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Abstract. In this article, we present the basic ideas of creating a new information-
rich lexical database of Dutch, called Cornetto, that is interconnected with cor-
responding English synsets and a formal ontology. The Cornetto database is based
on two existing electronic dictionaries - the Referentie Bestand Nederlands (RBN)
and the Dutch wordnet (DWN). The former holds FrameNet-likeinformation for
Dutch and the latter is structured as the English wordnet. InCornetto, three dif-
ferent collections are maintained for lexical units, synsets and ontology terms.
The database interlinks the three collections and aims at clarifying the relations
between them. The organization and work processes of the project are briefly
introduced.
We also describe the design and implementation of new tools prepared for the
lexicographic work on the Cornetto project. The tools are based on the DEB
development platform and behave as special dictionary clients for the well-known
DEBVisDic wordnet editor and browser.

1 Introduction

Lexical data and knowledge resources has rapidly developedin recent years both in
complexity and size. The maintenance and development of such resources require pow-
erful database systems with specific demands. In this paper,we present an extension
of the DEBVisDic environment [1] for the development of a lexical semantic database
system for Dutch that is built in the Cornetto project. The system holds 3 different types
of databases that are traditionally studied from differentparadigms: lexical units from
a lexicological tradition, synsets within the wordnet framework and an ontology from a
formal point of view. Each of these databases represents a different view on meaning.
The database system is specifically designed to create relations between these databases
and to allow to edit the information in each. It represents a complex editing environment
but also a research tool to study the relations between language, as defined in a lexicon
and wordnet, and knowledge, as defined in an ontology.



The paper is further structured as follows. In the Section 2,we will describe the
Cornetto project in terms of the design of the database structure and the major editing
actions. The Section 3 introduces the DEB platform and the new features that have been
introduced for the Cornetto project. Finally, we describe the specific client interface for
viewing and editing the data in the Section 4.

2 The Cornetto Project

Cornetto is a two-year Stevin project (STE05039) in which a lexical semantic database
is built, that combines Wordnet with FrameNet-like information [2] for Dutch. The
combination of the two lexical resources will result in a much richer relational database
that may improve natural language processing (NLP) technologies, such as word sense-
disambiguation, and language-generation systems. In addition to merging the Wordnet
and FrameNet-like information, the database is also mappedto a formal ontology to
provide a more solid semantic backbone.

The database will be filled with data from the Dutch Wordnet [3] and the Referentie
Bestand Nederlands [4]. The Dutch Wordnet (DWN) is similar to the Princeton Wordnet
for English, and the Referentie Bestand (RBN) includes frame-like information as in
FrameNet plus additional information on the combinatoric behaviour of words in a
particular meaning.

An important aspect of combining the resources is the alignment of the semantic
structures. In the case of RBN these are lexical units (LUs) and in the case of DWN
these are synsets. Various heuristics have been developed to do an automatic alignment.
Following automatic alignment of RBN and DWN, this initial version of the Cornetto
database will be extended both automatically and manually.

The resulting data structure is stored in a database that keeps separate collections
for lexical units (mainly derived from RBN), synsets (derived from DWN) and a formal
ontology (SUMO/MILO plus extensions [5]). These 3 semanticresources represent
different view points and layers of linguistic, conceptualinformation. The alignment of
the view points is stored in a separate mapping table. The database is itself set up so
that the formal semantic definition of meaning can be tightened for lexical units and
synsets by exploiting the semantic framework of the ontology. At the same time, we
want to maintain the flexibility to have a wide coverage for a complete lexicon and
encode additional linguistic information. The resulting resource will be made available
in the form of an XML database.

The Cornetto database provides a unique combination of semantic, formal semantic
and combinatoric information.

2.1 Architecture of the Database

Both DWN and RBN are semantically based lexical resources. RBN uses a traditional
structure of form-meaning pairs, so-called Lexical Units [6].

The Cornetto database (CDB) consists of 3 main data collections:

1. Collection of Lexical Units, mainly derived from the RBN



Fig. 1. Data collections in the Cornetto database.

