
Introduction to Robust and Distributionally Robust Optimization

BiGSEM Mini Course: 5×90 minutes, May 13–15, 2024

Instructor: Ken Kobayashi, Tokyo Institute of Technology (kobayashi.k.ar@m.titech.ac.jp)

Last Update: March 19, 2024

Course Overview and Objectives

Robust optimization is an optimization technique for making effective decisions under uncertain situations. Orig-
inating from a series of studies by Ben-Tal and Nemirovski [BTN98, BTN99, BTN00], this field has long been
recognized as an important area of mathematical optimization due to its practicality. In recent years, a new ap-
proach called “distributionally robust optimization,” which is an extension of robust optimization, has attracted
much attention, and research in this field has been actively conducted.

This course aims to provide an overview of the modeling techniques used in robust and distributionally robust
optimization. We will start with the fundamentals of mathematical optimization and introduce the theory of convex
optimization problems. Specifically, the lecture will focus on linear optimization and conic optimization problems,
as well as their duality theory, which plays an important role in robust optimization. The course then moves
on to the modeling of robust optimization, which aims to optimize the worst-case performance where uncertain
parameters lie in a certain set (uncertainty set). Finally, we will further extend robust optimization and introduce
the distributionally robust optimization, which addresses uncertainty of probability distributions of parameters.

Prerequisites

This course assumes that students are familiar with basic linear algebra. No prior knowledge of mathematical
optimization is required.

Evaluation

Your final grade will be determined by homework assignments designed to test your understanding of the course
topics. Details will be provided during the course.

Course Schedule

Date Lecture Topic References

May 13 1 Introduction to Mathematical Optimization: Linear Optimization [LY08, Van20]
2 Convex and Conic Optimization [BV04, WSV12]

May 14 3* Economic Seminar: Mixed-integer Semidefinite Optimization
[KTN23, KT19]

and Its Applications to Portfolio Optimization
4 Modeling of Robust Optimization [BTEGN09, BTN98]

May 15 5 Modeling of Distributionally Robust Optimization [RM19, DY10, MEK17]

* The third lecture will be held as a stand-alone Economic Seminar. Its contents are self-contained, but they
include related topics of robust and distributionally robust optimization.

References

[BTEGN09] Aharon Ben-Tal, Laurent El Ghaoui, and Arkadi Nemirovski. Robust optimization. Princeton Series
in Applied Mathematics. Princeton University Press, 2009.

[BTN98] A. Ben-Tal and A. Nemirovski. Robust convex optimization. Mathematics of Operations Research,
23(4):769–805, 1998.

[BTN99] A. Ben-Tal and A. Nemirovski. Robust solutions of uncertain linear programs. Operations Research
Letters, 25(1):1–13, 1999.

1



[BTN00] Aharon Ben-Tal and Arkadi Nemirovski. Robust solutions of linear programming problems contami-
nated with uncertain data. Mathematical Programming, 88(3):411–424, 2000.

[BV04] Stephen Boyd and Lieven Vandenberghe. Convex Optimization. Cambridge University Press, 2004.

[DY10] Erick Delage and Yinyu Ye. Distributionally robust optimization under moment uncertainty with
application to data-driven problems. Operations Research, 58(3):595–612, 2010.

[KT19] Ken Kobayashi and Yuich Takano. A branch-and-cut algorithm for solving mixed-integer semidefinite
optimization problems. Computational Optimization and Applications, 75(2):493–513, 2019.

[KTN23] Ken Kobayashi, Yuichi Takano, and Kazuhide Nakata. Cardinality-constrained distributionally robust
portfolio optimization. European Journal of Operational Research, 309(3):1173–1182, 2023.

[LY08] David G. Luenberger and Yinyu Ye. Linear and Nonlinear Programming. Springer US, 2008.

[MEK17] Peyman Mohajerin Esfahani and Daniel Kuhn. Data-driven distributionally robust optimization using
the wasserstein metric: performance guarantees and tractable reformulations. Mathematical Program-
ming, 171:115–166, 2017.

[RM19] Hamed Rahimian and Sanjay Mehrotra. Distributionally robust optimization: A review. arXiv
preprint, arXiv:1908.05659, 2019.

[Van20] Robert J. Vanderbei. Linear Programming: Foundations and Extensions. Springer International
Publishing, 2020.

[WSV12] Henry Wolkowicz, Romesh Saigal, and Lieven Vandenberghe. Handbook of Semidefinite Programming.
Springer, 2012.

2


