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The Semantic Web in W3C’s view:

3. S;‘Oa:ll-l ?)lll(zjg((us to ask 2. Shall allow us to describe
~JUL. (| >\ the structure of informa-
ONTOLOGIES
((((402/520n § RULES J (OWL) | | tion in machine readable
the Web = form: %&")$*+#3$%,'(
P RDF SCHEMA
RDF CORE 1. Shall allow us to publish
‘ structured information
XM J NAMESPACES on the Web: I"#$%&(
\. 3/
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Focus of my Habilitation:

¥ Which theory do these Semantic Web standards base on?
¥ What’s missing? (= Do these standards work together)
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1. Structured Data on the Web

“Prof. Seidler is the new Rector of TU Vienna“

000 Technische Universitat Wien : TUWIEN Home =
()2~ (#) (@ o/ jwww tuwien.acaat Bvrv ) cooge Q)
resso s .| T

[ A pTE——
TECHNISCHE Drucken | Deutsch | English | Links | Kontakt | FAQs | RSS (Loginintranet’)
UNIVERSITAT
WIEN

Vienna University of Technology

STUDIERENDE | STUDIENINTERESSIERTE |
MITARBEITER/INNEN | ALUMNI & KARRIERE |
UNTERNEHMEN | MEDIEN

RDF CORE

8(

XML

NAMESPACES

AKTUELLES AKTUELLES
FORSCHUNG
LEHRE Erste Rektorin an der TU Wien
WIR UBER UNS 04.03.2011
FAKULTATEN & INSTITUTE Der Universitétsrat der Technischen
DIENSTLEISTER Universitat (TU) Wien hat heute Sabine
Seidler zur neuen Rektorin gewdhlt. Sie
SUCHE RIENTIERUNG
. =0 - wird am 1. Oktober Peter Skalicky nachfolgen, der 20 Jahre lang
IMPRESSUM die Geschicke der Universitat geleitet hat.
A
Personen v v
(= B) <>
@ Find: (Q gia | (_Next ] Previous ) (O Highlightall ) [] Match case
i Done . Tor Disabled

|CC \'/WI
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1. Structured Data on the Web

“Prof. Seidler is the new Rector of TU Vienna“

<organisation xmlns="http://www.tuwien.ac.at/ns/">

<name>Vienna University of Technology</name>

<employees>
< person id="person1” gender=“female”>
<name>Sabine Seidler</name>
<title>rector</title>

</person>

<employees>

</organisation>

RDF CORE

XMI J NAMESPACES
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1. Structured Data on the Web
“Prof. Seidler is the new Rector of TU Vienna“ ! ; /g),//(/\(/j‘/l‘)/\(,;)
‘,)

O N _...e ) (
1 <=>>3C<235B@HIBF0/12>)152A12( /(f
. ) 1
L\ g - 3
1 <=>>3C<235B@HIBF0/12>H21:AFEFGI(

“Vienna University of

Technology” :<=>>JKEA-@1FK>LFBL>M@N>*/GBA5OBPF/

FOAF
<=>>77?7@.0752A @B @ “Sabine Seidler”
W RDF CORE
- <=>>722@.0752A@B1@B >-BC5A2D-253E2/ XM J NAMESPACES
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RDF is knowledge representation

Each RDF Graph is a set of Triples (Subject, Predicate, Object)

<http://www.tuwien.ac.at/person1> :name ”Sabine Seidler" .
<http://www.tuwien.ac.at/person1> sisRectorOf <http://www.tuwien.ac.at/this>.
<http://www.tuwien.ac.at/this> :name “Vienna University Of Technology”.

<http://www.tuwien.ac.at/this> rdf:type <http://xmins.com/foaf/0.1/Organization>.

“Vienna University of
Technology” 1<=>>JKEA-@1FK>LFBL>M@N>*/GBASOBPF/

5<=>>??27@.0752A@ B H@8( “Sabine Seidler”

Q (2
Cz, o) /_Of .‘(\3«\

L <=>>?77@.0?52A@B1@B.><Z/-FAN

@ Done @ 1or Disabled 7 MarCh 2011



Each RDF Graph is a set of Triples (Subject, Predicate, Object)

RDF is knowledge representation

name(personl, OSabiSeidleO ) RDF+RDF Schema can be embedded

A in FOL [deBruijn et al. 2005] ...
|sRectorOf(person1uW|er) ...or Datalog [deBruijn et al.

A 2007] [1anni et al. 2009]
Name(tuwienOVienna University of TechnologyO)

A

Organisation(tuwieh

“Vienna University of
Technology” 1<=>>JKEA-@1FK>LFBL>M@N>*/GBASOBPF/

5<=>>??27@.0752A@ B H@8( “Sabine Seidler”

Q (<
C, o) /_Of .‘(\3«\

L <=>>?77@.0?52A@B1@B.><Z/-FAN

@ Done @ 1or Disabled 7 MarCh 2011



2. RDF can be described in terms of Ontologies and Rules ! T(

" 45068, (196#)*) &
. (/%#)Yokork with OrganisationsO& A | 1 RDF Schema (RDFS)
-12(&ector of '&3)*4(/%*Madrks with
\52!5&3)*4(/%*560& )
[-74(/6&3‘4(/%*%05 at most one rectorO& ] | 1 Web Ont. Lang. (OWL)

[—.(/%#)%&$2#|&7rksWith 1&3)*4(/%*56& ! B8t study] I 1 Rule Interchange
there (CWA) !/(&influx Personnel #9&52H&4:0& Format (RIF)

:worksWith rdfs:range :Organisation.
:isRectorOf rdfs:subPropertyOf :worksWith.

