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1.1 18] & E X HE

(linear programming, LP) :

o HITHENARRMERKMITHENARS, HA, B, CE1HEARRBIA
o =it RS
HEE 5 FIE40075 7
THA. BIANHA B BAME SL i
ARIBA24N A, BRIBALANH

o HimARL
HEEFRIFNE300/] 76
T HIA, B, C=/NH AR B BA M E SE i
BEAHINE 1A H
o 20094F %, AR\NR] T/E1041H, BBA8 ™M H. CBA7/4NH

o n): EFFHIHE A RS A B K ?



1.1 @€ X HE

(linear programming, LP)

o i A AH X EdmIG RGL, X, 1w R GE
o HPrek%L
max z=4x +3X,
(2%, + X, <10
X, +X,<38
X, </

O Z‘]Fi%ﬁi 3

X %, 20 BRIIRZE AR Xy AlTx, 72 B AL

g L ?




1.1 e X 335

(linear programming, LP) .

o £ HAMERIFXBAZALKT, KL

P

RGN EEI A PN

o LML E X -

min ¢,X;+...+ C.X,
S. 1.
a; X t+...+ X, <b,

an X t...Fa X <b.
Xisenes Xy =0



1.1 | @ixE X 13T

(linear programming, LP)

o £ HAMERIFXBAZALKT, KL

1 bR R B /IME Bl R AR
® ﬁ/ﬁ’f/t E/]XEX /—‘ SR
i CTX objective function
s.t. Ax<b
X>0

c: i nl&, cost vector
A: 214 %, constraint matrix
b: fi¥mlnl &, right-hand-side vector



1.1 18] & E X HE

(linear programming, LP) :

o X: JMRLIHKN, FONAATIREAAT A

o (feasible point)

o D: AT G S ARNAIAT X I

o (feasible region)

o LP|nj.,
o D=0, TEEARAT
o D#0, (HHMREAD L LS R
o D#0, HHIrREAMKRMMM: B



Max

2R R ) B s

Z =4X, +3X,

(2%, + X, <10
X, + X, <8
X, </

X, X, 20




min ¢'x such that
X

® SNEsgk

o CHAIXNNYER| )=,
o bAm4Ed|In =,
o ANmx<nFEfE

22 M MRIFEMatl ab H 1) 328 5 12
e Matlabr 1 #5E 4 H ML A O 47 20

Ax<Db




LR P RIZEMatlab H g eI v |

o HARHILAN
linprog(c, A, b)
o R [BIE R EXHIE
o iz
[X,fval]=linprog(c, A, b, Aeq, beq, LB, UB, X0, OPTIONS)

fvaliz [a] H ¥ & £ 11

Aeq. begXtWMEERZIH, Aeq X = beq

LB. UBZrall 22X N A EFL,  XO2&XHHIG1E
OPTIONS & il =4 .



e MR RIFEMatlab F R SEI 7 v | 5

® @m:

max z = 2X, +3X, —5X,

N

(X, + X, + X =7
2X, —5X, +X; 210

| Xy Xy, X5 20

e Matlabf{hg

C:[2131_5];
a=[-2,5,-11;
b=-10;

aeg=[1,1,1];

beg=7;

x=linprog (
-c,a,b,aeq, beqg,

zeros (3,1))

value=c'*x



1.2 HRAEL P ) &

o MEZRRFESE HIRAILPE A 82—

o Hiwe&Huem KE B ME
o YRGS LR BAE LR,
o AEmA LA AT

min z = ¢c'x
S.ILAX =D
x>0




PREFZINFILPEE | minz=cTx
st.AX=Db
x>0

o PrifEfl
o HIRREMWFH maxz > min (-2)
o AR B Hr (%I)\M%&’}EE>

Za”xj <h. <::><Z:a”xJ s
>0

n+|

o AEHIARMLIR

XH AR <u, 20,v, 20,x, =U, -V,



1.3 AJ4T X #D :

o [

BHE AT

X1 D={x | Ax = b, x>0} )45

o HhITILES K={Xx|Ax=b}

x1+x2=8




1.3.1 ikt 4R £

o PiifttE: X THAScE", WARXEREX yeS, 1eEL, #HH
AX+(1-A)yeS,
NIARS AT S B
o f:
o BTN EZAFHHA S L, THEOMRIHLE
0 SmEMﬂE’J? TR R 7R ZE A AR SR & SR U AT B 4
o FF—IART T IR SH AT T ME— 1S [RIL
’S%AE‘JJF@- S+p={x+p|xeS}
o AR EESHILEEUE OV E e AT TS R 4E5L,  dim(S)




