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Abstract:In this paper, we interpret a fuzzy differential equations by using Seikkala derivative of fuzzy process. We 

investigate the problem of finding a numerical approximation of solutions. Adam’s fifth order predictor-corrector method 

and Runge-Kutta method of order five are implemented and their analysis which guarantees pointwise convergence is 

discussed. These methods are illustrated by solving example. Finally, we compare the solutions obtained by Adam’s fifth 

order predictor corrector and Runge-Kutta method of order five. 
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I. INTRODUCTION 

          Fuzzy differential equations (FDE’s) are utilized for 

the purpose of the modeling problems in science and 

engineering. The most of the problems in science and 

engineering require the solutions of a fuzzy differential 

equation(FDE) which are satisfied in Fuzzy initial 

conditions. Therefore a fuzzy initial value problem is occurs, 

and should be solved. It is too complicated to obtain the 

exact solution of FDE which models the mentioned problem. 

The concept of fuzzy derivative was first introduced by 

Chang Zadeh in [7], it was followed up by Duboi’s, prade in 

[8], who defined and used the extension principle. The fuzzy 

differential equation and the initial value problem where 

regularly treated by Kaleva in [9],[10] and by Seikkala in 

[11]. The numerical method for solving fuzzy differential is 

introduced by Ma, Friedman and Kandel in [12]. 

In this paper, we develop numerical solution of fuzzy 

differential equation by an application of the fifth order 

predictor corrector method. 

II. DEFINITIONS AND BASIC PROPERTIES 

A. Fuzzy sets 

             The idea of fuzzy set was introduced by Lotfi Zadeh 

in 1965 as a means of handling uncertainty that is due to 

imprecision or vagueness rather than to randomness. Fuzzy 

sets were taken up with interests by engineers, computer 

scientists and operations researchers. While mathematicians 

have been involved with the development of fuzzy sets from 

the very beginning, it has really been in recent years only 

that fuzzy sets have started receiving serious consideration 

from a wider mathematical community. Many interesting 

mathematical problems are coming  and the mathematical 

foundations of the subject are firmly established and now it 

has emerged as an independent branch of applied Fuzzy sets 

are considered with respect to a nonempty base set 𝑋 of 

elements of interest. The essential idea is that each element 𝑥∈𝑋 is assigned a membership grade u(x)  taking values in [ 

0,1 ], with u(x) = 0 corresponding to non-membership, 0 < 
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u(x) < 1 to partial membership, and   = 1 to full membership. 

According to Zadeh a fuzzy subset of 𝑋 is a nonempty 

subset {(𝑥, u(x)) ∶𝑥∈𝑋} of 𝑋 × [ 0,1 ]for some function 𝑢: 𝑋 

→ [ 0,1 ] . The function 𝑢 itself used for the fuzzy set. 

B. Fuzzy Cauchy Problem 

       Consider the first order fuzzy differential equation 

y’ = f(t, y) where y is a fuzzy function of f(t, y) is a 

fuzzy function of t,  f(t, y) is a fuzzy function of crisp 

variable y, and y’ is Hukuhara or Seikala fuzzy 

derivative of y. If an initial value y( ) =  is given, a 

fuzzy Cauchy problem of first order will be obtained as 

follows: 
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            Sufficient conditions for the existence of a unique 

solution  to equation 1 are 

(i) Continuity  of f, 

(ii)  Lipschitz condition    
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where i= 4,5,….N-1. 

D. Adam’s-Moulton Four Step Method 
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    where i=4,………,N-1. 

 

E. Definition 

Associated with the difference equation  
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 is a polynomial, called the characteristic polynomial of the 

method given by  
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           If 1i for each i=1,2,3,………,m, and all roots 
with absolute value 1 are simple roots, then the difference 

method is said to satisfy the root condition. 

F. Interpolation of Fuzzy Number 

 The problem of interpolation for fuzzy sets is as 

follows: Suppose that at various time instant t information 

f(t) is presented as fuzzy set. The aim is to approximate the 

function f(t) , for all t in the domain of f. 

          Let ttt n
 

10

 be n+1 distinct points in R and 

let uuu n
,,,

10
  be n+1 fuzzy sets in E. 

           A fuzzy polynomial interpolation of the data is a 

fuzzy value continuous function f: R → E satisfying: 
(i) ,)(

~

ii utf   i= 1,…..,n. 
(ii) If the data is crisp, then the interpolation f is a crisp 

polynomial.  

           A function f which fulfilling these condition may be 

constructed as follows. 
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           Finally, for each Rt and all R is defined by 

Etf )( by 
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           The interpolation polynomial can be written level set 

wise as  
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for 10  . 

             When the data ui
presents as triangular fuzzy 

numbers, values of the interpolation polynomial are 

triangular fuzzy numbers. Then f(t) has a particular simple 

form that is well situated to computation. 

