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Abstract: This paper presents an approach for Chinese lexical analysis using Hierarchical Hidden 
Markov Model (HHMM), which aims to integrate Chinese word segmentation, Part-Of-Speech 
tagging, segmentation disambiguation and unknown words recognition into a whole theoretical
frame. A class-based HMM is applied in word segmentation, and in the model unknown 
words are coped just as common words in the lexicon. Unknown words are recognized with 
reliability on roles sequence tagged using Viterbi algorithm in roles HMM. As for 
segmentation disambiguation, the authors brings up a strategy named N-Shortest-Path that in the 
early stage recalls top N segmentation results as candidate set covering almost all ambiguous 
cases. The final result will be selected among N promising candidates after unknown words 
recognition and POS tagging. Various experiments indicate that each layer in the HHMM is benifit
to Chinese lexical analysis. An HHMM-based Chinese lexical analysis system ICTCLAS is 
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accomplished and the recent official evaluation show that ICTCLAS is one of the best Chinese 
lexical analysis systems.
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��������	 Chinese lexical analysis; word segmentation; POS tagging; unknown words recognition; 
Hierarchical Hidden Markov Model; ICTCLAS

1 � �

��������	
���
�����

��[1]������������������
� !"#$%�&'()�*+��,-./

0�1�234�567���89�:;<0

���=>�?����������@A�B

CDE/0�FGH!�IJKLM-.NOP-

.QRCST�UVWX�

Z 1983 [\]^_T��`a CDWS[2]�
bcde��fgh�ijk�����lmn

opqr�ij�stpuv�w�xA�yz

{|}~�7��lA�;����\]��F

���������lA�5���&'���

��M����lAM|��<p����P�

���� N-����lA[3]����ijk��
p����I�[4]����DE�@A�B[5]�
\ ��F���¡�¢£�IJ�¤lA

[6,7,8]���¥¦ST§¨qrMw©¨ª�«¬
l­�Td�a®¡¯� N °��¡¯�-±-
²³¡¯�HMM���´C��_µ���`a
��¶¶����a®Cv�lA��<�]l

m���lA·<¸T¹º�&�p{»¼��

�lA[9]½¾]lm�a®lA¶¶¿ÀÁ�À
Á�ÂT]���ÃÄÅ�M�ÆÇ�MÈ��

ÉÊËÌÍ��ÎÈ�yz!Ï
dfhÎos

t�]�ÐOÑxA�5�F�ÒÓ�lA[10] �
��J�lA[11]�Ô�Õ�ÀÖ×�¤lA
[12]�¥¦�Ø�ÙÅ�PËÌÍ���,�no

���Ú�lAP`a���_ÛÑ�ÜÝ�É

ÞßÑÚàáâ�ãä�

_µå������æVçè���ÃÅP

ËÌÍ��Æ���Å�PËÌÍ�éêpÀ 

ëß���{�Ñ�ÎÈ�ìípÉîï��ë

ß/0�ðñò���ËÌÍ�¶¶P��Å�

óô�]õ�n]ö÷øp���Ýù�5�� 

�GHIJ�KLMNOPQLRSTPU*VWXOYZ[\

]^_`abcdLP�eVWfXOLghijh2

úûüýØgþ�������úgþ�����

]^�Õ����Í�L��_µ���È	�

úØ��úg��ú�� �ú��¶¶¿
�]õ�
���
�����·©�úûüý/Øg/þ��/
��/��
,�[13]Ø��Å�nop¨ª�&���

�����p��ù���ØÅ���ùnop

������¥¦��Ã��ij��F�å|

��;æ [14,15,16]�����Ø�]�Å���
�p]����¡¯ !"/0�5��#�$

�«¬%<Å�23[17]��ËÌÍ��Ælm�
æV�t&'��<(TËÌÍ�g)*��+

�Éå,,-.�ËÌÍ��Æ/0�Ø-æV

�.�M��ML�PI*�C/�_0���

¢£�1�23,�ËÌÍ��Æ4]�t��

ÂR56��� [18,19,20,21]���]789�
:;d���e-<k���¡�!�£�¥¦

§¨�=�«¬l­�>�Z��¡�?_�¢

£�noIJ�¤�«¬l­�@A¡¯[22,23]M
F�Agent�lA[24]MF���B°��¡¯[25]
C� 
àC DE[�FG�ijkz���xAM

