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MATLAB 4| &~

1 function [AZ,b2]=gauss (4, b)

2 — n=zize(f,1l):

3 - m=zize (L,Z):

4 - if detc (R)==0

5= disp('gauss method can not be applied')
a6 — else

T - if o—m

g — for i=1:n-1

g — if A{i, i) == 0O

10 — for k = i+l:n

17 = if A{k, 1) ~= 0

12 - A{[i, k], ) = B[k, 1],
13 = bili, k]) = Bilk, 1]):
14 - break;

15 = end

lé — end

17 — end

L= for j=i+l:n

1% - c=h(j,i) Rii,1):

20 — Bidet)=Rij,e)—c*nii,:):

2l - B(J)=k(J)-c*k(i):

22 — end

23 — end

24 — RZ=0

25 — bkZ=k

26 — ¥x=zeros(n,l):;

27 — ®x(n,1})= bin)/Ain,n)

g - for i=n-1:-1:1

289 — sum = 0;

30 — for E=i+l:in

31 — sum=sum+d (i, k) *x (k)

32 — end

23 = X(i)=(b(i)-sum) /A(i,1);

34 — end

35| = else

36 — disp ('la matice nest pas carrées')
37 - end

g - end

38 = end

—
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MATLAB )| &~

function [AZ, b2, x] = gausspivol(k, b, eps)

end

n = gize(k, 1);:

m = zize (&, 2);

% Check if & i=s a sguare matrix
ifn ~m

error("'Matrix A must be sdquare.'):;
else
for 1 = 1:n-1
% Check if the diagonal element is close to Zero
if abks(RA(i, 1)) < ep=s
[max val, lmax] = max(abs(A(i:n, i)});
Imax = Ilmax + i - 1;
if max val ~= 0
AL Imax], :) = &A([lmax 1], :)=:
B([1I Imax]) = b([lmax i]):
else
error ("Matrix is singular or nearly singular.')
end
% Perform Gaussian elimination
for j = i+l:n
c = 5&ij, iy / R(i, 1i):
B3, )} = RAR{(j, ) —c * B(1, i):
B(3j) =k(3) - c * b(1i):
end
end

% Back substitution
®x = zeros(n, 1)
®xin) =bn) / Aln, n):
for i = nm-1:-1:1
sum = 0;
for £k = i+l:n
sum = sum + A(i, k)*x(k):

end
(i) = (b(i) - sum) /S R(i, i):
end
B2 = A;
b2 = b:
x;
end
end
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MATLAB 4| &~

1 function [&2, b2,x] = gausspivo2 (A, b, eps)

= n = size(k, 1):

3 = m = =zize(A, 2):

4 - ifn ~=m

(= error('Matrix A must be sguare.'");

& - end

= for i = lin-1

L= if abs(R(i, 1)) < eps

g - [Imax, cmax] = find(abs(A(i:n, i:n)) = max (max(abs(A{i:n, imm))))):
10 — Imax = lmax + i - 1;

11 = cmax = cmax + i - 1 ;

12— if A(lmax, cmax) ~= 0

13 = L([1i Imax], :) =&([lmax 1], :}:
14 - B({[i lmax]) = b([lmax il);

1S = Af{:, [1 cmax]) = A(:, [cmax i]):
16 — else

17 = error{'Matrix iz singular or nearly singular.'):;
18 — end

== end

20 — for j = i+l:n

21 — c = R(j, 1) [/ R(i, 1):

22 - Bi(j, ) = R{J, 1} - c * AL, :}:

23 - B(3j) = k(1) —c * b(1):

24 — end

25 — end

26 — x = zeros(n, 1):

27 — x(n) = bin) / Rin, n);

28 - for i = n-1:-1:1

RIS (= sum = 0

30 - for £k = i+l:in

31| = sum = sum + A{i, k) * x{k):

32 - end

23 - x({i) = (b(i) - sum) S &(i, i):

34 - end

=E[= RZ = A:

36 — b2 = b:

37 — end
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MATLAB 4| &~

1 function X¥= methodgaussjordan (&, b)

2 - [m,n]=zize (k) :

3= if m~=n

4 — disp({'no solution,vou have to intrude a sguare matrix')
== return

6 — end

7 - D=det (&)

i = if D==

L= disp('no solution,determinant egqual to zero')
g — return

1Y — end

12 — for i=1l:n

1% = if a{i, i) == 0

14 — for £k = i+1l:in

15 = if &({k, 1) ~= 0

16 — Bili, K1, ) = B[k, 1], :):
17 — Bil[i, K1) = B[k, 1]):
18— break;

I (= end

20 — end

21 — end

22 — B{i,:)=RAii,:) R(i,1):

23— bii)=b (i) ni(i, i)

24 — for j=1l:n

25 = if je=1

26 — Bij,in)=RA(j,in)-RA(i, imm)*A(j,1):

27 - B(I)=b(3)-B(1)*R(3,1):

28 — end

29 — end

30 - end

31 |= =k

32 - end

LU s 1.2.3
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MATLAB )| &~

function [L,U]l=decompositionLi(4)
[m,n]==size (&) ;
for k= 1:n

if det(BZ({l:k, 1l:k)) == 0

disp(['LU method can not be applied because the leading '
'principal minor of order ',numZ2str(k), ' iz zero.'])

L =11:

o= 11:

return;

end

end

if n==m

L=zeros=(n,n):

U=zeros (n,n):;

for i=l:n

for j=1:i-1

Lii,J)=R{i,3):

for k=1:3-1
Liit,3)=Li{i,3)-L(i,K)*U(k,J)~
end

Lii,3)=L{i,3)/U(3,3):

end

for j=i:n

O{i,3)=R(1,3):

for k=1:i-1
T(i,3)=Uii,3)-Li{i,kE)*T(k, 3}~
end

end

end

for i=l:n

L{i,i)=1;
end
else
dizp ('la matice nest pas carrées')
end
end
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function y=calcul y(L,b)
n=length (k) :
yv=zeros(n,l):;

for i=l:n

vii)=k(1):

for k=1:1-1
vil)=y(1)-L{i,k)*v(k)~
end

end

end

function x=calcul x(U,y)
n=lengthi{y):
¥x=zeros(n,l):

for i=n:-1:1

x(1)=v(1}):

for k=i+l:n
x(1)=x(1)-U(i,k)*x (k)
end

x(i)=x(1i)/0(i,1):

end
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function x =

end

cholesky (A, b)

123 Ty )
L'X =Y <+ [028] |z | =|-2
003 x3 -3
(x1—2
§ 7y =3 105\;
T3 = —1

MATLAB &p)ylg  1.2.5

% Check if A is syvmmetric and positive definite

is_symmetric = issymmetric(i):
is positive definite =

all (eig (k)

> 0):

% Display whether A is symmetric and positive definite

if is symmetric && 1s_positive definite

disp('R iz symmetric and positive definitce.');
else
disp('A iz not syvmmetric and/or not positive definite.');
® = [1:
return;

% Exit the function if A is not symmetric and/or not positive definite

end

% Calculate the Cholesky decomposition of A
L = chol (&)

% Solve the system of eguations AX = b
x=L" % (L %\ k);
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X)) — =t x ™ 4 -1y (5. 1)
A=D—E—F

D=(dy) , E=(e) . F=(fy) (6.1)
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Ty = (b1 — 1272 — Cl13$3)/a11 = f($2,$3)

Ty = (by — a1 — apsr3)/axn = g(x1,3) (8'1)

\1’73 = (b3 — ag11 — asexa)/ass = h(wy, x2)
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MATLAB )| &~

function ® = jacobi(A, b, tol, max iter)

'est supérieur ou égal & 1,

% 5i la convergence m'est pas atteinte dans le nombre maximal d'itérations

end

% Calcul de la matrice itérative T jacoki
[m, n] = size(h);

D = diag(diag(k)):
L tril (&, -1):

T = tcxiu(i, 1):

