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Warren Weaver to Nobert Wiener (March 4, 1947)

When | look at an article in Russian, | say; “This is really
written in English, but it has been coded in some strange
symbols. | will now proceed to decode’”
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Warren Weaver to Nobert Wiener (March 4, 1947)

When | look at an article in Russian, | say; “This is really
written in English, but it has been coded in some strange
symbols. | will now proceed to decode’”

N. Wiener to W. Weaver (April 30, 1947)

... as to the problem of mechanical translation, | frankly
am afraid the boundaries of words in different languages
are too vague and the emotion and international
connotations are too expensive to make any
guasimechanical translation scheme very hopeful.
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W. Weaver to N. Wiener (May 9, 1947)

... Suppose we take a vocabulary of 2,000 words, and
admit for good measure all the two-word combinations as if
they were single words. The vocabulary is still only four
million: and that is not so formidable a number to a modern
computer, Is It?
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1994)
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00000 : The Mathematics of Machine Translation:
Parameter Estimation (Brown et al., 1993)

m[][]...
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00000 : The Mathematics of Machine Translation:
Parameter Estimation (Brown et al., 1993)
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¢ Workbook by Knight (1999Db)

¢ Tutorial by Knight and Koehn (2003)

¢ DODOOO0OOO (0O, 2003)
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P(J, AIE)

could you recommend another hotel

U0t otdbo oot d
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P(J, AIE)

N could you recommend another hotel
Fertility Model
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could could recommend another another hotel
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could you recommend another hotel

IN L INN

could could recommend another another hotel
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Lexicon Model
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could you recommend another hotel
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could could recommend another another hotel
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could could recommend NULL another another hotel NUL
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shrimp cocktail please
OO0 0 0000 o dd odd d
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EMOOOOOO (Dempster et al., 1977)

1. JO0O0O0O0dod (i.e. uniform distribution)

(J,Ex)DOO00oooooo (e, Exk,k A) OO DO OO
D0ooooooooooooododP(Aldk Ek)
HRERN

3. Udoodotuotbodoodoouoooodn
4. 2030 0000000000
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P(J, AIE)

AL E) = S G A

¢ 0000000000000 O0D000 (Ochand Ney, 2003)
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B Qverfitting
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B 000 A000O0O0O0O0OMO

P(J, AIE)

AL E) = S G A

¢ 0000000000000 O0D000 (Ochand Ney, 2003)

m ][]0,
¢ 000000000000 O0O000 (Watanabe et al., 2004)

¢ JO00O0O0Ooo0o0+0000000 (Yamadaetal.,FZOﬁ%ﬁ%
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= HMM Model (Vogel et al., 2000)
¢ 0000000000000 0O0O000OOO00OO0

P(3, AIE) = [ | t(3j1EA)a(A|IA 1, |EI)
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¢ Forward-Backward O O O OO OddQoodooOdogn
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= HMM Model (Voge
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., 2000)

¢ Do ouoooououoon

P(3, AIE) = [ | t(3j1EA)a(A|IA 1, |EI)
J

¢ Forward-Backward O O O OO OddQoodooOdogn

= Maximum Entropy Modeling (Fo

¢ PENY0DDODODOOOO
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er, 2000a,b)
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¢ EGYPTOOOOOOOOO
¢ OO0 oOoodn

= GIZA++ (Och and Ney, 2003)

http://www.isi.edu/~och/GIZA++.html
GIZAUO O OO OO O O
IBM Model 4/5 0 0O O

HMM Model O O O (Och and Ney, 2003)
Jdoo0odoooooooooooon?
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00000 (n-gram)

P( | 'd like to have some strong coffee ) =
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00000 (n-gram)

P( | 'd like to have some strong coffee ) =
| = P(I)

l'd = P(d]|I)
ke = P(like |1°d)
ke to = P(to|'dlike)

| 'd
'd

Ke to
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have = P( have | like to)
have some = P( some | to have )

nave some strong = P( strong | have some )
some strong coffee = P( coffee | some strong )
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¢ Web counts (Koehn et al., 2003)
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¢ JO00O0ooooobood (Charniak et al., 2003)
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"he CMU-Cambridge Statistical Language Modeling
'oolkit (http://mi.eng.cam.ac.uk/~prcl4/toolkit.html

