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Word Segmentation in Chinese and Japanese
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Maximum Forward Match

Greedily match longest lexicon items
from the beginning (or from the end)

YE&EaiR
How do you say octopus In Japane -
lexicon
/ep\ .

H (day)
jZ = ,% //Eu,\ & ﬁﬁ Eljf (Japanese)

X&E (article)

Japanese  octopus how say | Efd (octopus)
ta (fish)
B2 (how)
1 (say)
N J

FOX ORakuten [Wongand Chan 1996] :



Examples Where Maximum Match Fails
O A R )

1l

g8 ex 7T B 4 e N

Police gun-kill  (perf.) that (mes.) escapee

EREHeR T A ZEIL

Police with gun killOerf-) that escapee

E®E H ®x ??7

Police with gun-kill e Heuristic rules

e “Word Binding” Scores
#OX ORakuten 6



Heuristic Approaches — Minimum Bunsetsu Number
SHAIBICRBEVLWXXATY R

58| A% BL | X& T B

[oday really good weather IS (part.)

# of Bunsetsu =4

DI EEET IS
apan really goo weather IS (part.)

4 n. (now) # of Bunsetsu =5

45 H n (today)

h Optimizes for a whole sentence

BEOX ORakuten [Yoshimura et al. 1983] ,




What is Bunsetsu?

o SRR

ZOX ORakuten

p&m
B 0=, A T E 4Oy EASYLL

ZE OR212h

A Zo] 2= 215 29 AL SUH

h =]
AP A FE 2= 5t =oAL Fot,

AS U7 ASL7st 210422 ASUTH

low T ZF,
Ujo}E 2 =} B
A017}A 2o T ok BUT
o)
AT% LT

<'L%’<“L¢"P ﬁ\&ibl’
&6&'6‘- EDFE, R b E@ay
DHD R FhHT TE3 LI,
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Minimum Bunsetsu Number

Bunsetsu (3Z &) = [indep. word] [attch. word]*

indep. indep. indep. indep. attch. attch.
48 A%z BL K& TT 4
loday really good weather IS (part.)
# of Bunsetsu =4
min z cost(w)
w
where |
cost(w) = {1 w IS an indep. word
0 w Is an attch. word

A Special Case of Minimum Cost Methods
BEOX ORakuten [Yoshimura et al. 1983] 0




Word-based Models

20 40 10 10

S-S N b

pre. n. suf. p.
BOS 10 Ea}Ls(g Capital  Pref. Ilr(]) 1:

i :'#I 10 ':
10 —_
n. = &R D.

Tokyo n. in
Kyoto
N
min z |cost{(w;) + cost,(w;_1,w;)]
i=1

e Training ... HMM, Perceptron, CRF, ...

e Decoding ... Viterbi algorithm, A*, ...
HEOX ORakuten [Kudo etal 2004]

Tokyo - Kyoto

N

T Eos

V.

live

lexicon

/

R (east) pre.
BRI (Tokyo) n.
I (capital) n.
R (Kyoto) n.
#B (Pref.) suf.

[Z (in) p.

& (live) v.

10




Character-based Models 1 — Character Tagging
EEZRH®RT A EIL

3

= = TR )

Bl\ /Bl /[B] /I[B]: / I[B] [S]

) = LR LR L | HEL

[S] | [S] S]| /ISl LIS [B] [I] [E]

g \\z | e R g
[1] I [1] [1]

= . R

[E] I3l Training ... HMM, CRF, ME ...

e Decoding ... Viterbi algorithm, A*, ...
BEOKX ORakuten [Xue and Shen 2003] [Peng et al. 2004] "



Character-based Models 2 — “Boundary” Tagging

boundary tags

segmented words

. SVM
—
% A E E < Logistic Regression

o111+ L3

X1 Xy X1=1 X1 X[ Xy wen
— C(.X'l), C(xr);
E 7& 1%‘ < lg, 15, i, ...(dict. feat.)

Boundary Decisions ... Independent from each other

“Gains provided by structured prediction
can be largely recovered by using a richer feature set.”
[Liang et al. 2008]

2EOX ORakuten [Neubig etal 2011] 12



One-at-a-Time PoS Tagging Models

boundary tags

segmented words

POS Tags

% A T E < SVM

Logistic Regression

Enables Domain Adaptation through Partial Annotation

2EOX ORakuten [Neubig etal 2011] 13



Pointwise Approaches and Active Learning
partial annotation

| 7-0-F-2|7-4-F-A--MIL|#E B2 N /D 25 B|D[1]2]7=]

Y

non-bounda?)[;"m & boundary “‘don’t care”

