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ABSTRACT

Multiwinner voting is seeing increasing application in a wide range
of domains, including participatory budgeting, online e-democracy
platforms, and reinforcement learning from human feedback (RLHF)
for fine-tuning Al models. In virtually all settings, instances can and
do exceed the scale for which it is feasible to elicit human agents’
input on the full candidate set. Motivated by this, we explore the
extent to which proportionality axioms can be satisfied when each
agent expresses preferences over only a few of the alternatives.

We consider when only a constant number of queries per voter
suffice to identify proportional committees, even as the committee
size grows large. We give fine-grained guarantees when voters are
one of only finitely many types, and present both query-sparse and
query-efficient algorithms. The former proceeds via a complexity
metric that captures the difficulty of reconstructing an approval
profile from sparse queries, and may be of independent interest.

We also ask when approval queries over mere pairs of candi-
dates are enough. Such structured domains include possibly-single
peaked instances, where pairwise queries are enough to both iden-
tify a global candidate order and identify proportional committees
of arbitrary size.
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1 INTRODUCTION

How can groups of people effectively express and aggregate their
preferences at scale? In voting theory and practice, voters typically
express preferences over the collection of candidates, either by
ranking them explicitly, as in ranked-choice voting, or by choosing
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one or more candidates, as in plurality, k-approval, or approval
voting. Even when voting rules elicit only a small prefix of voters’
preference rankings, they are conventionally predicated on voters’
reasoned consideration of the full set of candidates in the election.

As the number of candidates becomes large, this quickly be-
comes cognitively and logistically intractable. For instance, in the
ranked-choice voting in New York City’s 2023 municipal primary
elections, fully 33% of voters ranked at most one candidate in the
elections with four or more candidates [14]. In elections with many
candidates, voters are also less able to expend the effort to deliver
informed assessments of candidates, leading to lower-quality out-
comes.

This scalability problem only gains salience as we move from
traditional settings to the frontier of modern applications of vot-
ing rules and social choice. For example, instances of participatory
budgeting (PB)—a generalization of multiwinner voting—regularly
feature more than a hundred project proposals (candidates) for vot-
ers’ evaluation [5, 13]. In this setting many elicitation formats and
popular PB methods require only that voters cast approval prefer-
ences [16]; but voters may not have efficient means for discerning
which projects they support, let alone which they believe to be
cost-effective.

Another recent application is online platforms for large-scale de-
liberation, many of which are approval-based and regularly feature
tens of thousands of distinct candidates in the form of statements
participants either approve or disapprove of [19]. At this scale,
eliciting each participant’s input for all candidates is infeasible by
multiple orders of magnitude. Instead, voters are presented with
only a small subset of the alternatives, and the platform’s goal is
to choose a small statement set that collectively represents partici-
pants’ positions or opinions as a whole, or otherwise summarizes
the sentiment landscape. Further, these applications of multiwinner
voting are not developing in isolation; indeed, e-democracy plat-
forms are promoted for the purpose of eliciting project proposals
for participatory budgeting elections [6].

This preference elicitation scalability bottleneck also arises in
the application of social choice to Al alignment and the fine-tuning
of Al models from human feedback, a subject which has recently
generated acute interest within computational social choice [4, 8,
18, 21]. The seminal work on RLHF of Ouyang et al. [15] assumes
only a few inputs per agent (voter), and recent distortion-based
work on RLHF by Golz et al. [9] adopts and accommodates this
constraint. This motivation from large-scale instances and RLHF is
also made explicit by Charikar et al. [3], who study metric distortion
within the class of tournament voting rules and low-dimensional
generalizations. Within the application of social choice to RLHF, a
case is also emerging for multiwinner approaches: Vamplew et al.
[20] motivate multi-objective RL from pluralism and the aim of
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representing diverse user preferences, and [12] construct ensembles
of reward models in pursuit of a distinct notion of proportionality.

Motivated by the settings of many-candidate single-winner elec-
tions and online deliberation platforms, Halpern et al. [10] investi-
gate the tractability of computing single-winner voting rules using
only sparse queries to voters’ ordinal preferences. Their point of de-
parture is the approval-based, multiwinner voting model of Halpern
et al. [11], who develop approval-based multiwinner voting rules
which require only sparse voter queries, and establish an adaptiv-
ity gap for the problem of finding proportional outcomes: while
the number of k-sparse queries required by their adaptive rules
scales nearly linearly in m, non-adaptive multiwinner rules must
use Q(m!!') O(k)-sparse queries in the worst case.

