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In this issue of IEEE Control Systems
Magazine (CSM), we are pleased to
present reviews of four interesting

books that were released recently.
These books consider constrained
control systems, nonholonomic
mechanics, stochastic optimization,
and queuing systems. I wish to thank
the reviewers for providing in-depth
discussions of the contributions of
these books. The reviews also include
extensive tutorial and informative
background material.

IEEE CSM publishes reviews of
books that pertain to systems and
control. If you are the author (or pub-
lisher) of a recent book in these
areas, please contact me at the
address below. Also, please contact
me if you are interested in reviewing
a recent or soon-to-be-published
book. I can be reached at:

Kirsten Morris
Department of Applied 

Mathematics
University of Waterloo
Waterloo, Ontario N2L 3G1 Canada
E-mail: kmorris@uwaterloo.ca

Fuzzy Control of Queuing System by
Runtong Zhang, Yannis A. Phillis, and
Vassilis S. Kouikoglou, Springer, 2005,
175 pp., ISBN: 1-85233-824-5, US$149.00.
Reviewed by Joseph L. Hellerstein.

Queuing Theory
and Its Applications
As a researcher and software engi-
neer, the appeal of fuzzy control is its
potential to simplify greatly the
design of complex software systems.
However, this book is not about fuzzy
control of software systems. Rather,
this book is about fuzzy control of
queuing systems. Fortunately, there is
a close connection between the two.

To understand this connection, it
is useful to review a few aspects of
queuing theory. Queuing theory pro-
vides techniques for estimating the
performance of computing systems
and data networks based on
assumptions about the interarrival

times of requests and their service
times. Queuing analysis uses met-
rics such as utilization (the fraction
of time that a server is busy), queue
length (the number of requests in
the queue), and response time (the
time from the arrival of a request
until the request is filled). For exam-
ple, queuing theory has been used
to estimate the response time of
routers in packet networks such as
the Internet. Here the router is a
server, work arrives in the form of
packets, and service times depend
on the speed of the router and the
complexity of the packets. 

Another area in which queuing
theory has been successfully applied
is capacity planning, which involves
selecting computers and communi-
cation links to achieve desired
response times at minimal cost. Here,
resources such as the central pro-
cessing unit (CPU) of computers,
their memory, network interfaces,
and network links are each treated as
servers. Work arrives in the form of
application requests (often Web
requests), which require specified
amounts of time for different types of
resources. More details on queuing
theory can be found in [1]–[3].

Although queuing theory has been
used in numerous engineering applica-
tions, it is rare for queuing theory to be
used by practitioners designing com-
mercial software systems. This gap is
due to the mathematical background
required to apply queuing theory. It is
common, however, for software
designers to reason about their sys-
tems in terms of the insights from
queuing theory. For example, a com-
mon insight is that there is a “knee of
the utilization curve” at which point
response times and queue lengths
increase vary rapidly with a small
change in utilization. This insight is
typically used to construct rules of
thumb for resource allocations.

Fuzzy rules are based on the same
kind of intuition that software design-
ers use in practice. This book shows
how fuzzy rules can be used to con-
trol queuing systems. After some
background on queuing theory, fuzzy
logic, and fuzzy control, the book
systematically describes how to
apply fuzzy control to individual
queuing systems, networks of queu-
ing systems, and data networks.

Contents of the Book
Chapter 1 provides a brief introduction
to core concepts used throughout the
book. The authors touch on the basics
of queuing systems, such as the inter-
arrival and service time processes, the
number of servers, the server capaci-
ty, the customer population, and the
queuing discipline. Also included is a
brief summary of several techniques
for minimizing convex functions.
Although this chapter is a useful
refresher for those who have previ-
ously encountered the material, the
queuing background here is much too
brief for someone who is not already
familiar with the topic. I would advise
supplementing this chapter with one
or more of the texts cited earlier. In
particular, [1] gives a pragmatic
overview that only requires a modest
mathematical background, while [2] is
the classic reference for queuing theo-
ry for those more interested in the
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mathematical details. Meanwhile, [3]
focuses on a particular application
(capacity planning) of queuing theory,
introducing only the technical details
needed for that application.

