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Abstract

The fuzzy Kashuri-Fundo transforms is presented in this study. Properties and related theorems are
proved. Examples from everyday life are provided to illustrate the method of this fuzzy transformation in
differential equations. This paper demonstrates how this intriguing fuzzy transformation may be used to
solve second-order fuzzy differential equations with constant coefficients under generalized Hukuhara
differentiability. Furthermore, important theorems are provided to clarify the characteristics of the fuzzy
Kashuri-Fundo transform, and the proposed approach is verified using two real-world cases.

Keywords: Second-order fuzzy differential equations, first-order fuzzy differential equations, fuzzy
number, fuzzy Kashuri-Fundo transforms, strongly generalized differentiable

1. Introduction

The theory of fuzzy differential equations has gained a lot of interest lately and has been
expanding quickly. Numerous writers conducted extensive research on it (see ). Other
academics have created some numerical approaches and algorithms to deal with the solutions
of this type of problem (see -81). A new approach to solving fuzzy linear differential equations
was put out by Allahviranloo et al. in 7], It was constructed using the equivalent integral forms
of the original problems and assumed highly generalized differentiability. However, their
major finding was formal and unproven, and their approach was restricted to solving only
fuzzy linear differential equations with crisp constant coefficients. We devised and expanded
this operator approach in 2015 (see ) to solve several first-order fuzzy linear differential
equations with variable coefficients, motivated by their work. Additionally, we provided the
solution to the general formula along with the required proofs. Prior to 2021, Alshibley [!
employed the fuzzy Aboodh transform in an analytic solution approach for a few first-order
fuzzy differential equations under the highly generalized differentiability. The authors' primary
finding was the relationship between a fuzzy function’s first derivative and its fuzzy Kashuri-
Fundo transformations. They provided two numerical examples, both of which are first-order
fuzzy differential equations, to demonstrate the effectiveness of the approach. This work aims
to solve second-order fuzzy differential equations under strongly generalized differentiability
by extending their main result and developing their method by establishing the relationship
between a function's second derivative and its fuzzy Kashuri-Fundo transforms.

2. Fundamental Preliminaries
The following fundamental concepts and theorems pertaining to our work in this field are
included for completeness's sake.

2.1 Definition ¥
The mapping B: R — [0, 1] is said to be fuzzy number if it fulfills the following:
1. B is upper semi-continuous.
2.B is fuzzy convex, i.e, B(Yx + (1 —Y)) = tmin{B(x), B(t)},for all x,,¥ € [0,1] and t €
R.
3.Bisnormal i.e, 3 x, € R for whichB(x) = 1.
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4.suppB) ={x € RB() > 01}, and cl(Supp (B)) is compact.

Let @ be the set of all fuzzy number on R. The Y -level set of a fuzzy number B € @, 0 < Y < 1 denoted by [B]y is defined as

Bl = xeRB=YLifo<y<1
[Bly = cl(Supp (B)) ifYy=0

Done[B]y = [ B(Y),B(Y)], so the Y -level set[B]y is a bounded and closed interval for all Y € [0, 1].
Zadeh's extension principle states that the operation of addition on @ is given by

(B® 2)(0 = supeg min{B(1), 2(x — )}, x € R
and a fuzzy number's scalar multiplication is provided by

B(%).ifp>0
0ifp=0

where 0 € @

(p ©B)() = {

The following characteristics are widely acknowledged to be true at all levels:
[B® 2]y = [Bly + [0y, [0 ©Bly = p[Bly.

2.2 Definition (14

A pair that is sorted parametrically is a fuzzy number, (B, B) of functions B(Y), B(Y), Y € [0,1], which fulfills:
1.B(Y) is a continuous function with a right function of 0 and a left function of (0,1] that is non-decreasing.
2.B(Y) is a bounded, non-increasing function with 0 continuous right and (0,1] continuous left.

3.B(Y) <B(Y),Y € [0,1].

