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DWDSmor in a nutshell

DWDSmor is a toolbox for creating and applying a set of finite‑state automata for morpho‑
logical analysis and generation in written German.

The automata are compiled from an SMOR‑style grammar in SFST format and a corres‑
ponding lexicon.

The lexicon is derived at build time from XML sources of the online dictionary “Digitales
Wörterbuch der deutschen Sprache” (DWDS).

DWDS articles sources contain, in principle, all of the required information: lemma
spellings, part‑of‑speech classes, inflected Eckformen, links to word‑formation bases, etc.

In this way, DWDSmor also benefits fromweekly updates of the DWDS reflecting the latest
lexical trends in the German language.
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Components

DWDSmor has the following components:

– a morphological grammar of written German in SFST format

– XSLT stylesheets and Makefiles for generating a correspondingmorphological lexicon
in SFST format from DWDS article sources in XML format

– Makefiles for compiling automata from the grammar and the lexicon for morpholo‑
gical analysis and generation in written German (dwdsmor.a, dwdsmor-index.a,
dwdsmor-root.a)

– a Python script for the morphological analysis of German words (dwdsmor.py)
– a Python script for the generation of inflectional paradigms of German words
(paradigm.py)

– several unit tests, comparing, inter alia, the coverage of dwdsmor.a against a gold
standard (TüBa‑D/Z)
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Development

DWDSmor is in active development and available from GitHub.

Currently, the DWDSmor grammar supports all major German inflection classes as well as
some productive word‑formation patterns.

The GitHub repo provides a sample lexicon in DWDS XML format, fromwhich DWDSmor
automata with limited coverage can be compiled for testing purposes.

DWDSmor automata compiled from full DWDS sources are available on request.

https://github.com/zentrum-lexikographie/dwdsmor
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Institutions

DWDSmor is developed at the Zentrum für digitale Lexikographie der deutschen Sprache
(ZDL) by Andreas Nolda and Gregor Middell.

The ZDL is a joint institution of the Berlin‑Brandenburg Academy of Sciences and Human‑
ities (BBAW) and the academies in Göttingen, Leipzig, and Mainz under the umbrella of the
Union der deutschen Akademien der Wissenschaften.

It cooperates with the Institut für deutsche Sprache (IDS) in Mannheim and is funded by the
Bundesministerium für Bildung und Forschung (BMBF).

nolda_2023_dwdsmor.image_logo-bbaw.pdfnolda_2023_dwdsmor.image_logo-adwg.pngnolda_2023_dwdsmor.image_logo-saw.pngnolda_2023_dwdsmor.image_logo-adwl.pngnolda_2023_dwdsmor.image_logo-ids.pngnolda_2023_dwdsmor.image_logo-bmbf.png
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2 Word formation
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Inflection

DWDS dictionary

https://www.dwds.de
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Inflection

DWDS article sources and DWDSmor lexical entries

DWDS article sources provide all the information required for DWDSmor lexical entries:
lemma spellings, homograph indices, part‑of‑speech classes, nominal gender categories,
and inflected Eckformen.

DWDS article source in XML format:
<DWDS xmlns="http://www.dwds.de/ns/1.0">

<Artikel ...>
<Formangabe ...>

<Schreibung hidx="1">Bank</Schreibung>
<Grammatik>

<Wortklasse>Substantiv</Wortklasse>
<Genus>fem.</Genus>
<Genitiv>-</Genitiv>
<Plural>Bänke</Plural>

</Grammatik>
...

</Formangabe>
...

</Artikel>
</DWDS>

DWDSmor lexical entry in SFST format:
<Stem>Bank<IDX1><NN><base><native><NFem_0_$e>

DWDS article source in XML format:
<DWDS xmlns="http://www.dwds.de/ns/1.0">

<Artikel ...>
<Formangabe ...>

<Schreibung hidx="2">Bank</Schreibung>
<Grammatik>

<Wortklasse>Substantiv</Wortklasse>
<Genus>fem.</Genus>
<Genitiv>-</Genitiv>
<Plural>-en</Plural>

</Grammatik>
...

</Formangabe>
...

