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Abstract

This paper we consider the solution of differential equations with fuzzy coefficients

generated by fuzzy number 1
eigenvectors.

I. Introduction

The concept of the natural number is easily
extended to fuzzy
convolution.

case by max-min

Let 1 be a fuzzy number in R with the
following membership function.

Vz e R, p;(z) € [0,1] and p;(1) =1.

We proceed with the successive
construction of fuzzy numbers as follows;

2=1(H)1, 3=2(+)1,
n=(nI1)(+)I,-.

Let us define the ®-cut for the fuzzy number

now

oo
2

1 as follows.

[1]°=[1f17], « € [0,1]).
It is constructed from 1 by the use of the
intervals of confidence of level o,
Rlr=0r+iPTe-if2- 17 =20717],
Blr=R2r+ArB-183-17=3

[n]* = [n=1]"+ [i]*= [n- 1f,n - 17]
= n[1%,12].
We now call the fuzzy natural number

generated by fuzzy number 1.

using two different methods with eigenvalues and

We define the fuzzy real number generated
by fuzzy number 1,
VkeR, [k*°=k- [i]".
We define the multiplication by the fuzzy
number for the real matrix.

If a is fuzzy number,

=[a11 ‘112]
Q9 Gy
where a; € R then
- 3+ a- a-
o A= Cf n @ ‘112]‘
Q-* 0y G- Gy

In this paper we consider the solution of
following differential equations with fuzzy
coefficients using two different methods
cc1 = am,

I = 5371:

7 (0) = 1!, ,(0) = 77,

- 1
where @, b, T

(F.D.E.)

and T2 are the fuzzy natural

number generated by fuzzy number 1,
And we consider the solution of following
differential equations with fuzzy coefficients
T = am,
252 = [7331;
5 (0) = 7', 5(0) =,

(F.D.E.)
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O | ~9
where @, b, ' and T° are the fuzzy number.

1. The first method

We consider the following differential
equations with fuzzy coefficients
m‘l = ‘}TQJ
(F.D.E.) = bg:l,
zl(O) = ‘%17 $2(0) = :;“21

where ¢~1, b,z' and z? are the fuzzy natural
number generated by fuzzy number 1,

We can be expression as follows:
=(3 (@) =1% 8z

b 0)\z b 0z,
We find the eigenvalues and eigenvectors of
(5 6)

b 0)-

To expand the
characteristic equation

I

Ty

determinant in the

det(A —AI) = “,;\ 5] =0
It follows that
A2—ab=0.
Hence the eigenvalues are A;=+/ab,

—+/ab. To find the eigenvectors, we

must now reduce (A—AI)K=0 two times
corresponding to the two distinct eigenvalues.
For A\; = v/ab, we have
—ab a ky 0
[ b —\/E)il‘?z) - (0)

And solve the following equation:

~abk +ak, =0
where zero fuzzy number 0 satisfies
Vabk,—+/abk;=0. Thus we see that

ky = \/:_bkL

V@bl we get the eigenvector
6 =1(V)
For A, ==+/ab,
vy Jalli) =03
b /ab)\k) {0}
And solve the following equation:

Vabk + ak, =0

Choosing k =

where zero fuzzy number 0 satisfies
Vabk,—+/abk;=0. Thus we see that
ky = aab k. Choosing ki =+/abl, then

yields the second eigenvector

o= 1(V).

—b
Hence we know that the fuzzy solution of
(F.D.E.) is given by

(931] = q K e+ gKye

o
e[V Ve

—b

where

T )
cz='%(71a3xl—‘]5xz).

The a-level set of Z; and z, are

[1,]° = [Vab (g eV 4 cze_‘/_T’ )ig
,V/ab (creV® 4 ce™VH)ig],
[l = [b(cre V™™ — ey V)it

 b(ereY™ — eV ig].

HI. The second method

We consider the following differential
equations with fuzzy coefficients
I = 0Ty,
7 (0) =1, 5(0) =1,
where @, b, z' and z? are the fuzzy natural
number generated by fuzzy number 1.
For a € [0,1], we can be expression as
follows
[2,]%) _ [ 0 [a]* [wll
[22]* [6]* 0 J\[z]"
[z, (0)]* [ [z'] "]
[z(0))%) — [z2 ]
where [a]* = [a - . 19]

Pl bl=1-1¢
1

’b"ir]r[x ]a=[$ 'i?r '1‘:]7 ["iz]a=

[z% . 13, 2% - 12].

o
For each o € [0,1], we consider the
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equation
:bffp_[ 0 a-1%)(z2
) b-15 0 ) lzg)”
7,,(0)% gl 1¢
2, (0)%) xZ-i%]

where 7,° € [%,]*, zg € [5]*, z,(0)" €

[z:(0)]*, (i=1,2), a-13 € [a]*, b.1}

€ [b]*, z'-1¢ € [2']*, «%-1% e [&*]~.
We find the eigenvalues and eigenvectors

of

0 a-1°

b-1¢ 0

From the characteristic equation we obtain the

real eigenvalues A = ++/ab1%1§ .
For A = +/ab1%1¢ (or Xy =+/abi®i9)
we have

b 1¢
And solve the following equation:

—y/ab121¢ ky+a-12k,=0.

