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1. Introduction

In this survey, we concentrate on conjugate gradient
(CG) methods for solving the following
unconstrained optimization problem

minf(x), x € R* ...(1.1)

Where f:R™ - R is a continuously differentiable
function and its gradient is available. There are many
types of numerical methods like the Steepest Descent
method, Newton method and Quasi — Newton
methods for solving this problem. Conjugate gradient
is an efficient method to solve unconstrained
optimization  problems, especially large-scale
problems, as it is characterized by the fact that it does
not require large storage and is easy to implement.
The conjugated gradient method is implemented
numerically as follows:

X1 =X +apd, k=0,1,...(1.2)

Where x;, is the approximation solution of (1.1), a;, >
0 is a step length and the direction dj, is defined by
dis1 = —Gr+1 + Brdr, k=1, ....(1.3)

dis1 = —Grs1 » k=0,...(14)

Where gy = g(xx) and [, Is a parameter
determined by the CG formula. It is known that the
choice of B is very important and affects numerical
performances of the method.

The most common CG methods are Hestenes - Stiefel
(HS)[1], fletcher-reeves (FR)[2], Polak - Ribiere-
Polyak (PRP) [3,4], Dai-Yuan(DY) [5] and Liu and
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V‘ V e propose a three-term conjugate gradient method in this paper .

The basic idea is to exploit the good properties of the BFGS update.
Quasi — Newton method lies a good efficient numerical computational,
so we suggested to be based on BFGS method. However, the descent
condition and the global convergent is proven under Wolfe condition.
The new algorithm is very effective e for solving the large — scale
unconstrained optimization problem.

Story (LS) [6]. The method of HS is one of the most
effective numerical methods, where his parameter id
defined as follows:

T
HS _ Y9k+1Vk
. .....(L.5)

Where y = gis1 — g and di 1y, # 0.
Dai and Liao was proposed a new method of HS
depended on a different Conjugacy condition in
which[7]
di+1Yk = —tgk+15k ---(1.6)
Where s, = x40 — X, oOr S =aid,, t=0,
according to the above condition they are define the
following formula of CG

DL _ SksYk _ 4 Glaisk 45 g (1.7)

A aTye aly, *£20 -l
And they are also update them method according to
the truncation technique [8] and with the strong
Wolfe line search to get the new CG which is defined
as follow

T T

ﬂ,?“zmax{g;i—;ykk,O}—t% 20 L (1.8)
There another suggestion modified of HS was
introduced depended on the secant condition
predominating contented by Quasi-Newton method.
Zhang, Zhow and Li in [9] was proposed as a three
term HS in which defined as
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T
Jk+19k

disi’ = —Gker + Biodi— Ty, do =
kYk
—go. ...(1.9)

Li and Fukushima [10] was developed the TTHS
method to get a new three term HS method as
follows:

T
—g + 9k+13’k _ Ik+1%
k+1 k dgzk

diyr = Yi,do = —9o

...(1.10)
Zy =Y + VS, Yy =20 ....(1.11)

Li[11] was defined a new three term HS depended on
the memoryless BFGS method [12,13,14] which
satisty dy1+1 = —HygGk+1
Where

_ SKYi Yisk) o SkSk
Hy = (1 —2%2%) (] — k) 4 Sk
SpVk SkVk SkYk

Where [ is the identity matrix
He get the following direction

(1.12)

_ HZDK _
dzljﬁ)K =—gis1+ B d — A Yk, do= —go
(1.13)
HZDK _ Gks1Vk _ Iykl*gksadi gk+13’k
= 1.14
k dfyk dfyr)? A= b -l )

A modified method is presented whlch satlsﬁes the
sufficient descent property independent of the line
search and the convexity of the objective function.
The global convergence our method is showed for
general functions while numerical experiments show
the new method is efficient.

2- A New algorithm (ZNZ)

Min Li introduces a new search direction closed to
memoryless BFGS method as we mentioned above in
section 1, his search direction is as follow

llgffK = —IGk+1 + ﬂHZDde + Akyk , dO =—9o
(L.15)
HZDK _ 9k+1Yk 1Ykl ghy 1 dic
B b ayoe (116)
M= 6,882 0 < g < F<1...(L17)
dp Yk

where t is a constant to guarantee the sufficient
descent property of the new search .In practical
computation, we value of

