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Executive Summary

The FUTURAL project aims to provide a comprehensive suite of digital Smart Solutions (SS)
across five critical domains to address pressing social and environmental issues. Central to this
initiative is a robust Metasearch Platform, which will not only serve as the primary access point
to FUTURAL's solutions but also facilitate the search and retrieval of SSs developed by other
initiatives. The FUTURAL ontology forms the backbone of the FUTURAL Metasearch Platform
as it helps to define metadata facilitating the findability and access of datasets and services. In
this report, we present the work carried out during the 1st year of the project on the
development and validation of the 1st version of the FUTURAL ontology. The ontology version
documented in this report is part of a series of ontology versions expected to be developed and
released throughout the lifetime of the project. A 2nd release is expected by the end of Year 2 of
the project. The 3rd, and final, version of the FUTURAL version will become available by the
end of Year 3. Both the 2nd and 3rd ontology versions will be documented in the report of
Deliverable 4.3 (“FUTURAL Ontology B”). An initial validation of the ontology is presented in this
report. Validation has been based on a set of criteria derived from examples of searches that
can be potentially made in the Metasearch Platform. The results obtained show the capacity of
the ontology to address specific search needs even from this initial early stage of its
development.
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1. Introduction

The development of the FUTURAL ontology is part of the project work implemented in the
context of Task 4.3 (“Creation of an ontology over the identified data sources”). The goal of the
ontology is to enable searches in the FUTURAL Metasearch Platform by establishing a common
vocabulary for the SS and the related domains and challenges, enabling connection to the data
sources in a consistent and coherent manner. Multilinguality is a critical aspect of the SSs and
the datasets generated, which will be addressed by the FUTURAL ontology. The ontology is
built upon the Linked Open Data principles [1] and will facilitate connections to the APIs of the
identified data sources coherently and consistently. By incorporating multilingual features, it will
allow for encoding user information needs into queries making the query answering process fast
and efficient returning results relevant to user inputs.

The present deliverable report provides all the details related to the creation of the 1st ontology
version. The development of the ontology is based on the technical agile methodology, meaning
that it will be expanded and updated as the SS development process advances. A 2nd version
of the ontology is expected to be available by the end of the 2nd year of the FUTURAL project
and a 3rd version by the end of Year 3. Updates and further developments will be reported in
Deliverable 4.3 (“FUTURAL Ontology B”).

The development of the FUTURAL ontology is based on the work done for the development of
the FUTURAL SSs in WP3 (“Smart Solutions Development and Delivery”). The requirements
defined for the ontology have been based on the work reported for the MVPs of the FUTURAL
SSs documented in the report of Deliverable 3.1 (“MVP version of FUTURAL Smart Solutions”).
Input to the ontology development has been also provided by the work presented in Deliverable
4.1 (“Report on Metasearch Platform design, data governance structure, and interoperability
components”). As explained in Section 5 (“Ontology validation”) of the present report, that work
has been considered for defining criteria for an initial ontology validation. The integration of the
FUTURAL SSs in the Metasearch Platform, which is work done in Task 4.4 (“Metasearch for
connectivity with existing marketplaces”), will be based on the ontology using connectors and Al
services for metadata extraction, curation, and augmentation.

The remainder of this report is structured as follows: Section 2 provides background information
on ontology-based search and its advantages compared to more traditional, index-based search
methods. In Section 3, we present the methodology for the development of the (1st version of
the) FUTURAL ontology. All the ontology development details are provided in Section 4. First, a
set of ontology requirements, guiding the development process, are provided. Then, we present
a list of indicative competency questions, which were derived from the ontology requirements. A
detailed description of the ontology takes place by presenting its classes and properties. Finally,
in Section 5, we present initial validation results derived from a validation process.

2. Background

Using ontologies for metadata definition allows interoperability and an easier exchange of data
and information between machine agents. Metadata can be represented and formally modeled
using graph-based structures. The use of such structures makes the maintenance and update
of metadata easier. The FUTURAL ontology is developed with the aim to provide a schema for
the definition of metadata for the datasets to be created and become available from the SSs to
be developed in the project and the OC projects. It aims to facilitate searches in the Metasearch
Platform by providing richer results and a better user experience. In this section, we provide
accounts of existing work in how ontologies are used, in various domains/sectors, to structure

8
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resources as well as how ontology-based search works. In [2], we find a discussion on the use
of ontologies for managing data in the life sciences sector. It explores the role of ontologies in
terms of enabling access to diverse databases using structured texts and hierarchical concept
definitions. The study highlights the importance of ontologies covering areas such as molecular
biology, bioinformatics, and medicine. The study reviews ontology development environments
such as Protégé and Topbraid Composer, useful for creating ontologies from textual resources.
It offers a thorough look at how ontologies can aid the organization, integration, and navigation
through life science data effectively.

