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ABSTRACT

In this paper, we derived a new parameter by equating the modified QN direction
which is suggested by [7] and the standard CG method which satisfied the sufficient
descent condition and the global convergence under some assumptions. The numerical
experiment of the new algorithm perform better than previous standard algorithm
depending on the number of calling the function (NOF) and number of iterations (NOI).
Keywords: CG-method, QN-direction, global convergence.
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1. Introduction

The conjugate gradient algorithm represents an operatively idea to find
minimum optimization problem with the form:

Min f(x),xeR" 1)
Where f :R" — Ris continuously differentiable function with available gradient.
CG algorithm needs the information of first derivative, where g(x)denotes the
gradient and x, be the first approximate solution of (1). A sequence of solutions will be
generated when a standard CG algorithm is used to solve (1), in which
X =X+, d, ,k=01,..., (2)
Such that e, is the step length, selected to minimize f(x,) through d,, its computation
sometimes based on the Wgak Wolfe-conditions:
f(x +ad)—f(x)<5x0;d, 3)
g(% +dy) d, >0 g,d, (4)
and the strong Wolfe-conditions:[8]
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)5( f(x +ad,) - f(xk)ggakg:dk
) 6( 9%, + &, d,)"d| <o g/ d,

Where & e 0 and o € (5 ,%).
The search direction (d, )defined by:

d“:{—gm Ifk=0 (7)
- — Qur + iy Ifk >0
Where S, is called conjugacy parameter, Some formulas for (B, )are given by:
T
= %k;—lyyk (Hestenes - Stiefel, (1952)), [5] 8)
k Jk
0419
==L (Fletcher - Reeves (FR), (1964)), [3] ©)
Ok 9«
Ovad
=2l ((Fletcher (CD) ,(1987)), [4] (10)
—dy gy
OiaY
e (Liu-Storey (LS), (1991)), [6] (1)
—d 9y
Ova9
O ==KaZKL (Dai-Yun (DY) (1999)) ,[3] (12)
dy Y,
O, Il |
g =9, 14, (Andrie.N.(2008)), [1] (13)
k Y (dkT Yi)

where Y, =0,,,—0,- (14)

M. Mamat and |. Mohd In [7] derived a Hybrid Modified BFGS Algorithms B, ,
defined by

dk+1 = _Bk_ilngrl - ﬂ“g k+1 (15)
Where A is a constant, 4 (0,1)

Yi Vi _ B, S¢ S, B¢

Yk Sk S By Sy

And B, =B, +

of
OX; X

By.. is the approximation of the Hessian H, . = , satisfies

By.1Sk = Y (16)

2. The new parameter (g, ):
In this paper, we derive a new parameter S, depending on the two directions, the first
direction defined by (7) and the second defined by (15)
equating (7) and (15) we get:
—0a T A4S = _Bk_ilgk-d — A (17)
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Multiplying (17) with S, B, .,

=8¢ BB 8 BiaBiSk = =S Giea = 48, By G (18)
Substitute (16 ) in (18), we get

—YI Ok t y; Bisy = _SI Ok — ﬂy; ¢ P}

And the new parameter £, defined as:

B =S Gys + (1= A)Yy Gy

) S Vi |

If ELS and =0, scalar f3, reduce to the standard scalar g™

By

_S-:gk+l + (1_1) y: Ok
S¢ Vi

dk+1 ==0kqt Sk (19)

3. The Algorithm of the New Modified Parameter s

Step 1: given x, € R", Set k =0.

Step2:letd, =-g,

Step 3 : Find the step length «, > 0, satisfying (3) , (4), and set
X =X T, dy.

Step 4: if |g,[ <107, then stop

Step 5: Otherwise, compute the direction using (19)

191 9

Step6: if k=n,or >0.2 [9], then gotostep 2 else set k =k +1, goto

|gk+l||2
step3.

4. The sufficient descent condition for the new direction

Theorem (1) :The new direction d, which is given in ( 19 ) satisfies the sufficient

descent condition g,,,d,., <0 forall k .

