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Abstract: We investigate the notion of weak permission as the failure to derive the obligation for the contrary. In particular, we focus on
the issue of whether a weak permission should be derivable in the presence of a deontic conflict. Then, we investigate weak permission
from the point of view of non-monotonic reasoning. Specifically, we look at two of the most popular paradigms for non-monotonic
reasoning: logic programming and structured argumentation; and the commonly adopted semantics for each of them: well-founded and
(skeptical) stable semantics for logic programming and grounded and stable semantics for structured argumentation. We prove that it
is not possible to capture weak permission in the presence of deontic conflicts under these semantics. The results of our analysis have
implications for the design of Rules as Code initiatives and computational law systems, as they highlight a fundamental tension between

the logical treatment of deontic conflicts and the normative requirements of legitimate legal systems.
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1. Introduction

The recent Rules as Code movement aims to represent legisla-
tion, regulations, and administrative policies in forms that can be
executed, queried, or checked by software systems [1]. Its practi-
cal motivation is clear: governments and institutions increasingly
seek digital services capable of delivering timely, consistent, and
explainable advice about rights, obligations, eligibility conditions,
and compliance requirements [2]. Yet the translation of legal or
normative materials into code is not merely an engineering exer-
cise. It raises foundational questions about how rules should be
represented, how exceptions and priorities should be handled,
and how conclusions should be justified when the relevant norms
or factual assumptions are in tension. It is at this point that
computational law becomes directly relevant.

Computational law can be understood as the use of formal
methods, specifically computational logic, to model legal reason-
ing and legal knowledge. One of the aims of computational law
is to develop formal models and computational tools for rep-
resenting and reasoning about legal norms, legal concepts, and
legal reasoning processes. Computational law provides the con-
ceptual and formal machinery required to move from textual
norms to executable representations. At a minimum, it investi-
gates how legal directives can be modeled in logical, rule-based,
or computational form and how those representations can sup-
port automated reasoning, explanation, and verification. More
specifically, it aims to determine what normative requirements
(e.g., obligations, prohibitions, and permissions) follow from a
given set of norms and facts and to identify if they have been
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violated or complied with. In addition, it should explain and jus-
tify those results in a way that is faithful to the underlying legal
materials.

More importantly, computational law studies features of
legal reasoning that are often suppressed in simplified digital
implementations: defeasibility, exceptions, temporal qualifica-
tions, institutional competence, burdens of proof, and conflicts
among norms. These are not peripheral complications. They are
pervasive features of legal and normative domains, and any seri-
ous Rules as Code initiative must ultimately confront them if it
wishes to remain faithful to the source materials it encodes.

Accordingly, computational law contributes to Rules as Code
in at least three ways. First, it offers representation languages
capable of expressing obligations, permissions, prohibitions,
exceptions, priorities, and conditional applicability. Second, it
supplies reasoning frameworks—including defeasible logics, argu-
mentation systems, and deontic formalisms—for determining
what follows from a body of potentially inconsistent or incomplete
normative material. Third, it supports explanatory and valida-
tion mechanisms that make it possible to compare coded rules
against legal sources and to justify the conclusions produced by
an automated system. Without these contributions, Rules as Code
risks collapsing into a superficial transcription exercise in which
legal texts are converted into decision trees or algorithms that are
operationally convenient but jurisprudentially fragile.

The relevance of computational law is therefore not confined
to implementation. It also bears on the normative legitimacy of
digital legal systems. Once legal rules are encoded, the design
choices embedded in that encoding determine how ambiguity is
resolved, how conflicts are prioritized, and what counts as a suf-
ficient justification for a legal conclusion. These are substantive
jurisprudential questions. For that reason, debates about (weak)
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permission, conflict resolution, and deontic reasoning are not
abstract side issues; they go to the heart of whether Rules as
Code can deliver systems that are not only functional, but also
legally faithful, transparent, and contestable. A mature account
of Rules as Code must therefore draw on computational law
not simply as a toolkit for automation but as a framework for
understanding the structure and limits of machine-processable
legality.

In the rest of the paper, we focus on the issue of weak per-
mission. First (Section 2), we introduce its definition, and we
discuss its relevance to legal reasoning. Then, we look at the
issue of weak permission from two popular paradigms for non-
monotonic reasoning and some of the most adopted semantics.
More specifically, in Section 3, we examine logic programming
under the well-founded [3] and stable-model semantics [4]. Then,
in Section 4, we study how to integrate deontic reasoning in (struc-
tured) argumentation [5], and we look at it through the lens of
grounded and stable semantics for argumentation [6]. Given the
close relationships between logic programming and argumenta-
tion and their semantics, we get the same result: weak permission
is not supported by well-founded, grounded, and (skeptical)
stable semantics when there are deontic conflicts. Finally, in
Section 5, we discuss some related work.

2. Weak Permission in Legal Reasoning

Deontic Logic is the branch of logic that investigates the logi-
cal behavior of obligations, permissions, prohibitions, and related
notions [7]. In general, systems of deontic logic take obligation
as primitive and leave the others as derived from obligations [7].
On the other hand, formal approaches to normative reasoning/le-
gal theory (see, for instance [8§—11]) often distinguish between two
notions of permission: Strong Permission and Weak Permission.
While the definitions of the types of permission vary, and other
notions of permission have been proposed (for a discussion on
the topic, see [12]. Often a strong permission models a deroga-
tion from a prohibition or the obligation to the contrary [8, 9,
13, 14], and we have weak permission when we fail to obtain the
obligation of the contrary.

