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= Semantics 101

= Linked Data

= Machine-actionable FAIRness through semantic technologies
= Applying Semantics to the research data lifecycle

= Security and additional aspects

= Hands-on session
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= The study of meaning, reference, or truth (Wikipedia)

= the branch of linguistics and logic concerned with meaning. The two main areas
are logical semantics, concerned with matters such as sense and reference and
presupposition and implication, and lexical semantics, concerned with the analysis
of word meanings and relations between them. (Oxford)

= provides the rules for interpreting the syntax which do not provide the meaning
directly but constrains the possible interpretations of what is declared. (J. Euzenat)
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= Semantic technology uses formal semantics to help Al systems understand language
and process information the way humans do.

= Semantic technology defines and links data on the Web (or within an enterprise) by
developing languages to express rich, self-describing interrelations of data in a form

that machines can process.
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= Fundamental elements
= Names (URIs)

= Documents (Resources) described by HTML, }
XML, etc. .
= Interactions via HTTP Hyperlinks
= (Hyper)Links between documents or anchors /
in these documents N
= Shortcomings —_—_—_i — TN
= Untyped links T
= Web search engines fail on complex queries “Documents”
. . _ @ Li?grvr\@"t’ch
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Typed Links
= R

Hyperlinks .X
I e /N.

“Documents”
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= Links between arbitrary things (e.g.,
persons, locations, events, buildings)

Typed Links
= Structure of data on Web pages is made - .
explicit
= Things described on Web pages are !
named and get URIs

= Links between things are made explicit
and are typed
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®
= W3C vision of the Web of Data (
= Its goal is to make the Web machine-readable )

= Additional benefits
= Automation of human tasks on data

= Enables knowledge sharing and reuse
= Separates data from its representation and tools
= Set of standards

= The original vision from Tim Berners-Lee did not succeed .
= Heavyweight standards semantlc
= Little uptake from industry WEb

(= - ®
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(B. Nowack)
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= Resource Data Framework (RDF)
= Foundations of all Semantic Web
technologies
= RDF is based on triples

= Labelled, unidirectional connection
between two resources

= Each entity represented by IRIs
= Objects can be literal values

= Namespaces
é Predicate é

Subject Object
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foaf:firstName

foaf:k
oaf:knows > "Mary"

= Serializations in many formats (RDF/XML, Turtle, N3, JSON-LD...)
E'%E,! Li?é&@'\t’ch
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= RDF is only a data model

= We need additional layers on top to add
semantics to the data

= RDF Schema (RDFS) provides a data-
modelling vocabulary for RDF data

= Simple Knowledge Organization System
(SKOS) can represent taxonomies,
glossaries, thesauri...

= The Web Ontology Language (OWL)
allows specification of RDF ontologies
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= https://www.w3.org/TR/rdf-schema

= Define the terms that can be used in an RDF graph
= Classes (concepts)
= Properties
= Restrictions on RDF resources
= The main construct are the classes of resource
= Everything in RDF is a resource, even RDFS classes
= Resources can be instances (individuals) of a class (rdf:type)

= Resources may belong to several classes at once
= Class relationships can be inherited via subclassing (rdfs:subClassOf)

(= - ®
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= Properties between RDF resources can be constrained
= Domains (rdfs:domain)
= Ranges (rdfs:range)
= Sub-properties (rdfs:subPropertyOf)
= Properties domain and ranges may be classes or data types, in case the objects are
literals
= Supports XML Schema data types
= Language tags can be added to strings to support internationalized labels and
descriptions of RDF resources

= Human readable annotations to describe resources (rdfs:label, rdfs:comment)

(= - ®
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= RDFS provides basic inference over RDF data
= Entailment rules that extend the RDF graph making explicits the relationships
= E.g. if A rdfs:subClassOf B, and a rdf:type A, then a triple a rdf:type B would be
added by entailment rules.
= RDFS is useful to define vocabularies
= Collections of semantically-related classes and properties

= Relationships between those classes and properties and external classes and
properties from other vocabularies (hierarchies of vocabularies)

= Lightweight definitions and reasoning
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= https://www.w3.org/TR/skos-reference/

= Aimed at representing taxonomies, thesauri, etc.

