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1 35|
Sy TR R L, 1 A R AR A R R LA ) A

min f(z) st c(r) =0, (1.1)

jlll

Hr R 5 R Ml c: R* — R™ FIELL0 R, HAEGE ¢ TRDFE AN ERE o AARLMER
o W (1.1) (B SRS T AAEAT ] — AR LR R R R 32 (1, [1-3]), R T AW
SEREPE, EIR T

EFE 1 o8 o A (11) B ANRERN L W Ve(zr) e Rm Bl RE (B =41
Ver(z%), ..., Ve (2%) MEJEKR), I AAF{EME—/) Lagrange ¥ & A\* € R™ {5

Vf(z*) 4+ Ve(z*)A* =0. (1.2)
EF 1 RAR IR — AN EEARSEIR, B AR MR AT VAR 2R, IR IR AL IR
Lagrange e 7= 5 i N2 WO SRR ¢; XNV A 2% ALY Lagrange e+

SR, AR (1.1) IPTA IR Bz AT, R AN B AR 2 T F2 (1.2) .
REWRA P KR (1.1) SR &L TN N o BIE RS AT 2, HilAL

IV f(zx) + Ve(ze) M| < e (1.3)
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Horfr A, FIB BUE Lagrange e 5 X AUMGTE, € > 0 2ZIESHL || - || W LURAT AT ) Sy gk, BRI,
RN, — AN U AR
EX 1 BUE {wn} R HEESER—MERTHL R

lim |le(zy)]| =0,
k— o0
HXITHREAS 2y, AFAE AR N\, 115
hkm inf |V f(zr) + Ve(ag) k|| =0, (1.4)
—00

IAMAERLEN € > 0, FAF (1.3) KA RKAEACAIL. KN FREE L2 R, By

AN R A R RO T AR R AR (1.4):
lerr;o IV f(zk) + Ve(zr) Mgl = 0. (1.5)

SV ALE SR A K (1 T L R S A B AR R TAE (B, [4] 225929 R 4 T E B
T AT Lagrange BREOEMA RWSINE, [5] B8 T WA KT HIAE S FIRZE S IR
A RS, [6-10] BT T S AR B AL IR Sk R L4 R e Sk, [11-18] A [19-23] 40 BHIER T
TSP T R S R FME I P R VIR A RIS, [24-26] GIERH TARATTI U7 v B AT B A SR 8k
PR, (R ENERAS ) —AN K T LR e P A 24 SRy St IRy B R 1) e S, 32— /N RIS TG
LY R AREAT IXRE M S, UL (2, 5545 00). a2 X1 I E B T e HIEA S BHEAC. ek
TEAR A T T AT RS TR v, LA IRAR P R as A0 i 5 6 g Al T 2 MR O &R B T 78
SC 1 RR A RS AN, 78 SCER T O T A R s LA A o — R A RS, 2 T4 KKT
JTRRALREALR, 40 [27].

JUE MR Ve (z),. .., Ve (2*) SPETE RS Z I ANE K, Fil Ve(r) BFEESNE, 4 2
FAPFEUT o I, ATANA AL Ver (vr), - .., Vem (zy) WRLIET RN, HEEAA R H A X s
LY 2 I 2 5, Py 2o 2 dnT BeAT IRk 22 HxfE AR AR, 11 e 1R 20 RO U Bk AT AT 1) B2 75 5
SR (LLanZe 295, BUEEARRE FER 5 18, W & vy = (1,007 Al vy = (1, ex)T 7E e # 0 B2
LEMETCRM, HUIR & — oo I e — 0, IA vy Fl vy Z B IILNE TEIRMEAERZ PR SAL AR ST T VR
Fl| Jacobi HE Ve(zy) IR HACY EH m ANEFE E, BN, T78E Ve(zy)TVe(ry) ZHEET
S H S m AN IERFEE. AT R BUE: AU IR (1.3) — AN 2, B, 2P
FARVBEAE AR N7 BT IO T AE [8,25] "hINE RS FR I, B 25 1. 17 HAX SR 7Y
FW], A THAWL (1.3) BT RUR 2, R Ve(ar) TVelay) ELARRZE MR c(z,) FIJ7 R _EIEE
BT T, WARIX R P TE AR S E 559153 2 (1 — AN 4 -

N A R P T B I 2, 12 KA IR e M e A 155 S AR AR AL B L R AT G, HE
IEAREET TR T, AN EE AN S B LI ST I e SR AN 25 2N e Ak ) FB P A 2k ik
AT REIE R HE (S0 [28-34]). X A AR LR P 1 e BRI R R BRI 48— 2 H A RE R &5 # R0 S B AL
G2 N AR AL )k, —NRLT Slater LYW IEAAE I (XAMBA SR W
WAL (S, [35-41], 1A [42] A& —/MIIGL). 1711 20 A e DUAK 1) R S D0 A b 240 SR i 4 P T SR
BWAMKFA AL (S W, [43-46]). IS A SR, AT XL R EAA AR BT %, 030 [25] 45
H T A AN E XL — e A i) — N T 55 1 AR A A
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h T W G TE R AE LT PRI, FATTR ISR #1728 (1.1) HBR AR Newton Y SLVAHE
B (B SRAR R R (1.1) HYE A ORI T SR R R SRR AE 4 ).

