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Algorithm 1 NPYLM O%#EH 713U X L
Input: s€ S

1: Add wo(S) to ©

2: for j=1---J do

3:  for s in randperm (S) do

4 Remove customers of w(s) from ©
5 Draw w(s) according to p(w|s, ©)
6: Add customers of w(s) to ©
7 end for

8 Sample hyperparameters of ©

9: end for
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Fig. 1 Our proposed generative model
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Table 1 Features for segment size prediction
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Table 2 Dataset size for evaluation
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BCCWJ PN 78607 10000 1000
BCCWJ OC 678475 10000 1000
SIGHAN MSR 90909(86924+-3985) | 10000 3985
SIGHAN CITYU | 54511(53019+1492) | 10000 1492
CTB8.0 20412 10000 937
InterBEST Novel | 50139 10000 1000
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Table 3 Precision of max segment size by gamma distribution

- HKa—,2 | BCCWJ PN | BCCWJ OC | MSR | CITYU | CTB8.0 | BEST
b 0.995 0.996 0.989 0.995 | 0.995 0.996 0.981
EX 5 M EQHEIZOWTORE | 0.849 0.842 0.452 0.366 | 0.440 0.588 0.839
i T = HHoRKEL Ay FE | 12 10 55 11 13 8 88

v IrREERERD, EBEORIA YV FEBRINCEEINIGE
ICIRIERE LT L 72, Ay =i 74 v T4 v 7
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Table 4 evaluation in unsupervised word segmentation

- PYHMM | Mochihashi 2009 | Zhikov 2010
HRKa—,2 | 0.714 0.631 0.713*°
CTBS8.0 0.743 0.693 -
BCCWJ PN | 0.716 0.656 -
BCCWJ OC | 0.787 0.595 -
MSR 0.787 0.802*8 0.782*10
CITYU 0.795 0.824*8 0.787*10
BEST 0.777 0.821*!1 0.733*9
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CTFHREDHEE LT [7) Dz il# L 72, PEEEFCDS
*8 http://chasen.org/ daiti-m/dist /gamglm/

(1] XDEIMLE
7 X DEIML
*10 (6] X DEIHIL 7
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Table 5 evaluation in semi-supervised word segmentation

- PYHMM | Mochihashi 2009
HKa—,2 | 0.930 0.913*8

CTBS8.0 0.934 -
BCCWJ PN | 0.947 -
BCCWJ OC | 0.926 -

5.3.2 mMEHEE

fA L, IERORFEPMNEINTH KT —8R
KU BCCWJ, CTB8.0 DATIT-7%, ¥/, #EkFHET
EERT 7 U 2EE O HEE E) & W o RIIRHIEE 2 1T 9 TiEas
lpotal®, 22T NPYLM & BayesianHMM][15] %
AR —F L7 FiEE %47 > 7. BayesianHMM D%
Ficiz, FEEAD NPYLM %2 T — & % HEE5
H L 7SR E2 W7,

AR I, HEESEIDIE L AT A HEEIC DOV T,
M INEH 7 7 ADREEEZ vz, REFETIEE
75 ARG A ERETH, BEIIAEMFAT T A
DORIGIFEHBETIE R, 22T, 74T INEEY
52T, MmO HRL LN S AZMIGT 275 A
& R LTRSS % B4 L 72,

HifiZze L oG HEE OIS RE £ 6 IR T, 2k

*= 6 Hiilize LihiiE o ks

Table 6 evaluation in unsupervised POS tagging

- PYHMM | NPYLM+BayesianHMM
mAka—s82 | 0.590 0.508
CTBS.0 0.489 0.416
BCCWJ PN | 0.559 0.455
BCCWJ OC | 0.549 0.450

Hhlid O £ETOMEHEE OFHIIRE R 2 £ 7 ITRT, K
4, %6 Kb, HENCHFETEH 21T o Z AR L
2T TR LB LT, HEEDE & mhEIHERE & [ 14T
9 2 & CHEED®, WEIHEE & BICRWRERICZA S 2 L8
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Table 7 evaluation in semi-supervised POS tagging

- PYHMM
HARa—,%Z | 0.894
CTBS.0 0.916

BCCWJ PN | 0.906
BCCWJ OC | 0.866
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WIED 7 A0 7T HFRBIMPLTWEAIH Y, IERED GO
%Dy 7 AHIBM T oD EwHERIZR -7,
TERDOVSATHS L, BloiiElo “EE” & “BhE" &
% QL 72, FTR & v ) DG Z 5 1T B DIk ATEE
i ETHB, mRka— 2 ThENIE, 4FEOBICH
TR BT ENEL, Z2ODICBEEDDEENRTE >
72bDEEZOND, BES T ADEE 50 & L7k,
K =15 LHIRTHEF EWBTES 7 ADX)IEDIE D A=A
o TWB I g5,

£ D SRS 2 ShEHEE 21T 9 7o DITIE, BTEY 7 ADo)
Mt 2 X 9ISl n 77 LERDNA R—0RF X =5 DHff
EICH DN VB DNA =87 A= % BT % 72
EDEZ DD, SHDOERY V2 DADNA 78— F
A=%1%, a, b EBIT1 E LT, FRCHZiZiTbk
noiz,

