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Selecting Syntactic, Non-redundant Segments

in Active Learning for Machine Translation

AxivA M1ura®, GraaaM NreUBIGHTT, MicHAEL PAULTTT and SaTosHI NAKAMURAT

Active learning is a framework that makes it possible to efficiently train statistical
models by selecting informative examples from a pool of unlabeled data. Previous
work has found this framework effective for machine translation (MT), making it
possible to train better translation models with less effort, particularly when anno-
tators translate short phrases instead of full sentences. However, previous methods
for phrase-based active learning in MT fail to consider whether the selected units are
coherent and easy for human translators to translate, and also have problems with
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selecting redundant phrases with similar content. In this paper, we tackle these prob-
lems by proposing two new methods for selecting more syntactically coherent and
less redundant segments in active learning for MT. Experiments using both simula-
tion and extensive manual translation by professional translators find the proposed
method effective, achieving both greater gain of BLEU score for the same number of
translated words, and allowing translators to be more confident in their translations.

Key Words: Statistical Machine Translation, Active Learning, Manual Translation, Par-

allel Corpus, Syntactic Parsing, Phrase Strucuture Analysis
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15 https://github.com/akivajp/inc-giza-pp/
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gooobooboobo

4-gram 000000000 (sent-by-4gram-freq):
0O00O00d0o0oDOO00ooooD4000000DO0000C0DODDOOOOLOOOO (OO
000003.10)

4-gram 000000000000 (4gram-freq):
goooo0oooooooooo4000000oooooooooboDOO (ooOoo
003.20)

000000000000 (maxsubst-freq):
gooooobbooooooooooooobbbbooooooooooooobbobn
(000D00410)

A0000000000 (reduced-maxsubst-freq):
OO000000000o0o0UooooOoU0oooOooooo -ogoooo (A=05)0
0000 (M00004.10)

000000000 (struct-freq):
goboobobooboboobobooboboobobooobobooboboon
0000000000000 0000000 (D000o4.20)

00000000000 (reduced-struct-freq):
goobooboobobobooobobooobobobo x-obobooboobon
0000000 0odooooodooDooodoonD (Doooo410,4.20)

00000000000 bO00o00bO0oDo00bOO0oDoobOOoDOo0oDbOOoDOo0obOoDOn
000000bO0DO0o0obO0obO0o0obOooOO0oobO0obODOo0obOOoDOoOoOobOobDoooboOoooOoon
000000DOO0DO0o0bO0oDO00bOoDO0oo0bOO0oDo00DOOoDoobOOoDoooDOOooDoOon
0000000000000000 Ckylark!® (Oda, Neubig, Sakti, Toda, and Nakamura 2015)
00000 70 maxsubst-freq 0 reduced-maxsubst-freq 000000 10000000000
041 000000000000 00O000O000O000OO0O0OOO0ODOO0OOOO0OOO0O0
000000000000 10000000000 80

12
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000 Neubigll Paul, OO goboooooooooooooobooooobooooooo

0000000 BLEUOOO [%)

ooo gooooooo gooo |100000 100000 1000000 |oooooog
sent-rand 25.57 25.72 27.35 30.02
4gram-rand 25.53 25.52 27.16 28.32
sent-by-4gram-freq 25.55 26.12 27.93 30.69
En-Fr 4gram-freq 25.39 25.61 26.16 27.89 28.75
maxsubst-freq 25.55 25.84 27.49 29.60
reduced-maxsubst-freq 25.63 26.10 27.91 29.81
struct-freq 25.85 26.86 29.06 30.03
reduced-struct-freq 1 26.08 t27.18 1 29.40 30.20
sent-rand 10.44 13.03 15.58 21.22
4gram-rand 10.57 13.37 17.61 19.71
sent-by-dgram-freq 11.14 14.49 17.66 21.06
En-Ja 4gram-freq 9.37 11.49 15.07 18.27 19.74
maxsubst-freq 11.72 15.13 18.58 19.88
reduced-maxsubst-freq 11.87 t15.72 18.71 19.59
struct-freq 12.02 15.44 18.61 19.97
reduced-struct-freq t12.27 15.66 1 18.91 19.83