T jacobi = inv (D) *#

(L + T);

% Vérification du rayon spectral de T jacobi

if max(abks(eig(T jacoki))) >= 1

error (["Le rayon spectral de la matrice itérative T jacoki'

end

% Imitialisation de la soclution
x = zeros(sizel(k)):
% Boucle itérative
for iter = limax iter
=% old = x;

la méthode de Jacoki peut ne pas converger.']):

x =T jacobi * x 0ld + D \ b; % Formule matricielle itérative

& Vérification de la convergence
if norm(x - x_old, inf) < tol

fprintf ('Convergence atteinte aprés %d itérations.\m',

return:
end
end

warning([|'La méthode de Jacoki n''a pas convergsé'
' dans le nombre maximal d''itérations.']):
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0.6666667 3.266667 2.677778
0.4703704 2.234815 2.784321
0.8498354 2.116305 2.930561
0.9380855 2.040158 2.972669
0.9775034 2.015432 2.989929
0.9914991 2.005792 2.996212
0.9968277 2.002150 2.998584
0.9988115 2.000804 2.999470
0.9995553 2.000301 2.999802
0.9998335 2.000113 2.999926
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MATLAB 4} ,| &~

1 function x = gauss seidel (&, b, tol, max iter)

= % Calcul de la matrice itérative T gs

3 - [m, mn] = =size(d):

4 — D = diag({diagi(i)):

== L = crilja, -1);

6 — U= triuf(k, 1):

U= T gs = inv(D - L) = U ;

8 % Verification du rayon spectral de T gs

L= if max (abs(eig(T gs))) >= 1

10 = error (["Le rayon spectral de la matrice itérative T gs est superieur o'
11 '"égal & 1,la méthode de Gauss-5Seidel peut ne pas converger.']):

12 — else

13 % Initialisation de la solution

14 — ®x = zeros(sizel(k)):

15 % Boucle itérative

16 — for iter = l:max iter

17 — ®x old = =;

8= x=Tgs *x + (D - L) “ b; ¥ Formule matricielle itérative

15 % Vérification de la convergence

20 — if normi(x - ® old, inf) < tol

20 = fprintf ("Convergence atteinte aprés %d itérations.'\mn', iter):
22 — return;

23 — end

24 — end

25 £ 5i la convergence n'es3t pas atteinte dans le nomkbre maximal d'icérations
26 — warning ([ "'La méthode de Fauss-Seidesl °

27 'm''a pas convergé dans le nombre maximal d''itérations.'])

L= end

28 — end
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MATLAB apy)l~  2.2.4

function [root, iterations] = dichotomy(f,a,b,ep)
% Check if initial interval has opposite signs
- if fi{a)*f (k) >0
- error("f(a) and f£f(k) must have opposite =igns'")
- end
% Initialize iteration counter
- iterations = 0;
- whnile aksi{bk - a) > ep
% Calculate midpoint
- c = (a+b) [/ 2:
% Check function walue at midpoint
- if fi{a) * fic) < O

- B =c:
- gelse
- a = c;
- end
- iterations = iterations + 1;
- end
% Boot is the midpoint of the final interwval
= root = (a + b)) F 2;
— end
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Abstrac :

this dissertation examines numerical methods for solving systems of
linear and nonlinear equations, aiming to explore various approaches
and evaluate their accuracy and efficiency in finding solutions. The first
chapter focuses on direct methods such as Gauss elimination and LU
decomposition, as well as indirect methods like Jacobi's method and
Sidel's method, analyzing the conditions for applying each method and
their convergence.

In the second chapter, methods for solving nonlinear equations such as
the bisection method, Newton-Raphson method, and fixed-point iteration
are reviewed, along with an analysis of the convergence conditions for
each method.

The "MATLAB" software was utilized to illustrate how to program these
methods and obtain numerical solutions efficiently and easily, thus
enhancing the role of computation in scientific research.

key words :

Linear equations system, Nonlinear equations, Direct solution methods,
Indirect solution methods.