1.3.1 {54 s

o EHUNO0, 1R2HT IS WMI A SR . BEM-H
o E"HHIn-14E47 S EEFK V-1 Chyperplane)

o Z5EbeENARE M E a e ENGES
H={ x | a'™x=b }
e B H) AN, HENR AR T TR BE R s X MR
o AWK ANHIVE M=
o MalflE, bEUAFEMERS, aT™x=b3R/~E"HI— 17 B~ 1



1.3.1 54

o AT EERIRFL:

o Y55E mxn SZEERE A Fl beE™, N K={xeEM| Ax=b} & E"
FT A, FF HEM R AR — 7 ST AR I n] R A e R 20

o HH K={x|Ax=b} N Eji 5

e 7 rank(A) =m,
o N dim(K)=n-m



1.3.2 f44E€ (Convex Set) :
o MHMEEKI X, yeCle(0,1), A
iX‘F(l-ﬂ)y & C’
M C Ry 4L
& JENHE
o ENFHERANME MBI, MRNZHIMNME, 7R K

{x| Ax <b }JE
o T{TIXIk D={ x| Ax=b, x>0} A%,


http://zh.wikipedia.org/w/index.php?title=File:Convex_polygon_illustration1.png&variant=zh-cn
http://zh.wikipedia.org/w/index.php?title=File:Convex_polygon_illustration2.png&variant=zh-cn

1.3.2 f44

5 5

o MAECHIAETE M TEEC HE i -
o MRueC’, HuZCHI—1MEEMWN R, RIfFAE
X,yeC, ffue(x,y),

o NIFTHEHIX,yeC’, WIFRC ZCHI—FFH

o TIRCARG W &E—FMH.

o HCHIFLHIC #C, MC~Z

S5 2 CHY— N A1




1.3.3 fH. A5k 3

SEH: 4T XI DIFEED NDH —AFHH 4 HA A AR bR &
Qc{1,...,.n} 115

D’={x|Ax=b,x>0, Hx=0=jQ}
o #dim(D)=n-m, D NDHF I, Hdim(D’)=n-m-k, NIJ|Q|2k.

MMEECHI14E M FR AL (edge) , O4E L H AR AK 55 (extreme point).
H SRR — k1A b, FREATRAHATT .

2€(0,1), MIAHEX =X,=X.
HAMEIUL, RRAZLCHAE BN Ao



M7 ]

o WC#ONEHI—/1 4, deENd£0, HXE—
xeC N)>0, Hhax+id eC, MIFRANCHI— 54,

o WIR—ATTIMdABER B AT M IR H 5
SFRdZCHIt 717 (extreme direction)
o d/ED={x | Ax=b, x>0}+@H]J7 7] % T
d:ifi /& 25 FAd=0, d>0, d:0




- _ T 00
MINZ=C'X |[sse°
000
1.4 BARFTE SLAX=D
x=0
fErErank(A)=m, AR DA MA 2 TE IR I S R 4 s A7 BB

AR B FILRC T FEN BTA=(B, N)o HHRIFIX=(Xg, Xy)» T AX=bT] 5
B

AX = Bxg+Nxy=b.
KB ML, WIBUFAE, R4
Xg = B1b-B-INxy
AR5 — A AE X, U AT 75 2 A R X,
(Xg, Xn)
NAX=b]— M

/Q"\XN:O, )H\UXB:B'lb, X:(B'lb, 0)%ﬁ7§2@ﬁ€ﬁ%§2ﬂﬁ@%$ﬁ@o



1.4 ZART1THE s

e 1% rank(A)=m
o ArfmANE T O 1 A1 n] mE A BG K T FEB
o AHHRS AT FEN
o A=(B, N)
® X=(Xg, Xy)
o Ax=b AJ 5 il Bxg+ Nxy =b

