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ABSTRACT

Autonomous Al agents operate in economic environments in which
outcomes arise from strategic interactions among multiple self-
interested decision-makers. Designing such systems to be socially
beneficial (in terms of stability, efficiency, or fairness) requires prin-
cipled models of incentives, information, and learning dynamics.
Our research studies these challenges through the lens of algo-
rithmic game theory, focusing on how multi-agent behavior can
be steered toward desirable outcomes. Across several interrelated
projects, we investigate (i) strategic learning dynamics in competi-
tive content creation and recommendation ecosystems, (ii) infor-
mation design and persuasion in online platforms, (iii) incentive-
compatible mechanisms that promote cooperation among strategic
agents, and (iv) language-based economic environments for evalu-
ating LLM-driven agents. Together, this research agenda aims to
bridge theory and practice by combining theoretical modeling and
analysis with large-scale simulations and empirical research, con-
tributing to the design of socially-beneficial multi-agent systems.
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1 INTRODUCTION

Recent advances in generative Al (GenAl) and large language mod-
els (LLMs) have enabled the widespread deployment of autonomous
agents in real-world economic environments, in which they inter-
act strategically [28]. Understanding and shaping the behavior of
Al agents within such multi-agent ecosystems is a central chal-
lenge in the study of autonomous agents and multi-agent systems
[13, 15, 26, 33, 34, 36]. A core difficulty in these settings is aligning
the incentives of self-interested agents with collective objectives, as
strategic behavior may lead to undesirable societal outcomes. For
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instance, competitive content generation can lead to content fluc-
tuations and instability; strategic information disclosure in online
markets may distort prices; and cooperation breaks down under
communication constraints. Addressing these challenges requires
integrating tools from algorithmic game theory [29], information
design [7], mechanism design [25], and learning dynamics [8].
Our research develops a unified agenda for designing socially
beneficial multi-agent systems across a range of application domains,
including search and recommendation systems, online retail plat-
forms, data sharing among competitors, and beyond.! Our work
studies how strategic agents learn and adapt over time, how infor-
mation disclosure and incentives can be designed to steer behav-
ior toward efficient and fair outcomes, and how cooperation can
emerge among self-interested agents despite competition or struc-
tural constraints. To bridge the gap between theoretical models
and real-world multi-agent systems, we complement theoretical
analysis with simulation-based and empirical methodologies. In par-
ticular, we develop language-based environments and LLM-driven
agent simulations that enable large-scale experimentation in real-
istic settings. Our goal is twofold: (i) to refine models of strategic
behavior in real-world environments, and (ii) to apply and evaluate
game-theoretic design principles in real-world multi-agent systems.

2 RESEARCH AGENDA

2.1 Competitive Content Creation Dynamics

In recommendation and search ecosystems, content creators often
act strategically to maximize visibility and its associated economic
value [16, 27]. Such strategic content manipulation can induce
long-term dynamics in which creators fail to converge to stable
strategies, leading to persistent fluctuations and ecosystem-level
instability. In recent work, we study these dynamics through a game-
theoretic lens and design ranking and recommendation mechanisms
that guarantee convergence of strategic behavior. We show that
deterministic greedy exposure of the most relevant content can
lead to instability, and propose an alternative ranking mechanism
that induces a potential game [21], ensuring convergence of any
better-response dynamics [18]. In follow-up work, we extend the
model to creators who minimize cumulative regret rather than
myopically optimizing per-round utility, and use the notion of
socially-concave games [12] to derive simple sufficient conditions for
convergence of any no-regret dynamics [17]. Across both projects,
we complement the theory with extensive simulations, analyzing

'Importantly, the term socially beneficial does not assume that modern Al ecosystems
are inherently beneficial; many may in fact generate harmful societal dynamics. Instead,
we aim to develop formal tools for analyzing and steering multi-agent behavior toward
objectives such as welfare, stability, and fairness within these environments.
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stability and welfare outcomes for users and publishers as functions
of the recommendation mechanism and key ecosystem parameters,
such as the number of creators and their integrity costs.

In another project, we study how content creators can be trained
to act strategically in competitive search environments [23]. We
develop an RL-based framework for fine-tuning LLM-driven creator
agents and show that learning from repeated ranking competition
leads to substantially improved performance over prompting-based
approaches [4]. Our results demonstrate that RL provides an ef-
fective paradigm for modeling and optimizing strategic content
generation in competitive search ecosystems. Building on these
foundations, our future work will use LLM-based agents to simulate
content-creator dynamics in realistic textual environments, systemat-
ically comparing their behavior to theoretical predictions.

