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Chapter 11
MR =E

WATELNH T B APLE IR, KRR T A FFRE, Bt T
AFERIBAE S, PR EA R KNI %, X% 7RI R &
B S E KT TR SR, R RBRA S, BRI AT SR A G A
A g, IR R SR AR SR M S, AR I 2R ik
A B R AR ). B R AR 2 A e BB AR AR, 0 1L H A el B
JER GBI BN SH AT DR IZ LY ITERAT R, M AcEl—
S]] T AR B AT S i XA AT DA ERATX B A
FEURANRIELAE, 38T U AN RS AR AS00s U EIAIE,  ANTAT A5 21 5 A e it H B i Ak
IR TT i

JEE, SR EATRT DLR R ) 25 H AR TE A — AN S EL ) H xR
Hf(x), HoxRA b G S8 R F R, MR ) 2 il RE#R AT I 45
RS f(x) IR 1) AR AR ) BAA T AN TR, 3R — DA il R AT e 1 2 1,
WY HE R L TTRERR LR, WA R AR, ATRER M, ]
REARAEN . fE58 2?2m AT C e A 2] BEASE ST BRI
SEITIE LI f(x) LA, SRT, IR EEIE T RAE ML T IR R, st
TAELRAIE, R BEAE NN B2 5 25 7k, el e SR rp 7 A B AL
I, BEER R AR E, XMONEE A R SRR, f(x)R2
BEELFL B, X TR U T EE A AR AR LM T
PR AT, REEFELPAE R A LS SR 5 oM . (EAA0
WA, BATRT R R L SR A i TR A m] (R & 2 2 0 7 3 B
M, DI ERAS R 255 /RO AL Anss ok, BRI L
JTIEMEEA SR GO XSS, X B A A 52 G

XXVil



XXviii 11 etk iri:

11.1 REL
11.1.1 A=A = 3L

MECEAI AR, DU AR 2 — € PR ZEPF VAT SR T, X H bR ek
HOR M/ ME B B R RS AR 327 (x) 9 AR (FRAALZE pE b i b 4L
0L, XWRILE ) s W IRESS ), AR AR O
RIALES A SRS R BB S KD, WAL i BT AR st R

min f(x)

XER"
C,’(X) =0, ied&
C,’(X)ZO, leja
Her, {ci(x) = 0;i € EPRFERLHFM, {ci(x) >0,i € IPRANFLFKA
EMI 5 R FE XL REMA LR R, LB LR — ARtk
e, LR BT LN A RS = .7 = 0r45Hl
A=A e HARBR BRI, ¥

F(x) =min(x; —2)2 + (x2 — 1)2

X1,X2
X fx% >0
—X1—Xx2 > 2,

AL RN 111 fo, Hep AN A IRAL F A kx A dme I A

11.1.2 AL &5 £

R f (x) PR AT L) A A KR s FRATTAT DURE LA AR 55 13 820 9 n L
K
o EHURMANESALA. MR f(x) P A B HUE R B — LA =,
MRAZAMAESS AL i Rexm] DLAE — S XIS N S IUE, AR IZAE
55 ESAUAL. BT A AR 3 ) U S 1 4R B ORI 2 7 A A S A
FEs DRI R KA R SR . RS f (x) B LA, e 2 B



11.1 pREAk XXiX

X

_ contours of f
feasible

region

§ *i

Fig. 11.1 — AN 2 B R AL I 8. £(x) :i?ig(xl —2)2 4+ (x2 — )2 RAF AL R 5L,
HEEEN—HFEOR: ¢ :x—x3 >0y —xy —xp > 2 RFHDAELHR. EPHHAMKX
R X PIAN LY R I AR VE X e T, xR A2 A 2 R LA (x) B IMEL TR SR ARG
fitto LR SRIET (81

FERH 245 S, — Mol B R F AR KEOTIRESM LD
B, NBEFIBRABARUESETX—%

o LAWMAATT LR WIHTHTIR, RAATS P RA LR %A, K
NELRMA, EMFNGL RS XHFRAAT S G RRBER, — &
R AFRA A B 2 AR A S AR S B A O A R AR, BTG AR
RACTTVERAT K. ARFE B RITIRTRLIRMAL IR, S8 )5 e A BB )
WARMMA TV — BRI (Linear Programming) F1 %] (Quadratic
Programming), #x /54 & 2| — My 2 LAY, v .

o ZRRAFIE A, AR TRIR B fF(x) 4 R, XIELKZ
OO N RARMESCILR) . 32 AL 2 SIS I B AR R 8 f (x)— A
ZAWAE L, B SRR S, AR A A AR R B 4 R B A AR

BRI, 48R 2 H A ROGTE R . ABERMNEZITHEEBHBAUE
P

o MARALFIAEN A, W £ (x) R —ARAE AT, AR F(x) it R B (HAk
B 2 B KB IE 2 /MBI REE T RR 280, X 1™ bR H R 4K 10] RERR Ay
MG, BRI EUR A — AR A, DRI R R R
R 4 R fd. RZEATS T f(x)ZIEME, Rk ikl
FER . ARTT,  FRATLE T DASE 22 i A (14 4R350 P R 21— A 1™ bR o (x) >R U



XXX 11 etk iri:

TEZ AL £(x), TR Mt 7 iR . X2 1R 2 s B AL 7 VR 2
KB, WSGD, Newton, Quasi-Newton, SQP%%,

ZRERTIR, TATHIIT IS YO ELE IR fEIE L. AR, R ES AR AL AT
%Ko TEANFENTEARS, AT R R HARRBEAEEN T, Hixe S5
B FEAIR, BAVREAATSS 2 T (x) I EERER IME. XK &6 i
KAEWAATSS, mliE G H bR R B A A% A0 R J= 30 s IME R4
1155, B

min £(x) = max{—(x)}.

11.1.3 # ehz 2

PATE SN B LA R BARAAE 55 h 22 HI B Sk e 2. T kg P
AVE SR A A S A R At 3 26 5 B R IE ) W] A A — ARG 23 2
BHS AR 9],

FHEIR B S(x)RR" - R WSl A, xo € R 3L5E SUSE f4E
B, AT € (0, 1) Rt

f(x0+p) = f(x0) +p" V(X0 +1p) (11.1)
1

V/(x0+p) = V/(x0) + | V2f(x0+1p)pds (112)

Flx0+0) = fx0) + VF(0) D+ 30! V2o bl (113)

HAVf(xi) =V flx, € R f(X)TEXSIBREE, V2 f(x0) = V2 [y, € RV f(X)TEX AT
fJHessian%H F%.

—M LM R AR BB (x) TE X R IS AR 38 A — I S T, R
XS SR AR AR ) b BEAE ARV £ (x*) = 0.

“MRBEME 0 E H bR B (x)FEX I AN P I SR T A, A

AX SR IMERI TR U BV (x*) = 0HV2 f(x*) 2 1EE K.