For arbitrary B = (B(Y),B(Y)),B = (B (¥),B (¥)),0 <Y < 1 and p > 0 we define:

1. Addition B@® 2 = (B(Y) + 2(Y), B(Y) + 2 (Y)).

2. Subtraction B O, 2 = (B(Y) — 2(¥),B (¥) — 2(Y)).

3. Multiplication B®B =

1. (min{B (Y)2 (Y),B (V)B (¥),B (N 2 (Y), B (Y)B2 (Y)}, max{B ()2 (¥),B (V)2 (¥),B (N2 (¥),B (N2 (Y}
(PB,pB) p=0,

— .Ifp=1then p®B = —B
(oB,pB) p<0. ' P

4. Scalar multiplication p®B ={

2.3 Definition 4
Let B and 2 are fuzzy numbers, the Hausdorff distance between two fuzzy numbers is provided by:
IwXw - [0,+0]

I'(B,02) = supyejoq max{|B(Y) — 2 (V)| [BY) — 2 (|},

Where B = (g(y),ﬁ (Y)),B = (2 ), 2(Y)) < Rand following properties are well known:
1. 1.I'(B®n0®B) =I'(B,2),VB,0,1€ .

2. 2I'(pOB,pON) =|p|I'(B,N),VB N Eew,peER.

3. 3I(BON2,1®6) <I'(B,2)+I'(1H),YB 256 E .

4. 4.(I',w) is a complete metric space.

2.4 Definition 14
Let ¥: R — @ be a function with fuzzy values. Assuming a random fixed point x, € R and € > 0 there exists § > 0 such that

X=Xl <86= I"(Y(X),Y(XO)) < €, B is said to be a continuous fuzzy-valued function.

2.5 Definition ['4
A mapping Y:R X @ — @ is referred to as continuous at one point (7, Xe) € R X @ supplied for any fixed Y, € [0,1] and

arbitrary € > 0 there exists an (e, Y) such that F([Y(T, Vly [Y(ro,xo)]Y) < e whenever |t — 74| < 8(e,Y) and I'([xly, [xoly <
S(gY)foralteRxew

2.5.1 Theorem 23
Assume ¥(y) function with fuzzy values on [e, o) and it is embodied by ((¥(x,Y).¥(x,Y)). For any fixed Y € [0,1], let ¥(x, Y)
and ¥(x,Y) are Riemann-integrals on [p,g]. For every g > p, if there are two positive functions 8(Y) and 8(Y) such that
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f;’| Y(x, Y)|dx <0(Y) and f;| Y(x, Y) |dx <6(Y), then the fuzzy number is the improper fuzzy Riemann-integrable, and Y () is
said to be improper fuzzy Riemann-integrable on [p, o],i.e.

[oe]

[ Yoo ax= f (e V. [ T nax
Py

P »

[ee]

2.6 Definition 12
Assume Y, A € w.There is B € w such that ¢ = A then B is known the H-differential of Y and A and it is represented by ¢ ©
A. In this paper, the sign " © " always stands for H-difference, and also note that

O#0,and Y © A= Y+ (-1) A

2.7 Definition !
A function Y: (p, ¢): — @ and x, € (,4). We say that Y is strongly generalized differentiable at x, If such an element exists
(Xo) € w, such that:

i. VZ > 0thatisadequately little, there are Y(x, + ) © Y(x0 ), Y(xo ) © Y(xo — &),

Yo +2)0Y(0) _ lim

Y(x0)OY(xo —5)
) o —0 g

Where lim
» —0

= Y’(Xo)
Or

ii. VZ > 0thatis adequately little, there are Y(x, ) © Y(xo +2),¥(xo — %) ©Y(xo)

Y(x0)OY(xo +£)

Y(XO _E)GY(XO) — YI(XO)

Where lim = lim =
Z—0 £ —0 —=

Or

iii. V£ > 0thatis adequately little, there are Y(xy, + &) © Y(xo), Y(xo — &) © ¥(xo)

