Vol. 34 ( 2014)
No. 3 J. of Math. (PRC)

—AN 8 MBFGS E8u8E %

SRR, W R, IR
(1. TR E TR SR 5 15 BB B, W AEfE 454000)
(2. TGP EREROL B, 3R 22 FH 455000)

= AR T AR B R, FIFH MBFGS {5 #U852 5 i34 AR il id % BFGS £
IEARM G, 8RR, I T —FH K MBFGS #8501, 1% 7S5 18 7
B, JRAE— 4 fF R T 2Bk 4 Rl s e At 2k E e stk

K LARRM; EHIERAE R, BEGS(MBFGS) 77ik; &%

MR(2010) E&5HAS: 90C30 hESES: 0224
XEKFRIRES: A X EHS: 0255-7797(2014)03-0569-08
1 518
F B I L AR s A ) et
min f(x), (11)

Hdr fz) : R* — R R UGES AR L. FRUREE U3 SRR (1.1) i — D EE
Jrid. HEABBWR: R NS, WP s, — B T

1
: T T
min S) = s+ —s" Bys 1.2
lIsl[< ka( ) 9k 92 k ( )

HIffE. Hr g, = Vf(x1),Br € RV 5 f 1E 1 AW Hessian 5555 G(x) ST RUERE, Ay
B - || /2 R HI1 Euclid a4k,
HTREFL, BEGS J7i &Rt kR i et (1.1) MEZEFEZ —, HRIEAE:

Byspst B | yryi
Byt = By — k k

st Bysy Stk (13)
Hrpsy, = Thi1 = ThoUk = k1 — GroGeyr A g 7392 f(z) 1E Tpy1 Tz AEHIRREAE. ST
WA [4-8] A H T —2e 20 BEGS J7ik, JHorpr 7 H sk, 4% B9 Bl THi AR
(M3BFGS):

Bisisi By | Uik
Byy1 = By — : Lok

SszSk Sgyé ’
— TS
oyl = g+ A(2)s0,05 = g1 — g, Ap(2) = BElnlilooato oll g o g ) —
“Uks HEA: 2012-06-04 U B HA: 2012-09-14
HEemB: EXARBHIEE A (10671057); WM T KFEEX 560 E SR E 5 H

(10671057).
TEZ RN FBA (1965-), B, W, BIEEZ, BFJm: RSN,



570 g4 =2 7 & Vol. 34

S E| AR HR AR, FATME T B

Biskst Br |yl

Byt1 = By — T Byor STy (1.4)
Fof gt = 20,0k = Oyi + (1 — 0) Ap(2)sp, A(2) = U tonaton ol g ¢ [0, 1),
Yk = Jrt1 — gk éuﬂﬁél stye > 0 B, Bpyy 467K By BIIEEME. By BI5E X, TET
stk = Y2 i5E sl = 15T Buss + ol )L,
# By a5y /NI, A
|5 Busk + o(llsk]|*)] > 0, (1.5)

LA (1.4 Frfi By, BRAEENE.
ASSCAESCHR [4-10] FOZERL b, 25 T — SO R i 2L R NE B0 %, Kd B, BIA
) P AR SR RN 7% 57 8 4 RS A 2 Sl

febe s£

H%k 1(MBFGS 15 8 H.35%)

0 BEHEH € (0,1), B €(0,1), r, € (0,1), p€ (0,1), e > 0,0 < Apin < Ay,
ry > 1, g € R", By € R™™ JEXIFRIEEHIE, k := 0;

L1 g, B l|gel] < e, WE; B, D 2;

W20 R (1.2) IR sp;

W3 E = %, Frre >n, X o, =1, Ay = max{r Ay, Apin}, 5 5:
BN, B0 4,

Wodr Forp <, Bla, N{1,6,8% -} il TR
fa +asy) — fi < pagy si. (2.1)

4 Ay, = max{r| Ay, Apin }, FP 5;

W5 TR — MR Tr+1 = Tk + Sk, FIF A (1.4) EIE B, Lk=k+1, %%
1.

BT MBFGS THEGRIE yiTs, > 0, FTEL By SO0 FRIEER). B (1.2) AE—
filt sy BV FATHIEARME AR, FAETRT o > 0, fH1H

Bisk + ause = — g,
{ kSk T Sk gk (2.2>
ar(llskll — Ax) = 0.
F b AT
o, = ~95 3 =3 Brsi. (2.3)

[lsxl?



