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WAAN Breaking Down the Language Barrier with Statistical Machine Translation

How does machine translation work?

* Divide sentence into translatable patterns, reorder,
combine

Today | will give a lecture on machine translation .

Today | will give a lecture on machlne translation
S HIE, 17 DBEH A ENER :
Today machlne translation a lecture on | will give
SHIE, A ENER DFEE T

SHAIE. BHBROBEETIET.
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Breaking Down the Language Barrier with Statistical Machine Translation

Problem

* There are millions of possible translations!

—1ana
dana
dana

’fb_jr H j(EB I =27

Ko met Taro
Ko met to Taro

KO ran in to Taro

Taro met Hanako
The Hanako met the Taro

e How do we tell which is better?
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Statistical Machine Translation

 Translation model:
P“4H" |“today”) = high PE“&H IE. " |‘today”) = medium
P“BER" |“today”) = low

» Reordering Model:

= N BgR3 B E BN3 B2 N BR3S
°( v v )=high P( _ . )=high P( _, —, )=low
chicken eats eats chicken eats chicken

 Language Model:

P( “Taro met Hanako” )=high P( “the Taro met the Hanako” )=low

4
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Alignment

* Find the correspondences between words

ANBB A EF = AR LT, ANBB A £F & AR LT,
taro visited hanako . taro visited hanako .

* Unsupervised probabilistic models are most common

Ei.‘;% P( £+ |hanako) = 0.99
- B&:E P( XER |taro) = 0.97
P(visited| 5hf& ) = 0.46
English P(visited| L7z ) = 0.04
English P( {£F |taro) = 0.0001
- English 5
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Assignment

| have given you code that:

« 1: Calculates the Dice coefficient for each pair of words

« 2: Decides the alignment in each direction using Dice
coefficient statistics and the Max Score criterion

« 3: Combines these two alignments using the
“Intersection” heuristic

* 4: Measures alignment F-measure
* You should

* 1: Measure the alignment accuracy on the provided
data

« 2: Make one change that improves the accuracy
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Heuristic Alignment
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How Do we Learn Alignments?

* For example, we go to an ltalian restaurant w/
Japanese menu

F—AL—2R
Mousse di formaggi

SVT7TvL AEOF—AV—X
Tagliatelle al 4 formaggi

AHDOHERA

Pesce del giorno

HEOYT—BRETI-VE-RARA
Filetto di pesce su “Risi e Bisi”

FILFz&EF—X
Dolce e Formaggi

* Try to find the patterns! 8
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How Do we Learn Alignments?

* For example, we go to an ltalian restaurant w/
Japanese menu

F—RAL—2R
Mousse di formaggi

SVT7TvL AEOF—IXYV—X
Tagliatelle al 4 formaggi

AEDERA

Pesce del giorno

BEOYTF—BKRKETU-VE-RAFRA
Filetto di pesce su “Risi e Bisi”

RIVLFz&EF—X
Dolce e Formagai

* Try to find the patterns! 9
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Co-occurrence

» Simplest measure of correlation: co-occurrence

F—X Lh=2R Occurrence
Mousse di formaggi o

_ R o 9:_} ) =3 c(formaggi) = 3
SUV7FylL 4O F-XAY-R (D) =3 c(pesce) = 2
Tagliatelle al 4 formaggi c(&)=2 c(e) = 2
AH O 83
Pesce del giorno Co-occurrence
HMBOYT—FRETU-VE-R KA c(F—X, formaggi) = 3
Filetto di pesce su “Risi e Bisi” c(F—X, mousse) =1

c(F—X,di)=1

FILFxz &F—X c( F—X, tagliatelle) = 1
Dolce e Formaggi
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Problem with Co-occurrence

