dl&j--“n- ’

=
: a &
P

TECHNISCHE -~
ONIVERSITAT e e o




|
SR

—go—

KR Querylng& Reasonlng for |
’ Large Knowledge Graphsg
] A .J i-'}_;. Pa rt 1k

'ﬁl 2
1 3ﬁ'w b J L'I"'L"L
: wlAxel Polleres WU Vlenna :

-e:"-

e

WIRTSCHAFTS
NIVERSITAT ) P ——

WOIEN VIENNA | ] A =
e - WS Q{) =
FCORCMICS — - »

LNE BISINESS , n
| | | 1




Are OWL and RDFS
entailment enough?

e Determining Satisfiability and Consistency and
Entailments in KGs is one thing...

* But:
* Mostly you actually want to retrieve information from a KG

* You also need to deal with contextualized information
* Existing KGs aren’t consistent ®

T

Vs.




Mostly you actually want to
retrieve information from a KG

23
* E.g. from DBpédia

Loncan e

e — —. | * One of the central datasets of the Linked Open Data-Cloud

e L L
S 0 T erte O ol v e St —

e SPARQL endpoint, e.g.:

D) T R b T omotane
About: London

VIR A A PR S W | (WA s (T WP Y . A —

http://dbpedia.org/resource/London
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* RDF extracted from Wikipedia-Infoboxes

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

Structu

Besides OWL,
RDF, RDFS, we
need query
languages!

red queries (SPARQL):

http://yasgui.org/short/UVOyhX8ft

——
L S N
Srmes T W e ew g - o

PREFIX
PREFIX db
PREFIX ya

SELECT DI
?city
?city
?city

FILTER

: <http://dbpedia.org/resource/>

o: <http://dbpedia.org/ontology/>
go: <http://dbpedia.org/class/yago/>

STINCT ?city ?pop WHERE ({

a yago:City108524735 .
dbo:country :United Kingdom.
dbo:populationTotal ?pop

( ?pop > 1000000 )



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

You also need to deal with
contextualized information

32

* E.g. from DBpéedia

Rome
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,Cities in the Italy with more than 1M population”:
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Doesn’t work!

Structured queries (S' (QL):

http://yasgui.org/short/UVOyhX8ft

PREFIX <http://dbpedia
PREFIX dbo: <http://dbpe
PREFIX yago: <http://dbg

g/resource/>
a.org/ontology/>
dia.org/class/yago/>

SELECT DISTINCT ?city ?fop WHERE {
?city a yago:Cityl08524735
?city dbo:country :Italy.
?city dbo:populationTotal ?pop

FILTER ( ?pop > 1000000 )



https://en.wikipedia.org/wiki/Rome
http://dbpedia.org/resource/Rome
http://yasgui.org/short/UVOyhX8ft
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Ews (OO
Existing KGs aren’t consistent ® [1]

3
* E.g. DBpedia

=4 DBpedia

Dbpedia Ontology:

b farus & Mcens o L2 523 Eraoocm

About: European Union

A2 Lty o W34 - POt paca, VO Rrsed GAap | FEEONTOSRANG Wi Cws Sace : Jopese 3y

The Curcpean Urren 1EU) & 3 ponog-econsmic urion of 23 mamber stafes v d bO :Age nt OWI :d iSjOi ntWith d bo . P I a Ce .
am locatad pamanly © Furopa It has e ama of 4 3248 787 kmi? || S ETE 50
rdf:type ® owi:Thing

® dbo:Place
® dbo:Location

® wikidata. Q6256

@D 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
(ISWC 2014), Lecture Notes in Computer Science (LNCS). Springer, October 2014. [ .pdf ] 6


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

|§3§7§(§)@
Querying and Reasoning for KGs?

* Querying KGs with SPARQL (10min)

* Reasoning by Querying (Rewriting vs. Materialisation)
(10min)

* Querying and Reasoning over Contextualised graph data
(10min)

e Other issues: (15min)
* Federation, Path Queries over Linked Data
e SPARQL for KG Construction (scalability issues)
* Updates



Querying KGs with SPARQL

Find some more detailed material to introduce SPARQL on my Webpage:
http://polleres.net/presentations/



http://polleres.net/presentations/

SPARQL

e “Just like SQL, only for matching patterns on
(directed labelled) Graphs ...”

