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Decomposition )
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Latent Semantic Space

ZDEE.

* LSA IX, BEEEXEZBERERERICERT
BH(~L)o

* LSA & LSAI

LSA vs. LSI

— LSA: Latent Semantic Analysis

e e — — 2 = e g = _ . . .
« BHEEMKRZEMIZBUNTIE. AESE (F8E&E) LSI: Latent Semantic Indexing
- — > =
(FIELIKBRETHD s MEDENE?
— LSI: {E¥RD indexing, i.e. 1§HMBRIZALS.
= - - S - _ . &7 =
o ER(Z.SVDTENNEETES LSA: 4T (L\BLYS) [N,
- RACHEiEEG A FIERALET.
AR f\ AR f\
] B 745 ] B 72451
setwd(“E:/R/"
Anthony  Julius The Hamiet _Othello  Macbeth <~ read.csv("08LSI-Shakespeare.csv”, header=T, row.names=1)
and Caesar  Tempest d.evd < svacd)
Cleopatra
ANTHONY 1 1 0 0 0 1 d - d.svd[[2]] %*% diag(d.svd[[11]) %*% t(d.svd[[3]1)
gig;:: : : g : ? ? plot(d.svd[[211[,1:2]) BRUTUS  GAESAR GALPURNIGLEGPATINERGY  WORSER
: - 7 i [i—
CALPURNIA 0 1 0 0 0 o text(d.svd[[2]][.1:2], labels=rownames(d),pos=3) L ; ‘; g ? ?
CLEOPATRA 1 0 0 0 0 0 plot(d.svd[[311[,1:21) 1 IR R R I
MERCY 1 0 1 1 1 1 text(d.svd[[3]][.1:2], labels=colnames(d) ,pos=3) g 1 g g 1 ;
WORSER 1 0 1 1 1 0
E3ES H o e N
[ANTHONY BRUTUS _CAESAR _CALPURNI CLEOPATF MERCY __ WORSER 53 ¢
Anthony and Cleopatra 1 1 0 1 1 1 S -
Julius Caesar 1 1 1 1 0 0 0 K ‘ e
The Tempest 0 0 0 0 0 1 1 s -
Hamlet 0 1 1 0 0 1 1 3 SF
Othello 0 0 1 0 0 1 1 e ansu
Macbeth 1 0 1 0 [ 1 0 3 : :

Christopher D. Manning, Prabhakar Raghavan and Hinrich Schiltze, Introduction to Information Retrieval, Cambridge University Press. 2008,

sl 1211

asop 201 B

> d.svd[[211[,1:2] %% diag(d.svd[[111[1:2]) %*% t(d.svd[[311[,1:2])
1 2 .31 L.4 5. .6

B T

>d
ANTHONY

Anthony and Cleopatra

Julius Caesar

The Tempest

Hamlet

Othello

Macbeth

rooork

0.8327142 0.87075536 1

81919;

BRUTUS CAESAR CALPURNIA CLEOPATRA MERCY WORSER
1

coror
rRROR
cococor
coocoor
rRRRO
orrroO

5 L7
0.3538872 1.12392852 0.9036710

1.1568480 0.92786465 1.0082634
-0.1699857 0.03122636 0.3112280 -0.280056074 0.1005788 0.88202181
0.3948208 0.52230162 0.9078465
0.1137595 0.29134444 0.6477284 -0.152156330 0.1909063 1.07039479
0.6006586 0.58576299 0.8086186
_svd[[2]1[.1:4] %% diag(d.svd[[1]1[1:41) %% t(d.Svd[[311[.1:41)
[.11 [.2] [.3] [.41 [.51

1.02285340 1.02912701 0.9457880 0.009006517
0.92900279 1.06869323 1.1062884 0.840727430
-0.17268628 0.03570139 0.3098034 -0.279034563
0.06021168 0.84004232 0.9495523 0.218959286
0.05649234 0.14951847 0.8357352 -0.041673681
1.00590863 -0.08575238 1.0223925 0.079268842 0.047876347 0.9477444 0.06898092

