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Monotonical

1 2 3 4
das Haus Ist klein

the house Iis small
1 2 3 4



1 2 3 4
klein ist das Haus

the house Iis small
1 2 3 4



One-to-Many Translation

1 2 3 4
das Haus ist klitzeklein

/\

the house is very small
1 2 3 4 5

4
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Dropping Words

1 2 3 4
das Haus ist klein

///

house Is small
1 2 3




Dropping Words

5
das Haus |st ja klein

\ VN

the house iIs small
1 2 3 4
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Inserting Words

0 1 2 3 4
NULL das Haus ist Kklein

T\

the house is just small
1 2 3 4 5



IBM Model 1 example

1 2 3 4
das Haus Ist klein

the house Iis small
1 2 3 4



IBM Model 1 example

das Haus ist klein

e t(e|f) € t(e|f) € t(elf) e tlelf)
the 0.7 house 0.8 is 0.8 small | 0.4
that 0.15 building 0.16 ’s 0.16 little | 0.4
which | 0.075 home 0.02 exists | 0.02 short | 0.1
who 0.05 household | 0.015 has 0.015 minor | 0.06
this 0.025 shell 0.005 are 0.005 petty | 0.04
ple,a|f) = The t(the|das) x t(house| Haus) x t(is|ist) x t(small|klein)

— - x0.7x0.8x0.8x 04

5
= 0.0029¢
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(a) Varying classifier.
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Learner
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(b) Learning as an estimate of parameter A.
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Learning Classifier
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(¢) Learning classifier.



Unsupervised Learning
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(d) Classifier based on unsupervised learning.

13 /18



EM-Algorithm

la maison ... la maison bleue... la fleur

the house ... the blue house ... the flower
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EM-Algorithm

la maison ... la maison bleue... la fleur

the house ... the blue house ... the flower
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EM-Algorithm

. la maison ... la maison bleue... la fleur
the house ... the blue house ... the flower
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EM-Algorithm

la maison ... la maison bleue... la fleur
the house ... the blue house ... the flower
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Chapter 4

EM-Algorithm
. la maison ... la maison bleue... la fleur ...
. the house ... the blue house ... the flower ...
p(lalthe) = 0.453
p(lethe) = 0.334
p(maison|house) = 0.876
p(bleue|blue) = 0.563
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Convergence

das Haus das Buch ein  Buch
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Convergence

das Haus das Buch ein  Buch

the house the book a book
e ik initial | 1stit. | 2ndit. | 3rd it. | ... | final
the das 0.25 0.5 0.6667 | 0.7996 | ... 1

book | das 0.25 0.25 | 0.1795 | 0.1115 0
house | das 0.25 0.25 | 0.1538 | 0.0889 | ... 0
the buch | 0.25 0.25 | 0.1795 | 0.1115 | ... 0
1
0

book | buch | 0.25 0.5 0.6667 | 0.7996

a buch | 0.25 | 0.25 | 0.1538 | 0.0889 | ...
book | ein 0.25 0.5 0.5 0.5 e | 02D,

a ein 0.25 0.5 0.5 0.5 oo | Q5N
the haus 0.25 0.5 0.5 0.5 ... | 05
house | haus 0.25 0.5 0.5 0.5 _—
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