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SVD:
docs
- | s :.
- Xﬁ U I I \I/T 1
terms| - — - | =] ~-1]x x L
txd txk k x k kxd

Reduced singular value decompostion of the term x document matrx, X, Where:

T has orthogonal, unil-length columns (T' T = )
D has erthogonal, unit-length columns (DF D = 1}
515 the diagonal matrix of singular valugs

115 1he numiger of rows of X

d is the number of columns of X

m is the rank of X (< minit.d))

k is the chozen number of diméansione in the reduced madal (k 5 m)
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SVD solves the eigenvalue-problem for the matrices,
U:XX" and V: X'X
Eigenvectors for these matrices are orthogonal, I.e.
Q =|qy,95,---,9,] is orthogonal if:
q?qj = (0,7 #% j and q?qj = 0,12 =7

LSA uses the vectors corresponding to the largest
eigenvalues.
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The extracted vectors correspond to the directions
containing most of the variance.

SVD can be solved very efficiently because of these
properties and the sparsity of the termdoc matrix
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LSA components are orthogonal

Components are not directly interpretable —
subseqguent clustering necessary

Missing a way to find number of components
May return negative entries in X

LSA-components represent space containing most of
the variance. Is this the most useful model?
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ICA — Independent Component Analysis [Kolenda et

al.]

Components independent

PLSA - Probabilistic LSA [Hoffman]
Similar to ICA
Feasible algorithms for optimisation.

LDA — Latent Dirichlet Association [Blel,Ng,Jordan]
An extension of the PLSA model
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Probabilistic latent variable model
Generative model with an unobserved class variable k

Joint probability model over terms and documents
K

p(t.d) = > plt

k=1

k)p(d|k)p(k)

Components are found using an iterative EM-algorithm

Analogous structure, but with the benefits of a probabilistic

framework — similarities as probabilities vs. cosines.
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docs
. U : i
terms | - — _ -
txd txk k x k k x d
PLSI:
docs
- P(k) RN
- P(t,d) P(t|K) P(kld)
terms o =
txd txk k x k k xd

14

Same structure but different interpretation.
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PLSI:
d_o?s _
- P(.d) P(t[K) O )
EM algorithm requires full *ms|. -~~~ | =} -~ |x X
matrix reconstruction of - - - _
Is(tvd) txd txk k x k kxd
E-step P(k)P(d|k)P(t|k)
P(k|d,t) =
(]d.?) Yower PR )P(d|E)P(w|k)
M-step S n(d,t)P(k|d,t)
(k) = S ap nl(d, ) P(k|d,t)
P(dk) = Yoo nld t)P(kld,t)

Zd’.-w T?.-(d*', t)P(iﬁ‘d", f)
P(k) = %Z n(d.t)P(k|d,t); R="> n(d.t)
d,t
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Infeasible for large termdoc-matrices

100.000 documents x 20.000 terms -> 15 GB td-matrix

Model can be approximated using Nonnegative

Matrix Factorisation
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Query: a new document d* with equal probability for terms

p(dld) = 3 p(dk)p(k|d")

k=1

p(d“l) — Hk?d

17

Context 3: p(k3|d*)

d1 p(d1lk3)
d| Context 2: p(k2|d*)

d1: p(d1]k2)

d| Context 1: p(k1]|d*)
d1: p(d1]k1)

d2: p(d2]k1)

d3: p(d3k1)

p(k|dx) =3 p(k[t)p(t]d")
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Castsearch.imm.dtu.dk
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Data:

CNN hourly podcasts continuously retrieved.
In the period: April 4t 2006 — September 9t 2006

2099 CNN-News podcasts processed

Vector space representation
30977 speaker documents
Vocabulary of 37791 words (excluding stop words)
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Resegment text according to topics

NMF-model:
Assign topic given pseudo-documents as query

d*

/\
~ N

last month viacom demanded you to remove more than a hundred
thousand unauthorized clips || attorney general alberto gonzalez

Tests performed on a manually segmented subset of podcasts
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CNN Castsearch

Webdemo

30/06/2006 23
podcasts and preprocessing ==
23/05/2006 10
21/03/2007 09
16112006 13
15/01/2007 13

70 contexts annotated

07/06/2006 10

m a.n u a,l Iy 31/12/2006 03
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100
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Search:

Auto m ati C retri eval Of C N N Traditional Text Search

Flay segment
Play segment
Flay segment
Flay segment
Play segment
Flay segment
Flay segment
Play segment
Flay segment

Play segment

Flay file
Play file
Flay file
Flay file
Play file
Flay file
Flay file
Play file
Flay file
Flay file

|schwarzenegger

Transcription
Transcription
Transcription
Transcription
Transcription
Transcription
Transcription
Transcription
Transcription

