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ABSTRACT:

In this paper we propose a noval fuzzy integral transform namely Fuzzy p — Laplace Transform (Fg —LT), we

apply it to solve initial Value Problem and Volterra integral equation in fuzzy system as an analytic solution

method. We prove the related elementary properties and theorems in detail. Also, the (F —LT) method is

illustrated by solving two examples in Differential Calculus.
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1. Introduction

Different types of integral transforms are available in the fields of engineering and mathematics. The Laplace
integral transform is a more widely used transform that can examine new research strategies in pure and
practical mathematics. In [26], Mohd Saif proposed a new definition of Laplace Transform called Modified
Laplace Transform. In fuzzy environment, [6] Chang and Zadeh was introduced the concept of differentiability
for function. In [12], Dubois and Prade use the Zadeh’s extension principle concept in their study, following
Chang and Zadeh’s ideas. In [2], Allahviranloo and Ahmadi was solve Fuzzy Differential Equations and
associated FIVP by Fuzzy Laplace Transform. In [22], Salahshour discussed how to solve fuzzy Volterra

integral equations using the Fuzzy Laplace Transform. The following is how the paper is structured:

Important definitions, theorems, and other information are supplied in section 2 and will be used later in the

study. In part 3, we look at the basic features and theorems of the Fuzzy p — Laplace Transform. We present
two applications of the Fuzzy B — Laplace Transform to solve mathematical problems using the derivative and

convolution theorems in part 4, and we reach a conclusion in section 5.

2. Basic Concepts

We’ll look at some basic concepts and theorems inside this section:
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Definition 1 [30] A fuzzy membership function of bounded support £ R — [0,1] is called a fuzzy number and
it is a fuzzy subset of the  with

* upper semicontinuous,
* convex,
* normal.

The — level arrangement of fuzzy numbers is characterised as in[30, 20].

Definition 2 The — level arrangement of a fuzzy number £ € #;, € [0,1],

1 eER/Epy) = o), if e (01],

Ele = {cl(supp £), if o =0.

where, R; represents the set of all fuzzy numbers on &.

Evidently, the — level arrangement is a closed and bounded interval [£, Eﬁ] of a fuzzy number , where £, E:

signifies the left - right hand terminal points of [£] respectively. For all §22 € R, consider it as a fuzzy number
fég represented by

o (1 ifs = z
jﬂgfs}—{ﬂ ifs = z

Remark 1 [3, 20]Let F = P, % ...% F, be Cartesian product of universe and ¥y, ... ,Huy, be I fuzzy numbers

in Py, ..., Fiy respectively. A fuzzy functionT: P = @, g =T (24, ..., 2)- Then, at that point the extension
principle permits us to characterize a fuzzy set B in @ be

B= {(q,. U—B(Q}}lq =1 (.fﬂj_; ey jﬂnl{\fﬂb ---,.fﬂn:} = :P},
Where,
sup  min{u,, (@1, oo U (@)} I TTI20
ug (gl = (8 oI mIET () -
0 if T71=0
Where T~ means the inverse ofT.

The extension principle is decreased to (for specific m = 1)
B={{qgus(q))lag=T (@) €T},
Where,
ug (q) = -faESTlEE:q}u“m} e 0
0 if T71=0.
Expansion of addition operation on H; as per Zadeh’s extension principle[2] is characterized by

(D ¢p B)(fo1) = g'-lEI:%miﬂ{ﬂfﬁﬂzl 0(f1 — #2)),601 ER
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and scalar multiplication[1] is given by

H(J%}J p=0

0, 2=0,

(e @ M)(p,) =

where 0 € . The accompanying properties are valid, ¥ o levels.

[0 & 6], = [0l + [0,

and
[0 @0l =[],

The terminal points of the intervals [{2], determine a fuzzy number, as we can see from the properties of fuzzy
numbers.