5.5 BEIJZREZERAWZFvrVF2Y

WIEY 7 A% 50 £ L7-IGDORERISN L, BTEZ 7 AR
BEOL—LEHWT, £8IZHDIEHTIZODWTF v
¥R BMEbHER L. K101, Froxv s
2T BOEHEDOHRGESTERY 28T, B 7 A%
Ho7ob— 2 WS 2 LT, BEIESERRDIEEEL,
KA—RADHBRERZRDHIEICAORIF EDHITMTAT
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WABRZENG,S, ZHLMEERGEE EDHITIE,

PERDHEEH DA E IR E L 7= Hibili7e U IREEMAT T3k

TIEHEECTH D, RICHFAZHDLTIT) DThiuE, £

JE N D XNRZ TRV — L 2Lk 5 2 Lick

32, RIOTE-TVIEIDIL, ROEHED T,
& 8 HFEESHELY OH

Table 8 examples of failed word segmentations

B0 RSB | BE | 6

< 412 | R /T, L/, Mz/T
7z 411 | EEN/ BE /T, L/
3 245 | ERI/3, 34/%, [H1F/%
L 221 | L/, L/%, L/Tw

) 203 2/T, o/

Iz 101 | &Fh/ i, B/, B/
D 81 TR/ D, b D, Filil D, % /D
) 80 B/D/WEE, BB/, B/D

B/, KE )7, k9 )%
&n 73 | &n/3, &Nk, ShyT

£ 9 K- ZDHIENHE (K=50)
Table 9 word segmentation in Kyoto corpus(K=50)

SEIREEE | HEREO FE | HESEO FE (5 ey ¥ v UR)

0.603 0.716 0.755

£10 FroFrroBEOMY

Table 10 segmentation errors after chunking

Mo P HGESE | B
Iz 88
Tw3 81
D 75
L 62
T 47
7z 44
R 41
H 40
# 39
LLT 37

1 TRERRIIC ) S T—AU, TRGEIC) 7 EDIBAE DY
N, AFEWFNCNIGT 2ES 7 A0 D Y Toh
T, ZHuzo2nTid, v—LrzHuwkEFr 3o 7%
FAWZ ERBEMETT257:0, BIEEHELY, TTws ) ik
HWESHIOBRY) BRERATH 2., A TWE,), TRATH
525, TLTw3, kDY HMTHOEG & ERRFIE
LAFETETORVAEDICRD L>TED, bk
7 I A% ATV —=)L TR TE otz T I
2WTYH, M) LRI o, 2 TED, 2 ED
MG, fRsaElEh, THFE & THE, s
BIE 7 I AME D BTonTwi, TL, Z#EE TR
72l "l EBDEINLZIEICLS, Hka—S
ADHTIE THIBEL 5, 58k L) @ X9 45 & 85
"L, OHEENSE Ronsd o, TL) TRbOIZHE &
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Aa L EE T, oMEEXNcE okt EL
5%, XHROPTIZEEE L CoOREZRES/-O, WiE
DREBNIARFIETIZEEL o,

Correspondence of POS and latent class

latent cl;

L
BEW B@E BF e AR SR PR 49 NEE BRE BE bR E6R BE
part of speech

2 i L E 2 T A DRG] (K=15)
Fig. 2 Correspondence of POS and latent class(K=15)

Correspondence of POS and latent class

40

latent class

ERE BHE AW 15‘77‘% RRE EER RE %E WER 6 gﬁ BEE 2GE B
part of speech

3 i EE 7 7 ADRIGIK (K=50)
Fig. 3 Correspondence of POS and latent class(K=50)

6. F&H

AGSCTIE,  FhEfEE & BRI O AR E Tk D 24
270, HBOSEEICE W TZOMRZHEEL 2. HASE,
HEEE, & A GO W TRETR L RO K% LRy
WTE L O Z T, Maz BB L THEEZ{T) 2 LT
HAGEIC O W TIEHEESFIOMRELS [ 195 2 &2 L
7z, WEFEICOWTIE NPYLM 2 F AT 0.02 ~ 0.03 12 &
Tl 7223, EERTH 7T — & 2SHEFIED 1/5 T
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HrEEBEETLE, ZRTDICECEEESZ S, ¥
A FETH FEMIC NPYLM % TH- 7%, #EFETIIHV
2 —MHIEE T K > TR 7 X v b Rz FHHiic Tl
LTHERD I 74 A%MEL Tw5, NPYLM T [Akk
WKL 7 XV P ROTHERERZHVS L FEIMET L7
ZEMS, THUIRKX T AV FEOTFIEENEK & &
ZoN%, AT AV FPROFHIE, 774 ADEMEIC
X2 oEEAE HINE LTw 2720, RETFHED R
k%479 2T D k) 2EIZFRATEEEEZ S s,
snaiAE L, PRI & RS % LR EdEE R LT
W3 D, AFTHILWEZ 72 EoX)EE RS &, BUR
TIEBDOMFAS DD 7 AICEFEE>TCLEISE
DOREDSH 2, BIEZ 7 ADEEREL LAY, Wiln 7
T LDNA =T X =5 DB B 5 V=3 D N
ANR—=RFT R =5 DIREEZRIT, WIED 7 AT 5
&) TRZAT I BEDD 575, AETIXREIOERE D & i
T T,

i E R E O UGE L FiEoEEIc oW T, 5B
HETH 5.

