuki+175%x_takahashi+560%*x_tanaka+
205*x_watanabe+245%x_ito+80*x_yamamoto+195*%x_nakamura+
265*x_kobayashi+190*x_saito;

/1B TS 1 AL ERE T %
x_sato+x_suzuki+x_watanabe>=1;
x_sato+x_takahashi+x_ito+x_saito>=1;
x_sato+x_tanaka+x_nakamura+x_kobayashi>=1;
x_suzuki+x_tanaka+x_ito+x_yamamoto>=1;
x_takahashi+x_tanaka+x_saito>=1;
x_suzuki+x_tanaka+x_watanabe+x_ito+x_kobayashi>=1;
x_tanaka+x_nakamura+x_kobayashi+x_saito>=1;

/IR U2 M5 %

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();

CORBERTH»L LI, TOEETTEBEPSRETT LHANTLH) A, D70,
MWHIC 22 LI b L7z RAE BT 2 2 IcLET

Riffio Ty 74 v 7 BEOR LRI [BEHEOEE] BIO [Z) 7ToEE] I BELEA
LET. /2 FBEMHEOIA MIERE L TN S 5252 8ICLET

51T, HREHFICOWTHRELET. i, V7 AT ADEREINTYS &) il
G X + X + Xy 2 1 IEDWTHE, I 0BMHE L ERT 2 L

lxﬁﬂf% + lx%;k + Ox%% + OxFH‘:F + l'xify"fjl]. + O)Cﬁ}% + Ole.IZF + O)Cq;,ﬁ + OX,J\,H( + O)ngg >1

LEHMBRTEF . 22T, CORDEZEHIZOVTWAREKO0 T2 1 27N r e LT 25
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i

TEWLET. F, MoOHBICOWTHRBICEREEALE Y. $5L, £ 7T 58
FMF 3 ETH UMMATERLTE 9. €O/R, SIMPLE Tld—MAETORRBTHILTE, &
DHORYRLTVHEDIIHD .

DEoZ ML, MAMESRABRIIUTOLIICE) 7.

&8
Man = (7, 85K, W, Hvh, P2, fPHe, 1A sl ety
R, VR, TR

Area = {A,B,C,D,E, F,G) ) THRE

0-1 Z#

Xi,i € Man Rz 2 TRATARE L, FRALZVWEOZIN5
R

T8

deliver;;,i € Man, j € Area B i AT ) 7§ ICECE BB N 1, A TREZ:
R0 2L

cost;,i € Man ERE i 2 RALZBoa A b

B (&/IME)

Z coStix; #a A b omw/ME

ieMan

L ko)

Z deliverijx; > 1,Y j € Area FTRTOILY 7 CRLUEMREIC A L HICT 5
ieMan

ZN%& SIMPLE Citik 34 &, IRODIHIZHVFET. B, HHEMFIIOVWTE T 774 VD
NEZD LKD) TICH L THBIMICAER ST .

cover2.smp

/1 BHERT

Set Man;

Element i(set=Man);
Set Area;

Element j(set=Area);

/] INTA—%
Parameter deliver(name="BlEWHELY 7", index=(i,j));

Parameter cost(name="J A M", index=i);

SIMPLE fllES BB NTT -8B T L



2.6 &LHWERE 37

/] EH

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

// HEYE%K
Objective total_cost (name="# I A h, type=minimize) ;

total_cost = sum(cost[i]l*x[i],1i);

// &I TICEET S

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

N

solve();

/1 FiRHT
x.val.printQ);

total_cost.val.print();

EATSFAHEICIE, ROBEMNRETY 7% T csv 7 7 4 )V (areadata_cover2.csv) & I A b & FKT
dat 7 7 4 )V (costdata_cover2.dat) #5- 2 F7.

areadata_cover2.csv costdata_cover2.dat
Fli# W gE=Y 7 ,A,B,C,D,E,F,G IR b=
/7 ,1,1,1,0,0,0,0 [ 71200
$54,1,0,0,1,0,1,0 (#1280
it ,0,1,0,0,1,0,0 [Fif&1175
H,0,0,1,1,1,1,1 [HH1560
¥%314,1,0,0,0,0,1,0 (341205
71#%,0,1,0,1,0,1,0 (] 245
114,0,0,0,1,0,0,0 [IiA180
Hi4),0,0,1,0,0,0,1 [Hff1195
/I%,0,0,1,0,0,1,1 /MK 265
7$1#,0,1,0,0,1,0,1 [FT#E1190;

COETNI 7 ANVEETIEALZEITXY, k- Dk - FHEO3IANZHRHATALEL, 20k
BDOIAPIZ635 THDHEWV) Z WD FT

Z ZC, Numerical Optimizer Df#EIZOWTA LBRTH & 3. S OBIECTIIBEHEZ AW

Kz LE L2, —HT, 0-1 BEGHHFEOW A IR PIFETH 5 wesp & VB U#EZ KD 5 2
EHTEET. wesp ZHWIBOEDIHZ KD 72041218, SIMPLE € 7V HI O solve(); & D A

SIMPLE fllES BB NTT -8B T L
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i

options.method="wcsp";

LRt LET. 4B, wesp OB EICIIRTEMFCHETEIERE VS OPRETAIENTEE
F. B2, wesp ZEKT I BBFETLET L2WEAIZE, BT V7 740

options.maxtim=1;

LRt LEF. FELWZ L IZD X F L CTlE Numerical Optimizer/SIMPLE ¥ = 2 7 V&2 Z# (2L TL 72
S,

RIS, SO3ANERALEYEA T 7BIR3ALDHEYTREICLE-TVET. COLIRFT %
FERVWEIE, FIEIZ 120 7135 ) E1TATHYETZ | LIz MATALLEED L)
2% 5TL &9 D ZHUFKEIEE D SIMPLE € F Vi fl# 450 [sun(deliver[i,jl*x[i],1)>=1; ]
% [sum(deliver[i,jl*x[i],i)==1;] LT AL TRITEIT. EFNVEHEIWZRICETTS
&, BR - B - PHERAT A LR, COHAEORIZAME650 THLEV)MRVPHEOLNET

2.7 Rz

COHITIE, AMZI72bLIlLT—SETHL Ay bT— 71T B EEARN LRED—D
ThHRRMMEZRY FIFE3. &ARRMEE I, Ay F7—27 ETHA (Source) 2> Hi#% kT (Sink)
FTHT LDV TELROBAMAZ RO LMETY. 72720, KLIIFMT I EATE 2mD LR
HzonTwEd. 512, (A ERFUNDFIZONWTIE, [HRALTL 2RELREL TV KRE
=BT 5] )R (RIFA] EBVES) 290 LOBEDPH ) . RAIIHEIR, B%ER
WE DM 7% ETISHAWEETY .

W IR

HHET, XHIZHL2EH T TREL72MEHZ YHOLA M VIO THWET. OB
TOMO LI, BHILEPOLANT Y ETHETLHICWO2oMEZEHLTVWET. £
72, 2OOMEOMT 1 HISERZ/NERORD ER (kg) BROBTO@EY ICRTF->TET. &
DRy, BBTEPOL AT N1 HICWO L EDTELNERIHRAKTMkg TL & ) ». 7272
L, FHEREMOM S SHE SN TEIIEREZETROMMICHXTL2b0L LET

5 8

FIABELT, v bU—27 EClHA (X OEBTY) 268 (YHOLANZY) ~1H

SIMPLE fllES BB NTT -8B T L
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ST B/ EROR (5% [RE%RE] LIP0EY) &I Lk a2/ hEhoR2 &L
F¥. 2995L, HWBBIIER [Himga] AL 20 3

WIS, HIREMFICOVWTEZTT. 9, 2 AHOERREIIOVTIE, ADEIRHFST, T2
BIZHEZH5NTWD ERZEBR TR 550w E W) fEHEILETT. ToZ Lid, ETRERE
LTEBTEEY. 610, LA LTIRAFUIMZL Tw R LB H Y 9. 72720, #y
THHZOWTIE, FHEAOEREOMIHERLERE —HTLHE )T IRV ET. /2, LA
T IOV TIE, K25 OEREOHIRERE & —F L2 ThE %R ) FEA.
DEoZEns, ZoBEIRO L) ICESMETEE T

8

total R %

Sxa R T 5 A H A~ Ok &
Sxs R TH0 5 B M~ Ok &
fac A M5 C ROk &
Jae B Hixi 5 C Hu i~ Dk =
J8D B #5525 D # A\ O % E
fey CHIEND LA NT v ADifikE
for DML LA NT U A\DifikE

BEE%H (RX1L)

total iy % 5

HlfI R4

total = fxa + fxs BB T8 C Ok

fxa = fac A Hh 23 T Ol R PR

fxs = fec + fap B b 11 T  fifyk = Pr A7

Jac + fsc = fey C 17 T O ik = PAE I

Sfap = for D H#b 17 C iy % 2 PR A HI

fey + foy = total LA NSV TOH%R

0< fxa<4 BT 5 A HE~OEREO E TR
0<fxp<6 U T 5 B MOk o TR
0<fac<5 AR S CHILAANDOEFEED TR
0<fpc<4 B im0 5 CHEADHiERER O F TR
0<fpp<3 B #5225 D #HAA~NO%ED F TR
0<fey<38 CHENS LA NS YOk TR
0<fpr<5 DS LA NT U ADOHERD E TR

ZN% SIMPLE Ttk AL TFDXIITAR) T

maxflowl.smp

SIMPLE fllES BB NTT -8B T L
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i

/IEROES

Variable total(name="#A3 L5 L A NI U ~\DOEHIERE");
Variable f_XA(name="ZUITI55 5 M A NOEE") ;
Variable f_XB(name="#L{r T34 & i B ~DHikE") ;
Variable f_AC(name="Hiii A 7> S HLIT ¢ DL E");
Variable f_BC(name="#b} B 7> 5 i ¢ ~DHiikE");
Variable f_BD(name="Hli)5 B 7> 5 Hb S D ~DiiEE");
Variable f_CY(name="Hi c 225 L A b T U ~\DiikE");
Variable f_DY(name="HiZ D225 L A b T U ~\DiijkE");
/ /R R O R AL

Objective obj(name="HA} T H L A k7 U ~oifeiiéi (HWBIH) ", type=maximize) ;
obj=total;

/7B T DRk R

total==f_ XA+f XB;

£ XA==f AC;

f_XB==f BC+f_BD;

f AC+f_BC==f CY;

f_BD==f_DY;

f_CY+f _DY==total;

/ /BRI A BN 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;

/13RI TR )8 %

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();

total.val.print();

SIMPLE fllES BB NTT -8B T L
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CDEFNT 7 ANVEETIEL L,

41

BB T30 & M i A Ok =4

BB T & Hb 1L B D% =6

Hri A 2> SHb R ¢ N\ D k=4

Ho 1B A 5 M ¢ Ok E=3. 24901
oy B 22 B H I D D% E=2.75099
WrHchAB LA NI U A\OlfikE=7.24901
WE DOV AT U AN\Diiki=2.75099
BTN O LA T U ~OFH%ERE=10

EWVI)FRDEN, | HITHK 10kg /NEM MO L ENTEDL LV MREZHETETT.

Z 2T, SIMPLE TOFLBIZOWT, X )BLBICHEEE LTV ZEIZLET. 2072012,

R

TOHEGEVIMELTEALEY. T2, 2 5MoWm%ERO FREZERE LTHE»552562 8
WCLET. §5¢, ERMLIZOVTIZRD I ICEZETIENTETT

&4
City = {A, B,C,D, X, Y}

8
total

fij, i € City, j € City

BrE% (RX1b)

total

EH

upper;;,i € City, j € City

L PE S

total = Z fXj

JjeCity
D fu= D figp Yk € Ci\(X, Y)
i J
Z fiv = total
ieCity

0 < fij < upper;;, Vi, j € City

Lok S

A 5

i 25§ N D %

i 5 j Ok REO FR

B T35 COl% R
M2 T ok 2 O PRAEHI
LA NS v TOl%R

i 5 j Ok REO TR

&Y, SIMPLE TORRIZKD I I b DIl T

maxflow2.smp

SIMPLE flz&s

MRS NTT FT—FHIEVRT I
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i

/] BELRT
Set City;

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

/] INT A =%

Parameter upper (name="Hii%k& D LR, index=(i,j));

/1 R
Variable total(name="HLf T35 L A T Uy ~OREHERE");

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

/7 HEB%
Objective obj(name="#¥; T 6L A T U~Oflm%kE (HWBEE)", type=maximize);

obj = total;

// KM T Ok
total == sum(£["X",jl,]);
sum(f [k,j],j) == sum(f[j,k]l,j), k!="X", k!="Y";

sum(£[1i,"Y"],i) == total;

/7 Wk R B9 A BN BRI
0 <= £[i,j] <= upper(i,jl;

/1 K

solve();

// R

total.val.print();

B, FEAERICIERD sy 77ANVES 2T

upperdata_maxflow2.csv

fk®Eo L ,A,B,C,D,X,Y
4,0,0,5,0,0,0
B,0,0,4,3,0,0
€,0,0,0,0,0,8
D,0,0,0,0,0,5
X,4,6,0,0,0,0

¥,0,0,0,0,0,0

SIMPLE fllES BB NTT -8B T L
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2.7.1 Vector/Matrix Z{ER U SIMPLE €5)U

Z ZTlE, Vector/Matrix 7 7 ADFLih = fio 72 ETF NV Z=/fMA LT 5.

COEFNTIE, FI 70T ZAHLFT
KI5 7 G(V,E) DERATH & 1X, ROIIICEZREINTT.

B T& E&HT
THEEAV={v,...,v,) EEINBEEE ={e,..., en) MO R BEINT T 7 GV,E)IZXF LT,

HE v B e DIEHETHLEEX =1,
JHE v B e DB THHLEE i) =-1,
FNLAZ ie =0

Y% b nxmATH 1Gy,) %, HIZ T 7 GV,E) DERATHI &9 .

KRIEFETIX, &y b7 — 27 O A SR 3B flow ZMA 2RO EEZ 9. A flow
Ok E O LRI, ool gaEo FROBME LET

flow

D777 OEMATH % 1, {BOWFEREETETHNT M i x, KAOH%EREO FRRE % 5
ETBHXRT MR upper LB L,

max  Xfiow
s.t Ix=0,
x < upper,
x>0

LV BB EIRE TR E T
ERALICOVWTRUTO LS ICEXELET.

£&

City = {A,B,C,D, X, Y} #i DEA
Edge = {el,e2,¢e3,e4,e5,¢6,¢e7, flow) BOEE
8

Xe,e € Edge U] 1B

SIMPLE fllES BB NTT -8B T L
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TH
I(v,e),v € City,e € Edge AT
upper, e € Edge F LD RED FIR

B (RX1L)

X flow N HU%E

FlHI R

Ix=0 g 3% 52 O PRAEHI
x < upper Kk o LR
x>0 ik O TR

ZHUZE Y, SIMPLE TOREBIZKD L H 2R F7.

maxflow3.smp

/] A ERT

Set City;

Element v(set=City);
Set Edge;

Element e(set=Edge);

/] INTRA—%
Matrix I((v,e));

Vector Upper(e);

/1 ER
Variable xvar (index=e) ;

Vector x(e);

xle]l = xvarlel; // N7 MV x 122 xvar ZiEOAE

// BE%L

Objective total(type=maximize);

total = xvar["flow"];

/7 #l#IK
I * x == zeros(City);
zeros (Edge) <= x;

x <= Upper;

SIMPLE fllES BB NTT -8B T L
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/1 KGAT T a >
options.method="simplex";
FATRED csv 7 7 A VLT O =22 ) 7.
I_maxflow3.csv upperdata_maxflow3.csv
I,el,e2,e3,e4,e5,e6,e7,flow e,Upper
A,-1,0,1,0,0,0,0,0 el,4
B,0,-1,0,1,1,0,0,0 e2,6
c,0,0,-1,-1,0,1,0,0 e3,5
D,0,0,0,0,-1,0,1,0 ed,4
X,1,1,0,0,0,0,0,-1 e5,3
Y,0,0,0,0,0,-1,-1,1 e6,8
e7,5
flow,35
2.7.2 ®IM\hv bRE
KNI Z, BT REO—BRIICERML L7z E2FMA LT, ZOMNRETH L, AT

MRE# SIMPLE Ttk LTA T L & 9.

KT HEOHIFIN Ix =0, x <upper \ZXT 5 EHE, ThFhy z&LFET.
T 72, AVEMED HIBEL xpi0 1,

Aflow = 1L,

a,=0,e # flow

THAEI BRI M axwTa - x ERTIENTEXET.
X o TR/ v M REIG,
min upper-z2(=0-y +upper - z)
st I'y+z>a,

z>0.

DEHIRBT LI ENTEET.

FERALIZOWTI, kX H 12y 9.

=4
City = {A,B,C,D, X, Y} Wit oEE
Edge = {el,e2,¢e3,e4,e5,¢6,¢e7, flow) BWOEE

SIMPLE fllES BB NTT -8B T L
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zH

=

FE28 PIREDRE

i

Yy, V <€ Clty

Ze,e € Edge

EH

I(v,e),v € City,e € Edge

HweATH1

upper.,e € Edge

B D% D ER

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

BrE% (&/IMVLb)

upper - 7 7y MR

ko4

I'y+z>a BOR il #9 2

220 AR S B BG4 L 0 PR

&Y, SIMPLE ®OitibiZikD X 92 b ¢

mincut.smp

11 BE LT

Set City;

Element v(set=City);
Set Edge;

Element e(set=Edge);

/] INTGA—%F
Matrix I((v,e));
Vector Upper(e);

Vector a(e);

SIMPLE flz&s

a = zeros(Edge);

al["flow"] = 1;

/1 ER

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

Vector y(v), z(e);

yIvl = yvarlvl; // X7 MV y IZEH yvar &k
zlel = zvarlel; // N7 bW z T2 zvar % ik
/7 BB

Dirts
Dirts

MRS NTT FT—FHIEVRT I
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Objective cut(name="7 v b DFRE", type=minimize);

cut = inprod(Upper,z);

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

z >= zeros(Edge) ;

RN
options.method = "simplex";

solve();

/7 FERMN

cut.val.print();

AN T—=%1%, 1271 %KEHE] TDOAN 7 7 4 )V I_maxflow3.csv, upperdata_maxflow3.csv % ffi ]
LE9.
COETNT 7ANEFTT DL,

71y b OKE=10

EV)FIRPEN, RIEHE L F CHMBEBOEZELZ TS 9.

| 28 LR

i OBATEHETIE, DEROWREZHA Y NI =2 RN EEZTEL2FELEH) v
) TR EITVE L2, 0D, INEMEBRET IBRCh 2B B EOke IR M &
EZELTWIRATLZ. /2, EHRIE2S 1 HISHFST 2/ MNER0Rz T > Twb X9 G
WIEB O F S CTRaB b 24T ) LEFD D T3

RFolomELY VT —2 ECTIHEPOKMETHRTEBICO»2EM (A M) 2RACILEY &
WO O Z L ERRABHRIMEE W E T 2B, RARMED & & LS, AT 5
VERDY FT. F72, TRFEo7E] 251 THILGIER/NEHEEIEh, »—FEr—Ta v
VAT ATON— MERRBREORBENZ EIIEH I TVET.

B fE

HHMEFEL, XWTOBHG T TRELNEREYTOLALNT Y ET1HIZ Skg D TWET
COB, ATORDEHIZ, BBTEPSLVA N Y ETHET AW O0OMEZEH LT
WET. F7, 200N OM T HISENRZNZHOED ER (k) PROKETO LS IZHE -
TWET. 512, 2200MEOMT/INEN%E kg Bk 2BICAETORIEPN TV L ETIH
PYFET. ZoEE, NERE kg B TS LA T YIRS BRI BB IR
KHTLEI 2. 72720, KHRIIMOI D Sk SN T E /MM & 2T MUk 5

SIMPLE fllES BB NTT -8B T L



48 FEo= FIREDEN
bollLFd.
FaIXTT ik kg b7V DERA
BWHTHX A 250 s
BRTH X B 200 (D
A C 270 4 \
B C 300 4 @
B D 220
C LANZ XY 190 6 5
D LART VY 170 (By—

ERALIZOWT, HIfiORKEMEDK & Ofnid

o WHEE (MIEOBIETO total &) ZEH) A8 IZHF > TV 5.

o HMBHOHRE A OR/MUICE D> TV 5.
D2HTYT. To2mPAIOVTE, FIFHOMELFE e bE %) FTOTULEIIS U CHifiz
BEICLTL2ZE . 2B, BEMIFHREL— MIOWT NI kg b2 OBA] & THxL
7NERMOR] OfE ROz LI L TROLNET.

PDEoZ brs, ZoflEIRO L) CERETE FT.

8

fxa B TH 5 A M~ O %R
Jx B 185755 B Hpi~ Ok
Jac A MDD CHLEA DL R

Jc B #5205 C H A DRk

/D B #5225 D Hi Ok

fey CHUEAD VA NT U\ Dk
Jor DHiE2H LA T U ADifikE

BRIEEH (R/I\b)
250 fxa + 200 fxz + 270 fac + 300 fzc + 220 fzp + * M
190fcy + 17()ny

Ll SESts

8 = fxa+ fxp BB T TRk E

Jxa = fac A Hb5UT O O RAEH]
fxs = fec + fap Bl 27 C Dk & O RAFHI
Jac + foc = fey C T Ok & O PRAFHI
fep = foy D 3 51 C D ¥k i O A HI

SIMPLE fllES BB NTT -8B T L
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Jey + for =38 LA bT v TOH%ER

0<fxa<4 BB TH 0 5 A M~ OH% RO TR
0< fxp<6 BT 5 B WA OHEREO TR
0< fac <5 A MRS CHISANDOHEED TR
0< fpc<4 B i 5 C HpADHERER D F TR
0<fpp<3 B #ifiA 5 D Hi A~ Dk E O FT R
0<fey<38 CHENLSLL A NT y~\OffEkRED L TR
0<fpy<5 DHIMEAS LA T Uy NOffikED E TR

ZDFER % SIMPLE Titih 975 L LFDLH IR ) F5.

mincostl.smp

/IEROES

Variable f_XA(name="HLF} 357 & MM A ~Dfg%kiE");
Variable f_XB(name="#L5 137 &M B NDifjkE") ;
Variable f_AC(name="Hbri A 75 HIEL ¢ NDHER") ;
Variable f_BC(name="#i}5 B > HHI M ¢ ~DiERE") ;
Variable f_BD(name="#i}7 B %> H i D ~DEE") ;
Variable f_CY(name="H}T CHH LA b T U ~\DHiEE");
Variable f_DY(name="Hi}iD2*5H L A b T U \DiikmE");
1IBH DRR/AME

Objective totalcost (name="#&%2 F» ,type=minimize) ;
totalcost=250%f XA+200%f XB+270%f AC+300%f BC+220%f BD+190%f CY+
170%£_DY;

/745 3 15T O 4

8==f XA+f_XB;

f_XA==f_AC;

f_XB==f_BC+f_BD;

f_AC+f_BC==f _CYV;

f_BD==f_DY;

f_CY+f_DY==8;

/ /AR 2 BT 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;

SIMPLE fllES BB NTT -8B T L



50 £E28 FIBOEN
0<=f_DY<=5;
/7R TiEZ $ %
solve();

f_XA.val.print();
f_XB.val.print();
f_AC.val.print();
f_BC.val.print();
f_BD.val.print();
f_CY.val.print();
f_DY.val.print();

totalcost.val.print();

ZDETNERETSEL L,

BB L3570 & b5 A O % =2
BB T332 5 H 1B D i % =6
Hri A 72> HHb I ¢ D =2
2 B 22 B b ¢ D% =3
Ho1 B A 5 Hu T D N D% =3
WrichH LA NT UANOffkE=5
WEDALL AT I \OfkE=3
# % F=5260

EWVI)FIRDIEN, EREMERTEET.

EZAT, COFEFORBTIBHOKNL VHEIISHT S Z EHEETT. 22T, Mg
ErVvIOMEErEAL, LELETFT—FVE2ERELTNEPSE5 24559129562 & TREMBZMEIZ
SFLTOIRALRTVWEIICLET. 9, CONHTESMMLE LABTEROIICRDET. %
B, BIEANZOWTIE TR 25 ol ofl] & TBoMSE~OWEROM ]| OEDT—5 %
WA 552 ATERZIY £ L7z bAoA, TOMPEOMEDEHTY, EOMEFLANT >,
ZLTODOHEARHEE NS ZEIZR D FT.

g4

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

T8

fij»i € City, j € City i 5 AN

T

upper;j,i € City, j € City i jNOl%ED LR

SIMPLE fllES BB NTT -8B T L
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cost;j,i € City, j € City i D5 jNOEGEDEN 0 /NEH 1kg H72 D)
DEH

supply;,i € City i TOWMARLFHRERDE

BREEH (R/I\b)

Z Z costjj - ﬁj f:ﬁ%)ﬂ

JjeCity ieCity

HlfI R4

Z fic — Z Jij = supply,Vk € City Z T O %R

ieCity JjeCity

0 < f;j < upper;;, Vi, j € City i j Ol ED F TR

COERbE LiE L7z % SIMPLE Titilb 35 L IRD X H 124D 5.

mincost2.smp

/1 BB EBF
Set City;

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

/[l INT A =%
Parameter upper (name="Hi%&®D LR, index=(i,j));
Parameter cost(name="$ﬁ‘ﬁi§§ﬁ§", index=(i,3));

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

/1 EH

Variable f(name="#fjkm", index=(i,j));

/7 HEB%
Objective total_cost (name="#2EH", type=minimize);

total_cost = sum(cost([i,jl*f[i,j], (i,7));

/7 FHET OW% R
sum(f [i,k],i) - sum(f[k,jl,j) == supplylk];

// TRk ZBY A T RRHIR
0 <= f[i,j] <= upperli,jl;

N

SIMPLE fllES BB NTT -8B T L
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i

solve();

// FERM

total_cost.val.print();

B, FEAEICEZRD 20D csy 774NV E 1 DODdat 774 Ve 52 F 7.

upperdata_mincost2.csv costdata_mincost2.csv
%o R, A,B,C,D,X,Y % ,A,B,C,D,X,Y
4,0,0,5,0,0,0 A,0,0,270,0,0,0
B,0,0,4,3,0,0 B,0,0,300,220,0,0
c¢,0,0,0,0,0,8 ¢,0,0,0,0,0,190
D,0,0,0,0,0,5 D,0,0,0,0,0,170
X,4,6,0,0,0,0 X,250,200,0,0,0,0
Y,0,0,0,0,0,0 Y¥,0,0,0,0,0,0

supply_mincost2.dat

supply=
[AO
[B1O
[clo
[Dlo
[X]1-8

[Yls;

| 29 EELRIE

LG F THRRTEHRRGHESLR/PNEHREETIE, 2y P7—27 L2 1 HEO O L Tw»
FHATLZ. AL, HEHRRETELRAY PT =7 E2BEBOLDODHNL L) TF—ABLLHY
9. LamMEMEL, RO E ZNENREP O T THET 2 L WA SN M
T, BEREL 05T TIBHSIATVET.

