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A FUZZY NEOTERIC INTEGRAL TRANSFORMATION

UMA TRANSFORMACAO INTEGRAL NEOTERICA DIFUSA

Abstract

In this work, we examine the Neoteric Integral
Transformation within a fuzzy framework,
hereafter denoted as the fuzzy neoteric
transformation (FNT). Additionally, we present
several findings concerning the characteristics of
the fuzzy neoteric transformation, including
linearity, preservation of fuzzy derivatives, and
the convolution property. To demonstrate the
efficiency of the (FNT), a comprehensive
method for solving higher- order fuzzy
differential equation (FDEs) is developed.
Moreover, a numerical example is introduced to
highlight the practical application of the (FNT).
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Resumo

Neste trabalho, examinamos a Transformacao
Integral Neotérica dentro de uma estrutura
difusa, doravante denominada transformacéo
neotérica difusa (FNT). Além disso,
apresentamos varias descobertas relativas as
caracteristicas da transformacdo neotérica
difusa, incluindo linearidade, preservagdo de
derivadas difusas e a propriedade de
convolucdo. Para demonstrar a eficiéncia da
(FNT), é desenvolvido um método abrangente
para resolver equagOes diferenciais difusas
(FDEs) de ordem superior. Além disso, é
apresentado um exemplo numérico para
destacar a aplicagéo pratica da (FNT).

Palavras-chave: Nimeros Difusos.
Transformada Integral Difusa. Equagéo
Diferencial Difusa. Transformada Neotérica.

Integral transforms are powerful mathematical tools that play a significant role in

solving differential, integral, and integral-differential equations. Classical transforms
such as the Laplace transform and Fourier transform have been extensively applied in
science and engineering [1-3]. In recent years, new integral transforms have been
proposed to generalize and broaden the application of existing methods across various
scientific fields [4-8].

On the other hand, fuzzy set theory and fuzzy numbers provide a mathematical

framework to model uncertainty and imprecision, which are inherent in many real-world
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systems. By combining integral transforms with fuzzy analysis, one can develop new
techniques for solving fuzzy differential equations and uncertain models [9-12]. In this

paper, we introduce a fuzzy version (FNT) of a recently defined integral transform [13].
2 DEFINITIONS AND CORE NOTIONS

Definitionl: [12] (parametric form of fuzzy number): let a fuzzy number m in
parametric form be represented as a pair ( m(e), m(e) ) of functions which satisfy the
prerequisites:

1) m(e) is a bounded non decreasing left continuous function in (0,1] and right

continuous at 0.

2) m(e) is a bounded non-increasing left continuous function in (0,1] and right

continuous at 0.

3) m(e) <m(e) 0<e<1.
Definition 2: [12] For arbitrary & = (8(e),8(e)) , u = (u(e).ie) V e €

[0,1] we explicate

1) Addition D u=

/N

5(e) + (), 5(2) + ()

2) Subtraction 6O u= (

[

(&) - (), 3(2) - 1))

(bﬁ(e) ,bﬁ(s)) b>0

3) Scalar multiplication b © u =
(bﬁ(s), bﬁ(f)) b<0

Definition 3.[12] For arbitrary § = (g(e),S(e)) , 1= (u(e)Ae) ¥ e €[0,1]
we explicate © §dand — (© 6) , in the following manner :
¢ ©8=(-8(s),-6(2)
¢ —(©8)=(5(e)8()
¢ —(006) = (-6(s),—5())
¢ 5O u=(8(e)—u(e),8(e) —8(e)
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Definition 4.[9] let U(y) be fuzzy — valued mapping defined over [c, ),
expressed in the form  (U(y,%),U(y,%)). For any chosen X € [0,1], suppose that
U(y, %) and U(y, %) are Riemann-integral in[c, d]. Assume the existence of two positive

constants K(%) and K(X) such that
d d T =
Jo 1XEG0 ldy < KR, [. [UG,3) [dy < KR) vd>c
Hence, U(y) is fuzzy improper Riemann integrable over the interval [c, o] , and

the resulting improper fuzzy Riemann-integral constitutes a fuzzy number . In addition,

we obtain:

[Cumdy = () 0@, dy, [ Uy, dy ).

Remark 1: We denoted by Ry the collection of all fuzzy numbers on the set of
real numbers R.

