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For more than thirty-five years, An Introduction to General Systems Thinking has been hailed as
an innovative introduction to systems theory, with applications in software development and
testing, medicine, engineering, social sciences, architecture, and beyond. Used in university
courses and professional seminars all over the world, the text has proven its ability to open
minds and sharpen thinking.Originally published in 1975 and reprinted more than twenty times,
the book uses clear writing to explore new approaches to projects, products, organizations, and
virtually any kind of system.Scientists, engineers, organization leaders, managers, doctors,
students, and thinkers of all disciplines can use this book to dispel the mental fog that clouds
problem-solving. As author Gerald M. Weinberg writes, "I haven't changed my conviction that
most people don't think nearly as well as they could had they been taught some principles of
thinking."With more than 50 helpful illustrations and 80 examples from two dozen fields, and an
appendix on a mathematical notation used in problem-solving, An Introduction to General
Systems Thinking may be your most powerful tool in working with problems, systems, and
solutions.John D. Richards said, ". . . this is one of the classics of systems or science of
computing. I recommend it to all; it will cause both scientists and nonscientists to examine their
world and their thinking. This book will appear on my reading table at regular intervals, and one
day I hope to update to the golden anniversary edition."He continues, "I've found myself
returning to An Introduction to General Systems Thinking again and again in the twenty-plus
years since I first stumbled across it. I know no better spark to revive a mind that's stuck in dead-
end thinking than to open this book, dive into one of Gerald Weinberg's wonderful open-ended
questions, and rediscover how one looks at the world.""This is a book that is a true classic, not in
computing but in the broad area of scholarship. It is partly about the philosophy and
mechanisms of science; partly about designing things so they work but mostly it is about how
humans view the world and create things that match that view. This book will still be worth
reading for a long time to come ..." - Charles Ashbacher

From Publishers WeeklyCollecting four of Eisner's later graphic novels—New York, The Building,
City People Notebook and Invisible People—this volume takes as its subject the city Eisner lived
in and drew for most of his life. Eisner treats the city like a lover; its flaws are on display, its
cantankerous nature is well-known, but the abiding tenderness that comes from lifelong intimacy
is evident on every page. In New York, people on trains fantasize about one another while never
making eye contact in "An Affair on the BMT Local"; while in "Worm's Eye View," two pairs of feet
come together and move apart in a wordless narrative. These little moments of witnessed
connection are the heart of the collection, and Eisner's eye for humanity amid the grind of the
city is always on target. In the vignettes of City People Notebook, time, smell, space and streets



all have their own special sets of rules in this hectic city. Much of the collection touches on the
slightly magical nature of cities, and Neil Gaiman's very personal introduction adds the context
of Eisner's enormous influence on contemporary comics and graphic novels. (Oct.)Copyright ©
Reed Business Information, a division of Reed Elsevier Inc. All rights reserved.From BooklistThe
latest Eisner omnibus collects four graphic novels from 1986-92 that emphasize the lifelong New
Yorker's take on his hometown. New York: The Big City (1986) and City People Notebook (1989)
consist of well-observed vignettes of urban life. The others are more substantive. The Building
(1987) traces the interconnected lives of four inhabitants of a now-demolished office building.
Invisible People (1992) depicts a trio of anonymous souls who elicit scant notice from their fellow
Manhattanites. Like all of Eisner's later works, these are marred by an outdated sentimentality
but redeemed by his sage compassion and masterful storytelling. Gordon FlaggCopyright ©
American Library Association. All rights reservedAbout the AuthorBorn in New York City, Will
Eisner (1917–2005) was the author of the legendary comic strip The Spirit, as well as fifteen
graphic novels and three influential instructional textbooks. The comic industry’s top awards, the
Eisner Awards, are named in his honor.Neil Gaiman is the author of the New York Times best-
selling A View from the Cheap Seats, The Ocean at the End of the Lane, The Graveyard Book,
Coraline, Neverwhere, and the Sandman series of graphic novels, among other works. His
fiction has received Newbery, Carnegie, Hugo, Nebula, World Fantasy, and Will Eisner Awards.
His novel American Gods aired as a TV series in 2017. Originally from England, he lives in the
United States, where he is a professor at Bard College.Read more
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 An Introduction to General Systems ThinkingGerald M.WeinbergCLICK HERE TO SKIP TO
THE BEGINNINGPUBLISHED BY:Weinberg & WeinbergAn Introduction to General Systems
ThinkingCopyright © 2011 by Gerald M. WeinbergDear Reader: Even with many layers of
editing, mistakes can slip through, alas. But, together, we can eradicate the nasty nuisances. If
you encounter typos or errors in this book, please send them to me at:
<hardpretzel@earthlink.net> Thank you! - Jerry WeinbergAll rights reserved. Without limiting the
rights under copyright reserved above, no part of this publication may be reproduced, stored in
or introduced into a retrieval system, or transmitted, in any form, or by any means (electronic,
mechanical, photocopying, recording, or otherwise) without the prior written permission of both
the copyright owner and the above publisher of this book.ContentsPreface to the Silver
Anniversary EditionOriginal PrefaceHow to Use This BookAcknowledgementsChapter 1. The
ProblemChapter 2. The ApproachChapter 3. System and IllusionChapter 4. Interpreting
ObservationsChapter 5. Breaking Down ObservationsChapter 6. Describing BehaviorChapter 7.
Some Systems QuestionsNotesAppendixFURTHER READINGCover PhotoDedicationBoys and
young men acquire readily the moral sentiments of their social milieu, whatever these
sentiments may be. The boy who has been taught at home that it is wicked to swear, easily loses
this belief when he finds that his schoolfellows whom he most admires are addicted to
blasphemy. - Bertrand RussellTo Ross Ashby, Kenneth Boulding, and Anatol Rapoport who got
me addicted to blasphemy.Trademark credits: All trade and product, names are either
trademarks, registered trademarks, or service marks of their respective companies, and are the
property of their respective holders and should be treated as such.Preface to the Silver
Anniversary EditionThe significant problems we face cannot be solved at the same level of
thinking we were at when we created them. - Albert EinsteinFor as long as I can remember, I've
been interested in thinking. I started writing this book about thinking in 1961, worked on it for
fourteen years, and finally published it in 1975. Since that time, I've received hundreds of letters
and reviews of the book. Most of them confirm that the book has helped readers improve their
thinking—which delighted me. But, because writing the book helped me with my thinking, I
wasn't surprised.I'm not a person who saves stuff. I couldn't find all the fine reviews this book
received when it first appeared all those years ago, nor can I find all those letters. So, I puzzled
over how I was going to write this Preface.Well, most thinking, even general systems thinking,
can sometimes use a little luck. I took a break to download my e-mail, and as luck would have it,
I got one of those flattering letters, which read, in part:My name is Wayne Johnson, and I am a
veterinarian working as a technical consultant in South China. ... I discovered An Introduction to
General Systems Thinking quite by accident, or serendipitously, depending upon one's point of
view, about ten years ago, while looking for basic information to assist me with my growth model
project. I should tell you that was one of the most influential books I have ever read. The first
copy I finally had to return to the university library, and after much difficulty I was able to



convince some bookseller to order me a copy of my own.Over the years, I've never grown tired
of getting letters from halfway around the world (South China) from a professional in a field I
never dreamed of influencing (veterinary medicine) saying this book "was one of the most
influential books I have ever read."I had, however, grown tired of the way this book had been
handled in recent years. Apparently, my original publisher's models didn't include books that
stayed current and in demand for a quarter-century. As a result, a series of automatic cost-of-
living price increases had stuck the book with an unreasonably high price, and the reprinting
algorithms simply failed to keep the book in stock—even after more than twenty printings. Used
copies were sold at a premium, and my small reserve stock dwindled, so I decided to gain
control of the book and put it in the hands of a more understanding publisher, Dorset. House
Publishing.And now, a few years later, revolutionary technology has led me to produce another
edition—this eBook edition. Given that this book has a world-wide audience, I felt it should be
more readily obtainable world-wide—and eBooks made that possible. The initial price is lower,
making the book more accessible to less fortunate countries than the USA. More than that, there
are no shipping charges and customs duties, which often more than doubled the price. And,
perhaps even more important, it's much harder for certain countries to seize the book and
prevent it from reaching its intended destination. It seems there are governments in the world
that would prefer their citizens not to improve the very thinking that established those
governments in the first place.When I set out to write An Introduction to General Systems
Thinking, I had already written a half-dozen books on thinking—but all in the context of thinking
about computer programming. I had been doing this long enough to realize that computer
languages changed a whole lot faster than people changed, so I decided to leave the
programming language business to others and to concentrate on more general principles of
thinking. As a result, I first published The Psychology of Computer Programming and then this
book. Now, more than a generation later, both books are still around, quietly doing their work. My
work.I suppose not many people have the experience of reading their own work more than a
quarter-century later, but now that I've done it twice, I find myself reflecting on what is different
after all this time:I was definitely younger then, or so it seems now. At the time, I felt rather
mature and capable. I wonder if I'd have the chutzpah to start on such ambitious works today.I
know a great deal more now, from many more experiences, but my deepest interests have not
changed. I'm still utterly fascinated by the human mind and its vast rainbow of possibilities. I
haven't changed my conviction that most people don't think nearly as well as they could, had
they been taught some principles of thinking.My writing style has changed, and I find that some
of my ancient words sound a bit quaint. For example, since publishing these books, and
prompted by some feedback from readers, I have consciously eliminated sexist language from
my writing. I'm happy I did. When I read authors who say that non-sexist language is too
"awkward," I think that says more about them than they may wish to reveal. In this edition, I have
changed as much of this sexist language as I could detect.My recent writing speaks more of "I"
than of "we" or "it." These are, after all, my thoughts, for better or worse, and I'm writing about



thinking and about thinkers. So, when these indirect forms hide the thinker behind the thought,
they do a disservice to my readers, who are, after all, interested in the subject of thinking. I hope
that current readers will forgive this folly of my youth—and perhaps gain some practice at seeing
"the man behind the curtain" of every thinking process. As a result of a great deal of intentional
study, I do feel I know much more today about personal differences in thinking style—drawing on
models such as those of my mentors, Virginia Satir and Anatol Rapoport; the Myers-Briggs Type
Indicator (MBTI); and Neurolinguistic Programming (NLP). Such models are like delicious
frosting on this general systems cake. As a result of all these years of consulting, I now know
more about applying these general principles to more specific situations. I've tried to capture this
knowledge in my books about software management, systems analysis, problem definition,
interpersonal systems, consulting, and systems design. And now, some years later, my
fiction.I'm looking forward to seeing how well these books hold up for another
generation.Original PrefaceI found everything perfectly clear, and I really understood absolutely
nothing. To understand is to change, to go beyond oneself. This reading did not change me.(It
would be out of keeping with the informal tone of this book to clutter the pages with footnotes
and references. I shall therefore confine all the other notes to the end of the book.Jean-Paul
Sartre, Search for a Method. Translated by Hazel E. Barnes. New York: Vintage, 1968, pp. 17, 18. 
Sartre is referring to Capital and German Ideology, by Karl Marx.)This book is based on a course
that over the years has changed the thinking of many people. In case you think that you are not
the type of person to be changed by reading a book, let me quote for you some typical
comments received in course evaluations.An electrical engineer said of the course, "It made the
many isolated subjects I had studied in college come together into a meaningful whole—and it
also related them to my five years of on-the-job experience."An archaeologist said, "I don't think I
ever understood before the role of theory in my work, and just how powerful theory can be if you
don't let it master you. When I dig now, I have always in my mind a perception of the site as a
whole, and as a part of a larger whole, a living culture."A composer said, "I probably couldn't
demonstrate this to you exactly, but my recent compositions have been altered, definitely
altered, and for the better, as a result of taking this course."A computer systems analyst said, "I
should have taken this course a dozen years ago. In three months I have learned more about
what systems are than I knew previously. A problem that came up in my job and that would have
caused me much grief was just erased with no effort because I was able to apply the Principle of
Indifference. In another case, something that a few months ago would have slipped by unnoticed
and gotten us into a lot of trouble was caught just because I almost unconsciously played some
observer games with it. Under one of the new points of view, the problem was obvious. So was
the solution."But a computer programmer said, "I didn't learn anything in this course. It was a
bunch of platitudes, no more than ordinary common sense. It was fun, but otherwise a waste of
time."You can't teach all of the people all of the time. We start with some promise of success and
some warning that success is not guaranteed. To make things worse, books about thinking are a
pox on the market—those who can't think write books about thinking. So beyond the several



