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An Approach to Extracting Latent Topics by Using Prior Knowledge
based on Co-occurrence Information

7)1 FHEAR

Kayo Tatsukawa

IR B

Ichiro Kobayashi

B DKL F RFERF R NHSUCAIRR 2O eR B ffapt o — 2

Advanced Sciences, Graduate School of Humanities and Sciences, Ochanomizu University

We have recently had many chances to treat huge documents. A lot of studies about extracting of latent topics in
documents have been done, which is accomplished by Latent Dirichlet Allocation(LDA). That is not done by using
superficial information. When we extract topics by LDA, sometimes it happens that the words we assume they are
in the same topic is devided into different topics. Therefore David Andrzejewski and Yuening Hu proposed method
that we select some words which should be in the same topic and incorporate the words into LDA as constrained
knowledge. But the knowledge is constructed from subjective view of users in many cases and is not constructed

from target documents automatically.

1. [FL®IC

IR, R BEOLEZLHT OISl TETWD. 2
DREDOILEZONT, RENZRERICESAHTITRL,
Latent Dirichlet Allocation(LDA) % fW\T, XEFOETE
B7g M By 7 it A2 T 20580 % <AThih T 5. LDA %
HEoT My 7 2T 28I, Ak, AOHWHZBWCRE—
FEY ZIZAD ERBESNDLENFR— MY 700 LT
RNZENRDHD. FNCK LT, LEICEENDHENOFR—
FEYZIZADLREELZZ LNLHBHAEIRL, 260
F— R~y ZICAD &) ICHERAE# & UTHlNE 525 FE0
BREINTVD L, 2. Lo, TRboflfiEa—F0E#
Lo THEABNDr—AR%L, XHERDTENLHIK &
72 % 5 A BBV CTHUS L Q) 2 b Tl REFETHE, 5
ZBIVTNDICEN BRI & 72 5 BEEZ BRI L, Z
NOEEFHMFHEKE L TEXD L CTHNZRE XA TZBEN Y
7 HIHEIT, ZOEREEET .

2. BEEMRE

Andrzejewski & [1] 1%, Dirichlet Forest Prior 2 HWT,
w7 & LTHESNLHEEICHZME L, HEMO
filfo & LT, AR MEMEERFD 2 DOHEEN—FEIC Y
7B T DK L LT ‘Must-Link’ Z3RE L, 2 DDOHEEMN
WnZed by ZIZB W TS RIRFIC R & ZRFERMEIC /2 5 720
EWV Il & LC ‘Cannot-Links’ 232 L C\ 5. Hu b [2]
1L, LDA ZHWC ey i S 7ofERICR L TA 5 T
7T 4 7R E 5 X TE Ny 7 AT ) FIEEZREREL T
W5, %72, Kobayashi & [3] 1%, Andrzejewski & [1] 258H
L 7= BEEERI O fl#0%03% T & 5 Must Link & Cannot Link (233
WCRHEIRER IS XA HIRAE oA E A TE s Lo IcL,
FRERRY 7RIS IS &, FICHR BT 5 2 & b ARl
HREy ZHIHFERER LTS, RERHRM X 7 52
Y TIZBNTCE, HIRIEAFTELLND Z E03FiRE
RoTWNDHIEND, #IAD [5] 1%, BEEME Y-V EAN

BHE S SONEER, IR DKL T RERFBE AR VRIS
TR HIERAI S o — X, T 112-8610 HESUREK
% 2-1-1, 03-5978-5708, tatsukawa.kayo@is.ocha.ac.jp

Ta—"ZAPOERELY HBES L, TRIZESWIHK % 1E
HLITLHZ LK VG EDOHES ALY V7 FEEZRE
LTV, #E6ITHEBESEICBT 2HM#M e 8 LT 5
LENPLTIEFRLS, HI0EXDT—"ANLFEET L LI
Ko THEE LN, AR T, 20k 57 RE R m#%E
AR LT, BIE Ny 7 2 08T 505 30E) B HilF A &
T D2 EICXY, My I HEORENR ETE 0% K
s,

3. FEETAHICEDC FEY Y HIH
3.1 Dirichlet Forest LDA

LDA ZFIA L, HliEHEAANLTEE N Y 7 OSEZITH
7eOlZ, T4 U7 VAT 4V 7 VER554T (Dirichlet Forest
Prior, UL F DF) #f 4. DF L35 ¢ U 7 L5 2 BEE{L
Li=bDTHY, @HED LDA EREEECT 4 V) 7 LSO ANA
R=RFGRA—=H L L Ta kB E2ENENNE Y 754 L HEE
HBLAAMAIZRAWD A, UM HEEHBSMICBWT, X
7o DR X & KM% n A V5. Dirichlet Forest MHEIZ
HIZDEITITE D E Y Z 2BV T HIT 2 RO H RN
AV, 2TOEOHBREROAFHN1 &725.

