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Abstract: The performance of Chinese word segmentation has been greatly improved by character-based
approaches in recent years. With the help of powerful machine learning strategies, the words extraction via
combination of characters becomes the focus in Chinese word segmentation researches. In spite of the outstanding
capability of discovering out-of-vocabulary words, the character-based approaches are not as good as word-based
approaches in in-vocabulary words segmentation with some internal and external information of the words lost. In
this paper we propose a joint decoding strategy that combines the character-based conditional random field model
and word-based Bi-gram language model, for segmenting Chinese character sequences. The experimental results
demonstrate the good performance of our approach, and prove that two sub models are well integrated as the joint
model of character and word could more effectively enhance the performance of Chinese word segmentation
systems than any of the single model, thus is fit for many applications in Chinese information processing.

Key words: Chinese word segmentation; joint decoding; language model; conditional random field model
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RE Fi— T FIRBRE A L5197 ik 2367
PR HS: TP301 kAR IRAD: A

RS AR g A B ) B AR IR IR AR EHS B T 2 M o0 B A 1 )L SIGHAN [ R o 3043
i) PF (Chinese Word Segmentation Bakeoff)™™ S f{1 2547, b S0 4 1l USRI BF S0 IAS T 148 22 4 N HR A (R L. B 246
1 Jii SIGHAN 433 VP 1 Xue S I3 T 7 b (2% 33 5 i Dske A 1 7 43 i) (0 SELABLEE J 2R 10 20 ) VP30 % A
KT AF B T K R I 5 G AN R AL 2% 22 3 7 A3 381 7 SE Al TR i A 7 8 e DA AR AR 42 7 i)

A1 D51 Ay 243 ) TR I P A 23 35 el K50 gl A2 oK % %7 (out-of-vocabulary  word, fijFx OOV) IR 5, — e, J& T3 (1) 5
AR AT T BRI R 52 B 2 ANTE T 26 2 B B0 R B SR il S AR T VR HE AT AR B AT T T B T R A
FEPELE T B0 1) 3R 3] N A 6 3 1] 1) 45 5 R, TR] A off P 730 P B /N [ B G 3R AT i 0 L7 4 - (R0 HASE L T A KT
BB 2 Al 3T A I LAS 27 20 7 94543 7T LA VR AE 6 #1047 e 3, DR 3 i 4 P 2 4 1 20 3] e FE e i 15 3
U A 43 A R AR A 0 A B4R B AR AR O, — S B S 4L A R AR T T iR ]
fiE Bl 2%, Zhang (35T Subword 75 I5UVRT Zhao 42 H 9 FE T 7 B bRid 09 23 1 J7 VRIS R A pe S A ) 1, th 153
B TS AR Y T 25 R, RV stk R ] T B 4 9 R O TR TR AN A R AR AN R I
TR R)IIAR TC VL AR X L6 7 vk A A3 DU IR 53 A At ) 6 35 (in-vocabulary. word, [ #R 1) (1) Ak #1365
PR 7 v A A A AN 2] Bl 3 T3] ) 5 vk S AR AR 4 O i L 4 DR RN A R 2E B R S B AL L iU 4
5. TR A - F0AR] 1R 5 95 4 A 0 P A 0 T AT R] 1) 39 5 S, S B A0 R B 4 1) v S 234,

AR T — T IA 5 1R 43 ) RELRR S T SR P B AR A 2 R ] A Y THT AT T — s R IR
R KAET Bi-gram 5 5 48R 4398 247 1A FH LA K 4% 14 BE AL (conditional random  fields, fij #x CRF)#$: %!
RILA G 37 (K76, 3746 SIGHAN Bakeoff3CIy PU ALK 5 H _FIGFE T A SC 7 v 4 Rk,

1 HFHEIRR—LE &R

FH 7 K8 1) V2% B AR AT ST 25 s o) A3 1] 2 1) RN R 8 55 18], 9 ELAS 31 T 8 1K) Roow, 1B 2 1F IR K dn e, ) F4d]
23] 1B 43 200 BT AN AN 6 146 11 979, Zhang 19 TAELE SIGHAN Bakeoff2P g g2 b 18 4 Hh 3iF 52 T 3X
*f—im.

