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1.1 SMT
1.1.1 SMT

€Y

Statistical Machine Translation,SMT

1988 1

Word-Based
Rule-Based Machine Translation,RBMT
2000 SMT Phrase-Based
Statistical Machine Translation,PBSMT Word
Phrase
3
SMT
PBSMT
SMT hierarchical ,tree-to-string,operation-sequence
4
2010
PRE-ORDERING
SMT 5

1 Peter F. Brown, John Cocke, Stephen A. Della Pietra, Vincent J. Della Pietra, Fredrick Jelinek, John D. Lafferty,
Robert L. Mercer, and Paul S. Roossin: A STATISTICAL APPROACH TO MACHINE TRANSLATION.
Computational Linguistics, Vol.16, No. 2, pp.79-85, 1990.

2

3

4

s Hideki Isozaki, Katsuhito Sudoh, Hajime Tsukada, and Kevin Duh: Head Finalization: A Simple Reordering
Rule for SOV Languages, Proceedings of WMT-2010 ACL 2010 Joint Fifth Workshop on Statistical Machine
Translation and Metrics MATR , pp.244--251, 2010.



SMT

2 Word-Based SMT
6 il croit
it croit thinks grows
il croit he thinks he grows it thinks
he thinks
croit he thinks
1988
€)) Phrase-Based SMT
SMT
Based SMT,PBSMT
O
will go”
0
“ 1 will go”
“ 1 will go”
60 “ 1 will go”

6 Kishore Papineni Yahoo

SMT

il he

it grows

Phrase-

“ 1 will go”
40



Phrase-Based SMT

“ 1 will go”

8

to school.

to Kyoto.

to the park.
to shopping.
to walking.

Il will g | | 2/5=40
Il will g | | 3/5=




I will go to the conference in Japan

(4) PRE-ORDERING
PBSMT
PRE-ORDERING

5

PRE-ORDERING

FIG. 3C is a a the
effects of resonance, cyclic clocks, and a change in logic current.
FIG. 3C _val resonance of effects , cyclic clocks , and
logic current in change va2_ _va2_

is .
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1.1.2 SMT

SMT RBMT
(1) SMT
RBMT SMT
RBMT
SMT
RBMT
SMT
SMT RBMT
N
Nx  N-1 SMT
N
12
12
9 , , ,Graham Neubig,and . . ,2014.5.5.2
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SMT
RBMT
SMT
(2) SMT
SMT  RBMT
12268
SMT  RBMT 50 100
100

SMT
SMT

RBMT

SMT



RBMT

RBMT
RBMT
SMT
1.1.3
RBMT
PRE-ORDERING
1.1.4
1.1.2 RBMT SMT
29
10
10 < >, http://voicetra.nict.go.jp/ 2016 7 13
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1.1.5
1.4 SMT
RBMT
SMT  RBMT RBMT
SMT
SMT
11
1.1.6
RBMT
RBMT
SMT

SMT

11 Masaru Fuji, A. Fujita, M. Utiyama, E. Sumita, Y. Matsumoto: Patent Claim Translation based on Sublanguage-
specific Sentence Structure. MT Summit, 2015.
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SMT

SMT
12
Mosesis
XML XML
1.1.7
14 SMT
SMT
12 1 1,000
10 20
12 , : 22
, pp.529-532, 2016.
13 Moses, http://www.statmt.org/moses/ 2016 6 30

14
Web
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SMT
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RBMT
15 16 17

SMT

18 19 20

Wikipedia 2 2

1.2.2 RBMT

RBMT SMT

(1) RBMT

RBMT

SMT
RBMT
SMT

RBMT

RBMT  SMT
SMT

15 Kupiec, J.: An Algorithm for Finding Noun Phrase Correspondences in Bilingual Corpora, Proc. of the 31th
Annual Meeting of the ACL, pp.17-22 1993

16 , : , ,NL94-12
1993
17 , : . , Vol.35 No.11, 1994,

18 ) ) ) .
, D, V0l.J93—D, No.11, pp. 2525-2537, 2010.

19 23 2011

20 , 19

,pp.306-309, 2013.

21 Maike Erdmann, Kotaro Nakayama, Takahiro Hara and Shojiro Nishio: Extraction of Bilingual Terminology
from a Multilingual Web-based Encyclopedia. The Information Processing Society of Japan IPSJ  Journal Jul.
2008 , 2008.

22 : Wikipedia . The 23rd Annual Conference

of the Japanese Society for Artificial Intelligence, 2009.
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RBMT

(2) RBMT

RBMT

RBMT

RBMT

1.2.3

1.2.4

RBMT

SMT

EBMT

23

23
2001

RBMT

RBMT

15

SMT

SMT
RBMT
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1.2.5

@D
24
25 3 RBMT
RBMT
?
RBMT 26 27 28 29 30
24 ChaSen -- , http://chasen-legacy.osdn.jp/ 2016 6 30

25 MeCab: Yet Another Part-of-Speech and Morphological Analyzer, http://taku910.github.io/mecab/

2016 6 30

26 Dan Klein, Christopher D. Manning: Parsing with Treebank Grammars: Empirical Bounds, Theoretical Models,
and the Structure of the Penn Treebank. Proceedings of 39th Annual Meeting of the Association for Computational
Linguistics, 2001.

27 ) , ) :
, Vol.14, No.4, pp.67-81, 2007.
28 ’ .
, Vol.14, No.4, pp.67-81, 2007.
29 , : . , \Vol.43,
No.6, pp.1834-1842, 2002.

30 Roger Levy, Christopher Manning: Is it harder to parse Chinese, or the Chinese Treebank? Proceedings of the
41st Annual Meeting on Association for Computational Linguistics, 2003.
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SMT

31

®
RBMT
32
33
34 35
1.2.6
1.2.2 RBMT
RBMT

SMT

31 Katsuhito Sudoh, Kevin Duh, Hajime Tsukada, Masaaki Nagata, Xianchao Wu,
Takuya Matsuzaki, Jun’ichi Tsujii NTT-UT Statistical Machine Translation in NTCIR-9 PatentMT
http://cl.naist.jp/~kevinduh/papers/sudohllntcir.pdf

32 , , : : , Vol.13, No.2,
pp.3-18, 2006.
33 ’ y ’
, Vol.10, No.5, pp.75-92, 2003.
34 , : . Japio 2008 YEAR BOOK.
35 y f . .
17 pp.175-177, 2011.
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SMT

1.2.7
SMT
RBMT
Web
36
1.2.8
RBMT
1.2.1
SMT
PRE-ORDERING SMT
RBMT

36 Satoshi Sonoh, Satoshi Kinoshita, Hiroyuki Tanaka and Satoshi Kamatani ~ Toshiba MT System Description
for the WAT2014 Workshop. In Proc. of the 1st Workshop on Asian Translation, 2014.
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SMT

37

1.2.9
RBMT
SMT
ly ed
38
1.3 EBMT
1.3.1 EBMT
Example-Based Machine Translation, EBMT
39 40
RBMT
A B A B
41
“ B of A” “ B of
37 ATR , http://wwwv.atr.jp/topics/press_080325_final.pdf 2016 6 30
38 , Graham Neubig, ,Sakriani Sakti, , : PCFG-
LA 21 , 2015.