For the prove, , it is necessary to assume the following basic assumption:
Assumption 1:The objective function f inequation (1) is differentiable with

Lipschitz continuous gradient on level set see [2]
Proof the theorem :
Multiplying (19) by —2&1_ we get:

k+1

—Sngﬂ + (1= 2A)Yx Gin Sk Gin

A7 9w =gl + - 0)
ke Ik+1 || k 1” S;— yk ||gk+l||2

dI+1gk;1 +1= —5I9k+1+(T1—/1)YI9k+1.Szgkg (21)
||gk+l|| Sk Yk ||gk+1||

Since from weak Wolf condition (4) we have:
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—S¢ Gy <0 d{ g, (22)
Substitute (22) in (21) we have:
0,9 —odg+@-DV 0 SO
2 - T ) 2
||gk+1|| Sk Yk ||gk+1||
From the Norm definition:

ngYk < Hgk+1HHka and since :

Sk G < Sy Vi )
we have
d,,9ca 11< —odi g, + (1_ﬂ)||gk+1”'”yk||. Sk i
ol S Vi |9l
A7, 9, o 0+ 0= Doyl
ol l9ya”
Since d, g, < E:'ii; (24)

v, s,
TG e X A B e e

h ||gk+1||2 - "gkﬂ"2 ||gk+1||2
M5 g, il
Letc - __o+1 . (25)
|9l
2 2
dk+1gk+1 < (_1+ C)||gk+1|| < _(1_ C)||gk+1||
S0, < _(1_C)||gk+1||2 (26)

The proof is complete
5. The Global Convergence of the New Proposed Parameter for CG-Method

Theorem (2). Let the assumption (A) hold and the conjugate gradient methods (2) and
(7) hold, d, is a descent direction where A, is satisfied (5) and (6) [8]

1
if ) =0 @7)
i

- liminf g, |=0 (28)
Theorem: let that the assumption (A) holds .consider the algorithm in (2), dk is
defined by (19) , then the new algorithm either stops at stationary point i.e |g,[ =0or
liminf |g¢]|=0

Proof:
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_s:gkﬂ + (1_ 2’) y; Ok S

At =i SI Y, k
—SIg 2+ Q=AY g,
||dk+l||: =0yt = S: Yy — Sk
70, +A-2)Y, g\,
||dk+l||s||gmn+{ Gt YO
Sk Yk
—$"0, |(1 AV g
d By S g . + k k Ik+1 S
e i e o1
_STg +
] < g 2] 1yl | (29)
Sk Y kyk

Since the new direction is descent and from convex condition and Lipchitz condition we
have

ulsf” < iy < Ll

(30)
og 9eullly
Il <lgu+ oo’ ‘- || A s
uls, [ uls, |’
Let
2
7 =fouals 2Ly o pyl0eallyilly o
ullsi | ullsi |
Then
|diaf <7 (31)
> 1=
DN EPNREL
liminf Hgk ‘_o

k—x

The proof is complete

6. The Numerical Result

In this part we use "Visual Fortran language"” to implement the new algorithm
defined in (19) for presenting the computational performance of (27 ) unconstraint test
functions in [1], All algorithms achieve the strong Wolf line search conditions and
lg.|<107.

In the early conjugate gradient algorithms, the restart strategy was usually
restarted whenever k =n or k =n+1. When n is very large, another efficient restart is
called Wolfe restart, which is defined by :

04,1042 0.2]g,.o|" 9], using this strategy, the new algorithm in the table below
performs better than the standard algorithm for most of the problems, depending on the
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Number of iteration(NOI), and depending on the Number of functions (NOf) with
different dimensions (N).