Another way to look at the issue is whether there are norms
that explicitly permit something. If there are and the norms are
effective, then we obtain an explicit (strong) permission. Notice
that the two ways to understand strong permission are strongly
correlated. First of all, to derogate a norm, we need to have a
second norm that explicitly derogates the first one. And if the
first norm is for an obligation, the derogating norm is either for
a permission or the obligation of the contrary. However, the sec-
ond derogating norm must be effective to derogate the first one.
Accordingly, to have a strong permission, we need an explicit and
effective permissive norm. In addition, the existence of a permis-
sive norm does not necessarily imply that the norm is effective,
and we can still have a weak permission when the permissive norm
is not effective.

Thus, we have a weak permission if no norms make the oppo-
site obligatory. But what if there are norms for the opposite that
are not effective? Here we have two cases.

1) The first case is when there is a norm for the opposite, but
the norm is not applicable (namely, the conditions to apply the
norm do not hold). Effectively, we can treat this situation as
one without norms.
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2) The second case is when there are norms for the obligation of
the opposite, but these norms conflict with some other norms
for the conclusion.

So, the basic situation here is that we have a norm for obl(a)
(a is obligatory) and a second norm for obl(—«) (a is forbidden,
or —a is obligatory), and there is no prima facie mechanism to
resolve the conflict. There are a few options.

1) The first is to recognize that there is a conflict and prevent any
conclusion from following from the conflict. In this case, we
cannot assert that we have a weak permission.

2) The second option is to endorse the conflict as the failure to
obtain the obligations and to accept the corresponding weak
permissions.

Let us illustrate the situation with an example inspired by a
real-life case.

Example 1. In 2019, the Sea Watch 3, an NGO vessel, was on
a mission to rescue migrants in the Mediterranean Sea. However,
the Italian Government issued a decree that banned the Sea Watch
3 from rescue operations (for migrants) in the Italian Contiguous
Zone waters.

ry: distress, proximity = obl(assistance)

ry: SeaWatch, migrants, Italian ContiguousZone
= obl(—assistance)

Maritime Law stipulates that a vessel in proximity to a dis-
tressed vessel must assist the vessel in distress (rule ri). On the
other hand, r, encodes the prohibition on rescuing migrants in Ital-
ian Contiguous Zone waters. Moreover, Maritime Law requires
vessels permitted to refrain from assisting vessels in distress to alert
the closest relevant authorities and keep clear of the rescue area.

ry: perm(-assistance) = obl(alert Authorities)& obl(keep Clear)

Suppose a migrant vessel is in distress in the Italian Contigu-
ous Zone, and Sea Watch 3 is nearby. Does Sea Watch 3 have the
obligation to alert the authorities and keep clear of the rescue area?
Here, two opposite norms conflict, and it is unclear which one takes
precedence over the other." Also, suppose that Sea Watch 3 alerted
the competent authorities but remained in the operation area (and
eventually assisted with the rescue operation). Do the Sea Watch
3 actions contravene the norms? As we said, there are two options.

1) The permission does not follow from the conflict. In this case,
the Sea Watch is not required to leave the area, and it does not
contravene the norms.

2) In the second approach, the (weak) permission follows from
the conflict, and consequently, leaving the area is a legal
requirement, and Sea Watch 3 does not comply with the norms.

What about if weak permission does not follow from a con-
flict? Do we have to consider the obligation to alert the authorities
and keep clear of the rescue area? Strictly speaking, following the
encoding in r3 the answer is negative. However, we can consider an
alternative formulation of the last provision. Assume that it stip-
ulates that vessels for which the obligation to assist does not hold

'In response to the Sea Watch 3 incident, an Italian Tribunal established that
International Maritime Law prevailed over the Italian Government Decree
for the specific case. However, International Maritime Law scholars debated
over the proper course of action.
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must alert the closest competent authorities and keep clear of the
rescue area.

r'3: not obl(assistance) = obl(alert Authorities)& obl(keep Clear)

Given the conflict, we can argue that the obligation to offer
assistance does not hold, and the Sea Watch 3 has to follow the
obligations given by r}.

The example above illustrates a feature of legal and norma-
tive reasoning: obligations, permissions, and prohibitions (and the
lack of them) can trigger other obligations, permissions, and pro-
hibitions. For example, Governatori and Rotolo [15] argue that
for some legal applications, we “stop” the conflict but still use it
(in this case, the failure to derive an obligation) to obtain further
conclusions. Logics and formalisms for deontic reasoning must
be able to handle such cases. Furthermore, it has been argued
(e.g., by [16]) that, in general, deontic reasoning is an essential
component of normative reasoning. At the same time, normative
reasoning is non-monotonic by nature (specifically, defeasibil-
ity is a key aspect of normative and legal reasoning). Indeed,
many works propose to integrate and ground deontic and nor-
mative reasoning in non-monotonic reasoning. Too many works
to mention; we limit ourselves to the seminal proposal by Ser-
got et al. [17] to use logic programming to model norms (albeit
with the severe limitation that it lacks deontic reasoning), the
approach by Horty [18] to study deontic logic through the lens
of non-monotonic reasoning, and the survey on formal argu-
mentation approaches to legal reasoning by Prakken and Sartor
[19]. Two common themes have emerged: approaches either do
not incorporate deontic features or fail to address the suitability
of the underlying formalisms, logics, and semantics for deontic
reasoning.

