Math 327
Matrix Multiplication Handout

Definitions:
al b1
a2 . bz
e Given two n-dimensional vectors in R", @ = ) and b = . |, the dot product (or inner product) of
an by,

a and g,d’-g:a1b1+a2b2+--~+anbn:Zaibi
i=1

Notice that the dot product of two vectors is always a scalar.

-1 2
Example: Let a = 3 |andb=| —1
4 0

Then @-b = (—1)(2) + (3)(=1) 4+ (4)(0) = =2 — 3+ 0 = —5.

e Suppose that A = [a;;] is an m X p matrix and B = [b;;] is a p x n matrix. Then the product of A and B, written AB

P
is the m x n matrix C = [Cij} defined by: Cij = ailblj + aigbgj =+ aipbpj = Zaikbkj.
k=1

Note: In order to multiply two matrices, the matrices must be of appropriate sizes relative to one another. More
specifically, the number of columns in the first matrix must be that same as the number of rows in the second matrix.

This definition may seem a bit strange, but here is an illustration of how it works:

ail ayg - a1y bi1 bz - blj bin 11 C19 L. Cin
bar bag -+ by ban
i1 Ao v Qip = Cij
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Notice that c;; = [row;(A)]" - [column; (B)] = > aiby;.
k=i
Example 1: Let
2 -1 3 4 0
A= 4 0 5 B=| -2 5
-1 6 2 6 -1

Find AB (Notice that the (2,1) entry of AB is found by computing [rows(A)]” - [column, (B)])

Notice that BA is undefined.



Example 2: Let

Find AB = Find BA =

Notice that AB # BA.

Representing Linear Systems Using Matrices:

Consider the linear system given by: a1171 + ajpra + -+ a1y =b1

a21%1 + A22%2 + -+ - + Q2T = b

Am121 + m2ZT2 + - + AmpTy = bm

If we define
11 aiz -+ QAln T by
az1 a2 a2n T2 bo
A= . , T = , b=

Am1 Am2 e Amn Tn bm,

Then A7 = b represents the given system of linear equations.

o We call A the coefficient matrix of the linear system.
e We can also adjoin the column b to the matrix A to obtain the augmented matrix for the linear system, [A|b]
Example: Given the system: r—2y+3z =0

—Br+y—2z =-2
2r+y—3z =1

The matrix representation is: While the augmented matrix is:



