BHANE St S5eR R RS

AT EEA A LINGO B SKRAFLEDT . GBI Ti 78 897 1 i LA 1) 5
il

§1 2yt Iyt in il J FLRY

M EERES, iy BRI R B I, AR R R TR AR
ey (HENRETD), $RAEE Z 0 i e T TRk B R K E i, R i o
W (FREES)D & FME. ez, sy IR IR AR, 3 93 10 2R AR
(TFRBESD) & bTb, AR BEN e 12 TR W AR =i (R B A 58 R 2 3 1)
TR AE N KIIAVLHL, A FHATFARE . BN F IR, BATEZAIAN
LTRSS Ik BB Cequilibrium), RIAF=RI 9% (LN A AT SRAE T IAF)F
5, AR, X SR S T R SR .

I T R A ] B ) S — T 3 KOS T R AR S, IR 2 4 B s i SR AR AR
SE SRR ), AT AL S5 1) R ) N S 4

1.1 R, il I e

Bl 1 ARET E R —AMERE GEOHD F— M Qe ). SRR R
fts AATTAEA RIS T I HER BE ) FITG SR AE )Wk 1 iR, 2305kt &P & X
JT: MEMIET 2 IR T AT LT, FUEREA 2t R, SRR K 8t
s YN ETEURT 9 JIJTH KT 4.5 Jigoht, QIR 2t po i, FHEE AR 8t
P RIREHE . B A RTINS N %A 2 D 2

!

KL ARG T RN E AT KA

A (D HIE (L
A I8 PENfEd) (O A 5T i RKAETT (D
1 2 9 2
2 4 4.5 4
3 6 3 6
4 8 2.25 8

(D) )8

FAMEE— TR 1 gl DUE ok, XA EAR R ML —H TR HENE
RINZSE 3 JiTtit, BUNMLER EETR P (B 600 A T REMS A FI— MG o, F it
FENTARAGHE IR AR L IX A 1) 85

XA ) S NI S — EN AP 3 WA I H AR R B, ARG — M . A
i, FRATAT DA AN R AR ) B BRI R AN R R RS R, Al T 2T
Lo A, KT A CIRTF RN, AR S DURT RE I B AR A A% A HR g 312
FEh, PR BRI S R AR S22 &, EHEBIE— B IIAS S R AT E O k. N, ITAA
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2t AR 2 LA 1 T T A RIS, BL 9 JTTCHI AN SE4s £ BT ORI 2t 7 A
LU 2 JrJuity s W SR, LA 4.5 J7 U S24 £ R ORI 2t 7 il L RELL
3 T TC g ISR, LD 3 T ey Se4y 40 LSRR S fh L R A, H
AR BOX B Gy kA, BlnAl oy 748 A CREMBUR B0; fea, Wkfhgk
KT s 40 M@ oA, FTLMb B EARA S . B, i S mks
& 3770, MRIEXAMEE, T T AT LU LA i A e ME R

(2) AT

PG WHLL L Jio6, 2 J576, 3376, 4 JJIcH A& e i Ao Gz

£ A X, Xy, Xgy Xy s LBL 9 JITT, 45 J5TG, 3 JiUG, 2.25 J3 TGN G I
%ﬁ% (Eﬁ’fﬁ t) %%U% y1|y2|y31y4°
E bRk g e LA i i SR, |/

9y, +4.5y, + 3y, + 2.5y, — X, — 2X, —3X; —4X, D
LIRS
4 4
BT Y x =Dy, (2)
i=1 i=1
HENiBRE x <2, 1=12,34 (3)
MRSy, <2,1=1234 (4)
jEﬁBE%U Xi’ yi >0, i =1,2,3,4 (5)

(3) ALK figt
X (D ~ (5) B ANEMEMRIEAL, FTELH LINGO Kfi#, %MK LINGO ¥
W
model :
sets:
gx/1..4/:cl,c2,X,VY;
endsets
data:
cl=1 2 3 4;
c2=9,4.5,3,2.5;
enddata
max=@sum(gx:c2*y-c1*x);
@sum(gx:x)=@sum(gx:y);
@for(gx:@bnd(0,x,2);@bnd(0,y,2));
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end
SRR, 32U R i

Global optimal solution found at iteration: 5
Objective value: 21.00000
Variable Value Reduced Cost
Ci1( D) 1.000000 0.000000
C1( 2) 2.000000 0.000000
Ci( 3) 3.000000 0.000000
C1( 4) 4.000000 0.000000
c2( 1) 9.000000 0.000000
Cc2( 2) 4500000 0.000000
c2( 3) 3.000000 0.000000
c2( 4) 2.500000 0.000000
X(C 1) 2.000000 -2.000000
X( 2) 2.000000 -1.000000
X( 3) 0.000000 0.000000
X( 4) 0.000000 1.000000
Y( 1) 2.000000 -6.000000
Y( 2) 2.000000 -1.500000
Y( 3) 0.000000 0.000000
Y( 4) 0.000000 0.5000000
Row Slack or Surplus Dual Price
1 21.00000 1.000000
2 0.000000 -3.000000

(4) SRR

MULEH, BIRBAX, =X =Y,=Y,=2, X=X, =Y, =Y, =0. HREEHK
PRI AT AR, LRI T, U I8 B4 3 T e S i
A . BAREGKAUEX, =X, =X =Y, =Y, =Y, =0, X, =Y, =0l

EAE— B O B2 AE LR UE & SR HH XM o

IR AW A ERE T F A IE ? RS — MR T A R (2) KR
(dual prices) 55 3o XS XCFREE TO0HE, RN I 2 o (10 A7 g J ) 4L o
PRI AR H AT AT ST 0, 570k —3, S A 1d n A e I i — MR
/IR CRITFR AR B N — MR/ DD, 51 A ZEHS B B HUR A0E IX AN /N 3 i
UL, BRI A AR A 3 10, RETHE M.

(5) By Jie

i, Rl DU R IR fE T BEAN AR I A D2 D KB, R AR AL X T
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[P, Pe) B SRR Z e (k=12 K5 0<p <P, << Pyyy =0
0=c,<cC <C, <---<Cy ), HMURXARERRZFN N R GXHE R — Ak
BRI o [RIEEL, B S 1R S RE DT BN A% (AR AL 00 20 D L BE RIMATRSAL T DX 1A (0,4, 0]

i, WREREZNd; (j=12,--L; ¢ >-->q >q,,=0; 0=d,<d, <---d ),
FAHERA BRI N R e G2 — DR D .
B LA py MRS K™ i X, (K =1,2,---, KD, ZLhg; IR I A K™

MR Y, (=12, L0 iy =dy =0, MR LA A F s i 2 LRI 1L -
L K

max > q;¥;— >, X, (6)
-1 k=1

s.t. ZK:XK—ZL:yj:O (D

k=1 j=1
0<x, <c,—¢,, k=12,--- K (8
0<y;<d;-d;,, j=12,---,L (9

1.2 PAEPR . PN SR IS T

fl 2 m LB TH LM LAL, A S ANE R GEAND FS A
P GEA 1D, ARIHEARDHS N PN BT T REE I WK 2 Proas. toh, AH
B E T RORE ™ S SR AE 1.5 378, AT 1) £ AR ™ g I8 5 A 2 2
176, MH . ZZEEAABEA, A T ZRBATIS A . XN, T hiEsEmts
INATYE 2N ORI TSE e YSE 24k v N B 7l VS AE A4

K2 AFASE T AP BE AN B fE

PR CAD R CT)
AN (I TE HNEES (O Hf O5T PERfES) (O
2 1 15 1
4 4 8 3
6 8 5 6
8 12 3 10

(1) [y
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15, BAVER M2 Z2 8 P8 2T (7 5 s i oA NN RS B 2 21
P2 PSR SA o WHRANE [EX SIS lAS, BAT T LA W T A TRl — i
by DRI DR AN AR R CRANRD (RN bR S e — NN R 5, & G 3t T LA
IR EAR BT — AN R 20, LT T sk s Bt ol LS Tk — R ek
5, GHEHAT LT BRI — N . R, s RIE T 6 1 ST

WU, FRISHMAAELT S L&, NYRANF LE—AT1 (X
BUEZO, MR T 2SNy (MXEE ). 185 sA o] R 48 XCBAE A,
FIREA A IIAZAE, AT EH N AT RE AN 1

TR 1 () S8R, AT A NI A () R P 4 P R R A

(2) TRy g S SR A

WL L, 2, 3, 4 U770 KSRGS I B S EicE CRAL: © 205002 AL A, AL A,
LLUL9, 45, 3, 2.25 (3700 HYHANTE LR mh B CFRAz: © 2000 Xy, X, Xg, Xy
ﬁ‘ju 27 4’ 6’ 8 (ﬁﬁ) E‘qu‘ﬁﬂ%thﬁgﬁlﬁéﬁﬁ (Elfi’fﬁ: t) éj\%IJZEé Bl’BZ'B3’B4’ T

[;L].S, 8, 5, 3 (ﬁfm) E@ﬁjfﬂ)ﬂ\@g’i‘EQFF%%ﬁ% ($4j: t) %%U%Yl’Y27Y3’Y4° .[H:&F:

B AXCRTAY 4R A0 T (00 SR, BX AT BY MBI LRI T T
BOMs YA R I 3 5 LR R 1.