The proportionality axioms developed in multiwinner approval
voting literature [1, 2] and field-tested in participatory budgeting
[17] offer a normatively appealing and domain-agnostic standard
for designing multiwinner voting rules in restricted settings. Infor-
mally, the axiom of justified representation (JR) and its relatives
guarantee committee representation to preference-distinct groups
of voters that is proportional to group size, and do so for all groups.
This is sufficiently versatile to provide fairness desiderata in PB, has
been proposed as apt means to summarize opinion space for online
deliberation platforms, and is a plausible standard for choosing
ensembles of objectives or models that provide collective coverage
of populations with diverse preferences. More broadly, proportion-
ality is an ideal benchmark against which to measure preference
query models: it is always feasible but nontrivial to satisfy, and is
not merely a linear function of agents or alternatives.

With these goals in mind, we revisit the setting of Halpern et al.
[11] and investigate the power of sparse queries. We ask:

When do sparse queries suffice to identify proportional
subsets of large spaces of alternatives?

While we are primarily concerned with when it is possible to
identify proportional committees from sparse queries, we also con-
sider the complexity of this identification. This can be measured by
computational complexity, or by query complexity, meaning the
number of sparse subsets of candidates queried or the number of
sparse-query-answering voters necessary. High query complexity
generally entails high computational complexity.

1.1 Our Contributions

Our contributions are threefold. First, we begin by reinterpreting
and then circumventing the sparse-query hard instances of Halpern
et al. [11] by considering the finite types preference setting. Here
we assume the presence of s distinct voter types, and we develop a
fine-grained complexity metric and associated profile reconstruc-
tion algorithm which enables the identification of proportional
committees from t-sparse queries for t between logs and s. We
show this can be made computationally and query-efficient for
s-dimensional queries, and conjecture that 2-dimensional queries
suffice to identify JR committees when s < k.

Theorem 1. Let A be an approval profile for which there are at most
s types of voters. Then there is a poly-time, s-dimensional, O(m-log s)-
query algorithm that reconstructs the approval profile.
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Next, we further address the question of when 2-dimensional
queries suffice to identify (approximately) proportional committees,
even as k grows large. This class of committee selection algorithms
forms the approval-based committee voting analog of tournament
rules in single-winner voting from ranked preferences, in that such
rules consider only preferences over pairs of candidates and ignore
higher-order correlations between candidate approvals.

In the candidate interval (CI) preference setting (and the slight
generalization to CI on a circle preferences), we demonstrate a
distinction between the cases where the ordering permutation of
the profile is known versus unknown. When the ordering per-
mutation is known, we propose an appealing rule which satisfies
EJR+ using only O(m) 2-dimensional queries. On the other hand,
finding proportional committees requires Q(m?) non-adaptive 2-
dimensional queries when the permutation is unknown. We match
this by demonstrating a (computationally inefficient) algorithm
for identifying a common candidate order given only the O(m?) 2-
dimensional queries, and contrast this with the classical poly-time
algorithm of Fulkerson and Gross [7] for recovering a common
candidate order when the full approval preference profile is known.

Theorem 2. Given an approval profile that is CI (on a circle), there
exists a 2-sparse, O(m?)-query k-committee-selection algorithm sat-
isfying EJR+.

In the sparse approvals preference setting, we assume every
voter approves a small number of candidates, say no more than
q. We first establish lower bounds on the query complexity of
identifying even 2/¢-JR committees. We then develop a matching
committee selection rule that uses the O(m?) 2-dimensional queries
to achieve 2/¢-JR.

Theorem 3. There is a 2-sparse, O(m?)-query k-committee-selection
algorithm that satisfies 2/q-JR in the sparse approval setting.

Our third contribution is to generalize this to a single-parameter
family of Thiele rules implementable via 2-dimensional queries,
which can be seen as interpolating between maximizing total ap-
provals (the AV rule) and maximizing total approving voters (the
Chamberlin-Courant rule). In order to evaluate our metrics and
heuristic rules, we consider Euclidean models and approval profiles
from the participatory budgeting instances cataloged on Pabulib
[5]; both show that our approaches comfortably outperform the
worst case in practice.

2 FUTURE DIRECTIONS

First, what other restricted approval domains are amenable to
treatment with sparse queries? There is broad spectrum of well-
motivated restrictions that can be imposed on the approval profile
A; identifying which of these allow for effective committee selection
within the sparse query model remains largely open. Second, what
can be said for the more general (and, arguably, practical) setting
of participatory budgeting? More generally, what is the worst-case
query sparsity necessary to identify a size-k committee satisfy-
ing JR (say)? The worst-case Q(1) lower and O(k) upper bounds
of Halpern et al. [11] invite improvement. Finally, our conjecture
regarding the use of 2-dimensional queries to select a committee
satisfying JR in the finite types setting merits further consideration,
and presents an intriguing challenge to either prove or refute.
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