11.2 LR A R XXX1
11.2 KRB

T RARA ) AN FE LI AT, R f (x)BEAT TE PR B A X K2 sk
Pricl @, X — A2 A U, DR DR 7 B R AR AR 4
JE — N HIBEfEXo, SR JE B I AR B — N R T X, X0, IR T R R A K
W IE AL 43 WS 4 %R (Line Search) A1 E F A4k (Trust
Region). LM RE e —NEHMM R W, HETZTMERRL
fifes BASARAL E SR BT — AN R IR AL R Kom(x), 512 R BOLE 1 T AR 0 A
I (FONBEAEED WU RIRS R RLf (x).  Km(x) 1% B AN AL
figp R4 2 8 f (x) SE AR A Ao

11.2.1 &H¥ %

FELANEIE R, BT, B X € — N7 Flpe, 1S H AR R BRI
AT BN R, RJRERATT A TR, BES Ko, 15
Hpi 77 1L I oy JE A3 BB AL f (Xky 1) < f(xp)e ERMEE R AE LR T
N AT

Xi+1 = Xg + O%Pr- (11.4)

11.2.1.1 #E T

FRE N F#i% (Gradient Descend, GD) & # 5., /&N &) 1z 4
PR, KR E B — B A mT A

F(Xi1) = f£(x0) = f(x+ oupr) — f(Xk) ~ oup V fi

HApBATEVf(x) 85 firo B EXATI, £V s, —ANE
Moy, = Wpp 5V fil A7 R H bR & AU R B K. X — 25 R B 5 T %
P EEAL. EX—TVEY, T SRHE f(x)E 2R Rixg BORREE,  FEIAREE T )
HWRRIMND Koy, FFREIALMEEH Nx + apro

R R T T, TN P K 7 A 2T S (xp + ogpr)»
BB % H bR R BUR D Moy o ke IX R R — S LE B, R 4
R 7>GDHEAIEM 2 N2 — oy I ] B 1K) 77 k2 B ik — MBS AR



XXXii 11 75
A RRE (Mo = 1/k), A RYIEFEBRHID K UINRAL ZE S, 2
4 2R WSO U N A8 K DL e R A AR BT UK og BN — B E, H
B F (kg + i) > f(xe)e XK R A A TR IR G,
T g AT AT BLERIKSE R,

ESBRAE T, X TSR AR, T bR I R
Gyo — RO IAX B EEMAL AT, W EAG B0 J5 (0248 H AR s AT B0 5
R AL AnE 11200, BEp SV i hse A [l A, fkpy /7 1A i 2k P 2K
SRAT LLREA H A e B B

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. (11.5)
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 (11.6)
L FRATIAS B Atk g aEAR A =R R

X1 =X+ Pk =X — (V) "'V (11.7)
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
VEMEG,  ARMEAR 2 TR R R R FE U7 ) _EAR R A TP O T AR
— i, BAMER K Hessian i FEV2 fi @ 0 A 1R, QI £(x) 765 — Babr 77 i il 22
ELi R, WIV2 fioAr te BT 12 Ba b i 05 e R BUE R R k2, WRER—
JA& o 2l 77 1 ) B R LGRS, WUIV2 fy m St IR T2 A o Bl P 6T 7 G 2R UL e
B 1L 7R 50, i — R bRl 77 1) 1 B8 30 Ky Hessian i B Ao A BN F 6 & 11
F%. Bk, e m i, EEP K BN, AT S A = A
HREPEKERSFENES: Kk, WREFE—TTRMZELE, WEET
MK BB, AT ke S e AR #2277 1) BR2E K /N S B0 B8 B 5218
ERME, ERAEERESERER A T HARRE ZpiE . Mix—
IR ZEARRE, FHAR 117 BERRGHMATT. S5, RV 2T
WH, m(p) 5 f(xx+p) FHRZAZO(||p]?), B I Zp s L e /NG 38
AERFERN. A, BTARX 1LedpEEEFE RN, FHFARKRIEE M
AR, TS L, pMBLLEOR, MFBUE TR~ A R R RE. Al
IEIX — iR ZE AR AL, v DA pidA71E 4875, wfEp Laebl— NI
AT oo

11.2.1.3 &L

PEWRRNCSCE R, W EH BN E A, FEAR 2 SERR N A B AL
Jiike X—ITERRBAET R T f(x)B 5, BlHessianfi [V i SR
T, T — R R 2 BUE S R AR R AR AR, N 7 0 FH =k &



XXX1V 11 etk iri:

B [FIR R TR, BEAE AR TR 2 7 voRiIE U HessianfE fE, X
LTy AR AR (Quasi-Newtown ).
R 22 )y 5 B ] 0

1
V(1) =V (X +pi) = V(%) +V2f(Xk)Pk+/0 [V2 £ (xi+1p) — V2 £ (xi) | pedt,

Hrp:
1
152t 192 = V2 ) pad = o il 1)
A
V fir1 = Vi + V2 fipe+o([[xl[1),
ki SIECE

V2 fipk & Vf (Xes1) — VF(Xe),

RV fix i f (x) i Hessianfi %, 10 AH. 33 BH, 5 [0 5 76 R FE 1)
EHEHEKRR. Htlh, RATEERB]—DH IR PR B, L RA R B
RIFEI R R

Hipi ~ Biy1pr = Vi

Hr
Pr =Xip1 —Xk; Yk = Viir1 — Vi

— R, A TH TR B 2 IR e R B A X BRI
UAH A 5 2 AR . 5341, 18 H AR B — B IRB i, AR A
Y Hessian%E FEAEAH &R I JGEA T 2R B A K.

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

(¥ — Bipe) (yx — Bipi)”

(Y& — Bipi) " pr '
7y — P2 4 10 B T 5 VA AR ABFGS BE BT, L VU AL K B 1 44 % (Broyden,
Fletcher, Goldfarb, and Shanno) ¥ %4, 7EiX—F HH L+, By — B
1, HREWIUEBEIEE K, RIAERIE AT B AR 2 IE € . BFGSHHE H A
EAWk

By =B+




11.2 L RRAL 1a) 8 XXXV

Bipip! Bi  yiyi
piBipe  Yip

A8 ZSRIEBFGS, 18 2H, 1T B 5, B Ak A4 vk 453 2 a0~ 4
el S IEAR A 5

By =By —

Xir1 = Xe — B f(xe).

bR AR A X F S BB AFB. 18V, = B, A LU
HSRIFBFGS HIEMRAXRE I H Ve TSR, ViR AR

(P — Viye) (P — Viye) "

Vie1 =V +
" (P — Viyi) Ty

*FFBFGS, V,HE#HAIT:

Vii1 = (- pepiys ) V(X — pryapi ) + PkPiP;

Horr:
1

11.2.1.4 H4EHREE

JLHEREE T, (Conjugate Gradient) ] HH KRR 2t 77 F22HAX = b T
EMLEERS, H REUEMEA € RV ZXTFRIERE M. B4R, R ZLMET
FELLI ] BN TSR AN o™y 2R B e/ M )

1
m(x) = EXTAxbex. (11.8)

X TAER N BFRREf (x), fEx B~ ZFraz

1
mi(p) = f(x¢) +p’ Vi + EPTHkll

EFANE 18 HAMFEIE, Bt liE i Rt FE Hp = —V £i 15 2lp IR
MEARAE Npre T FEFEHORE LV T T AL 1) A R 2 A S 2L

ARtk PLRIETT FEAx = bIT R IRHERE . BxAIR R, BLE
Toid i T TR SR E SR EHOR . LB T Feik it 1 MR
2, MxodTh, BUOERER— MR TT 1dy, %77 115 A 24 i



XXXVi 11 etk iri:
07 M B W R HEREOC R

d/Ad; =0, j<k.