SELECT ?X
WHERE

{
?X <http://dbpedia.org/ontology/birthPlace> <http://dbpedia.org/resource/Bologna> .
}

dbpedia.org/property/birthPlace
?X P g/property/ > dbpedia.org/resource/Bologna

e Standard protocol to access RDF data over the Web
(SPARQL Protocol)

2Nl Mozilla Firefox

/\9 D 'dbpedia.org/spargl/?query= SELECT +%3FX v] M



http://yasgui.org/short/nbSHVNgRh

ISWS

Conjunction (.), disjunction (UNION), optional
(OPTIONAL) patterns and filters (FILTER)

Names of scientists from places in Italy?

PREFIX foaf: <http://xmlns.com/foaf/0.1/>
PREFIX dbr: <http://dbpedia.org/resource/>
PREFIX dbo: <http://dbpedia.org/ontology/>

SELECT °?N
WHERE
{
?X a dbo:Scientist; foaf:name ?N ;
dbo:birthPlace [ dbo:country dbr:Italy]
}
ORDER BY °?N
LIMIT 10

Shortcuts for namespace prefixes and to group several triple patterns
Slicing and dicing (ORDER BY, LIMIT/OFFSET ...)

N

N

*(Senator for life)* #="

*(Senator for life)* ®en

“(Senator for life)* @

*(Senator for life)' ®*"

*Abramo Bartolommeo Massalongo® "
*Adolfo Panfili* ®en

*Adolpho Ducke"9e"

*Adriano Buzzati-Traverso " @e

*Agnes Pockels" &

*Agostino Bass|* %"

10




EWS

Conjunction (.), disjunction (UNION), optional
(OPTIONAL) patterns and filters (FILTER)

Names of scientists or writers born in Bologna?

SELECT ?N
WHERE

{

{ ?X a dbo:Scientist }
UNION N

{ ?X a dbo:Writer }

. 1 "Alberto Carpinteri"®e"
?X dbo:birthPlace dbr:Bolognha; foaf:name ?N

>
o (GHDER £ 2Lt 2 "Alberto Carpintieri"@en

3 "Amico Bignami"@en
4  "Augusto Righi"@en
5 "Carlo Alberto Nucci"#en

6 "Clotilde Tambroni"@en

11



EWS

Conjunction (.), disjunction (UNION), optional
(OPTIONAL) patterns and filters (FILTER)

Names of scientists born in Bologna and optionally their deathPlace?

SELECT ?N 2D
WHERE

{
?X a dbo:Scientist ; dbo:birthPlace dbr:Bologna; foaf:name ?N

OPTIONAL {?X dbo:deathPlace ?D }
Note: variables can be
unbound in a result!

} ORDER BY °?N
N 8 o

‘Alberto Carpinter ‘%

2 *Alberto Carpintier "=

3 "Amico Bignami*®en e a/Ht

4 *Augusto Righi & ttp//copedia orgrasourca/Bologns
5  “Cardo Aberto Nuccl* e

B *Costanzo Varoko*®e1 mip:/fcopedia orgresource/Rary

12




||§33§ (l)-@

Conjunction (.), disjunction (UNION), optional
(OPTIONAL) patterns and filters (FILTER), ...

People born in Bologna called “Valentina”

SELECT ?X ?N
WHERE
{

?X dbo:birthPlace dbr:Bologna ;
foaf:name N .

FILTER( CONTAINS( ?N, "Valentina") )

}

X

1 hitpy//dbpedia.org/resourca/Valentina_Fago

N

'Valentina Fago"®®

<>

SPARQL has lots of FILTER functions to filter text with reqular expressions (REGEX), filter numerics

(<,>,=+,-...), dates, etc.)

