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Abstract

The Resource Description Framework RDF allows users to describe both Web documents and concepts from the real world—
people, organisations, topics, things—in a computer-processable way. Publishing such descriptions on the Web creates the
Semantic Web. URIs (Uniform Resource Identifiers) are very important, providing both the core of the framework itself and the
link between RDF and the Web. This document presents guidelines for their effective use. It discusses two strategies, called
303 URIs and hash URIs. It gives pointers to several Web sites that use these solutions, and briefly discusses why several
other proposals have problems.
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Hash URI

with content negotiation: without content negotiation:
http://www.example.com/about#john http://www.example.com/about#john

automatic automatic

fragment fragment

truncation truncation

http://www. e.com/about @
application/rdf+xml text/html http://www.example.com/about
content RDF document with descriptions of all resources
negotiation

Accept header

Content-Location: Content-Location:
http://www.example.com/about.rdf http://www.example.com/about.html

HTML document with descriptions of all resources

https://developer.mozilla.org/en-US/docs/Web/HTTP/Content_negotiation
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303 forwarding

http://www.example.com/id/john

different documents:

application/rdf+xml text/html

303 redirect
with content
negotiation
Accept header

http://www.example.com/data/john http://www.example.com/people/john

http://www.example.com/id/john Request:
GET /id/john HTTP/1.1

Host: www.example.com

Response:
. HTTP/1.1 303 See Other
. Location: http://example.com/doc/Jjan
one generic document: 203 redirect
http://www.example.com/doc/john Request:

GET /id/john HTTP/1.1

Host: www.example.com
Accept: application/rdf+xml
Accept-Language: en

application/rdf+xml text/html

Response:
HTTP/1.1 200 OK
Content-Type: application/rdf+xml
Content-Language: en
Content-Location: http://example.com/doc/jan.rdf

content
negotiation
Accept header

Content-Location: Content-Location:
http://www.example.com/doc/john.rdf http://www.example.com/doc/john.html
RDF document about john HTML document about john
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Publishing linked data

Data
Patterns

Leigh Dodds lan Davis
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https://patterns.dataincubator.org/book/

A pattern catalogue
for modelling,
publishing, and
consuming Linked
Data
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Hierarchical URIs

How should URIs be assigned to a group of resources that form a natural hierarchy?

Context Example(s)

It is often the case that a collection of resources may form The discogs dataset in dataincubator uses hierarchical uris
a natural hierarchy. E.g. the chapters within a book, or the of the form:

departments within an organization. Reflecting this strict
hierarchy within the URI structure makes those URIs more
hackable allowing users/developers to "navigate" up the

http://discogs.dataincubator.org/release/225
30/track/1-01

hierarchy by pruning the URI. Discussion
Solution This technique is best suited to scenarios where the items
in the sub-collections (chapters) are always associated with

Where a natural hierarchy exists between a set of a single parent item. Other relationships might exist, e.g.

resources use Patterned URIs that conform to the the chapter may be included in another but the chapter is

following pattern: always associated with at least one book: they do not exist
. , , , in isolation. In circumstances where this doesn't hold true,

collection/:item/:sub-collection/:item then it is best to just use simple Patterned URIs.

E.g. in a system which is publishing data about individual =~ The same applies to circumstances where the hierarchy

books and their chapters, we might use the following may change over time.

identifier for chapter 1 of a specific book:

/books/12345/chapters/1

Remark:
The /chapters  URIwill naturally reflect to the collection |t js quite similar to resource-oriented architecture (ROA)
of all chapters within a specific book. The /books URI https://www.developer.com/web-services/overview-of-
maps to the collection of all books within a system, etc. resource-oriented-architectures/

https://patterns.dataincubator.org/book/hierarchical-uris.html
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https://patterns.dataincubator.org/book/patterned-uris.html

Autodiscovery

How can people find the underlying linked data for a given web page?

Context

Currently the Web is predominately built from interlinked
HTML pages. Linking directly to linked data documents
from HTML presents the risk of confusion for non-
technical audiences. However the publisher requires that
the underlying data be discoverable by linked data aware
tools and indexable by search engines.

