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HMM Parameter Learning for Japanese
Morphological Analyzer

KoicHl TAKEUCHIt and YUJI MATSUMOTOt

This paper presents a method to apply Hidden Markov Model to parameter learning for
Japanese morphological analyzer. When we pursued a simple approach based on HMM for
Japanese part-of-speech tagging, it gives a poor performance since word boundaries are not
clear in Japanese texts. We especially investigate how the following two information sources
and a technique affect the results of the parameter learning: 1) The initial value of parame-
ters, i.e., the initial probabilities, 2) grammatical constraints that hold in Japanese sentences
independently of any domain and 3) smoothing technique. The first results of the experiments
show that initial probabilities learned from correctly tagged corpus affects greatly to the re-
sults and that even a small tagged corpus has an enough effect for the initial probabilities.
The overall results gives that the total performance of the HMM-based parameter learning
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outperforms the human developed rule-based Japanese morphological analyzer.
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Fig.1 HMM state transition of Japanese input.
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Fig.2 JUMAN-HMM system.
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Table 1 Error rates based on initial probabilities.

tagged corpus 1 | tagged corpus 2
WEHED 2 — 3 2 (300 30) (300 30)
1. EDR corpus 16.9 (16.0) 14.8 (13.6)
2. JUMAN corpus 9.9 (8.7) 7.6 (6.4)
3. tagged corpus 1 | 1.9 (inside)(1.7) 6.4 (5.5)
current JUMAN 7.6 (6.1) 5.5 (4.7)
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Table 2  Error rates of HMM trained results.

tagged corpus 1 | tagged corpus 2
FIEHE D 2 — 13 A (300 ) (300 3x)
2. JUMAN corpus 16.2 (15.4) 14.0 (13.3)
3. tagged corpus 1 | 3.8 (inside)(3.6) 6.0 (5.2)

(%8 a—3 R HE O34 200,000 30)
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Table 3 Error rates of HMM trained results with

grammatical knowledge.

tagged corpus 1 tagged corpus 2
WD T — /82 (300 30) (300 )
tagged corpus 1 | 3.5 (inside)(3.3) 5.4 (4.7)
tagged corpus 2 6.9 (6.4) 3.3 (inside)(3.1)
current JUMAN 7.6 (6.1) 5.5 (4.7)

(%P a— /32 F o34 200,000 )

|4 CEHBE ANRZZEE O HMM 38 O 5%
Table 4 Error rates of HMM trained results with

grammatical knowledge.

tagged corpus A | tagged corpus B
WM 1 — 78 2 (300 30) (300 30)
tagged corpus A | 3.0 (inside)(2.8) 5.8 (5.2)
tagged corpus B 5.5 (4.9) 3.1 (inside)(2.9)
current JUMAN 7.2 (5.9) 6.3 (5.0)
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Fig.3 Example of smoothing 1.
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Fig.4 Graph of transition by smoothing.

Pave (e )

P (i ) 5893 () AR )

5]

B5 A&—Vr7{Lof 2
Fig.5 Example of smoothing 2.

IHERE N OFEETILOME P, LIRALTXA
L= XL L 7R MEATR E 5.

P=(1-X\P; + APy (8)
CRIEIBEHEOBEDFRIAT) 2 L)TES. OF
h, ZOXTRILADHBMRER P, THOMIRE 255 o
ToHEER %, TR Poe TAVT, ZhEDKREWL
BRIIFIETC, PRVHERIETE Ly a%E2F
LTwA R4 3o TERIORLAZDOT, FE
BWOSTEOERZRLUEBSEAL -V VT HROWRE R
LTw5,

R, BiHBRICHTARAL -V /LR ST .
HHICAL =Y 7T B GIEREDERR IO
LC4TH. B5 CEFEACERFBICETLZAL—-T Y
FTERLTWA, FiEE LTRBHFOHE L FA%T,
BEROBHLFTLEN L LT [HARERAF] &) IR
ZRIHIER L 3= /SA0 5 FOBBHSE P, (R
ERF) #EET 5. RRICEREBY OME P(8)
FNBEHANERERAE) 2ROTBL. ZOMmHE
AN (8) WHIETIIEFRBICA L — Y 7 LR
EVEERTESL, TS ALA—Y 7 IR+ s380
TRUHERELZEEB LTI OEE LB A D TY LT
7 %33 Forward-Backward 7 )V ') X A2k 5
HMM B ORERISFT L TH R L=V %27y
BTEL.