Theorem 1.[14] assume U: (¢,d) - R and let y € (¢, d). We assert that U is
strongly generalized differentiable at y if 3 U’'(y) € Ry s.t. one of the following holds,

(a) V& > 0 ,where (& is small constant ), the limits are exist:

li li

-0 v -0

Uy+s)0UY) U UY-v) |
m = m 5 —u(y)

(b) V& > 0,where (& is small constant ), the limits are exist:

]imw = lim
-0 - -0

Uy-e)OUY) 4
— — =U®)

(c) Vo > 0 ,where (& is small constant ), the limits are exist:

I Uy+ov)OUY)
im = lim

-0 v -0

Uy-v)OUly)
— = U(y)
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(d) Vv > 0 ,where (u is small constant ), the limits are exist:

, Uy)OUly+s) =~ UY)OUY-—»)
im = lim 5

-0 —O -0

= U(y)

Remark 2:

In this work, we restrict our attention to cases (a) and (b) of the strongly
generalized differentiability introduced by Bede and Gal [14]. Later, Chalco-Cano and
Roman-Flores [15] indicated that Cases (a) and (b) are the most relevant, since cases
(c) and (d) only arise at isolated points.

Theorem 2.[10] Suppose U: R — R¢ is continuous fuzzy — valued function, and

denote
U = (U, %0,9) vEe 0],
o If U is (a) —differentiable, the functions U(y,¢) and U(y, &) are
differentiable , and their derivatives coincide with the lower and upper bounds of
u(y), ie.,

we) = (20,07 0.90)

e If U is (b) — differentiable, the functions U(y,¢) and U(y, &) are  also

differentiable, and one has

xm = (T0.000.9)

Theorem 3.[10] Assume U: (¢,d) — Rg and let y € (¢, d). We assert that U is
strongly generalized differentiable at y if 3 U” (y) € R; s.t. one of the following holds

(a) Vo > 0 ,where (& is small constant ), the limits are exist:
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, Uy+s)0UQY) = U oUly-v)
im = lim 5

-0 O -0

= U"(y)
(b) V& > 0 ,where (& is small constant ), the limits are exist:

, Uy)olUwWly+es) = UWy-e)0U(y)
im = lim

-0 —b -0 —b

= u'(y)

(¢) Vb > 0 ,where (& is small constant ), the limits are exist:

iy YOO ON®) | WO-0OUD) .,

-0 o -0 —

(d) V> 0 ,where (& is small constant ), the limits are exist:

li

-0 —o -0

pFOOUG TS\ KOIOXG=0) _

Theorem 4.[12] Suppose the differentiable fanctions U(y) and U'(y) are both
fuzzy that

have U(y) = (U(y, &), U(»,8)) vé € [0,1] :

D If both U(y),U'(y) are ((a)— differentiable) , or if both
U(y), U (y) are ((b) — differentiable) , then the lower and upper functions
U(y, &), U(y, &) possess first-order , second-order derivatives and the second-
order derivatives of U(y) is expressed as :
W) = @ EON (3,9)

2) If U(y) is (a) —dif ferentiable and U'(y) is (b) — dif ferentiable, or if
U(y) is (b) —dif ferentiableand U'(y)is (a) — dif ferentiable , then the
functions  U(y, &), U(y, &) have well-defined first-order and second-order

derivatives, and the second derivative of U(y) is expressed as :
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W (y) = (U 3,60 )

3 DEFINITION AND INTRINSIC ATTRIBUTES OF FUZZY NEOTERIC
INTEGRAL TRANSFORM

To derive the required results, certain definitions are necessary. In this work,
Tf{u(y)} and Ff(s, r) shall serve as the symbols representing the fuzzy neoteric general
integral transformation.

The fuzzy Neoteric Integral transform is regarded as an advanced mathematical
tool designed to simplify fuzzy ordinary differential equations (FODE) by converting
them into algebraic forms that are more suitable for analysis. This technique replaces
differential operations with their equivalent integral and computational operations,
thereby providing a practical framework for addressing mathematical problems of a fuzzy
nature. Moreover, the transform enables systematic treatment of first order derivatives
through precise transform formulas, making it one of the fundamental operational
methods in both applied and theoretical research within modern mathematics.

