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The spectral conjugate gradient method is an essential generalization of the conjugate
gradient method, and it is also one of the effective numerical methods to solve large
scale unconstrained optimization problems. We propose a new spectral Dai-Yuan (SDY)
conjugate gradient method to solve nonlinear unconstrained optimization problems.
The proposed method’s global convergence was achieved under appropriate conditions,
performing numerical testing on 65 benchmark tests to determine the effectiveness of the
proposed method in comparison to other methods like the AMDYN algorithm and some
other existing ones like Dai-Yuan method.
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Introduction

The conjugate gradient method (CGM) is one of the most widely used approaches
for solving nonlinear optimization problems. We consider the following unconstrained
optimization problem:

i 1

min f(z), (1)

where f(z) : R"™ — R is continuously differentiable and bounded below when solving
equation (1), the iteration method is employed and is written as:

Try1 = Tp + ardra (2>

where . is a line search-based optimal move [1]. One of the most inexact line searches
is the Wolfe conditions to achieve convergence in the conjugate gradient methods, a,. is
guaranteed to be present as:

(@) = f(z,) < 505rvf(xr)Tdrv (3a)
’gr-ﬁ-leT’ S_Ungdra (Sb)

where 0 < § < o < 1. More information may be found in [2]. The directions d, are
calculated using the following rule:

_ —Gr+1 ; Jor r=0
dTJrl_{ _gr+1+ﬁrdr ; fOT’ 7“21 }’ (4)

where 3, € R is a conjugacy coefficient. There are many Conjugate Gradient techniques
based on different 3, process choices, for example [3-8]. The most significant distinction
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between the spectral gradient approach and the gradient conjugate method is calculating
the search path. The spectral gradient method’s search path is as follows:

dry1 = —0r119r41 + BrSr, (5)

where s, = a,.d, and 0, is the spectral parameter. The spectral conjugate gradient is
a powerful tool for solving large-scale unconstrained optimization problems. The spectral
conjugate gradient algorithms are presented in many papers, for more details see [9-20].

1. Derivation of New Parameter

An essential idea is to equate the vector of the conjugate gradient method to the vector
of quasi-Newton method such that d?ﬁ = drcfl, then
—prHr1grir = =0r19r01 + 87 50, (6)

where the matrix H,, is positive definite and symmetric, and we use the scale from [21]
defined as follows: .
Yr Yr
= ) 7
T, (7)
We use the DY conjugate gradient algorithm because it achieves convergence according

to the Wolfe criterion and has the same property as F'R [4] because it is similar in the
numerator and the same property as H S [3], which is similar in the denominator. Therefore,

Pr

T 2
Yr Yr _ g1
_%erlgvﬂrl = —0r119r41 + Ty, Sry (8)
eryr T T Hg7“+1H2 T
7 Yr H19r41 = _Qr-i-lyr Gr+1 + 7 YrSr,
87‘ yT‘ 87‘ yT‘
since Hy 1y, = 8, — YL H.y = s,
T
yr y’l”
_ﬁszgwﬂ = _0r+1yzgr+l + ngJrlHQ'
Then the new spectral is known in the following form:
2
HSDY _ ||g7’+1H + (yg-‘yr) SZ g?“+1 (9)
r+1 7 T T T )
yr gr+1 Sr Yr yr gr+1
then the proposed search direction is defined as
||9r+1“2 (yTyr) 5, 9 +1 H9r+1H2
dpyq = — + | = L or Jri1 + S (10)
’ [yT oot \sTur) ylgn | 770 STy,

Lemma 1. Suppose that the sequences generate (2) and (10) computed by line search
(3a) and (3b), then the sufficient descent condition holds.

Proof. Define the spectral gradient direction as follows:

_ SDY DY
dr+1 - _6r+1 9r+1 + ﬁr Sr,
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where 652" is defined in (9)

dppy = — ng+1H2 + (y;fyr) s; &ri1 g+ ng+1H28 ' (11)
urg, \sTu ) ylg,n | 0 STy,
Multiply equation (11) by (Hggrﬁlllg)' We get
A1 9 _ | llgrnll” N (yfyr) st e | lgrarll® | Ngesall® sT 9o
lgr1l” Ve \STUr) U0 | geal® ST el
Since Yy gr+1 < |yrll [|gr41]l and s7grs1 < 577yr, then
At G _ Mgl well | 87 g

[y A [

. . . —_ T
From the strong Wolfe condition, sl'g,;<—0o slg,, and since we get slg <

o+1
T <*5;‘~ryr)
dri1 8ep1 <_H9r+l“_ Il v o) - -l g
loedl? = Mol gl T 7w = Tgeall ot

Since y,=g,+1—g we get:

dZ+1 ngrl . ||gr+1_gr|| g o ||gr+1H+ o
lgrsal® = gl o1 T gl o+l

Let ¢ = (1 — ULH) then we get:

2
dZH g1 < _¢||gr+1H .