Chapter 2 gives the basics of fuzzy
logic in the form of a summary of key
results on fuzzy sets, fuzzy set opera-
tions, linguistic variables, and fuzzy
reasoning. While the presentation is
terse, the information is sufficiently
complete for readers who have not
had previous in-depth exposure to
this material.

Chapter 3 addresses fuzzy control.
The material is mostly self contained
and written in a narrative style that is
helpful to the nonexpert. The archi-
tecture considered consists of fuzzifi-
cation, knowledge base, inference
engine, and defuzzification. A number
of simple examples add to the read-
ability of this chapter.

Chapter 4 provides the initial dis-
cussion of fuzzy control of queuing
systems. The focus is on queuing sys-
tems in which the service rate is the
actuator. The first problem concerns
the case in which the server goes on
vacation, such as when the power is
turned off. The authors draw on a
range of known analytic results for
queuing systems to develop a simple
decision criterion, namely, servers
should be kept on when there are
customers present. As with much of
the rest of the book, the authors
begin by describing the rule base and
then the membership function, fol-
lowed by a numerical example. These
results are extended to parallel
servers, servers without switching
costs, and, finally, servers in series,
which are called tandem servers.

In Chapter 5, the authors address
control of customer routing. The first
case involves parallel servers with dif-
ferent service rates. As in Chapter 4, the
authors summarize special cases that
have analytical solutions and then
develop a more general controller and
illustrate it through a numerical exam-
ple. The second case addresses
servers with heterogeneous functions,

which means that customer classes
can be processed by only a subset of
the servers due to memory constraints
or the location of data. These cases are
then merged to consider the combina-
tion of different service rates and serv-
er functions. Finally, the authors
address parallel servers with uncon-
trolled arrival streams.

For Chapter 6, the authors consider
admission control, which is the
manipulation of arriving requests.
The cost function includes the effect
of rejecting requests. The simplest
case is a single-server queuing sys-
tem, followed by multiple servers
with a common queue. This case is
then extended to two classes of cus-
tomers. A further extension is to have
two queuing systems in series such
that a request can be rejected upon
arrival at either queuing system.

Having separately addressed actua-
tion for service rates, routing, and
admission control, Chapter 7 consid-
ers how to use these tasks in combina-
tion. The first case considered is that
of two queuing systems in series. The
control variables are the service rate
used and the customer class selected
to enter the server. Next, the authors
add considerations for admission con-
trol by introducing a second arrival
stream, eventually considering both
controlled and uncontrolled arrivals.

Finally, Chapter 8 applies the tech-
niques developed in Chapters 4–7 to
several Internet control problems. A
brief overview of the Internet is given
from a control perspective. Then, the
authors consider differentiated service,
that is, preferential treatment of certain
kinds of network traffic such as voice
traffic. A technique for enforcing differ-
entiated service is to drop or delay
nonpreferred packets. The authors also
consider the problem of congestion
control. Congestion is a result of com-
petition for routers and communication
links as a result of interactions between
hosts. Control is exercised in routers
by dropping packets when buffers
become overly utilized. Considered last
is the enforcement of bounded delays

through circuit-switched networks. The
challenge here is to establish circuits
that comply with the quality of service
constraints, which is essentially a prob-
lem of routing-based control.

Contributions
of the Book
In summary, this book makes a much-
needed connection between fuzzy
control and plants that can readily be
modeled as queuing systems, such as
computing systems and data net-
works. The strengths of the book are
its systematic approach to structur-
ing control problems and its empha-
sis on the construction of fuzzy
models for various queuing systems.
The main weakness of the book is
that it includes relatively few real-
world examples. Nevertheless, the
book is unique in linking queuing the-
ory with fuzzy control, making it a
valuable reference.
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Control Systems with Input and Out-
put Constraints by A.H. Glattfelder
and W. Schaufelberger, Springer-
Verlag, 2003, 499 pp., US$69.95, ISBN
1-85233-387-1. Reviewed by A.R. Teel
and L. Zaccarian.

