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ABSTRACT
This paper presents the development and implementation of a new
numberical based on a non-quadratic Triangular rational function model.
For solving non-linear optimization problem .The algorithm is implemented
in one verson, employing exact line search. This version is compared
numberically against versions of the CG-method. The results indicate that in
genera the new algorithm is superior to the previon algorithm.

1. Introduction

A more genera model than the quadratic one is proposed in this
paper as a bass for a CG algorithm. If g(x) is a quadratic function, then a
function f is defined as a non-linear scaling of q(x) if the following
condition holds :

f=F(q(x)),dF/dg=F >o0andq(x) >0  .........c...c..nnn @
where x* isthe minimizer of g(x) with respect to x [13] .
The following properties are immediately derived from the above
condition:
i) Every contour lineto q(x) isacontour lineof f .
i) If x* isaminimzer of g(x), then it isaminimizer of f.
iii) That x* isagloba minimum of g(x) does not necessarily mean that it
isagloba minimum of f [5].
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Various authors have puplished-related work in the area:

A conjugate method which minimizers the function
f(x) = (a(x))" , and x T R" inat most step hag been described by Fried[9].
Another special case, namely F(d0)) =€1a() +2€, a°(0
Wheree; and e, are scalars, has been investigated by Boland et d, [5].

Another model has been developed by Tassopoulos and Storey, [14]

asfollows: F(q(x) = e1q(x) + /exq(x): 2> 0
AL-Assady in [3] developed a mode as follows :(F(q(x)) = In (q(x))
Al-Bayat, [1] has developed a new rational model which is defined as
follows: F(q(x)) = e1 q(x)/1-e q(x).
Also Al-Bayati [4] developed an extended CG algorithm which is based on
agenerd logarithmic model
F(q(x) = log(eq(x)-1) ,e>0
And Al-Assady, [2] described there ECG agorithm which is based on the
natural log function for the rational q(x) function

Fa=log £:9% i &<0
WO ey
In this paper, a new sine model is investigated and tested on a set of
standard test function, on the assumed that condition (1) holds. An extended
conjugate gradient algorithm is developed which is based on this new model
which scales g(x) by the natural sinh function for the rational g(x) functions.

F(a(x) =sin(e1q(X) /eq(x)+1) .ooeieninnnnn. 2

We first observe that q(x) and F(q(x)) given by (2) have identical
contours, though with different fugdion vaues, and they have the same
unigue minimum point denoted by x .

2.Theorem
Given an identical starting point x;,the method of Fletcher and Reeves
[8]defined by

——

dy=-0;
Qi == Giag # i ds 113 L s s (3)
Y
. i
|
bi - ||gi+1||2 I
i b
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and || is the Euclidean norm applied to f(X)=q(x) and the ECG-
method using the following search directions:
di =-9; i
I
divy =- Qi +ribydy 02 1:
. i
r= fi'i+ : ;, .............................................................. (4)
I
b| ||g|+1|| :
ol !
!

and applied to f(q(x)) generate identical conjugate directions (within a
positive multiple f.() and the identical sequence of approximations x; to the

solution x* for any function satisfying (1).
It is assumed that the one-dimensional searches are exact. The

vectorsn g; g? are gradients of f(q(x)) at x; and x; ,respectively.
Proof:
Thetheorem is true For i=1, because

d 'gl -8 = f, d
Nowforl 2, we have

d,=-g,+r,bd,

o
B §‘|gl||

5

z)fl 1

= fd,.

Assumethat , fori3 2,
di=1¢ g+ o /ol ]
= fd,

It follows from (4 ) that
di,,=- g;-'—ribidT
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& f Cieef 6, 0 3, 9
- _ f " i+1 = N . :
0 gf%é f%g"g" B

1:|S-1d|+1
Both methods generate the same sequence of approximations X |
since isocontour curve of q(x) and f(q(x)) are identica. These isontours
differ only by the function values on the corresponding curves, and hence
the theorem is proved

3. The Derivation of I ; for the New Modé!:

The implementation of the extended CG method has been performed
for genera function F(q(x) of the form of equations(2).

The unknown quarntities r; were expressed in terms of available

quantities of the algorithm.

