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Abstract

In this paper, different formulations of the fuzzy differential equation are solved using the fuzzy Laplace
transform. The radioactive decaying differential equation underimposed fuzzy initial conditions is
considered and three different systems of fuzzy differential equations for right angled triangular,
trapezoidal and quadrilateral initial conditions are prepared and solved using fuzzy Laplace transform. A
new quadrilateral fuzzy number is introduced and using that the decaying differential equation is
explored. We established the fuzzy Laplace transform for all defined right angled triangular, trapezoidal
and quadrilateral fuzzy numbers. The lower central and upper solutions according the applied fuzzy initial
conditions are presented. The solution in terms of membership grade has also illustrated. The core effect

of time on number of radionuclide in the sampleand a*value in a* — left quadrilateral fuzzy

number(Q. ;. 4,,4,)1S investigated.

Introduction

The simulation of physical and engineering problems such as dynamic processes in solid and
fluid dynamics, viscoelastics andanatomy leads to the Mathematical modelling through
differential equations. The parameters and main conditions of a model are generally considered
to be described accurately. In fact owing to calculation, analysis or investigation errors, the data
on factors and conditions can be ambiguous or inelegant for some realistic modelling. In order to
counter uncertainty or imprecision, a floated system can be utilized by transforming general

differential equations into fuzzy differential equations.Several analyses were pursued for the last

Page |3970 Copyright © 2019Authors



THINK INDIA JOURNAL ISSN: 0971-1260

Vol-22-Issue-16-August-2019

few decades on the various types of fuzzyderivatives and differential equations. The derivatives
of fuzzy functions were examined in [1] thena theorem that provides a solution to a fuzzy
differential equation was established [2].The general characteristics of the Sumudu
transformation and the Sumudu transformation of the first order equation were discussed in [3].
Abbasbandy and Viranloo [4] analysed the Taylor scheme numerical computations for solving
“fuzzy ordinary differential equations.New set of results for fuzzy differential equations are
presented in [5] using stacking theorem .Reganet al.[6] did the nonlinear analysis of fuzzy
differential equitation with initial and boundary conditions.

The generalized Hukuhara difference and fuzzy interval partition was numerically explored to
approximate the fuzzy initial value problem [7].While a few more research to solve the fuzzy
system of differential equation have been carried out in [9], [10] and [12-14].Basic
characteristics of Sumudhu and Laplace transform were described in [11] and [15]
respectively.Allahviranloo and Salahshourpresented Eulers technique and new approaches like
fuzzy Laplace to solve the fuzzy hybrid,integro and fractional differential equations in [16-19].
F.V.l. method was employed to obtain the approximate results of nonlinear fuzzy differential
equation [20], [25].Mondal and Roy [21] considered the coefficient and initial condition of differential
equation as triangular fuzzy number and fuzzy Laplace method is implemented to solve the first order
equation and then fuzzy nth order derivatives were evaluated in [22].Severallntuitionist differential
equations solutions were carried out in [23].Nayak and Chakraverty [24] numerically approximated the
fuzzy stochastic differential equation.Some solutions of resolving a complex and linear fuzzy differential
equation were derived by You and Zhang [26] and then stability analysis of credibility for FDEs
was also done in [28]. Gholamiet al.[27] provided the approach to solve the 2-point boundary-

value problem by fuzzy kernel method.

2. Preliminaries
2.1: Fuzzy Set and its Components

Definition 2.1.1:LetX*be the universal spaceand a fuzzy setd, is a set in which each element of

the setX*is associated with a membership grade defined as:

A={(x", pa(x"): "X pug(x")) > 011}
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Definition2.1.2:Let a fuzzy setAdefined on the universal spaceX*with uz(x*)) — [0 1]fora* €
uz(x*), thena* —cut ofAis defined as A*” = {x*|uz(x*)> a* x*eX*}

Definition 2.1.3:Let a fuzzy setAdefined on the universal spaceX*with puz(x*)) - [01]

*+
fora* € uz(x*), thenstronga* —cut ofA is defined as A = {x*|uz(x*) > a*,x*eX* }

Definition 2.1.4: Let a fuzzy setAdefined on the universal spaceX*with pz(x*)) — [0 1]
fora* € uz(x*), then the support of A is defined as

A% = {x*|uzs(x")>0x"eX* }

Definition2.1.5: Let a fuzzy setAdefined on the universal spaceX*with pz(x*)) — [01]
fora* € uz(x*), then the height of 4 is defined as H(4) = maxifu;(x;*)) and 4 is said to be
normal if H(4) = 1.

