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What Is this; talk: about

® A sort of tutorial ofRDF, the core semantic web
knowledge representation language (data mode

® Emphasises theogicalaspect...

® ...necessary to introduce In this context
constraints, e.d., (conceptual) schemas,
ontologies, etc

® Most material taken from myPODS-0anvited talk
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Technical Content

® RDFas a novel KR language
® with meta-modelling capabillities
® with challenging theoretical problems

® SPARQIlas the RDF gquery language
® a guery language for incomplete information
® with interesting capabilities
® 101l present azbstract logic-based framework

® DISCLAIMER

® the field Is very young
® the current main effort is about clarifying issues
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Summary

® RDF as a KR language
® The semantics of RDF

® RDF as a representation system for incomplete
information: naive tables and conjunctive querie

® RDF with constraints: RDFS
® Querying RDF iIncomplete databases
® SPARQL as the query language for RDF
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RDF iinithe mealworld

® RDF and SPARQL ai®'3C standards

® Widespread use for metadata representation, e.
® Apple (MCF)
® Adobe (XMP)
® Mozilla/Firefox

® Oraclesupports RDF, and provides an extensior
of SQL to query RDF data

® HP has a big lab (in Bristol) developing specialis
data stores for RDF (Jena)

® ..but: research Is beyond practice
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RDF

® A node- and edge-labelled directed graph
® edges are calledroperties
® the left node In a directed edge Is calledbject
® the right node in a directed edge Is called|ect
® Typical notations are:
® p(s,0)
® Triple(s, p, 0)
® spo.
® Labels are URIdjterals, orbnodes
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Example

‘rock-band 32

37

A

@ 29 %
& \= :
.QQ S'\S % S 1
& 9 S 2
-anthony ;john -age

A
leads

-antony :leads :john.
-antony :age :a.
-antony rdf:type :Db.
_:b rdf:type :rock-band.
-age :has-max 37.

The Logic of the Semantic Web - Enrico Franconi



Example

‘rock-band 32

-antony :leads :john.
.antony :age :a.
-antony rdf:itype :b.
_:b rdf:type :rock-band.
-age :has-max 37.
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RDF peculiarities

® Some labels are anonymousnodes

® The alphabets of labels for nodes and for
properties are not disjoint: @oreferencels
possible between nodes and properties

® There Is a special pre-defined non well-founded
@df:typeO property, with the intended meaning

(s-element-dd
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Meaning of RDF graphs

® We want to provide anodel-theoretic semantics
to RDF graphs, in order to properly define
entallment and query answering

® We consider here asimplifiedRDF language:

® no restrictions on literals

® in normative RDF literals are not allowed in subject
position

® no restrictions on properties

® in normative RDF bnodes are not allowed in property
position

® no OaxiomaticO knowledge
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RDF semantiecs/(atoms)

| = IAT &, &
ooyt Lyt
.|p : !|||#2!IX!
a : B"#!'!
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RDF semantiecs/(atoms)

| = IAT & 4"

booyrLtgnr u* = u
1p : | | " 2! b ! || o — ||
a : B"#!'! b> = 1(b

o E p(s,0) iff (s Lo )y e @)
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RDF semantiecs/(atoms)

| = IAT & 4"

booyrLtgnr u* = u
1p : | | " 2! b ! || o — ||
a : B"#!'! b> = 1(b

o E p(s,0) iff (s Lo )y e @)

T,al=p(s,0) i1 st ph® by Tt
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RDF semanties and-entailment

