TOOLS BARO LO@;&




0 RDHgraphscanbe storedin plain text files (even
ontologiesreatedin Protegg

DO IT 0 RDHiles canbe queriedusinghandcrafted SPARQL
gueries

1 1
B I IAND ?o Sq why do we needany othertoolsthanNotepadand

Protegefor ontologie8




1. WORBAWEEANING

@prefix : <http://lexample.org/> . @prefix : <http://example.org/> .
@prefix sh: <http://www.w3.org/ns/shacl#> . @prefix sh: <http://www.w3.org/ns/shacl#> .
@prefix xsd: <http://www.w3.0rg/2001/XMLSchema#> . @prefix xsd: <http://www.w3.0rg/2001/ XML Schema#> .
@prefix schema: <http://schema.org/> . @prefix schema: <http://schema.org/> .
alice  a :User ; :UserShape a sh:NodeShape ;
schema:name "Alice Cooper"; sh:targetClass :User;
schema:email <mailto:alice@mail.org> . sh:and (:CheckName :CheckEmail ) . what is , donﬂ-t me.
:bob a :User ; :CheckName the man ' ng -The Compuwrs
schema:firstName "Bob" ; sh:path schema:name ; OF “Fe ? are mwn'
schema:email <mailto:bob @mail.org> . sh:minCount 1;
sh:maxCount 1;
:carol a :User ; sh:datatype xsd:string .
schema:name "Carol";
schema:email "carol@mail.org" . :CheckEmail

sh:path schema:email ;
sh:minCount 1;
sh:maxCount 1;
sh:nodeKind sh:IRI .



2. WE ARE NOT ALONE

1. LinkedOpen Datacloud
2. Web pages

3. Otherdatasetsand ontologies



3. BIG DATA

Processing of text files is not
scalable

Manually collecting data from a
variety of sources is not either

e
DATA. LOTS OF,DATA; BI1G DATA
EVEBYWHERE memegenerator.net




KNOWLEDG E—RIMEIHIST\ R, Sust e begiing..




—— ——— — —

, Config : Data Integrator
L—J
c
i)
IS
Qo
a
S ,
P Logic RDF Store
QO
g S —
c
o
2
S
E -
o Ul Data Republisher
o
Q
-
= I
_I -
User Agent k‘ ,}ﬁ

user machine agent

Image fromHau

Semantic Indexer

LOD cloud


http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.303.219&rep=rep1&type=pdf

5. Knowledge Graph Applications / 5.4 Knowledge Graph Programming
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PUBLISH AND FORGHE

Generate the Turtle (for people) BDF/ XML /
JSONLD file and publish online

May be updated periodically



A Lot of Data Inside HTML Pages

\The Man Who Mistook His Wife for a Hat|(Picad0r) Paperback

by Dliver Sacks [(Authar)
it [18 customer reviews)

RRP; £259
Price:& eligible for Free UK delivery on orders over £15 with Super Saver Delivery, See details and
You Save: £2.00 {22%)
OLIVER Availability: In stack,
SACKS Note: this item will be delivered in time for Christmas in the UK, For orders from our third-party sellers, please refer to the seller's
wl i .

page for delivery information, For destinations outside the UK, please see last-order dates, Dispatched from and sold by
drnazon.ca.uk,

Product details

Paperback: 255 pages |

Publisher: Picador; New Ed edition (7 Nov 1986

Language

18BN-10:[0330284911]

18BN-13:[578-0330294811)

Product Dimensions:[19.7 x 13,11 1.9 cm |

Average Customer Review: Jiio (19 customer reviews)

Amazon.co.uk Sales Rank: 1,107 in Books (See Bestsellsrs in Books)

Popular in these cateqories:

#1in Books » Health, Family & Uifestyle » Psychology & Psychiatry » Psychiatry
#1in Books » Science & Mature » Medicing = Medical Sciences A-Z = Psychiatry
#1in Books = Health, Family & Lifestyle = Psychology & Psychiatry = Neuropsychology

(Publizhers and authors: Irmprove Your Sales)
Other Editions: Hardcover | Paperback {Large Print e.) | Al Editians

