EuReCo, KorAP and DeReKo: Updates on Ingestion and Annotation
Pipelines, Backend, Interfaces, Operation, and Corpora

Marc Kupietz, Harald Liingen, Nils Diewald, Helge Stallkamp,
Uyen-Nhu Tran, Rameela Yaddehige
Leibniz Institute for the German Language (IDS)
Mannheim, Germany
{kupietz, luengen, diewald, stallkamp, tran, yaddehige}@ids-mannheim.de

Abstract

This paper reports on recent technical developments in the European Reference Corpus EuReCo and its current
technical implementation based on the corpus search and analysis platform KorAP. We describe updates to the
ingestion pipeline, including extensions to the TEI-to-KorAP-XML converter tei2korapxml and the KorAP tokenizer,
as well as the newly introduced korapxmltool for annotation and index conversion. We further present Koral-
Mapper, a service that enables cross-schema comparability of annotations and metadata at query time, and report
on developments in the backend access control system Kustvakt, the web user interface Kalamar, API client libraries
for R and Python that promote reproducibility and methodologically sound Al-assisted analysis, and containerized
deployment. The corpora and languages currently represented in EuReCo are outlined, and the role of the German
Reference Corpus DEREKOo, including its metadata-driven virtual corpus design, predefined useful subcorpora, and
I5/TEl encoding, is discussed in detail.
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1. Introduction data and annotation schemes'. It supports an ex-

The European Reference Corpus EuReCo (Kupietz
et al., 2017, 2024) is an open long-term initiative
aimed at providing and using virtual, dynamically
definable comparable corpora based on existing
national reference corpora. Unlike parallel corpora,
which are susceptible to shining-through effects,
or web-based comparable corpora, which are lim-
ited to web material and typically lack rich meta-
data, EuReCo draws on large, carefully curated
national corpora and thus offers a complementary
approach to cross-linguistic research. This paper
reports on recent, mostly technical developments
underpinning EuReCo’s implementation: the cor-
pus search and analysis platform KorAP serves
as EuReCo’s current technical basis and is the fo-
cus of Sections 2, covering the ingestion pipeline,
annotation, cross-schema comparability, backend,
and deployment. Section 3.1 describes the role
of DEREKo, the German Reference Corpus, as a
major contributing corpus within EuReCo.

2. KorAP

KorAP (Banski et al., 2012; Diewald et al., 2016) is
the corpus search and analysis platform that cur-
rently serves as the technical basis of EuReCo.
Originally developed at IDS Mannheim primarily as
an access point to DEREKo, KorAP takes an agnos-
tic approach to data and research questions, ren-
dering it applicable to corpora with arbitrary meta-

tensible set of query languages, localization, and a
plugin architecture, and is openly developed under
a BSD-2-clause license.? The following subsec-
tions report on recent developments in KorAP, cov-
ering the ingestion pipeline, annotation and meta-
data comparability, backend infrastructure, user
interface, and operation.

2.1.
2.1.1.

Ingestion Pipeline
TEI Import: tei2korapxml

The fundamental layer where the ingestion pipeline
is initiated is the import of TEI XML files. The TEI
format is a widely used standard for encoding texts,
and it allows for rich metadata and structural infor-
mation to be included. The import process involves
parsing the TEI XML files, extracting relevant in-
formation such as the text content (which is also
tokenized), metadata (e.g., author, title, publication
date), and structural elements (e.g., chapters, para-
graphs). The result of the conversion is in KorAP
XML format (Bariski and Diewald, 2025), a radi-
cal standoff format, specifically designed for use
with the KorAP corpus analysis platform. This for-
mat allows for efficient storage and retrieval of the
text and its associated metadata, as well as for the
parallel addition of various stand-off annotations in
subsequent steps of the pipeline.

The tei2korapxml tool was originally designed to
specifically handle the |5 customization (Lingen

"Restrictions may concern, e.g., word segmentations.
®https://github.com/KorAp/
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and Sperberg-McQueen, 2012) of TEI P5. Since
version 2.4 (as of February 2023), however, it has
been extended to support general TEI P5 docu-
ments.

