Vectors are n-tuples of numbers.

We add vectors (of the same dimension) coordinate by coordinate:

1 (1 1+ %
To| + (Y2 = |22+ Y2
T3 Y3 T3+ Ys
We can also multiply a vector by a scalar:
x cr
cly|l = |cy
z cz

Matrices are rectangular arrays of numbers. An m X n matrix has m rows and n columns
Here is a 3 X 4 matrix:

A A Az Ay
Ag Agy Asz Ay
Az Azy Asz Az
We add matrices (of the same dimensions) component by component:
A A Agg i Bi1 Bia Bis _ A+ By Aip+ Bis Az + Big
Ay Ay A By1 By Bag Aoy + Bar Ago + Boy  Agg + Boz|
A matrix takes a vector as input and makes a new vector:

Ay A Agg i; | Anxy 4+ Ajgrs + Az
Ao Agp A Ag11 + Agowg + Aggxs|

This is a special case of the more general operation of matrix multiplication. We can multiply
matrices when the number of columns of the first matrix equals the number of rows of the
second:

a b as+bw at+bxr au-+by av+ bz
¢ d .[s t u v]

w L= cs+dw ct+dr cu+dy cv+dz
e f y es+ fw et+ fxr eu+ fy ev+ fz
We write 0,,x, for the m x n matrix which is all 0’s (and drop the subscripts when they
are clear from context) and write Id,, for the n x n matrix which is 1 on the diagonal and
0’s everywhere else. Here are the key properties of matrix multiplication and addition:

A+0=0+A=A dX=X XId=X
A0=0 0A=0

A+B=B+A
(A+B)+C=A+(B+C) (AB)C = A(BC)

A(B+C)=AB+ AC (X+Y)VZ=XZ+YZ
Note that AB is usually not equal to BA. In sophisticated language, matrices form a
“noncommutative ring”.



