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!-‘ Konular

-|Metin madenciligi & Bilgi erisim sistemleri

= Dizinleme

= Metin 6n isleme

= Igerik tabanli siralama

= Olasilikh bilgi erigim sistemleri
= Gizli anlamsal inceleme

= Boyut azaltma

:-| Metin icin Veri Madenciligi

Veri Madenciligi

)

Structured Data Multimedia Free Text Hypertext
HomeLoan ( Frank Rizzo bought | | <a href>Frank Rizzo
Loanee: Frank Rizzo his home from Lake </a> Bought
Lender: MWF View Real Estate in | | <a hef>this home</a>

Agency: Lake View
Amount: $200,000
Term 15 years

1992.
He paid $200,000
under a15-year loan
from MW Financial.

from <a href>Lake
View Real Estate</a>
In <b>1992</b>.
<p>...

:-| Metin igin Veri Madenciligi

= Metin madenciligi: Veri madenciligi teknikleri ile yazil
belgeler arasindaki (igindeki) iligkileri, oriintileri
bulmak.

= dodal dilde yazilmig metinler
= Ayni konudaki belgeleri bulmak
= Birbiriyle iligkili belgeleri bulmak
= Bulunan belgeleri siralamak
= Bilgi elde etme sistemleri birlegtirilebilir
= Ortak 6n isleme islemleri: dogal dil isleme yontemleri ile

= bilgi elde etme sistemleri metin madenciligi sonuglarini
degerlendirmeli, yorumlamali

!-‘ Metin Madenciliginde Sorunlar

= Metin yapisal degil
= Sorgulama sonucuyla ilintili metinleri bulmak zor
= Onemsiz veri (sézciik) ok fazla
= Hatalar var
= Metin iginde hatalar var
= Kavram olugturmak zor: es anlamli, essesli, tst grup

= Anlam gikarmak zor: X'in iyi bir bilgisayar oldugunu
distiniiyorum - X'in iyi bir bilgisayar oldugundan
slpheliyim

= Sonug

= Belgeler arasindaki iliskilendirme hatali

!-‘ Metin Madenciligi Araclari

= Ticari Grinler
= http://www.clearforest.com/
= http://www.trl.ibm.com/projects/textmining/takmi/takmi_e.htm
= http://www.megaputer.com/
= Metin inceleme
= http://www.textanalysis.info/
= Problem
= Dile 6zel goziimler
= Sonuglar yetersiz




i Metin Veritabanlan & Bilgi Erisim Sistemleri

= Metin Veri tabanlari (belge veri tabanlar)

= Farkl kaynaklardan dokiimanlar: haber, makale, kitap,
elektronik kitliphane, elektronik posta, web sayfalari..

= Veri genelde yapisal degil
= Bilgi erisim sistemleri buyiik miktardaki veri Gzerinde
basarili degil
= Bilgi Erisim (Information Retrival) Sistemleri
= Veri tabanlari ile birlikte gelismis bir aragtirma alani
= Bilgi belgeler seklinde yer aliyor

Bilgi Erigsim Sistemi

. Eulllamcmm ilgi alanina ve istegine en uygun belgeleri
ulma

= Kullanicin girdidi bir sorgulamaya gore
= Kullanicinin ziyaret ettigi sayfalara gore
= Internet ortaminda web sayfalarinin igeriginin
incelenmesini gerektirir
= Bilgi erisim yonteminde problemler
= Blyik bir belgeler kiimesindeki belgeleri isaretleme
= erisimin kolay olmasi igin
= Segilen belgelerin siralanmasi

= Belgelerin siniflandinimasi: veri madenciligi yéntemleri
kullanilabilir

:-| Konular

= Metin madenciligi & Bilgi erisim sistemleri
g

= Metin 6n isleme

= Icerik tabanli siralama

Olasilikh bilgi erigim sistemleri

Gizli anlamsal inceleme

Boyut azaltma

:_| Dizin Olusturma

= Ters dizin
= Belgelerden olusan veri kiimesinde her
sozcliglin hangi belgelerde goriildiigl isaretlenir
= Blyik veri kiimeleri icin etkili
= Terim @
= sozclikler veya ifadeler
= SOzcik dadarcidr V/
= Terimlerden olugan kiime

