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mn Motivation and Objectives

= Motivation
— Keyword search in Big Linked Data
— Make use of abundant Linked Data available in some fields

— Lots of unreselved-problems/challenges/research opportunities ;)

= QObijectives:
— Overview of what Linked Data is and where it may be heading
— History and conceptual foundations
— Learn how to query Linked Data
— Mostly: basics required for the other lectures

= Not covered:
— Linked Data lifecycle
— Publishing, processing, integration, visualization of LD
— Building applications on top of LD
— Search in Linked LD
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mn Outline

Part 1: Origins and vision
» A brief history of the Semantic Web
» Linked Data principles
= Adoption and applications today
» What does this have to do with keyword search?

Part 2: Deep dive

» Quick guided tour to the Semantic Web Technology Stack
= Querying Linked Data with SPARQL
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EXCLUSIVE: WARP DRIVE UNDERWATER = ARCTIC OIL VS. WILDLIFE
WWW.SCIAM.COM

(TOMORROW’S WEB WILL)

i
\ Antibiotics’

Rorschach:

Copyright 2001 Scit

ORIGINS AND VISION
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Documents on the Internet

”

The Semantic web vision

(or: the revolution that never was..)

FAKULTAT FUR 'NFORMATIK



mn History: Documents on the Internet

= |nternet enabled remote documents retrieval
= Computer centered processing
= Services like FTP, Telnet, Gopher

] u ]
'SGopher32 2.0 - [Other Gopher and Information Servers] & ]
t View Bookmark Window Help 18] x] ™

.;,-TE;[ plololo| ol | «[¥]|
[ = |Information access
requires expert
knowledge

» |nformation access is
expensive

» |nformation retrieval is
expensive

ation
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Adapted from Lecture Slides Semantic Web Technologies, Dr. Harald Sack, Hasso-Plattner-Institut, Potsdam



The Semantic web vision

(or: the revolution that never was..)

Web of Documents
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mn History: Web of documents

= Document-centered processing

= Single Global Information Space based on
— URLs as

ﬁ ﬁ = globally unique IDs

= retrieval mechanism

Web Search
Browsers Engines

_I < = — HTML as shared content format
r HTM & |HTML —  Hyperlinks
= )
= =1
T U;)_ T ux, T File Edit View Go Bookmarks Options Directory Help
e e DR el )
- - [ Welcome || What's New! |[What's Coolt | Questions || Net Search || Net Directory| |
Yahoo - A Guide to WWW .
[ What's New? | What's Cool? | What's Popular? | Stats | 4 Random Link ]
| Top ] Up I Seurcﬁl Mm‘ll Add ﬂ Helpm
* Art(466) e
Advantages: o Busmess(6426) v
i e Computers(2699) re
= No expert knowledge required [ Smen= ad documer\t (ype Aink
= Simplified information access — 1.0 « on the N
2. ClIC

= Information retrieval via search engines
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The Emerging Web of Linked Data, Chris Bizer, Freie Universitat Berlin



The Semantic web vision
(or: the revolution that never was..)

4 Semantic
WP Web
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The Semantic Web vision

WARP DRIVE UNDERWATER = ARCTIC OIL VS. WILDLIFE

SCIENTIFIC SEMANTIC
AMERICAN .

(TOMORROW'S WEB WILL) A new form of Webh cons

thais meaningful to computers

will unleash T TrevestguRmth s tties
Ulnﬁlln " . . - 7
-y . The Semantic Web is an extension of the current web in
e which information is given well-defined meaning, better

"%

enabling computers and people to work in cooperation.

» " have a dream for the Web [in which computers] become
capable of analyzing all the data on the Web - the content,
links, and transactions between people and computers.“

e IR CE LN

= ".creating an environment where software agents
roaming from page to page can readily carry out
sophisticated tasks for users.”

Tim Berners Lee 1999
FAKULTAT FUR INFORMATIK

Berners-Lee, Hendler, and Lassila, The Semantic Web, Scientific American, May 2001



The Semantic Web vision

‘I have a dream for the Web... and it has two parts.”
1. The first Web enables communication between people
2. The new Web will bring computers into the action

TIM BERNERS-LEE

with Mark Fischetti

THE ORIGINAL DESIGN
and ULTIMATE DESTINY
of the WORLD WIDE WEB
BY ITS INVENTOR

Step 1: Describe - putting data on the Web in machine-
understandable form to form a Semantic Web

— RDF (based on XML)

— Master list of terms used in a document
(RDF schema)

— Each document mixes global standards and local
agreed-upon terms (namespaces)

Step 2: Infer and reason - apply logic inference
— Operate on partial understanding
— Answering why
— Heuristics

Adapted from C. Knoblock: The Semantic Web (based on slides by Yolanda Gil, lan Horrocks, Jose Luis Ambite,EMMAI) FUR INFORMATIK
https://www.isi.edu/integration/courses/csci548_2010/slides/Semantic_Web.pdf



mn So where is the Semantic Web?

“The Semantic Web, with its neat ontologies and its
syllogistic logic, is a nice vision. However, like many visions
that project future benefits but ignore present costs, it
requires too much coordination and too much energy to
be effective in the real world, where deductive logic is less
effective and shared worldview is harder to create than
we often want to admit.”

“A world of exhaustive, reliable metadata would be a
utopia.”

Clay Shirkey

Clay Shirkey: The Semantic Web, Syllogism, and Worldview, Nov. 2003 FAKULTAT FUR INFORMATIK
http://www.shirky.com/writings/semantic_syllogism.html



mn Hypotheses on why the SW did not materialize (yet)

= Conceptual issues:
No agreement on how exactly to specify intended meaning

— There is always more than one way to represent facts
— There is no natural, "neutral" schema for anything
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mn Hypotheses on why the SW did not materialize (yet)

= Conceptual issues:
No agreement on how exactly to specify intended meaning

— There is always more than one way to represent facts
— There is no natural, "neutral" schema for anything

= Technical issues:

Low tolerance for partial, context-sensitive, inconsistent information
Reasoning can easily break in an open environment

Intelligent agents are more difficult than envisioned

Upper layers of the stack not (sufficiently) developed
Computational tractability, scalability, reliability, robustness..
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mn Hypotheses on why the SW did not materialize (yet)

= Conceptual issues:
No agreement on how exactly to specify intended meaning
— There is always more than one way to represent facts
— There is no natural, "neutral" schema for anything

= Technical issues:

Low tolerance for partial, context-sensitive, inconsistent information
Reasoning can easily break in an open environment

Intelligent agents are more difficult than envisioned

Upper layers of the stack not (sufficiently) developed
Computational tractability, scalability, reliability, robustness..

» Practical/leconomic issues:

Architecture and standards overly complex and poorly understood
Incomplete tool stack

Ontology development is expensive

Adoption incentives?

Business models? 5 .
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mn "Pragmatic shift" towards Linked Data

“Much of the proposed value of the Semantic Web is coming,
but it is not coming because of the Semantic Web.

The amount of meta-data we generate is increasing
dramatically, and it is being exposed for consumption by
machines as well as, or instead of, people. But it is being
designed a bit at a time, out of self-interest and without

regard for global ontology.”

Clay Shirkey

Clay Shirkey: The Semantic Web, Syllogism, and Worldview, Nov. 2003 FAKULTAT FUR INFORMATIK
http://www.shirky.com/writings/semantic_syllogism.html )



Evolution of the web

N Yonpantic
,,,,,,,,, ? T
Web of Documents Web of (Linked) Data
Documents on the Internet Data on the Web
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mn (Open) Data on the web

= Publication of structured data on the web

= Allows sharing, remix, reuse

= Typically used formats: csv, xml, json, pdf, shp, kmz, ...
= Semantics typically not well-defined

= Many national and international Open Data initiatives
and portals

Ckan _:.f' open data charter EE={JATA

N (gssgr\r;vr‘?ee:t
-t W VIENNA
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mn 5 Star Deployment scheme for Open Data

‘ l§ct.§\‘!’/]
& Of==
PDF BT
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\\

http://5stardata.info/en/



mn 5 .. Deployment Scheme for Open Data

Data is... Jfit. ..

FAKULTAT FUR 'NFORMATIK

Adapted from EUCLID learning materials — “Introduction to Linked Data”



mn 5 .. Deployment Scheme for Open Data

Data is... Jfit. ..

L‘H ..Is available on the Web under an open license
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Adapted from EUCLID learning materials — “Introduction to Linked Data”



mn 5 .. Deployment Scheme for Open Data

Data is... Lt
"A’ ..Is available on the Web under an open license
"A’ o J ..Is available as machine-readable structured data

FAKULTAT FUR 'NFORMATIK

Adapted from EUCLID learning materials — “Introduction to Linked Data”



mn 5 .. Deployment Scheme for Open Data

Data is... Jfit. ..

..Is available on the Web under an open license

..Is available as machine-readable structured data

> >
X

)
X
)

..Is available in non-proprietary formats

FAKULTAT FUR 'NFORMATIK

Adapted from EUCLID learning materials — “Introduction to Linked Data”



mn 5 .. Deployment Scheme for Open Data

Data is... Jfit. ..

..Is available on the Web under an open license

|‘A’ ~ J ..Is available as machine-readable structured data

XXX | ..Is available in non-proprietary formats

..uses URIs so people can point to individual items

FAKULTAT FUR 'NFORMATIK

Adapted from EUCLID learning materials — “Introduction to Linked Data”



5 .. Deployment Scheme for Open Data

Data is... Jfit. ..

..Is available on the Web under an open license

|‘A’ ~ J ..Is available as machine-readable structured data

XXX | ..Is available in non-proprietary formats

..uses URIs so people can point to individual items

..linked to other data to provide context

OL RE OF URI LD

FAKULTAT FUR 'NFORMATIK

Adapted from EUCLID learning materials — “Introduction to Linked Data”



OL RE

OF

\\\\\\\\\\
AN N AN AN N

URI LD

Quick Poll: | have published...

Data with an open license
Machine-readable structured data
Data in open formats

Data identified with open standards

Data linked to other provider's data
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mn Linked Data — Definition

“Linked Data describes a method of publishing structured
data so that it can be interlinked and become more

useful.

It builds upon standard Web technologies such as HTTP
and URIs, but rather than using them to serve web pages
for human readers, it extends them to share information
in a way that can be read automatically by computers.

This enables data from different sources to be connected
and queried.”

FAKULTAT FUR 'NFORMATIK

Bizer, Heath, Berners-Lee (2009) “Linked Data — The Story So Far”
International Journal on Semantic Web and Information Systems 5 (3)



mn Linked Data from 10,000 foot...

Web of Documents Web of Data

¢
&
S

. S
;/ ;
£/ \ §/
_\ — (7

« Best practices for publishing and connecting
structured data on the Web

« Goal: Create a global data space

FAKULTAT FUR 'NFORMATIK



mn ... and up-close

= Graph-based data model
= Subject-predicate-object triples
= Use of URIs as globally uniqgue identifiers

foaf:knows

FAKULTAT FUR 'NFORMATIK



mn ... and up-close

= Graph-based data model
= Subject-predicate-object triples
= Use of URIs as globally uniqgue identifiers

http://example.com/
alice

http://xmlns.com/foaf/0.1/knows

http://example.com/
bob
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Linked Data Principles

FAKULTAT FUR 'NFORMATIK

Design Issues: Linked Data notes, Tim Berners-Lee



TU 1 Linked Data Principles

1. Use URIs to identify things

FAKULTAT FUR 'NFORMATIK

Design Issues: Linked Data notes, Tim Berners-Lee



TU 1 Linked Data Principles

1. Use URIs to identify things

2. Use HTTP URIs so that people can look up those names
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Design Issues: Linked Data notes, Tim Berners-Lee



TU 1 Linked Data Principles

1. Use URIs to identify things
2. Use HTTP URIs so that people can look up those names

3. When someone looks up a URI, provide useful
information, using the standards (RDF..)
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Design Issues: Linked Data notes, Tim Berners-Lee



TU 1 Linked Data Principles

1. Use URIs to identify things
2. Use HTTP URIs so that people can look up those names

3. When someone looks up a URI, provide useful
information, using the standards (RDF..)

4. Include links to other URIs so that they can discover
more things

FAKULTAT FUR 'NFORMATIK

Design Issues: Linked Data notes, Tim Berners-Lee



U1 LD Principle 1

[ 1. Use URIs as names for things ]

= All things or distinct entities within the data must be named

= According to the Linked Data principles, the standard mechanism to
name entities is the URI

Designing Cool URIs*:

1. Simplicity: short, mnemonic URIs
2. Stability: maintain the URIs as long as possible
3. Manageability: issue URIs in a way that you can manage

Source: http://www.w3.org/TR/cooluris/ EAKULTAT EUR INFORMATIK

Adapted from EUCLID learning materials — “Introduction to Linked Data”



U1 LD Principle 2

[ 2. Use HTTP URIs so users can look up those names ]

Content negotiation:
Client specifies preferred format in HTTP header, e.g.

Resource identifier (URI)

7\
L!? | Accept: application/xhtml+xml
Semantic web applications Web browsers
2 Accept: application/rdf+xml
\ RDF | (HTML)
N N

RDF document URI HTML do&ﬂment URI

HTTP 303 redirects and location header should be used to point the
client to another URL where the appropriate representation is found

Image: http://www.w3.org/TR/cooluris/ FAKULTAT FUR INFORMATIK

Adapted from EUCLID learning materials — “Introduction to Linked Data”



U1 LD Principle 3

3. When someone looks up a URI, provide useful
information, using the standards
(RDF*, SPARQL, Turtle).

What to return for a URI?

 Immediate description: triples where the URI is the subject
 Backlinks: triples where the URI is the object

 Related descriptions:
information of interest in typical usage scenarios

 Metadata: information as author and licensing information

« Syntax: RDF descriptions as RDF/XML and human-readable formats

Source: How to Publish Linked Data on The Web
Chris Bizer, Richard Cyganiak, Tom Heath. FAKULTAT FUR INFORMATIK

Adapted from EUCLID learning materials — “Introduction to Linked Data”



LD Principle 4

that users can discover more things.

