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Abstract

DBFOschemafy is an advanced Java-based ontology engineering tool that leverages a relational database for input, over-
coming the scalability limitations of its predecessor, OWLschemafy (http://www.edithlaszny.eu/ontology/OWLschemafy/),
which relied on text files. This approach enables efficient management and manipulation of large-scale ontologies.
DBFOschemafy generates OWL ontologies with comprehensive annotations: Class entities are annotated in English, Ger-
man, and Dutch, and full BFO 1.0@ annotations provide a robust and standardized framework for understanding the
ontological relationships between entities.
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1. Introduction
1.1 The Significance of Ontologies in the Digital Age

In today’s data-rich world, the ability to effectively organize and represent knowledge is crucial. Ontologies, with
their formal and structured representation of concepts and their relationships, play a pivotal role in enabling
knowledge sharing, interoperability, and intelligent data analysis.

This chapter introduces DBFOschemafy, an innovative ontology engineering tool that leverages a relational
database (RDB) to streamline the creation of OWLIMEI¥ ontologies.
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Figure 1. DBFOschemafy is an innovative software tool designed
to streamline the process of ontology development/I©l,

DBFOschemafy is an innovative software tool designed to streamline the process of ontology development. It
leverages a relational database (RDB) for efficient data management and manipulation, overcoming the limita-
tions of traditional text-based approaches. This database-driven approach allows for the creation, management,
and refinement of large-scale ontologies with greater ease and scalability.

The tool incorporates a collaborative workflow involving domain experts and ontology engineers. Domain experts
contribute their knowledge during the initial stages of domain analysis, conceptualization, and formalization.

Ontology engineers utilize DBFOschemafy to construct OWL ontologies!”! based on the information gathered
from domain experts. The tool provides a user-friendly interface for defining classes, properties, and relationships
within the ontology. DBFOschemafy ensures that the generated ontologies adhere to the Basic Formal Ontology
(BFO) standard, enhancing their consistency and interoperability.

The developed ontologies can be exported in OWL /XML, for use in different applications. Additionally, the tool
integrates with a range of ontology visualization and reasoning tools, such as GraphDB, Protégé, and OntoTrek
3D Viewer, enabling users to explore, analyze, and reason with the created ontologies.

DBFOschemafy supports an iterative development process, allowing for continuous refinement and improvement
of the ontology. Users can add new relationships, refine existing definitions, and incorporate new knowledge
through web-based services.

In summary, DBFOschemafy is a powerful tool that streamlines ontology development by combining the effi-
ciency of a relational database with the flexibility and expressiveness of OWL. It empowers domain experts and
ontology engineers to collaborate effectively and create high-quality, BFO-compliant ontologies for a wide range
of applications.
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2. Adding new relationships, relatives, relations via Web-services

2.1 Dedicated Web services are used to modify and extend the initial DB content

Class Annotation Control (CAC): This service enables the modification or creation of annotations as-
sociated with classes within the ontology. Furthermore, it facilitates the management of database update
and insert commands generated during these modifications.

Class Definition Service (CDS): This service empowers users to transform the entire OWL class structure,
including modifications to subclass, superclass, and disjoint class relationships. The subsequent generation
of individuals within the ontology is then based on this revised class structure, ensuring consistency across
the entire knowledge representation.

Data Property Definition (DPD): This service enables the creation of data properties and the specifica-
tion of their attributes, such as subproperty/superproperty relationships, property annotations, and data
property types. These data properties can then be assigned to the subject and object entities within the
defined triplets.

Header Annotation Control (HAC): This service facilitates the optional supplementation of existing
header annotations with properties derived from external ontologies, such as those defined in the Dublin
Core (dc), Friend-of-a-Friend (foaf), or other relevant vocabularies.

Object Property Definition (OPD): This service allows for the creation of new object properties. For
each newly created object property, users can specify attributes such as super object properties, inverse
object properties, and associated object annotation properties, including the annotation itself, its type,
and language.

Triplet Definition (TD): This service provides a mechanism for defining the subject-predicate-object
relationships within the ontology. Users can specify the entities involved in each triplet, identify the
associated data properties, and define the corresponding data property values.

