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#HPEORAT B & O°'SIMPLE TD
Atk Bl

ARETIE, | BTHAN L SHBEICANT 2 MEOHHB L O, SIMPLE TORREZ/HBAL 9.

m BeSR9EE (SAMPLESYHIESE 1.ori £8)

BLAMEOFIE LT, T TIIFEOMELrEH A& ERTAMEZRVET. oMb 3EH
DGRV ELRBELZECMR 2 EZ L5 A Ty ML ERAMEL LTRA S DDIZZBICH
720 F5.

B %:E

g, WSS, A XORERKILEDS, FNFN 30%, 30%, 40% & %A LX) hEser, THOAEZE
BEbYE, TEXLPFTLRVIANTAERTAIEAE2FT. BAFICANSZ ENTEX SR
BEFIOMBET, TNOOMKILE LRS- ) DI A MILTFOMEY T

TEROE4 1 2 3 4 5 6 7 8 9

& (%) 20 50 30 30 30 60 40 10 10
g (%) 30 40 20 40 30 30 50 30 10
AR (%) 50 10 50 30 40 10 10 60 80

IAF ($1b) 73 69 73 75 76 60 58 43 4.1

MEOMEZRHOEE&%2 I A M e —HFEERT LI, TiROEGEEZ LD L) ICTREEEDEN
IZRWTL & 9 2.

C OMEE I Y X 7 2 Numerical Optimizer T < 729D AALZ ATV F 9. KRBTSR (1] 2
5D5HTY.

T3, AR E LTHROA41,2,3,..9 ORAE, 2 VREEDELIEEE, ZNEN X, x0,13,.. ., Xo
ELFELEY.

w2, BMET BRE HWBEEE, FHROAEICOWT [HfiEY-)oax ] & [RALE]
ORORHAE LTHBT L2 L TEET.

RBCHIEETT. 9, RERRIAOMHEE ENTEADT, FEBUTK L CIHATIRK AL
TY. RELFO®RMI 1 TToT, ZoffHdmaEd. Tz, EET2E5E0MBIZD W T
¥, & High, A XIS LT, BHWOEGEIIOVTO KR & [RELR] OFOBH A,
ZNEN30%, 30%, 40%EELV, LWIHRBICHD 7.

UEoZ&hrs, ROLHIESMETH I ENTEET.
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6 F28 BEFEDBENB LU SIMPLE TOCHH!

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
o HRO G4 9 DR AR

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

C oML, BB e TRIERZO T, BIEREHEE 20 $5.
ERAL L7245 K% SIMPLE TRtilB 972 L LT DX H 1242 ) £
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2.1 EGhEE 7

mixturel.smp
! B
Variable x1(name="THRDH4E 1 DEALE);
Variable x2(name="THRD &4 2 DRE LI,
Variable x3(name="TilRD G4 3 DRAHE);
Variable x4(name="THHRDHE4 4 DRSHLE;
Variable x5(name="THiRD A4 5 DIRELZE;
Variable x6(name="T1{RDH 4 6 DA ) ;
Variable x7(name="THRDH4E 7 DEALE);
Variable x8(name="Ti{RD &4 8 DA ;
Variable x9(name="THRD &4 9 DRALFE);
/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*x7+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;
/1 R 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();

SO PHICHEZ ERETHEUTFOLIIC%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



8 F28 BEFEDBENB LU SIMPLE TOCHH!

EH

rij, i € Alloy, j € Blend TROEE i 2B 2R eR j ok
ciri € Alloy WO EE i O RS DT A b
bjJ € Blend HER AR j o B BRI

R

x;,1 € Alloy TROE&E i ODREILE

HER% (&/Mb)

> e a2 b

i€Alloy

%

x; > 0, Vi € Alloy AR

§]M=1 HEEOBIAT 1 L HllK
i€Alloy

Z r,-jx,- = bj, V] € Blend (Eli/ﬁ\ktd)%”;ﬁlj

icAlloy

Wz, B BEREE, o X, BERR) 25—5 774 VH 5525 SIMPLE EF VA /RLET
COEICETNET =Y 2T A LI2LD, TROGEDOELHEREEDHEBEOBI»E D - 72
ELTHTF = 77 ANEBEETLZTTHIETESL LI ¢

mixture2.smp

/1 By LR

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

Set Blend(name="fEBRES");

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="HZLL&n index=j) ;

/] EE

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

/7 HE9BI%

SIMPLE fllES BB NTT -8B T L



2.1 EGhEE

// FERHIF

x[i] >= 0;

/1 RELOHIHK

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

/1 K

solve();

/1 W

z.val.print();

x.val.printQ);

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

Objective z(name="#2 A b,

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

type=minimize) ;

F—=%7 74 (dat )

BUTOLH D 5.

data2.dat
HE R =R
[1,Lead] 0.2 [1,Zinc]

[2,Lead] 0.5 [2,Zinc]
[3,Lead] [3,Zinc]
[4,Lead] [4,Zinc]

[6,Lead]

3

3

3 [5,Zinc]
6 [6,Zinc]
4

0
0
[6,Lead] O.
0
[7,Lead] O [7,Zinc]
[8,Lead] 0.1 [8,Zinc]
[9,Lead] 0.1 [9,Zinc]

)

a2 b =
[1]
[2]
[3]
[4]
[5]
(6]

o N N N o N
o o O W ©O W

SIMPLE flz&s

w oW W s NN W

e

[1,
(2,
(3,
4,
(s,
(6,
(7,
(s,
(9,

Tin]
Tin]
Tin]
Tin]
Tin]
Tin]
Tin]
Tin]

Tin]

MRS NTT FT—FHIEVRT I



10 F28 BEFEDBENB LU SIMPLE TOCHH!

[7] 5.8
[8] 4.3
[9]1 4.1

HER =

[Lead] O.

w

[Zinc] 0.3
[ Tin] 0.4

COETNEFEITTHE, TROBE6 % 40%, TROE4E 8 % 60%EEEDLELDHRET, &
DEEDRIAPNILIS THDLZ b TT.

E BhERIEE (SAMPLESYGISEE 1.prj 2)

ik PR I O B A S B O R EMA~OY ORI T 2o 2L W) 2 e TEaET. it

MWL FEEMZ /) —F, WoRNhA2REE7—27 3, @kfEEAy b7 =210k > THRHT
XMEO—FEEILZ LI LA TEET. WEBEICHT 22 Mo EIMMO R v FT—27128 5
TRIAUCTEZMEICHISHTEET

B fE

HOLBEEHIIZOOTY; 1, 29 5=2D)kflia, b, c ~DEGFHOEHLEEZFHIFH->TWELLTE
T KLY, JEEIICOWT, ENEFIVRTTRER E FEEINRDOOLNTEBY), Thb 2z LoD,
ROIAA MDD RVEFOEBNTEED L) ITRETEEINTL L9 ». ELEOMRRE
W, ZIEHMoOFER, HMEH) OfF%EI A MILITO®E) TY.

Ti #HeFIEE | BHE FEE
1 250 a 200
2 450 b 200

c 200

BEUSEHVOEXIX b

a b c

1134 22 29
2134 24 25

C OREE I Y A 7 2 Numerical Optimizer T < 72901 EAALZ ATV F 9. KRBTSO (1] 20
LOFIHTY.

SIMPLE fllES BB NTT -8B T L



2.2 HXfeE 11

9, AHELTEIED» O EEH~OHmEEZUTORO X HITHRELET.

Wi, HIBELE, TSRO ZRIEIZONWT [HiEd7-) OlfEa A b & [gE] o
BOBME LTRBT LI ETEET.

RIS T, W% RICE RV ERVOT, FERSH LA ALETY. 5
2, ELHITOWTLYE 2 5 Ok & O AR T Th 5, SO W TIEFI~ Ok
OMPFEERELZE LY, EWHHIRSMbY 3

DEoZenrs, ROXHIIZEAMETEIEAFTEIT.

8

X1a L5 1555 a ~ Ok
X1p T 1 S )EE b~k s
X1 T 1 55 ¢ ~ORikE
X2q L85 2 20 5 )5 a ~ Ok E
X2p T 2 A Bl b ~O %
X2 T 2 A B ¢ Ok

BrE% (&/IVLb)

3.4x14 +2.2x1p + 2.9x1. + 3.4x0, + 2.4x5, + 2.5x7, !:%::l A b

FEEHIFY

X1 =0

x5 =0

X1 >0

X4 20

X >0

X2 >0

TEOEEEDHIK
X1q + X1p + X1 < 250 TIH1i2onwT

SIMPLE fllES BB NTT -8B T L



12

X2q + Xop + Xoe <450

IERHOREEDHIHY
X1q + X2 = 200
X1p + Xop = 200

X1c + X2 = 200

F28 BEFEDBENB LU SIMPLE TOCHH!

TH22onwT

JE&H a l2D W T
JE&i b DWW T
JE& c l2DoWnWT

3y bT =7 CTEHTELIMENE L, ETRTELIICET— 27 LTEHEPERL, &
J—FRlZownwChi#s-TriickoTE b3

TRAL L7k %% SIMPLE Ttk A EUTO X924 ¢

transport1.smp
/] 2R

Variable xla(name=""1.35 1 75 JE&l a ~OH%kE") ;
x1b(name=""T3; 1 2> 5 &l b ~OFikE") ;
x1c(name=""135 1 7 5 &l c ~OH%E") ;
x2a (name=""135 2 7> 5 )54l a ~D#gEmE") ;
x2b (name=" T3} 2 % & JE4H b ~ D5
x2c (name=""1.3} 2 7> & JE&H ¢ ~ D%k

Variable
Variable
Variable

1=}

Variable H");

=

Variable ") ;

/7 FERIH

xla >=
x1b >=
xlc >=
x2a >=
x2b

x2¢

/7 350 A il Y
xla + x1b + xl1lc <= 250;
x2a + x2b + x2c <= 450;
/7 TEHOTHERE O
xla + x2a == 200;

x1b + x2b == 200;

xlc + x2c == 200;

SIMPLE flz&s

MRS NTT FT—FHIEVRT I



2.2 HXfeE 13

/7 HI9BE%

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

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

N

solve();

/7 W

z.val.print();

L PHRCHEZ ESETHEDTOL %) 5.

%4

Cannery = {1,2} T

Warehouse = {a, b, ¢} i &l

T

upper;,i € Cannery T i OfET R E

demand;, j € Warehouse JEE j O S

cij, i € Cannery, j € Warehouse T i o )& j~OHAL D2 Ok T X b
8

xij,i € Cannery, j € Warehouse T i O)EH j Ok =

B (&/IMVLb)
Z CijXij (s%tj A ]\

ieCannery jeWarehouse

Hl%9
x;j 2 0,Vi € Cannery,V j € Warehouse FEF Y
Z xij < upper;,¥i € Cannery T35 0 A o i DY
jeWarehouse
Z xij = demand;, j € Warehouse JE & O = OHlF
ieCannery

RIS, ANT—=FEETNVZ5EEL7SIMPLE €T VAR LT T

transport2.smp
/] BEERT
Set Cannery(name=""T.3;");

Element i(set=Cannery);

SIMPLE fllES BB NTT -8B T L



14 Fo2E

Set Warehouse (name="JE&fi");

Element j(set=Warehouse);

/[l INT A =%

Parameter upper(nme="1i§%ﬁﬂﬁgi“, index=1i);

Parameter demand(name="aﬁﬁ§¥€§", index=j);

Parameter cost(name="Hfi% I A b", index=(i, i),

/] EE

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

/7 HEB%
Objective z(name="#2J A M", type=minimize);

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

// FERAHIF

x[i,j] >= 0;

7/ TR O

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

/7 TEEOFEREOHIK

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

N

solve();

/7 W

z.val.print();

x.val.printQ);

EEHIRBDBNH XU SIMPLE TOECHHI

T—=5 774 (dat ) YU TFDXHICh) T

data2.dat
AR e =
[11 250

[2] 450

)

SIMPLE flz&s

MRS NTT FT—FHIEVRT I



2.3 ZHIRETERE 15

TR =
[a] 200
[b] 200
[c] 200

kA b =
[1,a] 3.4
[1,b] 2.2
[1,c] 2.9
[2,a] 3.4
[2,b] 2.4
[2,c] 2.5

3

CDEFNVEEFTLHE, UTOX) BRI EONTT.

A b=1620

% [1,"a"]=26.5514

PR [1,"b"]=200

28 [1,"c"]=9.93779¢-008
Hik i [2,"a"]=173.449
¥ [2,"b"]=1.98757e-007
PR [2,"c"]=200

» [x,*¥] = [4,]]

m ZHARISTEIRIRE (SAMPLESYBISESE 1.0r] Z)

ZWIMEtmEE L X, ZHEChZ DS ICEEREZ T HHEOZ L2 v 3. LU
Wi € AL T 25, WML ICERE ERT 200 —RINTT.

B %E

2MBEOEE A BEMTLTC2MEOMN LT ZEELTWA I, MIH 34+ ABoAE
FHEEZV T ELTVET. N EZ 1BV AEET L0 CLELREROMHE, &80 o4E
IR IR, FEGOHZEoMmE, FEEOHZEOFHTERIIDTOLIICEGZ6NT
WE 7,

FHHERE | &£E EEIX b
I I I 0

SIMPLE fllES BB NTT -8B T L



16 F28 BEFEDBENB LU SIMPLE TOCHH!

2 7 HEE 75 50
B 5 3 EE 8 7

HamOEEE | FEHOFAHTER
I |1 A |B
113020 | 1920 |79
216050 |[2|750 | 600
318090 |3 500 480

ZHICHT 282 ZOARICETERETE L LIIEL2VOT, BIOHICARE LB %1
FEELTRELTCRAICHTAZL3EZONET. TOX) LRUOTT, EREIhBHD
M L 5 2 SR EROMMTEREOHIK 27z Lo 2 M ER/MMIT 5121, FHIZBY
EBPHOEEREAHRELZ EDO L) ICHETIUTIVTL &)

C O % B S A 7 A Numerical Optimizer T < 72D AL ATV E 9. ARBIEIZSCHK [2] 2
LOFIHTY.

9, ZBELTEABI 28T, TOARERE ZNZN xy, xm, X, X, x5, xm3 & L, TEHE R %
TNEN ynym vy ELEL &)

WIZ, wMET & HWERIE, SAER TiEEEZORMNEDHI) DI R P EORORAL
LTEHATLENTEET.

RRICHFIEETYT. 3, S8 U OFRTMALETT. WIZ, 17 HIZFHTE 2 5E#
PROLNTVEDT, FHITEIZKERNIET 2HI80%ETT. 61T, LRI L CEdE
BROFICHLBEETOT, ThziE 2 2B EOHIKZMA 3.

Doz enrs, ROXHIIZERMETEIENFTEET.

8

X1 Wwmio 1 r HHOA MR
X WHI D1y HHOAMER
X1 BhIo2r HHOAER
X1 MEno2 s HEoAMR
xn3 W10 3 7 HHOAMER
X3 BN O3r HHOEMER
yi HMWHI01 r HEOEER &
yim B]HN D1y HHOERERE
R W12 r HHOEH &
ym WHmno2r HHOER &

SIMPLE fllES BB NTT -8B T L



2.3 ZHIRETERE

B (&/IME)

17

75x11 + 50x + 8y11 + Tym + T5x10 + 50x0 + 8y12 +

7y112 + 75x13 + 50)(113

Ak

FERHIFY

xn =0, x>0

xp >0, x>0

xi3 >0, xp3 >0

yu=20,ym; >0

y220,ym >0

R OHIH

2xn1 + Txm <920

EEAICOWT (1 #~HH)

5)6[1 + 3)6[11 <790

JER B IZOoWT (1+HH)

2xp + Txm < 750

EEAICOWT 24 HH)

S5xp + 3xmp < 600

EEBIZOoWT 24+ HH)

2)(?[3 + 7)(?[13 <500

EEAICOWT 34~ HH)

S5xi3 + 3x3 < 480

JER B IZOoWT 3+ HH)

WA TIZOoWT (1+HH)

HEEDHIFY
xin —yn =30
xm —ym = 20

WO IZoWT (1 HA)

Xp +yn —yn = 60

#MOTIZowT 27 AH)

xm2 +ym — yme = 50

#MOIZoWT 7 HRH)

x3 +yp =80

;i

mIizowT 3+ HH)

xm3 + ym = 90

#MEIIZowT BG+HH)

M % SIMPLE Titk$ 5 U TDXHIZH D 9.

multiplanl.smp
/1 B

Variable x11(name="#/h 1 ® 1 7~ HHDEMERE");
Variable x21(name="#4/ 11D 1 » HHDAMER");
Variable x12(name="#ih 1 ® 2 7 H HDAFERE");
Variable x22(name="#h II D 2 7~ HHOAFEE");
Variable x13(name="#/h 1?3 » JJHDOApER");
Variable x23(name="#N, 11 D 3+ HHOAEER");
Variable yi1(name="#h 1 ® 1 7~ HHDEREE");
Variable y21(name="#/h 11 ® 1 » H HOLERE");

SIMPLE flz&s

MRS NTT FT—FHIEVRT I
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/7 HEB%

/7 AR
x11 >= 0; x21 >=
x12 >= 0; x22 >=

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

o O o o o

yi12 >= 0; y22 >=
/7 RO
2*x11 + 7*x21 <= 920;
5*x11 + 3%x21 <= 790;
2*%x12 + T*x22 <= 750;
5xx12 + 3*x22 <= 600;
2%x13 + 7*x23 <= 500;
5%x13 + 3%x23 <= 480;
// W Oy

x11 - yl1 == 30;
x21 - y21 == 20;
x12 + y11 - y12 == 60;
x22 + y21 - y22 == 50;
x13 + yi12 == 80;
x23 + y22 == 90;
/1 R
solve();
/7 W

z.val.print();

Objective z(name="#&J A k",

E28

Variable y12(name="%§;ﬁ'q 1D2 4 HHOEERE");
Variable y22(name="#/} 11 ® 2 » H H O E");

type=minimize) ;

z=T5xx11+50%x21+8*y11+7*y21+75*x12+50%x22+8*y12+7*y22+75%xx13+50%x23;

EEHIRBDBNH XU SIMPLE TOECHHI

O PHRCHEZ ESETHEDTFOL %) 5.

&8

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

EH

use;j,i € Product, j € Material

SIMPLE flz&s

B
JER
Ll

B R AERET B DOIICLERER j o &

MRS NTT FT—FHIEVRT I
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19

outy,i € Product,t € Period

t o A H OB i o

upper;, j € Material,t € Period

t  HEOER j OFI ] =

costp;,i € Product

B OEEI R B

costi;, i € Product

S O I A b

zH

Xis, 1 € Product,t € Period

Bani ot r AHOA R

Vir, 1 € Product,t € Period

Bani oy HHOEKE

HEOB% (&/Mb)

Z (costpixi; + costiyyi;) WA b
tePeriod icProduct
Hl#
xi > 0,VYi € Product, Nt € Period AR OIFATIR
vir = 0,Vi € Product,N't € Period 1 i 8 D FEE Y
Z use;jxy < upper;,¥j € Material,Vt € JECE D f = O il Ry

i€eProduct

Period

Xi1 — Yi1 = outj

1~ HEOHATEIZDOWWT

Xip +Yi1 — Yi2 = outp

2y HHOHATEIZOWT

Xi3 + Yi2 = out;3

37 AHOMAEIZOWT

RIS, BBET—8 7 7ANVDPLEZLYEDETVERLET.

multiplan2.smp

/] BEERT

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

Set Material (name="JEUE}");
Element j(set=Material);
OrderedSet Period(name="¥i[");
Element t(set=Period);

/] INTGA—=%

Parameter out(name="H&E", index=(i,t));
Parameter
Parameter costp (name="AEJE I A b, index=i);
costi(name="7EH I A b", index=i);

Parameter

/1

SIMPLE flz&s

Parameter use(name=")EUEMEI&E", index=(i 2305

upper (name="HIH W HER ", index=(j,t));

MRS NTT FT—FHIEVRT I
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Variable x(name="*EJEfE", index=(i,t));

Variable y(name="7EJfi&E", index=(i,t));

// HEYBIEL

Objective z(name="#T A b", type=minimize);

z = sum(costp[il*x[i,t]+ costilil*yl[i,t], (i, t));
/7 FEEHIF

x[i,t] >= 0;

yli,t] >= 0;

/7 RO

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

/7 TR OHF

x[i,t] - y[i,t] == out[i,t], t == 1;
x[i,t] + yli,t-1] - y[i,£] == out[i,t], t == 2;
x[i,t] + y[i,t-1] == out[i,t], t == 3;
/1 K#
solve();
/7

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

y.val.printQ);

EEHIRBDBNH XU SIMPLE TOECHHI

T—=5 774 (dat ) YU TFOXHICh) FT

data2.dat

R & =
(I, "A"] 2
("1, "B"] 5
[(vI1", "A"] 7
(11", "B"] 3

3

HArE =

["1", 11 30
["1", 2] 60
["1", 3] 80
["II", 1] 20
["II", 2] 50
["II", 3] 90

>

SIMPLE flz&s

MRS NTT FT—FHIEVRT I



2.3 ZHIRETERE

kT RE R =
["a", 1] 920
["A", 2] 750
["A", 3] 500
[("B", 1] 790
["B", 2] 600
["B", 3] 480
ERETA D =
["I"] 75
["II"] 50
TEEIZ b =
["1"] 8
("] 7

)

21

CODEFNVEETTLHE, UTOXI) BRI EONTT.

A F=21199.2

HEpER ["I",1]1=38

AR ["I",2]=67.8621
AR ["I",3]=64.1379
AR ["I1",1]1=20

AR ["II",2]=86.8966
AEPERE ["11",3]=53.1034

, [x,x] = [41,t]

e R ['1",1]=8

e & ["1",2]=15.8621
fEHEf ["1",3]=1.15881e-006
e R ["1I",1]=4.22073e-006
e ["1I",2]=36.8966
fEJdi R ["I1",3]=1.32435e-006

,[x,%x] = [1,t]

B, —OEBNNEDHY TT.

FREORMFETICB T, EHEBEICHTLIRTNEOLEEZ 3 » AHIZOW T HELTVIY (E

SIMPLE flz&s

MRS NTT FT—FHIEVRT I



22 F28 BEFEDBENB LU SIMPLE TOCHH!

B [v1v,3], FEMERE ["11I",3]). ChHid, SOEDIFXUDICENELAZBICIE, AELTwad o
72T

L2L, INOOEKIZOWTIHEARIKDADOEK 2N &, BLIOHMBE BRI A M) 3k
MEIZOWTD DOTHL I, ZOMFEN»S, fEME ["1,3], fEMHE ["I1",3] ORMHRRIZ R
DEHITIFIFOLEFELWHEICRD T

Peo THERER ["1",3], TEMiE ["I11",3] x EFRL T, —MIILbILIEA.

XN a#5#% (DEA) /L (SAVPLESYSESE 1.1 S1)

Wik T (DEA 5 Data Envelopment Analysis) & (&, #EOMSEROHI I 2RI ZWET 2 H
BT, FHEROBMABIE LT, ST - kS ITO T .

UToBETIE, 72— YREHALTWS 6586 LT, DEA IZZED WMz TvwE 7.
B, KEITIX B Z2SELME LTVIT

m BE
hoetE, DToe6 iz Tns.

EHES 1 2 3 4 5 6
JEE%% 5 10 20 20 30 50
@R 24 12 12 24 12 12
7¢I 2 6 10 12 12 20

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

COMEOERLIZKRD I ) IR 9.

&4&

I ANHB &S

J M E %45

K i E AR

K GGG CE—ZERKD» SR HEH)
EH

inDyi ke K,iel ANT—=%

outDy ke K,jeJ Whr—%

zH

inW,iel ATJHB TR % A
outW;, j e J B ZH % B

SIMPLE fllES BB NTT -8B T L



24 agaiE (DEA) ETIL 23

B (&RX1b)

ZoutDEjouth GG % )

k.j

Hil#y=C

D" inDy,inW; = 1,¥k € K KEBE O AT SAE

D outDy joutW; < " inDy;inWi, ¥k € K EREEI S 2 A St
j i

0<inW,Viel HADIEHA G

0<outW;VjelJ

DT, AMEOERLOFTI 21T 7.

DEA Tl&, ABIEDEED X 9 %5435 % DMU (Decision Making Unit) &IFFONE 3. 4Co DMU
—JEICEHIT A 2 L RN 720, JEHIEA K IR T2 AEM ke KK IHEH L-MEZ# 2
Ede

AR ETLREIL, R2RIT L L) RMETT. ZOMRLZUFTERTLILELET.

Zj outDE’jouth
D inDyginW;
B, WG kS5, @HIMAT) 2R L gD, IhERKET 2 &9 ZHEZ RV TS
B, COMEOERE R EAMDHBIIH T 2HAIL, FiEFLETIEZONbb0E LET. #l
KG&fEE LCid, BEOIEHHCH LT, GIRAMAIN 1 UFICR 2 &) FESLETY. Mlb,
Zj outDy joutW;
D inDyiinW;
L FY. Fo, HANMDEHBIIHT2EHAOIARKOERE T 2LENHY T, &b, ZOM
I HMBE - HRRE DICHBXTHRD SN EEIHME L 20 9. S0 BEBD B,
FIETH 5720, BRI GRS %2 00 TH etz lbhe {, FZHMBEK A I2oWT
b, GRERGE L LEMTH L EVH BRI TERDL LT, TG 0AE HWEKE LT —#Mid
KbhEtA.
COXHITLT, iz M aH I EICE X2 2 MEO BRI LDITRL72bDE R ) 3
DibAs, AREREIZ S 5 @S Lo FHI T

<1,VkeK

ZDOME% SIMPLE Ttk 35 &, UTokHi2i2h) 7

DEA. smp

/1 A HE RS

Set I(name="AJJHHEEA"); Element i(set=I);
Set J(name="{NJJIHHZEA"); Element j(set=J);
/1 MRS

SIMPLE fllES BB NTT -8B T L



24 F28 BEFEDBENB LU SIMPLE TOCHH!

Set K(name=")5#fif:5"); Element k(set=K);
ASE IS

Set Kbar(name="XJ % JE#li", superSet=K); Element kbar (set=Kbar);
/] AT =%

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

Parameter outD(name="{NJJ7 — %", index=(k,j));
/1 B

/) ANEBITHKT % EA

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

/7 W

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

/7 HEIBEE

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

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

/7 K

sum(inD [kbar,i]*inW[i], i) == 1;
sum(outD [k, jl1*outW[jl, j) <= sum(inD[k,il*inW[il, i);
/7 FEESME

0 <= inW[il;

0 <= outW[jl;

options.method = "simplex"; // HKEEDFIH

/1 K

solve();

// R

f.val.print(Q);

inW.val.print();

outW.val.print();

ANF—=% LCTRUTO3FE (csv 77 A4V : 288, dat 7 7 4 )V : 1 Hi) %239 2088
FAESR

SIMPLE fllES BB NTT -8B T L
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inD.csv outD.csv
ANT—%, EEHE, B Whr—%, 5%k
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
ML = 1;

G OESF T 1 1~6) I L TBERZILSETHVHREUTORIIILDIT. B, —
A RN BT U B UL 2 PUFE A L 72 TRD LT 9.

) #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 (5¢L) 0.333  0.167 0.1 0.083 0.075 0.05

HIOBIBAEAS 1 & 2 2 )58 O58%S 12, 3, 4, 6) BAIFRWTHL L2 ET. —F, 1 XD/
e 554 OEifES 01, 5) &, SEHKEZWH-TEOL ) e EAZBIRL TR 1124
DZHRVEN) LT, FHRTHLL W) LI FET.

IR EMICE LTI, ERFEE Lo TV EREZEE L T2 EHIEA 2 SREGL LTEX
2T EBETT. FMICOVTIE, [4] 2223w,

E Fw Y v IRIRE (SAMPLES¥fIEE 1.orj 2)

Fu Ty ZHEIZ, Fy Ty 2 OHIZn L 00N & G D AR AN Y ORI % iR K
THEVHMBETT. 72720, Fy Ty 7 ERPICEENENEERT A X526 TwT, A
N2 OY A ZORMDF v Ty 7 OFERERZBZ TEIWIT 2V E W) FHEEHY 3. ZoOME
&, MAERELIEORENLFADO—2 L LTI ASGNTWT, 7uY 27 bOFRSLYWEOMEA
HZEOREISHINTVES. DTIE, B>y 7y ZJREEIFENASDOTY. %8B, 0-1F v
¥y ZREICOE L CE, AHioRBETHRMLET.