Hig b, JHE RG] LIRS EIAx = b, Hrhn ARSI E; Sibr
SCHUR, AR JUECIE A S ok vT DL PR AF (W 45 R, BB B Rk i 4y it 4
wg .

1 Input: A b;

2 Initialization: x) = 0;rg =Db
3 for k:=1to N do
4 if k==1 then

5 ‘ d;, =rop;
6 end
7 else
vl re
8 di =1 +51""d;_q;
‘ k= Tk 1+r]{72rk72 k-1
9 end
10 oy = rzflrkil'

dTAd; >

11 X = Xg_1 + o dy;
12 Iy = rp_ — O Ady;
13 if ||r¢|| < O then
14 ‘ Break;

15 end

16 end
17 Output: X;
Algorithm 1: XF £k 7 FEAx = bR AR FLHURE L 5%, Hhdi S5kl 1)
WRITI, nNBOPIIRTE, o ek B, xi NSk BAFEIHI A%
bR LB BV S TR AU AL AL ] AU A — AN R AR, BIFE T B
BV HIP K AER, BARE S A EIERRA , HESL E AR IR AEA.
T () RIALT 5, ATESE XN AR HE SR A% fUHessian 1 %, {HAd Al
A LGE AR, RIACR B 1 50T 4. BARE AR AR A Al A4
WL R A TR ARESICEEE, BT 2T S Hessianf [, #fy w] S A T
RZ RHBL R P 11.3E0 R T SEHERS ik 5 AR e AR B T BRI R R R A,
A L BISEHERS 212 A S 7 B st ot
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Fig. 11.3 JLHUBEREVE SHEBE T RN RISAR LLRL. 2L AT bR RS T Pk (48 28 %
2, MELNILHERE A RIRAT. T LU BISLHERE Rk T SR A RO R

11.2.2 B3840

TG R B BT AR AL ) R 55— R 5 EAR A, AR T
WL SR E T AR 1 N B AR XA f (xi + p) R R A AT R
B8 Blmy (p) AL Bhe  EAF A E S5, XTI ABL R Koy (p) FEIZIRA BEATILAL, HIAS
ML LR R E LA, 2T T

p*(A) = argmin my(p) s.t. [|p|| <A,
p

HAANBFEEREAE, p*(A) AR NAR) EAE 5N I LR Homy (p) KL AL
figt
U S35 1 [V P T3 ) ik P U DNESE /S

mp(p) = f(x¢) +p" Vi, (11.9)
R AL, A U AL RR HL
1
mi(p) = [ (%) + 'V fi+ 50" Bep. (11.10)

HAB AL f(x) fExi A Hessian kB R IT AL



XXXViii 11 A5
11.2.2.1 Dogleg® %

B A () 140 TE 240 BRAR Ak 1 R0 A PR 8L 583 Kiomy (p) FY 5 240 SR AR
AR, 3% — 5 2 T AT P 5 R R, 43 30 1 et fp™ (A) 7 B A5 4
LRANDESE R H R IR & — I Abhm (p) =35 Atk (p) 3 i
AREL p*(A) I AR o 2

f(xi+p) ~m(p) = f(x¢) +p" Vi
f(xc+p) ~mi(p) = f(x¢)+p" Vi + %PTBkIL
B NTEX, S f (x) B A Hessian i B

—Mr i =

T B, SRR A, g = gy R fEm(p) TR
I, DRI BRAR A 1] S B P ™ (A) FE@ T E R B2k b, HoRg 5| |p|| =
ARIZE M. XTGP (A) BB AR KRB Ee N EL, Wp(A) =
—Ag. (HAFEEHE, WA MAB BN, m) (p)% f(x+ p) I AUA L,
X AR — B LHI AL Sp* (A) R 24 BN A R i B 5 £ () e
WAL FS

FoATAT LR £ (x) g7 1 10 B5e /N7 LR, SR Vg e 4 2 e 3o 3
—fLE, —BIE LR B! (p) H TR AR BT (x). X R A 2 B i X —
B, fx) EH LT Tim) () 4k F . B3R f(x) gyl bR/ ME
RISy, AR £(x) B9 B folm? (p) R 3% — B M BSE AUUE, B
Kom? (p)TEg)T RN ME &5, BRI I F 2% &

2
(04
min f(x) ~ minn (og) = min{ fi + og’ g + —-g' Big},

EESS SUNEN=P VA waR
__g'g
g'Bg’

H1 A5 2 fEg )7 1A b f (x) B B IME RN »

imxk—’—pl]a

F



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 () {pU+(t—1)(pP—pY) 1<T<2

p? t>2.

b S TR 2 AT AT T E LA S B Bl ey T B R P Kad) T
Bl i BERAT I, B < I, pf(t) B Braa Al RPN 8 A LA #2
1> >2 0, WP —Erin s L & M > 20
(BIA > 200, RECHrE SR B m]. dit, AR R AL X 2=
EHZH 7E[0,2) 2 M HAE R, Bl 11.445 HiDogleg 772 Hp* (A) LI,



11 etk 7

x1

Fig. 11.4 Dogleg 8 ¥ 7 7 [Bl. 15 2 i1 28 A 5 T 30 Lhm? (p) 9 % I AR £k 1) A1 #9 24L
Bp*(A), AT £k FDogleg 7 i 45 3 1 5% IRARAL 1 188 9 £ AL sp* (2)o @249 (x) B8 BE U
6, o ATEZIT I b Llm? (p) 9 ARG SLII B R AT X REIA, pU Ant et . pBhy—
WS bl () TE B8 25 1 o R S A A

11.2.2.2 ESEHIF%EE

LR SR AR T R SE AE R A 1) BRI AR A A AL R Koy (p) X
w2 f (x) 7512 DX A BA BT RO RE Jy. 3X — I AR o vl il 4k L
VZIESRER el

F(xe) = £ (xe+py)
m(0) —mi(pr) (1
B, my(pe) 5 S () RETRLE, pfOfELN, JET B, T CLEHAEE (51X
IR A b (pe) 5 f () RFE R BF ) — BB

BB, ST I LR B 2 e (0) — my (pe) A S0, T
PL, Hpe AT, Ui f(x + pe) ELf(x) R, RIS TR B 4G Lipy.  IX [RIA) =k
T (0 B2 B, AR T 2 X B £ () MR P, TR
ERNAGIE, FRH SR fpe R R IE M RREE T2, ARk
S {p T EMRE, (RATE T AR A R Rk, BT i
B BRI R LR T, T LLAE T U AR AR G 2 py MR B 1,
S 4T B3P SO0 B8 K (p) £ () AR AL, SR ATTAT DA
BRI B, RS,

Pr=



11.3 LR AL a) 8 xli
11.2.2.3 MRS EEBMILEEER

L PR R AN B S I A MR R T L SR AAL I B P AP S AT i fEZ Mk
HWRA, BATE KR MR T Fpe, 58T HUE Rix 1207 R
I HARBRECT B, FEEAEIZ T R, KB MEF(x) T BRI
fift. BEAEHAI RS E D EFEE, 7R I%E SN TSl B iR A
fifte Tz AO oA BRI — AR P AT AR I DU AR e 5, AT L
PR KA B D0 APRE 2 iR I b R B E X IR S A O A S AR, VR R
TrJa B KR %, BEERAPKIETT MR T

XAV R AEIRRR 5, A0 5m U E bR B f (x) B L
LN S PSP 4 pl I A U p UK PVZ5 - O = I S UK DAk« 1 R W IR T
KRFE f(x) T — MU KPR IE M A, GInE A guiET,
R [xpey 1 — x| IR, WA R RERR EEX Kb AT I, ARy 1k —Riri e
M KRz, XL b IER BEENME.