[ 4. Include links to other URIs, so ] [coc]

Reuse URIs:

direct reuse

Ml/l&l“l.&lﬂ/ Loe | +~ Leoe |

-\A RDE —»IRDFl\‘@
$ror 4 rRoF 4 roF 4 roF 4

8086806

(OWL) sameAs >~ Instance Level

(RDFS) seeAlso

direct reuse of class/property
(RDFS) sub-class/-property
(OWL) equivalent class/property
SKOS broad match _

Adapted from EUCLID learning ma “Introduction to Linked Data”

> Schema Level

FAKULTAT FUR 'NFORMATIK



mn Evolution of the Linked Data Cloud: 2007

g— @

' .
: Geo- DBpedia RDF Book
DBtune -—-?--’ names v Mashup
|
|
Jamendo
us DBLP
Census
Data

FAKULTAT FUR INFORMATIK
http://lod-cloud.net



Evolution of the Linked Data Cloud: 2008

Audio-
Scrobbler

Flickr

exporter SIOC

profiles

MySpace

Wrapper

8BC
Playcount
Data

Jamendo

Magna- | —
tune
RDF Book
P BBC Mashup
rogrammes DBLP
Berlin
Census Pub RKB
Data Guide Explorer

UMBEL DBLP
Hannover

Project
Guten-
berg

As of September 2008
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Evolution of the Linked Data Cloud: 2009
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Evolution of the Linked Data Cloud: 2011
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mn inked Data Applications: DBpadia

Q About: Vienna
. - An Entity of Type : clty, ph : hitp/ic
e I a e X ra C S S r u C u re Vienna (vi'ena/; German: Wien, pronounced [viin] ) is the capital and largest city of Austria and one of the nine states of
Locaton of Ve i At Austria. Vienna is Austria's primary Gity, with a population of about 1.8 milion (2.6 million within the metropolitan area, nearly
Croxnaee W o e one third of Austria's population), and its cultural, economic, and political centre. It is the 7th-largest city by population within
. . . . " Country = ustia ity fmits in the European Union. Untilthe beginning of the 20th century, it was the largest German-speaking city in the world,

Government and before the splitting of the Austro-Hungarian Empire in World War |, the city had 2 million inhabitants. Today, it has the
e Wichaal Hiupl (SPO) ‘second largest number of German speakers after Berlin. Vienna is host to many major international organizations, including the
- Vice-Mayors. Maria Vassilakou (Grane) United Natio
and Vice- Joharn Gudenus (FPO)
Governors

. . . — Property Vatue
~Capitalcity 414,65 ki (180.10sq m) [ — - 2000
- Land 385.26 km?2 (152.61 sq mi)
- Water o + srass
Elovation 151 (Lobau) - 542

pustorbensty  + 43281
1,778 1)
Population (1. January 2017)
~Copitalcity  1,867.960 & 3
i 4326.1me (11,2050 e, e i

2,600,000

o European Union
- Ethnicityh2  61.2% Austrian o

pekiritpnitii Thecrys
. . St st 9¥00 o Sovaia, and
" ' prres i ouve
[ ) Demonym(s)  Viennese, Wiener ]
Timo zono CET (UTCH) ~Sigmuna Frus, ™
- Summer (OST) _ CEST (UTC+2) an e captal o
conve, rom hegreat a0 Vea ienin
Postalcode  1010-1420, 1600, 1601, SR
. iaiclion: o auaiyor or
Vaniclo w na
registration 2015, )
Nominal GOP €865 bilon USS98 bilion " Cuaity of g’ .t tho iy
@5 incios n 2015, Moracie's 2015 »
- GOP percapita€47.700/ 55250017 vasevinn
@
== s wricnanayzea asncure, nd mates Vianra o )

Cityof % Vienna

- 2000000 s

UNESCO World Heritage Site

Type Cutural
Many Applications
Referenceno. 1033 . «18390000.000000 oot

asacountry + wonvsva

Confidence:
05 Language:

n-best candidates

First documented in the 13th century, Berlin was the capital of the Kingdom of Prussia (1701-1918), the German Empire

. " .
DBpedia spotlight automatically spots and
(197!—‘191‘8),‘(he Weimar Republic (1919-33) and ?he Third Reifhi a 93}—45)‘ Berlin in the 1920§ was the third largest . .
e e AIS@MbDIQUAtes words or phrases and
1990, the city regained its status as the capital of/Ser: ), hosting 147 foreign embassies.
. .
annotates them with DBPedia URlIs

T = ISpotlight

http://dbpedia-spotlight.github.io/demo/
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» DBpedia extracts structured

inked Data Applications: DBpadia

Coordinates: (g 48°12'N 16%22'E

Country = hustria

information from Wikipedia and

s R T

About: Vienna

Aty of Type: iy,

Vienna (/vi'ena/; German: Wien, pronounced [viin] ) is the capital and largest city of Austria and one of the nine states of
Austria. Vienna is Austria's primary Gity, with a population of about 1.8 milion (2.6 million within the metropolitan area, nearly
one third of Austria's population), and ts cultural, economic, and political centre. I is the 7th-largest city by population within
ity fmits in the European Union. Untilthe beginning of the 20th century, it was the largest German-speaking city in the world,
and before the splitting of the Austro-Hungarian Empire in World War |, the city had 2 million inhabitants. Today, it has the
second largest number of German speakers after Berlin. Vienna is host to many major international organizations, including the

“ViceMayors  Maria Vassiakou (Grane) United Natio
and Vice: Johann Gdonas (FPO)
Governors
. . . e Property vaie
“Coptalcity 414,65 an2 (180.10 53 m) xPoputeapace R
“Land 395.26 km? (152.61 sq mi)
- Water coeat  stass
Elevation 151 (Lobau) - 542
aiorbensty  » 43261
w778t
Popuation (1. January 2017)
“Copialcity 1,867,960 4 '
326,12 (11,208 s i, o i
Wetro 2600000 ost o Today e
TRk Ik ifex Awien ceters s et ¢ Thecrys
. . St A7 VO o Sovaia, and
" ' ot Zurtés operinac
[ ] Demonym(s)  Viennese, Wiener 3 :
Time z0n0 CET (UTCH) ~Sigmuna Frus, wa
+ Summer (DST) _ CEST (UTC+2) nen thecaptal o
conve, rom hegreat a0 Verealsch
Postalcode 10101423, 1600, 1601, bl
. ifi0, a0 par auaiyor 127 won
Voniclo w 4 wa
registration 2015, 5,
“Nominal GO €86.5billon US$96 billon " Cuaity of g 5 . e wor, e ha iy
@5 8ok 1 2015, Monocs 2015 o
- GDP per capita £47,7001 552,500 vesowinn
@5
== s wichanayzas ot  mates. Ve e o

Cityof % Vienna

UNESCO World Heritage Site

- 2000000 s

Many Applications
Reference no. 1033¢ «18390000.000000 oot

Confidence:
05 Language:

n-best candidates

asacountry + wonvsva

First documented in the 13th century, Berlin was the capital of the Kingdom of Prussia (1701-1918), the German Empire
(1871-1918), the Weimar Republic (1919-33) and the Third Reich (1933-45). Berlin in the 1920s was the third largest
municipality in the world. After World War I, the city became divided into East Berlin -- the capital of East Germany -
and West Berlin, a West German exclave ded by the Berlin Wall from 1961-89. Following German reunification in
1990, the city regained its status as the capital of/Ser: ), hosting 147 foreign embassies.

bithelace o

http://dbpedia-spotlight.github.io/demo/

2 higpienswiipe.

L. ODlive and various other visualization tools
can be used to visualize and explore the
DBPedia (and other linked) data

qual atinse a numerose fon lectea

mposta s il marzo e fotzabre del

31 ami nata

PR ———
scens per 3 prima vola 2 Vienns, bersia

http://en.lodlive.it/?http://dbpedia.org/resource/Wolfgang Amadreus Mozart
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Location of Vienna in Austria
Coordinates: (, 48°12'N 16°22'E

Country = Austria

Government

+ Mayor and Michael Haupl (SPO)
Governor

- Vice-Mayors  Maria Vassilakou (Griine)
and Vice- Johann Gudenus (FPO)
Governors

Area

- Capital city 414.65 km? (160.10 sq mi)
*Land 395.26 km? (152.61 sq mi)
- Water 19.39 km? (7.49 sq mi)
Elevation 151 (Lobau) —

542
(Hermannskogel) m (495~
8 ft)

Population (1. January 2017)

- Capital city 1,867,960 A
- Density 4,326.1/km? (11,205/sq mi)
2,600,000

61.2% Austrian
38.8% Other

Statistik Austria, ¥ VCO —
Mobiltat mit Zukunt“!

* Metro
« Ethnicityl(1]12)

Demonym(s) Viennese, Wiener

Time zone CET (UTC+1)
- Summer (DST)  CEST (UTC+2)

Postal code 1010-1423, 1600, 1601,
1810, 1901

Vehicle w

registration

- Nominal GDP  €86.5 billion/ US$96 billion

(2015)5)

- GDP per capita €47,700/ (JS$52,50017)

(20156

Website www.wien.gv.at&

Cityof ¥ Vienna

UNESCO World Heritage Site
“ic Centre of Vienna

i
25th session)
frover]
Europe and North America
2017-presentl®]

WIKIPEDIA

The Free Encyclopedia

WIKIDATA

Main page
Community portal

Recent changes
Random item
Query Service
Nearby

Help

Donate.

Tools.
‘Wnat lnks here
Related changes
Special pages
Permanent link
Page information
Concept URI
Cite this page

Htem | Discussion

Vienna (Quan

Linked Data Applications: |II ‘I

A Engish & Notlogged n

Read View history |Search Wikidata

capital and one of nine States of Austria

Wien | Vienna, Austria

w

~ In more languages "'¢-®

Language
English

German
Bavarian

French

Al entered languages

Statements

instance of

Label

Vienna

Wien
Wean

Vienne

u

a

00

o

Description

capital and one of nine States of Austria

Hauptstadt und Bundesland von Osterreich

capitale de I'Autriche

city

~ 0 references

capital

~ 0 references

city with millons of inhabitants

~ 0 references

federal capital

~ 0 references

municipality of Austria

~ 0 references

place with town rights and privileges

~ 0 references

statuatory city of Austria

~ 0 references

state of Austria

start time 18 Noverber 1920 Gregorian

Also known as

Wien
Vienna, Austria
w

Wien

2 edit
+ add reference
2 edit
+ add reference
2 et
+ add reference
2 edit
+ add reference
2 edit
+ add reference
2 edit
+ add reference

& edit

+ add reference

7 et

WIKIDATA

User-curated source
for structured
iInformation in
Wikipedia

Follows Linked Data
principles (concept
URIs)

Provides a Linked data
interface and SPARQL
guery service
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any

6.Lromaz/AIngy/

Press [C:

Location of Vienna in Austria

eline of space probes
#defaultview:Timeline

| Wikidata Query Service | Examples | *Prefixes~ &

Htem | Discussion

@ Help~

SELECT ?item ?itemlabel ?launchdate (SAMPLE(?image) AS ?image)

WHERE
{
2item wdt:P31 wd:Q26529 .
?item wdt:P619 ?launchdate .

SERVICE wikibase:label { b
OPTIONAL { ?item wdt:P18 ?image }
}

GROUP BY ?item ?itemLabel ?launchdate

L-SPACE] to activate auto completion,

1955

Apr7, 1968
Luna 14
Q wd:Q748333

Feb 12,1961
Venera 1
Oct Q wd:Q152500

Spl - :
Q wd:Q80811 Sep8,1967
Surveyor 5
| Q wd:Q268074

Aug 20, 1975

Jun 14, 1975
Venera 10
Q wd:Q836463

L

Jun 8, 1975
Venera 9
Q wd:Q728292

serviceparam wikibase:language "en’ }

T 08 06 {118 ib i S 08 ) e A

Jun2, 1983
Venera 15
Q wd:Q904317

Venera 16
Q

Lunar Orbiter 5

Surveyor 4
Q wd:Q86256¢

May 30, 1966
Surveyor 1

Oct 28, 1974
Luna 23
Q wd:Q950990

Oct 30, 1981
Venera 13
Q wd:Q372064

—
Nov 4, 1981 May 4, 1989
Venera 14 Magellan

Jan 7, 1985

Sakigake
Q wd:Q1065268

Aug 9, 1973

TN

AN

Oct 6.1990 jan 7, 1998

I L
u Q
L l ‘
Sep 25, 1992

Mars Ob }soayssey Jun 18, 2009

Q wd:Q891991 Q wd:Q466932

Linked Data Applications: |II ‘I

A English & Notloggedin
Read View history |Search Wikidata
A English
° &
QFind | instance of space probe

®show time of spacecraft launch

Limit
Data updated a few seconds agt
®Display~  &LDownload~ & Link~
2000 2005 2010 2015 2020
o o

o e

Nov 5, 2013
Mars Orbiter Mission| |

ar Prospector
Wd:Q590245

Q wd:Q2156733

T

Anr 7, 2001

Wa:Q boo7164 LCROSS
Q wd:Q459399

Mar 2, 200
Rosetta
Q wd:Q48572 Aug 5, 2011

Nov 16, 1996
Mars 96
Q wd:Q656260

b
L

May 20, 2010
‘Aun R 2001

Oct 1,2010
Chang'e 2
Q wd:Q831345 [’

May 9, 2003 N—
Hayabusa
Q wd:Q275444

Feb 17, 1996
NEAR Shoemaker
Q wd:Q217188 Aug 3, 2004

WIKIDATA

User-curated source
for structured
iInformation in
Wikipedia

Follows Linked Data
principles (concept
URIs)

Provides a Linked data
interface and SPARQL
guery service
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any

6.Lromaz/AIngy/

9 LANAMSZ/AING//

Htem | Discussion
Location of Vienna in Austria

|||” | Wikidata Query Service  [[Bxamples | # Prefixes~  #Tools- @ Help~
#rineline of space probes
#def

SELE X
WEER |IIHI|IH Wikidata Query Service Examples = Prefixes~ ¥ Tools~
€

#All ski resorts with coordinates
#added before 2016-10
#defaultView:Map
SELECT DISTINCT ?item ?name ?coord ?lat 2lon
WHERE
{
?item wdt:P31 wd:Q130003 .
?item wdt:P625 ?coord .
?item p:P625 2coordinate .
?coordinate psv:P625 ?coordinate_node .
?coordinate_node wikibase:geoLatitude ?lat .
?coordinate_node wikibase:geoLongitude ?lon .
SERVICE wikibase:label {
bd:serviceParam wikibase:language "en’ .
?item rdfs:label ?name

}

Y

ORDER BY ASC (?name)

Press [CTRL-SPACE] to activate auto completion.

Clear

Ingolstadt
+
ol »<
i Ulin
a A\ Augsburg
k| ]
Miinchen

2 .
.
Innsbruck . o
0 ° .
. . -
L
D ) 4,
f . LA §
. " .
° \
- §
. Bolzano~ &, ¢
\ Bozen
/ . ¥

@ Help~

sdizburg
N
P 4
$
b
Osterreich
@
> .