Having the life sciences domain at its core, the study reported in [3] presents an ontology-based
information retrieval system (OBIRS). This proposed system uses domain ontologies for a more
semantically-rich search and retrieval process. The main system features include:

- Domain-Specific enhancements: Using ontologies like the Gene Ontology and MeSH

(Medical Subject Headings), OBIRS provides a more nuanced search function capable
of understanding the semantic relationships within the life sciences, improving both the
accuracy and relevance of search results.

- User interaction: OBIRS uses a GUI that assists users in the formulation of their search

queries by suggesting ontology terms and thus making the search process more intuitive
and efficient.

- Semantic mapping and visualization: OBIRS displays search results using a semantic

map, which visually indicates the relevance of documents to the query terms. This helps
users quickly ascertain the pertinence of the results and adjust their queries in real time.

- Customizable query formulation: The system allows for dynamic query adjustments by

letting users weigh different concepts according to their needs or interests, thus directly
affecting the search outcomes and their presentation.

- Explanation of results: Unlike traditional search engines that provide lists of documents

without explaining their relevance, OBIRS includes detailed explanations of how each
result is related to the query terms, enhancing transparency and user trust.

By adopting a more generic and rather domain-/sector-agnostic perspective, the work described
in [4] refers to improvements in information retrieval systems integrating ontologies. Such
systems enhance the semantic understanding of search queries going beyond traditional
keyword-based search. The study introduces a model that incorporates domain ontologies for a
better semantic representation of both user needs and document contents. This model promises
improved precision and recall in search results by better aligning retrieved documents with user
intent through semantic matching and query expansion techniques utilizing relationships such
as synonyms and hypernyms. The proposed model’s effectiveness is shown with experiments
demonstrating that ontology-based retrieval can significantly refine the accuracy and relevance
of search outcomes compared to conventional methods.

Finally, [5] presents a framework enhancing web and image search through ontology-based
techniques. It outlines the development of an Object-Attribute-Value (O-A-V) model that refines
search terms and queries to improve retrieval accuracy and user interaction. The framework
utilizes NLP to parse user queries into structured forms that aid the generation of more accurate
SPARQL queries for retrieving images that match user expectations more closely. The study
presents two models: one for improving web document retrieval through semantic web
technologies and another for enhancing image search capabilities by applying domain
ontologies to describe and retrieve images more effectively. By extracting subjects, predicates,

9
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and objects (i.e., <s, p, 0> triples) from user queries, the system can form better-aligned queries
to retrieve relevant images and web content. The effectiveness of these models is demonstrated
through comparisons with standard retrieval systems, showing improvements in precision. This
approach underscores the potential of integrating semantic understanding into search systems
to bridge the gap between user queries and the content on the web, hence enhancing both user
experience and system effectiveness.

3. Methodology

The development of the FUTURAL ontology is based on the widely acknowledged and broadly
used methodology of Noy and McGuiness [6]. It is considered a straightforward methodology
consisting of well-defined steps enabling a bottom-up ontology development process. Although
it is linear in its nature, the methodology can be applied in an iterative manner. Consequently, it
can fit into an agile development process, which is the approach for developing the FUTURAL
SSs. Figure 1 below shows the main steps of the Noy and McGuiness methodology for ontology
development.

STEP1 STEP 2 STEP 4 STEP S STEP 6 STEP7
Determine the domain } Consider re-using } ’ Define the classes and } Define the properties of } Define the facets of the ’ Create instances
& scope of the ontology existing ontologies the class hierarchy classes shots

Figure 1 The Noy and McGuiness methodology development.

STEP 3
Enumerate important
terms in the ontology

3.1. Determine the domain and scope of the ontology

The starting step in the process relates to framing the context of the ontology development task.
It includes the identification and specification of the ontology’s purpose, as well as the definition
of competency questions (questions the ontology should provide answers for). As mentioned in
the Introduction, the purpose of the methodology is to provide a schema for defining metadata
for the datasets created by the FUTURAL SSs. The requirements that guided the creation of the
1st version of the ontology and an indicative list of competency questions derived from those
requirements are presented in Section 4 (“FUTURAL ontology”) and specifically Subsection 4.1
(“Ontology requirements”) and Subsection 4.2 (“Competency questions”).

3.2. Consider reusing existing ontologies

As mentioned in the Noy and McGuiness methodology “reusing existing ontologies may be a
requirement if our system needs to interact with other applications that have already committed
to particular ontologies or controlled vocabularies.” (p. 6). Reusing components already defined
in existing ontologies and vocabularies helps towards data interoperability and exchange. This
is of particular importance when considering machine agents as consumers of information and
data. As explained in Section 4 (“FUTURAL ontology”), the FUTURAL ontology is entirely based
on the reuse of classes and properties defined in other ontologies and controlled vocabularies.
Details about the classes and properties reused in the development of the FUTURAL ontology
are provided in Section 4.

