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ABSTRACT

We study the problem of candidate control in participatory budget-
ing elections. Our focus is on two prominent sequential welfare-
based rules—GREEDYAV and GREEDYCosT—which are widely used
in practice. Candidate control asks whether we can strategically
modify the set of available candidates so as to either ensure that a
preferred candidate p is selected (constructive control) or prevent p
from being selected (destructive control).

Since all variants of candidate control under the two rules we con-
sider are known to be NP-hard, we analyze the problems through
the lens of parameterized complexity and approximability. Under
the first lens, we provide a comprehensive classification with respect
to natural parameters such as the number of voters, the number of
controlled candidates, and the number of distinct costs, as well as
their combinations. Within the second perspective, we establish a
tight approximability bound.
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1 INTRODUCTION

Together with manipulation and bribery [23], control is a classical
example of strategic interference in elections, and the study of
its computational aspects dates back to the pioneering work of
Bartholdi III et al. [4]. The question in control is whether we can
change the outcome of an election by changing its structure [4, 27].
More specifically, the prevailing modifications of the election’s
structure that are studied in the literature include the addition or
deletion of candidates or voters. Traditionally, the goal of such
attacks is either constructive [4]—to make a distinguished candidate
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win—or destructive [29]—to make some initially winning candidate
lose.

Although most studies on control focus on single- and multi-
winner voting (see, e.g., the recent survey of Chen et al. [15]), we
extend this line of research to participatory budgeting (PB). PB is
a modern democratic innovation, in which a municipality allows
its citizens to decide how a certain fraction of its budget will be
spent [2, 12, 34]. Participatory budgeting processes usually consist
of two phases. In the first phase, significantly less explored in the
computer science literature (the only exception we are aware of is
the work of Rey et al. [33]), citizens are invited to propose projects
they would like to see implemented in their community. In the
second phase, all inhabitants vote on the proposed projects.

Citizens commonly vote by casting their approval ballots, mean-
ing that each voter submits a set of projects they approve. These
ballots are then aggregated using a voting rule. The most widely
used rule is the so-called GREEDYAV rule [35], which iteratively
selects the project with the highest support among the remaining
projects that can still be funded within a budget limit. Similarly,
under the GREEDYCoOST rule [35], the projects are considered in non-
increasing order of their support-to-cost ratio (this value is some-
times referred to as “bang for the buck” ratio). Both of these rules
greedily maximize certain notions of social welfare—in the case
of GREEDYAV, measured as the sum of scores of selected projects,
and in the case of GREEDYCo0sT, measured as the total voter sup-
port weighted by cost efficiency. Unlike the corresponding exact
welfare-maximizing rules, both GREEDYAV and GREEDYCOST are
computable in polynomial time [35].

The computational study of bribery and control in participatory
budgeting has emerged only recently. Boehmer et al. [8] initiated
this direction by introducing several bribery-like problems, moti-
vated by the goal of making PB outcomes more explainable. Because
most PB rules produce dichotomous results—each project is either
funded or not—it can be difficult for organizers to explain to vot-
ers and to project proposers why a project succeeded or failed,
particularly under more complex rules. Similar questions were ad-
dressed by Baumeister and Hogrebe [5], and by Boehmer et al. [7],
who analyzed the robustness of PB outcomes via the FLIP-BRIBERY
problem [23].

This line of research was further developed by Faliszewski et al.
[25], who introduced several performance measures based on can-
didate control and conducted an extensive experimental analysis
on real-world PB instances from PabuLib [22]. An example of such
a measure is the number of projects one needs to remove from
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Table 1: A basic overview of the parameterized results for GREEDYAV and GREEDYCoOST under constructive and destructive
control. Algorithmic results marked with > require a specific (but natural) tie-breaking rule to hold. Moreover, it is easy to see
that both variants are in FPT when parameterized by the number of projects m.

n c r
n para-NP-complete [25] FPT™ XP and W[1]-hard
c FPT> XP FPT
r XP and W[1]-hard FPT XP and W[1]-hard

the instance to make some initially losing project win; the lower
this number is, the closer the project is to winning. They demon-
strated that these measures shed light on the internal structure
of real-world PB instances, explaining how projects interact and
compete within a given instance. However, they also proved that
computing successful control actions in PB elections is NP-hard for
all combinations of control goals and operations, even under simple
rules such as GREEDYAV and GREEDYCosT. This result highlights
the need for algorithms that go beyond brute-force enumeration
and scale more effectively with the size of real-world PB elections;
a task we thoroughly explore in this paper.

