Tikrit Journal of Pure Science Vol. 28 (3) 2023 I JP S

IAS]

2

Tikrit Journal of Pure Science
ISSN: 1813 — 1662 (Print) --- E-ISSN: 2415 — 1726 (Online)

Q

&

>

= \ [

Ealle s sl Journal Homepage: http://tjps.tu.edu.ig/index.php/j

A New Scaled Three-Term Conjugate Gradient Algorithms For

Unconstrained Optimization

Zeyad M. Abdullah',Songul A. Asker?
1,2 College of computer Sciences, Department of Mathematics, Tikrit University, Iraq

Articleinfo. ABSTRACT

Article history: Since optimization problems are getting more complicated,
-Received: new ways to solve them must be thought of, or existing
-Received in revised form: methods must be improofd. In this research, we expand the
-Accepted: different parameters of the three-term conjugate gradient
-Final Proofreading: method to work out unconstrained optimization problems.
-Available online: Our new CG approach meets the conditions of sufficient

descent, and global convergence. In addition, we describe
some numerical results that imply comparisons to relevant
methodologies in the existing researchkjkm literature.

Keywords: Three-Term Conjugate Gradient
method, Unconstrained Optimization, Global
convergence

Corresponding Author:
Name: Zeyad M. Abdullahl
E-mail: zeyaemoh1978@tu.edu.iq

Tel:

©2022 COLLEGE OF SCIENCE, TIKRIT
UNIVERSITY. THIS IS AN OPEN ACCESS
ARTICLE UNDER THE CC BY LICENSE
http://creativecommons.org/licenses/by/4.0/

CHoM

pailall jub AtEaV) 8 agand) 45N sagan 488 jia Ao jaie cilia ) ) 6d
oaidlall
agasll AU g6l e (3iliall zyanll ddylal ddlide Cilalee posghy Liad Aol oda & (Three—Term) e il JSLEe Jal
Lalod) bl 8 ALl @l (3lall iljlae ani ) Aaell Sl e
Introduction

The conjugate gradient method(CG)plays an important role in solving the unconstrained optimization problem
.In general, the method has the following form [1]

min f(x) xeR™ (1.2)

Where f: R"—R is continuously differentiable the (CG)method is an iterative method of the form

Xyp1=Xy+ay, dy u=0,1,2..... (1.2)
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Where x,, is the current itereate point,and «,, >0
The step size, d,, is asearch direction where it is defined as:

4 :{—gu u=0 (1.3)
“ —Gu+1 T ﬁu du uz=1

Where g, = Vf(x,) .S.€R conjugacy scalar parameter[2].

Some well-known formulas are given as follows [3]:

HS _ g1T1+1yu (143)
Y diy
FR _ ngL+lgu (14b)
Y gig
by _ Gus1Gust (1.4c)
" dlyy
15 _ Bur1Yu (L4d)
" _dzgu
o _ Ngus1ll? (1.4e)
v _dzgu
PRP _ g5+1Yu (14f)
“ 8i8u
New Method and its Algorithm:
New Method and its Algorithm:
dys1 = —Gus1tBuSu — OV (2.1)

Is general three terms direction forms formulated where the parameters P=any standard conjugant parameter
(FR),(PR),(HS), (LS),(DY),(DX),and (BA,) withothers and 6, can we see in many three-term conjugate
gradient algorithms[4]

g 2.2
dysy1 = —Gusr + ﬁszdu - ﬁ Ju+1 (2.2)
Where
9 = dl Gus1 (2.3)
L9
T 1dy 2.4
dyt1 = —Gusr t+ ﬁzljsdu - gdi;u u 24)
Where
_ dug£+1
0= d‘E Yu

Another general TT direction is parametrizing with A by:
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du+1 =—Gu+1 T ﬁzljsdu - }"HYu 5 <1 (25)

dug171:+1
diyy

#:9:

We are interested in the TT formulas given by (2.5) for the control parameter founded (1), and in other to
derive our methods, we start from eq(2.2 ), but we use DY instead to FR, so we equivalence(2.2) by (2.5), with
DY

alg, 2.6
B, - g = 1OV, — 20,0 20
Setting fPYwhat equal and 0 as (2.3)
L g, g,
gu;i‘iz-'-l du - gfg-;l Ju+1 = ﬁlll\lew du -4 gzgzl Ju+1
Multiplying both sides of the above equation with direction d% at u — th iterate we, get
2 T T T T
Il g;i;ﬂ da du _ (dugu-i‘—gl;g‘giugu+1) — Bﬁjewdgdu —A(du gu-{;ﬂ)‘(g‘iu Ju+1)
New H dﬂ Ju
Were $,/¢" asin (2.6) and 6 =gl
”gu+1"2 _ (dggu+1)(dggu+1) — pNew _ A(dz;gu+1)(dﬂgu+1)
diyu (ghg.)(did,) “ (gh9.)(dldy)
|Gl aad|?
Were || || Euclidean norm. Then according to general (2.1) and (2.5) and our derived parameter of conjugate
(2.6) will be
dll\cli‘iv = _gu+1+ﬁzivew dy (2.8)

Were glev as in (2.7)

3.1 The DY-TT CG-Algorithms:
Stepl: Given an initial point X, € R" and positive parameters,

w=02,0<6<0.5 andd <o <1. setthe initial search direction
dy=—0gyandLet u = 0.

