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WE: #E T FH Fischer-Burmeister JF &tk 24N (NCP) F40 49 9F $£98 QP-free JETATIRFi%.
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Y ERFE AR EOCEREABEE, EAHXELT, TARXT—H KKT mAF4F69L
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Nonmonotone Line Search Technique for QP-free Infeasible Method

PU Dingguo, JIN Zhong

(Department of Applied Mathematics, Tongji University, Shanghai 200092, China)

Abstract: In this paper, a new QP-free infeasible method with nonmonotone line search tech-
niqueis and the Fischer-Burmeister NCP function is proposed for minimizing a smooth function
subject to smooth inequality constraints. This iterative method is based on the solution of
nonsmooth equations which are obtained by the multiplier function and the Fischer-Burmeister
NCP function for the KKT first-order optimality conditions. We use nonmonotone line search
techniqueis on line searches. This method is implementable and globally convergent. We also
prove that the method has superlinear convergence rate under some mild conditions.

Key Words: nonmonotone; QP-free method, convergence; nonlinear complementarity func-
tion.

% L&A E ML R AAL 8 (NLP):

min f(x), x€R", s.t. G(x) <0, (1)

L f R = R M G(x) = (91(x),92(%), -+, gm(x))T : R" — R™ J& Lipchitz ZELEA] i ef %5
S D = {x € R"|G(x) < 0} Al D = cl(D) k3~ NLP 5] 8{)™ # i T4E FI AT 17 4. NLP
il ) Lagrange &1 eRECH

L(x,\) = f(x) + M G(x), (2)

Hrh X = (A, Ao, An)T € R™ BTt AR, AR (x,A) &xslm i (x7,A7)7.
Karush-Kuhn-Tucker (KKT) fi (%,)) € R" x R™ JE48Wli & NLP jn] fU i — I e b B 4%

P
VxL(x,\) =0, G(X) <0, A >0, \gi(x) =0, 1<i<m, (3)

Rl WURARE N AEER (%, 0) W2 (3) SRR x o KKT £ 34k NLP ml i) KKT f0550 T
kMR (3) IR AR PE B AN B (NCP). #£ NCP s ERIFERE L, SChk ([1-7]) #2417 fi# NLP
I R PR B A SRS E IS 1 45 T A B S 1) QP-free J74.
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Fy— 7, IEAR N ST — AN K e X 35k, TTRE S BRI D K aH R A IS, BRI
SICHE L. R T e g ALl i, R A AR ORI R AR,

AL — B 15 A Fischer-Burmeister £k 1 H 4] 0 (NCP) B8 2 AE 1118 QP-free
AEmTAT I V. AR BEA AL B — P KKT &4, FIHIe 7R NCP %, #3314 07, A3
g B RX AN ARG T FR A IE ARSI, RRAIH, 2 LT — M E R AL, FR LR — *Jéﬁrh/ﬁ%ﬁ
N = 8 T I 85 1 B o = g o 145 € O R 1 A R e e 1 K 5l |1 = 8 ey e K2 A L (& G O B

EX 1 NCP 3t WH a>0,0>0,ab=0, WEHEX (a,b) € R* L—4 NCP Xf.

X 2 NCP &¥ WE ¢(a,b) =0 24 HAY (a,b) &4 NCP X, WK ¢: R* —» R &—
N NCP %4,

E LA NCP AL min PAEUR Fischer-Burmeister NCP %, ' Fischer-
Burmeister p&ECEAEH 7] L0 255

P(a,b) = Va?+b2—a—b. (4)

BRI o BB T AR5 2 AN AL IESETT B, (BB A S A S SR . kU, R a #£ 0
BH b #£0, W o e (a,b) € R LT, H

WHR a=0,b=0, M 7€ (0,0) {1 X Jacobi KilFE K

o(0,0) = {n—1,0 —1]n* + 6% = 1}. (6)

