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Abstract We present the COR.SEM lexicon, an open-source semantic lexicon for general Al
purposes funded by the Danish Agency for Digitisation as part of an Al initiative embarked
upon by the Danish Government in 2020. COR.SEM describes the core senses of 34,000
Danish lemmas with formal semantic information, e.g., ontological type, hypernym, semantic
frame, regular polysemy pattern, and polarity value; features which are in essence drawn and
simplified from other existing resources. Lexical information from The Danish Dictionary
DDO and the Danish Thesaurus DDB is also integrated, e.g., user examples, domain label,
synonyms, and near synonyms. It provides direct links to synsets in the Danish WordNet
DanNet, as well as to the morphological lemma information in COR, the Central WordRegister
which is based on the Danish Orthographical Dictionary and DDO. The register’s common
numerical index at both lemma and sense level makes it is more straightforward to merge
mono- as well as bilingual dictionaries with COR.SEM and thereby inherit the formal semantic
information. At the website corsem.dsl.dk it is possible to browse the lexical entries and to
download tailored extracts of data of your choice. We give examples of the use of COR.SEM
in linguistic studies, in NLP tasks and in lexicographic projects.
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1. Introduction

COR.SEM is a new semantic lexicon for Danish published in 2024 at ordregister.
dk in the form of a dataset for free download (CCO license). The dataset is linked
to the indexed morphological lexicon COR which is based on RO (the Danish
Orthographical Dictionary) and available at the same site. The Central WordRegister
has been developed as a public state initiative with the overall aim of facilitating
and easing the transition of Danish industry and public institutions towards an
increased use of language technology and language-centric Al. The vision has been
to support the development of the technology so that it can function seamlessly in
a Danish societal context as well as in different professional settings. To this end, a
central premise of the COR project is that the resource be based on existing high-
quality dictionaries and thus should take advantage of the rich information sources
already provided in and about Danish culture and society. In section 2, we describe
the existing dictionaries and resources and how the COR.SEM was compiled based
on linked data. The initiative has made it more straightforward to share and merge
existing Danish lexical resources via the register’s common numerical index, which
ensures a homogeneous approach to all incoming resources, be they terminologically,
historically or in other ways specific. This feature has in fact been requested from
Danish companies and public institutions for a long time.
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COR.SEM gives open access to several semantic information types in a standardized
and manageable way. This includes information such as a coarse-grained sense
inventory of Danish, sentiment, and ontological information on Danish concepts as
well as frame semantic information on Danish verbs and deverbal nouns. In section
2 we describe the lexicon. In section 3 the webpage CORSEM.DSL.DK is presented,
and in section 4 we discuss different types of use of the resource before we conclude
in section 5.

2. The COR.SEM Lexicon: Content and Method

The lexicon contains 34,020 lemmas (28,725 nouns, 2770 verbs, 2343 adjectives, and
177 adverbs) from the Danish Dictionary DDO (Hjorth & Kristensen, 2003-2005;
ordnet.dk/ddo) and the Danish WordNet DanNet (wordnet.dk/dannet; Pedersen et
al., 2009). Via links to DanNet in COR.SEM, more than 5,000 English equivalents
can be identified. 11,300 COR.SEM lemmas are central lemmas in Danish being
defined as either linked to one of the 5,000 base concepts in Princeton WordNet or
being a central word (a highlighted keyword) in the Danish thesaurus DDB (Nimb
et al., 2014; Nimb et al., 2014/2015) — or both. In this way we ensured that both the
most central lemmas as well as a large variety of themes and semantic fields are
well represented. The information on centrality is part of the resource. The degree
of centrality is represented as a number (3, 2 or 1), in contrast to the 24,000 non-
central lemmas (0).

6,000 of the lemmas are polysemous having a total of 15,000 COR.SEM senses. The
sense inventories of these lemmas have been established by carefully studying the
senses in the fine-grained DDO dictionary, discarding rare and uncommon senses and
lump cases of semantically close senses, typically in the cases of narrower subsenses
of a main sense. In this way, we have reduced the number of senses by 25% (see
Section 2.1. for more details).