2. Collection of Synsets, mainly derived from DWN
3. Collection of Terms and axioms, mainly derived from SUMO and MILO

The Lexical Units are word senses in the lexical semantic tradition. They contain all the
necessary linguistic knowledge that is needed to properly use the word in a language.
The Synsets are concepts as defined by [7] in a relational model of meaning. Synsets
are mainly conceptual units strictly related to the lexicalization pattern of a language.
Concepts are defined by lexical semantic relations. For Cornetto, the semantic relations
from EuroWordNet are taken as a starting point [3].

Outside the lexicon, an ontology will provide a third layer of meaning. The Terms
in an ontology represent the distinct types in a formal representation of knowledge.
Terms can be combined in a knowledge representation language to form expressions of
axioms. In principle, meaning is defined in the ontology independently of language but
according to the principles of logic. In Cornetto, the ontology represents an independent
anchoring of the relational meaning in Wordnet. The ontology is a formal framework
that can be used to constrain and validate the implicit semantic statements of the lexical
semantic structures, both the lexical units and the synsets. In addition, the ontology pro-
vides a mapping of a vocabulary to a formal representation that can be used to develop
semantic web applications.

In addition to the 3 data collections, a separate table of so-called Cornetto Identifiers
(CIDs) is provided. These identifiers contain the relationsbetween the lexical units and
the synsets in the CDB but also to the original word senses andsynsets in the RBN and
DWN.

The Figure 1 shows an overview of the different data structures and their relations.
The different data can be divided into 3 layers of resources,from top to bottom:



– The RBN and DWN (at the top): the original databases from which the data are
derived;

– The Cornetto database (CDB): the ultimate database that will be built;
– External resources: any other resource to which the CDB willbe linked, such as the

Princeton Wordnet, wordnets through the Global Wordnet Association, Wordnet
domains, ontologies, corpora, etc.

The center of the CDB is formed by the table of CIDs. The CIDs tie together the separate
collections of LUs and Synsets but also represent the pointers to the word meaning and
synsets in the original databases: RBN and DWN and their mapping relation.

Furthermore, the LUs will contain semantic frame representation. The frame ele-
ments may have co-indexes with Synsets from the wordnet and/or with Terms from
the ontology. This means that any semantic constraints in the frame representation can
directly be related to the semantics in the other collections. Any explicit semantic re-
lation that is expressed through a frame structure in a LU canalso be represented as a
conceptual semantic relation between Synsets in the Wordnet database.

The Synsets in the wordnet are represented as a collection ofsynonyms, where each
synonym is directly related to a specific LU. The conceptual relations between Synsets
are backed-up by a mapping to the ontology. This can be in the form of an equivalence
relation or a subsumption relation to a Term or an expressionin a knowledge represen-
tation language.

Finally, a separate equivalence relation is provided to oneore more synsets in the
Princeton Wordnet.

The work is divided in 4 steps:

1. Automatic alignment of the word meanings of the two resources
2. Import of the result of the alignment into the database
3. Import of the SUMO ontology and WordNet domains to the synsets of the Dutch

wordnet
4. Manual revision of the lexical units, the synsets and the ontological mapping

In the next paragraphs, we will discuss these steps briefly.

2.2 Aligning word-meanings

To create the initial database, the word meanings in RBN and in DWN have been auto-
matically aligned. The wordkoffiefor example has 2 word meanings in RBN (drink and
beans) and 4 word meanings in DWN (drink, bush, powderandbeans). This can be-
come 4, 5, or 6 meanings in Cornetto depending on the degree ofmatching across these
meanings. This alignment is different from aligning wordnet synsets because RBN is
not structured in synsets. We call this process macro-levelalignment.

For measuring the match we used all the semantic informationthat was available.
Since DWN originates from the Van Dale database VLIS, we could use the definitions
and domain label from that database. The domain labels from RBN and VLIS have been
aligned separately by first cleaning up the labels manually (e.g.pol andpolitiek can be
merged since they both refer topolitics) and then measuring the overlap in vocabulary



associated with each domain. Domain labels across DWN and RBN do not have to
match exactly but can be match on the basis of the score of the correlation matrix.