hundred testimonials running about 9 to 2 in favor of a significant change in thinking, what
promise is there that this book can change your thinking and your understanding of the thoughts
of others? Scholars learn to think in at least two distinct ways. One method begins with the
mastery of the details of a discipline and then proceeds to transcend them. We speak of this
transcendence in such approving terms as, "thinks physically," "knows anthropological theory,"
or "has mathematical maturity." What have we done in attaining this disciplinary maturity? For
one thing, we have learned how to "approach" a problem—that is, what should be our first few
thoughts.This disciplinary method of teaching works well. First—obviously—it builds on the
foundations of wisdom left by others and conserves the effort of retracing their steps. Second—
and in our fragmented society, not so obvious—the disciplinarian confines herself to a rather
small range of "problems," a range in which she is fairly confident of her ability to get results. A
successful disciplinarian knows what problems to avoid.But what of problems that refuse to be
avoided? What of the depletion of our natural resources by an ever-increasing population in an
ever-more-wasteful economy? What of expanding technology, usually the obedient servant but
occasionally the terrible master? What of grisly wars and impoverished peace? What of death,
and what of me, dying?Such problems fall outside any discipline. Many lesser problems too
come supplied with no familiar label. This book attempts to teach an approach to thinking when
the labels are missing, or misleading. This approach precedes the disciplinary studies—and
sometimes bypasses them, or integrates them. We call this way of thinking and teaching the
general systems approach.The general systems approach is not my invention. Many people
have made original contributions to the general systems approach, but I am not among them.
Why, then, do I write this book? Only because, through a dozen years of attempting to teach
general systems thinking I have found that none of the "introductory" books make it accessible to
a truly general audience.My role, consequently, is to integrate a mass of material into an
introductory form. I have tried to gather insights both from general systems theorists and from
disciplinarians, to arrange them in a consistent and helpful order, and to translate them into a
simpler and more general language so that they become common property.There is, then, a
double meaning to the word "general" in the title: the most generally applicable insights made
available to the most general audience possible.By elevating particular disciplinary insights to a
general framework and language, we make some ideas of each discipline available for the use
of all. If these ideas have been well chosen to have general application, then this approach
should yield for the disciplinarian a certain economy of thought—he need not retrace steps
taken in other disciplines. This book, then, is not for "systems specialists," but for systems
generalists.Who are those "generalists"? Certainly they include—and have included in my
courses over the years—almost anybody who uses his or her brain to make a better living, or to
make living better. I have had managers and other organizational leaders, social and biological
scientists, computer systems designers, many engineers, and a whole host of college
undergraduates in all fields. I have had anthropologists and actors, businessmen and biologists,
cartographers and cab drivers, designers and dilettantes, electrical engineers and



Egyptologists, French majors and farmers—we need not continue the exercise all the way to
zoologists.Few of these people had mathematical training much beyond high-school algebra,
and some not even that. The treatment of mathematical subjects in the book is geared to this
level because it is the level on which most people- most educated people—happen to find
themselves. A control systems engineer who reviewed this book felt a danger that, should his
students read it "they would not want to study their calculus and differential equations."But read
what a chemistry student said:"The follow-on for this course for me is a course in differential
equations. I always dreaded the thought after finishing calculus, and since it wasn't required, I
just kept putting it off. But I knew I needed it, vaguely, and now I know why I need it precisely.
More than that, I've lost my fear—they can't touch me now that I know what it's about."Or a
sophomore biologist:"I haven't taken any math since high-school algebra. That's really stupid for
a biologist, but until this general systems course I never knew that. I'll start calculus next
semester, if they'll let me."Can these claims be true? Leaf through the book, and you will find a
variety of graphs, diagrams, symbols, and even equations. Don't let them frighten you. They are
not there to mystify. Just because ordinary people are so often alienated from science and
technology by such devices, a book on general systems thinking must be designed to lift the veil
off their mysteries.The appropriate mathematical symbolism will first be justified, then explained,
as needed. Contrary to popular belief, scientists use mathematics to make things clearer, not
more obscure. I intend to use math only that way, so, if you find the symbolism unclear, try once
more. (Check the Appendix for some help.) If it is still unclear, give up, blame it on me, and
proceed with your reading. You won't miss too much.Not all sciences confound with
mathematical symbols. Ordinary words do quite nicely—especially if the writers don't really
know what they are talking about. My computer experiences have made me aware that people
often have but a foggy idea of what they are saying. Through translating thoughts into computer
programs, I have learned many fog-clearing techniques. These techniques would have been
impossible without the knowledge gained from computing, which is why so few of them are
understood by older scientists—and systems theorists. This book will not teach you to program
computers, but it will teach you to think the way a computer programmer should.And speaking of
fog, let us leave no illusions about the clarity of my own thoughts. Over the years of writing, entire
sections of this book have been scrapped as the mist has been dispelled. Moreover, I am not
afraid to employ slight inaccuracies to make the lessons more forceful and therefore more
memorable. In other words, I choose vigor over rigor.So do not take this book too seriously. It is
not a bible, nor a proof, nor even a cohesive argument. It is, indeed, my first few thoughts, a
collection of hints, nudges, pushes, and sometimes shoves, which aim to assist your first few
thoughts on any "systems" problem. As another of my students said, "I feel that this course has
made me twice as good a (computer) systems designer, but I know it has made me ten times as
good a thinker." I hope it will do as much for you. It may do more.How To Use This BookIn
manuscript form, this book has been used in several ways, but particularly for individual or class
use. Although the reader will undoubtedly discover his or her own ways of using it, some notes



on how I have seen it used and planned its use might be in order.For individual use, the best
approach is probably just to read it straight through, ignoring all the bibliographic material. The
Questions for Further Research at the end of each chapter should probably be read as part of
the text, to give an impression of the scope of problems to which the chapter materials might
apply. Should some problem or quotation strike you as particularly intriguing, make note of it and
then use the references to take it up later. Since the book is intended to introduce you to new
ways of thinking, many quotations and references have been given—not to lend a patina of
scholarship, but to give you numerous pointers toward other paths to learning. (Today, a great
many of these references can be found on the Internet, which ought to simplify your ongoing
study.)Not all of the references represent good examples, so further assistance is given through
the medium of the Recommended and Suggested Readings at the end of each chapter. The
fundamental difference between "recommended" and "suggested" is that over the years I have
found it imprudent to "recommend" that someone read an entire book. Either they don't do it, or
they do and have a rather different perception than mine of its worth. In the latter case, I have
made an enemy; in the former, I have made someone wish to avoid me. But do read some of the
suggested books anyway.You have a great variety of options for classroom use,. For a typical
university curriculum, the seven chapters may be assigned one roughly every other week, with
intermediate weeks used for the recommended readings. This is the scheme we use when we
are dealing with a "mixed" audience—that is, with students from a variety of disciplines all in one
class. When the class is more homogeneous, more specialized readings may be substituted.
This approach has been used, to our knowledge, at least in management science, computer
science, and behavioral science.The text itself is suitable for any "level," from sophomores on up
—making adjustments by assigning differing amounts of supplementary reading and questions
for further research. The research questions themselves are usually suitable for either a short
essay or a term paper. In higher-level courses, we have students prepare one or more of these
questions for class presentation. For those students without mathematical background, the
notational exercises are highly recommended.The very flexibility of this book and generality of
its material make it difficult to set in a university curriculum. "In what department does it belong,
really?" "At what level student is it aimed?" These questions, so frequently asked of me, might
be symptomatic of the excessive categorization of our society—breaking down knowledge into
disciplinary fiefdoms and people into age-graded human waves passing through an education
factory. But those who ask the questions are often sincere in their attempt to cut through the
present university structure and obtain something better. I should try to give them a helpful
answer.With regard to "where," a course or sequence in the general systems approach might be
found in any department where there is a willing instructor and a cooperative chairman. In some
places, cross listing of a course is the traditional way of handling such hot potatoes. In others,
provisions already exist for all-university (or at least all-division) courses. Quite often, the
Philosophy Department would be an appropriate place, except that our ex-resident philosopher,
Virg Dykstra, always taught us that there shouldn't be a Philosophy Department—just a



philosopher in every department. So perhaps there ought to be a general systems course in
every department, taught by its philosopher. Alternatively, the book can certainly be
supplementary reading in a variety of courses.With regard to "who" or "when," I can be more
specific if my own personal prejudices may be allowed to creep out. I have taught this material to
sophomores, juniors, seniors, beginning and advanced graduate students, as well as to those
long out of formal education. For some reason, the most exciting times were with seniors or
those long out of school. The seniors seem to be looking for a way of integrating a befuddling
mass of four years' worth of factual material into something they can actually use. Although at
first glance the idea of this material being useful might seem hilarious, more than a few students
have returned or written to tell me that this was the most useful course they took in four years of
college. I hope that speaks well for the course and not badly for the college.Perhaps this
practicality is what makes the course take so well with working people, whose consistent
reaction is to bring tales to class of how they applied, or should have applied, some general
systems law or other to their daily labors. On the other hand, beginning graduate students seem
too often obsessed with achieving the maximum specialization possible in the minimum time,
while sophomores just want a few specifics on which to hang their generalities. But, naturally,
people don't fall so neatly into these class categories. I'd hate to think of the learning I would
have missed by excluding certain graduate students and sophomores from my
classes.AcknowledgmentsThis book is the work of many people, work that merely happens to
be assembled by one. First are the students who found themselves used as guinea pigs over the
years and didn't squeal too much except when it really hurt. Second are the co-teachers who
used and/or contributed this material in working with me: Ken Boulding, who let me help out in
his Senior Honors course at Michigan; Jim Greenwood, who took over for me at the IBM
Systems Research Institute in New York; and Don Gause, who shared the teaching with me in
the Human Sciences and Technology group at the State University of New York at Binghamton.
Third are all those who taught me directly, but especially those to whom this volume is
dedicated, Ken Boulding, Anatol Rapoport, and Ross Ashby. Fourth are all those whose material
has been so liberally borrowed by me for the book, and may anyone who has not received
proper credit please forgive me enough to let me know of my oversight. Fifth are the ever-so-
many people who have contributed editorial work over the ever-so-many years this work has
been in progress: especially Sheila Abend and Shanna and Mike McGoff. Finally, and in the
place of greatest gratitude, are the two who read and ripped to shreds every word and diagram
so as to convert a lumpy oatmeal pudding into what I hope is more like a wedding cake: Joan
Kaufmann and Dani Weinberg.Chapter 1. The ProblemToday we preach that science is not
science unless it is quantitative. We substitute correlation for causal studies, and physical
equations for organic reasoning. Measurements and equations are supposed to sharpen
thinking, but ... they more often tend to make the thinking non-causal and fuzzy. They tend to
become the object of scientific manipulation instead of auxiliary tests of crucial inferences.Many
—perhaps most—of the great issues of science are qualitative, not quantitative, even in physics