;‘ Ters Dizin

= her anahtar bir terimw e V

= anahtara ait veriler zincir (atama listesi) b(w): w
teriminin, belgeler kiimesinde her goruldiugu
yeri isaret eden isaretgiler listesi

= belge kimlik numarasi (DID): belgenin kiime iginde
kaginci sirada yer aldigi
= terimin her goriildiiga yer igin ayr bir isaretci
« DID
= Terimin belge igindeki konumu
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$ Ters Dizin
' ' @m

digital media devices may not (1}

2,83 sell, or offer for sale, in iterstate
T commerce, or (2) cause o be
3 transported in, of in a manner
7 affecting, interstate commerce, a
digital media device unless the device
compirtar | includesand utilizes standard security
2,57 technologies that adhere to he
3,245 security system standards....
books @
T Course, L33 AR TI0T Mecessarly
intend to read his books. She might
want the computer only to write her
; midterm. But Dan knew she came
SECURYY. | -« TR from a middle-class family and could
. ‘hardly afford the tuition, let alone her
1,319 reading fees. Reading his books
might e the only way she could
protected LN 3,142 graduate

@“Em@\ T analysis (1¢., e
evaluation of the strengtis and
I ' [3.167 ] weaknesses of computer systems} is
! [ essential to the development of
' ' effective security, both for works

protected by copyright Law and for
information in general. Such research
can progress only Through the open
publication and exchange of complete

Scientific results
Inverted index Buckets Documents




;‘ Ters Dizin Olusturma

= Belgeler aynistirilir
= Terimler bulunur e;
= Eder w; dizinde yer almiyorsa eklenir
= Terimin bulundugu yer zincire eklenir
= Ters dizin boyutu = Q(|V|])
= Hash tablosu kullanarak gergeklenebilir
= Zincirler bellekte

= Zincirler diskte
= Diske erisim siiresinden dolayi elverigsiz
=« Ozel ikincil depolama yapilari kullanilmasi gerekir
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;‘ Zincirlerin Sikistiriimasi

= Zincir igin gerekli saklama alanini azaltma
= her terim igin zincir DID"ye gore siralanir
= DID'ler arasindaki fark saklanir

= Bellek kullanimi énemli 6lglide azalir

= Belgeler kiimesinde sik yer alan terimlerin DID’leri
arasinda fark da azdir

= Kiglk sayilar kodlanarak bellekte daha az yer kaplarlar
= Ornek

=« DID listesi: (14, 22, 38, 42, 66, 122, 131, 226 )

= DID’ler arasindaki fark listesi: (14, 8, 16, 4, 24, 56, 9, 95)

:-| Ters Dizin ile Arama

= Bir belgeler kiimesi igin olusturulmusg ters
dizinde bir terimi @ bulmak igin

= ters dizinde w terimine ait zincir H(w) bulunur

= zincir taranarak terimin bulundugu yerlerin
listesi elde edilir

= Bir belgeler kiimesi igin olusturulmusg ters
dizinde k adet terim bulmak icin
= kadet liste olusturulur
= kiime islemleri ile listeler birlestirilir
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;‘ Metin On Isleme

= Belgeler icin dizin olusturmadan énce 6n isleme
islemleri
= Isaretleme
= Metin igindeki terimleri ayiklama
= HTML etiketlerinden arindirma
= Farkli terimleri belirleme

= Kok bulma: Ayni kdkten gelen farkli ek almis
sozcuklerin koklerini bulma

= Sik gegen sozcuikleri ayiklama: baglaglar, edatlar
= Terim sayisinda %20-30 oraninda azalma
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i Dogal Dil Isleme
A dog is chasing a boy on the playground |exical

Det Noun Aux  Verb Det Noun Prep Det Noun analysis
p A (part-of-speech
A\ Noun Phrase tagging)
Noun Phrase  Complex Verb Noun Phrase /

Prep Phrase

Semantic analysis
Dog(dl).
Boy(bl).

Playground(pl).

Chasing(d1,b1,p1).

