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Chapter 11
MR =E

FIHATNLE, BATEEAH T B YL B, IR I T AN [F i
Bt TR ER S, BRI HEARKIIGTT % XS R EUIETT
BRSNS B A K TARR R, BATIR R AR B0 1, PRI A sk
Bl g e 5, IXEET  CR A MRBR M SR, R I ZR 07 %
BEAR B AR R AN ). BN R Ah N 20 2 SRR A B, AR B T H
PR R BB PSR T AR ) B LS B FRATTAT DO R 28I 277 i3 AT il R
HET A I — L AT A [F R b T SR XAl S A CRT BLAE3RA T
DU S EIRNERE, 36 FT DU AN AR (S0 B EDIE, AT 213 A et
H B R R 2505 9k

JEE, R BATRT DL B I 25 H AR TE A — AN S B H xR
Hf(x), HohxRA b G S8 R R, MR ) 2 il RE R AT I 45
RS f(x) IR 1) AR AR ) BAA T AN TR, 3K — DA il R AT e I 2 1,
WY HE R L TR LR, WA R AR ATRERE M, ]
RERAE . fE58 2?2Em AT e A 2] BEASESTL BERLIRAL
SEITE SIS f(x) LA, SRT, IR EEIE T RAE ML T IR R, st
TAELRAIE, R BEME NN B2 5 25 ik, el e AR rp A7 A8 B AL
R, BHERR R R ARH S, XMOUNEEOVA R R HEM, f(x)R2
BEEEF B, X TR U T E A R AR LM T
R AT, REEFELPAE R A LS SR 55 B . (EAA0
WA, BATRT R R L SR A TR A m] (B & 2 2 0 7 3 B
A, DI ERAM R 255 /£ WAL Ay SR, BRI L
JTEMEEA SR SERTEREL XSS, X Hd A T T 52 G

XX Vil



XXviii 11 etk iri:

11.1 REL
11.1.1 A=A = 3L

R AP RINAAER 46 3t R s N A VA e Rl E B4 R SN O N 23873
AT A7 e B2 AR B R, DAL 2 £ 2 — 5 PR 2% 1 R i 32
T X B AR RO AT e MEEGE R 8 f(x) 9 B AR A (AT AR
ERAUEDL, X ARNLEE T PR RIS, x2S B 4L
i OO ML SRS IR S K0, LA i ABURT BLAR o i T ) 5

FIE

min f(x)

¢i(x) =0, ie&
ci(x) >0,i€ .7,
Horp, {ci(x) = 05i € EYRERARFEA, {ci(x) > 0,i € I RAFLHRFKA,
EMI 3 R FEXLREMAE XL F . EAE A LR — AR
), TC LR )R] AN & & = 7 = O
PA—A o6 Hbr R B8O, %

f(x) =min(x; — 2)2 + (0 — 1)2

X1,%2
X —x% >0
—x1 —xp > 2.

AL I 111 B, LA AN AR F 28 o A S I A

11.1.2 AL = A5 X

R (x) BT BT L SRS A (R o, BRATTRT LUREDEARAT: 55 ] 520t R L

x:

o BHUIACAELZERAL. WA S (x) b A2 Eix R BRI — LS BN A, 3RAT)
MROCACAE S5 N BEAL s W R AT BAAE — AN X B U, AR %A 55
NIEBAUA. BEECIUA R R R xR 4R R ORI S AR A R



11.1 pREAk XXiX

X

_ contours of f
feasible

region

§ *i

Fig. 11.1 — MW s B i £(x) :)Icllljxrzl(m —2)2 4 (3 — 2R R HL,
HEMEERN—HROE: o :x -2 > 0fley s —x) —x > 2 BRHADMANELA. EH 1B
5 DX AR FH X S 2 R PR R AR VA Xt TT L, xR0 A AN TR LA (x) Hdp /ML IR 8
i

DR 6 — MR FH SR PR SR e R SRARAR ARG (x) T T LART PR 0T, AR S0l S o FEE AN
ith 245 B £ (x) AR A E AT IR R, AEHSESR LD, HBX
SRHFZEIFEEETEX—%.

o LAWMALATT LR WHTHTIR, RAAES H U RATT LR ZA:, K
NELRAA, BRI R KRS G RRBER, — &
SRULFRATA B A1 L) AL A I B AR S i A TC 2 AR AL, FRAK TG 200K
AT FREAT R AR AT ST BRI, AR5 e PR g Y )
WA —B R (Linear Programming) 1 =Fr#i %l (Quadratic
Programming ), #x /54 & 2| — s L LA v .

o ZRRAFIE A, AR IEIRE] fF(x) 2R Em s, XIELKE
OO N RARMESCILN) . 32 AL 2% SIS I AR R 8 f (x) — A
ZAWAE R, AR ExYEEARE E, AR A A mUh R B 4 R B AR

BRI, 48R 2B 5L e Rt ABERMNEZITHE/BAUE
P

o MARALFIIEM A, WA F(x) RA —ARAE AL WFR F(x) A ek B (R
B2 B ARG A B /IME, A TR TR0, 5™ ek B A 4k v AR
rAG, ECNAEN A, PR R B — AR A DR R S R A
B2 A J et fife A K2 HUT 55 fF(x) R, B iRp 5 e A



XXX 11 etk iri:

FERL A SRT, FRATVE VT DALE 4 1 A A AR 35k P 4K 21— AN 1™ B8 lom (x) SR AL
TEZ AL £(x), TR et ik . Fel Hax 2R 2 E BT
EIFEEA RS, WSGD, Newton, Quasi-Newton, SQP%.

FEARFES, WAL R EEESR. BN, RER LS.
FEARERITE IR, FATR B B Fr e R AR S AL, Hix e SRR i a:
. Realf, BAMBRBAAAES 2 T3 f () K BEB SR ME. Bl R R AE AL
AL S5 ATE I SR A o A G B A0 R A e MEL IR AR AR 55, B

min £ (x) = max{~£(x)}

11.1.3 A rhe

FATE e LK AE R B AAT 55 % B SETHE B X8 e B2
AT SEHE P A DA R A it 33X 28 7 R FIE B W] AT ] — AR 73 24
BHS &R [9],

RHFIR WF(x)ER" - RIES TR, xo € RPNIE UK E R
fi, ML € (0, 1)/ES T T

f(xo+p) = f(x0)+Vf(xo+1p)'p;

HAVL(xk) = Vflx, € R'Zf(x)TEx R IR IF B

1
Vf(s0+p) = Vf(x0)+ [ Vf(x0+1m)pds

HAV2E(xp) = V2 flx, € RV F(x) TEx 5 [ Hessian i . 2T, Wi f(x) =
LT B, WA

F(%o-+) = £(30) + V(%) T+ 57 V(o +1D)p.
— W BTSRRI (X)L S AR P IS AT R, T
xR AL B4RV £(x) = 0,

M FRESH W H bR R (x) XA SO A R T S TR, TR
AX* SRR AIME I TR A KAV f(x*) = 0 HLV2 £ (x*) 2 IEE .



11.2 LR A R XXX1
11.2 KRB

T RAAL 7 A FE L R 564, XS F(x) BB, XK 2 20 by i)
R, XA B P AR, DRI R 4 B R ) S 2 45 o8 — AN W)
IhfExo, A JE I A R — AN IEARTF Fx), X0, . SR IE T R B i A . Ko 1%
REVETT 0 NHE: MR (Line Search) FIEFIk L (Trust Region).
LMW REEHE MM RTTH, BETRX -SRI B
IR A S T — AN R AT ABL R i (x) 8 12 R BT 22 I il 1) S 4003
(FONBEAEED A LR RIS Lf (%) X m (x) 72 1% B  AL B 45 2
i (x) SE /NI ARAL AR

11.2.1 &H¥ %

FELANEIE R, H BT, Bx € — N7 Mg, 1S H AR R BRI
AT BN, AR ERATTA TR, e Ko, 15
Hpi I3 1L I oy JE A3 BB AL f (Xky 1) < f(xp)e RN R AE LR AT
N AT

Xpr1 = Xg + O Pr- (11.1)

11.2.1.1 #E T

FAE N F#i% (Gradient Descend, GD) J&f#5., /&N /) 2 4
PR, KR E B — B B mT A

F(Xi1) = f£(x0) = f(x+ oupr) — f(Xk) ~ o4p V fis

HABATREVf(x) 85N firo B EXATI, £, —AN e
Mo, ZWpe 5V fi[ A5 1A H AR BB IR B R X450 R BT [
LR, ARk, SR EE £ (x)7E 2T s MORRIRE,  FRITERBE DT A
HWRRIMMD Koy, IFREIAMEEF N + apre

R R TSR, BN P K 7 A 2 S (xp + ogpr)»
H RPN Z B AR R BRI og A 1. XM R — AU EREIN R R
TP GDEAEH NNHHE — Moo I fi] 510 77 22 it — RIS A I i B