DF Z /= LDA (ULTF, LDA-DF) TOXEALFBRT
X, EPEFE O LDA LREEC, T A—X a2 Lo CHIES
MG =D, ZHUZHEWL DD M v 7 Z ##EIRT 5. KRIZ
NTA—=H B TEWNC, EOLNZEELAM BT O
FoTEDLNIZ MY vV Z TCOMBSFICHENEELL L
MR ZBIRT 5. HENBRINTHA T T OHETICE
EERL, SR RIEINTZGEICIEI NN TA—F Il Lb2H
A T ICBWCHEEZRBIRT L L&D, WE, d;, z &
P FEHOHE w, NEENDILEBLIVEE CONDL FE Y
L, ERL7eNRTGA—=2%H\\5 L, LDA-DF LT
TRIEEIND.

f4; ~ Dirichlet(a) (1)

zi|0a;, ~ Multinomial(fy4,) (2)

q ~ DirichletForest(3,n) (3)

¢.; ~ DirichletTree(q) (4)
wil|zi, ¢, ~ Multinomial(¢-,) (5)



The 26th Annual Conference of the Japanese Society for Artificial Intelligence, 2012

3.2 HIFMBOEE

Newman o [4] (X, Y > 7 OFERMITKT 284 70341
FBIEIZOWTEBEL TV D, RIFERICBW T, ZOHEED—
SOThDH, HiEM OB CHAEEHRE (PML:Point-wise Mutual
Information) % hE v 7 NOERMELZRILEEE LCEHAL,
‘FEY L L ERDLZ LTS,

HOHERZBE T 501, Ny 7 E2RFTHLERRELHE
BEERT HVEND L. AHRIZENTL, D E Y7 %
REFTDHHZE (LT, TEEHFE] LS i, f5L32
CEHCTER REEICEND b O, F00E, thoHGEES
SOREMRICH LD LIEL, UUTIZET D >OFE%
FAWTERT 5.

(i) HEBRICE S EEHEFEOZRR
Rl —ANBEOERCELZXNRICT D56, TOETOXE
Lﬁﬁbfmﬁffﬁﬁfé X, ZTORNEERTT-H
ICHERFRBEBECTHDEZEZOND. ZO DRI
TIEHACGEICHE> TN D3EZ EEHIEL L CRIT S
NP

(i) BRI TS < EEHEGEORR
AWFFETIE PMI BEWEFEE S LIL, F—hE Y ZIZA
DEENPENEE L CHIEHEE TS, 22T, LY
L OFEL B VLR AT OEALEEHE L L TER
j*%) kv ﬁ‘?”if‘\lj& L/’C’%_‘Z_%)%un (?ﬁﬁ%ﬂ%’ﬂ:
FY) Mo PMIAEL 72d 2 ENEI/EIND.

UTFDOAT v 70, HIREEROEEEZIT .

step. 1 BEEIERE 72 ITLRERICIE SV THEEHZEZBRR
T5.

step. 2 stepl THE LA HFELZLEPRIZESE, W0

DIN—TFIHETH. o, LEROIERE T PMI
ZRV, TOREINZEEU EObDE—2D 7 L —
FLLTELDS.

step. 8 step2 CHEOLNZ /L —TNOHEE L ILE T2 HiE
% PMI %3z LTE‘XEFL/ PMI 3@\ H D ABINT 5.
BINT 5 BRI L > TEZLHKINENT D720, K
M CIXBINT 5 BaEdx 1~ 4 A fbksgbr L &
T5.

4. KB

4.1 EER{TH

NE > 7 I EBRICH W2 3CEE, B oENHITIER
—D Ry 7 BHHEND HORAE L EE 2, FLEED
xR LWL EEOFHMESE L AV, FEBIC A 75
X, 7 AU I ABC News, ¥ U 2 BCC NEWS, 77
4 CTV News 7 E33EE & [EHO FEHHHEHC TV 4o b o
THY, 2011412 A 16 B B HAFIC X % FEIEEHUN R
SR CBT ETEHRE 10 RE ot 212, FErEEKIT 853),
201241 A 16 B [ % 1) 7 EEERNERESE R (2B 53
SHTH 24 FodF (SUERIE 967, BEAELEIE 2267), 2012 4F 1 A 17
Ao [Wikipedia ® SOPA ~D¥iik) (<BI+ 2355 25 70
% (S 700, AT 1823), 2012451 A 17 B [Yahoo!
AN ORI (CBIT 2T 18 iR (Srkki 553, FE%
L 1113), 8% 2% OBRR ISR 5 EFH 22 705 (X
ﬁmm&%ﬁ&im&rt%ﬁ‘#4wj’@#6%?%%
18 3 (S 380, FEALENL 936) X5 L9 2.

