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Abstract

In many Chinese text processing tasks, Chinese word segmentation is a vital and
required step. Various methods have been proposed to address this problem using
machine learning algorithm in previous studies. In order to achieve high
performance, many studies used external resources and combined with various
machine learning algorithms to help segmentation. The goal of this paper is to
construct a simple and effective Chinese word segmentation tool without external
resources, that is, a closed test for Chinese word segmentation. We use training
data to construct a vocabulary to combine maximum matching word segmentation
results with sequence labeling methods including hidden Markov model (HMM)
and conditional random fields (CRF). The major idea is to provide machine
learning algorithm with ambiguity information via forward and backward
maximum matching as well as unknown word information via vocabulary masking.
The experimental results show that maximum matching and vocabulary masking
can significantly improve the performance of HMM segmentation (F-measure:
0.812 — 0.948 — 0.953). Meanwhile, combining maximum matching with CRF
achieves a performance with 0.953 and is improved to 0.963 via vocabulary
masking.

Keywords: Chinese Word Segmentation, Maximal Matching, Hidden Markov
Model, Conditional Random Field, Vocabulary Masking
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SPRFEAVIEAI U AT TR 2yt T SRk o 2 RV MERLA [
E1FH=" (specialization function) > }{5]’ FUR IR R & LTINS R 'ﬁ gl {=p

MR ST
f (<Oi >0 >) = <0i »0;-0; > @
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SEAEE > PR SR RO IR A B (iR R = A
RUR] P £ r'ﬁj BRSSP AARE] , (Specialized HMM ) e [fij3[HA T}{ij’ B E | B &
SR TR ROS RS - [RL PSSR b RIS B R Y Ry 3
(= PSRRI D 80 T RRAL I RER S U ] ) (Lexicalized HMM) > FSAH kL
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(criteria) fE3V o P T [FIEUYEN T PIBIPYTS -
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AV AR VPR B OB R AR SR -
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E PRI (PR SR pUE > iR

77@@“ | SWF FSRL SEF ¥ [l e 2V S5 > ﬁ%;;lﬁau {11 fi( threshold ) -
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4 % [ 7V ki

Fl i 5 76522 i undirected graphical) ] + 7 W% f e~ IHI)Y-0. 7]
ISP R I R R 53 1) o AHSERT HMM I') % 5545081 generatlve model ) }ﬁL
B D A TR S “jﬂﬁ'ﬁf’k *AVIEPE > CRE fEASHEAS] fiﬁtﬁﬂiﬁ'ﬂﬁ
PORE ISR 55 i T FESEIZ S S A5LE] (discriminative model ) FLE'H #IS@E‘-}
ﬁiﬁ“ﬁ%ﬁ'ﬁ;*ﬂj };LH M gﬁﬁ HfY Jﬂg‘;‘ﬁj B ) R RL s 70 J#“fﬁ ) 5@3?%’%7?{@
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P 2. G R L]
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Zy -1

W (X)) AL v (Y, X) 73 B LB /IJX'igfllﬁ'*El'éf{v@ﬁb SRR R -
Z PLRLENRI1) X = iR T 2y PCYX)=1 o G - R 2 2
W=ttt (log-linear) foifs il -

v (Vi X) =exp| X 19 (Y;, X, )
[1 a j (5)

v (¥ Yicgs X) =6Xp[zﬁk fk(Yiryi—l’X:i)j

EWG@#D“MEMIDNWF?‘béw@w%ﬁ@@ﬁyﬁnmﬁwﬁﬁm@
(feature function) > |‘I vz W Ay 77 ['}J[Jt j}lgﬂg[ J@f:] FEEGR | LRLE Fﬂ_ ﬁg?ﬁﬁjj\ #‘[L 4
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* 101 *
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PR > 2 RIREIRA S R AR ?F:%ﬁf'ifii V- rigmﬁuff”sfﬂl”ﬂ“ k!
LY, I/HJEFivD‘ N4 .&Eughrjirﬁ“g‘wuﬁ FUAS = R Rk Y ) L ] e S R Y 2
IRl ] o i P SRS 251 Pl T pOsiRR - 25 Mt Rl | S e
FRfuRYR }%%%ﬁ’ﬁéﬁiafﬁﬁl?ﬁ!é‘{/ﬁ%ﬁfﬁlﬁﬁﬁ I LR e ek 2 D,
[Pl -