XXXii 11 etk iri:
B (Woy = 1/k), FEHRVIHIERERREPE K DINAE 23R, 98 20E W
WS I8INH0 K DA e RS Al e 1] DAORFF I — oo B EL 3 f (1 ) OB T
4G BT, U BN RS I, B o EAT R A (gt DA SISk

ESEBRIFE A, T —S R E i, T8 E AR R R R I EA R
Gro — M ITEE RN LG AT, RS B 1) 77 1) 2 A8 H b R A R B
JrIR R, G 1120w, BMffip S5V AATE AR, K7 1 g e &R
AR AT LLFEAS B A5 s E

Pk

V fi

Fig. 11.2 AEBREET MM R, (Wi p, (HEHRAmE) SRV (LtmE) Hn
AFERANA, T IR MR f (Xey1) < f(Xe)o

11.2.1.2 44k

£y (Newton Method) A& 5 — i e R BVE, X — 1AM
FERE SR UFA EARER M RE RS REE RS K. KHR
BRLF (x) B — IR 2R e I =

1
S(%i+p) = f(%) + i Vi + 50" V2 fep. (11.2)
12 b IR 2 m (p):

1
m(p) = f(x¢) + P’ Vfi+ EPTVkaP-



11.2 L RRAL 1a) 8 Xxxiii

EREm(p)E— N MR B, RV R IEE R, TAZ AT AL BR A A NME
T :
Vmy = Vi + V2 fip =0,

B A -

p=—(V2f) 'V (11.3)
L FRATIAS B Atk g aEAR A =R R

Xert =X+ P =X — (Vi) 'V fi (11.4)
ER BRI E A B o BT AP, T B EE T e
TR, X R TR N R EE R TR E AN R S KRR . A
VEFALE,  ARM0E AR 2 T AR B R B 7 1) AR R A TP KRR X 22
Hl, IR f(x) fEx AR — Tl RO, MV £ 81207 W) R E(E EL 5
Ko PIUAEZTT W B SR PAR /N, DT 8 G £E vy #2807 1) AP Kot R 38
HIE; &k, WRAERE—T7 iR EN, WEZT7 R KAEKR, M
REGAEAR 207 M RPN S B T R g
ERRE, ERAEEMESERER A T HARRE g Mix—
IR ZEARE, FIHAR 114 BERRGHM T F5 b, RV 2T
WH, m(p)5f(x+p) FHRZENALZO( |p|P), K v EL & /NG T8 2 1R
FEiRr. HEET AR 11.3%pR HEFEH KM, WX —m & s kR
MIAT R P2 R KR 22 NPT IEIX — IR ZE W R B A KSR YE, v DA pidt 47 i&
MU, W A PR, BfEp B LA — AN R T oy

11.2.1.3 &L

PRRRNCSCE LR, W E BN E P, D B AR T i, X
IR AAE T FIH T £(x) 10 {5 2, BiHessianfi [V fio SRTA, H5IX—
TR R 2 BUE S R AR AR WA N T A ER, RN
WD THE R, BEREAMR TR 2 07 E R AU Hessian I, 3 46 75 V28K 41
.

R 2 3l 5 T R



XXX1V 11 etk iri:

1
Vi(xe1) =V (xe+pr) = VA (xk) + V2 (xi)px +/0 [V2f (xe+1Pr) — V2 (xi) | predt,

Horr:
1
192 5+1p0) = V250 ot = o( )
LA
Vet = Viie+ V2 fipie+o(||pil 1),
SNRER

V2 fipk 2 Vf (Xes1) — VF(Xe),

RV fixhb f (x) I Hessianfi %, 10 AH. 3R BH 5/ 5 /6 0s
EMZEAEREL R Hit, JATA BB —ANH IR By, A
A A FERER R R

Hipi ~ Biy1pr = Yk

Hr
Pr = Xi11 —Xk; Y = Vir1 — Vi

— ROk UL, A TH TR B 2 IR e R B A X R I
UAH A 5 2 AR . 5341, 18 H AR B — Bre IRFT i, AR
A Hessian%E M AEAH &R I JGEA T 22 B A K.

— FBy I 5 B 5 v K NSymmetric-Rank-One (SR1) 587, H 4By, —
Bz Wi, S AR AN:

(¥ — Bipe) (yx — Bipi)”

(Y& — Bipi) " pr '
7y — P2 4 10 BT 5 VA AR ABFGS BE BT, B L VU A R B (1 44 % (Broyden,
Fletcher, Goldfarb, and Shanno) iy %4, 7EiX— R HH LT, By — B
1, HREWIUEBEIEE K, RIAERIE AT B AR & 1IE € . BFGSHHE H A
EAWk

By =B+

Bipip! Br  yiyl
pIBipc yipk

By =By —



11.2 LR A R XXXV
A8 ZSRIEBFGS, 18 2H FT B 5, BI Ak AR fivk 453 2 a0~ 2k
BAR A SR AR A 2
X1 =X, — B f(xp).
E R AR R R S b A BT B TV, = B, T L
HESRIMBFGS HIERA X EEZE I E Ve X TSRL, Vi REH AW T

(Pr — Viyi) (P — Viye)”
(P — Bryi) Tyk

Vir1 = Vit

)

XFBFGS, V8 #i Az

Vi1 = (T—pepiys ) Vi(I— peypi ) + pubPipy

£

o
yipe

Pr

11.2.1.4 HAEHEEE

FEHIB FEVE TR BRE 1R N TR E AT FEAX = b il € I E R 4t
Hrp ZHOEFA € RV — DU IRIEE M. R, KR ZEMTTRHER
T RS T SR A0 A7 o™ R ) /M )

1
m(x) = EXTAx—bTx. (11.5)

XFAEE A HARBRELf (x), FExp mUBn T Wi el

1
m(p) = f(x) +p' Vi + EPTHkIL

ERRS TS EAMFEIE A, PR rE s g &t 5 p = -V fi 15 2lp fiR
DEARAE Fpre X2 FEHUAR REVE A T D0 A I 8 ) 2 A i 2R

AR, LT REAx = biN g SRR . RIRAIRR, A2
Tk F e JCE S AR HE R BRI, SRR T FRE RO T s R
2, Mxo e, SRUGEARE R — MR T5 1Ady, 1207 15 A © @4 i
¥ 07 e BA 0T R & -

d/Ad; =0, j<k



XXXVi 11 etk iri:

IR F, YR SRS FIAX = bR, Hrhn R EARIE SLhr
SEHLES, AR LA AUS BT LAMS BRI i 25 e SLHsh B Bk B 4n s th &
%145 H.

1 Input: H, b;

2 Initialization: xg = 0;rg = b;k = 0;
3 for k:=1to N do
4 if k==1 then

5 ‘ d; =ro;
6 end
7 else
rlz—lrkfl .

8 ‘ A =re+ i S den
9 end

l'T ) y
o | o= Lo

11 X = Xg_1 + ogdy;
12 I, =T;_1 — 0 Ady;
13 if ||ry|| < & then
14 ‘ Break;

15 end

16 end
17 Output: Xg;
Algorithm 1: X} 26V 77 F2Ax = bR fif (1) L HuRR L k. Hhd AP
HWRITH, rNBPRIRE, o Nk LB, x Nk BRI S
R

bR LB A S T R ALK ] AU ) — S R R R, FETHE
BB B FIRZER, BRI EIHIEA , HE B AT R EAd.
T f(x)RIARACTT 5, AT S B X BE A 2 AR HE SR i U Hessian®E [, {HAd, 20
A LGE A HAE R, RIACR B 7 ST 4. — BRI, FRHERS
BREE TR A, WERGIME. BN A GANELA- ik B A
LRI SIOE B2, R ILHERE B2 A R 20T S Hessian 6 i, K2 AR 2 KL ]
A B AR AL SR T 113 LR 1 SR VR S AR E B P T B 8 R %
1, FTLLE BIFLHERS LI BA S AT AR S
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Fig. 11.3 JLREMA IR M0 R IR RIBR LU OISO ERS I Tk, Wk y3t
PabhiZid. T AT BILHORS EEE B AT A R S A

11.2.2 &2 MA4L

e R B T AR AL ) RS 53— P i EAR . AR ik
L SEHE ST AN B AR X f (xi + p) AT A B
Homy (p)ilifele BAFIREAE G, XA R Eomy (p) FEZIH N BEAT AL, TS 2
LA A U s B A TR A R

p*(A) = argminmy (p) s.t.|[p|| < A,
P
HAPANEFEEAIIE, p (A) N1 NATEAS kN T AL R Eomy (p) FIE AL

fité
WREC—PE L, R EE R, IRl A

mi(p) = f(xx) +p' V£ (11.6)
TR —FaE e, A AR
1
mi(p) = f(x¢) +p’ Vi + P Bip. (11.7)