® Non-atomic formulas:
T,a F {p1(S1,01),Pp2(S2,00),--- } 1L
| ,a F pl(Sl,Ol) and

1,1 E {p2(s2,02), a3}

® | is amodelof an RDF graph G, writted = G
if thereexistsant suchthatl ,! F G

® An RDF graph @ntailsan RDF graph H ¢ = H
iffforanyZ suchthatZ = G theh = H
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RDF andfFOL

| , Tessaris, 2004]The models of an RDF graph
I F {p1(s1,01), P2(S2, 02), 828}

are the sameas the models of the FOL formula
| e 1D T(s1,p1,01)" T(s2,p2,02)" &88

where £ is the set of bnode names appearing in
the graph

13
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<}),y. T(:antony, :leads, :john) <xXT(:antony, :age, x) <XT(:antony, rdf:type, y) <x
T(y, rdf:type :rock-band) <x..
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Complexity ofRDF entallment

GE H

® NP-completan the size of the graphs
® Polynomiain the size of the entailing graph G

® Algorithm:reductionto conjunctive query
containment

® Typically implemention: graph homomorphism

The Logic of the Semantic Web - Enrico Franconi 15



Naive T:ables/Conjunctive Querie:

® An RDF graph can be seen as amcomplete
databaserepresented in the form of anaive table

® An RDF graph is represented by a unique table
with values being constants or named existentia
variables

® An RDF graph can be seen ast@olean
conjunctive guerpver the unique relation T
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antony | :leads

john

29 :antony | :age

X

-antony | rdf:type

Y

Y rdf:type

‘rock-band

<k,y. T(:antony, :leads, :john) <XT(:antony, :age, x) <xXT(:antony, rdf:type, y) <x

T(y, rdf:type :rock-band) <x..
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RDFS

® RDFS adds to the signature properties with a fix
semantics

® rdf:type (= Is-element-of)
® rdfs:subclass

O® rdfs:subproperty

® rdfs:domain

® rdfs:range

® Note that the (above) properties are also
elements of the domain
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Example

rdfs:range

O > :edible -edible
A A
rdfs:subProperty F rdf:type
;john Slurps > .ice-cream Jice-cream
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Normative semantics of RDFS

rdfs:subclass »*' |
{"u,v#$ ! " %! |
&r. (x,u) $ rdfitype »* ' (z,v) $ rdfitype ' }

rdfs:domain' P |
{"u,v#$ ! ' %! |
&,y. (x,y)$u'rt ' (x,v)$ rdf:type'*' }
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Normative semantics of RDFES
(in FOL)
lu, V.
T (u, rdfs:subclass, v)"
I x. T(x, rdfitype,u) " T(Xx, rdf:type, v)

Yu,v.
T'(u, rdfs:domain, v)—

Vae,y. T(x,u,y) — T (x,rdf:type, v)
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Entallment in hormative RDFS

G :RDFS H

® Entaillment underconstraints

® [ter Horst, 2005] NP-completan the size of the
graphs
® Polynomialf H does not contain bnodes

@ Algorithm: reduction to RDF entailment through
completionof graph G

® Warning: W3C standard algorithm (by P. Hayes) Is
incomplete[ter Horst, 2005; GutiZrrez et al, 2004]
(e.g., the previous example does not work)
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Example revistted!

-eats

A
< rdfs:subProperty
rdfs:range
O

> :edible

A
rdfs:subProperty

slurps .
D > :ice-cream

;john
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Example revistted!

-eats

<A
rdfs:range
O

A

slurps

rdfs:subProperty

> :edible

rdfs:subProperty

> :ice-cream

;john
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Example revistted!

-eats
A

rdfs:subProperty

rdfs:range _
> :edible

A
rdfs:subProperty

slurps .
D > :ice-cream
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A

rdf:range
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Extensional semanticscoiRDFES

Yu, v.
T (u, rdfs:subclass, v)«
(Vx. T(x,rdf:type, u) — T'(x, rdf:type, v))

lu, V.
T (u, rdfs:domain, v)"
(I'x,y. T(x,u,y) # T(X, rdf:type,V))
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Entallment in extensionalliRDES

G — RDFS €© H

® Entallment underconstraints
® General algorithm not known

® Complexity known only if H does not contain
bnodes:

® Theorem| ,Rosati, 2006 - unpublished]
polynomiain the size of the graphs
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RDF & KR

® The representation does not correspond to the expecte
representation in logic-based KR:

® can we rewriteT(i, rdf:type, ¢) asc(i)?
® can we rewriteT(s, p, o) as p(s,0)?
® Theorem| , Tessaris, 2005]

® if there are no bnodes In class/property position

® thenthere is a 1-to-1 correspondenceetweenthe
models of the RDFS graphndthe models of a FOL
theory containing the RDFS graph without the RDF
vocabulary and with the constraints instantiated to
the existing RDFS properties in the RDF graph

® Decidablility and complexity known (from DLS)
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representation in logic-based KR:

® can we rewriteT(i, rdf:type, ¢) asc(i)?
® can we rewriteT(s, p, o) as p(s,0)?

® Theorem| , Tessaris, 2005] HiLog
A Hthere-are-no-bRrodestrclass/propertyposiio
® then there is a 1-to-1 correspondence between the
models of the RDFS graph, and the models ofa FO
theory containing the RDFS graph without the RDF

vocabulary and with the constraints instantiated to
the existing properties in the RDF graph

® Decidabillity and complexity known (from DLS)
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Example

rdfs:range _
‘eats > :edible

A
(:eats canOt be a bnode/ rdfs:subProperty

. :slurps :
;john & > :ice-cream

T(:john, :slurps, :ice-cream)
"(:slurps, :rdfs:subproperty, .eats)
"(ieats, :rdfs:range, .edible)
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Example

rdfs:range _
‘eats > :edible

A
(:eats canOt be a bnode/ rdfs:subProperty

. slurps :
;john & > .ice-cream

T(:john, :slurps, :ice-cream)
"(:slurps, :rdfs:subproperty, .eats)
"(ieats, :rdfs:range, :edible)

slurps(:john, :ice-cream)
<[,y. :slurps(x, y) ! :eats(x,y)
<[x,y. :eats(x, y) ! :edible(y)
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Queries

) Conjunctive queries (CQ) over the relatioad a
guery language

® This iselegantlyjust an RDF graph with possibly

distinguished variables as node labels

®» We want analgebrafor CQ the answer of a query
should be a conjunctive query itself

®» We assume thecertain answersemantics

® Query answering based omntailment

® (unlike the elegant graph-theoretic approaches of
[GutiZrrez, Mendelzon et al, 2004;
PZrez, Arenas, GutiZrrez, 200p]

® Note that this forms aweak representation system
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;john
Data: W
‘paul

Query: K —OVeS T(X, :loves, Y)
X Y
Answer: Jjohn | b
paul | b
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Formalising gueries

® Ann-ary gueryis anRDF graphwith n nodes
labelled by distinctariable symbols

® An n-ary query can be written in FOL.

3b. T(s1,p1,01) A T(S2,P2,02) A---

® I.e., It Is a conjunction of atoms, whose terms
are URlor literals or bnodesor (free)variables
and € are the of bnodes in the query

® We write a query in short form as! 8.Q(9, )
where ¥ are thevariablesin the query
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Classical semantics ofqueries

® The simple caseno bnodesin the answer set

ans(Q, G) |
{g" (U#L)" |G F $8.Q(8, 9/9)}

® This corresponds to theclassicalnotion of query
answer indatabases(whereGrepresent a single
model) andknowledge representatioifwhere G
represents a possibly complex theory)

The Logic of the Semantic Web - Enrico Franconi 32



Data: W | G
‘paul

Query: X >Y T(X, :loves, Y)
X Y
Answer:  |John |:mary G E T(john, :loves, :mary)
paul |[:mary G F T(:paul, loves, :mary)
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Example & classical-semanties

;john
Data: W
‘paul

Query: K —OVeS T(X, :loves, Y)

Answer: Empty!
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Semantics of gueries

® bnodesare In the answer set

® the set of all answers Is considered in a unigue
existential formula

® minimisation wrt entailment is required to avoid
Incorrect non minimal answers

ans(Q, G) =
min-{ R C (UUL UB)“,

G | Jbnodes(R).  3b. Q(b, z/7)}
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Example, withcofrect semantics

;john
Data: W G
‘paul

Query: x —ES T(X, :loves, Y)
X Y
Answer: |:john | :b G FE d_:b. T(;john, loves, _:b)A
paul | b T (:paul, :loves, _:b)
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Not an answer

. loves
;john >.

