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Correlated Topic Models
[Blei & Lafferty, 2007]

Blei and Lafferty,

“A Correlated Topic Model of Science”,
The Annals of Applied Statistics,

Vol. 1(1), pp. 17-35, 2007.
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Predictive perplexity (PP)

2000 2200 2400

1800

{ — CTM
] - LDA

-H
| I [ | | I I I |
10 20 30 40 50 €0 VO 80 90

‘4 of observed words

BEOBMNEL DI EEICLDA
FYUERVLFAREZRS

PP difference (CTM-LDA)

-200 -150 -100 -50 0
|

-250

™~
AN

;

1 1 T T T T 1
10 20 30 40 350 60 70O &0

% of observed words

[Blei & Lafferty, 2007]

20

[
20




{ stimulus P
m 1 moter | \
apses

aln
— visual  h. /syn
\\’ itp \,

emory

| subjects [ - fical

., ot ',' / \ cc‘b ica
urface\ : | glutamate I

| | synaptic

/ activated \

[ tyrosine phosphorylation %,

activation I \ /‘“\ task /
/ proteins \ / { tip '

{ pretain ;

rha / \ image / \ Neurons
'\ sample alorials

computer ‘| \d P 'l\.’ organic

evice / | polyrmer

s

phosphorylation ccll ayolc '|
Kinass / 1] actvity | __
cyelin T pinding
,’/"l \ comain .'“‘ dna
ma polymerase H. problem
| infarmation |
polymc
mOlSCUI/ hYSICISS
paiticles '-

, regulatlon
domains

cleavage
site ' computers
problems f \
[aser
! physics
parﬂcl

aptical _
I|gﬁt i - ‘:.)_
_L expenmc%/ \
stars

i ammo acids

\

| funding
| rt -
.'. SUE]‘;O .'_ v resaarch
eople .
sy \f\p/ @Dpt@ A
@Id type ’
/ 4 ﬂnzvmc ‘\
) \ sequeﬁw
| BNZYITISS madel
_4_/_\j,__ __\_
J

researt:\.ll { ;ii?fg ' re?eptors e { cdna
oo ligand — sewerce | -
C 4 dganas || ‘;‘;;?;?: /o
/ sequenee
“~{ sequences “/ Sll;'{;jz\ electrons |
enome f —
¢ dna / " surfaces | /
Lofluid
scel / reaction ; astronomers \
reactions \ | universe
|
| | galaxies

‘ f mutarnt _
iren

/ : mutatlons
united stag\ O utants o
\I f/ceus mutation reductlon Il,/ 1

_ )i // magnetic
i magnelic lickd

! spin

\ molecule f
\ molecules
'\ galax
transutlon sta / \ y/

|

n’
women
ccll
| universities ] | expression
.fll v ool lines ,- plarits
bona rmarrow !
gj:\:et a / \sw;erconducrwny __
- “ | supcrcanducting - i
genes ! \\ pressure mant]e /
! high pressure crnist sun
| pressures I Lpger mantle .l { solar wind '
metenrites 1 earth
ratios V' Pplanets J
- planey

"' students

|
i
\ed ucation
I{ac?enw >K/’ arab|dops|s ,l
f bacterial . |
\\ ' é‘ﬂ reco& \ core !
I ! — wner coy

\// ! hirds
developmen
P \-, i ‘ossils X —
[ dincsaurs { species
T forest ,____'L
ﬂmhquake

/ 002 \
carbon \

‘H\H"‘-\-.._\_ __/
_ - : host
T _,*_f Y remstance a
mice __ o / PE"’EIS'te /;nc .- ambryos )
!
{ diseass ‘I__L drosophila l' forssil ]
mutations | 99”% il ;
pressmn orests | o
populatmns ! .-
ecosystems { earfiquakes | |
! fault | | carbon dioxide
! images /¢ mehiang
data / water
. ozone
.f' atmospheric
measurements

f antigen Vil
tcalls hiv '|
antigens aids | L
- families
hmunc IOSDOW '\ infection i u‘latlon ‘_
virugas
tant / / eneh / ancient ——’
ajens found
cells _f' populahon _ impact \', T
.|. | populations _ m|IIronyearsa% volcanic il
i differences af-ica Y - -
\R o | deposits climate
— ‘ magma N ocean stratosphere
eruption oncemra ions
chang/

disease ‘_’
ucatment |" proteins
Voo drugs _'__"‘ :
researchers . o
| variation
— ]'
..
volcanism
climate change
21

mey \  protein
\found /

[Blei & Lafferty, 2007]



