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Breaking down the title

• Massive: large-scale
• Semi-supervised generation: generation with minimal human
interference/labour

• Multilingual inflectional corpus: a corpus of the inflectional
paradigms of nouns, adjectives, verbs from 140+ languages

• from Wiktionary: using the English version of Wiktionary (5k
source languages, target language is English)
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Introduction



A dictionary named Wiktionary

Wiktionary is a multilingual dictionary,
where every lemma has:
• Sections per source language
• Pronunciation
• Etymology
• Definition
• Inflection
• Derivatives
• Translations
• Semantic information
• etc.

Page for lemma ‘architecture’.
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The two sides of the same dictionary

Web version:
• human-readable information
• for human access
• static
• generated by XML files and server
• accessible online

This web page for ‘falar’...

XML Dump version:
• machine-readable information
• for server and experts
• dynamic
• can generate web pages
• accessible offline

...Fis generated by this XML page.
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Wiktionary and NLP

• Wiktionary is a widely used
resource for NLP/NLG/NLU
applications

• Advisable by Wiktionary to
use XML files to avoid server
load

• Many available tools to parse
the XML file [5, 1, 7, 4]

• Easy to access some info, e.g.
phonology...

• ... but what about inflection?
[6]
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Previous work: IWNLP

Liebeck and Conrad (2015) [3]: IWNLP

• Parser for German Wiktionary
• Re-implement templates from Lua to C#
• Inflection for some classes of nouns, adjectives, verbs

PROS:
• Very high quality
• Able to generate
inflectional paradigms

• Uses only offline XML
dump file

CONS:
• Only for German language
and Wiktionary

• A lot of manual labour, hard
to extend

• Not all templates are adapted
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Previous work: UniMorph

Kirov et al. (2016) [2]: UniMorph

• Multilingual corpus of inflected wordforms
• Pulling information from en.wiktionary.org, no XML dump file
• (2016) ∼1M inflected forms, (2018) ∼9M inflected forms
• Tagging with UniMorph schema

PROS:
• Very large, multilingual
• Includes tags
• Biggest open-source
inflectional resource
available, still growing

CONS:
• Pulling from online is bad
practice

• Tagged wordforms but not
organized in paradigms

• Non-reproducible
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Our research questions

• Can we reverse-engineer the Wiktionary like Liebeck and
Conrad...

• ... but in a large-scale and multilingually like Kirov et al. ...
• ... and in a reproducible, extendable, unsupervised way?
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Reverse-engineering the (English)
Wiktionary



Web page generation

This part of the XML file... ... generates this conjugational
table on the web page.
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Templates

{{pt-conj|fal|ar}}
is a dynamic link to a template
with its required parameters.
• pt-conj: template for verb
conjugation in Portuguese

• fal: stem of the word
• ar: conjugation class

A template has its own XML page.
But where is the conjugational
information in the page?
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Modules

{{#invoke:pt-conj|show}}
is a dynamic link to a module.
The required parameters are
passed by the template
parameters. The module also
requires additional info (other
conjugational classes, table
templates etc).

Language: Lua
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Reverse-engineering the Wiktionary: Attempt 1

Unsupervised generation is not possible.
Missing information to run .lua script successfully.
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Back to the drawing block...

How do generated templates look like online?

en.wiktionary.org/wiki/Template:pt-conj

en.wiktionary.org/wiki/Template:pl-decl-adj-owy
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Generated templates

XML file > lemma ‘różowy’ > {{pl-decl-adj-owy|róż}}
generates this:

0: template name, 1: stem
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Generated templates

en.wiktionary.org/wiki/Template:lt-conj-1
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Generated templates

XML file > lemma ‘gauti’ > {{lt-conj-1|gaun|gav|gau}}
generates this:

0: template name, 1-3: stem allomorphs
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Reverse-engineering the Wiktionary: Attempt 2
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Reverse-engineering the Wiktionary: Attempt 2

Goal: create an annotated corpus with:

• morphological information: stem allomorphs, prefixes, suffixes
• morphosyntactic information: UD tags
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Inflection Generation



