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Abstract This paper presents an approach for Chinese lexical analysis using cascaded hidden Markov model
(CHMM), which aims to incorporate Chinese word segmentation, part-of-speech tagging, disambiguation
and unknown words recognition into an integrated theoretical frame. A class-based HMM is applied in word
segmentation, and in this model, unknown words are treated in the same way as common words listed in
the lexicon. Unknown words are recognized with reliability on roles sequence tagged using Viterbi
algorithm in roles HMM. As for disambiguation, the authors bring forth an n-shortest-path strategy that,
in the early stage, reserves the top N segmentation results as candidates and covers more ambiguity.
Various experiments show that each level in the CHMM contributes to Chinese lexical analysis. A CHMM-
based system ICTCLAS is accomplished. The system ranked top in the official open evaluation, which was
held by the “973” project in 2002. And ICTCLAS achieved 2 first ranks and 1 second rank in the first
international word segmentation bakeoff held by SIGHAN (the ACL Special Interest Group on Chinese
Language Processing) in 2003. It indicates that ICTCLAS is one of the best Chinese lexical analyzers. In a

W 7% B #8:2003-03-04;; & [ H %3 : 2003-08-26
BEWE  Bx b ="E AERBIF R BRI E (G1998030507-4,G1998030510) ; Hh EAH B i+ B H AR TR S AT F FE LT B
(20026180-23)



1422 HEWHRSER

2004 4

word, CHMM is effective for Chinese lexical analysis.
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cascaded hidden Markov model; ICTCLAS
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B, RE S B RE T 55 W B N MY 4
HHE B % RE B, R AKZ RS
HETREMAL WL, KRR ERDE
ARSI E T AL MBI E J 8 T 2 s R
Je K U i A B SR AR B R R A
BIETFRMYI R DR D, KRB SRS LR
TERFEH], 5 @R — RS 55 MRS RAES.
BETEER BRI IRER E#T RN R DR
LR AN B T R B BT IUE R 4
W RS ICTCLAS 9, BUS T 85 19 4 iR FIAR 1 3%
K. ICTCLAS #H“JLE =" L RAVISFBIFEL 2 I
BATFIIFD 2003 4£ 5 A SIGHAN 2640058 1 JRIL
WA EIRTE S BUR T AMB RIS , & H BT RSFHIX
ERET REZ —.

ARICEE 2 A R B R BRI A DUE R 4
TR BARESE RS N 2 TRV B DAy ; 5%
J5 53 BN BUR B F A £ B DA AL B Rk B SR A R 51
2, A RO HE B N-B O B R U] 40 3R s, S
ARG T T RS R, U RE R It
=B RN E R R R B MRS R, IS 1
KoY HT.

2 EEREDEENERZESHN

2.1 EREDEIHE

& T 8 (hidden Markov model; HM]VI)[%]%
ZHP RN S B SEH , E B RE S AR
R TN . AL X TR RN B RE
S KU, 5 H HMM 3SR B 17 84, i, 1
NHERMAZA BN R DB PUE R % 247
BRI OHET 2 B, CER[27 4R B 12
W& O #E & (hierarchical hidden Markov model,
HHMM) K848, £ HHMM ', B Z RS2 H—
Mg E. B— L —RBREFX N FETAT—
FEHFRE, SRS FREN 2 ZAF
1, B — D RE T ORI 9 1 RS AE A0
FREEHBMREEIE. BEBRSHET 1
o 0 AR e e o B LR (. HHMIML 32 B B2 —
FARFT HMM W3E 2 AL B R A I
HMM H5R#Y) R R RE Sy, A A sk i 23 TF 85
HEK. HHMM (%) R () 2K figf 1Y) B 1) 2 2% B 2
O(NT?), il HMM I H5 [5] G K ff () B5f [ 5 2% 5
H& O(NT). ACRHMBE—FZRERE /R

