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Abstract

The present research introduces an innovative conjugate direction for the
resolution of non-constrained optimization problem. The proposed direction
possesses the descent property and under suitable assumptions we proven to be
globally convergent. When compared to classical conjugate gradient techniques
the Computational findings show the efficiency and superiority of the suggested
method. We utilize the performance profiles developed by Dolan and Moreé. it
three key metrics is based on execution time (CPU time), numeral of iterations
(NOI) and the numeral of function evaluations. Abstract. Quasi-Newton method
is one of the most popular methods for solving unconstrained single and
multiobjective optimization problems. In a quasi-Newton method, the search
direction is computed based on a quadratic model of the objective function, where
some approximations replace the true Hes- sian at each iteration. Abstract. Quasi-
Newton method is one of the most popular methods for solving unconstrained
single and multiobjective optimization problems. In a quasi-Newton method, the
search direction is computed based on a quadratic model of the objective function,
where some approximations replace the true Hes- sian at each iteration.
Keywords : Nonlinear Programming
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1. Introduction
Conjugate Gradient (CG) techniques are vital and crucial choice for resolving
High-dimensional optimization. They are among the most High-performing
technique for minimizing a Target functions
Abstract. Quasi-Newton method is one of the most popular methods for solving
unconstrained single
and multiobjective optimization problems. In a quasi-Newton method, the search
direction is computed
based on a quadratic model of the objective function, where some approximations
replace the true Hes-
sian at each iteration.
Abstract. Quasi-Newton method is one of the most popular methods for solving
unconstrained single
and multiobjective optimization problems. In a quasi-Newton method, the search
direction is computed
based on a quadratic model of the objective function, where some approximations
replace the true Hes-
sian at each iteration.

minf (x) (1)
The CG method produces {x;} as follows:
X+1 = X T Qrdy (2)

Somewhere x,is Current Iterate, a;, >0 is length step.

I Rl * PV fork=0
G _{_gk+1+ﬁkdk fork>1 (3)

Somewhere gy is the gradient of function then the coefficient of algorithm is Sy
.[1,2,3,4,5,6,7,8].
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We utilized the weak wolf condition for determined the search line of CG

algorithm:
F(x +ady) = Fx) < e VE (x,)" 4)
V(% +ed,)'d, >oVE(x) d, (5)

Moreover, robust Wolfe conditions necessitate the Implementation of condition
(4) and

‘g(xk +akdk)Tdk|S_a g;—dk (6)

2-The new formula:

Despite the well-known efficiency of the CG algorithm, its practical performance
strongly depends on the choice of the search direction at each step. The search
direction directly impacts the convergence speed, the numeral of iterations and
the algorithmic stability. Motivated by these critical factors, this work focuses on
developing a new search direction within the conjugate gradient framework. In
reference [10] a direction is proposed, define as:

de,=—-Q+ By = kgk+1 — )0 + BiSk (7)
k+1 k+1

Where the direction in (3) is replace by eq. (7) and 3, is one of the values [11]
or [12].

The present research introduces a modified search direction utilizing the same
underlying framework, characterized by the following construction:

dk+1 = Bk kng) Ok t gk+1yk S (8)

2 k
o o

Where the parameter

RMLI g k+1yk

k
0.

2. 1 Theorem:
The direction given in equation (8) is a sufficient descent direction
Proof:

Is defined according to references [13]

we shall prove that through pummel both sides of eg. (8)
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by ( Il )then we get;

lgx+111?
dl—+1gk+l < 1+ g-I[+1yk d-ligk+1 Hgk+1H2 + g-kr+1yk S-Ii-gk+1
T EE (9)
g k+1H2 HdkHZ HdkHZ | Hgk+1H2 HdkHZ 9 k+1H2
d-lk—+1gk+1 +1< g-I[+1yk d-ll-ngrl + g-ll<-+1yk S-Ii-gk+1
o+l (10)
R YN il WY G

since S 0.1 <S¢ Yir Vi1 < Vi[9l

Les g | Dlowlsly. | bllowsl iy
P Y N AN

Since Sy Yy, [Vi | [9.1]and [d,|*are positive constant, then the first them of
eq. (11) is negative

2
||gk+1||

ot ;. | Dillod STy, |, Iidlowd sy, _Ivellowal iy, _
o o] ol Jeal af el

dng ka S—(1- Q)Hg k+1H2 (12)
The proof is complete.

ASSUMPTION (A) [14]:

1) The boundedness of set S implies that b>0 is a positive parameter as ||x|| <
b, Vx € s. For all k. This confirms the set is contained within a finite range

2) The function f demonstrates continuous differentiability inside a
neighborhood N of S, and its satisfy The condition of Lipschitz, as given by
the equation:

lgx) —gIILIx —yll,vx,y eNN (13)
On the basis of these assumptions concerning f, we are able to arrive at the
conclusion when the positive constant represented by y>0 occurs in such a way

that:
2.2 Theorem
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Assume that the previous assumptions are true. If function f is convex on R" then
Jim (inf | g =0

Assuming the preceding hypotheses are satisfied, the convexity of the objective
function f implies the following convergence property: lim (inf | g« [|=0)

Proof:

we shall take the absolute value of eq. (7), we obtain:

A 1+91+1yk P d.|+ O
1) = > 5 -
lad o o,
Hdk+1HS 1+ glﬂyzk d-krgkgl d.|+ g-ll<—+1y2k «
o ) e

T T :
SkGki1 S Sk Yk We get:

since Vi gik+1 < Vil |9k

Iy illlg il sey, HdkH2+ 1Y llg s D

ld | <1+
o o o

Al <[00l + s |+ plyf =

1 1
—_— > = 1 = oo.
ZkZl ”dk+1”2 D2 ZkZl

.e. Lim|| g, |l = 0.

3. Numerical results

This part of the paper details the computational performance evaluated against a
suite of standard unconstrained optimization benchmarks derived from [15]. All
algorithms were implemented using the Fortran programming language. In the
numerical experiments, the parameter values were setto = 0.001 and o = 0.99,
also the stopping criterion defined as || gy 411 < 107°.

To evaluate the efficiency of the proposed method defined in eq. (8), its
performance was compared with several classical CG algorithm, namely the
Hestenes-Stiefel (HS), the Fletcher-Reeves (FR), and the RMLI methods. As
illustrated in the subsequent figures evident the numerical results indicated that
the proposed technique significantly outperforms.
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Furthermore, to evaluate the comparative efficiency of the algorithms, we utilized
the Dolan-Moré performance profiles [16]. The assessment was conducted based
on three primary metrics: CPU time, the total count of iterations (NOI), and the
numeral of objective function calculations (NOF). Detailed performance trends
for various problem sizes (n=500, 1000, and 10000) are presented in Figures (1)

through (3)
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Figures (1): the numeral of objective function calculation
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Figures (2): the numeral of iterations (NOI),
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Figures (3): the CPU time Moreover, robust Wolfe conditions necessitate the
(4) Implementation of condition
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