B fiE

KREOSDT Y THy ZICRORIZH LMW eitORLI EICLET. ZO, FEDORAALZNYO
M Z KT B 72012132 WL DDA ERWTL 2 94, 72720, [H UMY =z o
AATHEVW DL LTI,

SIMPLE fllES BB NTT -8B T L



26 F28 BEFEDBENB LU SIMPLE TOCHH!

LLE7) 1B&H -V OfEE 1fEHALUDOHAX
Ha—t— 120 10
KAD <y FKRBIV 130 12
INFF 80 7
DA 100 9
BIZED 250 21
NV 185 16

9, ZEEFMWZEOALMHBTY. £oT, ZOZBEBEEMBELIRSZVEWVS &Ik
DET. 22720, [IMEEDAL] L)X BRI RBVEREZIRTILENHDET. 207k
W, BEBZOULEOMELAIAMS v v 2254 LTHRLTBLLESHY T, &
B, [0HFEOAL | T (20 EGEOAT V] EERLET.

KIS, WKRALT 5 2 L1225 BBEIZEDRAAZ D OOKMETY. ik, £HconT N
Bd7-0 offifti] & [ZORWEEDAAZZHEE] ORERD, ZORMENS Z L TERBATEET

RS, BIEERRZZERICET 2D 00MIZ, FEDRAAZRPOY A ZORMMF v T+
JOFREBRBVEVI SONHY T, HWHBOKRERKICEZ L L, £RWICET2 (114
H2) DA X] L [Z20RWEEDAAIE] OO E & 5 LEDIAAIZGY DI A XD
Mo nET. LoT, CORMNEF Y 7H Yy 7OFRTHD 65 2z n) 2L THRY

FEnwZ ik 9.
PrEoZ tnrs,

COBEIZRD X HIZERLT 5 2 Lk L7

BREH
coffee
water
banana
apple
rice_ball

bread

BrREH (RX1b)
120cof fee + 130water + 80banana + 100apple +

250rice_ball + 185bread

GEPES S

10cof fee + 12water + Tbanana + 9apple +
21rice_ball + 16bread < 65

coffee>0

water > 0

SIMPLE flz&s

I — b — D%k

KAD <y bR MVOEE
N F O

D A Z O

BIZEDY O

2N DL

M fififiE & FRALd %

HEIZHT A%

Ha—e—ix oMl Likwirte

RAY Xy AR P Vid o LA B AT

MRS NTT FT—FHIEVRT I
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banana > 0 INFFIZ 0L EFEDA T
apple > 0 D AZIZ oML EFED AT
rice_ball > 0 BIZEDF oMU LEFEDAL
bread > 0 N0 L EFE DA T

ERAL L7 R % SIMPLE TRtk 45 L RDEH 2% 7.

knapsackl.smp

//BEBEREEFT 5

IntegerVariable coffee(name= "{F I —t —DfE%L");
IntegerVariable water(name="7KA 1) X MR FMILOMEK");
IntegerVariable banana(name="/\7F DfE%");
IntegerVariable apple(name="1) A ZOfH¥");
IntegerVariable rice_ball(name="1(ZX ) OfE%L");

IntegerVariable bread(name="/% D" ;

/AR 2 e RAL S 5
Objective total_value(name="#fffiffi",type=maximize) ;
total_value=120*coffee+130*water+80*banana+100*apple+

250*rice_ball+185%*bread;

/1R A

10*coffee+l12*water+7*banana+9*apple+21*rice_ball+16*bread<=65;

/7% o T L LR A
coffee>=0;

water>=0;

banana>=0;

apple>=0;

rice_ball>=0;

bread>=0;

/13RI URERZ TS %
solve();
coffee.val.print();
water.val.print();

banana.val.print();

apple.val.print();

SIMPLE fllES BB NTT -8B T L



28 F28 BEFEDBENB LU SIMPLE TOCHH!

rice_ball.val.print(Q);
bread.val.print();

total_value.val.print();

COETNE I AT A Numerical Optimizer THFEITT 5 &, mwiEIZ

a2 — b —Ofi =3

KAD Ry FKR MVOMEE=0
NG F DK =2

D A ZOE%=0
BIZEX ) of¥=1

73> DA F=0

#tifE=770

EWVIHIERRDBENET. ZLT, TOERLSL [{HIa—b—%3f, NFFZ2MH, TLTHBIZEY
Z1EFEOALERW] LW COBIBEOAZ ZHERTETT

EZAT, TOETNIZOWTY O &2 L7246 SIMPLE TORtk % 15153 % T
e RELFHMDB o TLEVET. ZoOKRELT, Fv 7Yy 7ofE SPoffifs X0
POV A XN HE L72dat 77 A VB E525281CLET. 2OLIHICTSHI LT, SIMPLE
TORBPNAN DO RY, BWHOFEIEDb -7 LTd dat 7 7 A VOEFEDATHINTE
X9 FET. Z0RDIC, TITE [WOHEE] LuIMESEEALTY. ¥4 LeXMbid
KOEXHICEESET I ENTEET.

&4
Object = {{FI—t— KA Xy MRV, NS O fEsE
FOAZ, BIZED, ()

BREH

count;,i € Object i i AR E L

EH

capacity Fv Ty s OFE

value;,i € Object m i O 1B 72 ) OffifiE
weight;,i € Object mi o1l oA X

BRIEEH (&RXAb)
Z value; - count; FEAiE & e RES 5

i€Ob ject

SIMPLE fllES BB NTT -8B T L



25 FyvITHwIHE 29

LlERES S
Z weight; - count; < capacity HEIZBT 5
i€Ob ject
count; > 0,Yi € Object Fmid o L EEE O AT

CDER[L% SIMPLE Titik§5 &, UTOL) i dDIIHY) 3. 4B, mPoEsGoOR
PRI 72 EFRIT D W TIEEI > A 7 2 Numerical Optimizer Tl dat 7 7 4 V5 HEJIZFEFR L 9.

knapsack2.smp
/1 OREEREET
Set Object;

Element i(set=0bject);

IT—=F T 7ANERLEZABNRGA—FRXEFTSH
Parameter capacity(name="7 v 7% v 7 DF®E");
Parameter value(name="\m¥ D", index= i);

Parameter size(name="ImDHY A X", index=i);

I/BBEREEST A

IntegerVariable count (name="#5 O A LMAEL" , index= 1);

//RAAE D 5 RAL
Objective total_value (name="#AMifiti " ,type=maximize) ;

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

ks A e akay il )

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

// % o L EEE DA T

count [1]>=0;

//RIELRERZ BT 5
solve();
count.val.print();

total_value.val.print(Q);

B, SHoOFEIZOWTD dat 774 MIFKRD X H 122D F9.

data_knapsack.dat
F v TH Y 7 OERE=65;
i O fiff fili=

SIMPLE fllES BB NTT -8B T L



30 F28 BEFEDBENB LU SIMPLE TOCHH!

(32—t —1120

KA D~y FKR V1130
[’¥F 7180

[ A 1100

[BIZ& D250
[7¥]1185;
DY A =
[Ha—k—110
RAD Ry FoR V112
NFF17

(D ACI9

[(BIZ&EDI21

¥ 116;

W, COBIETIE [HI—t =233 L) X9 ICHFRDFFTRDY F UMY Td ok
LIENRTEFELA ERTIE, SOV TFy THy 7 ICEEOAL I L TE 501 12T
EVIH)ZEICTREEDLISITARBTLEI . B, ZORREMASE 0-1Fy 7Yy ZE#EE
V) BN 7 0-1 BB RTREIC 2 ) £37. SIMPLE T3, 0-1 28 TH 5 EV) HE ZMHIIT) 2
ENRTEEY. BAIICIE, IR €72 SIMPLE EF VI TA R ES LTV A%

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

ETBZTTT. B, TOEFSVLOLEEHNBED I BMHEI0» 1 Lrknin) T e LN%R7:
O, Zamix oMLl EiEd ARt v K [count[i]>=0;] Zitik 3 A2UEN LB T, DEoX
WCOWTETNVT 7 A VaFHEH# 2z 72 (knapsack3.smp ) LT, ¥ X 7 A Numerical Optimizer
THEITSED L,

FOACME [ BIZED "1=1
ORI ) A T]=1
ORI EL [N F Fr]=1

it O IR EL [N ] =1
HORGMEE [T ——"]1=0
FORGME [ARAD Xy bR V=1
,[*¥1 = [il]

H i fiEi=745

VI FERIE LN, Ha—e =DM EEDALEBRWEW)IFERDL2Y T,

E SESERIRE (SAMPLESYHIEE 1.prj BE)
G U L ZOWMEEOED L OAHAESIHIET 522X ME 2 5RTWE DL LET. &

SIMPLE fllES BB NTT -8B T L



2.6 &LHWERE 31

DR, ETOUDEFEENN—T 2 L) IR EEOHEI LT EEGEED, ZOBII2rH,5 T A b
ERMIT S L) BESEAGHERETT. WHAICERBERA Y, YVa—) Y FMEREDRH Y
. LBEAWEMEOEA, UDFEZIIOVWTHEEBROMSHEATHIN—THILEZ2HE LTV
T ZOZEICHELT, HEBOMSEATHIN—THI L 2HI VA, HEDEIMEE IR
n, EEXOHEMER EIZBHI TV,

[ |

BIRE
HHMEEIZA B, C, D E F, GODTODOLY) TAHLEHT CEEMEORLEREZIEO L7720,
BLZEBZHTAI LAY T L2 COMHICIZELEROBEMIZ 10 AT, EADPEETE LT
U7 BIUOBREREKBE LB I MIKROED L H 2 oTHET.

fxfE ECEFEETY7 23X b

kg A, B, C 200
WK A D F 280
wfE B, E 175
Hirp C, D, E, F, G 560
Wil A F 205
i B, D, F 245
A D 80
HR C G 195
NS C, F, G 265
%% B, E G 190

oW, D HVIAZAFNTTIOOLY TINTIIRET L2720 EZHRTTHERWTL &
DA 722U, EEWRETY 7T O—HOAEKET S (B FHEICB &£ D OAKIHT H) 23T
Sl L9,

COBEOERE, KEMEICOWT HETL] LA MRALEW] Lw) kgL KBITE
2b0L%DET. LoT, TITREBEME IS LRATLIHGIE L RHALZVWEGIE 025
£ BB x g THEALET.

CoOk, HMBEKIZEDOL KT IENTELTLLI . 7, EBREFICEBICINSL IR
FAFRBLET. KEEZRHA LSS Gy =1 0OHBE) 1IT1E200 03 A M32h) £9. —J5, /A
Laho 72t (e =0 OBE) (HEEICOWTHTL IR M0 A, SWiRZdE,
o2 AMROTHEHEV) LR ET. LoT, BELHBALLEREMN V2 008% %
LD L, IOV TIRERITIE 200k OITA P ho/c b KBTEET. MoOBMHEIHL
THFBRICEBRO IR M 2K L, TORMEND LEBRIZhDP oA ERYET. ZORITA
NS, BMET B LR HIEE T

HREMHICOVTE, THTY) T A ERESTTYS] Lw) a2 TRIT LI LI1CRY
Y. BIRIE, VT AOEAERE - A - EBORr S 1 AL ERET S 2 E TR TI
BTEFEYT. ZOTLEXNTETE xpp+xpp tagp 21 ERDET. MBOTY 7IZOWTHEEKIC

SIMPLE fllES BB NTT -8B T L
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ERBZETHIFGEHEZHRBITEET.
UEDZ NS, ZOBIREIXO-1 BEEIHMEEE LTRO LS e LT E 7.

0-1 &%
Xpgeie> XA XeskGo X[ep> Xyt Xprigs XA Xepfs BERHEIZOWTIRHT HEE 1, FHLZWVEO
Xo1bks X7 2INHEE

HERE% (R/IME)
2000 3 + 2805 4 + 175X g + 56057, +205 x5 #Wa A okt
245)61;}% + 80)Cm4< + 195X;PH + 265)(,]\** + 190xﬁ3g

Hll#Y

X + Xgppe + Xy > 1 L) T A TEETRICTS
Xt + X + X + X = 1 ) 7 B THOEWREICT 5
X + Xpppep + Xy + Xppp = 1 I 7 C CHREWREICT S
Xgn + Xpep + X + Xk 2 1 LY 7 D CHEEREICT S
Xeot + Xpep + Xz > 1 L) 7 E CEFETRICT S
Xk + X + Xyga + X + Xpp > 1 T1) 7 F CRLENREICT
Xipp + Xopgg + Xk + X > 1 I 7 G CTHRETEIZT S

COERL L2 RIZOWTFDO T F SIMPLE TRtilh 3§ A RO L H IR T

coverl.smp

/IERDOES

IntegerVariable x_sato(name="{K}#E",type=binary);
IntegerVariable x_suzuki(name="#3K",type=binary);
IntegerVariable x_takahashi(name="/&1&",type=binary);
IntegerVariable x_tanaka(name="HH'", type=binary);
IntegerVariable x_watanabe (name="{#3/" ,type=binary) ;
IntegerVariable x_ito(name="fHf", type=binary);
IntegerVariable x_yamamoto(name="[lIZ",type=binary);
IntegerVariable x_nakamura(name="H#{", type=binary);
IntegerVariable x_kobayashi (name="/}NFf" ,type=binary) ;
IntegerVariable x_saito(name="77/§",type=binary);

/1 HIBR 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;

SIMPLE fllES BB NTT -8B T L
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/7% T2 1 AV ERLE S 5
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;
//RIE LR )9 5

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(Q);

total_cost.val.print();

CORBERTHN»Z LI, COFTEFTTLEBENIRETTLIHANTLID ) FEA. D7D,
PUHC B ) ICERIb LR 2 RET S LI L ET.

Wiy 74y 7 BEOR LR [BEHEOESG] BLY [ 7To4HEE] LwIilazEA
LEd. F/, KEMEOIA MIEKkE LTHE2rH5 252 8ICLET

X502, HREHICOWTHIRELEY. M2 U7 AT AUERESIRTYS v #ll
Gt Xpee + Xppg + X = 1IEOWTIE, I 0BEHELEET S L

1)6&}1% + 1x§/‘ﬁ7k + Ox%% + OXI:H‘:P + 1)6%;5]! + OXQ}%% + O.xl_u;F + OXEPH + Ox’J‘ﬂ( + OX%;& >1

LT EE Y. 22T, ZORDELEBIZOVTWARK O E7213 1 2080588 LTH LS
CEWCLET. F oM OVWTHRMKICEREZEALTYT. $5L, £ T 518
FMEETH A TEALTE £ 9. TORRE, SIMPLE Tld—#MAETORABTHIETE, &
DHOPYRTVHDIZRD) FT.

Dbk Eziml, MALSEBREUTOL IR 5.

&5
Man = (fEik, SR, wfE, B, Pl Ve, 114 (PR Sy
LR, VR, 7T )

SIMPLE fllES BB NTT -8B T L
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Area = {A,B,C,D,E, F,G) ) 7THE

0-1 ZH

X;,i € Man BEHHE 1 ZRAT LR, RHALZWEO ZHLS
R

T8

deliver;j,i € Man, j € Area Bl i AT 7§ ICECET BB R N 1, A TEEZ
K0 2%

cost;,i € Man T i 2 RALZBoa A b

HrB% (&/Mb)

Z costix; #wax s omME

ieMan

%9

Z deliverijx; > 1,Y j € Area FTRTOILY 7 CRLUEMREIC R A L HITT 5
icMan

ZN%& SIMPLE Citik 3§54 &, IRODIHIZHVFET. B, HHEMFIIOVWTE T 774 VD

WHEZ S LICEHT) 7S L THBRICAER S T T,

cover2.smp

/BB REGB L) THREGOES

Set Man;

Element i(set=Man);

Set Area;

Element j(set=Area);

/1739 A= BLXOEROES

Parameter deliver(name="Pl3EW HEL ) 7", index=(i,j));
Parameter cost(name="J A M", index=i);
IntegerVariable x(name="#fM",index=1i,type=binary);
/IR BRAMET B

Objective total_cost(name="#&2I A ", type=minimize);
total_cost=sum(cost[i]*x[i],i);

/15T TICRET

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

[1RIBURRZ FRT B

solve();

SIMPLE fllES BB NTT -8B T L
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x.val.printQ);

total_cost.val.print();

FEAT S AHBBITIE, ROBEMREZY 72E 3 csv 7 74 ) (areadata_cover2.csv) & I A M & KT
dat 7 7 4 )V (costdata_cover2.dat) &5 2 F7.

areadata_cover2.csv costdata_cover2.dat
Bli#v g€ 7 ,A,B,C,D,E,F,G IR b=
/iR, 1,1,1,0,0,0,0 71200
$7,1,0,0,1,0,1,0 [$ 1280
#if%,0,1,0,0,1,0,0 [Ff&1175
HH,0,0,1,1,1,1,1 [HH1560
¥%34,1,0,0,0,0,1,0 [34]205
#1,0,1,0,1,0,1,0 (k1245
114,0,0,0,1,0,0,0 [IiA180
Wi£},0,0,1,0,0,0,1 [H¥1198
/IK,0,0,1,0,0,1,1 /K1 265
71,0,1,0,0,1,0,1 (1190,

CDETFNT7ANEEFIELIECED, K- G - FRO3IANZHRHATLERL, 20
EDOIAMIT635 THDHEWV) I WL FT

2 ZC, ¥HF Y AT A Numerical Optimizer DfFEIZOWTA LR THB E 9. 4 HOFIE Tk
FREE VR Z LT Lz, —5 T, 0-1 BEGHAEREOL G ISP TH % wesp & HIW T DL
ZROHZELTELET. wesp Z HWBEOEPIHEZ KD 72\ H;45121%, SIMPLE E 7 I)VHI D solve();
ANUN: )

options.method="wcsp";

LR L E . %B, wesp BB EIIEH TREICHET I EREZ W ODPRETHIENTE I
. BRI, wesp ZIRRKT I HHFET LK T L2WEEIZIE, EFV 7 74 VI

options.maxtim=1;

LR LET. LW EIZDEF LTIdEM Y X 7 A Numerical Optimizer/SIMPLE ¥ = 2. 7 )V % %
ZIZLTL 3.

IR, SO3ANERHALESA, TV 7 BIE3ALIHUTHEICA->TWET. ZOLI BT 7%
HERVEIE, BRI [120) 7135 1) L1 ATHYTE ] LwIyfilifzmiThbLED L)
%5 TL LA, ZHIFHEIZED SIMPLE € 7 Vi OHIF 5 [sum(deliver[i,jl*x[il,i)>=1; ]
% [sum(deliver[i,jl*x[i],i)==1;] & $TH I L TRIHUTEXFT. (coverd.smpB) FI735L, &
A FfE - PHERATA LR, CORAORIAMI650 THLEVIEREIEONTT.

SIMPLE fllES BB NTT -8B T L
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=y AN R KGTERIRE (SAMPLESYBISESE 1.prf SH)

COMITIE, AMZI772bLlLAT—FMETHLEy b7 =7 IZHT AN RBED—D
ThHiRMHEZRY BIFE3. &RRMEE I, Ay P77 =7 ETHA (Source) 2 Hi#%& kL (Sink)
FTHT ZENTELRBORANEZ RO LMETY. 72720, FBIZFRT Z LATE =D LR
HzonTwEd. 251, HEEREDANDREIZOWTIE, [HRALTL 2EEHRE LTV RE
F—BT 5] L) Bk (R EBVES) 2900 LOLEDPH Y . RAIEHER, BL%R
WG D5 E 7 & TN RETY .

B %iE

HHMFEL, XINZHL28B T TREL/DERZ YTOLA M VITHOTVWET. OB
TORDEHIZ, EHITHEPHLVANT VETHETLIHICWO»rolEZ#FHLTWwEd. £
72, 200OMIEOMT 1 HISERLZ/NEHORO LR (kg) PROEFO@BEY IZRkEF->TET. &
O, BBTENPS LA NS AT HICWO A Z EDTEL/NERIRK T kg TL X I, 7272
L, S#MREMOMED»SEEINTE/AER 2 TROMEICEHET2b0E LET

H—

FEEBELT, Ay b7 =27 LTS XITOEBTY) 2088 (YTHOLANTY) ~N1H
%S B/ EROR (%I [Ri%E] LIF0FEY) &4 LIk 2/ Ehoms HEL
T3, 2955 L, HMBEEIIEE [Rixke] AdE%n 9.

I, BIREHEICOVWTEZET. 7, 2 HOBRRIIOVTE, ADMIEFFST, HEd s
BIZHZ6NTWD ERZBZ TERLa0wE W) HREESLETT. 2ol kid, ETEGRE
LCHRHTEET. 3618, £ L TUIRFUPEAVZLL T B L8R H Y £9. 72720, &
THIZOWTIE, FHpAOEXROMIRERRE L KT w) LR ET. T2, LA
T /IZDoVTIE, K25 OEEEOMIHRERSRE L —F L 2 ThE 2D FEA.

DEoZEns, ZoBEIRO L) CESMETEET

8

total W15

fxa A THh 5 A Hi D% =
fxa BB T 5 5 B Hupi A~k &
Jac A MRS C H A DA R
Jsc B 55 C Him A~ Ok

SIMPLE fllES BB NTT -8B T L
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/8D B #1575 D HS A Ok
fey CHENS LA T Uy \DfikR
for DHEDS LA NS UADif%E

HER% (RX1b)

total g %

FlHIR 4

total = fxa + fxs T CTOl%E

Jxa = fac A Hb 55T O R AT I

fxB = fec + fBD B H5 C D ik 2 AR AT HI

fac + fsc = fey C Hb 17T D ik w P AT

fap = for D 55T 0 ik = A HI

fey + fpy = total LA NT v TOl%E

0<fxa<4 BT 5 A i ~OEREO F TR
0<fxp=<6 R TY05 B i~k Eo TR
0< fac<S A MRS CHISANOFREED TR
0<fpc<4 B i piA 5 C i~ DRk RO TR
0<fpp<3 B #5745 D A Dk o B R
0<fey<38 CHIENAL LA NI U ~OlkED TR
0< fpy<5 DHIMEASL AT Uik ED TR

ZN% SIMPLE Tl A ELUTOLHIZHRY) T4

maxflowl.smp
/IEBDES
Variable total(name="HLf T35 56 L A T Uy ~OREHERE");

Variable
Variable
Variable
Variable
Variable
Variable

Variable

/ /¥ H R O RAL

Objective obj(name="#¥ T H L A b7 Y NOHXE", type=maximize) ;
obj=total;

/125105 T Ok

£_XA(name="3LF T35 5 Hb 1l A ~ND Rk E") ;
f_XB(name="3L0} T35 2> & M B NO LR ") ;
£_AC(name="}xi A 7> 5 LKL C ~NOFE ") ;

f BC(name="H#b)5 B 7 HHI ¢ NDffEE") ;
f_BD(name="Hb /i B 7 & Hif D ~DHiEE") ;
f_CY(name="Hu Tl c 2 H L A b T U ~\DHfiEE");
f_DY(name="HEID 225 L A N T U AN\DfiEE");

SIMPLE fllES BB NTT -8B T L
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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;

/1R L TR )9 %
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();

COEFIVTIFANEBEFTIELL,

SO T & H 2L A Ok =4

B0 T 55 O Hb i B O Hii % =6

HALA DO C Dk E=4

Huri B 722 B b ¢ O E=3.24901
Hoi B A 5 M D N OB =2, 75099
W ChADBLANT I OlikE=7.24901
WHDALLA T U \OlikiE=2.75099
RTINS LA T U ORi%E=10

EWV)FRDEN, 1 HITHK 10kg /NER MDD LN TED L V)R EZHRETETT.

Z 2T, SIMPLE TORABIZOWVT, X YHRLBICEHEZELTHWZEIZLEY. 207201, #
TOBERFEVIMEZEALT Y. T4 28MomXED LRMEZ 5 L2552 52 8
WLEY. 958, BRI OVWTRKDLHICHEEE T LNTEET

SIMPLE fllES BB NTT -8B T L
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=4
City ={A,B,C,D, X, Y) HTOHEE
8
total U TRE AT
fij»i € City, j € City i 25 j O LR
BRIEE% (RXAb)
total i %
TH
upper;;,i € City, j € City i jANOEED FR
LlEOESES
total = Z fXj %%Ii%fo)iﬁﬁ%%
JjeCity
Zﬁ;}h@%eamwj} R T O R O A
i J
D" fiy = total LA LT v TOlidE
i€City
0 < fi; < upper;j,Vi, j € City i j~\OfEEO TR

&Y, SIMPLE TORRIZKD LI b DIl F9

maxflow2.smp

/T OREDES

Set City;

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

/1ERBOES

Variable total(name="B} L6 L A N T Uy ~OfRi%RE");
Variable f(index=(i,j));

/72 HEOEEEDO LREZT A5 L LTHS

Parameter upper (name="#f% =D FER", index=(i ,30);

/ /%L O R RAL

Objective obj(name="#¥ T H L A b7 Y ~OHEE", type=maximize) ;
obj=total;

/15 W T OE% R

total==sum(f["X",jl,j);

sum(£ [k, j],j)==sum(£[j,k],j),k!="X",k!="Y";

sum(f[i,"Y"],i)==total;

SIMPLE flz&s

MRS NTT FT—FHIEVRT I
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/7R B B b BRI
0<=f[1i, jl<=upperli,j];
/1R TIRZ IS %
solve();

total.val.print();

LB, FITRIZIZRD csv 774 Ve 5259,

upperdata_maxflow2.csv
ke o LR ,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
D0,0,0,0,0,0,5
X,4,6,0,0,0,0
Y,0,0,0,0,0,0

2.7.1 Vector/Matrix Z{#R ULz SIMPLE )L

Z 2T, Vector/Matrix 7 7 ADFLii =i 72ET V2N LET.
COETFIVCIE, I 70FmATHEFHAL 7.
HIM 7T 7 GV,E) DERATH & 1X, ROLHIZERESNTT.

B Ex #E&KTH
THEEASV={v,...,v,) EEMLEHE=e),....en) OB DEMNT T 7 GV,E) IZH LT,

JHE v B e DIEHTHAHEE i, =1,
THE v B e DMFTHDHEE i, =1,
FNLAZ ie =0

ER B nxmATH 1G,,) &, BINZ 57 G(V,E) DEFATH E V.

WRIHETIE, &y M7 —27 OEISIERANRD ) B flow #IMZ 72RO %2 EZF9. A flow
OfkEd FRIX, odofxao FROBHAE LET.

flow

SIMPLE fllES BB NTT -8B T L
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M7 T 7 O E 1, F B0k E KD ETHX7 Mg x, B0k wEo FIRIE % 5
LT HXRT Mk upper L BL L,

max  Xfiow

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

L) BUERTEIREIRAE TS £
ERALIZOVTIRUTO L) ITHEEELET.

&4

City ={A,B,C,D, X, Y) #HDOES

Edge = {el,e2,¢e3,e4,e5,¢6,¢e7, flow) BWOEE

8

Xe, e € Edge FSUPY 15v

EH

I(v,e),v € City,e € Edge P ATH

upper,,e € Edge FA O ERERD LR

HEB% (RX1b)

Xflow g 5
EAFSESES

Ix=0 iy 2% 5 O PRAEHI
x < upper Kk o LR
x>0 % O TR

ZHIZE Y, SIMPLE TORBIIKD L HIIZAR) TT

maxflow3.smp
Set City, Edge;

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

Matrix I((v,e));

Vector Upper(e);

Variable xvar (index=e) ;

SIMPLE fllES BB NTT -8B T L
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Vector x(e);

x[e] = xvarlel; // X7 MV x \ZEH xvar ZiEOAL

Objective total(type=maximize);

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

x <= Upper;

options.method="simplex";

solve();

EEHIRBDBNH XU SIMPLE TOECHHI

FATHED csv 77 A VI T2 20 F5.

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
¢,0,0,-1,-1,0,1,0,0 e3,5
n,0,0,0,0,-1,0,1,0 e4,4
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

272 =NMhv b=

R 2, BEEEREEO—RIBIZERE L 722 E2FH LT, TORNMETH L, w7y

MEE% SIMPLE Citib L CTAF L £ 9.

RRREEOHKIA Ix =0, x <upper 253 58 ERK %,

T 72, mRFHED BB x 10 13,

Aflow = 1,

a, =0,e # flow

THAHII BRI M ar2fvwTa-x ERTIENTETT.

X o TRy MREEE,

SIMPLE flz&s

ThZthy z&LET.

MRS NTT FT—FHIEVRT I
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min upper-z(=0-y +upper - 7)

S.t ITy +z>a,

z>0.

DEIEABRTHIENTEET.