The Numerical Results for the new Algorithm

NO | Test Fun. Dim. Standard Modified
Histen\Steven algorithm
algorithm
NOI | NOF | NOI | NOF
1 | Arwhead (Cute) 1000 17 122 13 66
> Broyden Tridiagonal 1000 33 58 35 60
3 | Diagonal 2 1000 177 300 263 | 439
4 | DIXMAAN A (Cute) 1000 6 12 6 12
5 | DIXMAAN E (Cute) 1000 259 413 210 | 324
6 DIXMAAN F (Cute) 1000 232 447 204 366
v DIXMAAN G (Cute) 1000 228 371 213 348
g | DIXMAAN H (Cute) 1000 244 445 224 | 387
g | DIXMAANJ (Cute) 1000 227 444 262 | 458
10 | EDENSCH (Cute) 1000 39 353 47 515
11 Extended CIiff 1000 18 19 18 19
12 Extended Hiebert 1000 79 171 78 188
13 Extended Himmelblou 1000 10 19 17 28
14 Extended Powel BD1 1000 52 83 14 27
15 | Extended pscl 1000 6 13 7 15
16 Extended Three Expo Terms 1000 12 19 11 19
17 Extended Tridiagonal 1 1000 34 53 41 62
18 | Generalized pscl 1000 | 1141 | 1362 | 457 | 793
19 Generalized Tridiagonal 2 1000 64 08 49 74
o0 | NONDia (Cute) 1000 12 24 13 24
91 | Penalty 1000 2 5 2 5
oo | Raydan2 1000 4 9 4 9
53 | Rosen Brock 1000 34 75 35 69
o4 | Tridiagonal 4 1000 4 8 10 20
o5 Tridiagonal 5 1000 4 9 4 9
og | Trigonometric 1000 29 52 27 48
o7 | White & Holst 1000 26 53 32 64
Total 2993 | 5037 | 2296 | 4448
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NO | Test Fun. Dim. Standard Modified algorithm
Histen\Steven
algorithm
NOI NOF NOI NOF
1 | Arwhead (Cute) 5000 10 21 8 18
> Broyden Tridiagonal 5000 77 118 78 121
3 | Diagonal 2 5000 | 509 826 458 768
4 | DIXMAAN A (Cute) 5000 6 12 6 12
5 | DIXMAANE (Cute) 5000 | 484 763 562 887
6 | DIXMAAN F (Cute) 5000 | 534 1055 545 1074
2 | DIXMAAN G (Cute) 5000 | 703 1191 601 1022
g | DIXMAAN H (Cute) 5000 | 479 793 645 1015
9 | DIXMAAN ] (Cute) 5000 | 593 1211 497 987
10 | EDENSCH (Cute) 5000 91 2010 62 1200
11 Extended Cliff 5000 10 12 10 12
12 Extended Hiebert 5000 77 163 81 190
13 Extended Himmelblou 5000 19 31 17 28
14 Extended Powel BD1 5000 55 87 55 87
15 Extended pscl 5000 7 15 8 17
16 Extended Three Expo 5000 14 22 9 16
17 Extended Tridiagonal 1 5000 80 1642 60 957
1g | Generalized pscl 5000 | 230 560 671 992
19 E;eneralized Tridiagonal | 5000 60 08 63 95
o0 | NONDia (Cute) 5000 7 14 8 15
21 Penalty 5000
oo | Raydan2 5000 4 9 4 9
o3 | Rosen Brock 5000 35 82 31 62
o4 | Tridiagonal 4 5000 4 8 10 20
o5 Tridiagonal 5 5000 4 9 4 9
26 Trigonometric 5000 19 39 19 39
o7 | White & Holst 5000 26 53 42 85
Total 4139 | 10849 | 4556 9742
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Standard

NO Test Fun. Dim. Histen\Steven %%?,:{ﬁgl
algorithm
NOI NOF | NOI | NOF
1 | Arwhead (Cute) 10000 4 10 21 264
2 | Broyden Tridiagonal 10000 77 123 87 134
3 | Diagonal 2 10000 | 692 1123 | 704 | 1164
4 | DIXMAAN A (Cute) 10000 6 12 6 12
5 | DIXMAAN E (Cute) 10000 | 716 1122 | 614 | 953
6 | DIXMAAN F (Cute) 10000 | 1095 | 2008 | 829 | 1334
7 | DIXMAAN G (Cute) 10000 | 948 1591 | 858 | 1499
8 | DIXMAAN H (Cute) 10000 | 1438 | 2693 | 917 | 740
9 | DIXMAAN J (Cute) 10000 | 1072 | 2147 | 958 | 1573
10 | EDENSCH (Cute) 10000 53 866 79 | 1779
11 | Extended CIiff 10000 11 13 11 13
12 | Extended Hiebert 10000 77 165 78 186
13 | Extended Himmelblou 10000 19 31 17 28
14 | Extended Powel BD1 10000 35 59 39 67
15 | Extended pscl 10000 7 15 8 19
16 | Extended Three Expo Terms | 10000 16 26 10 18
17 | Extended Tridiagonal 1 10000 36 74 108 | 2500
18 | Generalized pscl 10000 | 562 1105 | 637 | 2010
19 | Generalized Tridiagonal 2 10000 54 02 59 93
20 | NONDia (Cute) 10000 4 7 7
21 | Penalty 10000
22 | Raydan2 10000 4 9 4 9
23 | Rosen Brock 10000 35 83 31 62
24 | Tridiagonal 4 10000 8 10 20
25 | Tridiagonal 5 10000 9 4 9
26 | Trigonometric 10000 17 34 16 32
27 | White & Holst 10000 34 74 42 85
Total 2270 | 13504 | 6153 | 14615
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The performance's percentage of the modified algorithm depending on the
standard H\S algorithm can be summarized in the table below:

The total of NOI and | The total of NOI and The percentage of
NOF for the Standard | NOF for the modified | equations that get better
H\S algorithm algorithm
DIM NOI NOF NOI NOF NOI NOF
1000 2993 5037 2296 4448 56% 63%
5000 4139 10849 4556 9742 59% 63%
10000 7022 13504 6153 14615 56% 56%
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