¥ & 8: Correlated Topic
Models

e FEWI I, FEVVRIDEEZEALT
ETILTY

s ZRTERTHTrEYIRIDERZRIEEL

\I‘;'\I_

» ERICHAT. ROFEMNYIETILICK
SR EETEA-LETY  WMIATI,

22



PAM:

Pachinko Allocation Model
[Li & McCallum, 2006]

Li and McCallum,

“Pachinko Allocation: DAG-Structured Mixture Models
of Topic Correlations”,

in Proc. ICML, 2006.
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PAMO)—H:HE: four-level PAM
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/ super-topic proportion @ 1|a;~Dir(a;)
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Multi-grained Topic model

for aspect rating
[Titov & McDonald, 2008]

Titov and McDonald,

“Modeling Online Reviews with Multi-grained Topic
Models”,

in Proc. WWW, 2008.

48



LeE
FEY 2T

=TT ILEREFTOD B EY

« LEa—FEEILk
IEXTRTY

EAEP B/'\ﬂ)?'i?:ﬁ amazon_CO_jp fLE T

RO HRRPL,Q Lo v o v
By

AlGOEE. 0sO I —H T b CAERCTETET .
Al Db —FEE DT ERERY IR A,

BlgEhvEE O—F 1 372 H P 2SI,

TFETE T — LT B0 T T IEWINDOWS L BT SEA 2 2 ATH
f=1E B Magic Mousel3 Adobe® Photoshop >lilustrator®r/ 2|74 2%

bSOl (R, 7 D 2T RIEEE A ESENOL IT,
1k | SOLEa—IESBITaIECER T |13 ] LR

41 AT, 36ADHT. [ 2Ol —EB T e iR LT E T,

By s T 00LEar— VINE™ dap-
Amazon.co.jp TH A F#H

iMacl3Rev. A SA0EIR E- T FET,

Fll-ziMaclizaB. IFRIEFNLIEEZ S —,

B F NI o FL S —F, 0P AIDEEL T ET .,

TV R DB IS HBEOALI LD oL,
| T —F 1 —t —| ChEEh,

—ECED
12/

i

Hotels.com

ST RECT
4015.14.0?”

EESREICHE ST BRI A B Ol ST IS o TS 20 LT,
BRIy DR T R I E B E TS iz i Do . D TR T
DERS L TE. B WFRBEOERI S SIS IMERD AL WDETI T
DO, WFREEDER TR0 TERE S TL 20, L fd, BATIFOSL 24T
Ao R AL L, AR S TELDEIRFER AL T, ENHI05WEL RO T, 715
B0HZI3EFE TFERDGELI . o IIHL L R TILG O, RRROEIHE
B TH T

"ERANImE TY"
201210/13 I

oz R R O B Dl F 5T S E TS S s B T,
PR FFIRET LT Sk FIb—Yaete - ETHRUIRILTIHENTE
DB T STV O SRR E A, BREEF C e T LT
AAEEHEY. EoTRIEATE L. AT, SPCISFHTOEETLLD. EE
SEIIUPGENE LI, EFEVF AT W F AL A. 20— R R T
LA 4 EI 2R, F AT e T, ENEA R P AT a A e d T
Flfe REMIZ N T —F, Do ioa eyl IO DT, BREIA
FHATLN AITIHEERLO D 2ILESADDLOTREELTLL L =he.
EDL EREDDDIL 2T 2L TR, Z e LSO T BEO5L
AT IERLRE AT EREROHICEEREH) DR JIFm CFER s, O
L EDEEGETAL &, REGIATEUE T, SIS0 L TE ST TIL YT
FTI Tz, BFEILELER AN -

