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About this workshop

Parallel corpora
What are parallel corpora (technically)?

Alignment & alignment tools
What is alignment and how can it be obtained?

Corpus exploration & visualization
What can we do with tools based on aligned parallel corpora?

Utilization for linguistics & language learning
How can we make use of (word-)aligned parallel corpora?
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About me
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Remarks on workshop format

Corpora & tools
• Corpora and tools are available online
• Alignment tools use different input and output format
• Training on large corpora requires substantial resources
• Training on small corpora yields suboptimal models
• All state-of-the-art software runs on command line only
• ⇒ Hands-on exercises with those tools won’t work

More interactive parts

• Two group exercises to experiment with (online) tools
• Questions, comments and discussions desired
• Please use the ”raise hand” feature or the chat
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Introduction



Some characteristics

• collections of produced language in two languages
• ”language”: text, speech, video recordings (but also multimodal)
• ”languages”: typically two different natural languages
• parallel corpora of the same language include learner corpora
(with ”corrections”), different translations of the same original
work (e.g. the Bible), etc.

• bitexts: parallel text corpora
• multiparallel corpora: parallel corpora in more than two
languages

• comparable corpora: same topics but not translations of each
other (e.g. Wikipedia articles)
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Compilation of parallel corpora

• find a sufficiently large number of translated texts
• sources are often multilingual/multinational institutions
• licenses are less problematic when the translations are funded
by public money (vs. e.g. literary works)

• once the material is available it needs to be processed:
1. document alignment/linkage
2. sentence alignment
3. word alignment

• each processing step depends on its predecessor
• not all of them might be necessary for a given purpose
• … but word-aligned parallel corpora allow us to get the most out
of the material
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Parallel corpora in two dimensions (log. tokens/log. languages)

6



Selected resources

Collections (data available)

• OPUS – collection of translated texts1

• PaCoCo – Zurich Parallel Corpus Collection2

• Parallel corpora in CLARIN

Other resources
• PaGes – German/Spanish parallel Corpus, semi-automatically
sentence-aligned

• CLUVI – manually sentence-aligned parallel corpora, several
corpora related to Galician

1(Tiedemann 2009, 2012)
2(Graën, Kew, Shaitarova, and Volk 2019)
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https://opus.nlpl.eu/
https://pub.cl.uzh.ch/purl/PaCoCo
https://www.clarin.eu/resource-families/parallel-corpora
https://www.corpuspages.eu/corpus/about/about?lang=en
https://www.corpuspages.eu/corpus/about/about?lang=en
http://sli.uvigo.gal/CLUVI/index.php?lang=en
http://sli.uvigo.gal/CLUVI/index.php?lang=en


PaCoCo – motivation

Parallel corpora in various formats with heterogeneous metadata

• 10 different corpora
• 7 different formats

• tree-structure (XML, TEI)
• tabular (.tsv, .csv)

• non-standardized
• heterogeneous metadata and annotations
• difficult to combine, extract & exploit the data at our finger tips
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https://en.wikipedia.org/wiki/Text_Encoding_Initiative


PaCoCo – corpora

languages tokens years alignment

Sparcling de, en, es, fr, it + 11 454.7m 15 word
SLC de, fr 11.4m — word
Rumantsch Grischun de, rm 0.9m — word
Swatchgroup Geschäftsbericht de, gsw 0.2m — word
Medi-Notice de, fr, it 58.9m — word
Text + Berg de, fr, it, rm, gsw, en 52.6m 150 sentence
CS Bulletin de, en, es, fr, it 61.6m 120 sentence
Horizons de, en, fr 2.9m 14 document

https://pub.cl.uzh.ch/purl/PaCoCo
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https://pub.cl.uzh.ch/purl/PaCoCo


PaCoCo – Data model
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Questions
Comments
Discussion



Alignment



Definition

Alignment refers to

• a correspondence relation between different parts of a parallel
corpus at a particular level, e.g.

• a book and its translation to another language
• a sentence and its translation
• a word or multiword expression (”potencia visual” ↔ ”sight”)

• a set of those relations
• the process of identifying those sets of relations
• the level of correspondence (word alignment, sentence
alignment, …)
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What can be aligned?

