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Integration of Rule-Based and Stochastic

*

Approaches to Morphological Analysis

Tatuo YAMASITA

Abstract

Morphological analysis is a process that assigns a part-of-speech tag to each
word in a sentence. It is an inevitable process in natural language processing.
So far, two major approaches have been studied. One is the hand-crafted rule-
based approach. Human observes various linguistic phenomena, and generalize
them into the form of rules. However, it becomes harder and harder for human
to maintain the whole rules as more and more exceptional rules are added. The
other is the corpus-based probabilistic approach. This approach uses probabilities
of part-of-speech tag sequences estimated from part-of-speech tagged corpus as
parameters of morphological analyzer. This approach can achieve high accuracy,
althogh it requires a large part-of-speech tagged corpus.

To solve these problems, I propose an approach that integrates the hand-crafted
rules and the probabilities estimated from a small-size corpus. I show that the
morphological analyzer employing this approach can achieve higher accuracy than

those of previous approaches.
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FERRRMBATIZ. HSURAT - BRI 2 0B ELRERSEAMOREE L LTIk
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MEW, ZOED RBINNRBERERA L LTCEMN - BIETS2ZLIC&-
T, BHTRBEE2ALELIBETWSDON—BHTHS. LML, ZhiioNhT.
FEANTREICHEMEIC Y, RT - BHEMNABMOFICFAARLI 2-oTLE
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EDED. ZOFER ZENKE LTHZORWEWSEFORF R I
EI-NANFHEITNIFEBICEATHEN, —BIC, ZOED>Ra-—-N
AFAFTEZZLERETH S,

e, KABERI-NZEZFHICHVWCE, ZLOSEHAR O BHHEIC
BB RIGY A H D=0, BEEOBHRERADIEDDONS XA — X 2HEE
FLHEETHORBELVWEWVD T = FZA/)N=Z XA (data sparseness) D
HEH 5,

TLeHB L, LTFDEIICRD,

AFICE2EBEHRUEAWERER | - N2AEAWEHERETIVICES
R T 8 ZA fR AT
& | AMOBENSEEHAR 2B BED | EBROT — X ICE D MMV EFEHR
i || gk TcE 5, RICHUTE S,
B | BRUOBEMAICE Y, R - BHED | REEREFH X M E T N2080
| MEICR 5, B, F—RXAN— AR ADMHE,

AMETIE. SFVEBEORBRFETUBEOER *HIETEHIC, ZHBH =D
DFEDRFMEEIL. EREHVWEIEHOFHEL LT, HALHEERET LD
MErRET 5.
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BTN SN B,
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. R - EHONBESOMELERRT 22X TESE., 2L T, BEENEY
BHEDHRICET HEZNIT A —RiE, AFICKZBEHATHEIZZLICEKY.,
TR AN—ARADEETRTZ2ZLNTEL, £, ZHICAWSZO-N
AMINSWEDICBHEEMEWNS XA -2 b, AFIKL2BEEUTHRTLE
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WELREDDMBEHEEZINTWELEEDOERBRBNICS W THE LR LT EFD
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52, METIE., BRFAXIMLAEZI-NZANEVWKHNMNSHEELEEZD., BEET
WICEDSLKFENERTH 2., BFAZXINEZI-NZABREZLNNEBRFHICNS
A—AZHENTEDS, MEETINVICE IS HEL LT, Brown I—NANDBOD
FEICED Church DY RAT L [5] MASNTWS, Brown I—/NZIE 100 77
EALRDEFALZIAAEI-NZATH L, ZHICH LT Brill[3] FHRANICE S
(rule-based) ¥ 27 LTORADEANMEF % Penn Treebank[9] & AWEF L TW
%, Penn Treebank & 450 HREICKIX T ET—-NZATH Y. Bk D Church
DYATLICEYEFAXTRRONTWS, WAL TET TR, #XEHRDN
BEEInTwa, =, Cutting  [6] ¥ Meriald[10] I & Y. mE KX 7L a— N
AMBEDNI A= ZZHIIOWTORANRSINTVWEN, BFAZ IFEa—N
AERAWERKRLEANT, MiTEEOM EICH#EEZEF T 2,

HAREOGEG. bLILOIMBEZIINLWSEETHL D, @ifAX THTE
TR BERAOHELITOLENDH L. DF V. HFAOBRMEE T TRL,
HEBEROBIREOBIBLERRICTOLENH S, RELHA, HATEIHEHF AL
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Holz, LAL, BETEHI-NAEDNRYEMINTETHY, BRETIVIC
EOLKFHRVBACHAEINTVWS, KH [19). FRS [22] 3HERETIVICED
Z EDRHAFEI-NZANBNST A - ZZHFEToTWS, Ft5 [20] X H SIEK
LEMAZRITHEI-NADNLZEEZT>TWE, HAFEDRFAEZ 7L a—N
ADBDNT A= ZZEFITOWTIE. AL [16] P& 28] O FELH 5.

