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Book Review_____________________________________________________________________________

Structure and Interpretation of Signals and Systems—E. A. Lee
and P. Varaiya (Reading, MA: Addison-Wesley, 2003).Reviewed by
Xi-Ren Cao and Bing Zeng

With the rapid development of information technology in recent
years, there is always an urgent need for updating curriculums for
every engineering and computer science department. In the area of
signals and systems, many topics in recently emerged areas, such as
computer networking, communication systems, audio and video signal
processing, embedded control, and discrete-event and hybrid systems,
have changed their traditional focus on circuits-oriented applications
and linear time-invariant system-based approaches. In our practice as
teachers and researchers in both signals and systems, we particularly
feel the need for a new textbook that covers all these emerging topics
and treats them in a unified framework. We are very delighted to find
that the book by Lee and Varaiya well fulfills these needs.

With a unifying view of signals and systems as functions with dif-
ferent domains and ranges, Lee and Varaiya’s book deals with a wide
range of fundamental subjects, including traditional electrical signals,
linear time-invariant systems, filtering, and some more advanced ma-
terials such as Laplace and Z-transforms and feedback control, as well
as modern topics such as image, video and audio signal processing,
event streams, state machine and hybrid systems, system stabilization
and channel equalization, etc. These seemingly diverse topics are intro-
duced in a smooth way with natural links between different chapters.
In addition, the book provides a carefully crafted set of Matlab-based
laboratory exercises and a rich set of Web-based applets, which may
help the students to enhance their intuition and improve their computa-
tional and analytical skills. The book is also accompanied with a set of
Web-based instructional materials for the teachers. The main body of
the textbook requires only fundamental knowledge of calculus; there-
fore, it is suitable for beginning students in electrical engineering (EE)
and computer science (CS) departments as a first course.

I. NOVELTY

The development of information technology in recent decades has
created many new systems that are different from the traditional cir-
cuit-based systems. These systems deal with signals that are different
from electrical signals processed by circuits. Examples of such signals
are audio and video signals, images, packet sequences on computer net-
works, etc. A system may mean a computer program that decodes In-
ternet audio signals, or a modem that transforms between bit sequences
and voice-like signals. Therefore, a modern system may consist of com-
puter programs, physical devices such as circuits and mechanical con-
trol systems, and their mixtures.

Lee and Varaiya’s book presents a unified approach that shows that
the fundamental views, concepts and methods of signals and systems
are applicable to these newly emerging systems, including software and
physical systems and their mixtures. However, because of the particular
features of these new systems, the traditional views in signals and sys-
tems need to be modified, their concepts need to be extended, and the
methodology needs to be enhanced.
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Lee and Varaiya first use sets and functions as a universal language
to define signals. Within this framework, every signal, be it a voice, an
image, a bit sequence, or an electrical wave, is represented as a func-
tion with an appropriate domain and range. With this view, a system
is merely some entity that transforms functions (signals) into functions
(signals), i.e., a system can be defined as a function whose domain and
range are themselves functions.

Second, to cover the need of modeling and analysis of software sys-
tems, the book extends the concept of state to the discrete state–space,
and introduces the state-machine approach to model and analyze the be-
havior of such systems. It goes further by introducing hybrid systems to
deal with systems that possess both discrete and continuous dynamics,
e.g., systems consisting of both software and physical devices.

Third, the book emphasizes the computational point of view in
approaching signals and systems. In other words, the book not only
describes a system as “what it is” (the declarative view), it also
emphasizes on “how to” realize the system (the imperative view),
by either software algorithms, or hardware constructions, or both. In
addition to the traditional circuit systems, this approach is particularly
suitable to software systems whose behavior are determined by the
logic in algorithms rather than the dynamics of physical systems.
This is extremely important for engineering students in order to gain
knowledge in designing modern systems.

Last, but not least, the book contains a rich set of examples from
modern engineering systems, ranging from large systems such as
telecomunications networks, wireless communication, low-earth
orbit satellites telephony, to modems, speech encryption/description,
echo cancellation, answering machines, parking meters, to Internet
protocols, automated guided vehicles, a helicopter stabilization
system, and so on. These examples provide students with an early
exposure to real-world problems and their solutions. The book also
employs modern software tools such as MATLAB and simulink. A set
of well-designed MATLAB-based laboratory exercises is provided to
help the students to enhance the knowledge learned from the class.

