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Abstract: We investigate the Boolean conjunctive query answering problem, where from a given a Boolean
conjunctive query ¢, a database D and a theory X, the aim is to check whether D U ¥ = ¢q. We show that
Boolean conjunctive query answering can be decided using ordered resolution with dynamic selection when
> is expressed as clique guarded existential rules. Clique guarded existential rules subsume rules commonly
used in ontology-based query answering systems such as guarded existential rules.

1 Introduction

Query answering against decidable fragments is one of the
fundamental problems behind ontology-based data access
systems. This work is concerned with checking whether
D UX [ g, where D is a set of ground facts, ¥ is a set of
clique guarded existential rules and ¢ is a Boolean conjunc-
tive query. The class of clique guarded existential rules is a
Horn fragment of the clique guarded fragment [5]. For the
latter, the satisfiability is known as 2EXPTIME-complete
[5]. This means the class of clique guarded existential rules
is decidable. As far as we know, as yet there is no complex-
ity result for (querying) clique guarded existential rules and
there is no approach to decide the problem of query answer-
ing for clique guarded existential rules.

Our querying approach is based on ordered resolution
with selection and can be embedded into the framework
of [1]. Hence, the soundness and refutational complete-
ness result from [1] applies immediately. We use the top
variable technique to avoid term depth increase in the re-
solvents. This technique is inspired by the partial hyper-
resolution technique from [3, 4], where it is used to decide
the loosely guarded fragment [6]. We adapt this approach
so that the top variable technique can be used for answering
queries. The idea of the top variable technique is that we
only apply resolution when the positive premises contains
the potentially deepest terms.

2 Preliminaries

An existential rule R is a first order formula of the
form VXVY ¢(X,Y) — 3Zu(X, Z) where ¢(X,Y") and
(X, Z) are conjunctions of atoms, and called the body
and the head of R, respectively. X, Y and Z are vari-
able sets. An existential rule R is clique guarded if each
pair of free variables of the head co-occurs in at least one
atom of the body. The definition of clique guarded exis-
tential rules (CGERSs) is a strict extension of the definition
of guarded existential rules [2] since free variables of the
head do not require to occur in a single atom of the body.
An example of a CGER is Vzyzvivavs(A41(z,y,v1) A
As(z, z,v2) A As(y, z,v3) — JwB(x,y, z,w)), which is
not a guarded existential rule. The class of CGERs can be
seen as a Horn fragment of the clique guarded fragment [5].

A Boolean conjunctive query (BCQ) q is a first-order for-
mula of the form ¢ = 3X (X ) where ¢ is a conjunction of
atoms containing only variables and constants. The rule set
> denotes a set of clique guarded existential rules and the
database D denotes a set of ground atoms. We answer BCQ
satisfiability of DUY. = ¢ by answering DUX U —q = L.

A term is flat if it is a variable or a ground term. A term
is simple if it is a variable, a constant or a compound term
f(u1,...,u,) where n > 0, such that uy, ..., u, are vari-
ables or ground terms. A flat (simple) literal is a literal so
that every term in it is flat (simple). A flat (simple) clause
is a clause so that every literal in it is flat (simple). Assume
a clause ¢ — 1 where ¢ is a conjunction of flat atoms.
Chained variables in ¢ are variables that occur in multiple
atoms of ¢. A compound term ¢ is weakly covering if for
every non-ground, compound subterm s of ¢, it is the case
that var(s) = wvar(t). A literal L is weakly covering if
each argument of L is either a ground term, a variable, or
a weakly covering term ¢, such that var(t) = var(L). A
clause C is weakly covering if each term ¢ in C is either
a ground term, a variable, or a weakly covering term such
that var(t) = var(C).

3 Decision Procedures

Now we describe the steps of our approach to deciding
query answering for clique guarded existential rules.