2.2 Information Design in Online Platforms

In the modern web economy, online platforms mediate interactions
between buyers and sellers by strategically disclosing information.
Such mediation fundamentally shapes incentives, pricing behavior,
and welfare outcomes. Relying on economic models of information
design and Bayesian persuasion [7, 14], we aim to understand how
disclosure policies can steer markets toward socially beneficial
equilibria. We studied repeated interactions between a platform
and a seller, characterizing how the platform can optimally reveal
buyer preferences to maximize buyer utility in equilibrium [3]. In
a follow-up work, we examined how platforms can reveal buyer
information to sellers engaged in third-degree price discrimination
[6], and proposed a robust and tractable policy that guarantees
bounded regret under uncertainty about seller valuations [2].

An important future research direction is to extend informa-
tion design to collective decision-making environments in which
outcomes are determined by voting rules [20, 37]. We focus on super-
majority persuasion, where an informed sender seeks to influence a
committee of uninformed voters, and a proposal is adopted only if
it receives the support of at least a fixed fraction of voters, rather
than a simple majority or unanimity [1, 5, 19]. This setting captures
many real-world governance and platform decisions, such as con-
tent moderation, standard adoption, and regulatory approval. Our
goal is to characterize optimal disclosure policies under superma-
jority rules, study how persuasion power varies with the voting
threshold, and determine how a social planner should choose the su-
permajority voting rule to maximize social welfare when the sender
strategically designs information disclosure to advance objectives
that may be misaligned with those of the population.

2.3 Incentive-Compatible Cooperation

Realizing socially beneficial outcomes in multi-agent systems fre-
quently depends on cooperation among self-interested agents [9,
10]. Game theory and mechanism design offer systematic frame-
works for engineering incentives that lead to cooperative behavior
[25]. Our work seeks to advance new models and mechanisms that
foster cooperation in the presence of strategic behavior.

In one line of work, we propose a strategyproof mechanism for
ownership restructuring that extends the classical BMBY (“Buy Me
Out or I'll Buy You Out”) mechanism to multi-owner settings [11].
The mechanism enables share buybacks in an incentive-compatible
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and budget-balanced manner, preserves proportional ownership
among remaining shareholders, and allocates control to those who
value the asset most, thereby maximizing efficiency subject to pro-
portionality preservation. In a second project, we study strategic
data sharing between a content creation firm and a competing
generative Al platform [35]. Modeling the interaction as a Stackel-
berg game, we show that equilibrium behavior can involve costly
data sharing, where a self-interested firm is willing to pay to share
its data. We characterize conditions under which such equilibria
constitute Pareto improvements relative to a no-sharing baseline,
highlighting how cooperation can arise even between direct com-
petitors. Finally, we extend the distributed games framework [22] to
environments where communication across locations is constrained
by a delay network topology [24]. Focusing on a distributed Pris-
oner’s Dilemma, we derive sufficient conditions under which co-
operative equilibria can be sustained despite delayed and limited
communication, demonstrating that cooperation remains possible
even in severely constrained settings. Future work will further
explore incentive-compatible cooperation in complex multi-agent
environments, with applications to cybersecurity and agentic AL

2.4 Language-Based Economic Environments

While classical game-theoretic models provide fundamental in-
sights into the design of socially beneficial multi-agent systems,
real-world agentic Al operates in rich, language-based environments
that are substantially more complex than the stylized settings typ-
ically studied in theory. This gap motivates the development of
empirical frameworks for rigorously evaluating the behavior of AI
agents (particularly LLM-driven agents) when they interact with
other (human or Al) decision-makers through natural language.

To this end, we developed GLEE, a unified framework and bench-
mark for simulating games in language-based economic environ-
ments. GLEE supports canonical economic interactions such as bar-
gaining, negotiation, and persuasion, and enables systematic evalu-
ation of both individual agent performance and collective outcomes,
including efficiency and fairness [32]. Using GLEE, we collected and
analyzed large-scale LLM vs. LLM and human vs. LLM interaction
data. Our analysis revealed non-trivial patterns in strategic behav-
ior, outcome distributions, and the relationship between language,
information, and communication structure. By standardizing en-
vironments, metrics, and experimental protocols, GLEE facilitates
controlled comparisons across agents and economic settings.

A complementary line of work focuses on human choice pre-
diction in strategic, language-based interactions. Using a custom-
developed mobile game, we collected large-scale data on repeated
persuasion dynamics and studied ML approaches for predicting
human decisions. This includes simulation-based off-policy data
generation [30] and LLM-driven data synthesis [31], both of which
substantially improve predictive accuracy and shed light on the
behavioral mechanisms underlying human decision-making.

Building on these foundations, our future work will move be-
yond evaluation toward steering agent behavior in language-based
economic settings. In particular, we aim to develop methods that
allow LLM-based agents to operate along a controllable spectrum
between human-like behavior and fully rational decision-making,
depending on the application.
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