Solution

When publishing a web page derived from linked data
include a link element in the head of the web page

pointing to the original data.
<link rel="meta" type="application/rdf+xml" title="Raw
Data"™ href="http://example.com/data.rdf"/>

Example(s)

The FOAF Vocabulary recommends linking a homepage to
an equivalent FOAF profile using the link element.

The Semantic Radar Firefox plugin uses the autodiscovery
pattern to detect the presence of linked data related to the
web page the user is viewing.

Discussion

Until web browsers become fully linked data aware it may
not be satisfactory to link directly to linked data pages from
the body of an HTML page. HTML provides the link element
to allow publishers to include links to information and
resources that may be relevant in addition to the main
content of the page. Web browsers may choose to display
these links in their user interface. Web search engines can
use these links to discover additional information that may
make their search more relevent for the user.

https://patterns.dataincubator.org/book/autodiscovery.html
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RDFa

« RDFais a structured data markup language used to embed
semantical metadata in web documents, see:

— RDFa Core 1.1 - Third Edition. Syntax and processing rules for
embedding RDF through attributes, https://www.w3.org/TR/rdfa-core/

— HTML+RDFa 1.1 - Second Edition. Support for RDFa in HTML4 and
HTMLS, https://www.w3.org/TR/html-rdfa/.

— RDFa 1.1 Primer - Third Edition. Rich Structured Data Markup for Web
Documents, https://www.w3.ora/TR/rdfa-primer/

« Web pages enriched with RDFa annotations offer structured data
that can be consumed by search engines

« The content of such web pages can be verified with the use of
hitp://rdfa.info/play/ service or structured data testing tools (see
https)://developers.qooqIe.com/search/docs/advanced/structured-
data
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https://www.w3.org/TR/rdfa-core/
https://www.w3.org/TR/html-rdfa/
https://www.w3.org/TR/rdfa-primer/
http://rdfa.info/play/
https://developers.google.com/search/docs/advanced/structured-data

RDFa, RDFa Lite

https://rdfa.info/

 RDF graphs might be embeded trough the use of simple attributes in existing
markup languages such as HTML.
- Qabout indicates subject IRI reference
- (@property, @rel, or @rev represent predicates
- (Qresource, @src, or @href represent objects which are IRI references

- Qcontent represents objects that are literals (literals are also the content of the elements
in question, with an optional datatype expressed using @datatype, and an optional
language expressed using a Host Language-defined mechanism such as @xml : 1ang).

* In this way HTML document can become a holder for RDF data.

CheetSheet:

syntax attributes: @prefix, @vocab.

subject attributes: @about.

predicate attributes: @property, @rel, @rev.
resource attributes: @resource, @href, @src.
literal attributes: @datatype, @content
@xml:lang or @lang

* macro attributes: @typeof, @inlist.

<span vocab="http://schema.org/" typeof="TechArticle">
<a property="url" href="http://www.w3.0rg/TR/rdfa-primer/">
<span property="name">RDFa 1.1 Primer</span></a>.

</span>
( http://schema.org/TechArticle
http://schema.org/ur http:/www.w 3.org/TR/rdfa-primer/
http://schema.org/name

RDFa 1.1 Primer

@ http://www.w3.org/ns/rdfa#usesvocabulary > http://schema.org/ httpS //WWW'W3 - Org/T R/rdfa-l Ite/

httis://VW\AN.W3.ori/TR/rdfa-irimer/

hittp:jfwww.w3.0rg/1999/02/22-rdf-syntax-ns #type

genid:Ugenidl




Microdata

* Used to nest metadata within existing content on web pages
thorough attributes

— @itemscope

» creates the Item and indicates that descendants of this element contain
information about it.

- Qitemtype

» describes the item and its properties context by a valid URL of a vocabulary
- @itemid

* Indicates a unique identifier of the item.
— @itemprop

* Indicates that its containing tag holds the value of the specified item property. The
property's name and value context are described by the item's vocabulary.
Properties values usually consist of string values, but can also use URLs using
the a element and its href attribute, the img element and its src attribute, or other
elements that link to or embed external resources.