Clausal Transformation. We use CGER-Trans to de-
note the clausal transformation for CGERs. There are three
major steps to transform a clique guarded existential rule R
into a set of clauses:

1. Rewrite implications by using negations and disjunc-
tions, and transform R into negation normal form, ob-
taining the formula R, s.

2. Transform R, into prenex normal form and apply
outer Skolemisation: if VX is the subsequence of
all universal quantifiers of the ¢)-prefix of subformula
Jytp of 1, then ¢[y/ f(X)] is the outer Skolemisation
of Jy1), obtaining the formula Ry,.

3. Drop all universal quantifiers and transform Rgg,
into its conjunctive normal form, denoted as a set of
clauses, obtaining the Horn cliques guarded clauses.



By Query-Trans we denote the clausal transformation for
Boolean conjunctive queries. One can obtain a query clause
by simply negating a Boolean conjunctive query.

Clausal Normal Forms. A clause C' is a Horn clique
guarded clause if a condensed form of Horn clause C' sat-
isfies these conditions:

1. C'is simple and weakly covering.

2. There is a set of negative flat literals £ containing
chained variables in C.

(a) If there is no more than two chained variables, all
variables in C' occur in one literal of L.

(b) If there is more than two chained variables, all
chained variables co-occur in at least one literal
of L. These literals are called guards. All vari-
ables in non-guard literals of C occurs as chained
variables in guards.

The definition of Horn clique guarded clause is a proper
superset of the definition of the clique guarded existential
rules because function symbols are allowed in negative lit-
erals. A ground fact is a Horn clique guarded clause and a
query clause is a negative flat clause.

Resolution Refinement. We use an admissible ordering
and a selection function making use of the top variable tech-
nique to restrict the application of resolution. Let Query-
Refine denote the refinement using: A lexicographic path
ordering >;,, based on a precedence f > a > p for f
denoting function symbols, a denoting constants and p de-
noting predicate symbols, and a selection function such that
the following conditions all hold:

1. If a clause contains negative non-ground compound
literals, then at least one of these literals is selected.

2. If there is no negative non-ground compound literal,
but there are positive non-ground compound literals,
then the maximality principle with respect to >, is
applied to determine the eligible literals.

3. If a clause contains no non-ground compound literals,
select all the negative literals containing top variables.

Condition 3 indicates that the selected literals are not set in
advance. Instead, in each inference, these selected literals
are determined before resolution by checking whether they
contain top variables. Hence, we call this kind of selection
the dynamic selection.

4 Termination

We use Query-Res to denote the calculus consisting of: the
condensation rule, tautology elimination, ordered factoring
and ordered resolution with selection defined by Query-
Refine.

Claim 1 In an application of Query-Res, the resolvents of
a set of Horn clique guarded clauses and query clauses are
query clauses.

Claim 2 In an application of Query-Res, the resolvents
of a set of Horn clique guarded clauses are Horn clique
guarded clauses.

Claim 1 and Claim 2 show that Query-Res can guarantee
that given a set of Horn clique guarded clauses and query
clauses, all derived clauses are either Horn clique guarded
clauses or query clauses.

Claim 3 In an application of Query-Res, given a finite
set of fixed-length Horn clique guarded clauses and fixed-
length query clauses, each derived clause have a fixed
length.

Claim 3 shows that using Query-Res, a derived clause can-
not be arbitrarily long. Claim 1, 2 and 3 show that:

Claim 4 Query-Res decides query clauses and Horn clique
guarded clauses.

The following claim shows the main result of this work:

Claim 5 The combination of the clausal transformations
(CGER-Trans and Query-Trans) and resolution procedures
Query-Res decide the Boolean conjunctive query answer-
ing problem for the clique guarded existential rules.

5 Conclusion

We developed a decision procedure for answering Boolean
conjunctive queries against clique guarded existential rules,
based on ordered resolution and a sophisticated form of se-
lection. Since this is still ongoing work, current work is
focused on offering formal proofs to support our claims.
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