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Abstract

Argumentation is an inherently dynamic process. In such a dynamic process both receiving
new information and removing existing information are needed. One way to remove infor-
mation is by forgetting: removing something from the setting while keeping the conclusions,
as much as possible, the same. As our setting we take ASPIC+, a structured approach to
formal argumentation, where arguments and the attacks between them are constructed from
a knowledge base and a set of rules. In this setting, we study forgetting a formula from the
language; a premise from the knowledge base; a rule from the set of rules; and a conclusion
from the constructed arguments. We consider both semantic and syntactic desiderata and
introduce a variety of operators.

1 Introduction

Formal argumentation [Dung, 1995] is a central approach in knowledge representation and reason-
ing, with a variety of applications [Atkinson et al., 2017]. Many of these applications are applied
in a dynamic environment, where new information is added or existing information is removed.
For a recent overview on dynamics in (structure approaches to) argumentation see [Borg, 202x].

In this paper we are interested in removing information, specifically: forgetting. Unlike with
deletion, where information is simply removed, forgetting entails removing information while pre-
serving as many of the original conclusions as possible. This is a well-known concept in knowledge
representation and reasoning [Eiter and Kern-Isberner, 2019] and applicable in many interactions.
Especially in a world where we cannot always rely on the information that we receive. In le-
gal reasoning, when evidence is determined to be inadmissible, the information should simply be
deleted. But in a debate, whether political, with friends or online, one might not want to admit
having relied on false information or might decide to fight for their commitments. In such cases
persistence (i.e., forgetting the information but preserving all other conclusions) and elimination
(i.e., forgetting the information and conclusions related to it, but preserving the other conclusions)
are of interest.

In the formal argumentation setting, many desirable properties have been considered on what
information should be preserved, including variations of persistence and elimination. In the
abstract setting, 25 desiderata were proposed in [Baumann et al., 2025]. In [Berthold et al.,
2023, Berthold and Ulbricht, 2024] forgetting in ABA [Čyras et al., 2018] has been studied and
in [Abderrazik and Doder, 2025] forgetting in ASPIC+ [Prakken, 2010] is investigated.

In this paper we contribute to the research on forgetting in structured approaches to argumenta-
tion, specifically ASPIC+ (see Section 2 with the technical preliminaries). We choose ASPIC+ since
it is a well-known approach that overcomes several drawbacks of the abstract account [Prakken,
2023]. In a dynamic ASPIC+ setting a variety of aspects can be adjusted. In this paper we
consider forgetting from the language; from the knowledge base; from the set of rules; and from
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the drawn conclusions. Especially the latter two have not been considered in the literature before.
Inspired by [Baumann et al., 2025,Berthold et al., 2023], we consider two types of persistence and
elimination desiderata. Semantic desiderata are studied (in Sections 3.2 and 3.3) to understand
how adjusting the ASPIC+ setting influences the derived conclusions. Syntactic desiderata are
studied (in Sections 3.4 and 3.5) to understand what arguments can still be constructed after
forgetting. Investigating both is important, especially in a structured setting, since adjustments
to the setting affect syntactic properties differently from semantic properties [Prakken, 2023]. We
conclude in Section 4.

2 Preliminaries

An abstract argumentation framework (AF) [Dung, 1995] is a pair AF = ⟨Arg, Att⟩, where Arg

is a set of arguments and Att ⊆ Arg × Arg is an attack relation on these arguments. Given
an argumentation framework AF, extension-based semantics [Dung, 1995] can be applied to it,
to determine what combinations of arguments (called extensions) can collectively be accepted.
S ⊆ Arg defends A ∈ Arg if S attacks every attacker of A; and S is conflict-free if there are no
A1, A2 ∈ S such that (A1, A2) ∈ Att. S is an admissible extension (Adm) of AF if it is conflict-free
and it defends all of its arguments. The grounded extension (Grd) of AF is the least fixpoint of
operator F, where F(S) returns all arguments defended by S. A stable extension (Stb) of AF is a
conflict-free set that attacks every argument not in it. In the remainder, Sem(AF) denotes the set
of all the extensions of AF under the semantics Sem ∈ {Adm,Grd,Stb}. We will sometimes identify
Grd(AF) with its single element.

Note 1. In this paper we consider only admissible, grounded and stable semantics. We do so
because these represent a variety of reasoning modes in formal argumentation. Moreover, other
well-known semantics come with some complexity challenges (e.g., complete semantics is hard to
characterize [Linsbichler, 2018] and preferred semantics requires maximality).

2.1 The ASPIC+ Framework

We work with ASPIC+ [Prakken, 2010] as it is a well-known structured approach to formal ar-
gumentation, with a variety of elements that play a role (i.e., that can be added, adjusted or
removed) in a dynamic setting. For simplicity, we will not consider preferences.

Definition 1. An argumentation system is a tuple AS = ⟨L, R, n⟩, where:

• L is a propositional language with classical negation ¬. We write ϕ = −ψ if ϕ = ¬ψ or
ψ = ¬ϕ.

• R = Rs ∪ Rd is a finite set of strict (Rs) and defeasible (Rd) inference rules of the form
ϕ1, . . . , ϕn → ϕ resp. ϕ1, . . . , ϕn ⇒ ϕ, such that {ϕ1, . . . , ϕn, ϕ} ⊆ L and Rs ∩ Rd = ∅. We
will denote by Ant(r) = {ϕ1, . . . , ϕn} the antecedents of rule r and by Cons(r) = ϕ the
consequence of r.

• n : Rd → L is a naming convention for defeasible rules, where n(r) is a well-formed formula
in L. We let Ln = {ϕ ∈ L | ∃r ∈ Rd, n(r) = ϕ}.

A knowledge base in an AS = ⟨L, R, n⟩ is a set of formulas K ⊆ L such that K = Kn ∪ Kp where Kn is
the set of axioms, Kp is the set of ordinary premises and Kn ∩ Kp = ∅.

