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What I've planned for today: “U
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= Part 1:

= Interlude

= Practical examples on querying Open KGs with SPARQL

= Challenges/limitations of SPARQL over public endpoints
= Part 2:

= Serve and query KGs for local processing — HDT

= Addressing the SPARQL endpoint bottleneck — where are we?
= Linked Data Fragments
=  Smart-KG
= Wise-KG

PAGE 2 /FOU(S b8 aacss <" AMBA



sssssssss

Standard format(RDOY& W/ /e
Standard Query language (SPARQL) for Graph Data

= Data representation
= RDF (= Resource Description Framework)

= a standard Format for publishing Graph Data on the Web.
= Can be seen as a labeled graph 4
= Querying
= SPARQL
= a query language (similar to SQL) for RDF data E‘fq
SPARgL
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WIRTSCHAFTS

RDF was invented for the Web, for “U

INIVERSITAT

annotating Webpages with "typed links"

AND BUSINESS

< c @ Q_ polleres.net/ 133%

Curriculum Vitze | Research | Publications | Teaching | Presentations | Supervised Theses | Links is A

Univ.-Prof. Dr. Axel Polleres &>

Head of the Institute for Information Business at WU Wien (Vienna University of Economics & Business).

v

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

Contact Information
@ +43-1-31336/5200 (landline)

@ sip:AxelPolleres@ekiga.net (VoIP)

T — http://xmlins.¢om/foaf/0.1/workplaceHomepage

K:_:] axel dot polleres arroba wu dot ac dot at

[Z] Vienna University of Economics and Business

Axel Polleres Institut fiir Informationswirtschaft — < ¢ o © & https://wwwwu.ac.at
Gebdude D2, 3. OG
Welthandelsplatz 1, 1020 Wien, Austria STUDIERENDE ALUMNI PRESSE MITARBEITENDE CORPORATE RELATIONS

RDF uses URIs for the links to define their Semantics, i.e.,
when you look up these links, you can find out what

http://xmlns.com/foaf/0.1/workplaceHomepage
means! NS —

UNIVERSITAT
WIEN VIENNA

STUDIUM ~ FORSCHUNG ~

UNIVERSITY OF
ECONOMICS

You find such RDF links on my Homepage!
Click on @Don http://polleres.net
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http://xmlns.com/foaf/0.1/workplaceHomepage
http://xmlns.com/foaf/0.1/workplaceHomepage
http://polleres.net/
http://xmlns.com/foaf/0.1/Person

RDF Triple: Wz

UNIVERSITY OF
ECONOMICS
AND BUSINESS

= A triple of URLs

<http://www.polleres.net#me> <http://xmlns.com/foaf/0.1l/workplaceHomepage> <http://www.wu.ac.at> .

= ... can be seen as an edge in a Graph:

workplaceHomepage
polleres.net#me
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RDF vocabularies 1/2: “U

UNIVERSITY OF
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Vocabularies (collections of URIs to define meaning for Links) are identified by a common URI prefix:

The

RDF Core (rdf: http://www.w3.0rg/1999/02/22-rdf-syntax-ns#) and
RDFS Schema (rdfs: http://www.w3.0rg/2000/01/rdf-schema#)

vocabularies define basic meaning for relations such as is-A, subclasses/subproperties, (human-readable) labels,
etc. according to the RDF specification:

= Important URIs that used for links (in many KGs):

http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type (or short rdf:type)
http://www.w3.0rg/2000/01/rdf-schema#label (or short rdfs:label)
http://www.w3.0rg/2000/01/rdf-schema#subPropertyOf (or short rdfs:subClassOf)
http://www.w3.0rg/2000/01/rdf-schema#subClassOf (or short rdfs:subPropertyOf)
http://www.w3.0rg/2000/01/rdf-schema#domain (or short rdfs:domain)
http://www.w3.0rg/2000/01/rdf-schema#range (or short rdfs:range)

e ‘
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http://www.w3.org/1999/02/22-rdf-syntax-ns
http://www.w3.org/2000/01/rdf-schema
https://www.w3.org/TR/rdf11-primer/
http://www.w3.org/1999/02/22-rdf-syntax-ns
http://www.w3.org/2000/01/rdf-schema
http://www.w3.org/2000/01/rdf-schema
http://www.w3.org/2000/01/rdf-schema
http://www.w3.org/2000/01/rdf-schema
http://www.w3.org/2000/01/rdf-schema