:isRectorOf rdf:type owl:inverseFunctionalProperty.
{ ?P rdf:type :InfluxPersontel } IF [ RULES } [ ONT((())IW()Sl[b ]

{?P :workswith ?U } AND NOT EXISTS {?P:studiedAt ?U}
l RDF SCHEMA |

7 March 2011




2. RDF can be described in terms of Ontologies and Rules !
""" #$%&'(1%#)*) +&

ISRectorOf(personluwien.

studiedAt(person922574&wien.

I X 1Y (worksWith (Y, X) " Organisation (X))
I XY (isRectorOf (Y, X) " worksWith (X,Y))
VX VY VZ(isRectorOf (X,Z) AisRectorOf (Y,Z) = X =Y)
ONTOLOGIES

InfluxPersonnel(p ! [ RULES l[ (OWL) l
worksWith(P,U), not studiedAt(P,\). '

l RDF SCHEMA l
worksWith(persontuwien).

Organisation(tuwieh
InfluxPersonnel(personl).
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2. Structured queries over Web data

¥ SPARQL = “SQL look-and-feel query language for the Web”
¥ allows us to ask structured queries such as:
- (/%)% &P2#&SH/, &IH/ &\ &5(<2)#"#+6&#/+)*=I>H#)0&

SPARQL

SELECT ?P

{?P rdfitype :Person.
?P . worksWith ?0.
?0 . topic_interest dbpedia:Technology

}

Unions of conjunctive queries, but also advanced features such as outer
joins (OPTIONAL), value filtering, etc.

Axel Polleres ‘@ @@@ 7 March 2011



2. Structured queries over Web data

¥ SPARQL = “SQL look-and-feel query language for the Web”

—
- ¥ allows us to ask structured queries such as:
% 2" &.(1%#)% &) 8E&H@>#)!""6&52(&#/+)*=I>#)&52(6 &$#/;&9#/0
al
D
J | SELECT ?P 20
{
?P  rdfitype  :Person.
OPTIONAL {?P: worksWith  ?0 .}
\}

Unions of conjunctive queries, but also advanced features such as outer
joins (OPTIONAL), value filtering, etc.

U( *(
pl tuwien
p9225749

Axel Polleres ‘@ @ 7 March 2011
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How do the standards interplay?

¥ Challenges:
NV(WFKC5A5AG (Y OEHEAGER-
2) Querying Rules & Ontologies
3) Data on the Web is NOT clean/consistent!
4) Querying XML & RDF

J NAMESPACES

7 March 2011
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1) Combining OWL Ontologies & nonmomotonic Rules

KB = (T,P)
I X 1'Y (worksWith (Y, X) " Organisation (X)) Personnel(fp!
I X 1Y (isRectorOf (Y, X) " ksWith (X, Y ’
VX W(vlsi (?SCR%rctor(Of (>2,z )W A risSReCItor(Of (\;) Z) 5 X = Y) worksWith(P,) .

Pl Combination of LP (even function-free Horn) + relatively simple DLs
already leads to undecidability [Levy, Rousset 1998] ...

Pl ABl1Gemantics is clear... embedding into classical first-order logic (*# )

Axel Polleres @ @ UNT(())I\;\/ULGl[S RULES J 7 March 2011
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NO(
1) Combining OWL Ontologies & nonmomotonic Rules

KB = (T,P)
I X 1'Y (worksWith (Y, X) " Organisation (X)) ? InfluxPersonnel(fp!
I X 1Y (isRectorOf (Y, X) " ksWith (X, Y ’ -
VX VY(VISZ(?SCR%rctor(Of (>2,Z)W /(\)risSRecltor(Of (\2) Z)y 5X =Y) e worksWith(P,J), not studiedAt(P, ).

Pl Combination of LP (even function-free Horn) + relatively simple DLs
already leads to undecidability [Levy, Rousset 1998] ...

Pl ABl1Gemantics is clear... embedding into classical first-order logic (*# )

¥ *<2A(402-PFA=((

é )
Bl reasonable underlying logics for combinations of DLs/FOL and non-monotonic LPs?

\ Can’t be embedded in FOL, because non-mon. logic programs under ASP rely on a non-classical logic!

l IMMJ (OWL)




Starting Point: Hybrid Knowledge Bases & NM-models
K=(T,P)

¥ (YI/53(Z[(approaches rely on (variants of) the Answer Set Semantics. [Rosat],
2005/2005b/2006, Heymans, et al. 2006]

Pl Define so called NM-Models for syntactically limited programs/FOL theories

Pl All give a modular definition of models by projection+reduct.
1. Ground P over the constants in KB: gr(7)

2.!' For all FO-Models M over the signature of T create the “@/#D(<>#)
gr(P) |, wrt. M.

