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Fundamental Theorem of Llnear Algebra
<> Applies to any m x n matrix A.

L Mirroring of A and A7

R
Tofuspace 25/25:

Singular Value
Decomposmon

The Fundamental

Hubs and
Authorities

Approximating &
matrices with SVD:

Show me
H\e Svpl)

.JV‘ERMONT I |

DA 40f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

R R e

. Fundamental Theorem of Llnear Algebra Wi n i
i -

Singular Value:

< Applies to any m x n matrix A.

| ‘ & Mirroring of A and AT. The Fundamental
: Tﬁé‘:’fé@‘:‘:’g""
Linear Algebra
" Where % lives: Hubs and
Authorities

Approximating &
matrices with SVD:

Show me
H\e Svpl)

l m ' |
/V'ERMONT

‘ DA 40f37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

,‘Fundam@e‘“htéfl; Tgh.eorem of Linear Algebra

& Applies to any m x n matrix A.
&% Mirroring of A and A7

: Where 7 lives:
<% Row space C(AT) c R".
<= (Right) Nullspace N(4) c R™.
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<> Applies to any m x n matrix A.
& Mirroring of A and A7

’ Where lives:
&% Rowspace C(AT) c R™.
& (Right) Nullspace N(A) Cc R™.

Where b lives:
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,‘Fundam'entaﬁilﬂTgheorem of Linear Algebra

<> Applies to any m x n matrix A.
<& Mirroring of A and AT,

: Where 7 lives:
&% Rowspace C(AT) c R™.
& (Right) Nullspace N(A) Cc R™.

Where b lives:
<& Column space C(A) ¢ R™.
<> Left Nullspace N(AT) c R™.
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,‘Fundam‘é'htaql"\%h.eorem of Linear Algebra

& Applies to any m x n matrix A.
&% Mirroring of A and A7

" Where % lives:
<% Row space C(AT) c R".
& (Right) Nullspace N(A) Cc R™.
' &R dmcAT)+dm NA) =r+(n—71)

Where b lives:
<& Column space C(A) ¢ R™.
<> Left Nullspace N(AT) c R™.
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& (Right) Nullspace N(A) Cc R™.
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&% Mirroring of A and A7

The Fundamental

" Where 7 lives: :uu&s;ﬁs
<% Row space C(AT) c R".
& (Right) Nullspace N(A) Cc R™.
R dmcAT)+dimNA) =r+(n—7r)=n
<& Orthogonality: C(AT) @ N(A) = R™
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&% Mirroring of A and A7

The Fundamental

" Where 7 lives: :uu&s;ﬁs
<% Row space C(AT) c R".
& (Right) Nullspace N(A) Cc R™.
R dmcAT)+dimNA) =r+(n—7r)=n
<& Orthogonality: C(AT) @ N(A) = R™
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Now we see:

<= Each of the four fundamental subspaces has a
‘best’ orthonormal basis

<& The o, span R™

,‘Fundamj'e'htaﬁil Theorem of Linear Algebra
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Fundamental Theorem of Llnear Algebra

Now we see:
Each of the four fundamental subspaces has a
‘best’ orthonormal basis
The v, span R™
We find the 9, as eigenvectors of AT A.
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5 Fundam‘en‘téi.l‘ fheorem of Linear Algebra

Each of the four fundamental subspaces has a
‘best’ orthonormal basis

The v, span R™
We find the 9, as eigenvectors of AT A.
The u, span R™
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- Fundamental Theorem of Linear Algebra

Each of the four fundamental subspaces has a
‘best’ orthonormal basis

The v, span R™
We find the 9, as eigenvectors of AT A.
The u, span R™
We find the 4, as eigenvectors of AAT,

{?4,...,0,.} span Row space
{0y41,---,0, } span Null space
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- Fundamental Theorem of Linear Algebra

Each of the four fundamental subspaces has a
‘best’ orthonormal basis

The v, span R™
We find the 9, as eigenvectors of AT A.
The u, span R™
We find the 4, as eigenvectors of AAT,

{?4,...,0,.} span Row space
{0y41,---,0, } span Null space
{@4,...,u,.} span Column space
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Fundamental Theorem of Linear Algebra

Each of the four fundamental subspaces has a
‘best’ orthonormal basis

The v, span R™
We find the 9, as eigenvectors of AT A.
The u, span R™
We find the 4, as eigenvectors of AAT,

{?4,...,0,.} span Row space
{0y41,---,0, } span Null space
{@4,...,u,.} span Column space
{U,1,...,1,,} span Left Null space
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- Fundamental Theorem of Linear Algebra
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Fundamen‘téil fheorem of Linear Algebra

A’ﬁi:() fori=r+1,...,n.

and

Matrix version:

A sends each 9, € C(AT) to its partner @, € C(A)
with a positive stretch/shrink factor o, > 0.

A is diagonal with respect to these bases.
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- Fundamental Theorem of Linear Algebra

10

and

Matrix version:

fori=r+1,...,n.

A sends each 9, € C(AT) to its partner @, € C(A)

with a positive stretch/shrink factor o, > 0.
A is diagonal with respect to these bases.
When viewed in the right way, every A is a

diagonal matrix .
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- Hubs and Aljtﬁorities

Idea: allow nodes in a knowledge network to have
two attributes:
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- Hubs and Authorities

Idea: allow nodes in a knowledge network to have
two attributes:
1. Authority: how much knowledge, information,
etc., held by a node on a topic.
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. Hubs and Authorities

Idea: allow nodes in a knowledge network to have
two attributes:

1. Authority: how much knowledge, information,
etc., held by a node on a topic.

2. Hubness (or Hubosity or Hubbishness or
Hubtasticness): how well a node ‘knows’ where to
find information on a given topic.
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Hubs and Authorities

Idea: allow nodes in a knowledge network to have
two attributes:

1. Authority: how much knowledge, information,
etc., held by a node on a topic.

2. Hubness (or Hubosity or Hubbishness or
Hubtasticness): how well a node ‘knows’ where to
find information on a given topic.

Original work due to the legendary Jon Kleinberg.
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Hubs and Authorities

Idea: allow nodes in a knowledge network to have
two attributes:
1. Authority: how much knowledge, information,
etc., held by a node on a topic.
2. Hubness (or Hubosity or Hubbishness or
Hubtasticness): how well a node ‘knows’ where to
find information on a given topic.

Original work due to the legendary Jon Kleinberg.
Best hubs point to best authorities.
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- Hubs and Authorities

Idea: allow nodes in a knowledge network to have
two attributes:

1. Authority: how much knowledge, information,
etc., held by a node on a topic.

2. Hubness (or Hubosity or Hubbishness or
Hubtasticness): how well a node ‘knows’ where to
find information on a given topic.

Original work due to the legendary Jon Kleinberg.
Best hubs point to best authorities.

Recursive: Hubs authoritatively link to hubs,
authorities hubbishly link to other authorities.
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- Hubs and Authorities

Idea: allow nodes in a knowledge network to have
two attributes:

1. Authority: how much knowledge, information,
etc., held by a node on a topic.

2. Hubness (or Hubosity or Hubbishness or
Hubtasticness): how well a node ‘knows’ where to
find information on a given topic.

Original work due to the legendary Jon Kleinberg.
Best hubs point to best authorities.

Recursive: Hubs authoritatively link to hubs,
authorities hubbishly link to other authorities.

More: look for dense links between sets of ‘good’
hubs pointing to sets of ‘good’ authorities.
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- Hubs and Authorities

Idea: allow nodes in a knowledge network to have
two attributes:

1. Authority: how much knowledge, information,
etc., held by a node on a topic.

2. Hubness (or Hubosity or Hubbishness or
Hubtasticness): how well a node ‘knows’ where to
find information on a given topic.

Original work due to the legendary Jon Kleinberg.
Best hubs point to best authorities.

Recursive: Hubs authoritatively link to hubs,
authorities hubbishly link to other authorities.
More: look for dense links between sets of ‘good’
hubs pointing to sets of ‘good’ authorities.
Known as the HITS algorithm (4

(Hyperlink-Induced Topics Search).
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. Hubs and Authorities
Give each node two scores:
1. @, = authority score for node ¢
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. Hubs and Authorities
Give each node two scores:

‘ 1. =, = authority score for node :
‘ 2. y, = hubtasticness score for node 4

BT ERI ¥ L
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- Hubs and Authorities
Give each node two scores:

1. =, = authority score for node :
2. y, = hubtasticness score for node 4

We connect the scores of neighboring nodes.
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- Hubs and Authorities

Give each node two scores:

1. =, = authority score for node :
2. y, = hubtasticness score for node 4

We connect the scores of neighboring nodes.

I: a good authority is linked to by good hubs.
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- Hubs and Authorities

Give each node two scores:
1. =, = authority score for node

7

2. y, = hubtasticness score for node 4

We connect the scores of neighboring nodes.
I: a good authority is linked to by good hubs.

Means 2, should increase as >

N -
1

increases.
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Hubs and Authorities

Give each node two scores:

1. =, = authority score for node :
2. y, = hubtasticness score for node 4

We connect the scores of neighboring nodes.
I: a good authority is linked to by good hubs.

Means z; should increase as S %

o1 %5iY; increases.

Note: indices are ji: meaning j has a directed link
to <.
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Hubs and Authorities
Give each node two scores:

1. =, = authority score for node :
2. y, = hubtasticness score for node 4

We connect the scores of neighboring nodes.
I: a good authority is linked to by good hubs.

N

Means 2, should increase as 21:1 a;iY;

increases.

