X Rt

HARBIN INSTITUTE OF TECHNOLOGY PRESS

W2E 4k

x|

Vi



»ra.

Hi 5

1&%# (operations research, OR) /2 Jfl G 87 . RYRlF S TR B A LR
T is e, (I RE. R Aras TR, KA RSRI IR E. &
EEA D CTIRBRE" “WIHE TR SRR, WA TR MEZ
e ARSI . A2 5P Gl R R, B2 T O ST IN TRAERARS N TE
AE A R SRS B . A ARG, dz %52 I M T AL Beaiiis i, &2
ARG AT I . AEN TR REIU, 2% Akt iAoy T Sems i fl . Al tie i
AR WG RIA BT SR AT

AN T 5, PR T | S AR e A AR S TR 5 1 SO
18, e SPGB B A2 RHAN . 5 2 BN AL, SRR L S b R A A
B, VAR B 7S S DU AR AR PER, FHIR AN 4 BRI TA I B SR A R, [R5 A
XHEEE SMHEAYE . 55 3 T RRBORK, B SO A 0-1 MLl ks ik
LAGIRIE ) A MBIR . 26 4 BORARZMEALRY, 23 BIE R T2 AL 5 2R Ak 1,
RGENHMNAEIE 5Tk, % 5 SRS, MELZ B B SR AR R O AR
ARG 56 EONSRIE, B A M FERGERY AL SR G R . 5 7 T4 Python 4
FESLAK, LA Gurobi Sy LHCRAfAS, SEBLEIE SRA A LA & .

ARPIE T RAFRARE, BUEEAR R 32 240F . BRI A ik Ll A 5t
AELREREON, WA BVEEE . B, TR AL AR . AN ST E LR
FHEMER RS REE” BAR T, S5 PRSI A8 A ) A B AR
Ho BN A KM RAE WA R B AR v A 1 T RS B 55 B0, FRILEGE . AR
AR TAERE] 7TER B ARAREESTTH (12371306) 199ERY, fEIL—FF 20t

BRT 4 B 7K1, B HXMERAFAEBLR 5 A 2 2 A, Bl R PR IE .

% &5
2026 4¢3 J



TR

n YESE ] 145 [A]

m x n S S ]

Pt

n 4E5) )

m x n HERE

)i x [

55k YGEAR IS ) 2

[V R P e DA

W 5N

FFE X P56 i 1756 J A

i x WA 2B KT EEET 0
PBRAL f AE S, @ AR

PREL f AE R @ LRI AR (Hessian) 4H 4
BREN f TEAS @ AR

)& @ AR LA EL
brhE x A4 RE

P x i) U
b x [o] U



H

R

4525
2.1
2.2
23
2.4
2.5
2.6
2.7

PHRE
3.1
32
33
34
3.5
3.6

4.1
4.2
4.3
4.4
4.5
4.6

gt
ZeERLRI

BARTEYE L
SMBRE . ...
S =

S .o

BRI

BARNEA
SRR
O—1 BRI . . . o
FRURIEE . .
WEFHZG .o
SIE .

AEZe LRI

TEAFRMALIE . .o
AURMACIIET . o
MWRZEB .

S .

10
13
17
26
35
38

40
40
44
48
52
58
60

75

85



pHERE
5.1
52
53
54
5.5
5.6

46w
6.1
6.2
6.3
6.4

BT
7.1
7.2

B ALK

S MRIEIR
B LRIK
W ..

IVAFEE S/ I

Python %%
AR ...
RASEE . ..

S% 3k

ik A iaZEF LR

Fik B ZRPERLRIZ A

ii

103
103
105
114
119

121
121
122

137

138

139



o5 15
E——
A

B IPABEE I %O, DR A0 BRBURN E b7 463 117 P AN AR i 200
FUFNAEMAEANT . W1, W1 0E, (0520 REA BB TR BRI . WA B
B, IBFEFR T AN IR . AT S U AT 55 I, BATE A 4 2R N 350
FR A BTy 5, X E s e B BRI . N2 & B AR =0, Mk %
SRS M

Bl 1.1 SHRAWNETHELNNEZFHREFEWRL. BLIUETT ¥ E4%¥% 12306 4
bR EBEERTNINER L., REETFNE, HIE—EFTH5E, F8 LENT
RAKATA,

HREIE S g =t 1 ®E RE/DE R R aE

7o wem -%8 < °° —gas w8 -%8 %8

06:31 05:47
12:18 ELEETS
06:32 06:07
12:39 EEERS
06:43 04:49
11:32 EEERS
07:00 04:37
11:37 ElERS

=0 - 13 £ - - - - - 5 - i

5 Gl l ) T

9 - 5 5 - - - - - 5 - 0T

-
=
at
at
at

H

T

07:22 05:59

1321 sAEmM Lt W & A T

G566 07:27 06:09 . B _ i "
Sa6 SR 1336 uAmR w h s

G598 ~ [ LisiIH 07:38 05:54 .

= ] 13:32  sAMS 2 - w i - - - - - ki = T

E 1.1 BRI 7S B

B 1.2 —AiRad AR B K, il i LR R E N AR — R R ) —k, RAEE
R R, do FTALRIBE AL G AT RALY A R BB F X TS T 1962 F 4 R4,
KA b E g R FIAL . EIZR T 8 R 2SRRI AR AL, do B 125



1.2 R

Bl 1.3 EAIAMERET 48 TR Pt 1.7 7 ARe ey LILE T o448, B Pt e
HOIFs R A 1 £ 25 20955 X, R LI . K TIA 6GIF5 235, AT AP A
TR (A “Y &) BATIRRTAN, Atk HiE G A %GR, XA S &
97 % (Netflix) 8 7 £ LK.

*® 11 BHIESR

M Mg 1 M 2 Mg 3 M 4 ML 5 e M5 n
A 1 4 5 ? 2 2
A 4 2 ? ? 4 5
As 3 ? 3 3 4 2
A 4 1 3 5 ? . ?

BEE AR E L, ZIRN ZHER BRI, A8 TR B LIS S 7 g B B L R I 7y
A, B REE S 5 N BRI HESE
(1) ZePERIK (linear programming, LP): H ¥R RS A A &t 3k, Bk
AR BUELLAE, AR . TR B B v . DU HLH & il
Kffes, CRChIBEAP N RS2 BRI —., AN 2 KR
SRR I R, T 2 24 ) AR T 5 AR, R R Ak R R I R TR AR
(2) BRI (integer programming, TP): 4 ¥ 5 7% 5t 114 BB 06 200G 2 BE AL 20 TR ), A
IS AR I R A B BRI AR H A e IS R A e 5 o R b X, B
FUI P 3 A R R BN 5 L O . i — 25, SRR RO T R
AR A RE I 0 5 1 PHAMA, WIFRA 0—1 MR .
(3) AELMERLKI (nonlinear programming, NLP): 24 H A7 o $iak 2 /b — A& 40 3k
etk U, FROMAELAERIRI . MR T LR v Rk, et R 5 A S B A



EHEREG® ;

ARG K, REASANIAR PSR A B A A R AR, Iz WA il . SRR
. Y SHE R g [ B A

4) MK (dynamic programming, DP): ZhZSHLIIE K2 B Bk S R d Ak 17
AR B RTTIR . XIS R A T A IR R A o BEALAG, 4% o Bk b AT oo,
Hi— P B PRS S5 M 5 — B B bk . shSHLRI AR GER R It H AR, 55K
o s R KGR B A L RS 51

(5) HFFIE (game theory, GT): MFFXIRIE, FEEMFTL A B EHRTEN ST, 52
AVEEZH R H PR SO RAE ] — R b, AR SRR A
] . AR FRAFAE S B P IR] AR ANTEEE . AR AIEE), A B e84 A S
PASEER 8 B M i i e KAL o

12 AR S B B A AR DAY EL AR A RS i, A B TR AL A SRR

e B — BT PRANE L3 PR, M RANT e R 2h 8 B g 2 T

i e . il
ik oy Wit o
13 B



o4y 2 5
E—
2 TE LR

2.1 KRR
211 ZetkkIR
T Y B AR VL R R T, TS 70 T B S LR T AR

Bl 2.1 XS itRIA S LI BAP RS T, £ Fidi2 P50 b HEE A Bagsat ZiA
XL FETA), B9 &R L4 8 T R A, AAr = S a9 K AE 4o R 2.1 P75 . 3%
B € %A E) | AT K WA S AR 5] kAT B AVE R K

®21 HIERMKEERAEER

Tilf

Elggl:l
5[ 1 Nl - 5 H Al RS
B4 A & FsE /b 0 5 15
Beg B & FIETE /b 6 2 24
it TRl /b 1 1 5
I/ 5C 2 !

fi o TR H =R xo 8, 770 I H P8R xo fF, Hox,xo 3983R S 2]
149 I A P A ot B A 7 B SRR Z AL, Bl 2x) + 00 2 2 = 220 + xo, AN
AT H AR, HFRREUY R max z = 2x; +x,. MRS S T ny % H Al T fE



EEESR 5

BRI, B AR BB ] R N
max z = 2x; + X,
Sx, <15
6x1 +2x, <24
X1 +x3 < 5
X1,Xx >0
Hrp, s.t. 42 subject to HEE, Fn “HRT.
#1122 XNAMET—FE 1 AZE 4 AR L AT, EAWHEL @it
K220 . L) ARG A AR MR 2, & B A KT etk K, BR4e R 23077, 42
&6 B T £ A AL, R PILATT EIT— 0 &R, 7T 5iTE T &R . X5 <%
B BT L, AR P AT AL R A

Fx22 ZFAMAELI @R
A 1 2 3 4

i L) HA/m? 15 10 20 12

£R23 I EEEH
Ay R IR 11-H 24H 34H 415

A TS /(58 - m2) 2 800 4500 6000 7300

fi B FORTESS (AT MAEHSY S DA R, Kb i =1,2,3,4,
S A ERZ A FIATEMME L), 5 xo4, X33, X34, X2, Xa3, Xaa 0 00 AT RN
B A () (4 A 2S00k W AE T TRIAR Y SR AR 2 A, B AR de /MR 2, [] ok 75 250 2 2% H
i L) AT R TR, BeEn RoR

min z =2 800(xy; + X1 + x31 + x41) + 4 500(x15 + X2 + x37) + 6 000(x13 + x23) + 7 300x 4
X1+ X +X53+x14 215

X12 + X13 + X14 + Xo1 + Xo0 + Xo3 > 10

S.L 4 X3+ X4 + X0 + X3 + X371 + X35 > 20

X4 + X3 + X30 + X471 = 12

x;;20,0,j=1,23,4



2% ZMAX

2.1.2 B

Hi R A 5T AN, St R ) B A A = AR R TR

AS . EARERECS AR . OB RoR

max(min) z = c1X; + CoXo + -+ - + CpXy,
apxy+apxy+ -+ apx, < (=,2)b
anxi + apxs + -+ + azyx, < (=,2)b,
s.t.

Am1X1 + ppXo + -+ + Ayp Xy < (:’ Z)bm

X1,X2,°°° , Xp = 0

@.1)

Hor, xy,x0, - HPRRAS B, BUER RSN 2 o B ARPRER, &P ofe A8 B 2 pR K, AR
HESEPRIAUR AL “max” SE/IME “min” ; 25K 4% P SIS BAG G P R oA 4
A AN, e, c0 -0 L W?‘ﬂ{ﬁ@%?ﬁﬁ%ﬁ’ﬂg%@(, bi,by,--- by %ﬁfﬁﬁigﬁﬁﬂﬁuﬁ

Iﬁ; ap,a,: s Amn %ﬁﬁ*%ﬁﬁ?ﬁﬂigﬂo
LM (2. 1) T R Ay

max(min) z = Z Cjx;
=1
n

Zaijxj <(=2)b;,i=1,2,---,m
S.t. Jj=1

x;20,j=12,---,n
A5 A 1) B RS 1) i 0

T T
02(61302""301’1) 9az=(xlsx2""3xn) 3b=(bl3b2a“'
app dpp ot dig
daz;p dx - dyy
A=| . = P1p2 )
am1 Am2 *°° Amn

IR ] Fm R I
max(min) z=c'x

ijXj < (=, Z)b
j=1

S.t.

x>0

9 bm)T



B A T P AR R TR X
max(min) z=c'x
Az < (=,2)b
S.t.
>0
RAEHLR ) AR B AR TS X A
max z = Z CjixX;j (2.2a)
j=1
Zaijszbi, i=1,2,-,m (2.2b)
S.t. q Jj=1
x;20,j=12,---,n (2.2¢)

PRUETE S AL A LA DA PONRRAE: F AR R B i KA IE S, BTy 93 2%
PE R A A, Pirf o SRS B R AR SO0, 2SR A A o T RO AR 0. TR
B R LASR/ IME A F PRI BRHEFE 3o S 58T i Sl e e Ll ) AR At 5 1k
Jit, T4 R A E S

it R 49 R AR (2.20)Fo(2.20) B9 AR AR A T AT AR, BT R T AT AR M i BB AR A T 4T
o EITATIRT L B AT RBGEE B R oy T AT AR A SR, T4 =* . RIEART 24y
B A% R B AEAR A KL, 1TH 7

213 debsdERE A

XoF T AR E B 2 L P R I R, 0 e T S A A e A R AR T 5
XA A H R R R AR S SRAR T = TR
(1) FAR R R e 23 S P R A o/ MK ) A

n

min z = E CjX;

J=1

FE IS AT H RS 2 = —z, R SR U A Ay iR A 17t

n

max 7' = —chxj

J=1



2% ZMAX

TEVE R, BRI A (7] 08 S O, (B (A 22— N5,
Bl min z =-max z’,

(2) 2R e AERRETE b, 29SO i TSRO AR AR AR
PRI by < 0, HAURFI% 2SR S5 1 19 i [ ) f e A — 1, A5 2 S50 293

n
- § aijxj = =b;
j=1

[ml i, ARETE 2R SR AR A S BRI “<7 BURER, WATEIA
FATASEE 5 > 0, (AR T2 AR A o 5 2 2 22, IITREAN S N A

n

Zaijxj+s:bi, s>0

J=1

HHRAAT N 27 BUREES, WMAT5 | AFARASE s > 0, FFA ALY

Zaijxj—SZbi, s>0

=1

(3) PLIAR e 25 AR R o AEJR B JCA R (H 2SR, AR H0R A
el vl

’

X =X =Xy, Xp,x0 =20
IR, A2 o BYBUEATS 1 x5 ) BIRIRR/NIGE o 3 8h, # A8 B e < 0, U]
T4
X = —Xg
M A PSR AS B3 B A HE T SR AR TR 20K
B 2.3 L& ALK )AL
min z = x; + 3x, + 4x3

—2xX1+x+x357

=3x1 +x2+2x3 >3

dx; — 2x5 — 3x3 = -6

x1 20, x>0, x3 LA KR

AL A TR X



BHFFIR 9

fiit EERH T B AR B . & 2 = -2, T
max 7' = —x; — 3x, — 4x3
—2x1+x3+x3<7
=3x;+x3+2x3>3
s.t.
4X| - 2)(2 - 3X3 =-6

X1 <0, x>0, 3 TR

max 7' = —x; — 3xp — 4x3
“2x1+x3+x3<7
—3x;+x3+2x3>3
s.t.
—4x1 +2x,+3x3 =6
X120, x>0, x3 LA K
SRS~ ARARIEIAE <7 R 2 BTN ARSI B i, BRI v, JA%
Kbg R4, HEmS2|
max 7z’ = —x; — 3x, — 4x3 + Ox4 + Oxs
“2xX1+xy+x3+x4=7
“3x1+x+2x3—x5=3
S.t.
—4x1+2x,+3x3 =6
X1 < 0’ X2, X4, X5 > O’ x33ﬁé@§ﬁ
HEH xs BUETLAR, & x5 = X — x5, x4,x) > 0, [Ef x WARZMRZ 0 <0, 4

xp=-x, TR
max z' = x| — 3x; — 4x} + 4x) + Oxy + Oxs
2] +xp x5 —x) +xq =77
i 3x]+x+2x, - 2x) —x5=3
x| +2x, +3x; - 3x) =6

’ ’ 17
X, X2, x5, X5, X4, x5 2 0



10 2% ZMAX

AT B AL H A0, SR A3 S PR 1E0 R ) BT X
max z = x; — 3xy —4x3 + 4xy
2X1+ Xy +X3—X4+x5="7
3x1 4+ X +2x3 —2x4 — X6 =3
Ax1 4+ 2x +3x3—3x4, =6

X1, X2, X3, X4, X5, X6 2 0

2.2 KRk
2R MR 2. DAE S PSS F i, Ho KA TE A EEE B AT i
max z = C1XxX1 + Cxx»o
apxy + apx; < (=, Z)b,‘, i=1,2,---,m
X1,X, >0
F T I BB S AT T LA AL AR 2 P B S B, DR LSRR R A TR M. PRl iy i) i
A S EPEHEAL DA x A xS AR T B AR AR BR R, R AT SR AR R R

LB, AT A2 1P AR R A e, JHEC 22 1) A R ) S 4R, 0 LGt O o+
¥ o B e P AT Tt Ak PR 1F s R RSO, 80 [P AL e DI

221 Kfad R
Bl 2.4 A B AR R AR A ALK ) AL
max z = 2x; +3x;
X1 +2x, <8
4x, <16

4x, < 12

X1, x>0

it VA xi, o R ARARGIEESI T IR EL A ARAR R, AR XL > O 4850 —ZR. BAE
B4 o A T iR O S T R K e s TS R S S T U R S U PR ] S



BEFFH 11

Gro B DX A B g — A AT 2 A R R 1P AL ) T g, AL I3 2 P R
O AT AT

N W e U
— ‘
I =
| +
o ¥

I

oo

>

g

I

o

(3]

T 2 3 4 5 6 7 s——u
B 2.1 WA

A2 257, BB AT DA 2 WBEL. —§ FRIE TR, B
_ Z
Xy = —§x1 + §

Mz Ed/NVERIN, R ENTA LT M B8 A LI sl 2R3 E A 0o B, z [HAER]
FrsN S RAL . I, A R AN 02(4,2), JeLfE N 2 = 14,

~
~
~
~ ~
~ ~
~ ~
~ 4
~ ~
~ < <
~ > ~
~ X ~
~ ’ <
= ~
Fo ~ ~
~
S N RN ~
~ ~ N
~ ~ N

1 2 3 4 5 6 7 8 2

K22 HirsEaete

2.2.2 LAl fiefi

HI 12, 4R R0, A% DS EME— B O o AEDR T — B LR D, B MfE— B A4,
BB B TS 2t U . TR S IC AT RS O o
(1) Jog5 Z Uit 24 H s ek B0 S5 (B LA die D07 -5 T AT I 2o A iy S e B o

fift . DABI2.AR B0, 275 H AR R ECH max 2 = 2x) + 40, W H AREREUN S(EL 52
WA X1+ 20 < 8 XPMAYIAFFAT . 2 2 l/NERI, SFELARAS5LEL 0,05
Hf. Pt LRBL 0205 AL — R N R AL, K235



12 2% ZMAX

N
<
< -
<
o ~ ~
= So S, Q
N 2
<
N

S

O 1 2 3 4 5 6 7 s~ n
K 2.3 Jogs 2 i

— no w > 5
'
&
o i
t ¢

() JEFfif: 2T FIRAE AR BBy T 1 FESR AN, BT B bR T AR
R B TR, WIFRZ )8R To . 25 AR B A
max zZ =x;+Xx,
—2x;+x, <4
St S x1—x L2

X1,% >0
2.4 DA Y, WA TIRAE R — T ) AN 2 29 R4 AR BR ), HAREREL 2 = x1 + xo
FITCRRIG R o SX R 0 R SR AE AT AT i, AR EAT KR A S (I

Tog Ty =4+ 21

W~ Ut [=2)
——
/

S
N x2=x1—2
~

2 35 4 5 m
K 2.4 JohHig

() Tonl AT BRAAEZ AR BT . AT AT U RE [ I 2 B A 2R 251
I, AIATIRC 2 5, FRIEUTC AT AT AR, B A SR AR R AR . PABI2. A0 B, 25
WML x1 + x2 2 10, WRAHRAAF5 A LR x1 + 200 < 8 MIETJE,
FHFEOTATIEC S, M EIE AT



EHEREG® 13

231 JEfig

% bR E T S S LR 03 (2.20)~(2.20), 38 A AR mxn (n > m) £

ap ap o Aim
az dxp - Ay

B = . . . =(p1»p2""’pm)
Anl Am2 *° Aum

% B ZAEME A Fag—/ m Brin R TAER, MK B Az KRR PR — A 48
% B Py E—Asagp hALGE, L P =12 ,m. ShaEp i
'_EJE%X]' HARLTF, FFAATSILH xp = (x1, %2, - - 9-xm)To M TSl ag AT
FHRAEAEE, TAHELALTZILA TN = Cmats Xma2s -, Xn) o

B 2.5 b & ALK )AL
max z = 70x; + 120x,
9x1 + 4x, + x3 = 360
4xy + 5x5 + x4 = 200
") 32+ 108 415 = 300

X1, X2, X3, X4, X5 > 0
Mk, AmEfi L.
fig AR R R R AR

—




14 2% ZMAX

XA BN o = (X3, x4, x5) T, JEEASE N @y = (x, x0T BN

4 0 0
B/ = 5 1 O = (p29p4’p5)
10 0 1

X EAS N g = (X0, x4,25) ", AREA RN 2n = (x1,25) "

/Eé’] *%{%—(22b)‘:{?9 é\ﬁﬁ—ﬁj}i}i{ﬂi% Xm+1s Xm+2s *** »Xn El’fﬁ% 09 )rl'] ﬁ‘ﬁ:

T = (xls-xz,"' axmaos"' 90)T

R AR IR KA, #—F, 8RR E I 2 RA Q200 BRI H AT 17
7, 5527 b AR T AT

L F TR AL 20) Y EARRH fe 2o C, i T AT RO X H w0 T BRI EOH -
R SAEZ B R AR ME2S R IOk, R AR RN T m, AR
BN IBAE . FEIRLETHE b, BRI MU H BRI -

Bl 2.5 WIATAR. B ECTATAR
Bl 2.6 Kb &AEAR] 1AL
max z = 2x; + 3x; + X3
X1 +x3=5
X1+ 2x; +x4 =10
Xy +x5=4

X1, X2,X3,X4, X5 2 0

by SRR, 48 A P 0 T AT AR, O A T RARAR .

iy



EHEREG® 15
fit 5L RR A R B
1 0100
A=]1 2010
01001
HREF2. AT, il = = (2,4,3,0,0)7, \fhfEN 27 = 19,
F24 LRRERE
J?% X1 X2 X3 X4 X5 Z %ﬂfﬁ@
) 0 0 5 10 5 v
@) 0 4 5 2 17 N
©) 5 0 0 5 10 v
@ 0 5 5 0 -1 20 X
©) 10 0 -5 0 4 15 X
® 5 5/2 0 0 3/2 35/2 N4
Q) 5 4 -3 0 22 X
® 2 4 0 0 19 N4
232 Wi
RELEQCRY, EXMETHE ), € Q ZFEH ac (0,1), FiH 2
axr;+ (1 —a)x, € 2
MREE QAHME.
HE SCR, (AR R B R R BB T IE MR . AR AAT R E XL,

MR AE S . B, E2.6(a). (b) AR, #2.6(c). (d) AREMEE.

r=ax;+(l-a)x, € Q

WAz AhE Qa9 E (K E).

FFLE QP E ¢, ERBEANTRNE ©, 2 € Q BEHK a € (0,1), 1443




16 2% ZMAX

(a) (b) () (d)

2.6 g A g

233 AR

F BRI P AL TTATAR, W A TAT A & & .