BFMANZE, BHEIMANERMETL RIS R EFRNEFE, xHIm
MNrEMRNETE, AT ER NIERDTE,

AR — il AR, WA —E R TATHE . XTI
PIZEAR M, WRNEARTITHE, MR BRR AT




1.4 AR i

® /—TEEE:

o FATAREXEEARTITE © xIMIE5> & AT 0B 51 )
BAMTR

o TATHRXZEATAT < XD =



W (TR 0o0

BOCNDIIR AL, BERTKAN 7 EEUEE, AGEX M HFa,,..., a &I K.
Bk R, WAEEIERY = (Y, ¥.,0,...0)" 15

Zk: y;a; =0.
MR — 1ESEE 5
Z(X,— 0y )aj =b

=1
MIELXE = X+ dy, X = X~y

R 5 IR 578 73 /N, xP e D
RNy # 0, WX = x*, 2R 1

x=%x1+%x2,5x?'\ﬁ&ﬁ%ﬁéo

ay,..,a TR, MIMXOIEAR AT AT # .



0000

[ X X X

[ XX
o IFFH. (WABEM) or

BOCNFEARTTATIR, WRTK DN EEUEE . REFAEX x> e DM e(01) fHif5
X = AX" + (1—A)x?
FNj >k +16F, x, =0, WAX; =x; =0. HAX =Ax* =bH 1%,

k
> (-, =0
]=

FUAXAZEAR AT, &y, a ZRIET K. #Hixt =x3(j =1..., k), ATfix" = x* =X,
M XA B o



B1L

o SLARTATIEX, H'E A MR EABOEE, NxAIE
Bk K (non-degenerated); 2., NiBWHT.

o —NHMTENS N ANEATATHE; ]RZ, B HEAR
AT AR R, B X B E ME— ) R AT 2

o i ~NEATATMARIRMET, WER LA E—AN7]
ITRAF 3,

o XN —LPRE, 1R 'EHI A A AT A ZARIR
e, Wiz A AR IR, BRI HY .




A 4T X BRI 7 TR

o FRITHIBIAREMER: D={x|Ax=b, x>0}K1J5 A1dH kI
EE 5=, NdADWHTT B 7R E A 2 diHEE 7
=N N A [e) B 2H Bk k-1

o M7 LIS : dADBIMKTT A ) 78 22 25 At 2 d N
DA B AR T 7]

o WERDHMITIA, WIRDANTLIE: RZEDNTHE,
WD 7w, HAWRIT




1.5 LR K| 3 A g 7 2

HEARTEHL (BRTEHE)

EH: HD={x| Ax = bx>O}E’JFﬁﬁ1‘&57jxl ..... X<, BB A7 1A
Ad,...,d' Wix e DIFREZATR—AFAE—HA( =1, k)M, (j=1,...,1)
fi1g

K I
X=Y AX'+> ud’,
i=1 '



A g B2 e
75 ELP )

min z = c'x

)

s.t. AX=Db
X>0
(1) HHEARmIE (BPEmILE) , WstESErT1T
X D R 3B m Bk 2]

(2) HARe&BAFEA IR e DUAE 1) 78 ZE 2512 XS DRI BT K7 T+
di, ¥Hcd>0



HER: D = x| Ax = b, x = OB A A .. X, A BT ) secs
ot d", T 1 7 5 B AT AT Rix e DAJ 227 g T

X=ZﬂiXi+Z,ujdj,

A > (I)Zlizl ..... Jkl 1,20, j=1...,1

A =1

B 5 XL P B8 ek - F AP .
minY. (g + Y

i=1 j=1
K

s.t.z/lizl;iizo,izl ..... K; w;20,j=1..,1

SpsTe 7%&%@( W22 B HARRBUFAE T I, iR EAT a1
c'd' >0 (j=1..1)

BAFTENR T 1A 6

we'x? =min{c"x' |[1<i <k}, AT ET B AR R BN Fc™xP T2 =1

HAMA=0, B4 BARREOE R 5/ME . BPUER T 7R s x Lﬁ?ﬂ

w E .