+

Scared(x) if Chasing(_,x, ).
woR
o )
Scared(b1) Eg /'\

Inference

Verb Phrase

Syntactic analysis
(Parsing)

Verb Phrase

Sentence

A person saying this may
be reminding another person to
* get the dog back...

Pragmatic analysis
(speech act)

18




Kavramsal Sozlik: WordNet

An'extensive lexical network for the English language

+ Contains over 138,838 words.

+ Several graphs, one for each part-of-speech.

» Synsets (synonym sets), each defining a semantic sense.

* Relationship information (antonym, hyponym, meronym ...)
» Downloadable for free (UNIX, Windows)

» Expanding to other languages (Global WordNet Association)
« Funded >$3 million, mainly government (translation interest)
» Founder George Miller, National Medal of Science, 1991.

:-‘ K6k Bulma

= Sozclklerin bigimbirimsel g6zlimlemesini yaparak
terimleri elde etmek

= Ornek: icinde balikgilik s6zciigii gegen bir sorgulama
igin, iginde balik ve balik¢r gegen belgelerin bulunmasi

= Ingilizce igin kék bulma: Porter Stemming Algorithm
= http://www.tartarus.org/~martin/PorterStemmer/

= Tirkge igin kok bulma: Zemberek projesi
« ITU Tiirkce Dodal Dil isleme Yazilim Zinciri
= https://zemberek.dev.java.net/
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:-| Konular

= Metin madenciligi & Bilgi erisim sistemleri
= Dizinleme

= Metin 6n isleme
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= Olasilikh bilgi erigim sistemleri
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= Boyut azaltma
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* Sorgulama Sonuglarini Siralama

= Sorgulama icinde gegen terimlerin yer aldigi
belgelerin sayisi cok fazla

= data mining igin Google arama motorunda
doénen sonug: 514.000.000

= kullanici ancak kuiglik bir kismini inceleyebilir

= sorgulama sonuglarini siralamak gerekir

= sorgulamayla daha ilgili olan sonuglarin baslarda yer
almasi
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;‘ Vektdr Uzayr Modeli

= Belgeler gok boyutlu vektdr uzayinda temsil
edilir

= Belgeler terim vektorleri biciminde
d = (o(1), o(2), &(3), ..., o(/d]))

= Belgeler kiimesindeki ayrik terim sayisi vektor
uzayinin boyutunu belirler
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d, web web graph web graph
- graph web net graph net graph web net
& page web complex page web complex

= Belgelerin boolean modeline gére temsil edilmesi:

V = [ web, graph, net, page, complex ]
V1=[11000]
V2=[11100]
V3=[10011]

24




;‘ Vektor Uzay! Modeli

= X, X1 belge vektorleri “

= 0, ©,, o;terimler et

= Vektor uzayinda '
belgelerin gosterilimi
seyrek: |[V|>>|d|
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;‘ Terim Slk_llcjl (TF)

= Bir belge iginde, diger terimlere gére daha sik yer alan
bir terimin 6nemi de daha fazladir

= 71y w; teriminin g, belgesinde yer alma sayisi
= Terim sikhdi (term frequency):

"

d,

1 ‘

TF, =
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:-| Devrik Belge Sikhgi (IDF)

= Belgeler kiimesinde daha az sayida belgede gériilen bir terimin
ayirt edici 6zelligi daha fazladir

= 7, : belge sikhgi (document frequency: df) - «; teriminin
gectigi belge sayisi

= 1n: belgeler kiimesindeki belge sayisi

= o, teriminin devrik belge sikhdi (Inverse Document Frequency):

n
IDF, =log—
n.

J
= Belge sikigi (df) arttikga, devrik belge sikigi (idf) azalir
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:-| Tam Agirliklandirma (TF-IDF)

= Bir belgede ok bulunan ancak diger belgelerde daha
az gortlen bir terimin adirhigi daha fazla

= w; teriminin d; belgesindeki TF-IDF adirhigi:

x; = TF; < IDF
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;‘ Belgeler Arasi Benzerlik

= Sorgulama ile herbir belge arasindaki benzerlik
hesaplanip, benzerlik sonucuna goére siralanir

