Pure Mathematics FEREF, 2011, 1, 41-45

Hans X

http://dx.doi.org/10.12677/pm.2011.11009  Published Online April 2011 http://www.hanspub.org/journal/pm/

A Three-Terms Conjugate Gradient Algorithm
and Its Convergence

Hai Chen

College of Mathematic and Information Science, Guangxi University, Nanning
Email: hchengx@126.com
Received: Mar. 18th, 2011; revised: Mar. 30th, 2011; accepted: Apr. 2nd, 2011.

Abstract: In this paper, a three-terms conjugate gradient method is proposed .The search direction possesses
the sufficient descent property without any line search. Moreover, the search direction has not only the gra-
dient value but also function value. The global convergence will be established and the numerical results are
reported.

Keywords: Conjugate Gradient; Sufficient Descent Property; Convergence

— =LA B A R HIA

B &
JIVE KSR EE B R, T
Email: hchengx@126.com
WREH . 201143 H 18 H; BRIHM: 201143 H 30 H; A HM: 201144 2 H

B OB A A =IO R, R EAE AL RAZMN T, AT TR
SEAF, AERCTT FE SR, AMEIIE A SR IE mBEE R, W] T /Uit e I BE ks

LnEeE

KB JLPIRRE; 7R TREs Witk

1. 518
ARSC SRR AN 1 14 6 29 R et A 7] R
min f(x)
iy (1.1)

ot f (o) FEVELE T RR . R T bl 1) R SR 7 vk
ARZH, WAEEE. BAREEE. (EHE0 AL
BREZVESE . HAIRHuph T ik R oh aE i fag o, AL
P/, T HACR A 2N . SR A
& H AL

X=X +a,d, k=0,1,2, -
Hopx, 5k OERRL ap > 02K, d 2R
Jit, E XN

d, ={—gk +p.d,,, ifk=1

1.2
—8r> if k=0 ( )

Copyright © 2011 Hanspub

Hrh g e RE—NSHL BT B KLU RTTAR A
[l ILHERE LT (LSTHR[1-7148), fEIX 3L, PRP
g EANELN A, ey

kPRP _ g£+l(gk+12_ &) 16, 7]
[EA

Horp g, Mg RN VS (x) RV (x,,) » NEREL S (x) 12
xR BB, || TR Rk PR s, Bo7ik
SR I SR AR, {35 b AT T
SERRAG P, ORI T AR —. UE%
5 A B O F DT 5 PRP AR [P S L
FAFRO 7, Frb AT V2 R T TLSCRRIS- 1515 2t
BEICRBL, 7R AT 1 B 4 T2 R AL
RS THERE, PTG TRt BIXEFTA k. Fat
PR

PM


mailto:hchengx@126.com
mailto:hchengx@126.com

42 Wi | A= IORHIR S S s

dig <—<lal (13)

WETERBL, MRS AE SR o M b o R L
e LT, NI AR RER PR

KD K o
SOy +ayd) < f, + 684, (1.4)
A gx +a,d) d, >0gld, , (1.5)

H5e(0,1/2),0(8,1) , HFrE WWP 638 %, 124
NIk, W RN S, PRP J7EAE LR ZRHA
N4 RS A ENE . 7ECE[16], Zhang 55
T AN EWEERE T, HOTrE SO

—g++ﬂPRPd -0y, iftk>1
e (16)
—Ziis if k=0
T+d T+
quek_gklk kPRP_gklyk V=g~ 8 s

el s
BRI g, =g o BRI, SR T B
FEMEAE S, 20 7 RAAE R . £3CH([17], Zhang
Sl e N NE VS ST WY
B Sy = 511 ’ (1.7)
Hr1 ) =y + s A

L 3(8ru +gk)Tsk +6(f(x)— f(x,,))

k 2
s
S, =X, — %, » Yuan Fl Weil ™44 i 7 i (1 5 72
B.,S, =6, (1.8)