Slide fromlntroduction to a Web of Linked Data couloygprof. Fabien Gandon et al. (FunMOOC, 201
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RDFa Means RDF in HTML Attributes
& D

RRP: (023
Price: Lb.99 [ eligible for Free UK delivery an orders over 15 with Super Saver Delivery. Sge details and
canditions
gy | | - 1
<body vocab="http://purl.org/dc/terms/> , touSave 2.5 (2
OLIVER Availability: in stock.
SACKS Mate: this bem will be delivered in bme for Christmas in the UK. Tar arders fram our thind-party sellers, lease refier to the seller's
4 TV oo for dcl;cr‘r writormahon, For destinabons outside the UK, please soe last ordor dates. Dispatched trom and seld b
o e fmazecouk.
o % Product details
'ﬁ Papurback: 256 payes
<div resource="http://lib.com/books/0684853949"> Pl e e it o 15
. .
Language =nglizh
’ ISBN-10: 0330204911
w“';\h “d 19AN-13: 978-N330794911
= % Product Dimensions: 1.7 1215 1.9 cm
J‘\ Average Customer Reviaw: s (19 customar raviaws)
] ] - 11] - - aimazon.cw.uk Sales Rank: 1107 in Buuks (Sew Becloelers in Buuks)
<h2 property="title">The Man Who Mistook His oo then syt
- #1m Dooks » Health, Camaly & Libastyls » Psychology & Psychiatry > Psychiatry
A iy #1m Bouks > Sownce & Halure > Medone » Medcal Scences 4-Z > Psychialry
e Wi fe Fo r a Ha t< /h2 > #1in Books > Health, Family & Lifestyle » Psychaloay & Povchiatry > Neuropsychology
- % [Publishers and authors: Impross Your Sales)
Other Fditions: Hardenwer | Paperhack (Large Pant 2.) | AL Fdibinns

<h3 property="creator">0liver Sacks</h3>

Slide fromlntroduction to a Web of Linked Data couloygprof. Fabien Gandon et al. (FunMOOC, 201
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HTML+RDFa Content
(...)

<body vocab="http://purl.org/dc/terms/">

<div resource="/books/web semantique">

<h2 property="title" lang="en">A Web of linked data</h2>

<p>Date: <span property="created">2012-05-01</span>

<span property="creator" resource="#£g'">by</span></p>

</div>

<div vocab="http://xmlns.com/foaf/0.1/" resource="#£fg" typeof="Person">

<p> <span property="name'">Fabien Gandon</span>,
phone: <a property="phone" href="tel:+33492965170">+33492965170</a>
mail: <a property="mbox"
href="mailto:fabien.gandon@Rinria.fr">fabien.gandon@inria.fr</a></p>
</div>

(..)

Slide fromlntroduction to a Web of Linked Data coulnyeprof. Fabien Gandon et al. (FunMOOC, 201
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HTML+RDFa Content (in Browser)
(..)

<body >
<div >
<h2 >A Web of linked data</h2>
<p>Date: <span >2012-05-01</span>
<span >by</span></p>
</div>
<div >
<p> <span >Fabien Gandon</span>,
phone: <a href="tel:+33492965170">+33492965170</a>
mail: <a

href="mailto:fabien.gandon@inria.fr">fabien.gandon@Rinria.fr</a></p>

Jo—

= ¢ » =

A Web of linked data

Date: 2012-05-01 by

Fabien Gandon, phone: +33492965170 mail: fabien.gandon(@inria.fr

Slide fromintroduction to a Web of Linked Data coubyeprof. Fabien Gandon et al. (FunMOOC, 201
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HTML+RDFa Content (Read by RDFa Parser)
(..)

<body vocab="http://purl.org/dc/terms/">
<div resource="/books/web semantique">
<h2 property="title" lang="en">A Web of linked data</h2>
<p>Date: <span property="created">2012-05-01</span>
<span property="creator" resource="#£g">by</span></p>
</div>
<div vocab="http://xmlns.com/foaf/0.1/" resource="#£fg" typeof="Person">
<p> <span property="name'">Fabien Gandon</span>,
phone: <a property="phone" href="tel:+33492965170">+33492965170</a>
mail: <a property="mbox"
href="mailto:fabien.gandon@inria.£fr">fabien.gandon@Rinria.fr</a></p>
</div>

(..)
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HTML+RDFa Content (Read by RDFa Parser)
(..)

