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Abstract
Among the West Germanic languages of the first millennium C.E. (Old English, Old Low Franconian/Old Dutch, Old
High German, and – although much later – Old Frisian), Old Saxon occupies a special role both linguistically – in that
it represents a middle ground in the dialect continuum between Old English at one extreme and Old High German on
the other –, and in terms of material quality, in that it is attested with considerable amounts of coherent text (unlike
Old Low Franconian) which is not only particularly old (unlike, especially, Old Frisian), but also original (i.e., not
translated, a rarity in the attested Old English and Old High German material). It is thus a language central to the
understanding of the emergence of several modern major languages, incl. English, Dutch and German, and has
been studied intensely, albeit – so far – not in the context of the Universal Dependencies. This paper addresses
this gap and describes the introduction of (a) a manually annotated test corpus of Old Saxon, (b) a highly reusable
conversion pipeline for converting the Penn bracketing syntax of the Penn Historical Corpora (and the Old Saxon
Heliand) to UD, and (c) the evaluation of the latter against the manual annotations.

Keywords: Universal Dependencies, Old Saxon (Old Low German), Penn bracketing syntax, UD conver-
sion and evaluation

1. Introduction

The Old Saxon (Old Low German) language has
been the historical language of the Saxons, a Ger-
manic tribe settling primarily in North-Western Ger-
many in the first millenium C.E., neighboring Scan-
dinavians (the linguistic predecessors of Danish)
to the north, Frisians to the north-west, the Frank-
ish empire (the linguistic predecessors of modern
Dutch and German) to the south and west and
Slavs to the east. Linguistically, the languages of
the Saxons, Frisians and Franks formed a dialect
continuum that extended further onto the British
Isles whose early Germanic inhabitants settlers
also adopted a self-designation as Saxons when
they began their emmigration after the Romans
gave up the province of Britannia in 410 C.E. In a
series of intense wars, the continental Saxons were
conquered by the Franks in the 780s, and part of
their political and social integration into the Frank-
ish empire included their Christianization, giving
rise to the Old Saxon literature, primarily attested in
the Heliand, a 9th c. gospel harmony, the Genesis,
a free, poetic retelling of the first book of the Bible,
and in a number of smaller, fragmentary texts and
glosses.

In this paper, we describe the creation of a new
corpus of Old Saxon, syntactically annotated in ac-
cordance with Universal Dependency (UD) guide-
lines. For the most part, the corpus is, however,
not manually annotated, but converted, or, more
precisely, compiled from existing corpora with mor-

phosyntactic and/or syntactic annotation. These
annotations, applied to (different editions of) the
same source text, were however, conducted in ac-
cordance with different linguistic traditions (primar-
ily interlinear glossed text, or tier-based annotations,
and phrase structure syntax), so that substantial
efforts in into their harmonization and consolida-
tion are required in order to provide a CoNLL-U
representation that encompasses all sources of
information. We thus refer to our corpus as Con-
solidated Old Saxon (ConOS) corpus. Its current
release1 consists of UD-compliant data automati-
cally compiled from the respective source corpora
and the accompanying conversion scripts, encom-
passes a total of 109,000 tokens, which, however,
represent two versions of the same text. Beyond
that, we provide UD ConOS, a manually annotated
validation set of 2,000 tokens, published as part
of the Universal Dependencies.2 In addition to the
first fit (chapter) of the Heliand text, it also provides
annotations of a fragment of the Old Saxon Gene-
sis.

At the core of the ConOS corpus is the Heliand.
As the most extensive Old Saxon text, it occupies
a central position in early West Germanic philology
and its linguistic characteristics are crucial for re-
constructing early syntactic change (Petrova and
Solf, 2009; Lühr, 2025). Reflecting its importance,

1Available at https://github.com/
nds-spraakverarbeiden/ConOS

2Available at https://github.com/
UniversalDependencies/UD_Old_Saxon-ConOS

https://github.com/nds-spraakverarbeiden/ConOS
https://github.com/nds-spraakverarbeiden/ConOS
https://github.com/UniversalDependencies/UD_Old_Saxon-ConOS
https://github.com/UniversalDependencies/UD_Old_Saxon-ConOS
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Ms. M: that inatorht lico tidi gimanodun
Ms. C: that ina torohtlico tidi gimanodun

that him brilliant times remembered
‘that he was remembered of great times’

Table 1: Differences in word segmentation

it has been annotated repeatedly in independent
projects: the HeliPaD treebank (Walkden, 2016),
following Penn-style constituency annotation; the
Heliand DDD corpus (Referenzkorpus “Altdeutsch”)
with tier-based morphosyntactic and clausal anno-
tation; and the Heliand B4 corpus (Linde, 2009),
developed for diachronic information-structural re-
search. These corpora differ in granularity. Heli-
PaD provides full phrase-structure parses using the
Penn bracketing notation; DDD and B4 offer par-
tial, non-recursive annotations (POS, clause bound-
aries, and – B4 only – nominal and prepositional
phrases). The consolidation of their annotations
and the creation of the ConOS corpus is primarily
described in Chiarcos and Siewert (2026). The cur-
rent paper focuses on the creation of the manually
annotated UD ConOS corpus which represents the
gold data used for evaluating the conversion and
consolidation task, and which is released as a UD
data set.

