Search
BRY 4V ROHBIE.
NENBRBEHTEEIC
RYFET

E§ wEARE

Numerical
Optimizer

SIMPLE #llRESE
vee

MERUNTTS— IRV 25 s

2020%1R

””H[h°MAThEMATiCAl
” SYSTEMS

INCARNATION



H &

F1E
L1

1.2

F2E
2.1
2.2
23
2.4
2.5
2.6
2.7

2.8
2.9
2.10
2.11
2.12
2.13

2.14
2.15
2.16
2.17

2.18
2.19

LI 1
BIREDFEAT I . 1
L1l EFVEANLETT A .o 1
112 7uy =7 " RbOEFTHE ..o 1
FOHEMEIE L . . 2
BIRE DB 5
FCATE 5
B 3 10
SEIMIEEIIRE . . 15
WHAHTE: (DEA) BTV .. 25
Fo Ty ZRIE 29
- A 34
WARTEMIE . . 40
2.7.1 Vector/Matrix ZfEH L72SIMPLEET )V . . ... ... ... ... . ........ 45
272 BNy MR L 47
BANBEHIGERIE . 49
SEAETEIIE . 54
pATATVRIBE 61
p vy = 66
Rl —IV 2= PRI ... 71
ERURIRE . L 79
21301 BIMBEEAE . 79
2132 FEBEMZ~ AMOERGIE 80
2133 ALFERYRIE . . 83
TWEMBIE 93
RRMRTIERIRE 96
BOANTIRMIEE 100
A= M7+ ) FEBACEE ... 104
2.17.1 Vector/Matrix ZfEH L7z SIMPLE €7V . . ... ... ... ............ 108
OV ATA4y ZHEIGETIV L 109
A=A —=T7HEBIE . ... 117

SIMPLE fllES BB NTT -8B T L



220 REARHHERATHIMERIE . . . .. . 121
2.20.1 Vector/Matrix Z V72 SIMPLE E7)V . . . . . .. . 125

221 MBIATHIMUAFIRE . . . 126
222 BNAMKR—=bF7 U FRBACEE ..o 129
223 BREEATHI GRRA > WRIBE) ... 133
224 L IF—FRYRIE . .. 139
225 VaTdvav AT a—= Y YR8 148
2251 F—=TFrTav TR . 148

2252 7ua—Ta v FRE 154

2253 YaTvav TR L 157

2254 VAFZYa—=YYZHE .. 159

226 BEEERITH ... 164
227 A—=T - Ryua—=ZA—MHBATH ... 167
SEXH 171
= 173

SIMPLE fllES BB NTT -8B T L






X LDHIZ

APUEETIE, B4 2EBETEBEZ ) L, 2h 513089 % SIMPLE TOERILOBI 2 #ih L
TVWIEF. IhooEA i Standalone ML Nuorium (CEEEA N T 5%, T E—&X—A b T D
5 ETEBIZETL, BMELHET 52 &AM HETY. 72, Numerical Optimizer D ¥ A b —
VERIZEETOPDRTO D27 P77 A VELTA VAP VENTVET. ZHLHLHMTIFHL
TLZ &,

BEN sEosmsz

ARECIEIABELICHEREIN TR HEOETHEx T LdDTVET.

82 ECTIEENES A SIMPLE EXOE T AR HENTE T, F91EF 22— Y 7IVAYIZ Nuorium
WCETNVEANLETSEDLHEEMALET. WICTFRICFETZRA L TW/2721F % JISON 6 D5
ThgERaLEY.

1.1.1 EFIWZAAULKITI BHE

Nuorium Z 8 L TL 7Z2& W, Nuorium (FA Y — b A=Z2—F4E7 A7 v 7® Nuorium 7 14 2
YERYTVI) v I THILETRETEET.

HECE)E % D Nuorium 121% newModel.smp & W) FHHET VDY 703 ) £ 9. Z ZIHEELD
ETNVEBEBEAIIT S0, REEED,S I —&R—A NTHD T E 5.

ANBIZETFVERBEELTLEE W, [7 74V A2 —0 (BT 2T TR 2547 L, IF& %
T ANT = E AT TRAEEL TL 3.

ETFIVOEIFICT = HPRELRGEAX, [7 74V A =2 —0 FHfER] 2 5@ 7% 7 — 7 o
T7ANVERELTLEZS Y, flziddat ZFELET. 95&, Nuorium IZ newData.dat &\ ¥ 7
PBMEINETOT, 2T 2 AN RBEENP LI E—&X—Z b)) LTLZ3 v, AN
EFNVERMIC (ZHT 2T TR ICE D T— 2 2R L TL 2SN,

ETFTNE RELRYEE) TPV ELZOETVDOY TR T 774 TICLTHh S [FEfT1 227 v
7L TL7ZEw, DET, ETHATEET.

1.1.2 JOY 1Y bhSDERITEE

Nuorium Z#2E L TL 72 &y, Nuorium (ZA Y — b A =2 —F 72357 A2 b v 7@ Nuorium 7 1 2
VEYTNIY)y 7 THEIETRTEXET.
[ ] A = 2 — @ [FEATHAL]-[SIMPLE % > 7 V] %9417 L T < 72 &\, Numerical Optimizer ® A
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YA N=IWEOBLEENR DL T A VT —=DFRENET. T2 H D [BIEE zip| HARBIEE I
ENTVRFEITHM Z zip B THEM LD OICR ) 7.

CDzip 7 7 ANEHEABMERDOSH 57 + VT =B LTS, BT S & [sec2.x(ly)] (xy
BT V) T A VT =L EERENET. TP [sec2x(y)] D x & y IARBLEEDOHF 5, HF
FIHISELTWET. 2F 0, [sec2.1] & [2.1 BARME] \SHIT 57+ V5 —ThV, [sec2.7.2]
& (27280 y ML ISHIGELTWS 74+ V¥ —I12% ) 5

| E = | plsEs - o IEH
nh #E BR - @
1 « 21—H— » y FROMNT v IEE v & FIEED p
&m ° EHOR wE 4% A
. sec2.1 2016/12/01 16:40  TpAIL TANS—
| 5ec2.2 2016/12/01 16:40  TpAIL TANS—
¢ sec2.3 2016/12/01 16:40 T4l JANS5—
sec2.4 2016/12/01 16:40 T4l JAIS—
sec2.5 2016/12/01 16:40  Jp4)L JAN5—
sec2.b 2016/12/01 16:40 T4l JAI5—
sec2.7 2016/12/01 16:40 T4l JAN5—
sec2.7.1 2016/12/01 16:40 TPl FANS—
car? 77 MNIAMAIINT 1A-AN T Tl H— o
36 BOEES =

Bz 2.1 BLERE] 12 2 0EZFET S WEEE, 74 V5 — [sec2.1] IZH 5D [sec2.1.json]
EWV) T 7 ANVEREENTWS Nuorium D EIZ KT v Z7&Fay 7L TL 728w, ZOBEIZLD
JSON |ZFEak & M7z FEAT HLALAS Nuorium (Zfer A TN E 7.

ZO®RE, [FAM RS v OEMCH AT YRRy 7 ZA00 HOFATHEN 2@ IN L CEITTEET

12 Erli

) BHEEORBIZD T oMY TF. RIZBII 501k, ThZholEy, Lok ) oM
WHEEICET 202 RLTCVET. Bl 7y 7y 7 HEGRASHRPERGEE M ET T

LP (ZHERHEIRE, MIP (MILP) (3R EGRIZEEEGETE N, QP IX KETHE I, NLP (ZIEHIEETH
i, SDP (X IF @M E, WCSP IZHE AN EHl# 7L &, RCPSPITEEHMMF & A r v a—
VY MEEERLET.
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S PIEORY

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

AN mams

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

B P&

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

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

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

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

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

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

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

DEoZEns, ROLIICERMET LI EDNTEET
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8

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

BE9R% (&/ME)

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

5.8x7 +4.3xg +4.1x9

FEEHIFY

x>0

x>0

x3>0

x4 >0

x5 >0

X6 =0

x7 20

xg >0

X9 >0

EBE RO

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

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

0.4x7 +0.1xg +0.1x9 = 0.3

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

0.5x7 +0.3xg + 0.1x9 = 0.3

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

0.1x7 + 0.6xg + 0.8x9 = 0.4

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

mixturel.smp
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2.1 EGhEE 7

/1 BE

Variable x1(name = "TiRDOE4 1 DRE LI,
Variable x2(name = "MiRDEE 2 DREHIY;
Variable x3(name = "M D A4 3 DREHLIE);
Variable x4(name = "D G4 4 OPRA LA ;
Variable x5(name = "D A4 5 DRE LI,
Variable x6(name = "TIRO G4 6 DRAILIE");
Variable x7(name = "M DEE 7 DREHI;
Variable x8(name = "TiRDE4 8 DIRE ktji")
Variable x9(name = "THIROD G4 9 DRAILIE")

/7 HEB%
Objective z(name = "#& I A M", type = minimize);
=7.3*xx1+6.9*%x2+7.3*xx3+7.5*xx4+7.6x*x5+6.0xx6+5.82*x7+4.3 %

x8 + 4.1 * x9;

// FEETHIF

x1 >=

x2 >

0;
0;
x3 >= 0;
x4 >= 0;
0;

x5 >=

x6 >=

o

x7 >= 0
x8 >= 0;
0

x9 >=

/7 REHROHK

x1 + x2 + x3 + x4 + xb + 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 x x9 == 0.3;

0.3 xx1 + 0.4 * x2 + 0.2 * x3 + 0.4 x x4 + 0.3 *x x5 + 0.3 * x6 + 0.5 *x x7 + 0.3 * x8 +
0.1 x x9 == 0.3;

0.5 *x1 + 0.1 * x2 + 0.5 * x3 + 0.3 *x x4 + 0.4 * x5 + 0.1 * x6 + 0.1 *x x7 + 0.6 * x8 +

0.8 x x9 == 0.4;

/1 R

SIMPLE fllES BB NTT -8B T L



8 £E28 FIBOEN
solve();

/7 W7

z.val.print(Q);

L PHRCHEZ ESETHEDTOL )% T

&4

Alloy ={1,2,3,4,5,6,7,8,9} RO GEOHEEHOES

Blend = {Lead, Zinc, Tin} W& DOHEE

T

rij, i € Alloy, j € Blend RO EE i IZBI LS EE j Ol
¢ i € Alloy TRoOGE&E i OB ESH/7-D DI A b
b;, j € Blend 4R j o HEE S

T8

x;, i € Alloy TROESE | DRELE

B (&/IMVL)

Z CiXi f:'ﬁ:l}( ]\

i€Alloy

il

x; = 0,Vi € Alloy BN bS]

> xi=1 HHROBAH 1 &) HlE
i€Alloy

D rijxi =bj,¥j € Blend RA K ORI

i€Alloy

Wz, B M, A b, BERE) 25— 774 V05525 SIMPLEEF V2R LT
CODIHCETNVET— 2T L2 LI2LD, TIROEEDHPLPHREE OB OIEDL -7
ELTATF = 77 ANELEETAZTTHIETEL LI T

mixture2.smp

/1 BEERT

Set Alloy(name = "D EGEHEE);
Element i(set = Alloy);

Set Blend(name = " &IEHES");

Element j(set = Blend);

SIMPLE fllES BB NTT -8B T L



2.1 EGhEE 9

/] INTRA—%

Parameter r(name = "WLE " index = (i, i),
Parameter c(name = "I A M", index = i);
Parameter b(name = "HIZIH " index = DK

/1 B

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

// BRIBA%L

Objective z(name = 0w By Gl NIUN type = minimize);

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

/1 FERHIF

x[i] >= 0;

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

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

/7 K

solve();

/7 B

z.val.print();

x.val.print(Q);

T—=5 774 (datlEX) ZLDTFOLHITH) 7.

data2.dat
HERC LR =
[1, Lead] 0.2 [1, Zinc] 0.3 [1, Tin] 0.5
[2, Lead] 0.5 [2, Zinc] 0.4 [2, Tin] 0.1
[3, Lead] 0.3 [3, Zinc] 0.2 [3, Tin] 0.5
[4, Lead] 0.3 [4, Zinc] 0.4 [4, Tin] 0.3
[5, Lead] 0.3 [5, Zinc] 0.3 [5, Tin] 0.4
[6, Lead] 0.6 [6, Zinc] 0.3 [6, Tin] 0.1
[7, Lead] 0.4 [7, Zinc] 0.5 [7, Tin] 0.1
[8, Lead] 0.1 [8, Zinc] 0.3 [8, Tin] 0.6
[9, Lead] 0.1 [9, Zinc] 0.1 [9, Tin] 0.8

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

i

a2 b =
[1]
[2]
[3]
[4]
[5]
(6]
[7]
8]
[9]

a w O w

BN e N N N o N
w o O o

H e

[Lead] O.

w

[Zinc] O.

w

[ Tin] 0.4

)

COETNEFEITTHE, TROBE6 % 40%, TROE4E 8 % 60%REEDLEDL DN RET, Z
DEEDRIAPMILIS THLZ Db ET.

| 22 B0

ik R I RO MG A SEBOFEAOYORNT 2 RDDHMEE V) ZepTEET. it

falh e FEMZ ) — F, YWoRhs&E7—7 L3hid, WxaflEE sy b7 —2712X o> THRIHT
EHMEO—FEEHZ 22 LATEET. WkMEION§ 2 E LD HERIMO R v T =212 -
THEBITELMEICHIEHTE I,

B fE

HOLBEEHIIZOOTY; 1, 20 5=2D)kflia, b, c ~DEGOEHELEEZFHIFH-TWELLE
. KLY, JEEICOWT, ENEFIUVRTRER L RFEEINROOLNTEBY), Zhb 2z LoD,
ROIAMPPHLLRVEFOEDN 2 EDO LS ICRETELVWTL 29 2. FLEOMIEHE
W, ZEHOFER, HMNED/Z)OEE I A MIDTOE) TF.
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2.2 HpXRE

c 200

BESEHVOEXIX b

C

2.9

a b
134 22
2134 24

25

11

Z O##E % Numerical Optimizer T { 72D IZER L Z TV E 9. ABIEIZCHE [1] 25 D5 IHTY.

I, ZEELTETEDL S KIEMNOBHERZUTORO LS ICHEL 7.

K2, HIYBEUZ, L0 5 EHNOEREIZOWT [HfiEdh 72 ) OEa R ] & [HxE] o

BMOBME LTHRAT LI LD TEET.

RRICHIF ST, WMERIZRICE R VB2V T, K2R L CEARIMILETT. 56
2, FIHTOWTIY D 5 OME RO TTREU F TH 5, KIEHIZO W THEH~ D% &

ORATFERELEFELY, L) flfdmby 4.

UEoz s, kOoLHIZERMETHENTETT

8
Xla

X1b

Xlc
X2a
X2b

X2¢

BEIB% (&/ME)

3.4x14 4+ 2.2x1p + 2.9x1c + 3.4%0, + 2.4x0 + 2.5x7,

SIMPLE flz&s

T 1 2B )5H a ~ Dk =
THs 1 555 b ~ Dk
T 1 2558 ¢ ~OikE
T35 2 > 55 a ~ Ok &
T35 2 5 S EEE b Ok
TH5 2 255 ¢ ~OHi%kE

i

il

MRS NTT FT—FHIEVRT I
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FERHIHY

=

FE28 PIREDRE

i

X1a 20

x5 =0

-xlc>0

X2a >0

x>0

X 20

THOEEEDHIK

Xig + X1p + X1 < 250

TH1izonwT

Xog + Xop + X2 <450

TH222onT

EFHOREEOHIK

X1a + X240 = 200

JE&fia l2oWT

X1p + X2 = 200

JE# b 12DV T

X1 + X2 = 200

JEER c l2DoWT

39 NI =2 TEBTEXMENLE IR, FTRTERLIIICKET— 2710 L TEREPERL, &
J—FiZowChlz-TrI ickoTERMLENFT.

TRAL L7k H % SIMPLE CitlB$ 45 DT X124 0 9.

transportl.smp

/1 B

Variable xla(name
Variable x1b(name
Variable xlc(name
Variable x2a(name
Variable x2b(name

Variable x2c(name

// FERHIF
xla >= 0;

x1b >= 0;
xlc >= 0;

x2a >=

x2b >=

o O o o o

xX2c >=

SIMPLE flz&s

T8
T3
T3
T
VT
T8

PO a
5 I b
M5 IEH ¢
oG a
O IEE b
PO ¢

NOfERE") ;
NOfEE") ;
NOfEE") ;
NOfEE") ;
NORRERE") ;

NORERE") ;

MRS NTT FT—FHIEVRT I



2.2 HXfeE 13

/1 T30 OfIF
xla + x1b + xl1lc <= 250;

x2a + x2b + x2c <= 450;

/7 WO = OHK
xla + x2a == 200;
x1b + x2b == 200;

xlc + x2c == 200;

/7 HI9B%

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

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

/1 K

solve();

/7

z.val.print();

SO PHICHEZ ESETHEUTOL %) T

&4

Cannery = {1,2} ¥

Warehouse = {a, b, c} ]

EH

upper;,i € Cannery T i oG REE

demand;, j € Warehouse JEE j O R

cij,i € Cannery, j € Warehouse T i S )ES j~NOHA RS- Ok A b
8

xij,i € Cannery, j € Warehouse T8 i HO)EE j Ok

B (&/IME)

Z Z CijXij A b

i€eCannery jeWarehouse

%
x;j 2 0,Vi € Cannery,V j € Warehouse AR

SIMPLE fllES BB NTT -8B T L
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i

Z x;j < upper;, Vi € Cannery T oA pEm O HlE)
jeWarehouse
Z x;j = demand;,V j € Warehouse JEET DT TR DK
ieCannery

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

transport2.smp

11 BEERT

Set Cannery(name = " [.35");
Element i(set = Cannery);
Set Warehouse(name = "J5#fi");

Element j(set = Warehouse);

/] INTA—=F
Parameter upper(name = HERETTRER ", index = i);
Parameter demand(name = "FF2e ", index = j);

Parameter cost(name = "B I A M, index = (i, i),

/1 B

Variable x(name = "Jfiji%&", index = (i, i),

// BRIBA%L

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

z = sum(cost[i, jl * x[i, j1, (i, j));

/7 FEATIFK
x[i, j]1 >= 0;

/7 L350 i Ol
sum(x[i, j1, j) <= upper[il;

// JEEi O T EOHIK

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

1/ K

solve();

/1 W

SIMPLE fllES BB NTT -8B T L



2.3 ZHIRETERE

z.val.print();

x.val.print();

15

T—=% 774N (datTEX) QELDFOLHITHR) 7.
data2.dat

i E R =
[1] 250
[2] 450

[1, b]

[2, al
[2, b]

1 T S Y S C RN S o

[2, c]

CDEFNVEETTLE, UTOX) BRI EONTT.

A b=1620

AR =N

1

DH

i

1=

[1,"a"]=29.566
[1,"b"]1=200

il

&

[1,"c"]1=1.10617e-06

=
feim

[2,"a"]=170.434

[2,"b"]=2.21238e-06

e

o

[2,"c"]1=200

&
il

XN somstEns

ZWMFTHRE L3, ZHMICO ) PIM I ICERREZ T AMEDZ 2 v 3. ZHIME

Wi 2 € AL 2, WM L ICERE ERT 00— RINTT.

SIMPLE fllES BB NTT -8B T L
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i

m #zE

DHEHOER A, BEMT LT 2MEOBY LI 24 L TWa LD, [ 3+ ok
A VT ELTWET. KBNE | JAEET L -0 ERENOMHE, KGN O4 5
SR A N, FEFOHRZEobmE, BEROHZEOFHTEREIIUTOLIICEZONT
WwWEg,

FERERE | £E EEIXb

I 1 I I
A 2 7 HERE 75 50
B 5 3 K 8 7

H:OhE | FEHOFIMATER
I |1 A |B
1130]20 | 1[92 |79
2160 |50 |[2]750 | 600
318090 |3 500 480

HZHICHIT 282 ZOAPICETEETEL LIRS RVOT, FioHICARELZHEN 2T
BEELTHELTRAICHT2Z2L3E20NET. SOL)BRUOTT, ERShAETO
I L 52 N2 ER ORI REEOHK 22 LooR I X P2 R/MIT5121E, £HIZBIT
HEBGOEFEREAEERZ EOLIICHETHIEIVWTL &9 .

Z Ol % Numerical Optimizer T 7212 AL ATV X T ARBIEII K (2] 225 D5H T,

T3, AELTEHICBITA2EMT, TOAEREY TNEN Xy, xn, X2, X2, X3, X3 & L, TR R
ZXNEN yrywn oy ELEL X9,

wRIZ, wAMETHREHWBEEIL, KEER MHELZORNEHIZ) DI X b EDHOKRI L
LCEHT L ENTETT.

RIBICHFEETY. 9, KL UCORERBIRALETY. KIS, 17 HIZFHTE 2 508
BRDODENTVEDT, £HITLITHEEHIET 2 HHLETT. 612, SRS LTl
BROAICHLBREETOT, ThziFx-EMEORZMm 7.

DEDZ s, kOLHICERLTEILATEET.

8

xL1 101 r HHOEER
X111 HMEno1 > HEoAMER
X12 BWm102 r HHOERER
Xi1,2 Wmuo2r HHOEER
x13 103 r HHOEER
X3 MEno3r HEOAMER

SIMPLE fllES BB NTT -8B T L
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17

Y1

WHIDO 1 » HHOEK R

yiL1

#MHOO1 r HEOEKE

Yi2

HMATID2 » HHOEK R

yi,2

WAL D2 7 HHOEKE

BrE%H (&/IMVLb)

75.XL1 + SOXHJ + 8)71’1 + 7)’11,1 + 75.)CL2 + 50xII,2 +

8y1’2 + 7y11,2 + 75x1,3 + SOXIL3

FEEHIHY

xrp =0, x>0

X2 2 0, X 2 0

xi3 >0, x13 >0

yi1 20,y 20

iz 20,y12 >0

R OEIH

2x11 + 7x; <920

JERAIZOWT (17 HH)

5x1,1 + 3)611,1 <790

EEBI2oWT (1 HH)

2)CL2 + 7X1L2 <750

EEAICOWT 24 HH)

Sxpa + 3x2 < 600

EEBIZOoWT 27 HHA)

2)61,3 + Tz < 500

EEAICOWT 3+ HH)

5)61,3 + 3xp3 <480

EEBI2OWT 34 HH)

HfET 2 D FlHY

x1 =y =30

BHTIZOWT (17 HH)

X1 —ym1 = 20

A IZoWT (1 HH)

X2 +yr1 — Y2 = 60

MO TIZOoWT 24+HH)

X2 +ymw1 — yuz = 50

BMOIZoWT 7 HH)

X13 + Y12 = 80

#MEMTIZOWT B~HH)

xn3 +ym2 =90

MR IIZonwT 3+ HH)

M % SIMPLE Citik§ 5 EUTDXHIZH2 D 3

multiplanl.smp

/1 2R

Variable x11(name

Variable x21(name

SIMPLE flz&s

BT O 1y HHOARER")
nELEIT O 1 HHOAFER)

MRS NTT FT—FHIEVRT I



18
Variable x12(name = "85 1 @ 2 » H HOAMER");
Variable x22(name = "H#, II ® 2 » HHOAEE");
Variable x13(name = "85 1 @ 3 » HHOAE=RE");
Variable x23(name = "#il 1T @ 3 » JHDEpER");
Variable yii(name = "85 1 @ 1 » HHOEHERE");
Variable y21(name = "85 11 @ 1 » HHOEREE");
Variable y12(name = "85 1 @ 2 » J HOMEHE");
Variable y22(name = "#f§ 11 @ 2 » H HOMERKE);
/7 HEB%
Objective z(name = "#& I A b", type = minimize);

z =75 % x11 + 50 * x21 + 8 * y11 + 7 * y21 + 75 * x12 +

50 * x22 + 8 * y12 + 7 % y22 + 75 * x13 + 50 * x23;

/7 FEETHIF

x11 >=
x12 >=
x13 >=
yi1l >=
yl2 >=

; x21

x22
x23
y21
y22

/7 JEE DK

2 * x11
5 x x11
* x12
* x12

* x13

a N o0 N

* x13

+

+

+

7 *
3 *

w N w N

\Y4
]
o o o o (@)

x21
x21
x22
x22
x23
x23

/7 TR ORI

x11
x21
x12 + y
x22 +y
x13 + y
x23 +y

- yl1 ==

- y21 ==

- y12 ==

- y22 ==

SIMPLE flz&s

<= 920;
<= 790;
<= 750;
<= 600;
<= 500;
<= 480;

>

% 2 E ﬁ“s 0)“1:1

i

MRS NTT FT—FHIEVRT I



2.3 ZHIRETERE

solve();

/7 W

z.val.print(Q);

19

L PHRCHEZ ESETHEDTOL )% T

&8

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

EH

use; j,i € Product, j € Material

B BT B OICLER R o HE

out;;,i € Product,t € Period

t o B HOB G i Wiy

upper;;, j € Material,t € Period

t - HEDOER j OFI ] RE &=

costp;,i € Product

B OEEI R B

costi;, 1 € Product

WS O I A b

zH

Xiz, i € Product,t € Period

Wi r AHOLERER

Yit, i € Product,t € Period

Wit r AHOEKEE

BrE% (&/IMLb)

Z (costp; Xy + costi;yiy) ¥wax b
tePeriod i€Product
Hll#Y
xiy > 0,Vi € Product,Nt € Period A pEE O IFA TR
yis = 0,Yi € Product,Vt € Period i % RQE =Ll
Z use; jxi; < upper;j;,¥j € Material Nt € JECRL O i 2 D il F

ieProduct

Period

Xi1 = Yi1 = outj

1 » HBOHArEIZ DWW T

Xi2 + Yi1 — Yi2 = outjn

2 AHOWMMEIZOWT

Xi3 + Yi2 = out;3

3 7 HHO M EIZDOWT

RIZ, BEETF—7 77 ANV LE5 25607 VvERLET.

multiplan2.smp

SIMPLE flz&s

MRS NTT FT—FHIEVRT I
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=

% 2 E ﬁ“s 0)“1:1

i

/] A ERT

Set Product (name = "#jh);
Element i(set = Product);
Set Material(name = "JEEl");
Element j(set = Material);
Set Period(name = "Hf{");

Element t(set = Period);

/] INTA—%
Parameter use(name = "JEEME®E", index = (i, i);
Parameter out(name = "Hff&", index = (i, t));

Parameter upper(name = "FJHTHER", index = (j, t));

Parameter costp(name = WEBEI A b, index = i);
Parameter costi(name = "FEJE 2 A b", index = i);
/1 B

Variable x(name = "ZEJE#E", index = (i, t));
Variable y(name = "FEFERE", index = (i, t));

// BB

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

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

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

y[i, t] >= 0;

/7 TR OHIF)

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

/7 WA O HlF
x[i, t] - yli, t] == outl[i, t], t == 1;
x[i, t] + y[i, t - 1] - y[i, t] == outli, t], t == 2;
x[i, t] + yli, t - 1] == out[i, t], t == 3;
/1 KIw

solve();

SIMPLE flz&s

MRS NTT FT—FHIEVRT I



2.3 ZHIRETERE

/7 Hh
z.val.print();
x.val.print();

y.val.print();

21

T—=% 774N (datgX) QU TOLH %) F7.
data2.dat

JERME i =
[I, Al 2
[I, B] 5
[1I, Al 7
[1I, B] 3

3

i =
[I, 1] 30
[I, 2] 60
[I, 31 80
[II, 1] 20
[II, 2] 50
[II, 3] 90

)

AT RER =
(A, 1] 920
(A, 2] 750
(A, 3] 500
(B, 11 790
[B, 2] 600
[B, 3] 480

>

AEE T A b
(11 75
[II] 50

3

B 3 & b

SIMPLE flz&s

MRS NTT FT—FHIEVRT I



22 % 2 E {;“%@uﬂﬁ
[1] 8
[11] 7

CDEFNVEEFTLE, UTOX) BRI EONTT.

IR b=21199.2
AR ["Iv,1] = 38
AR (1, 2]
AEPERE ["I,3] = 64.1379
AFER ["TI",1] = 20
HEPER ["II",2] = 86.8966

67.8621

ApER ["11",3] = 53.1034
TEH R (1", 1]
e R ['1",2]
TERE & (1", 3]
TEJE R ["11",1] = 5.25339e-08
TEH & ["11",2]
1EH & ["11",3]

8

15.8621

1.44466e-08

36.8966

1.65103e-08

B, —OEBMEDY T

FREORFETICB N, HEHEEICHT2RTMEOLEKE 3 » HHIZOWTHHELTVWEYT (fE
FER ("I, 3], fEEEE ["IIv, 3]). IAHIE, ZOEDRUDIERLLAEBIZIE, HELTWE
Do e BRTT

LaL, ThoDZEHIZOWTHEATKDADOHKI P 2 L, BIOHMEE GBI A M) 13k
MEIZOWTD DTHAHZ E, ZOWMENPS, R ("I, 3], feiw ["11", 3] ORMRRIT L
ROLIITIZIZO LFELWHEIZRD .

fE > CHEMEHE: ["1v, 3], fElim ["II", 3] ZE#L CTH, —MHEIRbILFTLA.

BB, ChETCOEFTIVIIHMEOHIHIZOVWT 3 » A5oitlich s L vwd) 2 L2 FH L7
WBEBZoTVWEL ZDD, FIZIENTH 6 r HOAERIH AV TL ) & LAEEAEET VOBIE
AREERY ¥, 22T, NEFHES OrderedSet ZFIH L, FHHIRMAZEIL L 25ATLRIET
ELEHCLETNVERNLET.

INFEFTOETNVD [2 7 HHOMAGERIZOWT] W) fl#5Mx, &ODOH L& REOH DA
HICHLTHT LI ET. Cozo, M) T r HOAERMWZ TS E Lotk
DTFoXoick 7.

%4

Product = {I, 11} B

Material = {A, B} JEUR}

Period = {1, ...,T) e OFP4E4E)

SIMPLE fllES BB NTT -8B T L
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ER

23

use; j,i € Product, j € Material

B 2 EET A OB ER j ofi &

outi;, i € Product,t € Period

tr HE OB i o iy

upper;,, j € Material,t € Period

t o A DR j ORI R R

costp;,i € Product

B i OEET R B

costi;, i € Product

i O I A b

zH

Xis, i € Product,t € Period

Bani ot r AHOA R

Yis» I € Product, t € Period

Bani o r HHOERE

HrB% (&/Mb)

Z (costpisXis + costi;1yiy) ax b
tePeriod ieProduct
Hl#
Xi; > 0,Yi € Product,Nt € Period A O JER IR
yir = 0,Yi € Product,Vt € Period TEE & O IEE Y
Z use; jxiy < upper;;, ¥ j € Material Nt € JECR D f FH = O il Ry

i€eProduct

Period

Xi1 — Yi,l = out;

1 7 HHOWm®EIZDOWT

Xit + Yig—1 — Yig = outip, Vt € {2,--- | T =1}

t r HHOWMEIZOWT tiF2525 T1 FT)

Xir +Yir-1 = out;r

T v+ HHOHATEIZOWT

EFEEZFHLEGEDETFVETFT—F 7740 (datTER) BZENRFRUTOLHIIRD F7.
B, EFVTIR1rABE T HB %2 FNFN Period.first() (EFES Period DIRFIDEE),
Period.last() (EHFHE A Period DIRFEDESE) LERHLTVITT.

multiplan3.smp

/] BEERT

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

Set Material(name = "JEURl");
Element j(set = Material);
OrderedSet Period(name = "HJff");

Element t(set = Period);

[/l INTA—=F

SIMPLE flz&s

Parameter use(name = "JBURMEHE ", index = (4, i)

MRS NTT FT—FHIEVRT I



24 % 2 E {;“%@nﬂﬁ
Parameter out(name = "HfifE", index = (i, t));

Parameter upper(name = "FIJH W HEE", index = (j, t));

Parameter costp(name = WEBEI A M, index = i);

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

/1 ER

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

Variable y(name = "FEFERE", index = (i, t));

// BB

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

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

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

yli, t] >= 0;

/7 JEEO K

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

/7 W Ol

x[i, t] - y[i, t] == out[i, t], t == Period.first(Q);

x[i, t] + y[i, Period.prev(t)] - y[i, t] == out[i, t], t != Period.first(), t !=
Period.last();

x[i, t] + y[i, Period.prev(t)] == out[i, t], t == Period.last();

1/ KIE

solve();

/1 W
z.val.print(Q);
x.val.print();

y.val.print();

data3.dat

Eﬁﬁﬁ =1 .. 3;

JERHE & =

SIMPLE fllES BB NTT -8B T L



24 agaiE (DEA) ETIL

[I, A] 2
[I, Bl 5
[II, Al 7
(11, B] 3

)

Hifif & =
[I, 2] 60
(1, 3] 80
[II, 1] 20
[II, 2] 50
[II, 3] 90
[1, 11 30

3

A RER =
(A, 11 920
(A, 2] 750
[A, 3] 500
[B, 11 790
[B, 21 600
[B, 3] 480

>

BRI A b
[1] 75

[I1] 50

TEHE I 2 b
(1] 8

[11] 7

25

XN assims (DEA) I

‘WA (DEA ; Data Envelopment Analysis) & 13, O SEROHF 28R EL2WET 54

BT, S0 BARE E LTlX, 8T - WkEah T o .