%72, LDA-DF THWA7 4 V7 LD /RT A —H (%

a =01, =01, n=100 & L, HEFEIZX Collapsed
Gibbs Sampling Z VY, 4 L7 —v 2 %200 E & L=, b
By 7T T (IS E S — SR IR LG
EBELNALOERETHZELTELN, MY I ONHE
WERE L LTELNAHEBEO /L —E Ly VO X 2 F UL
OTF CHEHBRHE LI-WZ E0D, AFEICBW T R E vy 74
K=10 £3%. Hu & [2] D#FFETIZE 2 DRI HEE
WIELT, BEFEO My 7 BTV THEEIZEIV ETHNTND
My 7 O—EERVIEL, BE My 7 OFHEEZIT>TH
L. ZOBMYIELANRERDLHEEFEORNGIZ 4 SOOI EE R
FLTREY, O 4 OO TILHEN TRV ELETo125E
2, FOVRWERMBGONELHEL TS, ZOZEnbHAR
e Ch, FHEEZAT O BRICHE {3 BERIISCRAL CIT Y 2 &
L35,
EBERIINA—T LR T o OEZERHL, FOMEICEVE
Bz 52 D& B TOETFT L OREEZ BT 5.
T T 413K (6) FRWCHEE L. 22 TN EeE
E, Won I m BEOLEDO n FHOHEE, 0,0 XTNEN
LEICH LTIy 7 OARHESR, Ny 7100 L THEBEOA
ErERE R

IN—

Perplexity( (6)

w) = exp(—% Z log(z OmzBzwmn ))

4.2 EEBHER

BEE R L OHEERICE S BEEHEFEO I L—T L Z
DT N—TITEMSND BFEEHAZR LIRT. R1H, #
HENEEEHEEZLEERHGNLDE 2D 7 V—7 2k
AL, KR L OLEICRT 6 2O 7N —T %],
D6 ODTN—TFNEIUCHIBEZBINT 53, 1 28MNT
DA DBMEELZ TERIORL TS, ERIITEOEEL b
B N—TIZENEIEINT D Z & TR 2 HEET 5.
HRTAFES 0 HOWREE (D VEF O LDA LFIL) »H—o
TORFIZME TN ZEI2X-T, FEy ZHEkEN -
T BN E =T VX TT 4 HIEEE L CHERT D

i, AR TIE, SHREERANO PMI &N S D5
WrkbBx bz Lk Lzt

-
—

JIEE = 1l

e BN - [N

61
59
57
55
53 |
51
a3
a7

a5+

145 4
140
135 -
130
125
120
115 |
110 +

1: [Yahoo!I:Aglha# | (2 : BEEEE®R, £ : WEER)

x1 FEIAFROMAGDEIZI>TH PML, RSA—=7 L7 1 OfE
IR 5 LB, SEIEE ZETOREIL TV,



The 26th Annual Conference of the Japanese Society for Artificial Intelligence, 2012