ERALIZOVWTIE, RDOX IR 9.

&4&

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

Edge = {el,e2,¢3,e4,e5,e6,¢7, flow) WOHESE

=8

Yy, V € City

Ze,e € Edge

EH

I(v,e),v € City,e € Edge BT

upper,,e € Edge F LD RED PR
a. = 0(e # flow),agon = 1

BRIBI% (&/I\t)

upper -z By MEE
LESES LS

I'y+z>a ROl 2K

220 A F IR RN 2 B2 HE 0 LB

&Y, SIMPLE Ot lZIkD X 924 ¥

mincut.smp
Set City, Edge;

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

Matrix I((v,e));

Vector Upper(e);

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

Vector y(v), z(e);

SIMPLE flz&s

yIvl = yvarlvl; // X7 MV y IZZEH yvar %5k

RIS )

MRS NTT FT—FHIEVRT I
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zlel = zvarlel; // N7 MV z 122 zvar ZiEORAT

%&:‘E‘ n

Objective cut(name="7 v N DO E ,type=minimize) ;

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

al"flow"] = 1;

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

z >= zeros(Edge) ;

options.method="simplex";

solve();

cut.val.print();

ANTF—=%1F, mKREMELF LT
CDEFNT 7 ANEETTHE,

By N OFE=10

EV)FIRPEN, RIEHE L F CHMBEBOEZELZ TS Y.

m B/VE R RRE (SAMPLESYHIEE 1.orj BE)

M ORKFEFE T, NEHOBWEEZFINCA Y MT =2 1ZHNE2mETELZTELEI LW
) S CTIRBLEITWE Lz, S0, MNERERET DSBS LBEE L EDOMARIA M
ZELTVWERATLZ. F/2, BB IE2S 1 BT 2/0EBORPIRE > Tn5 L) A
IO STl b 24T ) LEXRH D T3

RFomEAY VT =27 LCHMEPOBREETRIBECOPLEA (A M) 2/MILEO L
WO REO Z & 2R/ NERRIEE W E T, 2B, RARMEO L & LR, AT 5
VEPHYET. F/2, [RFEoR] 251 THLLEIIIRDEIEL TN, h—FFr—Ta v
VAT ATON— MERRLHEORBENZ EIISH I TWE T,

B %

»HMEFEE XWTOEG T THEEL/NEZREYTOLANT YT HIZ Skg D TWET
COB, ATOROEIIC, BHIEHPOLVANT Y ETHET LIV O20OBEZZEHL T
WET. 7z, 200MEOMT 1 HIZEXRZNERO®RO LR (kg) PROBTO L)1 E -
TWET. 512, 2200MEOMT/INEN%E kg Bk 2BICAETORICEPN TV L E AN H

SIMPLE fllES BB NTT -8B T L



2.8 =R/N\ERGEE 45

PDET. ZoLE, IERE SkgBEB TS LA NT UANEET B ERICH D B BE IR
{BTLEID. 72720, BMREMOM S Sl SN TE/NER 248 THoO M SICH%T 5
oL LET.

¥IXTT Lrpe kg H7-VDER

BhHIHBX A 250 s

B TH X B 200 B

A C 270 4 8

B C 300 4 C)
B D 220

C LANT Y 190 6 5

D LALSYY 170 (By—

ERALIZDONWT, BIHET O HRRGEHE DR & DI

o Wl E (FIEOBIETO total EWVIHZEH) A8 ICR_FEF STV D,

o HIBEBAREH OR/MUIZE D > TV,
D2RTY. 02 KPSHIOWTIL, BifiofEE R CERILE % ) £3 O TUEIZE U CHiH 2
BEIZLTLZEW, B, BEHEIEHEREL— MIOWT [IER IkgH 720 OFM] & (XL
TeNEROR] OEROBME LS L TROLNET.

DlEoZ &ns, ZofEIZRDO L) ICESETEET

8

fxa BB LY 5 A H A~ O R %
fxB YT 5 B # A~k
Jac A RIS C H A DA E

i B H#ifA 5 C ROk

/8D B Hip 20 5 D H A~ Dk

Jey CHENPOLLVA NI VD% E
for DHEPH LA NT YOk

BHEIBE% (R/IMb)
ZSOfXA + ZOOfXB + 27OfAC + 3OOfBC + 220fBD + :%:E}ﬂ
190 fcy + 170 fpy

LEPESEs

8= fxa + fxB BB TY5C Ok

For = fuc A T OB D AP
fxe = fac + fap B /5T Dk i D PRAFHI

SIMPLE fllES BB NTT -8B T L
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Jac + fac = fey

F28 BEFEDBENB LU SIMPLE TOCHH!

C Hb T ok ORI

8D = foyY D Hb 5 T Dk O PRAFHI

Jer + fpoy =8 LA NIV TOlke

0<fxa<4 R T2 0 A EA~OEED L FIR
0<fxp<6 T2 5 B A~ Ok E D TR
0< fac<5 A MRS CH A D% EDO FT R
0<fpc<4 B ii5 CHEADEiEREO F TR
0<fpp<3 B #2575 D Hi A~ Ok o B
0<feyr<8 CHEILSL LA NI U ~OlikED E TR
0<fpyr<5 DHISEAS L AN T U AOfi%kED TR

DR % SIMPLE TRtib 34 ELTFDOXHICHRD 9

mincostl.smp

/IERDEE

Variable f_XA(name="3U TH;h M A ~DEE") ;
Variable f_XB(name="H#LA} 13572 &M B ~DiikE");
Variable f_AC(name="#1}7 & > HHIE ¢ ~DHERE") ;
Variable f_BC(name="Hbxri B 2> 5 HIx ¢ Dk E");
Variable f_BD(name="H#i:i B 72> HHL 5 D ~NDffikE") ;

3

e

Variable f_CY(name="HifiCc 25 L A+ T U ~\DigikE")
Variable f_DY(name="ME D25 L A b T U ~\DHER");
/1% B OR/ME

Objective totalcost (name="#&% Fi " ,type=minimize) ;

i

totalcost=250%f XA+200%f_XB+270%f_AC+300%f_BC+220*f_BD+190%f_CY+
170%f_DY;
/755 T OIS R

8==f XA+f XB;

f_XA==f AC;
f_XB==f_BC+f_BD;
f_AC+f_BC==f_CY;
f_BD==f_DY,;

f_CY+f DY==8;

/ /AR BT S BN R
0<=f_XA<=4;

0<=f_XB<=6;

0<=f_AC<=5;

0<=f_BC<=4;

SIMPLE fllES BB NTT -8B T L
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0<=f_BD<=3;
0<=f_CY<=8;
0<=f_DY<=5;
/7RI LT )9 %
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();

47

ZDETNVEFETIELE,

BB T 50 & Hb R A O % =2
BB T 50 & b 5L B D% =6
Hri A 722 S Hb R ¢ D% =2
H A B 2 B ¢ Ok =3
Hu 2T B 22 & Hb KL D N =3

2 Hl=5260

HWECHBLA NS Uy \Ol%kE=S
HWEDNPLLVA NI Y NOE%E=3

EV)FIRDPEN, HMREMEETES LT

LZAT, ZOFEORBTRIIHTORDPL CHEIIEH T2 2 EBWEETY. 22T, #lio4k
HLVIMEEZEAL, LELT—F2EBE L TUUNEDLE525 X917 52 & TREBZRHEIC

HFLTHIRHLR T WIS ICLEY. 7,

CoJETEAMEZ LaBTEROEIITHDIT. &

B, BAFANZOWTIE MDD 5 DR EOM | & MO EANOHXREDOH | OEDT—5 %

SR 552 B ZY) L7

. COMENFAOMEAER LY, EORKLVA T >,
ZLTODMENMEE W) ZEI2h) £,

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

zH

fij»i € City, j € City

SIMPLE flz&s

i oHEE

i 205§ N O %

MRS NTT FT—FHIEVRT I
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T

upper;;,i € City, j € City iP5 jANOfERO R

cost;j,i € City, j € City i 25§ NOEEDBNI 002 % /NER 1kg 72D
DEH

supply;,i € City i TOMARLITEDZE

BRIEEH (R/I\b)

Z Z costi; - fij M H

jeCity i€City

B

> fu= D" fij = supplyi, Vk € City &5 T Ol

ieCity JjeCity

0 < fi; < upper;j,Vi, j € City i25 jANOHEED LTI

COERLE LE L2 % SIMPLE Titlh ¥ 5 L RO XA 5.

mincost2.smp
/T OREEDES
Set City;

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

/IEBDOEE
Variable f(name="#fi5&",index=(i, i)

[/ A=Y DEF
Parameter upper (name="Hii%&E D FR", index=(i,j));
Parameter cost(name="Hi5ZH",index=(1, i));

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

/IR O/ ME
Objective total_cost (name="#&%&¢ H " ,type=minimize) ;

total_cost=sum(cost [i,jl*f[i,j], (i,3));

// BT OR %R
sum(f [1,k],1i)-sum(f [k, j],j)==supply[k];

//E R B 2 BT BRI
0<=f[i,jl<=upperl(i,jl;

SIMPLE fllES BB NTT -8B T L
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/IR CTIREZ NI 5
solve();

total_cost.val.print();

49

B, EAFRICEIKRD2ODcsv 774 NVE1DODdat 77 A NVEE 2 7.

upperdata_mincost2.csv
ke o LR ,A,B,C,D,X,Y

A,0,0,5,0,0,0

B,0,0,4,3,0,0
c¢,0,0,0,0,0,8
D0,0,0,0,0,0,5
X,4,6,0,0,0,0
Y,0,0,0,0,0,0

costdata_mincost2.csv
k% M ,A,B,C,D,X,Y
A,0,0,270,0,0,0

B,0,0,300,220,0,0
¢,0,0,0,0,0,190
D,0,0,0,0,0,170
X,250,200,0,0,0,0
Y,0,0,0,0,0, O

supply_mincost2.dat

supply=
[Alo
[BlO
[CIo
[D]O
[x]1-8

[Yls;

m Z RTETRIRE (SAMPLESYHISEE 1.prj 3)

G ETHBRNRTEHRARMER RN EHRHETIZ, 2y b7 =2 L& 1 HEOL O LR TW
FHATLZ oL, BEMRRTELAY N7 =2 E2BEBOLDOIFHRNLE V) F—AB DY
9. ZudiREIE, SBOmYE ZNTIRND DN E THIXT 5 L W) LEICHH SN

BT, WERELLOFETIRHIRTHET.

m %IE

HHMEFEZ, X OB T TRE LS HO/MER 2 Y TTORVEE T 1 HIZ 8kg fID TV
9. 261, MUEH T TEELL) EAHODINEREZ ZTHO) EART T HIZ 13kg 1D
TWET. ZoOB, TORD LI, BHRIHE»SVE, BB TEE»S ) EART Tk 5
WKW OPOMBEZFRELTVES. 72, 2200HNOMTI1 HIGERL SV HONERE S &
AMDONERDOGEHED LR (kg) PROBFOL ) IZHRESTVET. 51T, 2 200HHDM
TN HONERR ) EARDNER % kg ik 2 I T ORISEPN TV DL 2T OB H
DNET. ZoLE, NUHONERE D) EARONERERD SNTBIZTMND DB bR

SIMPLE fllES BB NTT -8B T L
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Fid1 HIiZoERIEWSS5TL & 9.

O——®
/ ©
@

X IT L Tpe INCRONEROEEXE 5 EARDNERORXE

BB THX A 12 11
WhIY%X B 10 12
A 4 5
A NVREY 11 -
B A 6 7
B C 11 9
C NVRBY 9 -
C VEARZ - 5

9, FHRENV— MIOWTHS Y HONR Ol L ) EAHONE ORERERIEKE LT
BT, 72720, D EARIINVHONER ZEE L) N VRIZ) EAHDONER A L) T
L22LEHYFRANOT, TNHICHRTAIERIC I TRES LAVWILICLET

WIZ, HWBEEIZOW TR EHRMEOR EFRRICEZ 228125 3. 72720, SV
INERYE D EAO/NER TR T A MARL L SIIIEESLETT

BB, HIRSETEZEZET. Bkl — MIOWTIRIESICH 5 & 95128 oM ER Ok
wE ) EAHO/NEROSEROMD ERZE 2 22w ) HIREME2RETY. 72, RAFEHICD
WCTIEH M E RIS LG AT 2 T2 0EPH D 5. 012, [[1A%T L] Ew) 2 Liddy
2 EFEADTERIZOWTCIHRATIKSLETT

DEozers, RO IZERLTEET.

T8

PWheatxy, UWheatx, B THH 5 A Hi i~ % =
PWheatxg, UWheatxp B T 5 B Hi iD=
PWheatyc, UWheatc A MRS C H A D % =
PWheat sy A HE D S8V BAO R
PWheatgs, UWheatpy B i 5 A Hi A O %
PWheatgc, UWheatpc B #1575 C Hi S~ Dk
PWheatcy C HE A 5 2% v B D &

SIMPLE fllES BB NTT -8B T L
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UWheatCZ C i@,‘:‘—iﬁ‘ [5 ;) &°/v§’\0)$ﬁi§§

BRIBI% (&/I\b)

12PWheaty, + 10PWheatyg + 4PWheatac + e % 2
11PWheatay + 6PWheatgs + 11PWheatpc +

9PWheatcy + 11UWheatx, + 12UWheatxp +

SUWheatsc + TUWheatgy + QU Wheatpe +

SUWheatcz
LS 33
PWheatxs + UWheatys < 15, Kk )V — b Ol EO FRZ M2 v

PWheatxg + UWheatxp < 12,

PWheatsc + UWheatac < 18, PWheatay < 3,

PWheatgy + UWheatgy < 3,

PWheatgec + UWheatpe < 10, PWheatcy < 10,

UWheatcz < 15

PWheatys + PWheaty = 8, XY DRI % PRAFHI
PWheatsc + PWheatyy = PWheatxs + PWheatp,,

PWheatgsy + PWheatge = PWheatyg,

PWheatcy = PWheatsc + PWheatpc,

8 = PWheatsy + PWheatcy

UWheatxs + UWheatxy = 13, I EAHDNERZE T 5 RAEH
UWheatsc + UWheatay = UWheatxs + UWheatg,,

UWheatgs + UWheatgc = UWheatyg,

UWheatcz = UWheatac + UWheatpc,

13 = UWheatcyz

PWheatxs > 0, PWheatxg > 0, PWheatsc > 0, ik IZ B3 A IEA IR
PWheatay > 0, PWheatgs > 0, PWheatgc > 0,

PWheatcy > 0, UWheatx, > 0, UWheatxg > 0,

UWheatsc > 0, UWheatgy > 0, UWheatpc > 0,

UWheatcz > 0

I % SIMPLE Tt A5 EKDEHI12h D T,

multiflowl.smp
/1EBDES
Variable

PWheat_XA,PWheat_XB,PWheat_AC,PWheat_AY,PWheat_BA,PWheat_BC,

SIMPLE fllES BB NTT -8B T L
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PWheat_CY,
UWheat_XA,UWheat_XB,UWheat_AC,UWheat_BA,UWheat_BC,UWheat_CZ;
//HWEEOES
Objective total_cost(name="%%%ﬁf§%§",type=minimize);
total_cost=12*%PWheat_ XA+10*PWheat XB+4*PWheat AC+11*PWheat_ AY
+6*PWheat BA+11*PWheat_ _BC+9*PWheat CY
+11*UWheat_XA+12xUWheat_XB+5*UWheat_AC+7*UWheat_BA
+9*UWheat_BC+5*UWheat_CZ;
//HEE IV — h T Ok LR
PWheat_XA+UWheat_XA<=15;
PWheat_XB+UWheat XB<=12;
PWheat_AC+UWheat_ AC<=18;
PWheat_AY<=3;
PWheat_BA+UWheat_BA<=3;
PWheat_BC+UWheat_BC<=10;
PWheat_CY<=10;
UWheat_CZ<=15;
/173 Y TD/NERIZ B % PRAFH
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 A ONEHRIE 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;
/7RI
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;

ZZT, SIMPLE TORh%Z X D BRI OICL T ZEICLET. 207202iE, Milio%s
OWMEEEAL, SFSELT—FIIHRTELLIICTLILEHTT. T, HxEo LR
flie EORMKN LT — 5 BHRDLZFNEEPOH25 L)L TBEFT.

T5&, ERMLIZOVWTIRKRDO L) ICEBTEET.

SIMPLE fllES BB NTT -8B T L
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53

&8

City=1{A,B,C,X, Y, Z}

Lok S

8

PWheat;;,i € City, j € City

i 25§Dy O/NER Ok

UWheatij,i € City, j € City

5 jND ) EAHONER Ok

ER

upper;;,i € City, j € City

i 5 j Ok ED LR

PWheat_cost;j, i € City, j € City

1225 j NOEREDBEI D% 73 2 FHO/NER 1kg
Hizh 0B

UWheat_cost;j, i € City, j € City

i 5 jNOEEDOBINI 05 5 & AT O/NER
lkg H72) OEH

PWheat_supply;,i € City

i TON Y HO/NZERY 1kg DFRAR &R O A

UWheat_supply;,i € City

i TOH EAMDNER 1kg DiEAR L TIEED
7

HER% (&/Mb)

Z Z (PWheat_cost;j - PWheat;; +
jCity ieCity
UWheat_cost;j - UWheat;;)

GEPES S

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

i 5 j Ok ED LR

Z PWheaty, — Z PWheat,; = PWheat_supplyy,
icCity

Vk € City

JjeCity

KM TON Y HONER Ol E

Z UWheaty— Z UWheat; = UWheat_supplyy,
ieCity

Vk € City

JjeCity

KA ETD D EAHDNER DR

0 < PWheat;;,V1i, j € City

23 Y DRy D D IEA Y

0 < UWheat;;,Vi, j € City

9 & A ONER Ok = D I K

SIMPLE Tl $ A L RD L IR, HIFLEDOVIDLVIHRICL-TWAI NS0 1.

multiflow2.smp
/1T DOEEDES

Set City;

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

/1EBOES

SIMPLE flz&s

MRS NTT FT—FHIEVRT I
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Variable PWheat (name="/%> [ D/NEWR OWiEEL" , index=(i,3));

Variable UWheat(name="") &AM D/NER Ok EL", index=(i,j));
/13T A —F DEF

Parameter upper(name="$ﬁﬁ§§%09J:KE",index=(i,j));

Parameter PWheat_cost(name=”/{Z/fﬁg)d\ﬂi*QO)ﬁﬁf§§§fﬁ“,index=(i,j));
Parameter UWheat cost(name="") & AJHD/NEHD mié%%fﬁ",index=(i,j));
Parameter PWheat_supply(name="PWheat_supply",index=k) ;

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

Objective total_cost (name="#2#i% % ", type=minimize) ;
total_cost=sum(PWheat_cost[i, jl*PWheat[i,jl+UWheat_cost[i, jl*UWheat[i,jl,(i,]));
J/EEN— T Ok EO LR

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

/173 D/PNERIZ B % PRArH

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

/19 EADNERZ BT 2 A

sum(UWheat [i,k] ,i)-sum(UWheat [k, j],j)== UWheat_supply[k];

WE =V LS

PWheat [i,3]>=0;

UWheat [i,j]1>=0;

B, FEARIIZRD3IDOD sy 774V (Hikmd LR - XY HONEROWREER - 5 EAH
DINER DML ) & 120D dat 7 7 4 )V (PWheat_supply 3 & UF UWheat_supply) %52 F 7.

PWcost_multiflow2.csv upperdata_multiflow2.csv
I8 Y HOMNER Dk L A,B,C,X,Y,Z %o LR ,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
Z2,0,0,0,0,0,0 2,0,0,0,0,0,0

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

) EAHDNER D% L A,B,C,X,Y,2Z PWheat_supply=[A]J0 [B]O [C]O
A,0,0,5,0,0,0 [x]-8 [Yl8 [Z]O;
B,7,0,9,0,0,0 UWheat_supply=[A]JO [B]O [CI]O
c,0,0,0,0,0,5 (x]-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

COETNEFATLIHERD?S, RBH494 122 L) CETAEH&ETHY, FIZITKROM
DEYPNRVHONERE ) EARDNER ZWET DL XNV L5 ) 7.

XV OB Ok 9 EAHO/NER O

m P AT 17 EIRE (SAMPLESYISEE 2.pr] 2R)

Mifk % EOHEICHET % L B2 O 0% KD 5 ik AL E A, #WEIEZz SIOSHIhTwE
¥, RiXECEMEOT S, ZOfMTp AF4 7 VME%Z, KOMTpLy 7y —MHEZIY LT ET
B, AF2— M) TV TREBTIFELHT LM (HHRIE [FEL] LIF0ET) THYEH
WCHiR 2 BT 2 Z T REL N T H L EMREL 7.

FF, ATAT VIOV THBELEY. A7 7y ERBTFEMND O ERE LT (5%
[MEek i) L ET) ~OBBHHOBRNZR/NMNITLIHOZILETT. ZLTC, TOXATA T &K
DLEMEOZ LE2AT4 T VREENCET. 4B, BRI EOREOTEEL D LNIEHEENRT L
WCRZD) EFTOTHEAM EORBEHMLR/MNITAI LI ET. F2, Mz 1 HHicids<

EHNCHRE T A L) R p AT 4 7 VHEEFOFE T,

B %iE

HoHEER ATHPSFHETO 6 THOTNS 2 00 WHICH T/ S— EHELE) EE R T
WEF. ZoRE, HEME TORBEIEE L R/AMNITL7-0IIEEONICHIET S ERVTLE D
2 BB, BHOANNIETOEDI I hoTwET. 72, 2HHOBEIATORD X ) 12
oTWwWET. 72721, BEHEMIIN TV R 2 #TH OB MRS 28 h L7z & & ofiiisk
rRHLET.

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 %mV‘T%ﬁT% &, %’ib:o‘/‘f inj f)i\l.’c&)é kl/‘)) :&0:7&?) i

T.%%K,%@iif?kmﬁtfw&wﬂﬁtmﬁéﬂfﬁi5ﬂ%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
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DrkoztrzFeosr e, kROLHIZERLTE T,

57

0-1 ZH

XAA> XAB> XAC> XAD> XAE> XAF> XBA> XBB> XBC> XBD> XBE>»
XBF> XCA> XCB> XCC»> XCD»> XCE> XCF> XDA> XDB> XDC>
XDD> XDE> XDF> XEAs XEB> XEC> XED> XEE> XEF> XFA»

XFB> XFC> XFD> XFE> XFF

BEIRE% (R/IME)

800(7x4p+2xac+13x4p+19x4 5 +17x47)+550(7 xp4 +
8xpc + 6xpp + 12xpE + 10xgr) + 780(2xc4 + 8xcp +
14xcp+20xcE +18xcr) +600(13xps +6xpp+ 14xpc +
Txpg +4xpr)+1020(19xg4 + 12xgp + 20xpc + Txgp +

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

Hl#I =M

XaA + Xpp + Xcc + Xpp + XEg + XpFp = 2

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

071 Z2EHETLIONERDITVHEHR

ZET DD RKTER

AN X AR B B A

2 I S
VNI P

B ifii& 1 AT IZE o

C & 1 BpT AL s

D i 1 AT IS

E i 1 B@Aricht s
Fifiid 1 f&pricicos
HUE LT A 88T FL

ZOFEREZDF F SIMPLE Titilb 975 L IRDEH 2D 7.

medianl.smp
/IEBDES

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 flz&s

MRS NTT FT—FHIEVRT I
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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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LTBEFET. 75&, BMLICOVTRO LI ICHZTEE T T.

&4

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

0-1

x;j,i € City, j € City 0F2Z1Z2EBMETHONE EZITHGEIN

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;}) HAA R )R

ieCity jeCiry,izj

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

FREoxX% SIMPLE TRtk 45 &, RO XHIZHD 3. Z&d, HKH P AT 2 Numerical Optimizer
TOFETREICEMTOEEOEMN L LRI T2 7 7 A V6 HEWICEERL 9. £72, simple_

printf) Z FHWIET 28T OAREZERTHLHIICTRLE L.

median2.smp

/1T DOREDES

Set City;

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

[/ A=Y DHEF

Parameter distance(name="2 ZRTII DB, index=(i,j));
Parameter population(name="#i® A", index=i);
/IERDOES

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

Objective total_distance (name="#&%% B i ft » ,type=minimize) ;

/1 /IR S

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

SIMPLE fllES BB NTT -8B T L
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sum(x [k, k] ,k)==2;
sum(x[i,jl,j)==1;
x[i,k]<=x[k,k],i!=k;

/IR LHES 2882 1 %

solve();

simple_printf ("%s WIZHIE Y 5.

E28

\n",k,x[k,k] .val==1);

B, FARICKRO 2HBTHHOEHEEZ KT csv 7 74NV () ERHTOAN%ZEKT dat 7 7 4V (£7)

zhH2ET.

distancedata_median2.csv populationdata_median2.dat
2 #R T OB, A,B,C,D,E,F LT T2UNEE
A,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"]11020

F,17,10,18,4,3,0 ["F"]1360;

EEHIRBDBNH XU SIMPLE TOECHHI

COETNEFEITTHERDFERVPEN, ATHEEWHICHETLZERWI &b F7.

ATHICHIET 5.
EMICHIET 5.

m P45 —FRIRE (SAMPLESYfISESE 2.ori ZR)

HIffiop A7 4 7 VR, TEALHREOMO (EAfME) BREBIEHEZRNNITLEVIH
WTELNMETLA. C0k0, HTEMPOHZN T TOVYNLBEEHL &N TL L) %
e c&d £9. LaL, MoPhICTRES LR N O M2 ICHN TW A HAELENEENT
WRIREMEDH D £3. Zo, ZOHITHE) ptry—MEZ, (EATES) BEIEEEHRGIIKZ
WHLAEDEEES WL ) ICREZ T HHEE LI LS TEET.

TZC, vy —LBELEVVEENSLLO (EAMTE) HLZRNITIHENDOIET, 20D
MEROLIMEOZ L2y y—EEVWET. 4, pRATICHIRZEET S L) 28541 p &
vy —ME LI, HHEO LD BRiEEZRET S L) REAICHORTwET

B fE

HHEEL ATHLPSLFHETO6HOFNS 2 0OWICH T /=2 HIELL) EEXT
WEg. oK, #ilisoMEF COERAM EBEHEMORAEL R/MNIT 57201213 EDTIC
HIETA2EHRWTLEID. 2B, FHOADRETORDOLHIIZE->TwET. /2, 21HiHO
HEEIATORO X ) 1> TWET. &b, BEHEFIZN TV AR 2 #00 H o HEki to#h % &

SIMPLE fllES BB NTT -8B T L
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#R i
ATl
Bili
Cili
Dl
E i
Fili

MLz EomREHBEZHRHAL 7.

NS
800
550
780
600
1020
360

61

HIEiOFEE OENZH B2 TY.

D7D, HiEHOBETOE LRSI OW

TIECoBIETHZOF FMHL T TOTHMIAHZBRL TS

HIWBEUZOWTIE, #mid ol COEMF EBHFMORKMEEL VI LI FT. F
T, WHi2OWE j T TOEAMFEBHHEZROET. ZNiF x; = 1 OFICE®REZRHOLOTT
M0 i MO, iOAOZLTx; D3 22HITELELDDELRYIT. &b, i=jOKRKIEIO
FREHICOWR D FTOTHEICIIEDRWILICLET. KIS, FH0L)BI=~y 7 AEED
ERALTO—D2DT 7=y 7 LTERy ZH72IEALET. ZoOk, HEAMNXBEHEESZLE
NvUTFTHDLEC)FRIEMLZMA S Z L TVvICEARM EBBFEORKMEE W) BERE 25
TENTETY. LoT, ZHvHINFHMEKERY £

Doz enrs, kokdyiceecx 4.