S TIEFF
®©@@®@0

S TIEFF
00,00 @




Aspect rating

Hotels.com
STHIRE T
2012;12;0?“
=gt ] SRl
[IE 2 Iz iET T.'La o === Tl L
mammm'ﬂﬁﬁﬁﬁiﬂ (1) Pt i ]
AT, RIS R TS T TEHE S L ol T, SEET
aspects ;ﬂué:l SHDL L L., BT S T o8RRI A 3. ENRI0scalwhED T, TG
ol CIdENF A F TERRENSEL . o Il ), R Im T, RPEMEiEE
ll_Li‘m f$EL‘EJ}‘E{T£3L 1

BE

1) AN )
TOtR

TA=T4

"BRAldme T & 0 F
201211013 SR

==k )= i T, ﬁu|~ - ,xletc: iTﬁU}ﬁ%z?dnLﬁEﬁﬁ;h g

BT, 6 [ o mp— i 1 e
2 LML b BRI b Rl QIZ'F—F—;:IZ—I—'F'm«ﬁj;'F'I Fh ks

S22l AR ER DO B DT ST SR E TS EAL ﬁﬂmﬂ}jﬂT‘ﬂ

“EEI;UPGahibT_oE$Eﬂ7;€ Tfr{w:-‘?..r”?-:hl_;}h_ﬂ’?i MRI:I . fEELﬁéTE

EELJ_.:. B . M;I*/#']‘ A. 'j':r ,/:LLul*?cLl_m SO 3, T, SRR 2L
L T AT T LB R B TRSSEN T - | R
ELF EREOEDIL A 2L T, FL e L DAL T ., HED2 L
DT IFERAYEE AT BREROHICEEDEA) DEIZIFSE ZEFIZ0 . I
Ly EDEEEE TG, REGZHIEUE T, #E8C. ST, ST I0L T
FrIL Tl BFESITRLEF AN .

50



FETETIVIC K BAspectTih

HaTE

=T ILICKAEE R - BEjfGaspect

DA AIREL RS & KLY FFMG Y —E RGE

{

ratable
aspects

-

FELVPTE: B

T7I3—H—EX: C

LE 2 — BT DN AIREICRYET

/

=% 57 @aMazon.co.jp [+

WHHHH A IACY, 2012110

BROnE. 0sOI-—EFEhl o ER(TETET.

A p—ET O TRV ER A,

BUiEOVER O—F 1 21 a2 DeEES L,

EET{E- 12U — LET RO T TN WINDOWS L BTS2 2 4T
forEfIEd Magic MouselZ AdobedlPhotoshopi=lilustratorD s 21745 23
F Sl (TERUE, 7 2 A3 BEEEE A FREMDL T,

1000 | SO a—ld&FcayELERM T |1 | LA

41 AR, 3BAMAER. 2O 2 —EZI Ch o RELTOET.

oo Best of Mac 201108022
EY Gy o7 00LEar—  VINE™ dypi—

iMacl TRev. AR SA0EIRE- T ET,
Fllbzivaclizg B, IFFIENLGEZ A —
(BTN AP LA F—R—F, T O A AICRELTLET,

7 L 0 A DS e SRR AL e DR L,
HLLE b A ThE N,

51



IR ;E: Multi-grained Topic
Models
« FICLEA—REETHRIC. XEZEAME

—w/kaspectiICBET HREVIIZHEET S
ETILTY

« FNEYIDOMEETIFEL FEYIDIEFELRIE
WOLEEEEDETILTY

» HRITETILOEHSICRLTIVIILTY

52



REEDTLATT:
2D FEY V7 ZRET S

98—NIVEY 7: LE 2 —HROLEHBGHFE

RTILEELGLIE---"A R DORTIV "EDRRKRTIVGE

C ) S )
Ak .05 wEERT 04
) Tk .04 PFE .02
Z .03 FouriEf .01
G ) e e

O—7AIV kEY 2 =ratable aspect

I*%)b%ﬂ%f;%‘jf' .= "77_‘sz[ \\ﬂ—EEJ'xLII \\ﬁ%" “ﬁi“t" “%BE@,Ké"@E

Q ) ) )
BRET .04 Y—X#+ZJ/ .03
e B .03 B&o/ .03
/\R .01 miFcEd .02
G e e ) T T )