We only consider a possible match across words with the same orthographic form
and the same part-of-speech.

The strategies used to determine which word meanings can be aligned are:

1. The words have one meaning and no synonyms in both RBN and DWN
2. The words have one meaning in both RBN and DWN but they do have synonyms
3. The words have one meaning in RBN and more than one meaning in DWN
4. The word has one meaning in DWN and more in RBN
5. If the broader term (BT or hypernym) of a set of words is linked, all words which

are under that BT in the semantic hierarchy and which have thesame form are
linked

6. If some narrow term (NT or hyponym) in the semantic hierarchy is related, siblings
of that NT that have the same form are also linked.

7. Words that have a linked domain, are linked
8. Words with definitions in which one in every three words is the same (there must

be more than one match) are linked.

Each of these heuristics will result in a score for all possible mappings between
word meanings. In the case ofkoffie, we thus will have 8 possible matches. The number
of links found per strategy is shown in Table 1. To weigh the heuristics, we manually
evaluated each heuristics. A sample of 100 records was prepared out of the results of
each strategy. Each sample was checked by 8 persons (6 staff and 2 students). For each
record, the word form, part of speech and the definition was shown for both RBN and
DWN (taken from VLIS). The testers had to determine whether the definitions described
the same meaning of the word, or not. The results of the test were combined and the
result was a list of percentages of items which were considered good links. The averages
per strategy are shown in the Table 1.

Table 1.Number of links and average precision per strategy

Strategy 1 2 3 4 5 6 7 8
Number of links 9.93625.36622.8921.3577.30521.69111.00822.664
Average % correct scores 97.1 88.5 53.9 68.2 85.3 74.6 70.2 91.6

The minimal precision is 53.9 and the highest precision is 97.1. Fortunately, the low
precision heuristics also have a low recall. On the basis of these results, the strategies
were ranked: some were considered very good (3), some were considered average (2),
and some were considered relatively poor (1).

The ranking factors per strategy are:

– Strategies 1, 2 and 8 get factor 3
– Strategies 5, 6 and 7 get factor 2



– Strategies 3 and 4 get factor 1

The ranking factor is used to determine the score of a link. The score of the link is deter-
mined by the number of strategies which apply and the rankingfactor of the strategies.

In total, 136K linking records are stored in the Cornetto database. Within the database,
only the highest scoring links are used to connect wordnet meanings to synsets. There
are 58K top-scoring links, representing 41K word meanings.In total 47K different RBN
word meanings were linked, and 48K different VLIS/DWN word meanings. 19K word
meanings from RBN were not linked, as well as 59K word meanings from VLIS/DWN.
Note that we considered here the complete VLIS database instead of the DWN selection
only. VLIS synsets that are not part of DWN can still be usefulfor RBN, as long as they
ultimately get connected to the synset hierarchy of DWN.

As a result of the alignment, a new list of lexical units and synsets is generated. All
the relevant data for these lexical units and synsets are copied from the RBN and DWN,
respectively.

2.3 Importing external data

DWN was linked to WordNet 1.5. WordNet domains are mapped to WordNet 1.6 and
SUMO is mapped to WordNet 2.0 (and most recently to WordNet 2.1). In order to
apply the information from SUMO and WordNet domains to the synsets, we need to
exploit the mapping tables between the different versions of Wordnet. We used the
tables that have been developed for the MEANING project [8, 9]. For each equivalence
relation to WordNet 1.5, we consulted a table to find the corresponding WordNet 1.6
and WordNet 2.0 synsets, and via these we copied the mapped domains and SUMO
terms to the Dutch synsets.

The structure for the Dutch synsets thus consists of:

– a list of synonyms
– a list of language internal relations
– a list of equivalence relations to WordNet 1.5 and WordNet 2.0
– a list of domains, taken from WordNet domains
– a list of SUMO mappins, taken from the WordNet 2.0 SUMO mapping

The structure of the lexical units is fully based in the information in the RBN. The
specific structure differs for each part of speech. At the highest level it contains:

– orthographic form
– morphology
– syntax
– semantics
– pragmatics
– examples

The above structure is defined for single word lexical units.A separate structure will be
defined later in the project for multi-word units. It will take too much space to explain
the full structure here. We refer to the Cornetto website [10] for more details.