7 e gk

By, 8y, 5, B,

SN s el PSS

H bR R BT IR B P22 B 7 1R R AN, 2RI AR2 DU (b P-4l L PR B
i SR FRAANAR R, ANRL I BT AR A RN %02 AR 18 1 P f gsie
PAIPS ¥

AX+AY =A+A + A+ A (10)
BX+BY =B, +B,+B,+B, (11
AX+BX =X+ X, + X;+ X, (12)
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AY +BY =Y, +Y, +Y, +Y,

BEAMR B LY R SE B b — AN B A AR AR

N EAESA 1 LINGO F 7
model :
sets:

numl/1..4/:cl,c2,c3,c4,d1,d2,A,B,X,Y;

num2/1,2/:AXY,BXY;
endsets

data:

cl=9 4.5 3 2.25;
c2=15 8 5 3;

c3=1 2 3 4;

c4=2 4 6 8;

di=1 3 4 4;

d2=1 2 3 4;
enddata

max=@sum(numl:cl*x+c2*y-c3*A-c4*B)-2*BXY(1)-1.5*AXY(2);

@sum(numl:A)-@sum(num2:AXY)=0;
@sum(numl:B)-@sum(num2:BXY)=0;
AXY (1)+BXY (1) -@sum(numl:X)=0;
AXY (2)+BXY (2)-@sum(numl:Y)=0;

@for(numl:@bnd(0,A,2);@bnd(0,X,2);@bnd(0,B,d1);@bnd(0,Y,d2));

end

SRIFIZAEAY, #3200 2

Global optimal solution found at iteration:

Objective value:

Variable
Ci( D
C1( 2)
Ci( 3)
C1( 4)
c2( D
C2( 2)
c2( 3)
c2( 4)
C3( D
C3( 2)
C3( 3)

Value
9.000000
4_.500000
3.000000
2.250000
15.00000
.000000
.000000
.000000
.000000
.000000
.000000

W N P W 0

44 .00000

Reduced Cost
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000

O O O O O o oo o o o

(13
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C3( %) 4.000000 0.000000
c4( D 2.000000 0.000000
c4a( 2) 4.000000 0.000000
c4a( 3) 6.000000 0.000000
ca( 4) 8.000000 0.000000
D1( 1) 1.000000 0.000000
D1( 2) 3.000000 0.000000
D1( 3) 4.000000 0.000000
D1( 4) 4.000000 0.000000
D2( 1) 1.000000 0.000000
D2( 2) 2.000000 0.000000
D2( 3) 3.000000 0.000000
D2( 4) 4.000000 0.000000
AC 1) 2.000000 -2.000000
AC 2) 2.000000 -1.000000
AC 3) 2.000000 0.000000
AC 4) 0.000000 1.000000
B( 1) 1.000000 -2.500000
B( 2) 3.000000 -0.5000000
B(C 3) 0.000000 1.500000
B( 4) 0.000000 3.500000
X( 1) 2.000000 -6.000000
X( 2) 2.000000 -1.500000
X( 3) 0.000000 0.000000
X( 4) 0.000000 0.7500000
Y( 1) 1.000000 -10.50000
Y( 2) 2.000000 -3.500000
Y( 3) 3.000000 -0.5000000
Y( 4) 0.000000 1.500000
AXY( 1) 4.000000 0.000000
AXY( 2) 2.000000 0.000000
BXY( 1) 0.000000 3.500000
BXY( 2) 4.000000 0.000000
Row Slack or Surplus Dual Price
1 4400000 1.000000
2 0.000000 -3.000000
3 0.000000 -4 .500000
4 0.000000 -3.000000
5 0.000000 -4.500000
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(3) GEIHR
TOAEE], BAUH A=A =A=X,=X,=2, B =1, B,=3, Y, =1,

Y,=3,Y,=3, AX=BY =4, AY =2, A,=B,=B,=X,=X,=Y,=BX =0.

UL, FR T E2GE 8, AN L.

AT A REMETHEM e ? SHILSALL, 2 (20 JEATx A i F A A1
& tt, HETRASIUN0, 5270t —3, i o Ul RA i TG i — MR > 1
 CEIH AR I — MR D, SRR IZHTR R R 2 XA ME 3. 5%
R, BRI R A PR A B )0 T6, XA TR (R SN

SEARSRABI, AT LUKNIE A i N TG TS SRS 04 .50 AR, LTINS S
ABAES, TR HEEMERIEA.5, K AL TR, R T AT F-—
A RWA TSN ZEHET IR Q2N THRE/HEA (1.5, X
s ARH AL

(4) Ay

FTURIL . 14, R R R AR e tl, RIS RS I o 5O 7 5K R A1) 73 B
AREE R4, TRAT A RIEREEINTE .

IRERH, EHEIERE D BIAMBCE2A T, AR AT BRAS T3 K 15
o G BRI MRBA T AL, RN BB T L, FrpRik A E R —LL,

1.3 AL BhrRE

#13 st — FAA AT R ZAEMBIE SRR AMASE, RAERE H IR BObR A $2
LB BT, B R TR B4 BAR NIEchn 5. RERITH IR . BHRA
PRI H BRI i3 s i, A3 HAKR AR M M HAZARM,
Behr AL, 2, @R MME N HIA6, 1, 3, 2 (RHHAL, Wiie) . woh, &
BEREN B A BER ZR it 2 L REW S AT, JF HLAEAN SR NI S R i S A
REHL 31T A, MREEZIRMAEN 2N 57 SEARED XA SN BT [ R4

IS AN NAZ e 2 /D7
#3 MREEARER

FAPRI0 H 258 1 2 3 4 5
FAPRIOH % 1 2 3 3 4

Behr AL 9 2 8 6 3

. Bebr A2 6 7 9 1 5

BEFR .

AR A3 7 8 6 3 4

BeAr N4 5 4 3 2 1

(1) ]85 HT
XA FLAA ] ULE S s h v] 8 0 DU 5 BT bR B R AN AT HE 2 R g vk, 491 G my A
SR AR S N T m AR N o AEIX B T VEAS KU 2 R SR S (T 4
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Mo BT CAFRAT 13 Bk 2 A5 FH T P A9 5~ R 1R v, BRI AT — AR Rl i A S i Kk A
TR, AT FEE N7 IR A v 0 (1) 2 P R ARE AR

(2) A — AP vE RV

SEHEN MR, ARG SRAEA BRI, W n R TR B S, BB ) R

MR s (J=12,---,n) 5 fAmABRE, BhrEl (1=12,---m) X5 jK
Yo BRI A D by (RBEAEGD o Bebns DR e 2 W 35— 1, ELEFROANRE

I C o BAINHARZ R EHEL | RYEIHENR p;, EN AL T AIB B
G
D AR | R BRI s, (J=12,---,n) ;

VD X J RO IR T p;y MBR R AREIRAT S | Kb

VD LRSI | RIS T s, (j=12,-,n) Wk p, =0 (&
JE40357 B ARG

V) X5 | R IHATET p, B A BN | 2, (R A A
PO B, W4TV B 75 220 1 LR B K CHlEBET LAF Af

WO SRS L 2R ED
(3) fefeiny

FI O — 1A Bt X, R A A I —F5E | RO A BR 2, WX, = LRoR AL, i

X, = OFEAAMAL. U BRER BO3 48 2 LA T 1] BRI A R 4 A 4
AT ORI A D B

é;é;buﬂj (14)

FRAZ R IUE N OB ZI AL, il R 2T ARG A TR PSS BRI A ) 5 B 1
HVEEASBEbR NP BE 73 2 14 dh I ECRE BRI, B

D% <850 =121 (15)
i=1
DX <6y i=12,,m (16)
j=1
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R EAEAR (15) « (16) N Ab HAret% (14) .
(4) FEAY KA
25 IRIL INGOFE 4l -
MODEL :
TITLE 432 585,
SETS:
AUCTION/1..5/: S;
BIDDER/1..4/ : C;
LINK(BIDDER,AUCTION): B, X;

ENDSETS
DATA:

S=1 2 3 3 4;

C=3 3 3 3;

B=
9 2 8 6 3
6 7 9 1 5
7 8 6 3 4
5 4 3 2 1
ENDDATA
MAX=@SUM(LINK: B*X);
@FOR(AUCTION(J) :

[AUC_LIM] @SUM(BIDDER(I): X(1,J)) < SQ) );
@FOR(BIDDER(I):

[BID_LIM] @SUM(CAUCTION(I): X(1,J)) < C(1) );
@FOR(LINK: @BND(0,X,1));
END

TR, IR T DATATE A (80 6 2 4 MWORD LR & 4 (Cerll
+C) JERi (Ctr1+V) &K, B LU Rk kS AR E T WORD SRS 1) XU o

(5) KRS, FffRE

ATUUER], mRMER: B AL RIZAMNL, 3, 4, BbsA2, MBI ZARM2,
3, 5, B ANARBIZRMA, 5. 4R, H4, SRZARMSF T FRA AL

A2 fe] A RERF e VS M AR WE 2 S BILFIEI 29580, Z03R “AUC_LIM” 25 aE
ARG BRI, 6 R RS A S AR . RIS 2R T S ks 23
5, 5, 3, 0, 0. 4, SRZARMAFESE, PrLlEHME 0, X2/ R
i

AT LA AR s R TR o AN EESR X O O — 1AR e (R R I0~ 122 ] ) 5
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HO o BT RA R, SR X BB A0, EARL, AFRERO~12

[ e %, BT LART LUK L INGORE AL “@BINCX) ” B “@BND(0,X,1)” , Xk
PERLRI I 45 A 5 0 — DA LR R 79 2 1 45 A )

B, REFAE R ) 5 S22, BRI S bR (A2 TH, it
AR B AT H R DR O G BCSERR o H 0 R AT 8K 22 PR 16 PR 3R G it A2 A X AR A o A
FTARRRE SR CGRERZEHD 1, i BEAS T .