As we have seen in the example above, deontic conflicts
can arise in legal reasoning. The question, then, is how to inter-
pret situations where there is a deontic conflict. First of all,
legal reasoning has developed various techniques for dealing with
conflicts, for example, by establishing priorities among norms
according to various criteria (e.g., lex superior, lex specialis, lex
posterior, etc.). However, there are situations where no clear
priority can be established. How should we proceed in these cases?

To address this issue, we consider the Principles of Legality
introduced by Fuller [20]. Fuller’s Principles of Legality provide
fundamental criteria for evaluating the legitimacy of legal sys-
tems and norms. While the principles were originally developed
in the context of legal philosophy to support the moral, political,
and societal legitimacy of legal systems, they have recently been
proposed as a framework to evaluate the legitimacy of technical
systems [21-23]. We believe that these principles are particularly
relevant to deontic reasoning in the presence of conflicts. Fuller
identifies eight principles:

1) Generality: Laws should be general rules, not arbitrary
commands directed at specific individuals.

2) Promulgation: Laws must be publicly announced and made
known.

3) Non-retroactivity: Laws should not be applied retroactively to
conduct prior to their enactment (application).

4) Clarity: Laws must be clearly stated so that subjects can
understand what is required.

5) Non-contradiction: The legal system should not contain
contradictory norms.

6) Possibility of compliance: Laws must not demand the
impossible.

7) Stability: Laws should remain stable over time, not constantly
changing.

8) Congruence: There should be alignment between the official
rules and their actual administration.

Suppose a set of norms contains two conflicting norms. One
for the obligation of 4 and another for the obligation of =4. If
there is no mechanism to resolve the conflict. Here, we have a few
options:

1) Conclude both obligations
2) Derive one of the obligations
3) Prevent the derivation of both obligations

If we adopt the first option, we violate Fuller’s principle of
non-contradiction (principle 5) and the principle of possibility of
compliance (principle 6), given that it is impossible for a subject to
comply with both obligations simultaneously, rendering the system
incoherent from a legality perspective.

If we go for the second option, then either we assume that
there was a conflict-resolution mechanism (introducing a priority
among norms), and in this case, we violate the principle of pro-
mulgation (principle 2), given that a resolving mechanism was not
made explicit, or we violate the principle of clarity (principle 4),
because the subjects cannot know which norm prevails.

If no (general) mechanism to resolve the conflict is available,
and one of the obligations is derived, then the system fails to
comply with the principle of generality (principle 1), as the res-
olution of the conflict would depend on specific circumstances
rather than general rules; the principle of non-retroactivity (prin-
ciple 3), as subjects cannot anticipate which obligation will prevail
in future conflicts; and the principle of stability (principle 7), as
the resolution of conflicts may vary over time without a consis-
tent framework. Moreover, it potentially violates the principle of
congruence (principle 8) given that the official rules may not align
with their administration in practice.

Finally, the only option that allows us to comply with Fuller’s
principles of legality is to prevent the derivation of both obli-
gations in the presence of unresolved conflicts. This observation
motivates our investigation: if weak permission is understood as
the failure to derive an obligation, then, in the presence of unre-
solved deontic conflicts, neither the obligation nor its negation
can be established definitively.

Our formal analysis demonstrates that standard non-
monotonic reasoning semantics cannot properly accommodate
weak permission under these conditions, revealing a fundamental
tension between the logical treatment of deontic conflicts and the
normative requirements of legitimate legal systems.

3. Logic Programming and Weak Permission

The language of a deontic program is built from a set of
literals (Lit), where a literal is either an atom (/) or its negation
(=)). In addition, we extend the language with deontic literals. The
set of deontic literals is defined as

{dop()), notdop())|/ € Lit}
where dop is a deontic operator, more precisely
dop € {obl, perm, perm,,}.

The language also admits negation as failure (not). Literals
and deontic literals can appear in the scope of not, but negation
as failure cannot appear in the scope of a deontic literal (this
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is a standard condition in logic programming and Answer Set
Programming, since a deontic operator is a predicate in such for-
malism, and negation as failure cannot occur inside predicates).
Given a literal /, we use ~/ to denote the complement of /; more
precisely, if / is an atomic proposition, then ~/ = =/ If /is a
negated atomic proposition / = -m, then ~/ = m.

Definition 1 (Program). A program is a set of clauses or rules,
where a rule r is an expression

¢« ai,...,a,, nothy,...,notb,,.

where ay,...,a,,by,...,b,,c are either literals or deontic
literals.

Given a rule r, ¢ is called the head of the rule, noted /(r), and
bt

is the body of r (noted b(r)). We split the body into the positive
part

{al,...,an,bl,..

bt ={ay,...,a,}

and the negative part

b= (r) ={nothy,...,noth,}.

The head and the body can be empty. We will refer to a rule
with an empty head as an integrity constraint.