Linked Data Applications: |II ‘I

A Engish & Notlogged n

Read View history |Search Wikidata

e
QFind  instance of ski resort

®show coordinate location ,

http://wikiba.se/ontology#geoL atitude ,
http://wikiba.se/ontology#geolongitude

Limit

A% English

8

A®En

nds ag

Link~

2020

Data updated a few sect

® Display ~ &. Download ~ $

Linz
T\ F o o
TR
'
f
3
3 — e
"
.
.
.
Ny .
.
Graz

Maribor

WIKIDATA

User-curated source
for structured
iInformation in
Wikipedia

Follows Linked Data
principles (concept
URIs)

Provides a Linked data
interface and SPARQL
guery service
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any

6.Lromaz/AIngy/

9 LANAMSZ/AING//

Location of Vienna in Austria

|II||I I" Htem | Discussion

Linked Data Applications: |II ‘I

A% Engisn & Notlogged in

Read View history |Search Wikidata

Wikidata Query Service Examples = X Prefixes~ & @ Help~ A3 English
ry Pl A gl
#1imeline of space probes o
#det L] O
sELE . 5
i | | Wikidata Query Service Examples = X Prefixes fToolsv  @Help~ A»En
1

resorts with coordinates
# |||]|| ” Wikidata Query Service Examples | * Prefixes~ % Tools~ @ Help~ A English
s
W 1 #Universities of main programming language authors ° &

> { 2 SELECT ?lang ?langlabel ?human 7 bel 1 2coords

=+ {

—

[®] ?lang wdt:P31/wdt:P279% wd:Q9143 . QFind ?lang instance of any subclass of

-~ ?human wdt:P31 wd:Q5 . ! ith ?hi t f

{ ?lang wdt:P287 ?human } UNION { ?lang wdt:P170 Zhuman } UNION { ?lang wdt:P943 zhume PrO9ramming language with zhuman instance o
human | R
?human wdt:P69 ?educatedat .
?educatedat wdt:P625 ?coords . ®show  ?lang designer ?human , ?lang creator ? Link~
SERVICE wikibase:label { bd:serviceParam wikibase:language "en,fr" } human , 7lang programmer ?human , ?lang developer
LIMIT 100 ?human , ?human educated at ?educatedat , ? 2020

}

educatedat coordinate location ?coords

Limit 100
O 2ress [CTRL-SPACE] to activate auto completion. 38 ago
Press | | o
w Clear ®Display~  &Download~ & Link~
i
lang langLabel human humanLabel educatedat educatedatLabel coords
+ | Q wd:Q28865 Python Q wd:Q30942 Guido van Rossum Q wd:Q214341  University of Amsterdam Point(4.890277777 52.368333333)
Q wd:Q251 Java Q wd:Q92622 James Gosling Q wd:Q190080  Carnegie Mellon University Point(-79.943583 40.443322)
2 Qwd:Q383994  J Q wd:Qe2629 Kenneth E. Iverson Qwd:Q13371  Harvard University Point(-71.116944 42.374444)
—
o Qwd:Q383994  J Q wd:Q92629 Kenneth E. Iverson Q wd:Q1420038  Queen's University Point(-76.495099 44.224997)

Q wd:Q2005 JavaScript Q wd:Q92648 Brendan Eich Q wd:Q457281  University of lllinois at Urbana-Champaign

Q wd:Qa7227 Go Qwd:Q1107006  Ken Thompson Q wd:Q168756  University of California, Berkeley

Q wd:Q5301 TexX Q wd:Q17457 Donald Knuth Qwd:Q161562  California Institute of Technology
Q wd:Q42478 Perl Q wd:Q92597 Larry Wall Q wd:Q168756  University of California, Berkeley
| Q wd:Q42478 Perl Q wd:Q92597 Larry Wall Q wd:Q2904851  Seattle Pacific University

80 /NMaZ/AI'Nq//

; Qwd:Q212587  OCaml Qwd:Q3570727  Xavier Leroy Qwd:Q83259  Ecole Normale Supérieure
Q wd:Q206904 R Q wd:Q7369420  Ross Ihaka Q wd:Q168756  University of California, Berkeley
Qwd:Q5013384  COMTRAN Q wd:Q92953 Bob Bemer Q wd:Q2831920  Albion College
Qwd:Q3251260  Oberon-2 Q wd:Q92604 Niklaus Wirth Qwd:Q1067935  Laval University

| Q wd:Q1053535  Processing Q wd:Q4888685  Benjamin Fry Q wd:Q49108 Massachusetts Institute of Technology

" Qwd:Q1053535  Processing Q wd:Q5006090  C.E.B. Reas Qwd:Q153265  University of Cincinnati

o Qwd:Q1094499  ALGOL 58 Q wd:Q62861 Alan Perlis Qwd:Q190080  Carnegie Mellon University
Qwd:Q1209759  ALGOL 60 Q wd:Q62861 Alan Perlis Q wd:Q190080  Carnegie Mellon University
Qwd:Q777358  Modula-2 Q wd:Q92604 Niklaus Wirth Qwd:Q1067935  Laval University
Qwd:Q1323362  Oberon Q wd:Q92604 Niklaus Wirth Q wd:Q1067935  Laval University

ad Qwd:Q1209759  ALGOL 60 Q wd:Q92739 John McCarthy Q wd:Q21578 Princeton University

Qwd:Q1209759  ALGOL 60 Qwd:Q92739  John McCarthy Qwd:Q161562  California Institute of Technology
Qwd:Q1094499  ALGOL 58 Qwd:Q92746  John Backus Qwd:Q49088  Columbia University

Point(-88.228411111 40.110538888)

Point(-122.259 37.87)

Point(-118.125494 34.138577) v
Point(-122.259 37.87)

Point(-122.361667 47.65019)
Point(2.344444444 48.841944444)
Point(-122.259 37.87)

Point(-84.7434 42.2445)
Point(-71.274722222 46.76)
Point(-71.08211 42.35982)

Point(-84.5155 39.132)

T

Point(-79.943583 40.443322)
Point(-79.943583 40.443322)
Point(-71.274722222 46.78)
Point(-71.274722222 46.78) {
Point(-74.65931 40.34873)
Point(-118.125494 34.138577)

Point(-73.961944444 40.8075)

WIKIDATA

User-curated source
for structured
iInformation in
Wikipedia

Follows Linked Data
principles (concept
URIs)

Provides a Linked data
interface and SPARQL
guery service
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Linked Data Applications: s

= Information is dynamically
aggregated from external,

publicly available data
(Wikipedia, MusicBrainz, Discogs,..)

= No screen scraping
= No specialized API

= Data access via simple HTTP
request

= Data is always up-to-date
without manual interaction

= All data available as
Linked Open Data

FAKULTAT FUR 'NFORMATIK

Adapted from Lecture Slides Semantic Web Technologies, Dr. Harald Sack, Hasso-Plattner-Institut, Potsdam



Linked Data Applications: s

= Information is dynamically
aggregated from external,

publicly available data
(Wikipedia, MusicBrainz, Discogs,..)

= No screen scraping
= No specialized API

= Data access via simple HTTP

Watch Elton John performing Live at:€omwall's Eden Project r. e q u e St
e T T = Data is always up-to-date
| (il \ . . .
G without manual interaction

= All data available as
Linked Open Data

http://bbc.co.uk/music

FAKULTAT FUR 'NFORMATIK

Adapted from Lecture Slides Semantic Web Technologies, Dr. Harald Sack, Hasso-Plattner-Institut, Potsdam



Linked Data Applications:
Libraries and Museums
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[bieds/Bio WNasNWUSHILG U0N08[[03//:011y

The British
Museum

SPARQL Query

Query:

Linked Data Applications:
Libraries and Museums

1 PREFIX crm: <http://erlangen-crm.org/current/>
PREFIX skos: <http://www.w3.0rg/2004/02/skos/core#>

2
3
4 SELECT DISTINCT 7bowl

5 {?bowl_term skos:prefLabel “bowl" .
6

7

8

{?bowl crm:P2_has_type ?bowl_term}
UNION
9 {?bowl crm:P2_has_type ?bowl_like_term .

1}

10 ?bowl_like_term skos:broaderTransitive ?bowl_term} .

#Find the thesaurus term for bowls

#Find those objects directly categorised under this
#and/or

#objects that are categorised below this in the hierarchy

Include inferred
" Expand results over equivalent URIs

Sample queries: Append predefined namespaces:

Find Hoa Hakananal'a by Name,  Find Rosetta Stone by (Partial) Name (Indexed),

Find Rosetta Stone by (Partial) Name (non-indexed),

Find bowis (of all kinds)

FAKULTAT FUR 'NFORMATIK



Linked Data Applications:
Libraries and Museums

collections

The British
Museu Qeumpeana Collections Explore Exhibitions Blog "8 LANGUAGE

Home | Spargl

[b1eds/B10 WNasSNWYSNIIG UONoa[[09//:011y

=
=
o
.g.
o
SPARQL | 5
o
o
8
Query: S
r———
1 PREFIX cri CD
2 PREFIX sk| |
3 =3
4 SELECT DI} |©
5 {7bowl_te, (3
6 o
7 {?bowl ¢ |5
8 UNION 5 ;
9 {?bowl c 3 g - &
10 {?bowl_l - - L e
1} i Explore 53,724,755 artworks, artefacts, books, videos and sounds from across Europe.

Include inferred
| Expand results over et

Sample queries: |

Find Hoa Hakananal'a by Na

FAKULTAT FUR INFORMATIK



The British
Museu

Home | Sp

SPARQL

Query:

1 PREFIX cr|
PREFIX sk

2

3

4 SELECT DI
5 {?bowl_te
6
7
8

{?bowl ¢
UNION
9 {?bowl c
10 ?bowl_1lwm
1}

Include inferred

[bieds/Bio WNasNWUSHILG U0N08[[03//:011y
Ug/jeniod/naeueadoina Mmm//-diy

") Expand results over e(}8

Sample queries: |

Find Hoa Hakananal'a by Na

e

europeana
collections

Collections

>
=3
=
e
o
o
o
<

Evnlara

Evhihitinne _Rlna

Linked Data Applications:
Libraries and Museums

R SITES

LIBRARY OF
CONGRESS

ASK A LIBRARIAN DIGITAL COLLECTIONS

LIBRARY OF CONGRESS
LINKED DATA SERVICE

LC Linked Data Service

Authorities and Vocabularies

s I @

© Linked Data Service

© About

© Main Dataset Descriptions

© Preservation Dataset
Descriptions.

© Small Datasets Descriptions

© Search

© Download

© Technical Center

© Contact Us

© Privacy Policy

LIBRARY CATALOGS Search

**Please Note: LC Classification entries
are not included in general search
results. You must explicitly select LC

in order to search the

[an

LC Subject Headings
LC Name Authority File
LC Classification

scheme. This is temporary while the
impact of adding LCC to the current
system is better understood.

Available Datasets
The Linked Data Service provides access to

found

and by the Library of Congress.

This includes data values and the controlled vocabularies that house them. The following are currently offered as part of this service:

> LC Subject Headings

> LC Name Authority File

LC Classification

> LC Children’s Subject Headings

>

MARC Relators Schemes and smaller codelists

> LC Genre/Form Terms
LC Medium of Performance Thesaurus

for Music > 1S0639-5 Languages
> LC D¢ lic Group Terms > Extended Date/Time Format

MARC Countries

MARC Geographic Areas » Identifiers

MARC L > Carriers

1S0639-1 Languages > Content Types
> Media Types

1S0639-2 Languages
> Resource Types

> Description Convention

Thesaurus for Graphic Materials
AFS Ethnographic Thesaurus
> Cultural Heritage Organizations

Preservation Vocabularies

> Preservation Vocabs (all)
> Actions Granted

> Agent Type

> Content Location Type

> Copyright Status

> ..more

Publication Frequencies

> Resource Components
BIBFRAME Ontology

MARC Genre/Form Schemes
MARC Subject Schemes
Classification Schemes

> ..more

FAKULTAT FUR INFORMATIK



The British
Museu

dany

SPARQL

Query:

PREFIX cr|
PREFIX sk

SELECT DI
{7bowl_te|

{?bowl ¢
UNION
{7bowl c
10 ?bowl_1
1}

Include inferred

Ug/jeniod/naeueadoina Mmm//-diy

[61eds/B10 WNaSNWYSHIIG UON09[[09]/

WoNOU D WN R

") Expand results over e(

Sample queries: |

Find Hoa Hakananal'a by Na

e

europeana

g Collections.
collections

00|"pY//-AnY

o
<

Evnlara

Evhihitinne _Rlna

Linked Data Applications:
Libraries and Museums

R SITES

LIBRARY OF
CONGRESS

Library of C

> Linked Dat:

ASK A LIBRARIAN

LIBRARY OF CONGRESS
LINKED DATA SERVICE

=y v 6

© Linked Data Service

© About

© Main Dataset Descriptions

© Preservation Dataset
Descriptions.

© Small Datasets Descriptions

Search

© Download

© Technical Center

© Contact Us

@ Privacy Policy

[bIeds-JuIAN'[q eyep qua//-dny

AR )

L e

Pre

00 > s m

DIGITAL COLLECTIONS

THE BRITISH NATIONAL BIBLIOGRAPHY
as Linked Open Data

LIBRARY CATALOGS Search

Getting Started Documentation FAQs Contact Us

SPARQL editor

Enter your own SPARQL query below; alternatively click on one of the sample queries available. Further
information about using the SPARQL editor is available here.

e Sample queries

How do I search for a book with ISBN 9780729408745?

How do I search for a serial title with ISSN 0955-6664?

Find books on a particular subject, e.g crystallography

Which titles by detective writer Ian Rankin appear in the BNB?
List 50 authors born in 1945

Find 50 books published in a particular place, e.g. York

o 00000

e Dataset queries

o What are the license terms for the datasets?

Flint SPARQL Editor

New Edit View Help
9 0O f P ) ) © @

Dataset Mode  SPARQL10+(Sstore) |5  Output  SPARQLXML  [o) | Submit
http://bnb.data.bl.uk/s
\'Queryx x| |' SPARQL \I' Properties ‘I'/ Ciasses ‘|' prefives
PREFIX b <http://purl.org/ontology/bik | PREFIX bibo: <http://purl.org/ontology/bibo/>

PREFIX bio: <http://purl.org/vocab/bio/0.]

: <http://waw.bl.uk/schemas/bib]

PREFIX bio: <http://purl.org/vocab/bio/0.1/>

PREFIX b

PREFIX bit: <http: bl,

PREFIX dct: <http://purl.org/dc/terms/>

PREFIX dct: <http://purl.org/dc/terms/>

PREFIX <http://purl.org/NET/c4dn/ey
PREFIX foaf: <http://xmlns.com/foa/0.1/>| o PREFIX event: <http://purl.org/NET/c4dm/event.owl# >
PREFIX geo: <http://www.w3.org/2003/01/geq | PREFIX foaf: <http://xmins.com/foaf/0.1/>
PREFIX isbd: <http://iflastandards.info/ns | PREFIX geo: D, 3.0rg/2003/01/geo/wgs84_pos# >
PREFIX org: <http://www.w3.org/ns/org#> PREFIX isbd: .
PREFIX owl: <http://waw.w3.org/2002/07/owl

PREFIX 0rg: <http://www.w3.0rg/ns/org#>
PREFIX rdau: <http://rdaregistry.info/Elen

PREFIX owl: <http://www.w3.0rg/2002/07/owl# >

PREFIX madsrdf: <http://www.loc.gov/mads/y

PREFIX rdf: <http://www.w3.orq/1999/02/22- | PREFIXrdau: <http://rdaregistry.info/Elements/u/>

PREFIX rdfs: <http://www.w3.org/2000/01/x¢ | PREFIX madsrdf: <http://www.loc.gov/mads/rdf/vi#>

Line: 1; Position: 1; Query is valid

Query Results Visual Results Mode

book isbn title

http://onb.data.bl.uk/Id/resource/012245733 0901931004 British government publications
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Search; [[ERRINIWRPIINcered by FZ Nominatim
hide

Technische TU Wien
Hauptgebsude

&0 B )
SN

W Staourahy
1 s o,

T
LS

B N

Edit Lukaskirche

Name Lukaskirche Show updates in this area
>>
Description . LN, Properties
5 | P o, LS5 [+] highway (15)
f Image 'QS"';, [+] religion (3)
£ Source_ref — & 4 [+] amenity (3v1)
] o amenity place_of_worship [ " i Stidve m _gies';g:zngt)lon 3)
- < historic
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research group.
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‘% This faceted Linked Geg °?
2l ig e a?g Data browser was ~
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Search: Login >> Instances

