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1 Introduction

In this paper, we investigate fair division of indivisible goods. In this context, several ap-
proaches have been proposed to model fairness. Amongst these models, one prominent solution
concept is to look for envy-free allocations [4]. These allocations are such that no agent would
like to swap her own bundle with the bundle of any other agent.

Envy-freeness is a very attractive criterion : the fact that each agent is better off with her own
share than with any other share is a guarantee of social stability. Besides, since this criterion
is only based on personal comparisons, it does not require any interpersonal comparability.
Unfortunately, envy-freeness is a very demanding notion, and it is a well-known fact that in
many situations, no such allocation exists (consider for instance the simple situation where the
number of items to allocate is strictly less than the number of agents at stake). Hence several
relaxations of the envy-freeness notion have been studied in recent years. Two orthogonal
approaches have been considered. A first possibility is to “forget” some items when comparing
the agents’ shares. This leads to the definition of envy-freeness up to one good [5] and envy-
freeness up to any good [2]. Recently, Amanatidis et al. [1] explored how different relaxations of
envy-freeness relate to each other. Another possible approach is to relax the Boolean notion of
envy and to introduce a quantity of envy that we seek to minimize. This is the path followed by
Lipton et al. [5] or Endriss et al. [3] for instance. Several approximation algorithms dedicated
to minimize these measures were subsequently designed, see e.g. [6].

2 Problem definition

We will consider a classic multiagent resource allocation setting, where a finite set of objects
O = {o1, . . . , om} has to be allocated to a finite set of agents N = {1, . . . , n}. In this setting,
an allocation is a vector −→π = 〈π1, . . . , πn〉 of bundles of objects, such that ∀i, ∀j with i 6=
j : πi ∩ πj = ∅ (exclusion : a given object cannot be allocated to more than one agent) and⋃
i∈N πi = O (no free-disposal : all the objects are allocated). πi ⊆ O is called agent i’s share.
Any satisfactory allocation must take into account the agents’ preferences on the objects.

Here, we will make the assumption that these preferences are numerically additive. Each agent
i has a utility function ui : 2O → R+ measuring her satisfaction ui(π) when she obtains share
π, which is defined as ui(π) def=

∑
ok∈π w(i, ok), where w(i, ok) is the weight given by agent i to

object ok.This assumption, as restrictive as it may seem, is made by a lot of authors [5, for
instance] and is considered a good compromise between expressivity and conciseness.



3 Contribution
We first elaborate on the idea of minimizing the degree of envy. More precisely, we explore the

idea of finding allocations where envy is “fairly balanced” amongst agents. For that purpose,
we start from the notion of individual degree of envy and use a fair Ordered Weighted Average
operator 1 to aggregate these individual envies into a collective one, that we try to minimize. In
order to do so, we translate the OWA minimization problem into the following mixed integer
program where the zji variables encode whether agent ai possesses object oj or not, the ei
variables represent the envy of agent ai while the bki and rk variables help us linearize the
OWA :

minOWA(−→e (−→π )) = min
n∑
k=1

α′
k(krk +

n∑
i=1

bki )

rk + bki ≥ ei ∀i, k ∈ [[1, n]]

ei ≥
m∑
j=1

w(i, oj)(zjh − z
j
i ) ∀i, h ∈ [[1, n]]

n∑
i=1

zji = 1 ∀j ∈ [[1,m]]

zji ∈ {0, 1} ∀j ∈ [[1,m]] ∀i ∈ [[1, n]]
bki ≥ 0 ∀i, k ∈ [[1, n]]
ei ≥ 0 ∀i ∈ [[1, n]]

Then, we relate this criterion to other fairness notions (such as max-min fair share, envy-
freeness up to one good and envy-freeness up to any good) in the general and the 2 agents
settings. Moreover, we study properties of the allocations obtained by minimizing the OWA
of the envy vector and why commensurability between agents is of paramount importance.
Finally, we present some experimental results investigating the fairness of min OWA envy
solutions.
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1. Here, by “fair”, we mean an OWA where weights are non-increasing.