and chemistry. Equations and measurements are useful when and only when they are related to
proof; but proof or disproof comes first and is in fact strongest when it is absolutely convincing
without any quantitative measurement.Or to say it another way, you can catch phenomena in a
logical box or in a mathematical box. The logical box is coarse but strong. The mathematical box
is fine grained but flimsy. The mathematical box is a beautiful way of wrapping up a problem, but
it will not hold the phenomena unless they have been caught in a logical box to begin with. -
John R. Platt1The Complexity of the WorldIt isn't what we don't know that gives us trouble, it's
what we know that ain't so. - Will RogersThe first step to knowledge is the confession of
ignorance. We know far, far less about our world than most of us care to confess. Yet confess we
must, for the evidences of our ignorance are beginning to mount, and their scale is too large to
be ignored!If it had been possible to photograph the earth from a satellite 150 or 200 years ago,
one of the conspicuous features of the planet would have been a belt of green extending 10
degrees or more north and south of the Equator. This green zone was the wet evergreen tropical
forest, more commonly known as the tropical rain forest. Two centuries ago it stretched almost
unbroken over the lowlands of the humid Tropics of Central and South America, Africa,
Southeast Asia and the islands of Indonesia.... the tropical rain forest is one of the most ancient
ecosystems ... it has existed continuously since the Cretaceous period, which ended more than
60 million years ago. Today, however, the rain forest, like most other natural ecosystems, is
rapidly changing. ... It is likely that, by the end of this century very little will remain.2This account
may be taken as typical of hundreds filling our books, journals, and newspapers. Will the change
be for good or evil? Of that, we can say nothing—that is precisely the problem. The problem is
not change itself, for change is ubiquitous. Neither is the problem in the man-made origin of the
change, for it is in the nature of man to change his environment. Man's reordering of the face of
the globe will cease only when man himself ceases.The ancient history of our planet is brimful of
stories of those who have ceased to exist, and many of these stories carry the same plot: Those
who live by the sword, die by the sword. The very source of success, when carried past a
reasonable point, carries the poison of death. In man, success comes from the power that
knowledge gives to alter the environment. The problem is to bring that power under control.In
ages past, the knowledge came very slowly, and one man in his life was not likely to see much
change other than that wrought by nature. The controlled incorporation of arsenic into copper to
make bronze took several thousand years to develop; the substitution of tin for the more
dangerous arsenic took another thousand or two. In our modern age, laboratories turn out an
alloy a day, or more, with properties made to order. The alloying of metals led to the rise and fall
of civilizations, but the changes were too slow to be appreciated. A truer blade meant victory
over the invaders, but changes were local and slow enough to be absorbed by a million tiny
adjustments without destroying the species. With an alloy a day, we can no longer be
sure.Science and engineering have been the catalysts for the unprecedented speed and
magnitude of change. The physicist shows us how to harness the power of the nucleus; the
chemist shows us how to increase the quantity of our food; the geneticist shows us how to



improve the quality of our children. But science and engineering have been unable to keep pace
with the second-order effects produced by their first-order victories. The excess heat from the
nuclear generator alters the spawning pattern of fish, and, before adjustments can be made,
other species have produced irreversible changes in the ecology of the river and its borders. The
pesticide eliminates one insect only to the advantage of others that may be worse, or the
herbicide clears the rain forest for farming, but the resulting soil changes make the land less
productive than it was before. And of what we are doing to our progeny, we still have only ghastly
hints.Some have said the general systems movement was born out of the failures of science, but
it would be more accurate to say the general systems approach is needed because science has
been such a success. Science and technology have colonized the planet, and nothing in our
lives is untouched. In this changing, they have revealed a complexity with which they are not
prepared to deal. The general systems movement has taken up the task of helping scientists
unravel complexity, technologists to master it, and others to learn to live with it.In this book, we
begin the task of introducing general systems thinking to those audiences. Because general
systems is a child of science, we shall start by examining science from a general systems point
of view. Thus prepared, we shall try to give an overview of what the general systems approach
is, in relation to science. Then we begin the task in earnest by devoting ourselves to many
questions of observation and experiment in a much wider context. And then, having laboriously
purged our minds and hearts of "things we know that ain't so," we shall be ready to map out our
future general systems tasks, tasks whose elaboration lies beyond the scope of this small
book.Mechanism and MechanicsPhysics does not endeavor to explain nature. In fact, the great
success of physics is due to a restriction of its objectives: it endeavors to explain the regularities
in the behavior of objects. This renunciation of the broader aim, and the specification of the
domain for which an explanation can be sought, now appears to us an obvious necessity. In fact,
the specification of the explainable may have been the greatest discovery of physics so far.The
regularities in the phenomena which physical science endeavors to uncover are called the laws
of nature. The name is actually very appropriate. Just as legal laws regulate actions and
behavior under certain conditions but do not try to regulate all actions and behavior, the laws of
physics also determine the behavior of its objects of interest only under certain well-defined
conditions but leave much freedom otherwise.3 - Eugene P. WignerTo understand the general
systems view of science, we should examine physics—and particularly mechanics—because
these sciences are often taken as the ideal of others. The beauty of the mechanical model of the
world was well expressed by Karl Deutsch,4 who said that mechanism... implied the notion of a
whole which was completely equal to the sum of its parts; which could be run in reverse; and
which would behave in exactly identical fashion no matter how often these parts were
disassembled and put together again, and irrespective of the sequence in which the
disassembling or reassembling would take place. It implied consequently that the parts were
never significantly modified by each other, nor by their own past, and that each part once placed
in its appropriate position with its appropriate momentum, would stay exactly there and continue



to fulfill its completely and uniquely determined function.The luster of this description is dulled a
bit by the observation that mechanical systems ordinarily have but a handful of identifiable parts
—most often 2, sometimes 10, or perhaps as many as 30 or 40 if they are highly constrained, as
are the parts of a bridge. If there are too many parts, the physicist may write down equations
relating the behaviors of the different parts, but cannot solve the equations, even by approximate
methods. True, high-speed computers have extended the range of approximate solutions of
mechanical systems, but only by a relatively small amount.If the formal methods of mechanics
are so limited, why is mechanics considered a model for the sciences? We must—if we are to
have the answer—consider not the formal methods, but the informal. Complex mechanical
systems are always informally reduced to simpler ones. Only then can the formal methods begin
to do their work.Consider, for example, Newton's explanation of the motions of the bodies in the
solar system. Rapoport,5 in speaking about this problem, pointed out thatFortunately for the
success of the mechanistic method, the solar system ... constituted a special tractable case of
several bodies in motion.Although Rapoport's analysis is correct and to the point as far as it
goes, it does not penetrate deeply enough into the heart of Newton's success. The solar system,
in the first place, does not consist of "several bodies in motion." We now know that there are
thousands upon thousands of celestial bodies in our solar system plus other matter not in
"bodies." (See Figure 1.1.) Figure 1.1. There are thousands upon thousands of celestial
bodies ...Any analysis of planetary motions, however, begins by ignoring most of these bodies.
They are said to be "too small" to have a significant effect on the calculations. (See Figure 1.2.)
Although this seems a natural step—so natural that texts on mechanics do not ordinarily
mention it—it happens to work only in very special circumstances. Any other circumstances are
not considered proper systems for mechanistic thinking. Figure 1.2. The analysis of planetary
motions begins by ignoring most of these bodies ...Consider, for instance, the pineal gland, a
tiny piece of tissue in the brain. Can physiologists ignore this body in their attempts to
understand the behavior of the human body? Perhaps they can—the question is quite alive—
and perhaps they cannot. In any case, no physiologist would think of arguing that because the
mass of the pineal gland is small with respect to the mass of the brain, it can be ignored on that
account. The DNA in a living cell is a minuscule amount of the cell material, if measured
according to mass; but understanding of cellular biology would be impossible without
considering its role. The queen bee in a hive is only one of thousands of bees and makes up
only a small fraction of the total mass of the hive, but no ethologist dare ignore her.Mechanics,
then, is the study of those systems for which the approximations of mechanics work
successfully. It is strictly a matter of empirical evidence, not of theory, that the human body
cannot be understood by considering only the gravitational attractions between its parts.The
Square Law of ComputationWhereas in the past the only resource for dealing with biological
systems was to try to minimize the interactions between the parts, thereby often losing the real
focus of interest, today nothing but time and money prevent us from treating real biological
systems in all their complexity and richness.6 - W. Ross AshbyWhat is the cost of computation,



in time and in money? How important was ignoring small bodies (the asteroids, comets,
satellites and other pieces of space flotsam) to the economical calculation of planetary orbits?
Consider first the equations needed to describe the most general system of only two objects. We
must first describe how each object behaves by itself—the "isolated" behavior. We must also
consider how the behavior of each body affects that of the other—the "interaction." Finally, we
must consider how things will behave if neither of the bodies is present—the "field" equation.
Altogether, the most general two-body system requires four equations: two "isolated" equations,
one "interaction" equation, and one "field" equation.As the number of bodies increases, there
remains but a single "field" equation, and only one "isolated" equation per body. The number of
"interaction" equations, however, grows magnificently, with the result that for n bodies we would
need 2n relationships! (See the Appendix, under "Scientific Notation," for an explanation of
these exponential numbers.)To be more concrete, for 10 bodies we would need 210 = 1024
equations and for 100,000 bodies, about l030,000. By "ignoring small masses," then, the
number of equations is reduced from perhaps l030,000 to approximately 1000. At least it would
now be possible to write down the equations, even if we still could not afford to solve them.How
much effort is involved in solving equations, and why are we so interested in the question? In
Newton's day, the impact of mechanics on philosophical thought was pervasive. Many
philosophers thought, with Laplace, that given precise observations on the position and velocity
of every particle of matter, one could calculate the entire future of the universe. Although they
realized that they would need a large computing machine, they lacked even the smallest
computers. How could they possibly put a measure on the required computation?Only in our
lifetime have the dreams of the mechanists been realized, but with the realization came a
revolution in philosophical thought. One aspect of this revolution was the more realistic concern
for the question of computational cost, a question raised by the systems thinkers, but most
notably and consistently by Ashby. This annoying question—how much "time and money"?—lies
at the very foundation of the general systems movement.We do not need exact measures.
Instead, we merely want to estimate how the amount of computation increases as the size of the
problem increases. Experience has shown that unless some simplifications can be made, the
amount of computation involved increases at least as fast as the square of the number of
equations. This we call the "Square Law of Computation." Thus, if we double the number of
equations, we shall have to find a computer four times as powerful to solve them in the same
amount of time. Naturally, the time often goes up faster than this—particularly if some technical
difficulty arises, such as a decrease in the precision of results. For our present arguments,
however, we may conservatively use the Square Law of Computation to estimate how much
more computing is required for one general set of equations than for another.In practice, then,
there is an upper limit to the size of the system of equations that can be solved. Clearly, l030,000
equations are far beyond that limit. And in Newton's day, without computers at all, the practical
limit of computations was well below 1000 second-order differential equations, especially since
Newton had just invented differential equations. Newton needed all the simplifying assumptions,



explicit or implicit, he could get away with, just as physiologists and psychologists do today. We
may note, in this regard, that old-time physicists now say that the "youngsters" no longer do "real
physics." These young upstarts use the computer to solve large sets of equations, rather than
applying physical "intuition" to reduce the equations so they can be solved with a pencil on the
back of the proverbial envelope.The Simplification of Science and the Science of SimplificationI
do not know how it is with you, but for myself I generally give up at the outset. The simplest
problems which come up from day to day seem to me quite unanswerable as soon as I try to get
below the surface. - Justice Learned HandThinking about the practical problem of computation,
then, can give us a new point of view about what mechanics, or any science, is. Since practical
computation demands that implicit assumptions be brought out into the open, it is no
coincidence that computer programmers are attracted to an approach devoted to studying how
people make assumptions. As an example of such computing experience, consider another
assumption already made in our reduction of the solar system problem to 1000 equations.We
have assumed—as one always assumes in mechanics—that only certain kinds of interactions
are important. In this case, the only important interaction was gravitational, which meant that
each relationship gave only one equation. How do we know that only gravitational attraction is
important in this system? How do we know that we can ignore magnetic effects, electrostatic
forces, light pressure, force of personality, and so forth? One answer is that this problem would
not be a problem in mechanics if other kinds of forces were important; but that answer is merely
begging the question. How do we know it is a problem in mechanics?As before, we know it is a
problem in mechanics because when we try these approximations, they give us satisfactory
answers—that is, answers that match observational data. If we had a problem for which they did
not work, it would never make its way into the mechanics textbook. Our practical computing
example of this quandary is the calculations that were made of the orbit of the Echo satellite,
which was a large inflated Mylar sphere. The classical solution of the gravitational equations was
not doing a satisfactory job of predicting Echo's orbit. After much perplexing labor, the
programmers realized that because of its small density, Echo was much larger than any "normal"
solar body of the same mass. Consequently, the pressure of the sun's light radiating upon its
surface could not be implicitly ignored, as it is in all "ordinary" orbital calculations. No,
mechanics does not tell us which systems are "mechanical."And yet, even having reduced the
number of equations to 1000—by applying deeply buried assumptions—we still may not be able
to say we have solved this mechanical system. The equations may still prove intractable, even
for a large computer. We need further simplifications. Newton supplied an important one in his
Law of Universal Gravitation, which has been called "the greatest generalization achieved by the
human mind.'"The law states that the force of attraction (F) between two (point) masses was
given by the equation:F = GMm/r2where M is the mass of the first, m is the mass of the second,
r is the distance between them, and G is a universal constant. From the viewpoint of
simplification, this equation says more implicitly than explicitly. Why? Because it states that no
other equation is needed. It says, for instance, that the force of attraction between two bodies is