<body vocab="http://purl.org/dc/terms/">

<div resource="/books/web semantique">

<h2 property="title" lang="en">A Web of linked data</h2>

<p>Date: <span property="created">2012-05-01</span>

<span property="creator" resource="#£g">by</span></p>
</div>
<div vocab="http://xmlns.com/foaf/0.1/" resource="#£fg" typeof="Person">
<p> <span property="name'">Fabien Gandon</span>,
phone: <a property="phone" href="tel:+33492965170">+33492965170</a>
mail: <a property="mbox"
href="mailto:fabien.gandon@inria.fr">fabien.gandon@Rinria.fr</a></p>

</div> J@prefix nsl: <http://purl.org/dc/terms/> .
@prefix ns2: <http://xmlns.com/foaf/0.1/> .
(..)

</books/web_semantique>
nsl:title "A Web of linked data"(@en ;
nsl:created "2012-05-01" ;
nsl:creator <#fg> .

<#fg> a ns2:Person;
ns2:mbox <mailto:fabien.gandon@inria.fr>;
ns2:name "Fabien Gandon" ;
ns2:phone <tel:+33492965170> .

Slide fromintroduction to a Web of Linked Data couloyeprof. Fabien Gandon et al. (FunMOOC, 201
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Anatomy of HTML+RDFa Content (Vocabularies)
(...)

<body vocab="http://purl.org/dc/terms/">
<div resource="/books/web semantique'> --“~—__—--____
<h2 property="title" lanE="en">A Web of linked data</h2>jSChemas used
<p>Date: <span property="created">2012-05-01</span>
<span property='"creator" resource="#£g">by</sp P>

</div>

<div vocab="http://xmlns.com/foaf/0.1/" “resource="#£fg" typeof="Person">
<p> <span property="name'">Fabien Gandon</span>,
phone: <a property="phone" href="tel:+33492965170">+33492965170</a>
mail: <a property="mbox"
href="mailto:fabien.gandon@Rinria.fr">fabien.gandon@inria.fr</a></p>

</div>

(..)
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Anatomy of HTML+RDFa Content (Subjects)
(..)

<body vocab="http://purl.org/dc/terms/">
<div resource="/books/web semantique"> ="

Jsubjects of triples

</div>
<div vocab="http://xmlns.com/foaf/0.1/" resource="#fg" typeof="Person">

</div>

(..)

13
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Anatomy of HTML+RDFa Content (Typing)
(..)

<body vocab="http://purl.org/dc/terms/">
<div resource="/books/web semantique">
<h2 property="title" lang="en">A Web of linked data</h2>
<p>Date: <span property="created">2012-05-01</span>
<span property="creator" resource="#£g">by</span></p> type
</div>
<div vocab="http://xmlns.com/foaf/0.1/" resource="#£fg" typeof="Person'">
<p> <span property="name'">Fabien Gandon</span>,
phone: <a property="phone" href="tel:+33492965170">+33492965170</a>
mail: <a property="mbox"
href="mailto:fabien.gandon@Rinria.fr">fabien.gandon@inria.fr</a></p>
</div>

(..)

14
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Anatomy of HTML+RDFa Content (Literals)
(..)

<body vocab="http://purl.org/dc/terms/">
<div resource="/books/web semantique">
<h2 property="title" lang="en">A Web of linked data</h2>
<p>Date: <span property="created">2012—05—01</sE,n> properties &
<span property='"creator" resource="#£g">by</span></p> values
</div>
<div vocab="http://xmlns.com/foaf/0.1/" res
<p> <span property="name'">Fabien Gandon</span>,
phone: <a property="phone" href="tel:+33492965170">+33492965170</a>
mail: <a property="mbox"
href="mailto:fabien.gandon@Rinria.fr">fabien.gandon@inria.fr</a></p>

fg" typeof="Person">

</div>

(..)