1.1 Our Contribution

In this paper, we focus on the algorithmic aspects of candidate
control in participatory budgeting under two prominent PB rules—
GREEDYAV and GREEDYCoOsT. Our main motivation is to develop
efficient algorithms for the control problems that underlie the per-
formance measures proposed by Faliszewski et al. [25]. In view of
the hardness results established there, we employ parameterized
complexity and approximation frameworks, which equip us with
formal tools for a more fine-grained analysis of computationally
hard problems.

From the perspective of parameterized complexity, our goal is to
identify the sources of computational intractability and to design al-
gorithms that become efficient when certain aspects of the input are
restricted. Common restrictions in voting theory include a bounded
number of projects (denoted by m) or voters (denoted by n) [14, 16].
Beyond these standard parameters, we also consider the number
of projects r that can be controlled, the number of non-controlled
projects g, and the number of distinct project costs c. For these
parameters and their combinations, we provide a classification of
the corresponding problems with respect to the complexity classes
FPT, XP, and W[1]-hard. See Table 1 for an overview of our results.

The second perspective we consider is approximability. Here, in-
stead of restricting the input, we seek polynomial-time algorithms
that work for all instances, at the cost of allowing solutions whose
values approximate the optimum (since the problems are NP-hard).
Unfortunately, our results are largely negative, establishing strong
inapproximability. In particular, no m!~€-approximation is possible
for any € > 0 (unless P = NP), yet a simple m/c-approximation
algorithm exists (for every fixed ¢ > 1). Hence, the obtained inap-
proximability ratio is high but essentially tight.

Together, these results provide the first fine-grained computa-
tional complexity study of hard control problems in participatory
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budgeting, offering a detailed understanding of when and how can-
didate control in PB can be exactly computed or approximated. The
most important application of our work is that, in order to compute
the performance measures of Faliszewski et al. [25] in practice, one
should rely on parameterized algorithms rather than approximation
algorithms. Indeed, Faliszewski et al. [25] showed that r tends to
be small in real-world settings, so we believe that our algorithmic
results are a necessary step toward the adoption of their measures.

1.2 Related Work

From the perspective of classical complexity, deciding whether a
successful attack on an election—through manipulation, bribery,
or control—has been shown to be computationally intractable for
many popular voting rules. This holds across single-winner [3,
4, 17, 20, 23, 27], multi-winner [1, 13, 28, 32], and participatory
budgeting [8, 25] elections; see also a recent survey [15].
Following these intractability results, many authors have studied
strategic behavior in elections through the lens of parameterized
complexity [18]. The most prominent parameters considered are the
number of candidates [16, 36] and the number of voters [14]. Other
parameters include the number of affected voters, the available bud-
get for an attack, structural properties of the election, and the num-
ber of selected candidates in multi-winner settings [9, 28, 31, 37-39].
A survey of parameterized complexity results for single-winner
elections is provided by Betzler et al. [6]. The only works studying
the parameterized complexity of strategic interference in PB are
those of Boehmer et al. [7, 8], who present several parameterized
results for bribery-like problems. Importantly, we are not aware of
any papers addressing parameterized complexity of control in PB.
Beyond fixed-parameter analysis, another way to address NP-
hardness is through approximation algorithms. This approach to
attacks on elections has received significantly less attention than
the parameterized-complexity viewpoint. The few existing studies
focus mainly on bribery and manipulation in single-winner elec-
tions, analyzing approximation algorithms and hardness results for
various rules [11, 19, 21, 26, 30, 40]. To our knowledge, the only
studies that address control problems from an approximation per-
spective are those of Brelsford [10] and Faliszewski et al. [24]. They
showed that, under standard complexity assumptions, no algorithm
can achieve an approximation ratio better than O(log m) for the
corresponding single-winner rules. None of these works extend
beyond the single-winner framework, and therefore their results
do not generalize to PB or other multi-winner environments. In-
deed, Faliszewski et al. [25] showed that, for our PB rules, candidate
control is polynomial-time solvable in the multi-winner setting.
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