3.3. Enumerate important terms in the ontology

The aim of this step is to identify a list of key terms relating to the purpose of the ontology, which
help identify the classes and properties needed to be defined in the ontology. Classes constitute
abstractions of entities with specific characteristics. Properties denote relations between classes
or characteristics the instances of a class may have (e.g., date of dataset creation). Some of the

10



2% FUTURAL D4.2: FUTURAL Ontology A
i

entities considered for the FUTURAL ontology are’: dataset, dataset creator, dataset publisher,
service?, service provider, service consumer, area served by a service, search query, keywords/
topics of a dataset, geospatial information captured by the data available from a dataset, format
of a dataset, license defining terms and conditions of dataset reuse.

3.4. Define the classes and the class hierarchy

An important step in the ontology creation is the definition of classes and class hierarchies to: (i)
group entities (i.e., real-world objects or abstract concepts captured in our model) with the same
characteristics into self-contained collections; and (ii) capture class-subclass dependencies. The
FUTURAL ontology is a rather flat ontology with a not deep class hierarchy. All the details about
our ontology classes are available in Section 4.3 (“Ontology description”) and more specifically
its subsection 4.3.1 (“Classes”). The property defining class-related hierarchical structures is
presented in Section 4.3.2 (“Object properties”).

3.5. Define the properties of classes

In the terminology introduced by the Web Ontology Language (OWL) specification [7], there are
two property types: (i) object properties; and (ii) datatype properties. Object properties describe
the relationships that exist between class instances. To render class relationships explicit, a list
of relation types is introduced. An object property has a class as its domain and another class
as its range. Datatype properties are properties receiving data values (integer/float numbers,
strings, date and time values, boolean values). All details about the properties in the FUTURAL
ontology are presented in Section 4.3.2 (“Object properties”) and 4.3.3 (“Datatype properties”).

3.6. Define the facets of the slots

When referring to “facets of the slots”, we mean the values the ontology properties may take. In
the case of object properties, the values that can be received are instances of the classes being
the range of the object property. Each class instance is uniquely identified in the namespace of
the FUTURAL ontology. The type of the values received by the datatype properties defined in
our ontology are shown in Table 9 in Section 4.3.3 (“Datatype properties”).

3.7. Create instances

The last step in the ontology development process is that of creating class instances. Defining
an instance requires to: (i) select a class; (ii) create an individual instance of that class; and (iii)
provide values to the instance’s properties. As datasets will be made available in the context of
the development and testing of the FUTURAL SSs, concrete instance examples will be able to
be made. Specific instance examples, and thereby ontology usage examples, will be provided in
the next deliverable report related to the FUTURAL ontology (D4.3: “FUTURAL ontology B”).

4. FUTURAL ontology

In this section, we provide a detailed description of the 1st version of the ontology. The ontology
development work has been based on the methodology presented in Section 3 (“Methodology”).
We start by describing the requirements that served as a basis for the ontology design decisions
(Subsection 4.1: “Ontology requirements”). Then, we outline indicative competency questions
for the ontology (Subsection 4.2: “Ontology requirements”). Details about the ontology classes
and properties are provided in Subsection 4.3 (“Ontology description”).

" The list of entities is indicative and not exhaustive.
2 By service we mean SS.
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4.1. Ontology requirements

The ontology requirements (RQs) were defined based on the work described in Deliverable 3.1
(“MVP versions of FUTURAL Smart Solutions”) related to the design and development of the SS
MVPs. Our requirements are presented in Table 1 below.

Table 1 Ontology requirements and ontology version they are implemented for.

version version version

Ontology requirement (RQ) 1 2 3

Capture of stakeholder feedback.

N
N

Ontology expansion and update based on the adoption of
the technical agile methodology.

Enable cross-system and cross-platform interoperability to
facilitate seamless data exchange and integration.

Enable stakeholder engagement.

NIN|IN| N

Capture the domain needs for each Smart Solution (SS).

Capture dataset visualization methods.

N

Enable multilingual datasets.

Enable the temporal dimension/nature of datasets.

Enable the spatial dimension/nature of datasets.

Capture dataset-related provenance information.

Capture the data schema used to create datasets.

Capture the context of a user’s search prompt.

Capture dataset formats (required by dataset providers)
from user search prompts.

Enable metadata management structures to support user
searches.

NN NIN|NININININININ|IN | NN
NI NN NN NINN|ININININ|N|N

NI N[N [N|N|NINN

The ontology should be scalable.