SIMPLE flz&s

MRS NTT FT—FHIEVRT I
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26 F28 BlIEDRA

i

UTORETIX, Fo—YERLTWS6)EEHIIx LT, DEA XD W20l 2 TV 5.
B, AKHEHiTIIBIE2ELMELTVWET

m fE
boHEMIE, DTo6IEHZIEA TV,

EHES 1 2 3 4 5 6

JEEE 5 10 20 20 30 50
FRMEER 24 12 12 24 12 12
76 I 2 6 10 12 12 20

FIEEEDS, AN L CTHE IR TH 25 89 2 HES L.

COMBEOEAMLIIRD L H 12430 £5.

&4

I ADHBHESE

J SRR Sy

K JEEE A

K SEER GE—ZERKP SR LHEH)
EH

inDyj ke K,iel ANTF—%

outDyj, k€ K,jeJ mhr—%

8

inW,iel ANHEBIZ S % EAH
outWj, jeJ WHEBIZH$ 5 EA

B (BRX1b)

Z outDy. ;outW; GG % )

k.j

=

> inDy inW; = 1,¥k € K KEBE O AT SAF

D outDy joutW; < " inDy;inWi, ¥k € K SIEE R B A St
j i

0<inW,Viel HADIFRSEN

0<ouW;Vjel

DIF T, REEOEXEOFTHMZITNET.

SIMPLE fllES BB NTT -8B T L



24 agaiE (DEA) ETIL 27

DEA T, ABIEDJEEO X 9 %5 W5 % DMU (Decision Making Unit) & I-08F 3. 4C DMU
—PEICEHMT A 2 L IZWEEZR 20, JESIEAS K ICBRTAHA)EM ke KcKICEHR L-MEZ % 2
E3c

W LT HEEIL, MRS L L) REETYT. COMKLEZUTFTTERTLHIZLELET

Zj outD;’jouth
D inDyinW;
BB, HRIESH kSRS 5, GRIJIAEATD) 28 e g0, ThERKILT 5 L9 MEEZRVFT.
%k, COREOERE 2L {AMDHEBICHT 2EAE, KEHLETGTZoNb0ELET. i
KL LT, EEOEHHCELT, GIEIMAIN 21 UTICR 5 L) FHEPLETT. AL,
Zj outDy joutW;
D inDyiinW;
ERDET. F, HFAMDEBISHT2HAOIARK S ER T H2LESHY T, B, oM
EITHWBEE - fRXE DIHBRTEDLSINLHHEIMMES 20 £3. Th o 05RO 5B
FETH B 720, HRRIETLI RG220 T — iz lbn s, F2HWHEEK £I12owT
b, RS E 1 EEMTH L L VIR TRDOLT, 5T H5OA% HREKE LT ki
KbhFdA.
COEHITLT, Sl MIEETH M EICE SR 2MEOESEII LDITR LD LD F7
Pibas, ARBEISN§ 2 @ Lo WTF.

fe=

<1,VkeK

Z DM % SIMPLE Ttk 35 &, T2k 7
DEA.smp

A SR

Set I(name = "AJJHHESL");

Element i(set = I);

Set J(name = "HIHIHHESE™M;

Element j(set = J);

Set K(name = "JiffitEA");

Element k(set = K);

Set Kbar(name = "XJZJE&f", superSet = K);

Element kbar(set = Kbar);

//] INT A—%
Parameter inD(name = "AJJT7— %", index = (k, i));

Parameter outD(name = "HJJ7— %", index = (k, j));

/1 ER
Variable inW(name = "inW", index = i); // ATITEHIZR % EHA

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

i

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

/7 HIBE%E

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

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

/7 FEATIK
0 <= inW[il;

0 <= outW[jl;

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

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

/1 R
options.method = "simplex"; // HRZFEDOFIH

solve();

// FEFRH
f.val.print();
inW.val.print();

outW.val.print();

AN F—=2 LTI TO3IFE (csv 774V 1208, dat 7 74V 1 flil) #HETHLE)S

HHEg.
inD.csv outD.csv
ANT—=%, G, HERERE Whr—%, 5
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
TR = 1;

WHRIES (55 © 1~6) % Kbardat (ICBWTEREILEETHOERZUTORICTEDF
. B, —EE RN BOS LTSN 2 UERALMETEDb LTV ET.

SIMPLE fllES BB NTT -8B T L



25 FyvITHwIHE 29

) &5 1 2 3 4 5 6
H 1 BE Bl 0.667 1 1 1 0.9 1
EA EBR) 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
WhmEE | =4 (5eh) 0.333 0.167 0.1 0.083 0.075 0.05

HIBEAEAS 1 & 2 )58 O58%F D 12, 3, 4. 6) BRRWTHHEVRET. —T, 1 LD/
ZAEE 2 B)EH OEMEFSD 1, 5) &, SN2 TEOL ) REAZBEIRL THHRI 114
DRZVWEV)ZET, IRTHLEV) I EITRD IT.

IR ZIEFICE L Cld, FFRE Lo TV B HEKNZER L T2 EHEa 2 SHEF L L TES
2T ZEBWEETT. FHHICOVWTIE, ] 2RI

EER ryoyyomm

Fv Ty 7 MEE, Fy Ty ORI o0 & FE O AR AT O #ATiE % KIS
THEWHMETT. 72720, Ty 7y 7 LR ENENEERT A X526 TwT, A
N7 A ZDORMMF v Ty 7 OFEREZHBZ TITWITRWVWE VI FHESEH ) 3. ZoOME
&, MAEERECEORENLFO—2L LTILMONTYT, 78Y 27 FOFRLYWEDOHEA
REOMBIGH S TVwEY. DT, B%Fy 7y ZBEEIFENEHOTY. B, 0-1F v
¥y ZEICOX T LTE, AHoORBETHEMLET.

B %E

HEOSDT v Ty 7IROBIZH L0 aito it LICLET. ZOKE FEORAAZRYO
WA Z I KICT 57201232 WL DRt E BWTL X9 2. 72720, Uz
AATHEVWLDE LT

i 1EH-VOME 1EHLYOHALX
Ha—t— 120 10
KAy PRIV 130 12
INFF 80 7
DAZ 100 9
BIZED 250 21
A 185 16

T3, ERIISMDEFEOALRKTYT. LoT, ZOEKIIEBMELIMS 2 nEn) 2 &Ik
DEY. 2L, [[EEEDRAL] &) X %db) A eVWERZIRTL2LENH) £§. 207
O, FEBIZOULEDHELIMS i) ZE 2 HlfRAE LTIRLTBLESHY ¥, %
B, [0fEEEDAL ] & [ZomzihoiT v CHRL Y.

WIS, KILT 2T &2 2 HWBEIEEEDAA LD OORMET Y. i, £mWic>nwT [1

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

i

W72 0 Offifi] & [Z DM 2 FEDRATEE] O %KD, TORMERSL Z L TRITE T
HFIfEE, BIFERNTERIET 5 D00, FEDRAAZZRW DY A XOEMAF v T
JOEEZBAZVEV) SOPH) 5. HWHEBOREFRKIIERS L, FuWiZHs2 (11
HI2Y)OFAX] L [Z0MYZFEDRAALEE] OROENE & 2 LFEDRAALZMPDY A XD
HMB/OENET. LoT, TORMMPF Y THy 7OFRTHL 65 2RI BVEN) L2 TEYE

FIwZ ellzh Iy,
UtoZ &rb,

COPNEIZKRD X IZERLT 2 2 LRI L

BREH
cof fee
water
banana
apple
rice_ball

bread

BrRIBI% (RK1b)
120cof fee + 130water + 80banana + 100apple +

250rice_ball + 185bread

GEPES S

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

coffee>0

water > 0

banana > 0

apple >0

rice_ball > 0

bread > 0

ha—e—fEK

KAD Ry bR MVOME
INFF OfEE

N AZOME

BIZEY ofa¥

I8N D

"
S

il

=
b

(3 YN e

HRIZBT 261K

Ha—t—id 0Pl EikDiAte

RAD Xy BRIV 0L EGEDIA T
NFFIE oA RS DA T

D AZIZ oML LGSO AL

BIZEDZ oMU EFEDAL

2 E 0L R IA T

TRAL L7k H % SIMPLE Tt § 5 Lk EH 12 7.

knapsackl.smp

/] BEERTESTDH

IntegerVariable coffee(name = "{ff I—t —DfH¥");

IntegerVariable water(name = "JKA DXy bR MVOfEE");
IntegerVariable banana(name = "/NFFDfE%") ;
IntegerVariable apple(name = "V A TOfE%L") ;
IntegerVariable rice_ball(name = "HBIZ X ) Off¥");

SIMPLE fllES BB NTT -8B T L
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" DFEEM) 5

IntegerVariable bread(name

// FeffifEZ R KALT %

Objective total_value(name

A type

= maximize);

31

total_value = 120 * coffee + 130 * water + 80 * banana + 100 * apple +

250 * rice_ball + 185 * bread;

/] BRI A HF

10 * coffee + 12 * water + 7 * banana + 9 * apple + 21 * rice_ball + 16 * bread <= 65;

/7 FaiE o L LEED AL
coffee >= 0;

water >= 0;

banana >= 0;

apple >= 0;

rice_ball >= 0;

bread >= 0;

/1 KIBELFERZ NS 5
solve();
coffee.val.print();
water.val.print();
banana.val.print();
apple.val.print();
rice_ball.val.print();
bread.val.print();

total_value.val.print();

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

%I

2 — b — O =3

KAD Ry bR M VOME$=0
INFF O $=2

D A Z O $=0
BIZE D) ofi%=1

73 D %=0

HffifiEi=770

EWHFRMPEINTT. TLT,

Z IEEEORL E BV 2V COBEOEZ ZHRTEET.

SIMPLE flz&s

COFRRMS [Ha—e—% 34, NFFx2Ml, ZLTBIZED

MRS NTT FT—FHIEVRT I
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32 F£28 fHlEDORA

i

ETAT, TOETNVIZOWTHIORSE R &2 L72wA SIMPLE TORLR 2 151E 7 2 & PT
BE L REGRFMBDoTLEVET. ZOMNKELT, Fy 7Yy rofE wWoffifis X
IO A X ERICHE L/zdat 77 A V55256281 LET. 2OXHIZTHT LT, SIMPLE
TORBRPIHAN R LDIZRY, MPORHEIED 72 LTh dat 77 4 VOETEDOATHIGTE
X)X ET. ZORDIZ, ZITE [WMIOHEE] LuIMeEEALTYT. T4 LML
RDOEH)ICHESESTZLNPTEIT.

&4
Object = {fi I —t — JKAN Xy MRV, NS BWoEs
FOAT, BIZED, ()

BHER

quantity;,i € Ob ject m i & EE A L

EH

capacity Fv Ty OEE

value;,i € Object mii o1 Ed 7 ) OflifE
weight;,i € Ob ject mWiDo 1Bz DA X

B (RX1b)

Z value; - quantity; FAtifE % Kb $ %
i€Ob ject
LE PSS
Z weight; - quantity; < capacity HEIZET 5115
i€Ob ject
quantity; > 0,Yi € Object Fmi o A LL LD AT

T

CDEN(LZE SIMPLE CTitb 42 &, UTOL) Rfi#Ad0Il2) 9. 2k, aWoEsGD
PRI 72 B 12D\ Tl Numerical Optimizer Tld dat 7 7 4 V25 HEIIZEERR L £ 3.
knapsack2.smp

|

~

/] BH LT
Set Object;

Element i(set = Object);

/] INTA—%
Parameter capacity(name = "7 v 7y 7 OFE");
Parameter value(name = "M OfE", index = i);

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

SIMPLE fllES BB NTT -8B T L
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/] EE

IntegerVariable quantity(name

nEED AT, index = i);

// BRIBA%L
Objective total_value(name = "#&fMfifi", type = maximize);

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

/! BEZET 5%

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

// T o L EEEDAL

quantity[i] >= 0;

/1 K

solve();

/] FERHT
quantity.val.print();

total_value.val.print();

%8B, SROFEIZOVWTD dat 77 4 VMIFRDEHZHRD F§
data_knapsack.dat

F v Ty s OERE = 65;

wn ) OAfifiE =

(I —k—1 120

[KAD Xy AR MIV] 130
[’¥F 71 80

[) AT 100
[(BIZE D] 250

[/¥] 185

)

P O¥ 4 2 =
[(fFI—t—] 10
KAD Xy MRV 12
NFF1 7

SIMPLE fllES BB NTT -8B T L
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i

VAT 9
[BIZXD] 21
[’y] 16

>

RtlZ, COBETIE [EI—b =233 &) X ) ITHEREDFFTIRY [ T oty 2 i < b F5o ik
LIENTEELA. ERTIE, SO VTT vy THy 2 ICEEOAL I LN TE L0 LAZT
EVWHZTEIZTRLEDL I HRATLEI D BB, TOHREZMZSE 0-1Fy 74y 7HEEE
) MR 72 0-1 BBGEHE RIS ) £3. SIMPLE T, 0-1 2 THAHLE VI ESERHIIT) 2

EXTEFT. BARMICIE, KGIEENALE ¥/ SIMPLE EFVHTERMEZES L TWAET %

IntegerVariable quantity(name="5%® AT fE%L", index=i, type=binary);

EFTBZTTT. S5, TOESPOLEERNLD I BMEIZON 1 LErrvEn) ZEDBHLR
7280, Zami o L i D AT & v ) K [quantity[i]>=0;] ZFR T 5LEN LD T3, Dk
DEIWZDOVWTETIVT 74 VEFZH 2 72 1T, Numerical Optimizer THEITE 5 &,

FOALEE (" BIZED] =1
DAL ") AT
DA EEL [N F ]
HORGMEE (2] =1

DAL (MEI—k—"] =0
FORCME [KRAD Xy PRIV =1
Al = 745

1

1

VI FERIE LN, - —DANORWEEDALERWEW)IFERD2Y 5

(26 EoLLL

AU L ZORGEGOHEB LOEHFEEITHIRTE2IA RGN TVwEH0LLET.
DI, ZTOUDERZENN—F 5 L) T EREOE, LM EG RS, TOBRII»»LI AT
/MIT B L) BESEAHENE T, WHBICERBEREA Y V2 =) Y IMER ENH Y F
T, ZBEAWEMEOSES, UDKEZRIIOWTHBIHOBSEETHIN—THLILZHELTVE
T. COZLICEELT, HEBORGEATHIN=TLI LEHFERVEA, SESEMEL
n, BXXOREMEZ ESIISH I TWET.

B fiE

HHEEIXA B, C, D E F GOTODOLY) THdHLET CHEMOEIEFELIRD L7290,
BLEBZHATAI LIV F L. ZOEHICIZEEEOEMIZ 10 ANWT, SEANEETEX LT
U7BIUOERERKBELZBICP2SE I A MIKROED LI 2 >TVWET.

SIMPLE fllES BB NTT -8B T L
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&% EOEFBETU7 X b

k¥ A B, C 200

K A D F 280

wfE B, E 175

M C, D, E, F, G 560

iU A, F 205

i B, D, F 245

A D 80

Hkf C, G 195

NS C, F G 265

4% B, E G 190
oW, mILBVIAZAITTIOOIY) TERTICEET 572012 HRMTHERWTL
I 727ZL, WEWRTY 7O—HMOAREKET S (Bl FFHEICB & D OAMKIEHT S) 23T
ExwhnsLFET.

COBIEOERE, FHEMAICOWT [HTL] dLAE [RHLGZV] L) IREEZRITE
250N FET. LoT, TITTEHHHEMAICHLRATAIHAE L HALZVWIEAIZ02S
£ BB x gy EHEALT T

oK, HMBEKIZEDXIIICRTIENTELTLLY 2. FT, KEEZHICERIIINS T X
FeRBHLIT. ERERALEGE (g = 1 O%E) KI3200 03 R 3050 5. —7, /A
Lo 7286 (g = 0 OBE) EEBCOWTITL IR M0 ) FHA. SRz 2L,
MolzTAMROTHAHEVHIZEIIRDET. XoT, BEEEALLEKZHV 22056 % F
b L, IOV TIEEBITIE 200y, DI A Mo/ b RBTE TS, MoOBHHEIIHL
THHBRICEBEDOIRX M ERL, TORMEMNS LEBRIIP P72 IA MR ET. ZORITA
A, BMET A LR B HINBEE T

HREHCOWTE, [HFZ) 71T AU ERESNTNS ] L) EhaXTHRATLILICRD
9. BIZIE TUT ADOLEERE - BA - EROFNS 1 AU ERHT A L TR RS
BTEFEYT. ZOTLEXNTETE xpp+xpp tagp 21 ERDET. MBOTY 7IZOWTHEEKIC
ZRHZETHIMENZERBITE ¥

DEoZ s, ZOBIEILO0-1 BEEHMEE LTRD X HIZEAETE 7.

0-1 X8
Xifites XA Xesto Xt Xyils Xpres XA Xk FEMEIZOVWTIRAT 51, LR VEO
x,J\;H;, Xﬁ% %EX%E;&

HE9B% (&/Mb)
20025 +280xg 4 + 175545 + 560x53.51 +205xp + #& T A~ DIR/ME
245)69}}& + 80X[J_l7'§ + 195xq3ﬁ + 265)(,]\1;,1( + 190)(3;”1%

SIMPLE fllES BB NTT -8B T L
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Hll#Y

Xgete + Xk + X > 1 L) T ATEETRICTS
X + Xppg + X + Xgspe > 1 ) 7 B CTHOEWHREICT 5
X + X + X + Xppp = 1 I1) 7 C CHOEWREIZT 5
Xk + Xpp + X + Xk > 1 L) 7 D CTHETRICT S
Xeoge + Xpp + Xz > 1 L) 7 E CEFETREICT S
Xgok + Xppp + Xy + Xprge + X = 1 I 7 F CEEWTRIZT S
g + Xepgg + Xpp + Xz > 1 I1) 7 G CHRETEEIZT S

ZOENE L 7ZAERIZOVTZDF £ SIMPLE TRt §2 L RO X H 124D ¥

coverl.smp

/! BEEOES

// RIBB DR E

Objective total_cost(type = minimize);

190 * x_saito;

// FTYTIZ 1 AV EEET S

x_sato + x_suzuki + x_watanabe >= 1;

x_takahashi + x_tanaka + x_saito >= 1;

SIMPLE flz&s

IntegerVariable x_sato(name = "fEJf§", type = binary);
= binary);
type = binary);

type = binary);

IntegerVariable x_suzuki(name = g,
IntegerVariable x_takahashi(name = " mfEn,
IntegerVariable x_tanaka(name = "Hid,
IntegerVariable x_watanabe(name = "{J¥3",

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

IntegerVariable x_yamamoto(name = nlARe type
IntegerVariable x_nakamura(name = "HAf", type = binary);
IntegerVariable x_kobayashi(name = LY type = binary);

IntegerVariable x_saito(name = " ", type = binary);

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 +

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_suzuki + x_tanaka + x_watanabe + x_ito + x_kobayashi >= 1;

binary) ;

MRS NTT FT—FHIEVRT I
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x_tanaka + x_nakamura + x_kobayashi + x_saito >= 1;

/] T EMICEAT EE

options.maxtim = 10;

/1 KB U2 4 %
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();

CORBERTHNSL I, COFEFTTEBIEIRETTLIHNTID ) FHA. D720,
DTN EE N ST e W O s W | A Bt i vl 7= R ol el =

HiffioF v 74y 7 REOR LRI [BEEHEOHES] BLO ) 7TOHEEG] L I)lMEzEA
LEd. F, KEMEOIA MIERE LTHELrS5 252 8ICLET

51, HREMHFICOWTHRELES. fIZIE U7 AT ADERBESRTYS E W) iil{
G X + Xpp ¥ X 2 1 ICDWVTUE, EAOEME L EET 2 L

lx%zm% + 1)65/_];7'( + Ox%% + OxH:]'T‘ + lxigﬂ + OXW,% + OX”M}; + Oxmﬁ + OX,J\MQ + OX§E§§ >1

LB TETEY. 22T, ZORDBERIZOVTVERE0 T2 1 2000 EKE LTER S
CEWLET. F MoMBIZOWTHRKICEREEALEYT. $5L, £ TS 5K
FMEETH A TERLTE T, TORRE, SIMPLE Tld—#MAECTORABTHIETE, &
DOPYRLTVLEDIZHR) TT.

Dbz brwuL, NMAMLS S ERIEUTOL IR ) F7.

=4

Man = ERE, $5K, Bk, VP, 9830, T, 1A i E e
R, ZNRR, R )

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

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

Xi, i € Man

ER

deliverj,i € Man, j € Area

cost;, i € Man

BrE% (&/IvVLb)

Z COStiX;

ieMan

9
Z deliverjx; > 1,¥ j € Area

i€EMan

=

% 2 E ﬁ“s @llD

i

sl i 2R 20 1, WAL Z2VE0 25
ZH

BERiE i AT ) 7§ ICELE RE AR KE 1, AR 2
o 2H 5
EHig i 2 RA LB A b

wa A b oi/Mb

FTRTOTLY 7 CRUEWREIC AR A L HI2T S

ZN%& SIMPLE Citik 34 &, IRODIHIZHVFET. B, HHEMFIIOVWTET—7 774 VD
NEZD LKD) TICH L THBIMICAER S E T,

cover2.smp

/1 BEERT

Set Man;

Element i(set = Man);

Set Area;

Element j(set = Area);

/] INT A =%

Parameter deliver (name =

/1 R

/7 HI9BI%

/] &T) TICEET 5

SIMPLE flz&s

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

Objective total_cost(name

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

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

"ELEWRET Y 7, index = (i, j));

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

, type = minimize);

MRS NTT FT—FHIEVRT I
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/7 K

solve();

/7 AR

x.val.print();

/] BT RIEZET %

options.maxtim = 10;

1 W 3

[

total_cost.val.print();

39

FATSELBITIE, ROBGEWEET Y 7 %39 csv 7 7 1 ) (areadata_cover2.csv) & I A M #FKT

dat 7 7 £ )V (costdata_cover2.dat) #5-2 9.

areadata_cover2.csv

costdata_cover2.dat

g, 1, 1, 1,
A, 1, 0, 0,
=%, o, 1, 0,
HH, o, o, 1,
W, 1, 0, 0,
g, o, 1, o,
4, o, o, o,
HAy, o, o, 1,
/MK, 0, 0, 1,
7R, o, 1, O,

O:
O:

BlEvREY 7, A, B, C, D, E, F, G

o O o

o O O

IR b
7]
KZEN
[
(H
R:2UN
k]
[ILIAR]
AT
NN
[T R]

200
280
175
560
205
245
80

195
265
190

CDEFNT 7 ANEEFEIELIEIZEY, k- ik

BEORIAPMIT635 THDHEWV) Z WD T

- HBEO3IANETRHTLERL, 208

Z 2T, Numerical Optimizer DffEIZOWTA LABRTBE 7. SHOFE TIIE L EZHWw
K2 LFE L7z, —HT, 0-1 BEFHHREDOEEIII A UELETH 5 wesp Z HHW I UEZ KD B Z
EHTEET. wesp BB OEBH A RD72WIAEIZIE, SIMPLE E 7V H O solve(); & D ATIC

options.method = "wcsp";

LB L E 7. wesp DFEMIICD & F L Tid Numerical Optimizer/SIMPLE ¥ = 2. 7 )V 2 2|2 LTL 72

3w,
=B,
SIMPLE flz&s

COBIETIIR TSI T IR ZHRELTVWE T, BRI, EF V7 74012

MRS NTT FT—FHIEVRT I
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i

options.maxtim = 10;

LRBTHI LT, WRTIOBHFET LR T TE2LE VI LEZRELTVET. CORLBIENE,
wesp 2 W72 810132 —FAYE Ik 2 U2 IR D AT I3EIE L 8 A.

BIEIC, TO3ANERHALAEES, U7 BIE3 ALBHYUFEICR->TVWET. TDLHIRTTD
RS HRVEHIE PHEIC [1202) 7iEb ) 1 ATHYTZ] LItz izciazbe o
I HBTLE Y. THIHITE LD SIMPLE € F VO Hl# 5 [sun(deliver[i, j1 * x[i],
i) >=1;| % [sum(deliver[i, j] * x[i], i) == 1;] £ FTHZLTRBTEET. ETNVEFZ
R IBRICFEATTHE, Bk - B - PN EZRATL LR, ZOREORIAMI650 THDEW
IFERVPHEONET.

2.7 Bz

COITIE, AMZI77%b LI LT — S BETHL ALY FT— 7 T ERNZEEO—>
THHRKNFMEZIY FIFEd. RAHEMEE L, Ay b7 —2 ETHA (Source) 755 (Sink)
FCHTILENTELRORAMEE RO ZMETY. 72721, FAFMT I EATE L ED LR
HzonTwEd. X512, HAEREDAOEIZOWTE, [HALTL 2REBLHRHB LTV RE
E—T 5] LI BtR (BRI EFVET) PR COMEND ) 3. HAREEI, F%kR
WS D535 7 & CIB ST RE T

W fIRE

HHMEFEZ, XIIZHLEH T TRE L7 R EZ YHIOLA M VIO TVET. ZO
TOMOEIIZ, WHILEPOLA NS Y ETWETLHICWO2oEZREHLTWEY. £
72, 2200ME DT HISERLZ/NEHORD LR (kg) PROFFOBEY IZkFTF>T0ET. &
DRy, BB TIPSOV AT N1 HICWOLZEDTEL/NERIRKTMkg TL & 9. 7272
L, ZMEIIMOM LA Sk SN TE I ERE LT FIICH%T,2b0E LET

5 8

FEEBELT, Ay bT—27 ETHE XITOBEBTY) 2085 (YHOLANSY) ~N1H
T B/ EROR (5% [RE%RE] LIF0EY) &S Lk a2/ hERhoR2 &L
F9. T995E, HBBIIAH [HilmxkeE] AL a) 7.

wIZ, HIREMFICOWTEZ T, 9, 2 AMoBXREICOVWTIE, ADMIZFST, MET 5

SIMPLE fllES BB NTT -8B T L
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BIZEZH6NTWS ERZBZ TEe b v ) fEEPLETT. 2oz Lid, ETRERE
LTEBTEET. 618, LIS L TERFIARZ L TWALENH Y £3. 72720, Eh
THIZOWTIE, FHEANOHE RO AR LR L —HTLHL V)T &L EF. £/, LA
T IZOWTIL, A S Ok RO EE L —H LTI %R ) $HA.

UEoZ s, ZOBREIIRD X HICERILTE 7.

8

total E O RS

fxa B TIH 5 A HE O
fxs BB T3h 5 B Hb A~ D% =
Jac A LIS C Hb A DB R

Jc B #5205 C H R~ Dk

fp B #i5i7 & D Hi A Dk &
Jer CHEND LA T U ~OfikE
Sfoy DHEAS VA NI Y A\DifikE

HrB% (RX1b)

total %

Hl#IS

total = fxa + fxs B T8 C Ok w

Jxa = fac A Hb 55T O % R AT I

fxs = fac + fsp B b 5T i % i LA HI

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

fap = for D 55T 0 ik = A HI

fey + fpy = total VATV TOHER

0< fxa<4 BT 5 A i~ OEREO F TR
0<fxp<6 BBy T 5 B Hi A~ Oik & o F TR
0< fac<5 A MRS CHISANOF%ED TR
0<fpc<4 B i piA 5 C M~ DRk RE O TR
0<fpp<3 B #5574 5 D A D ko F R
0<fey<38 CHENSLLV AT Uy ~\OlfikEd L TR
0< fpy<5 DHIMEASL AT Ok ED TR

ZN% SIMPLE Ttk A ELUTOLHIZHRY T4

maxflowl.smp

/! BEROES
Variable total(name = "SR TIENS L A T sy ~OREGREE");

SIMPLE fllES BB NTT -8B T L
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Variable
Variable
Variable
Variable
Variable
Variable

Variable

Objective

obj = tot

f XA == f

f AC + f_
f _BD == f
£ CY + f_

0 <= £ _XA
0 <= f_XB
0 <= £_AC
0 <= £_BC
0 <= f_BD
0 <= £ CY
0

<= f DY

solve();
f XA.val.
f_XB.val.
f_AC.val.
f_BC.val.
f_BD.val.

f_CY.val.

f_XA(name
f_XB(name
f_AC(name
f_BC(name
f_BD(name
f_CY(name

f_DY(name

// Kk OB

obj (name

al;

// BHET O
total == f_XA + f_XB;

_AC;

f XB == f_BC + f_BD;

BC == f_CY;
_DY;
DY ==

<= 4;
<= 6;
<= 5;
<= 4;
<= 3;
<= 8;

<= 5;

print(Q);
print(Q);
printQ;
printQ;
print(Q);

print(Q);

SIMPLE flz&s

total;

"B LA DI A N OBEE) ;
WU T S B ANOHEE") ;
"ML A A HHIED ¢ NOEIEE");
HUE B A DHLT ¢ OB ;
"HiKL B S D NOEEE");
Wik C PO LA LT UADEER");
" D AL AT UADHERE);

LS THN S LA BT U ADREER

// ke B 5 LT RREHIR

// RIBELTHZ BT 2

>

% 2 E ﬁ“s 0)“1:1

i

(HWBIED ", type = maximize);

MRS NTT FT—FHIEVRT I
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f_DY.val.print();

total.val.print();

CDEFINVT 7 ANVEETIESL L,

BB T HHEL A DA = 4

R THPHHE B Ok = 6

Hiril A OHIEL ¢ ~NOHi%E = 4

Wri B 220 HT ¢ ~OHikE = 3.28106
Hri B A OHIA D NOfiEE = 2.71894
Wr ¢ 26V A MNT UN\OffikE = 7.28106
W D 26V A MT UN\DlfikE = 2.71894
BT O LA NI y~OKBHEE = 10

EWV)FRMEN, 1 HITHK 10kg /NEMEZMDO L LN TEDL L V) MREZMRETETT.

Z 2T, SIMPLE TORABIZOWT, X YHRLBICEHEZELTHZEIZLEY. 207201, #
TORERFEVIMEZEALT Y. T4, 28MoWXED FRMEZ EHe LTHEBrSE5252 8
WKLET. 95L&, BRI OVWTRKDOLHICHEEE T LN TETT.

