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ists in that field, which is large, diverse,
and not unsophisticated, has, following
many years of carefully documented
and heavily scrutinized study, reached
consensus that the danger of cata-
strophic anthropogenic climate change
is real and imminent. Unfortunately,
powerful economic and political inter-
ests are more than ready to exploit the
ingenuousness of scientists who revel
in good-natured contrarianism that in
less grave contexts would be healthy
and entertaining. Usually there is wis-
dom in abounding charity and tact. But
when momentous choices are at stake,
those virtues are luxuries one may need
to sacrifice. 

My brief tour of the new Dyson col-
lections concludes with his apprecia-
tion for the virtues of blunders, in the
introduction to Dreams of Earth and Sky:

. . . my sympathetic treatment of
dubious characters such as Im-
manuel Velikovsky and Arthur
Eddington . . . William James
and Sigmund Freud. . . . Each of
these characters built a universe
of his own imagination outside
the limits of conventional science,
and each of them was shunned by
the upholders of orthodox beliefs.
I present them as heroes because
I like to break down the barriers
that separate science from other
sources of human wisdom.

And in the final essay of that collection,
he gives a sympathetic reading to Mario
Livio’s wonderful book Brilliant Blun-
ders (Simon & Schuster, 2013; reviewed
in PHYSICS TODAY, August 2013, page
48), including this:

The essential point of Livio’s
book is to show the passionate
pursuit of wrong theories as a
part of the normal development
of science. Wrong theories are not
an impediment to the progress of
science; they are a central part of
the struggle.
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Agent-based modeling is an approach
to exploring the complex systems that
arise in nature, societies, and engineer-

ing applications. In contrast to equa-
tion-based models of aggregate popula-
tions, agent-based models (ABMs)
focus on the actions of heterogeneous
individuals (agents), be they people,
ants, countries, molecules, can-
cer cells, viruses, vehicles, or
photons. The sometimes sur-
prising behaviors of the popula-
tions emerge from the behaviors
and interactions of the agents.

The best textbook available
on this new approach is Uri
Wilensky and William Rand’s An Intro-
duction to Agent-Based Modeling: Model-
ing Natural, Social, and Engineered Com-
plex Systems with NetLogo. Using
examples from physics, biology, sociol-
ogy, economics, political science, an-
thropology, and computer science, the
book describes how to design, build,
verify, validate, and analyze ABMs. 

Statistician George Box’s famous
quote, “All models are wrong, but some
are useful,” nicely encapsulates one of
the authors’ key points: Model design
and analysis should be guided by the
particular questions the researcher
wants to answer. Another key point in
the text is that often physical insight
comes from focusing on the structure of
processes and their interactions and not
on the particulars of the phenomena
under study. For example, ABMs reveal
that fluid percolation and forest fires
have very strong parallels. And both the
spreading of rumors and the diffusion
of innovation have much in common
with percolation—though important
differences also exist.

The book is much more than an in-
troduction to the concepts and applica-
tions of ABMs; it also leads the reader
through the process of designing, build-
ing, and analyzing such models. The
 authors adopt a sound strategy and rec-
ommend it to readers: Begin with very
simple models and extend them step 
by step. Sometimes the general public,
including policymakers, believe that
ABMs are developed for their predictive
value, but the authors correctly observe
that explanation and understanding of
phenomena are equally important rea-
sons for creating ABMs. As they also
point out, ABMs are widely accessible
since they require only an understand-
ing of the behavior of the individuals
and not a mathematical understanding
of the behavior of populations. 

Despite the suggestion of the sub -
title, the book is not a comprehensive
guide to programming ABMs. It does,
however, offer many well-reasoned and
well-explained examples that should 
be accessible even to readers with no

 computer-programming background.
The authors’ ABM toolkit of choice is
 NetLogo, which is developed by a team
that Wilensky leads. The program is
both easy to learn (it is used in high

school classes) and powerful
(many ambitious research proj-
ects rely on it).

Another key and often neg-
lected theme is the importance
of paying attention to how the
model’s execution and output
look. The authors present de-

sign principles, illustrated by well-
thought-out examples, including how
to choose effective colors, shapes, and
sizes of the agents. Critically, those vi-
sualizations are dynamic and appear as
two- or three-dimensional animations
when executed. 

All the example models covered in
the book are freely available online and
can be run on Windows, Macintosh, or
Linux systems. Many of the example
programs can also be run on the new
online version of NetLogo, which is also
available for free. The ability to visual-
ize and control the execution of ABMs
in any modern browser opens the door
for them to be used as tools for engag-
ing the public, educating students, and
influencing policy.

The authors describe “restructura-
tion” of knowledge as analogous to the
new way of thinking about numbers
that developed as people transitioned
from Roman numerals to our Hindu–
Arabic positional notation. Something
beyond Roman numerals was needed:
Consider estimating the number of
days since PHYSICS TODAY was estab-
lished by multiplying LXVII by 
CCCLXV to obtain XXMMMMCDLV. 
A student who carefully reads An Intro-
duction to Agent-Based Modeling and
tries a few of the explorations suggested
at the end of each chapter should ac-
quire a new way of thinking about com-
plex systems. 
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For the past half century, John Goode-
nough’s classic text Magnetism and the
Chemical Bond (Interscience-Wiley, 1963)
has served as an introduction and guide
for both experimentalists and theorists
who studied transition metal (TM)