R S T KKT s 6106l i @(x, A) = 0. 2 ®(x,A) = (Vo L(x,A), - -+, Vg, L(x, A),
P1(%,A), -, (%, M) = (VxL(x, A), @1(x, A)), 1 i(x, A) = 9((—gi(x)), \i), 1 < i <.
3 F-BRE R THE—FA {T; € [0, +oo)}

lim w(T;)=0 M .lim T, =0. (7)

i—+400

FREAEL w 2 [0, +00) — [0,00) A& ELIZI%(( FPRE- R L)
EX 4 ZEERPIERFF-RN B M L NEEEEL MR k, 4 mk) 2

m(0) =0, 0<m(k)<min[m(k—-1)+1,M], k>1. (8)
Atk >0 A LA H 2
Fot et < | max | [F(E)] - w(T). (9)
Hrpw E'*/I\B'ﬂaLlZ@*C
ARICEHNTR: SR T — R AR AT QP-free BLVA. EEE = AP IEM SR TAT . 2
VU IE B S5 g 4 SR otk ELAESE B T B @2 Mok, 20 1 4t T A7 ZE AR B 4 B
HS5.
1 8k
L ARBRSE To A LT
Li(x, p) = {il (g:(x

)
R j e Io, % (&(x, 1), nj(x, 1))
BIRA €(x, 1) >0, mj(x, 1)) <0

&, ) = (gf(")H) L man) = (’”—1) W
(95(%))% + 3 (95 (x))? + 3

é'\ E;C = fj(xk,/ik)a 77‘;@ = nj(xkvﬂ’k)v

— ( Vi VE, ) _ ( H” + b1, VGF ) (12)
Vi Vi, diag(¢¥)(VGMT  diag(n® — ) )’

cui) # (0,00} To(x, 1) = {il(g(x), s) = (0,0)}. (10)
= (12, 142): A, 4 (&%, 1), (%, 12)) = V(=0 B0z () bmpss -



ST L A BEAGIRIBE, o = mymin{ L, [9¥7}, my > 0. % yff = 0 Y, o = cmin{1, |8},
¢ > 0; 41 nf O ], cf = 0. diag(€") Al diag(n* — *) PHIFAH j AXFTERN & (<", u¥) Bl
nj (X%, k) — o (R SRR

Hik 1.
H| 0. WM. SiliviiEA x° € D, 0<m1<1 ma > 1, 7 € (0, 1) >1, 0> 1,
B>0,1>60>60 >0 60,€c (0,1),c>0 4 pu’ =0 P =09 =95x°u% = f(x° +

my (|| @1 (x%, 10)||? + PO). L AR IE e AR HO, k = 0.
F] 1. WHERTT . @ﬁfﬂ@?’ﬂéﬁé‘f’iﬁﬁéﬁ(m)ﬁ% d*O i ARO,

() =("") (13)

TR R IR T FRAL(14) 3545 dRY A0 AL

“(4)-()
BB 2. LWR. R FIHAE RO

SE — [F(cE 4 dF) (| (b + ik + ARD|2 )

. 15
> —min{1, | ®*]|*}6; (") TV f* + fymy || B2, 1

Sy = min{PE (e dM k4 XD)V2) k2 1 4 (R AF) = (@A) B s,
0, 25 d¥0 =0 WA oF =0, pF =15 35 d*0 £ 0 WE X oF = (1-pF) A

. 1 R @IV R < 9(d*)TV fE,
p= VAN S0 i A T (16)
(1-20) A —d e 7
F-H 26482, % nel0,1], M > 1 B2—ANILEHEH, & X m(k) = min[k + 1, M], E#
)—1
nkr2777 r:07172,-~-,m(k)—1 }D Z nkr:]-
/_:7\ kO k1
d d d
( )\k ) _bktk( )\kO >+pk<tk)2( )\kl )
H.
S(xF d¥, uk 4+ k) = f(xF + d¥)
+ o ma(|@y(xF 4+, pF N2+ min{ PF | @(xF + dF, pb + 2|12, (17)
TR P =79, 5 R T R8N IR S,
m(k) 1
S(xF +d*, ¥ + \*) < max{S(x Z NerS(xF77, 1P =9)} — w(Ty) (18)

e w AN pR EH.
Ty = —t* min{1, [|@F(|*}6,6"(d*) TV £* + 2ms (1) o || 07|,
BB 3. B A xET = <P dh R (b | < W = b N T = g
— Djt. & PL= fO - mgl|9 /2 — f1— myl|®L[V2, AT k > 1, PFL = min{P*, |®(x* +
k

fi
a*, p )IIW} SFFL = F(FT) 4 mg (@712 + PR} SR xR A KKT g, $1i%
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2 HERR AT
AR
AL JKOPE {x|f(x) < F(xO)} B, HXF750 KM K, |1 4+ bFARO 4 pPARY| < g,
A2 f Rl g; /& "k Lipschitz L0 1, HX A y, z € R,
IVL(y) = VL(z)|| < ms|ly — 2|, [@(y) — @(2)| < mslly -z,