39 Makoto Nagao. A framework of a mechanical translation between Japanese and English by analogy principle. In
Proc. Of the International NATO Symposium on Artificial and Human Intelligence, pages 173-180, New York, NY,

USA, 1984. Elsevier North-Holland, Inc.
40 , ) ,Graham Neubig, and . . ,2014.1.3

41 Eiichiro Sumita, Hitoshi lida, and Hideo Kohyama. Translating with examples: A new approach to machine
translation. In TMI, pages 203-212, 6 1990.
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RBMT
A B
A B

the afternoon of the 8th
the application fee for the conference
three hotels
hotels in Kyoto
Taro’_s mother
on the cliff

EBMT

“ hotels in Paris”

42
EBMT SMT

Corpus-Based Machine Translation,CBMT

Data-Driven Machine Translation

€Y

Case-Based Reasoning, CBR

42

20
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EBMT

SMT

EBMT

RBMT

a3 100

RBMT

CD

spend money

hang a coat on
play a CD

wear glasses

set an alarm clock

43 NTT

21

1997.




edit distance

TRADOS translation memory

thesaurus

distributional similarity

44

-play a CD

“ play a record” RBMT
EBMT

~hotels in Kyoto

“ guesthouses in Hakone”

44 NICT WordNet - http://nlpwww.nict.go.jp/wn-ja/
2016 7 14
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+ He read a book

- | bought a textbook yesterday

« She printed out a paper on machine
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“ She read a textbook on machine translation”
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« He read a book

HHe
« a book
X Y « X read Y
Y « He read Y
X « X read a book
« He read a book
X Y « X read Y
~a textbook
« She
Z « Z on machine translation
root
X
Y
X +She Y »a
textbook ~She read a textbook

24



-~0n machine translation

Z
“ textbook” z
“ She read a text
book on machine translation”
)
45
Tree Adjoining Grammar TAG
substitution adjunction

®)

45 John Richardson, Fabien Cromi’eres, Toshiaki Nakazawa, and Sadao Kurohashi. Flexible nonterminals for
dependency tree-to-tree reordering. In NAACL, 2016.
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head-switch

~executed

1.3.1 2

~successfully applied

successfully”

~successfully
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(1)) ARl [ [ applied
R i @ELT < ﬂzuocessfullyr
J | (b) =SB TOEREROF
AL Ei

(a) HRETOEBELELOE

(7) EBMT
EBMT  SMT RBMT EBMT EBMT
RBMT SMT
Moses  PBSMT 14 EBMT RBMT
SMT
SMT
EBMT
SMT EBMT
46
EBMT
PBSMT SMT  EBMT
EBMT SMT
SMT
EBMT

46 John Richardson, Fabien Cromi’eres, Toshiaki Nakazawa, and Sadao Kurohashi. Kyotoebmt: An example-based
dependency-to-dependency translation framework. In Proceedings of 52nd Annual Meeting of the Association for
Computational Linguistics: System Demonstrations, pages 79-84. Association for Computational Linguistics, 2014.
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SMT

post-edit
EBMT  SMT

®

EBMT

28



1.3.2 EBMT

EBMT SMT  RBMT
(1) EBMT
SMT
EBMT
SMT
(2) EBMT
SMT
1.3.3
EBMT
EBMT
2015 WAT20154;
EBMT
EBMT

47 Toshiaki Nakazawa, Hideya Mino, Isao Goto, Graham Neubig, Sadao Kurohashi, and Eiichiro Sumita.
Proceedings of the 2nd Workshop on Asian Translation WAT2015 , chapter Overview of the 2nd Workshop on
Asian Translation, pages 1-28. Workshop on Asian Translation, 2015.
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EBMT
SMT
1.3.4
RBMT SMT EBMT
SMT EBMT
EBMT
RBMT
SMT PRE-ORDERING
SMT EBMT  SMT
SMT
1.3.5
2015 WAT20154;
EBMT
SMT EBMT
1.3.6
EBMT SMT  RBMT
1.3.7
1.1.7
EBMT

30



EBMT
SMT

EBMT

SMT

1.3.8

ORDERING

1.3.9

RBMT

EBMT

EBMT

RBMT

EBMT

SMT

SMT

SMT EBMT

EBMT

EBMT
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1.4

1.5

1.4.1

1.1 1.3 SMT

RBMT
RBMT
RBMT
SMT

48

49
No.2 2009

32

48 49

. Japio 2007 YEAR BOOK

\ol.64



R

BRT U1 BRT D2 BRTUU3
v \ \
R¥1 R32 RT3

R
50 3-gram
fluency fluency
baseline 19%
51
52
RSCM

53

RBMT  SMT

50 Chris Callison-Burch and Raymond S. Flournoy: A Program for Automatically Selecting the Best Output from
Multiple Machine Translation Engines. In Proc. of MT Summit V111, pp.63-66, 2001.

51 Yasuhiro Akiba, Taro Watanabe, and Eiichiro Sumita: Using language and translation models to select the best
among outputs from multiple mt systems. In Proc. of COLING 2002.

52 Yasuhiro Akiba,Eiichiro Sumita, Hiromi Nakaiwa, Seiichi Yamamoto, and Hiroshi G. Okuno: Using a Mixture
of N-Best Lists from Multiple MT Systems in Rank-Sum-Based Confidence Measure for MT Outputs. In Proc. of
COLING 2004.

53 , , , :RBMT SMT Hybrid MT
21 ,pp.249-250, 2015.
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1.4.2

SMT

48 49

RBMT

RX
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RBMT ~ SMT

RBMT SMT 48
RBMT SMT
49
1.4.3
RBMT
54 55 56 57 58
SMT
RBMT
RBMT
54 . Japio 2010 YEAR
BOOK.
55 : . 1
AAMT/Japlo , pp- 46-53, 2010.
56 . Japio 2015 YEAR BOOK.

57 Terumasa Ehara System Combination of RBMT plus SPE and Preordering plus SMT. Proceedings of the 2"
Workshop on Asian Translation WAT2015

s Satoshi Sonoh and Satoshi Kinoshita: Toshiba MT System Description for the WAT2015 Workshop.
Proceedings of the 2" Workshop on Asian Translation WAT2015

35
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56
PRE-REORDERING SMT PRE-
REORDERING SMT
RBMT
54
55 56
SMT
SMT
RBMT ~ SMT
1.4.1
SMT
57 58 59
RBMT
59 .
17 pp.1119-1122, 2011.
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1.4.4
1.4.1
1.4.2

60 61 62 63 64

consensus translation

confusion network 61

a

<epsilon>

61 BLEU 15%

60 Srinivas Bangalore, German Bordel and Giuseppe Riccardi: COMPUTING CONSENSUS TRANSLATION
FROM MULTIPLE MACHINE TRANSLATION SYSTEMS. Proceedings of the IEEE Automatic Speech
Recognition and Understanding Workshop, 2001.

61 Evgeny Matusov, Nicola Ueffing and Hermann Ney: Computing Consensus Translation from Multiple Machine
Translation Systems Using Enhanced Hypotheses Alignment. Proceedings of EACL, pp. 33-40, 2006.

62 Wolfgang Macherey and Franz Josef Och: An Empirical Study on Computing Consensus Translations from
Multiple Machine Translation Systems. Proceedings of the 2007 Joint Conference on Empirical Methods in Natural
Language Processing and Computational Natural Language Learning, pp. 986-995, 2007.

63 Antti-Veikko I. Rosti, Necip Fazil Ayan, Bing Xiang, Spyros Matsoukas, Richard Schwartz and Bonnie J. Dorr:
Combining Outputs from Multiple Machine Translation Systems. Proceedings of NAACL HLT 2007, pages 228-235,
2007.

64 : 58

3 4 ,63-70,2012
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déme direcciones impulsoras por favor a area de middletown

déme direcciones  por favor a  area

déme direcciones conductores por favor al drea middletown

déme las  direcciones qu e conducen satisfacen al drea de 1uddletown

déme que las direcciones tend en cia a gradan al drea de muddletown

oo e ok EEEEEEE TS ek EE R
a

que conducen/1.609

<epsilon>/0.510 por/1.609 faver/0.510 de middletown/0.510
R apradaw/1609 YN al0slo N\ ama0 7 middletown/1.609

@ deme/0 |
que las/1.609 tendencia/1.609 satisfacen/1.609 a/0.916 <epsilon>/1.609
impulsoras por/1.609

las/1.609 5 d 3 conductores por/1.609

80

b
consensus translation confusion network

61

Confusion network 64

confusion network

64

confusion network

1.4.5

SMT  RBMT

65 SMT RBMT
RBMT SMT

65 Yu Chen, Andreas Eisele, Christian Federmann, Eva Hasler, Michael Jellinghaus and Silke Theison: Multi-
Engine Machine Translation with an Open-Source Decoder for Statistical Machine Translation. Proceedings of the
Second Workshop on Statistical Machine Translation, pages 193-196, 2007.
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RBMT phrase-table SMT 65
1.5
SMT
66
67
SMT
SMT
SMT

SMT

% ' : : 13

, pp. 187-190, 2007.

