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Abstract

In this paper, we intend to offer system of fuzzy nonlinear integral equation also numerical scheme to solve. by using the
new and fast technique to solve our problem. we try to discuss some numerical aspects such as convergence and error
analysis. Finally, accuracy and applicability of the proposed methods are carried out along with comparisons using some
numerical examples.

Keywords: Fuzzy number; system of nonlinear Fuzzy Volterra integral equation; fuzzy integral; fuzzy Remian integral;
Modified decomposition method

1.Introduction

In recent years, Fuzzy systems are now used to study a various of problems ranging from fuzzy metric spaces (Park, J. H.,
2004), fuzzy topological spaces (Caldas, M. & Jafari, S., 2005), to control chaotic systems (Feng, G. & Chen, G., 2005;
Jiang, W., Guo-Dong, Q. & Bin, D. 2005), fuzzy differential equations (Abbasbandy, S. & Allahviranloo, T., 2004;
Abbasbandy, S., Nieto, J. J. & Alavi, M., 2005)and particle physics (Naschie, M. S. El, 2004; Allahviranloo, T.,
Khezerloo, M., Ghanbari, M. & Khezerloo, S., 2010). The topics of fuzzy integral equations (FIEs) which attracted
growing interest for some times, particularly, in relation to fuzzy control, have been developed. The concept of integration
of fuzzy functions was _firstly introduced by Dubois and Prade (1982). Alternative approaches were later suggested by
Goetschel and Voxman (1986), Kaleva (1987), Matloka (1987), Seikkala (1987). Recently, some numerical methods have
been introduced to solve fuzzy integral equation. For example Babolian et al (Dubois, D. & Prade, H., 1978) used the
Adomian decomposition method (ADM) to solve Fredholm fuzzy integral equations of the second kind (FFIEs-2).
Allahviranloo et al (Dubois, D. & Prade, H., 1982),nonlinear integral equations. Yalcinbas (Babolian, E., Biazar, J. &
Vahidi, A.R., 2004), as two of the most important basic polynomials which in previous works have not been covered in
fuzzy equations,Modified decomposition method is proposed to solve complexity composition fuzzy kernels and
complexity fuzzy nonlinear integral equation with complexly kernels, we convert a fuzzy nonlinear integral equation to a
system of integral equation some numerical examples are presented to show the facts about our methods.

2. Preliminaries

Definition 2.1,(Jiang, W., Guo-Dong, Q. & Bin, 2005) . Fuzzy set. A set.A = {(x, M, ), x € X} is called a fuzzy set
where Mgy, is the membership function of a fuzzy set A is defined by Mgy: X — [0,1],the value of Mg, is called the
membership degree X

Definition 2.2,(Jiang, W., Guo-Dong, Q. & Bin, 2005). Fuzzy number. A fuzzy number isa map U: R — [a, b], which
satisfying

(1) @ is upper semi- continuous function,

(2) 1i(x) = 0 outside some interval [a,d]

(3) There are real numbersb,csuch a<b<c<d

i)  1i(x)is a monotonic increasing function on [a, b]

ii)  i(x) is a monotonic decreasing function on [c,d]

iii) @(x)=1 forall x€ [b,c]

The set of all fuzzy numbers (as given by Definition 1.2 ) is denoted by E* and is a convex cone. An alternative definition
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for parameter from of a fuzzy number is given by Kaleva [33].

Definition 2.3, (Abbasbandy, S., Nieto, J. J. & Alavi, M., 2005). fuzzy interval. Let u be a fuzzy seton R.u is called a
fuzzy interval if satisfied

u is normal: there exsist x, € R S.T u(xy) =1

uis convex: forall x,t € R,0 <A < 1itholds that u(Ax + (1 — D)y = min{u(x), u(y)}

u is upper semi- continuous

[u]® = cl{x € R:u(x) > 0} is a compact subset of R

Definition 2.4, (Abbasbandy, S., Nieto, J. J. & Alavi, M., 2005). a — level.

let E be the set of all fuzzy number on R, the a — level set of a fuzzy number u € E, 0 < a < 1, denoted by