L mg > 0 & Lipschitz %L
A3 HY JEIEEM HARAE— N my (X T AR d e R™ MIFER kA 0 < d"H <

malld|?.
SyUE RIS LSS (2 L[5)).
FIE 1R ©F £0, W VP RGN,
I B (13) 8 (14) B ME—E.
IHE 2 MMEE 0 <t <1, fEE—A ms > 0 {13,

04 (" + £, 1+ EAR) 2 — (@42 < mst?.

HER: 4 ®F =0 I
[ @1 (xF + td™, b+ EN0) |2 = [0y (xF + 1", i +1AR0) — @F|12 < #2m3 ) (d*0, ARO)| 1%,
JLr my J& Lipschitz #4512} &% =0 &or.
T BF £ 0 WAL SHE R TR (B0 [4] 513 3).
[[@1 (P + ¢d*0, pb + tAR0) |2
< (|| @1 (xF +¢d"0, pF 4+ EARO) — DF — #(diag(€F0)(VGH)Td™ + diag(n**)AFO)||
+[|®F + t(diag(€50)(VGF)TA™ + diag(™0)AFO)[[)? = [|@F ] + O(t?).

G BEAFIE.

i& k kO k1
drt d* d
( Akt ) :tbk< A0 )+tzpk< Ak )
Gl 3 WIF OF £ 0,05 =0 WIMERE e > 0 74 — >0 98, SHMEE 0<t <+,
@512 — (@1 (xF + d*, uF + A2 > (2 — o)t || BT 12
W ®F =0 H ok # 0, s aniR oF £ 0 H % £ 0, WAAFELE—D me > 0 3l 2, FER

0<t<1,
|@F (1% = (@1 (x* + d*, ik + X2 > —mgt®.
W o =0 H 0% =0, WAEE—D me > 0 W2, SER0 <t <1,

D7 = 11 (x" + ™, u + NP > —met.

WERY: ISR F £ 0 H ok =0 ) pF =1, (d™, \¥) = ¢2(d™, M), (14) i)

diag(eF)(VGP)Td*! + diag(n® — F)NF = —ok, (19)
XTH 4, 5732 W[5))
¢i(x" + 82" P + 20 — oF — (7 (Vi) M + (f AT = o(t?). (20)

IR cF # 0 B, pf =0, ¢f = 0, FTLL (@) (diag(E")(VGM)T, diag(n*)) = (@F)T
(diag(€F)(VGM)T, diag(n® — c*)). HXMERE € > 0, fA4E—A &> 0 145, M TAEE 0 <t <1,



L2 — @1 (x" + 82", 1% + 2A)|2 = (2 - e)?| 27 %,

BRI, 5 [P 25— 02 A 00F
WR oF =0 H v* #£0, N

121 (" + ™, @+ A = 1 (x" + dM, b + A — @17 < (ma)?[(d", A2,

ST ®F = 0 Jlar.
Wi oF £0 H o~ #£0, W5 2 £

IRF? = ([ @1 (" + 6"a™, it + tH"A) |2 = O(t?)
(AR MR — (80RdM0 1R ARC) = £2pk (a1, ARY) g
IRF? = [[@1(x" +d™, i + A2 = O(#?).

T, SIBMEE AR
AN S AN G50 ] iAE T B 2 RUERLS R 70 k1 A0 2 AR RO R ¢ 53] O

SHELL R 513 4-5 (JL3CHR [5)).
g1 4 W a0 £ o0, M
(dkO)T(Hk: +éllc]:n)dk0 S 7(dk0)vak
HXTrE o<t < 1,
(dkt)vak < [(t _ tg)bk + ﬁQQk](dkO)vak-

318 5 d" =0 M HMY V=0 WnF d" =0 M A0 =o.