2.1.2. Tokenization

A very important part of the TEIl import is the tok-
enization of the text content. The tei2korapxml tool
can use any tokenizer, but recommends the use
of the integrated KorAP tokenizer and sentence
splitter (Diewald et al., 2022)3, which has a highly
efficient DFA, with a throughput of 10MB/s, as its
core (based on JFlex), and has a comprehensive
abbreviation list for German and abbreviation lists
for other selectable languages.

Recent updates to the KorAP tokenizer include
several bug fixes (e.g., soft hyphens are no longer
handled as token boundaries), an update to sup-
port Unicode 15.0 (including emojis with zero-width
joiners and skin-tone modifiers), extensions con-
cerning frequent German abbreviations, and, since
version 2.4, support for German gender-sensitive
spelling. The latter now also includes the handling
of colons, slashes, and brackets as separators for
gender endings, in addition to the previously sup-
ported asterisk and underscore. Thus, nouns like
Lehrer:in, adjectives like schén:es, and pronouns
like diese(r) are now correctly tokenized as single
tokens. To allow for reproducibility and the tokeniza-
tion of older texts, the support for gender-sensitive
spellings can be turned off (by selecting de-old as
the language option).

2.1.3. Annotations

A key feature of the KorAP XML format is that it
allows for the addition of arbitrary stand-off anno-
tations, which go to separate KorAP XML ZIP files
in subsequent steps of the pipeline. This means
that after an initial conversion of the base TEl, pos-
sibly already including linguistic annotations, vari-
ous, possibly multiple layers of annotations can be
added to the text without modifying the original text
content.

To add annotations, the new korapxmitool* can
be used, which has already integrated support for
Java based tools like OpenNLP®, CoreNLP (Man-
ning et al., 2014), MarMot (Mueller et al., 2013),
and Malt-Parser (Nivre et al., 2006). In addition,
via corresponding Docker containers provided by
the KorAP team®, support for TreeTagger (Schmid,
1994) and spaCy (Honnibal et al., 2020) is also

Shttps://github.com/KorAP/
KorAP-Tokenizer

*https://github.com/KorAP/korapxmltool

5https://opennlp.apache.org/

6https://hub.docker.com/repositories/
korap?search=conllu

integrated. Furthermore, any annotation tool that
reads and writes the CoNLL-U format (Nivre et al.,
2016) can be integrated.

2.1.4. KorAP XML to Krill Conversion

A central step in the ingestion pipeline is the merg-
ing of the various KorAP XML files — covering
primary text, structure, and annotations — into a
single Krill-JSON file. These files are encoded in
JSON and serve as the basis for building the Ko-
rAP search index. In the original Perl-based pro-
totype, this merging step constituted a significant
bottleneck: it required unpacking often millions of
individual XML files to the file system.

The rewritten Kotlin/Java implementation, now
integrated into korapxmltool, eliminates this bot-
tleneck through two key improvements: files are
processed directly from their compressed form with-
out intermediate unpacking, and concurrent shared-
memory hashes are used to collect and merge infor-
mation across files in parallel. The resultis a speed-
up of one to three orders of magnitude depend-
ing on text size, available CPU cores, and mem-
ory. As a concrete illustration, converting all Ger-
man Wikipedia articles now takes approximately
three hours rather than three weeks, a reduction
that makes previously impractical large-scale re-
indexing workflows feasible.

2.2. Comparability

While virtual corpora already enable comparability
at the corpus level and various query languages,
client software etc. support comparability at the
analysis level in KorAP, there has been no mecha-
nism for comparability at the annotation and meta-
data level, which is important for EuReCo research.
Koral-Mapper’ closes this gap; it is a service for the
KorAP search platform that translates annotations
and metadata between different schemas by rewrit-
ing the JSSON-based intermediate representation
KoralQuery (Bingel and Diewald, 2015) based on
predefined transformation rules — both for requests
and responses. This allows users to search, for ex-
ample, for linguistic structures using Universal De-
pendency POS annotations even though only STTS
tags are available in the index. The reverse trans-
formation enriches the results accordingly. Since
annotation and metadata schemas rarely have 1:1
relationships, the rules also support Boolean logic.
The service uses a rewrite mechanism and can be
integrated directly into the KorAP frontend, as well
as via the API and client libraries.