£&

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

T8

total e %

fij»i € City, j € City R RANGL 555y

HrB% (RX1b)

total H i % &
E#
upper;j,i € City, j € City i 5 j\Dfg%ED LR
w9
total = " fy; B T35 T Ol %
jeCity
D fw= Y fi Yk € City\[X, Y} PR C D % 8t > R AP
i J
> fiy = total LA b5 v Tk
ieCity
0 < fij < upper;j, Vi, j € City i25 jANOEEED L TR

XY, SIMPLE TOFREMIZKD LI b DIZH ) T

SIMPLE fllES BB NTT -8B T L
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maxflow2.smp

=

% 2 E ﬁ“s 0)“1:1

i

/1 BHERT
Set City;

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

/] INTA—=F

Parameter upper(name = "HiikE O ERR", index = (i, j));

/] 8
Variable total(name = "SR TIENS L A T Uy ~OREHREE");

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

/7 HE9BI%

Objective obj(name = "#UHRTIHH L A N7 y~ofikE (HIBEE) ", type = maximize);

obj = total;

// FHTToOREE
total == sum(£["X", jl, j);
sum(f [k, j1, j) == sum(£[j, kI, j), k != "X", k != "Y";

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

/7 BERIZES 2 BT
0 <= f£[i, j] <= upperli, jI;

N

solve();

// FERMT

total.val.print();

LB, FITRHIZZRD csv 774NV 52F9.

upperdata_maxflow2.csv

FikEo R, A, B, ¢, D, X, Y
A, 0,0,5,0,0,0

B, 0, 0, 4, 3, 0, 0
c, 0,0,0,0,0,8
D, 0, 0, 0, 0, 0, 5

SIMPLE flz&s

MRS NTT FT—FHIEVRT I
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2.7.1 Vector/Matrix R U SIMPLE )L

Z 2T, Vector/Matrix 7 9 ADFLik # i 72T V&AM L T T

COEFNTIX, FI7OEFETMNEZRHL Y.

K757 G(V,E) DERATHII &1k, RO LI ICEZRSNT T

B Ex EHTH

THEESV={v,...,v,) EEMLEEE={e),....en) OB DEMNT T 7 GV,E) IZH LT,

HE v L e DGR THDEE iy =1,
HE vl e DRETHHEE i, =-1,

Z NP ive =0

ER B nxmATH 1G,,) &, BN 57 G(V,E) DEFATH E Vv,

ARMHETIE, * v NI —27 OREDSIERAT2) 3 flow #MZ 72RO %EE 2 F9. A flow
OfkED FRIX, fodofkao FROBAE LE 7.

flow

BT 7 DRI Z 1, KBLOWRRZRTETHNT MV x, KLOHEREO ERIEZ 8

LT HXRT Mk upper L B L,

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

EV I BIEETREIR A TE T Y.
ERALICOVWTIEU T ICEXELET.

£4&
City={A,B,C,D, X, Y}
Edge = {el,e2,e3,e4,e5, 6,7, flow}

HRTH DEA
BOES

SIMPLE fllES BB NTT -8B T L



46 % 2 %‘ @J%@nﬂfl\
8
Xe, e € Edge P SUNDL T5:5
T
I(v,e),v € City,e € Edge et ATH
upper.,e € Edge ZAORG R RO LR
BRYBE% (RXK1t)
Xflow (5%\\ EU%%
ElESE St
Ix=0 % 1 O PRATHI
x < upper Kk = o LR
x>0 ke O TR

ZNIZE D, SIMPLE TOREBIIIRDLH RN T

maxflow3.smp

/1 BEEWT

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

/] INTA—%
Matrix I((v, e));

Vector Upper(e);

/] ZEH
Variable xvar(index
Vector x(e);

x[e]

/7 HEB%
Objective total(type

total = xvar["flow"];

/7 HillF

I x x == zeros(City);

SIMPLE flz&s

xvarl[el; // N7 IV x B xvar ZiEOAT

)

3

e);

maximize) ;

MRS NTT FT—FHIEVRT I
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zeros (Edge) <= x;

x <= Upper;

/! RKEF T a v

options.method = "simplex";

FATHED csv 77 A VI T2 20 F5.

I_maxflow3.csv upperdata_maxflow3.csv
I, el, e2, e3, e4, eb, e6, e7, flow e, Upper
A, -1, 0, 1, 0, O, O, O, O el, 4
B, 0, -1, 0, 1, 1, 0, O, O e2, 6
¢, 0, 0, -1, -1, 0, 1, 0, O e3, 5
b, 0, 0, 0, 0, -1, 0, 1, O ed, 4
X, 1, 1, 0, 0, 0, O, O, -1 eb, 3
Y, o, 0, 0, 0, O, -1, -1, 1 e6, 8
e7, 5
flow, 35

2.7.2 =Ny bRE

WRTEMEZ, BIEETHMEO —RIBICERL L 22 L2 FH LT, ZORMETH S, whH v
ME% SIMPLE Citii L CA T L £ 9.

WRVEREOHIKIN Ix =0, x <upper \ZH$ 2B LR %, ThEthy L LE9.
72, wKUERED HWBEL x a0 1,

Aflow = 1,

a, =0,e # flow

THBEI BRI M aZHTa x ERTIENTEET.
Lo T/ v FREIE,
min upper-z(=0-y +upper - 7)
st I'y+z>a,

z>0.

DEIEABRTHIENTEET.

ERLIZOWVWTIE, ROX IR 9.

SIMPLE fllES BB NTT -8B T L



48 E2E BIBOBEN
£6
City = {A,B,C,D, X, Y} # OHEE
Edge = {el,e2,¢e3,e4,e5,¢6,¢e7, flow) HOHEE
8
W,V € City
Ze,e € Edge
T

I(v,e),v € City,e € Edge

upper,,e € Edge FB Dk D FIR

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

BHRIEAE (&/I\E)

upper - 7 7y MRE

HlHZH

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

z>0 NSRRI AT HR T B A A E I 0 DLk

&b, SIMPLE OitiZkD L 912 ¢

mincut.smp

VAR SeRAvnes
Set City;
Element v(set = City);

Set Edge;

Element e(set = Edge);
/] INTA—%

Matrix I((v, e));
Vector Upper(e);
Vector a(e);

a = zeros(Edge);

a["flow"] = 1;

YV

Variable yvar(index = v), zvar(index

SIMPLE flz&s

MRS NTT FT—FHIEVRT I
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Vector y(v), z(e);
yvar(vl; // N7 MV y IZZEH yvar ZEDAEL
zvarlel; // X7 bV z 2B zvar Zi50OAL

y[v]
z[e]

/7 HEIBEE
Objective cut(name = "7 v M DFE", type = minimize);

cut = inprod(Upper, z);

/7 RISt
trans(I) * y + z >= a;

z >= zeros(Edge) ;

/1R
options.method = "simplex";

solve();

/7 AR

cut.val.print();

ANF=%1%, [2.7.1 KFEME] TOAII7 7 4 )V I_maxflow3.csv, upperdata_maxflow3.csv % fii Jf]

LE9.
CDEFNT 7 ANEETTHE,

71y b OfE=10

EWV)FORDIEN, WAWHEE [ CHWEBOMEZEL 2N TE LT,

| 28 EILLRIT

M ORKFEFE T, MEHOBWEEZFINA Y NI =2 ZHNIE2EmEETELZIFELEI LW
) it ClRBALEZITVWE L2, 20720, NEREERET DB EORA LRI A M2
ZELTWERATLR. T2, BB TH2S 1 HICHITT 2/ MNEROEDPIE > Tnb &) s
IO it TRl b 247 ) LENH Y 5.

RFo/mEA Yy VT =27 ECHEPOBREETRIBECOP»LEA (A M) 2/MILEO L
WO REO Z & 2R/ NERRIEE W E T 2B, RARMEO L & LR, AT 5
DEXRHYET. F72, [RFo8] 251 THLIESIIIR/NEIELIFIER, h—FEr—2a
YAFATON— MERRHBEORIENZ EINHERTWET.

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

p=

B fiE

H BT, XETOEB T THELINEREZ YTOLA N XTI HIZSkgfdDTWET
COB, HATORO LI, #HIHPOLVANT Y ETHRET LIV O20lEZZEHR LT
WET. F/2, 200HBOMT 1 HIZHENRL/PMERORED ER (kg) BROBFO L) ITHE -
TWET. 512, 2200MHEOMT/INEN%E kg Bk 2BICAETORICEPN TV L ETIH
P FET. oL, NERE kg W LS LA NT AT DB A 5 R T IT R
KHBTLEIP. 72720, ZHBIMOM S, SR INTE/NER 2 & THO M R IZH% T 5
boLLET.

¥iXTT BX e 1kg &7~V DEH
BT X 250
R T X 200

O———
A 270 4 N
300 4 C)
220
LZAFI Y 190 6 5
LARS VY 170 (8 3

FERAIZDOWT, FIEI O R KB O & O

o WL R (MFOBIETO total £ WA ZEH) A8 ICHT - T3,

o HMBHOHRE A OR/MUICE D> TV 5.
D2HTY. To2 1P OWTE, HIFiOPEEFR CERLE 20D 3O THEIE U CHii %
SDEICLTLZE ., B, BEIEEH®EL — MIDWT [IER kg2 0BT L %L
TeNEROR] OfEROBAIZL LI LTROLNET

DEoZ lrs, ZofEIRO LI ICENMETE T

g|lQ|jQ|w|»

ol |®m | ™

8

fxa A THh 5 A Hi A~k &
fxa BB T 50 5 B Hupi A~ Ok &
Jac A MRS C H A DA R

Jc B #riA 5 C Him A~ Dk

/D B #5225 D Hi Ok

fey CHUEAD VA N T U\ Dlfik e
for DI H LA NT Y N\OfikE

BRIEEE (R/I\b)
250 fxa + 200 fxg + 270 fsc + 300 f5c + 220 f5p + W H
190fcy + 170fpy

SIMPLE fllES BB NTT -8B T L
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LERES S

8 = fxa+ fxp
Jxa = fac

JxB = fec + foD
Jac + foc = fey
fsp = foy

Jey + for =8
0<fxa<4
0< fxp<6
0< fac <5
0<focs4
0</fep<3
0< fer<8
0< fpr<5

51

BB T C Ok

A 3 51T D O PRAFH

B i 5T Dk & O fRAEH

C 27 C Dk &2 O RAFHI

D #i55 T D ik 5 D PRAFHI

LA NT v TOln%E

BB THH 5 A A~ OHEEO TR
BB T3H 6 B b i~k RO TR
A MRS CHILTANDEFEED TR

B i 5 C HEADHERER O F TR

B #5725 D HMA D% RO TR
CHENSL A NT y~\OffEkED L TR
DHEAS LA NT UAOHEED L TR

DR % SIMPLE CTiatih 345 L LFD LI

mincostl.smp

Y.

/] BROES

/1 BHEHORME
Objective totalcost(name =

R, type

totalcost = 250 * f_XA + 200 *x f_XB + 270

300 * £ BC + 220 * £ _BD + 190

/] BHETOR%E

== f XA + f_XB;
f_XA == f_AC;

f_XB == f_BC + f_BD;
f_AC + £ _BC == f_CY;

SIMPLE flz&s

Variable f_XA(name = "B T3S M A ~OH%RE");
Variable f_XB(name = "SI L3525 B ~OfkE");
Variable f_AC(name = "Hip A 2 OMHA ¢ ~DER");
Variable f_BC(name = "Hifi B S MR ¢ ~OEpkE");
Variable f_BD(name = "Hiii B 2SS D ~OFEE");
Variable f_CY(name = "Hif{ ¢ 2H LA b7 U A\OHkRE");
Variable f_DY(name = "M} D "S5 LA T U Dk

minimize) ;
f_AC +

£_CY + 170 * £ _DY;

MRS NTT FT—FHIEVRT I



52 % 2 E {;“%@uﬂﬁ
f BD == f_DY;
f CY + £_DY == 8;

/7 RIS 5 T R
<= f XA <= 4;
<= f_XB <= 6;

>

<= f_AC <=
<= f_BD <=

<= £_CY <=

0
0
0
0 <= f_BC <=
0
0
0

g 0 wWw P~ O

<= f DY <=

/] RELTHEZ T 5
solve();
f_XA.val.print();
f_XB.val.print();
f_AC.val.print();
f_BC.val.print();
f_BD.val.print();
f_CY.val.print();
f_DY.val.print();

totalcost.val.print();

ZDETNERETSEL L,

BB T2 MR A ~NOHEE = 2
SO T8 HHLT B Ok
R A 2O ¢ NDOEE =
Wri B O ¢ NDOEEE =
HWri B O D NDEERE =
Wr ¢ 26V A NI IOk =5
HWr D 2OV A NI UADfiERE = 3
WEH = 5260

1]
()]

w w N

EV)FIRPEN, RREHEERTESET.

LZAT, COFEFORBTIBHOKNL VHEIISHT S5 EHEETT. 22T, Mg
HFLVIMESEEAL, bELT—FE2ERE L TP 5 25 L9107 42 & TR MEIZ
FLTHIBHLRTVEHIICLET. 9, CoOFTESMEE LABTLROIHIICLDET. &
B, RFANIZOWTIE (Lo mi~ORXEOH] & MO 25 OHEROM ] OEDT—4 %
WER 552 BIERERWY T L7z, BARAIC, TOMEAIEOHEAER T, AL LA NS >V,

SIMPLE fllES BB NTT -8B T L
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ZLTODHEDBHEEL V) T EITH) 7.

&4

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

8

fij»i € City, j € City i 25§ N D%

T

upper;j,i € City, j € City i 5 j D% ED LR

costj,i € City, j € City iP5 NOEGEDBRNI D5 /NER 1kg 720
DEH

supply;,i € City i TOWMELRARDE

HEB% (&/\b)

Z Z costij ﬁ] rhﬁ%}ﬁﬁ

&
Sy

JjeCity ieCity
Hl#I =M

D fii= ). fu= supply, Vk € City & Hb T O %R

JjeCity ieCity

0 < f;j < upper;j,Vi, j € City i 5 j Ok ED TR

COERLE LB L7245 % SIMPLE Tililb 5 L RDXHITH D F.

mincost2.smp

/1 BEERT
Set City;

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

/] INTA—%
Parameter upper (name = vk D PR, index = (i, i)
Parameter cost(name = "FiEZ ", index = (i, i),

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

/1 B
Variable f(name = "#jiif&", index = (i, i));
/7 BB

Objective total_cost(name = "#ZE ", type = minimize);

SIMPLE fllES BB NTT -8B T L
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total_cost = sum(cost[i, j1 * f[i, j1, (i, j));

// SIS TOlxE

sum(£[k, j1, j) - sum(£[i, k], i) == supplylkl;

// Tk B 5 BT R
0 <= f[i, j] <= upperli, j]

/1 K

solve();

// R

total_cost.val.print();

>

>

% 2 E ﬁ“s @llD

i

%B, EFHIERD2ODcsv 77 A NVE1DODdat 774 VES 2 F7.

upperdata_mincost2.csv

costdata_mincost2.csv

ks LR, A, B, ¢, D, X, Y

, 0, 0,0
, 0,0

>

B

A, 0, O,
B, 0, O, 3
c, 0, O, 0
b, 0, 0, 0, O,
X, 4, 6, 0
Y, 0, O, 0

o O uo1

B

A,

B,

C,
D,
X,
Y

>

Wk, A, B, C, D, X, Y

0, 0, 270, 0, 0, O
0, 0, 300, 220, 0, O
0, 0, 0, 0, 0, 190
0, 0, 0, 0, 0, 170
250, 200, 0, 0, 0, O

0, 0, 0, 0, 0, 0

supply_mincost2.dat

[A]
[B]
[c]
[D]
[x]
[yl

>

supply =

0

o O O O

| 29 B L

LS F THRRTERAKRMERC RN EHRMETIX, 2y PT—27 L2 1HEEODL DO LN TW
FHATL. AL, BERRTIEIAY FT—2 FEZEBODDORHENE E VW) r— AL DY

SIMPLE flz&s

MRS NTT FT—FHIEVRT I
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9. ZMMERIEIZ, EEROMNEZNENIREEPOHE T TEE TS E V) LA I LM
WECT, WMfER L D HTRHINTYE .

B fE

HHEEL XWOREM I THE LNV HONERZ YIHO/XVEF T 1 HIZ 8kg D TW
9. S50, MUBEKBITHETHELL) EAHONERZ 210 EARTT1 HIZ 13kg i
TWET. ZoOB, TORDLHIZ, BHIHE»SNVE, 8B TE»S ) EARE THikd 21
WL OPOMBEZRHLTVWET. $72, 2200MEOMTI1 HIZERSESVHONERE D &
AROINEROEFTRERD ER (kg) 2SROBTFOLH)ICHRT->TVET. 51T, 20DHIHOM
TN HONERR ) EARONER % kg k3 I T ORISENPN TV L 2T OB H
DNET. ToLE, NUHOMNERLE ) EAHONERZ IO SN RIZTWO DB D 50
HIZ 1T HIZOERENSSHTL &9 2.

/'\/
/\

®

Bk T Bk ok INCRADNNEROEXE S EARDONMNEROEXE
BhIHX A 12 11

WHTH X B 10 12

A C 4 5

A NUVRBRY 11

B A 6 7

B C 11 9

C NUVRBRY 9

C VEARZ - 5

9, FWEV— MIOWTRYHONER O E D EAHONROBEEIEHE LT
TTY. 72720, ) AR VHONERZERE LD S VRIS EARONER Rk L7z $
5ZLEHYFEANDT, TALICHIBTAEHMIZITIEFT LAV LIILET

KIZ, BB DWW TR/ NEHRMEOR L FMRICEZ 228X h ) 9. 72720, SVHO
INERYE D EAO/NER TR T A MARL L SIIIEEILETT

WIS, IR EZEZ Y. Kk — MIOWTIRMECH 5 X 91278 HO/NER Ok
we ) EAHONEROR% RO LREZEZ v vy HIREASLETYT. 74, BFERNCD
WCIHE E M LA T2 T 248N H D 9. 612, [-1H%ETE] L) LiEdhh

SIMPLE fllES BB NTT -8B T L
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ZFHADOTERIZOWTIFATIRHSLETT.
PEDOZERS, ROLEH I8N TxTT.

F28 Bl

i

@llD

=

8

PWheatxs, UWheatx,
PWheatxp, UWheatxp
PWheatsc, UWheat
PWheat,y

PWheatgs, UWheatga
PWheatgc, UWheatpc
PWheatcy

UWheatcz

BrRYBI% (&/I\b)

12PWheatxs + 10PWheatxp + 4PWheatsc +
11PWheatay + 6PWheatgs + 11PWheatpc +
9PWheatcy + 11UWheatx, + 12UWheatxp +
SUWheatsc + TUWheatgy + QU Wheatpe +
SUWheatcz

wlHIRG

PWheatys + UWheatxs < 15,

PWheatxgp + UWheatxp < 12,

PWheatsc + UWheatac < 18, PWheatay < 3,
PWheatgy + UWheatgy < 3,

PWheatgec + UWheatpe < 10, PWheatcy < 10,
UWheatcz < 15

PWheatxs + PWheatxp = 8,

PWheatsc + PWheatyy = PWheatxs + PWheatg,,
PWheatgs + PWheatge = PWheatyg,
PWheatcy = PWheatsc + PWheatpc,

8 = PWheatsy + PWheatcy

UWheatxs + UWheatxp = 13,

UWheatsc + UWheatay = UWheatxy + UWheatp,,

UWheatgs + UWheatgc = UWheatyp,
UWheatcz = UWheatac + UWheatpc,
13 = UWheatcz

SIMPLE flz&s

B TH0 5 A A~ O %R
BT 5 B MU~ Ok
A Hi T A S C H R~ ik
A H1 B B8 VB D%
B #5205 A HiE A OBk
B #2575 C Hb R~ D%
C Hi5 2 5 2% VRO
CHLED S ) EARNOHE R

B

e

Bk v — b OER O LREEZ %0

I8V FHO/NERCET S RAEH]

9 EAM DN BS B A

MRS NTT FT—FHIEVRT I
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PWheatxy > 0, PWheatxg > 0, PWheatsc > 0, ik = |2 B 5 & FEEHRY
PWheatsy > 0, PWheatgy > 0, PWheatgc > 0,

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

UWheatsc > 0, UWheatgs > 0, UWheatgc > 0,

UWheatcz > 0

57

ZN% SIMPLE Ttk 35 EIRDOLHIZH D 7.

multiflow1.smp

/] EBOESE

Variable
PWheat_XA, PWheat_XB, PWheat_AC, PWheat_AY, PWheat_BA, PWheat_BC, PWheat_CY,
UWheat_XA, UWheat_XB, UWheat_AC, UWheat_BA, UWheat_BC, UWheat_CZ;

/7 HMBEBOES

Objective total_cost(name = "#AHiEE ", type = minimize);

total_cost = 12 * PWheat_XA + 10 * PWheat_XB + 4 * PWheat_ AC + 11 * PWheat_ AY +
6 * PWheat_BA + 11 * PWheat_BC + 9 * PWheat_CY + 11 * UWheat_XA +
12 * UWheat_XB + 5 * UWheat_AC + 7 * UWheat_BA + 9 * UWheat_BC +

5 * UWheat_CZ;

/] BN — b T L OEEO 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;

17 73 O/NZERI S 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;

SIMPLE fllES BB NTT -8B T L
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/1) EAHDNERZBS % PRAEHD
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;

// FEETHIF

PWheat_XA >= 0; PWheat _XB >= 0
PWheat_BA >= 0; PWheat_BC >= 0
UWheat_XA >= 0; UWheat_XB >= 0
UWheat_BC >= 0; UWheat_CZ >= 0;

; PWheat_AC >=
; PWheat_CY >=

; UWheat_AC >=

=

% 2 E ﬁ“s 0)“1:1

i

0; PWheat_AY >= 0;
0;
0; UWheat_BA >= 0;

CZT, SIMPLE TOitih % X D B2 OICL T Z EIZLET. 2072Hllid, Biliofs
OMEZEAL, Z3FEFLTFT—FIHRTEDLLICTLIEDVAMTYT. OB, #xEo LR
i LORMKM LT =5 2 MK D EINEDS 525 EHICLTBEET

T5E, BXMECOVTRKRD L) ICKBTEET.

4
City = A, B,C, X, Y, Z}

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

T
upper;;,i € City, j € City
PWheat_cost;j,i € City, j € City

UWheat_cost;j,i € City, j € City
PWheat_supply;,i € City

UWheat_supply;,i € City

BEIBE% (R/IME)
Z Z (PWheat_cost;j - PWheat;; +

jeCity icCity
UWheat_cost;; - UWheat;;)

SIMPLE flz&s

i oHEE

i 5 j~NDI Y HONERy Ok i
i 5 jAND I EAHOMNER Ok

i 5 j Ok REO FR

i 5 JNDEEDOBRIZ D0 %78 v O/ 1kg
H720 OEH

i 5 jNOEEDOBNI 0025 5 & A D/INER
ke H7-0 OEH

i TONRYAD/NEFR 1kg DR & HARDE
i TOH EAHDNER 1kg DR EHRARD
7

MRS NTT FT—FHIEVRT I
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EAFSESES

PWheat;; + UWheat;; < upper;;, Vi, j € City i 5 j\DfgkED R

Z PWheaty; — Z PWheaty. = PWheat_supplyy, &I T2 HO/NER; Ok
jeCity iCity

Vk € City

Z UWheatyj— Z UWheaty = UWheat_supply,, FHFETD ) & A DO/NER Ok

JjeCity ieCity

Vk € City
0 < PWheat;j,Vi, j € City 2NV ONER Ol R O IEATIRK
0 < UWheat;;, Vi, j € City 5 LA ONER O EOIEATIKY

SIMPLE Tl 2 L RD LY, HEFLDODVIDIVHRIZEoTWAI NS0 1

multiflow2.smp

/1 BHERT
Set City;

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

/] INT A =%

Parameter upper(name = "HijR5E D LR, index = (i, j));

Parameter PWheat_cost(name = "/¥ Y HO/NER Ok ", index = (1, j));
') EARO/NEROEEE ", index = (i, j));

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

Parameter UWheat_cost(name

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

/1 ER
Variable PWheat (name="/X> ] D/NEM OEEL", index=(i,j));
Variable UWheat (name="" & A D/NER OHGEE", index=(i,3));

// HEIE%K
Objective total_cost(name = s, type = minimize);
total_cost = sum(PWheat_cost[i, j] * PWheat[i, j] + UWheat_cost[i, j] * UWheat[i, jIl,

(i, 3));

// BRIV — b T ko IR

PWheat[i, j] + UWheat[i, j] <= upperli, jl;

/7 23 FO/NZRN S B RAEHD

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

SIMPLE fllES BB NTT -8B T L
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i

/19 EADNZRNZT % BRAFHI
sum(UWheat [k, j], j) - sum(UWheat[i, k], i) == UWheat_supplyl[k];

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

UWheat[i, j] >= 0;

B, FARHIIRD 3 DD csv 7 7 AV (kg ER - XY HONEROEREH - 9 EAH
DN DML ) & 120D dat 7 7 4 )V (PWheat_supply 3 & UF UWheat_supply) %52 F .

PWcost_multiflow2.csv upperdata_multiflow2.csv
N ONEROWEEM, A, B, C, X, ¥, ko BB, A, B, C, X, ¥, Z
Z A, 0, O, 18, 0, 3, O
A, O, O, 4, 0, 11, O B, 3, 0, 10, 0, 0, O
B, 6, 0, 11, 0, 0, O ¢, 0, 0, 0, 0, 10, 15
¢, 0, 0, 0, 0, 9, 0 X, 15, 12, 0, 0, 0, O
X, 12, 10, 0, 0, 0, O Y, 0, 0, 0, 0, O, O
Y, 0, 0, 0, 0, 0, O z, 0, 0, 0, O, 0, O
Z, 0, 0, 0, 0, 0, 0
UWcost_multiflow2.csv supplydata_multiflow2.dat
I EAHDONEROWEEM, A, B, C, X, PWheat_supply = [A] 0 [B] O [C] ©
Y, Z [x] 8 [Y] -8 [Z] 0;
A, 0,0,5,0,0,0 UWheat_supply = [A] 0 [B] 0 [C] 0

,7,0,9,0,0,0 [x] 13 [yl o [z] -13;

0, 0, 0, 0, 0, 5

11, 12, 0, 0, 0, O
’O:O:O:O,O,O

N < X Q w

’O:O’O’O,O,O

COEFNEZEITLIZREREDPS, BB 4941255 ICH%ETEERBETHY, FZITKRDOK
DI VHDONERE D) EAHDO/NERZEETHE LW L300 1.
I8V DINFER; O ik I EAMDNER Ok E

/
N

;
,
(3]
\
—_
=
OO
NO
[N}
N
c;\\x
[ele]
.
>
O
(3]
()}
S
o0

4.107392 4~1*0<
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2.0 PEC2EL

gk % EOMIICEE T 2 & i D% K B Mgk Bl E ML, #RHEE 2 SR S hTwE
T, MEEENEOH NS, COETp A T4 7 VHE%Z, ROHTp Ly ¥ —MEZI) LIFET.
BB, RF2— M) T7LVTREBTIFEEZAHT L2 (SHIF TFEL] LIFCET) THYEH
R 2 LE T 2 MR T H L LEL T

T, ATATVIEOVTHHALEY. A7 4 7y ERBFEMED SR ERE LS (5%
(k] LIF ) ~OBBEHORMZR/NITLEDOILETY. ZLT, TOXF4 T V&K
DLMEDZLE AT+ T VHELIFET. &b, ~RICIEOBREOTFEEND 2 0IEFHFELTL
WCRZ) EFFTOTHEAT EORBEHMAR/MNITAI LI FT. 7, Mz 1 Hicids<
p BETICHCE T 5 & 9 BBAlp A7 4 7 YHBEE PO TS

B fiE

HHEEER, ATPSFHETO6THOHFNS 2 00WITH T/ ERELEL) EEZT
WET. CoK, HEHE CORBEINEZR/NIT L0 EOTHICHIET AL RVWTLLED
B, FHONITRETORDIIICh-TwEY. T4, 20iHOBEIATORD X 12
o TWET. 72720, BEEM I TV 2 Wil ORI ORR T 2 88 L7z & & o HEE
BRHALET.

# A
ATl 800
Bl 550
Ccii 780
Dili 600
Eili 1020
Fili 360

9, CORMETEEMBTISH LT /S= P2 RET 200 E) P2 RTERDPLETH L EHD
MY FET. LAL, INETTEEHT26 EEL5OMERIENDDERD LLEN DY, Bk
Ko TLEFWET. 22T, #Mli 28 jOT /8= MRS TI2HE1, €9 TrWEHAIZ0%
WHE) %01 B8 x; EEALET. 5B, xi=1OREHHT i 1IC7 /8= 2 HIEL, x; =0 DR
WWIEHE LW E W) iREZ L.

WIZ, FIRFMHEICOVTEZTWETT. BIFEBRRAE I, x 3EH i ICHIET 2089 2%
HKLTWIT. COPBTR2HBHICHELETOT, ) 32 THE2BESHY T, 72, %4

HIZOW TN OF /5= MRS LA R ) A (MEBEOS G IR &5 bt iR
TéCkK&DiT)xU%mWT%ﬁTék,%iﬁowfzhﬁﬁlf@ékwagkmﬁbi

J
T mEIC, SOEFETTEMELTOZWITICKS SN TLE)WRESH ) 3. Zhzhl
f:bbbibi, ij = O @i%{_j\c: x,’j = 1 t 7;:’) "Cﬂib\bﬂ’&lﬂ t W :) %”%%1¢ﬁ§ﬂ‘%ﬁéfj— %V‘mié &, X,‘j

SIMPLE fllES BB NTT -8B T L
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i

Fx; FODRENVEZ EHRVEN) 2B ET. LoT, ATHTEL x;<x; EBDET. 7272
L, Cofl#&tELi=j ona Il 3EERTT 20 iz jOBEOATHSTHD 2 LITHERELTK
7230,

HIBIEIE, EAN XORBHEHE W 2R 3. 9, #li» o#800 j ~oBEh iRk
xij= 1 DBECOAREZRT HLENHYFT. XoT, 3211, MOHMEE x, OMEROFT
ZLT jionTHIZLELZLTHT i 2b0EAL LOBHFIEONET. 2L T, ZOBH
HEEICEATH 2 ANZHITHDLEL I LT i AODOHARAZDIT-BHHMLAEET. HALD
BB A & TORTICOVTRD, fiz L s L THNBETS 2 EAN X ORBEHNE L 2
DEY. BB, HLY 2H4HMOEIROROEYICLDE LRGN T

AT BT CW DWW EW Fih

AW |0 7 2 13 19 17
Bt |7 0 8 6 12 10
cm |2 8 0 14 20 18

D | 13 6 14 0 7 4
Et | 19 12 20 7 0 3
Fmi | 17 10 18 4 3 0

Doz trzFrowsdd, kokyicgffbca .