��ÃÅPËÌÍ��ÆlmHRIp¨��n

J�KL�e�lAP`a¶¶"#]^îØa

]�¡¯MN7Bkno�I�O<�ÃÅMË

ÌÍ��Æ¶¶P��îØ�	�ÃÅ�·©P

�Æt�ËÌÍ�"#P��{-ù®x�?¸

���¶¶Q�àR�uÝ��Så�TU� 

?ë
�å�§¨�]7>V#�W�ÃÅPË

ÌÍ�·©ëßÔ��X~Y0���xA�Z

á[ë��·©�e����lAð��ùå�

!"��t�Õ��Í���F�å��7ËÌ

Í�PÅ�\�dÎ]^xA0`]��]^_

dÅ�<kËÌÍ�4 ;1`no!"/0�

*+¸T�¡¯PlA>��abdc�"#a

]�/0xA�Ø��·©!"#a]�de0

`����
���Þßº�fghi�23,

��jkl�mn0o�/0Ù�ËÌÍ�MÅ

�8p�?_,�È�w©ð��q.
�Y



�,stp]�F�Er@A¡¯�lA�

s�7����M��ÃÅMËÌÍ��ÆM�

Ñ(ÏC�A�BtuO<d]^îØa]�0

v¡¯��wx��y/0�zp�ÂR {|��

��}�lA�}~�Id���Å���� {

^}��·©½����}�·©�å�ÂTc

E@A¡¯�ÆtTUÔ���.�M����

�rÂR�E@A¡¯�Æt��p.�M��

�����PI*�½K�7�Æt�ËÌÍ�

|P�®xt8��ºø�dF�����@A

¡¯��ËÌÍ��Å�H� ;1`��TU

�]õ����	�·©����������

����·©åno�Ñ�@A(Ï��lAÚ

àSTdp�P�®x����A�B`a

���������RIp¨ª���P(Ïw©�

�������� ��� !�%IJKL\ zp�dh

�RIp�������¥¦�ª����A�

B`a�]�

�,\ X7��Er@A¡¯P���A

�B� 0MN���¡¢F�����@A¡

¯½K��Æ£�F�¤¥¡¯�ËÌÍ��Æ

P��Ã�� {|����}��¦~���§t

��23,�Ø§hi·©Pf� ��� fgdh

·©��§t¨©�B�

2 ������	��
��


��� �����	
�

@A¡¯(Hidden Markov Model; HMM)[26]
�àÕ����IC��a®lA��ÀK��

/0�Idpqr�ST�KL�îØ����

ÀK��e-8��ªa� HMM«K~%¨©�
;+�,�[27] Ø HMMnop¬JPr��s
tpEr@A¡¯(Hierarchical Hidden Markov 
Model; HHMM)�
�,�[27]�­ FGå�yz7 HHMM&

��;®°% M=<�X ,�O , A, B,�, D>�É��
�X ;�¯°'�<½�O ;:h·©�¯�½A
;°'±²³´½B;°'d:hS��º³´½
�;µ¶°'�·½D ; M �Dù�HHMM �

HMM�æV¸Æ���

1) �X�°'�¹º;�
d
iq (d»{1,…,D})É�

i¹º���°'�]¦E HMM°'��¼½½
d ��°'� M ��ErDù���°'&�p
]^Dù; D-1�¾¯·*�É�¿�Dù; 1�
�D�ÀÁDù; D�d<D �°'yzl�;g
)°'�

2ÂÃ]^g)°' dq (d»{1,…,D-1})��Á

°'�Á°'Ç);| dq |����Á°'*�]

