Tikrit Journal of Pure Science Vol. 27 (1) 2022

et el | i 2 IS 2 i Sk |

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

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

A New Formula for Conjugate Gradient in Unconstrained Optimization
Isam H. Hali!, Khalil K. Abbo? Hassan H. Ebrahim®
! Department of Mathematics, College of Science, Kirkuk University, Kirkuk, Iraq
2 Department of Mathematics, College of Basic Education, Telafer University, Telafer, Iraq

® Department of Mathematics, College of Computer Science and Mathematics, Tikrit University, Tikrit, Iraq
https://doi.org/10.25130/tjps.v27i1.87

ARTICLE INFO.
Avrticle history:
-Received: 4/10/2021

-Accepted: 22/11/2021
-Available online: / /2022

Keywords: Unconstrained
Optimization; (CG) Method; Wolfe
Line Search; Global Convergence

Corresponding Author:

Name: Isam H. Hali

E-mail:
isam.h.halil@uokirkuk.edu.ig
dr.khalil-khuder @uotelafer.edu.iq
Hassan1962pl@tu.edu.ig

Tel:

1. Introduction

We look at the problem of unbounded nonlinear
optimization.

min(f(x)) : x € R™, .....(1)

where f:R™ - R is a bounded continuously
differentiable function from below. There are
numerous approaches to solving the problem (1).
We're interested in (CG) algorithms since they need
less memory and have good local and global
convergence qualities [1].

Starting from the beginning point x, € R™, solve the
issue (1), The (CG) approach generates the sequent
{x,} < R™such that:

Xpp1 = X + apdy; .....(2)

where a;, > 0 is a step size founded via the line
search, and d,are directions given by [2-4].

do = =90, dg+1 = —Gr+1 + PrSk- -----(3)

By is the (CG) parameter in the last relation,

Sk = Xgw1 — Xio G = VI (X).

Assume that ||. || is the Euclidean norm.

We now use the term

Vie = Gk+1 — Gk ------ 4)

In (2) and (3) define the classical (CG) algorithms,
where the parameter B, is founded in one of the
following ways:

successful.
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bound by local convergence

pri = Skt (s)
prr =ttt (o
peP = 7_%%“1 !
prs = e (g)
BPR = % ...... ©)
pLs = fi—jitk ....(10)

The first CG methods for nonlinear functions [(5)
FR,] were introduced by[5]. [(6) DY] technique
introduced by [6], and (7) introduced the CD
conjugate in [7].With g7.., gr+1 in the number of
By having strong convergence theory. The [(HS) CG]
proposed by [8] described in (8), the [(PR) CG]
established by [9] defined in (9) and the [(LS)CG]
obtained by [10] defined in (10) all use g7,y in the
number of parameters ;.

2. The New (KHI3) Algorithm for (CG)

In this search, we suggest a new beta as follows:
Consider dyyq = —gx+1 + BiSk ----(11)

Now a new
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KHI3 _ Vi Gk+1 _ Sk SkSk Gk+1 (12)
ke+1 visk  (GRgr+tves?
Then by substitute equation (12) in equation (11) we
get :

diy1 = —Gk+1 +{
2.1 Algorithm
Step 1. The initial point x, € R™ , and the accurate
solution €> 0, and we find dy = —gg,and , k =0
Step 2: Checking for iteration continuation. If
llgr+1]l < 107° stop. If not, proceed to the next step.
Step 3: Using Wolfe line search conditions, calculate
the step size a;

firr < fie + arandiggic ... (14)

Al grsr = c2dEgy ... (15)

and go to step (4).

Step 4. Calculate x; ., = x;, + ady, .

Step 5. we compute the search direction by the
equation (13).

Repeat step 2 with the set k = k + 1.

3. Descent Property

We shall prove the descent property (dfg, < 0) for
the new formula which was introduce in equation
(13) and that the sufficient descent of the (CG)
algorithm is written as follows(df g, < —cllg«ll?).
3.1 Theorem

Assume that Lipchitz condition with 0 < L < 1 hold
and yIS, >0 for all k ,then the search direction
defined in (12) and (13) is descent direction for all k.
ie.dlg.<0 Vk.

Proof:-

The Prove is by induction i.e. fork =1

digi =—llgill <0

Suppose that dT g, <0 V k,

And we will prove that the relation is true when
k=k+1,ie.

Yigier  NISklISE gran 1
T — =7 T > Sk e ( 3)
Vi Sk Gk Ik+Yi Sk)

Vi Gre+1 lIsillsk Gr+1 }
- k

drs1 = —Gre1 t {
T T Uyese (lgirall + viEsi)?
Multiply both sides by g7, then

T T

T _ 2 Yk9k+15k9k+1
Jr+19k+1 = — g1 II” + T
lIslI*(sT gps1)? (16)

Ugl+yisz

T 2 | YiOk+1ShIk+1
Jie+1k+1 = —llGrall +7y7~s -
sl (sTgr+1)? (A7)

20 Ts)?
T T T T T
For Yk 9k+1SkIk+1 — Sk VYK Ik+1Sk9k+1
yTs oTs)?

1
wulv < S{llull? + lvli?}

Letu = %ygsk‘gk and v = V25" gi11
Then

11 T \2 2,9(sT 22
yEsuoTenyiesTones _ HEORS) N0kl +2(sEgrrs) 1)

OFs)” O7s)*
... (18)
1 (" g )Y II?
=12 lgpesll? + o752

TJPS

= T gien) 112
div1 k1 < " lgr+ll? + % _
Is12(s" g41)"

4(yTs)2 cease (19)
By Lipchitz conditionwith 0 < L < 1
-3 L(sT 26012
dir1Gk+1 < — NGl + (59k+71)2”5” _
* (¥Ts)

("grs) sl ... (20)

4(3/7‘5)2
< y"s < llslllyl o
T -3 2 1Y sl ga4al®ls]
AfirGicnr < gl + (L = 3) e
....... (21)

1\ lIsli?

