
Matrix Operations

Suppose we have a matrix A and a matrix B both m× n. Then, if we add
A and B we have


a11 a12 · · · a1n
a21 a21 a2n
...

...
. . .

...
am1 am2 · · · amn

+


b11 b12 · · · b1n
b21 b21 b2n
...

...
. . .

...
bm1 bm2 · · · bmn

 =


a11 + b11 a12 + b12 · · · a1n + b1n
a21 + b21 a21 + b21 a2n + b2n

...
...

. . .
...

am1 + bm1 am2 + bm2 · · · amn + bmn


Similarly, if we subtract B from A we have


a11 a12 · · · a1n
a21 a22 a2n
...

...
. . .

...
am1 am2 · · · amn

−

b11 b12 · · · b1n
b21 b22 b2n
...

...
. . .

...
bm1 bm2 · · · bmn

 =


a11 − b11 a12 − b12 · · · a1n − b1n
a21 − b21 a22 − b22 a2n − b2n

...
...

. . .
...

am1 − bm1 am2 − bm2 · · · amn − bmn


Below is the code for matrix addition and subtraction.

//Matrix addition between 2 matrices

vector<vector<double> > matrixAdd(vector<vector<double> > A,

vector<vector<double> > B, int n, int m)

{

vector<vector<double> > ans(n, vector<double> (m));

for (int j=0; j<=m-1; j++)

{

for (int i=0; i<=n-1; i++)

ans[i][j] = A[i][j] + B[i][j];

}

return ans;

}

//Matrix subtraction between 2 matrices

vector<vector<double> > matrixSubtract(vector<vector<double> > A,

vector<vector<double> > B, int n, int m)

{

vector<vector<double> > ans(n, vector<double> (m));
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for (int j=0; j<=m-1; j++)

{

for (int i=0; i<=n-1; i++)

ans[i][j] = A[i][j] - B[i][j];

}

return ans;

}

Next, we consider the distance between two vectors ~u and ~v. This is given
by

‖ ~u− ~v ‖=

√√√√ n∑
i=1

|ui − vi|2

Here is the code.

//Distance between two vectors

double vectorDistance(vector<double> A, vector<double> B, int n)

{

double sum = 0.0;

double ans;

for (int i=0; i<=n-1; i++)

sum += pow(B[i] - A[i], 2);

ans = sqrt(sum);

return ans;

}

Suppose we have A and B, where A is n× p and B is p×m.

A =


a11 a12 · · · a1p
a21 a22 a2p
...

...
. . .

...
an1 an2 · · · anp

 B =


b11 b12 · · · b1m
b21 b22 b2m
...

...
. . .

...
bp1 bp2 · · · bpm


Then the product AB is n ×m and its entries are (AB)i,j =

∑p
k=1 AikBkj

where 1 ≤ i ≤ n is the index of the row and 1 ≤ j ≤ m is the index for the
column. Below is the code for matrix multiplication.
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//Matrix multiplication between 2 matrices

//A is n x p and B is p x m

vector<vector<double> > matrixMult(vector<vector<double> > A,

vector<vector<double> > B, int n, int m, int p)

{

vector<vector<double> > ans(n, vector<double> (m));

for (int j=0; j<=m-1; j++)

{

for (int i=0; i<=n-1; i++)

{

ans[i][j] = 0;

for (int k=0; k<=p-1; k++)

ans[i][j] += A[i][k] * B[k][j];

}

}

return ans;

}

Suppose we have matrix A of size m× n and a vector ~v of size n× 1.

A =


a11 a12 · · · a1n
a21 a21 a2n
...

...
. . .

...
am1 am2 · · · amn

 ~v =


v1
v2
...
vn



A~v =


a11v1 + a12v2 + · · ·+ a1nvn
a21v1 + a22v2 + · · ·+ a2nvn

...
am1v1 + am2v2 + · · ·+ amnvn


The code for matrix-vector multiplication is give below.

//Multiplication between matrix and vector

//A is n x m and B is m x 1

vector<double> matVecMult(vector<vector<double> > A, vector<double> B, int n, int m)

{

vector<double> ans(n);

for (int j=0; j<=m-1; j++)

{
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for (int i=0; i<=n-1; i++)

{

ans[i] = 0;

for (int k=0; k<=m-1; k++)

ans[i] += A[i][k] * B[k];

}

}

return ans;

}

Now we want to compute the determinant of a matrix A. If A=[a] is 1 × 1
then detA = a. If A is 2× 2 so that

A =

[
a b
c d

]
then detA = ad− cb. For larger matrices, we need to introduce the concept

of the minor of a matrix. The minor matrix Mij is the determinant of the
(n − 1) × (n − 1) submatrix of A constructed by deleting the ith row and the
j th column of A. Below is the algorithm for obtaining Mij .

//Minor of a matrix

vector<vector<double> > minor(vector<vector<double> > A, int deleteRow, int deleteCol)

{

int n = A.size();

vector<vector<double> > M((n-1), vector<double> (n-1));

int col = 0;

for (int j = 0; j <= n-1; j++)

{

if (j != deleteCol)

{

int row = 0;

for (int i = 0; i <= n-1; i++)

{

if (i != deleteRow)

{

M[row][col] = A[i][j];

row++;

}

}

col++;
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}

}

return M;

}

So the determinant of A which is of size n× n is given by

detA =

n∑
j=1

aijAij =

n∑
j=1

(−1)i+jaijMij for i = 1, ..., n

Here is the code.

//Determinant of a matrix

double det(vector<vector<double> > A)

{

int n = A.size();

double determinant = 0;

if (n==1)

determinant = A[0][0];

else if (n==2)

determinant = A[0][0]*A[1][1] - A[0][1]*A[1][0];

else

{

for (int j = 0; j <= n-1; j++)

determinant += pow(-1.0, j)*A[0][j]*det(minor(A, 0, j));

}

return determinant;

}

Sometimes it is also useful to find the transpose of a matrix. Suppose A is
n ×m. Then its transpose, denotes AT will be m × n where the (i, j) element
of AT is the (j, i) element of A. Below is the algorithm.

//Transpose of matrix A

vector<vector<double> > transpose(vector<vector<double> > A, int n, int m)

{

vector<vector<double> > ans(n, vector<double> (m));

for (int j=0; j<=m-1; j++)

{

for (int i=0; i<=n-1; i++)
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ans[i][j] = A[j][i];

}

return ans;

}

6