VEWT 0 Q Sl e R R R AR A B
ijxj =b,x;20,j=12,---,n
j=1
FEHL Q H A
T = (X1, X127+ ,xln)T, T = (Xo1, X2, -+ ,xzn)T
Hax #x,, —EWH L
ijxlj = b’ X1j 20’ .1 = 1’2"" s n

J=1

ijxzj = b, x2j ZO, ] = 172a"' s
j=1
Wa=nx, - x)" e 5o BLIEE S L ae (0,1),

z=ax + (1 -a)x,

Hrpx; = axy; + (1 - a)xy;. fCALRZIFEE]
ijxj = ij (axij + (1 - a)xyy)
= =
= a/zpjxlj + ijxzj - (Izpszj
j=1 Jj=1 Jj=1

=ab+b-ab
=b



EHFFE 17

BT x;20,x;20,0>0,1-a >0,
X 20, j=1,2,--,n

P, e Q PEEM RIEL B R ET Q, B @ 2.

KRR P AL TR © = (01,22, , X)) ARTIBO AL L RFMHR, 0
ER BT R ARII @ EAMRAK.

WEW A EYATRRR E X EEELES ., P . ERE pLp, - . Pr 2R
PETC I, WA E k <mo 24 k =m W, W& p,po, - e IR L, AT

T = (-x17-x2"” ,xm,O,"’ 70)T

AR EE AT . 24 k< m B, 5 AT DAMCHAR IS [ P el m — k A1, S
Bopipo o pr MERIETC K 1 AL W I RRIE N . 5 b, SEor ST,

THE 2.9
LK 1P AL a4 KT AT AR @ 23 B 9T 473K (B ) 09T & .

R OB A AR PRI SRS B, LA S T A T AT SR DL 5 4T
D077 4 B2 56 52, AT DA RO VR AR AT

R MEHLR B AR 69 T ATIRA -, W B AR R FL AT ATIR (W) a9 XA TRE EiX
3| ;Koo

S2RE 2. 1005 %, SR LRI 17 AR Y BEAR SR AR SE B TR RS S DA R LA SE4R B ] A3

R HICEL SO A 0 LA UG T2 B S5 A0 s S5 A2 —, 5 D0 e o S 1 A
SRTIA . AL ARTE S BT, B H O AR AR B S TN
24 REBIL

SUE SR NG ]l S AR A, (H 2 PRI n AN HIRA R m B
RIRF, P 2 B AR REON K, Sebr B R A TR L .



18 2% ZMAX

241 WECBER

R EIR NS, FRATIEIA N B AR o e — AR B AT, W I T AR
Ko AN AR T, T AL AL 55 L B o, i o B A O 2 i S T A T A el
FHAR I B AT AT A, B H AR R BUE AWt . ROZIEA, RS E U

() #L AR AT HMTETT ERAR, RETIARAER. BB R

A(2.20)~(2.20) A HRTTFEAUL

X1+ Qs Xma1 + 0+ AipXy = by

X2+ Ay i1 Xpa1 + 0+ AopXy = by

Xm + Quom+1Xme1 + 00+ QyupXn = bm

o, oy, 20,00 x EEAR R, HORONAREAR R, D RBOEE N

1 0 --- 0 Alm+1 *° Qln
A 0 1 --- 0 Ayme1 0 Qop
00 -1 Amm+1 " Amn

FF U, A IR AL 2.5, R o) — 2 ARIREL & SUH

m
O'j:Cj _C] E claij

i=1

R25 MRBA4RE

cj— c ) Cim cj Ch
Cp T b X X Xim x; Xn
Ci X1 b, 1 0 0 ai; ain
Co X2 b2 0 1 N 0 e a2j - Qo
Cm Xom b, 0 0 C 1 C Amj Ce Apmn
¢ -z 0 0 0 o o

], el —> m X m BAGEIE RS B S N A6 Wl A7
(2) e EVER S ARSI L o < 0 HAE AN TAS R R0, D024 mi
AT IR, A 1. #FAEAE oy > 0 BRI )& p; < 0 (BB BTy



BEFFH 19

JCHRIIARIE), W H AR ECTHT %7 ) o RGO, . B0, # AN —2TF
JREAR WA

(3) HENIATAR A 2T E ARG F Br e (A, R RE 24 B T AT A5 AR 4
. FARRR B R A T TR ¥ SEc N S KA 36 s )

ox = max{o; | o; > 0}
J

M G5 KA T A AR RS B, e U B R K & xy AR A S, FRid
A Xpo FUHEAN fe/ N AR )
by

! ajk

bi
9=m_in{—|a,~k >0} =
Aik

W FITCE an, FcH lan], FHARIEER x, Shde 1248 5, FRich . BS54l
RS SFEAT 284, P ETCHRAA 1, FRHE TR e i AR T R 4k
R 0, MTTTAS B B3 5 1 B A 36 5 B S T A T
(4) EEENRE RN BEEPAT ERWA IR, B 20 R me s kA 1, 5 )
R TCH B TC AT
Bl 2.7 7 LSRR AR AR AR P AL
max z = 2x; + x,
S5x; <15
6x1 +2x, <24
X1 +x3 < 5

X1,Xx, >0

fii SRR I R ARHE TR, X << BULHA) BI5 | ARATBAS & X3, x4, x5 > 0, 153
max z = 2x; + x»
Sx, +x3 =15
6x; +2x, + x4 =24
S.t.
X1 +Xx2+x5=5

X1,X2,X3,X4,X5 2 0



20 Aoy =

% 2F  RMEAX
B EARARKM HES B R Az = b, Hf
05100
A=16 2 0 1 Of, = (x;,x,x3,x4x5)"
110 0 1
i AR 35 W) i LAl T 322,66
F26 VIARAREE
cj— 2 1 0 0 0
Cp rB b X1 X2 X3 X4 X5
X3 15 0 5 1 0 0
X4 24 6 2 0 1 0
0 X5 5 1 1 0 0 1
Cj—2zj 2 1 0 0 0

YRR PR o > 0, ULHARI IR B AT AT AR AN )2 e U, R5 B T B AR A . R
P de KA IR, 1T oy > o, BN Xy AR AAS & . ARG TH RSN E

24 5
6 = mi 4
m1n{+oo G 1}

MR E FICERN 6, B AL BN xq0 PAFICE N AP OUEA TR 472840, 153 55—kt
R BRAlER2.T.

R27T FREREHBRARR

cj— 2 1 0 0 0

Ccp B b X Xy X3 X4 X5
0 X3 15 0 5 1 0 0
X 4 1 2/6 0 1/6 0

0 Xs 1 0 [4/6] 0 -1/6 1
cj—2Zj 0 1/3 0 -1/3 0

AR 0 > 0, BRI o I A B, TR/ HE

1541}6

0 —
mm{s 2/6°4/6| ~ 4



EEESR 21

MR E = T0R 4/6, e th A8 508 x5 BRI THI S5 T28 40, 1581 55 — kAR E R 3
alijp#2.8,
R28 FIRERBERBRAERE

c; — 2 1 0 0 0

CcB TR b X X3 X3 X4 X5
0 X3 15/2 0 0 1 5/4 -1572
2 X 7/2 1 0 0 1/4 —1/2

1 X2 3/2 0 1 0 —-1/4 312
c;— 2z, 0 0 0 -1/4 -12

UEES, Ira A s g e o < 0, SRR & 1 AR B il =+ = (7/2,3/2,15/2,0,0)7,
AN 25 = 20 +x, = 17/2.

242 KM

A B [P BTG R B AR BRI A e T AT, 25 el b BE? A 5350 K M3k
TP Bk . Hor, KM JESR N ETTE, a5 AN TSR, IHHM — A 5850 K
TR AR B B AR BCR I —M 58 N TARARBII. 24 B iR 8Oy kAL
i, U R N TAE R EAS R ey, SR A A T RS B i A% -

Bl 2.8 R M xR EMHX] P AL
max z = —3x; +x3
X1 +x+x3<4
—2x1+xy—x3 > 1
3x,+x3=9

X1, X2,x3 >0

fi e I LA AR T
max z = —3x; + x3 + Ox4 + Oxs
X1+X+x3+x4=4
—2X; +Xx3—Xx3—x5 =1
S.t.
3x,+x3=9

X1,X2, X3, X4, X5 2 0



22 2% ZMAX

WL 2o S5 A ) 2 SO ] R0, S A IS B R P AT S ) i B R e, O ¥k L B M i
PIRRSEE AT T . TR, SRR M YA, SR YRS AFT AN TS & X6, x7 > 0, FHAE H e
B 2T HR S R ARG AR50 M, Fa s il B 2 AL vt
max z = —3x; +x3 + Ox4 + Oxs — Mxg — Mx;
Xi+x2+x3+x4=4
—2x1+xp)—x3—xs5+x5=1
S.t.

3x+x3+x7=9

X1, X2, X3, X4, X5, X6, X7 = 0
PA x4, X6, X7 WU FLAR B, TS WIR BRAETE 2, I He s A vk AR AR, 1L 222.9.,

K29 KM FiERiIE

c;— -3 0 1 0 0 -M -M
cB B b X1 Xo X3 X4 X5 X6 X7
0 X4 4 1 1 1 1 0 0 0
-M X6 1 -2 [1] -1 0 -1 1 0
-M X7 9 0 3 1 0 0 0 1
Cj—2Zj -3-2M AM 1 0 -M 0 0
0 X4 3 3 0 2 1 1 -1 0
X5 1 -2 1 -1 0 -1 1 0
-M X7 6 [6] 0 4 0 3 -3 1
cj— 2z -3+6M 0 1+4M 0 3M —4M 0
X4 0 0 0 0 1 -1/2 -1/2 1/2
X2 3 0 1 1/3 0 0 0 1/3
-3 Xy 1 1 0 [2/3] 0 1/2 -1/2 1/6
cj— 2z 0 0 3 0 3/2 -3/2-M 1/2-M
X4 0 0 0 0 1 -1/2 1/2 -1/2
x, 5/2 -1/2 1 0 0 -1/4 1/4 1/4
1 X3 3/2 3/2 0 1 0 3/4 -3/4 1/4
cj— 2z -9/2 0 0 0 -3/4 3/4-M -1/4-M

F BAAE T R TS, LR A B A 2 = (0,5/2,3/2,0,0,0,0)7, HAL(EH N
8 =3/2. WA NTAR x6,x7; WHET, TRIENEXRICHEN 2 = (0,5/2,3/2)", f
Al N =5 = 3/2.

*



EHFF®

23

243 WiBrBEik

HERK M EAETT AR A AP R MR A RS B A, TRF 5 LA G I e
TR 0 RE 3 AP BOR Ao A4 A0 B 2 R 10 At

m
max w = —Zyi
i=1

n

Zaijxj+yi Zbl‘, i= 1,2,"' ,m

=1
x;20, j=12,---,m
yi=0,i=12,---,n
BT SRAR S N AR R MR 1) B P I BOZ AP BRI R
(1) 5—PrEe R P KA I 8. 5 N AR BEUEN 0, H AR EE WA 0,
D) S P i DGR RS 7 Ji e M R I R ) — S BRI AT A e F AR R B EA Sy
0, BRIy 8 s P 7 9 AR 2R N LA S, U3 )t 2 P R ) A TG P 4 f o
(2) 2 W B FESR—Br B E KA IR I — R aR B T TR B b ARER A
W) S O o JeX S — O B S A BT R AT IR, RS I i 4 St )
B ARG W2 FrA N AR RS, FEDA SR AR AR Sk U5
Bl 2.9 F A HER SR AR S ALK F) AL

max z = —3x; + x3
X1 +x+x3<4
—2x1 +x3 —x3 > 1
S.t.
3x,+x3=9

X1, X2,x3 >0

ik I R A A N AR R R ] )

max z = —3x; +x3 + O0x4 + Oxs — Mxg — Mx;
X1 +x+x3+x4=4
—2x1+ Xy —Xx3 — X5 +x6 = 1
3x+x3+x7=9

X1,X2,X3, X4, X5, X6, X7 = 0



24 2% ZMAX

PARRAL w = —x6 — x7 Sy FL bR, P40 365 i B e 1 R A [
max w = —Xxe — X7
X1 +X+x3+x4=4
“2xX1+Xxy—X3—Xx5+x5=1
3x0+x3+x7=9

X1,X2,X3, X4, X5, X6, X7 2 0

HEAH ) 29 SRA A 8 PR AT VR AR A, TR AR a2, 100 . W DAE . SF—Br Bt
M LEA w* = 0, 152 — 4L R 1T

x1=1,x=3, x3=x4=x5=x =x7=0

BERF N AR B x6 = x7 = 0, BIE (x4, %2, %3, x4, x5)T = (1,3,0,0,0)T g Ji i U — N FL vl 47
filt, AT HEASE I BT

R210 F-MBRAGRTEATE

cj— 0 0 0 0 0 -1 -1

cB B b X X5 X3 X4 X5 Xg X7
0 X4 4 1 1 1 1 0 0 0
-1 X6 1 -2 [1] -1 0 -1 1 0
-1 X7 9 0 3 1 0 0 0 1
cj— 2z -2 4 0 0 -1 0 0
X4 3 3 0 2 1 1 -1 0
0 X2 1 -2 1 -1 0 -1 1 0
-1 X7 6 [6] 0 4 0 3 -3 1
cj— 2z 6 0 4 0 3 -4 0

X4 0 0 0 0 1 -172 172 -1/2

X2 3 0 1 1/3 0 0 0 1/3

0 X 1 1 0 2/3 0 12 -12 1/6
cj— 2z 0 0 0 0 0 -1 -1

T2 55— B B B Al 2. 10 N TAS & X6, 7 FTAES, HAFAE B X1, x0, 005 RV A



BB o B dieoh i ) H AR eR A R A SR B BORE Y. S L R R R T 2R
max z = —3x; + Oxy + x3 + Ox4 + Oxs
Xi+Xxo+x3+x,=4
—2x1 +Xx3—Xx3—x5 =1
S.t.

3xy+x3=9

X1,X2,X3,X4,X5 > 0
IREARIMR2 R I REREGH 2 o < 0, HAFEAREE A I HCh 0, MUs 4k
FRI 0 RAAEAE TC 55 2 S i -

R®211 EMBRRGRFEATE

cj— -3 0 1 0 0

Ccg B b X Xo X3 X4 X5
X4 0 0 0 0 1 -1/2

X2 3 0 1 1/3 0 0

-3 X 1 1 0 [2/3] 0 12
cj—2zj 0 0 3 0 372
X4 0 0 0 0 1 -12
X5 52 -12 1 0 0 -1/4

1 X3 3/2 372 0 1 0 3/4
cj—2Zj =972 0 0 0 -3/4

244 JCAbp]

1z 1 B AR SR AR AL R0 AL, T R 3 ) — L5 SRR B A 15 O, s/ ME i
AL RIS K TE T AT F A
(1) de/ ML 87 B AR/ METE 2 A LR AR I 3, B B a2
AR DA S S IR B AR 22 57 . A R P IR ER 2 o > 0, Y
RS T AT AR R Ay de VUM . 5 U, S Ak 6 DA E H A R (R
(2) RIS AEFR AR AR AT AR, G 5 R fe/ (B IOt 5 ) B A R
TR /N FUARLIR, 2 R B~ 2 22 R I ) /DML, DUHE R — %8 B A R vl fE
B L AR R HUEY O, LR AR B AL, X I AR B A X BER —
fici i T PP AE TUAR O, (AR AT I [A] — TO0Rix B 2 A BT AT . 24
PLBAL, W RES P EOA R AR A A IEFR . i, 11 224 (Bland) 7E 1977 4F42



26 2% ZMAX

A S MAAEZ A oy > 0 I, PERECT A/ M AR RS £ A AR
o AR 0 HOE T B2 M ) 0 dre/IMEL WU e/ N B AR LA H
Aphr. R A REATAR S, T DARE G B AR S AR L AR ER SR

() Jorl AT A TEI SRR M RIS Wl BEik, 9006 BRAIE 2 v i A £
FAEBATAS G, H AR SR AT A s T B AR, IrA R 2
o < 0, (HEAR R TIORf0 Br AR N AR &, U336 I D e PR 90 T T A T 1

2.5 SHE ]
251 [PLEHEH
P2, 10 A 7 RIAG) E,  ATE ) 2 DA {88 B e b S o) £ I A
Bl 210 B TRE, LU RFATERL T, mABEIA 0 =48 A TR A AR
T ;oA T, AR A, 5] S 4T H E EAY TR AR, A RERAFR KA AFA,
fid M EERERCE LA T AR B AT A, A SRR R S AR AR T A E] H
FTAE T I RS ARSI R 7K P, AR TR BT L B v, y2. ys 7 HIFRIRBAL
B Y AL A AL g B R L B R R <6, 85 2 24 B 2%
6y, +y3; 22
5y1 +2y2+y3 > 1
7 4h, MALSE T Fa B A, R AT REREAR B SRR & A . T 215 B 8Bty
min w = 15y, + 24y, + 5y;
6y, +y; =2
St Sy +2m+ys 21
Y1,Y2, Y3 > 0
2 R T A A o PR 2 e MR )t
max z = cix; +Coxo+ -+ CpXp
anxy+apxy, +---+apx, < bl

ariX1 + anxy + -+ Aypx, < b2
2.3)
S.t.

A1 X1 + ApaXo + ++ + ApynXn < by

X1, X2, » Xp = 0



EEESR 21

HXHE A ek
min w = blyl + b2y2 + -+ bmym

apyr+any+ -+ admym 2 €1

apyr+axnys+ -+ admYm 2 C2 (2.4)

S.t.

AinY1 T amy2 + -+ AmnYm 2 Cy

)’]’)’27"‘ aymZO

S, A eSS REE AR ST, [FII 4 bR bR OR RIS 20 P
“>". ERAHEY

S.t. i=1

il e Y S PN U 72
min w = b'y
ATy>c
S.t.
y=>0
XTI 2 LA 174 D [ A0 R I R EA T 0T B, A 3R2. 127

3+ 2.12 R RiEE S 3B LB

i H Ji TR (2.3) I (2.4)
PR FR AL LR A R
b LR Z A A A i H AR R & R
c H AR R & R0 LR Z A A A i
H Fr ek % max z=c'zx min w = by
RS Az <b Aly>c

PRSRAS x>0 y>0




28 $2%

ALK

5 2.11 B b KAL) P AR
max z = 5x; + 6x;

3% —2x, <7
St 94x,+x, <9
X1,%2 >0
B %18 )
i MREER2.12, GIAREASE yi, yo > 0, AT B S H 0 A R
min w =7y +9y,
3y +4y, >5
S.t. =2y +y,>6

Yi,y220

T S T P AR A L, RS SR A AR T R

‘ J& 9] 20 55 248 9] B B A AT A4S, BT B 9] 2 64 3B BP A R R .

252 BRI
N R 5 H AR AR L AN I 1

(1) AR A LR AT R AT 3, R LA AT A (5] B8 )2 AT 1 14

AL, B “<” 5 o7 [mIRRGL. BARTE, AR
anXxi+apXa+ -+ ainky = by i=1,2,---m

CIE-i1e: g ]

apXxy + apxo + -+ aipxp < by, apx) + apxo + -+ aipx, = by

(2) AT A M FRRAEA B A AE N, HT5 Y5 AR ek BRI T

P A REO AL, WA <7 B BRI, X

apXy +apx, + -+ aipX, = bi



29

A3 L A R B R A — 1, REEFEAR R SR “<” BIZR
—a)X1 = AppXy — -+ — AinXny < —b;

FI, 7 IR A B/ IME, MR <> AL
(3) PLIFAT R Fedle: A8 R xp BUETCAHIS, nIRHZ AN AR AR R 22

X =X, — Xy, XX =20
BEIRE, e BHUERTS 1 x5 ) BRI RN 24 xpe < O I, A4
Xp = —Xg, X, 20

T35 2 B SRS P BB AR

Bl 2.12 B £ pEALX) ) AR
max z = 5x; + 6x;

3x1 = 2x, =7
St 94x,+x, <9
X1,X 20
B 3T AR 1) AL
firt SekrAE AR AT [ AN SE AR, 758
max z = 5x; + 6x;
3x1 —2x, <7
—3x1 +2x, < -7
dx1+x, <9

X1,x 20
FIAZATH AR, 0 A1HE0 ¥, 07, y2 2 0. HRFEZ2.12, 5 H A0 F X i
min w =7y} =7y + 9y,
3y; =3y +4y, =5
Sy =2y] +2y +y, 26

)’;:}’/1',)’2 >0



30 2% ZMAX

HER vy, 5y FEEIER AR, H2E vy = y) -y ATHUERSEEL By oA K
yi FOA B AR BRECS 2o 55 4, 15 21 dpe 2 X (8 1) it

min w =7y, + 9y,
3y1+4y, >5
St =2y +y,>6
VWIRAH, y220
Bl 2.13 5 b A AEHLX) 7] AR
max z = ciX| + CaXy + C3X3
apxy + apx; + apx; < by
ot anxy + anx + dxnxs = by
az Xy + axnx; + ax; > b;
x1 20, x, <0, 3 TLAR
B 2 1B 1) AL

fit 2 xa= x5, x3 = x) - xf, Gl AR AT EBTRIA N
max z = C1Xj — CaX) + C3X5 — C3X%
anx; — 6112)(?& + 6113)63 - a13x§’ < b]
’ ’ 17
a1 X1 — axnX, + ax; — Xy <b,
s.t.

’ ’ ’”
—a X1 + axnX, — dX; + dxX; < -b,

—asziX) + a32x3 - (133)6; + ag3xg < —b3

X1,x5,x5,x5 >0
FIAMEAZ & y1, v5, y5, ¥5 2 0, FAF Y5 28 5 H A8 i

min w = by + bay, — bayy — b3y,
ayy +any; — any; —asyy = c
—apy1 — any; +any; +any; = —c;
S.L Y aiyr +axny; —asy; —asy; =2 c3

—ap;3y1 — any; + any; +azy; = —c3

ylay’zay/z/’y_% 2 0



BHEFFH 31

L y2 =Y, = vy, 3 = —v5, BEBRAREI R 2 X ) A
min w = b1y, + byys + biys

apyy +azyz+asys = c

apy) +any: +azunys < c

a3y + axsy2 + a3y = C3

y1 20, LA, y3 <0

TR KB, TR RFR I 2 e AR B 3R 2P L [0, A 3 X )

F2 2 AT PU AT AL, DX UARBIAE R A6 A B TR X R I A B U . 62,1319
2 AR5 AR AR XA AL

R 2.13 REES MBI L

Ji I (2.3) KA ) (2.4)

H AR %L max z H AR %L min w
PeAr B n A LYREAE n A
AR > 0 Y= e
AR <0 Yy iE<c

PRAF R TCAHR YR =c
LRI m A PRAE R m A
A= b YA R <0
A KME<D A H > 0
AREE=b YA B IR

LYHRA AR A i T H s b R R A
BRI RGeS YA AR A i 0L

2.5.3  hHuEELE

ARFT R I R (2.3) SRS R (2. 4) Z AV 6 A%, AL R B Ee . e fUrErtie .
SEAEIEE A EAMATBIIE .

% R ARG TTATRE, 9 = LA 18 1) 2 G T 4TA%, M 18 A

c;X; < Z b;y;

j=1 i=1

‘}j:“:i?sizl’za"'7m’j:152,"'an0




32 2% ZMAX

VEW] el [ X4 v Ay R A A o SRR

HRAZ A B, RIAS e BRAETE .

J& 9] BAAE — T AT AR 04 B A7 R A8 & 2B ) 0y B AR R A TR, A2, 15
[ BRAE —FT AT AR 04 B AT B A A& 2R B A4 a9 B 4R B HE e B,

IR AR T AT AR EL A B AT R BE R, W E AR AR T AT . R, EAT B
AL AR, R ) AR T AT AR

%R B AR T AT AR, 2B IE AR T AT AR, R )AL BARRBE R . RZ, 5
18 1) 84T T AT AR, 2 JR )BT AT AR, TR 1B 19 ALeg B4R S AL B R

NS AR A B PSSR XHEEIE . b, s T RIS
AR TR PRI 2R, 00 (S DU Dt e R o I ) 0 B 5 2R

% R ARG TATRE, 9i R LB ARG T ATAE, LA
Z ciXj = Z b:3;
=L i=1

N X; R R ALY KARAE, 9 R H 318 B ALY RARAR .