E1 741"315( all answer sets of gr(P)|,

L mmJ (OWL)




NM-model an example:

I X 1Y (isRectorOf (Y,X) " worksWith (X,Y)) M = {isRectorOf (p1, tuwien)JworksWith (p1, tuwien)}]
o ’ ’ M, = {EisRectorOf (p1, tuwien ) JlworksW ith (p1, tuwien )}

M3 = {RisRectorOf (p1, tuwien)jAworksWith (p1, tuwien )}

studiedAt(p9225749,tuwien) .

isRectorOf(pltuwien .
niluxPersonne F“worksWith(X, U, not studiedAt(X,y

Is @F member of the class InfluxPersonnel

The @/#D(<>#gr(P)|\; “applies” each model classical M; M, M; to the logic program,
before stable models are computed.

Fm-models KB5A(532B ]

WR.GHI&ERER(P) |\ <H)51*)YRY6!>%K L & <H)%5/*)5 188 E8E &8 &E8&ESEESEEEEEEYHE)HEY
YB.GHIGRIER P) |, <H)5!%)%&52(&+/#3)8&/3"(&*)%5!)<(C&

InfluxPersonnelTU(pl) not studiedAt(pl,tuwien).
¥ 23%I1&8BuxPersonnelTU(plremains in the only stable model, i.i@.the NM-model

Axel Polleres ‘@ @@@ 7 March 2011



Alternative — Model Theoretic approach

Back to our question for a non-classical logic which covers this. . .

e Equilibrium logic [Pearce, 1997] generalizes stable model semantics and answer
set semantics for logic programs to arbitrary </[F<F-5PFARBE<ories.

We defined a V- ]JF/32/("2/-5FA= _OBAP\23(45E5C/5(KEG51(a_#V

¥ Model theory based on Kripke semantics for intuitionistic logic.
¥ Special Kripke models with two worlds Y (b(KHthus the Kripke models are also
called “Here-and-there” models, each world is a FO-model.
¥ Quantified 405E5C/50Kddels are models (H, T> where
Pl H=T (.F.BEand
Bl there exists no QHT (H’, T) model such that H' ¢ H (KSA5KBE}.I

Axel Polleres ’@ @@ 7 March 2011
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How to embed Hybrid KBs in QEL?

¥ We can embed both 7 the P in QEL...

¥ _02-PFA=For K = (7,”P) how can we make the predicates from 7 “behave
classical” within QEL?

¥ *C-2/"BPFA+#f LEM is added to intuitionistic logic, then intuitionistic logic
collapses to classical logic.

¥ ,32B Add LEM only for the classical predicates:

Definition:
Given a hybrid KB K = (7, P) we call T U st(7) U P the stable
closure of IC, where st(7) = {Vz(p(z) V —p(x)) : p € L7}

Axel Polleres ‘@ @@@\ 7 March 2011



Example?

¥ Transform K = (7,P) into a first-order theory...

T 1 X!Y(isRectorOf (Y,X)" worksWith (X,Y))
(77 I X1Y(isRectorOf (X,Y )" —isRectorOf (X,Y))
st I X 1Y (worksWith (X, Y )" —worksWith (X, Y ))

P studiedAt(p9225749,tuwien)
iIsRectorOf(pltuwien

I X1 U(worksWith (X,U)" AstudiedAt(X,U) # InfluxPersonnelTU (X))

¥ .. andinterpretitin QEL.

¥ Now... QEL Models of the %5!L"(&<"#%&(ncide exactly with the
NM-models from [Rosati,2005/2005b/2006] !!!

Axel Polleres ‘@ @@@ 7 March 2011
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Main results:

Theorem

Let K = (7,P) be a hybrid knowledge base. Let M = (U, T, T)
be a total here-and-there model of the stable closure of K. Then
M is an equilibrium model if and only if it is an NM-model of K.

y
¥ i.e., stable closure in QEL can replace the “modular” semantics definition of NM-models !!

¥ Added value: Definition of -./FAG(2405"BE2Ad2Y|C/537]- :

Definition

Two hybrid KBs K1 = (71,P1) and Ky = (73, P3) over same structural language are
called strongly equivalent if for any theory T = (T, P),
(T1UT,P1UP) and (T2 UT,P2 UP) have the same NM-models.

/ ® K1 and Ko are strongly equivalent if 71 and 72 are classically equivalent \
and P; and P2 are equivalent in QHT.

® K and K2 are not strongly equivalent if 71 U P1 and 72 U P2 are not
equivalent in classical logic.

® (71,P) and (72, P) are strongly equivalent if 77 and 72 are classically

K equivalent. /

Axel Polleres l@ ®®©l 7 March 2011
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How do the standards interplay?

¥ Challenges:
1) Combining Rules & Ontologies

6V(_02/I5AG(%OEZAKEFG5A-
3) Data on the Web is NOT clean/consistent!

