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Abstract.The purpose of this paper is to show use of modified variational iteration
technique for understanding fuzzy integro-differential equations. Illuminating integro
differential equations with correct parameter inside numerous displaying physical issues isn't
exactly simple or better to state unthinkable in genuine issues. To defeat this trouble fuzzy
idea is utilized. Generally it's hard to comprehend nonlinear fuzzy IDEs numerically.

Keywords: Modified Variational iteration Method, Fuzzy integro differential equation,
crisp number.

1. INTRODUCTION

Integro differential equations assume a critical part inside different orders of science
and mathematics. These happen in an assortment of utilizations that is gotten from a
differential equation. Numerous uses of science and engineering are characterized by integral
equations, for example, Volterra's population development models, organic species, and
warmth exchange. These likewise frequently show up in electro measurements, low
recurrence electromagnetic issues and flexible waves. Essential thought of fuzzy arithmetic
was 1% introduced by Lotfi Asker Zadeh's in 1965 after his production on fuzzy set hypothesis
[1, 2]. Therefore in 1978 Dubois and Prade acquainted the idea of number-crunching activities
on fuzzy numbers or can state they displayed the fuzzy analytics [3, 4], at that point and in
addition time pass a wide range of fields of science utilize this idea of fuzzy set hypothesis
and presented fuzzy functions, relations, gatherings, subgroups etc. The fundamental
introductory theory of fuzzy DEs was first encompassed by Kaleva and Seikkala. Kaleva had
point by point FDE to the extent the (H-auxiliary). Buckley and Feuring have decided an
average meaning of a first request fuzzy starting quality issue. Recently twenty years prior in
Japan a man name M. Sugeno presented the idea of fuzzy integrals [5, 6], at that point it's
turning into an exploration situated subject [7-9]. The fields of fuzzy IEs have been growing
fast in current couple of years [10-16].
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2. ANALYSIS OF MVIM TO FUZZY INTEGRO DIFFERENTIAL EQUATION

Considering the general " order nonlinear FIDE-2
XVt )= f(t, ) + A j:((:k(t, S)N(X(s, a))ds 1)
with
X(0,) =(a,b5 ), X' (0, @) = (ay, b, ), X" (0,2) = (85, b, )..... X" (0, @) = (8, 1.,b, ;)

where X(“)(t,a) is nth order derivative of fuzzy functionx(t,«) also f(t,«) is fuzzy function

given in advance, 1 is constant parameter, k(t,s)is kernel, N(x(s, o)) is the nonlinear term of
FIDE-2.
The parametric representation of Eq. (1) is as follow

xO(t,a)= ft.a) + 4] K(tLSN(X(s, a))ds
] - 1(:) ] 0<a<l )
X" (t, ) = F(t,a) + A k(e SN (x(s, )

where x"(t,2) = (x” ¢, @), x " (t.@)), f (t.2)=(f (t,a), T (t.@)).
The correctional functional formula is read as

t . <

Xp 1t @)=x,t.2)+ [ A X (& @)~ f (£.a)-A k(S S)N(X(s,))dsldS
0 0

(3)

t : _ 4 _
xna1t@)=xpt.a)+ JAUOxp(& @)~ F(§.a) -2 [K(& )N (X(s,))dsldS
0 0

Inserting the Adomian polynomials in Eqg. (3), we have

Xp41ta)=xp(t, a)+M(§)[xn(cf a)- (&, a)- Mk(é s) ZAn(X(S a))dsldg
O n=0
4)
xn+1ta)=xn(t, a)+M(§)[xn(C a)-f (S a)- Mk(é a) ZOAn(X(s ,a))dsldg
0 n

where ap, can be used for nonlinear term and A, given by in Eq. (4)

,ﬂxiﬂ n=0123,..., (5)
A=0
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An Called Adomian polynomials
Finally the solution is as follow

x(to)=limX (t.)

- s (6)
X(t, ) = !'E:l X, ta)

3. NUMERICAL APPLICATIONS

In this section, we have talked about the different sorts of non-linear FVIDEs and
discover their solutions by utilizing MVIM.

