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ABSTRACT

A new method for solving Large-Scale problems in the
unconstrained optimization has been proposed in this research depending on
the BFGS method.

The limited memory is used in the BFGS method by multiplying the
BFGS matrix by a vector to obtain vectors instead of matrices and only two
vectors can be stored, by modifying the agorithm given by Noceda J
(1999).

The purpose of this algorithm is to enable us to solving the Large-
Scale Problems, as it is obvious to everyone that the computer can store
millions of vectors, whereas its ability in storing matricesis limited.

The present method in this research is applied on seven nonlinear
functions in order to evaluate the method efficiency in the numbers of
iterations (NOI), number of functions (NOF) and function value and
comparing it with the standard BFGS method after updating.

This method has been applied on functions with variables till
1000000 and more than that.

From comparing the results, we fined that this agorithm
was the best.
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y{ Vi y{ Vi y{ Vi y{ Vi y{ Vi
= Hkyk - Hkyk - Hkyk TSV, + Hkyk

HyaYe = Hy Ve -

\' H .Y =S,V (QN b)),

Loa gl il s 28 I 3 QN L. 8 >0 (b s S o Llee (o il

calS 1Y ¢ Jaa Ju e 8 1 adl e sl
S =2 (saaal i) al) (47)
of LY
il BFGS o Lild s =1 il 1y
. Al-Bayati (1991) _aus Leié ¢S :M S 13
ykvk
Yi Vi

4VI (S v +2VI Oy - 6(fk+1 - fk)
(present study) saaall dul ) Jis b s =2 sy U

. Biggs (1973) i lglé s =

s 13

YA
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:(The derivation of new algorithm) 3aaal) 4w ) o)  alaid) 3-3
e dani s =2 Laie

H*=§?—I Hyv'™ +vwy' H0+aeé+y Hyow
y'v 2 y'v gy'v
H*g:a?-|g Hyv g +wy' Hgo§+y HYOWQ

y'v 2 y'vV g y'v
H*g=Hg- Hyv'g WH9+2W9 y'Hyw'g

y'v y'v y'v  y'v y'v (48)

r*=r- bv+2v
\r*=r+2lv- bv
\ r*=r+v(2 - b)

r = Hg

I =rv'g

b =ry'r

r =1/y'v

_:Outlines of the new algorithm sasall 4 ) dll Ly all Jaghadll 3-4
(M>0 zonia 330 ¢ Xy — 1 1(1) 5 gladl
¢S k=0 paiz(2) 5 kil
. (36) Adlaall alazinly HY s 1(3) 5 skl
(2-2) 380 e dy = - 0, s 1(4) Bkl
Wolfe Ly i @aail jlias || Cus o X, = X+, 0, o 1(5) 8 shdd)
«r =-H,0, aai:(6) sshil
r*=r+v(2 - b) (7) skl
¢ k>m g1y (8) 5 ghadl)
038 o Vi s Vi m} 4250 255 Jaal
Vi T O™ G Ve = Xpug = X 03355 ni 1(9) 3 gkl

ya
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ck=k+1 pai:(10) 5 ghadl)
sl oAl 1(11) 3 shdd)
(2) 55530 L en s

claliiiud) ¢ dlel) miis) -4

Adlide s (6) L A IS5 Ak e Jsa (7)) pasid 5 ) 1

Al

Al

Al

Aty

Aty

smM=3 :lac Cantrel s pasidd & (4-1) Jeaal) i
. n=4,n=100, n=1000, n= 10000, n= 100000, n= 1000000
(86.4) % a8yl A llin of G A o) Adlaa) il (ha g
. NOF ) duill; (90.2) % s 43 (s 4ot s NOI )
smM=3 Lkac Mige D asinl & (4-2) Jsaall 4
.n=4,n =100, n=1000, n= 10000, n= 100000, n= 1000000
(75.4) % a8 (e G llin of G A o3gd Adlaa) sl (he g
. NOF )l duilly (88.2) % s 43 (s dausi o NOI )
sm=3 Lkae Wood s sadis) & (4-3) Jsaad) B
.n=4,n =100, n=1000, n= 10000, n= 100000, n= 1000000
(75.5) % a8y G llin of G A o3gd Adlaa) sl (he g
. NOF )l duill; (85.8) % s 43 (e 4o o NOI )
sm=3 :Lac Powell & Jasiul & (4-4) Jsaal
.n=4,n =100, n=1000, n= 10000, n= 100000, n= 1000000
(92.3) % a8y A llin (f G A o) Adlaa) il (ha g
- NOF ) dailly (92.7) % s 438 (s 4o o NOI )
smM=3 L Sum s Jasidd & (4-5) Jeaal
.n=4,n =100, n=1000, n= 10000, n= 100000, n= 1000000
(61.7) % a8 a3 A llin of G A o3gd Adlaa) sl ha g
. NOF ) duilly (67.4) % s 43 (s 4o o NOI )
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smM=3 ke Osp alla plasivd &3 (4-6) Jsaal
.n =4, n=100, n=1000, n= 10000, n= 100000, n= 1000000
dailly (95.0) %0 a8 (et A llin of G5 A o) Adlaa) il (e g
. NOF ) iilly (93.9) % W 8 (s dus o NOI )
sm=3 ke Cubic dla Jasidl & (4-7) Jsaal
.n =4, n=100, n=1000, n= 10000, n= 100000, n= 1000000
daailly (83.1) %0 a8 (et A llin of G A o) Adlaa) il (ha g
- NOF () dally (a4t 3535 a2 a0 NOI Y
I aal (NOI) ) st llin of i e sall 03] Aallaa) il (e
Ladan 5 il
oS ds (7) g ga ds2 (6) J s (NOF) ) dpusills L
i A iy Al 5 Juadl il
Adall a1 sl ) O sl ) Rl Ll L L ) LS