RELR FRN B B PR D /R R EY (cascaded hidden
Markov model, CHMM) . &[] F HHMM #J &,
CHMM Lhr bR TANE KK 8 HMM K44,
F R SRR KRR 2 6] LR LAy S E A DR B,
ER—FMEFEHRBEXRR FZE HVMM Z AL E—
MG ELE S ARG B — R R TR
RERIHERR A N-Best B, ¥ 7 £ KB AFHE T4
REFFAETHRESEZROERER; KEH
HMM 7E [ 2 i HMM 32 355058 59 R A, o o X
LRRNSBAETHR M S R BRI E 2
5 HMM MR, 3882 O(NT), 58 F K E R
SRR FHEEER. FASERDERERA
(AR B EE R I ShiE R, 8 %X
TR AT A ETE 2 BGE LA E B A& R R D /R T R
REEL (8 , TS Rh sk s e KA 302 B st T i,
HREENARDERHNTERT.
2.2 ETF CHMM WiiERESITER

SE X DUBRNE 4387 1 J2 T A AL X 5 I [ R
e, RAI5IA CHMM G — B, RO 5 R F
P4 BB AR R A RS | B B B Je R B R R
A ETRME DS GAEREL S MNEEMED
AL, N 1 B, 2, N-Ba RS M U043 T AR
B N BRI E R MU e RERE
FHRATGES B L. EENEES TS, Z5T

#5F HMM ----
Y14 RIS
N-BA ARALET Y14 i P
BREY5 |
BIENGE
—aus
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Bammm--—-| | P e g ML
BERING B
Bme
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ET %M
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iR B R R oh R G, R R B 1]
WB HEBC 1A S B A LT T RS, 220 iA
PR o S TE A 4R,

B0 BRGNP R, FBEF
R E TR R4 R W EF RS, AR
B4 iRl B B ML BRI FE R AR T AT LA
B N ERAN RRBGHE — R4, AR TSR
MF B AR R FH AR B EFABMEAE
WFE. 10“2002.9, ICTCLAS i 8 IR 14 %
A" Xt BE B 4318 JBLF 2 51 2k “2002.9/, /ICTCLAS/
K78 /AR AR/R /AR . FE X )R HMM
ARG RBEE T IARNTR REES JiriH
JEF , ASEAR A I 5 R SR A 0 L B 1R B, A SUBR A B
AR AT R R R R SRR R AR T AR, F1
BSVHMACIERBAR M, EXEAELR
Wik, T BB DUE IR 2 F A B
g,

3 EFRMBISAEE

AEFAEF CHMM W58 2 2, W27 E
BYAB SRR 58 G #EAT . B 5, RATAT LB B
R
w; iff w, TEME LRI AT
PER iff w; JEA% and w; BARERIA;

LOC iff w; B4 and w; BARB ] ;
ORG iff w; Bt and w; RAREFI;
NUM iff w; 2$00A] and w; RAREFi0;
TIME iff w; fB}A]E] and w; BAREFH;
BEG iff w; &R F PRI

END iff w, B2 FHIERFIC;

OTHER iff HAth.

¢ =

p(E|E)

PORIE)

P(NUMIR)

H, oAb B4 1 818 X R B9 2K 5 1R
A 5. XAHBRE O IR B A BEIEOCN | Dice |,
BA1E X WRLEREE | Dic| +6.

BE—NARBEFF S, S BFEATTREH 4
HERIEAW=(w, w,), W XT3
WHC=(ci, " c,), B, TATBE R B KK 437
2R WHE BRI, W

w# = arg‘;naxP(W).
FIA DL A kAT R, 15 3
wH = argv{,naxP(W | C)P(C).

K 2B MR A, AR A WAE, F A — B
HMM J&JT, 4%

w# = argv{,napr(wi Le)pCei | ciop).
i=1

(HH, o RAFHITFIHIRIC BEG, TH)
HHEITE, H AR EoRER,

wH# = argv%}naxz:[— In pQw; | ¢;) —
i=1

In p(c; | ;)]

MR ¢; B SC, IR w, TR LI BIGR , /]
PIRE] ¢; = w;, B, p(w; | ;) =1. AR
B RMAGESERERAN p(w; ). EE 2
B BTG T B 1893 FHEA " T 4riA
B, BAFTRSRAEE R RMIIRES R S ISR
55 E MRS REAR , R S A Y B A B AR (R R
] L SRE SO, 40 Dijkstra B R E0K 7.