B fE

HHEEZ XWORMG L THE LNV HONERZ YIHO/XVE T T1 HIZ 8kg D TW
9. 351, MUBEKBHITHETHRELL) EAHOINERZ 210 EARET1 HIZ 13kg D
TWES. ok, TOROXHIZ, #EHLE»6 VR, @R TIPS AR T CTllikd %M
WL OPOMEEZRHLTVWET. $72, 2200MEOMTI1 HIZERSESVHONERE D &
AROINEROEFTRERD ER (kg) 2SROBTFOLH)ICHRT>TVET. S5, 20DHIH DM
TN HDONERR D EAR DN % kg Bk T IS T ORISHEPN TS 72T OB 2500

SIMPLE fllES BB NTT -8B T L
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DET. ZOLE, RNUVHONERE D EAHONERZRD SNTZEIZITIND BB 0 5 B
X1 HIZOEREWSSTL £ 9 .

D@

15 ‘D\Qi\ //6/

/©
@

$aXIT L Tpe T NCROPNEROBEXE 5 EARDNEROEEE

HWHTHX A 12 11
H}WHTHX B 10 12
A 4 5
A NRUYBY 1 -
B A 6 7
B C 11 9
C NYERY 9 -
C IEARZ - 5

5, FWENV— MIOWTRYHONERORRE 5 EAHO/NZROEREIEHE LT
BT, 2L, D EARIINVHONER L L) SV RIZ) EAMO/NER R L) T
HZLIEHDFEFLADT, TAHITHINTAERIIZ I TIEESLAZVWI EIZLET.

WIZ, HUBEEIZOW TR EARMEOR EFRKICEZ 2281250 3. 22720, NV
INERRE D EARONER TR T A PARL D FIIEERSLETT.

RRIC, BIREtE2E2 . kL — MIOWTIRIBESICH 5 & 95128 HHO/NER OBk
B L) EAMONEROBRERONDP ERZBZ 2V E ) BIREESLETYT. 42, BFEIICD
W E RIS LGAES T2 T2 LEXH D 5. oI, [[1E%T2E] Ew) 2 Liddy
ZETADTERIZOWTIEARINSLETT.

Doz Ers, kOLHICENMETE T,

T8

PWheaty,, UWheatys BTN A A OHERE
PWheatxg, UWheatxp B TH 5 B M S~ Ok =
PWheatsc, UWheate A HUEA S C H A~ D % =
PWheaty A HiFE D 5 %V BAD R
PWheatgs, UWheatg, B HiA 5 A Hb A D% R
PWheatgc, UWheatpc BiiEA S CHEADi%E

SIMPLE fllES BB NTT -8B T L
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PWheatcy
UWheatcy

BRUEEH (&/IME)

12PWheatxs + 10PWheatxp + 4PWheatsc +
11PWheatsy + 6PWheatgy + 11PWheatpc +
9PWheatcy + 11UWheatx, + 12UWheatxp +
SUWheatsc + TUWheatgy + QU Wheatge +
SUWheatcz

LESES LS

PWheatxa + UWheatxs < 15,

PWheatyp + UWheatyp < 12,

PWheatyc + UWheatsc < 18, PWheat,y < 3,
PWheatgs + UWheatgs < 3,

PWheatgc + UWheatge < 10, PWheatcy < 10,
UWheatcz < 15

PWheatxs + PWheatxp = 8,

PWheatsc + PWheatyy = PWheatxs + PWheatp,,
PWheatgs + PWheatgc = PWheatyg,
PWheatcy = PWheatsc + PWheatpc,

8 = PWheatny + PWheatcy

UWheatxs + UWheatxp = 13,

UWheatsc + UWheat,y = UWheatxy + UWheatp,,
UWheatgs + UWheatgc = UWheatyp,
UWheatcz = UWheatac + UWheatpc,

13 = UWheatcyz

PWheatxy > 0, PWheatxg > 0, PWheatsc > 0,
PWheatpy > 0, PWheatgy > 0, PWheatge > 0,
PWheatcy > 0, UWheatyy = 0, UWheatxp > 0,
UWheatsc > 0, UWheatgy > 0, UWheatgc > 0,
UWheatcz >0

>

% 2 E ﬁ“s @llD

i

C #5578 ROk &
CHb 25 ) EARNDi %R

kv — Ok EO ERZEZ %W

8 DN BT B RAERI

9 EA DN B BRAFHI

kB S A FRAHIR

N % SIMPLE Ttk §4 L RO L H 2D F5.

multiflowl.smp

/1EBOES

Variable

SIMPLE flz&s

MRS NTT FT—FHIEVRT I
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PWheat_XA,PWheat XB,PWheat_AC,PWheat_ AY,PWheat_ BA,PWheat_BC,
PWheat_CY,
UWheat_XA,UWheat_XB,UWheat_AC,UWheat_BA,UWheat_BC,UWheat_CZ;
/BB ES
Objective total_cost (name="#2#i%%E ", type=minimize) ;
total_cost=12*PWheat_XA+10*PWheat_XB+4*PWheat_ AC+11*PWheat_ AY
+6*PWheat BA+11*xPWheat_ BC+9*PWheat CY
+11*xUWheat_XA+12*UWheat XB+5*UWheat_ AC+7*UWheat_BA
+9*UWheat_BC+5*UWheat_CZ;
/gL — b L Dk R
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;
11732 A D/NEHRZ T % BRAEHN
PWheat_XA+PWheat_XB==8;
PWheat_AC+PWheat_AY==PWheat_XA+PWheat_ BA;
PWheat_BA+PWheat_BC==PWheat_XB;
PWheat_CY==PWheat_ AC+PWheat_ BC;
8==PWheat_AY+PWheat CY;
/19 E AT ONEHRNE T B RAFHI
UWheat_XA+UWheat_ XB==13;
UWheat_AC==UWheat_XA+UWheat_BA;
UWheat_BA+UWheat_BC==UWheat_XB;
UWheat_CZ==UWheat_AC+UWheat_ BC;
13==UWheat_CZ;
/IR
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;

ZZ T, SIMPLE TORl# X DB LbDICL TV ZEIZLET. Z00I121%, #io%Es
O EZEAL, 2FEFELF—FIHBTELIINICTEIEVHEYHITYT. OB, fmkEo LR
B EDBARN T — 7 2 Wk A 2B 552559 1CLTBEET

SIMPLE fllES BB NTT -8B T L
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=

FE28 PIREDRE

i

T5E, ERALIZOVWTIZKRD L HICEBITE .

&6

City = {A, B,C, X, Y, Z)

i oHEs

zH

PWheat;;, i € City, j € City

P05 § NDIS Y I ONER O

UWheat;;, i € City, j € City

5 jAND ) EAHONER Ok

EH

upper;;,i € City, j € City

i 25 j D% ED LR

PWheat_cost;j,i € City, j € City

iD D jNDEIEDBII 0025 73 2 FO/NEH; 1kg
Hlz)OEH

UWheat_cost;j,i € City, j € City

i 5 jNDEEDOBNI D05 5 & A DN
kg 70 OEH

PWheat_supply;,i € City

o3

i TONRYAD/INER 1kg DFEAR L FTED

UWheat_supply;,i € City

S

i TOH EAHD/NER 1kg DA R & i &
7

BrRE% (&/IMLb)

Z Z (PWheat_cost;j - PWheat;; + O TRy

jeCity ieCity

UWheat_cost;; - UWheat,;)

Hl#I

PWheat;; + UWheat;; < upper;;,Vi, j € City i 25 j D% ED LR

Z PWheaty — Z PWheaty; = PWheat_supplyy,
i€City
Yk € City

JjeCity

K Hb 5T DI HO/NER D% =

Z UWheaty— Z UWheaty; = UWheat_supplyy,
ieCity
Vk € City

jeCity

BHETD Y EAHD/PNEROER

0 < PWheat;;, Vi, j € City

73 Y DNk Dk 2 O FEE I

0 < UWheat;;,Vi, j € City

9 & A O/NER Ok O FEEHIK

SIMPLE Tl $ A L RD LR, HIFLEDOVIDLVHRICL-TWAI NS0 1.

multiflow2.smp

/1 BEERT

Set City;

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

SIMPLE flz&s

MRS NTT FT—FHIEVRT I
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/] INT A—=F

Parameter upper (name="Hii%® D LR, index=(i,j));

Parameter PWheat_cost(name="/{l/ﬁHO)d\ﬂi*go)ﬁﬁﬁéégﬁﬁ”, index=(i,j));
Parameter UWheat_cost (name="") &AM D/NER OB ", index=(3i,j));
Parameter PWheat_supply(name="PWheat_supply", index=k);

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

/1 ER
Variable PWheat (name="/%> F O/NEHOEEE", index=(i,j));
Variable UWheat(name="% &AM D/NER Okt , index=(i,j));

/7 HI9BE%
Objective total_cost(name="#&#ii% %", type=minimize);

total_cost = sum(PWheat_cost[i,j]l*PWheat[i,j] + UWheat_cost[i,jl*UWheat[i,jl, (i,j));

// WEEN— b T L olfi%kE o R
PWheat[i,j] + UWheatl[i,j] <= upperl[i,jl;

1/ 2%V ONERE T A RAEH

sum(PWheat [i,k],i) - sum(PWheat[k,j],j) == PWheat_supply[k];

/1D EADNERIT B PRAFH
sum(UWheat [i,k],i) - sum(UWheat[k,j],j) == UWheat_supply[k];

/7 FEATHIF
PWheat[i,j] >= 0;

UWheat [i,j] >= 0;

B, FARHIIRD 3 DD esv 7 7 AV (EkEo ER - XY HONEROWRER - 5 EAH
D/NEROEEH) & 120 dat 7 7 4 Vv (PWheat_supply 3 & Of UWheat_supply) %52 7.

PWcost_multiflow2.csv upperdata_multiflow2.csv

S DN D% E I, A,B,C,X,Y,2Z %o R ,A,B,C,X,Y,2Z
4,0,0,4,0,11,0 A,0,0,18,0,3,0
B,6,0,11,0,0,0 B,3,0,10,0,0,0
c,0,0,0,0,9,0 c,0,0,0,0,10,15
X,12,10,0,0,0,0 X,15,12,0,0,0,0
Y,0,0,0,0,0,0 Y¥,0,0,0,0,0,0
z,0,0,0,0,0,0 z,0,0,0,0,0,0

SIMPLE fllES BB NTT -8B T L
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UWcost_multiflow2.csv supplydata_multiflow2.dat

) EAHONER O L, A,B,C,X,Y,Z PWheat_supply=[A]JO [B]O [C]O
A,0,0,5,0,0,0 [Xx1-8 [Yl8 [z]0;
B,7,0,9,0,0,0 UWheat_supply=[A]JO [B]O [C]O

¢,0,0,0,0,0,5 [Xx]-13 [Y]o [Z]13;

X,11,12,0,0,0,0
Y,0,0,0,0,0,0
z,0,0,0,0,0,0

CDEFNEFAT LIRSS, RBEMA494 1252 L9 ICW%ET 2 LRETH Y, HIZITKOK
DEY N HDONERE ) EAMDNER ZWET 2L LS LD 5hh £
IN Y DN Ok D EAM DN Ok

A / A \
4.107392 107392 10.892608 10-892\‘608 f

m p X5« 7RI

Mifk % EOHEICHE T % &Rl D2 % KD 5 Mk AL E A, #WlEIEZz SIOeHIhTwE
T, EREEMEOTAS, ZOMTp XAF4 7 VHEZ, KOMTpty ¥ —MEEZRY LIFE$
B, KF2— M) TV TREBTIFEEZAHT LM (HGBRIE [FEL] LIF0ET) THYEH
Wi 2 RE T 2 2 LD MR ThbH b e LT

FF, ATATVIEOVTHBELEYT. 274 7 v 3B TFEMD O A RE LT (5%
(g EF0ET) ~OBBHHOBRMEZR/NITLIHDOILETT. ZLT, TOATAT V&K
OLEMEOZLEZRXAT4 T VHEENFTET. 2B, —RICWEEOREOFLELDH 20 ITFENT L
CRLZ)FTOTEMI EORBEHMLR/MNITLI LR 3. T/, Mgkt 1 P cidikl
p BTS2 &9 AT p A7 4 7 VR L IR T

W I

HHEER APPSO FHETO 6 THOTNS 2 00 HICH T/ N— EHELEL) EEZT
WET. oK, WM E CORBEIEEEZR/NNIT 220G EOHICHETAERVTLE D
2 B, FHOAORFETORDLIICHE->TWET. T2, 2HOHBIATORO X 912
oTWEY. 72720, EEHEINTW R W 2 MTTH ORI Mo 28 L7z & & ORmRE
ARALET.

SIMPLE fllES BB NTT -8B T L
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i A
AT 800
Bii 550
cili 780
Dili 600
Eili 1020
Fiii 360

9, ZOMETRIEMHTIT LT /N— b2 HEST200E) P2 RKTERPLETH D Z LD
20 ET. AL, ShZ2TTREME2S EH 5 OHEASEVO2 %KD 2 LEN DY, B
KIZZ->TLEFVET. 22T, HHilZOWTHHjICEST2HE 1, €9 THEWEAIZ00 25
IR0 1A B x; ZEALET. 4B, x=10RIZEWHiIITS=F2HEL, x =0 DKIZIE
HIELZWwE WS iz LET.

K, WREMHIZOVTEZTVWET Y. BIFEBRRZLHIE, x 3T i CHET 2089 2%
HKLTOET. ZOPETEI2HBICHIELETOT, Y i 132 THELENH ) ET. F72, K4

HIZ DN TG H DTS MG LA UE R ) 24 A (ABBEOR &I &5 &k =R
TZ)C.}_’.OCCCV) iT) xij %ﬂib\fﬁfﬁj—é &, %’1 b:o‘/‘f inj f)i\l.’c&)é kl/‘)) :&0:7&?) i

T.%%K,%@ii?#kmﬁtfw&wﬁﬁtmﬁénfﬁi5ﬂ%ﬁﬁ%biT.:n%%@
72021, x;; =0 DA x; =1 o TUIWIT WV E V) HIRGEEILETT. SR E, x;
Fx; FOREVEZ LS HVEV) ZEIIRDET. LoT, ATET L x;j<x; & ET. 7272
L, Coflf%&i=joRa I3 EERTT NS iz jOBEOATTHTHL I LITERLTL
7230,

HIOBEUEZ, EANEORBEIEREE W) S22 3. 9, #8711 2 S8 j ~ORBEhH#E X
xij= 1 OHBHEICOAERT 2LENIHY TS, XoT, T3 21i1,j MoOHHEL v, OMERO T T
ZLT jiionwTH%z L2 L THRITINOOEAL LOBEFEIHOLET. ZLT, ZOBEH
HilElcEATH 2 ANOZETHOEL LTI i 2OOEREOT-BEEMEZEES. EAZD
7R E A S CORTIZOWTRD, ME L 5L THNBEETH 2 EAMN S ORBEIHEE L 2
DET. BB, KLY 2HHHOBBIROROWBY ICR L ENGFH FT

AW BW CW DM EW FmM
AT |0 7 2 13 19 17
B |7 0 8 6 12 10
cmi|2 8 0 14 20 18
D | 13 6 14 0 7 4
Ef | 19 12 20 7 0 3
Fi | 17 10 18 4 3 0

SIMPLE fllES BB NTT -8B T L
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DrkoztrzFeosr e, kROLHIZERLTE T,

F28 Bl

i

0)“1:1

=

0-1 %

XAAs XAB> XAC» XAD»> XAEs XAF» XBA» XBB> XBC» Xgp» Xpe, 0 F 72131 2 L AHIET 200 b T EH

s -
XBF> XCA> XCB> XCC» XCD»> XCE»> XCF»> XDA> XDB> XDC> ek @75‘%%?%{@{
XDD> XDE> XDF> XEA> XEB> XEC> XED> XEE> XEF> XFA,

XFB> XFC> XFD> XFE> XFF

BREE# (R/I\b)

800(7xap+2Xac+13xap+19x45+17xap)+550(Txpa+ AT & KoL B e
8xpc + 6xpp + 12xpE + 10xgr) + 780(2xc4 + 8xcp +

14xcp+20xcE +18xcr) +600(13xps +6xpp+ 14xpc +

TxpE +4xpF) + 1020(19xz4 + 12xp5 +20x5c + TXgp +

3xEF) + 360(17XFA + 10xFB + ISXFC + 4xFD + 3xFE)

LSSt

Xa + Xpp + Xcc + Xpp + XEE + Xpp = 2 2 I S

AT 1 RIS

B & 1 B2 Al
Ciliid 1 ST iZmi s

D wild 1 & i s

E i 1 @i i s
Fliid 1 @i il sr
E LT 28RS

XAA + XAB + XaCc + XAD + XAE + XaF = 1

XA + Xpp + Xpc + Xpp + XBg + XBF = 1

XcA + XcB + Xcc + Xcp + XcE + XcF = 1

XpA + Xp + Xpc + Xpp + Xpg + Xpr = 1

XEA + XEp + XECc + XEp + XEE + XEF = 1

XFA + XpBp + Xpc + Xpp + XFE + XFFp = 1

XAB < XBB, XAC < XcC, XAD < XpD> XAE < XEE,
XAF < XFF, XBA < XAA, XBc < XcC»> XBD < XDD,
XBE £ XEE, XBF < XFF, XCA < XAA> XcB < XBB,
Xcp < Xpp, XCE < XEE, XCF < XFF> XDA < XAA,
Xpp < XBB, XpCc < XcC> XDE < XEE, XDF < XFF,
XEA < XAA> XEB < XBB, XEC < XcC» XED < XDD,
XEF < XFF, XFA < XAA, XFB < XBB, XFC < XcC,

XFD < Xpp, XFE < XEE

ZOFEREZDF F SIMPLE Titilb 975 L IRDEH 2D 7.

medianl.smp

IIEBOES

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),

SIMPLE fllES BB NTT -8B T L
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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) ;
/ /A4 S AERE B HEE D /MU
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*xx_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) ;
/72 BRI H)E S 5
x_AA+x_BB+x_CC+x_DD+x_EE+x_FF==2;
/1 &HRT R BT 5
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 LR W IZ AL L e v
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;

LZAT, ZORRBRTT WO 2 725 R PARETH 5% EOHRHTHHNTIEH Y
FHA. FIT, EFVTZ7ANVZIHBZLDIZL TV ZEIZLET. 2020121F, EF—7%
ECEXLIZTNENSH5Z25LEEH) 3. 22Tk, ANDEHBICET AT 27— 7714
WHRB5 252812 LFET. COK, FART7T—FZIHRTED LI ITHHOEAL VI MEZEA

SIMPLE fllES BB NTT -8B T L
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i

LTHBEFET. 758, BRIV TRDOL)ICHSEEET.

&4

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

0-1

xij,i € City, j € City 0FZ1ZEMETLIONE &SN
D0 ETER

EH

distance;j,i € City, j € City #BT 1 A HHER j F TORREE

population;, i € City #Hili o A1

BRIBE% (&/I\b)

Z population; - Z (distance;; - x;}) H AN X B IR

i€City JjeCity,i#j

lESE S8

Z Xii =2 2 RIS S

ieCity

D" xij=1,Vi€ City KA 1 BT

JjeCity

Xij S x;j, Vi, j € City,i # j HE LT 88T 2B 55

FFEoA % SIMPLE CTitih 95 &, RO L HIZ% Y 3. %P, Numerical Optimizer TDFEITIFIZ
BT OEEDBRWN LR ERIIT—F 7 7 ANV HEWICEFRL 3. 72, simple_printf() &
HIEST 2T OAZIIRTHEHICTRLI L.

median2.smp

/1 BHERT
Set City;

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

/] INTA—%
Parameter distance(name="2 #PTiMDHEE", index=(i 23005

Parameter population(name="#FTid A", index=1i);

/1 B

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

/7 HI9BI%

SIMPLE fllES BB NTT -8B T L
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Objective total_distance(name="#FE)IiHE", type=minimize);

total_distance = sum(population[i]*sum(distanceli,jl*x[i,j], (§,i!'=j)), 1);

/7 RIStk
sum(x[k,k] ,k) == 2;
sum(x[i,j],j) == 1;

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

/1 RfE

solve();

/7 R
simple_printf("%s HIZHIET 5. \n", k, x[k,k].val==1);

B, FEITRICRO 2T ONMEZE T csv 7740V () L8O ANDZ2ET dat 7 74V ()
52 7.

distancedata_median2.csv populationdata_median2.dat
2 #R i O HEE, A,B,C,D,E,F LI NI2UNEE
4,0,7,2,13,19,17 ["A"]1800
B,7,0,8,6,12,10 ["B"1550
c,2,8,0,14,20,18 ["c"]780
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;
COETNEFETTHEROFTRPEN, ATHE EWICHIET 2L RN &b £7.
ATHIZHIET 5.
EHICHNET 5.

2.1 P2

Hifio p A7 4 7 YRR, TERERHRAOMO (EAMTE) BBBEELRNMNITLE VI H
WTESNIZMETLL. 20720, TELADSHHMAE TOPIIN 2 BB Z /M35 &) %
R TE LY. LaL, MohilHRALERAOMI B ICHEN T 2AGbENEINT
VAR H ) 9. ZOx, ZOHTHE) ptry —MEIE, (EAMTE) BEEMEMmIGICKE
WHIAEDEEEL VL) ICHEZ TAMEE RS Z e TE Y.

ZIT, by —t@RLAEVEEL,LO (EAMNE) B2 R/NNITHERANOZET, 20
HeRODLMEOZ L2ty ¥ —EE VTS, T, plNCHEREZRKET S L) 2L EICp

SIMPLE fllES BB NTT -8B T L
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i

Yy —REEIEY, HEO L) ZRIEZRES S &) 2L TwET.

B fE

HHEEL ATHLPSLFHETO6HOFNS 2 0OWICH T /= 2 HIELL) EEXT
WE Y. Zok, #Hilir S HElE TORERAMF EBEHFEMORAEL R/MNIT 57201213 0TI
HIETA2EHRWTLEI D, 2B, FHOADRETORDOLHIIZE->TwET. /2, 21HiHO
HEEIATORO X ) 1> TWET. &b, BEHEFIZ TV AR 2 #5005 H o Bk o3 % &
ML/t 2oRMHEHELRHLET.

# A
ATli 800
Bl 550
Cii 780
Difi 600
Eifi 1020
Fili 360

Wi OBIE X OECIZHEBOES 7T TT. 2070, HfiofEToOZEHE fREmEzow
TIECOFIETHZOF EMHL T TOTHAMIAHZBRL TS

HIBEUZOWTIE, #mir ol COEM EBHFMORKME VI LI FT. F
T, #H i ASE FTOEAMEBHBHHLROFTT. TN x = 1 ORFICEKREZFESLOTY
25 i WO, iOANZLTx; O3 22T EbELIOELRYET. &b, i=jORIZIEIO
BEEHIC0WCA D ETOTHEICIZEORWIEICLET. KIS, SH0rInI=<y 7 AMED
ERALTO—D2DTF 7=y 7 L LTER v 2H72ICEALEY. Cok, BAMfEBEHERESELE
NvUTFTHDLEC)FRIEMLZMA S Z L TVvICEARM EBBFEORKME W) EREH2E5
TENTETY. LoT, ZHvHINFHNEEERY $7.