UEW] 8 x2S A e AR, vy A2 XA I R S AR, — e

biy; < Z b;y;
-1 i1

n n

A *
E cjXj < Cjx;,
1

Jj=1 Jj= i



HRST BIASE BT

EHE 2.17

R )R AR, W H 3B 1) B RAEAE, L6 B AR RREEE . ERE)
AR5 2% 5] B3 A ST AT AR, N 7 3R AR, e ey AR g aY B A A a4
%,

VEW] 5T, 2450 R e AR IS, KT [ 4 o 1 A R mI AT AR, WL 2 = we
SRR T A, BUIS 2 RS S dee LA 55— T, o Dt 0 A5 0 {8 ) L R AT
H P2, 13 ] 0, S DY H AR R A BB X AR F AR R BOE TR S e A
e e, HAa L EAM .

EHE 2.18

AR P ARG AR, F R REMAT B ey BE = AR, Nz RE
HIEHE X, RZ, BRI RRF X, WL N ey BT &b AR,

VWD hEE2. 1250

M

\Q

Rad

IA

Ms

5’

~.

Rad

<>

IA
ERNGE

( l]x] )}A}izo

Jj=1

(Zn: a;ix; — bi) yi=0

Jj=1

TR, 4 9> 0, NE Zaij)?j =bio A7 Zaiijj <b;, WAH 9 =0,
= =

JE B2 I8 FR N ELAMA G s B, 2 I S BR AR 2 A P B U 4 P 0 T B



34 2% ZMAX

Bl 2.14 4o KX P
min w = 2x; 4+ 3xp + 5x3 + 2x4 + 3x5
X1 +X+2x3+x4 +3x5 >4
St §2x; —xo +3x3+x4 +x5 >3

X1, X2, X3, X4, X5 > O
AR AL AR A ¥y = 4/5, y3=3/5, 2 =5, IXAARIL IR E R P A8 KA .

il 5 D A X

max z =4y, + 3y,

yi+2y,<2 (2.5a)
yi—y2<3 (2.5b)

ot 2y1+3y2 <5 (2.5¢)
yi+y2 <2 (2.5d)
3y1+y, <3 (2.5¢)
Vi, Y220

FHEARAR v = 4/5,y; = 3/5 AT HE R R A, 15
£ (2.5b) = 1/5 <3, 2 (2.5¢) = 17/5 < 5, 3 (2.5d) = 7/5 < 2
RIS B AE R, EAMATBENE A x5 = x5 = x; = 0. XK yi,y; >0, T

S BT 2 S PRI, B xy + 3x; = 4, 20 +x3 = 3, 3 x = 1, 27 = 1.
Ut SR BTRR L SRR 2 = (1,0,0,0, )T, SR AE N w' = 5.

Bl 2.15 XA AT ABIL 048 AR £ M ALK 1F) AL
max z =X +xp
X1 +x4+x3 <2
St —2x;+x,—x3< 1
X1,X2,x3 =0
RRAMAF

VEW] 5 H 5 ) 0 1 17 A



min w =2y, +y»
-y1—2y; 21
y1+y221
yi—y220
1,220

R ) L) 55— A Y RAR AR , TE y, y2 = O AT, IR LA A AN T REAHGJE, PRL ekt
B TC AT AR IS, SRR Y H bR et B0 5 i Tos U »

2.6 pHIZRBI
26.1 Flflii

TR A A o e U — R B ) SR PR AR R, B 4 A SR RIS 5 R
RoF KB aie ~, Wt st A UIE 22, SEOUE M RHR R iRtk . a5 4E
FEW] o R —4E RS 2N ORE o — 2 N RS K B R YD, e TR R B
K5 SRR

Bl2.16 B 5F 2wt 100 TR AEITROL5XESH29m,2.1m, 1.5m =4
AL RN E 14k, A BAHF A KE 74 m oy B HAER R, XA T RETHH £, &
BM#EHEES BARY .
2.6.2 BRIy
PR TR 2, BIEEARJE R 2.9 m, 2.1 m, 1.5 m {9 EHI4 1 AR, &

HRBER 0.9 m. SR 100 F5HE 100 HUERHEL JBERS 90 m. ZRFEHIIE, T
WODITHRRIFE SR . 21490 T IS HOr R B RE RS PR

F2.14 ERAR
. TR
THEA T% B uELS T D HREE

A% 129 m)/HR 1 2 0 1 0

A% I (2.1 m)/AR 0 0 2 2 1

HAS TIT (1.5 m)/ 3 1 2 0 3
WEEE/m 74 73 72 7.1 6.6
Pt /m 0.0 0.1 02 03 0.8




36 2% ZMAX

WA TT TR A EMREC D B X1, X2, x3, X4, x5, ARV RBHR /N EAL H AR, [F]H
T JE =P [R50 45 100 AR IR SR 295, Ja T R PR AR Y
min z = 0x; + 0.1x, + 0.2x3 + 0.3x4 + 0.8x5
X1+ 2x, + x4 = 100
¢ 2X3 + 2.X'4 + X5 = 100
s.t.

3x1 + x + 2x3 + 3x5 = 100

X1,X2,X3,X4,X5 =0
B By AT 26 G AR AN 22 1S R, SRAS I ARl ) @ i) — AN BT A7 g

x1=30, X2=10, X4=50, X3=X5=00

®215 F-MEBRBARZHNERTRE

c;— 0 0 0 0 0 -1 -1 -1
CcB B b X X X3 X4 X5 X6 X7 Xg
-1 X6 100 1 2 0 1 0 1 0
-1 X7 100 0 0 2 2 1 0 1
-1 X3 100 [3] 1 2 0 3 0 0 1
cj—27; 4 3 4 3 4 0 0 0
-1 X6 200/3 0 5/3 -2/3 1 -1 1 0 -1/3
-1 X7 100 0 0 2 [2] 1 0 1 0
0 X 100/3 1 1/3 2/3 0 1 0 0 1/3
c;— 2z, 0 5/3 4/3 3 0 0 0 -4/3
-1 X6 50/3 0 [5/3] -5/3 0 -3/2 1 —-172 -1/3
0 X4 50 0 0 1 1 12 0 12 0
X 100/3 1 1/3 2/3 0 1 0 0 1/3
cj—2; 0 5/3 -5/3 0 -3/2 0 -3/2 -4/3
0 X5 10 0 1 -1 0 -9/10 3/5 -3/10  -1/5
X4 50 0 0 1 1 12 0 12 0
X 30 1 0 1 0 13/10 -1/5 1/10 2/5
Cj—2zj 0 0 0 0 0 -1 -1 -1
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2.6.3 Skt
ERAAAE W] R ARG AT AT RS, PR P BAA K. BIANT AR X6, X7, x5,
Ay e By e P R )
max w = —X¢ — X7 — X3
X1+ 2% + x4 + x6 = 100
2x3 + 2x4 + x5 + x7 = 100
3x1 + X2 + 2x3 + 3x5 + x5 = 100
x>0,i=12,---,8
IR N AL R T AE S, RS By BOR) i ) Ak 2 8 AR i, i AR A2, 1657 .
RAAGFE B R AR = = (0,40,30,20,0)T, X HIRILER <° = 16,
*® 216 FMEBAREREXTE

c;— 0 0.1 0.2 0.3 0.8
cp Tp b X X3 X3 X4 X5
0.1 X 10 0 1 -1 0 -9/10
0.3 X4 50 0 0 1 1 12
0 X 30 1 0 [1] 0 13/10

;=2 0 0 0 0 37/50
0.1 X5 40 1 1 0 0 2/5
0.3 X4 20 -1 0 0 1 —4/5
0.2 X3 30 1 0 1 0 13/10

cj—2z; 0 0 0 0 37/50

2.64 HiPr

THREEREW], RS B MRH40 M. 5% C KN30 M. T D A} 20 ARATH
P U TR, B EAPELEFE RN 90 MR, SURRHREE 16 m, XA BHELA T A (£
B/ NIURUR PIOLECT)

100 x2.9+100x 2.1 +100x 1.5
90 x7.4

~ 97.60 %

HER—TRIr B, Ll UERTr R EERTE T ARRR R, A bR A
R R AR A 7 AR o 3 TS R MR TSR, IR IR S R i) — 2k
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ALK

2.7 2]

2.1 CRRERIERA )
min z = =3x; +4x; + 2x3 + 5x4
Adx; —x0 +3x3 +2x4 < -2
Sty =x1+x+x3—x422
X1,%2,X3 2 0, x4 JEAH
A PRETE .
2.2 JHEREA B TEVR KA A R )
max z = 2x; + 3x,
2x1 +2x, < 14
4x, < 12
3x, <15

X1, x>0

2.3 S RIRR MR Y B R i L R ) g gt
max z =4x; + 5x +x3
3x;+2x, +x3 > 18
X1 +x <4
S.t.
X1 +xp < 5

X1,%X2,%3 >0

I o) R TR — 2k
24 HhZmH b
max z = 2x; + S5x3
Xi+x,<4
2x1 =X, +3x3 <5
s.t.
X1 — 2X3 <3

X1, X2,x3 >0

(AT XoF 4 I
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2.5 EFARMERLR R

min w = 2x; +4x, + X3 + X4
X1 +3x+x4 <8
2x1+x, <6

St Y x+x3+x: <56

X1 +x+x3<9
X1,X2,Xx3,%4 =0

(D) B (2) CRHXE SRR IUEN = = (2,2,4,0)7, S{iRAExHEEIE,
FLEER R ) S I A

2.6 IR MBI RIS A E R, DA B AR QS 1R 8 192,17, 1K
Ff A~L 191H.

®2.17 MpRARRSEREHNRLRE

B RE| X1 X2 X3 X4 Xs

Xy 6 B C D 1 0
Xs 1 -1 3 E 0 1
c;j—zj A -1 2 0 0

X1 F G 2 -1 172 0
Xs H I 1 172 1
Cj—2Zj 0 =7 J K L

27 FTT M A, B, C =0 ™ =A™ i L 1L LI 365 S 1) RN A1 17 0 40
F2 8P AT AR, AR R

R 218 =Fhm ARANFIEE R

HiH RS JERLAT
I I i}
JER A/kg 2 3 0 1500
JER} B/kg 0 2 4 800
JEk} C/kg 3 2 5 2000
FI3iE /7T 3 5 4




o4y 3 5
E—
REORXI

3.1 MR

301 BRI R

FE R 2RI T, H AR e 5 2 R S 2, HLpR A m] U
SeAR Sk, SR, RSP TAR S5 BRA b, R PSRAS B BORIBUE B4 pilan, A
B . AR ALER SR TH RS, AR SRR A . LN, FL )
Wr. SZEFIWHOES . Or RE0EN S, R 0-1 (AR AZIE .. XA
SR B A v ple AL B IBCRE RO e A D, PR FCB A 5 SR AR YR BAT Rk, TE AL T 02
oy P RO

Bl 3.1 EA LAV ERKAICE A, B AN NS, SAREAGRR, £F. FIEARLE
MR 4o & 3. 1P . IXAL AR EICES V4, REAHR K.

R31 ERBEREBEMER

ey 34 N
JitH preTyme T HiE/ToT
B A 5 2 20
5 B 4 5 10
FEaE BRI 24 13
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fik B xS HINFEIE A, B PR R I BUAEEL . TRACIE AR AN BAR, P m Sy
i ot
max z = 20x; + 10x,
Sx1+4x, <24

S.t. 9 2x; +5x, <13

x1,xp > O H AL

/'i‘,

S
NS

Bl 3.2 IR SR 40T (A 2h A IAITE) B2 SR A 4o £ 32577 . 424
MR %R ik e T4E 8h (B 4 BT ER) A—¥E. XTIk % R a9 TVEad i), 1857 % IRk 5 1t
£

®32 BERERBFERSZRAK

B B 1 2 3 4 5 6 7 8
R4 R/ 8 H 10 8 9 11 13 8 5 3

e B BRI BRI S BB . th T R L HEAO IR 5 B 5
(J +3) BB G T HE, R [EPe kAR & xy, x0, X3, X4, x50 ARUES BT B FE BEA IR S5 AN
B, AL AR
min z =x; + X3 + X3 + X4 + Xs
x; > 10
X1 +x,>8
X1+x2+x329
X1 +X+x3+x4>11
St X +x3+x4+x5>13
X3+Xx4+x5>8
X4+x5>5
X5 >3
X1, X0, X3, X4, X5 > O EL AR

IR, IR AN x1, X2, x3, X4, x5 WAZIURCRERN, DRI 1M 12% D) 00 LR P8 38 R R ) A




42 % 3F AL

Bl 33 AAKREERA B, THEFWIZTRABA n A, B jTERTHRATIILE
S AajFecy, B j=1,2,-- ,n, b, T EERA], WA FHREH

(1) FkFH A 1, N L/RRE aFEdFRE 2, R F—E,

(2 A 3,4FESirF—A

(3) B 56,7 PISIFEFAA.
RAATEFR TR B, ST E R K

fiRe AT H A B S AR, T 0-1 28R
L X s
0, o H j AT
HRIEBUA B B BB AR IR, AT AL AR B

n

max ZZZCJ'XJ'

j=1
Zajxj <B
Jj=1
X2 2 X
S.t.
X3+x32>1
Xs+Xxg+x7=2
xp =081, j=12-.n
312 Bevsion
B RN R AR E T SIS ALK AR A EHHK], E—RH XA
max z = CiXj
Jj=1
aijxj < (2,=)b;, i=1,2,---,m (3.1
j=1
L.
s szo,j:I,Z,--',n
xR A3 B A R EURE AL




ERE BRI, WA TR AR SR 2 R AP A L)

n

max z = Z C3

J=1
n

Za,-jx,- <(z=)b,i=1,2-,m
S.t. j=1

x;20,j=12,---,n

A REHARIG. DAY FEFI AL, 3 —, FA TP AT KA ALR], AR R A
R Ay # ALK o

FR s P SRS TR B O, BB MR v 2 =2 B2, AR, R
A TP R AL R BRI 5528, 0—1 BB MR, 3k By SR AR LA AP B 0 B 1
=R, IR A R, L SR AR v AR R, oA BNV EEK .
3.1.3 RN
PABI3. 1R 31, oA )ty
max z = 20x; + 10x,
Sxi +4x, <24
S.t. 2.X'1 + 5X2 < 13

X, x>0
18 o R B R Al T R SR A
x" = (4.80,0)T, z* =96

SRIN, X1, x2 FORFTIB B MIAERL AU AL, T AT A7 -

AN EVL A AEE, REA G I T LAt ) A e DI A R BELEBCRE, A5 21 RE B Rl 17 A
B LAY AN LR, #7FF (4.80,0)" 1] LIRCRE Ny (5,0)", il SR — 2R A AF, AT
ARAIATE AR R (4,0)7, B FTA RSATE, I AER L. Sk L,
PRAEBROILI ) B AR R DL EL 23 501 h

' = (410" z7=90
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$3F  HHAN

T2

Sxy 4 day = 24

2x1 + 5y = 13

N~

O—00
O 1 2 3 445 6 717 x4

30 IO T

—- ] w L= ot (=2}

F ], At L AT AT T R AT AT TR AL S U I AT . B

O W) W] A Ik A Ot 17 AU W] AT I ) — > 14 AR AT R A A A —E
T R B AR A, PN — 2 R n] AT o b BRSO3 P L) w4 AR i AR Sl [ it
Y RTAT AR, S WA —RE, DR IO 30 A0 A e DGR ) 1 s R S ELAS DG St v e
PR AR R MR — RIS D0, At ) o DL AN 2 W 4 2 A8 B R R A R 2,
SRR 2 BRI B0 R B DU . OIS, X it o RO A (I b AN A BB BRI 7
] BELIDURE, TS A A AN — R 2 BRSO D) A DA, B A — s e T T AR

3.2

5y S SHK
321 JikAd

G S AL Gy SR/ N VR 48 2R 25 1), A Bl A RO B THE R 1)

&N SN ORGSO S
Bl 3.4 RAFEAL LR ALK 9] A

firt

max z = 40x; + 90x,
9x1 + 7x, < 56
S.t. 9 7x; +20x, <70
x1, % > 0 HEUEEL

ICIE A A, 2B, AR EIAR b 1 B



max z = 40x; + 90x,

9x; + 7x, < 56
S.t. 3 7x; +20x, <70

X, x>0

TR FE oy PR AR R, BRIA LR B /B JE B 6 B

(1) SRR )80 38 5 I RA SR AT oK AR, 15 BN S AL x, = 4.81, x, = 1.82,
HBMAER z ~ 3560 FT x, xo B AREREL, ARSI IR IR A AR ECEER, BS
5t ) A e DAL T D A R e DR B2

(2) W T A BUEEOTATIR x1 = xo = 0, X HARREUE R = = 0, fERVIIRT
Fo T, A S b, TR0 <zF < 356,

(3) 43 SCE FERORR: B30 T xy = 4.81 RHEL, KF 8 B 43R 5.
B4 <x) <5 Z[EPRATIE, 4 SO R TA TS E 3. 2R .

X2

fia By i B,
3 '\&

o 1 2 3 4 5 6\X
32 e

N~

[E) /8 By: FE B WAL E3E AT X, < 4.

IR By: 7E )81 B (1 B hli_ B34 xi > 5.

a3 R AR 108, A28 158 By ISR AE A x1 = 4.00, x, = 2.10, FflifEH
7 =349, [ B, MR MAEN x1 = 5.00, xo = 157, SeffER z =~ 341, WA, W
FARAREEE . LRI 349 > 341, i IH ) A By B A AT ARG SR A A SR KU,
WS X 1) 80 By 4k 433 . BURS, BRI A () -5 2 ~ 356 18 1E 2 2 = 349, 1fif
THAH 0, B O < z* < 349,

(5 R4 30) 10180 By WA AR xo = 2.10 JE3EEL, T2 K R0 By A0 AR S,
HA AT AN 3.3 R -

WA Bs: 7E )8 By B HLRE_F3m &4 x, < 2.



40 $3%F  HHAX

X2

5 - -
[/ By 5] B,

4 |

3 B; ~

2 ~

1F B; \

o 1 2 3 6 \ X1

4 5
33 WAL

A By: 7E AL By (LA L3254 x2 > 3,

KA AS A B (IR EREN x1 = 4.00, xp = 2.00, SRS B35 A R4, 153 )5
MR A () — AR, Fa i 2 = 340, T 581 By BN x) = 1.42, x, =
3.00, FALAEH z ~ 327, f1T 327 < 340, PLHH G4 SO AT RE A SEAG I BEBUfR,
TOATI AL . BERF, FAREHA z = 340, MiiA 340 < zx < 349,

=04 30) I3 )8 By, T xo = 1.57 JE8%K, T2 010 B, M- 32, H

AL AT AN 3 AR .
X2
Vil B, il B,
4 L
3 B; ~
? ~
1 B, \

0 1 2 3 4 5 6\™
K 3.4 5=k

& Bs: TEF) By BYBLAH_EHEIN AR x2 < 1,
8 Be: 78 By BYEERH_EIEINARAF x2 > 2,
SRIGATG A Bs MR ILMEAN x1 = 5.44, xo = 1.00, JALEHN z ~ 308, T
308 < 340, AT E/ A AL BB, FLASIAL . 1M1 8 Be TR AT, EAEAFE
Z UL, B SO CAL PR AL, 24 FT T SO R A BRI T A AR R SR e -
Zi b, JRREBONI L A 1 R 2 = (4.00,2.00)", FARfE 27 = 340, 73305
PRI S B R AR AN 3SR



2y =481, z, = 1.82 0< 2* < 356

21 = 4.00, zp = 2.10 z; = 5.00, T = 1.57 0< 2 <340

z =349 z~ 341

z1 = 4.00, zo = 2.00 z1 = 1.42, o = 3.00 340 < 2* < 349

z =340

z1 = 5.44, z; = 1.00

FATIR =340

z = 308

3.5 Iy SUEFIRIEAORE

322 i8R

PASs R AR BRSO E o A A, LS ALRIE o R B, 7 S0 Bk
EISELPS IR S
(1) SRAFAAGE P 5 F0 R B FE T AT/, IR A B TE AT AT/, P15k, # 8 B
MR VR C 2B, W E A A A i U, TR R, 25 B A i U
(EARREAL, C R H AR e BN 2, AR A A WYL (E 2 BIaG 5
(2) BREAIG T A B R B AR, A5 8 — N R B AR AR T AT,
B LA RN 0, PSSR . TR HARRBE, ieh z. T2, [ A 1Y
B L b NIRRT

72752

FREIEAU, — BARE LA RO AT, SR R 2 BT A A st R A (E
ULIDGE S T s

(3) 73 S FIEACK R R AR AR VR, SR AR AL St V) B Ao 4 RSl )
RTCRIAT AR, Wi 1 AT B 57 AR AR 8 A A2 — >l dr
ik, AIRMLTE R TS 2, I B 7 TR 3. AR IR Y e DU R



48 53T ERAX

DR — N R R R AL B x; = by T3 3, A3 A2
)Cj < I_ij, )Cj > rb]]

PE SRS 08T DL, REESR AR . Xk e R A R, o 5 e A o A St 1 ALY e
PEAEA L 2 B R 5 2, YT 20 SO AT REP AL AR A RE RO, T EL o A 4445
Tz VSR REF=Ax [ SR DL A RO, PR B . AR by S BRI, HEA
Oy SCEIAEBRSE SR SO, X HTR ST R A TR R A SR A fe DA

33 0-1 BRI
331 BOMEEE

ERE ORI 0 9 1, MR 0-1 A8k, 9995 b, 0-1 A8 R —2uin 2
B T HA RS R A T3 RS RS RIS IH T K. I
| s A
0. EARBHUINE A

A By, By, oo By 3t n DR, HEANER B WM R HT R A, SOREFT R
A PR RRARES, Wl 5E L 0-1 284

xz{nz%aﬁ%Aj
0, # EANEFEA,
5l 3.5 X T/ B RARA I L% Xet, & F et R A
0.3x; +0.5x, < 150 (3.2)
KA e Loy Xof, 8 Taf 9 R 4
0.2x; +0.4x, < 120 (3.3)

AP Ly X R AL —, P KXQG2DFCI)AMEZHF Y R, R XMABLHFY
Rk —A—ANH R,
fii s I o S T, s A 0-1 AF
0, ETF B RME T 5K
1, &TJFBARAEMT

Y1



SRS N 49

oo |0 B R
L TF B AR LI
(4S50 2 K M SRAAR AR, AL AT KRR M, ST TR 1924
RAHFGC MGG —H
0.3x; +0.5x, < 150 + My,
0.2x; + 0.4x, < 120 + My,
yity2=1
BB p MRS ¢ (q < p) MKIELR, TTFIA p A 0-1 6
m:{a FALH § MR
1 BREERSS | MARLE
AR LR

n

Za,-jx_,- < b,' + My,

Jj=1

o

Il
—_

Yi=P—4q

13

#1136 MH ABC=Z#EFRATAZLILIUL=&Z% FEe. REE#S. 214
SRR, BE WA RSN K33, XETAE FHX, 1S E R K

*® 3.3 FRSEL

iH IR R
I I I
YEIE At 2 4 8 500
YEE B/t 2 3 4 300
W C/t 1 2 3 100
PR AS B/ O - 1) 4 5 6
ikl & 2% ) /5T 100 150 200
B/ OG- 1) 8 10 12

W 8 AP R, A 0-1 AR
[ e Ee
0. AP | FP

Yi
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Horpjo=1,2,30 Sllcan A 85 B A D825 AT 28 JAS 5 [ 5 AR, ST O0—1 BE R R e
max z = (8x; + 10x, + 12x3) — (4x; + 5x5 + 6x3) — (100y, + 150y, + 200y3)

2x1 + 4x, + 8x3 < 500

2x1 + 3x2 + 4x3 <300

X1+ 2x, + 3x3 < 100

ot 47 < My

X2 £ My,

x3 < Msys

X1, X2, X3 = 0 HICRESK

Yis Y2, y3HROEL

ARV, B ARER yi, y2, y3 9 0—1 A HAN, X1, 20, x5 2 O BB &

S FIX) G ) F G BT R R R B ALEIR 0 3K 1, M ARIZ SR A 0—1 23,
X, LAFEHX A

max ZZZCJ'XJ'

J=1

n

Zaij'xj < (Z’:) bi’ i = 192"" ,m
S.t. j=1

OB, j=1,2,--- 0

332 RBORL

WE R 2 SR A O— 1 BERHLI MR 3 A TR 2 — o XT38 n A 01 2SR R
BORI A, 27 R e A MOsTA, RS AL 2" Al REAYGAZ S A6, TTROR T Ravk ik
FUSG AL G AL P i) oy, RIVRT o 5 AP S DA o 1 SRR B — Sl A7k, i
JIr A 2E REB O, SRS AE 5 SR RS AR P A 15 24 Al I 2R 1, AT A Wi 4 /MR BT L O
AR TS
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Bl 3.7 XA Fad A ik R AR R ALK 9] AR

max z = 3x; —2x, + 5x3

S.t.