— @itemref

* Properties that are not descendants of the element with the itemscope attribute
can be associated with the item using this attribute. Provides a list of element ids
(not itemids) with additional properties elsewhere in the document.

Welcome to the microformats wiki! (http://microformats.org/wiki/Main_Page)
W3C Working Draft on microdata (https://www.w3.org/TR/microdata/)
https://html.spec.whatwg.org/multipage/microdata.html



http://microformats.org/wiki/Main_Page
https://www.w3.org/TR/microdata/
https://html.spec.whatwg.org/multipage/microdata.html

RDFa vs Microdata

RDFa Lite 1.1

Microdata 1.0

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

Monitor</span>

</div>

<div itemscope
itemtype="http://schema.org/Product">
<img itemprop="image" src="dell-30in-lcd.jpg" />
<span itemprop="name">Dell UltraSharp 30" LCD
Monitor</span>
</div>

Mapping microdata to RDF:

* Qitemprop Iis replaced with @property.
* Qitemscope is dropped.

* Qitemtype is replaced with @typeof.

Only two features of Microdata aren’t supported by RDFa Lite:

* Qitemref and Q@itemscope.

http://manu.sporny.org/2012/mythical-differences/
https://schema.org/docs/datamodel.html




microformats, microformats 2

» Aset of simple, open data formats built upon existing and widely
adopted standards

« Designned to openly publish contacts, events, reviews, recipes, and
other structured information on the web

* Relay on the use of class and rel attributes

- Webmention standard uses microformats to provide a way in which
messages and comments can be sent from one site to another

« microformats.org maintains the official registry of HTML rel values

As plain text:

Barnaby Walters
With HTML.:

<a href="http://waterpigs.co.uk">Barnaby Walters</a>
With classic microformats:

<span class="vcard"><a class="fn n url"
href="http://waterpigs.co.uk">Barnaby Walters </a> </span>

With microformats 2:
<a class="h-card" href="http://waterpigs.co.uk">Barnaby Walters</a>

http://microformats.org, http://microformats.org/wiki/Main_Page-pl
https://www.w3.org/TR/webmention/
https://microformats.org/wiki/existing-rel-values
https://developer.mozilla.org/en-US/docs/Web/HTML/Attributes/rel



Microformats vocabularies

« C @ O B nitps://microformats.org/code/heard/creator B e v (20} B =

hCard Creator

hCard-o-matic

g'vuuuml ‘

mid.dknlml ‘

« hCard |
— https://microformats.org/code/hcard/creator -
« hCalendar s ——
— https://microformats.org/code/hcalendar/creator gy R— —

i <a href="http://microformats org
/oode/hcard/arestor>hCard creators/a> </g>
e

E
£

* rel-nofollow —

|

1

* rel-license -
———

* rel-tag T

° VotelLinks € - ce [06 TS © - o] ©©DHG -
° XFN - XFN Creator hh(cjlalen(lar Creator

‘alendar-o-matic code
« XMDP = |

location

« XOXO | ‘
wl ettt/ org
i evente/a>
[neepitr | / the <a refe"https/jatcroformts.
R - Jcode/healendsr/creator>healendar Crestonc/as.
- FC2426 start(ay v](s (2004 v\‘ | ipraldive

end|May v](s

TZ| none

deseription

size: smaller; sThiz <
href="http: //microformsts.ong y

http://microformats.org/profile/hcard ‘

tags

http://microformats.org/wiki/hcard J— ‘

[Reset| [Buid 1t

preview

May 5, 2004 event title

‘This hCalendar event brought fo yon by the hCalendar Crestor




Well known vocabularies

« According to best practices the semantical annotations should be declared
with the use of well known vocabularies. These include:
— schema.org:
* project home page, hitps://schema.org/,
e downloads: https://schema.org/docs/datamodel.html, http://topbraid.org/schema/
— goodRelations, which derives from schema.org:
* project home page http://www.heppnetz.de/projects/goodrelations/ and

