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Bl 265 5 5 4 T RIE B E S R,
1 & AR
AT 3BT SR B2 AR St 2R G i i) )
F(x)=0, xe={xll<sx<u;, (1)
XH, Foov— N2 M ROE S, o C R 2 — 5 n- 456 AR QIFE, K

Ble (MU {-w})" FMue(RU{+o}) BTG ETFRRin(Q) = {x1 1 <x <
w} AEzs. BLAMME R

fx) =5 TG 112, (2)
AL TR 1) S5
min f(x) x e (), (3)

[ 3) FETCARGTR O T, x, Ab BB — AT Oy

m(p) =+ | F'(x)p + F(x,) || * =

SO xOF (5)p + F'(x)F'(x)p + 5 F'(x)F(x,) . (4)

TN, Rl (3) AT T IA— U5 S . BUAE A S bR o (x) , BB LT .
1’ %’[l[:—ooﬁui:.’.w,

¢'(x) < min{x' = ' + ymax {0, - g'(x) }, (5)

u' -2 +ymax{0,g'(x) } }, w0,

def

Hodr &' 1w S x DR u 5 i A g(x) = F'M(x)F(x) ,g'(x) & g(x) W5 i Ny
w,y > 0(y B— 5.

ST S S P 5075 4

D(x) £ diag(d'(x) ,—,¢"(x)), (6)
U (3 ) B — B 5 S P 2y B3

D(x) ' Vf(x) =0. (7)

FRIGEITRE(T) S p=D,p,Wp=D;"p, b D, =D(x,) . Wit 78 x, &b 05 5F AR 2 X
K

m(p) = 39" D] (x ) F (x,)D]'p + F'(x,) F'(x)D;'p + S F'(x,)F(x,).
()
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ARATH A A Lanczos MR ARIAKE A Newton 725, 45 A AE IR A KA AT E 2
SIS OB
Mt
HESHu e (0,1),0 € (0,1),0 > 0 AEREM MEHTERISEL 4 m(0) = 0, IR

WG R AT x, € (Lu) CR". A k=0, FFP.
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1) it F, =F'(x,),D,,D;' M, =D} F,"F, ,D;' F,"F, J HiEB— M HF5 9,
(0,1);

2) Wk | D' F,'F, | < &, WEIRTHE x, 1E AT BWEFEAT—24;

3) ®i=1,v,=0,r, =Vm,(v,)=F,'"F, ,0,=0,d,=0,74d, =— M;' F,'F,;

4) Yo, =Fd,A Bk

D;'r, #0, (10)
#al(9) Mz (10) #RI L, BE AT — 28, B AL 6)
5) i
- r; Y '
Y :Mklri7 Y = <ri7yi> , W; Z?’ q; :’)’-, 6i = ” qui ” 2»
_H?r}yi

L :F;;'I‘F/;qi - d,w, —Y®, , A= I >0,0, =-A0y, (01 =1),

D 0,

i i

T T
_ 0y F, o,

B = >0,d =-0y, +B,.d._,,v,=v,_, +A,_,d_,;

w’il;lwifl
Ko 55
[ F(x,) + F'(x)v. || <n, [ F(x) |, (11)
HROADWE AT BN, & i + 152 4)
6) #i=1,p,=d;i=2,p =v;
7) R @, = 1,0,0°,, BB TR

I Flx, +ap) | < I FCx) |+, - 1) 1F(x) | (12)
H x, +a,p, e (Lu), (13)
o FCe) | = ma LI FGe) I s
8) &
X, =X, +0, D (14)

9) Wm(k+1)=min{m(k) + 1, M} .2 k—k+1, FFL1).
EBA L) g, A AEERTH. ASCHER g, = min{ 1/(k+2), | F(x,) | }.
ERE2C A
Vm, (v.) = F'(x)"F'(x)v.,, +F'F, =0,r,,
Hrp 0.1 = <ei+]9hi+l>71%fu 0., =-A0y,(0, =1).

