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Abstract

A New Parameterized Conjugate Gradient Method based on Generalized Perry Conjugate Gradient Method is
proposed to be based on Perry's idea, the descent condition and the global convergent is proven under Wolfe
condition. The new algorithm is very effective for solve the large-scale unconstrained optimization problem.
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1. Introduction
Consider the problem
min f (x) - Q)

xeR"
is a large-scale unconstrained optimization problem,
where f a continuously differentiable function, and
the popular method for such problems is the nonlinear
conjugate gradient method. The line search of
steepest descent (the simplest type of conjugate
gradient) is

Xia =X, +ogd,

Where the d  is the direction of algorithm given by

{d1 =g, .
dk+1:_gk+1+ﬁkde vk >1

where gk:g(xk)ZVf (Xk) and ﬂkER
parameter which characterized the method. The
numerical experiment of the nonlinear conjugate
gradient method is affected by g ; Therefore there
are several types of conjugate gradient according to
the choice of ,Bk , such as HS method[1], FR method
[2], PRP method [3], DY method [4] and LS method
[5], and so on.

The generalized of the method of Perry conjugate
gradient was proposed in [6],[7] with search direction

d1 =-0

is

T
kgk+1

.
Skgkl
S, to—+ U,

dk+l:_Pk+1gk+1:gk+1+ yST vk >1
k k k Yk
....(4)
where
where
SkYI Uksl ...(5)
Poa=(l — Yy g
k k ykuk
where is called the iteration matrix of

I:)k +1

generalized Perry conjugate gradient method and

Y =0a— 0 Sk =X X, =ad s g
is the line search and o is a parameter defined as
follows

2
M ,c>0
SV
The choice of o and U, such that yiu, =0
correspond to different of generalized Perry conjugate
gradient The of U, =S, and

o=C

method. case
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g:2||yk||2/(slyk) was discussed in [8] and [9].

When u, =y, was studied in [6].

2-The New algorithm Parameterized Conjugate
Gradient Method based on Generalized Perry
Conjugate Gradient Method (PGPCG)

In this paper, we suggest U, as a linear combination
of S, and Y, as follows

u, =7y, +@-»)s, ----(6)
and

2
.l oo
sk yk

then by substitute equ. (6) and equ. (7) in equ. (4) we
get

w(7)

o=C

S0
yl(7Yk+(1_7)sk)
ylgkﬂs _ 784 G _ a(L-7)5,9, 4
s ol +anvis T v Ha-nyls,

..(8)

T

Yelia, _
T Sk
SeYi

dk+1:_Pk+1gk+1:gk+1+ (7yk+(1_7)sk)

:>dk+1:_gk+1+

{dlz_gl
dk+l =-

Pk +lg k+1?
where
Pk+1 = (I -

....(9)
Algorithm (2.1)

Step(1):We select the initial point x , e R", and the
accurate

solution £>0 and we find d,=-0, and we
set k =0.
Step(2): If lo|<e then stop and set the optimal

k

vk >1

Yksl Wyksl 0'(1_7)515k
siVe v +@-nyis. 7y +a-nyls,

solutionis X ,
Else, go to step(3).
Step(3): Compute the stepsize ¢, by Wolfe line
search conditions
fo..<f +cad;g, -..(20)
d/g,,=cd/g, - (11
and go to step(4).
Step(4): Calculate x,  =x, +¢d, and compute

f (Xk+1)!gk+l and
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S =Xy — Xy Yi =0~ G-
Step(5): We compute the search direction by the
equation (9) and set

d.,=-P..0,., Iif Powell restart [10] is
satisfied then set d,=-0,.
Else d, ,=d,; kK =k +1 go to step(2)

3- The Descent Property

We shall prove the descent property for the new
formula which was introduce in equation (8)
Theorem(3.1)

The search direction dk that is suggested by the
proposed method in equation (7) satisfies the descent
property for all k, when the step size o,
determined by the Wolfe conditions (10),(11).