E;q I~ -



%‘:

YRR 5 E AR i

IIH

® Xl_E'fETjEHE

>R
%

%?EY’%LP ) RELE b R s DCAEL 06 AT AE A AR AT A A ik
o
SRIGPRUELP IR R, R EATEATATEREL S TR TR R

t I EEBO T B A AT AT R I 7 vl AN AT AT . HJR
T ZAnBCRN, FEAAAT AR EURAR K

o IWH WY TIEARYE— € KN AE A TAT AT — 15

i

THER, Kl Raipik.



2. AT IT%
(Simplex Method)




2.1 AR HAT T

Sl

o TEMM. ok MEAWITME, AMELs

N -

LA, Bk IR TR, (R TR, Wl

A BEBJEHBIRMME, BOAETIr

® ﬂﬁ/l\}é%”‘&l‘tﬂ%ﬁ:
o FIRAIUGHE
o LNATHIAIFIIEAR (S )



A FIEAR

o {E5E rank(A) = m<n, A E Ok B HEIR L HIIEA AT A7
fit B3| —ANEB., NAX=b 1] 5 AL,
Xg+BINx=B"b (1)

2

B=(a,....a,)

a,=B7a, =(a,,..a,) ,j=1..n
b=B'=(b,...b )

N=B"'N

W _E=C(1) FT5 pixg + Nxy =b - (2)
WAR, AN E XS W B 7 AR AN A o
20 (2) FROGEBR SN 7 A2, faidr a2,



A FIEAR

Xg +Nxy, =b  (2—2)
BAR, AR N T FER A AN .
T (2) R 9 FEBI LN AR, TRk 2

#b > 0, 5K (2) wh 6} B B A A AT X = [gj
K H A R BRI AR 4
z=cx=czb—(csN-cy)x, =czb- Zn: (ca3, —c,)x,

j=m+1

Mz, RRAEFEASTIAT i XAL ) H A8 B EUE,
NHz,=cX=cgb C(HJ FxUHH %)

(3)



§;=Cga;—C;,J=1..,n

B H M= R
{=c,B*A-c=(,,§,)=(0,c,B*N—c,)
N A(B) K E iz = czb —Ex.




A FIEAR

L= CBE_QX’ QZCBB_lA_C = (Cg.,Cn) = (O’CBB_lN —Cy)
2 AR AR s, LPIR] AT RUR K

minz =z, —&x (4)
st. Xz +B'Nx, =b, (5)
X =0.

EH2.1: 4 (4 FE<0, N

EH2.2: 8 (b PUFERE—EL >0, Ha <0,

D] JE5 1] R TG i o

SEF23: 4 (O AL >0, Ha &2/ DFE— N IESE,
NI BEFk B FEAS AT AT R, fH 5K < CXo




ee00
Fig (CBEAFRIERAAATRE) %o & eeco
b b o0
<9=m|n{_—\aik>0,|=1,...,m =—>0 ®
a; a

o

_aijrekj =[6_9§"j+9ek.
0 0
FIHAHEWRE TR W A(G),

b n

X, +NX, =b-6a,+ > %a =b-6a +60a =b.(EEFIR, =(0,...,6,0..0))

j=m+1

RS O Ry i, BARTTEIR > 0. WRA2 AT AT A

P HA AR EAM . XBS D EA
e —5 —(5 /érk)éik,i =1...,m

R FHEEa,,...,a_,,a,,a,,,,..,a &k,



‘[/_L_A Eal r 11a‘k1 r+117

IUEYE. # R, MK A a,,..a, Beg L oRn,

MifTa, 262 HAR Him -1 E R 4 H 5

Rla, = Z Yid;
i=1,i#r
Xa, =B™a,,ha=Ba, =) a3,
i1
ERRw RS
aya, + Z (@ —yi)a; =0
i=1,i#r

Fl9a, =0, #a,.a LT, 3IHTIE.
B Jr
Z(X)=12,-Ck=12,-(,0<1,.

MEIGR




BAFERITT R R :.