Note: indices are ji: meaning j has a directed link

to <.
IIl: good hubs point to good authorities.
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Hubs and Authorities
Give each node two scores:

1. =, = authority score for node :
2. y, = hubtasticness score for node 4

We connect the scores of neighboring nodes.
I: a good authority is linked to by good hubs.

N

Means 2, should increase as 21:1 a;iY;

increases.

Note: indices are ji: meaning j has a directed link

to <.

IIl: good hubs point to good authorities.
: N

Means y, should increase as 2_7:1 ;%

increases.
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Hubs and Authorities
Give each node two scores:

1. =, = authority score for node :
2. y, = hubtasticness score for node 4

We connect the scores of neighboring nodes.
I: a good authority is linked to by good hubs.
Means 2, should increase as Z;,Vzl a;;y; increases.

Note: indices are ji: meaning j has a directed link
to <.

IIl: good hubs point to good authorities.
: N 3
Means y, should increase as 2_7;1 a;;T; increases.

Linearity assumption:

7o ATjand j x AZ
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' Hubs and Authorities

So let's say we have
:ﬁ = ClAT@) and :’.7 = CQAf

where ¢; and ¢, must be positive.
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- Hubs and Authorities

So let's say we have
:ﬁ = ClAT@) and ﬂ = CQAf

where ¢; and ¢, must be positive.
Above equations combine to give

f == Cl ATCQA.CZ"

Where A S 0162 = 0.
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Hubs and Athhorities

So let's say we have
7 =c,ATgand j = c; AT
where ¢; and ¢, must be positive.
Above equations combine to give
FacPe s - X AT AR

Where A S 0162 > 0.

It's all good: we have the heart of singular value
decomposition before us...
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- We can do this:

AT A is symmetric.

AT A is semi-positive definite so its eigenvalues
are all > 0.
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- We can do this:

AT A is symmetric.

AT A is semi-positive definite so its eigenvalues
are all > 0.

AT A’s eigenvalues are the square of A’s singular
values.
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- We can do this:

AT A is symmetric.

AT A is semi-positive definite so its eigenvalues
are all > 0.

AT A’s eigenvalues are the square of A’s singular
values.

AT A's eigenvectors form a joyful orthogonal basis.
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- We can do this:

AT A is symmetric.
AT A is semi-positive definite so its eigenvalues
are all > 0.

AT A’s eigenvalues are the square of A’s singular
values.

AT A's eigenvectors form a joyful orthogonal basis.
The splendid Perron-Frobenius theorem (£ tells us

that only the dominant eigenvalue’s eigenvector
can be chosen to have non-negative entries.
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- We can do this:

AT A is symmetric.

AT A is semi-positive definite so its eigenvalues
are all > 0.

AT A’s eigenvalues are the square of A’s singular
values.

AT A's eigenvectors form a joyful orthogonal basis.
The splendid Perron-Frobenius theorem (£ tells us

that only the dominant eigenvalue’s eigenvector
can be chosen to have non-negative entries.

So: linear assumption leads to a solvable system.
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AT A is symmetric.

AT A is semi-positive definite so its eigenvalues
are all > 0.

AT A’s eigenvalues are the square of A’s singular
values.

AT A's eigenvectors form a joyful orthogonal basis.

The splendid tells us
that only the dominant eigenvalue’s eigenvector
can be chosen to have non-negative entries.

So: linear assumption leads to a solvable system.

What would be very good: find networks where we
have independent measures of node ‘importance’
and see how importance is actually distributed.
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| . ldea: use SVD to approximate images

Image app‘roximatlon (80x60)

<% Interpret elements of matrix A as color values of
an image.
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Idea: use SVD to approximate images The Fundamental
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3 ‘Ir‘nage approhx.i‘:rn.ation (80x60)

Interpret elements of matrix A as color values of
an image.
Truncate series SVD representation of A:

A=UxVT = Zo—aﬁ

Use factthato, > 05 > ... >0, > 0.
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| ‘Ir‘nage approhx.i:rn.ation (80x60)

Interpret elements of matrix A as color values of
an image.

Truncate series SVD representation of A:

A=UxVT = Zo—aﬁ

Use factthato, > 05 > ... >0, > 0.
Rank » < min(m,n).
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‘ ‘Irhage apprdxiim.ation (80x60)

Interpret elements of matrix A as color values of
an image.

Truncate series SVD representation of A:
A= pny T = Zo— 4, 0T
Use factthato, > 05 > ... >0, > 0.

Rank » < min(m,n).
Rank r < # of pixels on shortest side.
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- Image apprdxfmation (80x60)

Interpret elements of matrix A as color values of
an image.

Truncate series SVD representation of A:
A gyl N o
i=T

Use factthato, > 05 > ... >0, > 0.
Rank » < min(m,n).

Rank r < # of pixels on shortest side.
For color: approximate 3 matrices (RGB).
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And now for the Exciting
Scottish Fabric Image
Guessing Game ...
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The folld‘winé is (sort of) brought to you by

" Connor MacLeod of Clan MacLeod:
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The foIIdwiné is (sort of) brought to you by
- Connor MacLeod of Clan MacLeod:

Things there should be only one of: Highlander Films.
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- Connor MacLeod of Clan MacLeod:
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Image app‘ro'xi‘mation (640 x 640)
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Image apprdxfmation (640 x 640)
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' Image approximation (640 x 640)
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Image apprdximation (640 x 640)
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- Image apprdximation (640 x 640)
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- Image apprdximation (640 x 640)
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- Image apprdximation (640 x 640)
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Image app‘ro'xi‘mation (640 x 640)
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' Image approximation (640 x 640)
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- Image apprdximation (640 x 640)
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Image apprdximation (640 x 640)
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- Image apprdximation (640 x 640)
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- Image apprdximation (640 x 640)
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- Image apprdximation (640 x 640)
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Image apprdximation (540 x 540)

logyak

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

S
4\/7\772 svpll

The O
ﬁ UNIVERSITY |9|
il ¥ VERMONT 1O

D 18 0f 37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image approximation (540 x 540) Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities
Approximating

J

logyyak
|
&

—

o

200 400 600

The 0
ﬁ UNIVERSITY |9|
3 7 VERMONT |0l

D 18 0f 37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image approximation (540 x 540) Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities
Approximating

logygok
i
&

The 0
ﬁ UNIVERSITY |9|
3 7 VERMONT |0l

D 18 0f 37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

logip0k
;
b

-10

200

400

600

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

1he O]
ﬁ UNIVERSITY |9|
#l  VERMONT 1Ol

D 18 0f 37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

logygok

200

400

600

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

1he O]
ﬁ UNIVERSITY |9|
#l  VERMONT 1Ol

D 18 0f 37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

logip0 &
o

i
&

iR
=

o

200

400

600

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

1he O]
ﬁ UNIVERSITY |9|
#l  VERMONT 1Ol

D 18 0f 37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

logiy0k
o

)
&

iR
=

o

200

400

600

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

1he O]
ﬁ UNIVERSITY |9|
#l  VERMONT 1Ol

D 18 0f 37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

logygok

200

400

600

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

1he O]
ﬁ UNIVERSITY |9|
#l  VERMONT 1Ol

D 18 0f 37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

o

logygok
i
&

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

1he O]
ﬁ UNIVERSITY |9|
#l  VERMONT 1Ol

D 18 0f 37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

logip0 &
-

i
&

iR
=

o

200

400

600

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

1he O]
ﬁ UNIVERSITY |9|
#l  VERMONT 1Ol

D 18 0f 37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

log1p0 &

o

i
&

iR
=5

o

200

400

600

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

Show_ Mé
the SVD!

1he O]
ﬁ UNIVERSITY |9|
#l  VERMONT 1Ol

D 18 0f 37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

log1p0 &

o

i
&

iR
=5

o

200

400

600

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

g
el

D 18 0f 37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

logiy0k
o

)
&

iR
=5

o

200

400

600

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

g
el

D 18 0f 37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

log1p0 &

o

i
&

iR
=5

o

200

400

600

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

g
el

D 18 0f 37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

log1p0 &

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

1he O]
U\']VERSITY |9|
 VERMONT 10|

D 18 0f 37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

log1p0 &

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

1he O]
U\']VERSIT\ |9|
 VERMONT 10|

D 18 0f 37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

logiy0k

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

g
el

D 18 0f 37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Tofuspace 25/25:

Singular Value
Decomposition: .

