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What I've planned for today: “U
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= Basics:

= Interlude - some words on syntax...
= Practical SPARQL on examples querying Open KGs with SPARQL
= Challenges/limitations of SPARQL over public endpoints

= Bonus Material (time allowed or upon request):

= 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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Standard format (RDF) &
Standard Query language (SPARQL) for Graph Data

[[[[[[[[[
NNNNNNNN

= Data representation

= RDF (= Resource Description Framework)
= a standard Format for publishing Graph Data on the Web. 4
= (Can be seen as a labeled graph

= Querying

= SPARQL E“‘
= a query language (similar to SQL) for RDF data d

SPARQL

We'll have some riddles for the

§ students at the shool

[ Do you need a nasty SPARQL

q
e — ~_ ﬁ
— the SPARQL query abilities could have
- very different levels among students
q

[ Let's fix that in the tutorial! :) ,
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RDF... we need to talk about syntax!

<http://www.polleres.net#me> <http://xmlns.com/foaf/0.1/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, common prefixes 1/2: “U
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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)

[ en ‘
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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
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RDF vocabularies, common prefixes 2/2

= 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
Namespace Document 14 January 2014 - Paddington Edition
. name s i g
This version: ot @
A bip/xmins com/oalispec/20140114 i
. nickname Latest vrsio
iy smins comfoatspec) ()
Previous versi
» wo rkpla ceHomepage A Jxhing Gom/foatlspec/20100808.htm ()
rickley, Libby Miler
Contributors:
- knows Members of the FOAF mamng ||s1 (gg! dev@lists.foaf-project.org) and the wider RDF and Semantic Web developer
communiy. See acknowledgements.
Copyright © 2000-2014 Dan Bricley and Libby Miler
This work is licensed under a Creative Commons Aftribution License. This copyright applies to the FOAF g =
Vocabulary Specification and accompanying documentation in RDF. Regarding underlying technology, FOAF [5z1 " ¥
Classes: uses W3C's RDF technology, an open Web standard that can be freely used by anyone.
- Agent Abstract
This specification describes the FOAF language, defined as a dictionary of named properties and classes using W3C's
L Person RDF technology.
FOAF is a project devoted to linking people and information using the Web. Regardless of whether information is in
. Document people’s heads, in physical or digital documents, or in the form of factual data, it can be inked. FOAF integrates thre
of network: social nefworks of human collaboration, friendship and association; representational networks that
view of a cartoon universe in factual terms, and information networks that use Web-based linking to share
independently pubshed descriplions of ths nter-connected workd, FOAF does not compete wih socialy-orented Wel
it provid ent sies can telldiferont parts of the larger story, and by which usors
] I mage Zan retain some control over thei 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. Welcome to Schera org

About  Schemas  Documentation

o&gp Schema.org is a collaborative, community activity with a mission to create, maintain, and promote schemas for structured
- d bO . (DB d - data on the Internet, on web pages, in email messages, and beyond.
: pedia Ontology N
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-

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,

= Wd . , wd t . ( Wikida ta en t | tl es an d p ro p e r‘tl e S) | I I | I documented extension model. Over 10 million sites use Schema.org to markup their web pages and email messages. Many

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 6 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"

e s
VLS
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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 8
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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
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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 like RDF have lead to (really) big W -

vvvvvvvvvv

open KGs... scotomees

= ... 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.)

Lo
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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

RDF used in practice on the Web: “U
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DBpedia - a "Database-version" of Wikipedia: S

NP

= E.g. from DBped'ia

London

.......

Automatic opolis around this core, historically split between Middlesex, Essex, Surrey, ?City dbo: country :UnitedﬁKingdom.
Exctractors 'Dy:heMayc(chur‘donard the London Assembly. ?city dbo:populationTotal ?pop

PAGE 11

One of the central datasets of the Linked Open Data-Cloud
RDF extracted from Wikipedia-Infoboxes

You can use a language called SPARQL (roughly: SQL for RDF) to do
structured queries over RDF via Web accessible SPARQL
endpoints, e.g. http://dbpedia.org/sparql

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

e Structured queries (SPARQL):