"https://github.com/KorAP/Koral-Mapper
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2.3. The Web User Interface

KorAP is based on a modular client—server archi-
tecture. Its web-based user interface, Kalamar
(Diewald et al., 2019), communicates with KorAP
via the backend’s publicly accessible web services
(Kupietz et al., 2022). KorAP’s principle of design-
ing small, independent components (Diewald et al.,
2016) is also reflected in its plugin mechanism. Plu-
gins can be developed independently of the Kala-
mar interface and integrated into the Kalamar web
application. They retrieve data via KorAP’s web ser-
vice API. This approach allows the Koral-Mapper
service to be integrated into the Kalamar frontend
as a plugin.

Beyond its modular architecture, Kalamar has
been revised to improve usability and visual clarity
(see Diewald et al., 2025). In version 0.60.0 the
navigation structure has been redesigned to cre-
ate a more modern and intuitive user experience,
with an improved visual appearance of the naviga-
tion components and a more logical grouping of
related functionalities. Kalamar follows a design
approach based on “progressive disclosure”, which
ensures that basic functionalities are easily acces-
sible while advanced options are only available on
demand (Tidwell, 2006). The revised user inter-
face improves clarity and reduces cognitive load by
structuring visual elements according to the prin-
ciples of proximity and consistency (Lidwell et al.,
2010). A new top navigation bar now groups core
functionalities such as login/logout, documentation,
and other related items. In addition, the responsive
layout has been revised to adapt the new naviga-
tion and improve accessibility across devices and
user groups.

2.4. Backend

Kustvakt® operates the backend of KorAP, connects
other components and manages their tasks. Im-
portantly, it is responsible for user rights and ac-
cess control management that aims at maximizing
user access to corpus data while protecting rights
holders’ legitimate interests (Margaretha lllig et al.,
2025). Kustvakt provides web service APIs to ac-
cess virtual corpora and its various annotations,
that mostly involve complex licenses and diverse
restrictions depending on access methods and pur-
poses.

KorAP’s access policies are defined to model
license forms, namely which users have which ac-
cess rights to which data. Kustvakt enforces the
access policies through query rewriting techniques
(Banski et al., 2014). For instance, unauthorized
requests are permitted to search only on free re-
sources or the metadata of all resources, including

Shttps://github.com/KorAP/Kustvakt

protected ones. Supporting OAuth2 (Hardt, 2012),
Kustvakt improves access capabilities and enables
authorized access through third party applications.
Kustvakt is open-source, extensible, and generally
applicable for access control in corpus analysis
tools.

2.5. API Client Libraries

Client libraries for R (Kupietz et al., 2020) and
Python (Kupietz et al., 2022) facilitate access to
KorAP’s REST API, notably promoting reproducibil-
ity and replicability in research workflows. Since
July 2025, their CI pipeline has included tests to
ensure that LLMs can solve basic analysis tasks
when prompted with the documentation. This doc-
prompting approach aims to support “vibe-coding”
analysis scripts in a way that is as methodologically
sound and sustainable as possible, by ensuring
the documentation remains a reliable basis for Al-
assisted generation (Trawinski et al., 2025).

The client libraries can be used for all corpora ac-
cessible via KorAP, including those within EuReCo.
Recent updates added support for comparing col-
location analyses across multiple virtual corpora,
an important feature for defining comparable cor-
pora, to be used, e.g., for analyzing light verb con-
structions across languages and other distributional
phenomena that are sensitive to topic domain and
genre composition (Kupietz and Trawiriski, 2022).

2.6. Operation and Containerization

KorAP is based on different independent compo-
nents that can be installed and run via a single
Docker Compose command.® An instance is based
on a specific index and around 20 instances have
been deployed at the IDS and more outside. Moni-
toring and managing multiple instances presented
challenges, leading us to utilize Portainer' for cen-
tral management of Docker containers.

3. Corpora and Languages
represented in EuReCo

EuReCo is designed to be a long-term initiative that
can be extended with new corpora and languages.
Currently, EuReCo provides access, to varying
degrees, to the following national and reference
corpora: the German Reference Corpus DEREKO
(Kupietz et al., 2010), the Contemporary Corpus
of the Romanian Language CoRoLa (Barbu Mi-
titelu et al., 2018, Romanian Academy, 2017), the
Hungarian National Corpus HNC (Varadi, 2002;
Oravecz et al., 2014, Hungarian Academy of Sci-
ences, 2018), the Bulgarian National Reference

9https://github.com/KorAP/KorAPfDocker
“https://www.portainer.io/
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Corpus BNRC (Simov et al., 2004), the Polish Ref-
erence Corpus NKJP (Przepidrkowski et al., 2004).

