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Answerset Computation

answerset(T ,F ,Π)

begin1

A = atom(Π)2

(T ,F )← propagation(T ,F ,Π)3

if (T ∩ F ) 6= ∅ then fail4

if (T ∪ F ) = A then return(T)5

A← select(A \ (T ∪ F ),Π)6

answerset(T ∪ {A},F )7

answerset(T ,F ∪ {A})8

end9
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Deficiencies

Before 2006

no transparent approach

publications deal only with implementation details

lack of formal framework for characterizing ASP computation

very difficult to

understand the functioning of solvers
compare different solvers
reveal their shortcomings
come up with improvements

SAT approach doesn’t have this deficiency
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Solutions

After 2006

two proposals by Gebser and Schaub

view answer set computations as derivations in an inference system

don’t look so much at logical equivalences in terms of models

First Proposal

characterizing ASP inferences by unit propagation based on concepts
from Constraint Processing

nogoods already used in SAT solvers, can be used in ASP, too

Second Proposal

using Tableau Calculi as inference system

easy to understand concept known from proof theory

declarative and fine-grained instrument for ASP operations and
strategies
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Tableau Calculi

General properties

a tableau calculus is a set of tableau rules

tableaux in most cases a binary tree

root is a formula which is to proof

it is extended to branches only by application of rules

a branch is contradictory if it contains a and ¬a for an a ∈ atoms

a formula is invalid if every branch of its tableaux is contradictory

Rules for classical logic

(∧)
a ∧ b

a
b

(∨)
a ∨ b

a | b
(⇒)

a⇒ b

¬a | b
(¬1)

a

¬¬a
(¬2)

¬¬a

a
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Tableau Calculi for ASP

Properties of ASP tableaux

root consists of all rules of logic program Π and all atoms

nodes are signed propositions preceded by T for true and F for false

branches are extended by special ASP tableau rules

branch is complete if it is contradictory or closed under all rules

every branch corresponds to a pair (Π,A) where A is an assignment

a non contradictory complete branch contains an answer set

an entire tableaux represents traversal of the search space
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Atom-oriented inferences

Atom-oriented tableau rules 1

(FTA)

p ← l1, . . . , ln
T{l1, . . . , ln}

Tp
(BFA)

p ← l1, . . . , ln
Fp

F{l1, . . . , ln}

Atom-oriented nogoods 1

∆(p) = {{Fp, Tβ1}, . . . , {Fp, Tβm}} body(p) = {β1, . . . , βm}

Atom-oriented tableau rules 2

(FFA)
Fβ1, . . . , Fβm

Fp
(BTA)

Tp
Fβ1, . . . , Fβi−1, Fβi+1, . . . , Fβm

Tβi

Atom-oriented nogoods 2

δ(p) = {Tp, Fβ1, . . . , Fβm}
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Body-oriented inferences

Body-oriented tableau rules 1

(FTB)

p ← l1, . . . , ln
Tl1, . . . , Tln

T{l1, . . . , ln}
(BFB)

F{l1, . . . , li , . . . , ln}
Tl1, . . . , Tli−1, Tli+1, . . . , Tln

Fli

Body-oriented nogoods 1

δ(p) = {Fβ, Tl1, . . . , Tln} (¬a ∈ β) ∧ (a = ⊥)⇒ Tla

Body-oriented tableau rules 2

(FFB)

p ← l1, . . . , li , . . . , ln
Fli

F{l1, . . . , li , . . . , ln}
(BTB)

T{l1, . . . , li , . . . , ln}
Tli

Body-oriented nogoods 2

∆(p) = {{Tβ, Fl1}, . . . , {Tβ, Fln}} (¬a ∈ β) ∧ (a = >)⇒ Fla



Answerset Computation Tableau Calculi Answerset Propagation Characterizing ASP solvers

Body-oriented inferences

Body-oriented tableau rules 1

(FTB)

p ← l1, . . . , ln
Tl1, . . . , Tln

T{l1, . . . , ln}
(BFB)

F{l1, . . . , li , . . . , ln}
Tl1, . . . , Tli−1, Tli+1, . . . , Tln

Fli

Body-oriented nogoods 1

δ(p) = {Fβ, Tl1, . . . , Tln} (¬a ∈ β) ∧ (a = ⊥)⇒ Tla

Body-oriented tableau rules 2

(FFB)

p ← l1, . . . , li , . . . , ln
Fli

F{l1, . . . , li , . . . , ln}
(BTB)

T{l1, . . . , li , . . . , ln}
Tli

Body-oriented nogoods 2

∆(p) = {{Tβ, Fl1}, . . . , {Tβ, Fln}} (¬a ∈ β) ∧ (a = >)⇒ Fla



Answerset Computation Tableau Calculi Answerset Propagation Characterizing ASP solvers

Clark’s Completion and Fitting’s Operator

The Cut rule

(Cut[X ])
Ta | Fa

(a ∈ X ⊆ atom(Π) ∪ body(Π))

Clark’s Completion

unit propagation on a program’s completion is described by the
previous rules

Tcomp = {FTA,BFA,FFA,BTA,FTB,BFB,FFB,BTB}

Fitting’s operator

Φ applies only forward propagation and can be viewed as a set of
tableau rules, too

TΦ = {FTA,FFA,FTB,FFB}
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Well-founded and Loop rules

Well-founded rules

(WFN)
Fβ1, . . . ,Fβm

Fp
(WFJ)

Tp
Fβ1, . . . ,Fβi−1,Fβi+1, . . . ,Fβm

Tβi

(p ∈ GUS({r ∈ Π|body(r) /∈ {β1, . . . , βm}}))

Loop rules

(FL)
Fβ1, . . . ,Fβm

Fp
(BL)

Tp
Fβ1, . . . ,Fβi−1,Fβi+1, . . . ,Fβm

Tβi

(p ∈ L, L ∈ Loop(Π),EB(L) = {β1, . . . , βm})
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Characterizing ASP solvers

Well-founded operator

Ω is like Φ except that it replaces negation of single atoms with
negation of unfounded sets

TΩ = {FTA,WFN,FTB,FFB}

Existing ASP-Solvers

Tsmodels = Tcomp ∪ {WFN,Cut[atom(Π)]}
TnoMoRe = Tcomp ∪ {WFN,Cut[body(Π)]}
Tnomore++ = Tcomp ∪ {WFN,Cut[atom(Π) ∪ body(Π)]}
Tcmodels−1 = Tcomp ∪ {Cut[atom(Π) ∪ body(Π)]}
Tassat = Tcomp ∪ {FL,Cut[atom(Π) ∪ body(Π)]}
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Questions?
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