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Numerical solution of nonlinear equations
systems with improved meta-heuristic
ARO algorithm
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12,and3 Department of Mathematics and Computer Sciences, Damghan University, Damghan, Iran,
(hamdipour.ali@std.du.ac.ir, basiri@du.ac.ir, mostafazaare@du.ac.ir)

Abstract: In the field of numerical analysis, one of the most difficult problems to solve is nonlinear equations. Traditional
numerical techniques like Newton's methods and their variations typically demand a well-informed initial guess to
successfully solve these nonlinear systems. An improper initial guess can significantly hinder the performance and
convergence of these methods, making it difficult and time-consuming to achieve the desired results in practice. To overcome
these issues, this paper presents a novel approach that employed the Improved ARO (IARQO) meta-heuristic algorithm for
solving nonlinear equation systems numerically. Given that solving nonlinear equation systems can be transformed into an
optimization problem, meta-heuristic algorithms exhibit strong potential for finding solutions efficiently. The ARO meta-
heuristic algorithm, inspired by the feeding behavior of rabbits, has demonstrated its ability to solve intricate optimization
problems within acceptable time. In the proposed method, the ARO algorithm is improved with adding a memory table to
have a suitable performance for solving nonlinear equation systems. To assess the effectiveness of the proposed method, it is
applied to solve several complex nonlinear equations. The results clearly demonstrate the robust performance of the
approach.
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3- Descent Gradient

4. Global optimum
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L- Particle swarm optimization

2 . Genetic algorithm
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3- Evolutionary algorithms
4- Selection

3- Crossover

6~ Mutation

7- Fitness function
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L- Exploration

2- Exploitation
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3. Bat algorithm

4- Glowworm swarm optimization

5- Gray wolf optimization

6- Butterfly optimization algorithm

7- Nephron Algorithm Optimization 2

8- Artificial rabbits optimization
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L- Ant colony optimization

2. Pheromone routes
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1- Detour foraging

2- Random hiding
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A random set of rabbits denoted as X; is generated (population generation).

The X; are evaluated

Fitness (Fit), and X, are the optimal solution achieve thus far.

while the stop condition isn’t satisfied do
for each X; in population do

The factor A is calculated using Eq. ' ¥)).

If A > 1 then

A rabbit randomly is chosen from population.
The R is calculated using Eq. (V)).
Detour forging is performed using Eg. Y)).

The fitness (Fit;) are calculated

The position of the current X; is updated using Eq. 'Y))).

else
d burrows are generated using Eq. v)).
One of burrows randomly is picked as hiding
Random hiding is performed using Eq. ' )).
The fitness (Fit;) are calculated
The position of the X; is updated using Eq. ' Y)).
end if
The current optimal solution found thus far (X,,.) is updated
end for
end while

Return X ¢
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1- Memory table

2- Index
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F(v) 8.1
X1 X2 X3 X4
F(x) 3.5 6.1 6 2
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1. Memory table




A random set of rabbits denoted as X; is generated (population generation).
Create a 2-dimensional array for memory table (MT) with size (population size, population size)
The X; are Evaluated
Fitness (Fit), and X, are the optimal solution achieve thus far.
while the stop condition isn’t satisfied do
Setting the diameter of the MT array to negative infinity
for each X; in population do
the factor A is calculated using Eq. '¥)).
If A>1then
Finding j index using memory table and fitness value
The R is calculated using Eq. (V).
Detour forging is performed using Eq. Y)).
The fitness (Fit;) are calculated
The position of the current X; is updated using Eq. ' Y))).
The current optimal solution found thus far (X,,.;) is updated
If Fit of current optimal solution < Fit of X
Increase by one in ith row of MT
Set zero to selected agent in MT
Increase by one corresponding column of the selected agent in the MT
else
Increase by one in ith row of MT
Set zero to selected agent in MT
else
d burrows are generated using Eq. v)).
One of burrows randomly is picked as hiding
Random hiding is performed using Eq. ' )).
The fitness (Fit;) is calculated
The position of the X; is updated using Eq. 'Y)).
The current optimal solution found thus far (X,,.s;) is updated
end if
end for
end while
Return X .s¢
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Var" 1ARO ARO GA WOA GWO BAT CS ES*
x 1 0.99995842 0.99499711 1.0787193 0.99945614 1.00021335 0.99499711 1
x, 1 0.9999571 0.94757832 0.9907849 0.99927208 1.00011296 0.94757832 1
x3 1 0.9999445 0.93808635 1.03625201 0.9998472 1.00009496 0.93808635 1
x, 1 0.99994348 0.78982767 1.02597104 0.99918784 1.0002526 0.78982767 1
x5 1 1.00023525 0.96599193 0.84346796 1.00254621 0.99917949 0.96599193 1
f 1.27706334E-18 1.28841019E-07 7.97548397E-03 8.43132868E-03 3.43651278E-05 4.61624735E-08 1.70975784E-10 0
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0.40463018 0.40467647 0.59394807 0.4320097
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X1+ x9+x3+ x4+ X5 =0
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X1X2X3 + XpX3X4 + X3X4Xs5 +

4 X1X2X5 + X1X4X5 = 0

X1X2X3X4 + X9X3X4X5 + X1X3X4X5 +
X1X2X4X5 + X1X2X3X5 = 0

\X1X2X3X4X5 = 1

(Yv)

S Sbola ol - x; SVei=1,...,0 0T 5 &
Dlde anldls oslglln G @pd e edalie V) Jyd s
s Sles i oS ey als PMET- UG, g5l sles
DMEe VO S8 3 pptres el ol 4 lie glag, S
ol s e il e lanl SO s Al slet

)_9.&@ odalin IARO u_,:— Jﬁa&‘}i&/

58 kel OWoles oBas 25l let i lasel Y S

o 2050 Saen S ln e U S sl S

V.;.S& ;@.szdw;.}k{bﬁjdjyﬂxne@; N 2,40

{exp(xl) +x1%, =1 ($)

sin(xyx3) +x; +x, =1

&S ysboba ol oS x; <10, i =0T Ol s s
e anily eolgln Sy osd e edalie Ve Jis
e o Ses e S das S 0L L sl gl
o e VY IS s ol ol anslis LSLAV::’.)‘}Q\
nyi ol o s e Sl 1y il el SO 35

J)"’:'Lf odalie IARO u_,}- JJ_{L;&

& ojles SVles oK [ 5l edal oy A Jss

Var 1ARO ARO GA WOA GWO BAT CS ES
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