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Overview

◮ What are Forest Logi
 Programs (FoLPs)?
◮ subset of Open Answer Set Programming (OASP)

◮ How 
an one reason with FoLPs?
◮ tableau algorithm inspired from Des
ription Logi
s

◮ What are FoLPs useful for?
◮ integrating SHOQ KBs with (unsafe) FoLP rules: f-hybridknowledge bases

2/25



Overview

◮ What are Forest Logi
 Programs (FoLPs)?
◮ subset of Open Answer Set Programming (OASP)

◮ How 
an one reason with FoLPs?
◮ tableau algorithm inspired from Des
ription Logi
s

◮ What are FoLPs useful for?
◮ integrating SHOQ KBs with (unsafe) FoLP rules: f-hybridknowledge bases

2/25



Overview

◮ What are Forest Logi
 Programs (FoLPs)?
◮ subset of Open Answer Set Programming (OASP)

◮ How 
an one reason with FoLPs?
◮ tableau algorithm inspired from Des
ription Logi
s

◮ What are FoLPs useful for?
◮ integrating SHOQ KBs with (unsafe) FoLP rules: f-hybridknowledge bases

2/25



Overview

◮ What are Forest Logi
 Programs (FoLPs)?
◮ subset of Open Answer Set Programming (OASP)

◮ How 
an one reason with FoLPs?
◮ tableau algorithm inspired from Des
ription Logi
s

◮ What are FoLPs useful for?
◮ integrating SHOQ KBs with (unsafe) FoLP rules: f-hybridknowledge bases

2/25



Overview

◮ What are Forest Logi
 Programs (FoLPs)?
◮ subset of Open Answer Set Programming (OASP)

◮ How 
an one reason with FoLPs?
◮ tableau algorithm inspired from Des
ription Logi
s

◮ What are FoLPs useful for?
◮ integrating SHOQ KBs with (unsafe) FoLP rules: f-hybridknowledge bases

2/25



Overview

◮ What are Forest Logi
 Programs (FoLPs)?
◮ subset of Open Answer Set Programming (OASP)

◮ How 
an one reason with FoLPs?
◮ tableau algorithm inspired from Des
ription Logi
s

◮ What are FoLPs useful for?
◮ integrating SHOQ KBs with (unsafe) FoLP rules: f-hybridknowledge bases

2/25



Part I
Forest Logic Programs
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Open Answer Set ProgrammingSyntax: same as Answer Set Programming without fun
tionsymbolsSemanti
s: interpretations are de�ned with respe
t to open domainsAn open answer set of P is a pair (U,M) where
◮ the universe U is a non-empty superset of the 
onstants in P ,and
◮ M is an answer set of PU .

4/25



Open Answer Set Programming - Examplefail(X ) ← not pass(X )pass(john) ←
◮ ({john}, {pass(john)}) is an (open) answer set.
◮ ({john, x}, {pass(john), fail(x)}) is an open answer set:
{pass(john), fail(x)} is an answer set offail(x) ← not pass(x)fail(john) ← not pass(john)pass(john) ←

◮ ({john, x1 , x2 , . . .}, {pass(john), fail(x1 ), fail(x2 ), . . .}), 5/25



Forest Logic Programs - subset of OASPOASP is unde
idable: shown by redu
tion from unde
idable dominoproblem.Syntax restri
tions:
◮ tree-shaped rules:

◮ only unary and binary literals are allowed
◮ unary literals 
orrespond to nodes, binary to ar
s
◮ no 
onstants: Con
eptual Logi
 Programs - tree modelproperty (de
idable)
◮ 
onstants allowed: Forest Logi
 Programs! - forest modelproperty (assumed to be de
idable)

◮ guarded fragment 6/25



FoLP RulesFree Rules:a(s) ∨ not a(s)← or f (s, t) ∨ not f (s, t)←Unary Rules:r : a(s)← β(s), (γm(s, tm), δm(tm))1≤m≤k , ψ, where1. ψ ⊆ ⋃1≤i 6=j≤k{ti 6= tj} and {6=} ∩ γm = ∅ for 1 ≤ m ≤ k ,2. ∀ti ∈ vars(r) : γ+i 6= ∅Binary Rules: f (s, t)← β(s), γ(s, t), δ(t) with {6=} ∩ γ = ∅ and
γ+ 6= ∅Constraints: ← a(s) or ← f (s, t) 7/25



