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ABSTRACT
This PhD studies the algorithmic and behavioural foundations of
candidate positioning and strategic voting in elections, at the in-
tersection of algorithmic game theory and computational social
choice. It unifies three research strands: multi-dimensional spa-
tial elections, prospect-theoretic voting, and strategic behaviour in
primary elections. Across these settings, the thesis examines how
rational and boundedly rational agents make strategic decisions un-
der institutional and cognitive constraints, and how these decisions
give rise to computational problems of optimisation, equilibrium,
and complexity. The work shows how behavioural assumptions and
multi-stage electoral structures fundamentally alter equilibrium
properties and computational tractability. Future work develops pri-
mary elections as multi-stage games with incomplete information
and learning-based dynamics.
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1 INTRODUCTION & MOTIVATION
In most algorithmic game-theoretic models, elections, containing
voting behavior on the electorate’s side and campaigning on the
candidates’ side, are treated as strategic interactions in which agents
aim to maximize their individual utility, for example by increasing
the likelihood that a preferred candidate wins.

However, this stylized narrative requires refinement to better
reflect real-world electoral behaviors. From the candidates’ perspec-
tive, political decision-making often involves balancing positions
across multiple issues[6, 9], which can render the identification of
an “ideal” policy profile infeasible. Strategic considerations may
therefore extend beyond simple utility maximization toward man-
aging trade-offs and constraints across dimensions.
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Similarly, voters may not always behave as fully rational utility
maximizers[11]. Voting is frequently perceived as an act of candi-
date support rather than as a purely strategic choice, and psycho-
logical factors can influence how voters evaluate alternatives. As
a result, voters may not compute or follow the game-theoretically
optimal strategy suggested by classical models.

Beyond individual behavior, elections are often prolonged pro-
cesses rather than single-shot events. Strategic dynamics arise both
from institutional multi-stage structures, such as iterative voting
[7, 8] and primary elections followed by a general election, and
from informational uncertainty faced by voters [10]. These factors
enrich the strategic environment faced by both voters and candi-
dates, while also introducing additional computational challenges
in analyzing equilibria and optimal strategies.

These reality-driven phenomena motivate my investigation of
elections along three complementary research directions in my
PhD:

• Spatial Voting [2]: I study the computational complexity
of candidate positioning in multi-dimensional spatial voting
models. In particular, this work analyzes the hardness of
identifying optimal policy combinations when voters’ distri-
butions in the policy space are correlated.

• Prospect-Theoretic Voting (Under review): This line of
work examines candidate positioning when voters evalu-
ate alternatives through reference-dependent preferences
inspired by prospect theory. The focus is on how psycholog-
ical effects such as relative utility comparisons alter optimal
candidate strategies.

• Primary Elections [3]: I investigate strategic voting behav-
ior in primary elections and analyze how strategic incentives
in early-stage elections shape outcomes in subsequent gen-
eral elections.

In the remainder of this extended abstract, I provide an overview
of my doctoral research results to date and outline my planned
directions for future research.

2 RESULTS OBTAINED
Across my doctoral research, I study elections as strategic and
computational systems in which voter behavior is shaped by insti-
tutional structure and behavioral constraints. While candidates are
often modeled as strategic players, a unifying theme of my work is
understanding how voters respond to different electoral environ-
ments, and how these responses shape candidates’ incentives and
the computational properties of elections.
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2.1 Optimal Candidate Positioning in
Multi-Issue Elections

My work on multi-issue elections studies strategic candidate po-
sitioning in high-dimensional policy spaces. I adopt the classical
spatial voting framework, representing voters and candidates as
points in R𝑑 , where each voter supports the closest candidate under
an ℓ𝑝 -norm. Although widely used in political economy, the algo-
rithmic implications of this model in multi-dimensional settings
remain poorly understood.

I show that even in a highly restricted setting—where a single
new candidate competes against one fixed opponent—computing
an optimal policy position is NP-hard, revealing a fundamental
computational barrier to strategic positioning. When the number
of issues is constant, however, the problem becomes tractable. I
develop an 𝑂 (𝑛𝑑+1) hyperplane-enumeration algorithm for fixed
𝑑 , and a specialized 𝑂 (𝑛 log𝑛) radial-sweep algorithm for the two-
dimensional case, both of which compute optimal positions exactly.