= Adds additional classes and properties to RDFS to
= |dentify concepts (skos:Concept)

= Annotate concepts with alternative and preferred labels (skos:altLabel and
skos:prefLabel properties)

= Specify the relative scope of related concepts (skos:broader, skos:narrower
properties)
= Define collections (skos:Collection)

‘% LN
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= Only basic inference is provided (sub-classes, sub-properties, domains, ranges...)
= Simple constraints for properties
= SKOS only support concepts, but not individuals
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= https://www.w3.org/TR/owl2-overview/

= An ontology is a formal, explicit specification of a shared conceptualization (Guarino
et al.)

= OWL ontologies provide more reasoning facilities than RDFS and SKOS vocabularies

= Based on the ‘open world” assumption
= Absence does not imply negation

= There are no unigue names, so two entities may refer to the same real concept
(owl:sameAs)

= Leads to problems if constraints are missing from the ontology
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= Algebraic properties (reflexive, symmetric, transitive properties...)
= Disjoint properties

= Qualified cardinality

= Restrictions on properties (useful for complex classifying)

= Property chains

= Union and intersections

= Disjunction and complement

= Equivalence

= Value restrictions on data properties
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= Full OWL inference may be too complex
= Profiles limit reasoning capabilities for certain scenarios

= Heavyweight definitions
= Potential issues due to the ‘open world” assumption

= Sometimes RDFS (and possibly SKOS) provide enough elements to describe
lightweight ontologies
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= A knowledge graph is a knowledge base that

uses a graph-structured data model or topology
to integrate data.

= Data comes from several sources and is
interlinked to facilitate traversing

= There is no global schema, but a set of
independent schemas

= New data and connections can be added without
affecting the whole graph

https://ahrefs.com/blog/google-knowledge-graph/

(= - ®
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Google harrison ford x| & Q

Q Al Eimages @ News []Videos © Maps i More Settings  Tools

About 118,000,000 resuits (0.63 seconds)

www.imdb.com » name ¥

Harrison Ford - IMDb

Harrison Ford, Actor: The Fugitive. Harrison Ford was born on July 13, 1942 in Chicago,
lllinois, to Dorothy (Nidelman), a radio actress, and Christopher Ford ...

Star Sign: Cancer Height: 6" 1" (1.85 m)

Other Works: TV commercial PSA for Earths...  Alternate Names: Jethro the Bus Driver | ...
Biography  Harrison Ford (2020) - Ford - Harrison

@ More images

en.wikipedia.org » wiki » Harrison_Ford + Harris on FOI'd <:
Harrison Ford - Wikipedia e
Harrison Ford (born July 13, 1342) is an American actor, pilot, and envi activist. As of erican actor
2019, the U.S. domestic box office grosses of his films total over $5.1 billion, with worldwide
grosses surpassing $9.3 billion, placing him at No. 4 on the list of highest-grossing domestic box Harrison Ford is an ican actor, pilot, and envil activist.
office stars of all time. As of 2019, the U.S. domestic box office grosses of his films total
Years active: 1966-present o Actor; pilot; envi act... over $5.1 billion, with worldwide grosses surpassing $9.3 billion,
Works: Full list Children: 5 placing him at No. 4 on the list of highest-grossing domestic box
~ _ ~ . office stars of all time. Wikipedia
Harrison Ford + Calista - Melissa - Silent film actor
Born: July 13, 1942 (age 78 years), Chicago, lllinois, United States
People also ask Spouse: Calista Flockhart (m. 2010), Melissa Mathison (m. 1983~
P! 2004), Mary Marquardt (m. 1964-1979)
What is Harrison Ford's real name? v Upcoming movie: Indiana Jones 5
Children: Liam Flockhart, Ben Ford, Georgia Ford, Willard Ford,
Why was Harrison Ford uncredited? v Malcolm Ford
What is Harrison Ford's net worth? v Movies View 45+ more
How old was Harrison Ford in Indiana Jones? v " e
Feedback <
. Laad
= Top stories - e
Star Wars:  Raiders of  Blade The Blade
ANew the Lost Runner Fugitive Runner
Rumores sobre la nueva pelicula de Indiana Jones: Chris Pratt Hope (E... Ak 1982 ,9993 2049
podria ser el sustituto de Harrison Ford 1977 1981 2017
fotogramas.es - 9 hours ago
Quotes View 7+ more
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= Linked Data is about the use of Semantic Web
technologies to publish structured data on the Web and
set links between data sources.

