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Abstract Probabilistic Latent Semantic Analysis (PLSA) is a powerful statistical laguage model. However the
PLSA has the local maxima problem. To overcame this problem, the EM annealing algorithm has been proposed.
In this paper, we designed annealing schedule 3 with some continuous functions. As a result, we found that increas-
ing functions and square root functions are the best for annealing schedule. In the experiment, we obtain 28.7%
perplexity reduction and 5.3% word error rate reduction.
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EFNTHS. PLSA KHETZ hETOHATIE, #HEK

L RLoi REAPLBETHY, &V REERERIFTOATOHERY.

MHKWET/ETNTH S N-gram EFNVIEHERIZHEATH
Y, EERABOABTHLEELABHER-ZL TS, UhLE
35, N-gram 7ML BEOEENEBIO n— 1 BEC DB
BETZEBETNTH . AERIZAV LN D RIFEOHEE
3o BECBRLN, nH4EBRIBILIKIFLAL RV, EOD
J=8b, KEBHWRREOEEFEEEZRTEIRV. THITHL T,
EESUIREHRE AV Y X ERRHNEBFTETNVHIRRY
nTVA. (1]

TOHTY, XBLEEOBRICEBL ZEFNELT MRS
HIETERBRARNT | (PLSA:Probabilistic Latent Semantic Anal-
ysis) [2] 5% 3. PLSA IXRBNIEMTH 5 5@ (topic) % HH
IZ3X& (document) 75 HFE (word) DHHHERE HET D

KESLHBEROHT L 25018, #HERTHS. PLSAD
R, ERAR - HERSEER B, BRY I A0R
IZHBIT B0, KEREESIBEICEERE YL THERT
B LIHABRNICRETH . BLE, THETOWRT
PRI & D BHEFTHEEZFL TW3 (3.

NI A—ZD#EIZE EM 7 VT Y XA (expectation-
maximization algorithm) %® fi\Z3%. EM 7TV X Alx#
EDBETRAMBERICIESBEHS. Tempered EM BRY
DT ==V VT AT a—=NVHEREINTWS., UhLLENS
RERDOHETIL, REE [HRLITHI (KEL) LTKY
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FRETIX, T=— VYT AT a—-NVTRAVET=—V Y
J DR BRERTRHTIZ L 2 REL, HEREHE
T3.

FERUBR/ETNVE THAFEFEUEEI—-X (CSI)I ©
WBREETHAETS. 7, BIBILUIHTIA-TLF
VT & BTERTD. RIZ, BEERRERCOWMERT.

2. PLSAEBETETN

2.1 PLSA BBETN

PLSA(Probabilistic Latent Semantic Analysis) i, K###
RIA—=NRRATBEWT, X&F (document) & BifE (word) D HiH
Pek% 358 (topic)) - & VREBMITETFMELTERRETH
3. X#Hde DFREFweWRERTIMRE, FlBteT
EAVTROBCERILINS.

P(wld) =Y P(wl|t)P(¢|d) e
teT

I T PLSA ST )VIE unigram SEEETIVE UTEEY
3. N-gram EFEETIV (N 2 2) OHAIZDVTIE unigram
rescaling Z A3 [4]. BIRIE, trigram EFEETN (N =3)
DBFEFRATRDS.
P(wi|d)
P(ws)

2.2 EMEBRICETNRSX—S#E

PLSA DEFNMIZ, EM 7NVIT VXA BAVWTRAEZ BRI
THLOCHAINS.

P(wi|w}~3,d) - P(wijw(Z3) )

E-step
Q(t,w,d,r) = P(w|t)(')P(t|d)(r) @
n__ Qtwdr—1)
P(tlw,d)” = Sy Ol wdyr — ) (4)
M-step
R(t,w,d,r) = N(w, d)P(t|w,d)" )
@ _ __ LacpBw,dr)
P('UJlt) = Ew'ew Zde‘D R(t, ,w,’ d, ’I‘) (6)
Pt = e R0 d1) o

zt'e’r Ewew R(t,’ w,d, T)

22T, N(w,d) BXE d B 5 8E w OHBEERTH
3. 2k, r RREOFIEEHKTH .

HEX dDSEX oM LT 3. Pwlt) RXBITKEL 2D
T, ZhEERLT (1), (7) #AWTHEEX dIcdd 3 P(td)
RHET3. R (1) &V, HESEOD unigram B P(w|d) % R
5.

2.3 P=—=YvIRH5Ya-ib

EEOFETIXBIRERICE B AS I L2 b, R(4)
O P(tldw) 2 (0<B<1) #RUTHETS.