H s! =y, +yis, F

ﬁ:mﬂ+ﬁ&ﬂ+&f%+%ﬂ%rfmﬂ?,Bm
s
SRR, RN Rk b4 B
SEL TR R, R FE =00
el Iy

d = 81 +ﬁ1?4PRPdk —Hky,t, if k>1 (1.9)
k+1 —gkﬂ ’ lf k _ 0
T T *
d
e (. Bl ’ ﬂIyPRP = Biendk Vi = 8k — 8k

_ S
e

X&H+gn?a+afu»—fupo},

2
s

)

yZ =y, + max {O,

Copyright © 2011 Hanspub

M AT, 87 SAMEIE B, IS4 A %k
EE R ASTREN H 787 T Rt A sttt 47 70 #r
N2 AR IR, S = AR g RS E

2. B

Hik 1 (BSUm) =L HRE 520

BB, O: HEx, eR, 0e€(0,1/2),0 €(5,1) FkiE 3
e>0. &dy=-g,=-Vf(x,), Bk: =0.
1 %‘"gkuﬁg, g1k,

BB 2. FHILAHFASHHEK a, -

BEI: Lx,=x rad, MR g, |<e, Fik.
BB 4. FIHARA9IHILEI .

BES:. Bk = k +1, BHE2.,

3. e TEEFE RS

A BRI =T A KT R A T TR

.

FI# 3.1 Xt k>0, =50 RTT A
i 2

2

8+l 3.1
W Wk k=0, W gid, =g MI(13)MAL
k=10, FIRHT A E T4

T
Ve g1

5 Ay 8
gl

T _
di 18 —_|

dkT+1gk+1 = _"ng"Z +

glcT+1dk T 2
- 2 8k, :_"gk+1"
el

A RATHIE, TR,
N TAERSRE 1 (s, FA T R TR ok AT
A): 1) KTFEQ={xeR": f(x)<f(x,)} B
2) fAEQ BRI HIELE AR, SRR g T2
Lipschitz 251, BIF/EHECL > 0 3 2
||g(x) - g(y)” < L”x - y",Vx,y eQ (3.2)

13 3.2 WREA)L, HAFE T c >0 13
.|| < ellg, | Bz, MIB 5T 1 PR A (g, ) A 4d, )
W2 lim,_,, inf||g,[ =0

IEBH: FIFI(1.5)F0 Lipschitz %61£(3.2), &

_(1—0')ngdk < (g —gk)Tdk < Osz"dk”2 )

PM



Mg —A

FIF(1.3), 348

k

L Hd H

BHACN1.4), BHE:

50-0)(gld.)

f fk+1
Lol

¥ BNk =0 Fooiihn, A

i( 4) 1 Goe )

Jaf = 80-0)

TR BB AT s f A A T

1. Sphere function

Son ()= x7,x, €[-5.12,5.12]x" =(0,0,---,
i=1

2. Schwefel’s function

= IR A L s 43

§< 4) 5

i

FT, FIFFES FREEG. DA 4, ] < g -
RN

" 2
2 lg] <40
k=0

WA ||g, || = 0 Baz, EEE.

4. BESR

AT AR AT FE A R, NI AR
ZEIR K6 R B AE TARSTIR 4 5 A 21 Benchmark
MR, BIEEIR .

0), fou(x)=0

Ssaps () =2 x,)%,x; €[65.536,65.536] x =(0,0,....0), fps (x ) =0

i=1 j=1

3. Rastrigin function

Sras (X) =101+ (x? =10cos(27x,)), x, €[-5.12,5.12] x* = (0,0,

i=1

4. Schwefel function

o (x) = 418.9829n+ 3 x; sin x|, x, €[~512.03,511.97] x" = (~420.9678,-420.9678, -,
i=1

5. Griewank function

Jon) =1+ 27000 L

X 4% Benchmark (7] 5 7] DA R 3R R DR 2«
http://www.cs.cmu.edu/afs/cs/project/jair/pub/volume24/
ortizboyer05a-html/node6.html.