N

g - R AR ) :
1. 3R UG B Al AT 5, ,f@ﬁﬁﬁqq MR R I —ANIE4 & i
2. SR LAY S .Wﬁ?@ﬁﬁ@ﬁ?hﬁ@m 5

vt

3. 3RS, =max{ s | j=Lon} | ARIUBAII RS R R 51 ke, HEA

____________________________________

4. %, <0, =1k, B%ﬁ%ﬂﬁ%ﬁﬁﬁﬁx{: j [ ]&Eaﬂjﬁ@z—c b
5.%4ra, <0,fF 1k, Ji ISR,

Ve

6. K/ ML Er = min{b‘aik >0
ark a‘ik

7.0l fiBra, AEH I, [EF?2.




2.2 AR 2

AR oM A& 7 U R, A5 B S0 ) A v ATl — —

R4S S5 R 1 HE L AR x4 O EAB I 2 AR AR &

[FI AL ORI A AR Ex fH N F (R IEREAE)

Stih, HB=[a,,...a, BEA—ANHEB=[a,,...a,,8,,8,,,a)
* i AR

*X RN IR, x B AR,

X, -5, [T L7 T4
ERB T, SR REOR RN Sk I8 T TSR AR il A [ e
Xp e X e X X X e Xy 1)’§€rf5TIZ"LJ\§ AT_5T /3
1 . 0 .. 0 &uy . & .. &, b T8 PR 0@, =8 1 au
SN L : S X HiIAT (20 @', &' =a' -a'a,
0 w1 0 B e By - A b TR ET A, LA,
O O 1 am,m+1 am,k amn 5m



WIERE, ERREEz = cyb —(cyN —cy X, IR AR, B BB,

R e
z+(cBB‘1N —C, )xN:cBE, Bz -+ Xy =2,
BT, BHE M — RIS T RIS AR

Z X, o X o X X X, X, RHS
z 1 0 - 0 - 0 <., - <& |- & Z,
X 0 1 o - 0 a1,m+1 Sl =T o a1,n 6l
X, c o0 -1 - 0 ar,m+1 (ar,k ar,n 6r |
Xm 0 0 0 1 am,erl am,k .. m.n Bm
2l
FERIAT FeHhoG
PRal fE R A AT id N
Z Xg Xy RHS FIRAR R 2 i (pivot)
z 1 0 & 7 FAUT et T AR AL 32 ool K%,

Xg 0O I N b



2.3 WItERE: BIfr Bk

B ] AN
min cx
st. Ax=b(b>0)
x>0
SIAMAMN AN TAFEX, = (X 0o X, ), 5 REHNN 5 B 7] A
min g =1x,
st. AXx+Xx,=Db
X, X, =0

bl =(1,...0). B R A 473808 D, F B 1] R PT AT IO DY,

X X
WX e D@[O)e D', ﬁ‘ﬁ[O]e D' < ming=0.




2.3 YIMEHE: PIMT BOVE 2

M NTASEX, = (X, e X, ) 5 RN B 1] A
min g =1x,
st. AX+x,=Db
X, X, =0

(gje D" < ming =0.

N?%%ﬁ@%%,—ﬁﬁﬁﬂﬁﬁa[] @}

TR AT AT A IEAOR AR, A5 A AT RE:
Dming >0, UiHHD =,
2)min g =0, X2 H AR X, =0, 408 Fr 25 fo BIAF 21 7 18] @ 1) — A vl AT



2.3 WItERE: BIfr Bk :

M N TAEEX, = (Xyq e X ) 7 24 B ] 75
min g =1x,

st. Ax+x,=Db
X, X, =0

X
(Oje D'< ming=0.

« B AT N AR EAGE AR AR &, A FEA T AT
« N, BT e AR HOE KRR RPN LA R
Bt A EXx NN LA R,
> PR AT HIEIN S o AN oz a ot A7 28 45,
WA TAR X HENFEAS &, [FI NEEA R R T N LA EX .
> TR RO S, W EREE BT DO R LA &,



2.4 FIUEHR: KM 2

BLJE R
min cx
st. Ax=b(b>0)
X=0
FIAX, € E" MR KA IEEM , 15 2158 7] Fan &
min cx+M1x,
st. AX+x,=Db

X, X, =0
He1=(1,..1. REMEBUS L% K, AR LI

X%EM@M%W%C{Q%%M@m%m%O

0

T Il @ﬁ%ﬂﬁéﬁﬁ(b

j,ﬁﬂéﬂuﬁiﬁﬁﬁﬁﬁo



2.5 B 5Bh 1L TEFF "

o 5 HLAL R A A i M) EATAE 7 & N0, R HIIR
IBCAERTENL S, nlee A . N T R
W, FEHA T e A
o FIHLFFTITVE
o Bland#i




= T +

EFmEX, HHE N ERaELIE NN, MOvRTFHPIER, x> =0,
X AIEX, Y, X — Y = =0, MFRx 3% 7 8 7 K55 Ty.