95.90%

95.40%

F-measure

4 2step-Ir/part

94.90% —*-2step-Ir/sent
W 2step-cri/sent
- joint/sent
94 .40%
0 10 20 30 40 50 60 70 80 90 100

lterations

EKOX Grakuten y



Character-based Joint Models
R HWE R T B AN kI

']

2 A 1 Ga
[B-Noun] [B-Noun] [B-Noun] [B-Noun] -
[S-Prep]
2 A 18 R S
[S-Noun] [S-Noun] [S-Noun] [S-Noun] [S-Noun] 'L-|- E_ 13)1
— L = [B-Noun] [I-Noun] [E-Noun]
= 2 A 12 R e
[I-Noun] [I-Noun] [I-Noun] [I-Noun] [I-Noun] \ /
o |
= 2 A 1 G
[E-Noun] [E-Noun] [E-Noun] [E-Noun] [E-Noun]
& 2 i i S
[B-Verb] [B-Verb] [B-Verb] [B-Verb] [B-Verb]

l
EOX ORakuten [Kruengkraiet al. 2009] [Nakagawa+Uchimoto 2097]



Stack Decoding Models

RE R #R
[noun] [noun]
L shift e
R R BRI #B
[noun]  [noun] [noun] [post]
reduce
% - R ® X = i
[noun] [noun] shift’ [noun]  [noun]
-3 R #B i BT
[noun]  [noun] snif” | [noun] [noun]
] AR
[noun]

- No distinction between known and unknown words
- Flexible sets of features (e.g., long distance constraints)

BEOX ORakuten [Zhang, Clark 2008] [Okanohara, Tsujii 2008] s



Chinese/Japanese WS Evolution

Chinese Japanese
Heuristics _
Maximum Forward Match l
Heuristics _ Generative
Minimum Bunsetsu Number Models
.
Character-based Semi-Markov
One-at-a-Time Models Word-based Models  —
Character-based Discriminative
All-at-once Models Models
Stack Decoding Models
Boundary Tagging Models

ZOX ORakdten ' 7



Chinese/Japanese WS Evolution

Heuristics

Word-based

Pipeline
(One-at-a-time)

Generative

Viterbi

ZOX ORakuten

Statistics
— Statistics

Character-based
— Ja: word, Zh: character

Joint
(All-at-Once)
— Joint
Discriminative
— Discriminative

Stack Decoding

— Pros and Cons

18



Transliteration

(“Semantic” Transliteration Models)

ZOX ORakuten 1o



Transliteration

Phonetic translation between languages

with different writing systems

New York / 2124 niuyue / —a—3—% nyuuyooku

Obama/ BBE L aobama/ A/\< obama

ZOX ORakuten

20



Phoneme-based Methods

English word

English phoneme

Japanese phoneme

Japanese word

P(w) golf ball
4
P(elw) G AA L FB AO L
2 4
PGle) goruhubooru
\ ‘\
P(k|)) 3)LITR—IL

Trains a large WFST (from Japanese to English words)

P(w)P(elw)P(jle)P(k|})

EOX ORakuten [Knight and Graehl 1998] 21



Direct Orthographical Mapping

Joint Source

Transliteration Prob. =Prod. of TU n-gram probs.

Channel Model f
Pjsc((s;t)) = HP(UHUi—nHa ey Ui 1)

P(flextime—furekkusutaime)
= P(f—fulsow) X P(le—re|f—fu) X P(x—kkusu|le—re) X ...

TU Probability Estimation

Training 1 et im o Freq.—>Prob. s ook 1 ~
Corpus ﬁ P( fl>flek | =) = XXX
[fré( klIJ su’ta ﬁu} P(ext>ku |+) = YYY
_ EM Algorithm P(p->pi | *) = 222
o i aget l v
{ praj ¢ iterbi Algorithm\ J

HOX ORakuten [Lietal 2004] 2




Multiple Language Origins

piaget /piaje E7 »French origin » French model
target / taagetto 2—%wk

English origin English model

IF,

LLUZS Yamamoto / Yamamoto

ALK Yalishanda / Alexander

» Indo-European origir»Chinese Transliteration Model

Japanese origin Japanese Reading Model

Marian / Malian B % Female name » Female model
Marino / Malinuo 5 Bi7% Male name

Male model

HOX ORakuten [Lietal 2007] 2



Latent Class Transliteration

Class transliteration [Li et al. 2007]

PLI(t‘S ZP t C

S: source

YP |s)P(t|c, s)

Explicit language detection

t: target

Latent Class Transliteration [Hagiwara&Sekine 2011]

f
z: latent class PLST E P H P(uilz)
K: # of latent classes 1=1 . _ .
(determined using dev. Sets) Latent CIaSS dIStrlbUthn

BEOX ORakuten [Hagiwara and Sekine 2011]

24



lterative Learning via EM Algorithm

Transliteration Pla— Blz=k)
Model piaget - piaje
P(pi->pi E) target - taaget
P(ar>aa 7/ —)
P(get>je 1)
P(get—>getto /7 | 4
Transliteration probability

1 Based on viterbi search

FF“LLX Ly Lz
pifa/get->pi/afic | pu T o
tar/get->taa/getto B = .