Topic of the Book
Constraints are ubiquitous in practi-
cal control design problems. Con-
straints may be associated with
limits on the achievable effort that
one can expect from an actuator
(input constraints) or with opera-
tional limits on plant variables (out-
put constraints) arising from safety,
efficiency, or other concerns. In Con-
trol Systems with Input and Output
Constraints, the authors address con-
trol problems for linear plants sub-
ject to these constraints. Input
constraints are treated as hard limits,
meaning that the model does not
allow the inputs to violate these con-
straints. These constraints arise due
to actuator saturation. Output con-
straints are treated, in general, as
soft constraints, meaning that the
quantity under consideration may,
occasionally and at some cost,
exceed the prescribed limits. Saturat-
ing sensors are not considered.

Control design for linear plants
with constraints has been studied
extensively in the academic control
community. Constraints are challeng-
ing since they cannot be addressed

using nonlinear control tools such as
feedback linearization or backstep-
ping. An extensive list of references
up until 1995 can be found in [1]. The
problem receives broad, but less for-
malized, consideration in industry
because of its ubiquity. Glattfelder
and Schaufelberger bring their con-
siderable industrial and academic
expertise regarding this problem to
the research and industrial community
through their new book. In this
review, we summarize the contribu-
tions of the work as we perceive
them to be. Alternative summaries
are given in [3] and [10].

Control with Constraints
A specific problem within the general
class of control problems for linear
plants with input constraints is the
antiwindup problem. This problem
arises from the requirement that
large signal objectives not affect
small signal performance. In the anti-
windup problem, a particular linear
controller is prespecified and must
be used when operation does not
cause the input limits to be reached.
Subject to this requirement, anti-
windup augmentation is designed in
an attempt to keep the closed-loop
system stable when input saturation
occurs and to optimize the perfor-
mance in this case. While input
saturation limits large signal perfor-
mance, prespecifying the small signal
controller and restricting the anti-

windup architecture limits the
achievable large signal performance.
Generally speaking, the required
sophistication of antiwindup augmen-
tation increases as the phase lag of
the linear system in the feedback
loop increases. For this reason, con-
trollers that introduce negative
phase, such as programmable inte-
gral-differential (PID) controllers,
tend to be more susceptible to
“windup” and require antiwindup
augmentation.

Some control problems involving
input constraints do not have a small
signal controller prespecified. Thus,
these input constrained problems 
are not antiwindup problems as
described above. Nevertheless, the
ideas behind antiwindup synthesis
can still be used to produce an indi-
rect solution to such problems in two
steps: 1) design a linear, small signal
controller that can be viewed as hav-
ing been prespecified once this step
is completed, and 2) design anti-
windup augmentation to achieve
large signal performance. Some itera-
tion between the two steps can also
be considered. For example, the
structure of the small signal con-
troller may be fixed in the form of a
PID control, but the gains can be
readjusted based on the success or
failure of the second step.

The drawback to this indirect
approach is that the first step of the
design, combined with restrictions
on the antiwindup architecture
imposed to simplify design, can
severely limit achievable large signal
performance. However, there are two
advantages. First, the initial step is
usually not very difficult. Second,
when using simple static or low-
order antiwindup augmentation with-
in the structure of Figure 1 in the
second step, intuitive ideas can often
be used to explain reasonable choic-
es for this block. Even with no anti-
windup augmentation, the indirect
approach guarantees stability and
performance when saturation does
not occur and also when saturation is

Figure 1. A simple antiwindup architecture for a control system with input
constraints. For small input signals, the output of the deadzone is zero; thus, the
antiwindup augmentation is undriven and does not contribute to the control signal.
For large signals, the deadzone nonlinearity produces a signal that drives the anti-
windup augmentation, which, in turn, affects the control signal.
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not significantly pronounced. Indeed,
in the latter case, the values pro-
duced by the saturation nonlinearity
are not very different from what
would be produced by an uncon-
strained actuator. The task of the
antiwindup augmentation block is to
extend stability and performance into
the region where saturation is severe.

Control problems involving output
constraints can also be addressed
using a two-step approach either
because a small signal controller is
prespecified or because taking that
viewpoint simplifies the design.
Figure 2 shows the associated archi-
tecture, which the authors call over-
ride control, combined with anti-
windup control. 

Alternatively, direct approaches to
feedback control with constraints can
be considered. These approaches
include model predictive control, non-
linear forwarding techniques (see [5],
[6], and [12]) and certain linear matrix
inequality (LMI)-based tools that have
been developed for direct design of
saturating controllers. These
approaches do not attempt to repli-
cate a prespecified controller for
small signals. Since direct approaches
are not encumbered by such require-
ments, these methods can produce
controllers that perform better than
indirect approaches for large signals.

