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function x = GaussNaive(A,b)

% GaussNaive: naive Gauss elimination

% A = coefficient matrix

% b = right hand side vector

% Xx = solution vector

[m,n] = size(A);

if m~=n, error('Matrix A must be square’); end
nb = n+1;

Aug = [A b];

% forward elimination

fork=1.n-1

fori=k+1:n

factor = Aug(i,k)/Aug(k,k);

Aug(i,k:nb) = Aug(i,k:nb)-factor*Aug(k,k:nb);
end

end

% back substitution

X = zeros(n,l);

x(n) = Aug(n,nb)/Aug(n,n);

fori=n-1:-1:1

X(1) = (Aug(i,nb)-Aug(i,i+1:n)*x(i+1:n))/Aug(i,);
end



[Tapaodeyua

>>a=[212;123;,122]
a
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[ 5; 6; 5]
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X = GaussNaive(a,b)
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function x = GaussPivot(A,b)

% X = GaussPivot(A,b): Gauss elimination with pivoting.
% A = coefficient matrix

% b = right hand side vector

% x = solution vector

[m,n]=size(A);

if m~=n, error('‘Matrix A must be square'); end
nb=n+1,;

Aug=[A b];

% forward elimination

fork =1:n-1

% partial pivoting
[big,i]=max(abs(Aug(k:n,k)));

ipr=i+k-1;

if ipr~=k

Aug([k,ipr],:)=Aug([ipr.k],:);

end

fori=k+1l:n

factor=Aug(i,k)/Aug(k,k);
Aug(i,k:nb)=Aug(i,k:nb)-factor*Aug(k,k:nb);
end

end

% back substitution

x=zeros(n,1);

x(n)=Aug(n,nb)/Aug(n,n);

fori=n-1:-1:1
x(i)=(Aug(i,nb)-Aug(i,i+1:n)*x(i+1:n))/Aug(i,);
end



[Tapaodeiyua

>>a=[212;123;122]
a

Vik Nl
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>> x = GaussPivot(a,b)
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H 2uvaptnon rref divel Tnv
AvNYHUEVN KAIJOKWTNA Hop®N

>>A=[123;456;7 8 0]
A =
1 2 3
4 5 6
7 80
>> b=[1;2;3]
b =
1

2
3
>> rref([A b))
ans =
1.00000 0.00000 0.00000 -0.33333

0.00000 1.00000 0.00000 0.66667
0.00000 0.00000 1.00000 -0.00000

H AUon otnv TeAeuTaia
2TAAN TOU ATTOTEAEOUATOC



[Tapadeiyua (2)

>> A=[1 1;2 2]
A =

1 1

2 2
>> b=[2;3]
b =

2

3
>> rref([A b])
ans =

0 To ocuoTtnua gival acuuBifacTto
1 Kal Ogv UTTAPXEI AUon

1 1
0O 0



EvowpuatwuEvn ouvaptnon
ETTIAUC OCUCTAMATOC

>>A=[12 3;456;7 8 0]
A =

123

456

780

>> b=[1;2;3]
b =

1

2

3

>> x=A\b

X =

-0.3333
0.6667



[TapayovToTtroinon ivakwy Doollittle

function [L U] = Doolittle(A)

n =size(A,l);

L = zeros(n,n); % initilize Land U to be n by n
U = zeros(n,n); % matrices with all zero entries.
fork = 1:n

L(k,k) =1;
forj=k:n
U(k,)) = Alk.j);
fors = 1:(k-1)
U(k,)) = U(k,)) - L(k,s)*U(s,));
end
end
fori=(k+1):n
L(i,k) = A(i,k);
fors = 1:(k-1)
L(i,k) = L(i,k) - L(i,s)*U(s,Kk);
end
L(i,k) = L(i,k) / U(k,K);
end
end
end



[Tapaodeiyua

>>A=[123;456:78 0]
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function x = DoolittleSystemSolution(A,b)

n = size(A,1);

L = zeros(n,n); % initilize L and U to be n by n
U = zeros(n,n); % matrices with all zero entries.
fork=1:n

L(k,k) = 1;
forj=k:n
U(k,)) = Ak,));
for s = 1:(k-1)
U(k,)) = U(k,)) - L(k,s)*U(s.j);
end
end
fori=(k+1):n
L(i,k) = A(i,k);
for s = 1:(k-1)
L(i,k) = L(i,k) - L(i,8)*U(s,Kk);
end
L(i,k) = L(i,k) / U(k,K);
end
end



2 UVEXEID...

% Step 2: Forward subsitiutionto solve L*y=Db
y = zeros(n,1); % Initialize y to be a column vector
y(1) = b(1);
fori=2:n
y(i) = b(i);
forj = 1:(i-1)
y(i) = y(0) - L{.)*y(0);
end
end
% Step 3: Back subsitiutionto solve U *x =y
X = zeros(n,1); % Initialize x to be a column vector
x(n) =y(n) / U(n,n);
fori=(n-1):-1:1
x(i) = y(i);
forj = (i+1):n
x(1) = x(1) - U(,))*x0);
end
x(1) = x(1) / U(i,1);
end
end



[Tapaodeiyua

>> A=[123;456;7 8 0]