Data: W G
:paul

Query: x —2ES 5y T(X, :loves, Y)

Not an X Y

answer, : .

since not |:John | b GE! _:b. T(;john,:loves, _:b)"
minimal  |:naul | :c T (:paul, :loves, _:C)
wrt —

entallment:
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Problem: nonwunique-answer

® The certain answer of a query based on
entallment as defined previously forms an
Incomplete database which isot uniquely
representable since it may contain arbitrary
redundant information

® The number ofogically equivalent representatior
of the certain answer depends on the number of
available (distinguished) variable symbols
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Exampleofredundant answer

;john
Data: W
‘paul

Query: X >Y

even If _
redundant: ' —

Y
An answer, john | b
b
C
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Unigueness afanswers

® In order to enforce the unigueness of the answe
we may introduce a very general and apparently
reasonable requirement for the query language:
@he answer to the same query against two
equivalent graphs should be the sari@e

® For example, this would be achieved by comput
the core among the answer sets

® Theorem[ , GutiZrrez, 2006] the evaluation of a
guery in a query language satisfying the above
principle is necessarililP-hardin data complexity
even for plain RDF.
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How to enforce unigue answers

Let S be an assignment of variables to RDF terms.
Given an entailmente , a quefy an RDF graplt,
then Q E-matches graplts with answersS If:

® there Is aQ'isomorphic (modulo bnodes) 10,
such thatQ'does not share any bnode wit

® S(Q) is a well-formed RDF graph fete

® there Is a Injective assignmert of common
bnodes betweerG and S(QPto URIs not appearing
in Gor S(Q)) i.e., OskolemO

o1 (O ke ! (SQ))
® the RDF terms irs all occur InG
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Core Semantics

® the above semantic definition guarantees the
unigueness of answersutnot the requirement
of getting the same answer from equivalent
graphs.

® In the case of RDF entailment, the above definit
IS equivalento compute thegraph
homomorphisnm computable ipolynomiakime in
data complexity.
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Example

\oVes_>5@
Data: ;john
.'/OVeS O
Query: john —2ES s
| X
Unique answer: "
_C
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john

‘loves

>@

‘loves > %
X
‘b
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Example

NS __S5@ :mOther>:mary
Data: john .
-'/OVes P .mother):Sue
Query: john —=2YES_5 &
X
Unique answer: b
e
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SPARQL

® A \W3C standardisation effort similar to the

XQuery query language for XML data, within the
Data Access Working GroufDAWG)

® As a guery language, it Is suitable for remote use b
means of aremote access protocal

® A basic graph pattern(BGB query Is an RDF
graph with possiblyariables as labels

® SPARQL defines on top of a BGP additional
operators (AND, FILTERUNION OPTIONAL
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Additional results on SPARQL

® [ , Tessaris, 2006]SPARQL can be consistentl
used also forextensions of RDEsuch as RDFS,
OWL-DL and OWL-FULL)

® [PZrez, Arenas, GutiZrrez, 200&puery
answering in full SPARQLFSPACE-completia
combined complexity, and IlODGSPACIA data
complexity
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Conclusions

® RDF(S) as a standard is a mess, but it has
Interesting theoretical properties and it poses
challenging practical problems

® SPARQL as a query language is still at its infanc
® Many Interesting open problems for the KR & DI
research communities:

® meta-data representation
® Incomplete information with constraints

Made on a Mac
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