Following [Abderrazik and Doder, 2025], we will assume that R is minimal, before forgetting:

Definition 2 ( [Abderrazik and Doder, 2025, Definition 13]). Let AS = ⟨L, R, n⟩, then R is called
minimal iff for every rule r ∈ R there is no r′ ∈ R, r ̸= r′ such that (i) Cons(r′) = Cons(r) and
Ant(r′) ⊂ Ant(r) or (ii) Cons(r′) ∈ Ant(r) and Ant(r′) ⊆ Ant(r).

Definition 3. An argument A on the basis of a knowledge base K in an argumentation system
⟨L, R, n⟩ is:
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1. ϕ if ϕ ∈ K, where Prem(A) = {ϕ} (A’s premises), Prop(A) = {ϕ} (the formulas of A),
Sub(A) = {ϕ} (A’s subarguments), Conc(A) = ϕ (A’s conclusion), Rules(A) = ∅ (the rules
of A) and tRule(A) = undefined (the toprule of A);

2. A1, . . . , An ⇝ ψ, where ⇝∈ {→,⇒}, if A1, . . . , An are arguments such that there is a rule
Conc(A1), . . . ,Conc(An) ⇝ ψ in Rs if ⇝ = → and in Rd if ⇝ = ⇒. With: Prem(A) =
Prem(A1) ∪ . . . ∪ Prem(An); Conc(A) = ψ; Prop(A) = Prop(A1) ∪ . . . ∪ Prop(An) ∪ {ψ};
Sub(A) = Sub(A1)∪ . . .∪Sub(An)∪{A}; Rules(A) = Rules(A1)∪ . . .∪Rules(An)∪{Conc(A1),
. . . ,Conc(An)⇝ ψ}; and tRule(A) = Conc(A1), . . . ,Conc(An)⇝ ψ.

The above notations can be generalized to sets. For example, given a set S of arguments Prem(S) =⋃
{Prem(A) | A ∈ S} and Conc(S) = {Conc(A) | A ∈ S}.

Attacks between arguments are based on the rules and premises applied in and the conclusions
derived during the construction of these arguments.

Definition 4. Let A and B be two arguments. Then A attacks B iff A undercuts, rebuts or
undermines B, where:

• A undercuts B (on B′) iff Conc(A) = ¬n(r) for some B′ ∈ Sub(B) such that B′’s top rule r
is defeasible;

• A rebuts B (on B′) iff Conc(A) = −ϕ for some B′ ∈ Sub(B) of the form B′′
1 , . . . , B

′′
n ⇒ ϕ;

• A undermines B (on ϕ) iff Conc(A) = −ϕ for some ϕ ∈ Prem(B) \ Kn.

Now we can derive an abstract argumentation framework from an argumentation theory. To
derive conclusions, we can apply extension-based semantics.

Definition 5. Let AT = ⟨AS, K⟩ = ⟨⟨L, R, n⟩ , K⟩ be an argumentation theory. An abstract argumen-
tation framework corresponding to AT is a pair ⟨Arg, Att⟩, where Arg is the set of all arguments
on the basis of K in AS and (A,B) ∈ Att iff A attacks B.

Example 1. Let AT1 =
〈
⟨L1, Rs1 ∪ Rd1, n1⟩ , Kn1 ∪ Kp1

〉
be such that L1 = {p, q, r, s, da, db,¬p,

¬q,¬r,¬s,¬da,¬db}, Rs1 = {p → q}, Rd1 = {da : q ⇒ r, db : s ⇒ ¬q}, with n1(di) = di
for i ∈ {a, b}. Moreover, let Kn1 = {s} and Kp1 = {p}. Then:

A1 : p B1 : A1 → q C1 : B1 ⇒ r A2 : s B2 : A2 ⇒ ¬q.

Where Prem(C1) = {p}; Prop(C1) = {p, q, r}; Sub(C1) = {A1, B1, C1}; and Conc(C1) = r. There
is only one attack: B1 rebuts B2. Thus Grd(AF1) = Stb(AF1) = {{A1, A2, B1, C1}}.
Example 2. Let AT2 =

〈
⟨L2, Rs2 ∪ Rd2, n2⟩ , Kn2 ∪ Kp2

〉
, where L2 = L1, Rs2 = ∅, Rd2 = Rd1 ∪ {dc :

p⇒ q}, n2(di) = di for i ∈ {a, b, c} and K2 = K1. Then:

A1 : p B1 : A1 ⇒ q C1 : B1 ⇒ r A2 : s B2 : A2 ⇒ ¬q.

Now B1 and B2 rebut each other. Moreover, B2 rebuts C1 in B1. We thus have that: Grd(AF2) =
{{A1, A2}} and Stb(AF2) = {{A1, A2, B1, C1}, {A1, A2, B2}}.

2.1.1 Enriching ASPIC+

The forgetting operators in Section 3 will sometimes rely on a richer variant of ASPIC+ than the
one introduced so far. In particular, we will use three new types of attack.

In this paper, we consider the possibility that strict rules or axioms become questionable.
For example, when laws are changed, scientific theories are disproved or someone updates their
worldview after reconsidering their believes (e.g., in a conspiracy theory). Therefore, we introduce
expansions of the naming convention:
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• ns : R → L is a naming convention for rules, where ns(r) is a well-formed formula in L. We
let Ls = {ϕ ∈ L | ∃r ∈ R, ns(r) = ϕ}.

• np : K → L is a naming convention for knowledge base elements, where np(ψ) is a well-
formed formula in L. We let Lp = {ϕ ∈ L | ∃ψ ∈ K, np(ψ) = ϕ}.