1.4 ST )

B4 FHAT W 2P~ — AN A B, SR EPER AT 6 T/ MNAEE N R IX A
WA TAEX Do S KEIMEE, TATG 2T BIrh o4k IE M ARy 4 10~ B AT B () 0
RERBZWMRR, MEAR, Ko, KURE, KR EH (e R 48 % -5
A ?

K2 —AaspoREE

KA VBT R ARG R 2 A 5 AR

18 jizd AB AC BC BD CD
B i Fig <2 20 52 12 52 20
AT ) =
(i) 2<mE<3 30 53 13 53 30
min
3<E<4 40 54 14 54 40

(1) [n) 534

TXA ) 1 S AR AT 5 T 1 LA 58 AN ], (RS2 B B AS Tl S T I 4 B i sh 2%
L, WAEEE M .

BATT ARG A — AN, IE AT LA (0 Brifs v 1) 35 w] LURRAR S T 37 R0
-, SERR I B TS PR AR n] LAk SR A I A o A8 T AT 1 R A gl e Al
A IEREAT A OO A 2] D g AT /D 2k, L08R I 25 L 18 T 18 B Ml 4% i 2
MWAEID, HREICWAPITNAZZE—FER (R, TE9% I R 4K BI04 2k i 1 i3 4y
AR B Ok, DAk B CRATBER D .

W2 U, KRG, R EARKIER LRkl 298RS (g,
XL SO BBV ZE AN RRAAGE I B G 1 o TE B, A AT RN D o 7R
FRAE T, FRAT R 2 PRI R

(2) Pt

AT R SR BT 1 B L IRk B, FRATIY AR A LRI 20K 25 1 1)
e SRR RS RN, B ATERREN RN T2, FRES
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Ao Ay AR IE N L EIELHBIE20, FOIm AR — 57 T 2L H O
S IR [1) 5 L () TE 5% o S S s AT I ] 2T it (0900 20 A 20t F AN TR i [ =
gy W2y, FATHY (AB) #oridik AB EREM R, Jhuk— B0 il =38
VAN

JT

i) HE AB LR A2 (R, T X (2, AB) Fr;

Fi) JB AB L[ B 2 A 3, 2003 4T X (3, AB) ot

Fii) JHH AB LRV R I SR AT, 3R 4 X (4, AB) £

WK, wHEH AC,BC,BD,CD E[ABEa] LLE R v A & . Rk, ) i
A 204 RS () AUX (L ) (i=2,34, j=AB,AC,BC,BD,CD) .

[ K BRI 25 R R b ZE I ) B o T (B, ) Fomiiide X0, J) o o i 0 ZE I

] (RS I, RMMEAET S RAEEM Y D T30 XA §) N

i=2,3,4 jhiElk

TR AR TR A0 o AR S BEAR - i 1000 N B PR 24 0 T E 2 3t 3 T TR 0E N B £
LD IR, RN BIN,  JRSETR RN 2/ sy b K RERE T (3, ) A ]

ik, WART J). Wit > TG )X J) AR, (12

i=2,3,4 jHIEH

FATEATEUREL, T, J) T 1A i, RIAS 80 i) 42 3 A2 8 LU A B 28

LT A v BE A DLRT M am ek g2 . T BL, R TR AR & X3, )
SOOI DX, §) S FATE LA H BRI R B, Rk, ) e
i=2,3,4 jHiE

> ST )X, J) i E R RO AL

i=2,3,4 jHiE
LIRS 2K
i) RRAEM L RIREY ST L X AL

i) EATITAE A B, C, D (R i 20 MU R SR CIE A S T B
FiiD PR IR, WX (2, AB)<2, X(3,AB)<1, X(4,AB)<1%,
TR R BRR A HE S (I
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(3) BEAYK AR

4 S LINGOFE /4 F
MODEL :
TITLE = @494 ;
SETS:

ROAD/AB,AC,BC,BD,CD/:Y;

CAR/2,3,4/;

LINK(CAR,ROAD): T, X;
ENDSETS
DATA:
V 432050 (>44):

T=20,52,12,52,20

30,53,13,53,30
40,54,14,54,40;

ENDDATA
[OBJ] MIN=@SUM(LINK: T*X); ! 04
V @4 % 546948 F (244 ;
[NODE_A] Y(@INDEX(AB))+Y(@INDEX(AC)) = 6;
[NODE_B] Y(@INDEX(AB))=Y(@INDEX(BC))+Y(@INDEX(BD));
[NODE_C] Y(@INDEX(AC))+Y(@INDEX(BC))=Y(@INDEX(CD));
[NODE_D] Y(@INDEX(BD))+Y(@INDEX(CD))=6;
U ORESRIE R LRI B YA THZE M EI o VX ;
@FOR( ROAD(I1): [ROAD_LIM] @SUM(CAR(I): X(J,D) = Y());
! 84 8%O>EEXGOL T 5447,
@FOR(LINK(I,J) | 1#EQ#1: @BND(0,X(1,3),2) );
@FOR(LINK(I,J) | 1#GT#1: @BND(0,X(1,3),1) );
END

AR AL, BEAA T R s E A, S A 3N AL (a2
Ui, BANFAF RPN E 3N RS KD, BRI LA A — AN R AN 2 5 i)
FIHELE R

(4) 4R

LINGOIizAT 45 LW, HyfrmliEis AB, AC,BC, BD,CD Wik &4 nl 24, 2, 2,

2, 4 (T4 %, HREER, IEWMIRATE H AR SO0 pritigad i, X521 H
PR pR B A2 AN S FUIE A BB AT IS FE TR, 12— M HIRE S H AR s ok #5140
R, BT R Z SRR o 8L L, ATRUR XN SRS AT )it s AR 4l i

AB, AC,BC,BD,CD i&#% 4> 3340, 52, 12, 52, 40 (min) , Wt &7cEh—
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42k ABD, ACD, ABCD # 75 Z92min, JIT LI th Ui WA AZ 38 i S8 31 7 45

T, BTN EOE RSB AT I R Y 1% 6x 92 =552 CTHi%E » min)

(5) HMHE

PR S AL, LR I AS I e LA, B BRI AN e de L I i 7 i
Jrg&e N T SRIMAEITAT R IR ABAT I AL B N A AL, AZ AR il ? 2 it 1X
TR — DMBUBIINLR R G55 27, S it ) P LU0, 1A 2 AR SR I i
IARPEIN N A CRERIZE) #a) DAE Lk FRiE R, AR B PIPIRES .

AT HEAT g8 ORI, FRAT AR R R R X(@, ) (1=234,

j=AB,AC,BC,BD,CD ) it puiysehrbt ZEm M THE Lk (UM% A

SR TS FEAN TG REON] JRAT ZE 00 I s FE RN . LI % AB A3l

i) CUE A2 TN, B4R A 25 20min, By LLUS IS I ] &40 CT-49
Z s min) ;

i YIRS R LT AR TN, R4
LR 30min, FrCURE R EZ90 (T4 » min)

i) YE I RALA R AT, A4 IE L R 25 40min, Frlla
Wt A Z£160 CTH% » min) o

Ao WL, e I 200 AN I 3, LA A R R NS S e T B TR R AR A R
90—40=50 CTHH% « min) ; WM AEIL4R, BRI S 800 5iE
T TE) A8 4k H160—90=70 (T4H7: » min) .

FACIH, 6 T AT B, PR AT DAL 3 S G e PR I 5 SR AT I T (1 R RV
HZMMKR (BNES .