About: London PREFIX : <http://dbpedia.org/resource/>
An Entity of popuiated place, from Named Graph : Mip://dbpecia.ong, within Data Spece : dbpedia.oy PREFIX dbO : <http B //dbpedia . org/ontology/>
L ke Pl e s il el ot e s o Enlancd s tha PREFIX yago: <http://dbpedia.org/class/yago/>

founded by the Romans, who named it Londinium. London's ancient core, the SELECT DISTINCT ?city ?pop WHERE {
City of London, largely retains its 1.12-square-mile (2.9 km2) medieval ) e
Roundaries. Since at least the 19th century, “London® has also referred to the ?Clty a yago - Clty108524735 .

d Hertfordshire, which today largely makes up Greater London,

FILTER ( ?pop > 1000000 )
}

Try it on yasqui.triply.cc ... short link to the query:
https://api.triplydb.com/s/Of19 c3-e



http://dbpedia.org/sparql
https://en.wikipedia.org/wiki/London
http://dbpedia.org/resource/London
https://yasgui.triply.cc/
https://api.triplydb.com/s/Of19_c3-e

RDF used in practice on the Web: “U

1111111111

Another Open Knowledge Graph: Wikidata
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= Slightly 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 13

?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 .
~ Equis ¥ ancss <" AMBA

ACCREDITED


https://query.wikidata.org/

Let's learn some SPARQL with Wikidata “U
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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

Triple Patterns (TPs): Try this query for

- il ) 1 SELECT =
Give me 10 buildings 2 WHERE {
3  ?X wdt:P31 wd:Q41176
https://w.wiki/4TAP 4}
5 LIMIT 10

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
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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

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

1 SELECT *

2 WHERE {

3 ?X wdt:P31 wd:Q41176 .
4 ?X wdt:P17 wd:Q40 .
5}

6 LIMIT 10

"Give me 10 buildings in Austria”

https://w.wiki/4TAY

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/4TAY

Let's learn some SPARQL with wikidata “U

EEEEEEEEE

= 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:

SELECT =
WHERE {
?X wdt:P31 wd:Q41176 .
{ {?X wdt:P17 wd:Q40 . }

1
"Give me 10 buildings in Austria or Germany" | ,
3
4
5 UNION
6
7
8

https://w.wiki/4TAf

{?X wdt:P17 wd:Q183 . } }

}
LIMIT 1@

PAGE 16



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
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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

FILTERs (similar to WHERE conditions in SQL):

"Give me the German labels of 10 buildings in Austria or Germany"

https://w.wiki/4TAk

PAGE 17

1
2
3
4
5
6
7
8

SELECT 7L
WHERE {
?X wdt:P31 wd:Q41176 ;
rdfs:label 7L .

{ {?X wdt:P17 wd:Q40 . } UNION {?X wdt:P17 wd:Q183 .

FILTER (lang(?L) = "en")
s
LIMIT 10

P}


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
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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

OPTIONAL (similar to OUTER JOIN in SQL): SELECT ?L ?A

1

2 WHERE {

3 ?X wdt:P31 wd:Q41176 ;
4 rdfs: label ?L ;

5 wdt:P17 wd:Q40 .
6

7

8

9

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

https://w.wiki/4TAn FILTER (lang(?L) ="en")

OPTIONAL {?X wdt:P84 ?A }

¥
PAGETE 10 LIMIT 10



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
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examples
[}
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= 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
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= Basics:

= Interlude - some words on syntax...

= Practical SPARQL on examples querying Open KGs with SPARQL

= Challenges/limitations of SPARQL over public endpoints
= Bonus Material (time allowed or upon request):

= 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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(Some) Challenges: “U
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1. Challenge 1: How to query Contextualized Data (e.g. temporal,
provenance,...)

2. Challenge 2: What about real graph queries (paths, paths across
distributed data)?

. Challenge 3: Scalability (and costs of hosting) SPARQL endpoints
. Challenge 4: Mixing querying and reasoning (how? how to scale?)
5. Challenge 5: Sustainability of RDF and SPARQL resources

£ W
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Challenge 1: Often, you also need to deal
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with contextualized information e
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= 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
ECONOMICS

