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Abstract  
An effective iterative technique, conjugate gradient algorithm is based on 

the conjugate gradient parameters. By satisfying the conjugacy requirement, one 
may construct an effective parameters conjugate gradient using second order 
Taylor series. After an analysis of the new algorithm's convergence 
characteristics, we provide some numerical findings that demonstrate the 
robustness and effectiveness of the improved methods.  

Subject Classification:90C30, 65K05, 49M37 
Keywords: Optimization techniques, Conjugate-gradient, 

Numerical.results. 
 

1. Introduction  
The majority of optimization techniques are iterative, [1]. We aim to 

resolve the following mathematical optimization issue for the smooth function 
RRf n : : 
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nR  x,  )( xfMin  (1) 

We shall examine many iterative techniques of the type: 
kkkk dxx 1  (2) 

where k  is the step length and kd  is the search direction,[2]. Step length is 
determined by: 
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Using the Wolfe conditions the step length k will be accepted: 
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where 10   , see [3,4]. Here, the following give the search direction: 
kkkk dgd   11  (6) 

where k  is-scalar that is calculated using a different formula depending on the 
conjugate gradient technique being employed. This aroach was expanded by 
Fletcher and Reeves for use with broader functions[5]. The following is the 
formula for calculating k  using Fletcher-Reeves: 
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gg 11  . (7) 

The stepsize and the CG parameter are the two main variables that have an 
impact on the numerical performance of the CG technique. Some famous 
classical choices of k  can be found in [6-11]. Numerous CG approaches have 
been put forth recently that have both strong global convergence features and 
promising numerical performance. These methods are based on the conjugacy 
requirement of numerous CG parameters (see [12-15]). The conjugacy 
requirement was used in previous CG algorithms: 

01  k
T
k Qdd . (8) 

that is based on the precise line search is crucial to the mathematical experiment 
and convergence analysis[16]. 

In this study, we provide novel conjugate gradient optimization techniques 
and analyze their convergence. Numerical tests reveal that our approaches can 
perform better than those already in use. 
 
2. A New-Formulas For  k  

Now that we have derived the new formulae using the second order Taylor 
series, we get: 
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Using exact line search in (9), we get: 
)(2 1 kkk

T
k ffQss  (10) 

The conjugacy condition, we get: 
01  k

T
k Qsd  (11) 

Applying (11) on (10) and after some algebra, we obtained: 
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When using exact line search, k  is such.that: 
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The ways that the aforementioned parameters produced are known as the 
BK1, BK2, BK3, respectively. 
 
The suggested method's algorithm is then stated as follows: 
 I. Given nRx 0 . Let 0,00  kgd . 

 II. If 6
1 10
 kg yes, then stop; if not, continue. 

 III. Compute k  by using (4)-(5). 

 IV. Let  , 1 kkkk dxx   and compute k  by (13-15). 

 V. Compute the kkkk dgd   11 .  

 VI. Set 1 kk  and continue with step 1. 
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3. Convergence. analysis: 
We assume that )(xf meets the following conditions in what follows: 

i. “ )(xf  is bounded.on the.set  )()(: 0xfxfRx n  .” 
ii. “ g  is Lipschitz.continuous, i.e. there.exits a constant. 0L . That”.is: 

nRuzuzLugzg  ,,)()( .  (17) 

With a constant 0¥   such that ¥)(  xf , see [2, 13]. 
 
Lemma 1.1: Assuming that the assumptions are correct, think about “any 
recurrence expression (2) with search direction”(3). The Zoutendijk criterion 
(16) is satisfied in that case [17]. 
 
Theorem 3.1: Let 1kd  be a sequence-generated by new-Algorithms. Then, it 
holds that: 
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Proof: Using (3), we get: 
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Equation (14) indicates that, 
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Adding (20) to (19), we got: 
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The proof has been completed. 
 
Theorem 3.2: Assume-that the direction 1kd  was produced using new 
algorithms. Then: 

 0inflim          


kk
g . (22) 

 
Proof: The proof is simple, similar to the Theorem 2 proof in [12][6]. 

 
4. Numerical results  

This section includes the outcomes of novel techniques on a number of test 
problems. Calculations are done with double precision and the programs are 
written in Fortran. All exams are taken on computers. The 50 nonlinear 
nonlinear conditions that a transducer is able to produce serve as the foundation 
for our experiments. These issues are covered in Andrei[18] and are tested on in 
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the CUTE exam. In all algorithms, the standard stop, s.t. 6
1 10
 kg , is used. 

For assessing the performance of the algorithms, both the total-number of 
function-evaluations (NOF) and the total-number of iterations are considered 
(NOI). The findings are shown in Tables 1 and 2.There are important papers in 
the field of optimization as[19-25]. 