67 ,Graham Neubig,Sakriani Sakti, :
. NL  2014-NL-219 20 ,1-7,2014.
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1.5.1

SMT

RBMT
1.4

R (750 58

{AEBIRT D

RIT(EFD

EHERT DY

RIX(BFEE

SMT Character-based SMT

68

es JOrg Tiedemann: Character-Based Pivot Translation for Under-Resourced Languages and. Domains. In
EACL12, pp. 141-151, 2012.
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1.5.2

SMT

SMT

69
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{hex
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SMT

¥ERO—/8 R
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SMT ({4 H)

\

RIX(BFEE

60 Adria De Gispert , José B. Marifio Catalan-English Statistical Machine Translation without Parallel Corpus:
Bridging through Spanish. In Proc. of LREC 5™ Workshop on Strategies for developing machine translation for

minority languages,
2006.
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SMT

SMT

1.5.3

SMT

SMT

66 Europarl

92% 97%

70

71

70 Trevor Cohn and Mirella Lapata: Machine Translation by Triangulation: Making Effective Use of Multi-Parallel
Corpora. In Proc. ACL, pp.728-735, 2007.

71 Xioaning Zhu, Zhongjun He, Hua Wu, Conghui Zhu, Haifeng Wang and Tiejun Zhao: Improving Pivot-Based
Statistical Machine Translation by Pivoting the Co-occurrence Count of Phrase Pairs. In Proc. EMNLP, 2014.
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6.
2.1
100
2.1.1
NTCIR-10  PatentMT

WIPO Corpus of Parallel Patent Applications COPPA

V2 7
WIPO
2,000
6.4 6.5 6.7

72 http:/lwww.wipo.int/patentscope/en/data/#free
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3.3

NTCIR-10 Hong Kong 1.3
Institute of Education
HKIED 100
KIPRIS 7,000
199
2.1.2
JST
NICT 300
ASPEC-JE
100
2,000
100
6.1
6.3 6.4 6.5 6.7

45




ASPEC-JE

300
2,000 ASPEC-JC
68
100 100
EVBCorpus 80
OPUS OPUS
110 70
2.2
2.2.1
Web
6.1 6.7

NECTEC word annotated corpus
500

Bahara Indonesia Newspapers Collection

900

46




2.2.2

€Y)

6.1 6.7

a7



NAIST 73

BCCWJ: 74 17

British National Corpus

Chinese POS tagged Corpus 500

75

2,000

NECTEC word annotated corpus 500

2.7

)

6.4
6.5 6.6 6.7

73 https://sites.google.com/site/naisttextcorpus/ http://nlp.ist.i.kyoto-
u.ac.jp/index.php?%E4%BA%ACY%EI%83%BDYES%AL%ATHES%ADY%ABGY%E3%83%86%E3%82%ADYE3%8
2%B9%E3%83%88%E3%82%B3%E3%83%BC%E3%83%91%E3%82%B9

74 http://pj.ninjal.ac.jp/corpus_center/bccwj/dvd-index.html

75 2700

48



Penn Treebank 260

Chinese Treebank 8.0 150

Korean dependency Treebank 10 76
treebank Universal
Dependencies UD 7
78
2.3
2.3.1
RBMT 100 300
6.1 6.7
76 Sejong Korean Treebank 15 Sejong Treebank

Korean dependency Treebank
77 Joakim Nivre, Marie-Catherine de Marneffe, Filip Ginter, Yoav Goldberg, Jan Haji¢, Christopher D. Manning,
Ryan McDonald, Slav Petrov, Sampo Pyysalo, Natalia Silveira, Reut Tsarfaty, Daniel Zeman. 2016. Universal
Dependencies v1: A Multilingual Treebank Collection. In Proceedings of LREC.
78 Universal Dependencies, http://universaldependencies.org/ 2016 6 30
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6.6
6.4 6.4
6.5 6.5
CIcC
Rekso Translator 19
2.3.2
DB
DB 13
DB 93
DB 50
2.4
2.4.1
RBMT
10 20
6.1 6.7

50




UniDic MeCab 76

New Oxford Dictionary of English, 2nd edition 17

2.8
51
KBBI
2.4.2
NICT 79
Web 430 Juman/KNP
46
Treebank
2.4.3
Web
80
2.4.4 N-gram
N-gram
N-gram
Google Web N-gram 20
79 Alagin HP https://alaginrc.nict.go.jp/resources/nict-resource/li-info/li-outline.html 2016 7
6
80 HP http://nlp.ist.i.kyoto-u.ac.jp/ 2016 7 6
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1 7-gram
GSK &1

2.5

6.7

l-gram 256 7gram

7,020

6.1

EDR 41

WordNet 20

HowNet

2013

KIPRIS

146

Viet WordNet

Asian WordNet

Indonesian thesaurus Dictionary 1.6

81 GSK2007-C Web N 1, http://www.gsk.or.jp/catalog/gsk2007-c/

6

52

2016
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3.1
SMT

phrase-based SMT

JUMAN
MeCab Conditional Random Fields CRF

Stanford Log-linear Part-Of-Speech Tagger

Stanford Chinese Word Tagger

HanNanum

VnTokenizer

SWATH

53




3.2
RBMT

82

PRE-ORDERING PRE-REORDERING
SVO

CaboCha Support Vector Machines

KNP

Berkley Parser

Stanford Parser

Stanford Chinese parser

KKMA

Vitk

3.3

g2 Terumasa Ehara: System Combination of RBMT plus SPE and Preordering plus SMT. Proceedings of the 2nd
Workshop on Asian Translation WAT2015
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SMT  EBMT

KNP

NiuParser

3.4
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83

hunaligns.
Media Research and Education Center

A B
GNU LGPL
v2.1

Microsoft Bilingual Sentence Alignerss

2003

3.4.2

phrase-based translation

phrase-table

GlZA++gg
1BM
HMM smoothing
GPL

mgizasy
CcMU GIZA++

83 Omar Zaidan and Vishal Chowdhary. 2013. Evaluating and Improving ~ Sentence Alignment under Noisy
Conditions. Proceedings of the Eighth Workshop on Statistical Machine Translation, pages 484-493.

s4 The hunalign sentence aligner, https://github.com/danielvarga/hunalign 2016 6 30

ss Bilingual Sentence Aligner, https://www.microsoft.com/en-us/download/details.aspx?id=52608

2016 6 30

g6 GIZA++: Training of statistical translation models, http://www.fjoch.com/giza-training-of-statistical-translation-
models.html 2016 6 30

g7 GitHub - moses-smt/mgiza: A word alignment tool based on famous GIZA++, extended to support multi-
threading, resume training and incremental training. https://github.com/moses-smt/mgiza 2016 6

30
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Berkeley Alignerss

3.5
N-gram
RNN
KenLM Language Model Toolkitse
Kenneth Heafield
Moses
N-gram
Kneser-Ney smoothing SRILM
LGPL
SR1LMgg
SR1 N-gram
Good-Turing Witten-Bell Kneser-

Ney

IRST Language Modelling IRSTLM  Toolkity

Fondazione Bruno Kessler
Moses LGPL v2

ss Berkeleyaligner, https://code.google.com/archive/p/berkeleyaligner/ 2016 6 30

so KenLM Language Model Toolkit, http://kheafield.com/code/kenlm/ 2016 6 30

90 SRILM - The SRI Language Modeling Toolkit, http://www.speech.sri.com/projects/srilm/ 2016

6 30

o1 IRSTLM, http://hit-mt.fbk.eu/technologies/irstim 2016 6 30
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RandLM%

