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Abstract

Norms constitute regulative mechanisms extensively enacted
in groups, organisations, and societies. However, ‘choosing
the right norms to establish’ constitutes an open problem that
requires the consideration of a number of constraints (such
as norm relations) and preference criteria (e.g over involved
moral values). This paper advances the state of the art in the
Normative Multiagent Systems literature by formally defin-
ing this problem and by proposing its encoding as a linear
program so that it can be automatically solved.

Introduction
Norms are coordination mechanisms that have been exten-
sively used to regulate the interactions between individuals
within groups, organisations, and societies. In traditional so-
cieties, most norms have been long established. Neverthe-
less, new-born or highly dynamic social groups require an
active decision on which norms should be enacted, and this
decision is by no means straightforward. The reasons are
twofold. First, the norms to choose from may not be inde-
pendent (i.e, they can be related to each other). Second, dif-
ferent preference criteria (such as, for example, deployment
costs or involved moral values) may be applied when choos-
ing the right norms to enact.

In the context of social dynamism –and its correspond-
ing effects on regulations–, e-participation and e-governance
ICT systems (Weerakkody and Reddick 2012; DeTar 2013;
Jackson and Kuehn 2016) are gaining relevance. Accord-
ingly, electronic participation initiatives are being launched
in a large variety of settings. These can range from top pub-
lic governmental institutions at country level (such as France
(Par 2017) or New Zealand (New 2016a; New 2016b)),
down to public local institutions (such as Reykjavik (Rey
2017), Madrid (Mad 2017), or Barcelona (BCN 2017) mu-
nicipalities), or small social groups (Jackson and Kuehn
2016). Overall, these initiatives open to their participants the
possibility of providing their opinion on individual propos-
als but, to the best of our knowledge, none of them tackle the
problem of choosing the “best” set of proposals. Moreover,
they mainly focus on citizen support as their reference crite-
rion. One may argue that citizen support encompasses other
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criteria, but it does not explicit them, and this has a detri-
mental effect over transparency in the consultation process.

Within the Artificial Intelligence research area of Norma-
tive Multiagent Systems(Andrighetto et al. 2013), this pa-
per advances the state of the art by modeling a series of
decision-making problems that social communities confront
when choosing the set of policies to establish. In order to
do so, we first identify three different norm relationships –
namely, generalisation, exclusivity, and substitutability– and
we then consider norm representation power, cost, and asso-
ciated moral values as alternative explicit preference criteria.
Thereafter, we show that these decision-making problems
can be encoded as (optimisation) linear programs, and hence
solved with the aid of state-of-the-art solvers. The consider-
ation of moral values associated to norms as an additional
criterion also constitutes a relevant contribution since, al-
though values have been studied in argumentation (Bench-
Capon and Atkinson 2009; Modgil 2006) and in multi-agent
institutions (Kohler et al. 2014), we are not aware of other
authors considering the values that norms support.

The paper is structured as follows. First, next section in-
troduces norms and related concepts. Then, subsequent sec-
tions characterise our different optimisation problems. Par-
ticularly, fourth section introduces moral values into our
multi-objective optimisation problem. Finally, last section is
devoted to conclusions and future work.

Norms and their relations
Within the area of normative multiagent systems (An-
drighetto et al. 2013), problems such as norm synthesis
(Shoham and Tennenholtz 1995; Agotnes and Wooldridge
2010), norm emergence (Griffiths and Luck 2010; Villatoro,
Sabater-Mir, and Sen 2011), or norm learning (Savarimuthu
et al. 2013; Campos et al. 2013; Riveret et al. 2014) have
been widely studied. Although all these approaches consider
norms as coordination mechanisms, they differ in their for-
mal definition. Our notion of norm is based on a simpli-
fication of the one in (López, Luck, and d’Inverno 2002).
Thus, here we formally consider a norm ni as a pair θ(ρ, ac),
where: θ is a deontic operator (prohibition, permission,
or obligation); ρ is a description of the addressee entity,
namely, the agent required to comply with the norm; and ac
is an action –from a set of actions– that entities can perform
in a specific domain. Example 1 illustrates this definition.