Additionally, we will consider conjunctions of the name of rules. For example, given r1, r2 ∈ R a
new rule r1,2 ∈ R′ might be introduced by the forgetting operator which combines r1 and r2 (see,
e.g., Definition 8). We then let n(r1,2) = n(r1) ∧ n(r2).

Definition 6. Let A and B be two arguments. Then:

• A strictly undercuts B (on B′) iff Conc(A) = ¬ns(r) for some B′ ∈ Sub(B) such that
tRule(B′) = r ∈ R.

• A conjunction undercuts B (on B′) iff Conc(A) = ¬n(r) for some B′ ∈ Sub(B) with r′ =
tRule(B′) ∈ Rd and ¬n(r) ⊃ ¬n(r′), where ⊃ denotes material implication.

• A name-based undermines B (on ϕ) iff Conc(A) = ¬np(ϕ) for some ϕ ∈ Prem(B).

In what follows we will denote by Atts [resp. Att⊃; Attp] that strict undercuts [resp. con-
junction undercuts; name-based undermines] are part of the attack relation and we let AFs =
⟨Arg, Atts⟩ [resp. AF⊃ = ⟨Arg, Att⊃⟩; AFp = ⟨Arg, Attp⟩]. Note that these new attack rules can be
combined as well. For example, in AF⊃,p = ⟨Arg, Att⊃,p⟩, conjunction undercuts and name-based
undermines are allowed in addition to Definition 4.

3 Forgetting in ASPIC+

Given AT = ⟨⟨L, R, n⟩ , K⟩, in this paper we focus on forgetting: a formula from the language:
ϕ ∈ L \ (K ∪ Ln); a premise from the knowledge base: ϕ ∈ K; a rule ϕ ∈ R from the rules; a
conclusion from the constructed argument. In what follows we will assume a forgetting operator
ForgetSem(AT, ϕ) which takes, for a given semantics, an argumentation theory and an element to
be forgotten and returns an argumentation theory.

Below we discuss preliminary operators (Section 3.1), two semantic desiderata (i.e., persistence
(Section 3.2) and elimination (Section 3.3)) and two syntactic desiderata (i.e., argument persistence
(Section 3.4) and argument elimination (Section 3.5)). Throughout we will illustrate our definitions
by forgetting a formula from the language.

3.1 Preliminary Operators

In this section we will introduce operators that help transform one argumentation theory into
another one, by adjusting the set of rules.

Remove. The remove operator introduced in [Berthold et al., 2023] for ABA, removes ϕ from
every aspect of the ABA framework. In this paper we will apply it to the antecedents of the rules.

Definition 7. Let AT = ⟨⟨L, R, n⟩ , K⟩ and let ϕ ∈ L. Then:

remove(R, ϕ) = {Ant(r) \ {ϕ}⇝ Cons(r) | r ∈ R} remove(n, ϕ) = n.

Thus, ϕ is removed from the antecedents of every rule. When ϕ ∈ K is forgotten, arguments that
could be constructed with ϕ can now be constructed without ϕ. In Example 1, when forgetting q,
we have that remove(Rs1 ∪ Rd1, q) = Rs1 ∪ {da : ⇒ r, db : s⇒ ¬q}. Arguments A1, A2, B1 and B2

remain unchanged and we now have C ′
1 : ⇒ r.
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Replace, formula. The replace operator was introdued for ABA [Berthold et al., 2023] and
utilized for ASPIC+ [Abderrazik and Doder, 2025]. It removes all rules with ϕ as an antecedent
or consequent and introduces new rules that still allow to derive arguments that previously relied
on these rules.

Definition 8. Let AT = ⟨⟨L, R, n⟩ , K⟩ and let ϕ ∈ L. Then:

replace(R, ϕ) = R \ {r ∈ R | ϕ ∈ Ant(r) ∪ {Cons(r)}} ∪ {(Ant(r) ∪ Ant(r′)) \ {ϕ}⇝
Cons(r′) | r, r′ ∈ R,Cons(r) = ϕ ∈ Ant(r′),⇝ = → if r, r′ ∈ Rs,⇝ = ⇒ otherwise}

replace(n, ϕ) = n \ {(r, ψ) | r ∈ R, ϕ ∈ Ant(r) ∪ {Cons(r)}, ψ ∈ L} ∪ {(r, ψ) | ∃r1, r2 ∈ R

such that r = (Ant(r1) ∪ Ant(r2)) \ {ϕ}⇝ Cons(r2) ∈ replace(R, ϕ) \ R,
Cons(r1) = ϕ ∈ Ant(r2) and ψ = n(r1) ∧ n(r2) where n(ri) = null iff ri ∈ Rs}.

Thus, when ϕ ∈ L is forgotten, rules are combined to ensure that arguments can be constructed
in a similar way, but that their construction does not rely on ϕ anymore. In Example 1, when
forgetting q we have that replace(Rs1 ∪ Rd1, q) = ∅ ∪ {da : p ⇒ r, db : s ⇒ ¬q}, A1, A2, B2 are
unchanged, B1 is not defined and we have C ′

1 : A1 ⇒ r.

Replace, rule. Here we introduce a similar replace operator for rules. It removes a rule and
adjusts the set of rules to still allow for derivations that previously relied on this rule.

Definition 9. Let ⟨⟨L, R, n⟩ , K⟩ and let r ∈ R. Then:

replace(R, r) =R \ {r} ∪ {(Ant(r) ∪ Ant(r′)) \ Cons(r)⇝ Cons(r′) | r, r′ ∈ R,

Cons(r) ∈ Ant(r′),⇝ = → if r, r′ ∈ Rs,⇝ = ⇒ otherwise}
replace(n, r) =n \ {(r, ϕ) | ϕ ∈ L} ∪ {(r′, ϕ) | r′ ∈ replace(R, r) \ R,∃r1, r2 ∈ R such that

r′ = (Ant(r1) ∪ Ant(r2)) \ Cons(r1)⇝ Cons(r2),Cons(r1) ∈ Ant(r2)

and ϕ = n(r1) ∧ n(r2) where n(ri) = null iff ri ∈ Rs}.