4) Querying XML & RDF

(OWL)

J NAMESPACES

7 March 2011
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2007/...

¥ SPARQL’s semantics under discussion [Perez et al. 2006], no standard
recommendation yet

. 4

Also: SPARQL is for RDF only...
unclear how to combine SPARQL with Rules & OWL

' 4

¥ *C-2/"BPFA-
Pl A good bit of OWL and RDFS can be evaluated by simple Datalog rules (DLP,
pD*, [ater OWL2RL), most engines do that

Pl A good bit of SQL is reducible to Datalog as well...

...Can we use deductive databases techniques to answer SPARQL queries over
RDFS?

Axel Polleres ‘@ @ 7 March 2011



SQL to Datalog...

M A large part of SQL has a natural correspondence to Datalog ... e.g.

Example: Two tables containing adresses and universities
Addr(Name , Street, City, Telephone)
Universtiy(Name , City)

-N*4(&M(&!""&)'M(%&#9& @ (H@" (&"*4*)+&*)&!&<*56&$*52&!&B)*4({24%

SELECT Addr.name FROM Addr,University
WHERE Addr.City = University.City ,

answer(AddrName ):-  Addr(AddrName , Street, City, Tel).
City(CityName , City).

?- answer(Name ).

Axel Polleres ‘@ @ 7 March 2011
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SPARQL to Datalog...

¥ Should be doable for SPARQL as well...
benefit: can be combined with inference rules emulating RDFS, OWL!

Recall from earlier: -.(/%#)%&$2#&SH#/; &/ &I &5 (<2)# " #+6&#/+)*=I>#)0

/SELECT ?P )

{?P rdf:itype :person.
?P . worksWith ?0.

?0 . topic_interest :technology
A /
answer(P ) :- RDF(P,rdf:type,person ),
RDF(P,worksWith,O ),
RDF(O,topic_interest , technology).
RDF(S,Q,0) :- RDF(S,P,0), RDF(P, rdfs:subPropertyOf , Q).

Axel Polleres ‘@ ®®©] 7 March 2011



SPARQL to Datalog...

¥ More tricky bits, e.g. OPTIONAL

6Q(

Recall from earlier: -?""&.(/%#)%&!)8&#@>#)!""6&52(&#/+)*=I>#)&52(6&$#/;&9#/0

/' SELECT ?P 20 N
{
7P rdf:type  :person.
OPTIONAL {?P: worksWith 20 .}
R /

answer(P , O)
answer(P , nu
answerl(P)

i.e., SPARQL’s Outer Join (OPTIONAL) can be emulated with null and negation as failure.

) -

Axel Polleres ‘@ ®®©

RDF(P,rdf:type,person
RDF(P,rdf:type,person
RDF(P,worksWith,O

).

),
),

RDF(P,worksWith,O ).

not

answerl(P).

7 March 2011



SPARQL to Datalog...

pl rdf:type :Person .
pl :worksWith :tuwien .
:p9225749  rdf:type :Person .
:tuwien :topic_interest :technology.

cHH dH,*d: non-SQL compatible JOIN semantics for null:
null joins with anything in SPARQL!

&SELECT ?P 20

{

{? rdf:type ‘person.

ORTIONAL {?P : worksWith ~ ?0.

{ | ?0: topic_interest :technology}

}
U( *( ” U( *(
pl tuwien > = pl tuwien

:

p9225749 null 9225749 0?7524

Translation to non-recursive Datalog”™ needs slight adaption, but
still polynomial, details in e+++6MMRI{(

Axel Polleres ‘@ @ 7 March 2011




Main results:

All SPARQL queries can be translated to non-recursive Datalog"((e+++6MMRIf(

Pl Confirming feasibility by PSPACE complexity results from [Perez et al. 2006]

Pl [Angles, Gutierrez, 2008] showed reverse translation, i.e. expressivity of SPARQL is precisely
the same as non-recursive Datalog”F(

Follow-up works included: proposing SPARQL for complex mappings between ontologies
e*&[c) 6MMRE
Pl Based again on reduction to ASP
Bl Adding expressive features “for freeg(aBGG/2GB.2-h(CO5E.]5A-V((
" 1AF?(FA(.:2(BG2A3B(FL()Uc%_#N@N(
Pl Similar proposal, based on WFS by [Shenk, Staab, 2008]

Implementation and proposed semantics for SPARQL + OWL/Rules(e,)+W6MMTT(
Pl Implementation based on dlv-DB and earlier results from [lanni et al. 2007,2009]
Bl Basis for )Uc%_#N@ N>8ént(antics

Axel Polleres ‘@ @ 7 March 2011
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How do the standards interplay?

¥ Challenges:
1) Combining Rules & Ontologies
2) Querying Rules & Ontologies
7V(&B.B(FA(.:2(+2C(5-(d*H(1E2BA>1FA-5-2A.i((
4) Querying XML & RDF

" WNTOLOGIES
RULES &
1;;;3” ‘ll!!? (OWL)

SPARQL

RDF SCHEMA

RDF CORE

J NAMESPACES
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SAOR - Reasoning for SWSE

<=>>-2-2@32/5@H/G

m <v

SUSE

¥ We want explicit RDF data <EO-QWL inferred data in the
search results!