[u]® is mapping between close interval 0,1 to power set of R is defined as

o« _ ([a(@),b(@)], € (01]
Lul _{ c(supp) , a=0

The o — level set of a fuzzy number is closed and bounded interval [u(a),u(a)], where u(a)denotes the left-hand
endpoint of [u]*and u(a) denotes the right — hand endpoint of [u]* since each y € R can be regarded as a fuzzy

lift=y

number ¥ defined by §(t) = {0 ift+y

Definition 2.5, (Naschie, M. S. El, 2004) . Afuzzy number i in parametric form is a pair (u, w)of function u(a), u(a),
0 < a < 1, which satisfies the following requiremenst:

i) u(a) isabounded left continuous non- decreasing function over [0, 1]
ii) u(a) isabounded left continuous non- increasing function over [0, 1]
i) u(a) <u(a), 0<a<1

Definition 2.6, (Goetschel, R. & Voxman, W., 1986).For arbitrary fuzzy u = (u(a), u(a)), v = (v(a),v(a)), 0 < a <
1 and scalar k, we define addition, subtraction, scalar product by k and multiplication are respectively as following:

1 — addition: (u + v)()= (u(c)+v (a)), (u+ v)(@) = (u(o)+v(a)),
2 — subtraction: (u — v)(a)= (u(a)-v (o)), (u—v)(a) = (u(er)-v(cx)),

3 — scalar product :

(ku(w), ki(@), k=0

kii= )
(kg(a), kﬁ(a)), k<0
4- multiplication:
C (uv(@) = max{u(e)v(e), u(@)¥(e), B@)v(e), @) o
uv= {u—vm) = min{u(e)¥(0), u(@7(w), T(e)v(0), W7} (10)

Definition 2.7,( Dubois, D. & Prade, H., 1982). For arbitrary Fuzzy numbers @,V € E?, we use the distance

D(@, ) = max{supge(o [u(e) — v(@)], supaepo.y [T () = ()|} (11)
And it is show[43] that (E%, D) is a complete metric space .

Definition 2.8, (Dubois, D., Prade, 1986). let f(x) be a close and bounded fuzzy value function on [a, b]. Suppose the

£."(%) and £, % (x) are a Riemann - integral on [a, b] for all a € [0,1], [42].
Let

b b
A= f Fl00 dx f £ (0 dx]

Then we say that f(x) is fuzzy —Riemann — integral of [a,b], and the membership function of fab f(x) dx is defined by
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Mf; ?(x)dx(a) = SUPg<qs<1 - 15, (1) forr € A,

Definition 2.9, (Dubois, D., Prade, 1986). The integral of a fuzzy function was define in [16] by using the Riemann
integral concept. Let f:[a, b]— E. For Fuzzy function, for each partition p={t, ..., t,} of [a,b] and for arbitrary
& €[ti-,ti] , 1<i<n, suppose

Rp=21L, (&)t — tics) (12)
A= max{|t; — t;_1|,1 < i< n}.
The define integral of f(t) over [a,b] is
S E©dt = lim, o Rp (13)
If the fuzzy function f(t) is continuous in metric D,its definite the integral exists and also
() f(&@ydt ) =f) f (& ),
(G ayde) = [ F (& a)dt (14)

It should be noted that the fuzzy integral can be also defined using the Lebesgue — type approach. However, if f(t) is
continuous, both approaches yield the same value.More details about the properties of the fuzzy integral.

Definition 2.10, (Tanaka, Y., Mizuno, Y. & Kado, T., 2005). Let F:1 — E™ the integral of F over, denoted by

J, FCo)dx or f: F(x)dx , is defined levelwise by

[, F(x)dx]a = [, F(X)qdx ={J, f(x)dx| f: I - R™is a masuarsble function for F(x), forall0 <a <1
Proposition 2.1 (Tanaka, Y., Mizuno, Y. & Kado, T., 2005). Afunction F,G:I — E™ be integrable and ¢ € R. € then
1-[F+6)=[F+[G

2-[pF = [F

3-D(F,G)IS integrable

4—D([F,[G)<[D(F,G)

