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Abstract

In a wide variety of technical specialties as well as in the field of medical, (fuzzy differential equations) FDEs models being
used. Chang S.L. and Zadeh L.A. developed the term “fuzzy derivative.” After that, Dubosis, D., and Prade applied the extension
principle in their strategy. Kandel A. and Byatt WJ. coined the phrase “fuzzy differential equation” in 1987. This study
applies the Hukuhara derivative of the fuzzy process to the R-K Method of order 5 to solve fuzzy first- and second-order
ODEs. This approach has been demonstrated by resolving a fuzzy Cauchy problem, followed by the numerical elucidation

of FDEs using the order of five of R-K method.
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1. Introduction

FDEs can be seen as a sort of unclear differential
equation wherein the wuncertain readings of the
parameters, coefficients, and boundaries are all taken
into consideration as fuzzy numbers. The value given to a
variable by a fuzzy number might be thought of as being
imprecise. A fuzzy problem with differential equations
can be thought of as a differential equation with unreliable
values, or “granular values,” as its partners, coeflicients,
and conditions. This viewpoint treats a fuzzy differential
equations parameter, coefficients, and conditions as the
degranulation values. Fuzzy number-valued functions
q: (a,b) CR—E and g: (a,b) CR— E, are connected
to first type and second type fuzzy functions, respectively.
Different fuzzy derivative definitions have formed the
most significant portion of FDE history. Fuzzy derivatives
can be divided into fractional order and integer order
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categories. Using the fifth order R-K Method, we are able
to solve fuzzy differential equations of integer order.

Using a numerical method for n-th order fuzzy
differential equations based on Seikkala derivative
with initial value conditions is studied'. From a scheme
based on the Taylor method of order p is discussed
in detail>. The paper discussed the generalized
concepts of differentiability (of any order neN)*. Set
theoretical relations are obtained for fuzzy mappings,
fuzzy functions, and fuzzy parametric functions®.
Differentiation of ordinary functions at a fuzzy point
with fuzzy differential calculus® are studied. Using a
special kind of fuzzy linear programming problem
involving symmetric trapezoidal fuzzy numbers are
considered®. The solution of the fuzzy linear vertical
infiltration equation is examined in ”. ® deals with fuzzy-
set-valued mappings of a real variable whose values are
normal, convex, upper semicontinuous.
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2. 2™ Order FDE These are the equations’ precise answers:
Derivation 2™ of order FDEs using fifth order R-K Method (W (i))j = (Wl (i57).w, (i ]))
Theorem: 3.1 (17(")), :(171 (i51)7, <i;j>)

Assume the 2™ order FDEs
The nearly correct answers to the above-mentioned

D'(w)=gqli,w d_w equations are,
bl bl dt

w(t,)=w,,w'(t,) =w,

(7(0), = (7 (5):7. (i)
Then the approximate solution of 2" order FDE using
fifth order R-K Method is determined. By the use of 5" order R-K Method for =0, I,.....N the

nearly solution is the following calculations:
Proof: ~ o
Two first order concurrent FDEs can be derived from the W [i, st [=w, [i5r]+ hz [ w(i;37):%, (i3] )]

given 2™ order FDE as shown below.
w [t+1’r] [l r]+hz [it’ﬁ/(it;j),ﬁl (it;j)]

[t+1’r] [’t’r]"'hz r [itﬁ/(it;j),ﬁl (it;j>]

D(v)=v=g, (i,w,v),i € [iO,I]
D(v)=gq, (i,w,v)
w(t,) =w,, w’(to) =v(t,)=v,

Where w, and v, are fuzzy numbers. v, [i‘“;r] =7, [i‘;r] - hzw’]” {i‘vw(i‘ ;j>’171 (if ’]>]
r=1

where the @, are constants. Then k, ,k leH and 1 , forr=1, 2, 3, 4 consists of the following:

k, [z w (i3 /) t,] mm{ i,u,v |u€([ (1;j),Wz(it;j)],VG[Vl(it;j>,172(i,;j)])}

kl,z[it,WOt . 'nj max{q i,u,v |u€ (t;j),ﬁlz (it;j)],ve[ﬁl (it;j),ﬁz(it;jﬂ)}
i, [i,9(1),7 (i) mln| ’“ v |”€<PM (1.9 (i), (1), 1o (3,9 (13).7 (637 )
%1 (iﬁj)),qu(it,ﬁ/(it;j),?(it;j»)
90655705 ,u vl we(p, (i, (i37)7 (i57))s b (3,9 (137)57 (i57)),
v € (au, (1, (i53),7 (1)), 2 (1. 90), 7 (i3 7))
. [i (i) mm| i, +— u,v (Pz,1 (it,ﬁ/(it J)v (i )) pzz(z w(i, ])ﬁ(iﬁj))),
- v € 1,(350)57(151))o 0 1935, 735)
()70 ,uv we (o (1,93 )57 (151))s Pas (1,901,557 (151))),

ve ‘121 i, w z’j ( )) qzz(l W(r’j> ( ])))
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i +E,u,v
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N

lue(ps, (i wlisi)>v (i) pya (W3 7)5 7 (5 )) )5
;s it,v“v(it;j),v(it;j)]min| (a9 351):7 15 1))s o (1.59): 7 J)>)|

ve (qa,1 (i, (i3 )9 (i,3)) @ (1, (3,3)57 (i3 j)))
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P [i,9(i37), 7 (15 )| =W, (i3 ) + < Ko, [1, (1,5 1), 7 (i,3)]
Pua i (15 0),7 i3 )| =, (15 7) + S o [1,9(051), 7 (i)
P2, [ir,w(it;j)"j(it ’])] =w (i,;j) +-k, [itw(it ;j>"7 (it;j)] +-k,, [it)w(it;j),v (it ’])]