BiE AL (—ABE ORI EERES)

RIEVIR R xo € R, WIHGH T AL T Ao € R™, FIWILAIEE Hesse FFEITRL By € R ™. 115
go = Vf(z0), co = c(x0), Ao = Ve(zp). & k:=0;

MR (ex| > € B gk + Arell > €, BEAJEFA

SR IR 5 1)
min ﬁd+%f3m st. cp+ALd=0, (1.6)

(BREE M, SRR RIS TR, Brd + Arv = —(gk + Ari), AR d = —cy,).
2 dy, T vy S E IR, Abg1 = A + Uk ST I AN
WHE—AE LK € (0,1] I8 o401 = 21 + apdy.
T

Gk+1 = VI (@rt1), cip1 = c(@py1), Aps1 = Ve(@rgr),
FHEIE By N Beyr. & ki=k+1;

S5 RAEIA

RN % = xy, FEA L.

FESCHR ARSI 06 TAE AR Ze RIS L T T OB K A, YF 2R &8 R ik 2
S . X LT VR AT DR b o3 1l =28, BRI D79, ST, AT T R I AT 1 pR £ e AR )
Jiik. ARSCFEARFTHPE R —ASB s - 7, BRI EE A1 h A 4 BRI R 7. RSk
VE IR 29 OB B 2P TE AR B AT 52 1 i) /0 (1.6) DA S SR 4 R AN Ry s E o, X8k A1 ok
Ui, A LB S o AR — N I 45 2 1 0 (1.6) mIREAN AT AT, T3 73, ead vl LA
SHETIZEE T IIT R, LLPA {||dell} AV {|[AR]l} ATBETES, BT RIGIE ap ZAHTRD. BTN
THBAE AT AER G SO S5 T — MR By, XA A3 98 U7 VA AT L e 2 R L e e R i,
UL [47-53].

BRI [25] 78 TS5 P00 {||de||} A0 {|| M|} H0AT FPEZ B R, FFUE S22 BB S5 25
PEIG A BT DL 2 554k, [25]) UER] 1, HERERE AT A, R WRERZE o J7 10 E—30EE, A
ZHRACA WL IS JG RO R AL, T H P8 {Aeh} 2T 0. BT de 78 AT RIERAREBGE b,
FRIAT FEPEANHIG T LIRS BE AT TAR L, die = qu + pre BOAT SR T LAGRALE, 47 g AT FHE0. 1L
A, g TEIRDLIRIRIE ||| SRAFEARTTAT IR MR, 456 N REOR, [25] 1531 T a7 4520
AN A AR B AAL AR RS R

WA R LREEE Ve (o), ..., Ve (o®) MZRMHETEME, [8,25) CUEM, Wik Lagrange 3% 1~ W &
vt Ae WG SIS, W de U5R DN RFAEEMESOE . A SO X B4 AT 10— 20 3R,
H B2 A AR OCT Lagrange 1 sAlivh Ay (0] LUSEIR M) S5 AF R A5 21 R il o iie Stk %
T899 5AF B RS E I IE AT 2 0L [54-57). A BUE QAR AR LTS 06, MRl 513 i IE
AR, (8] UEH T30 H AN T oR AR s R 1 T R SR Gt S SR AR SCUE W, i
IS IERAR, 5 Tl inl @ (1.1), [25] RS SOD REMEORS 1 11 ek BT 452, DR T 74l
S Z ST

AICEERITT. 5 2 WEH T di = qu + pe EBAAEEAETC KRB TR T g M pp (2557
REER, R T g (1) Steihaug JLHIRRRET7E, 45 THHOCI 2 R SUE BOHEA SR e 2
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AREXAARAAL. 722 3 5 h, X (1. ) FIBE M IESARIFIEN] [25] HF AL S #

HORE AT B

2

BRBUT 2. B Ja— e AR SO 45

—ERARERS /ST
fBOE o 2 HANEARL H T

min [op + AFd] st [ld] < €llApenl,

H e >0 22—

51 1 RE g € R™ 2T (2.1) B A2 B AUSAF TR

llewll = llex + Az aell = y(llexll = llex + Az di]),

Horprag &7 (2.1) 1) Cauchy s, v € (0,1] 2 E B4

|| Aer|? } | Are

1
Crll — |ICk + A qk '7m1n {é—’
lexll =1l = IAT Acil2 | lex]

MERR ARESIR ISRl T 25, T3 2.1, GEEE
B (2.1) AL I, AT RA IR Steihaug JEHIRREEVE (WL [2, 5094 4.3]) TR,

Herp g ) ke LA g TSRS k.
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B A2 CRFF (2.1) 1) CG-Steihaug J51%)
B e>0,%v=0,1)= Ac, wg = —79, j := 0.
WR |roll < €, Rl g = vo, ZIEFIE;

R | ATw, | # 0, FEATEIR

1%

A lIr;

