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Uniform Equivalence of Logic Programs 1. Motivation

Motivation

ä The study of equivalence relations and equivalence classes of
mathematical structures is a fundamental concept in algebra.

ä In CS, semantic comparisons of theories and programs, like different
notions of equivalence, are of practical interest, e.g.,

• for program optimization tasks;

• for program verification tasks;

• for concepts of modular programming.

å One of the most important relationships for any programming
language.
å An important topic of research in logic programming early on.
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Uniform Equivalence of Logic Programs 1. Motivation

Notions of Equivalence by Example

{
edge(a, b); edge(b, c); . . .

}
KB{

path(X,Y ) ← edge(X,Y );
path(X,Z) ← path(X,Y ), edge(Y,Z)

}
Q1{

path(X,Y ) ← edge(X,Y );
path(X,Z) ← path(X,Y ), path(Y,Z)

}
Q2

ä Ordinary Equivalence (OE):
Do Q1 ∪KB and Q2 ∪KB have the same output?

ä More interesting problem: Query Equivalence (QE):
Do Q1 ∪KB and Q2 ∪KB have the same output,
+ for any KB (i.e., for any set of edges)?
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Notions of Equivalence by Example

{
edge(a, b); edge(b, c); . . .

}
KB{

path(X,Y ) ← edge(X,Y );
path(X,Z) ← path(X,Y ), edge(Y,Z)

}
Q1{

path(X,Y ) ← edge(X,Y );
path(X,Z) ← path(X,Y ), path(Y,Z)

}
Q2

ä Query Equivalence (QE):
Do Q1 ∪KB and Q2 ∪KB have the same output,
for any KB (i.e., for any set of edges)?

ä Different problem: Uniform Equivalence (UE)
Do Q1 ∪ I and Q2 ∪ I have the same output,
+ for any input I (i.e., also paths may be part of the input)?
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Uniform Equivalence of Logic Programs 1. Motivation

Notions of Equivalence by Example (ctd.)


edge(a, b); edge(b, c); . . .
. . . ← path(X,Y );
. . . ← . . .

 P

{
path(X,Y ) ← edge(X,Y );
path(X,Z) ← path(X,Y ), edge(Y,Z)

}
M1

{
path(X,Y ) ← edge(X,Y );
path(X,Z) ← path(X,Y ), path(Y,Z)

}
M2

ä Strong Equivalence (SE):
Do M1 ∪ P and M2 ∪ P have the same output
+ for any program P?

M. Fink / TU Wien Istanbul 28/08/2013 3/35



Uniform Equivalence of Logic Programs 1. Motivation

Motivation (ctd.)

ä Challenges: Non-monotonic negation makes a difference
• OE is a weaker concept than classical equivalence,

å no replacement theorem.
• While UE [Sagiv, 1988] and “equivalence of program segments”

(SE) [Maher, 1988] coincide for Datalog,
å they are different concepts in presence of negation.

ä Aim: Model-theoretic characterizations of equivalence concepts
• on the basis of established semantics,

å for studying semantic and computational properties.

ä Goals: Exploiting results for:
å program simplification, program verification,
å modular programming approaches.
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Uniform Equivalence of Logic Programs 1. Motivation

Outline

ä Motivation

ä Characterizing Uniform Equivalence
• Background (the Logic of Here-and-There)
• The Walking Lemma
• Elementary Results

ä Follow-up Research
• Computational Complexity Landscape

• Program Simplification and Recasting

• Refined Notions and Infinite Domains

• A Verification Application

ä Open Problems and Conclusion
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Uniform Equivalence of Logic Programs 2. Characterizing UE

Characterizing Uniform Equivalence

Status quo in 2003:

ä Logic programming with non-monotonic negation under stable
semantics, as a problem solving tool had received increasing
attention.

ä Solvers had raised the need for sophisticated optimization methods.

ä Properties of logic programs, such as strong equivalence have been
investigated.

ä Model-theoretic characterization succeeded by means of the Logic of
Here-and-There.