TS FR R T2 19 7317 HMM B, 915318 X
RETRTEIX — LAY N BEAT RS JF HEAR R — I HERE; 53
Hh— B R B TE T A 8 58 AR R w;, IR
HAH o, IFHERAEN p (w; | o) s AL WBE G
TP A R L R 5 T 24 [ B ) A o S B

P(EINUM)

PGE|F) PUEIRE)

UL OFE R R IR R /287 (B w,/c;) , 45w MAUE A R BHAE IR p (w0l c)).
OF A MEE N B EIFEME p(cilei-1) S MG RGE NERLE R
Q" BEAR/PER MR M LR AL R HMM fER 2 f5 4 1.
B2 FETFEROSTUDHE (R T 88 “BEAR 1893 FHt4")
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4 N-BEBEHYISHE kL R B

WA RT3 B35 , Y153 B L — M5y 38 LB
SR AL B /IR /5T /T RA B RS
WS, X AN/ B RN AT
— A B FE.

MHEE G 8 BB, Y050 BT LS o e R B X
FIRHRISE . 42 )R AR I R AL & ) F
T SO B v R B S dn IR BRI SR e
TV ERZES BT , W LA B M) 5 5 e
BRANE S/ E RIS/ T S
I, RIS SC5E 2T AR ) F PN EHEAT SRR AN 10T
SR (PN SUR) T34 I8 TR RS . ARSEIRAT
X RHBIER ST R, RIS R EH, 2
R UL AT LA B ATt

FATRIUAG R N- B SEREAR A U153 HEAE A
HEABERENGH BRRY TSR P(W) &
Ky N MR AP FASEROBER S ERE
SRR AERRE AR T Z S5, PR B
TR R, R B IER AT R, S2hr b, N- B
BHERBOUIN T EM ST HEHNGE. —
7RG T S Y150 O K B SR IR B AR R I AT
B8, 3 — W EX KRR T 2R =K, 8
AR 22 R B .

WIr B R B A BABER A 4R, AT
BORPR BE SR B 5 7 BOA AR B . W I3
PR TR, i M TE ) 46 B B L 2 )4
T, RERE—A A DA NBRAMBIER , X —45
FRAEE S B R PR SR B ] T e 5, XA A6k
JE A B R A BN B ) ORI A SR R 1
G T 8- RIS S H ARRAEN T ER A
SCT7 T X ELIUIASE R

®1 NBEBRESERAEAMIL
FiE o OARKE YSPEE ERUSEEE/%

BARULA 1 1 85.46
w915 1 1 91.80
B 1 1 93.50
il >3424507  >391.79 100.00
8-R AR 8 5.82 99.92

B QU1 R B i) AT HE A SRV 2 45 SR
QYIS BRI R AT PR USRI
QEHYISEEE = ERVIGBEZNTD TR/ AT B
@RRIERKAN K 200 FTIUF.

[, FATT B 235 4% HH B ME— D) A BRI 45 2R
PHAT 7 IR RIOEE SR, MR A AL R RIE S A
WA 120 X5 AL A5 SC.99 X I A8 S X,
B A A I SCFN AR SIS SCHEBR B AR B R 4 A
80.00% 1 92.93%.

5 REFRANRIIANAZ

ARG FA P ML 5 H : OB E R B K1 w,
BB FHS ;s QU p(wile,). RITE N &
B R WIR B A L BIA T ®E HMM
SR SE BRI SR A BRI
5.1 REBEFRAFNAER

FEE T 20 B D A R, RATXH ) 4 1)
SIS B £ B O SR SRRl e e R i
ok R prRARENE AR, R2E
ANZRBIMAEER. SRS E XKRMLL,
FEAFRR KRERE— XN EZHXR, ARG SA
REMZIKR, B — M S AE, W
—A AT AT R 2.

®2 ABRMNAER

e 5-9'4 B
A A4 H B3 X /BT B R
B AZHT X B AnE R /R
c E ALK 3KV /e BRI A8
D e IS kAR Stk
E Pl 32 kAR /S
F B 1%
G N5 HHT 222
H N&WES E/B X/ /K
L FEANE T BN/ LR
M B B FAR DL
N > Z A 3 5% /M /3 /- A8 /R /B
0 [2F: PN 514 INGR k /— /B
X B BB /45 /4 /L /RE /3B /R /i
z Ftt, AR /BRY) AR R