Beyond exact optimization, I derive approximation guarantees
for the general multi-candidate setting and show that the same
geometric techniques extend to positional scoring rules such as
𝑘-approval and Borda. Together, these results clarify the algorith-
mic landscape of multi-dimensional spatial elections and provide
concrete tools for analyzing campaign strategies across multiple
issues.

2.2 Prospect-Theoretic Voting: Strategic
Implications and Computational Limits

In a second line of work, I study how behavioral decision-making
affects strategic voting and candidate behavior. Motivated by em-
pirical evidence from psychology, I model voter abstention through
reference-dependent preferences inspired by prospect theory [5].

I consider a one-dimensional Hotelling–Downs [4] setting in
which voters evaluate candidates relative to a reference point, in-
terpreted as an incumbent position. Voters participate only when
the perceived regret from abstaining exceeds a personal participa-
tion cost. This mechanism generates generally non-convex voting
regions, breaking the classical Median Voter prediction even under
linear value functions.

Within this framework, I analyze candidate behavior under two
objectives: maximizing vote share and maximizing victory margin.
Under both objectives, candidates may rationally adopt extreme
positions despite a symmetric electorate. From a computational
perspective, I show that computing an optimal candidate position
is NP-complete when voter preferences are given by an explicit cu-
mulative distribution function, and #P-hard when only probability
density functions are available.

When the electorate is represented as a finite set of 𝑛 voters,
I provide a more refined algorithmic analysis. I develop an 𝑂̃ (𝑛)
geometric sweep algorithm for computing best responses in two-
candidate elections, outline a recursive boundary-tracking method
for the multi-candidate case, and present an 𝑂̃ (𝑛4) algorithm for
computing an equilibrium. These results illustrate how behavioral
realism introduces both strategic richness and computational hard-
ness.

2.3 The Complexity of Strategic Behavior in
Primary Elections

A third component of my research examines the strategic and
computational implications of primary elections. Unlike direct vot-
ing systems, primaries introduce a multi-stage decision process in
which voters first influence party nominations before a general
election determines the final outcome. This structure allows vot-
ers to act strategically in early stages, for instance by supporting
compromise candidates who are more competitive in the general
election, or by attempting to influence opposing parties’ primaries
to affect downstream outcomes.

Building on and contrasting with the welfare-based analysis
of Borodin et al. [1], I focus on the game-theoretic properties of
primary elections. I formalize a model of primaries under first-past-
the-post voting with fixed tie-breaking rules and analyze voters’
strategic behavior across stages. I show that determining whether
a pure Nash equilibrium exists is ΣP

2 -complete, that computing
a best response is NP-complete, and that deciding the existence
of subgame-perfect equilibria in sequential primary elections is
PSPACE-complete.

These results demonstrate that introducing primary elections
fundamentally increases the computational difficulty of strategic
reasoning, positioning multi-stage electoral systems as a rich and
challenging domain within computational social choice.

3 ONGOING AND FUTUREWORK
Building on my existing work, I plan to further develop my study
of primary elections, which remain relatively underexplored com-
pared to other electoral models in computational social choice. I
view primary elections as instances of Multi-Stage Games with Se-
lection and External Decisions (SEED), and aim to integrate this
framework with established models such as spatial voting and
prospect-theoretic preferences. This perspective enables a unified
computational analysis of strategic behavior by both voters and
candidates across multiple electoral stages.

Objectives and Research Questions
My future research will address the following theoretical questions:

(1) Voter Decision-Making:How should voters optimally vote
in primary elections under uncertainty about candidate via-
bility and downstream general election outcomes?

(2) Coordination Effects: How does the presence of coordi-
nated voting blocs, such as factions or interest groups, affect
equilibrium existence and structure compared to atomistic
voting?

(3) Candidate Positioning: How does the two-stage structure
of primary elections influence candidate ideology and posi-
tioning in spatial models such as Hotelling–Downs?

In addition to analytical results, I plan to complement this work
with a computational approach. Specifically, I propose using multi-
agent reinforcement learning to simulate boundedly rational agents
in SEED environments. These simulations will serve both to validate
theoretical predictions and to explore strategic dynamics in settings
where analytical equilibrium analysis becomes intractable.
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