Y(xo+E5)OY(x0) __ lim Y(xo—2)0Y(x0) _ Y’(X)
- = - = 0

) T—0 —=

Where :“mo
Or

iv. V Z > 0thatisadequately little, there are ¥(x,) © Y(xo + £), ¥(xo) © Y(xo — &)

o Y)Y (o+E) o Y(X0)©Y(o=F) _ x

Where shl»no = stho - =7 (xo)-

2.9 Theorem [

Let ¥(x): R — wbe a function and represents ¥(x) = ((¥(x, Y).¥(x,¥)) in every instance for

Y € [0,1]. Then:

1. If¥(y) is differentiable form i, then (¥(x, Y) and ¥(x, ) are differentiable functions and ¥'(x) = (¥'(x, Y),?’(X, Y)).

2. If¥(y) is differentiable form ii, then (¥(x,Y) and ¥(x, Y) are differentiable functions and ¥'(y) = (?’()(, .Y Y)).

2.10 Definition [16]
A function ¥: (p, ¢): — . We're saying that a mapping ¥ is strongly generalized differentiable at y, if an element ¥ (x,) € @
exists, such that:

i. VZ > 0thatis sufficiently small, there exist ¥ (xo + £) © Y (X0 ). Y (o ) O Y (xo — &)

¥ (x0 +8)0Y (x0) _

¥ (00)OY' (xo =8)
Xo Xo — Y(z)()(o)

Where lim lim
£ —0 £ —0

Or

ii. Vv Z > 0thatis sufficiently small, there exist ¥’ (x, ) © ¥ (xo +2),¥Y(xo —2) © Y (xo)

oY (xo +8)

! ’ = ’
Where _limOY (o) = lim M = Y?(x,)

—& T—0 -
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Or

iii. V£ > 0thatis sufficiently small, there exist ¥ (yo + &) © ¥ (x0), ¥ (xo — &) © ¥ (x0)

’ - ’
Where lim “Xe+20¥ o) _

= —0 1<)

1o, ’
lim ¥ (t0=0)0Y' (x0) _ Y@ ()

—0 -8
Or

iv. V Z > 0thatis sufficiently small, there exist ¥' (x,) © ¥ (xo + £), ¥ (x0) © ¥ (xo — &)

! ’ = ! ! _5
Where _limow - Jimow = YO (y,).

2.11 Theorem [17]
Let ¥(x) and ¥'(x) are two differentiable fuzzy-valued functions. Denoted that Y- cut is fuzzy valued function representation

Y00 with Y() = [¥(r, ¥), Y(r, ¥), then:

1. Let ¥(x) and Y'(x) are (i)-differentiable, or let ¥(x) and ¥'(x) are (ii)-differentiable then ¥(x, Y)and ¥(x,Y) have derivatives
in first and second order such that

YO () = ¥O V), T (0 Y)]-

2. Let ¥(x) be (i)-differentiable and ¥'(x) be (ii)- differentiable, or let ¥(y) be (ii)-differentiable and Y'() be (i) differentiable
then ¥(x, Y)and ¥(x, Y) have derivatives in first and second order such that ¥ (y) = [?(2) CAYRKACA

3. Fuzzy Kashuri-Fundo Transform

The fuzzy start and boundary value issues related to fuzzy differential equations are resolved by the fuzzy Kashuri-Fundo
transform method. Fuzzy Kashuri-Fundo transformations simplify a fuzzy differential equation by turning it into an algebraic
problem. Operational calculus, a crucial branch of practical mathematics, is the transition from calculus operations to algebraic
operations on transformations.

Artion Kashuri and Akli Fundo.