11.3 F 2R B/

RS2 3], WA RMAAT S5 AL TC L ARAAAT 55 B2l N —ZHRR
il 2% 1X 2K i) — M AT PR IR B T T
C,’(X) :Oa icé

i i 11.12
min f(x) ”{c,-(x)zo, ic.s, (.12

Hrf(x) 2 AR, SRFRLAFME, / RAFLRFME. Xl
LI BR By () B2 T8 SLAER LG HT B AL FRATTE W8 2 I A L AR AR
xR AR AR, Bl

Q ={x|c;(x)=0,i€&; ci(x)>0,ie 7} (11.13)
PRI, bk e 9 SRS A (0 i U0 Il ALt /T BT 5 e T T

min £(x). (11.14)

x€Q



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. (11.15)

W IR 2 ) R B AR x s AR R BB e, WAL f(x) = abdR
HilliZkg(x) = 0/HY), Wikl 11.5 Prox. XZK AWM ZFAEY), £ &K
L Rix b g (x) = ORI VI Z 7 BN L BN, B2 G W f (x)VEZRTT 1Al 1) 7 &
1R F(x)BUE R AR, M f(x) < £(x*)s f(x) = afllg(x) = 0IXPIZLH
LAEX AV ERE 7E fix, DIRE XM A LM REAE — Sk B B (U7
KRAOAAHRED,  BEx* 7595 2 1~ &4

VF(x*) = AVg(x*"). (11.16)

T LU R 1S ZA A, TARTE 2 26 AF. SESE b, SR — N
SE 1 AR BRELS (x) ANl E FTBR 1] 2% AR g (x) = B, #AE D) mix AT — M E
A, RARTIZAME, X 11.16 4L KA R LI HFA R BAF I,
SINLH KA S 11 16— EA IEUE, R

VF(x*) = 1*Vg(x*) (11.17)
g(x*) =0. (11.18)

HHWAE, 11.17-11.18:IE R U T A R AL 1] @ B AL = (x*, A %) —
By b B A

L(x,2) = f(x) — Ag(x).

XG5 R ARAE — AN 2R ) AT DL A N TE A R I R, 1 TE 20 0R
el e @A Al Ak sthd, &R0 fx*, ANELEAS) RIS £ 0 ) @ 1)
fite 1X—J7VERR RIS B H e 175 (Lagrange Multiplier), HHZHAFAHL
FEIHIRT, L(x, M) BRI ETH H br 8 %

¥ ER SR H T R B H k9 R 3188 AEL RS
DA A 3 B — AN SR A TR B ALK 1) g )
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=0

Fig. 11.5 S NARM R B H R Tk, f)—RMERMERE, f(x) =atf(x)—%%HE
2, g(x) =0 RENXNLRITH MM L. f(x) =ag(x) = OTERMMxAARY], TEV) £k
HVF(x") = AVg(x")

min f(x) s.t. h(x) >0. (11.19)

X — AL 1) R M R R A L LT 11.60: (1) Gn SRxtAE il
Zh(x) = 0L, BRRIAFEEXLHREM, BIA: VI(x*) = A*VA(x*);4* > 0.
T RIX I ZR £ (x) = aflih(x) = 0 TEU) six* L BRA B2 J7 o] A SR S2 AR IR A, 75 )
AR T L R(x) > O x5 £(x) < f(x%)e (2) WX 7E i £Eh(x) = OLL I,
BlA(x*) > 0, JEETA()BREIAENER, 5 2SR AR AL 1) 35 ANy 24 o) AR
A4 Te) R PR A — B

BATH ER PR SR S5 G — RSB H B bRk BoE R, 1R I
1L 19Pf7R R 20 RARAL I RESEA T- 4n R TE 29 sRARAK, 7] R

L(x,4) = f(x) — Ah(x)
FARAAE (x*, A*) T /2 1 T 2% 44 (FF I Karush-Kuhn-Tucker 25F):



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 ]
.

V(x*) = A*h(x*)

h(x*) >0

A* >0,

A*h(x*) = 0.
B G, h(x )R REF—AAZE, WH—MBRRNE, X—KKTH
PEEFRATTHRS VM EEE X, [ER&F NA(x*) > OFf B HL* =0, AT
A SCRF ) BB A R B [ R, IR RN TR SR R (LS
5% ),

Mgk, — AL 2R A LR R RSN T N EL AL

(11.20)

i L«
L(x,A) = f(x) = ) Aici(x) = Y Aici(x),
ic& ics
I A2 T N KK T2 A
AF>0 Vie s
ci(x)>0 Vies (11.21)
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11.3.2 4% )¢ A&
AR A 1] Ay

min f(x) s.1. ¢i(x) 20,i€ .7 (11.22)

ide= e, e A = A1, A)T R EIRAUAL RS L% B H b R BUE
ﬁ’ ﬁ:

L(x,A) = f(x) —ATe(x). (11.23)

W £ (x) A —c; (x) VAR R T R EG TUIL(x,A) o2 ™. X 2 ) B A S AT
%o JEXWIT EREL:

g(A) = inf L(x,A) (11.24)
DU TS ) R 11 22 PR 6T 8 Il 7

mfxq()t) st. A>0. (11.25)

Al LUUE B, fEHF E AR, R X AR ) AT ) A LA S R )
11.2245 2 1) e 08 & — By, HOGHE ) &) s L A AR = 11.234, i
INMEL(x,A*) 153 30 [)x* IE A2 J5 7] @8 11.2218 % ([8], Theorem 12.12). #f) 1
Yo, XA IE XM, 0 A ) 1122800 1) R 11.25, —F G
FIRAE B H T HARR S 11.23, (x*,A*)2& 1% H AR B A L. V7 E=
IR SR A f (x) FI{ —ci(x) PHO L BRECME BT B 11,745 H 3R Oeh 4 o) R s
EE. MBI EERZ AR MES T A A EER L, — e i
WIS, AT AR R EEAR S R E BN TSR 2t
FRR e R 7 3 A A A

PA—Mo 7R BB ) @, et R — AL AR LA 1]

min f(x,x) = min0.5(x} +x3) s.. x; —1>0.
X1,X2 X1,X2

A% I H e 7 2 3K

L(x1,x2,A) = 0.5(x74+x3) — A (x; — 1).



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]
k11243550 F R fx. XFHA MR Eg(A). 7Eq(A) A AA" He(x[A7]) =0, bt
i f(x[A*]) = g(A7).

R 11.24, q(A) RS E —NAJEL(x1,x2, A) IR /ME. IX — A AT 55 7] LLIE
IR L(xp,x0, ) GE 2515 2
dL(x1,x3,1) dL(x1,x2,A)

=0; =0.
8x1 axZ

L SHBIESS

xX]—A=0; x;=0.
>|%°J::—EVJ€)\L()61,X2,A), ﬁ:

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

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

g(A*) =0.5.
WRBATEALACNL(x,x0,4), FHRE KM, A
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X=1, x;=0.
B LSRN AR SS, W15
fx1,25) =0.5=¢g(2").
ti@ﬁﬁI‘Eﬂ%ﬂ%ﬂ?*q(l)@é‘*&d\l%liﬂzigf(-), WA E R H—H 5
LU I ) R R B A Wolfest B, EaRbin .

max L(x,A) s.f. VxL(x,A)=0, 1 >0.