Transcription

Search by Expanded Query

23/05/2006 10

- 21/06/2006 23
castsearch.imm.dtu.dk
01/06/2006 22

01/06/2006 19

F1/f07s2006 17

0z/06/2006 02

24/06/2006 05

01/06/2006 23

01/06/2006 20
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Copyright 2006, Madified 2111|2006 by Kasper W Jérgensen and Lasse L Malgaard (Email)

Play segment
Play segment
Flay segment
Flay segment
Play segment
Flay segment
Flay segment
Play segment
Flay segment

Play segment

Flay file
Play file
Flay file
Flay file
Play file
Flay file
Flay file
Play file
Flay file
Play file

Transcription
Transcription
Transcription
Transcription
Transcription
Transcription
Transcription
Transcription
Transcription

Transcription

®

|
Top 3 Topics
Topic 49 'California Politics' (probability 38.3%)

Topic Keywords:

california, southern, heat, temperatures, dollar, wave,
weather, arnaold, deaths, governor

Top 3 documents within topic:

25/07/2006 12:00 Play segament Flay file Transcription
2B/07/2006 05:00 Play seament Flay file Transcription
25/06/2006 01:00 Play seament Flay file Transcription

Topic 62 ‘Mexico border’ (probability 32.2%)

Topic Keywords:

guard, mexico, governor, coast, troops, patral, border,
mexican, hurricane, support

Top 2 documents within topic:

15/05/2006 07:00 Play seament Flay file Transcription
217062006 23:00 Play segament Play file Transcription
16/05/2006 06:00 Play seament Flay file Transcription

Topic 18 'Politics’ (probability 16.5%)

Topic Keywords:

state, governar, law, jersey, budget, major, emergency,
lawmakers, casinos, shutdown

Top 2 documenis within topic:

05/07/2006 12:00 Play seament Flay file Transcription
05/07/2006 03:00 Play seament Flay file Transcription
0470772006 07:00 Play segment Play file Transcription
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CNN Castsearch

Trends  About

Traditional Text Search

30/06/2006 23:
30/06/2006 14:
26/12/2006 05:
23/05/2006 10:
21/03/2007 09:
18/11/2006 13:
15/01/2007 13:
07/06/2006 11:
07/06/2006 10:
31/12/2006 03:

Search: |schwarzenegger | [ search |

Play segrent
Play segment
Play segrment
Flay segment
Flay segment
Play segment
Play segrnent
Play segment
Flay segment

Flay segment

Top 3 Topics

Play file Transcription Topic 49 "California Politics’ (probability 38.3%)
Play file Transcription Topic Keywords:
Play file Transcription california, southern, heat, ternperatures, dollar, wave,

weather, arnold, deaths, governor

Play file Transcription

Play file Transcription Top 3 TOp COﬂtBXtS.
Play file Transcription 25/07, : - =
i oy Jorr| - California Politics: p(k|d*)=0.38
Play file Transcription 25/06 = Me“‘ican Border: p(kld*)=0'32
Pluihlscrmedrseat on : - General Politics p(k|d*)=0.17
Play file Transcription Topic

Topic

Search by Expanded Query

23/05/2006 10:
21/06/2006 23:
22/06/2006 03:
01/06/2006 22:
01/06/2006 19:
31/07/2006 17:
02/06/2006 02:
24/06/2006 05:
01/06/2006 23:
01/06/2006 20:

al

oo
oo

Flay segment
Flay segment
Play segment
Play segrment
Play segment
Flay segment
Flay segment
Flay segment
Play segment

Play segrment

guard, mexico, governar, coast, troops, patral, border,
mexican, hurricane, support

Play file Transcription Top 2 documents within fopic:

Flay file Transcription 15/05/2006 07:00 Play segment Play file Transcription

Retrieved documents:

... california governor arnold's fortson agar
inspected the california mexico border by
helicopter wednesday to see ...

... but governor orville schwartz wicker
denying the request saying...

Copyright 2006, Modified 21|11|2006 by Kasper W Jérgensen and Lasse L Mélgaard (Email}
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[Hansen,Feng]: Hansen, L. K., Feng, L., Cogito Componentiter Ergo Sum,
ICA2006 - 6th International Conference on Independent Component Analysis
and Blind Source Separation, pp. 446 - 453, 2006

[Kolenda et al.] : Kolenda, T., Hansen, L. K., Sigurdsson, S., Indepedent
Components in Text, Advances in Independent Component Analysis, pp. 229-
250, 2000

[Hoffman] : Hofmann, T. 1999. Probabilistic latent semantic indexing. In
Proceedings of the 22nd Annual international ACM SIGIR Conference on
Research and Development in information Retrieval, SIGIR '99.

[Blei,Ng,Jordan] : Blei, D., Ng, A., Jordan, M., Latent Dirichlet Allocation,
Journal of Machine Learning Research 3 (2003) 993-1022

Castsearch: ,

ICASSP, 2007
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