3 oy = 4HATw > Vitl = Y5 + ajwy;
R Nvja]l > €l Ac],
2 2(E2 | AclZ—los 112 . .
A or= VW w)2 4wy | \(fwj”ﬂf” llv;11%) —v ] w; CiR[A g = v; + Twj, 23ISR

L rjp =15+ o AA Wy

WER Iyl < ellroll, R[A] g = vjq, ZIbFE;

L 5; = Hﬁiﬂ‘g s W1 = —Tj41 + Bjwy;
L ji=j+1;
LRI

LIE] q = vy, ﬁ‘&%ﬂ:
3138 2 BOEFS {v;} HEL A2 133, rank(A) = £ < m.
(1) FPAIZIET5 § OB, j <6, B

0= ool <--- < lvsll < flogall <--- < llgll < &llAc]],

llell = lle + ATwoll > - > fle+ ATwjl| > [le+ A vja ] > - > [le+ ATqll;

(2) llgll = €]l Ac|| Be# A(c + ATq) =0

(2.3)
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WERR (1) BB PAIATE § < ¢ Bk A
A w;|| #0, j=0,1,....0 wlAATw; =0, i#j, i,j=01,...,¢

Rk, ATwy, ATwy, ..., ATw, LT, X5 rank(A) = ¢ FJ&, Ko A BFIRGE ¢ WWHAE AT F{E~S
24 0 ANRPETE SR )

AER (2.4) BEMEIALT [2, B 4.2 FIIEIH] 1593,

FIE (2.5). BT rlrg=0,i=1,...,5, BTk

row; =1q (=rj + Bj1wj—1) = Bj_irgwj—1 =+ = fj—1 -+ forg wo = — |15
HEEEH v —UO‘FZZ Oozlwz, AT LA
lle+ AT vl = lle+ A wsl* = 20] (rjg1 — 1) + 2a5m0 wy + of | A w; ||
= a;j(2rg w; + o[ ATw;]|?)
= —ajrl* <.
(2) A ry =rjo1 +aj1AATw; 1 =10 + ZZ 0 Vo AATw; = A+ ATvj),
r;=0 MHAY A(c+ ATv;) =0. (2.6)
HI T 7y = A(c+ ATvj), IR ATw; =0, W wl'r; = 0. PIL, 2R ATw; =0, 4
75112 =} (—w; + Bj-1w;—1) = 0. (2.7)

HERBEVESTE A%w; =0, B r; =0, 3L [jv;|| > €| Ac|| ZFIEIE FZAL. 37 |lvi|| > €||Acl|, W 7 1

WHE, A gl = || Acll; W), B (2.6) F1 (2.7) Al fF r; =0 LK A(c+ ATv;) = 0. {IE5E. O
SIHE 2 R, B ¢ R H Ay Witk, 532 A2 BT LR B — N2 o + AF g = 0 AR g5
3138 3 {BE By € RV XMTAM k15 AF MR —8UEE. %18 W

min  (gx + Brar)Tp + %pTka s.t. Agp =0. (2.8)
(1) A (2.8) &b ME—fiFf;
(2) & pr A& (2.8) [HfiE. Lagrange &1 A BAHTE M\ep1 W52 Br(pr + qr) + Apdis1 + gr = 0.
W, R {gr}, {Be} A1 {qr} A5, W {pr} AT {ApAria} HHE.
MERR JEREE| N (2.8) 5 ) B
min  gld+ %dTBkd st. Ap(d—qy) =0. (2.9)
AT 25, 51 2.2 f12.3] SLENFHF). IEHE. O

I 2 (Rt ) BoE LHITA {2} Al ap = 2k + ardy 77, HP dy = g + i,
ap B Armijo 2849220 HORS A T pRECECE AT 10 B EE DR AR 1A 2. € {an ) AH IHTH,
By, WA k2GR HAE AT BF2 0 —80E e, WRAFEFH n > 0 13

[ Arexll = nllex|l (2.10)
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X k>0 Mor, W {zp} 2RISR (1.1) 1 KKT G S0, 4275 {op) B MRR AL 2>
— AN wr, 1 Afw* =0, H A* = Ve(a*).

WERR ) (1.1) 22 [25] PRI A mp =0 1 T = 0 W RRRERSE TE. T4 FRS A 111 R 2
AL, a5t o (25]) TPRERE 4.9 UEH]. R R (2.1) G (8] R R, SCT AV S pR el
WERARTTE e AT LU 8] e #E 3.8 —HEAFH. UIEER. 0

X T AT T e B s IR BRI 7%, 8] A0, FRA {we} BT AR VAT LA E KPR {0
le(2)]] < max(||e(zo)|, vo)} FIAFEBAR, Hr vy > 0 RATRE € 1 H £

AT JE R IY, 5 BANAE R AL )

min  f(z) st. c(z) <O0. (2.11)
FIBERABI A By € R™, ()8 (2.11) W] DASSEAN A0 O BAT S5 0L ORI S 29 AR e A )
min  f(z) st clz)+y=0, y=0.
T SR AR R, 25 R8T 4145 QAR 2 B AL i)
min  f(z) — pe’logy st. c(x)+y=0, (2.12)