Quest:
ä How to characterize uniform equivalence in terms of its semantic

structures?
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Uniform Equivalence of Logic Programs 2. Characterizing UE

Propositional Here-and-There

ä Logic of Here-and-There [Heyting, 1930]: a 2-world intuitionistic logic.
å It serves as a basis for a semantic characterization of answer sets.

Syntax: Theories are sets of formulas over a propositional signature L,
and connectives ∧ , ∨ , → , and ⊥. (¬φ abbreviates φ → ⊥).

b1 ∧ . . . ∧ bm ∧ ¬bm+1 ∧ . . . ∧ ¬bn → a1 ∨ . . . ∨ al

Semantics: Kripke models, using just two worlds: “here” and “there”.

t h

 

å HT-interpretations are pairs (X,Y ) of sets of atoms from L,
such that X ⊆ Y . An HT-interpretation is total if X = Y .
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Uniform Equivalence of Logic Programs 2. Characterizing UE

Propositional Here-and-There (ctd.)

ä Entailment (X,Y ) |= φ (HT-model) is defined recursively:

1 (X,Y ) |= a if a ∈ X, for any atom a,
2 (X,Y ) 6|= ⊥,
3 (X,Y ) |= φ ∧/∨ ψ if (X,Y ) |= φ and/or (X,Y ) |= ψ,
4 (X,Y ) |= φ → ψ if (i) (X,Y ) 6|= φ or (X,Y ) |= ψ, and

(ii) Y |= φ → ψ.

ä (Y, Y ) is an equilibrium model of P , iff (Y, Y ) |= P
and for all X ⊂ Y , it holds that (X,Y ) 6|= P [Pearce, 1996].

å Y is an answer set of P iff (Y, Y ) is an equilibrium model of P .
å P and Q are strongly equivalent iff HT (P ) =HT (Q) [Lifschitz,

Pearce, Valverde, 2001].
å (X,Y ) ∈ HT (P ) iff Y |= P and X |= P Y [Turner, 2001].
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Propositional Here-and-There (ctd.)

ä Entailment (X,Y ) |= φ (HT-model) is defined recursively:

1 (X,Y ) |= a if a ∈ X, for any atom a,
2 (X,Y ) 6|= ⊥,
3 (X,Y ) |= φ ∧/∨ ψ if (X,Y ) |= φ and/or (X,Y ) |= ψ,
4 (X,Y ) |= φ → ψ if (i) (X,Y ) 6|= φ or (X,Y ) |= ψ, and

(ii) Y |= φ → ψ.

ä (Y, Y ) is an equilibrium model of P , iff (Y, Y ) |= P
and for all X ⊂ Y , it holds that (X,Y ) 6|= P [Pearce, 1996].

å Y is an answer set of P iff (Y, Y ) is an equilibrium model of P .
å P and Q are strongly equivalent iff HT (P ) =HT (Q) [Lifschitz,

Pearce, Valverde, 2001].
å (X,Y ) ∈ HT (P ) iff Y |= P and X |= P Y [Turner, 2001].
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Uniform Equivalence of Logic Programs 2. Characterizing UE

The Walking Lemma

ä A seminal lemma to derive simple characterizations:
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Uniform Equivalence of Logic Programs 2. Characterizing UE

The Walking Lemma

ä A seminal lemma to derive simple characterizations:
Lemma
P and Q are uniformly equivalent iff for every HT-model (X,Y ),
such that (X,Y ) is an HT-model of exactly one of P and Q
(i) Y |= P ∪Q, and
(ii) ∃(M,Y ): HT-model of the other program s.t. X ⊂M ⊂ Y .
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Uniform Equivalence of Logic Programs 2. Characterizing UE

The Walking Lemma

ä A seminal lemma to derive simple characterizations:
Lemma
P and Q are uniformly equivalent iff for every HT-model (X,Y ),
such that (X,Y ) is an HT-model of exactly one of P and Q
(i) Y |= P ∪Q, and
(ii) ∃(M,Y ): HT-model of the other program s.t. X ⊂M ⊂ Y .