1 rPAE AR B0 D7 VR AT B0 ) 2 1 A [ 2 (Ryy) 3 3 v T R O i, AN I RO AR IR A PR AR b R
STV R PAR B 45 2R LA TR 36 KR 22 1O A A9 3 T 5 1 7 IR A e A I 5 R L 4 T R I A 34 (O L 2 4
425 F AR AL F=2PRI(P+R)TF 5L IL T P AR A R & 4 Jm) 44 [ 5) 1y HL B0 — SR R ) IV 38 93,
D)3 0B SO R A v 2 o R TS B 5 VAR B RE T3 R D7 VR AT B8 I AN Rl S i R X e s S DR
75 IV F1 OOV #853 DX ki, 4 REAE — s R B b i v 4 J 4 ] S, RT3l ) D7 9 B o0 ) 4 1 1) 4 [ 38 L
T BT VRAE AR 6 s ] b i A ]2

Table 1 Recall rate of IV and OOV by different segmentation approaches
F1 ARV IREAFEK IV H OOV A n=

Riv Roov
Corpus OQV rate Word based Character based Word based Character based
approach approach approach approach
AS 0.043 0.982 0.967 0.038 0.647
CityU 0.074 0.989 0.967 0.164 0.736
MSRA 0.026 0.993 0.972 0.048 0.716
PKU 0.058 0.981 0.955 0.408 0.754

T3 A0 ok BLAR B 43 1 AR EAT A B n] DL T, 2 T 0 5 VR B R 43 1 45 R R M TR AN B £ AN 1A
B R — A, B n 7E SIGHAN Bakeoff3 1) MSRA MR TE R B AR 4 brit 428 & 6 ARvE4EN CRF ALY,
R R AR I A
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SREMYFN — GBI (i B 45 R, J5 8RR, R )

TR TE/BE AL SR — FE /R 2 S

HEEORYhL — FREELRA A0

AT AN WUERAN S 25 b 45 2R 422 T8 UK B AT L7 23 45 SRR AT LA A o2 TE 4 1R AELRE DAL DA 00 4R 1
B AE S SR F R SRR 10 U 23 7 CREAT AL BE (¥, I R Hdis 15 21 (R A5 78 7 1% mT LR e b Jse W 3 b ) 2 156 L
IUAE A B SR P (10 4 P B AL 7 B8 20 A BT DA Oy o2 42 SR SRS QB AT 5 3 RO e 0 4 388 8 )1 R b mp e Ay
HEIL R (BT 68 s ), B RE SR I 0 I 45 0 PR A v 5 X, DAL 2 1 e ) O B2 5 Wi 50K, T A B i
BRI MSRA TEBHIURL R ALK, U170 85 RAEAE 22 77 A2 — LE 2l kG TE 15 00, 52 Wi T e 28 1) 70 Wl P RE BT 0 1K R 1
DA SAEAE AT AR U 101 0 4R T A B T2 AN WP 2.

2 ETFRKSHEEE P

AR SRl B A LA AR S B R AT ) 2 ] 23 Sl 4 DA A3k 5 SR B — A G R 2 R R
SR AR IR A 2 ) de KRR T (U 20 B A, 4 B e 28 R D70 2 5 R A 4 K > 708 R BB SR R4 P, 14 6
WAL IR A P, A K5 WE 22 2 1) W] LA R A R B
P:HPciHPWi (l)
i i

A B A AR 2 3 1o e AR T N4l B A R U K PR S8 AN W] R B il & B — R T
S 2 2 2R (ot R 25 RO fty T g AR [ £ A R 2R A Oy 5 A bR 0 X BBLAE [ — AN B HE 4 R JE )
A FH T 5 258 1) 1 30300 85 HL b PR AR AT PR 500 BT R K, T DA 8 5 A S RO AN AR B 1) DR X B AR S H 2
B0 A A B 2 A P e 1T B T 2, U O AR B R 0 B FR R DRk 2 () T BAA Ry A — b LA e T R U
Xof B LR AR T e 45 SRR Youe B4 X (1) R SR A P LA IR
Your =argmax P =argmax [ [ P, ] [P, 2
y i i

y i
XTI NGUREE F B SR T T A RER Yy A A PR O I AR I B A ORI (1 45 R IX
A TR R A PR DT, AT RE b AR R A MR 4 2 T ) SRARE R Dk - BB A .
FESZ B AR YN, — R 2 (1) ek BOE 5L

logP =>"logP; + > log Py 3)
i j
T IS, 7 R 1) P AR 2R A AR g T 2 M A 2L A 1 2 Aok, 5K (2) mT LR ALy
" max{zlog P +3log ij} @
y i i

Horr R (AR T AT AT LR 58 A AN [R) 1 Sl A5 T 922 56 T AN 45 52 I B N 38 3R G0 42 R T M S A TS 1y
LR E R A M R S

St L IR A AR AT AR A Rl AR TR G A Y R SR B VR AR S AIME ] T AN T R AR — AN T
) R R TR A g 1 20 e JE A R R A 6 ANFRI0 15 1 B AL (CRF) AR e 2, 28 T3] (RS 2R 4l FH (1) &
G WA (bi-gram)if SR R SR A o R T DA A A