2. Old Saxon: Texts and Corpora

Old Saxon (OS) is attested in two major texts, He-
liand and Genesis, which are both alliterative rhyme
poems dated back to the 9th century. In addition,
there is a small number of liturgical texts and tax
lists, but limited in size, so that research on Old
Saxon primarily focuses on Heliand and Genesis.
With about 6,000 long verses, the Heliand is the
more extensive, and so far, has remained the pri-
mary basis for corpus-based analyses. The OS He-
liand was handed down in two major manuscripts,
C (Ms. Cotton. Calig. A. VII, London, British
Library) and M (Cgm 25, München, Bayerische
Staatsbibliothek) as well as in four fragments. The
text is divided into 72 chapters (‘fits’) indicated in
the manuscripts by initial capital letters (Ms. M and
C) and Roman numbers (Ms. C only). A major
difference between the two manuscripts is in their
word segmentation, as exemplified in Table 1. This
will require special consideration when aligning the
corpora in future extensions of our work.

The earliest syntactically annotated corpus of
Heliand (Linde, 2009, Heliand-B4) was developed
along with digital editions for a number of Old High
German texts (Petrova et al., 2009). With only
3.500 tokens, it covered less than 10% of the text,
but the corpus, in particular in the design of the
corpora developed here inspired the subsequent
DDD project: The Old German Reference Cor-
pus (Referenzkorpus Altdeutsch, DDD) (Linde and

Mittmann, 2013; Dipper et al., 2013) aimed to digi-
tize and annotate all extant Old German texts, in-
cluding the Old Saxon Heliand, the Genesis and a
number of smaller texts (primarily tax registers and
short religious texts) by combining automated pre-
annotation from historical glossaries with manual
refinement. For Heliand and Genesis, the glos-
sary by Sehrt (1925) provides extensive lemma,
morphological, and attestational information that
was digitized by the project and linked with the text
to derive morphosyntactic annotations in an auto-
mated fashion (Linde and Mittmann, 2013). These
have been manually refined and extended using
ELAN, a tool for multi-tier annotation in the tradition
of interlinear glossed text (Bow et al., 2003, IGT),
with detailed morphological annotation and labels
for clause linkage, but without any annotation of
phrase structure or grammatical relations within the
clause. Figure 1 illustrates DDD annotations for
the first verse of Heliand, visualized with ANNIS.3

The first corpus to introduce full syntactic anno-
tations for Old Saxon was the HeliPaD (Heliand
Parsed Database) (Walkden, 2016), annotated ac-
cording to the standards of the Penn Corpora of His-
torical English (Taylor et al., 2003), employing ex-
plicit constituency structures, grammatical function
labels, empty categories, and indices to represent
long-distance dependencies. HeliDaD comprises
46,000 tokens, based on an older, authoritative edi-
tion (Sievers, 1878). The corpus is designed for the
comparative study of syntax, in particular among
the Penn Treebank family of parsed corpora. Heli-
PaD is the only corpus of Old Saxon to offer explicit
constituency structures with recursive phrase struc-
tures and grammatical relations. For the (partial
syntactic analysis of the) first line of the Heliand,
Fig. 2 shows pecularities of this format: Phrases
are marked by Lisp-style brackets, with the first
element representing the category of the phrase,
optionally followed by grammatical role annotations,
and the following elements representing the respec-
tive child nodes. Words (tokens) are terminal nodes
in this tree, with part-of-speech (XPOS) annotations
as their phrase label and represented as a concate-
nation of word form and lemma, separated by -.
The annotation also uses a considerable amount
of empty elements, including traces (marked with
*) and non-textual elements (marked with CODE).
The category and relation inventory and the XPOS
annotations are based on the Penn Treebank (Tay-
lor et al., 2003), albeit with extensions for historical
languages. This includes the annotation of mor-
phosyntactic features attached to the part of speech
and separated by ^, e.g., N^N^SG for a noun (N) in

3https://korpling.german.hu-berlin.
de/annis/ddd#_q=dG9rCg&ql=aql&_c=
RERELUFELUhlbGlhbmRfMS4y&cl=5&cr=5&s=
0&l=10&_seg=ZWRpdGlvbg&

https://korpling.german.hu-berlin.de/annis/ddd#_q=dG9rCg&ql=aql&_c=RERELUFELUhlbGlhbmRfMS4y&cl=5&cr=5&s=0&l=10&_seg=ZWRpdGlvbg&
https://korpling.german.hu-berlin.de/annis/ddd#_q=dG9rCg&ql=aql&_c=RERELUFELUhlbGlhbmRfMS4y&cl=5&cr=5&s=0&l=10&_seg=ZWRpdGlvbg&
https://korpling.german.hu-berlin.de/annis/ddd#_q=dG9rCg&ql=aql&_c=RERELUFELUhlbGlhbmRfMS4y&cl=5&cr=5&s=0&l=10&_seg=ZWRpdGlvbg&
https://korpling.german.hu-berlin.de/annis/ddd#_q=dG9rCg&ql=aql&_c=RERELUFELUhlbGlhbmRfMS4y&cl=5&cr=5&s=0&l=10&_seg=ZWRpdGlvbg&


279

Figure 1: Heliand DDD annotation, first verse, visualized with ANNIS4

( (IP-MAT
(CODE <P_7>)
...
(NP-SBJ *exp*)
(NP-PRD (Q^N^PL Manega-manag)

