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Outline of Lectures on MT

Today:
• Document, sentence and word alignment.
• Phrase-based MT as a tool.

Towards the end of semester:
• Multi-lingual (neural) MT.
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Supplementary Materials
Videolectures & Wiki:

http://mttalks.ufal.ms.mff.cuni.cz/

Slides and Lectures from MT Marathon (see Programme):
http://www.statmt.org/mtm15 and the neural /mtm16

Books:
• Ondřej Bojar: Čeština a strojový překlad. ÚFAL, 2012.
• Philipp Koehn: Statistical Machine Translation. Cambridge

University Press, 2009.
With some slides: http://statmt.org/book/
NMT: https://arxiv.org/pdf/1709.07809.pdf
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Approaches to Machine Translation

deep

direct transferMorphological Layer

Surface Syntactic Layer

Deep Syntactic Layer

Interlingua

• The deeper analysis, the easier the transfer should be.
• A hypothetical interlingua captures pure meaning.
• Linguistically shallow (direct) methods need just parallel texts.

⇒ They can nicely serve as a tool for transfer.
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A Classical Parallel Corpus
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Another Classical One (1658)
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Parallel Corpora

• Web is an immense resource.
• People keep crawling it over and over:

• Bitextor: Esplà-Gomis and Forcada (2010)
• http://paracrawl.eu/releases.html (2018)

• Good sources of (multi-)parallel corpora:
• Corpus OPUS: http://opus.nlpl.eu/
• WMT tasks data: http://www.statmt.org/wmt19/
• University-specific corpora, e.g. UFAL released:

• http://ufal.mff.cuni.cz/czeng (Czech-English)
• http://ufal.mff.cuni.cz/hindencorp (Hindi-English)
• http://ufal.mff.cuni.cz/umc/

(Czech, Russian, Urdu, with English)

6/39

http://paracrawl.eu/releases.html
http://opus.nlpl.eu/
http://www.statmt.org/wmt19/
http://ufal.mff.cuni.cz/czeng
http://ufal.mff.cuni.cz/hindencorp
http://ufal.mff.cuni.cz/umc/


From Aligned Documents
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We Want Sentence Alignment
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Sentence Alignment

Goal: Given a text in two languages, align sentences.
Assume: Sentences hardly ever reordered.

• Classical algorithm: Gale and Church (1993).
• Based on similar character length of aligned sentences, no words examined.
• Dynamic-programming search for the best alignment.
• Allows 0 to 2 sentences in a group: 0-1, 1-0, 1-1, 2-1, 1-2, 2-2.

• Several algorithms for English-Czech evaluated by Rosen (2005).
• Nearly perfect alignment possible by a combination of aligners.

• The “standard tool”: Hunalign (Varga et al., 2005).
• Another option: Gargantua (Braune and Fraser, 2010).
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Word Alignment
Goal: Given a sentence in two languages, align words (tokens).
State of the art: GIZA++ (Och and Ney, 2000):

• Unsupervised, only sentence-parallel texts needed.
• Word alignments formally restricted to a function:

src token ↦ tgt token or NULL

• A cascade of models refining the probability distribution:
• IBM1: only lexical probabilities: 𝑃(kočka = cat)
• IBM3: adds fertility: 1 word generates several others
• IBM4/HMM: to account for relative reordering

• Only many-to-one links created ⇒ used twice, in both directions.
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IBM Model 1
Lexical probabilities:

• Disregard the position of words in sentences.
• Estimated using Expectation-Maximization Loop.

More details available e.g. in MT Marathon slides:
• Aleš Tamchyna.

http://www.statmt.org/mtm15
→ Programme → Tuesday Lecture

• Patrick Lambert (originally Philipp Koehn)
http://lium3.univ-lemans.fr/mtmarathon2010/lectures/

02-wordalignment.pdf
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EM Loop in IBM1
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Symmetrization for PBMT

“Symmetrization” of two GIZA++ runs:
• intersection: high precision, too low recall.
• popular: gdfa (a heuristic between intersection and union).
• minimum-weight edge cover (Matusov et al., 2004).
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Troubles with Word Alignment
• Humans have troubles aligning word for word.

• Mismatch in alignments points 9–18%. (Bojar and Prokopová, 2006)

Top Problematic Words Top Problematic Parts of Speech
English Czech English Czech

361 to 319 , 679 IN 1348 N
259 the 271 se 519 DT 1283 V
159 of 146 v 510 NN 661 R
143 a 112 na 386 PRP 505 P
124 , 74 o 361 TO 448 Z
107 be 61 že 327 VB 398 A
99 it 55 . 310 JJ 280 D
95 that 47 a 245 RB 192 J
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Partial Fix: “Possible” Alignments

Chinese-English from DeNero and Klein (2010).
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Phrase-Based MT Overview
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they ’re moving = zareagovaly

even = dokonce ještě
… = …

This time around, they ’re moving = Nyní zareagovaly
even faster = dokonce ještě rychleji

… = …

Phrase-based MT: choose such segmentation of
input string and such phrase “replacements” to
make the output sequence “coherent” (3-grams
most probable).

16/39



1: Align Training Sentences

Nemám žádného psa.

I have no dog.

Viděl kočku.

a cat.He saw
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2: Align Words

Nemám žádného psa.

I have no dog.

Viděl kočku.

a cat.He saw
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3: Extract Phrase Pairs (MTUs)

Nemám žádného psa.

I have no dog.

Viděl kočku.

a cat.He saw
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4: New Input

Nemám žádného psa.

I have no dog.

Viděl kočku.

a cat.He saw

New input: kočku.Nemám 
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5: Pick Probable Phrase Pairs (TM)

Nemám žádného psa.

