Indian Journal of Science and Technolog

Wavelet Solution for Class of Nonlinear Integro-

differential Equations

S. G. Venkatesh*, S. K. Ayyaswamy, S. Raja Balachandar and K. Kannan

Department of Mathematics, School of Humanities and Sciences,

SASTRA University, Thanjavur-613401, Tamilnadu, India;

venkatesh_srgm@yahoo.com; sjcayya@yahoo.co.in; srbala09@gmail.com; kkannan@maths.sastra.edu

Abstract

The aim of this work is to study the Legendre wavelets for the solution of a class of nonlinear Volterra integro-
differential equation. The properties of Legendre wavelets together with the Gaussian integration method are used to
reduce the problem to the solution of nonlinear algebraic equations. Also a reliable approach for convergence of the
Legendre wavelet method when applied to nonlinear Volterra equations is discussed. Illustrative examples have been
discussed to demonstrate the validity and applicability of the technique and the results obtained by Legendre wave-
let method is very nearest to the exact solution. The results demonstrate reliability and efficiency of the proposed

method.
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1. Introduction

Integro-Differential Equation (IDE) is an equation that
the unknown function appears under the sign of integra-
tion and it also contains the derivatives of the unknown
function. Mathematical modeling of real-life problems
usually results in functional equations, e.g. partial differ-
ential equations, integral and IDE, stochastic equations
and others. Many mathematical formulations of physi-
cal phenomena contain IDE; these equations arise in
fluid dynamics, biological models and chemical kinetics.
In the past several decades, many effective methods for
obtaining approximation/numerical solutions of linear/
nonlinear differential equations have been presented, such
as Adomian decomposition method [1], Variational itera-
tion method [13, 15], Homotopy perturbation method
[1, 9, 10, 11, 12], He’s Homotopy perturbation method
[2, 3, 7, 12], Homotopy analysis method [14], wavelet
method [4, 5, 6, 8, 11, 16] etc.,
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Ghasemi et al. [12] presented He's homotopy perturbation
method for solving nonlinear integro differential equations.
Zhao and Corless [25] adopted finite difference method
for integro-differential equations. Yusufoglu et al. [24] had
solved initial value problem for Fredholm type linear inte-
gro-differential equation system. Seyed Alizadeh et al [18]
discussed an Approximation of the Analytical Solution of
the Linear and Nonlinear Integro-Differential Equations
by Homotopy Perturbation Method. Wazwaz [23] gave
a reliable algorithm for solving boundary value problems
for higher-order integro-differential equations. Lepik [16]
had solved the nonlinear integro differential equations
using Haar wavelet method. Ghasemi, et al. [9] discussed
the comparison between wavelet Galerkin method and
homotopy perturbation method for the nonlinear integro-
differential equations. Ghasemi et al. [8, 11] established
numerical solution of linear integro-differential equations
by using sine-cosine wavelet method and they have also
compared with homotopy perturbation method.
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In recent years, wavelets have found their way in to many
different fields of science and engineering. Many research-
ers started using various wavelets for analyzing problems of
greater computational complexity and proved wavelets to
be powerful tools to explore new direction in solving differ-
ential equations. Recently, Venkatesh et al. [19, 20, 21, 22]
applied Legendre wavelets for the solution of initial value
problems of Bratu-type and higher order Volterra IDE,
Cauchy problems and they have also discussed theoretical
analysis of Legendre wavelets method for the solution of
Fredholm integral equations.

In the present article, we apply Legendre wavelet
method to find the approximate solution of

W (x)= £ (0)+] g (Lu(),u (1)) dt 1

with the initial condition u(0)=s (a constant) where f(x)
is the source term. The Legendre wavelet method (LWM)
consists of conversion of integro-differential equations into
integral equations and expanding the solution by Legendre
wavelets with unknown coefficients. The properties of
Legendre wavelets together with the Gaussian integration
formula are then utilized to evaluate the unknown coefhi-
cients and find an approximate solution to Eq. (1).

The organization of the paper is as follows: In section 2,
we describe the basic formulation of wavelets and Legendre
wavelets required for our subsequent development. Section
3 is devoted to the solution of (1) by using integral operator
and Legendre wavelets. Convergence analysis and the error
estimation for the proposed method have been discussed
in section 4. In section 5, we report our numerical finding
and demonstrate the accuracy of the proposed scheme by
considering numerical examples. Concluding remarks are
given in the final section.

