2013 4 7 A ERFEAZZRCEARFBO Jul. 2013

®30% 4 Journal of Chongqing Normal University (Natural Science) Vol. 30 No. 4
EEZ5EHI DOI:10. 11721/cqnuj20130403

— %755 TR AR %

MRk m, BAAAet, RHFS
(. M AT MR K2 B2EBE, pg At 2100165 2, ML AL B AR B R 2440 Balfb & . 1098 M 2253005
3. R CERE RO, W B 233030)

WE: A ETHEEMBELINERA G TR, RET 210 TN EERME L, BT AR ERETBELTH
EFFAERRMAFE - ANEREHAEARREE -NEREEM-ATHELE R E, &£ Wolfe K EF T A KIE %
E T HE AN RN S RE. BT 12 ANEH, ¥H LR MO A SHS ER AR R AR AT Lo E F @HAT 7 B E
Bk, WRERRAFEEAEXTHANATASHERART SHSH ¥, Fr AR R AL ENHBERN, &
HER-NEBFAFNT &,

KR LA KA B EL; Ao TRA G A4 R

RESES:0224 XHkARERD A XEHS:1672-6693(2013)04-0010-05

B ICA AL AL )

+ER"
Hrpr R —>R K% 2] ff R 2L
A6 B SRR M L (D A RO R . G BRI RE B vk 1 — Bk AR A% X
— 8o k=0
T =xp tapdy sdy=
7gk+ﬂkdk71 k=1
Hrfr g AR B o PR T de HERIT g0 =V [ (x) B WSE B WIEBAERZE LA,

T T T
Hs . 8rYi—1 FR ___ 818k py . 818

' d;—lyk—l’ ' ng—lgk—l’ ' 76[2—1)’/3—1
Hy, =g —gr 1o ARIPBEIA XM T AR A5, ik 3 420 O R Y S50 80 B2 1k 43 3 il HS 573k
FR J7E:M DY Jrik, HEr2 0 cEk2].

— &o k=0

2001 4F, Birgin 1 Martinez $#& 1} T — R i Se 40 b6 1 vk R @ Lk d, = ,
—Okgk +Bkdk—1 ’k>1

T T
S 1Sk=1 o s g Oy 1—si1) & NN o
Hop @*74 e j‘]‘ﬂ%zﬁaﬁk*( Vi1~ 51 L e == = dy . BN ERARAY A, Birgin 1 Mar-

Sp=1 k-1 d i1y

tinez $i& 1 AT ILHE M BEIE AR RTT 1) d AR T REAME dig <0 . 2B T #4522 Jmiesitt . Zhang %76 FR J7
LA DA T FR BRI R Bk MR d T 0o=di oy / g 17 g =65 MR — A
BURF U T T R AT

digi<—c g ll? (2
Horp >0 BHE AN ABMTEUE T I35 7E Armijo 2R R F A2 RIS, 10F Du 1 Chen, Lu % X X}
SCHERCA 8 0 FR A% SR80 0 B2 vk 04T T AN SEAE IED ) 308 TAR AP U SICHE PR 25 51 . EJF 5% . Cao 48
TR A T RS (2 Y CD B IR B 3L s Du Al Liu #2176 2 7840 TR &4 (2) 9 HS A% 358
BRBETEST s Wan, B0 S 4 11 T 06 2 5840 P REARF(2) 10 PRP U SLH A e ko

«  WFBH:2012-09-06  fEEIAHI:2012-11-19 ML HAREE:2013-07-20 1923
TEF BN BRI T, 5 VR, 8, DF 58 7 8] B0 R % . E-mail: tzveclw@sina. com
P 2% H AR s3Ik - http: //www. cnki. net/kems/detail /50. 1165, N. 20130720, 1923. 201304. 10_029. html



%4 WAL, % — Rxn T WL HmsEE 11

AR SCHE bR SCRR ) JE AL L AR TS T RS (2) & Dai-Liao 348 4042 dly e = —tgisi (1=0 ZHEO
PEUS — S HL 58] T —28 7840 N B ARG 3% 0 50 B BE vk, R 45 ik R e SOk e M L A e R AT B SE R L O 4
Br oL e a5 1

1 —EFES TRAIELEREZX

% 8 — A T L e b 1k

Aighakzzo
dk47 (3)
*6/<g'/« +ﬁkd/<*1 a/€>1

Horb 0, 235 REGp RBHL

e d Y Y [4-57 4 Td ) 2y )
ZHL 0, = WI”W@ =[N E A ﬂFRmhA%ﬁr&ﬁ%”;amazl—ﬁﬁfa&:k%m%ﬂ
ﬁ*l kE—1 k—1