3.1 Kashuri-Fundo Integral Transform [8]
The Kashuri-Fundo Transform is an integral transform that was proposed by Kashuri and Fundo. The function defines this
transform Y(y) as:

1
K[¥Y(x)] = %fom Y(x) e 72X dy = @(+), Where y = 0,—p,; < < p, and in the function ¥, the variable +~ is used as a factor to
the variable y

3.2 Definition
1
Let ¥(x) be a fuzzy-valued continuous function. Suppose that i ¥(x) ®e ~2* is an inappropriate fuzzy Integrable at Rimann on

1
[0, ), then ifow ¥Y(x) e 72X dy = B(+) is being called fuzzy Kashuri-Fundo transform and is known as

1
R¥(p] = %fom ¥Y(y)®e ~2* dy, (+ > 0 and integer)

1 fm Y()@e 7 dy = 1f¥(x)®e712% dy, = fm T @e 7 dy
4/" 4/., — ’ 4/‘/ .
0 0 0

Using the definition of classical Kashuri-Fundo transform, to get:
1 _ 00 — _t
K[ YO =~ J," Y@ 7 dy and K[Y(x, Y)] =~ ;" Y(r)@e 72* dy, then

RIY(1 = K[YQ V] E[Y0 V)]

3.3 Theorem
Let ¥(x), ¥(x) be continuous fuzzy-valued functions, M; and M, are constants, then

D). K[]VQ@!Y(X)] = M1®K[¥(X)]-

(2). R[(M,0Y(0))B(M,0¥(0))] = (M, OR[Y()])® (M, OK[¥()])
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Proof

_ _ 17 a1 1
RMOY(] = (RM6Y 0L V] RMGFGLV]) = (; [ s ay - [ M Fwoee dx)
0 0

= Ml Y(X)Ge‘%zx d Jvrl ?(X)Qe‘%x d
1oL X 1,7 X

0 0

17 a1 1 _ _
=, <; [ ¥wee ™ ar.— [ Fooe = dx) = 3, (K[¥ o ] KF( W]) = M6, 0RIYCO)]
0

0

(2)- Suppose Y(x) = (Y(r, ¥), Y(x, Y) and ¥(x) = (¥(r, ), ¥(x, Y)

R(M,0700)0(M,0%(0)] = (K[ 26, Y0 V) + M V] KDIEG FY) + 3700 ]) = (20777 (30, ¥ v +
MEGY)) i 27T (M ¥ Y) + MF00Y)) d)

1 1 10— 1 1 1 1 s
= <; f e M ¥ Y)dy, — f M YY) e rzxdx)))+ <; f e M ¥(r, Y)dy, — f M ¥(uY) e de)))
0 0 0 0

1 1 1 (= 3
=M, (; [ e vanany: [ Tape ﬂ’fdx)))

0 0

r
0 0

=M, (K[Y(r. V] R[¥( Y]) + M (K[EGG Y] RFEQLY)]) = (M, 0R[Y 01 (M, OR¥(0)])

1 1 1= 1
+ 3, (— [ e ¥ [ ¥ ean)

4. Fuzzy Kashuri-Fundo Transform for First -Order Fuzzy Differential Equation
The fuzzy Kashuri-Fundo transform of the derivative of a first order under generalized H-differentiability must be analyzed for
high-order fuzzy differential equations.

4.1 Theorem
Let ¥(y) is the primitive of ¥'(x) on [0, ) and ¥ () is a fuzzy-valued function that is integrable, then:

1. Y(y)is (i)-differentiable then R[¥' (x)] = %@ﬁ[Y(}()] o %@Y(O).
2. ¥(y)is (ii)-differentiable then R[¥' (x)] = (— z G)Y(O)) O (- L okIY()))

Proof (1)
For a fixed, arbitrary 0 < Y < 1,

%GK[YO{)] © },@Y(O) = (%K[z(x, ] - %z(o,y)% K[¥Co )] - %?(o,y))
Since

K[ (V)] = SKFG V] - 2YO0K[F 0 Y)| =5 k[Fo Y] - 2¥(0,Y).
since ¥(x) is differentiable of form i using Theorem (2.2)

