
Matrix Multiplication

Matrices with orthonomal columns

A unx 3 A= <ieast
Grum matrix
-

a.Ta , a .Tac 9TasATA = [at] [a,
asee
I L Iaza

,
ama
,
an as

aa, azaz a a

The columns of A me orthenormal -> all
1 i= j

Ex a! a; = E O i+ j



E> ATA = I

If A is square and has otherond calms

We say A is on al matrix.

2x2 rotation matrices

idently matrices
each new has one!

permutation matrices-> eal co) has one!
all others are O's

.



[%% 0](*)= [<]

[0 -i) (i) = (=y) Host
reflection about x-axis

--

Geometric property is of matrices with

orthonomal columns
.

-> IR-
A f(x) = Ax
↑ ↑

Runxn



AClaim (given has 0. n. columns
-

a) for all XeR"
,

11 f(x)l) = Hx)

7b) for all x
,y EIR f(x) f(y) = xTy

c) for all x
, y 61RY 4(f(x), f(x) = 4(x-7)

-i



[ii] (0)=
* f(x)

((x)= 1 1) f(x) =V

-

TAB)BTAT
b) x

, y
- RY
-

f(x)
+ f(y) = (Ax) (Ay)

= (x+Af(Ay)
= x (ATA)

y
= x

T I7



= xTy

a) Il f(x)I = f(x) f(x) = xTx = lk (2

64(x
,y) = arccos (ii)
= arccos (His(
= 4(f(t), f(y)



A = QR "QR factorization"

· om & upper
trimsala

· cols

-

sa %] [ *] = [En ]

[ii] [ %] = [b]
↑

scalesolons



( :" ] 1327 = /zazatei
[ab] =(34 2a + 7b]

132] [Pa] = Band ,

sationis
LE] [it] = [30t2e



Las se as] (bybiebse700 b33

= [atbazaz biza , + ban an +byy&3
un



Gram Schmidt
M

qi Ei

as Uz az

&

q
,

= a
,

q ,
= /Hail

i = a 2-(qia)9 ,
-> Ec= Cine)

ap= /Ful
- Cajaz)I

I

= O



Es = as -(giaz) 9 - Cazan) <z

23 = /193 q
,
= /kil

- i = 111 &
,a = E

a
z
= E2 + (45a2) &,

A b I E3 + (4
,ya3)2 ,

+ (a293) &2



a = Hill & ,

az = (gian) 4, + Hall &2

a
s
= (apag) 2 + (22a3) 82 + 11931193

Sa , 9293] /wall cidz dis 1Ill q20z

d Loo lel
-

R



I

-anase
linellGiven a

matrix

independent columns we can factor

A = Q R where Q
has outhonored cols

R isupper
tri and

has ronzeo diagan) entries.



Leban care
want to solve

Ax = b for X

↓

QRx = b

QQRx = Q b

Rx = Q b



R is appen
triemsaler

[23][](is
Xy = 19/6

It's easy
to soloc Rx = QTb for

Xo

Ax= b


