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1 Introduction

Fuzzy and intuitionistic fuzzy differential equations are very useful to model dynamical systems
whose uncertainty is characterized by a non-random process [9]. Fuzzy differential equations
have a large area of application in civil engineering [37], biology [38—40], physics [41], medical
science [42, 43] and so many other fields of science [44, 45]. So the existence and uniqueness
of the fuzzy differential equation is an area of great interest and this has been studied in [10, 13,
14, 19, 21, 23]. Various kind of fuzzy differential equation and their application have been
studied by many researchers. Bede et al. interpret first order linear fuzzy differential equations
by using the strongly generalized differentiability concept [11]. Chalco-Cano, Roman-Flores
study the class of first order fuzzy differential equations where the dynamics is given by a
continuous fuzzy mapping which is obtain via Zadeh’s extension principle [12]. Solutions of
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first order fuzzy differential equations have been also studied in [15, 17, 18, 20, 22, 24-26].
An extension of differential transformation method using the concept of generalized
H-differentiability has been studied by Allahviranloo et al. in [16]. But most of them have studied
only first or second order fuzzy differential equation.

The concept of fuzzy set theory has been extended into intuitionistic fuzzy set (IFS) theory
by Atanassov [27-29]. There are huge applications of IFS in different fields of science like
medical diagnosis [31], microelectronic fault analysis [32], pattern recognition [33], decision-
making problems [34, 35], drug selection [36] and etc. The studies on improvement of IFS
theory, together with intuitionistic fuzzy geometry, intuitionistic fuzzy logic, intuitionistic fuzzy
topology, an intuitionistic fuzzy approach to artificial intelligence, and intuitionistic fuzzy
generalized nets have been given in [30].

There are only few work have been done on intuitionistic fuzzy differential equation
(IFDE) [46-49] although like fuzzy differential equations there are a large area of possible
applications of IFDE in civil engineering, biology, physics, medical science and so many other
fields of science. V. Nirmala and S. C. Pandian have studied Intuitionistic fuzzy differential
equation with initial condition by using Euler method [46]. The existence and uniqueness of a
solution of the intuitionistic fuzzy differential equation using the method of successive
approximation has been discussed by R. Ettoussi et al. [47]. The existence and uniqueness
theorem of a solution to the nonlocal intuitionistic fuzzy differential equation using the concept
of intuitionistic fuzzy semigroup and the contraction mapping principle has been given by S.
Melliani [48]. A system of differential equation of first order with initial value as triangular
intuitionistic fuzzy number has been solved in [49].

The Adomian Decomposion Method (ADM) was first introduced by Adomian in 1980 [1].
ADM is very powerful tool to solve algebraic, differential, integral and integro-differential
equations involving non-linear functional [2-5]. A second-order fuzzy differential equation has
been solved by using Adomian method under strongly generalized differentiability in [8]. Using
ADM hybrid fuzzy differential equations have been solved in [7]. Numerical approximation of
fuzzy first-order initial value problem by using ADM is presented in [6]. Our study is the first
attempt to solve intuitionistic fuzzy differential equation with linear differential operator of any
order. In this paper, we develop numerical method for intuitionistic fuzzy differential equations
with linear differential operator by an application of the ADM. The structure of this paper is
organized as follows: Section 2 contains some basic definitions of intuitionistic fuzzy sets and
intuitionistic fuzzy number. Section 3 contains solution procedure of intuitionistic fuzzy
differential equations with linear differential operator by ADM. In section 4, the proposed
method is illustrated by two numerical examples and we compare ADM solution with exact
solution to check the accuracy of the method. Finally the conclusion and future research is given
in section 5.

2  Preliminaries

Definition 2.1. (see [1]). If X is a collection of objects denoted by x then a fuzzy set A in X is a
set of ordered pairs denoted and defined by: A ={(x, uz(x))/x € X}, were uz(x) is called
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membership function or grade of membership (also degree of compatibility or degree of truth)
of x in A which maps X to [0,1].

Definition 2.2. [1]. a-cut of a fuzzy A setis a crisp set A, and defined by A, or A [a] =
{x/uz(x) = a}, where A ={(x, uz(x))}.