N

12
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In Table 1, there is an indication of the version of the ontology each requirement is implemented
for. The version of the ontology documented in this report is the 1st version. There will be two
updates to the ontology: one by the end of M24 and another by the end of M36. These ontology
versions will be documented in the report of Deliverable 4.3 (“‘FUTURAL ontology B”). Except for
the explicit capture of domain needs for each SS (RQ5)* and the enabling of datasets in multiple
languages (RQ7), all requirements have been addressed with specific decisions reflected in the
definition of ontology classes and properties. Details are provided in Section 4. The stakeholder
feedback that is expected to be collected in the context of the agile SS development process will
serve as the input needed for the explicit integration of classes and properties capturing
domain-specific SS needs. Multilinguality will be also addressed in the next ontology versions.
That decision was made to first address initial feedback on the SS features other than dataset-
related multilingual aspects, and then proceed with addressing the multilingualism requirement.
Such a process will ensure a smoother ontology development and expansion/update process.

4.2. Competency questions

Competency questions are “natural language questions outlining and constraining the scope of
knowledge represented in an ontology.” [8]. Following the definition of RQs for the ontology, the
below competency questions (CQs) have been defined. CQs and the RQs they are associated
with are shown in Table 2 below.

Table 2 Competency questions and their association with ontology requirements.

Competency Question (CQ)

Associated requirement (RQ)

What is the service provider of service X
provided in place Z?

Capture the domain needs for each
Smart Solution (SS) (RQ5).

How many and what visualizations are available
for dataset X?

Capture dataset visualization methods
(RQ6).

In how many languages is dataset X available
and which are those languages?

Enable multilingual datasets (RQ7).

What is the time interval to which the data in
dataset X relate?

Enable the temporal dimension/nature
of datasets (RQ8).

What is the place related to the data contained
in dataset X?

Enable the spatial dimension/nature of
datasets (RQ9).

What is the organization related to service
provider X providing service Y from which place
Zis served?

Capture dataset-related provenance
information (RQ10).

What are the domain terms appearing in the
structured query generated from the search
action X of the service consumer Y?

Capture the context of a user’s search
prompt (RQ11).

What is the format of version X of the

Capture dataset formats (required by

3 There are already classes and properties in the FUTURAL ontology defined with the aim to address the requirement
of capturing SS domain needs. Further work on the explicit capture of SS domain needs will be made for the release
of the 2nd and 3rd versions of the ontology.
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distribution Y of dataset Z7? dataset providers) from user search
prompts (RQ12).

The above set of CQs is indicative and will be updated and enriched following the ontology
updates and expansion expected to take place for the needs of releasing version 2 and version
3 (following the continuous, agile-based SS development process). CQs will be used to evaluate
the ontology by converting them to SPARQL queries* issued to an ontology access endpoint
and receiving dataset metadata. Details on this evaluation process will be provided in the next
deliverable report (D4.3: “FUTURAL ontology B”). By the time at which D4.3 will be drafted,
there will be a substantial amount of datasets available from the FUTURAL SSs. This will allow
for a better evaluation of the ontology and presentation of evaluation results.

4.3. Ontology description

The description of the 1st version of the FUTURAL ontology involves the explicit presentation
and explanation of the classes and properties defined in it. For each class, we provide a brief
rationale taking the form of an explanation of the RQ addressed with the definition of the class.
For the ontology properties, we provide short definitions, their links to ontology RQs (rationale),
as well as their domain and range. Some RQs are broader and do not link to specific ontology
classes and properties. These RQs are:

- RQ2: Ontology expansion and update based on the adoption of the technical agile
methodology.

- RQ3: Enable cross-system and cross-platform interoperability to facilitate seamless data
exchange and integration.

- RQ15: The ontology should be scalable.

They were addressed as the result of the development of the FUTURAL ontology based on:

- the use of widely known and broadly adopted semantic web technology standards (e.g.,

use of the RDF standard® to formalize the ontology as a directed graph of <s,p,0>°
triples);

- the re-use of components (classes, properties) of existing ontologies and vocabularies.

The reuse of components of existing ontologies and vocabularies allows to conform to the FAIR
data principles [9] and mostly those related to the Interoperability dimension’. Such an approach
is fully aligned with the Linked Open Data paradigm and enables platform/system and data
interoperability (RQ3), together with easy maintenance and ontology expansion (RQ2 & RQ15).

The FUTURAL ontology is available at the GitHub repository available at this link, under the
license Creative Commons Attribution 4.0 International.

4 https://lwww.w3.org/TR/spargl11-query/

5 hitps://www.w3.org/TR/rdf-primer/
¢ s = subject; p = predicate; o = object. For details see the RDF primer available here.

7 hitps://www.go-fair.org/fair-principles/
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4.3.1. Classes

The classes used in the FUTURAL ontology are defined in existing ontologies and vocabularies.
The ontologies and vocabularies considered for class reuse, their namespaces, and the prefixes
of namespaces are shown in Table 3 below.