RDF vocabularies 2/2:

UNIVERSITY OF
ECONOMICS
AND BUSINESS

= Other vocabularies:

= foaf: Prefix: http://xmlns.com/foaf/0.1/ ... The "Friend-of-a-friend' vocabulary models common
properties of and classses relating to Persons and social relationships. E.g.:

Properties: FOAF Vocabulary Specification 0.99

- name Namespace Document 14 January 2014 - Paddington Edition
hie ‘f“io":\ Vioaf/spec/201 html (rdf

- nickname I.alesr'\‘r ins.com/foat/s; 140114 html (rdlf)

er:
htip:/xmins.com/foatispec! (i)
Previous version:

5.com/foaf/spec/20100809.htmi
. workplaceHomepage AMthlexm\n m/foat/spec/201 html (rdf)
Dan Engk\gy, Libby Miller
Contributors:
- knows Members of the FOAF maling st (oa-dev(@lss.foatrojec org) and the wider FDF and Semantc Web developer
communit. See acknowledgements.

Copyright © 2000-2014 Dan Brickley and Lisby Miler

This work is licensed under a Creative Commons Atirbution License. This copyright applies 10 the FOAF g -
Vocabulay Specifcaon andsceomsaryngCocumenaion n DT, Reqating tnderyig ocholog, FOAF
Classes: uses W3C's RDF technology, an open Web standard that can be freely used by any

- Agent Abstract

This specification describes the FOAF language, defined as a dictionary of named properties and classes using W3C's
[ Person RDF technology.
FOAF Is & proect devaled to linking people and information using the Web. Regardess of whether informatin is in

" people's heads, in physical or digta documents,or i the form of fectal da n be linked. FOAF integrates three kinds
Document of network: social networks of human collaboration, friendship and association; lep!esemalronal networks that describe a

Simpid view of a carioon unverse n laclual (erms ‘and.information networks that use Web-based nking 1o shara
independently published descriptions of this ected world. FOAF does not compete with socially-oriented Web

sites, rather it prov ront sites can tol iforent parts of the larger story and by which users
] I mage can retain some control over their information in a non-proprietary format.

= schema: Prefix: http://schema.org/
= Classes and properties important for search engines
= (founded by Google, Microsoft, Yahoo and Yandex)

= or domain/KG-specific vocabularies, eg. e

-

About  Schemas  Documentation

o&gp Schema.org is a collaborative, community activity with a mission to create, maintain, and promote schemas for structured
- data on the Internet, on web pages, in email messages, and beyond.
= dbo: (DBpedia Ontology) T

a Schema.org vocabulary can be used with many different encodings, including RDFa, Microdata and JSON-LD. These

vocabularies cover entities, relationships between entities and actions, and can easily be extended through a well-

= wd: , wdt: ( Wikidata entities and prope rtie s) | I I | I documented extension model.Over 10 million stes use Schern.org 1o markup theirweb pages and el messages. Many

applications from Google, Microsoft, Pinterest, Yandex and others already use these vocabularies to power rich, extensible
experiences.

Founded by Google, Microsoft, Yahoo and Yandex, Schema.org vocabularies are developed by an open community process,
using the public-schemaorg@w3.org mailing list and through GitHub.

A shared vocabulary makes it easier for webmasters and developers to decide on a schema and get the maximum benefit
PAG E 7 for their efforts. It is in this spirit that the founders, together with the larger community have come together - to provide a
shared collection of schemas.


http://xmlns.com/foaf/0.1/
http://schema.org/

RDF Syntaxes — A simple RDF file: “U
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simplel.nt in NTriples Syntax :

<http

<http:
<http:
<http:
<http:
<http:
<http:
<http:
<http:

2/ /www.
[ /www .
[ /www .
[ /www .
[ /www .
[ /www .
[ /www .
[ /www .