Definition 2.3. A fuzzy set 4 is said to be convex fuzzy set if A, is a convex set for all & € (0,1].
Definition 2.4. A fuzzy set A is said to be normal fuzzy set if there exist an element (a, 1) € A.

Definition 2.5. If a fuzzy set is convex, normalized and its membership function, defined in R,
is piecewise continuous then it is called as fuzzy number.

A triangular fuzzy number 4 is denoted by (a;, a,, a3) and it is a fuzzy set { (x, 7 (x))}
where

x_al
|f , A S x < ay
a; — a4 _
i(x) =< a3 —X A
wa(x) —,a;, <x<az
as —a;
0, otherwise

is called positive triangular fuzzy number if a; > 0 and negative triangular fuzzy number if
as; < 0.

Definition 2.6. [18]. Let E be the set of all upper semicontinuous normal convex fuzzy numbers
with bounded a-cut intervals. It means if ¥ € E then the a-cutset is a closed bounded interval
which is denoted by v, = [v1,v,]. For arbitraryu , = [uy,u,],v 4 = [v1,v,] and k >0,
addition (u 4 + v o) and multiplication by k are defined as (u + v);(a) = uy () + v, (a),
(u +v)2(@) = uz(a) + vy(a), (kw)1(a) = kuy (@), (ku)z(a) = kuy(a).

Since each y € R can be regarded as a fuzzy number y defined by

(L ifx=y
uf’(x)_{Oifx;ty’

the Hausdorff distance between fuzzy numbers given by D : E X E— R,U {0},

sup Max {|u; (a) — vy (a), [uz(a) — vy ()]}
a € [0,1]

D(ii, D) =
It is easy to see that D is a metric in E and has the following properties (see [19])
i) Da@wvé@w)=D(,v)VivweEE,
(i) Dk O,k O D) =|k|D(1i,7),Vk €ER, i,V EE,
(iii)) DG P v, w @ é) < D(ii,w) + D(¥,é),Vii,7,W,é EE,
(iv) (D, E) is a complete metric space.

Definition 2.7. (see [15]). Let f:R —E be a fuzzy valued function. If for arbitrary fixed t, € R
and € > 0,ad > 0suchthat |t — ty]| < § = D(f(t), f(ty)) < €, f is said to be continuous.

27



Definition 2.8. Let U = {xy, x,, ..., X, } be a finite universal set. An intuitionistic fuzzy set A’ in
a given universal set U is an object having the form
A = {(o, pi (), v (x;)): x; € U,
where the functions
pzi:U - [01];ie.,x; €U - pzi(x;) €[0,1]
and
vz:U - [0,1];ie., x; € U = vz(x;) € [0,1]
define the degree of membership and the degree of non-membership of an element x; € U, such
that they satisfy the following conditions:
0 <pzlx) +vzlx) <1L,Vx; €U
which is known as intuitionistic fuzzy condition. The degree of acceptance p i (x;)and of non-
acceptance vzi(x;) can be arbitrary.

Definition 2.9. A set of (a, 8)-cut, generated by IFS A!, where a, 8 € [0,1] are fixed numbers
such that @ + f < 1 is defined as

Ji o= (x, Ilgi(x),vgi(x)); x€U
“f pzi(x) = a,vz(x) < B; a,f € [0,1]’

where (a, )-cut, denoted by A"a, p- 18 defined as the crisp set of elements x which belong to A

at least to the degree a and which does belong to A* at most to the degree f3.

Definition 2.10. An intuitionistic fuzzy number A’ is
i.  An intuitionistic fuzzy subset on the real line
ii.  Normal i.e. there exists at least one x, € R such that y15i(x9) = 1( s0o vz (xg) = 0)
iii.  Convex for the membership function p i i.e.

pzi(Ax; + (1= Axz)) = min{pzi(xq), pzi(x2) ¥V x4, x, € R, 2 € [0,1]
iv.  Concave for the non-membership function v i.e.

vzi(Axg + (1 — Ax3)) < max{vzi(xy), v (x2)}; ¥V xq, %, € R, A € [0,1]