0-1 EH

XAA> XAB> XAC> XAD> XAE> XAF> XBA> XBB> XBC»> XBD> XBE>
XBF> XCA> XCB> XCC> XCD> XCE> XCF» XDA> XDB> XDC>»

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

XFB> XFC» XFD> XFE> XFF

ERER

1%

BrE% (&/IML)

v

SIMPLE flz&s

0F/FZ1Z2EHIETLONERDITVHEHR

B EZLRODPEERTEL

H AN & BB EEEED F KA

H AN X BEYHRE O R

MRS NTT FT—FHIEVRT I



62 F28 BEFEDBENB LU SIMPLE TOCHH!

GEPES S

v > 800 X 7xap, v = 800 X 2x4c, v = 800 X 13xap,  HHEAN S BB HMEIEARMEZ B 720
v > 800 X 19x4g, v = 800 X 17x4F, v > 550 X Txpa,
v 2> 550 X 8xpc, v = 550 X 6xpp, v = 550 X 12xpE,

v 2 550 X 10xpp, v = 780 X 2xc4, v = 780 X 8x¢p,

v > 780X 14xcp, v > 780 X 20xcg, v > 780 X 18xcF,
v 2 600 X 13xps, v = 600 X 6xpg, v = 600 X 14xpc,
v > 600 X 7xpg, v > 600 X 4xpr, v > 1020 X 19xg4,
v > 1020 X 12xgg, v > 1020 X 20xgc,

v 21020 X Txgp, v = 1020 X 3xgp, v = 360 X 17xp4,
v > 360 X 10xpp, v > 360 X 18xpc, v > 360 X 4xpp,

v > 360 X 3xrg

Xaa + Xgp + Xcc + Xpp + XEE + XpF = 2 2 HBTT L )

XA + XaB + Xac + Xap + Xag + XaF = 1 AT 1 BT ICEC ST

Xpa + Xpp + Xpc + Xpp + Xpg + xpr = 1 B ilii& 1 fEATICE 5

Xca + Xcp + Xcc + Xcp + Xcg + xcF = 1 C g 1 fEaT Ik sy

Xpa + Xpp + Xpc + Xpp + Xpg + Xpr = 1 D & 1 AT il

XEA + Xgp + XgC + XEp + XpE + XpF = 1 E i3 1 BB sy

XpA + XFp + XpC + Xpp + XpE + XpF = 1 Filild 1 BpTicE s

XAB < XBB, XAC < XCCs XAD < XpD, XAE < XEE, HE LT a0 1B 55

XAF < XFF, XBA < XAA, XBC < XcC»> XBD < XDD,
XBE < XEE, XBF < XFF, XCA < XAA, XCB < XBB,
Xcp £ Xpp, XCE < XEE, XCF < XFF, XDA < XAA,
XpB < XBB, XpC < XcC, XDE < XEE, XDF < XFF,
XEA < XAA, XEB < XBB, XEC < XcC» XED < XDD,
XEF < XFF, XFA < XAA, XFB < XBB, XFC < XCC,»

XFp < Xpp, XFE < XEE

ZDFER % SIMPLE Titih 975 L RD X H 2R D 9.

centerl.smp

I/ EBRDES

IntegerVariable
x_AA(type=binary) ,x_AB(type=binary) ,x_AC(type=binary),
x_AD(type=binary) ,x_AE(type=binary) ,x_AF(type=binary),
x_BA(type=binary) ,x_BB(type=binary) ,x_BC(type=binary),
x_BD(type=binary) ,x_BE(type=binary) ,x_BF(type=binary),
x_CA(type=binary) ,x_CB(type=binary) ,x_CC(type=binary),
x_CD(type=binary) ,x_CE(type=binary) ,x_CF(type=binary),

SIMPLE fllES BB NTT -8B T L
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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;
/1 AN S B HRE O R KO R/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>=bb50*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 e
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;

COFTFETEIRELSHDIZLWTTOT, HifiE FEIC SIMPLE TORM % flji# 72 b DIZ L T {
ZEIZLET. 2o, Mo TRKO LI b0 LET

&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
BEILOPERTER

EREH
AR BB REO K fiE

T

distance;;,i € City, j € City BT 1 A S H j E TOMEE

population;, i € City i o A

BRYEEH (R/IMb)

v AT E BB FRRE O K fE

Hl#IS 1

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

D=2 2 T

ieCity

D" xi=1,Vi€ City KA 1 BT

JjeCity

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

3% &, SIMPLE TIIIRD X 9 B itz ) 4

center2.smp

/BT DEEDES

Set City;

Element i(set=City),j(set=City) ,k(set=City);
/13T X =5 DEF

Parameter distance(name="2 %Bﬂ?ﬁQO)EE%E",index=(i,j));
Parameter population(name="#li®d A", index=i);
/1EBDES

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

//HEBDES

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

4 L SES S
v>=population[i]*distance[i,jl*x[i,]j];

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

SIMPLE fllES BB NTT -8B T L
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sum(x[i,j],j)==1;
x[1i,k]l<=x[k,k],i'=k;
//RELET 28 A 15 %

solve();

simple_printf ("%s HIZHIET A, \n", k,x[k,k].val==1);

65

FATT HBTIE, ATETOBIRE & FARISRD 2 M OBREZ K csv 77 AV () EBHHTON

Hx&$dat 7740V (5) 252%7.

distancedata_center2.csv populationdata_center2.dat
2 AT OB, A,B,C,D,E,F #ii o NI =
A,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;

COETNERFTTHE, HfiOop AT 4T VREOROM R L ITELD, ATE FililCHET 2

ERWZ ENRDbRD 7.

m KEtE—IV AV /RERE (SAMPLESYGISEE 2.orf 287)

KL — VA< VL, = VA YPHLHHENOMFEL, ETORHHEZIHM LT, HZEH
IR T 256, L0 X9 RIEEF T 205 OREFETH L0, LWHRETYT. ZoME
RIS N I ABHEHLTHRLTDI IV EVIREDH D TTH, T2 TR, RRIFHNLH
WIS TH B L) REDHEZ AL . 72, —EAIN AR 2 #EH L THI ORI

5L BYER3ER NI EELET.

m %IE

2% LRI E R D TL &9 D

WKDT 573 A, B, C, D&, OV v 7 OMEMREZELZKTY.

BN HMIEL, EToORMTTZHM LT, BEMAIGET 256, £0 X9 2NEF Tl

Z O % F P > A 7 A Numerical Optimizer T { 72D AL Z TV E . ABIED % AALIZ L
WK [4] 225 D5 HTY. “IXTCOMATZHM L TS/ RET 2" L) eid, —FEHZORK

SIMPLE fllES BB NTT -8B T L
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BEZER L7290, FEOEORM 2 MM SITHRL TS InwZ LiZah) ¥4, 2 2 TIHRICHTT A
IR E T 5 EICLET.

ZEHRIZOWTEZTL L), LORHHL EOMTIIHE > TV 22 RETLMETTOT, 5
HH2HMNOH M RETL2HEI21 280, BEILZWEEIZ0%2 LS X)) % 0-1 ZH xap, xacs
XAD»> XBC»> XBD» XCD» XBA» XCA» XDA» XCB> XpBs Xpc B AL F 3. BIZIE, xap 13HH A 225301 B ICRH)
TAHEGI12EY), BELAVEAICIZ0ER L) $9.

KIS, /METNE HOBERIREREICR Y 30T, SO Hv T,

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

EERBTHILEPTEET.

REBICHFI R T, Rt — )b~ 2 HEFAORIK, “FXToliZziiM L TREYT 2" Z2EX
b 2LEPHY 3. ZoORKIL, “BEHH»OBHET O 1 DICBET 27, "SI EmTo 1>
POBETL" LwIHfll#EEATT. BlIE, BBl AICOWTIE,

XAB + XAc + Xap = 1: %BT_H A 75“55"]%5?5@ 1 O‘I:@ij‘]j—é
Xpa + Xca + xpa = 1 2 W A WZHIERTT O 1 O RE)T 5

V) R LT
FROBFKZTTEATHTHY, bHIPLHKEMZ L2 LErH Y T3, H2E4R51E, LidoRs
Wi, xap=xga=lxecp=xpc=1¢%25 L) %R, 2F)—FEHEXCTEHNTZHMNTLIENTER
WE ) BRBAFENTLEI NS TY. REt— VA< METIE, —FEXOFKEY 7 — LI
O, [H#BTE A —=#R T B =8 Al O X5 %, $XTOMBTEZHIH L Ty 7—2fF 7Ty 77—
IO ES. Kok — L A< HETE, EREICNAT “IXRTOF 7Y 7—2¥ k32" L)
HRDPLEICRY) 3. ORI EEBT 572012, HREREFENDZEE s, ye, yp ZHEAL, #
Wi B, #ilic, #HDAWHEDLY T —2PBRT L VIHHZEALTT. ZofHl#i,

yB—Yc +3xpc <2 ey
YB—Yp +3xpp <2 2
Yo —yB+3xcp <2 3)
yc=Yp+3xcp £2 C))
Yp—YB+2xpp <2 5)
Yp —Yc +3xpc <2 6)

EEBTHIENTEET. ERHBL2S, BIIX (1), Q) oflfomlzELEadbes L,
3xpc +3xcp <4

%Y, xpe=xcp=1 F&bb [#ili B>Mili C>#HiB] DL Y7y 7—%HkL, 7
(D, @, ) OflFOmLERELELED L,

3xpc +3xcp +3xpp <6

SIMPLE fllES BB NTT -8B T L
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E7%0, xpc=xcp=xpg=1, T&bbH, [#li B>l C WA DAH Bl 0L 2% Ty 7—%
Pebrg 2 2 3T 3. Ml A ST 2 HHSRTBIN VDR, BERLYT—£TeLPBRL
VLT HOTT. 2F), BHTAZELY T 0N, MTAUITHREINL Y T —%2 T
THEBR T2 2 L2 RBL TV T T

LA THHER g ye, yp 13, INZETHOMEFL 2 SN ET. FI2IE, #ili B -0 C % 2 #%
BEFD, T4bE xpe =1 LML ET. WK ) Byczyp+1 ZRLET. 72, (D~O) BTN
TH—DFEZLTw5E I Eh 5, max(y;c e City)—min(y;c € City) <2 b0 5728, FGyc=yp+1
BT B EDPEPNTT. ZOXHILT, y (B, CDOVTADY) BATy 71 %Zdo
TEMFEH»G2oNET. ROBFHX (7)., ®). ) ZHEATLIELT, y B 125HF5 L) ITHE
TEET. ZOXHILTRMFL, MlTAZREL T2 LHOEH A K- TL 2 TORENEE
—HEEDENETT.

1<yp<3 @)
1<yc<3 ®)
1<yp<3 )

UEoz s, kOoLHIZERMETHENTETT

0-1 EH

XAB W A 2 S8 TH B ~BEHT 5050
Xac Wil A »HHEH C~BEHT S 050
XAD A 2 S8 D ~NBE)T 2 h
Xpc #7H B A ST C ~RBET 2 0
XBD #l B 2 H AT D ~NBET A0S
xcp il C 2 S D ~NBEHT B BN
XpA B 2 SERH A ~NBET 2 0 E
xca #H C ST ANBET L 9 EHH
XpA #71 D 2 HET A ~NBE)T B 0T
XcB il C 2 SHER B ~BET B 1A
XpB i D 2 S4BT B ~NBBET % A
Xpc #7H D 22 HHETH C ~NBET 5 EH
FREZEH

VB T B % &Kl 2 EF

ye Rl C %& Kl 2

Yp #7H D % R [l9 5 MEH

BRUEEH (&/IME)
6)CAB + SXAC + SXAD + 7xBC + 4xBD + 3xCD + 6XBA + ﬁ%%

SXCA + 5xpa + Txcp + 4xpp + 3xpc

SIMPLE fllES BB NTT -8B T L
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%

XAB + XACc + XaDp = 1
Xpa + xpc + xgp =1
Xca + Xcp + xep =1
Xpa + Xpg + Xpc = 1
XBA + Xca + Xpa = 1
Xap + Xcp+ xpg =1
Xac + Xpc + xpc =1

Xap + Xgp + Xcp =1

F28 BEFEDBENB LU SIMPLE TOCHH!

il A 2SR O 1 DICBET 2
#ili B 2> SO 1 DIZHE)T 5
Wil C 2SO 1 DICBET %
#ili D A SR HI O 1 DI EIT 5
#H A RIS 1 O S RET 5
#H B ICHETT O 1 O H5BEHT S
i C 2T O 1 o2 oBET 5
#H D BT O 1 O SR8 T 5

YB—Yc +3xpc <2
YB—Yp +3xpp <2
yc—yp+3xcp <2
Yc —¥Yp +3xcp £2
Yp =Yg +3xpp <2
Yp —Yc +3xpc <2
1<yp<3

1 <yc<3

1<yp<3

7 7 — PR
B 7 7 —HEBR IR
7 7 — BRI
F 7 7 — BRI
T 7 7 — PR
B 7 7 —HEBR IR
i B & 2 EF o TR
Wil C #FN 5 EED L TR
i D ZFN B INEFE D F TR

Z
o

OFEIL, 28201 ZHEEHREHPRES>TEY, BN #HHXeTHBELZOT, |
B HEMEE 20 9. B AL L7243 % SIMPLE CTitih 3§45 T L S22 ) T

TSP1.smp

1158
IntegerVariable
IntegerVariable
IntegerVariable
IntegerVariable
IntegerVariable
IntegerVariable
IntegerVariable
IntegerVariable
IntegerVariable
IntegerVariable
IntegerVariable
IntegerVariable
// BIRB%

Objective route(

SIMPLE flz&s

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) ;

name="#FH K", type=minimize) ;

MRS NTT FT—FHIEVRT I
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route=6*x_AB+5%x_AC+5*x_AD+7*x_BC+4x*x_BD+3*x_CD+6%x_BA
+5%x_CA+5%x_DA+7*x_CB+4*x_DB+3%*x_DC;
/ /R

Variable y_B;

Variable y_C;

Variable y_D;

/] D HRERH O 1 DICBET 5
x_AB+x_AC+x_AD==1;
x_BA+x_BC+x_BD==1;
x_CA+x_CB+x_CD==1;
x_DA+x_DB+x_DC==1;

/7 BEHIZHIHRHT D 1 D9 BB T 2
x_BA+x_CA+x_DA==1;
x_AB+x_CB+x_DB==1;
x_AC+x_BC+x_DC==1;
x_AD+x_BD+x_CD==1;

/] HTIT —EHRT 5
y_B-y_C+3*x_BC<=2;
y_B-y_D+3*x_BD<=2;
y_C-y_B+3*x_CB<=2;
y_C-y_D+3%x_CD<=2;
y_D-y_B+3*x_DB<=2;
y_D-y_C+3*x_DC<=2;

/ /&AM 2l B NEF (3 T 2 B CHR T B
1<=y_B<=3;

1<=y_C<=3;

1<=y_D<=3;

RN

solve();

/77

x_AB.val.print();

x_AC.val.print();

x_AD.val.print(Q);

x_BC.val.print();

x_BD.val.print();

x_CD.val.print();

x_BA.val.print();

x_CA.val.print();

SIMPLE flz&s
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x_DA.val.print();
x_CB.val.print();
x_DB.val.print();

x_DC.val.print();

F28 BEFEDBENB LU SIMPLE TOCHH!

O PHRCHEZ ESETHEDTOL %) 5.

&4
City = {A, B,C, D} # DA
City_ = {B,C, D} s R U DR O LS

EH

disc12,cl € City, c2 € City

R c1 L HRTT 2 DRk

num

B4 City. DEF

0-1

Xc1c2, ¢l € City, c2 € City

Tl el 2 HERTH 2 \CRBET B 0EHmh

hEZEH

Ve, ¢ € City_

Tl ¢ %0 2 N

HE9B% (&/Mb)

discch)Ccch
cleCity,c2eCity

RS

%
Z]%mzlﬂdecm Rl c1 22 5 BIERT O 1 D128
c2eCity
Z:%mszaeaw Rl 2 IR O 1 2% & B H)
cleCity

Vel — Yo + num - xXe1p < num — 1,¢cl € City_,c2 €

City_,cl #£c2

79 7 — &P

1<y.<3,¥YceCity_

i ¢ %85 NEFF D F TR

Wiz, B (BETEOEE) 27— 77 A VH 5525 SIMPLEEFVERLET. 20X
WCETFNVETF =7 25T 528128, HHEIZLboE LTHTF—F 774 VEEET H20)

THIBTEL EHITR) 7.

TSP2.smp
/IBEEWRT

Set City(name="#BTi");

SIMPLE flz&s

MRS NTT FT—FHIEVRT I



2.12 ¥Et—)VAYVRE 71

Element cl(set=City);

Element c2(set=City);

Set City_(name="{F&Hh i % Bz < #Bilin) ;

Element c_(set=City_);

Element cl_(set=City_);

Element c2_(set=City_);

1178 X =%

Parameter dis(name="Pf#f",index=(c1,c2));

Parameter num = City_.card();

/158

IntegerVariable x(name="F2HE" , index=(c1,c2), type=binary) ;
Variable y(name="JJE%",index=c_);

/7 2B

Objective route(name="#¥I% ", type=minimize);

route = sum(x[cl,c2]*dis[c1,c2], ((cl,c2),cll=c2));
/1 FHAD 5 1 DD TT~BE T B

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

/7 BRI 1 DORIERT A S BB %

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

/] TV T —%PERT S

ylc1_ 1 - ylc2_1 + num*x[cl_,c2_] <= num-1, cl_!=c2_;
/7 NEFE @ T BRI

1 <= y[c_] <= num;

/13K

solve();

/117

x.val.print();

y.val.print();

route.val.print();

T—=% 774N (datTEX) ELLFOLHITR) 7.

data.dat
w#iir = ABCD ;
I FEHb A B CEBTY = B C D

"EE%’E" =
[A,B] 6 [A,C] 5 [A,D] 5

[B,c] 7 [B,D] 4

SIMPLE fllES BB NTT -8B T L
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[C,D] 3

[B,A] 6 [C,A] 5 [D,A]l 5
(c,B] 7 [D,B] 4

[D,C] 3

COEFNVEEITTLE, yBl=1,y[Cl=3,y[D]=2 &%, #di A—=#H B—#ki D —=#6 C —
HWADRFETBHTL2O0REME LD . TORKRIZI8THAI Lhbr) 5.

m 2|24R9RE (SAMPLES¥HIfEE 2.pr] BR)

FYREIZBES C OEFICHH I TV E T, ST TIRERNZELMEOFIE LY 1y, #
YREDESCD T 7 =y 7, ETFVLOH, KB LHEICHT 57 7a—F kel L7

2.13.1 E=HmEEE

FIMRE L, BEADEEEZHREBOREOENIIHI ) B TH L2 RET HHETY.

T/, EIMMEIIAHZHOLMEICEZIRZ A2 TETT. FiloME, ~AHZHED 5
A A=Y TETEUTORDILIIZHY T

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

HMEII ZAOHD OV =V ERHRHEEE L THR 52 812X T, i s OMEICTIET 52
AMeETH) e TE T, HUMEORHABE LT, FIZIZUTOL0RH) 7.

SIMPLE fllES BB NTT -8B T L
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o N EHBCIHE &

e V7 MRV a—Y v ITRE

o FCHLR] [

e MR ¥ a—Y ¥ REME
o=y b7 M —iEME

2.13.2 BN 2D EIE

CITIEEY, YAHZHMOLZITOMEEZEZ TVWETT.

B &
Axd DX AHDBH Y TT. COYALCAXBEBELZVOTTY, ETOHEIICE L THOMA2 >
WA EHICHELTY. STEDIHNITEITIEEWVWTL & 9 2.

12314
1
------ >
2
3 I B2 2 ff§ o
4
------ >
v v v v

$E1 2 fHFo \

COMEZERLT 5720121, 0-1ZBEHCLLEDNH ) £3. ZoOMEOEEUTORD X9
2, B RAITHLTOo-1 RIS SEET.

1 2 3 4
1| xI1 | x12 | x13 | X14

x21 | x22 | x23 | X24
x31 | x32 | x33 | X34
x41 | x42 | x43 | X44

AW N

TERALETHLEUTOLHIZRY TT.

0-1 %
X11, X12, X13, X14 FNENOAICAZEL LT 1 EIZWER
X215 X22, X23, X4 5i30.

X315, X32, X33, X34

X41, X425 X43, X44

SIMPLE fllES BB NTT -8B T L
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HrEI%

Ll OGS

X111+ X2+ X133+ X14 =2
X21 + X220 + X23 + Xpq4 = 2
X31 + X32 + X33 + X34 =2
X41 + Xg2 + X43 + Xg44 = 2
X11 + X21 + X31 + X471 = 2
X2 + X2 + X33 + Xgp = 2
X13 + X23 + X33 + X43 =2

X14 + X4 + X34 + X44 = 2

F28 BEFEDBENB LU SIMPLE TOCHH!

ZOMEIZITHBE I 2w

LATHEMICHZ- L XICHE 2 D1 <
2ATHEMRICH - L X2 ITHE 2D <
3fTHAMICH L ZI2H % 2 DfE<
4ATHRBRICHZE ZIThHE 2 D1
1 HZHEIC Rz &iIchaz 200 L
2HIHZMECHI-E ZI2AE 2 D1 <
3FIH AMEIC L ZITHE 2D
4HIH MR E ZITHE 2 DL

ERAL L7k H % SIMPLE Ttk A5 EUTO LI ¢

fieldassignl.smp

IntegerVariable x_11(type = binary);
IntegerVariable x_21(type = binary);
IntegerVariable x_31(type = binary);
IntegerVariable x_41(type = binary);
IntegerVariable x_12(type = binary);
IntegerVariable x_22(type = binary);
IntegerVariable x_32(type = binary);
IntegerVariable x_42(type = binary);
IntegerVariable x_13(type = binary);
IntegerVariable x_23(type = binary);
IntegerVariable x_33(type = binary);
IntegerVariable x_43(type = binary);
IntegerVariable x_14(type = binary);
IntegerVariable x_24(type = binary);
IntegerVariable x_34(type = binary);
IntegerVariable x_44(type = binary);

x_ 11 + x_ 12 + x_13 + x_14 == 2;
x 21 + x 22 + x_23 + x_24 == 2;

x_ 31 + x 32 + x_33 + x_34 == 2;

SIMPLE flz&s
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x_ 41 + x_42 + x_43 + x_44 == 2;

x_11 + x_ 21 + x_ 31 + x_41 == 2;
x_12 + x_22 + x_32 + x_42 == 2;
x_13 + x 23 + x_33 + x_43 == 2;
x_ 14 + x 24 + x_34 + x_44 == 2;

/0 DT> oTw 7T A

solve();

simple_printf("%d %d %d %d\n",x_11,x_12,x_13,x_14);
simple_printf("%d %d %d %d\n",x_21,x_22,x_23,x_24);
simple_printf("%d %d %d %d\n",x_31,x_32,x_33,x_34);

simple_printf ("%d %d %d %d\n",x_41,x_42,x_43,x_44);

COETINE IS A 7 A Numerical Optimizer THEATT 5 &, mwEIZ

0101
0011
1100
1010

LWV FIRPEN, COFEOEZZMHETET . Lo ZEird oAl EWTHS (1 &
FRENTVE) OBHN) 7.

8T, KIZZOME%E SIMPLE OIRFHEEZHWTETIMELTATT. BRI TOLHITE
WL,

=4

I=1{1,2,3,4) 17

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

0-1 EH

xijiel,jeld RAGHICAZBELS 2O E x5 =1, B0k
ﬁ)‘f)ﬁj =0 kj—z&

E):pJeaks
ZOMEICIZ MBI W

G

in_/zz,vjej BH) IR X ITARE 2 DL

i

SIMPLE fllES BB NTT -8B T L
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Dixj=2viel AT MR E BT R 2 OB ¢

J

WFEEHWLZEICED, UTOL)ICHBICEFIVIERT S22 e TETT.

fieldassign2.smp

Set I ="12 3 4";
Set J ="1234";

Element i(set = I);

Element j(set = J);
IntegerVariable x(type = binary,index = (i,j));
sum(x[i,j],1) == 2;

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

/) UTHR DR a7 A

solve();

simple_printf ("%d %d %d %d\n",

x[i,j1,x[i,j+1],x[1,j+2],x[i,j+3],j == 1);

2.13.3 {tEI=RE

ZITIE, HAFENCHRICH) Y THMEZRN) LIFEd. ROFEEZER T

B #E

Fem ) T ) TosAR) TR [958 ] o 5 NSz 8 ) BT ¥, 30 (3% [HE] [V
DL 58E] [THRET] TEB L] (5] AR @ 85 TF. HFAZAFICEH Y B THICE
IAMEPPD, FIMEA - AFICIoTRED FT. T2, FAFENETNOAFITH L TH
FERD Y, BHENHCZLE IR M2 M25H 0 £5. DTIEIAMELIA M2 T LD
LDTY.

IREE | k| R | SRR | IR | P
% -1 3 %) 3 -4
it 5 %) 3 -4 5
LUHL |0 3 2 3 -1
FEVE -3 -1 1 1 2
THIET |1 -1 3 1 -1
HihL -1 -1 1 0 2
b 2 2 2 -3 4
H:3h A 5 -2 0 1 5

SIMPLE fllES BB NTT -8B T L
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77

a2 Z b Wk | el | SR | IR | D
s 570 | 1400 | 520 | 1410 | 450
Jt B 1800 | 1000 | 1700 | 1050 | 2300
LY¥B | 800 | 1500 | 500 | 1500 | 600
FE1E 500 | 600 | 1000 | 1000 | 1200
THIET | 800 | 600 | 1200 | 800 | 600
HiltL 600 | 600 | 800 | 700 | 1300
ks 1200 | 500 | 1200 | 500 | 1300
A A 1500 | 1000 | 1200 | 1200 | 1500

7, DToRZFLLLTUTWITETA.

o BNICE D IRAMEFIZ, MATIDETETS.

o [H2] THE] TVYHB] [k MMEAA] X2 Ax#I) 4TS,
o [FIE] [TAHIETI THIL] 131 AZ#Y KT,
o [#:% ] THFRE] ZRDOANHYT 5.
o HFHFUIBWT, HFEELHNT I NOBMEOHNZ, TOHFEOIF) T4 —LT 5.
e BHFED I F ) F 4 —FAIE - TIIWIT W,

ZOLE, AXAMDOERERNITH L) EY B THERDTL SV,

CORESFIEHOME L FICUATO L) 2 AHICOZ2IFMBEE LTEAL I LB TEET

il

b

tr

BN, BR,

BB, 122w

TR 12

FTL2ON

7.

B B ga 09
ON12oh220H5%.

DEZEERT, UTOXIICERMET A ETELT.

HEZ R E,
OMK3 D
H5.

&8

JOB = (% Bz, L V4TS, 581, THIE T H

L B, ALiA A

PEOPLE = (%W, flERE, 85 AR, LA, )

SIMPLE flz&s

ANDOEE

iR HOL S

MRS NTT FT—FHIEVRT I



78

0-1 %
Xjp, j € JOB, p € PEOPLE

EH
costj, j € JOB,p € PEOPLE
Jyukurenj,, j € JOB,p € PEOPLE

HE9B% (&/Mb)

Z costj, X Xjp

Jip

EFOE G
Z xjp = 2,Vj € (BB, BB, L VT D, ik, A

P
A}
ZhﬁZLWG@HE:&%tE&L}

p

> xjp <3,¥p € PEOPLE

J

Z Jyukuren, X x;, > 0,Yj € JOB
P
> xjp<LVpePEOPLE
JjelE, B

F28 BEFEDBENB LU SIMPLE TOCHH!

ffj 2 N pllEV N TEAR0Ex,=1, €9
THhVW LI x,=0&F5

R j 2N pllH) B THEDOIT R b
gt j &2 N p DT O B O BFBREE

I X O

[E% ] TBBE ] TV o4TS ] [Hakr] ThAAk ] i
2ANZHYETE.

[FE] [TAETITEHBL] 31 AZ2H ) 4T
5.

ZANZIE, "K3DFTOHFEE YLK TEH
LW TES

FHFEO T F ) T 4 =D o> TEW T W

B, B E ) APHLS T 5 (7 CADHE &
5 & A ).