X
-0.33333
0.66667
-0.00000



[TapayovTtoTtroinon mvakwy Crout

function [L,U] = crout(A)
Im, n] = size(A);
L=zeros(n,n);
U=zeros(n,n);
fork=1:n
L(k,K)=A(k,k)-L(k,1:k-1)*U(1:k-1,K);
forj=k:n
U(k,)) = (A(k,j) - L(k,1:k-1)*U(1:k-1,)) )/ L(k,Kk);
end;
fori=k+1:n
L(i,K) = (A(,K) - L(1,1:k-1)*U(1:k-1,k) ) / U(k,k);
end
end



[Tapaodeyua

>>A=[123;456:78 0]
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Evowpatwpevn ouvaptnon LU
IL, U, P] =Ilu(A)

A=[12 3:456;7 8 0]
A =

Vg »~ R
© 01N
o o Ww

>
L =
1.00000 0.00000 0.00000
0.14286 1.00000 0.00000
0.57143 0.50000 1.00000
U=
7.00000 8.00000 0.00000
0.00000 0.85714 3.00000
0.00000 0.00000 4.50000
P =
Permutation Matrix
0 01

1 00 EvaAAayn ypauunig
01 0

L, U, P] = lu(A)



[TapayovTtotroinon Cholesky

>>A=[2,-1,0;-1,2,-1,0,-1,2]
A =
2-10
-1 2 -1
0-1 2
>> chol(A)
ans =
1.41421 -0.70711 0.00000
0.00000 1.22474 -0.81650
0.00000 0.00000 1.15470



function [x, iflag, ithum] = Jacobi(A,b,x0,delta,max _it)

% xO: initial guess

% delta: error tolerance for the relative difference between two consecutive iterates
% max_it: maximum number of iterations to be allowed

% % iflag: 1 if a numerical solution satisfying the error

% itnum: the number of iterations used to compute x

n = length(b);
iflag = 1;
k=0;

diagA = diag(A);
A = A-diag(diag(A));
while k < max_it
k =k+1;
X = (b-A*x0)./diagA
relerr = norm(x-x0,inf)/(norm(x,inf)+eps);
X0 = Xx;
if relerr < delta
break
end
end
itnum = k;
if (itnum == max_it)
iflag = -1
end



function x = GaussSeidel(A,b,es,maxit)

% A = coefficient matrix

% b = right hand side vector

% es = stop criterion (default = 0.00001%)

% maxit = max iterations (default = 50)

if nargin<2,error(‘at least 2 input arguments required’),end
If nargin<4|isempty(maxit),maxit=50;end

If nargin<3|isempty(es),es=0.00001;end

[m,n] = size(A);

If m~=n, error('Matrix A must be square'); end
C=A;

fori=1:n
C(1,1) = 0;
X(1) = 0;
end

X=X,



2 UVEXEI...

fori=1:n

C(1,2:n) = C(1,2:n)/A(i,1);
end

fori=1:n

d(i) = b()/A(i,);

end

iter = O;

while (1)

xold = x;

fori=1:n

X(1) = d(i)-C(i,:)*x;

if x(1)) ~=0

ea(i) = abs((x(i) - xold(i))/x(1)) * 100;
end

end

iter = iter+1;

If max(ea)<=es | iter >= maxit, break, end
end



NOpuEC dlaVUOUATOC

H p-vopua (1 < p < ) dowevocuotog x € R” opiletotl og e&ng:

Ymyv mwpaln ypnoiorolovvtol cuvnBme ot 1-. 11 2- Kot 1) 90-vopud Yid TIS OTOIES
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>> x=[1 2 3 4]
X =

1 2 3 4
>> norm(Xx,1)
ans = 10
>> norm(X,2)
ans = 5.47/72
>> norm(Xx,inf)
ans = 4

[Tapaodeiyua



Nopuec Nvakwyv

4], =

1=7=n i

n
H JH 4 4) HJH :111513:2 a..
® j<i<p — y



[Tapaodeiyua

>>A=[2-14;-23-1,6 -1 4]
A =

2 -1 4

-2 3 -1

6 -1 4
>>norm(A,1)
ans = 10
>>norm(A,2)
ans = 8.8141
>> norm(A,inf)
ans = 11



AgikTnC KaraoTtaong

O dgiKkTNS KuTdoTaonS (condition number) evog avticTpeyiov wivaka 4 opiletat
¢ £&NC:
4—1

x,(4)=]4

AT00EIKVVETUL OTL

- A :_3 i

K,(4)=1
OV 1] APNCILOTOIOVEVT] VOpPlD TVOKD gVl QUK. Av k,(4) >>1 Aéue 611 0 4
eival Kekng kataostaone (1l or badly conditioned). Awwpopetika Aéue 0tL 0 4 gival
Kois Kotootaons (well conditioned).



[Tapdaodsiyua

H Avon tov ypo ko GUGTIILOTOS

780 563 || x| [.217
913 659 x, | |.254
etval x; = 1 kot x, = —1. [Ipayuoatt pe 1y MATLAB naipvovlte:

>> A=[.780 .563; .913 .659]

oy LN
O

(WH]
L -

o

b =
0.2170
0.2540

>> x=A\Db

X:
1.0000

-1.0000



[Tapadeiyua
Av 010TOpaZovE TOAD ATYO TOV TVOKO TMOV GUVIEAEGTMV, KU1 AVGOVLE TO GLGTILU
780 .563001 || x, 217
913 659 ||x,| |.254
>> format long

>> A(1l,2)=.563001

A:
0.78000000000000 0.56300100000000
0.91300000000000 0.e5900000000000
>> x=A\b
X:

8.57471264411556
—-11.49425287416920

>> cond(A, 1)

ans =
2.6614e+006