2. Properties of Legendre
Wavelets

2.1 Wavelets and Legendre Wavelets

Wavelets constitute a family of functions constructed from
dilation and translation of a single function called the
mother wavelet. When the dilation parameter ‘a’ and the
translation parameter ‘b’ vary continuously, we have the fol-
lowing family of continuous wavelets as:

-~ (t-b
%’b(t)=|a| 2 V(T),(l,b ER, a#0.
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If we restrict the parameters a and b to discrete values as
a=ab= *a,>1, b,> 0 and n, and k positive
integer, we have the following family of discrete wavelets:

1

nb,a,

Y., (t)=|al 2 y/(aokt—nbo) where ¥, (t) form a basis of

L*(R). In particular, when a,= 2 and b, = 1 then ¥, (¢)

forms an orthonormal basis.

Legendre wavelets ¥, (t)= y/(k,;l,m,t) have four

arguments: 1A1=2n—1, n=12,3..,2"", k can assume any
positive integer, m is the order for Legendre polynomi-
als and t is the normalized time. They are defined on the
interval [0,1] as

1.t n+1
m+—22 Pm(zkt—n) for —<t<n—k,
Y ()= 2 28 72

0 , otherwise

where m =0,1,2, ... , M-1,n=1,2,3, ..., 2¥". The coefhi-
1
cient ,/m + 2 is for orthonormality, the dilation parameter

is a = 27F and translation parameter is b = n2 -,

Here P (t) is well-known Legendre polynomials of
order m which are defined on the interval [-1,1], and can
be determined with the aid of the following recurrence
formulae:

P (t)=1, P(t)=t
P, ()= (Zm:) (1) — ( T ) P, (1), m=123,..

2.2 Function Approximation
A function f(t) defined over [0,1) may be expanded as

f®=X X c,, ¥, (1) (3)
=(f(®), %, (1)), in which (.,
product. If the infinite series in Eq.(3) is truncated, then
Eq.(3) can be written as

wherec,,, .) denotes the inner

f)= ZZCM Yo (£) = CT{ﬂ(t)

n=1 m=0

where C and y(t) are 25'M x 1matrices given by

_ T
C= [cm,cn,...clM*l,czo,...,cmfl,...,czk,,o,...,czk,lM_l] (4)

>

}T, )

Yo () Y1, (8)5eves Wy ()5 Y5 (£ 5

W(t) = Yo (3 | ZA%N (t)50ees Yrna (t)
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3. Legendre Wavelet Scheme for
Nonlinear Integro-differential
Equations

Consider the integro differential equation given in Eq.(1)
Integrating Eq.(1) w.r.t X’ both sides, we get

w(x)=s+] fo)dx+ ][ gt ult),u’(t)dt dx

u(x)=G(x)+IF(t,u(l‘))dx (6)

where G(x)=s+ Tf(x)dx and

Flou(x)) =] g(tu(t), u () dt

Let u(x)=C" p(x). (7)
Therefore we have C* gﬂ(x)zG(x)+TF<t,CT V(t))dx.
° ®)

We now collocate Eq.(8) at 25" M points at x, as
C" yx,)= G(x)+z F(CT w(x, ))dx. )

Suitable collocation points are zeros of Chebyshev polyno-
mials

x,=cos((2i+1) 7/2" M), i=1,2,..,2" M.

In order to use the Gaussian integration formula for
Eq. (9), we transfer the intervals [0,x] into the interval
[-1,1] by means of the transformation

2

=—1t—-1.
X,

i

Eq. (9) may then be written as
1
C" y(x,)=Glx)+ = | F(ﬁ( r+1), C" V(ﬁ( o+ 1)Ddz
25 \2 2
By using the Gaussian integration formula, we get

C %) =Glx)+ LY w, F(ﬁ(ﬂ 1),C" :/(ﬁ(m))),
2 j=1 2 2
i=1,2,..,2" M,
(10)
where Tis s zeros of Legendre polynomials P and w, are the
corresponding weights. The idea behind the above approxi-

mation is the exactness of the Gaussian integration formula
for polynomials of degree not exceeding 2s+1. Eq. (10) gives
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25! M nonlinear equations which can be solved for the ele-
ments of Cin Eq. (7) using Newtonss iterative method.

4. Convergence Analysis

In this section, we discuss the convergence and error analy-
sis of our proposed method.

THEOREM 4.1: Convergence theorem
The series solution Eq. (3) of problem (1) using LWM con-
verges towards u(x).

