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Disjunctive Existential Rules

VW_V BOdy()?, _)7) — \/7:1 E'ZHeadl()?;7 Z_;)

® Body and Head': conjunctions of atoms
® X,y,z: pairwise disjoint lists of variables

* UL xi=x

SalamiPizza(x) — Jz.hasBase(x, z) A CheesePizza(z)
Pizza(x) — CheesePizza(x) \/ SalamiPizza(x)

CheesePizza(x) — Pizza(x)

(x)

SalamiPizza(x) — Pizza(x)
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Disjunctive Skolem Chase
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Disjunctive Skolem Chase

SalamiPizza(x) — Jz.hasBase(x, z) A CheesePizza(z)
Pizza(x) — CheesePizza(x) \ SalamiPizza(x)
CheesePizza(x) — Pizza(x)

® somePizza : Pizza
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Disjunctive Skolem Chase

SalamiPizza(x) — Jz.hasBase(x, z) A CheesePizza(z)
Pizza(x) — CheesePizza(x) \ SalamiPizza(x)
CheesePizza(x) — Pizza(x)

® somePizza : Pizza, CheesePizza

® somePizza : Pizza, SalamiPizza
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Disjunctive Skolem Chase

SalamiPizza(x) — hasBase(x, f*(x)) A CheesePizza(f*(x))
Pizza(x) — CheesePizza(x) \V SalamiPizza(x)
CheesePizza(x) — Pizza(x)

® somePizza : Pizza, CheesePizza

@ SalamiPizza
® f?(somePizza) : CheesePizza

hasBase
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Disjunctive Skolem Chase

SalamiPizza(x) — hasBase(x, f*(x)) A\ CheesePizza(f*(x))
Pizza(x) — CheesePizza(x) \V SalamiPizza(x)
CheesePizza(x) — Pizza(x)

® somePizza : Pizza, CheesePizza

somePizza : Pizza, SalamiPizza
® f?(somePizza) : CheesePizza, Pizza

hasBase

The disjunctive skolem chase yields a universal model set.
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Acyclicity Notions

Problem: Termination of the chase is undecidable.
Sufficient conditions for termination have been introduced.
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Disjunctive Existential Rule Sets
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Acyclicity Notions

Lukas Gerlach

Problem: Termination of the chase is undecidable.
Sufficient conditions for termination have been introduced.

Disjunctive Existential Rule Sets

Terminating w.r.t.

(disjunctive) restricted chase RMFA [Carral et al., 2017]

o DMFA [Gerlach, 2020]
Terminating w.r.t.

disjunctive skolem chase
MFA [Cuenca Grau et al., 2013]
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Acyclicity Notions

General Idea: Compute the chase on a critical instance using only rules that are not blocked.
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Disjunctive Model Faithful Acyclicity

General Idea: Compute the chase on a critical instance using only rules that are not blocked.

SalamiPizza(x) — hasBase(x, f*(x)) A CheesePizza(f*(x))
Pizza(x) — CheesePizza(x) \V SalamiPizza(x)
CheesePizza(x) — Pizza(x)

Lukas Gerlach Evaluating the Generality of Disjunctive Model Faithful Acyclicity on OWL ontologies 18.03.2021
4/12



Disjunctive Model Faithful Acyclicity

General Idea: Compute the chase on a critical instance using only rules that are not blocked.

SalamiPizza(x) — hasBase(x, f*(x)) A CheesePizza(f*(x))
Pizza(x) — CheesePizza(x) \V SalamiPizza(x)
CheesePizza(x) — Pizza(x)

hasBase G. % : Pizza, CheesePizza, SalamiPizza
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Disjunctive Model Faithful Acyclicity

General Idea: Compute the chase on a critical instance using only rules that are not blocked.

SalamiPizza(x) — hasBase(x, f*(x)) A CheesePizza(f*(x))
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Disjunctive Model Faithful Acyclicity

General Idea: Compute the chase on a critical instance using only rules that are not blocked.

SalamiPizza(x) — hasBase(x, f*(x)) A CheesePizza(f*(x))
Pizza(x) — CheesePizza(x) \V SalamiPizza(x)
CheesePizza(x) — Pizza(x)

hasBase * : Pizza, CheesePizza, SalamiPizza

hasBase ® 7Z(x) : CheesePizza, Pizza

The second rule is blocked now.
The rule set is DMFA since the computed fact set has no cyclic terms.
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Evaluation Outline

Datasets:

® Oxford ontology repository (OXFD)
797 ontologies!