RS LI I N BT B ) B R AR R 2 TR DR R

bl e AB AC BC BD CD
SAT B[R] HE<2 20 52 12 52 20
HE (T3 | 2<me<3 50 55 15 55 50
%« min) 3<HEE<4 70 57 17 57 70

P S A IR AT Bl I ] (10 485 B 50 4fs A T R 7R e ) g 0 2 1) AT e e T A
T(, j), B S 62 AHAL . ERRAELINGORIA, LINGOFE ¥l T -

MODEL:
TITLE £ &4tH#;
SETS:
ROAD/AB,AC,BC,BD,CD/:Y;
CAR/2,3,4/;
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LINK(CAR,ROAD): T, X;

ENDSETS
DATA:
V #438207 @) (544);
T=
20 52 12 52 20
50 55 15 55 50
70 57 17 57 70
ENDDATA

[0BJ] MIN=@SUM(LINK: T*X); ! 0# &% ;

V @B 660485 (2414,

[NODE_A] Y(@INDEX(AB))+Y(@INDEX(AC)) = 6;

[NODE_B] Y(@INDEX(AB))=Y(@INDEX(BC))+Y(@INDEX(BD));
[NODE_C] Y(@INDEX(AC))+Y(@INDEX(BC))=Y(@INDEX(CD));
[NODE_D] Y(@INDEX(BD))+Y(@INDEX(CD))=6;

v ORRSRTE RS RS R YSE TXE R E I X R

@FOR( ROAD(I1): [ROAD_LIM] @SUM(CAR(JI): X(J,1)) = Y(D));
'V 52 B%ODGLBXOLT REE;

@FOR(LINK(I,J) | 1#EQ#1: @BND(0,X(1,J3),2) );
@FOR(LINK(I,J) | 1#GT#1: @BND(O0,X(1,J3),1) );

END

RAFM B ZE v il 7 U i i AB, AC, BD, CD (it s #2314, 1Ml % BC

AR B OnBO BT 498 (TH4A »min) , LTI 145 552 (T
WZE e minD o U, BEAERIEATIN R =498/6=83 (min) , /TR 92min.
MR, XA AL R EIIAT, 0 AB B ER) SRR B I, RIS RTE
BCD () #5212 +30 =42 (min) , LtzE BD IR (53min) %E%, Ll
flufi gt & e BCD, SEGE BCD (i a) (FEZE e CD W) 88 itk r
25, o ZR BIATT I RA IS RN R HRIRAS .

=N EFABRSER: —AD RGP REAAARE E G SRAMAR] 55 Ak
I, AR R 35 3 B R B B KAk

B4 NBUF I A XA 7 1 i M h o s A iE g BC . A A 2 D T3 )
JE83min; M 74188 BC LIS, M AR D [ P38 fa) R 2 pk92min, ANz
IR SRS T o et T DABRAR, A —ANRREE L A B A M RIS — A
ZRI A

§2 WHA G
2.1 FEARMB TR AR
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BI5 EEFE=MKE (A B,C) 124F (1943—1954) W (B4 dE 74

ZLAEND BRI DLW s (GRAIEZT T AN (1500 B2 R 4% 15 £k
RSB0 o B, R — L. 3000 & SUZ R A E19434E [ R M fE 2
FAERIME L . 30015, st 30%, JLARE i UKL HE. Bt /R7E19554F
A 2B B X = MREE, IR R R 21K 315 %, AR 24 iy
Bt ? I RS A AR, BeBR AL A MR R RS ] A4 2

®6 B A

Foh JeE A iz B Jiez C IR

1943 1.300 1.225 1.149 1.258997
1944 1.103 1.290 1.260 1.197526
1945 1.216 1.216 1.419 1.364361
1946 0.954 0.728 0.922 0.919287
1947 0.929 1.144 1.169 1.057080
1948 1.056 1.107 0.965 1.055012
1949 1.038 1.321 1.133 1.187925
1950 1.089 1.305 1.732 1.317130
1951 1.090 1.195 1.021 1.240164
1952 1.083 1.390 1.131 1.183675
1953 1.035 0.928 1.006 0.990108
1954 1.176 1.715 1.908 1.526236

(1) o

A 1) JERR A H R 41 E (portfolio) Wi, H.{E19524EMarkowitzits: i
TIEAB (P EARELE, T FLIX AR5 >k AT 2 T AW s mcst . —Bekid, A
AT 0% P S I P MA 2 A AN 5 1D, DRI — N B &, P LABR T 2% JE W A 1 B A AT
TN 24 2 8 KUK o XU AT 4 i 2 Markowi €z 81, RS AT LA I 7 22 (alibr
HEZE) SRMHATAT R 7 220K, WA RSB 7 2280y, A RS N o 75—
(BN, R I T 25 (BbRHEZE) KAl WU i S GG . Ak, JRATTSEXT K6
R BRSPS R SR T 2 CRERE T ) & H .

o I8 ST A P A A 1) S P I S PRSP A WS s R T M 2 PR 2 (1 A X
T S (R0 S 182 7 2RO U AR (s ARG ) o PRI I S AL 2 ) P 7
FEFR NI T AT A (R A DGR -

i) P52 O B ARFE G

i) Wy 228 IEEEROR B IEA DG, Wy 25 80K W IE AR DG PEBns. G n] B — g
B, IR HIED

VD) P07 22 A UBERIR 8 SR DG, OB R ) F A S M k. (R mT g — A
L TIN5 R S D
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B A, B, C BRI 700 Ry, Ry, Ry (TEER T HIEE IR 5 LLUG A4 2 4F

WeziF) , MRy (1=123) 2 —AMHEHlAeR. M E M D 73l BEbLAZ & %o

HRTGZEHT S Meov &R MENLAS R P )7 % (covariance) , MR
PRI 64T A EdE, I n] DATHSRCH SRS 5 (R B 01 82

ER, =0.0890833, ER, =0.2136667 , ER, = 0.2345833 an
FFE, wTLLTFSEEE A, B, C I e F W 7 =5 Ay

0.01080754 0.01240721 0.01307513
COV =| 0.01240721 0.05839170 0.05542639 (18)
0.01307513 0.05542639 0.09422681

L INGORE F 4l -
MODEL :
Title #{EMean 5t 7 ZHiFECOV;
SETS:
YEAR/1..12/;
STOCKS/ A, B, C/: Mean;
link(YEAR, STOCKS): R;
temp/1..5/;
tmatrix(YEAR, temp):tm;
STST(Stocks,stocks): COV;

ENDSETS

DATA:
tm =
1943 1.300 1.225 1.149 1.258997
1944 1.103 1.290 1.260 1.197526
1945 1.216 1.216 1.419 1.364361
1946 0.954 0.728 0.922 0.919287
1947 0.929 1.144 1.169 1.057080
1948 1.056 1.107 0.965 1.055012
1949 1.038 1.321 1.133 1.187925
1950 1.089 1.305 1.732 1.317130
1951 1.090 1.195 1.021 1.240164
1952 1.083 1.390 1.131 1.183675
1953 1.035 0.928 1.006 0.990108
1954 1.176 1.715 1.908 1.526236;

-364-



@text(datal.txt)=R;

@text(data2.txt)=Mean;

@text(data3.txt)=COV;

ENDDATA

CALC:  LIME{H n HtMean 551y J7 2 FECOV;

@For(tmatrix(i,j)|J #ge#2 #and# j #le# 4:R(i,J-D)=tm(i,j)-1);
@For(stocks(i): Mean(i) = @sum(year(j): R({,i)) / @size(year) );
@For(stst(i,j): CovV(i,jJ) = @sum(year(k):

Rk, D)-mean(i))*(R(k,j)-mean(@))) / (@size(year)-1) );
ENDCALC
END

R P S 5 ZEMEFECOVIN, ) BERFEAKR L L, A RAEARL, IR
TR T2 T ORFFIZAASG TR0 1k 2 9R, REAERR I P ZE AN KD
(2) gy
FHPRHAZ R Xy, Xp M Xg 73 MR s BB NS BE ISR A, B, C ILEfl . iy Esch
FrestvtiRiE, HF Ee (ARG AT 1A AL B ) A4 i ] 358X
=X live Il

X, Xy, % 20, X +X, + X, =1 (19

FHRB IR R = X R, + X,R, + X;R e — BN E . RIEMFRIRKIAIR, &
AN PSE SE L E RS
ER = Xx,ER, + X,ER, + X;ER, (20)
TR T 22N
V =D(xR; + X,R, + X;R;)
= x’DR, + X.DR, + x:DR,
+2X%X, COV(R,, R,) + 2X,X; cov(R,, Ry) + 2X,%, COV(R,, R;) 2D

:iixixj cov(R;,R))

i=1 j=1
SRR B0 T RE IR VF 22 A, 31X B 2% R i R (R AR 3 % (R

H) MEF15%, HJ
% ER, + X,ER, + X,ER, > 0.15 (22)

BTk, IJa AL R s R AAE AR (19) F1 (22) F#/ME (21) o HIFHEREK
BV RYPRAL R IR E, AR R R, I LA A ORI )
(3) FHLINGO:K fif i
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S5 L INGOFE /Tl -

MODEL :
SETS:

YEAR/1..12/;

STOCKS/ A, B, C/: Mean,X;

link(YEAR, STOCKS): R;

STST(Stocks,stocks): COV;

ENDSETS

DATA:

TARGET=0.15;

Mean=0@file(data2.txt);

cov=@file(data3.txt);

ENDDATA

[OBJ] MIN = @sum(STST(i,j): COV(i,J)*x(1)*x(d));
[ONE] @SUM(STOCKS: X) =

[TWO] @SUM(stocks: mean*x) >= TARGET;

END

SRAFHETE =R LB R BUE: AF53%, B 36%, C /Ai11%. KK (JF
%) ~0.02241378.