Your =g max{l()g Pere +10g PLM} (5)
y

TR 43 S0 Ik B A () A5 AN AR e A T TR AT I IR

2.1 ETFFH6HRICCRFFRERE

5 B L1 BE RS N AR T 5 A FEATUSR B 53 310 T ke D iy SR 2 A AR sk LA v S 4 1 48R, 1N
SIGHAN Bakeoff2 LUJa, JL-F- T A BUAHE I 44 I HE T 7 1) 20 1] D5 iR D T 2 A BE LI 1 D 2 >0 TR L AE
OOV 4 [l b3 5w LLHRAHE S O AR
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ST A B AR A 6 8 ik 2369

9 TAE T L A SCAE ] T 3T 6 AN e 10 45 1R BE R B R0 M S bhy 4 1 A by S 280 o 4 L6 2, 2R FH
T 6 Pt BEAS [\ A AR L.
Table 2 Tag set used in the CRF tagger
% 2 CRF bril 444 F It hr i 4-

Tag Description

B1  The first character position in a multi-character word

B2  The second character position in a n-character word (n>3)

B3 The third character position in a n-character word (n>4)
I The position in a n-character word from the fourth character to the n—1th character (n>5)
E The last character position in a multi-character word
S Single-character word

BRIEZ A0 T A RO A EIAFR G, FRATIEAEH] T 8 AN N R IE A AR, W3R 3.
Table 3 Feature templates used in the CRF tagger
F 3 CRF brid Al FH IR RFAE R AR

O’U‘IJ}(A)NI—‘U

1D Template Description
1 C_,,C_1,Cy,C1,Cy Unigram character feature
2 C_,C_1,C_1C(,CoC4,C1C,  Bigram characters feature
3 C_1CoCy Trigram characters feature
4 C,LC Jump characters feature
Unigram character type feature: punctuation — P, English letter —
5 T(C)T(C).T(C) E, numbers — D, Chinese or other characters — C
6 T(C_1)T(Co),T(Co)T(Cy) Bigram characters feature
7 T(C.)T(Cy) Jump characters feature
8  CoT(Cp) Combined feature using current character and its type

o B 1~BEAR 4 FEA [ R AE, DG 2 431 T T (4 6L X L 75 4 R0 AR 1, 2 o M
FERFIEAR S TAEH T 5 ANFI B R ci B i BRI 6 A7 bR id 48, B 0 36 b S 8w B 1R 38,
AR AT DL 3 L SCHR[AS] T Hi ik 1R R 6 P Ar AR ic S 5 3 7 1R SO B AL S AR M g 5 Ah AR SCIE TN
T F R R BB AE, LSS Bh 45 PF B B3 455 20 2 5 BIAS [F) 20 84 1) 7 R 5 43 1) 45 SR 0005 ) e AT T S AR ASEAR. 5~H5EAR
7P BRATE Y 4 Fh2EE 02 IR A% b U, SR AR AR 2 T LN T AN AR A L BRI AN e A
DI B 2 5 A MOVE ) mP S4B B Ol A g st PR, 6 B B B3 T 0 R AR BACR A T X R
RRIRRAE, A T 50 5 1 55 DATE 19 S0 45 AR EAT LA AR SCA AR B PN b 5 NSX SRR AE B e ST T —
AR e FLHE IR R AE (AR 8). A SRl Taku Kudo 4’5 1) CRF++0.50(http://crfpp.sourceforge.net/#
download)SE I Il 2 bR L AR

AR 1 3 b 2 B RS [ 4% A1 Wil WL 3 PR 28 sl 2 6 ) LA S I — AN B 2 1 8 1 P S0 40 1) R 46,3 02 H i
VP2 A0 R AR R IR B A B 2 3 HERE AR — AN AN 21 d5 1R R 5 A T A B T
2.2 ETFiFIBi-gramiE S &8

P53 1 R R 5 N3] 1R R AT LU AR 2 5 v A8 P 1) gl & — AR I 1 491 AH 2 25 S B FRATT IR 5 VR IE
T TERE NS AL B 43 B S TR AN 22 T 19 96 3Rt R I AE 3R AN A2 o (A I HE R DRI AR SCR A N-gram i 5 B2 R
S R YI R TE R IR 1A 5 S N-gram 1 5 A5 B AN ) RLAR B B i i) 0 3] 2 0] fR 5 A 00 2R IR I B AL 7 ]
(i F Uni-gram [FI4EE), BAF A A SO AT 45 (SR A T BRI V15082 00 O /I LA B0 i A i >k 1) 336 1l £ AR 3L
HRAAEFH Bi-gram 35 5 AL SE By b Bi-gram A58 T4 AT 45100 5 O R, SR T AR BY I Uy VA AT
SIGHAN Bakeoff2 [yl i 45 5 o B 1 8 df i1 e oL,

