
Preface

This book grew out of the lecture notes for a graduate course we taught
during the summer semester of 2018 at the Max-Planck Institute (MPI) for
Mathematics in the Sciences in Leipzig, Germany. This was part of the
general lecture series (called Ringvorlesung in German) offered biannually
by the International Max-Planck Research School (IMPRS). The aim of our
course was to introduce the theme of Nonlinear Algebra, which is also the
name of the research group that started at MPI Leipzig in early 2017.

Linear algebra is the foundation of much of mathematics, particularly
applied mathematics. Numerical linear algebra is the basis of scientific com-
puting, and its importance for the sciences and engineering can hardly be
overestimated. The ubiquity of linear algebra has overshadowed the fairly re-
cent growth in the use of nonlinear models across the mathematical sciences.
There has been a proliferation of methods based on systems of multivariate
polynomial equations and inequalities. This expansion is fueled by recent
theoretical advances, development of efficient software, and an increased
awareness of these tools. At the heart of this growing area lies algebraic
geometry, but there are links to many other branches of mathematics, such
as combinatorics, algebraic topology, commutative algebra, convex and dis-
crete geometry, tensors and multilinear algebra, number theory, represen-
tation theory, and symbolic and numerical computation. Application areas
include optimization, statistics, and complexity theory, among many others.

Nonlinear algebra is not simply a rebranding of algebraic geometry. It
represents a recognition that a focus on computation and applications, and
the theoretical underpinnings that this requires, results in a body of inquiry
that is complementary to the existing curriculum. The term nonlinear alge-
bra is intended to capture these trends, and to be more friendly to applied
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scientists. A special research semester with that title, held in the fall of 2018
at the Institute for Computational and Experimental Research in Mathe-
matics (ICERM) in Providence, Rhode Island, explored the theoretical and
computational challenges that have arisen and charted a course for the fu-
ture. This book supports this effort by offering students and researchers a
warm welcome to the theme of nonlinear algebra.

Our presentation is structured into 13 chapters, one for each week in a
semester. Many of the chapters are rather ambitious in that they promise a
first introduction to an area of mathematics that would normally be covered
in a full-year course. But what we offer is really just an invitation. Readers
are encouraged to go further in their studies by exploring other sources. We
think that students will enjoy our presentation. We hope that nonlinear
algebra will encourage them to think critically and deeply, and to question
the historic boundaries between “pure” and “applied” mathematics.

Mateusz Micha�lek and Bernd Sturmfels
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