PROOE:
Let L*(R) be the Hilbert space and let
1

¥, (t)=lal 2 ;//(aokt - nbo)
where ¥, (t) form a basis of L(R). In particular, when
a,=2and b, = 1, ¥, (t) forms an orthonormal basis.

Let u(x)zAglCh. ¥, (x) where C, =<u(x),%. (x)> for
i=1
k=1 and < , > represents an inner product.

u<x>=§<u(x>,%- (x)) %, (%)

Let us denote ¥, (x) as (x).

Let o, =<u (x), V(x)>

Define the sequence of partial sums {S } of (a f V(x j));
let S and S be arbitrary partial sums with n>m. We are
going to prove that {S } is a Cauchy sequence in Hilbert

space. ;
LetS, =§,0{j gy(xj)
<u(x),Sn>=<u(x),j§n:_laj W(xj)>

@ ()l

Il
M=

-
Il

1l Il
M= T
K]

135} \Q

|
—

R

J
We will claim that||S, -, ||2 = Zn‘,
j:

m+1

2
aj| forn>m

2
Now j:%Haj V(xj) :<i§n:+l o; V(Xi) ,j:%:ﬂaj V(xi )>
B i:§+1 j:%«{-lai OC_] <V(xi )’ {V(x]. )>
B j:%ﬂaj (71
- j=§+l aj|2

Indian Journal of Science and Technology | Print ISSN: 0974-6846 | Online ISSN: 0974-5645



S. G. Venkatesh, S. K. Ayyaswamy, S. Raja Balachandar and K. Kannan 4673

2 n 2
Sn—Sm" =Y O!j| for n > m.

Jj=m+1

i.e.

hd 2
From Bessel’s inequality, we have Z|oc j| is convergent
i=1
and hence !

S, —Sm||2—>0 as m,n— oo,

ie.

S,—S,, ||—> 0 and {S } is a Cauchy sequence and it con-
verges to say ‘s’
We assert that u(x) = s

Infact, <S —u(x), V’(xf) > =<S’ V(xi )>—<u(x), V(Xj )>
=L 5vx))-a,
= Lt <Sn , V(xj)>_0‘j

n—oo

=0 — 0

:><S—u(x),gy(xj)>=0
Hence %4(x)=$ and En:(xj ;//(xj) converges to u(x) and
j=1

this completes the proof.

5. Error Estimation

In this part, error estimation for the approximate solution
of Eq. (6) is discussed. Let us consider e, (x)=u(x)—u(x)
as the error function of the approximate solution u(x) for
u(x), where u(x) is the exact solution of Eq. (6).

u(x)=G(x)+ ] F(t,u(t))dt+ H (x) where H,(x) is the
0
perturbation term.

H, (x) =u(x)—G(x)— | F(t,u(t))dt. (11)
0

We proceed to find an approximation e, (x) to the error

function e, (x) in the same way as we did before for the

solution of the problem. Subtracting Eq. (11) from Eq. (6),

the error function e, (t) satisfies the problem.

e, (x)+£F(t,u(t))dt =—H, (x) (12)
It should be noted that in order to construct the approxi-
mate a(x) to e, (x), only Eq. (12) needs to be recalculated in
the same way as we did before for the solution of Eq. (6).

We ensure the stability of LWM through this conver-
gence and error estimation.

6. lllustrative Examples

In this section, we apply LWM to solve some nonlinear
IDE [4, 11, 17] and compare the LWM solutions of these
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problems with Homotopy perturbation Method (HPM),
Wavelet Galerkin Method (WGM) and Hybrid methods.

EXAMPLE 4.1
Consider the following nonlinear Volterra IDE:

W) =1+ (Hut)dt (13)

for x €[0,1] with the initial condition #(0)=0.
Applying LWM on Eq. (13), we have

C" y(x,)=x, Ay w, F(ﬁ(2'+ 1),C" {ll(ﬁ(2'+ 1))),
2 j=1 2 2
i=1,2,..,2""M,
(14)
where F(x,u(x))z}u (Oult)dx
0
On solving equation Eq. (14) with k=1 and M=8, we find
1 1
n= m’ €= 0, Ci3 :m’ Ciy =0,

1
Ce=——+—,C =O,
120960 V11~ ¢

Hence the approximate solution is

€=0,¢

3 5
u(x)=x+—+—+ x” +.., and the exact solution is
6 30 2520
x
\/Etan(—)
V2),

We compare the LWM solution with the results given
in [4, 11] and is presented in Table 1. The comparison
between LWM and the exact solutions are depicted in
Figure 1.