GNU GPL v3
Berkeley LMgs
KenLM
Apache License 2.0
RNNLM tOOIkitM
RNN
N-gram
3.6
3.6.1 Mosesgs
SMT

GIZA++ KenLM, SRILM

phrase-based translation hierarchical phrase-based
translation syntax-based translation SMT

SMT
2015 12 LGPL
3.6.2 9%
NICT
TexTra®

92 RandLM, https://sourceforge.net/projects/randlm/ 2016 6 30

93 Berkeleylm, https://code.google.com/archive/p/berkeleylm/ 2016 6 30

94 RNNLM Toolkit, http://rnnlm.org/ 2016 6 30

95 Moses, http://www.statmt.org/moses/ 2016 6 30

96 TexTra®, https://mt-auto-minhon-mit.ucri.jgn-x.jp/ 2016 6 30
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3.6.3 NTT 97

NTT
3.6.4 Travatarg o
NAIST  Graham Neubig SMT
GIZA++ LGPL
97 ’
http://www.nttdata.com/jp/ja/news/release/2015/012702.html 2016 6 30

9 Graham Neubig : Travatar: A Forest-to-String Machine Translation Engine based on Tree Transducers,
Proceedings of the 51st Annual Meeting of the Association for Computational Linguistics: System Demonstrations,
pages 91-96, 2013.

99 Travatar, http://www.phontron.com/travatar/index.html 2016 6 30
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4.1
4.1.1
adequacy
fluency
adequacy  fluency 100
adequacy fluency
5 all meaning 5 flawless English
4 most meaning 4 good English
3 much meaning 3 non-native English
2 little meaning 2 disfluent English
1 none 1 incomprehensible
NTCIR
acceptability 101
102 103
NTCIR acceptability adequacy
adequacy
acceptability

100 Phlipp Koehn: Statistical Machine Translation p219

101 Isao Goto, Bin Lu, Ka Po Chow, Eiichiro Sumita and Benjamin K. Tsou: Overview of the Patent Machine
Translation Task at the NTCIR-9 Workshop, Proceedings of NTCIR-9 Workshop Meeting, Tokyo, Japan, pp.559-578,
2011.

102 : 23 2

103 : 26 2
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4.1.2

€Y)

62

adequacy

4.3



105 106

105 106

@)
107

5 100%
4 80%
3 50%
2 20%
1

20%

105 Toshiaki Nakazawa, Hideya Mino, Isao Goto, Sadao Kurohashi and Eiichiro Sumita: Overview of the 1st
Workshop on Asian Translation, 2014.

106 Toshiaki Nakazawa, Hideya Mino, Isao Goto, Graham Neubig, Sadao Kurohashi and Eiichiro Sumita:
Overview of the 2" Workshop on Asian Translation, 2015.

107

63



105 106

4.2
4.2.1

108 109 110 111 112

(1) BLEU
113

N-gram

4-gram

0.00 1.00

108 : . Japio 2009 YEAR BOOK.
100 Graham Neubig: .

, NL-212, 2013

110 , : . 3 , 2014,
111 22 4.1

212

112 27 5.2

13 Kishore Papineni, Salim Roukos, Todd Ward, Wei-Jing Zhu : BLEU : a Method for Automatic Evaluation of
Machine Translation, Proceedings of the 40th Annual Meeting of the Association for Computational Linguistics, pp.
311-318, 2002.
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(2) NISTyq

NIST National Institute of Standards and Technology BLEU
NIST 0
N
NIST:BPNISTZ qn
n=1
gn

Zwl,wz ..... Wn€EGn Info(wl, W3, .ty Wn)

qn =

Zw1 Wo,. s Wn €EGn 1

NIST
27 115

(3) TER
TER Translation Edit Rate

116

(4) IMPACT
Longest Common Subsequence: LCS

117

118 BLEU

114 NIST : Automatic Evaluation of Machine Translation Quality Using N-gram Co-OccurrenceStatistics,

http://Aww.nist.gov/speech/tests/mt/doc/ngram-study.pdf, 2002

15 https://iwww.jpo.go.jp/shiryou/toushin/chousa/pdf/kikai_honyaku/h27_03.pdf p88

16 Snover, M., Dorr, B., Schwartz, R., Micciulla, L. and Makhoul, J.: A study of translation edit rate with targeted
human annotation, pp. 223-231 2006

117 Hiroshi Echizen-ya and Kenji Araki: Automatic Evaluation of Machine Translation based on Recursive.
Acquisition of an Intuitive Common Parts Continuum. In Proceedings of the MT Summit X1 Workshop on Patent
Translation, pp. 151-158. 2007.

118 y :

22 , pp.609-612, 2016.
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(5) RIBES
RIBES Rank-based Intuitive Bilingual Evaluation Score

119 120

IMPACT BLEU N-gram
120
4.2.2
106
121
RIBES
121
4.3
119 , ,Duh Kevin, , , RIBES:
17 , pp.1115-1118, 2011.
120 , , ,Duh Kevin, , : ,
,Vol.21, No.3, pp.421-444, 2014.
121 , , : . 27
AAMT/Japio
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4.3.1

4.3.2

4.3.3

4.3.4
@

)

SMT

SMT

40

4.2.2

67

40

102



®

4

4.4
4.4.1

adequacy

fluency

4.3

SMT  RBMT
RBMT

4.1
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4.4.2

WAT
4.5
4.5.1
H24
H26

adequacy

phrase-based SMT

NTCIR

H20

69

fluency

105 106

WAT WMT

H23

H25

H27

H22



H27

(¢H) H20 122
G H
4,876 G
H 1,396
Adequacy Fluency
BLEU
122 3.2-5 3.2-11
+
249 2.85 294
274 291 3.05
2.81 3.19 3.26
BLEU 6.74 6.76 8.26
122 3.2-7
3.2-8 =
% - +
%
— — +
53 16
122 : 21 3
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)

Advanced Industrial Property Network AIPN

H22 123

PAT-Transer PATT

206 305
511
BLEU NIST IMPACT
123 3.3.-1 3.4.-1
4.2.2.1.-1 4.2.2.1.-2 4.2.2.1.-3 4.2.2.2.-1
4.2.2.2.-2 4.2.2.2.-3 4.2.2.3.-1 4.2.2.3.-2
4.2.2.3.-3 123
19 single reference
multi reference AIPN
PATT
BLEU  NIST
IMPACT 0.2
AIPN PATT AIPN PATT AIPN PATT
( 1) 62.08 50.00 63.35 49.64 61.23 50.25
( 2) 36.89 18.92 36.70 18.74 37.02 19.75
( ) 2.3 2.9 2.1 2.8 24 3.0
( % 104 135 9.5 12.8 11.0 13.9
( ) 1.0 1.2 1.2 14 0.9 1.0
( %) 4.6 5.3 55 6.3 39 4.6
BLEU (single reference) 0.18 0.17 0.20 0.18 0.17 0.16
BLEU (multi reference:2) 0.26 0.23 0.28 0.24 0.25 0.23
NIST (single reference) 5.70 5.50 5.80 5.50 5.20 5.10
NIST (multi reference:2) 740 7.10 7.50 7.10 6.90 6.80
IMPACT (single reference) 0.32 0.30 0.33 0.30 0.31 0.29
IMPACT (multi reference:2) 0.35 0.33 0.36 0.33 0.33 0.32