= Herhangi iki belge arasindaki benzerlik
s(d, d)e R

= Vektor uzayr modelinde kosiniis benzerligi
belgeler arasi benzerligi hesaplamak igin
kullanilabilir
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;‘ Grafik Gb_sterilim

m Ornek:
D, =20, +3w, +50; ;
D, =3w; + 7w, + o3
Q=0w; +0w, + 203

D;=20+30,+5w; |

0=0w,+0w,+2 w;

]

Dy,=3w,+7 @+

@

30




;‘ Kosinls Benzerligi

= Iki vektor arasindaki aginin kosinisi
cos(d,,d,)=d,®d, / ||d,|] [Id,||
d;@d;: iki dokiimanin vektor carpimi
[1di||: d; dokiimaninin uzunlugu

= Ornek

d;=3205000200
d,= 1000000102

dye d= 3*1 + 2*0 + 0%0 + 5%0 + 0*0 + 0*0 + 0%0 + 2*¥1 + 0¥*0 + 0*2 =5
[l = (3%3+2%2+0%0+5*5+0*0+0%0+0*0+2%2+0%0+0*0)05 = (42) 05 = 6.481
[ldl| = (1*1+0%0+0%0-+0*0+0%0+0%0+0*0+1%1+0%0+2%2)05 = (6) 05 = 2.245
cos( d,, d,) = .3150
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;‘ Sonuglarin Degerlendirilmesi

= Belgeler kiimesindeki belgelerin vektor uzayr modeli
bulunur

= Kullanici sorgusu @ igin vektdr uzayl modeli bulunur

= Belgeler kiimesindeki her belge igin sorgulamayla olan
benzerligi hesaplanir s(d,Q), i=1,2,...,n

= En fazla benzerlik dederine sahip olan belgeler kiimesi
R erigim giktisi olarak belirlenir

= Belgeler kiimesinde sorgulamayla ilgili belgeler kiimesi
R*ve R Kkarsilagtirilir.
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:-| Sonuglarin Degerlendirilmesi

Belgeler kimesi

= Kesinlik (Precision): Erisim giktisindaki ilgili belge sayisinin
erisim giktisindaki belge sayisina orani
|R*NR|
precision = T
= Duyarlilik (Recall): Erisim giktisindaki ilgili belge sayisinin
belgeler kiimesinde ilgili belgeler sayisina orani
|[R*NR|
| R*|

recall =
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:-| Konular

= Metin madenciligi & Bilgi erisim sistemleri
= Dizinleme

= Metin 6n isleme

= Icerik tabanli siralama

= [Olasilikli bilgi erisim sistemleri |

= Gizli anlamsal inceleme

= Terim sayisini azaltma
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;‘ Olasihkh Bilgi Erisim Sistemleri

= Temel varsayim: Kullanicinin sorgulamasina
gore sadece ilgili belgelerden olusan bir
belgeler kiimesi var (ideal durum)
= Probabilistic Ranking Principle (PRP)
(Robertson, 1977)
= Belgelerin kullanicinin sorgulamasina ilgili olma
olasiligina goére siralanmasi

= Olasiliklar eldeki veriye gére mimkiin olan en
dogru sekilde hesaplanir

= Eldeki veri ile gerceklenebilecek en iyi sistem
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;‘ Olasihkh Bilgi Erisim Sistemleri

= Sorgu terimlerinin bir belgede bulunabilme olasiligi
AR/ dq)
= Belgeler olasiliklara azalacak sekilde siralanir

P(R|d,q)>P(R|d ,q)

d’ : erisim giktisinda yer almayan belge

36




* Konular

= Metin madenciligi & Bilgi erisim sistemleri
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= Metin 6n isleme

= Icerik tabanli siralama

= Olasilikh bilgi erigim sistemleri
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= Boyut azaltma
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* Gizli Anlamsal Inceleme

= Latent Semantic Analysis
= Vektor uzayl modeli sorgulama iginde gegen terimler
belge iginde de yer aliyorsa iyi sonug veriyor
= Dodal dilin zenginligi nedeniyle sorunlar
= Kullanici sorgulamalarinda genelde kavramlar yer aliyor
= €5 anlamli sézciikler: hediye — armadan
= duyarlilik degerini etkiliyor
= es sesli sozcikler: cay
= kesinlik dederini etkiliyor
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$ Latent Semantic Indexing (LSI)