0-1 %
XAA> XABs XACs XAD> XAE> XAF> XBA> XBBs XBC» Xpp> XpE, 0 7213 1 2 & B IMET 200 bR
XBF» XCA» XCB> XCC» XCD»> XCE> XCF» XDA» XDB»> XDC> BZEZ O ERITER

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

XFB>s XFC> XFD> XFE> XFF

BRYBI% (&/I\b)

800(7xap+2xac+13xap+19x45 +17x45)+550(Txpa+  FEAS X KR By ik
8xpc + 6xpp + 12xpg + 10xgr) + 780(2xca + 8xcB +
14xcp+20xcE+18xcr)+600(13xps +6xpp+ 14xpc +

Txpe +4xpr)+1020(19xg4 + 12xgp +20xgc + TXgp +

3xEF) + 360(17.XFA + 10)6}73 + ISXFC + 4xFD + 3xFE)

Hl#I 4

XaA + Xpp + Xcc + Xpp + XgE + XpF =2 2 W s

Xaa + Xap + Xac + Xap + Xag + XaF = 1 ATE 1 PR
XA + Xpp + Xpc + Xpp + Xpg + xpr = 1 B i 1 & AT Il
XcA + XcB + Xce + Xep + Xcg + xcp = 1 C il 1 ATl s
Xpa + Xpp + Xpc + Xpp + XpE + xpF = 1 D Hiid 1 i Ee s

SIMPLE fllES BB NTT -8B T L
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XEA + XEp + XECc + XEp + XEE + XEF = 1

XFA + Xpp + Xpc + Xpp + XpE + XFp = 1

XAB < XBB, XAC < XcC, XAD < XDpD> 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,
XpB < XBB, XpC < XcC> XDE < XEE, XpF < XFF,
XEA < XAA, XEB < XBB, XEC < XcC» XED < XDD;,
XEF < XFF, XFA < XAA, XFB < XBB, XFC < XcC,»

XFDp < Xpp, XFE < XEE

63

E & 1 i hid s
F itk 1 &Pl
HE LT A HBHT I ELS)

ZOFEREZDF F SIMPLE Titilb 975 L IRODEH 2D 7.

medianl.smp

/! EBOES

IntegerVariable
x_AA(type = binary), x_AB(type =
x_AD(type = binary), x_AE(type =
x_BA(type = binary), x_BB(type =
x_BD(type = binary), x_BE(type =
x_CA(type = binary), x_CB(type =
x_CD(type = binary), x_CE(type =
x_DA(type = binary), x_DB(type =
x_DD(type = binary), x_DE(type =
x_EA(type = binary), x_EB(type =
x_ED(type = binary), x_EE(type =
x_FA(type = binary), x_FB(type =
x_FD(type = binary), x_FE(type =

/1 BEARN SRR ENHIEEO R ML
Objective total_distance(type =

total_distance =

550 * (7 * x_BA + 8 * x BC + 6 * x BD + 12 * x BE + 10 * x_BF) +
780 * (2 * x_CA + 8 x 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);

SIMPLE flz&s

binary), x_AC(type
binary), x_AF(type
binary), x_BC(type
binary), x_BF(type
binary), x_CC(type
binary), x_CF(type
binary), x_DC(type
binary), x_DF(type
binary), x_EC(type
binary), x_EF(type
binary), x_FC(type
binary), x_FF(type

minimize) ;

800 * (7 * x_AB + 2 * x_AC + 13 * x_AD + 19 * x_AE + 17 * x_AF) +

binary),
binary),
binary),
binary),
binary),
binary),
binary),
binary),
binary),
binary),
binary),

binary) ;

MRS NTT FT—FHIEVRT I
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/7 2 FHIZHE T 5

x_AA + x_ BB + x_CC + x_DD

// FLZWTT %

x_AA + x_AB + x_AC + x_AD
x_BA + x_BB + x_BC + x_BD
x_CA + x_ CB + x_CC + x_CD
x_DA + x_ DB + x_DC + x_DD
x_EA + x_EB + x_EC + x_ED

x FA + x_ FB + x_FC + x_FD

+

+

+

+

+

+

x_EE

x_AE
x_BE
x_CE
x_DE
x_EE

x_FE

/7 HIE L WERTIZIE AL L 7 v

x_AB <= x_BB; x_AC <= x_CC; x_AD

x_BA <= x_AA; x_BC <= x_CC; x_BD

x_CA <= x_AA; x_CB <= x_BB;

x_DA <= x_AA; x_DB <= x_BB;

x_EA <= x_AA; x_EB <= x_BB;

x_FA <= x_AA; x_FB <= x_BB;

x_CD
x_DC
x_EC
x_FC

x_FF == 2;

x_AF == 1;
x_BF == 1;
x_CF == 1;
x_DF == 1;
x_EF == 1;

x_FF == 1;

x_DD; x_AE
x_DD; x_BE
x_DD; x_CE
x_CC; x_DE
x_CC; x_ED
x_CC; x_FD

x_EE; x_AF
x_EE; x_BF
x_EE; x_CF
x_EE; x_DF
x_DD; x_EF

x_DD; x_FE

>

% 2 E ﬁ“s @l\D

i

<= x_FF;
<= x_FF;
<= x_FF;
<= x_FF;
<= x_FF;

<= x_EE;

LIHT, CORBTT LMHOMAMA S RBIKETH 5% LOBMHTIHNTIED Y
FHA. ZIT, EFVTIANERANELOILL TV S EICLEY. 200, £F—s

ZTCEHLETNERPOHRBLENFHY .

WhbEz A2 EICLET.

2Tk, NOELBEECET AT -9 27— 771

SO, KA G T —F B TES X ) I OESG LW EZEA
LTBEXFEY. 958, ERXMEICOoVTKRDO LI ICHXETTT.

£4&
City = {A,B,C, D, E, F}

0-1 &%
xij,i € City, j € City

EH
distance;;,i € City, j € City

population;,i € City

BrE% (&/IVL)

Z population; - Z (distance;; - x;j)

ieCity JECity,i#j

SIMPLE flz&s

Wi DEA

0FF1Z2EMETLONE EZICEG SN
HDOh e RTEK

#BT i 2D AT F To M
i o A

HAN S A B AR

MRS NTT FT—FHIEVRT I



2.10 p XF« 7 UHRE 65

EFPESES

Z X =2 2B H)E

ieCity

D xij=1,Yie City BARTE 1 BT LS
jeCity

Xij < xjj, Vi, j € City, i # ] HE LT A8 B

FRloX % SIMPLE Tt 4% &, KD XHIZ% D £¥. 7B, Numerical Optimizer TDFATHFIZ
BT OEEDOBMARN 2 ERIIT—F 7 7 A V2O HEIWICEFE L 9. 72, simple_printf() &
HIES 2T OAZFIRTHLIICTRLE L.

median2.smp

/1 REERT
Set City;

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

/] INTA—%
Parameter distance(name = "2 HRTTHIOFEHEE", index = (1, j));

Parameter population(name = "#RIT®D A", index = i);

/1 R

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

/7 HEBE%E
Objective total_distance(name = "#RMHEJEERE", type = minimize);

total_distance = sum(population[i] * sum(distance[i, j] * x[i, j1, (j, 1 !'= j)), 1);

/7 HIRI G
sum(x[i, i], i) == 2;
sum(x[i, jl, j) == 1;

x[i, j1 <= xI[j, j1, i !'= 3;

N

solve();

/] FERMT
simple_printf ("%s WIZHIET A, \n", i, x[i, i].val == 1);

HB, FATRICKRO 2 EBE OB A2 E T csv 7740V () Lo ANOZE T daa 774V (5)
52 %9

SIMPLE fllES BB NTT -8B T L
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i

distancedata_median2.csv populationdata_median2.dat
2 Wil OWi#E, o, B, ¢, D, E, F #HHoOAND =

A, O, 7, 2, 13, 19, 17 [A] 800

B, 7, 0, 8, 6, 12, 10 [B] 550

c, 2, 8, 0, 14, 20, 18 [c] 780

D, 13, 6, 14, 0, 7, 4 [D] 600

E, 19, 12, 20, 7, 0, 3 [E] 1020

F, 17, 10, 18, 4, 3, O [F]1 360

COETNVEFEITTHLEROFIRDVEIN, ATHE EMICHIET S LRV E0%bh0) £7.

A THICHIEST 5.
E HICH)ET 5.

201 PR

Hiffiop 271 7 VI, FEELEHNOMO (EALE) RBHFELZR/NMTLHEVIH
WCESNZIETLz. 2072, FEMD SN T COFEN BB ZRMNT2 X%
R ifFcE £3. Lo L, MoPIIHEN L RN OB B ICHNL TR HAEDEIETNT
WABIREEA D D 5. S0, ZOHITHED ptyy —REIR, (EAMX) BEIFRME IO X
VHLAGDEEES WL ) ICREEZ T2 MEE R 2 e TEET

ZIT, vry—btidRIEVTFEENLLO (EAMFE) HEEEZHE/NNIT AN OZET, D
HERDLMEOZ LRy s =ML VO ET. T2, pMEFICHZZEET S X9 2%A1Cpt
v H—ELID, WHPEO LD Rt RET S L) REAICHORTwET

B fE

HHEEER, ATPOFHETO6THOHFNS 2 0OWITH T /= EELL) EEZT
WEg. ZoRE, BB S T TOEAN S BEREEO R KM T R/ 57201213 LD
WETALERWTLE) 2. &8, HFHOAORETFTORDOL ) IZh->TwET. T, 2HHD
HEEIATORO L) IZhoTwET. &b, BEHEHITN TV 2 5l M ORI oA T %
HL7-E EoREHEBEZRBLET.

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

HIfOBIME X DECIZHIEBOESZFTY. 20k, FfiofETOERE fRsEticon
T COPETHZOFTEMHL T TOTHMIRHIZ L T 23w,

BB O WL, #lir ol COEAM EBHFMORKME VI LI FT. F
T, Wi »o#l ] FTOEA EBHHEELROET. Td x; =1 ORICERZFHFOLDOTT
25 i FOHEE, iOAOZLTx; D3 22#ITEbELIDOLER) I, &b, i=jORIZIEZO
FEEIC0ICR D FTOTHHEICRED RV LICLET. RIS, SROXIRI=<y 7 AMED
B TO—2DF 7=y 7 L LTER v 2H72IEALET. ZoK, BAYXBEEEESZhE
NvUTFTHDECIHRELZMAZ S Z L TvICEA EBEFEORKME W) BRE 25
TENTEET. LoT, EHvASVHMNEKEZY T

PEozers, kO IZERMMETE 7.

0-1 %
XAAs XAB> XAC» XAD» XAEs XAF» XBA» XBB> XBC» XBp» Xge, 0 72131 2 L A HIET 200 b EH#
XBF, XCA> XCB> XCC» XCD» XCE» XCF» XDA> XDB, XDC> BXEZ RO ERTE

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

XFB>s XFC> XFD> XFE> XFF

EFRER
v H AN X B EYHERE O R

HrB% (&/Mb)
v H AN & BB EEED F A

SIMPLE fllES BB NTT -8B T L
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i

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

ZDOFER % SIMPLE CTitih 975 ERD X H IR D 9.

centerl.smp

/] BROES

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_DC(type
x_DF (type
x_EC(type
x_EF (type
x_FC(type
x_FF (type

binary),
binary),
binary),
binary),
binary),

binary) ;

x_DA(type = binary), x_DB(type = binary),
x_DD(type = binary), x_DE(type = binary),
x_EA(type = binary), x_EB(type = binary),
x_ED(type = binary), x_EE(type = binary),
x_FA(type = binary), x_FB(type = binary),
x_FD(type = binary), x_FE(type = binary),

Variable v;

/) BEHN EREHEEO R RO R/AME

Objective max_distance(type = minimize);

max_distance = v;

v >= 800 * 7 * x_AB; v >= 800 * 2 * x_AC;

v >= 800 * 19 *x x_AE; v >= 800 * 17 * x_AF;

v >= 560 * 8 * x_BC; v >= 560 * 6 * x_BD;

v >= 550 * 10 * x_BF; v >= 780 * 2 * x_CA;

v >= 780 * 14 x x_CD; v >= 780 * 20 *x x_CE;

v >= 600 * 13 * x_DA; v >= 600 * 6 * x_DB;

v >= 600 * 7 * x_DE; v >= 600 * 4 *x x_DF;

v >= 1020 * 12 * x_EB; v >= 1020 * 20 * x_EC;

v >= 1020 * 3 * x_EF; v >= 360 *x 17 * x_FA;

v >= 360 * 18 * x_FC; v >= 360 * 4 *x x_FD;

800 * 13 * x_AD;

550 7 * x_BA;
550 12 * x_BE;

780 *

8 * x_CB;

780 *

18 * x_CF;
600 * 14 * x_DC;
1020 * 19 * x_EA;
1020 * 7 * x_ED;
360 * 10 * x_FB;

360 * 3 * x_FE;

/7 WE & BRSBTSt

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;

COFTFETEIRELSDIZLWTTDOT, HifiL FEEIC SIMPLE TORER % i 7 b DIZ L T <

ZEIlZLET.

SIMPLE flz&s

OB, ERLIZOVWTIZKRDE S R DIZLFT.

MRS NTT FT—FHIEVRT I



70 FE2E HIEDOEN
&4
City = {A, B,C, D, E, F} # OHEE
0-1
x;j,i € City, j € City 0F72131 2L HMIET LD L HdITHEH
B EZLONERTEK
v AN S B PEE D i K AE
EH
distance;j,i € City, j € City il i 2 HHT j £ TOMRE
population;, i € City il i o A1

HE9R% (&/Mb)

v AT & BB FRAE O Rl

Ll SESts

v > population; - distance;; - x;;,V1, j € City,i # j K EAN X BB R K 2 2 v
Z X =2 2 FR TS S

ieCity

> xi;=1,Yi€ City KHRTIE 1 BT ES

jeCity

xij < xj;, Vi, j € City,i # j HE LT AR5

9% &, SIMPLE TIZRD X ) f# itz 9.

center2.smp

/] BHERT
Set City;

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

/] INTA—%
Parameter distance(name = "2 ARTHIMOHE", index = (i, j));

Parameter population(name = "B O A", index = i);

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

Variable v;

SIMPLE fllES BB NTT -8B T L
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/7 HEBI%E

Objective max_distance(type = minimize);

max_distance = v;

7 L SESE

v >= population[i] #* distanceli, jl * x[i, jl;
sum(x[i, i], i) == 2;

sum(x[i, j1, j) == 1;

x[i, j] <= x[j, j1, i '= j;

/1 R

solve();

/7 R
simple_printf("%s WIZHIET 4. \n", i, x[i,i].val == 1);

FATT LB, AiEiOBIE L FERICKRO 2 BRI OHEE* £ 3 csv 774V () L &HTHDO N
Ma#ETdat 7740V () 252 F7.

distancedata_center2.csv populationdata_center2.dat
2 #BT M OBiKE, A, B, ¢, D, E, F oA =

A, O, 7, 2, 13, 19, 17 [A]l 800

B, 7, 0, 8, 6, 12, 10 [B] 550

c, 2, 8, 0, 14, 20, 18 [C] 780

D, 13, 6, 14, 0, 7, 4 [D] 600

E, 19, 12, 20, 7, 0, 3 [E] 1020

F, 17, 10, 18, 4, 3, O [F]1 360

COETNERFTTHE, HfiOop AT 4T VREOROM R L ITELD, ATE FililCHET 2
ERWZ Db 9.

212 Bl e T

R — VA< VL, E— VA Y PHLHHENOMEL, ETORHZIHM LT, HZEH
KRR T 2%6, L0 X9 RIEEF T 205 OREFETH L0, LWHMETYT. ZoME
RIS N DI TR TDO IV EVIREDH D TTH, T2 TR, KRN LH
WEHFEHETH B L) REDOHEZ AN L . 72, —EAIN AR Z#EH L THIOARTIC
5L BYER3ER NI EELET.

SIMPLE fllES BB NTT -8B T L
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i

B %E
KDTTTZHH A, B, C, D&, 2DV v 7 OMMFZREERLZKTT.

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

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

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

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

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

ERBYTHILPTEET.

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

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

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

yB—Yc +3xpc £2 (1)

yB—Yp +3xpp <2 ()

SIMPLE fllES BB NTT -8B T L
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Yo~ Yp+3xcp <2 3)
Ye—Yp +3xcp £2 “
Yo =Yg+ 3xpp <2 ()
Yo —Yc +3xpc £2 (6)

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

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

3xpc +3xcp +3xpp < 6

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

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

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

UEDZ ENS, ROLIICEMLTLHIENTEET

0-1 ZH

XAB A 2 S8 B AT 2 0 E
xac i A AT C BT 5 hED
XAD A D SHTH D BT 50 Eh
XBC #ili B 22 S C ~NBEIT 2 G
XBD #Ti B 2 SHRH D AT 2 2 E A
Xcp #li C 2 HHERT D ~NBE) T 2 A
XBA B 258 ANBET 5 0H0
xca T C 2 BB A ~NBE)T B 5D

SIMPLE fllES BB NTT -8B T L
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F28 Bl

i

DiE

S

XDA #T D 2 HH A NBET 2 2
XCB #B1fT C 2 LT B ~NEEY T B S
XpB #BfT D S HT B ~NEE) T 5 0
XpC #ili D 2 HH C ~NBET S
hEZEH

VB #ili B % R0l 3 5 NEH

yc #ili € & RKml3 2 MEF

YD #ili D % R nl 9 2 NEH

HER% (&/Mb)

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

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

ESEES

%

XAB + XAc + Xap = 1

AT O 1 DIZBET 5

Xga + Xgc + xgp = 1

#Rli B 20 SR D 1 DICEE S %

XcA + Xxcp + xcp = 1

i C 2SO 1 DIKBE)T 5

XpA + XpB + Xpc = 1

U D 25RO 1 DICBET 5

XBA + Xca + Xpa = 1

A ZHHERT D 1 o S BEIT 5

Xap+Xcp+xpg =1

BB D 1 O HRBE)T %

Xac + xpc + xpc =1

T CIZHERTH D 1 o0 HBET 5

XAp + Xpp + Xcp = 1

U D ICHHETE D 1 o S5 BET 5

Yp—Yc +3xpc <2

7 7 —HERRFY

yB—Yp +3xgp <2

I 7Y T — PR

Yc—yp+3xcp <2

B 7 7 —HERR IR

Yc—Yp +3xcp £2

7 7 —HERR IR

yD—yB+3xDBS2

¥ 7 7 — PR Y

Yp —yc +3xpc £2

T 7 T — PR

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

COREZ, ZEIC0-1 B EEREBRS > TEY, HWEE #HHXETHRELZOT, |
BRPBIEETHRE E 20 9. @XML L7248 % SIMPLE TRtlB 92 L LT O X H 1242 ) £

TSP1.smp

SIMPLE flz&s

MRS NTT FT—FHIEVRT I
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11 B

IntegerVariable
IntegerVariable
IntegerVariable
IntegerVariable
IntegerVariable
IntegerVariable
IntegerVariable
IntegerVariable
IntegerVariable
IntegerVariable
IntegerVariable

IntegerVariable

// BEEL

Objective route(name

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);

= "FEIER", type = minimize);

route = 6 * x_AB + 5 *x x AC+ 5 *x x_ AD + 7 * x BC+ 4 *x x BD + 3 * x_CD +

6 * x BA+5 % x CA+5 *x xDA+7 xx CB+4 % x DB+ 3 * x_DC;

/7 R
Variable y_B;
Variable y_C;

Variable y_D;

// BT 2 5 BT O

1 DIIBHT S

x_AB + x_AC + x_AD == 1;
x_BA + x_BC + x_BD == 1;
x_CA + x_ CB + x_ CD == 1;

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

/) FHNEBH O 1 OhSBET S
x_BA + x CA + x DA == 1;
x_AB + x CB + x DB == 1;
x_AC + x_BC + x_DC == 1;

x_AD + x BD + x_CD == 1;

/1 T T—%HkRT 5
y_B - y_C+ 3 * x_BC <= 2;

SIMPLE flz&s
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y_B - y_D+ 3 *x x_BD <= 2;
y_C-y_B+ 3 *x x_ CB <= 2;
y_C -y D+ 3 *x x CD <= 2;
y_.D -y B+ 3 % x DB <= 2;
y_.D - y_C+ 3 * x_DC <= 2;

/7 KR % 2 M & T 5 % B < R T BT
1<=y_B<=3;
1<=y_C<=3;
1<=y_D<=3;

N

solve();

/7 W

x_AB.val.print();

x_AC.val.print();

x_AD.val.print();

x_BC.val.print();

x_BD.val.print();

x_CD.val.print();

x_BA.val.print();

x_CA.val.print();

x_DA.val.print();

x_CB.val.print();

x_DB.val.print();

x_DC.val.print();

=

%2% {ﬁ“ @l\D

i

L PHRICHEZ ESLT 5 LT X9 127%

U3

A
(=)

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

EH

disc12,cl € City, c2 € City

num

SIMPLE flz&s

R DOES
HZE s DAL OFR T D E

R c1 L HRTT 2 DRk
é?(ﬁga_0)§§§§§ﬁ

MRS NTT FT—FHIEVRT I
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0-1 %
Xe1e2, ¢l € City, c2 € City T el AT 2 \CRBET B Em
FREZEH
Ye,C € City_ BT ¢ % 5 AT

BHIBE# (&/I\b)

discch)Ccch %%E%E

cleCity,c2eCity
%9

Zl%mzLVdeaw i c1 A SHEH D 1 2 I2BH)
c2eCity

EZ%WZLV&GGW T 2 \HHERHT O 1 D 58 H)
cleCity
Vel — Yo +num - xXe1p < num — 1,cl € City_,c2 € Y7 7 — = HEE
City_,cl #c2

1 <y. <num,Nc e City_ i ¢ B NETFE O F TR

W, B (BEEHOER) 27 —% 77 A VH 5525 SIMPLEEFVERLET. 20X

WETNWNET—F 25855281250, HHEIEDLS/ELTHT—F 77 ANEERET LT

THIBTEL X% ET.
TSP2.smp

/] BEERT

Variable y(name = "JiF", index = c_);

SIMPLE flz&s

Set City(name = "#BTi");

Element cl(set = City);

Element c2(set = City);

Set City_(name = "HiZEM AT % B <R ;
Element c_(set = City_);

Element cl_(set = City_);

Element c2_(set = City_);

/] INTA—=%

Parameter dis(name = "Pi#f", index = (ci1,
Parameter num = City_.card();

/1 BE

IntegerVariable x(name = BB, index =

c2));

(c1, c2), type = binary);

MRS NTT FT—FHIEVRT I
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/7 HI9BI%

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

/] BEHH D 1 DOREBTH~BEHT S
sum(x[cl, c2], (c2, cl !'= c2)) == 1;

// FEBHIZ 1 DORET A S BEIT S

sum(x[cl, c2], (c1l, cl '=c2)) == 1;

/] FTYT— %R 5

// NEF D 1T BRI

1 <= ylc_] <= num;

/1 K%

solve();

/7 RERT
x.val.print();

y.val.print();

route.val.print();

yle1_ 1 - yle2_] + num * x[cl_, c2_] <= num - 1, cl_

route = sum(x[cl, c2] * dis[cl, c2], ((c1l, c2), cl1 '= c2));

= c2_;

>

% 2 E ﬁ“%@uﬂ

p=

T—=5 774NV (dat BX) QG TFTOLHCHRDFT
data.dat

#kT = A B ¢ D;

HFEH R 2 Br CHRIl = B € D;

PHRE =

[A, Bl 6 [A, C] 5 [A, D] 5
(B, C]1 7 [B, D] 4

[c, D] 3

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

SIMPLE flz&%
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D, CI 3

COEFNVEEITTHE, yBl=3,y[Cl=1,y[D]=2 &%), #ii A—#1i C =#kHi D —=#F1i B —
#TH A DNEFRTREHT 2O REME 2D ET. TORKERIZISTHALI LD F7.

(213 R

FHLEIIBAEL S OEFBIHAH SN TV ET. T2 TRERWLEYEEOFEL ) R, &
YHEDESLD T 7 =y 7, TETFVLOH, KBBELHEICNT L7 7o —Fikzfiir L7

2.13.1 FSmEEE

FUEEE L, FEADELRLEESBOEROENIZEH OB TENERET AHETT.

72, EMMEEIABEZMOLREICEXIEZ A2 TEEY. LidoME, ~AHZH®D S
AA—ITETEUTORO LS T

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

FPLEEIE ZAOEDFON— IV EHIFFEE LTHEZ AT LIZL T, fix DREICHIET 5%E
AMEzATH) ZETEET. HAMEQIGHBE LT, FIZIEUTODORH ) 7.

o N BFCIE

¢ VT MNARF TV a—1) V&

o FLHLE [ ] RE

SIMPLE fllES BB NTT -8B T L
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i

e A ¥ 2 —1) ¥ PERE
eX—r v M7 MY —PERE

2.13.2 BN~ AIEHEIZEGE

CITIRET, SAHZHOLZTOMEEZEZ TWE T T,

B #iE
Axd DI AHDBH Y TT. TORACAXEELZVOTTD, ETOHBICE L THOAIT2 D
WKCaBEIHICHBELEYT. STEDIHITEIFTIZEVTL &9 2.

I B 2 7o

ENE BRSNS

v v v v

12 2 5o \

COMERZERLT A0, 0-1 ZHEZHCALENH Y I, COMEOEEUTORD X
12, B AWK LTOo-1 EHEFIESETT.

1 2 3 4

1| x11 | x12 | x13 | x14
x21 | x22 | x23 | x24
x31 | x32 | x33 | x34
x41 | x42 | x43 | x44

Al w |

ERALZTHEUTOLHITR) 7.

0-1 %
X115 X125 X13, X14 ENFNOACAZEL ZOIX 1 BEIPRWVE
X21, X22, X23, X24 51X 0.

X31, X32, X33, X34

X41, X425 X435 X44

E):pJeak
ZOMEIZITHBEEIE 2w

SIMPLE fllES BB NTT -8B T L
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Hl#I =M

X1l + X12+X13 +X14 =
X21 + X202 + X203 + Xpq4 = 2
X317 + X32 + X33 + X34 = 2
X41 + X402 + X43 + X4q =
X11 + X21 + X31 + X41 =
X12 + X2 + X33 + Xg2 = 2
X13 + X3 + X33 + X43 = 2

X14 + X24 + X34 + X4q =

LATHERRICHZZ L Z1CHZ 2
2ATHERRICHZE A% 2
3fTHEMICHA- L ZIThHE 2
4ATHZREICH 2 SITHE 2
1 HEMECHZE EITHZ 2
2F5IHZHECH 2L A% 2
3FIHZMEICHZE ZIThH%E 2
4HIHZRECH - ZIThA% 2

81

SEECEECRECEECVEECREVEES
ToE | [OF | MR | DR | D | O | O | O

AR AR I AR P AN IPA R IPAN I AN

ERAL L7 % SIMPLE TRtilb§ 5 LT X H T4 ) £§
fieldassignl.smp

IntegerVariable x_11(type = binary);
IntegerVariable x_21(type = binary);
IntegerVariable x_31(type = binary);

IntegerVariable x_41(type = binary);

IntegerVariable x_12(type = binary);
IntegerVariable x_22(type = binary);
IntegerVariable x_32(type = binary);

IntegerVariable x_42(type = binary);

IntegerVariable x_13(type = binary);
IntegerVariable x_23(type = binary);
IntegerVariable x_33(type = binary);

IntegerVariable x_43(type = binary);

IntegerVariable x_14(type = binary);
IntegerVariable x_24(type = binary);
IntegerVariable x_34(type = binary);

IntegerVariable x_44(type = binary);

x_11 + x_12 + x_13 + x_14 == 2;
x 21 + x_ 22 + x 23 + x 24 == 2;
x 31 + x.32 + x_33 + x_34 == 2;
x_41 + x_42 + x_43 + x_44 == 2;

SIMPLE flz&s

MRS NTT FT—FHIEVRT I
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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;

// DT RO 7a 75 A

solve();

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

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

=

FE28 PIREDRE

i

Z ®DE 7 )V % Numerical Optimizer THEATT 5 &, HiEIC

0101
0011
1100
1010

EVI)FIRDVEN, ZOFEOEZ ZMA TSI, OIS T oarEVTHL (1L

FRENTVD) OG5 ) .

T, RIZZOMEL SIMPLE DRFHEREZ HWTETFTIMLLTA T . EXLELUTO X HI1TE

WLET.
=4
1={1,2,3,4} 4
J=1{1,2,3,4} 7l
0-1 ZEH
xij’l'el’je] < A (l,]) C:E%ﬁ(ﬁ%@ix,jzl, Iﬁ%)‘&b\tﬁ
%foi_jZO kj—é
E:pJeaka
Z OMMBEICIZH BB 2w
EFOE Sk
Dixj=2.¥jel KB jIEBRIC R E X IH % 2 O <
Dixy=2viel BAT i EHEC R 72 & B2 F & 2 DY

J

WERHWAZ EIZXY, UTOLHIHEICEFVERT LI ENTE T,

fieldassign2.smp

SIMPLE flz&s
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/] A ERT

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

Element j(set = J);

/1 R

sum(x[i, jl, i) == 2;

sum(x[i, j1, j) == 2;

/7 K

solve();

// R

3].val, j == 1);

IntegerVariable x(type = binary, index = (i,

i));

simple_printf ("%d %d %d %d\n", x[i, jl.val, x[i, j + 1].val, x[i, j + 2].val, x[i, j +

2.13.3 {tFESRE

CTITE, HFEEZANSHRICH) S TIHEZI) BTy, KofEEZEZTT

m %IE

(e ] THERE] [8aAR) TILAR] [0 o 5 NicHFE2E ) BCTE5. A3 8% [HE] [V
VHB R [THIET) TR L] [ak] [HhAs] 0 85Ty, FAZMAFITH YL TSHIZI
IR EHDPHY, BN - AR Lo THRI Y Y. 72, FARTRENOFITH L TH
MEDH ), PEDE NI LR MY EMNH) 9. UFERAMEL A 2T LD

HDOTY.
POREE | DR | REE | SeR | IUAR |
- -1 3 -2 3 -4
&t B 5 2 3 -4 5
LIYHIE |0 3 -2 3 -1
FEVE -3 -1 1 1 2
THRIET |1 -1 3 1 -1
HiiL -1 -1 1 0 2
frkr 2 2 2 3 4
SIMPLE fllzEss KA NTT F— 53RV R T L\
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>

F28 BlIEDRA

i

A A 5 -2 0 1 5

aZ b Tk | el | seA | IR | ED
e 570 | 1400 | 520 | 1410 | 450
J&F b 1800 | 1000 | 1700 | 1050 | 2300
LY¥H | 800 | 1500 | 500 | 1500 | 600
F1E 500 | 600 | 1000 | 1000 | 1200
THIET | 800 | 600 | 1200 | 800 | 600
B L 600 | 600 | 800 | 700 | 1300
kg 1200 | 500 | 1200 | 500 | 1300
A A 1500 | 1000 | 1200 | 1200 | 1500

/2, UToOREFOLRLTIIWITEEA,

o HNIZHIDIRDALFIE, mAT3IDETET A,

o [#% ] (BB TVo4IH ] [kl MHEAA] 132 A2# ) 4TS,
o [FEIE] TTAIET] THIL] X1 AZED K TS,
o [#5% ] [HEE] 3B ADHHY§ 5.
o HALFIZBWT, HE2HYT L NOBMEDOHNEZ, TOHFDIF) T4 —LT 5.
e FMFEDOZ XY T 4 —IFAICR - TTWIT W,

ZoLE, TAMOEFRERNITL L) BE DB THERDTL LW,

CORESRIEHOME L FICUTO L) 2 AHICOZD T MBEE LTERAS I LD TEET

LRk

b

W

BN, EBR,

BB, 12ow

TlEHRK1>

FTLA2OD

(RRAL 'S

B R 0809
ON12oh22oH5%.