Definition 3 [15, 24] A fuzzy number {1 in parametric structure is a couple ({2, 0) of capacities 0, [
0 = o = 1 which satify the accompanying conditions as

1. 1, and ﬁ: are a left continuous, right continuous at @, and bounded,
2. ﬁ: and {1 are non-increasing and non-decreasing function in {0,1] respectively,
3.0, =0N,0=a=1

Definition 4 [18, 20] A {1 is known as triangular fuzzy number if a membership function of a fuzzy number {2
has the accompanying structure:

[].l if 591{13‘11
P it =0r <a,
0(py) = { ot ot
Bl r, — oo = 0 =
g TaS@sm,
0, if 0, > ry,

furthermore, its -levels are just [u]x = [y + algy — )iy —alry —gq)], a € [0,1]

Definition 5 [15, 20, 27] For self-assertive [Q1]; = [, 0,] and [6], = (B 8,] and @ = 0, we characterize
addtion, substraction and scalar multiplication by o for [{1]. and [8], as

1. Addition, [2]; &b [6], = [ + B, 0, +8,]

2. substraction, [2] & [6]x = [y — 8 0y — B4
0,00 =0,
3. scalar multiplication, 0O [0, = {[Q:E o] o
[0000:] <0,

If o < O for arbitrary 0 = —1 then 0 (0 [©2], = —[1]
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Definition 6 [8, 20]Let £ and 8 be two fuzzy integrals and D¢({), 8) denotes the distance between them is
characterized as follow

De(0,8) = sup dyu(Qg0,),
ce[01]

where,
dH(ﬂ:J Ec:} = max“g-t: - §:|J |ﬁ|:: - EGH
is the Hausdorff distance among [{2]; and [8]

From Definition 6, ¢ is a metric space. The elementary properties of metric space T listed as follow:
1. De(NE 2,6 F ) = De(0,0),V0, 6, €R,,
2. E:IF(@.{:} ﬂ:@. {:} E} = |@.|E:|F{ﬂje}1 V@. = mj ﬂuﬂ = mTJ

DB O, BT = De(, D) +De(8,1), V0,0, &,T ER,

w

4. (D¢, A1) is a complete metric space.

Definition 7 [11, 20]Let T is mapping from & to R;. A function T is called continuous at 2, € R if = 0, 3
= 0, such that D&(T (§2),7 (§20)) = whenever |2 — 4] <.

Theorem 1 [10, 20, 25, 28]For any fixed € [0,1], let T( b ) be a function on [0, e2) in fuzzy environment
with parametric [T (b )] = [Ta (b )72 (b )]. Assume that, for every h =k, T (b ), T (b ) are fuzzy

Riemann- integrable on [k h] and let we take two positive constants H, F . such that for every h =k,

h h |- —
Ji T (b)]db = Hand Ji, [T (b)|db =3, Then T(b ) is improper fuzzy Riemann- integrable on
[0, o). Furthermore, We write:

fo T(b)db =(J T (b)db,f Ta(b)db)

Proposition 1 [20, 29]Let T{ b J and g( b ) be fuzzy valued Riemann integrable functions on [k, 22}, then
T(b )& G(b )is also fuzzy valued Riemann- integrable function on [k, @2). furthermore, we have

j(T(b}%BG(b}}db =jn;b}db +jG(b}db
1 1 |

Definition 8 [7, 23]Let w8 € Ry If 1 =8+ P with the end goal that 3 ¢ € H;, € is the Hukuhara
difference(H-Difference) of L and B, and is denoted by & = 1 & 8. Note that u + (—1)8 = u & 6.

Definition 9 [1] Let be T:{ag,bg) = R; and b ¢ € (ag, bg). Then we are saying that T is strongly
generalized differentiablity at b g if there exist 7' ( b ) € R; such

1. forall b = 0 extremely small, then 3 T{ b o+ h) ST (b o), T(k o) ST(b g —h) and therefore the
limits hold within the metric .
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_ T(bo+h)ST(bg)  T(bg)OST(bg—h)
lim = lim

b0 h b h

=T"(b o)

2. for all h > 0 extremely small, 3 T(b ) ST(b g+h), T(bk g—h) ST(ky) and therefore the
limits hold within the metric D¢.

