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Abstract

In this article, a new ranking method with the aid LR type fuzzy numbers, to find the real roots for fuzzy polynomial
equations is proposed. We transform fuzzy polynomial equation to system of crisp polynomial equations, this
transformation performs with ranking method based on three parameters such as Real number value, Vagueness and

Fuzziness. Some numerical examples to illustrate our ranking method are also included.
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INTRODUCTION

Polynomial equations play an important role in various

areas such as mathematics, engineering and social
sciences. Itis quiet interesting to solve the polynomial
equations in fuzzy environment. For the fuzzy
polynomial equation, we mean all the coefficients A’s
are fuzzy numbers. This ranking method is provided
for canonical representation of the solution of fuzzy
linear system by Nebhi ef al., (2006). The applications of
fuzzy polynomial equations are considered by
Abbasbandy and Amirfakhrian (2006). Also, numerical
solution of fuzzy polynomial equations by fuzzy neural
network is solved by Abbasbandy and Otadi (2006) and
linear and non-linear fuzzy equations are shown by
Delgado et al., (1998a); Abbasbandy and Asady (2004)
and Abbasbandy and Alavi (2005).

In this paper, we introduce a new method for solving a
fuzzy polynomial equation based on ranking method
which is introduced by Delgado et al., (1998a,b). They
introduced three real indices called value, ambiguity
and fuzziness to obtain “Simple”, fuzzy numbers, that
could be used to represent more arbitrary fuzzy
numbers. Rouhparvar (2007) used the same parameters
and transformed fuzzy polynomial equation to system
of crisp polynomial equations. In this work, we
transform fuzzy polynomial equation to system of crisp
polynomial equations using three parameters such as
real number value, vagueness and fuzziness.

In section 2, some basic definitions and the notions of
fuzzy numbers and fuzziness are given. In section 3,
we present fuzzy polynomial equation and proposed
method for solving it and provide two illustrative
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examples. Some numerical examples are considered in
section 4 and conclusion comes in section 5.

Basics

In this section, some preliminaries which are needed
for our work are presented.

2.1.Definition
A fuzzy subset A of the real line R with membership
function A(x): ® — [0,1]is called a fuzzy number if

(i) A is normal, ie., there exist an element x, such that
Alx) =1,

(ii) A is fuzzy convex, ie.,
A(Lx +(1-2) %) = min {A(x)),A(x,)} ¥Vx.,x € R, Viae[0,1]
(iii) A (x) is upper semi continuous,

(iv) Support A is bounded, where Support
A=cl {x € R:A(x)>0},
and cl is the closure operator.

2.2. Defintion
A fuzzy set Aon R is a fuzzy number if

i) Its membership function is upper semi continuous.
ii) There exist three intervals

[a,b], [b,c], [c,d], such that A is increasing on [a,b], equal
to 1 on [b,c], decreasing on [c,d], and equal to 0
elsewhere.

2.3. Remark

In this article, we introduce the following parameters
as R(A) the real number value of A, V(A) the vagueness
of A and F(A) the fuzziness of A.

Also referring from (Delgado ef al., 1998b; Ma et al., 1999),
we have for trapezoidal fuzzy numbers.
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R(A) may be seen as a central value which represents
the real number value of a fuzzy number, V(A) the global
spread of the membership function of A, the measure of
the vagueness of A and F(A) the global difference
between A and A°the complement of A.

Note that for any two trapezoidal fuzzy number A, and
A, and any real number k we have,

RkA+A) =kR(A)+R(A) )

V(kA +A)=1kIV(A)+V(A) 8)

F(kA, +A) =1k | F(A)+F(A) ©)
2.4. Note

We say that A, = A if and only if :

R(A,) = R(A,) .
V(A)) = V(A,) o)
F(Al) = F(Az)

3. The fuzzy polynomial equation

In this section, we propose a procedure for solving fuzzy
polynomial equation, then review two illustrative
examples of the trapezoidal fuzzy number and the
triangular fuzzy number.

3.1. Definition
The polynomial equation
A X+A X+ . +A X" =A; (11)

Where x e R, the co-efficient A, A, ......... A and A are
fuzzy numbers is called a fuzzy polynomial equation.

Now let x be a real solution for (11), then by (10) we
have,

R(A, X+ A, X7+ e +A x)=R(A)
www.bvgt-journal.com
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VA x+ A X+ ... +A x)=V(A)
F(A x+A, Xt . +A x)=F(A)
of (7), (8) and (9) implies

R(A )X+t R(A,)X = R(Ay)
(12)

V(A X|+ oo A V(A X | = V(A)

F(A) X[+ +F(A )X | = F(A,)

Hence for finding the real solutions of (11), it is enough
to solve the above system of crisp polynomial equations
with crisp methods. Of course, though we have a system
of crisp polynomial equations but it is only enough to
solve one equation of (12) and finding its real roots,
then real roots of that equation satisfy in both other
equations are the real solutions of system (12). Also for
solving (12) one can consider two state: the first, we
suppose x 2 0 then have

R(A )X+ tR(A, )X = R(Ag)

V(A X+t V(A )X = V(A,) (13)

F(A )X +....4F(A, )x  =F(A,)

then we obtain positive real roots. The second, we
suppose x < 0 then have

R(A,) X4t R(A, )X - R(A,)

V(A ) X+ (=) V(A )X = V(A,)

(14)

CF(A) X4 + (=) F(A)x = F(A,)

where we obtain negative real roots.