- Lukaskirche

amenity:
place_of_worship
religion: christian L
denomination: -
lutheran

. Club 11

amenity: nightclub

. amenity: recycling |

amenity: parking

. amenity: parking
. amenity: parking
. amenity: recycling

Lukas-Apotheke

ameni armacy
)
,@ﬁm E |

emination:

rgﬁl“ﬁﬁgﬁ
"'GeoData

Linked Data Applications:
Geospatial Data

Spatial knowledge base built from
OpenStreetMap data

3+ billion nodes and 300 mio. ways
—> 20 bio triples

Interlinked with DBpedia and
GeoNames
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Linked Data Applications:
Geospatial Data

=  Spatial knowledge base built from
OpenStreetMap data

pr S e N = 3+ billion nodes and 300 mio. ways

%
Edit Lukaskirche %] é?
&

Lukaskirch
Name Lukaskirche 3 ukaskirche

how updates in this area amenity. . . .
= = Interlinked with DBpedia and
Description LN, Properties religion: christian L n r In WI I n
s % [+] high 15) denomination: 1
ey +] highway lutheran
Sy, Dmsmo o i GeoNames
Source_ref ;‘ [+] amenity (31) amenity: nightclub
amenity  place_of worship [ 7 m=¢ . Stdy [+] denomination (3) 3. amenity: recycling
< [#] historic (1) 4. amenity: parking

religion christian K [+] railway (2) 5. amenity: parking
denomination lutheran [ % j’ [+] leisure (5) 6. amenity: parking
created by  xybot H § [*] man_made (1) 7. amenity: recycling
. - £ ' [#] shop (4) 8. Lukas-Apotheke
[*] 3 [+] sport (1) amenity; gharmacy

£ [+] cuisine (1) 4. \amgfiityy schigol

5

10 Bnjeriity: patking
11/ Johanneskirche

ol BIKG
"'GeoData

3 Ronit() 0658550262451

This faceted Linked Ge:
Data browser was
£9%eveloped by AKSW
& research group
e g
S v e 2 0 bk A M “'g‘g—n\‘ N 'Sn;;\;mﬂm;t ):3 1’37%1:1 0’3“04 A\

&
A
\
5
aqensbi?®
@ L
[
sty e t" b
Ll
g

= Database of 10+ Mio geographical names
in various languages

= (Categorized into feature classes and
codes

= Qrganized in Ontology
= Interlinked with DBPedia and others 7

> GeoNames
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Linked Data Applications:
Geospatial Data

ed by, *2 Nominatim

hide
TU Wien
Hauptgebsude

=  Spatial knowledge base built from
OpenStreetMap data

e = 3+ billion nodes and 300 mio. ways
= B —> 20 bio triples

- Lukaskirche

P
Edit Lukaskirche Eé’
<

Name Lukaskirche Show updates in this area amenity: . . .
“zx = Interlinked with DBpedia and
Description . & Properties religion: christian - n e r I n e WI e Ia a n
% . denomination: 1
Image Y wiegs: / F% mf.h.ﬂy(gﬁ) lutheran
+] religion Club 11 G N l I I

Source_ref ‘;;, F»} Zmiiw (?j) 5 amenity: nightclub e O a e S

4 . 2 & Stdve [+] denomination . amenity: recyclin L3
amenity place_of_worship [ " % 4] historic (1) i amenix: pa’xingg

religion christian [ [+] railway (2)

denomination lutheran [ % ; [+] leisure (5)

[+] man_made (1) _ amenity: recyclin
[r;r]eated_by xybot [ ' [+] shop (4) L Lukas}l/\potxekeg

& [“']_%(1) amenity;_pharmacy
W P w g [+] cuisine (1) ﬁ\gmgﬁ% ol
| P 5 { - anderiity-|patking
2l y ! :!’ £, Roni0 0658550262451 ﬂg\ ann sk‘;«m‘e

. amenity: parking
. amenity: parking

oNOmEW N

R % 3 This faceted Linked Ge Sqrifhpn:
LN & Data browser was

2 i vnx_n- COEmUH
i l 3,‘ o £ developed by AKSW gio
x 500 ft research group. e"'GeoDa‘a

13.73 51 03104
hw—vmn—-—ﬁm—m S 48 T @éf: oA —

= Database of 10+ Mio geographical names
in various languages

= (Categorized into feature classes and
codes

= Qrganized in Ontology
= [nterlinked with DBPedia and others
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Linked Data Applications:

OpenPhacts
. | DRUGBANK |
@ $ES AOPen PHACTS | & jomef B
@ ey reioror.] ¢ | Discovery Platform | - - S sl
77 X
A API <:> A_Apps
= ‘Open pharmacological space’
using semantic web standards
and technologies
= Goal: reduce barriers to drug
discovery
= Semantic integration of multiple
sources of publicly-available
pharmacological and
physicochemical data

http://www.openphacts.org

Intuitive querying interface to
browse relationships between
compounds, targets, pathways,
diseases and tissues
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Linked Data Applications:
OpenPhacts

A.Open PHACTS

Discovery Platform N W T

o ———
A APL [ 4 Apps

= ‘Open pharmacological space’
using semantic web standards
@T Aspirin (50 of 2882 results loaded) and teCh n0|og |eS

= Goal: reduce barriers to drug
discovery

- e = Semantic integration of multiple
e - sources of publicly-available

S pharmacological and
B physicochemical data

S = Intuitive querying interface to

s . browse relationships between
compounds, targets, pathways,
diseases and tissues
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Linked Data Applications:
OpenPhacts

) .Open PHACTS uh[MBL T

----------------------- netprote| i Discovery Platform Enm«*

2 ChEB| | ? s """"

= ‘Open pharmacological space’
FFFFFFF using semantic web standards
and technologies

Pharmacology for http://purl.uniprot.org/enzyme/3.-.-.- (50 of 635072 results loaded)

e = Goal: reduce barriers to drug
discovery

=  Semantic integration of multiple
sources of publicly-available
pharmacological and

e S o . e o physicochemical data

e === _ . = Intuitive querying interface to

browse relationships between

| e m e EEE - - - compounds, targets, pathways,

diseases and tissues
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tuwien

Web  Images Maps  News  Videos  More~  Searchtools

University of

nology Economics and

Technische Universitét Wien : TUWIEN Home

hitps:/fwvew tuwien.acatien/ ~

Our mission s "technology for people”. .. the Vienna University of Technology
Technische Universitat Wien Libi

rary
Informationen zu Aufgal The TU Wien University Library needs
Dienstieistungen your feedback to

Faculties & Institutes Master Programs
Faculties: Faculty of Architecture and Mastor's programmes at TU Wien
Planning - Faculy o generally ast four

TEACHING
Master Programs - Bachelor
Programs - Admission - News

Admission
Admission. Applicants in possession
of a school leaving

More results from tuwien.ac.at »

Vienna University of Technology
o tuwien.ac.at/

) Karlsplatz 13, 1040 Wien
01588010

Vienna University of Technology - Wikipedia, the free ...
itpsilen.wikipecia org/wikiVienna_University_of_Technology =

The Vienna Univarsity of Technology (German: Technische Universitt Wien) i
Hubert Patschrigg (1913-1997), archiec (complted hs tudies at TU Graz)

Technische Universitat Wien — Wikipedia
hitps/ide.wikipedia.org...Technische_Universitat_Wi... ~ Transiate this page

Die Technische Uriversitat Wien (TU Wien) it Osterreichs gréfite natunwissenschatich-
technische Forschungs- und Bildungseinrichtung und bildet mit der TU

TU Wien - YouTube

hitps:/iwww.youtube.com/usertuwienprmedia ~

TU Wien i ocated in the heart of Europe, n a cosmopolitan city of great ... For 200
years, TU Wien has been a place of research, teaching and leaming in the

Medi University of
] University of University of Natural
Vienna Resources and ..

Academy of Fine  University of University of
Arts Vienna Music and Applied Arts
Performing Ars, ... Vienna

B cesanaer
Musiireonde in Wien

S Technische
" Naschmart” 3 Unerst

Kaskirche .

&
o o

Vienna University of
Technology

University in Vienna, Austria
‘The Vienna University of Technology s one of the major universities in
Vienna, the capital of Austria. Wikipedia

Address: Karlsplatz 13, 1040 Wien

Enrollment: 15,579 (2006)

Phone: 01588010

Founded: 1815

Rector: Peter Skalicky

Profiles
Facebook  Google*
Notable alumni View 45+ more

2 0K

Christan  Sie

qffied  Rudolf Heinz Fath Birol
Doppler Selberherr  Steiner Zemanek

Google

Industry Applications:
Knowledge graphs

= Entity search results
= Understand and answer queries

= Schema.org (markup on > 2.5 billion
pages as of 2016
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Industry Applications:
Knowledge graphs

e il

o g = Entity search results
- o = Understand and answer queries
— | = Schema.org (markup on > 2.5 billion

pages as of 2016)
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Industry Applications:
Knowledge graphs

wwien B

il b imeges  Maps  News  Videos  Moer  Searchools

donauturm vs empire state building

|

who wrote 1984?

Web Images News Videos More ~ Search tools

About 99,000,000 results (0.44 seconds)

1984 / Author

George Orwell

= Entity search results
et o ot g o130 Orwel, was an Engleh rovelel » Understand and answer q ueries

B.orn: June 25, 1903, Motihari, Ind[a. '
D S 2, 1900 Lorin e e ~ | = Schema.org (markup on > 2.5 billion

Influenced by: Aldous Huxley, Charles Dickens, H. G. Wells, more
| ages as of 2016
Quotes View 7+ more

In a time of universal deceit - telling the truth is a revolutionary act.

War is peace. Freedom is slavery. Ignorance is strength.

61 Bthris watcing you FAKULTAT FUR 'NFORMATIK



mn Industry Applications:
Knowledge graphs
= Entity graph: 100+Bill. connections between people, places and interests 'i

= |nitially extracted from Wikipedia for “fallback pages”
(e.g., unclaimed community sites)

= Now serves as a semantic backbone to capture users’ interests
= Facebook Open Graph protocol (RDFa)
00

ta vien B #
donauturm vs empire state building ‘N
a

who wrote 1984?

Facebook

Joseph
Heller

Catch-22 /

Web Images News Videos More ~ Search tools

About 99,000,000 results (0.44 seconds)

1984 / Author

George Orwell

= Entity search results
et o ot g o130 Orwel, was an Engleh rovelel » Understand and answer q ueries

Born: June 25, 1903, Motihari, India

~ | = Schema.org (markup on > 2.5 billion
' pages as of 2016)

Influenced by: Aldous Huxley, Charles Dickens, H. G. Wells, more

Quotes View 7+ more

In a time of universal deceit - telling the truth is a revolutionary act.

War is peace. Freedom is slavery. Ignorance is strength. FA K U LTAT F U R | N FO R M ATI K

Big Brother is watching you.



mn Linked Data vs Knowledge Graphs

Overlaps:

— Knowledge Graphs also represent explicit semantics in a
graph-based data model

— Both are frequently used to facilitate semantic search
— Knowledge graphs can use open standards (e.g., RDFa)

Key differences:
— Proprietary (data and technologies), closed "ecosystem”
— Tightly integrated with services
— Typically not published externally — no way to link to
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mn Linked Data vs. “The” Semantic Web

Overlaps:
— "LD is the Semantic Web done right” (Tim Berners-Lee)
— Semantic web is made up of Linked Data
— Linked Data is based on Semantic web standards

Key Differences:

— Semantic Web was all about "semantifying" the web, Linked Data is
based on web standards (URIs, http), but doesn't center around web
pages.

— LD is a more pragmatic "bottom-up"” approach.

— "Linked Data is mainly about publishing structured data in RDF using URIs
rather than focusing on the ontological level or inference.”

M. Hausenblas "Exploiting Linked Data For Building Web Applications" FAKULTAT FUR INFORMATIK
IEEE Internet Computing, 2009



mn Linked Data vs. Open Data

Overlaps:
— Openness is a core principle in the design of LD

— Many Linked Data sets published under an open license
— Linked Open Data (LOD) and LD often used synonymously

Key differences:

— Linked Data technologies can be used without publishing data —
e.g., for internal and external data integration.

— Not all open data will ever be linked (the majority will remain in
formats such as csv, txt etc.)
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mn Linked Data vs Big Data

Overlaps:
— LD asawholeis big( BEBBOBBEEAEBBBMA: ipes and counting! *)
— No rigid up-front (e.g., relational) data model
— Big Data technologies (e.g., Hadoop) are used to handle LD
— LD can represent knowledge extracted from big unstructured data

Key Differences:

— Individual linked data sets are typically not "big" per se
(e.g., English DBPedia dump currently < 5 GB)

— LD is structured and semantically explicit,
"big data lakes" are typically neither

— Big data based on distributed data infrastructures within an organization
(e.g., Hadoop clusters), LD creates a decentralized, globally distributed data
infrastructure

http://lodlaundromat.org as per 2016-05-10
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Summary of key ideas
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Web of data

Linking Open
Global data space
Network effects

Decentralized

Summary of key ideas
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Summary of key ideas

S S _-:‘:;;-.:4 X c
3
7\ 4..‘7 b
Web of data Graph-based
Linking Open o
Global data space exiole
Network effects Bottom-up
Decentralized Emergent
Agile
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Summary of key ideas

Web of data Graph-based Explicit Semantics

Linking Machine readable

open Flexibl
Global data space exible Interoperable

Bottom-up Ad-hoc integration

Network effects )
Discovery

. E t
Decentralized mergen Inference

Agile
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SO WHAT DOES ALL THAT
HAVE TO DO WITH KEYWORD
SEARCH?
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mn Information Retrieval on the Web today

Keyword-based search is the dominant IR paradigm on the
web today (Google, Yahoo, Bing,..)

— Typically relatively high recall, but not all results
[due to synonyms and metaphors, missing context,..]

— Typically low precision (i.e., many irrelevant results)

Problems:

= Highly sensitive to vocabulary
=  Polysemy (ambiguity)

= Lack of context
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mn Information extraction on the Web Today

= Typically no integration over multiple sites
(search results list single pages)

» Software lacks

= knowledge of contexts
= world knowledge
= experience

..to correctly perform many information extraction and integration tasks

Most of the web is difficult to interpret for machines because they
» cannot infer facts from partial information
= cannot leverage mental associations
» have limited tolerance for inconsistent terminology
» cannot process sensory information (e.g., visual, sound)

FAKULTAT FUR 'NFORMATIK



mn Semantics?

= Semantics = “study of meaning” (from Greek oguavTikog)

= \Web content traditionally only understandable for
humans

» Goal of the Semantic Web:
Make the web machine-understandable

Fundamental problem:
understanding human language

FAKULTAT FUR 'NFORMATIK



mn “Understanding” language:
Approach 1

= Natural Language Processing
= Artificial Intelligence

= Probabilistic Models

= Machine Learning

» |[nformation Retrieval

Adapted from Lecture Slides Semantic Web Technologies, Dr. Harald Sack, Hasso-Plattner-Institut, PFAKHLTAT FUR INFORMATIK
Word cloud image source: http://www.cs.sfu.ca/~anoop/teaching/CMPT-413-Spring-2014/



mn Understanding language is difficult...

FAKULTAT FUR 'NFORMATIK

Adapted from Lecture Slides Semantic Web Technologies, Dr. Harald Sack, Hasso-Plattner-Institut, Potsdam



mn Understanding language is difficult...