Theorem 2.1.(Naschie, M. S. El, 2004) For any p,q,7,s € E™ and ¢ € R, then the following hold

i-(E™, D)is a complete metric space

ii-D(¢p, pq) = lo|D(p,q)

i-D(p+7,9+s)=D(p,q)

iv-D(p + q,7r+5s) <D(p,v) + D(q,s)

3.Fuzzy System of Nonlinear Volterra Integral Equation

The fuzzy system of nonlinear integral equation with integral kernel which is discussed in this work is the fuzzy system of
nonlinear Volterra integral equation as follows:

ORGP (x, 6 Gy (0F (03 (t)))) dt )

T =fx + i Aij kaij (x, t, Gy (t, F (t, ﬁ,(t)))) dt
j=1 "2

0, (x) =, + i Amj kamj (x, t, ij (t, F (t, i (t)))) dt
j=1 a
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where 2;; > 0 (for i,j=1,...,m), ;(x) is a fuzzy function of x such that x,t € [a,b], also k;; (x, t, ﬁi]- (t, F (t, ﬁ,-(t)))):

IxIx E! - E! is analytic functions, F(t,ﬁj(t)):lx E! - E! is fuzzy continuous functions, consider the pairs

.0 = (f;(x0),f;xa)and ;) = (u;x ), (xa),0< « <landx € |=[ab], is solution will be determined.
Then, the parametric form of Eq. (2) is given fuzzy integral equations system as follows.

U (x,0) = £ (x,0) + X701 Ay fax Kpmj (x, t, G (t, F (t, Ui (8, a)))) dt 3)

U, a) = fm(x, a) + i Amj J'kaj (x, t, Gy (t, F (t, Uy (L, a)))) dt
j= a

We can see that Eq. (1) convert to a system of nonlinear \olterra integral equations in crisp case in Eq (3). We have :

m c m X
U, (x,a) = f,(x,a) + Z Amj f K j (%, t, G (t, F (t, Ui (8, oc))) dt + z Amj f K j (%, t, G (t, F (t, U, (8, (x))) dt
j=1 2 j=1 ¢

u,xa) =

fin (%, @) + Z71 A [ Kinj (%, t, G (t, F (t, Wi (t, 0())) dt+ 27 A [ Konj (%, Gy (t, F (t, Wi (t, oc))) dt 4)

where 0 <t<c,c<t<x 0<a< 1. Nowwe will find the parameter for the Eq(4), as follows

Ko (x, t, G; (t, F (t, Ui (8, a))))

|{ Ko (x t, G <t F (t Ui (8, oc)))) mj (x t, G (t F (t Ui (8, oc)))) 0
. )
)

Ko (x t, Gy (t,F (t, Uy, (t, a)))), Ko (x, t, Gm,-< t U (8, )

)
{ (t, ( it oc))),Gm] (t t, Wi (&, @ ) 0
kgmj (t,F (t, Ui (¢, a))), (t F (t Wi (t, a)))

Ginj (t, F (t, W (&, a))) -

Guny (t F (6 ujm(t a) m] L (bt a))) " (t F (b ujm( oc)))

{ mj < F(t Ui (8, oc))) mj <t F (t Wi (t, oc)))
(

Konj [ %, G (t, (t Uy (L, a)))) mj (x t, Gm,( F(t, Uy, (8, a)))) =0
Ko j (x, t, Gy (t, (t Uy, (8, a)) ) mj (x t, Gm]( t,F (t, Ui (L, a)))) <0

Gpj (t,F (t, Ui (8, a))), Gim (t, F (t, Wi (8, a))) >0

G <t, F (t Ujm(t, a))) mj (t F (t Wi (t, a)))

(
|
e

N————

Grj (t' F (t' Ujn—1 (L, 00)) =
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G (t,E(t, Ujn(t, oc))),ij (t,F (t, Uy (t, oc))) >0

Ginj (t, F (t, W (t, a))) = ()