• documents (books, protocols, leaflets, construction manuals, …)
• any kind of subordinated structural text units (chapters, agenda
items, …)

• paragraphs (?)
• sentences/segments
• sub-sentential units (chunks, constituents, …)
• words/tokens
• morphems (?)
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Document alignment

• also: text alignment, document linking
• correspondence in most cases given3

• documents might be ordered (e.g. plenary sessions with an
indicated date) but typically are not (e.g. books)

• metadata varies from source to source
• typically 1:1 correspondences
• there might be null alignments4 (depending on the document
collection)

• translation direction can be indicated on this level5

3(Tiedemann 2012)
4units that have no counterpart
5but, for example, turn-based translation in Europarl
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Document alignment – top layer: book
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Document alignment – subordinate layer: chapter
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Sentence alignment

• variable use of punctuation marks: better split sentences and
perform alignment on segments

• often ordered, no overlapping alignment links (monotonicity)
• frequently 1:1 correspondences (depends on text type and mode
of translation)

• null alignments may occur when information is added or
omitted during translation (strongly dependent on text type)
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Sentence alignment – (toy) example

(Thompson and Koehn 2019)

17



1:1 alignments
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1:n alignments
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Added/omitted information
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Sentence alignment – monotonicity

Under the assumption of monotonicity and infrequent null
alignments, we can find the overall alignment around the diagonal:

(Thompson and Koehn 2019)
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Sentence alignment – monotonicity

The same idea but as ”iterative refinement” approach (anchors):

(Tiedemann 2012)
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Word alignment

• aligns actually any token provided (requires tokenization)
• no order can be assumed; alignment only by chance monotonic
• 1:1 alignments most frequent, but many different ratios
observable

• the concept of ”words” may differ drastically between
typologically less-related languages

• null alignments are frequent (e.g. function words)
• ⇒ word alignment comes with a significant error rate and only
the aligned word may be of little help for particular applications
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Alignment links
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Multiparallel word alignment
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Linguistically motivated word alignment
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Hierarchical alignment – nested alignment units
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Alignment tools – documents

• if correspondence is not already known, resort to a comparison
of metadata, document size, cognates, etc. to identify the most
likely set of corresponding documents

• use language identification if the source material might be
unclean (e.g. data collected from the internet)
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Questions
Comments
Discussion



Alignment tools – sentences

Features used include:

• sentence length
• lexical correspondence (possibly induced from the data)
• cognates and extra-linguistic data (e.g. numbers, URLs)
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Alignment tools – sentences

Popular and state-of-the-art sentence aligners:

• Hunalign (Varga et al. 2005)
uses an (induced) dictionaries and sentence lengths

• Gargantua (Braune and Fraser 2010)
designed for asymmetrical parallel corpora6

• Bleualign (Sennrich and Volk 2010)
based on machine translation

• Vecalign (Thompson and Koehn 2019)
based on bilingual sentence embeddings

6many null alignments
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Alignment tools – words

Popular and state-of-the-art word aligners:

• GIZA++ (Och and Ney 2003)
implements the ”IBM models”, asymmetric models

• BerkeleyAligner (Liang, Taskar, and Klein 2006)
adds a probability threshold and a (symmetric) HMM

• fastalign (Dyer, Chahuneau, and Smith 2013)
very fast, but less reliable

• efmaral/eflomal (Östling and Tiedemann 2016)
uses Bayesian mathematical; can store trained model

• SimAlign (Sabet, Dufter, Yvon, and Schütze 2020)
based on bilingual word embeddings

• AWESOME (Dou and Neubig 2021)
based on bilingual word embeddings
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Alignment tools – words

• most word aligner generate unidirectional alignments, i.e. 1:n
alignments7

• those aligners need to train two models (one for each direction)
and results need to be symmetrized

• combining the output of several aligners (e.g. by majority vote)
can lead to better results (better precision, lower recall)

7fot the case ”potencia visual” ↔ ”sight”, ’potencia’ and ’visual’ can both be aligned
to sight when going from Spanish to English, the other way round, ’sight’ can only be
aligned to one of them)
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Alignment types of different aligners
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Manual alignment (demo)

Our ”hierarchical alignment tool” for multiparallel corpora:

• Sentences
• Words
⇒ resulting multilingual alignment units
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https://pub.cl.uzh.ch/projects/sparcling/hat/sents/#56629&version=1
https://pub.cl.uzh.ch/projects/sparcling/hat/words/#60c86ad1-d536-40f7-c0af-8690911e03dc&version=4
https://pub.cl.uzh.ch/projects/sparcling/gwalign/?lang=de,en,it,es,fr,sl
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Comments
Discussion



Exploration & Visualization



Parallel concordancer

For the general public
• Linguee
• Glosbe
• TAUS (discontinued?)
• Tradooit

Special user groups
• PaGeS
• CLUVI
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https://www.linguee.com/german-english/translation/auf+jemanden+r%C3%BCcksicht+nehmen.html
https://glosbe.com/es/en/prestar%20atenci%C3%B3n%20a%20algo
https://www.taus.net/
https://www.tradooit.com/info.php?q=take+precedence&btn-recherche.x=0&btn-recherche.y=0&langFrom=en&langTo=es
https://www.corpuspages.eu/corpus/search/advancedsearch
http://sli.uvigo.gal/CLUVI/index.php?lang=en


Multiparallel concordancer

Special user groups

• Multilingwis8

• ParCourE – Bible corpus explorer (typology)

