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SVD - Motivation

» problem #1: text - LSI: find ‘concepts’
* problem #2: compression / dim. reduction
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» problem #1: text - LSI: find ‘concepts’
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SVD - Motivation

» Customer-product, for recommendation
system: 5
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SVD - Motivation

* problem #2: compress / reduce
dimensionality (mostly skipped)
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SVD - Definition

(reminder: matrix multiplication
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(reminder: matrix multiplication
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SVD - Definition

A: n X m matrix
e.g., h documents, m terms

U: n X r matrix
e.g., h documents, r concepts

A: r x r diagonal matrix
r : rank of the matrix; strength of each ‘concept’

V:m X r matrix
e.g., mterms, r concepts



SVD - Definition




SVD - Properties

THEOREM [Press+92]: always possible to
decompose matrix AintoA=U A VT

U, A, V: unique, most of the time

U, V: column

l.e., columns are unit vectors, orthogonal to each other
Uutu=1
VIV =1

A: singular are positive, and sorted in

decreasing order

(I: identity matrix)



SVD - Example
« A=UA VI-example:
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SVD - Example

« A=UA VI-example:
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SVD - Example

A =UAVT-example: doc-to-concept
retrieval  CS-concept similarity matrix
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SVD - Example

« A=UA VI-example:

retrieval c :
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SVD - Example

« A=UA VI-example:

term-to-concept
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SVD - Interpretation #1

‘documents’, ‘terms’ and ‘concepts’:
» U: document-to-concept similarity matrix
* V. term-to-concept sim. matrix

* A: its diagonal elements: ‘strength’ of each
concept



SVD - Interpretation #1

‘documents’, ‘terms’ and ‘concepts’:

Q: if A is the document-to-term matrix, what
IS ATA?

A:

Q: AAT ?

A:



SVD - Interpretation #1

‘documents’, ‘terms’ and ‘concepts’:

Q: if A is the document-to-term matrix, what
IS ATA?

A: term-to-term ([m x m]) similarity matrix

Q: AAT ?

A:. document-to-document ([n x n]) similarity
maitrix



SVD properties

 V are the eigenvectors of the covariance matrix ATA
T
XX = (UzVT) (UsVT) = v2vT

» U are the eigenvectors of the Gram (inner-product)
matrix AAT

XXT = (UEVT) (UZVT)T — Ux2uT

Thus, SVD is closely related to PCA, and can be numerically more stable.
For more info, see:

http://math.stackexchange.com/questions/3869/what-1s-the-intuitive-relationship-between-svd-and-pca
Ian T. Jolliffe, Principal Component Analysis (2" ed), Springer, 2002.
Gilbert Strang, Linear Algebra and Its Applications (4™ ed), Brooks Cole, 2005.


http://math.stackexchange.com/questions/3869/what-is-the-intuitive-relationship-between-svd-and-pca
http://math.stackexchange.com/questions/3869/what-is-the-intuitive-relationship-between-svd-and-pca
http://math.stackexchange.com/questions/3869/what-is-the-intuitive-relationship-between-svd-and-pca
http://math.stackexchange.com/questions/3869/what-is-the-intuitive-relationship-between-svd-and-pca
http://math.stackexchange.com/questions/3869/what-is-the-intuitive-relationship-between-svd-and-pca
http://math.stackexchange.com/questions/3869/what-is-the-intuitive-relationship-between-svd-and-pca

SVD - Interpretation #2
best axis to project on

(‘best’ = min sum of squares of projection errors)

day 2

First
Singular
Vector

day 1 min RMS error



« A=UA VI-example:
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SVD - Interpretation #2
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O O O DN = N =

S O O DN = N =

SVD - Interpretation #2
« A=UA VI-example:
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SVD - Interpretation #2

« A=UA VI-example:

— gives the of the points in the
projection axis
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SVD - Interpretation #2

* More details
* Q: how exactly is dim. reduction done?
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SVD - Interpretation #2