A LA SEE SR A SRI Language Modeling Toolkit (SRILM)(http://www.speech.sri.com/projects/srilm/
download.html)idE 4738 5 B AL (KI5, 45 20915 5 B8 FARER ARPA 3K LA (04 N-gram i A& JEXE R
R 23 T [ 2R 2, (58 T T 3 o B R A 1) 2 ) PR A R R TR IR S B I AT I 1 /2 Good-Turing J5vEiE
AT REZE P08 TR AR 15 Bi-gram A I, B8 Katz 7 v 047 [E13E % 57 3 Bi-gram (01500, il LU IR A
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w, |w,,), if C(w,_,w,)>0
p(W”|W"'1):{opz§wnll)p(lv)vn),other(wis; ) ©)
FEH oW _g) A2 (W) (07 TR R 550 SR FH SRR 1 UF 55 7 10 (1B J5 V) & R 7 B8 47 b 3 508 B8 6 7 I 50 ) o 1) o
L Bi-gram & (HLH AN & OOV)7F MR TE kL 1A 2.

[Fi) A, B A T 5 A5 28 A W] DA 3 — S 40 1] R 4 HRE AR AR T 225 A B LR AN OOV R BLAE J) A
JE DOV T e 5 B 8 A bR B LR % 1 A A
2.3 Eikik

BAR E & Fe e A0 FH ) LAY (B2 AT A s ke e TRl A 30 B AR A IO AE 2R AR AR T B AT Al il i
1] AN RS 2 (R 1 22 ) K G AT £ B 3 A 39 U] 4 1) K i 2% 1) 45 SRR R KR a2, AR S I 9 K e
B, 4% CRF brii#s KBL OOV HIREI A Bi-gram i 5 BB AR b UL IV A Il 0, TR I SOR B A
Bi-gram % Z:1f] OOV K ILAEJJ M CRF Ayt #5 (1 45 5. B i, AN [) 458 204 70 A i F% rb 104 P G 12028 3 45 1) TR
U B A RIS T FE P CRF bRy 2% A0 Bi-gram i w5 480 20 X AN figf 2 2 (0] LA [ A O TR A B U IXRE R B T
¢ CRF K ILIK OOV L& Bi-gram i S HiH7) 20 (1) IV. 55 40, 51 T CRF did 25 (Km0 1, AN fE 42 I8 5 818 1
S8 X T H— AN AL “ A, DR I 7 AR e 5 T T (R S B RS FR AT X AN M R AR s R T S R
R H 1V Bi-gram 2R X s b LA AT 7 Hip A5 i OOV ARy — AN LE B U140 45 5L, i ELIR 7 5 5% W =R DL /T BA
W T FRE R O THE S R =, 2L A4 IV 5 O0V) 538 SRR R I IV &5 R4S, JRATIA N X0 T3 3 4
RUFN CRF bRy 81 5 #2411,

5T B R HEAS i B ] DL K — AT R B 2 ) 43 (09 i B, A S i A4 2R (beam search) 3K
PUIXA AR A AT S SR H ARG o LA A Ay

(1) MRHEVE S AR Uni-gram -4k SP T o] GBI D) 43 1a], FEAKHE CRF ARvE4S 2 S I 8143 45 5 HC s i
A Y5318, DX L) 43 465 R 43 2 SR 7 I (03 1) 4314

(2) @arn+1 ME[0,1,2,...,n] H TAEIEA R B 43 B BEGL a8 1L AR R 46 8k, A IONE B, TR B
Fi 1 2 ) (99 K /N FH - B AL, A SC A FH B9k 2 1) 2 100;

(3) DB LA Bk 45 S b AR A 5 LA B R R Bl A D R 2 L AR B R Ry R AR A
10 B fiAR AL A5 280 A T 56 09 970 20 1) 42 FEEE RS R R HEAT 4T 20, R 1 5 4 w0 B JB — AN 1Al S5 97 e 1A B0 4T 43 45 R ot 5 2 i
BB B BEAT BRIV 2 A8 HGE SR AR 00V 5 IV Bk OO0V 55 00V . [F]4% [ Riy 1f $2 21 i) J5 U]
BEREBMR), B, Y — /N AEE SR CRF A [A] B gl 143 H ok, B BOR BT RE S IE A 1 4 45 51 TN
h SRR B AR A AR 2 19 5% 2R, SUHT (8 o 15 B A5 19 5l R — AN 00 43 &5 SR OE T F AR LA ) A e
Bk CRF HERLIISHE 7 14T 0 AH;

