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minf(z), r € R",
[ R" — R RV k. LI R AR R/, AR — B RS R, A FR RIS
Bl SRS SR R, BOA R SRR (1.1) M — RIS R i U0 JLHERhREVE KRR (1.1)
Th+1 = Tk + Oékdk, (1.2)

) —BOE A L
Horbay BRI, B A AH REEARRS A R RS, d N f(z) £ o RITRETT
(1.3)

], W E XN
—0 k=1
di =
{ — gk + Brdr—1 k> 2,
Hr g = Vf(xy), —BIEOTFER gld, <0, Bik—S R 4, a8 N 7RI 2
g di < —cllgkl®. (1.4)
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T
P — JiUh L polakRibiere-Polyak[9], 1969),
1gr—1ll
[

| gk
6DY
g d% 1Yk—1

& Y1 = gk — gr_1- AR ERTERERBSE, — KT ap 25 Wolfe 2544, B
2

(Dai-Yuan[10], 1999),

f(xg + ardy) < f(zg) + porgy dy, (1.5)
ogrdy, < g(zy + apdy) " dy < —0ogl dy, (1.6)

Hbo<p<o<l.

RGBS & IR BT, X BRI AR A BN e, — i, BT ARSI 2k
HZEK DY M FR J7ERA R Uit e, Hit E8EEA W PRP J7vk. AT T — & B s
BRAL, BT HAER TR R 1) PRP J5 Tk RIE = AR A R J7 o8 N 7 18], oV ORIE S
ARSI, T ST e FL R EE R AN S B U v, IR AER, VR AR E SR T k)

SLHERE VR, X LEFLVALE N 2 18 Wolfe L8 2N 2614 BT 78 70 T FRPE AN 2 Rl St 5]
ﬁD SCHR [11] J8 oy B ek, 8t — MRS 1) PRP-WYL SLHRA I, SCk [12] 381 7 —Ff
AN SR = ISP VL. SCik [13] 78 PRP A 5| N H 7, SR 7—1 A
VAT PRP JLHERRREVE. Yousif'™ 2 H—/NSodE 19 RMIL JEHERAEE L. Sellami A Sellami([15]
P — ANk FROJLHERA BV, STk [16] 48— A =S 0k 3t ?JET%TV%& Dong|[17] #
H— A B0 PRP SLHEHH . oAt A ek L B ih B2 VR STk [18-20]. X LE3LHEHH T ik
— R SR EAE R 7 M L &2 Dai-Liao FEHEZAE P, B dfy_1 = —€g]'sip—1(€ > 0), Hrp
Sk—1 = Tp — Tp_1. ATERIT A BELT NI R ILHE AR, SFVE 7870 N BRI Sl Bk AN P
AT

SEIRLECERA A A, AL —ANHT dy A B BT A S

—9g1 k=1
= 1.7
’ { (B — Dk — Brdr—1 k> 2, (1.7)

HQkH2

lgrkll? = (g + gr—1)Tdr—1’
FEE B T iX R EAE AR R J7 A N L HE 7 ), AN ESRIH 2 Dai-Liao JEHUZF R T,
5 FH 58 Wolfe 2648 RIS B A 7840 F BRI 4 el i, 24 H bR Bk B8O — Z0™ s 20N, 3
B B R MEINSGE R, i )a, T B 1550 R 56 i S I e

2 BIERHMR

DR B SC RT3 W D7 VR A R WS, 7 AN A AR .

(H1) f(z) HEAKPE Q= {z € R"|f(z) < f(z1)} EA TR, Hrh oy NEIZHILE S

(H2) f(z) fEKFE Q B— L N NIESE AT, B ILHEFE R %L g /2 Lipschitz 2%
T, BIAFAERE L > 0, AL [lg(z) — gl < Lllz —yl|, Y,y € N.

HEFAR (L7) 1 (L8), Hr i F Rk (MRS A):

Br = (1.8)
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Step 1: 48 EVME 21 € R, ¢ >0, p€ (0,1),0 € (p,1), &% di =g1, k:= 1.

Step 2: WIR ||gx|| < &, WHF1E, HNFE Step 3.

Step 3: H15%E Wolfe #ENTHEA ay,.

Step 4: H (1.7) 1 (1.8) tF5 dy., Br, Tre1 = Tp + apdy.