= Lineer cebirdeki tekil deger ayrigimi (singular value decomposition,
SVD) yoéntemi kullanilir
= Veri igindeki gizli yapiyr bulmayi hedefler
= Sozcikler ve kavramlar arasindaki 6nemli iligkileri bulmay hedefler
= D terim — belge matrisi D = /d, . . . d,J’
= her satir belgelerin vektor uzayr modelindeki gosterilimi
= her kolon terimin belgede yer alma sayisi
= D matrisinin tekil deger ayrigim matrisi £ hesaplanir
D=UzV" n
= Tekil deger ayrigim matrisindeki en bilyiik K deger digindakiler sifirlanir

= D terim belge matrisi yeniden olusturulur DA — UiVT
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$ The Problem

= Example: Vector Space Model
= (from Lillian Lee)

Synonymy Polysemy

Will have small cosine Will have large cosine

but are related but not truly related

* The Problem

= Latent Semantic Indexing was proposed to
address these two problems with the vector
space model for Information Retrieval

* Some History

= Latent Semantic Indexing was developed at
Bellcore (now Telcordia) in the late 1980s
(1988). It was patented in 1989.

= http://Isi.argreenhouse.com/Isi/LSI.html




:-‘ Some History

= The first papers about LSI:

= Dumais, S. T., Furnas, G. W., Landauer, T. K. and
Deerwester, S. (1988), "Using latent semantic analysis to
improve information retrieval." In Proceedings of CHI'88:
Conference on Human Factors in Computing, New York:
ACM, 281-285.
Deerwester, S., Dumais, S. T., Landauer, T. K., Furnas, G.
W. and Harshman, R.A. (1990) "Indexing by latent semantic
analysis." Journal of the Society for Information Science,
41(6), 391-407.
Foltz, P. W. (1990) "Using Latent Semantic Indexing for
Information Filtering". In R. B. Allen (Ed.) Proceedings of the
Conference on Office Information Systems, Cambridge, MA,
40-47.

LSA

= But first:
= What is the difference between LSI and LSA???

= LSI refers to using it for indexing or information
retrieval.

= LSA refers to everything else.

LSA

= Idea (Deerwester et al):

“We would like a representation in which a set of terms,
which by itself is incomplete and unreliable evidence of the
relevance of a given document, is replaced by some other
set of entities which are more reliable indicants. We take
advantage of the implicit higher-order (or latent) structure
in the association of terms and documents to reveal such
relationships.”

LSA

= Implementation: four basic steps

= term by document matrix (more generally
term by context) tend to be sparce

= convert matrix entries to weights, typically:
= L(i,j) * G(i): local and global
= a_ij -> log(freq(a_ij)) divided by entropy for
row (-sum (p logp), over p: entries in the row)
= weight directly by estimated importance in passage
= weight inversely by degree to which knowing word

occurred provides information about the passage it
appeared in

LSA

= Four basic steps
= Rank-reduced Singular Value Decomposition
(SVD) performed on matrix
= all but the k highest singular values are set to 0

= produces k-dimensional approximation of the original
matrix (in least-squares sense)

= this is the “semantic space”
= Compute similarities between entities in
semantic space (usually with cosine)

LSA

= SVD
= unique mathematical decomposition of a
matrix into the product of three matrices:
= two with orthonormal columns
= one with singular values on the diagonal
= tool for dimension reduction
= similarity measure based on co-occurrence
= finds optimal projection into low-
dimensional space




LSA

= SVD

= can be viewed as a method for rotating the axes
in n-dimensional space, so that the first axis
runs along the direction of the largest variation
among the documents

» the second dimension runs along the direction with
the second largest variation

= and so on
= generalized least-squares method

:-‘ A Small Example

= To see how this works let’s look at a small
example

= This example is taken from: Deerwester,
S.,Dumais, S.T., Landauer, T.K.,Furnas, G.W. and
Harshman, R.A. (1990). "Indexing by latent semantic
analysis." Journal of the Society for Information Science,
41(6), 391-407.

