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Motivation and Context

Online algorithms make sequential decisions without complete knowledge of future requests. They arise naturally in resource
allocation, matching, admissions, hiring, advertising, marketplaces, and other applications in which decisions must be made
immediately as opportunities arrive.

Randomization is one of the fundamental tools used in the design of online algorithms. In many online selection and matching
problems, randomized algorithms achieve stronger theoretical guarantees than deterministic policies. These guarantees, however,
are typically expressed in terms of expected performance. Consequently, two executions of the same randomized algorithm on
exactly the same arrival sequence may produce very different outcomes.

Despite their strong theoretical guarantees, randomized online algorithms are not always attractive for practical deployment. An
actual deployment observes only a single realization of the algorithm’s internal randomness, and an algorithm with excellent
expected performance may still produce an unfavorable outcome in that realization. This lack of reliability can be especially
problematic in applications involving scarce resources, valuable assignments, or irreversible decisions, and may limit the practical
appeal of randomized policies even when they outperform deterministic alternatives theoretically.

This creates an important distinction between average performance and reliability.
A randomized algorithm may perform very well on average while occasionally pro-
ducing a substantially worse realization. In applications involving scarce resources, Probabilty
valuable assignments, or irreversible selections, such unfavorable realizations may el

have significant operational consequences. Nornegiigible
The objective of this project is to develop a risk-sensitive perspective on e;:LbJ?ZLS
randomized online algorithms. Rather than evaluating an algorithm only

according to its expected reward or competitive ratio, the project will study the
distribution of its realized performance and investigate how downside risk should
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Figure 1: Expected performance can hide
downside risk.

Source of Risk

The project focuses specifically on uncertainty generated by the internal ran-
domization of the algorithm. The underlying sequence of arrivals may be
deterministic, adversarial, stochastic, or taken directly from a real-world dataset. B b

Once an arrival sequence is fixed, repeatedly executing a randomized algorithm ( bespriste: v o R
with different random seeds can produce different decisions and therefore different 28 - O® ALG(Z; w)
final outcomes.

Figure 2. Where Does the Risk Come From?
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The central object of study is this variation in realized performance. Environmen- E :d:e:i

tal uncertainty may also be present, but the primary objective is to isolate and I\ Stochasic

understand the additional risk introduced by the randomized decision rule itself. = s
Central research question: Can randomized online algorithms retain their . Focus of this project

performance advantages while providing meaningful protection against unfavorable e e
realizations of their own internal randomness? Figure 2: Source of risk. We isolate variation

caused by the algorithm’s internal randomness.

Project Objectives and Research Tasks

The project has two main components. The first component identifies a concrete online matching or selection setting, uses real
data to expose the risk created by algorithmic randomization, and determines which risk measure best captures that behavior. The
second component uses this understanding to design randomized online algorithms with explicit downside-risk control.

1. Data 4+ Risk Measurement 2. Risk-Sensitive Algorithm Design
Online matching/selection, real data, and risk measures Randomized policies with controlled downside risk

Task 1: Study the risk-sensitivity of randomized online selection and matching algorithms in practical applications.
Online selection and matching capture a broad range of sequential resource-allocation applications, including marketplaces,
advertising, hiring and admissions, and task-to-resource assignment. These problems also have a rich literature of randomized
algorithms whose performance guarantees can outperform those achievable by deterministic policies [4, 5, 6, 7, 8, 9, 10]. Since this
advantage is obtained through randomization, understanding the associated downside risk is important for assessing their practical
reliability.
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The student will identify a concrete selection or matching application together with an appropriate real-world dataset and use
it to study the risk-sensitive behavior of randomized online algorithms. Based on the observed behavior, the student will then
investigate which notion of risk—such as CVaR, VaR, lower-tail quantiles, threshold-violation probability, or entropic
risk—provides the most meaningful characterization of undesirable realizations [2, 3]. The outcome of this task will be a practically
motivated problem setting and risk measure that provide the foundation for the algorithm-design stage.

Task 2: Design risk-sensitive randomized online algorithms. Building on the problem setting and risk measure identified in
Task 1, the second objective is to design randomized online algorithms that reduce downside risk while preserving the performance
advantages of randomization. The project will investigate structured or correlated randomization, risk-aware decision rules, or
other problem-specific mechanisms. The resulting algorithms will be evaluated theoretically and empirically to characterize the
trade-off between classical performance guarantees and downside protection.

Expected Outcomes

A successful project may produce a concrete real-world dataset and experimental framework for evaluating the risk of randomized
online matching or selection algorithms; an empirical demonstration that strong expected performance can conceal significant
downside risk; a principled comparison of risk measures for randomized online algorithms; and a new risk-sensitive randomized
algorithm with theoretical and empirical guarantees describing the trade-off between classical performance and downside protection.

Student Background

A strong background in algorithms, probability, optimization, or operations research is desirable, together with mathematical
maturity and programming skills in Python or a similar language. Prior exposure to online algorithms, competitive analysis, online
matching, prophet inequalities, or risk measures is useful but not required.
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