8(Clematide, Graën, and Volk 2016; Graën, Sandoz, and Volk 2017)
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https://pub.cl.uzh.ch/projects/sparcling/multilingwis2.demo/#%7B%22queryInput%22%3A%22take%20into%20account%22%2C%22selectedCorpusId%22%3A%22europarlf6%22%2C%22options%22%3A%7B%22token_lemma%22%3Atrue%2C%22content_words_only%22%3Afalse%2C%22all_hits%22%3Afalse%7D%2C%22inputLanguage%22%3A%22en%22%2C%22autoDetectInputLanguage%22%3Atrue%2C%22searchStarted%22%3Atrue%2C%22selectedVariants%22%3A%7B%7D%2C%22examplePointer%22%3A0%2C%22metadataFilter%22%3A%7B%7D%7D
http://parcoure.cis.lmu.de/multalign


Translation equivalents

• valid options to translate a word or a phrase
• can be derived from alignment statistics
• relative alignment frequencies (probabilities) are unidirectional9

absolute frequency relative frequency
pa(EN cow | ES vaca) = 305 fa(EN cow | ES vaca) = 0.82
pa(EN cattle | ES vaca) = 44 fa(EN cattle | ES vaca) = 0.12
pa(EN beef | ES vaca) = 4 fa(EN beef | ES vaca) = 0.01

9the most frequent translation of ’liberty’ is ’libertad’, but the most frequent
translation of ’libertad’ is ’freedom’ (visual)
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https://pub.cl.uzh.ch/projects/sparcling/alignment_overlap/#lemmas=es:libertad,en:freedom,en:liberty&filter=fr,it,nl,ro,pt,pl,sl,sk,sv,de


Alignment overlap – indirect support for translation equivalents

• we use a corpus with many languages; 12 of them are
word-aligned to each other

• a translation equivalent can be supported by lemmas of third
languages that are frequently aligned with both of the words in
question

• the absence of such lemmas challenges the reliability of the
original translation equivalent

• ⇒ we created an interface to explore those relations:10
https://pub.cl.uzh.ch/purl/alignment_overlap

10(Graën and Schneider 2020)

38

https://pub.cl.uzh.ch/purl/alignment_overlap


Alignment overlap – use cases

• false friends (different languages)
(es) entender & (fr) entendre
(en) deception & (es) decepción
(en) assist & (es) asistir

• quasi-synonyms (same language)
(es) solicitar & (es) pedir & (es) rogar
(de) steigen & (de) ansteigen
(en) disturb & (en) bother & (en) annoy

• translation errors
(en) July & (es) julio
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https://pub.cl.uzh.ch/projects/sparcling/alignment_overlap/#lemmas=es:entender,fr:entendre&filter=it,nl,pl,pt,ro,sl,sk,sv
https://pub.cl.uzh.ch/projects/sparcling/alignment_overlap/#lemmas=es:decepci%C3%B3n,en:deception&filter=nl,pl,ro,sl,sk,sv
https://pub.cl.uzh.ch/projects/sparcling/alignment_overlap/#lemmas=en:assist,es:asistir&filter=nl,pl,ro,sl,sk,sv
https://pub.cl.uzh.ch/projects/sparcling/alignment_overlap/#lemmas=es:pedir,es:solicitar,es:rogar&filter=nl,pl,ro,sl,sk,sv,pt
https://pub.cl.uzh.ch/projects/sparcling/alignment_overlap/#lemmas=de:steigen,de:ansteigen&filter=sk,sl,pl,ro,nl,sv
https://pub.cl.uzh.ch/projects/sparcling/alignment_overlap/#lemmas=en:disturb,en:annoy,en:bother&filter=sk,pl,ro,sl,nl
https://pub.cl.uzh.ch/projects/sparcling/alignment_overlap/#lemmas=es:junio,en:July&filter=nl,pl,ro,sl,sk,sv


Group work

Compare the different concordancers with regard to:

1. search options

2. query performance

3. presentation of results

4. correctness of data displayed

5. other helpful features

Use both single words and multiword expressions.
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Linguistic Applications



Contrastive analysis: variable article use

• de “In unseren einzelnen Mitgliedstaat und gemeinsam als
Europäische Union müssen wir […]”

• en “In our individual Member States, and collectively as the
European Union, we must […]”

• es “En nuestros respectivos Estados miembros y, de manera
colectiva, en la Unión Europea debemos […]”

• it “Sia nei singoli Stati membri che collettivamente, come
Unione europea, dobbiamo esercitare […]”

• pt “Em cada um dos nossos Estados-Membros, e colectivamente
enquanto União Europeia, temos que […]”

• sv “I våra enskilda medlemsstater, och samfällt som Europeiska
unionen, måste vi […]”

Elena Callegaro (2017). “Parallel Corpora for the Investigation of (Variable) Article Use
in English: A Construction Grammar Approach”. PhD thesis. University of Zurich
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Multilingual phraseology: discontinuous constructions with
gaps

1 When does the Council intend to reach a decision on the establishment of this
future observatory?
När kommer rådet att fatta beslut om att inrätta detta framtida organ?

