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Today

» Matrix Multiplication, Revisited

» Composition of vector valued linear
functions

e OR factorization



Matrix-Matrix multiplication
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Matrix-Matrix multiplication
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Matrix-Matrix multiplication
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Outer Product, Gram Matrix
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Outer Product, Gram Matrix



Outer Product, Gram Matrix



Bra/Ket notation
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Matrix products as Composition of

Linear Functions
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Matrix products as Composition of
Linear Functions

e Difference matriz. The (n — 1) x n matrix
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Matrix products as Composition of

Linear Functions
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- Matrix Powers and graphs
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Matrix Powers and graphs
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QOR factorization

Algorithm 5.1 GRAM-SCHMIDT ALGORITHM

given n-vectors ai, ..., ak
fori=1,...,k,
1. Orthogonalization. G; = a; — (¢t ai)q1 — - - — (¢} 1ai)qi—1

2. Test for linear dependence. if g; = 0, quit.
3. Normalization. q; = G /||G||
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- QR factorization
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Practice Problems

Matriz sizes. Suppose A, B, and C are matrices that satisfy A + BB? = C. Determine
which of the following statements are necessarily true. (There may be more than one true
statement.)

(a) A is square.

(b) A and B have the same dimensions.

(¢) A, B, and C have the same number of rows.
(d) B is a tall matrix.



Practice Problems

When is the outer product symmetric? Let a and b be n-vectors. The inner product is
symmetric, i.e., we have a’ b = b7 a. The outer product of the two vectors is generally
not symmetric; that is, we generally have ab’ # ba’. What are the conditions on a and b
under which ab = ba”? You can assume that all the entries of a and b are nonzero. (The
conclusion you come to will hold even when some entries of a or b are zero.) Hint. Show

that ab’ = ba’ implies that a;/b; is a constant (i.e., independent of 7).