[/ /www .
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example

example.
example.
example.
example.
example.
example.
example.

example.

.org/klaus>

org/klaus>
org/alice>
org/alice>

org/alice>

<http
<http
<http
<http
<http

://xmlns.
://xmlns.
://xmlns.
://xmlns.

://xmlns.

com/foaf/0.
com/foaf/0.
com/foaf/0.
com/foaf/0.
com/foaf/0.

1/knows> <http://www.example.org/karl> .
1/nickname> "Niki"

1/knows> <http://www.example.org/bob>
1/knows> <http://www.example.org/karl> .

1/name> "Alice Wonderland"

org/karl> <http://xmlns.com/foaf/0.1/name> "Karl Mustermann"

org/karl> <http://xmlns.com/foaf/0.1/knows> <http://www.example.org/joan>

org/bob> <http://xmlns.com/foaf/0.1/name> "Robert Mustermann"

org/bob> <http://xmlns.com/foaf/0.1/nickname> "Bobby"

[ B
“fouis [ mcss <G AMBA


http://balrog.ai.wu.ac.at/~apollere/BA2/SPARQL_step_by_step/simple1.nt
https://www.w3.org/TR/n-triples/

RDF Syntaxes — A simple RDF file:
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simplel.ttl in Turtle (Terse RDF Language) Syntax is a bit more readable:

# using the FOAF vocabulary, see http://xmlns.com/foaf/spec/

@prefix : <http://www.example.org/>
@prefix foaf: <http://xmlns.com/foaf/0.1/>.

:klaus foaf:knows :karl

:klaus foaf:nickname "Niki".

:alice foaf:knows :bob

:alice foaf:knows :karl

:alice foaf:name "Alice Wonderland"
:karl foaf:name "Karl Mustermann"
:karl foaf:knows :joan.

:bob foaf:name "Robert Mustermann"

:bob foaf:nickname "Bobby"

PAGE 9
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http://balrog.ai.wu.ac.at/~apollere/BA2/SPARQL_step_by_step/simple1.ttl
https://www.w3.org/TR/turtle/

RDF Syntaxes — A simple RDF file: “U

UNIVERSITY OF
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simplel.ttl in Turtle (Terse RDF Language) Syntax is a bit more readable -

Turtle Syntax also allows some shortcuts to group Triples with common subjects:

# using the FOAF vocabulary, see http://xmlns.com/foaf/spec/

@prefix : <http://www.example.org/> .
@prefix foaf: <http://xmlns.com/foaf/0.1/>.

:klaus foaf:knows :karl ;

foaf:nickname "Niki".

:alice foaf:knows :bob , :karl ; foaf:name "Alice Wonderland"
:karl foaf:name "Karl Mustermann" ; foaf:knows :joan.
:bob foaf:name "Robert Mustermann" ; foaf:nickname "Bobby"

Note: We will need Turtle Syntax for querying RDF data!
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http://balrog.ai.wu.ac.at/~apollere/BA2/SPARQL_step_by_step/simple1.ttl
https://www.w3.org/TR/turtle/

Standards have lead to big open KGs... “U

uuuuuuuuuu
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= ... some of which availabe on the Web
= ... queryable via SPARQL endpoints!

X Ll
DBmdla WIKIDATA

1,101,215,718 triples/edges 13,602,048,837 triples/edges

= plus useful convenience tools:

= http://prefix.cc/ ... find out common URI prefixes for formulating queries

= http://yasqui.triply.cc/ ... really nice frontend for querying SPARQL endpoints, e.g. DBpedia
= https://query.wikidata.org/ ... really nice frontend specifically for querying Wikidata

= Plus tons of APIs (e.g. Python, R packages, etc.)