As for norm relations, they have also been previously
studied in the literature. Thus, for example, Grossi and
Dignum (Grossi and Dignum 2005) study the relation be-
tween abstract and concrete norms, whereas Kollingbaum,
Vasconcelos et al. (Kollingbaum et al. 2007; Vasconcelos,
Kollingbaum, and Norman 2009) focus on norm conflicts
—and solve them based on first-order unification and con-
straint solving techniques. In this paper, we borrow two of
the relations from (Morales et al. 2015) and define three
norm relationships (namely, exclusivity, substitutability, and
generalisation). Informally, it is considered that: two norms
are mutually exclusive when they are incompatible; two
norms are substitutable if they are interchangeable; and a
norm is more general than another one when it subsumes its
regulation (i.e., its regulation scope is wider).

Specifically, considering N as a non-empty set of norms,
the exclusivity relation is a binary relation Rx ⊆ N ×N . If
(ni, nj) ∈ Rx we say that ni, nj are incompatible or mutu-
ally exclusive. Rx is an irreflexive, symmetric, and intransi-
tive relation.

The substitutability relation is a binary relation Rs ⊆
N × N . If (ni, nj) ∈ Rs, we say that norms ni, nj are in-
terchangeable or substitutable. Based on substitutability re-
lationships, we introduce the notion of substitution chain as
follows. Given two norms, ni,nk ∈ N , we say that nk is
connected by substitutabilities to ni if there is a non-empty
subset of norms {n1, . . . , np} ⊆ N such that (n1, n2), . . . ,
(np−1, np)∈ Rs, n1 = ni, and np = nk. Henceforth, a new
relationship S ⊆ N ×N will contain the pairs of norms that
are connected by substitutabilities. In particular, notice that
if (ni, nj) ∈ Rs, then (ni, nj) ∈ S. Rs is an irreflexive,
symmetric, and transitive relation.

Finally, the direct generalisation relation is a binary re-
lation Rg ⊆ N × N . If (ni, nj) ∈ Rg , we say that
ni is more general than nj , or directly, it generalises nj .
Notice that Rg is irreflexive, anti-symmetric, and intransi-
tive (this is so because if (ni, nj) ∈ Rg , @nk ∈ N s.t
(ni, nk), (nk, nj) ∈ Rg). Transitivity is captured through
the notion of indirect generalisation and the so-called ances-
tors. Given two norms, nk,ni ∈ N , we say that nk is an an-
cestor of ni if there is a subset of norms {n1, . . . , np} ⊆ N
such that (n1, n2), . . . , (np−1, np) ∈ Rg , n1 = nk, and
np = ni. Henceforth, given a norm ni ∈ N , we will note its
ancestors as A(ni).

Previous concepts allows us to define the so-called norm
net.

Def. 1 A norm net is a pair NN= 〈N,R〉, where N stands
for a set of norms andR = {Rg, Rx, Rs} contains generali-
sation, exclusivity and substitutability relationships over the
norms in N . The relationships in R are mutually exclusive,
namely Rg ∩Rx = ∅, Rg ∩Rs = ∅, and Rx ∩Rs = ∅.

Although relations are mutually exclusive (for instance,
two norms cannot be exclusive and substitutable simultane-
ously), it is worth noticing that exclusivity relations propa-
gate along generalisation relationships. Thus, for example,
if we consider four different norms ni, nj , nk, nx ∈ N , and
we have that ni is more general than nj , which in turn is
more general than nk (i.e., (ni, nj), (nj , nk) ∈ Rg), then, if
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Figure 1: Exclusivity propagation examples.

one of these three norms are exclusive with norm nx (that
is, if, for instance (nx, nj) ∈ Rx), then all three norms
along their generalisation relationships are also exclusive
with nx (i.e., (nx, ni), (nx, nk) ∈ Rx). Top part of Figure
1 illustrates how an exclusivity relation between norms nx
and ni ((nx, ni) ∈ Rx, depicted with an “x doted line”)
is propagated downwards to nj , the norm ni generalises
((ni, nj) ∈ Rg), so that (nx, nj) ∈ Rx. Notice that Figure
1 draws generalisation relationsips with an arrow line with
the arrowhead pointing towards the general norm ni. Simi-
larly, as bottom part of Figure 1 shows, if it is the case that
norm nx is exclusive with nj , then this exclusivity relation
(nx, nj) ∈ Rx is also propagated upwards in the generalisa-
tion relationship ((nx, ni) ∈ Rx).