TEFATE R, SHOEHR T
£=107,6=0.1,0 = 0.9, {51 Himmeblau 7
E

i |f(xk )| > e, % stopl = —|f( X) =S O )| |

|f(xk )|

A stopl =|f(x)— (%) « AR [gx)|<e B FH

Copyright © 2011 Hanspub

€[-600,600]x" = (0,0,

’0)3 fRas (X*) = 0

—420.9678), f5, (x ) =0

0), fo, (x)=0

stopl < e, Wi &, HIEZIE, e =e,=107 . WIHLAL
IEAREGETE 1000 K, FATREZ IR TRPFAQ
5 S

X, : WIUE A Dim: B4R NI ik AREL
NEG: B 5B ARUCHEAL f(x) : Fk&It
IS 4 bR K

MEE T FEAELIRTLE , H9k 1 X Bk 5 4
] RIS e REA RO KA -

PM


http://www.cs.cmu.edu/afs/cs/project/jair/pub/volume24/ortizboyer05a-html/node6.html
http://www.cs.cmu.edu/afs/cs/project/jair/pub/volume24/ortizboyer05a-html/node6.html

44 Wi | A= IORHIR S S s
Table 1. The numerical results of algorithm 1
F1. B 1 HBEER
NI/NFG/ f(}) NI/NFG/ f(}) NI/NFG/ f(}) NI/NFG/ f(}) NI/NFG/ f(})

Sphere X, (-5,-5,+++,-5) (-3,-3,+++,-3) (1,-1,+-+,-1) (2,2,++2) 4,4, 4)

10 2/6/7.888609¢-030 3/7/1.972152¢-030 3/7/1.232595e-031 3/7/1.972152¢-030 2/6/7.888609¢-030
Dim 100 2/6/3.478877e-026 2/6/4.930381e—028 2/6/4.930381e-030 2/6/3.993608¢—028 2/6/1.262177e-027

300 2/6/1.990296e—025 2/6/2.366583e—026 2/6/2.366583¢—028 2/6/7.158913e-027 2/6/2.366583¢—026
Sphere X, (-5,0,-5,0, ) (-3,0,-3,0,+++) (-1,0,-1,0,+++) (2,0,2,0,--+) (4,0,4,0,--+)

10 2/6/6.310887¢—029 3/7/9.860761e—031 3/7/0.000000e+000 3/7/9.860761e—031 3/7/8.874685¢-030
Dim 100 2/6/5.679799¢-027 2/6/7.987217¢-028 3/7/2.465190e-030 2/6/0.000000e+000 2/6/4.831773e-028

300 2/6/2.319251e-026 2/6/1.848893e-026 2/6/1.664003¢—029 2/6/2.958228e-029 2/6/1.848893¢-026
Schwfel’s X, (-0.001, -+, -0.001) ~0.0002, - -+ ,—0.0002)  (0.0006, - -+ ,0.0006) (0.0007, + -+ ,0.0007) (0.0008, * - +,0.0008)

10 3/8/3.539977¢-007 3/8/1.415991e-008 3/8/1.274392¢-007 3/8/1.734589¢-007 3/8/2.265585¢-007
Dim 50 5/14/2.297452e-006 4/11/3.471788e-007 5/14/8.270826e—007 5/14/1.125751e-006 5/14/1.470369e-006

100 7/20/2.554559¢-006 5/14/7.557030e-007 6/17/2.317420e-006 6/17/3.154267¢-006 7/20/1.634918e-006
Schwfel’s X, (-0.001,0,---) (-0.0002,0, -+ +) (0.0006,0, - - -) (0.0007,0,---) (0.0008,0, - +)

10 3/8/6.244149¢-007 2/5/5.186065¢-008 3/8/2.247894e-007 3/8/3.059633e-007 3/8/3.996256e-007
Dim 50 5/14/3.464888e¢-006 3/8/6.064742¢—007 4/11/1.848353e-006 4/11/2.515814e-006 4/11/3.285961e-006

100 7/20/6.523845¢-006 4/11/9.360044¢-007 5/14/3.845945¢-006 6/17/3.745873e-006 6/17/4.892569¢-006
Rastrigin X, (-5,-5,+++,-5) (4,4, ,—4) (L1,++-,1) (2,2, 2) (3.3,%+.3)