SHIZERICEHLTIE 7 7AW TF—7 %252 TCAHATT. EFVEGEZUDTOLHICRD T

jobassignl.smp

Set Job;

Set People;

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

Parameter jyukuren(index =

sum(x[j,pl,p) == 2,

j — ||§',n3—]»|§é§u || J —= II{:I:&&&II;

SIMPLE flz&s

IntegerVariable x(type = binary, index = (j,p));
Parameter cost(index = (j,p), name = "I A ),

(j,p), name = "FABHEE);

jo== RN 1 == EE 1§ == LTS

MRS NTT FT—FHIEVRT I
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sum(x(j,pl,p) == 1,
jo== "FEHEY I § == " THIET || j == "HIL" ;
sum(x[j,pl,j) <= 3;
sum(x [j,pl*jyukuren[j,pl,p) >= O;
sum(x[j,pl, (j, j == "#&&" || j = "BHE") <= 1;

Objective total_cost(type = minimize, name = "F& I A f");

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

/0 TR 7 a7 g A

solve();

total_cost.val.print();
simple_printf("%s,%s\n",j,p,x[j,p]l.val == 1);
simple_printf ("\n");

simple_printf("%s D7 F 74 —iX %d\n",

j,sum(jyukuren(j,pl*x[j,p].val,p));

UT2esvIEBROATI 7 74V TY. TAMIELTEHABEICH L COMEOT7 7 A V2 HE
THLUENRH) T

jyukuren.csv

PAIREE, Lk, iRk, SaR, IR, Y0
¥%,-1,3,-2,3,-4
J&§ps,5,-2,3,-4,5
Lo#H,0,3,-2,3,-1
38E,-3,-1,1,1,2
THIET,1,-1,3,1,-1
HilL,-1,-1,1,0,2
fibx,2,-2,2,-3,4

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

cost.csv

IR, 7HE, R, SR, A, R
% ,570,1400,520,1410,450

J&F 5 , 1800,1000,1700, 1050, 2300

L 2% ,800,1500,500,1500,600
%&{¥,500,600,1000,1000, 1200
ZA$ET,800,600,1200,800,600

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

SIMPLE fllES BB NTT -8B T L
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¥k, 1200,500,1200,500,1300
A A, 1500,1000,1200, 1200, 1500

COETNE I AT A Numerical Optimizer THATT 5 &, mwiEIZ

# A h=13380
CHIET, Kk
LUVHD, R
LT, L
Hahdx, AR
oA, gk
[ , Ak
5, gk
%, 2k
%, 1A

far by, LR
fabs, ek
HiBL, IR
FE, SR

CHRETCOI7F) T4 =1k 1
LIVHHDO7 ) 74 —1F 2
tEABD 7 ) 74 —1F 1
RO F) 74 —1F 1
BEOI AV T4 =13 2
oz A 74 —13 o
BHLos+A)74—1F o
BEOIFTVT4—IF 1

EV)FIRPEN, ZOBIEDER MR TS 7.

B %E
HIZEDOHMEICUTOLRGFZMITIMETLZEZSn

TR [H%] #3852 kidT&nw
g (B #8852 813 TE%R0
AR TLIYHL] 23852 L3TERW
AR [5E] 23852 LETER N
WAL [THET] 285 LEFTERW

ST, ZOMETTPEEICER L LBEEDOMEICLTORMZMNITMR S Z & THL Z LT

SIMPLE fllES BB NTT -8B T L
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XFT. FLABRTAMNEILx DESLE, solve) DFFITHNITEZTIILFTVELHA.

x["HE%, k"] == 0;
x ("B 5, "] == o;
x["L VL, SR == o;
x["F&E, WA == o;
x["THREET, EHL] == 0;

FREEEABR A BIML, TV (jobassign2.smp) & FEITT B EAHERIILUTOIHIITEDY £7.

#a A b=13470
CHRIET, Lk
LTS, fEk
LIHTH, Bl
oA, AR
A, SEAR
J& P, INA
%, g
%, R
fabr, ik
HiiL, A
I, SR

THRIETDOI T T4 —1F 1
LB ) 74 =13 2
AR D T F ) 74— 1
RO A 74 —1F 1
BEOZAX) T4 —1F 1
fwkros AV 74 =13 o
HLos+ Y 74—1F o
BEOZFVT4—1F 1

MRERDL L, BMIZXAMDPEL BoTVLILEDGDD T,
DEoZZFHEIUTORO L) ICERZERL, B3 nTnb a0 Thsre vz
72 E252ENTETT. (BB OLVIZL VDL, THITITHAET, BEHIZEBL, iR
fAHRTT)

L (S EZEN A 20
wHE X[RaE, WHE] | x[3%E, ik | x[HEE, WK | <[, IIA] | x[RF, 1)

SIMPLE fllES BB NTT -8B T L
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F28 BEFEDBENB LU SIMPLE TOCHH!

S HIEN 20l

5 5 X[, ZHE] xUEBs, WAL | x[BFE, #4]
VIS | VY, K| x[V Y, fii] V7, Ei)
5E x[FE1E, ZHE] | x[B81E, EHE] | x[F&TE, &K 3
THRIET | x[TH, LR | x[TH, ERE] | x[TH, &R | x[TH, 1114K]

EL | x[EM, ] | x[EH, ] | x(EH, SR | x[E, IAR] | x[(E B, PR
farbx x[Fmbr, ZHE] | xUwmBR, ERE] | x[HRBE, SR | x[RER, IA] | x[wER, )
RIS x[Hak, ] | xR, k] | x[fERA, SRR] | x[(MEiA, AT | x[HA, D]

2T, FOROBDOOWTWAESME 1D I LD 0DT, 13 Lo OB A #EH{ 25 48
BWEEZLZENERTT. FRICKBBEOBLBEICB VT, BERAERZEHTALIEITLD

AHECHEOBIBZRESLTLE) &,
%0 ET.

FRONRT =< ARFLIETSETL T ) BRI
TSR LT THHE2MNIMz 452 8%, T X9 @Rz TA

L2V E0) HEEZMALET. DTORO L) A  X—TUTY.

fle EZE HIEN 22}
x[#%, k] | x[FE%. SR | x[3EE, LK) | x[FEE, EL)
J5t 5 NS xUB B, IA] | x[EG, D]
LUHTE | X[V, ZHE | x[L Y, ERE] X[L¥, 8]
e x[FE1E, ) | x[F&TE, KR | x[FEIE, HA] x[FETE, ¥Eal]
THIET | x[TH, ZHE | x[TH, K] | x[TH, &R | x[TA,
HItL | x[EW, @ | <[EW, | x(EL, AT | x[EHl, AR | x(BH, D)
b x[HwbE, HE] | x[HmbE, ] | x[HREBE, SRR | x[RBE, 1A | x[HEEE, D)
A A x[Hk, R | x[HEaA, R | x[HEiA, SROR] | x[AEaA, ILUAR] | x[4EA, PE5A)
AT BB, Rl R RTHES JPPair UMK T 2 LEN D) £
e (j,p) € JPPair o j% pllEIV U THLZENTESD
WUF %Y JPPair & 722 RALTT.
&4
JOB = (% 5, L VB, 381, THETH  HFofE, jeJoB
L, b, A A
PEOPLE = (%8, 1 RE, S5 K, LA, 9530} ND#4E, pe PEOPLE

(j.p) € JPPair & j%& p lZHID HTH I LATE
%

0-1 EH

Xjp, (J, p) € JPPair

HHEjZANp ll#HI U TELLIE Y, =1, €9
THRWELIE X, =0EF 5

SIMPLE flz&s

BB NTT -8B T L
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EH
costjp, (j, p) € JPPair
Jyukuren;y,, (j, p) € JPPair

BrE% (&/IMVLb)

costjp, X Xjp
J.p.(j,p)eJPPair

SRS
xjp=2,¥je (& HE, VIITL, &

p.(j,p)eJ PPair
Bx, A )

xp=1,Vje {(JEE, TAFET, HIEL)
p.(j,p)eJPPair

Xjp < 3
J.(j.p)eJPPair

Z Jyukurenj, X xj, > 0
p.(j,p)eJ PPair

Z ijﬁl

(j.p).je(¥%, [ 5).(j.p)eJPPair

83

HFEj2ZApIZH YL THEDAR b
= j &2 N p T ) BEOBGRE

aZ o

Mg ] [pE ] TV S ] ekl Taaa ] 13
2ANZHYETE.

[563] TTAIETI TEHIMLL 31 A%E Y 4T
%

HZANCE, K3 OFTHFAEHY) S TLI L
NTED

FAFO I F ) 74 =D R > TUTWIT W

BE, BEIEE) ADHEHYT 5.

EFNVEUTOI SR 5.

jobassign3.smp
Set Job;

Set People;

Element j(set = Job);

Element p(set = People);

sum(x[j,pl, (p, (j,p)<JPPair)) == 2,

§ == MRERY1L g == eEAGR,

sum(x[j,pl, (p, (j,p)<JPPair)) == 1,

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

SIMPLE flz&s

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

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

Parameter cost(index = JPPair, name = "I A b");
Parameter jyukuren(index = JPPair, name = "FAMEE");

jo== R G == EE 1§ = L VD

§ == MBEIEN 11§ == nTRIETY 11§ == "EMLY

MRS NTT FT—FHIEVRT I
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sum(x[j,pl*jyukuren[j,pl, (p, (j,p)<JPPair)) >= 0;
sum(x[j,pl, (i, (j,p)<JPPair,j == "#&" || j == "BHE")) <= 1;

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

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

/7 BT Ta s 5 L
solve();
total_cost.val.print();

x.val.printQ);

FFEREAR N @ JPPair ICIXHEELZ: [j,p] DRT AN TIIWIT WO T, ATT7 74V HZHUTHEWDL
TOXHITELY 7.

Jp.csv

j.p, PGB, a2 X b
%, ik, 3,1400
%, Bk, -2,520
&, 1A, 3,1410
P, Vil ,-4,450
Jif5s , 4k ,5,1800

[ Pg, 87K, 3,1700

JiF 5, AR, -4,1050
J5F5s, a1 ,5,2300

L VTS, %, 0,800
LIUHE, E#E, 3,1500
LIVHS, IR, 3,1500
LIHTH, ¥, -1,600
FETE, %k ,-3,500
FE1E, fhHE,-1,600
81, $AK,1,1000
FE1E, ,2,1200
THIET, Kk, 1,800
THIET, Mk, -1,600
CTHIET, 8K, 3,1200
ZTAIET, I1A,1,800
HI L, Z&Hk,-1,600
HM L, ki, -1,600
HH L, $K,1,800

SIMPLE fllES BB NTT -8B T L
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HH L, 1I4,0,700
HiHL, ¥#,2,1300
bk, %k, 2,1200
b, iRk, -2,500
kR, 87K, 2,1200
fbs, 1A, -3,500
b, Va1 ,4,1300
kA, LRk ,5,1500
A A, Ak, -2,1000
ek, 8K ,0,1200
flsk &, AR, 1, 1200
A, 31 ,5,1500

85

FZOEFNEHRFTREE Y VS wesp ZHOVAGEICIZETVZ U T O L ) ICEE S L LEH

HH Y.

jobassign4.smp

options.method = "wecsp";// MHIEIC wesp &MV B HRE
10;// RIERH ORE

options.maxtim

Set Job;

Set People;

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

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

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

sum(x[j,pl, (p, (j,p)<JPPair)) == 2,
jo= & 1§ = "BE" |
j —= ul/\‘/“j:]‘f)u [ J —= ||§‘%I§/{ﬁn I J - u,ﬂ:i}_\‘]?ku;

// wcsp A DB selection
selection(x[j,pl, (p, (j,p)<JPPair)),
jo== "FEEY I § == "THRIET I

= vHiltL»;

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

SIMPLE flz&s

MRS NTT FT—FHIEVRT I
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sum(x[j,pl*jyukuren[j,pl, (p, (j,p)<JPPair)) >= 0;

sum(x[j,pl, (j, (j,p)<JIPPair,j == "¥E&" || j == "BHE")) <= 1;
Objective total_cost(type = minimize,name = "F&I A f");

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

/7 WFWOH T e 75 A
solve();

total_cost.val.print();

x.val.printQ);

RHUBL 2 50 24 R 2 7% < BROBEBIBLI W § 2 0I5 & LT ERTRA L THRZHA L TATR
S,

2.13.4 lEsREcERE

CITIE, IR BES A2 RET HMEZI) EIFEY. ROBIEEEZTT

B firE

Mgk Z R D & ICETE2 A2 RELE Y. Miks L TRERIRONERZE2$7T. 2%,
KFETOKGRWERDOBEZEOZTANELERT 2720, T)TOEFABEEET20TIE%
{, HEX) T7TOMRFHEEE HN—TENILL, FIZIEHZE 12527 A, B, CEHLTLLEX
W2, iRk 1 OFERICHT A1 A, B, COEFIAKTIEZRL, A, B, CZ)TOZNETID
AN EAN—TETLIVE W) T LR FT. ZhiE, Bz 7 CTREHICHEINEZ D 2
BWETNELTEZDIEZERLEY. MEZDTICEMLES

e RBIEONELZET 5 (57 2 % FIKIZIAE L 2 W)

o KMiFRIEZ T ANEREFF> TV A

o HHIRIL IR D HtEa% ISR S b

e KA T —N—FT DLW AT Z2IA M2 LHZEI AT TRBTLENTES

o MR HEZTHICIZT X MDD

o fii DB ML 7 N TH B

e HUIKIZSxSD 25 HETH S

CoLE, FEREBBHIANEHRERIA DOMERMET S L) REREFIFIELVE L
9.

DbEzEFEFZT, DT AT TEET. HLMUEIKREZEKRELET.

£4
I={1...7) % DA
J={1...25) gD EA

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

x,‘,iEI

RERER

yi-j€J

EH

diS[[j,ie I,] eJ

num;
capa;

cost;

BEIBE% (R/IME)

Z cost;x; + Zyj min (dist,v‘,- + M1 -x;), i)
i J

Hl#IS

TR

87

Mgk i 2R T =1, THITHEVED
fo,-:O t‘é’"é

IYT7 jICHLTOBEAR 0. 30fE% L%

Wik i A SR j £ OB SHILERER S 2
EAREEEEZ T VN TRD B

i j CTHAET B REBE

Wik i BZTFANDZ L DTED AN

Wik i DR A b

a X O

HRRIE TR IR EORICINAEESNS ] L) 2k, [HERONEICRERESHY, 3ANZ
TIRAEOBBENRDOLENDL | L) T ETY. UL WCSP A OB TH % argmin BIEE HV 5
CLIEoTIO0HIHATERAT LI LN TEET. TNIIERICEFTVTHEREZ L TLZSW

SHEERCELCE 7 7 AMDS T =5 252 CHET. EFVEFEUTOLICED 5.

FacilityLocationl.smp
A T2k Sy
Set I;

Element i(set = I);
/] HWIBOHESE
Set J;

Element j(set = J);

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

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

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

// dist ZEFNVHNTEET S

SIMPLE flz&s

MRS NTT FT—FHIEVRT I
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Parameter dist(index = (i,j),name = "dist");
/] FEBIZIL T OREEEL 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");

// BREEIZEREEREE E 2

total_cost = sum(cost[il*x[i],i) +

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

/7 HIF, BEAK y 22w Toitil

options.maxtim = 5;
options.method = "wcsp";

solve();

dist[i,j] = sqrt(pow((pos_xil[i]l - pos_xj[j1),2)
+pow((pos_yil[i]l - pos_yjl[j1),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;

// WEREDF AR ST D728 DEHE

nli,jl = capalil - num[j];

Objective total_cost(type = minimize);

E28

nlargmin((1 - x[11)*M + dist[i,j],1),3j]1 + y[j]1 >= 0;

EEHIRBDBNH XU SIMPLE TOECHHI

UTFHesvIBROATI 7 7 A VT, MR L CEHIBICEHLCo_MED 77 A V2 HET S

DEDBHY T

capa_cost.csv
i,pos_xi,pos_yi,capa,cost
1,13,18,6,24

2,14,4,9,20

SIMPLE flz&s

MRS NTT FT—FHIEVRT I
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3,19,15,7,41
4,3,10,5,13
5,18,11,7,23
6,7,5,10,18
7,6,1,7,20

num.csv
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
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

CDXHIZ, WCSPHADMEEHVS EHMZHFKIATOMBICEHRATEILE0HY 7. Kk
ICCOET [RFOMERE T 105 L EHEED S 2 #3803 10 WIRI TLAFS 2] L)l z
Lk HZ L EEZTAET. ZHUE WCSP H D count BIF A VIR HLUCELR T2 2 &8 TE F
. ZORALOENPEDT) T EHEYETLEVIEE 2 EMZTUTO L) ICRHRT S ENT
% ¥ 9. (FacilityLocation2.smp ZH#)

SIMPLE fllES BB NTT -8B T L
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IntegerVariable z(index = (i,j),type = binary);
selection(z[i,j],1);

Element ii(set = I);

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

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

Z Z T semiHardConstraint = AW 72DIE B — 10 B LA TB X F 5o 2612 [ 5L 10
WIHLIANT] Lw) 2 & 2RKBT57:0TT.

m TREPYTE (SAMPLESYHISEE 2.orf  BER)

TRERLE &1, 1957 4F Koopmans & Beckmann (2 X ) BRI Nz, HIYBEED Wk & %2 5 E
MHETY. 22T, VI3 X DEA SN/ Vector/Matrix 7 7 ADRLZHWT, ROBIEE#E 2T
AT,

B %E
THi1, ., SEHKXIL ., VICEETLAIZEE2EZTT. 2720, FLGHTOWEEWET S
w, HELZEo70—8, BLXOKMXB OB, DTFTOXLHIICHGZONTWDLELET

KT 70— £ 38 o P

1 2 3 4 5 I om m Iv Vv
110 15 12 8 7 I 0 4 7 6 10
2115 0 14 2 4 |II |4 0 2 5 4
3112 14 0 6 6 |INI'|7 2 O 8 7
4(8 2 6 0 11 (|(IV|6 5 8 0 12
517 4 6 11 0 |V |10 4 7 12 0

WEOEEIA V2 (70—) x (HEE) THZ5EE, BLITAIBLIOLRVEEZRD R
=A%)

COMEL, LMo 7a—4750% F(f;), WIXHEOEEET% D@y &35 &
g;g“ Z Z Jiidiip )]
1 J

ERBENFT. 22T, S, 3 nROEHRE (ZORETIEn=5) TY.
ZZT, BEeoeS, 1L, KDL BT xi

1 if (i) =k
Xik =
0 otherwise.

EHSCHO nxn T X #HVAH I LT, (DIZBIF 5D dypa &

SIMPLE fllES BB NTT -8B T L
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@siap) = (XDX");

EERTIENTEET.
XoTMIE, KRDOX) EPEHHEICHE MR DL ENTEET.

= Z f,~,,~d¢(,~>¢<j>]
oy

s.t. andszL“%

L

Zhwzuszn”m

p
xx =1{0,1},i,k=1,2,...,n.

min F e (XDX)T

PEXy, Bffbizkokricinh 9.

=4

Fac THoO%E

Loc WX DESE

T8

Fi,i, j € Fac K LYo 70—

Dy, m,n € Loc M X [ o e e

8

Xim,i € Fac,m € Loc THizX m CEET A6 1 21DANE0

HrB% (&/Mb)

F o (XDXT) o IIEHZT L OO
R4

Xe=e e XS 1 OXZ MV
XTe=¢

TRAL L7k %% SIMPLE Ttk A EUTO X924 ¢

QAP.smp
/] BEERT
Set Fac,Loc;

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

/] INTA—=F

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

SIMPLE fllES BB NTT -8B T L



92 F28 BEFEDBENB LU SIMPLE TOCHH!

/] R

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

X[i,ml = x[i,ml;// ZEEITHNCFED B

/7 HI9BE%

Objective total_cost(type=minimize);

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

/7 RIS
X*ones(Loc) == ones(Fac);

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

options.method = "wcsp";

options.maxtim 10;

solve();

simple_printf("Ii% d *HIX %s \ZECE T A \n",i,m,X[i,n].val == 1);

V12 £TH SIMPLE Tli¥, COHMMEI%E

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

LR L E . Vector/Matrix 7 T AL D, X OMBICRHRABTEXEZ b2 7.
DT esv ERDODATI 7 74 VT

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

COETNVEZFITTHERD L) GRERVPHEONET.

THi1 2 WIX 11 ICRET 2
TH2 X v ICRET S
T3 2 #IX 111 ICKLET %
T a2 #IX v ICELET 5
THis ZHIX 1 ICEET S

SIMPLE fllES BB NTT -8B T L
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m EX(HETEIRIRE (SAMPLESYHIEESE 2.0r] S8)

MR L CU T ORBTE, BHEMALCTEES T T 5 T8, AREEHORE
BEHATHMEEELET.

m BE

BHEZWAL TEEZITo TV EH 5 LA, AFRFEEMOFEROEAZFM LTI, 72
ZLZOR WEALZZAKRy MENELHEFEEOBEOMA, BEINbTXTORLTENTFEE
ERSZTNERY TEA. 2B, BMAZREETLZAKRy PEABMIIKRDO3IDELET. AKXy
FMENTTOT, HABIHMATLMHmELE T LI EHMRTY. 2250, SRV TLT
1 2OBmZ #BRLTBEALZTNER) TEA.

P i 1 12 |3
H7&EJS (kWh) 5 110120
WA 720 D3 A | 10 | 20 | 30

T2, BB AT LM E R p8EME, WToeMME LE¥. BEEZEALITE, L
ToOL) BEFENZEDPREONLEDELET.

SRR 1 2 3 4 5 6
W®EI (kWh) | 5 6 8 10 |15 |20
BATR B 100 | 120 | 150 | 160 | 280 | 300

B t=1,.24 ICOWTENEEFHED, ZUTOIHIIHEIZONRTWALDELEY. ARy b
BHWAIA N EBEBREAI A FNOMZRAMET 2 L9 %, BEROEAHEBICARY ME
NOWEAFTHEZRDTLIZE3 W,

t 1 2 |3 |4 |5 16 |7 |8 |9 10 | 11 | 12
D, |10 |10 |12 | 12 | 15|20 | 30 | 30 | 35 | 40 | 50 | 56

t 13|14 (1516|1718 |19 |20 |21 |22 |23 |24
D, | 52|47 |40 | 35|42 | 50|48 |40 | 30|20 | 15| 12

COMEOERALIE, LT LH2h) 5.

&4

Product [ELTE: Sy
Dynamo FEERES
Time R E

SIMPLE fllES BB NTT -8B T L
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T8

costS;,i € Product BT BB o3 A b

costP;, j € Dynamo FFEEBIIH T HEAT A B

piri € Product BHEMOYA R H 720 O HEN

qj, j € Dynamo HBRBEROFANIFM B 720 OMIIES

D,,t € Time A& DEBNFRE

0-1 BHETH

ul,i € Product,t € Time B Z L ICKEBEMIZOWT, FIHT A% 5618
I, FIHLZ2WwZ 510

xj, j € Dynamo BEERICELT, EATE4251F1, Lihwnk
5130

BREA% (&/\E)

ZcostS,- X ul + ZcostPj X X; WIADM (ARy MEDEAI A M LEERL

" g AT A LOR) OF/ME

Elb o

D =1,Y1€ Time EREHNZ BT B RO L 1 DDA

mlax{D, - > pix u} <> arxx TRTOBHNIBNT, ALLZAKY MBS

i J

CHRBEOWNEIIOMMPBENEEL RS
TWwekwirizwn

ERALDOFRA Y PELFELTUL, TXRTORKNCBIT 2B OB L BEITFLEIHT 56 %, K
RNTLIWZHTZ2DTHR L, WHICET 2 max BBz HWCTEAT28ICH ) £3. 2o-0H7Re
MR VN wesp  HWTIE LS XL, SIMPLE TIIPLTO L HICEEA L T3, 28, max BRI L %
L CliE, %3 A 7 24 Numerical Optimizer/SIMPLE ¥ = 2 7 VOt b H b TITEL 723\,

FPP.smp

/] B E

Set Product;

Element i(set=Product);
/1 WRIRE

Set Time;

Element t(set=Time);

/] FEERES

Set Dynamo;

Element j(set=Dynamo) ;

SIMPLE fllES BB NTT -8B T L
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// IR

/7 BRI B BALRE & 72 ) o T X b
Parameter costS(name="costS", index=i);
// FHEBRICHTLEAITA T

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

/1 WIIET]

/] BRETMOHENIE H7- ) OB
Parameter p(name="p", index=1i);

/] BIHBEOWAIRER 720 O W TIET)

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

/] R DBEBITHE

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

/1 ER

/) FREH T, EormERINT %5

IntegerVariable u(name="Rdim", index=(i,t), type=binary);
/] EDREEEBAT L

IntegerVariable x(name="JE®it%", index=j, type=binary);

// BB (B2 A~ ofk/Mb)
Objective cost(name="#& T A kv, type=minimize) ;

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

/7 HlF

// SRERIC BT 2REMOMHIE 1 DDA

selection(uli,t], i);

/] TRTOBHNIZBNT, BALLARY VEHEHRBEEOBHE S OMD
/] BNTRELZ LR L nEWiTRwn

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

/] BRKIRIRE] D

options.maxtim = 5;

E

e

1/ K

solve();

95
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/1 FEROMT)
cost.val.print();
x.val.print();

u.val.printQ);

T—=5 774 (dat ) @QLTFOXITHRD FT.

data.dat

costS [1] 10 [2] 20 [3] 30;

[1] 100 [2] 120 [3] 150 [4] 160 [5] 280 [6] 300;

costP

p = [11 5 [2] 10 [3] 20;
q=[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;

COETFNVEFETTLHE, UTOX) REIMGOLN, BEEROEAFTEB X OB OBA IR
FDFE L7

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 P [2,121=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 i [2,231=0 P in [3,231=0

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

» [x,*%]= [i,t]

m B/N\_"EER9%E (SAMPLESYHIfEE 2.pr] B)

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
b\EHﬂfﬁz%a:%’n“Cai&bif)é:Té /AN TIRREE 2D T

B %E

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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t oy

0.5 1.22470
1.0 0.87334
1.5 0.99577
2.0 1.34215
25 212172

F28 BEFEDBENB LU SIMPLE TOCHH!

ETFUNLHRONLMHE OBRED TR/ D L) IZa b, c ZHEEL TLZE W,

t y

3.0 3.22933
3.5 4.44744
40 6.13509
45  8.14697
50 10.50759

COBIEIZBNT, BRELRDLOEFMET S a,b,cD3DOTY. T/, HLHFHUIKLG  ToF—%
fiEy(r) EETNDLEHONLME f() LDFEZ a’ +bt+c—y@0) £ D ET. XoT, KEHUKEZIZD
WTHED R 2RO, TORME L L ETRAMET 2 HIWBEEH ST E .

PUbEoZ s, ZOBREIIRD X HICERILTE 7.

ZH
a
b

C

BRIEEH (R/I\b)

(0.5%a +0.5b + ¢ — 1.22470)? + (1.0%a + 1.0b + ¢ —
0.87334)2 + (1.5%a + 1.5b + ¢ — 0.99577)* + (2.0%a +
2.0b+c— 1.34215)* + (2.5%a +2.5b + ¢ - 2.12172)% +
(3.0%a +3.0b + ¢ — 3.22933)2 + (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)2

2 ROEDFREL
1 RDOEDFREL
&I

B ERAEERNZ BT 5 3575 0 3l

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

leastsquarel.smp

/IEBDES

Variable a(name="2 IRODIHADLREL") ;
Variable b(name="1 IRDIEDHRE");
Variable c(name="7E$(IH");

1 /FEAED IR D /MU

Objective err(type=minimize);

SIMPLE flz&s

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+1.0xb+c-0.87334)
+(1.5%1.5%a+1.5%b+c-0.99577)*(1.5%1.5%a+1.5%b+c-0.99577)

MRS NTT FT—FHIEVRT I
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+(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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E28

EEHIRBDBNH XU SIMPLE TOECHHI

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

WHDIZh>TWET.

leastsquare2. smp
/B OEEDOES

Set ObserveTime;

Element t(set=0bserveTime);
//BIMER X X =5 L LCHES
Parameter y(index=t);
/I1EBDOES

Variable a(name="2 IRDIHDRIEL");
Variable b(name="1 IRDIHADREL") ;
Variable c(name="7EX{IH");

/ /7% % Expression & W TEIT S
Expression e(index=t);
e[t]=axt*t+bxt+c-y[t];
//RRFED MO e/ ME

Objective err(type=minimize);
err=sum(e[tl*e[t],t);
/IRELTRERZ T 5
solve();

a.val.print(Q);

b.val.print();

c.val.print();

B, FEFSELIBICIEIRODE I esv 77 ANV EE5 2 F ¢

data_leastsquare2.csv

t,y

0.5,1.22470
1.0,0.87334
1.5,0.99577
.0,1.34215
.5,2.12172
.0,3.22933
.5,4.44744
.0,6.13509
.5,8.14697

g W w NN

.0,10.50759

COETNEETTHE, HRFEIZ

SIMPLE flz&s

MRS NTT FT—FHIEVRT I
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2 IRDIEDFRE=0. 644402
1 RO DIRFi=-1.47656
EHIEH=1.76057

EWVWIHFIRDVBENTT. DI EDND, ) = 0.64440272 — 1.476561 + 1.76057 & 9 “REEE F IV H
WETX/Z2IZRDFT.