XA

R B A B LA AT 55 5 X i B E O bR BRI e KA. AT RAIE B
Rox* A% R R AE,  UARATT 5 Wolfe s £ il 22 1 gt

11.3.3 &MEAX]

LMK (Linear Programming, LP) & & ] 5L (1) Ay 2 /AR AT 2%, HH
PR EUNZI R AR R R . — NIRRT 55 R

min ¢’x sz. Ax—b > 0. (11.26)

LA —b > 035 B R —AHRBIFAM, DKM RS Nalx=b; >0,
Horhal JRAEFEA U547 W 11.8 Fros, X EePRE] S T T H L
L T — ik X, o xR LA S AR S WIS BRI A s FE T2
PEZIHRA M BR AR BT, X — 0 Il R ) S e DI R R Dy e R s DA, (HX —
AR L ME—. W 11.8, WHRe!x = constWIBh e J7 1 K AESER, f
A BT 5 DX SR T 4 R e DA
FIRAACAE S5 R AR S A I R R K

q(A) = inf {cTx—AT(Ax—Db)} = inf (e —ATA)x+ATD,
mfxq(?t) st. A >0.
R Re— AL £ O08f, g(A) = —oo, XFPIFILBIRA U BAL S MR, ik
WFie—AA = 0. BT 528 M ARAT: 55 F 5 £ 1) Ay -

mfoTb st. A >0 ¢c—AL =0. (11.27)



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 —
X3 FHR AR AR BIPBIEHR RoRJEE X, xR AR, HITE G2 X S ATl
SR S

LT DICRE X il 75 B Wolfe ] 7 X an F -

maxce’x —AT(Ax—b) sz c—AL =0, 1 >0.

X,A

B £ BRI EAFARNDAAE S5, WA BRI 11.27 —Bui i .

11.3.3.1 gaiAlsk

Ak (Simplex) AR 7 BB A 17775, HDantzig T 19404
fethe ATTHFRATRHE, TR A a8 LA H BR R BR ) S R o e A
JEYE, AR — AN, TR A il R A T 2 R R AN T
I, FRATAT DAOMEE — AN TR e, AR B (432 3 R A8 H B R 5T AR AL R T
Mo BFURMALRITI ARG BRI, Bt R R Bk n A IR AP IR N 15 2 5l
i, WP 11.9F7R. BUAE [ )RR A0 aff i D A R T (A B, AN 4K
A )3 S HRBE AL IR T A



11.3 ALl &t xlix
FHHEMRI

\
//} ]
Fig. 11.9 L PEHURI ) B Gk X3 — ™AL, Simplex B2 i 8 2™ AL IR T AU HEAT AR
o

AT T A R T AT BL R DT R RS B el AT 1)
To WA IS BRI S5 -

min 2x—y st.x+y<1,x>0,y>0. (11.28)
x’y

EE EAIRE 5 S5 11260 B0 B i fE — 4> 4% (f]
Ryt 20 AR A e R, G b AN B LA RO L I 5 ik X B 1110 Cad BT
FRATT R T 1K — ) 5 1 B B RN TR a, b, ¢ X AT AL, (RPN SR i
AEE XA BEOR A B, FATAT CURE L3k o) T 4 3 =4k 6], SIAH=
YAz, UL ANELR S AL R, H:

min 2x—y st. x+y+z=1,x>0,y>0,z>0. (11.29)
x7y

AR, [ 11.29 5 [ @ 11.287E Xfx My £ 0 25640 19, 1 AL A Bk
B AL Sy, PRIk PR A ) R AR — 0. B 11,100 (b) 45 H )



1 11 fetTrik

11.29FT 5% BB X3, Sl o — N =4 (A 35 — R A 1) — /N RSP
M, si—/aifl (Simiplex). X—F1H LRI FTA s AR 2 in) fE 11.2900 A v
R FLAHBI (x, y) A AR R R R 11,28 (57 s

T3 11,2950 (1 B A PR 2% A AR Y, DR 9 X3t S
H AR s X T A (B 1110 (b) Ha,b,c =), B 5 ANk
v A 24 380 = 4 2 1) (1) 0 A R AN 55 O R AR 45 21 b b b, DA T £ 1)
ﬁﬁ%%%ﬁﬁ%t KEWE R H¥xy, P IEERANEEE, s
B =TT, X —T0 S 0 B AR Eebr o] S A WA 2] fEARIH, ERHA
BEEERRD -ANBEHNL. B, ab,cX=ANTHAET, a=(0,1,0)fH
PR BUE AR (-1, IR R Ao

Z
C
(o} b b
é — X X
a a
y y
(a) (b)
Fig. 11.10 28 051 19 B A & v X o2 — AN, Simplex S35 e 8 20 A A TH1 58T 4

e

b sk 5N B AR R 2 1 I A T A A 4 SR R 4 1 [A] 1 Simplex T
R B EFR A PR A B YE (Simplex). AT PUKIX — ik B RAL a0 R
VA W 71 A m 4+ n MLV AR AL A 5

min ¢/x st. AXx—b>0;x>0, (11.30)
X

HoxcR", beR", AcR™", iﬁf_%i‘z~ﬁ;ﬁ$ﬂﬁnz6m§ﬁ$ﬁ 1PN
TRxBIAE LY, A 11.2655 52 b a] i@ i 7 R 1 A8 B 8 o ) 55k =X
11.30/97 38 ([8],pp.356-357)s



11.3 LR AL a) 8 i

K 1130 EEm M AFLR (A Ex ERAHD, FEGI AmA R
Q EB&% (ﬁﬁﬁﬁif_{mgﬂﬁ%> Xl = [xn+la---7xn+m]T’ ,Tf'/fgf/ﬁt{’tl"ﬂ% 1130[3/‘]
LRI YERn +m ZS[0], AFRGT 290K ]

min ¢’x sz. Ax—b—x'=0;x>0;x' > 0. (11.31)
X

A 11107 340, T4 Ja DE A 19 LA G vk 3R B ™ B v, T i Xt
fIn N EEIERNE, HRm M EEEER, BnMEFRERNELALTE, o1
TARBHRNIFEAT S, MERLRT R NEATE, R E R T A

TR 5]

WA BB v, ARATAR TR T, AN Wi¥m + n AN B T
AIREM R B A A R, AEICm AN AR T, 6 R — AT A
0 E AR R AR, R KRR BUE R AR R . B4R, X R OTVE R
SR E AR AGAT 55 I 4 AR OB K, SRR, FRATT AT HUE A R0 SR,
B Al AAEAS B — AT RS, AR T T — TN, (A5 TR
HbRsRBCEAR. JETiX— 1k, 8% & Lk 2 R AT 48 2 50 i

NFIEAFTEEW, AT 13T, Kex A A I — &,
KRR, B EPE AN S, v~ &g

miné’ & st Ax=b;x>0. (11.32)
X
Horr:
x=[x" xT]" (11.33)
¢=lc" 01" (11.34)
A=[A L, (11.35)

EARFA A IR T, FATHx.c AN EHxeA, HRAES KN
INE SIS
min ¢’x s.z. Ax=b;x>0. (11.36)

X — T OBR R 2R Mk A Ak 1) R b HE T 3. b S 1 B AN i 2 T
TKKTZA:



lii 11 etk iri:

ATA+s=c (11.37)
Ax=b (11.38)
x>0 (11.39)
s>0 (11.40)
xi5i=0, i=12,..n+m (11.41)

HorhA A5 A O R RA% B H B, sOANSE LY 0O B2 Fz kg BA H B 1
WHRBEES Axg, HXNMRINEERNS IR BEES Axy, HXT
MR G EE AN A TEEAR R RG]0 N5 B, JEEEAR R 5 %)
RLFHBEAN o FHFEBWAR AR, H o —FF N — M (Basis)s
¢, s B 3 AR B IR T R B L Nep,sp, XM AEFEAR B 1T [ B0 Ney, sye 1
Hxy=0, x>0, !

