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EXHREREBARNIEL R LG
’r‘rllgf(x) (L.1)
He
Qdef{ v e B I F<sa<u,i=1,,nl (1.2)
ﬁﬁ&%ﬁﬁ"ﬂfﬁ% QRIESE, o, VM R n e, Fu i MR ETER I e R U
{-—w| flu' e BU [+ BRI <u';f: B> BEABHIERERL. Q FITTE, S nt(Q)
def | v € B | I < o' < u',i=1,-,n) NFRHHATITE.
iLg(x) = V f(x) HEWREEf(x) BBE, g'(x) Fg(x) BWE i MR, B 1) H—HLE
HEGR:Ex, € QWR
g(x,) =20 % =1Unt
g(x,) =0 %I <, <iHit, (1.3)
g(x,) <0 %4, =u't
Fre, REE(L 1) MREA.
B EIAG S REER D, , Coleman 1 Li 7£[ 3 ] Hr 48 H — b XU {5 #5150 P4 A5 B B AT A (5 M R A
BHEREAREBARMIER AT, P EXTE o(x) € B HE—IHER.

¥ -u EHg <0, Hu <+

b(x) def J¥ =8 Fg =0, Bl >-w (1.4)
-1 HE <0, Hu =+
1 %gizoaﬁ.li=_w
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et D(x) def diag{l v, (x) | 7,-, 1 o.(x) | T} , BID (%) = diagll o(z) 1] .

ERY R AT HESIHBRATER, (L 1) H—Br R BRI 3) TSN FFEMEREY
B4

D(x)*g(x) =0, (1.5)
EE R WERA %, e in(Q), MALS)EHFI 6 SN
(D V*f(x,) + diag(g,)J})8, = - Di’g,(x), (1.6)

HAJ e %7 N1 v(x) | K Jacobian FfF. (1. 5) BIELK (EARLLLTHES. R0, = 08, T
B(1.5) RATHE. R TRBXFER, TARS 2, € in(2) M0 | > 0. 84 =08, o, BF
LR, HHMES g, = OB, BUE J; = 0. 41 Colemar i Li (315510, BR v, FEX— MBAEL
H,BRES v, - g WRESER, Bk, $MEHAT R, bA UAFBRMABM AT ME. BR, T £
— X FSERE, N ARG 0B M IR u AR » B, T = diagl sen(g'),, sen(g")} ;4
FERAARTARAKRER , B& e =0W, J; =0.

ET - BpEERMA(1.5) K4 (1.6) , Wi R EREER D, , £ %# /5, Coleman M Li £
H T EEE(L. 1) KRBT R (S,) -

(Sk){min q,(8) d=eff(x,‘) +(g)78 + %51(31‘ +C,)6
s.t. | DS < A,

Mg, = V flx),8 =x -5, B, 2 V2 f(x) ZIEXBRELIER, R C, 4 D, diagl g}, 811 3D,
FU g, R g, W% i AR, BAR C A EER AR 0,(8) RAMBHYOERL, A, REBHER.
4 8,9 D'g, = diag(l v,17)g, , M, 9€D; (B, + C,)D;* B8 = D,6 [EHBTHEE( S, ) TUEH
HEH(S,):

(1.7)

() [min 0.(8) Self(z,) + g[8 + 7MY 8
s.t. 8] < A,

FE(3] 70, UEHUE T B AR AR, o BRFF RSB SR R, FHR T ENRRZ—
REEHFER BIREERO K, B0 TR EAEEREZ N , T2 57 R X A
HH8 T . ACSORFT T RGBSR B RN o, R 2.7 LI~ VOB R Hssian B
I LI A EAAHE [ B RS , B AR WA R R BAR R 8. Hush, Grippo (4] Rt T 3F
HAREER e A R ER FIR R A — S8 T AT AR e S 2 8 3 e
T, REE R EESRAEDR.