- . N N N - T i ,—1 ® Td — . N N 9 -
CD R EHE B BTy 00 0, =1 — PR g = Bl B ) HS T B B i R
k =1 Yk—1

fo= Lirdis  Bi8ioy Bidiy o o s PR R SERIR R TR
g 17 MTgel® [l gey I
7% S0 2 1 U — HH S B L
diye=—0gls,— 4)
digi=—cgig: (5)

Hip 0<K0<<0.5.¢>>0.5, k=114
Av=di vy g P —glyidioigi0i=

c H 8r H Zdlllyk 1 0dﬁ lgﬁgk\k 19,& H 8 H (Cgﬁyx 1 (95;”2“5'&71) (6)
A AF0, M ()| (5) A A
0;
0, A‘ B = ﬁ* €

N TR R WS B T R R DT a8 1
— g k=0 B ‘ cos ‘<0’
4= %,k?lﬂ\cos ﬁk\Eﬁ/ ®
Hpo<0'<1,H p hm, 5 g, Ff.
=—0ig, T0d. €D
(OALKIY m, 5 g, FILEAH  d, B T5 1]
TG R X AE TR AT R TUE AR E k.
SIFE 1 k=1 H g, 70 W, |cos 7 | 70 M FEBAF R A F40
ER k=10, H6) (O, IS
ngk:(*‘gigk +ﬁidk71)Tgk:*C H 8t H ZA/g (10)
I 5 AR ST JIE B

2 Bk R st

FERX —5 i, PL) I R Iy 44 k.

ikl B L AENE. EBAIA S 2, ER.e=0,0<p<"1,0<0<0.5,¢>0.5,0<<0' <1, k=0, W UIHIT
1] do="g0;

B2 &I K. A g | <& W 2" =a AT IEEAR

A3, (O X EHRTT M d, 5

# 4, Wolfe 8 RUENI KK o, >0;



12 FERFREAFFMCEABFK  htp://www. cqnuj. cn % 30 %

5 HBEHE., & o = tad k=kH1.554 2,

MR A dv=—g W digi=—gigii#r di=m /A B HQAORA . dig, = —cgigr. XERWHEL 1
W TR . O T IEBIC S, e IR IE B R I — 2 g 3, R Ay 51 B UE A ] 2% SCRk[ 2],

513 2 BRXHIRRE £ BB VS (2) Lipschitz 22, 5% 1 K o B Wolle K4 HifiE . #HHD 17
B (o AT f () AR 5 A

(gid,) (1)
Zwmmz *

B Zoutendijk £ %7 .
THEGIEEERY] A 5 g BIAREA TR,

. .~ e . di
SIE 3 Bk 1M RITM d, W AFAET B m >0, AR 1) k>o,ﬁ(” ’dg’H 9>m g ll®
I3
s BTN . ’ (Cl;rg/)Z P n, S
'LJ-_EHE ﬁk:Oﬁ‘COS 7];,‘<9 ,m'J dk:*gk» Hd H2:H 8 H'o E\U'\'Jd/g:quEEﬂO)iVﬁ
k k
|mig, | )2 ( ¢ jz ((‘ jz
dy = = = <| Il g (12)
H k H H H (‘ cos 7 ‘ H 2 H ‘A/g ‘ ‘COS ™ ‘ H 8k H 9 H 8t H
S ZH (d,“éﬁ) /2 2 QﬁIA / . n2 . (d;rgﬁ)z
FH(S)\(12>:EE I+ H d H 2 /‘9 H 8 H [ﬁlﬂiwn O<6 <17/\g 771_0 7EﬂﬁX¢ U] k207 H d H 2 >
k k
m | g, ll?s JIE B

EE1 RIFHPREE f MBRE VS () Lipschitz #2E, EHRE 1 HH K o, H Wolfe BRI E . IPARIE1
M ALFIERA o ARV (20) =0, AT A — DT {2} H 15
lim inf I Vi(xr) | =0 8k lim inf f(xr)=—
BRI . B BN A B 1 P — AR () B £ (o) B F T ELAEAE 50 (% — 07
kA | g | =0,
T f (o)A T XHbR R é&fﬁﬁﬁr“vf(x) Lipschitz i% éi,m$)§?|£$2ﬁ<11>tﬁ£4 AL 513 3., 47