in no way dependent on the presence of a third body, so that only pairs of bodies need be
considered in turn, and then all of their effects may be added up (Figure 1.3). Figure 1.3. Only
pairs need be considered in turn ...A psychologist, for one, would be tickled pink if she could
consider only summed pair interactions. This simplification would mean that, to understand the
behavior of a family of three, she would study the behavior of the father and mother together, the
father and son together, and the mother and son together. When all three interacted at the same
time, their behavior could be predicted by summing their pairwise behaviors. Unfortunately for
the psychologist, it is only in mechanics and a few other sciences that superposition of pairwise
interactions can produce successful predictions.In the case of the solar system, pairwise
superposition reduces 1000 equations to about 45, that being the number of ways 10 things can
be taken in pairs. From the point of view of the Square Law of Computation, we have reduced
the size of our task by the square of 1000/45 or about 100 times, at least. We might be willing to
stop at this point, although Newton went still further—perhaps because he did not have the
computers we have.As it happens, the solar system has one body (the sun) whose mass is
much larger than any of the other masses, larger, in fact, than the mass of all of the other bodies
together. Because of this dominant mass, the pair equations not involving the sun's mass yield
forces small enough to be ignored, at least considering the accuracy of the data Newton was
trying to explain. (Discrepancies in this assumption led to the discovery of at least one planet
that Newton did not know.) This simplification, which is made possible by the special reality of
the solar system, rather than by mechanics, reduces the number of equations to about 10,
instead of 45, giving an estimated 20 times reduction in computation.But Newton went even
further than this, for he observed that the dominant mass of the sun enabled him to consider
each planet together with the sun as a separate system from each of the others. Such a
separation of a system into noninteracting subsystems is an extremely important technique
known to all developed sciences—and to systems theorists as well. To understand the power of
such a separation, we need only recall the Square Law of Computation. If solving a system of n
equations takes n2 units of computation, n separate single equations taken one at a time will
take only n of the same units (Figure 1.4). Figure 1.4. The power of separation. Each square
represents a set of equations. The side of the square represents the number of equations n. The
area of the square then represents the difficulty of computation n2. By dividing the 6 equations
into 2 sets of 3, we reduce the area of the squares from 36 to 18. By dividing the 6 equations into
6 sets of 1, we reduce the area of the squares from 36 to 6.At this point, Newton stopped
simplifying and solved the equations analytically. He had actually made numerous other
simplifications, such as his consideration of each of the solar bodies as point masses. In each of
these cases, he and his contemporaries were generally more aware of—and more concerned
about—the simplifying assumptions than are many present-day physics professors who lecture
about Newton's calculations. Students, consequently, find it hard to understand why Newton's
calculation of planetary orbits is ranked as one of the highest achievements of the human
mind.But the general systems thinker understands. He understands because it is his chosen



task to understand the simplifying assumptions of a science—in Wigner's words, those "objects
of interest" and "well-defined conditions" that delimit its domain of application and magnify its
power of prediction. He wants to go right to the beginning of the process by which a scientist
forms his models of the world, and to follow that process just as far as it will help him in
suggesting useful models for other sciences.Why is the general systems thinker interested in the
simplifications of science—in the science of simplifications? For exactly the same reason as
Newton was. The systems theorist knows that the Square Law of Computation puts a limit on the
power of any computing device. Moreover, he believes that the human brain is in some sense a
computing device. Thus he knows that, if we are to survive in this complex world, we need all the
help we can get. Newton was a genius, but not because of the superior computational power of
his brain. Newton's genius was, on the contrary, his ability to simplify, idealize, and streamline
the world so that it became, in some measure, tractable to the brains of perfectly ordinary men.
By studying the methods of simplification that have succeeded and failed in the past, we hope to
make the progress of human knowledge a little less dependent on genius.Statistical Mechanics
and the Law of Large NumbersIn the space of one hundred and seventy-six years the Lower
Mississippi has shortened itself two hundred and forty-two miles. That is an average of a trifle
over one mile and a third per year. Therefore, any calm person, who is not blind or idiotic, can
see that in the Old Silurian Period, just a million years ago next November, the Lower Mississippi
River was upward of one million three hundred thousand miles long, and stuck out over the Gulf
of Mexico like a fishing rod. And by the same token any person can see that seven hundred and
forty-two years from now the Lower Mississippi will be only a mile and three-quarters long, and
Cairo and New Orleans will have joined their streets together, and be plodding along under a
single mayor and mutual board of aldermen. There is something fascinating about science. One
gets such wholesome returns of conjecture out of such a trifling investment of fact. - Mark Twain,
Life on the MississippiNewton's achievement was in describing the behavior of a system of
perhaps 105 objects, of which he found 10 of interest. By the nineteenth century, however,
physicists wanted to tackle other systems, simple little systems such as the molecules in a bottle
of air.The molecules in a bottle of air differ from the solar system in several ways. First of all,
there are not 105 of them, but 1023. Second, the nineteenth-century physicists were not
interested in just 10 of the molecules, but in all of them. Third, had they been interested in only
10, they would still have had to study all 1023, since the molecules were pretty much identical in
mass and were, furthermore, in close interaction (Figure 1.5). Figure 1.5. There were
1023molecules, identical in mass, and in close interaction.These nineteenth-century physicists
already knew from Newton that they only had to consider pair relations, but this merely reduced
the number of equations from about 21023to 1046. Although this is undoubtedly a substantial
reduction, the prospects of further reduction of that 1046 looked rather grim. After a few fruitless
tries at the job, these physicists must have felt much like the fox in Aesop's fable who just could
not quite reach the grapes. We know they must have felt that way because they solved their
problem the same way the fox did: They decided that they did not really want to know about the



individual molecules anyway.Actually, of course, the matter was not entirely one of sour
molecules. We might more realistically describe the position of these physicists (such as Gibbs,
Boltzmann, and Maxwell) by saying that they were lucky not to be interested in things for which
they could not solve their equations. They had inherited a set of observed laws (such as Boyle's
Law) about the behavior of certain measurable properties of gases (such as pressure,
temperature, and volume). They believed that gases were made of molecules, but they had to
bridge the gap between that belief and the observed properties of gases. They bridged that gap
by postulating that the interesting measurements were a few average properties of the
molecules, rather than the exact properties of any one molecule (Figure 1.6). Figure 1.6. The
interesting measurements were only a few average properties.Since the number of different
average properties was small, this simplification brought down the amount of computation in one
fell swoop. Furthermore, the precision of prediction obtained for the averages was excellent,
because the number of molecules was very, very large, and therefore the so-called "Law of
Large Numbers" could be invoked. What this law says, in essence, is that the larger the
population, the more likely we are to observe values that are close to the predicted average
values.More precise statements of the Law of Large Numbers enable us to say just how close
we may expect observed and predicted values to be, depending on the size of the population.
The most useful rule of thumb (or general systems law) in this context is Schrodinger's "Square
Root of N Law":If I tell you that a certain gas under certain conditions of pressure and
temperature has a certain density, and if I expressed this by saying that within a certain volume
(of a size relevant for some experiment) there are under these conditions just n molecules of the
gas, then you might be sure that if you could test my statement in a particular moment of time,
you would find it inaccurate, the departure being of the order of the square root of n. Hence if the
number n = 100, you would find a departure of about 10, thus relative error = 10%. But if n = 1
million, you would be likely to find a departure of about 1000, thus relative error = 1/10%. Now,
roughly speaking, this statistical law is quite general. The laws of physics and physical chemistry
are inaccurate within a probable relative error of the order of 1 divided by the square root of n,
where n is the number of molecules that co-operate to bring about that law—to produce its
validity within such regions of space or time (or both) that matter, for some considerations or for
some particular experiment.You see from this again that an organism must have a comparatively
gross structure in order to enjoy the benefit of fairly accurate laws, both for its internal life and for
its interplay with the external world. For otherwise the number of co-operating particles would be
too small, the "law" too inaccurate. The particularly exigent demand is the square root. For
though a million is a reasonably large number, an accuracy of just 1 in 1000 is not
overwhelmingly good, if a thing claims the dignity of being a "Law of Nature."8 (See Figure 1.7.)
Figure 1.7. The departure is of the order of the square root of the number of molecules.In this
vivid passage, Schrodinger not only explains why the laws of physics and physical chemistry
work so well; but he goes on to explain a design principle that organisms should follow if they too
are to "enjoy the benefit of fairly accurate laws." For now, however, we are only interested in the



usefulness and limitations of the statistical approach to problems in other fields of science and
technology.What is the scope of the statistical approach? How does it relate to the scope of the
purely mechanical? One suggestive phrase is that statistical mechanics deals with "unorganized
complexity"—that is, systems that are complex, but yet sufficiently random in their behavior so
that they are sufficiently regular to be studied statistically.The concept of "randomness" is most
important for systems thinking, though randomness often leads to properties quite contrary to
our intuition. We do not have such a problem in understanding the success of mechanics, for
although "simplicity" will prove to be as slippery a concept as "randomness," to a first
approximation we were able to use the number of objects as a measure of complexity—the
complement of simplicity.Intuitively, randomness is the property that makes statistical
calculations come out right. Although this definition is patently circular, it does help us to
understand the scope of statistical methods. Consider a typical statistical problem. There is a flu
epidemic and we want to know how it will spread through the population so that we may plan for
the distribution of vaccine. If every person is just as likely to get the disease as any other, we can
calculate the expected number of cases and the effect of vaccination strategies with great
precision. If, on the other hand, there is some sort of non-randomness in the population, our
simple calculations will begin to deviate from the experienced epidemic.What could be a source
of such non-randomness? To take one case, people are not randomly distributed around the
countryside, so that the chances of exposure are not the same for everyone. If it were a simple
(small) population, we could calculate the exact exposures for every member, but we use a
statistical approach just because the population is not small. In a small population, the very
knowledge of the precise nature of the interactions would be what we needed in order to
calculate the pattern of infection. On the other hand, in the large population, we have already
given up hope of calculating the exact pattern and want to calculate averages, which are
deranged by underlying structure. Thus the very type of structure that helped us in one approach
hinders us in the other.It may assist in understanding the situation to conceptualize it as shown
in Figure 1.8.  Number of peopleFigure 1.8. Types of populations in the prediction of
epidemics.There we consider the size of each possible population as the X-axis of a plot and the
"diversity" as the Y-axis (up). In the lower left corner (Region I) are small populations with a great
deal of structure, which, as the figure shows, could be treated analytically. At the top, above the
straight line in Region II, we have sufficient diversity or randomness to achieve some desired
precision of prediction. In Region III, in between, lie all the populations that are too diverse for
analysis and too structured (perhaps because they are too small) for statistics.Passing from this
specific example to a more general case, we may obtain the chart shown in Figure 1.9, which is
a relabeled version of Figure 1.8. "Number of people" has been generalized to "complexity," and
"individual diversity" has been generalized to "randomness." In keeping with the very rough
nature of the arguments, we do not put any numbers on the chart, but only concern ourselves
with its general characteristics.  Figure 1.9. Types of systems with respect to methods of
thinking.Region I is the region that might be called "organized simplicity"—the region of



