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Abstract. Mathematical modeling for many problems in different disci-
plines, such as engineering, chemistry, physics and biology leads to integral
equation, or system of integral equations. It’s the reason of great interest for
solving these equations.

There are some analytical and numerical methods for solving Volterra integral
equations, but extension of these methods to systems of such integral equa-
tions is not easy to employ.

Adomian decomposition method, well address in [1,2] has been used to solved
some of these systems such as systems of differential equations, systems of
integral equations and even systems of integro-differential equation [3,4,5].
Applying this method needs some computations which is sometimes boring,
having a program to do all computations would be interesting and helpful.

In this article a maple program is prepared to solve a system of Volterra inte-
gral equations of the second kind, linear or non-linear.
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1. INTRODUCTION

Consider the following system of second kind Volterra integral equations:

F(t)=g¢(t) + /OtG(s,t, F(s))ds, (1.1)

Where
E(t) = (fi(t), f2(8), ..., fal1))',

G(t) = (gl(t)vg2(t)7 SR 7gn(t))t7
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G(s,t,F(s)) = (Gi(s,t, F(s)),Ga(s,t, F(s)),... ,Gn(s,t, F(s))).

Especial case of linear systems comes from linearity of the function V (s, t, F'(s)).
Consider the ith equation in (1),

Fi(t) = g:(t) + / G, Fu(t). Falt). ., Fult))ds, (1.2)

Adomian decomposition method considers the Solution as the summation of a
series say:

Fiy= Z fii ()N (1.3)
=0
and G;(s,t, fi(t), f2(t), ..., fu(t)), as a series, say:

Gi(s,t, f1(t), fo(t), ..., fu(t))

= ZAij(floa"' 7f1j7f207"' 7f2j7"' 7f1j7fn07"' 7fnj)>‘j (14>

7=0
WhereAZ-j(fm, e ,flj, fgo, ce ,fgj, e 7f1j7 fno, ce ,fnj), which depends on
fros -5 frj, k=1,2,... called Adomian polynomial and are define as:
1, d — - ;
Aij = H[WGM(S’t’ZO JuA' ... ,;fm)\ )] =0 (1.5)

2. MAPLE PROGRAM

Inputs of the algorithm are the following:
n,the number of equations in the system of integral equations,
m, the number of terms of the approximations to the solutions,
g:(t) , the first term in the right hand side of the canonical form, equation (2).
Here is the main program:
>restart;
>with(student):
INPUT
1 >G[1]::G1(S,t, f17 f27 s 7fN);
G[z]::GQ(S’ t? fla f27 SRR fN))

é[k]::GN(sata f17f27 v 7fN>)’

2 >g[1]:=f[1];
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g[2]:=f2]

g[N]:=f[N]);
3 >m:=M:
4 >n:=N:

5> for ¢ from 1 by 1 while : <=n
do f[i,lambda]:=sum(f[i,b]*(lambda)Ab,b=0..m):
end do:
6 >for ¢ from 1 by 1 while i <=n
do for j from 1 by 1 while j <=n
do Gl[i,Jambda]:=subs(f[j](t)={[j,lambda],Gl[i]):
Gli]:=G]Ji,lJambda]
end do:
end do;
7 >for ¢ from 1 by 1 while : <=n
do s[i]:=expand(GJi,Jambda],lambda):
ft[i]:= unapply(s[i],Jambda):
end do:
8 >for j from 1 by 1 while j <=n
do for i from 0 by 1 while i <=m
do Alj][il:=((D@ai) (£t[j])(0) /it):

print( A[j,il,”=", A[j][{])
end do;
end do;
9 >for j from 1 by 1 while j <=n
do Fj][0]:=g][j]
end do:

10 > for 7 from 0 by 1 while i <m
do for j from 1 by 1 while j <=n
do f[j,i]:=subs(x=t,F[j][i])
end do:
for j from 1 by 1 while j <=n
do F[j][i+1]:=int(A[j][i],t=0..x):
print( F[j7i+1]7,,:”9 F[.]][1+1])
end do
end do:
11 > for j from 1 by 1 while j <=n
do F[j][0]:=subs(t=x,F[j][0]):
end do:
12 >for j from 1 by 1 while j <=n
do f[j]:=sum(’F[j][i]’,’i’=0..b-1)
end do:
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In statement (1) the integrands G;(s,t, fi,..., f,) should be entered.