Definition 2.1.6: Let a fuzzy setAdefined on the universal spaceX *with pz(x*)) — [0 1] then it
is called convex, if for any two x;*, x;"eX*

wa{ Ax;"+(1- Mx; " miniflg ("), wa ()}, Where 0 < A<I.

Definition 2.1.7:Let a set of fuzzy numberg* = {¢: R — [0, 1] if

1) ¢ isnormal
2) ¢ isconvex Vx;*, x;"eX”
3) upper semi-continuous onR € X*

4) As and its closure are compact
Definition 2.1.8: The r-level of the fuzzy number gpisdefinedas
" = {x|us(x*) = r0x*eX* }

Definition 2.1.9: Let @;and ¢, € @™, I3 € @* such that ¢; = @, + @3 then @5 is known as
of Hukuhara ,H — dif ference of ¢, and ¢, defined byp,; © ¢, its r-level if

(p1©¢02) =[p" — 92", 91 — 97 ]
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3. Methodology

Definition 3.1: Fuzzy differentiation: A mapping : ¥ (aq, a;) — ¢ is strongly generalized
differentiable at x,€(ay, ay) if 3an element w'(xy)E¢* such that

(i)Forasmallk > 0 3w(xy + k) © w(xy), w(xg) © w(xy — k)

otk Owlxy) | wlx) ©wlxg—k)
and lim = lim = w (xg)
k-0%t k k-0t k

(i)Forasmallk > 0 3w(xy — k) © w(xy), w(xg) © w(xy + k)

o w(xy) © wlxy + k) o w(xy) © wlxy + k) ,
and lim = lim = w (xg)
k-0t —k k-0t -k

(iii)Forasmallk > 0 3w (xy + k) © w(xy), w(xy — k) © w(xy)

w(xg+ k) © wlxy) lim w(xg — k) © w(xp) _

and kll)rggr X = Jm, 2 w (Xo)
(iv)Forasmallk > 0 3w (xg) © w(xg + k), w(xg) © w(xy — k)
. wx) Qwlxy+k) | wlkx)Qwlxy—k)
and lim = lim = w (xg)
k-0t —k k-0t k

Definition 3.2: Fuzzy Laplace Transform: Let w (x) is a continuous fuzzy membership grade
function ande#*w (x)is improper fuzzy Riemann integrable on [0 o) then the fuzzy Laplace

transform ofw(x) is defined asL (w (x)) = fow e P*w (x)dxp >0
Theorem 3.3:Let w’ (x) is an integrablefuzzy membership grade functionon [0 o) then
() if w (x) is (i)-differentiable:£ [ ' (x)]=f * w(x) © w(0)
(b) if w (x) is (ii)-differentiable: £ [ w'(x)]=(-w(0)) © (=B * w(x))
3.4: Triangular fuzzy number: 7, 4 ;.

Let X be the universal space of real number and a,b and c € X such thata < b < cthena
triangular fuzzy numbert, 4 ;with membership grade 7, 4 ;(X) is defined as

(0 x<a )\

xX—a

P a<x<b
Th,d,ic )= = p<x<cl whered, = b — a,i. = ¢ —b.

| =
kCO xX>cC )

And graph 1 represents the membership grade of 7, 4;

X Q
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Graphl: Triangular fuzzy number t;, 4 ; With its membership grade

And the fuzzy Laplace transformation of 7, ; ; is defined as

L (tha,.) = (Z (%) £ (Tb,dc,ic))

( 0 x<a
[~ |
a<x<b
Z(t0) 4 ( Tobdeiic ) Where
| £ (delc) b<x<c|
k x>c )
~ —aB — — o
L (Tb,dc,ic): - (;bz(z?)_i;rl)e
= e F —((c—b)p—1)e
£ (tha,,) = B2(c — b)

3.5: Triangular fuzzy number: 7, ;

Let X be the universal space of real number and a,b and c € X such thata < b < cthena
triangular fuzzy numbert, ; with membership grade 7, ;(x) is defined as

1 x<a
Ty (X) = Z%z a<x<bwherei =b — a.
0 x>Db

And graph 2 represents the membership grade of (7, ;)
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Graph2: Triangular fuzzy number 7}, ; with its membership grade

And the fuzzy Laplace transformation of T, ; is defined as £ [t 4] = [E (), L (Tb,i)]

