Machine Translation Contd

Prof. Sameer Singh

CS 295: STATISTICAL NLP
WINTER 2017

March 2, 2017

Based on slides from Dan Klein, Philipp Koehn, Jacob Eisenstein, and everyone else they copied from.




Omer Levy

Al/ML Seminar
Monday, March 6t"
lpm-2pm
DBH 4011

Understanding Word Embeddings

Meeting with Graduate Students
4:00-4:45pm
Room TBA (email me)
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Upcoming...

* Status report due in 1 weeks: March 7, 2017
Project * Instructions coming today!
* Almost final report, only 5 pages

Paper summaries: Varch 14

SUMIMERES Summary 1 graded

* Homework 4 is due on March 13
Write-up and data releasing soon.

Homework
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Outline

EM-Algorithm for Alignments
Phrase-Based MT
Decoding Algorithms

Syntax-Based MT
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Outline

EM-Algorithm for Alignments

[ Phrase-Based MT 1

[ Decoding Algorithms 1

Syntax-Based MT

)
—
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Parameters of the IBM Models

program has been 1mplemented

/////I

La programmation

P(4le) =

P(f,ale) =q(2, 1,
x q(3
x q(4

été mise application
2 P(4.ele)

6,7) x t(La|the)

2,6,7) x t(Programmation|program)
3,6,7) x t(alhas)

4,6,7) x t(été|been)

5,6,7) x t(mise|implemented)
6,6,7) x t(en|implemented)

7,6,7) x t(application|implemented)
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Parameters of the IBM Models
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Translation from Alignments
0[/5
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Alignments from Translation

p(flea) P
g p (,F\e,A) P (<)

?<°‘\ e»‘m -
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Expectation Maximization

Expectation

frY X — («l—"“"‘a v

frivy

Maximization

—_— C‘W"‘th —(,
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Example

» Translation probabilities Hre \’\oUN—
the house l
la 0.4 0.1
maison 0.1 0.6 ‘q Ma;gbh
» Alignments
P(f,a|e) P(a|f,e)
the — la, house — la (64w 0.1)B.0Y “—~0.|
the — la, house — maison (o-uro-L) 0.4 « 07
the — maison, house — la (0.cx0.1) .ol —b.0%
the — maison, house — maison (b, ] ¥ O .(,) 0.00 — ¢.\§
» Counts
the house
la D9%+0.(20.% b-\S
maison O-05 +0-1C. - 2L b-d¢
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Example

. la maison ... la maison blue ... la fleur ...

= XK

. the house ... the blue house ... the flower ...
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Word-based MT: Problems

p( daba Vner betefada | s\ «P)

- p(dntal ) PLomalsn)

p (botefrdal stap)

Non-compositionality ‘Q"\‘\Yc \'e— W\emﬂe

VV\O\EC '\"‘t \Ao\)$¢

\ COW\\'d& we 3usl"ta. mucho

Phrasal Translations

| Ve the fod o \oF
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Outline

[ EM-Algorithm for Alignments 1
[ Decoding Algorithms 1
[ Syntax-Based MT 1
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The Vauquios Triangle

“Vauquois Triangle” _ w
Yoilo haré mafana | o "
i i I-wull do it tomorrow- —7
interlingua ] v PO | i e | cndene ) =08
P wil do it

semantics . semantics
syntax syntax

....... English (E) P(E |lo haré)
Yq,' lo haré;manana - -
l:will do it:tomorrow W do it i
SN T
phrases phrases /
words words / )% tomorrow 0.7
| will do it tomorrow morning 03
SOURCE TARGET
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Phrase-based MT
“e) Ple) TP(( \e)

\ﬁp«f\e

I I verde I

\Vary did not slap the green W|tch
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Phrase Lexicon

‘j* ”{({j,e, 3)}

o\ to the VY
al bo\m\ve “'b e \)ahk 0-°)

- .g"
C\“C'L v B&hﬁu 90 ‘o e &)ﬁy\k p]
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Learning Phrasal Alignments

english to spanish spanish to english

bofetada bruja .
: a2 g bo fet ada bruia
Maria no daba una A la verde i o s L 5 G
Maria no daba una a la verae
» .
o :’ - ary
Mary
did
. -:l:\l
ne |
slap
slap
o .
the
green
gre 1
W1lC
w
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Learning Phrasal Alignments

"u
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Learning Phrasal Alignments

intersection
bofet ada bryija
Maria no daba una a la verde

Mary

did

not

slap

the .
green
witch
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Phrasal Alignments

Should contain all the alignment points for covered words

Maria no daba Maria no daba Maria no daba
Mary Mary Mary B
did did did B
not not not B
slap slap slap
consistent inconsistent inconsistent
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Learning Phrasal Alignments

intersection
bofet ada bryja

Maria no daba una a la verde .
‘ Maria no daba una a verde

bofetada bruja
la T

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

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

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

(bruja verde, green witch)

slap

the

green

witch
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Learning Phrasal Alignments

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

bofetada br ja
Maria no daba una a la T verde

Mary

(Maria no, Mary did not),

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

did

not

slap

the

(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)

green

witch
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Learning Phrasal Alignments

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

bofetada bruja
Maria no daba una a la T verde

Mary

(Maria no, Mary did not),

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

did

not

slap

the

(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)

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)

CS 295: STATISTICAL NLP (WINTER 2017)



Phrase Translation Scores

P(?\ ) Cowk (f,, e.)