L e .
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http://prefix.cc/
http://yasgui.triply.cc/
https://query.wikidata.org/
https://api.triplydb.com/s/BLOlDrGoK
https://w.wiki/4mN9

Standards have lead to big open KGs... “U

INIVERSITAT
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UNIVERSITY OF

... plus (even bigger?) closed KGs e

Entities

. plus growing interest of Enterprises in KGs
= Success stories of mainly monolithic (but huge) Knowledge Graphs rather than a

https://www.slideshare.net/Frank.van.Harmelen

network of Linked small KGs: /adoption-of-knowledge-graphs-late-2019
o Tencent iifl Pro.t. 3%USGS Go g.le
£ Bad=E Pubkmed 1> Bing
L00E+9 B Alibaba.com E;ff“ g) C“h'ﬁlfé?} i e e s

- VAN
1.00E+8 F l & lEEUWENHOEK“ | B \ El)c
1.00E+7 . BLI airbnb MAASTRO E E V%U uork

europeana ' Aames
NG

DBpedla Dutch Items in DBpedla German DBpedia Google KG Diffbot KG  Linked = ETFLI Lol
EN Tmy Nanonal Wikidata Largesx (claim)  (DBpedia Open Data . 7 k SN
Diamond (measured) Dlamond (planned) Diamond Member) Cloud . 1. REUTE RS
(measured) (measured) [( ) (claim) (estimate) ; -

il 4 gm\— Bloomberg Pverheid.n

A SEPA
CONERESS / Uriis Sewves
&‘ tiongovak Sominrri oo

https://www.dbpedia.org 2021 Open KGs (April 2021) (BnF N /::: 9

DBpedia ~4.58m e !.D Wolters Kluwer Bodleian Librarics m /\ Y%\.\\\‘ n S
‘II I I |a Yagod ~50m enti !955; Walmart e
WIKIDATA , ’ @ A
Wikidata ~93m enti f by - Deloitte.

y = SPRINGERNATURE amazoncom accenture
.. ELSEVIER _
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https://www.dbpedia.org/
https://www.slideshare.net/Frank.van.Harmelen/adoption-of-knowledge-graphs-late-2019

How do we query these KGs in practice? “U

uuuuuuuuuu
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= ... SPARQL!

s ‘
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RDF used in practice on the Web: WU

DBpedia - a "Database-version" of Wikipedia:

AND BUSINESS

For e region of

= — -+ One of the central datasets of the Linked Open Data-Cloud

« RDF extracted from Wikipedia-Infoboxes

* You can use a language called SPARQL endpoint (roughly: SQL
for RDF) to do structured queries over RDF:

+ ,Cities in the UK with more than 1M population™:

Structured queries
(SPARQL):

2DBpedia  @sowsewsng - B Fomats - 4 Faceted Browser (4 Sparcy Endpoint

About: London

| Anran flandand o tha nanital and 4 il it af Ennland and t] n“yasﬂ QE“{S':]“[ (l V( !¥h¥8ﬂ

¢ .

founded by the Romans, who named it Londinium, Londor's ancient core, the PREFIX : <http://dbpedia.org/resource/>

City of London, largely retains its 1.12-square-mile (2.9 km2) medieval PREFIX dbO: <http: //dbpedla . org/ontology/>

Roundaries. Since at least the 19th century, *London” has also referred to the .
Automatic opois around this core, historically split between Middlesex, Essex, Surrey, PREFIX yago: <http://dbpedia.org/class/yago/>
d Hertfordshire, which today largely makes up Greater London,
Exctractors Ened by the Mayor of London and the London Assembly. )
SELECT DISTINCT ?city ?pop WHERE {
?city a yago:Cityl08524735 .
?city dbo:country :United Kingdom.
?city dbo:populationTotal ?pop

vaie

sty » 85180

= Londion Muncend I the capita and most populcus city of England and the.
Standing on the River Tharmes in the souh east of the isiand of Great Britar]

FILTER ( ?pop > 1000000 )
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https://en.wikipedia.org/wiki/London
http://dbpedia.org/resource/London
http://yasgui.org/short/UVOyhX8ft

RDF used in practice on the Web: “U

1111111111

Another Open Knowledge Graph: Wikidata

NNNNNNNNN

= glightly different idea than DBpedia:
= a Wikimedia foundation project itself
= put simply: "replace factual data within Wikipedia by a (graph) Database"

= Wikidata can also be queried as RDF with SPARQL!