A A A 11387 %0
xg =B~ 'b.
B 11,372 B0y lixp Alixy A Tl &, A
BTA +sp =cz, (11.42)

NTA +sy =cy. (11.43)
HTxz >0, KR 11415 Hs5 =0, RAAR 1142, F:

BT). —=Cp,
FSITIEER
A =B T¢s. (11.44)
BAMRNA11.43, AIESsy T
sy =cy —NTA =cy — (B~'N) . (11.45)

sy > 0, M3 B 2 BT ARG X 2 BT B KKTS 44, B A& 40 46 i) /3
11360 R, BBt 040 i) A 11300 . S, Hsy & — il o =X M

U ILAR BONEIN R A FEBSZ B 4L 1Y (Degenerate), FATA T 21716, & T &% (8]
(pp.381)s
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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]. (11.46)
Rx T EHFRRELL A
' x* = epxf +cgx) = cpxp—cpB g o) (11.47)
fX 11.44 0
B =AT;
B 11.45%1:

aqu =c,—54 gEN.

K B = AR 1147715

¢'x" = cpxp— p B ag) + o) (11.48)
= cpxp— A agx) +cux) (11.49)
= cpXp — (cq —5g)X, +cqX, (11.50)
= e/ x+ 4% (11.51)

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%
Fqhl, Hpik$Eqliifds, <0, MMprd K, fixp TR SN0, BT



liv 11 etk iri:
X pe xpioxg IR AT H 21 146793, BJ:

+

_ —1, A+
Xz =xp—B agx, .

Bt =B la,, BT IR AR = a, 5] FALBRIEAL i
SLAET (xf )i = (x5 — doc) )y = O XML 8, FEERG BN 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
FERE . 2 Simplex 7 IERFUGE AR — G RRAE, 15 UCERAE PRAE B (1 T A5 2
AR AEL R B B, Simplex R ARH &, —E LR E H 5 Bl
BN 2SR et s, ABFE— LSRRG BT 75 B g BT A Tl e, PR X — 553
TERZENG LT B 2R FEHCOR R HEEL 1

11.3.3.2 WE.

FATTER IR BRI 1 TS MR AR A B T A, 3K — T VR AR — 2 ]
FRCEEAR. N A% (Interior-point) & 75 —Fh o FH 28 MR Sk, Al s al
TEEANFER) R, W RENGIEE N 3 — SOF IR T4, BRI R S AE
BEE N ER, A H AR R EUE RN, W 1111 T7R.

Primal-Dual 5% & — i WL P siidie B L, 2R PR R I J5t 1) R ART %
B ) AL Z AR 24, TG ke TEH B2 AR UE X £ 57 R B i
A5 DA 2 A AR R MER.  Primal-Dual 55068 4k 10 B34 AL B KK T 4644
PR SR AR e 30, e SR R KT S A4 FR) g ok [ 2 S BT Ji i it ) A o

BEEARAL I AR ) A X 11361 7R BRI «

min ¢’x sz. Ax=b,x >0, (11.52)
X

ot B KK T 11.37-11.41, EESHT:

2 https://zh.wikipedia.org/wiki/ B 4f JE %



11.3 ALl &t Iv

Fig, 1L11 Wik mIIIRGITIR, RSN IER, BT H AR R S IUELZ R P 1K
RIEARS Zo7 s N S

ATA+s=c (11.53)
Ax=b (11.54)
x>0 (11.55)
$s>0 (11.56)
xis5i=0; i=1,2,...,n+m (11.57)

EE ER A (3 11.52) ) 48 1] BB
mfbe), st. ATA+s=¢5>0 (11.58)

HKKTH A AR ) O — R X MRS AT R B4R B — 413 2 FIRKK TS
PRI (x* A% 8%, B TR A Ji e 11, S2FN L ) 5t 11.58 (1) o

FTKKTZ411.53 - 11.69 #H47 521, F530 11.53,11.54,11.69 & 310 T
=



Ivi 11 etk iri:

ATA +s—c
F(x,A,s) = Ax—b =0, (11.59)
XSe

Hrb: X =diag(xy,...,x,), S = diag(sy,...,sp), e = [1,1,...,1]T o JERKKTZME
JR A 11.52 (BSOS A 11.58) HIFE 0 2644, DRI J5 s £ SR iR AR Ak i) st
A NGRS 7 2 SRR 2 1 T R A SR 1)

F(x,A,5) =0 st. x>0,5>0. (11.60)

TR F (x,A,s) = OfR MR MR (75 W S7 BP AT #5321 ff 5F A 2 B R 5 24
W), HILFTEEAEREZENET. vk Hn k. X—J5kn]
M TL2f0R. WA — ol f(x), TRAVERAE f(x) = OFIfifEx*. ZFHiZ A
F—WHExo TP aR 1 2R, Bk YGEAR I E Rxy, WHGZ SR Y) 4 Sxih 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).

f(x)

Fig. 1112 — JuiR 3BTRS GE AR S () 78 = 1T 2 R U126 Sl B 58 s AR 9 i)
fitée

P IRBIZ TCRBUFOL, A BEER IR0

VF (x;)Ax|k = —F (xy),



11.3 A 2Rk ) 8 Lvii
Xi+1 = Xk —|—AX‘k

B ERXMAHTFR 11.60, 7715

Ax|k
VF (X, Ak,s¢) |AA|k | = —F (Xg, A, s¢)-
Aslk
RNF(x,A,8)1E11.59, A:
0 AT I| |Ax|k —(ATA +s—¢)
A0 0| |AAk| =| —(Ax—b)
S 0 X| |As|k —(XSe)

Xt ERBAT SRR, 5B[Ax|k AL |k As|k]Z S5, BIATAS Bk 4+ 1 %0178 &
(Xir1 Akt Se1] = [Xi Ay si] + [Ax[k AA |k As|k].

(AT T AR A, BIEE X > 0,5 > 0L, (R 75 W1 B8 3 1 IR
R 3] DB N0, )2 B K Fa 5281, H:

[Xk+1 lk+1 Sk+1] = [Xk A Sk] + Ot[AX|k Al|k AS|k}.

EiR A8 A Primal-Dual 595 (S A SR B, fESEPRSEELN, A 2 M 7551
il — BRSPS, B0 8 AR (xe, A, s) X AEFLIHRX > 0,5 > 0f 1
RIERE, WM = x{scRome AR, /N 2 i U OB B X IR
g gt A 2. BARRIERT S5 (8] (pp.417).