= Slides are from a presentation by Tom
Landauer and Peter Foltz

:.| A Small Example

Technical Memo Titles

cl: Human machine interface for ABC computer applications

c2: A survey of useropinion of computer system response time
c3: The £PS user interface management system

c4: System and human system engineering testing of £PS

c5: Relation of user perceived response time to error measurement

m1: The generation of random, binary, ordered trees

m2: The intersection graph of paths in trees

m3: Graph minors IV: Widths of trees and well-quasi-ordering
m4: Graph minors. A survey

iA Small Example - 2
34 ¢S ml m2

| human
interface
computer
user
system
response
time
EPS
survey
trees
graph

| minors

—_

[=] [=NeeNeleleR-l =N i
oo OO = O = === —=0o|o
SIS OO~ OO = = O ~IO
SIS OO — OO N OO

(=] [= =il = =) ()
(=] (=N el aNeoE- =-N=-=1 =
(=] L e el Nel = =) (=]
»—»—'—OOOOOOOOOa
»——O»—‘OOOOOOOO%

sim (human.user) = 0 sim(user.minors) = 0

:-‘ A Small Example - 3

= Singular Value Decomposition
{A}={UHSHV}"
s Dimension Reduction

{~Ayv={~UH~SH~VT

Term
Vectors k

K K Doctmment

A v T vr

:-‘ A Small Example - 4

= {U} =
02 011 029 -041 011 034 052 -006 -041
020 -007 014 -055 028 050 -007 -001 011
024 004 016 -059 011 -025 -030 006 049
040 006 034 010 033 038 000 000 001
064 017 036 033 016 021 017 003 027
027 011 043 007 008 -017 028 -002 -005
027 011 043 007 008 -017 028 -002 -005
030 014 033 019 01 027 003 002 -017
021 027 -018 003 054 008 -047 004 058
0.01 049 023 003 059 -039 -029 025 -023
004 062 022 000 -007 0I1 016 -068 023
003 045 014 001 -030 028 034 068 018




1-‘ A Small Example - 5

u {S}=

1-‘ A Small Example - 6

= {V} =
020 061 046 0% 02 000 001 002 008
006 017 013 028 o011 019 04 02 03
0l 05 021 057 051 010 019 023 008
095 0B 004 027 015 002 002 001 -003
0056 021 038 021 03 03 035 0I5 -060
008 026 072 037 0B 030 021 000 036
018 043 04 026 067 034 015 05 004

interface 0.14 037 033 040 0.16 -0.03 -0.07 -0.10 -0.04
computer 0.15 051 036 041 024 002 006 009 0.12
user 026 0.84 0.61 070 039 003 008 012 0.19
system 045 123 105 127 056 -0.07 -0.15 -0.21 -0.05

response 0.16 0.58 038 042 028 006 0.13 019 022

time 0.16 0.58 0.38 042 028 0.06 0.13 019 022
EPS 022 055 051 0.63 024 -0.07 -0.14 -020 -0.11
survey 0.10 053 023 021 027 0.14 031 044 042
trees -0.06 023 -0.14 -027 0.14 024 055 0.77 0.66
graph -0.06 034 -0.15 -030 020 031 069 098 0.85
minors -0.04 025 -0.10 -021 0.15 022 050 071 0.62

sim(human.user) = .89 sim (user.minors) = -.27

0.56 001 005 001 0@ 006 045 076 045 007
036 006 04 0@ 08 026 V2 0@ 052 045
A Small Example - 7 * Konular
el €2 <3 c4 <5 ml m2 m3 m4
human 0.16 040 038 047 0.18 -0.05 -0.12 -0.16 -0.09

= Metin madenciligi & Bilgi erisim sistemleri
= Dizinleme

= Metin 6n isleme

= Icerik tabanli siralama

= Olasilikh bilgi erigim sistemleri

= Gizli anlamsal inceleme

= |Boyut azaltma |
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SVD - Example: Documents-to-

i Terms

= A =U 2 VT - example: Documents to Terms
45—3’ 4
2 EB5 2
5888
nh © < n
T 11100
33300
eng.
. 44400
55500 m
T 02044
bocial [0 0 0 55 \
, lo1o22 U
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SVD - Example: Documents-to-