While the maintenance Web services are not included in the DBFOschemafy software product, two of the most
commonly used services (CAC and OPD) are presented here for illustrative purposes.
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The object property ‘documentApprovedBy' links a Document to the Actor who formally authorized the publication
of the document after reviewing and approving its content.

Generate SQL insert code CLEAR

INSERT INTO OWL_OBJECT_PROPERTIES (object_property_IRI, annotated) VALUES
(‘documentApprovedBy', TRUE) ;

INSERT INTO OWL_OBJECT_PROPERTIES (object_property_IRI, annotated) VALUES (‘approvesDocument’,
TRUE) ;

INSERT INTO OWL_INVERSE_OBJECT_PROPERTIES
(object_property_IRI, inverse_object_property_IRI) VALUES (‘documentApprovedBy','approvesDocument' ) ;

INSERT INTO OWL_OBJECT_PROPERTY_ANNOTATIONS (object_property_IRI, annotation_type_IRI,
language, annotation) VALUES (‘approvesDocument’, ‘obo:IAO_0000115', ‘en’, ‘The object property
\'approvesDocument\' connects an Actor with the Documents they have formally approved within the context of a
specific project or organization.') ;

INSERT INTO OBJECT_PROPERTY_ANNOTATIONS (object_property_IRI, annotation_type_IRI, language,
annotation) VALUES (‘documentApprovedBy', 'obo:lAO_0000115', 'en', ‘The object property
‘documentApprovedBy' links a Document to the Actor formally authorized the publication of

the document after reviewing and approving its content.’) ;

INSERT INTO OWL_SUPER_OBJECT_PROPERTIES (object_property_IRI, super_object_property_IRI)
VALUES (‘documentApprovedBy', 'owl:topObjectProperty' ) ;

INSERT INTO OWL_SUPER_OBJECT_PROPERTIES (object_property_IRI, super_object_property_IRI)
VALUES (‘approvesDocument', ‘owl:topObjectProperty’ ) ;
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Figure 2: The Object Property Definition \Web service.
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Generate SQL insert code

CLEAR

INSERT INTO CLASS_ANNOTATIONS (class_IRI, annotation_type_IRI, language, annotation)

VALUES (PPTrisk',
‘obo:IAO_0000115",
‘nl

'Risicoprestatiedoel (Process Performance Target Risk): Een fundamenteel prestatie-doel in PRINCE2,
dat het belang van proactief risicobeheer gedurende de volledige projectlevenscyclus benadrukt. Dit doel erkent
dat onvoorziene gebeurtenissen kunnen optreden, en effectief risicobeheer helpt om de potentieel negatieve
impact ervan te verminderen. PRINCE2 bevordert technieken zoals risico-identificatie, -beoordeling en
-mitigatieplanning. Door proactief potentiale risico\'s te identificeren, de waarschijnlijkheid en ernst ervan te
beoordelen en contingentieplannen te ontwikkelen, kunnen projectmanagers verstoringen minimaliseren,
projectsucces verzekeren en projectmiddelen beschermen. Effectief risicobeheer bevordert ook een proactieve
aanpak, waardoor het projectteam uitdagingen kan voorzien en aanpakken voordat ze escaleren tot grotere

problemen.’

)
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Figure 3: The Class Annotation Control Web service.

2.2 Class annotations

Class annotations are provided in three languages, further enriched by a referential classification based on
BFO 1.0 (Basic Formal Ontology).
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© PRINCE2
© Actor

© Investor
© Oowner
© Delivering
@ Managing
@ stakeholder
@ Baseline
@ Document
@ Event
@ Process
. Project
© ProjectManagementConcept
© ProjectPerformanceTarget

Asserted Annotations: Consultant ZBOEEX

Annotations
definition [language: en]
Consultant represents an individual or organization with specialized knowledge or
expertise brought in to advise and support the project team on specific aspects.
Consultants can provide technical skills, industry knowledge, or project management
guidance.

definition [language: nl]

Consultant: Betekent een individu of organisatie met gespecialiseerde kennis of expertise
die wordt ingeroepen om het projectteam te adviseren en te ondersteunen bij specifiecke
aspecten. Consultants kunnen technische vaardigheden, branchekennis of
projectmanagement-advies bieden.

definition [language: de]

Berater: Bezeichnet eine Einzelperson oder Organisation mit spezialisiertem Wissen oder
Expertise, die hinzugezogen wird, um das Projektteam bei spezifischen Aspekten zu
beraten und zu unterstiitzen. Berater kénnen technische Féahigkeiten, Branchenkenntnisse
oder Projektmanagement-Ratschlidge bieten.