Doz Ers, kokHcENLTE TS,

0-1 %

XAA> XAB> XAC» XAD» XAE> XAF> XBA» XBBs XBC» XBDs XgE, 0 720X 1% & B H)ET 2 Dh L fw b o )5
XBF»> XCA»> XCB» XCC> XCD»> XCE> XCF» XDA»> XDB> XDC> FEZ O ERTER

XDD> XDE> XDF> XEA> XEB> XEC> XED> XEE> XEF> XFA>

XFB> XFC» XFD> XFE> XFF

ERER

H AN & BB EREED F Kl
BrE%H (&/IMVLb)
v H AN X B EYHEE O R

SIMPLE fllES BB NTT -8B T L
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p VY —[ERE

L PE S

v > 800 x 7xAB’ v > 800 x ZXAc, v > 800 x 13XAD,

v > 800 X 19x4g, v > 800 X 17x4p, v > 550 X Txpa,

v > 550 X 8xpc, v > 550 X 6xpp, v = 550 X 12xpg,

v > 550 X 10xgp, v > 780 X 2xc4, v > 780 X 8xcp,

v > 780X 14xcp, v = 780 X 20xcg, v = 780 X 18xcF,

v > 600 x 13xDA’ v > 600 x 6XDB, v > 600 x 14ch,

v > 600 x 7xDE: v > 600 x 4XDF, v > 1020 x 19xEA’
v > 1020 X 12xgp, v > 1020 X 20xgc,
v > 1020 X 7xgp, v > 1020 X 3xgr, v > 360 X 17xF4,

v > 360 X 10xpp, v > 360 X 18xpc, v > 360 X 4xpp,

v > 360 X 3xpg

XaA + Xp + Xcc + Xpp + XEE + XpF =2 2 #RTT S s

XA + XaB + Xac + Xap + Xag + Xap = 1 AT 1 P ICACS
Xpa + Xpp + Xpc + Xpp + Xpg + xpr = 1 B ilii& 1 AT IZ L
XcA + Xcp + Xcc + Xcp + XcE + Xcr =1 Ciliid 1 ST iZE s
Xpa + Xpp + Xpc + Xpp + XpE + xpF = 1 D Hiid 1 iRl
XEA + XEB + XEC + XED + XEE + XgF = 1 E 1iid 1 &pric i
Xpa + Xpp + Xpe + Xpp + Xpg + xpp = 1 Fiiid 1 f&priclic s

XAB < XBB, XAC < XcC> XAD < XDD> XAE < XEE,

XAF < XFF, XA < XaA, Xpc < Xcc» XBD < XppD,

XBE < XEE, XBF < XFF, XcA < XAA, XCB < XBB,

Xcp < Xpp, XCE < XEE, XCF < XFF> XDA < XAA,

Xpp < Xpp, Xpc < Xcc> XDE < XEE, XpF < XFF,

XEA < XAA> XEB < XBB, XEC < XcC»> XED < XDD>

XEF < XFF, XFA < XAA, XFB < XBB, XFC < XCC»

XFD < Xpp, XFE < XEE

FEAM S BB RAMEZ B R v

HE LT 288 EL S5

65

ZDFER % SIMPLE Titih 975 L RD I HIZHD 7.

centerl.smp

SIMPLE flz&s

/1EBOEE

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),

MRS NTT FT—FHIEVRT I
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i

x_CD(type=binary) ,x_CE(type=binary) ,x_CF(type=binary),
x_DA(type=binary) ,x_DB(type=binary) ,x_DC(type=binary),
x_DD(type=binary) ,x_DE(type=binary) ,x_DF(type=binary),
x_EA(type=binary) ,x_EB(type=binary) ,x_EC(type=binary),
x_ED(type=binary) ,x_EE(type=binary) ,x_EF(type=binary),
x_FA(type=binary) ,x_FB(type=binary) ,x_FC(type=binary),
x_FD(type=binary) ,x_FE(type=binary) ,x_FF(type=binary) ;
Variable v;
/ /BN T BB O R KME D F/ME
Objective max_distance(type=minimize);
max_distance=v;
v>=800%7*xx_AB; v>=800%2*x_AC; v>=800%13*x_AD; v>=800%19*x_AE;
v>=800%17*x_AF; v>=bb0*7*x_BA; v>=550%8%x_BC; v>=b550*6%*x_BD;
v>=550%12*%x_BE; v>=550%10*x_BF; v>=780%2%x_CA; v>=780%8%x_CB;
v>=780%14*x_CD; v>=780%20*x_CE; v>=780%18*x_CF; v>=600%13*x_DA;
v>=600*6*xx_DB; v>=600%14*x _DC; v>=600%7*x_DE; v>=600%4*x_DF;
v>=1020*%19%x_EA;v>=1020%12*x_EB;v>=1020%20%*x_EC; v>=1020%7*x_ED;
v>=1020%3*x_EF; v>=360*%17*x_FA; v>=360%10*x_FB; v>=360%*18*x_FC;
v>=360*4*x_FD; v>=360*3*x_FE;
// i & B2 B 2 il 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_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;

CODFFTTIIREGHDIZL WTTOT, Hifli & [FARIZ SIMPLE TORMBR ZE % DI LT L
ZEIZLET. T, EREICOWTIERO LI BRI DICLET

&4
City = {A, B,C, D, E, F} i OEE

SIMPLE fllES BB NTT -8B T L
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0-1 %

x;j,i € City, j € City 0F/31 2L AHETHOM LD VH)EH
T HONERTER

ERETH
HEAR & BBy HEE O & fiE

EH

distance;j, i € City, j € City #T i 2HH ) F TORHE

population;, i € City i o A

BEIRES (F&/I\b)

v HEAR X BBy HEE O & fiE

Hl# &M

v > population; - distance;; - x;;, Vi, j € City,i # j FEA ERBEHAIRREEZ B Z 2w

D=2 2 T

ieCity

D" xi=1,Vi€ City BARTE 1 ST S

JjeCity

Xij < xjj, Vi, je City, i # ] HE L Tw 2 88T I B S

95 &, SIMPLE TIIRD X 9 LB aidlicz ) 9.

center2.smp

/1 REEBF
Set City;

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

/] INTA—%
Parameter distance (name="2 &7l [ D FhEk, index=(i,3));

Parameter population(name="#lili®d A", index=i);

/1 EH
IntegerVariable x(index=(i,j), type=binary);

Variable v;

// BB

Objective max_distance(type=minimize) ;

SIMPLE fllES BB NTT -8B T L
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i

max_distance = v;

/7 TR Gt

v >= population[il*distancel[i,jl*x[i,j];
sum(x [k,k],k) == 2;

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

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

/1 K

solve();

/7 FEFRH
simple_printf ("%s WHIZHIET A, \n", k, x[k,k].val==1);

FATT AR, RIEOBIEE FERICRO 2 # T OH#EEZ KT csv 774V () EKHBTOAN
O0%F$ dat 7740V (K #52FF

distancedata_center2.csv populationdata_center2.dat
2 #R i DO Bk, A,B,C,D,E,F LYioUNEE
4,0,7,2,13,19,17 ["A"]1800
B,7,0,8,6,12,10 ["B"1550
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"]1360;

COETVEFTTAHE, FIfiop AT 47 VEEOREORFREITR LD, ATE FHICHETS
ERWZ EDDAD FT.

12,12 Blalay P E

Rl — VA< VEEE, E— VAT BB LMEL, £@ToMliziiML T, m¥Eh
HIIRRT AHA, L0 X BRIEF T %2 1 2 O RERETH L0, Lw)METT. ZolME
EERBICHN BT SHERE TR T I VE VI RED DD TTH, I TR, REICIHNLH
IR TH L L V) REOMELMAL TS, Tz, —EHNAAT 280 L Chlo#hick
HT5L) hEREL RN LELET.
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B %E
KDTTTZHH A, B, C, D&, 2DV v 7 OMMFZREERLZKTT.

HHMWM»HMIEL, ETORHZHM LT, BEMAIGEST 256, £0 X9 ZNEF Tl
2% LRI EZRDHTL &9 D

Z O % Numerical Optimizer T  72DIZERALZ TV E . KFIEO EAXALIZSTHR 4] 225 D
GIHTY., "“IXTOWIEZFHM L THIEHMRIIFET S L) Zeid, ~EHZORKEEZEZ L7
O, BRBEOLEOF T 2 MBEHEIHRLTH IV EIZR) T3, 2 TIHRICET A 2 38 m &
12N - N - .

BRIZOWTEZEL ). EOWiArs EOWTNTE > T E2RETLMETTOT, 5
Wi oMOH MBI TLHEEIC1 2L, BEILZWEEIZ0 2L 5 X)) % 0-1 28 xap, Xacs
XAD» XBC> XBD> XCD» XBA» XCA» XpAs Xc» Xpg: Xpc ®HAL . BIZIE, xqp (JHRT A 2> SHRT B IZBH)
TAHHEIC12ED, BEILZWEAIZIZ0ZED .

WIS, /METREHWBEBIIRERRICZ D 30T, SHET RO BEEZ v,

6x4p + SXAC + S5xap + Txgc + dxpp + 3xCD + 6xp4 + SXCA + 5xpa + Txcp + dxpp + 3ch

ERBYTHILPTEET.

RBRICHFISMATT. Rt —)v~ 2 FERAOHIK, “F_XToMlizaiM L TRET 2" Z2EX
LT B H Y 9. ZoRlFIE, “FHHA ST O 1 DICBE§ A", “FAHI AT D 12
PORBETL” LIl eEATT. Bl BBl AICOWTIE,

Xap + Xac + xap =1 WA DLSHEAT O 1 2IBET S
Xpa + Xca + xpa = 1 2 AT A WZHIERT O 1 O RBET 5

V) R LETT.
FROHKZTTEATHTHD, HPLHNEZMZ L LEE DY FT. €% 61F, Liloghs
Wi, xap=xga=lLxecp=xpc=1¢%25L) %R, 2F) —FEEXCTEHTZHMNTLIENTE R
WE D BREAFENTLEI NS TY. REt— VA< METIE, —HEXOHKE Y7 — LI
O, [H#BTH A —=#R T B =#Hi Al O X ) %, TXTOMBEZFHH L Ty 7—2fF 7Ty 77—
O E 3. Kpte— VA< YEETIE, EREHERICNZ T “TXTCoOy 7y 7—%2¥HRd35" L)
HRALEICR Y 9. CoORRERHT 272018, FREKEMENDZEE yp, ve, yp ZEAL, #B
M B, MiliC, AHEDPHEDLEYT—%2PETLLEVHHHEZEALET. Zofl#i,

yB—Yc +3xpc £2 (1)

yB—Yp +3xpp <2 ()

SIMPLE fllES BB NTT -8B T L
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Yc—yp+3xcp <2
yc—yD+3chS2
Yp—YB+3xpp <2

Yp —Yc +3xpc £2

=

F28 BlIEDRA

i

3)
“)
®)
(6)

EEBTsZENTETT. EEHHLS, B2 ), Q) OHomlAERELEbESE,
3xpc +3xcp <4

E%V, xge=xcg=1, Thbb [#HH B C#T Bl ok)%H 7y 7—%2HKL, T/,
D, @, O oHFoOmLE L LELES L&,

3xpc +3xcp +3xpp < 6

%V, xpe=xcp=xpp=1, Thbb, [#iB>WiC#H DBl OXHI%HTY7—%
PEBR 35 2 &5 TEE 9. #ili A ST EHRICBNZwOIL, BERDY T TR BHRL
BWEIICTHOTT. 2F), MHAZELY T7T—0ON, WHAUNTHERISNE Y T —%2FTX
THEBR T2 L2 RBIL TV E 7.

A THMER yp, ye, yp 1&, AiNAHHOMEFLEZONET. BIZIE, 461 B~ C & 5%
BERED, bbb xge=1RELFET. XN D) EZyezyp+1 ZRLET. 72, ()~(6) AT
TH—DEE LTWwW5bZ &5, max(y.;c € City)—min(y.;c € City) <2 b b0 5720, 5 ye=yp+1
ML B ENEPNTT. TOXHIILT, y (ciEB,C,DOVTIAY) BAT Y Tl Zd o
TEMFRG-2oNnET. KROHKHX (7), 8), 9 ZBFEATLILT, y 1 260EF 5 L5 %
TEFET. TOLHXLTEMEFL, MHTAZBBELTHLHURN A K> TL 5 TOXKMNEE
—H gD ENTRETT.

1<yp<3 @)
1<yc<3 (8
1<yp<3 )

UEDZ ENS, ROLIICEMLTLHIENTEET

0-1 ZH

XAB A 2 S8 B AT 2 0 E
xac i A AT C BT 5 hED
XAD A D SHTH D BT 50 Eh
XBC #ili B 22 S C ~NBEIT 2 G
XBD #Ti B 2 SHRH D AT 2 2 E A
Xcp #li C 2 HHERT D ~NBE) T 2 A
XBA B 258 ANBET 5 0H0
xca T C 2 BB A ~NBE)T B 5D
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XDA #T D 2 HH A NBET 2 2
XCB #B1fT C 2 LT B ~NEEY T B S
XpB #BfT D S HT B ~NEE) T 5 0
XpC #ili D 2 HH C ~NBET S
hEZEH

VB #ili B % R0l 3 5 NEH

yc #ili € & RKml3 2 MEF

YD #ili D % R nl 9 2 NEH

HER% (&/Mb)

6x4p + S.XAC + S5x4p + Txgc + dxpp + 3xCD + 6xp4 +

SXCA + SXDA + 7xCB + 4xDB + 3xDC

ESEES

%

XAB + XAc + Xap = 1

AT O 1 DIZBET 5

Xga + Xgc + xgp = 1

#Rli B 20 SR D 1 DICEE S %

XcA + Xxcp + xcp = 1

i C 2SO 1 DIKBE)T 5

XpA + XpB + Xpc = 1

U D 25RO 1 DICBET 5

XBA + Xca + Xpa = 1

A ZHHERT D 1 o S BEIT 5

Xap+Xcp+xpg =1

BB D 1 O HRBE)T %

Xac + xpc + xpc =1

T CIZHERTH D 1 o0 HBET 5

XAp + Xpp + Xcp = 1

U D ICHHETE D 1 o S5 BET 5

Yp—Yc +3xpc <2

7 7 —HERRFY

yB—Yp +3xgp <2

I 7Y T — PR

Yc—yp+3xcp <2

B 7 7 —HERR IR

Yc—Yp +3xcp £2

7 7 —HERR IR

yD—yB+3xDBS2

¥ 7 7 — PR Y

Yp —yc +3xpc £2

T 7 T — PR

1<yp<3 # B RN B NEFO LT
1<yc<3 #T C ZEFN B NEFO LT
1<yp<3 #BTT D 2N A MO TR

COREZ, ZEIC0-1 B EEREBRS > TEY, HWEE #HHXETHRELZOT, |

BRPBIEETHRE E 20 9. @XML L7248 % SIMPLE TRtlB 92 L LT O X H 1242 ) £

TSP1.smp

SIMPLE flz&s
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>

% 2 E ﬁ“s @l\D

i

1158

IntegerVariable
IntegerVariable
IntegerVariable
IntegerVariable
IntegerVariable
IntegerVariable
IntegerVariable
IntegerVariable
IntegerVariable
IntegerVariable
IntegerVariable

IntegerVariable

/7 B HIBE

x_AB(name="AtoB",type=binary) ;
x_AC(name="AtoC",type=binary) ;
x_AD(name="AtoD",type=binary) ;
x_BC(name="BtoC",type=binary) ;
x_BD(name="BtoD",type=binary) ;
x_CD(name="CtoD",type=binary) ;
x_BA(name="BtoA",type=binary) ;
x_CA(name="CtoA",type=binary) ;
x_DA(name="DtoA",type=binary) ;
x_CB(name="CtoB",type=binary) ;
x_DB(name="DtoB",type=binary) ;

x_DC(name="DtoC",type=binary) ;

Objective route(name="#HEEK", type=minimize);
route=6*x_AB+5*x_AC+5*x_AD+7*x_BC+4*x_BD+3*x_CD+6*x_BA
+65%x_CA+b5*x_DA+7*x_CB+4*x_DB+3*x_DC;
/ /TR

Variable y_B;

Variable y_C;

Variable y_D;

/1 FER BRI O 1 DI BT %
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;

// FABHIZHET O 1 Oh BT 5
x_BA+x_CA+x_DA==1;
x_AB+x_CB+x_DB==1;
x_AC+x_BC+x_DC==1;
x_AD+x_BD+x_CD==1;

/1 HTIT =R %
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;

SIMPLE fllES BB NTT -8B T L
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// BB % 3 2 NEF s 0 & B SRR BT
1<=y_B<=3;

1<=y_C<=3;

1<=y_D<=3;

/13K

solve();

/1

x_AB.val.print();

x_AC.val.print();

x_AD.val.print();

x_BC.val.print();

x_BD.val.print();

x_CD.val.print();

x_BA.val.print();

x_CA.val.print();

x_DA.val.print();

x_CB.val.print();

x_DB.val.print();

val.

x_DC. print();

73

L PHRCHEZ BT HEDTFO L)%Y £

%4
City = {A, B, C, D}
City_ = {B,C, D)

T
disc12,cl € City, c2 € City

num

0-1 8
Xeiea, ¢l € City, c2 € City

R
Ve, ¢ € City_

B (&/IMVLb)

dischZ-xcch
cleCity,c2€City

SIMPLE flz&s

i oHEE
HZsH S DA DR T D ES

R c1 L HRT 2 DRk
A City_ DEFEEK

Tl c1 2> SHRT 2 \[CRBHY Y B

T ¢ % 3d 2 N

MRS NTT FT—FHIEVRT I
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%9
Z:%m=lﬂdecw Rl c1 225 BIERT O 1 DI B
c2eCity
ZZMM:LVQEGW Rl 2 IR D 1 2% & B
cleCity

Vel = Yo + num - xXe1p < num — 1,cl € City_,c2 € BT 7 — = HEk
City_,cl #c2
1 <y.<3,Yce City_ # ¢ 2B AHNEFO L TR

Wiz, B (BWHHEOKM) 27577 A V05525 SIMPLEETFVARLET. T0 LX)
WCETNET =Y E25METAIEICLY, MHTHIELDS/LLTET =Y 7 7 ANEEET 72T
THIRTED X HITRY T
TSP2.smp

/1 BEERT

Set City(name="#BTi");

Element cl(set=City);

Element c2(set=City);

Set City_(name="INJ3&H#bri % B { #BTi");
Element c_(set=City_);

Element cl_(set=City_);

Element c2_(set=City_);

/] INTRA—%
Parameter dis(name="[ilf", index=(c1,c2));

Parameter num = City_.card();

/] EE
IntegerVariable x(name="#ZH|", index=(c1,c2), type=binary);

Variable y(name=")llﬁﬁ", index=c_);

/7 HI9BI%

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

route = sum(x[cl,c2]*dis[c1,c2], ((c1l,c2),cl!=c2));

/] TS 1 D OREBTH A~ T %
sum(x[c1,c2], (c2,cl!=c2)) == 1;

/1 BN 1 DDORERTI A SRR E)T %

sum(x[c1,c2], (cl,cl!=c2)) == 1;

SIMPLE fllES BB NTT -8B T L
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/] Ty T— w2 5

ylci_1 - ylc2_1 + num*x[cl_,c2_] <= num-1, cl_!=c2_;

/7 MEFE D _F T BRI

1 <= y[lc_] <= num;

/1 Kf#

solve();

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

route.val.print();

T—=5 774V (datTEX) ZLLTFDLHITHR) T
data.dat

"R = AB CD ;
I FEHb A B {EBTY = B C D

"EAE =
[A,B] 6 [A,C1 5 [A,D] 5
(B,Cc] 7 [B,D] 4
[c,n] 3
(B,A] 6 [C,A] 5 [D,A] 5
(c,B] 7 [D,B] 4
(p,C] 3

’

COEFNVEEITTLHE, yBl=3,y[Cl=1,y[D]=2 &%), #di A—=#Hi C =%k D —=#1H B —
HWADFFETCEHTL2O0REMELDFT. ZORKRIIISTHAZLbAID 7.

213 PR

FYREIZBES S OEFICHH I TV E T, ST TIRERNZELMEOFE LY Uy, #
YHEDESCD T 7 =y 7, ETFVLOH, KBBEZHEICHT 57 7a—F kel L7
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2.13.1 E=HmEEE

FLRE L, BEADOEEEZHREBOREOENITHI ) B TH 2 RET HMHETY.

T/, EIUMEZAHAHOLMEICE XIS TETY. FidoRz2, ~AHZHD S
ARXA=IVTETEUTORDEHIZH) T

al | a2 | a3
bl | O
b2 O
b3
b4 O

ERU I ADOMDFTON =NV EHIRGEL LTS5 252 LICE 5T, 4 OREICHIET 55
LEATH) 2D TEFET. BHUMEQOICHBIL LT, FIZIZUTOboH) 7.

o NBRFCIE [

e V7 MRy Va—Y v IRiE

o P HUET ] i

e A V2 =) v 7P EE

e¥— v M7 M) —PeEE

2.13.2 BN~ AIEHEZEGE

CITIEEY, YAHZHOLZITOMEEZEZ TVWETT.

m fIE
44 DR AADBHY ET. ZORACHEBEE WO TTH, ETORMICHL THOEA 22
%L EHICHRELEYT. STEDLHITEITIZRVTL &9 %
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77

EEN ERVS I B \S)

Bz 2 3o 1

v

COMEEZERLT 57201213, 0-1 BHEHCLLEDNHY 3. ZOMEDHEGUTORD X H

12, HEX A LTOo-1 EH 23T T T

1

x11

x12

x13

x14

x21

x22

x23

x24

x31

x32

x33

x34

Al w |

x41

x42

x43

x44

ERLETHLEUTOLIICARD TT.

0-1 ZEH

X115 X125 X13, X14
X215 X22, X23, X24
X31, X32, X33, X34

X415 X42, X43, X44

INTNOYACAZELS 26X 1 EPEVER

513 0.

BRI

Z OREIZITH BB 2w

LIPS e

X1+ X2+ X3+ X14=2

1fTHZRIC R &IChE%E 2

X21 + X202 + X023 + Xpq4 = 2

2ITHZBICH L S IThHZ 2

X31 + X302 + X33 + X34 = 2

3FTHEMICRZEZICAZ 2

X41 + X420 + X43 + X4 = 2

AfTHERCR-E XICAHR% 2

X11 + X21 + X371 + X471 = 2

1HIE 2R EICHEE 2

X12+ X2 + X300 + X400 = 2

2HE MR- EITHEE 2

X13 + X23 + X33 + X43 = 2

3FIHZMEIC R E12hH% 2

X14 + X4 + X34 + X44 = 2

45 HZHEC Rz &A% 2

SRR EECRECEECE R EVEEN
T | OF | OF | R [ | O | O | O
NN AN AN AN AN AN AN

SIMPLE flz&s
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ERAL L7k % SIMPLE CRtilb 346 L LT X H 124D £9
fieldassignl.smp

>

% 2 E ﬁ“s @l\D

i

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 ==
x 21 + x 22 + x_ 23 + x_ 24 ==
x_ 31 + x 32 + x_ 33 + x_34 ==

N NN

x_41 + x_42 + x_43 + x_44 ==

x_11 + x_ 21 + x_31 + x_41 ==
x_12 + x 22 + x_32 + x_42 ==
x_13 + x 23 + x_33 + x_43 ==

N ONNN

x_14 + x_ 24 + x_34 + x_44 ==

/1 BT oTa s 5 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);

SIMPLE flz&s
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Z ®DE 7V % Numerical Optimizer THEATT 5 &, H&EIZ

0101
0011
1100
1010

LWV FIRPEN, ZOFEOEZZMRTETT. Lo ZErT oAl EWTHS (1L
FRENTVE) OBHPD 7.

ST, RIZZOMRER SIMPLE DRFHEREEZ W TETFTIUMELLTATT. EXLEUTO X HITE
WL 9.

&4

1=1{1,2,3,4} 7

J=1{1,2,3,4} il

0-1 E#H

xijiel,jelJ RAGHICHAZELS O X =1, BrRVE
roﬂfxij =0 ETZ)

B KBS
Z OB H BRI 2w

LlE eSS

Dxy=2Yjel K5 IR R E XA R 20

AZMFQNWI BAT i IR &I Z 2 0L

J

WEEHVDZLICEY, DTFOL) CHICETVERT 22 LB TEET.
fieldassign2.smp

/] BEERT

Set I ="1 2 3 4";
Element i(set = I);
Set J ="12 3 4";

Element j(set = J);

/1 ¥

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

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

SIMPLE fllES BB NTT -8B T L
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sum(x[i,j],j) == 2;

/7 K

solve();

/7 AR

simple_printf ("%d %d %d %d\n", x[i,j], x[i,j+1], x[i,j+2], x[i,j+3], j==1);

=

F28 BlIEDRA

i

2.13.3 {tEISRE

ZITIE, HAFEEZNCRICH) Y THHEZN) LIFEd. RofEEZER 7.

m BIE

(i | THee ) T8AR) MR T o5 NicHZFHZE ) BT, M3 T#%5] [HE ML
DB ] TTAET] TEHB L] 8] [hAs] 0 8 5TY. HAXAFICHY HTHITE
IR, ZHUIEA - AEFIC Lo TRED T, Fh, FAFZENETNOAFITH L TH
HREED D 0, BHEPIREVIZE I A NS00 20850 9. UTIEAMELIA N2 T LD

HDTY.
BOREE | 7R | R | SRR | IUAR | g
s -1 3 2 3 -4
Jit B 5 -2 3 -4 5
LUHL |0 3 2 3 -1
FEiE -3 -1 1 1 2
THIET |1 -1 3 1 -1
HiL -1 -1 1 0 2
farkr 2 -2 2 -3 4
H:3h A 5 2 0 1 5
= W | ek | SR | IR | JEl
s 570 | 1400 | 520 | 1410 | 450
it 1800 | 1000 | 1700 | 1050 | 2300
LYFH | 800 | 1500 | 500 | 1500 | 600
E1oees 500 | 600 | 1000 | 1000 | 1200
THIET | 800 | 600 | 1200 | 800 | 600
HliL 600 | 600 | 800 | 700 | 1300
far b 1200 | 500 | 1200 | 500 | 1300

SIMPLE flz&s
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AR A 1500

1000

1200 | 1200 | 1500

72, UTORZFLELTIIVWITEEA.

o [H%] B DO APHET S,

o B NICHVIRLMAFIE, WKTIDETETS.
o [BE ] HE] VL] [k TAR] 2 A28 BT5.
o [FEIE] TTHIET] THHL] 31 AZHE Y K TH.

o HALFHIZBWT, AFEAHYTLZANOPIHEOMZ, TOMHFEOIF) T4 —LT 5.
o BAFHED 7 F V) F 4 —1FHI o TIIWIT 2w,
COLE, QANDEFERNITHIIBE YU THEZRDTLEE N,

COMESFIEHIOME L FICUTO L) 2 AHICOZDTHMBEE LTERALZ LN TEET

&R | AR | UF | ER

BN, BE,

BB, 12ow

TIEmwmAK1D
FTLHODR

WiZ B2 a0d
ON1oh22o0Hh%.

fFH 7.

R A,
ONwmK3>
H5b.

DEzBE2RT, UTOXIICERMLT LI EATEET.

=4

JOB = (8 B, L Vb, 380, THIET, H
L, bR, A &)

PEOPLE = (&1 AEHE, 85, 1R, )% )

0-1 %
Xjp,j € JOB, p € PEOPLE

EH
costj,, j € JOB,p € PEOPLE
Jyukuren;,, j € JOB,p € PEOPLE

BrE% (&/IMVLb)

Z costj, X Xjp

Jip

SIMPLE flz&s

HHEOHEE

ANDEE

2 N p I CHID B TE R0, =1, €9
THRVAESIE Y, =0EF5

HFj2ApIZH ) B THEDAR b
= j &2 N p T ) BEOBGREE

= i S NOF 4|
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s e
3w = 2.j € HEE BB, L VAT kR, £

P
H)
zhﬁsze@ﬁhr&%tE&L}

p

> xjp <3,¥p € PEOPLE

J

Z Jyukurenj, X x;, > 0,¥j € JOB
P
> xjp<LVpePEOPLE
JjelRs, )

=

% 2 E ﬁ“s @llD

i

[ T TV o415 ] [Hakr] ThAai ] i
2ANZHYETE.

[FE] [TAETITEHBL] 31 Az2H ) 4T
5.

HZANIZIE, K3 2FTCOHFEEREY L TEL
LW TES

FHFRDO7 F )T 4 =D R o TEWIT W

R, BE3E) A0S 3% (R UADHER &
5 & Az ).