Step2: If ngH < &, thenstop.

Step3: Determine step length &, > O satisfying the Strong Wolfe
Condition (4) with computing x,.; = x,, +,, d,

Step4: Compute the new search direction (2.8), where the conjugacy
parameterp,, are known in (2.7).

Step5: Iflg7s1gu] = @llgus 12, then go to Step (1) else
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continue. (this is Powell restart)[5].
Step6: Let u=u+1 and go to Step (2).

3.1 The Descent Property of the New formals

We will mention the proof of the descent property of the new proposed formula, the conjugated descent property
algorithm.

Theorem 3.1(decent property):

Suppose that the step-size a,, hold the Wolfe condition. The direction of the search d¥¢¥ with the parameter
New given in eq(2.8) satisfying the descent property forall u > 1.

Proof : we began by multiplying the direction (2.8) by g7,

T New _ _ T New T
gu+1du+1 - gu+1gu+1+ﬁu gu+1du

Replace the conjugacy parameter with its equal to

T 4 _ _ T +|poY 1—1 (dfguw)? T d
Ju+1%u+1 = ~YJu+19u+1 ﬁu +( }lguHZHduHZ u+1Qu

T T 9rs10us1 T (dhgw)? r
Ju+1us1 = —GusrGusrt—od,— Jus1dy + (A — 1) =0 gy qdy (3.1)
Yuduy [lgull“llaull

if the step length a,, is chosen by an exact line search which requires

Gur1dusr = 0.

then the proof is complete. If the step length a, is chosen by inexact line search which requires g7, d,1# 0
the first two terms of equation (3.1) are less than or equal to zero because the parameter of (DY) satisfies the

T 2
descent condition, and the third term is less than or equal to zero, because”% > 0 and X<1, so,
u dul

91T¢+1du+1 <0

On some studies of the CG-methods, the sufficient descent or descent condition plays an important role, but
unfortunately sometimes, this condition is hard to hold [6].

3.2 Global Convergence analysis

We will proof in this paragraph that the conjugated gradient method with three limits converge absolutely, we
need the following hypotheses to study the convergence of the proposed new algorithm:

Assumption (H):
(i) Thelevelset S ={x:xe R", f(x) < f(X,)}isbounded, where X, is the starting point, and

there exists a positive constant such that, for all: B > 0 and defined below[7].

(i i) In a neighborhood Q of S, f is continuously differentiable and its gradient g is Lipschitz
continuously, namely, there exists a constant L > Osuch that

19(3) -g(x ) <L x-x, [l vX,x, € Q 3.1)
Obviously, from the Assumption (H, i) there exists a positive constant D such that:
B=max{||x — x, ||, Vx, x, € s} (3.2

Where B is the diameter of Q. From Assumption (H, ii), we also know that there exists a constant
¥ >0, such that[8]:

y<|a(x)|<7.vxeS (3.3)

(ii1) suppose the function uniformly convex, there exist a constant 7
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(VF) = VfF @) (x = y) = 7llx — y|I? forall € @ (34)
The inequality above is equivalent to the inequality below[9]:

yTs = ||s||? and z||s||?> < yTs < L|Is||? (3.5)

Lemma (3.2)[7]: Suppose assumption (H) holds, consider the iteration process of the form (2)-(3), where d,,,;
satisfies the descent condition (d% g, < 0) for all u= 1 and «,, satisfies SWC. Then

[a)’
et S < oo (36)

Proof: From the first inequality in SWC we can get:
fu+1 - fu =< O-auglrsdu

(1-0)
>

u— 2
Combining this with the results in reality LHdu H . yields

dy' g

_ 5(1_0-) (gquu)2
u+l u < L 2
|d,|

@7

Using the bound-ness of function f in Assumption (H), hence

Susy L) <y (3.8)

ll |12

Theorem (3.3)

Suppose that assumption H holds and consider the new algorithm obtained by DY which denoted (TT-SZ
Algorithm) where o<, is computed by wolf Line Search , then

limu—wo lnf”gu” =0
Proof

The proof well done by contradiction, so we suppose that the conclusion is not true, then ||g,|l #0 , as
mentioned above there exist a constants &, ' > 0 such that

0<g<|g]<r, vk=0

We have by eqations (1.3) and (2.8) d . .; + J,,4 = ,Bul\ﬁwdu

Now by taking the square norm of both sides of our new direction

Hdu+1H2 = (ﬂu’\flw ZHduH2 - 2 gl—+1du+l - ng+1H2

2
Divide the two sides of the equation (3.9) by (g I+1du+1) , therefore we end up with

3.9)
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ldoal” B 2 feual
(ng u+1) (gu+1 u+1)2 gu+1du+1 (gI+1du+1)2

2
(82, ( L uw% !