Contents of the
Book: Part I
In Part I of the book, the authors
begin their discussion of control with
input constraints by considering
designs based on intuitive ideas relat-
ed to antiwindup synthesis. In
Chapter 2, the authors address the
antiwindup problem for dominant
first-order single-input, single-
output (SISO) plants controlled by
proportional-integral (PI) controllers.
For this problem, several antiwindup
constructions are proposed and eval-
uated in terms of their advantages
and limitations for example studies.
The book’s initial discussion about
control with output constraints has a
similar flavor. The proposed solu-
tions are based on what the authors
call the control override architecture.
This architecture is similar to the
antiwindup architecture of Figure 1
except that the augmentation takes
effect when the plant output exceeds
the specified output limits. In Figure
2, this type of control override is
combined with antiwindup augmenta-
tion. As the authors note, control
override for output limits has
received far less attention in the aca-
demic community than the anti-
windup problem. In Chapter 3, the
authors use a similar approach to
that of Chapter 2 by introducing sev-

eral override techniques for first-
order SISO plants under the action of
a PI controller and illustrating these
techniques through case studies. Sub-
sequently, in Chapter 4, the authors
combine the antiwindup and override
results introduced in Chapters 2 and
3 and illustrate the unified designs for
SISO first-order plants with input and
output constraints. Part I of the book
ends with Chapter 5, where these
approaches are extended to the case
of PID controllers with input rate sat-
uration,  magnitude saturation, and
measurement noise.

The nice feature of Part I of the
book is that it is targeted to an indus-
trial audience and is written in a
practically oriented style using termi-
nology that is familiar to industrial
engineers. First, the authors rely on
block diagrams and examples of simu-
lation studies to illustrate the tech-
niques presented. Next, several
control schemes are reported and
examples are used to illustrate cases
in which one of the schemes leads to
the best results. In this manner, an
industrial engineer can select and try
a number of schemes before deciding
which one is most suitable for a spe-
cific control problem. This approach
is effective when trying to convey a
message to a wide audience of control
engineers educated on linear control

Figure 2. Antiwindup/override architecture for a control system with input and output constraints. For small input and output
signals, the deadzone nonlinearities produce the value zero and thus the augmentation does not contribute to the control sig-
nal. For large signals, the deadzone nonlinearities provide signals that drive the augmentation, which in turn affects the con-
trol signal.

Reference
Small Signal

Controller

Antiwindup
Augmentation

Controller

Disturbance

Plant yperformance
ymeasured

yconstrained

Override
Augmentation



98 June 2005IEEE Control Systems Magazine

loops, Bode diagrams, and Nyquist
plots. For analyzing nonlinear sys-
tems, the authors provide some expo-
sure to the describing function
method and the circle criterion, with-
out subjecting the reader to excessive
technical detail.

Contents of the
Book: Part II
In Part II of the book, the authors
address more general control prob-
lems. In Chapter 6, the plant becomes
a more complicated (that is, not nec-
essarily dominant first-order) SISO
linear system, leading to a wider
variety of plant characteristics. Anti-
windup-based solutions are devel-
oped for the problem of input
constraints by generalizing and
extending the approaches given in
Chapter 2. Direct design approaches,
such as model predictive control
(MPC), are discussed in this chapter.
The structure of Chapter 6 is replicated
in Chapter 7 with respect to the over-
ride solutions given in Chapter 3 for
output-constrained control problems.
Also, in Chapter 7, direct design solu-
tions are discussed together with
generalized override solutions. Final-
ly, in Chapter 8, the authors provide
hints for addressing plants with mul-
tiple inputs and outputs.