(4) HIMATLABER A8 3E4T S 5050 #

XF SEBR T N AR, A BE AN A B0 T i 7 1 30 B 8 M 3 T 1 XU (Rl R 1
Ji#E) 5 ARG Ay B TE KU A AN IR (R B [ SE AnT AR A 1, SR 5 1 L e s 1 4%
PR, X ARAT LLEAE Ll A s A E R 28 CHATAN0.15) RSk
B, k0. 15508 0.2345, MR R$ T ol 3 Ay ik #1123 .45 % (iZIL?M%T%iﬁU
W KA T, PO IR L2 = A0SR R i KBt [, BRCSE C iyl ) .
DAAR R, SR 2R A SR C Lo SEBRoR AR — T, W LUANTE Hiﬁl:ﬁgrqj&’ﬁﬂﬁmcm
MRURLIE99.6% (IR KNLA0. A% HFAEREEB L) .

I HTL INGORK A BEAT — ORI REB LS A i Thfie . 1 I FRATIA HIMATLAB AR £1-32F
1T RBUE T, PHRRMIEX R4 [0.09,0.234], LK 40.002. 457
W
clc,clear
load data2.txt,load data3.txt
h=reshape(data3,[3,3]);
a=data2”;
solution=[];
target=0.09;
hold on
while target<0.234

[x,y]=quadprog(2*h,[],-a,-target,ones(1,3),1,zeros(3,1));
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plot(target,y,"*b");
solution=[solution [target;x;vy]l]l;
target=target+0.002;
end

solution

GELERSAEIE &SSP P PN HEE I S TR

0.091

JAL B *
0.08 *
*
0.07F "
*
*
0.06- &
&
2
0.05 {pr
&
#
0.04 I
o
++++
0.03 gﬁ#
0.02
£ 4
0.01

L L L L L L )
0.08 0.1 0.12 0.14 0.16 0.18 0.2 0.22 0.24

SIS &SSP FALTIN PN

MBS LA, Stk 22 % I T4, WU I K.

2.2 AFAETC AR B IN R B AL Y
I 32 T T iy P 4 NS e & R i U/ Y LS 3 e Wl | A YV B £ |
PEZF AR R 2 5%, WiA] 25 FE A5 5 HH ) ) i 2
(1) [ 53#r
Hosz, TARIEBTT 0 SR RATAR AR 2T MBS I8 7 20 (i) 1 — Mg,
T AL At SR S P A B AT AR 2 38 FH 1) o AN I 0 KU P 45 8 7 U PR Wi 2 S 1), i DA T 22 (A
e SR TP T %) #5720,
(2) n) KR
(¥ s e 7 Radoh Dy YA B R 15 % I, %l (KL INGORSS AL 41 F
MODEL :
Title &f EAESFHR A AR ;
SETS:
STOCKS1/ A, B, C/: meanl;
STST1(Stocksl,stocksl): COV1;
STOCKS/ A, B, C, D/: mean,X;
STST(Stocks,stocks): COV;
ENDSETS
DATA:
mean=0.05;
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Cov=0;
Covi=@file(data3.txt);
Meanl=@file(data2.txt);
TARGET = 0.15; ! 0.10;
ENDDATA
calc:
@For(STOCKS(i)|i #ne# 4: mean(i)=meanl(i));
@For(STST(i,j)| i #ne# 4 #and# j #ne# 4:COV(i,j)=CoVi(i,j));
endcalc
[0BJ] MIN = @sum(STST(i,j): COV(i, )*x(1)*x()):
[ONE] @SUM(STOCKS: X) = 1;
[TWO] @SUM(stocks: mean*x) >= TARGET;
END

R, #w A8.7%, B 542.9%, C 514.3%, D (HE%H) 534.1%, MK
(J77%) #0.02080347. HH#I5H XK (U572 40.02241378) LLAL, Jo MUK BF ™ )47
7] DA A3 78 KU ks> o AR TR PR (P i 2 L5 %, LAy A B 2 215 % /MR 22,
{EAE [ PESR EIORER 5 334 .1 %, FLRE e A T b KU .

WA, BAE B A v i B R R > #1210 %, B PE B R B f) “TARGET =
0.15” YA “TARGET = 0.107 , HHRMB ., THE 4 5R0R:

B Aa.3%, B21.4%, C57.2%, D (HES) 567.1%, IR (52k
0.0052) #—B T, ERANTE: REERIMXADEER CXEAGTALER2) 5RIA
“TARGET = 0.15” & CXEAWFRALERL) G AR R ?

FFAMEEXPIANER, FTURIL: SR BB A W 5™ (5t A B,C ) Lt

BIRLIHGE S R L AR EEB o Rt l, JoiR iR it ST e 2 A0 DR (i S ], 7
T LB U B8 7 A S A B2 AL LA J AR ANAR 1 AR AR S UR BEBE T KU B8 7 5
TR e Z AR EL B AR, X —IUBAE ARG D0 N R RO, — AR “ i
JEEL” B RUES: BE7 Z 18] A3 LA BT R A e AT XUl 4 0% - 19814F 1 DUUR 48 22 2K
FFETobINHFZ L B AR, ARK 823 Jst Rl A DR D ft A I 173X A4S B2 (R AU

WIEE AR AN AR, JATAE B A1 K8 AN B 25 R A AL TC XU B8 7
s T, i 5% R AU B8 77 2 1] R 5% B Ao«

2.3 HEA G AR 4 A

17 kL EBIS HEIEETIE N15%) o BEIR H ATREE S LR b . S Ay
50%, B 35%, C 515%. XLl E15 13380 g i A . Sebriaiiiidg b
RFUR B SRSl H AT S s BIEAE ZB L Y% O AE 52 3, I IR A A5 A7 75 0SB R
(B SEREAT 2 (T, DUl L B A 1 sk 2

(1) g
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DI PRSRAZ R Xy, Xy A1 X 20 AR BERE NN BB BEE AL B CIgLLfl, 22D R
BGTLE AL By CIULLBIh Y, Yy, Fly,, SEHEEEA B, C sl z,,z, flz,.
Her, y, Mz, (1=123) hRBRRE HEH A HIUES, H

X, Y:,2,20,1=123 (23)

HFA8 5 SN IIAFAE, KBTI X, + X, + Xg = LR —3E or. U AN T IR sz,

Elj yl = y2 = y3 = Zl = 22 = 23 = OHTI! iz/l\g/‘JEﬁAE‘Zj) o :/H\:g‘gi iz/l\a‘%/zf:ﬁ%z"( J\IE&:

AR R B S TR, AR (1%) REOLY, W Rzs s - g

3 3
D % +0.01-> (y;+2) =1 (24)
i=1 i=1

JI8h, FHIBEIMETRAA R URSER B, X, Y 5 7 (1=12,3) Z ARz A
SRR AR
Xi=C+Y,—2z,1=123 (25)

XA B LR A A, AR e R AN H e
(2) FEALR SR
i) K6 R (AT L EINGOFE /F 4 T

MODEL :
Title HJEAZ Y BT H G ;
SETS:

STOCKS/ A, B, C/: C,Mean,X,Y,Z;
STST(Stocks,stocks): COV;
ENDSETS
DATA:
VORCEIAIIR O A
c=0.5 0.35 0.15;
TARGET=0.15;
Mean=@Ffile(data2.txt);
cov=@file(data3.txt);
ENDDATA
[OBJ] MIN = @sum(STST(i,j): COV(i,j)*x(i)*x(d));
[ONE] @SUM(STOCKS: X+0.01%Y+0.01%Z) = 1;
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[TWO] @SUM(stocks: mean*x) >= TARGET;
@FOR(stocks: [ADD] x = c +y - z);
END
FEIEALINGORE A, i ZECR JRIRHESA “STOCKS” —AItsk, AaEA 54
BB PECIH A4 MR « X2 L INGO T hiAS EEL INGOIH RlCAS f)— > gk 2 4k

2.4 FIRIBCSR AR BB A A AR
18 kL% s (BRI A N15%) o ESEhRmBEE T B, —RAFAE
JT BT IR IR TSP [ AR SCHE Colr 2000 ) Rt R AR R S i A

TRER NG Ih, 1000 U B B AL C2 = 499500 M. AL 2

J5 ARGt ZE A, AT R 2 B, IS IR T 2 SRR B A
K ARBATTBN A 1 —E B A R o FRATIX — 155055 R R I S FR HO By T (R B AL kA T
BRI .

(1) [A) 853 Afr

AJ LA K JBE S HR R W 2 I 52 T 3 (R R 35 L, e LA R SR IRk ik
LI o PATTX L ] PR AR v A U SR A B TR SR AR RO I G &R, AT T LA
T 2R VE R 7V HIX AN PG R

(2) ZefkmA

Hpauid, M RoRBERRE (A BEpLAzED . B m, = E(M),

Ji7EH 85 =D(M) o AR LIt X RIOEE, AR, AR, (B
PlAED PTG
R =u,+bM +e, (26)

Foofu, A, 7 BARAR BT SR 2L RS 8], e B ANBEHLIR T, K
E(e)=0. Ji%Nhs?=D(e). ks, BRHHLRZE e SHERE] (j=i) MR
SEIEECM SRR, BTELE(ee,) = E(eM)=0.