HAB R TE £ (x) TEx A Hessian i B ¥ 12



XXXViii 11 A5
11.2.2.1 Dogleg® %

AR XS AL RS f (x) 1 T8 29 AR A AR 17] R A4 1l A AL o8 my (p )B’J“* ?ﬁ
AT, X — 7 20 2R i J AT AR AT 7 VR SR A, 19 2 et fdép™(A) 2
MR ARARESE AL WRIRATTE RS — B I Bhmy (p) B0 B3 Bhme (p )WWJ
AR, p* (A) BT AR fi]

f(xi+p) ~m(p) = f(x¢) +p" Vi
f(xc+p) ~mi(p) = f(x) +p’ Vfi+p' Bip
Horh B oRTEX 55 f (X) I fB Hessian i B4

—BME M=

0T —BHEM, SRR A, g = o R flm] (p) T FEE
I, BRI S B A 1 R F AR A (A PE@ T HE I BT b, HLg 51 ||p|| =
ARIZE . IXEGRE P (A) BB AR KRB ey I E L, Blp (A) =
ng ERERIR, WA YAELBONS, m) (p)X f(xy +p) KA BT
X R — LB At (A) R A 4A HB/ NI 7 R0 5 o K (x) e
AR -
FATRT LUK £ (x)TE 7 1 1 5 ML o7 B, SR VSl e 4 R b ik
LB, TR on) (p) ¥ TEGREEE L (x)e X R A S L X
BrESE, f(x) A ETF, im) (p) K4k F M. EBEK f(x) fEgI7 T LI/
(L AOE AR S, AR F (%) B9 305 Ablm? (p) 3 3K 35X — Jot /ML 03 B8,
B skm? (p)fEg = V fi 7 IR /ME 55, BRI W F % 2

2
. . . (04
mlnf(x) ~ mlnm%(ag) = mo}n{fk + chTg—l— —gTBkg},

2
A/ ME R B

T

_ g8
g'Big’
A5 B (g7 18] f () (R ME E
X~ Xk + pU7

He:



11.2 L RRAL 1a) 8 XXXIX

g’'g

g'Big
SHEATA < afffBIEE, —WriElkEom, (p)1E2 MR T i/ ME R -

p/ =ag=— g

A
p'(4)="_p" ="

Horhr <130RA S & Rf/ME R B K o Efl.

15 Y7/ R

ST AR Hom? (p), FEVRAT ABRIRIINS, 5 %1 f5/IMEL s 0 7 ) 5 3
8 ApE = —B Vi XUHIMA > |[B-IVLS|[H, ARMREIIEAEER,
I A B 26 1 ) SR DL 25 Sp™ (A ) B A (p) FE B0 A BRI () e (LA P 2
BURARE N, IR IR A B p* (A) 5 TEFR B R 1 f 45 SR b 2
Ko

Dogleg L ¢ %25

i PR, BALLBUNE, EEMH Bl HALLECRE, & EMH Tk
AL — MBS ER B EEK, BRI RERA I TE, FRONDogleg i
%, W AR

mp’ 0<7t<1
P (1) {pY+ (- )P —pY) 1<7<2

p? t>2.
b S B O AT T T B LA — il the s ) b AR P Kal e
Bl B LA, Mo < 18, pf(r) B Bram LR B &) 1 s Ak AL R
M >t >2 B, BB U i s AL R R S T > 20
(RIA =200, HE i s I mr. mik, XA R ) 2
H S8t 76[0,2) 2 [AIIHE E. Kl 11.445 HiDogleg J7i%p* (A) I,



11 etk 7

x1

Fig. 11.4 Dogleg V%7 & [&lo 15 (0 i 28 9 2 T~ — B iz Bhmg (p) 9 52 PR E A4 170 R £ FE 16
mp*(4), LY NDogleg /7 k13 B K ZIRLAL W LI AL sip* (7)o g0 (x) IR T B
Jrll, o LEZ I I E Lhmg (p) 9 H AR e B S RABL TR BLEI A, pl xR el e pB o

ZBIE Abhm? (p) TE T 4 PR T B R A5

11.2.2.2 ESHIF%EE

LR SR AR T R SE AE R A B B IR AR A AT AL R Koy (p) X
w8 550 f (x) 7212 DX A BA BT RO RE Jy. 3X — I AR o vl il 4 K L

451 DAL s <
S (Xk) = f(Xk + Pk
Pe= ’("’lk()o)_(mk(pk)). (s
BAR, mi(pr) 5 f (xi) BRI, o PERE /N, FET ok, BT DUZHT A A B E X
IR A Ry (pr) 5 f (xi) PREFECIT 1) — B
FARRUE, 15 5 v = B0 Aok oR R 1 22 (B (0) — my (py) 2 JE S, BT
PL, Hp s s, B F(xp +pi)) e f(xp) K, DRIBE TR B E dipy. X [AIA &
R M (1 B AR I K, Bk BB BTGV A % X 3 A X (x) TR i el Rtk
T ERNAIE, R pes Wk p R IEMEEHE TF, RUGER
BN Fipe T MR, HFTEA TN —RIERF g /DA; R o BUERK, Ui
AT EEEOE R LR A, AT DAFE N OB AT 4k 8206 s 40 3R 2 oy 0 (B 32
AL, U AE 4 B A 4P A Bk B Koy (p) X f (x) A R GF AL AL, X AT AT
DAFE T —ERE i — 2y R EEE, D& RS,




11.3 LR AL a) 8 xli
11.2.2.3 MRS EEBMILEEER

2 PR R AN B I A PR R T L SR ARAL ] BRI AR S A T R AR
LR, BATEH LB MR Fipe, A2 AT BUE S, 1% 07 17
R HARR BT, SR IZ T MR ZP K, KRBl f(x) T R
KRR . BFEI R E D EEE, EZE NI £
(1 f5e/INBUE e H T 230 {0 R KR AR X — LA Sk P AT DU A AU H o e K
PR AR 12 3 AL o 5075 28] 14 i /N DALt AT ARER TR A bR A E xR 9 B/
Ere BVAORYL, MR RRTT D KN RT%, BEEZLDKE
Jr R R T i

XA EIEA E IR R AE R ITE, #0R ZURR bR LS (x) BB L
A RAE S, Vb —Bre R L, IR T IE R B L T i Ab
KRHE f(x) KT — MU KPR E AR, GInE R BUES,
AR Xy 1 — xp | [IEK, I AT BE A BER PR BEAT Fih], DARS 1k il ol ok
M RiRZE, XL EIEREBEESI#SE.

11.3 FZ R B)RR

AT 252 2, i 2 R AE T 2 AL A il BN — 4LRR A 2% AF
XS AT AR R i T
C,‘(X) =0, €&

i 1. 11.9
min f(x) St{c,-(x)>0, ic.s. (119

Hrpf(x)2 AR, SRERLRFME, 7 RAGLFFME. WXL
YRR e () Y2 E SAER LG B K, BA T8 30 2 I R AR
XK R AN GIER, B

Q = {x|ci(x) = 0i € &,¢i(x) > 0,i € I} (11.10)
Rl bade 2 ) d R Il A mT DA 5 et T 2K

min f(x). (11.11)

xeQ



xlii 11 etk iri:

11.3.1 335 8 Tk

Tk B H e 722 i oty L0 R DB AT e BRATT AR SR 0K
VWX —EEINE, IRy REIEE LR B DS — LRI i
EVSIE

min f(x) s.z. g(x)=0. (11.12)

W R AR B R e, WAL f(x) = ab SR 5 il Zkg(x) = OFH I,
W 115, 1K R =AY, 75 & 1 sx b irg(x) = 011
LT NS B, SR WY £ (x) IR T 1A A 2 B A 15 f (o) R BB R A AR
b, HEMEF(x) < f(x*)e f(X) = afllg(x) = 0IX P 4% BLERAEX* s AV B R 12
Mx, RITIX B S R IR BEE — 2 R b O AR ARIRD,  BIx* 75 2
WrR 2 A

VF(x*) = AVg(x*). (11.13)

R R A L2 BB, MAER MR FEL b, T — A
SE W H bR (x) TR HI 5 (x) = a, AV i —DHERIAY, RE
BT EAME, X 1113 AWML BN FEL AR &R A F A, 5INLH
KA B 1113 HEA R BUE, B

VF(x*) = 1*Vg(x*) (11.14)
g(x*) =0. (11.15)

HHWAE, 11.14-11.155:E R 0T AR AL )@ HULAL = (x*, A ) —
By b B A

L(x,2) = f(x) — Ag(x).