. o q(x)+10
The new Smg— mode can now be written as
zq( ) 4]

N _ gn2Ba() +19

Solving equation (2) for q
Sint f(x) gmg
e,d(x) g

In [if(X)‘i'ﬂl- f(X)ZJ = % b q= /lgzln[if(x)+ ’1- f(X)Z]- e
And using the expression for p;=f qi 171 G

cos(eq.; +1/€,G.,)¢ %

ZQ|1g

r =-

cos(eq, +1/€,)¢ /

from the above equation we have

2'@
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g 70" U 76 e, U U
gedf +y1- f u +13§|n§|f Cefl- f7 e
éé§ - i- g 03 i-1 "1ﬂ 2 § i
: : _ ’
= i i'1+\/1- f G (5)
s & W U TN
¢ gf +1- f o +13gln§|f_+ - f 2 &g U
é é@ i ig 03 i [ eZH l;l
¢ . > 3
H = -
& if i+\/1 f ‘

In terms of the known quantities such a function and gradient values,
from

g = RQ(x - x)
.. = Fi‘_lQ(Xi-l - X)

Where Q is the Hessian Matrix and X" is the minimum point, we

have:
€é, 2 g N 2
Ml e et
éé@ 8} hid ) e t24 U
é . a
é if +\/1- f’ G
=8 b i1 Y s s oo (6)
- TR e & T f- 72
a €a - ( Ug| - T-—u 1
§ & TR LN Y
e ) > a
e if +1- f g
Furthermore
T N — T *
9 (X - X ) =0 (X, +1,di ;- X)
. * T
=0, (X - X))+ 10,0 (7)

g’ (x-x)=g (x +1.d-x)
= giT (% - X*)
Since giT d_, =0 therefore we can express r. asfollows:

_ Ol (X + i - X))

g/ (x- X')

From (7) and (8) , it follows that :
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and f' =

éé‘ + - , + + z O- el "
gglf 1- f° 1u egln"ﬁf 1/1 f P

2|_f +\/1 f J
The quantitiesGi- /0 and f;q can be rewritten as: a4

oF
Inélf +41- f2U. &

Qi-1 _ U e

9 In§f., +41- £2,U. &
e g e,
56 o U
§f 1- ,wna?f L £ 2

2§f +.1- f

From the definition of p; we have:

H

.2

2 .. elu
- E +1ue|na?f ot - f° 1;_ ?H
if +w/1-f
Gf L T a1 £
20U
lfm/l- f

>
—

D: > (D> D> D> (D> D> D> D> (D> (D> D~
> (D> D
oocooooo oo o ac
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G 18 o
i e f

%fﬁ 1- ﬁréff +\/?9 ﬁg
|fi+ 1- f

Using the following transformation:

) RS T
T e,

In[ifi +,/1- fz]— GSoyiw and In[ifi +,/1- fiz]— In[ifi_l+w/1— fi_zl]:W
e2

’ (.19T10L )
G e 2

|fi+ 1- f

D> (> D> (D> (D> D> D> (D> (D
e
o\ CNCh C\C\C\C\C\C

c=1,97.d.,
then y=cw/xw+c
Therefore

g@ +\/Pdj |n§f +WE[ | 120"10

gf +1- f2 ‘+1
PR LEE L S T
i-1 i-1

%:|ngfi_l+,/1- ffla

4.The Outlinesof our New Algorithm Area:
Given xo1 R"aninitial estimate of the minimizer x .
Step (1): set do = - Qo.
Step(2):Fori= 1,2, ....
Compute X; = Xi.g + | .1 dig
Wherel ;.1 isthe optimal step size obtained by the line search
procedure.
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Step (3) : compute

N

664 .2 Ué .. 52 U
seif +yl- f 0 +1ggn@ f + 1 f7 % Spa
eef - e e o e 0
g . 2 u
: it +1- f] G

r =¢ - I - 2 u

ré ea. N ué 0 u u
e edf +y1- f7y +1aanif + 72 S5 g
é ge i o Tpe & ‘g e, a
é : u
if - f]

Where the derivation of scaling r ; will be presented below.
Step (4) : caculate the new direction
di:—gi+ bi di.
where b, is defined by different formulae according to variation and it is
expressed as follows:
b, = I (lglf/llgial* )[modified Fletcher and Reeves, 1964 F/R,[8]]
b =g (r g,-g )idl.(r; g - g )|imodfied Hestenes an
stiefle 1952, H/H10]]
b =g (r g - 9.)/dl.g, . [modified Polak and Ribiera
1969,[11]]
b.=r.|g “147 g [modified Dixon 1972,[7]]
i i i+1 1 i
Conjugate gradient methods are usually implemented by restarts in
order to avoid an accumulation of errors affecting the search directions.
It is therefore generally agreed that restarting is very helpful in

practices, so we have used the following restarting criterion in our practical
investigations. If tEe new direction satisfies:

df g;* -0gg;|

Then aredtart is dso initiated. This new direction is sufficiently downhill in
Powdl [12].