T(bad©T(bot+h) = T(bo—hOT(hy)
m = lim h

li
h.0 —h h.0

=T"(b o)

3. for all h = 0 extremely small, then 3 T (b o+ h) ST(k o), T(k ¢—h) ST( b o) and therefore
the limits hold within the metric ©.

I T(botWST(bo) . T(bo—WOT(ky)
im = lim —

b0 h h0 h

=T"(b o)

4. for all h = 0 extremely small, 3 T(b o) ST(bo+h), T(b o)ST(k ¢—h) and therefore the
limits hold within the metric .

_T(baeT(bo+h)  T(bg)&T(by—h)
lim = lim
bl —h 0 h

=T"(b o)

Theorem 2 [7, 17]Let T:[ag,bg] = R be fuzzy membership function and ¥ € [0,1] it represented as
[T (b )= [1a (b )T (b))
1. If the function T is (1)- differentiable then T, and T, are lower function and upper function are

differentible respectively and [ (b)la= [T_gf (b }ﬁﬂf (b }],

2. If the function T is (2)- differentiable then T and T, are lower function and upper function are

differentible respectively and, [T" (b )], = [Tar (b1 (b }]

3 Main Results : Fuzzy p — Laplace Transform

Definition 10 [1]Suppose that, 8(§2) () p~2¥ be a improper fuzzy valued Riemann integrable function on
[0, =] then

=]

[ 3 0 perag

v]

where & be continuous fuzzy function, is known as Fuzzy p — Laplace transform(Fp —LT) and is defined for
function of exponential order of functions in the set  defined by

|l
P = {3(9)|3A.p1,p2 = 0, ‘aua} < ek if 0 € (—1)) x [0, c0)} )
as
L3P} =1f,(0)=J, a(p) O p ¥®dp )
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where, Re(a) = 0,p € (0,0)\{1} and L, represents the Fuzzy p — Laplace operator.
Remark 2 When p = &, the Fuzzy p — Laplace Transform coverges to famous Fuzzy Laplace transform in [1]
we can write (2) as

Jy 8@ Op¥dp = ([, 8.(0) p™2Pdp,[; 8.(p) p~2Fdp) 3)
where,

Lp{ﬁnm}} = .-r;: ﬁ:(ﬁ}} p_g'ﬁd@

£,{8.00)) =J; 3.(p) p¥dp @
In above (4) denotes the pr — Laplace Transform in [26]. So we write (4) in this manner
Lo} =LE@}L{(2)})
- (@) ©
Now we defined the inversion formula for the Fuzzy p — Laplace Transform as follow
3() = £5H{£, () = 5= O [ p*¥ O fy(0)do ©

where, Re(g) = 0,p € (0,00)\{1}, ¢ = 0 and £;* denotes the inverse Fuzzy p — Laplace operator.

Theorem 3 [1] If 8(42) be the bounded piecewise continuous fuzzy valued function on [0, ) and of
exponential order U then Fuzzy p— Laplace Transform fu(o)= L,{8(@)} exists for
Re(o) = U, |p| — 1 = 0 and converges absolutely.

Proof. We have any positive real number 7 i.e.0 = §# = @4[19]

£,(0) = L, {8(@)} = [, 8(p) O p Pdp

Po _ oo _ 7
=j|} 5(59}{313 E-fgd‘!ﬂ{-fm a(.fﬂ}@p E'fg'd.:fﬁ 0

we know that, &(7) be continuous [4]Fuzzy valued function and p~ O alg) is fuzzy Riemann integrable
on [0, #24].

. . . . . . o _ . — .
That is, in (7) First integral is exists i. e. fD "pTe¥ (O 8()d@ and second integral P~ (O &(@) is
improper fuzzy Riemann integrable on [§7g,%2), then we want to show that ff:; 8() © p~% d also exists.

