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Abstract. Desiderata for AI systems that arise from legal or ethical
requirements have gained increasing importance over the last years. Ex-
amples include the protection of private information within a knowledge
base or the right of the eliminination of data on request, following the
EU General Data Protection Regulation. In Answer Set Programming
(ASP), a prominent rule-based language with roots in logic programming
and non-monotonic logics, advanced reasoning problems in this direction
include well-studied problems like forgetting or certain forms of program
simplification. In particular, strong persistence (SP) forgetting, faithful
abstractions, and, recently, strong simplifications (where the latter two
can be seen as relaxed and strengthened notions of forgetting) appear
closely related, especially given that they have characterizations through
the semantics for strong equivalence. Yet, it remained unclear whether
they can be captured in a uniform manner. In this extended abstract,
we report on recent work that aims to bridge this gap by introducing a
novel relativized equivalence notion, which is a relaxation of the recent
simplification notion.

1 Introduction

Forgetting or discarding information that are not deemed necessary is crucial
in human reasoning, as it allows to focus on the important details and to ab-
stract over the rest. Such active or intentional forgetting is argued to enhance
decision-making through flexibility under changing conditions and the ability to
generalize [12]. Getting rid of (ir)relevant details through forgetting continues to
motivate works in different subfields of AI [2], such as knowledge representation
and reasoning (KR) [5] and symbolic machine learning [16]. Recent examples of
forgetting within KR appear in action theories [11], explanations for planning
[18] and argumentation [3, 1].

The theoretical underpinnings of forgetting has been investigated for clas-
sical logic and logic programming for over decades. Answer Set Programming
(ASP), is a well established logic programming language, characterized by non-
monotonic declarative semantics. Its non-monotonic nature resulted in various
forgetting operators satisfying different desirable properties (see recent survey
[7]). The property strong persistence (SP) [9] is considered to best capture the
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essence of forgetting in the context of ASP. The aim is to preserve all existing
relations between the remaining atoms, by requiring that there be a correspon-
dence between the answer sets of a program before and after forgetting a set of
atoms, which is preserved in the presence of additional rules. This correspon-
dence is formally defined as

AS (P ∪R)|A = AS (f(P,A) ∪R) (1)

for all programs R over the universe U without containing atoms from A, where
f(P,A) is the resulting program of applying an operator f on P to forget about
the set A of atoms, AS (·) denotes the collection of answer sets of a program,
and AS (·)|A is their projection onto the remaining atoms.

When nothing is forgotten, (SP) matches the notion of strong equivalence
(SE) [10] among programs, denoted as AS (P ∪R) = AS (Q∪R) for all programs
R. [8] showed that (SP)-forgetting can only be done when the SE-models of the
program adheres to certain conditions, which is motivated by relativized strong
equivalence [20, 4], a relaxation of strong equivalence where the context programs
can exclude some atoms.

The motivation to obtain ASP programs with a reduced signature also led to
notion of abstraction by omission [13] by means of over-approximation, i.e., any
answer set in program P can be mapped to some answer set in the abstracted
program Q, which is denoted by AS (P )|A ⊆ AS (Q), and also has been referred

as weakened Consequence (wC) within forgetting [6]. [13] introduce a syntactic
operator that obtains abstracted programs, and an automated abstraction and
refinement methodology, that starts with a coarse abstraction and refines it upon
encountering spurious answer sets (which do not have correspondence in P ) until
a fine-grained abstraction is achieved.

A desired abstraction property was considered to be faithfulness where Q
does not contain a spurious answer set, i.e.,

AS (P )|A = AS (Q), (2)

matching an instance of Consequence Persistence (CP)-forgetting [19]. The no-
tion however does not truly preserve the semantics w.r.t. projection. The recent
equivalence notion, called strong simplification [15], defined as1

AS (P ∪R)|A = AS (Q ∪R|A) (3)

for all programs R, allows to capture the atoms that can be disregarded from the
original program and also the context program, so that the simplified program
can reason over the reduced vocabulary while ensuring that the semantics of the
original program is preserved w.r.t. projection.

It is known that strong simplifications imply (SP)-forgetting [15] and the
relation between omission abstraction and forgetting has also been studied [14].

1 R|A projects the positive body of the rules in R onto A and removes the rules with
a negative body or head containing an atom from A.
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A B Strong A-simplification relative to B

∅ ∅ equivalence

∅ U Strong Equivalence [17]

∅ B relativized Strong Equivalence [20]

A U Strong Simplification [15]

A A Strong Persistence [9]

A C C ⊆ A, relativized Strong Persistence (newly defined)

A ∅ Faithful Abstraction [13]
Table 1. Overview of the full spectrum of the relativized strong simplification notion
introduced in this paper.

The characterizations for all of the mentioned notions have been established
through the SE-models of programs, which characterizes strong equivalence.
However until now it remained unclear how these notions come together.

In this extended abstract we report on our recent results that bridge this gap
through a relaxation of the recent simplification notion, where on the context
programs we allow for excluding some dedicated atoms: for sets A,B of atoms,
we define the notion of strong A-simplification relative to B where (3) holds for
all programs R over B. All of the above mentioned notions such as (relativized)
strong equivalence, strong persistence, faithful abstractions and strong simplifi-
cations, then become special cases of this novel relativized equivalence notion,
of which a summary can be seen in Table 1. Furthermore we show the condi-
tions for relativized simplifiability and observe that the challenging part is for
when the context programs do not contain all the atoms to remove/forget. We
then show how the desired simplifications can be obtained by an operator that
combines projection and a relaxation of (SP)-forgetting.

Our main contributions in this regard are as follows (i) We propose the
novel concept of relativized strong simplification between programs, provide
the necessary and sufficient conditions for testing relativized strong simplifi-
ability, and give semantical characterizations of relativized strong simplifica-
tions; (ii) we discuss the full spectrum of this notion; (iii) we introduce a novel
forgetting operator which is a combination of projection and a relaxation of
SP-forgetting, which we introduce as relativized SP-forgetting; (iv) we con-
clude with complexity results. Details can be found in the full version at https:
//www.dbai.tuwien.ac.at/user/saribat/pub/sw23 unified.pdf
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6. Gonçalves, R., Knorr, M., Leite, J.: The ultimate guide to forgetting in answer
set programming. In: Proc. of the 15th International Conference on Principles of
Knowledge Representation and Reasoning. pp. 135–144 (2016)
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