R SRR — A LR AT AR AN TE L SR, 2 e 20 A A )
PSR 38 7 A B RO iy 20 AR ) P e 3K — D5 AR bk B H ofe 73k, 3L
M SHAFR R B H ST, L(x, A) PRk B H B bRk A

H B 5 XL AN i B H s ik R BB 8 AN S LR AE 55
PGP R A0 8 B — ANSE LY RO i AL 451«



11.3 LR AL a) 8 xliii

=0

Fig. 11.5 # S RA WM H A& B H R Tk fx)RMFRAEEL f(x) = af(x)— %%
fHZE, g(x) =0RFRARMIMP ML, f(x)=a5g(x) =0/, EVIRLBEVF(X)=
AVg(x).

min f(x) s.z. h(x) > 0. (11.16)

355 e LB fveex™ 5 B R AR, LI 11.6): (1), i i 75
Lh(x) = 0L, EIEAFISERLAFELE, HIH: VA = A VA(x):A* > 0,
VE BN 126 £ (x) = afilh(x) = 0 75 A Ak BB 7 AL SRR MR G, 75
TSR AT 36 2 (x) > O BB F(x) < F(x*)o 2. B015Ex* E HIZRA(x) = OBAFY,
BIR(x®) > 0, L A(x) BRI AR P, 4020 SR B 0 A5 R 2424 S
Pl R L — B

FATH_E AR TR UL 45 G — oM R T FRR R BB R, TR BLAR
1L VG HHS 2 O A I B -1 R TSRO AL )

L(x.2) = f(x) — Ah(x)
HARAAR (x*, A*) 7 6 2 10 F 2544 (FR W Karush-Kuhn-Tucker 2&14):
V(x*) = A*h(x*)
h(x*) >0

AT >0,
A*h(x*) = 0.

(11.17)



xliv 11 etk iri:

X)=a

f(x)>a

Fig. 11.6 i AN ELRIFAE 3 07, f(x)RAGRAREL f(x) =af(x)0—%5E
2, h(x) > 025 AEF L R R AVE K i AR R mix E M ZRh(x) =0k, Nf(x)=a
Hh(x) = 0fEx* 80, HEEETT A ME. WU ATER(x) = 0k, WHAL N TE L HARAL ]
.

B G, h(x )M RER—AMAZE, WH—N BRAE. X—KKTH
PEEFRATTHRSVMET H B & X, [E&F a(x*) > OFf B HAL* =0, A{if
e SCHF I B AR A R A B N, I KON TR R R R (LA
5%,

Mgk, — A LFTR I L AR AL ] SN T i R B L AR AL

i L«
L(x,A) = f(x) = ) Aici(x) — ) Aici(x),
ic& ics
I A2 A R KK TS A
AF>0 vie s
ci(x)>0 Vies (11.18)

11.3.2 3f4% 2] A

IR f (%) FI{ —c;(x) AR MR L WIL(x,A) o™ . 328 ) ) DL
XS, T ]y
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minf(x) s.. ¢i(x) 2 0,i € 7. (11.19)
ite=(ct,.,cn)’s W EIRRALI S bk B H Hir RO, A

L(x,A) = f(x) —ATe(x). (11.20)
SE SR BRAL:

g(A) = inf L(x,A) (11.21)
D) J5 e 0 P A8 i) AR 7

mflxq(l) st. A>0. (11.22)

AFDLIE B, TEREE MR, bk k48 i) A5 B i A E 5 R )
11.3.218 2 AR 2 — 20, B E R B s AL AN 112000, &/
L(x,A*) 1592 Bx* 1E 2 R 7] 8 11.3.209/% ([8], Theorem 12.12), )1 i,
X FIA S — X A A, ol D B 1 1.3 2RI [, 35 G — B A% A
Haer HireRE 11.20, (x*,A*)2 % BRI EE RIbE. e L4t
A () A —c; (x) Y BB OPE . B 11745 R oA el B s e
{8 ) EAEAR Z L8825 ST 5 R BAA BB S — 7 T B ] S 00 B s (1 f
%, U7 R R AR S R Z B . N — N R R AP ER R i)
RIRA 13X Mot .

PA—Mol R S B S ) . et R — AL AR LA 7] R

min f(x;,x) =min0.5(x> +x3) s.z. x;—1>0.
X102 X102

WAL B H e 1A 5K

L(x1,x2,A) = 0.5(x34+x3) — A (x; — 1).
WA 11.21, gA) RS E —DAJEL(xy,x0, A) KR /AME. X — 04T 55 7] LUl
TESRL ey, 20, A)TE (1, x2) I B A3 31

8L(x1,x2,/l) 8L(x1,x2,k)
=0; =0.
axl 8x2

L SUEIEGH



x1vi 11 etk iri:

f(x[])
f(x[2])
) c(x[4])
f(x[1])=a()
q(x,)
q(d)
A1 A A

Fig. 117 05— /MARRHE R q(A ) (x) 2 5 i BUATAHE 1 R0 B AR B8 g(A) 1
S T () M. SHEE A, () BIEBTIES: f(x[A]) Fle(xA]), Frbx[A]
flak 1121355 F R fx. KPR Eg(A). 7Eq(A) RIA M AA" He(x[A7]) =0, bt
i f(x[A*]) = g(A7).

X—A=0; x3=0.

>{%J:fﬁ1”€)\L(x1 , X2, )u) ’ %‘Z

g(A)=05A*+0)—A(A—1)=—0.542+A.
WA ERA, AT

A* =argmaxg(A) =1
A>0

g(A*) =0.5.
WERBATEAMRNL(x1,x2,A), FHREKIE, H:

xi=1, x3=0.

B LN TS, AT
f(x1,%5) =0.5=¢q(1").

et {8 AR R g (A) R R K (), RSB R S — R
T PR A o R B O Wolfe Xt %R, (i .
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ma)tXL(x,l) sit. VxL(x,A)=0, A >0.

x7

B LA 55 2 X A% BT H B B B B0 B KA. AT BLIE B
Rox* A" R RRAAE,  ARATT th o Wolfe s 1 il 22 1 g

11.3.3 & MEAX]

26K (Linear Programming, LP) J& & &\ A WAATE S, HHE
PR B2 R A R e E R, — AN TR e PRI TS5 AN T -

min ¢/x s.t. Ax—b>0. (11.23)

ERFAx—b > 0F 52 bR —HIRH KM, DKM RR Nl x=b; >0,
Horhal JRAEFEA BI5AT. W 11.8 Prox, XSS T i T EL
R 7 — N Eik X, o xR S AR S WISk BRI A e B T2
PELI AR A M R AR BT, X — U il R S S A DR R Dy 4 R e DA, (HX —
AfREAR D ME—. W& 11.8, Wil x = const MM e 77 1 K AEER, A
] BEREAS BE DX IR B SR TL A 42 R e DU

FIRAACAE S5 BB AR S A I R B K

q(A) = inf {"x—AT(Ax—Db)} = inf (! —ATA)x+ATb,
mfxq(l) st. A>0.
R Fe— AL £ O, g(A) = —oo, IXFPIHILLARA M BAESSHME, Ktk
WA c— AL =0, HIH T3 FIACAT 55 B 5 il RNy -
mfx).Tb st. A >0, c—AL =0. (11.24)

1] DU X 1) S Rl Wolfe X B T 20 4n R

meichx—lT(Ax—b) st. c—AA=0,1>0.
X,

K b BRI AN AAE DS, WSR2 1124 F B



xlviii 11 etk

Z

Fig. 11.8 ZMEMk] (LP) {155, AHAx—b > OX R —H L Ha x —b; >0, HANLIHITR
H—2 EES R E L SR, A RIEE R E T — A EEX L, RGBT X —
XA RN EIPBIEHR RoRJEE X, xR m MR, HITE G2 X3 ATl
SR S

11.3.3.1 B4AGE (Simplex)

Simplex /7 ¥ /& fift R 4 E A 1) R 538 F 1 7 7%, B Dantzig T~ 19404F- 2
e RITORATRHSIE, BT MO0 ] 3 LA H AR A PR 2% A 10 o
P, HAEX R AN, TR A R A T2 B R AT A,
te, AT UG — AT AU A, A A 130 SR A8 H B of HCE A 1 T
Mo FUNMEITI ARG BRI, Rt FR 8 2R 5 T 757G BR 2D IR N 15 31 )
M, W 11L.9F7R. LR n) @2 e i e B R T A2 B, DAk
TR o A 2 SR TR A R T A

FHERLL

AT T A R T AT BL R R DT R SR AR AS B el AR ]
To WA QT SR 55 -



11.3 ALl &t xlix

Z

Fig. 11.9 208 i) B A0 592 X 3ot — A, Simplex 573 il 18 2™ A0 Y TR HEAT (8
e

min 2x—y st.x+y<1,x>0,y>0. (11.25)
Xy

EE EXARE S 5 s 11230 . Ll g — A 4= 5]
fR s 2SR AL e R, AN B L RO R 5 vk I B 1110 Cad BT
FRATT R T 3 — 1) 5 1 B B RN TR a, b, ¢ X = ANTRRT, (RN SRS AF i
AEERAEBEOR A B, FATAT CURE L3k o) T 4 3 =4k 6], SIAH=
YeAp bz, UL ANELR S BAE LR, H:

min 2x—y st x+y+z=1,x>0,y>0,z>0. (11.26)
Xy

KRR, [ 11.26 5 MR 11.2576 Xx My 20 F 2S840 1, 1L A ek
e R A Sxflly, DRI P A [ A A e — 801, 8 1110 (b) 45 HY [l
L1260 LA X d,  FRa b — A =423 (A R 235 — R i — AN R
M, B—Haifl (Simiplex). X —FTH AT A s #2 H# 11.26/4 412
m FEAHBLI (o, y) BEAR I AR 11,2563 A

T3 11,2650 (1 BT A7 PR 2 A A2 T 1, DR Ay Xl s
B s m s (- 11.10 (b) Ha,b,c=5). BTG ALk
7] R T ¢ 1) = 4 % [R] R A A AR A AN S5 00 R AT 45 3 b b, AT AT 6 1Y



1 11 fetTrik

TR AR E T AR o X ERE Ry, o R EE WA RE0, R
B, X TR M BAR AR A ARG R, ARG, FENA
BERETEH -DEEHNL B a,bcX=ATES, a=(0,1,0)/H
PR BRI (-1, bR ai.