M 5 g d*° = 0, ®F = 0 W) xF J& AT A H (xF,0) & A KKT & A%k —
JBet, eI —ITEANEAE — k &b, BIXE TR k, (d*°, %) # (0,0) .
518 6 iR d¥0 £ 0 B F #£ 0 WAFE—A £ > 0 675, XHTAEREM ¢ = tF € (0,7), (18) Bk

A

UER: SR TAERRI ¢, PR — min{ P¥, ||®(x* 4 d*, u% + AF)[|1/2) > 0. 4» = Fhfs 0 iE XA
g
TR L R A0 £ 0 HooF 40, tif Rl g RELETTE DL S 80 4, 4

F— &P+ d™) > —[(t — )" + £26%)(d") TV FF + o(t).
IR 2 F 3 ULWIAEAE—A my, R TATRER 0 <t < 1 W2,
[OF (1> — [|@1(x" + d*, 1" + N ||? > —mat®.
5 4 A BE A3, 51 —(dF)TV P > (dF)THRAM > 0. 5806 T 3R G BLRAT.
0L 2. W a0 £ 0, 0F =0, th b8 BEX, A pF =1, (dTHTVF <od) TV A
f*— f(xF 4 2d™) > —120(d") TV fE + o(?).
WA F =0 M58 3 41, X FAEEM 0<t <1,
||<I>1(Xk +t2pkdk17uk + t2pk)\k1)||2 < mgt?.
R OF £ 0 MIMBIH 3 51, 4C BRI e > 0 fEAE— &> 0 i3, X THEEM 0 <t <t
[@F(> — [|@1(x* + 2", u* + X[ > (2 — o)t || ||,

BT L, 5B T3 A 1 B o
EW 3. WR d =0 WS 5 A M0 =0 f V=0, X bk =0 F p* =1. ixA5H
R, TT51 ®F # 0. X5 8 3 HAHMEZE M € > 0 fEE—A > 0 flif5, X TAEEM 0 <t <1,

RF]% — 1| @1 (x* + 2", 1P + NP > (2 — o) B,
Ht f ESET e, #

FE = #2phaM) = ot?). (21)
FTEA, 312 TR PSR Y. 3 BAHE, O

G184 1-6 FEAMER T 5% 1 /&7 LRSI



3 WStk

A R A1-A3 R7. M x0 e D Al p0 =0 5 09 =0 il @0 = (Vf9,0). M S* i
TR, G P <SR <91 =80 = fOU iR AL RS {(xF, uk)} A
SIE 7 WUR (x, ) 2 {(xR, )} ARG S — SEHL S 0, WIAEAE LIS RIRAE K, HAR
K, t>0 FIEE 6 > 0, fGX THEREM k(i) > K M k(i) e K, &
SRG) _ gkG) (1) > §/2 > 0. (22)
L FRE—0<t<t <t <1,

SHO(t) = f(xF +d")
+  ma(]|®y(xF + d¥, pF + AF)||2 + min{ P*, | ®(xF + d¥, ik + \F)|1/2)). (23)

HERY: ARG b0 (0, b)) s b (x, ), pHO) (@00, ARO0) s (@70, 3°0), (T xR
(d*l,)\*l), Sk(z) N S*, Hk(z) N H*, é’lﬁ(i) N éik }u Ck:(i) NP
L & = B(x*, pF). HIR O =0, W (x*, p*) R (NLP) f1—A KKT /i f# & 40,
7 =0,d"0 =0, W x* A4, 5125 T « KA k0, M cminf1, |@*||V} #£ 0 7]
fEH V=0, H (x*,0) &8 (NLP)f—AKKT 5. g & # 0 5k d*° # 0, d15[3 2-6 (iE
HBU\& f_;” g E’\Jiﬁ:?iﬁﬁﬁﬁ, %”ﬁ(ﬂ:ﬁﬁ?& E, 2?17 91, 02, 0< ES t < 2?1 < 1,'E< 7'7?1,91 <h <1
0y < 0y <1, 13
S* _ [f(X* + tb*d*o + t2p*d*1) + m2(||(1>1(x* +tb*d*0 4 t2p*d*1,u* + t2p*>\*1)”2
+min{P*,[|O(x" + 0°d™ +#2p"d", p* + 12" A )| V2})]
> —min{L, [0 }8 (AT S + mafat?o 032, (24)
M (24) HEHAEE—A 6 > 0 W2
S* _ [f(X* 4 tb*d*O 4 t2p*d*1>
+m2(||q)1(x* + tb*d*o + tQ[J*d*l, /1'* + t2p*)\*1)||2
Fmin{ PP, |0 (x* + 10" a0 + 12" a1 + 29" A V21)] > 6 > 0. (25)

