
Lecture 7 : Projections and Span

-> Read : 2 . 3 (new) , 2 . 4 (coming soon)



Agenda
① Important (in)equalities from last class

② The "Approximation Problem" Ch . 2 . 3
-> Motivation (new !)
-> Solution /Orthogonal Projections)3
- Many examples

③ Span 3 Start Ch . 2 . 4

-> Equation of a line in IR"



Someupdates

-> Thank you for giving feedback on

Homework 3 !
-> Some changes : (moving forward)

-> Updated lecture recordings
to t
-

cut off the last few minutes

O- Future homeworks will be due on

Thursdays (more time for OH)



Inequalities (Ch . 2. 2)
-

Triangle inequality Hall Ill

In+ 11 1 Ill +1/

X-
Cauchy-Schwarz
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Cauchy-Schwarz

In - 1 I Hall Il scalars

-↓ ↓

Prove that the geometric mean of a bs
is I arithmetic of a, b

mean

H
Hint :
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The

Approximation
Problem,

~ a scolor

- multiple of
T -

form KV,
Goal : Of all vectors of

the

"to i ?4

which is closest



neGoal : Minimize

Ilell

e = i - k -e

error vector



Guess : The best K is the one where

-

C
is orthogonal to

CCan we prove
that we're right ?

thagorean
:

-7 ---Kov-
Let to be the K such that to orthogonal to t

error -,

Let k' be some other K Ko , 2



Shown that the best k
,
**, makes

e orthogonal to

How do we find k*?

e = v = 0

(n - k* ) . v = 0
n .T - (**) ·v = 0

i. - k
* (v .Y) = 0 Kill

=> k
*=



The orthogonalprojection of i onto?
---

is the rector

p=
of all vectors of

the form K ,

↑ has the shortest error rector,

e =u - p .



i-i-
p = k
*

~
↑ is shadow of i on i



X=



i = (2]v = [, ] ① find the projection
of i onto I

Op =(e) : ② find the
error

rector

③ show that the

error rector=] is or thegamal
no Y

J② = n -p = [] - [] = Li
③ ev =0 - [i] [i] = 0 -



a Ye YFin
"Orthogonal

-
- decomposition

"

i = p + e
of it

-

im orthogonal
with respect

parallel to I toto Y



Write = (37 asaincombination
i

a (2) + an(s) = [3]
Ga

,
+az= 3 -> a = + a

- 2a
,
+ 3az= 5

#



n = [3]
= [2] in = [b]

ra
=



n : # of dimensions

pan &: # of vectors

The span of
V

, E2 ,---E
is

the set of all possible
linear combinations

of those rectors.

span (SV.,, . - .a-
input : "spanning set"

a
,
92,. -- , ad

= Ga , v, + az +....+ad I EIR S



Span of a single rector

span(ly
is a ne

(1
, 2)i

span includes

AND

(o, 0)



Parametric equation of line

L = (ii) + + E] ,

te