'he SRI Language Modeling Toolkit

http://www.speech.sri.com/projects/srilm/

etc.
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argmax P(J, A|[E)P(E
gr g( |E)P(E)

argmax mgx P(J, AIE) P(E)
=

= NP-Complete (Knight, 1999a)
¢ JOOD0OOO0O0O0 — Minimum Set Cover Problem
¢ JOO0O0O0OO0O0O — Hamilton Circuit Problem
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= NP-Complete (Knight, 1999a)
¢ JOOD0OOO0O0O0 — Minimum Set Cover Problem
¢ JOO0O0O0OO0O0O — Hamilton Circuit Problem

s 0000000007 (Foster et al., 2003)
¢ 00/0000000O000O00O0
¢ D0O0O0O0O0OO0

O00D0OO0DbOo0oDbOooO0g —p. 27163



L U OO0 O (Tilmann and Ney, 2003)
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L U OO0 O (Tilmann and Ney, 2003)
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L U OO0 O (Tilmann and Ney, 2003)
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P(JIE)P(E)
e P(JIE)P(E)

= [J [0 — Viterbi AlignmentJ O O OJ
(Watanabe and Sumita, 2002)

P(E|J) =

show; me, thes ones Ins theg windowsy

00000, 0,00:0, 0000000
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= J 000 — O Lexicon Model (Berger et al., 1996)
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P(JIE)P(E)
e P(JIE)P(E)

= [J [0 — Viterbi AlignmentJ O O OJ
(Watanabe and Sumita, 2002)
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¢ Histogram — OO0 00000 M-bestO 0000
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¢ Skipping— OO0 OdOoodoodod (Tilmann and Ney,

2003)

¢ Fertility — O O O fertility (Watanabe and Sumita, 2002)

¢ FSAOOOODO (Ti

mann andc

ey, 2003)

¢ JO0O0o0oon (Wu, 1996; Zens and Ney, 2003)
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Greedy Decoding (Germann et al., 2001)

NULL what ’'s the fastestway to get there
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Greedy Decoding (Germann et al., 2001)

NULL what ’'s the fastestway to get there

00O 0O00 OO0 0O 0000 O O00OODOOO0O0OO0O0O0O00

l

NULL what ’'s the fastestway to send it there

0O 0O00 OO0 O 0000000 000000000000

1

NULL what ’'s the fastestway to send it to japan

e le=="7
oo oo o O 0O oo uododo 0O obodgooooododoodd

O0D00OO0DOO0O0DbOoO0O0g —p. 2963



Greedy Decoding (Germann et al., 2001)

NULL what ’'s the fastestway to get there

00000 OO0 0O 0000 O O00OODOOO0O0OO0O0O0O00

l

NULL what ’'s the fastestway to send it there

00D000 00 00000000 000000000000

1

NULL what ’'s the fastestway to send it to japan

e le=="7
oo oo o oo O oo odd 0 oudoouooobood

l

NULL what ’'s the fastestway to send this parcel to japan

OO 000 OO0 0O O0O0DO0OO0 0 OO0 0O O ODO0o0oO0OO0D0O0oo0oaO

O00O0OO0DbOoO0DOoO0O0g —p. 2963



Greedy Decoding (Germann et al., 2001)