Example 3.1 Consider the following nonlinear FFIDE

ey 17,01, 17\ 17
x(t)_(a(l—ﬂt),;(l—ﬂt)j+igsb< (s)ds, 0<t;s<l, 0<a<l (7)
with condition
1
x(0, @) = (&, ). 8
[04

The parametric equations are

X({t)=al- %t) + %jsn_(z (s)ds

)
X, )=—(1——t)+ js 2(s)ds
The correctional functional is given as
t 17 ! 2
X ta)=X ta)-[[IX ¢a)-a+? al- j SC X (s,a)dsldé
. ) (10)
R ()= X, ()~ [ [ (G- 4 ()¢ - j S¢ X (s.a)dslde
Consequently,
Xot,a)=c
- 1, (11)
xo(t,a)ZE
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Xq(t,a)=a+at—— 2+7
X1t @) 28! .
2 2’ (12)
2 (& )t
1 1, 17,1
X]_(t 0[)—*4- t——( )t +aT
17 5 143022 o3t2
Xo(t,a)=a+a ot ol N
(t,0)= l 1t_7(1)t2+143(1/a)2t2 1/ )32 (13)
& o 384 64

0.2 04 0.6 0.8 1.0
Figure 1 Shows the graphical behavior (x(t, r), X(t,«)) witht =0.5

Example 3.2 Consider the non-linear FVFIDE-2

9 t ol o

X'(ta)=((a? +2a),(3-a)) + jo IOX (s, )dsdr, (14)
with

x(0,2)=(0,0). (15)

The correctional function is read as

¢l
Xpa1(t @) =xq )~ j[xn(g @) —(@2+20)~ 1] 3 An(x(s,a))dslC

00n=0 (16)
xn+1t@)=xpt.a)— I[xn(é a)—(3-a)- H ZAn(X(S a))dsldg
0on=0
Consequently,
x1(t, @)= (a2 +2a)t, (17)
x1(t.a)=@-at
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Xo(t,@)=(a® +2a)t (18)
x2(t,a)=B-a)t
2 2 2 t2
X3(t,a)=(a” +2a)t+(a” +2a)" —
;0 (19)
Xa(t.2)=(3-a)t+(3-a)? t6
2 2 2 tz
Xt a)=(a”+2a)t+(a” +2a)" -
, (20)
xa(t.a)=(3-a)t+(3-a)? t3
X (t, @) =(a? +2a)t+(a? +2a)? t2+(052 +2a)3t2
=5\ 3 24
2 2 ’ (21)
_ 2t 3t
x5(t,@)=B-a)t+(3-a) ?+(3—a) 2
i 25
2.0
15 ¢
10|
05
oé 02 oé oé 1b
Figure 2 Shows the graphical behavior (x(t, @), x(t,)) with t =05
Example 3.3 Consider the non-linear FVIDE-2
X(ta) = g(t.a)+ [ X (s.a)ds, 22)
whereA=1, 0<s<x, 0<a<lk(t,s)=1 and g(t,a) = (e*(a® +1),e* (4—a))
with condition
X(0,@)=((a" +1),(4-)). (23)

The correction functional formula is read as
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Xp1ta)=xq(ta)- j[xn(g a)— eg(a +1)— j ZOAn(x(s ,a))dsldg
On