Proof: we want to prove that d; g, <0, Vk >1

We shall proof by using the mathematical induction
First, d, =—g, =d] g, <0

And we suppose that dk g, <0, is true for all k ,

and we will prove that the relation is true when
k =k +1,

Multiply the equation (8) from leftby J, .,

T
dT —_q’ gk+1 T 9759y T
k19K gk;lgkd kyk Se Ok~ J/Hkaz_'_(l_y)yIsk YiGka
ol=7)8 Gy T
2 T S Gk
?’Hka +@=7)Y,S,
By lipschits condition Iy |<Lsty, where L >0
1 1
,then 1 S T1 and <
Hka Ls kY "yk" Lskyk
T
N <_ y gk+1 T 073, 9y T
k+1gk+1 T‘gml kyk kgk+1 }/S.[ yk+(1_}/)s1‘; yk ykgk+1
_ o(l-7)8, 9y
2 T kgk+1
7Hka +(L=7)Y, S,
2 oy 9
:>d;+1gk+ls_"gk+1" +(1 L-‘r(l 7/)) Sk ykklylgkﬂ

O-(l_}/)sl gk+1

A F+a-nyps, o
Let =—_ oy 50"
rL+(@Q-7) }
jdljngmS_Hgkqu+(1_W)SkTgk+1ngk+1 w
S Yk 7Hy H +( yk K
and by using the inequality

2 .
u'v S%(aHuHﬁ@), vas0 and u'v <uf| v With

the choice u, = (g7 s,)y! andv, =g, .(sTy,)
We have
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)Slgkﬁ(ylgkﬂ):(l )S gk+1(s y )(yTngrl)

51V AT
)((gm DY) @046:Y,)

(5cy,)°
gk+1k Hy H - Hgk+1H s y

-wlgalIs .l a-wle.f

- 25.Y,) 2
Combining this with the above equation gives

at-w)lo. [ [y, a-wlo. |

(l-w

=(1-w

SM
2s;y,)

2

2

jd;ﬂgkﬂ S_||gk+1

"%JHFW
7||y " +(1 yksk

a-wls [y.[" , @-w
25y, 2a

2sty, ) 2a

a(l- 7>HSkH
Pyl +@-»y

) _q_

=d; 49,4 <( Hgk J

Now, let
_lsly P

A
Since (uv)? <Ju ||2”‘, ||2then m, >1

ot-7)s [
Iyl +@-)yis,
Now, we have two cases, when W > 1 then
@-wm,  (@-w) ol-7)s. [

2 2a Iy +@-nyis,

So the descent property satisfy.
The other case, when w <1, we let z=a(l-w)m,,

we select a positive number @ such that 0 <7 <1
Then

k

all-w)m,
2

+(1—w)_ B
2a

Mol

T
=>d, 40,4 <(

—1-

- s

1-w)’m, 2
dr <240 3
=0, 49,1 < ( + 7 }/“yk“z-*'(l*}’)YISk)Hgkﬂ
Now, when (1w y’m, <7? then ., - *  thus
k — 2
1-w)
1-w)s? ot=)s.[ 2
dT <(= ( _ k
= k+1gk+1 (2 2 (l W)z 7Hka2+(1_7)ylsk)Hgkﬂ
1- s’ 2
qr (T 1 oQ-7is,
= k+1gk+1 2 2 7||yk||2+(1—7)ylsk)"gM"
@=p)s. [’ :
—d!,g,,<(-1-—2 A g, .
e Ayl +@-»yis, "
o@=ps. |

Clearly
(T_ - 2 T
7/||Yk|| +1L=7)y, S,
So the descent property satisfy forw <1.
4- The global Convergent
Assumption(4.1):
(i) The level set s :{x eR":f (x)<f (Xo)} is closed

and bounded on the initial point.

(ii) The objective function is continuously
differentiable In a neighborhood N of S, and its
gradient is Lipchitz continuous, i.e. there exists a
constant L>0 such that
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for all

lg)-g(y)<L|x -y
(12)
(iii) The objective function is Uniformly Convex
Function and there exist constant A > Qsatisfy the

following

(G()-g(y)) (x —y)<A[x —y
2

Orygs, = A[s|

under these assumptions on f, there exists a constant

¢>0 such that|g(x)|<¢, and by (i) then there

X,y eN.