Table 3 External ontologies considered for class reuse, their namespaces, and namespace prefixes.
Ontology/vocabulary Ontology/vocabulary namespace Prefix

Bioscientific data analysis . )
ontology (EDAM) [10] http://edamontology.org/ edam:
data.gov.sa u Dataset http://reference.data.gov.au/def/datasetOntology# audata:
Ontology

Data Catalog Vocabulary . :
(DCAT) [11] http://www.w3.org/ns/dcat# dcat:
DCMI Metadata Terms® http://purl.org/dc/terms/ dcterms:
Occupant Feedback ] . ]
Ontology (OFO) [12] https://w3id.org/ofo# ofo:
Provenance ontology . .
(PROV-O) [13] http://www.w3.org/ns/prov# prov:
Schema.org'® https://schema.org/ schema:
Service ontology™" http://purl.org/ontology/service# service:

Table 4 presents the classes defined in the FUTURAL ontology. A rationale for the use of these
classes is made available by drawing links to the ontology RQs each class definition addresses.
Among the classes defined in our ontology, there are Data Type classes from the Schema.org
ontology. These classes are used to denote the range of the properties that receive a string,
URL, or date as value (i.e., datatype properties). For instance, the class schema:Text is used as
the range of the property schema:abstract (datatype property to denote that a dataset has a
short textual description summarizing what it is about). Details about the ontology properties are
given in the following sections (4.3.2 “Object properties” and 4.3.3: “Datatype properties”).

Table 4 Classes defined in the FUTURAL ontoloqgy, their definition, and rationale.

Associated

Ontology class Definition

RQ(s)

A body of structured information describing some

topic(s) of interest. All

schema:Dataset

8 data.gov.au Dataset Ontology

® https://www.dublincore.org/specifications/dublin-core/dcmi-terms/
10 https://schema.org/

" https://dini-ag-kim.github.io/service-ontology/service.html
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schema: .
DataDownload All or part of a Dataset in downloadable form. All
An action performed by a direct agent and indirect
schema:Action participants upon a direct object. The execution of the RQ5
action may produce a result.
schema:Language | The language(s) in which a dataset becomes available. RQ7
schema:DateTime | A combination of date and time of day. RQ1£(’Q$§12’
schema:Text Information available in a textual format. RQE)(’)T;MZ’
. RQ10, RQ12,
schema:URL A URL. RQ13
A word, name, acronym, phrase, etc. with a formal
schema: definition. Used in the context of category or subject RQ5
DefinedTerm classification, glossaries or dictionaries, product or
creative work types, etc.
schema: . ,
ImageObject An image file. RQ6
schema: . .
SearchAction The act of searching for an object. RQ11
schema:Place Entities that have a somewhat fixed, physical extension. RQ9
audata: A time period (interval) during which data was collected
- ' or observations were made that are described in the RQ8
Timelnterval
Dataset.
Something that occurs over a period of time and acts
prov:Activity upon or.W|th entities; |.t may mc;lude consuming, RQ5, RQ10
processing, transforming, modifying, relocating, using,
or generating entities.
Something that bears some form of responsibility for an
prov:Agent activity taking place, for the existence of an entity, or for RQ10
another agent's activity.
prov:Organization stsomal or legal institution such as a company, society, RQ10
prov:Person A person. RQ10
prov: .
SoftwareAgent A running software. RQ10
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service:Service f\n action that is done for someone. It may take a digital RQ5
orm.

service: . :

ServiceConsumer An entity that requests or consumes a Service. RQ5

service: . . . - :

ServiceProvider An entity that is responsible for providing a Service. RQ5

edam: A structured query, in the form of a script, that defines a

Query script database search task. RQ12, RQ13

ofo:Feedback A statement of opinion about something. RQ1, RQ4

4.3.2. Object properties

Object properties are properties whose values are instances of ontology classes. Table 5 below
presents all the object properties defined in the FUTURAL ontology together with a rationale for
their definition. Rationale takes the form of a link between the property defined and the ontology
RQ(s) that is/are addressed. A definition of the property and cardinality (1-to-1, 1-to-M)'? is also
information provided in Table 5. The namespace prefixes appearing in Table 5 are those defined
in Table 3 above. A new prefix introduced in Table 5 is rdfs:. It is the prefix of the namespace
http://www. w3.0rg/2000/01/rdf-schema# namespace (RDF Schema specification'?).

Table 5 Object properties defined in the FUTURAL ontology, their definition, cardinality, and rationale.

Associated
RQ(s)

Object property Definition Cardinality

A downloadable form of this dataset,
at a specific location, in a specific
format. This property can be repeated
if different variations are available.

schema:distribution 1-to-M All

An image containing a diagram that
schema-diaaram illustrates the structure and/or its 1-t0-M RQ6
-diag component substructures and/or

connections with other structures.