3.3.2 HMM OREREEMT 3

BECHEFO LI 1IREBIC 1 BEEEBET 5

Mar. 1997

K5 WHMEICBTBRAL— TV DMK
Table 5 Error rates of smoothed initial probability.

wEED tagged corpus 3 tagged corpus 4
AL—T vk (300 X) (300 )
. 5 1.4 (inside) (1.2) 6.0 (5.4)
B & By 6.1(5.5) 1.5 (inside) (1.1)
[ 1.4 (inside) (1.2) 5.3 (4.8)
Wi 5.6 (5.1) 1.4 (4nside) (1.1)
— -
Fama o 1.5 (inside) (1.2) §.2'(4.7>
5.6 (5.1) 1.5 (inside) (1.1)
NS (inside) (1.1) 5.1 (4.7)
5.2 (4.7) 1.4 (inside) (1.1)

AR SLIGEBILTASL. BT LEELRET L/
DY & a— AL RH L. BE L tagged
corpus 3,4 D 600 L& FAWVTEDOLHOHEDHE %
¥x by, TELE, BESH, BKEFE, TEAFDS
DHEBIIDODWTHEDOE WEEERTAZLICT 5.
ZITIR RN 20 EBRERATAILICL. AREL
THEFRERFVE L, kD R L {fEbhb
BEb AoTwb, R L 20 EBIINFICRET 5.
3.3.3 MHMEXL—T LT DERER
ARFH L TREL T3 JUMAN-HMM ¥ A5 AT
BEICEAE R ST A 005 S & a— 32
TWEFRELTWS. 22T, MEHEESOBD YL
TAT7EBIIN L TCAL =Y Y7 2T 2728480 HMM
FEFIT AR ELER L CA T, DEETE
B L7-ERD JUMAN OTBE CAL-Y V7D
FHEEAT o CAS, b BBFALPHHADA (0F Y,
BHDOR) AL—V 07 LA, HAROA (MiF
DHR) BAL=V T LIZGE, RELLBEGORKE
ERLTWS, COEXDAL—T 7 HENIZ0.3
E L7z, IBOBEL L ZZIREEZ BN L -8RI
B ARBEOLETH L. £ LB, TERIZELZE
Ny TAFET—IA 3, A5 MEMEE LTEF LD
DTHAH. I, EBRTETERHBEMTITEY, =
NLUBEOER T T RTXESNREZToTn5S, £H
DR IIOHEOBEM TIIAL =T V7 2o EWT
DRWIERDHER (ThbbhERA=0) DL EDE
bRV, Lol HMM #B%OGRK 6 TIIAEMHE
TRAL—=T VT RToIGEDRENREREB Y D
BILHRTETRARAI L LTWAE. BIZIERAED
AREAL=T V7 LIBAIRRY. 20X ) 1wl
BEERBTOAL—-V YT OMBILIHMM 2B % L
RICHEEEND 20, WEEORAL -V VT THE
WEL > THZFITIET A L3 TE LW,
3.3.4 HMM REHDEMICET 3 ER
BIED A L — P 7023 LTS 512 HMM OIREER
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Table 6

Error rates of HMM learned results with

smoothed initial probability.

HMM 12 & %5 HARFEBEREEBITONT 2 — 7 iEE
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£8 HMM DR % LML 22 HE 0 HMM 58 O %
Table 8 Error rates of HMM trained results with
additional states.

WHED tagged corpus 3 tagged corpus 4 Vi ED tagged corpus 3 tagged corpus 4
AL—=TV VT (300 ) (300 ) AL—=T v Tk (300 30) (300 %)
- P 2.7 (inside) (2.4) 4.2 (3.7) . - 2.6 (inside) (2.4) 4.2 (3.7)

B & Bny 4.4(3.6) 3.3 (4nside) (2.9) Bl & B 4.1(3.6) 3.0 (inside) (2.6)
, 2.6 (inside) (2.4) 4.2 (3.6) I 2.6 (inside) (2.5) 4.1(3.7)
A 3.8 (3.3) 3.1 (inside) (2.7) NI 3.9 (3.4) 3.0 (inside) (2.6)

Lsn o 2.7 (inside) (2.4) f1.3 F3.8) Liin 2o 2.8 (inside) (2.5) f1‘2 '(3.8)
4.1(3.3) 3.4 (inside) (2.8) 3.8 (3.3) 3.1 (inside) (2.6)
PUNESI 2.6 (inside) (2.3) 4'1.3 '(3.6) PRSI 2.5 (inside) (2.3) Tl.l '(3.7)
4.2 (3.6) 3.1 (inside) (2.7) 4.2 (3.6) 2.9 (inside) (2.6)

(T — s8R 1 HESHE o3 354 200,000 32)

&7 HMM OREHEBINL 86
Table 7 Error rates based on initial probabilities with
additional states of HMM.