X1 +2x) —x3<2
X1 +4x, +x3 <4
X1 +x <3
4xy +x3 <6

X1, X2, X350 0 BY 1

(3.4a)
(3.4b)
(3.4¢)
(3.4d)

i SRHABEAER, BT (0, x0,x3) = (0,0,0), Eid g% 2 > 0. SR
REANZ3 AP, WAL = = (1,0, D), Fflfih 2 = 8.

R34 BRMEHTELRE

(X1, X2, X3) il (3.42) (3.4b) (3.4¢) (3.4d) iy
(0,0,0) 0 VAV RV, 220
(0,0,1) 5 VRV VR 25
(0,1,0) -2
0,1,1) 3
(1,0,0) 3
(1,0,1) 8 VRV VARV 228
(1,1,0) 1
(1,1,1) 6

X d R AR 0—1 BN I, 38 A8 45 H A bR B0 R BN R B/ NHER, Wl
AR B B o B EBIECA R E B HES N

max z = 5x3+ 3x; — 2x,

s.t.

—X3+Xx]+2x, <2
Xx3+x;+4x, <4
X1 +x, <3
x3+4x, <6

X1, X2, %30 0 B 1

TR AR, 9T 5383 4T U

(3.5a)
(3.5b)
(3.5¢)

(3.5d)
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3.4 fiRiRi)E

U 5E A N n (S, LI | NS R 2 iy SR E A2 [A]
R GRS 5 n R 5, O O—1 RO T F IR 17
BlAn® A~ 01 A5kt
| s s S e
T lo) RESIRSE i A S S

AREIG IR F G AR A

non
min gz = E E CijXij

i=1 j=1

n

injzl,j=1,2,~--,n

i=1
n

S.t. injzl,l'zl,z’...,n

=1

xijﬂrloﬁl, l,] =] 1,2’... N

KL AN AR AR RO LA A AR KRR
A AL TR IR A AR — T 7 AR, 3297 AT X = (i) nsn
PR MR AR, WATARE R T AT B AR A TR 1L AR 0,
PRI, BUBER n BIFEIRIAESEA n! ASATA7E

Bl 3.8 LR LNG)HXIFHES BB, Mk 5 TINS5 5 RE, Shina] K
ER EARN A 35T FIE BT A FA, BN S el 5B @SS, 44k
1% % 04 32 1& 5% A K.

fit R AMRHER IR IR AR, 5IA 0-1 A5 &

| iR A, RER B,
0. FARIRHSIAT A KAFE B,

Xij
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K35 BEAQAABEENRMN

i JTIC
IR AT Ll
Bl B2 B3 B4 B5
A 4 8 7 15 12
A, 7 9 17 14 10
As 6 9 12 8 7
Ay 6 7 14 6 10
As 6 9 12 10 6
CIJCA Iy eay kit
min z = 4x;; + 8x12 + - -+ + 10x54 + 6x55
5
Dixi=1j =125
i=1
5
S.t. injzl,l'Zl,z,"'»S
Jj=1
xljﬁaoﬁly i,j:1,2,"',5
HARBOE R
4 8 7 15 12
7 9 17 14 10
C=(cij)sxs=|6 9 12 8 7
6 7 14 6 10
6 9 12 10 6
— AR TR
X = (xij)5><5 =

S o o O =
S O O = O
S O = O O
S = O O O
- O O O O

TH B ) A AT AT A, TR O AT HR
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341 wFRISEIL

‘%ﬁ%%ﬂﬁ\xmmwoi%ﬁﬁiOiﬁo

NEGI3.8 PR REGERE C HBL 0 JTR, AT AT SR AR e, TER SO HE IR 7]
AR RIR T, (R E 3T 0 LR

LRGP g A BAEE C 89T REP) S UE T o A E—AF 2k, W FriF
#H4EME C' 5 RIEE A 48R b ALAE .

HAEHTERE C7 P RESRE] n DAHEINALAY 0 JUER, 20X 28 0 JUEM R LB 1, Hidx
0, 152 AR URT7 5 RIA A BT R HEIR 170 L4 e DI 9E, th02 JAi IR et ) e 10 A o

£ 3.7
AESEEF IR O LEAMRRER, FTREZMA 0 LE09R) ALK,

£ F M FE R E BRI 2 48 -W- R (Harold W. Kuhn) T+ 1955 4§ 1, PAZLA
PIRL A A AR KB AT - BHERS (Dénes Konig) 5 A - i /R FLHL (Jend Egervary) 11
TFEITET AR PATR 43 A S ISR A TR B
(1) 774 0 JCE: XFBI3. 8 R BOEFEA R — 1770 DI 5% AT B LR, FExt a3
GBS A/ NG, BEDERE C7 . W, IR MR BT, B
Fraps 2 H —4> 0 U Bl

N O NN = W

W W g O
[\ IEEN

S B~ = W

3 4

(2) HiEMAL 0 JEE: fEHFE C7 P TREZ L 0 JER . WA —4 0 0K
AT (&8 TG, 034> 0 STTR MR, iIL1E @. RJEXIZE o Fries! (2id7) iy HAb
0 LK, ifF ¢, HEIFTA 0 JUEA S A0 1. # Ui BEET 3 2404
PIAS 0 JCR W, AL, WA 0 JTCREDIAT B) IHiR, HUARZATSS 0 SR
A 0 STTRAEH , 268 0 TR AR 0 ST, S8 5 Rl 47 [ 51 Y
Fofth 0 O, W RAEDEAT, HETA 0 JUREBRE LA 1k 1 o JURIEL
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H B ar 0 JCRE #7h n A, WIS R A /0T n A MEAT—5 . fi

n
¢ 3 © 11 8
@1 7 7 3
C'=|¢ 23 2 1
¢ © 5 ¢ 4
¢ 2 3 4 @

() /DA 25T 0 AR n AN, M E A R 4T 0 JSUR AR HABUE S
HIEXEA o AT v, IHHECAT v BT Xt ¢ FreesldT v XA v 1
S @ JLRIATIT v o A BRI H A M v 977, SNIE. &
JEREATT v AT —REZR, XHT v BFIE—INK, BB A 0 JTR R D
HAHL XG0 ZE MR, B

i1773/ 130118
b2 o3 o2 006 6 2
=lo12 10 (3.6)
p—o S5 —4— 105 0 4
2> 3 Ae & 123 4 0
J

2, FERBE L E RN PR — R/ N UK, FTE T v I TCR A
wANCR, HRIATT v BRI i/ NoER, IWITEAR AL e U PE R AR T
FERY 0 TR . PTG 1RG0 A AR .

@) HEZ(2) ) WA FOFF TR 0 JBR . AMERI, Bk 5 4057 0 TR,

PR I TR IR 4 h
00100
01 00O
X=|1 0000
00O0T1OQO0
00O00O01
T, mATEIRIT %M Al — B3, Ay — By, Ay — By, Ay — By, As — Bs, B2 AN

7+9+6+6+6=34(FI0).
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Bl 3.9 A —1 LA, AEERE. B, &, B, 3t H E. I, G, R,
HAT. . A. TOA, HFAEFRREEZ FFETR 4ok 3.6F7, 7] B 4o TR E0
FAE 4, A ENiF A )

#3.6 GAEEARRIESENE

FAf7: h
p e
E J G R
H 2 15 13 4
Z 10 4 14 15
] 9 14 16 13
T 7 8 11 9

fit BERBOEFEN C = (cip), Kb ci; FoRE i NSEER j B Bragina), /)

2 15 13 4
10 4 14 15

C =
9 14 16 13
7 8 11 9

Feba) F R, SRS 0 T E, 155
6 13 7 0
6 © 6 9

C’ =
®© 5 3 2
¢ 1 © ¢

BT TR 4 4057 0 TR, BEiCARME. T2 IR EAN - R, & -,
W—E T -G, Al h4+4+9+11=28(h).

342 JEbsifEB R
S o A T R A IR ) R N A R R TS, N R S S AN A A AR T F IR
R, T A 2 M BEOR A
(1) f AT IR A B RACSR IR R B C = (¢ij)nxns HHIRKICE N m.
A
B = (bij)nxn = (m - Cij)an
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WPA B Ay F 800 ) e/ IMESE IR FERIDA C SR 250 4 s e AL HE IR )t
A AT BRI Ak o

() NECRIFECN SRR IR MR 7 N2, WSS —LE Uy < N7 X LERE LAY
N A F R R RO O, B X BB ] S br EA S A A N D,
In—LERERI 57 LRI ST R O,

3) A NAULPF AR IR I A NATULPESE, 0 RTRZ AR [ L
AN REZARIR XILAS SN MR R R R

fil 3.10 f£413.8, ARIE TR Z, & FERNS] Al As, mib B RE 3R 69 22 KA 5]
AL Ay Ay RARE, FAFERAKEEZS2KAE. RAZHRETE MEEFTARY .

fig T EFRIAAT Ay As, RECEERT SN

4 8 7 15 12
C=|7 9 17 14 10
%

6 9 12 8 7

NN
im

MAVFHIFAT Ar, Ag, A KRR ZRE 2 ZRIE, §CRE R A JRE 2 S EMLAFL
BT R BOR R

15 12

15 12
17 14 10
17 14 10
12 8 7
9 12 8 7

NTE N AT RO, SRR S G SO BR R R AR IR A, AE

C =

o O O o

AN N NN~ s

4 8 15 12 0
4 8 15 12 0
L 17917 14 10 0
C’ =
79 17 14 10 0
69128 70
6912 8 7 0

W AR, BB B FEIR T ol A KB Byl Bs, Ay 7R3 B,, Ay K By il Bs,
MR R A4+T+948+7=35(J70).
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3.5 WHIRB

3.5.1 Rk
TN TR GER AP K AT =T, RZ /N AL AR =T 56 58 R B
ERAR NG SR, AR AR RS BRI 2 ) B B I E R ER NG, K ER
AL E AR EALRYRECF R PR &, P ] B, Jodi F AT B2
fl 3.11 X348 SHA GPU i+ HA-F 100 3. R 4 5000 GB, vA % E 44 % 100 TB,
EAEAIVEITT SAPEL, AP BRI N A B K IRELE 5 e £ 4e £ 3. 77 . iR
R A IR AR R S, R AEAR K.

®37 EERFRESAER

) PRI U
B - B A /T
GPU 154+ /He MF7/GB A4/ TB

A 1 32 1 25

B 2 64 4 60

C 4 128 8 135

D 8 256 10 250

E 16 512 20 480

3.5.2 ORIy
2 1) B B[] B ke o A2 A T 4 e S 3B R, T8 T B TR S RO
R, 5] 0—1 PhifkAs g

NUNRNE S
"o, ARfemEs
Hod1 j = AB,C,D,E. [fIIH x, 7 j RO, ML x; > O FHCEAL. T 4%

Eéﬁf AR LR Ho IR 4R

Xxa + 2xg + 4xc + 8xp + 16xg < 100
32xa + 64xp + 128xc + 256xp + 512x < 5 000

xa +4xg + 8xc + 10xp + 20xg < 100
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FIA LS My (M; ] Bty NEEED 20 x; 5 y; ZIAIREH R, AEE AP A

. (100 5000 100
MA = min (T, —32 . T) =100
[EELIIRES
. (100 5000 100 . {100 5000 100
MB = min (T, 6_4’ T) = 25, MC = min (T, W, T) =12
100 5000 100\
167 5127 20)

. {100 5000 100 .
MD = min (T, E, W) = 10, ME = mln(

FE AR x; < My, ZARLRIEY y; = 0 B), x; = 0, 24 y; = 1 B, x; ALt
HATRERY B L. DA B AL A B AR, @S2 A0 R A B O R
max z = 25x5 + 60xg + 135x¢c + 250xp + 480xg
xa + 2xg + 4xc + 8xp + 16xg < 100
32x4 + 64xp + 128xc + 256xp + 512xg < 5000
xa +4xg + 8xc + 10xp + 20xg < 100
xa < 100y4
xg < 25yB
S.t.
xc £ 12y¢
xp < 10yp
Xxg < 5yg
x; = 0H H#4Y, j = A,B,C,D,E
y; 01, j =A,B,C,D,E

3.53 Skl
BRI A SR RS Gurobi BLIEKRAR GFEILEE 7 5), 155 S fifh
Xi=0,x5=25 xt=12, x5 =0, xg = 0
ya=0,yg=1yc=1yp=0,y6=0

Kt I EARAEL A 25 = 60 X 25 + 135 x 12 = 3 120 (JT).
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354  HENBF

A ER B 584 C, 0 51h 25 A5 124y, HRBEA A2t X8l b A s ol ik
TR, GPU TR 2 X 25 +4 x 12 = 98 (BR), INFFEH 64 X 25 + 128 x 12 = 3 136 (GB),
B R GIRZI R . ORT, [ ASEE LA 4 x 25 + 8 x 12 = 196 (TB), it T A i) 100 TB.
PRl AN i JE A PR UR 2, I ERTA TR

T BRI, T2 48 R AR B g | A E RS E M, B3 T IR/ AE T
JESEA I A5 F R PTRB R B B B RS . 24 P4 (R IS I, 4% 28wt U 3 = 5
A2 ) B 2 TR IR AR . A9 x; < My AN T 2028 2 6] 1) 32 48 8 &, PRAIE Y
y; =0, x; =0, BRI x; MBUERLEL FHF AR RIEA MR RA R . A4, B
fMEIE AR AR IAL? e % .

3.6 >

3.1 U DU TR SRR A LR i
max z =x; +4x,
—2x;+3x, <3
St yx+2x <8
x1,xp > O HHCEAL
3.2 o SRR SRR RO

max zZ =Xx; + Xp
51

=, < =
TRy

+
14
1
s.L. —2)C1 +x; < 5
X1, Xy > O HEUEE S
33 JHERHER KR 0-1 FEO A ih)
min z = 5x; + 7xy + 10x3 + 3x4 + x5
X1 = 3% +5x3+ x4 —4xs > 2
=2x1 +6xp —3x3 — 2x4 +2x5 >0
S.t.
—2xy +2x3 — x4 —x5 > 1

X1, X2, X3, X4, Xs PO 1
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34 CUHHRIR Y R EOERE

7 9 10 12
13 12 16 17
15 16 14 15
11 12 15 16

A A R RIE E S AR IR T 5

3.5 E%1A,B,C D,E 3t 5 Zizsh RAEARFPKE T H) 50 m JEik S WR3 .8 . ilM
PSR BA B 4 AR 200 m YR A ik BN, TR H B RS AR -

R 3.8 IBEFREKESRIIRE

B s
A B C D E
gk 37.7 329 33.8 37.0 35.4
Li27e 43.4 33.1 422 34.7 41.8
377 33.3 28.5 389 30.4 33.6
5 ik 29.2 26.4 29.6 28.5 31.1




oy 4 5
E—
AEZePE LR

4.1 FEAMEE

TEBLS A S 2 A P, [ s R el 2 AR A R A S B AR LR ARHAE, 1R
FIRTCTA RIS i . PAsR/ METE X AL LRI 170 R B, HA e A 2

min f(x)

gi(x)>0,i=1,2,---,m 4.1
S.t.

hi(x) =0, j=m+1,m+2,--- ,m+1

Hirx = (x,x,- - ,x,)" € R NURIE, f(2) : R* = R AVHIREEL gi(x) : R" - R
FARERAHREEL, hy(x) - R* — RFEXRAREEL . XFEEE, AR 2@ FoRmy)
TR, REEA RER S 2, 2@, 2®, fieh {x®},

4.1.1 LR

FEMHA ], AL R T REAFAE 2 A e DA o MR DL ARG R I, T
K93 MR . AR R U . SRR A% A Ry iR e -

BEx eR, EH/E >0, BIFHIETHR |z -a*|| <e vy x#F f(x) > f(x),

WAk @ A f(x) 89 B 3RRAMAR, f (@) HA Ry B3R JMmAL. i —F, BAHER B2

|z —x*|| <& B a#x 8§ xHAE f(x)> flx*), Nk A fx) &9 ™% B3R %k
fi&, f () HxF ey = 44 3R R A
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B4 LR IR B —4E R L f (), A1, X, 003 329 SRS s DA, LA oy, x0 Ry SR
s =arnic

f(=)

_/

x1 X2 x3 x

B 4.1 R R A

T xt € R, BHET x #F f(x) > f(x), Nk z* % f(x) b2 B Rk, f(x)
AR B/RMAL. B—F, BNEF x £ o FA f(x) > f(x), Wik z* A
flx) 6482 By AR, f(a*) At a2 B AR .

SEA AR, xp AR R AR, 052 P 4 R i . T kA I AR
LML 1)L, A 8 P AN 25 ), BIAT A3 H i 5 £ A AR 25 o
e IR R

f(x) = a“xf +2a1X1X2 + - + 2a1,X1X, + a22x§ + 2a3x3%3 + -+ + a,,,,x,zl
n n
= E E a,-jxixj
i=1 j=1

=x"Ax

Horpr Ay noxcn WARAERE, B aij = ajic RAR, — D RBME—HlE —DXIFRERE A
Zy —ARFRARE A dME—Rf i — > R

& f(x)=x"Ax HE kB,

() E&=%kA: ZExEZ #0187 f(x) >0,

Q) RAEZRA: ZxEZ 2 #0, 188 f(x) <0,

(B) ¥ EE —hA: ExEZ #0184 f(x) >0, Baf gz +0,4 f(x) =0,
4) FREZAR: FET 20,185 f(x) <0, AL x 0,74 f(z) =0,
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AR 2T Az SpINIEE . FUE . CRIEE . R TUE, W BRI FRA R A B
IEERFE . TR, EIEEMRE . FETUEMME. AN RIS, 5 IR
x' Az IEER T BN HAE R A B0 £ AR T2,

% f(x) f£ 2@ 2 =ik 5T, M= %% (Taylor) &IF X A

f(@) = @) + V@)@ - 2®) + 2 (@ - 2 )V (@) (@ - )

b 2 =20 +a(x-29),aec(0,1).

% 2 A, EaUATEE L
f@) = f@®) + V(@) (x-2@)+
%(m - m(O))TVZf(fU(O))(m _ :13(0)) +o(||lz - 2O ”2)
M — 2z E]Tj‘, Ej%[] o(||x - m(O)”Z) ZEll: |l - m(O)HZ E"J%FJ’HE%?/J\, By
o(lz -z _

=0

z—z ”CB -z ||2
412 JpfRvEAte

& f(@) TH & T A BFRFAA, ML

of(@) af(x)  af(x)\" _
ox;, = O0xy = Ox, B

Vfi(z*) = 0

Heat AR xF A f(x) 89482 A RIE A

W] A f () AIRH. 2 RS, XHER T 0] d € R ZFe4r /Ml A > 0, h—r
I A ] A
f(x) = f(z" + d)
= f(&") +aVf(z)'d+o(2lldl)
2 f(x7)
AEAX AR f (), BB

>0
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K A—0m,F Vi(x)'d 20, XFEZAXMER d 8oz, nlHER V(") = 0.

SE A SHROA T LR AAL ) — B b B2 B S Bk, sRAR f () TEAL @ AR
JE V f () 05 BGOSR ST E AL o B RETT [0 eR B T e BRpdy 7 1ol S0 B T
Ii) A BRSEL T P A BRI 7 17 o

& f(x) —Mri& s T, & V(") = 0 B4 & (Hessian) 4E[%

Pf@) Pf@) Pf@)  f(@)

ax? 0x10x,  0x10x3 0x,0x,
PIE) Pf@) Pf@) P
V2 f(x*) =| 0x20x 9x3 0x,0x3 0x,0x,,

Pf) Ffa) FfE) | Pf@)

0x,0x; 0x,0x, 0x,0x3 Ox2

EE, Nt A f(x) 4974 SRR AT -

WEW]  SGiE @ Ry SRl me i, SR POIEE: . % o A2 fRibm i, WAFAE 55 {=®} —
x*, it
f(@®) < f(z")
AN e ) oS A s W e
f@®) = f(@) + V) (@™ -a) +
%(w“‘) —z)'V f(x) (@™ - 2*) + o(|la® — z*|)

< f(x)

20([|lz® - z|1?)
) -+

XN = 1, BAFAESTH) {dX)} — do XF FRARERAT (k) Bl bR, 15

(d")V2f(z")d™ + <0

d'V’f(x)d <0

5 V2 f(x*) IEEAHTIE, FI «* R f () Wi i .
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BN AGUERA a0 S A% SRR iR U, /5RO B & AN A% RiR /N L, MIFF
TERH) {2V} — 2, i1
f(@) = f(z)

HE B4 STTAL Vi (x™) = 0. 5 R R — W Ze i e r =X, A
Vix®) =Vf(x) + Vif(z)(z® —z) + o(z® — )

oz g
Clz® -

R, V(@) 5 Vf(2®) #5280, 4 d® s AU

o(x™ —x*)

Vi f(x)d® + —— 2 =
T om o

[ B, ARS8 {d X} — d, B FRAS:
V2f(z*)d =0
5 V2if(x) IEETIE, W x* N f(x) B4 SRR i i -
& f(x) —ME s Tk, & x4 f(x) 89 B3RmMME, N Vi(x*) =0, LiER‘ERE
f(x) f(z) f(z)  IPf(z)

ox; 0x10x,  0x,0x3 O0x,0x,
Fflxr) 0*f(x) & f(x") 9% f(x*)
Vif(x*) =| 0x20x dx3 0x,0x3 0x20x,

Ff@) Pf@) @) Pf@)
0x,0x;  Ox,0xs  0x,0x3 Ox2

FIEE.

UEW]  HUER4.SHIRL Vf (@) = 0. FIE M= Ir,
f(x" +ad) = f(x7) + %/lszsz(-’E*)d +o(2||dII)
2 f(x")
SRR

20(20dP) _

d'V f(a")d+ 5=
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A A1— 0,0
d"V*f(x*)d >0
RV V2 f (27) 2LIEE .
Bl 4.1 AR f(2) = x] -3, REHFERKMA.