VYAIA .07
J—LY—EZR03

BV .02
s



IRREDT 14 77 : Sliding window

local topiclEXEND—EFTLAMAH TIZLY
MDT. slldlng wmdow’CnFﬁEl’]l ETILIE

R — e - L BT B T —

H_Rlﬁfﬂ_n 2012110

local topic 1 ({EEk) DEIE N X th
local topic 2 (BiR)DES K th 0
local topic 3 (1Em)DEE iR ik K 54



Q )

LDA T— .05

BERT .04
s Ew .03

4 N D @ g
4 ) I .04
v—svn .02 | P

vr=>2" .01

\_ n=1,.., Ny J | g )
\_ d=1,..,D / | #& .04
HREE .03
— Zdn =i .01

n=1CL_ d

7] _
d n=2CL BRI T IR =T TE

_<
u JEAE, L/&'-r yfiﬂfm FII%!L&)’O é‘é‘ :OJ:')&r 5!(3}\1' ‘Lo mooz Rwan 2o
L] i G % AR BE /MR F xd
. ’ NTTIS 227—9 2 VRS BRAER n

ZEEA, HIawAFIEEA L]
rodz—adiao< sz Lo
<F. 7= [SNS Heox—wnk
EHEEL T+ U E oY Y

B, BT =2k g e L
A E el pioh # i B AL T E
T By SF—20-ED LizER
a0 FHAA, FHCER ShARE

ﬁm;uym 7 ﬂﬂiuﬁfthtﬁib&témds [E% &’F’IW 2012] >3

S HEEG R EEE ) S e




Multi-grained Topic Models (/\1/3—/35A—2%HER)

r

\
sliding window vJ \

|

sentence s
4 /
g
lI)d,s @ Bd
s=1, .., Sg/ \U v=1, ..., V4 )
\
f
vd,n rd,n
1\ n

EDJ 1 F7 |1 global, local
POER? || EB5DREYY?

J
/d=1, y

global topic

local topic

1, ..., K9 k=1, ..., K



for X&d =1, 2, ..., D,
/ for sentences =1, 2, ..., Sy \

window proportion Yas|ly~Dir(y)

for sliding window v = 1, 2, ..., V4 N

global-local proportion ﬂdv|amix~Beta(amix)

local-topic proportion Bd,vl|al~Dir(al)

Qobal-topic proportion 0,9 a9 ~Dir(a9) /

for LocalkEvo k=1, 2, ..., K
l l . [
local topic-word proportion Bk |Bo ~D1r(ﬁ0 )

for GlobaltkEwY k =1, 2, ..., K9
global topic-word proportion Bx?|Bo? ~Dir(By,?) 57



for X&d =1, 2, ..., D,

%

for sentence s = 1, 2, .., Sq | window proportion g

global-topic proportion Hdg

for sliding window v = 1, 2, ..., V|

for B&n =1, 2, ..., Njin sentence s

global-local proportion T,

local-topic proportion Hd,vl

/window-word assignment

global/local-word assignment

topic-word assignment

word observation

Van |¢d,s NMUlt(II}d,S)

Tan|Tq v, vd,n~Bernoulli(nd,v d,n)

Zd,n |Td,n: Bd NMUlt(ed,(v) Td,n)

~

Xdn |Zd,n' Tdn, ﬁk NMult(ﬁZd,nrd’n) /




sliding window® Dirichlet-
Multinomial CRBTY

L Py = g — Rl =y e s e e

palaige ARRLTT, 20110 sentence s®
:’- window;& IR i 2
MmOy, 0sO 21— F bl CRER(TETIET .,

1’“ J?{J—‘%HL‘-@T%{E?LE%UEE& - ]r }

HJE@HEQH: VouselZ Adobe’ Photoshop’= MstratorD T o o &% ¢
e-«ya:u b FEAETR, 7™ R IR N ESEIOL E a,s

ga-nNivkEY S

y~Dir(y)

O R 05 | window vdglobal/localZl&
1 4k .04 | |
e 03 4| ™ ~Beta(a™>)
O—AILkEY Y - ; O
" ewar 04 BEAREYIDIRED R TEREDIEYIERTE
(E BN .03 ] l l . l
o 6.°|a?~Dir(a?) Oay la'~Dir(a’)