YY) =YY@V =Y @Y

1 1
K[Y (V] = K[ Y QW] = ZK[YG Y] - YOV
— —r 1 _ 1_
K[¥ 0o ¥] =¥[Y Y] = = KFG W] - —¥0.¥)

1 1 — .
S ORIY(W] © —0Y(0) = (K[ ¥ (e ] ¥ ¥ (. V]) = KI¥' ()]
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Proof (2)

IOIE (—iafemx)]) = (5 KFG@ Y] - 0.9, KX Y] - ~¥0.Y)

7 72 T\ 2 ’ Y A ="

Since

K[Y' (o V)] = SR Y] - 2YO, V). [F (0 V)] = = K[FG. V)] - 270, Y).

Since Y(y) is differentiable of form ii using Theorem (2.2):

YY) =¥ @YY =YY

K[¥ o] =k[¥ W] =- 25(0,Y) +— K[F (0 )]
— - ’ oY 72 ’

_ 1 1
K[¥Co W] = R[¥ ] = = 20 + SR Y)]

1 1 — N
(—;@Y(0)> © (— FGK[YO{)]) = (K[ Y0 V] E[Y (0 V)]) = RIY (0]
4.1 Example: Consider a fuzzy initial value problem:

Y () =YQ),YO0,¥)=(Y-11-Y),0<y<1.

Solution
Apply both sides' fuzzy Kashuri-Fundo transforms to get R[¥' (x)] = R[¥(x)]

Case (1)
Y (x) be (i)-differentiable,

1
T2

- o 1
RIY' (0] = 5 OR[Y(0] © —OY(0)

Using upper and lower functions, to have

1 1 _ j — 1_ e

(% - 1) K[Y(r, )] = %(Y -1), (% - 1) R¥Y V)] = %(1 -Y)

K[¥(, V)] = = (Y—l),K[?(x.Y)]=(1; a-y

) %0

7

_1 T _ -1 r _
Y0uY) = (®) <(1_¢2)(Y—1)>,Y(X,Y)—(K) <(1_4,2)<1 Y))

Using inverse Kashuri-Fundo transform, ¥(x,¥) = (Y — 1) eX, ¥(x, Y) = (1 = ¥) ¥

Case (2)
Y () be (ii)-differentiable,

o ren _ 1 1
RIY' (01 = (—;ow) O (- OkI¥()
Using upper and lower functions, to have

150 1 B L 1 e
= ZYO.Y) + S K[YG V)] = K[YC V] — —Y(0.¥) + —K[Y( V)] = K[Y( V)
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1 1 — _ 1 1 1 g
— =+ SKRY Y] = KYG W] - (- D+ ZK[YG ] = kY. V)]

1 . 1 1 = 1
—K[YQ V] -K[Y W] = — (1 -, K[ Y V] - K[ Y& V] =— ¥ -1

7

1 K[¥ __ T 1
T VRG] = 50D

Using inverse Kashuri-Fundo transform, ¥(,¥) = (1 — Y)e 4, ¥(x,Y) = (1 — Y)e™*
5. Fuzzy Kashuri-Fundo transform for second-order differential equation
In this part, fuzzy Ordinary differential equations with second order derivative are solved using the fuzzy Kashuri-Fundo
transform.
5.1 Theorem
Let Y(x)e X, ¥ (x)e¥ and Y@ (x)e~sX are continuous and integrable Riemann functions on[0, o0) so ¥(x) is continuous fuzzy
valued function. Thus:
a) IfY(y)and Y' () are (i)-differentiable, then
1 1 1

g[¥®@ =1_ (K — —-Y
RO | = (S eRivml © —erolo ~¥(.
b) If ¥(y)is (i)-differentiable and ¥ (x) is (ii)-differentiable, then

1 1 1
R[¥@ S — Ok S
k[¥® (0] ( ~¥ (0)> S) { —ORIY(] © ( — @Y(O))}
c) If¥Y(y)is (ii)-differentiable and Y'(y) is (i)-differentiable, then

