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1. INTRODUCTION pioneering forms of ;.
. . - - T T T
Consider the following unconstrained nonlinear BHS = GVk=1 . pFR _ _Ok9k .  pPRP _ iV .
.. - . k T u ’ T 4 k T ’
optimization problem: Vie-1tk—1 Ik-19k-1 k-19k-1
Minr(x),x € R" 1) D _ _9k9k . pLS _ _9kYk=1 . DY _ _ 9kIk
k yz—1uk—1 ’ k _gg—luk—l ’ k y)’lg_luk—l

with r: R™ — R being soft and g(x) = Vr(x). One method
for obtaining the smallest amount (1) [1] is the nonlinear
CG method, which does not demand any matrices. This is
how iterative CG methods look.

However, for large-scale problems, an exact line search is
usually not possible, so any value of w, that meets certain
properties known as SWC is accepted.

Xp = Xgoq + WpoqUp—y, k=0123, .., ) (X + wpuy) < 7(-1) + 61Wk 1 Uy 4
T
such that w, denotes a positive step size and u;, denotes g (i + o) el < 8plgi—qtieal ©)
the new search direction, which is typically calculated as Where 0 <§; <&, <1 ,and d, that is a path to the
follows: minimum must be descent [10].
o, o @

U, = ,

T =g+ By, k21 2. MOTIVATION AND FORMULA
The scalar parameter 8, € R is typically selected so that Many scholars have recently proposed plenty of three-term
(2) - (3) can be diminished to the linear CG method [2]. CG (TTCG) methods for unconstrained optimization

- . . . problems as modifications of the classical CG algorithms
Similarly, if r(x) If the exact line search yields a purely Using the Armijo line search, Zhang et al. [11] suggested a
convex quadratic function, then (ELS). [3 - 9] define six three-term MPRP procedure and demonstrated its global
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convergence
{ Ik, k=0
U = IE V-1 gF k-1 (6)
—gr + Uy ——— Vi, k=1
Gie T T ey et T T gy Yk

such that y,_; = gx — gx-1,the TTHS method was created
by Zhang et al. [12] in a similar content. This is written as:

{ Ik k=0
U =3 _ IEYk-1 _ gkuk 1 > (7
Ik +y7,f_1uk_1 Ug—1 T ~ Y- vk>1"
The TTHS method has the steepest descent capability;
when an ELS would be used, it is reduced to the classic HS
method. Furthermore, to ensure the global convergence
properties of the search direction specified in (7), an
MTTHS algorithm on the search direction is used:

{ Ik, k=0
Ug = gkzk 1 gﬁuk—l :(8)

+-——d k=21
—9k t 2T e KU T 2T w Yr-1

Offered that MTTHS were presented in (7) to indicate the
search direction's global convergence properties, one could
guess why (7) is not used to prove the search direction's
global convergence properties. Rather than disregarding
(7), it should be made efficient and globally convergent. As
a result, (7) can be tweaked to meet the global convergence
requirements. This modification is expected to outperform
the MTTCG algorithm in the sense of numerical
effectiveness. Zhang et al. [13] proposed a new Dai-Liao-
based TTCG method motivated by this appealing descent

property:

_ 9" Vo1 =TSk— 1) gk Sk-1
U = =Gk + Sg-1— (V-1 — TSk-1) 9)
Sk 1 V-1 Sk 1 Vk-1

Such that uy, = —g, and T = 0. Once again, regardless of
the line search method used, the sufficient descent process
occurs. i.e. for this method, gfu, = —|lgll? for all k. Al-
Bayati and Sharif [14] developed a specialization of the
TTCG given by (9) that evaluates the search direction as

i S
U = —gie + B Sp-1 — k—kl(Y;c 1= TSk—1),  (10)
-1 Yk-1
T
Where BPY* = max {79" Y1 O} — 72k %k=1_ ang
Sk 1 Yk-1 Sk—1 Vk-1
2
T =|T|y";1'|. It is clear that (10) meets the sufficient
Sk—1 Yk-1

descent condition regardless of the line search method
used.