Hi p>0 2245, e e R ZITH &R 1 W&, logy & Mald, EHH ¢ N logy,.
X 2= (aT,y")T, F(2) = f(x) — peTlogy, M h(z) = c(x) +y. A

Vi(x Ve(x
ve = | T = | Y
—uY le Iy
Hry = diag(y). M T4HER >0, B UAENRA 20 = (of,yH)T Z2—AWa, By, >0, &

I
Tk = )
Yi

Hodr 132 nox n BALEERE, Yy = diag(ye). W g 7 0088 0005 B
min ||hy + Vhid|| st [|T; '] < € TeVhhy]). (2.13)

e (2.13) AREAF AL AL T (2.1) I EIRNH]. ERAE [25) RIS PE ot R mtl EA5 21
(. T NSNS A2, R (2.13) RERS SN AL

min  ||hy + (TeVie) "ol st. o]l < E|TeVhuhal. (2.14)

2 v S E IR, W) g = Tyop.
FFFIEE 1 F0 3, M FAEXL W AL v LHIE B R 214518
I3 4 E g € R &G (2.13) [0 A2 T FEAT T DL

1]l = Wk + Vi il = (]l — lIhx + Vi i), (2.15)
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Hrp d§ = Tyof, vf RM (2.14) 1) Cauchy 55, v € (0,1] & MHEL B4

1. T3V b |2 }||:r,cwl,€h,€|2
hill = [|hr + VhEqe] > = , 2.16
il = W+ Tl > gymin { . ol } I (2.16)
13 5 X By, € REm)x(dm) SFERAT & fF VAL AR —8UEE. %518
1
min  (VFy + Brg)Tp + QpTka st. Vhip=0. (2.17)

(1) )8 (2.17) AT ME—fi#;

(2) % pi 21 (2.17) %, Lagrange &1 [ &A1 Ay W2 B (P +qr) + Vg1 + VFy, = 0.
WHR AT,V FY, {Tu BTy F1{T gy AR, W {T  pe} A {TuVhe i} 11 5%.

RHVEERIE (25, ER4.9] 76 m = m; Al € = 0 FIFFIRNE .

EIE 3 (S e H) HMERELEN > 0, 8 {21} A 211 = 21 + andy HEIG—AKL
5575, A dy, = qp + pr, ar B Armijo 238 ZRE B A AR A 50 bR B N R R B BOE {a)
A ITH, B, S k2R HAE VAL R 8UE e, R 9 > 0 F#3

1TV byl || = ]| B (2.18)

ST k> 0 oL, B4 {2} RS @8 (2.12) 1 KKT . 50, 746 {2} B— AR A
2% = (2T, y )T FRLL I w AL A% = 0 Bl Y*w* =0, b A* = Ve(z®), Y* = diag(y).
FLig ) (2.12) ) KKT 44

G HAN =0, yoXN=pe " +y" =0 3" =0 =0
FASEA LA (2.11) ) KKT 444
g +AN =0, Noc"=0, ¢"<0, A >0,

ATLLEH, 2 > 0 F840/NE, W8 (2.12) 1) KKT AU AT DLE RS 8 (2.11) — ML KKT
=8

3 TR RIS BER
BEXT ) (1.1), 58 RG] R 5K
¢(x;p) = f(x) + plle(@)]], (3.1)

Hipp > 0 ZUSH. EAMUEARME Vei(a), ..., Ven(a*) &ETLRIWEHT, A7 ELL
dp = qr + pr ATERITI, LA o(a; p) AL AL, FFHT Armijo 8RR OL KWL R
Sk, WA LNETCRABRGR, [25]) CUEMIEIG AT T dy = g + pr o2 DEEMEREOE, HERAIEY
dr PTLABE (a5 p) $632, DIULBCAIE I A R AT R SR 2o PEc vt Tl 51 3E B R IE SR, (8] 1EW]
T T EE AN T 3 e B e BRI S B A Jy B MR CSIE. A SCROUE T AELE [8,25] BE—fiit
JRir A e LA b SE J .

AT BORTTAE, 6 C A g 1R SRS I T
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BIE A3 (I HIRS 11 oR A0 VA HESY)
Y55 29 €R™, By e R Fl p> 0,0 > 0,0 € (0,1/2), £ > 0. W5 go = Vf(20), co = c(x0),
Ap = Ve(zo).
For £k =0,1,...,
W dp = qp + pr, L qp A pyp 235 T 1RE (2.1) F1(2.8) 774,
BIE p flifs

g di + (p/2)(llex + Agdill = llexl]) < —olldil?;

WMR ¢(xk + dis p) — d(we; p) < H{gr die + p(llex + ALdill = llexlD}, 2 wpgr =z + di,
I R H)F M R IE D s, = i, + pr: SRARTR)

min ||éx + ALd| st ||d] < €] Arexll, (3.2)

133 g (K e = ey + di)), 7 0]

. . 1
min  (gx + Brdy + Brdr) p + §pTka st. Alp=0 (3.3)
133 pr, #7
P + di + sx; p) — d(wx; p) < 6{gp di + plllex + Agdill = [lex])}, (3.4)

