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1. Introduction
The unconstrained- optimization problem which defined as
Min f(x) , x € R", 1)
Wheref: R™ — R is real valued , and continuously differential function .
{x, } is a sequence which generates from a non/linear conjugate gradient method , k > 1 defined by
Xi+1 = X + Qpdy (2)
Where x; € R™ an initial guess. and a;, = adj,.

a; 1s the step size which obtained by some line searches , a search direction dy , at the . primariliy
iteration is steepest descent direction .defined d; = —g, , and defined other search direction by

di+1 = —Gr+1 T Brdx [1].[2].[3] 3
Where g, = Vf(xy) , Bx have many formulas for example:

i = Lepas (4)
o _ _ ng;%zz?l (5)
R = (6)
W= “"d’%—gfc" )
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Where y, = gx+1 — 9k, |-l is Euclidean- norm of the vectors .Several methods of general
(TTCG)algorithms was proposed by (Beale ,1972) as [4],[5].[6].[7].[8]
Ar+1 = —Gk+1 T Brdi + Viedy (8)
for " B, = BHS PR " 9)

andy, =0 wherek=t+1andy, = gd";—;”‘ where k >t +1 Many (Three-Term CG) methods
tVk

was in proved and search directions are as follows

AR = —grer + BERdy — Ok Yk (10)
dFHS = —gryr + B di — Ok (11)
dgfwayati = —Grs1 T BiCdr — Oy (12)

where different values for 6, and @,this work consists of as follows.: in part- 2, presents three new
three terms conjugate gradient methods , & then prove the descent condition and sufficient descent
condition and a global convergence for new methods. Last part give some numerical experiments for
the new methods and give the conclusion.,[9],[10],[11],[12],[13]

2. New Three-Term( CG) -Methods (TTCG) :

The direction d¢%* is compute as follows:

dnewl

ket = k1 i1 (13)

T T 21 T
1 — S Yk—Yi Sk lyell® | sksk
Qhyy = 1 S22k 4 |4

Vi Sk Vi sk | visk

(14)

The Memory less ( BFGS) method was

BFGS _ SkJ’ka+HRJ’k5k yk HkYk Sk Sk
Hk+1 Hk [ Yksk ] [1 Yksk ]yksk [14]'[15]’[16]

(15)
We have
EYityi lyell?| sk

i = =i + 2225 g, — |1+ L\ o g (16)

and after simplified steeps and H = I we are get

T
sy 9k+1 Zkgk+1 ||Yk|| Sk 9k+1
dp.o = — Sk Ikt ZieTlet1 [1 + [Tt s 17
k+1 Ik+1 — YTt 7Ykt TSk Vs | yTse ok [17]
17)
Since Sk = akdk
T T 21T
9x (Zg—t sg) Sk Jk+1 lVel®| sk Ik+1
dVl = — + = —_ == — (1 4+ |5
k+1 Ir+1 AT yrs K VT sk Yk Vs | yTse ok
(18)
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dy = =gk + Brdi-1

t
dyts = —Gr+1 + W‘i + 0, (Vi — t15k)
Where

t
ﬂNl Ik (Zk—t si) fort>0
dRYR 1

0, = — SkJk+1
k — T
Yk Sk

and t; = [1 + "y"” ]

Sk

and Zr = Vg +—= s ”2 Sk[18] [19] [20]

Also the direction d¥?, is compute as -

9x (Zk—t si)
dyzy = —Gk+1 + W dy + 0, Yk — t25k)

T
N2 _ 9 (Zg—tsy)

B = g fort =0
Where

T

SkIdk
Oy = — L5+

Yi Sk

and t, = [1 + 2 it ]

ksk

19k

and Zk yk 3”5 ”2 k

Finally , compute search direction dy>, as follows

— (2
di+1 = —Qks19k+1
H —H, + [ZngkYk] s 5T — [HkYk5£+5kngk]
kel k (sTyi? | 7KK Vi Sk
02, = [Zy;fyk ] osT — YieSk +Sk Vi
k+1 (Sky)? k SkVk

T
9k (Zx—13 Sk)

di3y = —Gks1 + dy + 0 (Yk — t3sk)

_g£+1dk—1
N3 _ Ik(Zr—tsg)
~Jley19k-1
Where
T
_ _ SkY9k+1
) = — g
Yi Sk
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_ 2yl
and t; = Ty (36)
2 6
and z, =y, + E—uskkuz s,[21],[22] (37)