A 1y (1L18)

lyli2 T

The good qualities of Min Li search direction dff#P¥
give us a good motivation to find another search
direction very close to that direction by use a method
similar to the method Dai and kou [7] and Amini and
et al [15], we will take the following least — squares
problem as follows:

min || dZV? — gHZDPK 2

. ZN
min || —gy41 + B

t, = min{t, max {0,1 —

(1.19)
Zd = (=Grsr + B2 dy +

Levi) 112 ....(1.20)
min | BEN?dy, — BHZPKd, + Ay 12 ....(1.21)
min((BEV9)?dfdy, — 267K BV T, +
20BN diyy + (BEFP)?didy — 2B N dipyi +
Byeye) =0 ...(1.22)
2BENZdTd Zﬁ HZDK gT dk +22dly =0 ....(1.23)
a¥t
BENZ = g/gZDK — A —dﬁz -.(1.24)
T 2 T
HZDK _ Ik+1Vk _ 1VEl“gk41dk
Where S} = dy @0 ...(1.25)

TJPS

d - .
A = tk‘qk"—lk , <t,<t<1, wheretis constant

d Yk

...(1.26)

disr = —Grsr + B2 dy ...(1.27)
Where (1.27) she direction search A new Algorithm.
2.1- Algorithm (The ZNZ Method )

Step 1. Choose an initial value x;,& >0 put
di =—gr, %1 =Vfi, k=1

Step 2. If it was || g lI< € Aim pausing , x; is the
perfect point Otherwise go to step (3)

Step 3. Calculate the length of the step a; > 0 police
officer Wolfe

Step 4. Calculate x,,; = x3 + a,d, and calculate
fier1 Gr=1a0d S = X1 — Xi , Y = Gr41 — Gk -
Step 5. Calculate the search direction dj,; As the
equation (1.27) and S by (1.24)

Step 6 . Check if the meter |gF,19x] > 0.2 Il gsq |l
Weput  Grs1 = —Gr+1 -

Step 7 . Calculate an initial value ., = a;(

Step 8. Putk = k + 1 And go to step (2).

3- The Descent property of the New formals

In the beginning we will mention the property of
sufficient regression the new proposed formula
conjugate managing algorithm does knew where the
coefficient of compatibility in the following format :
Iri1disr < —c ll Grar 117 ....(1.28)

Theorem (3.1)

Let dj,; Search direction and k > 0 it is born with
formula (1.27) it is that size of the line and the
verification of the condition and the thousand Wolfe
then dj ,; Check your own beef (1.28).
Proof:

To proof by pattern in the sports induction
lI-whenk =0thed; = —g;, —dlg;

0

2- Assume that relationship (1.28) true all values k .
3-  we prove the health of the relationship (1.28)
when k =k + 1 so that ends of relationship (1.27)
i1 We get

desr = —Grer + BEVdi

= Gir1disr =~ Giear 124 BV dye Gican

= ghudin = =1 g I+ (77K

T
lkykdk>d gT
ldnz ) “kIk+1

ldgll )
ldgs1ll” *

=—llg, I’<

T
T — 2 Ik+1Yk
= Gk+1%k+1 = — Il Grar I°+ (—d£3’k -
Iyilgkadi | AkVidi )d g7
@y? " dlyklaglz) ~kIk+

1 Greas I +(9k+13’k Ikl gk 1 di
+ ———

T
- g d
k1ot = 157 (dfyi?

tkg£+1dkygdk>
dTyeldelz ) [
T T
= Gk+1disr = — Il Grar 17+ —(gk“y;%(gkﬂdk) -
kYK
Wil adi0)® | (Ghsadi)
(dfyi)? T
By the following property we gat [16].

uTvS%(yu2+y‘1v2), y>0 , uv€ER"
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= Gis1drs1 = .
_ k+1 Gr+1d0) | _
I g 12+ 2 (22) (3, L)

1yicl? (9 s di)* (k419K

(dfyi)? K a2

T _ 2 l 2

= Gi+1k < =l Giear 174+ 5 1 Giewr 17+
Iyil?(@he1di)®  1kIP(0h41d0)° | (Ghsadi)?

(dfyi)? (dfyi)? ENE
By the following property we gat
= (Gks1d1)? <1 Gy 121 4y 12

1
= Gir1di < —ll Grera ||2+; I Gresr I+
Ngr+1 121 dgl?
ko agnz
1
= giprdi < (=14 .t ) Il Greas 112
c= =24, <0

= Gkr1dis1 < —C Il Giear I

So the relationship (1.28) Check the condition is
adequately.

4- The global Convergent

Assumption (4.1):

(I) The level set Q={x€ R™: f(x) < f(x,)is
bounded }.

(Il) In some neighborhood N of € , function f is
continuously differentiable and its gradient is
Lipschitz continuous , namely , there exists a constant
L > 0 such that [17].
lgx)—gISLlIx—yll,vx,y €N,
...(1.29)

The assumption implies that are positive constants
B and y; such that

IxlI<pB and Il g(x) I< y;,
Lemma (4.2):

Suppose that the conditions in Assumption A hold ,
{gr} and {d,} are generated by TPRP method with
the Wolfe line search than [18].