R AR TG 245 O I B 4.5, SO
of@ _, of@ _

0x, ol 0x,
4 f(x) =0, B 2x; =0, —2x; = 0, fEFHRRE N = = (x1,x2)" = (0,0)7
A =B 7800V B4 6 FIWT AR R A AR . AR
Pf@) 0 ()
2
0x,0x, dx2

BRI A E R, B @ = (0,0)" AN 2R

—2)62

413 PREESL

X R 2 AR LR U, AT AR AR DA BLHOR T Sd@HR N T s AURIA,
MR R 2@t MR B E B, SEdk— AN 2@ B Rl 2, FRIE 2 BRI A
@, AAREE T 2%, A EEAUTE] {20

FiEKEF7 (P} HEBRSE o, 7P

I}im |l —2*|| =0

W # 5 7) {2} s F x*.

3 F AL, £k K F ) {2} 2 B a8 B AR B R {F ()} iRk, B

F@O) > f@M) > > fx®) > ...

) 5 B &7 bk e KRB R AR A T e R A,
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TR RE R BT A

(1) BEHIIA 5 PERIRER 2, £ k= 0.

) WiE T ) A2 ETEA 2 AR R AR, WA 2 A 48 R )
P, BRITIZ 7 0] BEAS 4R 2 B H AR eRBUE eI 5 X T 2 SO A P R, AR
e RIRRA R, 2GR B AR AT AL

(3) #iE SR W RT) p® AL 155 2D BITESEE 2 = 2™ + 2p™ (12 0)
L BB R A, i AR

2®D = 2 4 g, p®
LR R AR T P 2R
f@™) = f@® + 4p") < f(2®)

(4) FUWTZ b EN: A D i R e, AR Ik 50, AR BB (2)
AkELIEA
PR R, %71 p® RIEK A MR 2 50 L, IR B e 1
AR PEACTEE, WBRREE . A BA . SRR IR . BT IR AU SO, i 1
B A (5 B AR ETR R IT TR R R, RISRARANT —ZEDL AL st

Ay = argmin f(x® +1p™)

AR R — 4R SRR, I E S KR i K.

& f(x) E T, AR E 2D dyde AU AR,

Ay = arg min f(x® + ap)
2+ = g0 4 1, p®

A
Vf(w(k+]))Tp(k) =0

PPk AR EF Rk Kt HE 5@ p® 5 BAF RIS B E .

HI T IR AT RETC IR AT, 5 E Al A 28 1R IR IR BT 24 Bk AU AR R R
Bl a U, w5 UL AT =Fh.
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(1) 25D 2 AR PV A o s o 0L 4 B R A A /N T BBORS BE I, 36
AfEE Ik, B

e —2 M) < e, 1f@5) - f@M)] < e

(2) A2 T 4R AT BV P L B BT R85 f /N T TR B,
fefee ik, B
2D — g ®) | (@®D) = f(z®)]
ECI [ (@®)] =

&4

(3) BEPEEN: 24 B b ek BB BE AR N TSRO BE I, SR AU Ik, B
IVF (@) < es
;H\:EF‘9 1,8, ,E5 > 0 j“:’fﬁi&ﬁ%%, /T—E%%/szﬁg*%go
NIRRT SR, i B AR R B M T S R O T A K e U S
WSS E e o JREEEE R IRAIR T LR I T B30 S PR RE
42 "Efesr4

421 M

& flx) AdmE Q LW, FXETAL 2 € QUAET e (0,1),

flaz; + (1 - a@)x;) < af(x) + (1 - a)f(x)

AR f(x) AT Q Loy &%,

L EEHE ) £ € Q,UABAMEZT e (0,1), BF

flax, + (1 —a)xy) <af(x) + (1 —a)f(x2)

W AR f(x) A2 Q Loy ™4 H 3,

o —f (@) R AR T R R, WIAR f (o) DA M eR ™ A I R I AR E ]
FIHT, Fl4.2(2) Rt ek EL, F4.2(b) S MTERET. M UTRILA R, 1 e B PR T
SN AL P TR T 7
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f(=) f(z)

1

Tl T2 T3 x o Tl T2 T3
(a) (b)
P42 ML MR EE X

@)

iR f(x) A Q Laydh Rdk, NAHEE B2 0, Kk Bf(x) 154 Q Loy iRk,

& filz) A= fo(x) A& E Q Loy b @de, M A FfoRd f(x) = filz) + folz) 154
Q k&R

422 CHSEERE

EHE 4.15
& f(x) AME Q Lay—NTaRd, N f(x) A Q Loyl Hay Lo b2 ft
7%’ Xﬂ’fiﬁ Ty, Ty € Q’ 'l.—éﬁ

f(m2) > f(x) + V(@) (22 — )

WEHH AR R X TR 20 € Q, ARATE ¢ € (0,1), H
flaxs+ (1 -a)x)) < af(xz) + (1 —a)f(x) 4.2)
R S PR ARG T — B 25 ) SR T, 1593

flaxs + (1 -a)x)) = f(z) + a(x; — x1))

= f(xz)) + a/Vf(a:])T(a:2 —x) +o(allzy — x)

@ HAKE.2), IS PA I ERDA @, "

(4.3)

o(allzy — )

f(x) = f(m) + V() (22 — 1) +
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2 a— 0, i

f(x) = f(m) + Vf(z) (2 — )
%&l\a Xd"ff:%ﬁ: T, Ty € Q? [/y\& a € (09 1)9 ‘\LE

r=ax + (1l -a)x;

451153
f(x) = f(z) + Vf(x) (2 — ) @)
= f(z) + (1 - )V f(x) (2 —x2)
AR
f(x2) > f(m) + aVf(x) (x - x) 4.5

PR DFLA @ K(@.5)FPA (1 - @) JSHHIN, F55]
f@) <af(x) + (1 -a)f(x)

HE SCATL, f () SR

W BRI, o R O R SN AT T — S AR I U011 (52T R AL P B T, BZ
DIF-THT bR AR ) ST Y1
EHE 4.16

% f(x) HWE Q LRI THROGRE, N f(x) A Q Loy FEe) b2 4k
&, MEF x e Q8 Vif(x) ¥ EZ.

UEW] AR E 415, MHMERE ¢ € Q, Il d e R", PLEAERE @ € (0,1), H
f(x+ad) > f(x) +aVf(x)'d (4.6)
2 v PR B E — B 25 ) e T, 153
f(x+ad) = f(x) +aVf(x)'d+ %aszsz(m)d +o(?|d])?) 4.7
Hea =0 (4.6)F1(4.7) I #E A5
20(a?||d|l?)
az

d'V’f(x)d >

%o — 0, Al T 0, At d'V2f (x)d > 0, RIFEEERATIE V2 £ (z) 2 1E5E.
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TN ARH 1, @5 € Q,  —Hr i EE L fAE a € (0,1), 4
r=x +a(x,—x) =ax + (1 —a)x,
fiits X
f(xa) = f(@) + V() (T2 — 1) + E(iﬂz — )"V f(z)(x2 — 1)
T V2 () I, 47
%(wz —x)"'Vf(z) (2 — 1) > 0
M
f(x) 2 f(@1) + V() (22 — )
baCER I #4157, R f(x) MR
2, ZAHTE x € Q 54 VAf(x) > 0, BIVEZREEIEE, W f(x) R Q L
FEAS T RR L. BUALIERAI, 5235 AT 2% FIRUERH B AT .
Bl 4.2 PXIEM: B f() = x] + x5 A0 B
iﬂfﬂﬂ LI_HX T = (al’bl)T> Ty = (aZ’bZ)T’ ﬁ
f(@) = aj+ b}, f(@2) = a3+ b3
THEASEIBRE R
Vf(z) = (2ay, 2by)"
S S o= W AV e U TP 4 R 1 S G T T
@+b§>a$+ﬁ+<mmzm>t2‘m)
by — b,

BIMLE G, 0T
(ay—a)*+ (by— b))’ >0
BT @ # x, BXEWSL, FIE f(2) 248N R AL
PR A B IR . BB

of@) _, (@) _
(9:1:1 B b Lo B

22132
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P i@ _, Pf@ _, @ _ Pf@)

(91'% ’ (9:33 - 65816232 B 65826231 -

HT I, AT R AR AR A A

) {20
o=l

PHEARAEG V2 f () 1EE, MR8 B FHIE, f () ™A ek AL

& f(x) ADE Q Loy TRk, FAE € Q, RIFHIET x € Q, #H

Vi) (x-x)>0

Wz A f(x) b2 R RAAF

WEW) RIS . 3 f () ek, H 2" Mgl Ui, WE z € @, f(z) <
f@)e XMFALEL a € (0, 1), ™ ek iy & 15

flax + (1 -a)x’) <af(x) + (1 -a)f(x") < f(z)

Lo 0, Hax+ (l-a)x" -z, RS o N f(x) RS E, Hit
xt Wh f(x) e REALE.

WL AIAMER H, VI (27) 5 @ — " BIef 8.

4.3 R
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423 LRI

XEFARSAEAL (4. 1), 25 HARBREL f () it e 8 ASE AR AL gi() 2 08
MIpR % S5 R B by () = 0 S Lk ek B, WIFRIZ AL R sl oy b ml
AATTERIATE, WIR AT e . AP e s UM, WS AR i 5

DALY AL HE T B SR AR L A & R AR, #E—F, B AR BB A &
A KA 5 A, N AR AR Lo —

Bl 4.3 X0 F i AE &R EALX) )R
min f(x) = x> +x3 — 4x; + 4
g (@) =x—x,+2>0
@@ =-x2+x-120
gi(x)=x,>0

g4(x) =x,20
RLT RN
fii AT H bR R AR R

.. (20
Vf(w)—(o 2)

BRI, I f () B e, HR - Hr 29 a sk %L, Bl
gi(x) =x; —x2+ 2, g3(x) = x1, ga(x) = x2

PR PR BRI R AR TR ST ga() = —x7 + xp — 1, FIGARHERE N

Vg () = (‘02 g)

IR GUE, I g2 () 9MTeR AR, PRI, AR PR AR H AR s KO R &5 A
S5 AR R HIOH U1 R KR, S5 32T R BCR 2k BRI 99 2 R E S
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4.3 eI LS

H IS LRAMAL
min f(x) (4.8)

HophsAr i o e R, WK BARRE—Hr-5 Wil 5 8, w2 BIAE h BE vk 5 2 0
(Newton) J: W22 BiLIK) R MRk ARAETE .

4.3.1 BpED:

BEETR, PR A, R sRITCARAAL A4 8) Y A SE . AE Mk AURIA
HEZR e, BB BEVR RO AR SO 7 I E R R Dy 6], B A = -V f(2™). f—ik
RIGUTIZTT AT R, TR AARR BN PR R 2 2K, W8 I 7 R s I A
BV (@®) £ 00, V]i(@®)dY = -V f(@®)Vf(a™) <0, FtGbeETr T E
I o BREEIAR BRI BT

(D) PEPHH 2, 4 k =0,

2) WHHRREE f (D) T V1 (™), 27 [V f (@ )? < e, MEEEA, 155
Bl 2 e f(2®). B, AT —2.

G) PIT 4R, Wl FHORAFR IR

Ay = argmin f (2 =2V f(z*)))
FHEAR 2 =2 -,V f (™). BRI (2) SR8

24 H br R B B S T s, e A KA 2 20 BRI, F f () #E
IR 2 AU S T AR B 2R RIT, 155

Fa® =2V @) > f@®) - V@O AT () +
SAV S @) f @AV ()
KT kBRI S IUET 0, HINT AT R RGO KA 57248

_ V@Y V™)
" V@)V () f ()

B RETR BAT 2 R e, HORZRMEI S, SE P et 38 rp, BREAAET T IR IL AU R
ey, REMSPRIELE TR UM . (E 2R S B R AR, SR & Hh BURA 2 A A G A B
G WCBIOH B S B TR, QNP4 AR o

Ak
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NGO

k
O

2)
MO
Kl 4.4 BpEIRIEARAE
X UCIR G R RET . B S (2) FE 2 AWT5 1) d i) — B 2 i Tl
f(x+ad) = f(z) +aVf(x)'d +o(aldl)

IRz BRI o BUmR, LT T m b I g5 /N, A RA R T e
JEo BIEMRAUBILT o I, BRI o Jog5 /N [F] B, Sl foh iAo e 2 1
%, HE - ECE AU PR R .

Bl 4.4 AR KRR AL RARACF) AL
min f(x) = x] + 5x3
WM. BAFIREZ €=07.

fire b eR KA B S AR 23 31 R

2)61
Vfi(x) =
/@ ﬁmz 0 10

,Wﬂ@=f ﬁ

BRI E s 2@ = (2, DT, i EA

me”h=($,|wa“MP=1m>e

AN MR, IRAREEEAC . BT f () S UKRRER, 24 k = 0 1, ARATT RS K
(PR B/ INECRUR P




HHTIEACA

1.55
() — .(0) 0)) ~
'V =" - AV f(x =
oVf(x™) (_0.12)

HT, 1S
3.10
-1.20

KPS 2 o6 SV €1 3 W Y U S eS AV RE R

Vi)~ ( ) V£ (@™)]? ~ 11.05 > &
IVf(@)*<e

B IERAC. B b, R ECH RN R R, HA R il = = (0,0)".

4.3.2 gk

A A ON AR R B B 5 S WSO R TR R B
IR

g

1
f(x) = ESCTA.’E +BTz+¢

Hrpr A noxon MFRIE R, ¢ € Ro WIZRE RN «*, B ICA R0 ) —
B Wb B 25 1 W] 15
Vi(z')=Az"+ B =0 (4.9)

I Az’ = ~B. R4, (EEAIAA 20 ¢ R, MECEAI B V(@) =
Az + B, H5RENA L% B 7%

Vi) = Ax® - Ax*

P SRR = 2@ - ATV (). XK, K TRIFRIEE ek EL M
EEWIA A 2@ W WAEr T -AT V(@) AL R R, RIS 5 eR 5
MR AR, Tl A R 14 3k ) T A

Bl 4.5 kR Y R
f(®) = x{ +5x3

B, BRAFEZ =07,
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$4F KX

fiR EERILG S 2@ = (2, DT, BN
Vix®) = (4,10)"

TR f () X R PR AR R I S HS R R A

14:(2 0)’Af1=(u2 0]
0 10 0 1/10

SR R S WA N R

0 _ AWV ()

CH s

ZERIE, = N eREL f () B

M n TR S (), FLRREC LTI WITE 2™ A B A BRI X R

PEATIE T, Bl

f(m) ~ f(x™) + V(™) Az + %AwTVZf(m(k))Am

Hop Aw = o — 2™, T8I R S AR I 96 J2 TE 29 SR DR P — B b 2% 1, PRI A

V(™) + Vi f(x™)Az =0
PRI V2 f (™))l b b aCHE TR, fR S

=2 - (Vf(@") V(@)

SR f () BB ALAR, OS] — (V2 f (%)) 7'V f (&™) AR ER Ty ) (107 1), I

WA T A AT
P = (V2 (@) V(@)
A =argmin f (@ +1p®)

2+ = £ 4 2, p®

R P A TA, AR A SCAE, nl TR AR IR E — U e B0y dee DL Ak
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4.4 2RI L

xR ARAAL R
min f(x)
stt. gi(x)>0,i=1,2,---,m
AR R SR AR AT AR ROR B MESE, —Fh B SR L 2 K5 LA A0 R TG 24 [ AR oK
filo o, B EARMERE T RBOE SRR R E0E .
4.4.1 YijRBck

ISR /N &1 R BT BUR S A ATE N U Ry /11 N R I 2 G VA D B R 7N
BB FI, AT FE A RTE A [ AT, e BT I 2R ) dre et o h

(4.10)

AW gi(x) > 0 (i ARRSE, 25 [E AT R AL
0, %r>0
(1) = {
2, Mr<0

A5 (4 10) AR S AL AR ¢ (8i(@)), FEEM T (min(0, gi()))* > HIET KA
M > 0, 2R AEAL L4 10) T34 LA R

P(z, M) = f(z) + M )" (min(0, g()))’
i=1

ASHERIE, IR R LA RIS, T MOBUERRCOR, & B R . XKk
PRI BRERA, M ARATTR T BAGRAOEIRIT:

() EBHIRTTH T My > 0, favFiRZE e >0, 4 k=1,

(2) RIFTCLRAAL S

x® = argmin P(x, M)
x

3) FAFUERARERNH, A —gi(x®) > e WEFTTH T Mi > My, IBFETE (),
A0, 452 1R RR A

Bl 4.6 A3 FHE KL RAKALIF) A
. 1\’
min f(x) = (x—z)
s.t. x<0

A RARAE .
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80
fit EICREIR x <0 SN

BFEA R M > 0, F4 38 1) B 4R
Px,M) =

gx)==x20

f(x) + M(min(0, g(x)))

R
=|x—-=| + M(min(0, —x))

24 x > 0 W}, min(0, —x) = —x, T4&
12
P(x,M) = (x— 5) + Mx?

R E SR M, R S NS, B
MzZ(x 1)+2Mx=0
ox

SR AR T A5 R R B U AR

x(M) =

WNE4.SFFR, 24 M = 0 [, x(M) = =524 M = 1 i, x(M) =

MM — oo B}, x(M) — 0. BCAT I, B 5T F M 1
25 BRI A A

T S AA T R P e DR, 3K IE
P(x, M)

[
’
’
/I ‘
’ P
L e
b -
——————— - a”
S~ == L

Bl —

;M

1.0

E“’
> TR

= 10 i, x(M) =
BRI BT B/ N B 2

5 4

ol 025 05

K 4.5 FREGEKR
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4.4.2  PEfte gk

511 REGE AL VFE AR AL T AT A, Fﬁﬁ%@%&%?*?&ﬁiﬁﬁﬁﬁﬁé%{%%
TERIATIR TR, BRI SRR P T o 25 R AR DAL I (4. 10), 4y 3 (1 30 20 I o £ @
SRR R AL In g: (), 152 TC LY AL

P(a,r) = f(@) +7i ),
i=1

r

_
gi(x)

P(a,re) = f(@) = r¢ ) Ingi(x)
i=1

Hot rie > 0 BROMRERGHE T, P2, re) FROMFERGRREL. AR R
(1) EBHIIRERFE T r > 0, RiFiRE e >0, 5 k=1,
(2) AR BRI, TIOR8 (0 A bR 2l o 520 B
(3) KT HRAA ]

2™ = argmin P(x,r;)
xT

(4) F R R R he T, 4G A 7 A2

& 1
2 ey <

i=1

A R R ARG I, A 2R 5 T AL

<eg

Tk i In(g;(z™"))

L, FHE A RARAC B SR A 2, R I, B e < e 3R]
o JEP

Bl 4.7 7 [ AF FREERKAF LG RARACIE) AL

min f(x) =x-2

st. x>0
o RARFF
fiRt R BRI, A4 1 A R AL

P(x,rk)zx—2+r—k
X
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X T E R RERRA  re, SK— Bl I HoN %, A
OP(x,rL) Tk

ox 2 0
SRIETIRS x = 2ree ZEEAHRENE x = 0, & K TR, 15HBE 15 0 R e A
x =4/

K46/ T i = 1,0.1,0.01 W REERFeR KA IER . iR I, BEE BRI T re — 0,
Wt oK SO R/ i T A D P R A DA

P(x, )

r, = 0.01

K 4.6 [REhS R EOR R
4.5 Wi HRBI

4.5.1 @ik

ML A TR B R IR ) R G ia A A B b Y B ) R, HEE AT 45 e W e R Gt
farmg K MBI TR AT, A BOSS A AL I 5 IR, (5 & F AR 8 3
fi/Ne BT & FEMLAL A SR RS AS oA K5 ] 7R i TR A R R TR 2%
VB 1) 5 T L g R R MR T

Bl 4.8 ERBEAHAREAS =S FME VI, MER AL LE G 7 300 MW, &

BEHIEE B AR S A, FTRwEAIFFr, XA T EL WA RLE A
X1, X0, X3, 18K 8 % s ARR A
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F4l REHNARRSH

PG = JRA B R R/ MW ) LR /MW
1 0.01x2 + 2x; + 100 50 200
2 0.015x3 + 1.5x; + 120 30 150
3 0.02x3 + x5 + 80 20 100

452 BIRIGEY
B G R AALAR H TPRSRASR @ = (o, x0,x3) T, LSS 4% S UL AR
Z AL W H AR CH

min f(z) = 0.01x] + 0.015x3 + 0.02x3 + 2x; + 1.5x5 + x5 + 300

RGBT RN FRAATLIA, Bl x1 + 22 + x5 = 300, [l i, 4 A HBALALI 2008 2 Be A
b FBRAR
50 < x; <200, 30 < x; < 150, 20 < x3 < 100

g5 b, Ly 2 B ) ] SRR R AR L R Y
min f(x) = 0.01x7 + 0.015x3 + 0.02x3 + 2x; + 1.5x; + x3 + 300

X1+ x +x3 =300

50 < x; £200
S.t.

30 < x, < 150
20 < x3 < 100

4.5.3 vkl
KT RBCEIATR R REAFERLARERN
g1 =x;—50, go0 =200 —x;, g3 =x,—30
84 =150 —x;, g5 = x3 =20, g6 = 100 — x3

a3 T R AR

6
P(m, M) = f(2) + M | (x1 +x2 +x3 = 300) + " (max (0, ~g:()))?

i=1
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THERREE, v 15
6
VP(x,M) =V f(x)+2M|(x; +x, +x3 —300) + Z max (0, —g;(x))V(-g;(x))

i=1

N qj
V£(z) = (0.02x; +2,0.03x, + 1.5,0.04x3 + 1)7

PEBRI LA A 2@ = (100, 100, 100)T, 25 @RS T Mo = 1. JRER B =5. #ER
$K o =0.01, ARSI EE € = 1074, A FE N4 20775 .

R 42 TRBIEENE

AR T xi/ MW X/ MW x3/ MW BUSAITT
0 1 100.00 100.00 100.00 1.200.00
1 5 119.03 96.02 84.51 1189.43
2 25 119.19 96.13 84.60 1190.96
3 125 119.22 96.15 84.61 1191.27
4 625 119.23 96.15 84.61 1191.33
5 3125 119.23 96.15 84.62 1191.34

=R RN b D NIB S A=t i oy =l K e M L N S R NSRS 8 N S S =yl
BRI B R R o = (119.23,96.15,84.62)T, WV (A f(x*) = 1 191.34,

454 HRrHI

LR AR AT ATV S A PR, U AR S B — TR . B, % SR SRl
T, A 119.23 +96.15 + 84.62 = 300, 7] JLHH E RGe m fafmrEsk. d—EAEK KR
MLALAY 1203, ] PATS-2)

50 < 119.23 <200, 30 <96.15 < 150, 20 < 84.62 < 100

PRI, 2t /2 BT A S5 KRS AN SR A, R e A - 75 BTG 2, 31 R K
TRICSICHE -5 10 A 8 SET SRS A DA 5, Sl 7 iR B = 1, 10 BT ALfEL A Bt
b, AL T LR i AR M R S 0 32 2R R
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R A3 LFEAIELMERMRIE LT
Jrik PR Bl
BRI [EE&ZE S WS 1
BRI W IR JBE W R AR
T R R TEIRAIAT IR Gk Sl
[ERETERIeis BUERE LS IR ATHIHG

4.6 >)8i

4.1 FIEARLIEMK

max f(x) =x; +2x;

2, .2
{xl +x,<9
S.t.