¥ Our approach:
SAOR —) calable cuthoritative * WL Y%easoning

Axel Polleres ‘@ @@@ 7 March 2011



¥

¥

ldea

Apply a tailored subset of OWL2RL reasoning
Forward-chaining rule based approach

Reduced output statements for the SWSE use case...

Pl Must be %<!"IL"( must be /(1%#)IL"(I&<!)O5&!P#/8&5#&*)8(Q&5#HH&M3<2:&

... incomplete w.r.t. OWL [j(&"),kdi(
Bl )Wc#c[# =(ailored ruleset

¥ file-scan processing
¥ avoid joins
Bl cIHY*%,HcH,m Avoid Non-Authoritative inference

n u

(“hijacking”, “non-standard vocabulary use”)

Axel Polleres ‘@ @@
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Scalable Reasoning

¥ )1BA(N=((

(Scan all data (1.1b statements), separate T-Box statements, load T-Box statements
(8.5m) into memory, perform authoritative analysis.

¥ )1BA(6=((

Scan all data and join all statements with in-memory T-Box .

Bl Only works for inference rules with 0-1 A-Box patterns’

Pl Inference rules only infer A-Box statements - no T-Box expansion
by inference.

Needs “tailored” ruleset

%
We also describe (necessarily less scalable) techniques for rules that need A-Box joins in the paper.

Axel Polleres ‘@ @@ 7 March 2011




Rules Applied: We focus on rules that don’t need A-Box joins /!
Tailored version of [ter Horst, 2005] in the spirit of OWL2RL

g1 : ONE A-BOX PATTERN IN ANTECEDENT

(?x rdf:type 7C . + ?P rdfs:domain ?C . 7x 7P 7y . A
7y rdf:type 7C . < 7P rdfs:range 7C . 7x 7P 7y .
7x 7Q 7y . < 7P rdfs:subPropertyOf 7Q . 7x 7P 7y .

\’x rdf:type 7D . < 7C rdfs:subClassOf ?D; ?x rdf:type ?,g)
‘y TP 7x . — 7P rdf:type :SymmetricProperty . 7x /P 7y .
7y 7Q 7x . + 7P :inverseOf 7Q . 7x 7P 7y .
7y 7P 7x . + 7P :inverseOf 7Q . 7x 7Q 7y .

?x rdf:type 7D .+~ 7C :equivalentClass 7D . 7x rdf:type 7C .
7x rdf:type 7C . «+ 7C :equivalentClass 7D . ?x rdf:type 7D .

7y 7Q 7x . < 7P :equivalentProperty 7Q . 7x 7P 7y .

7y 7P 7x . < 7P :equivalentProperty 7Q . 7x 7Q 7y .

?x rdf:itype 7C . « 7C :hasValue 7y ; :onProperty 7P . 7x 7P 7y .

7x 7P 7y . < 7C :hasValue ?y ; :onProperty 7P . 7x rdf:type 7C .

?x rdf:type ?7C . < ?C :unionOf (?7C1...7C;...7Cy) . ?x rdf:type 7C; .

7x rdf:type 7C . < 7C :minCardinality 1 ; :onProperty 7P . 7x 7P 7y .

7x rdf:type 7Cy, ..., 7Cp . < 7C :intersectionOf (?7C; ... 7Cy) . ?x rdf:type 7C .
7x rdf:type 7C . < ?C :intersectionOf (7C;) . 7x rdf:type 7C; .

Underlined patterns are from the T-Box, non-underlined are “Data” or A-Box triples.
Note that these rules cover RDFS reasoning.

Axel Polleres ‘@ @@@, 7 March 2011




: 78(
Good “excuses” to avoid G2 rules

¥ The obvious:

Bl GJ&ules would need joins with inferred triples, i.e. to trigger restart of file-scan

¥ The interesting one:

Pl Take for instance owl:inverseFunctionalProperty rule:
I?x :sameAs 7y . + 7P a :InverseFunctionalProperty . 7x 7P 7z . 7y 7P 7z I

Pl Maybe not such a good idea on real Web data

( -;O( )E; [e 08445231a7866 1b5c746feff39a0dbbese2ccScf (‘Suche ) ErweteteSuche
~ instellungen

Suche: ™ DasWeb  Seiten auf Deutsch _ Seiten aus Deutschland

Web Ergebnisse 1 - 10 von ungefahr 16.000 flr 08445a31a78661b5c746feff39a9db6ede2ccScf. (0,15 Sekunden)

&% 2'E802%38HI&(M@56&%5/*)+R:&SHEMM#H) &4!"3(&9#/&I#IOCMLAQT

Axel Polleres l@ @@@l 7 March 2011



L . 79(
Web Tolerance: Authoritative Reasoning

We check authority (on the T-Box statements only) to make inferences!

Document & authoritative for class/property ! iff:
Pl De-referenced URI of ! coincides with or redirects to &(
Pl FOAF ontology authoritative for foaf:Person F
Bl MY spec not authoritative for foaf:Person FH

[F//IF?5AG(L/FK(.:2(532B(FL(&#(.F(-2<BAYRJ(BA3(C][FIP2(2ABCE2(BO.:F/5.1(1:21n5AG(
CI(-F(1LBEEQ8it-rules =(

Bl U@"*5Vi3ftecedent divided in(H][FJ(@nd c][FJ( statements.