DEzBERT, UTOLIITERMLT LI A TEET.

eI W74,
OMIR K32

b5

&8

JOB = (% 55, L VS, 581, THIET, H

L, 3B, ALiA A

PEOPLE = (& AR, 5 AR, ILAR, )

SIMPLE flz&s

(AR HOF'S

ANDOEE

AN
=
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0-1 ZH

Xjp»j € JOB, p € PEOPLE ffj 2 N pllEV N TEAR0Ex,=1, €9
THRVAESIE Y, =0EF5

E#

cost;,, j € JOB, p € PEOPLE fFjEANpICHYBTHEDOIT R T

jyukuren,, j € JOB, p € PEOPLE gt j &2 N p DT O B O BFBREE

HE9B% (&/Mb)

Zcostjpxxjp I A b ORI
P
ElEOESEs
ijp =2,Vje (¥R, B, L UVHH b aa T8l [EE] LY [kl Tak]
P N2
2 2ANEEHDY KBTS,
ijp =1,Vje (FE TAET,HEL) [50F] TTHRET) TEHHRL] 31 AZ#H Y YT
' .
ZHWS&WeHmHE HZANICIE, K3 2FTCOMFEEREY Y TEL
! LHTED
ijukurenjp X xj, >0,Yj€JOB FHFEOZF ) T4 =DHEIC L 5> TEIWIT RV
P

> xjp<LVpePEOPLE B, B GE D AL 2 () U A% &

e, B ) Bt 2o AP

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

jobassignl.smp

/! EHEERTE

Set Job;

Element j(set = Job);

Set People;

Element p(set = People);

/] INTA—=%

Parameter cost(index = (j, p), name = "I A k");

/] EH

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

SIMPLE flz&s

Parameter jyukuren(index = (j, p), name = "HFBRSEE");
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i

// BRIBE%L
Objective total_cost(type = minimize, name = "F& I A h");

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

/7 HF S

sum(x[j, pl, p) == 2, j == "$#&&" || j == "BBE" || j =="LIHB" || j == "k |1 j
== "fliAd;

sum(x[j, pl, p) == 1, j == "JEUE" || j == "THIET || j == "HHIL";

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

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

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

/1 R

solve();

/1 RERT

total_cost.val.print();

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

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

UFMWesvIBROATI 7 7ANVTT. TAMIEALTEFBEICHL CO_MEOT7 74 V2 HE
THLENH) T

jyukuren.csv

RREE, ik, e, saAR, DA, JEX
W%, -1, 3, -2, 3, -4

J#f5s, 5, -2, 3, -4, 5
LVHH, o, 3, -2, 3, -1

9E, -3, -1, 1, 1, 2

THRET, 1, -1, 3,1, -1

HHL, -1, -1, 1, 0, 2

bR, 2, -2, 2, -3, 4
A&, 5, -2, 0, 1, 5

cost.csv

T AN, W, R, SR, AR, JEI
X, 570, 1400, 520, 1410, 450

SIMPLE fllES BB NTT -8B T L
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J§f55, 1800, 1000, 1700, 1050, 2300
L U#TH, 800, 1500, 500, 1500, 600
%&¥, 500, 600, 1000, 1000, 1200
ZAHIET, 800, 600, 1200, 800, 600
H L, 600, 600, 800, 700, 1300
fab, 1200, 500, 1200, 500, 1300

fEiAA, 1500, 1000, 1200, 1200, 1500

87

Z ®E 7 )V % Numerical Optimizer TFEAITT 5% &,

b

t

21

-

A b = 13380
THIET, L
LIATH, Kk
LUiTL, El
faAd, A
tiAd, SR
s, Ak
5, #aAk
W%, Kk
2%, A
by, @ik
fab, 1hk
HitL, Ak
I, AR

CHETOIF ) T4 —1F 1
LYVHHD 7 ) 74— 2
tEABD 7 F ) T4 —1F 1
RO 7+ T 4 —iF 1
BEOZF) T4 —1F 2
Rz +) 74— o
BHLoszA) 74—k o
FEDOIZ T T4 —1F 1

EV)FIRPEN, ZOBIEDER MR TS 7.

m %IE

HIZEDOHEICUTOLREZM T M TS

R [BR] 288s2 L3 TELRN

SIMPLE flz&s

MRS NTT FT—FHIEVRT I



88 EoE HIEOEN
FHEC THE] #8852 LIZTE W
BARICTLIYHB] 23852 L3TE R0
AR [383E] #8€B 2 EITTER W
WA [THIET] 2E88r2LI3TERN
EC, COMBETTIEWHICEZL ELREFIEDMBEIZDTORBKZMNIMZSZ ETHL I ENT

EF9. FAEBRTAHMEILx DESLEE, solve) DFRITHNIZEZTOINTVIELA.

x["H%, K" == o;
x["Bps, k] == o;
x["LIHTL, RN == o;
x["J&E, W] == o;
x["TARIET, Pl == 0;

ERiRCRZEML, EFNVEFETT L EMRIIUTOL)ICEDLY 7.

N
TGy

N
5,
%,
®%E,
b,
fwh,

I A b
THIET, Kk
LIATH, Rk
LU, L
HaAd, A
(IRRUSZNE ¥

13470

Lk
A
Tk
AR
Lk
(IS

BHL, ik
FEIE, SR

THRTFETCOZF) T4 —1F 1
LITb0r7 40 74— 2
tEABD 7 F 1) 74— 1
BEDOZ A ) T4 —1F 1
BEOZE) T4 -1 1
oz F) 74— 0
HHLoz+ V74 —1F o
BEOZ )T 4—1F 1

MRERL L, BAAIDEL Lo TRD I LGN T

SIMPLE fllES BB NTT -8B T L
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89

DEDEZFTIUTORO L) IZEHZERL, BATVTwEEIHH0THS L) Hlf 2

F72EXHTENTEET.

HAAHTY)

(ZBHFOLIIIL VL, THRIIAET, HIMZEMNL, HiAd

1 1 A HIEN iUl

x[#%, X[F%, SR | x[HE%, WA | x[#H%, L)
J5t o5 x5, xUE 57, xUBf B, WIA] | x[B 5, ¥Eil]
LITH | X[V, D | x[V Y, fERE] x[L ¥, X[V, ¥l
5E X[FETE, wRE] | x[FEIE, ERE) | x[F&IE, &R x[FEE, P
THIET | x[THh, K] | x[ZH, K] | x[TA, $AR] | x[TH, ILAK]
ERL | x[EM, ] | x[EH, ] | x(E, SR | x[E, IAR] | x[EH, ¥
farbx x[Fmbr, ZHE] | xUwBR, ERE] | x[HRBE, SAR] | x[RER, IA] | x[wER, 4]
flakhd | x[hak, ZEE] | x[AEA, ERE] | x[HlaR, SRR | x[fhaA, IIAR] | x[haA, JEaD)

CZT, FOROBEOOWTWAEMZ 1R D I ENBVDT, 1Z LD SR Z T 5 LHEH
BWEEZLZENERTT. FRICKBEOFLBEICB VT, BERAEREZEfTALIEITLD

AHECHEOBIBZREILTLE) &,

FRORT =< ARF LT SETL T ) BRI

D EY. TITRYSHLHEIRICEHLCE HHZHTmR2s e 2, 20k ) EREZ T4
L2V EW)FEERALET. DWTORD L) B4 A—-TTT.
A 1IN 2]
X[¥EZ, SR | xR, A | x[#EF, L)
J5§ 5 NS X[ B2, xUB B, WA] | x[BG, 0]
LITE | X[V, D | x[V Y, 1ERE x[L¥, [V, EH]
FETE XUFEE, KR | x[FETE, RHE] | x[FETE, A X[FEE, 13
THET | x[TH, ZHE] | x[TH, K] | x[TH, &R | x[TA,
HItL | x[EW, @l | <(EW, | x(EWL, AT | x[EHl, AR | x[(BH, PR
b x[HwbE, LRE] | x[HRbE, ERE] | x[HRBE, SRR | x[RBE, IUA] | x[$EEE, D]
A A x[HhA, R | x[HEaA, R | x[HEiA, SROR] | x[EaA, ILUAR] | x[4EA, PE5A]
AT BB, Rl ERTES JPPair UGS 2 LEN D) £
e (j,p) € JPPair o j% pllEIV U THLZENTED
WUF 2 JPPair & 722 RALTT.
&4
JOB = (¥, 558, L D8 B, 581k, TAIECTH  {HoHES, jeJoB
L, b, A A
PEOPLE = {‘ZHE, ERE, 5K, LA, 9530} AND#4, pe PEOPLE

(j,p) € JPPair & j% plIZH Y HBTHI LA TE
%

SIMPLE &g BB NTT -8B T L
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0-1 %

=

FE28 PIREDRE

i

Xjp, (J, p) € JPPair

HHEjZANp ll#HI U TELELIE Y, =1, €9
THVWELIEx,=0L72

ER

costjp, (j, p) € JPPair

L j 2 N plZE ) B THEDIT A b

Jyukuren;y,, (j, p) € JPPair

= j &2 N p T ) BEOBGRE

BrE% (&/IvVLb)

costjp, X Xjp
Jsps(j,p)EJ PPair

I X O

GEPES S

xjp =2,Vj e (HR BE, LIV b
p.(j,p)eJ PPair

B, A oA )

% TBB ] TV o415 | [Hakr] Thddi ] i
2ANZHY BT,

xjp=1,Vje FiE, TAHAET HIIL)

p.(j,p)eJ PPair

[FE] [ZTAHIETI THHL 31 Az 4T
%

Z )ijS3

J.(j.p)eJPPair

KNI, A3 OFTHF E YK THI L
NTX5L

Jyukurenj, X x, >0
p.(j,p)eJPPair

BHFEOZ F) T4 —HRIE o TUTWIT 4w

Z ijﬁl

(j.p).je %%, B 53).(j,p)e PPair

B, BEIE) ADHEHYT 5.

EFVEIUTOLENCRY F5.

jobassign3.smp

/! EEERTE

Set Job;

Element j(set = Job);

Set People;

Element p(set = People);

/] INT X =5

/1 R

SIMPLE flz&s

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

Parameter cost(index = JPPair, name = "I A [");

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

MRS NTT FT—FHIEVRT I
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IntegerVariable x(type = binary, index = JPPair);

/7 HEB%
Objective total_cost(type = minimize, name = "#& I A h");

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

/7 WlF Gt

sum(x[j, pl, (p, (j, p) < JPPair)) == 2, j == "HER" || j == "BHE" || j =1L I b
g == "dwkre 11§ == "thaka;

sum(x[j, pl, (p, (j, p) < JPPair)) == 1, j == "FEE" || j =T HAEFE T || j==1HHN
L

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

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

sum(x[j, pl, (j, (j, p) < JPPair, j == "$EZ&" || j == "HHE")) <= 1;
/7Kg
solve();

/7 FERIT)

total_cost.val.print();

Element jp(set = JPPair);

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

simple_printf ("\n");

simple_printf("%s 27 F J 7 4 —IX %d\n", j, sum(jyukuren[j, pl * x[j, pl, (p, (G, p) <

JPPair)));

FRERLAR N @ TPPair IIZHEEK 7 [, p] DXT 2 ANTIEWIF R WOT, AJI7 74 Vb ZIztbwnb
TOXHIEDLY FT.

jp-csv

j, p, BWEE, 3 A b
%, kg, 3, 1400
%, WAk, -2, 520
%, WA, 3, 1410
R, WL, -4, 450
5B, &, 5, 1800
BB, $aA, 3, 1700
BB, 1WA, -4, 1050
J5¥ps, WL, 5, 2300

SIMPLE fllES BB NTT -8B T L
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LIHTH, Kk, 0, 800
LUHTE, K, 3, 1500
LIUHH, IR, 3, 1500
LIS, P, -1, 600
I, LHE, -3, 500
VR, fE#E, -1, 600
W, SR, 1, 1000
FEVE, UL, 2, 1200

HL, @ik,
HIL, 1Eik,
HIL, &k,
HL, WA,
HL, ¥,

ik, Lk,
Har i, Ak,
thika, gk,
ik, A,
fhakd, P,

-1

-1
i,
0,
2,

1

1
5,
-2
0,
1,

55

THRIET, &, 1, 800
THIET, Rk, -1, 600
THIET, WA, 3, 1200
THIET, A, 1, 800

, 600
, 600
800
700
1300

b, %W, 2, 1200
fabx, £, -2, 500
ks, &K, 2,
fabx, WA, -3, 500
bk, W#EAl, 4,

200

300
1500
, 1000
1200
1200
1500

=

% 2 E ﬁ“s 0)“1:1

i

F-COETNEHIFIFTORME Y VN wesp E IV AGEIIZET VAU TO L ) ICEHE T 5 LN

HyFET.

jobassignd.smp

/1 HE ERT
Set Job;
Element j(set
Set People;

Element p(set

SIMPLE flz&s

Job) ;

People) ;

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

MRS NTT FT—FHIEVRT I
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/] INTA—%
Parameter cost(index = JPPair, name = "I X h");

Parameter jyukuren(index = JPPair, name = L)

/1 EE

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

/1 HEBA%L
Objective total_cost(type = minimize, name = "f& I A f");

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

// lF St

sum(x[j, pl, (p, (j, p) < JPPair)) == 2, j == "§E&" || j == "FE" || j ="V I H"
g == @k 11§ == "tkde;

selection(x[j, pl, (p, (j, p) < JPPair)), j == "FE{E" || j == "TAHIET" || j =="H I
L"; // wesp ¥¥H DBEL selection

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

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

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

/1 K%
options.method

"wesp"; // TRIEI wesp WV AIRE
10; // RHAEEEH ORBE

options.maxtim

solve();

/7 FERIT

total_cost.val.print();

Element jp(set = JPPair);

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

simple_printf ("\n");

simple_printf("%s 7 F J 7 4 — X %d\n", j, sum(jyukuren[j, pl * x[j, pl, (p, (G, p) <

JPPair)));

R 7 24 [ RE 2 i C BR D BE BB § 208 & L C LR TR L2z Fe L TAHTLZ
A%

(214 VT

TRESE &1, 1957 4 Koopmans & Beckmann (2 & ) EZE I N7z, HWBEESS kL % 58

SIMPLE fllES BB NTT -8B T L
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i

MMETY. 22T, VI3 X DEAZNT Vector/Matrix 7 7 ADRLE=HWT, ROBIEEEZ T
HARET.

B %E
I, ., SEHKXL ., VICERETSAZEE2EZTT. 2720, FLGHTOWEL2MET S
B HELZEo70—8, BIUOKBXMOERED, UToX)ic5iohTwbe LIy

FILH0 70— 2 38 o P

1 2 3 4 5 I m m v v
rfo 15 12 8 7 I 0 4 7 6 10
2115 0 14 2 4 |II |4 0 2 5 4
3112 4 0 6 6 |II|7 2 O 8 7
418 2 6 0 11(|(IVv]6 5 8 0 12
517 4 6 Ir o0 (v |10 4 7 12 0

Wgomkax bz (7u0—) x (M) THA2LE& &HIAXIBP2OLLRVEELZ RO
S,

CoOMEE, THMo7a—1750% F(f;), WIXHOE#TH%Z Dy &35 &
g;g“ Z Z]] fijdsia) (D

ERBEINTT. 22T, S,k nROBEWEEHE (ZOMETE=5 TY.
2T, Bipes, I, KD XD BRER x;

1 ife() =k
Xik =
0 otherwise.

ZITICHRO nxnfTH X Z W5 2 ET, () IZBIF D dyog) 13
(o)) = (XDXT);;

EEFTIENTETT.
FoTMIE ROX)LEBEHETHMEEICEERZ L2 TEET. BT A, BICXL, AeB
X, ALBOWNREZETIOLE L.

min F e (XDX")

= Z fi,/d¢(i>¢<j>]
0

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

2

Ehﬁ:uznzuqm

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

UEXy, @ffbidkokricin 9.

SIMPLE fllES BB NTT -8B T L
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£4

Fac THoEs

Loc HMXDEE

EH

F,,i, j€ Fac K IYMo 70—

Dy, m,n € Loc 2 11X ] o> i e

T8

Xim,i € Fac,m € Loc T i X m \ZECE T 556 1 ThDAHE 0

HE9B% (&/Mb)

F o (XDXT) o IIEHET L OO
EAFSESES

Xe=e e BRI 1 DXR7 bV
XTe=¢

ERAL L7 R % SIMPLE TRt 45 LT X124 0 9.
QAP.smp

/] BEERT

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

/] INT A =%

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

/1 B

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

X[i, m] = x[i, nl;// ZREAINCEED S

/7 HE9BI%

Objective total_cost(type = minimize);

total_cost = inprod(F, X * D * trans(X));

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

i

/7 RIS

X * ones(Loc) == ones(Fac);
trans(X) * ones(Fac) == ones(Loc);
/1 K%

options.method = "wcsp";

options.maxtim = 10;

solve();

/1 FERMT
simple_printf (" L3 %d #HIX %s IZHCE T A \n", i, m, X[i,m].val == 1);

V12 ¥ T® SIMPLE Tix, ZOHMEK%

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

LRt LE 9. Vector/Matrix 7 7 A2 &), X DRISGGEARTELIElbArD 7.
DFAesv IBEXOAT) 7 74 VT,

Fesv D.csv
F, 1, 2, 3, 4, 5 b, I, I1, ITII, IV, V
1, 0, 15, 12, 8, 7 I, 0, 4, 7, 6, 10
2, 15, 0, 14, 2, 4 I1, 4, 0, 2, 5, 4
3, 12, 14, 0, 6, 6 Ii1, 7, 2, 0, 8, 7
4, 8, 2, 6, 0, 11 Iv, 6, 5, 8, 0, 12
5, 7, 4, 6, 11, 0 v, 10, 4, 7, 12, 0

COETNVEFITTHERD X ) GRERPHEONET.

TH 1 #IX 11 ICRET S
TH 2 #IX v ICEET S
T 3 Z#X 111 ICRET S
T 4 ZH#X v ICECES %
T 5 ZHX 1 IZELET 5

(215 ELOETE

fiEtmipE e LT oBIE T, EHZWAL THEEZIT-> TV 2 LA, HRFEEHOEE
e EATLHEEZERZ T,

SIMPLE fllES BB NTT -8B T L




2.15 ExfmstEREE

97

m %=

BHEMALTEEZ T TV 552 THH,

ARBEAORUROFALFHBLCET. 72
ELZOW WALZAK Y MENE HREROBHONY, BESNE T COMATENTES
EESRFNERY FEA. BB, BAZEET 52Ky FMEDMEREKO 3 0L LEF. Ay
METTOT, WAMECIAT BESHELET 5 2 EAMRTT. 2L, EHAICBO LT

1 2OOFmZEBIRL THA L Z2TE%R ) TEA.

F7o, W7BAT LM E 2B 5EEMIE, DToeMBE LEd. EEKEZEALITE, L

T i

1 2 |3

Wh#E) (kWh)

5 10 | 20

HAEMbH720oa 2 | 10| 20 | 30

TOX) REFENLRRAIPHONLbDELET.

B t=1,. .24 ICOVWTENEETFHED, DT iZ5zonhTwbsbnblLEF. ARy b
BHBEAIA N ERBREAIZ FOMERMET S L9 %, BREROEATEBIOCARY VE

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

NOBEANTTEZRDTLLZE W,

t 1 2 3 4 5 6 7 8 9 10 | 11 | 12
D, |10 |10 [ 12|12 | 1520 |30 |30 |35 |40 | 50 | 56
t 13|14 1516 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24
D, |52 47 |40 | 35 |42 |50 |48 |40 |30 |20 | 15| 12

ZOMEDENLIZ, UFOLHI2R) F5.

%4

Product s

Dynamo FEEBRES

Time RS EE A

T

costS;, i € Product
costPj, j € Dynamo

pi,1 € Product

SIMPLE flz&s

FRmIIS 2 ALK H 2 da R b

BRERIIHT HEAT A T

FH DO HATRER & 72 ) OWIIET)

MRS NTT FT—FHIEVRT I



98 E2E HIEDEN

qj, j € Dynamo %’3{: O YA B 72 ) O E )

D;,t € Time R DBERNTE

0-1 BHEH

u,i € Product,t € Time FHH T LK FEMmICoOWT, T 251
I, FIHLZVwZR5IE0

xj, j € Dynamo KRERICEALT BATELHIT1, Lk
5130

BEIBE% (F&/I\b)
ZcostS,-xu§+ZcostPj><xj WA (AKRy MEHEAIT A b EREERE
" g AT Z ORI OfME

R4
AZleWEﬂm FZHANZ BT B REMOBHIE 1 DDA
Zp, u quxx,,VteTlme FTRTORHNIBNWT, BEALZZARY VES

CHRBEOWIIIEIOMPBENEEL ER S
Twekwirizwn

R DA R % SIMPLE Tt § 2 ERD KL H 2% ) £
FPP.smp

/! EEERT

Set Product;

Element i(set = Product);
Set Time;

Element t(set = Time);
Set Dynamo;

Element j(set = Dynamo);

/] INTA—%
Parameter costS(name = "costS", index = i); // RN T 5 HMEHBH-D D2 X b
Parameter costP(name = "costP", index = s // KRBRII T HEAT A b

Parameter p(name = "p", index=i); // %ﬁﬁuu@ﬁfiﬁﬁﬁﬁﬁ)f: "o hEH
Parameter q(name = "q", index=j); // BIRBHROBNEM - O HEL

Parameter D(name = "D", index=t); // R & DENFTEE

/1

SIMPLE fllES BB NTT -8B T L
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IntegerVariable u(name = "Win", index = (i, t), type = binary); // &FREM T ELIZ, L OR
mx A 5%

IntegerVariable x(name = "J8®#%¥", index = j, type = binary); // EDOFREREEANT B

/1 BB
Objective cost(name = "#28T A I", type = minimize);

cost = sum(costS[i] * uli, t], (i, t)) + sum(costP[j] * x[j1, j);

// BRI BT Ao 1 DDA

selection(uli, t], i);

/] TRTORZNIBWT, ALZZARY MEHEAREBOMNE I OMAENHF Lz LS 7%
WwEWwFRwn
D[t] - sum(p[i]l * uli, t1, 1) <= sum(qljl * x[j1, 3);

/1 R
options.maxtim = 5; // EAKIFREH DR E
solve();

// R

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

u.val.print(Q);

T—=5 774 (datE) @QILUTFOLHITHRD FT.

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

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

COETFTNEFETTLE, UTFOL) REIEON, BEBROEAFEB X OEIOWA IR
IhF L7

SIMPLE fllES BB NTT -8B T L



>

100 F28 BlIEDRA

i

MIZX b = 950 Padh [1,1] = 1 P [2,1] = 0 P [3,1]1 = 0
FEHEM (1] = 0 P [1,2] = 1 Rl [2,2] =0 P 3,21 = 0
FEHEM 21 = 0 Fdh [1,3] = 1 Flh [2,3] =0 Ph [3,3] = 0
M [3] = 1 Padh [1,4] =1 P [2,4] =0 P [3,4] = 0
FEEHE 4] = 1 Pdh (1,51 = 1 Rim [2,5] = 0 Pih [3,5] = 0
FEHEME (5] = 0 Plh [1,6] = 1 Pim [2,6] = 0 Pih [3,6] = 0
FEHERE [6] = 1 P [1,7] = 1 Rl [2,7] = 0 P 3,71 = 0
Pnm [1,8] = 1 P [2,8] = 0 P [3,8] =0
Padh [1,9] = 1 P [2,9] =0 P [3,91 = 0
P (1,100 = 1 P [2,10] = 0 P [3,10] = 0
P (1,111 = 0 Rl [2,11] = 0 Pdn (3,111 = 1
P [1,12] = 0 P [2,12] = 0 P [3,12] = 1
P [1,13] = 0 P [2,13] = 0 P [3,13] = 1
Pih [1,14] = 0 P [2,14] = 1 P [3,14] = 0
P [1,15] = 1 P [2,15] = 0 P [3,15] = 0
P [1,16] = 1 i [2,16] = 0 P [3,16] = 0
P (1,171 = 1 Rdh [2,17] = 0 Pin (3,171 = 0
P [1,18] = 0 P [2,18] = 0 P [3,18] = 1
Ph [1,19] = 0 P [2,19] = 1 P [3,19] = 0
Pl [1,20] = 1 P ih [2,20] = 0 P [3,20] = 0
Fin (1,211 = 1 P [2,21] = 0 P [3,21] = 0
P [1,22] = 1 Rélh [2,22] = 0 P [3,22] = 0
P [1,23] = 1 P [2,23] = 0 P [3,23] = 0
P [1,24] = 1 P [2,24] = 0 Pdn [3,24] = 0

(216 U=l

/AN FEREL, AR TS TF L RSN ERNAZBETY. 2 OMEO R 26 &
LT, oY TEROPHY 5. ERICLVBONTFT—F 2T VMBI Y TIOE KT H#EE
LTWwWZeaEZTT. 5L, HRICKHBUMICBOTT =% L EFIVOMIITRENBEL T
LEnEd. Zoi, [HBIARICBIT 220" %ﬂ%m¢ 295 LV EEARH L2 RE
w%ﬁaéfmbiokTékr¢ L 20 9.

B fiE

A SANL, EBRED»S cBHEOy LW HEEFIIT S L) EREfTWE L ZofRE
LLHE, TOEDIHNTHNF L. AZARIORERZTOY N LI2EZH, f()=al +bt+c
EV) ZIRBBMETVICUTROONL I EICAMNEE LA 22T, &itllZIToT— 2L
ETNVNLRONLMHE DBRED ZFMPIHR/NI% D LI a,bc ZHELTLZS W,

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
2.5 212172

3.0 3.22933
3.5 4.44744
4.0 6.13509
4.5 8.14697
5.0 10.50759

COBIEIZBNT, EHERLOEFHEET S a,b,cD3DTY. T2, HAHRHUINL  TOF—%
fliy() EET VRSB ONDME f() EDEE T a +bt+c—y@0) £V FT. Lo T, KeHEAICO
WA R 2RO, ToORME L L ETRAMET 2 HIWEHE B ST .

PDEoZ lrs, ZofEIRO LS ICENMETE T

H

a 2 ROTHDIREK
b 1 ROWDLREL
c 7EROH

BRYBE% (&/I\b)

(0.52a +0.5b + ¢ — 1.22470)2 + (1.0%a + 1.0b + ¢ —  #FHUEZNC BT 53850 e hl
0.87334)? + (1.5%a + 1.5b + ¢ — 0.99577)* + (2.0%a +
2.0b+c—1.34215)2 + (2.5%a+2.5b + ¢ —2.12172)* +

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

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

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

ZZT, ZORE% SIMPLE T b THREFTICHEABRT L EXRD I HITHD 9.

leastsquarel.smp

/] BROES

Variable a(name

"2 IROIHADEREL") ;
"1 ROHEDREL") ;
WERUIH)

Variable b(name

Variable c(name

SIMPLE fllES BB NTT -8B T L
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/] D R D /ML

Objective err(type = minimize);

err =

(0.5 * 0.5 x a+ 0.5 b+ c-1.2247) * (0.5 * 0.5 * a + 0.5 * b + ¢ - 1.2247) +

(1.0 1.0*xa+1.0*b+c-0.87334) * (1.0 * 1.0 x a+ 1.0 *b +c - 0.87334) +
(1.6 x 1.5 xa+1.56xb+c-0.99577) * (1.5 * 1.6 x a + 1.5 * b + ¢ - 0.99577) +
(2.0 x 2,0 x a + 2.0 *x b+ c - 1.34215) * (2.0 * 2.0 * a + 2.0 * b + ¢ - 1.34215) +
(2.5 x 2,5 x a+ 2.5 x b+ c - 2.12172) * (2.5 ¥ 2.5 * a + 2.5 * b + ¢ - 2.12172) +
(3.0 *x 3.0 * a+3.0*xb+c-3.22933) * (3.0 3.0 a+3.0*Db+ c - 3.22033) +
(3.5 3.5 xa+ 3.5 b+ c - 4.44744) x (3.5 * 3.5 x a + 3.5 * b + ¢ - 4.44744) +
(4.0 4.0*xa+4.0*b+c-6.13509) * (4.0 * 4.0 x a + 4.0 * b +c - 6.13509) +
(4.5 x 4.5 x a+ 4.5 xb+ c - 8.14697) * (4.5 * 4.5 x a + 4.5 * b + ¢ - 8.14697) +
(5.0 * 5.0 * a +5.0*b+ c - 10.50759) * (6.0 * 5.0 * a + 5.0 * b + ¢ - 10.50759);

/] KIBLKERZIORT B
solve();

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

c.val.print();

ZhTid, MESERET) L) BRGBEETVT 74 VOBIEICKE TR D H o> TL T 0RhE
MWTIEH Y A, £2T, SIMPLE DIFRZ AN LEkA 2 UERRISHIGTE % &9 1I2elbh o
RELTVWEFET

9, DALt TOF—F Ml y@) EETF AP SEONBME f(1) & DREE o) ERT &I
LET. 5L, BEEDERID e)=al +bt+c—y@) ER D FT. I, BB r)? %
tIZOWVWTHIZ E 572bDEF 2 FF. SIMPLE I2B T, Expression # 5% 2 & THRZEST
EF9. £o7T, e) % Expression Citlh T AZETET N7 7 A NV E X DBELIDICTEEY. F
7z, ZHERIE RO BEGTICOVTHBPRFHOEEEEAT S L Tum() ZHWIHICEBTE
I wBRIZ, RN (2B % y) OHFEREETIVT 7 A VISR T LD TIE R esv 774V
PHH525ZEICLET.

Doz ehrs, ROIHIERMELABT I ETEIT.

=4
ObserveTime = {0.5,1.0,1.5,2.0,2.5, BHERoOS&EES
3.0,3.5,4.0,4.5,5.0}

zH5
a 2 IRDTEDREL
b 1 IROIBDOFRE

SIMPLE fllES BB NTT -8B T L
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c & K
T8
y(t),t € ObserveTime ) £ 12 B0F 5 EE

BEIBE% (FR/IMb)
e(t)? = Z (af® + bt + ¢ — y(1))* HBIEEZNC B 58O —Fefl

teObserveT ime teObserveT ime

CO#EFR % SIMPLE TRtk 34 L IRD L H 2D, BIEEDDDITHNPHENE L EHITRRT
WHDIZHR>TWET.

leastsquare2.smp

/1 BEHERT
Set ObserveTime;

Element t(set = ObserveTime);

/] INTA—=F
Parameter y(index = t); // BillfE

/] B

Variable a(name = "2 IROIADZREL™) ;
Variable b(name = "1 RDIHDFRE");
Variable c(name = "JEELIH");

// iR7=% Expression MW THMT S
Expression e(index = t);

e[tl] =a*xt*xt+bx*xt+c-ylt];

/1 HEIB%L
Objective err(type = minimize);

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

/1 R

solve();

// FERMN

a.val.print();

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

c.val.print();

B, FETSELIBICIEIRODE I B esv 77 ANV EE 2 FF

data_leastsquare2.csv

t, y
0 1.22470

.87334

-

.99577

(A

.34215
.12172
.22933

2

3
4.44744
6.13509
8

.14697

.5,
0,
5,
0,

.5,
0,
5,
0,
5,
0,

a > W W NN

10.50759

COETNEFEITTHE, WmEIZ

2 ROHEDIREL = 0.644402
1 IROEDIREL = -1.47656
TRIH = 1.76057

LV ERBENET. SO EDD, (1) = 0.6444022 — 1.476561 + 1.76057 &\ D RKECE TS
WETELZ IR 7.

H— T+ U A SiERE

ZZTE, K= b 74U FDE R BPERROSA 2 FHIT SRETE L L TR L aiie v b <
Ty VETVOMERLES. BAEMIZIER- 7+ V4D 5 TIRROLEHORE S (A
7)) ZAECTENT 22812, ThzeR/AMbT 5 &9 REERTZRDOET.

SIMPLE fllES BB NTT -8B T L
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B %E
S0 1, 21T AR Y TNV 20 MR UTORO I IZHELNTHwWAELET.

0.25

0.2

0.15

0.1

e

0.05

12345678910 N21314151617 185€§ 20
-0.05

=0.1

A%

COPRERDY ¥ TN E VTR —= b7+ )+ OPERERO I EA RN E 5 2 HER T2 RO E T
7272L, DI TERVDDLL, TR M7 2V AONEEROMREIZ oM EE LET.

COMEZERLTLEUTOIHIITHY 7.

