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Motivation

Standpoint Logic

□
[

coffee → hot

]
□

[

coffee → cold

]

¬(cold ∧ hot)

Non-Monotonic Reasoning

coffee
coffee : hot/hot

|=hot
¬hot

}
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□
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Standpoint Logic [GR21]

N , π1,⊩

□
[
coffee → hot

]
“Unequivocally [from perspective] coffee → hot”

N , π1,⊩

□
[
coffee → ¬hot

]
“Unequivocally [from perspective] coffee → ¬hot”

• Set of standpoint names S.

• Semantics: N = (Π, σ, γ):
• Π – precisifications,
• σ : S 7→ 2Π, (σ(∗) = Π, σ(s) ̸= ∅ for all s ∈ S)
• γ : Π 7→ 2A.

N , π ⊩ □sφ :⇐⇒ N , π′ ⊩ φ for all π′ ∈ σ(s)

∗

{c, h}

π1

{c}

π2

{ }

π3

{h}

π4
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Objectives

Standpoint Propositional Logic [GR21]

□
[
coffee → hot

]
□

[
coffee → cold

]

Standpoint Description Logics [GRS22, GRS23b, GRS23a, ÁR24]

□
[
Coffee ⊑ HotDrink

]
□

[
Coffee ⊑ ColdDrink

]
Standpoint LTL [GGL23]

□
[
coffee → hot ∧ hotUcold

]
□

[
coffee → Gcold

]
Standpoint NMR:

Choice of the underlying NMR formalism?
⇝ ideally as general as possible

Complexity of reasoning?
⇝ ideally not harder than the underlying NMR formalism
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Non-Monotonic Reasoning

Deafault Logic [Rei80]

coffee : hot/hot

(Kcoffee ∧K¬K¬hot)→ Khot

Argumentation [Dun95]

hot cold

K¬K¬hot → Khot Kcold → K¬hot
K¬K¬cold → Khot Khot → K¬cold

. . .ASP [GL91]

hot ← coffee, ∼cold

(Kcoffee ∧K¬K¬cold)→ Khot

Non-Monotonic S4F
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Modal Logic S4F [Seg71, ST94, Tru07]

M,w1 ⊩

K(coffee → hot)

M, v1 ̸⊩ K(coffee → hot)

Semantics: M = (V ,W , ξ):

• V , W – worlds,
(W ̸= ∅ and W ∩ V = ∅)

• ξ : V ∪W 7→ 2A.
{c, h}

w1

{h}

w2

{ }

w3

{c, h}

v1

{c}

v2

M,w ⊩ Kφ :⇐⇒

{
M, v ⊩ φ for all v ∈ V ∪W if w ∈ V ,

M, v ⊩ φ for all v ∈ W otherwise
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Minimal S4F models [ST94]

{h}

w1

M1

T = K(hot ∨ cold)

M1 ⊩ T

M1 ⊩ ¬cold
M2 ⊩ T M2 ⊩ hot
M3 ⊩ T M3 ⊩ hot ∨ cold

M′
1 ⊩ T M′

1 ̸⊩ ¬cold
M′

2 ⊩ T M′
2 ̸⊩ hot

M′
3 ̸⊩ T M′

3 ̸⊩ hot ∨ cold
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{h}

w1

{h,co}

v1

M′
1

T = K(hot ∨ cold)

M′
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Minimal S4F models [ST94]

{h}
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{h,co}
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{co}

w1

M3
M is a minimal S4F model of T if:
- M ⊩ T ,
- for every M′ such that M′ ◁M, M′ ̸⊩ T

existenceS4F
- does there exist a minimal S4F model of T?

existenceS4F is ΣP
2 -complete [ST93]

- small (polynomial w.r.t. ∥T∥), syntactic
representation of a minimal S4F model is used.
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Standpoint S4F (SS4F)
Semantics: S = (Π,Ω, σ, ζ, γ):

• Π – precisifications,

• Ω – worlds,

• σ : S 7→ 2Π,
• ζ = (ζo , ζi ) and

• ζo : Π 7→ 2Ω,
• ζi : Π 7→ 2Ω,

• γ : Ω 7→ 2A

π1

π2

π3

π4

{h}

w1

{c, h}

w2

{c}

v1

S, π,w ⊩ Kφ :⇐⇒

{
S, π,w ′ ⊩ φ for all w ′ ∈ ζo(π) ∪ ζi (π) if w ∈ ζo(π)

S, π,w ′ ⊩ φ for all w ′ ∈ ζi (π) if w ∈ ζi (π)

S, π,w ⊩ □sφ :⇐⇒ S, π′,w ′ ⊩ φ for all π′ ∈ σ(s) and w ′ ∈ ζo(π′) ∪ ζi (π′)
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S is a minimal SS4F model of T ⊆ SS4F if:

• S ⊩ T ,

• for every π ∈ Π there is an S4F theory Ξπ ⊆ Sub(T ) ∩ LK such that(
ζo(π), ζi (π), γ|ζ(π)

)
is a minimal S4F model of Ξπ.
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Restrictions on the SS4F Syntax

A modal default [Tru07] LK:

ψ ::= Kα | ¬ψ | ψ ∧ ψ |Kψ

with α ∈ L (propositional formula.)