Pl U@"™5V/3"(&? @ @"1!letd3€8ne of the c][FJ /H][FJ({oin variables needs to be spoken about
authoritatively, for the rule to fire.

?s rdf:type ?d . ! ?c [dfs:subClassOf ?d . ?s rdf:type ?c .

Axel Polleres ‘@ @@@\ 7 March 2011



L . 7Q(
Web Tolerance: Authoritative Reasoning

¥ "IBK<E2=(
?s rdf:type ?d . - ?c rdfs:subClassOf ?d . ?s rdf:type ?c .

¥ Only allow extension in authoritative documents
Bl my:Person rdfs:subClassOf foaf:Person . (MY spec) F

¥ BUT: Reduce obscure memberships
Pl foaf:Person rdfs:subClassOf my:Person . (MY spec) F$

Our In-memory T-Box only stores only statements that are authoritative for rule execution.

Axel Polleres l@ ®®©l 7 March 2011



Main results

¥ Current experiments:
Bl 1b of real Web crawl Linked Data data triples (only GF&/3"(%W&
Pl 6hrs on one machine commodity hardware, inferred around 2b triples

2e+009

T
read
written
1.8e+009 |

1.6e+009 |-
1.4e+009 |-

1.2e+009

statements

1e+009 -
8e+008 -

6e+008 |- s
,,»—)’/‘7 -

4e+008 | / >

2e+008 |- T

0 «jﬁ/{» 1 1 1 1 1
0 100 200 300 400 500 600

minutes elapsed

B Including GJI GE&ules over a smaller dataset (up to ~100M statements)

¥ GF&ules Approach has been taken up can be easily distributed
[Weaver&Hendler,2009], [Urbani etal.,2010]

Pl but: no Web Data, no split rules!
¥ Several extensions e.g. [ISWC2010], PhD thesis defended [Hogan 2010]
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How do the standards interplay?

¥ Challenges:
1) Combining Rules & Ontologies

2) Querying Rules & Ontologies
3) Data on the Web is NOT clean/consistent!

8V(_02/I5AG("#(X(%&(

' QNTOLOGIES
RULES &

SPARQL

RDF SCHEMA

RDF CORE

J NAMESPACES
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General motivation
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General motivation
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Example:

relations.rdf

: fix foaf: <http://xmiIns.com/foaf/0.1/> .
Lowerin @pre _ ,
relationssml ) 0 |~ bLafoatperson;
<relations> ¢ f:k R b2
<person name="Alice"> fggf:kzng . b3.
<knows>Bob</knows> ) ' o= o,
<knows>Charles</knows> = ?ga?iﬁif}vzer?on' foafbr;ame Bob”;
</person> ] ' o= o .
<person name="Bob"> _: b3 a foaf:Person; foaf:name "Charles".

<knows>Charles</knows>
</person> ; |
<person name="Charles"/> | Lifting

</relations>
person

/
b

foaf:Person Charles
. rdf:type
Alice »
. Bob

\ ¢ foaf:name
foaf:name
\

person person

\

foaf:knows ———»|

foaf:knows

knows | |knows knows

\/ A\

Alice Bob ||Charles Bo

Axel Polleres @ ®®©] 7 March 2011
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So, why is XSLT, XQuery not enough?

¥ Because RDF # RDF/XML !!!

foaf:Person
'iii%i

rdf:type rdf:type

foaf:name
foaf:knows ~

1) many different RDF/XML representations...

<rdf:RDF xmlns:foaf="http://xmlns.com/foaf/0.1/"
xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#">
<foaf:Person rdf:about="alice/me">
<foaf:knows>
<foaf:Person foaf:name="Charles"/>
</foaf:knows>
</foaf:Person>
</rdf :RDF>

<rdf:RDF xmlns:foaf="http://xmlns.com/foaf/0.1/"
xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#">
<rdf:Description rdf:nodeID="x">
<rdf:type rdf:resource="http://xmlns.com/foaf/0.1/Person"/>
<foaf:name>Charles</foaf:name>
</rdf:Description>
<rdf:Description rdf:about="alice/me">
<rdf:type rdf:resource="http://xmlns.com/foaf/0.1/Person"/>
<foaf:knows rdf:nodeID="x"/>
</rdf:Description>
</rdf :RDF>

<rdf:RDF xmlns:foaf="http://xmlns.com/foaf/0.1/"
xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#">
<rdf:Description rdf:about="alice/me">
<foaf:knows rdf:nodeID="x"/>
</rdf:Description>
<rdf:Description rdf:about="alice/me">
<rdf:type rdf:resource="http://xmlns.com/foaf/0.1/Person"/>
</rdf:Description>
<rdf:Description rdf:nodeID="x">
<foaf:name>Charles</foaf:name>
</rdf:Description>
<rdf:Description rdf:nodeID="x">
<rdf:type rdf:resource="http://xmlns.com/foaf/0.1/Person"/>
</rdf:Description>
</rdf:RDF>