BFO equivalent [language: en]

ROLE - Elucidation: A realizable entity that (1) exists because the bearer is in some
special physical, social, or institutional set of circumstances in which the bearer does not
have to be, and (2) is not such that, if this realizable entity ceases to exist, then the
physical make-up of the bearer is thereby changed. A role is thus always optional.
Example of usage: the role of subject in a clinical trial; the role of a boundary to
demarcate two neighboring administrative territories; the role of a building in serving as a
military target; the priest role. Source: Robert Arp, Barry Smith, and Andrew D. Spear:
Building Ontologies with Basic Formal Ontology. The MIT Press Cambridge, Massachusetts
London, England. ©2015 Massachusetts Institute of Technology. ISBN 978-0-262-
52781-1, Glossary. https://www.ebi.ac.uk/ols4 /ontologies/bfo/classes/http%253A%
252F%252Fpurl.obolibrary.org%252Fobo%252FBFO_0000023

Figure 4: Class Annotation and BFO reference
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As illustrated in Figure 4, each OWL class in the ontology is linked to the corresponding BFO entity, with further
details available through the EMBL-EBI OLS. The EMBL-EBI OLS (European Molecular Biology Laboratory,
European Bioinformatics Institute: Ontology Lookup Service) provides further details on the referenced BFO
entity, as depicted in Figure 5:

Home Ontologies Help About

ONTOLOGY SEARCH

N
Ontologies » » Classes » B Copy

role

@' http://purl.obolibrary.org/obo/BFO_0000023 |l Copy

Also appears in +115

[0 Exactmatch [] Include obsolete terms Include imported terms

¥ Class Information

BFO CLIF specification label
Role

BFO OWL specification label
role

editor note

BFO 2 Reference: One major family of examples of non-rigid universals involves roles, and
ontologies developed for corresponding administrative purposes may consist entirely of
representatives of entities of this sort. Thus ‘professor’, defined as follows,b instance_of professor at
t =Def. there is some c, c instance_of professor role & c inheres_in b at t.denotes a non-rigid
universal and so also do ‘nurse’, ‘student’, ‘colonel’, ‘taxpayer’, and so forth. (These terms are all, in
the jargon of philosophy, phase sortals.) By using role terms in definitions, we can create a BFO
conformant treatment of such entities drawing on the fact that, while an instance of professor may
be simultaneously an instance of trade union member, no instance of the type professor role is also
(at any time) an instance of the type trade union member role (any more than any instance of the
type color is at any time an instance of the type length).If an ontology of employment positions
should be defined in terms of roles following the above pattern, this enables the ontology to do
justice to the fact that individuals instantiate the corresponding universals — professor, sergeant,
nurse — only during certain phases in their lives.

elucidation

b is arole means: b is a realizable entity & b exists because there is some single bearer that is in
some special physical, social, or institutional set of circumstances in which this bearer does not have
to be& b is not such that, if it ceases to exist, then the physical make-up of the bearer is thereby
changed. (axiom label in BFO2 Reference: [061-001]) @

Figure 5: EMBL-EBI OLS BFO reference
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The database structure of the DBFOschemafy is depicted on the in Figure 6. The design was made with the

DBFOschemafy — A DB-Driven, BFO annotated Ontology Generator for Streamlined OWL
Exterprise Architect modelling tool.
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The DBFOschemafy database structure includes four independent tables that store information such as ontology
header and trailer data, as well as elucidations of BFO annotations, as depicted in Figure 7.