Thus, when r ∈ R is forgotten, rules are combined to ensure that arguments can be constructed
in a similar way by, intuitively, skipping r in their construction. In Example 1, when forgetting
p→ q we have that replace(Rs1 ∪ Rd1, p→ q) = replace(Rs1 ∪ Rd1, q).

Minimal difference. For our forgetting strategy it will be useful to determine what it means for
an argument A′ to be minimally different from argument A, given some element that is forgotten.
We therefore introduce the following notion:

Definition 10. Let AT = ⟨⟨L, R, n⟩ , K⟩ with corresponding AF = ⟨Arg, Att⟩. Moreover, let A ∈ Arg,
if A /∈ K then we will assume that A = A1, . . . , An ⇝ ψ. Each of the following functions mdΣ
returns an argument, constructed from the elements of A.

• Let ϕ ∈ L \ (K ∪ Ln) be a formula. Then:

– mdL(A, ϕ) = A if ϕ /∈ Prop(A) and mdL(A, ϕ) = null if Conc(A) = ϕ;

– mdL(A, ϕ) = mdL(A
1, ϕ), . . . ,mdL(A

i−1, ϕ),mdL(B
1, ϕ), . . . ,mdL(B

m, ϕ),
mdL(A

i+1, ϕ), . . . ,mdL(A
n, ϕ)⇝ ψ if Ai = B1, . . . , Bm ⇝ ϕ; and

– mdL(A, ϕ) = mdL(A
1, ϕ), . . . ,mdL(A

n, ϕ)⇝ ψ if ϕ ̸= Conc(A) and ϕ /∈ Ant(tRule(A)).

Where ϕ ∈ Conc(Arg) is a conclusion, we let mdC(A, ϕ) = mdL(A, ϕ).

• Let ϕ ∈ K be a premise. Then:

– mdK(A, ϕ) = A if ϕ /∈ Prem(A) and mdK(A, ϕ) = null if A = ϕ ∈ K; and

– mdK(A, ϕ) = mdK(A
1, ϕ), . . . ,mdK(A

n, ϕ)⇝ ψ otherwise.
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• Let ϕ = r ∈ R be a rule. Then:

– mdR(A, r) = A if r /∈ Rules(A) and mdR(A, r) = null if tRule(A) = r;

– mdR(A, r) = mdR(A
1, r), . . . ,mdR(A

i−1, r),mdR(B
1, r), . . . ,mdR(B

m, r),
mdR(A

i+1, r), . . . ,mdR(A
n, r) ⇝ ψ if tRule(Ai) = r and Ai = B1, . . . , Bm ⇝ Cons(r);

and

– mdR(A, r) = mdR(A
1, r), . . . ,mdR(A

n, r) ⇝ ψ if r ∈ Rules(A) \ tRule(A) and r /∈⋃n
i=1 tRule(A

i).

Where Σ ∈ {L, K, R,C}, then mdΣ(A, ϕ) is minimally different from A w.r.t. Σ and ϕ.

The argument obtained from A with mdΣ relies on all the elements from A, except those with
the forgotten element ϕ. The construction of A is adjusted at places where a rule relies on ϕ,
by applying the preliminary operators remove (in case ϕ ∈ K) and replace (in case ϕ ∈ L ∪ R)
and no argument exists if ϕ was applied/derived last. In Example 1, when forgetting q from the
language, mdL(A1, q) = A1; mdL(A2, q) = A2; mdL(B1, q) is not defined; mdL(B2, q) = B2 and
mdL(C1, q) = mdL(A1, q) ⇒ r = A1 ⇒ r.

3.2 Persistence Forgetting

Semantic desiderata place conditions on the conclusions that are drawn from the argumentation
setting. We start with persistence forgetting, where what needs to be forgotten is removed, without
consequences to the other conclusions that can be drawn. In our ASPIC+ setting it means that
the conclusions of the extensions after forgetting are the conclusions of the extensions before
forgetting, but derived without ϕ.

Desiderata 1 (Persistence). Given AT = ⟨⟨L, R, n⟩ , K⟩ with corresponding AF, let Sem be a seman-
tics and let ϕ ∈ (L ∪ R) \ Ln be the element that needs to be forgotten. Let AT′ = ForgetSem(AT, ϕ)
with corresponding AF′. Then persistence (PΣ) is satisfied iff:

{Conc(E) | E ∈ Sem(AF′)} = {Conc(E′) | E ∈ Sem(AF), E′ = {mdΣ(A, ϕ) | A ∈ E}}.

Just like forgetting in abstract argumentation [Baumann et al., 2025] and ABA [Berthold et al.,
2023, Berthold and Ulbricht, 2024], it is not always easy to define an operator in ASPIC+ that
satisfies persistence. Indeed, we have the following example for stable semantics, similar concerns
exist for persistence forgetting under admissible semantics and for forgetting other elements as
well:

Example 3 (Based on [Berthold et al., 2023, Example 5.7]). Let AT3 = ⟨⟨L3, Rs3 ∪ Rd3, n3⟩ , Kn3 ∪ Kp3⟩.
Where: Rs3 = ∅; Rd3 = {da : p⇒ ¬q, db : q ⇒ ¬p}; Kn3 = ∅ and Kp3 = {p, q}. Then:

A1 = p A2 = A1 ⇒ ¬q B1 = q B2 = B1 ⇒ ¬p.

Let AF3 be the corresponding AF. Note that Stb(AF3) = {{A1, A2}, {A1, B1}, {B1, B2}} and
thus {Conc(E) | E ∈ Stb(AF3)} = {{p, q, }, {p,¬q}, {q,¬p}}.