The motivation for Part II of the
text is that the tools described in Part
I, which were effective for controlling
simple plants with constraints, are
often no longer sufficient for charac-
terizing solutions to control prob-
lems with more complicated plant
dynamics. To preserve the uniformity
of the book in terms of style of pre-
sentation and target audience, the
authors select techniques from the
recent literature on advanced direct
design and antiwindup design. One
technique that is emphasized, and
treated quite nicely, is discrete-time
model predictive control, which is
widely used for sampled-data control
of continuous-time plants. On the
other hand, some of the other
advanced design techniques are

treated superficially. For example,
the heuristic “nested loops” method,
which the authors attribute to [2],
bears a striking resemblance to the
rigorous nested saturation ideas pre-
sented in [9] and [11]. Conversely,
the “continued states” approach to
antiwindup synthesis, which the
authors attribute to [13], bears only a
superficial resemblance to the struc-
ture used in [13]. In particular, key
feedback paths, which greatly reduce
the effectiveness of the scheme from
[12], are omitted.

There are, of course, many
advanced techniques for direct design
and antiwindup design that the
authors could not include due to space
limitations. For other methods, read-
ers can consult the current control lit-
erature as well as recent books such
as [4] and [8]. We also mention the
paper [7], which is written in the same
flavor as the book under review but
mentions some complementary
advanced methods applied to a double
integrator with amplitude saturation.

Summary
In summary, the book by Glattfelder
and Schaufelberger illustrates designs
for input and output saturated systems
and antiwindup/override control
techniques for typical industrial con-
trol systems by adopting a style and
notation familiar to the typical indus-
trial engineer. This style has the
advantage of targeting a large indus-
trial audience. Its main drawback is
that it does not cover in great detail a
number of approaches arising from
recent research trends that allow
more involved control challenges to
be addressed. In light of this fact, we
believe that the most important con-
tribution of the book is found in Part I,
where the adopted tools are adequate
for addressing the control problems
considered therein. Part II can be
seen as an interesting overview of
recent advanced techniques for more
complicated problem settings. Read-
ers seeking a detailed and compre-
hensive treatment of approaches to

these advanced control problems
should, however, refer to papers from
the recent literature.
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Nonholonomic Mechanics and
Control by A.M. Bloch with the col-
laboration of J. Baillieul, P. Crouch,
and J. Marsden. Springer, 2003. ISBN
0-387-95535-6, US$69.95. Reviewed by
A.J. van der Schaft.

Holonomic and
Nonholonomic Constraints
As aptly formulated in its preface,
Nonholonomic Mechanics and Control
links control theory with a geometric
view of classical mechanics in both its
Lagrangian and Hamiltonian formula-
tions and, in particular, with the theo-
ry of mechanical systems subject to
kinematic motion constraints. The
analysis and control of mechanical
systems has been an active research
area over the last several decades.
The book aims to present some of this
material, often scattered throughout
the literature, in a cohesive manner.

Kinematic constraints are classically
divided into two classes: constraints
that can be integrated to yield con-
straints on the position variables,
called holonomic constraints, and con-
straints for which this integration is
not possible, called nonholonomic con-
straints. A typical example of a nonho-
lonomic constraint is a wheel rolling
vertically without slipping on a surface.
The constraint on the allowable veloci-
ty (the point of contact of the wheel
with the surface cannot slip in all
directions) cannot be integrated to
yield a constraint on the position of
the wheel. This nonintegrability is
intuitively clear, as illustrated by the
fact that an automobile can go any-
where it pleases by suitable maneuver-
ing. (This example hints at the
intimate relationship between nonho-
lonomic constraints and controllabili-
ty.) Loosely speaking, mechanical
systems with holonomic constraints
can be reduced to lower dimensional
mechanical systems without con-
straints; for systems with nonholonom-
ic constraints, this reduction is not
possible, and as a result some distin-
guishing features arise.