(CP-REL *ICH*-1))
(BEDI^3^PL uuaron-wesan)
(CODE <C>)
(CP-REL-1

(WNP-SBJ-2 0)
(C the-the)
(IP-SUB (NP-SBJ-RSP-2 (PRO^A^3^PL sia-he))

(NP-OB1 (PRO$^N^3^SG iro-his)
(N^N^SG mod-mod))

(GE+VBDI^3^SG gespon-spanan)
(, ,-,)
... ))))

Figure 2: HeliPaD annotation, first verse, PTB
bracketing format

nominative (^N) singular (^SG). A number of similar
extensions exist, e.g., for historical English (Pintzuk
and Taylor, 1997), historical German Light (2012);
Sapp et al. (2024), Yiddish (Santorini, 1993) and
Icelandic (Rögnvaldsson et al., 2011), but it is to be
noted that neither of these are fully identical with
each other, although the Old Saxon schema follows
the model of the Old English corpora.

In the following sections, we describe the cre-
ation of a manually annotated gold standard for Old
Saxon UD annotations, the conversion of HeliPaD
to UD and the evaluation of this conversion.

3. Building the UD ConOS corpus

We manually created a UD-compliant test corpus
for Old Saxon from the DDD corpus, that consists
of two parts: (1) Heliand fit (chapter) 1, based on
the text of Behaghel and Taeger (1984, further BT),
and (2) Genesis fragment 2, BT edition.

Heliand is structured into a total of 72 ‘fits’, or
chapters. UD ConOS provides a manual annota-

tion of the first fit, whose main witness is Ms. C
(it is largely missing in Ms. M). For this manual
annotation, we rely on an existing morphosyntactic
annotation of the Heliand provided by the DDD cor-
pus. This has been conducted independently from
the HeliPaD, and is based on the alignment of the
glossary of Sehrt (1925) that has been aligned with
the source text of the BT edition. Although this text
and the HeliPaD ultimately go back to the same
manuscript, it is to be noted that the BT text and the
HeliPaD text are not identical, but that the BT text
is heavily amended, the orthography of all source
manuscripts differ from each other and their nor-
malization in BT, and modernizing punctuation of
both texts has been created independently for both
editions. The Heliand part was based on the B4
corpus, aligned with the DDD annotations for mor-
phosyntax, lemmatization, German glosses, see
Chiarcos and Siewert (2026).

The second major text attesting the Old Saxon
language is the Old Saxon Genesis, a fragmentar-
ily attested retelling of the first book of the Gene-
sis, presumably written by the Heliand author and
surviving in three Old Saxon fragments, and an
Old English translation (or, as Old English and Old
Saxon are often seen as mere dialects – translit-
eration).4 With 1,145 tokens, the second of these
fragments is the largest consecutive piece of text
of Old Saxon outside the Heliand. The Genesis
part of UD ConOS was directly taken from the DDD
corpus.

We ground the UD ConOS annotations in the
morphosyntactic annotations of the DDD corpus,

4Although the Old Saxon and the Old English frag-
ments of the Genesis do not overlap, the Old Saxon
source of the Old English text is indicated by a number
of spelling errors, where Old Saxon forms are used in
place of expected Old English forms.
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which provides Heliand and Genesis along with all
other major text fragments of the Old Saxon lan-
guage, with annotations for morphosyntax, agree-
ment features, clausal juncture, and German
glosses.

For creating morphosyntactic annotations, we
first converted the DDD corpus from its native
ELAN format to a CoNLL-U representation: Us-
ing a generic ELAN converter, we identified the
minimal segments as tokens and then transformed
every tier to an independent column. With standard
GNU tools (cut, grep and sed), these were trans-
formed to (the FORM, LEMMA, XPOS) columns of
CoNLL-U as well as to the Trans (translation) prop-
erty we put into the MISC column to keep track of
the German translations of the Old Saxon lemmas.
For HeliPaD and B4 annotations, DDD annotations
were automatically aligned with both corpora, see
Chiarcos and Siewert (2026).

Actual annotation was performed with off-the-
shelf spreadsheet software (LibreOffice), where
we used Excel-style formulas to insert IDs and
conditional formatting over the columns ID and
HEAD to visualize attachment: from a color scheme
ranging from green over yellow to red, the same
color indicates the same number, as illustrated in
Fig. 7 for the sentence Sîđoda im thuo te seliđon,
habda im sundea giuuaraht bittra an is bruođar;
‘He now went home, (after) he had done bitter sin
against his brother’ (translation by authors, see
Appendix).

For the DDD tagset (Dipper et al., 2013), no UD
mapping was known to exist at the time and was
thus provided by the authors. For manual annota-
tion, we used the standard filter function of modern
spreadsheets to perform a manual mapping from
DDD XPOS to UPOS, by filtering every (group of)
UD-equivalent DDD tags and replacing them all to-
gether with a UPOS tag. It is to be noted that some
choices seem to have been rather arbitrary. As
an example, clause-initial sô is annotated as either
complementizer (and thus SCONJ, as in Example
1) or adverb (and thus ADV, as in Example 2). Ap-
parently, this is based on the German translation
as daß ‘that (complementizer)’ or so ‘so’, but often
without concrete contextual triggers that justify this
differentiation.