A SCE TFHER R AR BRI RAT T, B RERREL KE FUMRIE SR KB E
FERTTATIR , AR BARRE= AR A T . ZE 8 BB T, 7T LA W 038 B A O JE B A e
A& RTBEERSCER. AEBRIT B _WHd TRIABENHERIER, =Tk
TEABRRBRNRBRERARRWAKES, SUHIER TRAERSE, BRTIHE T RERSE

2,85, A TRARRBREENHELBHSER.

2 Bt REMER

EEHBREET, RETEERARE/MUEEREFRFETEE( S, ). EEHRR T RBEFH K
B, AR EHIBE RHAR, RARKRBZREREERS 6, WT—MERPR 5., = %, + 8,

HEA BB EHIRT (S, ) , RARMREEARZE R, ATIXT R «, BB —RF| FHRHE
R 8, . HTAHMARBHREER, BEX D' (B, + C,)D; #THIEEL®. BHR D, (B, + C,)D;’
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RRIERE, B TR SE, A E— I, 2 ¢ < ¢, < - < ¢, & D;' (B, + C.) D} BINFEAE, o',
u? e ut AR AHE R RSB ¢, > 0, ¢, <O0Fp, =0 (ie {1,,n} ), KHEIEFRE (1,-+, nl
Rk T, I RN BIERMIE R ARE IR T (S, ). (21 Bulteau 1 Vial[2])
2.1 BRBBHMA

4 g 9D e BARBERE T'(r) MURRHI (1) = I(4(7)) + T (6(r)) . Hep
‘1(7')

Fl(tl(T)) [ 2 ¢ t](T) gku +t1(7)2g (21)
I(6(1)) = (), (2.2)
XE
If'r LR 7T < 17,
Lit) = (2.3)
1LT , MFr= LT’
0, mE 7 < T,
L(r) = . 1 (2.4)
T MR r= T

T=1il ¢;#0,i=1, -, n}, =il $;=0i=1,,n},8 =) v,i=1,,n,g =
Z, giu', T=max {0, ~¢,} BT =08, UTEXH + o . FE, HEY D, (B, + C,)D;' RAE

B, BXTAEWR & = b <OMie {1, - ,n) ,F g =0 X0 Iy(e, (7)) AFETE. KRB BB Moré
F D. C. Sorensen F5 7 Bt AL AT Y FXEH 5L (hard case) (JL[6]). XHEAMER ['(r) REREO <7
< T WA WHE I(7) = I(n(n) .

2.2 BimErER

THESGE AR 2 i — LV, AR BT IR BE I o R B, RIS B S =R, i T
RIERE, RA SIS, LT RTI ERE EEEw T A RMIENDRE.

512 2.1 HBRRBERINENRS 6(1) = I(r) WRUTHR:

(DHF7 e (0, +) BEMTHES |5,() | REFBHY. E—25, 4 lim

[
(2) ZWIERURE q,(8:.(7) ) WEBRMRBERBRERE.
(3) R (B, + C,) RIEEH,T rl_lfg 31;(7') =-[D,(B, + Ck)-le]gk'
S 2.2 B#f#6,(7r) = I'(r) BOBLEZEDN, N

(DXTFO < 7 < 7, EFRERBIBE 2 FRMB T MBI 5, (7) MXT BT, (r) def ]

() RIHBEN. t—25, % e o 0np, T AR e

R)MFO <7 <+, §,(r) 9 5,78,(r) MBI TN, B

[EACN
’7'2 B

Bu(r) < = pminl g 18

513 2.3 4%R% 6, (n) RERMMEBIN, U —EFEw e (0, + o) FETFTRRT.
(M, + Db, (7,) = -8 (2.5)
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Hep

L WO <r< L
T T
He = i (2.6)

r Y%r= T

B (M, +u0) BREEFEERE.