We propose the following three conjugate gradient terms:

U = =Gk + Bro1Uk—1 — Bk—1YVk-1

Many scholars have studied the values of u,_, and
Br—1which are critical for the algorithm's global
convergence and numerical efficiency (see [15-19]).

When investigating the sufficient descent condition, the
step-size wy, is critical

giwe < —allgill®, ait > 0,vk, n=1,2,3&4 (12)
as well as global convergence properties

limk—wollgk”z = 0.

We start with a motivation explanation before delving into
the specifics of our approach. Mandara and colleagues [20]
posited an RMIL+ based new CG formula.

—Ok—1tUK—
MMWA — &i&Lﬁ&i{i_ﬁ_ (14)
[fge—1 |

They keep the RMIL+ denominator but change the sign of
the numerator from negative to positive.

Create a globally convergent method in the face of an
imprecise line search (ILS). In this part, we will implement
a novel N3T method by modifying the BY™MWA as follows:

N* 9% W1 tug—1)

L= 15
T g I+l F e (15)
If ELS used, then (15) reduced to (14). The N3T method is

defined as follows:

U = =G + PR 1Sk—1 — Hr—1Yk-1- (16)

Multiply the both sides Eq. (12) by yI_,

— Hg-1 ylf—1 Vi-1,
17

Actual algorithms, on the other hand, in most cases, ILS is
preferred over ELS. The conjugation condition was recently
replaced by Dai & Liao [21].(i.e.ulyy_1 = —gFsik_1) by
the condition,

T — T N T
Yk-1Uk = —Yi—1 9k + Br=1 Yk-1Sk-1

yE_iu, = —1t"gls,_;, wheret >0,n=1,2,3&4 (18)
Put (18) into (17), yielding:

—T" gt Sk-1 ? ~Gk Vi1 + Bi-1 Sk—1 V-1 —
Hi—1 ||)’k—1||
We get after some algebraic operations with s,_; =
Wy _1Ug—1, We Obtain
Gkt ("W Up—q = Yie—1 ) U1 Yi-1

2 t Ber T

||yk—1|| ||yk 1||
n=1,234. (19)

We will notice that equation (19) is dependent on four
criteria  of 7, implying that we obtained four new
algorithms based on t™ values. The four parameters of
T are defined as follows:

Ug—1 =

1 = ||||3s’ :‘1”, proposed by Yao et al. [22].
-1
—2|||'y ke 1||| proposed by Al-Bayati [14].
Sk 1
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2|1yp-1l|®

3=1+ TR proposed by Andrei [23].
Sk—-1

The N3T Algorithm
Step 1: Choose x, € R",,e > 0, dy = —gy, putk=0.

Step 2: If ||gill < &, then end; or else, go on to the next
step.

Step 3: Estimate w;_, using SWC described in (4) & (5).

Step 4: Estimate x;, by (2), and Estimate g, & f;.

Step 5: Estimate the directions d,, by (16), (19) & 7"

Step 6: If || gx || < &, stop; Otherwise, proceed to the next
step.

Step 7: If k=n or |gLgx_+| = 0.2 (llgill?) is satisfied, go
to

step 1; Or else, proceed to the following step.
Step 8: Put k = k + 1 and proceed to step (3).

N3T 's Global Convergence property

This part investigates the convergence of the suggested
method. The sufficient descent condition is one of the
requirements for an algorithm to converge. The proof of
the sufficient descent condition of the proposed method
with ILS is shown below.

