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There are actually many points to note in the implementation of the Matrix class. We have
constructors that are used to initialize objects of the class. In these constructors we need
to take care of the proper allocation of memory for the matrix elements and fill in their initial
values. This block of memory is to be disposed by the destructor of the class.

We use a one dimension array for the storage of the two dimensional matrix. Thus,
we have an element access function that linearizes two dimensional indexes into one. For
a complete class, there actually should be an overloading “const” version of the “elem()”
member function allowing element access to a constant value of Matrix.

The “static” member functions of a class are pertinent to the class but do not
associate with any particular object of the class. Practically, they are just like “friend”
functions that can access the non-public part of a class but are enclosed in the class's
namespace.

External overloading functions are for syntactical conveniences. They can not or are
not proper to be the members of the class that they are dealing with. They can try to fulfill
their roles through member functions of the class. But if that's insufficient or not feasible,
we can just make them friends of the class.

C++:
// mat.cc
#include <mat.hh>
Matrix: :Matrix( nr, nc) :
n row(nr),
n col(nc)
{
vals = new [n_row * n col];
}
Matrix: :Matrix( Matrix & m) : // copy constructor
n row(m.n_row),
n col(m.n col)
{
vals = new [n_row * n col];
for ( i=nrow *ncol; i --;) vals[i] = m.vals[i];
}
Matrix: :Matrix( nr, nc, *v)
n row(nr),
n col(nc)
{
vals = new [n_row * n_col];
for ( i=nrow *ncol; i --;) vals[i] = v[i];
}
Matrix: :~Matrix()
{
delete [] vals;
}
& Matrix::elem( ri, ci) // element access
{

return vals[ri * n_col + ci];



}

// overloading operators
Matrix Matrix::operator+(const Matrix & m) const

{
if (n_col !'= m.n _col || n_row !'= m.n _row) throw;
Matrix r = * this;
for (size t i =n_row * n col; 1 --;) r.vals[i] += m.vals[i];
return r;
}
Matrix Matrix::operator-(const Matrix & m) const
{
if (n_col !'= m.n _col || n_row !'= m.n _row) throw;
Matrix r = * this;
for (size t i =n_row * n col; i --;) r.vals[i] -= m.vals[i];
return r;
}
Matrix Matrix::operator*(const Matrix & m) const
{
if (n_col !'= m.n row) throw;
Matrix r(n_row, m.n col);
for (size t 1 =0; 1 < n_row; 1 ++)
for (size t j = 0; j <m.n_col; j ++) {
double v = 0;
for (size t k =0; k < n_col; k ++)
v += vals[i * n _col + k] * m.vals[k * n _col + jI;
r.vals[i * r.n col + j] = v;
}
return r;
}
Matrix Matrix::operator*(double v) const
{
Matrix r = * this;
for (size t i =n row * n col; 1 --;) r.vals[i] *= v;
return r;
}

// making unit Matrix
Matrix Matrix::unit(size t sz)

{
Matrix mm(sz + 1, sz + 1);
Matrix m(sz, sz);
for (size t i =0; i < sz; i ++)
for (size t j =0; j <sz; j ++) m.elem(i, j) = (i ==3 ? 1
return m;
}
void Matrix::stream out(std::ostream & o) const
{

for (size t ri =0; ri < n row; ri ++) {
double * row = vals + ri * n_col;
0 << * row;
for (size t ci =1; ci < n_col; ci ++) {
0 << "\t" << row[cil];
}

0 << '\n';

: 0);



Matrix operator*( v, Matrix & m)

{
return m * v;
}
std::ostream & operator<<(std::ostream & o, Matrix & m)
{
m.stream out(o);
return o;
}
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After transforming the second order ordinary differential equations into a system of first
order difference equations, it remains a matter of translating the algorithm into your
favorite programming language.
C++:

#include <iostream>

#include <cmath>

using namespace std;

main()
{

dt, x, y, vx, vy, T;
cout << "# Input: time step x0 yO vx0 vyO T\n";
cin >> dt >> x >> y >> vx >> vy >> T;

cout << "# Got: " << dt << ' ' << x << ' ' <<y << !
<< VX << ' "' << vy << ' ' << T << '"\n';
t =0;
while (t < T) {
r=x*x+y*y;
r = pow(r, 1.5);
ax = - X/ r;
ay = -y / r;
X += dt * vx;
y += dt * vy;
vx += dt * ax;
vy += dt * ay;
t += dt;
cout << t << "\t' << x << "\t' <<y << '"\n';
}
return 0;



While the lecture described the Euler's method of integration, the demo plot in the slides
was actually mistakenly generated from the Leapfrog method. Using the Euler's method as
implemented above, the orbit barely closes for a timestep 7 as small as 0.0001. It runs
away before completing one revolution for any r greater than 0.001. This is mainly due to
the errors in Euler's method tend to be one sided.
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