R— b7z U A RBIEREIRE (SAMPLESYHIRESE 2.0r) S57)

ZZTIE, R—=1F 7+ ) FDE R HPEERO5G % 3T AREHE E L TR L oE Wb <L
Iy VEFLVOREZRLET. BAMIZIZR—F 73 ) F03 725 TIREROLEFHOREE (YR
7)) BOBCTHNTAZ EICL, FhEiR/MET 5 &) G ERGZ RO T T

B %E
S 1, 21T BRSOV Y N 20 MG B UTORO X ) IZESATwLELET.
0.25
s —o— G 1 |
: —— $HE 2

0.15
01i/

\\Jf

1 23 456 7 89 10]] 12 1314 1516 17 184

e

—0.05

-0.1
T

ZOPIERDY TV E TR = b7 4 ) FOPRERDO G RN E % b RER S 2 KD T
72750, ZBENIETELVRDEL, TR —F 7+ ) FOIREROBFEEIZOD EE LET.

COMEZERALTHEUTOLIICEY T7.

%4

Asset = {1,2} IOk Sy

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

TH

rij.t € Sample, j € Asset 2T BT B j ONEHE

SIMPLE fllES BB NTT -8B T L
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Fi= Z r;/1S amplel, j € Asset $0 j OFIGIPAEER
teSample
xj, j € Asset Fam j ORLA LR

BrE% (&/IMVLb)

> dev}/iSample] F— b 74 ) FH5 2 5 PRPEERO 58 (U
teSample 2 7)
dev, = Z rjxj —Tp, Nt € Sample F TN BT BN 5 050

JjEAsSset
= R F— b7+ ) F OPHIER
JjeAsset

PSS
x;>0,Yj€ Asset FEfaIR (2258 ) 251E)

> ox=1 FAHHRORANG 1
Jj€EAsset
=0 K= 174 355 2 B WFHNEEEE 0 DLE

COMBEITHWBEES =R TH ) HHREETHRETTOCTRENEREICZ ) £ 9.
TERAL L7k H % SIMPLE Ttk A5 EUTO X924 ¢

portfoliol.smp

/1 By LR

Set Asset(name="#§4fl");
Element j(set=Asset);

Set Sample(name="" > 7)) ;

Element t(set=Sample);

/] INTRA—%
Parameter r(name="J{i%Z%", index=(t, i)
Parameter rb(name="‘F-Y¥JINIEH ", index=j);

rb[j] = sum(r[t,j],t)/Sample.card();// Sample.card() : #E{ Sample DEEFH L

/] EH

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

/1 X
Expression rpb(name="HIfFI2AE=E") ;

SIMPLE fllES BB NTT -8B T L



2.17 R—bT7zx VA &E(LEE

rpb = sum(rb[j1*x[j1,]7);
Expression dev(name=“ﬂ%i§”, index=t) ;

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

// BB
Objective V(name="'J A7 ");

/7 )

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

/7 K

solve();

/1 W
V.val.print();
rpb.val.print();

x.val.print();

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

103

T—=5 774 (datTEX) ZLDTFOLHITH) 7.

data.dat

e =

[ 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
[ 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

SIMPLE flz&s

MRS NTT FT—FHIEVRT I
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[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

COETNVEZFITTHEUTOL) BEPHONET.

1J A 2=0.000951734
WIfRINAEH=0.0199126
FA A [11=0.800874
FHLALE [2]1=0.199126
,[¥1 = []]

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

Z ZTlE, Vector/Matrix 7 I ADFLik#fio72EF V=MoL 5.

portfolio2.smp
Set Asset(name="#4#%"), Sample(name="% > 7 ");

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

/] 73T A=F45H], X7 PV

Matrix R(name="J{£F3", (Sample,Asset)),Rbar((Sample,Asset));
Vector r(Asset);

r[j] = inprod(ones(Sample),R.col(j))/Sample.card();
Rbar[t,j] = R[t,j] - r[jl;

/] BB, ERENT bV

Variable x(name="fl A" index=j);

Vector xv(Asset),

dev(Sample);// fW7A~\% bV

xvljl = x[31;// 28 x X7 MV xv IZ3EDRAD

dev = Rbar*xv;

Expression rpb(name="JERNIEHE");

rpb = inprod(r,xv);

SIMPLE flz&s

MRS NTT FT—FHIEVRT I
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Objective V(name="') A 7" type=minimize);

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

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

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

rpb.val.print () ;

x.val.print();

105

FEATHRICIX, MUTF—% 774 Vvz52 7.

m OJXAT«vIEIBETIV (SAMPLES¥FIRESE 2.prj 88)

RETIE, BIVATA vy ZHRBETFTNVICE B35 X—=FHEEEE, 7Y X ONMEZ FI A

LE9.

m %=

[ U7 Y A B Iris setosa & Iris versicolor IZB LT, 23 DR E, 7L DOIF, fEFRDOE S, {BFDOIR
T 584 50 HOF— B GHET S, TNoD40%HALEE LT, Iris setosa & Iris versicolor
HNT D LIV AT 4 v 7 EIFETN ERESET L.

COMEOERLIFKRD I I IR 9.

&4

1

J

T
di’j,iEI,jGJ
ki,iel

8

a0

aj,jeJ

SIMPLE flz&s

T TVESE
BB £

A7 — %

7YX X OFESH (0 : Iris setosa, 1 : Iris versicolor)

R L72vss 2 —%

MRS NTT FT—FHIEVRT I
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xiel (PHEZEE)

[x,- =a0 + Zajd,-j]
J

BHREAE (&KA1E)
Z@M4%0+mwm) MO

VU TINVEEOEFRiel\IRL, VAT 4 v 7B LX) X, DFoX) R TXbTIE,NT

SE9.
_exp(x)
L) = 1 +exp(x;)

2L % xi=a0+ ) aid; TELERBLOLLET.
j
WIS, BYRT 4 v 7 BEA G a0, a; D/XT A— S HEHFEOHRWAZTVET. $RF— 4
TICHT2EDSLERER, ZRAMPRAELRD LI R a0,q; 2 KOET. BB, HWMEEf %

£=] ] reaa-rep't™

TEFHL, ITNEZHRAMETHIMELER D EICED, a0,q; DHEEZRITVET.
B, TOEITRANHEROBRI B0, BWEE ST LTz L o7 f

f=logf
= Z(ki log L(x;) + (1 — k) log(1 — L(x:)))

exp(x;) 1
= Nog —27 L (1 —k)]log ———M
Z (kl 08 1 + exp(x;) +(1=kplog 1+ exp(x;))

1
= Z (ki log(exp(x;)) + log T exnte) exp(x~))

= Z(kixi — log(l + Cxp(xi)))

THHBAMZEZ ZBL T —BMEEIRON L WEEZAH LT, HREZLHMEOE SR 217w
Qe

D EDESEDF E 2 ) £4.

RIZ, TXAOFHT—% TITH, THUE[5] DXHIZH AT — % (Iris setosa, Iris versicolor, %%
50 M) ZMEHLE9.

HARRIZIE, TFOL) B2 D csv 774 VEMBLET

data.csv

7T — %, B ORE, B O, Lok S, EROIE
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

SIMPLE fllES BB NTT -8B T L
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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
10,4.9,3.1,1.5,0.1
11,5.4,3.7,1.5,0.2
12,4.8,3.4,1.6,0.2
13,4.8,3,1.4,0.1
14,4.3,3,1.1,0.1
15,5.8,4,1.2,0.2
16,5.7,4.4,1.5,0.
17,5.4,3.9,1.3,0.
18,5.1,3.5,1.4,0.
19,5.7,3.8,1.7,0.

W oW W s

20,5.1,3.8,1.5,0.
21,5.4,3.4,1.7,0.2
22,5.1,3.7,1.5,0.4
23,4.6,3.6,1,0.2
24,5.1,3.3,1.7,0.5
25,4.8,3.4,1.9,0.2
26,5,3,1.6,0.2
27,5,3.4,1.6,0.4
28,5.2,3.5,1.5,0.2
29,5.2,3.4,1.4,0.2
30,4.7,3.2,1.6,0.2
31,4.8,3.1,1.6,0.2
32,5.4,3.4,1.5,0.4
33,5.2,4.1,1.5,0.1
34,5.5,4.2,1.4,0.2
35,4.9,3.1,1.5,0.2
36,5,3.2,1.2,0.2
37,5.5,3.5,1.3,0.2
38,4.9,3.6,1.4,0.1
39,4.4,3,1.3,0.2
40,5.1,3.4,1.5,0.2
41,5,3.5,1.3,0.3

SIMPLE fllES BB NTT -8B T L
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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.

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

SIMPLE flz&s

E28

EEHIRBDBNH XU SIMPLE TOECHHI

MRS NTT FT—FHIEVRT I
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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

109

kind.csv
i, AR
1,1
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

SIMPLE flz&s

MRS NTT FT—FHIEVRT I
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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
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

SIMPLE fllES BB NTT -8B T L
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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
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

SIMPLE fllES BB NTT -8B T L
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91,0
92,0
93,0
94,0
95,0
96,0
97,0
98,0
99,0
100,0

Pbk#%BH EITSIMPLE CTitih 95 &, UTFTOLHIZR) T

LogisticRegression.smp

AR VRIZ S

Set I(name="Y v 7IVEHEAH"); Element i(set=I);
/1 AR E

Set J(name="iiHIZEE %S ") ; Element j(set=J);

/] T=%

Parameter d(name="#{ll7"— %", index=(i,j));
/] T X A DO

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

/PR LIZWIRT A—F

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

Variable aO(name="a0");

/] HHER

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

x[i] == a0 + sum(alj] * d[i,jl, j);

/7 REOUE (HrBI%)
Objective f(name="XJ¥{EE", type=maximize);
f = sum(k[i]*x[i] - log(l+exp(x[i]l)), i);

/13K

solve();

/] FEROREHEN T

SIMPLE fllES BB NTT -8B T L
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a0.val.print();

a.val.print();

CHOEFNEEFTTHE, DWTOX) GBI HmonEd.

a0=-3.80539
al"23 DR E"]=6.94731
al["2%< D ]1=6.08239
al"fEFR DK E"1=-14.0887
a["fEFF DI "]1=-19.5508

, %1 = [j]

m 4 —)U FH—THERIRE (SAMPLESYBISEE 3.pri B8)

A= Fh—=T&iL, ERIBORZZHMEY 2 3 OFHESFICOWT, FEY &ERTMOMEZ
fi 7 (e - AUl D, B BRI o2 2vwEd. 22T, ZoREY ARy b
L— b (BRE2ORROD LM EHTE CTRESNIEEICLDIEHOI L) THEISHENGEL
T3, 4B, ANV FHI=TORRIZEIMES -V F (G L) o) ¥if—F (GTFA) ol
M) 2y, FHIEMER LS RNEMOIZIPEL 65T 2 ERL, BE SIS X
D HERMEFDIZI MR 5B I LEZERLTVWET.

DT ofETIE, EBOBMASARY L= 2HETLMEZEZ, 0WVWTIE, £ =V Fh—
TOHEERTNE T,

m %=
IR (BRI 21~108FTHY, HELAINTEARY bL—br, Z VT, BESH

t
S, = 1/ ) dipd; = 1/(1+0.01 - 1)
i=1

DEITEHRINTVDLET S, BUIFE .S0) O
(t,S) iell,...,60)

BHZOLNMTwa L &,

PRNOERE

1

PRMET A LI BARY FL— M REERT X,

COMEEERTEEUTOLIICRY T
%8B, ROBLARY PL—bOHLIZ% OS—k¥ ) &L, FATHLIDELIET

%4
Term W (BRI $£4

SIMPLE fllES BB NTT -8B T L
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Point Bl oS

T

tvalue;,i € Point B R AT I H 2

Svalue;,i € Point LA

8

r,t € Term tNCHT A ARy FL—h

BRIEE% (&/Ib)
Z{S (tvalue;) — Svalue;)?, S (£, 71, ... 1) = i E & BHAE O FRZE D A

i

1/ (11 +0.01 - 1))
i=1

GFOE-JEs
0<r,VteTerm ARy b — MOIASLH

COMEIZ B WERDIERIETTOT, JERIEETEMEIC LY $9
ERAL L7258 % SIMPLE CRtilR 445 LT X124 D 9.

YieldCurvre.smp
/] ARy ML — FDERE
Set Term(name="Hi[f"); // WIM&ES

Term = "1 .. 10";

Element t(set=Term);

Variable r(name="AKR Y F L — M"  index=t);

/7 B

Set Point;

Element i(set=Point);

Parameter tvalue(name="tvalue", index=1i); // i H )

Parameter Svalue(name="Svalue", index=i); // EHIfH (S)

/! BARGRE

Expression d(index=t);

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

// tvaluelil MBI 5 s Ol

Expression S(index=i);

SIMPLE fllES BB NTT -8B T L
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Expression diff(index=i);

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

/7 HEBI%

err = sum(pow(diff[i], 2), 1i);

/7 WK G
0 <=rlt]l; // AFXv L — rDIEASMN

/1 K

solve();

/] FEROREHEN T
err.val.print();
simple_printf ("\n");

r.val.print();

S[i] = 1 / sum(d[t], (t, t<=tvaluel[il)); // tvaluelil ¥ F TOHI

Objective err(name="BHFifH & BHHIE DA D A",

type=minimize);

115

F—% 7 740 (tSvalue.csv) WEUTFDLH124 D F9.

tSvalue.csv
i,tvalue,Svalue
1,1,1.020476
2,1,1.020582
3,1,1.021692
4,1,1.020304
5,1,1.021171
6,1,1.020387
7,2,0.520158
8,2,0.518884
9,2,0.519507
10,2,0.518841
11,2,0.519271
12,2,0.519520
13,3,0.355121
14,3,0.353832
15,3,0.355088
16,3,0.353742

SIMPLE flz&s

MRS NTT FT—FHIEVRT I
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17,3,0.354565
18,3,0.354443
19,4,0.271774
20,4,0.271318
21,4,0.272115
22,4,0.272244
23,4,0.272818
24,4,0.271190
25,5,0.222502
26,5,0.223564
27,5,0.222312
28,5,0.223726
29,5,0.222489
30,5,0.223251
31,6,0.190145
32,6,0.190989
33,6,0.191429
34,6,0.191156
35,6,0.191077
36,6,0.191451
37,7,0.168971
38,7,0.167869
39,7,0.168913
40,7,0.168672
41,7,0.167762
42,7,0.167502
43,8,0.152239
44,8,0.150571
45,8,0.151664
46,8,0.151251
47,8,0.152121
48,8,0.151681
49,9,0.138188
50,9,0.138396
51,9,0.139097
52,9,0.139389
53,9,0.138134
54,9,0.138999

SIMPLE fllES BB NTT -8B T L
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55,10,0.128923
56,10,0.129079
57,10,0.129807
58,10,0.129427
59,10,0.128610
60,10,0.129465

COEFVEETTLHE, UTOL) @i ohnT 1.

PEm A & BUHIAE O F7E 0 " FEfll=1.55961e-005
ARy b Lb— b [1]=2.07687
ARy b L— b [2]=2.82648
ARy b L— b [3]=3.7392
ARy b L— 1 [4]=8.94733
ARy ML — b [6]=4.37835
ARy bL— 1 [61=4.91976
ARy M b— b [7]=5.05778
ARy L — b [8]=5.44321
ARy FL— b [9]=5.5893
ARy FL— b [10]=6.57376
,[x] = [t]

COHOmBEIL, EBRICHELZARY PL—1%23 L1Z, Bxcel ETA— NV I —T%#& T 7.
FDDIZ, ARy b L — % Excel BARFEREIZ X U, Excel LICERL .
ETFNVORFEEITIOHGZUTO L HIEETLLERDH Y 7.

// FERM

err.val.dump(Q);

r.val.dumpQ);

AL Excel 12, BIZIEITRHROIIIZEREINTT.

SIMPLE fllES BB NTT -8B T L
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IEERIE- R BB SR — FF0 .
1 5BE-05 A—ILFHh—T
BARA [ttt L —F 7.00000 >
1 2 07687 __ 6.00000 _/J
2 2 82648 £ s.00000
3 373920 i /_
4.00000
4] ao4ras N o
5 437835 = 3.00000 /
i 491976 %= 2.00000
7 505778
8 5 44321 1.00000
] 558330 0.00000 .
10 ABET3ITH 1 2 3 4 5 6 7 8 9 10
HARA

m BT I BT ERIRE (SAMPLESY6IfESE 3.prj &)

AT (rating) &%, RFEOFETT MDA, RO VENZ T > 7 EXTERLIZDO
TY. BFTSHIMAEORERHLEOL L, A, B, CR+, -~ DT EHVTHEMMED ) X 7
HVERLEY. BETIE, HEOHMAZN ST 2 EHEAHBIREOFFEEIC 2 3L, IR
LM, T EE, BEMEOEOMM Y JeEokitl 20 $5.

AT HERATHI & 1%, B A TERZ 20 T b a3, —a@MBRIcED L) RikfhirL i3
PIZOVWTDERZRIITHN O L 2V E T,

DUFClE, ZOMTHERITIIOHEEICHET 2082 E 2 T 7.

B %E
A& LT, {AAA, AA, A, BBB,BB, B, CCC,CC,Cl D 9fEiNH L DE LT, ¥AHITFIZHE
T 5 1LAEBRDOIERITY] Oy BUTDOLIICHEZSNTWELDET S,

HEIB RO T

Q0 AAA, A A BEE BE B CCT CC C

AL 08651 00345 0 0 0 0 0 0 0
o aa 00356 08382 00262 0 0 0 0 0 0
oA 00014 00433 09364 O BE 00003 0 0 0 0
Al BEE 0 0 00352 09456 00154 00038 0 0 0
D BB 0 ] 0 01078 0877 00043 00153 0 ]
# B 0 0 0 0 00747 08762 004 00081 0
T cco 0 0 0 0 0 00278 09654 00068 0
IT cC 0 ] 0 ] ] 0 00083 05575 00242

C 0 ] 0 ] 0 0 0 00266 09734

Qo Z3EIZ, 1 A A O HHERATHI 0 ZHEEE L.

HERMESRITH Qi d~ NV a 7M@) DL LET. 2oL X, EEIVITH 0213475 Qo & A
K—HT 2T TT. HoT, A QEMETH LR, 10— 02 ZRNCTEH LI R QZRDD
V)T LIV ET. %8| |F i, Frobenius (7UXR=T X) JIVADZ LT, THIOEKGT D
TV Rz T b DELET.

SIMPLE fllES BB NTT -8B T L
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T72, BATTHERITHIOMHE L LT, 175 Q DFKATOHNL | THEEIIFATHLO DL LT,
DrzgEzs e, @MLRUDTOL)IZ2) £7.

IEFF&£&

Rating BT o&Es

EH

q?j, i, j € Rating | EH O T HERATH] (Q) DHAHEFE
=8

qij»i, j € Rating 1 7 B AL OB THRITY] (Q) D&KERE

BrE% (&/IMLb)

100 — Q"2 FiH Qo & QR DEDTUR=Y A )V ADF
M

> ij=1.Vi € Rating 51 0 DHAFON 1

Jj€Rating

0 < g;; < 1,Vi, j € Rating 175 Q DK EHE S

COMEIZEMBEBAIERIECTTOT, JERIEETEIEIC Y 9.
TR LK% SIMPLE Tt 345 LT X 1240 9.
B, 175 02 I LTI,

0% =0% 0'=(0* 0 (Q*- 0)

TERIHTAHZIEIIZIY, HEORBZHHTLIZ ENTETT.
F72, RIHRICHA Z L T 5720, BXOTWK T TORERBZBERT 5720, 175 0 OF)
HMEE LT, HAKSIC09 %52, IENAEZO LRMELZ 005 LTBEET.

Ratingl.smp

/0 BE - BR B NT A=Y

OrderedSet Rating; // #&fJITHEA

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

Variable q(name="Q", index=(i,j)); // 1 4 HHALOWAFHERRATHI O % HEFHE
Parameter qO(name="Q0", index=(i,j)); // 1FZROBMITHERITII DK R
/1 ERDEFIHH 2B O BIE % Hik) 3 55k

Expression q2(name="q2", index=(i,j));

Expression g4(name="g4", index=(i,j));

Expression g8(name="qg8", index=(i,j));

Expression ql2(name="q12", index=(i,j));

SIMPLE fllES BB NTT -8B T L
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q4li,jl = sum(q2[i,kl*q2[k,jl, k);

q2[i,j]

g8[i,j] = sum(qali,kl*qalk,jl, k);
q12[i,j] = sum(q8[i,kl*q4[k,jl, k);
Expression diff (name="diff", index=(i,j));
diffli,j] = q0li,j] - q12[i,jl;
/7 HEBEEL
Objective diffnrm(name="{T41 Q0 & 474 Q@ @ 12 F DE ) NV AD 5",
type=minimize) ;
diffnrm = sum(pow(diff[i,jl, 2), (i,j));
/7 HF Gt
sum(qli,31, §) == 1; // 175) Q IZ2WT, BATOMIL 1
0 <= qli,i]l <= 1; // 175 Q OXMERSN
0 <= qli,jl <= 0.05, i != j; // 475 @ DI AEHREM
// PEEE
qlk,k]=0.9;
/1 K#
solve();
/1 FERHT
diffnrm.val.print();
simple_printf ("\n");
simple_printf ("Q");
simple_printf(",%s", k);
simple_printf ("\n");
for( k=Rating.first(); k<Rating; k=Rating.next(k) ){
simple_printf ("%s", k);
simple_printf (",%7.5f", qlk,j1);

simple_printf ("\n");

T—=5 774N (csvIB) EUTOIHIZHRD FT.

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,0,0,0,0.1078,0.872,0.0049,0.01563,0,0

SIMPLE fllES BB NTT -8B T L
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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

COEFNVEBETTHLEUTOL S I EONTT.

151 qo & 475) Q@ @ 12 F DFE )V LD Ff=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

TETIE, TOFETIE Excel BARPERE 2 IV T Excel MIZFERER T . FD20I2, EFINVDOH
BHITOEBGZUTOENICEBTLULEN DY 7.

/7 KR
diffnrm.val.dump();

q.val.dump();

Excel BAROFHEMICD & F L CTid, [H3 Y A7 A Numerical Optimizer/SIMPLE/Excel #£2~ = 2. 7 )V |
B TEL B, I Excel I, BIZIETEROL ) IZERENTT.

TRl Qo 2 TRl @12 FOEAN LD _F
2 82E-05
HRROBTT

[ AAA A A BEB EB B [olele] [ole] C
s A 099657 000303 0 0 0 0 0 0 0
i Ay 00031 089453 000231 0 0 0 0 0 0
& A 000006 000383 099446 000164 000001 0 o 0 0
o BEB ] 0 000307 085523 000137 000032 0 ] ]
= BB 0 0 0 000876 088852 000038 000133 0 0
it B ] ] ] 0 Q00E%3 (09883 000355 000063 ]
I+ coo 0 0 0 0 0 000247 089633 000054 0

(7] 0 0 0 0 0 0 000071 089722 000207

o] ] ] ] 0 0 0 0 000227 085IT2

SIMPLE fllES BB NTT -8B T L
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2.20.1 Vector/Matrix ZAU\z SIMPLE €5 )b

Z 2T, Vector/Matrix 7 F A Z# Wz EF LV ERBALET.

Rating2.smp
Set Rating;

Element i(set=Rating), j(set=Rating);
Matrix QO0((i,j));
Variable q(name="Q", index=(i,j));

Matrix Q1((i,j)); Q1li,jl = qli,jl;

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

Q2 = Q1xQ1;
Q4 = Q2%Q2;
Q8 = Q4%Q4;
Q12 = Q8*Q4;

Matrix D((i,j));

D = Q0 - Q12;

Objective diffnrm(type=minimize);

diffnrm = inprod(D,D);
Q1*ones(Rating) == ones(Rating);
0.00 <= g[i,i] <= 1;

0 <= qli,j]l <= 0.05 , il=j;

qli,11=0.9;

solve();

FEATHRICIX, RMUTF—% 774 vz52 7.

| 2.21 [l T OV gy

BRBOMMDOWERIN T — 5 3, HB % o 72883 &2 584 S 2 5812, JTOMBTIINO R % H
SPREEBICELELWEERH ) $3. L L, MBEZHo 26LE88) 2 @8 E S € 5720121,
HBATHNEPIEEMETH 2 LEFH Y 3. €T, HGRONLATINI—FEL, »o, FIEEMT
bB &) LMBITIN 2 ER T A EZE R T 7.

SIMPLE fllES BB NTT -8B T L
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m %=

DTOMBATH ALK LT 7RI A VAOBEKRT—HFELL, »o, FIEEMETHSL L)%

HEITTH) X ZRD &

A 1
1. 1.00
2 017
3 017
4 080
2050
G 000
Fooao
g8 000
8 080
o

10 070

2
017
1.00
010
080
020
040
000
000
000
000

d
017
210
1.00
D20
.00
QLo
QLo
QLo
QLo
QLo

4
080
050
020
1.00
0.20
020
020
020
.00
.00

5]

Qa0
D20
QLo
D20
1.00
040
QLo
QLo
QLo
QLo

.00
040
.00
020
040
1.00
.00
.00
.00
.00

a]

7

Qa0
.00
QLo
D20
.00
QLo
1.00
QLo
QLo
QLo

g

.00
0,00
.00
020
0,00
.00
.00
1.00
.00
.00

B

Qa0
.00
QLo
QLo
.00
QLo
QLo
QLo
1.00
QLo

10
070
0,00
.00
.00
0,00
.00
.00
.00
.00
1.00

COMEZERALTHEUTOLIICRY T7.

&4
N={1,2,...,10}

TR
Al‘j,l'GN,jEN

minEig

A

Xij,iGN,jEN

HE9B% (&/ME)

DX - A’

i,jeN

LE PSS
X > minEig
X = 1,Yie N

MBI DT R UHI DA

Fr5- 0475 D%

FHBIATH O foe/ N A7l

BT D 2R

SRV U
MAEFIZ

TLOITH E MHBATHIDZED 7O R="7 2 J )V A
%)

C ORI EIEEMEHIRIAA > T B 0T, FIEEHetmEEIC ) 7.

TRAL L7k H % SIMPLE Ttk A LT X 124 T

CorrelationMatrix.smp

1/ EEERTE

OrderedSet N;

SIMPLE flz&s

MRS NTT FT—FHIEVRT I
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Element i(set=N),j(set=N);

/[l INT A =%

E28

Parameter A(index=(i,j)); // 52 LN7ATHIDZEFHE

Parameter minEig;

minEig = 1.0e-3;

/1 EE
Variable X(index=(i,j));

// RRATH

SymmetricMatrix M((i,j));

M[i,j1 = X[i,j1, i <= j; // L=AE5OAER

/7 HI9BI%

Objective diffnrm(type=minimize); // Z=DITHID /I A

diffnrm = sum((X[i,jl-A[i,j1)*(X[i,j1-A04,31),(,5));

// RIS

M >= minEig;

X[i,i] == 1; /] RAEFRIT
/1 K
solve();

/7 W) (csv IERX)

simple_printf (" X");

simple_printf(",%5d", i);

simple_printf ("\n");

for (i=N.first(); i<N; i=N.next(i)){
simple_printf ("%2d", i);
simple_printf (",%5.2f", X[i,jl);

simple_printf ("\n");

/7 FIEEfERIF
X[j,i] == X[i,3], i < j; // X FFATHY

EEHIRBDBNH XU SIMPLE TOECHHI

/7 &N H BT O dR /N A E

T—=57 74N (csvIBERX) BUTFOLHITAHRD FT.

SIMPLE flz&s

MRS NTT FT—FHIEVRT I
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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
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

CDEFNVEETTHLEUTOL ) MrEoNnT .

X, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10
i, 1.00, 0.27, 0.15, 0.61, 0.65, 0.06, 0.10, 0.03, 0.57, 0.50
2, 0.27, 1.00, 0.10, 0.85, 0.15, 0.41, 0.00, 0.01,-0.04,-0.04
3, 0.15, 0.10, 1.00, 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

E O/XA biR— b7 2 U FRB{LRIRE (SAMPLES¥fi®ESE 3.ori 8i)

R=b7 3V F D)7 ZHEFROPEEROGHEIDHAITH 2 M TRl 2~ vay v E7F
WIZBWT, 52 6N0dr#drig, LIZLIEIAHEEEZHEVE . CORMEEEICH LT
N DGR ZRLZUTOMEZEZET.

DT o R 72 - e T v e E 2T

max u’ x — AxTZx
X

(D
sit. xTe=1

CCC, uZMfFY Y=, &) 8 — OGBS EATH, xZR— b7V ADHER 1% R
7R E LET.