Gpnj (t,?(t, Ui (8, a))), G (t,F (t, Wi (8, oc))) <0

Where j=1,...,m
than

U (%, @) = fi (%, @) +Z1_nl[fdkmj(x, t, G (t,E(t,gjm(t, a))) dt + fckmj(x,t,ﬁj (t,F(t,ﬁjm(t, cx))) dt +
j=1 Ja — d

X

j ekmj (%, t, G (t,? (t, Ui (t, a))) dt + f K j (%, t, G (t, F (t, Ui (t, a))) dt]

U (x,0) = firp(x, @) + X7 [ fad Kmj (%, t, G (t,F (t, Ujm (t, a))) dt + [} Kpnj (%, tK(x, t, Gy (t,E (t, Ujn(t, a))) dt +

Ji Kinj (%, G (t, F (t, U (t, a))) At [ Ky (%, £, G (t, F (t, Ui (t, a))) dt] (6)

where 0 <t<d, d<t<c c<t<e e<t<x, 0<ac<l1

This is the condition for the fuzzy nonlinear integral system. If i=n that mean we will reply equation (3) and (4) for all time
n, for example if i=2 is mean we have two equations in fuzzy type and the parametric from equation (6) from f,(x) =
(En(x, 0), £y (x,0)) and @, (%) = (U (%, @), U (%, @)) respectively .

The equation (1) is convert to the system of nonlinear volterra integral equations in crisp case. Now we will explain
modified decomposition method to solve our system and find the approximate solution for #%i(x) a < x < b.

4. Modified Decomposition Method

The Adomian asserts that the decomposition method provides an efficient and computationally convenient method for
generating approximate series solution to a widely class of equations. The method is applied as follows:

Standard Adomian method define the solution u(x, a), u(x, o) the series

{ ule,0) = XiZow (x,@)

ulx, o) = X2, (x,0) (10)

0<ac<l1

Substitution the series decomposition (10) into both side of Eq( 7) and assuming that the function fo ]_‘i can be expressed

as the sum of two part fig, fyo, fia .f;;, therefore used

i1’

=
I

o+ fir, i=1,2,3,....m (11)

o tfa

=l
Il
Y I P

In view of the assumption, we propose a slight variation is that only the partf;,, f., is assigned to the zeroth component

i0
Ujo , U;o and the remaining part f;; ,j_fl.l are combined with the others terms ( integral part ) to define w;,,u;;,-, based on

the suggestion formulate the following modified decomposition methods.rewrite equation (5). We get >.72, Uy, (x, ) =
fio(x ) + fir(x, @) +

d foe) oo
;'n=1[fa Konj (%, t,%(t, E(t’ [R Y720 UWjm—1:(t, ) + N X720 Ujpm—q; (L, «)])dt +
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f; km]'(X, t, Emj (t,ﬁ(t, [R X720 ﬁjm—li(t: o) +
N Z20 Wjm-1yi(t 0]) ) dt + [ K t, G (6 F (6 [R B2 Wjmoyi (b @) + N T2 Tjmoni (b, 00]) ) dt +

12 K Gt Gy (£ F(t [R 220 U(jm-13:(6, 00 + N T2 Ugjm-1yi (6 0)]) ) dt]

LiZoUn(x, ) =

T ) d ra ) o = o —
Fio Q) + Fiy (%, @) + T K (0, Gy (6 F( [R 220 Umo1yi (6 00 + N T2 Wjmnyi (b)) ) dt +
3 Km0t G (£ E (6 [R T2 Ugjm-13i (6 00 + N 20 ugjm- (6 1)) dt +
fce Ky (%, t, Gy (t' E(t, [R X820 Ugjm—1yi (t, o) +