Q(ty w, dr T 1)/3(")

P(tho,d)" = i
Z,teq— Q(t’y w,d,T — l)ﬁ( )
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Fig.1 Annealing schedules.

3. P=—YuI245Ja—-IDOLE

3.1 HEHBEMICRICKF=—YYIRH5Ya—-

To—=Y YT ArVa—lid, EM #ED L %2 BATREE
IZHBZ L 2B =DICEETHS. ULAULERNSL, ZhET
AWLhTWBET=—Y YT AT a—lik, BERICRERE
BIE T3, -k, BROREIrLBRBROMEEZBRRTEIL
VoS U SR, ERNREBIZEE IhTVRY.

ZITR, To—VY T ATV a—-) 2 BGERTCESET S
L THRMLT S, X, MHEOBNEEDTHETS. B
ik, —5E (fat), BT (inc.), BFAWSD (dec.), HINBIK
(sqrt) D 4 D& V3.

—sE{l ﬂ(r) — '3(0)

gm0 =9 + (1 -49). (r/R)
BEEY sV =1-1-8P).(+/R)
BmesE 8 = O 4+ (1-49). \/(r/R)

B8O EWMMMEL T 5. BEMEFARIOL S35 A—2L
UTUGRME BB 2523, BN 3B r BEDFFECORKT
H3. RiZ, DTUREFTOKRYELERTHY, I TiREHERE
BrELVWEDLT 3,

LICEEER 100 H, O =08DLEDT=—YV T2
FYa-) M 2RY. HEEEULT, TEM $FRRLTVS.

3.2 ==YV IR5Ja—-LOHEK

2H/F X A b, TEAZEFL 21 —/32] (CSJ: Corpus
of Spontaneous Japanese) % A\ 3.

FEAMIF—ER—AMED XML » 5 ERT 5. Bk
ZBfL (IPU:Inter-Pausal unit) &2 3CH « JCREE2HFAL,
SUW(Short-Unit Word) % Bigg& U THRET 3.

2o, B, BEBEDMN 2668 ML A5, EAR
FEHUL 8486301 FETH B, Bkl U TRAMN - BFRHTH
FhT2EMEHRL ZBEL BRI S, FRY 1 X 47309
FETHB.

HBMIFEETN LU THEE trigram 2 /EFKT 5. bigram,
trigram DAY M A7, THhEh, 1,327 5.

FHMADTFAD LU TERXBMEBETEED 10 FBH (test
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K1 T=—VYTArIa—OBNIC &5 HE
Table 1 Effect of annealing schedules.
topic | B(©) APP
/iter. | (B(R)) flat | inc.| dec.| sqrt
100 0.5 | 105.73 | 99.04 | 105.73 | 94.31
/100 0.6 | 105.73 | 96.04 | 105.31 | 92.58
0.7 [ 105.70 | 93.35 [ 98.95 | 91.14
0.8 97.97(91.11 | 95.48 | 90.45
0.9 92.74 [ 89.93 | 91.54 | 90.14
1.0| 91.49 — — —
1000 0.5 | 105.73 | 80.33 | 105.73 | 77.35
/1000 0.6 | 105.74 | 79.33 | 105.74 | 76.44
0.7 | 101.97 | 77.74 | 100.19 | 75.78
0.8 | 95.97|76.39 | 92.52 | 75.44
0.9 | 84.76 | 76.70 | 86.19 | 76.49
1.0| 82.84 — — —

# 2 TEM & BB AT =— ) v DB
Table 2 Proposed annealling shedules and TEM.
topic | iter. B APP
100 | 100 | TEM | 1.0 — 0.8 | 97.17
dec. | 1.0 — 0.8 | 95.48
sqrt | 0.8 — 1.0 | 90.45
1000 | 1000 | TEM | 1.0 — 0.8 | 92.10
dec. | 1.0 — 0.8 | 92.52
sqrt | 0.8 — 1.0 | 75.44

set 1) ¥ V3. FHEHGEHIL 30837 BTH5. REITHEET
NVCOBEN—TVFTF 11210581 TH 3.

PLSA EJEFNVOMBML U T P(t|d) T —RFLIE,
P(w|t) {21 unigram B P(w) 2 V3. EEHRE EHEK
DAEDEIE (100,100) & (1000,1000) D 2BV ICBET 3.
BETFFAMCRESRTFAM2AY, | BRECEFIVEH
BT5.

fekErolge LT, @EEK 100, 2FHEK 100 @
(8 =1.0,0.95,0.9,0.85,0.8 : #¥38EL % 20 []), FEEH 1000,
2 WEH 1000 E (8 = 1.0,0.95,0.9,0.85,0.8 : &)3EL % 200
E) 2 KT 5.