NULL what ’'s the fastestway to get there

00000 OO0 0O 0000 O O00OODOOO0O0OO0O0O0O00

l

NULL what ’'s the fastestway to send it there

00D000 00 00000000 000000000000

1

NULL what ’'s the fastestway to send it to japan

e le=="7
oo oo o oo O oo odd 0 oudoouooobood

l

NULL what ’'s the fastestway to send this parcel to japan

OO 000 OO0 0O O0O0DO0OO0 0 OO0 0O O ODO0o0oO0OO0D0O0oo0oaO

l

NULL what ’'s thefastestway to send this parcel to japan

00 OO0 OO0 0O O0ODDODO0OO0 O OO0 0 O 0O0OO0OO0O0O0ODO0OO0aO

O00O0OO0DbOoO0DOoO0O0g —p. 2963



Greedy Decoding [ [ [

m []|[]
¢ 000ODODOOOOO@O)00O0

O0DO0OO0DO0O0DbOoO0O0g —p. 2663



Greedy Decoding [0 [ [

m []|[]
¢ 000ODODOOOOO@O)00O0

s (00000000000 gnnn
¢ OD00O0ObestOO0OOOOOd

O0DO0OO0DO0O0DbOoO0O0g —p. 2663



Greedy Decoding 1 [ [

m ][]

¢ 000ODODOOOOO@O)00O0

s (00000000000 gnnn
¢ OD00O0ObestOO0OOOOOd

» 00D (ODO)00O0

¢ 000000 0O0oo0ooooooboooon (Marcu,

2001)

pDe and

¢ JOO0OOo (Watana

Sumita, 2003a)

O0DO0OO0DO0DbOoO0O0g —p. 2663



Greedy Decoding 1 [ [

m (][]
¢ 000000O0O0DODO(@DO)O00

e (0000000000000 0000O0O0O0O0O
¢ OO00O0Obest0ODOOOOODO

» 000 (OO)O0O0

¢ 0000000000000 00O00O00oO00 (Marcu,
2001)

¢ 000000 (Watanabe and Sumita, 2003a)

m [0
¢ JO00000O0O0O0bO0Oo0ooooobood (Germann, 2003)

O0DO0OO0DbOoO0ODOoO0O0g —p. 2663



Word Graph Decoding (Ueffing et al., 2002)

OO00D0OO0DbOo0obOoonog —p. 2763



Word Graph Decoding [ [ [

s (OO0 0O0O0OOH
¢ oo dnn

O00O0OO0DbO0DbOoO0O0g —p. 2863



Word Graph Decoding [ [ [

s (OO0 0O0O0OOH
¢ oo dnn

m 2-passUUO0000O0n0Qn
1. bgramUO OO OOOOOOODOO Word graph O O [

2. trigram 000 A*O0 00O WordgraphO OO OO OO
(n-best) O O [

O00O0OO0DbO0DbOoO0O0g —p. 2863



Word Graph Decoding [ [ [

s (OO0 0O0O0OOH
¢ oo dnn

m 2-passUUO0000O0n0Qn
1. bgramUO OO OOOOOOODOO Word graph O O [
2. trigram 000 A*O0 00O Wordgraph O OO OO O[O
(n-best) O O O
s JO00000000edged OO
¢ OO0
¢ DO Un
¢ Named Entity

O00O0OO0DbO0DbOoO0O0g —p. 2863



L OO ...

a

= Integer Programming (Germann et

., 2001)

¢ 000 (00D0)0O0O0O0OO0OO0O0O0O0O0(@OOO0)000
¢ 0000000000000 D0O0O0O0O0OO0O0O0O0O0OO000N

HRN

O00O0OO0DOOoO0DbOoOoO0g —p. 2963



L OO ...

= Integer Programming (Germann et a

., 2001

)

¢ 000 (00D0)0O0O0O0OO0OO0O0O0O0O0(@OOO0)000
¢ 0000000000000 D0O0O0O0O0OO0O0O0O0O0OO000N

HRN

s FSTOOOOOOOOOO (Kumar and Byrne, 2003)

¢ OJO0OOO/OOb0O0OOOon weighted-FSTO O O

¢ JO0O0O0O/ODooooooooa

O0D0OO0DbOo0ODOoO0on0g —p. 2963



HRERNRNpERERERN

m |S| Machine Translation Decoder
¢

http://www.isi.edu/natural-language/people/germann/software/ReWrite-Decoder
¢ Greedy Decoding
¢ IBM Model 4
¢ oo oboodnn