Furthermore, given a norm net NN= 〈N,R〉, we will re-
fer to any subset of the norms in N as a norm system. The
challenge then lies in selecting the right norm system out of
a norm net. In general, we will be interested in norm sys-
tems incorporating as many norms as possible but excluding
overlapping nor conflicting norms.

Considering that exclusivity relationships capture con-
flicts between norms whereas substitutability and generali-
sation relationships capture redundancy or overlap (or in the
case of generalisation, subsumption), the following charac-
terisation of norm systems naturally follows.

Def. 2 Given a norm net NN= 〈N,R〉, we say that a norm
system Ω ⊆ N is conflict-free iff for each ni, nj ∈ Ω,
(ni, nj) /∈ Rx.

Def. 3 Given a norm net NN= 〈N,R〉, we say that a norm
system Ω ⊆ N is non-redundant iff for each ni, nj ∈ Ω: (i)
(ni, nj) /∈ Rg and nj /∈ A(ni); and (ii) (ni, nj) /∈ S
Def. 4 Given a norm net NN= 〈N,R〉, we say that a norm
system Ω ⊆ N is sound iff it is both conflict-free and non-
redundant.

Thus, we aim at finding sound norm systems that satisfy
certain criteria. Next section is devoted to further elaborate
on that. Before that, though, it may be helpful to illustrate a
norm net with an example.

Example 1 Figure 2 illustrates an example of a norm net
that includes some norms (rules) of border control at an in-
ternational airport. Norms are depicted as circles labeled



n2=Obl(all, 
register-passport)

n3=Obl(all, 
fulfil-form)

n5=Obl(visitors, 
fulfil_form)

n4=Obl(locals, 
fulfil_form)

n1=Perm(all,  
cross_border) 

x
x 
x 
x
x

x  x x x x x x x x x x x x x x x

Generalisation x  x x x Exclusivity o o o o Substitutability

Figure 2: Norm net example: rules of border control at an
international airport.

as n1, . . . , n5 respectively. In particular, they are defined as
follows:
n1 : Permission(all passengers, cross border)
n2 : Obligation(all passengers, register passport)
n3 : Obligation(all passengers, fulfil form)
n4 : Obligation(locals, fulfil form)
n5 : Obligation(visitors, fulfil form)
Norm n1 rules free movement of passengers, allowing all
passengers to cross the border without any additional ac-
tion. On the other hand, norm n2 requires all passengers to
register their passport, and there is still a third rule n3 that
requires them to fulfil a form asking for passport information
such as passport number, holder’s name or address.

Regarding exclusivity relationships, first and second
norms are exclusive ((n1, n2) ∈ Rx) because it is not pos-
sible to ask passengers to perform an action (in this case,
register their passport) and allow them to go ahead and sim-
ply cross the border. The same reasoning applies for first
and third norms, and thus, n1 and n3 are also exclusive
((n1, n3) ∈ Rx).

Additionally, there is a substitutability relationship be-
tween second and third norms ((n2, n3) ∈ Rx), since it is
possible to control which passengers are actually crossing
the border by registering their password or by asking them
to fulfil a form. Passengers may even have to abide by both
norms, since they could actually do both things despite of its
redundancy. Figure 2 shows this substitutability relationship
with an “o dotted” line.

Having a closer look to norm n3, we can see that ask-
ing all passengers to fulfil a form is a generalisation of two
other norms: n4, which requires local passengers to fulfil a
form; and n5, which requires foreign passengers (visitors)
to do the same. Formally, we have ((n3, n4) ∈ Rg) and
((n3, n5) ∈ Rg).

Finally, exclusive relationship between n1 and n3

((n1, n3) ∈ R)) propagates down to norms n4 and n5,
so that their exclusivity with n1 is also taken into account
((n1, n4), (n1, n5) ∈ Rx)).

Norm system multi-objective optimisation
As previously mentioned, this paper tackles the problem
of choosing the right set of norms by considering certain

constraints and preference criteria. Constraints are set to
guarantee sound norm systems whereas preference criteria
are specified as functions to optimise. This section details
how soundness constraints and two specific criteria –namely,
norm representation and norm deployment cost– can be en-
coded as a linear program that can in turn be solved with
state-of-the-art solvers such as CPLEX or Gurobi.