M4 21 = g + dy + s, TUH Armijo 2RI REF LK ap € (0,1] 1S
Oz + ardy; p) — d(xx; p) < don{ g di + p(llex + A dicll — e}, (3.5)

HA 21 = zp + apdy;

W grr = VI (@r41), chp1 = c(@rg1), Apr = Ve(ape), HIBIE By N Biya;

end (For)

N TUEBISHE A3 W R S e SivE, 5 2R 21 e il A A

Bg 1 (a) o — 2 Mk — oo, Hrp o BRE (1.1) B—A KKT £, \* € R™ AN
Lagrange &1 [n] :;

(b) f:R* =R Al c: R* — R™ 7& R? L Fridgznl i, H B FEALE o 4 Lipschitz 4L,

(c) BRIELE {Vei(x*) ti € J.} 2 {Ve (o) i € {1,2,...,m}} PHATLM IR 4URNES.
Mes1)i = A Mk —oo, b i¢ g, Hi=1,...,m, \py1 sEHRE (2.8) 521 Lagrange 31 [ &
flivt;

(d) d¥V2, L(z*,\*)d > B||d||>, Vd € {d # 0 : Vei(x*)Td = 0,i € J.}, HH L(z,\) = f(z) + ATe(x),
B >0 L

() llew + AF dill < 7rllexll B {lqrll < wollewll, e 7 € [0,1], Ko > 0 &AL

B 1(c) ST Jo = {1,2,...,m} BIRWOL, 47 Ve (2*),i=1,2,...,m VTR A Al B
5, 1R (il < €l Axell, B4 el < rollesl.

3138 6 e 1 O IR ||(Be — V2,L(x*, )| = o(||d]|) FHEEAS d € R AT, 7 = o(1),
IS AAFAEIERTH B p R o AE15F 7870 K &,

gndi + (p/2)(llex + Agdi|l = llerl]) < —olldi]>.
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WERR 2 Py =1 — Apy (AL, Aes ) FAL, P Ay, SN0 V(o) i € Jo BIFERE. WU
AT, Pedy, =0 Rl AT, (I — Pp)dy, = AL, di. PRI,
divV2 L(z*, \*)dy, = df PYV2, L(z*, \*)Pedy + dif (I — Pp)"V2, L(z*, \*)(I + Py)dy,
> Bl Prdi||® — £lI(I — Pe)dy||
> Blldi|l® — &'kl
Hr g B 1(d) g, £ s WA EFRHH £ < W
WER (B — V2, L(z*, A%)d|| = o(||d])), A4

dj; Bydy, = dig V3, L(z*, X)di + o(||di[|?).
T dp A (2.8) M, BT A
grdi = —dj; Bedy, — Mpy 1 AR dy.
Syl

9 & + (p/2)(llex + Ay dil = llexll) + olldy ||
= —d}, Brdy, — N A di + (p/2) (e + A diel| = llexl]) + olldx |?
< =Blldl” + (" + roll Axder1 Dllexll + (0/2)(me = Dllexll + olldil* + o[ dx )
< (0 = B)ldl” + {&" = (p/2)(1 = o(1))}|ex[| + o(lldx|?),

Hof 5138 3(2) #3 1/ + woll Axdesa |l < w7, 7 R AFEL BIL, IR 0 < 8 R p > 26" W134E
i, WL,
K oy — 2%, SIHL 6 A (3.5) W) |di| — 0 2 k — co. FHIFIHL 7 MEEL 4 ATLIAK M [3)
P .
SIZ8 7 USRI 1O 4 Po= 1 — Aw (AT, A) AT, HET Ay RBL Vei(an), i € .
HBUGERE. W (B — V3L X)) = of|d]) XA~ d € RY Jeor, WARHER S n > 0 (LA
A d e R FFTH R K E,

O

PpV3, L(a*, A")
d|| = nlld]|. (3.6)
Atg,
IERR BT RARELT 8]t B 4.3 15— S BUE . UERE. O

EEE 4 FUE BB 1 AL WER ||[(By — V2, L(z*, A7)d|| = o(||d]]), H. 7 = o(1),
lim ||z + di — 2*||/||xx — 2*|| = 0. (3.7)
k—o0

ﬂEHH é’\ P* =1- A*J* (AIJ*A*J*)_IAIJ*a :/H\:EP A*J* %#/[\%Elyﬁ, EE‘J?U% VCZ‘(QT*), S J* 7\?
X A* = Ve(z*), W P,A* = 0. Rk, B3 1(c),

PrAg (A1 — A7)
— (PoA — PoA) (Aot — AY)
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TS AR E LR 2 0T, W R 55| 5.
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§<1/2, 7 =o(1), p = || N, MBARPTE 753 KI k) 21 = 2p + dig, BE 201 = 21 + di + sk

WERR A THUEWH BiREE S, IR (3.4) X 7e 4 KW k& Jlor. |

Vo L(ag, \) g, = (21, — %) V2, L(z*, X)di + O([lax — ¥ di ),
KFRFRN (3.7) 1 (3.12), 715
dy V2, L(z*, \)dy = —ggp di, — (X)) T Ap die + o(||di||?).
PR, |2 8,