BOX ORakuten [Hagiwara and Sekine 2011] 25



lterative Learning via EM Algorithm

Transliteration
Model

P(pi=>pi E)

P(ar>aa 7 —)
P(get—>je 2 T)
P(get>getto 7

piaget - piaje
target - taaget

pasmen | [
7

Transliteration probability
Based on viterbi search

Ik

Lx Ly Lz
Upda pi/a/get->pifa/je 0 -
tar/get->taa/getto —_ .

Zy*f(get%je 1)

BOX ORakuten [Hagiwara and Sekine 2011] 2



Latent Semantic Transliteration Model
using Dirichlet Mixture

=get/je
P(ulzy) o)

P(u|z, French

Latent Class Transliteration [Hagiwara&Sekine 11]

PLST ZP Z HP u1| Enii:h

=get/getto

Latent Semantic Transliteration

using Dirichlet Mixture (Proposed)

Ppir(p; a1)

Ppa((s,t)) = /Pﬂ.;rua((&ﬁ;P)PDﬁ.f (p: X\, a1t )dp
 Multinomial Dirichlet Mixture
o Z e Ppotya((s.1): o) Polya distribution

BEOX ORakuten [Hagiwara and Sekine 2012] 27



Discriminative Transliteration Model

Phonemes Phonemes
construct | | [kenstrvkt] i A
features: Pivai
(s, s), (ns, s), (st, s), (ons, s), (nst, s) ... %
(n S) Chunking
(s, ns), (ns, ns), (st, ns), (ons, ns), (nst, ns), ... | teters Letters I

Predicting: ¥ = arg max,, o ®(z,y)]
search: monotone search for phrasal decoder

HEOX ORakuten [Jiampojamarn et al. 2008] [Cherry and Suzuki 2609]



Transliteration Evolution

Character-based Models

Phoneme-based Models

Substring-based Models

Grapheme-based Models

Joint Discriminative Models

\ 4

ZOX ORakuten

J \

—

—

Generative
Models

Discriminative
Models

29



Transliteration Model Evolution

Character

Phoneme

Uniform

Generative

ZOX ORakuten

Substring

— Substring

Grapheme
— Grapheme

Semantic
— Semantic

Discriminative
— Discriminative

30



Integrated Models

ZOX ORakuten 5



Compound Noun and Transliteration

[ JS5%vyi ALyl ] [ DI sa B E I J

(burakissyureddo) (beilakeaobama)

W) 5%y Lalyr WP RE BED

[ *bracki } [ shred } { barack 1[ obama }

- 77# ERART Lok J Transliteration }

 blackish .| Hode

7

N
f\\\\ \\ R\
\\\ N \
~o N\ \ /\
SS N\
~ A
Sy
Language
-_Model _

0% ORakuten ’ .,



Source/Target Language Statistics

aktionsplan ] >
German
Corpus

aktionsplan(852) » 852
Bz
aktion(960) plan(710)  WEp 825.6
[ action } [ plan }
aktions(5) plan(710)  WEp 59.6
[ 27?7 } { plan }

aki(224)  ion(1)  plan(710) WEp 54.2

[

222 || 222 | plan

BEOX @ORakuten [Koehn and Knight 2003]

2

1

1

33



Use of Monolingual Paraphrase and Transliteration

[ﬁ"y’JZ%r—P-‘r“»r’J*‘/ad-U—]

(okkusufoododikushonarii)

x Y,
j—\y\ VA
7

VIR TA—K

BOS

T — 49 aF)—

T A

T4

yoar)—
vafl)—

EOS

4 N

72F3E /N R4 anchovy pasta—
72F3E - 78X A anchovy pasta

AR ITA—RT T4923%Y)
paraphrases j K-

translit. corpus

y

AP RTA+—F oxford
T49%37F')— dictionary
¥4 7—F  junk food

T72F3E D /A2 anchovy pasta

(&

-

EOX ORakuten [Kaji, Kitsuregawa 2011]
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Language Projection via “Online” Transliteration

A AR

[ ki |7

o
X -A S8

V4

21: ¢,"MP(blackish) | | 21: ¢,"MP (red)

BOS
X A—& &
Transliteration
Model ,
L
%Mp(wl-) = logp(w;)
3 P wii,w) = logp(w;_q,w;)

/

22: ¢,"MP (blackish, red)

EOX O@ORakuten [Hagiwara, Sekine 2013]
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