^ @ A Ä P Å Æ � É ° ' ± ² ³ ´

)1|1()(��)),(()( ++== d
i

qd
j

qPdq
ij

adq
ij

adqA
½ Î

È � � ^ ° ' � µ ¶ � · ; � 

)|1()1()( d
iqd

iqPd
iqddq +=+=Π π �ÉÇ0
�

{|0«;\ dEHMM��]g)°' dq d\

d+1E HMM�È
�º�
3)�E HMM��É�\ D EÊ�?ë�:h
d��·��?°'d:h�Ët�º

)|()(��)),(()( DqkoPDqkbDqkbDqB ==
½ok;:

hS�Ì�]^�¯�·��<�

*+�HHMM��Ç�<{|¹º;� 

)}}({,
}1,...,1{

)}({,
}1,...,1{

)}({{
},...,1{

)}({(

DqB
Dd

dq
Dd

dqA
Dd

dq

−∈
Π

−∈
=

∈
= λλ

_µå�HHMM� D=1È4¿Í��¨©�
HMM�

������ ���� �	
��
���

���A�B�æVtu���P�Ñ(

Ï�P��Î�îÏ����ÃÅPËÌÍ��

Æ23��Ø�^Em�/0Ø-�231'�

yz�� HHMM a]Ð¡��¡¯ÑÙÒÁ�

�MTUËÌÍ��ÆMÓ����ËÌÍ��

ÆMF���@A��M��(ÏÔÕ^Em�



Ò¶89

ÒÁ��

N-���
�}��

¨©ËÌ

Í��Æ

Ó�ËÌ

Í��Æ

F���

@A��

���

@A(Ï

Ö 1. F�HHMM����A�BMN

� 1 � HMM

��©°=>

�� N·©

.�

��

����

I*�

������Ö

 °�

��Ö

[ë� N·©

��=>

�A�

B·©

��=>

� 2 � HMM

� 3 � HMM

� 4 � HMM

� 5 � HMM

ci =

wi iff  wi�×Ø�Õ��Í

PER iff  wi ��� and wi �����;
LOC iff  wi ��� and wi �����;
ORG iff  wi �	
� and wi�����;
NUM iff  wi��� and wi�����;
TIME iff  wi��
� and wi�����;
���� iff wi����������

OTHER iff ��

Ö 2. ����

5Ö 1�º�
É��ÒÁ����A�B�y/0C��

æVtu�7Ò¶8�9��;��F�©°=

>���F�©°������/0©°���

�C���{|%<�Ùg)��Ú����F

�©°ÑÛ©^�8�('|�Ü©8XM8�M

Ç8C%��Ý�89�5ú2002.9�ICTCLAS
�ÀÜ9Þf¶&·�ØS���F�©°=>

;ú2002.9/�/ICTCLAS/�/À/Ü/9/Þ/f/¶/&/
·/����E HMM���·��ßm���

��8��°'�<;��F�©°�¡¯�»

¼Pà«>§¨¨©��,4�á��,mæV

¡¢���A�B�ÉÊEm�@AC��

3 ��������	


wx�yz{|â����ãäÖ 2���
måÃ]^�æÑÛËÌÍ�ÂH�]^4]�

�Æ�W�×Ø�Õ�����Ç;|Dict|���
�ç�(' Ç;|Punctuation|��yz����
� Ç��|Dict|+|Punctuation|+6�

����� �!"# S$S%&�'(%
 �)*+, W=(w1,…wn), W-.%/0"#
+, C=(c1,…cn)$1�$2345678% 
�)* W#

9,7:% �)*;<=

W#=
W
maxarg P(W|S)

=
W
maxarg P(W,S)/P(S)

->��?�%� �!"#@A P(S),
B�$CD P(W,S)= P(W);EF$

W#=
W
maxarg P(W)

GH BayesIJKL$MN=
W# =

W
maxarg P(W|C)P(C)