02 0000000 BLEUOOOOOD (lcod0OoOOoO0OO0OO0OO0O0OoOoooOooOoOoOooooooo
gboboobooboooboobooboobooooooboobooboobooboobobobooboooboo
goooooOo0OOO0OOOO0OO0O00O000000000 tO000000)

5.2 0UOOO

gbobobobo:-00b00b0obDobooooooooooooooobobobOolbo
gbobooobooboboodoobgobobooobobooobobooobobbooo
BLEUOOOOOOOD 2000 0000000000000 000OOOOO0OOOOO
gboobobooboboobooooooooooooobooboboobooboobobLDoboooooO
gbobooboboooboboobobooboobooboobooboobobooobo

gboobd20000000 20000000000000O00O0O00O10CO0DO0ODOOO0
O000oOono0 4gram-freqq 0 OO0 0OO0OODOOODOOOODOOOODOOOODOOODOO
gbooooboooboobbooobboobbooboobboo wodobbooboooo

16 https://github.com/odashi/Ckylark

7" 0000000000000 0000000000000000000000000000000000000
goopDOoO0OdOCkylaek DOOOOOOOOOCOOODODOOOODOOOOOODODOOOOOODOOOOO
goooooooooooooooooooo

800000000001 0000000000000000000000000000000000 10000
0000000 20000000000000maxsubst-freq0000 1000000000000000 100
goooooooooooooOoooooOoOoboo0oDooobooOoOo0oDboOoUbooDoboOoobo

Y 0000000000 000000 BLEUDOOOO 100000000000000000000000000000
0000000000000000 (Haffari et al. 2009; Bloodgood and Callison-Burch 2010; Ananthakrishnan
et al. 2010a; Ananthakrishnan, Prasad, Stallard, and Natarajan 2010b) 00 0000000000000 0OO
gooooooooooooo0oOooD BLEUOOOoooooooooooooooooooobooogo
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7.5 BLEU Score vs. #Additional Words (En-Fr) BLEU Score vs. #Additional Words (En-Fr)

- - sent-by-4gram-freq

— 4gram-freq
reduced-maxsubst-freq
reduced-struct-freq

30

N
O
T

N
@
T

N
~N
T

BLEU Score [%]
BLEU Score [%]

sent-by-4gram-freq
— 4gram-freq
== reduced-maxsubst-freqq
— reduced-struct-freq

= (Oracle Score = 30.28)

26

25 I | I I 2!: I I 1 1
%k 20k 40k 60k 80k 100k 0k 200k 400k 600k 800k 1000k
#Additional Words [Source Words] #Additional Words [Source Words]
16 BLEU Score vs. #Additional Words (En-Ja) BLEU Score vs. #Additional Words (En-Ja)
T T T T 5of T T T T
15
20r
14+
S =18
[} Q
< 13k d
3 8 16
[} %]
it it
12+
@ @D 14 LN : :
- - sent-by-4gram-freq
11k \"" - - sent-by-4gram-freq 1 i — 4gram-freq
! — 4gram-freq 12 == reduced-maxsubst-freq|
== reduced-maxsubst-freq — reduced-struct-freq
10 — reduced-struct-freq 1 10f : == (Oracle Score = 21.59)| |
0k 20k 40k 60k 80k 100k Ok 200k 400k 600k 800k 1000k
#Additional Words [Source Words] #Additional Words [Source Words]

03 000000000 BLEUDODODO (DO:10000000000000C000O: 100000000
goooooooO:-00000000D0OO0DOODOOOO:-100000000000000)