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approxmatmg

Show me
H\e Svpl)

UN‘IVERSITY I |
o VERMONT

“2a 190f37

20 40 60



http://www.uvm.edu
http://www.uvm.edu/~pdodds

2

2
E s U;0;
i=1

‘Irhage apprdxim.ation (80 x 60)

8000

6000
«
()

4000

2000

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

S\wowTM
the svpll

e O
ﬁ UNIVERSITY |Q|
=<8l ¥ VERMONT 10Ol

“2a 190f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

‘Irhage apprdxim.ation (80 x 60)

-

3

S
E s U;0;
i=1

8000

6000

4000

2000

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

S\wowTM
the svpll

e O
ﬁ UNIVERSITY |Q|
sl ¥ VERMONT 10

“2a 190f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

4

S
E s U;0;
i=1

‘Ir‘nage apprdxihﬁation (80 x 60)

8000

6000

4000

2000

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

S\wowTV\e
the svpll

e O
ﬁ UNIVERSITY |9|
sl ¥ VERMONT 10

“2a 190f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

‘Irhage apprdxim.ation (80 x 60)

5
E 30 F
i=1

10000

8000
6000
=
b
4000

2000

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

S\wowTM
the svpll

e O
ﬁ UNIVERSITY |Q|
sl ¥ VERMONT 10

“2a 190f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

‘Irhage apprdxim.ation (80 x 60)

6
E 30 F
i=1

10000

8000
6000
=
b
4000

2000

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

S\wowTM
the svpll

e O
ﬁ UNIVERSITY |Q|
sl ¥ VERMONT 10

“2a 190f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

; ‘Irhage apprdxim.ation (80 x 60)

~
Il
—

Q

10000

8000

6000
=

(S
4000

2000

e
<)

<13

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

S
the svpll

The O
ﬁ UNIVERSITY |9|
<8/ VERMONT 10|

DA 19of 37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image apprdximation (80 x 60)

A

>

T

=1

o,u;

10000

8000

6000
=

b
4000

2000

s

AE:
7

20

40

60

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

The O
ﬁ UNIVERSITY |9|
3l VERMONT |0

“2a 190f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image apprdximation (80 x 60)

9
E 30 F
i=1

10000

8000
6000
=
b
4000

2000

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

The O
ﬁ UNIVERSITY |9|
3l VERMONT |0

“2a 190f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image apprdximation (80 x 60)

10000

8000
6000
=
b
4000

2000

20

40

60

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities
Approximating

The O
ﬁ UNIVERSITY |9|
3l VERMONT |0

“2a 190f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

- Image apprdximation (80 x 60)

Tofuspace 25/25:

Singular Value
Decomposition

~ ~T
_S_ o;Uv; The Fundamental
Theorem of

Linear Algebra

Hubs and
Authorities

Approximating

The le)
ﬁ UNIVERSITY |9|
3l VERMONT |0

“2a 190f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

- Image apprdximation (80 x 60)

Tofuspace 25/25:

Singular Value
Decomposition

iVs The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

e O
ﬁ UNIVERSITY |Q|
il ¥ VERMONT 1O

“2a 190f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

- Image apprdximation (80 x 60)

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

The (o]
ﬁ UNIVERSITY |Q|
il ¥ VERMONT 1O

“2a 190f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

- Image apprdxfmation (80 x 60)

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

The (o]
ﬁ UNIVERSITY |Q|
il ¥ VERMONT 1O

“2a 190f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image apprdximation (80 x 60)

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

e O
ﬁ UNIVERSITY |9|
il ¥ VERMONT 1O

“2a 190f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image ‘approxmiation (484 X 640)

5,
>4

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

SR Approximating

logiyok
R e A S

§ 1 B3 O
e LW UNIVERSITY I i
| [ Pl ¥ VERMONT 1O

o 20o0f 37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

BT ERI ¥ L

Tofuspace 25/25:

Singular Value
Decomposition:

Image abpr‘o'xi‘mation (484 x 640)

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

ApprOX|mat|ng

)

v’n‘ UNIVERSIl’Yl |
o/VERMONT

DA 200f37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image app‘ro'xi‘mation (484 x 640)

0 200

400

600

loggor

{3
4
3
2
1
0

200

400

600

Tofuspace 25/25:

Singular Value
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

o)

I o
L ONiversiTy |g|
$-8 vrvont 10

DA 200f37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

- Image app‘ro'xi‘mation (484 x 640)

0 200

400

600

Al

. I \I!”l

= H
U
— -

- —
-
-
-

=
-

Tofuspace 25/25:

Singular Value
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

S‘ww Mé
4\/\? Svpl)

e o
ﬁ UNIVERSITY |Q|
sl ¥ VERMONT IOl

DA 200f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image approximation (484 x 640)

Tofuspace 25/25:

Singular Value
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities
Approximating

S‘ww Mé
4\4? Svpl)

The O
ﬁ UNIVERSITY |g|
<8/ VERMONT 10|

DA 200f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

- Image appro'xi‘mation (484 x 640)

Tofuspace 25/25:

Singular Value
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities
Approximating

S‘ww Mé
4\4? Svpl)

The O
ﬁ UNIVERSITY |g|
<8/ VERMONT 10|

DA 200f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image approximation (484 x 640)

Tofuspace 25/25:

Singular Value
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

The O
ﬁ UNIVERSITY |g|
<8/ VERMONT 10|

DA 200f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image approximation (484 x 640) aedn v
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

i SciEE | dinEs
LURIR s s aininie

S‘ww Mé
4\4? Svpl)

The O
ﬁ UNIVERSITY |g|
<8/ VERMONT 10|

DA 200f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

- Image approximation (484 x 640) aedn v
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

SkaallE & LabEE
SRRIs I imaiaing

0 200 400 600
0 200 400 600 k

e O
ﬁ UNIVERSITY |Q|
=<8l ¥ VERMONT 10Ol

DA 200f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

i SesilE & LatEE
Birrprciism
Ly wﬂ
- g

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

e O
ﬁ UNIVERSITY |Q|
=<8l ¥ VERMONT 10Ol

DA 200f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

. Image approximation (484 x 640)

ra——

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

S
4&\? svpll

e o)
ﬁ UNIVERSITY |o|
3 v VERMONT |0

DA 200f37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

. Image approximation (484 x 640)

==

Sealie & Lambie
Productions

|
f

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

e o)
ﬁ UNIVERSITY |g|
3 v VERMONT |0

DA 200f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image apprdximation (484 x 640)

" Sealie & Lambie
Productions

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

e o)
ﬁ UNIVERSITY |g|
3 v VERMONT |0

DA 200f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

' Image approximation (484 x 640) ;i"nf:gjcve:jf&
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

| Sealie & Lambic [EEESSeegEE | I R 00000
Productions f

e o)
ﬁ UNIVERSITY |g|
3 7 VERMONT |0l

DA 200f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image apprdximation (484 x 640)

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

e O
ﬁ UNIVERSITY |9|
il ¥ VERMONT 1O

DA 200f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image apprdximation (484 x 640)

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

The O
ﬁ UNIVERSITY |9|
il ¥ VERMONT 1O

DA 200f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image apprdximation (484 x 640)

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

[ matrices with SVD
| Sealie & Lambie [
Productions f

e O
ﬁ UNIVERSITY |9|
il ¥ VERMONT 1O

DA 200f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image ‘approxmiation (640 X 640)

5,
>4

The Fundamental

1
~ A Theorem of
A= Z g lls Linear Algebra
i=1 Hubs and
Authorities
T Approximating
” — '
i
- - — - -~ -
-
5x105
‘ - 2
; ¥ 4
\ “ 3 & ;
\ I : :
‘ - - - - 2 2 5
1,' ; 1 10
& 0 500 1000
b "o 500 1000 K
: k

1 B3 O
il UNIVERSITY I i
Pl ¥ VERMONT 1O

o 210f37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

500
k

1000

logipa

1000

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

g
el

DA 210f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

logjyok
WEES

A%
3

o

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

g
el

DA 210f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

- s -
~
i 5
10
5%
4
33
< )
A —— 8 2
1
0
0

50
k

1000

logigak

500
k

1000

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

g
el

DA 210f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

<.

m—agy

-

ot

=

G2
o1

U

logjyok
°

!
&

A%
3

0 50
k

1000

o

500

1000

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

g
el

DA 210f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image approximation (640 x 640)

0 50
k

1000

500
k

1000

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities
Approximating

The O]
ﬁ UNIVERSITY |9|
3l VERMONT |0

DA 210f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

0 50
k

1000

logjyok

1000

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

g
el

DA 210f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

°

logjyok
!
&

A%
3

o

50 1000
k

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

g
el

DA 210f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

0 50 1000
k

logjyok

o

!
&

A%
3

o

500

1000

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

g
el

DA 210f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

H « 0

i 3 %

i s &

| . 2 e
1 -10
] 500 1000

0 k
0 501 1000

k

DA 210f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

logjyok
WERS

A%
3

o

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

g
el

DA 210f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

50
k

1000

logjyok

o

!
&

A%
3

Cif

500
k

1000

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

g
el

DA 210f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

logjpok

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

g
el

DA 210f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

50
k

1000

logjyok

o

!
&

A%
3
o

500
k

1000

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

g
el

DA 210f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

5
4
<0
3 N
fix )
2 Chi
1 -10
e 500 1000
0 k
0 501 1000

k

g
el

DA 210f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

s

50
k

1000

logjyok

5

o

!
&

A%
3

o

500
k

1000

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

g
el

DA 210f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

logjpok

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

19
UNIVERSITY |9
/ VERMONT 1Ol

DA 210f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

AR

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approx1mat|ng

‘ 5><10
5
4
=« 0
3 2
= E
s, fo
" o Show me i
0 500 1000 1‘he SVD ‘
"0 500 1000 £
k

UN‘IVERSITY I |
o VERMONT

D 220f37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

500
k

1000

logygak

50¢
T

1000

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

g
el

DA 220f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

0 500 1000
0 50 1000 i
A

DA 220f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

D

L
"'1I’ IH!

l‘lll .lll

= 0
3 B
fix 6
2 Bk
| 1 -10
0 500 1000
0 *
0 500 1000

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

1he O]
U,\']VERSI’I'Y |9|
#l  VERMONT 1Ol

DA 220f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

at

log ok

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

g
el

DA 220f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

logigok

o—
- n
i1
3

0 500 1000
0 50 1000 i
A

DA 220f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

o o

0 50 1000
k

logjook

500 1000
k

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

g
el

DA 220f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

-

=i||!H

ullll lll

0 500 1000
o 500 1000 i

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

g
el

DA 220f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

—

50
k

1000

logigok

500
7

1000

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

g
el

DA 220f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

o

L 4

S—

50
k

1000

logigok

500 1000
7

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

g
el

DA 220f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Tofuspace 25/25:

Singular Value
Decomposition

A_ o
Approximating
matrices with SVD
| 1
| |
i g
1+ |
>t
"™ |
. ’ 1 4
| { . 0

i
o
logigok

e
i1
3

0 500 1000
0 50 1000 i
A

g
el

DA 220f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

|

e
rd

500

1000

log ok

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

1he O]
U\']VERSIT\ |9|
 VERMONT 10|

DA 220f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Tofuspace 25/25:

Singular Value
Decomposition

A =
f Approximating
| matrices with SVD
| = i fomn
| i
[ Wl |
bl
s I
1t £ : 4
| ‘ 2’0
L3 N
} o ° 2
} L
i 1 -10
0 50 1000
0 50 1000 k

k

g
el

DA 220f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

10
5)(

50
k

1000

log ok

500
i

1000

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

g
el

DA 220f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

L, =] |
3 n 8
| i 2! 0
.3 =
L } ‘. ‘! <] 5 EA 5
- i i L ?
¥ ¢ 1 -10
0 0 ﬁoo
. 0 50, 1000 k
L

g
el

DA 220f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

p—
|
- |
§ |
r
ks )
»_g
E;E
5 i
{ | i = 0
i {3 %
: 6
I ®a g
&
i 3 1 i ¥ ¢ { d B
o | T J 0 500 1000
i 0 k
0 50 1000
k

19
UNIVERSITY |9
o VERMONT 1O

DA 220f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

e

o

log ok

50
k

1000

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

19
UNIVERSITY |9
o VERMONT 1O

DA 220f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

AR

Tofuspace 25/25:

Singular Value
Decomposition

1 The Fundamental
= ~ A~ Theorem of
A= Z o;UV; Linear Algebra
i=1 Hubs and
Authorities

Approx1mat|ng

logigok

0 500 1000
k

: 0 500 1000
k

UN'IVERSITY I |
o VERMONT

D 230f37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

LLIACCLT |.|m||| | # matrices with SVD

mnimn IIIIIIIII\ "
‘II' !' 1] I||I|l n

|I|o|| n ll Nllll lll

4 4
3 8i2
S %
§ 2 Oitig
1 -2
0 500 1000
° k
0 500 1000
L

g
el

DA 230f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

AR U T
PRI
VAN

WEHTTRCRTEE T

4 4
3 g2
fix 50
2 ot
4 -2
0 500 1000
0 &
0 50| 1000
o

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

g
el

DA 230f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

AR LR ALl

TR LR T

4 4
3 ai2
i %
S 2 Othg
1 -2
0 500 1000
# k
0 50 1000
8

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

g
el

DA 230f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

ot

T
I
" L)
R L
]
4 4
s g2
ST g
4 -2
0 500 1000
0 *
0 50 1000
5

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

1he O]
U\']VERSIT\ |9|
 VERMONT 10|

DA 230f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

0 50
k

1000

logigok

n

o

500
k

1000

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

I8
D)
ERMONT 10!

DA 230f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

50
k

1000

I.A}'hl'll\ i
CLCRLL AT T LR

logigak
(SRS

o

|
o

o

500
k

1000

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

g
el

DA 230f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

logigok
o

o

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

1he O]
U\']VERSITY |9|
 VERMONT 10|

DA 230f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

50
k

1000

logigok

n

o

500
k

1000

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

1he O]
U\']VERSIT\ |9|
 VERMONT 10|

DA 230f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

0 50
k

1000

logigok
o

o

0 500
k

1000

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

1he O]
U\']VERSIT\ |9|
 VERMONT 10|

DA 230f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

0 50
k

1000

logigok

n

o

500
k

1000

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

g
el

DA 230f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

0 50
k

1000

logigok

n

o

500
k

1000

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

g
el

DA 230f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

50
k

1000

logigak

IS

N

o

.
o

o

500
k

1000

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

g
el

DA 230f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

50
k

1000

logigok

S

n

o

I
o

o

500
k

1000

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

19
UNIVERSITY |9
/ VERMONT 1Ol

DA 230f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

50
k

1000

logigok

S

n

o

I
o

o

500
k

1000

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

g
el

DA 230f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

50
k

1000

logigok

S

n

o

I
o

o

500
k

1000

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

19
UNIVERSITY |9
o VERMONT 1O

DA 230f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

50
k

1000

logigak

IS

N

o

.
o

o

500
k

1000

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

19
UNIVERSITY |9
o VERMONT 1O

DA 230f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

logyyak

Tofuspace 25/25:

Singular Value
Decomposition .

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approx1mat|ng

U'NTVERSITY I |
o VERMONT

D> 240f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

4
= 0

3 B
I &

2 L5

1 10

0 500 1000
0 B s
0 500 1000
k

DA 240f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

logjo ok
°

i
&

il
3

50
k

1000

o

500
k

1000

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

1he O]
U\']VERSIT\ |9|
 VERMONT 10|

DA 240f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

4
2! 0

3 2
I 0

2 2 5

1 -10

0 500 1000
0 i
0 50 1000

k

DA 240f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

ot

logjo ok
°

i
&

il
3

0 50
k

1000

o

500
k

1000

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

19
UNIVERSITY |9
/ VERMONT 1Ol

DA 240f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

logjo ok
°

i
&

il
3

50
k

1000

o

500
k

1000

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

1he O]
U\']VERSITY |9|
 VERMONT 10|

DA 240f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

50
k

1000

logjook

50(
k

1000

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

g
el

DA 240f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

logjo ok
°

i
&

il
3

50
k

1000

o

500
k

1000

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

1he O]
U\']VERSITY |9|
 VERMONT 10|

DA 240f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

logjo ok
o

i
&

il
3

50
k

1000

o

50(
k

1000

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

1he O]
U\']VERSITY |9|
 VERMONT 10|

DA 240f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

logjo ok
o

i
&

il
3

0 50
k

1000

o

500
k

1000

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

g
el

DA 240f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

&

logjo ok
-

i
&b

il
3

0 50
k

1000

o

500
k

1000

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

g
el

DA 240f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

&»

logjo ok
°

i
&

il
3

0 50
k

1000

Cif

500
k

1000

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

g
el

DA 240f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

e

0 50
k

1000

logjpok

°

1
&

1
3

1000

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

g
el

DA 240f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

logjo ok
b o

il
3

o

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

g
el

DA 240f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

5
10
5)(

50
k

1000

logjo ok

5

°

i
&

il
3

o

500
k

1000

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

g
el

DA 240f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

logjo ok

0 50
k

1000

500

1000

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

19
UNIVERSITY |9
o VERMONT 1O

DA 240f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

logjpok

0 50
k

1000

500
k

1000

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

19
UNIVERSITY |9
o VERMONT 1O

DA 240f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

' Image app‘ro'xi‘mation (262 x 248)

logyyak
o = v ow s

100

200

300

Tofuspace 25/25:

Singular Value
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

S‘ww Mé
4\/\? Svpl)

e o
ﬁ UNIVERSITY |Q|
sl ¥ VERMONT IOl

DA 250f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

- Image apprdximation (262 x 248)

logygo
& Sivie s

100

200

300

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

S
M? svpll

e O
ﬁ UNIVERSITY |9|
il ¥ VERMONT 1O

DA 250f37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image apprdximation (262 x 248)

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

S
4\/7\772 svpll

The O
ﬁ UNIVERSITY |9|
il ¥ VERMONT 1O

DA 250f37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

- Image apprdximation (262 x 248)

loggok
(o s S

100

200

300

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

S
4\/7\772 svpll

The O
ﬁ UNIVERSITY |9|
il ¥ VERMONT 1O

DA 250f37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

- Image apprdximation (262 x 248)

5

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

S
4\{‘? svpll

The O
ﬁ UNIVERSITY |9|
il ¥ VERMONT 1O

DA 250f37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

- Image apprdximation (262 x 248)

logyyok

100

200

300

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

S
4\{‘? svpll

The O
ﬁ UNIVERSITY |9|
il ¥ VERMONT 1O

DA 250f37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image apprdximation (262 x 248)

logygok
o —idiw &

100

200

300

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

S
4\{‘? svpll

1he O]
ﬁ UNIVERSITY |9|
il ¥ VERMONT 1O

DA 250f37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

- Image apprdximation (262 x 248)

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

. ;ﬂ I . E
RN g
“1' -“ " Y

S
4\{‘? svpll

1he O]
ﬁ UNIVERSITY |9|
il ¥ VERMONT 1O

DA 250f37

logyyok
& Lirionsay e



http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image apprdximation (262 x 248)

logyyok
& Lirionsay e

100

200

300

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

S
4\{‘? svpll

1he O]
ﬁ UNIVERSITY |9|
il ¥ VERMONT 1O

DA 250f37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image apprdximation (262 x 248)

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

S
4\{‘? svpll

1he O]
ﬁ UNIVERSITY |9|
il ¥ VERMONT 1O

DA 250f37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

- Image apprdximation (262 x 248)

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

S
4\(‘? svpll

The O]
ﬁ UNIVERSITY |g|
3l VERMONT |0

DA 250f37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image apprdximation (262 x 248)

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

The O]
ﬁ UNIVERSITY |g|
3l VERMONT |0

DA 250f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image apprdximation (262 x 248)

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

The O]
ﬁ UNIVERSITY |g|
3l VERMONT |0

DA 250f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

- Image apprdximation (262 x 248)

50

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

The O]
ﬁ UNIVERSITY |g|
3l VERMONT |0

DA 250f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image approximation (262 x 248)

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

The O]
ﬁ UNIVERSITY |9|
3l VERMONT |0

DA 250f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image approximation (262 x 248)

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

The O]
ﬁ UNIVERSITY |9|
3l VERMONT |0

DA 250f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image approximation (262 x 248)