%20
A AR
4.2 BTSRRI
min f(x) = (x; —2)* + (x, — 3)°

o {gl(m)zxf+(xz—3)224

Q®) =x, <2
TEri T = (3,2)", @2 = (0,0)" WYRIAT Ty, H 2 PR Hoal A7 N ey Tl O FE
4.3 B EE R TR AR LA 1F R
min f(x) = x] + x5 + 2x3

M. IR A «° = (2,-2, DT, ZORIEAT =GR, HBIER S FTL 1I8 R J7 1)
IEAZ.
44 WA BREREICL AL

1

2, 2
Xy +x;5+2

M. EHORIIA A 20 = (4,0)", HRR M I KAFEE LK 4 = 1 BT .

min f(x) = —
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$4F KX

4.5 T R ECEOR IR LY AL 1)
min f(x) = x + x?

stoxy =2
HEHSTHET M =1 F1 M = 10 B U#.
4.6 I A R ECZOR AR AL ) A
mmf@ﬂ:%@HJf+n

gi(x) =x;1-120

g(x)=x2=0



SRR
—
g LE

51 FEACHE

511 ZEBrgedd R

P il 22 By BEp SR R, 4 — S m] MRHR I [ B2 A5 Y, 20 g D T A L R IR B B
MBS, N BAR —A “WE . R BOY MU AN g 3R, BN AR
PR SRAR B M B — N R A1), TR 22 [ B e 3 1) Rt B A e LR SR I A 45 B
AT AR A ST, B BE USRI E AR B RCR, i X AW — B Beiy
PIHRIRAS . M4BT A B B PSR e i, i BT IS D SRR SRR R SR . 22 B B sfead
(4 FU AR TR — A e U SR, (A4 B BOS i i) B AR 2 42 R L -

Bl 5.1 57 EAFEPLRE, T EMEL EGEAER T BB ERAGIES, 2 B5. 1%
XA T —F5M A B F a4 ib s 8 45558 2%, R 8 3E B K42,

w - N (€] w
(=) (@)
N 4 Ll
DRt
w\/
=)

BlS.1 A F 2% xifa]
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Bl 5.2 ENE TR TFTHRTNHETEHN 10 F A, &£ A 1,2,3 93 THRA x1, x2, X3
77 70, A el B A R A g1(x1) = 4x1, g2(x2) = 9xa, g3(x3) = 245 IXAE T A AL
RB W HEH R, HER K BERK.

fiit %IRRT T AR R R R AR
max z = 4x; + 9x, + 2x_§

X1 +x+x3 =10
s.t.
X1,X2,x3 =0

R BASHUISRAE I, mT 100 H U303 3 AP B, KRS U0 Ak 1 AU AL o 2 B Bk
IR, O BRI S IR A

Bl 5.3 XA ATHEFH AL, FERKAKEN akg. A n T HREFENT
O, % ifthmthEETH a ke, EMEAEFRE x; 09 Bf (). RATE LY
WEFRE, T AT HREMERK.

512 RHEEER

DASR R £ DA 1, 45 S S U B B 5 1 O B R, AR B, R
& PSR RESFRE TR FRPReR L
(1) BB 54 i AW s 2 18] S5 AR R D Ao AR B QBRI oy, a5 & %
No FEBIS. I, A B F R BEn373 M AR S ANBr B

A—-B, B—-C,C—-D,D—->E,E—>F

(2) IR 18I BOR ST AR BTN A LA F, Sl 3 s R RS Rl
T REBUEA BUIRAS R &, 1C 0 Seo SIS M ARZS A 2 T8 St ot
Y, A BORE— 205, WZPT B J5 i AR (U T 24 BiPIRA, -5 1t
25 o BT 2R RS I s AR o ok . AEBIS. 1o, 58 1 BrBeaRzsoh A, BRI
S = {A}, HopBrBURSEE N

S2 = {31932}9 S3 = {C19C27 C3’ C4}9 S4 = {D19D29D3}9 SS = {ElaEz}

(3) PO TS PLIRIETELR SR k By BORAS s BIRTEE R, XTF — By BOR SR
R ERE, S we(se) F#n. PeoRAR B BUETE B FRON R iF k&£ 4, 1]
K Di(si), 2 uc(sk) € Di(se)o HA B BLoe A 0 7 1 FR b SIS, 12 A
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Pin = {u1(s1), u2(82), -+, un(Sn)}o ﬁﬁ%%*@ﬁiﬂﬁ%élﬂjﬂ Py, /ﬂ\:qjﬁﬁﬁ
PR B B L B SRS AR N B TG TR o HEBIS. TR, AR 2 BYBOIRZS By &, Al vEHE
T8 C1, Gy, Cs, Bl Do(By) = {Cy, Cy, G} 7EESE Cs, WIAHI PL3k R

u(By) = C;

(4) AR R WA AR B iR A B B — B B R A B I e s 2L [ e s g B
AL sk = Te(Sie,ur) Fme LEBIS. TH, N —FrBeRAS RIS BT de sk, it
RAEERE R AT R4 A

Ske1 = ur(sx)

(5) FEbRpREL: DA RIS 0 45 W B AR T, 8 2 B B e s eR BRI 3t R A5 A bR
B HrBAShReR gL dic (se, ur) FonEh k BrEARIRES se T RIBUK ur FTERAGHY H
MrBcalan. XFT n BrBod e, ES 1 BrBeRIEE n B Bobroh A AR, g A dain
BRECH Vi (si, pra), B k BYBCEIES n By Boi il o i el J5 il 7 ad A, e Had
FRAEAR RN Vien (St Pren) o EACFEVREREL fio (s1) 8 SCAMEE k BrBOIRES s
K R B AR B 2 s R 5 oy RE SRS 1 e LA, B

(1) = Vi (s Pr) = opt - Vien(sk, Prn)

Pkn€Prn
Horpr, opt MRS FEAT B max BF min. 24 k = 1, £ (sq) B MBTERARS s
Ay A d B . FEBIS. 1, EARRECH BRI . d(B1, C2) 8 B1 3] G
MBI IE, Vos(B1) R By 2 F AR KIE, £(B1) FnM By 2| F 1y
HARKIE, fi(A) F7m MR A F AR,

5.2 ghERLRIE
520 Sk

XFFBS. 17 1) S R 4 1P, o TR A2 R, 28 AN A 31| F i iy vl
T AR B — LB . Bl )T BOE 5 45 B BRI S BN B IN, HozsvAm i 5 ik 2 14k
PIK . HRESORMRIEZ W B SRR R, A5 5 I SIS vk . O g2
MR SR B B &, SR P i ) 2, BB BT RIS 2 F MRS &, R4
WEM A B F .

MIIGHTEL k = 5 TR, IREZL & 55 PTHHMUIRES E, Eo, H3 F EE RS 5120 4 1
3, Bl

55(E) =4, f5(Ex) =3
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0k = 4 B, RS 54 TS ARRAS Dy, Dy, Ds, XA 2S5 e e 35 24
$e DUIRAS D1 W, AT Ey, Es (T4 1, VI B B/ B

d(Dy, Ey) + fs(E1) |3+4
= min
d(Dy, Es) + f5(E2) 5+3

fa(Dy) = min{

EXHY, o Dy B F ysJERE RO 7, KR Dy — Ey - F, K0 ui(Dy) = Er. [H]
2 EC

d(Dy, E) +fs(E1)} o {6+4}

f4(D3) = min
d(D», E») + f5(E») 2+3

B D> 2| F SR S, k4 Dy — E» — F, IRHEN uy(Ds) = Ex. W £

d(Ds, E) +fs(E1)} i min{l +4} .

f4(D3) = min =
d(Ds, E,) + f5(E,) 3+3

Bl Ds B F i Ec IR BN 5, Hik el D3 — Ey — F, 3 ul(Ds) = E) .
Y k=3 i, gt E S

f(C1) =12, uz(Cy) = D,

f(Cy) =10, uz(C,) = D,

f3(C3) =8, uz(C3) = D,

f3(Cy) =9, u3(Cy) = D3
M k=2 W, kgt A1

f2(By) =13, u3(By) = C,

f2(B2) =15, u5(B,) = C3

Y k=1, (ORI A, T2

F1(A) = min {d(A’Bl) + f2(Bl)} - min {4 + 13} 1
d(A, By) + f2(B>) 5+15

RN A 2] F i o 17, S ui(A) = Byo $ETRIT SREEH, nl 5k
PRSI N

ui(A) = By, uy(B1) = Co, u3(C2) = D2, uy(D2) = By, us(Ez) = F
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ROPNA DB S YN S 2 W)
A—->B —-C,—>Dy,—>E,—>F

R TR TN, 45 W B e H s bR 50 JE T I HE O AR
fk(sk) = min{dk(slw uk) + fk+l (Sk+l)}’ k = 5’4’ 37 27 1
fe(s6) =0

ZAFR NS A TR, Hdr fo(se) = 0 MM — BB S AT
FEA[ 5N

Si(si) = %pt( : (s ur) + feer(Seen)}, k=n,n—1,---,1

fn+1(sn+l) = 0

ot vie (i uie) ARAS suc FEDSRE wpe TRERLEER k B B br ek 0 fE

AT R R PT 2 LR E— RS, RIGZLREZA A RE S R R AT, B 0K
S5 2 il ) R AZ AR S R 89 AR T R RE,

PASRAE I 2 RO 1, e 2 PAT R — R B 2 U 1A, i i 81 4 R
IRFBEAE . MR IR E IR, 22 B BOL SR M R] 5 A0 S o B BOs A O AL AR, i 3 R a0
EBHETT I, AR R AR

5.2.2 BRI

B HLRE AR S AT & PR OIS AL B, (48 B BOR S 2 18] R AR S 5 7 J7
o TFTEIABS. 204 B0 o 3 17 R A (58 AR AR 2 37 55 SR A vk

A R BRI HRR MR, TACHGIA B R, #0 H PR SFr-Rf 17 A8 20
AN B RO I AT, B BUERAC ) ko= 1,2, 3 RS B P UE
B A P HAT R AR B AR A B, AR RIS k B Bool i vl T B A B
BOREAL & sy, PIHRREE D 51 = 10, BEH & rBOWIE & B8R BUN A &, I

Up = Xg, k = 1,2,3

k=108 51 =10, uy =x10 2 k=2 I, RES s FORFEMINE 1 558 5400 rl 4%
%}%}(i\, Eﬂ §2 =81 — Uy, Uy = X3 Wﬁ%’@?ﬁs Eﬁ%’{ﬁﬁﬂ?%ﬁ*ﬁﬁﬂ

Sk+1 = Sk — Xk
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& SLT BHE AR R ECH .
Vis = z 8i(x;)
pr

FRACFERR R S (s) FR TG Gy s I, A k TS 3 T T AEHAT A e K
fio X EH AL EATRE N

fi(si) = max {ge(xp) + frr1(Sis1)}, k=3,2,1
0<xp <sk

fa(s4) =0
AL IE BT B s AT, 1555 H R BRUCE AR, Hoh £ (10) B4 Ry Kl -
— i, T B A ) B AL BRI G h DA T DY A

(1) Qo3 FrBe 2 A IR gt 4, YR 528 [y Bre SERFAE, i 8] 225 8] I 3l 40 S T
R BB HE S R AP B, SRR RS AR T B M.

(2) PEHCIRASAS G ARZSAS 5 50 B REMER 2] T FE 1 A RAAIE, 2 TT /530 (7]
INPIR SR B B B AT TR, B AT oE o R el (A R SR . A, ARASAZ B mT
OB B R S, 1855 LR A B D SR B IR AR P e

Q) B IRSHAL TR B RAR ue L ALVFRIRIE ST Di(sw), ALY HPIR
& s FUHE w B8 T IRES s PRSI THE s = T(seo ui) -

(4) M REAT R TR TS d (s, un) . TEREFERREREL Vie o, DA BB TR R 4L
Fils), HEEEBIE R R S FA, WS MR AT

5.3 BhAMRIRRE

ENASHLINA PR EEASK T v WP RE SRR . 5007 15 2 B Bekesfead
FERSEBRATRET5 A S, AR By BOT URiZ B i) Al b, i 245 3] e Ref s U sems, A
NWFFAREE . 2, FATT 15 AT BT 1) — 2 WIFR U A -

5.3.1 HypfRik

BECHRIARIRAS N 51, 52 SR AMALPREL fie (i) TR k BrEcOMIRAS sic %, SR &
BrECEIEE n G BT RERAS A o KA
MEE n B BOT IR I, 4

n\Sn) = dn ns Un
Ju($n) unEI%E,:)((sn){ (s ttn) }
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H D,y (s0) FIRES 50 X HYEE n BB APk G o SRR Bk —4EA (A 15 &, B P15
é”fi'fjﬁy%% Uy =ty (s,) —'::j%'ﬁt{ﬁ fn(sn)o
T n— 1B A
fn—l(sn—l) = max ) {dn—l(sn—lvun—l) >X<fn(sn)}

Up-1€Dy-1(Sp-1

E*%ﬁi’?*@ﬁ%ﬁy‘j Sn = n—l(sn—hun—l)o ﬁfﬁﬂﬁ‘?ﬁ%%ﬁiy&% Up-1 = un—l(sn—l) "::‘AE-TXA
WAE fuo1(sno1) e FF5 * Gi—FRMNEEORTE, RSB R B R 525 H AR R £ & -
)2 kBB i RN

Si(si) = M»g[l)aﬁ) {di(si ur) * fre1(ss1)}

For siar = Ti(swo un) o SRIFEZIRAA L, RN CAE un = ua (si) FERIAA fie(si)
WK, E25 1 B A7

filsy) = ulgj}él) {d(s1,u1) * fo(s2)}

Hodr sy =T (sy,u1) o BTSRRI ur = ui(s1) SEMAE fi(s1) e XHIEIRFS 51 E
H,ouy = ui(s1) 5 fils)) AIHAE, P HARSHEBE T REITE 52 = Ti(s1,u1) . MR, B
A 2R B 22 45 o B B I R 3R -5 A B R R

Bl 5.4 1% 5 RR ik R AR R AR

=

max 7 = X ')C%')C3

X1 +Xxp+Xx3=¢C
S.t.
x;>20,i=1,2,3

fit ARASEECH R 2 R 3 AN RET B BIACIREZ & 51,52, 53, % 51 = ¢ PA
X1, %2, %3 NPT BOR SRS B, DY BUE R B AR U . 8 R AR AR BREL i (i)
Rk TBMIRAS s thk, 255 3 r B sl rie SR M i Kosliai . B Beds im0 5o
X1, x5, X3, I FEFEVRERECH Vis = x1 - x5 - x50

MEWE s3=x3, 3+ =5, 0+x1=51=¢, fls3=x3, 0<x, <50, 0< x; <5y = ¢o
R, MG ) B HE, A

f3(s3) = max  {ds(s3,u3)} = max {x3} = 53
x3€D3(s3)
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WMfER x5 = 530 FRITHE
fals2) = ngll)ﬁzléz) {d2(s2,u2) - f3(s3)}

= max {x- f3(s3)}
0<x2<s2

= max {x% < (s3 —x2)}
0<x2<s7

max {hz(Sz, )CQ)}
0<x2<s7

R 2
352 RGO FHHEA 2 = 2052 - 33 = 0 WIS x2 = S92 = 0 (81 6)-
2
MmO 2 o <o, i i,

82)C2 xzz%sz

4 . 2
fa(s2) = ﬁsi, Xy = gsz

RELBIERE 1 N, H
fi(s1) = max | {di(s1,u1) - fo(s2)}

x1€Dq (81

= max {x;- f2(s2)}

0<x; <51

4
max {x; - ﬁ(sl —X1)3}

0<x1<s1

max {h;(s;,x1)}
0<x;<sy

(]38, ) Sy AT sRAS e LR 5 e B 0 1R
Xy = %Sb filsy) = 6%3?
T st = ¢, Heas e i [l AR n] 15

1 1
x| = s file) = 6_464

2 1 1
xZ = §S2 = EC, fz(Sz) = ch

1 1
x3 = e f3(s3) = yid

R, SRR £i(0) = oot
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5.32  M)yyfEik

JIGE - g v B A e o Bk SR AR AR 1T 150 B, DA swen RIAVIRES, s A
B HUIRES . R BRI FEAS O7 R N 10 7 AR R 1AL e, 08 su = Ti(swan, un) o B IR
A syt AL E SERMARIREREL fic (5) FRER k BrBORRE N s I, A 1T BER5 k B
BT RESRAT B e K A o

M T BB RIS, A

fils2) = ulgg}’&) {d\(s1,u1)}

Hop sy =Ty (s, u1) o SRIBASB I MPLE ur = ui(s52) SMAE f1(52)o
52 BB N

fals3) = max {dz(Sz uy) * fi(s2)}

WRUCRHE, HFIHE n BTBCA
fn(sn+l) - g;?;)é {d (sn n) * fn—l(sn)}

BT IERES spe BHL wn = tn(s01) 5 fu(sper) ATHIE . FHESERAMHJ50)
MACHES, RIAT 28 Biff o 45 W B DL o s 5 2880

ATSLABIS A6 B IS i R SR At R o 7 SCIRASTH R 53+ x3 = 54 = ¢, ;o + 10 = 53,
52 = x1, ARESERETTFER si = Ti(sier, ui), ZIHRH

S =x1, 0<x <53, 0<x3<s4=¢

SR MG figes, AT 18] JE MU

fils2) = max {x1} = 52, XT =5

fz(Sa)— max {Xz fl(Sz)}— S3 Xy = 353
filse) = max s fi(53)} = st = s

Hi s = ¢, G

* *
==C, X = =C, X3 = —C
47727 7T Ty

HARRR B i R AEA 27 = 64
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53.3 Jjiklbgs

I AR 5 30 PP RRAAE P 9 JeA 2253, STy AR ) . — IR &, WAk
AL E N ER PR, 2RSS E BRI AE - 6 [l I 2 ME— R Ik
AL AR, WIFF I RIS RIS E T 2 AR 2, TR R
A5 28 TEAR SR L P B A B 0 R KM, AT BB A Rt i D0, PR T e 5 A
Jr . PRI, RARE B A A SRS R AT 1), AR AT S0 AR . BeAh, PRI DT IAAE
SRS ) B DR

(1) REHAET7 2Rl Wk b, RS T S 5A8, B sk = T, un) o WFFR
e, WS HE AR, B s = Tic(sien, ui) «

(2) HEPRREUE SR EFIEEH, fi(si) FoRME k BrBORAS s SIERRE S )5
M R Uk e, BRI ALE N fi(s1) o WUFMHET, fi(skar) FOR ISR AT
FUE ke BrBAARTS s BB LIRRRIAGE, BEMIALIEN fu(sne1) o

(3) FEAT R AR KT TN B, TER AR, B view = ) vi(sju)),

=k
BEATTRRR J
fk(sk) = Oth {Vk(Sk, uk) + fk+l(sk+])}7 k= n,n— 1’ T 1
fn+1(sn+l) =0

k
TEMUFIRE, A vk = D vy (sjen ), BATHLN
Ji(sre1) = opt {vi(sier,ur) + fici(se)}, k=1,2,--+ ,n

ur €Dy

So(s1) =0

n

Xt T RS R AL, AP ARE L A vien = | | vi(sjouy), BEARTTREN

=k
Ji(si) = opt {vi(si,ui) - fre1(Ske) ), k=n,n—1,--- 1

ur €Dy

fn+1(sn+l) =1

k
TENR AR, 45 vie = [ | viCsjou)), BADREN

J=1

Sie(sge1) = opt {vi(Seets i) - fimi(sK)}, k=1,2,--+,n

U EDk

Jo(s1) =1




BHEFFH 97

54 15l

W LA (7 RS BT TS ) ALA T, ShSHLRIDT IR BH A B WA L . B URae
EAFYURFRERA T IZ AR . AT BCRA R BT A, BIBIS.3.
PEAS L R LY LR NS S SR NIRRTk 3 e d s

n

max z = Z ci(x;)
i=1
n

Zaix[ <a

S.t. i=1

x; > O H AL

RERFHEARY n Bl f F52 W73 0 B B, B4 B A BE— R i, 38204 n BB, B
k=12, ,n. TE5 k BrBOTAGIS, 75 QB TRART & A i i 6 R IRECIRAS
AEHE Saro PURAZRONE k B BER A & M B PR x, MRS A T e

Sk = Sk+1 — ArXk

FFRIKEG N Di(sin) = {xe | 0 < xp < sper/ar, xi NEEEG . 78 LA P64 R 4L
Se(ske1), FRTET A FCVFLE AN M) B S AN see, RIS L2/ & Fpigy
I B R B b, AT A2 Sl SR B i 3B 4 R A

Si(Siea) = o max {ek(xe) + fim1 (Ske1 — arxe)

So(s1) =0
WIATE fi(52), fo(53), -+, fu(snar) SRS BT B TR X1 (52), 22(853), -+ X (St B

ZASEN fu(a) BNE WA ERANELT a ke N A BRYHE, FH . I 07 58 AT 5 e ]
WA A
B 55 R FEMRRKEES 10, TAAEHKA B, C 2, &5 #l g
5 Aol RS IFR . R R AT KA R, R A SR
fiit 5 xn,x0,x3 SRR A, B, C R ERAFEL, IIZ )R] 2R R B A
max z = 4x; + 5x, + 6x3

3x1 +4x, + 5x3 < 10

X1, X0, x3 > O HLHUEEL
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®51 BEYMBRGEERMNE

UiE e HE/t il /T
A 3 4
B 4 5
C 5 6
M ko= 1, HREERANRS 2F0R, B
$7) = max 4
f]( 2) 0<3x; <s2, x1 BUEHL { XI}
= max {4x,}
0<x1<s2/3, xi HUEEAEL
£52 %1 MEIHEER
K2 0 1 2 3 4 5 6 7 8 9 10
fils) 0 0 0 4 4 4 8 8 8 12 12
Xy 1 1 1 2 2 2 3 3
Xk =2 W, SRR MES 3R (Hr e, =5), B
fa(s3) = max  {5x, + fi(s3 —4xy)}
0<4x2<s3, x2 BUE%L
= max S5x, + -4
Py r {5x2 + fi(s3 X2)}
®53 FLNBHHAR
53 0 1 2 3 4 5 6 7 8 9 10
X2 0 0 0 0 01 01 01 01 012 012 012
cr(x2) + /o 0 0 0 4 45 45 85 89 89 10 12 9 10 12 13 10
£(s3) 0 0 0 4 5 5 8 9 10 12 13
X 0 0 0 0 1 10 1 2 0 1
Yk =30, H
f3(sa) = max  {6x3 + fo(ss — 5x3)}

0<x3<s4/5

max_{6x; + /(10 = 5x3)}

max {£(10),6 + £(5),12 + £2(0)}
max {13,6+5,12 + 0}
=13
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AT A KA E 13 706, BBk x5 = 00 S [l 5 x} = 2, x5 = 1, Bt
AZE 2 B2 B R L, NS Co

5.5 WHZRBI

5.5.1 [nLsifiAs

W& HE T T 55 R ol s i KR, B RE LT ARG B AR R & i R
o HeAV ARSI A SE T NSz . 55 AR, AR X3 6 35 ] il
APl [ BEAA), DAS S BEDRETT i e Alate AN TE AR Kt e, Ui 5 WP AR 1
) A LA S8 BT 55, e R M58 4 p o BRI 100 AL A BB 1) 22 B B e S
ik, W R A SR 7 K A

Bl 5.6 XL/ MFLRIRA 6 X6 ML, AL (,)) R-EZTMEEE, L i) =
0,1,2,3,4,5, MLEAFME (AER) 15T S(0,0), &L (K a) 12T T(5,5), B
s T (1,1), (2,3), (3,2), (4,4), 4w B520 7, MEALASFRE, T, £, &1
A7y € £ 5h, BLRAR K5 19 Wi(2, 1), Wa(4,3), W5 (3,5) ZA Tksh. iRRMEAT
RRASAE by AR TR AR

5

4

5.52 RO

Ws T
" O s Gk
: ] e w
EZ ST}
@F W, | EGl
S
o 1 2 3 4 5

5.2

PST 2I) R ]
5(0,0), Wi(2,1), Wa(4,3), W5(3,5), T(5,5)
AT A5 ZERAL AR I %% T AR, nRRFEAN BRI 7 4 4B B, B
S W, Wi Wy, Wo > Wy, W > T

BRETT Hlas NHAR ] )

B He-
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5.5.3 BRkuit
X2 2 [ Bra SR AR AL, T T 23 551 R Sl A8 A P 0Py g -5 008 P A A T
B R A o
(D) WA B filis ) FRMGE RS %, Gl miy k AN BUGE #IAhEET A (L )
WA . RS R TN

fk(l’]) = (xgl)ing {d((-x’ y)’ (l’])) +fk—1(x’ y)}’ k = 172’3’4

Horp Dy FOREE k G B ik R ARG, d((x, ), (7, 1)) FORTELE PR EE

HERRLAHRT, M (xy) 2 @ )) FEREHAERKE. B £00,0) = 0, Ha

RSO TCIT R o B 2 W B30t A T A% S 5 ) ) e LB A2, A58
d(S, Wl) = 3, d(Wl,Wz) = 4, d(Wz,Wq) = 3, d(W3,T) = 2

SR BT 2 1

JiWh) = fo(S) +d(S, W) =3
H(W) = fi(W) +d(W,,W,) =3+4=17
Fi(W3) = fo(Wa) +d(Wy, W3) =7 +3 =10
fo(T) = f5(Ws) +d(W5,T) = 10 +2 = 12
P, SRR B 12,
() WA B fid, ) FRMLE (G, 7) ik, Gl Iask k D BEEA L T iy
R, RSB R

fk(i’ ]) = (xgl)ing {d((x’ y)’ (l’ ])) + fk+1(x, y)} ) k = 4, 3, 2, 1
AR f£(5,5) =0, HAREECH OG5 K. R C TR BT S Z K
T AR, R T A

fa(W3) =d(W3,T) =2
fi(Wa) = d(Wo, W3) + fs(W3) =3+2=5

LW) =d(W,Wy) + (W) =4+5=9
fi(S) =d(S, W) + (W) =3+9=12

B BB K TN 12,
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554 &HIRH0r

JIGE - gt 25 200 P AR AN TR AT T i) Xof 22 o BEp S AR EA TR AR, —H A5 2 1Y
LA R SE e — 8 155 BRI A SE U T ARG 15 9 5 aR R A5 S (0, 0), 1
FORH AR AR . B2, ORI AR B U7 T, SRAREE R & K AT Rh AL (e
WEE ATEE.