Since, 8(42) is of exponential order U for §2 = §2¢

Consider
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|/ 30) © pe#dp| < [ 13(0) © pe®ldg
= [p. P O l8()ldp
< [g. P72 O AeYPdp
=A J}:; a—l(oln p—U}.f‘?dJﬁ

o—loIn p—T..":Ip] o2

—(p In p—-10

, if olnp=0T

o
Ae—(oIn p—imp

Gmpw ¢ & elnp=U

Ae— 0 In p-Tip
(plnp-1)

ie. | [ 8() © p2®dp| = ,if olnp>T

—(g In p—Wwg

if we choose 7 extremely large then E'l—'u} converges to finite quantity.
Lo ln p—

Therefore, overall (7) becomes exists and J": a(p) O pPdp converges absolutely, complete the proof.
3.1 Elementary properties of (Fp —LT)
In this section, we discuss some the elementary properties (Fp —LT).
Property 1 If By, B2 € G, £, {8()} = f,(2) and L, {G()} = g, () then

LB Q3() BB QG =B Of (B B2 O gplo) ®)
Proof. Consider
LB Q@) BB O GP)} =], {8 ©3(P) BB, O G(P)} O pPdp

=B Of; 3(p) Op¥dpdH e, O [, 6(p)Op ¥de
= Bl E} fp(Q.} $ IE'E E} gp{g}

Corollary 1 If £,{8;(#)} = f;, (o) and B; € Cthen Ly {Bieo B © 8:(9)) = Bk, B O L {8: ()}
Property 2 If Ly fa(p)} = f,, (@) and for any non zero a € T then
L e O 8(p)}=f(c Inp—2a) ©)

Proof. By using equation (2)

L{e¥QE)} = ¥ Op ¥ O3(p)dp
=y () Qe lelnriqdp
=flelnp—a), k=0|p/[-1=0

Remark 3 If p = & then equation (9) converges to the first shifting property of the Fuzzy Laplace transform.

1, @ =0,

Property 3 Forany ¢ > 0, £,{8()} = f,(a) and u(@) = {{] @ <0 then
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£, {800 — ©) Qu(p — )} = pe=£, [3())} (10)

Proof. By using equation (2)
L@-00u@-o} =[ 8@-c)Oul@-c)}OpFdp
put 5 —c = udp = dpwe get,
= J2,3(w) Qu(w) @ petddy
=pe° O [28(1) O u(w) O pedu
=p O[30 © (0 @ p*rdu
@ [, (W) O (1) © p~e*dy}

=p @ [, 8(w) O pe*du
by changing variable pu — f we get,

=P O L), >0
Remark 4 If p = & then equation (10) converges to second shifting property of Fuzzy Laplace transform
Property 4 If B € Cand L, {8()} = fy(a) then £, {3(Bg)} = % O f, (%) (11)

Proof. By using equation (2)

L{aBp) =J; (8B} O pFdp
put B =pdp = %“ we get,

1 o ot
=20 J; BGIOp
by changing variable p— g we get,

30503

Remark 5 If p = & then equation (11) converges to Change of scale property of Fuzzy Laplace transform

Theorem 4 [19]Let &' (§2) be an integrable fuzzy valued function and 8(§) is primitive of & (§2) on [0, co)

and then,
L@ ()} = (o In p) O £, {8(P)} ST, (o In py~1 O & (0)

Proof. For & € [0,1] be arbitrary, then

(12)

(e pQL,EEIST (e n p) M 1OF(0) =((enp) L{d.(0)} -, (e Inpy+1 al0),
_ _ -1
(0 In p)’ L{B.(©)} -T2 (o In p)™* 3 (0))

= (lp (B}, {gl (ﬁj}})

where,
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oo

L{B) = [ 20) Opwag
o

=]

LW} = 3 oprap

W]