2) ... and actually a lot of RDF data residing in RDF stores, accessible via SPARQL endpoints already, rather than

in RDF/XML

Axel Polleres l@ ®®©l
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Our idea:

New query language... but don’t reinvent!
Xquery + SPARQL = NUc% _#(

declare namespace prefix="namespace-URI"

or prefix prefix: <namespace-URI>

for var in XPath-expression
let var := XPath-expression
where XPath-expression
order by expression

for varlist

from / from named <dataset-URI>
where {pattern }

order by expression

limit integer > 0

offset integer > 0

construct

{ template (with nested XSPARQL) }

Prolog: | P
Body: F
L
W
O
F'
D
W
M
Head: C
R

return XML + nested XSPARQL

Axel Polleres l@ @@@l
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Example: Mapping from RDF to XML

<relations>
{ for $Person $Name
from < relations.rdf >

where { $Person
order by $Name

foaf:name $Name }

return

<relations>
<person name="Alice">
<knows>Bob</knows>
<knows>Charles</knows>
</person>
<person name="Bob">
<knows>Charles</knows>
</person>
<person name="Charles"/>
</relations>

<person name="{ $Nam&">

{ffor$ FName

from < relations.rdf >

where {
$Person foaf:knows  $Friend .
$Person foaf:name $Name .
$Friend foaf:name $Fname }

return <knows>{ $FNaméa</knows>

} </person>
}</relations>

Axel Polleres ‘@ ®®©‘
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Implementation and semantics:

¥ Formal Semantics (XSPARQL1.0):

Pl Based on XQuery formal Semantics
Pl Can be implemented based on rewriting to XQuery

¥ Challenges/Limitations:
Pl Nesting, scope of RDF dataset...
Pl different “type systems” of RDF/XML (sequences)

Pl adding ontological inference (to resolve heterogeneities)
Pl We are working on this in XSPARQL1.1!

e )+W6MMS W3T tdémber submission, Dipl.thesis [Bischof 2010]
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How do the standards interplay?

¥ Challenges:
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Take home message:
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Outlook:

¥ Hybrid KBs
Pl Reasoning procedures for QEL, tractable fragments
Pl Uniform equivalence definitions?

¥ SPARQL to Datalog
Pl Potential for Optimisations?
Pl Multi-set semantics?
PISPARQL1.1 and beyond

¥ SAOR
PISAOR vs. document-centric inference [Delbru et al. 2008]

¥ XSPARQL

Pl Declarative underlying model, core fragment, integrating
RDB, updates

Axel Polleres ’@ @@ 7 March 2011
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Quantified Equilibrium Logics

¥ Based on first-order version of Logics of here- and- there (_YH), in the sense of a special
two-world Kripke semantics for intuitionistic logic [van Dalen, 1983]

M QHT interpretations consist of pairs of first-order interpretations over the same
domain, that both interpret constants the same.

¥ Slightly simplified, an 5A.2/</2.BPFM = ((D,0), In, It) ,st. I, C I}
can be viewed as pair of -2.-(FL(B.FK-(Yh(bh(-01:(.:B.(Y (¢ (H(

¥ The models are extended to all formulas via rules known in 5A.05PFA5{EEG3dgical
consequence relation are the ones for (intuitionistic) Kripke semantics

¥ Quantified 405E5C/50Kqdels are then those QHT models (H, T) where
Pl H=T (.F.BEand
Pl there exists no QHT (H’, T) model such that H' ¢ H (K5A5KBE.I

¥ Quantified Equilibrium Logics (_#) is then QHT restricted to equilibrium models.
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Backup-slide

Quantified Here-and-there (QHT) Models:

IN(

For w € {h,t}:
e M,wkE oAV iff M,w = ¢ and M,w = .
e MwE VY iff MwE ¢ or M,w = 1.
o M,tk= o — vy iff M,t |~ @ or M,t 1.
e M\hi=yp—>vYiff M,t =@ — % and M,h |~ p or M, h = .
o M,w = —piff M,t I~ .
e M,t =Vxp(x) iff M,t = @(d) for all d € D.
e M,h =Vzp(z) ift M,t = Vxp(x) and M,h = ¢(d) for all d € D.
e M,w = dzyp(x) iff M,w = ¢(d) for some d € D.
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XSPARQL Implementation:

¥ Initial idea (and formalised in XSPARQL1.0):

Plextension of the XQuery semantics by plugging in
SPARQL semantics in a modular way

Y
or RDF Engine

™ Query XQuery XML
XSPARQL > Rewriter ™ Engine [ ™| orRoF

PIRewriting algorithm is defined for embedding
XSPARQL into native XQuery plus interleaved calls
to a SPARQL endpoint

Axel Polleres ‘@ @ 7 March 2011




SPARQL as a Rule Language for Ontology mappings o
e*&[c) 6MMRI(

vCard FOAF

@__ foaf:-name
\/

VCard:Given

VCard:Family

CONSTRUCT { ?X foaf:name fn:concat (?N," ",7?F) }

WHERE { ?X VCard:Given ?N. ?X VCard:Family ?F
}

You rather want built-in functions in CONSTRUCT to describe ont. Mappings
But: Built-ins not expressible in SPARQL.