3. New Three TCG Algorithms
Step liLetxy ER",0<6<ad<L,t=20,k=0, dy =—go
Step2:If Satisfies the Stopping Criteria (|| gx||?> < 107°) then stop.
Step3:If a; > 0 satisfies the Wolf Condition ,then compute

zZg =X +apdy Yk =9k — 9z, 92 = Vf(2)
Compute , u, = grd, v = —ayyridy , If v, # 0, then

A = —1;—", Calculate x41 = Xp + A dy else
k

Compute xp,q = X + apdy

Step4: Calculate ( 8,) and (t) from the equations (23,28,36 ) and (24,29,37) respectively
Step5: if |gT,19x| > 0.2]|gx+111? is satisfied then set,

compute the new search direction  dy¢¥ = —gy.1 , (21),(26),(34)

Step6: set k = k+ 1, go to step 2

4. Convergence Analysis.

First we have some mild assumptions, that is satisfied the sufficient Descent -property and to proof a
global convergence property.

4.1 Proposition 1

Also we have the strong Wolfe conditions as :
f e + agdye < f () + paegi dy
|gk-1di| < —ogidy (38)
where0 < u<o<1

All the search direction d}¢% where given by (21 ),(26),(34) and of this are sufficient descent
direction

gF..d, < 0 if the line search are satisfies the strong Wolf conditions (38 ) (39)
Proof:
First, If the new search directions dy ., >"* are used and since the line search satisfied Wolf

conditions , we have yls, > 0, then directly we computed
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1yieli?] (sE gress)”
Jierr iz = —lgrnll® - [1 + ("yk+s+k) <0 (40)
Also we have
1yieli?] (sEgress)”
gl = —llgicnall - |1+ 2285 Sige). < g (41)
and
1
Ih1dki1 = _E“gk+1”2 <0 (42)

4.2 Proposition 2 (T)

a) IFS ={x:x € R™, f(x) < f(x,)} bounded , and (x,) is a start point .

b) For any neighborhood Q of S , and f is continuously differentiable and the Lipchitz
conditions other exists , then there exist - a constant L > 0 S.T

lg(x) —gx)ll < Llx—xll, vV x, (xx) € Qand for some assumption of fI' > 0 exist such that
lgC) Il < T' [23],[24]

4.2.1 Lemmal
If (T, @) and (T ,b) are hold, then

Yo —rgr di < plus infint (43)
4.2.2 Lemma2

If assume that the assumption (T) (a) and (b) as well as the descent condition hold then

T 2
I (ﬁ’; dlllcz < plus infint (44)
k

4.2.3 Lemma3

Assume the part (T , a) and (T , b) are satisfied-, and for any- conjugate gradient Algorithm (38)
where dy 4 is a descent direction and «,, is obtained by the strong Wolfe line search  (38) if

Se1 77— = plus infint [25],[26],[27] (45)

4.2 4Theorem :

For a condition (T ,a) and (T, b) hold and satisfied and we have a general optimization algorithms
and(33); Where d -¥>"* are sufficient descent direction and a; is computed by the strong Wolfe
line search, let f is a uniformly convex function on S then

lim [lgill = 0 (46)
Proof

from the general optimization algorithms and from Lipchitz continuity we have ||y,|l < L||sk|l on
the other hand from uniform convexity ys, > Al|s,||> Choosing the Cauchy inequality assumption
(T) (a) and (b) and the above inequalities we have
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T 2
Isellz 1
0] < || < <-
16| yEsi| = Allsgll2 = 4
T
SPR OrIr+1Vk TL||sgll 7L
< < < 47
82" akOr—19% Ik s | = Tl (47)
T
A SM<L (48)

lgell> — liskll

Therefore using (47,48) and simplified steeps we get

1
dicll = 18l gl + [BER il + e8Iyl + yillsell < S+ 2L + 7 [ L+ 1]49)

Thus showing that is true By Propositions (1) and (2) it follows that is true which for uniformly
convex function is equivalent to (1) and (2)

5. Numerical results

This section provides the numerical results that assessed the effectiveness of the Three term CG
algorithms employing the Fletcher-Reeves (FR), Polak-Ribiere (PR), and Liu-Storey (LS)
techniques. This information is also available in reference [28].

