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Preface

The last decade has seen an explosion of research at the intersection of operations
research and machine learning. While the classical operations research has focused
largely on optimizing the system under the assumption of known dynamics and
known parameters, in reality, the “known” are typically unknown and need to
be estimated from the continuously generated data. The later gives rise to the
problem of joint learning and optimization, which is one of the core research
topics in the machine learning community. However, while the machine learning
community has largely focused on solving problems that are directly relevant for
computer science applications, the operations research community has its own long
list of problems that are not typically considered in the context of joint learning
and optimization. This presents a wonderful opportunity for combining operations
research and machine learning techniques to solve some of the most fundamental
analytic problems.

This book consists of 15 chapters written by some of the world’s leading
experts on the subject, covering a wide range of topics such as price optimization,
assortment optimization, inventory optimization, and healthcare operations. As
noted above, the field has grown very quickly within the last decade, and it is not our
intention to provide a comprehensive overview of the field. Rather, we have a more
modest aim to introduce interested readers to some fundamental results that have
been developed in the field within the last decade. This book is a suitable reading for
graduate students (either PhD or advanced master’s) in operations research and/or
machine learning. It is also suitable for researchers in other fields who are interested
in the topic of joint learning and optimization.

For a better organization, we cluster the 15 chapters into five different parts:

Part I. Generic Tools The first part of the book consists of Chaps. 1-3 and covers
standard tools and concepts that are commonly used in the learning literature. Many
of the topics discussed in this part are also covered in more details in other more
specialized books. Our objective here is to quickly introduce readers to some of
the key tools and concepts. Chapter 1 discusses fundamental algorithms for multi-
armed bandit; Chap. 2 discusses fundamental algorithms for reinforcement learning;
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and Chap. 3 discusses optimal learning from the perspective of statistical design of
experiments.

Part II. Price Optimization The second part of the book consists of Chaps.4—7
and covers a variety of topics on joint learning and price optimization. Chapter 4
discusses state-of-the-art parametric and non-parametric learning algorithms for
single-product and multiple-product settings; Chap. 5 discusses learning algorithms
in the presence of inventory constraints; Chap. 6 provides literature review on joint
learning and pricing in non-stationary environments; and Chap. 7 discusses learning
algorithms for high dimensional setting.

Part III. Assortment Optimization The third part of the book consists of
Chaps. 8-10 and covers a variety of topics on joint learning and assortment
optimization. Chapter 8 discusses recent advances in non-parametric estimation of
choice models; Chap. 9 discusses learning algorithms for assortment optimization
under the popular multinomial logit (MNL) choice model; and Chap. 10 discusses
learning algorithms for assortment optimization under non-MNL choice model.

Part IV. Inventory Optimization The fourth part of the book consists of
Chaps. 11-13 and covers a variety of topics on joint learning and inventory
optimization. Chapter 11 discusses state-of-the-art algorithms on inventory
optimization with censored demand; Chap. 12 discusses learning algorithms for the
joint inventory and price optimization problem where both the price and inventory
decisions need to be simultaneously optimized; and Chap. 13 discusses optimization
in the “small data, large scale” regime.

Part V. Healthcare Operations The fifth part of the book consists of Chaps.—
15 and covers topics related to healthcare operations. Chapter discusses bandit
algorithms/procedures for clinical trials and Chap. 15 provides an in-depth overview
of dynamic treatment regime.

This book would not have been possible without the excellent contribution of all
authors and the help of the team at Springer, for which we are forever grateful.

New York, NY, USA Xi Chen
Ann Arbor, MI, USA Stefanus Jasin
Ann Arbor, MI, USA Cong Shi
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