WIKIDATA

s ‘
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Let's learn some SPARQL with Wikidata
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= “Simple” surface query:
Which cities in the UK have more than 1M people?

SELECT DISTINCT ?city WHERE ({

= What's this?

PAGE 16

?city wdt:P31/wdt:P279* wd:Q515.
?city wdt:P1082 ?population
?city wdt:P17 wd:Q38

FILTER (?population > 1000000) }

instance of (P31)

that class of which this subject is
a particular example and
member. (Subject typically an
individual member with Proper
Name label.) Different from P279

(subclass of).

subclass of (P279)

all instances of these items are
instances of those items; this
item is a class (subset) of that
item. Not to be confused with
Property:P31 (instance of).

city (Q515)
large and permanent human

settlement

population (P1082)
number of people inhabiting the
place; number of people of

subject

country (P17)

sovereign state of this item

United Kingdom (Q145)
country in Europe

L e .
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https://query.wikidata.org/

Let's learn some SPARQL with Wikidata “U

uuuuuuuuuu
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SSSSSSSSSSS

= You can try out the queries on http://query.wikidata.org/

https://www.wikidata.org/entity/Q41176 (wd:Q41176) ... Building
http://www.wikidata.org/prop/direct/P31 (wdt:P31) ... instanceOf

Triple Patterns (TPs): Try this query for

"Give me 10 buildings”

https://w.wiki/4TAP

L e .
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http://query.wikidata.org/
https://www.wikidata.org/entity/Q41176
http://www.wikidata.org/prop/direct/P31
https://w.wiki/4TAP

Let's learn some SPARQL with Wikidata “U

NNNNNNNNN

= You can try out the queries on http://query.wikidata.org/

https://www.wikidata.org/entity/Q41176 (wd:Q41176) ... Building
http://www.wikidata.org/prop/direct/P31 (wdt:P31) ... instanceOf

Basic Graph patterns (BGPs): "Join" between edges/triples:

"Give me 10 buildings in Austria”

https://w.wiki/4TAY

s ‘
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http://query.wikidata.org/
https://www.wikidata.org/entity/Q41176
http://www.wikidata.org/prop/direct/P31
https://w.wiki/4TAY

Let's learn some SPARQL with wikidata “U

uuuuuuuuuu
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= You can try out the queries on http://query.wikidata.org/

https://www.wikidata.org/entity/Q41176 (wd:Q41176) ... Building
http://www.wikidata.org/prop/direct/P31 (wdt:P31) ... instanceOf

UNION between patterns:
Try this query for "Give me 10 buildings in Austria or Germany"

https://w.wiki/4TAf
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http://query.wikidata.org/
https://www.wikidata.org/entity/Q41176
http://www.wikidata.org/prop/direct/P31
https://w.wiki/4TAf

Let's learn some SPARQL with wikidata “U

NNNNNNNNN

= You can try out the queries on http://query.wikidata.org/

https://www.wikidata.org/entity/Q41176 (wd:Q41176) ... Building
http://www.wikidata.org/prop/direct/P31 (wdt:P31) ... instanceOf

FILTERs (similar to WHERE conditions in SQL):
"Give me the German labels of 10 buildings in Austria or Germany"

https://w.wiki/4TAk

s ‘
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http://query.wikidata.org/
https://www.wikidata.org/entity/Q41176
http://www.wikidata.org/prop/direct/P31
https://w.wiki/4TAk

Let's learn some SPARQL with wikidata “U

uuuuuuuuuu

NNNNNNNNN

= You can try out the queries on http://query.wikidata.org/

https://www.wikidata.org/entity/Q41176 (wd:Q41176) ... Building
http://www.wikidata.org/prop/direct/P31 (wdt:P31) ... instanceOf

OPTIONAL (similar to OUTER JOIN in SQL):

"Give me the German labels of 10 buildings in Austria and their architect (if available)"

https://w.wiki/4TAn

s ‘
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http://query.wikidata.org/
https://www.wikidata.org/entity/Q41176
http://www.wikidata.org/prop/direct/P31
https://w.wiki/4TAn

Full details of SPARQL and many more “U

,,,,,,,,,,,
..........
NNNNNNNNNN
. IIIIIIIIIIII
examples
[}

NNNNNNNNN

= https://www.w3.org/TR/sparglll-query/

= Supported by various modern graph databases.

