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Abstract

In this report, we use Gaussian method and Cholesky decomposition and the Jacobi and
Gauss-Seidel intertive method to compute x where Ax = B.
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1 INTRODUCTiONS

In this report, we use Gaussian method and Cholesky decomposition and the Jacobi and Gauss-
Seidel intertive method to compute x where Ax = B.

2 ALGORiTHM DESCRiPTiON & MATHEMATiCAL DERiVATiON

2.1 GAUSSiAN METHOD AND CHOLESKY DECOMPOSiTiON

We omitted these since these are just simply linear algebra.

2.2 JACOBi AND GAUSS-SEiDEL iNTERTiVE METHOD
Theorem 2.2.1 (Jacobi). Compute x with Ax = b for xi to obtain

xi =

n∑
j=1,j ̸=i

(
−aijxj

aii

)
+

bi
aii

, i = 1, ..., n.

For each k ≥ 1 and for x(k) we have

x
(k)
i =

1

aii

 ∑
j=1,j ̸=i

(−aijx
(k−1)
j ) + bi

 , i = 1, ..., n.

Theorem 2.2.2 (Gauss-Seidel). Compute x with Ax = b for xi to obtain

xi =

n∑
j=1,j ̸=i

(
−aijxj

aii

)
+

bi
aii

, i = 1, ..., n.

For each k ≥ 1 and for x(k) we have

x
(k)
i =

1

aii

− i−1∑
j=1

(aijxj)−
n∑

j=i+1

(aijx
(k−1)
j ) + bi

 , i = 1, ..., n.
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3 CODES AND NUMERiCAL EXPERiMENTS

3.1 GAUSSiAN METHOD AND CHOLESKY DECOMPOSiTiON

Problem 3.1.1. Given a equation Ax = b where A =

100 2 4 7
2 100 5 19
4 5 100 5
7 19 5 100

 and b =

2
3
4
5

,
we will use the Gaussian method and Cholesky decomposition to compute x.
Solution. Consider the following function:

1 >> format long
2 function x=GS(A,b)
3 [n,~] = size(A);
4 x=zeros(n,1);
5

6 for j = 1:n-1
7 for i = j+1:n
8 mul = A(i,j)/A(j,j);
9 A(i,:)= A(i,:)-mul*A(j,:);
10 b(i)= b(i)-mul*b(j);
11 end
12 end
13

14

15 for i=n:-1:1
16 sum=0;
17 for j=n:-1:i+1
18 sum=sum+x(j)*A(i,j);
19 end
20 x(i)=(b(i)-sum)/A(i,i);
21 end
22 end

And use the follows codes:
1 >> A = [100 2 4 7;
2 2 100 5 19;
3 4 5 100 5 ;
4 7 19 5 100];
5

6 b = [2;3;4;5];
7 >> GS(A,b)
8

9 ans =
10

11 0.015119617688382
12 0.019639842048166
13 0.036243328673106
14 0.043397890339006

Then x =

0.015119617688382
0.019639842048166
0.036243328673106
0.043397890339006

. Well done.
Now we will use Cholesky decomposition. Consider the follows function:
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1 function [x,res]=CD(A,b)
2 AA=A;[~,n]=size(A);
3 y=zeros(n,1);x=zeros(n,1);
4 for k=1:1:n
5 A(k,k)=sqrt(A(k,k));
6 A(1:k-1,k)=0;
7 A(k+1:n,k)=A(k+1:n,k)/A(k,k);
8 for j=k+1:n
9 A(j:n,j)=A(j:n,j)-A(j:n,k)*A(j,k);
10 end
11 end
12 U=A';L=A;
13     y(1,1)=b(1,1)/L(1,1);
14 for i=2:n
15     s=0;
16     for j=1:i-1
17         s=s+y(j,1)*L(i,j);
18     end
19     y(i,1)=(b(i,1)-s)/L(i,i);
20 end
21 x(n,1)=y(n,1)/U(n,n);
22 for i=n-1:-1:1
23     s=0;
24     for j=i+1:n
25         s=s+U(i,j)*x(j,1);
26     end
27     x(i,1)=(y(i,1)-s)/U(i,i);
28 end
29 res=norm(b-AA*x);

Then we have:
1 >> CD(A,b)
2

3 ans =
4

5 0.015119617688382
6 0.019639842048166
7 0.036243328673106
8 0.043397890339006

So x =

0.015119617688382
0.019639842048166
0.036243328673106
0.043397890339006

. Well done.
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3.2 JACOBi AND GAUSS-SEiDEL iNTERTiVE METHOD
Problem 3.2.1. We will use the Jacobi and Gauss-Seidel intertive method to compute x by
construct A, b.
Solution. Use the following function to find A, b:

1 function [A,b]=DD(n)
2 T=zeros(n-1,n-1);
3 for i=1:n-1
4 T(i,i)=2;
5 end
6 for i=1:n-2
7 T(i,i+1)=-1;
8 T(i+1,i)=-1;
9 end
10 I=eye(n-1,n-1);
11 k=(n-1)^2;
12 A=zeros(k,k);
13 b=ones(k,1);
14 j=1;
15 for i=1:n-1
16 A(j:j+n-2,j:j+n-2)=T+2*I;
17 j=j+n-1;
18 end
19 j=1;
20 for i=1:n-2
21 A(j:j+n-2,j+n-1:j+2*n-3)=-I;
22 A(j+n-1:j+2*n-3,j:j+n-2)=-I;
23 j=j+n-1;
24 end
25 end

When we use the Gauss Seidel method, we use the following code.
1 function []=GSS(n,eps)
2 [A,b]=DD(n);
3 D=diag(diag(A));L=-tril(A,-1);
4 U=-triu(A,1);x=zeros((n-1)^2,1);k=0;maxit=100000;
5 B=(D-L)\U;g=(D-L)\b;
6 tic
7 while 1
8 k=k+1;
9 x=B*x+g;
10 res=b-A*x;
11 if norm(res,2)<eps
12 break
13 elseif k>=maxit
14 fprintf('The times to the maximum:\n');
15 break
16 else
17 continue;
18 end
19 end
20 toc
21 end

Then we have
1 >> GSS(25,1e-4)��
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2 0.079250 ��

The jacobi’s method as follows:
1 function []=JB(n,eps)
2 [A,b]=DD(n);
3 D=diag(diag(A));L=-tril(A,-1);U=-triu(A,1);x=zeros((n-1)^2,1);k=0;

maxit=100000;
4 B=inv(D)*(L+U);
5 g=inv(D)*b;
6 tic
7 while 1
8 k=k+1;
9 x=B*x+g;
10 res=b-A*x;
11 if norm(res,2)<eps
12 break
13 elseif k>=maxit
14 fprintf('The times to the maximum:\n');
15 break
16 else
17 continue;
18 end
19 end
20 toc
21 end

Then we have
1 >> JB(25,1e-4)��
2 0.100129 ��

Well done.
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