Systems with nonholonomic con-
straints are not only well motivated
by applications such as mobile
robots but are intellectually interest-
ing as well. From an analytical and
geometric point of view, nonholo-
nomic constraints present a class of
systems that cannot be described in
the standard Lagrangian or Hamiltonian
framework; the powerful machinery
developed for the standard case must
be modified and extended. At the
same time, nonholonomic constraints
may actually help in controlling a sys-
tem. In particular, for underactuated
mechanical systems, the presence of
nonholonomic constraints in direc-
tions that are not directly actuated is
helpful for controllability. Interesting-
ly enough, the geometric/analytical
and nonlinear control points of view
appear to be intimately linked, giving
rise to a rich theory that can be illus-
trated on simple mechanical exam-
ples. It is reasonably “easy” to write a
difficult and obscure book about this
theory, but it is much more difficult
to write a book that provides clear
access to the topic, which intrinsical-
ly has many facets. The author has
invested considerable effort in
achieving this goal.
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Contents
The text begins with four introductory
chapters. After introducing Hamilton’s
principle and the Lagrange- d’Alembert
principle, Chapter 1 presents a collec-
tion of mechanical systems subject to
nonholonomic kinematic constraints.
The treatment of these examples illus-
trates some of the ideas and phenome-
na discussed in detail in the later
chapters. As such, this chapter gives
the basic flavor of the material and
provides an ideal introduction to the
book. Chapters 2, 3, and 4, respectively
titled “Mathematical Preliminaries,”
“Basic Concepts in Geometric Mechan-
ics,” and “Introduction to Aspects of
Geometric Control Theory,” give a
brief overview of the mathematical
background needed for the rest of the
book and introduce key definitions
and notation. These chapters can be
skipped by readers who are acquainted
with this material and can be returned
to as needed.

Although, unavoidably, the open-
ing chapters provide only a “crash
course” at some points, the material
has been written with much care. In
fact, in many cases, the clarity of the
presentation is unmatched elsewhere
in the literature. An example is the
treatment of Ehresmann connections
in Section 2.9, where the geometric
definition and interpretation is linked
to the algebraic definition in a very
insightful way. Also, the relation with
linear (Koszul) connections on tan-
gent bundles is clearly explained. (I
would have also linked the definition
of a linear connection on a tangent
bundle to the geometric interpreta-
tion of an Ehresmann connection.) As
a result, these introductory chapters
provide stimulating reading for a
reader well versed in this material as
well as for the novice.

A core chapter of the text is Chapter
5, which deals with the geometric for-
mulation of mechanical systems sub-
ject to nonholonomic kinematic
constraints, both in the Lagrangian and
Hamiltonian frameworks. This chapter
provides a nice synthesis of the litera-

ture, some of which is quite recent.
Chapter 6 deals with the control of non-
holonomic systems, and the control of
mechanical systems subject to nonho-
lonomic constraints. The terminology
nonholonomic (control) systems, which
may be somewhat confusing, originates
from the kinematic model of a mechani-
cal system subject to nonholonomic
kinematic constraints, for which the fea-
sible space of velocities on the configu-
ration space of the mechanical system
is represented as the span of input vec-
tor fields. Pure nonholonomicity of the
kinematic constraints (in the sense that
no part of them can be integrated to
yield constraints on the configuration
variables) then corresponds to
controllability of the ensuing control sys-
tem. Controllability can be character-
ized by a full-rank condition on the
space of vector fields generated by tak-
ing (possibly repeated) Lie brackets of
the input vector fields. Thus, nonholo-
nomicity is intimately linked to control-
lability. On the other hand, the linear
control paradigm of equivalence
between controllability and pole place-
ment breaks down in this case in the
sense that there does not exist an
asymptotically stabilizing continuous
state feedback law. The second part of
Chapter 6 deals with the control of
dynamical models of mechanical sys-
tems subject to kinematic constraints
and with external input forces.

Chapter 7 describes another inter-
esting connection between nonlinear
control theory and nonholonomic
constraints, namely, the variational
formulation of mechanical systems
subject to nonholonomic constraints,
as in Hamilton’s principle as opposed
to the Lagrange-d’Alembert principle.
The difference is that, in the first
case, the time-integral of the
Lagrangian is extremized over all
configuration trajectories whose tan-
gent vectors satisfy the kinematic
constraints, while in the latter case
the conditions for extremality of an
arbitrary curve in the configuration
space is checked with respect to all
tangent vectors (classically called vir-

tual displacements) satisfying the
kinematic constraints. This subtlety
is not easy to grasp and may seem to
be a purely academic discussion (in
the bad sense of the word). However,
it turns out that the equations of
motion obtained from Hamilton’s
principle are generally different from
the “correct” equations of motion
obtained by applying the Lagrange-
d’Alembert principle; in fact, these
equations are the same if and only if
the constraints are holonomic!