The sense information is expressed in the form of formalised information types
assigned as a value from a closed list: ontological type, hypernym, frame, and
polarity value. Furthermore, synonyms from the DDO and DanNet (in the form
of synset_members of the same synset), as well as a small group of semantically
related words extracted automatically from the thesaurus DDB contribute to the
description of the sense.

All senses in COR.SEM have at least one, sometimes two ontological type values
(8% of the cases), and at least one, sometimes two hypernyms (8% of the cases).
The ontological type is chosen among 146 values from an established COR.
SEM ontology, a simplified version of the DanNet and EuroWordNet ontologies
(Vossen, 1999).

The frame values correspond to the frames in Berkeley FrameNet, where they are
further specified, and the polarity values follow a scale from minus to plus 3 (0-values
are not marked).
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The polarity values were transferred from working files from the sentiment lexicon
project (Det Danske Sentiment-leksikon; Nimb et al., 2022). They were validated and
equilibrated in the case of lumped DDO senses in COR.SEM. Also new senses were
assigned a polarity value. In a supplementary resource at ordregister.dk, COR.SEM.
EXT, definitions and examples from the DDO are available under a more restricted
license (CC BY-NC-ND).

In Figure 1 the verb hdbe (‘to hope’) is shown, illustrating the formal semantic
information types. Its ontological type is ‘Act+Mental’, the semantic frames are
‘Desiring’ and Reliance_on_expectation’. The sentiment polarity value is +2 (on a
scale from -3 to +3). Links to the equivalent synset and the hypernym in DanNet
are also provided.
In Table 1 the numbers of lemmas, senses and values are shown.

Betydning 1: have et forventningsfuldt enske om at noget bestemt...

Synonym fra DDO: nzere hib

Emne: psy
Brugseksempler:

Overbegreb: onske

Relaterede ord fra DDB: formode, lukke ojnene og enske, synes, enske at
Ontologisk Type: Act+Mental

Frame: Desiring, Reliance_on_expectation

Sentiment: 2.0

Se i DanNet:

DanNet synset: synset-46847

DanNet overbegreb: synset-42934

Fig. 1: The entry of the monosemous verb habe (‘to hope’) with the (automatically shortened) DDO definition
‘have an expectant desire for something specific’ , the DDO synonym neere hdb, the DDO domain ‘psy’
(psychology), the hypernym enske (‘to wish’), related words from DDB (‘suppose’, ‘close the eyes and wish’,
‘think’, ‘wish t0’), the ontological type ‘Act+Mental’, the frames ‘Desiring’ and Reliance_on_expectation’,
and the positive sentiment value 2. Links to the corresponding synset In DanNet as well as the hypernym
synset in DanNet are also given
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Table 1: The numbers of information types for lemmas and senses in COR.SEM

Information type Lemmas Senses Values, total number
Synonyms from DDO 11,557 13,236 19,959
Related words from thesaurus 32,832 38,330 114,834
Usage examples from DDO 25,275 32,979 46,993
Frame values (Berkeley FrameNet) 6720 8806 12,891
Systematic polysemy 1100 1609 1609
Sentiment value 5730 6823 6823
The Danish
Wordnet
D Ne |
- “t The Danish
Thesaurus

DDO sense
The Danish ID number

FrameNet Lexicon //
=

"Frn?nf:
L MNet 7
[ .."

The Danish
Sentiment
Lexicon

The Central Wordregister

Fig. 2: The linked dictionaries and lexicons. Information from DDO, the thesaurus DDB, DanNet, The
Danish FrameNet Lexicon and the Danish Sentiment Lexicon constitute the skeleton of COR.SEM

21 Linked Data

The COR.SEM lexicon was compiled based on already existing information in
five dictionaries and formal semantic lexicons. In addition to the three mentioned
above - DDO, DanNet, and the Danish thesaurus DDB - also The Danish FrameNet
Lexicon (Nimb et al., 2017), and The Danish Sentiment Lexicon (Nimb et al., 2022)
were used.