(1) Sô
SCONJ
so/that

he
PRON
he

thô
ADV
now

thana
DET
the-acc.sg

uuîrôc
NOUN
incense

drôg
VERB
carry.pst.3sg

‘As he took the incense’ (translation: Scott,
1966) (DDD Heliand)

(2) Sô
ADV
so/that

he
PRON
he

ina
PRON
he.acc

thô
ADV
now

gehungrean
VERB
starve

lêt
VERB
let.pst.3sg

‘As He let Himself hunger’ (translation: Scott,
1966) (DDD Heliand)

For UD ConOS, we respected the existing DDD
annotations, with SCONJ entailing a mark depen-
dency and a acl, advcl, ccomp or xcomp head,
and ADV entailing a advmod dependency without
any implications for the dependency label of its
head. Only in two cases, we observed (and cor-
rected) apparent errors in the morphosyntactic an-
notation of DDD, both of which seem to arise from
homonymy. As an example, lêđo ‘suffering’ (Ger-
man Leid) was incorrectly annotated as adjective
in the sentence in (3). Indeed, using the adjec-
tive lêđ ‘disgusting’ (German leid) in place of the
homonymous noun appears to be grammatically
possible, but would be contextually dispreferred:
the sentence continues with ‘(the suffering) that the
Antichrist throws all people into ruin’, with the word
lêđo acting as matrix noun for the relative clause.

(3) Than
ADV
then

hier
ADV
here

ôk
ADV
also

thie
DET
the-nom.sg

lêđo
NOUN
suffering

kumit
VERB
come.prs3sg

‘then here comes the suffering, too’ (transla-
tion: authors) (DDD Genesis)

The filtering function was also used to annotate
punctuations automatically (either modern punc-
tuation inserted into the historical text or symbols
indicating additional spaces or line breaks), in that
these were filtered out, with UPOS and DEP set to
PUNCT and punct, resp., and HEAD set to the ID
of the preceding row (i.e., the preceding word).

Annotation was performed left-to-right (or, in the
software, top-to-bottom) by first reading the full sen-
tence and its German glosses, and then annotating
the syntactic head of the word under consideration
(if the head precedes the word) and its dependency
label. If the word points to a head further down, it
is not annotated yet. Instead, as soon as the head
is annotated, we go back in the HEAD column and
fill up the annotations of the preceding dependents
with the ID of the head.
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4. From Penn Bracketing Syntax to
Universal Dependencies

We describe the conversion of Penn Bracketing
annotations of the HeliPaD corpus to Universal De-
pendencies as this is evaluated against UD ConOS
annotations in this paper. For the transformation
of and subsequent consolidation of B4 and DDD
annotations with the technologies described here
see Chiarcos and Siewert (2026).

4.1. Technological prerequisites
Previous tools for converting the Penn bracketing
syntax to UD have largely been ad-hoc solutions
focusing exclusively on one particular resource or
type of annotation, and because none of these
clearly separated the conversion task from the map-
ping logic, every attempt at converting an unseen
dataset had to be re-implemented from scratch, see
Arnardóttir et al. (2020) for an overview (and yet
another, corpus-specific solution).

In our approach, we aim to provide a more re-
usable alternative and suggest the application of
Fintan, the Flexible Integrated Annotation eNgineer-
ing platform (Fäth et al., 2020) that, on the one hand,
allows to consume standard formats from NLP, cor-
pus linguistics and computational lexicography, in-
cluding all flavours of CoNLL-TSV (incl. CoNLL-U).
These are then, sentence by sentence, transformed
to RDF graphs, such that graph rewriting rules can
be applied, using the W3C standard SPARQL, a lan-
guage for querying and transforming RDF graphs.
These rules represent the transformation logic and
are stored in separate files. Fintan supports par-
allelization and iteration of such transformations
to ensure fast and efficient processing, but as the
transformation logic is declarative, i.e., decoupled
from the conversion between source and target for-
mats, these transformations can be executed in any
technical environment that supports RDF data, say,
off-the-shelf databases such as Apache Fuseki5 or
Neo4J,6 in-memory solutions such as TARQL7 or
programming libraries such as RDFLib for Python8

or Apache Jena for Java and C++.9
With SPARQL 1.1, every transformation is

a sequence of retrieval (WHERE) and update
(INSERT/DELETE) operations, with a number of
optimizations for matching complex graph patterns.
In particular, this includes SPARQL property paths,

5https://jena.apache.org/
documentation/fuseki2/

6https://neo4j.com/blog/developer/
rdflib-neo4j-rdf-integration-neo4j/

7https://tarql.github.io/
8https://rdflib.readthedocs.io/en/

stable/
9https://jena.apache.org

i.e., the possibility to perform transitive search (re-
peatedly following edges of the same kind), inver-
sion (follow an edge in the opposite direction), se-
quences (follow one or more edges of one type,
then another), or disjunctions (follow one kind of
edge or another).