2, for

exists [x <M, W¥x eS
n<lox)|<7 ,vx es [11]
Lemma (4.2):

Let assumptions (4.1.i0) and (4.1.iii) holds and
consider any conjugate gradient method, where d K

is a descent direction and the step size «, is obtained
by the strong Wolfe line search. If

1
Z =0 ...(13)
e (o B
Then
lim(inf||g,[)=0 - (14)
k >

Theorem (4.3):
We let that the assumptions (4.1.i) and (4.1.iii) with
decsent property holds, the method of conjugate
gradient and the equation

Ykgmsk _ 073 9
SV vl e

and Xy =Xy +akdk

_ 0'(1*}’)Slgk+1
2
7yl +@-7)yis,

“Yeat

k+1

k
ykk

Where the step size ¢, is obtained by the strong

Wolfe line search and the objective function is a
uniformly convex function, then

any X,y eS.

lim(inf||g, [)=0
k —
Proof:
d Ykgk+l _ O’}’SIQM _ 0(1_}/)Slgk+l
k+1 gk+l Sk 2 T 2 T
skyk 7Hka +(1_7)yksk }/HYKH +(1_7)yksk
T
d+2:—g* ykgkl _ 75, Yy a(l- )kgk+l S
B R Ty T ALl i
=d,. 79,, Hykgms ‘ ‘ Tg+y ’
ol <l Tsiy, \yHykM(l LS, o]
1-
oD g, s.f
}’Hka +( yk k
By Couchy Schwartz inequality
4 F< e |1y 2 12 oy 2 2. 2
=Kol <lovF Mol T Iy, los T
a(lfy) gM 2 SKHA
7y, H +L-7)yis,
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‘ ZS 2 ‘ - ‘ ‘ or ‘ L 2 5 4
2‘ k41 Hgk+1 +(‘51yk‘+‘7/Hka2+(1_7)ylSk ‘) Hgk+1 H kH
O'(l—y) , \
o e yere |19kl I8
y“yk“z+(1_7’)YI3k loa] [Isl

1
ol=n) o Fls
7y +@-nyis
LetC:"d ||2 then
§ < |1 | | oy |
:||| K+1|| ||gk+1 ( | + |}/||yk|| +(l }/)yk k|
o(l-y) 2.2
NGl €
|7||yk||2+(1—7)y15k| 9.
Now let
NI 2 -
SN \yuy F+a-nyis |7y +@a-»yis,|

= Jde " <lgcal +e*¢lo, .l
Then by use assumption (i)

=d, | <77 +c?9i7
— 1 S 1
||dk+1||2 _772+CZ¢772

_ g _
Z||dk+l|| 77+C¢7722 -

By using the lemma(4.2) then lim(inf ||gk ||) =0
k -

5. Numerical experiment

The numerical results of the new algorithm
(PGPCG) are displayed in this section. The
performance of the proposed algorithm PGPCG was
made with different values of C and ) in (8), so we

denote it by PGPCG (C y). We used 51

k
unconstrained test problems, the number of variable

of each test function is 100, 200, ...,1000 respectively
with the stopping condition was ||gk||310—6. All

codes are written in Fortran 77 on PC, Intel(R)
Celeron(R) CPU N2840 @ 2.16GH 2.16GH, RAM
4.00 GB. The Fig(1) presents the performance of the
algorithm PGPCG with different values of C and ¥

, the performance dependent on (Dolan and
More)[12] criteria where the result show that the
performance of PGPCG(1,0.1) . The Fig(2) present to
compare the effective of the new algorithm with HS
[1] and PDCGy [6].
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6. Conclusion

The new algorithm presented a new form of three
term conjugate gradient with descent property and
global convergence with the Wolfe line search. The
new algorithm gives a good result compares with the
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other algorithms. The optimal value of J in the

search direction (8) may be a good further works of
this paper.
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