O�/P9QR$�S9,TUV$GH�

W HMMKLM=

∏
=

−=
n

i
icicpiciwp

W
W

1
)1|()|(maxarg *#

;®xlè�éTêØÇ¹º�?�



∑
=

−−−=
n

i
iiii

W
ccpcwpW

1
1)]|(ln)|(ln[minarg *#

XYZ 2 [/ ci%�\$5© wi�×Ø�

Õ�Í�']MN ci=wi�*+ p*(wi|ci) =1��
|���C���{|yzÉëVìíËÌÍ�

� p*(wi|ci);̂ Ö 3��yz§tpúîïð 1893
[bc�� °����Ö����à���·

©4�Zµ¶X' Sd·ñX' E��ò���
��^Õ¯����à23�{|ÂRóØxA�

5 DijkstraxA}~à«[27]�

�_µSTF����� HMM È���Å
��ô��]¡¯gnoO<�Ã«�]^Ý

3½ÉÏõ23���56ß�ËÌÍ� wiM�

ÆÉ�Æ ci�®xt{-� p*(wi|ci)½�,��
��X7�rö����23�«¬÷�� 

4 N-��������	
�

Z*�&'åø����Å�]7�;óù

Å�P%<Å��ú·</�/�Á/È��^Õ¯�
óùÅ��ú�/^/./ú/å/�/û���ú./ú�
*�p]^%<Å�8p�

ZÃÅ�¤ùü���Å�{|�;��Å

�P�)Å����Å�ý��þ�·<]¦@

�å,,Ê�ÞßÃÄ�Å��5ú�����

ãp���"#����	,�{|<0���;

ú���/��/ã/p�Pú����/�/ã/p��
�+î
��)Å�ã�{|�@Ág)noÃ

Ä�å,>���^Å�@ÁHÌ��)Å��

¿�yzØ��¡�¢�a®&e��)Å�


��vÇ���Å���{|X~�®�

yzÂR�� N-�������ÃÅ¦~
[3]�ÉF�÷o��µ¶zp�����º P(W)
78% N�)*� ;��·©�	��<��
ËÌÍ��ÆM�Ñ(ÏC�A�B����U

C���d��Ç�®xt?ë��·©�_µ

å�N-����lA_µå�����lAP�
���r�P�<�]lm��p����lA

����ëß·©�{��¾]lm���«¬

p����O$�C���owº�����

�lAUC������º�}�·©�{

|��¯ù���Å�8pPËÌÍ��éT�

�xA�¶¶C� !�C"��µ¶zp t

�ô���#!�É��]^À$%;���·

©�L�]·©¶¶¿*;��Å�<ËÌÍ�

Lt���È	��&'()*¶¶+È+G�

w©!�¿uª�¹ 1 §tp 8-�����éT
xA���·©Ñ,Å�M-�ËÌÍ�lm�

Ø§hi·©�

�� ����� ���	� 
��

��
� 1 1 85.46%

���� 1 1 91.80%

���� 1 1 93.50%

��� >3,424,507 >391.79 100.00%

8-SP 8 5.82 99.92%

¹ 1. N-�����éTxAØ§
���

1)���������������������

�/�

p( |�)

1893/NUM / !/! "/" #/# $/$

� !/PER 1893"/TIME #$/#$

p(!| ) p(NUM|!)

S/S
E/E

p("|NUM) p(#|") p($|#)

p(�|S)

p(PER|S) p(NUM|PER)

p(TIME|PER)

p(TIME|!)

p(#$|TIME)

p(#|TIME) p(#$|") p(E|$)

Ö 3.F��� °��ÖæÒ¶89;úîïð 1893[bc�Â 
%&�1. '(�)*��+,-/./(0 wi / ci),'(�123.4,-��� p*(wi | ci);