(@) (b)

Fig. 11.10 Ze MU ] U 595 X2 — A, Simplex 57208 148 2™ A A Tk AT 18
e

e G ON B A R 2 I A e R AR 8 BSR4 2 8] Simplex T
R T AR O B A Y (Simplex). AT LK IX —J5 ik L R
WA QT WA m 4 n LR LA A 7] .

min ¢/x st. Ax—b>0;x > 0, (11.27)
X

HoxeR, beR", AcR™, FEX—FRAMNA 11230 E AR, WA
T AE AL R, E S 11,2358 5 b n) i i 8] A i) AR T 4 R0 5 R =X
11.28/7E X ([8],pp.356-357)-

K 28FEEMANAFELHR A Ex LR, FbGI AmANAE7 1)
HHAR R CHNBPRRIAE) X =X, Xmy AR T 11.28/2
WIS n +m 22 10], 3B 295 0]

min ¢/x st. Ax—b—x =0;x>0;x > 0. (11.28)
X



11.3 LR AL a) 8 i

A 11107 A0, T4 J5 DIE A 19 R A 6 3k 3 B ™ B v, T i X
BIn MR RIENE, Ham PN EEET, En M EFLERNELEE, n i
TABHNFELALTE. HFERLRAE D mIEAR R, B2 T

TR 3]

U SRANZE E I ), ARATRTHER AL T, A GEEm + n N R T A
AIREM A R A A K, BRI, AR T, b g — AT
1 H bR, o BN R BUE B 9 R AL R AR AR, PO VERITEE
2R BB ACAT 55 1O 4R S R BON K, SCRIRMG.  FRATT AT U A R R,
BN el RS B — AT UG, s T — TR, AR
H bR BCEAR. JETiX— 51k, 0% &) Lk 2 R n] 38 2 50

RNFRIEAGEIEW, FATE N 11283178 B, Hix FIxX' A IR — A 1A &,
KRR, I EPE AN S, w5~ E g

miné’ % st Ax=b;x>0. (11.29)
X
Horp:
x=[x" xT|" (11.30)
e=[c! 01,7 (11.31)
A=[A L) (11.32)

TEAP A CRTE TS, IATHx A MR EA, 52T
BN W

Ignck sit. Ax=b;x>0. (11.33)

X — B ARRR N &P A Ak 17 R A HE TR 30 b S 1 B A AN i 2
TKKT At



lii 11 etk iri:

ATA+s=c (11.34)
Ax=b (11.35)
x>0 (11.36)
s>0 (11.37)
xis5i=0, i=12,..,n+m (11.38)

Forh A 5 A A0 RIS B H B 7, s ANSE L O 82 A R A% B H 7
WRBEESG Nxg, HANMKRIEG NS CIERBEES Jxy, Hxf
BHIRGIEE G NN LA PR RG0S B TR AB, AR R R II0
BT HERE AN o THEREBMAR N ERERE, H RO — Nl (Basis).
¢, sHUNS B AR B (17 [ B i] N e, s, AT N IRFER ST A I ey, sye TE
=xy =0, xp > 01,

HEEALA R A11.357] %0
xg =B~ 'b.
B 113428 5 5 lixp Alxy 15> T AR, A3
BTA +sp =cz, (11.39)

NTA +sy =cy. (11.40)
BTxp >0, K3 11.385 %1sg =0, ALK 11.39, H:

BT). —=Cp,
FSITIEER
A =B T¢p. (11.41)
BAMRNK11.40, FIESsy 0T :
sy =cy —NTA =cy — (B~'N) . (11.42)

sy > 0, M3 B 2 BT ARG X 2 BT B KKTS 44, B A& 40 46 i) /3
11330/, [FII 2 0040 ) 8 11,280 ff. &), Hlsy & — M E R XN

U ILAR BONEIN R A FEBSZ B 4L 1Y (Degenerate), FATA T 21716, & T &% (8]
(pp.381)s



11.3 LR AL a) 8 liii

AR By, T LAE B 2 [ 8 xy 1 B, 2 AR B ST, 1 R, PR AR 23 i
HARR e x T FEe I, Lo BETHUE N X RGET BIxic xt GEExT
Fg MR N ). BT x;=0,j€ 4 \g, HIMA:

+ _ Byt +
Ax" =Bxp +agx,,

Hrha, AT HHqs]. K Bxg =Ax=Ax", f:

X5 =x5— B agx]. (11.43)
Rx T EHFRRELL A
' x" = cfxf +cx) = chxp— B agx) +cpx) (11.44)
f 11.41 0
B =AT;
B 11.42%1:

aqu =c,—54 gEN.

K B = ACA 11.447] 15

¢'x" = cpxp— p B ag) + o) (11.45)
= cpxp— A agx) +cux) (11.46)
= cpXp — (cq —5g)X, +cqX, (11.47)
= " X454, . (11.48)

WERBATIE s, <0, WA xT <clx, FibxTSxE M. Ft bk
TR UL — B3 K, B EIxpHh RN Iuzx, A2 k0, XHEL LS TIE A
PR FEN A TRES 75— AT Bz sE, AR
EGIE SRR %5 e Ik R E

BT =B\pUiq},

N =M \gU{p}.

bR ARy A VLB A O AE R A I B B AR FEBIN . 25 45 5 p Bl T i 4%
Fghl, ik Fefti s, <0, TpAE a3 K, Fhixp b i 6 i o 4 B%



liv 11 AT
HOMx, IR R pe - xp g (A0 W] 11,4379 3], RJL:

+

_ 1, A+
Xz =xp—B agx, .

Bt =B la,, BT IR AR = a, 5] FALBRIEAL i
SLAET (xf i = (x5 — doc) )y = O X REML 8, FEEG BN OK P A 75 3 i

3, Bp.
_ . (XB)k
p = argmin .
k k
FIREE N EAE FEB T S sidha,, FFIIAKT I la,. X —HRAE ARy
FRAE 2. Simplex 7 VAR UCGEAM — L TR AE, A5 R BRAE CRAIEHT 16 T s o
flte FELERER NI B, SimplexRUCRIEH 7y, — WAL LT BTG R a] $2 21 4
JR B A, RAE— SRR - B R BRI A T A, R — RA A
THOLT IR 2= AR R E 1.

11.3.3.2 =% (Interior-point)

FATTER IR BRI 1 T MR AR A B T A, 3K — T VR AR — 2 ]
PR AR. N A% (Interior-point) A& 75 —Fha F 2RI Sk, Al s ali
TEEANFER) R, N RENGTEE N 3 — SOF AR T4, ORI R S E
BIEE N ER, A H bR R EUE RN, W 1111 R.

Primal-Dual 5% & — i WL P sivdie B L, 2R PR R I J5t ) R RT %
B ) R AL Z AR 264, TG ke TEH BRI A2 AR UE X £ 57 R B i
A5 DL 2 A AR R MER.  Primal-Dual 5508 4k 17 B34 AL B KK T 4644
PR SR AR T 30, o SR 5 R KK S A4 FR) g ok [ S BT Ji i it 1) I A o

BEEARAR I AR ) A X 1133 PR AR TR «

min ¢’x sz. Ax=b,x>0, (11.49)
X

HAF N AKKTZ A= 11.34-11.38, EEUIF:

2 https://zh.wikipedia.org/wiki/ B 4f JE %
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Fig, 1L11 Wik mIIIRGITIR, RSN IER, BT H AR R S IUELZ R P 1K
RIEARS Zo7 s N S

ATA+s=c (11.50)
Ax=b (11.51)
x>0 (11.52)
$s>0 (11.53)
xis5i=0; i=1,2,...,n+m (11.54)

TEE LR (3 11.49) ) 48 1] BB
mfbe), st. ATA+s=¢5>0 (11.55)

HKKTH A AR ) O — R X MRS AT R B4R B — 413 2 FIRKK TS
PERIfR (x* A%, s%), &R O SR 1) B 11,490 H0 45 i) @ 11,550 fidk

FTKKTZA411.50 - 11.66 #E47 528, F530 11.50,11.51,11.66 & 30 T
=



Ivi 11 etk iri:

ATA +s—c
F(x,A,s) = Ax—b =0, (11.56)
XSe

Hrb: X =diag(x1,...,x,), S = diag(sy,...,sp), e = (1,1,...., )T JERKKTZHME
JR A 11.49 (BSOS 11.55) BIF8 5 2644, DR sy 2 sRAe Ak [l i 4k
AN 2 ISR A 1) R

F(x,A,s) =0 st x>0,5>0. (11.57)

TRRF (x,A,s) = OfR MR MR (75 WSz B AT #3 B i 5F A 2 B R A 24
W), LT EAEREZEET. ek s H k. X—J5kn]
M L1208 WA — ol Ef(x), AR f(x) = ORI fifEx*.  ZFHiZ A
F—WMExo IR R, WERk UOEARR R A x,  WHOZ AR D) 42 Sxdl i)
A RAE T U Xy 10 TERZVTZ RN f (x) FExg RUAL B2 (3 ) »
A

xf(xf) = —f'(w).

k+1 — Xk
EEAXF A TRRUFHONIEHR, o <xe WAxk=x —x L
AT 5 il

J () Axlk = — £ (x).