Suppose that we want to forget ¬q, resulting in AF′3. Then language persistence (PL) requires
that {Conc(E) | E ∈ Stb(AF′3)} = {{p, q}, {p}, {¬p, q}}. But {p} ⊂ {p, q}. Note that the argument
for q is not attacked by the argument for p, since {p, q} is stable. Therefore, the stable extension
with conclusion {p} does not attack all arguments outside of it. A contradiction. Thus, PL cannot
be satisfied for stable semantics.

The next operator, therefore, is designed for Sem = Grd, like in [Berthold et al., 2023]. If ϕ is
part of the grounded extension, then the extension should be adjusted by removing ϕ but keeping
all other conclusions. Since arguments are adjusted, defenses from the grounded extension might
no longer be available. The operator allows for the construction of new arguments that replace
these defenses. Note that the case distinction does not limit the tractability of the operator, since
acceptance under grounded semantics is polynomially decidable [Lehtonen et al., 2024].
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Operator 1. Let AT = ⟨⟨L, R, n⟩ , K⟩ be an argumentation theory with AF = ⟨Arg, Att⟩, Sem a
semantics and ϕ ∈ (L ∪ R) \ Ln to be forgotten. When Σ = L [resp. Σ = K, Σ = R, Σ = C], let
Func = Prop [resp. Func = Prem, Func = Rules, Func = Conc]. Then:

ForgetPΣ
Sem(AT, ϕ) =

{
AT if ϕ /∈ Func(

⋃
Sem(AF))

⟨⟨L′, R′, n′⟩ , K′⟩ otherwise,

where L⋆ = L ∪ {np(ψ) | ψ ∈ K} ∪ {¬np(−ϕ)}, n′ = n⋆ ∪ {np(ψ) | ψ ∈ K, np(ψ) fresh}

• if Σ = L, then ϕ ∈ L \ (K ∪ Ln), Func = Prop and R′ = replace(R, ϕ) ∪ { → ¬n(r) | r ∈
replace(R, ϕ)d,Cons(r) = −ϕ} ∪ { → ¬np(−ϕ)}, n⋆ = replace(n, ϕ), L′ = L⋆ \ {ϕ} and K′ = K;

• if Σ = K, then ϕ ∈ K, Func = Prem and R′ = remove(R, ϕ) ∪ { → ¬n(r) | r ∈ remove(R, ϕ)d,
Cons(r) = −ϕ} ∪ { → ¬np(−ϕ)}, n⋆ = n, L′ = L⋆, K′ = K \ {ϕ};

• if Σ = R, then ϕ = r ∈ R, Func = Rules and R′ = replace(R, r)∪{→ ¬n(r′) | r′ ∈ replace(R, r)d,
Cons(r′) = −Cons(r)} ∪ { → ¬np(−Cons(r))}; n⋆ = replace(R, r) and L′ = L⋆ \ {n(r)}; and

• if Σ = C then ϕ ∈ Conc(Arg), Func = Conc and L′ and n′ are as in the case of Σ = L,
moreover: if ϕ /∈ K, R′ and K′ are as in the case of Σ = L as well; if ϕ ∈ K then K′ = K \ {ϕ}
and R′ = replace(R, ϕ) ∪ { → ¬n(r) | r ∈ replace(R, ϕ)d,Cons(r) = −ϕ} ∪ { → ¬np(−ϕ)} ∪
remove(R, ϕ) \ {r ∈ R | Cons(r) = ϕ}.

When the element ϕ is not part of any argument in the grounded extension, then PΣ is
already satisfied and no adjustment is needed. Otherwise, the argumentation theory is adjusted
by removing ϕ from the appropriate set in AT and adjusting the set of rules based on the preliminary
operators (Section 3.1). New rules are added to ensure that the grounded extension still defends
itself against attackers that were defended by arguments whose construction ended with ϕ. These
new attacks, and only these new attacks, are based on conjunction undercuts and name-based
undermines (Definition 6).

Example 4. For AT1 from Example 1, we have that Conc(Grd(AF1)) = {p, q, r, s}. Applying the
operator ForgetPL

Grd to AT1 for the formula q, we have that K′1 = K1, R
′ = replace(Rs1 ∪ Rd1, q) ∪ {→

¬n(r) | r ∈ replace(Rs1 ∪ Rd1, q)d,Cons(r) = ¬q} = ∅ ∪ {da : p ⇒ r, db : s ⇒ ¬q} ∪ { → ¬n(db)}.
We have the following arguments:

A1 : p B′
1 : undefined C ′

1 : A1 ⇒ r A2 : s B2 : s⇒ ¬q C2 : → ¬n(db).

In addition to the adjusted arguments B′
1 and C

′
1 we have the new argument C2. Without this new

argument, we would have Conc(Grd(AF′1p,⊃)) = {p, r, s,¬q}. The argument C2, however, attacks
B2. Thus Conc(Grd(AF

′
1p,⊃)) = {p, r, s,¬n(db)}.

Applying this operator may result in new formulas (i.e., new names introduced by the operator)
in the set of conclusions. We therefore propose the following weakening of the desideratum (Pn

Σ):
n-persistence, where L′p = {¬np(−ϕ)} ∪ {np(ψ) | ψ ∈ K}:

{Conc(E) \ L′p | E ∈ Sem(AF′)} = {Conc(E′) | E ∈ Sem(AF), E′ = {mdΣ(A, ϕ) | A ∈ E}}.

We consider this a reasonable weakening, as it does not adjust the conclusions of the extensions,
except for the meta formulas indicating the applicability of a premise.