15
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Anatomy of HTML+RDFa Content (Objects)
(..)

<body vocab="http://purl.org/dc/terms/">
<div resource="/books/web semantique">
<h2 property="title" lang="en">A Web of linked data</h2>
<p>Date: <span property="created">2012-05-01</span>
<span property="creator" resource="#£g">by</span></p>
</div>
<div vocab="http://xmlns.com/foaf/0.1/" resource="#£fg)
<p> <span property="name'">Fabien Gandon</span>,
phone: <a property="phone" href="tel:+334929651
mail: <a property="mbox"
href="mailto:fabien.gandon@inria.fr">fabien.gandon@inria.fr</a></p>

|properties & objects
ypeof="Person">

">+33492965170</a>

</div>

(..)

16
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These Data are Available to Everyone

If you apply an RDFa parser to these
pages you will obtain these data

Web Page Data Source

24

Slide fromintroduction to a Web of Linked Data coubgeprof. Fabien Gandon et al. (FunMOOC, 201


https://www.fun-mooc.fr/en/courses/introduction-web-linked-data/

SPARQL ENDPOINTS

SPARQL Endpoint is a service capable of receiving and processing SPARQL
Protocol requests

HTTHbased protocol for performing data interaction (GET, POST, PATCH)
Endpoints may be accessed vaitly HT TReompliant user agent or servicel)

Support for a variety of serialization formatsxt/html, text/csy,
application/spargtresults+xml, application/spargesults+jsorntext/turtle,
application/nttriples, text/plain, application/ld+json, application/rdf+xml

Integratedwith many RDF stores



SPARQL ENDPOINTS

https://query.wikidata.org/sparghfi  Wikidata http://spargl.uniprot.org/fi Uniprot (Bleedingdge
KnowledgeGraph foBioinformatics)

http://dbpedia.ora/spargl i DBpedia (nucleus of
the LOD Cloud) https://spargl.nextprot.ordi neXtProt (Bleedirgdge
KnowledgeGraph foBioinformatics)

http://linkeddata.uriburner.com/spard
URI Burner Service f or o0 ohmtpst/dpagl.rbebdp.org/dparohik Rhea r&aetiona

Generation from a myriad of Data Sources and data (Bleedingedge KnowledgeGraph for

APls Bioinformatics)

http://lod.openlinksw.com/spar@ Linked Open https://spargl.orthodb.orgd OrthoDB genetics data

Data Cloud (or LOD Cloud) Cache (Bleedingedge KnowledgeGraph for Bioinformatics)
https://yago-knowledge.org/spargl/queryi https://spargl.omabrowser.org/spargi  OMA

YAGO (0Ort hol ogous difABleedingedge g er

_ KnowledgeGraph for Bioinformatics)
http://www.linkedneuron

data.org:8890/spargl i Linked Brain Data



https://query.wikidata.org/sparql
http://dbpedia.org/sparql
http://linkeddata.uriburner.com/sparql
http://lod.openlinksw.com/sparql
https://yago-knowledge.org/sparql/query
http://www.linked-neuron-data.org:8890/sparql
http://sparql.uniprot.org/
https://sparql.nextprot.org/
https://sparql.rhea-db.org/sparql
https://sparql.orthodb.org/
https://sparql.omabrowser.org/sparql

RETRIEVE THE DAT/AY

Semantic Web Browsers:

Explore and visualise the RDF datasets

Try it'The OpenlLink Data Explorer

i F

..

RDFizers:
Convert the datasets/web pages into RDF
You know one alreadypache Any23



http://ode.openlinksw.com/index.vsp
https://any23.apache.org/

NEED FOR GOOD VOCABULARY!

@prefix : <http://lexample.org/> .
@prefix sh: <http://www.w3.org/ns/shacl#> .
@prefix xsd: <http://www.w3.0rg/2001/XMLSchema#> .

@prefix schema: <http://schema.org/> .

:alice  a :User ;
schema:name "Alice Cooper" ;
schema:email <mailto:alice@mail.org> .