2. 567�12389.�:;�� p*(ci | ci-1); S3<='(>E3�?'(

3. “� !/PER”8@�ABC��DEFG HMMHIJKLM$��



2)���	����NO���	�������

3)�	
��=PQ������/��R�*100%

4)ST-U�V3 200WXY

ÎÈ�yzØ���.t�4]��(Ï·

©nopfgÅ�hi�hi�<�/�®x�

����� 120Øé0%<Å�M99Øé0óù
Å����%<Å�PóùÅ�ÃÄ��=º�

Æ; 80.00%P 92.93%�

5 �
���������

��� �����	
��

ËÌÍ��Æ�tu��1Âß�ËÌÍ�
wi�12P�Æ ci ; 2Â®x p*(wi|ci)�yz� N
^	���·©���=>FGå���p�E

HMM8_eËÌÍ���Æ�
P@A���3�yzØ��·©��^�

�ãäÉ�ËÌÍ��Æ�� T�no���

�l���õ��Î Tl;¤¥�¹ 2 �.�
�Æ�¤¥¹��@A��������î§�

¤¥�Î�����P��]Øv�Ï`�L�

�P¤¥�vØv�Ï`�?�]^��{|�

v^¤¥�L]^¤¥!{|ØSv^���

��

����

�� ��

����

�� ��

����

��

A DE�Z[ \/��/]/^/_/�/`

B DE�a[ bcd/ef/g/[/�

C �hDE�i �/c/�/j$>��/k

D lE�mY n/�/�/j$

E lE�oY n/c/�/j$

F NE n/	

G DE�pq 
/rs�/t

H DE�Lq u/Rsr/vsw/x

L yE�mC �/z/{/|/}/~/�

M yE��C �/
/�/�/�/�/�

N yE�oC �/z/{/|/}/~/�

O ��DEoC V�/�/�/�

X ��, �/�/�/�/�/�/�/%

Z �� ��/��/��/�/V/�

…

¹ 2. .��Æ¤¥¹

��
 
���������	

Ø�����%� )* W=(w1,…wn),-
.��?�%�/"#+ C=(c1,…cn)$^��
�_`a%�bc$d� R=(r1,…rn), C %&
��_"#;2345678%�_"# R#

9

,7:%�_�e)*;fg 3 �hi �%
jklm/n$237:']MN=

∑
=

−−−=
n

i
iiii rrprcp

R

R
1

1)]|(ln)|(ln[minarg *#

R#
{|UC Viterbi xA[26]��Id½Ö 4 §t
p���=>úî/ï/ð/TIME/bc �� Viterbi
xA(Ï.�¤¥�C��

����º¤¥=>�FGå�yz{|¨©

�UC¡4��_e1��¯ËÌÍ���Æ�

�Ö 4��yz{|à«t���¤¥(Ï·©�
úî/Cï/Dð/E TIME/Bbc/Z�,L CDEëª
*�]^Õ¯���.��*+úîïð�5�

Æ;.� PER�
�Æt8�ËÌÍ�; wi��Æ; ci�(T

@AC�{|Id:
p*(wi|ci)= ∏

=
−++++

k

j
jprjpcpjprjpcp

0
)1|()|( ½

É� wiÜ\ p�p+1�…p+k-1^��©°%��
����Æ·©�É�ºø�d ° HMM ��
Ö��PTU�]n/0���t��·©�5

Ö 3��6�)��º�

��� ��������	

����PI*�¶¶��pTUÔ���

.�M��CËÌÍ��5ú7À8��Mú9:

8P;<=>�?��Ø������ËÌÍ��

yz�@A���êE� HMM �ÆC���x
�ÆtTU����ËÌÍ��K��+FGå�

UCîÎ�lAÂR�E@A¡¯�UC¤¥(

Ï®xt���¤¥=>��+FGå�n]ö

�Æt���ËÌÍ��|��=>A!ú9/:
/8/P/;/</=/>�?�;`�yzx�Ætú9
:8�Pú;<=�;.� PER�IdB���
=>úPER/P/PER/>�?����4{|�Æt
�Ap;I*���n�/0�'����(T



Úà�B�·©��éêpÇ��CD�ù�

yzT8»¼ HMM ¤¥�Ç��¢£��
/�®x�����(Ï�¢£�FGå�EÆ

t���¯�ËÌÍ����À�±FId��

�A�B��E@A¡¯��Ñ(ÏC��

Pyz�GTd�¤¥(ÏC��3��,4�

U�v�p�

6 �����

ÂRHHII�lA�yzi�tp®x���

�A�B`a������� J�KLMNMOMP QR �QSTOMNKU

�PVWKQXQUYHY�WNKPLP �PZNV[X �K[XYLNL

�YLMPS\�,myz7§t���������Î23,

�hi·©��s]��������f����^�IJ

KL\ zpdh�fghi�·©���G�

yzãäUé�@A��5,dhý(���ë

ßº�_`Håa�Ñ(Øº��`bH,a�Ñ(Øº

��`c�/�_0J{_\�Æ�ÞßºdPefºg�

|�hS�iz����Æ5,�

�_`j��ëß��Çk �Çlbmmn½

��`bjåa�Ñ(ØÇk �Çlbmmn½

��`cj,a�Ñ(ØÇk �Çlbmmn½

djëß�Æ��{_Çk�Æt��{_ Çlbmmn

gjëß�Æ��{_Çk��{_ Çlbmmn

hj

2PR

)21(PR

β

β

×+

+××  , �GyzoRb��l;h|bS�

�� � ������������ !