Moreover, because transformation are formu-
lated in a series of relatively fine-grained operations,
these operations can be re-used in constellations
in which similar data structures are to be modified,
say, for the conversion from trees to dependen-
cies, regardless of whether the source data was
provided in a CoNLL IOB notation, in Penn brack-
eting syntax, an XML tree or an array of nested
JSON dictionaries. All of these are supported by
Fintan and input and output formats, but here, we
specifically use the CoNLL-RDF customization of
Fintan (Chiarcos and Fäth, 2017) for reading and
writing CoNLL (and CoNLL-U) data, and the CoNLL-
RDF vocabulary (Chiarcos et al., 2021), as sum-
marized in Fig. 3. CoNLL(-TSV) formats represent
sentences as blocks of tab-separated rows, one
token per line, optionally preceded by comment
metadata. Columns encode annotations such as
form, lemma, POS, morphological features, depen-
dency relations or task-specific labels. CoNLL-RDF
maps each token to a nif:Word node, linked via
nif:nextWord, with column values represented
as literal properties in the conll: namespace.
Some columns receive dedicated treatment: HEAD,
for example, is resolved into explicit conll:HEAD
relations that link tokens (nif:Words) with each
other (for syntactic dependencies) or the sentence
(for roots). The CoNLL-RDF tree extensions (Chiar-
cos and Glaser, 2020) extend the basic CoNLL-RDF
model with the POWLA vocabulary to represent
hierarchical structures such as phrase-structure
trees. This extension allows Penn Treebank-style
parses to be encoded as additional nodes linked via
powla:hasParent and powla:next. Figure 4
shows a fragment in which a token is connected to
a phrase node, which in turn participates in a larger
tree. Thus, any kind of annotation that can be rep-
resented in a TSV format can be represented in a
unified RDF graph, which can then can be easily
traversed and manipulated with SPARQL, even if
the data includes multiple layers of diverse styles
of syntax annotation, be it phrase structure trees
or dependency syntax.

4.2. HeliPaD conversion
We first converted the native HeliPaD format into
the conventional CoNLL representation of the Penn
bracketing format, illustrated in Fig. 5, with four
columns that we label WORD, POS, LEMMA and
PARSE. Using the CoNLL-RDF tree extensions, this
was parsed into the structure illustrated in Fig. 6

Figure 6 illustrates the conversion process for

https://jena.apache.org/documentation/fuseki2/
https://jena.apache.org/documentation/fuseki2/
https://neo4j.com/blog/developer/rdflib-neo4j-rdf-integration-neo4j/
https://neo4j.com/blog/developer/rdflib-neo4j-rdf-integration-neo4j/
https://tarql.github.io/
https://rdflib.readthedocs.io/en/stable/
https://rdflib.readthedocs.io/en/stable/
https://jena.apache.org
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Figure 3: CoNLL-RDF Data Model (Chiarcos et al., 2021)

# CoNLL-RDF conversion with CoNLL-
RDF tree extension

:s1_0 a nif:Sentence .
:s1_7 a nif:Word ;

conll:HEAD :s1_0 ;
conll:WORD "Manega" .
conll:POS "Q^N^PL" ;
conll:LEMMA "manag" ;
nif:nextWord :s1_8 ;
powla:hasParent :bPARSE_4 .

:bPARSE_4 a conll:PARSE ;
conll:CAT "NP" ;
conll:ROLE "PRD" ;
powla:hasParent :bPARSE_2 ;
powla:next :bPARSE_5 .

Figure 4: CoNLL-RDF fragment for the first word of
HeliPaD, with tree extensions

<P_7> CODE _ ((IP-MAT *
...
*exp* _ _ (NP-SBJ *)
Manega Q^N^PL manag (NP-PRD *
*ICH*-1 _ _ (CP-REL *))
uuaron BEDI^3^PL wesan *
<C> CODE _ *
0 _ _ (CP-REL-1(WNP-SBJ-2 *)
the C the *
sia PRO^A^3^PL he (IP-SUB(NP-SBJ-RSP-2 *)
iro PRO$^N^3^SG his (NP-OB1 *
mod N^N^SG mod *)
gespon GE+VBDI^3^SG spanan *
, , , *
...

Figure 5: Initial CoNLL conversion of HeliPaD

the first verse of HeliPaD. Above is a (slightly sim-
plified) visualization of the CoNLL-RDF input graph
of words (green, with values of conll:WORD,
conll:POS, and conll:LEMMA properties),
phrases (yellow, with values of conll:CAT and
ROLE and the sentence (blue), connected by
nif:nextWord (−→), powla:hasParent (↑),
powla:next (between siblings in the parse tree,
hidden) and conll:HEAD (between every word
and the sentence, hidden).

The lower part of Fig. 6 shows results of
the graph rewriting operations with a number
of tokens dropped (empty tokens, illustrated by
gaps) and additional properties (conll:UPOS and
conll:EDGE) derived for the others. In the
lower part, the nif:nextWord property is ad-
justed to connect adjacent tokens, but skipped in
the diagram to facilitate readability. Further, the
conll:HEAD property of all tokens has been ad-
justed to point to their respective syntactic head.

Note that even after rewriting, the original
POWLA data structures remain in the RDF
graph. However, the CoNLL-RDF/Fintan writer
is asked to produce a table of (conll:)ID (au-
tomatically generated from the number of pre-
ceding nif:nextWord properties for every to-
ken), conll:WORD (UD FORM), conll:LEMMA,
UPOS, conll:POS (UD XPOS), conll:FEATS
(not available, thus filled up with _), (conll:)HEAD
(automatically generated from the ID of the
conll:HEAD), conll:EDGE (UD DEP) and two
empty columns, with words ordered according to
the nif:nextWord property. Any other property,
be it from POWLA, CoNLL-RDF or user-defined
name spaces, is quietly lost, and the result effec-
tively corresponds to CoNLL-U.