13
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CONSTRUCT Queries to create new triples (or to 1EWS
transform one Knowledge Graph to another)

* Bologna scientists, their birth and death places:

OO

PREFIX dbo: <http://dbpedia.org/ontology/>
PREFIX : <http://example.org/myKG/>

CONSTRUCT { ?X a :BolgnaScientist . ?Y a :BolgonaAuthor . }
WHERE { { ?X a dbo:Scientist }
UNION
{ ?Y a dbo:Writer } }

dbr:Francesco Maria Grimaldi :bornIn :Bologna ; :diedIn dbr:Bologna ;
:type ns2:BolgnaScientist .

dbr:Lamberto Cesari dbo:born :Bologna ; :diedIn dbr:Ann Arbor ;
:type :BolgnaScientist .

dbr:Amico Bignami :born :Bologna ; :diedIn dbr:Rome ;
:type ns2:BolgnaScientist .

dbr:Giovanni Aldini :born :Bologna ; :diedIn dbr:Milan ;

:type :BolgnaScientist .
dbr:Guglielmo Marconi :born :Bologna ; dbo:diedIn dbr:Rome ;
:type :BolgnaScientist .

dbr:Mario Finzi :type :BolgonaAuthor .

14



Reasoning by Querying

* Materialisation (can be done by rules/queries) [2]
* Rewriting [1]

2. Axel Polleres, Aidan Hogan, Renaud Delbru, and Jirgen Umbrich. RDFS & OWL reasoning
for linked data. In Reasoning Web 2013, volume 8067 of LNCS, pages 91--149. Springer,
Mannheim, Germany, July 2013. [ .pdf ]


http://www.polleres.net/publications/poll-etal-RW2013.pdf

||§3§7§ ('){)

Reasoning by Querying — Materialisation:

SELECT ?X WHERE
{

}

Wla instance data:

dbr:Marta_Grandi a dbo:Entomologist ;
dbo:birthPlace dbr:Bologna

?X a dbo:Scientist ; dbo:birthPlace dbr:Bologna . No answer ®

dbr:Costanzo Varolio a dbo:Medician;
dbo:birthPlace dbr:Bologna

A
D&ﬁda Ontology (schema data):

dbo:Entomologist rdfs:subClassOf dbo:Scientist.
dbo:Medician rdfs:subClassOf dbo:Scientist.
dbo:Scientist rdfs:subClassOf dbo:Person.

dbo:Person rdfs:subClassOf dbo:Agent.
dbo:0Organisation rdfs:subClassOf dbo:Agent.

dbo:birthPlace rdfs:domain dbo:Person .

16



RDFS deduction rules:

cf. https://www.w3.org/TR/rdf11-mt/

o raf:type rdfs:CootainesrMexbersbipbroperty .

ERaOO

rdizax 4 rafs:aubPrepartylf v ¥ rdfs:suhPrapartyllf x dfes
D g rdisd
“:5.- @ u rdfe:subPropertylf = .
K a _R 6 rdf:typa xdf:Property .
~ gl S 777"—;}—— rdf=0
v a il u rdfs:subPropertyls o
L rdfsl a rdfa:subProperty(r b . ¥ ay T
_'n rdf:type réfs:literal . 7 b v . 2 el
s rdfs:doxain & , “ 6 . : % rdf:type rcfs:Class 2
= —— ndfs2 TR T
u rdf:type = . u rédz:subClase s:Resouzce |
a rdfs:range = . LS8 TS u réfa:aunClanadf x . u vaf:type & 0
. rel fit
v TdZ:typs < . v rdf:lype = |
38X . u rdf:x; xdfe:Class . x
———— e T s L DINpR DOATNGe 0 rd 00
u rdf:type zcis:Hesource . u rdfs:subClass0f u .
vav. rdfisdb u rafazsubClansd2 v . » rdfz:subtllasalf =

v rdf:type rdfs:Resource

w rdfe:eubClass0f ¢ .

Could be read as Datalog deduction rules, e.g.:

— rdfs11

rdsi2
4 7ﬂfﬂ!ﬂ\1h7’fﬁ]’lﬂft}‘1f rdafn manbar |

u rdf:type xdfs:Datatype .

rdfsl3

n rd®z:munllasallt rdfa:literal .

triple (U, rdfs:subClassOf,S)
triple (V,rdfs: type, S)

:— triple(U,rdfs:subClassOf,V)
:— triple(U,rdfs:subClassOf, S)

14

triple (V,rdfs:subClassOf,S)

, triple(V,rdf:type,U)



https://www.w3.org/TR/rdf11-mt/

Ewsl OO

RDFS deduction rules:

cf. https://www.w3.org/TR/rdf11-mt/

% rdis:subllassCf ¢ . v rdf:typs u .