:bob a :User ;
schema:firstName "Bob" ;
schema:email <mailto:bob @mail.org> .

:carol a :User ;
schema:name "Carol";
schema:email "carol@mail.org"” .

@prefix : <http://fexample.org/> .
@prefix sh: <http://www.w3.org/ns/shacl#> .
@prefix xsd: <http://www.w3.0rg/2001/ XML Schema#> .

@prefix schema: <http://schema.org/> .

:UserShape a sh:NodeShape ;
sh:targetClass :User ;
sh:and (:CheckName :CheckEmail ) .

:CheckName
sh:path schema:name ;
sh:minCount 1;
sh:maxCount 1;
sh:datatype xsd:string .

:CheckEmail
sh:path schema:email ;
sh:minCount 1;
sh:maxCount 1;
sh:nodeKind sh:IRI .



Table 13.1 Well-known ontologies

Ontology Brief description

schema.org Written in OWL, created by Google, Microsoft and Yahoo!. See Sect.
10.1

Dublin Core Written in RDFS, offers terms for describing documents

FOAF Written in OWL, offers terms for describing persons and their social
network, and their relations to other related objects

Basic Geo Written in RDFS, offers terms for representing latitude, longitude and
altitude information about spatially-located objects

BIO Written in RDFS, offers terms for describing biographical information
about people, both living and dead. It is used often in FOAF documents

vCard RDF Original vCard format’s RDFS version

Creative Commons Semantically-Interlinked Online Communities Project, written in OWL,

metadata offers terms for interconnecting discussion methods such as blogs,
forums and mailing lists

SIOC Minimal means for managing RDF graph content directly via common
HTTP operations

GoodRelations Written in OWL, offers terms for specifying offerings and other relevant
aspects of e-commerce on the Web

DOAP Description of a Project, written in RDFS, offers terms for describing
software projects similar to using FOAF to describe people

Music Ontology Written in OWL, offers terms for describing music, such as the artists,
albums, tracks, performances and arrangements

Programmes Written in OWL, offers terms for describing brands, series (seasons),

Ontology episodes, broadcast events and broadcast services, etc.

TablefromA _Devel oper ds Gui 2014)byLiyang ¥u


https://doi.org/10.1007/978-3-662-43796-4

Schema.org: Vocabulary by Major Search Engines

and Applications

19

schema.org

Home 5 E Documentation

Person

A person (alive, dead, undead, or fictional).

Usage: Owver 1,000,000 domains
Property Expected Type

Properties from Person

lext

PostalAddress or

Organmzation

EducationalOrganization
alumniOf [+]]
Organization

Brand or
Organization

Person

[more...

Description

An additional name for a Person, can be used for a middle
name,.

Physical address of the item.

An organization that this person is affilated with. For

example, a school/university, a club, or a team.

An organization that the person is an alumni of.
Inverse property: alumni.

An award won by or for this item. Supersedes awards.
Date of birth.
The place where the person was born.

The brand(s) associated with a product or service, or the

brand(s) maintained by an organization or business person.

A child of the person.

Slide fromlntroduction to a Web of Linked Data couloygorof. Fabien Gandon et al.
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Example of RDFa Using schema.org

<div wvocab="http://schema.org/" typeof="Product">
<img rel="image" src="dell-30in-lcd.jpg" />
<span property="name">Dell UltraSharp 30" LCD Monitor</span>

<div rel="hasAggregateRating" >
<div typeof="http://schema.org/AggregateRating">
<span property="ratingValue'">87</span>
out of <span property="bestRating">100</span>
based on <span property="ratingCount">24</span> user ratings
</div>
</div>

<div rel="offers" >
<div typeof="http://schema.org/AggregateOffer">
<span property="lowPrice">$1250</span>
to <span property="highPrice">$1495</span>
from <span property="offerCount">8</span> sellers
</div>
</div> (..)