The Herbrand Base of a program P (noted as HBp) is the
set of all literals and deontic literals appearing in P.

Definition 2 (Basic Deontic Program). A basic deontic program
is a program with the restriction that no head of a rule is a weak
permission; that is, no rule has the form ¢ < notby,...,notb,,
where ¢ = perm,, (I) for some literal I.

As we discussed above, the distinction between strong per-
mission and weak permission is that a strong permission is an
explicit permission, while we have a weak permission when there
are no explicit effective rules for it or when we fail to derive the
obligation of the contrary. Thus, the restriction that no rule has
a weak permission as its head is a way to ensure that there are no
explicit rules for the weak permission, because if there were, we
would have a rule for a strong permission.

The idea is to encode a set of (legal) norms in a basic deon-
tic program and then extend the program with the set of rules
and integrity constraints above to create a corresponding deontic
program. Clauses (1)—(4) are meant to capture and implement the
properties of deontic reasoning (as we just discussed), while the
rules in the basic deontic program encode the conditions of the
legal norms.

To capture deontic reasoning, we introduce deontic pro-
grams, namely, programs extended with a set of additional clauses
encoding key properties of deontic reasoning.

Definition 3 (Deontic Program). A deontic program is a
program including the following clauses and integrity constraints:

perm(X) « obl(X). 1)
perm, (X) < notobl(~X). ©)
< obl(X), obl(—X). 3)

« obl(X), perm(~X). “
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The rule in (1) corresponds to the D axioms of Standard
Deontic Logic, where an obligation implies the corresponding
permission. Clause (2) establishes that we have a weak permis-
sion if we fail to derive the obligation to the contrary. The two
integrity constraints ensure the (deontic) consistency of a deontic
program. So, according to the first integrity constraint, no propo-
sition can be at the same time obligatory and forbidden. Similarly,
according to (4), no literal can be obligatory (forbidden) when its
opposite is permitted.

From the first integrity constraint, we have that no program
with the following two rules

obl(p) <.
obl(=p) «.

is satisfiable. Accordingly, to have a satisfiable deontic conflict, we
have to encode the rules for obligation as follows:

obl(p) < not obl(—p).
obl(=p) <« not obl(p).

Notice that the construction above is the standard technique
in logic programming (in particular, Answer Set Programming) to
prevent an inconsistency. Effectively, it means that we can assert
obl(p) provided that the conditions for all the clauses supporting
obl(—p) fail to succeed (the argument for obl(-p) is symmetrical).

Example 2. Based on the discussion so far, let us see how to encode
the scenario depicted in Example 1. The basic deontic program
consists of the following rules:

obl(assistance) « not obl(—assistance), distress, proximity.
obl(-assistance) < not obl(assistance), SeaWatch,
migrants, Italian ContiguousZone.

The corresponding program is obtained by adding clauses
(1)—(4) to the basic deontic program. We include only the
instances where the variable X is instantiated with a literal
appearing in a deontic literal in the base program.

obl(assistance).
obl(—assistance).

perm(assistance) <
perm(—assistance) «

perm, (assistance) < notobl(—assistance).

perm, (nassistance) < notobl(assistance).
« obl(assistance), obl(—assistance).
« obl(assistance), perm(—assistance).
« obl(-assistance), perm(assistance).

The way a set of conclusions is derived from a deontic pro-
gram depends on the semantics adopted. In the following, we will
look at two of the most popular semantics for logic programming:
well-founded [3] and stable semantics [24].

The intuition behind well-founded semantics is that it tries
to draw all conclusions that are definitely justified, reject all
conclusions that are definitely false, and leave everything else
undetermined. The semantics assigns atoms to true, false, or
undefined by accepting only conclusions supported by a non-
circular foundation, rejecting atoms whose support is purely
circular, and leaving unresolved negative cycles as undefined. This
makes it a conservative, skeptical semantics that extracts the max-
imum amount of information that is unequivocally justified by
the program.

On the other hand, the intuition behind stable semantics is
that it tries to find self-consistent sets of conclusions. A stable
model is a set of atoms that is justified by the program when
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assuming that all atoms not in the set are false. This semantics
can yield multiple stable models, each representing a different
consistent way to interpret the program. Alternatively, it makes
hypotheses about what is true and keeps it only if the program
itself justifies exactly that hypothesis. This makes it a more cred-
ulous semantics that can capture multiple, potentially conflicting,
perspectives on the program’s conclusions. However, we will focus
on the skeptical interpretation of stable semantics, which only
accepts conclusions that are true in all stable models.

We are now ready to introduce the semantic framework
for deontic programs. We follow the presentation by Caminada
et al. [25]. While the approach is not standard, its advantage
is that it provides a unified view of well-founded and stable
semantics, where the well-founded semantics can be seen as a 3-
valued variant of the 2-valued stable semantics as proposed by
Przymusinski [24].

Definition 4. A4 3-valued Herbrand Interpretation I of a logic pro-
gram P is a pair (T, Fy with T, F C HBp and TNF = (. The atoms
in T are said to be true, the atoms in F are said to be false, and the
atoms in HBp \ (T'U F) are said to be undefined.

Definition 5. Let I be a 3-valued Herbrand Interpretation of the
logic program P. The reduct of P with respect to I (written as P/I)
is the logic program constructed using the following steps.