123

71




®

40

#1
#2
#3
#4
#5

MT#2
MT#2
#2

MT#2

200

SMT Statistical Machine Translation,

RBMT Rule-based Machine Translation,

MT#2

124
23 11

CPA

72

MT#2

H23

124

SMT



#1 #2 #3 #4 #5 MT#2
4.9 4.6 3.1 4.8 2.4 2.4
4.6 3.2 25 4.4 24 3.3
4.6 3.5 2.4 4.2 2.0 2.5
14.1 11.3 8.0 134 6.8 8.2
MT#1 MT#2 MT#3 MT#4
%) 52 65 40 52
MT#2 #1 #2 #3 #4 #5
24 4.8 45 2.8 4.8 2.1
3.3 4.4 2.9 2.1 4.0 1.9
2.5 4.4 3.2 2.3 4.0 1.9
4)
H24 155
RBMT
SMT
DOCDB family-id
2005 2009 105
27
6,700
1,552
100
RBMT The V15
RBMT1 RBMT2
160
RBMT1 RBMT2 17%

125
25
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SMT

SMT
100
RBMT
SMT2

RBMT

®)

2.1.1

Adequacy

RBMT

RBMT1

RBMT?2

(%)

61

78

1,000

SMT

2,500
2,500
SMT

SMT1

NICT

SMT1

SMT2

(%)

69

75

126

126

74

H25 126

100

SMT2

SMT1

26 2

1,000

2.1.3



199

524
RBMT SMT
126 1-5 1-6 1-7 1-8
SMT4
126
8.2.4 8.3.3 8.4.3 200
126
4.3.9 8.6
9.4
RBMT1 RBMT2 RBMT3 SMT4 SMT5
2.39 2.79 3.01 3.15 2.76 0.20
( %) 52.1 60.5 66.4 845 75.2 6.0
( %) 727 77.1 83.6 92.3 84.0 6.0
2.46 2.78 3.02 3.16 2.83 0.20
( ) 735 583 505 411 560
(6)
H26 17
2013 20
127
27 3

75




RBMT

B S D
S D
S D
150 S D 61
S D 89
S B
127 4.4-1 4.5-1
D S
S B
a S D 61 b S B 89
S D S B
5 0 0 5 0 0
4 6 8 4 13 7
3 11 11 3 21 20
2 17 14 2 26 18
1 27 28 1 29 44
1.93 1.98 2.20 1.89
@) H27 128
AIPN 22
PAJ
AIPN
J-PlatPat Espacnet Google
NICT TexTra®
210 630 19 70
700 35
10

128 : , 28 3
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2-20

128

10 BLEU NIST RIBES
128 2-5 2-15 2-18 2-19
J-PlatPat> >Google
+ 95%
J-PlatPat>Google >
BLEU  NIST Google
>J-PlatPat RIBES >J-PlatPat>Google
a
J-PlatPat Google
5 (%) 20 13 17
4 (%) 47 31 42
3 (%) 74 61 70
2 (%) 95 91 93
1 (%) 100 100 100
3.36 2.96 3.22
b
J-PlatPat Google
5 (%) 7 1 0
4 (%) 29 5 6
3 (%) 52 29 33
2 (%) 83 67 68
1 (%) 100 100 100
271 2.02 2.07
c
J-PlatPat Google
(%) 79 81 83
+ (%) 95 95 96
d
J-PlatPat Google
BLEU 0.24 0.28 0.26
NIST 6.4 7.2 6.9
RIBES 0.71 0.68 0.74
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®

1

700

e

J-PlatPat Google
BLEU 0.37 0.27 0.22
NIST 6.4 5.7 5.1
RIBES 0.73 0.69 0.65
129
700 35 x 20
BLEU RIBES
129 3.2.1—1
3.4.1-1 3.4.2-1

129

78

28




700

a %

3.15 3.87
( %) 69.80 82.70
( + %) 79.90 88.70
BLEU 20.20 25.93
RIBES 0.7724 0.8022

b

1.03 0.97
BLEU 13.97 16.75
RIBES 0.0942 0.0939

4.5.2 NTCIR

NTCIR NIl Testbeds and Community for Information access Research

2008 2013

(1) NTCIR-7 2008 130
2008

multi-reference
S600 600

S600  SRB
BLEU

NTCIR-7 NTCIR-10

180

single-reference SRB 1,381

S300
S600
S300 S600
100
Adequacy  Fluency

S600  S300 BLEU  multi-reference BLEU

130 Atsushi Fujii, Masao Utiyama, Mikio Yamamoto and Takehito Utsuro : Overview of the Patent Translation
Task at the NTCIR-7 Workshop, Proceedings of NTCIR-7 Workshop Meeting, Pages 389-400, December 16-19,

2008, Tokyo, Japan.
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1o Table 2 Table 3

131 Method
single-reference SRB
BLEU SMT Adequacy  Fluency RBMT
multi-reference S300 S600
RBMT  BLEU single-reference BLEU tsbmt
Adequacy BLEU SRB
Fluency Japio multi-reference BLEU S300 BLEU
S600
multi-reference BLEU
RBMT RBMT SMT

131
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a N b N

System Method BLEU (SRB) System Method BLEU (SRB)
NTT SMT 27.20 Moses SMT 30.58
Moses SMT 27.14 HCRL SMT 29.97
MIT SMT 27.14 NiCT-ATR|SMT 29.15
System Method BLEU (S300)

tsbmt RBMT 37.51

MIT SMT 37.31

Moses SMT 36.02

System Method BLEU (S600)

tsbmt RBMT 48.02

MIT SMT 44.69

NTT SMT 43.72

System Method |Adequacy System Method |Adequacy
tsbmt RBMT 3.81 tshmt RBMT 3.53
JAPIO RBMT 3.71 Moses SMT 2.90
MIT SMT 3.15 NTT SMT 2.74
System Method Fluency System Method Fluency
JAPIO RBMT 4.02 Moses SMT 3.69
tsbmt RBMT 3.94 tsbmt RBMT 3.67
MIT SMT 3.66 NTT SMT 3.54

(2) NTCIR-8 2009 132

2009

NTCIR-7
Method

320
1,251 1,119
single reference BLEU
132 Table 1 Table 2
BLEU
Hybrid

132 Atsushi Fujii, Masao Utiyama, Mikio Yamamoto, Takehito Utsuro, Terumasa Ehara, Hiroshi Echizen-ya and
Sayori Shimohata : Overview of the Patent Translation Task at the NTCIR-8 Workshop, Proceedings of NTCIR-8
Workshop Meeting, Pages 371-376, June 15-18, 2010, Tokyo, Japan.

81



a b
System  [Method [BLEU System  [Method [BLEU
EIWA Hybrid 34.30 NICT SMT 35.87
NICT SMT 30.32 Moses SMT 35.27
Moses SMT 29.08 DCU Hybrid 33.03
(3) NTCIR-9 2011 133
2011
NTCIR-8
320
100 13
2,000
BLEU NIST RIBES
300 Adequacy Acceptability
100
300
133 Table 5 Table 7 Table 9 Table 11
Table 13 Table 15 Table 21 Table 22 Table 23 Acceptability
Pairwise score
RBMT Hybrid
Hybrid SMT NTT-UT SMT
RBMT

BBN SMT

133 1sao Goto, Bin Lu, Ka Po Chow, Eiichiro Sumita and Benjamin K. Tsou : Overview of the Patent Machine
Translation Task at the NTCIR-9 Workshop, Proceedings of NTCIR-9 Workshop Meeting, Pages 559-578, December
6-9, 2011, Tokyo, Japan.