On the other hand, the framework
of Hamilton’s principle is linked to
nonlinear optimal control theory,
while the special case of optimal con-
trol of nonholonomic control systems
leads to the interesting mathematical
topic of sub-Riemannian geometry.
Chapter 8 deals with the key problem
of stability of mechanical systems with
nonholonomic constraints and shows
how the delicate stability theory of ordi-
nary Hamiltonian systems can be
extended to this case. Finally, Chapter
9 provides a control counterpart by
studying the stabilization or setpoint
regulation of underactuated mechani-
cal systems. The main method is the
theory of controlled Lagrangians. (The
inclusion of gyroscopic forces in the
Lagrangian description is equivalent to
interconnection-damping assignment
control of port-Hamiltonian systems.)
This method is based on the use of
state feedback to shape another virtual
mechanical system with energy that
has a critical point at the desired set-
point. Another method treated is the
theory of averaging for underactuated
mechanical systems. 

Summary
This book is a welcome addition to the
existing literature and will certainly
become a standard reference. Related
books with a different emphasis and
partly complementary choice of topics
include [1] and the recent [2]. It is to be
expected that Bloch’s book will be a
continuing source of inspiration for fur-
ther research in this area. Indeed, many
aspects remain to be investigated,
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especially from the systems and con-
trol point of view. While important
basic understanding has been reached
for trajectory planning and classical
control problems like setpoint stabiliza-
tion, the general problem of controlling
(by state feedback laws or by intercon-
nection with other dynamical systems)
the dynamical behavior of the physical
system is still largely open. Important
issues here are understanding the
robust dynamical behavior of systems
with nonholonomic constraints and the
exploration of new control paradigms.

In summary, this is a delightful
book that will be valuable for both
the control community and researchers
working on the geometric theory of
mechanical systems. With its exten-
sive illustrations and exercises, this
book is eminently suited for a gradu-
ate course. The author should be con-
gratulated for such an admirable job.
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Introduction to Stochastic Search
and Optimization by James C. Spall,
Wiley, Hoboken, NJ, 2003, ISBN 0-471-
33052-3, US$105.00. Reviewed by G. Yin.

Search and
Optimization Methods
James Spall’s book provides a survey
of random search (called stochastic
search by the author) and optimization
methods, including stochastic approxi-
mation algorithms, evolutionary com-
putation, Monte Carlo simulation, and
related statistical methods. Stochastic
approximation algorithms include
recursive least squares, adaptive algo-
rithms, and reinforcement learning. 

One of the original aims of stochas-
tic approximation is to find roots of a
continuous function f(·), where either
the precise form of f is not known or f
is too complicated to compute and
only noisy measurements are avail-
able. That is, at iteration n (often
referred to as time n) and design point
xn (often referred to as state xn), it is
possible to obtain only a noisy mea-
surement yn = f(xn) + ξn , where ξn

denotes random noise. In 1951, Rob-
bins and Monro [2] introduced the
recursive algorithm xn+1 = xn + anyn ,
where an is an appropriately chosen
step size. Robbins and Monro coined
the name stochastic approximation for
this procedure. Another one of the
original aims of stochastic approxima-
tion is to determine the minimizer of a
real-valued cost function h using only
noisy measurements of h(xn). To find
local minimizers of a smooth function

h, one may try to find the roots of the
gradient of h. However, the gradient of
h is not available when only noisy
measurements of h can be used. In
1952, Kiefer and Wolfowitz [3] pro-
posed another recursive algorithm for
solving this problem, in which the gra-
dient of h is replaced by its noisy gra-
dient estimate of finite difference type.

Since stochastic approximation
methods were first introduced, there
has been significant progress in the
development of more sophisticated
algorithms. Much of this development
has originated from, and has been inter-
twined with, applications in optimiza-
tion, control theory, economic systems,
signal processing, communication theo-
ry, learning, pattern classification, neur-
al networks, and related fields.
Emerging applications have been found
in wireless communications, repeated
stochastic games, and financial engi-
neering. For instance, consider a pro-
duction planning problem with
unreliable machines. Under certain con-
ditions, it can be shown that the opti-
mal control is of the threshold type. For
multiple machine problems, it is virtual-
ly impossible to find closed-form solu-
tions. However, using stochastic
approximation methods, the problem
can be recast as a parametric optimiza-
tion problem that can be solved by
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recursive stochastic approximation
algorithms. Another example concerns
stock-selling decisions, an optimal
stopping problem that is normally diffi-
cult to solve. Focusing on threshold-
dependent selling strategies, one can
design stochastic approximation algo-
rithms for this problem. In addition,
multiuser detection, time-varying para-
meter tracking, and adaptive interfer-
ence suppression problems in
CDMA/DS networks can also be solved
by stochastic approximation methods.
Because of its importance, stochastic
approximation has drawn continued
attention over the past five decades;
see [1] and [4] and the references
therein for recent developments.