3 Intuitionistic fuzzy differential equation
with linear differential operator

The intuitionistic fuzzy differential equation with linear differential operator is as follows:
LT (e) + RE'(8) + N (6,7(1)) = §'(t) (1)

where §(t) is an intuitionistic fuzzy function of t, L is the highest order linear differential
operator, R is the remaining part of the linear differential operator and N may be linear or
nonlinear function of t and ﬁi(t). Here, in general, we take N as a nonlinear function of t and
%t (t) such that

Nal(t' ual;uar) =Yt Evi(t, ual)EZi(tJ uar) (2)
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Ne, (t, g Uq,) = Yo Fij(t ua) Faj(t, tg,) 3)
Ng,(t,up,up.) = Tty Gai(t, ug)Gai(t, ug ) 4)
Np, (6 ugy up,) = T Haj (6 g ) Ha (8 up,) 5)
where
Uq,p(t) = (g (), up (1)) = ([ug, (t, @), g, (t, )], [ug, (£, B), ug, (t, B]),
Nep (£) = N(t, ([, (t, @), uq, (¢, )], [up, (&, B), up, (t. B]))

= ([N, (t uay e, ), No, (E ey e, )], [Np, (6 ug, g, ), Np, (8 ug, ug, )],

Ell-(t, ual), Flj(t, ual) are functions of t and u,, (¢, ) and Ezi(t, uar), sz(t, uar) are functions
of tand u, (t,@),i=1,2,..,m,j=12,..,1L

Again, Gli(t, uﬁl), Hlj(t, uﬁl) are functions of t and uﬁl(t,ﬁ) and Gzi(t, uﬁr), sz(t, uﬁr) are
functions of t and ug (¢, 6),i=1,2,..,m,j=12,..,L
9a () =(ga(®), 95(O)) = ([9a,(t, ), gu, (t, D)], [, (t, B), 95, (&, DD])-
Now, from (1) we get
L{[ug, (t, @), uq, (8, @], [ug,(t, B), ug, (&, B)]) + R{[u, (t, @), U, (t, @)], [ug, (¢, B), up, (t, B)])
+ N(t, ([uq, (& @), ug, (t, @), [ug, (¢, B), ug, (t, B)]))
= ([94,(t, @), 9o, (&, )], [95,(t, B), g5, (&, B
Therefore,
L[ual(t, a),ugq, (t, a)] + R[ual(t, a), uq, (t, a)] + N(t, [ual(t, a),uq, (t, a)])
= [9¢,(t, @), ga, (t, )]
and
L[ug, (¢, B), ug, (t, B)] + Rlup,(t, B), up (¢, B)] + N(¢, [ug,(t. B), ug, (£, B)])
= [95,(t. 8, 95,(t. B)]

Let, [Pal(uaz' uar)' Fa, (ual' uar)] = R[ual(t' ), U, (t, a)] and [Pﬁl(uﬁl' uﬁr)' Pg, (uﬁl' uﬁr)] -
Rlug,(t, ), up, (&, B)]-

Hence,
Lug, (t, @) + Pal(ual,uar) + Nal(t, ual,uar) = go,(t, @) (6)
Lug (t,a) + Par(ual,uar) + Nar(t, ual,uar) = G, (t, @)
(7)
Lug,(t, B) + Pg,(ug,ug ) + N (t, ug, (t, ,6')) = g5,(t. B) (8)
Lug (t,B) + Pg (ug,ug ) + N (t, ug (t, ﬁ)) = g5 (t, B) 9)

Applying the inverse operator L™t of L on both sides of (6), (7), (8) and (9) we get
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Uq,(t, @) = L7 g, (t, @) + 9, (£) — L7 Py (e U, ) = L7 Ny (8 iy U, )
Uq, (t, @) = L7 gq (£, @) + @q, (£) = L' Py, (Uay, Ua,) = L7 No, (t, Uy, U,
ug,(t, B) = L7 g, (¢, B) + @p, () — L7 P, (up, ug,) — L™ Np, (t, up, ug, )
ug, (t,8) = L7 gp, (¢, B) + ¢, () — L7 P, (up,, up,) — L™ Np, (£, up, ug, )

where ¢;(t) satisfies Lo;(t) =0, i = a;, a,, B, B, those are normally found by the initial
conditions.