Definition 5. Consider U: R — R; as a continuous fuzzy — valued function .

0]
Provided that U(y) ® e~ v®” is improperly fuzzy Riemann integral over [0, ), it is

designated as the fuzzy neoteric integral transformation and represented by

_ . e _
TUG)} = [ UB) Oe "0 dy =F(s,1)

Where y > 0,9(s), v(r)are positive real functions and % * 0.

By virtue of Theorem 1

n(s) n(s)
oo -7 © -5 ® (* 3
[ u) @ dy = (X2 7 u @y e @ dy , X2 [ Ty, 6) dy )

From the framework of the classical neoteric transformation , it results that
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h b(s)
TG e>}—°—) f Ay, e O dy

Likewise:

T{UW, )} =22 J, U0, De 6 dy
Eventually, we derive:

T{UO)} = (T{ U, O}, T{ U, OH})
3.1 Linearity and convolution of fuzzy neoteric integral transformation

Let W:R - R¢,j: R = Ry as a continuous fuzzy — valued function, a;and a,

are any chosen constants , then :-

1L T{a U} = a; © T{UG)}
2. T{ a, U(y) @ aj()} = a1 © THUO} & a, © T}

proof 1.T{ a;u(»)} = (T{ e, Uy, )}, T{ a1 U1, §)}) where ¢ € [0,1]
[ (s) ®
@j(%u(}/,f))e g(r)y dy, s )j(a1u(y'f))e 3(03/ dy)

v(r) .

= o, (T{ U, O}, T{ U, O}) = OTHUW)} ©
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Proof 2. let U(y) = (U ) T3 9) and J0) = (10,9, J0.9) vEeloa].
T{ &, (U)) & @, (1))} = (T{ a0, U»,O) + 2§ O}, T{ &, Uy, &) +

a; l:](}’»f)})

=22 e T (@UGLD + @ j0.0)dy B e S (@30, +
a; (v, 6)dy

- (% Iy e a U(y, $)dy + - U() Sy e i azn(y.f)dy)

_n(®)
(% Iy e e (alll(y,f)dy+”(s) e v ay ]](y,f)dy) —

o <% fo . v(r)y u(y,f)dy; (S)J‘ e W(r)y ll(y,f)dy>+a2

w 2O
(% Jy e 3, dy, °()f e ‘V@yﬂ(y,f)dy))

= oy (T{UM, O} T{U, H}) + @2 (T{j. 9}, TH. O}
=a, © UG ® & OTHG)} . ©

Theorem 5. Consider U:R — R¢,j: R = R¢ as a continuous fuzzy — valued
function, let F(s,1),J(s,v) be fuzzy neoteric transformation for U and j respectively.

Then the fuzzy neoteric transformation of the convolution of U and j,

TAQU * DO} = %F(s 1) OJ(s,1)

Proof: let T{QU * ()} = T{(H)}

T} =23 1) U@ O (v — ndle S dy

= (22 1y U@ )3 — v Hdrle ‘“‘)ydy'ngf U e 50 =

O]
7,8&)dr]e 0”7 dy)
= ([ uE e 0 dr D e | 1D [N e 0 dr X J(5 1)) (Ve €
[0,1]
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:%F(s,r) O J(s,1) 0

4 FUZZY NEOTERIC INTEGRAL FOR ODES

It is important to examine the fuzzy neoteric integral transformation for the
derivative of a first and second order function, as well as higher-order derivatives, in order
to address fuzzy differential equation . In this context, an application related to first-

order ,second- order and n-order of differential equations is presented .
4.1 Fuzzy Neoteric Integral Transformation for first-order differential equation

Assume that U(w) is a fuzzy function whose derivative is U’'(w). Then, the

transform Trf{u'(a))} can be represented in terms of T{U(w)} as follows

Theorem 6: Assume that U(x) denoted an antiderivative of U’'(w) over [0, ),

where U(w) is an integrable function taking values in the fuzzy set.