SEIEDTATH S ICAREREYEDES L LT, WTFOuNA M= M7+ ) i bz 22 $9
B Us X, PHEFEEIMED) ZLICE T 92 T T 25 0EGLE LET

SIMPLE fllES BB NTT -8B T L
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XeUs

max {uTx — Amax {xTZx}} )

st xTe=1
Us & LT, B3 idTs) = o K EHEH
I<I<x
DL BRXEEFOLELET. SoLE Q) I, HAATH UL EZHCTUTO L) 2 MEICE Xk
RBZENVBTELT[6]. BITHIA BITHL, AeBld, ALBOWHZETHDOELIT.
n?mfx—A@oU—goq

st. xle=1

U-L x] 3)
>0

B %E
AL EATH L DHEEZDO TR %ZFKTITH sigl, FR%ZZTITH) sigU BUTDO L5 25
NTWwWabEE, L@ ZMELRIWV,

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
85| 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.

COMEZERATHEUTOLIICHY T7.

A={1,2,...,8 BT RDES

SIMPLE fllES BB NTT -8B T L
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SigLij,i € A,J €A

I EATI DO KT DO T

Sl'gU,'j,l' S A,j €A

AL EATY O K EFE O FR

A 1) A 7 [alEERR L

Wi i €A FRE AR D3I
=8

x, €A PN

LijiecA,jeA

Uj,ieA,jeA

HEOR% (RX1b)

ulx — A(sigU o U — sigL e L)

o IEE T L DO

sl
U-L
; ’1“ ] >0 S TE
X
Sx=1 HLA LR ORANE 1
i€A

L,’j ZO,ViGA,jGA

119 L D &SRS 2 A S&m

U,’jZO,ViGA,jEA

75 U DR EFICHT 5 IEASH

Z OREIFFIEEMERIFIAA > T B OT, FIEEaImEEIC 2 ) £, L L72H5R % SIMPLE

Tk T2 EUTDLIITRD 7.

RobustPortfolio.smp
/1 REEBT
Parameter nA; // $AIAEL

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

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

/] INT A =%

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

Parameter mu(index=i) ;

/] R

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

SIMPLE flz&s

MRS NTT FT—FHIEVRT I
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Variable L(index=(i,j));

Variable x(index=1i);

/1 XFATH

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

Element v(set=V);

Element w(set=V);

SymmetricMatrix M((v,w));

/1 MDEFOER (E=MAETOHR)

M[i,j] = U[i,j] - L[i,3], i <= j; // ZE b (O L=MAE5)

M[j,nA+1] = x[j1; // AL
M[nA+1,nA+1] = 1; /AT
// BIEE%

Objective f(type=maximize);
f = sum(mulil*x[i],1)

- lambda*sum(sigU[i,jI*U[i,]j]-sigl[i,j1*L[i,3],(1i,3));
/7 HRGM
M >= 0; // FIEEMHEHIF
sum(x[i],1) == 1;
Uli,jl == U[j,i1, 1 > J;
L[i,jl == L[j,il, 1 > j;
U[i,j] >= 0;
L[i,j] >= 0;
/1 K
solve();

/7 W

x.val.printQ);

T—=F 77 A NVIILTDO=D2TT.

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
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

SIMPLE fllES BB NTT -8B T L
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sigU.csv

sigVl,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

nA = 8;

lambda = 1;

mu = [1] 0.1 [2] 0.1 [3] 0.1 [4] 0.1 [5] 0.1 [6] 0.1 [7] 0.1 [8] 0.1;

COEFNEEFTTHLEUTO LS REIHELNTT.

x[1]=6.46383e-006
x[2]=0.233187
x[3]=0.175312
x[4]=0.0633794
x[5]=0.171046
x[61=0.131894
x[71=0.152881
x[81=0.0722949
,[x] = [i]

@ BHETY (RAKD Y PREIRE) (SAMPLESYfISESE 3.pri )

KAy MiEEL, BEAMETIT IO —FE2 22007 V—TIH5ETLMET, FV—T51F
EL7ZBICA Yy PENLZZy YOBEIMAIZIRAILTHMETT. 22T, 2200/ —FFRLRL S
V=TI LIEE, T2l 22Ty IRy NENDLEFTVET.

COMMBEIX, FI 7HEENBEEAITEAONA L W) BBERL I, £, HEEMEE LT
I%, SDPEAIMEE LCRER ERMEZ KDL Z LN TELHEE LTHSRTVET

B #iE
ROTF71%, 7—FELTIL, 2, 3, 4,5 6FO0HANXTIT7TYT. Ty IPLRVEEIR,
HAx 0L LT,

SIMPLE fllES BB NTT -8B T L
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)= FZ_ZODTNV—TIZHFT, Iy hENDLIZYy VOERAOBMERIILLI-2WEE, &0
XOBTN—TLHDBTL XD

C ORE% B S A 7 2 Numerical Optimizer T { 722 ERL 2TV E 325, F 9713 SDP #RFIH]
e LTENLL, BRBEBMEO LAMEZRDOTAE L X5, VI3 A5 Vector/Matrix 27 T ADFIH T
EDLED T HholTzd, T AN OFIREZMBICEBT LIV TER LRV E L 22
TI 7T AT L, 7T 7 DREATH L BEBATHIN G- 2 iz e &, REATHID S BEHATY 2 5w
TATHI CREFEEINE T

DTFTHAT2ENMEIISEM [711CL D 5. 3, /—FOFERLLTNES 2, BHEL
Txe{-L1LieN)Z52FT. TOLE /J—FijeNIIHLT, x=x; TijABFL7 V=TI
BLTWAZ L%, x2x; CiLjBREZTINV—TIRELTVWEILERTILIZTLE, KDL
WKERMET A2 e TETT. |

max - ZS Gij(1 - xix;)
i,jeN,i<j
s.t. x;€{-1,1} VieN

FREERMLITH L, B8 x,ieN % X;;=xx CEEBRIDILEH X, icN,jeNEEATLE, kD

MEEFEIC R 2 5N TVET.

1
max 5 Z G[j(l—X[j)

i jeN,i<j
st. X=0
rank(X) = 1
Xi=1 VYieN

i €{-1L11E, Xu(=xx)=1ITHIEL, x, x; OEOEEMEIZX >0, rank(X) = 1ITHIELET. 2
Z CHllFF rank(X) = 1 Z8EAIL 72[FEAK O SDP FEAIMEE 2 ) 3.

1
max z Z G,’j(l—X[j)

i,jeNi<j
st. X=0
Xi=1 VYieN
FRtesfbo Bz
1 1
3 Z Gyl = Xij) = 7 Z Gij(1 - Xij)
i jeNi<j ijeN

SIMPLE fllES BB NTT -8B T L
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= %Z ZGinii - ZGinij

ieN \ jeN

JeN

= é—i(diag(Ge) -G)eX

ERERZTHIETUTORMMEPEONET.

&8
N =1{1,2,3,4,5,6}

T
G,‘j,iGN,jEN

L = diag(Ge) — G

8
Xij,iEN,jEN

HE9B% (RX1b)
1

ZL.X

Hl#9

X=0

Xii: l,VZEN

VAR NOF Sty

J—=FieNE /) —=FjeNHPDOLBITy VDH
A RBIT  BEATY

777 GDTTTATE (e BETOEEN1D
X7 V)

BHEI T/ —FieN /—=FjeND2H v b
ENTWVABEEIZ-1, 1y FENTWIRWEEIC
1% & B

BHHTTIE A v FEND Ty T OERDKRH

AE 2
AT

WIZ, TR T —% 77 ANV 552 % SIMPLE EFVARLET. UTOEFTIVCTIIAELER
ZWRELRVERT 720, 2BE LA LrERLTVLEWVWETIVIZARD $7.

maxcutl.smp

/! BEHEERZE
Set N;

Element i(set=N);

Element j(set=N);

/1 AT X —%
Matrix G((i,3)); // BT ZBEHATY
Matrix L((i,§)); // 797 G DT 7T A{1H]

SIMPLE flz&s

MRS NTT FT—FHIEVRT I



132 Fo2E

L = diag(Gxones(N)) - G;

Set NN(dim=2); // L=MA#5%
NN = set0f((i,j), i<=j);

Element ij(set=NN);

115

Variable x(index=ij);
SymmetricMatrix X((i,j));
X[i,j] = x[i,j], i<=j;
X[j,i1 = x[i,j], i<j;
x[i,i] == 1; // NMEFRIT 1
X >= 0; // EIE AR

// BB

Objective obj(type=maximize);

obj = 0.25 * inprod(L,X);

/1 KN

solve();

/1 W

obj.val.print();

EEHIRBDBNH XU SIMPLE TOECHHI

T—=%7 74N (csvIBER) QU TFOLHIITAHRD FT.

G.csv

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

CODETFNVEFEITTLHE, HBEIMHE 187437 55N 9.

T, AEJEOEFEE 20 5.

Z IR KA O REAHE T3 O

WIZ 0-1 BEGETHRE & L ComEsfbziisr L 3. SDP &AM T S 7z EFUEDREEE % i~

THAELED.

FPERUI, £/ — FISHL 0-1 %K xi, (e N) EMBLCI2207V—=71255#13 % | & [0 Ofitk L

SIMPLE flz&s

MRS NTT FT—FHIEVRT I
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LIN=T L1 OMEREDL V=TI SEET. T/, /)= Fi& ) —=FjPRBRLIN—TDL
EWC1Z2EY), FLIN—TDEEIZI0%REDLERKy,(ieN,jeN)ZHELE Y. ok, HWEII

i<j
DT & HHIF &8I 08B ) $3. BARMIC (x, x5, 7)) = (0, 1,1),(1,0,1),(0,0,0), (1, 1,0) &
ZHMEREREITLI VDT, ZOMEROMEEZZ R T (x, x5,y = (0,1,0),(1,0,0),(0,0,1),(1,1, 1)

L MEEEPRTAHMEZEALTY. 2oL Rl ZREALZERMLIZRD L HIZ4R) £

%4

N =1{1,2,3,4,5,6} J— FO#E

1751

Gij,ieN,jEN J—FieNt/—FjeNH»PDL BTy VDHEH
A FHLY B BT

0-1 ZH

xi,i €N 0-1D2DODTN—TDELLIZAL P EETE
#

8

yijieN,jeN 1y PENTZ Y VOERE i, x; D ORB20
DE

BRIEEH (RX1b)

ZG,’jyij Ay NENBI Y y@i%‘@?ﬁ%*ﬂ

i<j

il

—xi—xj+y; < (1) (xi» xj, yij) = (0,0, 1) DFERR

—Xi+xj—y; <0 (2) (x1, x5, 317) = (0, 1,0) DHERR

Xi—xj=y; <0 (3) (xi, xj, yij) = (1,0,0) DHERR

Xi+xj+y <2 (4) (i, x5, yi7) = (1,1, 1) DOFEBR

ERCTER y; 3ERERE LTERINTOETE, EBIZIZ 01 L2 ba0ERELY
F.2hE, R M@ kD y; 2025 X@G) &0, y; < 1 258hh, E51T (b, x) OHMEED
(0,0),(0,1),(1,0),(1, 1) L& HHWI L X (DHQB)@) 225, y;=00r 1 PEPNET. T/, kil
DOALERHEEEPIRT 2 HFEORAE LT 0-1 £%K z; Z8ML T,

xi+xj+y,~j = ZZij

LEBTAHELHY T, KIZ, SIMPLE EFVARLET. UTFOEFIVTIIAERZ K % ke
RO EET 720, ZHE LA LAERL TV RVWETVIZR) 7.

SIMPLE fllES BB NTT -8B T L
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E28

EEHIRBDBNH XU SIMPLE TOECHHI

maxcut2.smp

/1 BE

Set N;

Element i(set=N);

Element j(set=N);

/! ER
Matrix G((i,j));

Set NN(dim=2); // ¥ fuisy
NN = set0f((i,j),i<j);

Element ij(set=NN);

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

Variable y(index=ij);

// x[i] x[3] y[i,j] OEEWE & S
- x[i] - x[j] + y[i,j] <= 0,(1,j)<NN;
- x[i] + x[j] - y[i,j] <= 0,(i,j)<NN;
x[i] - x[j] - y[i,j] <= 0,(i,3)<NN;
x[i] + x[j]1 + y[i,j] <= 2,(i,3)<NN;

/7 HEB%
Objective obj(type=maximize);

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

// RBBREIIZL T o2 Hwb
/] ¥ ZFOB, vy & o-1 BEEBICTLILENRD D

// options.method="wcsp";

N

solve();

/7 W

x.val.printQ);

obj.val.print();

COEFNVEETTAE, HBEBME 18, /—F1, 4, 507 V—7L ) —FK2,36D7V—7F7

SIMPLE flz&s

MRS NTT FT—FHIEVRT I
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oSN E 9. SDP MM TRD b N7z HIBHEUEA 18.7437 TH o7 L 2 # 2 5 L, SDP &AM
EPIEHICHE R P YEZ 52 Twb 2 esbh ) ¢

FREDO X IZ SDPEFMECTRE 2 FRMEA 5N 5 2 L% o Twiud, EFE% HvCT WCSP
TNITY XLORERIECHHE LD, #TREEZZEET ALY TEET. ZEFTIC
SDP FEAIMIE, Hifkd: (+ 9HREE:), WCSP TZNERVEREZ U TIORLET. BUToRIE
SDP #ZF1 O _EFUE DK L Mf#D: WCSP O L2 " Tk e R L v T

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 @D [#%| 13/ — FRA KT, Lid7—%
TR T/— RIS LTEE 10 DY) ¥ 7 HFAET 5 X ) I2HLE
BRI T—5.

#WCSP 7V I X ADER, mARERRERH 108, %% H
W7z 3 MORKEHITE T o 72

m = F—EISRIRE (SAMPLES¥fIf% 3.ori  8F)

BIRHR EA 7 Y2 =) Y 7HEDBIE LT, AT I F—RYfatticB s A7 V2 —
Va2 P TERZTWE ET.

W #E1
HHYIF -SSR, DUTD1~6FTOEIF—I1Zxf L, xRty sdn: LET

IF—% | HLIF—0axi
1 4

2 6
3 5
4 3
5

6

10
7

BIE 1 TIE, HEIF—ICBVWTIHIDIZHETE A a~xHT 12 LET. oI F—
FRI—OKLETITH) ZLIZTELZWVWLDOEL, | HH7-YWOEGEHBEORKZ 4 35L&, &
NOETRTOYLIF—DPRTTHELPRNELDLIBAT V2=V EROTLZE W,

SIMPLE fllES BB NTT -8B T L



136

F28 BEFEDBENB LU SIMPLE TOCHH!

B, TRTCOLIF—IPRTITLTITCOHBIIRATL20HTTELTT

COMEEZERILTHE, LTOXHIIZHDET. &b, I F—aBITHL TR ZWDT,

—DODEJREAGRTIEITHEELTL & W,

I %4
Se tIF—H1~6
'R
1 IS -2, REEIC4
ET—FK
A I+ — 1 oI~ HHL
SRR ] 4
AT 2 ¢ WUk L e A
Ay I F— 2 0a<x L E
PRI -6
A5Gl 2 oW W S IR S A |
A; Y 3 — 30~
JLBRIRE -5
DAL 3 < ol W I LT R
Aq Y I F— 40BN L
SLBRIRE -3
A5 Lo W [ A
As Y 3 F— 50 EH
SLERIRERE: 10
A5 A W L R A
Ag Yt 3IF—6Da~v BN L
ALPR I 7
A5 R G W L T A
E-—FE£4I&
MM;,i€Se IF—iAEN ) BE-FES
TI9T14ET«
acti,i€Se Y IF—i% I hIEE

SIMPLE flz&s

MRS NTT FT—FHIEVRT I
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BEIBE% (R/IME)
completionTime Rt DIVEEDSE T IRH

24 21— JVEARS
T ®AKT20HET S

ERAL L 72K R % SIMPLE Ttk A LT X H 240 7

SeminarAssignl.smp
/1 ERDOR Y 2= ¥ 7

Set T(name="T");

Element t(set=T);

/7 B (B3 —) A
Set Se(name="Se");

Element se(set=Se);

/1 E—FRE

Set M(name="M");

Element m(set=M);

/] HFEIF=DBEDH)BE-F

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

/7 &R GRE) A
Set Ro(name="Ro");

Element ro(set=Ro);

/] &E— N oKL X CoBRES
Set TT(name="TT");

Element tt(set=TT);

/] LB

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

// BERA =

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

/1l T7T4ET4

Activity act(name="-t I 7} —", index=se, mode=MM[sel);

SIMPLE fllES BB NTT -8B T L
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// BB (§XTOE I F—D% THRDR/ML)

Objective f(name="#/N5E T HEL", type=minimize);

f = completionTime;

/7 SRR KRR

options.maxtim = 5;

/1 R

solve();

// RO

f.val.print();

F28 BEFEDBENB LU SIMPLE TOCHH!

simple_printf (" I J7— [%s] = %d\n", se, act[se].startTime);

// Y b Fx—MED

Gantt g;

g.add(act[sel, se);

g.dump Q) ;

ANT7F—=% (datTBX) &, LT XIHITHR) 7.

Data_SeminarAssigniA.dat

cap = [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;

MM

req = [A1,1,1]
[A2,1,1]
[A2,1,6]
[A3,1,1]
[A4,1,1]
[A5,1,1]
[A5,1,6]

[A6,1,1]

[A6,1,6]

[1] A1 [2]

1
1
1

1
1

A2 [3] A3 [4] A4 [5] A5 [6] A6;

[A1,1,2]
[A2,1,2]

[A3,1,2]
[A4,1,2]
[A5,1,2]
(A5,1,7]
[A6,1,2]
[A6,1,7]

1
1

1

[A1,1,3]
[A2,1,3]

[A3,1,3]
[A4,1,3]
[A5,1,3]
[A5,1,8]
[A6,1,3]

1
1

[A1,1,4]
[A2,1,4]

[A3,1,4]

[A5,1,4]

[A5,1,9]
[A6,1,4]

1 [A2,1,5] 1

1 [A3,1,5] 1

1 [A5,1,5] 1

1 [A5,1,10] 1
1 [A6,1,5] 1

%8B, AT —% % Excel BARHEREAX H\WTHZ A2 L HWEETY. BAMICIIRKDO L) 27—
¥ % Excel 2* 5B 2 X 7 A Numerical Optimizer {29 L 3. Excel #ARKEREIC BT 27— TP L

SIMPLE flz&s

MRS NTT FT—FHIEVRT I
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FHiEIZO & F LCid [#3 Y X 7 2 Numerical Optimizer/SIMPLE/Excel #fR~ =27 V] # TE 2 &
W, F7, AU M Fr— MO & F LTk [#3FE 2 A 5 4 Numerical Optimizer/SIMPLE <
a7V BEITELIZE N,

cap se Pt bl
1 Q 4 1A
1 4 21A2
2 4 3]A3
i) 4 4144
4 4 51AS
B 4 G|~
] 4
I 4
a 4
a 4
10 4
11 4
12 4
13 4
14 4
15 4
18 4
17 4
18 4
18 4
20 4
req 1 2 3 4 B g 7 g 9 10
A1 1 1 1 1 1
A2 1 1 1 1 1 1
A3 1 1 1 1 1
A4 1 1 1
AE 1 1 1 1 1 1 1 1 1 1
A6 1 1 1 1 1 1 1

HEIX DToXd1240) 9.

w/NoE T H¥=10
+

IF—nl=o0
tIF—1[2] =4
t3I)F—1[3] =0
tIF—14 =5
tIF—=1[5] =0
IS —1[6] =0

LRt RoOL I F—fliid, £EIF—0OBHREEZRLTVWET.
LGB, By M Fx¥—MIXABBHoOWMEULEIT) &, KOXHITHY 7.

B 1 OfFOHIIH

SIMPLE fllES BB NTT -8B T L
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BN EE]
LEEEN E I FE R F R Y R N F]

EHE&E s X

BIE 1 CTlt, HE€IF—CBIALAE=FF1HE (—H—a~<3F2HLLTWVL) ODARTLED,
W HE2TIE, HEIF—IH LTV OPDE—FZHEL, BIE1 20 OREOMHR 2 MEE L
9.

B flE2
BIE1 D&MD b L, £EIF—I12BWT, avBOMLTEOEREZVW D525 0E
LEd. BARMICIE, UToEOME) TT.

tvIF—% | TE—F | I F—a~vKOBELHE

1 Al_l 1-1-1-1
2 A2_1 1-1-1-1-1-1
A2 2 2-2-2
A2 3 1-1-2-2
3 A3_1 1-1-1-1-1
A3_2 2-2-1
4 A4_1 1-1-1
5 A5_1 I-1-1-1-1-1-1-1-1-1

A5 2 1-2-2-2-2-1
A5_3 2-2-2-2-2

6 A6_1 1-1-1-1-1-1-1
A6_2 1-2-2-2
A6_3 2-2-2-1

KORFGTTD, BIZIFA22TLAS, I F—2h2a~v6% 3 HICE-STH L 23O
£5%, LwHZ Ll ET. HLIF—1E ZoEIF—FEHFIHABRINZE-FDI bR
P& BRL 2T NIERD A, BIZIEEIFT =31 TE5E—FIZA3_L, A3 2D2200H
HDT, TNEDIHLDELLNEBINLTEIF—Da~xHEHLTIEV)ZLICARD FT

FTRTOYIF—DPETTIRAIRNERD LI, BYLRE—FEERL AT V2 —L%
ROTLZZ W,

SIMPLE fllES BB NTT -8B T L
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ERALICELELCIE, BE L LHAETT. TITDT, EFVT7 74 VOB LHBIE 1 & H—127%

DETd.

BIE1 L B2 DL, AJJT—7 DA TT. Excel BARERE % F\» T Excel 2 53 ¥ A 7~ 2 Numerical
Optimizer N7 — ¥ ZEFTHEI2E, ROX I T7—4 %2525 7.

cap =) hahd
1 o 4 1A
1 4 21A2 1 A2 2 A2 3
2 4 3lA31 A3 2
3 4 4[44 1
4 4 ElAE 1 AL 2 A5 3
5 4 5 [AG 1 AG 2 AG3
a] 4
7 4
=] 4
] 4
10 4
11 4
12 4
13 4
14 4
15 4
156 4
17 4
18 4
15 4
20 4
reg 1 2 3 4 5 3 ] 10
A1 1 1 1 1 1
A2 1 1 1 1 1
A2 2 2 2 2
A2 3 1 1 2 2
A3 1 1 1 1 1
A3 2 2 2 1
Ad 1 1 1 1
A5 1 1 1 1 1 1 1 1
Ao 2 1 2 2 2 2
AR 3 2 2 2 2 2
A5 1 1 1 1 1
MG 2 1 2 2 2
A5 3 2 2 2 1

Bl 1 LT HE, FEIF—IZBVTED)IBE— FORMPMR - ENBLRY %L LR

WY

BRI, DTokdicnh 4.

/NS T H M9

tIF—11 =0
IS —1[2] =5
IF—[@B =0
tIF—14] =4

SIMPLE flz&s

MRS NTT FT—FHIEVRT I
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+t I — [5]
X I+ — [6]

0

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.

BB, Wb Frv— ML BBIORHREIDTOLHI TR 7.

BIE 2 DfFEOHIIH)

o rff A

TN TN S T

Ad 1
A5 3
A6 7

COEMORBIZ, GETIIEREL RLEGE—2DATLEY, ) —2&BL 22878 ML
THELEI. IF—ZHEWT LA V&Y (KiR) L9 72Y UMEER) 0k)bozE
LTWZ2huE, Bb»)ilishrtBnTy.

B fIE3

BIE 2 D&MD &, SHIAL YELEHNELET

FXIF—LBEIAA VR TIHEIF— %2177, Zoboxl; CITFTE, 7a%e
IEAZEICLEY) KBV THMENOLIF—27) b0 LET. 7RG TOLIF—%Ei)
Bk, P2 ER—ELEd. 1 HB2) O TRGMHBOBRKRICEHLELTH, BIE1 - BlE2
FkE, 42 LET
AAVEWGTIZTIHIEHOYIF—L2MT) TENRTET, Lad A v&5iE&tIr—o
BLOD 1 ARDALPFHTEILNTELNLEDETEHLEE, TRTOEIF—DPETTHE
AN E DI BRI V2=V ERDTLEE W,

ERALE LTI TOLIIE, £ IF—LBIT, A VYR TEIF—ZTo BRI TRYT
179 L) EATHIF MDY 3. ZBETHEMRE<ICIVRTIOLELET.

'R
0 A Y, MHEEHEIT
1 HTRYE AR EIC 4

SIMPLE fllES BB NTT -8B T L
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FEATHIFY

actig < act;;, Vi€ Se EEOXIF—illBWT, X VR TOL
IF—ERZTBICAL VDS OERGTOR R
F—IIBITT 5

LRt LD A KM L 72 SIMPLE TOEF)Vatdbix, DLTOXH 12k 9.

SeminarAssigniB.smp
/) ERDA Y 2= v 7

Set T(name="T");

Element t(set=T);

/1 VEE (2 F—) HBE
Set Se(name="Se");

Element se(set=Se);

/] E— FNES
Set M(name="M");

Element m(set=M);

/7 &R GRE) A
Set Ro(name="Ro");

Element ro(set=Ro);

/] BEIF=DENIBE-F

Set MM(name="MM", index=(se,ro0));

/] &E— N oRKEENME CoOMMES
Set TT(name="TT");

Element tt(set=TT);

// BERA =

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

/] LEER

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

/] T T4ETA

Activity act(name="-t I J} —", index=(se,ro), mode=MM[se,rol);

SIMPLE fllES BB NTT -8B T L
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/7 FEATHIF

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

/7 BIIBE (F_TOE I F— 0% TR OF/ME)
Objective f(name="I/N5e T HEL", type=minimize);

f = completionTime;

/1 R KIR ]

options.maxtim = 5;

N

solve();

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

simple_printf ("t I 7 — [%s,%s] = %d\n", se, ro, act[se,ro].startTime);

/1 Y b Fr— D)
Gantt g;
g.add(act[se,rol,se,ro);

g.dump() ;

AN 7 — %1%, Excel HRERELZHVCTUTDO L) %7 — 7 2 %P> A 7 2 Numerical Optimizer (2%
LET.

AL VEIIHTEE—-FIE, KIS —Lbillarge_room & LTHZTWH I EITHEELTLE
S,

SIMPLE fllES BB NTT -8B T L
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e 1 i § 10 W
| v poom 0 1 0] large.room
A 1 1 1 i Al
N 1 | 1 0] farge room
L ? ? 1| A1 Bl 03
&3 1 ! 0| lrge room
LA 1 1 1 1| &1 52
42 ? 1 0| brge room
M1 1 1 1| At
51 1 1 1 1 0] large reom
42 1 ? ? A &2 )
43 ? ! ! 0f bree room
41 1 1 i | 41 M2 M3
42 1 ?
LX) ? ?
| o 0 1 3 5 10 13 14 15 16 1 18 19 0
0 1 1 1 i 1 i 1 1 1 1 1 | i
1 4 4 4 4 4 4 4 4 4 4 4 4

HEY DToXd1240) 9.

w/NoE T H#=11

I+ —1[1,0]

£ IF—[1,1]
£ I+ — [2,0]
I+ — [2,1]

+t 34— [3,0]
+ 34— [3,1]

+ I+ — [4,0]
X 3IF— [4,1]
£ 37— [5,0]

+t 34— [5,1]
+ 34— [6,0]
X 3IJ— [6,1]

= o W N

o N o N

3
4

T,

BIE 3 OO IIH)

COMRET Y M F X — MBI TTEILLTHRIELEL & 9. HEPIIKEEIF—L
I, A VELTOEIF—HILE, HTERETEIFT—2ToTVEONMERTEETT

SIMPLE flz&s

MRS NTT FT—FHIEVRT I
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EEENCEEEEEE]
LEEEN EEI FE R I Y I NP

E 937JvavIRT5Ia—U VIR (SAMPLESYBISEE 3.pri SR)

VaTvay SRy Ya—0) yEEEE, AEFEEOBYTHN, MFE (Y a7) 2REMICR)
HIPZHI D IRZFT, B THZ, WHENEOR/MLEZHNE L72Ar V2= Y JHETT. 22
TlE, JRCBMOBIEE T, LFEIEBOMEE ARV =Y a3 y) 2o h, £tFoeTo
TEEDBE I NG &, ALFOMEDE T T 5 EFIFEM (serial machines) (ZDOWTHEM L F 3. ARHE
i, EEPME I NBIEFICE T, UTO32IZKENET.
LA—=7>yay 7R (2251 )
BAEEDIL S N A MO IZTFE > T,
2. 70— 3y 7HE (2252 )
BAEFEDEE S 2 B DN A3 L.
3.Va7vay 7HE (2253 #)
FAEEAE S M B BMONTE 25D 5N TV AED, ThSDIEF IR EICR R >TVTY
v, 7a—3v gy IHEO—KRIE.
UTT, ER1~30f#EZf LT Y. LEISUT [HH Y A7 A Numerical Optimizer/SIMPLE
=27V NIZH 5 repsp DI D i TITE LS 23,

2.25.1 #A—TJv3vJHERE

B E -7 avHE
3ODVEENOEREING, 3 O00FHEFHLHE LT, BAEEZ NI 5 H0 & MBI RIZULT
DIHNTHEzZENTHWET.

