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Example from last time : image

Compression

"
large

"

file represented as a matrix
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fi:f:t
13 14 15 16

average over 2×2 blocks to

get a smaller file



we get
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Want : express this process using

matrix multiplication



Matrixmultiplication

The rules : Given an mxn

matrix
A ( m rows

,
n columns )

,

we can multiply A on

the

1) left by a
kxm matrix

( Same number of columns as

A has rows ) to get a
kxn

matrix

2) right by a nxl matrix 1 same

number of rows as A has Columns )

to get an mxl matrix



The idea : dot products

E*mpIa=[IF ]

* fish
B. A=fIfs][ III

= fetish's:S's:B'IFEC-6) G) +4.2 1-6) . (3) + 4.
5)



1
*

row of B
1st row of 13

dot product with
dot product with £n^ column of A
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=[ff§;] a 3×2 matrix



In general :

IF A is mxn and B is Kxm ,

(13 A)j ,j
= entry in the throw

,

j th
column of BA

( 1 Eick
,
11 j In )

= dot product of the

ith row of 13 with

the jth column of A

= a number .

For example ,
( BA )

3 ,s=
dot product of

the 3rd row of

B with the 5th
column of A



Back to compression :

we Started with a 4×4 matrix

A and ended with a 2×2

matrix D .

Since we changed

both the rows
and columns

of A ( in terms of their number ) ,

we need to find matrices

B and C with

BAC =D

13=2×4
( = 4×2



St. . Find B
,

make it average - almost !

E¥o⇒E÷¥±t
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Steed
: Find 6

.

make it add

the numbers In the

blue 1×2 blocks (

Eu:t¥¥tt:*
TEE .fr



Example 2 : Start with a 3×3

- matrix

[h÷M=a
average over the orange blocks

to again get a 2×2 matrix

[
' stats 3¥

Its 9 )

=[ ¥It's



Want B) C where

BAC =D

Step : Find B
,

make it "
average

"

Ease:D
=[ IF:]

7 8 9



Steps : Find C
,

make it "
correct

' '

any errors from B

CIE:#:)µIifEIt



Easypath

Vectorisation : take an nxm

matrix , turn it into an

nm × I vector .



Example

a=[
"

a535 ]
2×2 matrix = 4 entries

Vector should be 4×1

r= IM
remembers all the entries of A

The position
of the numbers in A

is ambiguous just given
v .



How do we do this using

matrices ?

Want a
4×1 vector from example .

2×2

(9×2) A(2×1)

a[ item 'd

=EI55a[ 9) =[ , ]



Ho tankan
=[ I

[ gnaw =f ;;ks⇒
= th

add the outputs to get [ jghg )



Thisprocedure rectories A
,

but we don't get the vector

we
wanted - the order is off .

To fix the order ,
multiply

by a permutation
matrix ,

in this case

collided
year



If we wanted to average the

entries of A
,

we could

multiply our vector by

Eat'¥H(staff
= to (-6+55+4+3)

= the average !



We could write this process as

( forgetting the permutation
matrix )

Eatatatatff !Hat 'd

+ final :D

= average
of the entries

of A .



Bach to example 2 :

[¥sM=a
Step 1 : vector 're A .

i¥ta÷MY:
here I. =[

'golf]C
identity,

an a=[÷o:O:] Hendrix)
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)
add all vectors !
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We get

ftp.r
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[t÷M=A
Averaging gets a 2×2 matrix .

we need to multiply v by

(2×9)y× ,
(1×2)



4×9

4- at otyty oooo
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Cheat
- make a 4×1 vector

thnt contains the averaged entries

of A .

Each row
should

average a particular
"

blau ,

"
off .



We get

(E) IIIx
I

by reversing

9 He vectorisation

process .



General Implementation
.

To average
and nxm matrix

Into Kxl "

blocks
"

,
first

nectorite
:

{In,iAeY
'

i.
m )

where ei
=mx1 vector with a

one
In the ith now

and Zeroes in all

other nous



{In,iAeY
'

⇒
m )

where ei = mxl vector with a

one
In the ith now

and Zeroes in all

other nous

and

In
,
,

= nmxn
matrix with

In block in the c.
th

position ,
zeros every

where else



Then average The nmxl

vector into a klxl vector

by choosing a klxnm

matrix with
,

in each row ,

nonzero entries at the

corresponding row positions

to the numbers you
want

to average in the nmxl

rector ,
the entries all

being the number of entries

being averaged .

Last step !

Undo uectoritation .



Example 4 :

Esta' :L::]
make A into a 1×3

matrix by averaging in the

indicated blocks .

Express this procedure
using

matrices .



Step : vectorize A

need a 10×1 vector

(10×2) A (5×1)

Enact

finality
=L :D
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Add all vectors to get

5g ] aerase

.ftp.fj.int:*-

3

Step 2 :
Average to get a 3×1

- vector . Express using

matrices .



3×1 5

}
(3×10) (Tn

3-
3

e±÷¥¥I:# feet

= let



Step 3 Undo rectorization - if

you
want !