machines, or mechanisms. Region II is the region of "unorganized complexity"—the region of
populations, or aggregates, as we shall call them. Region III, the yawning gap in the middle, is
the region of "organized complexity"—the region too complex for analysis and too organized for
statistics. This is the region of systems.The Law of Medium NumbersThe mechanistic world
view, taking the play of physical particles as ultimate reality, found its expression in a civilization
which glorifies physical technology that has led eventually to the catastrophes of our time.
Possibly the model of the world as a great organization can help to reinforce the sense of
reverence for the living which we have almost lost in the last sanguinary decade of human
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finds that his schoolfellows whom he most admires are addicted to blasphemy. - Bertrand
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respective holders and should be treated as such.Preface to the Silver Anniversary EditionThe
significant problems we face cannot be solved at the same level of thinking we were at when we
created them. - Albert EinsteinFor as long as I can remember, I've been interested in thinking. I
started writing this book about thinking in 1961, worked on it for fourteen years, and finally
published it in 1975. Since that time, I've received hundreds of letters and reviews of the book.
Most of them confirm that the book has helped readers improve their thinking—which delighted
me. But, because writing the book helped me with my thinking, I wasn't surprised.I'm not a
person who saves stuff. I couldn't find all the fine reviews this book received when it first
appeared all those years ago, nor can I find all those letters. So, I puzzled over how I was going
to write this Preface.Well, most thinking, even general systems thinking, can sometimes use a
little luck. I took a break to download my e-mail, and as luck would have it, I got one of those
flattering letters, which read, in part:My name is Wayne Johnson, and I am a veterinarian
working as a technical consultant in South China. ... I discovered An Introduction to General
Systems Thinking quite by accident, or serendipitously, depending upon one's point of view,
about ten years ago, while looking for basic information to assist me with my growth model
project. I should tell you that was one of the most influential books I have ever read. The first
copy I finally had to return to the university library, and after much difficulty I was able to
convince some bookseller to order me a copy of my own.Over the years, I've never grown tired
of getting letters from halfway around the world (South China) from a professional in a field I
never dreamed of influencing (veterinary medicine) saying this book "was one of the most
influential books I have ever read."I had, however, grown tired of the way this book had been
handled in recent years. Apparently, my original publisher's models didn't include books that
stayed current and in demand for a quarter-century. As a result, a series of automatic cost-of-
living price increases had stuck the book with an unreasonably high price, and the reprinting
algorithms simply failed to keep the book in stock—even after more than twenty printings. Used
copies were sold at a premium, and my small reserve stock dwindled, so I decided to gain
control of the book and put it in the hands of a more understanding publisher, Dorset. House
Publishing.And now, a few years later, revolutionary technology has led me to produce another
edition—this eBook edition. Given that this book has a world-wide audience, I felt it should be
more readily obtainable world-wide—and eBooks made that possible. The initial price is lower,
making the book more accessible to less fortunate countries than the USA. More than that, there
are no shipping charges and customs duties, which often more than doubled the price. And,
perhaps even more important, it's much harder for certain countries to seize the book and
prevent it from reaching its intended destination. It seems there are governments in the world
that would prefer their citizens not to improve the very thinking that established those



governments in the first place.When I set out to write An Introduction to General Systems
Thinking, I had already written a half-dozen books on thinking—but all in the context of thinking
about computer programming. I had been doing this long enough to realize that computer
languages changed a whole lot faster than people changed, so I decided to leave the
programming language business to others and to concentrate on more general principles of
thinking. As a result, I first published The Psychology of Computer Programming and then this
book. Now, more than a generation later, both books are still around, quietly doing their work. My
work.I suppose not many people have the experience of reading their own work more than a
quarter-century later, but now that I've done it twice, I find myself reflecting on what is different
after all this time:I was definitely younger then, or so it seems now. At the time, I felt rather
mature and capable. I wonder if I'd have the chutzpah to start on such ambitious works today.I
know a great deal more now, from many more experiences, but my deepest interests have not
changed. I'm still utterly fascinated by the human mind and its vast rainbow of possibilities. I
haven't changed my conviction that most people don't think nearly as well as they could, had
they been taught some principles of thinking.My writing style has changed, and I find that some
of my ancient words sound a bit quaint. For example, since publishing these books, and
prompted by some feedback from readers, I have consciously eliminated sexist language from
my writing. I'm happy I did. When I read authors who say that non-sexist language is too
"awkward," I think that says more about them than they may wish to reveal. In this edition, I have
changed as much of this sexist language as I could detect.My recent writing speaks more of "I"
than of "we" or "it." These are, after all, my thoughts, for better or worse, and I'm writing about
thinking and about thinkers. So, when these indirect forms hide the thinker behind the thought,
they do a disservice to my readers, who are, after all, interested in the subject of thinking. I hope
that current readers will forgive this folly of my youth—and perhaps gain some practice at seeing
"the man behind the curtain" of every thinking process. As a result of a great deal of intentional
study, I do feel I know much more today about personal differences in thinking style—drawing on
models such as those of my mentors, Virginia Satir and Anatol Rapoport; the Myers-Briggs Type
Indicator (MBTI); and Neurolinguistic Programming (NLP). Such models are like delicious
frosting on this general systems cake. As a result of all these years of consulting, I now know
more about applying these general principles to more specific situations. I've tried to capture this
knowledge in my books about software management, systems analysis, problem definition,
interpersonal systems, consulting, and systems design. And now, some years later, my
fiction.I'm looking forward to seeing how well these books hold up for another
generation.Original PrefaceI found everything perfectly clear, and I really understood absolutely
nothing. To understand is to change, to go beyond oneself. This reading did not change me.(It
would be out of keeping with the informal tone of this book to clutter the pages with footnotes
and references. I shall therefore confine all the other notes to the end of the book.Jean-Paul
Sartre, Search for a Method. Translated by Hazel E. Barnes. New York: Vintage, 1968, pp. 17, 18. 
Sartre is referring to Capital and German Ideology, by Karl Marx.)This book is based on a course



that over the years has changed the thinking of many people. In case you think that you are not
the type of person to be changed by reading a book, let me quote for you some typical
comments received in course evaluations.An electrical engineer said of the course, "It made the
many isolated subjects I had studied in college come together into a meaningful whole—and it
also related them to my five years of on-the-job experience."An archaeologist said, "I don't think I
ever understood before the role of theory in my work, and just how powerful theory can be if you
don't let it master you. When I dig now, I have always in my mind a perception of the site as a
whole, and as a part of a larger whole, a living culture."A composer said, "I probably couldn't
demonstrate this to you exactly, but my recent compositions have been altered, definitely
altered, and for the better, as a result of taking this course."A computer systems analyst said, "I
should have taken this course a dozen years ago. In three months I have learned more about
what systems are than I knew previously. A problem that came up in my job and that would have
caused me much grief was just erased with no effort because I was able to apply the Principle of
Indifference. In another case, something that a few months ago would have slipped by unnoticed
and gotten us into a lot of trouble was caught just because I almost unconsciously played some
observer games with it. Under one of the new points of view, the problem was obvious. So was
the solution."But a computer programmer said, "I didn't learn anything in this course. It was a
bunch of platitudes, no more than ordinary common sense. It was fun, but otherwise a waste of
time."You can't teach all of the people all of the time. We start with some promise of success and
some warning that success is not guaranteed. To make things worse, books about thinking are a
pox on the market—those who can't think write books about thinking. So beyond the several
hundred testimonials running about 9 to 2 in favor of a significant change in thinking, what
promise is there that this book can change your thinking and your understanding of the thoughts
of others? Scholars learn to think in at least two distinct ways. One method begins with the
mastery of the details of a discipline and then proceeds to transcend them. We speak of this
transcendence in such approving terms as, "thinks physically," "knows anthropological theory,"
or "has mathematical maturity." What have we done in attaining this disciplinary maturity? For
one thing, we have learned how to "approach" a problem—that is, what should be our first few
thoughts.This disciplinary method of teaching works well. First—obviously—it builds on the
foundations of wisdom left by others and conserves the effort of retracing their steps. Second—
and in our fragmented society, not so obvious—the disciplinarian confines herself to a rather
small range of "problems," a range in which she is fairly confident of her ability to get results. A
successful disciplinarian knows what problems to avoid.But what of problems that refuse to be
avoided? What of the depletion of our natural resources by an ever-increasing population in an
ever-more-wasteful economy? What of expanding technology, usually the obedient servant but
occasionally the terrible master? What of grisly wars and impoverished peace? What of death,
and what of me, dying?Such problems fall outside any discipline. Many lesser problems too
come supplied with no familiar label. This book attempts to teach an approach to thinking when
the labels are missing, or misleading. This approach precedes the disciplinary studies—and



sometimes bypasses them, or integrates them. We call this way of thinking and teaching the
general systems approach.The general systems approach is not my invention. Many people
have made original contributions to the general systems approach, but I am not among them.
Why, then, do I write this book? Only because, through a dozen years of attempting to teach
general systems thinking I have found that none of the "introductory" books make it accessible to
a truly general audience.My role, consequently, is to integrate a mass of material into an
introductory form. I have tried to gather insights both from general systems theorists and from
disciplinarians, to arrange them in a consistent and helpful order, and to translate them into a
simpler and more general language so that they become common property.There is, then, a
double meaning to the word "general" in the title: the most generally applicable insights made
available to the most general audience possible.By elevating particular disciplinary insights to a
general framework and language, we make some ideas of each discipline available for the use
of all. If these ideas have been well chosen to have general application, then this approach
should yield for the disciplinarian a certain economy of thought—he need not retrace steps
taken in other disciplines. This book, then, is not for "systems specialists," but for systems
generalists.Who are those "generalists"? Certainly they include—and have included in my
courses over the years—almost anybody who uses his or her brain to make a better living, or to
make living better. I have had managers and other organizational leaders, social and biological
scientists, computer systems designers, many engineers, and a whole host of college
undergraduates in all fields. I have had anthropologists and actors, businessmen and biologists,
cartographers and cab drivers, designers and dilettantes, electrical engineers and
Egyptologists, French majors and farmers—we need not continue the exercise all the way to
zoologists.Few of these people had mathematical training much beyond high-school algebra,
and some not even that. The treatment of mathematical subjects in the book is geared to this
level because it is the level on which most people- most educated people—happen to find
themselves. A control systems engineer who reviewed this book felt a danger that, should his
students read it "they would not want to study their calculus and differential equations."But read
what a chemistry student said:"The follow-on for this course for me is a course in differential
equations. I always dreaded the thought after finishing calculus, and since it wasn't required, I
just kept putting it off. But I knew I needed it, vaguely, and now I know why I need it precisely.
More than that, I've lost my fear—they can't touch me now that I know what it's about."Or a
sophomore biologist:"I haven't taken any math since high-school algebra. That's really stupid for
a biologist, but until this general systems course I never knew that. I'll start calculus next
semester, if they'll let me."Can these claims be true? Leaf through the book, and you will find a
variety of graphs, diagrams, symbols, and even equations. Don't let them frighten you. They are
not there to mystify. Just because ordinary people are so often alienated from science and
technology by such devices, a book on general systems thinking must be designed to lift the veil
off their mysteries.The appropriate mathematical symbolism will first be justified, then explained,
as needed. Contrary to popular belief, scientists use mathematics to make things clearer, not



more obscure. I intend to use math only that way, so, if you find the symbolism unclear, try once
more. (Check the Appendix for some help.) If it is still unclear, give up, blame it on me, and
proceed with your reading. You won't miss too much.Not all sciences confound with
mathematical symbols. Ordinary words do quite nicely—especially if the writers don't really
know what they are talking about. My computer experiences have made me aware that people
often have but a foggy idea of what they are saying. Through translating thoughts into computer
programs, I have learned many fog-clearing techniques. These techniques would have been
impossible without the knowledge gained from computing, which is why so few of them are
understood by older scientists—and systems theorists. This book will not teach you to program
computers, but it will teach you to think the way a computer programmer should.And speaking of
fog, let us leave no illusions about the clarity of my own thoughts. Over the years of writing, entire
sections of this book have been scrapped as the mist has been dispelled. Moreover, I am not
afraid to employ slight inaccuracies to make the lessons more forceful and therefore more
memorable. In other words, I choose vigor over rigor.So do not take this book too seriously. It is
not a bible, nor a proof, nor even a cohesive argument. It is, indeed, my first few thoughts, a
collection of hints, nudges, pushes, and sometimes shoves, which aim to assist your first few
thoughts on any "systems" problem. As another of my students said, "I feel that this course has
made me twice as good a (computer) systems designer, but I know it has made me ten times as
good a thinker." I hope it will do as much for you. It may do more.How To Use This BookIn
manuscript form, this book has been used in several ways, but particularly for individual or class
use. Although the reader will undoubtedly discover his or her own ways of using it, some notes
on how I have seen it used and planned its use might be in order.For individual use, the best
approach is probably just to read it straight through, ignoring all the bibliographic material. The
Questions for Further Research at the end of each chapter should probably be read as part of
the text, to give an impression of the scope of problems to which the chapter materials might
apply. Should some problem or quotation strike you as particularly intriguing, make note of it and
then use the references to take it up later. Since the book is intended to introduce you to new
ways of thinking, many quotations and references have been given—not to lend a patina of
scholarship, but to give you numerous pointers toward other paths to learning. (Today, a great
many of these references can be found on the Internet, which ought to simplify your ongoing
study.)Not all of the references represent good examples, so further assistance is given through
the medium of the Recommended and Suggested Readings at the end of each chapter. The
fundamental difference between "recommended" and "suggested" is that over the years I have
found it imprudent to "recommend" that someone read an entire book. Either they don't do it, or
they do and have a rather different perception than mine of its worth. In the latter case, I have
made an enemy; in the former, I have made someone wish to avoid me. But do read some of the
suggested books anyway.You have a great variety of options for classroom use,. For a typical
university curriculum, the seven chapters may be assigned one roughly every other week, with
intermediate weeks used for the recommended readings. This is the scheme we use when we