The five resources constitute a lexical network since they are all linked at sense
level to the DDO sense inventory, see Figure 2. By keeping track of the shared
sense id numbers, COR.SEM is today integrated in the network representing both
semasiological and onomasiological information for approx. % of DDO’s lemmas
and more than half of the lemmas in DanNet and the RO orthographic dictionary.
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Opposite to DanNet, which in a ‘classical’ wordnet manner does not necessarily
contain all senses for each lemma, COR.SEM covers all common senses of a lemma,
except fixed expressions.

The fine-grained sense distinctions that we find in dictionaries for humans such as
DDO, constitute a problem for language technology and Al Experience from former
projects, e.g., SemDaX, see Pedersen, B.S. et al. (2016), shows that coarse-grained
sense distinctions work much better. For that reason, in COR.SEM we collapsed the
fine-grained DDO senses of many polysemous words into fewer senses. We describe
the principles followed in the next section.

elektrisk

Betydning 12 vede. elekiricitet; som fungerer vha. elekiricitet

Synomym fra DDO: ddreven

g bavde sejren | baden, da Eme: eltjele

Overbegreb: egenskab, besk

Relaterede ord fra |

Ontologisk Type: Proper

Betydning 2: prasget af anspaendthed, spaending el. intensiter
4

Emnes pey

Overbegreb: egenck

Ontalogisk Typ

Sentiment: 1.0

Fig. 3: The DDO and COR.SEM entries of the adjective elektrisk (‘electric’). In DDO to the left, the adjective
has five senses, in COR.SEM to the right it has only two since three of the DDO subsenses are lumped with
the main sense

2.2 Compiling a Core-Grained Sense Inventory Based on a Fine-
Grained Monolingual Dictionary

The main principle for lumping senses was to keep the DDO main senses of a
lemma and collapse a subsense with its main sense since subsenses in DDO are
closely semantically related to their main sense. If, however, a subsense is of a
different ontological type, which will typically be the case for figurative senses
of a lemma, it will not be collapsed with its main sense. For instance, for the
word elektrisk (‘electric’) in Figure 3, COR.SEM has two senses while DDO has
five: one main and four subsenses. The DDO main sense and three of its four
subsenses are merged into one sense (Betydning 1 (‘Sense 1’)). These senses all
describe electricity in its physical sense: concerning/functioning with electricity,
and they share the ontological type: Property_Physical. The last subsense is a
figurative sense: ‘characterised by tension, intensity’ with the ontological type:
Property+Mental. This subsense has its own sense in COR.SEM (Betydning 2
(‘Sense 2’) in Figure 3).
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For cases that are not straightforward, other factors influence the decision of
whether to collapse a sense or not. We use calculated weight scores for each
sense, based on the amount of extra lexicographic information connected to
the sense in DDO, e.g., frequency information, collocations, and number of
examples (no example in DDO is often due to low corpus frequency), to decide
whether the sense is essential and consequentially should not be collapsed with
other senses.

In Figure 4 the COR.SEM entry of the noun afslering (‘disclosure’, ‘revelation’,
‘reveal’) illustrates how five senses in DDO ends up having only two senses in
COR.SEM. Betydning 1 (Sense 1) in COR.SEM covers both the DDO main sense 1
(‘discovery of a (dishonorable) relationship that has been tried to be hidden’) and
the DDO main sense 2 (‘an investigation and discussion of conditions that have
hitherto been hidden or kept secret’) since they both reflect the act of discovering
something secret or hidden and of disclosing the information to someone. A
strong argument for the lumping is that the two senses share ontological types
(Act+Mental and Act+Communication). The subsenses of the main DDO sense 2
(‘information about something previously kept secret’; ‘detection by means of a
survey etc’) can also be described by these two ontological types and are therefore
included in the broad COR.SEM sense 1.

afsloring

Betydning 1: opdagelse af noget som hidtil har veret skjult
Brugscksempler:

Overbegreb: handling

Relaterede ord fra DDB: afdzkning, oplysning, udtalelse
Ontologisk Type: Act+Mental, Act+Communication

Frame: Reveal_secret

Systematisk Polysemi: PROCESS / RESULT (ABSTRACT)
Belydning 2: hejtidelighed hvor en skulptur, et mindesmarke e.l...

