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This talk is half-way between a survey and a report on ongoing research, most of
which is joint work with Vincent Conitzer and Lirong Xia. The first part of the talk owes
a lot to two survey papers co-authored with Yann Chevaleyre, Ulle Endriss and Nicolas
Maudet [5, 6].

Social Choice Theoris the subfield of economics that aims at designing and eval-
uating methods for collective decision making [1]. Most works in the field focus on
normative questions: the problem is generally considered to be solved when the exis-
tence (or the non-existence) of a procedure meeting some requirements has been shown;
how hard it is to compute this procedure, and how it should be computed, have de-
served much less attention in the Social Choice community. This is where Computer
Science, and more specifically Artificial Intelligence, come into play, giving birth to a
new interdisciplinary research field call@mputational Social Choidgee [5] for an
introduction to the field)The first part of the talk will consist of a brief introduction to
computational social choice.

One of the hot topics in computational social choiceang on a set of alternatives
that has a combinatorial structurén other words, the voters have to make a common
decision on several possibly related issues. For instance, the inhabitants of some local
community may have to make a joint decision over several related issues of local inter-
est, such as deciding whether some new public facility such as a swimming pool or a
tennis court should be built. Such elections are cathedtiple referendd4]. Some of
the voters may have preferential dependencies, for instance, they may prefer the ten-
nis court to be built only if the swimming pool is not. Another example is when the
members of an association have to elect a steering committee, composed of a presi-
dent, a vice-president and a treasurer (see for instance [2]). Again, voters typically have
preferential dependencies.

As soon as voters have preferential dependencies between issues, it is generally a
bad idea to decompose the problem into a set sinaller problems, each one bear-
ing on a single issue. Doing so typically lead to “multiple election paradoxes”. Such
paradoxes have been studied by a number of authors [4, 2, 8]. Consider the following
example. A joint decision has to be made about whether or not to build a new swimming
pool (S or S) and a new tennis courf(or 7). Assume that the preferences of voters 1
and 2 areST = ST ~ ST = ST, those of voters 3 and 4 a&l" - ST = ST = ST,
and those of voter 5 ar6T - ST = ST = ST. The first problem is that voters 1



to 4 will feel ill at ease when asked to report their projected preferendgSofi} and

{T, T}. Only voter 5 knows that whatever the other voters’ preferences glsust}
(resp.{T,T}), she can vote fof" (resp.S) without any risk of experiencing regret.
Experimental studies suggest that most voters tend to report their preferences optimisti-
cally in such situations; for instance, voters 1-2 would likely report a preference for
overS. The second problem (the paradox itself) is that under this assumption that voters
report optimistic preferences, the outcome will$&, which isthe worst outcome for

all but one voter A difficult question is how to design a method for voting on related
issues that avoids such paradoxes.

We can list five ways of proceeding, each of which has its own pitfalls: (1) ask vot-
ers to report their entire preference relation explicitly on the set of alternatives, and then
apply a fixed voting rule; (2) ask voters to report only a small part of their preference
relation (for instance, thek preferred outcomes, whekds a small number) and apply
a voting rule that needs this information only; (3) limit the number of possible combi-
nations that voters may vote for, as advocated in [4]; (4) ask each voter to express her
preferences as an input in some fixed compact representation language, and then apply
a fixed voting rule to the profile consisting of the preference relations induced by the
voters’ inputs (see [9]); and finally, (5) impose a domain restriction allowing the voters
to vote separately on each issue, either simultaneously or sequentially. Especially, if
the voters’ preferences aseparablg(which means that each voter’s preference on the
values of an issue is independent from the outcome on other issues), then this approach
is reasonably safe, as shown in [8].

The second part of the talk will present the general problem of voting on combina-
torial domains, as well as its paradoxes, and will briefly discuss the pros and cons of
these five possible classes of solutions.

Then we focus on the last class of solutions, which seems to be the most promising.
Its main drawback is that separability is a very demanding assumption, and is unlikely to
be met in practice. Several recent papers [10, 13, 14, 12] impose a much weaker domain
restriction under which sequential voting can be applied “safely”: each time a voter is
asked to report her preferences on an issue, these preferences do not depend on the
values of the issues that have not been decided yet. Formally, this can be expressed
as the following condition: there is a linear ord@r= X; > ... > X, on the set of
issues such that the preferences of each voték pare preferentially independent from
Xjt1,.--, X, givenXy, ..., X;_4. If this property is satisfied, thesequential voting
rulescan be defined in the following way. Let, . . ., r, be voting rules on the domains
of Xy,...,X, respectively. Thesequential compositioof r,...,r, is defined by
applying the following protocol repeatedly for= 1, ..., n: elicit voters’ preferences
on the domain oX;; applyr; to these local preferences; broadcast the outcome to the
voters. Clearly, in order to compute the outcome of these sequential voting rules we
do not need to know the voters’ full preference relations: it suffices for each voter to
express a CP-net [3], with the condition that the dependency graph of the CP-nets is
acyclicandcommon to all voters

Even if the domain restriction imposed by sequential voting it is much weaker than
separability, it still eliminates most of the profiles. This restriction is weakened in [14]:



profiles must only be compatible witbmecommon order, not specified in the defi-
nition of the sequential voting rule. [12] goes much further and give a generalization
sequential voting rules that does not require any domain restriction. However, the gain
in generality comes with a complexity gap.

The third part of the talk will present sequential voting rules and these latter two
generalizations.

Coming back to the problem that voters encounter when asked to report their pro-
jected preferences on single issues (in the example above, befweghand{T, T'}):
when expressing such preferences, voters have to lift their preferences from the level of
alternatives to the level dfets of alternativesor equivalently, to the level of proposi-
tional formulas (with issues as propositional variables). This suggests the existence of a
strong connection between voting on combinatorial domaingaeférence logic§ll,
7]. This will be the topic of the last part of the talk.
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