As the figure illustrates, complicated rewriting
rules are required, which can be conveniently im-
plemented in SPARQL. As a first step, we simplify
the label inventories (e.g., we infer conll:CAT
IP for every element with conll:CAT IPX – and
keep both values), and we detach nif:Words
that represent punctuation and CODE elements.
Then, we identify the location of the syntactic head
(temp:HEAD) for every phrase type, using a total
of 12 rules implemented by 21 SPARQL update
operations, e.g.,

1. for a non-branching powla:Node, the head is
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Figure 6: HeliPaD transformation (CoNLL-RDF: PTB-based input graph and derived UD data structures)

the child

2. the head of a node with conll:CAT CONJP is
the first conjunct, the conll:CAT of the head
is copied to the parent

3. the head of a PP node is the first child with
conll:CAT NP

4. the head of any PP node without head annota-
tion is the first child not carrying conll:POS
P, etc.

Unfortunately, the relatively large number of rules is
unavoidable due to the idiosyncrasies of both PTB-
and UD-styles of syntactic annotation. A number
of additional SPARQL updates are used in prepro-
cessing to simplify the label inventories.

The listing below illustrates an example for the
SPARQL updates employed, where we identify the
head-carrying child for every CP node as its first
child node with conll:CAT IP:
INSERT { # set a value for

?node temp:HEAD ?child; # temp:HEAD
rdfs:comment "(g)" # with rule (g)

} WHERE { # as follows:
?node conll:CAT "CP". # for every CP node
MINUS { ?node temp:HEAD [] } # without HEAD
?child powla:hasParent ?node;# use a child node

conll:CAT "IP". # with category IP
MINUS { # if there is no

[ conll:CAT "IP" ] # IP node that
powla:next+ ?child } # precedes it

};

As the comments underline, this directly translates
to human-readable instructions (and vice versa).
Also note that in addition to the transformation, we
also document all applied operations by adding a
rdfs:comment that identifies the responsible rule
to facilitate subsequent debugging.

As a result of these rules (and a final fall-back
rule to set the temp:HEAD to the first child node
that contains at least one non-empty token), every
powla:Node contains exactly one temp:HEAD.
The listing below contains the SPARQL Update
that uses the transitive closures of the temp:HEAD
property (temp:HEAD* and temp:HEAD+) to de-
rive the conll:HEAD property that directly con-
nects individual words rather than phrases:

INSERT {
?w conll:HEAD ?head.

} WHERE {
?head a nif:Word; (^temp:HEAD)+ ?phrase.

?child powla:hasParent ?phrase.
MINUS { ?phrase temp:HEAD ?child }
?child terms:HEAD* ?w.
?w a nif:Word.

};

For every ?phrase, this update defines the
?head as a nif:Word on the transitive clo-
sure of temp:HEAD ((t̂emp:HEAD)+). For ev-
ery ?child node of ?phrase that is not (MINUS)
the temp:HEAD of ?phrase, retrieve its syntac-
tic head ?w (a nif:Word identified along the
temp:HEAD* axis) and set the conll:HEAD of
?w to ?head. Whereas temp:HEAD connected
phrasal nodes with their dependents, conll:HEAD
now is a property pointing from one word to another.

Similarly (but in a separate update), ?w is
assigned multiple values for conll:EDGE:
conll:ROLE of ?dependent, conll:CAT
of ?dependent and the concatenation of
conll:CAT (or conll:POS) of ?dependent
and conll:CAT of ?phrase. These are later
mapped to UD dependency labels.

After the establishment of conll:HEAD prop-
erties, i.e., (unlabelled) dependency relations, we
now attach any detached word (code or punctu-
ation) to the head of the minimal spanning rela-
tion, resp., the overall syntactic root. Then, we per-
form a rule-based mapping for parts of speech and
conll:EDGE annotations to UD standards, based
on a manual inspection of existing conll:POS and
conll:EDGE values.

Finally, we remove empty tokens, induce the new
conll:ID values by counting the number of pre-
ceding nif:nextWord properties for every word
and write a TSV-separated table with the prop-
erties that represent the equivalents of the stan-
dard CoNLL-U columns. Fintan serializes this table
based on the nif:nextWord sequence, and ex-
cept for some greater level of flexibility in the CoNLL
comments that every sentence comes with (and
that also preserves all rdf:comment properties
attached to the nif:Sentence), the result corre-
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sponds to the CoNLL-U format. The next sentence
is then serialized after an empty line, etc.

The CoNLL-RDF module of Fintan provides a
number of convenient visualizations that were help-
ful in developing this converter. This includes a
direct export of ‘canonically formatted’ CoNLL-RDF,
where words are presented in their original order
and in a single line, similar to the common JSON-L
format, but as valid Turtle/RDF (or, optionally, with
syntax highlighting). This also includes a GraphViz
export of results and intermediate steps, as well as
an ASCII visualization of dependency trees.

5. Evaluation

For evaluating the HeliPaD conversion, we oper-
ate with the Heliand subset of our gold data, only.
The Genesis subset is reserved for future evalua-
tions of parsers against unseed data. A problem
is, however, that tokenization and spelling of the
DDD Heliand differs from that of the HeliPaD. This
is compensated by CoNLL-Merge (Chiarcos and
Schenk, 2018) that can be used to align the text of
different witnesses, versions or editions in CoNLL
(TSV one-word-per-line) formats. CoNLL-Merge
provides several strategies for the automated res-
olution of tokenzation, encoding or spelling con-
flicts (keep both, force source tokenization onto
target annotations, split into maximum common
segments, align by Levenshtein distance), as well
as for merging their annotations by putting them
into additional columns, following the annotations
of the base text (i.e., our gold annotation). We
use the default, so that tokens are aligned either
because of string identity or positional correspon-
dence . Otherwise, both alignments are kept, but
we use GNU tools (grep) to filter out mismatches
and evaluate alignable words, only. The merged
CoNLL file then consists of 20 columns, but as the
tokenization (and thus, the IDs) of both annotations
differ, the HeliPaD ID and HEAD annotations are
first replaced by values from the gold annotation.