« Co-occurrence favors frequent words

the banker met a tall man Co-occurrence
MITELPEOSNBICE2

c(the, 55) =3
a man ran out of the room =\
B 1 EE N5 MU c(man, 35)=2

the young boy is good at soccer
HOEDFRYyH— N EFE

the statue of liberty

BB O 1

he enjoys the olympics
BWIXAVYEYY BN KRHFE
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Breaking Down the Language Barrier with Statistical Machine Translation

Dice Coefficient

* The dice coefficient penalizes highly frequent words

dice(e, f)

the banker met a tall man
BITEIPBEOSVWEICE-E

a man ran out of the room
85 HEE HS O

the young boy is good at soccer

HOBEOFIIYYvA—-NLEFIE

the statue of liberty

BB O 1

he enjoys the olympics

RIFAVVEYT NRFE

_ 2xcle. f)

cle)+c(f)

Dice Coefficient

dice(the, B) =
(2*3)/(5+3)=0.75

dice(man, 5 ) =
(2*2)/(2+3)=0.80
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Scores — Alignments

 Now, we need a way to change dice coefficients to

alignments
historical | cold | outbreaks historical | cold outbreaks
fEX | 0.596 0.018 0.250 FE(L °
D 0.002 0.003 0.000 ) [
BFE 0020 | 0909 0037 — » FEFF o
x 0.007 0.002 0.085 N ®
=63 0.025 | 0.010  0.240 70 o
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Max-Score

» Choose the best target word for each source

historical cold outbreaks

FEft | 059 | 0.018 0.250 | » historical
D 0.002 0.003 0.000 — cold

&7 0.020 0.909 0037 | » cold

* 0.007 | 0.002 | 008 | » outbreaks
#1473 0.025  0.010 | 0240 | » gutbreaks
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Threshold

* Choose a threshold, align all words over threshold

historical cold outbreaks
FEX 0.596 0.018 0.250

0)) 0.002 0.003 0.000
R 0.020 0.909 0.037 t>0.1
N 0.007 0.002 0.085
T 0.025 0.010 0.240
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Competitive Linking

* Pick the highest scored alignment in order, but do not
allow the same word be aligned to others

historical cold outbreaks
FEX 0.596 0.018 0.250

D 0.002 0.003 0.000
&7 0.020 0.909 0.037
X 0.007 0.002 0.085
4T 0.025 0.010 0.240

B4 » cold
FE{X - historical

/,

71T > outbreaks

3
>3

wN R
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Probabilistic Alignment:
IBM Model 1
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Probabillistic Alignment

« Create probabilistic model of two sentences

- F—Z -
I AATA P(F | E: M)

E= mousse di formaggi

 The model M has some parameters (e.g. probabilities)

P(f=F—X | e=formaggi) = 0.92
P(f=F —X | e=di) = 0.001

P(f=F — X | e=mousse) = 0.02
P(f= A— X | e=formaggi) = 0.07
P(f=A— X | e=di) = 0.002
P(f=— X | e=mousse) = 0.89

* Probabilities are easier to understand (can make more
refined models), easier to integrate
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IBM Model One Idea

« Generate each word fj In F according to

« Pick one word index a at random (P(aj) =1/(|E[+1)),
including special “NULL" word for unaligned words
« Pick the word fJ according to P(f | eaj)

Generate two words

5% £=2

Choose: ¥—X (P(fle)=0.92) Choose: A—X (P(fle)=0.89)

Choose:a =3 (P(a,=3)=0.25) Choose:a =1 (P(a=1)=0.25)
W

mousse di formaggi NULL
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IBM Model 1 Equation

* |f we guess the alignment and output words,
probabillity is

P(FAE)=[T, P/ le.)
A

Alignment Word translation

* We can also sum over all alignments

P(FIE)=2., H, P fe.)
_H] 1]+1 - (fj‘ei)
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Training Model 1

* \We need to estimate our model parameters

 The most natural way to do so is with maximum
likelihood

M =argmax P(F|E)
M

« How do we calculate the parameters to maximize
likelihood?
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EM Algorithm