SEM

[1]  Mochihashi, D., Yamada, T. and Ueda, N.: Bayesian un-
supervised word segmentation with nested Pitman-Yor
language modeling, Proceedings of the Joint Conference
of the 47th Annual Meeting of the ACL and the 4th In-
ternational Joint Conference on Natural Language Pro-
cessing of the AFNLP: Volume 1-Volume 1, Association
for Computational Linguistics, pp. 100-108 (2009).

2] RS BRI, BREPANL : RN ERERE) & <o X
WIESET TV OMAIC X 2 & H D ILERERTT, 5
FEALERAE S 17 AR RS (NLP2011) (2011).

[3] Goldwater, S., Griffiths, T. L. and Johnson, M.: A
Bayesian framework for word segmentation: Exploring
the effects of context, Cognition, Vol. 112, No. 1, pp.
21-54 (2009).

[4]  Hewlett, D. and Cohen, P. R.: Bootstrap Voting Ex-
perts., Proceedings of International Joint Conference
on Artificial Intelligence, pp. 1071-1076 (2009).

[5) Hewlett, D. and Cohen, P.: Fully unsupervised word seg-
mentation with bve and mdl, Proceedings of the 49th An-
nual Meeting of the Association for Computational Lin-
guistics: Human Language Technologies: short papers-
Volume 2, Association for Computational Linguistics,
pp. 540-545 (2011).

[6] Magistry, P., Sagot, B. et al.. Can MDL Improve Un-
supervised Chinese Word Segmentation?, Proceedings of
the Seventh SIGHAN Workshop on Chinese Language
Processing, pp. 2-10 (2013).

[7]  Zhikov, V., Takamura, H. and Okumura, M.: An effi-
cient algorithm for unsupervised word segmentation with
branching entropy and MDL, Proceedings of the 2010
Conference on Empirical Methods in Natural Language
Processing, Association for Computational Linguistics,
pp. 832-842 (2010).

8]  WouiEsE, B, O LHEE, BRI, ks
HAGERS L S a — R OTBeHRE M, SFHMAMYRE 9
[A|4ER A2 (NLP2003) (2003).



BHRUIBFZ AR S Vol.2015-NL-220 No.3
2015/1/19
IPSJ SIG Technical Report

9] KA, SHEE G L SIEOIEREEENT, HaARY:
RS, HASRELIEIIZE2 R, Vol. 2001, No. 54,
pp. 40-54 (2001).

[10] Baroni, M., Matiasek, J. and Trost, H.: Unsupervised
discovery of morphologically related words based on or-
thographic and semantic similarity, Proceedings of the
ACL-02 workshop on Morphological and phonological
learning- Volume 6, Association for Computational Lin-
guistics, pp. 48-57 (2002).

[11] Argamon, S., Akiva, N., Amir, A. and Kapah, O.:
Efficient unsupervised recursive word segmentation us-
ing minimum description length, Proceedings of the
20th international conference on Computational Lin-
guistics, Association for Computational Linguistics, p.
1058 (2004).

[12] Jin, Z. and Tanaka-Ishii, K.: Unsupervised segmentation
of Chinese text by use of branching entropy, Proceedings
of the joint conference of the International Committee
on Computational Linguistics and the Association for
Computational Linguistics on Main conference poster
sessions, Association for Computational Linguistics, pp.
428-435 (2006).

[13] Teh, Y. W.: A hierarchical Bayesian language model
based on Pitman-Yor processes, Proceedings of the 21st
International Conference on Computational Linguistics
and the 44th annual meeting of the Association for
Computational Linguistics, Association for Computa-
tional Linguistics, pp. 985-992 (2006).

[14] Mochihashi, D. and Sumita, E.: The infinite Markov
model, Advances in neural information processing sys-
tems, pp. 1017-1024 (2007).

[15] Goldwater, S. and Griffiths, T.: A fully Bayesian ap-
proach to unsupervised part-of-speech tagging, Proceed-
ings of the 45th Annual Meeting of the Association of
Computational Linguistics, Vol. 45, No. 1, Citeseer, pp.
744-751 (2007).

2015 Information Processing Society of Japan 8



g R—v

< P>

<IE>

5= 5.2.1 i 5f7H
<>

AR B

<IE>

AR B

P(wi|wzij+172i) =

P(wi|w§;N+1, z;) =

C(wi|w§:]1\[+17 Zl) - d\h|thwi

O + C(wtll\ul)
9|h\ + d‘h|th.

=+ — —
Oy + (Wi Z N 41, 2i) P(wilwi "y o, 20)

C(wi|wf:11v+1a 2i) — djp|thw,

Oy + (W 515 2i)
0|h| + d‘h|th4

Oy + c(wi—N 41, 2i)

P(wi|wi~ 9, %)