Theorem (1): d, is generated by formula (16), it is
obvious that

ulge < — ap|lgil|’ vk &n = 1,2,34. (20)

Proof: When k = 0, ul g, = —llgoll?, holds. We suppose
it’s true for

2
Uk19k-1 < — af|lgi—al| n=1238&4.
When we multiply both sides of (16) by g7, we get
2 *
gk we = —|1gel|” + Bi-19k W1 — -1k Vi
Mandara and colleagues [20] proved that

2
9kGr=gi—1+we-1) _ _lgrl]

[ltge—a]? = gl
So,
2
98 Vi1 +Uug—1) <g,f(gk—gk-1+uk-1) < llgxll
g l|* +]gF k1] ~ Ilutge—s | ™ el
(21)

We obtain by applying the second condition of the SWC
(®)

Uj_q G <
(22)

2
—8398 1 Up—1 < a8, | gi1|]

109

and gi ug—1 < Vi ug-1 < —(1+ 8,)gk—1Up—1

2
<a(1+6)|lgk-l| (23)
2
We have, gi yi—1 = ||gk|| — Gk Gk-1,
since, |gkgk-11 = 0.2 (lgi|l®),
$0, gF gr—1 < —0.2(llgx|?), therefore
gk V-1 S 12||gk|| (24)
Ne 0T 3 = gk(J’k—1+uk—1) T o .
BrZ19k Uk-1 —Ildk_1I|2+|g£uk_1| k Uk-1
Using (21), (22), (23) and (24), we get
B2y G Ug—1 < a(1+52)||9k 1|| < ‘P1||9k|| (25)
gk(fnwk 10— 1-yk 1) gk(yk—1+dk—ﬂ
M1k Yie-1 [ sl N1k 27+ dia]
e Vi 1] gk Vk-1
[lyk— 1”
<
2 2
[rnwk_laszllgk_ln _1.2]lggl| llgrl|”
lyk-all* el ” " sl
83 |lgk—1l|* 2
—111.2
||3’k—1||2 ( ||gk|| )
<
llgill® )aszugk_lnz
TaWr_1 + -
[< N TFRNTEY AT
Hgk” ]
1.2 1 2
el i)
Let w,_1 < a, then
[3 5,82 2 2
Hi-19% V-1 < [(Tna + 1)0(;2 2 — 1-25—2 (1-2|ng|| )
We have t", n=1, 2, 3 & 4.
1 ||Yk 1|| < - then
||5k 1||
[3 5,82 3 2
st Vs < (S +5) 222 — 128 (1.2] g, ")
< .01||gk|| :
_ 2llyk- 1|| < g 50
[Isk— 1|| Q
T 2e2 £ as,85 & 2
s gt Vs < | (e + £) 22— 128] (12]1g.1]°)
2
< Pz||gk|| :
3 _ 2||}’k—1||2 2¢?
7° =1+ -5 <1+ =;, therefore
[Isk—1l] Q

19k Yk-1 <
2¢2 6,2
[<(1 + ?) a—+ %

ﬁ)
7_]2

12 i—lz] (12]1g,lI%)
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2
< P3||9k|| .
Finally, when * = 0.5 < b.

s gk v < [(ba+5) 222 — 125 (12] g, ")

SP4||9k|| .
So,

2
Hi-19% Yi-1 < 02|19kl 02 = p1. p2r p3 & ps . (26)

Using (25) and (26), we get

9% we < —|lgiel]” + oa|lgil|* + @2]191|”

< —[1- (¢, +92)] ||9k||
g ux < —ak|lgkl| vk &n =1,2,3,4.

With ai = [1 = (@1 + @2)].

To establish the global convergence property of an
algorithm, the following basic presumptions on the
objective function must be made.

Presumptions (1)
i-The level set A = {x € R",r(x) < r(x,)}, is bounded.

ii-The function r is continuously differentiable, and its
gradient is Lipschitz continuous in a specific neighborhood
N of A, with the notable exception that there is a constant
L >0 such that:

IVr(xy) = Vr(x)ll < Lllxy — X2, VXy, x, € N (27)
Since {r(x;)} is decreasing, it is clear that the sequence
{x:} generated by N3T Algorithm is contained in A.

Furthermore, using the N3T Algorithm, we can deduce
from Presumption (I) that there is a positive constant,
resulting in 0 < [|gkll < &, Vx € A [24].