Indicates a potential action, which
describes an action in which this thing 1-to-M RQ5
would play an 'object' role.

schema:
potentialAction

schema:about The subject matter of the content. 1-to-M RQ12, RQ13

Keywords or tags used to describe
schema:keywords some item. Multiple textual entries in a 1-to-M RQ5
keywords list are typically delimited by

2 4-to-1 = one to one; 1-to-M = one to many
3 https://www.w3.org/TR/rdf-schema/
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provides a service to the service.

commas.
schema:subjectOf The inverse property of schema:about 1-to-M RQ5
schemazinLanguage The Iapguage of the content used in 1-to-M RQ7
an action.
schema: The location depicted or described in
contentLocation the content. 1-to-M RQ9
An organization that this person is
schema:affiliation affiliated with. For example, a 1-to-M -
school/university, a club, or a team.
. The geographic area where a service
schema:areaServed . . 1-to-M -
is provided.
schema:publisher The publisher of the dataset. 1-to-M RQ10
schema:creator The creator of the dataset. 1-to-M RQ10
] The file format, physical medium, or RQ11,
dcterms:format dimensions of the resource. 1-to-M RQ13, RQ14
rdfs:subClassOf A class being a subclass of another 1-to-1 )
class.
prov:wasGeneratedBy The completlon of th_e_ production of a 1-to-1 RQ10
new entity by an activity.
orov: Assignment of responsibility to an
wasAssociatedWith agent for an actlv_lty, |nd|ca_t|_ng that the 1-to-M RQ10
agent had a role in the activity.
An activity is started by an entity
prov:wasStartedBy known as trigger. The activity did not 1-to-M RQ12
exist before its start.
audata: Temporal extent corresponds to the
: time interval within which all items in 1-to-1 RQ8
hasTemporalExtent
the dataset occur.
. Relationship between a person and
ofo.givesFeedback the feedback given by this person. 1-to-M RQ1, RQ4
schema:comment Comments, typically from users. 1-to-M RQ1, RQ4
schema:query A search query. 1-to-M RQ12, RQ13
service:provides Relates a service provider that 1-t0-M RQ5
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service:providedBy

Relates a service that is provided by a
service provider to this service
provider.

1-to-M RQ5

service:consumes

Relates a service consumer
consuming a service to this service.

1-to-M RQ5

service:consumedBy

Relates a service that is consumed by
a service consumer to this service
consumer.

1-to-M RQ5

dcat:servesDataset

A collection of data the service can
distribute.

1-to-M -

The domain and range of each of the above object properties are presented in Table 6 below.

Table 6 Object properties defined in the FUTURAL ontology with their domain and range.

Object property

schema:distribution

schema:Dataset

schema:DataDownload

schema:diagram

schema:Dataset

schema:lmageObject

schema:potentialAction

schema:Dataset

schema:Action

schema:about

edam:Query script

schema:DefinedTerm

schema:keywords

schema:Dataset

schema:DefinedTerm

schema:subjectOf

schema:DefinedTerm

schema:Dataset

schema:inLanguage

schema:Dataset

schema:Language

schema:contentLocation

schema:Dataset

schema:Place

schema:affiliation

prov:Person

prov:Organization

schema:areaServed

service:Service

schema:Place

schema:publisher

schema:Dataset

prov:Agent

schema:creator

schema:Dataset

prov:Agent

dcterms:format

schema:DataDownload

schema:DefinedTerm

schema:query

schema:SearchAction

edam:Query script

rdfs:subClassOf

prov:Person

prov:Agent

service:ServiceProvider

prov:Organization
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proviwasGeneratedBy

schema:Dataset

prov:Activity

prov:wasAssociatedWith

prov:Activity

prov:Agent

prov:wasStartedBy

schema:SearchAction

service:ServiceConsumer

audata:
hasTemporalExtent

schema:Dataset

audata:Timelnterval

ofo:givesFeedback

service:ServiceConsumer

ofo:Feedback

schema:comment

schema:Dataset

ofo:Feedback

service:provides

service:ServiceProvider

service:Service

service:providedBy

service:Service

service:ServiceProvider

service:consumes

service:ServiceConsumer

service:Service

service:consumedBy

service:Service

service:ServiceConsumer

dcat:servesDataset

service:Service

schema:Dataset

In Table 5, there are object properties not associated with specific RQs. This does not imply that
these properties have been arbitrarily defined. They rather capture broader information such as
the affiliation of a person (involved in dataset creation) with an organization, dataset availability
from a service, and the class-subclass relation holding between some classes.