_ L (Tb,i)* a<x
L(tpq:)= Z@ a<x Z b ; Where
0 X >

e PP —((b—a)p—-1)e~%
B2 (b-a)

L (tp) =f ePr. 1dx= l_eﬁ_aﬁ, B > 0 similarly £ (z,;) =

3.6: Trapezoidal fuzzy number:t,..c 4.,

Let X be the universal space of real number and a,b,c and d € X suchthata < b <c<d

Then a trapezoidal fuzzy numberz, .. 4 ; with membership grade 7, 4, ;. (X) is defined as

(0 x < a&x > d)
|2 a<x<bh
Tb~C,dC,iC(x):4I bIa h<x<c }Where dC =ph— a, iC =d-c
d—x

- c<x<d }

And graph 3 represents the membership grade of (z,~c 4, ;,)
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Graph3: Trapezoidal fuzzy numberz,... 4, ; with its membership grade

And the fuzzy Laplace transformation of 7, .., ; is defined as

L (Tb~c,dc,ic):(z (Tb~c,dc,ic)»f (Tb~c,dc,ic)*:z (Tb~c,dc,ic))
( 0 x < a&x > dy
I f(rb~c,d0,ic) a<x<b |

I (Tb"'C,dc:iC):i Z(Tb~c,dc,ic)* b<x<c | Where

Lf(rb~c,d6,ic) c<x<d J

e —((b—a)B+1)ebF

L (ot = Fo-a)

~ * e

L (Tb~c,dc,ic) = %

e —([d=c)p 1)~
L (Tb~c,dc,ic) = - (ﬁz(dc—[z') )e

3.7: a — leftQuadrilateral fuzzy number:Q;, 4, 4,
Let X be the universal space of real number and a,b,c and d € X suchthata < b <c<d

Then a* — left Quadrilateral fuzzy number:Q.;_ 4, 4, With membership gradeQ.;, 4, 4,(X) is
defined as

0 x<a&x>d
(ﬂ)*a* a<x<bhb
b—a
. =< -b\—
chlmdlv dz(x) a +(:Tb)a b<x<c
dx c<x<d
d—c
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Wherei, =d—c,dy =b—a, dy =c—b,a* € [0.751],a* = 1 —a.And graph 3 represents the
membership grade of (Qc.4,, 4,)

1.00

0.50

0.00

F 1

>

B

Graph4: a* — left Quadrilateral fuzzy number:Q. ;_ 4, 4, With its membership grade

And the fuzzy Laplace transformation of Q. ; 4, 4, is defined as

Z(Qc,ic,dl,dz):(z (QC,iC,dl,dz)lZ(QC,iC,dl,dz)*lT (QC,ic,dl,dz ))

E (QC,iC,dl,dz ) <

E(Qc,ic,dl,dz) =a

Z (QC,iC,dl,dz )* =

Z (QC,ic,dl,dz ) =

x<a&x>d
ucdld) a<x<b

* Where

(o
( CLCdld) b<x<c
(Quieyar)

“l

mcdld) c<x<d

(e‘“ﬁ —(b-a)B + 1)e‘bﬁ>

p*(b —a)
((c —b)af + E)e‘bﬂ - (((c —b)a+ (c— b)a),[)’ + 6) e~<P
(c - b)B?
e ¥ —((d-c)p—1)e
p*(d —c)

4. Problem formulation
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Let @(t,a)be the number of radionuclide in the sample,it is the state as decay constant
andd@(t, a)benumber of nuclei that undergo decay in time dt then the nuclear decay equation
can be delineatedas[13]

de(t,a)
dt - —ﬂw(t, a)(l)

Where @(t, a):((ZS(t, a),*(t,a), 0(t, a)) is a fuzzy membership grade function of t > 0 and
a € [0 1]with tarapozoidal (ty~. 4, ;. )initial condition
0(0,) = (9(0,0),0°(0,),8(0,)) = (3a + 1,k,8 — 3a)k € [45](2)

Let @(t, a) is (ii)-differentiable
Applying the fuzzy Laplace transform both side of equation (1).