L e .
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https://www.w3.org/TR/sparql11-query/

What I've planned for today: “U

cccccccccc
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= Part 1:

= Interlude

= Practical tutorial on querying Open KGs with SPARQL

= (some) Challenges/limitations of SPARQL over public endpoints
= Part 2:

= Serve and query KGs for local processing — HDT

= Addressing the SPARQL endpoint bottleneck — where are we?
= Linked Data Fragments
=  Smart-KG
= Wise-KG
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Challenge 1: Often, you also need to deal

UNIVERSITAT
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with contextualized information e

PAGE 24

= E.g. from DBpedia

Rome a8
From Wipada, the e encycopeda SO p————

For other uses, see Flome (disambiguation)
Rome (Latin and takan: Aoma [rorma) ==

st 5 the caphal cty and a special e
comune o aly (namad Comune & Roma

Captaie). Rome aiso serves as e Coplel sy and cosmme
captal of e Lazio regon. Wih 2.072.000 Rome Capltele
residents n 1,288 ko (496.1 5 "
s s the courtry's most popudated
comune. s ihe ouh most posulous
cty i the Eurcpean Unicn by population
within gy s It s the cerire of e
Mavosoitan Ciy of Rorme, which has a
populason o 4.365,725 residerss, thus
making 2 P most pogaious metropoitan
Gty in Ry 7 Rome is ocated n e
cortral wessern porton o e latan
Porinsuta, witin Lazo (Lasum), song
he shcres of the Tioe. The Vatican Ciy
(e smatest country in the work? s an

About: Rome

A0 sty 8 Yypa - Comrm, o N Cengh M1/, it Dat Sgace - ke o

Rome (/room/ ROHM: italan: Roma [rommal , Latin: Roma) is a city and specal
My and of the
http://dbpedia.ora/resource/Rome .z isasote
[ S SE—Y T
the European Union by population within city imits. The Metropoiitan City of
Rome has a population of 4.3 milion residents. The city is located in the

https://en. wikipedia.ora/wiki/Rom

reason Aome has been ofen detined as
capital f two states 11

from "
Rome's hstory spans 28 canturies. Whie L Automatic

ah-wostom porion of the taan Peninsua, whin Lazio (Latu), akong the

Roman mytiningy diteo S fomnding of Exctractor shores of Tioer iver, The Vatican Gy is an independent country geographically
e Jocated wahin the city boundaries of Rome, the only axis ofa
esgmed Country Wihe) i e often defined as capd

stes in Europe 1 The ciy's earty
populason ongrated from & mix of Lates,
Evuscans, and Sabies. Eventialy. the
Gty successively became the capeal of
the Roman Kngdom, e Roman
Republc and he Aoman Empve, and s
regurded by some as e fest over Population (30 Aget 2018)
metropoks 7 It was frst cated The + Rank 1ot Ry (492 in EV)
Etomal Oty (Latin: Urbs Astevna; Raen:
La G Exorma) by the Roman poet
Tiouus in the 18t century BC, and the

Virginia Ragy (MSS) Isd:integer)

Country
Region
Government
000 of he oldest continucusly occupied | Lo
Boay
Mayor
Area
Total 1,288 ke (496.3 5 m)
Eevaton

»Cities in the Italy with more than 1M populatj

PREFIX : <http://dbpedi,
PREFIX dbo: <http://dbp
PREFIX yago: <http://

SELECT DISTINCT 2city Jfpop WHERE {

Doesn’t

work!

prg/resource/>
ia.org/ontology/>
edia.org/class/yago/>

?city a yago:Cityl0B524735
?city dbo:country :Italy.
?city dbo:populationTotal ?pop

FILTER ( ?pop > 1000000 )

::::::smw ®m 4321244 (xsd:integer)

Lo .
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https://en.wikipedia.org/wiki/Rome
http://dbpedia.org/resource/Rome
http://yasgui.org/short/UVOyhX8ft

Challenge 1: Wikidata as RDF ... In Wikidata even
context information can be queried by SPARQL

WIRTSCHAFTS
UNIVERSITAT

WIEN VIENNA
UNIVERSITY OF
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AND BUSINESS

= However, Wikidata has more complex info:

(temporal context, provenance,...)