VX .01

59



sliding window® Dirichlet-
Multinomial CRBTY

L Py = g — Rl =y e s e e

FOIOIOOR H:{Rﬁfﬂ“n 2012M/10

- sentence sINMDEEE nH
MonDonE. OO I —TE )T &0 FERCTETLET ., A s dwindow v
1“« ;?{:—%EL %@T%{F‘cﬁﬁﬁﬁu ?it*ffu

=T P e, o = = T 2T E IR | [ ] [ ]

$ﬂ9§ﬂ?_ i — LA ijthl'u [INDOW LT 2 [
=fE B Magic MouselZAdobelh Photoshop = TUstiraton o ki &% vdnllljd S~MUIt(¢d,s)
- ﬁ«y’il' ol FTEFRU, 72 23R A EREIL T,

A EVAV I 3 <R
=SS 05 | window v®global/localE|& ThE VY DIEFEZEIR
b/ .04 )
R .03 Tan |7Td,vr vd,nNBernounl(ndﬂ?d,n)
a—-AibbEy — ;
I £ar 04 BAUFEREYIDEEDO R TEREDORNE YD kFRE
(EH B .03 rq,
e ZanlTan Bd"’MUIt(ed,(v) an)

VX .01 60



BREE - IN\SA—2DHTE

o INSGA—RIFIEREETTRE
» [ENZE#LGibbs sampling Tt

+ © PAMEREERIZ, ETIILDEHSITRLT,
XOEBEH -FTERRFFERICOUTILTY

61



BhEEHOGIbbs 7TV 5

» 1BFE DLDA(Dirichlet-Multinomial)&l& &
AERILAZELTEET

p(vd,n = UV,ran = 9,Zan = klxd,n = W, {X: V,R, Z}—.(d,n) )

mix

Mesy + Vv mdvg + ag

04 -
Zv’(mdsvl + )/U’) Zr’e{g,l}(mdv'r, + a?"’mlx)

sentence sDHIFENS B & dDwindow vH* 5
window v SER T h-HEDES global FEY 7T BEIG

g
Mmard + ay9 Myp? + Bow

Zk'(mdk’g + “k’g) ZW’(mkw’g + :Bo,w’g)

X

X&E D Tglobal FEY 7 i HMEDNZEIE [W‘/ﬁ/kb‘é\ﬁiﬁ whERETNBES ]




BhEEHOGIbbs 7TV 5

» 1BFE DLDA(Dirichlet-Multinomial)&l& &
AERILAZELTEET

P(Van = V,Tan = L Zan = klxgn = wAX, VR, Z} (4 )

mix

- Mesy + Vv Mgpi + ap
Zv'(mdsv’ + Vv’) ere{g,l}(mdvr’ + ar’mlx)

sentence sDHIFENS B & dDwindow vH* 5
window v SER T hi-BiE0R S local FEY 7 BT 8IS

l
mdkl + akl mkvl + IBO,W
l l L
Zk’(mdk’ T Ay )ZW'(mkw'l + Bow’ )

X& dDHTlocal FEY 7 i HMEDNBEE [W‘/ﬁ/kb‘é\ﬁﬁﬁ whERETNBES ]

X




Table 2: Top words from MG-LDA and LDA topics for Mp3 players’ reviews.

label top words
sound quality sound quality headphones volume bass earphones good settings ear rock excellent
features games features clock contacts calendar alarm notes game quiz feature extras solitaire

connection with PC

tech. problems

ush pc windows port transfer computer mac software cable xp connection plug firewire
reset noise backlight slow freeze turn remove playing icon creates hot cause disconnect

