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Resource Description Framework
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Definition

from wikipedia
The Resource Description Framework (RDF)
is a family of World Wide Web Consortium (W3C) specifications
originally designed as a metadata data model.

It has come to be used as a general method for conceptual description
or modeling of information that is implemented in web resources, using
a variety of syntax formats.
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Basis Concept

Triples
Let R be a set of resources and V a set of literals or values, with R∩V =
∅.

Then every term
〈a, b, c〉

with a, b ∈ R and c ∈ R ∪ V is called a triple.

a is the subject, b is the predicate, and c is called the object of the triple.
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Example
set of triples

Let R = {DC20030602,T,D, d,F,L,P} and V = {st1, st2, st3, st4, en, st6}.

〈DC20030602,T, st1〉 〈DC20030602,D, st2〉
〈DC20030602, d, st3〉 〈DC20030602,F, st4〉
〈DC20030602,L, en〉 〈DC20030602,P, st6〉

〈DC20030602, title,
”Dublin Core Metadata Element Set, Version 1.1: Reference Description”〉
〈DC20030602, description,
”The reference description, v1.1 of the Dublin Core Metadata Element Set”〉
〈DC20030602, date, 2004− 12− 20〉
〈DC20030602, format, ”text/html”〉
〈DC20030602, language, en〉
〈DC20030602, publisher, ”Dublin Core Metadata Initiative”〉
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URIs

Everything is a resource.

Short name URI
name

DC20030602
http://dublincore.org/documents/2003/06/02/dces/

T title
http://dublincore.org/2008/01/14/dcelements.rdf#title

D description
http://dublincore.org/2008/01/14/dcelements.rdf#description

d date
http://dublincore.org/2008/01/14/dcelements.rdf#date
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XML Representation
<rdf:RDF>
<rdf:Description rdf:about="http://dublincore.org/

documents/2003/06/02/dces/">
<dc:title>
Dublin Core Metadata Element Set, Version 1.1:

Reference Description
</dc:title>
<dc:description>
The reference description, version 1.1 of the Dublin
Core Metadata Element Set.
</dc:description>
<dc:date>2004-12-20</dc:date>
<dc:format>text/html</dc:format>
<dc:language>en</dc:language>
<dc:publisher>Dublin Core Metadata Initiative</dc:publisher>
</rdf:Description>
</rdf:RDF>
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Triple Positions

In addition to the triple

〈DC20030602, title, st1〉

we have seen above we also

〈title, issued,2008-01-14〉

(e.g. on page http://dublincore.org/2008/01/14/dcterms.rdf#title).
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〈title, issued,2008-01-14〉

(e.g. on page http://dublincore.org/2008/01/14/dcterms.rdf#title).

The resource title may thus occur in the predicate position and also in
the subject position, as well in the object position.

The only syntactic restriction for triples is that literals may only occur in
the third position.
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Distributed Vocabularies

There are two problems that may occur when there is no central
authority that fixes the vocabulary.

1. The same name may be used for different things.

2. Different names may be used to denote the same thing.
When URIs are used to define vocabularies the hierarchic organisation
of URIs greatly helps in avoiding problem 1.

It is hard to avoid problem 2.
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RDFS
Resource Description Format Schemata

In the languages RDFS a couple of fixed resources are assumed to be
present in the signature and some constraints are assumed for the
semantics of these symbols.
We will consider the following vocabulary

rdf:type rdfs:Class
rdf:Property rdfs:domain rdfs:range
rdfs:subClassOf rdfs:subPropertyOf

We will not consider the remaining resources from the standard

rdf:XMLLiteral rdf:nil rdf:List rdf:first rdf:rest
rdf:Statement rdf:subject rdf:predicate rdf:object
rdf:Seq rdf:Bag rdf:Alt rdf:_1 rdf:_2 ... rdf:value
rdfs:Resource rdfs:Literal rdfs:Datatype rdfs:member
rdfs:Container rdfs:ContainerMembershipProperty
rdfs:comment rdfs:seeAlso rdfs:isDefinedBy rdfs:label
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Axiomatic Triples for RDFS

1 rdf:type rdf:type rdf:Property .
2 rdfs:domain rdfs:domain rdf:Property .
3 rdfs:range rdfs:domain rdf:Property .
4 rdfs:subPropertyOf rdfs:domain rdf:Property .
5 rdfs:subClassOf rdfs:domain rdfs:Class .