2.1 1BERANIC & 2 TEREEMRAT

AT EEENICHT T, FEREEDRH. TEREERM Ok BEM DR, 25T
FAICKL 2BBARORE. OZD0BMENHZ. HRMLOEDICZHD QUL %
METHZLNZWA., 22T 2D OABEMN RN TIERETEINS
DL LTHHET B,

2.1.1 FEREEMER

XORENSELRES OO XFHLNERBY L. BRBRERHFEERKT S,
HEBGFELEBDXFHIORDOAEN S, S HICHELRES DD XFEFH &K
RT3, ThEXDEBOXFICETZETHRYET, X T7nrsak
K1 WO XDOHE. REAIASGHELRSL TTOISL) & T7O1 LWVWOE
BENDY., RE TF1 & TE] OMEMNSTHEEEZFIKZLICREA, Dy O
EMD T HENEN, RERDS, TO1 ADHBEZEBEBR BIAX o)
NHEZFICH-EZLLTETTI EWORBRINIEELRVWDT, BEBR IOV
NMEUWEITERICEENE2ZLEHYELRVWEZDTH S,

FSHHLARWERL EWOXALEBREZHRL 26 2K 2R T3,

2.1.2 TRREEMI DiERT o] BEM DRER
ERRDBBOERTOBET 2EBRALIER T Z2HVELIDRIEERITD., &
Bk, Bl TAFEHFHIIERTE S TEHFHOERE & &B I3 EE
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RROLTLUTBL, kBENAOEIEOREBRD Fis] 2T TEARE] 2RT.
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2.1.3 1B5HRAC & 2RBRORE

INETCOERETRESET S THEDBITHREET TEAREY RBAHE Y
WKCHELEENTETCVWS, 22T, Mo OBEHRAMEZHANT, BZHDLWE
ETEELTWL,

ZL DEBRBIT Y AT LTHOWL N TWSEEBRRZ A TFISRT [15)[18].
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DO LBIFBEERDD R WHEEBLEIES,

YERE/NE AHSNEXEFICHN U TCHEBRERBEOSE EFHLT. 20
IR NETHDOL W EEBEIES,
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BT 2 NBNE SCHIE/NEDIRR, 2E SN A BBREOERIC T X N
EHAT, 2ORHPBNODOCHVIMEEX S, AKX - HH [21] K
LoTRBSIHLTWS,

X M/NE DEINEARBREOEREEBREZOIDICOANEEZ T,
FOEHIBNDODEDICEWTEMEEZ 5,

ZZTCEHIRXMBNMNECODWTHLLEHTS. Zhid. ST RRDT7 57
DETH)— R FE)Vry BLEOERE)ICELYRIAMNEEX (BiE 2 BB
ROAM BREFEEHEIZANLEIZLILT D). TR NOGHENBN RN %
KEMFLE U TERTZHETH S,

BIZE, MACEBEBEL LCaX N0 ENB/N RN
IR E &
MEBRIHTWS,

JRAMR/NEICBIT32IANOEKRMT L LTIE, X M2 -V RTAIVY
EUTIRADETIVE, JXANBBRHR, HBEHMRBLRALIHRBETIVNDH S,

Ea—VURATAV 7L LTRASZGE. ~MICEAFIKEI-oTIRANERET
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B 4 BEHEORR

5ZEMEV, ZRICKHUTMD [14] . ®FAX A& a- N2 E2FMEHT —
ZBLUTHWT, QANRERDOIVL—IVOHEIS LI &, BEWFETRIKH
FEEOPETCRET B L VWOMEERIT-oTWS,

MEREFTNE LTRABHEICOVWTHKRETHLLIENS,

2.2 BEXRTTFILIZL 2TRREEMAT

MABREFNW = wy - wye wadSN T =t t,ASBEINTVEHEDLT
e, BBREMATE, BEI L RFAS O REESE P(W,T) 2 &ALT 2 RBFAFIT
ERDBMBEICREING [13).

A

T = arg max P(W.,T)

argmax f(z) E f(z) BRRICT B 2 ERTHBTH 2,

PW,T) 2 ET2EDDHBET VEMFAMTETIVERES, ED LD R
MIETNVEERTL2AMNMEL 22D, —BICK (1) ISR T & D %&EF N-gram
ETNVAEVSLND,

n

i=1



N =2 D& Z % &7 bigram EF V. N =3 D& = %&FEH trigram EF IV LI
. EEBEELAVWENG, P(W,T) %5 bigram TF NV CHET 5 2K (2)
DEDICkB,

PW,T) = f[ p(w; | ti)p(ti | tica) (2)

B2 BRI R Y VRV DRI, WS & BRARERBRIT LB X IR
PW,T)ZBATNVITETNVICEYERETEZ S, @FH DML p(t; | t;,1)
LB B R p(w; | 1) . ENEN. RBEBHR L O ¥RV H
LRICHIT 5.