Proposition 1. Let ϕ ∈ L \ (K ∪ Ln) be a formula [resp. ϕ′ ∈ K a premise; r ∈ R a rule;
ϕ′′ ∈ Conc(Arg) a conclusion] to be forgotten. Then: ForgetPL

Grd(AT, ϕ) [resp. ForgetPK
Grd(AT, ϕ

′);
ForgetPR

Grd(AT, r); Forget
PC
Grd(AT, ϕ

′′)] satisfies n-persistence (Pn
L ) [resp. (P

n
K ); (P

n
R ); (P

n
C)] with con-

junction undercuts and name-based undermines.
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3.3 Elimination Forgetting

Elimination forgetting is another semantic desideratum: what needs to be forgotten is removed
from the conclusions, as well as the extensions which it was a part of. This means that, as long as ϕ
is not part of every extension, the conclusions of the extensions after forgetting are the conclusions
of the extensions without ϕ before forgetting.

Desiderata 2 (Elimination). Given AT = ⟨⟨L, R, n⟩ , K⟩ with corresponding AF, let Sem be a
semantics, let ϕ ∈ (L ∪ R) \ Ln be the element that needs to be forgotten and let Func ∈
{Prop,Prem,Rules,Conc}. Let AT′ = ForgetSem(AT, ϕ) with corresponding AF′. Then elimination
(EΣ) is satisfied iff:

{Conc(E) | E ∈ Sem(AF′)} =
{Conc(E) | E ∈ Sem(AF), ϕ /∈ Func(E)}} if ϕ /∈

⋂
{Func(E) | E ∈ Sem(AF)}

{∅} if Sem ̸= Stb, ϕ ∈
⋂
{Func(E) | E ∈ Sem(AF)}

∅ if Sem = Stb, ϕ ∈
⋂
{Func(E) | E ∈ Sem(AF)}

The desideratum requires that the set of conclusions of an extension after forgetting is the set
of conclusions of an extension before forgetting, as long as the original extension does not rely
on ϕ. To do this, the next operator introduces self-attacking arguments. These establish new
conflicts exactly in the extensions with ϕ and not in others.

Operator 2. Let AT = ⟨⟨L, R, n⟩ , K⟩ be an argumentation theory with corresponding AF, Sem a
semantics and let ϕ ∈ (L ∪ R) \ Ln be the element that needs to be forgotten. When Σ = L [resp.
Σ = K, Σ = R, Σ = C], let Func = Prop [resp. Func = Prem, Func = Rules, Func = Conc]. Then:

ForgetEΣ
Sem(AT, ϕ) =

Σ = L ⟨⟨L′, R′, n′⟩ , K⟩ Σ = K ⟨⟨L⋆, R⋆, n⋆⟩ , K⟩
Σ = R ⟨⟨L′′, R′′, n′′⟩ , K⟩ Σ = C ⟨⟨L′ ∪ L⋆, R′ ∪ R⋆, n′ ∪ n⋆⟩ , K⟩ ,

• where R′ = R ∪ {ϕ → ¬n(r) | r ∈ R,Cons(r) = ϕ}, n′ = n ∪ {(r, ψ) | r ∈ Rs,Cons(r) = ϕ
and ψ fresh} and L′ = L ∪ {ψ | (r, ψ) ∈ n′ \ n};

• where R⋆ = R ∪ {ϕ → ¬np(ϕ)}, n⋆ = n ∪ {np(ψ) | ψ ∈ K and np(ψ) fresh} and L⋆ =
L ∪ {np(ψ) | ψ ∈ K} ∪ {¬np(ϕ)}; and

• where R′′ = R ∪ {dnr : ψ ⇒ ¬n(ϕ),¬n(ϕ) → ¬n(dnr) | Cons(ϕ) = ψ, n(dnr), n(ϕ) fresh},
n′ = n ∪ {(ϕ, ψ), (dnr, ψ′) | dnr ∈ R′′d \ R and ψ,ψ′′ fresh} and L′′ = L ∪ {ψ | (r′, ψ) ∈ n′ \ n}.

Now, where Σ = L and Func = Prop [Σ = K and Func = Prem; Σ = R and Func = Rules; Σ = C
and Func = Conc] and AF = ⟨Arg, Att⟩, let ϕ ∈ L \ (K ∪ Ln) be a formula [ϕ ∈ K a premise; ϕ ∈ R a
rule; ϕ ∈ Conc(Arg) a conclusion] that needs to be forgotten. Then:

ForgetEΣ2
Sem (AT, ϕ) =

{
AT if ϕ /∈

⋂
{Func(E) | E ∈ Sem(AF)}

⟨⟨∅, ∅, ∅⟩ , ∅⟩ if ϕ ∈
⋂
{Func(E) | E ∈ Sem(AF)},

The first operator is designed to create self-attacking arguments, by expanding the set of rules.
Rules are added with which arguments whose construction ended with ϕ can be expanded to
attack these arguments. This prevents these arguments from being accepted. After forgetting,
strict undercuts and name-based undermines (Definition 6) will be allowed. By design these can
only be applied to arguments constructed with ϕ.

The second operator makes a distinction based on the occurence of ϕ in the extensions. If ϕ
is not in any extension, then the argumentation theory is not adjusted at all, otherwise an empty
argumentation theory is returned.
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Example 5. We consider again AT2 from Example 2, where we had no strict rules. Recall that we
had Stb(AF2) = {{A1, A2, B1, C1}, {A1, A2, B2}}. Now suppose that we want to forget q and that
we do this with the operator ForgetEL

Stb. Then we have that L′ = L2, R
′
s = {q → ¬n(d3)}, R′d = Rd2.

There is a new argument: D1 : B1 → ¬n(dc). Moreover, we have additional attacks from B2 to
D1 and from D1 to B1, C1 and D1. We therefore have only one stable extension: {A1, A2, B2}.
Just as required by the desideratum EL.