Choosing ki, = \/abif{iﬁ,’ , we get the
eigenvector
K, = ab :‘;i‘,} ]
b1,
Similarly, for Ay =—+/ab191¢ ( or A\ =—

v/eb121% ) yields the second eigenvector

Vableig ]

K, = ]
2l =b- 1,

From the initial value, we find constants ¢, ¢

zl-i‘l’]
2. 1g)

which satisfy following

oK+ oK, = (K K2)[2) =

For each a € [0,1], let

Ag=min{A; | \;=— y/abl1¢ }

?

ki]'l= min{kij | kij = (4,7) compt. of
Ki’ (] = 17 2) }’
ke = max{k;j | k= (4,7) compt. of

Ki) (]=1r2)}7
¢y=min{c¢; | K + ¢= z},
¢, = max{c, | K - ¢ =z},
where (1=1,2) and K-c=1is
1, 5o
(K, K2)(2) = xz %é}
For each o € [0,1] let
[;\i}a: [)‘ib Air]:

z

7= )

(ci] = [cw cir]-
From the resolution identity, we can construct
fuzzy numbers A; Ky, c;.

Hence the fuzzy solution is

[2] = él®k1®€)"t@éz®j€2®e;\‘t.

IV. Example
Consider the fuzzy solution of the following
differential equations with fuzzy coefficients

generated by fuzzy number 1
-(3 806 (20 =[]
3 0)lm)’ (2(0)) {2

where the membership function of 1is

/01 z/z+ /12 —z+2/z.

‘41

z

The a-level set of 1 is [1]*=[1¢,1¢]=
[@,2—al, a € [0,1],

From the first method, we obtain the «
-level set of the solution Z; and Z; are

5] = [(c,v/B eV + v /Be™V™)a,
(av/BeV®+ epn/Be V) (2~a)],
[z,]" = [(0136\/&_ 0233_\/€t)a’
(0136‘/6'— c23e“‘/gt)(2 —a)l,

where
V6 +4
4= "1

_ /64
12 -

y G0 =
From the second method, we obtain the @
-level set of fuzzy number 5\,:, (i=1,2).
(A ] = [~3.00000, 3.46410],
[/\1]0'2 = [~ 2.80000, 3.26190],
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[A]%4 = [—2.60000, 3.05941],
[\ )% = [2.03960, 2.85657],
[AJ°8 = [2.24499, 2.65329)],

M ]* = [2.44948, 2.44948],

[A]° = [-3.46410, 3.00000],
[A]%% = [—3.26190,2.80000],
[A2]%4 = [—3.05941,2.60000],
[A]*® = [—2.85657,—2.03960],
[A]*® = [—2.65329,—2.24499],
]! = [—2.44948,—2.44948].

The a-level set of fuzzy number kij:

(,7=1,2) is

[£11]° = [~0.79056,1.00000],
[k1,]°2 = [-0.75377,0.73598],
[k11]%1 = [-0.69436,0.72111],
[£11]%% = [—0.69337,0.69366],
[£11]°® = [-0.65828,0.66332],
(k]! = [0.63245,0.63245],
[k15]° = [-0.70710,1.41411],
[£12]*? = [—0.70710,1.02062],
[k12]** = [—0.70710,0.90128],
[k12]%¢ = [0.72168,0.88388],
[k12]°8 = [0.74833,0.83333],
[k1p]! = [0.77459,0.77459],
[k2,]° = [-0.79056, 1.00000],
[k3]%2 = [-0.75377,0.72231],
[kg1]%1 = [—0.72168,0.69388],

[k ]%® = [-0.68138,0.69282],
[ky,]°® = [-0.66815,0.65044],
[ko1]! = [—0.64549,—0.64549],
[£y]® = [—1.41441,1.04888],
[k2]°? = [~0.70710,1.00000],
[kp]%* = [-0.70710,0.94491],
[£4]"® = [0.72111,0.82915],
[£a9]°% = [0.75277,0.81649],

[£y]! = [0.79056,0.79056 ] .

The a-level set of fuzzy number C;

(45=1,2) is
[¢,]° = [—3.53533, 3.80400],
[c,]°% = [—1.83847,3.41658],
[¢,]%4 = [—1.55563, 3.04392],
[c;]%¢ = [-0.24937,2.66569],
[c,]°® = [0.12000,2.37447],
[c,]! = [2.08156,2.08156],
[c,]° = [-3.53533,3.91311],
[¢,]°2 = [—3.25269, 3.44302],
[c,]** = [—2.96984, 3.00462],
[¢5]%6 = [-0.15197,2.69265],
[¢,]°® = [0.15358,2.37500],
[c,]! = [0.49031,0.49031].

V. The other equation
We consider the following differential
equations with fuzzy coefficients
7 = az,
T, = bz,
3}1(0) = :;71’ 922(0) = iz;

where @, b, 2! and % are the fuzzy number.

(F.D.E.)

For a € [0,1], we can be expression as
follows

[z,] =[ 0 [&]a) [wll"]
[z,)°) L [B]* 0 J\[=]%)”
[z, (0)]"] _ ( [ 1a]
[ (0)]*) — \[z*]*)”

where [a]* = [a, ¢%], [B]* =[b7, b7, [2°]°
=[.’L‘;“,$f.'], (i=172)'

For each @ € [0,1], we consider the

equation
af, =[0 ay wfz’z] [%p(o)") _ (%
5, by 0 )iz’ (m,,(0)* zf|’

where 7% € [&]%, z € [5]%, %,(0)* €
@O, (i=12), afe @ boe [
Ipln € [‘%l]a, -’ﬂpzn € [5;32]0‘- Using the second

method, we find the fuzzy solution.
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