rdis9
v rdf:typa o .

u rdfa:sudbllaaslf ¢ v rdfa:subllassDf 2

¥ rifs:subClaself z .

ordisld

Could be read as Datalog deduction rules, e.g.:

triple (U, rdfs:subClassOf,S)

:— triple(U,rdfs:subClassOf,V)
triple (V,rdfs: type, S)

, triple(V,rdfs:subClassOf,S)
:— triple (U, rdfs:subClassOf, S)

, triple(V,rdf:type,U)

18


https://www.w3.org/TR/rdf11-mt/

Ewsl OO

RDFS deduction rules:

cf. https://www.w3.org/TR/rdf11-mt/

% rdis:subllassCf ¢ . v rdf:typs u .

rdis9
v rdf:typa o .

u rdfa:sudbllaaslf ¢ v rdfa:subllassDf 2

¥ rifs:subClaself z .

ordisld

... and Datalog deduction rules could be read/written as SPARQL Construct statements:

CONSTRUCT { ?U rdfs:subClassOf ?S } WHERE { ?U rdfs:subClassOf ?V

. ?V rdfs:subClassOf ?S }
CONSTRUCT { ?V rdfs:type ?S } WHERE { ?U rdfs:subClassOf °?S

. ?V rdf:type ?U }

19


https://www.w3.org/TR/rdf11-mt/

Ews (OO
Reasoning by Querying — Materialisation:

SELECT ?X WHERE Applying the rules of the

{ o _ previous slides exhaustively
?X a dbo:Scientist ; dbo:birthPlace dbr:Bologna . . . . -

} (until a fixpoint), will yield

additional implicit KG edges (i.e.,
RDF triples):

Wla instance data:

dbr:Marta_Grandi a dbo:Entomologist ; dbr:Marta_Grandi a dbo:Scientist,

dbo:birthPlace dbr:Bologna . dbo:Person, dbo:Agent.
dbr:Costanzo_Varolio a dbo:Medician; dbr:Costanzo_Varolio a
dbo:birthPlace dbr:Bologna . dbo:Scientist, dbo:Person, dbo:Agent.

A
D&ﬁda Ontology (schema data):

dbo:Entomologist rdfs:subClassOf dbo:Scientist. dbo:Entomologist rdfs:subClassOf

dbo:Medician rdfs:subClassOf dbo:Scientist. dbo:Person, dbo:Agent.
dbo:Scientist rdfs:subClassOf dbo:Person. dbo:Medician rdfs:subClassOf
dbo:Person rdfs:subClassOf dbo:Agent. dbo:Person, dbo:Agent.
dbo:0Organisation rdfs:subClassOf dbo:Agent. dbo:Sienticst rdfs:subClassOf

dbo:birthPlace rdfs:domain dbo:Person . dbo:Agent.



ISWS (I)—:)

Reasoning by Querying — Query Rewriting:

SELECT ?X WHERE

{
{

}

{?X a dbo:Scientist } UNION {?X a dbo:Medician } UNION {?X a dbo:Entomologist } }
?X dbo:birthPlace dbr:Bologna .

e

Wmdla instance data:

dbr:Marta_Grandi a dbo:Entomologist ;
dbo:birthPlace dbr:Bologna

dbr:Costanzo Varolio a dbo:Medician;
dbo:birthPlace dbr:Bologna

NP

v
D&ﬁda Ontology (schema data):

dbo:
dbo:
dbo:
dbo:
dbo:
dbo:

Entomologist rdfs:subClassOf dbo:Scientist.

Medician rdfs:subClassOf dbo:Scientist.
Scientist rdfs:subClassOf dbo:Person.
Person rdfs:subClassOf dbo:Agent.
Organisation rdfs:subClassOf dbo:Agent.
birthPlace rdfs:domain dbo:Person .

Alternatively, the rules can be
used “backwards” to rewrite the

original query to yield a more
generic query!