&4
Asset = {1,2} Aok Sy
Sample = {1,2,3,...,20} BTNV OEL
T8
rij.t € Sample, j € Asset 2T ITBT B EW j O
Fi= Z rij/1S amplel, j € Asset 6 j O PFIIEER
teSample
8
xj, j € Asset $al j ORLALEER

BrE% (&/IMVLb)

> dev}/iSample] F— b7 4 ) FH5 2 5 PRIGERO 58 ()
teSample 2 7)
dev; = Z rjx; —rp, vt € Sample P TN BT FEPLOEN
JjeAsset
= Y F— b7 )+ OPIERIES
JjEAsset

SIMPLE fllES BB NTT -8B T L
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EAFSESES
x;20,Vje€ Asset e (Z25e 0 251)
> ox=1 HALHOBRANZ 1
JjEAsset
20 R— N7+ 1) FH5 2 2 FREFRIT 0 DL

0)“1:1

=

COMEIZHWBEED R TH D HHRZLETHEETTOT RETEMEIZZ Y 3.
ERAL L7k K% SIMPLE TRtk 35 L LLTFD X H IR0 9
portfoliol.smp

/] A ERT

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

Set Sample(name = "% 7)),

Element t(set = Sample);

/] INTA—%
Parameter r(name = "JIEF ", index = (t, j));
Parameter rb(name = "*FIJIZEH" | index = i)

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

/1 B

Variable x(name = "FLALLH" | index = j);
/7 3K

Expression rpb(name = "JIFRINZEHE");

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

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

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

/7 BBIEL
Objective V(name = ") A7 ");

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

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

SIMPLE fllES BB NTT -8B T L
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/1 R

solve();

/7 FERIT
V.val.print();
rpb.val.print();

x.val.printQ);

107

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

AR =
[ 1, 1] 0.0000 [ 1, 2] 0.100
[ 2, 1] 0.0162 [ 2, 2] 0.161
[ 3, 11 0.0307 [ 3, 2] 0.197
[ 4, 11 0.0419 [ 4, 2] 0.192
[5, 1] 0.0485 [ 5, 2] 0.148
[6, 11 0.0498 [ 6, 2] 0.084
[ 7, 1] 0.0458 [ 7, 2] 0.026
[ 8, 11 0.0368 [ 8, 2] 0.000
[ 9, 1] 0.0238 [ 9, 2] 0.016
[10, 1] 0.0082 [10, 2] 0.068
[11, 1] -0.0082 [11, 2] 0.132
[12, 1] -0.0238 [12, 2] 0.184
[13, 1] -0.0368 [13, 2] 0.200
[14, 1] -0.0458 [14, 2] 0.174
[15, 1] -0.0498 [15, 2] 0.116
[16, 1] -0.0485 [16, 2] 0.052
[17, 1] -0.0419 [17, 2] 0.008
[18, 1] -0.0307 [18, 2] 0.003
[19, 1] -0.0162 [19, 2] 0.039
[20, 1] 0.0000 [20, 2] 0.100
COETNERFTTHEUTOLS LR ONTT.
VA7 = 0.000951734
HIFFDGEEE = 0.0199126
FAMER [1] = 0.800874
A [2] = 0.199126

SIMPLE flz&s

MRS NTT FT—FHIEVRT I
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2.17.1 Vector/Matrix Z{&ER Uz SIMPLE €5 )L

Z ZTlE, Vector/Matrix 7 7 ADFLih = fio 72 ETF NV Z=/fMA LT 5.
portfolio2.smp

/1 BEERT

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

Set Sample(name = "t 2 7y,

Element t(set = Sample);

/] INTA—%

Matrix R(name = "JUZEHn (Sample, Asset));

Matrix Rbar((Sample, Asset));

Vector r(Asset);

r[j] = inprod(ones(Sample), R.col(j)) / Sample.card();
Rbar[t, j] = R[t, j1 - r[jl;

/1 BE

Variable x(name = "FLAME" index = j);

Vector xv(Asset);

Vector dev(Sample);// fRA=~X7 MV

xvljl = x[31; // B x 27 MV xv [ZiE0REL

dev = Rbar * xv;

/1 X
Expression rpb(name = "HIFFINZEEH");

rpb = inprod(r, xv);

// HEJBE
Objective V(name = "'J A 7", type = minimize);

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

/7 RISt
xv >= 0.0;
inprod(ones(Asset), xv) == 1.0;

rpb >= 0.0;

/7 K%

SIMPLE fllES BB NTT -8B T L
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solve();

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

x.val.printQ);

FATREIE, WLF—8 774 V&G ET

m OYR5 « v IEREFIL
AETIE, OVRATFA v ZAREFNVICLE BTG A—FHEERFER, 7Y A OB MELFIEA
LE.

B #iE

[l U7 % A E O Iris setosa & Iris versicolor IZB L T, 28 DE X, 3L DIE, f{EFOEE, {EFDIE
WCHTA84 50T — 7 BFETDH. ZNHD 4 D% HAEHE LT, Iris setosa & TIris versicolor
ZHRT DL BRI AT 4y 7 AIRETF IV R EEE L.

CoOMEOERLIZKRD L I IR 9.

=4
I BT IVES
J AR A
T
dijieljel sl —%
kiiel 7YX X OFfEFH (0 : Iris setosa, 1 : Iris versicolor)
8
a0 HELIWINTG X—%
aj,j eJ
xpiel (WHZER)
[X,' =a0 + Zajd,‘j}
J
BRIEE% (&X1b)
Z®””%U+me) SO

VU TINVEEDEE e IIHL, VAT 4 v 7BB L)L, DWTFDX) RN TRLITIENT

SIMPLE fllES BB NTT -8B T L
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&E7.
exp(x;)
1 + exp(x;)

2Ll xi=a0+ ) aid; TEROENRBLOLLET.

L(x;) =

J
KIS, BVAT 4 v 7B E Gz a0, a; D/8T A =5 HEHEOFHME2ITVET. NRF—5 4
TIEHTEELS LEEER, TANRKE LD L) %R a0,a; ZRKOFT. BB, HWEK f %

= [ ] Lo a - Loap'™

TEHZL, INERAMETIMEELEZ LI LICLD, a0,q; DHEELITVET.
B, TOFFTIIHMBEEOBRI G720, BEE FIcd LTz s o7z f

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

exp(x) | 1
= Z( & Trexpyy) T Rlog ] +exp(x,-))

1
= Z (k, log(exp(x,-)) + log m)

= Z(kixi - log(l + GXP(Xi)))

THHMAMZEZ Z2BL T —BMEEIRON L WEEZAH LT, HREZLIMEOE SR 2170
Qe

D EDESEDF L 20 £4.

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

HARRIZIE, DTFOL) B2 D csv 774 VEBLET

data.csv

Rl =%, 3K ORE, PO, ER0RS, RO
1, 5.1, 3.5, 1.4, 0.2
2, 4.9, 3, 1.4, 0.2

3, 4.7, 3.2, 1.3, 0.2
4, 4.6, 3.1, 1.5, 0.2
5, 5, 3.6, 1.4, 0.2

6, 5.4, 3.9, 1.7, 0.4
7, 4.6, 3.4, 1.4, 0.3
8, 5, 3.4, 1.5, 0.2

9, 4.4, 2.9, 1.4, 0.2

10, 4.9, 3.1, 1.5, 0.1

11, 5.4, 3.7, 1.5, 0.2

SIMPLE fllES BB NTT -8B T L
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12,
13,
14,
15,
16,
17,
18,
19,
20,
21,
22,
23,
24,
25,
26,
27,
28,
29,
30,
31,
32,
33,
34,
35,
36,
37,
38,
39,
40,
41,
42,
43,
44,
45,
46,
47,
48,
49,

4.8, 3.4,

4.8, 3, 1.4, 0.
4.3, 3, 1.1, 0.
5.8, 4, 1.2, 0.

5.7, 4.4,
5.4, 3.9,
5.1,

SIMPLE flz&s

1.6,

o

o O N O

o N

O O O W O o O o w

o O N

o O O o

SN N NN

o O o o o

SN W oW oW s N

111

MRS NTT FT—FHIEVRT I
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50,
51,
52,
53,
54,
55,
56,
57,
58,
59,
60,
61,
62,
63,
64,
65,
66,
67,
68,
69,
70,
71,
72,
73,
74,
75,
76,
77,
78,
79,
80,
81,
82,
83,
84,
85,
86,
87,

5, 3.
7, 3.

6.4,
6.9,
5.5,
6.5,
5.7,
6.3,
4.9,
6.6,
5.2,

3, 1.4, 0.
2, 4.7, 1.
3.2, 4.5,
3.1, 4.9,
2.3, 4, 1.
2.8, 4.6,
2.8, 4.5,
3.3, 4.7,
2.4, 3.3,
2.9, 4.6,
7

2.7, 3.9,

5, 2, 3.5, 1

5.9,

6, 2.

6.1,
5.6,
6.7,
5.6,
5.8,
6.2,
5.6,
5.9,
6.1,
6.3,
6.1,
6.4,
6.6,
6.8,
6.7,

6, 2.

5.7,
5.5,
5.5,
5.8,

6, 2.

5.4,

6, 3.

6.7,

3, 4.2, 1.
2, 4, 1

2.9, 4.7,
2.9, 3.6,
3.1, 4.4,
3, 4.5, 1.
2.7, 4.1,
2.2, 4.5,
2.5, 3.9,
3.2, 4.8,
2.8, 4, 1.
2.5, 4.9,
2.8, 4.7,
2.9, 4.3,
3, 4.4, 1.
2.8, 4.8,
3, 5, 1.7
9, 4.5, 1.
2.6, 3.5,
2.4, 3.8,
2.4, 3.7,
2.7, 3.9,
7, 5.1, 1.
3, 4.5, 1.
4, 4.5, 1.
3.1, 4.7,

SIMPLE flz&s

>

% 2 E ﬁ“s 0)“1:1

i

MRS NTT FT—FHIEVRT I
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88, 6.3, 2.3, 4.4, 1.3
89, 5.6, 3, 4.1, 1.
90, 5.5, 2.5, 4, 1.
91, 5.5, 2.6, 4.4, 1.2
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, 1.3
96, 5.7, 3, 4.2, 1.2
97, 5.7, 2.9, 4.2, 1.3
98, 6.2, 2.9, 4.3, 1.3
99, 5.1, 2.5, 3, 1.1
100, 5.7, 2.8, 4.1, 1.3

kind.csv

Tl
1

[y

e

1

[y

[ary

N N = = = = = = = = = = © oo ~ (o) D w N

= o © [00] ~ ()] )] > w N = [« - - - -
e

e e e e N N

N
N
[N

SIMPLE fllES BB NTT -8B T L
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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,
53,
54,
55,

o O o o o

56,
57,

(@]

58,
59,

o O O

60,

SIMPLE fllES BB NTT -8B T L
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61, 0
62, 0
63,
64,
65,

o O O O

66,
67,

(@]

68,
69,
70,
71,

o O o o o

72,

o

73,
74,
75,
76,

o O O O

77,
78,

(@]

79,
80,
81,
82,

o O o o o

83,
84,

(@]

85,
86,
87,

o O O O

88,

(@]

89,
90,
91,
92,
93,

o O o o o

94,
95,

(@]

96,
97,

o O O

98,

SIMPLE fllES BB NTT -8B T L
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99, 0

100, O

Phl#%BH LIZSIMPLE Ttk 35 &, UTDEHIIZHD ET.

LogisticRegression.smp

11 BEERT

Set I(name = "¥% ¥ 7 IVELEY);
Element i(set = I);

Set J(name = "BLHHZEEES");

Element j(set = J);

/] INT A =%

nEHIl T — %, index = (i, j));
wff FHv, dindex = i); // 7 ¥ X @ fE ¥ (0 : Iris setosa, 1 : Iris

Parameter d(name

Parameter k(name

versicolor)

/] ZER

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

Variable aO(name = "aO");

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

/7 HIF G
x[i] == a0 + sum(al[j] * d[i, j1, 3);

/7 HI9BE%
Objective f(name = "XELIEE", type = maximize);
f = sum(k[i] * x[i] - log(l + exp(x[il)), 1i);

N

solve();

/1 iR
a0.val.print();

a.val.print();

COEFNEFEITTHE, UWTFTOX) @I ELNET.

a0 = -3.37151
a["2 DEE"] = 6.43568

SIMPLE fllES BB NTT -8B T L
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al"» L DIE ] = 5.8427
al["fEFFDEE"] = -13.2033
a["fEFFDIE"] = -18.566

12,19 e g i

A—=NVEAa—7tid, HEMAOEZZAEDY 2 OEFFICONT, FMED & ERBF OB %
ik Gt - AUE Y, i EORBIE) o2 tvueEd. Z2TE, ZoMEY ARy b
L=t BRE»rORROHRHETRASNDIEREIIPDLEMDI L) ThHIGEZRNREL
Y. &b, ANV —TORKCEMES — v F (G ED) OlliF) Ldif—F (GT2) ol
) dy, WEFIEHEN L) S RMEMNDIT) PR 55 E2FRL, BRERSICE S X
DHRMEMDIEF) PR LB LZERLTVET.

DT ofETIE, B TOBMMEN S ARy PL— M 2HETLIMEEZER, A -V -7 D
HEEZITVET.

B %E
R (EREE) 2 1~108MFTHY, ZFL4ICHTLARY b= 2T, ERBIF I
B MR 100, 7 —F 2 L—© 1%9DOFHE QPR S @7, ..., r) A3

100 ! 1
S, .., =
(&r1s--om) a+ooyny+g;a+ooym%

DEHITERENTVD ET 5. BHIFE ¢, S0) O
t.S) iell,... 60}

PHZLNTwa L&,

PRNOERE

1

PRMET B EIBARY FL— M REERT X,

COMEEZERALTHEUTOLIICEY T7.
%8B, ROBLARY PL—bOHLIZ% OS—k¥ ) &L, FATHLIDELET

%5

Term Wik (EENIN) #£45
Point HE LS

T

tvalue;,i € Point B R AT H 2
Svalue;,i € Point R

SIMPLE fllES BB NTT -8B T L
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i

zH

r,t € Term ST AARY L — ]

BrBE% (&/IMb)
Z{S (tvalue;) — Svalue}*, S (t;r1, ..., 1) = HERAE & BHAE O FR 72 0 3

i
t

100 +§: 1
(1+0.01-r) & (1+0.01 -k

Ll OGS
0<r,VteTerm ARy P L— b DIEA LM,

C O HWEEDIERIE T3 T, IERIEETHFEICZ Y £ 7.
R L7 % SIMPLE TRtilb§ 5 LT O X H T4 ) £§
YieldCurve.smp

/] A ERT

Set Term(name = "HIMH|"); // WIS
Term = "1 .. 10";

Element t(set = Term);

Set Point;

Element i(set = Point);

/] INT A =5
i) // ATHH 7

Parameter Svalue(name = "Svalue", index = i); // ERHIME (3)

Parameter tvalue(name = "tvalue", index

/1

Variable r(name = "AKR Y PL— ", index = t);

7/ t S OAEA & BAMGE~NDOEHR L — T

Expression d(index = t);

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

// tvaluel[i] BT 5 s ORGHME
Expression S(index = i);

S[i] = 100 * d[tvalue[il] + sum(d[t], (t, t <= tvaluel[il));

// Bl & BME O FE

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

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

// BHIBEL
%ﬁawewﬁmm="ﬁ%ﬁk@ﬂ@@%%@:%ﬁ%twe=MMMmh

err = sum(diff[i] * diff[i], i);

/7 TR S
0<=rlt]l; // AFXv bL— bDIESMN

N

solve();

/] FERI
err.val.print();

r.val.print(Q);

F—% 7 74 (tSvalue.csv) ZUTFDXH124 0 7.

tSvalue.csv

i, tvalue, Svalue

e

1, 100.39

[y

102.15

[ary

99.24

[

101.32
1, 99.72

101.51

N

100.62

N

99.34

© 00 N O O b w N
[

2, 98.27

[
o

2, 98.31

e
e

100.97

M

—
[\

101.73

M

[
w

99.78

-

100.47

H
S

-

98.19

-
(]

99.55

-

e
~

99.79

-

-
[¢;]
w W W W w w NN

-

—
[¢g)

98.4

SIMPLE fllES BB NTT -8B T L
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19,
20,
21,
22,
23,
24,
25,
26,
27,
28,
29,
30,
31,
32,
33,
34,
35,
36,
37,
38,
39,
40,
41,
42,
43,
44,
45,
46,
47,
48,
49,
50,
51,
52,
53,
54,
55,

56,

, 96.6
96.93

-

96.8

M

94.91
96.28

-

, 95.33

[, I Y SN N NN

, 95.13

¢y

93.5

¢y

93.42
91.56

-

92.67

-

96.28

-

89.66

-

89.46

-

91.21

-

91.42

™

o o o o o o0 o o,

-

93.32

(@)

89.76
90.18

-

88.58

M

87.41

-

90.33

.

87.5

-

87.66

-

86.06

-

85.55
84.74

.

88.78

-

86.79

-

88.76

-

84.95

-

84.31

-

87.24

.

© O ©OW W W 0 0w © o0 0w ~N N N N N ¥

-

84.73

©

83.76
9, 84.02
10, 81.75
10, 84.46

SIMPLE flz&s

>

% 2 E ﬁ“s 0)“1:1

i
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57, 10, 82.51
58, 10, 85.42
59, 10, 81.45
60, 10, 85.36

COEFNVEETTLE, UTOX) ZMArELNTT.

PREwAE & BIE OO "5l = 97.061
ARy FL—1 [1] = 0.276339
ARy FL—1 [2] = 1.06832
ARy bLb— b [3] = 1.22162

ARy bL— b [4] = 2.02931
ARy b L— b [5] = 2.35651
ARy bb—1 [6] = 2.70549
ARy ML— Db [7] = 2.84285
ARy bLb— b [8] = 2.89991
ARy FL— b [9] = 2.96985

ARy FL— b [10] = 2.95256

12.20 Qs dm v

BeAF1T (rating) &1, REOFTT MoK, FEOZHLVIEIZ T V7 BATERLIZDO
TY. BHIEIMEOFERREOL &, A, B, CX+, — R EDRTEHOTHRIAEDOY 2 7
HVERLET. BT, HEOBAFEND S 2 L EAHMROFMGEEICZ ) 3L, BITHK
LR REMILT L E, BEMEOEBOMME Y EnRKHEL 2 ) F7

BATHERATHI &1L, B AT Z 2T B3N, —EHRICED L) R FIrE 2
POV TOMERERTITHNDOZ L2V ET.

DFCIE, ZoRMIHBITHOMEICHT 2082 E 2 5.

B %E
A& LT, {AAA, AA, A, BBB, BB, B, CCC,CC,Cl D 9fiEinH b b DE LT, ¥BAITFICHE
T 5 1 EBROHERLITH Qo BUTDEHIIZHEZSNTVWELDET S,

SIMPLE fllES BB NTT -8B T L



122 EL2E BIBEDRA
HERR RO B2+

Q0 ALA Al A BEE BB B CCT CC

ABS 08651 00343 0 0 0 0 0 0 0
A 00356 08382 00262 ] ] 0 0 0 0
oA 00014 00433 09964 O EE 00003 0 0 0 0
Al EBEB 0 0 00352 00456 00154 00038 0 0 0
D EB 0 ] 0 01078 0872 00043 00153 0 ]
# B 0 0 0 0 00747 08762 0041 00081 0
1 cco 0 0 0 0 0 00278 05A54 00068 0
IT cc 0 0 0 0 0 0 00083 08575 00242

C 0 ] 0 ] 0 0 0 00266 09734

Qo N, 1 7 HHALB ORAHTFHERATY) 0 ZiEEd XK.

=

WRMERITY Q i~V 7RI DL LET. ZoL &, EEX VT Q213175 Q) & A&
K—HTHITTT. #oT, 17 QZMETHEIL, 10— Q2 ZW/NITHEH % Q%KD 5
EVnHZEIZDFET. BB &, Frobenius (7HNR=ZWR) JIVADIET, FTHIOEKBG D
TV Mz T DELET.

F7o, BAFTHEBRTHOWE L LT, 175 Q O&ATOMIZ 1 TEEGIEIFATHLb DL LT T.

DlhzgEzse, @MLIIDTO LR 9.

IBF&E&
Rating

ER

q?j, i, j € Rating

ZH

gij>1, J € Rating

HrB% (&/Mb)
100 — OII7

GEPES S

Z qij = 1,Vi € Rating
Jj€Rating

0 <gqi; £1,Vi, j € Rating

AT o%s

L AER O T HERATY (Q0) DREFE

1 AL OB THERATH (Q) O&EHE

151 0y & Q2 DFEDOT7TUNRZT A )V ADF

1751 Q DEFEATORNL 1

1151 0 D/ EH LA

COMEIZ BB T T, JERIEETEIEIC R Y T,
TRAL L7k 8% SIMPLE Tt $ 45 DT X124 0 9.
=B, 175 0 ICE LT,

0% =0%0'=(0* 0% (0*- 0)

TERITHZILIZLY, HAEONKZHKTLILNTEIET.

SIMPLE flz&s

MRS NTT FT—FHIEVRT I
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F72, JRARICHA Z L MY 5720, BXOIR T TORERBEZERT 5720, 175 Q DF)
BiEE LT, w09 252, IENAEEO LIREZ 005 & LTBEET.
Ratingl.smp

/] BEERT
OrderedSet Rating; // AT S

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

/] INTA—%
Parameter qO(name = "QO0", index = (i,j)); // 1 HFHROMIFHRITHIOKEHE

/1 BB
Variable q(name = "Q", index = (i, j)); // 1 # HHALORAFHERATHI O K HEHE

/7 ERDERIH S A O M % 5% § 5 ik

Expression q2(name = "q2", index=(i, j));
Expression g4(name = "q4", index=(i, j));
Expression q8(name = "g8", index=(i, j));

Expression ql2(name = "q12", index=(i, j));
q2li, j]l = sum(qli, k] * qlk, jl, k);
q4li, jl = sum(q2[i, k] * q2[k, jl, k);
q8li, jl = sum(q4li, k] * q4lk, jl, k);
ql2[i, j] = sum(q8[i, k] * qg4lk, jl, k);

Expression diff(name = "diff", index = (i, j));

diffli, j1 = qoli, jl - q12[i, j1;

/7 HEIBE
Objective diffnrm(name="1T4] Q0 & 474 Q ® 12 & D&/ VAD ", type = minimize);
diffnrm = sum(pow(diff[i, jl, 2), (i, j));

L SESis

sum(qli, j1, j) == 1; // 17%) Q IZ2WTC, KITOHNL 1
0 <= qli, il <= 1; // 175 Q OXIMEEHRGEM

0 <= qli, j1 <= 0.05, i != j; // 175 Q DI fEESM

/7 MIMERR E
qlk, k] = 0.9;

)

SIMPLE fllES BB NTT -8B T L
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/1 R

solve();

/1 FERT
diffnrm.val.print(Q;
simple_printf ("\n");
simple_printf ("Q");
simple_printf (", %s", k);
simple_printf ("\n");

Element k_tmp;

simple_printf ("%s", k_tmp);
simple_printf(", %7.5f", qlk_tmp, jl.val);

simple_printf ("\n");

>

FE28 PIREDRE

i

for(k_tmp = Rating.first(); k_tmp < Rating; k_tmp = Rating.next(k_tmp)){

T—=57 74N (esvIE) FEUTOXICHRY T,
QO0.csv

QO, AAA, AA, A, BBB, BB, B, CCC, CC, C

AAA, 0.9651, 0.0349, 0, 0, O, O, O, O, O

AA, 0.0356, 0.9382, 0.0262, 0, O, O, O, 0, O

A, 0.0014, 0.0433, 0.9364, 0.0186, 0.0003, 0, O, 0, O
BBB, 0, 0, 0.0352, 0.9456, 0.0154, 0.0038, 0, 0, O
BB, 0, 0, 0, 0.1078, 0.872, 0.0049, 0.0153, 0, O

B, 0, 0, 0, 0, 0.0747, 0.8762, 0.041, 0.0081, O

cce, o, 0, 0, 0, O, 0.0278, 0.9654, 0.0068, O

cc, o, 0, 0, 0, 0, O, 0.0083, 0.9675, 0.0242

¢, 0, 0, 0, 0, 0, 0, O, 0.0266, 0.9734

CDETFNVEETTLEUTOL ) G oNnT T,

75 qo & 75 q @ 12 F DOFE/ IV LD = 2.82001e-005

Q, AAA, AA, A, BBB, BB, B, CCC, CC, C

SIMPLE flz&s

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

MRS NTT FT—FHIEVRT I
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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

C, 0.00000, 0.00000, 0.00000, 0.00000, 0.00000, 0.00000, 0.00000, 0.00227, 0.99772

2.20.1 Vector/Matrix ZRUL\fzc SIMPLE €5 )L

Z Z T, Vector/Matrix 7 F A Z Wz EF NV E#RBALET.
Rating2.smp

/1 BB ERT
Set Rating;

Element i(set = Rating), j(set = Rating);

/] ST A =%

Matrix QO((i, j));

/1 K

Variable q(name = "Q", index = (i, j));
Matrix Q1((i, j));

Qili, j1 = qli, jd;

// ERDEFRNF T HEEO BB Z {5508
Matrix Q2((i, j)), Q4((i, j)), Q8((, 7)), Q12(E, §));

Q2 = Q1 * Q1;
Q4 = Q2 * Q2;
Q8 = Q4 * Q4;

Q12 = Q8 * Q4;

Matrix D((i, j));

D = Q0 - Q12;

/7 HEBE%

Objective diffnrm(type = minimize);

diffnrm = inprod(D, D);

/7 HF St

Q1 * ones(Rating) == ones(Rating);

SIMPLE fllES BB NTT -8B T L



>

126 F£28 fHlEDORA

i

0 <= ql[i, i] <= 1;

0 <= qli, j1 <= 0.05, i != j;

// FIEMERBE
q[i, i] = 0.9;

3

FEITHZIE, FLF—% 77 A VES 2T,

221 BT

BEOWRMOWERIN 7 — 5 55, M2 Fo 285BI 2 56 E 22 802, TToOMBETIINOEERE H
LREERICEE LA H ) . L, M2 LELEBGI 2 @8I58 AE S 5720121,
MBITHNEPFIEEMETH 2 LEDPH Y £F. 22T, HRAONZATINI—FELL, 2>, PIEEMET
HBH L) MBI ZER T A HEZZ R E7.

m fE
DUTOMBATHAICKH LT 7R A VAOBEKRT—HFLL, »o, FIEEMETHS L)%
HBITTH) X 2 RD &

A 1 2 4 4 5] a] 7 g o 10
1100 017 017 080 0850 000 010 000 080 070
2 017 100 D10 050 D20 040 000 000 000 000
J 017 010 100 0Z0 000 000 Q00 000 000 000
4 08B0 050 DZ0 100 D20 Q20 D20 020 000 000
B o0BD 0Z0 D00 Q20 100 040 000 000 000 000
G 000 040 000 QZ0 040 1.00 Q00 000 000 000
oo 000 D00 020 0 D00 000 100 000 000 000
8 000 000 D00 020 D00 000 000 100 000 000
B 080 000 000 Q00 000 000 Q00 000 100 000
o

100 070 000 | D00 Q00 D00 000 000 000 000 1.00

COMEAERATHEUTOEI TR 7.

&8

N={1,2,...,10} R T [ F AT IOF S
EH

Aij,ieN,jeN G- DATH DB

minEig FRAATH O /N A il
zH

X, ieN,jeN HBTTHI D2

SIMPLE fllES BB NTT -8B T L



2.21 1ESTYIEGRIE 127

HrB% (&/Mb)

DX — Ay TOFFH L AEAFHOED 7 mR= 2 ) )L 24
i,jeN O3

FlHIR M

X > minEig AR A

Xi=1,VieN AT 1

COMEIZEIEEMEHHIBA > TWEOT, PIEEEEmEEIc Y $3.
ERAL L7285 %% SIMPLE Ttk 45 EULTFTOXHIC% D T4,

CorrelationMatrix.smp

/] BEERT
OrderedSet N;

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

/] INTA—=%
Parameter A(index = (i, j)); // HG-R ONIATHIDOHEFR
Parameter minEig = 1.0e-3; // MiJJ SN2 MHBATTH D e/ NE A

/]

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

/] NFATH
SymmetricMatrix M((i, j));
M[i, j1 = X[i, j1, i <= j; // E=MAEGOAERK

/7 HE9BI%
Objective diffnrm(type = minimize); // ZDATHID J VA

diffnrm = sum((X[i, j] - A[i, j1) * (X[i, j1 - Ali, j1), GG, )3

/7 TR S

M >= minEig; // PR EMEY
X[j, il == X[i, j1, i < j; // X (3 #A751
X[i, i] == 1; /] RAEERIT 1
/7 K

SIMPLE fllES BB NTT -8B T L
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i

solve();

/7 FERIT) (csv X

simple_printf (" X");

simple_printf (",%5d", i);

simple_printf ("\n");

Element i_tmp;

for(i_tmp = N.first(); i_tmp < N; i_tmp = N.next(i_tmp)){
simple_printf ("%2d", i_tmp);
simple_printf(",%5.2f", X[i_tmp, jl.val);

simple_printf ("\n");

T—=5 774V (esvIBERX) EUTOLHIITHD 7.

A.csy

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

COEFNEEITTHEUTO LD REIELNTT.

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

1, 1.00, 0.27, 0.15, 0.61, 0.65, 0.06, 0.10, 0.03, 0.57, 0.50
2, 0.27, 1.00, 0.10, 0.85, 0.15, 0.41, 0.00, 0.01,-0.04,-0.04
3, 0.15, 0.10, 1.00, 0.21, 0.01,-0.00,-0.00,-0.00, 0.01, 0.01
4, 0.61, 0.85, 0.21, 1.00, 0.34, 0.17, 0.20, 0.18, 0.12, 0.11
5, 0.65, 0.15, 0.01, 0.34, 1.00, 0.37,-0.00,-0.01, 0.10, 0.09
6, 0.06, 0.41,-0.00, 0.17, 0.37, 1.00, 0.00, 0.00,-0.02,-0.02
7, 0.10, 0.00,-0.00, 0.20,-0.00, 0.00, 1.00, 0.00,-0.00,-0.00
8, 0.03, 0.01,-0.00, 0.18,-0.01, 0.00, 0.00, 1.00,-0.01,-0.01

SIMPLE fllES BB NTT -8B T L
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9, 0.57,-0.04, 0.01, 0.12, 0.10,-0.02,-0.00,-0.01, 1.00, 0.08
10, 0.50,-0.04, 0.01, 0.11, 0.09,-0.02,-0.00,-0.01, 0.08, 1.00

EEE) 0/Z bi— b7 2 U A BiE(LRIE

K=1+7+VFD) A7 ZHEEFRONERROG I AT Z MRS 2~ vaey v 7
WMIZBWT, G2 ONLTHEETBATING, LIELIEAHEEEZHEVT . CoORMEEEITLTr
WA DGR ZRLUTOMEZZZ Y.

LUF o MBI 722039 - SiE T Ve E R T

max u’ x — AxTEx
* ey

st. xle=1

T, uZMFY =, 28— OGBLGEATH, xZ R - b7+ ADER 1% R
7 R E LET.

SIS BATH S WAREEMDE) L LT, WTFORNZ MR— 74V FRELHEZE 2§
B Us lE, PHEEEDIE) ZLICE>TRHY 95 S ICHTA50EGLLET

-
—

T T
-4 z
max {/,t X Izré%); {x x}}

@)

sit. xle=1

Us & LT, 30 8ATH = O K EEHRZD
<<y
DI BXMEFO2LELET. 0L E Q) IE, HAATH UL EHCTUTO X ) 2 HEICHE S
ZAHIENPTEET (6] LBITHIA BISHL, AeBiE, ALBOWNHZERTLDLLIT.
mfxyTx—/l(ioU_g.L)

st. xTe=1

U-L x] 3)
>0

B #iE
AL AT = DK ER DO TR Z RIATH sigL, LR%ZFRTATH sigU BUTOLHITHZH
NTWwWsEE, L@ ZMELRIWV,
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FE28 flE

i

sigl 1 2 3 4 o g 7 g
1] 1.800 | —1.400 | —1.000  —1.000  —=1.000  -0500  —1.000 000
2| —1.400 3500 A &OD 0 0ROD 0 12000 1200 0 0400 QLE00
g 1000 | 1500 5000 1125 1400 0&00 0500 —0Z200
4| —1.000 Q500 1125 5,000 1500 0400 1200  —0500
Bl 1000 | 1200 0 1100 1500 4500 —1.400 0150 —2.000
G| —0500 | 1200 0800 0400 —1400 0 5000 —1.000 0500
7 —1.000 Q400 05300 1200 Q150 000 5500 0 —1.250
g 0100 QEDD | —0200 | 0800 | —2000 0 0500 0 1250 0 11.500

sighl 1 2 3 4 o g 7 g
1] 3000 1.000 2500 —0500 1.000 0400 2500 2.000
20 1.000 4500 —1.400 1,200 QBOD =100 0500 2600
4| 2500 | 1400 | §.000 | —0500 1.200  1.000 0400 -0100
4| —0.800 1200 0500 5500 1.600 0500 1.5300  —0300
Bl 1.000 QBoD 1200 0 1800 BEOD =1 .500 0160 —1.900
G| -0400 | 1100 | 1.000 Q500 0 1300 11.000  —0.500 QLE00
T 2500 0500 0400 1.300 D160 —0H00 G500 —1.200
g 2000 2800 0 —0100 | 0800 | 18500 0 0600 0 1200 0 13500

772U, a=1, g’ =(0.1,0.1,0.1,0.1,0.1,0.1,0.1,0.1) & L ¥ 3.