N Z?:O H(jm—l)i(t' O()])) dt+fex kmj (X, t, gmj (t'ﬁ(t' [R Zfio ﬁ(jm—l)i(t' O() +N Zfozo ﬁ(jm—l)i(t: 0‘)])) dt ]

where 0 <t<d,d<t<c c<t<e e<t<x, 0<a<l1
The Modified decomposition method introduces the use of the recurrence relation
Uopm (%, @)=fo0 (x, @)

ul_m(x' (X) = j_:ll(xr a)

m d [ee) [ee)
0 [ K, Gy nE(n[RZg,-(m_l)o(t.a)+Nzgj(m_1)o(t,a)> dt
J=1 Fa T =0 =0

c oo o)
+ f klz(X, t, G2 t, F (t, [R Z ﬁz(n_l)o(t, O() + N Z ﬁz(—n_l)o(t, O()]) dt
d

r=0 r=0

e [oe] [oe]
+ j ko1 (%,t,G, | t,F (t, [R Z Uy -1yt ) + N Z Uy (n—1)r(t, a)]) dt
¢ r=0

r=0

x [ee) (0]
+ f ko2 (%, G2 [ £ F (t' [R Z Uyn-1yo(t, @) + N Z Uy(n-1)0(t 00]) dt]
e

r=0 =0

d oo (o]
Uinerez) (X 0) = f ki1 (%, Gy (BE (t' [R Z Y-+t ) + N Z Y-+ (G a))]) dt
a =0 r=0
c _ _ [oe] [ee]
+ f k%t G [ tF| t[R Z UWn-nr+n (b ) + N Z Uy (n-1)r+1) (L 0] | | dt
d r=0 r=0
e _ [ee) (o]
+ J Ko (X tG | tF| 6 [R Z Uy n-yr+ (L) + N Z Uy (n-1)r+1) (K @] | | dt
¢ r=0 r=0
x _ [ee) (o]
+ f Koo (%t G2 | tF| £ [R Z YWn-per+n G o) + N Z Wyn-nyr+1) (G )] | |dt
€ r=0 r=0
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(12)

Uono (%, @)=fo0 (X, @)

m(x' (X) = £11(X’ (X) +

d — /= o — o —
fa ki2(%,t, Gy (t: F(t [R 250 Uz(n-1)0 (6, @) + N X720 Up(n—1)0(t, 0‘)])) dt +
fdc ki (%t &(t: E(t' [R 2720 Win-1)0(t @) + N X720 Uy (n_1)0 (L, a))])dt +
fce ka2(x,t, Gy (t' E(t: [R X720 Uz(n-1)0(t, @) + N X220 Up(n-1)0(t, 0()])) dt+

fex ka1 (x,t, Gy (t' F(t, [R Y72, Uy o1y (60) + N X720 Uy o1y (& 0‘)])) d

_ d — [ = - — - —
Uin(rs2) (X, @) = fa ki2(%,t, Gy (t' F(t [R X% Uz (n-1)(r+1) (6,00 + N 220 Up o1y ey (6 Ol)])) dt+
Sy ka1 (36, Gy (6 F (6 [R 250 Win-nyreny (b @) +
oo € - oo
N 270 Win-ner+n) (6 0))])dt + [ Kpp(%,1,Gy (t.E(t' [R Y7o Uzn-nyr+n (L @) +

N Yo Yo+ (G 0‘)])) dt "'fex ka1 (%1, Gy (t' F(t [R X720 Uy (n-1)r+1) (6 @) + N X520 Uy (1) r1y (6 0‘)])) dt

k=0

As started before, we many need only two iteration to derive the exact solution. If more than two iteration are needed
[N(Wjn-1yer+1) (6 a),N(ﬁj(n_l)(Hl) (¢, a))] should be represented by Adomian polynomial which can easily be
generated for all types of non- linearty.

The choice of fiy(x, a),j_fl.o(x, a) cantina the minimal number of terms has a strong influence on facilitating the
recurrence relation,and as a consequence, accelerates the convergence of the solution. Also the exact selution must be a

term of fi(x, a), fl. (x, &) orto be a part of series of f;(x, a),}_’i (x, @).This means that the success of this method depends
mainly on the proper choice of ]_i-o,j_fl.o and fi ,fi1 . We have been unable to establish any criteria to judge what forms of

fiorf1o and fiy, fiscan be used to yield the acceleration demanded. At present fo, f,, and f;1, f;1 are selected by trials.

i0
Several illustrative example are used to show the pertinent features of the modified method.