SHIZEBICEHL TR 7 7 AN E T =5 252 THET. EFNVEHTRIUTOLIICE) 7.

jobassignl.smp

/] A ERT

Set Job;

Element j(set=Job);
Set People;

Element p(set=People);

/] INTA—=F

/1 EE

// BB

total_cost = sum(cost[j,pl*x[j,pl, (j,p));

// RIS

sum(x[j,p]l,p)

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

SIMPLE flz&s

Parameter cost(index=(j,p), name="T A h");

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

Parameter jyukuren(index=(j,p), name="#E");

Objective total_cost(type=minimize, name="#&T A h");

sun(x[§,p1,p) == 2, j=="HE&" |1 j=="BEBE" || j=="L VH B 1| j==rfilir 11 j==rflidanr;
== 1, j==ll§%‘zj£u Il j==||:‘&?%“(u || j==||EHjLu;

sum(x[j,pl, (G, j=="#E&" || j=="BHE")) <= 1;

MRS NTT FT—FHIEVRT I




2.13 EI=RizE 83

N

solve();

/1 RERT

total_cost.val.print();

simple_printf ("%s,%s\n", j, p, x[j,pl.val==1);
simple_printf ("\n");

simple_printf("%s D7+ V7 4 —I& %d\n", j, sum(jyukuren[j,pl*x[j,p]l.val,p));

UT2esvIEROAT 7 74 VT, TAMIELTEHBECHLCOMEO7 7 A Ve HE
THLENH) ¥

jyukuren.csv

BARREE, ik, e, SR, 1A, P30
¥%,-1,3,-2,3,-4

J#f 5 ,5,-2,3,-4,5
LY¥$1%,0,3,-2,3,-1

8, -3,-1,1,1,2
ZA¥ET,1,-1,3,1,-1
HiL,-1,-1,1,0,2
fibx,2,-2,2,-3,4

A& ,5,-2,0,1,5

cost.csv

IR &, ZHE, R, SER, 1A, JEl
% ,570,1400,520,1410,450

J#f 5% , 1800, 1000, 1700, 1050, 2300

L V1% ,800,1500,500, 1500, 600
381%,500,600,1000,1000, 1200
Z#¥5C,800,600,1200,800,600

H L ,600,600,800,700,1300

7B, 1200,500, 1200,500, 1300

fE3A & ,1500,1000, 1200, 1200, 1500

Z D€ 7 )V % Numerical Optimizer THEAITT 5 &, HiEIC

¥ A F=13380
THRIET, Tk
LIUHL, R

SIMPLE fllES BB NTT -8B T L
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LIUATS, Pl
ik, A
Hikdn, R
5, SR
wE, Wik
&, IR
by, 2k
HIL, A
B, SR

CHETCDOIF) T4 =1 1
LVHIb02F) 74 —1d 2
HABDZ7F) T4 —1F 1
BEO7 F) 74 =13 1
BROZF) T4 =13 2
ks A1) 74—k o
HHELor+A)74—1% o
FEDI AV T4 =1 1

>

F28 BlIEDRA

i

EVHFIRDEN, ZOBEDEZZMRATE LT,

m fE

R [H%] 2885283 Tanwn
g ] 288523 T& W
BARICTLIYHE] 23852 8IFTER
A [587F] 23852 L3 TERY
WRIZ [CTHET] 28EHIEIITERW

FIZEDOMBEIZLTOLEMEEZHITIMZ T ZS W,

EC, COMETIPMEICER S LEBEFEDOMEICLTORMZHITMRASZ & THL Z LT
EF9. TR T AMEEE x OESURE, solve) OFHITHIIZEZ TOAFTVEHA.

xR, DHE"] == 0;
x["B B, fE#E"] == o;
x["LIHTH, AR == o;
x["5E, 1A == o;
x["TAIET, EL"] == o;

SIMPLE flz&s
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FREEAZEML, TEFNVEETTLEHBIIUTOIHNIEDLY 5.

A b =13470
CHIET, Kk
LTS, fhk
LIS, L
A, AR
A, SHAR
[55 , 2k
EZAIIEN
W, ik
%, ok
fuks, ok
HIL, A
FEIE, SR

THETOZF) T4 —F 1
LIHHDZF )74 —1F 2
HABRDZ F ) F 4 —1F 1
WEOZ )74 =13 1
BEOZT)F4—1d 1
RBRoOZF)F14 =13 o
HEHLOZ T )54 —1d o
BEOZ TV T4 —1d 1

RZHLE, BRIZAMIELL B T0EI LGP ) T

D EDEZHIZUTORO LS IZEBEZEML, BT nwTnbEIAN0THS L) K EH
J72eEZ2H2ENTEETY. (BBRTOLIVIZL VIS, THRIIITHET, BHIZEBL, Ak
HAHRTT)

1l it ELEN A 1

x[HE%, xR, 8R] | x[#FHZ, WA | x[EE, EL]
NIEZS x5, AT | x[§ps, ¥%4]
x[LY, )
x[FETE, VEa

NS
LIS | x[VY, & | x[VL Y, 1K
E1otkR X[FEUE, R | x[FETE, MEHE] | x[FETE, K]
THIET | x[TH, R | x[TH, ERE] | x[TA, K] | x[TH, K]
HHL UM, 2kl | x[BH, k| x[Bl, $9R] | x(BH, IR | x[Hil, )
T x[fab, ZEHE | x[Hwbx, KR | x[IwBR, 85K | x[dEBE, IUAR] | x[HRbE PEX)
3k A x[AhaA, k] | x[HA, R | x[haA, S8R] | xR, AR | x[HA, B

x[L ¥,

SIMPLE &g BB NTT -8B T L
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E2F BIEDENT

22T, LORDOEDDONTWAEGE1ICh5 2 EDBVOT, 1F Lo HERE MM 2 LB
BWEEZDLZENHERTT. FICABBORLHEICB VT, MERaERZEMT I LI2LD

AHEICHEOBEZREILTLE) &,
Y.

FEONRT < 2A2FLETEETL T Y ERIC
CZTIEHL2RHFICE LT [HHE2FTMz A2 &%, 20X @R Z KA

Wi Lewv] Ew) FEEZMAMLIET. WTORD L) B A=V TY.

fre ik EEN IES 2]
x[$E%, R | x[#%, $9R] | x[HE%, DA | x[#E%, VL]
5% 75 NIETS x[EF5E, 8R] | x[EFEE, 1WA | x[B5E, ]
LIS | x[VY, &HE | x[VL Y, 1K x[L ¥, 3
FEE X[FEUE, W | x[F81E, MEHE] | x[FETE, &R S
THIET | x[TH, ZHE] | x[TH, E#E] | x[TH, K] | x[TA,
HHL x[EH, 228 | x[EH, K | x[HH, 8K | x[EH, IR | x(EH, ¥
farbr x[Hwbk, R | x[Hwbk, ] | x[HRBR, SRR | x[RBR, U] | x[HRBE, E54]
3k A XA, ZHE | x[HA, R | xR, SER] | x[EEA, IR | xR, D)
ERALT HBRIC, L2 KT HEE JPPair Z MM T HLENDHY 7.
e (j,p) e JPPair o j% plZEIV U THLZ ENTES
PR AS JPPair % V722 LT Y.
&85
JOB = (B 55, L VTH 38, THETH  HFHEOES, jeJoB
U, fa bR, ik A
PEOPLE = {1, Kk, 85K, 1A, Y30} ND%EL, pe PEOPLE

(j,p) € JPPair & j%& plZHD ¥ THI LTS
%

0-1 %

Xjp, (j, p) € JPPair

e j2 N pllHVNTEAR0Ex,=1, €9
THVAELEx,=0EF%

ER

costjp, (j, p) € JPPair

L j 2 N plZE ) B THEDIT A b

Jyukurenp, (j, p) € JPPair

3 j 2N p BT ) BEO IR

HE9R% (&/Mb)

Z costjp, X Xjp

J-P-(j-p)€J PPair

I X b ORI

SIMPLE flz&s
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EAFSESES
xjp =2,Vj € (¥R B, L IHB, W [Fez ] (Bl TV 285 ] [kl THAA ] &
p.(j.p)eJ PPair 2NZEYYTH.

I, LA
xp= L)€ GO SARIET HIML) TR TTAIST) THIML ] 21 AZ#E) 4T

p.(j,p)eJ PPair Z)
>, xp<3 BN, BRI OTCHIEHY HTEIE
J.(j.p)eJPPair 7‘7)3"( é& é
Z Jjyukurenj, X xj, > 0 FAEFO 7+ ) T 4 =D o TIWITF R w
p.(j,p)eJPPair
> xjp <1 Wk, BRI S AAHHYT 2,

(j.p).jel¥ %, B 5).(j.p)e] PPair

EFVIUTOLICHY 1.

jobassign3.smp

/] BE ERT

Set Job;

Element j(set=Job);
Set People;

Element p(set=People);

Set JPPair(dim=2, superSet=(Job,People));

/] INTA—%
Parameter cost(index=JPPair, name="J A h");

Parameter jyukuren(index=JPPair, name="#G &) ;

/1 EE

IntegerVariable x(type=binary, index=JPPair);

/1 HEIB%L
Objective total_cost(type=minimize, name="#&T A h");

total_cost = sum(cost[j,pl*x[j,pl, (j,p,(j,p)<JPPair));

/7 WF St
sum(x[j,pl, (p,(j,p)<JPPair)) == 2, j=="#& &" || j=="FF BE" || j=="L Y T B || j=="¥%

]Zé:?ll || j::u,f:l:ﬁ&ll;
sum(x[j,pl, (p,(j,p)<JPPair)) == 1, j=="%8{E" || j=="CARIFT" || j==HML";

sum(x[j,pl, (j,(j,p)<JPPair)) <= 3;

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

SIMPLE fllES BB NTT -8B T L
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sum(x[j,pl, (j, (j,p)<JPPair, j=="#£%&" || j=="HE")) <= 1;

N

solve();

/1 RERT

total_cost.val.print();

Element jp(set=JPPair);

simple_printf ("%s,%s\n", jp.at(1l), jp.at(2), x[jpl.val==1);

simple_printf("\n");

(p, (j,p)<JPPair)));

simple_printf ("%s o 7 % U 7 4 — & %\n", j, sum(jyukuren[j,pl*x[j,pl,

>

% 2 E ﬁ“s 0)“1:1

i

LFERER N @ TPPair ICIXEEELZ: [j,p] DRT AN TIEWITRWVOT, AJ7 74V HZHUEWDL

TOXHITEDLY 7.

jp-csv

j.p, PGB, a2 X b
B, 1k, 3,1400
%, Bk, -2,520
&, 1A, 3,1410
R, Wl ,-4,450

Jif s , 4k ,5,1800
JEPE, 8K, 3,1700

JiF 5, AR, -4,1050
J5F5s, a1 ,5,2300
LVHTD, %, 0,800
LIFE, E#E,3,1500
LIVHS, IR, 3,1500
LIHTH, i, -1,600
FETE, %k ,-3,500
F&1E, fhE,-1,600
81, 8K, 1,1000
FE1E, ,2,1200
THIET, Kk, 1,800
CHIET, fkik,-1,600
CTHIET, 8K, 3,1200
ZTAIET, I1A,1,800
HH L, %k, -1,600

SIMPLE flz&s
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HHL, 7k, -1,600
HIBL, §K,1,800
HHL, IhA, 0,700
HilhL, #,2,1300
bR, &k, 2,1200
bk, i, -2,500
fbi, #85K,2,1200
fbx, 1A, -3,500
b, ¥#4,4,1300
kA, LRk ,5,1500
A, ik, -2, 1000
kA, B3R, 0,1200
A&, 1A, 1,1200
H:ihdx, Pl ,5,1500

89

F2COETNVEHIFTRME Y VN wesp E HVBGEITIZETVEZLDT O X ) ICEH T 5 LEN

HHET.

jobassignd.smp

/1 By LR

Set Job;

Element j(set=Job);
Set People;

Element p(set=People);

Set JPPair(dim=2, superSet=(Job,People));

/] INTA—%
Parameter cost(index=JPPair, name="J A [");

Parameter jyukuren(index=JPPair, name="#GREE") ;

YV

IntegerVariable x(type=binary, index=JPPair);

/7 HI9BE%

// RIS

SIMPLE flz&s

Objective total_cost(type=minimize, name="#&I A h");

total_cost = sum(cost[j,pl*x[j,pl, (j,p,(j,p)<JPPair));

sum(x[j,pl, (p,(j,p)<JPPair)) == 2, j=="3% %" || j=="BF BZ" || j=="L Y §J " || j=="&

MRS NTT FT—FHIEVRT I
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i

Bre 11 j=="Athik e

selection(x[j,pl, (p,(j,p)<JPPair)), j=="3&{F" || j=="TAIET" || j=="HIL"; // wcsp
Ff OB selection

sum(x[j,pl, (j,(j,p)<JPPair)) <= 3;

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

sum(x[j,pl, (j, (j,p)<JPPair, j=="¥E&" || j=="HE")) <= 1;

/1 KIE

options.method

"wcsp"; // FRIEZ wesp WV AIEE
10; // FHERHOFE

options.maxtim

solve();

/7 FERIT

total_cost.val.print(Q);

Element jp(set=JPPair);

simple_printf ("%s,%s\n", jp.at(1), jp.at(2), x[jpl.val==1);
simple_printf ("\n");

simple_printf ("%s o 7 F ) 7 4 — & ¥%d\n", j, sum(jyukuren[j,pl*x[j,pl,

(p, (j,p)<JPPair)));

KA 2 50 24 R 2 1% < BROBEBIBI W § 208 & LT ERTRA L THRZHA L TATR
S,

2.13.4 lEsREciERE

CITE, FIiRTBES A0 RET HMEZI) EIFEY. ROBEEEZLTT

B %

Mk E MO ICETEI22REL Y. ks L TRERONAR2E2 3. 2% 0,
KETORGRWERDBZEDOZTANELZE T 5720, T) TOEFHABEZEETL20TIE%
{, HL) TOMETFREE A N—TEI XL, PIZITMHE 1252 7 A, B, CxHL4THL X
ZIE, MR 1 OFEICHTAHMIE A B, CORFIAKTIEZRL, A, B, CTZYTOZNETLD
ANz HIN—TENZIVEVS I LICARD . Thig, Re22) 7 CTRBICERSEI D 2
BWETNELTEZDIEZERLE Y. MEZDTICEMLET

e REWMONAELEET 5 (R4 2 HZFKIZNAEL &)

o KM ITZ T ANBEREFF>TWVD

o FHIRIL IR DJtE % IR S b

o KEEF—N—THLAIIHEBICHATE2IA M2 HHRAEI AT THRIBTLIENTES

o fiik AR T HIIETA MM D

SIMPLE fllES BB NTT -8B T L
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o fEFR DRI 7 i TH S
o MINIZ S x5D 25 HETH S

91

CoLE FEEBEBRIZMEHERERIA POMERMET S L) RERGFIZRELVE L

ESE

DbEzEFZT, DT ICEAMLT2 e TEET. HLMUEIKREZEKRELET.

BRI ZE R
yj,je J

EH

diS[,'j,i el,jel

num;
capa;

cost;

BHEIRE% (R/IMb)
Z costix; + Zyj min (distij + M1 -x), i)
J

i

LEPES LS
TR

WDt
WIRDES

Wi BT 25005 =1, £HTHROLES
Li\xi=0 kj—é

IYT7 jICHLTOBEANK 0..30HE L%

Wik i A S IR j £ OB S MmN ERER S 2
EAREEEE E T VNTRD B

Mo j CTHAET 2 REBERK

WEE% i DT ANSLZ LDOTE B A

Mgk i BT A b

a X o

PRI [HHIBIIRFOMRIINESNE | w2k, [HEOWNEICIERIDHY, 3AF
TREROBBEIADOND | £ ) 2 ETYT. Zhid WCSP A DB TH % argmin HEZ W5
CEEoTIOOHIHRTEAT LI EDTEE T, TNRIERICETVTHREL L TLESW

SR LTI 7 7 ANV T =5 252 TAHAET. ETAMBPIEUTOLHIICL) 7.

FacilityLocationl.smp

/] TExDEE
Set I;

SIMPLE flz&s

MRS NTT FT—FHIEVRT I
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Element i(set = I);
/] WIRDOES
Set J;

Element j(set = J);

Set § = "0 ... 3"; // BEHEBMORKSE

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

// dist FEFNVHNTEET S

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

/7 EBIZIILUTOREEEZ AT 5

Parameter pos_xi(index = i,name = "pos_xi");
Parameter pos_xj(index = j,name = "pos_xj");
Parameter pos_yi(index = i,name = "pos_yi");
Parameter pos_yj(index = j,name = "pos_yj“);

// BREEIZERREREE E 2

Parameter num(index = j,name = "num");
Parameter n(index = (i,j),name = "n");
Parameter capa(index = i,name = "capa");
Parameter cost(index = i,name = "cost");

Parameter M;

M = 100;

/] TR DRSO DEE

nli,j] = capali]l - num([j];

Objective total_cost(type = minimize);
total_cost = sum(cost[il*x[i],i) +

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

/7 HHRE, BEBEAEL y 12DV ToRtR
nlargmin((1 - x[i1)*M + dist[i,j],1),3j]1 + y[j]1 >= 0;

options.maxtim = 5;

SIMPLE flz&s

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

dist[i,j] = sqrt(pow((pos_xil[il - pos_xj[j1),2) + pow((pos_yili]l - pos_yj[j1),2));

=

% 2 E ﬁ“s 0)“1:1

i

MRS NTT FT—FHIEVRT I
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options.method = "wcsp";

solve();

// BEINtiskE 35

simple_printf ("%d %f %f\n", i, pos_xil[il, pos_yil[il, x[i].val == 1);

UTHesvIBROATI 7 7 AV TY. WiFRICEH L TEHBICEH L CofMEo 77 A V2 HET S
PVENRH T7.

capa_cost.csv

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

2,14,4,9,20

3,19,15,8,15

4,3,10,5,13

5,18,11,7,23

6,7,5,9,18

7,6,1,7,20

num.csv

j,pos_xj,pos_yj,num
1,0,0,3
2,0,5,6
3,0,10,1
4,0,15,7
5,0,20,3
6,5,0,5
7,5,5,8
8,5,10,12
9,5,15,3
10,5,20,4
11,10,0,5
12,10,5,9
13,10,10,2
14,10,15,1
15,10,20,11
16,15,0,3
17,15,5,4
18,15,10,5

SIMPLE fllES BB NTT -8B T L
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i

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

Z ®E 7V % Numerical Optimizer THEATT 5 &, HiEIZ

3 19.000000 15.000000
6 7.000000 5.000000

EWVHFIRDIEN, ZOFEDEZ MR TS LT

(214 VR

TRESE &1, 1957 4 Koopmans & Beckmann (2 & ) EZE 37z, HWBEEDSS kN E % 5H
METY. 22 TlE, VI3 X hiEA X7 Vector/Matrix 7 5 ADERLEHWT, ROFIERE 2T
HET.

m #iE
THil, ., 5% ., VCRETLAZI 2EZTET. 727L, FLEMTOWEZ %S5
H HELEo7u—8, BIUOKBXMOERED, UToX)ilE5iohTwbe LIy

#0700 — 2% Hbdsk ] o> e

1 2 3 4 5 I I m v VvV
1o 15 12 8 7 |1 |0 4 7 6 10
2115 0 14 2 4 | |4 0 2 5 4
312 14 0 6 6 |I|7 2 0 8 7
418 2 6 0 11|IV|6 5 8 0 12
517 4 6 11 0 [V |10 4 7 12 0

WgEomkaA btz (7u—) x (M) THA2L &, &HIAX PP OLBRVEELZ KO
A

COMEIX, THMo7a—1750% F(f;), WIXHOEBTY%Z Dy &35 &

{;ggn Z Z,: Jiidgiri ey
EEBENTT. 2T, S, 3 nkOEHRE (ZOMETIEr=5) TTY.
ZZT, Bipes, I, KD XD BRER x;

SIMPLE fllES BB NTT -8B T L
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0 otherwise.

{1 if ¢i) = k
Xik =

WA nxn (751X 25 2 2T, (1) 2B B dyoscy 13
dgr) = (XDXT);

ERFTIENTEIT.
Lo TMid, ROX) LBEERMEICHEI ML ENTESIT.

= Z fi,jd¢<i>¢<j>]
Ty

s.t. ink =1,k=1,2,...,n,

2

inkzl,i=1,2,...,n,

k
xp =1{0,1},,k=1,2,...,n.

min F e (XDX")

UEXy, @fbizkokriciy 9.

=4

Fac THo%s

Loc WX DEE

T

F;,i, j€ Fac KLY 70—

Dy, m,n € Loc -1 X T oD P e

zH8

Xim,i € Fac,m € Loc Ti # X m ICREST A6 1 ThDAL0

BrE% (&/IVLb)

F o (XDXT) o IEFZT L OO
EFOE G

Xe=e¢ e XS 1 o7 by
XTe=¢

TERAL L 7K % SIMPLE Tt 345 LT X 1240 9.
QAP.smp

// EHERTE

Set Fac;

SIMPLE fllES BB NTT -8B T L
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i

Element i(set=Fac), j(set=Fac);
Set Loc;

Element m(set=Loc), n(set=Loc);

/] INTA—=F

Matrix F((i,j)), D((m,n));

%

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

X[i,m] = x[i,m];// ZBEITINEHED S

/1 HEB%L
Objective total_cost(type=minimize) ;

total_cost = inprod(F,X*Dxtrans(X));

/7 HlF S
X*ones (Loc) == ones(Fac);

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

/1 KRS
options.method = "wcsp";
options.maxtim = 10;

solve();

/7 FEFRH
simple_printf("Ii% yd ZHiX %s ICEE 9 AH\n", i, m, X[i,m].val==1);

V12 £TH SIMPLE Ti¥, COHMMEIK%E

total_cost = sum(f[i,jl*d[k,1]*x[i,k]*x[j,1],(i,j,k,1));

LR L F 9. Vector/Matrix 7 T ALY, X ORISR TELZ ENbHD 9.
DT cesvIERXDOATT7 74 VTF.

SIMPLE fllES BB NTT -8B T L
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Fesv D.csv
F,1,2,3,4,5 D,I,IT,ITI,IV,V
1,0,15,12,8,7 1,0,4,7,6,10
2,15,0,14,2,4 11,4,0,2,5,4
3,12,14,0,6,6 I11,7,2,0,8,7
4,8,2,6,0,11 1v,6,5,8,0,12
5,7,4,6,11,0 v,10,4,7,12,0

COETNVEFITTHERD X ) GRERVPAEONET.

T 1 Z#IX 11 ICELET 5
T2 ZHIX v IZBELET 5
T3 2 #IX 111 ICELE T %
THa 2 WIX v ICRET 2
THs X 1 ICRET S

(215 ELOEEE

it iR E e LT OBIE T, BHZWAL THEEZIT-> TV 2 LA, HRFEEHOEE
e EATLMEZERZTT.

m %=

BHEZWAL TEEZIT>oTWAH 5 LYH, ARFEEMOREROEAZFM LTI Y. 72
ZLZORE WEALZAKRy NEN L HREEOEIOMD, BEINLTXTORKTENTFEL
ERHSZ2FNIER) FRA. &b, BAZEET L ARy PENEMIIRDOIDELET. ARy
FEDTTOT, BWHBIMAT2MmEZLE S5 I EAMERTY. 22L, &AWL
1 2OOFmZ EBIRL THALZTHER ) TEA.

P& i 1 |2 |3
H71%EJ] (kWh) 5 110120
HAEMbH7200a 2 | 10| 20 | 30

F7o, BB AT LM E 2B EEMIE, DToe M LEd. BEKEZEALITE, U
TOX) REENLRRIPHONLbDELET.

% 1 2 3 4 5 6
H71&7 (kWh) | 5 6 8 10 |15 |20
BAIRX b 100 | 120 | 150 | 160 | 280 | 300

B t=1,. .24 ICOVWTENEETFHED, DT 25z TwbsbnlLEF. ARy b

SIMPLE fllES BB NTT -8B T L
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AT A M EFEEREA X POz RMET 5 X9 %,
NOWERTT RO TLIZE W,

F28 Bl

i

Dfa

=

FEEMROBASEBLOAKRY ME

t 1 2 3 4 5 6 7 8 9 10 | 11 | 12
D, |10 |10 [ 12 |12 | 1520 | 30 | 30 | 35 | 40 | 50 | 56
t 1314|1516 |17 | 18 | 19 |20 |21 |22 | 23 | 24
D, | 5247 |40 | 35|42 |50 |48 |40 |30 |20 | 15| 12

COMBEOERLIZ, UTokH12%) 7.

£4&

Product BmEs

Dynamo FEERES

Time REZN4E A

TR

costS;, i € Product
costP;, j € Dynamo
pi, i € Product
qj, j € Dynamo

D, t € Time

0-1 BHEH

ul,i € Product,t € Time

Xj, j € Dynamo

HE9R% (&/Mb)

HlHI& 4
Z uﬁ =1,Yt € Time

i

max{D,— E p,-><u§}s E qj X xj
1 A A
i j

ZcostS,- X ul + ZcostPj X X;
J

BRSNS B HAR R H72 ) D a X b
BIEERIIN T HHEAT X T
O WAL & 72 ) O MRS
FHERO BN BH72 ) OMTIES

A & & OB THE

B LA RmICOWT, FIHTA %513
1, FIALZ2WZ 50

FRERICHLT, BATH261F1,
5130

Lz

WIAM (ARy MEDEAITA N ERERL
AT A M) OR/ME

BN BT BEMOBHIE 1 DDA

TRTCOWFNIBWT, BALAAKY MET)
Y HRFEEOMN BN OMSENTEE LS

Twekwnwirizwn

SIMPLE flz&s

MRS NTT FT—FHIEVRT I
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ERALDOKRA Y FELFELTE, IXRTORINIBITLENORMEBNTFEIET 548X %, K
FNZEIWTHETBOTHL, KRHICET 2 max BEZHWTEHAT 2 HICH ) £§. 207-0HF7TER
M WS wesp # FHWTIE S R, SIMPLE TIIPDTOLHIEEA L FI. 28, max BEICE L
LTI, Numerical Optimizer/SIMPLE ¥ = 2 7 VOith d H b TITEL 723\,

FPP.smp

/] A ERT

Set Product;

Element i(set=Product);
Set Time;

Element t(set=Time);
Set Dynamo;

Element j(set=Dynamo);

/] INTA—%

Parameter costS(name="costS", index=i); // KRImIIX 3 2 HALRH D2 DT X b
Parameter costP(name="costP", index=j); // KIEEMRIIKTHEA X b
Parameter p(name="p", index=i); // &R ®DHIEH D720 DOMIIET]

Parameter q(name="q", index=j); // HHEHDOHMIEM B2 OWIIES

Parameter D(name="D", index=t); // WA T L DEIEE

/1 B
IntegerVariable u(name="{#/in", index=(i,t), type=binary); // KWl T &2, EOEm % FIH
EIAY/A

IntegerVariable x (name="55EHE", index=j, type=binary); // EDOREREFANT H 0

// BEEL

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

cost = sum(costS[il*uli,t], (i,t)) + sum(costP[jl*x[jl,j);

// BRI BT AREMOMHE 1 DDA

selection(uli,t],i);

/) TRTOREZNIBWT, EALZZARy VENEHRBEOMNENIOMPENTFEZ LR 72
WwE Wl

max(D[t] - sum(plil*uli,t],i),t) <= sum(q[jl*x[j1,j);

N
options.maxtim = 5; // H AR D

R
gy

SIMPLE fllES BB NTT -8B T L
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i

solve();

/1 RERT
cost.val.print();
x.val.print();

u.val.printQ);

T—=5 774 (dat ) @QILTFOLHITHRD FT.

