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This book is a very nice contribution to
a special topic in model dimension reduction, a discipline that has grown fast in
the last decade and includes computational
reduction strategies, eﬃcient geometrical
parametrization, real-time computing and
visualization, and last, but not least, the
topic of the reviewed text: dimension reduction in parameter studies. For various reasons this is the preliminary step taken when
facing a complex parametrized problem.
The text has been carefully crafted in
order to arouse interest and to interact
with readers in a pedagogic sense, so that
by the end of the book they are already
trying to apply the proposed techniques
to their problems of interest. The style is
enthusiastic and fresh, and the text should
be useful and interesting for computational
scientists and interdisciplinary researchers.
Parameter studies are growing in popularity in computational science due to the
increasing complexity of engineering problems which demand eﬃcient many query
input-output relationships for optimization,
uncertainty quantiﬁcation, and sensitivity
analysis problems. The number of parameters involved is becoming larger and larger
and must be reduced, which is often done
by limiting the study to the most important parameters. Dimension reduction must
be practical and well motivated, easy to
implement, and easy to interpret, in order to have an impact on real applications
in engineering and applied sciences. Dimension reduction techniques in parameter
studies should be not heuristic but theoretically well founded with rigorous performance guarantees, and this should hold not
only for toy problems.
Active subspaces, as described in the
text, oﬀer a more general approach to reducing the parametric study’s dimension
by identifying sets of important (“magic”)
directions in the space of all the inputs.
In the ﬁrst chapter easy-to-implement

procedures to discover whether a given
model admits an active subspace are presented. The chapter gives a quick introduction to active subspaces for engineers involved in high-dimensional parameter studies. Preliminary ingredients are introduced
as well as some historical stories recalling
regression models in statistics. Three algorithms are presented: active subspace estimation with gradients, with local linear
models, and with a global linear model. The
quantities computed by the proposed algorithms are used to decide whether the model
is eligible for dimension reduction. A gap
between eigenvalues is used to understand
the separation between active and inactive
subspaces through several examples.
The second chapter focuses on active subspaces from a wider perspective dealing with
algorithms and parametrized simulations
for uncertainty quantiﬁcation. This part of
the text provides a strong motivation for
dimension reduction in parameter spaces
in order to combine assimilated data with
increasingly complex physical and mathematical models, as well as rich, coupled,
and interconnected systems. This chapter
also makes a connection with computational
model reduction to face the curse of dimensionality.
The third and fourth chapters are dedicated to the technical details of deﬁning,
developing, and computing eﬀective strategies for active subspaces. Some eﬀective
examples, algorithms, and recipes are provided, and a few approximations and variants provide deeper perspective. In particular, Chapter 4 is dedicated to the exploitation of active subspaces with the aims
of guaranteeing eﬃciency and, at the same
time, merging new ideas. Also some ideas
in progress are widely illustrated.
The ﬁfth chapter shows some interesting
applications of active subspaces in action:
the hypersonic scramjet parametric study, a
photovoltaic solar cell, and a more classical
airfoil shape optimization. All are characterized by complex input-output relationships and they help maintain the reader’s
interest in the real world problems and applications of this topic.
The last chapter, after some conclusions,

introduces current research topics such as
multiple outputs, coupled systems, e.g.,
multiphysics, and also, last but not least, a
sort of possible dualism between high-order
and low-order models, wondering whether
the active subspaces found in a low ﬁdelity
setting can be transferred to the high ﬁdelity one.
The website activesubspaces.org provides scripts, utilities, and updates on the

topic and its developments.
The text is very interesting and represents a rapid approach to dimension reduction in parameter spaces for computational
scientists and engineers working on complex
parametric systems. This ﬁeld will grow further in importance in the next few years.
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