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RDF Vocabulary Description Language RDF Vocabulary Description Language (cont'd)
> Classes:
» Types in RDF: (#Student,rdf:type,#rdfs:Class)
(#john,rdf:type,#Student) » Class hierarchies:
> What is a “#Student”? {#Stude.nt,rdfs.subCIassOf,#Person)
» Properties:
> A language for defining RDF types: (#hasName,rdf:type,rdf:Property)
> Define classes: » Property hierarchies:
“#Student is a class” (#hasMother,rdfs:subPropertyOf, #hasParent)
> Relationships between classes: » Associating properties with classes (a):
“#Student is a sub-class of #Person” p § prop - )
. The property #hasName only applies to # Person:
» Properties of classes: fs: K
“4Person has a property hasName” (#hasName,rdfs:domain,#Person) “
. » Associating properties with classes (a):
> RDF Schema is such a language “The type of the property #hasName is # xsd:string:”
(#hasName,rdfs:range,xsd:string)
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L_RDFS Vocabulary L_RDFS Vocabulary
Recap: RDF Vocabulary RDFS Vocabulary
» RDF defines a number of resources and properties RDFS Extends the RDF Vocabulary:
» We have already seen: rdf:XMLLiteral, rdf:type, ... RDFS vocabulary is defined in the namespace:
» RDF vocabulary is defined in the namespace: http://www.w3.0rg/2000/01/rdf-schema#
http://wuw.w3.0rg/1999/02/22-rdf-syntax-ns#
» RDFS Classes » RDFS Properties
» Classes: » rdfs:Resource » rdfs:domain
rdf:Property rdf:Statement rdf:XMLLiteral rdf:Seq rdf:Bag > rdfs:Class > rdfs:range
rdf:Alt rdf:List > rdfs:Literal > rdfs:subPropertyOf
> P ties: » rdfs:Datatype > rdfs:subClassOf
roperties: . . i X » rdfs:Container > rdfs:member
rdf:type rdf:subject rdf:predicate rdf:object rdf:first rdf:rest » rdfs:ContainerMembershipProperty > rdfs:seeAlso
rdf:_n rdfivalue > rdfs:isDefinedBy
» Resources: > rdfs:comment
rdf:nil > rdfs:label
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RDFS Principles

» Resource: All resources are implicitly instances of rdfs:Resource.
» Class: describe sets of resources; classes are resources themselves -
e.g. Webpages, people, document types
» Class hierarchy can be defined through rdfs:subClassOf
» Every class is a member of rdfs:Class
» Property: subset of RDFS Resources that are properties
» domain: class associated with property, rdfs:domain

> range: type of the property values, rdfs:range
> Property hierarchy defined through rdfs:subPropertyOf

RDFS Example
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RDFS Vocabulary Example RDFS Metadata Properties
o Metadata is “data about data”: Any meta-data can be attached to
ra:type a resource, using:
/J_\ /_J\ » rdfs:comment
4 . . I'dfs subclassOf » Human-readable description of the resource, e.g.
rdfsResource ) \ rdfs:Class .'_I rdf-type (<ex:Person>, rdfs:comment, " A person is any human being”)
kr/ » rdfs:label
rdfs:subclassOf » Human-readable version ot the resour.ce Tame, eg.
rdf-type riiﬁtype (<ex:Person>, rdfs:label, "Human being")
‘ > rdfs:seeAlso
» Indicate additional information about the resource, e.g.
¥ N <ex:Person>, rdfs:seeAlso, <http://xmlns.com/wordnet/1.6/Humar
rdfs:subclassOf (_ rdfsProperty ) .< . /! / /16/
rdf \____F/ » rdfs:isDefinedBy
type » A special kind of rdfs:seeAlso, e.g.
(<ex:Person>, rdfs:isDefinedBy, <http://xmins.com/wordnet/1.6/Ht
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Recap: Literals Literals in RDFS
» Plain literals
» E.g. "blabla" - _
» Optional language tag, e.g. "Hello, how are you?” @en-GB » Each literal is an rdfs:Literal
> Typed literals > Say, we have: (#john,#thasName, “John")
> Eg "hello"""xsd:string, "1"""xsd:integer » Does this mean: {“John” rdf:type,rdfs:Literal
» Recommended datatypes: XML Schema datatypes . o orar-type,rais: )
. ) No! Literals may not occur as subject
» Datatype mechanism extensible
» Type checking not in RDF > Add: (#john,#hasName, :X)
» Literals may only occur as objects of a triple (=X rdf:type,rdfs:Literal)
» Each literal is an rdfs:Literal
» Each datatype is an rdfs:Datatype
16/42