21
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Reasoning by Querying — Query Rewriting:

SELECT ?X WHERE

{
{ {?X a/subclassOf* dbo:Scientist}

?X dbo:birthPlace dbr:Bologna .
A
WFEdIa instance data:

dbr:Marta_Grandi a dbo:Entomologist ; Alternatively, the rules can be
dbo:birthPlace dbr:Bologna . used “backwards” to rewrite the
original query to yield a more
dbr:Costanzo Varolio a dbo:Medician; generic query!
dbo:birthPlace dbr:Bologna
0&3}) You can also use SPARQL 1.1
‘v . . .
DBpeda Ontology (schema data): path expressions in this query

rewriting! [1]
dbo:Entomologist rdfs:subClassOf dbo:Scientist.
dbo:Medician rdfs:subClassOf dbo:Scientist.
dbo:Scientist rdfs:subClassOf dbo:Person.

dbo:Person rdfs:subClassOf dbo:Agent.
dbo:0Organisation rdfs:subClassOf dbo:Agent.

dbo:birthPlace rdfs:domain dbo:Person .
22
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Reasoning by Querying — Query Rewriting:

SELECT {?X ?Cl ?2C2}

WHERE { ?X a/subClassOf* ?2C1;
a/subClassOf* 2C2.
?Cl owl:disjointWith ?C2.

Wla instance data:

dbr:Marta_Grandi a dbo:Entomologist ;
dbo:birthPlace dbr:Bologna

dbr:Costanzo Varolio a dbo:Medician;
dbo:birthPlace dbr:Bologna

DBpecia Y Ontology (schema data):

dbo:Entomologist rdfs:subClassOf dbo:Scientist.

dbo:Medician rdfs:subClassOf dbo:Scientist.
dbo:Scientist rdfs:subClassOf dbo:Person.
dbo:Person rdfs:subClassOf dbo:Agent.
dbo:0Organisation rdfs:subClassOf dbo:Agent.
dbo:bi : i :
:Organisation owl:disjointWith dbo:Place.

Similarly, RDFS and OWL QL
inconsistency checking can be
done by querying! [1]
(simplified)

23



Querying and Reasoning over
Contextualised graph data

* Example: Wikidata
* Reification techniques and Property Graphs
* Some of our own work in this space:
« AnQL [3]
e Querying temporal information: BEAR [4]
 Stefan Bischof’s thesis work [5]

3. Antoine Zimmermann, Nuno Lopes, Axel Polleres, and Umberto Straccia. A general framework for representing, reasoning
and querying with annotated semantic web data. Journal of Web Semantics (JWS), 12:72--95, March 2012. [ .pdf ]

4. Javier D. Fernandez, Jirgen Umbrich, Axel Polleres, and Magnus Knuth. Evaluating query and storage strategies for RDF
archives. Semantic Web -- Interoperability, Usability, Applicability (SWJ), 10(2):247--291, 2019. [ http ]

5. Stefan Bischof, Andreas Harth, Benedikt Kdimpgen, Axel Polleres, and Patrik Schneider. Enriching integrated statistical open
city data by combining equational knowledge and missing value imputation. Journal of Web Semantics (JWS), 48:22--47,
January 2018. [ DOI | .pdf]


http://polleres.net/publications/zimm-etal-2012-JWS.pdf
http://www.semantic-web-journal.net/content/evaluating-query-and-storage-strategies-rdf-archives-0
https://doi.org/10.1016/j.websem.2017.09.003
http://polleres.net/publications/bisc-etal-2017JWS.pdf

contextualized information

NP
* E.g. from DBpedia

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

W —

Contextualised Information is better =%
modeled in another Open Knowledge
Graph: Wikidata

* Wikidata can also be queried as RDF with SPARQL!

WIKIDATA

26



Wikidata as RDF ... can be queried by SPARQL

* “Simple” surface query:

e What’s this?

SELECT DISTINCT ?city WHERE {
?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 exampie and
memober. (Subject typically an
individual member with Proper
Name label ) Different from P279
(subciass of).

subclass of (P279)

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

city (Q515)
large and permanent human

settlement

population (P1082)

number of people inhablting the
place; number of people of
subject

country (P17)
sovereign state of this tem

United Kingdom (Q145)
country in Europe
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https://query.wikidata.org/

Wikidata as RDF ... can be queried by SPARQL

pogirion
* However, Wikidata has more complex info:
(temporal context, provenance,...)
* Rome:
* https://www.wikidata.org/wiki/Q220
... Can | query that with SPARQL? Yes!
||I”I||| Wikidata Query Service > Examples O Help ~ £ More 100's

’ 7 SELBCT ?city (min(2time) as ?ycar) WHERE {
oTa - 2eity wdtiPI1/wdt:P279% wd:Q513.