Terms
= A =U 2 VT - example: Documents to Terms
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SVD — Example: Documents-to-
Terms
= A =U I VT - example: Documents to Terms
]
‘:;x c %6‘ = Eng.-concept
E L 2 o social-concept
82825
1110 0] [0.13 0.02 -0.01
eng. {3 33 0 0| |0.41 0.07 -0.03
. 4 4 40 0f 055 0.09 -0.04 1240 0
5550 0[5068 0.11 -005] X [0 950 X
T 020 4 4| [0.15-059 0.65 0 0 13
Lol [0 0 0 5 5[ ]0.07 -0.73 -0.67
, lo 1o 22| [007-029 032 _
0.56 0.59 0.56 0.09 0.09
0.12 -0.02 0.12 -0.69 -0.69
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SVD — Example: Documents-to-
ierms

= A =UZVT-example: vis document-to-concept”
5 similarity matrix
é 5 g S Eng.-concept social-concept
82825
T 11100 0.02 -0.01
g (33300 41 0.07 -0.03
4 4 40 0f 055 0.09 -0.04 1240 0
Y ls 55 0 of5oes 011 -005[ x [0 950 X
T 020 4 4| [0.15-059 0.65 0 0 13
Lol [0 0 0 5 5[ ]0.07 -0.73 -0.67
, o1 o 22| [007-029 032

0.12 -0.02 0.12 -0.69 -0.69

0.56 0.59 0.56 0.09 0.09]
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SVD - Example: Documents-to-

Terms
»'A=UZVT-example:

§ x

g é g § o Eng.-concept

Sagce o “strength” of the Eng.-conce[
T 1110 0| [0.13 0.02 -0.01 /

3330 0] 041 007 -0.03 .
Ezg' 4 440 0| |055 0.09-0.04 @' 0

5550 0[9068 0.11 -005] x [0 950 X
T 020 4 4| [0.15-0.59 0.65 0 0 13
ocizt [0 0 0 5 5[ 0.07 -0.73 -0.67
, Lo 10 22| [007-029 032

0.12 -0.02 0.12 -0.69 -0.69

[0.56 0.59 0.56 0.09 0.09]

0.40 -0.80 0.40 0.09 0.09]

SVD - Example: Documents-to-

i Terms

»'A=UZVT-example:

Vis “term-to-concept”
similarity matrix
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Eng.-concept

0.40 -0.80 0.40 0.09 0.99]

;‘ SVD - Interpretation #1

‘terms’, ‘documents’ and ‘concepts’:
= U: document-to-concept similarity matrix

= Vi term-to-concept similarity matrix

= X: its diagonal elements:
‘strength’ of each concept

i SVD — Dimensionality Reduction

e
e o
“\
w‘/ b,
first right
L ° @ singular vector
®

Term 2 weight

Vi
]

Term 1 weight
= Instead of using two coordinates (x,y) to describe point
locations, let’s use only one coordinate (z)

= Point’s position is its location along vector v,
= How to choose v;? Minimize reconstruction error
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SVD — Dimensionality Reduction

= Goal: Minimize the sum 3| AL
of reconstruction errors: z : N first righ
N D £ . . ¢ singular
2 2 . ® vector
||xi]~ - Zij|| .
Vi

i=1j=1 (!
= where x;; are the “old” and z;; are the
“new” coordinates

= SVD gives ‘best’ axis to project on:

= ‘best’ = minimizing the reconstruction
errors

= In other words, minimum

reconstruction error

Term 1 weight

SVD - Interpretation #2

= U X VT - example: g

<
. ot T
V: “term-to-concept” matrix \ -
. o first right

= U: “document-to-concept” matrix g - e singular
‘g P vector
5 ]
= v,
L ]
1110 0| [013 002 -001 Term 1 weight
3330 0f |o41 007 -0.03
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SVD - Interpretation #2

variance (‘spread’)
on the v, axis

s A=UZXVT-example: _ S8
e .
-g‘ . \ o first right
2 e ®e  singular
N . vector
E
°

1110 0| [0o.13 0.02 -0.01 Term 1 weight
3330 0| |o.41 0.07 -0.03

4 440 0| [055 0.09-0.04
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SVD - Interpretation #2

A=UZXVT-example: | \..3 .
= U2 Gives the coordinates & o 2. ttrgn
of the points in the SN vectr

2

projection axis

11100 Projection of Movie 1 rating
33300 documents on the
44400 “Eng” axis (U B).T: 0.19 -0.01
55500 0.66 -0.03
02044 0.85 -0.05
000535 1.04 -0.06
01022 -5.60 0.84
-6.93 -0.87
275 041

;‘ SVD - Interpretation #2

More details
. How exactly is dim. reduction done?