=2+ (- ;)Z}W Igics
=(Z+ 20 g l?

4 4llygll?
Hence the search direction are sufficient descent for

0 < L < 1 and descent holds for L = 1.

4. The Global Convergent

In this section, we'll look at Algorithm (2.1)'s global
convergence. To prove the key facts in this study,
The following moderate hypotheses are presented
first.

4.1 Assumption

i- The level set S = {x € R™\f(x) < f(x,)} is closed
and bounded at the start point.

ii- In some N neighborhood of S, f(x) is an
constantly applicable and included is a continuous
lipchitz, which, there, there is a fixed L> 0 s.t:

lg(x) =gl < Lllx —yll, Vx,y €N ....... (22)
iii- The goal function is uniformly convex, and there
are constants A1 >0 that satisfy the following
conditions:

(90 = g()) G =) < allx = ylI?,
forany x,y €S.
Or yisie = AlsI?
based on these f assumptions, 3 a constant [ > 0 , s.t:
lg()|l <1, and by assumption (i) then there exists
x|l <M, vxe€S
n<|lgl)|l <n ,vx € S[11-13]
4.1. 1 Lemma: [14, 15]
Suppose d,is a descent direction and g, satisfies the
Lipchitz condition. If the line search satisfies the
Wolfe condition then

1-0 |dF gkl
Bk = g2
4.1.2 Lemma: [16, 17]
If assumptions (4.1.i) and (4.1.iii) are true, consider
any (CG) method where d;,; is the descent direction
and the step size a is determined by the strong
Wolfe line search. If

...(23)
...(24)

1
Zkzl Ndsal2
= limy,o (inflgill) = 0
4.1.3 Theorem:
We assume that the descending property holds for
assumptions (4.1.i) and (4.1.iii), the method of CG
and the equation (13) and
Xiey1 = X + Qpdy
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Where the size of the «a; step was found using a
strong search for Wolfe line and a convex target
function uniformly, then

limy o (infllgkll) = 0

Proof:

The equation (13) is

slfsk Slfgk+1

T T + TS

dirt = —Jiun YieGk+1  GkGrx T Vi Sk
+

Vi Sk 99k + Vi sk

k T T
r Sk’lfkskg’llf+1
_ YkIk+1 _ IkIktViSk
Where § = YESk  GRIK+VESK
And squaring both side of it, We get
= ldi4all? = l=grss + Bdill* ... (25)
= |ldik4all? < Ngraall® + BlidilI? ....(26)

d 2
> ldil? < (1+ 240 g l? ..27)

PP
Letw = 1 + Z1dl”
9k 1112
= ||dk+1||21S W||1gk+11||2 ....(28)
= Y® —— > — YV 1= (2
Lk=0TanE 2 wigrmE k=01 =@ -..(29)

By the lemma (4.2) then

limkew(infllgk”) =0

5. Numerical Experiment

This section displays the numerical results of the new
method (KHI3). Different values of dj,, in the
proposed algorithm KHI3 were used to test its
performance (13). We picked (75) large-scale
unregulated optimization problems taken from [18-
21] for any of the test problems. We also considered

TJPS

numerical tests with the number of variables n=100,
1000 for every test element. These new versions are
compared to the HS, FR algorithms, known (CG)
algorithms. With search terms, wolf solid line search
terms, all these algorithms are implemented. The
stopping conditions in all these situations are
llgill = 1076, All codes are written with F77 default
compiler settings in double-precision FORTRAN
Language. The test functions typically initially start
point normal. Figures 1, 2, and 3 show the numerical
summary results, correspondingly. The performance
profile is used to view the performance of the KHI3
algorithm of the built A new CG- algorithm [22].
Define P=75 as the entire set of problems with n,test
and S = 3 as the set of solutions involved. Let [,
have a number of evaluations of objective functions
needed by solver s for problem p. Determine average
results as:
Tys = lf{ ....(30)

Where 15 = min{l,; : s € S}. 1, > 1 forany P,S'is
self-evident. If solver is unable to resolve the
problem, the 7, ¢ ratio is set to a large integer M. The
cumulative distribution function is used for the 7, ¢, to
create the performance profile for each solver S and

after.

ps(0) = —Slze{”f:”'s =} (31)

Obviously , P,(1) denotes the percentage of problems
that are Solver S are the most effective.

Figure 1: Iteration-Based Performance

Figure 2: Function-Based Performance
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Figure 3: Time-based performance

6. Conclusions
The new algorithm (KHI 3) presented a new form of
conjugate gradient (CG) with descent property and
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