Mo D oot DBFOschemafy - Database of a BFO-compliant OWL ontology
O 1 13,9252 Physical Database Structure (2 of 2)
Updated:  2025. 01.09. 9:10:48
BFO_ANNOTATIONS 8 ONTOLOGY_HEADER B
«column» «column»
*PK bfo_entity_name: VARCHAR(128) *PK sequence: INT
*  bfo_literal: VARCHAR(2048) *  xml_cmd: VARCHAR(512)
language: VARCHAR(16)
«PK»
«PK» + PK_ONTOLOGY_HEADER(INT)
+  PK_bfo_entity_name(VARCHAR)
ONTOLOGY_TRAILER g8 ONTOLOGY_HEADER_ANNOTATIONS B
«column» «column»
*PK sequence: INT *iri: VARCHAR(64)
xml_cmd: VARCHAR(512) * literal: VARCHAR(1024)
Pk *PK sequence: INTEGER
+  PK_ONTOLOGY_TRAILER(INT) «PK»

+  sequence(INTEGER)

Reviewed by: Dr Muller, Johann Christopher
Reviewed at:  27. Dec 2024

Figure 7: DBFOschemafy Database Structure (2)

3. Future Directions: Enhancing Development with Description Logics

The ongoing development of DBFOschemafy aims to incorporate more advanced features. A key step
is the introduction of Description Logics® (DLs) to enhance the expressivity and formal rigor of the
generated ontologies. The initial focus will be on the Attributive Language with Concept Negation
(ALC), a foundational Description Logic. However, depending on the complexity of the challenges
encountered during development, the implementation may be extended to support the more expressive
SROZQ Description Logic.

DLs provide a structured and well-defined framework for representing knowledge. As a subset of First-
Order Logic (FOL), DLs offer a balance between expressivity and computational tractability.

To support the integration of DLs, the following challenges need to be addressed:

o User Interface for DL Constructs: The first problem is: how can DL constructs be represented in
a user-friendly and intuitive manner, because working with potentially complex DL expressions is
an inherent challenge. Giving up on a graphical editor, a text-based editor® will be implemented
with syntax highlighting, autocompletion, and error checking to assist users. A sophisticated Web-
service can solve this function; and uploads the result (practically a generated Manchester-code!™)
into the RDB. This development effort aims to avoid replicating the functionality of legacy tools
such as OIlED, which is no longer actively maintained. Instead, the focus will be on creating a
modern and user-friendly but simple solution tailored to the specific needs of the DBFOschemafy's
successor.

o Basic Syntactic Checking: Implementing basic syntactic checks to ensure the validity of DL ex-
pressions entered by users.

o OWL Code Generation from DL Expressions: Generating OWL code from the defined DL expres-
sions, ensuring accurate translation and preserving the intended meaning. This is the crux of the
matter, where things get tricky.

By addressing these challenges, DBFOschemafy will evolve into a more powerful and sophisticated tool
for building high-quality, formally grounded ontologies.

4. Software Background The software development environment consists of the following components:

o Operating System: macOS Monterey, (Version 12.5.1) running on an iMac (Retina 5k, 27-inch,
Late 2015)

e RDB: MySQL Server (Version 8.0.30), MySQL Workbench (Version 8.0.31 build 2235049 CE (64
bits) Community)
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Java Runtime: Java™ SE Runtime Environment (build 13.0.24-8)

Java Virtual Machine: Java HotSpot™ 64-Bit Server VM (build 13.0.24+-8, mixed mode, sharing)

Integrated Development Environment: Eclipse IDE for Java Developers (includes Incubating com-
ponents), Version: 2021-12 (4.22.0), Build id: 20211202-1639

Protégé: Open-source ontology editor and framework for building intelligent systems, Version
5.6.3

5. DBFOschemafy as a Stand-Alone Application

DBFOschemafy is not merely a theoretical concept but a fully functional Java application. To facilitate
further research and development, all components of the system are made available to the research
community, including the Java source code, data models, and example database content.

] console X X% EpEREE = w4
<terminated> OWL2_Generator [Java Application] /Library/Java/JavaVirtualMachines/jdk-13.0.2.jdk/
DBFOschemafy V3-001 started

asserted 17 XML header line(s)

asserted 11 header annotation(s)

asserted 5 IAOA annotation(s)

declared 148 OWL class(es)

declared 148 OWL subclass(es)

declared 27 disjoined class group(s)

declared 5 IAQOA annotation(s)

asserted 599 class annotation(s)

declared 33 object properties

added 231 triplet(s)
added 24 data properties(s)
added 80 data property reference(s)

appended 1 trailer line(s)
DBFOschemafy V3-001 has succesfully been completed.

Figure 8: DBFOschemafy as a running stand alone application
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