Proposition 2. Let ϕ ∈ L\(K∪Ln) a formula [resp. ϕ′ ∈ K a premise; r ∈ R a rule; ϕ′′ ∈ Conc(Arg)
a conclusion] that needs to be forgotten. Then:

1. When allowing for strict undercuts, ForgetEL
Sem(AT, ϕ) satisfies elimination (EL) for Sem ∈

{Adm,Stb} and ForgetER
Adm(AT, r) satisfies elimination (ER);

2. With name-based undercuts ForgetEK
Adm(AT, ϕ

′) satisfies elimination (EK); and

3. When allowing for strict undercuts and name-based undermines ForgetEC
Stb(AT, ϕ

′) satisfies
elimination (EK) and ForgetEC

Sem(AT, ϕ
′′) satisfies elimination (EC).

The forgetting operator ForgetEL2
Grd (AT, ϕ) [resp. Forget

EK2
Grd (AT, ϕ

′); ForgetER2
Grd (AT, r); Forget

EC2
Grd (AT, ϕ′′)]

satisfies elimination (EL) [resp. (EK); (ER); (EC)].

3.4 Argument Persistence Forgetting

By imposing syntactic desiderata on a forgetting operator, conditions are given for the structure
of the argumentation setting, such as the AF. We start with argument persistence: removing
some element without consequences to the elements of the AF. In our setting, this means that the
arguments are minimally adjusted w.r.t. ϕ (Definition 10).

Desiderata 3 (Argument persistence). Given AT = ⟨⟨L, R, n⟩ , K⟩ with corresponding AF = ⟨Arg, Att⟩,
let Sem be a semantics and let ϕ ∈ (L ∪ R) \ Ln be the element that needs to be forgotten. Let
AT′ = ForgetSem(AT, ϕ) with corresponding AF′ = ⟨Arg′, Att′⟩. Then argument persistence (APΣ)
is satisfied iff: Arg′ = {mdΣ(A, ϕ) | A ∈ Arg}.

Thus, all arguments can still be constructed, but those with the forgotten element are (mini-
mally) adjusted to the new argumentation theory. The next operator does this, by applying the
prelimiary operators to cut ϕ in the construction of the arguments.

Operator 3. Let AT = ⟨⟨L, R, n⟩ , K⟩ be an argumentation theory, Sem a semantics and let ϕ ∈
(L ∪ R) \ Ln be the element that needs to be forgotten. Then:

ForgetAPΣ
Sem (AT, ϕ) =

Σ = L ⟨⟨L′, R′, n′⟩ , K⟩ Σ = K ⟨⟨L⋆, R⋆, n⋆⟩ , K \ {ϕ}⟩

Σ = R
〈〈
L†, R†, n†

〉
, K
〉

Σ = C

{
⟨⟨L′, R′, n′⟩ , K⟩ if ϕ /∈ K

⟨⟨L′′, R′′, n′′⟩ , K \ {ϕ}⟩ if ϕ ∈ K

• where R′ = replace(R, ϕ), n′ = replace(R, ϕ), L′ = L \ {ϕ} ∪ {ψ | (r, ψ) ∈ n′ \ n};

• where R⋆ = R∪ remove(R, ϕ), n⋆ = n∪{(r, ψ) | r ∈ remove(R, ϕ)d \R, ψ /∈ L} and L⋆ = L∪{ψ |
(r, ψ) ∈ n⋆ \ n};

• where R† = replace(R, ϕ), n† = replace(R, ϕ), L† = L \ {ψ | (ϕ, ψ) ∈ n} ∪ {ψ | (r′, ψ) ∈ n† \ n};
and

• where R′′ = R′ ∪ remove(R, ϕ) \ {r ∈ R | Cons(r) = ϕ}; n′′ = n′ ∪ {(r, ψ) | r ∈ remove(R, ϕ)d \
R, ψ /∈ L′ ∪ {ϕ}) and L′′ = L′ ∪ {ψ | (r, ψ) ∈ n′′ \ n}.
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This forgetting operator removes ϕ from the argumentation theory. Moreover, it adjusts the
set of rules by applying the preliminary operators replace and remove (Section 3.1). This way no
derivation is lost, but the derivations do not rely on ϕ anymore.

Example 6. When applying the operator ForgetAPL
Sem to AT1 (Example 1) and formula q:

A1 : p B1 : null C ′
1 : A1 ⇒ r A2 : s B2 : A2 ⇒ ¬q.

Indeed, all arguments remain, except those with conclusion q (i.e., B1). Arguments that rely on
q (i.e., C1) have been adjusted.

Proposition 3. Let ϕ ∈ L\(K∪Ln) a formula [resp. ϕ′ ∈ K a premise; r ∈ R a rule; ϕ′′ ∈ Conc(Arg′)
a conclusion] that needs to be forgotten. Then: ForgetAPL

Sem (AT, ϕ) [resp. ForgetAPK
Sem (AT, ϕ′);

ForgetAPR
Sem (AT, r); ForgetAPC

Sem (AT, ϕ′′)] satisfies argument persistence (APL) [resp. (APK); (APR);
(APC)].

3.5 Argument Elimination Forgetting

Argument elimination is about removing some element and all arguments that were constructed
with that element. Thus, only the arguments constructed without ϕ remain.

Desiderata 4 (Argument elimination). Given AT = ⟨⟨L, R, n⟩ , K⟩ with corresponding AF = ⟨Arg, Att⟩,
let Sem be a semantics and let ϕ ∈ (L ∪ R) \ Ln be the element that needs to be forgotten. When
Σ ∈ {L,C} [resp. Σ = K, Σ = R], then Func = Prop [resp. Func = Prem, Func = Rules]. Let
AT′ = ForgetSem(AT, ϕ) with corresponding AF′ = ⟨Arg′, Att′⟩. Then argument elimination (AEΣ)
is satisfied iff: Arg′ = {A ∈ Arg | ϕ /∈ Func(A)}.

Argument elimination differs from argument persistence: rather than (minimally) adjusting
arguments with ϕ, these arguments have to be removed. The next operator accomplishes this by
removing ϕ from the argumentation theory.

