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Ontology-Based Data Access
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Ontology-Based Query Answering
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Ontology Language

Existential rules

∀~x ∀~y ( Body[~x, ~y]→ ∃~z Head[~x, ~z] )

~y is called the frontier of the rule.

Our Problem
Given a set of ground atoms D, a set of existential rules R and a Boolean
conjunctive query q, does it hold that

D,R |= q?
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Complexity
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Description Logics and their Translation to Existential
Rules

DL-Lite form the core of the OWL 2 QL Semantic Web profile.
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EL as Existential Rules
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Outline of the Talk

1 Limitations of terminating chase and first-order rewritability

2 Guarded Rules: Definition and Properties of the Chase

3 An Algorithm for Guarded Rules

4 Other Approaches
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Universal Models

Michaël Thomazo Guarded Existential Rules Journée de la logique, Montpellier 9 / 24



(Non)-Finiteness of the Chase
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Existence of a First-Order Rewriting

Ensures small data complexity: in AC0 ⊆ LogSpace
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An “Easy” Example

Consider the following ruleset:

p(x)→ ∃y r(x, y) ∧ p(y)

p(x) ∧ r(x, y)→ p(y)

None of the mentionned approaches are applicable:

chase does not terminate because of the first rule;

first-order rewriting does not exist because of the second rule.
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Guarded Rules

Guard
A guard in a rule is an atom of its body that contains all the body variables.

Guarded Rule
A rule is guarded is it admits a guard. A ruleset is guarded if all its rules are
guarded.

The following rule is guarded:

p(x)→ ∃y r(x, y) ∧ p(y)

The following rule is not guarded:

r(x, y) ∧ r(y, z)→ r(x, z)
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Data Complexity of Guarded Rules

We can show PTime hardness in data complexity of the reasoning with
guarded rules.
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Relationships between Guarded Rules and Other
Classes
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Guarded Rules and EL
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Tree Decomposition
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Treewidth and Consequences
Example

w(T ) = maxB∈T (size(B))− 1

tw(G) = minT for G(w(T ))

Small Treewidth Makes (Some) Problems Easy

Many problems that are hard on general graphs become easy on graphs of
bounded treewidth.
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Gaifman Graph
A.k.a Primal Graph
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Guardedness and Tree Decomposition

Property

For any guarded rule set, for any database, there exists b such that, for any k,
chasek(D,R) has treewidth at most b.

Key idea: maintain a tree decomposition at each step of the chase.
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Blocking Technique: Finite Representation of the Chase

Finite representation of the chase:
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Creating this Finite Representation is not Trivial

defining what it means that two bags are equivalent;

actually computing this equivalence relation.

On an easy example:

R1 : p(x)→ ∃y r(x, y)

R2 : r(x, y)→ ∃z s(y, z)

R3 : q(x) ∧ r(x, y)→ q(y)

R4 : q(x) ∧ s(x, y) ∧ r(z, x) ∧ h(x)

and consider D = {q(a1), r(a1, b1), r(b1, c1), p(c1), r(a2, b2), r(b2, c2), p(c2)}
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Ultimate Similarity
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Other Approaches for Guarded Rules

chase does not terminate, but one can decide whether a guarded ruleset
ensures universal chase termination;

query rewriting may not always exist, but one can decide whether a query
is first-order rewritable;

another interesting approach: the combined approach.
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The Combined Approach
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The Combined Approach
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Polynomially Combined First-Order Rewritability
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The Polynomial Witness Property
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The Polynomial Witness Property
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Applicability

applicable for a subset of guarded rules, namely linear rules

further conditions required for guarded rules.

of practical interest for EL, less so for linear rules.
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Conclusion

Guarded rules ensure a well-behaved chase: bounded treewidth

Working with tree decompositions allow to finitely represent the chase

Not seen today, but guardedness ensure good properties beyond
existential rules
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