* |BM models trained using the EM (Expectation-
Maximization) algorithm

e |dea:

« E Step: Based on the model, estimate how many times
each word e is translated into f

M Step: Based on the estimated counts, re-calculate
the model parameters

* Every iteration, we increase the likelihood of the model

22
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EM Example

* |nitialize: Simply count co-occurrence
F—X h—2R

R

Mousse di formaggi

AH O #8
==

Pesce del giorno
AH O F-—X
Formaggi del giorno

RILFT & F—X
Se=——< s

Dolce e Formaggi
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EM Example
M Step: Update the probabilities
F—X L= 2
m | P(F — X |formaggi) = 0.375
Mousse di formaggl P( LA— X |formaggi) = 0.125
‘ P(Z~H |formaggi) = 0.125
AH O HA P( @ |[formaggi) = 0.125
S P( BJLF T |formaggi) = 0.125
Pesce del giorno P( & |formaggi) = 0.125
AH O F-X P(4<H |giorno) = 0.33
Formaggi del giorno :ZE %@g%ﬁgﬁ%; _ 8?2
BILFT & F—3 P( 3 — X |giorno) = 0.16
— 24

Dolce e Formaggi
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EM Example
» E Step: Calculate connections between words
F—X Lh—2R
D_& _ P(F — X |formaggi) = 0.375
Mousse di formaggl P( LA— X |formaggi) = 0.125
‘ P(Z~H |formaggi) = 0.125
AH 0 #HA P( @ |[formaggi) = 0.125
5 % P( FJLF x [formaggi) = 0.125
este del giormo P( & |formaggi) = 0.125
AH D F=2A P(Z~H |giorno) = 0.33
Formaggi del giorno :ZE %@g%ﬁgﬁ%; _ 8?2
BILFT & F—3 P( 3 — X |giorno) = 0.16

Dolce e Formaggi
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EM Example
M Step: Update the probabilities
F—X h—2R
D& _ P(F — X |formaggi) = 0.9
Mousse di formaggi P( /n— R |formaggi) = 0.02
‘ P(Z~H |formaggi) = 0.02
AH 0 #HA P( @ |[formaggi) = 0.02
% P( FJLF x [formaggi) = 0.02
Pesce del giorno P( & [formaggi) = 0.02
AHQF =X P(Z4~H |giorno) = 0.48
Formaggi del giorno :ZE %@g%ﬁgﬁ%; _ 832
BILFT & F—3 P( 3 — X |giorno) = 0.02

Dolce e Formaggi
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EM Example

» E Step: Calculate connections between words
F—XL—R

D& | P( F— X [formaggi) = 0.9
Mousse di formaggi P( /n— X |formaggi) = 0.02
‘ P(Z~H |formaggi) = 0.02
AH O B P( @ |formaggi) = 0.02
P% P( FJIF x |formaggi) = 0.02
esce del giorno P( & |formaggi) = 0.02
AH DO F—-X P( AB giorno) = 0.48
. . P( ® |giorno) = 0.48
Formaggi del giorno PE ﬁ$£ giorglo) _ 0.02
BILFT & F=2 P(3F— X'|giorno) = 0.02
| ~ / g

Dolce e Formaggi
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Initialization in Equations/Words

» Define our expected counts of two words x and y
being aligned as

gle=x,f=y)

e |nitialize this to the co-occurrence counts

gle=x, f=y)=cle=x, f=y)

28
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M Step in Equations/\Words

* M Step: Calculate the model parameters

o Simply calculate the maximum likelihood estimate of the
conditional probability

P(f=y|e=X)=Q(e:x’_f:y)
q(e=x)

where

gle=x)=2 qle=x,f=y)

29



WAAN Breaking Down the Language Barrier with Statistical Machine Translation

E Step in Equations/Words

» E Step: Calculate expectations with model fixed

« One sentence, probability of a_=i given model is:

I+1
(Cl-—l‘F E M) ]+1 f ‘6 / Z, 1]+1 f ‘8)
7 bR
Current word All words

Pla,=ilF,E,M)=P(f le,) / Z P(f le;)

* Given this, calculate the expected count of translations
(0 = Kronecker's delta, 1 when true, 0 otherwise)

I+1 J
Q(e:x:f:y):ZE,F Z,-zl ijlP<aj:i|F’EfM)6(ei:x’fj:y)
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Probabilistic Alignment:
IBM Models 2-5/HMM
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Model 1 Problem

e Model 1 cannot handle word order!

big oranges and big apples

RER FLVY & XKER DAC

 Many new models proposed, all to handle this problem
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Model 2 Idea

* “"Words in both languages should be in about the same
order”

big and big apples

XE1 LYY & k=8 DA

* But, in most languages this is not true
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HMM ldea

* “Words that were previously aligned should give an
idea about the next word”

big oranges and big apples

last l

RER FLVY & KERR DAC
R ¢

e More effective than 2
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HMM Graph
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IBM Models 3-5

« Remaining IBM models are based on “fertility”

« “Given this word, how many words will it produce®?”

Fertility 1 Fertility 3.5
I adopted
FA B
TES A Sh -

s BF I o 1=
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Combining Alignments
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Combining 1-to-many Alignments

B"TI D %ﬁ the ho;(el front desk

44 S 4

the hotel front desk R O St
Eombinaﬁon
Y

the hotel front desk

KEIL D =t

e Various heuristics for combination 38
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e Union: Take all
alignments In
either direction

Breaking Down the Language Barrier with Statistical Machine Translation

Union
R R
T = T =
)LD VDA
the the
hotel I hotel M
front B front N
desk desk H
A s
R
T =
)L DT
the
hotel
front H .
desk H
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Intersection
e N N
e |ntersection: F = > =
Only take ol ol
allgnment§ IN the he
one direction hotel I hotel [
front B front N
desk desk N
A s
7~
T X
VDA
the
hotel
front N "
desk
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Grow/Diag

* Grow: Use intersection, but add corner pieces
iIncluded in the union

* Diag: Use intersection, but add corners

41
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Evaluating Alignments

42
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Breaking Down the Language Barrier with Statistical Machine Translation

How Good are Our Alignments?

» Let's say we have two systems, which is better?

Reference

7R
T X
VDS

the
hotel IS

front B
desk B

System A System B
R R
T = T =2
)LD )LDt
the the B
hotel B hotel IS
front B front H
desk B desk H

43
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Precision/Recall/F-Measure

* Precision: ratio of system alignments correct
* Recall: ratio of reference alignments correct

 F-measure: geometric mean of precision and recall

Reference (Handmade) System A System B
N N N

T X T X T X

VDA VDA LDt

the the the |
hotel IS hotel 8 hotel RIS

front O front B front =

desk L desk B desk [ ]

A
P=1.0 R=0.75 P=0.8 R=1.0

F=2*1.0*0.75/(1.0+0.75)=0.85 F=2*0.8*1.0/(0.8+1.0)=0.88
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Advanced Topics

45
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Inversion Transduction Grammar (ITG)

* A context-free grammar over two languages

* non-terminal “regular (reg)” and “inverted (inv)”
« one pre-terminal [ term |
« terminals represent a phrase pair

reg Inv
| | | |
term term term term
717 kilos/ & O Mr./ & A Smithh A X
English  Japanese English  Japanese
7 kilos 7 F0O Mr. Smith AIRX T A

46
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Parsing with ITGs

* Define a probability over non-terminals/pre-terminals
P , define another over terminals P,

Mrs. Smith 'S red cookbook

A A y » VS
AIR & D FW BE K

P (reg)

- N

P (inv) P (reg)
y 4 A a
P (term) P (term) P (term) P (reg)