3 RE

FEXHTH, RATA HRAE (1. 1) WIERRARKBE N AR
ey

HESWB e (0,%*,‘:,w dre (0,1),y e {0,1),e >0, EBHM $m(0) =0.EBFRIE

% B, JEBAIR A 5 € int(8)) SISk = 05 X8,
E 37
() HEfL =f(%), 8 =V Ax) ,D,MC,.
(2) R | D'g || < e ,WEILHE, « ENBRAM; BWET 2.
(3) 8 D' (B, + C,)D;' FREMEMIERAHE &, W RNEE I, (r) KB 8.(7) .
4‘4’\6&(7) = Dl:lsk(T)’
(a) M, EEREEE BB, = », 0™, 0", -,

(b) % M, R, L3 ¢, = ¢ A 8L # 0 R 7, = 1w, 1o’ 7o', -,

(c) ZEM AE HX b = ¢, ,HE =0 Ml 7, = o, 0", 0™, -,
HEATHRENEWHE

Ax) = fla +8.(7)) =2y [Ax) - q:(8(7:))] (3.1)

(4) TR o, = 1,0, @, ,HATFIIAERRL:
Az, + a,.8:(7)) < flwuuy) + By g8 (7.) (3.2)
%, + b, (1) € O (3.3)

ﬁq’f(xt(k)) = Oifj!l‘a"’f(k){ f(xk—j) I
(5) %
(3.4)

_—

{akak(Tk)! #F o+ a6,(n) e int(Q),
Gib, (1) ).
HEd 6, e (6,1]1,0<6 <13H6 -1=0(]8|) AL 5., =5 +h
(6) HHf(xm,) Mgey - Bom(k+1) = minim(k) +1,M} , BIE B, @2 By (B —k+1,
L 2.
ERE1 ETEE(S,) P, q.(8.(7)) B7Ex, MHL RS MRV _REH, 2L RBERMERE
/AR
2 FHo BRBEEEASPES FAZERERARL < % + 0,6 < ulEK, B

i i
L - %, u, —%

f ,i = 1’29"',"'} ’

a; dgfmin{max{ SRR
ok oL RIS, PSR S 0 S TE TR o o MR REHEREK 08,
8 é;

BRI ABRALBIERARGAR. MRSFKEFEFER » + b () EERTRARNF
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£ R EHEF 6, REIEBKRER x, + b, IR THA M <2, + b, <u.

IR BREBETUEREIELABEEM = 0 MR EE.

R4 EBEENESHEP RIETHES () R ATTRE, T RIRSHE T, BIZ (]
REFAEETHR BFEEX, > 0,88 |D, ) <x»-

4 BRRSUE

X, LB — B RORESTMER, HE Q FRA T RM. £, K11
EHAET B

Rig(Al) AFx e O KFEZ (z) 4ol o ¢ Qi Ax) < flx,) ) REW, BEZENF] 2,
e Hlx,) .

Ri&(A2) |2, BRLER NANERNE ,FfExs > 0,58 | B, || <xe

Ri&(A3) | v4(x) | REER BSHEEM » € Hx,) FElExe > 0,658 || V(x) | <xe

BiZ(A4)  |g(») | . BERFR BIXEREN » € B(x) ,F1Ex, >0, 8 | g(x) |. <y, -

BiZ(AS)  ||8,(7) | REBR. ESHEZEHN & FFER > 0, E8 18,(n) | <xs-

BB (AL ATEL, REEERE (| D' | BEFRMLE 1D || < xpo s B (AL) ~ (A3) ATAN, 7775
Xis Xo X R M < xu, IDIVAD! | sy, 8] <x,-

NEAEFEFBRE 1Dl <xo . ZEABE(ADTE: |C | sy MW |M, | BREER
B, BNFFEExy > 0 88 | M, || <xu-

S 4.1 ZEHEFERP,L6,(7) BHBRKBEBSRN, MBI THREAx,) -q.(8,(7)) HE

Fer THEARAE B0 fx) ~ 0u(8(7)) = minlr, g ol 18017

EIRRABRMBE A LT, TEHNGIEEIETHEB=SREREITH.