2. Convergence Analysis of New Method

Assumption I. The following are some fundamental assumptions in this paper. (a)
The level set €2 is bounded. (b) The function is convex and continuously differentiable,
its gradient g(xl is Lipchitz continuous, i.e., there exists a constant L > 0 such that
lg(x) — g(y)| < Lz — y|| for all z,y € Q.

Lemma 2. Suppose that Assumption I holds then for any CG-method, the direction d, .4
is a descent, and the step size a. is achieved by (3a, 3b) if

1

r>1 HdT+1H2 -
Then
lim (inf ||g.|| = 0) . (12)
T—>00

Lemma 3. Suppose that Assumption I holds, where d,,q is defined by (10), then the
method satisfies equation (12).
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Proof. Since BPY is positive [7], then 0 < 8 < 1,
" }ﬁDY’ S wlawl > 07 (13>

2 T
‘QSDY} ngJrlH n Yl Sy 8ri1
r+1 - T T )
yr gr+1 87‘ Yr yr gr+1
2 2
’931311/} ||9r+1H i H?Jr“ _USZ gy
r+ — 2 2
gr1ll” = 9519, styr ) Ngrall* = | o=

from Powell restart |g”, ,g,| > 0,2 g1,

2 2 Sr_Yr
poory < ol [l o (%)
r+1 =
70,8 gl |5y 0,8 [lgeal”

6757 <oy 2 >0 (14)
From equation (5) and using (13) and (14)
Idya |l < ¢2’\gr+1H2 + 1 [lsell = s,

(e 9]

Z Ly (15)

k‘>1 || 7’+1H N ¢3 >1

3. Results and Discussion

In this section, the new algorithm specified by equation (10) is compared to the classical
DY algorithm [7] as well as AMDYN algorithm [11]|, which define 6, ., as follows:

1 ng 1||2(S7Tgr 1)
Or1 = T ng—HH2 - * T =+ Szgr—i—l
yr gT+1 yr ST

We chosen 65 unconstrained optimizations in the range [n = 1000, 2000, ..., 10, 000],
broadly and based on generalized [22]. All algorithms used Wolfe condition ¢ = 0,9,§ =
0,0001. The codes are adopted with double precision and using the Fortran language. All
of these codes are authored by Andrei [11,23]|. We applied the performance profile of Dolan
and More [24] to demonstrate the algorithm’s efficiency, where the upward curve indicates
that the new algorithm (SDY) is better than the classic DY. Also, we compare the results
with AMDYN based on the number of iterations (NOI), number of functions and gradient
ratings (NOF & g) and CPU time (time). Representation of practical results is presented
in Figure.

Conclusion

The aim of this work is to propose new computing schemes for the spectral parameter
Hffly. This technique is such that the search direction always possesses a sufficient descent
property. As a result, the presented new spectral conjugate gradient possesses global
convergence under a robust Wolfe search. Using a collection of 65 optimization tests to solve
problems, and numerically comparing the conduct of this new algorithm to that of some
conjugated gradient algorithms DY and AMDYN, we show that the proposed algorithm

outperforms previous conjugate gradient algorithms due to computational performance.
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MOINP®PUKANNA AJITOPUTMA COIIPAZ2KEHHBIX I'PAJITUEHTOB
HJAN-IOAHA JJId PEINNEHN YA BE3YCJIOBHOU OIITVUMUBAILIINN

IO. Haodosrem Xyoda', . Axmed Xyda?
YVramsepcnrer Jlyxoka, . Jyxok, Upak
2Vnusepcurer Mocyia, r. Mocyi, Vpaxk

MeTos, CIleKTpaJbHBIX COIPSIXKEHHBIX T'PAIHEHTOB SIBJISIETCS CYIECTBEHHBIM 0000IIe-
HUEM MEeTOJ[a COIPS?KEHHBIX I'PaHeHTOB, & TaKXKe OJHUM K3 3(P(OEKTUBHBIX UUCICHHBIX
METOJIOB JIJIsI PellleHnsi KPYyITHOMACIITAOHBIX 3a/1a4 0e3yCcaoBHOM onTuMu3aruu. Mer mpe-
JIOZKUJTU HOBBIH CITIEKTPAJIBHBIN METO/T COMPsi?KeHHbIX rpaauentoB Jdaii—tOauns mist permenus
HeJIMHEHHBIX 337124 0e3ycsioBHOM onTuMu3anun. [7100aibHast CXOAUMOCTD [IPE/JIOKEHHOTO
MeToja ObLjIa JOCTUTHYTa IIPU COOTBETCTBYIOIINX YCIOBUSIX, IIPOBEIEHBI YUC/IEHHBIE SKCIIE-
PUMEHTHI Ha 65 3TAJIOHHBIX TECTaX, [MOKa3bIBaoIre 3MMEKTUBHOCTD MPEIJIOKEHHOIO Me-
TOJ@ TI0 CPABHEHUIO C JAPYTrUMH MeTofaMu, TakuMmu Kak ajroputM AMDYN u HekoTopbiMu
JIPYTHMHU CYIIECTBYIONUMEI MeTOmamMu, TakuMu kKak mero, Jaii—FOamns.
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