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THE SETTING: EXISTENTIAL RULES AND BOOLEAN CON-

JUNCTIVE QUERIES

Existential Rules
Rules are first-order formulas of the form

VR, .6(%. 7) = FZ4(7.2)

where ¢ and ) are conjunctions of atoms.

Boolean Conjunctive Queries

A Boolean conjunctive query (BCQ) is a first-order formula of the form
Jy.4(y¥) where ¢ is a conjunction of atoms.
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UNIVERSAL MODELS AND BCQ ENTAILMENT

Definition: Knowledge Base
A kRnowledge base is a pair (R, D) with R a rule set and D a fact set.

Definition: Universal Model

A model of a KB is universal if it can be homomorphically embedded
into every other model of this knowledge base.

A universal model ¢/ is the “least” model in terms of BCQ entialment:

Theorem: Universal Models and Query Entailment

Consider a KB K a a universal model ¢ of K. Then, K entails a BCQ q if
and only if ¢/ satisfies g.

Remark
Every knowledge base admits a (possibly infinite) universal model.
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BDD CLASS OF J-RULES

Definition: BDD
Arule set R is BDD (or simply FO-rewritable) if, for every CQ Q, there is

a union of BCQs (UCQ) @’ such that:
(R,D)EQ +<— DE O

for every database D.

Remark
In the above, BDD stands for “bounded derivation depth”.
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THE CHASE ALGORITHM

E(x,y) — 3z.E(y, 2)
A(X) NE(X,y) NE(y,z) — E(X,2)
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BDD CLASS OF J-RULES

Alternative Definition: BDD
A ruleset R is BDD if, for every BCQ Q, there is some k > 0 such that

(R,D) = Q <= Chasey(R,D)

for every fact set D.

Remark
In the above, Chaseg(R, D) is the k-th step of the parallel chase.
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TRANSITIVITY IS NOT BDD

E(x,y) NE(y,z) — E(X,2)

@\%\r\
Bo P
Remark

Note that3Q .VR. 3D . (D,R) E Q <= Chasex(R,D) = Q
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INTERSECTING BDD WITH FES

BDD N FES = Uniform BDD

(BDD)  VQ.3R.VD.(D,R) = Q <= Chase,(R,D) = Q
(FES) VD.3kR.VQ (D,R)E Q «= Chasey(R,D) = Q

(UBDD)  JkR.VQ.VD (D,R) | Q <= Chasey(R,D) = Q
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PARTIALLY SOLUTION TO THE CONJECTURE: LOCALITY

Arule set R is local if every atom of the chase can be derived only from
a constant number of atoms of the database.

Note that local rule sets are BDD/FUS.

Theorem
Every BDD single-head rule set over a binary signature is local.

Theorem
If a rule set is FES and local, then it is UBDD.

Are there any BDD rule sets that are not local?
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ARE THERE ANY BDD RULE SETS THAT ARE NOT LOCAL?

INDEED! LET'S SEE ONE THAT IS “EXTREMELY” NON-LOCAL.
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