51 4.2 BRES B — B BRTREEAMEE QRN » FAS=YRAH L, W
2 kEREP, BF & = 0 REABRENE=S  EUFRKERS, =4 —1r JHWEG. DR

FERIER TRERE S TRAMFURBEARSLEMIET, SH43 H-SUHTHE

HEABIESER.
EE 4.3 RB(AD ~ (AS)RAL, 4 1) C 2 BEBESEFS]. W liminf | D'g, | = 0.

5 JREbstE
AR R R TR IR, 2 RS AR, TR R T
Bt
. s . [Bk - sz(xk)]ak(’fk) I
Riz(46) BR lin 16:(r) |

Big(A7) M, =B, +C, R—HEZEH, L, >0 ,§8:p'Mp=p|p|>

EFES.1 BHRIR(AL) - (AT EWE,F (x| NEEZEHERFT), N Lim g, =0.

EES.2 HRE(AL) ~ (A EHE, & {x) IEEFENEREN, N (] BRERNT
x, B .

=0.

Ii ” Tpe1 ~ % ”
m
I E A

SEFES. 1 YLH T HE RA SRR SE, €3 5. 2 MR T B AR SR 0s RIKH T B 47 R
Hessian SERE MR, M by, HF BB, HBEETENFT {2, ] BREBRHT «, .

= 0. (5.1)
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6 HEAR

Xt ERBRE A R, AT PEK M Matlab 317478, 7E85 0 7885 IV - 1. T0GHz e i b 3¢
AT EARNBEER. EEEH N T:e=10°,y=002,y, =2,8=0.4,wl =0.5,u2 =0.5.

REAT 8 MMRMEREI R, 5| B F3CaR( 1510 19]. BEBEA TR 1S 119 ] A A RLAK
(RERAR) , B BIMA LK. JUEHBEZLREBRA S, K NF X5 BIR BEHTERE, NG ®R
HBERBTTERE, M FRIELABHSH PESRBRFRENEEQF LM M, 8
SHEE SR 4T, BT LB Bl E 8 B AR #E Rosenbrock [5] B SK AR AT 1280 7O B &, R FREE
R AW HAMEEHBEKANEE. o, SRRBELTDE LT, RAEEYR 2REE, BmmEE—
PHE.

%1 #HFR
M =0 M=5 M=10
w5 R —
NF NG NF NG NF NG
1 l,u 59 24 56 14 56 14
1,4 57 23 115 12 115 12
2 I, u 163 35 263 25 263 25
1,0 140 33 234 20 234 20
3 I u 2 2 2
1, i 2 2 2 2
4 l,u 52 27 52 27 52 27
1,0 52 27 52 27 52 27
5 Lu 121 24 236 2 236 2
l, i 363 28 1312 47 1312 47
6 lu 28 15 28 15 28 15
1,4 28 15 28 15 28 15
7 Lu 307 41 404 39 404 39
1,4 6 4 6 4 6 4
8 Lu 7 5 7 5 7 5
1, 5 7 5 7 5