In statement (2 )g;(t) the first term in the right hand side of canonical forms
in equation (2) should be entered.

In statement (5), regarding equation (3) and the chosen m, an approximation
to f;x here in after referred anf;,,, will be considered symbolically.

In statement (6),f/\s are substitute in G; to compute Gy,

In statement (9) according to formula (4) Adomian polynomials will be com-
puted,

In statement (10), f;, are computed,

In statement (12) f;,, are added together to coumpute an approximation to f;.

3. NUMERICAL EXAMPLES

in this part three examples are provided to illustrate the program.
Examplel:
In the first example we solve the following nonlinear system of two integral
equations. with the exact solutions are fi(x) = sin(z) and fa(x) = cos(x)

{fl() sin(t —t+fof1 +f2()) }
fa(t) = cos(t) — 3sin®(t) + [ f1(s) fa(s)ds

Inputs are n =2 and m =6 .

The results and the exact solutions are plotted in Figl — 1 and Fig 1 — 2.
Example2:

In the second example we solve the following nonlinear system of three integral

equations. the exact solutions are fi(z) = In(z), fo(x) = x and f3(z) = 22

fi(t) = In(t) + In? ( i+t + fo Afi(s f (s))ds
fot) =t — 1ln( )t° 1 t6 + fo sf3 fi(s))ds
f3(t) 1t5+f0 Sf3 ))ds

Inputs are m = 3and n = 6. The results and the exact solutions are plotted
in Fig2-1, Fig 2-2 and Fig 2-3.

Example 3:
In the third example we solve the following nonlinear system of four integral
equations. the exact solutions are fi(z) = =, fo(x) = 2%, f3(x) = 2 and

fa(z) =
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Fi 1-1,the plot of f[1], second function and exact solution sin(x) of example 1
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FIGURE 1. the plots of the exact solution, sin(x) and the ap-
proximated solution, f[1] for example 1.

Fi 1-2,the plot of f[2], second function and exact solution cos(x) of example 2
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FIGURE 2. the plots of the exact solution, cos(x) and the ap-
proximated solution, f[2] for example 1.

filt) =t + 1"+ [ (4fi(s (8))d8

fo(t) =2 — t8 + fo 8f4 f3(s)ds
fa(t) = §t2 12+ fo fi(s) + fa(s) + fa(s))ds
fit)y =1t t6+f0 6.f2(s) fa(s))ds

Inputs are n = 4and m = 6. The results and the exact solutions are plotted
in Fig2-1, Fig 2-2 and Fig 2-3.

4. DISCUSSION

The goal of this work was to write a Maple program for solving systems of
Volterra integral equations. We have achieved the goal successfully. The pro-
gram accepts the number of the equations in the system of integral equations
and the number of terms in the series form solution.

Those are familiar with Adomian decomposition method are well aware of the
amount of computational work of this method.
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Fi 2-1,the plot of 1] , second function and exact solution In(x) of example 2.
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FIGURE 3. the plots of Ex.2, {f[1] approximated solution, In(x)
the exact solution.

Fi2-2,the plot of f[2], second function and exact solution x of example 2.
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FIGURE 4. the plots of Ex.2, f[2] approximated solution, x the
exact solution.

Fi 2-3,the plot of (3], second function and exact solution X2 of example 2
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FIGURE 5. the plots of the exact solution, 22 and the approxi-
mated solution, f[3] for example 2.
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Fi 3-1,the plot of f[1], second function and exact solution x of example 3.
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FIGURE 6. the plots of the exact solution, z and the approxi-
mated solution, f[1] for example 3.

Fi 3-2,the plot of f[2], second function and exact solution x*2 of example 3.
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FIGURE 7. the plots of Ex.3, f[2] approximated solution, z* the
exact solution.

Fi 3-3,the plot of f[3], second function and exact solution X3 of example 3.

FIGURE 8. the plots of Ex.3, f[3] approximated solution, z* the
exact solution.

Having such a program enable us to have a solutions easily and there is no
need to do that much computations.

A computational program, with maple, has been written by the second au-
thor. Our research group are working of maple program for solving system of
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Fi 3-4,the plot of f[4], second function and exact solution x4 of example 3.
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FIGURE 9. the plots of the exact solution, z* and the approxi-
mated solution, f[4] for example 3.

diferential and integro difrential equations.
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