= Use URIs as names for things.
= Use HTTP URIs so that people can look up (dereference) those . \
names. .
= When someone looks up a URI, provide useful information, / \

using the standards (RDF*, SPARQL) .

= Include links to other URIs. so that they can discover more
things.
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% Available on the web (whatever format) but with an open
licence, to be Open Data

% % Available as machine-readable structured data (e.g. excel
instead of image scan of a table)

% % % as (2) plus non-proprietary format (e.g. CSV instead of
excel)

% % % % All the above plus, Use open standards from W3C
(URIs, RDF and SPARQL) to identify things, so that people can
point at your stuff

% % % % % All the above, plus: Link your data to other people’s
data to provide context

ENVRI Community International Winter School on DATA FAIRness 11-22 January 2021 ENVRI ERIC
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= Easy to publish web data

= Data can be easily accessed and stored locally

= Data can be entered manually into another system

Source [Bauer F., Kaltenbdck, M.: Linked Open Data: The Essentials, 2012] @
ENVRI Community International Winter School on DATA FAIRness 11-22 January 2021 ENVRI
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= All benefits from %

= Data can be directly processed with proprietary software

= Easy to export it into another structured format

Source [Bauer F., Kaltenbdck, M.: Linked Open Data: The Essentials, 2012] @
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= All benefits from %

= No need to pay for a format controlled by a single organization

Source [Bauer F., Kaltenbdck, M.: Linked Open Data: The Essentials, 2012] @
ENVRI Community International Winter School on DATA FAIRness 11-22 January 2021 ENVRI
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= All benefits from %%

= Link to data from anywhere, either on the web or locally

= It can be bookmarked and parts of the data can be reused

= Access to data items can be optimized (caching, load balancing, etc.)

= BUT the publisher needs to identify separable items, assign URIs to each one, and
allow to access it independently

Source [Bauer F., Kaltenbdck, M.: Linked Open Data: The Essentials, 2012] (= -z ® T
. . : = LifeWatch
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= All benefits from Y Y Y %

= New data of interest can be discovered while consuming other
= Data schema can be obtained

= Added value to the data

= Linked datasets are discoverable

= BUT resources have to be invested to link datasets

Source [Bauer F., Kaltenbdck, M.: Linked Open Data: The Essentials, 2012] (= -z ® .\{
, , _ o LifeWatch
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DBpedia

RDF Book
Mashup

As of May 2007

Figure from http://lod-cloud.net/

(= = ®
€/| LlfgWi¥Ch

ERIC

ENVRI Community International Winter School on DATA FAIRness 11-22 January 2021 ENVR




DBtune

Music-
brainz

Jamendo

FOAF
Geo- bB
names
World
Fact-
book
us ]
Census Project
Data Guten-
berg
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The Linked Open Data cloud is an interconnected set

Basics:

of datasets all of which were published and
interlinked following the Linked Data principles.

Facts:

*Focal points:
*DBPedia: RDFized vesion of Wikipiedia; many
ingoing and outgoing links
*Music-related datasets

*Big datasets include FOAF, US Census data

*Size approx. 1 billion triples, 250k links

v As of May 2007

Figure from http://lod-cloud.net/
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Facts:

295 data sets

* Over 31 billion triples

* Over 504 billion RDF links between data
sources
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As of September 2011 @ D@
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Figure from http://lod-cloud.net/
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Facts:
» 1269 data sets
* Organized in 9 subdomains

Figure from http://lod-cloud.net/
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=

= The biggest subcloud in LOD Cloud
= Substantial contribution from BioPortal

= Similar efforts are being promoted for
environmental science (LW EcoPortal)

ENVRI Community International Winter School on DATA FAIRness 11-22 January 2021
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semantic technologies
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iFndabIe Accessible Interoperable Reusable
oS
), o0 RO

