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X = 0:1/64:1;
f =0

res = 0 * x;
0;
100;

*X;

sigma

steps

method = "weighted-Jacobi";

omega = 2/3;

k =1;

vo = sin(k * x * pi);

lossl = iteration(ve, f, sigma, steps, method, res, omega);
k = 3;

vl = sin(k * x * pi);



loss2 = iteration(ve, f, sigma, steps, method, res, omega);

k = 6;

vo = sin(k * x * pi);

loss3 = iteration(ve, f, sigma, steps, method, res, omega);

figure;

plot(@:steps, lossl, @:steps, loss2, @:steps, loss3, "linewidth", 1.5);
legend("k = 1", "k = 3", "k = 6");

method = "Gauss-Seidel";
omega = 2/3;
k = 1;

vl = sin(k * x * pi);

lossl = iteration(ve, f, sigma, steps, method, res, omega);
k = 3;

vl = sin(k * x * pi);

loss2 = iteration(ve, f, sigma, steps, method, res, omega);
k = 6;

vl = sin(k * x * pi);

loss3 = iteration(ve, f, sigma, steps, method, res, omega);
figure;

plot(@:steps, lossl, O@:steps, loss2, @:steps, loss3, "linewidth", 1.5);
legend("k = 1", "k = 3", "k = 6");

method = "red-black";

omega = 2/3;

k =1;

vl = sin(k * x * pi);

lossl = iteration(ve, f, sigma, steps, method, res, omega);
k = 3;

vl = sin(k * x * pi);

loss2 = iteration(ve, f, sigma, steps, method, res, omega);
k = 6;

vl = sin(k * x * pi);

loss3 = iteration(ve, f, sigma, steps, method, res, omega);
figure;

plot(@:steps, lossl, ©:steps, loss2, @:steps, loss3, "linewidth", 1.5);
legend("k = 1", "k = 3", "k = 6");

X = 0:1/64:1;
f=0%*x;
res = 0 * x;
0;
100;

sigma

steps

method = "weighted-Jacobi";



omega = 2/3;

figure;

for k = 1:7:64
vl = sin(k * x * pi);
loss = iteration(ve, f, sigma, steps, method, res, omega);
plot(@:steps, log(loss) / log(1@), 'DisplayName', "k = " + num2str(k));

hold on;
end
legend;
hold off;
method = "Gauss-Seidel”;
figure;

for k = 1:7:64
vl = sin(k * x * pi);
loss = iteration(ve, f, sigma, steps, method, res, omega);
plot(@:steps, log(loss) / log(10), 'DisplayName', "k = " + num2str(k));
hold on;

end

legend;

hold off;

method = "red-black";

figure;

for k = 1:7:64
vl = sin(k * x * pi);
loss = iteration(ve, f, sigma, steps, method, res, omega);
plot(@:steps, log(loss) / log(10), 'DisplayName', "k = " + num2str(k));
hold on;

end

legend;

hold off;

function loss = iteration(ve, f, sigma, steps, method, res, omega)
loss = zeros(1l, steps + 1);
vV = VvO;
loss(1) = max(abs(v - res));
for 1 = 1:steps

if method == "weighted-Jacobi"

v = wJacobilIter(v, f, sigma, omega);
end
if method == "Gauss-Seidel"

v = GaussSeidel(v, f, sigma);
end
if method == "red-black"



v = RBGaussSeidel(v, f, sigma);
end
loss(i + 1) = max(abs(v - res));
end
end

function v = wJacobiIter(v, f, sigma, omega)
h =1/ (length(v) - 1);
v(2:end-1) = (1 - omega) * v(2:end-1) + omega * ...
(v(1l:end-2) + v(3:end) + h*2 * f(2:end-1)) / (2 + sigma * h"2);

end

function v = GaussSeidel(v, f, sigma)
h =1/ (length(v) - 1);
for i = 2:1length(v)-1
v(i) = (v(i-1) + v(i+l) + h”*2 * £(i)) / (2 + sigma * h"2);
end
end

function v = RBGaussSeidel(v, f, sigma)
h =1/ (length(v) - 1);
v(3:2:end-1) = (v(2:2:end-2) + v(4:2:end) + h”"2 * £(3:2:end-1)) / ...
(2 + sigma * h~2);
v(2:2:end-1) = (v(1:2:end-2) + v(3:2:end) + h*2 * £(2:2:end-1)) / ...
(2 + sigma * h"2);
end
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function v = V_cycle(f, sigma, omega, N, nul, nu2, level)
L = 2~N;
h=1/1;

zeros(1, L + 1);

%
for i = 1:nul
v = wlacobilter(v, f, sigma, omega);
end
if level > @
ro=v;
r(2:L) = f(2:L) - ((2 + sigma * h”2) * r(2:L) ...
- r(1:L-1) - r(3:L+1)) / h~2;
r(3:2:L-1) = r(3:2:L-1) / 2 + (r(2:2:L-2) + r(4:2:L)) / 4;
r(l:2:L+1) = ...
V_cycle(r(1:2:L+1), sigma, omega, N-1, nul, nu2, level-1);
r(2:2:L) = (r(1:2:L-1) + r(3:2:L+1)) / 2;
V=V+r;
end
for i = 1:nu2
v = wlacobilter(v, f, sigma, omega);
end
end

function v = wJacobiIter(v, f, sigma, omega)
h =1/ (length(v) - 1);
v(2:end-1) = (1 - omega) * v(2:end-1) + omega * ...
(v(1l:end-2) + v(3:end) + h*2 * f(2:end-1)) / (2 + sigma * h"2);

end
omega = 2/3;
sigma = 1;



= 11;
0:(1/27~N):1;
sin(2 * pi * x);
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sin(2 * pi * x) / (pi~2 * 4 + sigma);

figure;

for 1 = 1:7
res = V_cycle(f, sigma, omega, N, 100, 100, 1);
plot(x, res, "linewidth", 1.5, "DisplayName", "level = " + num2str(l));
hold on;

end

plot(x, y, "black", "linewidth", 1.5, "DisplayName", "real");

legend;

N = 13;

X = 0:(1/2”"N):1;

f = sin(2 * pi * x);

y = sin(2 * pi * x) / (pi”*2 * 4 + sigma);

errl = zeros(1, 11);

for 1 = 0:10
res = V_cycle(f, sigma, omega, N, 200, 200, 1);
errl(1+1) = log(max(abs(y - res))) / log(1e);

end

N = 11;

X = 0:(1/2”N):1;

f=6-4%*x-3%*x."2+ Xx."3;

y =X .*¥ (1 -x) .* (2 -Xx);

figure;

for 1 =1:7
res = V_cycle(f, sigma, omega, N, 100, 100, 1);
plot(x, res, "linewidth", 1.5, "DisplayName", "level = " + num2str(l));
hold on;

end

plot(x, y, "black", "linewidth", 1.5, "DisplayName", "real");

legend;

N = 13;

X = 0:(1/2”N):1;

f=6-4%*x -3 % x."2 + Xx."3;
y =Xx .* (1 -x) .* (2 -Xx);

err2 = zeros(1l, 11);

for 1 = 0:10
res = V_cycle(f, sigma, omega, N, 200, 200, 1);
err2(1+1) = log(max(abs(y - res))) / log(1e);



end

figure;
plot(e:10, errl, 0:10, err2, "linewidth", 1.5);
legend("equation 1", "equation 2");




	1
	2