 More detalls

* Q: how exactly is dim. reduction done?
* A: set the smallest singular values to zero:
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SVD - Interpretation #2
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SVD - Interpretation #2
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O O O DN = N =
SO O OO DN = N

SVD - Interpretation #2
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SVD - Interpretation #2
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SVD - Interpretation #3

* finds non-zero ‘blobs’ iIn a data matrix
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SVD - Interpretation #3

* finds non-zero ‘blobs’ iIn a data matrix
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SVD - Interpretation #3

* finds non-zero ‘blobs’ in a data matrix =
» ‘communities’ (bi-partite cores, here)
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SVD algorithm

* Numerical Recipes in C (free)



SVD - Interpretation #3

* Drill: find the SVD, ‘by inspection’
* Q: rank = ?7
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SVD - Interpretation #3

* A: rank = 2 (2 linearly independent rows/
cols)
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SVD - Interpretation #3

* A: rank = 2 (2 linearly independent rows/
cols)

0 0 0
0 0 0 20
111 0 o|l= 10 X 00 X
00 0 1 1 0 1 _O -
0 1 N
00 0 1T 1) |7 " < 11 1 0 0
7 00 0 1 1
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SVD - Interpretation #3

* column vectors: are orthogonal - but not
unit vectors:
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SVD - Interpretation #3

* and the singular values are:
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SVD - Interpretation #3

* Q: How to check we are correct?
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SVD - Interpretation #3

* A: SVD properties:
—matrix product should give back matrix A

—matrix U should be column-orthonormal, i.e.,

columns should be unit vectors, orthogonal to
each other

—ditto for matrix V

—matrix A should be diagonal, with positive
values




SVD - Complexity

O(n*m*m) or O(n*n*m) (whichever is less)

Faster version, if just want singular values
or if we want first & singular vectors
or if the matrix is sparse [Berry]

No need to write your own!
Avallable in most linear algebra packages

(LINPACK, matlab, Splus/R,
mathematica ...)
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Case study - LSI

Q1: How to do queries with LSI?

Q2: multi-lingual IR (english query, on
spanish text?)



Case study - LSI

Q1: How to do queries with LSI?
Problem: Eg., find documents with ‘data’
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Case study - LSI

Q1: How to do queries with LSI?
A: map query vectors into ‘concept space’ — how?

, %‘etrieval
n .
data 1 brain lung
T 1110 0 0180
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Case study - LSI

Q1: How to do queries with LSI?
A: map guery vectors into ‘concept space’ — how?

~ retrieval

datalnfi brain lung
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Case study - LSI

Q1: How to do queries with LSI?
A: map guery vectors into ‘concept space’ — how?

, t1;etrieval
dataln 1 brain

lung term?2

= |10 0 0 0
d _ V2

\/Vl
A: mner product

(cosine similarity)
with each ‘concept’ vector v,

term1



Case study - LSI

Q1: How to do queries with LSI?
A: map query vectors into ‘concept space’ — how?

, %ereval
dataln 1 brain

term?2

lung

= |10 0 0 0
4 _ V2

A: mner product

(cosine similarity) /

with each ‘concept’ vector v,



Case study - LSI

compactly, we have:
q V= Qconcept

Eg: CS-concept
' ~ retrieval ~ 0580
Catam ] brain lung 0.58 0 '
— — :I: 0.58 0 :I
= 10 0 0 0 0.58 0
- — 0 0.71
0 0.71

term-to-concept
similarities



Case study - LSI

Drill: how would the document (‘information’,
‘retrieval’) be handled by LSI?



Case study - LSI

Drill: how would the document (‘information’,
‘retrieval’) be handled by LSI? A: SAME:

dconcept =dV CS-concept
_ . retrieval 0580
Eg' iatamfi brain_lung 058 0 '
d= 01 1 0 0 0.58 0 :[1°160:|
— — 0 0.71
0 0.71

term-to-concept
similarities



Case study - LSI

Observation: document (‘information’,
‘retrieval’) will be retrieved by query (‘data’),
although it does not contain ‘data’!!