Figure 2. shows the plot of error using LWM with
M =2, 4, 8, and 16. From the Figure, we observe that
LWM converges to the exact solution as M values
increases.

EXAMPLE 4.2
Consider the nonlinear Volterra IDE:

W) =—1+ [ (t)dt (15)

for x €[0,1] with the initial condition %(0)=0, Apply LWM
on (15), we have
C"y(x)=-x, +ﬁiwj F(ﬁ(ﬂ 1),C" V(ﬁ(TJr 1))),

2 j=1 2 2

i=1,2,..,25'M, (16)

where F(x,u (Jc))zfu2 (t)dx
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On solving equation (16) with k = 1 and M = 14, we

have

x' X
ux)=—x+—-——+
12 252 6048

We compared the LWM solution with the results given in

4

7

10
X

[4, 11] and is presented in Table 2.

13
X

+
145152

EXAMPLE 4.3
Consider the following nonlinear Volterra IDE [17]

x 1 2
u'(x)—Jcos(x —t)u*(t) dt =—251nx—§cosx—§c052x

0

with the initial condition ©(0)=1.

0.25

(17)

Table 1. Numerical results of Example 4.1
X Exact WGM HPM LWM Error
0 0 0 0 0 0
0.0625 0.06254 0.0626  0.06254 0.06253 1.0721e-05
0.1250 0.12532 0.1253  0.12533 0.12532 6.5413e-06
0.1875 0.18860 0.1886  0.18861 0.18860 6.4129e-06
0.2500 0.25263 0.2527  0.25264 0.25263 7.1357e-06
0.3125 0.31768 0.3177 0.31769 0.31768 7.6070e-06
0.3750 0.38404 0.3841 0.38403 0.38403 1.3496e-05
0.4375 0.45201 0.4520 0.45199 0.45198 3.2517e-05
0.5000 0.52193 0.5220 0.52188 0.52187 6.0515e-05
0.5625 0.59416 0.5942  0.59405 0.59404 1.2863e-04
0.6250 0.66914 0.6692  0.66890 0.66890 2.4193e-04
0.6875 0.74731 0.7473  0.74685 0.74684 4.7980e-04
0.7500 0.82923 0.8293  0.82838 0.82837 8.6897e-04
0.8125 0.91554 09156 0.91401 0.91400 1.5480e-03
0.8750 1.00688 1.0069 1.00433 1.00432 2.5661e-03
0.9375 1.10419 1.1042 1.10002 1.10002 4.1731e-03
1.0000 1.20846 1.2085 1.20185 1.20184 6.6202e-03
1.4 . . . . . . . : :

Exact

Figure 1.

The comparison of the LWM solution and Exact

solution of Example 4.1.
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02t
015}
01t
0.05f
% o1 o0z o3 05 06 08 09 1
X
Figure 2. Plot of error for LWM with different values of M
(2, 4,8, 16).
Table 2. Numerical results of Example 4.2
X WGM HPM LWM
0 0 0 0
0.0625 —0.0625 —0.06250 —0.06249
0.1250 —0.1250 —0.12498 —0.12497
0.1875 —0.1874 —0.18740 —0.18739
0.2500 —0.2497 —0.24968 —0.24967
0.3125 -0.3117 -0.31171 —0.31170
0.3750 —0.3734 —0.37336 —0.37335
0.4375 —0.4345 —0.43446 —0.43445
0.5000 —0.4948 —0.49482 —0.49482
0.5625 —0.5542 —0.55423 —0.55422
0.6250 —0.6124 —0.61243 —0.61243
0.6875 —0.6692 —0.66917 —0.66916
0.7500 —0.7242 —0.72415 —0.72415
0.8125 —0.7771 —-0.77710 —0.77709
0.8750 —0.8277 —0.82767 —0.82766
0.9375 —0.8756 —0.87557 —0.87556
1.0000 —0.9205 —0.92048 —0.92047
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Solving Eq. (17) with k = 1 and M = 5 using LWM, we

2 3 4

t th imate solution u(x)=1—x XXX
et the approximate solution =l-x——+—+—+..,
8 PP 2 6 24

and the exact solution is u(x)=cos x —sin x.

The comparison among the LWM solution besides the
solution in [17] and exact solutions are shown in Table 3.