15/42




Semantic Web Technologies

L Semantics of RDF: Simple Entailment

Semantic Web Technologies
L Semantics of RDF: Simple Entailment

L Semantic notions

Semantics

» RDF(S) vocabulary has built-in “meaning”
» RDF(S) Semantics

> Makes meaning explicit

» Defines what follows from an RDF graph
» Semantic notions

» Subgraph

> Instance

> Entailment
> Recall: a graph is a set of triples

» Tricky part: blank nodes; are essentially existentially
quantified variables

Subgraph

E is a subgraph of S if and only if it is a subset

(<#john>,<#hasName>,_;johnsname)
(_:johnsname, <#firstName>,” John" " "xsd:string)
(-:johnsname, <#lastName>,"” Smith” " “xsd:string)
Subgraphs:
(<#john>,<#hasName>,_:johnsname)
(-:johnsname, <#firstName>,"” John" " “xsd:string)

(-:johnsname, <#firstName>,"” John" " “xsd:string)
(_:johnsname, <#lastName>,” Smith" " “xsd:string)

(<#ijohn>,<#hasName>,_:johnsname)
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Instance Entailment
S’ is an instance of S if and only if some blank nodes in S are replaced
with blank nodes, literals or URIs
(<#john>,<#hasName>, _:johnsname)
(_:johnsname, <#firstName>,"” John" " "xsd:string) > . . .
(-:johnsname, <#lastName>,” Smith” " “xsd:string) S entall.s E if E logically follows from 5
> Written: S = E
Instances: > A graph entails all it subgraphs
(<#john>,<#thasName>,<#tabc>) > If S’ is a subgraph of S: S |= S’
(<#abc>,<#firstName>,” John” " “xsd:string) . )
(<#abc>,<#lastName>,” Smith" " “xsd:string) > All instances of a graph S entail 5
» If " is an instance of S: §” = S
(<#john>,<#hasName>,_:X)
(=X, <#firstName>,"” John” " “xsd:string)
(=X, <#lastName>," Smith” " “xsd:string)
(<#john>,<#hasName>,_johnsname)
(_:johnsname, <#firstName>,” John" " "xsd:string)
(-:johnsname, <#lastName>,"” Smith” " “xsd:string)
Fuerv oranh is an instance of itself! 21/42 22/42
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Model Theoretic Semantics: Simple Entailment Model Theoretic Semantics: Simple Entailment
Entailment Regimes Simple entailment
» An entailment regime defines entailments between RDF
graphs ] ) ) ] ] > Simple entailment “ignores” RDF(S) vocabulary
» Formally, an entailment regime e is a binary relation between . . .
» Simple entailment does take into account blank node
sets of RDF graphs .
In other words, given two RDF graphs S, E if semantics
» In other words, given two graphs S, E, e specifies . . .
>
whether S k= E holds S |=s E iff some instance of E is a subset of S.
R . . .
RDFSqeﬁrres 4 e'lntallmer;t reglmgs. COF or ROFS Example
g ":apbe lznta| ment — does not interpret any or S = {(#]john,hasName,” John Smith"), (#john,marriedTo,_:u),
vocabulary i . h
> RDF entailment — interprets RDF vocabulary <,.y.,marr|edTo,#J?hn)} . . .
» RDFS entailment — interprets RDF and RDFS vocabularies E = {(#john,hasName," John Smith"), {_:y,marriedTo,#john)}
» D entailment — additional support for datatypes S ): E
s
» In this course we focus on Simple and RDFS entailment
» Today, we focus on Simple entailment
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Simple entailment (continued)

Example
S = {(#john,hasName,” John Smith"), (#john,marriedTo, _:u),
(_:y,marriedTo,#john) }
E = {(#tjohn,hasName,_:w), (_:x,marriedTo,_:z), (_:y,married To,_:x} }

Sk E

» Observe: S is an instance of E

Simple entailment (continued)

Example

S = {(#john,hasName,_:w), (_:x,marriedTo,_:z), {_ty,married To,_:x) }

E = {(#john,hasName,” John Smith"), (#john,marriedTo,_:u),
(_ty,marriedTo,#john) }

SKEE
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Side-step: model-theoretic semantics Basic RDF Interpretations
» Semantics of a language is defined using a model theory
» Interpretation: / IR IP.IS. IEXT
» Domain D > I =(IR,IP,IS, )
> Interpretation function -/ » Interpretation domain for resources /R, which is a nonempty
» Maps symbols in the language to values in D set
> Maps statements in the | to truth values i . . . S .
(Dais's“axeg)en S 0 the fanguage to truth values in > Interpretation domain for properties /P, which is a set (which
> The model theory describes conditions under which: might be a subset of IR)
> The interpretation is model for a theory > Interpretation function /S which maps URIs to elements of /R
> A model theory provides a declarative semantics for a » Extension function /[EXT which maps between /P and IR x IR
language > Given a URI u, we define /(u) = IS(u), i.e. URIs are
» Two important semantic notions: interpreted using IS
» Entailment: a theory S entails S’ iff every model of S is a
model of S’
> Satisfiability: a theory S is satisfiable iff S has a model
28/42 29/42
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Basic RDF Interpretation (cont'd) Blank Node Assignments and Interpretation of Blank
[In:n hlr“:‘ Sam Woman Pemon knows " __'::Tl_lm i Proparty N Nodes
» Set of blank nodes
" w' > in a triple (s,p,0) is denoted b/((s,p,0))
e . > in a graph S is denoted b/(S)
"f g & e.g. bl({_:x,rdf:type,ex:Student)) = {_:
/ A2 x}, bl((ex:john,rdf:type,ex:Student)) = {_: x}
- % . > A blank node assignment A is a mapping from blank nodes
./ . - to resources: A: bl(S) — IR
:.f. ':“"_ > Given an interpretation /, a blank node assignment A, and a
:/ . blank node _: x, we define /(_: x) = A(_: x), i.e. blank nodes
' e are interpreted using the blank node assignment A
30/42 31/42
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Satisfaction of Triples and Graphs