TESE 1T (BB 1) | TE3E2 (BRME2) | 1E3E3 (B8ML3)
HFHa | SHH 8 IR 4 ¢
HFH b | 5K 4 R 6 IR

SIMPLE fllES BB NTT -8B T L
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g c | 6 HER 5 R 5 FERE

EHEMAEEZ LB L T2 I, MOMEEZ MRS 2T RETA. 72, KEELZ LS
BN CHIRIED ) TRHA. ZOREOREDIEEDT TRRD RN E 75 L) I2T 5121, &t
Fe O L) ITEMICH D IREVWT L L) 2B, IXTOMEFHERR S E TORERMIZ

RAKT30HETET 5.

COMEZERWNHNEAT Y2 =) Y IETESAELT 5 &, PIZIZLTOMICIED $7.
FHHEOBEIZFICIZ 2 2 PR WEE, 573 —

BREE2HNTERHL TV HICHERE

LT3,

machinel PEME 1, fbfe = H
machine2 BB 2, RGNS
machine3 BB 3, GRS
d1 ¥, e
d2 IR 2, R
d3 T B3, e
E—F
mode_a_1 MLBREER S

VB4 machinel, d1 % WLER R ] d g L2
mode_a_2 MLBREE -8

W¥EH © machine2, d1 2 QLBLEF 12 1
mode_a_3 LRI [H]:4

VP54 machine3, d1 % WL ] d g L2
mode_b_1 LRSS

VB4 machinel, d2 % WL ] F R L2
mode_b_2 ALHRIRE ] 4

YoBEE | machine2, d2 % ALEER B H 12
mode_b_3 WLERIRE ] 6

V¥ machine3, d2 & ALBRIRF ] 12 1
mode_c_1 SLBR IR -6

WaBi4E  machinel, d3 % WLERRE ] E 12
mode_c_2 JLBRIRE -5

VPR machine2, d3 & ALBRIRF ] R L 1
mode_c_3 LI [ 5

V¥ machine3, d3 2 SLBLEFIHIH T 1

SIMPLE &% HRABHE NTT =BV X T L
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TIT4ET«
acty B aDfEE 1
MPEE—F : mode_a_1
actyn fE5 a DIESE 2
WPEE— T : mode_a_2
actg3 A3 a DIEE3
ALFE— F : mode_a_3
actp | L b OIE¥E 1
ALFE— F : mode_b_1
actpp L5 b OFEE 2
ALFE— F : mode_b_2
actp 3 5 b DIEZE 3
ALPE— F : mode_b_3
acte g c OFE 1
WFE— N : mode_c_1
act., 5 c OS2
MLEE— F : mode_c_2
act.3 3 c DIEE 3

MLEEE— F : mode_c_3

BRUEEE (&/IME)
completionTime R BEDOVEFEDTE TR

24T 2 —JUEAR
T WARTI0KER & F 5

I % SIMPLE Ttk 35 kDL H 122D T,
BB, TI7T4ET 4 OFEICETE—FESTTY, LF - FEEOKHMAEDLEIIXH L TEDE—
ROSRHE T 5 & W) H4 AvailMode ZHIE L, Thz5 e LTELET.

openshop.smp

/1 VRS

Set J; // ALE
Element j(set=J);
set s; // VB
Element s(set=8);
// E— FEE
Set M;

Element m(set=M);

SIMPLE fllES BB NTT -8B T L
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Set AvailMode(name="AvailMode", index=(j,s)); // &HFDOF XL =Y a VIZBWTRII NS
E—F

1/ BRES

Set R;

Element r(set=R);

/1 VEERH SR &

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

// WIS

Set T; // A7 ¥ a— ViR

T="0 .. 30";

Element t(set=T);

/! T T4 T4 (R

Activity act(name="act", index=(j,s), mode=AvailModel[j,s]);

/] R

/R

ResourceRequire req(name="req", mode=M, resource=R, duration=D);
/7 BIRBE R

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

caplr,t] = 1;

/7 HI9BE%
Objective f(type=minimize);

f = completionTime; // HIRDIEEDSE | KX f/Mb

7/ RIGIKI T DR e

options.maxtim = 15;

N

solve();

/7 FEROFERET

simple_printf ("act[%s,%d] = %d\n", j, s, act[j,s].startTime);

F=F T 7 A NVERDE IR T

SIMPLE fllES BB NTT -8B T L
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data.dat
AvailMode =

[a,1] mode_a_1
[a,2] mode_a_2
[a,3] mode_a_3
[b,1] mode_b_1
[b,2] mode_b_2
[b,3] mode_b_3
[c,1] mode c_1
[c,2] mode_c_2
[c,3] 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]

[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]

SIMPLE flz&s

[mode_a_2,machine2,1]
[mode_a_2,machine2,2]
[mode_a_2,machine2, 3]
[mode_a_2,machine2,4]
[mode_a_2,machine2,5]
[mode_a_2,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,machine?2, 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,machine2,5]

[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]

MRS NTT FT—FHIEVRT I
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[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,d3,3]
[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]

151

FEATT B L, FEEORIGIEZ

act["a",1] =0
act["a",2] =5
act["a",3] = 13

act["b",1]

I
[)}

act["b",2] = 13

act["b",3]

1]
o

act["c",1] = 11
act["c",2] =0

act["c",3] =6

B IhET.

DFTIE, Ay b Fr— X BolhongtibziivwE 4.

SIMPLE fllES BB NTT -8B T L
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BIE (F—7 v ay 7FiE) ool :

act[ a"1[1]
act[ a" 1[2]
act["a" 1[3]
act["B 1011
act[ b7 1[2]
act[ k1]
art[ = 10 ]
actl" c" 21 e

act[" c" 1[3]

rmoce 51
mode_a_2
rmode_a_3
mode_k 1
mode b 2
rmode_kb 3
mode_c_1

mode_c_#
mode_c_3

2252 7J0O-—Y3v &

B fE 70-Yayv 7 HE

Biior—7> v ay TREOEEOT, S45E, 1B L IEE 2 MER3 QTR I AR ITh
BabhwnweLET. ZORGOREBOIEEDTE TRAPRNE %2 EHI2T5I121E, LX)
M2 8 ) IRIUET X VT L & ) 2

COMEEFRT 5121, SEEOWNHNEF 2 HIF T 5L FOLATHHZMZ 52 LE D) T3
%8B, UFTTHOWTWS <3 fTlRezETiRFE LET.

FEATHIHY

act,) < actyp a1, HFHaoEE 21287 T 5
actyn < actys L3 a DIEE21E, 5 a OVEE3 ITH1TT 5
acty < acty, fFb O 11, 3o DIEE 2 12k1TT 5
actpy < acty3 HF b O 21, b ORI ICHATT 5
actey < act., fEHFHcDEE 11, EFcDEE 218755
actep < acte H e DS 218, LT c DIEFE3 ITEITT 5

LD ATHIR 2 I 2 72 SIMPLE D FIVIZLAT ORI Y 3. M, BFORIEEZFEEIC2
DL B R WEIE, BATHR TR EIN T A HITERL T 23N,

flowshop.smp

A = ey

SIMPLE fllES BB NTT -8B T L
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Set J; // f:E

Element j(set=J);

Set S; // TE3E

Element s(set=S);

/] = FEA

Set M;

Element m(set=M);

Set AvailMode(name="AvailMode", index=(j,s)); // HAFHOF XL —T 3 Y IZBW T IS
E—F

/] BIREE

Set R;

Element r(set=R);

/1 VEERH &

Set D; // % E— FOIEERHORK
Element d(set=D);

/1 WIHES

Set T; // A7 Y 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

/R

ResourceRequire req(name="req", mode=M, resource=R, duration=D);
/7 BIRBE R

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

caplr,t] = 1;

/7 HIBE GRROVEEDSE TIRZ O He/ME)
Objective f(type=minimize);

f = completionTime;

/1 FEATHIF

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

/7 RIFE KR O

SIMPLE fllES BB NTT -8B T L
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options.maxtim = 15;

/7 K

solve();

/7 FEROFERET

E28

simple_printf ("act[%s,%d] = %d\n", j, s, act[j,s].startTime);

TATRIR Z R 2HCEY, FI—BREEH L UBEPEL o7ty T—F 774 VD 125

TOMIZBIEShTT.

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]

)

[mode_a_2,machine2,1]
[mode_a_2,machine2,2]
[mode_a_2,machine2, 3]
[mode_a_2,machine2,4]
[mode_a_2,machine2,5]
[mode_a_2,machine2,6]
[mode_a_2,machine2,7]

[mode_a_2,machine2,8]

[mode_b_2,machine2,1]
[mode_b_2,machine2,2]
[mode_b_2,machine2, 3]

[mode_b_2,machine2,4]

[mode_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_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 oL, BEROHBRAVUTO L) TR ST,

SIMPLE flz&s

MRS NTT FT—FHIEVRT I
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act["a",1] =
act["a",2] =
act["a",3] =
act["b",1] =
act["b",2] =
act["b",3] =
act["c",1] =

act["c",2] =

act["c",3] =

11
16
24
6
11
16
0
6
11

LIFTIX, 2251 fiFEE, #EOF Y b Fr— MO ZITVET.

BIE (7a— a3y 7HE) ool hs):

act[" =711 1]
act["a"]2]
act[ 2" 1[3]
act[" k" 101]
aut[" 0 1Z]
act[ 1" ][3]
act[ c" 101 ]
act["c"][2]
actl ¢ Il5]

mnir_a_1
tnode_a_2
tnode_a_3
rnoce k1
mude_b 2
rnode_kb_3
rriocle_c_1
rode_c 2
roce_c_3

2.25.3 YaJyvavIiE

B FE PaJiavHE
HfiOF =72 ay THREOLRMEOTF, ZSAFEIUTOMHIME I N LT E R b 20nwhok

L9,

SIMPLE flz&s

ESE 1 (Bbk 1)

TEE 2 (BEMk 2)

TE3E 3 (B 3)

5 a

1

3

2

L5 b

1

2

3
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fbgic | 2 1 3

COBEDOBEBOVEEDTE TR R/NE D X2 5121E, E0 X5 12824 ) IR X
WTL & 9D

C oM, FATHIFR LT ORRICEE ST 7.

FEATHIEY

acty) < actys fFa DFEE 11X, HFa DIEE3ITRITT S
act,s < actyp fEFa OEE3 X, EFHaDEE 21T T4
acty,) < acty fFE b o 113, HFHb OEE 2 12817 T 5
actyp < acty3 3 b O 2 1%, 3 b O3 I2kITT 5
actep < act g c DIEE 213, e DFEE 1128175
act.; < actes e DFEE 11X, HFc DIEE3ITRITT 5

FEROETHFZTF— 7055255 K HIZSIMPLEDEF IV EF— 7 2 BIEL 9.

jobshop.smp

/1 VeSS

Set J; // ALEH
Element j(set=J);
set s; // YB3
Element s(set=S);
/] E— NS
Set M;

Element m(set=M);

Set AvailMode(name="AvailMode", index=(j,s)); // HFMEHDOIF XL —3 3 VIZBWTUH I NS
E—F

/1 BRES

Set R;

Element r(set=R);

VA (i S Sy

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

/7 WSS

Set T; // A7 ¥ a— ViH

T="0 .. 30";

Element t(set=T);

/] T T4 T4 (R

SIMPLE fllES BB NTT -8B T L
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Activity act(name="act", index=(j,s), mode=AvailMode[j,s]);

/1 B

/] LEE R

ResourceRequire req(name="req", mode=M, resource=R, duration=D);
/7 IR

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

caplr,t] = 1;

/7 BEIBEE GRROIEEDSE TR Oi/ME)
Objective f(type=minimize);

f = completionTime;

/1 FATHIR

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

Element v(set=S);

act[j,u]l < actlj,v], (j,u,v)<Prec;
/1 RIGHKIF ] DR

options.maxtim = 15;

N

solve();

// FEROEEL )

simple_printf ("act[%s,%d] = %d\n", j, s, act[j,s].startTime);

F—=FT7AND OB TOMRIBIEINT T,

data.dat
AvailMode =
[a,1] mode_a_1
[a,2] mode_a_2
[a,3] mode_a_3
[b,1] mode_b_1
[b,2] mode_b_2
[b,3] mode_b_3

[c,1] mode c_1

[c,2] mode_c_2

SIMPLE fllES BB NTT -8B T L
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[c,3] mode_c_3

E28

EEHIRBDBNH XU SIMPLE TOECHHI

FAT B L, SERORBIEAPUTO LS ICHh I T T,

act["a",1] =
act["a",2] =
act["a",3] =
act["b",1] =
act["b",2] =
act["b",3] =
act["c",1] =
act["c",2] =

act["c",3] =

0
14
5
5
10
14
10
0
20

2252 HildlkE, HEROFT TV b Fry— MO ZDTO L) I 7 0wE T

BIE (Va7 vay 7HE ool :

SIMPLE flz&s
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act[a"101]
art[ 2" 1]
act["a"103]
act[ 2 101]
act[ 2" 1[2]
act[ 2" 1(3] _ _ i

act["c" 101 ] S

act[ ¢ 1] “

act["c"1[E]

mode_a_1
mode_a_2
rode_a_3
rnode_k 1
riode_b 2
mode_kb 3
rioce_c_1

mode_c_2
mode_c_3

2254 URTIYa1—-YUVIME

EBOBIY T, H AT L 2 F0BBHRAIRILZENLIZLIED Y 9. 204, @B
FORrVa—NVEBEL, FUEEEBELLR BHEAFV2—-VEHMAELES. 20X LHE
EYVATVa—=") Y FHEEERFIZLET

W BfE UVRsTYa-YTHE
Wiy a7y ay THEZFRCIRR, KEEORBRZNIZ,

PESE T (BBME 1) | TEE 2 (B¥Mk2) | 13 (BB 3)
ftda | 0 14 5
f:34b |5 10 14
ftgc | 10 0 20

ERDF L ZORT V2= VIZHEDWTHMZ L LTz, 10 BEASHE X707 T, B 2
DL, SEMELRTZHICAZD T L. COBAORBOEEDOZ TN RN L L1
BEDEHIIAT V2=V ZHMAEZFIXLIWTL £ 9 .

COMEERRT 5120, BEDAT Va—VEBETSE, T2 T 1T 1 FEEBEE (fixActivity)
RHHTALENHY IS, 72 RRORF V2 —VHBEITRKLEVEIICT B, ETOEEC
6479 % sourceActivity (HEJ TEFRSNTWS) L0 ) BITHIN 2R TE2LENH D 7.

Dbz laxlzzal, L LTEFHZICUTOL0MbY) 7.

79T 14 ET 1« DRREFZIEE
FixActivity(act, | .startTime) L5 a OFESE 1| ORIGERZZ 0 ICEET 5

SIMPLE fllES BB NTT -8B T L
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F28 BEFEDBENB LU SIMPLE TOCHH!

fixActivity(act, 3.startTime)

1E5 a OIESE 3 OBBRZ % 5 ICEET 5

fixActivity(acty, ) .startTime)

3 b OFEE | OFMGEE % 5 1@ 2T 5

fixActivity(act,,.startT ime)

HF c O 2 OGRS % 0 ICEET 5

79514 ET14DE—KNEE

fixActivity(act, ;)

HFaDEE 1 DE— F% mode_a | IZHEET 5

fixActivity(act, 3)

HFHaDEE3IDE— F% mode_a 3 ICHET 5

fixActivity(acty 1)

HFEbDIEE1 DE— F% mode b_1 IZFEET S

fixActivity(act,»)

HEc DFEE2 DE— F% mode_c 2 ICFEET 5

FEATHIFY

sourceActivity < act,, 10

13 a OFEE 2.1, WH) 10 DAanicides# i S vz
v

sourceActivity < acty, 10

L3 b OEE 21%, B 10 Dpnicid s s vk
[

sourceActivity < acty3, 10

L3 b OEZE 31X, B 10 i3 s v
v

sourceActivity < act, 1, 10

L3 c OFEZE 11, W4 10 DIainicid e S vz
v

sourceActivity < act.3, 10

L3 c OFEE 3, W4 10 Dainicide#f S v
8

T72, B2 13, WER 10 5 SEEREFIL S 5 DT, BWRASUTFORRIBIES N E T,

BiF

machinel BB 1, AR 1

machine2 FEME 2, MG E e 10 DLk 15 K 0, & Otk
121

machine3 PR 3, RIS 1

ZN% SIMPLE Ttk 35 L LT ORRICR D T

jobShopRsch. smp
/1 VeSS

Set J; // ALFH

Element j(set=J]);
Set S; // 1B

Element s(set=S);
/] E— FEE

SIMPLE flz&s
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Set M;
Element m(set=M);

Set AvailMode (name="AvailMode", index=(j,s)); // HHFDOFRL =T a3 VIZBWTUBE S5
E—F

/1 BREE

Set R;

Element r(set=R);

/7 Ve &

Set D; // £ E— FOVEREKEMORK

Element d(set=D);

// WIHESE

Set T; // A Y a— IVEIH

T="0 .. 30";

Element t(set=T);

/] T TAET A (R

Activity act(name="act", index=(j,s), mode=AvailModel[j,s]);

/) LB GER)

ResourceRequire req(name="req", mode=M, resource=R, duration=D);
/7 BRMR R GER)

ResourceCapacity cap(name="cap", resource=R, timeStep=T);
cap[r,t] = 1;

cap["machine2", t] = 0, 10<=t<=14; // fEEIZHIIC

// BIBE (Rt OVEEDSE 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,vl, (j,u,v)<Prec;

[k === VAT T a—=Y Y TOLEDOHIK —— */
// #FE O .. 10) DAF T 2—VEEE
Set FixAct(name="FixAct", dim=2);

Parameter fixTime(name="fixTime", index=(j,s));

SIMPLE fllES BB NTT -8B T L
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act[j,s].startTime = fixTimel[j,s], (j,s) < FixAct;
Parameter fixMode(name="fixMode", index=(j,s));
act[j,s] = fixModelj,s]l, (j,s) < FixAct;
fixActivity(act[j,s].startTime, (j,s) < FixAct);
fixActivity(act[j,s], (j,s) < FixAct);

/) BEOY a TYIMIAT v T 10 DAENIRERTIE LS W
Set NotFixAct(name="NotFixAct", dim=2);

NotFixAct = set0f((j,s), (j < J, s < 8)) - FixAct;

sourceActivity < act[j,s], (j,s) < NotFixAct, 10;

options.maxtim = 15;

solve();

simple_printf ("act[%s,%d] = %d\n", j, s, actlj,s].startTime);

F—=FT7AND 1 OBPUTOKIBIEINT T,

data.dat
AvailMode =
[a,1] mode_a_1
[a,2] mode_a_2
[a,3] mode_a_3
[b,1] mode_b_1
[b,2] mode_b_2
[b,3] mode_b_3
[c,1] mode_c_1
[c,2] mode_c_2

[c,3] mode_c_3

)

Prec =

al3

b 23

c21

SIMPLE fllES BB NTT -8B T L



225 YaJyvavIRyIa—-UVIHE

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;

163

FETTHE, SMEEORGHAPUTO L) IZHh ST,

act["a",1] =0
act["a",2] = 19
act["a",3] =5
act["b",1] = 5
act["b",2] = 15
act["b",3] = 21
act["c",1] = 10

act["c",2] =0

act["c",3] = 16

2253 filEkE, fEROT Y b Fr— MO ZEUTO LS T E 9.

BlE ()27 Y a—=Y Y 7iE) ool :

SIMPLE flz&s
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|X7V1~UV7HE| VAV a—= s
A P A
a Y : N\

act["a" ][]
act[ & 1[2]
act["a" =]
act["b Jl1]
actl" B 12]
act[" k" 1[3]
act[ 2”11 ] e —
act["c"]2] w \ J:
act[ " 1[3] Y i
| o |

mode_a_1
mode_a_?
modo_o 3
mode_b 1
mode_k 2
rmioce_b 3
mode_c_1

mode ¢ 3

E EIETERRITY (SAMPLESYEIEE 3.prj BE)

Z T, BRMERITHZHWREZBA LTI, Vector/Matrix 7 7 A=FHT 5 &, ERER
T W FENRAB LA 2D 5.

m fIE

b B HWIRIIINFREAT 3R, HEARD 2, WEFRP 2 KD H. TNENOAITIIAFAED
NEHIRARD 5NTEBY, EOPRNELT 59 OBBMERP D> T0DH LTS,

WX, HLEEOPNERAFTEFENBE FUT B L, NER 2 OAFH ERZRIEISEZTL
Folzlz, INERE 2 DBNERE L, INFR 3 NDAFBEANBOFTEZITH) LI L. ZOEE
DWHEH G- 2 5 NIEBRIERIH o THEE, WEAITEST L LREL2E &, A LR
Kxiiz L, 20RO NBHETHILI2WGE, E0 L) R AHEREEZIT 23X wh
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48

INFARZ L

INFRE 2

INFRE 3

165

L MEYNEIN (D)
ERADH %

[

T 2 B BRI
HzbhTwb

C OB %Z F P > A 7 2 Numerical Optimizer T { 729D IZE AL Z TV E 5.
BRAE, NFERE2 I D/NFER NDFIENE x ENFRE2 P H/NFER 3 ~DOIREN Ty L LES. H
FIBBUEFEANBORAMET SO Tx+y &2 9. 72, BEMEZZET S L 2RI E &

%75,

C TR AR LTk, RONEOMZ BEEBUEIC O TR ) &I LT

W22 33, 3, FHEABICO VTR L LT, FEAHIK, BXUWEAROK
HAVNFRL 2 DAETFEANBEBZ TR RO ZVEVI RSB ¥, 72, BEBHERIINEST
HF% LA I ENZThoFRO AP ANBHIR 2 W23 & v Hllrdh ) 3

PDExsEz TRk Iy ICERMLSNET.

=4

E ={E1,E2,E3} INFIREDEL
J={J1,J2} R OEE
H ={H1,H2} REFROES
T

EJ,j,ecE, jelJ

BN B B PN D BB TEFRATS

JHy,jeJhe H

BRI b K SF AN D BRIERITS

flow,,e € E BNFRRAND NFT N7 bV

Eup,,e € E BINFRED NFEH LR 7 b

Jupj,jeJ B NFH LR v

Hup,,he€ H BEELRDO ANFH LIRXT I v

zH

x AN 2 7 BANFERE 1 D FHENEL

y IR 2 B B /NEERE 3 DI NTL

X, e € E NEGRER DK NFRAND NFENER 7 I v

SIMPLE flz&s
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Xg1 = flowg; + x
Xgr = flowgr —x—y

Xg3 = flowgs +y

BrE% (%/IMLb)

X+y AN O R/ME

%9

X,y =0 FEF IR

x+y < flowg, AN OBFNINFERE 2 ~DANFEF N
B2 TIER6RWw

X < Eup FINFAZD A NI D IR

XT-ENT < Jup B D AN OHIRR

(XT-EJ-JH)" < Hup B EFR DO NF N OHIBR

I, R MWVETHZF—Y 774 V02552 % SIMPLE EF VAR LET

TPM. smp

/] BEERZAT

Set E; Element e(set=E); // /NFAK
Set J; Element j(set=J); // WA

Set H; Element h(set=H); // HHFHFIK

/] FTHSG A= ERT MIUISTG A—%
Matrix EJ((e,j)), JH((j,h));

Vector flow(e), Eup(e), Jup(j), Hup(h);

/1 B
Variable x,y;
0 <= x;
0 <=y;

x + y <= flow["E2"];

YA o/ %

Vector X(e);

X["E1"] = flow["E1"] + x;
X["E2"] = flow["E2"] - x - y;
X["E3"] = flow["E3"] + y;

SIMPLE fllES BB NTT -8B T L
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/7 R
X <= Eup;

// HEBIEAE

obj = x + y;
/1 R

solve();

/7 W7
x.val.printQ);

y.val.print();

trans(trans(X) * EJ) <= Jup;

Objective obj(type=minimize) ;

trans(trans(X) * EJ *x JH) <= Hup;

167

T—=% 774 (esvIE) EZUTDLH
BINFERAND NFENE L, BHEBAND O BT RTS

W0 E9.

JH.csv

JH,H1,H2
J1,0.6,0.4
J2,0.45,0.55

flow.csv EJ.csv
e,flow EJ,J1,J2

E1,200 E1,0.8,0.2
E2,280 E2,0.4,0.6
E3,200 E3,0.3,0.7
HFRO AT LR

Eupper.csv
e,Eup
E1,240
E2,240
E3,240

Jupper.csv
j,Jup
J1,360
J2,360

Hupper.csv
h,Hup
H1,360
H2,360

COEFNVEFETTSHE, x=152907, y=247093 2%RKFE D T3 OT, HEMEISHD TNEE2 H
S/NFRE L NDFHBENTNS N ENFRE2 D H/NFR I NDOHFBENF 25 Ao nEd. 72, 20

FR, DT O L) ICEATEANBS DY) T

SIMPLE flz&s
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L—=7 « NO—X—%%1T5 (SAMPLES¥#ifESE 3.ori 88)

V13 2 S 721238 A X 7z Vector/Matrix 27 5 ADEWIFIZENS 720, REILMETIEH ) FEA
D=7 - Rya—ZX— T EROTAHAT L L ). ZOMEI 8] Z22E LML LTWET.

m BIE

WOIFHNA D, h—T - Ry a— X —fEifi5] A* %KD L.

1 -1 1
1 1 -1
A=
-1 1 1
1 1 1

A% mxnfiilE T MM RERNAx =y P x 2 FFOL IRy ITHLT, x=Ay 2O HEXD
—ODRE % DY, nxm AT A~ % A O—HTHI L VW F T

A D—EHTHNIE, ROXPSRDDLZENTETT.

AATA=A

—RAIC AT 3 —EIZET ) TEA.

TTH M DEBEO—RWATH %2 M- L RTEE, ADL—T - RO —X—EHFTH) A+ 1%

At = ATA(ATAATA) AT
LELZENTE,

- >
— -

CHIT—RIZELN 9.

T, AT I3 A DEEITHITY.

X o T, ATAATA \Zx§ 5 — i 15 %2 —oRDONIE I W2 &b 5.

DEXY, ROXH)IZENETE T,

&4

M N

N 5
SIMPLE figas
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ER

A,,meMneN

zH

Xij,iGN,jEN

=L:)e sk

LSS
ATAATAXATAATA = ATAATA

169

& BATH ST

ZERATHIE S

Z ORI H BB

X 1% ATAATA O — %4751

ERAL L7 HE % SIMPLE TRt 445 LT X124 D 9.

MPpsedoinverse.smp

Set M, N;

/1 EBATH
Matrix A((m,1i)), B((i,j));

B = trans(A)*Axtrans(A)*A;

/] R
Variable x(index = (i,j));

Matrix X((i,j));

// HIRIGAE

B*X*B == B;

/] =T - Ry — L5575

Matrix A_plus((i,m));

A_plus = trans(A)*A*X*trans(A);

solve();

for(int k = 1; k <= N.card(); k++){

SIMPLE flz&s

Element m(set = M), i(set = N), j(set

X[i,3j] = x[i,3j1;// 4750 X ICE¥ x ZaE0AE

simple_printf ("%5.4f ", A_plus[k,m].val);

=N);

MRS NTT FT—FHIEVRT I
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simple_printf("\n");
}

csvIERDANI 7 7 A VIEUTOEH TR T,

A.csv
A,1,2,3
1,1,-1,1
2,1,1,-1
3,-1,1,1

4,1,1,1

COETNE I AT A Numerical Optimizer THFITT 5 &, mwiEIZ

0.2500 0.2500 -0.2500 0.2500
-0.2500 0.2500 0.2500 0.2500
0.2500 -0.2500 0.2500 0.2500

LWV ERDBEINT, ZOFEDEZ HS

/4 1/4 -1/4 1/4
AT=1 —1/4 1/4 1/4 1/4
14 —1/4 1/4 1/4

THDHLI LMY 7.
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