Emne: kun
Brugseksempler:

Overbegreb: hejtidelighed

Relaterede ord fra DDB: fejring, indvielse, kulturformidling, dbning
Ontologisk Type: Event+Social

Frame: Cause_to_perceive, Social_event

Fig. 4: In COR.SEM the noun afsloring (‘disclosure’, ‘revelation’, ‘reveal’) has only two senses because of
the lumping of two main DDO senses as well as two DDO subsenses which all concern the revealing of
information. The third main sense in DDO describes the unveiling of something concrete to an audience and
is therefore kept separately. It constitutes sense 2 in COR.SEM.
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Opposite, we consider the third DDO main sense ‘ceremony where a memorial or
the like is unveiled’ (in DDO illustrated by the example ‘the small circle of invitees
was to witness the unveiling of a commemorative plaque’) to be a different sense. It
is therefore not lumped with sense 1, but inserted in COR.SEM as sense 2 (Betydning
2) with the ontological type Event+Social.

The FrameNet frames assigned to the two COR.SEM senses (as this is a verbal noun)
consolidate the decision of merging the four DDO senses and keeping the last one
apart. ‘Reveal_secret’ for the first COR.SEM sense and ‘Cause_to_perceive’ and
‘Social_event’ for the second sense correlate closely with the ontological types.

A specific problem regarding the lumping of senses regards the approach to systematic
polysemy in DDO where polysemy sometimes results in two DDO senses, and
sometimes in one, regardless the type. A set of 30 systematic polysemy patterns
with specified guidelines on whether to lump or split the two senses ensures a
homogenous treatment in COR.SEM (see Serensen et al., 2023). The patterns are part
of the information in the lexicon. Figure 5 has been generated from the visualisation
function (‘datavisning’) at the website corsem.dsl.dk (see section 3), and it shows the
distribution of systematic polysemy patterns for nouns and verbs. The two PROCESS
/ RESULT patterns, one which represents concrete results, where COR.SEM splits
in two senses, and one which represents abstract results, where COR.SEM lumps
the two senses into one, constitute more than half of the noun cases. Examples are
forventning (‘expectation’) (two senses in DDO, one sense in COR.SEM), and produktion
(‘production’) (two senses in DDO, also two senses in COR.SEM). Looking at the
distribution for verbs, ACT / EVENT is by far the most common pattern. The (typically)
two senses in DDO are in this case not lumped but both represented in COR.SEM.

Nouns
PROCESS / RESULT (ABSTRACT)
PROCESS / RESULT (CONCRETE)
LOCATION / INSTITUTION
ACTIVITY / INSTITUTION
PLANT / FOOD
CONTAINER / CONTENTS
ANIMAL / FOOD
ARTIFACT / CONTENT
BODY PART / PART OF GARMENT
SHOP / PERSON
. ACTIVITY /| DOMAIN
ARTIFACT / MATERIAL
ARTIFACT / FORM
PLANT /| MATERIAL

Verbs

B ACT/EVENT
ACT / COMMUNICATE
M ACT/PARTICULAR ACT
ACT | SOUND
B ACT/THOUGHT

Fig. 5: The distribution of systematic polysemy patterns of nouns (top) and verbs (bottom) in COR.SEM
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3. The Website CORSEM.DSL.DK

The cor.sem resource is published at ordregister.dk where it can be downloaded as a
tsv-file'. We have also created a Danish webpage corsem.dsl.dk? aimed at linguists
and lexicographers, allowing them to view and interact with the Danish data, as well
as to download either the entire dataset or selected parts of their own choice.

\ COR.S! abetrze 1 sb.  Plant+Object Araucaria araucana
CO R s E M COR.S| aftenpragtstjerne 1 sh. Plant+Object Melandrium album | pra;
-
08 EREARRACARPARNES TN AEMANRRN AN COR.S| agave 1 | sh. Plant+Object Agave
COR.S] agerkil 1 sb.  Plant+Object Brassica campestris
Forsidc
COR.S! agermine 1 sb.  Plant+Object Agrimonia eupatoria | ali
Datavisning e
COR.S! agertidsel 1 sh. Plant+Object Cirsium arvense
Ordbogsvisning
COR.S| akacie 1 sh. Plant+Object Acacia | akacietr
COR.S] akeleje 1 sb.  Plant+Object Aquilegia
Sog pa grupper af ord med fzlles semantiske traek COR.S! alfagres 1 sb.  Plant+Object Stipa tenacissima | engle
Velg kolonner COR.S] aloe 1 sh. Plant+Object Aloe
’ Download dataudsnittet (Licens: CC0)
Vis filtre