(x)

Fig. 11.12 —Juef E0 R BUER Ol REJGEAHLS () 78 24 1T A I 2 S 52 sl A B i)
Pt s

P IRBIZ TCRBUFOL, A BEER IR0

VF (x;)Ax|k = —F (xy),



11.3 A 2Rk ) 8 Lvii
Xi+1 = Xk —|—AX‘k

B ERXNATFR 1157, 775

Ax|k
VF (X, Ak,s¢) |AA|k | = —F (Xg, A, s¢)-
Aslk
RNF(x,A,8)1E11.56, A:
0 AT I| |Ax|k —(ATA +s—¢)
A0 0| |AAk|=| —(Ax—Db)
S 0 X| |As|k —(XSe)

Xt ERBAT SRR, 5B[Ax|k AL |k As|k]Z S5, BIATAS Bk 4+ 1 %0178 &
X1 Akt Sie1] = [Xi A si] + [Ax[k AA |k Ask].

AT T AR A BIEE R X > 0,5 > 0L, R I 75 W1 8 3 1 U
R 3] DUBIHIA N0, )2 B K B Fa 5281, H:

[Xk+1 lk+1 Sk+1] = [Xk Ai Sk] + Ot[AXlk Al|k AS|k}.

EiR SR8 A Primal-Dual 595 (A SR B, fESEPRSEELN, A 2 M 75 %1%
il — BRSPS, B0 8 AR (xe, A, s) X AR X > 0,5 > 0f 1
RIEE M e = X spe SR ARuB/DN, 2R T HUE RUBUIE VA XKL
gt TG BN D BAREER 2% (8] (pp.417)s

11.3.4 —Hr#.X]

ikl (Quadratic Programming, QP) & fLAL Hbr N Bk, 4R
RGN R B AAESS, & LUWTF

miny g(x) = %XTGX +x’c

(11.58)
st.alx=b;, i€&; alx>bjic.s.

Horp e SRR, FRAFLRE, MMM, —Frikl 2 —
AN TBr ik Gxe WATRE R, B FURIE 55 B AN B A G LR AR O,



Lviii 11 etk iri:
MGHNIEEFERERS, FE MR RIA Y, BT SEE RN 2,
TR FE RO R R, AR S LN A, X A
LML ) B B EEE X BATSE B — A2 1% 1)@ n] DL S A &
JE QP A S F

11.3.4.1 FRXAR

BATE e 8 LU R R S5 A A s oL, B

1
nMﬂ@:EHGHW%sL#X:miG& (11.59)
X

R A A B H AR R O -

L(x,A) = %XTGX—FXTC —A(Ax—Db).

% I R g IS A2 0 SR A
JdL

— =Gx+c—2A=0
ox

JdL

FRIEREER, 17:

G —-AT| |x —c
- . (11.60)
A 0 A b

FTLGER], WURARATHRN, HGRIEEN, 2 b xRyl
JETA R 11,590 4 R ME — iR L. WERGRFIEER (RIHEAHMEEH A EF
{5, WiZfg 2 R i WRG 24 Er RFIHETBAEFIEE, the
B, Wz R AR, FRARR R (Bl et — A #m0).

11.3.4.2 F"EAR

FHEH BT IANEL R KR H R QP
1158 B H H bR R E0N -

1
min-x"Gx+x"c— Y Ai(a/x—b). (11.61)
2 icsUS



11.3 LR AL a) 8 lix
Xt BRI A (x*, A * L35 AR KKT 464, Bl

Gx +c—Y Afa; =0 (11.62)
i

alx*=b;, i€& (11.63)

alxx>b;, i€/ (11.64)

AF>0, ies (11.65)

Af(alx* —b) =0, ic.7. (11.66)

ISR IRA 175 5Ex* AEAN L R B R 1 00, 2 R I s A LS L 3 A
E, TR L AR AL AE LY X DA ST 2 IR L RRR 3 49
R, WORLRHARME SR AR ESE (Active Set), LN (x*), R

A (x)={i€c EUI|alx* = b;}.
AT T 73 A KK T2 S a] S5 40 R

Gx"'+c—) Afa;=0 (11.67)
alx* =b;, i€ (x") (11.68)
alx* > b, i€\ (x") (11.69)
A >0, i€ SN (x) (11.70)

A LLIE B, RGE IEE K, W 22 11.67-11.70 Bx* =& = B #1 %1 1] 5
115914 R A fift. WRGARIEEN, WM ARG R BT
ZEGRIERIEN; EEEMTEIIE S5 AR 55 B AR T — 5.
BUREEL

WA anteoric. BEME, mRBATRENE — R gE, WA
Fe AN S LRI QP il AU A il A5 5sU LR A QP L, BT

1
minixTGx—kxTc st alx=b,ic .o (x").



Ix 11 A5k
W BRI E A Z AT HRATF A REF L E X — L4, FILT EiT
R, HAEPRRINERBR VI Z B AT REREOE S, BRTRE—EnE LR
AL E T KKT A IR (x5, A*), WHRAFAE, THZAE 0 A 4 R f
XFE B R TFEE 2N REIEEE, Hhm AL RN, BARBCR KR
i

WOREEER T — MRS R R ILE RIS, JFHILEEK R
MR WERRIOEARKT IR X, BOGE N BATE R 7 H 44
HOFq(x) AT S /Mbe IR BTR AL R Ap = x — xi, FFidgr = Gxi +¢, WD
RIBEAL H AR 0T 5 i

| 1
9(x) = q(xc+p) = X' Gx+'x = Sp" Gp+ 8P+ P, (11.71)
Soofp s S p K ) B
1
Pr = Ex,{ka—i—chk.

DAL g (x) FRIARAR o) R A A
rrgn%pTGp+g,€p st. alp=0 i€ . (11.72)

B A SR L R AQPI R, W) i AT — T A B A AR
FIQP I AL SRR T 134T DAl e BB ARALAT B B Apes Ty + pr 2R3
RS ETA S LR, (HARDE A AFL R Nk, aregg e —
N[0, 1T RUBE R 7 o b pr BEAT AP AC R 4, B

X1 = X + O Pr- (11.73)
JIE Xy T RANFL R, BK
a/ X =al x+oa pe>alx >b i ¢
LSt ECN
bi —al-Txk

T
a; Pi

WA T AN FE LR L B KB oy, £

C{k<

T
. . bi—a;x;
0y, = min(1, min .

(11.74)
g7 alpg



11.3 LR AL a) 8 Ixi

FEEWMRe <1, MR PEHZE T E DSR2 NN EATRAFEL R
%@%o%?m%ﬁ%ﬁ%,ﬂﬂmﬂﬁﬁﬁﬁﬁgﬁ%%%%é&Bﬁm
7t ﬁiéﬁﬁixiﬂiﬂﬁégg%fi BUE B /Do FIX — LW N A AE N T 300G £
o, A ’
: . . bi—al'x;
W1 = W U{j}, j=argmin———=%. (11.75)
i,al pr<0 a; Pk
BRI AR E AT, B Fpr = 0. UL IS E N, RNR, KR
(2T FHKKTZ A 11.67 £33

Y da=Gx+e. (11.76)

icW
TR FIRAME R UL s S 5 1L 720 AL 45 5, WA OB
PR SR, XTEALAL IR E11.61, W0 RAEANE LR 7 I 20 G ER S
Ko WAL >0, MK LR AR ZOR, %L A00 5 A I sx ]
BELLAE L A S L (0 R AT FARER Bl DRI, FRAIFE LKA < ORI
KRN h LB, BETHRY &L R iR ok T
B8 1 ok R A b — AT 3 (Y Simplex 7 v Rl VAR AR R L. SR
- Simplex 55 A2 WG H LI — AR, RO I 1) H A R R 2R,
HEAANERRERR T A E b, Bk 24 TS ERIEN AR

o



Ixii 11 etk iri:

1 Initialization: X, # = ./ (Xo);
2 for k:=1,2,... do
3 Solve problem 11.72 to get pg;
4 //get a reasonable solution assuming equal constraints
5 if p; = 0 then
6 W =W
7 X =Xy,
8 Compute Ai by Equation 11.76;
9 if4; >0 Vie#n.7 then
10 X" =X;
11 break;
12 end
13 else
14 J=argminjcy s A
15 W1 =i\ }
16 end
17 end
18 //adjust equal constrains
19 else
20 Compute o according to Equation 11.74;
21 Xi4+1 = Xk + 0Pk
22 if o < 1 then
23 //add new constraint into the active set according to 11.75
24 Wieer = W U4}, j=argminry, b,-;iTal;Tka;
25 end
26 else
27 Wi = Wi
28 end
29 end
30 end

Algorithm 2: B EE5 1%



11.3 LR AL a) 8 Ixiii
AR EE
FELRYE TR o) R AT S Y k. P RURIE T AR AR A UR AR

WIFBEAT /N REE ST, RN GRAE R BT R L Ak A X —THEIRE ST
JERIQP I . NEREIL, S AL AR LA S0 T

min %XTGX—FXTC s.t. Ax>Db, (11.77)
HKKTHAMN:
Gx+c—ATA =0 (11.78)
Ax—b>0 (11.79)
(Ax—b)iA; =0, i=12,..m (11.80)
A>0. (11.81)

B 1179 A, WA AR IR EE > R % U A
LR — DAL

Gx+c—ATA =0 (11.82)
Ax—b—E=0 (11.83)
EA=0, i=12,..m (11.84)
(E,A)>0 (11.85)

WRGRIEEMN, WiE FRKKTHAF IR (x*, w*, A*) 2 A2 1) 81186/ M
— AR AR B LIRS B TR

Gx—ATE +¢
F(x,6A)=| Ax—&—-b | =0s1. (§,A)>0, (11.86)

EAe

HHE =diag(&,&,....En), A =diag(A1, A, ... Am) e = [1,1,...,1]T.

W REIE I IE AR 11.86H 1 (x, &, A ) FFORIESE— B K il 2 (§,4) >
0. FILPERRI PSRN, FRATAT AR it BT R BURAUGEANI AR
BIUE N (%, &, Ak), RABIEG IR KR



Ixiv 11 etk iri:

Ax|k
VF(kaélﬁa'k) A§|k = _F(Xk,§k7).,k)-
Al|k
RAF(xEAIRAETLR, 71
G0 —A”| [axlk] [-(Gx—ATA +¢)
A1 0 ||aEk] =] —(Ax—& D)
04 E | |AdKk _(AZe)

fift L3RI FEAAE B (Ax|k, AE |k, AA k), BIRTHH5k + 10 Z0 (A8 Al a0 R

i1 Exrt it = [Xe & Ak] + ox[Ax|k A& |k AAK],
Horrog N R BN AR (Er 1, Ar 1) > OFTELHI DK,

11.3.5 —fx 3k & MR

X — M AR 2P 20 SRR I R, — Sl R 240 R Il A 4K Dk T 24 o )
TR JCL SR 0] BRI R AR 7 V2R R e e 59— Fh i @ — M AR R My 200
HeAb 17 853 i R — 2 B R AR W, A SR R A A — AN A G 7 B
FRILP i) 3 5L QP 7]

11.3.5.1 fEFE

K 240 SR LA A RS 40 SR T L) Al 3 9 A A g 2 36 2 R B AL Bl R )
W R LRI RGN E) H AR R Hrh, TR 20 RAE 55 e (b sRE 20 R
5%, BT LT AAT 55 10 H AR B 20 BBl OR B i, A2 A0OZHT
5, A L ARAE 55

BAAESS T -

min f(x) s.t.¢;(x) =0,i € &; ¢i(x) >0,i€ S (11.87)
Xf L RA% B H H BRSO -

L(x,A)=f(x) = Y Aici(x) = ¥ Aici(x) s1. 4;>0i€.s. (11.88)
€& i€y



11.3 LR AL a) 8 Ixv

AR5 T LR S AFAE N IS UM 2 H AR e 5 f (x) 5 AR £ AT 55 5%
W TCLI AT 55 -

min f(x) + = ch 2 = Z ci(x (11.89)
zeéa zeﬂ

HAp RN R, (a(x)*RFRARIBERE, [¢(x)]” =max(0, —¢;(x))#&
AR LTI I

RS W, Wl RS R AR AR TR, B WRAES511.895 IR HiAE
F1L8THAEET: Mu — ooltf, ZF BRI LI RAE S AN L R AT
%, WIRSFHATLLRATS LM &M%, KT T34 RAT
F R M. AESEPRICELI, @ I —ANEUNI BT TG 2 R ]
11.89 SKITRAE, AU RMEIE Jyke s, 3G R B SR AgRT —4e L0 I .
AT, BRIk,

2 1189 F A% 0 W2 —Fr JYE, PRtk b3l 77 VA RR Dy — e 4% 50 U7
(Quadratic Penalty Method). 5 —Ff i FH A& 51 & —Friiye, Bl

min f(x) + 4 Y [ei(x)[+u Y [ei(x)] 7, (11.90)
€& i€y

HruREN R % ATPAEH, Hu s kr CEARY, KT KRR H
FeF), JRMNLIHR NS 11.87HIfF 2 i) 8 11.9089f# UERA AT L [8], Theorem
17.3).

11.3.5.2 I REEBARGE: FXYR

LU FRAE RS, B R G R H AR R BT A AR B x AR TR AN
SEA R PRI RS H B B & S RGO, HARAESS

min f(x) s.t.ci(x)=0, i€é&
HAr % I H H bRk HO0N:
L(x,A) = f(x) = }_ Aici(x)

€&

XHZAE S5 HIIE T B F 1 (1 H AR R 2L

O(x; 1) X)+ 5 ZHCI ||2

t€c§°



Ixvi 11 i
Hpp R G528 x5 BT BRIk, v BIIE# c; (%) FR G0 i 25 % A
ci(X)~—-A/u Vieé.

XL O (x; ) ANV AT A8 A R TG vk AR ) RSk AF. an R AT AR T — Ff oty
DT H bR R, A RRont £ SR i S R FE T /N, T A i T A 55 ) 7
(UEUN) 13 28T 45 R

W RiAG B H 7775 (Augmented Lagrangian Method) B[ Z&IXFh 7k, 18
bR RS B EH BR R AL (x, A) AL R BB03E AT B A5 0, AT A4 3 AR SE AT
BLIR A BT Rk B H J70E ) B AR R BOE R

La(x;A, 1) = £(x) = ¥ Aiei(x) “ZHC, . (11.91)

€& :eé’

AP &SI BEAR R Q(x; )M, La(xA, ) N T — NI i 0 Aici(X)o
IR — T H b o #8255 [ T AE M hoag B H HFRL(x,A) B 17—

TS FRERRE, XBEMAL—NSE, AR A RIFER AR A1)
i, LA (A, w) FEA XA Bk B H B AR B &5, i xdiz B AR 1)
— AN Bk ER ) B AR

MO u)FHEL, La (x4, p) PTR ORI/ e; (R) IR SRR . B — A,

31191 FIAAER TR T2 A2 -

VLA(%:A, 1) = V(%) = )[4 — pei(X)]Vei(X) = 0. (11.92)
€&

I, PR RoAs B H HARL(x, A ) AT AL, A

VL(x*,A*) = =Y AVei(x') =o. (11.93)
€&

Feie st 11.928150 11.93, WTAIWERASALFAH W T KR
Ai—pc(R)=A" Vie& (11.94)

VUGS La (% A, ) DEACAS 15 21 = B doe DU A AP X 240 SR (3 S R P

»*—)L,') Vieé&.

1

Q=1
ci(®) == (4
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PR, REASAEWHIL, (X)W LRKERERBEET%, ALK
Wi E. Pk, AR EARNR AT WA S . 2R, tHHAEAR S
(BN EEARALx,AY) BIAT520x). 3 11.9445 F AR AL T — Pk A7

A= 2K — pci(%) Vie &, (11.95)

RS EAREA T A X — R AREEF NI Rk B H 77 (Augmented
Lagrangian Method). 5037 3% AL & 25 s A8 T i B H SVE R 7.

1 Initialization: o > 0;A°;

2 for k:=1,2,... do

3 | Solve % by ming L (x; A%, )
4 if Converged(X;) then

5 ‘ Return X;;

6 end

7 else

8 AR = K — e(%);
9 Set M1 = M

10 end

11 end

Algorithm 3: G5 %5 LT Rtk B H 5.

11.3.5.3 I REEBHEGE: FFAR
B RAE BA H 7R ERE T T ARSELR, WHAR ST

min f(x) s.t. ¢;(x) >0,i €., (11.96)
XF LR RiA% B H H bR RO -

L(x,A) = f(x) = Y Aici(x) s.z. 2 >0. (11.97)
i€y
R RE S Rk B H B AR g, R EA R 2 AR JATEIME
VAR SIEHbRR S, —FhoriE @ e X R H AR k4

F(x) = max {f(x) - Z lici(x)}.