T%ﬁ m=>0, ﬁ:EJ“XT @Jk>0 F(Hd Hz/m H 8 H2>m5 }J\ﬁﬁ 2 (Hd H >°0o ﬁﬁ(ll)ﬁ%ﬁaﬁzﬁﬂﬂi

3 HEXR

P REEFEE R c=1 8,0, =1,8, =" BT OB ikl LR SR HS Jrik i), BT mE e 12
A R L 1 A SCERL9 TR g HS BRI A RS B vE G2 SHS) T 80 Fh i S0 86 . SR 7E PC ML L 5%
i, PC HLAYEC B W F < Intel(R) Core(TM)i3-2350M CPU @ 2. 30GHz,4GB NfE.Win7 £%:. # % ] Matlab
i’ i fT R EE N Matlab R2008a, R 2 48 — i JH SCHR[ 1] A Lines ¥, ARSI e=107",p=
0.01,0=0.01,c=0.99,0'=10"", LIELERILK 1, Hh CPU F/RITH AN, FRiEMRKELN, FonR kMl
TREEL || g | 7R 1T 5 58 WUt i B B S 4.

F 1 OEE 0 HS B E HELE

URZ R Zo i35 CPU Ni/N, gl RS
0.015 6 48/56 6.362 2e—006 Bk

Hager (1.1.,1) 10
0.046 8 78/81 6. 185 8¢e—006 SHS
Generalized 0.078 0 548/1 571 4.679 2e—006 =87

) (—1.2,1,,—1.2,1) 10
White & Holst 0. 093 6 638/1 838 8. 689 4e—006 SHS
Extended 0.015 6 108/279 5. 647 5e—007 Bk

(1.1,0.1,++,1.1,0. 1) 100

Maratos 0. 046 8 138/348 9. 382 7e—007 SHS




% 41 AT, %, — X0 THENEERHEE 13
gkl
I PR K Zo 4B CPU N,/N; I gl ik
0.187 2 1138/3 401 9.791 2¢e—006 Byl
FLETCHCR (0,0,++,0) 100
0.202 8 1400/4 167  9.226 0e—006 SHS
0.015 6 8/14 5.947 1e—007 Bkl
1 000
0.046 8 10/16 4. 446 1e—008 SHS
Diagonal 7 (1,1,--,1)
0.015 6 10/15 7.581 5e—007 =R
5 000
0.046 8 10/16 3.555 6e—007 SHS
0.046 8 202/348 3. 049 5e—006 Bk
1 000
Extended 0.109 2 454/773 5.694 7e—006 SHS
2.2.000.2
Tridiagonal 1 ( ) 0.218 4 202/348 9. 643 4e—006 =7 |
10 000
1. 466 4 1502/2 718  1.335 7e—005 SHS
0.015 6 10/11 8. 020 6e—008 Byl
1 000
0.046 8 38/39 4.158 7e—006 SHS
Diagonal 5 (1.1,1.1,---,1. 1)
0.031 2 6/8 6.774 8¢—006 Bkl
10 000
0.140 4 40/42 2.927 0e—006 SHS
0.187 2 688/738 9. 844 8e—006 el
1 000
Generalized 0.327 6 1102/1 406 9. 627 6e—006 SHS
(3,0.1,++,3,0.1)
PSC1 1. 700 4 799/979 1. 189 0e—005 =R/
10 000
2.854 8 1319/1 694  1.267 6e—005 SHS
0.015 6 18/19 2.128 6e—008 =R
1 000
0.031 2 66/67 9. 783 8¢—006 SHS
Raydan 2 (1.1,+,1)
0.015 6 14/15 1. 960 4e—007 Bkl
10 000
0.078 0 70/72 8.794 9e—007 SHS
0.031 2 104/218 8.102 9e—006 =7 |
1 000
Extended 0.062 4 228/466 2.782 1e—006 SHS
3,—1,0,1,-+,3,—1,0,1)
Powell 0.249 6 218/434 3. 284 4e—006 7
10 000
0.358 8 334/685 5.038 9¢—006 SHS
0.015 6 10/27 8.229 8e—006 (=7
1 000
0.031 2 11/62 8. 959 2e—005 SHS
Extended EP1 (1.5,1.5,++,1.5)
0.046 8 8/22 7.798 1e—007 =R
10 000
0.078 0 11/63 2.833 2e—004 SHS
0.015 6 4/9 0 X7
1 000
Extended 0.452 4 1151/5 113 55. 976 4 SHS
) (0,0,++,0)
Hiebert 0.031 2 4/9 0 k2l
10 000
3.369 6 1 502/6 866 5.338 8 SHS

M T AT LI T e 3 ek K5, J0 I8 2 ARG 2 T B 1)L Bk 1 A R(EL A R A AL T SHS
AR N EA 3 280 CH O D 18 U A5 2 —

o FWERIH RIS HL 0 UL 071 O S 5 45



14 Journal of Chongqing Normal University (Natural Science)

http://www. cqnuj. cn Vol. 30 No. 4

5% 30k :

(1] 52 8. fie 0 Ak 05 s b B2 e e ik [ML Jb 50 B2 i A
2009,

Ni Q. Optimization methods and procedures[ M. Beijing:
Science Press,2009.