ä Intuition: Walking the lattice of here worlds from ∅ to Y ;

å (Y, Y ) is in equilibrium for exactly one of
• P ∪ Y and Q ∪ Y if (i) is violated,
• P ∪X and Q ∪X if (ii) is violated.

å Conversely, if (Y, Y ) is in equilibrium for exactly one of P ∪X and
Q ∪X, then either (i) or (ii) is violated.
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Uniform Equivalence of Logic Programs 2. Characterizing UE

Characterization via UE-models
ä As an immediate consequence, finite P and Q are uniformly

equivalent iff
• they share the same total HT-models, and
• for every non-total HT-model (X,Y ) exists a common

HT-model (M,Y ) s.t. X ⊆M ⊂ Y .
å Characteristic HT-models are all total and maximal non-total

HT-models:
Definition [UE-model]

An HT-model (X,Y ) is a uniform equivalence (UE) model of P ,
i.e., (X,Y ) ∈ UE (P ), if for every (X ′, Y ) ∈ HT (P ) it holds that
X ⊂ X ′ implies X ′ = Y .

Theorem
Finite P and Q are uniformly equivalent, in symbols P ≡u Q, iff
UE (P ) =UE (Q).
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Uniform Equivalence of Logic Programs 2. Characterizing UE

Characterization via UE-models (ctd.)

+ Example:

P = {a ∨ b} Q = {a ← not b;
b ← not a}

HT (P ) = {({a}, {a}), HT (Q) = {({a}, {a}),
({b}, {b}), ({b}, {b}),
({a}, {a, b}), ({a}, {a, b}),
({b}, {a, b}), ({b}, {a, b}),
({a, b}, {a, b})} ({a, b}, {a, b}),

(∅, {a, b})}

å Thus, strong equivalence fails.
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Characterization via UE-models (ctd.)

+ Example:

P = {a ∨ b} Q = {a ← not b;
b ← not a}

UE (P ) = {({a}, {a}), HT (Q) = {({a}, {a}),
({b}, {b}), ({b}, {b}),
({a}, {a, b}), ({a}, {a, b}),
({b}, {a, b}), ({b}, {a, b}),
({a, b}, {a, b})} ({a, b}, {a, b}),

(∅, {a, b})}
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Uniform Equivalence of Logic Programs 2. Characterizing UE

Characterization via UE-models (ctd.)

+ Example:

P = {a ∨ b} Q = {a ← not b;
b ← not a}

UE (P ) = {({a}, {a}), UE (Q) = {({a}, {a}),
({b}, {b}), ({b}, {b}),
({a}, {a, b}), ({a}, {a, b}),
({b}, {a, b}), ({b}, {a, b}),
({a, b}, {a, b})} ({a, b}, {a, b})}

å Uniform equivalence holds.
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Uniform Equivalence of Logic Programs 2. Characterizing UE

Characterization via UE-models (ctd.)

+ Example:

P = {a ∨ b; Q = {a ← not b;
a ← b; b ← not a;
b ← a} a ← b;

b ← a}

HT (P ) = {({a, b}, {a, b})} HT (Q) = {({a, b}, {a, b}),
(∅, {a, b})}
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Uniform Equivalence of Logic Programs 2. Characterizing UE

Characterization via UE-models (ctd.)

+ Example:

P = {a ∨ b; Q = {a ← not b;
a ← b; b ← not a;
b ← a} a ← b;

b ← a}

UE (P ) = {({a, b}, {a, b})} UE (Q) = {({a, b}, {a, b}),
(∅, {a, b})}

å Uniform equivalence ceases to hold.
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Uniform Equivalence of Logic Programs 2. Characterizing UE

Elementary Results

ä An alternative characterization is obtained in terms of
UE-consequence:
• A rule, r, is an UE-consequence of P , denoted P |=u r, if

(X,Y ) |= r for all (X,Y ) ∈ UE (P ).
å P ≡u Q iff P |=u Q and Q |=u P .

ä For positive programs strong and uniform equivalence coincide.