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 senvce

= Examples

© Help

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

?2city wdt:P31/wdt:P279* wd:Q515.
?city 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&
c_id=10001043&add=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&
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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
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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

e

RDF-star and SPARQL-star
Final Community Group Report 17 December 2021

This version:
https://www.w3.0rg/2021/12/rdf-star.html

Latest published version:
https://w3c.github.io/rdf-star/cg-spec

Latest editor's draft:
https://w3c.github.io/rdf-star/cg-spec/editors_draft.html

Test suite:

https://w3c.github.io/rdf-star/tests/
Implementation report:

https://w3c.github.io/rdf-star/reports/
Previous version:

https://w3c.github.io/rdf-star/cg-spec/2021-07-01.html
Editors:

Olaf Hartig @ (Linképing University)

Pierre-Antoine Champin (ERCIM

Gregg Kellogg (no affiliation)

Andy Seaborne (Apache Software Foundation)
Authors:

Dorthe Arndt (TU Dresden)

Jeen Broekstra (metaphacts)

Bob DuCharme (CCRi)

Ora Lassila (Amazon)

Peter F. Patel-Schneider (PARC)

Eric Prud'hommeaux (Janeiro Digital, W3C/MIT)

Ted Thibodeau, Jr. (OpenLink Software, Inc.)

Bryan Thompson (Amazon)
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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 arase a:p:b.
A b:p:d, :e
c:p:b, :d
d:p :e.
e :p :C.

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

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

}II

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?

[Savenkov et al, SEMANTICS 2017]

PAGE 26
Still interesting question also in (Graph)DB Theory... /E-Q;!'; [ ancse <5 AVBA
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regarding entailments, coverage of queries in such settings.


https://bitbucket.org/vadim_savenkov/topk-pfn/
https://github.com/rdfhdt/hdt-java
https://bitbucket.org/vadim_savenkov/topk-pfn/

vvvvvvvvvv
ccccccccc
SSSSSSSSSSS

|II||I|I|| Wikidata Query Service = Examples Query Builder @Help ~ ¥ More tools  ~

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

%z | 3 7S wdt:P31 7C " " . . "
4 } GROUP BY 7C Classes with their number of instances

JL. 5 HAVING (COUNT(?S) > 1000)

. 6 LIMIT 10

@ | 7

Challenge 3.1: serve Challenge 3.2: serve

complex/long running many queries to many
queries to single users users concurrently

https://w.wiki/4mTj
[Fernandez et al. 2013, JWS][Vergbourgh et al. 2016, JWS]
PAGE 27 [Fernandez et al. 2020, WebConf][Azzam et al. 2022, WebConf] ~us ifues <A



https://w.wiki/4mTj

WWWWWWWWW
lllllllllll
NNNNNNNNNN
vvvvvvvvvv

NNNNNNNNN

AVAILABILITY

» Description:

® Operating normally

18.23% (103/565) endpoints are available

Observation 2:

« Serving SPARQL endpoints sustainably is too
hard/expensive?

> Linked Data has rather evolved igto a : ‘“ ‘"
few, but huge, popular (OR&pddenc )\ .. €
Graphs:

https://spargles.ai.wu.ac.at/availability , operating since 2012 [Kifer et al. 2012, LDOW]

28
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https://sparqles.ai.wu.ac.at/availability

Challenge 3: Scalability of SPARQL endpoints?“u

What's the problem?

https://iccl.inf.tu-dresden.de/web/Wikidata SPARQL Logs/

https://w.wiki/4mTj

|II||I|I|| Wikidata Query Service = Examples Query Builder @ Help ~ £ More tools  ~ Interval
1 # Give me 10 classes that have more than 1000 instances:
2 SELECT ?C WHERE { Interval 1

3 7S wdt:P31 ?C
4 } GROUP BY ?C

First day Last day Queries

2017-06-12 2017-07-09 59,547,909

5 HAVING (COUNT(?S) > 1000)
6 LIMIT 10
7

Challenge 1: serve
complex/long running

queries to single users

Query timeout limit reached

SPARQL-QUERY: queryStr=SELECT ?C WHERE {
7S wdt:P31 ?2C

} GROUP BY ?C

HAVING (COUNT(?S) > 1000)

LIMIT 10

[Fernandez et al. 2013, JWS][Vergbourgh et al. 2016, JWS]
[Fernandez et al. 2020, WebConf][Azzam et al. 2022, WebConf]

Challenge 2: serve

many queries to many
users concurrently

29
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https://w.wiki/4mTj
https://iccl.inf.tu-dresden.de/web/Wikidata_SPARQL_Logs/