Non-standard
language

ph342 m9 1337 h4xX0r
5kl11zz!!

FAKULTAT FUR 'NFORMATIK

Adapted from Lecture Slides Semantic Web Technologies, Dr. Harald Sack, Hasso-Plattner-Institut, Potsdam



mn Understanding language is difficult...

Non-standard
language

ph342 m9 1337 h4xX0r
5kl11zz!!

Neologisms

binge-watch, Obamacare,
Brexit, Trumpism..

FAKULTAT FUR 'NFORMATIK

Adapted from Lecture Slides Semantic Web Technologies, Dr. Harald Sack, Hasso-Plattner-Institut, Potsdam



mn Understanding language is difficult...

Non-standard Segmentation
language problems
ph342 m9 1337 h4xX0r .
511112211 Last night I shot an

elephant in my pajamas.

Neologisms Last night I shot an
elephant in my pajamas.

binge-watch, Obamacare,
Brexit, Trumpism..

FAKULTAT FUR 'NFORMATIK

Adapted from Lecture Slides Semantic Web Technologies, Dr. Harald Sack, Hasso-Plattner-Institut, Potsdam



mn Understanding language is difficult...

Non-standard Segmentation Idioms
language problems
o kick the bucket
ph342 m9 1337 h4xX0r Last night I shot an o spill the beans
Ski11Zz!! elephant in my pajamas. o anarmand a leg
o get cold feet
Neologisms Last night I shot an o lose face
elephant in my pajamas. o piece of cake

binge-watch, Obamacare,
Brexit, Trumpism..

FAKULTAT FUR 'NFORMATIK

Adapted from Lecture Slides Semantic Web Technologies, Dr. Harald Sack, Hasso-Plattner-Institut, Potsdam



mn Understanding language is difficult...

Non-standard Segmentation Idioms
language problems
o kick the bucket
ph342 m9 1337 h4xX0r Last night I shot an o spill the beans
Ski11Zz!! elephant in my pajamas. o anarmand a leg
o get cold feet
Neologisms Last night I shot an o lose face
elephant in my pajamas. o piece of cake

binge-watch, Obamacare,
Brexit, Trumpism..

Tricky entity names

The New York John E
Kennedy airport

FAKULTAT FUR 'NFORMATIK

Adapted from Lecture Slides Semantic Web Technologies, Dr. Harald Sack, Hasso-Plattner-Institut, Potsdam



Non-standard
language

ph342 m9 1337 h4xX0r
5kl11zz!!

Neologisms

binge-watch, Obamacare,
Brexit, Trumpism..

Tricky entity names

The New York John E
Kennedy airport

Understanding language is difficult...

Segmentation
problems

Last night I shot an
elephant in my pajamas.

Last night I shot an

elephant in my pajamas.

Ambiguity

We saw her duck.

Idioms

o kick the bucket
o spill the beans

o anarmand a leg
o get cold feet

o lose face

o piece of cake

FAKULTAT FUR 'NFORMATIK

Adapted from Lecture Slides Semantic Web Technologies, Dr. Harald Sack, Hasso-Plattner-Institut, Potsdam



Non-standard
language

ph342 m9 1337 h4xX0r
5kl11zz!!

Neologisms

binge-watch, Obamacare,
Brexit, Trumpism..

Tricky entity names

The New York John E
Kennedy airport

Understanding language is difficult...

Segmentation
problems

Last night I shot an
elephant in my pajamas.

Last night I shot an

elephant in my pajamas.

Ambiguity

We saw her duck.

Idioms

o kick the bucket
o spill the beans

o anarmand a leg
o get cold feet

o lose face

o piece of cake

World knowledge

Mary and Sue are sisters.

Mary and Sue are mothers.

FAKULTAT FUR 'NFORMATIK

Adapted from Lecture Slides Semantic Web Technologies, Dr. Harald Sack, Hasso-Plattner-Institut, Potsdam



Approach 2:
Explicit Semantics

Vertebra > Fur
/ has
Animal < SSL Mammal < Bear

IS an \
Whale
. lives in Aln
Fish = \Nater

AKULTAT FUR INFORMATIK

Adapted from Lecture Slides Semantic Web Technologies, Dr. Harald Sack, Hasso-Plattner-Institut, Potsdam

EXPLICIT SEMANTICS



a3 Something to
mn = DBpedia tinker with during the break..

You can browse DBpedia resources via the Linked Data frontend
available at

http://dbpedia.org/page/[resourceName]

e.g. dbr:Vienna — http://dbpedia.org/page/Vienna

Try to find out:

Where is TU Wien (dbr:TU Wien) located?

What is Marie Curie known for?

Is the Danube river longer than the Volga river?

Find a connection between dbr:Vienna and dbr:Berlin

Find a connection between dbr:The Lord of the Rings and
dbr:Aldous Huxley
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mn References

Videos:

- Tim Berners-Lee: The next Web of open, linked data (TED talk)
https://www.youtube.com/watch?v=0M6XIICm_qgo

. Annenberg Networks Theory Seminar with Tim-Berners-Lee
http://www.yovisto.com/video/10017

. Metaweb (now defunct): Words vs entities
https://www.youtube.com/watch?v=TJfrNo3Z-DU

. Manu Sporny: Intro to the Semantic Web
https://www.youtube.com/watch?v=0Gg8A2zfWKg

=  Manu Sporny: What is linked data?
https://www.youtube.com/watch?v=4x_xzT5eF5Q

Tutorial:
» Linda Project: Linked Data Primer

Articles:

= C. Bizer, T. Heath, and T. Berners-Lee. Linked Data - The Story So Far.
International Journal on Semantic Web and Information Systems, 5(3):1 — 22, 2009.

Books:
= T. Pellegrini, H. Sack, and S. Auer, Eds., Linked Enterprise Data. Heidelberg: Springer Berlin, 2014.

= Tom Heath, Christian Bizer (2011). Linked Data - Evolving the Web into a Global Data Space.
Morgan & Claypool, 2011.

= EUCLID Project Consortium (2014). Using Linked Data Effectively.
» Hitzler, Rudolph, Krétzsch (2009). Foundations of Semantic Web Technologies. Chapman & Hall/CRC
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CHAPTER 2:
DEEP DIVE
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mn The Semantic Web Technology Stack

Most apps use only a subset of the stack

N E
Querying allows ﬂne-gralned data access g
™~
Standardized information exchange is key §
\ ~
Formats are necessary, but not too important &
\‘o ‘
The Semantic Web is based on the Web  _-*°
"" ~

-

Linked Data uses a small
selection of technologies
™~

~ 4&"9
-
' s - el
-,
-
-
-
-
.
-
‘Q
' ;
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http://bnode.org/blog/2009/07/08/the-semantic-web-not-a-piece-of-cake
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mn HTTP Content negotiation

Provides different representations of a resource at the same URI.

FAKULTAT FUR 'NFORMATIK
Speciefied in RFC 7231 HTTP 1.1



HTTP Content negotiation

Provides different representations of a resource at the same URI.

SrDBpedia  ®sowseusng -+ b Formats - 4 Faceted Browser (4 Spara) Endpoint

About: Vienna University of Technology

curl -L -H "Accept: text/html'
http://dbpedia.org/resource/Vienna_University of_ Technology

avoabstract “The Vienna University of the major universities in Vienna, the capital of
Austria. Founded in 1815 as the "Imperial-Royal Polytechnic Institute". In 1872 its name changed to Technische Hochschule (College

of Technology). The institution has borne its current name Technische Universitat Wien (TU Wien) since 1975. Today the university

finds high international and domestic recognition in teaching as well as in research and is a highly esteemed partner of innovation

tcurrenty has about 26, foreign omen),eight faciites and about 4,000 staff
members (1,800 academics). The universitys teaching and research i focused on engineering and natural sciences, The education
offered by TU Wien is ewarded by high recognition. The chances for graduates for gettng an attractive

employment are very prosperous. The high demand for graduates of the TU Wien from economy and industry, governmental as well
as research institutions are manifest evidence for this. fen

avocity - @Vienna
awostate - @Vienna

»

» asothumbnall . TU_Wien-L
anotype = arPublic_university

PageExternalLink = hitp:/cec.tuwien.ac.avhome/

« hitpy/tiss tuwien.ac.at/
= hitps:/Aiss.tuwien.ac.avcurriculum/studyCodes.xhtml
= hitps://www.tuwien.ac.at/en/

o _play_list7p=" 9344}
avowikiPagelD = 1267354 prsaintegen)
avo:wikiPageRevisionD. - 703150636 pdirtege

FAKULTAT FUR 'NFORMATIK
Speciefied in RFC 7231 HTTP 1.1



HTTP Content negotiation

Provides different representations of a resource at the same URI

22DBpedia  ®sowseusing - Formats - (& Faceted Browser (3 Sparg Endpoint

About: Vienna University of Technology

curl -L -H "Accept: text/html" e o e
http://dbpedia.org/resource/Vienna_University of_ Technology

avoiabstract = The Vienna University of the major universities in Vienna, the capital of
Austria. Founded in 1815 as the "Imperial-Royal Polytechnic Institute". In 1872 its name changed to Technische Hochschule (College

of Technology). The institution has borne its current name Technische Universitat Wien (TU Wien) since 1975. Today the university

s igheratonal and domestcrecogiion n eaching as weH as in research and is a highly esteemed partner of innovation

t currently has about women), eight faciities and about 4,000 staff
members (1,800 academics). The university's teanhmg e e on engineering and natural sclences. The education
offered by TU Wien is ewarded by high cognition. The chances for graduates for getting an attractive

employment are very prosperous. The high demand for graduates ot he TU e from economy and industry, governmental as well
as research institutions are manifest evidence for this. fen

avocity a
awostate - @Vienna

»

L asothumbnall .
avotype = arPublic_university
avowikiPageExtemalLink = hitpy//cec tuwien.ac.anome/?L=1

« hitpy/tiss tuwien.ac.at/
= hitps:/Aiss.tuwien.ac.avcurriculum/studyCodes.xhtml

= hitps://www.tuwien.ac.at/en/

- _play_list?p=" 93441
avowikiPagelD = 1267354 prsaintegen)

1.0" encoding="utf-8" 7>

curl -L -H "Accept: application/rdf+xml’

http://dbpedia.org/resource/Vienna University of Technology

ource/Viktor_Gutmann">

14 /dbpedia. org/resource/Vienna_University_of_Technology" /»
15 +//dbpedia.org/resource/Vienna_University_of_Technology" />
16 =
17 ttp: //dbped resource/Sabri_Ergun"> i
18 "http://dbpedia. org/ resource/Vienna_University_of_Technology" /> e
19 "http://dbpedia. org/resource/Vienna_University_of_Technology" /> |
20
2 o resource/Lawrence_Rocks_(chemist)">
2 /dbpedia.org/resource/Vienna_University_of_Technology" />
2 : “http://dbpedia.org/resource/Vienna_University_of Technology" />
2
25 bout="htp:/ /dbpedia.org/resource/ ACKD">
26 bpedia.org/resource/Vienna_University_of_Technology" />
27 /dbpedia.org/resource/Vienna_University_of_Technology" />
26
29 resource/Pet: >
38 7dbpesia.org) resource/Vionna_University.of_Technology" /x
31 /dbpedia. org/resource/Vienna_University_of_Technology" />
32
3 ttp: //dbpedia. org/resource/Fatih_Birol">
34 "http://dbpedia.org/resource/Vienna_University_of_Technology" />
35 /dbpedia.org/resource/Vienna_University_of_Technology" />
o 36
. 2 L2p:/rdopedia. org/resourceKriesis
38 /dbpedia. org/resource/Vienna_University_of_Technology" />
39 /dbpedia.org/resource/Vienna_University_of_Technology" />
a0
a1 ttp://dbpedia. org/resource/Ernst_Streeruwitz">
a2 “http://dbpedia.org/resource/Vienna_University_of_Technology" />
43 /dbpedia.org/resource/Vienna_University_of_Technology" />
aa
a5 o resource/Technical_University_Vienna"s
46 ="http _University_of_Technology" />
p
a8 o resource/Paul_Alfred_Weiss">
49 +//dbpedia.org/resource/Vienna_University_of_Technology" />
s0

/dbpedia.org/resource/Vienna_University_of_Technology" />

FAKULTAT FUR INFORMATIK
Speciefied in RFC 7231 HTTP 1.1



RDF

FAKULTAT FUR INFORMATIK
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mn RDF (Resource Description Framework)

= Graph-based model

= Formal semantics — machine-readable

= Knowledge expressed as a list of statements

= All statements follow the same simple schema (RDF Triple)

= Resource can be anything, must be uniquely identified and
referenceable via URI

= Developed in the late 1990s
= Final W3C recommendation in 2004 (RDF 1.1)

=  Abstract model with various syntax notations and serialization
formats:

Graph notation

RDF/XML (historically first serialization format)
N3/Turtle

N-Triples

JSON-LD

FAKULTAT FUR 'NFORMATIK



Inherently different data models

= XML is hierarchical
— One root element + nested sub elements
— Organizes data in a structured way

XML vs RDF

«test xminz:xsi="http://www.w3.0rg/2001/XMLSd
atatypes:=

=zfrings=

i <stringReplace=String=</stringReplace=
<stringPreserve=String</stringPreserve:
i <stringPattern=P a</stringPattern=
</strings>

<int=0</int=

<dateTimeTypes:

i <date=1957-08-13</date>

i «dateTime=2001-12-17T09:30:47.0Z</date
i <time=14:20:0Z</time=

</dateTimeTypes:

</datatypes:

<simpleModels=

i zalls

= RDF is based on associations between resources

— More flexible with the use of links (URIs)
— More difficult for people to read
« The structure cannot be grasped easily
« Alternative representation as RDF-Graph

iNndex html

dc.creator

Meier

foaf:.name /V

-

-
~~._foaf-homepage

~
et i ‘Q
hitp:fimeier. at

FAKULTAT FUR 'NFORMATIK



U1 RDF Triples

Basic RDF building block
— Subject: a resource, which may be identified with a URI
a URI-identified reused specification of the relationship
a resource or literal to which the subject is related

Set of RDF assertions in triple-form form a labelled, directed graph:
 Resources: the subjects and objects are nodes of the graph

* Predicates: each predicate use becomes a label for an arc
connecting the subject to the object.

FAKULTAT FUR 'NFORMATIK




TU 1 RDF Triples

Basic RDF building block
— Subject: a resource, which may be identified with a URI
a URI-identified reused specification of the relationship
a resource or literal to which the subject is related

Set of RDF assertions in triple-form form a labelled, directed graph:
 Resources: the subjects and objects are nodes of the graph

* Predicates: each predicate use becomes a label for an arc
connecting the subject to the object.

http://purl.org/dc/elements/1.1/title
http://www.w3.org » ,W3C Homepage*
Property

Subject: Resource Literal or resource

FAKULTAT FUR 'NFORMATIK



RDF Graphs

= Object of one statement may be the subject of another statement

= The result is a directed labelled (multi-)graph
= The object of a triple is a resource or a literal

subject

predicatee
N\

triple

hasColleague :

FAKULTAT FUR 'NFORMATIK



U1 RDF Graphs

= Object of one statement may be the subject of another statement
= The result is a directed labelled (multi-)graph
= The object of a triple is a resource or a literal

subject

predicatee triple
N\
hasColleague :

worksIn

predicate /
object i

FAKULTAT FUR 'NFORMATIK



mn RDF Graphs

= Object of one statement may be the subject of another statement
= The result is a directed labelled (multi-)graph
= The object of a triple is a resource or a literal

predicatee | triple
hasColleague e

A 7
worksIn’ worksIn

predicate /
object |

subject

object

subject

predicate

FAKULTAT FUR 'NFORMATIK



Plain Literals

Plain literals have a lexical form (their lexical value) and

optionally a language tag.