— X', BX AEEXATE X BAX = =x, WFRX Oz 2 A & e T BN
CH: x" =lexminx'.

FHPE AL E TR =X 5, 2
p, :Iexmin{a 3, >0,i=1.. }mqu (o, BT
ik

Q|

rk



Bland#E N

1) TR TR H L, T 7 0 50 o, (A B
2) BHEAS R (F R AR LA Dk EIR, AhiE

RN By A . R

ark
| = min{r E)r = min{?—‘\éik > O}}
a‘rk aik

o Bland M KL S R 5 24T, (HBR ke R 25 18 Fe/)N
IR, SRS H b BUE B R RIZ . SRR
=7 i Bl R S B Al VR

o fESChRTR, IBALEW LA, (HIBAA—E T AfEH.
LsE b, RS EBEN

Jnm




2.6 B

BRI

R

%

o P ] @) IR KBS,  dne] el A7 il & A0

TR, R AN DL FE ) a) R
REDE

=

LIZTIZ

INEDS

LAl 1%

£




o000
o000
o000
o000
e e E
ILaly
—RERATEER N
Z Xg Xy RHS
z 1 0 c¢,B'N-c, c.,B™b
Xg 0 | BN Bb

AR R i — T BT, (LR A

{Wlﬁ}{%i %ﬁf}@%ﬁﬁﬁaiﬁﬁﬁo

B b B B™b
R 2 RS SR AT IR 5. 181, = macwa, —c, | x, AR B i s, Ay 2
FESRa, = Bla,, AN LU B B, MBI 5B, B Rt B T B IS S
S Y PR SR B Y I A DA & A 2.
;a@xﬁﬁ@m@aﬁﬁ%ﬁmammm~ﬂ@ﬂumﬁ%mﬁwﬁ,ﬁ@ﬁ?ﬁ&%g

k

Biff& 2 A



3. I TEFAF
AR EE 12




XA TE

o W TR —NEHEIMRIP, BIELEER &M
LD, W& EFEEEVIELR, ATA]

PLIE I SR fige iR AL K DR 5)
i o

S R IR PR &AL



YY)
1T
000
ee
3.1 Karush-Kuhn-TuckerZ&% | :
o TH
WAAMX N E[E, beE™,ceE",xe E", Mx NLPA &
min ¢’ x
s.t. AX=>Db
x>0

HIF AR T 7o B R A EW € E™, v e E" 15 T FI|KKT 261445 313 2
AX >b,x >0
c—w'A-v=0,w>0,v>0
w'(AX =b)=0,v'x =0

HRviHE (FlHc-w'A-v=0 , "JEKTTZHH 5 —FER
AX >b, X >0
WA<c, w>0
W(AX —b)=0, (WA—-c)x =0



3.1 Kuhn Tucker£k/&k

ST FrdfE T FAILP A B K — T 444
A b ‘

HEKAX =bii 5 ﬁf{_ ij > (_ bj’ A HE A K -T2
Ax=Db,x>0
c—-wWA-v=0,v>0
v =0

S
Ax=Db, x>0
WA<C
(WA—-C)x=0.




3.1 Kuhn Tucker£k/&k :

—/l\?iéﬂiﬂﬁﬁﬁ(fj = (S](E > 0) NI L TS ZE ok e A B 1A L < O,

N

MK -TRAT A KR ?
VX = VXtV x,=0, H x5 >0, m%lv, =0.
e -wA—v=0m 55 H(cgs,Cy ) —W(B,N)—(Vg, V) =(0,0), T&FH
{CB—WBzO :{W:CBBl
¢y —WN-v, =0 v, =C,—-WN=c,-Cc,B*N
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