On the one hand, norm representation is a preference cri-
teria that encapsulates the purpose of incorporating as many
norms as possible out of those proposed in a norm net, since
they are all considered to be acceptable. Thus, informally,
we will aim at the norm system that represents the largest
number of norms in the norm net. On the other hand, we
cannot ignore the fact that norm deployment has associated
costs and that the expenses derived from imposing norms
should be bounded by the available budget. Norm costs may
represent monetary expenses derived from regulatory pro-
cesses –such as norm establishment or norm enforcement–
as well as non-monetary aspects –such as social implications
or political correctness– as long as they can be somehow
quantified. In any case, we intend to minimise incurred costs
while maximizing norm representation.

Formally, we consider a representation power function,
r : N → R to be a linear function that computes a norm’s
representation power: a real value that encapsulates the fact
that a norm cannot only represent itself but also all the norms
it generalises. Besides linearity, the only condition that we
impose on r is that r(ni) ≤ r(nj) for each nj ∈ A(ni).
Hence, the representation power of a normative system Ω
can be readily obtained by adding the representation power
of its norms, namely ρ(Ω) =

∑
n∈Ω r(n).

Similarly, we assume that the cost of a norm system can be
obtained by adding the individual costs of its norms, namely
cost(Ω) =

∑
ni∈Ω c(ni), where c(ni) stands for the cost of

norm ni. Furthermore, we make the (reasonable) assump-
tion that cost(Ω) is bounded by a maximum budget b that is
available to cover the expenses of imposing those norms in
the resulting norm system.

From that, we can cast the decision problem as the fol-
lowing multi-objective optimisation problem.

Problem 1 Given a norm net NN= 〈N,R〉1, a representa-
tion power function r, and a fixed budget b, the maximum
norm system problem with limited budget (MNSPLB) is the
problem of finding a sound norm system Ω ⊆ N with maxi-
mum representation power (i.e., there is no other norm sys-
tem Ω′ ⊆ N such that ρ(Ω′) > ρ(Ω)) and minimum cost
(i.e., @Ω′ ⊆ N s.t. cost(Ω′) < cost(Ω)) limited by some
non-negative budget b.

Lemma 1 The complexity of the maximum norm system
problem is at least NP-Hard.

Proof. 1 The proof goes trivially by reduction of the max-
imum independent set problem, which is known to be an
NP-Hard optimisation problem (Karp 1972), to the maxi-
mum norm system problem. Consider that we want to find
the maximum independent set of a graph G = (V,E). Now

1Notice that we assume knowledge about candidate norms to
enact and the relationships between such norms.



say that each vertex in V stands for a norm and each edge
in E stands for an exclusivity relationship in Rx. From
this follows that finding the maximum independent set of G
amounts to solving the maximum norm set problem on the
norm net 〈V, {Rx}〉, where the representation power and
cost functions are defined as r(v) = 1, cost(v) = 1 for
each v ∈ V and b = |V |.

Next, we show how to solve the MNSPLB by encoding
the optimisation problem as a linear program. Thus, consider
a norm net NN= 〈N,R〉, and a set of binary decision vari-
ables {x1, . . . , x|N |}, where each xi encodes the decision
of whether norm ni is selected (taking value 1) for a norm
system or not (taking value 0). Thus, solving the MNSPLB
amounts to solving the following:

max

|N |∑
i=1

xi · r(ni)

min

|N |∑
i=1

xi · c(ni)

(1)

subject to a number of constraints (including soundness re-
strictions).

First, exclusivity constraints prevent that two mutually ex-
clusive (incompatible) norms are jointly selected to be part
of a norm system. Thus, the following constraints must hold:

xi + xj ≤ 1 for each (ni, nj) ∈ Rx (2)

Second, substitutability constraints avoid that inter-
changeable norms are simultaneously selected. This
amounts to enforcing that any pair of norms that are con-
nected by substitutabilities cannot be simultaneously se-
lected, namely:

xi + xj ≤ 1 for each (ni, nj) ∈ S (3)

Third, generalisation constraints avoid redundancy by
imposing that a norm cannot be selected together with
any of the norms that it directly generalises. Given a
norm ni, the set of norms generalised by ni is defined as
Children(ni) = {nj |(ni, nj) ∈ Rg}. Then, formally, the
following constraints must hold:

xi + xj ≤ 1 nj ∈ Children(ni) 1 ≤ i ≤ |N | (4)