</Artikel>
</DWDS>

DWDSmor lexical entry in SFST format:
<Stem>Bank<IDX2><NN><base><native><NFem_0_en>
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Inflection

Inflection classes

DWDSmor lexical entries are derived from DWDS article sources by XSLT stylesheets, which
map DWDS lexical information to SMOR inflection classes:

<xsl:variable name="noun-class-mapping">
...
<class gender="fem."

genitive-singular="-"
nominative-plural="¨-e">NFem_0_$e</class>

<class gender="fem."
genitive-singular="-"
nominative-plural="-en">NFem_0_en</class>

...
</xsl:variable>
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Inflection

Inflection in DWDSmor

The DWDSmor automata relate surface forms to analysis strings, which provide a lemma, a
part‑of‑speech class, and a set of morphosyntactic categories:

Bank<+NN><Fem><Nom><Sg>
Bank<+NN><Fem><Acc><Sg>
Bank<+NN><Fem><Dat><Sg>

Bank Bank<+NN><Fem><Gen><Sg>
Bänke Bank<+NN><Fem><Nom><Pl>

Bänken Bank<+NN><Fem><Acc><Pl>
Bank<+NN><Fem><Dat><Pl>
Bank<+NN><Fem><Gen><Pl>
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Inflection

Inflection in DWDSmor

The analysis strings of the automaton dwdsmor-index.a also provide homograph indices
(if any):

Bank<IDX1><+NN><Fem><Nom><Sg>
Bank<IDX1><+NN><Fem><Acc><Sg>
Bank<IDX1><+NN><Fem><Dat><Sg>

Bank Bank<IDX1><+NN><Fem><Gen><Sg>
Bänke Bank<IDX1><+NN><Fem><Nom><Pl>

Bänken Bank<IDX1><+NN><Fem><Acc><Pl>
Bank<IDX1><+NN><Fem><Dat><Pl>
Bank<IDX1><+NN><Fem><Gen><Pl>
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Inflection

Inflection in DWDSmor

The analysis strings of the automaton dwdsmor-index.a also provide homograph indices
(if any):

Bank<IDX2><+NN><Fem><Nom><Sg>
Bank<IDX2><+NN><Fem><Acc><Sg>
Bank<IDX2><+NN><Fem><Dat><Sg>

Bank Bank<IDX2><+NN><Fem><Gen><Sg>
Banken Bank<IDX2><+NN><Fem><Nom><Pl>

Bank<IDX2><+NN><Fem><Acc><Pl>
Bank<IDX2><+NN><Fem><Dat><Pl>
Bank<IDX2><+NN><Fem><Gen><Pl>
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Inflection

Analysis and generation

In analysis mode, the relation is read from left to right. In generation mode, it is read from
right to left.

Bank<IDX2><+NN><Fem><Nom><Sg>
Bank<IDX2><+NN><Fem><Acc><Sg>
Bank<IDX2><+NN><Fem><Dat><Sg>

Bank Bank<IDX2><+NN><Fem><Gen><Sg>
Banken Bank<IDX2><+NN><Fem><Nom><Pl>

Bank<IDX2><+NN><Fem><Acc><Pl>
Bank<IDX2><+NN><Fem><Dat><Pl>
Bank<IDX2><+NN><Fem><Gen><Pl>

ana
lys
is
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Word formation

Word formation in DWDSmor

The DWDSmor automaton dwdsmor-root.a analyses word‑formation products in terms
of base lemmas, formation processes, and formation means, in the sense of the Pattern‑
and‑Restriction Theory (Nolda 2022):

Schulbank Schule<+>Bank<COMP><concat><+NN><Fem><Nom><Sg>
...

Kinder-Bank Kind<+>Bank<COMP><hyph><+NN><Fem><Nom><Sg>
...

Nolda, Andreas (2022). Headedness as an epiphenomenon: Case studies on compounding and blending in
German. In Headedness and/or Grammatical Anarchy?, ed. by Ulrike Freywald, Horst Simon, and Stefan
Müller, Empirically Oriented Theoretical Morphology and Syntax 11, Berlin: Language Science Press, 343–
376. https://zenodo.org/record/7142720/files/336-FreywaldSimonMüller-2022-
11.pdf [23 Oct. 2022].
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Word formation

Word formation in DWDSmor

The DWDSmor automaton dwdsmor-root.a analyses word‑formation products in terms
of base lemmas, formation processes, and formation means, in the sense of the Pattern‑
and‑Restriction Theory (Nolda 2022):

Schulbank Schule<+>Bank<COMP><concat><+NN><Fem><Nom><Sg>
...

