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ABSTRACT
We investigate the computational complexity of finding optimal
bribery schemes in voting domains where the candidate set is the
Cartesian product of a set of variables and agents’ preferences are
represented as CP-nets. We show that, in most cases, the bribery
problem is easy. This also holds for some cases of k-approval,
where bribery is difficult in traditional domains.

Categories and Subject Descriptors
I.2.11 [Artificial Intelligence]: Distributed Artificial Intelligence—
Multiagent systems; F.2 [Theory of Computation]: Analysis of
Algorithms and Problem Complexity

General Terms
Theory, Algorithms
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1. INTRODUCTION
Making collective decisions is a challenging task for both hu-

mans and autonomous agents. Computational social choice fo-
cuses on computational questions regarding group decision mak-
ing [3]. In this document we consider a scenario where a collection
of agents use the CP-net formalism to compactly represent their
preferences over a common set of issues that may have conditional
dependencies [2].

When voting [1] is structured as the combination of several deci-
sions, one natural method to determine a winner is to decide on an
issue by issue basis, while the other natural approach is to aggregate
the agents’ votes over complete combinations of issues. We con-
sider both approaches and we study elections via sequential (that
is, issue by issue) majority (SM), plurality (OP), veto (OV), and
k-approval (OK).

In this setting, we study the bribery problem, which is when an
outside agent with a limited budget attempts to affect the outcome
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of an election by paying some of the agents to change their prefer-
ences [6]. We consider several cost schemes to compute the cost of
changing a vote of an agent in response to a briber’s request, which
are based on the actual changes to be made in the CP-net. We show
that, in most cases, bribery in combinatorial domains is easy. This
also holds for some cases of OK, where bribery is difficult in tradi-
tional domains.

2. VOTING WITH CP-NETS
Our setting consists of a set of n agents with preferences over a

common set of candidates with a combinatorial structure: there is
a common set of m binary issues and the set of candidates is the
Cartesian product of their domains. Each candidate (or outcome) is
an assignment of values to all issues, thus we have 2m candidates.

We assume each agent expresses its preferences over the candi-
dates via an acyclic CP-net [2]. CP-nets are sets of conditional pref-
erence statements (cp-statements) each stating a total order over the
values of a variable (say X), possibly depending on each combina-
tion of values of a set of other variables (say X1, . . . ,Xn). X is said
the dependent variable and X1, . . . ,Xn are the parents of X . Acyclic
CP-nets are CP-nets where the dependency graph (with arcs from
parents to dependent variables) does not have cycles.

Voting theory [1] provides many voting rules to aggregate agents’
preferences. Each rule takes, as input, a partial or complete pref-
erence ordering of the agents and gives, as output, the "winner"
outcome (the best outcome according to the rule). When there are
more than two candidates, there are many voting rules one could
use and we consider three. In plurality the candidate ranked in first
place by the largest number of voters wins. When there are two
candidates, plurality coincides with majority. In veto each voter
chooses a candidate to veto and the candidate with the least num-
ber of vetoes wins. In k-approval each voter labels k candidates as
approved or not and the candidate with the most approvals wins.

When we use a sequential approach to voting, we require a total
ordering O over the issues so that, in each CP-net, each issue must
be independent of all issues following it in the ordering O. A profile
(P,O) is a collection P of n CP-nets over m common issues and a
total ordering O over the issues that satisfies the above property.
This is called an O-legal profile in [7]. The CP-nets appearing in
such profiles do not necessarily have the same dependency graphs.

3. COMBINATORIAL BRIBERY
The bribery problem we consider is parametric with respect to

three items: the way a winner is chosen from the given profile, the



OP(IV) OP(DV,IV+DV)
SM SMw OV(IV) OV(DV,IV+DV)

OK*(IV) OK*(DV,IV+DV)
CEQUAL NP-c NP-c P P
CFLIP P NP-c P P

CLEVEL P NP-c P ?

Table 1: Our complexity results for the combinatorial bribery
problem. OK* stands for OK when k is a power of 2.

allowed bribery actions, and the cost scheme for such actions.
In our domain, agents have a CP-net instead of an explicit out-

come ordering. Therefore, we define the bribery actions as changes
made directly to the cp-statements within the CP-net of an agent.
Since we consider binary issues, changing a cp-statement means
flipping the positions of the two values of an issue. In a CP-net, a
cp-statement is associated to a certain issue, and issues are of two
kinds: independent and dependent. We distinguish bribery actions
on these two kinds of issues denoting with IV (resp. DV) the situ-
ation in which the briber asks for flips only in cp-statement related
to independent (resp. dependent) issues. When both are allowed,
we write IV+DV.