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

The O]
ﬁ UNIVERSITY |9|
3l VERMONT |0

DA 250f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

logyok
4w s o

200

400

600

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

The
4‘1 UNIVERSITY |J
Pl Y VERMONT IO

Yo 260f 37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image app‘ro'xi‘mation (424 x 640)

600

logy0 )
2Em W

s o

200

400

600

Tofuspace 25/25:

Singular Value
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

o)

I o
L ONiversiTy |g|
$-8 vrvont 10

DA 26 0f 37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

- Image app‘ro'xi‘mation (424 x 640)

Tofuspace 25/25:

Singular Value
Decomposition:

The Fundamental

3 Theorem of
- Linear Algebra
A= E O;UV; Hubs and
v=l: Authorities

Approximating

Ok
- o
logypok
[

0 200 400 600 k

S‘ww Mé
4\/\? Svpl)

e o
ﬁ UNIVERSITY |Q|
sl ¥ VERMONT IOl

DA 26 0f 37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image app‘ro'xi‘mation (424 x 640)

600

logiyok
)

s o

200

400

600

Tofuspace 25/25:

Singular Value
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

S‘ww Mé
4\/\? Svpl)

e o
ﬁ UNIVERSITY |Q|
sl ¥ VERMONT IOl

DA 26 0f 37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image approximation (424 x 640) i v

Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

logiook
[

0 200 400 600 i

S‘ww Mé
4\/\? Svpl)

10 o
ﬁ UNIVERSITY |g|
sl Y VERMONT 10

DA 26 0f 37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image approximation (424 x 640) i v

Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities
Approximating

0 200 400 600 i

S‘ww Mé
4\4? Svpl)

The le]
ﬁ UNIVERSITY |Q|
;i Y VERMONT 1Ol

DA 26 0f 37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

 Image approximation (424 x 640) s 5

Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

logyyok
N w

0 200 400 600 k

S‘ww Mé
4\4? Svpl)

e le)
ﬁ UNIVERSITY |g|
Y VERMONT 10|

DA 26 0f 37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

- Image approximation (424 x 640)

0 200

400

600

200

400

600

Tofuspace 25/25:

Singular Value
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities
Approximating

S‘ww Mé
4\4? Svpl)

The O
ﬁ UNIVERSITY |g|
<8/ VERMONT 10|

DA 26 0f 37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

' Image approximation (424 x 640) aedn v
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

0 200 400 600 k

S‘ww Mé
the Svpl)

The (o]
ﬁ UNIVERSITY |o|
<8/ VERMONT 10|

DA 26 0f 37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

' Image approximation (424 x 640) aedn v
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

0 200 400 600 k

S‘ww Mé
the svpll

The (o]
ﬁ UNIVERSITY |o|
<8/ VERMONT 10|

DA 26 0f 37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image apprdximation (424 x 640)

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

S
4&\? SVD.’!

The O
ﬁ UNIVERSITY |o|
<8/ VERMONT 10|

DA 26 0f 37

0 200 400 600 k


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Tofuspace 25/25:

Singular Value
Decomposition

. Image approximation (424 x 640)

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

S
4&\? svpll

e o)
ﬁ UNIVERSITY |g|
3 v VERMONT |0

DA 26 0f 37

0 200 400 600 k


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image apprdximation (424 x 640)

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

The O
ﬁ UNIVERSITY |9|
<8/ VERMONT 10|

DA 26 0f 37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

. Image approximation (424 x 640)

0 200

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

e o)
ﬁ UNIVERSITY |g|
3 v VERMONT |0

DA 26 0f 37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

‘Ir‘nage apprdxihﬁation (424 x 640)

0 200

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Appro><|mat|ng

e O
ﬁ UNIVERSITY |Q|
il ¥ VERMONT 1O

DA 26 0f 37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image approximation (424 x 640) aedn v
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

The (o]
ﬁ UNIVERSITY |Q|
il ¥ VERMONT 1O

DA 26 0f 37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image apprdxfmation (424 x 640) Tl gt

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

e le)
ﬁ UNIVERSITY |9|
3l v VERMONT 0

DA 26 0f 37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image apprdxfmation (424 x 640)

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

e O
ﬁ UNIVERSITY |Q|
il ¥ VERMONT 1O

DA 26 0f 37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image apprdximation (424 x 640)

logyy ok
SI B0 D 01

600

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

S
M? svpll

e O
ﬁ UNIVERSITY |9|
il ¥ VERMONT 1O

DA 27 of 37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image approximation (424 x 640)

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

log o0k
SI B = 8 01

The O]
ﬁ UNIVERSITY |9|
3l VERMONT |0

DA 27 of 37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

logyy0k

v ow s o

ST

o

600

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

1he O]
ﬁ UNIVERSITY |9|
#l  VERMONT 1Ol

DA 27 of 37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

600

logyp ok
N

5
4
3

o

I3

200

400

600

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

1he O]
ﬁ UNIVERSITY |9|
#l  VERMONT 1Ol

DA 27 of 37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

%

(9]

=

%

(<33

(S
S.H

logyy0k
N

5
4
3

200

400

600

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

1he O]
ﬁ UNIVERSITY |9|
#l  VERMONT 1Ol

DA 27 of 37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

logyy0k
N

© & o

600

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

1he O]
ﬁ UNIVERSITY |9|
#l  VERMONT 1Ol

DA 27 of 37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

logyy0k

o 4 m ow &

o

600

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

Show_ Mé
the SYPII

1he O]
ﬁ UNIVERSITY |9|
#l  VERMONT 1Ol

DA 27 of 37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

logyy0k

v w s o

ST

o

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

Show_ Mé
the SVPI

1he O]
ﬁ UNIVERSITY |9|
#l  VERMONT 1Ol

DA 27 of 37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Tofuspace 25/25:

Singular Value
Decomposition

9
= &
AT— E o,;U;;

1=1

Approximating

5
4
3

logyy0k
N

o

S\ww me
2 the SV

o
N
3
S
2
]
3
2
3
3

1he O]
ﬁ UNIVERSITY |9|
#l  VERMONT 1Ol

DA 27 of 37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

logyy0k

v w s o

ST

o

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

Show_ Mé
the SVPI

1he O]
ﬁ UNIVERSITY |9|
#l  VERMONT 1Ol

DA 27 of 37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

logyy0k

v oW s o

ST

o

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

Show_ Mé
the SVPI

1he O]
ﬁ UNIVERSITY |9|
#l  VERMONT 1Ol

DA 27 of 37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Tofuspace 25/25:

Singular Value
Decomposition

30

TN

Approximating

logyy0k
v oW s o

o

o
N
3
S
S
]
3
2
3
3

g
el

DA 27 of 37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

logyyok

s o

now

200

400

600

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

I8
D)
ERMONT 10!

DA 27 of 37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

logyy0k

v oW s o

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

I8
D)
ERMONT 10!

DA 27 of 37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

logyy0k

v oW s o

ST

o

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

g
el

DA 27 of 37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

logyy0k

v oW s o

ST

o

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

g
el

DA 27 of 37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

logyy0k

v ow s o

ST

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

g
el

DA 27 of 37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

logyyok

s o

(o e )

o

200

400

600

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

1he O]
U\']VERSIT\ |9|
 VERMONT 10|

DA 27 of 37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

logyok

N w s o

200

400

600

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

) B3 O]
il UNIVERSITY | i
Pl ¥ VERMONT 1O

Yo 280f 37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image approximation (424 x 640)

Tofuspace 25/25:

Singular Value
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities
Approximating

S‘ww Mé
4\4? Svpl)

The O
ﬁ UNIVERSITY |g|
<8/ VERMONT 10|

DA 280of 37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

. Image approximation (424 x 640)

600

logyook
n

©

200

400

600

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

S
4&\? svpll

e o)
ﬁ UNIVERSITY |g|
3 v VERMONT |0

DA 280of 37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

- Image apprdximation (424 x 640)

600

logiok
N

o

IS

@

I3

200

400

600

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

S
M? svpll

e O
ﬁ UNIVERSITY |9|
il ¥ VERMONT 1O

DA 280of 37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image apprdximation (424 x 640)

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

W

S
M? svpll

e O
ﬁ UNIVERSITY |9|
il ¥ VERMONT 1O

DA 280of 37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image apprdximation (424 x 640)

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

logyyo
n

S
4\/7\772 svpll

The O
ﬁ UNIVERSITY |9|
il ¥ VERMONT 1O

DA 280of 37

400 600 7


http://www.uvm.edu
http://www.uvm.edu/~pdodds

- Image apprdximation (424 x 640)

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

5
4
€4
%
4G
’
0 200 400 600
400 600 it

The O
ﬁ UNIVERSITY |9|
il ¥ VERMONT 1O

DA 280of 37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

- Image apprdximation (424 x 640)

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

logyyo
n

400 600 7

The O
ﬁ UNIVERSITY |9|
il ¥ VERMONT 1O

DA 280of 37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image apprdximation (424 x 640)

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

logyyo
n

400 600 7

The O
ﬁ UNIVERSITY |9|
il ¥ VERMONT 1O

DA 280of 37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image apprdximation (424 x 640)

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

logyyo
n

S
4\{‘? svpll

The O
ﬁ UNIVERSITY |9|
il ¥ VERMONT 1O

DA 280of 37

400 600 7


http://www.uvm.edu
http://www.uvm.edu/~pdodds

- Image apprdximation (424 x 640)

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

logyyo
n

S
4\{‘? svpll

1he O]
ﬁ UNIVERSITY |9|
il ¥ VERMONT 1O

DA 280of 37

400 600 7


http://www.uvm.edu
http://www.uvm.edu/~pdodds

- Image apprdximation (424 x 640)