= Rome:

population

= https://www.wikidata.org/wiki/Q220

... Can I query that with SPARQL? Yes!

I wikicta Query servie

= Examples

© Help

2 SELECT ?city (min(?time) as ?year) WHERE {

?2city wdt:P31/wdt:P279* wd:Q515.
?2city wdt:P17 wd:Q38 .

?city p:P1082 ?statement .

6 ?statement <http://www.wikidata.org/prop/statement/value/P1082> ?value .
?statement <http://www.wikidata.org/prop/qualifier/P585> 2time .

-

£+ More tools

?value <http://wikiba.se/ontology#quantityAmount> ?population .
FILTER (?population > 1000000 )

} GROUP BY 2city
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https://w.wiki/4rs

v

S 8,416,535+0
point in time
determination method

~ 1 reference

reference URL

s 1,011,15710

point in time

determination method

method

Z edit
2012

estimation

http://www.ons.gov.uk/ons/rel
/pop-estimate/population-
estimates-for-england-and-
wales/mid-2012/mid-2012-
population-estimates-for-
england-and-wales.html &

+ add reference

Z edit
1801

census

http://www.visionofbritain.org.uk
/data_cube_page.jsp?data_them
e=T_POP&
data_cube=N_TOT_POP&
u_id=10097836&
¢_id=100010438add=Ng

+ add reference

Z edit
1811

census

http://Awww.visionofbritain.org.uk
/data_cube_page.jsp?data_them
e=T_POP&
data_cube=N_TOT_POP&
u_id=10097836&

L e .
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https://www.wikidata.org/wiki/Q220
https://w.wiki/4rs
https://w.wiki/4rs

Challenge 1: Contextualized information in

RDF

WIRTSCHAFTS
UNIVERSITAT

WIEN VIENNA
UNIVERSITY OF
ECONOMICS

AND BUSINESS

no standard as of yet. State of affairs:

= Wikidata has its own proprietary extension (cf. last slide)

= Alternative representations/engines involve Property Graphs
= ongoing work: RDF*/SPARQL* community group

capitalOf

Name: Rome
Type: City

added: 2019-06-11
author: @Alice

PAGE 26

Q5119

type: capitalOf
added: 2019-06-12
author: @Bob

validityrFrom: 1861

s Q38

g ltaly

Name: Italy

Type: Country
added: 2019-06-11
author: @Chalrlie

17
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Challenge 2: Path queries “U

ccccccccc
SSSSSSSSSSS

= While it is possible to do path queries in SPARQL via property path
expressions, it is still not possible to return paths in SPARQL1.1:

i.e.: what is the

(shortest) path ?>pPath

connecting ?city and
SELECT DISTINCT ?city ?Path WHERE Wd:Q5l5?
?city(wdt:P31/wdt:P279*% |wd:Q515.
?city wdt:P1082 ?population .
?7city wdt:P17 wd:Q38
FILTER (?population > 1000000) }

/. VD
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Challenge 2: Path queries — prototype solution “U

CCCCCCCCC
SSSSSSSSSSS

Common problem in graphs, not doable with SPARQL, but with extensions [1]:
“Give me the (k) shortest paths between two nodes?”

Dataset 2

Dataset 1
A

~

®Ao0 T
T ToO
o

rdf2hdt.sh —-rdftype turtle testgraph.ttl testgraph.hdt

hdtspargl.sh testgraph.hdt "PREFIX ppf: <java:at.ac.wu.arqext.path.>
SELECT * WHERE{ ?path ppf:topk (:a :d 2) }"

We solved this by extending SPARQL [1] with Open research question(s): e.g.

bidirectional BFS over HDT But how to do this effectively in a
https://bitbucket.org/vadim savenkov/topk-pfn Federated setting?