1) if U(w) is ((a) — differentiable) — T (w)} = %Tf{u(x)} o %um)

2) if U(w) is ((b) — differentiable) ~— T (¢)} = — %um) o

(2T (w))

Prove 1) U(w) is ((a) — differentiable) V¢ € [0,1]
n(s) n(s) _[v® 0] 9() rof I7 B
2T {21(w)} © X2 u(0) = (W@ {10, 9)} - X2u0,6), 2 1{Ww, )}

@_
ZS (0, E)) - (@)
because

T (9,0} = DTUW, O} - 22u(0,8) and T (9,9 =2T{U(w, ) -

I)(_S)_
20,9
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Considering that U(w) is ((a) — dif ferentiable) , and by theorem 2

W) =W(wE, Wwe=1U(we

T (9,9} = 23T, O} - 22U0,0)  TLW(w,¢) =23 TU®. 9} -
n(s) 37

QH(O, E)

So equation (1) become

O )} © 22u(0) = (T (0,0}, T (@,8) .. @

But (T{U'(w, &)}, TAW (w, O} = T (@)} ... (3)

Hence by (2) and (3) we get  T{U'(w)} = %T{u(@)} S %H(O) O

Proof 2) if U(w) is ( (b) — differentiable )

~22U(0) © (- 2D TU(W)} = (- 22 T(0,§) + I3 T{U(w, )}, — 23 U(0,¢) +

v(©) V() v() =
Or{uw,H) -..@)

Because
T (9,9} = 20 T{U(o, O} - 23U0,0  and T (0,8 =3T(©®, O}~

%ﬁ(o, &) Considering that U(w) is ((b) — differentiable) , and by theorem 2

W8 =" (9,8 ,T(w=Uwe

T{W (0,0} = LU0 -22u0,) |, T} =2 T(w,O)} -
n(s) 37

E 11(0, {)

So equation (4) become

~ 1 U0 © 33 Tu(W) = (T (9, )}, TA (9, ... 6)

But (T{W (), )}, T (0, $)}) = T (w)} ... (6)

Hence by (5) and (6) we get  T{U'(w)} = —%H(O) O (- %)Trf{u(u))} O
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4.2 Fuzzy neoteric integral transformation for second-order differential equation

Theorem 7. Assume that U(w) denoted an antiderivative of U’ (w) over [0, ),

where U(w), W' (w) is an integrable function taking values in the fuzzy set.

1) If U(w) and U'(w) are ((a) — differentiable) —

(S)~ 9% (s) ().,
Te) T{U(w)} © 2()1I( )]@—11()

T (w)} = i v

2) If U(w) is ((a) — differentiable )and U'(w) is ((b) — differentiable) —

Tf{u"@)}:(—@u'(m) -2 )}e( LR )]

V() v ok

3) If U(x) is ((b) — differentiable) and U’ (x) is ((a) — differentiable) —

T @) = |- Zu © (- LS T )| 0 22w

4) If U(w) and U'(w)are ((b) — differentiable )—

1)() 1)()~
() v2() f

Tf{u”(ﬂ))}=( °8 (0 ))

TAU (u))}l

Proof :1) let us consider the functions U(w) and U'(w) we assume that both
functions are ((a) — differentiable)

To proceed , we evaluate the following expression
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[Uzg T{U(w)} © nzg u0)] © @u’(O) = (Zzg T{U(0, £)} — ng u(0,8) —

(s) %(s) %(s) (s)
22w (0,6), GSTU(w, )} - 53 T0,9) ~ Z3U (0,6)

Since T(U (6, )} = ZET{U(0,9)} ~ ZFUO.8) ~ 23w (0,9)

9?(s) 9%(s) — n(s) —

T (0,€) = V700 T, £} = o5 W06 - ()u( 6)
And since U(w) ,U'(wy) are assumed to be ((a) — differentiable ) — U"(w,§) =
U"(w,$) and

U (,8) =W (w,$) (theorem 5)
Moreover, by (theorem 2) the differentiability of U(w) ensures that

w(0,8) =w (0,8 , W0,6)=u(08.
Thus we obtain

T (0, )} = Z2T{U(w, )} - Z2u(0,§) - 2210 (0,¢),

T (0, )} = Zo T(w, )} - Z2U(0,§) - 2290(0,9)

Consequently
ZOTU(w) ©
But

T ()} = (T{U" (9, O}, TAU (9, )} ...(8)
Therefore by (7) and (8) we deduce

T () = (S T{{(w)} © Z2u(0)] © 22 (0)

