
From Monday

CEI

coevolution
of n - vector a and m - vector b

produces Lntm- D - rector e where

Ck = I aibj ,
denoted C -

- a # b

itj
-

- ktl

we see this
is

analogous

.

a-
think of a # b through lens of polynomial
multiplication

. Ed a -_ C 1,27 ,
b -

- C-1,3)

Find c by thinking of a
,

b
,

e as coeff .

vectors of polys .

a → I t 2x
.

Fndc by

b → - I t3x ( It2x)flt3x )

= - I txt 6×2

So c -
- C -51,6 )

• a -_ Ca
, saz , . .

, an ) his put -_ a
, tazxtxzxtxyxt .

. tanxn
- I

b = Cbi
, . . gbm ) his qCA=b , tbzxt .  -

t bmxm"

If c is coeff vector of pG)qG) then

° C has entries from oleg O to deg Mth -2

So meth - lent 's

b Ck = coeff of Xk "

we need to sum all

aibj where itJ=ktI ,



Illustrates certain obvious

propertied
# b =b*a

a # ( b # c) = @ * b) etc

a # b=O if and only if a=o or b=o

.



Atb can be represented by matrix . vector

product .

C ! ! )

a-  - Cl , 2,37
,

b = C- 1,2 )

I 0Let  

Tfa
) -

-

µ, )
.

Then a*b=

¥
,

I 3 2

Toeplitz O 3
4×2

" in:si÷÷÷÷÷÷
You find Tcb ) so that at b= Tcb ) a

i:÷÷HHi:L
* So polynomial expansion can be

modeled by matrix - vector product .

* Convolution appears when

studying time series



× = ( X
, , Xz , . . , Xn ) is a time series

means Xi 's are the same type of

measurement overtime ( typically
equal intervals )

.

- high temp in Fbks each day for 50 yrs

- height of human each year for 50 years
- conc . of drug in bloodstream each

min for 24 his

- audio signal over 17 Sec .

✓
daily

Ext Say X =
'

high temps in Fbks for
10 con Sec . years

So X is 3650 - vector .

Say a -
- ( 's , 's , 's )

.

What is a * × ? →
notation math

→ wordy explanation



math c is a 3650+3-1=3652 - rector
-

:

( mostly) 2
If 3 EKE 3650 CK =tzcxk-ztxk.it Xk )

( little exception)
C

,
= IN ,

Cz = Xttzxz , czgg ,
= 1136503++36492

Cz 652=13×3650
gump

Wordy : C is the average high forprevious
3 days . So C is a

"

running average !

Smoothsthedatast.@



Input - output systems or

system - impulse response

- high temps in Ak range
C input)

high river levels in Tanana I output )
⑧ Fbks

-

change in human behavior due to
covid

.

- rainfall t river height
X = rainfall in inches each day
y = riches above normal

Liver height in

h = ( O , 1,2 )

In tryst x= to
, 4,0 ,

o . . )

Find and intent y
-
- h # x

.
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