82



a

b

System Method |Adequacy System Method |Adequacy
JAPIO RBMT 3.667 NTT-UT [SMT 3.670
RBMT1 RBMT 3.530 RBMT6 RBMT 3.507
EIWA Hybrid 3.430 JAPIO RBMT 3.463
System Method Acceptablility System Method [Acceptablility
JAPIO RBMT 0.712 NTT-UT [SMT 0.695
RBMT1 RBMT 0.674 RBMT6 RBMT 0.656
EIWA Hybrid 0.638 JAPIO RBMT 0.652
System Method BLEU System Method BLEU
EIWA Hybrid 31.69 NTT-UT |SMT 39.48
RWTH SMT 30.32 KLE SMT 35.10
KLE SMT 29.55 ICT SMT 32.91
System Method NIST System Method NIST
RWTH SMT 7.879 NTT-UT [SMT 8.713
KLE SMT 7.828 KLE SMT 8.285
EIWA Hybrid 7.816 ICT SMT 8.170
System Method RIBES System Method RIBES
EIWA Hybrid 0.7404 NTT-UT [SMT 0.7813
NAIST SMT 0.7307 TORI Hybrid 0.7479
NTT-UT |SMT 0.7195 KLE SMT 0.7429
C -
System Method  |Adeguacy System Method  |BLEU
BEN SMT 4033 BEBN SMT 39.44
NEL SMT 3.510 1IBM SMT 36.11
FWTH SMT 3.420 FWTH SMT 35.69
System  |Method  |Acceptability System  |Method |NIST
BBN SMT 0 744 BEBMN SMT 8911
RWTH SMT 0 546 RWTH SMT 3.629
NEL SMT 0 544 IBM SMT 3.509
System Method RIBES
EBN SMT 08327
1IBM SMT 07972
RWTH SMT 0.7961




(4) NTCIR-10 2013 134

2013
NTCIR-8
320
100 13
2,300
BLEU NIST RIBES
300 Adequacy  Acceptability
100
300
NTCIR-10
PEE:Patent Examination Evaluation 134
Table 2

134 Table 7 Table 9 Table 11 Table
13 Table 15 Table 17 Table 19 Table 20 Table 28 Table 29 Table 30

Acceptability Pairwise score PEE
%
RBMT Japio RBMT PEE  100%
SMT Hybrid
NTITI SMT BBN
SMT

134 1sao Goto, Ka Po Chow, Bin Lu, Eiichiro Sumita and Benjamin K. Tsou : Overview of the Patent Machine
Translation Task at the NTCIR-10 Workshop, Proceedings of the 10th NTCIR Conference, Pages 260-286, June 18-
21, 2013, Tokyo, Japan.

84



a b .

System Method |Adequacy System Method |Adequacy

JAPIO RBMT 3.67 NTITI SMT 3.84

RBMT1 RBMT 3.57 JAPIO RBMT 3.53

EIWA Hybrid 3.53 RBMT6 RBMT 347

System Method  [Acceptablility System Method |Acceptablility

JAPIO RBMT 0.630 NTITI SMT 0.659

TORI Hybrid 0.580 EIWA Hybrid 0.568

EIWA Hybrid 0.567 JAPIO RBMT 0.560

System Method PEE

JAPIO RBMT 100

EIWA Hybrid 79

NTITI SMT 64

System Method BLEU System Method BLEU

RWTH SMT 33.77 NTITI SMT 42.89

NTITI SMT 32.55 EIWA Hybrid 36.93

EIWA Hybrid 32.50 BJTUX SMT 3445

System Method NIST System Method NIST

RWTH SMT 8.550 NTITI SMT 9.265

HDU SMT 8.442 EIWA Hybrid 8.501

EIWA Hybrid 8.270 BJTUX SMT 8.421

System Method RIBES System Method RIBES

EIWA Hybrid 0.7402 NTITI SMT 0.7984

NTITI SMT 0.7324 EIWA Hybrid 0.7692

JAPIO RBMT 0.7214 TSUKU SMT 0.7566

c N

System Method Adeguacy System Method BLEU
BEN SMT 415 BEN SMT 42 63
RWSYS3 Hybrid 3.52 RW3YS Hybrid 4006
SHRI SMT 3.51 RWTH SMT 39.75
System Method Acceptability System Method NIST
BEN SMT 0.685 BBN SMT 9.561
RWTH SMT 0533 RWSYS Hybrid 9.344
RWSYS Hybrid 0523 RWTH SMT 9299
System  |Method |PEE System  [Method |RIBES
EBN SMT 88 BEN SMT 08331
RWSYS Hybrid 36 RWTH SMT 0.8000
SHI SMT 7 RW3YS Hybrid 0.7987
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4.5.3 WAT WMT
WAT Workshop on Asian Translation
2014 135
WMT Workshop on statistical Machine Translation
2006

(1) WAT2014436

2014
ASPEC Asian Scientific Paper Excerpt
Corpus 300 67
1,812 2,107
BLEU  RIBES
137
400
HUMAN
W L T
HUMAN=JDOX—X!:£—
W+L+T
136 Table 11 Table 12 Table 13 Table
14 Method EBMT Example-based Machine
Translation NAIST SMT
SMT
135 2016

136 Toshiaki Nakazawa, Hideya Mino, Isao Goto, Sadao Kurohashi and Eiichiro Sumita : Overview of the 1st
Workshop on Asian Translation, Proceedings of the 1st Workshop on Asian Translation WAT2014 , Pages 1-19,
Tokyo, Japan, 4th October 2014.

137 Moses  Phrase-based SMT
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WAT2014

a - b —
System Method HUMAN System Method HUMAN
NAIST SMT 40.50 NAIST SMT 56.25
SMT S2T SMT 25.50 WEBLIO-EJ1 |SMT 43.25
Kyoto-U EBMT 25.00 Online A Other 42.50
System Method BLEU System Method BLEU
NAIST SMT 23.82 NAIST SMT 35.03
Kyoto-U EBMT 21.07 WEBLIO-EJ1 |SMT 32.69
TOSHIBA  |Hybrid 20.61 Kyoto-U EBMT 31.09
System Method RIBES System Method RIBES
NAIST SMT 0.7235 NAIST SMT 0.8017
TOSHIBA  [Hybrid 0.7079 WEBLIO-EJ1 |SMT 0.7850
EIWA Hybrid 0.7067 Kyoto-U EBMT 0.7664
C - d —

System Method HUMAN System Method HUMAN
NAIST SMT 17.75 NAIST SMT 50.75
SMT S2T SMT 14.00 SAS MT SMT 22.50
Sense SMT 10.00 SMT T2S SMT 16.00
System Method BLEU System Method BLEU
NAIST SMT 30.53 NAIST SMT 40.21
SMT S2T SMT 28.65 SAS MT SMT 37.42
NICT SMT 27.98 SMT T2S SMT 36.52
System Method RIBES System Method RIBES
NAIST SMT 0.8296 NAIST SMT 0.8455
SMT Hiero [SMT 0.8091 SAS MT SMT 0.8342
SMT S2T SMT 0.8076 SMT T2S SMT 0.8253

(2) WAT2015;3s

2015
WAT2014 ASPEC Asian Scientific Paper
Excerpt Corpus WAT2014
JPC : JPO Patent Corpus
100
2,000 BLEU  RIBES

138 Toshiaki Nakazawa, Hideya Mino, Isao Goto, Graham Neubig, Sadao Kurohashi and Eiichiro Sumita,
Overview of the 2nd Workshop on Asian Translation, Proceedings of the 2nd Workshop on Asian Translation

WAT2015

, Pages 1-28, Kyoto, Japan, 16th October 2015.
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400
HUMAN WAT2014

JPO Adequacy

200

138

Table 14 Table 15 Table 16 Table 17 Table 18 Table 19 Figure 9

ASPEC HUMAN
NAIST SMT HUMAN TOSHIBA Hybrid JPC
EBMT  Hybrid SMT
WAT2015 ASPEC
a - b —

System Method HUMAN System Method HUMAN
NAIST SMT 35.50 NAIST SMT 62.25
Kyoto-U EBMT 32.50 WEBLIO MT |SMT 53.75
TOSHIBA  |Hybrid 25.00 naver SMT 53.25
System Method JPO adequacy System Method JPO adequacy
NAIST SMT 3.83 NAIST SMT 4.04
Kyoto-U EBMT 3.65 naver SMT 4.00
TOSHIBA  |Hybrid 3.60 WEBLIO MT |SMT 3.81
System Method BLEU System Method BLEU