10 4/13/2.487372e+002 4/13/1.591924e+002 5/16/9.949591e+000 4/13/3.979831e+001 4/13/8.954601e+001
Dim 100 3/9/2.487372¢+003 3/9/1.591924¢+003 3/9/9.949591e+001 3/9/3.979831e+002 3/9/8.954601¢+002

100 3/9/7.462117¢+003 3/9/4.775773e+003 3/8/2.984877¢+002 3/8/1.193950e+003 3/9/2.686380e+003
Rastrigin X (-5,0,-5,0,+++) (-4,0,-4,0,-++) (1,0,1,0,+++) (2,0,2,0,+++) (3,0,3,0,++)

10 3/9/1.243686¢+002 3/9/7.959622¢+001 3/9/4.974795¢+000 3/9/1.989916¢+001 3/9/4.477301e+001
Dim 100 4/12/7.959622e+002 4/12/4.974795e+001 4/12/4.974795e+001 4/12/1.989916e+002 4/12/4.477301e+002

300 3/9/3.731058¢+003 3/9/2.387887¢+003 3/9/1.492439¢+002 3/9/5.969747¢+002 3/9/1.343190e+003
Schwefel X, (=500,-500, - -+ ,=500)  (—400,-400, - - - ,—400) (100,100, + - - ,100) (400,400, - - - ,400) (500,500, - - - ,500)

10 3/9/-1.006797¢+004 2/6/—4.174987¢+003 2/19/3.101787¢+003 4/38/4.705971e+003 2/19/5.780458e+002
Dim 100 3/9/~1.006616¢e+005 2/6/—4.174488¢e+004 2/19/3.101787e+004 2/19/1.490427¢+002 2/19/5.780458e+003

300 3/9/-3.019763¢+005 2/6/-1.252317¢+005 2/19/9.305360e+004 4/39/5.048285¢+005 2/19/1.734137¢+004
Schwefel X, (=500,0,-500,0, - -+ ) (-400,0,-400,0, - +) (100,0,100,0, - -) (400,0,400,0, ) (500,0,500,0, - - - )

10 1/2/5.995721e+003 1/2/5.380480e+002 1/2/3.645808¢+003 1/2/7.841610e+003 1/2/2.383937¢+003
Dim 100 1/2/5.995721e+004 1/2/5.380480e+003 1/2/3.645808¢+004 1/2/7.841610e+004 1/2/2.383937¢+004

300 1/2/1.798716e+005 1/2/1.614144e+004 1/2/1.093742¢+005 1/2/2.352483¢+005 1/2/7.151812e+004
Griewank X, (=50, 50, ++, -50) (-10,-10, - - ~10) (L1,++,1) (20,20, - -+ ,20) (30,30, - - ,30)

10 2/19/7.250909¢+000 2/19/1.264953e+000 20/60/8.438297e-007 13/54/1.115419¢-006 3/9/5.618497¢-006
Dim 100 4/32/2.276173e-002 15/45/7.810149¢-006 3/8/0.000000e+000 2/6/0.000000e+000 2/6/0.000000e+000

300 60/164/9.630521¢-006  2/6/0.000000¢+000 2/6/0.000000e+000 2/6/0.000000e+000 2/6/0.000000e+000
Griewank X, (-50,0,-50,0, -+ ) (-10,0,-10,0, ) (1,0,1,0,--+) (20,0,20,0, ) (30,0,30,0, )

10 4/25/9.540580e—001 5/44/1.103014¢+000 2/19/1.551065e+000 10/29/1.549244e-006 é0/29/1 549244e-00
Dim 100 4/15/1.432188e-014 29/77/7.390224e-006 3/8/0.000000e+000 2/6/0.000000e+000 2/6/0.000000e+000

300 51/133/5.541337¢-007  2/6/0.000000e+000 2/6/0.000000e+000 2/6/0.000000e+000 2/6/0.000000e+000
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