2 It has attempted to reallocate budgetary resources from the Progress pro-
gramme to the microfinance facility before the European Parliament has
reached a decision.
Den har försökt omfördela budgetresurser från Progressprogrammet till instru-
mentet för mikrokrediter innan Europaparlamentet har fattat ett beslut.

3 Furthermore, the decision-making process itself can be unclear, as the con-
vention submits proposals and the Intergovernmental Conference has to reach
decisions.
Dessutom kan det bli oklart kring själva beslutsfattandet, eftersom konventet
lägger fram förslag och regeringskonferensen måste fatta beslut.

4 When the matter comes before Parliament, therefore, we often have to reach
our decisions very quickly if we want to make the internal market a reality for
the citizens of Europe.
Kommer ärendet sedan till parlamentet, måste vi ofta fatta mycket snabba be-
slut, eftersom vi vill öppna den gemensamma marknaden för medborgarna. 41



Primeros experimentos on support verb constructions
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Constelaciones
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Constelaciones
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Constellations

• syntactic parsing combined with word alignment
• statistical association measures help identifying elements of
surprise

• in the case of support verb construction this is the verb
correspondence

• ⇒ high surprisal is an indicator for idiomaticity
• https://pub.cl.uzh.ch/purl/constellations
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https://pub.cl.uzh.ch/purl/constellations


Language Learning



Project

From parallel corpora to multilingual exercises
Making use of large text collections and crowdsourcing
techniques for innovative autonomous language learning
applications

• Data-driven learning (DDL)
• Corpus-based learning is both effective and efficient
• Combination of NLP methods + CALL→ ICALL applications

(Cobb and Boulton 2015)
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Sketch

• Curate parallel corpora (cleaning, hierarchical alignment)
• Let teachers generate language learning exercises based on
good examples

• Give (autonomous) learners access to the same functionality
• Use crowd (teachers & learners) for improvement
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Sentence candidates for exercise generation (HitEx framework)

(Pilán, Volodina, and Borin 2016)
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Candidates for parallel sentences

• Monolingual criteria plus translation characteristics
• Close (literal) or free (idiomatic) translation
• Correspondence on lexical level (single items vs. longer units)
• Similar part-of-speech and syntax or (systematic) difference
between languages
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Less literal translation↔ more advanced correspondences
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Corpora in classroom situations

• Data-driven learning (DDL)
• also: discovery learning; discover & reconstruct
• intentional learning vs. incidential learning (context)
• direct vs. indirect corpus consultation
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Language learning from corpora with moderated examples

• Teacher performs corpus search and compiles lists (indirect
corpus consultation)

• Can deselect examples and/or mark them as defective
• These lists can be shared and serve as basis for automatic
exercise generation

• Exercise links are passed to learners
• Learners can also provide feedback on single examples to
teacher and system

• Results of automatic evaluation are shown to both
• Exercises with manual evaluation possible
• Learners can also use the application autonomously (direct
corpus consultation)
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Aspects of crowdsourcing

• ‘active’ vs. ‘passive’
• explicit vs. implicit
• motivation (paid, voluntary, “forced”)
• qualification (skills required, learners themselves)
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PaCLE – use parallel corpora for generating language learning
exercises

• tool available online:
https://demo.spraakbanken.gu.se/johannes/PaCLE/

example: (es) cuyo vs. (ca) el cual
• guidelines: https://demo.spraakbanken.gu.se/
johannes/PaCLE_demo/PaCLE-guidelines.pdf
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https://demo.spraakbanken.gu.se/johannes/PaCLE/
https://demo.spraakbanken.gu.se/johannes/PaCLE/#/query?pair=ca-es&q1=el%20qual%7Cla%20qual%7Cels%20quals%7Cles%20quals&q2=cuyo%7Ccuya%7Ccuyos%7Ccuyas&limit=100
https://demo.spraakbanken.gu.se/johannes/PaCLE_demo/PaCLE-guidelines.pdf
https://demo.spraakbanken.gu.se/johannes/PaCLE_demo/PaCLE-guidelines.pdf


Group work

Look up the following Swedish expressions in PaCLE:

1. med tiden

2. kort och gott

3. över förväntan

4. öga mot öga

5. huvud på ett fat

6. med flit

7. sakta men säkert

• Can we derive their meaning?

• How straightforward is the translation compared to other languages?

• Is there more than one valid translation variant?

• Can we identify synonyms for the Swedish expressions?

https://demo.spraakbanken.gu.se/johannes/PaCLE/


Discussion
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