DR DK%

(B a8 A 1 HESH R OFH 200,000 )

®9 HMM BB BAL— VY 7 O
Table 9 Error rates of smoothed HMM learning results.

HMM 7310 tagged corpus 3 tagged corpus 4
A L= ik (300 ) (300 XX)
] 2.6 (inside) (2.3) 4.1 (3.7)
Wy & W)
Uy & Wil 4.1(3.5) 3.0 (inside) (2.5)
. 2.5 (inside) (2.3) 4.0 (3.5)
N L
3.9 (3.4) 3.0 (inside) (2.7)
a2 o 2.4 (inside) (2.2) .3'9,(3'5) \
3.8 (3.2) 2.8 (inside) (2.4)
current JUMAN 5.6 (4.5) 6.1 (4.8)

HED tagged corpus 3 tagged corpus 4
AL—=T Tk (300 X) (300 %)

I o (?:iée.z))(lm 1.3 (isf.::i(;e.?)(l.l)
rasvy gL | B e o)

FEMLZBEDEBRGRIIOVTERETSH. T
83 DDINF—V DAL—TF VT %fFo1- 80 R
A=T VT BT D Do IGEDSMAEOR Y BHT
RENTWE, AL—VUT7HEENIZ03 THSE. &
N2 01 A7y 7 CTERLTEROBRIVENME, 7272
DWHA L7, BIEOK S & BT 5 & REH OB
W&, ALV U TR L aholBBL YN AL—Y
TR LIE3ODHEVPRCIHENERE STV,
BERATRICB T AR L =D 0 7 %475 LARBTH
. LaL, R7THCIIERELR S OCBE L BhEhE
BAL=DV YT LIZBAEPRSBVWAEEL o> T
B0, K5 IRLICKREBRLENETAL-V T
D LaWREREB ) OFIREORER L TIZHESRE T
H5.

T, INSOPEMELY I LT HMM %8 L4
BERSITRT. TOFRBDOY ST E T —I3A 3124
LCRERELR L IR EBBIE 2 AL -T2 L
PBEVPRVHERZFEBTVLDY, ¥/ fxa—/24
I LTIIESE - &) Lk, 2F ), #IEET
BhRYBEPolAL—J U7 L aES, HMM
FHOWERAL -V VT OMBNBEN LN DD B
ZERRLTWA, 7273, &6 LT HMM Ok
RETBEMLRRERLE, AL—-V 7451

(CFfa— A L [TEH O34 200,000 )
(HMM FE DAL= 73 )\ = 0.1)

WVIZ b 5T 0.1 205 0.4 DIETEY REL % 5
A DH 52 & h S HMM DIREREZEMT 22 &
FEMTH o7z,

3.3.5 HMMZBDAL—Y LT NDERER
MHEE AL -V 27 LTH HMM 3B T2 0%
RVENTLE)ZED DD EDRETRENT.
ZIT, 3L LBEMEDOICHBEES OB
WAL =D TR Fo728F A=21I3 LT, &5
HMM #EBIZBW T AL UV 2T o 2 BA0%)
BEUWETS. RA—V I OHEIETOIHEOE
FEERAL, WHBELFEROETH VS, OF Y4
BEOAL—T V7 HHEIE N =0.3 THMM OIREEXK
X 20 FEBIML 2B ATH B,
EERTIIHMM #FBBOA L - v 7 %L 0.0 H
501 A7 7 DHUART 04 FTTEIEER. FOk
EDEAL =T VT ORETRMRVEBYREZRLL
BRIIDWTRIIIRT. BBEDAL—-U 7Kk
TH HMM ZZBBOAL— I 7T A =01 D
EENBRYFEFREDES - 1.