1. Starting from P, remove each rule r from P that has not b; €
b=(r) for some b; € T;

2. From the result of step 1, for each rule, for every b; € F,
remove not b; from the body of the rule;

3. From the result of step 2, replace any remaining occurrences
of not b; by u.

where u is an atom not in HB p which is undefined in all inter-
pretations of P (a constant). ¥ p(I) = (T'y, Fy) with minimal Ty
and maximal Fy (w.r.t. set inclusion) is the unique least 3-valued
model of P such that, for every a € HBp:

e a € Ty if there is a rule ¥’ € P/Iwith h(+') = a and b* (') C
T\y,’
e a € Fyifevery ruler’ € P/Iwithh(r') = a has b (r")nFy # 0.

Example 3. Consider the deontic program P consisting of the
rules:

a < notbh.
b < nota.
C «.

d « c.

e < notc,b.
f <ce

Let I = {{c},0) be a 3-valued interpretation. Applying the reduct
construction, we obtain:

a < u.
b <.
c «.
d < c.
f <ce

Notice that the rule for e has been removed since ¢ € T and notc
appears in the body of the rule. Computing ¥ p(I), we find Ty =
{e,d} (rules for ¢ and d have all positive premises satisfied) and
Fy = {e, f} (there are no rules for e, and the rule for f has an
unsatisfiable body: e € Fy ). Thus ¥ p(I) = {{c, d},{e, f}).

The proof of Theorem 1 provides an example of a reduct and
computation of ¥ p(7) for the deontic program

obl(/) « notobl(=)).
obl(—/) < notobl()).

Definition 6 (Logic Programming Semantics). Let I = (T, F)
be a 3-valued Herbrand Interpretation of logic program P.

* lis a partial stable (or P-stable) model of P iff ¥p(I) = I

» Tisawell-founded model of P iff I is a P-stable model of P where
T is minimal (w.r.t. set inclusion) among all P-stable models of
P.

» Tisa (2-valued) stable model of P iff I is a P-stable model of P
where TU F = HBp.

e Let % = {I; = (T}, F,): suchthat T;is a stable model of P}.
T= Les T; is the skeptical stable model of P.

Example 4. Let us consider the deontic program P of Example 3.
First of all, it is easy to verify that I = {c, d},{e, f}) is a P-stable
model of P. Indeed

lIIP(({C’ d}s {e’f}» = <{C’ d}a {e’f}> P

and T = {c, d} is the minimal model.
Given that the Herbrand Base of P is

HBp ={a,b,c,d,e, f},
for the stable semantics, we have two stable models:

11 = <{a» ¢ d}’ {b’ e:.f}> [2 = <{b’ c, d}a {a» 674](}) .
The reduct under I, is

a «.
c .
d <« c.
f <ce.

while the reduct under I, is

b «.
c «.
d < c.
f <ce.

Definition 7 (Conflicted Deontic Program). A deontic program
P is conflicted if, for a literal I, it contains the rules

obl (/) « notobl(=/). obl(=/) « notobl(/).

We say that 1 is a conflicted literal.

Theorem 1. Let P be a conflicted deontic program, and let
[ be a conflicted literal. Then perm, () and perm, (=) are
not conclusions of the program under well-founded and stable
semantics.

Proof. To prove the property, we can assume, without any loss of
generality, that the language is restricted to the conflicted literal I,
the Herbrand Base consists of the deontic literals that can be built
from [, that is,

HBp = {obl()), obl(=]), perm(/), perm(=]), perm,, (]), perm, (=D},
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and the program consists of the two rules such that I is conflicted
plus the instantiation of clauses (1)—(4).

First, we show that I = (0, 0) is a partial stable model. By
Definition 5, P/I contains the following rules (for the sake of
clarity and conciseness, we removed the instances of the integrity
constraints):

perm(/) < obl()). obl(/) « u.
perm(=/) < obl(=)). perm,(=)) « u. obl(=/) « u.

perm, (/) < u.

It is easy to verify that Ty = 0 and Fy = (. Clearly,
Ty = () is minimal. Let us show that Fy = 0 is maximal. Given
the integrity constraints (3) and (4), it is not possible that obl(])
and obl(=)) are true in the same interpretation, similarly, for obl([)
and perm(~ [), and by rule (2), obl(/) and perm,, (=) cannot be
both true.

Suppose that there is an interpretation I' = (B, F # ().
Moreover, assume obl(l) € F. Then P/I' contains the rule
obl(=l) <. Thus, obl(—=l) € Ty, and so, I' # ¥p(I'). Suppose
perm(l) € F', given the rule perm(l) < obl(). obl(]) must be
in F' as well, and we can repeat the argument above. Finally, if
perm, (/) were in F', then P/I' should either not contain any rule
Sor perm,, (1), but this means that obl(=l) € T (which is not the
case); or perm () < u € P/I', and thenu € F'; however, as stip-
ulated, u does not belong to HBp, and so, it is not in F'. The proof
for deontic literals based on -l is the same. Accordingly, we have
shown that Fy = 0 is maximal, and so, Ty is the well-founded
model of P, and perm, (), perm,, (=) & Ty.