(4) TP g R OB 5 1R S KB (AN Ak (9 i, SR AT 8 2 A 2 A (R 4 5
AR FATY R, A B AN 2 N NS 6 ANER), AR IR Tk H e S T, ) 7 B R H T
IR AT YRS W 4 A0 5 4% B /N B S AT LU 28, £ B AR 40 B8 K IR e S KR, I et S L e ok
58T B9

(G) £ S} LAMMERaEH I ELSE . DB AHEYN G RO EHE 5 S T 747,

(6) Mg — M HCH — /> (1-Best) 2 # 2 A (N-Best) #1 73 fie K I 5% A1 B (19, 2 A s 819y
ghRL.

AR IR IR STVE CRE AR 59 b | B4 T8 3 AN /] A9 A0 S A7 7E T 38 AN B 25 1] 11 1] 99 g 42
w55 S5 34 LA BRI 6 e Ak 2 ke A B R PR AT P U] 0 5 R B0 T M 2 T CRE U1 43 ] 28 V4 4 31 B 1 5 1 2
o LA A G TR SE 0 HEAT 21

© PEFPEGERIHITON  http:y www. jos. org. cn



%ﬂ,
S

S —Av T SR B AR 0 b 8 T ik 2371

3 KRLRRSI

A3CAE A SIGHAN Bakeoff3(2006) il i 45— 4k 71 S 1) CityU(City University of Hong Kong)ifi il F1
CKIP(Chinese Knowledge Information Processing Laboratory)ifi ik, LA A& fij 44 3C ) MSRA(Microsoft Research
Asia)if kBl F1 UPUC(University of Pennsylvania and University of Colorado)if #l—f 341116 J7 13347 VP4 X B
HIPEA 7125 FH Bakeoff (103 P I 8 I, RA7E S 20 38 R0 ) 3k o, AR 0 A A )N s Bl b s R B iR i 2
T T R 431 AN S0 VSR FH AT ] L Ath 35 9050 6 17 s, Bakeoff A I 800 38 00 ] A A AT ] w6 ¥ R 50 40 3
AT 5017 2% 8 B T VPl A0 T SV AR 5 A 2hE IR k. Bakeoff F) st A1 08 72 Q8 437 & FRATT B R g HLAREE T
EJAROC TAEEAT LU,

FL AR, 3 LALINAR 23 R M1 B, g 4.

Table 4 Bakeoff corpus statistics
F 4 VFIERIAE R

Corpus Encoding Training data size™" Test data size OO0V rate
CityU BIG5HKSCS 1.6M 220K 0.040
CKIP BIG5 5.5M 91K 0.042
MSRA GB18030 1.3M 100K 0.034
UPUC GB 509K 155K 0.088

FEA TIX LA IR R A i =5 1 TR I, 2% 18 3 R 3 R 11 v S 2 AR il A i F) 532 0, FRATTER Cutoff=1, 4
J97 3 3 3 SRILM 75 21 (1 78 5 A6 7R A LK 5.
Table 5 Language model statistics from training corpus
F= 5 UIGRIE R 153 51 55 R0 AR

Corpus Uni-Grams Bi-Grams
Cityu 75597 728 251
CKIP 145 957 1716 803
MSRA 62 634 547 094
UPUC 37 384 253 752

BATT T3 1R FoAth J7 7210 45 B (F {5 Roov) 4 T3 6, L 45 SIGHAN Bakeoff3 (15 J5 ik £k pe & A T
RS, M i Bakeoff &/ 2 FEBA R A (1 3 P15 A4 i 5%, LA B Zhao TE R FEERE B3 3 10 H 7 S AT 7T 45
S8 SO T LA 7 8 4t %k BA T AR S AT S A THI A 43T

Table 6 Experimental results(F-Score/Rv/Roov)
Fz 6 TR LRI (F-Score/Rv/Roov)

CityU CKIP MSRA UPUC
Baseline 0.906/0.969/0.009  0.892/0.954/0.030  0.924/0.981/0.022  0.828/0.951/0.011
Topline 0.984/0.981/0.993  0.983/0.979/0.997  0.992/0.991/0.999  0.968/0.958/0.989
Bakeoff Best 0.972/0.981/0.787  0.958/0.972/0.702  0.963/0.976/0.612  0.933/0.963/0.707
Zhao™""* 0.975/------- /0.801  0.959/------- /0.694  0.966/------- /0.662  0.943/------- /0.761
Joint Decoding ~ 0.973/0.981/0.805  0.957/0.972/0.694  0.964/0.971/0.663  0.939/0.963/0.721