1. Vadim Savenkov, Qaiser Mehmood, Jirgen Umbrich, and Axel Polleres. Counting to k, or how SPARQL 1.1 PAGE 28

could be efficiently enhanced with top k shortest path queries. In 13th International Conference on Semantic //FQZ}Z [ ascse <G AVBA

Systems (SEMANTICS), pages 97--103, Amsterdam, the Netherlands, September 2017. ACM. [ .pdf ] ==~ o


https://bitbucket.org/vadim_savenkov/topk-pfn/
https://github.com/rdfhdt/hdt-java
https://bitbucket.org/vadim_savenkov/topk-pfn/
http://polleres.net/publications/save-etal-2017SEMANTICS.pdf

Challenge 3: Scalability of SPARQL endpoints?“Ug:;@;f;-;;‘;;j;

ccccccccc
SSSSSSSSSSS

||I||I|I|| Wikidata Query Service = Examples Query Builder @Help -~ £ More tools  ~

@ 1 # Give me 10 classes that have more than 1000 instances:
2 SELECT ?C WHERE {

g | 3 7S wdt:P31 7C
4 } GROUP BY 7C

L. 5 HAVING (COUNT(?S) > 1000)
6 LIMIT 10

Challenge 3.1: serve Challenge 3.2: serve
complex/long runnign many queries to many
queries to single users users concurrently

https://w.wiki/4mTj

more on that in Part 2 Lo |
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Challenge 4: Reasoning and Inconsistencies “U

cccccccccc
SSSSSSSSSSS

= A lot of work has been done in the past on (deductive reasoning over
KGs) in particular to retrieve implicit answers through

exploiting the OWL and RDFS semantics.
= ... e.g. by query rewriting or materialisation.

= Howewer:

1) existing KGs are inconsistent
2) some important KGs don't use OWL and RDFS

/‘—“” ‘ - Qi
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Challenge 4: Reasoning and Inconsistencies “U s

NNNNNNN

vvvvvvvvvv
ECONOMICS

Existing KGs aren’t consistent ® [1]

A
= E.g. DBpedia

&M ®Browseusing ~ | Formats ~ (2 Faceted Browser (2 Spargl Endpoint

Dbpedia Ontology:

About: European Union

An Entity of Type : populated piace, from Named Graph : ‘dbpedia.org, within Data Space : dbpedia.org

The European Union (EU) is a politico-economic union of 28 member states that d b 0 : Ag e nt OWI : d iSj Oi ntWith d bo : PI a Ce .

are Iocated pnmanly in Europe It has an area of 4,324,782 km2 (1 669 808 sq

il A Antimaatad ma- - an ol TLo Lol

rdf:type o owl:Thlng
dbo:Place

dbo:Location
wikidata:Q6256

dbo:Country rdfs:subClassOf dbo:Place.
dbo:Organisation rdfs:subClassOf dbo:Agent.

® dbo:PopulatedPlace

® geo:SpatialThing

1. Stefan Bischof, Markus Krotzsch, Axel Polleres, and Sebastian Rudolph. Schema-agnostic query
rewriting in SPARQL 1.1. In Proceedings of the 13th International Semantic Web Conference (I/SWC

SAGE 31 2014), Lecture Notes in Computer Science (LNCS). Springer, October 2014. [ .pdf ] “Equis [N aacss <G AMBA


http://www.polleres.net/publications/bisc-etal-2014iswc.pdf

Challenge 4: Reasoning and Inconsistencies \\{/-...

llllllll

NNNNNNNNNN
uuuuuuuuuu

important KGs don't use OWL and RDFS L

= Wikidata!
use "somewhat similar"
properties:
wdt:P31 ~ rdf:type
SELECT DISTINCT ?city ?Path WHER wdt:P279 ~ rdfs:subClassOf

?city(wdt:P31/wdt:P279*% |[wd:Q515.
?city wdt:P1082 ?population .
?city wdt:P17 wd:Q38 .

FILTER (%population > 1000000) } :4
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