3.1. DEeReKo

The German Reference Corpus DEREKo is the
largest text archive for linguistic research of contem-
porary German. DeEREeKo is constantly being ex-
tended; currently (as of DeReKo-2026-1), it contains
63.8 billion tokens (Leibniz-Institut fir Deutsche
Sprache, 2026). The composition of DEREKo, as
illustrated in Table 1 with examples of widely used
virtual subcorpora, covers a wide range of gen-
res. The bulk of DEREKo has always consisted
of press corpora, but it also contains fiction, spe-
cialized texts, Computer-mediated communication
(CMC), and many other genres. Recent additions
include paraliterature, a corpus of YouTube com-
ments (Cotgrove, 2023; Kupietz et al., 2023), and
journals specialized in engineering and technology
(LOngen et al., 2025).

Category Tokens
Press 19,431,351,555
CMC (Wikipedia Talk, Usenet) 786,760,495
Plenary protocols 379,344,831
Fiction (Literature, Novels) 89,912,729
General-interest magazines 94,000,352
Specialized (Science, IT, etc.) 55,542,376

Table 1: Composition of DeReKo-KorAP-2026-I
(the virtual subcorpus of DeReKo-2026-| that is
available via KorAP) by selected predefined useful
subcorpora.

DeREeKo is a general-purpose corpus and ad-
heres to a primordial sample design, which means
that users define virtual subcorpora that are tailored
to (e.g. balanced w.r.t.) a specific research ques-
tion using DEREKO’s metadata. Recently, we have
published a list of “useful virtual corpora” (VCs) and
their definitions via regular expressions over KorAP
metadata fields. Each definition is linked to a web-
page with a KorAP interface where the respective
definition is specified in the corpus assistant, i.e.
the user can immediately start with queries to the
VC. Examples of such useful virtual subcorpora
are newspaper commentaries, novels, or IT maga-
zines.

DeReKo is a major part of EURECO and has
been used in various pilot studies using compa-
rable corpora, e.g. (Banski et al., 2023). (Pairs
of) comparable corpora are designed by defining
a mapping between relevant metadata of DEREKo
and another corpus of a different language within

"https://korap.ids-mannheim.de/doc/
corpus/useful_subcorpora

EuReCo. DeREeKo’s rich metadata such as text
type, topic domain, article type or newspaper col-
umn facilitate its use in EURECo.

The basic text structure and text and corpus meta-
data are encoded in 15, a TEI customization devel-
oped for DEREKo (Llngen and Sperberg-McQueen,
2012; Lingen and Pisetta, 2025)

4. Summary and Conclusions

We have presented recent developments in the
EuReCo initiative and its technical infrastructure.
On the ingestion side, the tei2korapxml con-
verter now supports general TEI P5 in addition
to the 15 customization, and the KorAP tokenizer
has been extended with full Unicode 15.0 support
and handling of gender-sensitive spellings. The
newly introduced korapxmltool consolidates an-
notation integration and KorAP XML-to-Krill conver-
sion, achieving speed-ups of one to three orders
of magnitude for the latter. With Koral-Mapper,
cross-schema comparability of annotations and
metadata is now possible at query time, a key
prerequisite for EuReCo’s comparative research
agenda. On the backend, Kustvakt ensures fine-
grained access control, while the revised Kalamar
interface improves usability through progressive
disclosure and a modernized navigation. Client
libraries for R and Python promote reproducibility
and support methodologically sound Al-assisted
analysis through Cl-tested documentation. Con-
tainerized deployment via Docker and centralized
management with Portainer simplify the operation
of multiple KorAP instances.

On the corpus side, DEREKo continues to grow
and now comprises 63.8 billion tokens across a
wide range of genres. The introduction of prede-
fined useful virtual subcorpora lowers the barrier
for researchers to work with well-defined subsets
of the data.

Future work will focus on extending EuReCo’s
language and corpus coverage, further developing
the Koral-Mapper rule sets for additional annotation
schemas, and continuing to improve the sustain-
ability of Al-assisted research workflows through
the client libraries.
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