I 2efty wdt:P17 wd:QiR .

5 Zeity p:Pl082 ?statement .

6  7acatement <http://www.wikidata.org/prop/astatement/value/P1082> ?value .

7statement <http://www.wikidata.org/prop/qualifier/P585> Ztime .
¥ Fvalue <http://wikiba.se/ontology#guantityAmount> 7population .
9 FILTER (?population > 1000000 )
0 )} GROUP BY 7city

.

pobT nwre
cnterrimasen et ed

« 1 1fone
Indarence UL

- R4nnRan-D

g on

a1z

ouine

What do we learn?

Data and meta-data
(context/
provenance) at the
same level 2 one
RDF graph, mixing
reification and plain

data, cf. [Hernandez
et al. 2015]

Quite some
Knowledge about the
ontology required!
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https://www.wikidata.org/wiki/Q220
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Reification/Property Graphs:

* How to (best) describe statements about triples in RDF is a bit open... various
options, inter-translateable but affect performance of querying:

* Different Graph data models/Graph databases:

* Labeled Directed graphs (plain RDF) - supported by RDF

triple stores:

[ :
predicate

* Property graph — supported by Graph DBs, e.g. Neo4),

BlazeGraph, etc.:

Name: Rome

Type: City

added: 2019-06-11
author: @Sebastian

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

»
»

Name: Italy

Type: Country

added: 2019-06-11

author: @Sebastian 99



Reification/Property Graphs:

* How to (best) describe statements about triples in RDF is a bit open... various
options, inter-translatable but affect performance of querying:

Challengel: How to
reformulate the
inference rules or
rewritings from
slide 17 to model
ontological KG
enrichment? [3,5]

Annotated RDF [3]: :Rome :capitalOf :Italy. [1861, [

RDF reification: [ a rdf:Statement;
rdf:subject :Rome;
rdf:predicate :capitalOf;
rdf:object :Italy ] :yearBegins 1861 . Challenge2: How to

do temporal queries

efficently? [4] E.g.
“Since when Is

. i . . . . Berlin the capital of
Singleton” properties: :Rim? E; .Itaiyc.)f canitalof: Germany, When did
:p1l :subPropertyOt :capitalOf; the capital of

:yearBegins 1861 . Germany change?”

“Named Graphs” :Gl1 {:Rome :capitalOf :Italy. }
:G1 :yearBegins 1861 .

:capitalOof rdfs:subPropertyOf :locatedIn. [1999,2017]
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Other issues (time allowed)

* Federation, Path Queries over Linked Data [6,7,8,9]
» SPARQL for KG Construction (scalability issues) [10]
* Updates [11]

e Compressed & Queryable RDF-format HDT [12]

6. Carlos Buil-Aranda, Marcelo Arenas, Oscar Corcho, and Axel Polleres. Federating queries in SPARQL1.1: Syntax, semantics and evaluation.
Journal of Web Semantics (JWS), 18(1), 2013. [ http ]

7. Carlos Buil-Aranda, Axel Polleres, and Jirgen Umbrich. Strategies for executing federated queries in SPARQL1.1. In Proceedings of the 13th
International Semantic Web Conference (ISWC 2014), Lecture Notes in Computer Science (LNCS). Springer, October 2014. [ .pdf ]

8. Vadim Savenkov, Qaiser Mehmood, Jirgen Umbrich, and Axel Polleres. Counting to k, or how SPARQL 1.1 could be efficiently enhanced with
top k shortest path queries. In 13th International Conference on Semantic Systems (SEMANTICS), pages 97--103, Amsterdam, the Netherlands,
September 2017. ACM. [ .pdf]

9. Thomas Minier, Hala Skaf-Molli, Pascal Molli: SaGe: Web Preemption for Public SPARQL Query Services. WWW 2019: 1268-1278

10. Sebastian Neumaier and Axel Polleres. Enabling spatio-temporal search in open data. Journal of Web Semantics (JWS), 55, March 2019.
[DOI | http ]

11. Albin Ahmeti, Javier Fernandez, Axel Polleres, and Vadim Savenkov. Updating wikipedia via DBpedia mappings and SPARQL. In Eva Blomqvist,
Diana Maynard, Aldo Gangemi, Rinke Hoekstra, Pascal Hitzler, and Olaf Hartig, editors, Proceedings of the 14th European Semantic Web
Conference (ESWC2017), volume 10249 of Lecture Notes in Computer Science (LNCS), pages 485--501, Portoroz, Slovenia, May 2017. Springer.