[k +di + sk) — flan)
= L(’Ik + di, + sk, )\*) — L(:L‘k, )\*) — (/\*)T(c(xk +dy, + Sk) — C(ilfk))

1
= *QdfvimL(l’*, ANV — (W)Y (c(@p + di + s1) — e(ar)) + o(||di]|?)
1 1
= 59;?611@ + 5(/\*)TAgdk — (X)) (elzk + di + k) — c(z)) + o(||di[|?).
HAHGI# 3, 453
O(k + dic + 515 p) — S(wi; p) — 0{gp die + pllex + Af dill = llex )}
= (1/2 = 6){gn di + p(llck + A diel| = llex )} — (p/2)(llex + Ajy dill — [|exl)
+ (1/2)(A\)T AL d, — (AT (e(@r + dy + si) — cx)
+ pllle(@r + di + s1)|| = llexl)) + o(|di[|?)
< —(1/2 = 8)olldell® = (1/4 + 6/2)p(llck + Ap dill — llell) + (1/2)(A*) T AR di
— (M) (elzk + di + sk) — i) + p(lle(@r + di + si) || — llell) + o(lldi|I?).
TR (ley + AL dy|| < 7illexll, AK
||c(mk +di + Sk)H = Hc(xk + dk) + Vc(a:k + dk)TSk + O(||Sk||2)||
< lle(ar + di) + A sill + Ollsk|?) + Ol skl di )
< Tille(@r + di)|| + o(||dx||*)
< 7illek + AR dil| + o(||di.||?)

< i llell + olllde ),

(1/2)(A)T AL d, — O (c(zp + di, + s8) — )

116



HEREE B R 43 W2

= (1/2)(\) " (cx + A di) — (1/2)(X) Ter — (W) (elar + di + 1) — cx)
< (/2 + TOIN Mlerll + (1/2)(A) Tex + o(lldi]1?).
DRI,y

d(xk + di + sk p) — d(n; p) — 6{gx di + p(llex + AL di|| — [lexl)}
< —(1/2 = )olldell® + (7x/2 + TN [lex || + 77 pllck |
+(1/2)(A) e + (1/4+ 6/2)pllex]l — pllexll + o(lld]?).

B4 Y p >IN, 6 < 1/2, 7 = o(1),

Ok + di + sk; p) — d(n; p) — 6{gx di + p(llex + AL di|| — [lexl)}

< —(1/2 = 8)a|ldi® + (1/2)(A*) Tex — (3/4 = 6/2)pllex|l + o(lldell®) + o([lex]))
<0
/\)\ﬂ‘l] Hﬂﬁﬁiﬂ%ﬂ, Tr41 = Tk + di + Sg. 1IE5'5 O

ASCE g T AR AL A RS 1€ X 1 SRR T O T ARGtk A Uy R A AR ) —
Se I Rk, NI Steihaug FEHEAR LKA LML LT AR ZE AR /M a) R W] 1 & sk, ix g
Pty R BIAE LYW, )G, 1EBRAT LALLM T AR AT, IR T — M RS
1) R HOR — A TE B R S0 AT R B R e i Sk

BAT LV RBE FE ST AR B, 1) (2.8) AHRT IR AL Bedy + g + ApApr = 0 TN f
FAGTE A LS (3.3) BN AE Br(di + sk) + gk + Agterr = 0 1 pppr BEATREAZME—1 (EATTH
AEAENE 30 1) R (2.8) 1 (3.3) BURTATPELRUE). PR, — SR HAT I SE N AZ IS tH N B pge
WA 2. RS S AT 1(c) i, s A+ 2 AN, Aepr T EUH TR 210 ) LAt

min ||A = A*|| s.t. Brdip + gr + AxA = 0. (4.1)
MRAE L 2(a), payr WTEAH 21 A
min || — A1l ste Br(di + sk) + gk + A = 0. (4.2)

PRk FSR AN T IR (4.1) A0 (4.2) HZT“ M 1), EARIR 2y — 2%, dy — 0 F1 s, = 0, 1745 Ay — A*
F pin = Akr — 0 24 k — oo, PRMEZE TAERMR— N RLZ BT A — ORI, Rk, B 40k i
LA TE PRI, WA 7225 Ay SRARAIE S92 ) ) B DR e S5 PEAT AR J2 — A Fff wle )  JE. 76 6
T CUTE R4 (200, [58]) BB Sshrh, T2 M52 3 FH f5/s — 3Fe il it

min ||gx + ArA|l

KA Ner IO IR G (AR BL (B, 20 [8,59]). Wk Ay £E k FE70 KINAISRZ F Rk,
At Ve(x) HIESAERT A, BB AL o AR L MEAHICH, ] bk fe I — 3fe i) j ) 53k AT
PAORAE Apqr AT A, 7E £ 7800 KIN 7820 553, DAL, PTRLA DA IR Apqq — A% S22 1. 2R, 2 H
HITTSIRBEAT ORI BRI 25 RORUE S — WU I LS.