Kinder-Bank Kind<+>Bank<COMP><hyph><+NN><Fem><Nom><Sg>
...

Nolda, Andreas (2022). Headedness as an epiphenomenon: Case studies on compounding and blending in
German. In Headedness and/or Grammatical Anarchy?, ed. by Ulrike Freywald, Horst Simon, and Stefan
Müller, Empirically Oriented Theoretical Morphology and Syntax 11, Berlin: Language Science Press, 343–
376. https://zenodo.org/record/7142720/files/336-FreywaldSimonMüller-2022-
11.pdf [23 Oct. 2022].
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Word formation

Word formation in DWDSmor

The DWDSmor automaton dwdsmor.a, in turn, provides morphologically segmented sur‑
face lemmas for word‑formation products, as does SMORLemma in its lemmatiser branch
(Sennrich and Kunz 2014):

Schulbank Schul<#>bank<+NN><Fem><Nom><Sg>
...

Kinder-Bank Kind<~>er<=>-<#>Bank<+NN><Fem><Nom><Sg>
...

Sennrich, Rico and Beta Kunz (2014). Zmorge: A Germanmorphological lexicon extracted fromWiktionary.
In LREC 2014: Ninth International Conference on Language Resources and Evaluation, ed. by Nicoletta
Calzolari et al., European Language Resources Association, 1063–1067. http://www.lrec-conf.
org/proceedings/lrec2014/pdf/116_Paper.pdf [18 July 2019].
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Word formation

Word‑formation stems

Compounding stems with or without linking elements can be inferred from links to word‑
formation bases in DWDS article sources.

DWDS article source in XML format:
<DWDS xmlns="http://www.dwds.de/ns/1.0">

<Artikel ...>
<Formangabe ...>

<Schreibung>Schulbuch</Schreibung>
...

</Formangabe>
<Verweise Typ="Komposition" ...>

<Verweis Typ="Erstglied">
<Ziellemma>Schule</Ziellemma>
...

</Verweis>
<Verweis Typ="Letztglied">

<Ziellemma>Buch</Ziellemma>
...

</Verweis>
</Verweise>
...

</Artikel>
</DWDS>

DWDSmor lexical entry in SFST format:
<Stem>Schule:<><NN><comp><native>

DWDS article source in XML format:
<DWDS xmlns="http://www.dwds.de/ns/1.0">

<Artikel ...>
<Formangabe ...>

<Schreibung>Kinderbuch</Schreibung>
...

</Formangabe>
<Verweise Typ="Komposition" ...>

<Verweis Typ="Erstglied">
<Ziellemma>Kind</Ziellemma>
...

</Verweis>
<Verweis Typ="Letztglied">

<Ziellemma>Buch</Ziellemma>
...

</Verweis>
</Verweise>
...

</Artikel>
</DWDS>

DWDSmor lexical entry in SFST format:
<Stem>Kind<>:<FB><>:e<>:r<NN><comp><native>
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Applications

DWDS corpora

https://www.dwds.de/r
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Applications

Corpus annotation

Output of dwdsmor.py for auf den Bänken:
Wordform Lemma POS Gender Case Number Inflection Function ...
auf auf ADV
auf auf PREP
den die REL Masc Acc Sg St Subst
den die DEM Masc Acc Sg St Subst
den die DEM NoGend Dat Pl St Attr
den die DEM Masc Acc Sg St Attr
den die ART Masc Acc Sg St Subst
den die ART NoGend Dat Pl St Attr
den die ART Masc Acc Sg St Attr
Bänken Bank NN Fem Dat Pl

Andreas Nolda | DWDSmor: A toolbox for morphological analysis and generation in German | 20/28