= Allow computational systems to find, access, interoperate, and reuse data
= As automatic as posible
= Semantic technologies play a fundamental role in achieving FAIRness of your data

% Li?g’}/:\{é‘t'ch
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= (Meta)data are assigned a globally unigque and persistent identifier
= URIs, PIDs

= Data are described with rich metadata
= Use of LD vocabularies

= Metadata clearly and explicitly include the identifier of the data they describe
= Link between data and metadata F
indable

= (Meta)data are registered or indexed in a searchable resource

= Triple stores O

ENVRI Community International Winter School on DATA FAIRness 11-22 January 2021 ENVRI ERIC
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= (Meta)data are retrievable by their identifier using a standardised communications
protocol

= E.g. HTTP URIs

= The protocol is open, free, and universally implementable

= The protocol allows for an authentication and authorisation procedure, where
necessary

= Metadata are accessible, even when the data are no longer available / \ccessible
= Independent graphs

ENVRI Community International Winter School on DATA FAIRness 11-22 January 2021
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= (Meta)data use a formal, accessible, shared, and broadly applicable language for
knowledge representation.

= RDF, OWL, JSON-LD...

= (Meta)data use vocabularies that follow FAIR principles
= Linked Data vocabularies

= (Meta)data include qualified references to other (meta)data

= Semantic relationships I
nteroperable

Fore)

=

Li?g'}/:\@"t’ch
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= (Meta)data are richly described with a plurality of accurate and relevant attributes
= Use of arbitrary number of metadata vocabularies

= (Meta)data are released with a clear and accessible data usage license
= License ontologies (e.g. CC-RDF)

= (Meta)data are associated with detailed provenance
= Provenance vocabularies

= (Meta)data meet domain-relevant community standards
= Domain-specific ontologies/vocabularies

ENVRI Community International Winter School on DATA FAIRness 11-22 January 2021
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Applying Semantics to the research data lifecycle
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Include metadata upon acquisition; use
semantic vocabularies to describe data

Data is generated, collected
or received

Acquisition

Data is curated by adding

metadata like: originating U se RDF stores:
)

experiment, persistent
: identifiers, QA versioning;
Curation annotations, etc. . are c
identification;
RESEARCH

DATA citation

Researchers use the
data, potentially
producing new

Data services described research data
using metadata

Describe processes;
quality assessment;
transformations

Publishing

Data is published, . q
making it accessible SearChlngl querying,

to the environmental discove ry

research community

Services for
transformation,
collation, and analysis
of data are provided
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Data is generated, collected
or received

Acquisitiol

Data is curated by adding
metadata like: originating
experiment, persistent
identifiers, QA
annotations, etc.

Researchers use the
data, potentially
producing new
research data

RESEAR(
DATA

Processing Publishing

Data is published,
making it accessible
to the environmental
research community

Services for
transformation, -
collation, and analysis
of data are provided
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“all the processes needed for principled and controlled data creation, maintenance,
and management, together with the capacity to add value to data”

Renée J. Miller: “Big Data Curation” (COMAD, 2014)

“Digital curation involves maintaining, preserving and adding value to digital research data
throughout its lifecycle”

Digital Curation Centre, UK

“Data curation is the active and on-going management of data through its lifecycle and
interest and usefulness to scholarship, science, and education; curation activities enable data
discovery and retrieval, maintain quality, add value, and provide for re-use over time.”

University of Illlinois” Graduate School of Library and Information Science

(= - ®
: : : = Llfgw,ﬁch
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Machine
to Machine

Unstructured
Data

Data Lake

=2

Structured

Data
ENVRI Community International Winter School on DATA FAIRness 11-22 January 2021 ENVRI




Data lakes may become...
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Avoiding data swamps

= Data lakes easily become data dumps (swamps)

\

= Quality of data and analysis compromised

\

= Complexity of raw (big) data needs curation

= Add context to access meaningful subsets

ENVRI Community International Winter School on DATA FAIRness 11-22 January 2021 ENVRI V" =ERIC



CONCEPTUALISE

Poe.. L
RESER VATION ACTION

Image from the Digital Curation Centre, UK
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CONCEPTUALISE

= Description and representation information
= Assign metadata
= Use standards

= Preservation planning
= DMPs and planning of the curation activities

= Community watch and participation
= Development of standards, tools, techniques...