The Adomian decomposition method assume an infinite series solution for the unknown
functions u,, (t, @), U, (t, @), ug (t, f) and ug (t, B) given by

Ug, (8, @) = =0 Uaun (L, @) (10)
Uq, (t, @) = X0 Ug,n(t, @) (11)
ug,(t, ) = Yo ugn(t, B) 12)
ug, (t,B) = Ln=oUg,n(t,B) (13)

The nonlinear functions Ey;(t,ug,), Eai(tug, ).  Fij(tug,) Faj(t ua, ), G 1:(t up)),
Gai(t,ug,.), Hy;(t, ug,), Hai(t,up,.) into an infinite series of polynomials given by

Eyi(t ug) = TozoA1in

Eyi(t,uq,) = Yoz Azin

Fij(t,ug,) = Xi-oBijn

Fyj(t ua,) = X530 Bajn

Gi(t ug,) = Y- Cain

Gai(t, ug,) = T Cain

Hyj(t ug,) = X5=o D1in

Hyi(t, ug,) = Xz Dain

where Aqin , Azin » Bijn » B2jns Ciin » C2in » D1jn » D2jn are the so-called Adomian polynomial
defined by

1 .d"

Aqin = [d/ln E1i(t, Xk=0 Akualk(t: a))li=o

n!
_1.a" n k
Azin = p [W Epi(t, Xk=0 A Ua, 1 (t, @))]2=0)

1 .4d"
Bljn == [W Flj (t, Z;clzo Akualk(t: a))]/’l:Ol

n!

1, dn
Byjn = — [ F2j (& Xk=o uy 1 (8, a))]azos

1 an
Crin = — [ G1i (6, k=0 Aup i (t, )] 1=0,
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1 ,.dn

Cain = — [ G2i (t, Xki=o Aug, (£, B)]1=0»
1.d"

Dijn = - [wHu(t’ Yk=0 Akuﬁln(t: BN]a=0s
1. .d"

Dyjn = o [W Hy;(t, Y=o Akuﬁrn(t:ﬁ))h:o

i=12..,m j=12..,,n>0.

We can see that A;;9 and B jo depend only on Uy, A1 and By j; depend only on ug, and
Ug,1, and so on. Similarly, A,y and By ;o depend only on ugy o, A1 and By j; depend only on

Ug, 0 and U, 41, and so on, where i = 1,2,...,m, j =1,2,..., L.

Using the Adomian decomposition method we set the recurrence relation as follows:

Ugyo = L7194, (8, @) + 0, (1) (14)

Ugro = L7 ga, (t, @) + @q, (1) (15)

Uy = —L_lpal( Ug,0, uaro) — L7 ¥ AioAzio (16)

Ug,1 = _L_lpar( ualOruaTO) - L Z§'=1 BijoB2jo (17

Uy, = —L7'PRy, (uall' uarl) — L7 Y A Agi (18)

Ug,2 = —L‘lPar(uall, uarl) — L7t 25:1 B1j1B2j1 (19)
Ugyerr = —L 7 Poy(Ugyior Ug,) — L7 221 AriAsik (20)
Ugpierr = —L7 Py (Ugyor Uapie) — L 2oy BajBajie . k= 0 (21

Again we can also see that Cy;o and D; jo depend only on ug o, Cy;; and Dy j; depend only
on ug,o and ug,1, and so on. Similarly, C;o and D, o depend only on ug o, C3;1 and D, j; depend
only on ug and ug. 1, and soon. Wherei = 1,2,....m, j=1,2,..,1.