We use the Mathematical induction to prove (12)
for] = 1, equation (12) hold , we get

L{8"()} = (e In p) © L, {8()} S 8(0) (13)
Now assume that equation (12) hold for ] = a, we get

L{8%(@)} = (e In p)* QL {3()} S I (e In p)= 11 Q FY(0) (14)
we want to show that equation (12) ishold forj=a+ 1
by using (13) and (14), we get[Fine Rosenberger, 2007]

£{(@%(©))} =(eln p) O L, {3 (p)} S al=)(0)
=(elnpO{ehpOLiEElc
Tis (e In p)= 1@ 840} S 8l (0)
=(oeln p)**1 O L8P} O T, (e In p)= 1O 8(0)

Thus equation (12) is hold for ] = a + 1 complete the proof.

Property 5 Fuzzy p — Laplace Transform of Integral

If £,{8()} = £, (0) then £, {jf E(u}du} - El—lp £,(0)

Property 6 Multiplication by powers of §&

If £L,{8()} = f, () then

LiprQa@i=-D"O ;Tr;fp(g}, for n=1,273,.. (15)

Property 7 Division by §2
If L, {8()} = f,(a) then

L {08 = L) - ) f(@de” (16)

n—times
e SRR

Property 8 [5, 26]Convolution

Let (N; # N5 ) denotes the convolution of N1 (§2) and 82 () and is defined as
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(R * B)(P) =[5 % ( —w)Ny(u)du (17)

where, N1(§2) and N2 are continuous fuzzy valued and of exponential[Ahmed Faroog, 2014] ordered
functions.

Note that, (¥ * N3] is commutative. That is we can write

Jy Re( — Wz (Wdu = [ Ky (9)X; (9 — w)du (18)
Theorem 5 1f £,{8(2)} = f, (@) and L {G(§)} = g, () then
L{(8+G) ()} =1f(0) g(0) (19)

Proof. Using the (2) and the use of (17), (18) we can write,
£,{3+6) @)} = I, p2* O {J; 3w O (@ — wdu} dp
rearranging the order and limit of integration we have,
£, {1 8(w) © 6(p —wdu} = ;7 (3 © [;'p™** © G(p - w)dp)du (20)
substitute p —u=z dp =dz
L PP OGP —wdp = J;” pe*) O G(2)dz
=p ™ Q [, P =G 6(z)dz
=p ™ Ogple) 21)
Now using (21) in (20) we get,
Lp{(3+G)(2)} = fp(0) gpla)
4 Applications

4.1 Method to Solve the initial Value Problem using (Fp —LT)

Consider the initial VValue Problem in fuzzy environment

A (@) = a(p.A (@)
A0)  =(Ax(0),A5(0)), D=a=1 (22)

where, F:[#,,T] % ®; = R; is a continuous fuzzy valued function. According to Kaleva[16] Theorem 2
provides the systematic process to solve the equation (22).

Now, we Apply Fuzzy p — Laplace transform on equation (22), we get
LN (20} = L {a(.A (2))) (23)

1. If A () is (1) — differentiable then by above Theorem 2 we have
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N (@] = [Aa (@) Aa (19)] and

LN (9} = (e In p) O L {A ()} OA (0) (24)
using (24), equation (23) becomes

L{aa(@A @)} = (e n Pl {A ()} —Ax (0)

LBl @)} = (0 In PR ()} K (0) @

where

3. (0.A (9)) = Min{a(p, 1) /1 € (Az (9) A« (2))]
B (.1 (9)) = Max{3(p, 1) /1 € (A () A (2))]

To solve the system (25) which is equivalent to (23), first we assume that

I {A<(2)} =Al(0)

- (26)
L {Ae(0)} =B

where, A*(g) and B () are the solutions of the system (25). By taking the inverse (Fp —LT), we get
Ae () =11{A N0
As () =151{A (@) o