ä For any head-cycle free program P , it holds that P ≡u P
→

(strengthening a corresponding result by Ben-Eliyahu and Dechter).

ä Deciding P ≡u Q is ΠP
2 -complete for DLPs, and coNP-complete if

each program is either positive or head-cycle free.
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Uniform Equivalence of Logic Programs 2. Characterizing UE

Summary of Contributions

ä We developed characterizations of uniform equivalence of logic
programs based on HT-models.

ä For the finitary case, we provided simple and appealing characteristic
structures: UE-models.

ä We considered restricted subclasses, in particular positive programs,
head-cycle free programs, and Horn programs.

ä We analyzed the computational complexity of deciding uniform
equivalence of two given programs P and Q.

ä Addressed extensions to extended and to nested logic programs.

å Ours complement results on strong equivalence of logic programs.
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Uniform Equivalence of Logic Programs 3. Follow-up Research

Complexity Results for Propositional Programs

ä A natural follow-up goal:

ä Use (generalizations) of the semantic characterizations
å considering relativized notions (additions over a fixed alphabet),

ä for a more comprehensive understanding of computational properties.

å [E,F, Woltran, TOCL 2005],
[E,F, Tompits, Woltran, AAAI 2005], [E,F, Tompits, Woltran, IJCAI 2007]
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Uniform Equivalence of Logic Programs 3. Follow-up Research

Complexity Results for Propositional Programs

P ≡A
s Q / P ≡A

u Q

P ≡u Q DLP positive HCF normal Horn
Horn ΠP

2 coNP coNP coNP coNP

coNP coNP coNP coNP P

normal ΠP
2 ΠP

2 ΠP
2 /coNP coNP

coNP coNP coNP coNP

HCF ΠP
2 ΠP

2 ΠP
2 /coNP

coNP coNP coNP

positive ΠP
2 ΠP

2

ΠP
2 coNP

DLP ΠP
2

ΠP
2

Table: Complexity of Equivalence Checking in Terms of Completeness Results.
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Uniform Equivalence of Logic Programs 3. Follow-up Research

The Propositional Case (ctd.)

ä Recall: Computing the (unique) answer set of an acyclic/stratified
program is feasible in polynomial time.

å Checking OE is feasible in polynomial time, as well.

ä Testing UE (resp., SE) between normal programs is coNP-complete;
for Horn programs the problem is in P.

• How about acyclic/stratified programs?

å Checking UE (resp., SE) remains coNP-hard (resp., unless one
is Horn and at least one constraint free).

• Note for SE: Even if P ∪R remains acyclic/stratified.
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Uniform Equivalence of Logic Programs 3. Follow-up Research

Non-ground programs

ä For (acyclic) Horn programs SE and UE coincide with classical
equivalence.

å Deciding P ≡e Q, where e ∈ {o, u, s}, is
• EXPTIME-complete if P,Q are Horn;
• PSPACE-complete if P,Q are acyclic and Horn.

ä SE is co-NEXPTIME-complete for normal P and Q
[Lin, 2002; EFTW, 2005].

å Strengthened to acyclic/stratified, constraint-free programs.

å UE between normal programs is undecidable.
• E.g., reducing QE between Horn programs;
• a single negative constraint is sufficient.
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Uniform Equivalence of Logic Programs 3. Follow-up Research

Non-ground programs (ctd.)

Restricted Cases

ä Few predicates (constant bound on number of predicates)
• Propositional case: fixed number of atoms leads to tractability.
• Non-ground case: rewriting to single predicate programs is

faithful,
å above results carry over.

ä Small programs (constant bound on number of rules)
• Similar situation: via single-rule programs and QE between

definite linear Horn programs with argument rotation techniques.
ä Bounded predicate arities (constant bound on predicate arities)

• Checking SE and OE become significantly easier:
å on the second level of PH;
å UE remains undecidable for stratified DLPs with constraints.
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Uniform Equivalence of Logic Programs 3. Follow-up Research

Program Simplification

å [E,F, Tompits, Traxler, Woltran, KR 2006]
[E,F, Phürer, Tompits, Woltran, JANCL 2013]
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Uniform Equivalence of Logic Programs 3. Follow-up Research

Program Simplification

ä Goal: program simplification of non-ground logic programs under the
answer-set semantics.