For the stable semantics, we are looking for interpretations
where the elements of the (deontic) Herbrand Base are distributed
over the set of true and false literals. As noted above, in one
interpretation, obl(/) and obl(—~[) cannot be true in the same inter-
pretation. So, one of them must be false; let us say obl(/) € F.
Then P/I contains the rule obl(=l) «. Thus, in that interpreta-
tion, obl(=l) € T. Accordingly, we have two interpretations: I, =
(T, Fy), and Iy = (T, F>), where obl(]) € T and obl(=]) € T,.
Hence, the two reducts are

P/I, = {perm(]) < obl()).
perm(=/) « obl(=)).
perm, (/) <.

obl(/) « .}

P/I, = {perm(/) < obl()).

perm(—/) « obl(=/).

perm, (=) <.
obl(=/) « .}

and the complete interpretations are

T) = F, = {obl()), perm()), perm,, ()}
Fy = T, = {obl(=]), perm(=]), perm,, (=D}

Thus, we have two stable models, one containing perm,, (/)
and the other containing perm, (=l). Therefore, perm, ()) and
perm, (=) are not skeptical conclusions under the stable
semantics.

For the sake of simplicity, we restricted the definition of con-
flicted deontic programs to the case where the program contains
two rules obl(/) < notobl(-/) and obl(-/) < notobl(/). How-
ever, the result of Theorem 1 can be easily extended to more
general cases where the two obligations are supported by more
complex rules. More specifically, the results can be extended as
follows.
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Definition 8. A deontic program P is conflicted under an inter-
pretation I (I = (T, F)) if, for aliteral I, the reduct of the program
under I contains the rules

obl()) < wu,ay,...,aq,.
Obl(_‘l) « u’bl»- . 9bn’l'
for the well-founded semantics, and
obl()) < ay,...,a,,notobl(=/),notcy,...not ¢.

obl(=)) « by,...,b,,,notobl(/)notd,,...not dj.

such that {ay,...,a,,by,...,b,} C T and {cy,...cy,d;
.. ,dj} C F for the stable semantics.

According to this definition, the deontic program in
Example 1 is conflicted under an interpretation I, where the T
contains the literals distress, proximity, SeaWatch, migrants, and
ItalianContiguousZone and F is empty.

Theorem 2. Let P be a conflicted deontic program under an inter-
pretation 1, and let | be a conflicted literal. Then perm,, () and
perm,, (=) are not conclusions of the program under well-founded
and stable semantics based on the interpretation I.

Proof. Straightforward from the proof of Theorem 1, given that
in the reduct under 7, we have the same structure as in the proof
of Theorem 1.

4. Argumentation and Weak Permission

For the language of our deontic argumentation framework,
we use the same language . as the previous part, but we do not
admit negation as failure. Arguments are built from rules, where
a rule has the following format:

ay,...a,=>c

where {ay,...,a,}is a (possibly empty) set of literals and deontic
literals and c is either a literal or a deontic literal but not a weak
permission (i.e., ¢ # perm,,(/); otherwise, it would be an explicit
permission).

Definition 9. 4 Deontic Argumentation Theory is a structure
(F,R)

where F is a ( finite and possibly empty ) set of literals (the facts or
assumptions of the theory) and R is a (finite) set of rules.

The key concept of an argumentation theory is the notion of
an argument. Definition 10 below defines what an argument is.
Each argument A4 has associated with it its conclusion C(A4) and
its set of sub-arguments Sub(A).

Definition 10. Given a Deontic Argumentation Theory (F, R), A
is an argument if A has one of the following forms:

1) A = perm(]) for any literal I € Lit, the conclusion of the
argument C(A) = perm, ([), and Sub(A) = {4}.

2) A=afora€ F; C(A) = aand Sub(A) = {A4}.

3) A=Ay,..., A, > ¢ ifthereisaruleay,...,a, = cin R such
that for all a; € {ay,. .. ,a,}, there is an argument A; such that
C(A4;) = a;; C(A) = ¢ and Sub(A) = {A} U Sub(A1) U --- U
Sub(A,).
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4) A = B= perm(l), if Bis an argument such that C(B) = obl(/);
C(A4) = perm({), and Sub(A) = {A} U Sub(B).

Condition 1) encodes the idea that weak permission is the
failure to derive an obligation to the contrary (more on this when
we discuss the notion of attack between arguments). Thus, by
default, every literal is potentially weakly permitted, and we form
an argument for this type of conclusion. Condition 2) gives the
simplest form of an argument. We have an argument for « if a
is one of the assumptions/facts of a case/theory. Condition 3)
allows us to form arguments by forward chaining rules. Thus, we
can form an argument from a rule if we have arguments for all
the elements of the body of the rule. The way the condition is
written allows us to create arguments from rules with an empty
body. Finally, condition 4) corresponds to the D axiom of
Standard Deontic Logic.

Definition 11 (Attack). Let A and B be arguments. A attacks B
(A > B) iff

1) B = perm,,(]) and C(A) = obl(~I);

2) 3B’ € Sub(B), C(B') =l and C(A) =~I;

3) 3B’ € Sub(B), C(B") € {obl(]), perm(])} and C(A) = obl(~I),
4) 3AB’' € Sub(B), C(B') = obl()), and C(A) = perm(~I).