5. The Numerical Experiments:

In order to test the effectiveness of the new agorithm that have used
to extend the CG method, a number of functions have been chosen and
solved numerically by utilizing the new and established method.
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The same line search was employed for all the methods. This was
the cubic interpolation procedure described in Bunday [6].

It is found that the NEW method which modifies CG-agorithm is
better than the previous algorithm shownin Tables (1) and (2).
Table (1) which uses the H/S formula, presents a comparison between the
results of the NEW methods and the classicad CG-method. So we can show
that the NEW method has less (NOI) and (NOF) than the classical CG.
Method and NEW method improve the two measures of performances, vis
(NOI) and (NOF) (56.60)% and the (60.16) % for the H/S formula.

Table (1): Comparison between the different ECG — methods by using

H/S formula.
Test Function N New NOI (NOF) | Classical CG NOI (NOF)

2 18 (51) 19 (53)
CUBIC 200 12 (35) 14 (40)
400 13(32) 14 (40)
2 31(82) 34 (87)
ROSEN 10 21 (63) 26 (71)
100 19 (56) 17 (52)

60 48 (102) 125(303)

POWELL 80 91 (203) 112 (303)

400 221 (537) 401 (860)
Non 40 16 (44) 22 (73)
Diagona 60 17 (47) 22 (61)
100 16 (46) 22 (60)

40 50 (124) 82 (197)

MIELE 200 147 (338) 211 (491)

400 142 (324) 402 (910)

4 18 (113) 25 (148)

CANTRAL 40 19 (129) 20 (132)

400 14 (71) 20 (132)
40 9(21) 9(20)
SHALLOW 400 8(21) 9(21)

Totd NOI (NOF) 930 (2439) 1606 (4054)
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Table (2) which uses the P/R formula, presents a comparison
between the results of the NEW methods and the classcal CG-method. So
we can show that the NEW method has less (NOI) and (NOF) than the
classica CG. Method and NEW method improve the two measures of
performances, vis (NOI) and (NOF) by (49.22)% and the (53.71) % for the

P/R formula

Table (2): Comparison between the differenct ECG — methods
by using P/R formula.

Test Function N New NOI (NOF) | Classical CG NOI (NOF)
2 18 (51 19 (53)
CuBIC 200 12 (33) 15 (40)
400 11 (32) 15 (40)
2 31(82) 33 (53)
ROSEN 200 18 (53) 22 (61)
400 18 (54) 22 (61)
80 52 (117) 118(255)
POWELL 200 117 (240) 205 (427)
400 52 (112) 405 (826)
60 17 (49) 18 (53)
Non
i 80 15 (43) 25 (70)
Diagonal
100 17 (47) 22 (62)
40 56 (155) 85 (238)
MIELE 60 56 (133) 65 (189)
100 39 (101) 71 (199)
4 23 (162) 25 (163)
CANTRAL 10 19 (92) 22 (135)
400 14 (72) 22 (157)
10 8(21) 8(19)
SHALLOW 400 10(27) 8(19)
Total NO! 603 (1676) 1225 (3120)
(NOF)
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APPENDI X
1.Cubic Function :
2 2
F(x) =100(><2- Xf) +(1 - Xl) , xo=(-12-1)"
2.Non - Diagonal Variant of Rosenbrock Function :
n é 2R 20
F(x)= a al0o i X + - Xi G n>1,

3.SHALLOW Function

F(x) :én- gxzi-l)z- (XZi)2+(1- Xa1® 1)2 ]

i=1
X, = (-20;-20;........)"

4. Generalized Powell Quartics Functions :
n

41' 2 2 4 40
FO)=a éxai- 3%10x4i- 2] +5K4i-1- X4i] *\X4i-2- 2x4i-1) *+10X4i- 3~ X4i) ¢
i e

1=
x0=(30;-1.0;00,1.0)7
5. Rosenbrock Function :

OC\C

2 ¢ 2 20
F)=a éLOO(XZi'X%i-]) +(1'X2i—1) u
i=1 € u

x0=(-1210....)T
6. Miele Function:

% 2 6
F(x) =i§1 [EXP(><4i- 3) “X4- 2] +100(><4i- 2° X4i-l) +

[[ta"(><4i- 1 X4i)]4 X 3+(><4i - 1)2,
x0=(10,20,2.0;20,......) "
7.  Cantra Function :

% 4 6
F(x) =i§1 [EXP(><4i- 3) “X4- 2] +100(><4i- 2° X4i-l) +

[[atan(><4i- 1- X4i)]4 X33

x0=(10,20,2.0;20,......) "
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