2 T 2
(gu+1 u+1) ng+1H gu+ldu+1 ng+1H

New ZHd H 1
(gu+1 u+1) ng+1H2

T 2
We set the associative parameter equal to S2¥ + (A1 — 1} (dugu)

|Gull?ll gull?
DY (dTg )?
2 ﬂu+1 +(ﬂ“ ) Hd H
ool JoulP o, 2
(gu+1du+1) (gu+l u+1) ng+1H
g +lg +1 (d g )
24 -1)=r Jd,|°
Bl _ (01000 [ 479, [g,[’la,
T 2= T 2(~T 2
(gu+1du+1) (d yu) (gu+l u+1) (gu+1 u+l)
wg)
[” .1 HJH !
+ + >
(gu+l u+1) ng+1H

2 T 2 2 T T 2 2
‘L-lelH 23 (gu+1g2u+1?r HduH > +2(ﬂ,—1) Tgu+1gu+21(du gu)THduH .
(gu+1du+l) (du yu) (gu+1du+l) du gquuH HduH (gu+ldu+1)
(d9)d)” 1
ngHAeruH4(gLT+1dU+l)2 ng+1H2

+ (1 —-1)3

We know that d’ g,,,; < dTy, and by Wolfe condition d’ g,.., = c2dlg,=>c2d" g, < dly,>—-c2gdlg, =
_dgyu

This implies that || g, ||? > —é dly, = —c2|lg.ll*> < dly,
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Hdu+1H2 < (gJ+1gu+l)2HduH2 +2(A-1) gI+1gu+1(ngu)2HduH2
(90:9u)” =0, (90 18y1) dJ 9490 7du ) (90,1d,.1)°
pe G@e) Al 1

SRR T Y R T S s A

Since all the magnitude c,, (A — 1)?, lldy|I?, (d7.9u+1)? duyu, 11 gull?

—(A-

Ldy]I1* and (df g,) ? are greater than zero, then

HdU+1H2 <2(/1_1) gI+lgu+l(dL-:—gu)2HduH2 i 1

(gI+1du+1)2 - dL-JrgungHZHduHZ(gI+1du+1)2 ng+1H2
HdU“Ll—HZ < —2(1—1) gI+1gu+1(ngu)2HduH2 + 1
(gl-,ll-+ldu+l)2 dJgungHZHduHZ(gJﬂduﬂ)z ng+1H2

2
UrduﬂH 5 < 1 5
(gu+1du+l) ng+1H

_ : ity vields 192 1I” / <1
When u = 0 the above inequality yields @g)? = /||g1||2

Hence for all u, we conclude that('d’;”)2 < i ”2 Therefore(”:Z”;2 <YL =~ ”2 So, by (3.3)
u
Id II> lld, 11 lld,II?
gt = Z_ g =7 Z”(dg)z<
u u i= u
after we take summation both sides
Il _v>
(digw)? ~

Which contradicts Zountendijk condition in theorem (3.3) The proof is then complete.

Numerical Experimental

In this section we present the performance of same line search procedure. Our comparisons
FORTRAN implementation of the new algorithm includes the following:
(TT-SZ) derived in this papter on the same set of . .
unconstrained optimization test problems used 1- NOI: the number of iteration
Andrie(2008)[10]. And the Matlab code well 2- NOF :number of function and
written to illustrate the comparsion using Dolan gradient evaluations which are same
Molar method to figure out the strength the new in these algorithms. )
techniques. These algorithm are compared with 3- CPU:The total time required to
two well known Three Trem Fletcher Reeves solve (15) problem in the particular

conjugate gradient algorithm introduced by Zhang dimension.
[4] which is considered as one of the best TT-CG Fi ;

. ; gures (4.1), (4.3) and (4.3) gives the NOI,
methods(Andrei,2008b). For each algorithm we NOF and total time required for solving (15)
have considered numerical experiments with problems for n=100, 200, 300, 400, 500, 600
number of variables n=100 -1000 inceasing 100. 700. 800. 900 1006 resbecti\,/ely. ’ tim’e noi

All these algorithms are implemented with the considered since some algorithms are failed to
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arrive to the solution in less than maximum number of iteration which is 2000.
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Figure (4.2): NOFG comparison between TT-SZ and TT-FR.
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Figure (4.3): CPU comparison between TT-SZ and TT-FR.

We can see that our method's curve, which is

shown in red, goes beyond the competition's

curve, which is shown in blue. This is true for

the approofd comparison criteria, which are

the number of iterations, the number of [5]
function calculations, and the time.

Conclusion

hybrid conjugate gradient methods for
optimization,” J. Comput. Appl. Math., vol.
216, no. 1, pp. 251-264, 2008.

M. J. D. Powell, “Some global convergence
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The expansion of different parameters of the conjugated gradient method of trinomial type is investigated to solve un

can be used in the real world, it has been [6]
checked for optimal mathematical functions

and the addition of numerical results that show

how similar methods from other studies
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