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[4] Lexical word reordering model[5] Inversion
transduction grammar (ITG) [6][7]
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2.1 IBM

pD = exp(−
�

i

di) (1)

di

di = abs(position(ei−1) + 1 − position(ei)) (2)

ei i fi

position(w)
w .

di

2.2 Lexical Reordering Model

Lexical reordering model {fi, ei}

monotone swap discontinuous 3

monotone
(a b A B ) swap

(a b B A ) discontinuous
3

6
pr pl

monotone m swap s discontinuous d

fi−1, fi

ei−1 ei

• p(ei−1, ei) = pr(m|fi−1, ei−1)pl(m|fi, ei)

• p(ei, ei−1) = pr(s|fi−1, ei−1)pl(s|fi, ei)

• p(otherwise) = pr(d|fi−1, ei−1)pl(d|fi, ei)

2.3 ITG

N

N !
ITG
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•

•

N = 4 ITG
4! = 24 22

N N = 10
206, 098/3, 628, 800 = 0.0568

2.4 Imposing Source Tree

ITG

bracketed sentence
This

is a pen. ((This) ((is) ((a) (pen))) (.))

imposing source tree on
ITG (IST-ITG) IST-ITG

N = 4 ITG 22
8

((ab)(cd))
{ABCD} {BACD} {ABDC} {BADC}

{CDAB} {CDBA} {DCAB} {DCBA}
8 (((AB)C)D)
{ABCD} {BACD} {CABD} {CBAD}
{DABC} {DBAC} {DCAB} {DCBA} 8

IST-ITG
2N−1

2.5

3

ITG

(a(bcd)) (bcd) 6 a

(bcd) 2 6 × 2 = 12
4

ITG
(a(bcde)) 22 × 2 = 44

n�
i=1

(SBi) (3)

Sk N = k ITG
N = 3 6 N = 4

22 Bi i

3 IST-ITG

IST-ITG

ITG

IST-ITG

•

((abc)((de)(fg))) b c d ph

( 1 ) 1

ph b c

ph

2 4
3

5

{
A P H E F G } { A P H E G F } { G F E P H

A } { F G E P H A } 4

e f gph

1 2 3

5

a

b c

4

d

Fig. 1 Example sentence tree with phrase
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4

4.1

1
[8]

900
( 1 ) 1,000

NTCIR-7 [9]

Table 1

# of sent. Total words # of entries

E/J Train 10M 273M/257M 797K/282K

E/J Dev 1,000 39K/37K 4,971/4,614

E/J Eval 900 29K/32K 3,967/3,683

4.1.1

GIZA++ [10]
SRI language model

[11] 5gram
Kneser-Ney [12]

1,000
minimum error

training[13] 2003) Char-
niak [14]

[15]
Pharaoh[17] CleopATRa

CleopATRa IST-ITG
[16]

Monotone :
No constrains :

IBM :IBM ITG :ITG
IBM+ITG :IBM ITG IBM+LR :

IBM Lexical reordering model IST :
IST-ITC IBM+IST :IBM

IST-ITC IBM+LR+IST :IBM Lexical
reordering model IST-ITG

2 ITG (ITG)
IST-ITG (IST) BLEU

2.67 WER 5.39% (
) WER

ITG
IST-ITG IBM (IBM+ITG

IBM+IST) BLEU 1.57 WER 4.63%
lexical reordering model IBM

(IBM+LR IBM+LR+IST) BLEU 1.03
WER 5.12%
WER

Table 2

BLEU NIST WER PER

Monotone 24.91 6.95 79.97 42.02

No constraint 26.83 7.19 81.10 39.52

IBM 28.35 7.29 78.35 39.25

ITG 27.59 7.26 80.29 39.15

IBM+ITG 28.50 7.30 78.01 39.29

IBM+LR 31.17 7.50 76.30 38.61

IST 30.26 7.41 74.90 38.93

IBM+IST 30.07 7.41 73.38 39.05

IBM+LR+IST 32.20 7.61 71.18 38.15

4.1.2

CaboCha[18]
bracketed tree

3 ITG (ITG)
IST-ITG (IST) BLEU 1.21

WER 3.81% lexi-
cal reordering model IBM (IBM+LR
IBM+LR+IST) BLEU

WER 4.47%
WER

5

(PBSMT)

IST-ITG
ITG ITG

ITG
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Table 3

BLEU NIST WER PER

Monotone 26.29 7.25 76.42 40.85

No constraint 26.20 7.18 81.41 40.76

IBM 27.87 7.34 78.16 39.94

ITG 27.01 7.24 80.43 40.50

IBM+ITG 28.16 7.35 78.04 40.07

IBM+LR 29.93 7.54 77.27 39.12

IST 28.32 7.31 76.62 40.67

IBM+IST 28.14 7.32 74.13 40.40

IBM+LR+IST 29.77 7.50 72.80 39.73

4 22
IST-ITG 8
IST-ITG

ITG
BLEU 2.7 WER 5.7% BLEU

1.2 WER 3.8% IST-ITG
WER
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