* 1 HEERL LOSEERICES EEHEE Y L— 7 LIBINEEE

FatE /P g B RS R A4 T EEERNERE | Wikipedia SOPA i | Yahoo! LAlIAA#E GER#k INF AL B AFFEI VA
{prime,minister,
reactor,fukushimal}, {yang},{board} {pakistani},
gl ® = {power,tokyo}, {costa},{passenger},| {wikipedia},{online}, {ythgm’} {::: ; } {avalanche}, {missile},{north}
- {cold}, {people} {piracy},{internet} {:h . ’ n}mp el {soldier}, {launch},{korea}
- ¥ u; ; {nuclear},{plant}, ompso {troop}
}I/j7 {shutdown}.
yoshihiko,electric, bostock,position, indian,army,
appears,unaccounted], X i plan,long,
5B 0 4 | reached,noda, o wale,stop,protect,free | chairman,struggling| saturday, .
o, riday rocket,japan
% HEE march,state scott remote
{cooling, -
contaminated, {disaster,caused,sea}], i i {private,pursuing, {c1v1.11an},{hour, {government},
. {medium,industry, survivor,
water},{site}, {aground,ran}, . . deal,shareholder, {pyongyang},
group,tech,information . entrance},
5 = {year} {gash}, popular}, {big} asian},{began}, {snow}, {located {planned},
N B {stable,state, {authority,safety}, S &1 {leaving}, ! |’ {report},{site},
| HEE I .. {legislation}, . . . {metre},{morning, |
~ | response}, {television}, . . {resignation},{chief}, . {state,united,told
X 57 . {service},{community} > early,struggling, L
. {worst, {evacuation} {medium} ballistic,south}
7 disaster} body}
- technical,late,side, . Targe,university, missing,entrance| image,peaceful,
ton,liquid,end, K social,web,proposed, ) i
B4 trained,human, . struggling,thompson, headquarters,bas¢ launching,news,
RO tank,chernobyl X provider,wale | .
5 HEE survivor scott,trading ,area,make allowed,chinese
4.3 EE
B 173502 312 [Yahoo!3EAIZEH OFFIE) , 3% A& D
E), O ATH 24T B 03 >ORFICHL T, #
Lo TeTOB IR san o ma B, SHEFARIC OV TE NG 2 B BIRTEE IO LT
. e Vors b E (BRI 2 5 BATAIROR) O PMI (5 L)
A == S ® | wogz XY BEWS—TLE LT 1 (MRTFE) OElLERT
el 7] w2 e - R N - _
5 BRI Sy w Sl ZITC, ChEI? LIEEDLICREENENICONT
* s FEACHDE, PEYZLLTRDLART WSO, T
56 o 1 2 3 4 H 5 . . N - _
o 1 LI a HMENE—ICDEINTWALDEBL LN, 2D &
. e —DEM ... =N I o, FxIIEREOLEEREL T PMI LET L E LTORE
7 7 FUREERE WZRI =T X T A ZHNT, “RNNEy 708 &
e — ® ‘ I IPMIAEL ARA=T VXU T 4 BMEONME v 7 5% Th
- : BEV O EBECS.
ool “ PMI & =T L& T ¢ OBRZIRZ D720, FATHIC
o e ot T HHEEL 11D 4 HOFE TEES LEBEOMBEGREE R
. . T2 X4 HEEERICE SO CERTA#RE 1E o 720 PMI
B2 TRFAL TR (K BERER, A EIER) ENR=T X7 4 OMBEREGRE, X5 IR FRICE SN
CHERTEIRA (EoT2BED PMI & 3= L% o7 ¢ OFERIRALR
T ENEIURT.
1
== F7H
—a— —D3BM & =28 —— SO —x EOEM —@ Yahoo!
%5 82 —h= H)P
8 » "~,——*v‘:_‘f T == wikipedia
75 e e Ll iy

[% 3:

<o JEEERE

— T

X 4: PMI £ 3—7 L %7 ¢ ORISR BEE - FriE)

41ZBNWT, CEIC L > THEREOMOEY FioEik
WDETTWEN, 2EOTVHERD L, HEEBRICESWTHE
L HIFMFERIE, PMI & RX—=7 LT ¢ OICMIT/NE
WSBROMBEBRAGFEL, BEZBMTSZ Lk, E

Z OAEBEMREUI R OO BMEZ O L S F oML L T
TBRICHET A HEEZ BN LHADO LD TH D,

*2




The 26th Annual Conference of the Japanese Society for Artificial Intelligence, 2012

£ 2. o A\THEIT BT gL ey 7 2K HEERFE (B4 10 )
topic topicO topicl topic2 topic3 topic4 topich topic6 topic7 topic8
LDA missile missile north north north Taunch south weather kim  jong
: ) L K d milic | e
north _la_unih_ ri site | korea launch north n(l)llgizr ig?y Lnalclk power
rocket jang bal- taongchang 11 I(-_ ————— | e image _sfxie_ll_ﬁfe_
s listic rocket satellite im rocket news forocast 4
nuclear Sin o test i B test rec meeting
............. {rnyong stage _limih_ korea long satellite survely leader
technology satellite | _iaunch | space april il range govern- p'eltzp ° gecem— 1d
korea | 22 : h : prepa- —— stage ment ris sus- er to
.......... facility sou: re- | otion sung. warning party pended timing
expert program &Z;ter station satellite korean report authority
satellite PO ———= interna- tunnel
P — foreign birth tional
ong range security founder position
council
topic topicO topicl topic2 topic3 topic4d topich topic6 topic7 topic8
R | missile jin north ri  north launch space south send jong
LDA- north people ———— stage test korean power
DF myong rocket tongchang | satellite | security korean weather meeting
rocket jang range south il council news military chine
space lon station —— liftoff govern- forecast decem-
long expert | SP g k .
228 ZEPC 1 show ~— rocket sung. interna- ment back ber high
range state | develop Japan prepara- month tional party survey leader
united facility plan tion japan | —.—.—.— fueling image conduct father
technology country e ~~~~~ | april position sunday resource minister
o taraget kwangmy-| ‘eproter founder send report aid chinese
plan ongson long birth scheduled | agency
satellite north
orbit kim
urged | | e
! K HEEDS FBECld Topic7, 9 LIAMIBALTUWVo b DA T B
- TlE Topicd IZHEFRE L, B CRENDEHOHEEN LB TIX
—a vahoo! Topic0, 3, 4, 6, 8, 9IZELNTW=H D7D Topicd (ZHERE L
— 27 TWD ZERDND.