Step 5: & k:=k + 1, ¥ Step 2.

TSI 2.1 R EHEIR A AR R TT R R SRR (1.4).

SI38 2.1 WHARKRE f(o) AR, WEE A AR RITE d W2 gld, <
—c|lgull*.

WE HE=1M, g{d = —lloi]* < —Z5lal? = —cllgall?, BHE ¢ = Z5 > 0. BT

k—1 M gl diy < —cllgp—a||® BOL. NHEAEBXT & BT ARROL.

grde = gL l(Br — g — Budi—1]

= (ﬁk - 1)||9k||2 - ﬂkg;zqu
I?

Hgk ) 2 ||gk||2 T
<|9k||2 — (gr + gr—1)Tdr 1 lox l9kl12 = (g5 + gr1)Tdiy F 71

_ ||g ||2 (|gk”2 - [”ng2 B (gk + gkfl)Tdkfl] - g;{dk1>
llgxll® = (gr + gr—1)"dr—1

= lgel? -1
gxll> = (gx + gr—1)Tdr—1

— gl ( gir i1 )
Ngkll? — g dp—1 — gk di—

T
gk,ldk,1
< ol (gt )
—9r 0k—1 — Gj_10k—1
= —||gk||2< g1y )
g;fdk—1 + ng_ldk—1
T
i 1dK—1
< —||gk||2< _ G )
ngfldk—l + gk,ldk—l
1 2
= THH%II
= —cllgl®

DR B 5] FRARHIE.

SIEE 2.2 WHERREL f(2) LRI, WL A FPERARE B, B2 0 < Bk < 1.
iE  fE5% Wolfe #EN T, RIE5IBE 2.1, 8, £}

lgell® = (gk + ge-1)"di—r > Nlgell® + 0gi_1di—1 — gf_1di—1
lgell? + (0 — D)gi_ydi—
lgell® + c(1 = o) gr—1?
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AVARI
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5138 2.3 W HARKE f(z) LW R, MEVE A AR RTTH de W2 [|d]]* <
lgell* + lldx—v][.

W H(L7) ATEL Mk =1 B, BIBRRAASL. Mk > 28, d — (B — Dgr = —Brdy_1,
b AW BT T, R AR 3|

dill* = 2(8x — 1)gii di — (B — D?lgxll* + (Br)*[|dre—1]I*.

5 2.1, gld, <0, 513 2.2, 0 < g < 1, FTAERFE TR TZE, KWk LR < -8 —
D2 llgrll® 4+ (Br)?Nlde—a[1?, BI=FAAZER, £ < (B — D2llgell® + (B)?lldr—al? < [lgrll? +
| dp_1]]?. PRIE 5] BASE.

SIHE 2.4 WHBRRE f(x) ELTTHL WS A RS K o) AR af > Dot
WE 5T, ARR R BH2 R A,

(Gr41 — gk)Tdk (9(xk + agdy) — g(xk))Tdk
llg(zr + ardr) — g(zi) ||| dr|
| L(wx + ardy, — z) |||

= ayLlldi |

INIA

7:3]#7‘5@7 R4k 51 Wolfe ‘{Eﬂﬂﬂ%ﬂ, (9k+1 - gk)Tdk = g£+1dk - ggdk > (U - 1)ngdk- a4 b
RPRJTIH, AI1S

— 1)gTdk
2 S N\ T > (o k
arLlldi||* > (0 —1)g, dray > ATAE
IR 5| FRASHIE.
B3 2.5  AHLUMH2, {z,} BH 5 A FARAR S5, 1 S ngn% < 400
k=2

kl2+die—1]]
WE H(1.5) K&5IEE 2.1, 23,24 F

flze) = f(mesa) = —parg) di

o _ (o= D(grde)?

- Ll|d|[?

- (1 —0a)c?||grll*

U L(llgkl”® + lldk-11]?)