1 1 1
R[¥(2) =) — MOk o
RIY® (0] = {- S 0v© © (- okl )} 0 - ¥'©)
d) [If¥(y) is (ii)-differentiable and ¥’ (y)is (ii)-differentiable, then

1 1 1
olw(2) _(_1. 1 1
K ] = (- v ) 0 (010 0 okivwl |
Proof: (a) Y(y)and Y' () are (i)-differentiable
(LRI © Z0vM} 0 LY'(0) = (HK[ Y0 V] - 2 0Y0,Y) - 1¥/0,), LK ¥ V] - S0%0,9) - 1¥(0,),

~ 1 1 — = 1_
{s"Al¥(n] © YO} O £Y'(0) = (SZA[X()(.Y)] - ¥(0,¥) - SY(0.),s*A[¥G V] - ¥(0,¥) - YO, Y))
Since
K[Y® (¥ ] = ZK[Y( V)] - 5 ¥(0,¥) - 2Y'(0,Y),

k[FP0n | = ZkFav] - S Fon - LYo,

Since ¥(y) and Y' () are (i)-differentiable, using Theorem (2.2):
YO V) = YO DYDY =F (0 Y).

Since Y(y) is (i)-differentiable using Theorem (2.1),
Y(0,¥) =¥ (0,y) and ¥'(0,¥) = Y'(0, Y).

YO (r¥) | = SK[Y0 V] -5 YO0, 9) - 2Y'(0,Y),
K[ YO0 Y) | = SK[F( Y] - 5 ¥0,) - ~¥(0, ).

[ForIY(n] @50} 0 170 = (K[ Y20 & [ YO (r. V)]) = R[¥@ 0 |

~217~
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S I 1 1,
RY®00] = (S 0kIv00] © — YO} o 1o

(b) ¥(x) is (i)-differentiable and ¥’ () is (ii)-differentiable

(-iv)of-Lerrw o (-Ler®)} = (-0 + LK Fu Y] - S 0¥0,y. - LYo,y +
LK Y0 V] - H0Y0.Y)

Since

K[YO (r¥) | = SK[Y0 V] -5 YO0, 9) - 2Y'(0,Y),

k[¥7 009 | = SKF0 Y] - 5 0.9 - 270,

Since, Y(y) is (i)-differentiable and Y’ (y) is (ii)-differentiable using Theorem (2.2):
YO@Y) =¥ Y20Y) =7 0 Y).

Since Y () is (i)-differentiable using Theorem (2.1) getting,
Y'(0,¥) =Y (0,Y) and ¥ (0,Y) = Y'(0,Y).

Y20V | = 5KF@ V] - 5 ¥0.9) - 2¥0,Y),
- 1 1 1
k[ YY) | = k¥ ] - Y09 - —Y(0,Y).

(-iv@)ef-Herrm © (-50vO)} = (Ky2a »] K [Y@6V]) = RY® (]

RE (0] = (=70 ) © - okivm)] © (-— 6¥(0)
\ r r* X 73 '
(c) Y()is (ii)-differentiable and ¥’ () is (i)-differentiable
{-Z0vO 0 (- L eRIYWI)} © 2¥'(0) = (- 50%(0,Y) + Lok T V)] - 1Y/(0,), - L oY0, V) +
Lok Y V] - 2F0.Y),
Since

KY®(r,¥) ] = ZK[Y( V)] — 5 ¥(0,¥) — ~Y'(0,Y),

k[¥7 00y | = SKFC Y] - & 0.0 - 27 0.

Since Y(y)is (ii)-differentiable and ¥’ () is (i)-differentiable using Theorem (2.2):
YOO Y) =YOuN YO0V =¥ 0 Y).

Since Y(y) is (ii)-differentiable using Theorem (2.1) getting,
¥(0,¥) =¥'(0,¥) and ¥'(0,¥) =¥ (0, ¥).