Z9(0)] © 2211/ (0) = (T{U" (0, &)}, TAT (0, )}) -..7)

Proof: 2) let us consider the functions U(w) and U’ (wy) we assume that, U(w) is
((a) — differentiable) and U'(w) is ((b) — differentiable ) To proceed , we evaluate

the following expression

Veredas do Direito, v.23, €235536 — 2026



Zainab R Zainy & Athraa N Albukhuttar

(- 22w(0) O [- ZETu(w)} © (- Z2u(0))]

9(s) 377 ROES RO _@ / % (s) &% _
(- 22W(0,§) + LT U(w,§)} - 52 (0,6), 22w (0,6) + L2 T{u(w, )}

y%(s)
Vz (l‘) E(Ol f) )

Since T(U" (6, )} = ZET{U(0,§)) ~ Z3U(0,6) ~ 22w (0,9)

—" 2 2
T (0,6)) = SO Tw.6) - 5o 0.6 - 20T 0.0

And since , U(w) is ((a) — differentiable )and U'(w) is ((b) — differentiable )

—U(@,8) =W (w,§), U(w,§) =U (v,¢) (theorem 5).
Moreover , (by theorem 2), the differentiability of (x) ensures that U'(0,¢§) =

w8 , W0,8)=U08).

Thus we obtain

T (0,6} = (- 22W(0,§) + Z2T{(w, )} - Z2U(0,9)

T (0,9} = (- 221w(0,§) + Z2T{(w, )} - Z2U(0,¢)

Consequently

(- 21 (0)) O [~ L2 T {u(w)} © (- Z2u(0))] =
(T (0, O}, T (@, O ...9)

But

T (@)} = (T (0, )}, T (w, ) -..(10)
Therefore by (9)and (10) we deduce

T ()} = (- 2220(0) © [~ 22 T{U(w)} © (- Z2u(0)].

Proof: 3) let us consider the functions U(w) and U’ (w) we assume that U(zw) is
((b) — differentiable) and U'(w) is ((a) — differentiable ) To proceed , we evaluate

the following expression
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- Z2%(0) © (- Z2T{u(w)}] ©221w(0) = (-Z27(0,¢) +

v2(x)
2w, O} -
v L

X410,8), (- 221(0, ) + L2 T{U(w, &) — 22 W(0, &)

v(r) — v2(x) v2(r) v(x)
Since , T (0,6} = ZSTU(9,)) - Z2U0,9) - 2w ©,9)
T{ﬁ"(@,5>}—3281r{ (0.8} - 1’28 10,0 - 257 0,0

And since , U(w) is (b) — differentiable and U’ (w) is ((a) — differentiable)

— W(w,&) =U"(w,¢), U (wé) =U (v, (theorem 5).
Moreover , (by theorem 2), the differentiability of U(w) ensures that ﬁ'(o, & =
w8 , w©,8=u(o:s)

Thus we obtain

p2(s)

T{U" (0, §)} = WZ@T{H(@ )} - L9 n(s)

ZON(0,6) — 23w (0,),

T (0, )} = Z2T{U(w, )} — Z2U(0,§) - 2237(0,§)

Consequently

[- Z2u(0) © (- Z2T{u(w)}] ©231w(0) = (T (0,9}, T (0, O} ...(11)

But
T (W)} = (T (@, )}, T (0, ) -..(12)
Therefore by (11)and (12) we deduce

T (@)} = [~ Z2U(0) © (- LS T,{uw)}] ©231w(0).

Proof :4) let us consider the functions U(w) and U'(w) we assume that both
functions are ((b) — differentiable)

To proceed , we evaluate the following expression

92 (s)
v2(x)

~290(0) © [Z2u(0) © ZOT{u(w)}] = (-2 (0,6) - 52u(0,6) +

v2(x) v2(x)

°6) ©) 2(s) 2(s)
32&) (. $), — n(r)E(O §) - nz()u(O €)+°2()T{u(@,g)})
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Since T(U" (6, )} = ZET{U(0,§)) - Z3U(0,6) ~ 22w (0,9)

T (0,.0) = ST, )~ S D T0,6 - 20T 0,0

And since U(w),U (o) are assumed to be ((b) — differentiable) — U"(w, &) =
U"(w, ) and

U (,§) = U (e, ¢) by theorem 5)
Moreover, by (theorem 2) the differentiability of U(w) ensures that

W,8) =008 , W08 =UW07.