�Ø.pqr]st��¢£�yznop

5,u�23,�Ñ�hi�

1Â BASE: FÞ�hi�?vv@@A��P�
Ñ(Ï����ÉÊEm� HMM½

2Â +PER: � BASE �FGå��.��Æ
HMM�

3Â +LOC: � +PER �FGå�����Æ

HMM�
4Â +ORG: �+LOC �FGå��I*��Æ

HMM�
Ö 5 §tpu�23,��A�B���ë

ßº SEGMåa�Ñ(Øº TAG1M,a�Ñ(
Øº TAG2 |�.�M��MI*��ÆÑ��
F-1S�

�

��

��

��

��

���

��	 
�	� 
�	� ��
 ��� �
	

���� ���� ��	
 �	��

�/C, 5.04

S/S

TIME/A,5.04

TIME/B,3.27


�/B,9.08


�/Z,10.05

E/E

TIME/Z ,4.71

�/D, 8.53

�/E,10.05

�/Z,10.23

�/E,6.22

�/D,6.03

�/L,6.37

�/N,5.96

�/Q,5.70

�/D,5.78

�/E,4.59

�/F,6.76

�/O,2.38

�/Z,9.60

Ö 4.¤¥(Ï� ViterbixA��C�
���1. ��������: �� ci /�� ri, -logP(ci | ri,) !"#� Viterbi$%�&'

2. �(�)*+,-�./���0123–logP(ri | ri-1) 456)789:'

-lnP(D|C)=0.46 -lnP(D|D)=0.0

-lnP(C|S)



2) no.pqr3 �?��s?��@t���u@JJK

3) vwxyz{��|no}~ 973 �^��no}

)��:� ���|no�qr3����|'

Ö 5.u�23,��A�B�Ñ�ý(
ZÖ 5�yz{|&e�

1)�w�E@A¡¯�xEø���A�B�w
©xösy�É��.��Æ������ëß

º SEG � 96.55%�FGå�÷ød 97.96%�÷
z���.�M��MI*�C�Æ HMM Hø
�����ëßº SEGMåa�Ñ(Øº TAG1M
, a � Ñ ( Ø º TAG2 � Æ { d p

98.25%,95.63%,93.38%��¹$��E HMMØ�
��A�BH&|p}~ T�

2ÂÎÈ��w�E HMM�ø���v~��s
�p�E HMM���Ñ����npêE HMM
/05ù�.��Æ HMM ø���.��Æ�
F-1S�	?Z 27.86%syd 95.40%�iêE�
�� HMM �w©syp 1.41%½I*��Æ
HMM ����I*��Æ� F-1 Ss�p
25.91%�ÎÈêE����Æ!s�p 4.21%�
.��Æ� F-1S!{dp��' 95.53%�ÉÒ
*����E HMM ��=ST�«¬]¦23
�ÎÈ�!�ÄpêE HMM )��Å��ÃÄ
pêE HMM ���·©�`5��.��Æ

HMM�u,�7ú����u�� ��ú���
�Æ;.��KL��E����Æ HMM ¿%
;ú�������L����	��ºð��

*+{dpÃÅ� T�

��
 #$%$&'( ) *+� ,�-��� !

cmmc[ �s � q�������� �øpf� ���^

�IJKL\ zp�fgdh�hi·©5,�

;< �> ��� ?��@ �?��

AB CCDCEF GHIJ@K FLIHHK FGIC@K

MN OGDLFC GHIO@K FFIOOK GJIHFK

PQ RJDORE GLIEJK FHIEHK GJIOGK

ST @EDLLF GFIEEK FOIRLK FLIOGK

UV OODRRO GFI@RK FHIRGK FFIG@K

WX REDHLO GHIFJK FLIROK FFI@LK

YZ RJFDR@C GHIOFK FHICRK FGIERK

¹ 3. ICTCLAS� 973dh��hi·©
���1) >[\]�M^ 973 _`abcdefgh

ij�ijY�klm

!�%�fgdh·©¹$�F� HHMM�
ICTCLAS�_µ�«¬���A�B23�P�
�©a��3`aØ§�ICTCLAS�¥¦�ª�
���A�B`a�]�

7 ��

��ij�������Ø���A�B�

Y023P¥¦lA��1���p HHMM�7
��M�Ñ(ÏMËÌÍ��ÆM��ÃÅ�I

�O<d]^a]�0v¡¯]��st�_e

pÅ�ÃÄ� N-����¦~�ÂRp�E
HMM����ÆtTU�.���P�����
��PI*���®xtËÌÍ���º�ø�

d °���Ö���TF��� HMM ��ú
p�_epËÌÍ�PTU��a]��P���

�+0vMN�FGå���_ep®x���

�A�B`a ICTCLAS�àC�Î23,�hi
¹$��E HMM Ø����A�Bõdp}~
� T��f� 973 !�%��¡�Î���¢
�fgdh��ICTCLASRI����Bw©�
�¥¦�ª����A�B`a�]��e�i

j�FGå�yz7n]öfJ��À��S�

��Î����A�B`a�ÎÈ¿�Ø-.�

��ëV�fJm#8�Q�_È��xAij�

��

����

�� ������M�Ð��M7�M���M

�f�C�P�®x�����%�Î z�

ICTCLASi�C���s]�¡vÐ¢P£¤�
1Æ��¥¦Î�f&p�A�Bdh�=��

�§¨©Î��I*��Ælm� �FG�

����

��������

����

[1] Zhu Dexi. Lecture on Grammar. Commerce Publishing House. 1982. 

11-11 (in Chinese)

(���.����.�	
��.1982.11-11)

[2] Liang Nan-Yuan. CDWS: A word segmentation system for written 

Chinese texts. Journal of Chinese information processing, 1987, 

2:101-106 (in Chinese)

(
��.����������-CDWS.1987, 2:101-106)

[3] Zhang Hua-Ping, Liu Qun. Model of Chinese Words Rough 

Segmentation Based on N-Shortest-Paths Method. Journal of Chinese 



information processing, 2002,16(5):1-7 (in Chinese)

( ���,��.�� N-� !"#$%��&�'(. 2002, 16(5): 

1-7)

[4] Hockenmaier, J. and Brew, C. (1998)  Error-driven learning of 

Chinese word segmentation.  In J. Guo, K. T. Lua, and J. Xu, editors, 

12th Pacific Conference on Language and Information, pp. 218-229, 

Singapore. Chinese and Oriental Languages Processing Society.

[5] Andi Wu ,Zixin Jiang. Word Segmentation in Sentence Analysis. 1998 

International Conference on Chinese Information Processing, Beijing, 

1998. 169-180.

[6] Palmer, D. (1997) “A trainable rule-based algorithm for word 

segmentation.” Proceedings of the 35th Annual Meeting of the 

Association for Computational Linguistics (ACL ’97), Madrid, 1997.

[7] Dai, Y., Khoo, C.S.G. and Loh, T.E. (1999). A new statistical formula 

for Chinese text segmentation incorporating contextual information.

Proc ACM SIGIR99, pp. 82-89.

[8] )*,�+,. ��-��.'(#����/0123456.

�7�89:;<=>?.@A.B�CDEFG. 2001.8. p.116-p.122 

[9]Peng, F. and Schuurmans, D. (2001). A hierarchical EM approach to 

word segmentation. In 6th Natural Language Processing Pacific Rim 

Symposium (NLPRS-2001)

[10] Teahan, W. J. and Wen, Y. and McNab, R. and Witten I. H. 2001, A 

Compression-based Algorithm for Chinese Word Segmentation. In 

Comput. Ling., 26(3):375-393.

[11] Nianwen Xue and Susan P. Converse. Combining Classifiers for 

Chinese Word Segmentation, First SIGHAN Workshop attached with the 

19th COLING, 2002.8, pp.63-70.

[12] Peng, F. and Schuurmans, D. 2001. Self-supervised Chinese Word 

Segmentation. In Proceedings of the Fourth International, Symposium on 

Intelligent Data Analysis (IDA-2001).

[13]  Jiangsheng Yu, Shiwen Yu. Some Problems of Chinese 

Segmentation. The First International Workshop on MultiMedia 

Annotation (MMA2001), 2001

[14] Zhang Shiren. Disambiguous Segmentation Based on Rules of 

Word-constructing of Morphemes. 1998 International Conference on 

Chinese Information Processing, Beijing, 1998. 157-162. (in Chinese)

(�HI.JK�L�MNOPQ�R�.1998 S$%TUV9WXY

Z[%\. 1998. 157-162.)