Ae () =11{B, ()}
1. If A () is (2) — differentiable then by above Theorem 2 we have
N (@)a = [Ra ©@)A< ()] and
LN (0} = —(—A(0) © (—(a In p) O LA (9))) (28)

using (28), equation (23) becomes

L{3<(@A @)} = (e In Pl{r(0)}
L {3a(@.A (2))) = (e In Pl {A. ()}

where
3 (0.4 (2)) = Min{3(p,1) /1 € (Ae (P) e ()]
B (A () = Max{a(p,1) /1 € (Ag ()5 (9)))

To solve the system (29) which is equivalent to (23), first we assume that

lp{ﬁauﬁ}} :Ac::(g}
lp{Ic:(Jﬂ}} =B::(Q}

where, A%{a) and B*(@) are the solutions of the system (29). By taking the inverse (Fp —LT), we get

_ﬁc: (ﬂ}
R (0) 29

(30)
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Aa (@) =14{A% ()
Ke (@) =13*{B."(0)}

Simillarly, we can follow the same process for 279, 374 ... m*™ order Fuzzy Differential equations.

(31)

4.2 NUMERICAL EXAMPLE

Example 1 Consider the IVP in fuzzy environment

N(p) =—A(@)—b 0=p=T,
AO) =(a—22-a), (32)
where, b=(n—-22—-na)= @:,E:},ﬂ Zza=1

Consider Case Il of strongly generalised H-differentiability, as defined in Theorem 2. Then, using the fuzzy
I — Laplace Transform, we obtain

LN (90} = L {—A () —b] (33)
we know that,

LN (2)} = —(A (0) & (—(o In p) © LA (©@)}) (34)

we can rewrite equation (33) as follow and for any specific € [0,1], we obtain the following —level
representation in system form

—(Ae (0)) = (—(2 In P {Ac (@)}) piha ()} — el {1}

I
I
—

— - _ — (35)
—(Aa (@) = (—(e In PL{A(@)}) = —dp{A (@)} —baly{l}
1 1
1[:' {ﬁ:: (jﬁ}} T e [nlp_|.1} Aa (ﬂ} - E': (g ln P}I:f In p+1)
_ _ N s (36)
lp{'ﬁ*::(jﬁ}} (plnp+1) e (0) — by (plnplipln p+1)
After simplification of (36)
_1-1 1 _ -1 ;
Aa () =15 {(g In p+1}}ﬁ: (0) = baly EE@ In pl(g In F+1}} (37)
— T N e -t
Ax (‘Eﬂ} o lp {I:g In p+1}}ﬁ~: (ﬂ} halp {':E In plip In F‘+1::'}
Finally, we obtain the required solution of (32) as follow
Ax () =(a—2)[2e7¥ —1] (38)

Ae (0) =(@2-a)[2e7¥ - 1]

The Solutions obtained using Fuzzy p — Laplace Transform(Fp —LT) for the case Il proposed in this section
are shown in Figure 1-2. We can see that for solution converges as §& increases. Figure 1 shows the —level
representation of Ag (§2) and Ay (§2) where,0 = a =1
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Figure 1: o - cut representation of solution of 10~

Example 1. for different Figure 2: 3D Graphical representation of Equation (38).

4.3 Method to find the solution Volterra integral equation
Consider the Volterra integral equation of the second kind[19, 22] in fuzzy environment

u(p) = 8(@) + J; (z— £) O u(z)dz,p € [0, T],T < oo (39)

where, (z — ) is convolution kernel function in fuzzy environment and & is a continuous fuzzy valued
function. i.e. 8(f2) € R,

Apply Fuzzy p — Laplace Transform on (1), we obtain

L {u(@)} = L 8@} + £, {f (2 - 0) O u(z)dz] (40)
where, 2 € [0,T], T < =

Now using (19) and (2), we get for any fixed & € [0,1],

Liu(@] =L{a.(0)}+ L{ (@ {u(9)}, 0=a=1
]'F{ﬁl:t(@)} = lp{__an(@)} + ]'p{ u(@)}lp{uu(@)}, 0=a=1

from (41), we have the following cases

(41)