II. CONTENT

The book consists of 14 chapters and two appendices. The 14 chap-
ters can be grouped into three parts. The first group consists of Chapters
1–4, and 6. These chapters introduce the fundamentals of signals and
systems in a novel and unified way. The approach applies to both tradi-
tional electrical signals as well as their modern counterparts such as bit
sequences and images, etc. These chapters also present a new modeling
and analysis methods, the state machine and hybrid systems, to fulfill
the need in studying the discrete event logic commonly encountered in
modern engineering systems. The second group, consisting of Chapters
5 and 7–11, covers the traditional topics in signals and systems, such as
linear time-invariant systems, frequency response, Fourier transforms,
filtering and sampling. The remaining part of the book, i.e., Chapters
12–14, constitutes the third group, which discusses more advanced ma-
terials, including Z-transform, Laplace transform, stability, and feed-
back control.

The book starts with a general description of signals and systems in
Chapter 1. With a large number of examples drawn from real-life and
engineering problems, such as sounds, images, video, encryption/de-
cryption, equalizer, modems, vehicle trajectories, etc., this chapter pre-
pares the students with the characteristics of the domains and ranges of
these familiar signals and systems. One unique feature of this chapter
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is that it presents at this early stage some basics of sampling and quan-
tization that links the continuous signals to discrete/digital signals in a
natural way with the unified framework.

Chapter 2 starts with defining functions formally. The book empha-
sizes that besides the traditional declarative definitions of signals as
functions, imperative definitions are needed. An imperative definition
of a function describes how to obtain the value of a function at a par-
ticular point in its domain; it is particularly useful for signals that are
defined by computer programs. A few examples based on MATLAB
and Java are presented. This novel view of signals as functions makes
the fundamental theory applicable to a large class of new signals. The
chapter further defines systems as functions, which link smoothly to
the traditional approaches with differential and difference equations,
and the method of composing systems by block diagrams.

Although Chapters 3 and 4 are very unique compared to many other
signals and systems textbooks [1], [6], and [7], the topics are introduced
in a natural way. Chapter 3 discusses how to characterize systems by
state machines. To do so, it first extends the concept of state to include
discrete state space and it shows how a state machine can model the
discrete logical behavior of a system. The input–output behavior and
simulation (using a simpler state-machine to understand the behavior of
another machine) are discussed. Chapter 4 explains how state machines
can be combined in series, in parallel, and by feed forward or feedback
to make more complex systems.

Chapter 6 deals with a most recently developed (and still under de-
velopment) topic, hybrid systems. Such models combine the discrete
logic described by state machines and the continuous dynamics in the
time domain. This viewpoint is also a powerful extension of the tradi-
tional linear time-invariant (LTI) system theory discussed in Chapter
5; practical systems are only approximately LTI, or they are LTI in
different parts of the domain and thus the switching between these dif-
ferent parts can be modeled by state machines and within the same
period, the system is LTI. This chapter illustrates how powerful the
unified approach used in this book can be. The chapter even contains a
section on advanced topics such as supervisory control.

The second group of chapters, Chapters 5 and 7–11, deals with tra-
ditional topics in signals and systems, using the unified approach. Even
with the most fundamental system, the LTI system studied in Chapter
5, the book has its unique features in presentation. First, it treats the LTI
systems as infinite state machines. Second, rather than the typical ap-
proach based on convolution [1], the authors present the problem with
the matrix-based representation for systems. In this way, the chapter
covers both the fundamental concepts, such as convolution and im-
pulse response, and the more advanced concepts, such as zero-state and
zero-input response, single-input–single-output systems, and multidi-
mensional multiple-input–multiple-output systems.

While Chapter 5 presents the time-domain analysis, the rest of the
chapters in the second group provide a comprehensive coverage of the
frequency-domain analysis, which is a powerful tool set, complemen-
tary to the state machine approach presented in the previous chapters.
Chapter 7 introduces frequency decomposition of signals and Fourier
series. It covers the basic concepts of frequency and phase, with a focus
on frequency. The important topic of frequency response of LTI sys-
tems is introduced in Chapter 8 by using the linearity and time invariant
property of the system. The frequency responses of composite systems,
including the feedback systems, are also discussed.

Chapter 9 brings the frequency decomposition (of the input signals)
and the frequency response (of an LTI system) together under the
umbrella “filtering.” A filter is referred to as an LTI system, whose
output signals have the same frequencies as the input, but with
different scales and phases. The chapter contains the standard results:
convolution sum (for discrete-time systems) and convolution integrals
(for continuous systems), impulse response, frequency response being

the Fourier transform of the impulse response, etc. It also describes
how to calculate an output of a filter (an LTI system) given an input
signal, in both time domain and frequency domain. In particular, the
chapter describes in detail two types of filters, finite-impulse response
(FIR) filters and infinite-impulse response (IIR) filters and their design
methods [5]. A few examples using MATLAB to design filters are
presented. The design of digital filters is an advanced topic, and many
textbooks choose to leave it to the Digital Signal Processing course
[2]. It is quite unique to discuss this topic in a first course textbook.
We believe that getting an early exposure in this topic will benefit the
students, since it is so important in many EECS fields, such as circuit
design, telecommunications, and biomedical engineering.