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

p = [1] 5 [2] 10 [3] 20;
q=1[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] 35
[17] 42 [18] 50 [19] 48 [20] 40 [21] 30 [22] 20 [23] 15 [24] 12;

COETNEFEITTLHE, WFOL) RIS ON, BEROEAFEL X OEIOWEAHEEAEK
IhFL7

SIMPLE fllES BB NTT -8B T L
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# X =950 Fan [1,11=1 P [2,11=0 P [3,11=0
FEHME [11=0 Ph [1,2]1=1 Pdh [2,2]1=0 P ih [3,21=0
FE M [21=0 Pdh [1,3]=1 P ih [2,3]1=0 P h [3,3]1=0
JEEAK [3]1=1 Pl [1,4]=1 P [2,41=0 Paan [3,41=0
FEER [41=1 P h [1,51=1 P [2,5]1=0 i [3,5]1=0
FEHAE [51=0 Ph [1,6]=1 P dh [2,6]=0 P h [3,6]=0
FEHEME [61=1 Padh [1,7]1=1 Pdh [2,7]1=0 P ih [3,7]1=0
,[¥1 = 5] P [1,8]=1 P [2,81=0 P [3,81=0
P [1,91=1 P [2,91=0 P [3,91=0

P [1,10]1=1 P [2,10]1=0 P [3,101=0

Pdih [1,111=0 P [2,111=0 Pan [3,11]=1

P [1,121=0 Pin [2,12]1=0 P im [3,12]=1

Pn [1,131=0 P dh [2,131=0 P ih [3,13]=1

Pdh [1,14]1=0 Pih [2,14]=1 P ih [3,141=0

P [1,15]1=1 P [2,15]1=0 P [3,15]1=0

P [1,16]=1 i ih [2,161=0 i [3,161=0

Paih [1,171=1 M [2,171=0 P [3,171=0

Pain [1,181=0 P ih [2,18]1=0 P ih [3,18]=1

Pdh [1,19]1=0 P ih [2,19]=1 P ih [3,191=0

P ih [1,20]1=1 P ih [2,201=0 P4 h [3,201=0

P [1,21]1=1 P [2,21]1=0 P [3,211=0

Ph [1,22]=1 P [2,22]1=0 P ih [3,22]=0

Fdmm [1,23]=1 Pin [2,23]1=0 P in [3,231=0

Pn [1,24]=1 P dh [2,24]1=0 P ih [3,241=0

» [x,*%]= [i,t]

(216 U=t

RANCIEMEZ, BARLFEOSHTE A INLEARNZMETY. ZoRMED MM ZH &
LCiE, ML TIIONH) 9. FEICLVHEONT— 5 2 ET VRIS TZO @ E HEE
LT ZeaE23E7. §5L, —HBIIHBIHICBVTT—F L ETVORIIIRENFEL T
LIvET. Zok, [FBMNICBI2BEOZFMER/NMITE] L) HELZRALZLR
WHIFRIZYTIED LD & 32 LR/MTEMEE 2D 7.

m fiE

A SALL, EBBBE2O tBBEOy LWOEEZFHIT A L V) EBEITWE L. ZoHEE E
LHLHE, TOERDIHITHRNF L. AZARIOHEREZTO Y FL2EZAH, f()=al +bt+c
EVI) TRBIFETVICY IO ONLZ LIZAMFEE L. £2C, Kt ToT—o1HL

SIMPLE fllES BB NTT -8B T L
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ETNDRH/ONLHEE OFTED ZFMPHRNMI G L LI 1T a b, c ZHELTLZS W,
t y t y
0.5 1.22470 3.0 3.22933
1.0 0.87334 3.5  4.44744
1.5 0.99577 40 6.13509
2.0 1.34215 45 8.14697
2.5 212172 50 10.50759

i

@:\D

=

COBIEIZBNT, BHELRDLIOEFHEET S a,b,cD3DOTY. T2, HLAMHIKL TOF—%
fiEy(r) EETNDLEHONLME f() LDFEZ a’ +bt+c—y@0) £ D ET. XoT, KEHUKEZIZD

WTHEED 2RO, FORMEAL L LI L TR/MLT 2 HWMEEI BN T,
DEDZ RS, ZoOBBEIIERD LI ICERLTE Y.

zH

a 2 ROEDLRE
b 1 ROBEDFREL
c TE RO

BRBI% (&/I\b)

(0.52a +0.5b + ¢ — 1.22470)2 + (1.0%a + 1.0b + ¢ —  &FHUEZNC BT 53850 —Fhl
0.87334)? + (1.5%a + 1.5b + ¢ — 0.99577)% + (2.0%a +

2.0b+c—1.34215)2 + (2.5%a+2.5b + ¢ —2.12172)* +

(3.0%a + 3.0b + ¢ — 3.22933)? + (3.5%a + 3.5b + ¢ —

4.44744)% + (4.0%a + 4.0b + ¢ — 6.13509)> + (4.5%a +

4.5b + ¢ — 8.14697)% + (5.0%a + 5.0b + ¢ — 10.50759)>

22T, ZoOfEHR%E SIMPLE T/ d TREFTICERBRT A ERDOLHIZHD 7.

leastsquarel.smp

/IEBOES

Variable a(name="2 IRDOIADLRE™) ;

Variable b(name="1 IXDIADIRE");

Variable c(name="1&%IH");

/1FBFED RO R/ME

Objective err(type=minimize) ;
err=(0.5%0.5*%a+0.5*b+c-1.2247)*(0.5%0.5%a+0.5%b+c-1.2247)
+(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+1.5xb+c-0.99577)

SIMPLE fllES BB NTT -8B T L



2.16 =/I\"ZEME 103

+(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+3.0xb+c-3.22933)
+(3.5%3.5%a+3.5*%b+c-4.44744)*(3.5%3.5%a+3.5xb+c-4.44744)
+(4.0%4.0%a+4.0*b+c—-6.13509) * (4.0%4.0%a+4.0*b+c-6.13509)
+(4.5%4 .5%a+4 . 5xb+c-8.14697) * (4.5%4 .5%a+4 . 5xb+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) ;
//RIELRERZFORT B

solve();

a.val.print();

b.val.print();

c.val.print();

INTIE, ME S EEZIT) L) RBEAEETNT 74 VOBIEICKE R TR0 0o TLE0ah%
MWTIEH Y FHA. 22T, SIMPLE DIFRZ AN LEkA 2 UERRISHIGTE % X9 1I2e8bh o
HELTWEFT

9, HAHFHEL t TOF— Ml y@) EETF VP SEONBE f(1) & DA o) ERT &I
LET. 95&, LBEEDERPS e)=al’ +bt+c—y) 2D FET. IhLD, BRBEKIZ 0 %
tIZOWTHIZE 572D EE 2T, SIMPLE IZBWTIE, Expression Z /W05 2 & THAZEST
EF9. £o7T, e) % Expression Citlh T AZETETN 7 7 A NV Z X DB LRDIDICTEEY.
7z, ZHERIE RO BEGFICOVTHBPRFHOEGEEAT S L Toum() ZHWIHICEBTE
I BRI, RN (2B 5 y() OMIEFEET VT 7 A VISR T LD TIE R esv 774V
PoE2BZEICLET.

Dbz enrs, ROXIIWESMMEL BT I EARTEET.

=4

ObserveTime = {0.5,1.0,1.5,2.0,2.5,3.0,3.5, 4.0, BHREROEE
4.5,5.0}

zH

a 2 IRDTEDREL

b 1 ROTEADIFREL

c & FE

T

y(t),t € ObserveTime ) £ 12 B0F 5 #HE

BRIBEH (&/I\b)
z: e(t)? = z] (a +bt+c—y(0)  BEMEELNICB T 58O FA

teObserveT ime teObservel ime

SIMPLE fllES BB NTT -8B T L
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>

% 2 E ﬁ“s @l\D

i

CO#ER% SIMPLE TRtk 346 L RO L H 2D, BIEEDDDITHNPHENE L S HICRRT

WHDIZh>TWET.

leastsquare2.smp

/] BELERT
Set ObserveTime;

Element t(set=0bserveTime) ;

/] INTA—%
Parameter y(index=t); // BlLllfE

/] ZE
Variable a(name="2 {RDIEDRE") ;
Variable b(name="1 {IRDIHDFRE") ;

Variable c(name="9EIH");

/] REH Expression PHWTERHET S

Expression e(index=t);

e[t] = axt*t + b*xt + ¢ - y[t];

/7 HI9BI%

Objective err(type=minimize);

err = sum(e[tlxe[t],t);

/1 K

solve();

// R
a.val.print();
b.val.print(Q);

c.val.print(Q);

B, EIELZBIZEFRODEI B esv 7 7ANEE 2T T

data_leastsquare2.csv

t,y

0.5,1.22470
1.0,0.87334
1.5,0.99577
2.0,1.34215

SIMPLE flz&s

MRS NTT FT—FHIEVRT I
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.5,2.12172
.0,3.22933
.5,4.44744
.0,6.13509
.5,8.14697

a b w W N

.0,10.50759

bl
=
o

CDEFNVEETTLE,

2 IROTEDIZH=0. 644402
1 IROHEDIRE=-1.47656
TR IEH=1.76057

EVHFRPENET. ZOTLEDL, (1) =0.6444027 - 1.476561 + 1.76057 &\ ) “KBIEE TV 23
MwET&zZ Lt £,

Hi— N7+ UA BB

ZZT, R=1F7 4V FHH5 25RO 54 % ¥ 5852 E LR Lz Hvwb <
Iy VEFLVOMERLET. BAMIZIZRE—F 7+ ) 303725 TIREROLEFHOREE () R
7)) BOHMTEHIT A2 EICL, Thzi/MbT 5 &9 B R GZRD T T

B #iE
S 1, 210 APREROY Y SNV 20 MG AU TORO X IcESNTwHELET.
0.25
0o —&— il 1 |
’ —— $4HE 2

0.15
01i/

\\j/

1 23 4567 89 10 1N213141516 17 o

e

=0.05

=0.1

A%

CONGERDY Y TN ERHGTKR= 7+ )+ ONGERO DTN & 2 DIER T2 RO ET.
7272, ZZRDIITERVDDEL, TR —F 7+ ) A OIREROWFHEZ O EE L ET.

COMEZERLTLEUTOIHIITHD 7.

SIMPLE fllES BB NTT -8B T L



]06 % 2 E {;“%@uﬂﬁ
£6
Asset = {1,2} SO EL
Sample = {1,2,3,...,20} T TINVOES

ER

rij,t € Sample, j € Asset

7= Z r1j/1S ample|, j € Asset
teSample

zH

xj, j € Asset

BHIBE% (R/IME)
Z dev,z/lS ample|

teSample

dev, = Z 1:jxj —1p,Vt € Sample

JjEAsSset
ﬁ = Z ?jxj
Jj€EAsset
LERES S

x;>0,Yj€ Asset

Z )Cjzl

Jj€EAsset

P20

P2 TN BT B E6IE j OISR
S0 j O PIIAE R

B0 j DFLA

R—=172VFH5 25 \HEIEEEROHFE (V)
2 7)
BTN BB LDEN

K= 7+ ) F ORGSR

JEEHIR (Ze58 b #1)
AR OBANL 1

K= ©+7 3 395 2 5 WEIEERIT 0 Lk

COMEIZ MBS =R TH Y R ETHRETTO T RGTEMEICZ ) $9
TRAL L7k %% SIMPLE Ttk A5 EUTO X924 ¢

portfoliol.smp

A SR 2

Set Asset(name="#41H");
Element j(set=Asset);

Set Sample(name="% > 7Ly ;

Element t(set=Sample);

/1l INTG X —F

SIMPLE flz&s

Parameter r(name="JN4Z®"  index=(t, j));

Parameter rb(name="‘F-¥JINIEZH ", index=j);

rb[j] = sum(r[t,j],t)/Sample.card(); // Sample.card() : &4 Sample DEZE

MRS NTT FT—FHIEVRT I
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/1 EH

Variable x(name="RLAILZH", index=j);

/7 3K

Expression rpb(name="MfFINIE3") ;
rpb = sum(rb[j1*x[j]1,]);

Expression dev(name="{f7", index=t);

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

/1 BIBI%L
Objective V(name="'J A7 ");

V = sum(dev[t]*dev[t],t)/Sample.card();

/7 HlRI Gt
x[j]1 >= 0.0;
sum(x[j1,j) == 1.0;
rpb >= 0.0;

/1 R

solve();

/7 R
V.val.print();

rpb.val.print();

x.val.printQ);

107

T—=5 774NV (datlBX) IPTOLHICHDET.
data.dat

PR =

[ 1,11 0.0000 [ 1,2] 0.100
[ 2,11 0.0162 [ 2,2] 0.161
[ 3,11 0.0307 [ 3,2] 0.197
[ 4,11 0.0419 [ 4,2] 0.192
[ 5,11 0.0485 [ 5,2] 0.148
[ 6,11 0.0498 [ 6,2] 0.084
[ 7,11 0.0458 [ 7,2] 0.026
[ 8,11 0.0368 [ 8,2] 0.000

SIMPLE flz&s

MRS NTT FT—FHIEVRT I
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[ 9,11 0.0238 [ 9,2] 0.016

[10,1] 0.0082 [10,2] 0.068
[11,1] -0.0082 [11,2] 0.132
[12,1] -0.0238 [12,2] 0.184
[13,1] -0.0368 [13,2] 0.200

[14,1] -0.0458 [14,2] 0.174
[15,1] -0.0498 [15,2] 0.116

[16,1] -0.0485 [16,2] 0.052
[17,1] -0.0419 [17,2] 0.008
[18,1] -0.0307 [18,2] 0.003
[19,1] -0.0162 [19,2] 0.039

[20,1] 0.0000 [20,2] 0.100

>

FE28 PIREDRE

i

COETNVEFEITTHEUTOL) @B ONET.

1J A 2=0.000951734
WIfRINAE3=0.0199126
FA M [11=0.800874
FLA L [2]1=0.199126
, %1 = [j]

2.17.1 Vector/Matrix Z{#ER Uz SIMPLE €5 U

Z ZTlE, Vector/Matrix 7 7 ADFLik#fio 72 EF V=fla L 5.

portfolio2.smp

A SR 2

Set Asset(name="#41H");
Element j(set=Asset);

Set Sample(name="% > 7Ly ;

Element t(set=Sample);

/] INTA—=%

Matrix R(name="J{#FZE", (Sample,Asset));

Matrix Rbar((Sample,Asset));

Vector r(Asset);

r[j] = inprod(ones(Sample),R.col(j))/Sample.card();
Rbar[t,jl = R[t,j] - r[j];

SIMPLE flz&s

MRS NTT FT—FHIEVRT I
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/1 B

Variable x(name="HLAI=", index=j);

Vector xv(Asset);

Vector dev(Sample);// fR7A=~X2 M

xvljl = x[31; // Z¥x &7 MV xv I[Z3EOA T

dev = Rbar*xv;

/7 3K
Expression rpb(name="MFFINEEHE") ;

rpb = inprod(r,xv);

/7 HI9BI%

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

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

/7 RSt
xv >= 0.0;
inprod(ones(Asset) ,xv) == 1.0;

rpb >= 0.0;

/1 K

solve();

/7 #ERET
V.val.print();

rpb.val.printQ);

x.val.printQ);

FATHEIZIX, WUTF—% 774 VE5 257,

EAE) ovyz5 <y sERESL

AETIE, OVATA v ZEIRETIVICE BT A= g hikz, 7 2 OB MEEZ FHIHN
LE9.

B %z
[l U7 A Iris setosa & Iris versicolor IZ LT, 2 DR &, 7L OIF, fEFROEE, [BFOE
BT 584 50 HOF— 3 BHEET S, TNoD40%HBZEHEE LT, Iris setosa & Iris versicolor

SIMPLE fllES BB NTT -8B T L



110 E2E HIEDEN
FHNSTE I %0V A5 4 v Z7HRET N 2R X,
COMEOERIIKRD L H IR ) 7.
=4
I T TVESE
J LIRS
T8
dijiel jel st —%
kijiel 7 X A OMFH (0 : Iris setosa, 1 : Iris versicolor)
8
a0 HEE L2V T X —%
aj,j eJ
xiiel (WHZER)

[)Ci =a0 + Z a_,-dij]

7
BREA% (&mK1E)
Zwmq%uﬂmmm SO

VU TIWVEEDER e L, BVAT4 v 7B L)X, UTOX) A TERLTZENT

E9.
exp(x;)

L) = 1 + exp(x;)

2L x i xi=a0+ ) aid; TEROINBLOLLET.

J
KIS, BVAT 4 v 7 BB EGTZ a0, a; D/8T A= S HEHEOFHME2ITVET. HRF—5 4
TIEHTEELS LEEER, TANRKE LD L) %R a0,a; ZRKOFT. BB, HWEKf %

f=] | Leofa - ey

TEHL, INERXMETLIMEEZEZLZLICLD, a0,q; DHEEZITVET.
B, ZOEFITIHMEBOBRSE 2720, BB IS LTz o7 f

f=logf
=2;%N%L@D+O—kﬂbgl—LBM)

_ ep(z) L I
Z( o (- k)log 1+-exp(xg)

1
= Z (ki log(exp(x;)) + log Txﬂx))

SIMPLE fllES BB NTT -8B T L
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= Z(kixi - log(l + GXP(Xi)))

111

THHIBEBZES 2B LTIk bN 2 WHEZHHL T, HREZHMEDE SR 21T\

ESE

Vb3 bodiHE 22 ) £9.
KIZ, TXYADOFHNT—F TTA, THIX[5] DXLERIZH ST — 4% (Iris setosa, Iris versicolor, &4
50fE) AMEHLZ .

BRI, UTOX) B2 D csv 77 A NVERHELET.

data.csv

PRl — %, 3K DR &, B OE, L0 RS, {EFOIFE
1,5.1,3.5,1.4,0.2

2,4.9,3,1.4,0.2

3,4.7,3.2,1.3,0.2
4,4.6,3.1,1.5,0.2

5,5,3.6,1.4,0.2

6,5.4,3.9,1.7,0.4
7,4.6,3.4,1.4,0.3

8,5,3.4,1.5,0.2

9,4.4,2.9,1.4,0.2
10,4.
11,5.
12,4.
13,4.
14,4.
15,5.
16,5.
17,5.
18,5.
19,5.
20,5.
21,5.
22,5.
23,4.
24,5.
25,4.

9,3.1,1.5,0.
4,3.7,1.5,0.
8,3.4,1.6,0.

8,3,1.4,0.1
3,3,1.1,0.1
8,4,1.2,0.2

7,4.4,1.5,0.
4,3.9,1.3,0.
1,3.5,1.4,0.
7,3.8,1.7,0.
1,3.8,1.5,0.
4,3.4,1.7,0.
1,3.7,1.5,0.

6,3.6,1,0.2

1,3.3,1.7,0.
8,3.4,1.9,0.

26,5,3,1.6,0.2

27,5,
28,5.

3.4,1.6,0.4

2,3.5,1.5,0.

SIMPLE flz&s

w W o w >

MRS NTT FT—FHIEVRT I
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29,5.2,3.4,1.4,0.
30,4.7,3.2,1.6,0.
31,4.8,3.1,1.6,0.
32,5.4,3.4,1.5,0.
33,5.2,4.1,1.5,0.
34,5.5,4.2,1.4,0.
35,4.9,3.1,1.5,0.

36,5,3.2,1.2,0.2

37,5.5,3.5,1.3,0.
38,4.9,3.6,1.4,0.

39,4.4,3,1.3,0.2

40,5.1,3.4,1.5,0.

41,5,3.5,1.3,0.3

42,4.5,2.3,1.3,0.
43,4.4,3.2,1.3,0.

44,5,3.5,1.6,0.6

45,5.1,3.8,1.9,0.

46,4.8,3,1.4,0.3

47,5.1,3.8,1.6,0.
48,4.6,3.2,1.4,0.
49,5.3,3.7,1.5,0.

50,5,3.3,1.4,0.2
51,7,3.2,4.7,1.4

52,6.4,3.2,4.5,1.
53,6.9,3.1,4.9,1.

54,5.5,2.3,4,1.3

55,6.5,2.8,4.6,1.
56,5.7,2.8,4.5,1.
57,6.3,3.3,4.7,1.

58,4.9,2.4,3.3,1

59,6.6,2.9,4.6,1.
60,5.2,2.7,3.9,1.

61,5,2,3.5,1
62,5.9,3,4.2,1.5
63,6,2.2,4,1

64,6.1,2.9,4.7,1.
65,5.6,2.9,3.6,1.
66,6.7,3.1,4.4,1.

SIMPLE flz&s

SONN

>

% 2 E ﬁ“s 0)“1:1

i

MRS NTT FT—FHIEVRT I



2.18 OYRF«vIERETIV

67,5.6,3,4.5,1.5
68,5.8,2.7,4.1,1

69,6.2,2.2,4.5,1.
70,5.6,2.5,3.9,1.
71,5.9,3.2,4.8,1.

72,6.1,2.8,4,1.3

73,6.3,2.5,4.9,1.
74,6.1,2.8,4.7,1.
75,6.4,2.9,4.3,1.

76,6.6,3,4.4,1.4

77,6.8,2.8,4.8,1.

78,6.7,3,5,1.7
79,6,2.9,4.5,1.5
80,5.7,2.6,3.5,1

81,5.5,2.4,3.8,1.

82,5.5,2.4,3.7,1

83,5.8,2.7,3.9,1.

84,6,2.7,5.1,1.6
85,5.4,3,4.5,1.5
86,6,3.4,4.5,1.6

87,6.7,3.1,4.7,1.
88,6.3,2.3,4.4,1.

89,5.6,3,4.1,1.3
90,5.5,2.5,4,1.3

91,5.5,2.6,4.4,1.

92,6.1,3,4.6,1.4
93,5.8,2.6,4,1.2
94,5,2.3,3.3,1

95,5.6,2.7,4.2,1.

96,5.7,3,4.2,1.2

97,5.7,2.9,4.2,1.
98,6.2,2.9,4.3,1.

99,5.1,2.5,3,1.1

100,5.7,2.8,4.1,1.3

113

kind.csv

i, P

1,1

SIMPLE flz&s

MRS NTT FT—FHIEVRT I
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i

2,1
3,1

4,1

5,1

6,1

7,1

8,1

9,1

10,1
11,1
12,1
13,1
14,1
15,1
16,1
17,1
18,1
19,1
20,1
21,1
22,1
23,1
24,1
25,1
26,1
27,1
28,1
29,1
30,1
31,1
32,1
33,1
34,1
35,1
36,1
37,1
38,1
39,1

SIMPLE fllES BB NTT -8B T L
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40,1
41,1
42,1
43,1
44,1
45,1
46,1
47,1
48,1
49,1
50,1
51,0
52,0
53,0
54,0
55,0
56,0
57,0
58,0
59,0
60,0
61,0
62,0
63,0
64,0
65,0
66,0
67,0
68,0
69,0
70,0
71,0
72,0
73,0
74,0
75,0
76,0
77,0

SIMPLE fllES BB NTT -8B T L
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i

78,0
79,0
80,0
81,0
82,0
83,0
84,0
85,0
86,0
87,0
88,0
89,0
90,0
91,0
92,0
93,0
94,0
95,0
96,0
97,0
98,0
99,0
100,0

Pll#%3B LIZSIMPLE Titih 35 &, UToLH12%h 5.

LogisticRegression.smp

A SR

Set I(name="H ¥ 7FIVEEH);
Element i(set=I);

Set J(name="AtWIZBES");

Element j(set=J);

/] INTA—%
Parameter d(name="#{ll7"— %", index=(i,j));

Parameter k(name="fE¥H", index=i); // 7Y ADHH (0 : Iris setosa, 1 : Iris versicolor)

SIMPLE fllES BB NTT -8B T L
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Variable a(name="a", index=j);
Variable aO(name="al");

Variable x(name="x", index=1); // "PHZ%

/7 HIF S
x[i] == a0 + sum(aljl*d[i,jl,]j);

/7 HEB%
Objective f(name="Xf#(JHE", type=maximize);
f = sum(k[i]*x[i]-log(1+exp(x[il)),1);

/7 K%

solve();

/7 FEFRH
a0.val.print();

a.val.print();

COEFNZETTLE, UTOX) BRI ELNTT.

a0=-3.80539

al"D DR E1=6.94731
a["23<{ DI ]1=6.08239
a["fEFR DR & "]=-14.0887
a["fEF DI "1=-19.5508

, x1 = [j]

12,19 e g i

A=V Fh—=T7Lix, ERIMORL AN %D OEHFEICONT, FlEDY &ERME ORI Z
oM el - A Y, Ml SR ol R vwEd. 22T, ZoMEY ARy b
L—1t CGHERED SR ROD 205 THRAE SN BEICID 28D L) THIEEEIRE L
IF. B, A=V FI=TORIRIIIELS =V F (G EA) ORI LA =V F (HF2) o
M) HHY, MFITEHER LY SRS OIEZ) BEL 55T LE2EIKRL, BE ISR X
DHRMEMDITZ) MK 2B E2BRLTVET

DT oFIETIE, B TOBMMELS ARy L= 2HETHIMEEZEZ, A —VFI—TD
HEEETVET.