No. 3 HARAE: — ¥ MBFGS (58U A 571

B gF'sy + sE Brsi, = —au||sk||? <0, #CH

1 1 1
q(sk) = gf sp + iszksk < ig,?sk < —isgBksk <0. (2.4)

3 BEmE R
N TIERISER 1 B4 RS s, BeAigs i ese 2 A

R (i):
A) VIR L(xo) = {z]f(x) < f(zo)} AT
B) f 1E L(xo) gkl fi, HF%0% 2 Lipschitz 2&64F, BIfFE—NEECL > 0, {113

lg(z) — g(y)|| < Ll|z —yl|,Vz,y € L(xo). (3.1)

AR A (2.4) F1, ZEE RN T EEE. Bl A) &1, 2 —DHEE -, W
& lim f(wy) = fr AR {on} AR —F S, MR B), RAALE AW E M, 1524 &
T K, A {lgell < M.

SI38 3.1 Bl 473 B, thbriER BFGS A7, Hrf By ROFRIEERRE. A AF7ER
M >m >0, XA k>0 B L

T 2
s Ui, Sk

WAELE R B i > 0, (i = 1,2,3), AR VE > 0, BALELE (5] A i fH (Horb i < k) A%
pllsill® < sTBisi < pol|sill?, | Bissll < pal|sill. (3.3)
B[, k) R AR (3.3) AR NEIRIKIRIEA: K = {i1 < iy < -+ < iz},
K=\ Ky, H51# 2.1,
k=1
pllsel® < spye < sp G(E) s, < pallsill?, (3.4)

Hrp & =y, +7—<$k+1 — iEk),T e (0, 1).
5138 3.2 B XA AR D o WL

(1—p)B s Bisk
L Isxl?

ap > min{1, } (3.5)
Hr L >0 /& g W Lipschitz %1

EI 3.1 W {w} £ HARME BFGS (EMBUS A RITE LM 5, f OGRS H —
o, WFEH) {ay, ) WCSAE] (1.1) FOME— il

e PUASHEGAE T {f (o)} SIERK, H f —Z0th. el e

klim inf [|gx|| = 0. (3.6)



572 g4 =2 7 & Vol. 34

BN f A UCES ) R, AR M > 0,m > 0, (83X T k A%
3 (3.2) AL Ik, bifisE fatrse K RRE, 75t (3.3) MK (3.4) AI3, Xy
iceKH

a; >min{l,(1 - p)Bum L'} =a > 0.

ST it

Wy >, WFTH i € K, 8 f(2:) — fign) > n(ge(0) — gu(s;)) > sl

Wk e <, W f(2s) = f(wira) > —paig] si > paisi Bisi > papal|si||?, BrEAMFAE—A
WA >0, XA i € K T2

@) = f@ia) = plsill”. (3.7)
ARSI {f (wx)} VIR A T, FTEMRIRAECE. Rk

lim [|sg]| = 0. (3.8)

1€EK,i—o0
B A; > A XTFTE @ 0L, X Vi € K ||si|| < A 57843 K0 or. #ak (2.2) w15
a; =0, A (3.3) H ||g:]| = || Bisil| < psl|sill, &AN (3.8) 15 klim inf [|gx|| = 0.
5132 3.3 U R (21, Thr1, Gry1, k) HEIE 1 P24, W vk #8F

T — Try1)! Bror (v —
F(0) = F(@) + s — ) D D) Bl = i),

513 3.4 ¥ {x} AEHIHIE 1 PER S, By AXFRIE RN, HAEEFB M >m >0
P >0 AR

ml|sell* < yi"se < Msill” lyill < Plsill, (3.9)

SHTA k> 0 WL, WAFER R ;> 0,1 = 1,2,3, 145 vk > 0, 4 [E] 4~ 2 (3.3),
Hr i <k
WE oy e AT K
6T sp - ST
yiTsi = BRI 5T = |[0ys + (1 - 6)Au(2)si] sl
|5k S|
= 10ylsp + (1= 0)[2(fr — frer1) + (grr1 + gx) " sil|
= |gii1s6+ (1 —20)g] sk + (2 —20)(fx — frs1)]
= (gh1s6 + fr — frrr) + (1 —20)(g{ s + fr — fre)]
S;QFG(&)Sk'
2
S{G(&)Sk
2

= [+ 20-1)

IN

|
(26 — 1)

))lsk G(&s)stl

IA
51
_|_

1 ](20 —1)]

IN

Jhzls 1%,




No. 3 TR —/NE MBFGS S #8532 573

Hrh s G(&s) s, = max{s] G(&1)sk, 5 G(E2)sn}, &1 = T+ 01 (Tpy1 — Tk), Eo = T + O (Tppr —
k), & = Tp + O3(zg1 — 21), 01,605,605 € (0,1), & M = (4 + ), Wy Tsi < M||sy |12
FFRIRE BT VE AT A 2] m|si])? < i sk, 15215 (3.9) E’J%#/\K%iﬁ. TER (3.9) 19

ARER,
il = 100+ (= 0@l = o+ (1 — o) 2 S o £ o
— |6y + (1—0) 204415k + stﬁf:Zﬁ;; + 9156 + 91 Sk o
< el + (-] + LI g