Fig. 2. Cornetto Lexical Units, showing the preview and editing form

2.4 Manual editing

The aligned data is further manually edited through variouscycles of editing. For this
purpose, special editing clients have been developed. We will discuss the editing clients
in more detail below.

The editing process itself consists of a number of steps, where we will focus on
different types of information. In the first cycle, we will manually verify the alignment
of word-meanings. For this purpose, selections of words andword meanings are made.
This selection involves the following criteria:

– Frequent nouns and verbs
– Words with many meanings
– Lexical units with a mapping to a synset with a low score
– Lexical units without a mapping with a synset

During this work, we typically carry out the following actions:

– Confirm or delete a mapping
– Create another mapping
– Split a single lexical unit in two lexical units
– Merge two lexical units into one
– Add lexical units or delete lexical units
– Split a synset unit in two synsets
– Merge two synsets into one
– Add synsets or delete synsets
– Add or delete synonyms to synsets

At the end of these actions, we will get a new and revised list of senses and mappings
to synsets. This will be the new sense and synset structure ofthe Cornetto database.

The second phase of the editing involves the relation of the synsets to the ontology.
The initial mapping is based on a projection of the SUMO labels to the synsets via the
equivalence relations. These assignments will be revised,where we foresee two possible
relations:



– a synset is a name for a SUMO term: there is direct equivalence
– a synset is defined through a KIF expression [11] that involves one or more SUMO

terms.

In the last case, the synset does not name a disjunct ontological type but a lexicalization
of a certain conceptualization of such a type or relation between types. For example, the
next Dutch words do not require creating a new type in the ontology but will be defined
as instances of the type Water in or used for specific purposes:

– zwemwater = water that is good for swimming
– drinkwater = water that is good for drinking
– zeewater = water from the sea
– rivierwater = water from a river
– theewater = water for making tea
– koffiewater = water for making coffee
– bluswater = water that is or can be used for extinguishing fire

The precise semantic implications for these concepts will be expressed by a list of triplet
relations in the database, as in the following KIF expression for rivierwater:

(instance, 0, Water)
(instance, 1, River)
(origin, 0, 1)

This expression can be paraphrased as “there is an instance of Water and there is an
instance of River such that the former originates from the latter.” The numbers in this
expression represent variables and we assume that the variable 0 corresponds to the
referent of the defined synset.

During this phase, it may also be necessary to revise the hypernym relations in DWN
to form a proper semantic hierarchy that is in line with the ontological decisions. Dur-
ing this phase, we also will formulate constraints on ontological mappings and synset
relations. These constraints will be applied to all the assigned ontology relations. Any
violation will be flagged and edited. Violations can follow from direct assignments or
from assignments that are inherited downward through hyponymy relations.

In the final phase of the project, the editing will focus on thecorrelations between
the frame-structures in the lexical units and the synsets. This process is called micro-
level alignment. The frame structures for the lexical units, specify argument slots for
verbs. These slots are now specified using semantic labels that are defined in RBN. In
addition, we provided positions for pointers to synsets andpointers to SUMO labels.
An example for a case frame forgenezen(to cure) is given below:

<semantics_verb>
<sem-type>action</sem-type>
<sem-caseframe>
<caseframe>action2</caseframe>
<args>

<arg>
<caserole>agent</caserole>
<selrestrole>agentanimate</selrestrole>



<synset_list/>
</arg>
<arg>

<caserole>theme</caserole>
<selrestrole>themenselres</selrestrole>
<synset_list/>

</arg>
</args>

</sem-caseframe>
<sem-resume>beter maken</sem-resume>

</semantics_verb>

The correlations with synsets need to be created manually. They need to be compat-
ible with the given semantic labels and with other role relations that are listed in DWN
and the matched ontological process.