Zk OIIiZT! < 400, ....(1.31)

Theorem (4.3):

suppose that the conditions in Assumption A hold
{gr+1} 1s generated by the TPRP method with the
Wolfe line search , then

Vx € Q ...(1.30)

limg oo l G 1=0. ... (1.32)
Proof:

— ZNZ
dis1 = —Gk+1 + Bic" “di

AeyEd
HZDK kYK Ok
=l iy 1S o |+ B2+ 2] d
T
Ik+1Vk Iyl gk+1dk

=|d <1 I+ —

k+1 Ir+1 aTyi @lyi)?

T T

tkgk+1dkykdk ” d ”

24T k

ldili2dLyy
grsall 1Yl
=1 s IS0 g I+ (Mg 280
dpyk

Wyl2lgreal dell | tx Igreall dgel Vgl ||dk||) I d I

(@Typ)? dlyplldl? k

Igk+1 Myl

S dipr 1 S Gran | +(1 + ¢) —EFTE
dp Yk

g r+1 Y dgl?

(dfyi)?

TJPS

= diss IH Gra I+ Gran | ((1 +t )”""”"”"

Iyl
(dfyr)?
d
=S diyq 1= ggar |l ((1 +(1+t )u kuuyku)

el 21yl
(dfyi)?
By the following property we gat [16].
uTv < %(yu2 +y 2%, y>0 and u,v € R"

=1 dipy 1< grera 12 (1+ A +18))° +
Idg®lygl® — IdglZllygl?
(@gyi? (@yi)?
=4 dk+1 I<cl Ik+1 "2
= C=(1+(1+t))?

2 4
oo 2 o Colgr+1ll
Y=o I Grear I°S 2R ———5-

lldg+1112
limy o I Gg4q 11 = 0.
Combining this with (1.32) gives
This implies limy _ o I ggy1 | = 0. The proof is
completed .
5. Numerical experiment
The numerical results of the suggested method ZNZ
proved its validity and achieved the condition of Wolf
and line search. For a set of test functions in
unrestricted optimization .[19]
And to evaluate the performance of this proposed
new algorithm that was compared with HZDK by
testing 75 function.
The drug was chosen to hold back n = 100, ...,1000
by comparing the performance of this new proposed
algorithm with HZDK , the measure used to stop the
repetition of these algorlthms is Il g, I’=107%, All
codes are written with Fortran 77 on PC. The colors
are in shapes (1),(2),(3), red and blue in blue
represents the proposed new signifier ZNZ and the
color is red algorithm HZDK , the test function begin
to repeat with the standard staring point and
summarize the numerical results recorded in the
figures (1),(2),(3), and through the program core(TM)
is — 7500 cup , the scale of the algorithm evaluation
will be compared based on (Dolan and more) [20].
To compare the efficiency of this proposed algorithm
with HZDK . he knew p = 7500 a set of n, test
function and s = 3 number of algorithm used . let
l,s represents the number of times the value of the
target function is found from the algorithm S to solve
the problem P.

Tys = ’f; ...... (1.33)

Ears I, = min{l,s:s € S} it is clear that r, ¢ > 1 per

values p, s . if the algorithm fails to solve problems ,

the ratio n,; is equal to the large number M ,

efficiency property of the algorithm s introduces to

the accumulated distribution of efficiency ratio
size{pEP: rp s <t}

ps(t) = Tps ..(1.34)

It is clear pg (1), represents the percentage of
successful algorithm s , efficiency characteristic can
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also be used in frequency analysis ,the number , value

,gradient, and processor time . As well as get the

situation notes in the following chart .

Note the shape (1),(2),(3), the curve of the algorithm

ZNZ is at the top meaning that it needs the fewest

TJPS

number of function calculations note that the curve
the algorithm ZNZ is at the bottom and this means
that it needs the least Numer of function calculations

of the HZDK method, As well as there is a clear
superiority in terms of time spent in the calculations

shown in (3).

number of iterations followed by HZDK , As for the
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6. Conclusion

The new function of the new search engine, being
Wolfe, showed better results and that is of a three
term conjugate gradient method with good property
and universal outcome as opposed to the other
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BFGS 43 b o sadine 4dady) 38liall goaill Sa0aa 435k
Alae dana alb) ¢ Omen CAIR 1 ¢ deaa uda Ol

Gl ¢ S 6 S dnala ¢ Slaalylly gl asle LS ¢ Slunll aud

gaidlall

Badine Canl 13 3 3a0n Ayl U gl G ¢ o siS dpaie @il Jaxt (BFGS) (s dnd dipyh e sacindl) (38151l oz 4k
i oo i€ Bagaal) Gl . g Jagpd i da il Apyhall sl Cojlily S i) duali @il 5 Gua (BFGS) diph e

o Mall el 3 aall e A Jilas Ja
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