~ retrieval CS-concept
data™1 brain!Ung |
d= 001 1.0 0 | e [1.160:|




Case study - LSI

Q1: How to do queries with LSI?

= Q2: multi-lingual IR (english query, on
spanish text?)



Case study - LSI

* Problem:

—given many documents, translated to both
languages (eg., English and Spanish)

—answer gueries across languages



Case study - LSI

e Solution: ~ LSI

informacion
datos
5

~ retrieval

inf

1 brain lun

data
B




Switch Gear to Text Visualization

What comes up to your mind?

What visualization have you seen before?

62



smoking 0/0 $ Yoy Nwall
NEED % g % °® “r

4, IFOCESOS \Wes “ |ll|$|llﬂss 6 M"'"'“,f,o

o ’70 \“&Q Wlll'k ° Q“Ie 00 ‘% ?};‘;m | égb

\S PN\

“\\ % \‘» rm\'k oz,

M MICI.’lltlvsofl ¢ R
/ rea .

http://www.wordle.net

Twitter | Tweeps | Wikipedia | Custom 63

Keyword: cloud 1 Go!


http://www.wordle.net
http://www.wordle.net

© &0@ &
bond - movee enang
..W‘
bad
20050 .89 == - §
acost o

9 =9 a0 </
e cone mlm' ‘”‘ """'"m‘

http://www.infocaptor.com/bubble-my-page



http://www.infocaptor.com/bubble-my-page
http://www.infocaptor.com/bubble-my-page

Word Tree

() reverse tree | ) one phrase per line

word tree
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determined that a modern econonty reqeires rall and highways to spoed travel and commerce; schools and colleges to train oer warkers.
ducasuvdthhﬂumrkﬂod)lhmuwhml}mnnm!abwm nocandhuph&ogdhcwuﬂohadthata;rulmbonnmturefnﬂhuﬂmahk.nndptdaampmﬂcfroe
resolved that a great nation must care for the velnerable, and protect its ¢ from life's worst

succumbed %o the fiction that all society’s ills can be cured through government alone. Our celebration of initiative and enferpeise; our insistence on kard work and personal responsibility, these ar
: that fidelity to our lound:mr-mu requires new responses to new challenges; Nﬁrsmmmmdmdmlhmhmﬂhmtdynqwmmlm

'Ilntdln ip our children for the feture, or build the roads and networks and research labs that will being new jobs and businesses 10 our shores

qualities that this world without boundaries dessands: youth and drive; diversity and openness; anm&mn ity for risk and a gift for reinvestion,

uinlnngnhn For we, the prople, enderstand that our contry cannot sueoed when & shrinking few do very well and rowim many barely make it.

believe that America's prosperity must rest upon the broad shoulders of a rising middle dass. We know that Ameriea thrives when every person can find independence and pride in thelr work; whe
know that America thrives when every person can find i and pride in their work; when the wages of honest labor liberate families from the brink of hardskip,
nndcﬂandth!w-mmnmlnlmdqnub&:mtofmnm.Wemmhrunmwmwmhmhmgmmimpmmm&.MWMmde
raject the belief that America must choose betwoen caring for the generation that built this country and investing in the generation that will build its future
mh&lmmdwm-hﬂmmmmnmwminmandpumnohdxilduimadiubility powhere 10 turn,

do not believe that in this country, freadom is reserved for the locky, or Bappiness for the few, We recogsise that no matter how res mblv we live our lives, any ooe of us, at any time, may face a jo
recogrize that no matter how responsibly we live our lives, any ane of us, at any time, may face 2 Job loss, or a sudden iliness, or a swept awayina terrible storm.

live our lives, any oo of us, at any time, may face a job Joss, or a sudden ilness, or 2 home swept away in a Serrible storm,

make to each other - through Modicare, and Medicaid, and Social Security - these things do not sap our initiative; they strenzthen us.
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pledge during the duration
of our service. But the
words I spoke today are not
so different from the oath
that is taken each time a
soldier signs up for duty,
or an immigrant realizes her
dream. My oath is not so
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