56 >)i

51 BUARATE A, SUHBE E 2 M RAL E, AT EA BT ES 3R, Hp
By, By, -+, Dy SN HIA] I b, 4% 3 BESS MO RCT M iR Be R B O Bl e 2% ) (AL J500).
USSPk, BT B 2% B R A T 2

Zx§>

B 53 AFE &

52 e HIBhAHI 080 R I fif e SR A v A
max z = 4x; + 9x, + 2x§

Xp+x+x3 =10
s.t.

X1, X2,x3 >0
Wi I 3 I L SR A (R R SR A
5.3 43 BhASHLRIA 100 3 -5 T A oK A ek R A i) st

max w =Xy - Xy - X3

X1 + 5.7(2 +2.X3 <20
s.t.
X1,X2,x3 20
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54 BAWIRZE, WA A, B, C, D UMY, AR 5 AR B
MEMERS APTR . CHRFEREREER 15 ¢ R AVPERATN 10 m?, AR5 ]
BRI 1 S B LR O 5, B B BN E AR K

x54 ERYBKES. SATRREGNE

— Byt
FEER R/t AR /m? HEE/JToT
A 2 2 3
B 3 2 4
C 4 2 5
D 5 3 6




6.1.1 IR

HZEE, XARXE, I T X, BUawAl ol ga 240k, R
th, B2 5 TR E SR s KA B R, AEFAHA RT3l e i B a L, 09Tk
BRI 5. BRI “HIR RS Sb, DAUR 4 T I 8R Bl

Bl 6.1 X LT —FREDMENIFAF 4000 7, 445005 d o d oLk
FHHTES. $ELLTAE THERRBEARE S, POmT LT A 5K
B S Ao AR R S, R TGN B Ao RO I o X AT 4 4 Ao P oS3k T R ik 45
FTAY = o ek, vASEIN B Gl B R A

ol flmiHTEHEE

iz 7T
J \\ T /\\ A
& BN _ HOC I T Al A SR
SRR R H AR R M
H AR E 2000 3000
H BRI E 1 000 3000

Bl 6.2 B Ak 154 I 3T ) A% Ak — = B, BL# 3T fnt i K [0, 1]
IEEat ) AR, B T4 et 2k x, Al I a4 Bat 214 v, o4 1 89 5g
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cy-x),  Hx<y
H(xy) =4 ge(1-v, #x=y
c(l-x), Hx>y
P ceRAEFH, AFREEmT Bk S 24, XoW MRS dofT ik 35454 0t
7, ARk A HilkE.

Bl 6.3 eXIMEARTANIEHX, §HaEFRITATHELGERZE, TFEHIKR
KBFGARM, RARMN R ZHHFRFHAE S, FALRLERMN TR IAT. BA nAEEH
K535, BN A prupa-  Pue ERGIE pp > puot > - >p1o HnAEEHR
RARNE BT pu-t, BITTAIEIR Z M a9 A RIFIOEL oo SEEHF 0 T A4 L 4o
PR AE N, LT A4t T2 &R T2 RE . R W EALFE FFH B 4TI, 4 A ARAK
WARATA0E o

Bl 6.4 AP LHBICH SR ERXZHREF G, Ay A FIR ALk L1 8,
IR KRN, EAAYATE, BAFILA RR T, ERAYTIAE, BiEERE,
FAPEF IR 15, 20— AR, AR H T B, FERAEZ LA B~ 9
o L RILE NS AT P AL HIF, LR A2 ey CRAEEE,

6.1.2 =i

BT AN T 1) S o 10 A0 ] A S AN [ FE SR RS, i T A2 A 22 4, 39455 DA
FEAEAREE,

(1) S A F8TE R R PA S SRR . DA SRl sa i A AR 25 24K
WHM T =A{L2,- ,n} FORICA /P AWES, Kt n AR/KHANEE. Ff
ABERT A HAR N, R PSR Aol . AR AR AR PSR A

(2) SRmgtE: FRBLR TP AR . e B E T PATIIAT ST RS . W s FORER
i JRy R N RS — SR, AR A S SR e Sie BV R P N SR L
[FIZLSRTS s = (s182,7 s s0), EWRHH AL AL S

() Wi R AL SRR S TN R P ARt s R I Hi(s) R85 i
AR ATESR S s N RBRIRE, eREE A IR At s R E ) 5140
TR AR .

PA “HBIEY B, SR AR5 EREE, I8 1= {1,2}. 1 CE, o, F) SRk
bR, L, RELRKIRSEE, M — A 5g B . 57 BRI LSS HITA 6 155
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1305 % 711 v O s SR TN (B o SR £ I € £ R o 5 NI R R ) I O AR A o) ISR G AR o )
WFEERRIEEER S1 = {an, @z, - -+, ag}, HLBHIRIEEEN So = {B1, B2, - -+ . Be}, R
HE (@, B)) WI— DR s, X555 HSHRASES B0 Hi(si;) Al Ha(sij) . 45
ar = (b, 0,0, B = (B L F), WIFER s T, 7 ERRSER Hi(sn) = 3, HRW
WRAHE N Hy(s11) = =3

6.1.3 42Kk

T RS AN A 2L B4 T R DT AT, G 3 e — A e b AT 20 2
(1) #Jmyh ANRECE, FEgR Rl 7 — AR 2 ARgE. B, “HE3ed” “ik
BiHAES” T ARZE.
(2) A5 SR NS R B AR R 5 0 25, R AT 7y B AR 5 AE LA
ZE. pln, “HBEL” JETEMEE, “AERS JET RS,
) AT VAR, BRI 7 A GRS, Ak 5
BIJE T AR A RS
(4) # )5 p N SREm A rh ) SRS R, TR R IREmT  A FREBEAIJC IR 3. Bildn, <
BRL” BTARMESE, A sERL JET IR,
Witz S, T R AT il AR AE E R 7y o $ SRS PR R S5 I RLRE 58, R s
FIE SR B S Tk, AT RS ELEESE . o EgE.
RN

6.2 i gkt

6.2.1 4l

R, N REBFAEE. RPN TA m AR a0, @, AP
A n LU Br, Bo. -+, Bus WIXUTTHISKIE LD BN S1 = {ar, @z sam} 5 S =
{B1, B2y Bate MJRP N TEEHAEHEMS @y JryH N LG RATHENS B I, A4 BalJm 9%
(@i, B)), EFRALRHRECH m x n Ao IMERLRE (@, ), ILRH AN TR
aij, D)7 R e

Ami Am2 *°° Amn
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MR T BRI EE . ARG NIRIRAEAE, /b N RIS -A. 245
RN THUE N TR S1, So B AiiSRE M A 298 5E I, — DM R Bl gse e,
LA G = {81, S Ay. A “HLBFEE” R, ¢ ERBISHEE N

31 1 1 1 -1
1 3 1 1 -1 1
Ao 1 -1 3 1 1 1
-1 1 1 3 1 1
1 1 -1 1 3 1
1 1 1 -1 1 3

M G HE G, &SR AR5 IR AT O B B B e SR, S 8 B A i e RAk
REVITA T A R 5E B, B2 DA H B llan i s KA R ME— Sk H AR, ANAFAE
RN HIUPS S SN = B= ol FriiE SR

Bl 6.5 XA FEEWT G = {S1,5 A}, L

-6 1 -8
13 2 4
19 -1 -10
3 0 6

fie HHBRIRAERE A TR SR ON T A SR O B A e/ NBR AR 8,2, -10, =3, Hirp
KA 2, LR N T RS HGRIG ao. [RIBE, Jay b A TT A8 Al B A fie KA SR MR
4°9,2,6, Mo/ ME 2, LR PN T RS HGRIG 8o ARSI A0R S (@2, B2), XTIV
FRRIHEA 2.

RASEEER G = {51,855 A), £F S, = {a, @, ,am}, S2 = {B1,B2, -+, Bu}s
A= (aij)ano =

max min a,; = minmax a;;
i J J i

W5, SRR A Vi, MAR Vo HTE, #Htk E X R0 B (of, B5) HHF G k&
WK E LT AR, AR o) o B3 2 A A B P A T ok AT a9 AR P R ok
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SEEMF G = {S1,55A) BERRETLTAMY A LEFMZ, HBEKEY

(a7, B), RAFAEE 0, j, A

(e < Ajx j* < Qs

. ot VRN
UEW] A L T W2
min g;»; = maxmin a;;, Max a;;- = minmax a;;
J i J i J i
f max min a;; = minmax a;;, 115
i J J i

maX a[-j* = min a[*j < a,-*j* < max Clij* = min a,-*j
i J 1 J

TR i, j, A

Qjjr < Qjrjr < Aivj
TN Haipe < app < ap SRR G, j L, W

maX ai,-* < ai*,-»« < min ai»«i
; . J 1] p

SR AL TR

minmax a;; < max a;;-, min a;; < maxmin a;;
J i ’ i ’ J ’ i J ’

Pt
minmax a;; < a;-j» < maxmin a;;
J i l J
MMER i 7,
maxmin a;; < minmax a;;
i J J i
T

maxmin a;; = minmax a;; = ;-
i J J i

B RE GEAE AU SR T S A

PRI EBIO.2(0TC R apj ABRIFHEIE A W8N, FoR IR0 E RS (o, 87) T
BEPARRES . W2 Ui, 2R N T R ICAESRNE o J5, JR A T i/ ME E B
K, DUREEFR LTSRS B7, A WIHI SRR AL, 245 A I e 45k 67 Ja, R AT

S E KA B i, A RERERELESRN a7, 75 NI et RF 0820
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Bl 6.6 fL4b o8 FT LT RARFEMEMTE G = {S), S2; A}, P

9]
N o b
© 9 o -
N A W o0

fie EIL IR A VHEATG

maxmina;; = minmaxa;; = 8
i J J i

RO R AR IC R @y = 8, Hip it = 1, j* = 2,4, K
((Xl,ﬁz), (a’l,,34)
YIRS G W, FLIZHERN Ve = 8.

R wk T SUT a9 AR R L —, (2 Tl R —,

F (i, B;) b (@, B),) AWF G ELFET LT, W aij = ai,o
% (ail’ﬁh) ’L:7 (a'ipﬁjz) j!]‘r’&!";‘ll:_ G /ﬁ-%%“’%%iff“éﬁﬁ% m\'] (aiwﬂjz) ’1:7 (a’iz,ﬂjl) ’&
AWF G EAKE T LT 0.

6.2.2 AN
FIEHMEEIE G = {81, 2 A}, A T RESRIER B MRS
vi = maxmin a;;
Jar AT RBORUERY S R 2
va = minmax ay
[l Esf, SR N T RRAS AN Ry v N T A4 2%, B

Vi < vy
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L vy = vy I, HEERSEIAAEAL RIS T SO IR, B Ve = vi = voo FESERR I, BT
WTEIEAE vi < vo, BURSHEFEI SR ANTAAE AR T SO . 00, Ak

b

vi=maxmin a;; =4, i* =2
t J

i

v, =minmax a; =5, j =1
Jooi '

v, =5>4=vy,

R, A AEAE LRSS R IO . TEICETE N, 2005 RBIE DA — @ AR A 11 i U [
A ) NS SR BN, R T AR x F (1 — x) 23 5Bl eng o) il as, %
SREEFONIR AT IRNE o [, JRyh N T ] g SOMBY TR G 3R . R 28 AR FF IR &
T SR TR T ST R o L

g EL66
BRHIEEWRR G = {S1,.Su A}, £ 81 = {a, a0, @}, S2 = {B1.B2, -+ . Bu)
A = (aij)mxno 3T

Si={@eR"| Y xi=1,x20i=12-,m}

i=1

SZZ{yGR"|Zy]= 1, yJZO, J: 1,2’... ,n}
=
S Ao S, oA ARTALRRTANYRERER TS, yes; ARER
g, i (z,y) ARG RH

FEIR G RIEECT, R A T 5l
E(m,y) =a'Ay = ) > ayxiy;
P

PR G* ={S}, Sy E}Y NAMERZE G WIRAY E. B, 20 SR KSR AT IE . 1’
BRI © = (x1,20, - %) " ATERAEA, A7 B BEAT 2 RIS, ) x; RO RPN Tkt
M @ BOIRAR o 7 DL T BRSO S g mr N 15X 25 Al S 1) {4 R 2

B ERUT E08 5 A PR JEON), JRr b N T IEFRIR A SR oo I, Heam AR T Y



110 % 6% Wik

foREys) min E(ﬂc y). AL /R A THEAREE z € §7, {115

= maxmin E(x,y)
TES] YES;

[ B, Jey N T A BRAE A RO 2K N

v, = minmax E(x,y)
yeS] xeS,|

HARRE vi < vo, BN TR SIS AL R PN T8 K

BRI G* = {S], S5 E} AREHEWT G = {S), S A} 09 REY R, &

max min E(x,y) = minmax E(x,y)
zEeS] yeS;] YES; TES]

AL, SLHAE A Vi, #RME E X a9 RE B (2, y") A G ERARET LT a9k,
o,y R A AL Fo B A8 AR R A R A,

SEMEMT G EREREELTAHMBY A, LRFNZ, T €8], y €S, 1245
WiEEzeS, yeSnH

E(x,y) <E(x".y") < E(z".y)

Bl 6.7 RS FL T LT RAMIEEMT G = {S),55; A}, £
(36
|5 4
R W= (x,x), y=(y,y2) AR JE TR O TR A5, NTE & Sk g

FIRH

ST={(x,x2) | x1,x2 20, x; +x, = 1}

S =A{Guy2) [y,y220, yi+y =1}
Ja N TR ds
E(x,y) = 3x1y1 + 6x1y2 + Sx2y1 + 4x2)
=3xy1+6x1(1—y) +5(1 —x)y; +4(1 —x1)(1 — y1)

1 1 9
=t pr-3)+3



EEESR 111

(13} (L
B _(4’4)’y (2 2) n
E@y) =, E@.y) = E@y) =
VERAR E(z,y) < E(ey") < E(x’,y). Hit 2" = ( Z) SR T R RS

S, "= (5.5 ) R AT R, M Vs = 5
6.2.3 JLARHLE
WOF RS, it
E(i,y) = Zaijyj’ E(z,j) = Zaij-xi

W E(i,y) AR N 1A o; BRIBRISE, E (2, j) R JRr A I HREESKENES B, I HR
FHE. R RZERTR G R R T n R

E(x,y) = ZZa,jxyj=Z(Zn:a,jy1)xl ZE(I Y)X; 6.1)
(7] BT, 2 A 1 .

E(x,y) = Zm: Zn: a;jxiy; = Z": (Z al,xl) Z E(z, j)y; (6.2)
[ J

i

Foaxt e S,y e SN (a8,y) AEEMR G MR A, LB LR, HIEER
i=1,2,-,m j=12-,nH

E(i,y") <E(z’,y") < E(z’,))

WL 3 (2, y") WHEFEEEE G iR, WIARER Y A e S, WIS
E(x,y) <E(x",y") < E(z",y)

HI T AU R R A SR AR IR TS T, R SR AU B3, BIFR Btk . 350, 2 E B A
AL, Z56306. DAIG.2), I

E(xz,y") = Z E(i,y)x; <E(x",y") Zx,- =E(x",y")

E(z',y)= Y E@',j)y; 2 E@.y") ) y; = E(@"y")
J J
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NI E(z,y") < E(z,y") < E(z',y) AL, B (27, y") NHFERZE G 1.

xteS), yeS; N (z,y") HIEHEWT G R Ly LR Fttx, Ak v, 43
Ty R A RE XA

z'l"lxi . (6.3)

Z v =1 (6.4)

é’]ﬁ?, ,EL V= VGo

\

AMAEEIEE T G = {S1, S A}, — A ERAERET LT M.
UEW] UUGIEITFAE = € S}, y* € S S E B A SN ar . F s e LRl et

max w

m

ZaijxiZW, j=12,---,n

i
m

S.t. E X = 1
i

x>0,i=1,2,---,m

(6.5)

5 min v
Zaijyj <v, = 1,2,"' ,m
A (6.6)

s.t. Zyj —
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255 Bk, 17)/81(6.5) 5 (6.6) B XHE S . HY
z=(1,0,---,0)0" €R”, w =min ay;
J
y=(1,0,---,0)T € R", v = max a;
N (2, w), (y,v) 435K 88(6.5) 5 (6.6) W) ] 17, BIAS 7 U FAE rT AT . AR B X

HE, [H81(6.5)5 (6.6) 7 HIFLERAUME (", w) 5 (y*, v, AR w* = v FIL,
/T?Ti x* € S*’ y* € S;& V*a ﬁ?%Xﬁ{f%?l = 1929"' ,m, .1 = 172"" , 1, ﬁ

n m

* * *
Zaijyj <v < Zaijxi

J i

EHEMHT
E(i,y") <v'<E(x",))

A6, DFI6.2), W15
E(z',y") = Y E(i,y’)xi <v' ) xj=v'
E(z*,y") = Z E(z’, j)y: > V" Z V=
J j

i;i:ﬁﬁ v = E((L'*’ y*)’ EI-‘I
E(i,y") <E(z",y") <E(z",))
JEAT, WO R A TR & g 5 SO A

& (x",y") HLEEMF G a9ft, By =Vs.

n n
(1) & x; >0, 0 Zaijyj.zvo }ii,%zclijy;<v, ) x; =0,
J J

m m
@ Fy;> 0,0 ) ayxi =ve BZ, % Y ayxi>v, M y; =0,
i i

MWD FE v = max E(z, y7), AT

n
V- Zaijyj. = gle:?l( E(x,y") - E(xz,y*) >0
J
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6.3 M RgRER R
6.3.1 PElfipik:

RIS T F R A 9 2 x n 550 m x 2 BRI R IS, 007 VR AR e,
FLILAT R SCELOR  EASR AR T

(1) H R AR A HMEFTA (1 -7 5 (3, 1 - )", Hrh SRR K [0, 1],

(2) £ AFRA_EVEIR 0 5 1 W%, 40 AT B A bRAA0 ELZ, 1T AN R4
MR BRI

(3) 45 CrRRAEAELIE, 22 BUH 70 28 P SR MR, (i 4% FLR R M RIS 5w
IR AL

() M M BRI I b e, Bt IR A5 0B 2 2 MO, AT 455
IR A0 5 A

Bl 6.8 A B fEERARIEET G = (51,5, A}, L
(2311
75 2
i BRI N TREG RIS (x, 1 —x)", H x e [0,1]. 7EARARHH L x =0 flx =1 4k
Ay BVETELE 1A -1 GnpE 6.1 fin . T4k B E 2 BIx R R i N TSR EBUAL SR @, @z
BF, JRrH N T0 SREUAS- 4 SR ek Rt ) AL
Yl N DB R AR (x, 1 - x)T 5, HE/NgfS i B, Ba, B FITHf & i) =4
HARTE x AR e/ NE R E o« MBS/ IMBRHEI, JRyr N T Bt ook e B &

Y x, SRR MEE RN B, U LRI x = A, BEI A B A ZARAR B R 2R (E
Voo WALl B WHA TR

3x+5(1-x)=Vg
1x+2(1-x) =Vg
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11
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2 B : B 2
1
olo A 1 z
I 11

6.1 FEFERE gL

R e A

11’ 11
e 3 8)
x = (xf, xz>T:(_’_)

11 11
BRI IRR AR v = (v, s, v3) T, THE AT
. 3 8 _62 49 _
E(x", 1) = 2><ﬁ+7 T 11 1 =V
3 8 .
R ER6.12, F y; = 0. x| = 7>0x=7>0 FERVA i
49
3y2 + 11y3 = ﬁ
49
Syr+2y3 = 1
ya+ys=1
ZH L% 9 2 E A N
15 v, B 10 i b, R N I i i & kg A

111

—

9 2\T
s

6.3.2 JifEdlik:

K MRS AR O T RABHIBZI R 2 16 MR SR AL (6.4). 205 ems g
X il vy R, AR S AL T

m

Zaij-xi =V, ]: 1,29“' » N
i

m

S

i
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n

Zaijyjzv, i=1,2,---,m

{l
IR
J
AT RO Y RIO VAR TR x), v5 , W RIS 2% M R — 2 . 7 IR TR
FAE ARG, DT AR S B L, 57 R AL(6. T)R(6.8) P 3 40 8 xU R o R 4 X, kst
BORME, HRMEIESERIMR . SZIIABUEEUE x), vy WA, DRI f 0 SR Fr) 28 7y
HON TS, JrREL6.)HI6.8) AT BETC AR, X M A5% 5 YA LE K B I A A — 7 B R R
ERFTF 2 % 2 BrA e R, 24 Jm N T B AR e

ap an
A=
dz dxn

AHFAERE S, ATRAS SR R N SR IR SR P ) vy KT T, TRl

(6.8)

apx; +anx; =v
apnxy +anx; =v

X1+x=1

apyrtapy, =v

azyy +amy, =v

yi+y,=1
—EA TR AR TR, BRI RBUT R N S LIRS, g sl
_ Az — dsy
e (a +axn) — (an +axn)
ap —dapp

> (an +an) - (ap +ax)

_ ax —dp
(ai +axn) — (an +axn)
app —dan

- (ai +an) — (an +axn)

i

Y5

RATHEIE N
dapidy — apdsy

- (ayn +ax) - (apn +an) B

Ve
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RHIEEEF G ={S,Sn AL KFi=1,2,---,m, j=1,2,-- ,n, & ax; > a;;, N
HEP AL R k RABTRE . RZ, & ai < ay, NARE T AL 8GR k fAB
TR,

Sy N T B SR ke DT ok 1 AR N T, 4 HOR SR & i, Joie R
N TR AT AT SR, HARATAT LR SRS 1 A%y T2, Mg 1 BRI 0, W] DAYE
Fo TR I i SR R 2 4T