L (%) = L (-u0(t,)()

Jat

—0(0,0) © =L [B(¢t, )] = —pL [B(t, a)](4)

Then the following system is going to be obtained.
BL [2(c )| - 0(0,0) = 1L [0(, @)](5)
BL[¢"(t )] — 07 (0,) = —uL [9"(0, @)](6)
BL [0t )| - 0" (0(0,0)) = 4L [0(0. )](7)

The initial fuzzy trapezoidal condition changes the equations (5-7) into following system
B +wI [pta)| - Ga+1) = 0()

B+wLle (ta)] —k= 0(9)

B+ I [0z a)] - (8 - 30) = 0(10)

Consider the decay constant ¢ = 1 and applying the inverse Laplace the above coupled

equations (8-9) deduced into
~-—1
ot @) = Ba+ 1L (ﬁ)(n)
~-—1
¢*(t, @) = kL (ﬁ)(lz)

0 a) =B-30)L (2)@3)
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Hence
Ba+1et ael01] and Ba+1) € [13]
o(t,a) = { ke * k € [4 5] }(14)
(8—3a)e™ ae[01] and (8 —3a) € [5 8]

And corresponding fuzzy solution is

%e—f 1<x<4

o(t,a) =4 et 4<x<5 (15)

%e—f 5<x<8

Now theequation (1) is considered with the triangular (7, ;) initial condition and let @(t, &) is
(i)-differentiable.

Where @(t, a):((z)*(t, a),d(t, a)) is a fuzzy function of t> 0 and a € [0 1]with
triagular (tp;) initial condition
8(0,@) = (¢"(0,@),8(0,a)) = (k.8 — 3a)k € [15](16)

Applying the fuzzy Laplace transform both side of equation (1).

[ (%52) = L (—uo(t, @)(17)

—0(0,@) © —BL [B(t, )] = —uL [B(t, @)](18)

Then the following system is going to be obtained.

BL [0 (t, )] — 0°(0,a) = —uL [#°(0,0)] (19)

BE [0(ca)| — 0 (0(0,0)) = 1L [0(0, )] (20)

The initial fuzzy trapezoidal condition changes the equations (19-20) into following system
B+wLip ]l —k= 0 (21)

B +wI [0t a)] - (8-30)= 0 (22)

Consider the decay constant ¢ = 1 and applying the inverse Laplace the above coupled

equations (20-22) deduced into
~-—1
¢*(t, @) = kL (ﬁ)(zs)

0t =(68-30L  (13)@

Hence
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ket k € [15]

ot @) = {(8 —3a)e”t ael01]and (8 —3a) € [5 8](25)
And corresponding fuzzy solution is
0 x<1x>8
o(t,a) =4 € 1<x<5 (26)
{% et 5<x< 8}

Similarly the equation (1) is solved with a — left Quadrilateral fuzzyQ.;_q4, 4, initial condition

and it was assumed that @ (¢, ) is (ii)-differentiable.

Where @(t, a):((z)(t, a),*(t,a), 0(t, a)) is a fuzzy function of t >0 and a € [0 1]with

a* — left Quadrilateral fuzzy number(Q.;_q,, 4,)initial condition

30a+8 10
2 27,8 — 3¢)(27)

00,@) = (80, a <), @ (ta’ <a < 1),000,0)) = (
It is clearly observed that the convexity condition of Q.; 4, 4, satisfy for higher value of a* if

a* > 0.75 above number in (27) is convex.

Applying the fuzzy Laplace transform both side of equation (1).

L (%) = L (~u0(t, @) (28)

—0(0,@) © —BL [B(t, )] = —uL [B(¢t, @)](29)

Then the following system is going to be obtained.

BE [0(t. )] - 9(0.0) = —uL [p(t,0)] (30)

BE [0°(t)| - 9'(t,@) = —uL [¢" (1, )] (31)

BL [0 )] - 0 (0(0.@)) = L [0(0, @)](32)

The initial fuzzy « — left quadrilateral fuzzy condition changes the equations (30-32) into

following system

B +wI [pta)| - (%) = 0(33)

8

10«

B+wE [0 o] - == 0(34)

2

B+ [0t~ (8-30) = 0(35)
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Consider the decay constant 4 = 1 and applying the inverse Laplace the above coupled
equations (33-35) deduced into

Ot a) = (30a+8) f—l (L)(%)

8 1+
o)=L (15)@7)
0@ =B-30L  (17)@8)

Hence

( (%) et ae[01] and (300;+8) €[14])
o(t, a) = { et k €[45] (39)
\(8 = 3a)e~* ae[0 1] and (8 — 3a) € [5 8]/

And corresponding fuzzy solution is

( Lot 1<x<4 )
o(t,a) = { (08+0.2%(x—14))et 4<x<5 } (40)
\ T 5<x<8 )