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

logyyo
n

S
4\{‘? svpll

The O
ﬁ UNIVERSITY |9|
il ¥ VERMONT 1O

DA 280of 37

400 600 7


http://www.uvm.edu
http://www.uvm.edu/~pdodds

- Image apprdximation (424 x 640)

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

logy0
n

S
4\{‘? svpll

1he O]
ﬁ UNIVERSITY |9|
il ¥ VERMONT 1O

DA 280of 37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image apprdximation (424 x 640)

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

logyyo
n

S
4\{‘? svpll

1he O]
ﬁ UNIVERSITY |9|
il ¥ VERMONT 1O

DA 280of 37

400 600 7


http://www.uvm.edu
http://www.uvm.edu/~pdodds

- Image apprdximation (424 x 640)

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

logyyo
n

S
4\{‘? svpll

1he O]
ﬁ UNIVERSITY |9|
il ¥ VERMONT 1O

DA 280of 37

400 600 7


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image apprdximation (424 x 640)

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

S
4\{‘? svpll

The O
ﬁ UNIVERSITY |9|
il ¥ VERMONT 1O

DA 280of 37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

- Image apprdximation (424 x 640)

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

S
4\{‘? svpll

1he O]
ﬁ UNIVERSITY |9|
il ¥ VERMONT 1O

DA 280of 37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

- Image apprdximation (424 x 640)

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

S
4\{‘? svpll

The O
ﬁ UNIVERSITY |9|
il ¥ VERMONT 1O

DA 280of 37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

600

logiok
S

=)

200

400

600

Tofuspace 25/25:

Singular VaILfe»
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approx1mat|ng

U'NTVERSITY | |
o VERMONT

D> 29 of 37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

‘Ir‘nage apprdxinﬁation (424 x 640)

| \

ﬁ)

d>

s

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

W\e svpll

e O
ﬁ UNIVERSITY |Q|
il ¥ VERMONT 1O

DA 29of37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

- Image apprdximation (424 x 640)

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

S
M? svpll

The (o]
ﬁ UNIVERSITY |Q|
il ¥ VERMONT 1O

DA 29of37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

- Image apprdximation (424 x 640)

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

The (o]
ﬁ UNIVERSITY |Q|
il ¥ VERMONT 1O

DA 29of37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

- Image apprdximation (424 x 640)

i

e

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

The (o]
ﬁ UNIVERSITY |Q|
il ¥ VERMONT 1O

DA 29of37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

| |mage apprOX|mat|On (424 X 640) Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

&0

o0
- .

e le)
ﬁ UNIVERSITY |9|
3l v VERMONT 0

DA 29of37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

- Image apprdximation (424 x 640)

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

e O
ﬁ UNIVERSITY |9|
il ¥ VERMONT 1O

DA 29of37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image apprdximation (424 x 640)

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

400 600 i

e O
ﬁ UNIVERSITY |9|
il ¥ VERMONT 1O

DA 29of37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image apprdximation (424 x 640)

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

5

IS

logiyo
N w

o

200 400 600
400 600 7

The O
ﬁ UNIVERSITY |9|
il ¥ VERMONT 1O

DA 29of37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

- Image apprdximation (424 x 640)

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

5

IS

logiyo
N w

o

200 400 600
400 600 7

The O
ﬁ UNIVERSITY |9|
il ¥ VERMONT 1O

DA 29of37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image apprdximation (424 x 640)

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

logiyo
o w

S
4\/7\772 svpll

The O
ﬁ UNIVERSITY |9|
il ¥ VERMONT 1O

DA 29of37

400 600 7


http://www.uvm.edu
http://www.uvm.edu/~pdodds

- Image apprdximation (424 x 640)

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

logiyo
o w

S
4\{‘? svpll

The O
ﬁ UNIVERSITY |9|
il ¥ VERMONT 1O

DA 29of37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

- Image apprdximation (424 x 640)

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

logyo
N w

S
4\{‘? svpll

The O
ﬁ UNIVERSITY |9|
il ¥ VERMONT 1O

DA 29of37

400 600 7


http://www.uvm.edu
http://www.uvm.edu/~pdodds

- Image apprdximation (424 x 640)

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

logiyo
o w

400 600 7

The O
ﬁ UNIVERSITY |9|
il ¥ VERMONT 1O

DA 29of37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

- Image apprdximation (424 x 640)

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

logiyo
o w

400 600 7

The O
ﬁ UNIVERSITY |9|
il ¥ VERMONT 1O

DA 29of37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

' Image approximation (424 x 640) i
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

e o)
ﬁ UNIVERSITY |g|
3 7 VERMONT |0l

DA 29of37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

' Image approximation (424 x 640) i
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

e o)
ﬁ UNIVERSITY |g|
3 7 VERMONT |0l

DA 29of37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

The O]
ﬁ UNIVERSITY |g|
3l VERMONT |0

DA 29of37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

:Imége approximation (424 x 640)

L

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities
Approximating

0 200 400 600
600 b

1 B3 o
B UNIVERSITY 'ﬁl 1
Pl ¥ VERMONT 1O

i : Sa e 300f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image abpr‘o'xi‘mation (424 x 640)

a oL

Tofuspace 25/25:

Singular Value
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

ApprOX|mat|ng

)

!n‘ UNIVERbIl’Yl |
v/VERMONT

A 300f37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

600

Tofuspace 25/25:

Singular Value
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

ApprOX|mat|ng

o).

UNIVERhIl’Yl |
A o VERMONT

A 300f37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image app‘ro'xi‘mation (424 x 640)

0 200

400

600

200

400

600

Tofuspace 25/25:

Singular Value
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

o)

I o
L ONiversiTy |g|
$-8 vrvont 10

A 300f37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

- Image approximation (424 x 640) aedn v
| Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

0 0 200 400 600
0 200 400 600 k

o)

) B3 (o] :
LR UNivERSITY |g|
$-8 vrvont 10

A 300f37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

200

400

600

200

400

600

Tofuspace 25/25:

Singular Value
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

ApprOX|mat|ng

o).

UNIVERhIl’Yl |
o VERMONT

A 300f37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

200

200

400

600

Tofuspace 25/25:

Singular Value
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

ApprOX|mat|ng

UNIVERhIl’Yl |
o VERMONT

A 300f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

200

400

600

200

400

600

Tofuspace 25/25:

Singular Value
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

ApprOX|mat|ng

o).

UNIVERhIl’Yl |
o VERMONT

A 300f37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

R

¥ I
£

200

400

600

200

400

600

Tofuspace 25/25:

Singular Value
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

ApprOX|mat|ng

o).

UNIVERhIl’Yl |
o VERMONT

A 300f37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

200

400

600

200

400

600

Tofuspace 25/25:

Singular Value
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

ApprOX|mat|ng

o).

UNIVERhIl’Yl |
o VERMONT

A 300f37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

- Image approximation (424 x 640) aedn v
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

S‘ww Mé
the Svpl)

e o
ﬁ UNIVERSITY |Q|
sl ¥ VERMONT IOl

A 300f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

- Image approximation (424 x 640) aedn v
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

S‘ww Mé
the Svpl)

The (o]
ﬁ UNIVERSITY |g|
<8/ VERMONT 10|

A 300f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image apprdximation (424 x 640)

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities
Approximating

S‘ww Mé
4\4? Svpl)

The O
ﬁ UNIVERSITY |o|
<8/ VERMONT 10|

A 300f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

- Image approhx.i:mation (424 x 640) Tl gt

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

0 200 400 600 k

e le)
ﬁ UNIVERSITY |o|
Y VERMONT 10|

A 300f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

- Image approhx.i:mation (424 x 640) Tl gt

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

AFTERNOON

K e : éi
e : 315, \
; o
. L i = . 2

e le)
ﬁ UNIVERSITY |o|
Y VERMONT 10|

A 300f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image approximation (424 x 640) aedn v
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

The (o]
ﬁ UNIVERSITY |o|
<8/ VERMONT 10|

A 300f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

' Image approximation (424 x 640) aedn v
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

The (o]
ﬁ UNIVERSITY |o|
<8/ VERMONT 10|

A 300f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image apprdximation (424 x 640) Tofuspace 25/25;

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

The le]
ﬁ UNIVERSITY |Q|
;i Y VERMONT 1Ol

A 300f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

:Imége approximation (424 x 640)

L

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities
Approximating

logiok
Wl s

600 k

1 B3 o
B UNIVERSITY 'ﬁl 1
Pl ¥ VERMONT 1O

i : Da e 310f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

BT ERI ¥ L

Tofuspace 25/25:

Singular Value
Decomposition:

Image abpr‘o'xi‘mation (424 x 640)

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

ApprOX|mat|ng

)

v’n‘ UNIVERSIl’Yl |
o/VERMONT

DA 310f37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image abpr‘o'xi‘mation (424 x 640)

600

logyyok
oo

s> o

200

400

600

a oL

Tofuspace 25/25:

Singular Value
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

ApprOX|mat|ng

)

!n‘ UNIVERbIl’Yl |
v/VERMONT

DA 310f37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

- Image approximation (424 x 640) aedn v
| Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities
Approximating

logiyok
oW

- ik
L ONiversiTy |g|
$-8 vrvont 10

DA 310f37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image app‘ro'xi‘mation (424 x 640)

Tofuspace 25/25:

Singular Value
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

o)

I o
L ONiversiTy |g|
$-8 vrvont 10

DA 310f37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image abp‘ro'xi‘mation (424 x 640)

Tofuspace 25/25:

Singular Value
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

I o
L ONiversiTy |g|
$-8 vrvont 10

DA 310f37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image app‘ro'xi‘mation (424 x 640)

Tofuspace 25/25:

Singular Value
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

o)

I o
L ONiversiTy |g|
$-8 vrvont 10

DA 310f37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

- Image approximation (424 x 640) aedn v
| Decomposition:

The Fundamental

8 Theorem of
ST Linear Algebra
A = g aluzv?
< Hubs and
i=1 Authorities

Approximating

logyyok
o w

o)

) B3 (o] :
LR UNivERSITY |g|
$-8 vrvont 10

DA 310f37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

- Image approximation (424 x 640) aedn v
| Decomposition:

The Fundamental

9 Theorem of
ST Linear Algebra
A = g aluzv?
< Hubs and
i=1 Authorities

Approximating

logyyok
o w

o)

) B3 (o] :
LR UNivERSITY |g|
$-8 vrvont 10

DA 310f37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

- Image approximation (424 x 640) aedn v
| Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

s> o

logyyok
ol o

600 k

o)

) B3 (o] :
LR UNivERSITY |g|
$-8 vrvont 10

DA 310f37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image app‘ro'xi‘mation (424 x 640)

s o

logipo i

Tofuspace 25/25:

Singular Value
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

ApprOX|mat|ng

)

UNIVERhIl’Yl |
o VERMONT

DA 310f37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image app‘ro'xi‘mation (424 x 640)

s o

logipo i

Tofuspace 25/25:

Singular Value
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

ApprOX|mat|ng

)

UNIVERhIl’Yl |
o VERMONT

DA 310f37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image app‘ro'xi‘mation (424 x 640)

Tofuspace 25/25:

Singular Value
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

ApprOX|mat|ng

)

UNIVERhIl’Yl |
o VERMONT

DA 310f37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

Tofuspace 25/25:

Singular Value
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

ApprOX|mat|ng

o).

UNIVERhIl’Yl |
o VERMONT

DA 310f37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

Tofuspace 25/25:

Singular Value
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

ApprOX|mat|ng

o).

UNIVERhIl’Yl |
o VERMONT

DA 310f37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

Tofuspace 25/25:

Singular Value
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

ApprOX|mat|ng

o).

UNIVERhIl’Yl |
o VERMONT

DA 310f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

- Image app‘ro'xi‘mation (424 x 640)

Tofuspace 25/25:

Singular Value
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities
Approximating

Show Mé
the Svpil).

e o
ﬁ UNIVERSITY |Q|
sl ¥ VERMONT IOl

DA 310f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

- Image approximation (424 x 640) aedn v
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities
Approximating

e o
ﬁ UNIVERSITY |Q|
sl ¥ VERMONT IOl

DA 310f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

AR

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approx1mat|ng

200 . 400 600 Show Me
H\e Svpl)

UN‘IVERSITY I |
o VERMONT

D 320f37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

200

400

600

Tofuspace 25/25:

Singular Value
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

ApprOX|mat|ng

o).

UNIVERhIl’Yl |
o VERMONT

DA 320f37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

600

Tofuspace 25/25:

Singular Value
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

ApprOX|mat|ng

o).

UNIVERhIl’Yl |
o VERMONT

DA 320f37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

Tofuspace 25/25:

Singular Value
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

ApprOX|mat|ng

o).

UNIVERhIl’Yl |
o VERMONT

DA 320f37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

 Image approximation (424 x 640) s 5

Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities
Approximating

Show Mé
the Svpil).

The o
ﬁ UNIVERSITY |g|
3 v VERMONT |0

DA 320f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

 Image approximation (424 x 640) s 5

Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities
Approximating

Show Mé
the Svpil).

The o
ﬁ UNIVERSITY |g|
3 v VERMONT |0

DA 320f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

- Image app‘ro'xi‘mation (424 x 640)

Tofuspace 25/25:

Singular Value
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities
Approximating

Show Mé
the Svpil).

e o
ﬁ UNIVERSITY |Q|
sl ¥ VERMONT IOl

DA 320f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

- Image app‘ro'xi‘mation (424 x 640)

Tofuspace 25/25:

Singular Value
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities
Approximating

Show Mé
the Svpil).

e o
ﬁ UNIVERSITY |Q|
sl ¥ VERMONT IOl

DA 320f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image app‘ro'xi‘mation (424 x 640)

Tofuspace 25/25:

Singular Value
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities
Approximating

S‘ww Mé
4\/\? Svpl)

e o
ﬁ UNIVERSITY |Q|
sl ¥ VERMONT IOl

DA 320f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image app‘roﬁxiﬁmation (424 x 640)

Tofuspace 25/25:

Singular Value
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities
Approximating

S‘ww Mé
4\/\? Svpl)

e o
ﬁ UNIVERSITY |Q|
sl ¥ VERMONT IOl

DA 320f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

 Image approximation (424 x 640) s 5

Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

S‘ww Mé
4\4? Svpl)

e le)
ﬁ UNIVERSITY |g|
Y VERMONT 10|

DA 320f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image appro'xi‘mation (424 x 640)

Tofuspace 25/25:

Singular Value
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities
Approximating

S‘ww Mé
4\4? Svpl)

The O
ﬁ UNIVERSITY |g|
<8/ VERMONT 10|

DA 320f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image appro'ximation (424 x 640)

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities
Approximating

S‘ww Mé
4\4? Svpl)

The le]
ﬁ UNIVERSITY |Q|
;i Y VERMONT 1Ol

DA 320f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

 Image approximation (424 x 640) s 5

Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

logiyok
St s T

600 k

S‘ww Mé
4\4? Svpl)

e le)
ﬁ UNIVERSITY |o|
Y VERMONT 10|

DA 320f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image approximation (424 x 640) i v

Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

logiok
o w

600 i

S‘ww Mé
4\4? Svpl)

The le]
ﬁ UNIVERSITY |Q|
;i Y VERMONT 1Ol

DA 320f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image appro'ximation (424 x 640)

logiok

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

S‘ww Mé
4&\? svpll

The O
ﬁ UNIVERSITY |o|
<8/ VERMONT 10|

DA 320f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image appro'ximation (424 x 640)

logiok

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

S‘ww Mé
4&\? svpll

The O
ﬁ UNIVERSITY |o|
<8/ VERMONT 10|

DA 320f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image apprdximation (424 x 640)

logyy ok

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

S
4&\? SVD.’!

The O
ﬁ UNIVERSITY |o|
<8/ VERMONT 10|

DA 320f37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

%

logiok
o 4N @ & &

Image approximation (480 x 640)

200

400

600

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

Sac 33037


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image apprdximation (480 x 640)

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of

2
A Linear Algebra
A — E o 0F
& Hubs and
i=1 Authorities

Approximating

S
4\/7\772 svpll

The O
ﬁ UNIVERSITY |9|
il ¥ VERMONT 1O

A 330f37

logiyok
R S M S}

400 600 k


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image apprdximation (480 x 640)

§>
d)
S

Ao

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

S
4\{‘? svpll

The O
ﬁ UNIVERSITY |9|
il ¥ VERMONT 1O

A 330f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

- Image apprdximation (480 x 640)

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

S
M? svpll

e O
ﬁ UNIVERSITY |9|
il ¥ VERMONT 1O

A 330f37

logiyok
o 4N o s @

0 200 400 600 k


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image apprdximation (480 x 640)

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

ot

<13

Hubs and
Authorities

~
Il
—

Approximating

logiyok
o Hn wls o

0 200 400 600
400 600 k

The O
ﬁ UNIVERSITY |9|
il ¥ VERMONT 1O

A 330f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image apprdximation (480 x 640)

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

logiyok
o Hn wls o

o
N
S
S
5
5
3
@
3
3

0 200 400 600 k

The O]
ﬁ UNIVERSITY |g|
3l VERMONT |0

A 330f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image apprdximation (480 x 640)

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities
Approximating

The O]
ﬁ UNIVERSITY |g|
3l VERMONT |0

A 330f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image apprdximation (480 x 640)

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

S
4\(‘? svpll

The O]
ﬁ UNIVERSITY |g|
3l VERMONT |0

A 330f37

logiyok
o Hn s o

|
3
i
i
|
o

200 400 600
0 200 400 600 k



http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image apprdximation (480 x 640)

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

S
4\(‘? svpll

The O]
ﬁ UNIVERSITY |g|
3l VERMONT |0

A 330f37

logiyok
o Hn s o

|
o
N
S
S
5
5
3
@
3
3

0 200 400 600 k


http://www.uvm.edu
http://www.uvm.edu/~pdodds

- Image apprdximation (480 x 640)

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

logiyok
o Hn s o

o
N
S
S
5
5
3
@
3
3

600 i

The O]
ﬁ UNIVERSITY |g|
3l VERMONT |0

A 330f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

- Image apprdximation (480 x 640)

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

logiyok
SN o

600 k

1he O]
ﬁ UNIVERSITY |9|
il ¥ VERMONT 1O

A 330f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

logiyok
SN o

1he O]
ﬁ UNIVERSITY |9|
il ¥ VERMONT 1O

A 330f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

1=

25

1
x10° -
Bk 5

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

1he O]
ﬁ UNIVERSITY |9|
il ¥ VERMONT 1O

A 330f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

The O
ﬁ UNIVERSITY |9|
il ¥ VERMONT 1O

A 330f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

The O
ﬁ UNIVERSITY |9|
il ¥ VERMONT 1O

A 330f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

The O
ﬁ UNIVERSITY |9|
il ¥ VERMONT 1O

A 330f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

The O
ﬁ UNIVERSITY |9|
il ¥ VERMONT 1O

A 330f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

The O
ﬁ UNIVERSITY |9|
il ¥ VERMONT 1O

A 330f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image approximation (150 x 640)

T

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

} + A )3 4 4 L The
i : R 2B UNIVERSITY IJ
: ! P37 vervoNT lof

wa 340f37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

g
el

DA 340f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Tofuspace 25/25:

Singular Value
Decomposition

2
o

Approximating

19
UNIVERSITY |9
/ VERMONT 1Ol

DA 340f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

19
UNIVERSITY |9
o VERMONT 1O

DA 340f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

19
UNIVERSITY |9
o VERMONT 1O

DA 340f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

3

e el

P

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

19
UNIVERSITY |9
o VERMONT 1O

DA 340f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

-‘"'-ﬂﬁi—-.