[15] Chunyu Kit,Haihua Pan and Hongbiao Chen. Learning Case-based 

Knowledge for Disambiguating Chinese Word Segmentation: A 

preliminary study.First SIGHAN Workshop attached with the 19th 

COLING, 2002.8, pp.63-70

[16]Zheng J.H. and Wu F. F. Study on segmentation of ambiguous phrases 

with the combinatorial type. Collections of papers on Computational 

Lingustics, 1999. Tsinghua University Press, Beijing.129-134

[17]Xiao Luo, Maosong Sun, Benjamin K Tsou. Covering Ambuguity 

Resolution in Chinese Word Segmentation Based on Contextual 

Information. the 19th COLING, 2002.8, pp.598-604

[18]Luo H.  and Ji  Z.  (2001)  Inverse Name Frequency Model and 

Rules Based on Chinese Name Identifying.  In "Natural Language 

Understanding and Machine Translation", C. N. Huang & P. Zhang, ed., 

Tsinghua Univ. Press, Beijing, China, pp. 123-128.

[19]Luo Z. and Song R. (2001)  Integrated and Fast Recognition of 

Proper Noun in Modern Chinese Word Segmentation.  Proceedings of 

International Conference on Chinese Computing 2001, Singapore, pp. 

323-328.

[20]Sun M.S. (1993)  English Transliteration Automatic Recognition.  

In "Computational Language Research and Development", L. W. Chen & 

Q. Yuan, ed., Beijing Institute of Linguistic Press.

[21] Tan H. Y.  (1999)  Chinese Place Automatic Recognition Research.  

In "Proceedings of Computational Language ", C. N. Huang & Z.D. Dong, 

ed., Tsinghua Univ. Press, Beijing, China.

[22] ZHANG Hua-Ping, LIU Qun (2002), Automatic Recognition of 

Chinese Person based on Roles Taging.  Proc. of 7th Graduate 

Conference on Computer Science in Chinese Academy of Sciences. Si 

Chuan, July, 2002.

[23]ZHANG Hua-Ping, LIU Qun, Zhang Hao and Cheng Xue-Qi (2002)  

Automatic Recognition of Chinese Unknown Words Recognition. Proc. of 

COLING 2002 workshop on SIGHAN, pp.71-77.

[24] Ye S.R, Chua T.S., Liu J. M. (2002), An Agent-based Approach to 

Chinese Named Entity Recognition, Proc. of the 19th International 

Conference on Computational Linguistics, Taipei, pp 1149-1155

[25] Sun J., Gao J. F., Zhang L., Zhou M Huang, C.N (2002). Chinese 

Named Entity Identification Using Class-based Language Model, Proc. of 

the 19th International Conference on Computational Linguistics, Taipei, 

pp 967-973

[26] A Tutorial on Hidden Markov Models and Selected Applications in 

Speech Recognition.  Proceedings of IEEE 77(2): pp.257-286. 1989.

[27] Shai Fine, Yoram Singer, and Naftali Tishby. The hierarchical 

Hidden Markov Model: Analysis and applications. Machine Learning, 

32:41, 1998.

[28] ]^_`aW�`bcd` .e<e��f`�$9gCDE

FG`2000 p.67-p.87



ZHANG Hua-Ping: Born in 1978, a PhD candidate in 
Institute of Computing Technology (ICT), Chinese 
Academy of Sciences, his research interests include 
computational linguistics, Chinese natural language 
processing and information extraction.
LIU Qun: Born in1966, vice professor in ICT and a 
PhD candidate in Peking university, research fields 
include natural language processing and machine 
translation.
CHENG Xue-Qi: Born in 1973, vice professor in ICT 
and director of software division in ICT.

BAI Shuo: professor and PhD supervisor in ICT and 
chief scientist of software division in ICT.


	1  
	2
	2.1
	2.2 HHMM

	3 
	2|Dict||Punctuation||Dict|+|Punctuation|+6
	4 N-
	5.1
	5.2
	5.3
	6. 1

	    5
	ICTCLAS973

	7 