3

5. Result and analysis

Using the described methodology the solution of nuclear decaying differential equation under all
three imposed fuzzy initial condition is obtained. Figure 1 shows the nuclear decay under the
trapezoidal and quadrilateral conditions and figure 2 shows the nuclear decay under the
triangular condition. In figure 1 three decaying curves represents the lower, central and upper
solutions and in figure 2 two decaying curves represents the lower and upper solutions. The
figure 3, 4 and 5 shows the respective fuzzy solution under the (tp-cq, ;. ), (75;) and a -
left (Qcicdl, 42) initial condition with varying time and it is observed that radionuclide
decreases as time increases and these solutions also can be validated with figure 1 and 2 .It was

noticed that the value of a for a—left (Q,, d; ,.) condition is greater than 0.75 so that
Lo y 2

Qc.i.d,, d, Tulfil the convexity condition of fuzzy number.
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Figure 1: Solution of the nuclear decay equation by using trapezoidal (Tb%dc,ic) and quadrilateral

fuzzy(Q.,, 4,, ¢,) initial conditions
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Figure 2:Solution of the nuclear decay equation by using triangular (‘rb,i) initial condition (16)
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Figure 3:. The fuzzy solution of the nuclear decay equation using trapezoidal (TbNC’dC’iC) initial

condition (2)
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Figure 4:. The fuzzy solution of the nuclear decay equation using triangular (Tb,i) initial
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Condition (16)

Figure 5: The fuzzy solution of the nuclear decay equation using a« — left quadrilateral

fuzzy(Q.,, 4, 4,) initial condition (16).
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Conclusion

In this paper, the radioactive decaying differential equation under thetrapezoidal(rbNC,dC,ic) ,right
angled triangular(t,,;) and a — left quadrilateral(Q.,;_q, 4,) initial conditions has formulated
and solve by fuzzy Laplace transform. A new a — left quadrilateral(Q.,;, 4,, 4,)fuzzy number as
initial condition is introduced first time to explore the FDEs. The lower central and upper solutions
according the applied fuzzy initial conditions are presented. The respective fuzzy solutions under all
three imposed conditions have presented. The following remarks can be concluded

e The number of radionuclide decreases as time increases and it vanishes with higher time.

o The greater value of asay =0.75 for a — left quadrilateral(Q a4 ..) provides the
e ’ 2

better convexity.

e The differential equation can be explored with some other a —left and right poly fuzzy
number.

References

[1] O. Kaleva, "Fuzzy differential equations”, Fuzzy Sets and Systems, vol. 24, pp. 301-317,
1987.

[2] O. Kaleva, "The cauchy problem for fuzzy differential equations”, Fuzzy Sets and Systems,
vol. 35,pp. 389-396, 1990.

[3] M. Asiru, "Further properties of the Sumudu transform and its applications”, International
Journal of Mathematical Education in Science and Technology, vol. 33, pp. 441-449, 2002.

[4] S. Abbasbandy and T. Viranloo, "Numerical Solutions of Fuzzy Differential Equations by
Taylor Method", Computational Methods in Applied Mathematics, vol. 2, 2002.

[5] R. Agarwal, D. O'Regan and V. Lakshmikantham, "A stacking theorem approach for fuzzy
differential equations”, Nonlinear Analysis: Theory, Methods & Applications, pp. 299-312,
2003.

[6] D. O'Regan, V. Lakshmikantham and J. J. Nieto, "Initial and boundary value problems for
fuzzy differential equations”, Nonlinear Analysis: Theory, Methods & Applications, vol. 54,
pp. 405-415, 2003.

[7] S. Abbasbandy, T. Viranloo, O. L6opez-Pouso and J. Nieto, "Numerical methods for fuzzy
differential inclusions"”, Computers & Mathematics with Applications, vol. 48, pp. 1633-
1641, 2004.

[8] T. Allahviranloo, "Numerical methods for fuzzy system of linear equations"”, Applied
Mathematics and Computation, vol. 155, pp. 493-502, 2004.

Page |3985 Copyright © 2019Authors



THINK INDIA JOURNAL ISSN: 0971-1260

Vol-22-Issue-16-August-2019

[9] S. Abbasbandy, J. Nieto and M. Alavi, "Tuning of reachable set in one dimensional fuzzy
differential inclusions”, Chaos, Solitons& Fractals, vol. 26, pp. 1337-1341, 2005.