0.665723465 0.2585694 0.06248386 -0.1700712
8725302
9820280
9953852
4377091

0.003571743 0.2582987 1.11497839

cococodbo

0.232555085 0.2202575 0.58555509

[.61 L7
0.965970538 1.0385090 0.99063266
0.009006517 -0.0134736 -0.09274244
0.101727564 0.8796082 0.87498743
0.054149957 0.9436014 1.15649897
131215398 1.1468902 0.91750879

1.000000€+00 1.000000e+00 ~1.000000e+00 -2.949030e-16
1.000000e+00 1.000000e+00 1.000000e+00
-1.734723e-17 -1.089406e-15 -6.591949e-16
-3.851086e-16 1.000000e+00 1.000000e+00
-3.261280e-16 -8.049117e-16 1.000000e+00
1.000000e+00 -9.020562e-16 1.000000e+00 -5.412337e-16

_svd[[2]][.1:6] %*% diag(d.svd[[1]1[1:6]) %*% t(d.svd[[3]1[.1:61)
[.1]

[.2] [.31 [.41 [.51
1.000000e+00
1.000000e+00 -1.491862e-16
2.151057e-16 -6.245005e-17
.857226e-17 -4.857226e-16
1.665335e-16 -9.71445le-17
-1.318390e-16

[.61 [.71
1.000000e+00 1.000000e+00
-8.222589e-16 -6.002143e-16
1.000000e+00 1.000000e+00
1.000000e+00 1.000000e+00
1.000000e+00 1.000000e+00
1.000000e+00 -9.228729e-16

HiE

library(stam)
library(irlba)
library(topicmodels)
data(AssociatedPress)

AP < i
AP.svd <-irlba(AP, nv = 5)

(MDOKEW)

T—545!

for (iin 1:5 ) pri P.svd$ ], T, index. return=T)Six[1:10])])
government [bush cast bush cent
i gorbachev |german germany cents
last i & dollar
million people officials party futures
new police police president |lower
beople president |soviet soviet |market
percent soviet two. states million
president state union trade new
two told united union stock
ear [two. west united rork




T—2MDEREA
* Blei MLDAZIRET HMX THLV LD LEE
BILF=3 D UM RIR)
* Associated Press data: the First Text Retrieval

Conference (TREC-1) 1992.

<<DocumentTermMatrix (documents: 2246, terms: 10473)>>
Non-/sparse entries: 302031/23220327 it 23,522,358

Sparsity 1 99%
Maximal term length: 18
Weighting : term frequency (tf)

D. Harman (1992) Overview of the first text retrieval conference (TREC-1). In Proceedings of the
First Text Retrieval Conference (TREC-1), 1-20.

%1751 (sparse matrix)
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% "simple triplet matrix" X ZHLVS
- BRATHIRA DR/ S —2 LLTIE, Matrix BNES

pLSA: FEERMEVIETIL

LSA/LSID 1 RE s

* FEYIDERDFHESNTLVEL
—BEMIZ SFEATHTLS
- LML BEATMLE BFEMICEERMA S

NTBA, XOBERPCHEEDERICEELT
DEBRDIFIFESNTLVEL

- EEIEATN GEIECLD VA D ERBAT
FTULVELY,

ERMrEYIETIL
o FERTELKRDITLES
—EXEZ.FNEVIDEDOHIEES T

- &hEVIIR BELDH IR

* LSA/LSI DFEFREET JLRRpLSA/pLSIDEZ ).

S RETIL

HRMICERT D

XEFFEYIMDEY,
FEVIIFEENES

NIA—BEHET S
— - EXEEMAEDIEVIEHET D
58 pLSI FEREFNEFVABN =  RLCvrEMiEdEELEETS
A HS. RAXBOIE VI RTAER o
ShELASTHD. [Blei et al. 2003]
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pank 2 8 DOCUMENT 1: money! bank! bank! loan! river? stream? bank!
. low money® river? bank! money® bank' loant money* stream® bank!
< i3 money! bank! bank! loan! river? stream? bank! money! river? bank!
3 Ueo|

money* bank! loan' bank! money* stream?

