
  

Deep Syntactic Machine Translation 
with Hidden Markov Tree Models

Martin Popel
ÚFAL, Charles University in Prague

5th PIRE Meeting, Dec. 12 2009



  

Outline

●  TectoMT – NLP framework and MT system

●  Demo translation step by step

●  Annotation of translation errors

●  Parsing sentences with parentheses

●  Hidden Markov Tree Models (HMTM)
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TectoMT – framework for NLP
modular, open source, Perl, Linux, OOP-style

TectoMT Core Classes
• TectoMT::Document
• TectoMT::Bundle
• TectoMT::Node
• TectoMT::Scenario
• TectoMT::Block

Format Convertors (to & from tmt)
• plain text
• HTML & various XML
• corpora PDT, PennTB, EMILLE,
               PADT, CoNLL, vertical

In-house Tools
• taggers, parsers
• NE recognizers
• language models API
• machine learning tools

TectoMT Blocks
• Tree_tagger
• McD_parser
• Mark_passives

Applications
 scenarios
 + format conversions

Visualization
• TrEd
 (Tree Editor with
  SVG and PDF
  export options)

versio
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art

Third-party Tools
• Malt parser
• TreeTagger
• fnTBL, CRF++

Data
• models for stochastic tools
• translation dictionaries
• special-purpose lexical
  databases



  

TectoMT – MT system
transfer over the tectogrammatical layer

source language (English)   target language (Czech)

morphological layer

shallow syntax:
analytical layer

deep syntax:
tectogramatical layer

a-layer

m-layer

w-layer

t-layer

ANALYSIS TRANSFER SYNTHESIS



  

TectoMT – MT system
                    &                     blocks

source language (English)   target language (Czech)

morphological layer

analytical layer

tectogramatical layer

a-layer

m-layer

w-layer

ANALYSIS TRANSFER SYNTHESIS

t-layer

tokenization
lemmatization
tagger (Morce)

parser (McDonald's MST)
analytical functions

mark edges to contract

build t-tree

fill formems grammatemes use
HMTM

query
dictionary

fill morphological categories

impose agreement

add functional words

generate
wordforms

concatenate

rule based statistical

segmentation



  

Demo Translation – Analysis

Machine translation should be easy.

machine   translation  should   be   easy  .
    NN           NN             MD     VB    JJ    .

raw text

m-layer

a-layer

Atr
machine

Sb   
translation 

Pred
should  

Obj 
be 

AuxK
. 

Pnom
easy
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Machine translation should be easy.

machine   translation  should   be   easy  .
    NN           NN             MD     VB    JJ    .

raw text

m-layer

a-layer

Atr
machine

Sb   
translation 

Pred
should  

Obj 
be 

AuxK
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Pnom
easy
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Demo Translation – Analysis

Machine translation should be easy.

machine   translation  should   be   easy  .
    NN           NN             MD     VB    JJ    .

raw text

m-layer

t-layer

machine

   
translation 

be

easy

Build t-tree (backbone)



  

Demo Translation – Analysis

Machine translation should be easy.

machine   translation  should   be   easy  .
    NN           NN             MD     VB    JJ    .

raw text

m-layer

t-layer

machine

   
translation easy

n:attr n:subj

v:fin

adj:compl

Fill formems

be



  

Demo Translation – Analysis

Machine translation should be easy.

machine   translation  should   be   easy  .
    NN           NN             MD     VB    JJ    .

raw text

m-layer

t-layer

machine

   
translation easy

n:attr n:subj

v:fin

adj:compl

Fill grammatemes tense = simple,
modality, conditional

number = singular degree of comparison
 = positive

be



  

Demo Translation – Transfer

source t-layer

machine

translation 

be

easy

n:attr

n:subj

v:fin

adj:compl

Build target t-tree by cloning

target t-layer

machine

translation 

be

easy

n:attr

n:subj

v:fin

adj:compl



  

Demo Translation – Transfer

source t-layer

machine

translation 

be

easy

n:attr

n:subj

v:fin

adj:compl

Get translation variants
for lemmas and formems

target t-layer

počítač
stroj
strojový

překlad
převod snadný

jednoduchý
n:2
n:attr
adj:attr

n:1

v:fin
v:inf

adj:compl
n:1
adv:

být
mít



  

Demo Translation – Transfer

source t-layer

machine

translation 

be

easy

n:attr

n:subj

v:fin

adj:compl

Select the best combination
of lemmas and formems

target t-layer

počítač
stroj
strojový

překlad
převod snadný

jednoduchý
n:2
n:attr
adj:attr

n:1

v:fin
v:inf

adj:compl
n:1
adv:

být
mít



  

Demo Translation – Synthesis
Build  target a-layer by cloning

target t-layer

strojový

překlad
snadný

adj:attr

n:1

v:fin

adj:compl

být

strojový

překlad
snadný

býttarget a-layer



  

Demo Translation – Synthesis
Fill morphological categories

target t-layer

strojový

překlad
snadný

adj:attr

n:1

v:fin

adj:compl

být

strojový

překlad
snadný

býttarget a-layer

number = singular
gender = masc. inanim.

case = nominativedegree = positive

degree = positive



  

Demo Translation – Synthesis
Impose agreement

target t-layer

strojový

překlad
snadný

adj:attr

n:1

v:fin

adj:compl

být

strojový

překlad
snadný

býttarget a-layer

number = singular
gender = masc. inanim.

case = nominative

number = singular
case = nominative

gender = masc. inanim.

degree = positive

degree = positive
number = singular
case = nominative

gender = masc. inanim.

number = singular
gender = masc. Inanim.