Px(term? Pxﬁerm)
Y v

P(Mrs/SA) P(Smith KX Z) P(s/®) P(red/7#\y) P (cookbook/ #HE &)

» Can use a variant of the CKY algorithm (standard
algorithm for parsing context-free grammars)

47
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Advantages/Disadvantages of ITGs

* Advantage:

e Simple model, no heuristics

e Can handle many-to-many alignments in polynomial
(O(n°)) time

* Disadvantage:

 Compared to other models, this is slow, especially for
longer sentences

48
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Supervised Alignment

* Prepare a hand-made training corpus
* Use this corpus to train a model to “fix” unsupervised

alignment
Reference Unsupervised
this I1s a pen this I1s a pen
NIRRT CNIEIARY T
c(is, TY )++ c(is, I3 )--

c(a, CT9 )--

49
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Class-Based Alignment

» Classes can be used to smooth the probability

distribution
this I1s a pen this I1s a pencll
10 5 9 20 10 5 9 20
e e
10 8 20 5 10 8 20 5
NIy TT CN L EE TY

» Classes are learned automatically over both
languages

50
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Phrase Extraction/Scoring
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What is a “Phrase’

* |n linguistics a “phrase” has a special meaning (“noun
phrase, verb phrase”)

 |n translation, it generally just means a string of words

Today | will give a lecture on machine translation
SHIZ. ZETLXT DESH AW ENER :

Today machine translation a lecture on |WI|| give .
SHIE, A ENER DERE
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Phrase Extraction

» We extract bilingual phrases from data

R

T =

JL D1 T IV D - hotel
the T )L @ - the hotel

Z{7 > front desk

hotel BN RT)LDOZ{T > hotel front desk
front B KT ILDZ{T > the hotel front desk
desk ]

Check all bilingual phrase pairs

e Extract only ones that have at least one good
alignment, and no conflicts
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Phrase Scoring

* We calculate probabilities for the phrases to measure
how good a translation it is

* Phrase translation probability (in both directions)
P(fle) = c(f,e)/c(e) P(elf) = c(f,e)/c(f)

e.g..c(=TJL D, the hotel) / c(the hotel)
« Lexical probabilities

- Calculate phrase probabilities using IBM model 1
probabilities, and the words contained within

- Helps relieve sparsity problems
P(fle) = I'If 1/]e| Ze P(fle)

e.g.:
(P( "7 IU |[the)+P( 7R T )L |hotel))/2 * (P( D |the)+P( @ |hotel))/2

Breaking Down the Language Barrier with Statistical Machine Translation
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Reordering Varieties

* Probability of monotone, swap, discontinuous

A XN &L
LB HBERE ST
the
thin mono
man disc.
visited
Taro swap
fLy — the thin XEB & — Taro

high monotone probabillity high swap probability
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Reordering Probabilities

« Calculate reordering probabilities from data, like
translation

« Condition on previous, next phrase

4
L\55 73\\\ c(after, the thin —» #ll\, mono) ++
- \
the c(before, man - 5 A, mono) ++
thin mono

man
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Assignment

57
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Assignment

| have given you code that:

« 1: Calculates the Dice coefficient for each pair of words

« 2: Decides the alignment in each direction using Dice
coefficient statistics and the Max Score criterion

« 3: Combines these two alignments using the
“Intersection” heuristic

* 4: Measures alignment F-measure
* You should

* 1: Measure the alignment accuracy on the provided
data

« 2: Make one change that improves the accuracy
58
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Assignment Detalils

e Download the exercise from the web

 You can find a list of commands to run in run-
alignment.sh

e This is currently using smaller data (kyoto-tunesmall)

e You can use larger data (kyoto-tunetrain) if you have a
powerul computer (4GB memory, 5 minutes)

» Send your code, alignment f-measure before/after, a
short description of the change, and a “username”

 Due date: February 5th, 23:59
* Address: neubig@is.naist.jp

59
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