Thus we obtain

T (@, §)} = ZET{U(w, )} - Z2UO,§) — 29T (0,9),

T (0, )} = 22T (w, )} - 22U, f)—"@u(o £)

Consequently

~X9(0) © [221u(0) © ZOT,(w)}] = (T (w, )}, TP (6, O -..(13)

But
T (W)} = (T{U (w, )}, T (0, )}) ...(14)
Therefore by (13) and (14) we deduce

T (@) = (- X2(0)) © ZE2T(w)} © Z2u(0)]

4.3 Fuzzy neoteric integral transformation for n"-order differential equation

This part explores a universal equation for the fuzzy derivative of any order n €

Z+

Theorem 8:[12] Assume U: (c,d) — Ry and let y € (c,d). We assert that f is
strongly generalized differentiable aty, if IU°(y) €R;, V6 =12,...,n
s.t. one of the following holds

(a) V& > 0 ,where (& is small constant ), the limits are exist:
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UCD(y+8) QUG  UCD() QUED(y — o)
= m =

. (6)
Ll_l;% O L1—>0 o u (y)
(b) V& > 0 ,where (& is small constant ), the limits are exist:
CUCHH) U V(y+e) UCV(y-s)OUC V()
lim = lim = UG (y)
-0 —b -0 —
(c) Vo > 0 ,where (u is small constant ), the limits are exist:
UG-V (y + 6-1) UG-D(y — >Y6G-1
lim r++) O O _ i y-+0 W _ o o)
-0 Y -0 —
(d) Vv > 0 ,where (u is small constant ), the limits are exist:
UG U Dy +s) UV UV -v)
m = lim = UG (y)

#-0 - -0 Y

Theorem 9.[12] Assume U(w) , A’ (w), U (w), ..., U D (w) be differentiable
fuzzy-valued functions. Furthermore, the & — cut representation of the fuzzy-valued

function U(w)is denoted by
U(w) = W(@,§), Ulw,§)) V¢ €[0,1]. Then

<E(n) (0, ), ﬁ(n) (w, & )) if number of ((b) — differentiable )is even

UM () = -
<ﬁ (w, &), U™ (w, f)) if number of ((b) — differentiable) is odd.

Theorem 10. Let U(w), U (), A" (®), ..., U™ D () be continuous functions
V oy = 0 . Assume that U is strongly generalized differentiable of order n, so that the

elements U (ay,) €ER; exist V6 =0,..n. Then , the fuzzy Neoteric Integral

Transformation of U™ () given as :
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T W) = ( [e@ o Tuw o ( [s@ oum o] [ s@uw
e=1 e=1 e=2

O &MU (0)

Such that
20e) if W&V is (a) — differentiable
S(e) = Ve ()
o(- 3(—3) if W& is (b) — dif ferentiable

Proof : By applying the principle mathematics of induction , the subsequent steps
are derived:
Step 1: If n=1 according to theorem 6, the formula is correct

Step 2 :let the formula be true when n=k

k k k
T{u®w} = [s@ oTuweo | [seoume] | s@u®..
e=1 e=1 e=2

e G(k)ll(k‘l)(O)
since  T{u® (@)} = T{U® (W)} = 6(e) O T{u® ()} © (U™ (0)
k k k
~e@Ool(] [eoTuwe | [emoume] [swr®mo.
e=1

e=1 e=2

© (U’ (0) © &(e)u®(0)

k+1 k+1 k+1

= [s@oTuwe ] [smoume] | swrme..
e=1 =1 e=2

© S(eU™(0)
Which matches the required formulafor n=k+1 o
5 APPLICATION

To demonstrate the efficiency of FNT, it can be used in some applications.

