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Abstract: Finding the roots of nonlinear algebraic equations is an important problem in science and
engineering, later many methods have been developed by using Taylor's series, decomposition, homotopy, for
solving nonlinear equations [1-25]. Fuzzy numbers are foundation of fuzzy sets and fuzzy mathematics that
extends the domain of numbers from real numbers to fuzzy numbers. Several researchers investigated a
number of methods of numerical analysis by using Fuzzy theory. Recently, various methods have been
developed for solving linear programming problems with using fuzzy number. Many research works were
done on fuzzy numbers and on its applications in various field [26-34], but very few developments have been
seen in the area of numerical methods using fuzzy triangular numbers. Toralima Bora and G.C. Hazarika
[26], Treat the fuzzification of Newton Raphson method to find the solution of cubic equation in the form of
triangular numbers along with the membership function. In this work the fuzzification of Bisection method to
give the solution of nonlinear equations. Results have been obtained in the form of triangular numbers
with the membership function also. These methods based on the method given by Toralima Bora and G.C.
Hazarika [26], 2017. We verified the work by an example and numerical results obtained to clarify the
present method.

Keywords: Bisection Method, Newton Raphson Method, Fuzzy membership function, Triangular fuzzy
number. a-Cut.

1. INTRODUCTION

Solving nonlinear equations f (x)=0, is one of the most important problem in scientific and
engineering applications. There are several well-known methods for solving nonlinear algebraic
equations of the form:

F(x)=0 )

Where F denote a continuously differentiable function on [a, b]JC#, and has at least one root r, in [a,
b] Such as Newton’s Method, Bisection method, Regula Falsi method, Nonlinear Regression Method
and several another methods see for example [1-25]. Here we describe a new method by using Fuzzy
Concept, then we find that, this procedure lead us to the root r of equation (1) between two fuzzy sets
A and B.

2. THE PRESENT METHOD -FUzzIFICATION OF BISECTION METHOD

Fuzzification of the Bisection method will be done as it treated in [26] by using triangular fuzzy
number.

Let us consider equation (1): F(X) =0, Let the function F(X) changes its sign over an interval X, and
Xi. Let Xo=[ Xy, X', Xo'']1 and Xi=[ X7, X;'. X1"']. Then there is a root of F(X)=0 lying between X,
and Xi. Fuzzy membership function of X, and X,are respectively,

X— X} X— X
[, xp<x<xy 2N X <X <X
Xo — Xo X1 —Xq
My = U © Hy, = oyl
0 X—Xo " " ’ X1 X-X1 . " "
X! _x! XO <X< XO X! — xI" Xl <X< Xl
, A1 1

0 0
k 0 otherwise k 0 otherwise

with a-cuts:
[Xo]e =[Xg , Xo' , Xo'1=[Xo + a (X' — Xg) , Xg" + a Xy — Xg')]
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X =[X1, X3, X{"1=[X1 + a (X3 - X1) X" + a1 — X77)]

According to Bisection method, if F(Xo).F(X1)<0 then, the first approximation of the root of F(X)=0
is Xz which it is given as following:

X, +X xo+x] xy'+x7 x5 +x1"
XZ:[O 1]=[ 0 1’ 02 1' 0 1] [XZ’XéI’XéH]

With the membership function:

D Xy <X< XY

14 nr ) Xé, S X S Xé”
lx - X}

0 otherwise
And  [Xo]e=[Xz, X3, X2 'I7[X; + a (X3 — X3) . X5 + a (X — X5")]
After that, we study the sign of f(Xy), if f(Xo). f(X2)<0, then the solution is between X, and X; else
the solution is between X; and X;. Suppose that f(Xo). f(X2)<0, then the solution is between X, and
X2, s0, Similarly X3 is given by:

nr nr

X3 [Xo +X, ] [X0+X2 , Xo ;—Xz ’XO +X2 ] [X3, X X’”]
with membership function:
(X% i <x<xy
X5 - X5

Ixs (X)=< x-x3"

n nr ) Xé, S X S XE”)”
lx - X}
0 otherwise
And  [Xs]e=[X3, X3, X3"1=[X3 + a (X' — X3) , X3" + a (X3 — X3"")]
And so, we can find X,

nr nr

xh+xs xy+xt x§"+x
O, S RS = XG, XYL X4'] so on, we can find X

X4 [XO +X3 ] [
3. THE ERROR OF PRESENT METHOD

For the error, we can study the error as it given by [35], we select a tolerance €>0 and generate X; ,
X3, X4,......,Xn until one of the following conditions is met:

Q) |Xn —Xpn_1|<ce

Xn X,
X, |

¢) | FiXp)|<e

b) |<s|Xn|¢0

4. NUMERICAL EXAMPLE

Let us consider the algebraic equation [26], F(X)= X3 -6X+4

Let Xo=[-0.01, 0, 0.01] and X:=[0.99, 1, 1.01] since,

F(Xo)=F[-0.01, 0, 0.01]= X3-6 X¢+4=[3.93, 4, 4,07],

F(X1)= F=[0.99, 1, 1.01]= X3-6 X;+4=[-1.09, -1, -0.89]

Since F(Xo) and F(X4) are of opposite sign, a root r lies between

Xo=[-0.01, 0, 0.01] and X;=[0.99, 1, 1.01], if F(Xo). F(X1)<0, then the solution is between X, and X

Hence, X,=["""1]=[0.49, 0.05, 0.51],

The membership function of X, is
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X— 049
o0i_oas 0-49<X<0.05
H = —
(0> % 0.05<X<0.51
0 otherwise

And  [Xz]e=[X} , X'y, X}']=[0.49 + @ (0.05 —0.49) , 0.51+ & (0.05— 0.51)]

=[0.49 —0.44 a, 0.51 — 0.460)]

we stydy the sign of F(Xy), we see that
F(X2)=[1.177649, 1.125, 1.072651]>0, so, the solution is between X, and X»

So, st[@]z[o.m, 0.25, 0.26]. The membership function of X3 is
X- 024
o25-o2s 0-24=<X<0.25
e (X)7 X028 g 95 < X <0.26
0.25-0.26’ SAS
0 otherwise

And  [Xs]e=[X4, X'y, X4']=[0.24 + & (0.25 ~0.24) , 0.26+ a (0.25— 0.26)]

=[0.24 + 0.01 a, 0.26- 0.01a]

we study the sign of F(Xs), we see that
F(X3)=[2.573824, 2.515625., 2.457576]>0, so the solution is between X, and X3 and so.
5. CONCLUSION

In this work we use the fuzzy concept to find the root of nonlinear algebraic equation by the Bisection
method, using the triangular number, we treat one example to clarify this work.
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