3 The DEB Platform

The Dictionary Editor and Browser platform [12, 1] offers a development framework for
any dictionary writing system application that needs to store the dictionary entries in the
XML format structures. The most important property of the system is theclient-server
nature of all DEB applications. This provides the ability ofdistributed authoring teams
to work fluently on one common data source. The actual development of applications
within the DEB platform can be divided into the server part (the server side function-
ality) and the client part (graphical interfaces with only basic functionality). The server
part is built from small parts, calledservlets, which allow a modular composition of all
services. The client applications communicate with servlets using the standard HTTP
web protocol.

For the server data storage the current database backend is provided by the Berkeley
DB XML [13], which is an open source native XML database providing XPath and
XQuery access into a set of document containers.

The user interface, that forms the most important part of a client application, usu-
ally consists of a set of flexible forms that dynamically cooperate with the server parts.
According to this requirement, DEB has adopted the conceptsof the Mozilla Develop-
ment Platform [14]. Firefox Web browser is one of the many applications created using
this platform. The Mozilla Cross Platform Engine provides aclear separation between
application logic and definition, presentation and language-specific texts.

3.1 New DEB Features for the Cornetto Project

During the Cornetto project the nature of the Cornetto database structure has imposed
the need of several features that were not present in the (still developing) DEB platform.
The main new functionalities include:

– entry lockingfor concurrent editing. Editing of entries by distant userswas already
possible in DEB, however, the exclusivity in writing to the same dictionary item
was not controlled by the server. The new functions offer theentry locking per user



Fig. 3. Cornetto Synsets window, showing a preview and a hyperonymytree

(called from the client application e.g. when entering the edit form). The list of all
server locks is presented in the DEB administration interface allowing to handle the
locks either manually or automatically on special events (logout, timeout, loading
new entry, . . . ).

– link display preview caching. According to the database design that (correctly) han-
dles all references with entity IDs, each operation, like structure entry preview or
edit form display, runs possibly huge numbers (tens or hundreds) of extra database
queries displaying text representations instead of the entity ID numbers. The draw-
back of this compact database model is in slowing down the query response time to
seconds for one entry. To overcome this increase of the number of link queries, we
have introduced the concept ofpreview caching. With this mechanism the server
computes all kinds of previews in the time of saving a modifiedentry in special
entry variables (either XML subtags or XML metadata). In thetime of construct-
ing the preview or edit form, the linked textual representations are taken from the
preview caches instead of running extra queries to obtain the computed values.

– edit form functionalities– the lexicographic experts within the Cornetto project
have suggested several new user interface functions that are profitable for other
DEB-based projects like collapsing of parts of the edit form, entry merging and
splitting functions or new kinds of automatic inter-dictionary queries, so called
AutoLookUps.

All this added functionalities are directly applicable in any DEB application like DEB-
VisDic or DEBDict.

4 The New DEBVisDic Clients

Since one of the basic parts of the Cornetto database is the Dutch WordNet, we have
decided to use DEBVisDic as the core for Cornetto client software. We have developed
four new modules, described in more details below. All the databases are linked together
and also to external resources (Princeton English WordNet and SUMO ontology), thus
every possible user action had to be very carefully analyzedand described.



During the several months of active development and extensive communication be-
tween Brno and Amsterdam, a lot of new features emerged in both server and client
and many of these innovations were also introduced into the DEBVisDic software. This
way, each user of this WordNet editor benefits from Cornetto project.

The user interface is the same as for all the DEBVisDic modules: upper part of the
window is occupied by the query input line and the query result list and the lower part
contains several tabs with different views of the selected entry. Searching for entries
supports several query types – a basic one is to search for a word or its part, the result
list may be limited by adding an exact sense number. For more complex queries users
may search for any value of any XML element or attribute, evenwith a value taken from
other dictionaries (the latter is used mainly by the software itself for automatic lookup
queries).

The tabs in the lower part of the window are defined per dictionary type, but each
dictionary contains at least a preview of an entry and a display of the entry XML struc-
ture. The entry preview is generated using XSLT templates, so it is very flexible and
offers plenty of possibilities for entry representation.