TOPIC1
/—\
-
. DOCUMENT 2: river? stream? bank?stream? bank? money? loan®
R river? stream? loan! bank? river? bank? bank®  stream?river? loant
Z bank? stream? bank? money! loan! river? stream? bank? stream?
strea™ = bank? money! river? stream? loan' bank? river? bank? money!
1 2 river2 bank? 2 bank? 1
aves )%q bank! stream? river? bank? stream? bank? money’
%
ToPIC2

http://helper.ipam.ucla.edu/publications/cog2005/cog2005_5282.ppt

ETILDOFE

—
T
? _, DOCUMENT 1: money’ bank’ bank? loan? river’ stream’ bank’
money? river? bank? money” bank’ loan? money? stream? bank’
money? bank? bank? loan? river? stream’ bank? money” river? bank?
money” bank? loan? bank? money’ stream”
TOPIC 1

—

f—— DOCUMENT 2: river? stream’ bank?stream? bank? money’ loan’
river” stream” loan’ bank” river” bank’ bank?  stream’ river’ loan’
bank? stream? bank? money” loan? river’ stream’ bank? stream’

2 bank? money” river? stream? loan?bank’river? bank’ money? bank”
* > stream” river? bank’ stream? bank? money?
-
ToPIC2

Aspect Model

s pLSA D—DOMDAHiEELT
s TARIRETIL
- XEF ABTHSGBEND) KEDOTARIE
DRETHS
—ERDTRARIIBEEES 0 p(w|z) TRESND

o ZT(Z(X Tempered EM Z{£

TARYIMETIL

Hofmann 1999 MIEZE

KL 5T 2T IBEEHETIL

s AROBRT—2 (wd) IZVFRER 2 € 2={z_1,...,2_K}
=fthEse 5

s EFETIL
—FEE P(d) TLEEES
—-FEFE P(z|d) T.BEIIR 2 EESR
—EEpw|z) C.HEBWEES

P(d) P(z|d)

EMmTEETIL

O--W - @O

P(d,w)=P(d)P(w]|d), where

P(wld)= Y. Pl 2)P(z, |)

PEAW) = PE)PE]2)PW2)




XEVSARR)TEDHE

o« XEIF.VFARZ(TARYR) —DFIFIZEE
fF1F5ndHDTIEEL
- XEZEP|d) FTARILDHDEEEEDD
- KUREEAEL KYERGETILHNTELS

1=12, P(2), P(z]d), P(w|z) ZETE LA ELMFARLY.
HEDIEE(d) EHEEE(W)DHEDIZ.

ETILDEE

« FARINETIVIZHEL, MAEER RS
BTENTED, TNERKIET NITRL

L= >"n(d,w)logP(d,w)

deDwe W

* EM (Expectation Maximization) jEH\MFE 2 5
— B EE RTS8 tempered EM ZFL\5

=9 I1L EM

* ERATYT (ERESHDEE)
- REDNTA—RMBIZH-HT, BELHOLFEER
%
- BEEBOSTERDD. ThHb
- BEERHTOBE . SRAANTEDERN DR
ENEA TR EERD A SE DBV OREE TR

Shi-h ERT
« M-RTYY
- LEMABALERROHAFHEIZHZRKIETELI/1NS
A—BEEDHD

BAERSHDSE. SERDHOTHEN AL EATSI

% I8% %7 (multinomial distribution)

c BE.SEIMERAVD

YLy

PV Vi) =PV = V1, Yy = ¥ )= P pl

1ﬂb\zyi:n,zk:pi:1,yi20, piZO
i=1

i=1 =
n!
yit(n—y;)!
(Y, DA 2T & 72 75)
:>EW|):np| V(Y|):np|(1_ p|)

pi(y) = pi@-p)"™ y,=0L.,n

EXTvT
- XEJHISRNHEE wATIET 5. B
T : DA (SENHTHD)
P(2)P(d |2)P(w| 2)
> P(2)P(d | 2)PWw|2)

zeZ
RAERSMDEELALT, BTN EREDOIE YIRS 5,

P(z|d,w) =

ERTDITA—EERANT. z DRHE/TNDS
HLO P(z), P(djz), PWlz) [FERFNDRRDINTA—2ERD
LD P(z|dw) [EFIBHEEOHFEEHD

M RTvT
s FRONTA—EIFE, ERTYTTRDT= plz|d,w) #H
WTRBETES (ZIESMD/NTA—4)
n(d,WP(z|d,w) - P(z,d,w) ocn(d,w)P(z|d,w)
PWFW P@)< Y, n(d wWP(z|d,W
oA wPEd W) | pad EEEL
DN WP(z|d,w)

