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Phrase-based models
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Word alignment
e Notion of word alighment valuable

e Shared task at NAACL 2003 and ACL 2005 workshops

bof et ada bruja
Mari a no daba una a la T ver de

Mary

did

not

sl ap

t he

green

w tch

Philipp Koehn Statistical Machine Translation 10 September 2007



e |IBM Models create a many-to-one mapping

— words are aligned using an alignment function

— a function may return the same value for different input
(one-to-many mapping)

— a function can not return multiple values for one input
(no many-to-one mapping)

e But we need many-to-many mappings

Philipp Koehn Statistical Machine Translation 10 September 2007



Symmetrizing word alignments

english to spani sh spani sh to english
Maria no daba unt;\Of e‘t adaa la ° TJ verde Maria no daba unl;of e‘t adaa la brTj \a,e,de
Mary Mary
did did
not no
sl ap sl ap
th th
gree gree
witch witch

i nt ersection

bof et ada bruja
Maria no daba una ‘ a la T verde

Mary

did

not

I ap

the
gree
witch

e Intersection of GIZA++ bidirectional alignments
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Symmetrizing word alignments

bof et ada bruj a
Mari a no daba una a | a T ver de

Mary

di d

not

sl ap

t he

green

w tch

e Grow additional alignment points [Och and Ney, CompLing2003]
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Growing heuristic

GROW-DIAG-FINAL(e2f,f2e):
neighboring = ((-1,0),(0,-1),(1,0),(0,1),(-1,-1),(-1,1),(1,-1),(1,1))
alignment = intersect(e2f,f2e);
GROW-DIAG(); FINAL(e2f); FINAL(f2e);

GROW-DIAG() :
iterate until no new points added
for english word e = 0 ... en
for foreign word £ = 0 ... fn
if ( e aligned with f )
for each neighboring point ( e-new, f-new ):
if ( ( e-new not aligned and f-new not aligned ) and
( e-new, f-new ) in union( e2f, f2e ) )
add alignment point ( e-new, f-new )
FINAL(a):
for english word e-new = 0 ... en
for foreign word f-new =0 ... fn
if ( ( e-new not aligned or f-new not aligned ) and
( e-new, f-new ) in alignment a )
add alignment point ( e-new, f-new )

Philipp Koehn Statistical Machine Translation 10 September 2007



Phrase-based translation

=
o
(€]

Morgen| |fliege]l]ich nach Kanada| |zur Konferenz
Tormrrovvl I wmll fly to the conferencel|in Canada

e Foreign input is segmented in phrases

— any sequence of words, not necessarily linguistically motivated

e Each phrase is translated into English

e Phrases are reordered
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Phrase-based translation model

e Major components of phrase-based model

— phrase translation model ¢(f|e)
— reordering model w'ensth(e)
— language model p,(e)

e Bayes rule
argmaxp(e|f) = argmaxp(f|e)p(e)

= argmax¢(fle)puy
e Sentence f is decomposed into I phrases f{ = fi, ..., f

e Decomposition of ¢(f|e)

o(file7) H¢ file:)d 1)
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e Many-to-many translation can handle non-compositional phrases
e Use of local context in translation

e The more data, the longer phrases can be learned
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e Phrase translations for den Voorschlag

Phrase translation table

English ¢(e|f) || English o(elf)
the proposal 0.6227 || the suggestions | 0.0114
's proposal 0.1068 | the proposed 0.0114
a proposal 0.0341 || the motion 0.0091
the idea 0.0250 | the idea of 0.0091
this proposal 0.0227 || the proposal , 0.0068
proposal 0.0205 || its proposal 0.0068
of the proposal | 0.0159 || it 0.0068
the proposals 0.0159

Philipp Koehn

Statistical Machine Translation

10 September 2007



e Start with the word alignment:

Mary
did
not
sl ap
t he
green

w tch

bof et ada br
Mari a no daba una a | a T

ja
ver de

e Collect all phrase pairs that are consistent with the word alignment
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Consistent with word alignment

Maria no daba Maria no daba Maria no daba
Mary Mary Mary
did did B did
not not not
slap _ slap slap
inconsistent inconsistent

e Consistent with the word alignment :=

phrase alignment has to contain all alignment points for all covered words

(e,f) € BP < Ve,ce: (e, fi)EA— fief
AND ijéf:(ei,fj)EAeeiEE
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Word alignment induced phrases

bof et ada bruj a
Maria no daba una a la T verde
Mary
did
not
sl ap
the
green
wi tch

(Maria, Mary), (no, did not), (slap, daba una bofetada), (a la, the), (bruja, witch), (verde, green)
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Word alignment induced phrases

bof et ada bruj a
Maria no daba una a la T ver de

'jil
k. Sse

t he
green
witch II‘III

(Maria, Mary), (no, did not), (slap, daba una bofetada), (a la, the), (bruja, witch), (verde, green),
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Word alignment induced phrases

bof et ada bruj a
Maria no daba una a la T ver de

Mary I
w

did

not

sl ap I

t he

green

witch

(Maria, Mary), (no, did not), (slap, daba una bofetada), (a la, the), (bruja, witch), (verde, green),

(Maria no daba una bofetada, Mary did not slap),

(no daba una bofetada a la, did not slap the), (a la bruja verde, the green witch)
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Word alignment induced phrases

bof et ada bruj a
Maria no daba una la T ver de

Mary I
w

did

a

not

sl ap

t he

green

witch

(Maria, Mary), (no, did not), (slap, daba una bofetada), (a la, the), (bruja, witch), (verde, green),

(Maria no daba una bofetada, Mary did not slap),
(no daba una bofetada a la, did not slap the), (a la bruja verde, the green witch),

(Maria no daba una bofetada a la, Mary did not slap the),
(daba una bofetada a la bruja verde, slap the green witch)
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bof et ada bruj a
Maria no daba una a la T ver de

Mary

did

not

sl ap

t he

green

witch I

(Maria, Mary), (no, did not), (slap, daba una bofetada), (a la, the), (bruja, witch), (verde, green),
(Maria no, Mary did not), (no daba una bofetada, did not slap), (daba una bofetada a la, slap the),
(bruja verde, green witch), (Maria no daba una bofetada, Mary did not slap),

(no daba una bofetada a la, did not slap the), (a la bruja verde, the green witch),
(Maria no daba una bofetada a la, Mary did not slap the), (daba una bofetada a la bruja verde,
slap the green witch), (no daba una bofetada a la bruja verde, did not slap the green witch),

(Maria no daba una bofetada a la bruja verde, Mary did not slap the green witch)
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Probability distribution of phrase pair?’“

e We need a probability distribution ¢(f|e) over the collected phrase pairs

= Possible choices

— relative frequency of collected phrases: ¢(f|e) = Zﬁ‘f;fgg?a
f Y

— or, conversely ¢(e|f)
— use lexical translation probabilities
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