_ llgel*
(lgrll? + lldr—111*)

KL G = LU= By {f () VIR HA R R, o z — fzrs1)) < 400, M

A Z ugknz‘lf-ﬁﬂzk 7 < oo, MUIIFAFIE.
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EIE 3.1 HHUMH2MOL, {2} A B A P2 AEERSS], B Jim inf llgll = 0,
B @, F

WA lim inf ||gr|| = 0 AR, WAFAEH E e > 0, SMERE k> 1, § |gn]| > . H
O(a) = a+\|dk e DN ERLI 3 B HO

4 4
€ < ll gl

e+ [l dr—a > Nlgell® + lldr—a[*"

2 {xp} B, WHH2% {||gx]2 YA T BIFE M >0, FHMIE k> 2 H ||g]®> < M. 51
2.3 51 ||dell? < llgell® + lde—1]|? < M + ||dp_1]|®> < -+ < kM. B EX (3.1) L51H 2.5 F1

(3.1)

oo o0 o0

s

€ |9k
- < < 4o00.
Z;@+kM §:¥+wm:n2 E:m%W+n@4w

TS0 e = oo, HOFJE, MTTTAI {wx} 5.
k=2

EIE 3.2 AHUMH2E ., HAKFE Q B, {op) AEHEE A ZAELLH],
klim inf || gx|| = 0.

IE HIKPEE Q G A {op VA S, BERE 3.1 1E AT AN klim inf ||gx|| = 0.

4 BRsiR

DNAE A ST T VR U SIOE 2, JR 20 R

(H3) f(z) & ZUCGELAHM —8uhmE. BAFEEm > 0, M > 0, 2 mly|* <
yIV2f(x)y < M|y||?, Vz,y € R™. % (H3) oL, MRHESCHR [22] FI45 2] R AN 51 2.

313 4.1 #F (H3) oz, W f(z) BA FHIMER:

(1) f(x) /£ R™ EAME—RIB/N A 2.

(2) KFEQ H 5.

(3) Zllz —a*|]” < f(z) = f(z*) < Fllz — 2*|]?, mllz — z*|| < [lg(2)]| < M|z — z*|.

(4) B (H1), (H2) BT

3138 4.2 FH3IMT, {xk} %Elaﬁiz A FRAIEAR S, HH 2 klirgoinf||gk|| =0,

EIE 4.1 FHH3WOL, {z} Eﬂﬂﬁ&' A PRSI, W 2y, — 2* (K — 00). HE—F
WSEAFAE—NTTT T {wrtherciiz, g, B lim HZ’“H =0; B {x)} KRIEBSET 2.

kEK

7

UE HEEE 3.2 Hn Jim inf [|ge| = 0, MITTHISIHE 4.2 &1 2, — 2* (k — oo). #& {141y ¢

llgx Il

Ft, WAAFAETC TS fiA) {wk}keKc{1 2,1 fiff lim el — +oo, M4 llm lgell — o, 2 {M}

koo llgell ™ lldxll gl
B B L > 0, HER k> 1, 4 1l < L i

[lgxl
> . (4.1)
1k
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B grr1 — gk = ag fol V2 f(zg + Tagdy)didr, FURH3H

1
(9k+1 — gk)Tdk = Ozk/ dzvzf(l‘k + T()ékdk)dde S OékM”dkH2 (42)
0
SURRYE Wolfe 261443
(grr1 — g1) " di, = (o = 1)gj dy, (4.3)

W (4.2) 1 (4.3) %0

(0 = Dgpdi _ (0= gy ds

. 4.4
S VPN ERRE T VPN e (44

Qa

HH5I B 2.1 A (4.1) %1

—aTd 2
gidi o clloel® _ ol o (4.5)

lgellldell = Nglllldell — lldell =
i (1.5), (4.4) A1 (4.5) %0

2 T 2 2 2
p(l—o) (g/fdk) p(l—o) ( i dk ) 2 p(l—o)c’p 2
zr) — f(x > —pargrdp > = > .

&= USRI | 4.1(3) 40

2
Fa) = Fwee) = nllgel® = mm? |z —a*)? = T (F() = F(a).

2 2 2 2
m° _ m p(l—o)cpu
nm” _ (Mz) )

Ay —

(@) = f(zr) > w (f(zr) — f(z7)),

v
e

f(@pi1) = flar) < —w (f(xr) — f(27)). (4.6)

NHHE 0 < w < 1. i Cauchy-Schwartz AR LTI 2.1 7 || gill||dill > —gLdr > c|lgxll?,
M (4.5) Flep < 1, #