S
Il
—

——

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

19
UNIVERSITY |9
/ VERMONT 1Ol

DA 340f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

>
Il
g
S
=33
=%
ik

v o

|

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

19
UNIVERSITY |9
o VERMONT 1O

DA 340f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

19
UNIVERSITY |9
o VERMONT 1O

DA 340f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

19
UNIVERSITY |9
o VERMONT 1O

DA 340f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

19
UNIVERSITY |9
o VERMONT 1O

DA 340f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

19
UNIVERSITY |9
o VERMONT 1O

DA 340f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

19
UNIVERSITY |9
o VERMONT 1O

DA 340f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

19
UNIVERSITY |9
o VERMONT 1O

DA 340f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Tofuspace 25/25:

Singular Value
Decomposition

Approximating

19
UNIVERSITY |9
o VERMONT 1O

DA 340f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

gL

600

log o
S

=)

200

400

600

Tofuspace 25/25:

Singular Value
Decomposition .

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approx1mat|ng

U'NTVERSITY I |
o VERMONT

D 35037


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image approximation (480 x 640)

600

log140
=

=)

200

400

600

Tofuspace 25/25:

Singular Value
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

o)

I o
L ONiversiTy |g|
$-8 vrvont 10

DA 350f37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

- Image approximation (480 x 640)

0 200

400
k

600

Tofuspace 25/25:

Singular Value
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

o)

I o
L ONiversiTy |g|
$-8 vrvont 10

DA 350f37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image approximation (480 x 640)

Tofuspace 25/25:

Singular Value
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

ApprOX|mat|ng

)

UNIVERhIl’Yl |
o VERMONT

DA 350f37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image approximation (480 x 640) i o e
Decomposition:

The Fundamental
Theorem of

T Linear Algebra

7

ot

Hubs and
Authorities

ApprOX|mat|ng

logiyok
@

/

o
@

0 200 400 600 k

o).

UNIVERhIl’Yl |
o VERMONT

DA 350f37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

Tofuspace 25/25:

Singular Value
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

ApprOX|mat|ng

o).

UNIVERhIl’Yl |
o VERMONT

DA 350f37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

Tofuspace 25/25:

Singular Value
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

ApprOX|mat|ng

o).

UNIVERhIl’Yl |
o VERMONT

DA 350f37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image approximation (480 x 640) i o e
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities
Approximating

Show Mé
the Svpl)

e o
ﬁ UNIVERSITY |Q|
sl ¥ VERMONT IOl

DA 350f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Tofuspace 25/25:

Singular Value
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

ApprOX|mat|ng

o).

UNIVERhIl’Yl |
o VERMONT

DA 350f37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

Tofuspace 25/25:

Singular Value
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

ApprOX|mat|ng

o).

UNIVERhIl’Yl |
o VERMONT

DA 350f37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image approximation (480 x 640) i o e
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities
Approximating

Show Mé
the Svpl)

e o
ﬁ UNIVERSITY |Q|
sl ¥ VERMONT IOl

DA 350f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image approximation (480 x 640) i o e
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities
Approximating

Show Mé
the Svpl)

e o
ﬁ UNIVERSITY |Q|
sl ¥ VERMONT IOl

DA 350f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

' Image app‘ro'xi‘mation (480 x 640)

Tofuspace 25/25:

Singular Value
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

S‘ww Mé
4\/\? Svpl)

e o
ﬁ UNIVERSITY |Q|
sl ¥ VERMONT IOl

DA 350f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image app‘ro'xi‘mation (480 x 640)

Tofuspace 25/25:

Singular Value
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

S‘ww Mé
4\/\? Svpl)

e o
ﬁ UNIVERSITY |Q|
sl ¥ VERMONT IOl

DA 350f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image app‘ro'xi‘mation (480 x 640)

Tofuspace 25/25:

Singular Value
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

S‘ww Mé
4\/\? Svpl)

e o
ﬁ UNIVERSITY |Q|
sl ¥ VERMONT IOl

DA 350f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image approximation (480 x 640)

Tofuspace 25/25:

Singular Value
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities
Approximating

S‘ww Mé
4\4? Svpl)

The O
ﬁ UNIVERSITY |g|
<8/ VERMONT 10|

DA 350f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

- Image approximation (480 x 640)

Tofuspace 25/25:

Singular Value
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities
Approximating

S‘ww Mé
4\4? Svpl)

The O
ﬁ UNIVERSITY |g|
<8/ VERMONT 10|

DA 350f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image approximation (480 x 640)

Tofuspace 25/25:

Singular Value
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities
Approximating

S‘ww Mé
4\4? Svpl)

The O
ﬁ UNIVERSITY |g|
<8/ VERMONT 10|

DA 350f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

600

logyok
N

[

200

400

600

Tofuspacé 25/25:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approx1mat|ng

e |
&‘ < VERMONT

D 36 0f 37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image approximation (480 x 640)

a oL

Tofuspace 25/25:

Singular Value
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

ApprOX|mat|ng

)

!n‘ UNIVERbIl’Yl |
v/VERMONT

DA 360f37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

- Image approximation (480 x 640)

logipo i
N

@

200

400

600

Tofuspace 25/25:

Singular Value
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

o)

I o
L ONiversiTy |g|
$-8 vrvont 10

DA 360f37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

logiok
N

©

200

400

600

Tofuspace 25/25:

Singular Value
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

ApprOX|mat|ng

o).

UNIVERhIl’Yl |
o VERMONT

DA 360f37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

ot

400

600

logyyok
N

%)

200

400

600

Tofuspace 25/25:

Singular Value
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

ApprOX|mat|ng

o).

UNIVERhIl’Yl |
o VERMONT

DA 360f37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

600

logyyok
N

%)

200

400

600

Tofuspace 25/25:

Singular Value
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

ApprOX|mat|ng

o).

UNIVERhIl’Yl |
o VERMONT

DA 360f37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image app‘ro'xi‘mation (480 x 640)

Tofuspace 25/25:

Singular Value
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities
Approximating

Show Mé
the Svpil).

e o
ﬁ UNIVERSITY |Q|
sl ¥ VERMONT IOl

DA 360f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

' Image app‘ro'xi‘mation (480 x 640)

Tofuspace 25/25:

Singular Value
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities
Approximating

Show Mé
the Svpil).

e o
ﬁ UNIVERSITY |Q|
sl ¥ VERMONT IOl

DA 360f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

' Image app‘ro'xi‘mation (480 x 640)

600

logyyok
N

w

200

400

600

Tofuspace 25/25:

Singular Value
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

S‘ww Mé
4\/\? Svpl)

e o
ﬁ UNIVERSITY |Q|
sl ¥ VERMONT IOl

DA 360f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

' Image app‘ro'xi‘mation (480 x 640)

600

logyyok
N

w

200

400

600

Tofuspace 25/25:

Singular Value
Decomposition:

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

S‘ww Mé
4\/\? Svpl)

e o
ﬁ UNIVERSITY |Q|
sl ¥ VERMONT IOl

DA 360f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image appro'ximation (480 x 640)

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities
Approximating

S‘ww Mé
4\4? Svpl)

The O
ﬁ UNIVERSITY |o|
<8/ VERMONT 10|

DA 360f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image appro'ximation (480 x 640)

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

S‘ww Mé
4\4? Svpl)

The O
ﬁ UNIVERSITY |o|
<8/ VERMONT 10|

DA 360f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

- Image approximation (480 x 640)

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities
Approximating

S‘ww Mé
the svpll

e O
ﬁ UNIVERSITY |Q|
=<8l ¥ VERMONT 10Ol

DA 360f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

- Image approximation (480 x 640)

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

S‘ww Mé
the svpll

e O
ﬁ UNIVERSITY |Q|
=<8l ¥ VERMONT 10Ol

DA 360f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

' Image approximation (480 x 640)

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

S‘ww Mé
the svpll

e O
ﬁ UNIVERSITY |Q|
=<8l ¥ VERMONT 10Ol

DA 360f37


http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image apprdximation (480 x 640)

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

S
4&\? SVD.’!

The O
ﬁ UNIVERSITY |o|
<8/ VERMONT 10|

DA 360f37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image apprdximation (480 x 640)

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

S
4&\? SVD.’!

The O
ﬁ UNIVERSITY |o|
<8/ VERMONT 10|

DA 360f37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

Image apprdximation (480 x 640)

Tofuspace 25/25:

Singular Value
Decomposition

The Fundamental
Theorem of
Linear Algebra

Hubs and
Authorities

Approximating

S
4&\? SVD.’!

The O
ﬁ UNIVERSITY |o|
<8/ VERMONT 10|

DA 360f37



http://www.uvm.edu
http://www.uvm.edu/~pdodds

	The Fundamental Theorem of Linear Algebra
	Hubs and Authorities
	Approximating matrices with SVD