4gram-freq 0 0 0 O 0O sent-by-4dgram-freq 00000000000 DO0O0OOOOOOOOOO
0000000 4gram-freq OO0 0ODO sent-by-4dgram-freq O sent-rand D0 O0O00O0O0OOO
000000000000 00000000 4gram-freq00000000O0O0OO0OOOOO
000000000 DOO0DO0DO0DOO0ODOODOODO032000000000 O4gram-freq 000
O00000bO00OO0O0bO04000000000000DO0O000DOO0ODOOODOODOOOn
0o000oo00bOd0oOOo0ooOoooooOOoooooooaon

000000000000 000000DO00D0000000D0O00D0OD0O Oreduced-maxsubst-
freq 0 maxsubst-freq 00000000 OO OO O O reduced-struct-freq O struct-freq O O O
000000000 DO0oD0o0ONMO00000DO0DO00O000DbO0ODOO00OO0o0bOOoDOOoOn
0000000 00bO0o0b00o0ooooOoo0bOobooobOOoooOAaObOOobOOoooOOo 2000
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000 Neubigll Paul, OO goboooooooooooooobooooobooooooo

0000 20000000000000DO00000DO0DO00O00DOO0

0300000000000 0O 10000000DO00DOO0DOO w0000 bOO0DOOoOO0DOO
000000DO0ODOO00DOO0DOO00DbOOoDOO00bOOoDO0o0OOoDOoOobOOoDOoOooOOooDoOn
obo0oobooooboooobooboooobooo woobobooobooboooo
ooooon

reduced-maxsubst-freq 0 00 000000000000 0OO0OO0OO0ODOOOOOOOOOOO
00000000 100000000000 4gram-freqq 00000000000 OCODOODOODOO
000000000000 DOO000b0DOO00000 4gram-freq O 4gram-rand OO OO0 00O
00o0000o000ooobOooOoooOoooOobOoo0ooboooOOoboOoboOoooOooon
00000000000 b000b0DbO0O000bO0O0nbOO reduced-maxsubst-freq O 4gram-freq
o0oooboooboobobooooooobooboooobOoooDboooboooooOoo
000000 “according to claim” (1,502,455 0 )0 “claim 1”7 (1,133,243 0 )0 “characterized in
that” (858,404 0 )0 00000000 CO0O0OOOCOOO01I000OOOO0ODOOOOOO
00000000000 DO0DO0ODO0000000000000O00O0DbO0ODO0ODbOO0 4-gram
00000o000ob0ooOOo0o00obOooOOo0ooobOooOOooDOoooOobO n>40000000
000000 bOO0DO0o0bO0oDO00bOooD0oobOOoDOo0OooDoobOOoDoooOOoooOon
000000bOO0ODOO0o0bO0oDOO00bOoDOO0oobOOoDOo0obOOoDOoOobOOoDOoOooOOoobooOOn
0000000000000 Db0000b00b0OboOo0ob0ODdgram-freq0O0000O0OOO
00000 “results suggest that” (6,352 0 )0 “these results suggest” (5,115 0 )0 “these results
suggest that” (4,791 0)0000000C000O00QCOOODO reduced-maxsubst-freq 0 0 0 O O
00000000100 000000000000DO00bO0oDO0o0DbOOoDOo0oDbOOoDoOOn
o0000obOOobOob40000000000D000000000O0O0O0O0OOOOOOOOO0
000000 bOO0oOO0oo0o0o0obOOooDoobOoDoOobOoooooan

reduced-struct-freq 0 00 000000000000 O0OOODOOOOOOODOOOOOOOO
0000000000 10000000000 Oreduced-maxsubst-freq0 0000000000
0000000000000 0000000000000000ooO 0000000000
0000000000000 O0O reduced-struct-freq O struct-freq 0000000000000
0000000000 bOO00bOO0wo00DbOO0oDO0oDo00oDbOOoDoOoDoOooDoOOoog
000000000 D0OO0000O00D000 reduced-maxsubst-freq 0 4gram-freq OO0 00 0O
000000bO0Do0b04000000000000DO0DO00DOODOODOODOOOD
500000000000DO00D000DOODOOO0OODOODODOODOOOOO