Contents
The book consists of 17 chapters and
five appendices. The chapters, as the
author points out, can be divided into
two main parts: Part 1 (comprised of
chapters 1–12) focuses on stochastic
search and optimization, whereas
Part 2 (comprised of chapters 13–17)
studies modeling, simulation, and
estimation. Each chapter ends with a
conclusion section that provides
some historical perspective. Related
problems of interest and appropriate
references are also given.

Chapter 1 illustrates randomness in
the context of stochastic search and
optimization and develops a general
problem formulation. Chapter 2 stud-
ies random search under noiseless and
noisy environments. Recursive estima-
tion for linear models is treated in
Chapter 3. Here the discussion is main-
ly on various least-squares-type algo-
rithms. Kalman filters are also studied.

The next five chapters concentrate
on stochastic approximation algo-
rithms. Chapter 4 studies conver-
gence, asymptotic normality, iterate
averaging, and time-varying functions
of stochastic approximation algo-
rithms. Chapter 5 deals with stochastic
gradient algorithms with applications
to neural networks, discrete-event sys-
tems, and image restoration. Chapter 6
is concerned with optimization of an

objective function for which the gradi-
ent is not available and measurements
are corrupted by noise. Simultaneous
perturbation for stochastic approxima-
tion (SPSA), a topic of expertise of the
author, is treated in Chapter 7. The
construction of efficient stochastic
approximation algorithms for such
purposes has drawn much attention
because of practical problems in opti-
mization for high-dimensional systems.

Chapter 8 is devoted to global sto-
chastic approximation algorithms.
These algorithms are needed for func-
tions that have multiple local optimiz-
ers at which standard gradient search
iterates can become trapped. Al-
though global stochastic approxima-
tion (or annealing) provides an
alternative approach, the convergence
rate in annealing algorithms is slow.

Chapters 9–11 focus on learning
algorithms. Chapter 9 presents genetic
algorithms, and Chapter 10 provides
general methods and theory for evolu-
tionary computation. Chapter 11 deals
with reinforcement learning using tem-
poral differences, a method that has
attracted much attention recently.
Chapter 12 is concerned with opti-
mization methods for quantized prob-
lems, in which the parameters can
take only a finite number of values. 

The first chapter in the second
part of the book, namely, Chapter 13,
is on model selection and statistical
information, including the tradeoff
between bias and variance, cross vali-
dation, and the Fisher information cri-
terion. Chapters 14–16 are concerned
with Monte Carlo optimization. Chap-
ters 14 and 15 discuss the interface
between simulation and optimization
in regard to regenerative systems,
finite difference gradient estimates,
infinitesimal perturbation analysis
methods, and the use of simultaneous
perturbation stochastic approxima-
tion (SPSA) methods. Chapter 16
studies Markov chain Monte Carlo
methods. Finally, Chapter 17 discusses
the optimal design of experiments, a
process that involves choosing input
values according to a given criterion.

The five appendices review select-
ed topics in multivariable calculus,
matrix theory, statistical inference,
probability theory, random number
generation, and Markov processes.

Readership
The prerequisite background for reading
this book is modest. The book includes
many exercises and selected solutions. It
can be used either as a graduate text-
book or as a reference for people work-
ing in the area of optimization and
design of experiments. A one-semester
course can cover Chapters 1–8 and
Chapters 11 and 12. A second course
can include Chapters 9, 10, and 13–17.

Conclusions
One of the main features of Spall’s book
is the description of the use of recur-
sive stochastic approximation algo-
rithms. This book does a good job of
comparing various algorithms in the
context of stochastic optimization. It is
well written and accessible to a wide
audience. Although the book presents
theoretical issues in algorithms and
methods, it does not include detailed
derivations. In summary, the book is a
welcome addition to the control and
optimization community.
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