® OWL Reasoner Evaluation 2015 (ORE15)
1920 ontologies®

Steps:

LOXFD - https://waw.cs.ox.ac.uk/isg/ontologies/

20REL15 - https://zenodo.org/record/18578

30ntology Normalizer - https://github. con/dcarralma/OntologyNormalizer

4 Translation - https://gitlab.com/mOnstR/owl-to-disjunctive-existential-rules-converter
5 DMFA-Implementation https://gitlab.con/mOnstR/dnfa- checker
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2. Translate into Disjunctive Existential Rules*

LOXFD - https://wuw.cs.ox.ac.uk/isg/ontologies/

20REL15 - https://zenodo.org/record/18578
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Evaluation Outline

Datasets:
o (Oxford ontology repository (OXFD) SalamiPizza C >1hasBase. CheesePizza
797 ontologies! Pizza T CheesePizza |l SalamiPizza
ontologies CheesePizza C Pizza
® OWL Reasoner Evaluation 2015 (ORE15) l
1920 ontologies®
SalamiPizza(x) — 3z.hasBase(x, z) A\ CheesePizza(z)
Steps: Pizza(x) — CheesePizza(x) V SalamiPizza(x)
1. Normalize Ontologies using an existing tool® CheesePizza(x) — Pizza(x)
2. Translate into Disjunctive Existential Rules* l
3. Check MFA, DMFA, and RMFA® not MFA but DMFA and RMFA
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5 DMFA-Implementation https://gitlab.con/mOnstR/dnfa- checker
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Translation of normalized Axioms

Here, A, Aq,...,A,, B, By, ..., B,y are classes, R, Ry,..., R, S are (inverse) properties,
ai,...,a; are individuals, and m, m’ are integers > 0.
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Translation of normalized Axioms

AN---MA,C B AL A - A An(x) = B(x) (1)
AC BiU---UBy A(X) — Bl(X) VeV B,,/(X) (2)

Here, A, A1,..., Ay, B,By,..., By areclasses, R, Ry,..., R, S are (inverse) properties,
ai,...,a; are individuals, and m, m’ are integers > 0.
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Translation of normalized Axioms

An---NA,CB AL(x) A+ ANAL(X) = B(x) (1)
AC B U---UBy A(x) = Bi(x) V-V By(x) (2)
ACVR.B A(x) A R(x,y) — B(y) (3)
AC >mR.B (more involved) (4)
AC <m'R.B (more involved) (5)
AC{a,...,a} (more involved) (6)
Rio---oR,CS Ry(x1,x0) A+ A Rie(Xi, Xkr1) — S(x1, Xk1) (7)
ROSC L R(x,y)ANS(x,y) = L (8)
A C 3R.Self A(x) = R(x,x) (9)
JdR.Self C A R(x,x) — A(x) (10)

Here, A, A1,..., Ay, B,By,..., By areclasses, R, Ry,..., R, S are (inverse) properties,
ai,...,a; are individuals, and m, m’ are integers > 0.
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Complicated Axioms

The translation for A= >2R.B is more involved:

A(X)HEZI-RI(XaZI)/\B(Zl) Rl(X'/)/)HR(va) R(va)% Rl(Xa}/)\/R2(X7y)
A(x) = 3z22.Ro(x,22) A B(z2)  Ra(x,y) = R(x,y) Ri(x,¥) A Ra(x,y) — L
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Complicated Axioms

The translation for A= >2R.B is more involved:

A(X)HEZI-RI(XaZI)/\B(Zl) R]_(X,)/)HR(X,)/) R(va)%Rl(XaY)\/RQ(va)
A(x) = 3z2.Ra(x, 22) A B(z2)  Ra(x,y) = R(x,y) Ri(x,¥) A Ra(x,y) — L

For AL <1R.B and AC {a, b}, we require equality:

A(X) A R(x,u) AB(u) NR(x,v)AB(v) »u=v A(x) > x=aVx=b
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Complicated Axioms

The translation for A= >2R.B is more involved:

A(X)HEZI-RI(XaZI)/\B(Zl) Rl(X'/)/)HR(va) R(va)% Rl(Xa}/)\/R2(X7y)
A(x) = 3z22.Ro(x,22) A B(z2)  Ra(x,y) = R(x,y) Ri(x,¥) A Ra(x,y) — L

For AL <1R.B and AC {a, b}, we require equality:
A(X) A R(x,u) AB(u) NR(x,v)AB(v) »u=v A(x) > x=aVx=b
Problem: DMFA does not support equality.

For now: Omit axioms that require equality.
Later on: Axiomatize equality as suggested in [Carral and Urbani, 2020].
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DMFA Implementation

Input: Ruleset R
Output: Is R DMFA?
1 AF = criticallnstance(R)
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DMFA Implementation

Input: Ruleset R

Output: Is R DMFA?
1 AF = criticallnstance(R)
2 vlogReasoner .= VlogReasoner(R) // uses VLog bindings of Rulewerk
3 exisReasoner = ExistentialReasoner(R)

Lukas Gerlach Evaluating the Generality of Disjunctive Model Faithful Acyclicity on OWL ontologies 18.03.2021
8/12



DMFA Implementation

Input: Ruleset R

Output: Is R DMFA?

AF = criticallnstance(R)

viogReasoner := VlogReasoner(R) // uses VLog bindings of Rulewerk
exisReasoner := ExistentialReasoner(R)

while AF # () do

B W N =
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DMFA Implementation

Input: Ruleset R

Output: Is R DMFA?