200000000000000000 (Koehn2004) 000000000000000O0p< 010000000
goooa
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ogoooooo 100000

ood ogooooooo godooo 0do 0Ooobodoo jobobbouoo boooobod
sent-by-4gram-freq 10.6M 269M 25.4 310 32.1
4gram-freq 40.1M 134M 3.34 3.62k 2.76
En-Fr maxsubst-freq 62.4M 331M 5.30 2.39k 4.17
reduced-maxsubst-freq 45.9M 246M 5.36 2.95k 3.39
struct-freq 14.1M 94.2M 6.68 4.01k 2.49
reduced-struct-freq 7.33M 41.3M 5.63 4.55k 2.20
sent-by-4gram-freq 1.28M 33.6M 26.3 560 17.8
4gram-freq 8.48M 26.0M 3.07 4.70k 2.13
En-Ja maxsubst-freq 7.29M 25.8M 3.54 4.51k 2.22
reduced-maxsubst-freq 6.06M 21.7TM 3.58 4.76k 2.10
struct-freq 1.45M 4.85M 3.34 6.64k 1.51
reduced-struct-freq 1.10M 3.33M 3.03 6.73k 1.49

03 0D0OO0O0oOoooooooooOoD (booo 30)

ooooooobooob0o0:0b0o0ob0oob0oobooboobobobooooooon
000000DbOO0DO0o0bOOoDOO0o0bOOoDo0oobOOoDOo0bOOoDoOobOOoDoOoOooOOooDoOn
00o00o00obOobOo0obOobOo0oobOooDoobOobOoobOOooDoobOobDoooboOoooOoon
00000000000 bOO0D00bOO0D0O0OO0o0bOO0ooDOoo0bOobD 1Do0bOOoDoOoOon
gboodbooboooboooboobuoobuosgboobooboboobooobboonoo
000000 bOO0DO0o0b0oDO00bOOooDO0oobOOoDOo0OOooDoOobOOoDoOooOOoooOon
000000DbO0DOOo0bO0obOO0o0obOOoDO0oobOOoDOo0obOOoDoOobOoDoOooOOoobooOn
Onrnegram OO00O0O0O0O0O0O0OOODOODOOOODOODOODO 4gram00000O0OOOOOO
000000bOO0DO0o0bOOoDOO0o0bOOoDoobOOoDOo0bOOoDoOobOOoDoOoOooOOooDoOn
0 3.03035800000000O 53006680 0000000O00O0O0O0DOOOODODDOODDOOO
000000bO0DOO00bOO0oD00DbOO0oD00DbOO0oDO00DbO0oDO0oO0ODbOOoDOoOoDOOoDoOOn
gooboo3bobooobobboooobboooobbooobbboooboboboooon
0001000000000 0DO000DO000DO00DO00DO000DOO00DbOO0oO0DOOoO0OO000n
000000bOO00OOoO0bO0o0o00obOOo0bOO0oOOo0obOOoooobOobooOo10b0O0bDoOn
obobooobobooobobOoobOoooobOobDoobUooDoobOobDoobOobDbooo
ooooon

oo0oo0ooob: 00000000 b0o0boo0b0obobooboDboooooooooOon
0000000000 bO000DbO00DbO00DbO0o0bOO01000bO000bO0o0bOOoDDbOD0O 1
gblobdloobodbooboboboobuo0buoobg 1gramODO00O00OO0O0O 4-gram 00O
00000 40000000000000reduced-struct-freq0 000000000 1-gram O
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000 Neubigl Paul, 00O goboooooooooooooobooooobooooooo

l-gram / 4-gram 00000 [%]