We use <7 to denote the set of all arguments of the theory.

As we alluded to above and as we have seen in Section 3, the
idea of weak permission is the negation as failure of the obligation
to the contrary. Thus, in Definition 10, we create an argument
for the weak permission for any literal /; however, this argument
is attacked by any argument for obl(~/) (condition 1 above, and
notice this is the only case where the attack is not symmetrical).
The rest of the conditions define an attack when the two arguments
have opposite conclusions: condition 2 covers the case of plain
literals, while conditions 3 and 4 are reserved for deontic literals.
Specifically, we have opposite deontic conclusions when one of the
two is an obligation for a literal, and the other is either an obligation
or a permission for the opposite literal. Furthermore, an argument
attacks another argument when the conflict is on the conclusion of
the second argument (this corresponds to the notion of rebuttal)
or when there is a conflict with one of the sub-arguments of the
attacked argument (known as an undercutting attack).

Similarly to logic programming, the way a set of arguments
is evaluated depends on the semantics adopted. In the following,
we will look at Dung’s semantics [6]. Again, we focus on some
of the most popular semantics: grounded and stable semantics;
moreover, as we did for logic programming, we concentrate on
skeptical conclusions.

The key idea of the grounded semantics is to accept only
those arguments that can be justified without making any con-
troversial assumptions. Grounded semantics is the most skeptical
argumentation semantics. It builds acceptance from the ground
up, admitting only arguments whose acceptability can be estab-
lished in an uncontroversial way. In other terms, it accepts
arguments whose justification is ultimately grounded and leaves
all unresolved conflicts undecided.

The intuition for the stable semantics in argumentation is
that it tries to find self-consistent sets of arguments. A stable
extension is a set of arguments that is justified when assuming
that all arguments not in the set are defeated.

Definition 12 (Dung Semantics). Let (F,R) be a Deontic
Argumentation Theory, and let S be a set of arguments. Then:

» Sis conflict-free iff VX, Y€ S : X% Y.

* X € & is acceptable with respect to S iff VY € o such that
Y>X:3Z e Ssuchthat Z> Y.

» S is an admissible set iff S is conflict free and X € S implies X
is acceptable w.r.t. S.

» S is a complete extension iff S is admissible, and if X € < is
acceptable w.r.t. S, then X € S.

» S is the grounded extension iff S is the set-inclusion-minimal

complete extension.

S is a stable extension iff S is conflict free andVY ¢ S, IX € S

such that X > Y.

Definition 13 (Justified Argument). Let D = (F, R) be a Deon-
tic Argumentation Theory, an argument A is skeptically justified
under a semantic T iff 1) an extension for D exists under T and
2) A € Sforall sets of arguments S that are an extension under T.

Definition 14 (Justified Conclusion). A literal or a deontic lit-
eral | € £ is a justified conclusion under a semantics T iff 1) an
extension for D exists under T and 2) for every extension S under
T, there is an argument A such that A € S and C(A) = 1.

Let us consider a Deontic Argumentation Theory where
F = and R contains the two rules

ri:= obl(a) ry:= obl(-a)
This theory has the following arguments:

Ay perm, (a) Asz:= obl(a)

Ag:= obl(ma) Ag: A4 = perm(-a)

As: A3 = perm(a)

A, perm,, (-a)
For the attack relation, we have the following instances:

A3>A2 A3>A4 A3>A6A5>A4
Ay > Ay Ay > A3 Ay > As Ag> Az

It is easy to verify that {} is a complete extension (and triv-
ially, it is the minimal complete extension w.r.t. set inclusion).
Thus, it is the grounded extension of the theory. Accordingly,
there is no argument in the grounded extension such that its
conclusion is either perm,, (a) or perm,, (-a). Hence, perm,,(a)
and perm,, (—a) are not justified conclusions under the grounded
semantics.

The following diagram depicts the argumentation graph of
the theory (where the arrows represent the attack relation).

‘When we consider the stable semantics, we have the following
two extensions:

{41,453, A5} {4y, Ay, Ag}
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Clearly, perm,,(a) is a conclusion of the first extension but
not of the second one; conversely, perm, (-a) is a conclusion
of the second extension but not of the first one. Consequently,
perm,, (a) and perm,,(—a) are not justified conclusions under the
stable semantics.

The above example should suffice to show that weak permis-
sion is not supported by grounded and stable semantics when a
deontic conflict exists: we have a scenario where we fail to con-
clude that an obligation, but at the same time, we cannot conclude
the weak permission of the opposite. However, we can gener-
alize the result; the result holds for any theory with a conflict
between two applicable obligation rules. This is formalized by the
following definition.

Definition 15. A4 Deontic Argumentation Theory is conflict-
ual when it contains a pair of rules by,...,b, = obl(c) and
dy,...d, = obl(=c), such that there are arguments B; with con-
clusion b;, 1 <i < n, and Dj with conclusion dj, 1<j<m We
will call ¢ the conflicted literal.

Theorem 3. Let D = (F, R) be a conflictual theory. For any con-
flicted literal I, perm, (1), perm,, (=[) are not justified conclusions
under grounded and stable semantics.

Proof. Let[be aconflicted literal. By the definition of argument,
the theory D and the fact that the theory is conflicted, we have
the following arguments:
Ay o perm, () Az : By,..
A, s perm (=) A4 : Dy,..