@:\D

=

COMEEZERLTHEUTOLI IR $9.

EH

sigLij,i€A,jeA
sigU;j, i€ A, jeA
A

Hi, I EA

TH
x,l€A

LijieA,jeA
Uij,ieA,jeA

BrE%H (RX1b)

u'x — A(sigU e U — sigL o L)

SIMPLE flz&s

o
#

PO IOF S

AL AT D R EFZE O TR
RIS AT D B EFE O ER
) A 7 [l LR

BB R O

ONA S

o IFEF T L DDA
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GEPES S

U-L x]
>0

xT 1

le-:l
icA
L,’jZO,ViEA,jGA

UijZO,\‘/iGA,jEA

131

- 1E € e ]
AR ORANL 1

119 L D &SR T 5 IR S&m
115 U DEEFRIZT 5 IR SN

Z OFEIFFIEZMERIFIAA > T B DT, FIEEERIMFEIC 2 ) £, XL L72HR % SIMPLE

TRBTHEUTOLHIITRY T
RobustPortfolio.smp

/1 B LR

Parameter nhA; // $4IA%L

Sequence Asset(from = 1, to = nl);
Element i(set = Asset);

Element j(set = Asset);

/] INTA—=%
Parameter sigl(index = (i, j));
Parameter sigU(index = (i, j));

Parameter lambda;

Parameter mu(index = i);

/1 ER

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

/1 SR

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

Element w(set = V);

SymmetricMatrix M((v, w));

/] M OEFZOER (L=ZAH50HR)
M[i, j1 = Ui, j1 - L, j1, i <= j; // Kb (O E=M55)

M[j, nA + 1]

x[j1;
M[nA + 1, nA + 1] =

SIMPLE flz&s

// ALk
1; /BT

MRS NTT FT—FHIEVRT I
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i

/7 HEIBE

Objective f(type = maximize);

f = sum(mu[i] * x[i], i) - lambda * sum(sigU[i, j] * U[i, j] - sigL[i, jl * L[i, jI,
(i, 3);

/7 WK G

M >= 0; // FIEEMHEHIF
sum(x[i], 1) == 1;

Uli, jl ==Ulj, i1, 1 > j;
L[i, j1 == L[j, i1, i > j;
Uli, jl >= 0;

L[i, j1 >= 0;

/1 K

solve();

// R

x.val.printQ);

T—=5 77 A NVIEUTO=>TT.

sigL.csv

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

1, 1.9, -1.4, -1, -1, -1, -0.5, -1, 0.1

, -1.4, 3.5, -1.5, 0.5, -1.2, -1.2, 0.4, 0.6
, -1, -1.5, 5, -1.125, 1.1, 0.9, 0.3, -0.2

, -1, 0.5, -1.125, 6, 1.5, 0.4, 1.2, 0.9
-1, -1.2, 1.1, 1.5, 4.5, -1.4, 0.15, -2

, 0.5, -1.2, 0.9, 0.4, -1.4, 9, -1, 0.5

, -1, 0.4, 0.3, 1.2, 0.15, -1, 5.5, -1.25

0 N o o b W N

, 0.1, 0.6, -0.2, -0.9, -2, 0.5, -1.25, 11.5

sigU.csv

sigU, 1, 2, 3, 4, 5, 6, 7, 8

1, 3, 1, 2.5, -0.9, 1, -0.4, 2.5, 2

2,1, 4.5, -1.4, 1.2, 0.5, -1.1, 0.5, 2.6

3, 2.5, -1.4, 6, -0.5, 1.2, 1, 0.4, -0.1

4, -0.9, 1.2, -0.5, 6.5, 1.6, 0.5, 1.3, -0.8
5,1, 0.5, 1.2, 1.6, 5.5, -1.3, 0.16, -1.9

SIMPLE fllES BB NTT -8B T L



2.23 BEHETY (AN v NEE) 133

6, -0.4, -1.1, 1, 0.5, -1.3, 11, -0.9, 0.6
7, 2.5, 0.5, 0.4, 1.3, 0.16, -0.9, 6.5, -1.2
8, 2, 2.6, -0.1, -0.8, -1.9, 0.6, -1.2, 13.5

data.dat

lambda = 1;

mu = [1] 0.1 [2] 0.1 [3] 0.1 [4] 0.1 [5] 0.1 [6] 0.1 [7] 0.1 [8] 0.1;

COEFNVEZETTHLEUTOL S I EONTT.

x[1] = 1.86393e-06

x[2] = 0.233168
x[3] = 0.175305
x[4] = 0.0633979
x[6] = 0.171047
x[6] = 0.131893
x[7] = 0.152883
x[8] = 0.0723034

(2.3 L RC T PN )

KAy MEEER, HEANEZ 7770/ = 222007 V—F 58T 58T, 7Vv—74051F
LRIy PE3NEZZy VOEMMAIZRKILTHHETT. 22T, 2200/ —FBRLRL7
V=TI LILE, ZO2H xRy IRy hENDHEFVET.

COMEX, 7T IHEEPEETHTEZONS V) EMERL . o, BMENWEEBE LT
&, SDPAEMFEE L TRER LR EEZROL ZENTELHEE LTHSNTWET.

B &
WKDT7F71F, /—=FELTL, 2, 3, 4 5 6F20EANEXI7IT7TYT. Ty IUBREWIGAR,
HAx0LLTT.

J=F2ZODTN—=FI25FT, By FENLZTy VOEAOKEHNZRKILLIZWYE, £0

SIMPLE fllES BB NTT -8B T L
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i

X9 TN—TLHDBTL LD

Z DR % Numerical Optimizer Tfff < 72012 ERAL ATV 32, F 3713 SDP MR L LT
b, HRBEE D EFEZ RO TAHAFE L X 9. VI3 225 Vector/Matrix 7 7 ANFIHATEL L H 1Tk -
7272, 7T ATHIOFT R EMBICRHT AL TEL LI F L 22 TT T T A4
Lx, 7T 7 OWRBATH L BEEATHINN G- 2 s & &, REATHI 2 S BEEATH 2 5 W 7247 TR S
nEJ.

UTFCRNATHEAMLIISEE (7LD ET. T3, /—FOEFELTNES 2, BHEL
Txe{-L1LieN)Z52FT. TOLE /J—FijeNIZHLT, x=x; TijABFL7 V=TI
BLTWAZ,%, x#¢x;, Ci, PREDZIINV—TIBELTWDLILE2RTILIZTLE, KDLH
WCEAET A2 N TEFT. 1

max Ei’j;’quU(l - XiXj)
s.t. x;e{-1,1} VieN

EREERLISH L, BBy ie N % X;j=xx; TESIMRA DL X,j,ieN,je N ZEHATDHE, RO
MEEFMEIC R EmMbR TV,

max %i’j;M;un(l - Xij)
st. X>0
rank(X) = 1
Xi=1 VieN

x € (=L 1, Xg(=xx) = 1ITHIEL, x. x; OEOEETEIZ X =0, rankX) = LISHIBLET.
Z Tl #3X rank(X) = 1 Z %% L 72 [HEASR D SDP #EAIME & 2 0 £ 7.

1
max z Z G,’j(l—X[j)

i, jeN.i<j
st. X=0
Xi=1 VYieN
Tt sbo H B %
1 1
2 Z .Gij(l -Xij)) = I Z Gi(1 - X;))
i,JEN,i<j i,jeN
1
=7 Z Z GijXii — Z GijXij
ien Ujen N

= %(diag(Ge) -G)eX

ERERETAHZETUTOEMEPHEONRET. BT A BIxL, AeBiX, AL BONHE
bk LIV,

&4
N = {19293,475’6} / h F@%/E]\

SIMPLE fllES BB NTT -8B T L
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ER

Gij,iEN,jEN

L = diag(Ge) - G

zH

X,-j,ieN,jeN

BB (B’X1b)
1

135

J—=FieNE/—FjeNPDOL BTy VDHE
I R BT B BT

757 GDTT T AT (e 3ETDEEN1 D
N7 V)

WHAICIZ/ —FieNE/—=F jeNDBHh v b
ENTVBHEAIC-L, Ay FERTWRWEAIC
1%L 8%

ZL-X BARI TS Yy PENBEZ Y VOEARDKEF
%

X>=0 e 1E e A

X;=1VieN XAERIE L

WIZ, T T —% 774V 652%2 % SIMPLE E5F VA RLET. UTOEFIVTIIARELEK

ZRELIRYMET H720, BHEZ E=AH0 LAERL TV RVWETVIZR) 7.

maxcutl.smp

/! EEERTE

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

Set NN(dim = 2); // b=

Element ij(set = NN);

/] 8T A—=%

Matrix G((i, j)); // BAN EBEEATH
Matrix L((i, j)); // 797 G DI T T A7H]
L = diag(G * ones(N)) - G;

NN = set0f((i, j), i <= j);

/1 EH

Variable x(index = ij);

SIMPLE flz&s

MRS NTT FT—FHIEVRT I
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i

SymmetricMatrix X((i, j));
X[i, j1 = x[i, j1, i <= j;
X[, i1 = x[1, j1, i < j;
x[i, il == 1; // WAERKI 1
X >= 0; // IR IR

/7 HI9BE%

Objective obj(type = maximize);

obj = 0.25 * inprod(L, X);

N

solve();

// FERMN

obj.val.print();

T—=5 774N (esvlBEX) QU TOLHITRD T

o w N O

:2:2:

6
3
0
3
4
, 1, 0, 0, 1, 0, 2
0

2
3
4,
5
6

3 3; O’ 33 4) 29

COETNEFESTTLHE, HIBEEME 187437 6N 3. ThidRAMLHEOBEABETT D
T, AMEO FREE 20 5

WIZ0-1 BHGEHEHE L Lo b MM L. SDPEAIETH & e EREO R %2 -~
TAHELEI.

FIARE, £/ — PO L0-1 2 x, (i e N) ZHELTR2200 7 V—712583 51 %2 [0Dfliz &
LINV—=TE[1OMEE LB NV—T IR SEET. F/2 /= Fi&k ) —FNjPREL7V—TDL
ElZ1%2E), WULIV—TDLEIZ0%E D5 My, (ieN,jeN)ZHELET. oL % HMBHG
Ho bENLT Y YOBRAOKRATT NS, Y Guyy CEBShET. EETHREILE LTy Ly

i<j
DEEMET & HHIF ZBINT 08B ) $9. BARMIZ (x, x5,y = (0,1,1),(1,0,1),(0,0,0), (1, 1,0) &
GAHMEEEZHREIIOT, ZOMEETOHESEE R T (x,x, ;) = (0,1,0),(1,0,0),(0,0, 1), (1,1, 1)

ERMEE YRS AHMNERALET. CoX) ML EALZERMLIRDO LI ITHD .

SIMPLE fllES BB NTT -8B T L
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£6

N =1{1,2,3,4,5,6} J— FoHEs

17351

Gij,ieN,jeN J—FieNt /) —=FjeND»PDOL BTy VDH
Ao BT b BEHEATY

0-1 %

x,i €N 0-1D2ODTNV—=TDELLIZALNEFRTE
%

vij,i€N,jeN 7y hENTTy VOEHE xi,x; B ORDT20
DE

BEIBE% (RKAE)

ZGinij 1y FEINDBITY TOEARDOKA

i<j

il

—xi—xj+y; <0 (1)
—xi+xj—y,-jSO 2)
)C[—Xj—y,'jSO 3)

xi+xj+yij£2 4)

(x1, x5, yij) = (0,0, 1) DFEER
(x1, %, yij) = (0, 1,0) DHEER
(xi, %, yij) = (1,0,0) DHEER
(xi, x5, yij) = (1,1, 1) DFEER

FEICTE Sy EERAERE LTERSN TV E T, EBICIE 01 LAt bawERELD
T.2hE, RM@ EDy; 2025 KB &0, vy < 18PN, X5 (x,x) DAL
(0,0),(0,1),(1,0),(1,1) L7 e 52V & &KX (DR)B)E) 25, yi;j=0o0r 1 25EdINFET. T/, Eid
DALELMAECEZPRT 2 HiEoRHE LTo-1 ¥z, ZBML T,

X[+Xj+y,'j = 2Zij

EEBTAHEDLHY T, RIZ, SIMPLE EFIVE/RLET. UTOEFNVTIEIRELLHEZ WHE
LBROEET H720, 2EEx L= LAERLTOEWVWETVIZRD 5.

maxcut2.smp

// EEERTE

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

SIMPLE fllES BB NTT -8B T L
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i

Set NN(dim = 2); // ®AW

Element ij(set = NN);

/] INTA—%
Matrix G((i, j));

NN = set0f((i, j), 1 < j);

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

Variable y(index = ij);

// x[4] x[3] yli, j1 OEEME L ZHIK

- x[i] - x[j] + y[i, j]1 <= 0, (4, j) < NN;

- x[i] + x[j] - y[i, j]l <=0, (i, j) < NN;
x[i] - x[j] - y[i, jl <=0, (i, j) < NN;
x[i] + x[j] + y[i, jl <= 2, (i, j) < NN;

/7 HEBI%

Objective obj(type = maximize);

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

// RIBERIEIZ LT o fE 2 v 5
/] ¥ ZOB, vy & o-1 BEEBICTLHILEND S

// options.method = "wcsp";

1/ KIE

solve();

/7 FEFRT
x.val.printQ);

obj.val.print();

COETFNVEFEITTAHE, HBEEKME 1S, /—F1, 4, 5OTV—=TL /) —K23,6D7IV—THh
HoNE T, SDPEAMMETRKD LNz HIWBEAEAS 18.7437 TH o722 L % F 2 5 L, SDP Al
BHPEFICRE R EFMEZ 52 TwWa 2 evsbr) 7.

FRED X 9 IC SDPFEAMECRE 2 ERMEA 5N 5 2 La%b o Twiud, EFME% T WCSP
TNIT) ZLORERGEICFIA L7, BRTROZRETIEICHHLAZY b TEEY. ZFFTIC
SDP #EAIMIE, Hifki: (+ 9 4RER:), WCSP TENEIRW R EZ DU TIRLET. TR

SIMPLE fllES BB NTT -8B T L
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SDP Bl O EFEDOREEE & S WCSP DL EM Z /Rt o fikrs R LTI .

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 274 2068

#Graph 77— % G¥*csv @D [#*| 13/ — FRA KT, LidT7—%
FTRT/ = FINLTHEE 10D ¥ 7 HBHFAET S & 9 IHLE
EREIET—5.

#WCSP 7V I AL DRER, mAEKRFER 108, &% H
W7z 3 HOEERAIT 1T o 72

[2.2a R T

BIEHREAr V2= Y 7HEDOBIE LT, AT I F—RPfSticB s 27 V2 —
Va2 P TEZTWE ET.

m #=E1
HhHtIF—EYRMESHE, DTO1~6 T ToORIF -t L, &%ty si0s L.
tIF—% | HEIF—0avH
1 4
2 6
3 5
4 3
5 10
6 7

Bl 1 CTlE, £EIF—IZBVWTIHHZZDITHILTE2a~xBid 12 LET. HlokIf—
ZH—DRYTITH) ZLIETERVDDOEL, 1 HB72) ORHHBORKRZ 435 E, 2
NOETRTOEIF—=DET T LAV RNE LD LI BRAT V2=V 2RDTLZZZ .

B, TRTOLIF—DPRTITLETOHRIEIRARTL20HETELET.

COMEZERNLT S E, UTOXHIZ40FT. B, I F—EBICB L TREEBR VO T,
—ODODERERLTIEITEELTLES N,

SIMPLE fllES BB NTT -8B T L
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I —%E

Se tIF—%1~6

BiF

1 ISR, R4

E—FK

A Y3 — 1 O
ALFR I R -4
DAl < ¢ W Uk S i A A

A, Y3 F— 2 oa<EIEIL
ML R -6
A5 G W U L A

As I+ =30~k
MLIRIRE RS
VA5G W 1 S A

Ay I F— 40 a<x L E
JLERIRE )3
PEEE D EIR 1 2 PR R RS 1

As Y 3 — 5 0a<EWHILE:
SRR : 10
A5l 2 oW W S IR S A |

A I+ — 6D KM
SLBRIRE R 7
A5l 2 ¢l W s R A |

E—-N&ESRIK

MM;, i€ Se IF—iNED ) HE—FES

TI7T1ET 1

acti,i€Se I F— i IRIIEE

HE9B% (&/Mb)

completionTime

IR DIEFEDTE T HEK

SIMPLE flz&s

MRS NTT FT—FHIEVRT I
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24 1 —JVEBRY
T RAKT20HET S

TRAL L7k 8% SIMPLE Ttk A5 EUToO X924 ¢

SeminarAssignl.smp

// ERDA Y 2= 7R

Set T(name = "T");

/1 (eI —) A
Set Se(name = "Se");

Element se(set = Se);

R

Set M(name = "M");

/] FEIF—=DEDIBLE—F

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

// BR GRR) £4

Set Ro(name = "Ro");

/7 %E— FhoORKRENH X ToMRES

Set TT(name = "TT");

/] LB

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

// B =

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

/! T7T4ET4

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

/7 HHBEE (TTOE I F—05% TR DR/ME)
Objective f(name = "#/N5E T HEL", type = minimize);

f = completionTime;

/7 SRIR KRR [H]

SIMPLE fllES BB NTT -8B T L
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options.maxtim = 5;

/7 K

solve();

/1 FEROMT)

f.val.print(Q);

>

FE28 PIREDRE

i

simple_printf ("t I F— [%s] = %d\n", se, act[se].startTime);

ANT=% (datBX) 1&, AT LHZhD £,
Data_SeminarAssignlA.dat

cap = [1,
1,
1,
1,

req = [Al,
a2,
(A2,
[A3,
[p4,
(A5,
(A5,
(A6,
(A6,

0] 4 [1, 11 4
71 4 [1, 8] 4
131 4 [1, 14]
191 4 [1, 20]

A1 [2] A2 [3]

1, 11 1 [A1,
1, 11 1 [A2,
1, 6] 1

1, 11 1 [AS,
1, 11 1 [A4,
1, 11 1 [A5,
1, 6] 1 [A5,
1, 11 1 [As,
1, 61 1 [As6,

[1, 21 4 [1, 3] 4 [1, 4] 4 [1, 5] 4 [1, 6] 4
[1, 9] 4 [1, 10] 4 [1, 11] 4 [1, 12] 4

4 [1, 151 4 [1, 161 4 [1, 171 4 [1, 18] 4

4

A3 [4] A4 [5] A5 [6] A6;

1, 21 1 [A1, 1, 3] 1 [A1, 1, 4] 1
1, 21 1 [A2, 1, 3] 1 [A2, 1, 4] 1 [A2, 1, 5] 1

1, 21 1 [A3, 1, 3] 1 [A3, 1, 4] 1 [A3, 1, 5] 1
1, 21 1 [A4, 1, 3] 1

1, 2] 1 [A5, 1, 3] 1 [A5, 1, 4] 1 [A5, 1, 5] 1
1, 71 1 [A5, 1, 8] 1 [A5, 1, 9] 1 [A5, 1, 10] 1
1, 21 1 [A6, 1, 3] 1 [A6, 1, 4] 1 [A6, 1, 5] 1
1, 71 1

WHI, ToX i1 0 9.

RANGETHE = 10

37—l =0
tIF—1[21 =4
t3IJF—1[3]1 =0
t3IJF—1[4] =5
t3IJF—1[5] =0
t3I)r—1[6] =0

SIMPLE flz&s
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FEHERORE I F—OfllE, £EIF—0BEBEHEEFELTVET.

BIE 1 CTlk, H£E€IF—RLCBIALAE—FF 1M (—H—a~<32HLLTWVL) ODARTLED,
BABIE2 TIE, ZEIF—IH LT O20E—F2HEL, FIE1250ELOMBEMEEL
ES

W flE2
BIE 1 OFEMFEDOD L, £EIF—I2BVT, a~vEOWHLHEORRFZ W O1 5250k
LY. BARIMIZIE, UToEo@E) TY.

tIF—% | BE—F | EIF—a<xBOHLEE

1 Al_1 1-1-1-1
2 A2_1 1-1-1-1-1-1
A2 2 2-2-2
A2 3 1-1-2-2
3 A3_1 I-1-1-1-1
A3 2 2-2-1
4 A4_1 1-1-1
5 A5_1 1-1-1-1-1-1-1-1-1-1

A5 2 1-2-2-2-2-1
A5_3 2-2-2-2-2

6 A6_1 1-1-1-1-1-1-1
A6_2 1-2-2-2
A6_3 2-2-2-1

HOWFTTD, PIZIEA22TLS, IF—20%2a~HK6% 3 HIZHESTHL 23O
L35, LWVHZLIIARDET. HL3IF—1F ZOEIF—BHHIHEINZE-TFDI bR
PO EBIRL 2R ) TEA. FIZIEEIF =31/ THE-FIZA3 L, A3 202200 b
HDT, FNEDIHLDELLNEBIRLTEIF—0a~xHaEMLTr V) I LIChD FT

FTRTOYIF—DPRETTLIRHIRNE LD L), #HYRE—FE2ERLTATF V2 —%
RKOTLZZ N,

ERALICBELELCE, PIE L LFRMTT. TTOT, EFV 774 VOB OBIE 1 & F—127%
D ET.

A7 =% (datBR) 1, DFOXHH) 3.
Data_SeminarAssignl1B.dat

cap = [1, 0] 4 [1, 11 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, 131 4 [1, 14] 4 [1, 15] 4 [1, 16] 4 [1, 171 4 [1, 18] 4

[1, 19] 4 [1, 20] 4

SIMPLE fllES BB NTT -8B T L
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MM

[5] A5_1 A5_2 A5 3 [6] A6_1

req [A1_ 1,
[A2 1,
[A2 1,
[A2 2,
[A2_ 3,
[A3_1,
[A3_2,
(A4 1,
[A5 1,
[A5_1,
[A5 2,
[A5 2,
[A5_3,
[A6_1,
[A6_1,
[A6_2,
[A6_3,

1]
1]
6]
1]
1]
1]
1]
1]
1]
6]
1]
6]
1]
1]
6]
1]
1]

[A1_1,
(A2 1,

[A2_2,
[A2_3,
[A3_1,
[A3_2,
(A4 1,
[A5_1,
[A5_1,
[A5_2,

[A5_3,
[A6_1,
[A6_1,
[A6_2,
[A6_3,

[1] A1 1 [2] A2_1 A2_ 2 A2 3

2]
2]

2]
2]
2]
2]
2]
2]
7]
2]

2]
2]
7]
2]
2]

[3] A3_1 A3_2 [4] A4 1

A6_2 A6_3

1 [A1.1,
1 [A2.1,

2 [A2_2,
1 [A2_3,
1 [A3_1,
2 [A3_2,
1 [A4_1,
1 [A5_1,
1 [A5_1,
2 [A5_2,

2 [A5_3,
1 [A6_1,

2 [A6_2,
2 [A6_3,

3] 1 [A1_1,

3] 1 [A2.1,
3] 2
3] 2 [A2_3,
3] 1 [A3_1,
3] 1
3] 1
3] 1 [A5_1,
8] 1 [A5_1,
3] 2 [A5_2,
3] 2 [A5_3,
3] 1 [A6_1,
3] 2 [A6_2,

3] 2 [A6_3,

4]
4]

4]
4]

4]
9]
4]

4]
4]

4]
4]

[A2 1,

[A3_1,

[A5_1,
[A5_1,
[A5_2,

[A5_3,
[A6_1,

F28 Bl

5] 1

5] 1

5] 1
101 1
5] 2

5] 2
5] 1

i

@:\D

=

Bl 1 LT 5L, FEIF—IZBVTED I BE— FORMPMR - ENBLP IS LM

WY

MR, UToXoickzh 9.

wANE T HE = 9

t3IJ)—[1]
t IS —[2]
t 3 — [3]
IS — 4]
£ IS — [5]
t I — [6]

1]
o o > o (¢} o

WRPOHL 2R L5, PIHE1ICHRT, PE2 TlEEIF—TRIHAZEMTEXALLI B AT
Va—NVEHEZVTAIENTET LA L, BEIF—2ED I BE— FOEDHIE 1 & ik

LTzl B20TY.

SIMPLE flz&s
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2.24 tIF—E=mME 145

ZOWORBEIZ, FETIRBL AR E—DDARTLEN, b)) —2&FEL ARy EBML
THEL LY. vIF—2EfT 224 v &8 (KEE) LF 7Y UMNEE) 0L %boefE
LCwZiiu, Bbehiiisr vy,

W fIE3

BIE2 DKM B L, SHIAL VELERELET.

HFXIF—LBIIAL Y RYTILHYIF 2170720k, ZoMoRY; (LIFTiE, 7a%hE
PAZEICLET) KBWTHENOEIF—27H) b0 LET. HT7RYLTOXIF—FEE)
i, BlE2 LR~ LTS, LHOZD O TR BORKICELELTY, BlE1 - flE?2
Fkk, 4&LFT

A VESBTRIHIEEOEIF—L2MT) 2 ENTEY, L2b AL YERREEEIF—D
BLOD1ARDALPHHTEI LV TELNLEDETLLEE, IRTOEIF—DETT L
AN DI BRAr V2=V ERDTLEE W,

FRAALE LTERUTOLIC, £EIF =2, AL VEBTEIF—2To72RICHTEET
79 LW BATHIFE 2D ) 9. BETERIE<ICXVRTIDELET

'R

0 A4 e, AR

| FTRY, R4

FEATHIHY

actip < act;;,Vi€ Se EROEIT =i lZBVT, A Y RYTO®

IF—HRZIBICAL Y PUHOEETOE
F—=ICBITT S

LEERA LB A KWL L 72 SIMPLE TOEFIVELHiZ, DLTOXHIh Y 4

SeminarAssign1B.smp

/] BERDOA Y 2= v 7 HE

Set T(name = "T");

/1 T (eI —) A
Set Se(name = "Se");

Element se(set = Se);

R

Set M(name = "M");

// BIR GERE £6

SIMPLE fllES BB NTT -8B T L
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i

Set Ro(name = "Ro");

Element ro(set = Ro);

/] BEIF—DBEYHBHE—F

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

// BT — FHORKFHENH X TOMMES

Set TT(name = "TT");

/7 BIRAE E

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

/] BRI

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

/] TI7T4ET4
Activity act(name = " I JF —", index = (se, ro), mode = MM[se, rol);
/7 FEATHIF

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

/7 BB (§RTOY I F— 0% TRZORME)
Objective f(name = "#/N5E T HEL", type = minimize);

f = completionTime;

/7 SRR KRR

options.maxtim = 5;

/1 KR

solve();

/] FEROWT
f.val.print(Q);

simple_printf ("t I J— [%s,%s] = %d\n", se, ro, act[se, rol.startTime);

ANF—% (dateR) X, UTDXHITHh F9.

Data_SeminarAssign2.dat

cap = [0, 0] 1 [0, 1] 1 [0, 2] 1 [0, 3] 1 [0, 4] 1 [0, B] 1 [0, 6] 1
[o, 71 1+ [0, 81 1 [0, 9] 1 [0, 10] 1 [0, 111 1 [0, 12] 1

SIMPLE fllES BB NTT -8B T L
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fo,
fo,
(1,
(1,
(1,
[1,

MM = [1,
2,
(3,
(4,
(5,

(e,

req =

A1 1, 1,
[A2_1, 1,

13] 1 [0, 141 1 [0, 15] 1 [0, 16] 1 [0, 17] 1 [0, 18] 1

19] 1 [0, 20] 1

0] 4 [1, 11 4 [1, 2] 4 [1, 31 4 [1, 4] 4 [1, 6] 4 [1, 6] 4
7] 4 [1, 8] 4 [1, 9] 4 [1, 10] 4 [1, 11] 4 [1, 12] 4
13] 4 [1, 14] 4 [1, 15] 4 [1, 16] 4 [1, 17] 4 [1, 18] 4

19] 4 [1, 20] 4

0] large_room
0] large_room
0] large_room
0] large_room
0] large_room

0] large_room

[A2_1, 1, 6] 1

[A2_2, 1, 1] 2
[A2_3, 1, 1] 1
[A3_1, 1, 1] 1
[A3_2, 1,
[A4_1, 1, 11 1
[A5_1, 1,
[A5_1, 1, 6] 1
[A5_2, 1, 1] 1

1] 2

1] 1

[A5_2, 1, 6] 1

[A5_3, 1,
[a6_1, 1, 11 1
[a6_1, 1, 6] 1
[a6_2, 1, 11 1
(a6_3, 1, 11 2

1] 2

(1,
2,
(3,
(4,
(5,
(e,

[large_room, 0, 1] 1
1] 1 [A11,
1] 1 [A2_1,

[A2_2,
[A2_3,
[A3_1,
[A3_2,
[A4_1,
[A5_1,
[A5_1,
[A5_2,

[A5_3,
[A6_1,
[A6_1,
[A6_2,
[A6_3,

1]
1]
1]
1]
1]
1]

A11

A2 1 A2 2 A2 3
A3_1 A3_2

A4 1

A5_1 A5_2 A5 3
A6_1 A6_2 A6_3

2] 1 [A1.1, 1,

2] 1 [A2.1, 1,
2] 2 [A2.2, 1,
2] 1 [A2.3, 1,
2] 1 [A3_1, 1,
2] 2 [A3.2, 1,
2] 1 [A4.1, 1,
2] 1 [A5_1, 1,
71 1 [A5_1, 1,
2] 2 [A5_2, 1,
2] 2 [A5.3, 1,
2] 1 [A6_1, 1,
71 1
2] 2 [A6_2, 1,

2] 2 [A6_3, 1,

3]
3]

3]
3]
3]
3]
3]
3]
8]
3]

3]
3]

3]
3]

[A1_1,
[A2_1,

[A2_3,
[A3_1,

[A5_1,
[A5 1,
[A5_2,

[A5_3,
[A6_1,

[A6_2,
[A6_3,

147

4] 1

4] 1 [A2_1, 1, 5] 1

4] 2

4] 1 [A3_1, 1, 5] 1

[A5_1, 1,

9] 1 [A5_1, 1, 10] 1

4] 2 [A5.2, 1, 5] 2

4] 2 [A5_3, 1, 5] 2

4] 1 [A6_1, 1, 5] 1
4] 2
4] 1

WL, DTokdicnh 4.