ood gooooooo good 1000 wo0gd wooodd
sent-rand 92.93 /10.60  93.73 /10.71  95.94 / 11.30
4gram-rand 92.95 / 10.60  93.99 / 10.60  96.42 / 10.64
sent-by-4gram-freq 92.95 / 10.60 93.96 / 10.72 96.25 / 11.55
En-Fr dgram-freq 92.72 / 10.60 | 92.92 / 10.60  94.46 / 10.66  96.60 / 11.16
maxsubst-freq 92.79 / 10.60  93.61 / 10.62  95.99 / 10.92
reduced-maxsubst-freq 92.92 / 10.60  94.38 / 10.66 ~ 96.55 / 11.13
struct-freq 93.63 / 10.60  96.15 / 10.65  97.84 / 11.28
reduced-struct-freq 94.02 / 10.60 96.38 /10.69 98.00 / 11.38
sent-rand 94.81 / 5.63 95.99 / 6.59 97.54 / 10.06
dgram-rand 94.80 / 5.38  96.10 / 546  97.67 / 5.98
sent-by-4gram-freq 95.10 / 5.84 96.28 / 7.23  97.64 / 11.39
En-Ja dgram-freq 94.36 / 5.38 | 95.64 /597  96.87 /7.14  97.97 / 10.43
maxsubst-freq 95.59 / 5.96 96.83 / 7.07  97.91 / 10.20
reduced-maxsubst-freq 95.73 / 6.00 96.97 / 7.19 98.00/10.57
struct-freq 96.60 / 5.44 97.80 / 5.79 98.58 / 7.02
reduced-struct-freq 96.64 / 5.44 97.84 /580 98.61 /7.14

04 0O0O0OO0OOOOOODODODODOOOOOOOODODODODODOODODODODOOOO
gboboooooboobooboobooog

0000000000000 0DO0000000O0DbO0O000D0000D0000d0O dstruct-freq
O Oreduced-struct-freq 000 00000000000 1l-gram 000000000 0OOOO0O
0004200000000 0000000000DO000DO0DOOOOOODODOOOOOOO0
o0o00obO0o0obOo0ob0oobOo0obO0o0obO0oobOoobO0oobOooboobODooo2000O
ooooobhoooooooobobooooooooboooogoonO 1-gram 0000
goboboodbbbooobboodb4gram 000 ooooboo30oobobogn
000000DOO0DO0o0bO0oD00bOoDo0oo0bO0oDOo0bOOoDoo0bOoDoooOOooDoOn
000 Osent-by-4dgram-freq 0 00000000000 0DOOOODOOODOO1I00O0O00OO0OO
O4egram 0000000 40000000000 0000000000O0O0DO0OOOO0O
000000bOO0DO0o0bOOoDOO0o0bOOoDoobOOoDOo0bOOoDoOobOOoDoOoOooOOooDoOn
O00o00ooooaxNDOO00000000000o0oo0ooooogdl-gramdOOdOOO 4-gram
000000bO00OO0o0o00ooOOoDbOOobOOoooOooDOon
00000000:3200004gram-freq 00000000 0OO0OOODOOOOOOODOO
0000000000000 oobobooo0boobooooo 4100 00000
Ub0O0000Db00000 5004gram-freq0 10000000010000000001000
0000000000000 DO0OD0000O0OOOmaxsubst-freq O reduced-maxsubst-freq O O
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00000000 (0000)
100000 1000000 10000000

goo gobooobod

EnF maxsubst-freq 92 (0.92%) 2,077 (2.11%) 34,917 (3.49%)
n-Fr
reduced-maxsubst-freq | 5,079 (50.79%) 42,622 (42.62%) 378,938 (37.89%)
Eno maxsubst-freq 138 (1.38%) 686 (1.61%) 41,046 (4.10%)
n-Ja

reduced-maxsubst-freq | 2,560 (25.6%) 24,697 (24.70%) 24,697 (24.70%)
05 4gram-freq 00000000 0O0OCODOODOOCOCOODOOOOO

gboboobobooboboobobooboboobobooboboobOobooD
0000000000 Omaxsubst-freq 00 1%00 4%000000000000000000O
gbobobob41000000000000O00DOO0ODODODOOOOOODODODOODODObOOO
gbobooboboobobooboboobobooboboobobooboboon
00000000000 D0D0ODOOOreduced-maxsubst-freq 0 0 24.70%0 00000 50.79%0
gboboobobooboboobobooboboobobooboboobobooon
gboboooboboooboboooboboobobooboboobo