11.3.4 =X

ikl (Quadratic Programming, QP) & fLAL Hbr N Bk, 4R
RGN R B AATSS, 8 LUWTF

miny g(x) = %XTGX +x’c

(11.61)
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 A EEE X GRS E B — MRS Mm@ n] L
43 53 ER QP r] L SE B

11.3.4.1 FRXAR

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

1
ming(x) = ExTGx+xTc st.alx=b;, i€é. (11.62)
X

R A A B H AR R O -

L(x,A) = %XTGX—&—XTC —AT(Ax—D).

% I R g IS A2 0 SR A
JdL

— =Gx+c—ATA=0
Jx

%:Ax—b:&
X

JA
—C
= . 11.63
BN a16)

ATDAER, G SRARATIHRRN, HGRIEEM, 2 R x ARl &
JR) R 11,6210 4 R ME — e Uil WRGR P IEE R (BPHARMEE &%
B, Wz R s WRG BAEN CRREER A S IEE, B
FAHUED, MM R —AGEA, FHAER R (BnmT g — > ).

FRIEREER, 17:

G —-AT
A0

11.3.4.2 FNEAR

FHEH BT I ANEL R KR H R, QP
11L.61HiA B H H bR E0N -

1
min-x"Gx+x"c— Y Ai(a/x—b). (11.64)
2 icsUS



11.3 LR AL a) 8 lix
Xt BRI AR (x*, A %) B0 2 a0 FKKTZ&AF, .

Gx +c—Y Afa; =0 (11.65)
i

alx*=b;, i€& (11.66)

alx*>b;, ies (11.67)

AF>0, ies (11.68)

Af(alx* —b) =0, ic.7. (11.69)

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 (11.70)
alx* =b;, i€ (x") (11.71)
alx* > b, i€ I\ (x") (11.72)
AP >0, i€ SN (x) (11.73)

A LLIE B, nRGE IE K, W 2 2N 11.70-11.73 Bx* =& = B 31 %1 1] 5
116214 R A fif. WRGARIEEN, W ARG RN BT
KRG IEEMEN; BEIMEIIES % AT 45 R ) IR —.
BUREE L

WA asen ik, BEUME, mRBATRENE — R gE, AT
Fe A S LI QP il AU A il A5 3sU L0 R 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
q(x) = q(x¢ +p) = EXTGHCTX = EpTGpﬂLg[erpk, (11.74)
Soofp s S p K ) B
1
Pr = EXZGXk +cl'xy.

DAL g (x) FRIARAR o) R A A
rrgn%pTGp+g,€p st. alp=0 i€ . (11.75)

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- (11.76)
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 .

(11.77)
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———=%. (11.78)
i,al pr<0 a; Pk
BRI AR E AT, B Fpr = 0. UL IS E N, RNR, KR
92, AT FHKKT A 11.70 £33

Y da=Gx+e. (11.79)

icW
VERE ERAE R ULV O S 3 1L 7SBEATARAL IS 31, %A IEUE R
PR SR, XTEALAG I E11.64, U0 RAEAEL R 7 I 20 SGTER 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
b Simplex H 5 & WUE £ VLM — MR, RO U 1) H AR U &,
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 11.75 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 11.79;
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 11.77;
21 Xi4+1 = Xk + 0Pk
22 if o < 1 then
23 /ladd new constraint into the active set according to 11.78
2 Wit =HU4j}, = argmin "%,
ialpe<0
25 end
26 else
27 Wiy = Wi
28 end
29 end
30 end

Algorithm 2: BURKEE5H 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, (11.80)
HKKTHAMN:
Gx+c—ATA =0 (11.81)
Ax—b>0 (11.82)
(Ax—b)iA; =0, i=12,..m (11.83)
A>0. (11.84)

B 11820 A, WA MBI EE > 0FF 1% U R — A
LR — DAL

Gx+c—ATA =0 (11.85)
Ax—b—E=0 (11.86)
EA=0, i=12,..m (11.87)
(E,A)>0 (11.88)

WRGRIEEN, Wid FRKKTHAF IR (x*, w*, A7) A2 7] 8 11.89 1) M
— AR AR B LIRS B TR

Gx—ATE +¢
F(,EA) =| Ax—E—b | =0 st. (E,A)>0, (11.89)

EAe

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

W REIE I IE AR 11.89H 1 (x, &, A ) FHFORIESE— 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)-
ALk
RNF(x.& AR, s
G 0 —AT| |Ax[k —(Gx;—ATAg+c¢)
A-1 0 | [AElk| =] —(Ax,—&r—D)
0 lk = Al|k —(AkEke)

fift ik 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 2 N R FEM AR (Er 1, Ar 1) > OFTELHI DK,

11.3.5 — &3k & MR

Xof — M AR LM S 20 SRR I R, — M Sl R 240 R Il A 4K Dk T 24 o )
TR LR A BRI R AR 7 iR R e e 59— P i@ — M AR R My 200
P Ak 17 853 i B — BB R AR R, A SR R A e A — AN A G 7 B
FRILP i) 3 5L QP 7]

11.3.5.1 EFE

R 20 1) A AN FCTE 240 SR IR L — b g 122 A L 06 2 AL R R
e Ly RIS H AR s o, ATHS 20 SRR 55 76 At B E 2 AT 55
TG T AE L L ARAT S5 B H bR R b LU ok B s i, A AOGE g, &
[ JA L A AE 55

BAAESS T -

min f(x) s.t.¢;(x) =0,i € &; ¢i(x) >0,i€ S (11.90)
Xf L RA% B H H bR R -

L(x,A)=f(x) = ) Aici(x) = ¥ Aici(x) s1. ;>0 i€.s. (11.91)
€& 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 24 2 Z ci(x (11.92)
zeéa zeﬂ

HApp RN R, (a(x)*RAERARIBERE, [¢(x)]” =max(0, —¢;(x))#&
TEAE A 29 R i = 2

RSN, Wl RS S AR AR TR, B WRAES11.925 R 2 AE
F1L90MEET: u — ooltf, ZFEAAHFEIM. L RAE S5 A N L R AT
%, WIRSFHATLLRATS LM &M%, KT T34 RAT
F R M. AESEPRICELI, @ I —ANEUNI BT TG 2 R ]
11.92 SKRITRA#E, CACITRMERAE Jye s, 3G R B SR AgR —4e R0 1) j.
AT, BRIk,

2 1L.929 A5 0 2 B JYE, PRtk Bl 7 VA RR Dy — i 4% 50 U7 v
(Quadratic Penalty Method). 5 —Ff i FH A& 51 & —Friiye, Bl

min f(x) + 4 Y [ei(x)[+u Y [ei(x)] 7, (11.93)
€& i€y

HruREN R % ATPAEH, Hu s kr CEARY, KT KRR H
FeF), JRMLIHR N 11.908 i 2 i) 8 11.9309f# UERA AT I [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, P, (11.94)

€& :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,

31194 BB R TR ZE A2 -

VLA(%:A, 1) = V(%) = )[4 — pei(X)]Vei(X) = 0. (11.95)
€&

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

VL(x*,A*) = =Y AVei(x') =o. (11.96)
€&

Feie st 11958150 11.96, FTAIWERASALFAH W TR R
Ai—pc(R)=A" Vie& (11.97)