117



KA St IE A B AT e mi A L 2 A e LA ik

B3 3k

1

10

11

12

13
14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

118

Conn A R, Gould N I M, Toint Ph L. Trust-Region Methods. MPS-SIAM Series on Optimization. Philadelphia:
STAM, 2000

Nocedal J, Wright S J. Numerical Optimization. New York: Springer, 1999

Sun WY, Yuan Y X. Optimization Theory and Methods: Nonlinear Programming. New York: Springer, 2006
Andreani R, Birgin E G, Martinez J M, et al. Augmented Lagrangian methods under the constant positive linear
dependence constraint qualification. Math Program, 2008, 111: 5-32

Solodov M. Global convergence of an SQP method without boundedness assumptions on any of the iterative sequences.
Math Program, 2009, 118: 1-12

Byrd R H, Curtis F E, Nocedal J. An inexact SQP method for equality constrained optimization. SIAM J Optim,
2008, 19: 351-369

Gould N I M, Toint Ph L. Nonlinear programming without a penalty function or a filter. Math Program, 2009, 122:
155-196

Liu X W, Yuan Y X. A sequential quadratic programming method without a penalty function or a filter for nonlinear
equality constrained optimization. STAM J Optim, 2011, 21: 545-571

Powell M J D, Yuan Y X. A trust region algorithm for equality constrained optimization. Math Program, 1991, 49:
189-211

Ulbrich M, Ulbrich S. Non-monotone trust region methods for nonlinear equality constrained optimization without a
penalty function. Math Program, 2003, 95: 103-135

Benson H'Y, Shanno D F, Vanderbei R J. Interior-point methods for nonconvex nonlinear programming: Filter methods
and merit functions. Comput Optim Appl, 2002, 23: 257-272

Forsgren A, Gill Ph E. Primal-dual interior methods for nonconvex nonlinear programming. SIAM J Optim, 1998, 8:
1132-1152

Forsgren A, Gill Ph E, Wright M H. Interior methods for nonlinear optimization. SIAM Review, 2002, 44: 525-597
Gould NI M, Orban D, Toint Ph L. An interior-point /1-penalty method for nonlinear optimization. Technical report.
Rutherford Appleton Laboratory, Chilton, Oxfordshire, England, 2003, RAL-TR-2003-022

Shanno D F, Vanderbei R J. Interior-point methods for nonconvex nonlinear programming: Orderings and higher-order
methods. Math Program, 2000, 87: 303-316

Ulbrich M, Ulbrich S, Vicente L N. A globally convergent primal-dual interior-point filter method for nonlinear pro-
gramming. Math Program, 2004, 100: 379-410

Vanderbei R J, Shanno D F. An interior-point algorithm for nonconvex nonlinear programming. Comput Optim Appl,
1999, 13: 231-252

Yamashita H. A globally convergent primal-dual interior point method for constrained optimization. Optim Methods
Softw, 1998, 10: 448-469

Byrd R H, Gilbert J C, Nocedal J. A trust region method based on interior point techniques for nonlinear programming.
Math Program, 2000, 89: 149-185

Dennis J E, Heinkenschloss M, Vicente L N. Trust-region interior-point SQP algorithms for a class of nonlinear
programming problems. SIAM J Control Optim, 1998, 36: 1750-1794

Gertz E M, Gill Ph E. A primal-dual trust region algorithm for nonlinear optimization. Math Program, 2004, 100:
49-94

Tseng P. Convergent infeasible interior-point trust-region methods for constrained minimization. SIAM J Optim, 2002,
13: 432-469

Yamashita H, Yabe H, Tanabe T. A globally and superlinearly convergent primal-dual interior point trust region
method for large scale constrained optimization. Math Program, 2004, 102: 111-151

Chen L F, Goldfarb D. Interior-point ¢2-penalty methods for nonlinear programming with strong global convergence
properties. Math Program, 2006, 108: 1-36

Liu X W, Yuan Y X. A null-space primal-dual interior-point algorithm for nonlinear optimization with nice convergence
properties. Math Program, 2010, 125: 163-193

Tits A L, Wéachter A, Bakhtiari S, et al. A primal-dual interior-point method for nonlinear programming with strong
global and local convergence properties. SIAM J Optim, 2003, 14: 173-199

El-Bakry A S, Tapia R A, Tsuchiya T, et al. On the formulation and theory of the Newton interior-point method for
nonlinear programming. J Optim Theo Appl, 1996, 89: 507-541

Burke J V, Han S P. A robust sequential quadratic programming method. Math Program, 1989, 43: 277-303



HEREE B R 43 W2

29

30

31

32

33

34
35

36
37

38

39

40

41

42

43
44

45

46

47

48

49
50

51

52

53

54

55

56

57

58

Byrd R H. Robust trust-region method for constrained optimization. Houston, TX: Paper presented at the STAM
Conference on Optimization, 1987

Byrd R H, Marazzi M, Nocedal J. On the convergence of Newton iterations to non-stationary points. Math Program,
2004, 99: 127-148

Liu X W, Sun J. A robust primal-dual interior point algorithm for nonlinear programs. SIAM J Optim, 2004, 14:
1163-1186