f A gi EESETTRAEB IR T ¢ € (0, 1), @(xMD + ¥ b0 4 RO —HUKHT o (x" +
d*t it N TR, AEE A K AR, ST ITE I k() > K Mo<i<t<f <1,

SEE _ gk (1) > §/2 > 0. (26)

5 A, O

AT IR 8] g L 2 MIER], A
FIE 8 XTI k

MEIHE 8 ATHEH w(Ty) — 0 I
—t* min{1, |F]| }616* (") "V ¥ + Oama (t7)? p*||@F||* — 0.

MEL LB 7-8 4311 || ®F)2 — 0, &* =0 Fl d*° — 0. BARLUR & BUREAL.

EE AR (x*, pt) 2 {(xE, p) ) AN, T xR (NLP) [—4 KKT .
R A1-Ad FFEAE LA 78 LR 4B

A4 {Vg;(x*)} MM, Hrh i e T = {ilg;(x*) = 0}, x* & {xF M — A5 ok FLIE o) 3t

A5 55 {HF} 32
|(H" — Vi L(x", u*))d"!| o
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A6 JEE BANEAFERE—A KKT 5 (x*, 1) AL

A7 f Fl g; &£ =1X Lipschitz ZEEET] Y.

LG 1, SHiE R RG] .

SIH 9 U AL-AT AL W {||[(VF) 7|} &S, Bhah, R v {(VE AN
B, ) VO AEA .

1B 10 ¥ A1-A7 KoL BXF T A k& ©F £ 0, Jim. | ®(xF+d™, pk4AF1)|| /|| BF|| = 0.

EB: HUREEB AR E— A mg > 0 RI—> {(x¥, k) } BFFEF] {(xO, kD)), (O, gk D)
(x*, p*), W2
Jim @ (x kG @k k@ 4 \EOL)| /1050 || = mg > 0. (27)

Vi = < Y%ﬁi ?]}:%; > (VQ L:E k)T V'Gk(i)w) )
vk diag(EFD)(VGHNT  diag(nt®)
B A6 7, XETHRA KM k, VOO f24e (L VD = Tor), 4
Hvk(i) (dk;(i)l’ /\k(m) _ Vk(i)(dk(i)l’)\k(i)l)H _ O(”dk(i)l D, (28)
M@ TR
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&

(29) Fl (28) B

1@ (x k(1) +dk(z)1 k(3) +>\k(i)1)H _ 0(||(I)k(i)‘|)~ (30)
(27) A1 (30) T, LA, 0

%LETE%I%(?“U”[ D

S 11 B AL-AT AL, W78 K K, (A%, %) = (d*, A1),

pg I8 8-11 151 DU B

EH 2 B AL-AT O, WHAT 5L 1 AR ATE {(xF ) H (x, A S {(xF, AR}
f—N R A, ) (%) 2 ) (NLP) f9— KKT i, H (x* A’“) L&r@lﬁcﬂ% (x*, *)

4 BHHER.

AR T SRABLTARAAL M B S 1 25— 2B 45 R, AT Rk an k.

Lo ZalfEN). FA @(x, 1) = 0 M HACY (x,p) & KKT A, ZILAERY ||@F)| < 1075.

2. #H HY. HF 11 BFGS 77585 (3 W[6]).

3. ZHWEWT: wit)=t. my =01, me =10, 8=0 =15 v =2, 7 =05 a =02,
a1 = Qg = 0.1 u& ﬂ = 10000.

Jiih:

SCHR [9] A It 1 TR T 33 b BR BB AT 29 AT DB
29 8 13
30 8 10
33 10 23
35 7 12
37 17 46
43 12 25
44 17 39
76 10 42
100 15 37
113 22 58
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