KYO 0 ¥) | = K[ Y0 V] - = ¥0,%) — ~¥'(0,Y),
— 1 1 1_
kYO Y | = K[ V] - = YO.¥) - —F(O.Y).

(-iv@)of-Lerrml © (-5 erm)} = kY2 VLK [f®w ] = /¥® o]

RIY® (0] = |~ 0¥ © (5 oRIYGI )| © - Y (0.
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(d) ¥(x) and ¥’ () are (ii)-differentiable
(-iv@) o (Hovm e LeRYwI} = (-1F0.V) - Y0,V + ZK[ Y0 V], - 2¥/0,) - 5709 + ZK[F0u V),

Since

1

KYP0 ) | = K[ Y0 V)] - 5 YO.9) - Y0, ),

k[770 0 | = SR Ya W] -5 ¥0.9) - 27 0,y).

Since, ¥(x) and ¥ (x) are (ii)-differentiable using Theorem (2.2):
YO@Y) = Y2 NP0y =7 @Y.

Since ¥(y) is (ii)-differentiable using Theorem (2.1) getting,
Y'(0,¥) =Y'(0,¥) and ¥'(0,¥) =¥ (0, ¥).

KYO0 ) | = SK[F@ V] - 5 Y09 - 2¥0O,Y),
_ 1 1 — 1
(—%Y’(O)) e {Hov( e Lok} = (K[ Y20 V] k[ YD ¢ V]) = R[¥® (0 ].

- 1 1 1
R[Y@ (] = <_;Y’(0)> S) {47 oY) © FQK[Y(X)] }

5.1 Example: Consider fuzzy initial value problem:
YO =BYO0N=YOY=K-11-Y)p=F-11-Y),0<y<1.

Solution
Apply fuzzy Kashuri-Fundo transform on both sides, to get K[¥® (x) | = R[B].
(1) IfF¥(y)and Y'(y) are (i)-differentiable

Ry@m] = {%@féh’(x)] @%@Y(O)} © %Y'(O)
{(LoRY(n] ©50Y(0)} 6 1v(0) =]
SR W] - FY0,9) - 1Y O Y) =K[B],
SK[Y Y] - 5709 - -¥0,Y) =[B].
SKY Y] - SO -D- ¥ -D =7,
kY] - S0 -V - ~(1-Y) =7
ZKFO ] = O+ 2+ Y - 1),

LR Y] = (- + 1+ Ha-y.

KYG V] =@+ 73 ++5)(¥ - D),

KXY =@ +r3+ 50 -Y).

Using inverse Kashuri-Fundo transform,

YY) = W= DA +x+5 1D, YY) = A=A +x+5 2.
(2) If ¥()is (i)-differentiable but Y’ (t) is (ii)-differentiable,
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Yo =0-DG2)+A-Na+D=0-Y(x+1-3x?).

YN =0-VEA)+@-Da+D=§-D(x+1-12)

(3) IF Y (y) is (ii)-differentiable and ¥’ () is (i)-differentiable
YuN=G-DGrA+x)+A-N=0-V(-3x-x+1)

YaN =0-NE2+x)+§-D=§-D(-;x2-x+1),

(4) If ¥(y) is (ii)-differentiable and ¥’ () is (ii)-differentiable
YY) = (Y—D(%;ﬂ +1)+(1—y)()() = (Y- 1)@)(2 + 1—)()-

Yaon=0-VEr+1)+§-DW=0-V(Er+1-x)

6. Conclusions

The relationship between a fuzzy function's fuzzy Kashuri-Fundo transformations and its second derivative is developed and
demonstrated in this paper. The paper's primary goal is to solve fuzzy first-order differential equations and fuzzy second-order
differential equations under generalized differentiability by applying the fuzzy Kashuri-Fundo transform method. Two numerical
examples are provided to demonstrate the effectiveness of the suggested approach.
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