SIMPLE fllES BB NTT -8B T L
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i

B %E
AR (ERWIED) 251~10MFThh, HEAIHTEARY bL—1b r, 2 HWT, EELIM 12
B ML 100, 7 —F2 L — b 1%DOFHED PR S @ r,. .., r) BS

100 ! 1
SEr 1) = 00Ty +; (1+0.01-rpf
DIITEZREINTWVE LTS, BRG0S0 O#M
t,8) iefl,..., 60}

PhHZLNMTwa L&,

PN GERE

l

ZMET B L) ARy L — P ERHEER K.

COMEEERATHEUTOLIICRY 5.
LB, ROBARY FL—1FOBEMIZ% S—k2 ) &L, EETHLIDELFT.

=4

Term IR (ERE) £45
Point HE oL

T8

tvalue;,i € Point FRI) S M B 2

Svalue;,i € Point iR

8

1t € Term T HAARY L — b

E A9BSR (BIME)
DS (value)) = Svaluei*.S (1, ... ri) = BGa it & BEE O #0> — FeAl

i

100 : 1
A+00L-r)y ; (1+0.01 -

HlHIZ 4
0<r,YteTerm ARy b — s DOIFASH

ZOREIE HWBEEBASIERE T O T, ERIERTEMEIC R $9.
AL L 7R R % SIMPLE CRtilb 35 LT L HICR ) 9.
YieldCurve.smp

SIMPLE fllES BB NTT -8B T L
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A SR 2

Set Term(name="J["); // WIMEES
Term = "1 .. 10";

Element t(set=Term);

Set Point;

Element i(set=Point);

/] INTA—%
Parameter tvalue(name="tvalue", index=i); // fiI{iH »

Parameter Svalue(name="Svalue", index=i); // BHAME (9)

/] ZEH
Variable r(name="AKR Y F L — M" index=t);

// £ WOAlfED S BUHEME~O LR L — »

Expression d(index=t);

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

// tvaluelil MBI 5 s OBLGHMH
Expression S(index=i);

S[i] = 100*d[tvaluel[i]] + sum(d[t], (t,t<=tvaluelil));

// PERwAE & BEIE O R
Expression diff(index=i);

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

/7 HEIBE
Objective err(name="ElGwfili & BHNMEDFRFED M, type=minimize);

err = sum(diff [i]*diff[i],1);

/7 WK G
0 <=r[t]l; // ARy L — bOIEESH

/7 K

solve();

// R

SIMPLE fllES BB NTT -8B T L
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err.val.print();

r.val.print(Q);

>

% 2 E ﬁ“s @l\D

i

T—% 774 (tSvaluecsv) W ELAFDLH IR F5.

tSvalue.csv

1,1,100.39
2,1,102.15
3,1,99.24
4,1,101.32
5,1,99.72
6,1,101.51
7,2,100.62
8,2,99.34
9,2,98.27
10,2,98.31
11,2,100.97
12,2,101.73
13,3,99.78
14,3,100.47
15,3,98.19
16,3,99.55
17,3,99.79
18,3,98.4
19,4,96.6
20,4,96.93
21,4,96.8
22,4,94.91
23,4,96.28
24,4,95.33
25,5,95.13
26,5,93.5
27,5,93.42
28,5,91.56
29,5,92.67
30,5,96.28
31,6,89.66
32,6,89.46

SIMPLE flz&s

i,tvalue,Svalue

MRS NTT FT—FHIEVRT I
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33,6,91
34,6,91
35,6,93.
36,6,89.
37,7,90.
38,7,88.
39,7,87.
40,7,90.
41,7,87.
42,7,87.
43,8,86.
44,8,85.
45,8,84.
46,8,88.
47,8,86.
48,8,88.
49,9,84.
50,9,84.
51,9,87.
52,9,84.
53,9,83.
54,9,84.
55,10,81

56,10,84.
57,10,82.
58,10,85.

59,10,81

60,10,85.

.21
.42

32
76
18
58
41
33
5
66
06
55
74
78
79
76
95
31
24
73
76
02
.75
46
51
42
.45
36

121

COEFNEEFTHE, UWTOX) B@IHELNRET.

PHERAE & B fE D
ARy b L—F [1]=0.
ARy FL— | [2]=1.
ARy MlL— ] [3]=1
ARy bl — b [4]=2.
ARy b L— b [5]=2.
ARy FL—b [6]=2.
ARy bL— b [7]=2.
SIMPLE flz&%

AR D e HI=97. 061

276344
06832

.22162

02931
35651
70549
84285

MRS NTT FT—FHIEVRT I
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i

ARy L — b [8]=2.89991
ARy b L— ] [9]=2.96985
ARy L— b [10]=2.95256
, [*x] = [t]

| 2.20 Qs n v

AT (rating) &1d, RFEOTTT MDA, HEOILHLVENET 7R TERLEDD
TY. BT EMIIMEOREREODL L, A, B, CR+, — AL 5EHWTHRMEDY 2 7 JE
HVERRLET. BT, HEOBAZMNL? S35 L AHBIIEOFIEEIC LY 3L, BITHK
EB AN STLE, BEMEOBOMNDE ) Jognkit ) ¥

AT HERATHI &1, & DA% 20 Tw A %S, —@lIMBRICED L) R E RS
POV TOMHEREZRITITIDOZ L Z VT,

DT T, ZoMiERIToHEICET20EEE 2 3

B %E
AP & LT, {AAA, AA, A, BBB, BB, B, CCC,CC,Cl D 9fiEiNH S LD E LT, ¥AIFICH
T5 1 AEBROHERITY Qo U TOLIIZHEZOLNTVWELDET S,

HEIERO BT

Qi AAA A A EEE BE B Coo Co o

AAS, 08651 00345 0 0 0 0 0 0 0
H AL 00356 08382 00262 0 ] 0 0 0 0
A 00014 00433 09364 Q086 Q0003 0 0 0 0
Bl BBEB 0 0 00352 09456 00154 00038 0 0 0
D EB 0 0 0 01078 Q872 00045 00153 0 0
# B 0 0 0 0 00747 08762 004 00081 0
T cco 0 0 0 0 0 00278 (0654 00068 ]
IT cC 0 0 0 0 0 0 00083 05575 00242

o 0 0 0 0 ] 0 0 00266 09734

Qo 21, 1 HHEALHIH O I HERATHI 0 ZHEER &

HERMERITH QI E~ NV a 7B bOL LET. 2oL &, EEIVITH 0213475 Qo A
R—HT 21T TT. o7T, 115 Q%2MRT S LIE, 10— Q2 #W/NMIT B LI % 0%k
L)l FET. &B|-|Ir &, Frobenius (7UNR=T ) S VADI LT, FTHIOKEH D
FMOPIHMEeRT DL LET.

F7o, BAFTHERTHIOWE L LT, 175 Q O&ZITORE 1 TEESEIFATHLIb DL LT T.

DEhzEEFzae, @8MLIIDTO LR 9.

IEFEE
Rating BT o&Es

SIMPLE fllES BB NTT -8B T L
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EB

q?j, i, j € Rating | EH O ITHERATIH] (Q)) DAEHE
T

qij»i, j € Rating 1 o B O HERATY] (Q) D&HEE

HE9R% (&/Mb)

100 — Q"2 1151 0 & Q2 DFEDTUNRZT A I VLD F
w4

> 4y =1.Vi € Rating 751 @ DEATFOANG 1

Jj€Rating

0 < g;j < 1,Vi, j € Rating 115 0 DR FEFH5A

ORI BWBEESIERE T OT, EHIEETEREIC Y T3
ERAL LR % SIMPLE TRt 345 LT X240 9.
B, 175 02 2B LTI,

0% =0%0'=(0* 0 (Q*- 0)

THEBTHILICLY, HAEORKEZHWNTLIZENTEET.

T/, RPTRICHAS C L 2 BT 5720, BLXOPURE TORERIBZ KT 5720, 175 0 D)
WL LT, w2 09 252, FENAEEO LRMEZ 005 LTHE Y.
Ratingl.smp

/! BEERT
OrderedSet Rating; // #&fJIJHEA

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

/] INTA—%
Parameter qO(name="Q0", index=(i,j)); // 14RO ITHERITIIOKTE

/1 B
Variable q(name="Q", index=(i,j)); // 1 4 HHALOWAFHERRATHI D 42T

/7 EADEFRICFH T AEFE ORI E #if§ %5k
Expression q2(name="q2", index=(i,j));
Expression q4(name="q4", index=(i,j));

Expression gq8(name="qg8", index=(i,j));

Expression ql2(name="q12", index=(i,j));

SIMPLE fllES BB NTT -8B T L
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i

q4li,jl = sum(q2[i,kl*q2[k,jl,k);

q2[i,j]

q8[i,j] = sum(q4li,k]l*q4lk,jl,k);

q12[i,j] = sum(q8[i,k]*q4[k,jl,k);

Expression diff (name="diff", index=(i,j));

diff[i,j] = q0li,j] - q12[i,jl;

// HEBE
Objective diffnrm(name="17%] Q0 & 474 Q ® 12 I D) VLA DT, type=minimize) ;
diffnrm = sum(pow(diff[i,jl,2), (i,j));

/7 Hl# St

sun(qli,j1,3) == 1; // 475 Q \Z2WT, HITOfIL 1

0 <= qli,il <= 1; // 175 Q OXMERSMN

0 <= qli,j]1 <= 0.05, i t= j; // 175 Q DIEXS A EERSEN

1

U

R AE
9:

/7 1ME
alk,k] = 0.9;

/1 KfE

solve();

/7 FERIT)

diffnrm.val.print();

simple_printf ("\n");

simple_printf ("Q");

simple_printf(",%s", k);

simple_printf ("\n");

Element k_tmp;

for(k_tmp=Rating.first(); k_tmp<Rating; k_tmp=Rating.next(k_tmp)){
simple_printf ("%s", k_tmp);
simple_printf (",%7.5f", qlk_tmp,jl);

simple_printf("\n");

T—=5 774N (esvIE) EZUTOXHIZHRD FT.
QO.csv

SIMPLE fllES BB NTT -8B T L
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QO,AAA,AA,A,BBB,BB,B,CCC,CC,C
AAA,0.9651,0.0349,0,0,0,0,0,0,0
AA,0.0356,0.9382,0.0262,0,0,0,0,0,0
A,0.0014,0.0433,0.9364,0.0186,0.0003,0,0,0,0
BBB,0,0,0.0352,0.9456,0.0154,0.0038,0,0,0
BB,0,0,0,0.1078,0.872,0.0049,0.0153,0,0
B,0,0,0,0,0.0747,0.8762,0.041,0.0081,0
ccc,0,0,0,0,0,0.0278,0.9654,0.0068,0
cc¢,0,0,0,0,0,0,0.0083,0.9675,0.0242
¢,0,0,0,0,0,0,0,0.0266,0.9734

COEFNEETTHLEUTOL S I ELNTT.

15 qo & 475) Q @ 12 F DFE VLD " HFe=2.82001e-005
Q,AAA,AA,A,BBB,BB,B,CCC,CC,C
AAA,0.99697,0.00303,0.00000,0.00000,0.00000,0.00000,0.00000,0.00000,0.00000
AA,0.00310,0.99459,0.00231,0.00000,0.00000,0.00000,0.00000,0.00000,0.00000
A,0.00006,0.00383,0.99446,0.00164,0.00001,0.00000,0.00000,0.00000,0.00000
BBB,0.00000,0.00000,0.00307,0.99523,0.00137,0.00032,0.00000,0.00000,0.00000
BB,0.00000,0.00000,0.00000,0.00976,0.98852,0.00039,0.00133,0.00000,0.00000
B,0.00000,0.00000,0.00000,0.00000,0.00693,0.98889,0.00355,0.00063,0.00000
CCC,0.00000,0.00000,0.00000,0.00000,0.00000,0.00247,0.99699,0.00054,0.00000
CC,0.00000,0.00000,0.00000,0.00000,0.00000,0.00000,0.00071,0.99722,0.00207
€,0.00000,0.00000,0.00000,0.00000,0.00000,0.00000,0.00000,0.00227,0.99772

2.20.1 Vector/Matrix ZAU\z SIMPLE €5 )b

T ZTliE, Vector/Matrix 7 7 A& W2 ETFVEMALET.
Rating2.smp

/1 HEERT
Set Rating;

Element i(set=Rating), j(set=Rating);

/] INT A =%

Matrix Q0((i,j));

/] ¥

Variable q(name="Q", index=(i,j));

SIMPLE fllES BB NTT -8B T L
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i

Matrix Q1((i,j));
Qtli,j1 = qli,jl;

// ERDEFRNF T BB Z HiK T 5508
Matrix Q2((i,3)), Q4((i,j)), Q8((i,j)), Q12((i,j));

Q2 = Q1*Q1;
Q4 = Q2%Q2;
Q8 = Q4*Q4;
Q12 = Q8*Q4;

Matrix D((i,j));
D = Q0 - Q12;

/1 HEBA%L
Objective diffnrm(type=minimize);

diffnrm = inprod(D,D);

// WIRIGAE

Qi*ones(Rating) == ones(Rating);
0 <= qli,i] <= 1;

0 <= qli,j] <= 0.05, i!=j;

// R E
qli,i] = 0.9;

FATREIZE, MLF—2 77 A VESZET

2.21 RENERL

BRB OB ORI 7 — 5, M2 o EEBY 2 56k S 812, SToOMBETIINOER % H
LEMEERICELE LW EDRH ) $§. L L, MR 2ELEBY 2 @I E S 5720121,
HBITFNEEIEEMETH A2 LEPH Y 3. €2 T, G2oNATFNI—FEL, »D, FIEEMT
b L) BT ZER T AHEZZ R T 7.

B %E
DTFOMRBITH AL TTIaXR=ZS Z 2 VADOBERT—FLL, 7o, FIEEBETHL LI %
HBATH X 23R X.

SIMPLE fllES BB NTT -8B T L
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A 1
1.1.00
2 017
J 017
4 080
5 080
g6 000
Fooao
g8 000
B 030
o

10 070

2
017
1.00
010
080
020
040
000
000
0,00
000

d
07y
210
1.00
D20
QLo
0.00
QLo
QLo
.00
QLo

4
080
0.80
020
1.00
020
020
020
020
0.00
.00

) a]

Qa0
D20
QLo
D20
1.00
040
QLo
QLo
.00
QLo

.00
040
.00
020
040
1.00
.00
.00
0,00
.00

7
Qa0
.00
QLo
D20
QLo
0.00
1.00
QLo
.00
QLo

g
.00
0,00
.00
020
.00
0,00
.00
1.00
0,00
.00

=
Qa0
.00
QLo
QLo
QLo
0.00
QLo
QLo
1.00
QLo

10
070
0,00
.00
.00
.00
0,00
.00
.00
0,00
1.00

127

COMEZERLTLEUTOIHIITHY 7.

EH

Aij,iEN,jEN

minEig

zH

Xi_i,iEN,jeN

BrE% (&/IVLb)

Z Xij — Aij)*

i,jeN

LBt
X > minEig
X = 1,Yie N

MBI D1 R UFI DA

Fr5- 0475 D%
FHBAATH O fe /N A5 Al

FHBIITH D HF

TEDATH] E MHBETHIDZED 7B X=Y 2 J VA

D3k

-1 5 fiE A
MAEFIZ

C ORJEIZEIEEMEHFI A > TV B DT, FIREEFHEEIC ) 7.

EAAL L 72458 % SIMPLE TRt § 5 L LT X 9124 ) £9.

CorrelationMatrix.smp

// EHEERTE

OrderedSet N;

/] INT A =%

SIMPLE flz&s

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

MRS NTT FT—FHIEVRT I
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Parameter A(index=(i,j)); // G-A bNIATHIDHEFE

Parameter minEig = 1.0e-3; // 73N 2 MBETH O /A fiE

/] EH

Variable X(index=(i,j));

/7 FATH
SymmetricMatrix M((i,j));
M[i,j] = X[i,j1, i<=j; // L=MAH5OARER

/7 HEB%
Objective diffnrm(type=minimize); // Z=DATHID /)L A

diffnrm = sum((X[i,j]1-A[1,3]) * (X[i,j1-A[i,31), (1,3));

// RIS

M >= minEig; // PR SEfERTRY
X[j,i] == X[i,31, i<j; // X\ FATHI
X[i,i] == 1; /7 AT 1
/1 K%
solve();

/7 FERIMT) (csv )

simple_printf (" X");

simple_printf(",%5d", i);

simple_printf ("\n");

Element i_tmp;

for(i_tmp=N.first(); i_tmp<N; i_tmp=N.next(i_tmp)){
simple_printf("%2d", i_tmp);
simple_printf(",%5.2f", X[i_tmp,jl);

simple_printf("\n");

>

% 2 E ﬁ“s 0)“1:1

i

T—=5 774 (esvIERX) EUTOLHIITHD 7.

A.csv

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

1,1.00 ,0.17 ,0.17 ,0.90 ,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

SIMPLE flz&s
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3,0.17 ,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

COETFTNVEFEITTHEUTOL) @B ONET.

X, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10
1, 1.00, 0.27, 0.15, 0.61, 0.65, 0.06, 0.10, 0.03, 0.57, 0.50
2, 0.27, 1.00, 0.10, 0.85, 0.15, 0.41, 0.00, 0.01,-0.04,-0.04
3, 0.15, 0.10, 1.00, 0.21, 0.01,-0.00,-0.00,-0.00, 0.01, 0.01
4, 0.61, 0.85, 0.21, 1.00, 0.34, 0.17, 0.20, 0.18, 0.12, 0.11
5, 0.65, 0.15, 0.01, 0.34, 1.00, 0.37,-0.00,-0.01, 0.10, 0.09
6, 0.06, 0.41,-0.00, 0.17, 0.37, 1.00, 0.00, 0.00,-0.02,-0.02
7, 0.10, 0.00,-0.00, 0.20,-0.00, 0.00, 1.00, 0.00,-0.00,-0.00
8, 0.03, 0.01,-0.00, 0.18,-0.01, 0.00, 0.00, 1.00,-0.01,-0.01
9, 0.57,-0.04, 0.01, 0.12, 0.10,-0.02,-0.00,-0.01, 1.00, 0.08
10, 0.50,-0.04, 0.01, 0.11, 0.09,-0.02,-0.00,-0.01, 0.08, 1.00

EEE] 08z biti— 7 U A BB LRI

K=+ 74V FD) A7 Z2HEEFRONEEROGHIT AT 2 TR 2~ vary v 7
WMZBWT, 52 N0 abaiaring, LIUIERMEEEZ PV E 3. CoRMEEICH LT
INA D GIRERLUTOMEZEZ T

DT oMWY - SHETVEEZET.

max p” x — Ax" Zx
X

(D
sit. xTe=1

T, uHfF) ¥ =, T2V Y — O HITH, xER— b7+ VA OER, 1% R

]

SHELSHATE S AREFEVEDE D) E LT, DIFOBNZ MR— 7+ ) At E2E 2 £ 5
B Us id, PHEEEDPHE) ZLIZEoTD 9 2 S ICHT2T50EGE LET
max {/JTX - /“22%7; {xTZx}}

sit. xTe=1

2

Us & LT, R0 #ATE] £ OF B

SIMPLE fllES BB NTT -8B T L
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% 2 E ﬁ“s 0)“1:1

I<r<y

>

i

DI BXBERF2ELET. L& QL HHTNULEHCCTUTO X ) 2 BEICHE X
ZAHZENTEXET[6]. BITHA BIZKL, AeBlX, ALBONEEZETIODELTT.

maxu’x-1(ZeU-ZeL)

s.1.

3)

m fE

S BATH = OB BEHR O TR E FKTATH sigL,

NTWabEE, L@ ZMELRI WV,

FRR%2 £TATH) sigU BT DL HI25 25

sigl 1 2 3 4 5 ] 7 g
1] 1500 | 1400  —1.000  —1.000 —1.000 -0500 —1.000 0100
2] —1.400 3500 500 0500 0 12000 1.200 0 0400 QLE00
d| —1.000 | 1500 5000 -1125 1100 08Bo0 | 0500 —0Z200
41 —1.000 QBo0 | —1125 §.000 1500 0400 1200 -0900
2l 1000 | 1200 0 1400 | 1.500 4500 1400 0450 —2.000
g —0500 | 1200 | 0500 0400 1400 5000 0 —1.000 Q500
7 —1.000 Q400 0500 0 1,200 Q150 00 | 5h00 0 —1.250
5] 0100 QEDD | 0200 | 0800 | 2000 0 0500 0 1250 0 11.500
gigll 1 2 3 4 5 ] 7 g
1] 3.000 1.000 2500 —0500 1.000  —0400 2500 2.000
20 1.000 4500 1400 0 1200 0500 —1100 0500 2.600
d| 2500 | 1400 G000 —0500 1.200 0 1.000 0400 —0100
41 0800 1.200  -0&DD 5500 1.600 0&OD | 1500 -0800
2 1.000 Qe00  1.200 0 1.600 2000 1800 01860 —1.500
G| —0400 | 1100 | 1000 Q500 0 —1.300  11.000  —0.500 QLE00
T 2500 Q500 0400 1,500 QG0 —0B00 | G500 —1.200
8| 2000 2600 0100 | -0800 | 1900 0 0500 0 1200 0 13500

72721, a=1, 4’ =(0.1,0.1,0.1,0.1,0.1,0.1,0.1,0.1) & L ¥ 7.

COMEZERALTHEUTOLIICRY T7.

EH
SigLij,i € A,j €A
Sl.gU,‘j,l' €A, jE A

SIMPLE flz&s

BENROGEE

AL AT O K BEFE O TR
SIS AT O K EFZE D FIR
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Pl 1) A 7 [alEERR L

Hisi € A BBE R OTIGIAE A
=8

x,i€A N

Lij,iecA,jeA

Uj,ieA,jeA

BrE%H (RX1b)

ul'x — A(sigU o U — sigL e L)

o ITEE T L DEOM

O
U-L
) ’lc ] >0 A TF S I
X
Zn=1 AR OBANT 1
i€A

LijZO,Vl'GA,J'GA

175 L D& BB 5 FER S

U,’jZO,ViEA,jEA

79 U OB EFICHT 5 IEASH

Z OREIEFIEEMERIFIAA > T B OT, FIEEalmEIC 2 ) £, L L72#5R % SIMPLE

Tk T2 EUTDLI IR 7.
RobustPortfolio.smp

/1 BHERT

Parameter nA; // SGHHEL
Sequence Asset(from=1, to=nA);
Element i(set=Asset);

Element j(set=Asset);

/] INTGA—=%

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

Parameter mu(index=i);

/1 B
Variable U(index=(i,j));

Variable L(index=(i,j));

SIMPLE flz&s

MRS NTT FT—FHIEVRT I
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i

Variable x(index=i);

/1 SR

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

Element w(set=V);

SymmetricMatrix M((v,w));

// M OEFZDOER (L=ZAEH50HR)
M[i,jl = Uli,j] - L[i,31, i<=j; // £k (O LE=MAE5)

M[j,nA+1] = x[j]; // Lk
M[nA+1,nA+1] = 1; /AT
// BB

Objective f(type=maximize);

f = sum(mulil*x[i],i) - lambda*sum(sigU[i,jl=*U[i,j] - sigL[i,jI*L[i,j], (i,3));

// WIRIGAE

M >= 0; // FIEEMHEHIF
sum(x[i],1) == 1;
Uli,j] == U[j,i], i>j;
L[i,j] == L[j,i], i>j;
Uli,jl >= 0;

L[i,j] >= 0;

/7 K

solve();

// R

x.val.printQ);

T—=5 77 A NVIEUTO=>TT.

sigL.csv

siglL,1,2,3,4,5,6,7,8
1,1.9,-1.4,-1,-1,-1,-0.5,-1,0.1
2,-1.4,3.5,-1.5,0.5,-1.2,-1.2,0.4,0.6
3,-1,-1.5,5,-1.125,1.1,0.9,0.3,-0.2

4,-1,0.5,-1.125,6,1.5,0.4,1.2,-0.9

SIMPLE fllES BB NTT -8B T L
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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

sigU.csv

sigl,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

data.dat

lambda = 1;

mu = [1] 0.1 [2] 0.1 [3] 0.1 [4] 0.1 [5] 0.1 [6] 0.1 [7] 0.1 [8] 0.1;

CDEFNVEETTLEUTOL ) MrEoNT T,

x[1]1=1.86393e-06
x[2]=0.233168
x[3]=0.175305
x[41=0.0633979
x[5]=0.171047
x[61=0.131893
x[71=0.152883
x[8]=0.0723034

, [*x] = [i]

(223 RN PN )

wWKA Y FMEEE I, EAFE I IO —FE2 2007 NV—TIC5ETHMET, FV—T51)
EL7ZBICA Yy PENDLZTy VOBEMAZRKILTHMETY. 22T, 2200/ —FFRLRL 7
W—=TWRLILE, ZO2/HEDORSIy YN Ay FENBEFTVET.

oM, 7T 7MESEETITH A ORI HEERL Y. 4, BHEEIEEE LT
', SDPEAIMEE LCREAR ERMEZ RO ENTELFEE LTHMSRTWE T,

SIMPLE fllES BB NTT -8B T L
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i

B #iE
ROTF71%, 7—FELTIL, 2, 3, 4,5 6FO0HANXTIT7TYT. Ty IPLRVEEIR,
HAx 0L LT,

)= FZ OO NV—TIZHFT, Iy bENDLZy VOERAOBMERIILLI-WEE, &0
XABRTN—FT LB TL LD

Z O % Numerical Optimizer T 72 DIZERILZ TV §2%, 9713 SDP #AIME L L TEk
iEL, HBEEED FFEEZRKDTAT L L 9. VI3 H D Vector/Matrix 7 T ADVFHATESL L HI1% o
7272, 77 TR OFTEEHRICKIT LI LA TEL L) IR E L. 22 TT TSI A5
L, 777 ORBATH L RTINS b o & &, REATHI D S BEBATH &2 B\ 72 ATHI TR S
nEg.