Example (1) : Consider the growth model for the financial audit as
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Yo =kB(), y>0 Bo=(¢-1,1-¢)

Y(y) represents the capital at time y, while k represents the annual interest added to the
amount each year (constant). Furthermore, the fuzzy initial condition indicates
uncertainty in the opening values of the funds. If assumption k=3 and employ the FNT
T,{8'(y)} = 3T{B(y)} from Theorem 6

Case (1) if Y(y) is ((a) — differentiable) ,

1)(5) T 1)( )

Then by using upper and lower mapping and substituting the initial conditions we
get

(o —3) T8 ) = 35 ©O.01 (35 - 3) T{BG. 0} = 37 0.0}
(5) (5) (5)
(2-3) @0} =22 - 1), (X2-3)1{B( )} = 3@ =9

Simplification

By, = E-De¥, 8 =0-e¥ o
Case (2) If Y(y) is ((b) — differentiable) ,

25809 © (- IDT ) = 3THom)

Then by using upper and lower mapping and substituting the initial conditions we
get

ST{B( O} = -3¢ - D+I3 T8O} . 3T{(BO1LO} = -3 -9+

2 1{8(,)

Simplification

B, ¢) = (1 = &) sinh(3y) + (§ — 1) cosh(3y)
B(1,¢) = (§ — 1) sinh(3y) + (1 - §) cosh3)y
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The fuzzy initial condition expands the range of financial solutions to the
differential equation and reveals the possible probabilities for capital within a time period.
Example (2) Consider the differential equation of the deflection curve of abeam
is
¥'(y) =17 with  fuzzy initial  condition U(0,¢) = U'(0,¢) = (¢ — 1,1 —
€) and 7 is constant.
Using FNT and Theorem 7
T{8" ()} = Ti{n} the following cases get:

Case (1): If Y(y) and ¥ (y) are ((a) — differentiable)

Ty(v' ) = Tyim — [S2THU®} © Z26(0)] © 224'(0) = T} .

2(v) v2(x)
Then by using upper and lower mapping and substltutlng the initial conditions we get
1)2(5) »?(s) (5) y(s) _
v2(r) {_( 5)} VZ(I') ) v(x) (E 1)_ T”

92(5) (T3 p%(s) (5) _
'WZ(I') T{H(y 4 f)} - Wz(t) (1 - E) - ( - E) n
Simplification

B(y.&) = - 1Ly +yl+n, 8,8 =1 - Oy +yl +1.

Case (2): If Y(y)is ((a) — differentiable) and ¥'(y) is ((b) — differentiable )

o' ) = Ty~ —220'(0) © [~ Z2THB(} © (- Z28(0))] = Tyln}

Then by using upper and lower mapping and substituting the initial conditions we

get

_® 1)(5) ROPPNI

\y(r)(1 2()T{H( f)} vz(r)(l f) n .,
38 e p%() ROP

20— D+ Z2T{B, O} - 52 E - D=0
Simplification

By,&) =(1-|-3v2+y|+n, 8GO =E - 0[5 +y|+n .

Case (3): If Y(y) is ((b) — differentiable) and Y'(y) is ((a) — differentiable )
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y2(s) v2(s) - 9, -
205 ¥(0) © [~ THEWI © S5 #/(0) = Tyt

Then by using upper and lower mapping and substituting the initial conditions we get

92(s) 92(s) I)(S) .
—Wz—(r)(l—f)‘F 2()T{H( v, &)} - W(r) -1)=n,

%(s) %(s) (5)
~Ee - D+ EITHE, O} - 2501 -9 =n.
Simplification

By, = -1 [—%yz —y] +n , B(@,.H=>01-9 [—%yz —y] +1

TH{Y" (D} = Ty} - [

Case (4): If B(y) and ¥ (y)are ((b) — differentiable)

T ()} = T} - —224'(0) © [526(0) © LT} = Tyt

v2(x)
Then by using upper and lower mapping and substituting the initial conditions we get
2 % (s) O]
_@(1_5)_#_&)(5 2()T{H(y E)}
(5) (s) (5) — _
Slmplification

B(y, f)—(f—l)[—y —yl+n], By, =(1- f)[y —yl+n.

Solutions for this fuzzy initial conditions model allow the civil engineer to predict
potential deviations when load conditions are imprecise, thus raising safety standards in

design.

6 CONCLUSION

In this paper, we have extended the neoteric integral transformation to the fuzzy
domain. The definition, properties, and potential applications of the fuzzy neoteric
integral transform were presented. This approach provides a useful mathematical tool for
handling uncertain and imprecise problems, especially in solving fuzzy differential
equations. Future work may include further investigation of inversion formulas,

convolution theorems, and numerical applications.
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