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Abstract:

Different kinds of nonstandard conditionals of modal nature, are studied in
conditional logic or Dyadic Modal Logic. Preference structures are one of
the important categories of semantic models for these logics. Deontic
conditionals and nonmonotonic conditionals are two Kkinds of these
nonstandard conditionals, such that these models have been introduced as
one of their main semantics.

In this paper we have a brief review of the literature of preference models in
these two branches. Then we compare the subjects studied under the topic of
preference models in both fields and have an analysis about the meaning and
the acceptance of the axioms of conditional logics, when the conditionals
either read as deontic conditionals or as nonmonotonic ones.

In addition, we present some examples to show that in the both fields,
preference models have shortcomings in expressing the correct and intuitive
reasoning. We offer some extended semantics from nonmonotonic literature
to overcome these shortcomings.
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Introduction

Nonstandard conditionals with a modal nature are studied in conditional logic or dyadic modal
logic. Preference structures are among the most important semantic models for these logics.
Deontic conditionals and nonmonotonic conditionals are two kinds of these nonstandard
conditionals, and preference models have been introduced as one of their main semantics. This
paper briefly reviews the literature of preference models in these two branches. It then compares
the subjects studied under preference models in both fields and analyzes the meaning and
acceptance of the axioms of conditional logics when conditionals are read either as deontic or as
nonmonotonic. It also presents examples showing that in both fields, preference models have
shortcomings in expressing correct and intuitive reasoning, and offers extended semantics from
the nonmonotonic literature to overcome these shortcomings.

The motivation comes from conditionals such as: "If it rains, the weather becomes pleasant,” "If
you do not attend the meeting with your friend, you should inform him,” and "If it rains, usually
the sun is not in the sky.” These are not material implications. Their semantics consists of a set of
possible worlds and a preference relation over them. When the preference relation is global—
independent of which world one is in—the structures are called preference structures. These
define counterfactual conditionals, conditional obligations, and defeasible conditionals.
Historically, counterfactuals were formalized by Lewis (1973) and Stalnaker (1968); conditional
obligations in Hanssonian dyadic deontic logics; and defeasible conditionals in nonmonotonic
logics, with preferential logic P being central (Kraus et al., 1990).

Materials & Methods

The methodology is conceptual, comparative, and formal-logical. A preference model is M = (W,
>, v), where W is a set of possible worlds, > is a preference relation, and v is a valuation function.
The language includes classical connectives plus a conditional operator =. The truth condition is
as follows: A = B is true at w iff B is true in all the best A-worlds.

Properties of > examined include reflexivity, transitivity, totality, limitedness, and smoothness.
Limitedness (Aqvist) ensures maximal elements for any non-empty set. Smoothness (KLM)
guarantees the (CM) axiom.

Three areas are examined:

1. Deontic preference logics: From Hansson (1968) and systems DSDL1, DSDL2, DSDL3,
axiomatized by Spohn (1975) and studied by Aqvist (2002), Parent (2010, 2014, 2015, 2021), and
Ardeshir & Nabavi (2006). Systems E, F, G, and F+CM are introduced with axioms (CK), (Nec),
(LLE), (Id), (Sh), (MP), (N), (D), (CM), (Sp), and (RM). Soundness and completeness are
summarized under two approaches: the best approach (opt-rule) and the optimal approach (max-
rule).

2. Nonmonotonic preference logics: From default logic (Reiter, 1980), circumscription
(McCarthy, 1986), and autoepistemic logic (Moore, 1985). Gabbay (1985) proposed
characterizing them by properties of the consequence relation. The KLM paper classified these
axioms using cumulative models. Preferential logic P adds the (Or) axiom to Gabbay's axioms,
with preference models as semantics.

3. Alternative semantics:Possibility models, ordinal ranking models, and qualitative plausibility
models, generalizing probabilistic models by replacing numerical probabilities with elements of a
partially ordered set.

Discussion & Result

Both fields define preference models with a global preference relation and a conditional operator
evaluated in the best worlds satisfying the antecedent, but there are some differences. Firstly, in
deontic logic both opt-rule and max-ruleare used but in nonmonotonic logic only the opt-rule is



used. Secondly, deontic logic accepts multiple copies of the same world; nonmonotonic logic also
studies the case of at most one copy per world (Makinson, 2005). The preference models studied
in nonmonotonic logic are not completely general and smoothness isrequired in all of them
(corresponding to CM); but in deontic systems, the weaker limitedness may be imposed.

They also differ in axiom systems. (Sh) is basic in deontic preference logics but not in KLM.
(Or) is basic in P but not in dyadic deontic logic, where it is derivable from (Sh). (CM) originated
in nonmonotonic logic and was added to deontic systems by Parent and Goble. Its validity is
directly related to a system's inability to tolerate conflicting obligations.

The shortcomings of preference systems have been analysed through several exampleswith
deontic or nonmonotonicreading.

The first deontic example is due to a terrorist which is in either house 1 or house 2. If in house 1,
you ought to kill him; if in house 2, you ought to kill him; but if in one of the two houses, you are
not necessarily obligated to kill him (an innocent person might be killed). The (Or) axiom, valid
in all preference models, leads to counterintuitive results. This example is original.

The second example is about a father with twin children. If cameras show one stole, the father
must pay compensation. (Or) would allow concluding he must pay regardless of which child is
shown—intuitive here. But a third example shows that if cameras show someone committing
murder, that person is sentenced to retaliation, and if someone is sentenced to retaliation his
father becomes grief-stricken, then applying (Or) leads to the father becoming grief-stricken even
when it is unclear which twin committed the crime. This is counterintuitive because the judge
cannot issue a retaliation sentence based on unclear video evidence.

A fourth deontic example shows that from six intuitively consistent premises, preference models
derive that all propositions (including contradictions) are obligatory. Duty A conflicts with B and
C, where A is more important than each individually, but B and C together take priority over A.
The derivation shows there is no best world, meaning all propositions are obligatory. This is a
standard test for deontic logics tolerating conflicting obligations.

A fifth example concerns nonmonotonic reasoning and aggregation of evidence. There may be
defeasible evidence for rejecting a proposition (¢ = —y) and a single piece of evidence stronger
than each individual piece for accepting it (v = ). In preference models, due to (Or), the stronger
evidence overrides each individual piece and leads to rejection, whereas intuitive reasoning might
allow accumulation of multiple pieces to override a single stronger piece. The formal derivation
leads to contradiction (L).

Conclusion

This paper reviewed and compared preference models in deontic and nonmonotonic logic. While
both fields use similar formal structures, they differ significantly in axiom systems, interpretation,
and required model properties.

The paper also analyzes important axioms in both fields, showing that some axioms intuitive in
one context may be counterintuitive in another. For example, reflexivity is intuitive in
nonmonotonic logic but counterintuitive in deontic logic, while (CM), originating in
nonmonotonic logic, has important implications for tolerating conflicting obligations.

In addition, it has been showed through several examples that, while preference models have
played a valuable role in developing both deontic and nonmonotonic logics, they are not adequate
for all purposes. Extended semantics from the nonmonotonic literature, particularly cumulative
and plausibility models, offer promising alternatives. Future work should explore their
application to specific problems such as conflicting obligations and evidence aggregation.
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