= Curate and preserve
= Management of the lifecycle

ENVRI Community International Winter School on DATA FAIRness 11-22 January 2021 ENVRI
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CONCEPTUALISE

= Conceptualize, data acquisition

= Create or Receive
= Create datasets from the acquired/received data
= Assign metadata if necessary

= Appraise and Select
= Data evaluation, quality aspects, adherence to policies
= Select data for long-term preservation

= Ingest
= Transfer data to the archive, repository, data centre.
= According to policies

ENVRI Community International Winter School on DATA FAIRness 11-22 January 2021 ENVRI ERIC
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CONCEPTUALISE

= Preservation action
= Ensuring authenticity, reliability, usability
= Cleaning, validation, preservation metadata

= Store in a secure manner
= Access, use and re-use (as in FAIR)

= Transform into new data

= Occasionally:
= Dispose
= Reappraise
= Migrate

ENVRI Community International Winter School on DATA FAIRness 11-22 January 2021
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= Metadata
= Data that provides information about other data

= Semantic annotations of data (and datasets) to provide context
= Useful along different activities of the curation process

= Providing building blocks for FAIRness during the rest of the research data lifecycle

ENVRI Community International Winter School on DATA FAIRness 11-22 January 2021 ENVRI ERIC
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= Who created the data? Who maintains it?

= When were the data collected? When were they published?
= Where was it collected?

= What is the content of the data? What is their structure?

= Why were the data created?

= How were they produce or analysed?

ENVRI Community International Winter School on DATA FAIRness 11-22 January 2021 ENVRI ERIC
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= Different from data in mode of use

= Not just for data, but also for users, services, computing resources... RESEARCH DATA ALLIANCE
= Not just for description and discovery, but also for contextualization and interlinking
= Must be machine and human understandable

= Management (meta)data is also relevant (research proposals, funding, projects...)

(= - ®
. | | = Lifeyztch
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= Fundamental for data curation
= Uniqueness

= Reusable between datasets

= Helps long-term preservation
= URIs, DOIs, ORCID

ENVRI Community International Winter School on DATA FAIRness 11-22 January 2021 ENVRI
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= Dublin Core

= Friend-of-a-friend despul e
@ ... dc:creator
dc:title
de:subject

[ ] -

dc:co utor,

dc:relation

|: de:date dc:forinat

dc:c?)verage
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= Information about entities, activities and
agents involved in producing something wasDerivedFrom

= Chronology of ownership, custody,
location, transformation

wasAttributedTo

= PROV framework from W3C wasGeneratedBy
Agent used
actedOnBehalfOf
wasAssociatedWith
Activity
startedAtTime endedAtTime
xsd:dateTime wasInformedBy xsd:dateTime

@ Li?g'}/:\@?ch

ERIC
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= Vocabulary of Interlinked Datasets -
VolD (W3C)

= General dataset metadata (license,
subject, features...)

= Access (endpoints, distribution...)

= Dataset structure (examples,
vocabularies used, links)

[

void:Dataset

(=
=
ENVRI Community International Winter School on DATA FAIRness 11-22 January 2021 ENVRI

FAIR

Li?g'}/:\@?ch

ERIC




y 4
—

=/

= Data Catalog Vocabulary —
DCAT (W3C)

= Facilitate interoperability
between data catalogs

foaf:Agent

dct:publisher

<— dct:publisher

dctype:Dataset

dcat:Dataset

skos:Concept

e— dcat:itheme

skos:inScheme

l

skos:ConceptScheme

P~ o

dcat:Catalog

dct:title
dct:description
dct:issued
dct:modified
dct:language
dct:license
dct:rights
dct:spatial
foaf:homepage

ENVRI Community International Winter School on DATA FAIRness 11-22 January 2021

dct:title
dct:description
dct:issued
dct:modified
dct:identifier
dcat:keyword
dct:language
dcat:contactPoint
dct:temporal
dct:spatial
dct:accrualPeriodicity
dcat:landingPage
.