BEXLUTERTF AN EAWS, 7=V YT Ay Ya—
W TIHIEDRNC X BB R & 1 ICRT. T 100,
ZHEK 100 ETiE, B (sqrt) TIX B = 0.8 T 90.45,
BBIAN (inc.) T O = 090D % 89.93 &, BHRVERE
BOLNTVS. —EfH (flat) PEWABEH (dec.) T, Y < 1.0
DEEIBIT BHERL D = LODFELYVBEL. 7=—)Y
T OHRBBOLATVE, —EH (fat) THHME SO < 0.6,
HFEA (dec.) TIHMEBPR =05 £ T3L %, Pld) iy
NT—EME (FEBROHEE) L&Y, Pw|t) k&t BIISL <
B2l Thik, FRLOBREKRETIFTEFVNEF YN
BhokibELEXLNS. BEBVERIK, B 1000,
£WEE 1000 E, 8@ = 0.8 THIBEM (sqrt) 2 VAL &
IZBLh, @EN—TVFFYT A DMHIL 7544 THor. D
LEDR—ASAVEBETNNE DORBERIL 28.7% TH 5.

*3 HELWRE
Table 3 Acoustical analysis.

sampling 16kHz, 16bit

frame shift 8msec

analysis window | Hamming, 32msec

feature vector logEng, MFCC(12),
AlogEng, AMFCC(12),
AA logEngAAMFCC(12)
(39 order)

#kHE: (TEM) L REBEO B R ToLERE2 XK 2 ITRT.
feskE% [TEM] OFFIC, fEREEL AR § 2 34 X4 386
% [dec] DfFIC, REETES BH o/ HINEEE [sqrt)
DFFITRTY.

BRL T, BREBEOMMBI (sqrt) FWHBE BVERL K-
. BERBAIEIHEOLETI, Bk (TEM) L BFRS>
(dec.) DEKIFLAY B o). UEd>T, BEATYTR
ERLTI LR, 2 —RIIEBLIBALASTHEILEXS.

3.3 HFBHRRICL DM

RIZ, BEHICL>THEHU - PLSA EBET V2 FHER
LEoTHETS. BEINREERIIIRT. R—AF1YV
HFEETNVIE, CSI %% - BEBRTEIL /- HM-Net 3000
REB 16 BEDETFNERMATS.[5]| R—ASAVER/BETINV
i, 32ffiLALLDEAVS. BETFAMIER—R51
VEBETNVOBRBREREEAY, 1 BRECEESTS.

FHEIZ X, ZFRWHEBE 108E2AVE. R—A51VER
VAT LADBEIERY R 20.38% TH 5.

SRR 1000, FFEHIL 1000 L $5. HSICIXTEMER
2HWS.

BIGEL - EBETNVORENS—TV RV T 1 2 F 4 1T HER
DRER 5 IRT.

BY RWEERIE, BFEM (inc), 8@ =050k X2
HhTWT, WER i 19.30% T #£iX 5.3% TH3. PLSA
HEMTOMRBTHMEL T, R—251 VY EFEEFT VL PLSA #
BEEARDEBRER6ICRT. ERERREOTME
37017, tREEZAVS. BRECHERLVOBBROE
Tl 5.

o \d

Vi (di = ?/+/n(n = 1)
T, BEITOBMROER 4 LU, e dLT5. B
HERXn—-1TH3. BHRER (HURE) THRETIHE,
to > 2.2622 THINITRHHEICARELHS. Bb BVERIL,
BB (inc.)8@ = 0.5 THLNT WS, BISHTE QBT
X, t0=23758 CHUERRENBDLNS.

3.2fiC, HEN—TV ¥V 7T TOFEBHRL BVERE
B DX (sart), 8O = 0.8 TV @MiEeLIE 19.69%
THd. DL, to=217T18 THBI L bEEREIZ
BOLIERN,

PLSA ST TNViliibe MLLR SEEF)VEIGE 2 T
BBPADODVWTHET D, R—ASAVORBMAER (BF|ERY

©)
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£ 4 BEBEREAVL PLSA #iED APP
Table 4 Unsupervised PLSA adaptation(adjusted perplexity).

topic| B© APP
/iter. | (8(R)) flat | inc.| dec.| sqrt
1000 0.5 | 105.72 | 83.94 | 105.72 | 81.87
/1000 0.6 | 105.72 | 82.72 | 105.72 | 81.04
0.7 | 101.66 | 81.99 | 100.05 | 80.66
0.8 | 96.02 | 81.20 | 92.86 | 80.74
0.9 86.21|80.92| 87.48|80.94

1.0 85.90 — — —

£ 5 BWAEREAV PLSA BETORMERY £
Table 5 Unsupervised PLSA adaptation (word error rate).

