






Sentence-aligned 
corpus

cat ||| chat ||| 0.9 
the cat ||| le chat ||| 0.8
dog ||| chien ||| 0.8 
house ||| maison ||| 0.6 
my house ||| ma maison ||| 0.9
language ||| langue ||| 0.9 
…

Phrase table
(translation model)Word alignments
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see simplification trick in the previous lecture
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Initialize c(e|f) = 0 for all e, f in vocab
for every sentence pair e,f:
  for every alignment a do
    for j = 1..len(e) do
       c(ej|fa(j)) += p(a|e,f)
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E-step

M-step

t-table



t-table



t-table



t-table



t-table



E-step

t-table



E-step

M-step

t-table



p(the|la) = c(the|la)/c(la)
 

E-step

M-step

t-table



● implementation of IBM Model 1 after applying the simplification trick (in previous lecture)



how many 
alignment 
parameters?
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for each le do:
  for each lf do:
    for i = 0..lf do
      for j = 1..le do
        align_prob(i|j, le, lf) = 1/(lf+1)
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for each le do:
  for each lf do:
    for i = 0..lf do
      for j = 1..le do
        a(i|j, le, lf) = 1/(lf+1)
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Initialize c(e|f) = 0 for all e, f in vocab
for every sentence pair e,f:
  for every alignment a do
    for j = 1..len(e) do
       c(ej|fa(j)) += p(a|e,f)

same as in Model 1
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same as in Model 1 
for t-table 
parameters
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same as in Model 1 
for t-table 
parameters



● implementation of IBM Model 2 after applying the simplification trick (in previous lecture)



A:

Thank you , I shall do so gladly .

1 3 7 6 9

1 2 3 4 5 76 8 9

Model Parameters
Transitions:  P( A2 = 3)Emissions:  P( F1 = Gracias | EA1 = Thank )

Gracias , lo haré de muy buen grado .

8 8 88

E:

F:





A:

Thank you , I shall do so gladly .

1 3 7 6 9

1 2 3 4 5 76 8 9

Model Parameters
Transitions:  P( A2 = 3 | A1 = 1)Emissions:  P( F1 = Gracias | EA1 = Thank )

Gracias , lo haré de muy buen grado .

8 8 88

E:

F:
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Model AER
Model 1 INT 19.5
HMM E→F 11.4
HMM F→E 10.8
HMM AND 7.1
HMM INT 4.7
GIZA M4 AND 6.9
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这        7人       中包括       来自        法国       和      俄罗斯      的               宇航                    员           .

Decoder design is important: [Koehn et al. 03]











[Koehn et al, 2003]

Segmentation Translation Distortion





Where do we get these counts?
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