K9 FOERKEECIHIERE L DA LBHFAE X
Lh=T YT LGB ENRDBVEEREB NS, 7,
K8 LB L THMM FEBILBIT A AL —TU Y 7 DR
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BERBTAL 01~02% 157 (FE2a—/3R 4
THEINTVE, FZORRERE6DAL—T
THRLGVWRRDOFFOXEERFRLIERD LY I E
I—NA3, 4 EELDT I M ANTF—FIIXFLT
b 0.4% DHEOUEXBLZ LITE. WPEED
A L= 7, HMM OREH OB, HMM #EiF
DAL—T VY, FRNFNOFHRIEIZAD 0.1 ~ 0.2%
BEOBENRETHAHH, TRLOMEEIZLNE
ART 6% LHBRLEELEL. JO/fEIX, £90
BETBICRTEAED V- LX— 2D JUMAN OE
B LU TH 2% OBEOYUZRL H>TV 5,

4. ¥ & B

FAIZHAERREZEMAN S AT L2 HMM % v
PEBYAT L EREET S FEICODWTHRSTE .
ZIT, 1) PEEOERFEILIFEERNOK
W) WHEHIBOELN, 3) ALA—T U TIIDOWTE
BEITol. ZOKE, WHEOERODILIISE
THoTHBRNVZIFLALELRVWIERLR Y ST &
T— AL HEBT S L HMM Z£FICk & (R
HDHIELERLE FOHZERN 2 S AT E, b
KEDIT—I/8ANH->TH HMM FEIZ L 2EID
Rohhdot, Tz, CEHBHETEALAL-T Y
7 & HMM OIREHOBMEIT > 728%, FiTov—
L R—ZD JUMAN IZHATH 2% OEFEOm L%
RAZ L) TE/.

KBRETRRELAFERTEARTHIGILTL A
BCEMRY SN E =S8R EKED I — /S APHETE
FTHLEFTTBIENTED, EE, KX THEO
HH ERFEEEREO I - SR AV TEREIT 7.
ZODLI, AFEFHOELELRFHIFLTH
AEHEEERNT S AT LDIST A— ¥ R 2B
BB ENTES.

KL CHEE LT\ b HMM 3R ERZIT 28
#9 5 bigram ® HMM & F\W/2. ALA—=Y V7T
Fo72%9 O HMM FEOBERABWLTL A U
AR OEERERIIHLTD 3% B[OBRYIHEET S.
Z i bigram ORF L E 2 TLwv. 44 trigram X
n-gram % & & HTEVETRBR L B L 725 E 0%
BECOWTERL T LEYH 5.
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o HEUNBE, FEUNRA, FF, ZH, UK, B

o LE%E, AL, B4, B, TEREH,
wa, AN, BIFRGE, RlaEE

o MELEEIERE), EAFEBIERE, BAFTEE
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o EhE, WAH, Hkia, RENE, HEsH, #iKkEH,
BhEhE

o EIF, RSEIF, HERHE, HEREH, B,
BRI, WHRIMERE, BURBIE, SR

o HBhE, BIBhE, BFAEHEEH, WMEEHEF,
GIHBE, #BhE

o GFVETHEE, EhEEHE, [ BAREEEE, %
R

o ZEIATRER, LFAMAFAEE, AR
EERERE, BANRRER BAAMAEEREE,
R AARRR

A.2 HMM OREEITEBML /-BEE

o FEL L, R Y., BiE v

o FESNEA « [, « (7, #EHLRA «) >, «) »

o BE “T B, “hB”, “hHBH", “nH?

o YIsEE “72”

o EX4E «Z&”

o BNEIMRER 5", “hp”

o JUEFMMEERRER <2\

o AFIMERTHEEE L™

o HLEIMLFBEEE <, “E7, “%”

(F& 84 8 A 22 HEZA)
CER 9% 1 A 10 B#R$R)

HMM {2 & %5 BARBHREEBITO/NT 2 — 7 HE 509

MR — (FEL£E)

BRFN 43 4. FR 7 FRHEEH
FEHM R FERE K HRE 2R
EHRAEFE S LR EET.
FERAZRE T HEREAZ. &
PR EICEOC BASEREICH
T AR, ETEREEFAAER.

BEK #8BA (ERB)

BAN 30 4E4. BEAD 52 SERUERASE
THIIERTERE. BEF 54 £
KRERER T2 eEHE LR EHR
TRERET. REETHEMRAH
FERTAFT. BEAD 59~60 F£HEE A
NRYT VAV VEBHEE. B 60~624E (B) #r
AT v ¥ o — & BB SR IS . R ARZEBN
BAEET, T E L) BRURBFRARZERAS
Bi%, MAEICES. EMIIEHRSELE. A\THES
=, BAV 7 by 2 7RESR, SEAESS, BaR
%4 AAAIL, ACL, ACM &% 8.