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 “(];m

NNNNNNNNN

uuuuuuuuuu
ECONOMICS

Existing KGs aren’t consistent ® [1]

v -
= E.g la
. .
se using ~ & Formats ~ ( Faceted Browse

&M @ Brow:

Dbpedia Ontology:

About: European Union

An Entity of Type : populated piace, from Named Graph : http://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 i Sj Oi ntWith d bo : PI a Ce .

are located primarily in Europe. It has an area of 4,324,782 km2 (1,669,808 sq
N A A AN A N e L e e gyt s s

rdf:type ® owl:Thing
dbo:Place

dbo:Location
wikidata:Q6256

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

® dbo:PopulatedPlace

® geo:SpatialThing
[Bischof et al. 2014]

Lo ‘
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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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Challenge 4: Reasoning and Inconsistencies
Prefixes can carry semantics (not only owl: and rdfs:) ...

WIRTSCHAFTS
UNIVERSITAT
WIEN VIENNA
UNIVERSITY OF
ECONOMICS

AND BUSINESS

Wikidata metamodel "by prefixes"

proplD

_f—wikibase:qualiﬁer-) pq:PID

|
ﬂw»
ikibase:directCIaim)#( wdt:PID

Wikidata Statement
tiD)

(assigns a unique

wd:QIDgypj =——wdt:PID—F> wd:QIDp;

wds:QID-statementlD—P) wd:Qobject_qualifierlD
pq:P...

wd http://www.wikidata.org/entity/
wdt  http://www.wikidata.org/prop/direct/

P http://www.wikidata.org/prop/

wds  http://www.wikidata.org/entity /statement/

pq http://www.wikidata.org/prop/qualifier/

ps http://www.wikidata.org/prop/statement/

fixed order metaclass
of higher order
(Q24027526)

variable-order class
(Q23958852)

subclass of (P279) subclass of (P279)

instance of (P31)

metasubclass of (P2445) fifth-order class
N (Q24027515)

(meta) class (Q23960977)
subclass of (P279
instance of (P31)

subtlass of (P279)
fourth-order class
(Q24027474)
class of (P279)

instance of (P31)

subclass of (P279)_{ third-order class
(Q24017465)

subclass of (P279)

subclass Of (P279)

[collective entity (Q99527517)]

subclass of (P279)

subclass of (P279)

class (Q16889133)

[ﬂxed-order class (Q23959932)

subclass of (P279) subclass of (P279)

fig;g;g;g;?f)s instance of (P31) Se(cctzgg‘l%rggsr%a)ss instance of (P31)

|nstance of

instance of (P31)

second order class
(Q24017414)
instance of

[ automobile model series (Q59773381) |

[Haller et al., ESWC 2022]

|nstance of

|individua| entity (Q23958946)| | automobile model (Q3231690) |

/ -
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Challenge 5: Sustainability of RDF and OWL .

resources on the Web...

WIEN VIENNA
UNIVERSITY OF
ECONOMICS

AND BUSINESS

Vocabularies? FOAF: = BN o o=

The requested URL was not found on this server.

Linked Open Data? [Polleres et al.2020, SW1J]]:

"Among the mentioned 5435 resources in the 1281
"LOD"-tagged datasets on datahub.io, there are
only 1917 resources URLs that could be dereferenced.”

PAGE 34

Ruben Verborgh @RubenVerborgh - Jun 28

When FOAF goes down, you realize there are no certainties in life. Please
save us, @danbri! And thanks for the amazing uptime so far. xmins.com
[foaf/0.1/

omDe sy =
The connection has timed out
Theseverat . com i ki 0 g 0 espnd
: oy
amiied aseos o et
(O3] Qs Q a7 &

Dan Brickley @danbri - Jun 28
FOAF server is down so will take opportunity to switch hosting provider.
Also: anyone have suggestions for spec modernisation?

f
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What I've planned for today:

o tplannlnb |s e;/erythlng
a4 Vi ston Churchill

= Basics:

= Interlude - some words on syntax... |

= Practical SPARQL on examples querying Open KGs with SPARQL

= Challenges/limitations of SPARQL over public endpoints
= Bonus Material (time allowed or upon request):

= Serve and query KGs for local processing — HDT

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

A
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