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SOLUTION OF NON LINEAR EQUATIONS
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ABSTRACT;

Genetic Algorithms (GAs) are adaplive search algorithms premised on the
evolutionary ideas of natural selection and genelic. The basic concept of GAs 15
designed to simulate processes in natural system necessary for evolution, specifically
those that foliow the principle survival of the Fittest. As such they represent an
intelligent explaitati%uf a randormgsearch within a defined search space o solve a
problem. GAs has been widely, studied, experimented and applied in many fields in
engineering world. Not only they provide an alternative methods for salving
problems . it consistently outperforms other traditional methods in most of the
problems link.

In this paper another new field for implementing GAs is introduced, this is the
solution of multivariable nonlinear equations including a proposed fitness function.
Solution of a singie variable equations is an optimization problem, can be solved
easily by GAs. The problem lies in the multi variable equations, since it 1s necessary
to determine how much each variable shares in the errors of equations. This is crusal
to evaluate the fitness of these values. Consequently, approaching the approximate
exact values gradually. A method to compute the fitness functions for this case is
proposed in the algorithm to enable GAs to be implemented. 4
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1. Introduction ¢

The genetic algorithm is a stochastic
optimization algorithm thet was onginally
motivated by the mechamisms of natural
selection and evolutionary gencetics. Over the
last decade, GA hag been extensively used as
scarch and oplimization tools in various
problem domains, including science,
commerce and engineering. The primary
rensons for their success are their broad
applicability, case of wuse and global
perspective. There are some differences
between a GA and traditional scarching
algorithms. They can be summarized as
follows(1), [2]):

* The algorithm works with a population of
strings, searching many peaks in parallel, as
opposed to a single point,

o The GA waorks directly with strings of
characlers representing the paramcter sets,
nol the parameters themselves.

e The GA uses probabilistic rules instead of
deterministic rules.

¢ The GA uses objective function information
instead of derivatives or other auxiliary
knowlcdge.

GA is inherently parallel, because it
simultancously evaluates many points in the
parameler space {search space). So, the GA has
a reduced chance of converging lo local
optimum and would be more likely to converge
lo global optimum. It requires only information
concerning the quality of the solution produced
by each parameter set (objective function
values). This differs from many optimization
metheds which require derivative information
or, worse yel, a complete knowledge of the
problem structure and parameters. Since the
GA does not require suck problem specific
information, it is more flexible than most
scarch methods [3-9). Typically, the GA is
charactenzed by the following components:

* A genelic representation (or an encading)
for the feasible solution 1o the
opltimization problem.

A population of encoded solution.
A fiiness function that evaluates the
optimality of each solution.

¢ Genehc operators that generale a new
population from the existing population.

+ Control parameters.

The basic flow chart of the GA is illustrated in

Fig. | where (& > 0} a small number to check

convergence,
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Fig. ] The Procedure Of The Genelic
Algorithm

In this paper 2 new field for the
implementation of GA is introduced that 15 an
approximate solution of a nonlinear (and linear)
cquation or a sysiem of equations, Besides this
equalion (or equations) may be a function of a
single variable or multiple vanables.

There are a lot of conventional iterative
in [10-15). They are collected in Table 1. A
comparison of most of them shown in 14}

The proposed algonthm shows a
considerable success where the traditional
iterative methods costs a lot computation wise
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A specific obstacle of using GA o be
considered for mult vanable functions that is -
wha is the share of each variable in the error
function (E). That effect of cach variable on
the error is crusal for the GA 10 compute the
filness function A proposed solution for this
problem (used in this Algarithm) is introduced
as the rate of derivatives of functions (fj) w.r
1o & single virable , where (ny) is the nonlinear
functions.

The summation of the parial derivatives
of the functions w.rt this vanable Ahhough
GAs don'l necessitale or use the denvalives of
the functions, the proposed algorithm does not
neccasitate 10 know it either, but it computes it
by causing a small perturbation in the variables
(in separale) and computes the corresponding
chunge of the function .

Table 1 lterative Methods
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1. The Proposed i

Given 2 number of (bmear or
nonlinear) functions nf- functions of 2 nember
of varishles (n,)

. y=0
e D p =0 {1

rl ‘:l Y. K,
Glryn .

.rrl{tllrl L PR n'}-ﬂ
The variables are represenicd by symbols e g

x, ¥. I, Omii Xy, ny.
Randomly get mitial wvalues for these
varishles x, y, X, ... By
The propased algorithm can  be
detected by the following sieps
1. The crrors | substitute the values of
variables 10 compule the error in each
function B where (i = 1,2, nf} and the

1otal error function (E).
Ex=hi(x.v.%.....n) =0
EI“"'{-"J?I:!' ﬂ'}_n ﬂ}
Eu =i (X ¥, X, .o M) =0

The error function £ = EY, Ei (3

2. The Derrvatives : by a small perturbanon
in each variable (individually) compute (he
derivalive of each function as .

i, =3

Ax
rh 'i"
o ot
The summation of derivatives w.et (x) is
oy o
= i
I
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Similarly
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3. Parents - repeat steps | and 2 for a suitable

number of parents Py ( Py > 2).