ER3Y ERX(13) o, TR p, ZHRERARI < x, + o, p, < u LK D

“ Iox uw —x

a, = min{max{ ix/"uiix,{} , 1= 1,2,..-’,1} , (15)
Pr Pi

o) HF I, e (9,11,0 <3, < 1M, -1 =0(|p,|l).0,u,x Fp 5HELu,x, Mp, B

B4 p, =0, M4
I -l

:—Q
1l

>
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" = u =4+ o ,
Pi Py
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I3 3.1 &g Md HEEES) BELRECHEI I <i<I<m+ 1, WFIHE
AT :

q;Diq, =0, I1<j<i<I<m~+1, (16)
Q'F"(x,)F'(x,)Q, =T,, i=12,m+1, (17)
rid =0, I<j<is<I<m+1, (18)
oo =0, i #J, (19)
d/Did, >0, i #J, (20)
dr,=-0rD’r,, j=12,m+1, (21)
Hb Q. =[q,,q,,,q,] M=XFAREET, N
5 B}
Y: 6, s
T - .
Yior Oy Y
L Y. 6]
SIE 3.2 v, IFEY 5) L7 A nyk Ao WS B s g m , B
IDw; I, < I1Dw, I 5, I<jsm. (22)

IERR v, = 0 FIEIREE 5) 4, i1

v, =v, + i/\idi = i/\idi.
1=0 1=0
BESR A, > 0,d'Did, >0 (i #j), A
v'Did, = (2)% )[Didj - 2))\@30;4 > 0.
(]
” Dkvj+1 ” g = va+|Divj+1 = <vj + )‘jdj)TDi(vj + )‘jdj) =
vDy, + 20 v/ Did, + A}d/Dd. >
IDw, | 3
R, AN AE R (22) T,
SI# 3.3 KB m(p)= | F'(x)p + F(x,) | */2 2 FEER, B
I F' (x)v + F(x) | < [ F'(x)v, +F(x,) |, 1<jsm. (23)
R A~ 0, EIEH 5) LAGIE 3.1, WA
2(F,'F,)"'d, + 0’rly, =r{d, +rid +6r/0y, =
rid +rid +0r/(B_d_ -d)=
rid, +d(r, - 0r;) =
r]de + djT(r1 -r - F,LTF,;vj) =

j-l
rid. +d; (r1 -r, - 2 A F,'Fd, ) =
i=0
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i1
rid, -d' Y\ F,'Fd, =
1=0
rid, =-d\D;d; < 0.
o 6ry, =6;r'M,'r, > 0 flew @, > 0, 13
IF' (x)v, + F(x) I* = I F'(x)v, + F(x,) ||* =
2<mk(vj+1> - mk(vj) ) =

J T J
M(FF) '+ (X Ad ) FF Y Ad, -
i=0 i=0

( 1214 Ad, )T FAIFA jzi Ad, =
2A(F,'"F)'d, + )o@, =
0r'y.(2(F,'F,)"d, + 0’r]y,)
oo,
R, AN SE 2 (23) AT,
513#3.4 &% |D;'F,'F,|| #0.
(a) v, BES 5) 053], W e A R R (11).
(b) % p, =v, BRR(11) A TFHI7 AT E AR5 a,, S L
(12).
IERA(a) WAL S) L W
I FCx) [1* = 1 F'(x,)v, + F(x,) ||* =

< 0.

2 a(FE 0, - L ale) -

, _ , 1 . _ .
ZAI((FkTFﬁTDkz FkTFk - ?(FkTFk)TDkZ FkTFk) =

A ID;"F'F, |* > 0. (24)

H1=(23)

[F(x) | = [F(x,) +F'(x)v. || > | F(x,) | = [[F'(x)v, +F(x,) | >0,
o

[F(x) | > [ F(x,) + F'(x)v, | .
é\

£ - | F(x,) + F'(x)v, |

L | F(x,) |l ’
1535

£ - | F(x,) +F'(x,)v, | 0, i,

IF(x,) |
BEAL T, e (0,1) R ATIES WAEE £ 175 €, < 7, B
¢ IFGD +F v | _
= IF(x,) | = e

(25)

A i
| F(x,) +F'(x)v, | <sn,F(x) I, (26)
FrRAZE I (a) BT
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ERA(b) %
= | F(x,) + F'(x)v, |l .= (1 -p)(L=n) [[F(x,) |
I F(x,) | ’ [ |l ’
_ (1 —n)ﬁ}
min ma { ’1 - ’
7 o v, 1
Hs > 02—/ Mys, & |av, | <8, AlH
| F(x, +av,) —-F(x,) -F'(x)av, | <elav|. (27)
HE—Tn, € [n,.,1).
A o 1-n
/7\ pk = 1 _77 vj9
ESpS|
' 1 -, =~ M win
Il =7l < ) <, (28)
H
| F(x,) +F'(x)p, | <
N, - M 1 -7, :
- HECx) I+ g | F(x,) + F'(x)v; || =
M, — M I -,
ﬁ” F(x,) | +T77An I F(x) | =
n I F(x) |, (29)