>,.ndw
- LEBEHORAREXEIZINEKT S

P(d|2)=

P(2) = P@) Y, n(d,WP(z|d,W)




pLSA BFIRFLD
* pLSA OXEAE
L= >"n(d,w)logP(d,w)  P(d,w)=> P(2)P(d|2)P(w|2)

deDwe W zeZ

« EM 7T XL
-E-Step 514wy P@OPEIIPWIZ)
> P@PE[2)PW|2)

- M- Step >, n(d,WP(z|d,w)

P == @ wiP@ d,w)

> n(d,wP(z|d,w)
>, WPl d' W)

D, NdWP(z]d,w)
>,.,nd,w)

Pdlz)=

P@@)=

o EZAM, pLSA TII/INTA—ZEMNZ V=6,
BEE (BT —RIIKERATHH. KA
FT—AETOHEREIZENAEI->TLES

« ZabLTELNESIZT S

CERTYTEDLEBETS

TEM (Tempered EM)
c PEEEFIMTH/1SA—LBEEATD

P@)[P(d | 2)P(w|z)}
> P@)P@]|z)Pw|z)}

Py(z|d,w)=

* B(>0)[EX1MBEIBL. REICHADSETLK

Simulated Annealing

« BEELTEL (annealing): EBFMI T HITHT=->T.
MIFEEICEDINEBOVT HERYRRE, HBEER
b, BEMZR LESES-0., —EBECEL
DE, BDKYERENT DAL - MHRELYSSIZH
BIRILF—DMELVREEIZE>TLK

« REBSEEGEL: R/MEROIRMEMRERYVIELRDDS
IZH1=Y ., 1854 —8 B HRKREFNIEKREEE, NS
(FHIFNECEKESIL, BBYRTIR-T, FRAIC
BE/NKLTLKT &, B NBREDEEET D,

BDEVH

< BEE B FESIBEARE KA
c BIEXFEERREFEBSZENTS

* Validation T—2tvybERAWAEELAEIE
- BFETHERNRELI-FEE =1 hDHIETS
— Validation dataset Z FHLNCREE ETILET AT S
—-AIEKYHELTLSES, FL B THEKETD
- WELETNIEL, B <-np wheren<l

5l: Perplexity M LLER

* Perplexity — Log-averaged inverse probability (xfR%&1T—%4)
o BEANSITNIE(ELFRITETONIL) perplexity (XTHS

[a) (B}
I . -

rrespondin
lenotes the perplexity of the largest trained aspect

(Hofmann 2001)




Bil: FE w9 5 fiR

+ 1568 XEDTITALS K
c 128 BEVSRIZHE

° "power" &%HITT:L\FE“JO | POWER . sl
CRT RBIEDOEE, e, | oo oo
p(w|z) AARELGER e | POWER

(3T}
hsup systolic
larg input

Powerl - F=H EE bt | comples
Power2 - BXEHE :

present

medel | implement |

Thomas Hofmann. Probabilistic Latent Semantic Analysis. In Proceedings
of the Fifteenth Conference on Uncertainty in Artificial Intelligence (UAI'99)

Bl: Z2:E

s ZONELDLHXAR(—XE—XAR) ITHIRT
% “segment” ZFIRHELTLVS

Document 1, P{z3ld;, wy = ‘segment'} = (0.951,0.0001, ...
Plu; =‘segment'|d;} = 0.06

SEGMENT medic imag challeng problem field imag analysi diagnost base proper SEGMENT digi
applic involv estim boundari object classif tissu abnorm shape analysi contour detec textur SEGMEN
specif medic imag remain crucial problem [..]

Document 2, P{z|d;,w; = ‘segment’} = (0.025,0.867,.. )

Plwy =‘segment'|d;} = 0.010

consid signal origin sequenc sourc specil problem SEGMENT signal relst SEGMENT sourc addre:
resolu method ergod hidden markov model hmm hmm state correspond signal soure signal soure seq
algorithm forward algorithm observ sequenc baumwelch train estim hmm paramet train materi appli
experi perform unknown speaker identif [...]