4. Fiiness functhion . compute the (itness
function for cach variable in all paremts
substituting the summed differention from
Eqn. 4 as follows
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5. Cross-over operation : for each variable the N e i Funetion wor
higher fitness values in purents are repeated in oS T
the pext offspring while the low fitness values R et
are randomly crossed over to produce a new
cluomosome

The new values of varlables are computed from

the parents to produce the new generation by the
real value crossover

CR*Prus A+(1-R)*PraenB  (6) —
Compute the Tnaction

Where R If% ¥

C is the child of two parents A and B
R is random number between 0 and | Compute the fitness of .

) eoch variable &,
Thus is repeated for each vanable per each child Fit i =228,
The number of generated Childs is equal 10 the
number of parents (P,) to be used in the next T

generalion. Perform cross mver
keeping the elile 1a get

6. Mutation : check if the algorithm felled in a new affsprings

local minima, if so, perform a mutahon 1

process by exchanging the variables values :

between two random parent numbers. m:;::ml
7 Repeat the sieps from | 1o 6 till the total error Winien

(E) 5 less than a specified small value6 . The b=

algorithm is explained in Fig.2.

Fig. 2 The Proposed Algorithm
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Results :
Example 1 - for explanations pmpm the
following nqutiou of a single variable is
considered

Fr)=x'+6X+7x"-6x-8=0

The algorithm steps (1-7) are represented (for one
trial only) mn table 2. The consequent trials are
repeated in a similar way till E < .

The resulted values are :

X=.1.00154
The emor value = 0.00925441

Notes :
i et and
because there is one variable (x
fx)+fm+ . o= fx)

- R can be mndomized for cach parent instead of
being the same for all paremts. lis value is
changing from trial 1o inal.

The parents numbers 1o be crossed over are
randomized and are different in each trial. In this
siep Py, which has the highest fitness is repeated in
the new generation, other parent pairs are crossed
over randomly (Py, Pa), (Py, Py), (P, Py). (Py, Py)
by the ratios (R) & (1-R).

Example 2 : consider the system of linear
equations
41{;—15?[;*1{;-4

Xy + 6X;-45X; =0
“Xi= 17X + 5X; =2

The approximated values resulted by the
proposed algorithm are :

X, =-0.100790
Xy =-0179341
Xy=-02271 10

The total error = 0.0890370 No. of iterations is
27} computation time 3 45 sec.

E M

Example 3 : consider the two non linear
functions

Fi(xy)=2x"-xy-Sx+1=0
Fi(x,y)=x+3logn X-y' =0

The approximate solution using the proposed
algorithm is .

X=119805 &
crror is 0 .59482)

The same two cquations are solved by the
method of ileration, the resulis arc

y=212373 and the

X=3487 & y=2262 its eror
is 0007137

It is clear that it is more accurate.

Example 4 1o solve the following
simullancous non lincar equalions

Fi(x,y,2)=-0.14+x+x"-2y2=0
Fa(x,y.2)=02+y-y' +3x2=0
Fy(x,y,2)=-03+z+2" 4+ 2xy =0

The results are -

X=-00028& Y =-016806& Z~=024115
The mimmum error of the three functions is
0.0234

The proposed GA algorithm produces

approximate solutions less accurate compared
1o the conventional methods (e g. method of
iteration, Newton method, sleepest descent, ...)
which result mare accurate solutions. The
algorithm has the following disadvantages :
The solutions are less accurate and the
algorithm is sensitive to some factors e.g. the
initial values, the cross over random value R,
the number of parents to be crossed over.
Allention has to be paid for the range of
randomized values get to escape a local
minima. But the algorithm has the following
advantages -
Swiftness, parallism in approximating the
vaniables, its computation burden is simpler,
does nol necessitate the derivatives of the
functions to be introduced, and the computation
lime does not increase significantly with the
increase in the number of atiributes (variables,
functions, and number of parents per each
variable),




Table 2
X 1= =fix) i) :_: Fumess R New,
P | H0012312 195248 402609 401849 0.00263% 0 89082 00894119
”n 13151 AT AT 0 50682 0 49012 EY
i aysaw s2m216 EINLT BTN 0.02258% 049082 4350191
PA | 6608 18047 3K 026 0262488 089082 4703133
P «.7103501 210049 ATL1% 471.1% 0.208484 059087 0.7121117
Total € = 18495 Sx = 2266.1

Conclusions

This paper shows that the Cenetic
Algorithms (GAs) can be used to optimize a set of
functions by minimizing the error.

Although, implementing GAs to optimize a
function of a varigble or set of functions ( of &
single variable) is 2 known task. it is not used for
multiple varables functions so far. The reason lies
on difficulty in determining the shareness of each
varigble in the error of the function (or summed
errors of functions). This paper introduces &
GA algorithm explaining & solution for
this problem. It opens the way o implementing
GAs for muluvariable functions oplimization.
Although the results are less accurate compared 10
the conventional methods, it has these advantages *
swillncss, doesn't necessitate the derivatives of the
functions and the increment in compulation lime
wilth the intrease in aitributes (i.e. mumber of
varinbles and (or) number of functions) is trival.
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