This is what SPARQL++ e*&[c) 6MMRfprovides, again by translating into Datalog"°t with
builtins.

Attention: Value generation in the CONSTRUCT part might again raise non-termination issues!
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#! GiaBATA system:

$ ! SPARQL" dlvhex (logic program)!

$ ! Additional inference rules (RDFS, etc.) "

©osal

dlvhex (logic program)

SPARQL Query \
'| full RDFS \
| ot D

custom rules

divhex

y

Query
Rewriter

Schema
Rewriter

Output
Builder

SPARQL Plugin

N DLVDB

SPARQL Result /

#! Deductive Database techniques:

$ | Datalog engine (dlvhex)!
$ ! Postgres SQL Database underneath (dlv-db)!

$ | RDF storable in different schemas in RDB

$ ! Magic sets, storage

Avel Polleres ‘@ @@@‘
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XSPARQL Formal Semantics

¥ Current formalisation embeds rewriting in the functional semantics of XQuery:
2a@CZZQ%@!/Y".8(/*:#/+Z% @ (<ZQ%@!/Y"V%(MN><%:25M"b*8&c$#/V(Q @/ (%% *#) %

mapping rules [];ogjnherit from the definitions of XQuery's [-];ogf

for $VarName g $ Vaeramen DatasetClause where "
GroupGraphPattern SolutionModifier ReturnClause 4 Expr'

let $_aux_queryresult :=
r [VarName VarName DatasetClause

where GrounGraohPattern Solut/onModlf/e/] I

[$ VarName $VarName DatasetClause ]
where GroquraphPattern SolutionModifierd SparqlQuery

([fs:serialize( "SELECT $VarName1 $VarNamen", DatasetClause, " where { " ] )
fs:sparql fs:serialize( GroupGraphPattern ), " y SolutionModifier" ) Expr

Axel Polleres ‘@ @@@‘ 7 March 2011



Rewriting XSPARQL to XQuery...

construct { : b foaf:name { fn:concat(""",$N " SF,M Y
from < vcard.rdf >
where {$P  vc:Given $N.$P  vc:Family $F .}

let $aux_query :=fn:concat("http://localhost:2020/spargl?query=",
fn:encode-for-uri (
select $P $N $F from < vcard.rdf >
where {$P vc:Given $N.$P vc:Family $F.} ")

for$ aux_result 4 gncode SPARQL in HTTP call SELECT Query

In UU\J\ YAUN Yyuvcly /IIO'JU.IHI 1COultL. ICQUIL-

let$ P_Node := R @ )] - 10 [ ="p
let$ N_Node := 2 Execute call, via fn:doc function gname ="N"]
let$ F Node:=$% aux result/sparql result: blndlng[@name ="F
let $N := data($N_Node /*)let $ N_NodeType := name($N_Node/*)
let$ N _RDFTerm:= local:rdf term($N_NodeType,$N )

return ( fn:cor _ - ",
( fr 3 CoIIect results from SPARQL result format (XML) ....... )), ")

4. construct  becomesreturn  that outputs triples.
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Submission acknowledged by W3C

O 00 XSPARQL Language Specification

WSC 8 Member Submission O

¥ 4 Documents:
Pl Language Spec.

PSR Pl Semantics
XSPARQL Language Specification 5 1mol tiong, Test
r Implementation est-
W3C Member Submission 20 January 2009 Cases
This version: Bl Use Cases
hitp //Awww.w3.org/Submission/2009/SUBM-xspargl-spec-20090120/ :
Latest version: ¥ Onlme prOtOtype
hitp /www.w3.org/Submission/xsparql-spec/ htto://xsparal.deri.or
Authors:
Axel Polleres - DERI, NUI Galway _ ' o ¥ Supporters
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Technology Pl Asemantics
Nuno Lopes - DERI, NUI Galway 5|
Jacek Kopecky - University of Innsbruck L INRIA
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(IST-034718). Bl Profium
This document is available under the W3C Document License. See the W3C ~ xnm.ﬁ Bl Talis
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Abstract

XSPARAQL is a query language combining XQuery and SPARQL for transformations between 7 March 2011
RDF and XML. This document contains provides a language description of XSPARQL. : arc
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2. RDF can be described in terms of Ontologies and Rules ! 9S(
""" #$%&'(1%#)*) +&

ONTOLOGIES
RULES | (0w

RDF SCHEMA

*+#p- (..:2F/2P1BE(LFOA3BPP&scription Logics,
SHOIN[Horrocks and Patel-Schneider, 2004]
SROIQ[Horrocks et al. 2006]

%,'p{..2F/2P1BE(LFOA3BPE&gic programming, F-Logic,
but also Datalog/Answer Set Programming, Deductive Databases
NHM(&']G&B* " (<5%&!""#$&) (+!>#)&1%&9!*"3/(WE&

%&'()1:2KB=ih essence in the intersection

(but strictly speaking more liberal than Description Logics)&
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RDF is the basis for Linked Data:

1.! Everything gets a URI (conferences, people, talks, ...)
2.! These URIs are linked via RDF describing relations

3.l Relations are URIs again (e.g. :name)
4.! When | dereference the URIs, | should find more information about them
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