Vaelg DDO-ordklasse

£ i
: ) ontologisk-type
Velg ontologisk-type
Plant+Object x o -~ Sorter efter verdiens frekvens i dataudsnittet  Vielg antal som vises

Fig. 6: The website corsem.dsl.dk and the function ‘Datavisning’ (‘demonstration of the data’). The user
has chosen ontologisk type = ‘Plant+Object’, the wordclass ‘sb.’ (‘noun’) and ‘synonym’, the synonym from
DDO, which is in this case often a Latin term

The webpage contains two types of viewing functions. The first one shows the
content in line with a traditional dictionary presentation, presenting all semantic
information for a selected lemma (see Figure 1, 3 and 4 above). This also includes
definitions and (if activated) usage examples from the DDO. The second viewing
function (see Figure 7) is aimed at giving the user an idea of the different types
of semantic information across the entire COR.SEM vocabulary. It focuses on
data and combinations of data of your own choice and allows the user to search
for specific words and select information types to be shown on the screen. The
data is presented as a table where each column represents one of the selected
information types. As default, the data table contains a) an ID-column with an
ID-string that is unique for a specific sense and is linkable to the lemma across
the COR-resource, b) the lemma from the Danish Dictionary (DDO), c) the sense
number in the resource, and the word class from the Danish Dictionary (DDO).
The user can select additional columns to be shown in the data table. Additionally,
we have created a filter functionality allowing the user to filter each column for
specific values. With this functionality, it is for example possible to extract all
negative words for animals (the filters ontologisk type = ‘Animal+Object’ and

! COR.SEM is open source (license CC0), however the DDO-definitions and examples are kept in a separate file
COR.SEM.EXT under the license CC BY-NC-ND

2Tt should be noted that no formal usability evaluation of the website has been carried out
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sentiment < 0). Another example is shown in Figure 6, where the user has selected
all nouns with the ontological type ‘Plant+Object’ combined with the synonym
from DDO, which is in this case is typically a Latin term’®. It is also possible to
generate diagrams showing the frequency of every unique information type in the
selected data, as well as to download the data as tsv-files for further elaboration
and application.

4. Making Use of COR.SEM Data

COR.SEM canbe integrated as an independent semantic component in Danish language
technology applications to improve aspects of Natural Language Understanding (NLU).
Depending on the requested functionality this could for example be for sentiment
analysis, for refined entity recognition, or for relation extraction. It can however also
be used for training and/or fine-tuning of large language models (LLMs). By training
and fine-tuning, the resource can help remedy some of the language transfer bias that
are seen with current Danish LLMs where a substantial part of the content is in fact
translated from English and thus not representing the Danish language, culture, and
society in an appropriate way.

COR.SEM can also be used for benchmarking large language models (LLMs)
for Danish. In Pedersen et al. (2024a) we demonstrate how it can be used as a
benchmark for sense disambiguation. The coarse-grained sense inventory of COR.
SEM combined with the usage examples (originally from DDO) were used to test
whether the LLMs can disambiguate words in contexts. The usage examples of two
senses of a lemma were mixed and put together in groups of two, some of which
were indeed from the same sense, others which were not. The models are asked to
identify whether the two examples represented two different senses of the lemma
or only one and the same sense.

In another case of benchmarking, the sentiment value of a sense combined with a
user example (manually confirmed to have the same polarity as the sense) is used
to test whether the models can identify the polarity of the example (see Pedersen
et al., 2024b).

Since the focus is on creating the evaluation datasets, only two models are tested,
namely ChatGPT3.5 Turbo and ChatGPT4. In the word-in-context case, ChatGPT
4.0 performs best with 66% correct responses on the polysemous data. In the case of
the sentiment datasets, ChatGPT 3.5 Turbo achieves a Pearson coefficient of 69.6%,
while ChatGPT 4.0 achieves a coeflicient of 81.9% (where the perfect result is a
coeflicient of 100%).