Moreover, all the children of a norm cannot be simultane-
ously selected. Formally:∑

nj∈Children(ni)

xj < |Children(ni)| 1 ≤ i ≤ |N | (5)

Additionally, a norm cannot be simultaneously selected to-
gether with any of its ancestors, namely:

xi + xk ≤ 1 nk ∈ A(ni) 1 ≤ i ≤ |N | (6)

Fourth, we must also consider the binary constraints cor-
responding to the norm decision variables, namely:

xi ∈ {0, 1} 1 ≤ i ≤ |N | (7)

Finally, a further constraint ensures that the cost of the
norm system does not exceed the limited budget b ≥ 0:

|N |∑
i=1

c(ni) · xi ≤ b, (8)

The linear program encoding the MNSPLB requires |N |
binary decision variables, 2 · |Rg| + |Rx| + |S| pairwise
constraints (equations 2,3,4, and 6), and |P (Rg)| inequal-
ity constraints (equation 5), where P (Rg) = {ni|(ni, nj) ∈
Rg}. Hence, the number of constraints is linear with the
number of norm relationships in a norm net.

Moral values in norm decision making
Choosing the right set of norms may also imply the ex-
plicit consideration of a third preference criteria encapsulat-
ing ethical aspects that allow to discern ‘right’ from ‘wrong’.
In this manner, if we assume that the society has overall pref-
erences over moral values, and if we are able to assess the
moral values promoted by the norms in a given norm net-
work, then we can aim at maximising moral value support
when computing the optimal norm system. The principle
that we adhere to is: the more preferred the values supported
by a norm system, the more preferred that norm system is.
Thus, this section is devoted to extend the multi-objective
decision-making problem introduced in previous section to
account for the moral values supported by norms.

To do so, we must formally define some concepts. We
start by introducing moral values. Inspired on Ethics, where
moral values are often considered to be moral standards
to distinguish between right and wrong (good or evil), we
adapt some value-related definitions by Bench-Capon et
al.(Bench-Capon and Atkinson 2009) and consider V as a
non-empty set of moral values in a society. We will assume
that moral values are unrelated objects and that there is a to-
tal order (no ties) � over the moral values in V that reflects
the global social preferences over them. Without loss of gen-
erality, we can assume that v1 � v2 � . . . � v|V |. From
this, we obtain the moral value(s) supported by each norm
by means of a function val : N → P(V ). Thus, val(ni)
stands for the set of moral values promoted by norm ni.

Now we introduce a utility function that will allow us to
capture the total ordering over moral values. The utility of a
moral value can be calculated as:

u(vi) = 1 +

|V |∑
k=i+1

u(vk) (9)

where 1 ≤ i ≤ |V |. From this definition, it is clear that
u(vi) > u(vj) ⇔ vi � vj and we can readily calculate the
value support of a norm ni by adding the utility of the moral
values supported by the norm as follows:

un(ni) =
∑

v∈val(ni)

u(v) (10)

This allows us to compute the value support for a given
norm system Ω ⊆ N by adding the utility of the moral val-
ues supported by each one of its norms as:

uN (Ω) =
∑
n∈Ω

un(n) (11)



Notice that utility function uN allows us to lift the pref-
erences defined as a linear order over single moral values to
a preference relation over sets of norms. Thus, we will say
that Ω � Ω′ ⇔ uN (Ω) > uN (Ω′). Interestingly, the lifting
of preferences provided by the uN utility function satisfies
two desirable properties: (i) responsiveness (Barbera, Ham-
mond, and Seidl 2004); and (ii) monotonicity. Informally,
responsiveness (also called pairwise-dominance), states that
if in a norm system {n2, n3}, norm n3 is replaced by a better
(supporting more preferred moral values) norm, e.g. n1, then
{n2, n1} makes a better norm system. Monotonicity states
that if Ω ⊃ Ω′, then Ω � Ω′. These observations are for-
mally captured in the following lemma.

Lemma 2 The utility function uN guarantees responsive-
ness and monotonicity.