C(27))

J

“Hello world”@en

FAKULTAT FUR 'NFORMATIK



mn Typed Literals

= Formed by pairing a string with a URIref that identifies a
particular datatype

= Indicates what datatype should be used to interpret a given
literal

= RDF has no built-in set of datatypes of its own
(except rdf:XMLLiteral)

= RDF datatype concepts are based on a conceptual framework
from XML Schema datatypes that defines

— the value space,
— the lexical space and
— the lexical-to-value mapping for a datatype (see RDF specifications)

“27" " http://www.w3.0rg/2001/XMLSchema#integer

Adapted from Manolis Koubarakis: "Knowledge Technologies" FAKULTAT FUR INFORMATIK
http://cqgi.di.uoa.gr/~artint2/STORAGE/lectures/2013.../introduction-to-rdf.ppt



XML Schema datatypes

Datatype

xsd:string
xsd:int
xsd:boolean
Core types ‘ xsd:long
xgdidecimal xsd:unsignedByte

xsd:integer

Limited.range xsd:unsignedShort
IEEE floating-point  zsd:double integer numbers xsd:unsignedInt
numbers xsd:float xsd:unsignedLong
xsd:date xsd:positivelInteger
xsd:time xsd:nonNegativeInteger

Time and date xsd:negativeInteger

xsd:dateTime

. xsd:nonPositiveInteger
xsd:dateTimeStamp ger

xsd:hexBinary

xsd:gYear Encoded binary data

xsd:baseb4Binary
xsd:gMonth

xsd:anyURI
xsd:gDa
xsd:gbay xsd:language
. ” . M
Recurrlng and xsd:gYearMonth xsd:normalizedString
part|a| dates xsd:gMonthDay Miscellaneous xsd:token
_ XSD types -
xsd:duration xsd : NMTOKEN
xsd:yearMonthDuration xsd:Name
xsd:dayTimeDuration xsd:NCName

FAKULTAT FUR INFORMATIK
https://www.w3.0rg/TR/2013/WD-rdf11-concepts-20130115/#xsd-datatypes



Excursus:
RDF Serialization Formats

FAKULTAT FUR INFORMATIK

Image: http://bnode.org/blog/2009/07/08/the-semantic-web-not-a-piece-of-cake



RDF Serialization Formats

B Formats ~

RDF:
N-Triples
N3/Turtle
JSON
XML

RDF 1.1

RDF 1.0

|
! ]

| OData:
At RDF/XML N-Triples
| om

JSON

Supports Multiple Graphs
4 )

RDFa

JSON-LD

&y,
)
2,

%‘%

S
RDF/XML ¥
&
(9

N-Triples

 Microdata:
JSON

HTML

TG

—Smlarr,

N-Quads

E

Embedded:
JSON

Turtle

CXML
CSV
JSON-LD

http://www.w3.org/TR/rdf11-new/ FAKULTAT FUR INFORMATIK



mn RDF Notations:
RDF/XML

» Useful for inter-machine communication

= Primary (recurring) element in encoding assertions
(i.e., triples) is rdf:Description, e.qg.:

<rdf:Description rdf:about="http://musicbrainz.org/artist/blebbbfc-cf9e-42e0-
bel7-e2c3eld2600d# ">

<foaf:name>The Beatles</foaf:name>

<owl:sameAs rdf:resource="http://dbpedia.org/resource/The Beatles">
</rdf:Description> RDFIXML

<rdf:Description rdf:about="http://musicbrainz.org/artist/4d5447d7-c61c-4120-
balb-d7f471d385b9#" >

<foaf:name>John Lennon</foaf:name>
</rdf:Description> —

FAKULTAT FUR 'NFORMATIK

Adapted from Euclid learning materials by Barry Norton



mn RDF Notations:
N-Triples
Predicate Literal

http://mUSicbr‘ainz.m http://xmlns'com/foaf/e.l/name ’ The Beatlesu

blobbbfc-cf9e-42e0-bel7-e2c3eld2600d#_>

Subject

http://dbpedia.org/
resource/The_Beatles

Object

<http://musicbrainz.org/artist/bl10bbbfc-cf9e-42e0-bel7-e2c3eld2600d# >
<http://xmlns.com/foaf/0.1/name>
"The Beatles”™.

<http://musicbrainz.org/artist/blObbbfc-cf9e-42e0-bel7-e2c3eld2600d# >
<http://www.w3.0rg/2002/07/owlisameAs>
<http://dbpedia.org/resource/The Beatles>. N-Triples

FAKULTAT FUR INFORMATIK

Adapted from Euclid learning materials by Barry Norton



mn RDF Notations:
N3

= Easy to read and write

= Superset of Turtle

= <subject> <predicate> <object>

= Every subject, predicate, object is identified with a URI

= Two shortcuts for several statements about the same subject
— %7 introduce another predicate of the same subject
— %" introduce another object with the same predicate and subject

<#fpat> <#child> <#al>, <#chaz>, <#mo>;
<#age> 24;
<feyecolor> “blue”.

N3

Interpretation:
Pat has the children al, chaz, mo; Pat's age is 24; Pat's eyecolor is blue

FAKULTAT FUR 'NFORMATIK



mn RDF Notations:
Turtle

= "Terse RDF Triple Language”

= Many URIs share the same basis
— use prefixes for namespace declarations:

@prefix rdf:<http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>.
@prefix rdfs:<http://www.w3.0rg/2000/01/rdf-schema#>.
@prefix owl:<http://www.w3.0rg/2002/07/owl#>.

@prefix mo:<http://purl.org/ontology/mo/>.

@prefix dbpedia:<http://dbpedia.org/resouce/>.

Turtle

Note: You can find commonly used prefixes here: http://prefix.cc

= Unique base:

@base <http://musicbrainz.org/>. Turtle

FAKULTAT FUR 'NFORMATIK

Adapted from Euclid learning materials by Barry Norton



mn RDF Notations:
Turtle

Has a simple shorthand for class membership:

@base <http://musicbrainz.org/>.

@prefix mo:<http://purl.org/ontology/mo/>.

<artist/blebbbfc-cf9e-42e0-bel7-e2c3eld2600d# >
a mo:MusicGroup.

Turtle

FAKULTAT FUR INFORMATIK

Adapted from Euclid learning materials by Barry Norton



mn RDF Notations:
Turtle

Has a simple shorthand for class membership:

@base <http://musicbrainz.org/>.

@prefix mo:<http://purl.org/ontology/mo/>.

<artist/blebbbfc-cf9e-42e0-bel7-e2c3eld2600d# >
a mo:MusicGroup.

A

Turtle

|
|
! is equivalent to
|
|

<http://musicbr$inz.org/artist/bl@bbbfc—cf9e—42e@—be17—

e2c3eld2600d# >¥
<http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type>
<http://purl.org/ontology/mo/MusicGroup>.

Turtle

FAKULTAT FUR INFORMATIK

Adapted from Euclid learning materials by Barry Norton



mn RDF Notations:
Turtle

When multiple statements apply to same subject they can be
abbreviated as follows:

<artist/blebbbfc-cf9e-42e0-bel7-e2c3eld2600d# >
rdfs:label "The Beatles";
owl:sameAs dbpedia:The_Beatles ,
<http://www.bbc.co.uk/music/artists/
blObbbfc-cf9e-42e0-bel7-e2c3eld2600d#artist> .

Turtle

FAKULTAT FUR INFORMATIK

Adapted from Euclid learning materials by Barry Norton



mn RDF Notations:
Turtle

When multiple statements apply to same subject they can be
abbreviated as follows:

<artist/blebbbfc-cf9e-42e0-bel7-e2c3eld2600d# >
rdfs:label "The Beatles
owl:sameAs dbpedia:The_ Bgatles ,
<http://www.bbcfco.uk/music/artists/
blObbbfc-cf9e-#2e0-bel7-e2c3eld2600d#artist> .

Same subject /

Turtle

FAKULTAT FUR INFORMATIK
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mn RDF Notations:
Turtle

When multiple statements apply to same subject they can be
abbreviated as follows:

<artist/blebbbfc-cf9e-42e0-bel7-e2c3eld2600d# >
rdfs:label "The Beatles
owl:sameAs dbpedia:The Bgatles
<http://www.bbcfco.uk/mysic/artists/
blObbbfc-cf9e-#2e0-bel7¥2c3eld2600d#artist> .

Turtle

Same subject Same subject and object J

FAKULTAT FUR INFORMATIK

Adapted from Euclid learning materials by Barry Norton



mn RDF Notations:
Turtle

Turtle also provides a simple syntax for data types and
language tags for literals, respectively:

<recording/5098d0a8-d3c3-424e-9367-112610724410# >
a mo:Signal;
rdfs:label "All You Need Is Love" ;
mo:duration "PT3M48S"~Axsd:duration .

dbpedia:The Beatles dbpedia-owl:abstract
"The Beatles were an English rock band formed (..) "@en,
"The Beatles waren eine britische Rockband in den(..) "@de .

Turtle

FAKULTAT FUR INFORMATIK

Adapted from Euclid learning materials by Barry Norton



mn RDF Notations:
JSON-LD

= JavaScript Object Notation for Linked Data
= W3C recommendation

= |mposes structure on JSON with @context annotations
(often external vocabularies)

{"@context": {
"name": "http://xmlns.com/foaf/0.1/name",
"homepage": {
"@id": "http://xmlns.com/foaf/0.1/workplaceHomepage",
"@type": "@id"
o
"Person": "http://xmlns.com/foaf/0.1/Person"
o
"@id": "http://me.example.com",
"@type": "Person",
"name": "John Smith",
"homepage": "http://www.example.com/"

}

JSON-LD

Specification: http://json-ld.org/spec/latest/json-Id/ FAKULTAT FUR INFORMATIK
Example from https://en.wikipedia.org/wiki/JSON-LD




Google Structured Data Testing Tool

1 <l!doctype html>

2 <html amp lang="en">

3 <head>

4 <meta charset="utf-8">

5 <title>Perfect Apple Pie Recipe</title>

6 <link rel="canonical" href="http://example.ampproject.org/recipe-
metadata.html” />
<meta name="viewport" content="width=device-width,minimum-
scale=1,initial-scale=1">
<script type="application/ld+json">

9 {
10 "@context": "http://schema.org/",
11 "@type": "Recipe”,
12 "name": "Perfect Apple Pie",
13 "author": "Gin Blanco",
14 "image": "http://images.edge-generalmills.com/56459281-6fe6-4d9d-
984f-385c9488d824.jpg",
15 "description”: "A classic apple pie takes a shortcut with easy
Pillsbury® unroll-fill refrigerated pie crust.",
16 "aggregateRating": {
17 "@type": "AggregateRating”,
18 "ratingValue": "4.5",
19 "reviewCount
20 "bestRating":
21 "worstRating": "1"
22 Y.
23 "prepTime": "PT30M",
24 "totalTime": "PT3H",
5 "recipeYield": "B",
26 "nutrition": {
27 "@type": "NutritionInformation",
28 "servingSize": "1 medium slice",
29 "calories": "230 calories"”,

30 "fatContent": "1 g",
31 "carbohydrateContent": "43 g",

32 "cholesterolContent”: "0 mg",
"fiberContent": "1 g",
"proteinContent”: "1 g",

35 "saturatedFatContent": "2 % g",

36 "servingSize": "1 Serving",

37 "sodiumContent”: "200 mg",

"sugarContent": "27 g",
3 "transFatContent": "0 g"

w0y,

41 "recipeIngredient”: [

42 "1 box Pillsbury™ refrigerated pie crusts, softened as directed on
box".

Recipe

Recipe
@type

name

image

description

prepTime
totalTime

recipeYield

recipelngredient

recipelngredient

recipelngredient
recipelngredient
recipelngredient
recipelngredient
recipelngredient
recipelngredient

recipelnstructions

recipelnstructions

JSON-LD in the wild: Google/Schema.org

°o®

NEW TEST o

A1)  ~

PREVIEW 0 ERRORS 0 WARNINGS A

Recipe

Perfect Apple Pie
http://images.edge-
generalmills.com/56459281-6fe6-4d9d-
984f-385c9488d824.jpg

A classic apple pie takes a s
easy Pillsbury® unroll-fill refi
crust.

PT30M

PT3H

8

1 box Pillsbury™ refrigerated
softened as directed on box
6 cups thinly sliced, peeled a
medium)

3/4 cup sugar

2 tablespoons all-purpose fl¢

3/4 teaspoon ground cinnan

Grandma's

1/4 teaspoon salt H

1/8 teaspoon ground nutme

oliday Apple
1 tablespoon lemon juice Pie

1 Heat oven to 425°F. Place 4/5 ****

35 reviews

ungreased 9-inch glass pie p
firmly against side and botto

2 In large bowl, gently mix fil

250 calories
1 hr 30 min

spoon into crust-lined pie plz
second crust. Wrap excess t

bottom crust edge, pressing

FAKULTAT FUR INFORMATIK



U1 Embedding RDF on the Web

1. Direct RDF embedding

2. Microformats

3. RDFa (lite)

4. HTMLS Microdata (schema.org)

HTML

5|

I = microformats

W3C &s

FAKULTAT FUR 'NFORMATIK



mn Adoption of Semantic Web Annotations

= Search engines: Google (rich snippets), Yahoo, Bing

= Social networks: Facebook (Open Graph protocol),
LinkedIn

= Retailers: BestBuy, Tesco,..

= Media and publishers: O'Reilly, Newsweek, BBC..

= Slideshare, Digg

= Whitehouse.gov, Library of Congress, UK government
= etc.