dcat:Distribution

| dcat:distribution  _|

dct:title
dct:description
dct:issued
dct:modified
dct:license
dctirights
dcat:accessURL
dcat:downloadURL
dcat:mediaType
dct:format

dcat:themeTaxonomy

foaf:primaryTopic

dcat:dataset

dcat:CatalogRecord

dcatrecord ——>

dct:title
dct:description
dct:issued
dct:modified

dcat:byteSize
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= Data Quality Vocabulary (W3C)
= Applied to the dataset

e [ | I — =
stated in DAQ defined in DQV
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pro:Role that

/xsd:duration/

.__.-"";(sd:date or xsd:gYearMonth or xsd:gYear‘_,.-""

rdfs:isDefinedBy value <http://purl. org/spar/pro>
A hvd

cito:hasCitationTimeSpan

prism:publiéationDate
cito:hasCitationCreationDate :

frbré partOf
cito:cites

cito:hasCitingEntity "
cito:hasCitedEntity

cito:Citation ¢

pro:wiihRoIe fabio:Expression

pro:isDo«_:umentC&ntextFor datacite:hasldentifier

pro:RolelnTime / rdfs:Literal kl—literal:hasLiteralValue

q

b datacite:Identifier

datacite:ha:sldentifier A
pro:isHeldBy :
foaf:name

................................ foaf:givenName
foaf:familyName

fabio:hasSubtitle
fabio:hasSequenceldentifier

rdfs:Literal /<] :

dcterms:title :
c4o:hasContent

prism:edition

&

biro:BibligraphicReference

prism:staftingPage
prism:endingPage

- frbriexemplar- fabio:Manifestation

frg;zembodiment

dataciteihsesldentiﬁerScheme

: datacnte IdentifierScheme that
rdfs isDefinedBy value <http://purl.org/spar/datacite>

biro: http://purl.org/spar/biro/

cito: http://purl.org/spar/cito/
c4o: http://purl.org/spar/c4o/
datacite: http://purl.org/spar/datacite/

dcterms: http://purl.org/dc/terms/
fabio: http://purl.org/spar/fabio/
foaf: http://xmlns.com/foaf/0.1/

frbr: http://purl.org/vocab/frbr/core#

literal: http:/ /www.essepuntato.it/2010/06/literalreification/
oco: https://w3id.org/oc/ontology/

prism: http:/ /prismstandard.org/namespaces/basic/2.0/
pro: http://purl.org/spar/pro/

owl: http://www.w3.0rg/2002/07 [owl#

rdfs: http:/ /www.w3.0rg/2000/01 /rdf-schema#

xsd: http:/ /www.w3.0rg/2001/XMLSchema#
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=

= Darwin Core

= Ecological Metadata Language

(EML) -
= Environmental Monitoring Facility st &
(EMF) oy

bio:kirchoff/em2557

rdf:type

dwc:PreservedSpecimen

@ Li?g'}/:\@"t’ch

ERIC

rdf:type

dcmitype:Stilllmage
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Identification
Product
generation

Preservation .

Cataloguing

f.\.

Authentication

ElectronicAddresse

eeeeeeee

PostalAddress

Geographic
Bounding Box

i i Country

Common European Research
Information Format (CERIF) ENVRI-RM
&
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= Annotation tools

= Assign PIDs to every object
= Customize the metadata schema

= Interlinking support
= Versioning

= Quality assessment
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Security and additional aspects

)

(
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Hands-on session
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= We will use WebProtege to collaboratively develop some ontologies
= https://webprotege.stanford.edu/

= Form groups of ¥“6 members (the more diverse background the better)
= Decide on some research use case that you have data

= Create classes, properties, and instances (individuals) that correspond to the
concepts used in your use case

= (Optionally) Reuse some (meta) data ontologies and vocabularies

= Interactions and group formation at Wonder.me
= https://www.wonder.me/r?id=1eb7bc05-9894-422e-a139-00f86d9fd007

= Password: WinterS21*

(= - ®
: : : = Llfgw,ﬁch
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https://webprotege.stanford.edu/
https://www.wonder.me/r?id=1eb7bc05-9894-422e-a139-00f86d9fd007

envri.eu/envri-fair @envri_fair company/envri-fair facebook.com/ENVRIcomm