6 rdf:type rdfs:range rdfs:Class .
7 rdfs:domain rdfs:range rdfs:Class .
8 rdfs:range rdfs:range rdfs:Class .
9 rdfs:subPropertyOf rdfs:range rdf:Property .

10 rdfs:subClassOf rdfs:range rdfs:Class .

In addition to axiomatic triples there are additional semantic
restrictions in RFDS.
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Relation To First-Order Logic

I There are no variables, and therefore no quantifieres in RDFS.

I There are no propositional connectives, except implicit
conjunction, in RDFS.

I It only makes sense to compare RDF triples with ground atomic
formulas in first-order logic.

I One way to view triples as first-order logic atomic formulas, is to
consider a vocabulary V3 with just one ternary relation symbol and
an arbitrary number of constant symbols.

I We will describe first another option . . .
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Translation To First-Order Logic
Vocabulary

Let G be a set of triples in the vocabulary V.

For simplicity we assume that there are not literals in V.

First-order vocabulary V1

I contains every symbol in V as a constant symbol and
I a binary relation symbol Rb for every b in V.

Notation: We will write

in instead of Rrdfs:type,
subC instead of Rrdfs:subClassOf
subP instead of Rrdfs:subPropertyOf.
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Axiomatic Tripels in V1

1. in(rdf:type,rdf:Property)

2. Rdomain(rdfs:domain,rdf:Property)
3. Rdomain(rdfs:range,rdf:Property)
4. Rdomain(rdfs:subPropertyOf;rdf:Property)
5. Rdomain(rdfs:subClassOf,rdfs:Class)
6. Rrange(rdf:type,rdfs:Class)
7. Rrange(rdfs:domain,rdfs:Class)
8. Rrange(rdfs:range,rdfs:Class)
9. Rrange(rdfs:subPropertyOf,rdf:Property)

10. Rrange(rdfs:subClassOf,rdfs:Class)
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Translation To First-Order Logic

Let G∗ be the union of G with the axiomatic triples shown previously.

t1(G) = {Rp(a, b) | 〈a, p, b〉 ∈ G∗}
t2(G) = {∀u, v(Ra(u, v)→ in(u, b) | 〈a, rdfs:domain, b〉 ∈ G∗} rdfs2
t3(G) = {∀u, v(Ra(u, v)→ in(v, b) | 〈a, rdfs:range, b〉 ∈ G∗} rdfs3
t4(G) = {∀u(in(u, a)→ in(u, b) | 〈a, rdfs:subClassOf, b〉 ∈ G∗} rdfs9
t5(G) = {∀u, v(Ra(u, v)→ Rb(u, v) | 〈a, rdfs:subPropertyOf, b〉 ∈ G∗} rdfs7
t6 = {∀x(in(x, rdfs:Property)→ subP(x, x)), rdfs6

∀x, y, z((subP(x, y) ∧ subP(y, z)→ subP(x, z)), rdfs5
∀x(in(x, rdfs:Class)→ subC(x, x)), rdfs10
∀x, y, z((subC(x, y) ∧ subC(y, z)→ subC(x, z))} rdfs11

t(G) = t1(G) ∪ . . . ∪ t5(G) ∪ t6

The rdfsi in the last column are the names of the inference rule used in
the W3 standard http://www.w3.org/TR/rdf-mt/.
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RDFS Inference

Let G be a set of triples and 〈a, p, b〉 an individual triple. We say that
〈a, p, b〉 can be derived from G, in symbols

G `RDFS 〈a, p, b〉

iff the first-order inference

t(G) ` Rp(a, b)

In particular 〈a, p, b〉 is an RDFS tautology if t(∅) ` Rp(a, b) holds.
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RDFS Tautologies

The following formulas are logical consequences of t(∅).