- = Wikipedia
—— 325
o LEAEF

—

5: PMI & /5—7 L3 o5 ¢ OFABIRIR (JLiE - BA1%05)

BN 2 S D Z Lo nd. PMI EX—T ¥ U7 o
ik 2 AL, BxPLTKHTHSD [PMI 3E
KNR=T VX TAMED Py 7 58] 237550 TH
v, HEEFHROEEFRLME L, METOIHELENT D Z
&R DHIRIARR BV D E Y 7 A TR 5 O Tk
WnEEZ LS. —JF, B BIZEWTHICEIC L - THBIMR
BOMBOEY FIZERNELTEY, 2EDOFEE L > THHE
BRI DA/ NS, BEEZEBENL CTHADHEMNEND & 1T
SV,

FROZENG, My I SRICERE e HHIRERIE, T
EPOHEEGRICE ST BEFELIH LIS, 2603
DOHTIHEROB L 2D T NV—T 55 L, 07V —7 23k
ETDHBLEMNMT LI E0OEETNVIIRNEEZ I ONS.

£ 20, MHeglEo NIEEIT LT ) oRFICHAL T,
il E 5 2 CWaniEsE o LDA(LE) &HK (R &
#H ooxTNENICK L PMI OFWHEL 4 DB
L7zb D) #5 %27 LDA-DF(TE) CTO NEyZ 538
DfERZ TR LTz, WRITHEEBRICESW TERI N,
{missile,technology,state,expert,united },{north,long,rocket,
plan,japan},{launch,il,sung,month,satellite},{korea kim,
foreign,week,nuclear} O3t 4 2O E 5 272, Zhick v,
TR TR SN DHFIEFEN EE Tl Topic0, 1, 91290 TC
W72 b DN T BTl TopicO ICER L, —m#ETREND

5. hYIC

TERDEERNT 1 V7 VELETIE—FREEF L T
LOLITRRDL Ny I GEESNDZ ERHY, ThEE
T LD A BT T 4TI EEZ CTHE Ny 7 08
T B [2] 72 EDMTFONTE T2, AT TILIR &5t
N HBICHH LZofilfE 52 T ey 7 B LB
FERAHE L. MYy 7 B INEERORETEL PMI
RN=T LR T 4 DML HBTZD, SBIIMOEFEDOT T
LD REBRT—RNRAEED, FBRELETL5O60THD. £
72, HFIOHEETEB RS BEIC PMIOE WL O L5 LEHIK
LLTHEZDLETTRLS, KVBRBWHIKERD LOEEET S
FEAEBRFTIT o0 THD.

SE Xk

[1] David Andrzejewski, Xiaojin Zhu, and Mark Craven. Incor-
porating domain knowledge into topic modeling via dirich-
let forest priors. In Proc. of the 26th Annual International
Conference on Machine Learning, ICML 09, pp. 25-32, New
York, NY, USA, 2009. ACM.

[2] Yuening Hu, Jordan Boyd-Graber, and Brianna Satinoff. In-
teractive topic modeling. In Proc. of the 49th ACL-HLT -
Volume 1, pp. 248257, 2011.

[3] Hayato Kobayashi, Hiromi Wakaki, Tomohiro Yamasaki, and
Masaru Suzuki. Topic models with logical constraints on
words. In Workshop on Robust Unsupervised and Semisu-
pervised Methods in Natural Language Processing, 2011.

[4] David Newman, Jey Han Lau, Karl Grieser, and Timothy
Baldwin. Automatic evaluation of topic coherence. In HLT:
The 2010 North American Chapter of the ACL, pp. 100-108,
2010.

[5] RiARR, EE)IE. FEREMGEF — 12 b & O MM & o
I TGARN) T S AL AT MifFES, Vol. 79, pp. 61-66,
2007-12-03.