(2] AT 52 . FELe PR AR B 1 (M. 10l gL 54 0
J At 2000.

Dai Y H, Yuan Y X. Nonlinear conjugate gradient method
[M]. Shanghai: Shanghai Science Press,2000.

[3] Birgin E G, Martinez ] M. A spectral conjugate gradient
method for unconstrained optimization[ J]. Appl Math Op-
timiz,2001,43:117-128.

[4] Zhang L. Zhou W, Li D. Global convergence of a modified
Fletcher-Reeves conjugate gradient method with Armijo-
type line search[J]. Numer Math,2006,104(4) :561-572.

[5] DuS Q,Chen Y Y. Global convergence of a modified spec-
tral FR conjugate gradient method[]J]. Applied Mathemat-
ics and Computation,2008,202(2) :766-770.

[6] LuA Q,Liu HM,Zheng X Y,et al. A variant spectral-type
FR conjugate gradient method and its global convergence
[J]. Applied Mathematics and Computation, 2011, 217 (12);
5547-5552.

(7] EFFo, &4, L. Armijo BRI R T (3% CD L5k
FEVE LT INZR R 2424 B2, 2011,45(11) : 104-108.
Wang K R, Cao W, Wang Y H. A spectral CD conjugate

Operations Research and Cybernetics

gradient method with Armijo-type line search[]]. Journal
of Shandong University: Natural Science, 2011, 45 (11):
104-108.

[8] Cao W, Wang K R, Wang Y L. Global convergence of a
modified spectral CD conjugate gradient method[]J]. Jour-
nal of Mathematical Research & Exposition,2011,31(2) .
261-268.

[9] Du X L,Liu J K. Global convergence of a spectral HS con-
jugate gradient method[ ] ]. Procedia Engineering,2011,15:
1487-1492.

[10] Wan Z,Yang Z L,Wang Y Y. New spectral PRP conjugate
gradient method for unconstrained optimization[]J]. Ap-
plied Mathematics Letters,2011,24(1):16-22.

(117 #& g, A 4E, — 4 PERP 3t 4 &80 B 1 a9 e s (1. 78
PR FHARBLAE ML 2012,34(3) :22-29
Huang H.Lin H H. The convergence property of a PRP-
type conjugate gradient method[ ] ]. Journal of Southwest
Univerisity ; Natural Science,2012,34(3) :22-29.

[12] Dai Y H,Liao L Z. New conjugacy conditions and related
nonlinear conjugate gradient methods[ J]. Appl Math Op-
tim,2001,43(1) :87-101.

[13] Andrei N. An unconstrained optimization test functions
collection[ J]. Advanced Modeling and Optimization,2008,10
(1):147-161.

A Sufficient Descent Spectral Conjugate Gradient Method

CHEN Long-wei'?, XIA Fu-quan®, JIA Chao-yong’

(1. College of Science, Nanjing University of Aeronautics and Astronautics, Nanjing 2100163

2. Taizhou Higher Vocational School of Mechanical &. Electrical Technology, Taizhou Jiangsu 225300;

3. Dept. of Mathematics and Physics, Bengbu College, Bengbu Anhui 233030, China)

Abstract: First, a class of sufficiently descent spectral conjugate gradient method is put forward, which satisfies both conjugacy con-

dition and descent condition, while the standard conjugate gradient method only meets conjugacy condition. Then, the global conver-

gence of the new method is proved with the reduction to absurdity under the Wolfe line search. Finally, iterative times and compu-

ting time are compared between the new algorithm and the existing SHS algorithm in twelve examples. The comparison results

show that the new algorithm is superior to the SHS algorithm in these two aspects. The global convergence and the numerical supe-

riority indicate that the new algorithm is an effective algorithm which is worth studying.

Key words: unconstrained optimization; spectral conjugate gradient method; sufficient descent condition; conjugate condition; glob-

al convergence
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