1110 0] [0.13 0.02 -0.01
3330 0| [041 007 -0.03

4 440 0| 055 0.09 -0.04 1240 0
5550 0/=068 0.11 -0.05|%x [0 950 X
020 4 4| |0.15-059 0.65 0 0 13
0005 5| [007-0.73-0.67

01022

0.12 -0.02 0.12 -0.69 -0.69

0.07 <029 0.32 [0.56 0.59 0.56 0.09 0.09

0.40 -0.80 0.40 0.09 0.09]

;‘ SVD - Interpretation #2

More details
. How exactly is dim. reduction done?
= A: Set smallest singular values to zero

1110 0] [013 0.02 -0.01
3330 0| 041 007 003

4 440 0| |055 0.09 -0.04 1240 0
5550 0/=068 0.11 -0.05|%x [0 950 X
020 4 4| |0.15-059 0.65 00 X3
0005 5| [007-0.73-0.67

01022

0.12 -0.02 0.12 -0.69 -0.69

0.07 -0.29 0.32 0.56 0.59 0.56 0.09 0.09
0.40 -0.80 0.40 0.09 0.09]
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;‘ SVD - Interpretation #2

More details

. How exactly is dim. reduction done?
= A: Set smallest singular values to zero

;‘ SVD - Interpretation #2

More details
. How exactly is dim. reduction done?
= A: Set smallest singular values to zero

1110 0] [013 0.02 -0.01 1110 0] [013 0.02 -q0
3330 0| 041 007 -0.03 3330 0| [041 007 -

4 440 0 |055 0.09 -0.04 1240 0 4 440 0 |055 0.09 -0)94 1240 0
5550 0/~[068 0.11 -0.05|%x [0 950 X 5550 0/~[068 0.11 -0p5| x [0 950 X
020 4 4| |0.15-059 0.65 0 0 X3 020 4 4| [015-059 ofds 00 X3
0005 5| [007-0.73 -0.67 - 0005 5| [007-0.73 0.

010 22| [007-029 032 0.090.09 0102 2| |007-029

0.12 -0.02 0.12 -0.69 -0.69

0.12 -0.02 0.12 -0.69 -0.69

0.56 0.59 0.56
0.40 -0.80 0.40 0.09 0.09]

[0.56 0.59 0.56 0.09 0.09)

m

:-| SVD - Interpretation #2

More details
= How exactly is dim. reduction done?
= A: Set smallest singular values to zero

1110 0] [o13 0.02

3330 0| |o41 007

4440 0| |os5 0.09 124 0

5550 0/~0.68 0.11 x |0 95 X

020 4 4| [0.15-059

0005 5| [007-073 -

010 22| loo7 -029 [0.56 0.59 0.56 0.09 0.09
0.12 -0.02 0.12 -0.69 -0.69

:-| SVD - Interpretation #2

More details
. How exactly is dim. reduction done?
= A: Set smallest singular values to zero

11100 0.92 0.95 0.92 0.01 0.01
33300 2.91 3.01 2.91 -0.01 -0.01
44400 3.90 4.04 3.90 0.01 0.01
5550 0] & [4825.00 482 0.03 0.03
02044 0.70 0.53 0.70 4.11 4.11
000S5S -0.69 1.34 -0.69 4.78 4.78
01022 0.32 0.23 0.32 2.01 2.01

Frobenius norm:

N IA-Bl = vV 2. (A;-B;)
"M”F = ZU Miiz is “smaII‘]'T m

c S

= LSA ile ilgili yansilarin hazirlanmasinda Melanie
Martin’in yansilarindan yararlaniimigtir.

= SVD ile Boyut azaltma yansilarinin
hazirlanmasinda Mining of Massive Datasets
yansilarindan yaralaniimistir.
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