1. in(rdfs:Class,rdfs:Class)

2. in(rdf:Property,rdfs:Class)

3. in(rdfs:domain;rdf:Property)

4. in(rdfs:range,rdf:Property)

5. in(rdfs:subPropertyOf,rdf:Property)

6. in(rdfs:subClassOf,rdf:Property)
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Proofs

Show: in(rdfs:Class,rdfs:Class)

Since rdfs:range rdfs:range rdfs:Class is an axiomatic triple in ∅∗ we
get by definition

∀u, v(Rrange(u, v)→ in(v, rdfs:Class)) ∈ t3(∅). (1)

The fact rdfs:range rdfs:range rdfs:Class ∈ ∅∗ entails

Rrange(rdfs:range,rdfs:Class) ∈ t1(∅). (2)

Substituting rdfs:Class for v in (1) we obtain in(rdfs:Class,rdfs:Class).
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Proofs
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Proofs

Show: in(rdfs:domain;rdf:Property)

By RDFS axioms (2)
rdfs:domain rdfs:domain rdfs:Property ∈ ∅∗.
Thus

∀u, v(Rdomain(u, v)→ in(u, rdfs:Property)) ∈ t2(∅). (4)

Since also Rdomain(rdfs:domain,rdfs:Property) ∈ t1(∅)
we infer by

I instantiating u with rdfs:domain,
I v with rdfs:Property and
I modus ponens
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RDFS Philosphy

There is no notion of consistency or contradiction for sets of RDFS
triples.

The following triples

rdf:type rdf:type rdf:type
rdfs:Class rdfs:Class rdf:Property
rdfs:Class rdfs:Class rdf:Class
rdfs:Class rdfs:SubPropertyOf rdf:domain
rdfs:subClassOf rdfs:domain rdfs:Class
rdf:range rdfs:type rdfs:Class
rdfs:range rdfs:type rdfs:Property

are individually and collectively possible triples, though it is hard to
image what they should mean.
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Second Translation To First-Order
Logic
Vocabulary

The first-order vocabulary V3 is obtained treating all symbols in V as
constant symbols and adding in addition one ternary relation symbol
Tr.
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Second Translation To FOL

Let G∗ be the union of G with the axiomatic triples shown previously.

s1(G) = {Tr(c, d, e) | 〈c, d, e〉 ∈ G∗}
s2 = ∀a, b∀u, v (Tr(a, rdfs:domain, b) ∧ Tr(u, a, v))

→ Tr(u, rdfs:type, b)) rdfs2
s3 = ∀a, b∀u, v (Tr(a, rdfs:range, b) ∧ Tr((, u, , )a, v)

→ Tr(v, rdfs:type, b)) rdfs3
s4 = ∀a, b∀u (Tr(a, rdfs:subClassOf, b) ∧ Tr(u, rdfs:type, a)

→ Tr(u, rdfs:type, b)) rdfs9
s5 = ∀a, b∀u, v (Tr(a, rdfs:subPropertyOf, b) ∧ Tr(u, a, v)

→ Tr(u, b, v)) rdfs7
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Second Translation To FOL
Continued

s6 = {∀x (Tr(x, rdfs:type, rdfs:Property)
→ Tr(x, rdfs:subPropertyOf, x)), rdfs6

∀x, y, z (Tr(x, rdfs:subPropertyOf, y)
∧Tr(y, rdfs:subPropertyOf, z)
→ Tr(x, rdfs:subPropertyOf, z)) rdfs5

∀x (Tr(x, rdfs:type, rdfs:Class)
→ Tr(x, rdfs:subClassOf, x)) rdfs10

∀x, y, z (Tr(x, rdfs:subClassOf, y)
∧Tr(y, rdfs:subClassOf, z)
→ Tr(x, rdfs:subClassOf, z))} rdfs11

s(G) = s1(G) ∪ {s2, . . . s5} ∪ s6
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Triple Graphs

〈z1, line of, 1982953 〉 〈z2, line of, 1982953 〉 〈z1, item, Fleece〉
〈z1, size, M〉 〈z2, item, Shirt〉 〈z2, size, L〉
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Blank Nodes
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This graph uses blank nodes, z1, z2 are no longer there.
Blank nodes can only occur at subject and object positions.
There is no such thing as a blank edge label.
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FOL Translation in the Presence of
Blank Nodes

Let G be a set of triples with place holders for blank nodes. Let
x1, . . . , xn be all such place holders in G. In extending the definition of
s(G) to this case we only need to redefine s1(G):

s1(G) = {∃x1, . . . , xn(
∧
〈c,d,e〉∈G Tr(c, d, e))} ∪

{Tr(c, d, e) | for all axiomatic triples 〈c, d, e〉}
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