Operator 4. Let AT = ⟨⟨L, R, n⟩ , K⟩ be an argumentation theory, Sem a semantics and ϕ ∈
(L ∪ R) \ Ln be the element that needs to be forgotten. Then:

ForgetAEΣ
Sem (AT, ϕ) =

Σ = L ⟨⟨L \ {ϕ}, R′, n′⟩ , K⟩ Σ = K ⟨⟨L, R, n⟩ , K \ {ϕ}⟩
Σ = R ⟨⟨L⋆, R \ {ϕ}, n⋆⟩ , K⟩ Σ = C ⟨⟨L \ {ϕ}, R′, n′⟩ , K \ {ϕ}⟩

• where R′ = R \ {r ∈ R | ϕ ∈ Ant(r) ∪ {Cons(r)}} and n′ = {(r, ψ) ∈ n | r ∈ R′d};

• where n⋆ = n \ {(ϕ, ψ) | ψ ∈ L} and L⋆ = L \ {ψ | (ϕ, ψ) ∈ n, ψ ∈ L}.

The forgetting operator removes ϕ from the corresponding sets in the argumentation theory.
The set of rules, language and naming function are adjusted accordingly.

Example 7. When applying the operator ForgetAEL
Sem to AT1 (Example 1) and formula q:

A1 : p B1 : null C1 : null A2 : s B2 : A2 ⇒ ¬q.

Just like in Example 6, argument B1 no longer exists. But now, argument C1 is no longer adjusted,
but is simply not derivable, as its derivation relies on the formula q.

Proposition 4. Let ϕ ∈ L \ (K ∪ Ln) be a formula [resp. ϕ′ ∈ K a premise; r ∈ R a rule; ϕ′′ ∈
Conc(Arg′) a conclusion] that needs to be forgotten. Then: ForgetAEL

Sem (AT, ϕ) [resp. ForgetAEK
Sem (AT, ϕ′);

ForgetAER
Sem (AT, r); ForgetAEC

Sem (AT, ϕ′′)] satisfies argument elimination (AEL) [resp. (AEK); (AER);
(AEC)].
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4 Discussion and Conclusion

In this paper we have studied forgetting from the language, knowledge base, set of rules and con-
clusions in ASPIC+. To this end we have defined two semantic and two syntactic desiderata in our
setting, based on persistence and elimination. The introduced operators for the semantic desider-
ata help to determine what conclusions can still be reasoned with, while the introduced operators
for the syntactic desiderata help to determine what arguments can still be constructed, after for-
getting. By increasing our understanding of forgetting, we are better equiped to model dynamics
in argumentation applications. This is especially relevant in a world where new information and
insights become available frequently and not everything is always equally reliable.

Related work. For abstract accounts, [Baumann et al., 2025] defined 25 desiderata. In our
ASPIC+ setting, however, it is usually not possible to adjust a specific argument or attack without
affecting other arguments or attacks [Prakken, 2023]. For structured accounts, forgetting was first
investigated in ABA [Berthold et al., 2023,Berthold and Ulbricht, 2024]. Although the relation
between ASPIC+ and ABA has been extensively studied (see e.g., [Prakken, 2010]), the results
on forgetting in ABA do not directly translate to the ASPIC+ setting. One of the main reasons
for this, is the definition of an extension and the way that conclusions are drawn. We therefore
defined the desiderata in terms of the conclusions of (sets of) arguments (PΣ and EΣ), minimally
different arguments (APΣ) and the occurrence of the forgotten element (AEΣ). This affects our
operators as well.

In the ASPIC+ setting, one operator was defined in [Abderrazik and Doder, 2025] that sat-
isfies four desiderata simultaneously. In contrast, we are interested in the possibility of defining
forgetting operators for one desideratum at a time. Moreover, in addition to forgetting from
the language, we study forgetting from the knowledge base, the set of rules and the conclu-
sions. In [Abderrazik and Doder, 2025] justification persistence is shown through persistence, for
grounded, complete, preferred and stable semantics. Our result holds only for grounded semantics,
since we do not require irrelevance [Abderrazik and Doder, 2025, Definition 14] of the element that
is forgotten.

Future work. There are many directions for future work. We will expand our argumentation
setting, with a more general contrariness function and preferences. It would also be good to
consider the case that more than one element is forgotten. Second, many desiderata (e.g., reasoning
desiderata [Baumann et al., 2025]) have not been considered in this paper. Finally, we intend to
investigate how forgetting relates to other forms of dynamics in argumentation.

References

[Abderrazik and Doder, 2025] Abderrazik, H. and Doder, D. (2025). First steps towards forgetting
in ASPIC+. In Proceedings of ECSQARU’25, pages 411–423.

[Atkinson et al., 2017] Atkinson, K., Baroni, P., Giacomin, M., Hunter, A., Prakken, H., Reed,
C., Simari, G. R., Thimm, M., and Villata, S. (2017). Towards artificial argumentation. AI
Magazine, 38(3):25–36.

[Baumann et al., 2025] Baumann, R., Berthold, M., Gabbay, D. M., and Rodrigues, O. (2025).
Forgetting in abstract argumentation: Limits and possibilities. Journal of Artificial Intelligence
Research, 82.

[Berthold et al., 2023] Berthold, M., Rapberger, A., and Ulbricht, M. (2023). Forgetting aspects
in assumption-based argumentation. In Proceedings of KR’23, pages 86–96.

[Berthold and Ulbricht, 2024] Berthold, M. and Ulbricht, M. (2024). On forgetting in assumption-
based argumentation. In Proceedings of LPNMR’24, pages 235–261.

11



[Borg, 202x] Borg, A. (202x). Dynamics in formal argumentation: A survey with emphasis on
structured accounts. Journal of Artificial Intelligence Research. Forthcoming.
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