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This paper presents a study of the effectiveness of the MATLAB program in solving linear

Jacobi Method
linear system
MATLAB
The matrices

equations using iteration methods for numerical analysis, as the numerical analysis of some linear
equations requires many complex operations to analyse the approximate solutions, and this leads to
many computational errors, and great effort to solve them. The importance of this study lies in
shedding light on the MATLAB program and its strength in solving linear equation problems and
helping students solve complex equations faster and more accurately. The aim of this study is to
know one of the iterative methods represented by the Jacobi method, to solve systems of linear
equations, using the MATLAB program to calculate the values, where the solution is done by
guessing a specific solution, which is improved in successive steps until the results become close
with the progress of the steps, which is the final solution for a set of linear equations, as we changed
the error value by adding and subtracting 50%, and we noticed an increase in the number of iterations
and a decrease in the error, which led to obtaining satisfactory results.
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1. Introduction

The system of linear equations arises in many scientific fields, whether
applied or theoretical, and sometimes produces large systems that
cannot be dealt with manually, so it was necessary to use the computer,
as these systems can be written in the form of matrices, which made
the matrix an important tool with a prominent role, as it is a common
factor in many physical, mathematical and other applications [1], and
the MATLAB program is considered one of the important multi-use
application programs, as the word MATLAB is originally taken from
the expression (matrix laboratory) because the basic data unit in it is
the matrix, and one of its most important features is its ability to draw

curves and three-dimensional spatial shapes, and the iterative methods
(Jacobi method) are among the easiest methods of numerical analysis
used in solving systems of linear equations [1],[2], the researcher relies
on the descriptive method in formulating the axes and hypotheses, and
searching for the opinions of researchers related to the research topic,
and on the analytical method in choosing research hypotheses and
achieving its objectives, in mathematical issues that were chosen to
address the research problem in its applied framework, and to find
approximate solutions for such systems, especially when direct
methods become impractical and expensive Mathematically, most
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numerical analysis methods and algorithms require a matrix in one
Way or another, if we consider the linear system [3], [4]:

AX=B (¢Y)]
This equation can be written in the form of matrices as follows:
A1 Q12 Q13 - Qun] [X1 by
a a a e QA X
S S @
an1 Qnz Qanz T Xn bn

Where A is the coefficient matrix of the linear system, X is the matrix
of unknowns, B is the matrix of absolute terms We divide the
coefficient matrix A into three parts, the purpose of which is to
facilitate the process of finding the solution: D is a diagonal matrix, L
is a lower triangular matrix, and U is an upper triangular matrix, so
that [5], [6]:

A=D+L+U 3

Where:

[a;;, 0 0 ... 0] 0 0 0o .. 0
D A A b

L 0 0 0 .. apl Api Qpz Qpz .. O

0 ay; a3 A1n
N

0 0 0

L . 0]
To find the approximate solution of the linear system which is
presented by equation (1), as follows:
D+L+U)X=B “
DX =B-LX-UX
Here we give an estimated value to the vector X* on the right side,
in order to obtain a new value on the left side, so the equation (4 )
becomes in iterative form [6], [7] :
X&) = p-1p = DL+ U)X*, k=0,12,.... 5)
Therefore, we obtain the Jacobi formula as follows:

n
1
XD — o bi— » ayx|; k=12,... 6)
j=1

This process is repeated until the following condition is met [7],
(8l:
A
For each i, where ¢ is the given amount of error.

In this work, it will give two examples for Jacobi method which are
in the following points:
A) Example: use Jacobi's method to solve the system of equations,
where the zero vector is assumed as the initial approximation.

max; |x

3x+y+z=1
2x+5y—z=2 @)
x+2y+6z=0

Solution:
Equation (7) can be written using Jacobi method as follows:

x=§u—y—@
y=é(2—2x+z) (8)

z= %(—x —-2y)
To solution equation (8), method program is written to gets values x,
y and z, (see appendix A).

In this example, The error value was forced when e =
[0.10.2 0.3 0.40.5], Then the error was changed by an increase or
decrease of 50%, to obtain numerical results for the number of
iterations. The comparison between the error and the number of
iterations appears in Table I.

Table I: shows the repeatability and error values

0% +50 % - 50%

e it e it e it
0.1 3 0.15 8 0.05 4
0.2 2 0.3 2 0.1 4
0.3 2 0.45 1 0.15 3
0.4 1 0.6 1 0.2 2
0.5 1 0.75 1 0.25 2

The comparison between the number of iterations (IT) versus the
error value (e), is shown in Figs 1,2 and 3. Starting from Fig. 1. it is
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noted that the greater the number of iterations, the lower the error
value, when the error was 0.1, the number of iterations reached 3, but
when the error was 0.4 and 0.5, the number of iterations was
1.