Proof. 2 To prove responsiveness it suffices to show that
given a norm system Ω such that ni ∈ Ω, nj 6∈ Ω, and nj �
ni, then Ω \ {ni} ∪ {nj} � Ω. Let us note Ω−i = Ω \ {ni}.
Since uN (Ω) = uN (Ω−i)+un(ni) < uN (Ω−i)+un(nj) =
uN (Ω−i ∪ {nj}), then Ω \ {ni} ∪ {nj} � Ω holds. As for
monotonicity, this immediately follows from the definition of
utility of a moral value in Eq. 9. Given two norm systems
such that Ω ⊃ Ω′, it is clear that uN (Ω) > uN (Ω′) since
the value support for each norm in Ω\Ω′ is greater or equal
than 1, and therefore Ω � Ω′.

At this point, we can quantitatively compare norm sys-
tems based on the moral values that they support. Hence, we
are ready to define a new multi-objective optimisation prob-
lem involving moral values as an extension of problem 1.

Problem 2 Given a norm net NN= 〈N,R〉, a representa-
tion power function r, a fixed budget b, a set of values V and
a total order � over its values, the value-based maximum
norm system problem with limited budget (VMNSPLB) is the
problem of finding a sound norm system Ω ⊆ N with max-
imum representation power, minimum cost limited by some
non-negative budget b, and maximum value support.

Coding the VMNSPLB problem amounts to extend the
multi-objective problem in Eq. 1 with this additional objec-
tive of value support maximisation:

max

|N |∑
i=1

xi · un(ni) (12)

The resulting multi-objetive optimisation problem can be
formulated as a single-objective problem by aggregating the
three objectives by means of scalarisation (Hwang and Ma-
sud 2012). This is achieved by: (i) normalising the represen-
tation, cost, and value support values; and (ii) prioritising
these three different preference criteria by means of weights.

On the one hand, normalisation is performed by consid-
ering maximum values. In this manner, we can readily nor-
malise representation values by considering a maximum rep-
resentation power computed as Rmax =

∑
nj∈GN

r(nj),
where GN stands for the set of norms that are not directly
generalised by any other norm. As for cost values, we can
normalise by means of the maximum budget b. Regarding

value support, we can safely normalise moral values by con-
sidering Vmax =

∑|N |
i=1 un(ni).

On the other hand, prioritisation can be performed by em-
ploying three different weights wr, wc, wv that respectively
measure the relative importance of maximising norm rep-
resentation power, minimising norm costs, and maximising
moral value support.

Putting all this together, we can cast the VMNSPLB prob-
lem as a single-objective optimisation problem that can be
solved by the following linear problem:

max
[ wr

Rmax
·
|N |∑
i=1

xi · r(ni) + wc · (y −
1

b

|N |∑
i=1

xi · c(ni))+

+
wv

Vmax
·
|N |∑
i=1

xi · un(ni)
]

(13)
subject to constraints from equations 2 to 8 together with the
following constraint related with prioritisation weights:

wr + wc + wv = 1 wr, wc, wv ∈ [0, 1] (14)

and two additional constraints related with y: a binary in-
dicator variable that allows us to turn the minimisation
problem in equation 1 into a maximisation problem, since
finding the norm system with minimum (normalised) cost
( 1
b

∑|N |
i=1 xi · c(ni)) amounts to maximising expression y −

1
b

∑|N |
i=1 xi · c(ni). Hence, y must satisfy that:

y ∈ {0, 1} (15)

y ≤
|N |∑
i=1

xi ≤M · y (16)

where M is a very large number. 2 Furthermore, it is worth
mentioning that this indicator variable guarantees that no
cost is added to the objective function if no norm is chosen.

Finally, notice that the specification above corresponds to
a maximization problem whose constraints are all inequali-
ties. Hence, it is in standard form and it can be solved with
state-of-the-art linear program solvers such as CPLEX or
Gurobi.

Example 2 Adding moral values to previous example (see
Fig. 2), Figure 3 considers that n1 supports a “free move-
ment of persons” moral value (v1), whereas n2, . . . , n5 sup-
port a “safety” moral value (v2). Let us consider that:
i) “free movement” is preferable than “safety” (namely,
v1 � v2), then, by Eq. 9, u(v1) = 2 and u(v2) = 1; and
that ii) moral values are the only criterion to consider (i.e.,
wr = wc = 0 andwv = 1). Therefore, our problem amounts
to finding the sound norm system that has maximum value
support. Then, if we encode the problem, a linear program
solver results in Ω = {n1} as a value-optimal sound norm
system 3.