1. if Nz () and u,(§2) are positive, then we get

1o (e (@) Mpfua(2)} = 1, {12 (@)1, fua ()}

L (e (9D {ua(9)} = L {na(9) L {ua(0)]

or 2. ifng(§2) is positive and 1, (§2) is negative, then we get

1o (e (@) fua()} = L (@)1 {ua ()]
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L (@), {2} = 1, {na () }1, {u()]

or 3. if ng(42)is negative and U, (§2) is positive, then we get

1 {1 (2) Mp{ue(9)} = 1, {n1a(2) } 1, {uc0)]

L (0, (9)} = L (@)}, {ua ()}
or 4. ifng()and ug () are negative, then we get

lp {n:(p}}lp{u:(\fﬁ}} = 1[:! {n:(\fﬁ}}lp{u:(\fﬂ}}

L e @, 0)] = 1, fna (@)}, {ua(0)}

where,

N (82) = () and  n,(#) =n,(#)

uc:(.!ﬂ} = Ec:(.fﬂ} and uc:(.!ﬂ} = Ec:(.{ﬂ}
Note that, zero does not exist in support.

Rewriting system (3), using any one of above cases, we get a simple form

pua(e) = 200

- 1—lpiﬂu(.§a}i

i~ (42)
lp(Bal )}
L =L
» (a2} 1-1g{f,(#)}
Finally, we get the solution by applying inverse of Fuzzy p — Laplace Transform
_1 ) iBal@}
u =11 —rﬁp“u
_:(\Eﬁ} P {1_lpi_ﬂﬂ':'fg} } (43)
— _1 | 1pfats)}
=1 1{ EL rﬂ }
u=(2) P l-tp{n (@}
4.4 NUMERICAL EXAMPLE
Consider the second kind Volterra integral equation in fuzzy environment
u(@) = (@ +22- )@ e + [ sin(p —z) © u(zx)dz, ¥ € [a, bo] (44)
Applying Fuzzy p — Laplace Transform on (6) we get
- g,
Lyfu(@)l=L{(a+22-a)De )+ L, Efu sin(pp —z) O u(z}dz} (45)
Using Convolution Theorem 5, equation (7) reduces to
Lyfu(@)}=Ly{(a+2,2—a) © e} + L, {sin(p)} O Ly {ul(p)} (46)
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for any fixed € [0,1], which is equivalently
L{u@)]} =1L {(a+2)- e} + 1 {sin(p)}- 1 {u(p)) .
L{ue) =1,{2- «)- e ¥} +1,{sin()}-1, {u(p))
After some simplifications we get
L{u@)}=(a+2)[-;elmp)*+ (el p) 2+ (eI p+3)7] »
LE@) = (2 - D2 )+ p) 7+ 2o p+3)Y o
By taking inverse (Fp2 —LT) we get, the required solution.
11 10 _
u(p) =(@+2)(-s+;p+7e%) (49)

up) =Q2-)(-c+ip+7e)

The Solutions obtained using method Fuzzy p — Laplace Transform (Fp —LT) by the proposed process in this
paper are shown in Figure 3-4. Figure 3 shows the —level representation of g (§?) and u.(§2) where
0=a=1,

alpha-cut Representation of solution u

~100 -075 -050 -025 000 025 050 075
Figure 1: @ - cut representation of solution of
Example 2. for different

~¥_o1.0
1

Figure 2: 3D Graphical representation of Equation (49).

5 CONCLUSION

The Fuzzy p — Laplace Transform is proposed and applied to FIVP and Fuzzy convolution volterra integral
equation of second kind. The solutions obtained by this transform will be more accurate and precised, and
verifying by graphically. In this paper, our main goal is to demostrate a (Fpp —LT) is more effective and working

nicely on p € ((0,20)\{1},
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