6 DUuoodn

6.1 Ud0dnO
oooobobooobobooboobooooboboooboooobobDooboboon
gobogbobooobobooogoboboobooboooobobooobobooobobog
gobooobooobooboboooboboobbooboobobobobooboboobobooo
gbobooboboobobooboboobobooobooboooo

( Phrase to be translated:

The morphologies using scanning electron
microscopy ( SEM ) were studied .

Translation input form:

| EEmET IS (SEM)

Confidence level:
@ 3: sure about the translation
(O 2: not so sure about the translation
(O 1:notsure at all

G J/

04 000O0OO0O0OO0OODOODOOOOODOOOOOO
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000 Neubigll Paul, OO goboooooooooooooobooooobooooooo

oooo:

1. 0 Phrase to be translated 000 00000000000000000CO0CO0O0OCOOO0O0OO0O0O00O00O0O0O0OODO OO TranslationO
goo0o0o0oooOOooO0oO0O000OO0O000O0O000ODOO0O0DODOOO0 WwebOOOOOOOOODOOOOOODO

2. 00000000000000000Cenfidencel00000O0O0 30000000000 0DODOOOOOOOOOOOOOOOO
poooooooooo

3. 0submit000000000D00D00D00000D0O0D00O00O00D00OWorkspacelOOODOODOOOODOODOOOODOODOO
goooooO0oO0Oo0O0oO0oO0oOO0oOO0OOO0OOO0DOO00O00O0O0OO0O0OO0DO0ODODOODOOOOOODOODO
4.3.000000000000000000O00O00DOO0DOOOOOOODOOOOOOOOOOODOOOOOOOODOOODOODODO
goooOooooOoOoooOo0o0ooOoO0 so0U0+4a 99 UOOO0DDOOOOOOOODDODOOOODMOUOOOOODDODOOOOOD
Workspace 0000000000000 DOO0 300000000000000D00O00eO0O0O0DOODODOOOI

oooo:
*0OO0oOoOOooO0O0ooO0oo0oO0O0000000000O00000O00O00O0O00O00O0OO0O0O00OO0O0O0O0O0OO0COO0O0OO000O0
oooo0oo0oo0O000000b000O00000b0000000O0
*0000000000000000000000O00O00000O00O00O000O0O00OO0O0O000O00O0O0000O00O00O000
00000000000weOOO¢this paper000000000000000D00O0O0O0DOO0O0OOOODOOOOODOOOOOOODOO
ooooo0o0oO0oO0oO0oO0oO0ooO0o0O00O0o0oooo0ao
*00000000000000000000000000000000001: notsureat alllI0000000000O000O0O0O0O0O
o00000000000000000000000000000 1 0000000000000O00O00O0O0O0O00O0DO0

ooo:

0000 : In addition, the critical current was estimated from magnetization measurements .

go0: 0oooo0ooooooooooooo

OO000000: O3: sure about the translation0 0 0000000000000 COOOOOOOOOOOOOO

0000: The wind velocity can be measured with the accuracy of 1 m/s , and the wind direction with 10Awithout influence

of the running direction of the car.
0o00: 000000

0000000 : O2: not so sure about the translation0 000 (DO0O000000O0O0CCOOO0O0O0OOOOOCOOOOOOO
ooooo)

O0000: Sucrose , glucose and fructose were identified by high performance liquid chromatography ( HPLC ) .
go0: 00o0oO00ooooo0 (HPLC

0000000: O2: not so sure about the translation0 0 0 0000000000000 00000O0OO0OOOOOOOOOO
0000000000000 000O00O0D0000000O00O0OoOOm

O0000: Crude-peroxidase was prepared from madake ( Phyllastachys bambusoides Sieb . et Zucc . ) bamboo shoots .
O00: . et Zucc