III. ADAM’S METHOD 
 

A. Adam’s-Bashforth methods 

       

          Now we are going to solve fuzzy initial value problem 
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which are triangular fuzzy numbers and are shown by 

 

))},(,()),(,()),(,({

))},(,()),(,()),(,({

))},(,()),(,()),(,(

))},(,()),(,()),(,({

))},(,()),(,()),(,({

333333

222222

111111

111111

{

ttfttfttf

ttfttfttf

ttfttfttf

ttfttfttf

ttfttfttf

ii

r

ii

c

ii

l

ii

r

ii

c

ii

l

ii

r

ii

c

ii

l

ii

r

ii

c

ii

l

ii

r

ii

c

ii

l

yyy

yyy

yyy

yyy

yyy









 
Also

.))(,()()(
4

3

~

3

~

4

~

dttyt

t

t

fyy
i

i

tt ii 







 

By fuzzy interpolation: 
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 We have:  
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Therefore the following results will be obtained. 
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The following results will be obtained by using the method 

of 

))],( ,()1(

))( ,([
720

251
))]( ,()1(

))( ,([
720

1274
))]( ,()1(

))( ,([
720

2616
))]( ,(f )-(1 

 )( ,([
720

2774
))]( ,(f )-(1 

) ) ( ,([
720

1901
)()(

11

11

11

1122

r

2233

l

3334y

























ii

l

ii

c

ii

r

ii

c

ii

c

ii

c

ii

ii

c

ii

ii

c

ii

tytf

tytf
h

tytf

tytf
h

tytf

tytf
h

tyt

tytf
h

tyt

tytf
h

tyt














))],( ,()1(

))( ,([
720

251
))]( ,()1(

))( ,([
720

1274
))]( ,()1(

))( ,([
720

2616
))]( ,(f )-(1 

 )( ,([
720

2774
))]( ,(f )-(1 

) ) ( ,([
720

1901
)()(

11

11

11

1122

l

2233

r

3334

























ii

r

ii

c

ii

l

ii

c

ii

r

ii

c

ii

ii

c

ii

ii

c

ii

tytf

tytf
h

tytf

tytf
h

tytf

tytf
h

tyt

tytf
h

tyt

tytf
h

tyty













))],(,(251))(),(((1274

))(,(2616))(),(2774

))(,(1901[
720

)()(

11

1122

3334













iiii

iiii

iiii

tytftytf

tytftytf

tytf
h

tyty







 

))].(,(251))(),(((1274

))(,(2616))(),(2774

))(,(1901[
720

)()(

11

1122

3334













iiii

iiii

iiii

tytftytf

tytftytf

tytf
h

tyty







  

Therefore Adam’s –Bashforth five step method is obtained 

as follows: 

))],(,(251))(,((1274

))(,(2616))(),(2774

))(,(1901[
720

)()(

11

1122

3334













iiii

iiii

iiii

tytftytf

tytftytf

tytf
h

tyty







 

)).(,()())(,()(

))(,()())(,()(

))(,()())(,(

)),(,()())(,()(

))(,()())(,()(

))(,()())(,(

333222

111

111

333222

111

111

























ii

r

iii

l

i

ii

r

iii

l

i

ii

r

i

r

ii

c

iii

c

i

ii

c

iii

c

i

ii

c

i

c

tyttyt

tyttyt

tyttyt

tyttyt

tyttyt

tyttyt

tfltfl

tfltfl

tflf

tfltfl

tfltfl

tflf

http://www.ijartet.com/


                                                                                                                    ISSN 2394-3777 (Print) 
                                                                                                                                                             ISSN 2394-3785 (Online)    
                                                                                                                                         Available online at www.ijartet.com  
                         
                             
                            International Journal of Advanced Research Trends in Engineering and Technology (IJARTET) 

  Vol. 5, Special Issue 12, April 2018 

 

 

 

 

                                                                 All Rights Reserved © 2018 IJARTET                                                   496 
 

))],(,(251))(,((1274

))(,(2616))(,(2774

))(,(1901[
720

)()(

11

1122

3334













iiii

iiii

iiii

tytftytf

tytftytf

tytf
h

tyty







 

.)(,)(

,)(,)(,)(

)(,)(

,)(,)(,)(

9382

71651

4332

21101































ii

iii

ii

iii

tyty

tytyty

tyty

tytyty

 

 

IV . NUMERICAL EXAMPLES 

 

A. Example 4.1 

  

               Consider the fuzzy initial value problem, 

 

)()(' tyty  ,                 tI=[0,1], 

 

y(0)= (0.75 + 0,25 r, 1,125-0.125 r), 

0 .1 r  

By using the Runge-Kutta method of order 5, we 

have
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The exact solution is given by 
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where at t=1,  
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By using  Runge-Kutta fifth order method the following 

results are obtained: 
 

TABLE 4.1 

 

B. Example 4.2 

 

Consider the fuzzy initial value problem, 
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The exact solution at t=1 is given by   
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By using  Adam’s-fifth order predictor corrector method the 

following results are obtained: 
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Exact Solution 
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0.1 
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0.9078 
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1.0128 

1.0714 

1.1344 
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1.4524 
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TABLE 4.2 

 
The error of  Runge-Kutta method of order 5 and Adam’s  

method of order 5 are shown in order to show that our  

proposed method gives better solution. 
 

TABLE 4.3 

 

IV. CONCLUSION 

           In this Paper, we have Applied Iterative Solution of 

Adam’s Predictor Corrector Fifth Order method for finding 

the Numerical Solution of Fuzzy Differential Equations. 

Comparison of Solution of  Example 1 And 2 Shows that our 

Proposed  method gives better Solution than Runge-Kutta 

Fifth Order method.  
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