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Abstract—In this paper, we have presented a new
conjugate gradient algorithm based on the Armijo-
type line search for solving unconstrained
optimization problems. Under some suitable
conditions, we proved the global convergence of
the algorithm. The numerical results show that the
proposed methods are effective.
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l. INTRODUCTION

Various numerical methods have been introduced to
solve unconstrained optimization problems as they
appear in engineering, mathematics and computer
science. The conjugate gradient method is an efficient
algorithm for the numerical solution of unconstrained
optimization problems. In this paper, we consider the
following unconstrained optimization problems

infx
e &)
where f(x):R" - R is a smooth, nonlinear function
whose gradient will be denoted by 9(X) . the conjugate
gradient method for solving problem (1) always
generates a sequence {X} as

Xea =X+ d,, k=012,

@
where 2 >0 is obtained by line search and the
directions dy are generated as

—G if =
d. :{—gk+ﬂkdk_l, it k>1,
®3)
where 9« = V(x) , and B is a scalar, different

conjugate gradient algorithms correspond to different
choices for the scalar parameter B . There are some

well-known formulas for B which are given
below(see[1-6]):

or by other formulae(where Y, ; =0, — 0, , the

symbol H[” be the Euclidean norm.). The stepsize «is

determined by exact or inexact line search. The

Armijo-type line search: Let $>0 be a constant,
HE (O,l),p € (0,1), choose o, to be the largest & in
{S, Sp, sz . ,}such that

f, — f(x +oad,)>-oyug,d, .

In this paper, we devote to the global convergence
of a modified Conjugate Gradient Method for
unconstrained optimization problems. This method
uses a new Armijo-type line search which allows one
to find a larger accepted step size and possibly
reduces the function evaluations at each iteration. It
can guarantee the global convergence of modified
method under some mild conditions.

Il.  DESCRIPTION OF ALGORITHM.

We first assume that
H2.1

i) The objective function f(x) is continuously
differentiable and has a lower bound on the level set
Ly ={xeR"| f(X)< f(x)}, where X, is the starting
point.

ii) The gradient g(x) of f(x) is Lipschitz continuous
in some neighborhood U of LO, namely, there exists a

constant L > 0 such that

lg ()—g|<L|x=y|.vx.yeU.
Throughout this paper we suppose that the Lipschtiz
constant L of g(x) is a known priori or easy to estimate

in practical computation. There are some estimations

L. 0g, [* 50 = 0g,[? 50— g, I Lk for the Lipschitz constant L [6-7]. Motivated by [6],
k= P T ! ke '

DG, Y A 1G4 we propose the following New Armijo-type line search:

T T T
ﬂkPRP — gk yk—l , kHS, — gk yk—l , kLS —_ gk yk—l ,
09y, deYis de 9y
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Given ye[o,;], pe(01)ce(0l)zc(01) | set
—_clyrd d

I =£7‘yk4 H‘HH | and «, is the first & in
L, [

{Ik,lkp,lkpz,m,}such that :
fk_f(xk"'adk)z_a/v‘gzdk- (4)

where L k:max(Lk_l,MJ,

s

Now we state our algorithm as follows.

Algorithm A:

Step 0 Initialization:

Given a starting point X, € R", choose parameters
O<e<<], ye(o,%j,pe(o,l) ,
ce(0,1),£<(0,1). set k:==0;

Step 11f || 9, |I< &, STOP, else go to Step 2;

Step 2 Compute the search direction d, by (3), where

_ % (9-9)
‘y:—zdk—z‘”dk—l”+8||dk71||2

Step 3 ¢, is defined by the new Armijo-type line
search (4).

Step 4 LetX,, =X +ad,, k:=k+ 1, and go to Step
2.

B

Lemma 2.1 Assume thatH2.1 hold, the infinite
sequence {X, }is generated by Algorithm A. Then,

1) there exist My >0and M, >0 such that

m, <L, <M,.
2) for k=1, if
o, < 1-c |y:—1dk—l|+8”dk" ,
L (LN
then,

gl—+ldk+1 < _C||gk+l”2 )

l1-c)L
3l <[00 o e

0

I1l. GLOBAL CONVERGENCE OF ALGORITHM
In this section, we analyze the global convergence of
the Algorithm.
Lemma 3.1. Assume thatH2.1 hold, then the new

Armijo—type linear search is well-defined.

_ 1-c ‘yz—ldk—l‘ + 5||dk||

Proof. 1) If & then we
k o
have
o, = 1-c |y;——1dk—1|+g”dk” S 1-c 20
L o L
—_clyld d
2) If o <1 C‘ykfl H‘Jrg” k” , then, set

L o]

a= p’lak , the following inequality does not hold,
fi— f(xk +0‘dk)2_0¢ggdk :

ie.

fi— f(xk +adk)<_a/'g;<rdk o

Considering mean value theorem on the left-hand side

of the above inequality, there exists t, 6(0,1), such
that

_ag(xk +tkadk)Tdk < _aw:dk '

g(xk +tkadk)T d, > g, d, .
By H2.1, and Lemma 2.1, we have
Led]* > lo (% +tad,)—g,[d]

>g(x +ted,) d >—(1-u)g;d,

>o(L-) o]
From Lemma 2.1, we can get that
-2
(Zkch(l_’u) "gk": Z[l+(l_c)|—k} >0
Lo i My

Theorem 3.1 Under the assumption H2.1, the
sequence {X, } generated by Algorithm A is global
convergent. That is

lim[jg,|=0.

Proof: Set 1y = igkf {ak}, if 7, >0, then we have
2
f = f (% +ad,)>—aug.d, > ,U%C”gk” :
By H2.1 we have Zw:”gk ||2 < 400, thus we obtain
k=0
lim|lg,||=0.
If the conclusion doesn’t hold, assume that77, = 0.

Then, there exists an infinite subset K < {0,1,2,...,}

such that
Jim =0, (5)

By Lemma 2.1 and Lemma 3.1 we obtain
| = (1—C)I‘yl—1dk—1‘+g”dk” -0
L o]
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Therefore, there is a k such that
oo <1, Vk>k ,keK . Let a=pra, , by
Lemma 3.1 we obtain

Sep(-m) ol cp(-p)(, (1-c)L

-2
o = > = [1+ j >0
Lol . My

k>k,keK.

Which contradicts (5). This shows that7, > 0. The
whole proof is completed.

IV. NUMERICAL EXPERIMENTS

In the following numerical experiment, the code of the
proposed algorithm is written by using MATLAB 7.0.

We stop the iteration if the inequality [|9,]|<10° is

satisfied. The problems that we tested are from [8] and
[9]. Table 1 show the computation results, where the
columns have the following meanings:

Dim —the dimension of the problems;

NI—the number of iterations;

NF—the number of function evaluations;

NG—the dimension of gradient evaluations;

Table 1 The numerical results of Algorithm A

Algorithm A
Problem Dim
NI/NF/NG
Penaltyl 4 5/128/89
Trigonometric 100 18/72/67
Brown 2 13/148/51
Axis hyper 500 183/6168/705
2 3/18/13
DeJong
500 4/24/15
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