(24)
xn+1(t@)=xn t.e)- I[xn(é a)—eb (4-a)- IZAn(X(S a))dsjdg
on=0
Consequently,
2
2 2
X1(t0)=(2+1)+ (o 2+D)et+ (€T T
) 2 (25)
2.0
x1(t@)=(4-a)+@d-a)et+ =2
2,154
Xp(t0)=(a 2+ )+ 2+ el (o 241) 12+ 2o 241y et + )
3.4 ' (26)
)_(Z(t,a)=(4—a)+(4—a)et+(4—a)2'[2+2(4—a)2et+(4]0-[2)t
60
50 -
40 |
30+
20 |
02 04 06 08 10
Figure 3 Shows the graphical behavior (x(t, &), X(t, )) witht =0.5
Example 3.4 Consider the following nonlinear FFIDE
47 193 47 193 h )
X' (t — ), = (== t—s)x*(s)ds, 0<t,s<1, 0<a <1l (27
O[5 s et ¢ [ as1 @
with condition
1
x(0, &) = (&r, =). (28)
o
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The parametric equations are
47 193 1¢ )
X{t)=a(-—-—10)+=| (t—-s)x (s)ds
KO =elgg =g 05 [0
1, 47 193, 1 #9)
Xt a)=—(-————t)+= [ (t—s)X*(s)d
X (@) == (=" )+2jl(t $)X% (s)ds
The correctional functional formula is given as
ton 47 193 _ ¢ 2
X ta)=X ta)-[IX Ga)ra,+i ol —!(;_S) X (s, @)dsldé
t— 1,47 193,1., ¢ 2 0
Xt @) =X, ta) =[x € o)+ =)o+ () - j (¢-5) X (s.a)dslde
Consequently,
Xot,a)=a
_ 1, (31)
ta)=——
xo(t.@) ”
47 193 5 g2
X1t,a)=a——at— +
Xlta)=a= cdt= eyt
1 ? 2’ (32)
2 ()t
_ (ta):i— 47 (198 @
Xy 450 ‘1804 12
2.2 3.2 2
)_(2(t,a)=a—£at—193atz—lgsa te, a’t® 94a“t
45 180 3240 216 810
B 1 47, 193 2 103U/ a2 (W a)32 94/t (33)
X2(t,a)=—— t—( )t — + +
a 452 180 3240 216 810

02 04 06 038 10
Figure 4 Shows the graphical behavior ( x(t, &) , X(t, &) ) witht = 0.22225
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4. CONCLUSION

In this paper, utilization of modified VIM has been reached out for fathoming diverse
sorts of non-linearfuzzy integro differential equations. For this reason we have demonstrated
diverse numerical illustrations and discover their solutions by MVIM. This technique gives
quick convergence; consequently by the use of less number of emphases we get estimated and
also exactsolution. This procedure demonstrated solid and emotional potential from
accomplished outcomes and can be stretched out to other complex nature of issues.

REFERENCES

[1] Zadeh, L.A., Inform. Sci., 8, 199, 1975.

[2] Zadeh, L.A., Information and Control, 8, 338, 1965.

[3] Dubois, D., Prade, H., J. Systems Sci., 9, 613, 1978.

[4] Dubois, D., Prade, H., Fuzzy Sets Sys., 8, 1, 1982.

[5] Chang, S.L., Zadeh, L.A., IEEE Transactions on Systems Man Cybernetics, 2, 30, 1972.

[6] Dubois, D., Fuzzy Sets and Systems, 8, 225, 1982.

[7] Kaleva, O., Fuzzy Sets and Systems, 24, 301, 1987.

[8] Kaleva, O., Fuzzy Sets and Systems, 35, 389, 1990.

[9] He, J.H., Int. J. Nonlinear Mech., 34, 699, 19909.

[10] Wang, H., Advances in Difference Equations, 2018, 45, 2018.

[11] Allahviranloo, T., Ghanbari, M., Nuraei, R., Journal of Fuzzy set valued Analysis, 2014,
Article ID 00161, 2014.

[12] Otadi, M., Mosleh, M., Iranian Journal of Fuzzy System, 11(1), 135, 2014.

[13] Georgieva, A., Naydenova, 1., AIP Conference Proceedings, 1910, 050010, 2017.

[14] Hamoud, A.A., Ghadle, K.P., The Journal of the Indian Mathematical Society, 85, 53,
2018.

[15] Narayanamoorthy, S., Sathiyapriya, S.P., Springerplus, 5, 387, 2016.

[16] Ahmad, J., Nosher, H., Journal of Science and Arts, 1(38), 5, 2017,

WWW.josa.ro Mathematics Section