4
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3

25

o] 0.1 0.2 0.3 0.4 0.5 0.6

Fig .1: the shape of example A where e =[0.1 0.2 0.3 0.4 0.5].
Fig. 2. when the error increased by 50%, It is noticeable a difference
in the number of iterations. When the error was 0.15, the number of
iterations reached 8, while with an error of 0.45 and above, the number
of iterations reached 1.
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Fig .2: Increase error by 50%.

From Fig. 3. The number of iterations was equal when the error was
0.05 and 0.1, and it was the largest number of iterations, but when
the error was 0.25, it gave the least number of iterations, meaning
that the more the number of iterations, the smaller the error.
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Fig.3: Reduce the error rate by 50%.
B) Example: use Jacobi's method to solve the system of equations.
the zero vector is assumed as the initial approximation.
dx+y—-2z=1
x+3y—z=8 9)
x—7y+10z=2

Solution:
According to Jacobi's method, the equations are as follows:

x=<i)(1—y—22)
1
y = (g)(B—x+z) (10)

7= (%)(2—x+7y)
To see Matlab code for jacobi iterative method back to appendix B.
Perform the same previous steps in example A, From
Table 11, been noticed the numerical results of the archived simulation
for the imposed error, with an increase and decrease of 50%.
Table I1: shows the repeatability and error values

0% +50 % -50 %

e it e it e It
0.1 8 0.15 8 0.05 12
0.2 6 0.3 6 0.1 9
0.3 6 0.45 5 0.15 8
0.4 6 0.6 5 0.2 7
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05 5 0.75 4 0.25 7
In Fig. 4, It is clear that the number of iterations is equal at when the
error was 0.2, 0.3, and 0.4, then the number of iterations decreased as
the error was larger.

a9 '
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Fig .4: the shape of example (B)ewhen €=[0.10.20.30.40.5].
As for Fig. 5. There is clearly a convergence between the number of
iterations, and the smaller the error, the greater the number of

iterations
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Fig .5: Increase error by 50%.

Finally: Fig. 6. The number of iterations reached 12 when the error
was 0.05, and 7 when the error was 0.2, 0.25.

the number of terations

N

the error value

Fig.6: Reduce the error rate by 50%.

2. Conclusion:

Through our study of the Jacobi method using the MATLAB
program, we noticed that this program combines theoretical
understanding and practical application, as the Jacobi method is an
effective tool for solving linear systems repeatedly, helping students
gain a deeper insight into the principles of the MATLAB program to
solve the problems of these systems. One of the advantages of the
Jacobi method is that after each attempt, the error is calculated, and
when the error reaches an appropriate value, the program stops, so it
is possible to save a lot of time needed for the solution. One of its
disadvantages is that it may not reach a solution, meaning that the
solutions diverge when starting with a specific initial solution, and
with another initial solution, the solutions will converge and the
method will reach a final solution. In this research, we noticed that all
the figures indicate an inverse relationship between the number of
repetitions and the error value, meaning that the greater the number of
repetitions, the lower the error rate and we reach a solution faster.

3. Appendix A
clear all

cle
x0=input('x0=");
yO=input('yo=');
z0=input('z0=");

format long
for i=1:100
i
x1=(1/3)*(1-y0+z0)
y1=(1/5)*(2-2*x0+z0)
z1=(1/6)*(-x0 -2*y0)
if abs(x1-x0)<=0.001 & abs(y1-y0)<=0.001 & abs(z1-z0)<=0.001
disp(‘the solution is x,y,z=")

x1
yl
z1
break
else
x0=x1;,y0=y1;,20=z1,
end
end
4. Appendix B
clear all
clc

X0=input('x0=");

yO=input('yo=');

z0=input('z0=");

format long

for i=1:100

i
x1=(1/4)*(1-y0+2*z0)
y1=(1/3)*(8-x0+z0)
z1=(1/10)*(2-x0 +7*y0)
if abs(x1-x0)<=0.001 & abs(y1-y0)<=0.001 & abs(z1-z0)<=0.001
disp(‘the solution is x,y,z=")
x1
yl
z1
break
else
x0=x1,,y0=y1;,z0=21,
end

end
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