are dealing with a "mixed" audience—that is, with students from a variety of disciplines all in one
class. When the class is more homogeneous, more specialized readings may be substituted.
This approach has been used, to our knowledge, at least in management science, computer
science, and behavioral science.The text itself is suitable for any "level," from sophomores on up
—making adjustments by assigning differing amounts of supplementary reading and questions
for further research. The research questions themselves are usually suitable for either a short
essay or a term paper. In higher-level courses, we have students prepare one or more of these
questions for class presentation. For those students without mathematical background, the
notational exercises are highly recommended.The very flexibility of this book and generality of
its material make it difficult to set in a university curriculum. "In what department does it belong,
really?" "At what level student is it aimed?" These questions, so frequently asked of me, might
be symptomatic of the excessive categorization of our society—breaking down knowledge into
disciplinary fiefdoms and people into age-graded human waves passing through an education
factory. But those who ask the questions are often sincere in their attempt to cut through the
present university structure and obtain something better. I should try to give them a helpful
answer.With regard to "where," a course or sequence in the general systems approach might be
found in any department where there is a willing instructor and a cooperative chairman. In some
places, cross listing of a course is the traditional way of handling such hot potatoes. In others,
provisions already exist for all-university (or at least all-division) courses. Quite often, the
Philosophy Department would be an appropriate place, except that our ex-resident philosopher,
Virg Dykstra, always taught us that there shouldn't be a Philosophy Department—just a
philosopher in every department. So perhaps there ought to be a general systems course in
every department, taught by its philosopher. Alternatively, the book can certainly be
supplementary reading in a variety of courses.With regard to "who" or "when," I can be more
specific if my own personal prejudices may be allowed to creep out. I have taught this material to
sophomores, juniors, seniors, beginning and advanced graduate students, as well as to those
long out of formal education. For some reason, the most exciting times were with seniors or
those long out of school. The seniors seem to be looking for a way of integrating a befuddling
mass of four years' worth of factual material into something they can actually use. Although at
first glance the idea of this material being useful might seem hilarious, more than a few students
have returned or written to tell me that this was the most useful course they took in four years of
college. I hope that speaks well for the course and not badly for the college.Perhaps this
practicality is what makes the course take so well with working people, whose consistent
reaction is to bring tales to class of how they applied, or should have applied, some general
systems law or other to their daily labors. On the other hand, beginning graduate students seem
too often obsessed with achieving the maximum specialization possible in the minimum time,
while sophomores just want a few specifics on which to hang their generalities. But, naturally,
people don't fall so neatly into these class categories. I'd hate to think of the learning I would
have missed by excluding certain graduate students and sophomores from my



classes.AcknowledgmentsThis book is the work of many people, work that merely happens to
be assembled by one. First are the students who found themselves used as guinea pigs over the
years and didn't squeal too much except when it really hurt. Second are the co-teachers who
used and/or contributed this material in working with me: Ken Boulding, who let me help out in
his Senior Honors course at Michigan; Jim Greenwood, who took over for me at the IBM
Systems Research Institute in New York; and Don Gause, who shared the teaching with me in
the Human Sciences and Technology group at the State University of New York at Binghamton.
Third are all those who taught me directly, but especially those to whom this volume is
dedicated, Ken Boulding, Anatol Rapoport, and Ross Ashby. Fourth are all those whose material
has been so liberally borrowed by me for the book, and may anyone who has not received
proper credit please forgive me enough to let me know of my oversight. Fifth are the ever-so-
many people who have contributed editorial work over the ever-so-many years this work has
been in progress: especially Sheila Abend and Shanna and Mike McGoff. Finally, and in the
place of greatest gratitude, are the two who read and ripped to shreds every word and diagram
so as to convert a lumpy oatmeal pudding into what I hope is more like a wedding cake: Joan
Kaufmann and Dani Weinberg.Chapter 1. The ProblemToday we preach that science is not
science unless it is quantitative. We substitute correlation for causal studies, and physical
equations for organic reasoning. Measurements and equations are supposed to sharpen
thinking, but ... they more often tend to make the thinking non-causal and fuzzy. They tend to
become the object of scientific manipulation instead of auxiliary tests of crucial inferences.Many
—perhaps most—of the great issues of science are qualitative, not quantitative, even in physics
and chemistry. Equations and measurements are useful when and only when they are related to
proof; but proof or disproof comes first and is in fact strongest when it is absolutely convincing
without any quantitative measurement.Or to say it another way, you can catch phenomena in a
logical box or in a mathematical box. The logical box is coarse but strong. The mathematical box
is fine grained but flimsy. The mathematical box is a beautiful way of wrapping up a problem, but
it will not hold the phenomena unless they have been caught in a logical box to begin with. -
John R. Platt1DedicationBoys and young men acquire readily the moral sentiments of their
social milieu, whatever these sentiments may be. The boy who has been taught at home that it is
wicked to swear, easily loses this belief when he finds that his schoolfellows whom he most
admires are addicted to blasphemy. - Bertrand RussellTo Ross Ashby, Kenneth Boulding, and
Anatol Rapoport who got me addicted to blasphemy.Trademark credits: All trade and product,
names are either trademarks, registered trademarks, or service marks of their respective
companies, and are the property of their respective holders and should be treated as
such.Preface to the Silver Anniversary EditionThe significant problems we face cannot be
solved at the same level of thinking we were at when we created them. - Albert EinsteinFor as
long as I can remember, I've been interested in thinking. I started writing this book about thinking
in 1961, worked on it for fourteen years, and finally published it in 1975. Since that time, I've
received hundreds of letters and reviews of the book. Most of them confirm that the book has



helped readers improve their thinking—which delighted me. But, because writing the book
helped me with my thinking, I wasn't surprised.I'm not a person who saves stuff. I couldn't find all
the fine reviews this book received when it first appeared all those years ago, nor can I find all
those letters. So, I puzzled over how I was going to write this Preface.Well, most thinking, even
general systems thinking, can sometimes use a little luck. I took a break to download my e-mail,
and as luck would have it, I got one of those flattering letters, which read, in part:My name is
Wayne Johnson, and I am a veterinarian working as a technical consultant in South China. ... I
discovered An Introduction to General Systems Thinking quite by accident, or serendipitously,
depending upon one's point of view, about ten years ago, while looking for basic information to
assist me with my growth model project. I should tell you that was one of the most influential
books I have ever read. The first copy I finally had to return to the university library, and after
much difficulty I was able to convince some bookseller to order me a copy of my own.Over the
years, I've never grown tired of getting letters from halfway around the world (South China) from
a professional in a field I never dreamed of influencing (veterinary medicine) saying this book
"was one of the most influential books I have ever read."I had, however, grown tired of the way
this book had been handled in recent years. Apparently, my original publisher's models didn't
include books that stayed current and in demand for a quarter-century. As a result, a series of
automatic cost-of-living price increases had stuck the book with an unreasonably high price, and
the reprinting algorithms simply failed to keep the book in stock—even after more than twenty
printings. Used copies were sold at a premium, and my small reserve stock dwindled, so I
decided to gain control of the book and put it in the hands of a more understanding publisher,
Dorset. House Publishing.And now, a few years later, revolutionary technology has led me to
produce another edition—this eBook edition. Given that this book has a world-wide audience, I
felt it should be more readily obtainable world-wide—and eBooks made that possible. The initial
price is lower, making the book more accessible to less fortunate countries than the USA. More
than that, there are no shipping charges and customs duties, which often more than doubled the
price. And, perhaps even more important, it's much harder for certain countries to seize the book
and prevent it from reaching its intended destination. It seems there are governments in the
world that would prefer their citizens not to improve the very thinking that established those
governments in the first place.When I set out to write An Introduction to General Systems
Thinking, I had already written a half-dozen books on thinking—but all in the context of thinking
about computer programming. I had been doing this long enough to realize that computer
languages changed a whole lot faster than people changed, so I decided to leave the
programming language business to others and to concentrate on more general principles of
thinking. As a result, I first published The Psychology of Computer Programming and then this
book. Now, more than a generation later, both books are still around, quietly doing their work. My
work.I suppose not many people have the experience of reading their own work more than a
quarter-century later, but now that I've done it twice, I find myself reflecting on what is different
after all this time:I was definitely younger then, or so it seems now. At the time, I felt rather



mature and capable. I wonder if I'd have the chutzpah to start on such ambitious works today.I
know a great deal more now, from many more experiences, but my deepest interests have not
changed. I'm still utterly fascinated by the human mind and its vast rainbow of possibilities. I
haven't changed my conviction that most people don't think nearly as well as they could, had
they been taught some principles of thinking.My writing style has changed, and I find that some
of my ancient words sound a bit quaint. For example, since publishing these books, and
prompted by some feedback from readers, I have consciously eliminated sexist language from
my writing. I'm happy I did. When I read authors who say that non-sexist language is too
"awkward," I think that says more about them than they may wish to reveal. In this edition, I have
changed as much of this sexist language as I could detect.My recent writing speaks more of "I"
than of "we" or "it." These are, after all, my thoughts, for better or worse, and I'm writing about
thinking and about thinkers. So, when these indirect forms hide the thinker behind the thought,
they do a disservice to my readers, who are, after all, interested in the subject of thinking. I hope
that current readers will forgive this folly of my youth—and perhaps gain some practice at seeing
"the man behind the curtain" of every thinking process. As a result of a great deal of intentional
study, I do feel I know much more today about personal differences in thinking style—drawing on
models such as those of my mentors, Virginia Satir and Anatol Rapoport; the Myers-Briggs Type
Indicator (MBTI); and Neurolinguistic Programming (NLP). Such models are like delicious
frosting on this general systems cake. As a result of all these years of consulting, I now know
more about applying these general principles to more specific situations. I've tried to capture this
knowledge in my books about software management, systems analysis, problem definition,
interpersonal systems, consulting, and systems design. And now, some years later, my
fiction.I'm looking forward to seeing how well these books hold up for another
generation.Original PrefaceI found everything perfectly clear, and I really understood absolutely
nothing. To understand is to change, to go beyond oneself. This reading did not change me.(It
would be out of keeping with the informal tone of this book to clutter the pages with footnotes
and references. I shall therefore confine all the other notes to the end of the book.Jean-Paul
Sartre, Search for a Method. Translated by Hazel E. Barnes. New York: Vintage, 1968, pp. 17, 18. 
Sartre is referring to Capital and German Ideology, by Karl Marx.)This book is based on a course
that over the years has changed the thinking of many people. In case you think that you are not
the type of person to be changed by reading a book, let me quote for you some typical
comments received in course evaluations.An electrical engineer said of the course, "It made the
many isolated subjects I had studied in college come together into a meaningful whole—and it
also related them to my five years of on-the-job experience."An archaeologist said, "I don't think I
ever understood before the role of theory in my work, and just how powerful theory can be if you
don't let it master you. When I dig now, I have always in my mind a perception of the site as a
whole, and as a part of a larger whole, a living culture."A composer said, "I probably couldn't
demonstrate this to you exactly, but my recent compositions have been altered, definitely
altered, and for the better, as a result of taking this course."A computer systems analyst said, "I