LNII]
IF(x, +p) || <
IF(x, +p,) = F(x,) =F'(x)p, | + [ F(x,) + F'(x)p, | <

T I F ) | <
(1 =) (1L =m) IFCGx) |+, [ Fx,) || =
L ap(m - D IFG) | (30)

P a, = (1 -n,) /(1 -n) , BEE | F(x) | < || F(x,) |, 458 (b) Wlsr.
4 HARFN JRp e SR A B
FES M BRI SOTE 2 AT, T VR B
Big1 N — R @ EA R KB x, € R, FHRIKFEE 2(x,) = {x € R"| f(x)
< f(xy), ] <x <u} BEW,EEZAEERTI {(x,} C 2(x,).
Bi&2 || F,"F, | A | D;'F," | —%CHR 10k, Mo, XAk, A
| F,'"F, | <k, ID;'F"| <k,.
513 4.1 & F, i HRREA L L BORAAE D 81 -9, > 1 -0, WfFET >
OffifF Ip, | <7(1-m) [ F.| .
iR 4 | F,7 | <K ,«(D)Z D' || IID, | #FR%iMED, B4R I < (D,) <
K,.Hp)=-D, F,~'F, 188 p} =— F,”'F, . FRH5I B 3.2, 0]73
ID,p, || < | -D,F,'F, |, (31)
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NI
lpe | < IDSIID NI FSNNF =
kD) FIIF N <SKKTF, (32)
PRSI r = KK,/ (1 —m) B, lp Il <7(1-m) | F, || WG
EE41 k1.2 Borfin, —0,% {x, } CQRFEE=AERERTH], N

lim || D;'F,'"F,| =0. (33)
B O m(k+1) <m(k) + 18 [ F(x,,) | < [ F(x,) |, BrEh
I F(x0000) |l :Ogjg%);ﬂ) [ F(x;,,) | <
max || F(x,,, ) [l = max [[F(x,_) [ = [F(x) | .

osj<sm(k)+1 -1<jsm(k)

AR TR ky 41 F () |3 BT, I || F(x,,) | W8 B (12) Figl 8
4. 1,715

[ F(x, +a,p) | = 1 F(x,) || <S-p(1-m) |F | <-pr " p . (34)
Hat(34), %1
[ F(x,,) =1 F (x4 + o0 1Piry-1) IS
“
oqs{?ﬁ(xk)_l) ||F(x1(l(k)—l—j)) I - . I Dy -1 | <

I F (g 0) 1 =2 i I

Hon, >0 MK K,/ (1 -n,) <KK/(1 =), 008w/ ANEIET 0, ﬁﬁ}im I Py I =003
LT SCHR[7 ] BOUEDT A
lim [ | =0, lim || F(x,) | = lim || F(x) ] (35)

gha X (34) , 155

lim [| F(x,) [ =0, |l D'F,'F, | < |D;'F,| |F,| .
PR RO 2, ] A5

lim || D;'F,'F,| =0,

PRI 4518 BT
Rig3 KRR8I MERE . Ffw, =0, Mo, >0, 2
| ¢/ | - | (F,"F,) | +o,

pll T U(RTE) + (FFip) 1
Hep i (x) (5 B, 0, > 0 B—HEL
513 4.2 XMEEM x e > 0, 77768 > 0 filif5
| F(z) ~F(y) -F'(y)(z-y) | selz-yl, (36)
Hbyze Ryj(x)={ul |lu-x| <8}.
EIE4.2 REFF, EEMF, 0¥ %1 ~3 870, <1l,0, -1=0(|p, ).
{x,} COMBEEMTFH,HE {x, } WSEx, My, —0, 0 {x, } BEMKSTF >, , A

X, —X,
hmwzo_ (37)
e X, - x|

ERR PR SCHERL3 TR [BE3. 1 BYTERAZN, 2 k 7850 KA, BEA5 8] Newton 25, T HTIERH 4 &
Fo5rKEF, Newton #
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p.=- (D;'FF.D;")"(D;' F,F),)
WER(11) ~(13).
B k75 KRt p, WX (11) . My, —0, Al

| F(xk) +F’(xk)pk =1 F<xk) +F,(x1f)Dl;lI_’k I =
| F(x,) - F'(x,) D;'D,F,”'F, | =
O0<nm, [[F(x,)| . (38)

