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Fig. 1 BRAIN-DATA as RDF Graph
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to study different levels of blank node support, semantics, implementation and compu-
tational complexity of RDF querying with blank node construction.

Figure 1 shows an RDF graph called BRAIN-DATA which stores data about the in-
terconnection of brain areas. For example it states that the retina, the perceptual part of
the eye, connects to brain areas number 17 and 18. This means that visual information
is transmitted from the retina to the respective brain areas. A blank node Area is used
to represent an still unnamed brain area.

Formally, an RDF graph is a set of triples, each consisting of subject, predicate and
object. The elements of these triples come from three disjoint sets: URIs, literals and
blank nodes. Only URIs may occur in predicate position. RDF Interpretations are used
to provide meaning to the elements of an RDF graph. URIs in subject or object position
are interpreted as arbitrary objects, such as people, trains or web pages. An URI in
predicate position is interpreted as a set of pairs of objects such as train connections,
coauthor relationships or links between webpages. The set of entities that RDF graphs
make statements about is called the domain of the RDF graph.

Finally blank nodes are used to express existential knowledge or to group infor-
mation in RDF graphs. Each blank node is interpreted as a domain element but its
interpretation is not fixed: An interpretation is a model of an RDF graph iff there is
an interpretation for the blank nodes such that for every triple, the interpretation of the
subject and object is an element of the interpretation of the predicate. An RDF graph g
is said to entail an RDF graph h if every model of g is also a model of h.

As the definition of an interpretation resembles the definition used in logic, it is
possible to view an RDF graph as a formula. This formula has an atom for every triple.
URIs and literals are represented by constants, while blank nodes are represented by
existential variables. In this article, when we talk about RDF graphs we refer to the
formula. Listing 1.1 shows the formula representation of the graph from Figure 1.

∃ Area ( is−sensory−receptor−for(retina, vision) ∧ connects−to(retina, area−17) ∧
connects−to(retina, area−18) ∧ processes(Area, audition) ∧ is−in(area−17,
primary−visual−cortex) ∧ is−in(area−18, primary−visual−cortex) )

Listing 1.1. The RDF graph BRAIN-DATA

Listing 1.2 shows the RDFLog program BRAIN-CONNECTION. It is used to query
the brain data graph.

RDFLog: Taming Existence 5

∀ Sense, Area, Area’
( is−sensory−receptor−for(Area, Sense) ∧ connects−to(Area, Area’)

−→ processes(Area’, Sense) )
∃ Area ∀ Area’

( processes(Area’, vision) ∧ is−in(Area’, primary−visual−cortex)
−→ connects−to(Area, Area’) )

∀ Sense ∃ Area ∀ Area’
( processes(Area’, Sense)

−→ is−sensory−receptor−for(Area, Sense) ∧ connects−to(Area, Area’) )

Listing 1.2. The RDFLog program BRAIN-CONNECTION

The first rule states that if a brain area is a sensory receptor for some sense and
connects to some brain area then this area is involved in processing the same sense.
Observe that all variables in this rule are universal, and therefore it can be considered
a Datalog rule with explicit quantifiers. The second rule shows the difference between
RDFLog and Datalog. While in Datalog all variables are universal (and, thus, there
quantifiers are often omitted), RDFLog also allows existential variables. These are used
to query and construct the blank nodes in RDF. The second rule states that there is a
brain area which connects to all brain areas in the primary visual cortex which process
visual information. The third rule states that whenever an area processes information
related to some sense, there is some area which is the sensory receptor for that sense
and connects to the area.

The semantics of an RDFLog program evaluated against an RDF graph is an RDF
graph that is entailed by the conjunction of input program and input graph and entails all
other such graphs. In this sense, it serves as a representation of the, in general, infinite
set of entailed graphs. Figure 1.3 shows such a graph as generated by the operational
semantics of RDFLog defined in the following section.

∃ X1, X2, X3, X4 (
is−sensory−receptor−for(retina, vision) ∧ is−sensory−receptor−for(X2, audition) ∧

is−sensory−receptor−for(X4, vision) ∧
connects−to(retina, area−17) ∧ connects−to(retina, area−18) ∧ connects−to(X1,

area−17) ∧ connects−to(X1, area−18) ∧ connects−to(X2, X3) ∧ connects−to(X4,
area−17) ∧ connects−to(X4, area−18) ∧

processes(X3, audition) ∧ processes(area−17, vision) ∧ processes(area−18, vision) ∧
is−in(area−17, primary−visual−cortex) ∧ is−in(area−18, primary−visual−cortex) )

Listing 1.3. The result of BRAIN-CONNECTION and BRAIN-DATA

3 Operational Semantics

In this section we formally define the syntax and operational semantics of RDFLog.
We start with the operational semantics, as it is, though procedural, also quite illus-
trative and introduces the core concept for the evaluation and analysis of RDFLog:
un-Skolemization. We introduce our version of un-Skolemisation and discuss its prop-
erties and relation to previous approaches.
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