< L+ (1= 0)pa]llsll,

H &y = a2 +0s(wpy1—an), 04 € (0,1), G —MAZFEXFH THRE B). & P = L+(1-0)us,
235 (3.9) M AMAER. KRG 3.1 (IERH, 15 H 5 3.4 BT
EI 3.2 R (1) oL, s {2} H MBFGS {S#us &4, i

klim inf || gx|| = 0. (3.10)

WE Hf(xk) BTRBEME, 15 {xn) C Lxzo) AAF. IR (3.10) AE, WAL~ IEH
o, MPTA kA ||gpll > 6 BROL. MRHESIEE 3.1, SRAUERE 3.1 BOUEN], PG, AITZ5 IR BAL.

4 BEMHS
N TAERIEE 1R MES S, 45 A F ik
R (ii):
C) B 1 PHERTH {op} WELE z* H V2 f(2*) 1E5E;
D) B f AE o BIAPIN —UGELE AT, H Vf(a*) =
E) Hessian fi[% G(z) 1E 2* 4b Holder 4L, RIfFFE IR E v, U AL
1G(z) = G(z")[| < ¥z — 27", (4.1)

XATAER 2 € U(z*) AL
SIFE 4.1 W &S5 {2} HEVE PR, S (1) KoL, WA

Jim [ A,(2)] = 0. (4.2)
SIE 4.2 W &5 ()} BEVE 1 PR, BB ()RR (1) BOL, WA
D ok — 27| <00, ) dk <00,y Ak(2) < o0
k=0 k=0 k=0

et o = max{[|lzx — 2", 2p0 — 27V}



574 g4 =2 7 & Vol. 34

5138 4.3 W {x ) AED 1 AERES, £ X Q = G(x*)"2,Hy = By, WAFAEIEH $
bi,i=1,2,3,---,7, K& ~e(0,1), FEXNSRITKE,

|Bis1 — G(a")llg.p < (14 b1¢w)|Be — G(z7)|l@.r + b2k + b3[| Ax(2)[l,  (4.3)
[Hipr — G(*) Ho-rr
(V1= Wi + bagy, + bs || Ar(2) D[ He — G(z*) " g-1,7 + bsor + br[|Ar(2)]], (4.4)

HAr|Allg,r = 1QTAQ||F, |.]lF /& Frobenius JE#. wy HIT3E X

1Q~ (Hi — G(=*) "yl

W = P 10 (45)
[Hy, — G(2%) o1, r [ Quill
HAlIBel}r A1 {|Hy |} A5
uE il (1.4) 157
. o . Brsisi By, y Yy,
[Bit1 — G(a)llor = [Br—G(a") + STB:sk S’“?’; lo.F
k k Ik
Bysysy By ykyk Uil Uli
< ||B — G(z*) + F+ —
|Bx — G(z*) Thise sty lo.r + | STt sgyk”Q,F
T
< (1 ho0lBe— G o + by + | Bl — B0
k k k

f e — AR H SR [6] 753

[ T AT S
Sk YK SH Yk 0% skl sk yn
_ H [ka + (1 - ) (2)Sk}[9yk + (1 - )Ak(Q)Sk] ykyk H
a s [0y + (1 — 0) Ay (2) ] SEYk

|| spyelOyr + (1 — 0)Ap(2)si][0yr + (1 — 0) A (2) k)" — sf [Oyr + (1 — 0) A (2)s]ynyi I
sTyest 10y + (1 — 0) Au(2)s4] er
(1 _ 0)||Ak(2)|| ||298£'ykyksg||Q,F + Hsgskykyg”Q7F + ||<1 B 9)‘9%?//6‘479(2)8/98%”@;1:

S ST T5
k YkSk Ok
< (01— ) an2) 2D s Pl Pl + O 6>||sk||3||yk||||Ak<2>||||cz||%
Skyksk k
< ”Ak(Q)”(l—9>|IQII%[(29+1)|ka||2+( )||Sk\|||yk||”Ak(2)|H'

mju [|sk]|®

feJa— M AERRMA T (3.4) M3 (3.9).
BB B (i) PN, F7AE 83 bs, 7520 (4.3) B FIER (4.4). Sk (1.4) fy
Heop = Hyt 7 HkyZ)Sf:;Sk(Sk — Hy)"  uil (s :THky;’S)sksf
Yi Sk (y;€ 5k)

* T

SkYx yrsk S1.S
— (I— k )H( kk) *ka.
yi's Sk Y Sk




No. 3 TR —/NE MBFGS S #8532 575

X2 DFP RIEA XKML, XK HR Hy, — By, Hiy1 — Biot, sk — yr. HISCHER [7)
WIS B 4.0 1, ARAE R EL bs, be > 0, 815