AL N A AT IR vE R I B i P RE 755 SIGHAN Bakeoff3 (1145 3 L% 1, CityU, MSRA Al
UPUC 1% 3 MMkl LW FAHIA 2] T Bt BH T AR ST A ff i [ 455 28 341 5% FH 1A 7B 2% S (supervised  learning) (145 78
£ 1,107 Zhao 1 45 SR FH 7 4E W 8 2 5 (unsupervised learning) 77 vE%# B G CRF ZA5E 76 AU 3 45 41 2 2 2%
1E Rooy /7 T, R 5 18 Zhao 1145 5, 7EER UPUC Z 4N 3 MiEEL EIRAT Rooy ¥R T f5 i &1 B LE 4
ANTERHE AR FATI 7 R I T R AR e P AN R B RE LA BE A B LT B 4 0 RO IR T A

e BEAR VIR BRI IR TR/ 4% oA o g it

s ST ZRTEAE TR i) S HEAT ) Joe K DL E 2337 45 24

woor SR ZHEREAT I BT R A BRAE L) 73 45 24P G ) il HR P 3] gt JE AT P S K DL S 70 1) & 218,
weene Zhao M4 AU T SCHR[18], K HC th IF AR A1 H Ry 1945 08, I LAAC SC L B 45 .
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R L AL PR T CRF [ OOV 7EQRIIE IV RUR MATSE N, 25038 T A0 7870 OOV R4 R A5 ANt 4k F i
Roov #8715 R BL IR TH EL A4, AT 10 U 3045 2 1 4 SR ME R - A 44 1] R K LY Bakeoff3 1] PN I =
H RGN L R 7~k 10.

Table 7 Global precision, recall and F-score on CityU corpus, compared to top 3 scores of Bakeoff3
F 7 CityU iR 2 RAER M H [0 R K F {5 Bakeoff3 i =44 ) HL 4L

p R F
Our approach 0.974 0.973 0.973
Bakeoff3 1 0.972 0.973 0.972
Bakeoff3 2™ 0.972 0.973 0.972
Bakeoff3 3" 0.971 0.972 0.971

Table 8 Global precision, recall and F-score on CKIP corpus, compared to top 3 scores of Bakeoff3
F 8  CKIP iR 4 A 200 1 [0l & F {15 Bakeoff3 i =44 i) HL AL

p R F
Our approach 0.956 0.958 0.957
Bakeoff3 1% 0.955 0.961 0.958
Bakeoff3 2™ 0.953 0.961 0.957
Bakeoff3 3" 0.952 0.961 0.957

Table 9 Global precision, recall and F-score on MSRA corpus, compared to top 3 scores of Bakeoff3
F 9 MSRA TERHK A Jr A 2 A 4 % J F {5 Bakeoff3 il = 4 If LA

P R F
Our approach 0.963 0.965 0.964
Bakeoff3 1% 0.961 0.964 0.963
Bakeoff3 2™ 0.953 0.961 0.957
Bakeoff3 3" 0.955 0.959 0.957

Table 10 Global precision, recall and F-score on UPUC corpus, compared to top 3 scores of Bakeoff3

% 10 UPUC R 4 RuERE R0 4 [0 3R} F {5 Bakeoff3 if =44 ff LL 4t

P R F
Our approach 0.935 0.944 0.939
Bakeoff3 1°* 0.926 0.940 0.933
Bakeoff3 2™ 0.923 0.936 0.930
Bakeoff3 3" 0.914 0.940 0.927

AL TTVETE 4 A DR A5 B0 0 4 R v ff 2 R0 1 [P SR 40 L e AR e, U 76 UPUC TR L B HERf 2 0 41 [l
RATH KA 22 0 M LT PR, AT 682 th+ UPUC 18 RHINAREE 5 I 25 42 1 A K — 308 7 10 SCHR [3]HR 36 L A
UPUC K215 Rl 58 45k J5 T CTB(Chinese TreeBank, 1 SCAZE), Ho ik 8238 AL 45 T — 3543 Ho Al B 15 A0 4% A
25, R e BAT B A L/ 4 5 2 5 LA B 1 OOV BL %™ i H.,Bakeoff3 4 Jii sk 4 SR 3% 3 i 1% 412 136 B
TIXAN . T8 % OOV K7, O AR ok P v 38 5 B AL A N i A T 9% 22 1 IR oF 55, DR m] BB 2R T
— WA B B U A B AR A S T T ORI 4 1) CRE V43 45 RSB b, AR AR SC M 7 vEAE UPUC B K L1 4
HER ZAH LE Bakeoff3 (1 55 fF il 8t ©L A $2 i  ELA2 AH Lb 4 [ 36 T34 0d o] LAAT 8 K 42 T 2 1, 4 S A LA 18
AR5 AR B T D) o ME R A A Sk