! gnd ! @
€ O’REILLY

YAHOO! @ 5y
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RDFa example: BestBuy

Expert Service. Unbeatable Price. WeeklyAd CreditCards  Gift Cards  Giftldeas Registry ~ Order Status ‘™ Store Locator

@ PRODUCTS SERVICES DEALS T || e

OVER 300 MORE BLACK FRIDAY DEALS REVEALED Preview the deals »

BestBuy » Computers & Tablets » Laptops » All Laptops » MacBooks » Product Info « Share = Print
E Apple - MacBook Pro with Retina o from = Add to Cart
display (Latest Model) - 13.3" Display - $1,261.59
Enlarge Open-Box from $1 ’299'99
8GB Memory - 128GB Flash Storage - P FREE SHIPPING

Silver Pre-Owned from

On Sale: $1,109.00 Add to List

Model: MF839LL/A | SKU: 8532557 |
Customer Rating: 4.8 (2,938 customer reviews)

Add to Registry

Accessories

J Overview ’ Specifications Ratings & Reviews

Buying Options Protection & Services

Product Availability

® Shipping: Usually leaves our warehouse in
1 business day

See when you can get it

™ store Pickup:

Check Stores
Learn more about store pickup

Special Offers

3
See (9) Special Offers

BOGKRFLTOSAN MY

Cardholder Offers

B  See (2) Financing Offers

http://rdfa.info/play/

FAKULTAT FUR 'NFORMATIK



Expert Service. Unbeatable Price. Weekly Ad  Credit Cards

Gift Cards

Giftldeas Registry Order Status

SignIn | Create Account

RDFa example: BestBuy

P Store Locator

@ PRODUCTS SERVICES DEALS

OVER 300 MORE BLACK FRIDAY DEALS REVEALED Preview the deals »

BestBuy » Computers & Tablets » Laptops » All Laptops » MacBooks » Product Info

Apple - MacBook Pro with Retina
display (Latest Model) - 13.3" Display -
8GB Memory - 128GB Flash Storage -
Silver

Enlarge

Model: MF839LL/A | SKU: 8532557 |

Customer Rating: 4.8 (2,938 customer reviews)

& Share 2 Pr

= Add to Cart

$1,299.9¢

FREE SHIPPING

Build a Bundle

Add to List

New from
$1,261.59
Open-Box from
$1,156.99
Pre-Owned from

On Sale: $1,109.00

Add to Registry

J Overview ’ Specifications Ratings & Reviews Accessories

Buying Options

Protection & Services

BOGKRFLTOSAN MY

Product Availability

®

Shipping: Usually leaves our warehou
1 business day

See when you can get it

Store Pickup:

-

Check Stores
Learn more about store pickup

Special Offers

See (9) Special Offers

Cardholder Offers

B  See (2) Financing Offers

-

Examples: Person = Social Network = Event = Place Product SVG

OCTYPE HTML>
51bflaell0 WA: 15.44.22 FE: 15.44.25-0728d£6
S s N

: "0da94980

ie ie7" lang="en"><I[endif
"je ieB" lang="en"><![endif
ie ie9" lang="en"><![endif
10)><html class="ie iel0" lang="en"><![endif]-->
10]><!--><html lang="en"><!--<![endif]-->

<head>
<title>Apple MacBook Pro with Retina display Latest Model 13.3" Display 8
<meta nt="IE=Edge,chrome=1">

cmeta N . - - Expert Service. Unbeatable Price. WeeklyAd  Credit Cards
<meta APPLE, MacBook Pro with Retina display - 1
<meta "description” "MacBook Pro with Retina display (Latest

<meta "viewport" conten
<meta name="format-detecti no">

<link rel="shortcut icon" “http://images.bbystatic.com/_baseStyles/i
<link rel="icon" href="http://images.bbystatic.com/_baseStyles/images/fav
<meta stitle" Apple - MacBook Pro with Retina displa
<meta propert:
<meta propert:
<meta propert:
<meta propert:
<meta propert:

width=1024">
"tel

@ PRODUCTS SERVICES DEALS
[<div class="alert-container"> <div class="alert-wrapper"> <div class="alert-header"> <h3
s e pro- e byalert-text">We're sorry, it appears that JavaScript is disabled in your browser. To view
: ito_na;gf"‘ggz:cﬁ:‘?gég‘g‘gﬁgf;bbyst““C -com/image2/Besy. g content of BestBuy.com, please enable JavaScript.</h3> </div> </div> <div
:description” content="MacBook Pro with Retina display |class="clearer"></div> </div>

"/site/appl o-with-retina-displlass

Visualization

Raw Data
O title: Apple - MacBook Pro with Retina display (Latest Model) - 13.3" Display - 8GB Memory - 128GB Flash &
O type: product
O un: pp! P l 1 play-8g| y-128g| g
Web Page O http://rdfa.inforplay/ O
O image: bbystatic.comi L s

O site_name: Best Buy

O description: MacBook Pro with Retina display (Latest Model) - 13.38#34; Display - 8GB Memory - 126GB Fla

http://rdfa.info/play/

FAKULTAT FUR 'NFORMATIK



Expert Service. Unbeatable Price.

@ PRODU

Best Buy » Computers & Tablets » Laptops » All Laptops » MacBooks » Product Info

Weekly Ad  Credit Cards

SERVICES DEALS

OVER 300 MORE BLACK FRIDAY DEALS REVEALED Preview the deals »

Apple - MacBook Pro with Retina
display (Latest Model) - 13.3" Display -
8GB Memory - 128GB Flash Storage -
Silver

Enlarge

Model: MF839LL/A | SKU: 8532557 |
Customer Rating: 4.8 (2,938 customer reviews)

Gift Cards

RDFa example: BestBuy

Giftldeas Registry Order Status P Store Locator

SignIn | Create Account -

Examples: Person = Social Network = Event = Place Product SVG

OCTYPE HTML>
nstance: 51bflaell0

& Share = Pt E 7)><html class: . i

E 8]><html class "en"><![endif

E 9]><html class "en"><![endif >

E 10)><html class "en"><![endif]-->

IE 10]><!--><html lang="en"><!--<![endif]-->
New from * Add to Cart <title>Apple MacBook Pro with Retina display Latest Model 13.3" Display 8
http-equi- _UA-Compatible" content="TE=Edge,chrome=1">

$1,261.59 http-equiv="Content-Type" content="text/html; charset=UTF-8"> Expert Service. Unbeatable Price. WeeklyAd  CreditCards ¢

$1,299.9¢

Open-Box from
$1.156.99 FREE SHIPPING ' 0 ten 024" .

shortcut icon" href="http://images.bbystatic.com/_baseStyles/i
Build a Bundle

rel="icon" href="http://images.bbystatic.com/_baseStyles/images/fav
t
Add to List

="APPLE, MacBook Pro with Retina display - 1
MacBook Pro with Retina display (Latest|
4>

% PRODUCTS SERVICES DEALS
[<div class="alert-container"> <div class="alert-wrapper"> <div class="alert-header"> <h3
byalert-text">We're sorry, it appears that JavaScript is disabled in your browser. To view
the full content of BestBuy.com, please enable JavaScript.</h3> </div> </div> <div

Pre-Owned from
On Sale: $1,109.00

property="o " content="Apple - MacBook Pro with Retina displa
property="o
property="o
property="o
property="o
<meta property="o

"/site/appl pro-with-retina-displdlass:
mage" content="http://pisces.bbystatic.com/image2/Bes

ite_name" content="Best Buy">
escription” content="MacBook Pro with Retina display [dass="clearer'></div> </div>

Add to Registry

Accessories

J Overview ’ Specifications Ratings & Reviews

Buying Options

Visualization | Raw Data
Protection & Services

Product Availabil lty O title: Apple - MacBook Pro with Retina display (Latest Model) - 13.3" Display - 8GB Memory - 128GB Flash S
® Shipping: Usually leaves our warehou

1 business day O type: product

See when you can get it

O ur: PP P Pl 1 play-8gl y-128g| g

P Store Pickup:

Check Stores Web Page O http://edfainforplay! O

Learn more about store pickup O image: bvstat . . ™ o

Special Offers

O site_name: Best Buy

See (9) Special Offers

O description: MacBook Pro with Retina display (Latest Model) - 13.38#34; Display - 8GB Memory - 126GB Fla

Visualization Raw Data

@prefix og: <http://ogp.me/ns#> .

<http://rdfa.info/play/>
og:title "Apple - MacBook Pro with Retina display (Latest Model) - 13.3\" Display - 8GB Memory - 128GB Flash Storage - Silver"gen;
og:type "product"@en;
og:url "/site/apple-macbook-pro-with-retina-display-latest-model-13-3-display-8gb-memory-128gb-flash-storage-silver/8532557.p?id=1219343246941&s
og:image "http://pisces.bbystatic.com/image2/BestBuy_US/images/products/8532/8532557_sa.jpg;canvasHeight=210;canvasWidth=210"€en;
og:site_name "Best Buy"@en;
og:description "MacBook Pro with Retina display (Latest Model) - 13.3&#34; Display - BGB Memory - 128GB Flash Storage,"@en .

http://rdfa.info/play/
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RDFa Example: Google Rich Snippets

Good Old Fashioned Pancakes Recipe - Allrecipes.com

| allrecipes.com/recipe/good-old-fashioned-pa...

Yk Rating: 4.6 - 5706 reviews - 20 mins - 158 cal

Make delicious, fluffy pancakes from scratch. This recipe uses 7
ingredients you probably already have.

Easy Pancakes - Good Old-Fashioned Pancakes - Buttermilk Pancakes |l
- Reviewer

FAKULTAT FUR INFORMATIK
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RDFa Example: Google Rich Snippets

Good Old Fashioned Pancakes Recipe - Allrecipes.com

| allrecipes.com/recipe/good-old-fashioned-pa...

Yk Rating: 4.6 - 5706 reviews - 20 mins - 158 cal

Make delicious, fluffy pancakes from scratch. This recipe uses 7
ingredients you probably already have.

Easy Pancakes - Good Old-Fashioned Pancakes - Buttermilk Pancakes |l
- Reviewer

Modern Times (1936) - IMDb
www.imdb.com/title/tt0027977/

Y% %% Rating: 8.6/10 - 70194 votes

Chaplins last 'silent’ film, filled with sound effects, was made when everyone else was
making talkies. Charlie turns against modern society, the machine...

Directed by Charles Chaplin. Starring Henry Bergman, Charles Chaplin.

Full cast and crew - Trivia - Plot Summary - Posters

FAKULTAT FUR INFORMATIK
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mn RDFa Example: Google Rich Snippets

Good Old Fashioned Pancakes Recipe - Allrecipes.com
| allrecipes.com/recipe/good-old-fashioned-pa...
¥~ Rating: 4.6 - 5706 reviews - 20 mins - 158 cal
Make delicious, fluffy pancakes from scratch. This recipe uses 7
ingredients you probably already have.

Easy Pancakes - Good Old-Fashioned Pancakes - Buttermilk Pancakes |l
- Reviewer

Modern Times (1936) - IMDb
www.imdb.com/title/tt0027977/

¥~ Rating: 8.6/10 - 70194 votes
Chaplins last ‘silent’ film, filled with sound effects, was made when everyone else was
making talkies. Charlie turns against modern society, the machine...
Directed by Charles Chaplin. Starring Henry Bergman, Charles Chaplin.

Full cast and crew - Trivia - Plot Summary - Posters

Enhanced search results created from RDFa Lite or Microdata

Currently supported types:
Product, Recipe, Review, Event, SoftwareApplication

FAKULTAT FUR INFORMATIK
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RDF-S
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TU 1 RDF-S (RDF Schema)

Provides primitive lightweight schemas for RDF triples:

= Vocabulary (class hierarchies, properties)

= Elementary inferences (multiple inheritance for classes and properties)

= First version in April 1998, W3C recommendation in Feb. 2004
= Every RDF Schema document is an RDF document

= Facilitates entailment regimes

= RDF-S vs. OWL:

— RDF-S is less expressive than OWL
— Many RDF-S components included in OWL

FAKULTAT FUR 'NFORMATIK



mn RDF-S: Purposes

1. Expectation:
Nominate

= the ‘types’ (i.e., classes) of things we might make assertions
about, and

= the properties we might apply, as predicates in these assertions,
to capture their relationships

2. Inference:
Given a set of assertions, using these classes and
properties, specify what should be inferred about
assertions that are implicitly made
— Type and property propagation
— subClass and subProp transitivity
— Domain and range inference

FAKULTAT FUR 'NFORMATIK
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U1 RDF-S Example

Schema
We expect to use this vocabulary to make assertions about music groups...

mo:MusicGroup rdfs:subClassOf foaf:Group . Turtle

Existing fact

Having made such an assertation...

<artist/blebbbfc-cf9e-42e0-bel7-e2c3eld2600d# >
rdf:type
mo:MusicGroup .

Turtle

FAKULTAT FUR INFORMATIK
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Schema

RDF-S Example

We expect to use this vocabulary to make assertions about music groups...

mo:MusicGroup rdfs:subClassOf foaf:Group .

Turtle

Existing fact

Having made such an assertation...

rdf:type
mo:MusicGroup .

<artist/blebbbfc-cf9e-42e0-bel7-e2c3eld2600d# >

Turtle

— Inferred fact

..Inferences can be drawn that we did not explicitly make.

rdf:type
foaf:Group .

<artist/blebbbfc-cf9e-42e0-bel7-e2c3eld2600d# >

Turtle

Adapted from Euclid learning materials by Barry Norton
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mn Signatures: Domain and Range

rdfs:domain
= |nstance of rdf:property

= Restricts the type of values of a property

mo:member rdfs:domain mo:MusicGroup . Turtle

rdfs:range
= |nstance of rdf:property

= Used to restrict the type of values of a property

mo:member rdfs:range foaf:Agent . Turtle

FAKULTAT FUR 'NFORMATIK
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mn RDF and RDF-S Vocabularies

RDFS Classes
rdfs:Resource
RDF Classes: rdfs:Class
rdf:Property, rdfs:Literal
rdf:Statement, rdfs:Datatype
rdf:XMLLiteral rdfs:Container
rdf:Seq, rdf:Bag, rdf:Alt, rdfs:ContainerMembershipProperty
rdf:List
RDF Properties: -
rdf:type, rdf:subject, RDFS Properties
rdf:predicate, rdf:object, rdfs:domain
rdf:first, rdf:rest, rdf: n™ __ rdfs:range
rdf:value rdfs:subPropertyOf
rdfs:subClassOf
RDF Resources: rdfs:member
rdf:nil rdfs:seeAlso
rdfs:isDefinedBy
rdfs:comment
rdfs:label
W3 http://www.w3.0rg/TR/2014/NOTE-rdf11-primer-20140624/ FAKULTAT FUR INFORMATIK
7 http://www.w3.org/TR/rdf-schema/



mn Looks like object-oriented programming, but...

= Properties are first-class citizens

= Multi-instantiation:
— resource can have several types
— can be the instance of several classes
— like multiple perspectives on/facets of a resource

= (OOQ: design decisions based on operational properties of a class

= RDF-S/OWL.: decisions based on structural properties of a class
— RDF-S/OWL are property-focused; OO is class-focused

— a class structure and relations among classes in an ontology are
different from the structure for a similar domain in an OO program

— Impedance mismatch: one-to-one class mapping between Objects
and RDF-S/OWL classes is problematic (e.g. multiple inheritance)

FAKULTAT FUR 'NFORMATIK



Main RDF-S constructs

Classes:
- rdfs:Resource all resources within RDF are implicitly members of this class
- rdfs:Class declares a resource as a class (type or category) for other resources;
instantiation of classes with rdf: Type
- rdfs:Literal literal values such as strings and integers (plain or typed)
- rdfs:Datatype class of datatypes (both an instance of and a subclass of rdfs:Class;
each instance of rdfs:Datatype is a subclass of rdfs:Literal)
Properties:
- rdfs:subClassOf allows to declare hierarchies of classes;
properties of super class are inherited
- rdfs:subPropertyOf all resources related by one property are also related by another
- rdfs:domain defines the scope of a property (see slide)
- rdfs:range defines the range of values of a property (see slide)
£)
- rdfs:comment used to provide a human-readable description of a resource ;.
- rdfs:seeAlso used to indicate a resource that might provide additional information g
- rdfs:isDefinedBy indicates a resource defining the subject source CE
(@]
oD

W3C htto:/iwww.w3.org/ TR/rdf-schemal
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TU 1 RDF-S Limitations

RDF(S) does not allow for

— Localized range and domain constraints

e.g., can’t express that the range of publishedBy is
Publisher when applied to Journal and Institution
when applied to TechnicalReport

— Existence and cardinality constraints

e.g., can’t express that all instances of Paper have an author
that is also a Person, or that papers must have at least 3
reviewers

— Transitive, inverse or symmetrical properties

e.g., can’'t express that isSubEventOf is a transitive property,
or that hasRole is the inverse of isRoleAt

FAKULTAT FUR 'NFORMATIK



OWL

2
5
5
5

FAKULTAT FUR INFORMATIK

Image: http://bnode.org/blog/2009/07/08/the-semantic-web-not-a-piece-of-cake



mn Web Ontology Language (OWL)

= \W3C Recommendation for the representation of Ontologies
= Full-fledged knowledge representation language for the web

= Provides wider range of ontological constructs and avoids some
of the potential confusion in RDF-S

= Formal foundations: Description Logics (DL)
— well-defined semantics
— well understood properties (e.g., computational complexity)
— allows to verify consistency of defined knowledge
— inferencing allows to make implicit knowledge explicit

— many tools available

= OWL models can be exchanged as RDF documents

CNs

FAKULTAT FUR 'NFORMATIK

Adapted from Euclid learning materials by Barry Norton



TU 1 OWL

OWL is made up of terms which provide for:

Class construction: forming new classes from membership of
existing ones (e.g., unionOf, intersectionOf, etc.).