Using the Adomian decomposition method we set the recurrence relation as follows:

ugo = L7 gp,(t, B) + @p, (1) (22)

ug,0 = L7 gp,(t. ) + 95, (1) (23)

Uug1 = _L_lpﬁl( uﬁlo'uﬁro) — L1 Yiz1 C1ioCaio (24)

ug,1 = —L7'Pg, (1p,0,p,0) = L7 Xjm1 D1joDzjo (25)

Ug;2 = _L_lpﬁl (uﬁlpuﬁ,a) — L1 ity C1i1Cai (26)

ug,z = —L7 Py, (ug1,upg,1) = L7 Bj=y Dija Dy 27)

Ug i1 = —L 7Py, (up i up i) — L7 X121 Crin Coik (28)

Up k+1 = —L7*Pg (upor ugx) — L7 X4oy D1jicDajic k= 0 (29)
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Then, we define the nth term approximation to the solution
ua,ﬁ (t) = ([ual (t, a)) uar (t, (X)], [uﬁl (t: ﬂ): uﬁr (t; ﬂ)]) by lpna,ﬁ (t) =
<[¢nal (t,a), wnar (t, a)]' [lpnﬁl (& B), lpnﬁr (t, :8)]) where, lpnal (ta)= ?=_01 uali(tr a),
Pna, (t, @) = XI55 g, i (t, @), P, (t, B) = X150 ug,i (¢, B) and Prp (8, B) = Xig ug (L, B).
Hence, 711_{{)10 lpnal(ti a) = ual(t; a)and il_r)?o lpnar (ta) = Ugq, (t, a), il_r}c}o lpnﬁl(tr p) =
Ug, (t, :8) and rlLl—II)lo lpnﬁr (t, ﬁ) = Up, (t, ﬁ)

4 Numerical examples

Example 4.1
Let us consider the fuzzy differential equation of the following form

azat | dut
et e (30)

with initial conditions
ua,ﬁ(O) =([1+a3—al,[2—-28,2+2B])(31)
Wep(0) =(la,2—al[1-281+p]) (32)

The exact solution, given by classical solution method, is

Uq,(t, @) = cosht + 2a — ae™"

Ug, (t, ) = sinht + (@ — De " + 4 — 2
ug,(t, ) = cosht + (2 —1)e™" + (2 — 4p)
ug (t, B) = sinht — Be™" + (2 + 3p)

Now we will use ADM to find the approximate solution. The equation becomes

d*ug, ¢ dug
atz dt

d*ug, 4 _ dug,
dt? dt

with the initial conditions

Uy, (0, @) =1+a, u, (0,a)=3—a

! — ! —
ue(0,a) =a, Uy (0,a)=2—-a
and

2

da ug, ¢ _ duﬁl

——r=¢ —

dt? dt
2

d ug, — ot dug,
dt? dt

with the initial conditions
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ug,(0,8) =2 - 28, up (0,8) =2+ 28
wp(0,8)=1-2, up(0,f)=1+p

d? . . . . .
Here, L = = and by operating the two sides of the above equation with the inverse

operator (namely L™1(*) = [[ (x)dtdt) and using the initial conditions, we get
Ug, (t, @) = et + 2at + a — fotual(x, a)dx
Uy, (t,a) =et + (4 = 2)t+ (2 —a) - fotuar(x, a)dx
ug,(t, ) = e + 2—4B)t + (1-2) — [ ug,(x, fdx
ug.(t, ) = et + 2+3p)t + (1428) — [ ug, (x, f)dx
Now applying the ADM we get
Ugo(t,a) = e +2at +a
Ugo(t,a) =e' + (4 =2a0)t + (2 — a)
Ug o1 (t, @) = —fotualk(x, a)dx , k = 0.
Ug r+1(t, @) = —fotuark(x, a)dx , k > 0.
ug,o(t,B) = et + 2—4p)t+ (1-2pB)
ug o(t,B) = et + 2+3B)t + (1+28)
Uger1 (6, B) = — [ ugu(x, B)dx . k = 0.

u,Brk+1(t”8) = —fotugrk(x,ﬂ)dx ,k>=0.

On substituting and solving the above equation, we obtain the approximate solution after
four iterations as
ualO(t! a) + ua’ll(t: a) + ualZ(t! a) + uals’(t: a)

Atatat+85D2 L %434 Oy
2 2 12

uaro (t, a) + uarl(tJ a) + uarz (t, a) + uar3 (t, a)

(2-a) 3 4 (2-a) 4
2 12

=G-a)+@2-m)t+ 22 +
ugo(t, B) + ug (6, B) + up (6, B) + upgs(t, f)
=—2-4pS+ A28+ 28L + (L - 2B)t + (2~ 2B)
ug,o(t, B) + g1 (t, B) + g 5 (t, ) + g, 5 (&, B)

—@+3RCH A+ A B AR+ (2 +28)
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The comparison between the exact and approximate solutions at t = 1 for some a € [0,1] has
been shown at Figures 1 and 2. We have calculated all data by using MATLAB.