Applications

Corpus annotation

Output of dwdsmor.py for auf den Bänken:
Wordform Lemma POS Gender Case Number Inflection Function ...
auf auf ADV
auf auf PREP
den die REL Masc Acc Sg St Subst
den die DEM Masc Acc Sg St Subst
den die DEM NoGend Dat Pl St Attr
den die DEM Masc Acc Sg St Attr
den die ART Masc Acc Sg St Subst
den die ART NoGend Dat Pl St Attr
den die ART Masc Acc Sg St Attr
Bänken Bank NN Fem Dat Pl

supplementing tagger output with morphosyntactic information:
<w lemma="auf" pos="APPR">auf</w>
<w lemma="die" pos="ART" msd="NoGend.Dat.Pl.St.Attr">den</w>
<w lemma="Bank" pos="NN" msd="Fem.Dat.Pl">Bänken</w>
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Applications

Inflectional paradigms

Output of paradigm.py --lemma-index 1 for Bank:
Case Number Paradigm Forms ...
Nom Sg Bank
Acc Sg Bank
Dat Sg Bank
Gen Sg Bank
Nom Pl Bänke
Acc Pl Bänke
Dat Pl Bänken
Gen Pl Bänke
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Applications

Inflectional paradigms

Output of paradigm.py --lemma-index 2 for Bank:
Case Number Paradigm Forms ...
Nom Sg Bank
Acc Sg Bank
Dat Sg Bank
Gen Sg Bank
Nom Pl Banken
Acc Pl Banken
Dat Pl Banken
Gen Pl Banken
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Nominal part‑of‑speech classes in TüBa‑D/Z

POS tag interpretation coverage
NN ordinary nouns 90.31 %
NE proper names 7.74 %
ADJA prenominal adjectives 89.21 %
ADJD other adjectives 92.78 %
CARD cardinals 90.84 %
ART articles 99.86 %
PDAT prenominal demonstrative pronouns 96.39 %
PDS other demonstrative pronouns 97.54 %
PPOSAT prenominal possessive pronouns 99.11 %
PPOSS other possessive pronouns 100.00 %
PPER personal pronouns 98.87 %
PRF reflexive pronouns 99.50 %
PRELAT prenominal relative pronouns 99.84 %
PRELS other relative pronouns 95.08 %
PIAT prenominal indefinite pronouns 95.65 %
PIDAT prenominal indefinite prenominal with determiner 99.35 %
PIS other indefinite pronouns 96.76 %
PWAT prenominal interrogative pronouns 89.78 %
PWAV adverbial interrogative or relative pronouns 99.60 %
PWS other interrogative pronouns 98.99 %

as of 26 June 2023
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Verbal part‑of‑speech classes in TüBa‑D/Z

POS tag interpretation coverage
VVFIN non‑auxiliary finite verbs 93.89 %
VVIMP non‑auxiliary imperative verbs 90.65 %
VVINF non‑auxiliary infinitives 92.39 %
VVIZU non‑auxiliary infinitives with zu 80.74 %
VVPP non‑auxiliary past participles 90.16 %
VMFIN finite modal verbs 99.85 %
VMINF modal infinitives 100.00 %
VMPP modal past participles 100.00 %
VAFIN finite auxiliary verbs 99.78 %
VAIMP imperative auxiliary verbs 100.00 %
VAINF auxiliary infinitives 99.89 %
VAPP auxiliary past participles 99.92 %

as of 26 June 2023
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Other part‑of‑speech classes in TüBa‑D/Z

POS tag interpretation coverage
ADV adverbs 97.09 %
PROP pronominal adverbs 98.50 %
APPR prepositions 99.63 %
APPRART contracted prepositions and articles 99.73 %
APPO postpositions 91.96 %
APZR right part of circumpositions 94.63 %
KOUI subordinating conjunctions for infinitives with zu 99.92 %
KOUS subordinating conjunctions for clauses 99.44 %
KON coordinating conjunctions 97.93 %
KOKOM comparative particles 99.78 %
PTKNEG negation particles 99.85 %
PTKVZ preverbal particles 96.04 %
PTKA preadjectival particles am and zu 100.00 %
PTKZU pre‑infinitival particle zu 99.99 %
PTKANT response particles 96.50 %
ITJ interjections 65.21 %
FM foreign material 0.00 %
TRUNC elliptical word parts 0.00 %
XY non‑words 0.00 %
$. sentence‑final punctuation characters 100.00 %
$, commas 100.00 %
$( other punctuation characters 99.06 %

as of 26 June 2023
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Summary

domain coverage
all tokens 90.84 %
tokens without POS tags NE, FM, XY, and TRUNC 95.94 %

as of 26 June 2023
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