The program's requirements for stopping ||ge+1]l < 1075 and written in (FORTRAN90). Total
shows the number of the function (NOF) and the number of the iteration (NOI) and confirms that the
new methods(DN1,DN2,DN3 ) are superior (NI) with dimension n=1000, 10000[15],[26]

Table( 1) Comparison between the new DN1,DN2, DN3 methods against DLS , DPR , DHS methods
for the Total of 30-problems with n=1000, 10000

P.No. | n DLS DPR DHS DN3 DN?2 DN1
Fns
NI NF | NI NF | NI NF | NI |NF | NI |NF | NI |NF
1 1000 | 29 44 26 41 26 41 10 |32 10 |32 10 |32
10000 | 50 108 |50 108 | 49 105 |27 | &4 24 |75 24 |75
2 1000 | 33 56 33 53 29 49 7 23 7 23 7 23
10000 | 44 100 | 48 98 42 95 28 | 81 28 | 82 20 |75
3 1000 | 43 78 43 74 34 73 8 20 8 20 5 17
10000 | 62 93 62 93 57 89 29 |81 29 | &4 22 |70
4 1000 | 28 49 28 49 28 49 9 30 10 | 32 8 28
10000 | 53 83 53 83 46 73 21 | 67 21 | 67 21 | 67
5 1000 | 39 86 39 85 38 83 24 | 69 23 169 23 | 69
10000 | 73 158 | 73 158 | 73 155 |41 | 123 |41 | 123 |39 | 120
6 1000 | 34 58 32 55 28 49 9 30 9 30 8 28
10000 | 57 121 |56 119 |49 109 |35 |95 35 |95 30 | 89
7 1000 | 33 55 25 45 25 45 9 25 6 21 6 21
10000 | 49 65 44 54 44 54 20 |44 18 |42 18 |42
8 1000 | 83 166 | 83 166 |77 165 |33 | 100 |33 |100 |32 |97
10000 | 33 53 33 53 29 49 12 |42 10 |40 10 | 40
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9 1000 |32 45 32 45 28 41 11 |20 9 17 7 17
10000 | 49 75 49 75 49 75 25 |71 24 |71 21 | 67
10 1000 |31 48 31 48 29 46 12 |32 11 |30 10 |30
10000 | 45 104 | 45 104 | 43 101 |29 |87 29 |89 29 | 87
11 1000 | 26 45 23 43 23 43 9 29 9 29 6 23
10000 | 58 94 58 94 56 94 35 | 115 |35 | 115 |35 | 115
12 1000 | 44 104 |41 102 |39 93 22 |71 22 |70 23 |70
10000 | 57 134 | 53 129 | 53 123 |31 | 101 |31 |101 |30 |99
13 1000 | 33 55 29 53 27 47 10 |30 8 28 8 28
10000 | 49 113 | 47 113 | 46 109 |29 |92 29 192 27 190
14 1000 |28 96 28 96 25 94 9 43 7 41 7 41
10000 | 31 58 29 55 29 55 11 |33 11 |30 9 28
15 1000 |55 106 | 54 106 | 54 106 |31 |92 25 |85 25 | 85
10000 | 59 134 | 54 129 | 54 129 |38 | 112 |38 | 112 |36 | 109
Total 1343 | 2584 | 1301 | 2526 | 1228 | 2439 | 624 | 1874 | 570 | 1836 | 556 | 1682

Rate of convergence based on NOI
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Figure 1: Number of iteration comparing between New methods to standard methods
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Figure 2: Number of function evaluation comparing between new methods to standard methods

Clearly we have from the Table (2) that Newlalgorithm Vitim beats (HS) algorithm in about (55%)
NOI; (32%) NOF, from Table(3) we have the New2 algorithm beats (PR) algorithm in about (57%)
NOI,(28%) NOF ,Also from Table(4)we have the Newa3algorithm beats (LS) algorithm in about

(54%) NOI,(28%) NOF.
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Table(2) percentage modified of the new 1 algorithms
HS algorithm | New 1 algorithm
NOI | 100% 45%
NOF | 100% 68%

Table (3) percentage modified of the new2 algorithms
PR algorithm | New 2 algorithm
NOI 100% 43%
NOF 100% 2%

Table (4) percentage modified of the new 3 algorithms
LS algorithm | New 3 algorithm
NOI | 100% 46%
NOF | 100% 2%

6. Conclusion

1. The CG Methods are proposed for solving nonlinear optimization Problems
2. Adequate decrease and worldwide convergence can be achieved under certain conditions.
The numerical findings shown in the previously mentioned figure.

3 .The new algorithms ("1, d"V2,d"N3 ) have prove its efficiency through results in table(1)
and(2) and table(3) and table(4)

4. The numerical tests were conducted on problems with low and high dimensionality, with
Appendix

The Test Function For Unconstrained Optimization
No. | The Test Function
Beale

Trigonometric
Generalized Quadratic
Hager

Diagonal 1

Diagonal 2
EDENSCH
EDENSCHNB
FLETCHER
NONDIA

Extended Rosen rock
Extended Powell

OO N[O|O| R~ W|IN|F-

[N
o

[E=Y
[E=Y

=
N
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