2 _ 2,2 2 _
o= o) _mp(l=0) |

M?2 - M?2

w =
X (4.6) %n

flae) = f27) flax) = flen—a) + f(@r—) + f(27)

< —w(f(@e-1) = f(@7) + (f(@e-1) = f(=7))
= (I-w)(f(zr-1) = fz"))

<

< (=W (fla) = f(27),
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NI 5B 4.1(3) AEZEN (o — 2% |1> < 2 (fan) — f(z7) < (1 —w)* 1M A

N x* N f(x) BIME—RR/AN T, 8 f (1) — fz*) > 0. ?p—\/w,qzvl—w(0<
q < 1), WA |lzp — ¥ < pg®~t, W {x)} LPESHT o*. EHAFIE.

5 HBEIRIE

N TR A SC T B SR B ROR, FRATT A TE 29 SRR Ak ) N R A e TR 4
B 34T MR (L AR S WL SR [4]), R EUE S RS FR, PRP f DY £ 85k 47 th s
MR IR N Windows 10 #:4F 24, CPUL.6GHZ 4GB RAM, fir A 25 1 Matlab R2016a
WAFSEH. ZHEE N p = 0.04, 0 = 0.6, FIEMEILZMEN (gl < 107* BLE K
BUE L 1000, PR R B A BE 45 B LK 1 AR 2, Hirp Functions 2875 IR B8 £k 10 4 FK,
NaN/NI/xzo/Z/f(Z)/x* ) f(x*) 53 RRREFIBIT L R, UK, BiEvIshE, Sik&it
B IR AR, SRR (R EE, sR B LR, pR B (A

MR 2 S8R AT LLEH, FR, PRP fl DY SA7EEUE R IR I F A AR, B2 k3
MR AR LB RGO EE R, Sk BT s i A%, ETﬁE’a, AR

F1 IREEA 2o /2" ) f(x¥)
Functions xo/2” /f( ")

QUARTC

Staircasel

3, >/<1 L, 1)/0
54,5, 6)/(0, 0., 0)/0
5,5, 5, >/<o 0., 0)/0

Ewh (2,2,2,--,222)/(1,1,---,1,1)/0
Raydan1 (10, 10)/(0 0)/0.3
Wood (-3, 10, -1, 3)/(1, 1, 1, 1)/0
Ewood (1.2, 1, 1.2, 1)/(1, 1, 1, 1)/0
Emic (2,1,---,2,1,2,2)/0,1,1,1,0,1, 1, 1)/0
Erosen (-1.2, 1 12 1,12, 1)/(1,1,1,1,--,1,1)/0
LIARWHD (4.1, 4.1, 41)/(1 1,1,1,---,1,1)/0
POWER  (1,2,3,4,5,1,2,3,4,5,---, 1,2, 3,4, 5)/(0,0, ---, 0, 0)/0
pad (0.5, 0.5, -0.6, 0.8, -0.9)/(0, 0, - - -, 0, 0)/0
Etri (0.1, 0.1, ---, 0.1)/(0, 0, - --, 0, 0)/0
Epow (3, -1, 0, 1)/(0 0,---,0,0)/0
Perq (1 2,3, 4,5)/(0, 0,0, 0, 0)/0
Etril 1, ,10,1,2,---,10, -, 1,2, -+, 10)/(1,2, ---, 1, 2)/0
(
(
(-

Diagonal4

# 2 7/f(Z)/NI HEES R

Functions Algorithms — z/f(z)/NI

Ewh FR NaN
PRP NaN
DY NaN

A (0.9934,0.9804, - - - ,0.9934,0.9804)/1.3019 % 10~ /1000
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Raydanl