» GoodRelations Language Reference,
http://www.heppnetz.de/ontologies/goodrelations/v1.html

* downloads: http://www.heppnetz.de/ontologies/goodrelations/v1.owl

- Dublln Core (ISO Standard 15836:2009, ANSI/NISO Standard Z239.85-2012)

project home page, htip://dublincore.org/

* Dublin Core Metadata Element Set, Version 1.1: Reference Description,
http://www.dubIincore.orq/documents/dces/

* downloads: http://dublincore.org/2012/06/14/dcelements.rdf,
http://dublincore.orq/2012/06/14/dcterms.rdf

— foaf:
*  FOAF Vocabulary Specification 0.99, http://xmins.com/foaf/spec/

* Creative Commons (licensing)
— http://creativecommons.org/ns
— http://creativecommons.org/schema.rdf

T.Kubik: ISM



https://schema.org/
https://schema.org/docs/datamodel.html
http://topbraid.org/schema/
http://www.heppnetz.de/projects/goodrelations/
http://www.heppnetz.de/ontologies/goodrelations/v1.html
http://www.heppnetz.de/ontologies/goodrelations/v1.owl
http://dublincore.org/
http://www.dublincore.org/documents/dces/
http://dublincore.org/2012/06/14/dcelements.rdf
http://dublincore.org/2012/06/14/dcterms.rdf
http://xmlns.com/foaf/spec/

Publishing medatata as JSON-LD

« JSON-LD is an extension of JSON oriented at serialization of
semantical graphs, see
— JSON-LD Playground, https://|json-ld.org/playground/
— JSON for Linking Data, https://json-ld.org/
* One of the simplests method for embedding structured data inside
web pages relies on using <script> node as a placeholder of the
whole graph encoded in JSON-LD.

T.Kubik: ISM


https://json-ld.org/playground/
https://json-ld.org/

SKOS

« Simple Knowledge Organisation System
— https://www.w3.org/TR/skos-reference/
— http://www.w3.0rq/2009/08/skos-reference/skos.rdf

owl: Thing rdfs:label V{1 owl:ObjectProperty
Collection owl:AnnotationProperty {7 skos-xl:altLabel
OrderedCollection altLabel — 1 hasTopConcept
Concept hiddenLabel —1 skos-xl:hiddenLabel
ConceptScheme prefLabel \ inScheme
skos-xl:Label topConceptOf
rdf:List —1 skos-xl:labelRelation
skos-xl:altLabel ) member
=X : .
skos-xl:prefLabel skos-xl:hiddenLabel —) memberList
related —1 skos-xl:prefLabel

semanticRelation
broaderTransitive
broader
broadMatch
mappingRelation
broadMatch
closeMatch
exactMatch

broader . kos-xl:labelRelation
‘ skos-x1:Label

w skos-xl:literalForm
prefLabel

inScheme

owl:AnnotationProperty

hasTopConcept note narrowMatch
ConceptScheme — changeNote relatedMatch
|1 definition \ narrowerTransitive
1 editorialNote ng—lilgrrower
owl:DatatypeProperty —J example narrowerMatch
V_E notation — 1 historyNote V—!irélated
skos-xl:literalForm 1 scopeNote relatedMatch


https://www.w3.org/TR/skos-reference/
http://www.w3.org/2009/08/skos-reference/skos.rdf

SKOS example

Grand Slam

tournament
Australian Open

skos: prefLabel

Australian Championships

skos: prefLabel
skos: altLabel

skos: broader

Ozzy open
#iddenLabel
... Is a major tennis tournament held

annually over the last fortnight of
January in Melbourne, Australia

. skos: prefLabel™y

Australian Open

men’s singles
skos: prefLabel

Australian Open
women'’s singles

Roger Federer skos: definition

skos: prefLabel skos: related
kos: narrower

Melbourne
skos: related

skos: prefLabel

‘Wﬁm rdfs: label

PREFIX skos:<http://www.w3.0rg/2004/02/skos/core#> Concept

https://www.w3.0org/TR/skos-reference/
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SKOS XL

owl:ObjectProperty
skosxl:labelRelation
labelRelationl
labelRelation11
labelRelation12
labelRelation121
labelRelation13
labelRelation14

labelRelation2
Fg—lilébelRelationﬂ
labelRelation211
labelRelation3
a  rdfs:subPropertyOf \Hiqj labelRelation31

skosxl:literalForm

<l

"nazwal"@pl |

I labelRelationl
etykietaOb2

skosxl:altLabel "name2"(@en |

skosxl:literalForm
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SKOS resources