should have taken this course a dozen years ago. In three months I have learned more about
what systems are than I knew previously. A problem that came up in my job and that would have
caused me much grief was just erased with no effort because I was able to apply the Principle of
Indifference. In another case, something that a few months ago would have slipped by unnoticed
and gotten us into a lot of trouble was caught just because I almost unconsciously played some
observer games with it. Under one of the new points of view, the problem was obvious. So was
the solution."But a computer programmer said, "I didn't learn anything in this course. It was a
bunch of platitudes, no more than ordinary common sense. It was fun, but otherwise a waste of
time."You can't teach all of the people all of the time. We start with some promise of success and
some warning that success is not guaranteed. To make things worse, books about thinking are a
pox on the market—those who can't think write books about thinking. So beyond the several
hundred testimonials running about 9 to 2 in favor of a significant change in thinking, what
promise is there that this book can change your thinking and your understanding of the thoughts
of others? Scholars learn to think in at least two distinct ways. One method begins with the
mastery of the details of a discipline and then proceeds to transcend them. We speak of this
transcendence in such approving terms as, "thinks physically," "knows anthropological theory,"
or "has mathematical maturity." What have we done in attaining this disciplinary maturity? For
one thing, we have learned how to "approach" a problem—that is, what should be our first few
thoughts.This disciplinary method of teaching works well. First—obviously—it builds on the
foundations of wisdom left by others and conserves the effort of retracing their steps. Second—
and in our fragmented society, not so obvious—the disciplinarian confines herself to a rather
small range of "problems," a range in which she is fairly confident of her ability to get results. A
successful disciplinarian knows what problems to avoid.But what of problems that refuse to be
avoided? What of the depletion of our natural resources by an ever-increasing population in an
ever-more-wasteful economy? What of expanding technology, usually the obedient servant but
occasionally the terrible master? What of grisly wars and impoverished peace? What of death,
and what of me, dying?Such problems fall outside any discipline. Many lesser problems too
come supplied with no familiar label. This book attempts to teach an approach to thinking when
the labels are missing, or misleading. This approach precedes the disciplinary studies—and
sometimes bypasses them, or integrates them. We call this way of thinking and teaching the
general systems approach.The general systems approach is not my invention. Many people
have made original contributions to the general systems approach, but I am not among them.
Why, then, do I write this book? Only because, through a dozen years of attempting to teach
general systems thinking I have found that none of the "introductory" books make it accessible to
a truly general audience.My role, consequently, is to integrate a mass of material into an
introductory form. I have tried to gather insights both from general systems theorists and from
disciplinarians, to arrange them in a consistent and helpful order, and to translate them into a
simpler and more general language so that they become common property.There is, then, a
double meaning to the word "general" in the title: the most generally applicable insights made



available to the most general audience possible.By elevating particular disciplinary insights to a
general framework and language, we make some ideas of each discipline available for the use
of all. If these ideas have been well chosen to have general application, then this approach
should yield for the disciplinarian a certain economy of thought—he need not retrace steps
taken in other disciplines. This book, then, is not for "systems specialists," but for systems
generalists.Who are those "generalists"? Certainly they include—and have included in my
courses over the years—almost anybody who uses his or her brain to make a better living, or to
make living better. I have had managers and other organizational leaders, social and biological
scientists, computer systems designers, many engineers, and a whole host of college
undergraduates in all fields. I have had anthropologists and actors, businessmen and biologists,
cartographers and cab drivers, designers and dilettantes, electrical engineers and
Egyptologists, French majors and farmers—we need not continue the exercise all the way to
zoologists.Few of these people had mathematical training much beyond high-school algebra,
and some not even that. The treatment of mathematical subjects in the book is geared to this
level because it is the level on which most people- most educated people—happen to find
themselves. A control systems engineer who reviewed this book felt a danger that, should his
students read it "they would not want to study their calculus and differential equations."But read
what a chemistry student said:"The follow-on for this course for me is a course in differential
equations. I always dreaded the thought after finishing calculus, and since it wasn't required, I
just kept putting it off. But I knew I needed it, vaguely, and now I know why I need it precisely.
More than that, I've lost my fear—they can't touch me now that I know what it's about."Or a
sophomore biologist:"I haven't taken any math since high-school algebra. That's really stupid for
a biologist, but until this general systems course I never knew that. I'll start calculus next
semester, if they'll let me."Can these claims be true? Leaf through the book, and you will find a
variety of graphs, diagrams, symbols, and even equations. Don't let them frighten you. They are
not there to mystify. Just because ordinary people are so often alienated from science and
technology by such devices, a book on general systems thinking must be designed to lift the veil
off their mysteries.The appropriate mathematical symbolism will first be justified, then explained,
as needed. Contrary to popular belief, scientists use mathematics to make things clearer, not
more obscure. I intend to use math only that way, so, if you find the symbolism unclear, try once
more. (Check the Appendix for some help.) If it is still unclear, give up, blame it on me, and
proceed with your reading. You won't miss too much.Not all sciences confound with
mathematical symbols. Ordinary words do quite nicely—especially if the writers don't really
know what they are talking about. My computer experiences have made me aware that people
often have but a foggy idea of what they are saying. Through translating thoughts into computer
programs, I have learned many fog-clearing techniques. These techniques would have been
impossible without the knowledge gained from computing, which is why so few of them are
understood by older scientists—and systems theorists. This book will not teach you to program
computers, but it will teach you to think the way a computer programmer should.And speaking of



fog, let us leave no illusions about the clarity of my own thoughts. Over the years of writing, entire
sections of this book have been scrapped as the mist has been dispelled. Moreover, I am not
afraid to employ slight inaccuracies to make the lessons more forceful and therefore more
memorable. In other words, I choose vigor over rigor.So do not take this book too seriously. It is
not a bible, nor a proof, nor even a cohesive argument. It is, indeed, my first few thoughts, a
collection of hints, nudges, pushes, and sometimes shoves, which aim to assist your first few
thoughts on any "systems" problem. As another of my students said, "I feel that this course has
made me twice as good a (computer) systems designer, but I know it has made me ten times as
good a thinker." I hope it will do as much for you. It may do more.How To Use This BookIn
manuscript form, this book has been used in several ways, but particularly for individual or class
use. Although the reader will undoubtedly discover his or her own ways of using it, some notes
on how I have seen it used and planned its use might be in order.For individual use, the best
approach is probably just to read it straight through, ignoring all the bibliographic material. The
Questions for Further Research at the end of each chapter should probably be read as part of
the text, to give an impression of the scope of problems to which the chapter materials might
apply. Should some problem or quotation strike you as particularly intriguing, make note of it and
then use the references to take it up later. Since the book is intended to introduce you to new
ways of thinking, many quotations and references have been given—not to lend a patina of
scholarship, but to give you numerous pointers toward other paths to learning. (Today, a great
many of these references can be found on the Internet, which ought to simplify your ongoing
study.)Not all of the references represent good examples, so further assistance is given through
the medium of the Recommended and Suggested Readings at the end of each chapter. The
fundamental difference between "recommended" and "suggested" is that over the years I have
found it imprudent to "recommend" that someone read an entire book. Either they don't do it, or
they do and have a rather different perception than mine of its worth. In the latter case, I have
made an enemy; in the former, I have made someone wish to avoid me. But do read some of the
suggested books anyway.You have a great variety of options for classroom use,. For a typical
university curriculum, the seven chapters may be assigned one roughly every other week, with
intermediate weeks used for the recommended readings. This is the scheme we use when we
are dealing with a "mixed" audience—that is, with students from a variety of disciplines all in one
class. When the class is more homogeneous, more specialized readings may be substituted.
This approach has been used, to our knowledge, at least in management science, computer
science, and behavioral science.The text itself is suitable for any "level," from sophomores on up
—making adjustments by assigning differing amounts of supplementary reading and questions
for further research. The research questions themselves are usually suitable for either a short
essay or a term paper. In higher-level courses, we have students prepare one or more of these
questions for class presentation. For those students without mathematical background, the
notational exercises are highly recommended.The very flexibility of this book and generality of
its material make it difficult to set in a university curriculum. "In what department does it belong,



really?" "At what level student is it aimed?" These questions, so frequently asked of me, might
be symptomatic of the excessive categorization of our society—breaking down knowledge into
disciplinary fiefdoms and people into age-graded human waves passing through an education
factory. But those who ask the questions are often sincere in their attempt to cut through the
present university structure and obtain something better. I should try to give them a helpful
answer.With regard to "where," a course or sequence in the general systems approach might be
found in any department where there is a willing instructor and a cooperative chairman. In some
places, cross listing of a course is the traditional way of handling such hot potatoes. In others,
provisions already exist for all-university (or at least all-division) courses. Quite often, the
Philosophy Department would be an appropriate place, except that our ex-resident philosopher,
Virg Dykstra, always taught us that there shouldn't be a Philosophy Department—just a
philosopher in every department. So perhaps there ought to be a general systems course in
every department, taught by its philosopher. Alternatively, the book can certainly be
supplementary reading in a variety of courses.With regard to "who" or "when," I can be more
specific if my own personal prejudices may be allowed to creep out. I have taught this material to
sophomores, juniors, seniors, beginning and advanced graduate students, as well as to those
long out of formal education. For some reason, the most exciting times were with seniors or
those long out of school. The seniors seem to be looking for a way of integrating a befuddling
mass of four years' worth of factual material into something they can actually use. Although at
first glance the idea of this material being useful might seem hilarious, more than a few students
have returned or written to tell me that this was the most useful course they took in four years of
college. I hope that speaks well for the course and not badly for the college.Perhaps this
practicality is what makes the course take so well with working people, whose consistent
reaction is to bring tales to class of how they applied, or should have applied, some general
systems law or other to their daily labors. On the other hand, beginning graduate students seem
too often obsessed with achieving the maximum specialization possible in the minimum time,
while sophomores just want a few specifics on which to hang their generalities. But, naturally,
people don't fall so neatly into these class categories. I'd hate to think of the learning I would
have missed by excluding certain graduate students and sophomores from my
classes.AcknowledgmentsThis book is the work of many people, work that merely happens to
be assembled by one. First are the students who found themselves used as guinea pigs over the
years and didn't squeal too much except when it really hurt. Second are the co-teachers who
used and/or contributed this material in working with me: Ken Boulding, who let me help out in
his Senior Honors course at Michigan; Jim Greenwood, who took over for me at the IBM
Systems Research Institute in New York; and Don Gause, who shared the teaching with me in
the Human Sciences and Technology group at the State University of New York at Binghamton.
Third are all those who taught me directly, but especially those to whom this volume is
dedicated, Ken Boulding, Anatol Rapoport, and Ross Ashby. Fourth are all those whose material
has been so liberally borrowed by me for the book, and may anyone who has not received