ä A simplification is a syntactic transformation of a program P into a
program P ′, such that P and P ′ are equivalent and
• P ′ is “smaller” than P ;

• P ′ is from a syntactic easier class than P ; or

• P ′ is faster evaluated by ASP-solvers than P .

ä Simplification can be performed
• online: during evaluation of a program (result: answer sets);

• offline: as a dedicated task (result: simplified program).
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Uniform Equivalence of Logic Programs 3. Follow-up Research

Rule Replacements

ä Consider the following rules from an encoding of 3-coloring:

b(X) ∨ g(X) ← edge(a,X),node(a),node(X), r(a),not r(X);
r(X) ∨ g(X) ← edge(a,X),node(a),node(X), b(a),not b(X);

r(Y ) ∨ b(Y ) ∨ g(Y ) ← node(Y )

ä Typical questions:
• Is the first (the second) rule redundant?
• Can we faithfully rewrite the last rule without disjunction?

å Propositional simplification rules, non-ground replacements
• Rule Subsumption (independent replacement),
• Shifting (non-independent),
• and more (Redundancy: TAUT and CONTRA, etc.).

å A uniform formal framework for specifying and analyzing replacements and
a prototype implementation.
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Uniform Equivalence of Logic Programs 3. Follow-up Research

Recasting Programs

ä Putting the entire program in focus:

Consider a related question:
Given P , does there exist Q from a certain class of programs C
such that P ≡e Q under a given notion of equivalence e?
If yes, how can we recast P to such a Q (i.e., construct it)?

Contributions:
ä Based on general model-theoretic properties and a novel form of

canonical programs, [EFPTW 2013] extends previous work by
• semantic characterizations for the existence of such programs Q,
• determining the computational complexity of checking existence,
• and providing (local) rewriting rules for recasting.

M. Fink / TU Wien Istanbul 28/08/2013 20/35



Uniform Equivalence of Logic Programs 3. Follow-up Research

Recasting Disjunctive to Normal Programs

ä Given a disjunctive program Q, in case HT (P ) satisfies
here-intersection, we can always construct a strongly equivalent
normal program Q′.

ä Naive Approach: use the canonical program and construct PHT (Q).

ä Advanced Approach:

1 replace each proper disjunctive rule r by its shift r′;
2 since HT (r′) ⊇ HT (r) this might generate additional

HT-models;
3 eliminate these additional HT-models by employing the

canonical program on a suitable set of HT-models closed under
here-intersection.
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Uniform Equivalence of Logic Programs 3. Follow-up Research

Recasting Disjunctive to Positive Programs

ä Every positive logic program P , HT (P ) is here-total:
• A set S of HT-models is here-total iff for all (X,Y ) ∈ S,

also (X,X) ∈ S.

Results:
å There exists a positive program Q such that P and Q are strongly

(resp. uniformly) equivalent iff HT (P ) (resp. UE (P )) is here-total.

ä In this case Q can be constructed by shifting not-literals to the head:
• P ls = {rls | r ∈ P}, where rls is the rule such that

H(rls) = H(r) ∪B−(r), B+(rls) = B+(r), and B−(rls) = ∅

(i.e., the “ left shift” of r).

ä Checking here-totality, for a given DLP P , is coNP-complete for
HT (P ) and ΠP

2 -complete for UE (P ).
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Uniform Equivalence of Logic Programs 3. Follow-up Research

Recasting Disjunctive to Horn Programs

ä It is tempting to combine the criteria for eliminating negation
(here-totality) and for eliminating disjunction (here-intersection).

However, this does not work: Let P = {a ∨ b←; ← a, b}, then
HT (P )={(a, a), (b, b)} is closed under here-intersection and here-total,
but there exists no strongly or uniformly equivalent Horn program Q.