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



11.3 LR AL a) 8 Ixvii

PR, REASAEWHIL, (X)W LRKERERBEET%, ALK
Wi E. Pk, AR EARNR AT WA S . 2R, tHHAEAR S
(BN EEARAALx,AY) BIf520x0). 3 11974 FATR AL 7 — Pk A7

A= 2K — pci(%) Vie &, (11.98)

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 €., (11.99)
XF LR RiA% B H H bR RO -

L(x,A) = f(x) = Y Aici(x) s.z. 2 >0. (11.100)
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 -

B ix) NV a b k2
F(x)—glgg{ﬂx) ¥ i)~ 5 LA } (11.101)
B, AR =A%, WA EERAAE R, BN ATEEAC, il 2 T N
ETAY, X IESES) R B H i s A B %, Fse b s A A& TT
PIEE R, 4580

(11.102)
Ak —pei(x)  otherwise

i {0 if —ai(x)+ Ak u<o

HAKT = A, BT BIGA ORIV, sk, FRATR B0 hobs B H oy
RAEAZFL R N EEIEA, mEE 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 A¥F1 by Eq.11.102;

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, (11.103)
HAr ks B H B bR ECH:
L(x,A) = f(x) —ATe(x). (11.104)

Xt EARBEATIAL, PUALH (x, A ) R AL «

F(x,A) = (11.105)

Vix)—AX)TA| 0

c(x) o

HAA(K) = [Ver(x) .. Von (x)]THIELITH ERBBEE. X5 E 2 AT A4 B R

ﬁ%ﬁﬁﬁﬁj\](xk,lkL HidA, = A(Xk),Lk = L(Xk,lk)’ A

V2L —Af
A, O

AX
AL

—Vf(xi)+ AL Ay

—C(Xk)

AT AIE R, W SRAGRAT AR, ELV2L(x, A)1E R 1 2544 i U0 28 7 1) 2 IF 5
B, W2 111066 6. HBRIAXAAG, BIATLEHA B i H V2L AIA L.
FARHE AR T A VE, Wi ESRE T R L, B B A S
A ERXL(x,A) 34T ZFrin L A AR, A TS R E BX — L AT
FEL(x, ) FE (X, Ag ) R B aleBl, - %5 BR il S e (x) P X AL — B AL

. (11.106)

1
L(p) ~ Ly +p" VL + EPTVZLkP

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

(11.107)

Pk
£y
FNZC11. 10640 5 bE AT 0

—ATAL —AA, = Al 4,

A
Zk = ),k-i‘A), = A'k+1~

EH U AT R T AR Ak A9 B B R A X 11,1065 52 F AT L(x, A ) T 24 11
i (Xge, A ) ORI ZRATABL, I % 249 T e (x) il — i A4 3] 1) &85 SR — B0
Ht, AT A 3 5 S5 LA I SQPHLE, ISk SR,

1 Initialization: xo,A;

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

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

4 Compute (pg,£;) by solving 11.107;

5 Xi+1 = Xp + Dk
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 B R E SR L, BIA] R AE B R — 7 e 1 i e AR R
fifto X — RLEE AT LA B IRA TR SQPY & B0 Z AR S L RGOl WA
L AEAAL ) 2 -

min f(x) s.t. ¢;(x) =0,i € &;ci(x) >0,i € 7.



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
s.r. pTVC,'(Xk) +C,'(Xk) =0,ie &, (11.108)
P’ Veilxi) +eilxi) >0,i€ 7.

R AR E A L B AL 1) R, AT DR AT AT — Fh R R A
R MR, 1B B p L, BRI AT Rx e FIA e BRI, RV SRR
RN Y RAESAFARMEN, RFEHET X 11.108% /R HQPES% it
5 (pro i)

EAF VLA Z, SQPH & — MRS AELY, 7E L bR Se Ol 75 215 i
BRI, R BISQPEE TR 3 — B A0 AL, E A5 B SR S A AR
TEA . IR AL 2R R R (S ATIREE 7 VAR ORIE SR R AR 1 &
HEVE, 0] RE T B UK R AT L0 R SR A i R AR, DA R R

AE3 8

11.4 AZE /)L

FENLES 7 I, 4R Z OB H bR sk EER T 2%, Qe X 28 H bR ek
AT AL UL S R I S 0e — DN EHERE. AT 7L ST
JURRAL 7. RS UL, X SR A ] 40 R TC ) AR A AN 20 AR A R
B KT IEARMRAG IR, — MG AL SRS Bt 48 RO B S L.
I E R B — DN EHMI T H, BT R EEE e E
—MEFEE, EX BN RS ITLRE, I %0 A ek ik
ITHRA. X PR SR NE S Sl EAEE T A — PR X R e B AT — e i
8L, FrE T BRI R EE R, MRMWSGDITE, FEET BiR
RER R RE R, MK IINewton 7 vk. ML R EINRE R, Hil
HEWE R, IFHEE, WBFGS, SRIZEH—ME B AILEL —M1E R,
BEBCETE G, EEBRMBERAATES. BRI 2 TR 5 1%
Lho

XA AV RARSS, B B H VAR A BE IR L. X — AR A
PR R AR Z MR A RAT S T REEEXARMES, htk
B H SR L AT QAR 55 S A A E A RAE S5 TS AEL R
%, BTk B H SRR EAT AN AR B 1) AR A K IREAE. T TR AL
PIX—Z0R, WFFEREEASE (Active Set) J7yEMAN 7% (Interior) PRFP



Ixxii 11 etk iri:

Tithe WORSRFMGE AFELR AN LI, WXL L R i 1 X kAT R
s SRR B H E bR BB KKT AT, T8 kA2 8 i KK T2 50
FAFRIEIN, CRAEASFELRE R L. WOREEM N sEx T — B LRI 55
A R RIME S A @RI T — Bl AR SR RRIAE S5, wT
DAZEARAY, B A e B DRSS AR AR ST, IR RIS R, DL 2
LRI ER, NS ARG R P BRI BE /), 72 IR B mT DU
I AR RS B H 1100, RO hids BA H 77 (Augmented Lagrangian). *f—
FRCHT LI 55 AT OUAL K 5 — b SR B 2 X B A bR BRI 29 SR 2% AR 8047 JR3 38— B
B ARL, AT AT ) B R B R R e B e T 2 SRR B A AR A
BT RFGEAAE, I R AR AR, SR anSQP L.

AR BB AT R AR Z A TE A B — 82, (HERATARLE
X 28 AT AR FRATOARAL I A WIS, XA R A SR B B AR
A THPPEIG. S b, HLas s IO 50 S 00 0 S PR AT 55 1) BRSO
EREH TR R . EFEEAY, BUEMRE RO &M
TARHEIRAWIIL, WHIRZ AT AL, Hlass: ST 70 E e Mz X
LEREA 1 R AN PRI 7 48 A

11.5 HXZEIE

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

o KTHEAIMRA I EH RN B 2% (5, 1, 3].

o KT AR a8 AT 2 ZBoyd ¥ A\ 1) 3 1 (Convex optimization) [4].
Boydi& 4L 1 A B fMatlabit S ALCVX [6].

e Nesterovi A20134E )2 /E (Introductory lectures on convex optimization: A
basic course) [7]1H72 5 > AR AL A B B 8

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