SIMPLE flz&s
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wANETHE = 11
IS —1[1,0] =2

tI)F—1[1,1] =3
IS —1[2,0] =4
I+ —1[2,1] =5
t3IJ)F—1[3,0] =1
t3I)F—1[3,1] =2
t3IJ)—1[4,0] =5
tIF—1[4,1]1 =7
t3IJF—1[5,0] =0

IF—1[5,1] =1
£ 3I)+—1[6,0]1 =3
tIi)r—1[(6,1] = 4

12.25 PEPPECEPCOEIPEl
Varsvay TRy Va—) v HELE, AETESOBY N, E (Y a7) RRERICR)
HMICE D RBFC, B THL, MHBENEOR/MEEHNE LAYy V2= Y JHETY. 22
T, FEICEMOBD>BIT, HEIEROMERE AL —Yay) »ofgsh, #tHoLTo
TEEDIL I NG &, ALFOWMBD5E T 3 5 EFIFEM (serial machines) (ZDOWTHER L F 3. ARRE
&, FEEPE SN BIHFPICL > T, FO3DICRMENET.
LA—=7>ay 7R (2251 #)
DI SN D EMOMEF TP F > T wn
2. 70— 3y 7R (2252 )
BAFEAVILEL S 2 B O N 5 1F L
3.Va7vay 7HE (2253 i)
FAEEDEL S N B BEMONEFE A D SNTWED, TROSDIFIFMERET L IR R >TWTH
v, 7=y a3y 7HEO .
UTFT, Eid1~-30pEZHMLET. LEIZS U T [Numerical Optimizer/SIMPLE ¥ = 2. 7 )V |
WIZd % repsp DL D BFE TITE L 723,

2.25.1 #—Tv 3w JHRE

B FfE -7 a3y HE
3ODEEDNOEREING, 3 004FHEH L ELFET. BAEEZ NPT 5 Eh & BB IZ DL
DENZHEZOLNTVET.

SIMPLE fllES BB NTT -8B T L
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PESE 1 (BEME 1) | VB2 (BEBR2) | TEE 3 (BEAR 3)
fhdia | 5 FFRY 8 IR¢ 4 IRy
fEFb | 5 REH 4 WRgH 6 IRE[H]
g c | 6 BEH 5 IREH 5 IRE[H

FAEMAMEFE L UL L T2 I, MMoEEL BT 2RI EA. T, SMEEL LMY
BIEFICHIRIZD ) FHA. ZOBREGOREOIERDTE TR RNE %25 L HI12T 51213, Kt
FHELO L) ITEMICE D IR NTL L O 2. 4B, TXRTOMEFEEZEZ S F TORTERRIZ
KR T30RMETELET.

COMEEBERHHNE ATV a—) Y IHETESMET 5 L, BIZITLTORICRY) £
FAFOFEEIEIFERFIIE 2 DL EMAE SR W E, ¥ I -FHEE2HWTEBL TW R HITER
LT 723w,

machinel PR 1, AR R 1
machine2 BB 2, GRS
machine3 BB 3, ARG 1
di FI—HiE 1, RIS
d2 I —HiE2, faEEIC ]
d3 I —HH 3, feERIC ]
E—FK
mode_a_1 WLIRIRE [ -5

VFERE : machinel, d1 & ALBRRE R HE IS 1
mode_a_2 LI [ -8

VFERE : machine2, d1 & LRI HE IS 1
mode_a_3 MLFRIRF [ 4

V¥ ¢ machine3, d1 & QULBRIRF ] 12 1
mode_b_1 MLERRER -5

V¥ machinel, d2 % QLBRRE R HH 12 1
mode_b_2 MLFRER [ 4

VBERE © machine2, d2 & ALBRIRE R H R 1C 1
mode_b_3 MLIRFE[H -6

V¥ machine3, d2 % QLBRF R HH 12 1
mode_c¢_1 MLIRFF[H -6

VB machinel, d3 % RUBRIRE I HH 812 1
mode_¢_2 MLERBER -5

VB machine2, d3 = LBERF P12 1

SIMPLE fllES BB NTT -8B T L
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mode_c_3 JLBRIRE -5
V¥ - machine3, d3 2 JLBLEF I HIHIC 1
TI9T1ETA
acty 13 a DIEE 1
ALFE— F : mode_a_l
acty fgi a DIESE 2
LHE— F : mode_a_2
actgs HEH a DIFE3
MLPE— F : mode_a_3
actp b OIEE 1
WLEE— R : mode_b_1
acty 3 b OEE 2
MLIEE— F : mode_b_2
actp3 5 b OIEE 3
MLEEE— F @ mode_b_3
acte 3 c DIEE L
FE— N : mode_c_1
act.n 3 c DfEE2
WFE— N : mode_c_2
act.3 3 c DIEE 3

MLFEE— F : mode_c 3

HrB% (&/Mb)

completionTime

R DIVEEDTE T RH)

24 1 —JVHEBRY

T

RRT30KHET S

% SIMPLE TRtk 5 XKD L H IR T5.
BB, TI7T4ET 405 BICHETE- FEATTD, HFH - 1EBEOKMAGDLEIIRH L TEDE—
FASRHE T 5 E W) 4 AvailMode ZHE L, Thx5 e LTELTT.

openshop.smp

/1 VeSS
Set J; // HFE

Element j(set = J);

Set S; // TE3E

SIMPLE flz&s
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Element s(set = S);
// E— NS

Set M;

Element m(set = M);

Set AvailMode(name = "AvailMode", index=(j, s)); // FAEFOF XL = 3 ViIZBW TR
NbE—-F

/7 BIRES

Set R;

Element r(set = R);

/1 VEER &

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

/7 RS

Set T; // A7 Y 2— VR

T ="0..30";

Element t(set = T);

/] T T 1T 1 (B

Activity act(name = "act", index = (j, s), mode = AvailModel[j, sl);

/] ER

// R

ResourceRequire req(name = "req", mode = M, resource = R, duration = D);
// B

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

capl[r, t] = 1;

/1 HER%L
Objective f(type = minimize);

f = completionTime; // HIRDIEFEDSE | KK/ Mb

7/ SR IR I I D R e

options.maxtim = 15;

/1 K

solve();

SIMPLE fllES BB NTT -8B T L
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/] FEROREHENT)

simple_printf ("act[%s, %d] = %d\n", j, s, act[j, s].startTime);

>

FE28 PIREDRE

i

F—=F T 7 A NVERDE IR T

data.dat

[a, 1]
[a, 2]
[a, 3]
b, 1]
b, 2]
[b, 3]
[c, 1]
[c, 2]
[c, 3]

AvailMode =

mode_a_1
mode_a_2
mode_a_3
mode_b_1
mode_b_2
mode_b_3
mode_c_1
mode_c_2

mode_c_3

req.dat

req =

[mode_a_1, machinel,
[mode_a_1, machinel,
[mode_a_1, machinel,
[mode_a_1, machinel,

[mode_a_1, machinel,

[mode_b_1, machinel,
[mode_b_1, machinel,
[mode_b_1, machinel,
[mode_b_1, machinel,

[mode_b_1, machinel,

[mode_c_1, machinel,
[mode_c_1, machinel,

[mode_c_1, machinel,

SIMPLE flz&s

[mode_a_2,
[mode_a_2,
[mode_a_2,
[mode_a_2,
[mode_a_2,
[mode_a_2,
[mode_a_2,

[mode_a_2,

[mode_b_2,
[mode_b_2,
[mode_b_2,

[mode_b_2,

[mode_c_2,
[mode_c_2,

[mode_c_2,

machine?2,
machine?2,
machine?2,
machine2,
machine?2,
machine?2,
machine?2,

machine?2,

machine2,
machine?2,
machine?2,

machine2,

machine?2,
machine2,

machine?2,

1]
2]
3]
4]
5]
6]
7]
8]

1]
2]
3]
4]

1]
2]
3]

[mode_a_3,
[mode_a_3,
[mode_a_3,

[mode_a_3,

[mode_b_3,
[mode_b_3,
[mode_b_3,
[mode_b_3,
[mode_b_3,

[mode_b_3,

[mode_c_3,
[mode_c_3,

[mode_c_3,

machine3, 1] 1
machine3, 2] 1
machine3, 3] 1

machine3, 4] 1

machine3, 1] 1
machine3, 2] 1
machine3, 3] 1
machine3, 4] 1
machine3, 5] 1

machine3, 6] 1

machine3, 1] 1
machine3, 2] 1

machine3, 3] 1

MRS NTT FT—FHIEVRT I
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[mode_c_1, machinel, 4] 1 [mode_c_2, machine2, 4] 1 [mode_c_3, machine3, 4] 1

[mode_c_1, machinel, 5] 1 [mode_c_2, machine2, 5] 1 [mode_c_3, machine3, 5] 1

[mode_c_1, machinel, 6] 1

[mode_a_1, di,

[mode_a_1, di1,

[mode_a_1, di,

[mode_a_1, di,

[mode_a_1, di1,

[mode_b_1, 42,

[mode_b_1, 42,

[mode_b_1, 42,

[mode_b_1, 42,

[mode_b_1, 42,

[mode_c_1, d3,

[mode_c_1, d3,

[mode_c_1, d3,

[mode_c_1, d3,

[mode_c_1, 43,

[mode_c_1, d3,

1]
2]
3]
4]
5]

1]
2]
3]
4]
5]

2]
3]
4]
5]
6]

1
1
1
1

[mode_a_2,
[mode_a_2,
[mode_a_2,
[mode_a_2,
[mode_a_2,
[mode_a_2,
[mode_a_2,

[mode_a_2,

[mode_b_2,
[mode_b_2,
[mode_b_2,

[mode_b_2,

[mode_c_2,
[mode_c_2,
[mode_c_2,
[mode_c_2,

[mode_c_2,

a1,
a1,
a1,
a1,
a1,
di1,
di,
a1,

a2,
a2,
a2,
a2,

d3,
a3,
a3,
a3,
a3,

1]
2]
3]
4]
5]
6]
7]
8]

1]
2]
3]
4]

1]
2]
3]
4]
5]

[mode_a_3,
[mode_a_3,
[mode_a_3,

[mode_a_3,

[mode_b_3,
[mode_b_3,
[mode_b_3,
[mode_b_3,
[mode_b_3,

[mode_b_3,

[mode_c_3,
[mode_c_3,
[mode_c_3,
[mode_c_3,

[mode_c_3,

d1,
a1,
d1,

a1,

d2,
d2,
d2,
d2,
d2,

d2,

d3,
d3,
d3,

1]
2]
3]
4]

1]
2]
3]
4]
5]
6]

1]
2]
3]
4]
5]

FEATTBH L, FEEORGIEZ

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] =

13

13

11

SIMPLE flz&s
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A INET.

2.25.2 7JO—v3vJH&E

B %E 70->av HE

HfioAr—7> v ay THEOEMHEOT, KtE, 1B 1L ER 2 MEE3 OIHTRE I NN
Babnwb LEd. COREOREOIEEDT TRRADPRNE LD EHICTHIZE, EDXHIZ
M2 S ) IRIUET L VT L & )

COMEERFER T 5I121E, HMEEOWMHNT 2 HK T2 FOXTHNEZIMZ L8R 3
%8B, UFTTHWTWS <3 fTRezETiFE LET.

FEATHIEY

act,) < actyp a1, HFHaDEE 2 1287 T 5
act,p < acty; b3 a OEE 21X, EFHa DEE3ITEITT A
acty) < actyy b OFEE 11X, th3b OEXK 2128473 5
acty, < actys b OFEFE 213, AEFH b OIEE3 LTI 5
act.; < act., HFc D 11k, HFcolEE 2128735
actep < acte; i c DFEE 21, S c DEE3ITHITT S

LR DEATHIRI 2 I 2 72 SIMPLE D FIVIZLLT ORI D 3. M, BFORIEEZFEEIC2
DL AR 2 wERIE, BATHIR TERHEIN TV A2HFITEREL TL 23,

flowshop.smp

/1 VEERE

set J; // &
Element j(set = J);
Set S; // TE¥
Element s(set
/] B—FEE

Set M;

S);

Element m(set = M);

Set AvailMode(name = "AvailMode", index = (j, s)); // FALFEDOF XL —¥ 3 V2BV TRLE
ENBHE—F

/] BRES

Set R;

Element r(set = R);

/7 Ve S

Set D; // #%E— FOVEER ORA

SIMPLE fllES BB NTT -8B T L
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Element d(set = D);

/1 WSS

Set T; // A¥ TV 22— IVHH
T="0 .. 30";

Element t(set = T);

/] T T 1T 1 (B

Activity act(name = "act", index = (j, s), mode = AvailModel[j, sl);

/] R

// R

ResourceRequire req(name = "req", mode = M, resource = R, duration = D);
// B

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

capl[r, t] = 1;

/7 HEBE (et OVESED5E TR Df/ME)
Objective f(type = minimize);

f = completionTime;

/7 FEATHIF

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

/7 KIFR KR DR E

options.maxtim = 15;

/1 R

solve();

// FER O

simple_printf ("act[%s, %d] = %d\n", j, s, act[j, s].startTime);

T—=FT77ANME 12251 =7 ay FRE] Tl L7 data.dat & IRD req.dat Z A L 5.
reqdat [ZEATHIFI 2R IT 2L D, FI—BRELHCLLEPEL o2 BIBIEShTHWET.
req.dat

req =
[mode_a_1, machinel, 1] 1 [mode_a_2, machine2, 1] 1 [mode_a_3, machine3, 1] 1

[mode_a_1, machinel, 2] 1 [mode_a_2, machine2, 2] 1 [mode_a_3, machine3, 2] 1

SIMPLE fllES BB NTT -8B T L
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[mode_a_1, machinel,
[mode_a_1, machinel,

[mode_a_1, machinel,

[mode_b_1, machinel,
[mode_b_1, machinel,
[mode_b_1, machinel,
[mode_b_1, machineil,

[mode_b_1, machinel,

[mode_c_1, machinel,
[mode_c_1, machineil,
[mode_c_1, machinel,
[mode_c_1, machinel,
[mode_c_1, machinel,

[mode_c_1, machinel,

4]
5]

2]

[mode_a_2,
[mode_a_2,
[mode_a_2,
[mode_a_2,
[mode_a_2,

[mode_a_2,

[mode_b_2,
[mode_b_2,
[mode_b_2,

[mode_b_2,

[mode_c_2,
[mode_c_2,
[mode_c_2,
[mode_c_2,

[mode_c_2,

machine2,
machine?2,
machine2,
machine?2,
machine?2,

machine?2,

machine2,
machine2,
machine?2,

machine?2,

machine?2,
machine?2,
machine2,
machine?2,

machine2,

3]
4]
5]
6]
7]
8]

1]
2]
3]
4]

1]
2]
3]
4]
5]

[mode_a_3,

[mode_a_3,

[mode_b_3,
[mode_b_3,
[mode_b_3,
[mode_b_3,
[mode_b_3,
[mode_b_3,

[mode_c_3,
[mode_c_3,
[mode_c_3,
[mode_c_3,

[mode_c_3,

>

FE28 PIREDRE

i

machine3, 3] 1

machine3, 4] 1

machine3, 1] 1
machine3, 2] 1
machine3, 3] 1
machine3, 4] 1
machine3, 5] 1

machine3, 6] 1

machine3, 1] 1
machine3, 2] 1
machine3, 3] 1
machine3, 4] 1

machine3, 5] 1

FETTHE, SMEEORGIHAPUTO L) IZHhsh T,

actl[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

11

SIMPLE flz&s

MRS NTT FT—FHIEVRT I
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2.25.3 YaJyvavIiE

B FE aJiavHE
WOt —7r 3y TREOEFOT, FAFEILDTFONHIMBEIN LTI LS 2Vwb oL
LET.

PESE T (BBME 1) | TEE 2 (B¥Mk2) | 133 (BB 3)
fdia | 1 3 2
fEFb |1 2 3
e | 2 1 3

COBEDBRBOVEEDE TR RANE 25 X HI2T 5121, O X ) ITHEMZE ) IR X
WTL & 9D

COREIZ, FATHR ST OMICEE I N T .

FEATHIHY

act, < act,; fEFa OEE 11, EFHaDEEIITEITT A
act,s < act,n L a DEE3 X, EFaDEE 21287 T 5
acty) < actyy o DEE 11X, o DIEE 2 28T T 5
actpn < actys fEF b OFEE21E, b DIEE3ITHITT A
act., < act.; fEFc DEE 21, MEFHcDEE1ITEITT A
acte, < acles g c OIEE 11d, S c DIEE3ICEITT 5

EROEATHKE T HhHH5A6N5 X HICSIMPLE DETVETFT—F ZBIEL £
jobshop.smp

/7 VeSS

set J; // L&
Element j(set = J);
set s; // 1E%
Element s(set = S);
/] EB— VA

Set M;

Element m(set = M);

Set AvailMode(name = "AvailMode", index = (j, s)); // HHHFOF RV =T 3 V2BV TULH
SNBHE—F

/1 BIRGRE

Set R;

Element r(set = R);

SIMPLE fllES BB NTT -8B T L
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/1 VEER &

Set D; // &%E— FOVEFERH OiRK
Element d(set = D);

/1 WIS

Set T; // A7 ¥ a— VIl

T="0 .. 30";

Element t(set = T);

/] T T4 T4 (R

Activity act(name = "act", index = (j, s), mode = AvailModel[j, sl);

/] R

/] LG

ResourceRequire req(name = "req", mode = M, resource = R, duration = D);
/7 BB R

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

capl[r, t] = 1;

/7 HRBE GRROVEEDSE TIRZ O H/MEb)
Objective f(type = minimize);

f = completionTime;

/1 SFEATHIR

Set Prec(name = "Prec", dim = 3);

Element u(set S);

Element v(set = S);

actlj, ul < actlj, vl, (j, u, v) < Prec;

/7 RIFRKIR R DR E

options.maxtim = 15;

/7 K

solve();

/] REROREHEN )

simple_printf ("act[%s, %d] = %d\n", j, s, act[j, s].startTime);

T—=F 7 7ANVIE [2252 70— 3y FRE] THH L7 req.dat £ IRD data.dat ZHEH L 9.
data.dat

SIMPLE fllES BB NTT -8B T L



225 YaJyvavIRyIa—-UVIHE

159

[a, 1]
[a, 2]
[a, 3]
b, 1]
[b, 2]
[b, 3]
[c, 1]
[c, 2]
[c, 3]

AvailMode

mode_a_1

mode_a_2

mode_a_3

mode_b_1

mode_b_2

mode_b_3

mode_c_1

mode_c_2

mode_c_3

FAT B L, SERORBIEAPUTO LS ICHh ST T,

actla, 1] =0
act[a, 2] = 14
act[a, 3] =5
act[b, 1] = 5
act[b, 2] = 10
act[b, 3] = 14
act[c, 1] = 10
actlc, 2] =0
act[c, 3] = 20
2254 URTIa—UVIHRE

FEBEOBYTIX, B DI L7250 RBH RS L2FNPLIELIED Y 5. 2044, &
FORrVa—NVEBEEL, FEEEELLR BHEASrYV2—-VEHMAELTT. T X)) LHE

FVAF V2= Y FHELERFICLET

SIMPLE flz&s

MRS NTT FT—FHIEVRT I



160 EoE FIEDEN
W fE VRFTa1-YU IR
MDY a7y ay THEEZRCRER, STEEORGREZNL,
PESE 1T (B 1) | FESE2 (B 2) | 1ESE 3 (BRk 3)
HFEa o 14 5
%Hb |5 10 14
H:5c | 10 0 20

ER) I LA

ML, SEEREILRET IR T L
BEDINIIAT V2=V 2MAEFITINTL & 9 D

CDRAT Y 2= WIZFED TR 28R L CTW2iT, 10 BRI 2B X 7201 C, B2

C OB EDORBEDIVEEDE TR RN R D L H I

COMEZLR T HI21E, BEDOR T Va—VEEET LL, 77717 1 EEREE (fixActivity)
HHTAILERHN) T, 72, RROAT V22— VBRI RECEIITTHE, ETOMEEI
473 % sourceActivity (HEJTEFREINTWVS) L) EBTHIMNZRLR T 2 LEFH Y £7.

Dbz btazzsl, L LTEFHZCUTOL0MbY) 7.

7771 ET 1« ORBEZIEE

fixActivity(act, ) .startTime)
fixActivity(act, 3.startTime)
fixActivity(acty ) .startTime)

fixActivity(act,,.startT ime)

7754 ET4DE—KNEE

fixActivity(act, 1)
fixActivity(act, 3)
fixActivity(acty 1)

fixActivity(act,)

FEATHIFY

sourceActivity < act,, 10

sourceActivity < acty, 10
10

sourceActivity < acty3,

sourceActivity < act, 1, 10

SIMPLE flz&s

55 a DIESE 1 DFIGRR % 0 IZEET 5
2 a DS 3 OBIIREZ % 5 ICHEET %
3 b DESE | OB %2 S IZHEET 5
2 ¢ DS 2 OBIRZ % 0 ICHEES %

L3 a DEE 1 DE— F% mode_a_1 IZEHET S
i a D13 DE— F% mode_a_3 ICHET %
HF b OFEFE 1 DE— F% mode_b_1 IZ[EET %
HFHcOEE2DE— F% mode_c 2 IZHEET 5

g a OFEE 213,

W

HFb DE2 213,

W

b DFE 3 13,

W

g c DIEHE 113,

vy

FE4) 10 LRI I3 S e

BE4) 10 LRI I3 X 7z

BE4] 10 LRI I3 X 7z

FE4) 10 LRG3 S 7z

MRS NTT FT—FHIEVRT I
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sourceActivity < act.3, 10

161

L3 ¢ DFEE 3L, W4 10 a3 S
W

F 7o, BeEb 203, B 10 05 5 R

BIET 20T, BESPDTOMIEBIESNET.

machinel

machine2

machine3

PEAR 1, GRS 1

B 2, bR R R 10 DIE 15 K 0, Z OftiE
121
PEA 3, it

=N

L

Wiz

Z N % SIMPLE T
jobShopRsch.smp

ST A ELUTORRICRY T4,

(= ey

set J; // &
Element j(set
Set S; // i
Element s(set
/] B—FEE

Set M;

)

S);

Element m(set = M);

Set AvailMode (name "AvailMode",
INbE—F

/1 BRES

Set R;

Element r(set = R);
(=L E ey

Set D; // 4 FE— NOVEERH O
Element d(set
/7 WIS
Set T; // A7 ¥ a— VHH

T="0 ..

D);

30";

Element t(set
/] T2 74874 (EH

Activity act(name

T ;

"act", index

/) EEREE (BH)

ResourceRequire req(name = "req",

SIMPLE flz&s

G, )); /) BHFEOFRL - 3 YIZBWTLH

index =

(j, s), mode = AvailModel[j, s]);

mode = M, resource = R, duration = D);

MRS NTT FT—FHIEVRT I
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/1 BHEBERE GERD

ResourceCapacity cap(name = "cap", resource = R, timeStep = T);
capl[r, t] = 1;

cap["machine2", t] = 0, 10 <= t <=14; // WIS

// BIBE (Rt DEED5E TR O /ML)
Objective f(type = minimize);

f = completionTime;

/7 FEATHIR

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

act[j, ul < actlj, vl, (j, u, v) < Prec;

/% === VAT V2= Y T DOBOHIFK - */

// #FE O .. 10) DAF T 2—VE[EE

Set FixAct(name = "FixAct", dim = 2);

Parameter fixTime(name = "fixTime", index = (j, s));
act[j, s].startTime = fixTime[j, s], (j, s) < FixAct;
Parameter fixMode(name = "fixMode", index = (j, s));
act[j, s] = fixModel[j, s]l, (j, s) < FixAct;
fixActivity(act[j, s].startTime, (j, s) < FixAct);
fixActivity(act[j, sl, (j, s) < FixAct);

/) BMEOT a TUSMIAT v T 10 PENZRTIE RS W
Set NotFixAct(name = "NotFixAct", dim = 2);

NotFixAct = set0f((j, s), (j < J, s < 8)) - FixAct;

sourceActivity < actl[j, s], (j, s) < NotFixAct, 10;

options.maxtim = 15;

solve();

simple_printf ("act[¥%s, %d] = %d\n", j, s, act[j, s].startTime);

T—=8 77 ANV [2252 70— g3y TR TR L7z req.dat & RO data.dat ZFEH L £
data.dat
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AvailMode =

(a,
(a,
(a,
(b,
(b,
(b,
[c,
[c,
[c,

)

Prec

1]
2]
3]
1]
2]
3]
1]
2]
3]

al3

a3 2

2

b 23

c1l3

fixTime

fixMode

mode_a_1
mode_a_2
mode_a_3
mode_b_1
mode_b_2
mode_b_3
mode_c_1
mode_c_2

mode_c_3

[a, 11 0 [a, 3] 5 [b, 1] 5 [c, 2] O;

= [a, 1] mode_a_1 [a, 3] mode_a_3 [b, 1] mode_b_1 [c, 2] mode_c_2;

AT B L, FEEORIBIAAL T O X5 S S hE T,

act[a,

act[a,

act[a,

act[b,

act[b,

act[b,

11 =0
2] =19
3] =5
11 =5
2] = 15
3] =21

SIMPLE flz&s
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act[c, 1] = 10
act[c, 21 =0
act[c, 3] = 16

(226 Bt

Z 2T, BERERTHEHOCIEZEAL 9. Vector/Matrix 7 T A2 FIHT 5 &, EREE
T % W72 MEGER LS 2D $9.

B fiE

B B WIS/ NFERDS 3L, PR 2K, BEFRP 2 KD D, ZNENDOFRIZIIAFED
ANBHIRATD 5NTEY, LOFKRNEFT 2 HhOBRMELEI Do TVE LTS

WE, HIFEEONERAFTFEGANEETFUT L L, IEK2 OAFEE EREZRIRICEZTL
F oz, INFRE2 D ONFER L, INFRE 3 ANDAFEENBOMEERITH) LIS L. ZOEE
DWHEDG- 2 5N BREMERIH o THER, BEARICHEY T EMRE L8 &, A%H LR
Rz L, 2RO NBFRETHIE L2 WIE, Y0 X9 2 NBEREZITTZ 13X v,

BFRIIIAFANED
ER2DH 5

INERE L

IR 2

IR 3

R

[ﬁ%ﬁé%@%%ﬁ%ﬁ]

HzbhTwb

Z Of#}# % Numerical Optimizer THf { 720012 E X b2 TV 5.

RN, NFRE2 DN NDFIENE x ENFRE2 P D/NFRE 3 ~DFRBEAN Ty L LES. H
BRI OR/MET SO Tx+y £ 0 3. 7o, BIEMEEZEZET S EARIBKEL &
B0% T ITIRERAERE LTk, BONMOMEREMEICHO THDHEI ZLIcLET.

RICHIF M2 EZ 2T, 3, ABRARIZOWTORIYE LT, JEARK, BIXOHRBEAKROR
FANFK 2 DAFETFEANBZBZ TR ROV EWIGINDH D 3. T/, KEBHERICHEST
e L7 a I N ZNOERO AANBHIR 26723 2w #llRAxH ) 7.

UEZSAFZTRO L) IZESLSI T 7.

&4
E = {E1,E2, E3} INFR DA

SIMPLE fllES BB NTT -8B T L
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J={J1,J2) HEEROEA

H = (H1,H2) i K Sy

EH

EJj,ecE, jel FNFRLI B KPR D BT
JHj,jeheH F R B K RPN O BRI
flow,,e € E BINFAND ANFETF BN T MV
Eup,,e € E BINFRED NFEH LR 7 b

Jupj,jeJ B NFH LR v

Hup,,h€ H BEELRDO NFH LR T I v

8

x INFRE 2 M BN | ~OFEENEL

y INFRE 2 B BNEARE 3 N D TR N EL

X, e€E NBGEREER D FNFRAND NF NS P v

Xg1 = flOWEl +x
Xp2 = flowps —x—y

Xg3 = flowgs +y

HrB% (&/Mb)

xX+y N B D wR/ME

il

%y >0 IR

x+y < flowg, AN BOBANTINFER 2 ~ND N FETFENE E
R TIE bW

X < Eup F/NFALD NF N DR

XT-ENT < Jup B RO NFE N OHIBR

(X" -EJ-JH)" < Hup BEEFRDO N FENEOHIR

WIS, N7 MVETHZTF—F 77 A VD552 % SIMPLE EF VAR LET
TPM.smp

/1 FEERT

Set E; // /NFAL
Element e(set = E);
Set J; // WFK

Element j(set = J);

SIMPLE fllES BB NTT -8B T L
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Set H; // BHHFR

Element h(set = H);

/] INTA—%
Matrix EJ((e, j)), JH((j, h));

Vector flow(e), Eup(e), Jup(j), Hup(h);

/1 B
Variable x, y;

Vector X(e);

X["E1"] = flow["E1"] + x;
X["E2"] = flow["E2"] - x - y;
X["E3"] = flow["E3"] + y;

/7 WK G

0 <= x;

0 <=y;

x + y <= flow["E2"];

X <= Eup;

trans(trans(X) * EJ) <= Jup;

trans(trans(X) * EJ * JH) <= Hup;

/7 HEB%
Objective obj(type = minimize);

obj = x +y;

1/ KIE

solve();

/7 FEFRT
x.val.printQ);

y.val.print();

T=87 74NV (esvIBR) ZUTDOLH IR 7.
BNFRANDRNFENBE BN DR O BEIEFRITY
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flow.csv EJ.csv JH.csv

e, flow EJ, J1, J2 JH, H1, H2
E1, 200 E1, 0.8, 0.2 J1, 0.6, 0.4
E2, 280 E2, 0.4, 0.6 J2, 0.45, 0.55
E3, 200 E3, 0.3, 0.7
BHRD AN LR

Eupper.csv Jupper.csv Hupper.csv

e, Eup j, Jup h, Hup

E1, 240 J1, 360 H1, 360

E2, 240 J2, 360 H2, 360

E3, 240

COEFNVEFEFTDHE, x=152907, y=247093 2CRKE D 9. ZOHE, DT X IHEET
ENEDH2Y 5.

IR 3

B, AHTHWAT =2 TIIHWBEBIE RN E 2 2MPEBAAFIELET. ok, LRl R
BEPRKEDLZEDNDHY IT.

~Fy A L—7 - NoO—X—HEiT51

V13 2 S 72138 A E 7z Vector/Matrix 27 5 A DEWITIZENS 720, REILMETIEH ) FEA
B, A—=T - Ryu— A HTH RO TAEL L ). TOREIX[8) 2 BE LM E LTWET

W BIE
ROITHNA D, A—7T + X 0—Z—EHFT5] A* ZRKD X
1 -1 1
11 -1
A=
-1 1 1
111
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AZmxn T T MBI RN A =y 2 x ZFO LI Ly ITH LT, x=Ay DBZOHEAD
—ODRELRDYE, nxm AT A~ &2 A O—#FTH LV FE T
A D—HHATHNE, KOANHRKDLZ LB TEET.

AATA=A

—EIC AT IE—EIZET D FHA.
159 M OFEEO—WITH % M~ ERTEE, ADL—T - R0 —X—fEWirH) A+ 1%

AT = ATA(ATAATA) AT

EELZENTE, TNE—EICEFVFET. 22T, ATIX A DELTHITT.
X oT, ATAATA T § 5 — i 15 % —oRDIE I W2 &b b 5.
YEXD, RokHizeftTcsxFd.

=4
M 1T
N il
T
A,,mEM,neN TEFATHI 5
8
X, ieN,jeN LERATHNIR ST
E):pJeak
Z OMEICH BB EW
LSk
ATAATAXATAATA = ATAATA X 12 ATAATA O— 35475

TRAL L 7K H % SIMPLE Tt $ A5 LT X124 0 9.

MPpseudoinverse.smp

/BB ERT

Set M;

Element m(set = M);

Set N;

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

/] INT A—%

SIMPLE fllES BB NTT -8B T L
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Matrix A((m, 1)), B((i, j));

B = trans(A) * A * trans(A) * A;

/] ZEH
Variable x(index = (i, j));

Matrix X((i, j));

/7 TR S

B * X *x B == B;

/] D=7 « Rya— X —fELTH
Matrix A_plus((i, m));

A_plus = trans(A) * A * X * trans(A);

N

solve();

/1 RERT

for(int k = 1; k <= N.card(); k++){
simple_printf ("%5.4f ", A_plus[k, m].val);
simple_printf ("\n");

}

X[i, j1 = x[i, j1; /7 4750 x \CEH x 2i50AE

169

esVIERDAT 7 7 A NVIEUTOLE 2% 9,

A.csv

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

%I

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

SIMPLE flz&s
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1/4  1/4 -1/4 1/4
AT=| -1/4 1/4 174 1/4
1/4 -1/4 174 1/4

THHIENbNPY 7.

SIMPLE fllES BB NTT -8B T L
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