Q Qi .
|Hus — Gy e < (VT nwp 4+ bl @ = il Gony 1o

Qv
s — Glat) i)
b , 4.6
I T (4.6)
Horb wy, B30 (4.5) P72,
5
190 - Qs < 1N - @ 2sull = QUi - Gl Joul = QI g 6 — G
QU + (1 — 0) A5 — Cla s
1
< lQlqe / Gw + ysi)sudy — 0G(a*)si| + (1 — ) Au(2)si)
< lQlsclow / lax — & — ysulldy + (1 — ) 4]

< NQUNsell[0r + (1 = 6) [ Ax(2)]]]-
XN ¢ — 0, Ap(2) — 0, Wk 7893 KIS, A (|1Quz — Q7 sell < all@Illsill ML, Forr
q € (0,1) NWHL BLAL, FEAEFEL bro, BEAFXI TR RI b, T 2L
1Quill = 1ROy + (1 = ) Ax(2)sk]ll = 1QO(gr+1 — gr)ll = (1 = O) | AR (2)[[| Qs |
= buollzer — @il = (1= O A ) RNl skll = [bro — (1 = O) [ Ax)HIQIT - [Isxl-

FIH | Ae(2)]| — 0, EIRAERBE ST ¢, HEL k 70K, ||Qull > cllsel. HE
k2l

V

o9 ol < Qv+ 1 - o)A@l (7)
k
Isx = Gty | llse— @'l _ QW@ — @ s0)ll _ IQUIQy" ~ Qs
Qi [y il = leul
< QB+ (1 - 0)| Ak (18)

a0 (4.6), (4.7), (4.8) 331X (4.4), B Z bp <0, Z AR(2) < 0 FI=K (4.3), (4.4), 153

1By — G(z*)llq.r | Hy, — G(z*)~ 1IIQ—1,F LIML H {IIBkII}F *ﬂ {1 Hx |} A5
IR 4.1 W {w} AR L RN, EBREE (1) M) oz, WFES {z,} 8L
PRI E 2.
W B3I 4.3 &1 {By) M {B; '} AR 508K (8] HTIEL 3.9 HIEBIMIGL, %5155
i 1Bk = G(z.))si]
k—o0 sl
UEREL f 7E U(a*) WsRM, B {B '} B¢ WMk — oo B, | By grl| — 0. F5E 1,
SHATE 7 Kk, || By gkl < Amin. B, 2k 50K, sy = =B, tgy &30 (1.2) FIME—fE.
FE 1 FBAP KR BFGS —20. AT, 4563 (4.9) 5 H 581 {z, ) FIEZ S

=0. (4.9)




576 oo Rk & Vol. 34
& % XX

[1] Shultz G A, Schnabel R B, Byrd R H. A family of trust-region-based algorithms for unconstrained
minimization with strong global convergence properties[J]. SIAM Journal on Numerical analysis,
1985, 22: 47-67.

[2] Buleau J P, Vial J Ph. Curvilinear path and trust region in unconstrained optimization, a conver-
gence analysis[J]. Math. Prog. Study, 1987, 30: 82-101.

[3] Rendl F, Wolkowicz H. A semidefinite framework for trust region subproblems with applications to
large scale minimization[J]. Math. Prog., 1997, 77: 273-299.

[4] Wei Z, Li G, Qi L. New quasi-Newton methods for unconstrained optimization problems[J]. Applied
Mathmatics and Computation, 2006, 175(2): 1156-1188.

[5] Wei Z, Zhou Y, Deng X. New trust region method for line search[J]. Journal of Chongqing Institute
of Technology, 2007, 21: 1-7.

[6] A. Griewank, Ph.L. Toint. Local convergence analysis for partitioned for quasi-Newton update[J].
Numer. Math., 1982, 39: 429-448.

[7] DaiY. Convergence properties of the BFGS algorithm [J]. STAM J. Optimization, 2003, 13: 693-701

[8] Wei Z, Yu G, Yuan G, Lian Z. The superlinear convergence of a modified BFGS-type method for
unconstrained optimization[J]. Computational Optimization and Applications, 2004, 29: 315-332

[9] Nocedal J, Yuan Y. Combining trust-region and line search techniques[J]. Advance in Nonlinear
Programming, 1998, 14: 153-175.

[10] Byrd R, Nocedal J. A tool for the analysis of Quasi-Newton methods with application to uncon-

strained minimization[J]. STAM J. Numerical Analysis, 1989, 26(3): 727-739.

A NEW MBFGS OF TRUST REGION ALGORITHM
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Abstract: In this paper, we study unconstrained optimization problems. By using the basic

idea of the MBFGS trust region algorithm, we improve BFGS correction formula, combine with
line search technique and put forward a new MBFGS trust region algorithm which broadens the
scope of application of the trust region algorithm. Under certain conditions, the global convergence
and superlinear convergence of the algorithm is proved.
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