5.2 fBRESKRBERRRS

MNF—MAERVRTDER W= (w, -,
w,) , E—TAEEGHHEEN, BE R=(r,,
r)H C HENBEFH. RITBEERBRRKAE
J¥3] R*ENBL K AERESR. ME 3 WD
SRl PR AR, FATRA W] LIS 2]
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R#* = arnginZ[— In p" (e | ;) —
i=1

REAT LA Viterbi BiL0 %5 2] 18 3 4
HTFERR RS “ B A% /%R /TIME/BELE” B Viterbi
BEiriE A AasdR. GXE TIME BEBRE T
S Bl i R 2L B A FRARES B SR B SR 4. )

In p(r; | risp)].
Her, ro AEFHFLESRE BEG, TR
-In P(D|C)=0.46 -In P(D|D)=0.0

#/Dsos

#/D,5.78

i \l/

gz,

-In P(C|BEG)

l #/E.6.22 G‘F/E459

TIME/A,5.04

\
\

%/D,8.53

H#A/B,9.08

(TIME/ B,3.27]

E/END

TIME/Z,4.71

- #/1,6.37 #/F.6.76
S/BEG
%£/E,10.05
¥%/N,5.96 [?ﬁ/o,z.ss
#/Q.,5.70 #R/2,9.60

P ORIPEE Ry 8K, A 7y, —log Ple;| i) , MERE R Viterbi BILER.
OB P HSA TR AUE A B A CHH R — log P(r| r,- ) XEBAEMI .
B3 MAELRER Viterbi BkERGE

FERK MR 0 )7 5 A LR B, FRATT AT AT 28
b3 AR AR DG i S B e o 2 R SR B SRR R B A
B 3 o AT LR B abrn i g R B/
C¥/D #/E TIME/B #4: /2", i CDE 1E 5 ¥4 5%
—HAPUEANZ, FI“ BER "GR8 A2
PER.

PR H R B AR B SRIAR w , BHH o, FIARS
SRR LA E

k
p('w lc) = I[P(wp+j I rp+j)p(rp+j ‘ rp+j—1),
=0

He,w, B p,p+ 1, p+ k-1 PRI
JCH AR

BE R R R MR AZ —50 HMM 1)
SrEH FREE R —REAL B, R RS R, A
2 I R 4T TR,
5.3 BEXRBRIANIRG

R AR BHEAERE T HELREMA
% 2 AR SRR, Tk B R R BRI
RBARE”. T X E R ARE 518, RATR
J ERE K HMM RS 2 o, S iR B 38 N ik
ER AR B FAT, SR TEICER b  E A R B Bk
BEERDEA ES A eirEitE RN A
FP, FERCELAY I, i — 2P R B R B R R B 1A
LIV 53 e 5 v W R /R /3R /A0 /R /L /L A
Ff, B ATTFE IR B T Bk R A &

PER, 18 2| %7 0918 26 7 5 “PER /Ml /PER/42 & 16 ",
BB LLRB K 7 B PIA . SXHE  h 2E £
RIEETRBRC L0 SR, IR NH
BiREE.

RATHRIIG: HMM A S50 E R E AL
KAHEBES SR EEREN R B &
PR ARG RAZIG, A shERSERIK.

6 XBSH

RH CHMM W77 8, BATHH# & T 3H 8 BriX
BT R4 ICTCLAS(Institute of Computing
Technology, Chinese lexical analysis system, 1% & 4t
IR TRRIFNSCRY, BRI 7E 3 5 RIE T LB
& www.nlp.org.cn FEB TR, REFEH). T
HRAI% 1 ICTCLAS ZE AR &4 T RMREE R,
4L ICTCLAS FEE &K “ UL =" SIS B 4F 2
B B A R S R FNA BRITES 1R
PR ARSI RO EX B, AT /AR
BIFI AT IER 4R : Y 2 IE# R SEG, AL H
PRXF R TAGL, TAIAMEARN H TAG2, fr & L1k
(NE)IRFIMHERE P MG EIER, UK FE. B
HIRE LA AT

SEG = )51 IER IR/ S I7%0 < 100% ;

TAG 1 = _EAiEM bR IEH L/ SR X 100% 5
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TAG 2 =T ial bR IR B ST /A5 < 100% ;

P=IERR#1%3 NE 885 H %26 NE S50
X 100% ;

R=TE# iR 9% NE 8/% 2% NE &5 x
100% ;
P BRER O S m i =150
F-118.
6.1 RZESHS CHVMM

BAMERAIERE R ETEIESE#HARITIMTHY
(NRHRYVEREHRST TGN, £2(ARHA
Y1998 4F 1 H # it 1108049 17 i 37 181 4E K
b BATHAT TN 4 RS T BrE AR .