» An interpretation | = (IR, IP, IS, IEXT) satisfies a triple
(s,p,0) relative to a blank node assignment A if

> I(p) € IP, i.e. p denotes a property, and
> (I(s),1(0)) € IEXT(I(p)), i.e. s, 0 denote the value of the
property denoted by p
which is denoted /, A = (s,p,0)
> An interpretation | = (IR, IP, IS, IEXT) satisfies a graph S
relative to a blank node assignment A if
> |,A = (s,p,0) for every triple (s,p,0) in S
which is denoted I, A =S
> If I, A do not satisfy (s,p,0);S, we write |, A¥ (s,p,0); ,AE S
> [ is a model of S, denoted |/ |= S, if there exists some blank
node assignment A : b/(S) — IR such that |, Al=S

Adding Literals |

> Recall: there are 2 kinds of literals:
> Plain literals, which are strings with an optional language tag
> e.g. "John Smith”, "1", "Vino Bianco” @it
» Typed literals, which are pairs of strings and datatype URIs
> e.g. ("John Smith”, xsd:string), ("1", xsd:integer),
("2007-10-10", xsd:date)
> We also write these as: "John Smith"8sd:string,
"1"8sd:integer, "2007-10-10"8sd:date
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Adding Literals Il Satisfiability
» Interpretation domain for resources IR
» Interpretation domain for properties IP C IR . L .
P ) ) P p - > An RDF graph S is satisfiable iff S has a model
» Interpretation function /S which maps URIs to elements of IR
. ) . Do the following RDF graphs have a model?
» Extension function /EXT which maps between /P and IR x IR <http://.../#john>  <http://.../#hasName> " John Smith”
» Interpretation domain for plain literals LV C IR <http://.../#mary>  <http://.../#hasName>  "Mary Jane"
» Interpretation function /L which maps typed literals to [ <http://.../#iohn> _ <http://../#marriedTo> _ <http://.../#john>
elements of IR
> Given a plain literal /, we define /(/) =/, i.e. plain literals are ‘ ‘
interpreted as themselves In fact, every RDF graph is satisfiable!
> Given a typed literal (/, u), we define I((/, u)) = LV((/, u)),
i.e. typed literals are interpreted using LV
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Simple Entailment Simple Entailment I
> “S simple-entails E, denoted S |=s E, if every interpretation
which is a model of S is also a model of E."
» Any subgraph S’ of an RDF graph S is entailed by S, > Simple entailment seems weak, because RDF and RDFS
ie. Sk S vocabularies are not interpreted
» Any instance E of an RDF graph S entails S, i.e. E = S » However, checking simple entailment is “simple”
» Entailment is transitive > When viewing RDF as pure data, the RDF(S) vocabulary is
‘ <http://.../#john>  <http://.../#hasName> " John Smith” ‘ instance arguably not “useful”
<thfltp://“-/#marY> <http://.../#hasName> " Mary Jane” » SPARQL, the query language for RDF, uses simple entailment
entails
<http://.../#john>  <http://.../#+hasName> X
<http://.../#mary>  <http://.../#hasName>  "Mary Jane"
entails
[ <http://.../#mary>  <http://.../#hasName> "Mary Jane” |  subgraph
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Blank nodes substitution

Blank node substitution

A substitution is a mapping of the form

0 ={b1+— t1,...,by — ty}, with by, ..., b, blank nodes
(essentially, variables), and t1,. .., t, blank nodes, URIs, or literals
(essentially, terms).

Example:
0 = {_x — #john, =z — _: u, 2ty — _ty, 2w — " John Smith" }
Substitution Application

S = {(#john,hasName,_:w), (_:x,marriedTo,_:z), (_ty,married To,_:x) }

0(S) = {(#john,hasName,” John Smith"), (#john,marriedTo,_:u),
(_ty,marriedTo,#john) }

Alternative Definition of Simple Entailment

> S, Eiff O(E) C S for some blank node substitution 6.
» 0 maps blank nodes in E to symbols in S

> In other words, S |=; E iff some instance of E is a subset of S.

Example

S = {(#john,hasName,” John Smith"), (#john,marriedTo,_:u),
(_:y,marriedTo,#john)}

E = {(#john,hasName,” John Smith"), (_:y,marriedTo,#john)}

Sk E
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