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Indirect methods

In these methods, we don’t need to do lots of matrix operations as in the direct methods, but it
is known that indirect methods are slower than direct methods in convergence. Moreover, the
main different between direct and indirect methods that indirect methods needs an initial
solution, x® = (x?,x2,...x9), in order to start and depending on this initial condition, we can get

Therefore, indirect methods are also called the iterative methods.
We will study two algorithms of indirect methods: Jacobi & Gauss-Sidel
Jacobi iterative algorithm
Consider that, we have the following the linear system:
ApxnX = bpxy

which can be written as follows:

A1X1+taX .l +a1,Xn=b;
Ay X1 +HAp X0+ oo, +a51Xp,=by
A X1 tApaXy +.oooiioon. +annXn=p,

wherea; #0, i=12,...n

Remarks:
1- In case of a;; = 0, for some i, we replace the equation number i, with another equation in
ordertogeta;; #0, i=12,...n

2- On the other hand, in order to get faster convergence, we should make sure that, The diagonal
control condition is satisfied

|aii>Xi=1 laij]
i

In case of this condition is not satisfied, we can also switch places between the equations, until
we get this condition is satisfied.

Steps of Jacobi algorithm

1-Make sure that the system has a unique solution, |[A] # 0 .
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2-Choose the initial solution x° = (x?,x2,.....x0) € R®

3-Make sure that a; # 0,and |a;| = X4 |ay]

JE!
and in case of one of these condition is not satisfied, switch places of the equations, until we get
the two conditions are satisfied.

4- Write the system in iterative form: x/** = (b; — X"=1 a;; x[)/ay;, for
j#i

i=12,...n

5-Compute the solution iterative iteratively, ( for k = 0,1,2, ....), until we get the following the
stop condition is satisfied:

|x*D —x®|| <,  where

e = [0 = x®]) = max et -
1<isn
Example:- Use Jacobi algorithm to solve the following linear system, for two iterative
step and find the iterative error at each step.
Note: The exact solution for this system is x=( 1; 2; 3)

4x, + 2x5 +x3 =11
2x1 + x5, +4x3 =16
—x1 + 2x, =3
Solution
Since as3 = 0, we need to switch the places of equation 2 and 3:

4‘x1 + 2x2 +X3 = 11
_xl + 2x2 = 3
2x1 + Xy + 4‘X3 =16

It is clear that, the last system satisfies the diagonal control condition.
We can rewrite the last system as follows:
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x—41x 1x
3 2122

We write the system in the iterative form as follows:

k+1_11 1 & 1k
X =—— =X, — =X
1 2 5 X2 2 '3
xktt = 3 4 Lyk k=0,1
2 2 1 By PR
k+1 _ 1 k 1 k
x3 —4‘_ Exl - sz

Let x%=(x?,x2,x3)=(0.8, 1.8, 2.8)
Set k=0

2= (1.8)-£(2.8) = 1.15

1 4
x)=2+-(0.8)= 1.9
x5 =4--08)-1(1.8) =3.15
x® = (1.15,1.9,3.15)

E; = max{|1.15-0.8/,[1.9 - 1.8|,|3.15 — 2.8|} =0.35

set k = 1, by using the same way obtain:

xP = 171— %(1.9) — - (3.15) = 1.0125,

3

() _
X3 =3

+ % (1.15) = 2.0750 ,
2 = 4— -(1.15) — £ (1.9) =2.95

x@® = (1.0125,2.075,2.95)
E, = max{|1.0125 — 1.15],]2.075 — 1.9|,|2.95 — 3.15|} = 0.175
We continue iteratively, until the convergent condition can be satisfied:

||x(k+1) _ xk||< €