[ .pdf ]

12. Javier D. Fernandez, Miguel A. Martinez-Prieto, Claudio Gutiérrez, Axel Polleres, and Mario Arias. Binary RDF Representation for Publication
and Exchange (HDT). Journal of Web Semantics (JWS), 19(2), 2013. [ http ] 31


http://www.websemanticsjournal.org/index.php/ps/article/view/321
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https://dblp.uni-trier.de/pers/hd/m/Minier:Thomas
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https://doi.org/10.1016/j.websem.2018.12.007
http://epub.wu.ac.at/6764/
http://polleres.net/publications/ahme-etal-ESWC2017.pdf
http://www.websemanticsjournal.org/index.php/ps/article/view/328

Federation/Path Queries

Common problem in graphs, not doable with SPARQL, but with extensions [8]:
“Give me the (k) shortest paths between two nodes?”

Dataset 2

Dataset 1

® o6 oo
T T T T

o ®

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

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

But how to do this a

You can solve this by extending SPARQL [8] with effectively in a Federated

b|d|rect|onal bfs over HDT [12] setting? Open Research
.//Dbi vadim savenkov/to

guestion!!!


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

Ews(OO
Scalability of SPARQL endpoints?

CONSTRUCT { , ,

© 7event rdfs:label 7label ; dcterms:isPartOf Zparent ; determs:coverage Tgeccoordinates ;
timex:hasStartTime 7atartDateTine ; timex:hazEndTime 7endDateTime ; dcterma:spatial 7gecentity . !

T A G . : . o et - e - . = Sobxcdelorlal SO . iy ,ab,e;c.‘

knowledge graph model -,

# find events with (for the moment) English, German, or non-language-specific labels:
Tevent wdt:P31/udt:P279¢ wd:01190554 . Tevent rdfs:label Tlabel .
FILTER ( LANGMATCHES(LANG{Ylabel), “EN") || LANGMATCHES(LANG(7?label), "DE")} || LANG(Z?lsbel) = "* )

" filter events-
{ # restrict Lo certain event categoriea, e.g. (for the moment) electicns and sSports eventa: #aports cou.petxtioneﬂ :
{ Zevent wdt:P31/udc:P279« wd:Q40231 } UNION { Tevent wdt:P31/wdt:P279+ wd:Q1340683554 }

o F
X - temporal
{ Zavaent wdt:P5EBE TatartDateTina . FILTER ( 7satartDateTinae > "1900-01-01T0C:00:00" " “xsd:dataTine) }
UNION
{ 7avant wdt:P5B0 7startDateTime. FILTER ( TstartDataTime > "1900-01-01T00:00:00"" “xsd:dateTina)
?event wdt:P582 vendDateTime. FILTER ( DATATYPE(?endDateTipme) = xsd:dateTine) }
}
BIND(IF (bound(7endlaceTine), 7endDateTime, xad:dateTipe(CONCAT(STA(xed:date(?startDateTime) ), "T23:59:59"))) AS TendDateTime)

" OPTIONAL { Yevent udt:P361 Zparent } geosparialy
OPTIONAL { Tevent wdt:P2767/(wdt:P1T7|wdt:P131} 7gecentity } i

OPTICKRAL { Tevent wdu:P2YE7/wdt:P825 Ygeoccordinates }

Figure 6: Conceptual SPARQL query to extract event data (from elections and sports competitions) from Wikidata — times
out on https://query.wikidata.org.

Problem occurred for us when constructing another KG from Wikidata [10] You can solve this by:
1. extracting relevant triples to answer the query via HDT [12] and

2. executing targeted CONSTRUCT queries to the full SPARQL endpoint for specific sub-queries in order
to materialize path expressions. Details cf. here



http://epub.wu.ac.at/6764/1/neumaier2018TR-enabling.pdf
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