  

Demo Translation – Synthesis
Add functional words

target t-layer

strojový

překlad
snadný

adj:attr

n:1

v:fin

adj:compl

být

strojový

překlad

snadný

míttarget a-layer

býtby

  .



  

Demo Translation – Synthesis
Reorder clitics

target t-layer

strojový

překlad
snadný

adj:attr

n:1

v:fin

adj:compl

být

strojový

překlad

snadný

míttarget a-layer

býtby

  .



  

Demo Translation – Synthesis
Generate wordforms

target t-layer

strojový

překlad
snadný

adj:attr

n:1

v:fin

adj:compl

být

strojový

překlad

snadný

měltarget a-layer

býtby

  .



  

Demo Translation – Synthesis
Concatenate tokens for output

target t-layer

strojový

překlad
snadný

adj:attr

n:1

v:fin

adj:compl

být

strojový

překlad

snadný

měltarget a-layer

býtby

Strojový překlad by měl být snadný.

  .



  

Annotation of Translation Errors
sample of 250 sentences, 1463 errors in total

Type lemma, formeme, gram., w. order,...

Subtype gram: gender, person, tense,...

Seriousness serious, minor

Circumstances coordination, named entity, numbers

Source tok, lem, tagger, parser, tecto,
trans, x, syn, ?

ANALYSIS
     30%

SYNTHESIS 3%

TRANSFER
     67%

errors caused by the assumption
of t-tree isomorphism 8%

other transfer errors 59%

For details see [Popel,2009].



  

Parsing Parentheses
This sentence (excluding the long parenthesis, 
which was added as an example) is short.



  

HMTM – Motivation

source t-layer

machine

translation 

be

easy

n:attr

n:subj

v:fin

adj:compl

Select the best combination
of lemmas and formems

target t-layer

počítač
stroj
strojový

překlad
převod snadný

jednoduchý
n:2
n:attr
adj:attr

n:1

v:fin
v:inf

adj:compl
n:1
adv:

být
mít



  

HMTM – Motivation

source t-layer

machine

translation 

be

easy

n:attr

n:subj

v:fin

adj:compl

Select the best label
for each node

target t-layer

počítač|n:2,
počítač|n:attr,
strojový|adj:attr,  ...

překlad|n:1,
převod|n:1

být|v:fin, být|v:inf,
mít|v:fin, mít|v:inf

snadný|adj:compl,
jednoduchý|adj:compl, ...



  

HMTM in Theory
● Introduced by [Crouse,1998], used in signal processing, 
 image segmentation etc. (See [Durand,2004].)

● (V,E) – rooted tree
● X – sequence of random variables (hidden states) for V
● Y – sequence of random variables (observable symbols)
● P(Xv | Xparent(v) ) – transition probabilities
● P(Yv | Xv) – emission probabilities
● Tree-Markov property:
   v  V \ {root}, w  V \ subtree(v) :∀ ∈ ∀ ∈
   P(Xsubtree (v)  | Xparent(v) , Xw) = P(Xsubtree (v) | Xparent(v) )
  i.e. given Xparent(v) , all hidden states of the subtree rooted  
  in v are conditionally independent of any other nodes.
● The most probable hidden tree labeling X* can be obtained
  given the observed tree labeling Y can be obtained using
  tree-modified Viterbi algorithm.
 



  

HMTM in MT

machine engine

translation arcade

be have

easy simple

strojový

překlad

být

snadný

ROOT

PE
(strojový | engine) = 0.5

PE(strojový | machine) = 0.4

PE(překlad | translation) = 0.6

P
E(překlad | arcade) = 0.7

1×10
-8

PT(machine | translation) = 0.02 1×10-81×
10

-10

0.002 0.001

0.
01

PE(být | be) = 0.8

PE(být | have) = 0.01

1×
10

-8

Source tree (Czech) Target tree (English)

A
N

A
LY

S
IS

TRANSFER

S
Y

N
T

H
E

S
IS

ROOT

Source sentence:
Strojový překlad by měl být snadný.

Target sentence:
Machine translation should be easy.

PE(source | target) … emission probabilities … translation model
   PT(dependent | governing) … transition probabilities … target-language tree model

P(optimal_tree) =  PE(strojový | machine) · PT(machine | translation)·
                  PE(překlad | translation) · PT(translation | be)·

                  PE(snadný | easy) · PT(easy | be)·
                              PE(být | be) · PT(be | ROOT)

0.0001



  

Conclusion – Results

● 2777 sentences from WMT2009 (news-test2009)
● 1 reference translation
● Most helpful improvements: HMTM & parsing

Future plans
● Better language models for dependency trees
● Machine learning techniques for tuning TM & LM

NIST BLEU

baseline (WMT09) 3.974 0.066

modified 4.716 0.098



  

Examples of Translation

A miss by an inch
is a miss by a mile.

I’d rather be a hammer
than a nail.

A bird in the hand is worth
 two in the bush.

Slečna palec je slečna miliónu.

Spíše bych byl kladivo než nehet.

Pták v ruce je cenný
dvakrát v Bushovi.
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