topic | B© WER [%)]
/iter. | (B®) | flat| inc.| dec.| sqrt
1000 0.5 | 20.39 | 19.30 | 20.39 | 19.51
/1000 0.6 | 20.39 | 19.46 | 20.39 | 19.65
0.7 | 20.32 | 19.58 | 20.21 | 19.75
0.8 | 19.92 | 19.55 | 19.82 | 19.69
0.9 (19.82} 19.60 | 19.72 | 19.79
1.0 19.76 — — —_

£6 R—AFSVHEFETI L PLSA Hik
Table 6 Baseline acostic model and PLSA.

n-gram | WER[%] to
baseline 20.38 —
PLSA inc. 8@ =0.5 19.30 | 2.3758
PLSA sqrt 8 =0.8 19.66 | 2.1718

# 7 MLLR #Ee PLSA #&
Table 7 MLLR and PLSA adaptation.

n-gram | WER[%] to
baseline 17.72 —_
PLSA inc. 8 =0.5 16.95 | 2.5967
PLSA sqrt 8(® =0.8 17.13 | 2.3096

#:20.38%) % MLLR 50D 5~V 2 PLSA DO X#EE U
THW3. MLLR BESIEER2 5 A 20 HB#ERk 6] 2 A,
TV =AU W% 2000 2§ 3.

MLLR EHEHFBETNV L PLSA BHEOERER 7TICRT.
R=ASAVLHEETH L, MLLR EETO WER ik 17.72%
TWEEII R 13.0% TH5. PLSABESLHATIBEOR
E 3 BFARI (inc.) 8@ =05 DL ¥ 16.9% THB. DL
¥ PLSA IZ X 5IEHHIL 4.3% THD.

), 3.2MiCHENA—TVHFYF 1T HL TR FEOR
2o K BN (sqrt) 8@ = 0.8 DBAIL 15.9% Dl EHREEF
5. ZOL %D PLSA Iz & 5i#EHIE 3.3% THS. MLLR #
%LU ABAORRIZOWVWT, PLSA ORBEMHEOHRE
Tl T 5. PLSA 24fAT3Z L TOREBRI 3.3% TH 5.
ZDLE, to=23096 > 2.2622 TH Y fEBRR 5% THERE
»EDLNB.

204
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19.8

word error rate [%]
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2 ®MEA-TVFY7+ L HERY BOBER
Fig.2 Adjusted perplexity and word error rate.

4. & ®

PLSA EBETFNVO EM #BItBII37=—V VT R¥
Ja—)EEGHRERTHRHL A, BiHU EROBTIE, HE
B0 (inc.) & BIANBEMK (sqrt) 2 VB L HENS—TVFYF 4
ILEBFECHEBENBOLN. —H, —EM (fat), BT
B4 (dec.) TIREBRBOVREALNR. I, —EHD
B OMME 4@, 21k, HFEBABRODEME P 2/
X<F5L PLSA OERLOYRBKREL RV TES. £HO
RTBRETREENILTIILIEEHREBLNRV.

EEMVREBES—TVFVTFOBFKEE2ICRYT. |
EOFEMI—BTHLIXETRLV. ic, BFERVRLEE
NR=FV XV F A DFUENRV LA TELDEINKEL S
TWS. PIRIE, MK (sqrt) THHH 4 =08 &L=
Bik, WEA—TV YT CHBRENEDLI TS, BR
HRETRIEBRZIBLATVARN., R—=RAF1VDOEEET
NV BFEBTOEREDIE S D ¥25K % { PLSA Biiottatd®
DYHRHBBITU o EXLbNB.

—%, BEETNOBEGLAIRE U 2 BE TR (sqrt)
A 50.8 D & ¥ PLSA BISOEEICHL T RIBERERS
ICHBRENBOOLNS. ZDLE, PLSA BIGET VT HSH
DFfiLA—bDZFALTVWS. FBETIVHEHEL EHET
NVEBOHEBH RIS BN VRS,

5. ¥ & &

HGEEBIC X7 =— VY AV a—VREHEERERL,
CSJ BT HCREER ML /2. 7=—V YT IZo20TIRHY
INBEB (sqrt), F/IX, HFMM (inc.) FRVWI &L ERL K.
PLSA EFETNCRBEN—TV FYF A TR—A51VD
EFIV &Y 28.7% OHBEREBT VS,

HHEBEBERTIE, PLSA BT 5.3% ORMRUELB/T
V3. MLLR FEEFIVEN%EHAL BAORBERIL 16.2%
THhork. TOLED, PLSA EREFINVEBORHRIL t-BE
L&) ERRENRBOLN:.
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