PV G0 L R e 2 DR 2 MU R R R B 55 S P55 < 3
BT Cset1) 1] wﬁ”;wﬂ, 2 (set2) - BEAGIHERE f 1 F ﬂﬁ“?‘ﬁfﬁw[ﬁ{
(i TIRIFY I HIEET - PI& 2 R ﬂ@ri'lﬁf%" » DAl PRIRRERR Y o B F Y
B o YRR fJD?& 6

%5, BT

T I T R HMM
7SR E1(Set1/Set2) | 100/0 80/0 | 60/20 | 40/40 | 20/60 | 0/80
Al (Set Df1P9FEE 145,608 | 132,273 | 116,428 | 96,780 | 69,446 0
Set2 flIfus AIFEr 0 0 | 17418 | 45212 | 103,990 All
HIZE PRI o AR 0 | 14415 | 17323 | 22,524 | 34,573 All
FB+HMM Recall 0.957 | 0.946 | 0946 | 0.944 | 0941 | 0812
FB+HMM Precision 0.976 | 0951 | 0.949 | 0945 | 0.934 | 0811
FB+HMM F-measure 0967 | 0948 | 00948 | 0.945 | 0.937 | 0812
BMM F-measure 0949 | 0929 | 0926 | 0921 | 0912 | 0.427

* 6 pUETZ A5 %UF“%E" 100/0 » ﬁ[’g PR F ﬁ;p;%]‘[aﬁiﬁdi ugsge s Y=~ A
(U2 1 Tl = gt ] cpﬁ* 80/0 ~ 60/20 ~ 40/40 ~ 20/60 =753 ?&]’ut‘fﬂﬁff%ﬁ# oA
AT HOEF1D IR SRS FEAORE ¢ - %{HFWJ £ 0/80 » Rk = I
AR R Al S MR LIRS plTE OGRS A IR o T R R PR
B e i | = A I P I =N IS 1SS TR R A E e Il a6 D
i B IR [p = i R B 5= o

RGBT i D BRI PUFRE I - FBHMM USRSl (S - )
RLIE SR 2 2 o RERL Pl E | LA Gl T A HMM a3 » (RSP 215
IRE > = = e WI'MMFEJF%% Mask [V A= flkg -

4.1.1 MaskisifEEA I 8k
YBR[ Tl R RBTV - SOERR R R ?HSIHIFI“J‘:%?
FRLA AT > (FRL T Pt R AR UL o NSRS R ] Mask fiU Rk
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(Wu, Chang, & Lee, 2006) > 7+ T%#ﬂﬁ”%w%ﬁ*[ SRIPUFHE o ST R AR VRY
AEVE] - A Mask AL SRR B9 4 “Ja“ﬁirﬁ SR

ol [‘aiiﬁfjél"wﬂﬂ ﬂe[]’?‘yK lﬁjﬁfu S1, 8y, 1, Sk A ffﬂ 2 1F- N
FIEIFIJ%@EU Dy, Dy, -+, D> —. ,%l'pﬂ?}ﬁ% (D=UDy) » [ & K+1 [kl -
B fﬁmﬁﬁ”%wﬂw RS D W D, B H LSO 0o
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C3E ﬁ?&%ﬁ@’?‘fﬁf FE S IR ffs’F '] |# HMM i[llg}’lﬁguifﬂn%. L=
AR ATRIR o PR R e o TR T - (TR R A P ER SRR T T
S YUETH K 5 R R D S R R R R KL
TR Mask IR AlRETR] o [ 3 8 K=3 fua Hpl -
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T ;gu “Jﬂ“}ff\_i ER0T] Mask il o dERSE N o fj0T] Mask otk AR IR
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4.1.2 ALY