Hi p, R (11).
HYUEM p, W (12). 4
_ U= -m) [F(x,) |

3 , (39)
' Ipi |

i (35) 3
lim [|p, | =lim [ p, || =0. (40)

FHEH 4.2 F1L(39) , %0
| F(x, +D'p,) || =
| F(x, +p)) || <
| F(x, +p)) —F(x,) -F'(x)p, | + [ F(x,) +F'(x,)p; || <
ellpy | +m, | F(x,) | =
(1 =) (L =n) [F(x) | +n, | F(x,) |l =
(1 +u(n, -DIFx) |, (41)
5 I F(x) | < 1 F(xy) |, 5 o =1 Flk 585 KE p, R (12).
e EH p, iR (13).
H1=0(40) , f
lim p] = 0. (42)

k—o

BEAh A7 AE—A> Lhs j 15

. . =, u -4, . V—o, o -4,
a, =m1n{max{ s },L:l,---,n} =max{ R — } (43)
P P r. r.
MU <o, <, HERK(42) ,ﬂ’ﬂlklim a, = G AK—BHE By, =d . ZET M
gL .
1) Wi p/ <0,

i o J U J
l—xku—xk} U —x]

max {

pi " pl
= (42) ,ﬂﬁkl_ijcl a, =,
2) W pl > 0, 2KRIFCHR[8] AUUEI , M o/, =/, Hl gl < 0. INIIXTF & 7250 KA, i gf
PRI 188 ¢ < 2. < 00 ¢/ () BYE R ¢ (x) = - o, FAIHRIR 3,155
l'f —x{ u’ —x,{} =uj —x,{ =| d),fl = w | (F,;.TF,‘,)"'l toL
pi " opl plUpll T TNU(FSFY + (FUF p) L
Mw,-1=0Clp,ll), Bk

J

Pk

max {
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lj _ ] Jo_
lim max .xk’u .xk = 1. (44)
k J J

Pk Pi
md, -1=0(|p,|) F=(42) ,ﬁ%iﬂlimﬁk = 1. Hitlima, =1 Hp, WiE=(13).
H BT AR AT B FF, 1IEE BB R x,,, =x, +p,, HP
p.=D;'p,=- (FF,)"
J& Newton &, R0 (37) WlAT.
FEH 4.2 PSRRI R SIGE R T H AR PR x , 1Y Hess KRR K 1 JR e 8
HOR, WER p, A8 K Newton 20, FIE WP {x, ) IR x, .

5 FfH 45 R

AT — BB AL R (IR 1) A TR R B LA SE RSN T e =107°, u =
0.5,0=0.5,y = 1.A4HAY 7 TEWHEA SCER[10] FISCHR[ 117 . N, AN, 205137 Hbr R 5L
UBORIRS B PR B, M AR AR PRI S0 BUE S SRR T RE A sk

1 HELER

. M=0 M=5
N Ny N Ny
Ferraris-Tronconi 6 6 6 6
Himmelblau P& 27 32 26 31
Reklaitis Ragsdell [ 109 109 109 109
SC205 14 15 13 13
sc212 234 234 186 187
SC311 46 52 11 16
SC312 80 93 16 27
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Inexact Newton Method via Lanczos Decomposed
Technique for Solving Box-Constrained
Nonlinear Systems

ZHANG Yong', ZHU De-tong’
(1. Mathematics and Science College, Shanghai Normal University,
Shanghai 200234, P. R. China;
2. Business College, Shanghai Normal University, Shanghai 200234, P. R. China)

Abstract: An inexact Newton method via Lanczos decomposed technique was proposed for sol-
ving the box-constrained nonlinear systems. The iterative direction was obtained by solving an
affine scaling quadratic model with Lanczos decomposed technique. By using the interior back-
tracking line search technique, the acceptable trial step length along this direction will be
found. The global convergence and fast local convergence rate of the proposed algorithm were
established under some reasonable conditions. Furthermore, the results of the numerical exper-

iments are reported to show the effectiveness of the proposed algorithm.

Key words : nonlinear systems; Lanczos decomposed technique; inexact Newton method; non-

monotonic technique
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