O00O0OO0DbOOo0oDbOoOoog —p.3063


http://www.isi.edu/natural-language/people/germann/software/ReWrite-Decoder/

HRERERERERNEN

s [ [0
¢ WER: U OO O[O
¢ PER:O0OUOOOOOO O

¢ BLEU:n-gramO OO OOO0O0O0O (Papineni et al., 2002)

¢ NIST: U000 dod0OngramUd 0O O00ooo
(Standards and Technology, 2002)

s [0 00
¢ [0 A:perfectl] B:faird C:acceptabled D:nonsense

OO00O0oO0DbOo0obooo0g —p. 3163



L] [

B oo ogd
¢ oo obood
¢ 10000

¢ 10000

¢ oo
¢ (1000

B oo booogd
(000000000

ooooooooboooDoOoO —p. 3263



L] [

B oo ogd
B (o000 oodd
B[00 OOOOOO

oooooooooooon —p. 3263



L] [

B oo ogd
B (000 0ooon
B[00 OOOOOO

oooooooooooon —p. 3263



L] [

B oo ogd

B (000 0ooon
¢ oo ong

¢ OO ono

¢ JOoooooooddd
¢ 10000

[ 000O0OOOO

ooooooooboooDoOoO —p. 3263



Jooboooddnnn

e (OO0 0O00O0O00?

¢ oo —o0odooodd
¢ OO —0O0O vsUOUOOOOOLOOOOO

o0o0ooOooDbOooDboOoO —p.3363



Jooboooddnnn

e (OO0 0O00O0O00?

¢ oo —o0odooodd
¢ OO —0O0O vsUOUOOOOOLOOOOO

s (OO0 oongi
¢ 00O — 0O
¢ Joooooooudtd

o0o0ooOooDbOooDboOoO —p.3363



Jooboooddnnn

e (OO0 0O00O0O00?

¢ oo —o0odooodd
¢ OO —0O0O vsUOUOOOOOLOOOOO

s (OO0 oongi
¢ 00O — 0O
¢ Joooooooudtd

s (][]0 00O

¢ 00 (QUOoouoooooOo)yoooood
¢ O o.0ooddooodotdoonn

o0oo0ooOooDoooDoOoO —p. 3363



HRERERERN

0000
¢ D000 (00D OO Xinhuall Hong Kong News)
¢ DO00D00O0O00O00O0D0O000 Web(1?)

¢ LDC etc.

O00O0OO0DOO0O0DbOoO0O0g —p.3463


http://www.research.att.com/~kwc/publications.html
http://www.cs.nyu.edu/~melamed/GMA/docs/README.htm
http://www2.crl.go.jp/jt/a132/members/mutiyama/jea/index.html

HRERERERN

0000
¢ D000 (00D OO Xinhuall Hong Kong News)
¢ DO00D00O0O00O00O0D0O000 Web(1?)

¢ LDC etc.

= []00

¢ Gale and Church (1993)
http://www.research.att.com/~kwc/publications.htmi

¢ Melamed (1996)
http://www.cs.nyu.edu/~melamed/GMA/docs/README.htm)

¢ etc.

O00O0OO0DOO0O0DbOoO0O0g —p.3463


http://www.research.att.com/~kwc/publications.html
http://www.cs.nyu.edu/~melamed/GMA/docs/README.htm
http://www2.crl.go.jp/jt/a132/members/mutiyama/jea/index.html

HRERERERN

0000
¢ D000 (00D OO Xinhuall Hong Kong News)
¢ DO00D00O0O00O00O0D0O000 Web(1?)

¢ LDC etc.

= []00

¢ Gale and Church (1993)
http://www.research.att.com/~kwc/publications.htmi

¢ Melamed (1996)
http://www.cs.nyu.edu/~melamed/GMA/docs/README.htm)

¢ etc.