Chapter 10, after introducing four Fourier transforms [the Fourier
series, the discrete Fourier transform (DFT), the discrete-time
Fourier transform (DTFT), and the continuous-time Fourier transform
(CTFT)], presents the properties of these transforms and studies
the transforms of various basic signals. The materials covered is
classical; the presentation, however, has some novelty. Each of the
four transforms is introduced one by one by relating it back to one of
the transforms that was developed earlier. Following this philosophy,
the book introduces the DFT first in detail as it is directly related back
to the discrete-time Fourier series. While some other textbooks only
discuss the DFT briefly, we find that the way it is presented in this
book is nice, since the DFT is perhaps the simplest, yet most useful
transform in practice.

Sampling is always an important chapter in any textbook on signals
and systems, because most signals (both one- and multidimensional),
in practice, are analog while processing digital signals is much easier
[1]–[3]. Under the title “Sampling and Reconstruction,” Chapter
11 covers the analog-to-digital conversion (sampling) and the dig-
ital-to-analog conversion (construction) and highlights issues such
as Nyquist sampling rate, aliasing distortion, pre-filtering to avoid
aliasing, and various interpolations (ideal, linear, and zero-order) to
do the reconstruction.

The last three chapters (Chapter 12–14) cover advanced materials
that may be left to a follow-up course, as Berkeley does. The
organization of Chapters 12 and 13 is very much the same as
that of Chapters 8 and 10, i.e., the first one (Chapter 12) serves
as a brief introduction while the second one (Chapter 13) gives a
comprehensive coverage. The Laplace transform and the Z transform
are treated in these two chapters as extensions of the discrete-time and
continuous-time Fourier transforms, for signals that are not absolutely
summable or integrable. We particularly like the title “Stability” of
Chapter 12, for it implies explicitly why the Laplace transform and
Z-transform are needed; the Fourier transform is not applicable to
nonsummable/nonintegrable signals and unstable systems. Stability
has also been used in a number of places throughout the chapter, e.g.,
construction of the region of convergence and location of poles and
zeros of rational transfer functions. The Laplace transform and the Z
transform are studied in great details in Chapter 13. Issues considered
in the chapter include: the inverse transform and its properties,
pole-zero plots, and solving differential/difference equations using
the Laplace/Z-transform.

Chapter 14 shows how the Laplace/Z-transform can be used to ana-
lyze composite and feedback systems. The topics covered include sta-
bilization, equalization, noise cancelation, PID controllers, etc., all in
the same framework.

III. SUPPLEMENTARY AND WEB MATERIAL

As supplementary material, the authors provided a carefully crafted
set of MATLAB-based laboratory exercises that gives students a com-
putational (imperative) as well as analytical (declarative) view, a rich
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set of Web-based applets that enhances intuition, and a set of Web-
based instructional material that course lecturers may use. MATLAB
has been emphasized from time to time throughout the book. We be-
lieve that this is the right direction as today’s MATLAB is so powerful
that it has been used to solve various signal and system problems (as
well as problems in many other fields) [4]. It would be very encour-
aging for students to get familiar with this powerful tool after taking
this “Signals and Systems” course.

It has almost become a tradition nowadays that a good textbook
cannot be complete without Web-based supplementary material. This
is especially true for a textbook in a fundamental course such as
Signals and Systems that is taken by a large of number of students.
We have linked to the website of Lee and Varaiya’s book and took
a look at its contents. We found that the material provided there is
quite comprehensive and interesting. We were particularly interested
in the well-designed Web applets (including the interactive audio and
visual examples) that can give students lots of touching hands-on
experiences.

IV. SUMMARY

This is a modern textbook in signals and systems that is suitable for
students in all areas of electrical/computer engineering and computer
science. The book presents a unified modeling and analysis approach
that covers a wide range of signals and systems in modern engineering
systems. The signals include electrical signals, video, image, as well
as bit or packet sequences generated by computers, and the systems
include circuit devices and computer programs and their combinations.
The complementary tools of state machines and frequence-domain
methods are applicable to model and analyze discrete logic as well

as continuous dynamics. The hybrid systems offer a systematic way
of combining both tool sets. The book links these traditional subjects
and modern topics together in a coherent way. The MATLAB-based
laboratory and web-based material provides hands-on experiences
that help the students to enhance what they have learned from the
class. The textbook indeed provides a solid foundation for more
advanced courses in electrical and computer engineering.

This book fills the gap between traditional signals and systems
courses and the need for modeling and analysis of newly emerging
modern engineering systems. These systems range across many
disciplines, such as computer networks, tele- and wireless communi-
cations, control, and transportation, as well as signal processing. The
textbook is most suitable as the first course for students in all these
areas, including control engineering.
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