Liu X W, Yuan Y X. A robust algorithm for optimization with general equality and inequality constraints. SIAM J
Sci Comput, 2000, 22: 517-534

Weéchter A, Biegler L T. Failure of global convergence for a class of interior point methods for nonlinear programming.
Math Program, 2000, 88: 565-574

Yuan Y X. On the convergence of a new trust region algorithm. Numer Math, 1995, 70: 515-539

Burer S, Monteiro R D C, Zhang Y. Solving a class of semidefinite programs via nonlinear programming. Math
Program, 2002, 93: 97-122

Correa R, Ramirez H C. A global algorithm for nonlinear semidefinite programming. SIAM J Optim, 2005, 15: 303—-318
Fares B, Noll D, Apkarian P. Robust control via sequential semidefinite programming. SIAM J Control Optim, 2002,
40: 1791-1820

Freund R W, Jarre F, Vogelbusch C H. Nonlinear semidefinite programming: sensitivity, convergence, and an applica-
tion in passive reduced-order modeling. Math Program, 2007, 109: 581-611

Jarre F. An interior method for nonconvex semidefinite programs. Optim Eng, 2000, 1: 347-372

Qi H. Local duality of nonlinear semidefinite programming. Math Oper Res, 2009, 34: 124-141

Sun D. The strong second-order sufficient condition and constraint nondegeneracy in nonlinear semidefinite program-
ming and their implications. Math Oper Res, 2006, 31: 761-776

Alizadeh F, Haeberly J P A, Overton M L. Complementarity and nondegenracy in semidefinite programming. Math
Program, 1997, 77: 111-128

Leyffer S. http://wiki.mcs.anl.gov/leyffer/index.php/MacMPEC, 2012

Liu X W, Perakis G, Sun J. A robust SQP method for mathematical programs with linear complementarity constraints.
Comput Optim Appl, 2006, 34: 5-33

Liu X W, Sun J. Generalized stationary points and an interior point method for mathematical programs with equilib-
rium constraints. Math Program, 2004, 101: 231-261

Luo Z Q, Pang J S, Ralph D. Mathematical Programs with Equilibrium Constraints. Cambridge: Cambridge University
Press, 1996

Chin C M, Fletcher R. On the global convergence of an SLP-filter algorithm that takes EQP steps. Report NA/199,
Department of Mathematics. Dundee, Scotland: Dundee University, 2001

Fletcher R, Gould N, Leyffer S, et al. Global convergence of a trust-region SQP-filter allgorithm for general nonlinear
programming. STAM J Optim, 2002, 13: 635-659

Fletcher R, Leyffer S. Nonlinear programming without a penalty function. Math Program, 2002, 91: 239-269
Fletcher R, Leyffer S, Toint Ph L. On the global convergence of a filter-SQP algorithm. SIAM J Optim, 2002, 13:
44-59

Ribeiro A A, Karas E W, Gonzaga C C. Global convergence of filter methods for nonlinear programming. SIAM J
Optim, 2008, 19: 1231-1249

Waichter A, Biegler L T. Line search filter methods for nonlinear programming: Motivation and global convergence.
SIAM J Optim, 2005, 16: 1-31

Weéchter A, Biegler L T. On the implementation of an interior-point filter line-search algorithm for large-scale nonlinear
programming. Math Program, 2006, 106: 25-57

Byrd R H, Liu G, Nocedal J. On the local behaviour of an interior point method for nonlinear programming. In:
Griffiths D F, Higham D J, Watson G A, eds. Numerical Analysis. Reading, MA: Addison-Wesley Longman 1997,
37-56

Izmailov A F, Solodov M V. Newton-type methods for optimization problems without constraint qualifications. STAM
J Optim, 2004, 15: 210-228

Wright S J. Constraint identification and algorithm stabilization for degenerate nonlinear programs. Math Program,
2003, 95: 137-160

Armand P, Benoist J. A local convergence property of primal-dual methods for nonlinear programming. Math Program,
2008, 115: 199-222

Bongartz I, Conn A R, Gould N I M. CUTE: Constrained and unconstrained testing environment. ACM Trans Math

119



KA St IE A B AT e mi A L 2 A e LA ik

Softw, 1995, 21: 123-160
59 Byrd R H, Hribar M E; Nocedal J. An interior-point algorithm for large-scale nonlinear programming. STAM J Optim,

1999, 9: 877-900

How does the linear independence assumption affect algorithms
of nonlinear constrained optimization

LIU XinWei

Abstract Firstly, some recent progress in nonlinear constrained optimization is surveyed in this paper. The
terminology on the global convergence of algorithms for constrained optimization is officially defined for the first
time. By noticing the gap between the exactness of optimality conditions and the approximation of algorithms,
and looking into the initial Newton-type algorithmic framework for equality constrained optimization, one will
understand why the assumption on the linear independence of gradients of the constraints should be and can
be weakened. The discussions are also extended to the optimization with inequality constraints. Without the
linear independence assumption, the local convergence of an algorithm using the exact penalty function and the
second-order correction is then proved. These recognitions may help to develop more efficient new algorithms for
constrained optimization including nonlinear semidefinite and conic programming in the future.
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