P, 1 (i3 7). 7 (i) =, (i3 j) + =

a1 90357),7(357)] =9, (5 9)+ 31 1 9(157) 7 357)]

0 171597 (651)] =7, 15)+ 3 705,75 )

90050, )= 150)+ G (3 1)9357)] +- s ()73

G 170150755 1) =7, (357) + LM 170050075 Lo (5190357

903505715 )]= 9 15+ 1150955 gL 170157 )]

0 170050750 =7, 15+ ()9 5]+ 7057), 9. )

059157 = ) = 1, [958, 06509157+ 28,, 065,915
Qs 5.390150): 915 =2 1) 41 359G ). 9 ) =0 9 )9 ) 20 19010, )
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Now, using the initial conditions w,and v, and the 5th -order R-Kformula, we calculate

0[5 =9, (1 7) + [ [ (i3 )57 (1 )]+ 40, [1, 9 (1), 755 )|+, [, 5,7 (55
%%uhﬁﬁﬁﬁﬁﬁdm+4kghW@U%V@Jﬂ+K¢hW@J%V@Um

W, [im;r] =, i)+
7 [i, 7] =7, [it;r]+%hl,l (1,9 (1,5 7)59 (i3 9)] + 41, (1,9 (35 )59 (35 )]+ s, 1,93 ), 7 s 5) )

C . _r h C el N o C N o C ol N e
v, [zm;r] =, [zt;r]—l—g[qu [1t,w(1t;]),v(zt;])]+4]l4’2 [zt)w<zt;]),v(1t;])]—|—}15’2 [zt)w(zt;]),v(zt;])”

The convergence of the approximate solution to the precise solution is demonstrated by the following equations

limw, (55 7)=w, (i)
limw, (i j) = W, (i /)
limv, (i; j) =, (i: )
limv, (i; j) =7, (i )

Theorem : 3.2
Let the number list go {mn }L satisfy

|m, +1/<C|m, |+D,0<n<N-1
Given a positive constants C and ) . Then

m, | <C

C"—1

Prove that the domain containing the elements of F,,G,,F, and G, satisfies the equation

(Cn

[m, | <€ fm,[+DE—0<m<N

Proof:
Generally, replacing the value of i, with i and after replacing w, (i;j) .7, (i; j) by @, ¥ then F, (i,0,m),

G, (i,ﬁ,m) I, (i,lﬁl,]l’h) .G, (i, ﬁ,ﬁn) are defined as follows:
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F, (i,i,m) =1, (i,5,m)+41,, (i,0,m)+1,, (i,1,m)
G, (i,n,m)=1, (i,i,m)+41,, (i,i,m)+1,, (i,0,m)

The domain containing the elements of IF,G,,IF,,G, are defined by
K= [i,ﬁ,zrh]|0§tt§’ﬂ‘,—oo<u<oo, —00<m <00

Therefore, the domain [K satisfies the given equation by containing the elements o fF,,G,F, and G,.

Theorem :3.3

Let the list of numbers go {mm }io ,{sn }j=0 satisfy
|mn+1| §|mm —|—(C.max{|mn )|s,, }—I—]D)
sn+1| < |mn + (C.max{|mm ,|sn|}—|— D

Given a positive constant C and D, and denote

o=, [+]s [0 <n

- —C" -1 _ _
”1'hen|1ul“|§(cm u0|+ﬂD—1,0§n§N,where C=+41+2C and D=2D.
C_

Prove that the domain containing the elements of I,,G,F, and G, satisfies the equation

u0|+]I_))((é71,0§n§N

u,|<c”
-1

Proof:
Generally, replacing the value of i, with i and after replacing W, (i; ]) W, (i; j>, 7, (i; j),and v, (i; ])
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i 1, g,m,v) , are defined as follows:

The domain containing the elements of F,G,F, and G,are defined by

Ko [i,1,5,1m,7]|0 <i<T,—00 <, <00, —00<§ <00,

—oo<m <00 ,—00 < V<00

Therefore, the domain K satisfies the given equation by containing the elements of F,,G,,F, and G,
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3. Conclusion 3. Bede B, Gal SG. Generalizations of the Differentiability

of Fuzzy Number Valued Functions with Applications to
The first order and the second-order ordinary Fuzzy Differential Equation. Fuzzy Sets and Systems. 2005;

FDEs can be solved numerically using a fifth order R-K 151:581-599.

Method. Here, the second order FDE is divided into 4. Chang SL, Zadeh LA. On Fuzzy Mapping and Control.

two simultaneous first order FDEs before the equations’ IEEE Trans Systems Man Cybernet. 1972; 2:30-34.

solutions are computed. As a result, the precise values for 5. Dubosis D, Prade H. Towards Fuzzy Differential Calculus:

this procedure are good and acceptable. Part3, Differentiation. Fuzzy Sets and Systems. 1982; 8:25-
233.

6. Ganesan K, Veeramani P. Fuzzy Linear Programming
with Trapezoidal Fuzzy Numbers. Annals of Operations
Research. 2006; 143:305-315.

7. Goetschel R, Voxman, Elementary W Fuzzy Calculus.
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