., B, = obl())
., D, = obl(=])

such that A3 > 4, and 44 > A;. Given that there are arguments
attacking 4| and 4,, these two arguments are not in the minimal
complete extension. Accordingly, perm,, (/) and perm (=/) are
not justified conclusions under the grounded semantics.

Given the attack relationship among A4, 4,, A3, and A4,
we can conclude that there are at least two extensions E; and
Ez such that AI,A3 (S E] and Az,A4 & Elv and Az,A4 (S Ez
and 4, A3 ¢ E,. Hence, there is an extension where no argu-
ment has perm, (/) as its conclusion, and there is an extension
where no argument has perm,, (=/) as its conclusion. Therefore,
perm, (/) and perm, (=/) are not justified conclusions under the
stable semantics.

While other semantics have been proposed in the literature,
they are not widely adopted for legal reasoning, or, for the argu-
ment of the paper, they can be seen as variants of the semantics we
analyzed. For instance, for the preferred semantics [6], a preferred
extension is a maximally complete extension, and the intersection
of all preferred extensions corresponds to the grounded extension
[6]. Thus, the impossibility result for the grounded semantics also
applies to the preferred semantics.

5. Related Work

Recent work in Rules as Code and computational law has
produced several formalisms for encoding norms in executable
form. For a concise survey of some of the Rules as Code sys-
tems, see [26] and [27] for a survey of some argumentation-based
approaches to legal reasoning. Two main issues nevertheless
emerge from this literature. Either an approach does not support
deontic concepts at all (see, e.g., [28—30]), or, when deontic con-
cepts are supported, it is not clear that the approach is grounded
in an adequate model of deontic reasoning (see, e.g., [31-34]).
A notable exception is the work on Defeasible Deontic Logic [13].
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The aim of Flood and Goodenough [28] is to show how to
represent financial contracts using discrete finite automata (DFA).
The paper also argues that deontic concepts are not needed to
represent contracts and, accordingly, does not provide explicit
support for deontic notions. While some contracts can be repre-
sented without deontic concepts, the contract discussed in that
paper contains several deontic features. In addition, DFA-based
representations can grow rapidly with the number of states, so it is
not clear how well the approach scales to more complex contracts.

Catala and Merigoux’s work [29] is a domain-specific lan-
guage for building legal expert systems, particularly in taxation
and social security. The language is based on a functional pro-
gramming paradigm and provides strong support for numerical
computation. However, it does not support deontic concepts
directly and is therefore not well suited to representing explic-
itly normative situations involving obligations, permissions, and
prohibitions.

Morris [30] aims to provide a visual programming language
for encoding norms. However, the language does not support
deontic concepts explicitly, and it is based on Answer Set Pro-
gramming, which, as we have shown in this paper, does not
provide a satisfactory model of weak permission in the presence
of deontic conflict. A similar issue arises for s(LAW) [32], which,
like Blawx, builds on the s(CASP) approach to logic programming
[35]. Likewise, deolingo [34] extends Answer Set Programming
with several deontic concepts, but it adopts the standard sta-
ble semantics. Similarly, deon-# [33] extends logic programming
under the well-founded semantics with deontic concepts for deon-
tic planning scenarios. Finally, Logical English [31] is a controlled
natural language that has been proposed “as an alternative lan-
guage to conventional legal English and to conventional computer
languages for automating legal documents.” Currently, Logical
English can be translated to Prolog and Answer Set Programming.
The common feature of these approaches is that the underlying
semantics are affected by the impossibility results we have shown
in this paper.

The impossibility results established in the previous sections
apply to well-founded, grounded, and stable semantics, but they
do not extend to all forms of non-monotonic reasoning. For
example, the approach to deontic reasoning based on defeasi-
ble logic proposed by Governatori et al. [13] does not suffer
from the weak-permission problem. In addition, these results do
not apply to all argumentation semantics. Recently, Governatori
and Rotolo [36] introduced a novel argumentation semantics that
likewise avoids the weak-permission problem.

Answer Set Programming is based on stable-model seman-
tics, and its direct use for deontic reasoning therefore inherits the
difficulty with weak permission. However, Governatori’s work
[37] shows how Answer Set Programming can be used as a
meta-programming framework to encode the reasoning mech-
anism of Defeasible Deontic Logic [13], thereby avoiding the
weak-permission problem discussed in this paper.

6. Summary and Conclusions

We investigated the issue of weak permission, defined as the
lack of the obligation to the contrary, in the context of some forms
of non-monotonic reasoning (specifically, logic programming and
structured argumentation) and some of the most adopted seman-
tics (well-founded, grounded and stable). We proved that when the
failure to obtain an obligation depends on an unsolved deontic
conflict, the corresponding weak permission is not a conclu-
sion under the well-founded, grounded, and (skeptical) stable
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semantics. Accordingly, approaches to deontic reasoning adopt-
ing such semantics cannot offer a proper model of full deontic
reasoning. This result suggests that Rules as Code systems and
computational law approaches should be cautious in relying on
these semantics for legal reasoning and should instead consider
alternative semantics, such as the novel argumentation semantics
proposed by Governatori and Rotolo [36].
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