LSK built via:

φ ::= ψ | ¬φ | φ ∧ φ |□sφ

where ψ ∈ LK.

An SS4F theory T is simple if:

• every φ ∈ T is of the form φ = □sψ

with ψ ∈ LK.

Standpoint

Default Logic

□
[

(Kcoffee ∧K¬K¬hot) → Khot

]

Standpoint

Argumentation

□
[

K¬K¬hot → Khot

]
□

[

Khot → K¬cold

]
Standpoint

ASP

□
[

(Kcoffee ∧K¬K¬cold) → Khot

]
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Small Model Property of SS4F

T ⊆ LSK, S = (Π,Ω, σ, ζ, γ), S ⊩ T .

If ¬□sφ ∈ Sub(T ) and S ⊩ ¬□sφ
there is π ∈ σ(s) with S, π ̸⊩ φ

Construct S′ = (Π′,Ω′, σ′, ζ ′, γ′):

•Π′ = {

π3, π4, π6

}
•

σ′( ) = {π3}, σ′( ) = {π4},
σ′( ) = {π6}

|Π′| ≤ poly(∥T∥) and S′ ⊩ T

S

π1

π2

π3

π4

π5

π6

π7
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Complexity of SS4F Reasoning
T ⊆ LSK.

1. create πφ with πφ ∈ σ(s) for every
¬□sφ ∈ Sub(T ). (i.e. construct Π and σ.)

2. for each π ∈ Π:

• guess (Ξ,Φ,Ψ)π with Ξπ ⊆ Sub(T ) ∩ LK,
Ψπ,Φπ ⊆ Ξπ.

• verify using the [ST93] procedure if (Φπ,Ψπ)
is a minimal S4F model for Ξπ

3. verify if S(P) ⊩ T .

S(P) ⊩ T

⇐⇒ S(P), π ⊩ T for every π ∈ Π

⇐⇒ P, (Ξ,Φ,Ψ)π ⊪
+ T for every π ∈ Π

existenceSS4F is in ΣP
2 .

Construct
P =

(

Π, σ (Ξ,Φ,Ψ)π∈Π

)

P π3

π4
π6

S(P)

π3

π4
π6

represents
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Wrap-Up

Take-aways

• Non-Monotonic SS4F combines:
• multi-perspective KR and
• non-monotonic reasoning.

• non-monotonic S4F as the underlying framework allows to obtain Standpoint X :
• X ∈ {Default Logic,Argumentation,ASP, . . .}

• adding standpoint modalities comes at no additional computational cost.
• (for simple theories)

Worth considering

• lifting the simple theory restriction,

• provide implementation, axiomatization

• “global” knowledge minimization.
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Instantiation – Standpoint Default Logic

T = {Kcoffee,

K¬(cold ∧ hot),

K¬(espresso ∧ low caffeine)

□∗
[
coffee : hot/hot

]
□

[
coffee : cold/cold

]
□

[
coffee : espresso/espresso

]
□

[
coffee : low caffeine/low caffeine

]
}

T |≈cred □
[
Kespresso

]
T |≈cred □

[
Khot

]
T |≈cred □

[
Klow caffeine

]
T |≈cred □

[
Khot

]
T |≈cred □

[
Kcold

]
T |≈cred □

[
Khot

]
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Instantiation – Standpoint Argumentation

(Example by [BNR21])
Tf F

□sV1



b g d

c f e


□sV2



b g d

c e

a


□sV3



b g d

c f e

a



Stable extensions:
V1 : {c , e, g}
V2 : {a, c , e, g}
V3 : {a, c , e, g} and {a, d , f }

TF |≈cred □V2Ka
TF |≈cred □∗Kc
TF |̸≈scep □∗Kc
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Standpoint linear temporal logic.
In Pierre Marquis, Tran Cao Son, and Gabriele Kern-Isberner, editors, Proceedings
of the 20th International Conference on Principles of Knowledge Representation
and Reasoning, KR 2023, Rhodes, Greece, September 2-8, 2023, pages 311–321,
2023.

Michael Gelfond and Vladimir Lifschitz.
Classical negation in logic programs and disjunctive databases.
New Gener. Comput., 9(3/4):365–386, 1991.



References III
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Lućıa Gómez Álvarez, Sebastian Rudolph, and Hannes Strass.
How to Agree to Disagree – Managing Ontological Perspectives using Standpoint
Logic.
In Ulrike Sattler, Aidan Hogan, C. Maria Keet, Valentina Presutti, João Paulo A.
Almeida, Hideaki Takeda, Pierre Monnin, Giuseppe Pirrò, and Claudia d’Amato,
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