ST 7 WA R 9T 40 M 265 [ U S 0 U Ry o BT 45 0 124 0 50

MO RO}, (k=12,---12) , GPEEIHSEER FABH R P I A/, W7
b S A
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12 12
min Y (eM)? =>"Ju, +bM®© RO 2, i=123 (27)
k=1 k=1

oI LA H ) = AT BE S, TTLAGR 5 40 N L INGORE 3R Hy 2k 1k (A1 U1 i = % u, A, ()

VL (CALC) BiFSE M Rt m A5 82, FRHEZE s, (M)

MODEL :

Title ZMEIAF;

SETS:
YEAR/1..12/:M;
STOCKS/A, B, C/: u, b, s2, s;
temp/l..5/;
tmatrix(YEAR, temp):tm;
Link(YEAR, STOCKS): R, e;

ENDSETS

DATA:
num="?;
tTm =
1943 1.300 1.225 1.149 1.258997
1944 1.103 1.290 1.260 1.197526
1945 1.216 1.216 1.419 1.364361
1946 0.954 0.728 0.922 0.919287
1947 0.929 1.144 1.169 1.057080
1948 1.056 1.107 0.965 1.055012
1949 1.038 1.321 1.133 1.187925
1950 1.089 1.305 1.732 1.317130
1951 1.090 1.195 1.021 1.240164
1952 1.083 1.390 1.131 1.183675
1953 1.035 0.928 1.006 0.990108
1954 1.176 1.715 1.908 1.526236;

ENDDATA

CALC:

@For(tmatrix(i,j)|j #ge#2 #and# j #le# 4:R(1,j-1)=tm(i,}));
@for (tmatrix (i, j) | j #egf 5:M3)=tm(i, j));

mean0=@sum (year: M)/@size (year) ;

s20=@sum(year: @sqr M-mean0)) / (@size(year)-1):

s0=@sqrt (s20) ;

ENDCALC
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[OBJ] MIN = @sum(stocks (i) |i#teq#num: s2(i)) ;

@for(link (k, i) | iffeq#tnum: [ERROR] e(k, i) = R(k, i)-u(i)-b(i)*M(k));
@for (stocks (i) | i#teg#num: [VAR] s2(i)=(@sum(year (k) : @sqr(e(k,i))) /
(@size (year)-2)) ;

[STD] s(i)=@sqrt(s2(i)) );

@for (stocks: @free(u) ;@free(b) );

@for (link: @free(e) );

END

X EIAEANRER, R AR LA
i) ECALCELEH S T M I my M 2288 Chy TARIRAMETHZ T i,

SEHELLIMAZL2) LEARHEZ S,
Vi B A T PSR IR s A 105 B B @sqr AP 7 i B s art o
111D B TSI RSN, AR T iR 22 0 )7 25 57 FbRuEE S, o b T A

AR TR, T S I RHR 10T R 118k 12, XA BRI T T P2

H DT AN

iv) @free(u), @free(b), @free(e) =MEH]—EARED, KFHXILNMEEA—EZ
AL

v) DATABLE X T —ANE fnum, FH “num=2" 1 A3 T HAR(E 752 i A F 5 7R
BTN o A8 Fnum AV 35 2 mioer o SR ST TR MEMDE (num=1, 2, 373 5iXf M

TBEEAB,CH .

vi) s, XA E ] DO = RS AN 5r s RIVECEE [A]—AMBER e [R] A
b R, A5 B B Ry o (K A num AT AT R 98 46 AF “ ifeqftnun” ), A
I WA AN KL, FATAEBCR SR 2B, 3T e s 7 it e/ A
LR DAL DL, Sl — AN TP, SR AT LY il FEURUASE, A B 5K 2 LU AL (¥ it

JEAT IALINGORET, MBI SLL L. REHEH M [ m, =1.191458 , Jj%
Jys2 =0.02873661, ka7 s, = 0.1695188 ; % A, [IH R4 u, = 0.5639761,
b, =0.4407264 , %277 % s? =0.00574832 , %Mk s, = 0.07581767 .

[FE GEATHH ANUN=28%3) , WTLIA3E]: ARIEB . [IH A%, = -0.2635028,

b, =1.239799, #x % s, = 0.01564263, w2k s, = 0.1250705 . #iik
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=C, 45K, =-0.5809592, b, =1.523798, %)% s = 0.03025165, it

efbmEX s, = 0.17393.

(3) ffersy

UE, 3R SRAR R X, Xy A1 X 20 RO B0E NN 8t s A, B, C itedl, It

X, Xy, % 20, X +X, + X, =1

ey, 52 0 IARL, 6F IIR R V%R R A
3 3
R=) xR =) XU, +bM +¢)
=1 =1

W B PR 28 DNy
ER :ixiE(ui +bM +¢) :ixi(ui +b,m,)
= i1
W B IR T 22 K
DR = 23: x/D(u; +bM +¢;) = i(bfsg +87 )X’
= i1

gi bprik, i MR

3
min > (b’s¢ +s7)x;
i=1

3
D (u; +bmg)x; >0.15
i=1

x>0, i=123

(4) PSR

N T BT, AT AN RA R A B . LINGOFRE 4l -

MODEL :
Title ZVERAEIA;
SETS:

(28)

(29)

(30

(3D

(32)

(33)

(34)

(35)
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YEAR/1..12/:M;

STOCKS/A, B, C/: u, b, s2, s;
temp/1..5/;
tmatrix(YEAR, temp) :tm;
link(YEAR, STOCKS): R, e;

ENDSETS

DATA:

tm =
1943 1.300 1.225 1.149 1.258997
1944 1.103 1.290 1.260 1.197526
1945 1.216 1.216 1.419 1.364361
1946 0.954 0.728 0.922 0.919287
1947 0.929 1.144 1.169 1.057080
1948 1.056 1.107 0.965 1.055012
1949 1.038 1.321 1.133 1.187925
1950 1.089 1.305 1.732 1.317130
1951 1.090 1.195 1.021 1.240164
1952 1.083 1.390 1.131 1.183675
1953 1.035 0.928 1.006 0.990108
1954 1.176 1.715 1.908 1.526236;

@text("datad.txt")=s2;
@text("data5.txt")=u;
@text("data6.txt")=b;
ENDDATA
CALC:
@For(tmatrix(i,j)|J #ge#2 #and# j #le# 4:R(i,J-)=tm(i,]));
@for (tmatrix (i, j) | j #eg# 5:M»)=tm(i, j));
mean0=@sum (year: M)/@size (year) ;
s20=@sum (year: @sqr M-mean0)) / (@size (year)-1):
s0=@sqrt (s20) ;
ENDCALC
[0BJ] MIN = @sum(stocks(i): s2(i)) ;
@for(link(k, i) : [ERROR] e(k, 1) = R(k, i)-u(i)-b(i)*M(k));
@for (stocks (i) : [VAR] s2(i)=(@sum(year (k): @sqr(e(k,i))) / (@size(year)-2));
[STD] s(i)=@sqrt(s2(i)) );
@for (stocks: @free(u) ;@free(b) );
@for (link: @free(e) );
END
YR (32) ~ (35) [FILINGOFE/F Ul T
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MODEL :
Title R BRI BT H SRR ;
SETS:

STOCKS/A, B, C/: u, b, s2, x;
ENDSETS
DATA:
mean0=1.191458;
s20 = 0.02873661;
s2 = @file(datad. txt) ;
u @file(datab. txt);
b @file(datab. txt) ;
ENDDATA
[0BJ] MIN = @sum(stocks: (@sqr(b)*s20+s2)*@sqr (x));
@sum (stocks: x)=1;
@sum (stocks: (utb*mean0)*x)>1.15;
END

SEEELE S, S IR B . A K2 R I ALR B e 1054% , B 427%, C

1719% . XA R EHISH 2 A F 1.

2.5 HeHR NUBREAEH

AU T 28 (A 20 rh #1020 T RESRAT RIS 2 T 5 T Bl 2 — e B (R R I 4 T
FH AT BESRAT AL 25 14 5 2 R Ay e 5008 UG, K5 L b B /M 1) E A o X AB 22 1 5 BRI
W BT EA WA FEAR K

(1) ATRESRAG IR I 0 AT AR CUNEZS AT o PRI I AR 8 v T 15
S T B AT B SR ARMIG T 8 2 1 Fe A SR IR B AU 2 — R o AT A2, SERR TP IXAMIR
WAL AE LA IE

(2) BEEFRES (Bt O sREOR- — ki), SN AEIE G (bl
MUAR & AR 528D SR B AT 2 S/ Mk, TIASK A e B B e 2

— IR, P L B DL (18 T AR SR T 08 SRR ZE R i £ (R
D) FIRESR, Wate L2 T XS (downside risk) o AL, WHRAAA
JEXTFRICT, U)K A A 1R 5 22 S i B8 08 AU AN — 2 3G A T se o /N fdq, T LA
P AT S A2 SR I 5 S4B C— Bk 1R SO0 XU Ry s Al B, BRI Sk e /b
P H AR HbAh, ] DUR A G T S AR ZE R B B0 1) B e RIS aa 1% 5 22,
semivariance) EAMTREBETE RS M. HsE, Pyt S 2 EER, R
2 HUA IR T B AR BRI 2 28 ), AP 2 22 B 5 il N s KU, T R 2 e
IR SR 5 R I (R B 2 AR o X THT R B AR X L AN RGN T