Figure 3 shows the comparison between LWM and the
exact solutions of example 4.3.

Figure 4 shows the plot of error using LWM with M = 2,
4, and 8. From the Figure, we observe that LWM converges
quickly to the exact solution even when M = 8.

Table 3. Numerical results of Example 4.3
Solution LWM Exact Error
in [25] solution solution

0.0 0.999999 1 1 0.0
0.1 0.895186 0.89517074 0.895170748 8e-09
0.2 0.781653 0.78139724 0.781397247 7e-09
0.3 0.659732 0.65981623 0.659816282 5.2e-08
0.4 0.530699 0.53164231 0.531642651 3.41e-07
0.5 0.398169 0.39815538 0.398157023 1.64e-06
0.6 0.260969 0.26068720 0.260693141 5.94e-06
0.7 0.120671 0.12060684 0.1206245 1.76e-05
0.8 -0.020638  -0.02069475 -0.020649381  4.53e-05
0.9 -0.161638 -0.16182136 -0.161716941 1.04e-04
1.0 -0.301983  -0.30138888 -0.301168678  2.20e-04

Figure 3.
solution of Example 4.3.
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The comparison of LWM solution and Exact

EXAMPLE 4.4
Consider the following nonlinear Volterra IDE [17]

u'(x)+u(x)—2[sinx u’(t) dt =
0 (18)
cosx+(1—x) sinx+ cosx sin” x.

with the initial condition u(0)=0.
Solving Eq. (18) with k =1 and M = 8 using LWM, we get
3 5
the approximate solution u(x)=x — rix 1 X+
6 120 5040
and the exact solution is u(x)= sin x.

The comparison among the LWM solution besides the
solution in [17] and exact solutions are shown in Table 4.
From Tables and Figures, we observe that the LWM solu-
tions coincide with other mentioned methods.

7. Conclusion

In this work, we have proposed the Legendre wavelet
method (LWM) for solving the nonlinear IDE. The proper-
ties of the Legendre wavelets together with the Gaussian
integration method are used to reduce the problem to the
solution of nonlinear algebraic equations. Also the conver-
gence of the Legendre wavelet method is proved for the
given function approximation. Illustrative examples clearly
depict the validity and applicability of the technique.

0.2 T T T T T T T T T

0.14F B

0.12f B

01t Vie2 .

error

0.08 B

Figure 4. Plot of error for LWM with different values of M
(2,4, 8).
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Table 4. Numerical results of Example 4.4

X Solution WM Exact Error
in [25] solution solution

0.0  0.000032 0.0 0.0 0.0
0.1 0.099825 0.099833416 0.09983341 6e-09
0.2 0.198678 0.198669333 0.19866933 3e-09
0.3 0.295603 0.29552025 0.29552020 5e-08
0.4  0.389605 0.389418666 0.38941834 3.26e-07
0.5 0.479398 0.479427083 0.47942553 1.55e-06
0.6 0.563598 0.564648 0.56464247 5.53e-06
0.7 0.642606 0.644233916 0.64421768 1.62e-05
0.8  0.715049 0.717397333 0.71735609 4.12e-05
0.9  0.779882 0.78342075 0.78332690 9.38e-05
1.0  0.837683 0.841666666 0.84147098 1.95e-04

Furthermore, since the basis of Legendre wavelets are poly-
nomial, the values of integrals for the nonlinear integral
equations of the form in Eq. (6) are calculated as approxi-
mately close to the exact solutions.

8.

1.

www.indjst.org | Vol 6 (6) | June 2013

References

Abbasbandy S (2006a). Numerical solutions of the integral
equations: homotopy perturbation method and Adomian’s
decomposition method, Applied Mathematics and Compu-
tation, vol 173(1), 493-500.

Abbasbandy S (2006b). Application of He’s homotopy per-
turbation method for Laplace transform, Chaos Solitons &
Fractals, vol 30(5), 1206-1212.

. Abbasbandy S (2007). Application of He’s homotopy per-

turbation method to functional integral equations, Chaos
Solitons & Fractals, vol 31(5), 1243-1247.

. Avudainayagam A, and Vani C (2000). Wavelet-Galerkin

method for integro-differential equations, Applied Num-
erical Mathematics, vol 32(3), 247-254.

. Beylkin G, Coifman R et al. (1991). Fast wavelet trans-

forms and numerical algorithms I, Communications on
Pure and Applied Mathematics, vol 44(2), 141-183.

