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Introduction

In the late 1800's there was a court case in the US to determine whether
tomatoes should be considered a fruit or a vegetable:
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@ From a botanical perspective, tomatoes are fruits, and that fruits are
vegetables.
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Introduction

In the late 1800's there was a court case in the US to determine whether
tomatoes should be considered a fruit or a vegetable:

@ From a botanical perspective, tomatoes are fruits, and that fruits are
vegetables.

o From a culinary perspective, fruits and vegetables are classified
according to whether they are savoury or sweet, and that they are
usually distinct classes of food.

o Tomatoes are usually savoury, but not always. (Eg. Tomatoes in a
tomato pie)

@ The court case (legal perspective) sided with the culinary perspective.
However, legally fruits and vegetables are considered strictly distinct.

o Different perspectives disagree with each other.

@ Viewpoints can believe in rules that have exceptions.
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Overview

Construct a logical system that can represent multiple agents with:

o External contradictions between standpoints.

@ Rules with exceptions, for internal contradictions within a standpoint.
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Overview

Construct a logical system that can represent multiple agents with:

o External contradictions between standpoints.
@ Rules with exceptions, for internal contradictions within a standpoint.

Q Combine standpoint logics (external contradictions) with KLM
defeasible reasoning.

Q Describe syntax and semantics for Defeasible Restricted
Standpoint Logic (DRSL).

@ Create a version of (non-monotonic) entailment to reason with this
logic.

@ Show that this system of reasoning can be described with an
algorithm and a semantic structure.
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Part of a broader project of integrating defeasibile
reasoning beyond the propositional case!
(Eg. Description Logics, Modal Logics, First-Order Logic)
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KLM Defeasible Reasoning: Syntax

Propositional KLM Logic [5

The language for KLM defeasible reasoning consists of adding a rational
consequence operator (defeasible implication) between Boolean expressions

of the form,

ap B
which reads “« typically implies 5.
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KLM Defeasible Reasoning: Syntax

Propositional KLM Logic [5

The language for KLM defeasible reasoning consists of adding a rational
consequence operator (defeasible implication) between Boolean expressions
of the form,

ap p
which reads “« typically implies 5.
Examples:
o bird |~ fly. “Birds typically fly”

o (tomato |~ veg) A (veg |~ —fruit). " Tomatoes are usually considered
vegetables, and vegetables are usually not fruits.”
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KLM Defeasible Reasoning: Semantics

K = {penguin — bird, bird |~ fly, penguin |~ —fly}
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Definition [1, 6

A ranking function is a function R : i/ — N U {co}, where U is the set of
classical valuations over a set of atoms, such that if R(u) < oo, then for
every 0 < j < R(u) there exists v € U such that R(v) = j.
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KLM Defeasible Reasoning: Semantics

K = {penguin — bird, bird |~ fly, penguin |~ —fly}

Definition [1, 6

A ranking function is a function R : i/ — N U {co}, where U is the set of
classical valuations over a set of atoms, such that if R(u) < oo, then for
every 0 < j < R(u) there exists v € U such that R(v) = .

00 pbf, pbf

2 pbf

1 pbf, pbf

0 | pbf, pbf, pbf

o Intuitively, pbf is “more typical” than pbf.

o Rank oo are “impossible” states (They break strict rules).

@ Here, bird |~ fly follows from the table since in the lowest rank where
bird is true, we have that bird — fly.
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Rational Closure

@ In the context of KLM defeasible reasoning, there are several different
notions of non-monotonic entailment from a knowledge base K.

o We focus on Rational Closure [6], which is often considered one of
the most fundamental notions of non-monotonic entailment in
KLM-style reasoning.
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Rational Closure

@ In the context of KLM defeasible reasoning, there are several different
notions of non-monotonic entailment from a knowledge base K.

o We focus on Rational Closure [6], which is often considered one of
the most fundamental notions of non-monotonic entailment in
KLM-style reasoning.

o Semantically, rational closure corresponds to the point-wise minimum
ranking function which satisfies IC [3] i.e. rrc(u) < r(u) for any
valuation u and any ranking function which satisfies K.

o Then, if rrc entails « |~ 3, we write K Rrc o |~ 5.

o Given K and « |~ 3, there is an equivalent algorithm which
determines whether K Rgc a |~ 3. The complexity of this is PVP.
[2, 6]
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Standpoint Logics: Syntax

Propositional Standpoint Logic [4

The language of propositional standpoint logic is a multi-modal logic
where the modal operators are indexed by a set of standpoint symbols S
representing agents:

Os¢ = “it is unequivocal to s that ¢" Os¢ = “it is possible to s that ¢”

We also include standpoint sharpening statements of the form s; <'s,
which intuitively expresses that s; is a “more specific’ standpoint to s;.
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Standpoint Logics: Syntax

Propositional Standpoint Logic [4

The language of propositional standpoint logic is a multi-modal logic
where the modal operators are indexed by a set of standpoint symbols S
representing agents:

Os¢ = “it is unequivocal to s that ¢" Os¢ = “it is possible to s that ¢”

We also include standpoint sharpening statements of the form s; <'s,
which intuitively expresses that s; is a “more specific’ standpoint to s;.

Examples:
o Opg(tomato — (fruit VV veg)). “It is unequivocal to B that tomatoes
are fruit or veg.”
o Qal(fruit A veg). “"According to A, it is possible for something to be
both a fruit and vegetable.”
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Standpoint Logics: Semantics

The semantics are given by a triple M = (1, 0,7): [4]

I1 = Set of Precisifications

Classical Valuation associated
with T,

{r,q,..}

Set of Standpoint Symbols

S=1{8,T,.}

Precisifications associated with Standpoint S
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Standpoint Logics: Semantics

The semantics are given by a triple M = (1, 0,7): [4]

I1 = Set of Precisifications

Classical Valuation associated
with T,

{r,q,..}

Set of Standpoint Symbols

S=1{8,T,.}

Precisifications associated with Standpoint S

Each w € I is a precise viewpoint where everything is fixed.
The map ~y assigns a classical valuation to each 7.
The map o assigns a set of possible “precisifications” to each standpoint.

Variation of a multi-modal Sb5.
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Example

Two agents, A and B:

Oa(tomato — fruit). “Tomatoes are fruits.”

Oal(fruit A veg). “It is possible for a fruit to be a vegetable.”
Og(tomato — (fruit V veg)). “Tomatoes are fruit or veg.”

Op(fruit — —veg). “Fruits and veg are distinct.”
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Example

Two agents, A and B:

Oa(tomato — fruit). “Tomatoes are fruits.”
Oal(fruit A veg). “It is possible for a fruit to be a vegetable.”
Og(tomato — (fruit V veg)). “Tomatoes are fruit or veg.”

Op(fruit — —veg). “Fruits and veg are distinct.”

Model:

A /—\
@ {tomato, fruit, veg}

T \ {tomato, fruit}
B
w/
o Y
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Defeasible Restricted Standpoint Logic

Language of DRSL

We allow statements of the form

Yi=a|lapB |00 |0 |[YAY or en=s=<t

where «, 5 are Boolean formulas and s and t are standpoint symbols.
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Defeasible Restricted Standpoint Logic

Language of DRSL

We allow statements of the form

Yi=a|lapB |00 |0 |[YAY or en=s=<t
where «, 5 are Boolean formulas and s and t are standpoint symbols.

Extends propositional standpoint logic by allowing agents to hold
defeasible beliefs.
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Example

Going back to our motivating example:
o Botanical perspective: tomatoes are fruits; fruits are veg.
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o Botanical perspective: tomatoes are fruits; fruits are veg.

{Og(tomato — fruit), Og(fruit — veg)}
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{Og(tomato — fruit), dg(fruit — veg)}
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whether they are savoury or sweet, and they are usually distinct;
tomatoes are wusually savoury.
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Going back to our motivating example:
o Botanical perspective: tomatoes are fruits; fruits are veg.

{Og(tomato — fruit), dg(fruit — veg)}

o Culinary perspective: fruits and vegetables are classified according to
whether they are savoury or sweet, and they are usually distinct;
tomatoes are wusually savoury.

{Oc(fruit <> sweet),O¢(veg. <> sav.), Oc(fruit |~ —veg),

Oc(tomato |~ sav.)}

o Legal perspective: agrees with C, but fruits are strictly not veg.
{L < C,0O(fruit — —veg)}
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easible Restricted Standpoint Logic: Semantics

Looks very similar to the propositional case:
Ranked Interpretation associated

I = Set of Precisifications
with 7T,
00 pbf, pbf
Set of Standpoint Symbols ——> > pbf
§={S.T,..} 1 | pbf,pbf
0 | pbf, pbf, pbf

Precisifications associated with Standpoint S
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asible Restricted Standpoint Logic: Semantics