DT TRATZ2ERNMEISELR [711CED FT. 5, /—FOHEALLTINESZ, KL
Txe{-L1LieN)Z52FT. TOLE /J—FijeNIZHLT, x=x; TijABFL7NV—TI
BLTWAEZ L%, #x; CLjPRRLZIINV—TIIR/BLTVDLILE2RTIEIITELE, KDL
WCEMMET A2 e TEET. |

max - i’jEZN;(j Gij(1 - xix;)
s.t. x;€{-1,1} VieN

FREERMLITH L, B x,ie N % X;j=xx; TEEZMR DEH X;j,ieN,jeNEEATLE, KD
ML FMEIC A 2 E MO TVWET.

max %i,jeZN,:ijij(l - X;))
st. X=0
rank(X) = 1
Xi=1 VieN

xi€ (=1L, 1}1&, Xi(=xix) = LISHIB L, x, x; OMEOEEEX X 20, rank(X) = 1ISHIRL TS,
C CHllFIR rank(X) = 1 2 A L7z REANKO SDP AR & 22 ) £3

1
max 5 Z Gij(l—X[j)

i, jeN,i<j
st. X>0
Xi=1 YieN

SIMPLE fllES BB NTT -8B T L
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ERdEX b H ¥z
1 1
5 2, Gil=Xip=7 ) Gyl -Xy)
i.jeNi<j i.jeN
1
=7 Z Z GijXii — Z GijXij
ieN \ jeN JEN

=%mmg0@-cn-x

ERLERZTHIETUTOENMEPEONET.

&4

N ={1,2,3,4,5,6} J — FOHEH

T

Gij,ieN,jeN J—=FieNE /=R jeNHPDOL ALy VDK
Aa THT B BEEATY

L = diag(Ge) - G 7957 GDT7TTAITH (e lZETOEEN 1D
N7 M)

8

X;,ieN,jeN AW CIZ/—FieN2/—FjeNDA v b
ENTVBEAIZ-1, Iy FERTWRWESIZ
1% & %%

BEIBEE (RK1b)

?Jx SHTES v FSNDT Y VOEADEA

Hl#9

X>0 FIE el R

Xi=1,YieN XA EFIE

WIZ, Tl T —% 774V 552%2 % SIMPLE EFVA/RLTET. UTOEFIVTIIAELEK
ZURE RO MEET 2720, B2 =AM L0ERL TV LRWVWETVIZRD 9.

maxcutl.smp

A SR

Set N;

Element i(set=N);

Element j(set=N);

Set NN(dim=2); // L=fEk5

SIMPLE fllES BB NTT -8B T L
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Element ij(set=NN);

/] 8T A—=%

Matrix G((i,3)); // HEHfF X BEREATY
Matrix L((i,j)); // 797 ¢ O 7T AF74
L = diag(G*ones(N)) - G;

NN = set0f((i,3), i<=j);

/1 B

Variable x(index=ij);
SymmetricMatrix X((i,j));
X[i,31 = x[1,31, i<=j;
X[j,i]1 = x[i,3], i<j;

x[i,1] == 1; // WAERIZ 1
X >= 0; /7 A IEE Y

/7 HEB%
Objective obj(type=maximize);

obj = 0.25 * inprod(L,X);

1/ KIE

solve();

/7 AR

obj.val.print();

=

% 2 E ﬁ“s @l\D

i

T—=5 774N (csvEX) EUTOLHIIZHD 7.

G.csv

> 1; Oy 01 1:

SO N D W O W o

O:
s 3: O) 3: 4’ 2;

COETFNVEFEITTLHE, HRBEME 187437 5o T §

T, RWEO LR EE 20 $5.

SIMPLE flz&s

Z IR R O REAHE T3 O
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K2 0-1 BHGHEREE LCoERLEZ AL 3. SDP EAMECTH S iz EIYEO KR & i~
TAHAFELEY.

FIERUL, &/ — FICHL0- 128 x, (e N) THELT2200 7 V—T1255ET 51 % [0 Dfix &
LIN—=T L1 OMEREDTN—TIHIESEET. T/, /—Fi& /) —FiPRRLETIV—TDL
ElZ1%2&E), MULZV—TDEEIZ0%E D5 My, (ieN,jeN)ZHELET. oLk HMBEHG
Ho bENLTy YOBRAOBRATT NS, Y Guyy CEBShET. EETHREILE LTy Ly

i<j
DGR & HHIRIZ BT 2LERH ) T3, BRI (x, x, i) = (0,1,1),(1,0,1),(0,0,0),(1,1,0) &
mHMEREEZREITLI VDT, ZOMEROMEEZE X T (x, x5,y = (0,1,0),(1,0,0),(0,0,1), (1,1, 1)

L MEE PR T KM ZEALTY. 20X R ZREALZZEAMLIZRD L HI22) .

%4

N ={1,2,3,4,5,6} J— FoHESE

1731

GijieN,jeN J—FieNt/)—=FjeNDPD2L 51Ty IVDE
Ax FHT 5 AT

0-1EH

x,i €N 0-1D2DODTN—TDELLIZAL PR RTE
%

T8

yiji€N,jeN v M ENIZZ Y VORE x,x; 5135720
DER

BRI (RKAE)

ZGWU By MENDT Y YDOEARDKEA

i<j

Hl#9

—Xi = Xj + Yij <0 (1) (x,-,xj,yij) =(0,0,1) O)EFF’%

—Xi+x—-y; <0 (2 (xi, xj,yi7) = (0, 1,0) DHEER

Xi—Xj—Yyij < 0 3 (xi, xj,yij) =(1,0,0) O):HHZ’%

Xi+txj+y; <2 (4) (i x5, yi) = (1,1, 1) OFEER

FRICTE Ry TR AERE LTERSNTVE T, EBIZIZO0-1I LALSR0WEMERD F
F.2hE RM@ EDy; 2025 X@G) &0, y; < 1 258hh, E5I1T (b x) OHMEED
(0,0),(0,1),(1,0),(1,1) L& HHWI & X (DHQB)@) 25, y;=00r 1 PEPNET. T/, Rl
DARLBERAEE % PRS2 HEoRA & LT 01 E 8z, %BML T,

SIMPLE fllES BB NTT -8B T L
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-xi+-xj+yij = 2Zij

=

% 2 E ﬁ“s 0)“1:1

i

LEBTAHELHY T, KIZ, SIMPLE EFVARLET. UTFOEFIVTIIAERZ K % ke
RO EET 720, ZHE LA LAERL TV RVWETVIZR) 7.

maxcut2.smp

/] BE ERT

Set N;

Element i(set=N);

Element j(set=N);

Set NN(dim=2); // XFHL

Element ij(set=NN);

/[l ST A =%

Matrix G((i,j));
NN = set0£f((1,j), i<j);

/1 R
IntegerVariable x(index=i, type=binary);

Variable y(index=ij);

// x[il x[§] yli,j1 OFEEMEL L 511K

- x[i] - x[j] + y[i,j] <= (i,J)<NN;

(i,3j)<NN;

O:

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

x[i] + x[j] + y[i,j] <= (i,j)<NN;

/7 HE9BI%

Objective obj(type=maximize);

obj = sum(G[ijl*y[ijl,1ij);

// KRBIMEREIZIEZ LT oDz Hw b
/] ¥ TOB vy & o-1 BHERIITLLEND S

// options.method="wcsp";

/1 R

solve();

SIMPLE flz&s
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/7 FERHT
x.val.print();

obj.val.print();

COETFTNVEFEITTHE, HIBEEME LS, /—F1, 4 507 V—7L /) —=FK236D7)V—77
foNEd. SDPREMMETKD S/ HIWBEEA 18.7437 Tho7=Z L & 2 % L, SDP %Al
EPEFICRE R PIMEZ G2 TwWb 2 eosbrh) 7.

FRED X IC SDPEFMECRE 2 FRMEA 13515 2 L% o Twiud, EFE% FvCT WCSP
TNUITY XLORERIECHHAL2D, TR HEETABICHAHLAZY S TEET. Z3EFTIC
SDP AR AN, ARG (+ 5 HRED), WCSP TEN TRV AR ZUTIORLET. DTORIE
SDP FZF1 D _EFUE O KGR L L MfED: WCSP O R M2 R T eiEfkE £ L TnE 7.

SDP SIMPLEX WCSP
Graph TIME | Upper TIME | Optimal | TIME | Lower
G20.csv | 0.2 46439 | 0.2 452 0.05 452
G30.csv | 1.2 825.64 1.2 797 2.1 797

G40.csv | 6.5 1215.86 | 6.0 1164 1.7 1164
G50.csv | 23.1 1736.33 | 23.7 1651 7.6 1651
G60.csv | 55.5 2156.71 | 153.2 | 2068 27.4 2068

#Graph 77— % G¥*csv @ [*%| 13/ — FRAHET. Lid7—%
ZTRT/ = FIZHLTEE 100 > 7 34T % & 5 1ITEL
BRAESE T =5

# WCSP 7V ) XL DRGER, RAHKIM 10 B, #LEE M
Wiz 3 I ORFEHT AT o 7.

(224 PR

BIRHIR S A7 Y2 =) Y FREDBIE LT, AT I F - SticB s A7 V2 —
Va2 L P TERZTWE ET.

B #lE1
BHbHYIF—EPAREEIE, UTD1~6FTOXIF—IIxL, &hxitdsdol LT,

tIF—% | HEIF—0axK
1 4
2 6
3 5
4 3
5 10

SIMPLE fllES BB NTT -8B T L
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BIE1CTlE, £EIF—IBVWTIHSZIZHLTEZa~xEE 12 LET. HlotI)F—
XA—ORYGTITH) ZLIETERVWDDEL, | HB72) ORGHHBORKE 4 LT5LE, 2
NOHITRTCOLIF—DETTENEPRNE RD LI BRAT T2 —VERDTLEZ W,

BB, TRCOLIF—IRTITLETOHRIRATL20HETELET

S

F28 BlIEDRA

i

CoMEZENMET S L, UTOLH)CRET. 28, £IF—2YICH L TEKIPF 2D T,

—ODHREARLT I LITFERLTLZS .

tIF—&4
Se

'R
1

E-FK

Ay

Ay

Az

Ay

As

Ag

E—-N&EEK
MM;,i€Se

SIMPLE flz&s

tIF—H1~6

v 3IF— 1O~
MLER I R -4

VR R 1 R LR R R LS
Y 3IF—20a~v KM LB
MLPREE -6

A5 G W L T A
Y 3IF—30a~vKMN bk
ML R -5

VA5 G W 1 L R
Y3 — 40~ HHEILE:
MLPRES -3

A5 Gt W 1R L R A
3= 50~k
LB : 10

PEEE IR 2 PR R RS 1
I —6Da~vEKH LB
ALPR RS ] -7

DAL 3 a2 ol W I LT S |

—_

—_—

LIF—idE D)) BE-FFHEE

MRS NTT FT—FHIEVRT I
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TI9T14ET 1

act,,i € Se tIF—iz I hIEE
BrBE% (&/IMb)

completionTime RBEDVEEDTE TR
25T 12— IVEARS

T MKKT20HETS

ERAL L7285 %% SIMPLE TRtk 45 EULTOX I 4.

SeminarAssignl.smp

/! EEROR Y 2= v T
Set T(name="T");

Element t(set=T);

/1 VB (23 —) A
Set Se(name="Se");

Element se(set=Se);

/= FEE

Set M(name="M");

Element m(set=M);

/] B IF =LY ) BE-K

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

/7 &R GRE) A
Set Ro(name="Ro");

Element ro(set=Ro);

/! &E— FHRORKEENH $ ToOMBES
Set TT(name="TT");

Element tt(set=TT);

/] LB

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

// BIRAHG =

SIMPLE flz&s
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ResourceCapacity cap(name="cap", resource=Ro, timeStep=T);

/1l TI7T4ET4

Activity act(name="-t I J —", index=se, mode=MM[se]);

/1 BIBE (FRTOE I =% TR OR/ME)
Objective f(name="#/N5E T HEL", type=minimize);

f = completionTime;

/7 RIFd K ]

options.maxtim = 5;

/7 Kf#

solve();

/] FEROWT

f.val.print();

simple_printf ("t I J— [%s] = %d\n", se, act[se].startTime);

>

% 2 E ﬁ“s @l\D

i

ANT =% (datBRX) &, DFOXLHITHRY 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] A1l [2] A2 [3] A3 [4] A4 [5] A5 [6] A6;
req = [A1,1,1] 1 [A1,1,2] 1 [A1,1,3] 1 [A1,1,4] 1
[A2,1,1]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]

[ErY

[A5,1,5] 1
[A5,1,6] 1 [A5,1,7] 1 [A5,1,8] 1 [A5,1,9]

=

[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;

WX, DTokdicnh 4.

SIMPLE flz&s

MRS NTT FT—FHIEVRT I
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R/ANSE T HE=10
tIF—11 =0
tIF—1[21 =4
t3IJF—1[3]1 =0
tISf—1[4] =5
t3IJF—1[5] =0
t3I)F—16] =0

LRI F—flid, £EIF—0RBHREEZRLTCVET

Bl 1 TIX, FLIF—CBIL2E-FI1HE (—H—a~<3 2L TWwL) OARTLALD,
Bl B2 TIE, BEIF I LTV ODDE—FZHEL, BIE 1200k EOHR 2 W L
ES

B fIE2
BIE 1 D&fndbl, £E3IF—I12B0WT, a-BOEILTEOEREZVWSOPE5 253 0E
LEd. BAMIZIZ, UToERo@E) TY.

tIF—% | E—F | I F—a~BothE

1 Al_1 1-1-1-1
2 A2_1 1-1-1-1-1-1
A2 2 2-2-2
A2 3 1-1-2-2
3 A3_1 1-1-1-1-1
A3 2 2-2-1
4 A4_1 1-1-1
5 AS5_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 I-1-1-1-1-1-1
A6_2 1-2-2-2

A6_3 2-2-2-1

RORFTTD, BIZIZA22TLAD, EIF—2h2a~He6x 3 HICE-STH 4 2T OH
b52%, VI Ll ET. HLIF—1E ZOXIF—RHIHBEINZE-TFTDI bR
P EBIRL AT NIEARD THA. BIZITEIF =313 TEHE=FIZA3_L, A3 202200
HDT, ZNHEDIBLOELLDPERIRLTEIF—0a~vEEMLTLEN) 2 LIZR) T,

FTRTOEIF—DPRETTLHAPRNERD LI, #HYLE-F2BRLTAFrV2—1%
ROTLZE W,

ERACICELFLTIE, FELEFRBETYT. TTOT, EFAV 774 INVORRLBIE1 & [W—I27%

SIMPLE fllES BB NTT -8B T L
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DETd.

AN7T—=% (datTBR) &, T LI I2%) T
Data_SeminarAssign1B.dat

>

% 2 E ﬁ“s @l\D

i

cap = [1,0] 4 [1,1] 4 [1,2] 4 [1,3] 4 [1,4] 4 [1,5] 4 [1,6] 4

[1,7]1 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

[5] A5_1 A5_2 A5_3 [6] A6_1 A6_2 A6_3

req [A1_1,1,1]
[A2_1,1,1]
[A2_1,1,6]
[A2_2,1,1]
[A2_3,1,1]
[A3_1,1,1]
[A3_2,1,1]
[A4_1,1,1]
[A5_1,1,1]
[A5_1,1,6]
[A5_2,1,1]
[A5_2,1,6]
[A5_3,1,1]
[a6_1,1,1]
[A6_1,1,6]
[a6_2,1,1]
[46_3,1,1]

2

(A1 1,1,2]
[A2_1,1,2]

[A2_2,1,2]
[A2_3,1,2]
[A3_1,1,2]
[A3_2,1,2]
[A4_1,1,2]
[A5_1,1,2]
[A5_1,1,7]
[A5_2,1,2]

[A5_3,1,2]
[A6_1,1,2]
[A6_1,1,7]
[46_2,1,2]
[46_3,1,2]

1

N

[A1 1,1,3]
[A2_1,1,3]

[A2_2,1,3]
[A2_3,1,3]
[A3_1,1,3]
[A3_2,1,3]
[A4_1,1,3]
[A5_1,1,3]
[A5_1,1,8]
[A5_2,1,3]

[A5_3,1,3]
[A6_1,1,3]

[A6_2,1,3]

[A6_3,1,3] 2 [A6_3,1,4] 1;

2

[1] A1 1 [2] A2_1 A2_2 A2 3 [3] A3_1 A3 2 [4] A4_1

A1 1,1,4] 1
(A2 1,1,4] 1

[A2_3,1,4] 2
[A3_1,1,4] 1

[A5_1,1,4] 1
[A5_1,1,9] 1
[A5_2,1,4] 2

[A5_3,1,4] 2
[A6_1,1,4] 1

[A6_2,1,4] 2

[A2_1,1,5] 1

[A3_1,1,5] 1

[A5_1,1,5] 1
[A5_1,1,10] 1
[A5_2,1,5] 2

[A5_3,1,5] 2
[A6_1,1,5] 1

Bl 1 LT 5L, H£EIF—ICBWTEDIBZE—FORIMZ - ENBLINICREER

WEY

R, UToXHcenx9.

/hoe T HE=9

tIF—111 =0
tIF—1[2] =5
t3IJF—1[31 =0
tISf—1[4] =14

SIMPLE flz&s
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t3IF—1[5] =0
t3IF—1[6] =5

FRPSHO 2R X HIC, BIE1ICHRT, FlE2 T I F—ETHRAZEMTEL LI R AT
Va— VEIHHZVTAI LN TEE L. UL, £ IF =280 2E— FOKIBIE1 &K
LCHWR A EIZEB20TY.

COMORBEIZ, SETIRERE RLE5IE—2DATLEZY, ) —2&KRE LRI ZEML
TAHAIELE). ¥IF—ZET LA V&Y (KFE) L3728 OhMTR) 0ok abozfg
LTW20hiE, BbarhiihshreBuid

W fIE3

BIE 2 DB L, SHIAL VEGEHELTT.

FrIF—LBIIAL VR TIHEIF % To72%, Tooxy; (LFTIE, 7ae
IEAZEICLET) KBV THMEHOLIF—27)bDL LET. 7RG TOLIF—FEftih
B, PE2 LH—E LET. 1 HHA) OV TRGMEHBORKRICELEL TS, BIE - FE?2
Fkk, 4L FT

A VEGTIETIH IEEORIF—L2MT) TEPTET, LadbAf &%t F—0
BLOD1AYDALPFHT LI LN TELRVLDETLHLE, TXRTOEIF—PETT LI
HAWERNE DI BRAT V2=V ERDTLEES W,

ERALE LTRUTO LI, £LIF—LBIT, AL VBB TEIF— 2T RICHTEET
179 LW HBATHIF 2SI ) T4, BEATERIE<ICEVERTLDELET

=

0 AA R, BEREE RIS 1

1 FTRY, R4

FEATHIFY

actip < act;1,Yi € Se EEOELIF—il2BWVWT, X[ /& Tot
IF—ERZIZBIIAA VUMDY TOER R
F—ITBATT 5

FEERALD B A KWL L 72 SIMPLE TOEFIViEix, DLTOXHIh Y F4

SeminarAssign1B.smp

/! EERDOR Y 2= v T
Set T(name="T");

Element t(set=T);

/1 B (B F—) £E

Set Se(name="Se");

SIMPLE fllES BB NTT -8B T L
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Element se(set=Se);

// E— NS
Set M(name="M");

Element m(set=M);

/7 &R GRE) A
Set Ro(name="Ro");

Element ro(set=Ro);

/] ZEIF—DEDIBLE—F

Set MM(name="MM", index=(se,ro0));

/! %E— PO KBHENE T COMMES
Set TT(name="TT");

Element tt(set=TT);

// BIRAHG =

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

/] LB

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

/] TI7T4ET4
Activity act(name="-t I J} —", index=(se,ro), mode=MM[se,rol);
/7 FEATHIFY

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

// BB (FXTotIF—0% THAORIML)
Objective f(name="#/N5E T HEL", type=minimize);

f = completionTime;

7/ RIFd KR ]

options.maxtim = 5;

/1 K%

solve();

SIMPLE fllES BB NTT -8B T L



2.24 tIF—E=mME

/1 FEROMD

f.val.print();

147

simple_printf ("t I J— [%s,%s] = %d\n", se, ro, actlse,ro].startTime);

ANF—% (datR) X, DTOXHIRY T4,

Data_SeminarAssign2.dat

MM =
[1,0]
[2,0]
[3,0]
[4,0]
[5,0]
[6,01]

req =

[0,71 1 [0,8] 1 [0,9] 1 [0,10] 1 [0,11] 1 [0,12] 1
[0,13] 1 [0,14] 1 [0,15] 1 [0,16] 1 [0,17] 1 [0,18] 1

[0,19] 1 [0,20] 1

[1,0] 4 [1,1] 4 [1,2] 4 [1,3] 4 [1,4] 4 [1,5] 4 [1,6] 4
[1,71 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

large_room
large_room
large_room
large_room
large_room

large_room

[1,1] A1_1

[2,1]
[3,1]

(4,11 A4_1

[5,1]
[6,1]

[large_room,0,1] 1

[A1 1,1,1] 1 [A1_1,1,2]

[A2_1,1,1] 1 [A2.1,1,2]

[A2_1,1,6]
[A2_2,1,1]
[A2_3,1,1]
[A3_1,1,1]
[A3_2,1,1]
[A4_1,1,1]
[A5_1,1,1]
[(A5_1,1,6]
[(A5_2,1,1]
[A5_2,1,6]
[A5_3,1,1]
[A6_1,1,1]

SIMPLE flz&s

1
2
1

[A2_2,1,2]
[A2_3,1,2]
[A3_1,1,2]
[A3_2,1,2]
[A4_1,1,2]
[A5_1,1,2]
[(A5_1,1,7]
[(A5_2,1,2]

[A5_3,1,2]
[A6_1,1,2]

A3_1 A3 2

A2 1 A2 2 A2 3

A5_1 A5_2 A5 3
A6_1 A6_2 A6_3

(A1 1,1,3]
[A2_1,1,3]

[A2_2,1,3]
[A2_3,1,3]
[A3_1,1,3]
[A3_2,1,3]
[A4_1,1,3]
[A5_1,1,3]
[A5_1,1,8]
[A5_2,1,3]

[A5_3,1,3]
[A6_1,1,3]

cap = [0,0] 1 [0,1] 1 [0,2] 1 [0,3] 1 [0,4] 1 [0,5] 1 [0,6] 1

(A1 1,1,4]
[A2_1,1,4]

[A2_3,1,4]
[A3_1,1,4]

[A5_1,1,4]
[A5_1,1,9]
[A5_2,1,4]

[A5_3,1,4]
[A6_1,1,4]

(A2_1,1,5] 1

[A3_1,1,5] 1

[A5_1,1,5] 1
[A5_1,1,10] 1
[A5_2,1,5] 2

[A5_3,1,5] 2
[(A6_1,1,5] 1

MRS NTT FT—FHIEVRT I
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[A6_1,1,6] 1 [A6_1,1,7] 1
[A6_2,1,1] 1 [A6.2,1,2] 2 [A6.2,1,3] 2 [A6 2,1,4] 2
[A6_3,1,1] 2 [A6_3,1,2] 2 [A6_3,1,3] 2 [A6_3,1,4] 1;

MR, UToX)icizh 9.

w/hoE T H =11

t3IJ)F—1[1,0] =2
t3I)F—11,1]1 =3
t3I)F—1[2,0] =4
tIF—1[2,1] =5
tIJF—1[3,0] =1
t3I)F—1[3,1] =2
t3IJ)—1[4,0] =5
tI)F—1[4,1]1 =7
t3IJF—1[5,0] =0

tIF—1[5,1] =1
t3IJ)+—1[6,0] =3
I)+—1[6,1]1 = 4

12.25 PEPPE LR SOPEl.

VaTvav T Ay Ta—=) yEEEE, AERESOBYCHN, FE (VaT) 2RISR
HKIZH D IRDFT, ETRK, MENFEOR/MLEZENE LA Y2 =) Y ZIETY. 22
TIE, FITEMOBDPEE T, HFPEBOMEE (ARXV—vay) »olEIh, &EHFEoETO
VEEDPMBE I NG &, HFHORBHDE T 5 % EFIBEM (serial machines) [ZOWTERL ¥, ARE
W, TEEPLE S NBIHFPICE > T, FO3DICKRMENET.

LA—=Fv>ay 7HE (2251 i)

BAEEDIL S N A EMONEFIZTE > T\,

2. 70— 3y 7HE (2252 )

BN DRI S D B DN 5] L.

3.Va7yay FHE (2253 )

BRI SN D EMONEFE 25D SN TV ED, TNOHDMHFIMEFRIT L IR R > TV T
v, 7u—v a3y 7HEO—KE.

UTFT, Ei1~-30f#EZ#EMLE 7. LIS C T [Numerical Optimizer/SIMPLE ¥ = 2. 7 )V |

WIZ& 5 repsp DIFHLD P TTE 723 .

SIMPLE fllES BB NTT -8B T L
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2.25.1 #—Tv 3w JHRE

B FE -7 avIHE
3ODEEDNPOEREINS, 3004 FHEH 5 E LT, SAEEZ NPT 5 Eh & BB IZ DL
DEIHNZHEZLNTWET.

PESE T (BBME 1) | TEE 2 (B¥Mk2) | 133 (BB 3)
fhdia | 5 IR 8 IR¢fi 4 TREH
b | 5 KR 4 TR 6 M
3 c | 6 B 5 IREH 5 R

BRRADFEZ B L T2, MhofFEZ LY 2RI EA. T2, KR LT
BMHICHBIEIDH Y TEA. ZOREORBOIERDTE THADTNE 25 £ 9122121, F
Fr Lo L) ITEMICH D IR T L s )2 &b, TNTOMAHEZER 5 X TOPERHIZ
WART0RMETLET 5.