Chui C K (1997). Wavelets: A mathematical tool for signal
analysis, SIAM, Philadelphia, PA.

El-Shahed M (2005). Application of He’s homotopy pertur-
bation method to Volterras integro-differential equation,
International Journal of Nonlinear Sciences and Numerical
Simulation, vol 6(2), 163-168.

Ghasemi M, Kajani C M T et al. (2006). Numerical solution
of linear integro-differential equations by using sine-cosine

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

wavelet method, Applied Mathematics and Computation,
vol 180(2), 569-574.

Ghasemi M, Kajani C M T et al. (2007a). Comparison
between wavelet Galerkin method and homotopy per-
turbation method for the nonlinear integro-differential
equations, Computers Mathematics with Applications, vol 54,
1162-1168.

Ghasemi M, Kajani C M T et al. (2007b). Comparison
between the homotopy perturbation method and the sine-
cosine wavelet method for solving linear integro-differential
equations, Computers Mathematics with Applications,
vol 54(7-8), 1162-1168.

GhasemiM, Kajani CM T etal. (2007c). Numerical solutions of
the nonlinear integro-differential equations: Wavelet-Galerkin
method and homotopy perturbation method, Applied Mathe-
matics and Computation, vol 188(1), 450-455.

Ghasemi M, Kajani C M T et al. (2007d). Application of
He’s homotopy perturbation method to nonlinear integro-
differential equations, Applied Mathematics and Compu-
tation, vol 188(1), 538-548.

He J H (2000). Variational iteration method for autonomous
ordinary differential systems, Applied Mathematics and Com-
putation, vol 114(2-3), 115-123.

HeJH (2004). Comparison ofhomotopy perturbation method
and homotopy analysis method, Applied Mathematics and
Computation, vol 156(2), 527-539.

He J H, and Wu X H (2006). Construction of solitary solu-
tion and compacton-like solution by variational iteration
method, Chaos Solitons & Fractals, vol 29(1), 108-113.
Lepik U (2006). Haar wavelet method for nonlinear integro-
differential equations, Applied Mathematics and Compu-
tation, vol 176(1), 324-333.

Maleknejad K, Basirat B et al. (2011). Hybrid Legendre
polynomials and block-pulse functions approach for non-
linear Volterra-Fredholm integro-differential equations,
Computers & Mathematics with applications, vol 61(9),
2821-2828.

Alizadeh S R S, Domairry G G et al. (2008). An approxi-
mation of the analytical solution of the linear and nonlinear
integro-differential equations by homotopy perturbation
method, Acta Applicandae Mathematics, vol 104(3), 355-
366.

Venkatesh S G, Ayyaswamy S K et al. (2012a). The Legendre
wavelet method for solving initial value problems of Bratu-
type, Computers & Mathematics with Applications, vol
63(8), 1287-1295.

Venkatesh S G, Ayyaswamy S K et al. (2012b). Convergence
analysis of Legendre wavelets method for solving Fredholm
integral equations, Applied Mathematical Sciences, vol 6,
No. 6, 2289-2296.

Indian Journal of Science and Technology | Print ISSN: 0974-6846 | Online ISSN: 0974-5645



21.

22.

23.

www.indjst.org | Vol 6 (6) | June 2013

S. G.Venkatesh, S. K. Ayyaswamy, S. Raja Balachandar and K. Kannan 4677

Venkatesh S G, Ayyaswamy S K et al. (2012¢c). Legendre
approximation solution for a class of higher order Volterra
integro-differential equations, Ain Shams Engineering Jour-
nal, vol 3(4), 417-422.

Venkatesh S G, Ayyaswamy S K etal. (2012d). Legendre wave-
lets method for Cauchy problems, Applied Mathematical
Sciences, vol 6, No. 126, 6281-6286.

Wazwaz A M (2001). A reliable algorithm for solving bound-
ary value problems for higher-order integro-differential

24,

25.

equations, Applied Mathematics and Computation, vol
118(2-3), 327-342.

Yusufoglu E (Agadjanov) (2009). Numerical solving initial
value problem for Fredholm type linear integro-differential
equation system, Journal of the Franklin Institute, vol 346(6),
636-649.

Zhao J, and Corless R M (2006). Compact finite differ-
ence method for integro-differential equations, Applied
Mathematics and Computation, vol 177, 271-288.

Indian Journal of Science and Technology | Print ISSN: 0974-6846 | Online ISSN: 0974-5645