MG-LDA appearance case pocket silver screen plastic clip easily small blue black light white belt cover
local controls button play track menu song buttons volume album tracks artist screen press select
(all topics) | battery battery hours life batteries charge aaa rechargeable time power lasts hour charged
accessories ush cable headphones adapter remote plug power charger included case firewire
managing files files software music computer transfer windows media cd pe drag drop file using
radio/recording radio fm voice recording record recorder audio mp3 microphone wma formats
iPod ipod music apple songs use mini very just itunes like easy great time new buy really
MG-LDA Creative Zen zen creative micro touch xtra pad nomad waiting deleted labs nx sensitive 5gb eax
global Sony Walkman sony walkman memory stick sonicstage players atrac3 mb atrac far software format
video players video screen videos device photos tv archos pictures camera movies dvd files view
support player product did just bought unit got buy work $ problem support time months
iPod ipod music songs itunes mini apple battery use very computer easy time just song
Creative creative nomad zen xtra jukebox eax labs concert effects nx 60gb experience lyrics
LDA memory /battery card memory cards sd flash batteries lyra battery aa slot compact extra mme 32mb
(out of 40) | radio/recording radio fm recording record device audio voice unit battery features usb recorder
controls button menu track play volume buttons player song tracks press mode screen settings
opinion points reviews review negative bad general none comments good please content aware

playver very use mp3d good sound battery great easy songs quality like just music

[Titov & McDonald, 2008]
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Table 3: Top words from MG-LDA and LDA topics for hotel reviews.

label top words
amenities coffee microwave fridge tv ice room refrigerator machine kitchen maker iron dryer
food and drink food restaurant bar good dinner service breakfast ate eat drinks menu buffet meal
noise/conditioning | air noise door room hear open night conditioning loud window noisy doors windows
bathroom shower water bathroom hot towels toilet tub bath sink pressure soap shampoo
breakfast breakfast coffee continental morning fruit fresh buffet included free hot juice
spa pool area hot tub indoor nice swimming outdoor fitness spa heated use kids
MG-LDA parking parking car park lot valet garage free street parked rental cars spaces space
local staff staff friendly helpful very desk extremely help directions courteous concierge
(all topics) | Internet internet free access wireless use lobby high computer available speed business
getting there airport shuttle minutes bus took taxi train hour ride station cab driver line
check in early check morning arrived late hours pm ready day hour flight wait
smells/stains room smoking bathroom smoke carpet wall smell walls light ceiling dirty
comfort room bed beds bathroom comfortable large size tv king small double bedroom
location walk walking restaurants distance street away close location shopping shops
pricing % night rate price paid worth pay cost charge extra day fee parking
MG-LDA beach resorts beach ocean view hilton balcony resort ritz island head club pool oceanfront
global Las Vegas vegas strip casino las rock hard station palace pool circus renaissance
beach resorts beach great pool very place ocean stay view just nice stayed clean beautiful
Las Vegas vegas strip great casino $§ good hotel food las rock room very pool nice
smells /stains room did smoking bed night stay got went like desk smoke non-smoking smell
getting there airport hotel shuttle bus very minutes Hight hour free did taxi train car
breakfast breakfast coffee fruit room juice fresh eggs continental very toast morning
LDA location hotel rooms very centre situated well location excellent city comfortable good
(out of 45) | pricing card credit § charged hotel night room charge money deposit stay pay cash did
front desk room hotel told desk did manager asked said service called stay rooms
noise room very hotel night noise did hear sleep bed door stay floor time just like
opinion hotel best stay hotels stayed reviews service great time really just say rooms
cleanliness hotel room dirty stay bathroom rooms like place carpet old very worst bed

motel rooms nice hotel like place stay parking price ¥ santa staved good

[Titov & McDonald, 202?]




Unigram features only

Model Overall | Check-in | Service | Value | Location | Rooms | Cleanliness
Baseline 1.118 1.126 1.208 1.272 0.742 1.356 1.002
PRank 0.774 0.831 0.799 0.793 0.707 0.798 0.715
PRank + LDA 0.735 (0.756 0.762 0.749 0.677 0.746 0.690
PRank + MG-LDA | 0.706 0.748 0.731 | 0.725 0.635 0.719 0.676
Unigram, bigram and trigram features
Model Ovwverall | Check-in | Service | Value | Location | Rooms | Cleanliness
PRank 0.689 0.735 0.725 0.710 0.627 0.700 0.637
PRank + LDA 0.682 0.728 0.717 0.705 0.620 0.684 0.637
PRank + MG-LDA | 0.669 0.717 0.700 | 0.696 0.607 0.672 0.636

Table 4: Multi-aspect ranking experiments with the PRanking algorithm for hotel reviews.

[Titov & McDonald, 2008]
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