Solving Linear Systems

e Want to solve system of the form:

Axr = b

e Ais symmetric:

At = A

e Ais positive-definite:

vl Axr >0 VYr+#o0




Interface

// Matrix class the solver will accept
class 1mplicitMatrix
{
public:
virtual void matVecMult(double x[], double b[]) = 0;
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// Solve Ax = b for a symmetric, positive definite matrix A
double ConjGrad(int n, tmplicitMatrix *A, double x[], double b[],
double epsilon, // how low should we go?
int *steps);




Implicit Matrix

// Matrix class the solver will accept
class 1mplicitMatrix

1
public:

virtual matVecMult( b[]) = 0;
b

® matVecMult: a method that performs
matrix multiplication

® X:the input vector

® b:the output vector




Implicit Matrix

// Solve Ax = b for a symmetric
// positive definite matrix A
ConjGrad( n,
xL1, b[1],

epsilon,

*steps);

n: number of dimensions
1mplicitMatrix: matrix instance

X: the output vector

b: the input vector

eps1ilon: how low should we go? (1.0-5)

steps:inputs the max steps and outputs the actual steps




Example 1

2 0
0 1

#include "linearSolver.h"

T =

class A1l : public implicitMatrix {
public:
virtual void matVecMult(double x[], double b[]) {
b[0] = 2 * x[0];
b[1] = 1 * x[1];

i

int main(int argc, char **argv) {
double x[2] = {0.0, 0.0};
dc ub e b[2] = {1.0, 1.0};
int steps = 100;

implicitMatrix *al = new A1Q);
double err = ConjGrad(2, al, x, b, 1.0e-5, &steps);
delete al;

printf("Solved in %i steps with error %f.\n", steps, err);
printf("Al * [%f %f]AT = [%f %f]AT.\n", x[@], x[1], b[@], b[1]);

return 0;

linear-solver-example@(CMU-274306% ./solvel
Solved in 1 steps with error 0.000000.
Al * [0.500000 1.000000]AT = [1.000000 1.000000]AT.




Example 2




Example 2

#include "linearSolver.h"

class A2 : public implicitMatrix {

I

public:
virtual void matVecMult(double x[], double b[]) {
b[0] = 2.0 * x[0] + 1.0 * x[1];
b[1] = 1.0 * x[@] + 1.0 * x[1];

int main(int argc, char **argv) {

double x[2] = {0.0, 0.0};
double b[2] = {3.0, 4.0};
int steps = 100;

implicitMatrix *a2 = new A2Q);
double err = ConjGrad(2, a2, x, b, 1.0e-5, &steps);
delete aZl;

printf("Solved in %1 steps with error %f.\n", steps, err);
printf("a2 * [%f %f]AT = [%f %f]AT.\n", x[0], x[1], b[@], b[1]);

return 0;



Why implicitMatrix?

#include "linearSolver.h"

ss Al : public implicitMatrix {
public:
virtual Ld matVecMult(dou
b[0] 2 * x[0];
b[1] 1 * x[1];

VS

#include "linearSolver.h"

s A2 : public implicitMatrix {
public:
virtual | matVecMult(double x[], dou
b[0] = 2.0 * x[@] + 1.0 * x[1];
b[1] 1.0 * x[@] + 1.0 * x[1];




Example 3
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Example 3

e What if A is not symmetric or not
positive-definite?

Axr = b

e Then solve the normal equations:

A" Az = A b