2In our problem M can be defined to be strictly larger than |N |.
3In fact, there are three alternative solutions Ω = {n1}, Ω =

{n2, n4}, Ω = {n2, n5} that constitute three different value-
optimal sound norm systems.
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fulfil_form)
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Figure 3: Example of rules of border control (n1, . . . , n5)
together with the values they support (v1, v2).

Conversely, if we consider norm representation and value
support to have the same priority (i.e., wr = wv = 0.5,
wc = 0) and we consider the following recursive computa-
tion of the representation power function

r(ni) = 1 +
∑

nj∈Children(ni)

r(nj) (17)

then, a linear program solver results in Ω = {n3} as the
only value-optimal sound norm system.

Discussion: dealing with norms in force
So far we have considered a normative process that starts
from scratch. This applies for new-born communities will-
ing to establish their regulations. However, other scenarios
–such as dynamic organisations or evolving societies– may
already count on a collection of norms currently in force. If
this is the case, the decision making process must consider
such norms as part of the norm reasoning together with the
norm net containing a new collection of candidate norms. In
what follows, we discuss how this situation can be readily
accommodated in our optimisation-based framework.

Henceforth, we shall consider that N0 stands for a set of
norms in force and NN= 〈N,R〉 stands for a norm net con-
taining candidate norms to reason about together with their
relationships. Consequently, we build an extended norm net
that merges the norms in force with the norm net. This will
result in a new norm net NN′ = 〈N0∪N,R∪R0〉, whereR0

stands for generalisation, exclusivity and substitutability re-
lationships holding between the norms in force (in N0) and
the candidate norms in the norm net, namely in N .

Example 3 Figure 4 shows an extension of previous
example (for the sake of simplicity, it does not show moral
values). The norms in force (i.e., in N0) are the following:
n6 : Prohibition(all passengers, unattend luggage)
n7 : Obligation(all passengers, passport control)

Norm n6 prohibits all passengers to leave their lug-
gage unattended and norm n7 forces all passengers to go

n2=Obl(all, 
register passport)

n3=Obl(all, 
fulfil form)

n5=Obl(visitors
, fulfil form)

n4=Obl(locals, 
fulfil form)

n1=Perm(all,  
cross border) 

x
x 
x 
x
x

x  x x x x x x x x x

Generalisation x  x x x Exclusivity o o o o Substitutability

n6=Proh(all,  
unatt.luggage)

n7=Obl(all, 
passport ctrl) 

NNN0

Figure 4: Example of N0, a norm net NN, and an exclusivity
relation between norms in N0 and N .

through passport control. Notice that there is a new exclu-
sivity relation between n7 and n1, so that (n7, n1) ∈ R0

will be added to the new norm net NN’.

Considering the resulting norm net NN’ suffices for en-
coding the VMNSPLB problem so to determine the new op-
timal sound norm system. However, the new norm system
may not preserve those norms in N0. Therefore, if norms in
force must be preserved (or in other words, if current norm
system can only be extended), then we need to add further
constraints to our optimisation problem to guarantee norms
in N0 are always selected. Namely, xn = 1 for all n ∈ N0.

Conclusions and future work
This paper contributes to the state of the art in the Normative
Multi-Agent Systems research area by modeling the prob-
lem of choosing the right set of norms to enact in new-born
(and dynamic) social groups. The proposed formalisation in-
cludes multiple constrains and objectives into optimisation
problems which are encoded as linear programs which can
then be solved with state-of-the-art solvers.

On the one hand, constraints guarantee, among other
things, to obtain sound (i.e., conflict free and non-redundant)
norm systems. On the other hand, optimisation objectives
guide the search for the optimal norm system and make ex-
plicit social preference criteria –such as costs and supported
moral values– that are typically implicit in decision mak-
ing processes. In fact, including moral values in the decision
making constitutes a specially relevant contribution of the
paper, since they encapsulate the socially agreed notion of
rightness.

We are currently working on using this approach to en-
hance both transparency and the decision process in partic-
ipatory tools(Mad 2017; BCN 2017) where participants ex-
press their opinions over individual proposals without con-
sidering their combination. However, our work opens many
paths to future research. First, it is worth studying the hard-
ness of different norm decision scenarios depending on e.g.
the density of norm relationships. Second, reasoning about
norms and moral values could be taken a step further by con-
sidering that norms support values positively or negatively.
Moreover, we could deal with a partial order over moral val-
ues or perform automated discovery of norm relationships.
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