B o ood

¢ JD000OD0D0OOD0ODOOODOOd
(http://www2.crl.go.jp/jt/al32/members/mutiyama/jea/index.html)

¢ BTEC (ATRO OO O)

O0D00OO0DOO0O0DbOoO0O0g —p.3463


http://www.research.att.com/~kwc/publications.html
http://www.cs.nyu.edu/~melamed/GMA/docs/README.htm
http://www2.crl.go.jp/jt/a132/members/mutiyama/jea/index.html

Jooooddoobon

“all the two-word combinations as if they were single words.”

o0o00oooOoDoooDoOoO —p. 3963



Jooooddoobon

“all the two-word combinations as if they were single words.”
show; me, thes ones ing theg window-

JUUUU O O o O o O
Jz O O O O OO
U0 s O o o OO
4 O O O O OO
H0s | O O O 0O O

00000 ] 0 O O O O

O00D0OO0DbOo0oDbOooog —p. 3963



Jooooddoobon

“all the two-word combinations as if they were single words.”
show; me, thes ones ing theg window-

JUUUU O O o O o O
Jz O O O O OO
U0 s O o o OO
4 O O O O OO
H0s | O O O 0O O

00000 ] 0 O O O O

[0 0O0OOO

OO00O0OO0DbOo0obOooog —p. 3963



Jooooddoobon

“all the two-word combinations as if they were single words.”

show; me, thes ones ing theg window-
1==I

Hotbb. o o o o oo 'l

2 O O O O o0Oo0g O
0: g o ofii'lco O
H 4 O O O O oOoOg O
00s 00 OO0 O
I |
Ooodgno
6:!:|:| O O OO O

_ I ERERERERERERE
O0000 owndow OO oone OO OOOOO « show

O00D0OO0DbOo0obOooog —p. 3963



Jooooddoobon

“all the two-word combinations as if they were single words.”
show; me, thes ones ing theg window-

OO0000 ¢ ] ]

U2 O O
“Hs O O
U4 O O
00s i O
| |
HERERERE
ot

_ I ERERERERERERE
O0000 owndow OO oone OO OOOOO « show
O0000 O OO « oneinthe window ?

o0ooooooDooooOoO —p. 3963



Jooooddoobon

“all the two-word combinations as if they were single words.”

show; me, thes ones ing theg window-

bttt o o o;,o0 oo il

A = I I i Ry
I o |
0 Do o o
U4 0 O O OO0 O
m== |
00s ol 0 0 OO O O
I |
000o0ogdg! .
! 0 0 0D.O 0 O

m 00000
00000 owndow OO0 <one OO 00000 « show
00000 O 00 « oneinthe window ?
00000 00000 < showmethe one 2 . ...500000 -p. asss



Phrase Transaltion (koehn et al., 2003; Vogel et al., 2003)

s J - EE—JOO0O0O0OOOO0OOO
m Intersection0 D 0000000 0OOOOOONOO
s (OO DOO0OOH

O00O0OO0DbOo0ODbOoO0oO0g —p. 3663



Phrase Transaltion (koehn et al., 2003; Vogel et al., 2003)

s J - EE—JOO0O0O0OOOO0OOO

m Intersection0 D 0000000 0OOOOOONOO
s (OO DOO0OOH

s 0000000 (Koehn etal., 2003)

count(J, E)
> scount(J, E)

P(JIE) =

O00O0OO0DbOo0ODbOoO0oO0g —p. 3663



Phrase Transaltion (koehn et al., 2003; Vogel et al., 2003)

s J - EE—JOO0O0O0OOOO0OOO

m Intersection0 D 0000000 0OOOOOONOO
s (OO DOO0OOH

s 0000000 (Koehn etal., 2003)

count(J, E)
> scount(J, E)

P(JIE) =

s lexiconOOOOODOOOO (Vogel et al., 2003)

PQIE) = | | > tjIE)
] i

OO00O0OO0DbOo0ODOoOon0Og —p. 3663



Alignment Template (Och et al., 1999)

book : - chair
éthingé table
“one ‘in the:window:

s [0 bbbbggg gt

OO0DO0OO0DbOoO0obOooog —p.3763



Phrase Induction (Tilimann, 2003; Marcu and Wong, 2002)

show; me, thes ones ins theg window;