(1) BASE, B 7 003, B4 A4 B3 25 43 17) F0 3A]
PbrE, A5 AAMZ R HMM;

(2) +PER, 7E BASE My 2ERE B 51 AN £ 5
HMM.

(3) +LOC, % + PER ByZERY 151 A H1 4% 751
HMM.

(4) +ORG,fE + LOC HI#At 5| AP &N
HIHMM.

B ABET 4 MEMT, 3045 E i
R SEG ., LA AR % TAGL . F prialtEbR X %
TAG2, N&RFIK F-1 {H FP AR50 F-1
FL VIR Z IR F-1 8 FO .

T

i
4
|
| II) Al
SEG TAGL  TAGZ AP Fi 0

Oease O+rer W-LOC B +ORG
B4 PR T IR BT RE R A

B 4 AT AR B

(1) &R ZROEREZ A, #5E5H
HIBCR BRI Hd, ABRBIGIAG, Y14 E#
F SEG 1£ 96.55% B)EAE F, 3 E] 97.96% , 3418
BAR. A& 2 W8 SRS HMM ¥imA G,
Y4y IEHR SEG . EALIA MR X % TAGL . F i
PR X TAG2 75k 8] T 98.38%,95.76% ,
93.52% . XFMH 42 HMM M B &Rt &
T BRAER.

(2) [Fmt, FEE 2 HMM B, AR K e
B TARE HMM W&, B TR 2

HMM b3S EE. A& 155 HMM A G , A& iR
B F-1 18, SEHI 27.86 % 327+ 5 95.40% , K2 HY
43E) HMM B IEB BB E T 1.41% ; DL 2R 5
HVMMBIA G, LW ZIRAH F1 HEREST
35.59% , FIEHEZE b A R A HIEE 7 8.49% , A
ZARBI F-1EBR T Hm s 95.58% . HIFEH
T )2 HMM R AR T R FH 7E ff o 24 817 1) 48 F )
f, IEER TRE HMM 34 ik X, HEBR T K2
HMM KSRGS E. Bl 72 A& R F] HMM HF1RZA
SR R FERKARER” S X" SRR A B,
SR , 12 )2 B 45 TR 51 HMIM £ 1F 5 HUBE 00 FE 7 1
Jib G E, E AR T HESRVER.
6.2 ICTCLAS ZE“A-t="#lF AN ER

200247 B 6 H,ICTCLAS & TEZE“JL-L
ZUHDHLERRRIRES 2 BB BRI , R SR 4o
#= 3 ’

%3 ICTCLAS E“ALE =" PRk e R

I W SEG /% TAG1/%  RTAG/%
231 33348 97.01 86.77 89.31
H b 59683 97.51 88.55 90.78
Xz 20524 96.40 87.47 90.59
b7l 14668 98.44 85.26 86.59
i 55225 98.12 87.29 88.91
%9 24765 . 97.80 86.25 88.16
Bt 208213 97.58 87.32 89.42
VLA ORI BRI L ="H DAL BESE 2 By BT i iF
W RS

QMY E# % RTAG = TAG1/SEG X 100% .
QO TRATRBMIAMATEEN N =" RANFEESR
B, BT LARIERREE B IE B A BT bk,

EREAWTTHOFINZ5 R R T CHMM 1)
ICTCLAS RE 3¢ B i DR 13U i ) 13 43 BT[] R, i 5
RN RLIRGENT L, ICTCLAS B4Rl R &=
.

6.3 F1EERSAXFNTFUSER

R T HBEFEN AR T EM RGN, 5 41
JE B IE S S 4 (The 41st Annual Meeting of
the Association for Computational Linguistics, 41th
ACL) TR MDUE R H 24 W 57 4 (the ACL Special
Interest Group on Chinese Language Processing,
SIGHAN; www . sighan.org) T 2003424 J 22 HZ
25 BT 5 1 JE B FRIUE 4338 3F I K 38 (First
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