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1. Introduction

In scientific and engineering fields, one of the most important problems is to solve nonlinear equations.
Generally, in order to determine the zeros of nonlinear equations this needs an iterative method. This work is
interested with iterative numerical methods to detect a root of these equations in the type of f(x) = 0 of a nonlinear
equation that employs first derivative of the function. There are several iterative methods such as Halley's method;
Bisection method; implicit method; Newton's method, secant method, two step and three step methods; two-point
bracketing method. Among these techniques, Newton's method is the popular and famous method employed for
solving nonlinear equations [1-115].

The suggested algorithm AEM requires 7 evaluations of the function while the other technique (DM) needs 4
evaluation of the function. The following steps are investigate the procedure of this work: section two, three and

four investigating the modelling and the root finding of AEM and DM algorithms respectively while; section five and
six indicate the numerical problems, discussion and conclusion results respectively.

2. Definitions of Non-Linear Equation
KCL Kirchhoff's law is employed in order to depict the electrical parameters of PV cell scheme [21-31]

['=Iph — Ipiodes Ipiode = To [exp (%1;") - 1] o

where:

I is diode reverse saturation current measured in (A), Iy is light current, nis diode ideality factor (unitless),
k = (1.38 x 10723]/K) is Boltzmann constant, q = (1.602 x 1071° C) is elementary charge, V;is thermal voltage
given by Vi = kT/q, [pis the light generated current in the cell, T is temperature (p-n junction), I is the voltage

dependent current lost to recombination.

= Yov P

The current I, and power P, of the cell is given by I, — Pov = Iy XV

pv pv

The final equation from the circuit is given by

(source) — 10722 (er7m07 — 1) = V /R )
3. Aitken's extrapolation algorithm (AEM)

The following steps is indicating this method

Step 1: Given: x,, € = 107%, N, f, df, and Fori = 1 to 2

. T _T (En+2—En+1)? _
Step 2: Calculate E, = E,,, —=————————=—forn=0,1,2,... (3)

En+2—2XEns1+En
Step 3: If f(x;) = 0 or f(x;) < ¢, then go to Step 6
Step 4: SetE, ., = E,
Step5:n=n+1,i =i+ 1, gobackto Step 2.
Step 6: OUTPUT x,,, and stop iteration.
4. Dekker's Algorithm (DM)
This method obtain when we combine the Bisection and Secant Methods achieved by Dekker in 1969.

Step 1: The first one called linear interpolation secant method using the following formula
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X
Xn+1 =

Xn—Xn-1

m

)f(Xn) if f(xp—1) # f(xp)

D k)~ f(kp—1

otherwise

Step 2: the second one can be obtained by bisection method

_ap+by

2

4)

where: a,: the "contrapoint” this means that f(x,) and f(by) have opposite signs, so the interval [a,, b,] consist of

the solution.

For the two algorithms, the tolerance is If|f(a,)| = |f(by)], [f(xy)] < & &= 107°.

5. Results and Discussion

Two numerical iterations is suggested to introduce the performance of the Aitken's extrapolation algorithm

(AEM) represented in Eq. 3 acquired in the present paper in order to solve non-linear equation with the initial value
Xo = 1 and we compare it with Dekker's Algorithm (DM) represented in Eq. 4 with two initial values x, and x;. For
convergence criteria, the distance between two consecutive iterates is based on Eq. 5, less than 10-°. Five examples
in Eq. 2 are used for numerical testing with the R values from 1-5 ohm, represents (load resistance) of the circuit. All
determinations are carried out with the algorithm precision introduced in Tables and Figures 1 to 5 and the number
of function evaluations needed are extracted from the Eq. 2. The numerical examples and the approximate solutions
produced by two techniques for solving Eq. 2.

The following Tables and Figs. indicate that AEM algorithm needs 7 iterations while DM technique need 4
iterations to reach to the convergence which proves that DM is faster than AEM.

Table 1 - Results of analytical and numerical techniques: AEM and DM.

Iterations |  V,,-AEM I,- AEM P,,-AEM V,y-DM I,,-DM P,,-DM £-AEM &DM
1 0.947037857 | 0.947037857 | 0.896880703 | 0.922434469 | 0.922434469 | 0.850885349 | 0.024614723 1.13344e-05
2 0.930012729 | 0.930012729 | 0.864923676 | 0.922423137 | 0.922423137 | 0.850864443 | 0.007589594 2.03191e-09
3 0.923271149 | 0.923271149 | 0.852429615 | 0.922423135 | 0.922423135 | 0.850864439 | 0.000848015 1.11022e-16
4 0.922434357 | 0.922434357 | 0.850885144 | 0.922423135 | 0.922423135 | 0.850864439 1.12228e-05 0
5 0.922423136 | 0.922423136 | 0.850864443 1.96644e-09
6 0.922423135 | 0.922423135 | 0.850864439 1.11022e-16
7 0.922423135 | 0.922423135 | 0.850864439 0

2 4

No. of Iteration

No. of Iteration

No. of Iteration

4 5 E
No. of Iteration

Fig. 1 - Existence results of numerical techniques for non-Linear equation.