Thomas Hofmann. Pi ilistic Latent ic Analysis. In Prc
of the Fifteenth Conference on Uncertainty in Artificial Intelligence (UAI'99)

HE(DDOKRER) T34

librar i ) #for i Press data
data(AssociatedPress)

set.seed(1)
res <- plsa(AssociatedPress, K=5, eps=0.995, max_itr=30 )

for (iin 1:5) print(
Associ

1ames$ t(resSpw_z[i] =T,index.return=T)$ix[1:10]] )
i i percent |soviet president
o bush cast bush cent
people [court million governmenbush
Y i gorbachev [german germany  [cents
dukakis  |years vear police states last i zovernment |gorbachev |dollar
two two new people  |new million people [officials |party futures
new people  |market |party house new police [police president  [lower
. o " beople president  [soviet soviet  [market
campaign |case billion two united percent |soviet [two states [million
state state prices president |year president |state union trade new
bush judge company |military  |[committee| |tvo told united union stock
" . ear [two west united ork
air school stock united governmen
officials _|attorne: last war congress
pLSA LSA 15

FIYTT
# R-code for pLSA/pLSI

# Reference: http://wg-stein.blogspot.jp/2009/11/
# probabilistic-latent-semantic-analysis.html

for(tin 1:max_itr){

cat("lteration: "t," Beta: ",B," ")
library(gtools) # for rdirichlet

#E-step
library(slam) o <0
_ " - _ it cd_z[]<-0
plsa <- function(x, K=10, eps=0.995, max_itr=100 ){ ow 2] <0

if ( "simple_triplet_matrix" %in% class(x) ) { }

else x <- as.simple_triplet_matrix(x) for(cw in 1:length(x§i)) {

D <- x$nrow d<- x$\_[dw]

W <- x$ncol w <- x$j[dw]
B<1 # Beta xdw <- x$v[dw]
lihprev <- 0

total_occurrences <- sum(x$v) pz_dw <-(10*100 * pz * pd_z[,d] * pw_z[,w])"B
- pz_dw <- pz_dw / sum(pz_dw)
pz_dw <- rep(0,K) N
pz <- rep(1/K, length=K) tmp <- xdw * pz_dw
pd_z <- matrix(0, K, D) €z <-cz+tmp
pw_z <- matrix(0, K, W) cd_2].d] <-cd_z[.d] + tmp
= Y ow_z[,w] <- cw_z[,w] + tmp
for(k in 1:K)( }
pd_z[k,] <- rdirichlet(1,rep(1, length=D))
pw_z[k,] <- rdirichlet(1,rep(1, length=W)) #M-step
pz <-cz/sum(cz)
pd_z <- cd_z / rowSums(cd_z) # sum per k
pw_z <- cw_z / rowSums(cw_z) # sum per k

cz <-rep(0, length=K)
cd_z <- matrix(0, K, D)
cw_z <- matrix(0, K, W)

#converged? (very costly)
# for perplexity, see Hofmann, Unsupervised Learning by Probabilistic
# Latent Semantic Analysis, Machine Learning, 42, 177-196, 2001

IIh <-0

Ipp <-0

for(dw in 1:length(x$i)) {
d <- x$i[dw]
w <- xj[dw]
xdw <- x$v[dw]

tmp <- sum( pz[] * pd_z[.d] * pw_z[,w] )

Ilh <- llh + xdw * log( tmp

Ipp <-Ipp + xdw * log( tmp /sum(pz[] “ pd_z[.d]) ) }
cat(" log-likelihood : *llh, " Perplexity : ", exp(-1/total_occurrences * Ipp),"¥n")
if(t > 1{

if( abs((llh - llhprev) / llh) < 1e-5 || lihprev > llh }{
cat("Converged.¥n")
break

}
}

llhprev <- llh
B<-eps*B
}

return(list("pz_dw"=pz_dw, "pz"=pz, "pd_z"=pd_z, "pw_z"=pw_z))

Latent Dirichlet Allocation
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