Bl 6.9 B FA2L L RALEEM T G = {S), Sp; A}, £

3
5
A=]|7
4
6

S O W O b
o o0 O N O

3
5
5
7
8

W O © © O

fiit SRR R R 2R A O B R A P A AT AR AT, RS2
7 3 -
, Ay =14 6|, A3 = (4 6)
6 0

Txs +4x4=v

73 95
A =|4 6 8 7
6 0 8 8

w O O

3x3+6x4=v

X3+x4=1
5
Ty1+3y2=v
4y, + 6y, = v
yity2=1
A
12 11
x3:§’x4:§’yl:§’y2:§"}:5
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6.3.3 VLRI

A L A R 1) SR AR T 480 A0 M2 A Ry — % B A e B 7 £ P R D A (6.5) 55 (6.6)
TEFIT(6.5), R w > 0, (AR x) = =, i = 1,2, ,m, WIFG(6.5) %M T

w
min E X;

L

m
S.t. 7
x;20,i=1,2,---,m

FIBE 43, = 22, 7= 1,2, o, ATRIFLE (6.6) %41 T
max Zy;
J

n

Dagyy <l i=12,.m
S.t. j

y;20,7=12-,n
R A E A L LR, TSR B LB R AR . P AR R AR e, R R E AR
BRI fo DT £ SR 5 R .
Bl 6.10 A & MAX]ERAFLEE T G = {S1, S2; A}, L
72 9
A=|2 9 0
9 0 11

fit AZIEIRAE T R A 2t R e R
min x; + x, + X3
Tx; +2x +9x3 > 1
2)(1 + 9x2 >1
S.t.
9% + 11x3 > 1

X1, X2,x3 >0
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5
max y;+y2+y3
Ty1+2y,+9y; < 1
2y1 + 9y2 <l
S.t.
9y +11y; <1
Y1,¥2,¥320
kAT

oL L1y
“|20010°20) "7

(111!
y—(%,m,%) » V=
(R I, S A 2R 0 B O SR S5 2R

11
Vog=—=-=5
w Y
cywes( L Ly
T YT =20 10020) 420
vwos(L L)Y (11
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6.4 >

6.1  {EAESEMS R SO SRME I EE G = {S1, S2; A}, Hop

-2 12 -4
A=|1 4 8
-5 2 3

6.2 {EIRARIE SO SKAFEFFIEZE G = {S), S A}, Hop

NSRS " \O]
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6.3 JHEMLORMFEIZE G = {S), S A}, Hf

2 4
2 3
A=
3 2
-2 6

6.4 )ﬁﬁﬁéﬂfiﬁ?ﬁﬁ%ﬁﬁﬁ% G = {Sl,Sz;A}, /ﬂ\:':lj
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wn N B
(o)W SNV |
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Python 43 f¢

7.1 EAFwRiST

TEMABZEF T, BUETH S A K A R A W] iy TR . ARIT % Il gn ek
., R S AT AR AL Y SR 5 A, RIRER T T LAEM % . Python S H A7
FEHTEE . B R TFREE =07, DA BE R E 4 JRE, © KSR I kB Z5 2 G i
TZEE Z—. BT Python Zife-1-&, KRR & e, Hh BEAFE Gurobi,
CPLEX. Xpress %5 [E br i oK filss, 55488 OptVerse. il B2 MindOpt, 2% COPT
SE RS EHAR R0, B P ORBETE L. SRR 1 S 4 a e EaB W
REEPRAEHKF. 1Ah, FFIERIES R . IR, AlERIREs, BCARHES L
VS ) TE B, ML £ F2 4% OR-Tools, SCIP. HiGHS %,

2197, Gurobi 5 CPLEX {1}/2:12 Z5 (i Ak Stel 3= L () SR e, 2 SCRp2e i . BE450H0
K VR A REEORA . R S BRI . Hor, Gurobi DARTRCKR R E A% DRSS, R
FUBLTE A B B0 0] v A b B8 o g ) 15 AU S U BIGH B2, FLE 5 Python #2171 gurobipy
WA Z) ks, @R LAES SR R E MR LR . CPLEX MAmfES
SREHRIE A S RHIE, 7% OPL LML EEIE T, 5 goll 55 7 e 48 hs e 1 5 5,
B Ll BTS2 T LA A B

AF B Gurobi /E AR ARAS, i 5 Python 42 L SE B . FE oA dE
LRNMERLR 45 L B35 S 2 AR SR B A S PR ARG A, T B S Pl R s
BEHUEEAR R ] AT T AR P A AR, SEIUEE 5 SE B A P ] 5138 . Gurobi [)223E 5 ]
ST SO, AT FHGR
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7.2 Uy

721 YetELR)
Bl 7.1 RAEZ MR 7]
max z = 3x; + 5x, + 4x;3
2x; +3x, < 15
2%, +4x3 < 8
S.t.

3x; 4+ 2xp + 5x3 > 2

X1,%X2,x3 =0

fig FHIMUEEER TAE Python BREE AR, BET Gurobi IEALSK AR L L MM RIBEZ . &
SRR R G YA AT f AR se R AR

1 from gurobipy import x

3 try:

4

5 m = Model("LinearProblem")

6

7

8 x1 = m.addVar(lb = 0, vtype=GRB.CONTINUOUS, name='"x1")
9 x2 = m.addVar(lb = 0, vtype=GRB.CONTINUOUS, name="x2")
10 x3 = m.addVar(lb = 0, vtype=GRB.CONTINUOUS, name="x3")
11

12

13 m.setObjective(3 * x1 + 5 * x2 + 4 * x3, GRB.MAXIMIZE)
14

15

16 m.addConstr(2 * x1 + 3 * x2 <= 15, "co")

17 m.addConstr(2 * x2 + 4 * x3 <= 8, "cl1")

18 m.addConstr(3 * x1 + 2 * x2 + 5 *x x3 >= 2, "c2")

19

20

21 m.write("LinearProblem.1p")

2
23
24 m.optimize()
25

26
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27 print('Optimal solution', end=": ")
28 for v in m.getVars():
29 print(f'{v.varName} = {v.x}', end=" ")

31 except GurobiError as e:
32 print('Error code ' + str(e.errno) + ": " + str(e))

34 except AttributeError:

35 print('Encountered an attribute error')
AT AR, S5 RANT:

1 Optimal objective 3.050000000e+01
2 Optimal solution xl1 =7.5 x2 = 0.0 x3 =2.0

722 BRI

Bl 7.2 RABEARLIKR) 7] AL

firt

max z = 3x; + S5x, + 4x3
2x1 +3x, < 15
2xy +4x3 < 8
3x; 4+ 2xp + 5x3 > 2

X1, X2, X3 2 OHEX:{;E%%&

BT Gurobi {5 AR A F HE ARSI SR AR, AR ACRD A
1 from gurobipy import x

2

3 try:

4

5 m = Model("IntegerProblem")

6

7

8 x1 = m.addVar(lb = 0, vtype=GRB.INTEGER, name="x1")
9 x2 = m.addVar(lb = 0, vtype=GRB.INTEGER, name="x2")
10 x3 = m.addVar(lb = 0, vtype=GRB.INTEGER, name="x3")

13 m.setObjective(3 * x1 + 5 * x2 + 4 x x3, GRB.MAXIMIZE)
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16 m.addConstr(2 * x1 + 3 * x2 <= 15, "coO")

17 m.addConstr(2 *x x2 + 4 * x3 <= 8, "cl1")

18 m.addConstr(3 * x1 + 2 * x2 + 5 *x x3 >= 2, "c2")
19

20

21 m.write("IntegerProblem.1p")

2

23

24 m.optimize()

25

26

27 print('Optimal solution', end=": ")

28 for v in m.getVars():

29 print(f'{v.varName} = {v.x}', end=" ")

30
31 except GurobiError as e:

32 print('Error code ' + str(e.errno) + ": " + str(e))
33

34  except AttributeError:

35 print('Encountered an attribute error')

BT, SR AT

1 Best objective 2.900000000000e+01, best bound 2.900000000000e+01, gap
0.0000
2 Optimal solution: x1 = 7.0 x2 = -0.0 x3 = 2.0

SO0 06 ORI, FERS I LA R A5 ), S Lfi R 30.5 74258 29, #5485 xy AU
0 5 1, W iR I F HE T AR
7.2.3  AEZEPERLRI
Bl 7.3 KAEE AR E) AR
min z = —2x; — 6x, + (x% - 2x1x, + 2x§)/2
X1+ 2x, <2
X1 +x, <2
2x1+x, <3

X1,% >0
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i IS T OO, AR SE B ATR:

1 from gurobipy import x

3 try:

4

5 m = Model("QuadraticProblem")

6

7

8 x1 = m.addVar(lb=0, vtype=GRB.CONTINUOUS, name="x1")
9 x2 = m.addVar(1lb=0, vtype=GRB.CONTINUOUS, name="x2")
10

11

12

13 m.setObjective(0.5 * x1 * x1 + x2 * x2 - x1 * x2 - 2 * x1 -
14 6 * x2, GRB.MINIMIZE)

15

16

17 m.addConstr(-x1 + 2 *x x2 <= 2, "co")

18 m.addConstr(x1l + x2 <= 2, "c1")

19 m.addConstr(2 x x1 + x2 <= 3, "c2")

20

21

22 m.write("QuadraticProblem.1lp")

23

2

25 m.optimize()

26

27

28 print('Optimal solution', end=" ")

29 for v in m.getVars():

30 print('%s = %g' % (v.varName, v.x), end=" ")

31
32 except GurobiError as e:
33 print('Error code ' + str(e.errno) + ": " + str(e))

35 except AttributeError:
36 print('Encountered an attribute error')

BT, G5 RANT:

1 Optimal objective -8.22222222e+00
2 Optimal solution x1 = 0.666667 x2 = 1.33333
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. 2 4\" . .
HREH BT FRh o = (5,5) o TH L E L IR R

724 LR

T R B B ZE i % 42 6] 3 (vehicle routing problem with time windows, VRPTW) 27
WS EEY RIEA, FEYIRECE . Wsm A e T AT IZ N A .
T EUE 5 | AR PR S5 B 1) B 290, SIS 3 B0 SE (A i e 3 5=

Bl 7.4 HEABEPSEETEPFTL EAEPTERAAATHTMERE, AL
B R BLIE AR A4S e et 1) R IE) ) SRR F. B P SRR E TR AR R E R SR A
WY ZEAR, PR AR MBLIE PO &, TRE P RSB R AR @ ELE PO, ET IR F 8y
F A PEAZ )RR A B AR R AR R PTH A RAMAGRTIR T, A F2 LX) & 4mey TRk 5512 5
PRSI 5+, A% % 32 4y I A TR D

firt AU 22 B Solomon IR H] 77 1 =AM e A Pl BURR HE XU 52, DA R10T S22
FERTG, HAREUAT 50 A% P ST RS Hy T R] 4 24 SRR AR PSR G R, A1 ] ] 2

PR 00 0 A 1 R T ML B 0 NP 0, SRR e B i T I A A . AR i
HH 5 SCHR W] A B AR T
min Z Z Z CijXijk
keK i€V jeV
> Y xp=1,viec (7.1a)
keK jeV
D xop =1, Vk € K (7.1b)
JeV
inhk—thjkzo, VheC,Vk e K (7.1¢)
ieV Jjev
s.t. in,n+],k =1,VkekK (7.1d)
ieV
Dai ) i <0, Vkek (7.1e)
ieC  jev
Sik + tij - M(l —xi_,-k) < Siks V(l,]) S A,Vk ek (71f)
ei<su<l,VieV.VkeK (7.1g)
X,‘jkB;zOﬁl, V(l,]) € A,Vk ek

Horp, 2 (7. 1a)~(7.1d) 29 M2 H-F-AG 295, PRUERE A2 s ol 5, D RN
PR 2RI G, 3 (7. 1e) AR E A R AR, BRI R AR 55 B SR e
itk U (70007 1g) g (a7 2950, B PR A2 184550 P40 m IR IR ] RV AR 1 7 i 55

Ny



EHFF®

127

IR TA] A 55 n + 1 OATER oL O BRI i, TR R ok . B ik

FZU ) Python A SK BN T

1 from __future_

_ _ dimport print_function
2 from gurobipy import x*

3 dmport re

4 dmport math

5 dmport matplotlib.pyplot as plt

6 import numpy

7 dimport pandas as pd

9 class Data:

10 customerNum = 0

1 nodeNum =0

12 vehicleNum = 0

13 capacity =0

14 cor_X =[]

15 cor_Y =[]

16 demand = [1

17 serviceTime = []

18 readyTime = [1

19 dueTime = [1

20 disMatrix = [[1]

21

22 class Solution:

23 Objval = 0

24 X = [[[1]1]

25 s = [[]]

26 routes = [[]]

27 routeNum = 0

28

29 def __init__(self):

30 self.Objval = 0

31

2 self.X = [[([0] * data.vehicleNum) for i 1in range(data.
33 nodeNum) ] for j in range(data.nodeNum) ]
34

35 self.S = [([0] * data.nodeNum) for j in range(data.
36 vehicleNum) ]

37

38 self.routes = [[]]

39

40 def getSolution(self, data, model):

41 solution = Solution()
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42

43

44

45

46

47

48

49

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

71

78

79

80

81

82

83

solution.ObjVval = model.ObjVal

solution.X = [[([0] * data.vehicleNum) for i in range(data.

nodeNum)] for j in range(data.nodeNum)]

solution.S = [([0] * data.nodeNum) for j in range(data.

vehicleNum)]

solution.routes = [[]]

DI A
for m in model.getVars():

str_list = re.split(r"_", m.VarName)

if(str_list[0] == "X" an
print("str[1] = %d"
print("str[2] = %d"
print("str[3] = %d"
print("m.x = ", end
print(m.x)

%
%
%

m.x == 1):
int(str_list[1]))
int(str_list[2]))
int(str_list[3]))
")

solution.X[int(str_Tlist[1])][int(str_list[2])]

[int(str_ldist[3])] = m.x

print(str_list, end = " ")

print(" = %d" % m.x)
elif(str_list[0] == "S" and m.x == 1):

solution.S[int(str_Tlist[1])][int(str_list[2])] = m.

print("---——- solution = -———-

for k in range(data.vehicleNum):

for i in range(data.nodeNum):

for j in range(data.nodeNum):

if(solution.X[i][j]1[k] > © and (not(i

j == data.nodeNum - 1))):
print("x[{0},{1},{2}] = {3}".format(i, j, k,

solution.X[i][j]1[k]))

print(solution.X)

for k in range(data.vehicleNum):

i=o0

subRoute = []
subRoute.append (i)
finish = False

0 and

X
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101
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104

105
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107

108

109

110

111

112

113

114

115

116

117
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119

120
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122

123

124

125
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127

while(not finish):
for j in range(data.nodeNum):
if(solution.X[i][j1[k] > 0):
subRoute.append(j)
i= ]
if(j == data.nodeNum - 1):
finish = True

if(len(subRoute) >= 3):
subRoute[len(subRoute) - 1] = 0
solution.routes.append(subRoute)
solution.routeNum = solution.routeNum + 1

print("\n\n -----—- Route of Vehicles —-----—- ")
print(solution.routes)

print("\n\n --———- Drawing the Graph ------ "

fig = plt.figure(0)
plt.xlabel('x")
plt.ylabel('y"')
plt.title('All Customers')

marker="'o"'
marker=","
marker="."
marker=(9, 3, 30)
marker="+"

marker="v"'

marker="'<"'
marker="'>"
marker="1"
marker="'2"
marker="'3"
'magenta’
red blue green

#
#
#
#
#
#
# marker='n"
#
#
#
#
#
#
#
'

plt.scatter(data.cor_X[0], data.cor_Y[0], c='blue', alpha=1,



130

3 ==

1%

Python %342

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

marker=',', linewidths=3, label='depot')
plt.scatter(data.cor_X[1:-1], data.cor_Y[1:-1], c='black',
alpha=1, marker='o', linewidths=3, label='customer"')

for k in range(solution.routeNum):
for i in range(len(solution.routes[k]) - 1):
a = solution.routes[k][i]
b = solution.routes[k][i+1]
x = [data.cor_X[a], data.cor_X[b]]
y = [data.cor_Y[a], data.cor_Y[b]]
plt.plot(x, y, 'k', linewidth = 1)

plt.grid(False)
plt.legend(loc="best')
plt.show()

return solution

def readData(data, path, customerNum):

data.customerNum = customerNum
data.nodeNum = customerNum + 2
f = open(path, 'r')

lines = f.readlines()

count = 0

for line in lines:
count = count + 1

if(count == 5):
line = line.strip()
str_list = re.split(r"\s+", line)
data.vehicleNum = dint(str_list[0])
data.capacity = float(str_list[1])

elif(count >= 10 and count <= 10 + customerNum):
line = line.strip()
str_list = re.split(r"\s+", line)
if not str_list or str_1list[0] == '': continue
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174

175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

data

data

.cor_X.append(float(str_list[1]))
data.
data.
data.
.dueTime.append(float(str_list[5]))
data.

cor_Y.append(float(str_list[2]))
demand. append (float(str_list[3]))
readyTime.append(float(str_list[4]))

serviceTime.append(float(str_list[6]))

data.cor_X.append(data.cor_X[0])

data.cor_Y.append(data.cor_Y[0])
data.demand.append(data.demand[0])
data.readyTime.append(data.readyTime[0])

data.dueTime.

append(data.dueTime[0])

data.serviceTime.append(data.serviceTime[0])

data.disMatrix = [[0.0 for

in range(data.nodeNum)] for

range (data.nodeNum) ]

for i in range(0, data.nodeNum):

for j 1in
temp

range (0, data.nodeNum):
= (data.cor_X[i] - data.cor_X[j])**2 +

(data.cor_Y[i] - data.cor_Y[j])**2

data.

return data

disMatrix[i][j] = math.sqrt(temp)

def printData(data, customerNum):
print (" @I &KHE\n")

print("vehicle number = %4d" % data.vehicleNum)

print("vehicle capacity = %4d" % data.capacity)

for i in range(len(data.demand)):

print (' {03\ t{1}\t{2}\t{3}'.format(data.demand[i], data.

readyTime[i], data.dueTime[i], data.serviceTime[i]))

print("------

~BE B HE M- \n")

for i in range(data.nodeNum):

for j 1in

print("%6.2f" % (data.disMatrix[i][j]), end = " ")

print()

range (data.nodeNum) :

in
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212
213 data = Data()
214
215 path = '/Users/pfzhang/Project/p/r101.txt'
216  customerNum = 100
217 readData(data, path, customerNum)
218 printData(data, customerNum)
219

220

221

222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

253

big_M = 10000

model = Model("VRPYW")

>
1}

[[[[] for k 1in range(data.vehicleNum)] for j in range(data.
nodeNum)] for i in range(data.nodeNum)]

S = [[[] for k in range(data.vehicleNum)] for i 1in range(data.
nodeNum) ]

for i in range(data.nodeNum):
for k in range(data.vehicleNum):
namel = 's_' + str(i) + '_' + str(k)
S[i][k] = model.addVar(data.readyTime[i], data.dueTime[i],
vtype = GRB.CONTINUOUS, name = namel)
for j in range(data.nodeNum):

name2 = 'X_' + str(i) + "_" + str(j) + "_" + str(k)
X[i]1[j]l[k] = model.addVar(6, 1, vtype = GRB.BINARY,
name = name2)

obj = LinExpr(0)
for i in range(data.nodeNum):
for j in range(data.nodeNum):
if(i 1= j):
for k in range(data.vehicleNum):
obj.addTerms(data.disMatrix[i][j], X[il[j1[k])
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265

266

267

269

270

271

272

273

274

275

276
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279

280

281

282
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290
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292

293
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model.setObjective(obj, GRB.MINIMIZE)

for i in range(l, data.nodeNum - 1):

expr = LinExpr(0)
for j in range(data.nodeNum):

if(i = j):
for k in range(data.vehicleNum):
if(i != 0 and i != data.nodeNum - 1):

expr.addTerms (1, X[i][j]1[k])

model.addConstr(expr == 1, "cl1")
expr.clear()

for k in range(data.vehicleNum):
expr = LinExpr(0)
for i in range(l, data.nodeNum - 1):
for j in range(data.nodeNum):

if(i != 0 and i != data.nodeNum - 1 and i != j):

expr.addTerms (data.demand[i], X[i][j1[k])

model.addConstr (expr <= data.capacity, "c2")
expr.clear()

for k in range(data.vehicleNum):
expr = LinExpr(0)
for j in range(l, data.nodeNum):
expr.addTerms (1.0, X[0][j][k])
model.addConstr(expr == 1.0, "c3")
expr.clear()

for k in range(data.vehicleNum):
for h in range(l, data.nodeNum - 1):
exprl = LinExpr(0)
expr2 = LinExpr(0)
for i in range(data.nodeNum):
if(h != 1):
exprl.addTerms(1, X[i][h][k])
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298

299

300

301

302
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304
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306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

for j in range(data.nodeNum):
if(h = j):
expr2.addTerms (1, X[h]1[j1[k])

model.addConstr(exprl == expr2, "c4")
exprl.clear()
expr2.clear()

for k in range(data.vehicleNum):
expr = LinExpr(0)
for i in range(data.nodeNum - 1):
expr.addTerms (1, X[i][data.nodeNum - 1][k])
model.addConstr(expr == 1, "c5")
expr.clear()

for k in range(data.vehicleNum):
for i in range(data.nodeNum):
for j in range(data.nodeNum):
if(i 1= j):
model.addConstr(S[i][k] + data.disMatrix[i][j]-
S[31[k] <= big_M - big_M * X[i][j]1[k], "c6")

model.write('a.lp')

model.optimize()

print("\n\n----- optimal value----- "
print(model.ObjVval)

for m in model.getVars():
if(m.x == 1):
print("%s \t %d" % (m.varName, m.x))

fig = plt.figure(0)

plt.xlabel('x")

plt.ylabel('y")

plt.title('All Customers')

plt.scatter(data.cor_X[0], data.cor_Y[0], c='red', alpha=1,
marker="',"',linewidths=10, label='depot"')

plt.text(data.cor_X[0]+1, data.cor_Y[0@]+1, 'Depot', color = 'r'
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fontsize=30)

342

343

344  used_customers = set()

345  for route 1in solution.routes:

346 for node in route[1:-17:

347 used_customers.add(node)

348

349 used_X = [data.cor_X[i] for i in used_customers]

350 used_Y = [data.cor_Y[i] for i in used_customers]

351 plt.scatter(used_X, used_Y, c='black', alpha=1, marker='o'
linewidths=3, label='customer')

352

353 mid_index = len(data.cor_X) // 2

354 plt.text(data.cor_X[mid_index]-6, data.cor_Y[mid_index]+4,

355 'Customers', color = 'r',fontsize=30)

356

357

358 plt.grid(False)

359 plt.legend(loc="best")

360 plt.show()

361

362

363 solution = Solution()

364 solution = solution.getSolution(data, model)

BATREY, A8 F fe Rk Ty 56
1 R101 W&k

1, 0-42-14-44-16-38-37-17-0
2, 0-27-50-0
3, 0-28-12-3-35-1-0
6 Route: 4, 0-39-23-41-22-4-25-0
5, 0-33-29-9-34-24-0
6, 0-45-8-46-48-0
7, 0-36-47-11-19-49-10-32-0
10 Route: 8, 0-2-15-43-13-0
11 Route: 9, 0-5-7-18-6-0
12 Route: 10, 0-31-30-20-0
13 Route: 11, 0-21-40-26-0
14 Vehicle capacity: 200.00
15 Routes: 11
16 Total travel distance: 991.57095325
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t
>
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distance:

distance:

distance:

distance:

distance:

distance:

distance:

distance:

distance:

: 10, length: 4, distance:
: 11, length: 4, distance:

131.92041957,
35.86300674,
90.69958612,

117.65164318,

120.92985724,
84.49944230,

152.31809945,
72.54724254,
73.59173603,

max
max
max
max
max
max
max
max

max

68.19968819, max load: 57.00
43.35023189, max load: 37.00
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