COMBEZERHHNE ATV a—) Y IHETESMET 5 L, BIZITLTORICR) 9.
FAHFEOKMEEEFRHIE 2 DU ERB R 2 wHE, ¥ I —FHZHCTEBEL T2 HITER
LTL7Z3 W,

machinel BB 1, bR
machine2 BB 2, PR EHIC 1
machine3 PR 3, PG EEIC 1
dl FI—&HELL R
d2 TI-HE 2, MREEIC
a3 PR3, BRI
E—F
mode_a_1 SLBRIRE -5

V¥ machinel, d1 2 QLBRIRF ] 12 1
mode_a_2 SULBR IR -8

V¥ ¢ machine2, d1 & QLBRIRF ] 12 1
mode_a_3 SULBR IR ] :4

VB E  machine3, d1 Z ALBERFEIFR 12 1
mode_b_1 JLBRIRE -5

V¥ machinel, d2 & QLBRIRF ] 12 1
mode_b_2 MLFRIRF [ 4

VAR machine2, d2 Z MLBRERRT FRE 12 1

SIMPLE fllES BB NTT -8B T L



150 F£28 {FIEDRENT
mode_b_3 SLERTEE -6
V¥ machine3, d2 & QLBRIRF ] 12 1
mode_c_1 MLIRIRF[H -6
VPR machinel, d3 & ALBRIRF IR LC 1
mode_c_2 LI [ -5
PR machine2, d3 & ALBRIRF AR L 1
mode_c_3 MLPRRERA -5
V¥ machine3, d3 2 SLBLEFIHIH I 1
T7IT4ET 1
act, 3 a DFFE 1
MLEEE— F : mode_a_1
actgp 3 a DIEE2
MLFE— F : mode_a_2
actgs 3 a DIEE 3
FE— N : mode_a_3
actp b OE¥E 1
MLFE— N : mode_b_1
actyy 3 b OEE2
MLFE— N : mode_b_2
actp3 5 b OIEE 3
MLFE— N : mode_b_3
acte, 5 c DESE 1
FE— N : mode_c_1
act.n 2 c DFEE 2
WFE— N : mode_c_2
act.3 3 c DFEE 3

MLPLE— N mode ¢ 3

HrB% (&/Mb)

completionTime

RIRDVESEDTE T I

24 12— JVEARS

T

KAKTI0REME T 5

I % SIMPLE Ttk 5 kDL H 2D T,
BB, TI7T4ET A OBBICETE—- FEATTD, FH - FEEOKMABEDLITIIH L TEDE—
FASRHE T B E V) H4 AvailMode ZHIE L, Thz5 e LTELETT.

SIMPLE flz&s
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openshop.smp

/1 VEERE

Set J; // k3

Element j(set=J]);

set s; // 1B

Element s(set=8);

/] B— L

Set M;

Element m(set=M);

Set AvailMode(name="AvailMode", index=(j,s)); // HAFHOF RV —T g VIZBW T IS
E—F

1 BRES

Set R;

Element r(set=R);

/7 VR &

Set D; // % E— FOMEERB ORK
Element d(set=D);

/1 WIS

Set T; // A¥ TV 22— IVHH

T="0 .. 30";

Element t(set=T);

/] T T 4T 1 (B

Activity act(name="act", index=(j,s), mode=AvailModel[j,s]);

/1 B

/1 LB

ResourceRequire req(name="req", mode=M, resource=R, duration=D);
/1 BB R

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

capl[r,t] = 1;

/7 HE9BE%
Objective f(type=minimize);

f = completionTime; // HIRDIEEDSE | KK i/Mb

// R KIE I O

SIMPLE fllES BB NTT -8B T L
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options.maxtim = 15;

/7 K

solve();

/7 FEROFERET

simple_printf ("act[%s,%d] = %d\n", j, s, act[j,s].startTime);

F28 Bl

i

@:\D

=

F—=F T 7 A NVERDE IR T

data.dat

AvailMode =
[a,1]
[a,2]

mode_a_1
mode_a_2
[a,3] mode_a_3
[b,1] mode_b_1
[b,2] mode_b_2
[b,3]
lc,1]
[c,2]

[c,3]

mode_b_3
mode_c_1
mode_c_2

mode_c_3

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]

SIMPLE flz&s

[mode_a_2,machine2,1]
[mode_a_2,machine2,2]
[mode_a_2,machine2, 3]
[mode_a_2,machine?2,4]
[mode_a_2,machine?2,5]
[mode_a_2,machine2,6]
[mode_a_2,machine2,7]

[mode_a_2,machine2,8]

[mode_b_2,machine2,1]
[mode_b_2,machine2,2]
[mode_b_2,machine2, 3]

[mode_b_2,machine2,4]

[mode_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]

MRS NTT FT—FHIEVRT I



225 YaJyvavIRyIa—-UVIHE

[mode_c_1,machinel,1]
[mode_c_1,machinel,2]
[mode_c_1,machinel, 3]
[mode_c_1,machinel,4]
[mode_c_1,machinel,5]

[mode_c_1,machinel,6]

[mode_c_2,machine2,1]
[mode_c_2,machine2,2]
[mode_c_2,machine2, 3]
[mode_c_2,machine2,4]

[mode_c_2,machine2,5]

[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]

153

[mode_a_1,d1,1]
[mode_a_1,d1,2]
[mode_a_1,d1,3]
[mode_a_1,d1,4]

[mode_a_1,d1,5]

[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_c_1,d3,1]
[mode_c_1,d3,2]
[mode_c_1,d3,3]
[mode_c_1,d3,4]
[mode_c_1,d3,5]

[mode_c_1,d3,6]

3

[mode_a_2,d1,1]
[mode_a_2,d1,2]
[mode_a_2,d1,3]
[mode_a_2,d1,4]
[mode_a_2,d1,5]
[mode_a_2,d1,6]
[mode_a_2,d1,7]
[mode_a_2,d1,8]

[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_2,4d3,3]
[mode_c_2,d3,4]
[mode_c_2,d3,5]

[mode_a_3,d1,1]
[mode_a_3,d1,2]
[mode_a_3,d1,3]
[mode_a_3,d1,4]

[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]

ETY B L, BEED MG

actla,1] =0
actl[a,2] =5
act[a,3] = 13
act[b,1] = 6

SIMPLE flz&s

MRS NTT FT—FHIEVRT I
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act[b,2] = 13

act[b,3] =0

act[c,1] = 11

act[c,2] = 0

act[c,3] = 6

B EhEd.

2252 7JO-—YavJiE

B fE 70->3vJHE

Wit —7 > ay 7REOFEGOT, KHFH, 1 1, 1€ 2, fEE 3 DI TRE I Wz iTh
bR 0wELEY. ZORGORGEDIEEOT TRRPRNE 2L LH12T512F, EDXHIZ
MR 2 5 D IRIUT L VT L & ) 2

CoOMEZ R T H121d, BVEEOMBNETF 2 #l#)$ 2 LN OLATHIR 2 MR 2 LEFH D 7.
B, UTTHVTWS < 3REITHREZRTRTELET.

FEATHIHY

acty,; < actgn fEa O 1L, 3 a OFEE 212879 5
act,p < act,3 fEFaDEE 21, EFHaDEEIITEITT A
acty) < actyy HFHbDOEE 11X, HF b DIEE212TT 5
actys < actys b Ok 2 1%, H3E b O3 ITKATT S
act.y < actes fEFc DEE 11, EFHc DEE21TETT 5
aclep < acle3 B c o213, e OFEE 3 ITRITT 5

RO ATHIRI 2 N 2 72 SIMPLE O FIVIZLL T ORI Y 3. M, ZAFOREEZFEEIC2
DL B R e WERE, TR TR EIN TV AT ITEEL TLZ 3w,

flowshop.smp

/1 VeSS

Set J; // H:F

Element j(set=J]);

Set s; // VB3

Element s(set=S);

/] E— FHES

Set M;

Element m(set=M);

Set AvailMode(name="AvailMode", index=(j,s)); // HHFOARL =T g Y IZBWTREINS
E—F

SIMPLE fllES BB NTT -8B T L
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/1 BRES

Set R;

Element r(set=R);

/7 VEERs &

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

R 1K Sy

Set T; // AT 2— )VEIH

T="0 .. 30";

Element t(set=T);

/] T T 1T 1 (B

Activity act(name="act", index=(j,s), mode=AvailModel[j,s]);

/] BB

// R

ResourceRequire req(name="req", mode=M, resource=R, duration=D);
// BIRAEE

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

capl[r,t] = 1;

// BIBE Gtz OEEDSE TR Oi/IME)
Objective f(type=minimize);

f = completionTime;

/7 FEATHIR

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

1

U
AL

I

/1 R K IR E O

options.maxtim = 15;

1/ KIE

solve();

// FEROFEREMT)

simple_printf ("act([%s,%d] = %d\n", j, s, act[j,s].startTime);

T=FT77ANME 12251 F =7 ay FHE] THM L7z data.dat &R req.dat Z A L 5.
req.dat [ZEATHIRI Z R 72K Y, FI—HREEZHCLLENEL Loz BIBIESRTWET.

SIMPLE fllES BB NTT -8B T L
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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_c_1,machinel,1]
[mode_c_1,machinel,?2]
[mode_c_1,machinel, 3]
[mode_c_1,machinel,4]
[mode_c_1,machinel,5]
[mode_c_1,machinel,6]

3

[mode_a_2,machine2,1]
[mode_a_2,machine2,2]
[mode_a_2,machine2, 3]
[mode_a_2,machine2,4]
[mode_a_2,machine?2,5]
[mode_a_2,machine2,6]
[mode_a_2,machine2,7]

[mode_a_2,machine2,8]

[mode_b_2,machine2,1]
[mode_b_2,machine2,2]
[mode_b_2,machine2, 3]

[mode_b_2,machine2,4]

[mode_c_2,machine2,1]
[mode_c_2,machine2,2]
[mode_c_2,machine2, 3]
[mode_c_2,machine2,4]

[mode_c_2,machine?2,5]

[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]

FAT B L, SEEORBIABUTO LS ICH IR ET.

act[a,1] 11
act[a,2] = 16
act[a,3] = 24
act[b,1] = 6
act[b,2] = 11
act[b,3] = 16
act[c,1] =0
act[c,2] =6

act[c,3] = 11

SIMPLE flz&s

MRS NTT FT—FHIEVRT I



225 YaJyvavIRyIa—-UVIHE 157

2.25.3 YaJyvavIiE

B FE aJiavHE
WOt —7r 3y TREOEFOT, FAFEILDTFONHIMBEIN LTI LS 2Vwb oL
LET.

PESE T (BBME 1) | TEE 2 (B¥Mk2) | 133 (BB 3)
fdia | 1 3 2
fEFb |1 2 3
e | 2 1 3

COBEDBRBOVEEDE TR RANE 25 X HI2T 5121, O X ) ITHEMZE ) IR X
WTL & 9D

COREIZ, FATHR ST OMICEE I N T .

FEATHIHY

act, < act,; fEFa OEE 11, EFHaDEEIITEITT A
act,s < act,n L a DEE3 X, EFaDEE 21287 T 5
acty) < actyy o DEE 11X, o DIEE 2 28T T 5
actpn < actys fEF b OFEE21E, b DIEE3ITHITT A
act., < act.; fEFc DEE 21, MEFHcDEE1ITEITT A
acte, < acles g c OIEE 11d, S c DIEE3ICEITT 5

EROEATHKE T HhHH5A6N5 X HICSIMPLE DETVETFT—F ZBIEL £
jobshop.smp

ARG S 5=

set J; // H:F
Element j(set=J);
set s; // 1B
Element s(set=8);
/= FEE
Set M;

Element m(set=M);
Set AvailMode(name="AvailMode", index=(j,s)); // HHFOF XL —T a3 VIZBWTUHINS
E—F

/1 BIRGRE

Set R;

Element r(set=R);

SIMPLE fllES BB NTT -8B T L
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/1 VEER &

Set D; // &%E— FOVEFERH OiRK
Element d(set=D);

/1 WIS

Set T; // A7 ¥ a— VIl

T="0 .. 30";

Element t(set=T);

/] T T4 T4 (R

Activity act(name="act", index=(j,s), mode=AvailModel[j,s]);

/] R

/] LG

ResourceRequire req(name="req", mode=M, resource=R, duration=D);
/7 BB R

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

capl[r,t] = 1;

/7 HRBE GRROVEEDSE TIRZ O H/MEb)
Objective f(type=minimize);

f = completionTime;

/7 FATHIR

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

Element v(set=S);

act[j,ul < actlj,v]l, (j,u,v)<Prec;
/7 RIFRK I H DR E

options.maxtim = 15;

N

solve();

/7 FEROFERET

simple_printf ("act[%s,%d] = %d\n", j, s, act[j,s].startTime);

T—=F 77 ANVIE [2252 70— 3y FRE] THAH L7 req.dat £ IRD data.dat ZEHL 9.
data.dat

SIMPLE fllES BB NTT -8B T L
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AvailMode =

[a,1] mode_a_1
[a,2] mode_a_2
[a,3] mode_a_3
[b,1] mode_b_1
[b,2] mode_b_2
[b,3] mode_b_3
[c,1] mode_c_1
[c,2] mode_c_2

[c,3] mode_c_3

FAT B L, SERORBIEAPUTO LS ICHh ST T,

actl[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

2254 URTIa1—UVIRRE

FEBEOBYTIX, B DI L7250 RBH RS L2FNPLIELIED Y 5. 2044, &
FORrVa—NVEBEEL, FEEEELLR BHEASrYV2—-VEHMAELTT. T X)) LHE
FVAF V2= Y FHELERFICLET

SIMPLE fllES BB NTT -8B T L



160 EoE FIEDEN
W fE VRFTa1-YU IR
MDY a7y ay THEEZRCRER, STEEORGREZNL,
PESE 1T (B 1) | FESE2 (B 2) | 1ESE 3 (BRk 3)
HFEa o 14 5
%Hb |5 10 14
H:5c | 10 0 20

ER) I LA

ML, SEEREILRET IR T L
BEDINIIAT V2=V 2MAEFITINTL & 9 D

CDRAT Y 2= WIZFED TR 28R L CTW2iT, 10 BRI 2B X 7201 C, B2

C OB EDORBEDIVEEDE TR RN R D L H I

COMEZLR T HI21E, BEDOR T Va—VEEET LL, 77717 1 EEREE (fixActivity)
HHTAILERHN) T, 72, RROAT V22— VBRI RECEIITTHE, ETOMEEI
473 % sourceActivity (HEJTEFREINTWVS) L) EBTHIMNZRLR T 2 LEFH Y £7.

Dbz btazzsl, L LTEFHZCUTOL0MbY) 7.

7771 ET 1« ORBEZIEE

fixActivity(act, ) .startTime)
fixActivity(act, 3.startTime)
fixActivity(acty ) .startTime)

fixActivity(act,,.startT ime)

7754 ET4DE—KNEE

fixActivity(act, 1)
fixActivity(act, 3)
fixActivity(acty 1)

fixActivity(act,)

FEATHIFY

sourceActivity < act,, 10

sourceActivity < acty, 10
10

sourceActivity < acty3,

sourceActivity < act, 1, 10

SIMPLE flz&s

55 a DIESE 1 DFIGRR % 0 IZEET 5
2 a DS 3 OBIIREZ % 5 ICHEET %
3 b DESE | OB %2 S IZHEET 5
2 ¢ DS 2 OBIRZ % 0 ICHEES %

L3 a DEE 1 DE— F% mode_a_1 IZEHET S
i a D13 DE— F% mode_a_3 ICHET %
HF b OFEFE 1 DE— F% mode_b_1 IZ[EET %
HFHcOEE2DE— F% mode_c 2 IZHEET 5

g a OFEE 213,

W

HFb DE2 213,

W

b DFE 3 13,

W

g c DIEHE 113,

vy

FE4) 10 LRI I3 S e

BE4) 10 LRI I3 X 7z

BE4] 10 LRI I3 X 7z

FE4) 10 LRG3 S 7z

MRS NTT FT—FHIEVRT I
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sourceActivity < act.3, 10 fE5 c OFEE 3 1L, W) 10 DITiZ 3Bt s e
W

T, B 21X, FER 10 205 SRR T A DT, BEVLUTOMRIBIESNE .

BiF

machinel BB 1, AR 1

machine2 PR 2, flbfa %) 10 DLE 15 i 0, 2 ol
121

machine3 PR 3, AR RIS 1

ZN % SIMPLE Citii 3% E LT ORRIZ AR ) £7.
jobShopRsch.smp

/1 VEERG

Set J; // H:F

Element j(set=J);

Set S; // TE3E

Element s(set=S);

/] E— FEH

Set M;

Element m(set=M);

Set AvailMode (name="AvailMode", index=(j,s)); // HHFEDOFRL =T 3 ViZBW B S5
E—F

/] BRES

Set R;

Element r(set=R);

/7 VeSS

Set D; // 4 FE— NOVEERH O
Element d(set=D);

/7 WIS

Set T; // A7 ¥ a— VHH
T="0..30";

Element t(set=T);

/] T T AT A (B

Activity act(name="act", index=(j,s), mode=AvailModel[j,s]);

/) EEREE (BH)

ResourceRequire req(name="req", mode=M, resource=R, duration=D);

SIMPLE fllES BB NTT -8B T L
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/1 BHEBERE GERD

ResourceCapacity cap(name="cap", resource=R, timeStep=T);
capl[r,t] = 1;

cap["machine2", t] = 0, 10<=t<=14; // fREEIZHIIE

// BIBE (Rt DEED5E TR O /ML)
Objective f(type=minimize);

f = completionTime;

/7 FEATHIR

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

Element v(set=S);

act[j,ul < actlj,v], (j,u,v)<Prec;

/% === VAT V2= Y T DOBOHIFK - */

// #FE O .. 10) DAF T 2—VE[EE

Set FixAct(name="FixAct", dim=2);

Parameter fixTime(name="fixTime", index=(j,s));
act[j,s].startTime = fixTime[j,s], (j,s) < FixAct;
Parameter fixMode(name="fixMode", index=(j,s));
act[j,s] = fixModel[j,s], (j,s) < FixAct;
fixActivity(act[j,s].startTime, (j,s) < FixAct);
fixActivity(act[j,s], (j,s) < FixAct);

/) BMEOT a TUSMIAT v T 10 PENZRTIE RS W
Set NotFixAct(name="NotFixAct", dim=2);

NotFixAct = set0f((j,s), (j < J, s < 8)) - FixAct;

sourceActivity < actl[j,s], (j,s) < NotFixAct, 10;

options.maxtim = 15;

solve();

simple_printf ("act[%s,%d] = %d\n", j, s, actlj,s].startTime);

=

% 2 E ﬁ“s 0)“1:1

i

T—=8 77 ANV [2252 70— g3y TR TR L7z req.dat & RO data.dat ZFEH L £

data.dat

SIMPLE flz&s
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AvailMode =

[a,1] mode_a_1
[a,2] mode_a_2
[a,3] mode_a_3
[b,1] mode_b_1
[b,2] mode_b_2
[b,3] mode_b_3
[c,1] mode_c_1
[c,2] mode_c_2

[c,3] mode_c_3

)

Prec =
al3
a3 2

c21

c1l3

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;

FHT oL, BMEEOBBRAPUTOL ) SIS hET.

act[a,1] =0
act[a,2] = 19
act[a,3] =5
act[b,1] = 5

act[b,2] = 15

act[b,3] = 21

SIMPLE fllES BB NTT -8B T L
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act[c,1] = 10
act[c,2] =0
act[c,3] = 16

(226 Bt

Z 2T, BERERTHEHOCIEZEAL 9. Vector/Matrix 7 T A2 FIHT 5 &, EREE
T % W72 MEGER LS 2D $9.

B fiE

B B WIS/ NFERDS 3L, PR 2K, BEFRP 2 KD D, ZNENDOFRIZIIAFED
ANBHIRATD 5NTEY, LOFKRNEFT 2 HhOBRMELEI Do TVE LTS

WE, HIFEEONERAFTFEGANEETFUT L L, IEK2 OAFEE EREZRIRICEZTL
F oz, INFRE2 D ONFER L, INFRE 3 ANDAFEENBOMEERITH) LIS L. ZOEE
DWHEDG- 2 5N BREMERIH o THER, BEARICHEY T EMRE L8 &, A%H LR
Rz L, 2RO NBFRETHIE L2 WIE, Y0 X9 2 NBEREZITTZ 13X v,

BFRIIIAFANED
ER2DH 5

INERE L

IR 2

IR 3

R

[ﬁ%ﬁé%@%%ﬁ%ﬁ]

HzbhTwb

Z Of#}# % Numerical Optimizer THf { 720012 E X b2 TV 5.

RN, NFRE2 DN NDFIENE x ENFRE2 P D/NFRE 3 ~DFRBEAN Ty L LES. H
BRI OR/MET SO Tx+y £ 0 3. 7o, BIEMEEZEZET S EARIBKEL &
B0% T ITIRERAERE LTk, BONMOMEREMEICHO THDHEI ZLIcLET.

RICHIF M2 EZ 2T, 3, ABRARIZOWTORIYE LT, JEARK, BIXOHRBEAKROR
FANFK 2 DAFETFEANBZBZ TR ROV EWIGINDH D 3. T/, KEBHERICHEST
e L7 a I N ZNOERO AANBHIR 26723 2w #llRAxH ) 7.

UEZSAFZTRO L) IZESLSI T 7.

&4
E = {E1,E2, E3} INFR DA

SIMPLE fllES BB NTT -8B T L
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J={J1,J2) HEEROEA

H = (H1,H2) i K Sy

EH

EJj,ecE, jel FNFRLI B KPR D BT
JHj,jeheH F R B K RPN O BRI
flow,,e € E BINFAND ANFETF BN T MV
Eup,,e € E BINFRED NFEH LR 7 b

Jupj,jeJ B NFH LR v

Hup,,h€ H BEELRDO NFH LR T I v

8

x INFRE 2 M BN | ~OFEENEL

y INFRE 2 B BNEARE 3 N D TR N EL

X, e€E NBGEREER D FNFRAND NF NS P v

Xg1 = flOWEl +x
Xp2 = flowps —x—y

Xg3 = flowgs +y

HrB% (&/Mb)

xX+y N B D wR/ME

il

%y >0 IR

x+y < flowg, AN BOBANTINFER 2 ~ND N FETFENE E
R TIE bW

X < Eup F/NFALD NF N DR

XT-ENT < Jup B RO NFE N OHIBR

(X" -EJ-JH)" < Hup BEEFRDO N FENEOHIR

WIS, N7 MVETHZTF—F 77 A VD552 % SIMPLE EF VAR LET
TPM.smp

/1 FEERT

Set E; // /NFAL
Element e(set=E);
Set J; // WFK

Element j(set=J);

SIMPLE fllES BB NTT -8B T L



>

166 F£28 fHlEDORA

i

Set H; // BHHFR

Element h(set=H);

/] INTA—%
Matrix EJ((e,j)), JH((j,h));

Vector flow(e), Eup(e), Jup(j), Hup(h);

/1 B
Variable x, y;

Vector X(e);

X["E1"] = flow["E1"] + x;
X["E2"] = flow["E2"] - x - y;
X["E3"] = flow["E3"] + y;

/7 WK G

0 <= x;

0 <=y;

x + y <= flow["E2"];

X <= Eup;

trans(trans(X) * EJ) <= Jup;

trans(trans(X) * EJ * JH) <= Hup;

/7 HEB%
Objective obj(type=minimize);

obj = x +y;

1/ KIE

solve();

/7 FEFRT
x.val.printQ);

y.val.print();

T=87 74NV (esvIBR) ZUTDOLH IR 7.
BNFRANDRNFENBE BN DR O BEIEFRITY

SIMPLE fllES BB NTT -8B T L
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flow.csv EJ.csv JH.csv
e,flow EJ,J1,J2 JH,H1,H2
E1,200 E1,0.8,0.2 J1,0.6,0.4
E2,280 E2,0.4,0.6 J2,0.45,0.55
E3,200 E3,0.3,0.7
BHRD AN LR

Eupper.csv Jupper.csv Hupper.csv
e,Eup j,Jup h,Hup
E1,240 J1,360 H1,360
E2,240 J2,360 H2,360
E3,240

COEFNVEFETTDHE, x=152907, y=247093 2CRKF Y T3 OT, BEMEIIHD T/NER 2 H
BN NDOFREENFL NS NENFRE2 D H/NFRE I NDOFFENF 25 Ao hEd. 72, 20
WER, UTO LI IEETENBED D) 7.

NERE L

240

INERE 2

INFRE 3

B, AKEITHWI 27— TIIHWBEBMED RN E 2 2BPEEAFAELET. Z02o, kil
GBBVBRELIEVDH) 7.

RV A L—7 - N O—X—#%ET5

VI3 2572128 A E N7z Vector/Matrix 7 5 ADFWITIZEN S 720, B LIETIEH ) A
B, L—=T - RO —A—fFKHFTHEROTAHAEIL L. ZOMEIX R 2SELME LTWET.

SIMPLE fllES BB NTT -8B T L
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i

B fE
KOTHIA D, h—T « ¥ — X175 A+ %KD L.

A mxniThlE THBAFERNAx =y 2 x 2RO LD Ry LT, x=Ay BT DO HERD
—DODRE R DA, nxmATH A~ & A O—BFTHE Vv E T,
A D—BHITHNE, ROXDPLRKDDL I ENTELT.

AATA=A

— I AT IE—HIZET D FHA.
159 M OFEEO—WITH%E M~ EERTEE, ADL—T - RO —X—Hi1H) A+ 1%

AT = ATA(ATAATA) AT

EELZENRTE, ZNIEF—BICEENTT. 22T, ATIX A DEEITHITT.
£ o T, ATAATA IZx§ 5 —Bi T2 —oRONIT I W2 DDA £7.
YEXD, RokHyizeftTExFd.

=4
M 17
N il
T
A,,me M,neN TEFATHI
8
X, ieN,jeN ZERATHIE 5
E):pJeak
Z ORIRELC H B 83 e
HlFZH
ATAATAXATAATA = ATAATA X 1% ATAATA O — %5475

EAAL L7245 % SIMPLE TRt § 5 L LT X 9124 ) £7.

MPpseudoinverse.smp

SIMPLE fllES BB NTT -8B T L
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/] BB ERT

Set M;

Element m(set = M);

Set N;

Element i(set = N), j(set = N);
/] INTA—=%
Matrix A((m,1i)), B((i,j));

B = trans(A)*Axtrans(A)*A;

/] 2R

Variable x(index=(i,j));

Matrix X((i,3));

X[i,j1 = x[1,31;//7 4790 X IZEH x 2@t

/7 RSt
BxX*B == B;

/) h—T - Rra— ity
Matrix A_plus((i,m));

A_plus = trans(A)*A*X*trans(A);

/7 K

solve();

// R

for(int k = 1; k <= N.card(); k++){
simple_printf("%5.4f ", A_plus[k,m].val);
simple_printf ("\n");

}

csVIERDATT 7 7 ANV TOLHIZ4H D) T,

A.csv

A,1,2,3
1,1,-1,1
2,1,1,-1
3,-1,1,1
4,1,1,1

SIMPLE fllES BB NTT -8B T L
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