[10] J. Nieto and R. Rodriguez-Lépez, "Bounded solutions for fuzzy differential and integral
equations”, Chaos, Solitons& Fractals, vol. 27, pp. 1376-1386, 2006

[11] F. Belgacem and A. Karaballi, "Sumudu transform fundamental properties investigations
andapplications”, Journal of Applied Mathematics and Stochastic Analysis, vol. 2006, pp. 1-23,
2006.

[12] A. Martynyuk and V. Slyn’ko, "On the global existence of solutions of fuzzy differential
equations”, Differential Equations, vol. 42, pp. 1391-1403, 2006.

[13] B. Bede, I. Rudas and A. Bencsik, "First order linear fuzzy differential equations under
generalized differentiability”, Information Sciences, vol. 177, pp. 1648-1662, 2006.

[14] Y. Chalco-Cano and H. Romén-Flores, "On new solutions of fuzzy differential
equations”, Chaos, Solitons& Fractals, vol. 38, pp. 112-119, 2008.

[15] T. Allahviranloo and M. Ahmadi, "Fuzzy Laplace transforms”, Soft Computing, vol. 14, pp.
235-243, 20009.

[16] T. Allahviranloo and S. Salahshour, "Euler method for solving hybrid fuzzy differential
equation”, Soft Computing, vol. 15, pp. 1247-1253, 2010.

[17]T. Allahviranloo, S. Abbasbandy, O. Sedaghgatfar and P. Darabi, "A new method for
solving fuzzy integro-differential equation under generalized differentiability”, Neural
Computing and Applications, vol. 21, pp. 191-196, 2011.

[18] S. Salahshour, T. Allahviranloo and S. Abbasbandy, "Solving fuzzy fractional differential
equations by fuzzy Laplace transforms”, Communications in Nonlinear Science and
Numerical Simulation, vol. 17, pp. 1372-1381, 2012.

[19] S. Salahshour and T. Allahviranloo, "Applications of fuzzy Laplace transforms", Soft
Computing, vol. 17, pp. 145-158, 2012.

[20] T. Allahviranloo, S. Abbasbandy and S. Behzadi, "Solving nonlinear fuzzy differential
equations by using fuzzy variational iteration method", Soft Computing, vol. 18, pp. 2191-
2200, 2013.

[21] S. Prasad Mondal and T. Kumar Roy, "First Order Linear Homogeneous Ordinary
Differential Equation in Fuzzy Environment Based On Laplace Transform", Journal of
Fuzzy Set Valued Analysis, vol. 2013, pp. 1-18, 2013.

[22] M. Ahmadi, N. Kiani and N. Mikaeilvand, "Laplace transform formula on fuzzy nth-order
derivative and its application in fuzzy ordinary differential equations”, Soft Computing, vol.
18, pp. 2461-2469, 2014.

Page | 3986 Copyright © 2019Authors



THINK INDIA JOURNAL ISSN: 0971-1260

Vol-22-Issue-16-August-2019

[23] L. Wang and S. Guo, "New Results on Multiple Solutions for Intuitionistic Fuzzy
Differential Equations”, Journal of Systems Science and Information, vol. 4, pp. 560-573,
2016.

[24] S. Nayak and S. Chakraverty, "Numerical solution of fuzzy stochastic differential
equation”, Journal of Intelligent & Fuzzy Systems, vol. 31, pp. 555-563, 2016.

[25]A. Armand, T. Allahviranloo, S. Abbasbandy and Z. Gouyandeh, "Fractional relaxation-
oscillation differential equations via fuzzy variational iteration method", Journal of
Intelligent & Fuzzy Systems, vol. 32, pp. 363-371, 2017.

[26] C. You and R. Zhang, "Existence and uniqueness theorems for complex fuzzy differential
equation”, Journal of Intelligent & Fuzzy Systems, vol. 34, pp. 2213-2222, 2018.

[27]N. Gholami, T. Allahviranloo, S. Abbasbandy and N. Karamikabir, "Fuzzy reproducing
kernel space method for solving fuzzy boundary value problems”, Mathematical Sciences,
vol. 13, no. 2, pp. 97-103, 2019.

[28]C. You, Y. Hao and K. Su, "Stability in credibility for fuzzy differential equation”, Journal
of Intelligent & Fuzzy Systems, vol. 36, pp. 213-218, 2019.

Page |3987 Copyright © 2019Authors