å A necessary and sufficient criterion yields there-intersection:
• A set S of HT-models is closed under there-intersection iff for

every (X,X), (Y, Y ) ∈ S it holds that (X ∩ Y,X ∩ Y ) ∈ S.

ä There exists a Horn program Q such that P and Q are strongly
(resp. uniformly) equivalent iff HT (P ) (resp. UE (P )) is here-total
and closed under there-intersection.

ä Recasting normal P : two outcomes; (non-trivial) specific cases.
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Uniform Equivalence of Logic Programs 3. Follow-up Research

Refined Notions

å [Truszczyński and Woltran, ICLP 2008]
[F, ICLP 2008; TPLP 2011]
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Uniform Equivalence of Logic Programs 3. Follow-up Research

Refined Notions


edge(a, b); edge(b, c); . . .
. . . ← path(X,Y );
. . . ← . . .

 P

{
path(X,Y ) ← edge(X,Y );
path(X,Z) ← path(X,Y ), edge(Y,Z)

}
M1

{
path(X,Y ) ← edge(X,Y );
path(X,Z) ← path(X,Y ), path(Y,Z)

}
M2

ä Application Specific Equivalence:
Do M1∪P and M2∪P have the same output for any P , where
+ edge appears only in rule heads and path only in rule bodies?
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Uniform Equivalence of Logic Programs 3. Follow-up Research

Hyperequivalence

ä Application specific notions by more fine-grained language
relativization:

ä Let HB(A,B) denote all programs P such that H(P ) ⊆ A and
B(P ) ⊆ B.
Definition [Truszczyński and Woltran, 2008]

P and Q are equivalent relative to HB(A,B) if for every program
R ∈ HB(A,B), P ∪R and Q ∪R have the same output.

å Properly generalizes equivalence notions (also relativized):
• (L,L)-equivalence = SE
• (L, ∅)-equivalence = UE
• (EDB , ∅)-equivalence = QE

å Generalized characterizations and complexity analysis;
å Extension to other LP semantics (supported models).
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Uniform Equivalence of Logic Programs 3. Follow-up Research

Infinite Programs and Domains

å However, uniform equivalence of infinite propositional programs
(theories) cannot be captured by a selection of HT-models.

+ Example:

Let P and Q over L = {ai | i ≥ 1} be the following programs

P = {ai | i ≥ 1}, and Q = {ai ← not ai; ai ← ai+1 | i ≥ 1}.

ä Why is this problem of interest?

å Recent developments:
• Generalization of the answer-set semantics to first-order theories

with infinite domains [Ferraris et al., 2007].
• Applications, e.g., hybrid knowledge bases, call for open

domains [de Brujin et al., 2007].
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Uniform Equivalence of Logic Programs 3. Follow-up Research

HT-Countermodels

Avoid problem by taking HT-countermodels that satisfy a closure
condition instead of a maximality criterion.

Definition [Cabalar and Ferraris, 2007]

(X,Y ) is an HT-countermodel of P if (X,Y ) 6|= P .
The set of HT-countermodels of P is denoted by Cs(P ).

Definition
• A total HT-interpretation (Y, Y ) is total-closed in a set S of

HT-interpretations if (X,Y ) ∈ S for every X ⊆ Y .
• An HT-interpretation (X,Y ) is there-closed in a set S of

HT-interpretations if (X ′, Y ) ∈ S for every X ⊆ X ′ ⊂ Y ,
respectively for X ′ = X = Y .

ä Observation: Total HT-countermodels are total-closed in Cs(P ).
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Uniform Equivalence of Logic Programs 3. Follow-up Research

Uniform Equivalence by HT-Countermodels

+ Example:

Reconsider P = {ai | i ≥ 1} and a non-total (X,L).
• Since (X,L) is non-total, (X,L) 6|= ai, for some ai ∈ L.
• This holds for any non-total (X ′,L) (s. t. X ⊆ X ′ ⊂ Y ).

å Therefore, (X,L) is there-closed in Cs(P ).