NG S50 B AN () B L 2R AT 2R £ S 40, BKL A OOV (1 4 A SK T8 5 A9 28 R0 M i 28 1) S i) 5 K AR 22 1 o
P40 Ak 5 0] i #8 [13E 1) Uni-gram (IR AR 11T, % F& 21 21 4 B8 23 il ok 19 1 P R [/ 10 2 23 07 vk, e A 1A A T 11
R DRI R A 5t LA — s RS BB SRR A B LA IR D) 20 45 B R, T BRI T AN S Y
VB E A S CRE B AH IR (19 9) 43 45 R WF, 28 G54 (01 1) 145 FH OO AE 1) 465 RS, e L T 0 1 3R AN A28, IR A9 K P 1)
Doy B AR P AN R vp 0 BT, S AR KR 1 45 SR bL LAt 5 SR ELAT B v PR 4T 0, DR b, 25 1 105 5 A (9 1) 2 4 R
PRE R ML OOV I, 2 T 55 R 7R (10 &b B 25 4 L 01) R J ] 1) 137 90 T K A IS A G S CRF b 45 BB 48

****** UPUC 7 EHK) OOV LE 2 0.088( L% 4), KAl 4L 1) OOV L& B/ T- UPUC ) OOV LE#.
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XA OOV WU H Rk, W AR — N AR R L 3 MR PRI EMR BAREE X BARE T CRF KK

OOV T HLAF M Bt I AP 4 75 D7 i AL 35, 36 11 vh B 17 23 Sl SR 38 5 B8 (LM) AL CRF B8 [ 1) 73 &5 2R
IR AR B RS (1 1 L A, A DA ) 4 45 vk 1 Bl 2 1
Table 11  Comparison between different single models and joint decoding on segmentation performance
F AL AR A R R AR AR 43 1] 1 8 LE AL (42 )R PIR/F-Score)

CityU CKIP MSRA UPUC
LM 0.897/0.952/0.924 0.881/0.943/0.911 0.907/0.960/0.932 0.804/0.898/0.849
CRF 0.968/0.968/0.968 0.952/0.956/0.954 0.957/0.958/0.957 0.931/0.936/0.933
Joint decoding 0.974/0.973/0.973 0.956/0.958/0.957 0.963/0.965/0.964 0.935/0.944/0.939

R 1L ARG HARIL T I0CE A A A L SRS R I8, — D5 T AT A X T CRF T 40 &5 1 i 3 B A 4y
W B R T F 2 IV RS R] EAT—E 2> OOV [KIAREE; 55— Jy 1, CRF P LK) OOV A¢4fitifh7e 1 &
BERS OOV A HLAE I AN AL 1 55 i, PR e, FATT AT LAAT H A [R5 ) F A5 30 0 7 A0 ] 1 1) &5 5 7T LA o — 73
2518 AR B2 A0 FA R NAR T A5 T SCHR[18]H Zhao $2 2 A8 ] Al B 27 21 T7 VA A RRIE ) CRF B i 5
PR EE43 (KROR, S5 R AR B 7 AT TH Al WL %05 I8 T I B i 22 15 BRI

T3 A, H AR SO 5 IR N Ak, BATIVE T B 5 e 3 ¥ SCHR [19] A F 17 48 Al 2 P L 1) U ARUE AT v S0
il AR ST, DR T K 1) e M BSR40 DAy 48 15 32k, X A U T T 357, S SC AR R SR L AR £ (H S