3.2. Example

LetA =(a,b,a,B) (=0,1,... ,n) trapezoidal fuzzy
number then by (1), (2) and (3) we have

al+b1+Blﬁx+ ..... + @_{_Bn_a‘n = a07-'-]:)0_'_[50_00
2 3 2 3 2 3

bl _al+Bl+al |X‘+ """ + bn_an IBn‘*—a‘n ‘X“‘: bO_a0§B0+aﬂ
2 3 2 3 2 3

BI+°~I X Bn+0'n X" = BO+U“0
LA [ : j( : j (15)

Thus the system (12) can be solved to get real roots by
using (15).

3.3 Example

In this example we see that for any triangular fuzzy
number. A =(m,o,p), (i=0, 1, ....., n) fuzzy polynomial
equation (11) is transformed to system of crisp
polynomial equations.
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We have from (4), (5) and (6)

(16)

We solve problem (16) according to solving method of
system (12).

4. Numerical Applications
4.1. Application
Considering,
(5,3,4)x+4,2,3)x*=(9,5,7)
The above fuzzy polynomial equation can be solved as:

By (4,5,6), we have

R(AD= 10 RA)=13 | RAY= 2
3 3 3
5 12
VAy=", V(A) =2, V(A)=
3 3 3
7 5 12
FA)= ", F(A) =", F(Ay)= -~
(An= 7. FA)=>. FA)="
By (12) we have
16,13 2 2
3 XT3 =3
7.5 2 12 (17)
BAAET ey
7,5 2 12
LTl

By solving (17), we have the exact solution as x = 1.
4.2. Application
Considering,
0,1, Dx+0,22)x*+(1,1,1) x*=(-1,4,4)
The above fuzzy polynomial equation can be solved as:
By (4,5,6), we have
R(A)) =0,R(A;) =0, R(Ay) =1

ﬂ V(A;) = g
37 YT 3
F(A) =1,F(Ay) = 2, F(Ay) = 1

2
V(A = 3 V(Ay) =

1. V(Ag) = 8 .F(Ag) = 4

R(Ay) = 3

By (12) we have
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x> =-1

2 3
|X]+2]|x " |+]|x " |=4 (18)

x|+2[x | +]x " |=4
By solving system (18), we have the exact solution as
x=-1.
4.3. Application
Considering,
0,1, Dx+(0,1, )x*=(14,2,5).
The above fuzzy polynomial equation can be solved as:
By (4,5,6), we have
R(A)) = 0, R(Ay) = 0,R(Ag) = 15

2 2 7
2 VA= T VA=

V(A) =
(A=73 3 3

7
F(A) =1, F(Ay) =1, F(A) = D)

By (12) we have
0 =15 19
22" =1
EREE R )
7
[x[+]x | =3

Note that, system (19) is inconsistent and has no real
solution.

4.4. Application
Considering,
(24,1,2) x+(0,1,3,1) x*+(1,1, %2 ,%2 )x*=(-5,0,11/2,5/2)

The above fuzzy polynomial equation can be
solved as:

By (1) (2) and (3), we have

19 R(A,) = = R(A;) = 0, R(Ag) = .
37T e YT T2

1 V(As) = 4 V(Ag) = 31
6 3 "6

R(A) =

V(AN =2,V(Ay) =

F(A)= JF(Ag) = =4

| =

5
E,F(A2)=2,F(A3)==
By (15) we have

2 3
0 rox= 7
3 6 2
3
X

4

2 31
+ —
3

X

2‘x‘+% 3

22 @

2001
+4+ =
el

3
x |=4
www.bvgt-journal.com

Scientific Transactions in Environment and Technovation



J. Sci. Trans. Environ. Technov. 5(1), 2011

By solving system (20), we have the exact solution as
x=-1.

CONCLUSION

In this article, we introduced a new ranking fuzzy
numbers method by LR type fuzzy numbers to solve
fuzzy polynomial equation that is transformed to a
system of crisp polynomial equations. The transformed
system is easily solvable for finding the real roots of the
system. In this work the ranking method based on the
three parameters like the Real number value, vagueness
and Fuzziness is utilized.

REFERENCES

Abbasbandy, S. and Alavi, M. 2005. A method for solving
fuzzy linear systems. Iran. |. Fuzzy Syst., 2:37-43.

Abbasbandy, S. and Amirfakhrian, M. 2006. Numerical
approximation of fuzzy functions by fuzzy
polynomials. Appl. Math. Comput., 174:669-675.

Abbasbandy, S. and Otadi, M. 2006. Numerical solution of
fuzzy polynomials by fuzzy neural network. Appl.
Math. Comput., 181:1084-1089.

www.bvgt-journal.com

July to September 2011

On fuzzy polynomial equations 51

Abbasbandy, S. and Asady, B. 2004. Newton’s method for
solving fuzzy non linear equations. Appl. Math.
Comput., 159:349-356.

Buckley, J.J. and Qu, Y. 1990. Solving linear and quadratic
fuzzy equations. Fuzzy Sets Syst., 35:43-59.

Delgado, M., Vila, M.A. and Voxman, W. 1998a. On a
canonical representation of fuzzy numbers. Fuzzy
Sets and Systems, 93:125-135.

Delgado, M., Vila, M.A. and Voxman, W. 1998b. A Fuzziness
Measures for Fuzzy numbers: Applications. Fuzzy
Sets and Systems, 94:205-216.

Ma, M., Friedman, M. and Kandel, A. 1999. A new fuzzy
arithmetic. Fuzzy Sets Syst., 108:83-90.

Nehi, H.M., Maleki, H.R. and Mashinchi, M. 2006. A
canonical representation for the solution of fuzzy
linear system and fuzzy linear programming
problem. J. Appl. Math. and Computing, 20:345-354.

Rouhparavar, H. 2007. Solving fuzzy polynomial equation
by raking method. First Joint Congress on fuzzy
and Intelligent Systems, Ferdowst University of
Mashhad, Iran, P. 29-31.

Scientific Transactions in Environment and Technovation