Extended ForestAn extended forest is a tuple (F ,ES) where F is a forest (set oftrees) and ES is a set 
ontaining some extra ar
s from any node ina tree in F to some root of a tree in F . We denote with NEF thenodes of EF and with AEF its ar
s (in
luding ES).EF : a ba1 b1 b2 b3a11 a12 b21Figure: An extended forest 8/25



Forest Model PropertyIf a unary predi
ate p is satis�able w.r.t. a FoLP P then p is forestsatis�able w.r.t. P .A unary predi
ate p is forest satis�able w.r.t. a FoLP P if there is anopen answer set (U ,M) of P , an extended forest EF = (F ,ES), and alabeling fun
tion L : NEF ∪ AEF → 2preds(P) su
h that:
◮ F is a set of trees with roots from {ε} ∪ 
ts(P), one for ea
hmember of the set, where ε ∈ 
ts(P) ∪ {x}
◮ U = NEF
◮ L(x) ∈ 2upreds(P), if x ∈ NEF and L(x) ∈ 2bpreds(P), if x ∈ AEF
◮ p ∈ L(ε)

◮ q(x) ∈ M i� q ∈ L(x) and x ∈ NEF ∪ AEF
◮ L(x) 6= ∅, for x ∈ AEF 9/25



Forest Model Property ExampleConsider the open answer setOA = ({x , a, z , y}, {p(x), g(x , z), q(z), f (z , a), q(a), f (a, y)}) for aFoLP P . p is forest-satis�able w.r.t. P :
{g}x{p} a{q}

{f }y{∅}z{q}
{f }

Figure: A forest model 10/25



Completion Structure for a FoLPA 
ompletion stru
ture for a FoLP P is a tuple: 〈EF , ct, G , st〉
◮ EF is an extended forest - the universe
◮ ct : NEF ∪ AEF → 2preds(P)∪not (preds(P)): maps a node to aset of (possibly negated) unary predi
ates and an ar
 to a setof (possibly negated) binary predi
ates
◮ G = 〈V ,A〉 is a dire
ted graph with verti
es V ⊆ BPNEF andar
ss A ⊆ V × V
◮ st is fun
tion whi
h indi
ates whi
h predi
ates in a node/ar
are already expanded at a 
ertain time in the 
omputationpro
ess 11/25



Initial Completion StructureAn initial 
ompletion stru
ture for 
he
king satis�ability of a unarypredi
ate p w.r.t. a FoLP P is a 
ompletion stru
ture 〈EF , G , ct, st〉with:
◮ EF = (F ,ES), F is a set of single-node trees with roots from
{ε} ∪ 
ts(P), one for ea
h member of the set, where
ε ∈ 
ts(P) ∪ {x}; ES = ∅

◮ ct(ε) = {p}
◮ G has one vertex p(ε) and no ar
s
◮ p in ε is unexpanded

•x{punexp} •a •b •
Figure: Initial 
ompletion stru
ture for p w.r.t. P whi
h has the
onstants a, b, and 
 12/25



Expansion RulesExpand unary/binary positive: motivates the presen
e of an atomp(x)/f (x , y) in the open answer set
◮ a rule whose head mat
hes p(x)/f (x , y) is randomly pi
ked up
◮ the rule is grounded su
h that the head variable(s) 
oin
idewith the 
urrent node/ar

◮ the 
ompletion stru
ture is updated a

ordingly

13/25



Expansion RulesExpand unary/binary negative: motivates the absen
e of an atomp(x)/f (x , y) in the open answer set
◮ the body of every ground version of a rule whose headmat
hes with p(x)/f (x , y) has to be refuted
◮ all 
ombinations of su

essor nodes have to be 
onsidered
◮ the rule is visited multiple times to 
he
k for new su

essors(unless all positive predi
ates are expanded and every predi
ateappears either in a positive or a negated form in the 
urrentnode/ar
) 14/25



Expansion Rules

Choose unary/binary: expand the partial model to a 
ompletemodel
◮ randomly 
hoose a unary/binary predi
ate p whi
h does notappear in the 
urrent node/ar
 x and insert p or not p in

ct(x)
15/25



Applicability RulesSaturation: no expansion in the su

essor until the prede
essor issaturatedBlo
king: A node x ∈ NEF is blo
ked if it has a tree an
estor y s.t.
ct(x) ⊆ ct(y) and the setpathsG (x , y) = {(p, q) | (p(x), q(y)) ∈ pathsG} is empty.Redundan
y: A node x ∈ NEF is redundant if it is not blo
ked, it issaturated and there are k (tree) an
estors of x , (yi )1≤i≤k , wherek = 2p(2p2 − 1) + 3, and p = |upreds(P)|, s. t. ct(x) = ct(yi )for every 1 ≤ i ≤ n 16/25