Also the cost schemes we consider are defined in terms of the
amount of change the agents have to make on their CP-nets in order
to comply with the briber’s request. In particular, we consider:
CEQUAL: A unit cost allows any number of flips in a CP-net.
CFLIP: The cost is the total number of flips in the CP-net.
CLEVEL: An issue which is closer to be independent is regarded as
more important. We may link this importance to the cost of a flip:
the cost of changing a CP-net is the total number of flips performed
in the cp-statements, each weighted according to the level of the rel-
evant issue. More precisely: ∑x f lip(x)× (k+1− level(x)), where
x ranges over the issues, k is the number of levels in the CP-net,
f lip(x) is the number of flips performed in cp-statements associ-
ated to x, and level(x) is defined recursively as: level(x) = 1 if x is
an independent issue; otherwise, level(x) = i+1 if all parents of x
are in levels {1, . . . , i} and there is a parent in level i.

We can now state the Combinatorial bribery problem: We are
given a profile (P,O) where P is a collection of n compact CP-nets
with m binary issues and O is a total ordering of the m issues, a
budget B, an outcome p, and bribing cost vector ~Q (each voter has
its own cost, to be multiplied by the cost of the bribery actions
according to the cost scheme). With this input, we want to know if
there is a way for an outside actor to make p win in profile (P,O)
with winner determination rule D ∈ {SM,OP,OV,OK}, by using
bribery actions according to A ∈ {IV,DV, IV +DV}, and by paying
according to scheme C ∈ {CEQUAL,CFLIP,CLEVEL} and bribing cost
vector ~Q, without exceeding B.

Table 1 shows the computational complexity of this problem,
considering all possible combinations of winner determination rules,
bribery actions, and cost schemes.

Starting from the first column, the NP-completeness result re-
garding SM with CEQUAL is obtained via a reduction from the OP-
TIMAL LOBBYING (OL) problem [4]. Bribery with SM is instead
easy with cost schemes CFLIP and CLEVEL: since we are working
level by level, at each level we can select the agents to bribe by
starting from the cheapest ones (according to ~Q). The resulting
preferred value for this issue can then be propagated in all CP-nets.

The second column shows SM with weighted voters. The results
in this case are obtained via polynomial reductions from plurality-
weighted-$bribery which was shown to be NP-complete in [6].

All the other entries of Table 1 relate to the extension to a com-
binatorial setting of the result by Faliszewski [5], which shows
that plurality bribery in single issue elections with nonuniform cost
functions is in P through the use of flow networks. The algorithm
requires the enumeration of all possible elements of the candidate
set as part of the construction of the flow network. In our model,
the number of candidates can be exponential in the size of the input,
so we cannot use that construction directly. We show that a simi-
lar technique works for OP and for all costs (except CLEVEL when
the briber can act on both dependent and independent issues) by
considering only a polynomial number of candidates. For CLEVEL,
enumerating a polynomial number of cheapest (non-voted) alterna-
tives for a voter becomes difficult making the flow-based approach
non-applicable and, therefore, we conjecture this case is difficult.

The corresponding results for OV are obtained by the same line
of reasoning and by noting that the worst outcome of a CP-net is
the optimal outcome of the "reversed" CP-net, that is, the CP-net
obtained by reversing the total orderings in all the cp-statements.

In OK, each agent gives its top k outcomes according to some
linearization. When k is a power of two, it is possible to prove
that if the top outcome is fixed, the next k outcomes must follow
in some unique order. Therefore, it is possible to treat the top k
outcomes as one bundle and to apply the flow-based approach in
order to decide the cheapest bribery scheme to elevate the bundle
that includes p into the winning set. We note that this is in contrast
with the traditional bribery domain where the bribery problem for
k-approval, when k ≥ 3, is NP-complete even when all the bribery
costs are equal [6].

4. FUTURE WORK
We are studying the open question left in our result table. We

also plan to study non-binary domains, other scoring and voting
rules, additional bribery actions that can also add dependencies,
and the combination of weights with other voting rules.
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