W3 Introduction to SKOS - SKOS Sii X

C @ O B htps

B 1z v o @D H B

[¥ Skip to content [ Skip to navigation

WS(‘ Semantlc

W3C Home | SWDWG Home

SKOS Home

>» Introduction to SKOS

Frequently Asked
Questions

Use Cases &
Requirements

Specifications &
Documentation

RDF Vocabularies

Find & Share Data

Software Tools &
Applications

Development &
Participation

Proposals & Issues

Tutorials, Presentations
& Papers

Validation Services

SKOS: simple knowledge organization for the Web

Introduction to SKOS

SKOS is an area of work developing specifications pacslientents

and standards to support the use of knowledge & SKOS & RDF

organization systems (KOS) such as thesauri, L % .
classification schemes, subject heading systems and = = °m
taxonomies within the framework of the Semantic %ﬂf’?&
Web. ¥ External Links
SKOS & RDF

SKOS provides a standard way to represent knowledge organization systems
using the Resource Description Framework (RDF). Encoding this information in
RDF allows it to be passed between computer applications in an interoperable
way.

Using RDF also allows knowledge organization systems to be used in
distributed, decentralised metadata applications. Decentralised metadata is
becoming a typical scenario, where service providers want to add value to
metadata harvested from multiple sources.

The SKOS Specifications are currently published as W3C Recommendations,
which means that they are in stable state. See the SKOS Home Page for up-to-
date information on SKOS developments.

https://www.w3.0rg/2004/02/skos/intro
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SKOS tools

BB & &
Q0207 APDICATIONS [
[3 04.02 Services (6) POOIParty ThesaUrUS Sewer @ Add to Collection ® Delete Concept
- CEETITTTITIE ,
1 App store (4) ]
¥ Details ~ Notes  Documents  Linked Da
k3 & 2
fles oo cwne ' FOAF | GEO | ORG | Prody | » wediiiicucawy
v 7 :
n Products Sl:uw POOlParty ThesaurUS Servel’ @ Add to Collection ® Delete Concept
Create Top Concept... R Principles (4) EYodiict I
Import » =
Export » L Details Notes Documents Linked Data  Triples  Visualizaton  Quality Report  History
88 o5 0z Servces 6))
Apply Custom Class... B3t 04.03 Software systems (6) ] SKOS FOAF GEO | ORG Products
store (4)
] | Delete : isUsedBy hasVersion
Rl 5o wcimoioges ) , @ ©
, —
| b $91 Semantic technologies (12) ®
50 7o mining ochnoiogis 1) i
i BT Cravier (2)
. @I 38 ierencs engine (5]
BT Loorup Senvics )]
B¢ Ontology server (2)
£ = ooipary Thesaurus Server ()]
-
.
OF SPARQL tools (5) ]
O Search technologies (4) )
Semantic web technologies (0)

https://conf-doc.poolparty.biz/pp6/poolparty-
overview/poolparty-skos-rdf-and-uris/skos-and-poolparty
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Reasoning in OWL

see: http://tomasz.kubik.staff.iiar.pwr.wroc.pl/dydaktyka/InformationSystemsModeling/2020/Cadinality Test.pdf

@prefix : <http://www.example.org/ontologies/cnt#> .
@prefix owl: <http://www.w3.0rg/2002/07/owl#> .

@prefix rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#> .
@prefix xml: <http://www.w3.0org/XML/1998/namespace> .
@prefix xsd: <http://www.w3.0rg/2001/XMLSchema#> .
@prefix rdfs: <http://www.w3.0rg/2000/01/rdf-schema#> .
@base <http://www.example.org/ontologies/cnt> .