Looks very similar to the propositional case:
Ranked Interpretation associated

I = Set of Precisifications
with 7T,
) o0 pbf, pbf
Set of Standpoint Symbols ——> > pbf
S§={5T,..} 1 pbf, pbf
0 | pbf, pbf, pbf

Precisifications associated with Standpoint S

We just have a ranking function instead of a classical valuation.
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Rational Closure Algorithm for DRSL

We split a DRSL knowledge base into several propositonal KLM
ones:

Input: DRSL
Knowledge Base

For Each Standpoint S: For Each Statement ¢ “Possible” to S: For Each Standpoint S:

Create a propositional KB of Create a KB including ¢ and necessary Identify which KBs should be
those beliefs “necessary”to S statements considered in S’s standpoint

Output: A set of propositional
KBs associated to each
standpoint: Knowg
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Rational Closure Algorithm for DRSL

We use this to check entailment:

Check if K entails ¢ for If it does

every Kin Knowsg using then “True”;
propositional Rational else “False”
Closure

Input: ADRSL Output:
Knowledge base K True, if K entails ¢;
and a formula y False, otherwise

Check if K entails ¢ for
some K in Knowg using
propositional Rational
Closure

If it does then
“True”;
else “False”
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Rational Closure Algorithm for DRSL

We use this to check entailment:

Check if K entails ¢ for If it does

every K in Knowg using then “True”;
propositional Rational else “False”
Closure

Input: ADRSL Output:
Knowledge base K True, if K entails ¢;
and a formula y False, otherwise

Check if K entails ¢ for
some K in Knowg using
propositional Rational
Closure

The above algorithm is in PP the same as entailment checking for
propositional Rational Closure.

If it does then
“True”;
else “False”
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Semantics for Rational Closure

This Rational Closure can also be constructed using a single semantic

structure. Using our motivating example:

Set of Precisifications

o all other valuations

tsa")swfv tsa_")swf, tsavswfjsa’vswf

—_

Standpoint C

184VS ey f> 184080 [£54USw 5 15aVSw f

o

TTc

Standpoint L

00 all other valuations
1 1808w f, t8aV8w f
0 |£3,V84 f, 8008w [£8a0Sw [, t8aV8w

all other valuations

o8

valuations classically satisfying ¢t — f and f — v

Standpoint B
@

N. Leisegang
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Semantics for Rational Closure

This Rational Closure can also be constructed using a single semantic
structure. Using our motivating example:

Set of Precisifications

o all other valuations
tsa”)swff tsa_vswf, tsavswf,fsavswf
t54USw [ £8qVSy flSqUSw [ t8qVSw f

—_

Standpoint C

o

TTc

Standpoint L
00 all other valuations
1 t35qUSw f, tSqUSw f
0 |tSa0Sw fr ESaUSw f£54VSw f, t5aVSw f

Standpoint B
g 00 all other valuations
0 |valuations classically satisfying ¢t — f and f — v
We can use this to check conclusions like “Clay(tomato |~ veg)"!
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Conclusion
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Conclusion

@ Proposed the language and semantics of DRSL to handle multiple
standpoints who hold defeasible beliefs.

o Constructed a notion of (non-monotonic) entailment that extends
Rational Closure from the propositional case.

@ Main Result 1: Rational Closure has an equivalent definition using an
algorithm or a single semantic model.

o Main Result 2: Entailment checking is computable in PNP.
Complexity is the same as in the propositional case!
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Ongoing and Future Work

@ Develop a representation result with KLM-style postulates which
capture the semantics.

Q Analyze different notions of entailment. (Eg. lexicographic closure,
c-inference)

© Belief revision in standpoint logics: How does it look when agents
change their beliefs based on each other’s beliefs?

N. Leisegang Defeasible Standpoint Logics 11 February 2025 18/19



D & D I W

Thank you!

CasiNg, G., MEYER, T., AND VARZINCZAK, 1.
Taking defeasible entailment beyond rational closure.

FrEUND, M
Preferential reasoning in the perspective of Poole default logic.

GIORDANO, L., Griozzi, V., OLIVETTI, N., AND PozzAaTo, G.
Semantic characterization of rational closure: From propositional logic to description logics.

GOMEZ ALVAREZ, L., AND RUDOLPH, S.

Standpoint logic: Multi-perspective knowledge representation.

KRraus, S., LEHMANN, D., AND MAGIDOR, M.
Nonmonotonic reasoning, preferential models and cumulative logics.

LEHMANN, D., AND MAGIDOR, M
What does a conditional knowledge base entail?

Defeasible Standpoint Logics 11 February 2025

19/