WA TRHET-NZANHNE, SFOMHPEEOHBFEEZEANL ZLIC
FYUFTIRRIREAVT, ZNOOHBREEHET LI LN TESL, O2) IR
r DHBHEZRT,

plui|6) = Sgr
p(ti | tica) = %

BIAE. HEWmFALTAETI-NZAHRT, LFN 100 ERNEZLT DL O
F)=100 3. ZLTC. LFAOERICEHFN 0EHNELTZ L C(4H, &
) =30 &Y,

ey CBE EE) 30
p(@jnﬂ | %nﬂ) = W = ﬁ =0.3
CHETE S, 2 43 100EH, Tk N 5EFEANELTZ L O(Shk
. HE) =5 &Y.
C(Eh= 47) 5

p(EM7A | &) = cER " 109~ 0

LHRETEZ D,



i X I E T - NZADVENWEETH Baum-Welch 7 )V IV XL (Forward-
Backward 7 )V U XL)[2] B WTHRELHET 22N TED, BFAX T
fFEI-NREAWEFEE, BFAXT2La-NAEAWEHEEHERT, &
WIEEHTHBENMEO N T WA A, REELRSEFALAIAEI-NAPNLEL RS,

ZOEDICLUTRTOMBENRENE, AHBEINX L TK (2) DfEE K
RICT 2 EFAINE. BWFEED —FETH 2 Viterbi 7TV XLIC &> TR
5ZENTES, Viterbi ZIVIAV XL L. ST RARDTST7DK ) — RIC,
MOD ) —RKMBED) - NETORRKEREHR/FEL TH & WD A& ERLT
W, BEBED ) —RILELEYEBENELEIL, REKNICRAMELHFEZ2ZLDTES
NADBHBEWDIEDTHD. BREMBTLEICE T S Viterbi 7Y XLOD
FIFIC D WTHESCHR [1]ICEE LW,

BIEi TR NI R MR/MEIR. I MFHEICHWS HHBEH G 23X (2) DX
(log) EMo DL BRBTRX, BRETIVEHART I LA TE S,

GOV,T) = —log [Lp(ws | t:)p(t: | tio)

=1

= zn:(—logp(wi | tz)) + é(—logp(ti | ti—l))

i=1
—logp(w; | t;) DTERBEI XM —logp(t; | ti 1) WEEIZX MIXIHRT S, T
ARNBNDONAERDZZ LI, BBERRONZAERDZZLIZHFEL,
TZARNERETDICIE. BERBNEEDIC, BFAXIHFET-—NZANBNS
A—RZHETAE LW,
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3. FRREEMMNT Y X T L [HRZ]

ZIZTCHE. AW THWSERBAMNT Y AT L 1RZE] Version 1.0 [24] DEEE
L. BARTHET-NZADBDNT A —RZH, KT, TRE] NOHERET
JVOBEHICOWTHRNRS,

3.1 YT LOHME

X% LIIRBAERBIZEEMRZRRERAMESICB VW CHBSI N R
KRBTV ATLTH 5. 1RZE] OFFBE. RBAREREMERES L U E K%K
B2 EM K ZREREMATERICS W THRE I N E HRERBRBEN S 2T L
JUMAN[25] T3 5.,

AWET IR AV ELBHERICET S,

o HINHHICHHATELENT VY I RAAL VYT NTH B,

o REZE| OFBITHS JUMAN T HAERBRBEBHTOY -V LTHEHE
ERALTHEY., 2—-FHZFW, ( THRZE] Version 1.0 & JUMAN Version
2.0 ¥ EREHTH ),

o BEHHAIL ULTCaAMNR/NEEZFHALTWADT, MREFIIVOHEAMNAEE
THd, ZHNICTYFBFAXINZO-NANDDINT XA —RAZENTXS,

o HATOHBRNEELI -V NEHHICERTEDL LD, BRALRTEFANDH
AW TH L%

3.1.1 FBREEDEE

RE)] YVATLTHELTWRERBRDEEICOWTCHHET S, xTHER
D#EEER, MFABRLIEHBHRD 2210 TEX 5,

IBPREINTOBRA LA RBELEERET TR, HEREDEEL DL DO LHEER.
A ICHBEBECLEATES (3.
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AEOfe LT, T #@FE 1 TAREFHA 1| kREN HEHARBORIL
LT, TEREI T 1T Bl REXDTOHS,

R, i . WEREEL ERE. LEEE © v 1 2 1 2
M ¥. £E. 5 (1 2 1 2M) %, FBREEEEY . L#E M
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