1 T X T T
Exact solution
Approximate solution [|

0.9 0]

0.8F @) Q B

0.5+ ) Q a

0.4+ 0] © f

Membership value

0.3F ) Q B

0.2 ® _

0.1 o) _

Figure 1. Exact solution and approximate solution for the membership function
at t = 1 for Example 1.

Example 4.2

d2ut

dﬁi . .
—2—+i =4
dt? dt

where @' = ((—=1,0,1), (=1,0,2))ie. Agp = ([a — 1,1 — a][—p, 2B]) with initial conditions

Let us consider the fuzzy differential equation of the following form

ua,ﬁ(O) =([1+a3—al[2—-28,2+2B])
U qp(0) =([la,2 —a][1-2B,1+B])
The exact solution, given by classical solution method, is
Uy, (t,a) = (2= t)e' + (a—Dte™ " + (a — 1)
U, (t,a) = 2 —t)e! — (a—Dte ™" = (a—1)
ug,(t,p) = [(4—p —2t)et — (B +2Bt)e~ ] - p

2
ug, (t,B) = S[(4— B —20)e’ + (B + 2pt)e™"] + 28
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T T T %
Exact solution
— Approximate solution [|

0.9+

0.8+

0.7+

0.6+

0.5+

0.4+

Nonmembership value

0.3+

0.2

0.1

Figure 2. Exact solution and approximate solution for the non-membership
function at t = 1 for Example 1.

Now we will use ADM to find the approximate solution. The equation becomes

d?ug du

l ar
=(a—1)4+2 —-u

dt? ( )+ dt @

dzuar dug

— T =(1—-a)+2——u
dt? ( )+ dt ar

with the initial conditions
Uy, (0,0) =1+a, u, (0,a)=3—a
wWe0,a)=a, u'q(0,0)=2—-a
and

dzuﬁ du
ki Br _
datz p+2 dt Upy

d?u du
Br __ B
_dtz = 2,8 +2_dt uﬁr

with the initial conditions
uﬁl(O,ﬂ) =2-20, uﬁr(O,,B) =2+2p
u’ﬁl(O,ﬁ) =1- Zﬁ s u’ﬁr(O,ﬁ) =1+ ﬁ

d? . . . . .
Here, L = e and by operating the two sides of the above equation with the inverse operator

(namely, L™1(*) = [[ (*)dtdt) and using the initial conditions, we get
U, (@) = (14 a) + fot[(3oc —6) + (a — Dx]dx + 2 fotuar(x, a)dx — fot fox Uy, (s, @) dsdx
Uy (t,a) =B —a) + fot[—Ba + (1 — a)x]dx + 2 fot Ug, (x, a)dx — fot fox Uy, (s, @) dsdx
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ug (6,8) = (2~ 28) = B+ 6B)t — B +2 [Lug, (. B)dx — [} [ ug, (s, B) dsdx

up,(t,8) = (2 +2B) — 3= 5Bt + Bt? + 2 [ ug,(x, fdx — [ [ up, (s, B) dsdx
Now applying the ADM we get

Ugo(t,@) = 1+ a) + [, [Ba — 6) + (a — Dx]dx

Ugyo(t, @) = (3—a) + [[[-3a + (1 — a)x]dx

Ui (@) = 2 [ g o (x, @)dx — [ [F 11, (s, @) dsdax, k = 0.
Ugyiesr (6 @) = 2 [ e (x, @)dx — [ [F 11,10 (s, @) dsdx, k = 0.
upo(t,B) = (2 - 28) — (3 + 6)t — p

ug,o(t ) = (2 +2B) — (3 — 5B)t + Bt

Uger1 (6 B) = 2 [ ug 1 (x, B)dx — [, [ ugy(s, B) dsdx, k > 0.