ä If (X,Y ) is a maximal non-total HT-model, then every (X ′, Y ), such
that X ⊂ X ′ ⊂ Y , is a there-closed HT-countermodel.

å Key Idea: Use there-closed countermodels instead of maximal
non-total HT-models. Notation: Cu(P ).

Main Theorem
P ≡u Q iff Cu(P ) = Cu(Q), i.e., P and Q are uniformly equivalent
iff they have the same sets of there-closed HT-countermodels.
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Uniform Equivalence of Logic Programs 3. Follow-up Research

Uniform Equivalence by HT-Countermodels (ctd.)

ä There-closed HT-countermodels are not sensitive to the problems
that infinite chains cause for maximality.

+ Example (ctd.):

• Every non-total (Xi,L) is in Cu(P ).
• None of these HT-interpretations is in Cs(Q).

å Therefore, P and Q are not uniformly equivalent.

ä Resorting to HT-countermodels for characterizing equivalences

• we can characterize uniform equivalence for possibly infinite
propositional programs and theories, and obtain

• coherent characterizations of different notions of equivalence,
• that generalize to first-order settings without finiteness

restrictions.
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cc>: A Verification Application

å [Oetsch, Seidl, Tompits, Woltran, 2009]
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cc>: A Verification Application

ä Application of an equivalence (correspondence) checker, cc>, for
verifying the correctness of student assignment solutions.

• Approach: reducing problems of program correctness to
problems of program equivalence.

• Programs stem from a laboratory course on knowledge-based
system at our university.

ä Central problems in this context: propositional query equivalence
problems (PQEPs) [Oetsch, Tompits, Woltran, 2007].
• Generalize problems of relativized UE (restricted input

alphabet),
• essentially by also considering projection

å dedicated output alphabet, dealing properly with auxiliary
atoms.
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cc>: System Overview
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cc>: Evaluation
ä Evaluated on course data from three terms (2006–2008).

• Comparison against a testscript-based approach.
– Testscript: 10–20 individually specified testcases (sets of

input atoms).

ä Verification tasks:
• Correctness of program modules and overall programs:

– modules: programs for switch, heater, etc.,
– overall program: components, connection between

components, constraints.

ä Some lessons:
• Convincing results have been obtained (cf. [OSTW, 2009]);

å but naive reduction methods would have failed.
å Intelligent grounding and domain restrictions are vital.
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Further Related Work

ä Strong Equivalence:
[Cabalar and Ferraris, 2007], [Lifschitz, Pearce, Valverde, 2007]

ä Modular Equivalence:
[Oikarinen and Janhunen, 2006; 2009], [Janhunen, 2008],
[Oikarinen, Janhunen, Tompits, Woltran 2009],
[Ferraris, Lee, Lifschitz, Palla, 2009], [Babb and Lee, 2012]

ä Projective Notions:
[Eiter, Tompits, Woltran, 2005], [Oetsch, Tompits, Woltran 2007],
[Phürer and Tompits, 2009]

ä Algebraic Characterization: [Truszczyński, 2006]

ä Extended Settings:
[Innue and Sakama, 2004], [F and Pearce, 2010]
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Open Problems

ä Characterize UE-models of normal programs (modularly) by a
monotonic logic.

ä Decidability of UE for non-ground stratified normal programs under
bounded predicate arity.

ä Providing (local) rewriting rules for joint elimination of disjunction
and negation (SE and UE).

ä Extend characterizations by countermodels to projective notions.

ä Adapt state-of-the-art solvers to work with/provide (certain)
HT-models.

ä ...
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Conclusion

ä The study of equivalence notions in logic programming
• and extensions thereof,
• in particular under non-monotonic (ASP) semantics

is an interesting research topic that
• is of practical relevance, and
• (still) not falling short of significant and challenging problems.

Additional (Co-)authors: (second part)

ä Johannes Oetsch
ä Jörg Phürer
ä Martina Seidl

ä Hans Tompits
ä Patrick Traxler
ä Stefan Woltran
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