Example 5. Numerical

Considered the following system

i (6,61 (6 (6101 (6, @) ) = €2 (100 (6.0)

kiz(x,t, G, (t'F(t: Upp—1 (2, 05))) =(x- t)t(azn—l(t: a))z
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ko1 (x,t, G, (t' E (t' Un-1(t, a))) = x%t (E1n—1(t: a))Z
ka2 (x,t, Go (t' F(t' Ugn-1(t, a))) = t5(Upp1 (&, a))z

x° x*
£(x, @) = xa — (5 + 0.00625) a? ~ x(0.000217(2 ~ @)* ~ 0.00074a — 0.000217) + (2 ~ @)(0.0000977 ~ -

+0.0156)
_ %10 %5
f160@) = x(2 = @) = a?(0.0156 + 0.000977 — 5 = x(0.00049(2 — @)? + a?) + (2 — @)?(0.000217 — =
+0.00625)
6 10

X
f(x,@) = x*(2 ~ @) ~ 0.00625xa? ~ (2 — )*(0.000044 + 7~ = 0.0156x% + =~ 0.000977)

_ x7 x11
f,(x,@) = x?a = 0.0156x7a” — 0.000217(2 — @)? = = (2 = @)* + x(2 ~ @)?0.000625 — = a” +0.000044a

The exact solutions for our system are
wy(x,a) =xa and u;(x,a) =x(2—a)
U, (x, @) = x2(2 — @) and u,(x,a) = x*a
i=2 and m=2

&(X, a) = fl (X! (X)

d c
+f ki1 (%,t, Gy (t,E(t,gln_l(t, (x))) dt+f ki, (%, t, G, (t,F(t,ﬁZH_l(t, a))) dt
a — d

e X
+J Ky (%, t, Gy (t,F(t,ﬁln_l(t, a))) dt +j Ky (%, t, G, (t,E(t,ng_l(t, a))) dt
c e

U, (x0) = f(x,a) + fad ki1 (%1, Gy (t, F(t Uy q(t, a))) dt + [{ k(% £ k(x, £, G, (t,E (t, Usn 1 (6, a))) de +

J a0, Go (6F (6 a1 (6.00) ) det [ 006G (1 F (6 Tons (6, ) )

E(XI (X) = fl (X! (X) d C _ _
+ feky (% tG [t F (t, Uy (t, @) )dt +k k(%G (t, F(t, Uzn—q (t, @ ) dt
+ 1k (%t Gy (L F(6 Uy (b)) dt + ftkzz(x, t,G, (t,E t, Uy (t, ) ) [ dt
c e

Ton (%, @) = F,(6, 00 + [Tky3 (%6, Gy (t, F(t, Uy, (8, a))) dt + [[ k(% £ k(x, £, G, (t,E (t, Uz (8, oc))) dt +

JS ka1 (%,4,Gy (t, F (t, Uy g (b a))) dt+ [ ko5 (x4, G, (t, F(t, U1 (t, a))) dt

n=0,1,...

Now we applied modified decompositions method to solve our system
filr, @) = fio(x, @) + fi1 (x, @)
fia) =f () + f,(xa)
(6, @) = fro(x,@) + fu (%, @)
fole@) = Fro(x,a) + £, (@)

]_‘10 (x,a) = xa
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x° x*
fuGea) = — (5 + 0.00625) @ — x(0.000217(2 — @)* — 0.00074 — 0.000217) + (2 ~ ©)2(0.0000977 — —-

+0.0156)
fro(t@) = x(2 - a)

10 5

— X X
f1 (@) = —a?(0.0156 +0.000977 — T — x(0.00049(2 — @)? + a®) + (2 = )*(0.000217 — =+ 0.00625)

izo(x' @) =x*(2-a)
6 10

X
fo1(x, @) = ~0.00625xa? — (2 — )*(0.000044 + -~ 0.0156x2 + =~ 0.000977)

fzo(x, a) = x’a

_ x7 xll
f11 (@) = =00156x%a” = 0.000217(2 — @)* ~ = (2 = @)” + x(2 ~ @)?0.000625 — ——a® + 0.000044a