I have no dog.

Viděl kočku.

a cat.He saw

New input: kočku.Nemám 
... I don't have cat.
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6: Cover Input Step-by-Step

Nemám žádného psa.

I have no dog.

Viděl kočku.

a cat.He saw

New input: kočku.Nemám 
... I don't have cat.

New input: Nemám 

I have 
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7: Read Output

Nemám žádného psa.

I have no dog.

Viděl kočku.

a cat.He saw

New input: kočku.Nemám 
... I don't have cat.

New input: Nemám 

I have 

kočku.

a cat.
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Summary of MT Class 1

• Parallel corpora.
• Sentence alignment.
• Word alignment.
• Phrase-based MT.
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Lab: Get GIZA and Moses Running

We will use Eman http://ufal.mff.cuni.cz/eman:
• to compile GIZA++ and Moses.
• (optionally) to actually train a PBMT system.

(because GIZA++ needs a patch and Moses needs some flags)
(eman itself may however also need something...)
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Bird’s Eye View of PBMT
ParallelMonolingual Devset Input
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Bird’s Eye View of PBMT

Preprocessing: tokenization, tagging...

ParallelMonolingual Devset Input
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Bird’s Eye View of PBMT

Language
Model (LM)

Translation M. (TM)

Reordering M. (RM)

Word alignment

Phrase extraction

Preprocessing: tokenization, tagging...

ParallelMonolingual Devset Input
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Bird’s Eye View of PBMT

Basic model

Language
Model (LM)

Translation M. (TM)

Reordering M. (RM)

Word alignment

Phrase extraction

Preprocessing: tokenization, tagging...

ParallelMonolingual Devset Input
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Bird’s Eye View of PBMT

Parameter optimization (MERT)

Optimized model

Basic model

Language
Model (LM)

Translation M. (TM)

Reordering M. (RM)

Word alignment

Phrase extraction

Preprocessing: tokenization, tagging...

ParallelMonolingual Devset Input
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Bird’s Eye View of PBMT

Translate

Parameter optimization (MERT)

Optimized model

Basic model

Language
Model (LM)

Translation M. (TM)

Reordering M. (RM)

Word alignment

Phrase extraction

Preprocessing: tokenization, tagging...

ParallelMonolingual Devset Input
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Bird’s Eye View of PBMT

train-model.perl

mert-moses.pl

moses-parallel.pl
Translate

Parameter optimization (MERT)

Optimized model

Basic model

Language
Model (LM)

Translation M. (TM)

Reordering M. (RM)

Word alignment

Phrase extraction

Preprocessing: tokenization, tagging...

ParallelMonolingual Devset Input
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Get Eman, GIZA and Moses

At Student machines, ÚFAL machines, or your laptop:
1. “Install” eman in your home directory:

git clone https://redmine.ms.mff.cuni.cz/ufal-smt/eman.git
2. Make sure eman is in your PATH: Bad things happen if not.

export PATH=$HOME/eman/bin/:$PATH
echo "export PATH=$HOME/eman/bin/:\$PATH" >> ~/.bashrc

3. Get our SMT Playground (with all the seeds):
git clone \
https://redmine.ms.mff.cuni.cz/ufal-smt/playground.git
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Possibly Fix Perl Dependencies

1. Set up a local Perl repository.
http://stackoverflow.com/questions/2980297

Copy & paste code from the first answer, just replace .profile
with .bashrc

2. Install the required package:
cpanm YAML::XS

3. Confirm that eman runs:
eman --man
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Start Compiling Moses
In eman’s philosophy, software is just data.

• Binaries should be compiled in timestamped step dirs.
• …so we know the exact code that was used.

Compile Moses and GIZA++ (all on one line!):
BJAMARGS=" link=shared --no-xmlrpc-c

--max-kenlm-order=12 -a "
eman init --start mosesgiza

P Examine the newly created step dir s.mosesgiza.*.

Where is the compilation log?
(Moses+GIZA compilation takes ∼8min.)
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Use GIZA++
It’s easier to run GIZA using my wrapper:

https://raw.githubusercontent.com/ufal/qtleap/master/cuni_train/bin/gizawrapper.pl

1. Download gizawrapper, chmod 755.
2. Download a parallel corpus of your choice.

• From OPUS.
• In “moses” format, which probably means already tokenized.
• It should have ∼0.1M sentence pairs.
• Amharic (am) – English (en) Tanzil corpus is a good choice.

3. Run gizawrapper + symal (takes ∼20 min on Am-En):
./gizawrapper.pl \

--bindir=/PATH/TO/playground/s.mosesgiza.????????.2018????-????/bin/ \
am-en/Tanzil.am-en.am \
am-en/Tanzil.am-en.?? \
--dirsym=left,right,int,union | gzip > am-en.ali.gz
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Observe the Alignment

1. Get my alignment viewer alitextview:
http://ufal.mff.cuni.cz/~zabokrtsky/fel/slides/lab09-mt-word-alignment/alitextview.pl

2. Render the alignment on text console:

paste am-en/Tanzil.am-en.am am-en/Tanzil.am-en.en \
<(zcat am-en.ali.gz ) | cut -f 1,2,5 \
| ./alitextview.pl | less
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Improve the Alignment

1. Alignment needs large data.
2. If you don’t have it, you need to make statistics denser. Here we

lowercase and “stem” (chop words to 4 characters):

for f in Tanzil.am-en.??; do
cat $f | ../playground/scripts/lowercase.pl \
| ../playground/scripts/stem_factor.pl \
> $f.lcstem4

done
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