F B T LRV HEAZ O B UL AR A ) £ R 35 T 7 (0 75 05, OF AR BB A vh A0 35 1738 5 B (EL AL OF
AREE R 15 5 B W5 018 T3 i S Tt R I, BUR TR AE Bakeoff2 kL Eik 1) 1 404 nl ML 23 ia] V1 RE,
{HAE CTB iH I S50 mh BT R B AE A JEAR LR (0 1% D0 SRR v (10 5 R 0S 20 3] P e ) LT B80T 72
Wi, %o 1 SC AR [19TTA A S AR AL AR FH A 45 A — s P By U T IR o 5 2R 0 A (57, X S B b e il kL B
P ) AR D RE 5 0 S B A T S, AT CTB T RHL/IN R RIUREE v REAR (A 17 3K Al 15 00 1 A 2.
BRI, D ) AS ST T 4838 £, 5 R0 B B 4 0% 2 g U R ] P e 4 O 28 I A% LA 58 A AN TR O 35 21 6L I A e
HLE#E CRE FA OOV YR AT AL RO 24 R S5 (14 49 [ 5 (H B Al B 5 1V 1990 73 ROR AT SR AN 3k 13 1) 5
IR AR T AR Y. S50 45 SR WY, A SCAE T 1 CRF R iE AT Bi-gram 5 5 A 84 il AT 20 41 1fy HLJE 20 FeAt o
S22 RS R S A vT DU B T 1 80— D7 vk (K 23 Wl PR g i HLORBEAE T 3 07 VA B TR TH R A e 1,
FEA R R ERE A5 8 R DUAR B 3t A 4 25 B PR K Ak

4 2 i

HAREE T 7 (B & 22 2] 75 i 28 ik 4T 3000 ] 19 32 2T B (HUR 45 BRI 3A 45 L 51N AT LS 21 S 4 1Y
3 ) G5 AR SR T A I A R AR £ v SO 43 ] 7 0, 45 5 A D SRR CRE ARVE A%, AT DAR A M R
I T ] (0 9 A B 3R] 2 3R] ) RE g LR T K 5 i R IR 3 Sk (R BE 0, O HL T LUR T 5 R R0 R %
AR — 20 R M LG A G SR ) I 7 A A R A 6 S ] 4 [ 3 L 3o 2 T S0 45 RAIE W T 7 i
3 17V AT DAAS B SRS (1 73 30 5 RE, 76 AN [ 1k L 08 mT LA 28 fi £ B FEAH 24 10 e B, S AR SEAR 5 v S0 4]
(1 2R,

SR, FRATVET X AR (8 2330 S5 SR 0 ATt R B T — 28 i R, 1 2 60 TR CRE RIS 5 BB A TGV IE A 1)
3 TR 0] L, B i R 4 2 AR TG e DA 0 FE R e R 0 4 ] e, S 2R ke T S TR AF s ORI J ke B A AR
RU] DUIE 5] 70 00 5 8 8 T B2 R G0 LA 307 A 00 23 08, FRAT TN O 30t PR A 8 RS R A DA TE " AR 2 A 3 10
[ I A SO T 5 B AR A (K R HOR T 4 e 5 R T AR T — 28 AR vp AR Gl 4R BT VA I
[Fi P 0, 75 225 R e — 28 58 R 88 T ik gt e 1 i AL, [ B, FRATD R ik ) 25> TR U A AT AN ] 1
RS F5e 2 5 LI S0

it LR A 5 B [R5 AR A1 A0 PR ST 7330 45 2R A5 b 4 R R I R v AT T A B 0 — L8 B AR 2 AN [A]
(701 93 45 R BT A 1R DA 3K LR R 1 U 20 45 SR TE A 0, RV T AT A B 5 B ) AL Y
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AEEE R AR 22 TR AR B, FRATT A Je0) 70 G5 SR LU AR 35 58 5 08 9 B XA AR 22, H a5 48
HLF SIGHAN Bakeoff 112 3 112 > A HC R VA 70 ], DR E — PR RR TR 25 SR R T PP A B IO CR AR T X i
Fe i ZEHE, MIEAR 2 15 D01, 22 B D) 7 &5 R L% A 15 45 b A 10, 5T 22 ) SR I 25 48 4 IR 120 3] 22 )i 14
IS H. 28R AN AT 1R I B 42 Bakeoff T7VAR M T I8 . 54T (R S, [] I 36 G 17 70 1) b E RV 2 4, KR HfES)
T W B e Ji ABSE ORI T (¥ 7530 N T T 5 B A7 AR 34 A AR 22 A Ak, AT (KA 22 5 v A A AT
UG D0 25 58 45 SR I bn E 255 G2 (K RE 0, AR ST AN B Ah . DRI, B R G v 5 e 10 S99 O i 38 S P BRI 1
)2 BE B0 AN [+ 75 SR A% DL K 203 R A2 — PR AR 3 A R SO AR XA A7 BT 3, FRAT T SR AT 58 3 114 23 3]
PR B A I S IR A 22 1 — S T PR A A

Buft  AEASCTARRIBE SRR, BT B B8R S 5 2 L SO IR AR AT T 2 B R R R K A,
52 W 2 JUECAT a5 B SRS 23 e A0 P IR RGO AR R R TR ) U R AR A SN B R v A ik
REEI AR T B G5 T T AR B AR 2 A7 2l A B A 8 AR b — g i
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