NAIST SMT 2541 NAIST SMT 35.83
TOSHIBA  |Hybrid 23.00 naver SMT 34.60
Kyoto-U EBMT 22.89 WEBLIO MT |SMT 33.23
System Method RIBES System Method RIBES

NAIST SMT 0.7496 NAIST SMT 0.8114
Kyoto-U EBMT 0.7246 naver SMT 0.8073
TOSHIBA  [Hybrid 0.7185 WEBLIO MT |SMT 0.8047
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WAT2015 ASPEC

C - d —

System Method HUMAN System Method HUMAN
TOSHIBA  |Hybrid 17.00 NAIST SMT 35.75
Kyoto-U EBMT 16.00 EHR Hybrid 25.75
SMT StoT |Other 7.75 Kyoto-U EBMT 18.50
System Method JPO adequacy System Method JPO adequacy
NAIST SMT 3.17 NAIST SMT 3.88
Kyoto-U EBMT 2.87 Kyoto-U EBMT 3.74
TOSHIBA  |Hybrid 2.75 EHR Hybrid 3.25
System Method BLEU System Method BLEU

NAIST SMT 31.61 NAIST SMT 41.75
Kyoto-U EBMT 31.40 EHR Hybrid 39.43
TOSHIBA  |Hybrid 30.17 Kyoto-U EBMT 38.53
System Method RIBES System Method RIBES

NAIST SMT 0.8328 NAIST SMT 0.8551
Kyoto-U EBMT 0.8270 Kyoto-U EBMT 0.8407
TOSHIBA  [Hybrid 0.8173 EHR Hybrid 0.8377

WAT2015 JPC
a - b —

System Method HUMAN System Method HUMAN
Kyoto-U EBMT 27.50 Online A Other 38.75
TOSHIBA  |Hybrid 24.25 naver SMT 14.75
EHR Hybrid 22.00 NICT SMT 10.50
System Method JPO adequacy System Method JPO adequacy
Kyoto-U EBMT 341 naver SMT 478
EHR Hybrid 3.32 NICT SMT 476
TOSHIBA  |Hybrid 3.25 Online A Other 453
System Method BLEU System Method BLEU
TOSHIBA  |Hybrid 41.82 Sense SMT 85.24
Kyoto-U EBMT 41.35 naver SMT 71.38
EHR Hybrid 41.06 TOSHIBA SMT 71.01
System Method RIBES System Method RIBES
Kyoto-U EBMT 0.8285 Sense SMT 0.9545
EHR Hybrid 0.8270 naver SMT 0.9439
ntt SMT 0.8234 TOSHIBA SMT 0.9437
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(3) WMT 139 140 141 142 143 144 145 146 147 148

WMT Workshop on statistical Machine Translation

2006
2014
EU EUROPARL Web
2007 Adequacy  Fluency
140 141 WMT
WAT WAT ~ HUMAN

139 Philipp Koehn and Christof Monz : Manual and Automatic Evaluation of Machine Translation between
European Languages, Proceedings of the Workshop on Statistical Machine Translation, pages 102-121, New York
City USA, June 2006.

140 Chris Callison-Burch, Cameron Fordyce, Philipp Koehn, Christof Monz and Josh Schroeder : Meta-
Evaluation of Machine Translation, Proceedings of the Second Workshop on Statistical Machine Translation, pages
136-158, Prague Czech Republic, June 2007.

141 Chris Callison-Burch, Cameron Fordyce, Philipp Koehn, Christof Monz and Josh Schroeder : Further Meta-
Evaluation of Machine Translation, Proceedings of the Third Workshop on Statistical Machine Translation, pages 70—
106, Columbus Ohio, June 2008.

142 Chris Callison-Burch, Philipp Koehn, Christof Monz and Josh Schroeder : Findings, Proceedings of the 4th
EACL Workshop on Statistical Machine Translation , pages 1-28, Athens Greece, March 2009.

143 Chris Callison-Burch, Philipp Koehn, Christof Monz, Kay Peterson, Mark Przybocki and Omar Zaidan :
Findings of the 2010 Joint Workshop on Statistical Machine Translation and Metrics for Machine Translation,
Proceedings of the Joint Fifth Workshop on Statistical Machine Translation and MetricsMATR, pages 17-53, Uppsala
Sweden, July 2010.

144 Chris Callison-Burch, Philipp Koehn, Christof Monz and Omar Zaidan : Findings of the 2011 Workshop on
Statistical Machine Translation, Proceedings of the Sixth Workshop on Statistical Machine Translation, pages 22-64,
Edinburgh Scotland, July 2011.

145 Chris Callison-Burch, Philipp Koehn, Christof Monz, Matt Post, Radu Soricut and Lucia Specia : Findings of
the 2012 Workshop on Statistical Machine Translation, Proceedings of the Seventh Workshop on Statistical Machine
Translation, pages 10-51, Montreal Canada, June 2012.

146 Ondiej Bojar, Christian Buck, Chris Callison-Burch, Christian Federmann, Barry Haddow, Philipp Koehn,
Christof Monz, Matt Post, Radu Soricut and Lucia Specia : Findings of the 2013 Workshop on Statistical Machine
Translation, Proceedings of the Eighth Workshop on Statistical Machine Translation, pages 1-44, Sofia Bulgaria,
August 2013.

147 Ondrej Bojar, Christian Buck, Christian Federmann, Barry Haddow, Philipp Koehn, Johannes Leveling,
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<html>

<body>

<h3>1.Introduction</h3>

We develop a <font color="red">machine translation</font> system, whose
architecture is outlined in <a href="_/figl.gif">Fig. 1</a>.

</body>

</html>
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1 Introduction

We develop a machine translation system, whose architecture is outlined in Eig. 1.
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<h3>1. </h3>

<a href="_/figl.gif"> 1</a> <font
color="red"> </font>
</body>
</html>
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machine translation
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SMT
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e develop a machine translation system.

i A

3 BHWEIR Y2TL & EETD o

=

e |

|ﬂ
h)

MoSeS149 -t

> echo ' das ist ein kleines haus’ |} moses -f phrase-model/moses.ini -t > out

> cat out
this is j0-1} a }2-2] small |3-3} house }4-4;
Moses 149
das ist ein kleines haus this is a small

house this is das

ist haus

house

SMT RBMT

€))
HTML
HTML

149 Moses Statistical Machine Translation System User Manual and Code Guide,
http://www.statmt.org/moses/manual/manual.pdf 2016 6 30
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6.1
6.1.1

€Y)

A,A, B,C, D,E, E G H I, K L, M, N, 0,0, 0,P,QR,S,T,U,U,
vV, X, Y

a’é’ b7 C7 d’ e’ é’ g’ h’ i’ k7 17 m’ n’ O7 67 p’ q’ r’ S’ t’ u7 u”v!x!y

&)

®

tuan week

anh brother

hoa flower

dai  hoc dai hoc =
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siéu thi siéu- - thi - =supermarket

ngbn ngir hoc  ngbn ngir -hoc - -
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language SVO
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Lacviet

Web Lacviet Computing

173

VDict
Web 174

4)
VDict
VDict 174

®)
Viet WordNet

WordNet 175 synset
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Anh ay di dao & cbng vién He walks in the park
!

