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Exercises

Norm of matriz-vector product. Suppose A is an m X n matrix and z is an n-vector. A
famous inequality relates ||z||, ||A]|, and ||Az||:

[ Az < [ A[[l[]-

The left-hand side is the (vector) norm of the matrix-vector product; the right-hand side
is the (scalar) product of the matrix and vector norms. Show this inequality. Hints. Let

T T, \2 12112
a; be the ith row of A. Use the Cauchy-Schwarz inequality to get (a; ©)° < ||a:||*||z||*.
Then add the resulting m inequatities.
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* Matrix Examples
* Matrix Operations
» Examples and exercises



Matrix examples: Rotation
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Matrix examples:

~ Selector/Permutation _
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Matrix examples: Incidence
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Matrix multiplication

Multiplication Multiplication
by B by A
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Matrix multiplication

DEFINITION If A is an m @matrix, and if B is an{’h)x p matrix with columns by, ..., b,

then the product AB is the m x p matrix whose columns are Aby, ..., Ab,,. That
18,
AB = A[b; by -+ b,|=[Ab; Aby --- Ab,]
= ‘)
R=1] b, - = >
- * Es B = a kb -+ *pby

- ] )
. (3«97 A g(,;;Me;') _ Alubr)e - liplp)
= (}Q A’);X?,

\/‘\/\/

ALS



Matrix multiplication

DEFINITION If A is an m X n matrix, and if B is an n X p matrix with columns by, ..., b,
then the product AB is the m X p matrix whose columns are Aby, ..., Ab,,. That
is,

AB = A[b; by -+ b,|=[Ab; Aby --- Ab,]
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Each column of AB is a linear combination of the columns of A using weights
from the corresponding column of B.
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Matrix multiplication



Matrix multiplication

ROW-COLUMN RULE FOR COMPUTING AB

If the product AB is defined, then the entry in row i and column j of AB is the
sum of the products of corresponding entries from row i of A and column ; of
B.If (AB);; denotes the (i, j)-entry in AB, and if A is an m X n matrix, then

(AB)ij = aibij + ainbyj + -+ ainby;
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Matrix multiplication
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Matrix multiplication
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~ Matrix Powers "¢
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Practice Problems

Since vectors in R” may be regarded as n x 1 matrices, the properties of transposes
in Theorem 3 apply to vectors, too. Let
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Practice Problems

 Suppose A is an m x n matrix, all of whose rows are identical. Suppose B isann X p
matrix, all of whose columns are identical. What can be said about the entriesin AB?
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Practice Problems

Show that if the columns of B are linearly dependent, then
so are the columns of AB.
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