TerminationComplete 
ompletion stru
ture for a FoLP P : no expansion rules
an be further appliedClash-free 
omplete 
ompletion stru
ture for a FoLP P : a 
omplete
ompletion stru
ture CS = 〈EF , G , ct, st〉 for whi
h: (1) CS isnot 
ontradi
tory; (2) EF does not 
ontain redundant nodes; (3) Gdoes not 
ontain 
y
les.A 
omplete 
ompletion stru
ture 
an be 
onstru
ted by a �nitenumber of appli
ations of the expansion rules to an initial
ompletion stru
ture 
onsidering the appli
ability rules. 17/25



Soundness, Completeness, and ComplexityIf there is a 
lash-free 
omplete 
ompletion stru
ture for p w.r.t. Pthen p is satis�able w.r.t. P .There is a 
lash-free 
omplete 
ompletion stru
ture for p w.r.t. P ifp is satis�able w.r.t. P .The algorithm runs in 2-nexptime
18/25



Part III
F-Hybrid Knowledge Bases
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F-Hybrid Knowledge Bases - SyntaxAn f-hybrid knowledge base is a pair 〈Σ,P〉 where Σ is a SHOQknowledge base and P is a FoLP.
◮ DL predi
ates: predi
ates in P whi
h are also atomi
 
on
eptor role names from Σ

◮ no predi
ates from P 
oin
ide with 
omplex 
on
ept or roledes
riptions from Σ

◮ no Datalog safeness or (weakly) DL safeness is imposed for therule 
omponent 20/25



F-Hybrid Knowledge Bases - Semanticsthe proje
tion Π(P ,I) of a ground FoLP P with respe
t to a givenDL interpretation I = (∆I , ·I):for every rule r in P ,
◮ if there exists a DL literal in the head of the form

◮ A(t1, . . . , tn) with (t1, . . . , tn) ∈ AI , or
◮ not A(t1, . . . , tn) with (t1, . . . , tn) 6∈ AI ,then delete r ,

◮ if there exists a DL literal in the body of the form
◮ A(t1, . . . , tn) with (t1, . . . , tn) 6∈ AI , or
◮ not A(t1, . . . , tn) with (t1, . . . , tn) ∈ AI ,then delete r ,

◮ otherwise, delete all DL literals from r . 21/25



F-Hybrid Knowledge Bases - Semantics

(U,I,M) is an interpretation of an f-hybrid knowledge base 〈Σ,P〉if:
◮ U is a universe for P ,
◮ I = (U, ·I) is an interpretation of Σ, and
◮ M is an interpretation of Π(PU ,I).

(U,I,M) is a model of 〈Σ,P〉 if I is a model of Σ and M is ananswer set of Π(PU ,I) 22/25



F-Hybrid Knowledge Bases - ReasoningSatis�ability 
he
king w.r.t. f-hybrid knowledge bases 
an beredu
ed to satis�ability 
he
king of FoLPs only:
◮ for ea
h 
on
ept expression one introdu
es a new predi
atetogether with rules that de�ne the semanti
s of the
orresponding DL 
onstru
t.
◮ 
onstraints en
ode the in
lusion axioms
◮ the �rst-order interpretation of DL 
on
ept expressions issimulated using free rules.There is a polynomial, non-modular, and faithful translation w.r.t.predi
ate satis�ability from SHOQ knowledge bases to FoLPs.Satis�ability 
he
king w.r.t. f-hybrid knowledge bases is in2-nexptime. 23/25



Related and Future WorkRelated Work:
◮ R-hybrid KBs: DL knowledge base and a disjun
tive Datalogprogram where ea
h rule is weakly DL-safe
◮ Des
ription Logi
 Rules : de
idable fragments of SWRL.Tree-shaped rules similar to the stru
ture of FoLPs, but thesemanti
s is a �rst-order one and not a minimal one
◮ FDNC: an extension of ASP with fun
tion symbols whererules are synta
ti
ally restri
ted in order to maintainde
idability. The restri
tion is somehow similar to the one forFoLPs, but FDNC rules are required to be safeFuture Work:
◮ extension of f-hybrid KBs bases and its reasoning algorithm,from SHOQ towards SROIQ
◮ prototype implementation and optimization 24/25



Conclusions

◮ Reasoning support for a language whi
h allows an innovative
ombination of ontologies and rules (no safeness 
ondition isneeded).
◮ Tableau algorithm for a non-monotoni
 yet notHerbrand-restri
ted formalism
◮ De
idability result for FoLPs

25/25
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