4.1 Cornetto Lexical Units

The Cornetto foundation is formed by Lexical Units, so let usdescribe their client pack-
age first. Each entry contains complex information about morphology, syntax, seman-
tics and pragmatics, and also lots of examples with complex substructure. Thus one of
the important tasks was to design a preview to display everything needed by the lexi-
cographers without the necessity to scroll a lot. The examples were moved to separate
tab and only their short resumé stayed on the main preview tab.

Lexical units also contain semantic information from RBN that cannot be published
freely because of licensing issues. Thus DEBVisDic here needs to differentiate the pre-
view content based on the actual user’s access rights.

The same ergonomic problem had to be resolved in the edit form. The whole form is
divided to smaller groups of related fields (e.g. morphology) and it is possible to hide or
display each group separately. By default, only the most important parts are displayed
and the rest is hidden.

Another new feature developed for Cornetto is the option to split the edited entry.
Basically, this function copies all content of edited entryto a new one. This way, users
may easily create two lexical units that differ only in some selected details.

Because of the links between all the data collections, everychange in lexical units
has to be propagated to Cornetto Synsets and Identifiers. Forexample, when deleting a
lexical unit, the corresponding synonym has to be deleted from the synset dictionary.

4.2 Cornetto Synsets

Synsets are even more complex than lexical units, because they contain lots of links to
different sources – links to lexical units, relations to other synsets, equivalence links to
Princeton English WordNet, and links to the ontology.



Fig. 4. Cornetto Identifiers window, showing the edit form with several alternate mappings

Again, designing the user-friendly preview containing allthe information was very
important. Even here, we had to split the preview to two tabs –the first with the syn-
onyms, domains, ontology, definition and short representation of internal relations, and
the second with full information on each relation (both internal and external to English
Wordnet). Each link in the preview is clickable and displaysthe selected entry in the
corresponding dictionary window (for example, clicking ona synonym opens a lexical
unit preview in the lexical unit window).

The synset window offers also a tree view representing a hypernym/hyponym tree.
Since the hypero/hyponymichierarchy in Wordnet forms not asimple tree but a directed
graph, another tab provides the reversed tree displaying links in the opposite direction
(this concept was introduced in the VisDic Wordnet editor).The tree view also contains
information about each subtree’s significance – like the number of direct hyponyms or
the number of all the descendant synsets.

The synset edit form looks similar to the form in the lexical units window, with
less important parts hidden by default. When adding or editing links, users may use the
same queries as in dictionaries to find the right entry.

4.3 Cornetto Identifiers

The lexical units and synsets are linked together using the Cornetto Identifiers (CID).
For each lexical unit, the automatic aligning software produced several mappings to



different synsets (with different score values). At the very beginning, the most probable
one was marked as the “selected” mapping.

In the course of work, users have several ways for confirming the automatic choice,
choosing from other offered mapping, or creating an entirely new link. For example, a
user can remove the incorrect synonym from a synset and the corresponding mapping
will be marked as unselected in CID. Another option is to select one of the alternate
mappings in the Cornetto Identifiers edit form. Of course, this action leads to an auto-
matic update of synonyms.

The most convenient way to confirm or create links is to useMap current LU to cur-
rent Synsetfunction. This action can be run from any Cornetto client package, either by
a keyboard shortcut or by clicking on the button. All the required changes are checked
and carried out on the server, so the client software does notneed to worry about the
actual actions necessary to link the lexical unit and the synset.

4.4 Cornetto Ontology

The Cornetto Ontology is based on SUMO and so is the client package. The ontology
is used in synsets, as can be seen in the Figure 3. The synset preview shows a list of
ontology relations triplets – relation type, variable and variable or ontology term.

Clicking on the ontology term opens the term preview. A user can also browse the
tree representing the ontology structure.

5 Conclusions

In the paper, we have described the Cornetto project workflowusing the new lexico-
graphic tools developed for this project. We have presentedhow a combination of au-
tomatic scored strategies with the human lexicographic work can be used for merging
large databases of previous dictionaries to obtain a new qualitative language resource
with complex morphological, syntactic and semantic information.

The presented project tools are, however, not a single purpose programs but they fit
in the general framework of the Dictionary Editor and Browser (DEB) platform used
for developing other publicly available language data tools.
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