Ug k1 (t,B) = 2 [ uge(x, B)dx — [ [ up, i (s, B) dsdx, k > 0.

On substituting and solving the above equation, we obtain the approximate solution after six
iterations as

Ugo(t, @) + Ugy1 (@) + Ug2 (8 @) +ug3(t @) + Uga(t, @) + ugs(E @)

A+ +35+58 615308~ L Ba—6)(t+35 +55 — 615 — 395 — L)
2! 4! 6! 8! 10! 3! 5! 7! 9! 11!
t2 t4 t6 t8 th 12 t3 t5 t7 t9
+(0(-1)<z+ 35‘}‘55—615— m—ﬁ>+(3—a)(2t+4§+6a—56ﬁ+ 105)
—36¥<2§+4E+6a—56§+ 10@) + (1 —a)(2§+4§+6a—56a+ 10ﬁ

Ug,o(t @) +Ug 1 (@) + Ug, 2 (L, @) + U, 3(E @) + U 4(E, @) + Uy, 5 (L, )

£2 t4 6 8 tlo 3 5 t7 9 t11

:(3—a)(l+3;+5;—615—39§—H)—3a(t+3;+5;—61;—39;—ﬁ)
t2 t4 t6 t8 th t12 t3 t5 t7 t9
+(1—a)<§+3z+55—61§—39m—ﬁ>+(1+a)(2t+4§+6§—56%+10§)
+(3 6 2t2+4t4+6t6 56t8+10t10 +( 1)2t3+4 5+6t7 56t9+10 -
Ba=6) {25 +4q+ 65 =565 105 ) T (@ =D@gpt+ag 67,565+ 1077

uﬁ[O(t' :8) + uﬁll(t' :8) + uﬁ[Z(t' ﬁ) + uﬁl?;(t' ﬁ) + uﬁl4(t: a) + uazS(t' :8)

t10

t2 t* 6 t8
t t t t t t t t t t
+8 (—;— 35_255+457§t39mj5) J;(z +2B) (2t +45+ 62+ 725+ 105)
t t t t t
+(3-5p) (—2;—4;—65—725— 10

t3 tS t7 t9 t11
)+(3+6,8)(—t—3;—5§+57;+39a+m)

2802L +45 162 1728 41082
)+ 2825 45 +65 4725 +100)

uarO (t, .B) + uarl(t' :B) + uarZ (t, .B) + uar3 (t' ﬁ) + ’Ll.ar4 (t, .B) + uar5 (t' ﬁ)
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t3 tS t7 t9 tZ t4 t6 t8 t10
= 2-2p) (2t +45+ 6= +725+105) + B +68) (25 - 45 - 65— 725 - 105)

t3 t5 t7 t9 tll t.Z t4 t6 t8 th
+ﬁ(—2;—4;—6;—72;—10a)+(2+2ﬁ)(1+35+ 53—575—395—5)
t3 t5 t7 t9 tll tZ t4— t6 t8 t10 tlZ
+(3—5,8)(—t—3;—5§+57;+39;+E)+2,8(;+33+55—575—395—5)

The comparison between the exact and approximate solutions at t = 1 has been shown at Figures
3 and 4. We have calculated all data by using MATLAB.

1 \\J/ T T
Exact solution
— Approximate solution []

0.9

0.8+

0.7

0.6

0.5F

0.4+

Membership value

0.3

0.2

0.1+

1 1.5 2 2.5 3 3.5 4 4.5

Figure 3. Exact solution and approximate solution for membership
function at t = 1 for Example 2.

0.9 Exact solution
— Approximate solution

0.8+

0.7

0.5+

0.4+

Membership value

0.3+

0.1r

Figure 4. Exact solution and approximate solution for non-membership
function at t = 1 for Example 2.
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Conclusion

In this paper we presented intuitionistic fuzzy differential equation with linear differential
operator which can be of any order and it also involves nonlinear functional. So our solution
procedure gives the solutions of a large area of problems involving intuitionistic fuzzy

differential equations. Note that we used ADM which gives solution even for some nonlinear
problems that can’t be solved by classical methods. Future research work will be try to solve any
kind of fuzzy differential equations by improving and using ADM or any other method.
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