AF = criticallnstance(R)

viogReasoner := VlogReasoner(R) // uses VLog bindings of Rulewerk
exisReasoner := ExistentialReasoner(R)

while AF # () do

// keeps track of already computed facts internally

5 AF = AF U vlogReasoner.newFactsFromVlogDatalogClosure( AF)

B W N =
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DMFA Implementation

Input: Ruleset R

Output: Is R DMFA?

AF = criticallnstance(R)

viogReasoner := VlogReasoner(R) // uses VLog bindings of Rulewerk
exisReasoner := ExistentialReasoner(R)

while AF # () do

// keeps track of already computed facts internally

5 AF = AF U vlogReasoner.newFactsFromVlogDatalogClosure( AF)
// non-exhaustive application

// keeps track of already computed facts internally

6 | AF = exisReasoner.newFactsFromUnblockedNonDatalogRules(AF)

B W N =
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DMFA Implementation

Input: Ruleset R

Output: Is R DMFA?

AF = criticallnstance(R)

viogReasoner := VlogReasoner(R) // uses VLog bindings of Rulewerk
exisReasoner := ExistentialReasoner(R)

while AF # () do

// keeps track of already computed facts internally

5 AF = AF U vlogReasoner.newFactsFromVlogDatalogClosure( AF)

// non-exhaustive application

// keeps track of already computed facts internally

B W N =

6 | AF = exisReasoner.newFactsFromUnblockedNonDatalogRules(AF)
7 if hasCyclicTerm(AF) then

8 | return False

9 end

10 end
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DMFA Implementation

Input: Ruleset R

Output: Is R DMFA?

AF = criticallnstance(R)

viogReasoner := VlogReasoner(R) // uses VLog bindings of Rulewerk
exisReasoner := ExistentialReasoner(R)

while AF # () do

// keeps track of already computed facts internally

5 AF = AF U vlogReasoner.newFactsFromVlogDatalogClosure( AF)

// non-exhaustive application

// keeps track of already computed facts internally

6 | AF = exisReasoner.newFactsFromUnblockedNonDatalogRules(AF)

7 if hasCyclicTerm(AF) then
8

9

B W N =

| return False
end
10 end
11 return True
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Evaluation Results

OXFD: 797
ORE15: 1920
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Evaluation Results

at least one
OXFD: 797 Normalization 791 Translation 789 - and V-rule 137
ORE15: 1920 1910 1888 613
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Evaluation Results

ORE15: 1920

at least one all checks
OXFD: 797 Normalization 791 Translation 789 3- and V-rule 137 finished 103
1910 1888 613 514
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Evaluation Results

at least one all checks
OXFD: 797 Normalization 791 Translation 789 3- and V-rule 137 finished 103
ORE15: 1920 1910 1888 613 514
== MFA m DMFA m RMFA

ORE15

OXFD

10 15 20 25 30 35 40 45 50
Percentage of Rule Sets classified by Acyclicity Notions
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Where are the differences?

Observation: 6 out of 9 rule sets for OXFD and 11 out of 18 rule sets for ORE15
that are DMFA but not MFA come from BioPAX.%

OBioPAX - http://wiw.biopax.org/
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Where are the differences?

Observation: 6 out of 9 rule sets for OXFD and 11 out of 18 rule sets for ORE15
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Where are the differences?

Observation: 6 out of 9 rule sets for OXFD and 11 out of 18 rule sets for ORE15
that are DMFA but not MFA come from BioPAX.%
They are similar or even identical.

We have to careful in generalizing our findings here.

OXFD 00007: DMFA but not MFA OXFD 00114: RMFA but not DMFA
Evidence(x) — 3z.ConfidenceProp(x, z) Sibling(x) — 3z.hasSibling(z, x) A Person(z)
ConfidenceProp(x, y) — Confidence(y) Person(x) A hasSibling(x, y) — Sibling(y)
Confidence(x) — Xref(x) Sibling(x) — Person(x)
Xref(x) — Evidence(x) V Confidence(x) hasSibling(x, y) — hasSibling(y, x)
Evidence(x) N Confidence(x) — L Not even terminating w.r.t. the disjunctive skolem chase.
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Second Example in Detalil

Sibling(x) — 3z.hasSibling(z, x) N Person(z)
Person(x) A hasSibling(x,y) — Sibling(y)
Sibling(x) — Person(x)
hasSibling(x,y) — hasSibling(y, x)
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me : Sibling, Person lyk.
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Conclusion

Results:
® DMFA improves upon MFA and comes closer to RMFA in practice.
® A significant number of rule sets is not even RMFA.
® We find rule sets that are RMFA but not DMFA that do not terminate w.r.t. the

disjunctive skolem chase.
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® We find rule sets that are RMFA but not DMFA that do not terminate w.r.t. the
disjunctive skolem chase.
Open Questions:
® What is the impact of the translation (especially equality) on the results?
® How tight is DMFA?
Future Work:
® Handling for equality in the translation.
® |nvestigation and evaluation of cyclicity notions for the disjunctive skolem chase.
® Performance centric evaluation of DMFA.
® Implementation of the disjunctive skolem chase, e.g. with ASP solvers with lazy grounding.
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