OOoon ]
)
00 3
L 4
00 g

O O 0O 0O O

oo e

s (OO0 oongi

[l

O O 0O 0O O

[l

O O 0O 0O O

[l

O O 0O 0O O
O O 0O 0O O
O O 0O 0O O

[l

[l

[l

O O O O O

OO00O0OO0DbOo0obooog —p. 3863



Phrase Induction (Tilimann, 2003; Marcu and Wong, 2002)

show; me, thes ones ins theg window;

S = = = = I A
J0s ' O o o'oo O
04+ .0 O O OO0 0 O
HH's EIZI O O |:|E|:| O O
DDDDDHLD O O IZI_!IZI O O

s (OO0 oongi

o0oooOooDooooOoO —p. 3863



Phrase Induction (Tilimann, 2003; Marcu and Wong, 2002)

show; me, thes ones ins theg window;

JUs'g o O! |:|:|:| O O
Js WO 0O OO0 0O O
HHs EEIZI O IZIE |:|E|:| O O
DDDDDGE_:_D____D__I_:L: D_ED ] ]

s (OO0 oongi

o0oooOooDooooOoO —p. 3863



Phrase Induction (Tilimann, 2003; Marcu and Wong, 2002)

show; me, thes ones ins theg window;

T A= =1} Ef 0o o
04 wO O OO O O
HHs EEIZI O IZIEIZIEIZIIZI O
N0000e w0 O Oy 0,0 O O

s (OO0 oongi

s (0000000 goonnn

¢ EM Algorithm (Marcu and Wong, 2002)
¢ Projection Extention (Tillmann, 2003)

o0oooOooDooDoOoO —p. 3863



Syntactical Phrase (watanabe et al., 2002; Koehn et al., 200:

S(6
)\UXVP(S)
TVP(4)
/ “VMP(2)
VP(3) / NP(1)

=~ =

I have just arrived in @

000000
N%(lL VP(3)

VMP(2)__

VP(4)
P(5)

s (U OODDODO0000o0obDooonndn

O00O0OO0DbOo0obOooo0g —p.3963



Syntactical Phrase (watanabe et al., 2002; Koehn et al., 200:

S(6
)\UXVP(S)
TVP(4)
/ “VMP(2)
VP(3) / NP(1)

=~ =N

I have just arrived in @
0000 00

N%(lL vp(s)

VMP(2)__

VP(4)
F’(5)

s (U OODDODO0000o0obDooonndn

O00O0OO0DbOo0obOooo0g —p.3963



Syntactical Phrase (watanabe et al., 2002; Koehn et al., 200:

S(6
)\UXVP(5)
TVP(4)
/ “VMP(2)
VP(3) / NP(1)

=~ =N

I have just arrived in @
0000 00

NP(lL VP(3)
VMP(2)__

VP(4)
F’(5)

s (U OODDODO0000o0obDooonndn

O00O0OO0DbOo0obOooo0g —p.3963



Syntactical Phrase (watanabe et al., 2002; Koehn et al., 200:

S(6
)\UXVP(5)
TVP(4)
/ “VMP(2)
VP(3) / NP(1)

=~ =N

I have just arrived in @
0000 00

N%(lL vp(s)

VMP(2)__

VP(4)
F’(5)

s (U OODDODO0000o0obDooonndn

O00O0OO0DbOo0obOooo0g —p.3963



Syntactical Phrase (watanabe et al., 2002; Koehn et al., 200:

S(6
)\UXVP(5)
TVP(4)
/ “VMP(2)
VvP(3) / NP(1)

=~ =N

I have just arrived in @
0000 00

N%(lL VP(B)

VMP(2)__

VP(4)
F’(5)

s (U OODDODO0000o0obDooonndn

O00O0OO0DbOo0obOooo0g —p.3963



Syntactical Phrase (watanabe et al., 2002; Koehn et al., 200:

S(6
)\AUXVP(5)

?PM)W 2)
P(2
VP(3) / NP(1)

I have just arrived in @
0000 00

N%(lL vp(s)

