Ontology-Mediated Queries for Probabilistic Databases

Stefan Borgwardt?, Ismail llkan Ceylan!, Thomas Lukasiewicz?

Melbourne, 20/08/2017

1 2
DRESDEN = OXFORD



4 Wt
ol ““‘

for (Open)PD bourne, 20



Uk
i um”‘““‘

Jl In’l ”‘ T -] TN AN ivaag
TR A e .nmmmn

hdl it i
i

OMQs for (Open)PD bourne, 20



| I e ; , 8%

] = 'UI\; il Iin - e L e Brn 602 220

T it e . t
\p‘j" J il

Probabilistic Databases (PDBs)
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Finite

Tuple-independent

Probabilistic query evaluation

Q: 3Ix. AuthorOf (Banks, x)

P(Q = > P(P)=08-(1-09)-08----+---=0098
DEQ

P(3x. AuthorOf (Banks, x) A Novel(x)) =0
Closed-world
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Open-World Probabilistic Databases (OpenPDBs)

(Ceylan, Darwiche, and Van den Broeck 2016)
(IJCAI Talk: Thursday, August 24, 17:30, Session SIS-ML, Room 204)



OpenPDB = PDB + A
P(Novel(Excession)) € [0, A]
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~» credal set of probability distributions P

Lower and upper probability
P(Q)=minP(@)  P(Q) =maxP(Q)

P(3Ix. AuthorOf (Banks, x) A Novel(x)) = 0.8372

Data complexity dichotomy

Deciding P(Q) > p is either in P (“safe”) or PP-complete (“unsafe”).
(Ceylan, Darwiche, and Van den Broeck 2016; Dalvi and Suciu 2012)

Borgwardt, Ceylan, Lukasiewicz OMQs for (Open)PDBs Melbourne, 20/08/2017 3/8



Banks 0.8 ganl;s IE xcession gg Anathem 1
Hamilton 0.7 anxs VErsions ’ Matter 0.7

Stephenson  Anathem 0.9

Borgwardt, Ceylan, Lukasiewicz OMQs for (Open)PDBs Melbourne, 20/08/2017 4/8



Banks 0.8

Hamilton 0.7 E:El;z IEr:1 )\(I(:;Ss?)(;i gg Anathem 1
Stephenson [0, 0.7] ’ Matter 0.7

Stephenson  Anathem 0.9

Anathem  [0,0.7]

Writer( Stephenson) Writer(Anathem)
[0,0.7] [0,0.7]

Borgwardt, Ceylan, Lukasiewicz OMQs for (Open)PDBs Melbourne, 20/08/2017 4/8



Banks 0.8

Hamilton 0.7 E:El;z IEr:1 )‘{,Zissi)(;i gg Anathem 1
Stephenson [0, 0.7] ’ Matter 0.7

Stephenson  Anathem 0.9

Anathem  [0,0.7]

Writer(Stephenson) Writer(Anathem)
[0,0.7] [0,0.7]
AuthorOf (x, y) A Novel(y) — Writer(x) Writer(x) A Novel(x) — L

Borgwardt, Ceylan, Lukasiewicz OMQs for (Open)PDBs Melbourne, 20/08/2017 4/8



Banks 0.8

Hamilton 0.7 E:Ell: IEr:1 ):;issizii gg Anathem 1
Stephenson [0, 0.7] ’ Matter 0.7

Stephenson  Anathem 0.9

Anathem  [0,0.7]

Writer(Stephenson) Writer(Anathem)
[0,0.7] [0,0.7]
AuthorOf (x, y) A Novel(y) — Writer(x) Writer(x) A Novel(x) — L

Markov Logic Networks (MLNs)
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Ontology-Mediated Queries (OMQs)

( Conjunctive query Q , Datalog™ program X )
FO-rewritable: D = (Q,X) ~ DEQs
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AuthorOf (x, y) A Novel(y) — Writer(x)

Semantics for positive OMQs

P(QX)= > P(D)

DE(QY)
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AuthorOf (x, y) A Novel(y) — Writer(x)

Semantics for positive OMQs

P(QX)= > P(D)

DE(Q.X)
P(Q,¥) = minP(Q, ¥) P(Q,¥) = maxP(Q, ¥)
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AuthorOf (x, y) A Novel(y) — Writer(x)

Semantics for positive OMQs
P(Q,X)= > P(D)
DE(Q.X)
P(Q,%) = maxP(Q, %)

P(Q,X) = mFin P(Q,X)

(Writer(Stephenson)) = 0.9

P
F(Writer(Stephenson)) =09+0.1-0.7=0.97

For FO-rewritable positive OMQs (Q, X),
deciding P(Q,X) > p is either in P or PP-complete.
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(Q,X) ~ Qs ~ P(Qx)
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(Q,X) ~ Qs ~ P(Qx)

AuthorOf (x, y) A Novel(y) — Writer(x)
CharacterIn(x, y) A Novel(y) — LiteraryCharacter(x)

Jx. Writer(x) A LiteraryCharacter(x)
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¢
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Writer(x) A Novel(X) — 1
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Writer(x) A Novel(X) — 1

Semantics with negative constraints

P(Q,X) — P(L,X)
1-P(L,Y)

P(Q,X) = max
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Writer(x) A Novel(X) — 1

Semantics with negative constraints

P(Q,X) = mgx{P(Q, Y) | P~ consistent with X}
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Writer(x) A Novel(x) — L

Semantics with negative constraints

P(Q,X) = mgx{P(Q, Y) | P~o consistent with X}

(Writer(Anathem)) =

P
F(Writer(Anathem)) =

Hardness result

For guarded Datalog programs,
deciding P(Q, X) > p is NP"P-complete (PP-complete for PDBs).
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Enriched OpenPDBs with ontology-based semantics

Lifted P/PP dichotomy for FO-rewritable positive OMQs
Negative constraints make it NP""-hard for guarded Datalog
Combined complexity results: PPN /NPPY/ . /2-ExpTive
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Open problems
Positive (Q, X) not FO-rewritable = PP-hard? (Jung and Lutz 2012)
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Enriched OpenPDBs with ontology-based semantics

Lifted P/PP dichotomy for FO-rewritable positive OMQs
Negative constraints make it NP""-hard for guarded Datalog
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Positive (Q, X) not FO-rewritable = PP-hard? (Jung and Lutz 2012)
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Knowledge compilation or approximation techniques for N
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Advertisement
IJCAI Talk: Most Probable Explanations for Probabilistic Database Queries

Wednesday, August 23, 11:45, Session KR-DLO2, Room 217

Thank you!
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