<http://www.example.org/ontologies/cnt> rdf:type owl:Ontology .
R
# Object Properties
R
:hasBrother rdf:type owl:ObjectProperty .

R
# Data properties
R
:hasHeight rdf:type owl:DatatypeProperty ;

rdfs:range xsd:integer .

B R R
# Classes
B R R R

:Any rdf:type owl:Class ;
owl:equivalentClass [ rdf:type owl:Restriction ;
owl:onProperty :hasBrother ;
owl:someValuesFrom owl:Thing
1.
:Average rdf:type owl:Class ;
owl:equivalentClass [ owl:intersectionOf ( [ rdf:type owl:Restriction ;
owl:onProperty :hasBrother ;
owl:minCardinality "3"*xsd:nonNegativelnteger
]
[ rdf:type owl:Restriction ;
owl:onProperty :hasBrother ;
owl:maxCardinality "4"*xsd:nonNegativelnteger
]
);
rdf:type owl:Class
|

:Few rdf:type owl:Class ;

owl:equivalentClass [ owl:intersectionOf ( [ rdf:type owl:Restriction ;
owl:onProperty :hasBrother ;
owl:minCardinality "1"*xsd:nonNegativelnteger
]
[ rdf:type owl:Restriction ;
owl:onProperty :hasBrother ;
owl:maxCardinality "2""xsd:nonNegativelnteger

]

)
rdf:type owl:Class
].

:Many rdf:type owl:Class ;
owl:equivalentClass [ rdf:type owl:Restriction ;
owl:onProperty :hasBrother ;
owl:minCardinality "5"*xsd:nonNegativelnteger

1.

:Person rdf:type owl:Class .

R
# Individuals
R
;i1 rdf:type owl:Namedindividual ,

:Person .
;i2 rdf:type owl:Namedindividual ,

:Person .
;i3 rdf:type owl:Namedindividual ,

:Person .
:i4 rdf:type owl:Namedindividual ,

:Person .
:i5 rdf:type owl:Namedindividual ,

:Person .
:i6 rdf:type owl:Namedindividual ,

:Person .
11 rdf:type owl:Namedindividual ,

:Person ;

:hasBrother :i1,
2,
R
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Closing the world in SPARQL

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
PREFIX owl: <http://www.w3.0rg/2002/07/owl#>

PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>
PREFIX xsd: <http://www.w3.0rg/2001/XMLSchema#>

PREFIX cnt: <http://www.example.org/ontologies/cnt#>
CONSTRUCT {?s a cnt:Few}

WHERE {
SELECT ?s (count (?p) AS ?numBrothers)

WHERE {
?s cnt:hasBrother 7?p
} GROUP BY 7s
HAVING (?numBrothers > 0 && ?numBrothers <= 2)

https://www.ateam-oracle.com/post/resources-for-learning-rdf-semantic-graph-part-1
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Remarks on SPARQL

» Specification and overview of SPARQL features and use cases can
be found in:

— SPARQL 1.1 Query Language, htips://www.w3.org/TR/spargl11-query/

— SPARAQL 1.1 Overview, https://www.w3.org/TR/sparal11-overview/
SPARQL

« SPARAQL is not only an RDF query language but also a protocol built
on the top of HTTP, offering two operations: query and update, see:

— SPARQL 1.1 Protocol, htips://www.w3.org/TR/spargl11-protocol/).
« SPARQL endpoints are not RESTfull edpoints

— they accept GET request delivered in query attribute (not in the path)
thus the queries must be html encoded before use

— update/delete requests are not handled with the use of PUT/DELETE
HTTP methods

— responses may be encoded in different ways (ttl, json, json-Id, csv -
depends on spargl endpoint abilities)

— there is no mapping similar to ORM which would be used to convert
received responses into objects in chosen programmin language (the
model is a graph model, not relational one).
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https://www.w3.org/TR/sparql11-query/
https://www.w3.org/TR/sparql11-overview/
https://www.w3.org/TR/sparql11-protocol/