@(x, Q) = ]_clo(x, a) =xa
Uo(x, @) =f,,(x,a) = x(2 — )
Upo(%, @) = foo(x,a) =x*(2 — a)

Upo(x, ) = ]_CZO(X, a) = x*a

u (@) = fi;(x, @) + fdtz (glo(t, oc))z dt+ fc(x — Dt(Uy0(t, oc))zdt + fexzt ((ﬁw(t, oc)))z dt
- a d c

* JXtS ((EZO(t' 0‘)))2 dt=0

U (x,0) =

faGna+ [ ((ﬁw(t, a)))z dt + [[(x— Dt ((gzo(t, oc))) dt + [ x%t ((Hlo(t, oo))2 de + [t ((ﬁzo(t, 0()))2 dt
=0

d 2 c 2 e 2
U (%, Q) = fyu(x,@) + J p ((Eln_l(t,a))) dt+ fd (= 0t (ot @) ) de+ j x2t (Tt @) dt

* ths ((EZO(t' 0‘)))2 dt=0

U, (x,0) =

fl (o) + fad t2 ((, U;0(t, a)))2 dt + [{(x—t ((gzo (t, a)))2 dt + [ x*t ((glo(t, a)))z de+ [t ((ﬁzo(t, 0()))2 dt
=0
wherea = 0,d = 0.25,¢ = 0.5,e = 0.75

40



http://jmr.ccsenet.org

Journal of Mathematics Research

\ol. 10, No. 1; 2018

Table 1. compered between the exact solution and MDM for Upq

X Ugq MDM Absolute error
a |01 |03 |05 |07 (09 |10 (01 |03 |05 |07 |09 |10 |0O |00 |00 |00 |0.0]0.0
0O |00 |00 |0O |0O (00O |00 |00 |OO |0OO [00O |00 |00 |OOO |00 |00 |00 |00 |00

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0. |00 |00 |01 |01 (01 |02 |00 |00 |01 (01 |01 |02 |000 |00 [0O0 |00 |00 |00
2 |2 6 0 4 8 0 2 6 0 4 8 0 0 0 0 0 0 0
0. |00 |01 |02 |02 (03 |04 |00 |01 |02 (02 |03 |04 |000 |00 [00 |00 |00 |00
4 |4 2 0 8 6 0 4 2 0 8 6 0 0 0 0 0 0 0
0. |00 |01 |03 |04 |05 |06 |00 |01 |03 |04 |05 |06 |000 |00 |00 |00 |00 |00
6 |6 8 0 2 4 0 6 8 0 2 4 0 0 0 0 0 0 0
0. |00 |02 |04 |05 (07 |08 |00 |02 |04 |05 |07 |08 |000 |00 |00 |00 |00 |00
8 |8 4 0 6 2 0 8 4 0 6 2 0 0 0 0 0 0 0
1. |00 |03 |05 |07 |09 (01 |00 |03 |05 |07 |09 [01. |000 |00 |00 |00 |00 | OO
0 |1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0
Table 2. compered between the exact solution and MDM for
X Uqq MDM Absolute error

01 (03 |05 |07 |09 |10 |01 |03 |05 |07 |09 |10 |01 |03 |0. |07]09]10
0O |00 |00 |0O |00 (00 |00 |00 |0OO |00 {00 |00 |00 |OOO |00 |00 |00 |00 |00

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0. |03 |03 |03 |02 (02 |02 (03|03 |03 (02 |02 |02 |000 |00 [0O0O |[0O0 |00 |00
2 |8 4 0 6 2 0 8 4 0 6 2 0 0 0 0 0 0 0
0. |07 |06 |06 |05 (04 |04 |07 |06 |06 [05 |04 |04 |000 |00 |00 |00 |00 |00
4 |6 8 0 2 4 0 6 8 0 2 4 0 0 0 0 0 0 0
0. {121 |10 |09 |07 |06 |06 |11 |10 |09 (07 |06 |06 |0O0O0 |00 |00 |00 |00 |00
6 |4 2 0 8 6 0 4 2 0 8 6 0 0 0 0 0 0 0
0. |15 |13 |12 |10 (08 |08 |15 |13 |12 (10 |08 |08 |000 |00 |00 |00 |00 |00
8 |2 6 0 4 8 0 2 6 0 4 8 0 0 0 0 0 0 0
1. |19 |17 |15 |13 |11 (10 |19 |17 |15 |13 |11 |10 |000 OO |00 |00 |00 |OO
0 |0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0
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Table 3. compered between the exact solution and MDM for Uy