 
Table 1 

The numerical findings using the FR and New techniques with n=100. 
 

BK3 BK2 BK1 FR  

NF NI NF NI NF NI NF NI P.No. 

43 83 43 81 41 84 43 19 .Trigonometric 

27 43 33 34 49 33 44 32 Extended-rosenbrok 

34 43 33 38 33 37 33 34 Extended-White & 
.Holst 

47 82 71 84 49 81 37 47 Extended-Beale 

48 83 78 89 84 4 13 47 Extended-ridiagonal 

72 82 79 83 83 89 73 83 Extended Three 
Expo Terms 

13 33 13 34 34 42 12 42 Generalized 
Tridiagonal 2 

84 89 84 89 84 89 73 87 Extended 
Himmelblau 

811 32 883 14 814 32 484 834 Extended Powell 

898 41 38 33 33 32 748 873 Quad. Diagonal 
Perturbed 

19 44 32 73 33 74 889 28 Extended Wood 

84 89 81 3 81 3 83 4 ARWHEAD 

77 88 78 88 71 84 73 84 NONDIA 

877 23 873 38 874 37 783 878 DIXMAANE 

871 22 884 23 879 22 874 23 Partial Perturbed 
Quadratic 

Table 1
The numerical findings using the FR and New techniques with n=100.

BK3BK2BK1FR

NFNINFNINFNINFNIP.No.

3418341636193519Trigonometric

7234884390449347Extended-rosenbrok
8938854185428843Extended-White & .Holst

3217261330165232Extended-Beale

311521101996432Extended-ridiagonal

2717201415102515Extended Three Expo Terms

6445684359376737Generalized Tridiagonal 2

1910191019102512Extended Himmelblau

166871186316387313189Extended Powell

1013681458547231124Quad. Diagonal Perturbed

60334725542911071Extended Wood

1910168168189ARWHEAD

2211211126132513NONDIA

122751248112982218121DIXMAANE

12677113741207712374Partial Perturbed Quadratic

3620382034194523LIARWHD

4724422246245734ENGVAL1

2313191020113320DENSCHNA

3118241333198049DENSCHNC

231220112111156122Extended Block-Diagonal

1881671672411Generalized quartic GQ1
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613953355634147112Generalized quartic GQ2

7474627935048165031066671STAIRCASE S1

548345496322468292605398TRIDIA

1781781783115Extended PSC1

25351472239914492473100537312293Total

Table 2
The numerical findings using the FR and New techniques with n=1000.

BK3BK2BK1FR

NFNINFNINFNINFNIP.No.

6940663667376538.Trigonometric

92428940833717178Extended-rosenbrok

9444844190419246Extended-White & .Holst

2915231224124222Extended-Beale

36182613271312977Extended-ridiagonal

17103219144761FailfailExtended Three Expo Terms

89567949845211573Generalized Tridiagonal 2

1910191021112914Extended Himmelblau

156841337018597FailFailExtended Powell

340186260149288162711445Quad. Diagonal Perturbed

5026492552268447Extended Wood

1685583478212ARWHEAD

3316291425132915NONDIA

403256357234376237634345DIXMAANE

463272457274428253616370Partial Perturbed Quadratic

3918482244215527LIARWHD

FailFailFailFailFailFailFailFailENGVAL1

18930181893519DENSCHNA

241226132913166129DENSCHNC

201023122513166130Extended Block-Diagonal

187187187229Generalized quartic GQ1
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573456315435145110Generalized quartic GQ2

FailFailFailFailFailFailFailFailSTAIRCASE S1

1657102619961279failFail19911255TRIDIA

157157157178Extended PSC1

192485518091015180279234052014Total

According to this data, the BK1, BK2 and BK3 aroaches have a clear 
advantage over the FR technique since they save around (38-42)% in NOF 
but only (42-59)%  in NOI. (See Table 3)

Table 3
The Performance-Percentage for the BK1,BK2 and BK3 algorithms-compared 

with FR method”

BK3 (15)BK2 (14)BK1 (13)FR algorithm
54.02%58.02%41.72%100 %NI
62.48%58.96%59.90%100 %NF

5.  Conclusions

In addition to the“innovative modified conjugate gradient formula, 
we also introduced the conjugate gradient techniques BK1, BK2, and 
BK3. Wolfe line search settings allowed us to identify its worldwide 
convergence. Simulations have demonstrated that BK1, BK2, BK3 may 
decrease function evaluations and iterations. Compared to the traditional 
secant relation, which just uses gradient values, the modified conjugate 
gradient approach uses-both gradient and function values.
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