With only about 2000 tokens overall, both frag-
ments are relatively small, but nevertheless al-
low us to evaluate along three different dimen-
sions, i.e., (1) the quality of the transformation rules
(over Heliand fit 1), (2) the quality of the HeliPaD
parser to replicate HeliPaD-UD annotations (over
Heliand fit 1), and, (3) the quality of the HeliPaD
parser over unseen text (over Genesis fragment
2). Whereas (2) and (3) are left as topics for fu-
ture research, the UD ConOS data allows for some
preliminary insights into structural differences be-
tween (the CoNLL-U edition of) HeliPaD and man-
ual ConOS annotations. As the textual basis of
HeliPaD and DDD Heliand is different, only 678
tokens remain for evaluation, with an UPOS accu-
racy of 96.9% (657/678). Recurring errors include

confusions between DDD PRON and HeliPaD DET
(4, in two of these cases, the HeliPaD combination
of UPOS and dependency was invalid) and ADJ
(3, for manag ‘many’ and gihwilik ‘every’), DDD
VERB and HeliPaD AUX (3, for hebbian ‘to have,
to own’), and DDD VERB and HeliPaD ADJ (3, for
participles). We achieve an unlabelled attachment
score (UAS) of 76.8% (521/678), and a labelled
attachment score (LAS) of 58.6% (397/678).

The UAS seems fair, the LAS numbers are rather
low – but also, achieved over a very small data set.
In the future, we would like to provide additional fits
(Heliand chapters) to substantiate our findings and
to assess a number of necessary corrections we ob-
served during evaluation: Upon closer inspection
we found that the LAS score may be due to dif-
ferent conceptualizations rather than linguistically
different analyses. Checking 124 cases with cor-
rect attachment, but divergent labels, we found that
24.1% (30/124) were for DDD nmod:gen against
HeliPaD nmod, and, analoguously, 9.7% (12/124)
for DDD det:poss against HeliPaD det. We
found 13 cases of DDD cc against HeliPaD mark
(10.5%, 13/124) which indicate a certain degree of
uncertainty also found in the literature with regard
to the identification of (subordinate) clauses and
their functions, and, if you will, a different school of
thought rather than a fundamental disagreement. It
is to be noted, however, that these divergent analy-
ses pertain to exactly three words: endi ‘and’, eftha
‘or’ and ak ‘but’. We would suggest to generally
label them as cc based on their lemma. For 12
cases (9.7%), we identified an actual error of the
HeliPaD conversion, where the traditional UD de-
pendency iobj was used for dative arguments
rather than the UD v.2 dependency obl currently
recommended for related languages (esp., modern
German). Eliminating these sources of error would
lift the LAS to 68.4% (464/678), and, thus, to a
more reasonable level.

The UD ConOS currently only comprises the
manually annotated subset of the larger ConOS
corpus. Both datasets are published under open
licenses (see introduction), but the (UD conversion
of the) HeliPaD corpus is currently not integrated
with the UD ConOS corpus. Unless we can provide
complete manual verification or raise the level of
agreement between converted and manually anno-
tated Old Saxon data to substantially higher levels,
it remains to be published as a complementary, in-
dependent, data set, but cross-referenced with UD
ConOS in their respective GitHub repositories and
their documentation.

6. Results and Perspectives

The UD ConOS corpus is the first UD corpus for Old
Saxon, which, although being small-scale, comes
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with the prospect to integrate the full HeliPaD cor-
pus, and the Old Saxon parts of DDD into UD.
As these conversions have, however, not been
manually verified, their UD conversions reside in
the primary ConOS repository, separated from UD
ConOS. We described the rule-based transforma-
tion of the Old Saxon HeliPaD corpus to UD and its
evaluation against UD ConOS, with notable contri-
butions on a technical level:

• the first declarative, tool-independent tech-
nique for mapping Penn Bracketing syntax
schemas to UD,

• using Fintan and SPARQL to disentangle for-
mat conversion (Fintan/CoNLL-RDF) from han-
dling linguistic data structures (SPARQL), fa-
cilitating the application of the same transfor-
mation logic against different backend tech-
nologies (say, an RDF database), and the re-
usability of transformation operations for differ-
ent formats (say, XML- or JSON-based formats
for phrase structure syntax), and

• evaluation of dependency syntax annotations
across divergent tokenizations by means of
CoNLL-Merge.