( ()u\/\"c (C’?\

I = {G\H 6‘, ) 3?33
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Phrases for a Sentence

R S T

wir mussen auch diese kritik ernst nehmen

L/

(wir missen, we must)
(wir mussen auch, we must also)
(ernst, seriously)

—
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P2 (S,t,e)

(\) 0, We me‘t)
(1,3, We muskalss)

((o) 6, 4“"""5[3)

{
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Derivations for a Sentence

- P - &
j "\_/ P,: (g,t, e)—%%}_

7. we st «ke) (7,7, “"’d‘e')
/

\)
( ¢, b, Scr{%’SIZ)

‘j ] (b‘ v ) Hhis w}HdSM) (

QQ\\: we wwusk a\so ke ‘\M\S\
Scasm  SeA0NS)

Y

CS 295: STATISTICAL NLP (WINTER 2017)



Distortion Limits d




Distortion Scores

Z 9 ('l:& _ Sk«+‘)

K




Scoring Derivations
S’(’j) ol 102 'tl(y) ! ,?7(/71‘) + D(7>

/ d.’g‘hy‘h‘bh
Clove

Languase  Tyandlahisn
mode/

Z 1 (e;le;,z,éz—)

s

A
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The Translation Problem
Q’i\le.h: 1 ) ’c\ ) OL , 'V\‘

+ — e

Vs V:;O\;;/(f) S (j)
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A Secret of Statistical MT
ole) P(fle) Blrk)"

P(c’m P(fle) le| plelf) ...

§ly) = W ?’U)




Outline

[ EM-Algorithm for Alignments 1

[ Phrase-Based MT 1

Decoding Algorithms

[ Syntax-Based MT 1
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The Decoding Task

AYYMAX S( 3)

J A
loa 1\(3) + % %(PK) + g D(f’,‘,%

¢(hep) = s(h) + s(p)




Monotonic Word Decoding

Maria no dio una bofetada a la bruja verde
—Mary not give a slap to the witch green
did nat —a slap hy —green witch
no slap tn the
did not give to
the
slap the witch
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Monotonic Word Decoding

Maria no dio una bofetada a la bruja verde
Mary not gj ve a sl ap +ta the witch green
did not —hy
— Do
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Monotonic Word Decoding

Mary
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Monotonic Word Decoding

Mari no
—Mar not
did nat
—_—Dno
Mary did not

N hok

\

ne
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Monotonic Word Decoding

Maria no dio
—Mary nat —give
did not
—_—Dnn

Mary did not < give

m!c7

no
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Monotonic Word Decoding

Maria no dio una
—Mary nat —give = __a
did not
—_—Dnn

Mary did not give a
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Monotonic Word Decoding

Maria no dio una bofetada
—Mary nat —give =~ __a = __slap
did nat
—Dno
Mary did not give a slap
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Monotonic Word Decoding

Maria no dio una bofetada a
—Mary nat —give =~ __a = __slap ta
did not —hy
—Dno
Mary did not give a slap — to

\bj
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Monotonic Word Decoding

Maria no dio una bofetada a la
Mary not gj ve a sl ap +to the
did not —hy
—_Dn
Mary did not give a slap to __the

Joj/
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Monotonic Word Decoding

Maria no dio una bofetada a la bruja
Mary not gj ve a slap tao the witch
did not —hy
— Do
Mary did not give a slap to the witch
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Monotonic Word Decoding

Maria no dio una bofetada a la bruja verde
—Mary nat —give =~ __a = __slap ta the = _witch = _green
did not —hy
— Do
Mary did not give a slap to the witch green
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Monotonic Word Decoding

o8 4\0




Phrase Decoding: Stacks

—

5—\-0&6 ! d"
- énel
E ) be ’MV"h of f
F :ow is covered

| (o 5{,: pa}ml Steve

—
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Phrase Decoding: Stacks

LY

-\ te

g

¢ -0.0 dn E:'“e\ Qz'r
\ function STACK DECODING(source sentence) N
L1 S

initialize stack with a null hypothesis F
loop do C -

pop best hypothesis /1 off of stack @

if /1 1s a complete sentence, return /; S k

for each possible expansion /' of /i P - ( A )

assign a score to /1’ \I.I/

push 7" onto stack

[/Wr ongy B hyporheses boe e H )
po xrrS&_
0(7‘3'7 IPGS“' gCG\flhj C-; C -\’S(P)
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Monotonic Phrase Decoding

Maria no dio una bofetada a la bruja verde
—Mary not give a slap to the witch green
did nat —a slap hy —green witch
no slap tn the
did not give to
the
slap the witch
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Monotonic Phrase Decoding
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Monotonic Phrase Decoding

—Marxr ‘ﬂnf
——did not give
— €: “MO\\v ho‘k “MW? ohdwf
Po¥Y o FREE L
(Mary) C C
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Monotonic Phrase Decoding

Maria no dio una bofetada
Mary nat g ive
did not
no slap
3id : .
slap

(Mary) (did not)
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Monotonic Phrase Decoding

Maria no dio una bofetada a la
—Mary not give a slap to
did not —a slap hy
no g_]_a__n o the
did not give to
the
slap

(Mary) (did not) (slap)
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Monotonic Phrase Decoding

Maria no dio una bofetada a la bruja verde
—Mary not give a slap to the witch green
did naot —a slap hy ——green witch
no slap tn the
did not give to
the
slap the witch

(Mary) (did not) (slap) (the)
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Monotonic Phrase Decoding

Maria no dio una bofetada a la bruja verde
—Mary not give a slap to the witch green
did naot —a slap hy ——green witch
no slap tn the
did not give to
the
slap the witch

(Mary) (did not) (slap) (the) (green witch)
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