FEIMEERLE %iﬂfﬁ”[??ﬁ“ Hg! - /IWJ%'@’*'J - TR 2 DI - 5 P
T RLIVEE B e R R R LA E R ?,5 Y e ] (R ek B P | gl oz (L

| 145,608 f[ﬁ'?ﬂ) T RIS A T ﬁ““’%'%iﬂﬁj FFEHF R ™ iglﬁ

ﬁ\ipgjfﬁg “EFF[ 73 PUE R F;kﬁ\[?iﬁdj podife o B[ mpuEleE (baseline )
Jmekﬂlﬂw¢<FMM> @mh«a|ﬂ¢¢<BMM>’I‘BFW@“ﬂﬁfﬁaﬁﬂﬁ@

I FTERPORDBE U AT (HMM)  © [ 25 P9 25% FB+HMM » (][ Eﬁ“ﬁ'ﬁ ol fH

B [ R R :wiﬂéﬂguﬁwﬁ G S G {H*W?“ LPRY

7t (FrHMM) I Gl 2 [ = R eyt (BHHMM) O = [ j\ﬁfﬁ;‘/%‘é‘?ﬁ

FSHE o AT RRHIRR A AR pUBEISS -

Ipe 7 B o [REORR YR T AR BUE R 10 pURYRR o SRR Tui_ﬁ[ﬂ'}
IEfiE Y F-measure fﬂF UE10.81 i*?[ [ Iﬁﬂfiﬁ R #g‘ﬂ’;{m“ﬁ[ AL T
Vi AR ETRISC F-measure {1 0.812 *ﬂjﬁi”? dF 2] 0.967 » % =l T
Tl R R AR [ S R (R R SRR LI (B o iy CRF 7 (] r‘; [l RS
HrHR A RS YT ) E I f B - 0.977 » i SR ASUETIE E 5b AL
B E RFIOTIAR -

R 7. 0 F AN ORI

FMM BMM HMM F+HMM | B+tHMM | FB+tHMM | FB+CRF
Recall 0.936 0.939 0.812 0.944 0.947 0.957 0.981
Precision 0.956 0.959 0.811 0.962 0.965 0.976 0974
F-measure 0.946 0.949 0.812 0.953 0.956 0.967 0.977
4.2 Flk (TR T L BE]

937 PR FIIIRL Lexicalized HMM » (745X SWF = SEF [y7Ei 1 [ﬁjﬁ@?ﬁ[‘;ﬁg' ]’“‘r\j 1%, ﬂé%}?ﬁjﬁ
PP = TR RS o FVRORLE 5 R AL b o R R SRR R PO
il (threshold) - pmiﬁl’[ﬁ%ﬁ’&?ﬂaﬁﬁﬁyﬁ\“ IZ[f ‘[‘rﬁgﬁj iy T kL e R o
B PSR PV TR BB - 0 BRI PO 2 P
“ﬁfﬁg”ﬁﬂﬂ CIfT= FevR] 80% ) 53 KI5 Rofffior - (47 £=1 EJF“”TH LAk
TRRIY 70% = 10% ) » Hf170% EJE‘rﬂ (s 218 | R R E‘@*ﬁ“ﬁ*l) S
#ft FB-+HMM L8] » [ [ 10% | [[J’gJ F‘fﬁaﬁ”ﬂ f J%‘mﬂ (validation set) o

PW@WF%W?ﬁﬂMWW$Eﬁﬁﬁuﬂg@ﬁ%ﬂ RS (PR 70% IO
AFR] » JVL ST UG R S - pﬁmﬁﬁﬁﬂwwn}WﬂﬁW%@ﬂ’WWﬂ
M1 70% FURPRIET FB+HMM ] » 2 SR i (e - AU il
PR A I - W@SWF$$WVﬁ%ﬂ&’ﬁ%ﬁﬁ&jme%@