FHAHE—AE EIX AR HARTE AR R R A AR, IX AR AR AR )
L, HEIS A SR AT R IS

B9 R ERAHAEE AL B AR H W, HA B #E Rk —
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FIBEE T BEAT TAF A AT, AT L RE BRI T REM TS DL (LA12) o B4t
BTSRRI D0 HH LA BRI D0 LI P LRSS ARG (E TS DU AR AT T TUAN
ot (AT, ATLVE RS AL B ISR Z600E —FERD o B2 A AR
PRAFIBETEN, HA 08 H AR PR IG O0 T fe /b i as s Kt (Bt i B, ANVE AR K
PETRRE L, A RE R D IRAFX AT ) o AT RNISR A 2

KT PR OU I BLIRIRE A A P B2 R S R DL

GG KA JBoR A i3 B
0.8 1.0 1.2
0.2 1.5 0.7

(1) DLt 5K
BEEWIBCBBCEE AL B HIEEBI 004 X, X, > PRSRAR R Xy, X, AR A% L

X, % =20, X +X,=1 (36)
BeAh, Al /MR R <R H bRk Bt A B
max{min(1.0x, +1.2x,,1.5x, +0.7x,)} (37)

I AR By = MinL.OX, +1.2%, 1.5% +0.7X,) » AR T L2k o

max y

s.t. X +X,=1
X +1.2X, >y

1.5x, +0.7x, > y

%05 LINGOFR /T 4 F
model :
sets:
COL/1..2/:x;
ROW/1..2/;
link(ROW,COL):a;
endsets
data:
a=1 1.2 1.5 0.7;
enddata
max=y;
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@sum(COL:x)=1;
@for (ROW(i) :@sum(COL() :a(i,J)*x())>Y);
End

AT, IR RS AL B IRCE&50%, /0P UIEEL10% .

(2) iWig

MAE, s — LR TSI S RS E — R EEG R RSB,
Ji 5% B IR L 230 % AN SR 745 H120% . B4, — M NIARTE N 1% 59
XS B R A 8. RECWIS ? X ANBETE A SR B b1 200h 1351

B, KRR g R, x, =0.5454545, X, =0.4545455, y=1.136364 .

WAL, WAk S B IR A, BRI EE A R A, X 02Ny
N K50 A Tk A NS VRIRA SR R RRIR ZE N 7, R3S |k
FEIX B SRS R o 2 P A e A B IS, wi 330 o ) H AR IR R
PRSI BATTAT LG 25T g T DLORIEBG(EIA 2113 .6364 %, iff 5 L J5R 110 %6 1Y
.

o T AR s BAT LT O T RO 4L A B SIS HEA 1 FUR SE BRI 15
e, RAIH D e ke vl b, W D S e T 5 R IR SRR i P D R RSB
ST by S SR R R T RE IR 2 CInBORAR G AT IS . REUAL .
RHLE) , A RARKE )N AR R A — S K SRR v BE LR R AR, Rt
AP REARIUAE 7 S o DT, AT TR RN, BN T EEATH A0 AT, T R
SR (1 — e T LS R 2R T K= R A R T R R G A o JBE S ik 1 S i 14 7 T
T, B G SR AR Dy s B RX LN s, YoE BeR AL S ATk X L o £ a5
D S — A, AN BT AR, X AT 2 A E T X T TR
RAGIRZ, A7 DLHRI AT LGk L A7 B AH G 1) L b 15 FE FF ST SR -

§3  IHER NS

3.1 Hes T

110 FEAFIFR T —HH 5, FTE S B L O A W =R 2 e
N T TR AR T ESE A )y, AR AR ST, A R BRI T T
ZWm A, A8 TRS. MR sidy AL B C, D, g A, &
FH RO 1) B SO s S I S R i AT R0 B R S DUl = S (R B 2 (M
) o il Ferp s — AT RS ST IS A, R E AL B CL D
FIMEZ 55 75%, 10%, 5%, 10%. EARMRIEIX AN AL R, HH= i A Ak
A B 2 /b 2

%8 T HE

s A B Cc D
A 0.75 0.1 0.05 0.1
B 0.4 0.2 0.1 0.3
C 0.1 0.2 0.4 0.3
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D 0.2 0.2 0.3 0.3

(1) [ s Hr

W e N G, W T 0 80K 25 AR A AR AL, DRI, AR5 o () i) i —
MNEEHABENTRE, el D K4 (Markov chain) . BB, g iR
b AR GERRATCREIAE AL o« ZONH =0 A R KI5 041,
R B AR RS N R S AR

(2) PR 3T

N PR P T (=12, N, FRBBARARIRe N T,

RO T i i I I B0E A p; .
PR, PN A

pi=2pTj» i=12:N (38)
j=1

AL, XN AT EIFAMAL, BAH AN RICRI . HERATER 75—
2950, BN Bl dh i 2 e e T-1

2.p;=1 (39)

i1

AL, XA ) R R R S E R — AN ARH TR SRR AL CHAR, IERAZ I IR p;

JESAAHD o WERAEX L AR SAT, Mt — MR R AR AT HARBR D .
(3) HERY[P)K AR
LINGOFE/ 7l -
MODEL :
TITLE 7= d B T3 3 90000 5
SETS:
PROD/ A B C D/: P;
LINK(PROD, PROD): T;
ENDSETS
DATA: 1 R MERH I ;
T=.75 .1 .05 .1

.2 .2 .3 .3;
ENDDATA
@FOR(PROD(1): P(1)=@SUM(LINK(J,1): P)* T3, 1)) );
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@SUM(PROD: P) = 1;
@FOR(PROD(1): @WARN( " NAEPEIIRAT 2 ALAEL", @ABS( 1 -
@SUM(LINK(1,J): T(1,J)))#GT# .000001));
END

ATCASR I, b THTL INGOASE TR f5% 5 1 7 1 @WARN LS Dy 17 36 U s A\ o (RO A4 T
LAY, T HARATTE B T LA AN L CInX AL 2 ARSE, — AR E A
CXHENE#L” , PUAZIUFENLER CREED RS, SEEEH LN A e e AR ZER . B
CL, HH 770 LK A SE B 2 ZE I 4 XHIE 75 295/

kgl A, B, C, D i s 247 .5%, 15.25%, 16.75%, 20.5%.

3.2 R YRR e L

— Rk, BRI CAn3ER R INAED B ASE TS, Bl %
APEL AP PRTIIAE o ARV RIS R R, T AR X A el 1 11 5 AR T 1)
i ZeF R P A BB o i e A S ] LRI BRIk e, BT g P PR A [ 328 Z00T i 2% 1)
W GEHD o« SRR, LRI H R e T A 1 (0 850 bR — M TR A
BRI, — R AR o Ui BB, (RARMERf 2 1007 JT A% RS )5 7o
I AS RSO AR 2 /0 o (R, T BRI S, 7 0 8 T P 11 L A s T i 440
CLAfiE TR T, P LA B 0 — S8 AR = S Ak U AT VP T 23, 2 i e L
B T My LR S RO o B4, IS BLpR = S RORAE BrR, BATTRE S gk
fili V1B A & PE S AS I 0 R R W 23X R VR R AR A 43 T (conjoint
analysis) . FHEEE—/MFR UL .

1L RS NRTE, IR AR TSR R Mg
1297576, 9.9/17C. 7.9J17G; L& TENBLEANNAD. — WhH. &digifd,
22 i AN RV B R AP R (RO anakopn GRPIIME OEE) BRERR
AR o A, MRS A2 A RE IR 5 BB ey 2

RO RN b (AN R P P i 2 R

i oo xE LR
2 1 0
12.9 7 3 1
9.9 8 4 2
7.9 9 6 5

(1) BERYEEST
WP RT3 0H CRpd 5 MG L IR XM py Cj=H, M, L) 5

LA REETY R0, 1, 2, MNKBA G (1=012) o FAT0H sEbs Ltz
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LR p; Aig, -
TBBEO A% AN 22 2 R R A TN, RIS RIE TN J o e IREIE TN |
I, FAA S EROT C (1, §) REZRT DU % R % 4 <3 B8O Z AR Al o

c(i, J)= P; +G; (40)
B2, ] RN R RS T R AR . — i) AR R AT X 6 M e S 4 ( p A

;) » RPenth TOA K, AT LU B/ A IE py Atg, o 2, BEI

bR
min > " [c(i, ) - ¢ (i, I (41)

e, (i, J) BT HEEE CeBETT T MREIUCY | IR SR
DR ACRA T 23 A 8 323 R oK AN R I B PR B A4 i B 55 I P K
Bt A — s 2 e(i, J) ey (i, J) PREFFRERIIY . BIHERR (0, §) A1 (k1)

e, (i, j)+1< ¢y (k, 1) I, i e, j) +1<c(k, ) GXI “+1” Ferc, j) ™
ek, 1), BEDMZEL o T, WU T A b

min > > max{l+ p; +q, — p, — 0,0} (42)

ikl
A SRFIE L ¢ (1, J) +1 < co(k, 1) # (i, J) #1 (K, 1) skFd. ZELINGOH T

A REBINWE IR AL &, Bphal (42) TSR
min Z:%:(l‘F P; +0 — P — )
[} f

(2) BERSK AR

L INGOFE 711
MODEL :
TITLE 7™ it & 1 iR R0H e 5
SETS:

PRICE/H,M,L/:P;

SAFETY/2,1,0/:Q;

M(safety,PRICE):Cl;

MM(M, M) |CI(&1,8&2)+1 #LE# C1(&3,&4):ERROR;
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ENDSETS
DATA:
ClI=7 8 9 3 4 6 1 2 5;
ENDDATA
@FOR(MM(i , j .k, 1) :ERROR(i , j .k, D>1+P(§)+Q(i)-(P(1D+Q(K)));
[obj] MIN = @SUM(mm: ERROR);
END
SRAFEXAR, 155

P, =0, py=1, p.=4, =0, 9,=2, q,=7

BEI R R B LB GRZEAT 0, BT IR AU s, BARA 2K
BGE CBOHD 5 DErh 28 H 0B0s AN g 4R ), (E ™ b (R AE DR i 20 0P 2 56 4 — 2 o
(3) BERLITiE

N BEATE R M D ZaRILAE py A, AR S S AT Rl BRI AR S B 1

LS — MR OB . LINGORE 74
MODEL:
TITLE /) —Feik b5 i Jm v 0T s 8
SETS:
PRICE/H,M,L/:P;
SAFETY/2,1,0/:Q;
M(safety,PRICE):Cl,ERROR,sort;
ENDSETS
DATA:
Cl =7 8 9 3 4 6 1 2 5;
ENDDATA
@FOR(M(i ,J) zsort(i, J)=p(d)+q(i);ERROR(1, j)= sort(i,j)-CI(i,j) );
MIN=@SUM(M:@sqr (ERROR)) ;
@FOR(M(1,J): @FREE(ERROR) );
T10FOR(price:@gin(P));
T10FOR(safety:@gin(Q));

END
TR Y s o r AR R R 1R i 4 RO BUBT USR8 e B B A R BCE R
K17 dh IR

I IZATLINGORE />, W LA B, I I 2% F R 50 45 SR 5 i i 1 380 1) &5 SR AN IR
{RAF 152 SORT IV 25 SR v LLACHI, A [RIC 5 7™ it [ PRI AFDOT MU 7 8 A PR 1
AL, B T AREAF B O 2 A NI A, SERR AT AN KT A
WUR A G B, WU AR R “END” 1A AT IN R TH AT IR A
@FOR(price:@gin(P));
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@FOR(safety:@gin(Q));

KL R, SORT (1, M) =SORT (0, L) =4, XMW/MEE KA FEH k.

CEAIR LT, GEISIE S AT IEABIA th 2 R 25 SR LU A Nt T e 1
— N FEARBIRI IR A TR PR A R U, A A IR ORI, b2
AR 1) 2

3.3 MWLM RN

B112 U A R RERAT =AY T A B, C H U, L H 2]

PEEENUAL . =ASTHER ki — H b 7358 AH,HB, HC , I8 3feiie & 1 5 K

HEr 5120 N, 100N, 110N, HUEERIGR I KAEREMIZLTHAE P2, Zead dids il
o, AFAERAE T RRIREMM KGR, WR10. & w MixmsE &AL Lo hl
IrHL 2 D SRAF A A BEAR L SE ?

*£10 T AE IR

LA LA LU LU
- | s e 'f
ek OO & o ek OO & o
AH 33 190 56 90
AB(ZHFHL) 24 244 43 193
AC(&HFHL) 12 261 67 199
HB 44 140 69 80
HC 16 186 17 103

(1) [n) &5 A

N FH BR RAZR A BN AL, BT S SRR AL AN A X TX R R 22 5 A 1)
BUEOAS, IRZ 5 ik AR 2580 2 A Sk AR B & 5ok . X AE AH ISk A5 i
=33+24+12=69, HB L[k E=24+44=68, HC L[f)k% ¥ E=12+16=28,
G, AR — B R R A BRI ?

(2) RGN

FRESMIL A mifiigk AH, AB, AC,HB,HC , #Kkgi5hi (i1=12,---,5) , M
AR R &, BrAacoh Py s HER ISR R R by, iisacoh g BEsh,

—AMEE AH, HB, HC (B A 553l 2 ¢

e H R A A .

120, ¢, =100, c,=110. Xuh/&Hl

-382-



Bkl (1=12,---5) LAERELSERHLEESC X BIERZTRIEEEC Y, »

WK, H bR N %2

Z(pixi+qiyi)

LR LU PR
1) =AMUHE B A B

flhn, Pt AH s By il Sk AH, AB, AC HLEEII A k%, T LA

ji(xi+'%)5;Q

FE, A

X, + Y, +X, +Y, <C,

X;+ Y5+ X + Y5 <€y
Vi) BRI LA SRR
0<x,<a,,0<y,<b,i=12---5

/EEO

(3) AR

MODEL :

TITLE #v 246 € 41 £ ;

SETS:

route /AH,AB,AC,HB,HC/:a,b,p,q,X,Y;

ENDSETS

DATA:

apbag=
33 190 56 90
24 244 43 193
12 261 67 199
44 140 69 80
16 186 17 103

clc2c3 = 120100 110;

ENDDATA

[obj] Max = @SUM(route: p'x+qg’y );

(43)

(44)

(45)

(46)

47
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[AH] @SUM(route (i) | i#ne#4#and#ittne#t5:x (i) +y(i)) < cy;
[HB] @SUM(route (i) |i#eqH2#or#itteqitd:x (i)+y(i)) < cp;
[HC] @SuM(route (i) | i#teqH3#or#itteqts:x (i) +y(i)) < ca;

@FOR (route: @bnd(0, x,a) ;@bnd(0,y,b) );
END

Ve R, Mgk AH, AB, AC,HB, HC 4544433, 10, 12, 44, 167k3k

ERVLEE, A0, 0, 65, 46, 177R&AVFMILE, DB AN3934470. M=
MR /R 5 (slack or surplus) ¥Ih0m 40, L EC& 2.

(4) g7

FIE R, WLEESKEOE N %A LR X P BRSS9 2R &
HOEAEH, PR DRI AR T .

BafAfat: mOUE T AB 2% LSRR K (240 HFRA TR RNAL,
Fr AAS TS FEAR I A 2R 0 S0 A S i SR AR R AN R ORUE SR B e U IR o sl b, S Ak
S AR SIS B Y () S Y 5 402 388540, /N THIX HLIK it 39344 5T .

PR A

1. ERATAE N T ER OB, TS B 4
. BUMENL. BREIRLIFR. RIGRUE, ATBGER T LB, JEEES 0
I 75450 % T BLARAWBE . BEAEAT LA BUB:

) USRI 0TS £ b B 18E400 5 76

V) FIGIES T RSSO 4 (RSSO TR, (IR

D FIGHES T B R B 54

K11 AEFFAHRE B

UEZF 44 F5 ES A 15 FIA5 2% F R FPABIATICE (%)
A T 2 9 4.3
B AL 2 15 5.4
C BURF 1 4 5.0
D BURF 1 4.4
E T 5 2 4.5

(1) #FH%&HA 10007 084, N A $Es 2

(2) WA L2 75 % AR BIAEIE 100 )7 0 4, %4 BN AN 41 ?

(3)7E1000 )7 TG G UL N, #UF S A BT S Y I A4 . 5% , $E 98 AT s ?
ik C BT s k> b4 . 8%, BN AL ?

2. A FERATE A BAK P R A KR S, LAk R AR,
MBI P LR . Pk gk GIONFIS D I aeil i L4k P 64T, an i
AR P ERIR 2, T BT EER I A R NIRRT Rz, TR
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A BT P e NBAK 7 o A T PRk WL, B BT TG BT, IR P R i L g
IEé_ZO, _107 07 *tty 40, 50 (ﬁfﬁ) Z—‘, ﬁj\%ﬁaj{]qj‘(%ﬁl, 27 *tty 7’ 8’ ‘I‘ﬁ’,ﬂ‘]
R BB BN L2005, BESb, RSERT, W LG AR A

(2<0<7) , FAHIEK T BFPREN TR T 1 -L1, i+ 1 =% —, I HES

M A0.4, 0.1, 0.5; WY HIEMK 7 FPRSAT1, WA HIL G0 kA Ry
Refr Faf2, I HME S 580.5, 0.5; WM HIL S rPREN T8, WFANH
Pk P R A AT e T 718, I HAEZ 7 5h0.4, 0.6,

R12 DL R EON B PR A

He¥t () | -20 -10 0 10 20 30 40 50
WA 1 2 3 4 5 6 7 8
3 (i 7E) 1.4 0.7 0 0.2 0.4 0.6 0.8 1

K AHIUR AT AR RS CREAIPIEE BT ™ e A DLk ™ SO IR ™ e A
KBRS 5 AR B UCRA B S SRAT IO . 3T TC I [l s S Y, A It B I
ek <05 26 [k T 22 9% o W IREESZARALBERY, A 40 R A Bk ) RS AL T
R NAZECE M EPIRAS, W] AR ?
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