4.3.3. Datatype properties

Datatype properties are properties receiving a string, number, URL, date and/or time, or boolean
as their value. In our ontology, we use Data Type classes of the Schema.org ontology to denote
the range of these properties. Table 7 below presents all the datatype properties in the ontology
together with a rationale. Rationale takes the form of a link between the property defined and
the ontology RQ(s) that is/are addressed. A definition of the property is provided. Namespace
prefixes appearing in Table 7 are those defined in Table 3 above. The cardinality of all datatype
properties is 1-to-1.

Table 7 Datatype properties defined in the FUTURAL ontology, their definition, cardinality, and rationale.

Associated

Definition RQ(s)

Datatype property

schema:abstract An absltract is a short description that summarizes RQ14
a creative work.
. A standardized size of a product or creative work,
schema:size i, . . RQ14
specified through a simple textual string.
schema-version The version of the creative work embodied by a RQ14
specified resource.
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- A license document that applies to this content,
schema:license typically indicated by URL. RQ14
schema:dateCreated | The date on which the dataset was created. RQ14
schema-dateModified The _d_ate on which the dataset was most recently RQ14
modified.
dcat:downloadURL The URL of the downloadabile file in a given format. RQ10

The domain and range of each of the above object properties are presented in Table 8 below.

Table 8 Datatype properties defined in the FUTURAL ontology with their domain and range.
Datatype property Domain Range

schema:abstract schema:DataDownload schema:Text
schema:size schema:DataDownload schema:Text
schema:version schema:DataDownload schema:Text
schema:license schema:DataDownload schema:URL

schema:dateCreated

schema:DataDownload

schema:DateTime

schema:dateModified

schema:DataDownload

schema:DateTime

dcat:downloadURL

schema:DataDownload

schema:URL

The types of the values that can be received by each of the datatype properties defined above
are presented in Table 9 below. The xsd prefix used in the table is used to denote W3C’s XML
Schema Definition Language namespace™.

Table 9 Datatype properties defined in the FUTURAL ontology and their value types.
Datatype property Datatype property value type

schema:abstract xsd:string
schema:size xsd:string
schema:version xsd:string
schema:license xsd:anyURL

schema:dateCreated

xsd:dateTime

schema:dateModified

xsd:dateTime

4 hitps://www.w3.0rg/TR/2012/REC-xmischema11-2-20120405/datatypes.htmi#
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dcat:downloadURL xsd:anyURL

5. FUTURAL ontology validation

In this section, we present a set of criteria created to validate the extent to which the FUTURAL
ontology can support efficient searches. The criteria were created as the result of the analysis of
indicative search examples that can potentially be made in the FUTURAL Metasearch Platform.
These examples were initially presented in the report of Deliverable 4.1 (“Report on Metasearch
Platform design, data governance structure, and interoperability components”). They are listed
below:

Retrieve all data from IHT Delft on draughts in the Birda region.
What kind of data is available on intervals of drought in the Birda region?

Retrieve all data reports on catastrophes in the Durangaldea region.

S 2 %

Please provide recommendations for a trip by car to Durangaldea from Bilbao for a
holiday.

¥

Is the Pongau area appropriate for building a sustainable farm?
- Is the weather suitable for harvesting next week in Birda county?

- What are the key initiatives on rural funding that are on debate in Kythira local counsel?
The above search examples relate to three different data search categories/types, namely:

- metadata search;
- raw data search; and
- semantic search.
The analysis made as part of the ontology development (and validation) process focused on the

identification of similarities and differences in the content and scope of search texts (i.e., what
the search is about). The analysis results are presented in Table 10 below.

Table 10 Similarities and differences identified from the analysis of example searches in the Metasearch Platform.

- Geographical focus

Many search examples relate to specific geographic regions (e.g., Birda,
Durangaldea, Pongau). This indicated an interest from the side of users
on information about specific geographic regions.

= Data inquiry

Many search examples require specific types of data or information. For
instance, they ask for data on droughts, catastrophes, or suitability for
farming. This indicates a need for precise and factual data.

- Search mode
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Differences - Directness and formality

Most searches are question-based, designed to extract specific answers
whether they relate to data retrieval or asking for recommendations.

= Topic specificity

Some search examples are very specific, asking for data on particular
topics like droughts in Birda or catastrophes in Durangaldea. Others are
more generic or request advice, such as travel recommendations or the
suitability of an area for a specific type of farming.

- Purpose of search

& Data Retrieval: some search examples require the retrieval of data
about droughts or catastrophes and thus are focused on collecting
existing data.

@ Decision support. some search examples are about the seeking of
decision-making support (e.g., appropriateness of building a farm or
the suitability of weather for harvesting).

@ Informational and recommendation: some search examples are
about information related to recommendations (e.g., rural funding
initiatives, guidance, and potential opinions).

Some search examples are direct, using a command-like expression form
(e.g., “Retrieve all data”). Other search examples are question-like. This
may imply a need for exploration or discussion (e.g., asking about data
that is available or the suitability of weather conditions).