20
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Example of RDFa Using schema.org

<div vocab="http://schema.org/" type [ Pilot Vanishing Point Collection Retractable
<img rel="image" src="dell-30in-1lc Fountain Pen, Black with Rhodium Accents, Blue
<span property="name">Dell UltraSh Ink, Medium Nib (60242)
by Pilot
Yrirvrdrys * 446 customer reviews | 67 answered questions
<dlv rel="hasAggregateRating" > Was: $448.28
: —_n . Price: $136.50 & FREE Shipping. Details
<div typeof="http:/ /Sc_:hema .org/A You Save 1178 (8%,
<span propertY:" ratlngvalue "8 Only 10 left in stock (more on the way).
out o f <sg p an prope rty= " beS tRat Want it tomorrow, July 287 Order within 5 hrs 30 mins and choose One-Day
Shipping at checkout. Details
based on <s pan prope rty: "ratin Ships from and sold by Amazon.com, Gift-wrap available,
</div> ~ Size: Medium Nib
< / dl V> &) Medium Nib Broad Nib Extra Fine Nib Fine Nib

Pilot Vanishing Point Collection Retractable Fountain Pen, Black with ...
https://www.amazon.com/Pilot-Vanishing-Collection-Retractable.../B0002ZQB1K ~

% % % % ¥ Rating: 4.6 - 438 reviews

Amazon.com : Pilot Vanishing Point Collection Retractable Fountain Pen, Black with Rhodium
Accents, Blue Ink, Medium Nib (60242) : Office Products.

</div> (...)
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Slide fromintroduction to a Web of Linked Data coubgeprof. Fabien Gandon et al. (FunMOOC, 201


https://www.fun-mooc.fr/en/courses/introduction-web-linked-data/

DATA FROM/TO WEB

Publish online (and forget)
Embed in HTML (with RDFa)
Start the SPARQL Endpoint

Retrieve download the file / use RDFizers / connect with SPARQL Endpoint

Use the correct (and popular) vocabularies!



RDSTOaagaphsbeyondthefi.esexist
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Image fromHau

Semantic Indexer

LOD cloud


http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.303.219&rep=rep1&type=pdf
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Image fromSQL, NoSQL, NewSQL. Qué son, historia y ele:


https://www.ithinkupc.com/es/blog/sql-nosql-newsql-que-son-historia-y-eleccion

RDF STORES

© O O O

Persisterdata storefor the RDF model
Coredata structureare triplesand graphs
Inmemoryws native vs nenative €.g, SQL)

Triplestores and Quad storeiplesassociated
with anamedgraph)

SPARQL Protocol REST Interface

SPARQL Transaction

Processor Processor

l>|

Triple Store



VIRTUOSO

Commercial and Open Sourbéps://github.com/openlink/virtuosopensource

Docshttp://vos.openlinksw.com/owiki/wiki/VOS/

Supportfor relationaltables graphs text documenis é
Native supportfor RDFripleg Quads
Usedby DBpediaand manyLODCloudnodes


https://github.com/openlink/virtuoso-opensource
http://vos.openlinksw.com/owiki/wiki/VOS/

BLAZEGRAPH

Commercial anéree https://blazegraph.com/

High Querying speed slowerupdates
Support for rules (in own format, need to implement them as separate Java classes)
Poordocumentatior)

It isa basefor Wikidata Query Service



https://blazegraph.com/
https://query.wikidata.org/

ANDTHERS

0 https://www.w3.org/wiki/LargeTripleStores

0 https://db-engines.com/en/ranking/rdf+store

0 https://en.wikipedia.org/wiki/Comparison_of_triplestores

0 Comparing Linked Data Triplesto(2618)

0 Benchmarking Commercial RDF Stores with Publications Office R&i8)et

0 A Comparative Analysis of Knowledge Graph Query Performgl)



https://www.w3.org/wiki/LargeTripleStores
https://db-engines.com/en/ranking/rdf+store
https://en.wikipedia.org/wiki/Comparison_of_triplestores
https://medium.com/wallscope/comparing-linked-data-triplestores-ebfac8c3ad4f
http://ceur-ws.org/Vol-2110/paper6.pdf
https://doi.org/10.1109/TransAI51903.2021.00014

RELATIONAL DATABASES MAY ALS