Recent years have seen a considerable number of
syntactically annotated corpora of older stages of
continental West Germanic (Sapp et al., 2024; Dip-
per et al., 2024; Haiber, 2024), but, aside from the
Walkden (2016) and Linde and Mittmann (2013),
these focus on the 2nd millennium C.E. As for
the older stages of Germanic, so far, only (Old)
Icelandic, Gothic and Old English are covered by
UD, but we are not aware of any data available
for the corresponding historical stages of German
(Old High German), Low German/Low Saxon (Old
Saxon) and Dutch (Old Low Franconian). Both Ice-
landic and the original English UD corpora data
are based on a conversion of Penn Treebank-style
corpora (Arnardóttir et al., 2020),10 so that, tech-
nologically, converting yet another Penn Historical
Treebank to UD is novel to a moderate extent, at
best. Still, the use of SPARQL and Fintan/CoNLL-
RDF technology may be noteworthy, and even more
so in combination with CoNLL-Merge: The declara-
tive rules do not only facilitate re-usability for simi-
lar conversion tasks, but also, both technologies in
conjunction allow to merge multiple CoNLL(-U) files
from different sources and to aggregate over them
in order to produce richer, consolidated, and more
consistent annotations. To some extent, this has
been illustrated in previous research, already, but

10Initial UD data has actually been created from such
data, using the StanfordNLP Universal Dependencies
converter still available from https://nlp.stanford.
edu/software/stanford-dependencies.shtml.

for very different tasks: Chiarcos and Fäth (2019)
combined CoNLL-U files from the Universal De-
pendencies with Skel (anonymized CoNLL) files
from the Universal Propositions on the basis of
their (largely shared) parts-of-speech annotation,
and then used SPARQL to decompose both types
of annotation and to aggregate them into a complex,
conjoint semantic-syntactic data structure as pos-
tulated by Role and Reference Grammar Van Valin
(2014, RRG). Similarly, Chiarcos et al. (2022) de-
scribed how Fintan/CoNLL-RDF and SPARQL can
be used to query over syntax annotations from 12
corpora representing the entire body of syntacti-
cally annotated historical German available at the
time and covering vastly diverse types of annota-
tion, ranging from shallow, tier-based annotations
(such as in DDD and Heliand-B4) over phrase struc-
ture annotations (such as in the Early New High
German treebank of Light, 2012) to dependency
syntax (Scheible et al., 2011; Salomoni, 2021).

For languages in which the same text has been
annotated multiple times independently (as for Old
Saxon) or is attested in different manuscripts (i.e.,
everything published before the advent of the print-
ing press, as books had to be copied by hand and
scribes left traces of their languages in the text, so
that manuscripts diverged substantially over time),
this can now be used to consolidate these texts
and their annotations in a systematic, rule-based
fashion. This is not to suggest that rule-based meth-
ods are to be preferred over machine learning, but
that, say, postprocessing annotations produced by
machine learning or other techniques can bene-
fit from a principled, systematic and reproducible
approach. For the specific case of the Heliand,
this even seems necessary, as the existing anno-
tations are complementary in the sense that each
of the known corpora provides something unique
(e.g., DDD provides more fine-grained clause link-
ing than HeliPaD) and they complement each other
in that they allow us to spot errors in the respec-
tive other corpora. By combining these indepen-
dent sources of information, complemented with
machine-learning methods to ‘fill up the gaps’, more
knowledge from legacy resources can be preserved
in UD, for Old Saxon and beyond.

Because we inherit parts our morphosyntactic an-
notation and the text itself from existing source cor-
pora, we adhere to their licensing conditions. For
UD ConOS, this is an Attribution-NonCommercial-
ShareAlike 3.0 Unported (CC BY-NC-SA 3.0) li-
cense with attribution to Zeige et al. (2021) for text
and XPOS morphosyntax, and to the current paper
for UPOS, HEAD and DEP annotations. For the He-
liand subset of UD ConOS, we additionally require
attribution to Svetlana et al. (2009).

https://nlp.stanford.edu/software/stanford-dependencies.shtml
https://nlp.stanford.edu/software/stanford-dependencies.shtml
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A. Appendix: Annotating Universal Dependencies with Spreadsheets

As accompanying material, Fig. 7 illustrates the annotation of UD-style syntax with the help of off-the-shelf
spreadsheet software. We used LibreOffice 25.2.6.2 for this purpose, but also conducted successful
tests with Microsoft Excel, Gnumeric11 and Google Spreadsheets.12 All of these tools support formulas
and custom filters (marked by the drop-down menu button in the header row) that we used to perform
global replacement and overall sanity checks (checking for typos). How both work together can be
easily illustrated by how we implemented the annotation of punctuation characters: We first filtered for
punctuation signs in column A (FORM), in the first result row (in this case, row 6), we then set column
D (UPOS) to PUNCT, column H (DEP) to punct, and column G (HEAD) to the formula =A6-1 (i.e., the
preceding token = value of ID minus 1). This was then copied to all other result rows matched by the
filter. As many punctuation signs in our texts do generally not serve a grammatical function, but are used
to indicate verse boundaries or line breaks, they can then be filtered out accordingly, so that only lines
without punctuation signs remain visible and these do not detract attention. As for the annotation of UPOS
and DEP, this is supported by autocompletion. (As we observed on other corpora, spreadsheet software
is less appropriate for free-text annotation as often needed for FEAT, XPOS, LEMMA and DEPS.)

Figure 7: Annotating Universal Dependencies with spreadsheet software. First sentence of the Old Saxon
Genesis (fragment 2)

Another important feature is the conditional formatting functionality supported by off-the-shelf spreadsheet
software, where a colors are applied to columns A (ID) and G (HEAD), with small values in read, medium
values in yellow and large values in green. The color of the HEAD column thus provides a visual key for
the location of the head word in the current sentence.

11https://gnome.pages.gitlab.gnome.org/gnumeric-web/
12https://docs.google.com/spreadsheets

https://gnome.pages.gitlab.gnome.org/gnumeric-web/
https://docs.google.com/spreadsheets
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