- Content type

There are search examples asking specific datasets (e.g., datasets about
droughts, catastrophes), suggesting a need for structured data potentially
for analysis. There are search examples about travel recommendations
or the suitability for farming. These examples suggest a need for both
qualitative assessments and perhaps user-generated content or expert
opinions.

- Temporal aspects

Some search examples are time-sensitive such as the inquiry about
weather conditions for a specific future week. Others are time-agnostic
(e.g., searches about data availability or general suitability for farming).

Based on the results of the analysis (considering both similarities and differences), the following
ontology validation criteria were created:

->

>

Geographical focus: capacity to address requests for geographical information.
Data inquiry: capacity to address requests for specific (types of) datasets.

Search mode: capacity to address different modes of search texts (e,g, question-based
to non-question-based search texts).
Topic specificity: capacity to address requests for specific dataset topics.

Purpose of search: capacity to address different search purposes.
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- Directness and formality: capacity to address searches differing in their directness and
formality.

- Content type: capacity to address requests for specific/different types of content in the
datasets.

- Temporal aspects: capacity to address requests for time-sensitive/temporal information.

Table 11 below provides triples encoded in the FUTURAL ontology, which address each of the
validation criteria listed above.

Table 11 RDF triples encoded into the FUTURAL ontology addressing the ontology validation criteria.

Validation criteria RDF triples in the FUTURAL ontology addressing the criteria

Geographical focus | < schema: Dataset, schema: contentLocation, schema: Place >

schema: Dataset, schema: keywords, schema: DefinedTerm >

schema: Dataset, schema: distribution, schema: DataDownload >
schema: DataDownload, dcterms: format, schema: DefinedTerm >
schema: DataDownload, schema: version, schema: Text >

schema: DataDownload, schema: dateCreated, schema: DateTime >
schema: DataDownload, schema: dateModified, schema: DateTime >
schema: Dataset, audata: hasTemporalExtent, audata: Timelnterval >

Data inquiry

ANNNNNNA

N

schema: SearchAction, prov: wasStartedBy, service: ServiceConsumer >

Search mode schema: SearchAction, schema: query, edam: Query script >

N

Topic specificity

A

schema: DataDownload, dcterms: format, schema: DefinedTerm >

schema: SearchAction, prov: wasStartedBy, service: ServiceConsumer >
schema: SearchAction, schema: query, edam: Query script >

edam: Query script, schema: about, schema: DefinedTerm >

schema: DefinedTerm, schema: isSubjectOf, schema: Dataset >
schema: Dataset, schema: potentialAction, schema: Action >

Purpose of search

ANNNNANNA

Directness and < schema: SearchAction, prov: wasStartedBy, service: ServiceConsumer >
formality < schema: SearchAction, schema: query, edam: Query script >
Content type < schema: DataDownload, dcterms: format, schema: DefinedTerm >

Temporal aspects < schema: Dataset, audata: hasTemporalExtent, audata: Timelnterval >

Based on the results presented in Table 10, we may initially conclude that the 1st version of the
FUTURAL ontology captures many aspects of potential Metasearch Platform searches. Thus, it
has the potential to efficiently support searches of users of different needs, coming from various
geographic locations, and being interested in different SSs.

6. Conclusions

In this report, we provided the details related to the development of the 1st version of the
FUTURAL ontology. The aim of the ontology is to be used for metadata identification and
definition that will facilitate the search for and retrieval of SSs and datasets in the FUTURAL
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Metasearch Platform. The development of the ontology has been based on the ontology
creation methodology of Noy and McGuiness using a set of ontology requirements as the driver
for making design decisions. The majority of the ontology requirements are already addressed
with specific decisions made during the ontology’s design and development process.
Multilinguality is the aspect expected to be integrated as part of the work for future versions
development. Further work is also expected to explicitly capture SS-related domain needs in the
ontology. One of the ways in which domain needs are already captured is through the use of the
schema:DefinedTerm class. This class is used to capture topics related to the SS datasets in
the form of domain-specific, standardized keywords. Such keywords will be captured by means
of NER and NEL methods applied to the SS datasets. Considering that standardized keywords
are defined in existing ontologies, we can easily incorporate them into the FUTURAL ontology
together with other standardized terms they are linked to.

The FUTURAL ontology already contains an extensive number of classes and properties (object
and datatype properties), which is expected to be updated and expanded upon updates and
further development work. The validation made using a set of criteria extracted from indicative
search examples (potentially made in the Metasearch Platform) provided promising results. The
conclusions we were able to make indicate that the ontology can already support searches in
the Metasearch platform to an adequate extent. Further evaluation results will be collected and
reported in Deliverable 4.3 (“FUTURAL Ontology B”) using the updated ontology versions along
with an extensive list of CQs (building upon the CQs already presented in this report).
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