VMP(2)__

VP(4)
F’(5)

s (U OODDODO0000o0obDooonndn

o0o0ooOooDoooDoOoO —p.3963



Syntactical Phrase (watanabe et al., 2002; Koehn et al., 200:

S(6
)\UXVP(S)
TTVP(4)
/ “VMP(2)
VP(3) / NP(1)

=~ =N

I have just arrived in @
0000 00

N%(lL VP(3)

VMP(2)__

VP(4)
P(5)

s (U OODDODO0000o0obDooonndn

o0o0ooOooDoooDoOoO —p.3963



Syntactical Phrase (watanabe et al., 2002; Koehn et al., 200:

S(6
)\UXVP(5)
TTVP(4)
/ “VMP(2)
VP(3) / NP(1)

=~ =N

I have just arrived in @
0000 00

N%(lL VP(3)

VMP(2)__

VP(4)
F’(5)

s (U OODDODO0000o0obDooonndn

o0o0ooOooDoooDoOoO —p.3963



Joboooddoboboodtdn

“The vocabulary is still only four million”

00000OoOOoDoOoDOoO —p. 4063



Joboooddoboboodtdn

“The vocabulary is still only four million”

s ([ O00O0OL

s (O D0O0OL

s (00000

s (000000 nnn

00o000O0oOoDoOoDoOoO —p. 4063



Named Entity 0 0 O O (vogel et al., 2003)

T A A A 0 I 0 I
s (U0 OO0ODOO

O0D0O0OO0DbO0O0DbOoO0O0g —p.4163



Named Entity 0 0 O O (vogel et al., 2003)

T A A A 0 I 0 I

s (100000000 — NEODO DO
¢ 30 150 — $DATE

¢ 00 00O — $PERSON

¢ IRODOOO0OO0O0OO0O0DO0D0O00 —
$ORGANIZATION

O0D0O0OO0DbO0O0DbOoO0O0g —p.4163



Named Entity 0 0 O O (vogel et al., 2003)

T A A A 0 I 0 I

s (100000000 — NEODO DO
¢ 30 150 — $DATE

¢ 00 00O — $PERSON

¢ IRODOOO0OO0O0OO0O0DO0D0O00 —
$ORGANIZATION

s [0 0O0O0O Transliteration

¢ OO0 — John
¢ 000000 — Sebastien

O0D0O0OO0DbO0O0DbOoO0O0g —p.4163



Named Entity O O O O (Vogel et al., 2003)

s (OO ODO0O0OHOO0OD0OOO000000O0 ...

s (100000000 — NEODO DO
¢ 30 150 — $DATE

¢ 00 00O — $PERSON

¢ IRODOOO0OO0O0OO0O0DO0D0O00 —
$ORGANIZATION

s [0 0O0O0O Transliteration

¢ OO0 — John
¢ 000000 — Sebastien

m [0
¢ JUOOOO0OO0OONEODOOOOOOO

O00O0OO0DbO0O0DbOoO0O0gd —p.47163



oo oddb o

Interlingua

ntax Transter

Synta

Word-for-Word Transfer

Source Target

O0D0O0OO0DOO0O0DOoO00Og —p.4263



Jooboooddgoboodd

Interlingua
N

/7 N
/ \

y: \
E \
Syntax Transfer
Syntayc=====-==--- %§yntax
/
/ \\

/ \
/ \

,” Word-for-Word Transfer \\;

Source Target

M JO0oooooooooonoo...
Jdooobobbbbtodotddtdtttnn

00o0ooOoOoDoOoOoDoOoO —p.4263



Joooddboddid (Yamada and Knight, 2001)

P(JIE) = P(J|E)P(E)

U EeEOODOD
B\

e
\

adores Ilstenlng [

}<’[0 mU|SIC

L O L] HEN [] L] HEEEN HEN

O0D00OO0DOO0O0DbOoO0O0gd —p.4363



oottt (Watanabe et al., 2003)

PUIE) = > > P(,J,EIE)
g &

J,& 0000000 (9] = €D

O0D00OO0DOO0O0DOO0O000 —p.4463



oottt (Watanabe et al., 2003)

