misha@m623:~/teaching/094/math575a/hw6/legendre$ head -13 ../../matrix.c | tail -6
void create_matrix(double ***A, int m, int n) { int i;

*A = (double **)malloc(m * sizeof (double *));

for (i = 0; i < m; i++) (*A)[i] = (double *)malloc(n * sizeof (double)); }

void kill_matrix(double ***A, int m)

{ int i; for (i = 0; i < m; i++) free((xA)[i]); free(xA); }
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void house(double **A, double **R, double **W, int m, int n)

{ /* algorithm 10.1 */

int i, j, k;

double *x, tmp; x = (double *)malloc(m * sizeof (double));

double **r; create_matrix(&r, m, n);

for (i = 0; 1 < m; i++) for (j = 0; j < n; j++) r[il[j] = A[i1[j];
for (k = 0; k < n; k++)

{

for (i = k; 1 < m; i++) x[i]

rlil[k]; /* x = A_k:m,k */
for (tmp = 0., i = k; i < m; i++) tmp += (x[i] * x[i]);
tmp = sqrt(tmp); if (x[k] < O) tmp = -tmp;

x[k] += tmp; /* x = sign(x_1) Ix| e_1 + x */

for (tmp = 0., i = k; 1 < m; i++) tmp += (x[1i] * x[i]); tmp = sqrt(tmp);
for (i = k; 1 < m; i++) W[il[k] = x[i] / tmp; /* v_k = x / |x| */

for (j = k; j <mn; j+¥) /* A_k:m,k:n = (I - 2 W_k W_k"*) A_k:m,k:n */

{
for (tmp = i=k; i <m; i++) tmp += Wil [k] * r[i][j];
for (i = k i < m; i++) rl[il[j] -= 2. * tmp * W[i] [k];
}
}
free(x);
for (i = 0; i < m; i++) for (j =1 + 1; j < mn; j++) W[il[j] = 0.;

for (i = 0; i < mn; i++) for (j = 0; j < mn; j++)

if (i > j) R[i1[j] = 0.; else R[i]1[j] = r[il(j];
kill_matrix(&r, m);
}

void form_Q(double **W, double **Q, int m, int n)
{ /* algorithm 10.3 */
int i, j, k;
double tmp;

for (j = 0; j < m; j++)
{ for (i = 0; i <m; i++) QLil1[j] = 0.; QL1051 =1.; }

for (k =n - 1; k >= 0; k--)

{
for (j = k; j <mn; j++) /* Qk:m,k:n = (I - 2 W_k W_k"*) Q_k:m,k:n */
{
for (tmp = i=k; i <m; i++) tmp += W[il[k] * Q[il [j];
for (i = k i < m; i++) Q[i1[j] -= 2. * tmp * W[i] [k];
}
}

}
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#include <stdio.h>

#include <stdlib.h>

#include <math.h>

#include "../../matrix.c"

#define K 4

int main(int argc, char **argv)
{
int i, j, N, scheme;
double x, **A, *xQ, **R, **xW, **Qex, tmp, norm;

N = atoi(argv([1]); scheme = atoi(argv[2]);

create_matrix(&A, 2 * N + 1, K); create_matrix(&Qex, 2 * N + 1, K);
for (i = 0; i <=2 * N; i++)
{
x = ((double)i) / ((double)N); x -= 1.;
A[i][0] = 1.; A[il[1] = x; A[il[2] = x * x; A[i][3] = x * x * x;
for (A[i]1[0] = 1., j =1; j < K; j++) A[11[3] = x » A[i][j - 1];

/* Qex --- exact Legendre polynomials */
Qex[i][0] = 1.; Qex[il[1] = x;
Qex[i][2] = (3. * x *x x - 1.) / 2.;
Qex[i][3] = (6. * x * x - 3.) *xx / 2.;

}

/* choosing the integration scheme */
switch (scheme)
{
case 0: break; /* no correction */
case 1: /* trapezoid */
for (tmp = sqrt(0.5), j = 0; j < K; j++)
{ A[0][j] *= tmp; A[2 * N][j] *= tmp; }
break;
case 2: /* Simpson */
for (j = 0; j < K; j++) { A[01[j] *= 0.5; A[2 * NJ[j] *= 0.5; }
for (tmp = sqrt(0.5), j = 0; j < K; j++)
for (i = 2; i <2 % N; i += 2) A[i][j] *= tmp;
break;
}
for (norm = 0., i = 0; i <= 2 % N; i++) norm += A[i]J[0] * A[i][0];
norm = sqrt(norm);

create_matrix(&Q, 2 * N + 1, K); create_matrix(&R, K, K);
create_matrix(&W, 2 * N + 1, K);
/* QR factorization */
house(A, R, W, 2 * N + 1, K); form_Q(W, Q, 2 * N + 1, K);
for (j = 0; j < K; j++) if (R[j1[j]1 < 0)
{ for (i = 0; i <= 2 * N; i++) Q[i]1[j] = -Q[i1[j];
for (i = 0; i < K; i++) R[jI[i]l = -R[j1[i]; }

/* rescaling calculated Legendre polynomials */
switch (scheme)
{

case 0: break; /* no correction */



case 1: /* trapezoid */
for (tmp = sqrt(2.), j = 0; j < K; j++)
{ Qo] [j] *= tmp; Q[2 * N][j] *= tmp; }
break;
case 2: /* Simpson */
for (j = 0; j < K; j++) { QLOI[j] *= 2.; Q[2 = NI[j] »= 2.; }
for (tmp = sqrt(2.), j = 0; j < K; j++)
for (1 = 2; i <2 * N; i +=2) Q[i]J[j] *= tmp;

break;
}
for (j = 0; j < K; j++)
{

tmp = norm / sqrt((double) (2 * j + 1));
for (1 = 0; i <= 2 * N; i++) Q[il[j] *= tmp;
}

/* printing errors */

printf("%8d ", N);

for (j = 0; j < K; j++)
{
for (tmp = 0., i = 0; 1 <= 2 % N; i++)

tmp += (QLi][j] - Qex[i][j1) = (QLil[j] - Qex[il[j1);

tmp /= (double)N; tmp = sqrt(tmp); printf("%e ", tmp);
}

printf("\n");

kill_matrix(&A, 2 * N + 1); kill_matrix(&Qex, 2 * N + 1);
kill_matrix(&Q, 2 * N + 1); kill_matrix(&R, K); kill_matrix(&W, 2 * N + 1);
return 0O;
}
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#!/bin/bash

cc legendre.c -1gsl -lgslcblas -1m

for scheme in ‘seq 0 2¢
do
case $scheme in
0)
echo "no correction:" ;;
1)
echo "trapezoid:" ;;
2)
echo "Simpson:" ;;
esac

N=2
for i in ‘seq 1 16°
do
./a.out $N $scheme
N=‘expr $N \* 2°
done
echo ""
done
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