* The Latin terms are not included as entries in DDO, only presented as synonyms to the Danish lemma sense.
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Table 2: German verbs with Danish monosemous equivalents in a bilingual dictionary can inherit the
formal semantic information in COR.SEM

German verb | equivalent COR.SEM | Frame Ontological Type Sentiment
monolingual verb (Berkeley FrameNet)

dementieren dementere Respond_to_proposal | Act+Communication |-1.0
| Statement

tagtrdumen dagdromme Cogitation | Desiring | Act+Mental

blanchieren blanchere Cooking_creation Act+Physical+Purpose

bevormunden | beskaenke Offering Act+Possession

dezentralisieren | decentralisere Leadership Act+Social

desillusionieren | desillusionere Stimulate_emotion Cause+Mental -2.0

diskutieren diskutere Discussion| Judgment_ | Act+Communication
communication

Within lexicographic work, COR.SEM data can be applied for many different purposes.
It can be used to identify the words and meanings that are most relevant to include
in a bilingual dictionary where Danish constitutes the source language. In the case
where Danish is the target language, the information in COR.SEM on monosemy
(constituting 28,000 lemmas) can be used to identify whether the Danish equivalent in
the dictionary is monosemous. If this is the case, the formalised information in COR.
SEM, e.g., ontological type, frame value and sentiment value can be automatically
transferred to the source language. See Table 2 for examples from German/Danish.
The plants in Figure 6 which contain a Latin synonym, is another example.

In monolingual lexicographic work, COR.SEM data can also be useful. At the Society
for Danish Language and Literature, we are currently working on developing
a DDOLite where we aim at using COR.SEM information as a baseline. The large
amount of information in the fine-grained distinctions that we find in DDO can be
an obstacle for students, learners of Danish and people with reading deficiencies who
want to look up the meaning of a word. In these cases, the coarse-grained sense
inventory of COR.SEM can be applied. In connection with the future DDOLite, which
targets the above demographics, COR.SEM provides both a valuable data source and
a starting point, especially regarding the cases where we condensed the fine-grained
DDO senses of a lemmas into fewer senses. An example of this is the adjective
elektrisk (‘electric’) in Figure 3. DDO has five senses while COR.SEM reduces this to
two: ‘regarding electricity’ and ‘characterised by tension, intensity’. A DDOLite could
predictably be built on top of this information baseline, thus avoiding the complexity
learners and people with reading deficiencies encounter when visiting DDO today.
This new platform would only unfold a lemma in its central senses.

Finally, it should also be mentioned that COR.SEM can be used to study the Danish
vocabulary in new ways. For instance, it is possible to gain new insights into the
distribution of regular polysemy-patterns (see Figure 5), as well as to look for patterns
that are not yet described in the literature. Likewise, combinations of information
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types in COR.SEM often reveal interesting facts, e.g., that monosemous verbs are
most likely to have the ontological type ‘Act + Communication’ and at the same time
negative polarity. Some examples are bagvaske (‘to slander’), bebrejde (‘to blame’),
anklage (‘to accuse’), efterplapre (‘to repeat what somebody says’, ‘to parrot’), and
formane (‘to admonish’). The site CORSEM.DSL.dk facilitates this type of linguistic
and lexical study for researchers, as well as for students and others with an interest
in the Danish language.

5. Conclusion

COR.SEM constitutes a highly informative lexical semantic resource for Danish to
be used in NLP as well as for lexicographic purposes. It also allows for new types
of studies of the Danish language, facilitated by the strictly formalised semantic
information types. The webpage corsem.dsl.dk presents the large amount of data and
facilitates the studies and use of the content. We aim to expand the lexicon with more
lemmas based on the vocabulary in the Danish orthographical dictionary RO which is
updated once a year as well as bi-annual DDO updates. We also want to add frequent
lemmas which are not yet covered, focusing on simplex words that are often part of
composita, some of which are already included in the lexicon.
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