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⑫3 Vectors and the Dot Product

-> Read : Ch
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3
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Hegenda keep up with
s ! Announcements

- Brief recap : simple linear ]2 . 1 -2.4 - HW 2 due tomorrow

regression 2 . 5 - Lab 3 due tomorrow

- What do we need rectors for? -

Solutions for Lab 1,
Lab 2,

- Vectors

reading

3I
8. 5x11

" notes

3. 1 - 3.
2 needed for -HW/-Definition HW 1 all up

- Norm
- Addition 3 - Midterm I next Friday !
- Scalar multiplication -> one handwritten double-sided

- The dot product 3 3 . 3 sheet



suppose
we use squared loss in

both cases----

n (Xi) = Wo +w,Xi
-

~
h(Xi)= w

·x
, j)



ine-stepmodeling process

① choose a model

- h(xi)= w
- h(xi) = wo +w, Xi

②Choose a loss function
-squared loss

(sq(yi , h(xi))
= (yi - h(xi))

- absolute loss

③ Minimize loss to find optimal parametersaverage
-
F



for
constant model , absolute loss :

Robs (v)=-w

for simple linear regression model, squared
loss :

2

Rsq(wo , w ,)= (yi - (wo+w ,xi)

=> w.==↑
correlationt slope - wo = y -wi



multiple
linear

regression :
use multiple

Xis features !

h(dept . houri , domi) = wo + W, (douri)
- We Admit



n(dept . Houri , domi) = No + W, (ethouri)
+ We Anomi)

X ,
(2)

How would we find wo, w .

"
,
w ? 2

Rsq(wo , w.,w)= (yi - (wo + w, (h): +wz(dom): ))
=> takeRR

and solve for where all are 0 !



Vectors (Ch . 3)
~

a vector is an ordered list of numbers

i = [i] = = [ -]
2

W
3 components/elements set of all rectors⑪ with 3Ver components ,

"T is in R three" all of which are
real numbers



General : VERY

a scalar (single numberi (i
here , each a

another context,in

I could also be

a vector



Length u = [3] Kill~

also called its

norm

(1 +
% = To

+0Tig --- -

- (a+3 , b+ 1)

-
·

(a , b)



YeIR2

Ill=.- . +v =(
Kill "length" ↳ norm

which is the
"norm" default= [] "magnitude" lother norms

exist too ,

likeL , )
Ch

.

3 . 2



2 important operations that rectors support :

① addition

② scalar multiplication



Addition

"element-wise"
same # of

Y , t components
n + V = u + m =V + u

i vector addition is....... "commutative
37



a= [i] = [&] i+: : [s]

same rector !

It
ir

-I tF-E
--- ·



② scalar multiplication -> multiplying a rector by
A single

- ~

x-t
number

i

-m
all scalar multiples of i
live on the same line, all

i.e . are parallel ! that changesisstation)



"Linear combination" i = (3]i= [-&]"a little bit of i plus
a little bit of

" key idea : think of i,I
as building

3 -↳ [] blocks !

I

= 3[?]- [s]
- []



i = (3]i= [-&]

T
it* - (ii)



~eneral definition :

suppose we have of rectors,

↑ , Y, ...., vd ,
all of which are in I

A linear combination of these rectors
is any

other rector that can be written as
-

9
,
v
,
+ azz + ass + .... + adva

where &, 92, ..., ad
are scalars!
(coefficients)



3 +45 - 1754 + 12 Far
+ -- -



#intbuilding
block

Goal : Write

= [=]
ax + by = z as a linear

combination of
-

· () + +[i] =[=] * and y

[S = [



The set of all linear
combinations of 2
non-parallel rectors in13

is a plans !

-



=[[2a+3b
Solve for a , b ! (4 , - 3)

② : a= 16 +4b ↑ satisfies
all three

into Q 3(16 +4b) + b = 9 equations !

48 + 12b +b = 9

So , a
= 4, 13b = -39
b= - 3 b = - 3
works ! a = 16 + 4b =16 + 4)-3) = 4



X = [], = [i]
=> 4x - 3y = []

:-Y



*
O
b

Y
all lines intersect
at 14

,
-3)
, therefore

there is
oneway towate ay.
C a in our notation



Ch . 3 .3 :AtProduct

·
=[i]]

components commutative

u : V = U,V, + Hav
+... .. + UnUn = V.
me

a scalar! not a rector

*= [s] j = [=3) xy = 4( 2) + 375)
=
-8-1

== 23



W not defined !

(iv) in in (v . w)
(v.) i

~-
i

De



⑪ Xig : -23

x = [5] X :z = 4( 6) +
3(8)

=O· dot product of O
E

19

"perpendicular
17

"Orthogonal
* X = (4)(4) + (3)(2) = 25 = 11x112



key
idea: dot product measures

similarity

but why ? What is the connection between

the dot product and angles ???



=*
Y

In general : c =a+b - zabcos(C)

Here :/li-v/l= Kill"+Kill- 2 Kall Kill cos O



Aside : cosine law

↳

C

-ais
*

-C a = b2 +c - Gbccos(A)
c =a+b - zabcos(C)



We've discovered :

llu-v/l= Kill"+Kill- 2 KallKill cos O
-

Iln-ilk = (n-v) · (n - v)--
=
= Kulk+ Kill - Gi .

+NCillcost=n.

- 2



"geometric

a . v = Killllvl)o definition"

= U , V +UzVz +...
+Havn

cos 90' = 0

cos 0' = 1

cos 1800 :-1



i . v = Mill /ills 0

cost=all
C-11 (os & ↳ I

"cosine similarity" of
two rectors



-⑦
=

cos0= = )(n)
unit rectors,

because their

length is 1!



Two important inequalities involving norms

① Triangle inequality applies to all norms :

, V -H
↳2 , h , 40 , ---

/In + ~1) -Hill + 1121) no side can be longer
than sun of other 2

& Cauchy-Schwarz + only for L2
! (default norm)

15 : /1 I Dill Kill



Etivity : Using Cauchy-Schwarz , prove that

for any positive
a and D,

geometric mean & arithmetics mean

Y , Ve I " <
In :1- Ill 11511

n =[i] 5]



b An= Hall 1:1

i=] = []

In)a

2ba + b verycommona
b