Wood

Ewood

Emic

Erosen

FR
PRP
DY
A
FR
PRP
DY
A
FR
PRP
DY
A
FR
PRP
DY
A

FR
PRP
DY
A

LIARWHD FR

POWER

pad

Etri

Epow

PRP
DY
A
FR
PRP
DY
A

FR
PRP
DY

FR
PRP
DY

FR

NaN

NaN

NaN

1073 % (—0.1377, —-0.4749) /0.3 /226

(1,1,1,1)/4.2158 * 10~1° /1000

NalN

NalN

(1,1.0001,1,0.9999)/5.6609 * 10~ /872

NalN

NalN

NalN

(1.1910, 1.4182,0.7646, 0.5836) /0.0920,/1000

NalN

NalN

NaN

(0.2775,1.3201, 1.3692, 1.3468, —0.0965, 0.6564, 0.6453, 0.5912)
/0.0634,/1000

NaN

NaN

NaN

(1,1,1,1,---,1,1)/2.1835 % 1075 /1000

NaN

NalN

NaN

(1,1,---,1)/2.4854 x 107% /1000

NalN

NalN

NaN

10~*%(—0.1703, —0.0785, 0.0013, —0.0005, 0.0010, 0.0009, 0.0029, 0.0035,
—0.0002, 0.0080, —0.0022, —0.0061, 0.0013, 0.0000, 0.0059, —0.0033, 0.0033,
—0.0009, —0.0012,0.0043)/5.4962 % 10~19 /182

1073 % (—0.1580, 0.0813, 0.0295,0.0170, 0.0113) /4.2593 x 1073 /748
1073 % (—0.1001, 0.0482, 0.0162, 0.0084, 0.0049) /1.5856 * 10~5 /644
1073 % (—0.9056, 0.4197,0.0437,0.2990, 0.1416) /1.6360 * 1075 /50
(—0.3362,0.5199, —0.3280, 0.5519, —0.3655) /2.8628 /1000

NalN

(0,0,0,0,0,0,0,0,0.1993,0.1813) /7.8768 * 10~1%/21

NalN

(0,0,0,0,0,0,0,0,0.1993,0.1813)/1.0050 * 10719 /699
(1,0,0,1)/3.1294 % 10~ /26
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PRP (1,0,0,1)/4.0827 x 10~'1 /274
DY NaN
A (1,0,0,1)/1.6725 * 1071 /144
Perq FR 107  (0.0019,0.0094, 0.7387, 0.5957, —0.0757) /3.1012 * 10710 /44
PRP 107*  *  (0.2696,—0.0030, —0.0014, —0.0001,0.0748)/1.0186  *
1079/38
DY 10~4%(—0.0054, —0.1048, 0.1159, 0.0043,0.0121) /6.3116% 10710 /27
A 107* % (0.2321,—0.0017, —0.0005, —0.0004, —0.0047) /5.4478
10719/28
Etril FR NaN
PRP NaN
DY NaN
A (1,2, ,1,2)/0/115
QUARTC FR (0 4817 0.4817,---,0.4817,0.4817)/0.3609,/1000
PRP (1.8340,1.8340, - - - , 1.8340,1.8340)/2.4189,/1000
DY (1,1, ,1,1)/1.0187* 1072%/42
A (1,1,---,1,1)/1.0851 % 10726 /37
Staircasel FR 1074 % (0 1905, —0.0045, —0.2293, —0.0840)/8.8970 * 10~1°/40
PRP 10~* % (0.0656, —0.2782, 0.2894, —0.2157) /7.4715 * 10710 /45
DY 10~% % (0.2651, —0.0922, —0.1942, —0.0118) /1.0172 x 107 /41
A 10~* % (—0.0364,0.0920, —0.1080, 0.0716) /7.5355 * 10~1° /40
Diagonald FR 107* % (—0.6431, —0.0020, 0.6431, —0.0020) /4.1398 * 10~ /54
PRP 107* % (0.1127, —0.0060, —0.1127, —0.0060) /1.6268 * 1071° /102
DY 107* % (—0.4919, —0.0587,0.4919, —0.0587) /5.8623 x 10~11 /75
A 10~* % (—0.6875,0.0007,0.6875,0.0007) /4.7266 * 10~1°/49
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A NEW OPTIMIZATION ALGORITHM UNDER STRONG WOLFE
LINE SEARCH

ZHU Tie-feng
(School of Statistics and Mathematics, Inner Mongolia University of Finance and Economics,

Hohhot 010070, China)

Abstract: In this paper, a new optimization algorithm is studied. Firstly, by using the new
formula and strong Wolfe line search, it is proved that the algorithm has sufficient descent and
global convergence without requiring the search direction to satisfy the conjugation. Secondly,
using the assumption that the objective function is uniformly convex, it is proved that the
algorithm has linear convergence rate. Finally, numerical experiments show that the new algorithm
is effective and feasible.

Keywords: unconstrained optimization; CG method; strong Wolfe line search; global
convergence
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