Table 2 - Results of analytical and numerical techniques: AEM and DM.

Iterations

V,,-AEM

I,,- AEM

P,,-AEM

V,,-DM

1,,-DM

P,,-DM

€-AEM

&-DM

1

0.945750417

0.472875208

0.447221925

0.917067951

0.458533975

0.420506813

0.028715034

3.25686e-05
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2 0.927013023 | 0.463506512 | 0.429676573 | 0.917035400 | 0.458517700 | 0.420476962 | 0.009977641 | 1.71842e-08
3 0.918476227 | 0.459238113 | 0.421799289 | 0.917035382 | 0.458517691 | 0.420476946 | 0.001440844 | 4.44089e-15
4 0.917067904 | 0.458533952 | 0.420506770 | 0.917035382 | 0.458517691 | 0.420476946 | 3.25215e-05 0
5 0.917035399 | 0.458517700 | 0.420476962 1.66577e-08
6 0.917035382 | 0.458517691 | 0.420476946 4.32987e-15
7 0.917035382 | 0.458517691 | 0.420476946 0
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Fig. 2 - Existence results of numerical techniques for non-Linear equation.

Table 3 - Results of analytical and numerical techniques: AEM and DM.

Iterations va-AEM lpv' AEM PPV-AEM va-DM lpv-DM va-DM €-AEM &-DM
1 0.944437431 | 0.472218715 | 0.445981030 | 0.910800987 | 0.455400494 | 0.414779219 | 0.034034057 | 0.000397613
2 0.923811190 | 0.461905595 | 0.426713557 | 0.910449354 | 0.455224677 | 0.414459013 | 0.013407816 | 4.59801e-05
3 0.912938978 | 0.456469489 | 0.416728789 | 0.910403845 | 0.455201923 | 0.414417581 | 0.002535604 | 4.71089e-07
4 0.910504334 | 0.455252167 | 0.414509071 | 0.910403374 | 0.455201687 | 0.414417152 | 0.000100960 0
5 0.910403537 | 0.455201768 | 0.414417300 1.62655e-07
6 0.910403374 | 0.455201687 | 0.414417152 4.21219e-13
7 0.910403374 | 0.455201687 | 0.414417152 0
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Fig. 3 - Existence results of numerical techniques for non-Linear equation.

Table 4 - Results of analytical and numerical techniques: AEM and DM.

Iterations

V,,-AEM

I,,- AEM

P,,-AEM

V,,-DM

1,,-DM

P,,-DM

€-AEM

&-DM

1

0.943098312

0.235774578

0.222358607

0.902079842

0.225519961

0.203437010

0.041357710

0.00033924
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2 0.920386790 | 0.230096697 | 0.211777961 | 0.901742603 | 0.225435651 | 0.203284930 | 0.018646188 | 2.00094e-06
3 0.906447630 | 0.226611907 | 0.205411826 | 0.901740602 | 0.225435151 | 0.203284028 | 0.004707028 | 6.48045e-11
4 0.902087660 | 0.225521915 | 0.203440537 | 0.901740602 | 0.225435150 | 0.203284028 | 0.000347058 0
5 0.901742565 | 0.225435641 | 0.203284913 1.963e-06
6 0.901740602 | 0.225435151 | 0.203284028 6.26942e-11
7 0.901740602 | 0.225435150 | 0.203284028 0
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Fig. 4 - Existence results of numerical techniques for non-Linear equation.
Table 5 - Results of analytical and numerical techniques: AEM and DM.
Iterations va-AEM Ipv- AEM PPV-AEM va-DM lpv-DM PpV-DM €-AEM &-DM
1 0.941732458 | 0.188346492 | 0.177372004 | 0.890462908 | 0.178092582 | 0.158584838 | 0.052639743 | 0.001370193
2 0.916716819 | 0.183343364 | 0.168073945 | 0.889126769 | 0.177825354 | 0.158109282 | 0.027624104 | 3.40538e-05
3 0.898705719 | 0.179741144 | 0.161534394 | 0.889092735 | 0.177818547 | 0.158097178 | 0.009613004 | 2.03922e-08
4 0.890512633 | 0.178102527 | 0.158602550 | 0.889092715 | 0.177818543 | 0.158097171 | 0.001419918 | 6.88338e-15
5 0.889126783 | 0.177825357 | 0.158109287 | 0.889092715 | 0.177818543 | 0.158097171 | 3.40681e-05 0
6 0.889092735 | 0.177818547 | 0.158097178 1.98038e-08
7 0.889092715 | 0.177818543 | 0.158097171 6.66134e-15
8 0.889092715 | 0.177818543 | 0.158097171 0
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Fig. 5 - Existence results of numerical techniques for non-Linear equation.

6. Conclusion

In this paper, we exhibited two new iterative methods AEM and DM for solving nonlinear equations based on
single diode model of a solar cell with various data of load resistance. We perceived from the numerical experiments

that the suggested method have a robust performance as compared with the other method.
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