X Uy MDM Absolute error
a |01 |03 0. |07 |09 |10 |01 |0.3 0. |07 |09 |10 |01 |03 |0. |07]09 |10
5 5
0 |00 |00 00 (OO0 |00 |00 |00 |00 00O |00 |00 |00 |000 (OO |00 |00 |00 |00
0 0 0 0 0 0
0. |.07 |.068 |0 |05 |.04 |00 |.O7 |.068 |.O | .05 |[.04 |00 |[0O00 |00 [OO |00 |00 |00
2 |6 6 |2 4 4 6 6 |2 4 4 0 0 0 0 0 0
0. |3 |.272 |2 {20 |.17 |01 |30 |.272 |2 | .20 |.17 |01 [0O0O0O |OO [0OO |0OO |0OO | OO
4 |4 4 |8 6 6 4 4 |8 6 6 0 0 0 0 0 0
0. |68 | 612 |5 |61 |39 |03 |68 |612 |5 |.61 [.39 [03 [000 |00 [O0 |00 |00 |00
6 |4 4 |2 6 6 4 4 |2 6 6 0 0 0 0 0 0
0. |12 {108 |9 {83 |.70 |06 |12 |108 |9 |.83 |.70 |06 |[000 |00 [OO |00 |00 |00
8 |2 8 6 |2 4 4 2 8 6 |2 4 4 0 0 0 0 0 0
1. |19 |17 1. |13 |11 (10 (19 |17 1. |13 |11 |10 [000 |00 |00 |00 |00 |00
0 5 5 0 0 0 0 0 0

Table 4. compered between the exact solution and MDM for u,,

X Uy, MDM Absolute error
a |01 |03 |0. |07 |09 (210 |01 |03 |O. |07 |09 |10 |01 |03 |0. |07 |09 |10
5 5
0O |000 |00 |.0 | 00O |0O0O |0O0O |0O0CO |0OO |.0 |0OC | 000 |0OOO |OOO |00 [ OO |00 |00 |00
0 0 0 0 0 0 0 0
0. {00 |01 |O |.02 |.03 |0OO |.00 |01 |0 [.02 |.03 |0O 000 |00 |[OO |0OO |00 |OO
2 |4 2 2 |8 6 4 4 2 2 |8 6 4 0 0 0 0 0 0
0. (01 |.04 |0 |.11 |14 |01 |01 |04 |0 (.11 |.14 |01 |000 |00 |[OO |0OO |00 |OO
4 |6 8 8 |2 4 6 6 8 8 |2 4 6 0 0 0 0 0 0
0. |03 .10 |21 |25 (.32 (03 |03 |.10 |.1 |.25 |.32 |03 |[000 |00 [0OO |00 [0OO0 |O0O
6 |6 8 8 |2 4 6 6 8 8 |2 4 6 0 0 0 0 0 0
0. |06 |19 |3 |44 |57 |06 |06 |.19 |3 |.44 |57 {06 |[000 |00 |00 |00 |00 |00
8 |4 2 2 |8 6 4 4 2 2 |8 6 4 0 0 0 0 0 0
1. /01 (03 |0 |07 |09 |10 |01 (03 |O. |07 |09 |10 |[0O00 [OO [0OO (00 |00 |O0O
0 5 5 0 0 0 0 0 0
6. Conclusion

This paper we are using technique for modified decomposition method to solve system of fuzzy nonlinear integral
equation, the method above is implemented in a straight forward manner and proved by using only two iteration to get
the exact solution . this technique is so fast and easy to get the converge for solve any equation and system for any value
of a. The modified admian method there is one important note the exact solution must be a part of the nonhomogeneous
function or series of nonhomogeneous
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