A>0 i€y



Ixviii 11 A7
HOHRAE, MxibTAEEE, BFx) =f(x), SUEF(x)=w Kk, HFE
XF(x) 347 B /b, BRI 21 f(x) R L R KA N s AL . (BF (x) A &S
B, RMAE G IERR . —FhorE X X — R Bu TP, 5IA—A
XA B TEAR, AHESEXA M AL R R AR . HAAR R -

£ i) — _ ey L k2
F(X)—glgg{f(X) ¥ k) - 5 X A } (11.98)
B, AR =A%, WA EERAAE R, BN ATEEA, il 2 T N
WETAY, X IESES) R B H i s A 8 %, Fse b s A A& 7T
PLEFZME R, SRI0T:

(11.99)
Ak —pei(x)  otherwise

i {0 if —ai(x)+ Ak u <o

HAMT = A, BT RIGA ORI, sk, FRATR B Roks B H oy
RAEAZFL R R, WEE 4R,

1 Initialization: o > 0;A°;

2 for k:=1,2,... do

3 Solve %; by ming £ (x, A%, 1;);

if Converged(X;) then
‘ Return Xy;

end

Set A1 by Eq.11.99;

4
5
6
7 else
8
9 Set My > W

10 end

11 end

Algorithm 4: 6,5 ASEL WG s B H 5%k,



11.3 LR AL a) 8 Ixix

11.3.5.4 SQP

B — B Rkl (Sequential Quadratic Programming) & 32814 £ 3R [ #5 1)
TR, HEA B GR X RS B H B AR R EGEAT R e, I
XY AU RSB — B, EH T AR S R e DI (B AR S PR R A% B H 3R 1A g

NTEAEAI, WIRMEEXL AT IR0 Bk T

min f(x) s.z. ¢(x) =0, (11.100)
HAr ks B H B bR ECH:
L(x,A) = f(x) —ATe(x). (11.101)

Xt EARBEATIAL, PUALH (x, A ) R AL «

F(x,A) = (11.102)

Vix)—AX)TA| 0
c(x) o
HAAX) = [Ver(X) ... Ve ()| ATELIR R, X b xQnT 4=k R fig.
VAT N (x, Ak), HiCAr = A(xp), L = L(xk,Ar), NI

V2L, —AT
Ay 0

AX
AL

—Vf(xx) + AL Ay

—C(Xk).

(11.103)

AIAIE R, W SRAGRAT AR, ELV2L(x, A)1E R 1 2644 i U0 28 7 1) 2 IF 5
B, M2 111036 1. HBRIAXAANG, BIATLEHA B i H V2L AIA L.
PRSI T W VE, TMZTERET EE R, itk B A
HAL FREXL(xA) AT ZFrin R A R N REIE A BX — a8, FRAT
FEL(x, A)TE (g, A ) SO B aim AL, 55 B il 25 A e (x) 7Exg AR — B iz fLL:
L(p) ~ Ly +p' VL + %pTVZLkp

c(p) = ¢k +Arp
JEARAL IR AL N R QP IR /3«

. 1
rrgnL(xk +p,A) ~ Ly +p VL + EpTszkp st. Agp+c=0.

VAL SE IE SRR, b IR QPR A ME— A (i, L), I a2 Bk B H A
To XX R KKT A



Ixx 11 etk iri:

V2Lpi+ VL — AT e, =0
Awp+c=0
HTAp+ce =0, VLIp=VfIp, FHItH:
V2Lipi+Vii— Al =0.
¥ B UE PR

V2L, —AT
Ay 0

=V f(x)
—e(x0)A

(11.104)

Pk
£y
FNZC11. 103 A% bL AT

—ATAL —AA, = Al 4,

A
Zk = )-k +AA = A’k—}—l

EH U AT R T AR Ak A9 B B R A X 11,1035 52 B AT GTL(x, A ) T 24 1
i (Xge, Ao ) ORI ZRATABL, - I 5% 249 T e (x) il — B AL A 3] 1) 485 SR 2 — B30
Hik, AR LIS 265 S5 LA R I SQPALE,  IndEik 5.

1 Initialization: ;A ¢;

2 for k:=1,2,... do

3 Compute f,V fi, V2Le,cx, Ar;

4 Compute (pg,£x) by solving 11.104;

5 Xi+1 = Xg + Pk

6 | Ari=4

7 end

Algorithm 5: % %5 L4 RSQPHZ:.
R R A B H B B R O 2 A B B B AL SR B
X By R E SR — AL, RIAT A AE B ARl — 7 ep s 1 0 v AR
fifto X — RLEE AT LA B A TR SQPY & B0 Z AR S LA RGOl WA IR
L AEARAL ) R -

min f(x) s.t. ¢;(x) =0,i € &;ci(x) > 0,i € L.



11.4 AZE/NGE Ixxi

xf BRI W H H AR R —Bria e, o S el A

minp L(x¢ +P,Ax) ~ Ly +p’ VL + %pTVZLkp
sit. Aci(xg)Tp+ci(xk) =0,i € &; (11.105)
AC[(Xk)Tp+C,'(Xk) >0,ie /.

R AR LA B AL 1) R, AT DR AT AT — A R A
PR ME, 1B B p L, BRI AT X FIA e BRI, R SRR
R Y BRI AFARMEN, RFEHET R 1110588 QPSS it
5 (pro i)

EAF VLA R, SQPH & — NS THAESY, 7E SE b SE Il 75 2255 i
PP, R AISQPEE TR 3 — B A1 B AL, E A5 B 1 SR S A AR 4
TEA . BRI A AL 2R AR MR R (S ATIREE 7 VAR R IR SR R AR 1 &
HEVE, 0] RE T UK R AT L0 R S A i AR R, DA R R A

AES 8

11.4 AR/

FENLES 7 20, 4R Z BB H bR s EER T 2%, e X 2 H bR ek
AT A UL S R I S 0e — DN EHERE. AT 7L ST
JURRAL 7. SRR UL, X SR A ] 20 R TC L AR AR 2) AR A TR
Bl XTIEARRA IR, — A AL SRS 48 RO B (S 1L
I E R B —DNEHMI T H, BT R, EEE e E
—MEFEE, EX SN RS ITLRE, I 1% A ek gk
ITHRA. X PR SRENE S Sl EAEE T A — RS X R e O AT — e i
8L, FrE T BRI R R, MORMWSGDTE, FEET BiR
RER R RE R, MK IINewton 7k, ML AR TEINRE#, Hil
HaEE . MU FIEEE, WBFGS, SRIZH—ME B AR s R,
BTG, EEBRMBERAATES. BRI 2 LA RRAAT 5 1%
Lo

YT LRSS, Pk B H VL2 A BiE % L. X — AR A
R PR AR S5 AL A R AR S5 T REEELL WS, i
K BA H T 75 nT A LI RAT 55 52 R F AT A RAT 55 W TS ANFEL R
HIAESS, Bk B H e iR KR 2 A XA B AR AR EE. N T A b
EX—ZIR, MREREERE (Active Set) LM &SiE (Interior) WFH T



Ixxii 11 etk iri:

e WORBIERIEAFLRBORLIR, W ELY AR E 15 X AT AL
W REMRRLRS W H H AR R BKK T, 8 IA B I KK TR 55 2%
HIFIS, PRAEANSFLIRAS 2 2. ORI P f32550 T — B I E 55 /0 —
BRI S5 #A T RS T VR T — el A R A AR R %%, AT LAAE
Xf H AR B BT A IR SR 2R A ST 0T, R IN RIS I, A
W RLVRIESR . AR SRR R T BRI RE /), 7 BRG] b
BN AR B H o700, RIHE ) hids B H 777 (Augmented Lagrangian)o
Xof — R L RAT S5 AT AR AL IR 5 — Pl BB S X B b o B80FN 200 S 2% A AT R 3
— B E AL, AT AT i R B i R e 8 e Rk oK R A AL
fitto TR ME, FIBWHEILT R a L. SR B AN SQPELE.

AR BB I T2 R AR Z A THE A B — 82, (HERATARLE
X 22 AT AR FRATOARAL 1) A WIS, XA R A SR B B AR
Bl THPPEIG. S b, HLas s ST 70 S 00 H0 S PR AT 55 1) BRSO
EREH TR R . EFEEAY, BUERE RO &M
TARHEIRAWIIL, WHIRZ AR AL, Hlass: ST FERZ S e X
SEREA 1 R AN PR 7 8 A

11.5 HXZEIE

o KREA KI5 N AR S T Jorge Nocedal fl1Stephen J. Wright H1ZE/E {Numerical
optimization) [8]-

o LTHEAIMRA T EH RN B ] 2% (5, 1, 3].

o KT AR ] AT 2 EBoyd ¥ A\ 1) 3% 1 (Convex optimization) [4].
Boydi& #2441 A B fMatlabit HALCVX [6].

e Nesterovi AN20134E 12 /E (Introductory lectures on convex optimization: A
basic course) [7]1H72 5 > AR AL AN B B 8

o KTAIWMAL, W2 % Bertsekas20144E 1 1 (Constrained optimization
and Lagrange multiplier methods) [2].
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