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Motivation: making sense of

—_— Radioactive ?

l

e But ? = Because they contain Potassium-40
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But wait, what’s an explanation for us?

e In a nutshell, "something” that an entailment

o In our context, facts and/or rules

e Why-provenance is somewhat classical

o But of explanation can be considered

e A note: we are considering the user here

o Nor explanation of missing entailment, etc.
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A bit of formalities



Formal setting

° A Datalog knOWIedge base: contains(banana, k40)
o Aset F of radioactive(k40)
o Aset R of Datalog rules: [ 7T TTTTTTTTTTTTToToTooos

contains(x, y) A radioactive(y) —
radioactive(x)

Vx.Body[X] — Head[z] s.t. z C x

e (Explanation) Query

radioactive(banana) ?

o A query ¢ is a fact (ground atom)

e Entailment
o F,RE¢
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So what’s an explanation in Datalog?

e Different of explanations:
The content The link
e Facts e Proof trees
e Rules
e Both e Entailment
e As always, they will give sets of explanations...
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So what’s an explanation in Datalog?

Fact-Support KB-Support
e Minimal subsets F’ of F s.t. o Minimal subsets KB’ of
F' . REyp KB=(F,R)st. KB =¢
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So what’s an explanation in Datalog?

Fact-Support KB-Support
e Minimal subsets F’ of F s.t. e Minimal subsets KB’ of
F . RE@ KB=(F,R)st. KB = ¢

boss(alice, alice)

i ?
r @ VXY .boss(X, Y) — manager(X) R EiEE) ¢

ry : VX.boss(X, X) — ceo(X)
r3 : VX.ceo(X) — manager(X)
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So what’s an explanation in Datalog?

Fact-Support
e Minimal subsets F’ of F s.t.
F',R ’: 2

boss(alice, alice)

n : VXY .boss(X,Y) — manager(X)
ry : VX.boss(X, X) — ceo(X)
r3 : VX.ceo(X) — manager(X)

e {boss(alice, alice)}

BoOREAL & ICO
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KB-Support
o Minimal subsets KB’ of
KB=(F,R)st. KB E=¢

manager(alice) ?

o ({boss(alice, alice)},{n})
o ({boss(alice, alice)},{r, rs})
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So what’s an explanation in Datalog?

Fact-Support KB-Support
e Minimal subsets F’ of F s.t. o Minimal subsets KB’ of
F . RE@ KB=(F,R)st. KB =¢

r : VXY .boss(X,Y) — manager(X)

boss(alice, alice) manager (alice)

\ /

ry 1 VX.boss(X, X) — ceo(X) r3:VX.ceo(X) — manager(X)

\ ceo(alice) —

e {boss(alice, alice)} o ({boss(alice, alice)},{n})
o ({boss(alice, alice)},{r», r3})
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Computing explanation



And how do we compute that?

e Hint: Minimal Inconsistent Set (MUS) and Explanations are very !

pA(P—=q) A (mq) AsA(qV-s) At

e Two explanations for g
o pA(p—q)

o sA(qV-s)

BoRreaL & ICO DATALOG FACT EXPLANATION USING GROUP-SAT SOLVER 8/20



From Datalog to Propositional! Fact-Support explanation

r : p(X, X) — goal(X)
r o p(X,Y) — goal(X)
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From Datalog to Propositional! Fact-Support explanation

r : p(X, X) — goal(X)
r o p(X,Y) — goal(X)

(s, 3) — p(a,a) A (p(a, a) — goal(a)) A (—goal(a))

Grounding
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From Datalog to Propositional! Fact-Support explanation

r : p(X, X) — goal(X)
r o p(X,Y) — goal(X)

p(a,3) — p(a,a) A (p(a, a) — goal(a)) A (—goal(a))
Grounding

MUS solving

{p(a, ), (p(a, a) — goal(a)), (—goal(a))}

J Translation

{p(a; a)}
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From Datalog to Propositional! KB-Support explanation

r : p(X, X) — goal(X)
r o p(X,Y) — goal(X)
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From Datalog to Propositional! KB-Support explanation

r : p(X, X) — goal(X)

p(a,a) — p(a,a) A (p(a, a) — goal(a)) A (—goal(a))
r o p(X,Y) — goal(X)

Grounding

MUS solving

{p(a, ), (p(a, a) — goal(a)), (—goal(a))}

({p(a3)}, {n})

({p(a;a)}, {r2})
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KB-Support needs Group-MUS

e “Simple” MUS is for KB-Support

o Rules can share groundings

e Group-MUS to the rescue!

o A group collects groundings of a given rule
p(a,a) A (p(a,a) — goal(a)) N (p(a, a) — goal(a)) N (—goal(a))

e Two explanations for goal(a)
o Groupl, Group?2, Group 4 =  ({p(a,a)},{n})
o Groupl, Group3, Group4 = ({p(a,a)},{r})
e KB-support explanations <= Group-MUSes!
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Computing explanations is not
easy



Not easy at all!

e Computing (Group-)MUSes is

e And the knowledge base can be very large!

o How can the GSAT formula be ?

Let's filter out the part of the KB!

pA(P—=q) A (mq) AsA(qV-s) At
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Filtering: Finding the relevant part of the KB

e Two steps:

1. step
— Entailment graph building

2. step

— Fact relevance tracing

BoRreAL & ICO

o@ S

q(a)
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Static step: building the atoms’ lineage

e A program to build the

rn : p(X, X) — g(X)
r: p(X,Y) — g(X)
r: p(X, X) = s(X)
ry : s(X) — q(X)

J Rule transformation

o p(X, X, (X, X)) — g(X, fz(X))
A edge(r, f(X, X), fz(X))

e Computed !

BoOREAL & ICO

| g(a)J s(@ |

r4

a@ |
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Dynamic step: getting an atom’s ancestors

e A program to atoms and rules
| paa) |
edge(r1, f5(2, 2), f(2)) -
rel(fy(a)) N
! \/ 7 r3
____________________________ 4
rel(Y) A edge(R, X,Y) — rel(X) A )
reledge(R, X, Y)
9@ s(a) il
& /,—4\
N
e Computed ! (,£,
q(a)
o Reduces the of the Group-SAT formula L)
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Let’s be practical



/- ~
Rulebase

Factbase

)
—

Federation

e /
=55

Long term goals for the team:
o result on (federated) OBDA
e Ground for analysis

e Develop use cases and
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e Query answering

(=

Factbase

| Vxy.B[X, 7] — 3z.H[x, 2|

e Existential rules

)
—

Federation

[

T /
-

T T
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Is the approach actually worth?

e Bench:

o 24 ontologies from MOWL corpus translated to Datalog
o b facts from deepest reasoning level

o Run against OWL Explanation (OWL API) tool

Time (ms) m Group-MUS Solving (avg) ~ Tracing (avg) ® Entailment Graph Construction m Owl Explanation (avg)
200
i -] I_l I_l
L mm _ mE _ = |
01 (106) 02 (80) 03(73) 04 (5023) 05 (902) 06 (15023)

Ontology (entailment graph # edges)

e Qur approach is generally as the number of queries grows

o And sometimes even for one query!
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Conclusion



Related work

Datalog
° : SAT-solvers for computing why-provenance in Datalog.
° : On-demand computation of Datalog provenance using

rule-based approaches.
Description Logic

e TBoxes (no data)
o : Axiom pinpointing for EL TBoxes.
o : SAT-based axiom pinpointing for lightweight
Description Logics.
e Provenance in EL Description Logic:
o - ABox justifications via Datalog rewriting.
e Answer Set Programming:

o . Explaining answer-set programs with abstract
constraint atoms.
o . Graph-explanations extending fact-support in ASP.
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Conclusion

Study of explanations for Datalog

Reduction of explanation to

° of relevant facts and rules exploiting Datalog programs

Quite experimentally!
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