PUIE) = > > P(,J,EIE)
g &

> Y P(L,T, A A, EIE)
A A

A.-0JU0o0gooooood
A QO0oogogg

P(J, J, EIE)

O0D00OO0DOO0O0DO00O0 —p.4463



oottt (Watanabe et al., 2003)

PUIE) = > > P(,J,EIE)
g &

P(LT,EE) = D) P(LT,AAE[E)
A A

E = [showl mez]1 [the3 one4]2 [in5 theg Window7]3

/N S 7

D0 s000006|(00s04) (DODDDO .0,

= ( 3 2 1 )
( [7,0] [4, 0] [1, 1] )

000O00O0O0oDOOoO0oD0O0 —p. 4463



Jobooodooboodtddnnn

s [0 000

¢ Inside-Outside0 D00 O0O0OO0OO0OO
¢ Approximation

s (000000
¢ DO ooooooooooodd
¢ oo ooogn

O00O0OO0DOO0O0DbOO00Og —p.4563



Jo0ooOo/000oooooon

exp i 4 fi(J, E))

Py(E[J) = Z.(J)
Z,(J) = Z eXP(Z A; Ti(J, E)]
E i
m[]0: fi(J, E)
¢ fo(J, E) = log Pr(E)
¢ fl(‘]a E) =1 = IEI
¢ f(J, E) = log[] t(J;lE;:) etc.

O0D00O0DO0O0DO00OO0d —p. 4663



Jo0ooOo/000oooooon

exp i 4 fi(J, E))

Py(E[J) = Z.(J)
Z,(J) = Z eXP(Z A; Ti(J, E)]
E i
m[]0: fi(J, E)
¢ fo(J, E) = log Pr(E)
¢ fl(‘]a E) =1 = IEI
¢ f(J, E) = log[] t(J;lE;:) etc.

R 0000000:Z,J)00000 (@O0?2)0
" 00000 ((00000)0000000000000000

O0D00O0DO0O0DO00OO0d —p. 4663



Oo0ooOo/oooooooon

exp i 4 fi(J, E))

Py(E[J) = Z.(J)
Z,(J) = Z eXP(Z A; Ti(J, E)]
E i
m[]0: fi(J, E)
¢ fo(J, E) = log Pr(E)
¢ fl(‘]a E) =1 = IEI
¢ f(J, E) = log[] t(J;lE;:) etc.

R 0000000:Z,J)00000 (@O0?2)0
" 00000 ((00000)0000000000000000
" 0000000000 —-O00000000

O0D00O0DOO0O0DO0O00O0 —p. 4663



HRERNRNRERE

= Maximum Likelihood (Och and Ney, 2002)
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= Maximum Likelihood (Och and Ney, 2002)
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= Minimum Error Rate (Och, 2003)

A = argmin { )’ ERROR,(J, E)}
A

¢ ERROR=BLEUOUOOONISTOWERDO PER...
¢ 000 Zy(E)UOOoooOoOooooooooooon

P(E|J) o exp(z A (3, E)]
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B 0000000 —O000000004 (Press et al., 2002)
argmin, f(4)
¢ Direction Set Method (Powell’'s method)
¢ Downhill Simplex Method

¢ Simulated Annealing etc.
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¢ Statistical Machine Translation Workshop
®* The Mathematics of Machine Translation: Parameter Estimation
(Brown et al., 1993) 0 O O
® A Statistical MT Tutorial Workbook (Knight, 1999b)
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B nhttp://www.nist.gov/speech/tests/mt/index.htm
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UN: 3,755,456 [J Xinhua News: 109,792 [J
Hong Kong News: 683,305 [ Sinorama Magazine: 103,252 []
Hong Kong Hansard: 351,514 0 etc.

R (0000000 @O:000000WorkshopO OO 0)

][]
04/30/04 Registration to participate deadline.
05/10/04 Evaluation test data E-mailed to participants.
05/14/04 System translations due at NIST by 12 noon.

June 23-24, 2004 The evaluation workshop.
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