Cantrel Alal saaad 43kl s BFGS 4k ¢y 4 e (4-1) Jsand

BFGSs =1 (New) (47)
Function No.l | No.F | Fun.Vaue No. | No. F Fun. Value

n=4 3.926*10 2.867¥10™"
m=3

n=100 5.684*10" 9.315¢10"
m=3
n=1000 2.621*10™° 9.869*10"

m=3
n=10000 1.688*10° 6.324*10°"
m=3
n=100000 8.932*10°° 1.871*10°
m=3
n=1000000 7.956*10°° 9.440*10°
m=3
Total

AR
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BFGSs - 1 (New) (@7

No. | 100% 86.4 %
No. F 100% 90.2 %

Miele 412 sayaal) 46kl y BFGS 4iyb o A5 ke (4-2) Jsaad

BFGSs =1 (New) (47)
Function No. | No. F | Fun. Value No. | No. F Fun. Value

n=4 217010 1.155*10%8
m=3
n=100 6.359* 10" 472910
m=3
n=1000 1.325*10% 3.587*107°
m=3
n=10000 1.263*10" 217810
m=3
n=100000 6.979* 10 2.054*10°"
m=3
n=1000000 1.136*10%° 3.522%10°
m=3
Total

BFGSs =1 (New) (47)

No. | 100% 75.4%
No. F 100% 88.2 %

Yy
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W0od 41l sasal) 46y jklly BFGS 4y b o 45 ke (4-3) Jsaad

BFGSs =1

(New) (47)

Function
n=4

No. | No. F

Fun. Value
7.646*10™

No. | No. F

Fun. Value
9.873*10™“

n=100

6.693*107

8.811*10%

n=1000
m=3

8.050*10%

4.133*104

n=10000
m=3

7.322%10%°

5.693*10%

n=100000
m=3

5.085*10°®

5.657*10%

n=1000000
m=3

6.279*10°®

4.793*10Y

Total

| Tools | BFGSs=1 | (New (7

100% 75.5%
100% 85.8 %

No. F

Powell 412l saaal) 43yl g BFGS &b oy 4 jia (4-4) Jaad

BFGSs =1

(New) (47)

Function
n=4

No.l | No. F | Fun. Vaue

1.204*10™

No. | No. F

Fun. Value
2.739*10

n=100

1.499*10"

1.596*10°%°

n=1000
m=3

250910

3.043*10°%

n=10000
m=3

2.912*10°"

1.534*10%°

n=100000
m=3

1.011*10%

1.081*10°Y

n=1000000
m=3

3.558*10°°

1.561*10°%°

Total

Yy
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Tools

No. |

100%

(New) (47)

92.3%

No. F

100%

92.7 %

SUM Aal saaad 44kl s BFGS iy jh s 4 ke (4-5) Jsasd

BFGSs =1

(New) (47)

Function
n=4

No. | No. F

Fun. Value
6.818%10™

No. |

No. F Fun. Value

1.837*10°

n=100

1.124*10%°

1.147*10%°

n=1000
m=3

1.255*10°®

9.694*10°

n=10000
m=3

4.791*10°

3.462*10°

n=100000
M=3

5.089*10™

1.224*10°3

n=1000000
m=3

4.331*107

3.527*10"

Total

100%

(New) (47)

61.7 %

No. F

100%

Y¢

67.4 %
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Osp Adlal sagaal) 48 )kl g BFGS 48y sk ¢y 43 e (4-6) Jgaad)

BFGSs =1

(New) (47)

Function
n=4

No.| | No. F

Fun. Value
3.173*10

No. |

Fun. Value
2.403*10°

No. F

n=100

2.340%10™°

5.697*10°%°

n=1000

1.037*10"°

7.418*10°%°

m=3
n=10000
m=3
n=100000
m=3
n=1000000
m=3
Total

9.729%10™° 6.020%10™°

9.038*10™° 2.032%10™°

8.256*10°° 3.673*10°%°

(New) (47)

100% 95.0 %
100% 93.9 %

Tools

No. |
No. F

Cubic 44 syaal) 48yl g BFGS &y jha ¢y 4 jlka (4-7) Jsaad

BFGSs =1 (New) (47)

Function
n=4

No. | No. F

Fun. Value
8.657*10

No. |

Fun. Value
2.465*10°

No. F

n=100

8.678*10°%

1.011*10%

n=1000

m=3

6.513*10%

1.163*10%

n=10000

m=3

6.296* 10

1.686*10%

n=100000

m=3

6.145*10%

8.007*10%

n=1000000

m=3

8.066* 10

2.221*10%3

Total
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BFGSs -1 (New (@7

No. | 100% 83.1%
No. F 100% 105.0 %

el 4-1

M) Jlaal s e Lgial€aly e Canal) 13 b (da jiall) dedial 43yl o) 1
G i Jile o Ja 5 s Alie ) Al @ Laads) sl aladiuly 3 )
. e 1000000 25 ) ey & ysicia d3eg s ) sl

En NOI @) <l e 20 Jib Al Ja ) Jom sl Al i lal) oda s 2
Ll & Al Jsall aead 61.7% 5 95.0% m e cpeatl) daud a5
fae i agd i a I8 NOF Aol cililes ey il e Jgeanll 23 Gl
kA Y J) g pon deal 0 Vg2 o ) Ay 67.49% 5 93.9% (mle (sl
Aadn

el ella S Gua Function value Allal desl Juadl ol 44, hall sda culacl L 3
il aey Apalie V) BFGS 44y jh 5 48, phll oda gl oy Aol

1
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