Extracting the lemmata

1. Find pages in XML dump file where:

• there is content (e.g. not template pages)
• content is a lemma and not an inflected word (e.g. ‘houses’)
• content is a lemma and at least one dynamic link to a template

2. Process the XML code to extract lemma and its dynamic link(s) to
templates

5.740.594 word pages → 454.470 lemmata with inflection
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Extracting the templates

1. Find pages in XML dump file where:

• there is a template
• related to inflection and not other linguistic information (e.g.
phonology) or utilities (e.g. table generation)

2. Collect the template titles

3. Pull the html page for en.wiktionary.org/wiki/<template_name>

4. Process <template_name>.html with Python
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Template processing

• BeautifulSoup, pandas etc. to parse HTML table
• Custom table tags→ UD tags conversion
• Only significant and correctly parsed templates are kept

7.068 downloaded templates → 2.927 parsed templates
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Templates that didn’t make the cut...

Some examples:

• pt-conj: does not
contain template
tables

• de-decl-noun-m:
not well-written

• io-conj: requires
external information
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Time to generate the inflection!

1. Use lemma’s dynamic link(s) to find the appropriate template,
the stem allomorphs, other parameters

2. Generate inflected forms, with UD tags, prefixes, suffixes and
infixes (null if none), and stem (allomorph)

Results
⇒ 225.453 lemmata, matched with 1.708 templates to generate
8.426.480 inflected forms, in 199 languages
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Evaluation



Evaluation

• Human evaluation was not possible (or desired), because of
volume and non-reproducibility

• Using corpora was not possible, because inflected forms are
rare/low-frequency

• Our choice: use the English Wiktionary!

Process
1. Random selection of one lemma/template→
2. Generate inflection→
3. Pull lemma page from Wiktionary, check if forms exist→
4. Delete incorrect forms from template or entire template
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Evaluation Results

• Every evaluation run is randomized and unique
• Results after Random Evaluation 1 and 2:

Random evaluation No. 1 Random evaluation No. 2
Template Word All Correct False Word All Correct False
la-decl-2nd campus 12 12 0 Herostratus 12 8 4
de-decl-adj großbürgerlich 48 48 0 unmöglich 48 48 0
ga-decl-m1 gob 16 12 4 baneachlach 16 12 4
ang-decl-noun-a-n bispell 8 4 4 gedal 8 4 4
osx-decl-noun-a-n baluwerk 8 8 0 god 8 8 0
pl-decl-noun-masc-ani palant 15 15 0 torbacz 15 14 1

Results after Random Evaluation No. 1
⇒ 216.378 lemmata, matched with 1.537 templates to generate
5.970.799 inflected forms

Full tables for 3 random evaluations can be found here.
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Comparison to UniMorph

• UniMorph is larger
(+ high-frequency
languages)

• Wikinflection covers
more low-frequency
languages

• Wikinflection has more
morphological
information

• UniMorph uses own
tags, Wikinflection
uses UD

Language UniMorph Wikinflection
(after eval. 3)

Adyghe n/a 440

Albanian 33.483 8.767

Alemannic German 0 232

Ancient Greek 0 3.312

Arabic 140.003 36

Aragonese 0 448

Armenian 338.461 59

Assamese 0 13.790

Asturian n/a 23.329

Avestan 0 6

SUM 8.850.395 6.024.077

Full table of comparison can be found here.
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Conclusion



Discussion

Wikinflection is an approach to tap into information previously unex-
ploited, and to generate an inflectional corpus with as little human
supervision as possible (so that it can be replicated and extended).

Succesful? Yes... but still not perfect.

• Non-unified style and syntax among contributors/languages
• Still missing information in inflection (cs, rfinfl, grc etc.)
• Wiktionary grows, evolves and revises all the time
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Future Work

• Try other Wiktionary target languages
• Improvement of template table parsing (missing tags)
• (Some) Human evaluation?
• Re-attempt to use modules for high-frequency languages
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Frame Title

Code available at:

github.com/lenakmeth/Wikinflection

Just add XML file!
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Questions?
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