%‘mﬂ Uﬁhrjir ﬁ”%@@%‘\@['ﬁ%ﬂ 5 B
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WG o PSP "] SWF 22 SEF 78 ] [lfVmA | “‘ﬁ“ﬂ% IR VIR DRy
E:-?J?'}Wﬁﬁﬁﬁ » [P RO PRI EIE R O A iy SWE TELIZY 292
(G (N4 4800 5 ) [R) » SEF ¥E[PV 173 {fige (NI4T 25 75) Eﬁ i
ARG (USRS AR AN 0 T 5 F R SRR o B i R g
I RPN RIS (L AT S R R RS R g -
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—a— SEF
—— SWF

O O
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F-measure (%)

95.4
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# Specialized Words

5. 10 FEETTVHIH SEF ZESWF & 7t gl o ™ postia#sgs
4.3 PRIk

e R0 il ﬁg’?’rﬁl"'ﬁf eE %ﬂ%ﬂ‘[‘ﬁiﬁﬂ B s o T Dfp R R
(FMM) ~ E/[Hﬂsm Iy (BMM ) ~ I K F\'fF[l e ANV Fﬁ‘ iﬁLF'J(HMM)
S (B (Rl 5 %2 FB+HMM ') % FB+CRF [ufihf it =g (Jpik 7 5 ) » |V
Mask K=2 V f& {F l%t » % 4 PR ff FB+HMM & FB+CRF ° #81%] » n*]éirtﬂfﬁ &4
[ SWF = SEF H 5I5HI( SWF F2V 292 {laffid (=854 S5 - [0 SEF [V 173 ﬁ[tt VR D
ek o IR FBHHMM SOl SRE g F = i v pu s B (B - dRRRE A 8
A o

7 8. F £ HF/F ™ Mask 2= Specialized Sy g

Mask+FB+HMM | Mask +FB+CRF | SWF SEF
Recall 0.947 0.966 0.958 | 0.963
Precision 0.958 0.961 0.962 | 0.964
F-measure 0.953 0.963 0.960 | 0.963

IR > R | R Rk S J‘)EJi‘“srpaaiﬂgq»,\ffjﬂ;[:gr::[grp’:w’srf'j: o R
HMM ALE™ [ FR 2] Mask 4743 & Z5eeeR] - Fl‘}{fj’ F-measure 1 0.948 ] = 0.953 ; ¥,
FL FRPITEFFBEES 88 CRF L] EJ[JEIF{‘}{%’ F-measure [/10.959 fd# = 0.963 = [19f » Tﬁjﬁ'ﬁ
fli”] SWF 55 SEF ¥[] - %fﬁ’[’“‘fé&ﬁ@%’%ﬁ‘f%%ﬁ” ¥ F-measure 11 0.953 7] £]
0.960= 0.963 fuadiill » iy = (R T [AIVE [ AT o SEF 7 (R 2 P Sl b
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HMM | FB+HMM | SEF=143 FB+CRF
Training Time | 52 %} | 157 9%} 155 22F%F | 3755
Testing Time | 8 7} 9 *f 5857 6% | 20 %)
Space 21IMB | 28MB 303MB 582KB

9 'IEQ%T&F'P””%L?EU ”"’TQE]EUE*J > AR ASLERT P ] o SRR ] e 32
ST E HMM f‘ﬁ'f«flﬁlﬁi JEU?”?‘W?F ek CRF ?ﬁiﬁ‘ﬁ P (o5 ) - JE‘ H'
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%0 Ty CRE K @Wbﬂ Wﬁﬁﬁﬁ’@%ﬁ?m%FWﬁ%ﬁmTﬂé%%%ﬁ
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T FF”EFF”?P Fl1 o 25 3 RE 1 g”'W DRI > e g = - l'[”T&E“?ff‘f' VRN Y ErEnifst
Bl Flif‘le'EJﬂ‘?F[ 1 ] R j?ﬂ”é*g* T ] FRRIET IR PR B R U B
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AR Mask =8+ p i WS BT FSHC (F-measure: 0.948—>0.953) 5 il = [k
gufﬁgj (= 4= ‘:,Ef uj Tu lgg @;{kﬁ:i@ul > >y gA»JEF[FJH“FJ4 FF| %‘r—jj,”;r—ﬁ
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