(1) (Rosenbrock C=10): f{x) = 10(x, —23)% + (1 - x,)%;
1=(-2,-2)T,u=022)T;l=(-0,-0 ), a=(+w, +o)7,
(2) (Rosenbrock C=100): f(x) = 100(x, —~ %)% + (1 - %,)?;
l=(-w,-o ), u=(+w,+o )7";1=(-2,-2)7,4=(2,2)".
(3) (8201): f(x) =4(x -5)* + (% -6)%;
l=s(-w,-o ), u=(+o,+0 ) ;1=(-1,-1)7, 4 =(10,10)T.
(4) (8213): f(x) = (10(x) —5,)% + (%, - 1)*)*;
=(~w,-o ), u=(+w,+0 )7 ;1=(0,0)7,14=(3515"
(5) (8312) 1 f(x) = (&3 + 12z, ~ 1)% + (4923 + 494% + 84z, + 232z, - 681)%;
l=(~w,-o ) u=(+o,+x )7 ;1=(-1,-1)7,0=(4,4)".
(6) (Powell) ; f(x) = (%, +10x,)% +5(x3 —24)2 + (2, ~2%,)* +10(x, - %)%
I=(~2,-2,~-2,-0T,0=02.222";l=(-w,-o,-®o,-0) ,i=(+w,+o,+x,+o)
(7) (Wood) s f(x) = 100(x, =22)% + (1 = 2,)% +90(x, - 23)% + (1 - x3)?
+10.1((x ~1)2 o+ (2, ~1)2) +19.8(x, - 1)(x, - 1);
l=(-w,-w,-~o,-w0)T u=(+o,+0, +,+2)7;1=(=-3,-3,-3,-3)T,4=(1,1,1,1)".

(8) (H05): f(x) = sin(x; +x,) + (% — %) = 1.5z, +2.5x, +1;
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=(-1.5,-3)",u=4,3)";1=(-2,-2)",a=0,)7.

S 30K :

(1]

(2]

[3]

(4]

(5]

(6]

(7]

(8]

(9]

BRANCH M A, COLEMAN T F, LI Y. A subspace. intericr and conjugate gradient inethod for large-scale bound-con-
strained minimization problems[ J]. SIAM j Sci Ccraput, 1999, 21(1}:1-23.

BULTEAU J P, VIAL ! P4, Curvilinear pata and trust cegion in unconstrained optimization, a convergence analysis[J].
Mathematical Progrmmnrning Study,1987,20:82-101.

COLEMAN TF, LI Y. An interior trust region approach for nonlinear minimization subject to bounds[ J]. SIAM J Optimi-
zation, 1996, 6(2) :418-445.

GRIPPO F LAMPARIELLO, LUCIDI S. A nonmonotonic line search technique for Newton's methods[J]. SIAM Journal
on Numerical Analysis,1986, 23:707-716.

SCHITTKOWSKI K. More Test Examples for Nonlinear Programming Codes[ J]. Berlin: Lecture Notes in Economics and
Mathematical Systems, 282 ,Springer-Verlag, 1987.

MORE J J, SORENSEN D C. Computing a trust region step[ J]. SIAM Journal on Science and Statistical Computing,
1983,4:553-572.

HOCK W, SCHITTKOWSKI K. Test examples fro nonlinear programming code[ J]. Berlin; Lecture Notes in Economics
and Mathematical Systems 187, Springer-Verlag,1981.

ZHU D T. Curvilinear paths and trust region methods with nonmonotonic back tracking technique for unconstrained optimi-
zation[ J]. J of Computational Mathematics, 2001 ,19.241-258.

ZHU D T. Nonmonotone preconditional curvilinear path algorithms for unconstrained optimization[ J]. Numerical Mathe-

matics, 2003,12.:99-110.

A nonmonotonic interior point algorithm via optimal path
for nonlinear optimization with bounds to variables

GUO Pei-hua, ZHU De-tong
( Mathematics and Sciences College, Shanghai Normal University, Shanghai 200234, China)

Abstract: This paper proposes a nonmonotonic interior point algorithm via optimal path for nonlinear optimization subject to

bounds to variables. Based on the properties of the optimal path, the iterative direction is obtained by solving the quadratic model

via the path. Using the nonmonotonic line search technique, we find an acceptable trial step length along this direction which is

strictly feasible and makes the objective function monotonically decreasing. Theoretical analyses are given which prove that the

proposed algorithm is globally convergent and has a local superlinear convergence rate under some reasonable conditions. The

nonmonotonic criterion is used to speed up the convergence progress in the contours of objective function with large curvature.

Numerical results indicate that the algorithm is effective in practice.

Key words: bounded variable; optimal path; interior point; nonmonotonic technique