Anh_ay He di_dao walk & cbng_vién park

172 D. Q. Nguyen, D. Q. Nguyen, S. B. Pham, P. T. Nguyen, and M. L. Nguyen. From treebank conversion to
automatic dependency parsing for Vietnamese. In Proceedings of the 19th International Conference on Application of
Natural Language to Information Systems, NLDB’14, pages 196-207, 2014.
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dnisougnasvin Iny
/nakrian/thuuk/khruu/longthoot/
"The student is punished by the teacher."

f msudanusumauiumas”  /kaan/plxx/phaasaa/duai/khoomphiuter/
"/kaan/", "/plxx/", "/phaasaa/'", "/duai/", "/khoomphiuter/"

ANFUUAAENFIYADNININHDS
/kaan/plxx/phaasaa/duai/khoomphiuter/

“ Translation with computer” or “ Machine Translation”

/kaan/, /plxx/, /phaasaa/, /duai/, /khoomphiuter/

/kaan/plxx/, /phaasaa/, /duai/, /khoomphiuter/

/kaan/plxx/phaasaa/, /duai/, /khoomphiuter/
/kaan/plxx/phaasaa/duai/khoomphiuter/

®

caak
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[ANAN
/caak/ #POS.{V}, #CP.{LEAVE}

#POS_{PREP}, #CP.{FROM}
#POS_{N}, #CP.{NIPA"PALM}

4)
thuuk
dnisougnasvin luw
/nakrian/ /thuuk/ /khruu/  /longthoot/
student passive marker teacher punish
"The student is punished by the teacher."
“ " fca/ = will
®)
SV0
WHLAWABNT
Wi LA A
DIMNFLHA
DRIz ak] 1Al
6.2.2
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3-gram
CRF
SWATHz16 217
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2-gram
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Named Entity Recognition, NER Semantic Relation
Extraction,SRE
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ASEAN MT

ParSitys 2

ParSit Web
CIcC
4)
Grapheme-to-phoneme,GTP 225 226
“ awnlve”  /phaa-saa-thai/
text-to-speech
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Soundex
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221 Virach Sornlertlamvanich. Another Decade of Thai Language Processing Research. International Symposium
on Multilingual Machine Translation MMT'94 |, Tokyo, Japan. pp. 56-60, 1994.

222 Virach Sornlertlamvanich. MT Research in Thailand and Linguistics and Knowledge Science Laboratory

LINKS .AAMT, 1994.

223 Virach Sornlertlamvanich, Paisarn Charoenpornsawat, Monthika Boriboon and Lalida Boonmana. ParSit:
English-Thai Machine Translation Services on Internet. 12th Annual Conference, ECIT and New Economy, National
Electronics and Computer Technology Center, Bangkok, pp. 427-482, June 2000. in Thai
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228 229

6.3
6.3.1

€Y)

Saya membeli sebuah buku. Saya:l membeli:buy sebuah:a buku:book

26

A’B’C’D,E,F’G’H, I ,J’K’L’M’N’O,P,Q’R’S,T,U’V’W,X’Y’Z

)
®)
-kah -lah -tah -pun
beli buy + -lah - belilah please buy
-ku -mu -nya
buku book + -ku my - bukuku my book
buku book + -ku my + -lah — bukukulah of course my book
lah
228 PPA Soundex 2, http://www.puttipan.com/soundex/index_en.html 2016 7 5

220 A Thai Soundex System for Spelling Correction, https://linux.thai.net/~thep/soundex/soundex.html

2016 7 5
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ber- di- ke- me-

men- meng- meny-

se- + pe- + ke- + tahu

as | know

“ tahu” know

-an -ku

beli buy + -kan - belikan

ber--an ke--an me--i

pe-

know

se-

te-

me-

mem-

+ -an + -ku - sepengetahuanku as far

-kan

se-

-an

me--kan di--i

beli

peng-

di--kan

inquiry to buy

membel ikan

mem- + beli buy + -kan - membelikan

ke--an

*)
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ber--an

pe-

ke-

mem- -kan

do a favor to buy

ke--an

SVO

->

ber--an



e red:adj +e car:n - e red car

i merah:adj + i mobil:n - i mobil merah

n, adj
i merah:adj merah
i mobil:n mobil red
car " red car’

mobil merah”

e intelligence:nm + e system:n - e intelligence system
i kecerdasan:nm + 1 sistem:n - 1 sistem kecerdasan

nm

“ kecerdasan” intelligence “ sistem”  system

10
11 12

10 e a:ar + e network:n - € a network

i sebuah:ar + 1 jaringan:n - i sebuah jaringan

11 e the:ar + e network:n - e the network

i tersebut:ar + i jaringan:n - 1 jJaringan tersebut

12 e these:d + e networks:n - e this networks

i ini:d + 1 jJaringan-jaringan:n - 1 jaringan-jaringan ini
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few many little

13 e few:qg +e carsin - e few car

i sedikit:q + 1 mobil-mobil:n - i sedikit mobil

mobi I-mobil

“ sedikit’ few

" sedikit mobil”

14 e two:inum + e cars:in - e 1two cars

i dua:num + i mobil-mobil:n -~ 1 dua mobil

15

15 e very:advn +e big:adj +e car:n - e very big car
i sangat:adv + 1 besar:adfj + i1 mobil:n - i mobil sangat

besar

®)

Ministry of Education of Indonesia

Adoption
adoption

hot dog, reshuffle, shuttle cock, plaza, supermarket
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Adaptation

adaptation adaptation

aa a

16 paal - pal
baal - bal

octaaf - oktaf

a,u,o c k

17 calomel - kalomel
construction - konstruksi
cubic - kubic
coup — kup
classification - Kklasifikasi

crystal - kristal

6.3.2
@

IDENTIC Corpuszso
100 4.5

" morphologically
enriched’ IDENTIC

PANL-BPPT Parallel Corpusgs;
BPPT Agency for the Assessment and Application of Technology:

Penn Treebank Corpus

230 S. D. Larasati, “IDENTIC Corpus: Morphologically Enriched Indonesian-English Parallel Corpus.,” in LREC,
2012, pp. 902-906

231 PAN Localization Phase 11 Outputs, http://panl10n.net/english/Outputsindonesia2.htm :2016

30
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ANTARA 50

International Development Research Centre IDRC
PAN Localization Project SMT
BPPT

BTEC-ATR232 233
ATR A-STAR
BTEC Basic Travel Expression Corpus
15.3 ATR
ELRA

ANTARA Corpusysa

ANTARA
2000 2007
25
250 ELRA
OPUS 235
OPUS
2016
150 80
70
690 570
110

232 S. Sakti, E. Kelana, H. Riza, S. Sakai, K. Markov, and S. Nakamura, “Development of Indonesian Large
Vocabulary Continuous Speech Recognition System within A-STAR Project.,” in IJCNLP, 2008, pp. 19-24.

233 ELRA-U-W0362:BTEC-ATR Parallel Corpus English — Indonesian,
http://universal.elra.info/product_info.php?cPath=42_43&products_id=2204 2016 6 30

234 Budiono, Hammam Riza, Chairil Hakim: Resource Report: Building Parallel Text Corpora for Multi-Domain
Translation System. In proc. of 7th Workshop on Asian Language Resources, ACL-1JCNLP 2009, pp. 92-95, 2009.

235 OPUS — an open source parallel corpus, http://opus.lingfil.uu.se/ 2016 6 30
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Bahara Indonesia Newspapers Collectionys

900 ELRA
237
2014 IDENTIC
Penn Treebank
7,325
€))
Rekso Translatorysg
Rekso Inovasi 2005
18.9 23.1
2010
CICC 239
cicc 1995
2.7 240 GSK

236 ELRA-U-W 0160:Bahasa Indonesia Newspapers Collection,
http://universal.elra.info/product_info.php?products_id=1738 2016 6 30

237 A. Dinakaramani, F. Rashel, A. Luthfi, and R. Manurung, “Designing an Indonesian part of speech tagset and
manually tagged Indonesian corpus.,” in IALP, 2014, pp. 66-69.

238 Rekso Translator, https://reksotrans.wordpress.com/category/reksotranslator/ 2016 6 30
239 GSK2006-A-2 CICC , http://www.gsk.or.jp/catalog/gsk2006-a-2/

2016 7 5

240 GSK2006-A-5 CICC , http://Amww.gsk.or.jp/catalog/gsk2006-a-5/ 2016 7 5

118



Indodic Dictionaryzs
Wayne B. Krause
10

4

KBB I 245
Kamus Besar Bahasa Indonesia KBBI

Language Center of the

Indonesian Department of Education
1988

6.2 1991 7.2 2000 7.8
2008

Glosariums
KBBI Language Center of
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