Theorem (2): Consider whether Presumption (1) is true,
whether the N3T is satisfying (16), and whether the step-
size w;, satisfies (4) & (5). If

1

Zkzlw = (28)
Then
limk—mo lnf”gk” =0. (29)

Theorem (3): Suppose that Presumption (1) is correct. Let {x;}
be a point sequence generated by N3T. Then there's
limy,_,, inf]||gi || = 0.

Proof: From the direction of N3T, we have

||uk|| = |l=gk + Br21 U—1 — -1 Y-l
||9k|| + 1B gema Il + Tptge—a | 1yie—1ll (30)
From (21), we have
2
1B e Il < 220,
[lug—1l|

110

3

<Tl||gk||§191||gk||- (31)
™o gl |- llgxl||lyi1]

e Yoyl < Dleeallowdllies Ehollvessly, gy
[lyg— 1||

lgell®_, v illlye-sl

[uge—al]? [ly_l® it
r"|wk_1|||uk_1||—||yk_1|| ||gk||]

<

—[ [1yi—1l| [1tge—1l| llgell
an-¢ &

<=+ Y llgd[ < ollgd] . 32

For all ", n=1, 2, 3 & 4, we assume that t" < v, put (31)
and (32) in (30), we get:

||uk|| < [1+9 +192]||gk||

S 1951 = W
luell < W = Jlug > < w? (33)
We obtain by adding the sums on both sides of (33).

Yke1T "u ”2 = Zk>1 1= +oo.

As a result of the inconsistency with the Zountendijk
theorem [25],

Lim infllg,ll = 0.m

4. EXPERIMENTS WITH NUMBERS

The main task of this section is to report on the performance
of the N3T algorithm on a set of test problems. Fortran77
and double precision arithmetic were used to write the codes.

Our experiments were carried out on a set of 28 nonlinear
unconstrained problems, and we compared the proposed
algorithm, which contains four types of parameter p;, _; that
are dependent on the parameter ", (NEW- Al, NEW- A2,
NEW- A3, and NEW- A4), and we tried on small dimensions
(n=100) and large dimensions (n=1000) of the variables with
SWC with §; = 1072 and §, = 0.9, respectively. The same
test functions were used to compare our algorithms' reliability
to the well-known routines Dx [26], LS [27], MMAU [28],
RMIL [29], and MMWA [20].

When the following stopping criteria are met ||gy 41l < 1 *
107 , all of these methods terminate. These routines are also
forced to stop if the number of iterations exceeds 600.

The tests were based on number of iterations (No. I) and the
number of function evaluations (No. F). As shown in the
figures below, the four suggested algorithms outperform the
other algorithms. At the same time, when we compare the four
suggested algorithms, the NEW- A4 is the best, followed by
the NEW- A3, the NEW- A2, and finally the NEW- Al.

The Dolan and More’ method [30] was used to plot these
results for better comparison, and the results are shown in the
figures below:

Fig. (1) depicts the progress of the N3T algorithm over the
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in relation to the calculated (No. F) of the test functions

basic algorithms of Dx, LS, MMAU, RMIL, and MMWA
during Dolan-More method implementation with (=100 &

in relation to the calculated (No. 1) of the test functions

during Dolan-More’ method implementation with (n=100 n=1000).
& n=1000).
1 . - !
i . . * : |
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Fig 2. Performance results based on (No. F) (c) n=100 & (d)
(b) n=1000.
Fig 1. Performance results based on (No. 1) (a) n=100 & (b)
n=1000. Conclusion
Fig. (2) depicts the progress of the N3T algorithm over the .
basic algorithms of Dx, LS, MMAU, RMIL, and MMWA R'e_cen't CG method research has resulted in a number of
modifications to the CG method. TTCG methods are an
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intriguing computational innovation that results in efficient
conjugate gradient algorithms. When combined with a
SWLS, a N3T as a modification of the MMAW formula
gives enough descent directions for the objective function
in this work. The modified method's global convergence
was founded by employing the same line search.
Furthermore, numerical experiments show that the
proposed methods are effective. outperform some
traditional conjugate gradient methods that employ some
test functions and inexact line search.
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