Property construction: distinction between
- ObjectProperties (resources as values) and
- DatatypeProperties (literals as values).

Class axioms:
sub-class, equivalence and disjointness relationships.

Property axioms: sub-property relationship, equivalence and
disjointness, and relationships between properties.

Individual axioms:
statements about individuals (samelndividual, differentindividuals).

FAKULTAT FUR 'NFORMATIK
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Querying with SPARQL

FAKULTAT FUR INFORMATIK
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U1 SPARQL

SPARQL = SPARQL Protocol and RDF Query Language
Query language designed to use a syntax similar to SQL

Lets us:

— Retrieve and manipulate data stored in RDF

— Explore data by querying unknown relationships

— Perform complex joins of disparate databases in a single, simple query
— Transform RDF data from one vocabulary to another

History:

— Developed by W3C RDF Data Access Working group (DAWG)
— January 2008: SPARQL 1.0

— March 2013: SPARQL 1.1

Implementations:
— OpenLink Virtuoso (https://virtuoso.openlinksw.com)
— Apache Jena ARQ (http://jena.apache.orqg)

(‘
— Many more: https://www.w3.org/wiki/Sparglimplementations I ‘F‘

SPARQL

FAKULTAT FUR 'NFORMATIK



SQL
Based on relations (tables)

The relations (tables) to be
matched over should be indicated

(Retrieval) queries produce a
relation from a relation

Adapted from Euclid learning materials by Barry Norton

SPARQL vs. SQL

SPARQL
Based on labelled directed graphs

Assumes a default graph
(The FROM clause populates this

with specific identified subgraphs).

SELECT queries produce a relation
from a graph.

CONSTRUCT queries produce a
graph from a graph

FAKULTAT FUR 'NFORMATIK



mn SPARQL Standards

= SPARQL Query

— Declarative query language for RDF data
— http://www.w3.org/TR/rdf-sparql-query/

= SPARQL Algebra

— Defines the semantics of a SPARQL query execution
— http://www.w3.0rq/2001/sw/DataAccess/rq23/rq24-algebra.html

= SPARQL Update

— Declarative manipulation language for RDF data
— http://www.w3.0org/TR/sparql11-update/

= SPARQL Protocol

— Standard for communication between SPARQL services and clients
— http://www.w3.orq/TR/sparqgl11-protocol/

FAKULTAT FUR 'NFORMATIK
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SPARAQL Query 1.1

= SPARQL 1.0 only allows data access (querying)

= SPARQL 1.1 introduces:
—

Query extensions <

(

3

Updates =<

(

Federation extension

Adapted from EUCLID learning materials — “Querying Linked Data”

Aggregates, Sub-queries, Negation,
Expressions in the SELECT clause,

Property paths, assignment, short
form for CONSTRUCT, expanded set

of functions and operators
Data management:
Insert, Delete, Delete/Insert

Graph management:
Create, Load, Clear, Drop
Copy, Move, Add

Service, values, service variables
(informative)
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mn SPARQL Fundamentals

= RDF graph:
Set of RDF assertions, manipulated as a labeled directed graph

= RDF data set: set of RDF triples; comprised of
— one default graph
— zero or more named graphs

= SPARAQL protocol client: HTTP client that sends requests for SPARQL
Protocol operations (queries or updates)

= SPARQL protocol service:
HTTP server that services requests for SPARQL Protocol operations

= SPARQL endpoint: The URI at which a SPARQL Protocol service
listens for requests from SPARQL clients

FAKULTAT FUR 'NFORMATIK
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mn Conventions

Red text means:
“This is a core part of the SPARQL syntax or language.”

Blue/Black text means:

“This is an example of query-specific text or values that
might go into a SPARQL query.”

FAKULTAT FUR 'NFORMATIK



mn SPARQL Syntax Basics

RDF triple: dbpedia:The_Beatles foaf:name "The Beatles" .

RDF triple pattern: Contains one or more variables
dbpedia:The Beatles foaf:made ?album .

*album mo:track ?track .

?album ?p ?0 .

RDF quad pattern: includes graph name (URI or variable)

GRAPH <:g> {:s :p :0 .}
GRAPH ?g {dbpedia:The Beatles foaf:name ?0.}

FAKULTAT FUR 'NFORMATIK

Adapted from EUCLID learning materials — “Querying Linked Data”



mn SPARQL Query

= Key idea: Pattern matching
= Queries describe sub-graphs of the queried graph

= Graph patterns are RDF graphs specified in Turtle syntax
which contain variables (prefixed by either ? or $)

dbpedia: foaf:made
The Beatles

Sub-graphs that match the graph patterns yield a result

FAKULTAT FUR 'NFORMATIK



SPARQL Query Example (1)

FAKULTAT FUR 'NFORMATIK
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mn SPARQL Query Example (1)

ﬁ)ata \

dbpedia:

The_Beatles

foaf :made foaf:made

foaf:made

<http://
musicbrainz.org/
record/...>

<http://
musicbrainz.org/
record/...>

<http://
musicbrainz.org/

record/...>

dc:title dc:title dc:title

"Help!™" "Abbey Road" "Let It Be"

o

FAKULTAT FUR 'NFORMATIK
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SPARQL Query Example (1)

ﬁ)ata

foaf:made

foaf:made

<http://
musicbrainz.org/

dbpedia:
The_Beatles

<http://
musicbrainz.org/

~

foaf:made

<http://
musicbrainz.org/

record/...>

record/...>

record/...>

dc:title dc:title dc:title
\\\\‘ "Help!™" "Abbey Road" "Let It Be" 4////
7 - - - --F-"-"F"-—-—----—F¥-—/-—m:——_—_ - - =~
{ \
. Graph pattern :
| |
| dbpedia: foaf:madg ;
| The _Beatles » ralbum :
| )
\ v

Adapted from EUCLID learning materials — “Querying Linked Data”
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SPARQL Query Example (1)

ﬁ)ata

foaf:made

foaf:made

<http://
musicbrainz.org/

dbpedia:
The_Beatles

<http://
musicbrainz.org/

~

foaf:made

<http://
musicbrainz.org/

record/...>

record/...>

record/...>

dc:title dc:title dc:title
\\\\‘ "Help!™" "Abbey Road" "Let It Be" 4////
7 - - - --F-"-"F"-—-—----—F¥-—/-—m:——_—_ - - =~
{ \
. Graph pattern :
| |
| dbpedia: foaf:madg ;
| The _Beatles » ralbum :
| )
\ v

Adapted from EUCLID learning materials — “Querying Linked Data”
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mn SPARQL Query Example (1)

ﬁData \

dbpedia:

The_Beatles

foaf :made foaf:made

foaf:made

<http://
musicbrainz.org/
record/...>

<http://
musicbrainz.org/

record/...>

<http://
musicbrainz.org/

record/...>

dc:title dc:title dc:title

"Help!™" "Abbey Road" "Let It Be"

ST T T ™\ Results

?album

<http://musicbrainz.org...>

I

I

foaf:made |
> ?album I
I

|

dbpedia:
The Beatles

<http://musicbrainz.org...>

<http://musicbrainz.org...>

FAKULTAT FUR INFORMATIK
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mn SPARQL Query Example (2)

ﬁ)ata \

dbpedia:

The_Beatles

foaf :made foaf:made

foaf:made

<http://
musicbrainz.org/
record/...>

<http://
musicbrainz.org/
record/...>

<http://
musicbrainz.org/

record/...>

dc:title dc:title dc:title

"Help!™" "Abbey Road" "Let It Be"

o

FAKULTAT FUR 'NFORMATIK
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mn SPARQL Query Example (2)

ﬁ)ata \

dbpedia:

The_Beatles

foaf :made foaf:made

foaf:made

<http://
musicbrainz.org/
record/...>

<http://
musicbrainz.org/
record/...>

<http://
musicbrainz.org/

record/...>

dc:title

dc:title

dc:title

"Help!™" "Abbey Road" "Let It Be"

[ Graph pattern e

€08

?album

dbpedia:
The_ Beatles

I
I
I
ldc:title|
I
Ptitle :

FAKULTAT FUR 'NFORMATIK
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mn SPARQL Query Example (2)

ﬁ)ata \

dbpedia:

The_Beatles

foaf :made foaf:made

foaf:made

<http://
musicbrainz.org/
record/...>

<http://
musicbrainz.org/
record/...>

<http://
musicbrainz.org/

record/...>

dc:title

dc:title

dc:title

"Help!™" "Abbey Road" "Let It Be"

[ Graph pattern e

€08

?album

dbpedia:
The_ Beatles

I
I
I
ldc:title|
I
Ptitle :

FAKULTAT FUR 'NFORMATIK
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SPARQL Query Example (2)

ﬁ)ata

foaf:made

<http://
musicbrainz.org/

~

dbpedia:

The_Beatles
foaf:made

foaf:made

<http://
musicbrainz.org/

<http://
musicbrainz.org/

dc:title

record/...>

record/...> record/...>

dc:title dc:title

\\\\‘ "Help!" "Abbey Road" "Let It Be" 4////
{/ ’G_ N _h_ N _tt _____________ ™\ Results
rapn patiern e ?album ?album  “?title

dbpedia:
The_ Beatles

€08

I
I
I
ldc:title| . . .
| <http://...> Help!
>title | <http://...> "Abbey Road"
/I <http://...> "Let It Be"
e

FAKULTAT FUR 'NFORMATIK
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mn Query Forms

SPARQL supports the following query forms:

= ASK

tests whether or not a query pattern has a solution.
Returns yes/no

= SELECT
returns variables and their bindings directly

= CONSTRUCT
returns a single RDF graph specified by a graph template

= DESCRIBE

returns a single RDF graph containing RDF data about
resource

FAKULTAT FUR 'NFORMATIK
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Declare prefix
shortcuts —
(optional)

Define the
dataset (optional)

Query modifiers /

(optional)

<

1

S —

Anatomy of a SELECT query

PREFIX foo: <.>
PREFIX bar: <.>

SELECT o \
FROM <..> Query result

clause
FROM NAMED <..>

WHERE { )

} Query pattern

GROUP BY ..
HAVING ..
ORDER BY ..
LIMIT ..
OFFSET ..
VALUES ..

FAKULTAT FUR INFORMATIK
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mn Anatomy of a SELECT query

PREFIX dbpedia: <http://dbpedia.org/resource/»
PREFIX foaf: <http://xmlns.com/foaf/0.1/>
PREFIX dc: <http://purl.org/dc/elements/1.1/>
PREFIX mo: <http://purl.org/ontology/mo/>

SELECT ?album
FROM <http://musicbrainz.org/20130302>
WHERE {
dbpedia:The Beatles foaf:made ?album .
?album a mo:Record ;
dc:title ?title

ORDER BY ?title

Prologue:
« Namespaces are added with the PREFIX directive

« Subtly different from Turtle syntax - the final period is not used

FAKULTAT FUR INFORMATIK
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mn Anatomy of a SELECT query

PREFIX dbpedia: <http://dbpedia.org/resource/>
PREFIX foaf: <http://xmlns.com/foaf/0.1/>
PREFIX dc: <http://purl.org/dc/elements/1.1/>
PREFIX mo: <http://purl.org/ontology/mo/>

SELECT ?album
FROM <http://musicbrainz.org/20130302>
WHERE {
dbpedia:The Beatles foaf:made ?album .
?album a mo:Record ;
dc:title ?title

ORDER BY ?title

Query form:
= ASK, SELECT, DESCRIBE or CONSTRUCT

= SELECT retrieves variables and their bindings as a table
FAKULTAT FUR INFORMATIK
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mn Anatomy of a SELECT query

PREFIX dbpedia: <http://dbpedia.org/resource/>
PREFIX foaf: <http://xmlns.com/foaf/0.1/>
PREFIX dc: <http://purl.org/dc/elements/1.1/>
PREFIX mo: <http://purl.org/ontology/mo/>

SELECT ?album
FROM <http://musicbrainz.org/20130302>
WHERE {
dbpedia:The Beatles foaf:made ?album .
?album a mo:Record ;
dc:title ?title

1
Data set specification:

= This clause is optional
= FROM or FROM NAMED

= Indicates the sources for the data against which to find matches

FAKULTAT FUR INFORMATIK
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mn Anatomy of a SELECT query

PREFIX dbpedia: <http://dbpedia.org/resource/>
PREFIX foaf: <http://xmlns.com/foaf/0.1/>
PREFIX dc: <http://purl.org/dc/elements/1.1/>
PREFIX mo: <http://purl.org/ontology/mo/>

SELECT ?album
FROM <http://musicbrainz.org/20130302>
WHERE {
dbpedia:The Beatles foaf:made ?album .
?album a mo:Record;
dc:title ?title

ORDER BY ?title

Query pattern:
=  Statement patterns to match against data specified between “{}”
= Generalizes Turtle with variables and keywords (final period optional)

FAKULTAT FUR INFORMATIK
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mn Anatomy of a SELECT query

PREFIX dbpedia: <http://dbpedia.org/resource/>
PREFIX foaf: <http://xmlns.com/foaf/0.1/>
PREFIX dc: <http://purl.org/dc/elements/1.1/>
PREFIX mo: <http://purl.org/ontology/mo/>

SELECT ?album
FROM <http://musicbrainz.org/20130302>
WHERE {
dbpedia:The Beatles foaf:made ?album .
?album a mo:Record;
dc:title ?title

ORDER BY ?title

Solution modifier:

= Modify the result set

= ORDER BY, LIMIT or OFFSET reorganize rows
= GROUP BY combines them

Adapted from EUCLID learning materials — “Querying Linked Data”
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mn Query Form: ASK

Query: Is Paul McCartney member a of ‘The Beatles’?

PREFIX dbpedia: <http://dbpedia.org/resource/>
PREFIX dbpedia-ont: <http://dbpedia.org/ontology/>
PREFIX mo: <http://purl.org/ontology/mo/>

ASK WHERE { dbpedia:The_Beatles mo:member
dbpedia:Paul McCartney. }

FAKULTAT FUR INFO