0000000: O1: not sure at allll 0 0 O[] Phyllostachys bambusoides Sieb. et Zucc.0 0O O0O0O0O00000O00O0O0O0OO
00o0Do000o0o0o0o00o0o0o0o0o0ooooooom

e OOUOODOOOODO

gobooobooooooooo4000b0000000000000O0000O0000O00 Web
ooooooboooooooooooooooboooooooooooobooooooobooooo
O0000C0OODODOO0O0O0OBloodgoodODOOODODO (Bloodgood and Callison-Burch 2010)
oooooooooooooooooooobooooooobooooooboooooobooooo
ooooooboooooooooooooooboooooobooooooboooooobooooo
oooooooooooooooooooobooooooobooooooboooooboooo
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gobobooobobobooobobbuoooobbo3sgbbooobobbooobbobooon
O0o0DoDo0oooobDedDDODOOOODDODOOODDODOOODDODOOOOODDOOOO
0010000000000 000000000O00O00bO0DOO00bOOobDOoOooOOobDoOOn
obo0oo0obOooooboooon

gooobooobooboboobooboobooboboooboo0b n=4000000
n-gram 0000000000 (sent-by-dgram-freq) 00000 negram OO OO0OOOOO
00000 (dgram-freq) 0 20000 0000000000000 COO0OOOOOOOOOO
000000000 A D0O000D0C00000 (reduced-struct-freq) 00000000000
0o0o0bOo0ooooboooooboo30boooubobooooboD100oDobooon
000000bOO0ODOO0o0bO0obOO0o0obOOoDOO0oobOOoDOo0obOOoDOoOobOoDoOoOooOOoobooOn
obo0oobobOoobobooobooooboooobooooboooooboo

000000000 oOOoO0oo0oOobOOoDoobOOoDoobOOoDo0oDbOOoDoOobOonDOon
O GO)YOOoooooooooooooooooooooooooooooooooooooo
000000bO0D0O00bOO0DO00bO0oD00bOO0oDO00bOO0oDOoO0obOoDOoOoDOOoDoOOon
O00000bOO0DOO0o0obO0obOO0o0obOoDOO0o0obOOobDo0obOOoDoOobOoDoOooboOoooOoon
000o0oobOoo0oooono sgram D000 00O0O0OODODODOOOOOOOODOOOOO
O000O000D0DOOOOO0 SRILM (Stolcke 2002) 000 0000O0ODOOOCOOOOOO
O 20

6.2 U000

gboobood:0s0b0b0obbobobo0ooooboboooooobobobobooboobo
gboboobobooboboobobooboboobobooboboobOobooD
gooobobooboobooboobobooooboooboboooDobobooobDoboo
U000000oo0oo0o0oo0o0oooo0O0O0dndOreduced-struct-freq D OO0 O0OOO0OOOOO
gobooboooooboooboooboboobooboobooboobooboooboog
O00000D0D00ODODODO0O000000000000000Q0 (Bloodgood and Callison-Burch
2010)00000000000000000O00000000OOO000DO0DO0OOODOOoOOO
O0000b0o0ob0oobDboobobOo0obDOdgram-freq 0000000 0O0OO0OOODOOO
gbobobo 4b0000000ODOO0ODO0OOODODOOOOODOOODODOO 1-gramOO
goboboboboboooobooooboooooobobobbobooboobobobobooooO
gboboooboboooboobooobobooboobooooboooobooboo

2000000 LOOOOO e0000 Pr(e) 0000020000000 Ly, L, 0000000000000
Li42 0000 Pp,,,(e) =aPr,(e) +(1-a)P,(e) 00000 000 10000000000000000

—logP
000 Egeo 00000 PPL(Ege,) = exp (ZeEEd“ﬁEdog‘ L1io(€)

)DDDDDDDDDDDDDDD
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000 Neubig Paul, 0O

BLEU Score vs. #Additional Words (E
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