proper credit please forgive me enough to let me know of my oversight. Fifth are the ever-so-
many people who have contributed editorial work over the ever-so-many years this work has
been in progress: especially Sheila Abend and Shanna and Mike McGoff. Finally, and in the
place of greatest gratitude, are the two who read and ripped to shreds every word and diagram
so as to convert a lumpy oatmeal pudding into what I hope is more like a wedding cake: Joan
Kaufmann and Dani Weinberg.Chapter 1. The ProblemToday we preach that science is not
science unless it is quantitative. We substitute correlation for causal studies, and physical
equations for organic reasoning. Measurements and equations are supposed to sharpen
thinking, but ... they more often tend to make the thinking non-causal and fuzzy. They tend to
become the object of scientific manipulation instead of auxiliary tests of crucial inferences.Many
—perhaps most—of the great issues of science are qualitative, not quantitative, even in physics
and chemistry. Equations and measurements are useful when and only when they are related to
proof; but proof or disproof comes first and is in fact strongest when it is absolutely convincing
without any quantitative measurement.Or to say it another way, you can catch phenomena in a
logical box or in a mathematical box. The logical box is coarse but strong. The mathematical box
is fine grained but flimsy. The mathematical box is a beautiful way of wrapping up a problem, but
it will not hold the phenomena unless they have been caught in a logical box to begin with. -
John R. Platt1The Complexity of the WorldIt isn't what we don't know that gives us trouble, it's
what we know that ain't so. - Will RogersThe first step to knowledge is the confession of
ignorance. We know far, far less about our world than most of us care to confess. Yet confess we
must, for the evidences of our ignorance are beginning to mount, and their scale is too large to
be ignored!If it had been possible to photograph the earth from a satellite 150 or 200 years ago,
one of the conspicuous features of the planet would have been a belt of green extending 10
degrees or more north and south of the Equator. This green zone was the wet evergreen tropical
forest, more commonly known as the tropical rain forest. Two centuries ago it stretched almost
unbroken over the lowlands of the humid Tropics of Central and South America, Africa,
Southeast Asia and the islands of Indonesia.... the tropical rain forest is one of the most ancient
ecosystems ... it has existed continuously since the Cretaceous period, which ended more than
60 million years ago. Today, however, the rain forest, like most other natural ecosystems, is
rapidly changing. ... It is likely that, by the end of this century very little will remain.2This account
may be taken as typical of hundreds filling our books, journals, and newspapers. Will the change
be for good or evil? Of that, we can say nothing—that is precisely the problem. The problem is
not change itself, for change is ubiquitous. Neither is the problem in the man-made origin of the
change, for it is in the nature of man to change his environment. Man's reordering of the face of
the globe will cease only when man himself ceases.The ancient history of our planet is brimful of
stories of those who have ceased to exist, and many of these stories carry the same plot: Those
who live by the sword, die by the sword. The very source of success, when carried past a
reasonable point, carries the poison of death. In man, success comes from the power that
knowledge gives to alter the environment. The problem is to bring that power under control.In



ages past, the knowledge came very slowly, and one man in his life was not likely to see much
change other than that wrought by nature. The controlled incorporation of arsenic into copper to
make bronze took several thousand years to develop; the substitution of tin for the more
dangerous arsenic took another thousand or two. In our modern age, laboratories turn out an
alloy a day, or more, with properties made to order. The alloying of metals led to the rise and fall
of civilizations, but the changes were too slow to be appreciated. A truer blade meant victory
over the invaders, but changes were local and slow enough to be absorbed by a million tiny
adjustments without destroying the species. With an alloy a day, we can no longer be
sure.Science and engineering have been the catalysts for the unprecedented speed and
magnitude of change. The physicist shows us how to harness the power of the nucleus; the
chemist shows us how to increase the quantity of our food; the geneticist shows us how to
improve the quality of our children. But science and engineering have been unable to keep pace
with the second-order effects produced by their first-order victories. The excess heat from the
nuclear generator alters the spawning pattern of fish, and, before adjustments can be made,
other species have produced irreversible changes in the ecology of the river and its borders. The
pesticide eliminates one insect only to the advantage of others that may be worse, or the
herbicide clears the rain forest for farming, but the resulting soil changes make the land less
productive than it was before. And of what we are doing to our progeny, we still have only ghastly
hints.Some have said the general systems movement was born out of the failures of science, but
it would be more accurate to say the general systems approach is needed because science has
been such a success. Science and technology have colonized the planet, and nothing in our
lives is untouched. In this changing, they have revealed a complexity with which they are not
prepared to deal. The general systems movement has taken up the task of helping scientists
unravel complexity, technologists to master it, and others to learn to live with it.In this book, we
begin the task of introducing general systems thinking to those audiences. Because general
systems is a child of science, we shall start by examining science from a general systems point
of view. Thus prepared, we shall try to give an overview of what the general systems approach
is, in relation to science. Then we begin the task in earnest by devoting ourselves to many
questions of observation and experiment in a much wider context. And then, having laboriously
purged our minds and hearts of "things we know that ain't so," we shall be ready to map out our
future general systems tasks, tasks whose elaboration lies beyond the scope of this small
book.The Complexity of the WorldIt isn't what we don't know that gives us trouble, it's what we
know that ain't so. - Will RogersThe first step to knowledge is the confession of ignorance. We
know far, far less about our world than most of us care to confess. Yet confess we must, for the
evidences of our ignorance are beginning to mount, and their scale is too large to be ignored!If it
had been possible to photograph the earth from a satellite 150 or 200 years ago, one of the
conspicuous features of the planet would have been a belt of green extending 10 degrees or
more north and south of the Equator. This green zone was the wet evergreen tropical forest,
more commonly known as the tropical rain forest. Two centuries ago it stretched almost



unbroken over the lowlands of the humid Tropics of Central and South America, Africa,
Southeast Asia and the islands of Indonesia.... the tropical rain forest is one of the most ancient
ecosystems ... it has existed continuously since the Cretaceous period, which ended more than
60 million years ago. Today, however, the rain forest, like most other natural ecosystems, is
rapidly changing. ... It is likely that, by the end of this century very little will remain.2This account
may be taken as typical of hundreds filling our books, journals, and newspapers. Will the change
be for good or evil? Of that, we can say nothing—that is precisely the problem. The problem is
not change itself, for change is ubiquitous. Neither is the problem in the man-made origin of the
change, for it is in the nature of man to change his environment. Man's reordering of the face of
the globe will cease only when man himself ceases.The ancient history of our planet is brimful of
stories of those who have ceased to exist, and many of these stories carry the same plot: Those
who live by the sword, die by the sword. The very source of success, when carried past a
reasonable point, carries the poison of death. In man, success comes from the power that
knowledge gives to alter the environment. The problem is to bring that power under control.In
ages past, the knowledge came very slowly, and one man in his life was not likely to see much
change other than that wrought by nature. The controlled incorporation of arsenic into copper to
make bronze took several thousand years to develop; the substitution of tin for the more
dangerous arsenic took another thousand or two. In our modern age, laboratories turn out an
alloy a day, or more, with properties made to order. The alloying of metals led to the rise and fall
of civilizations, but the changes were too slow to be appreciated. A truer blade meant victory
over the invaders, but changes were local and slow enough to be absorbed by a million tiny
adjustments without destroying the species. With an alloy a day, we can no longer be
sure.Science and engineering have been the catalysts for the unprecedented speed and
magnitude of change. The physicist shows us how to harness the power of the nucleus; the
chemist shows us how to increase the quantity of our food; the geneticist shows us how to
improve the quality of our children. But science and engineering have been unable to keep pace
with the second-order effects produced by their first-order victories. The excess heat from the
nuclear generator alters the spawning pattern of fish, and, before adjustments can be made,
other species have produced irreversible changes in the ecology of the river and its borders. The
pesticide eliminates one insect only to the advantage of others that may be worse, or the
herbicide clears the rain forest for farming, but the resulting soil changes make the land less
productive than it was before. And of what we are doing to our progeny, we still have only ghastly
hints.Some have said the general systems movement was born out of the failures of science, but
it would be more accurate to say the general systems approach is needed because science has
been such a success. Science and technology have colonized the planet, and nothing in our
lives is untouched. In this changing, they have revealed a complexity with which they are not
prepared to deal. The general systems movement has taken up the task of helping scientists
unravel complexity, technologists to master it, and others to learn to live with it.In this book, we
begin the task of introducing general systems thinking to those audiences. Because general



systems is a child of science, we shall start by examining science from a general systems point
of view. Thus prepared, we shall try to give an overview of what the general systems approach
is, in relation to science. Then we begin the task in earnest by devoting ourselves to many
questions of observation and experiment in a much wider context. And then, having laboriously
purged our minds and hearts of "things we know that ain't so," we shall be ready to map out our
future general systems tasks, tasks whose elaboration lies beyond the scope of this small
book.Mechanism and MechanicsPhysics does not endeavor to explain nature. In fact, the great
success of physics is due to a restriction of its objectives: it endeavors to explain the regularities
in the behavior of objects. This renunciation of the broader aim, and the specification of the
domain for which an explanation can be sought, now appears to us an obvious necessity. In fact,
the specification of the explainable may have been the greatest discovery of physics so far.The
regularities in the phenomena which physical science endeavors to uncover are called the laws
of nature. The name is actually very appropriate. Just as legal laws regulate actions and
behavior under certain conditions but do not try to regulate all actions and behavior, the laws of
physics also determine the behavior of its objects of interest only under certain well-defined
conditions but leave much freedom otherwise.3 - Eugene P. WignerTo understand the general
systems view of science, we should examine physics—and particularly mechanics—because
these sciences are often taken as the ideal of others. The beauty of the mechanical model of the
world was well expressed by Karl Deutsch,4 who said that mechanism... implied the notion of a
whole which was completely equal to the sum of its parts; which could be run in reverse; and
which would behave in exactly identical fashion no matter how often these parts were
disassembled and put together again, and irrespective of the sequence in which the
disassembling or reassembling would take place. It implied consequently that the parts were
never significantly modified by each other, nor by their own past, and that each part once placed
in its appropriate position with its appropriate momentum, would stay exactly there and continue
to fulfill its completely and uniquely determined function.The luster of this description is dulled a
bit by the observation that mechanical systems ordinarily have but a handful of identifiable parts
—most often 2, sometimes 10, or perhaps as many as 30 or 40 if they are highly constrained, as
are the parts of a bridge. If there are too many parts, the physicist may write down equations
relating the behaviors of the different parts, but cannot solve the equations, even by approximate
methods. True, high-speed computers have extended the range of approximate solutions of
mechanical systems, but only by a relatively small amount.If the formal methods of mechanics
are so limited, why is mechanics considered a model for the sciences? We must—if we are to
have the answer—consider not the formal methods, but the informal. Complex mechanical
systems are always informally reduced to simpler ones. Only then can the formal methods begin
to do their work.Consider, for example, Newton's explanation of the motions of the bodies in the
solar system. Rapoport,5 in speaking about this problem, pointed out thatFortunately for the
success of the mechanistic method, the solar system ... constituted a special tractable case of
several bodies in motion.Although Rapoport's analysis is correct and to the point as far as it



goes, it does not penetrate deeply enough into the heart of Newton's success. The solar system,
in the first place, does not consist of "several bodies in motion." We now know that there are
thousands upon thousands of celestial bodies in our solar system plus other matter not in
"bodies." (See Figure 1.1.) Figure 1.1. There are thousands upon thousands of celestial
bodies ...Any analysis of planetary motions, however, begins by ignoring most of these bodies.
They are said to be "too small" to have a significant effect on the calculations. (See Figure 1.2.)
Although this seems a natural step—so natural that texts on mechanics do not ordinarily
mention it—it happens to work only in very special circumstances. Any other circumstances are
not considered proper systems for mechanistic thinking. Figure 1.2. The analysis of planetary
motions begins by ignoring most of these bodies ...Consider, for instance, the pineal gland, a
tiny piece of tissue in the brain. Can physiologists ignore this body in their attempts to
understand the behavior of the human body? Perhaps they can—the question is quite alive—
and perhaps they cannot. In any case, no physiologist would think of arguing that because the
mass of the pineal gland is small with respect to the mass of the brain, it can be ignored on that
account. The DNA in a living cell is a minuscule amount of the cell material, if measured
according to mass; but understanding of cellular biology would be impossible without
considering its role. The queen bee in a hive is only one of thousands of bees and makes up
only a small fraction of the total mass of the hive, but no ethologist dare ignore her.Mechanics,
then, is the study of those systems for which the approximations of mechanics work
successfully. It is strictly a matter of empirical evidence, not of theory, that the human body
cannot be understood by considering only the gravitational attractions between its
parts.Mechanism and MechanicsPhysics does not endeavor to explain nature. In fact, the great
success of physics is due to a restriction of its objectives: it endeavors to explain the regularities
in the behavior of objects. This renunciation of the broader aim, and the specification of the
domain for which an explanation can be sought, now appears to us an obvious necessity. In fact,
the specification of the explainable may have been the greatest discovery of physics so far.The
regularities in the phenomena which physical science endeavors to uncover are called the laws
of nature. The name is actually very appropriate. Just as legal laws regulate actions and
behavior under certain conditions but do not try to regulate all actions and behavior, the laws of
physics also determine the behavior of its objects of interest only under certain well-defined
conditions but leave much freedom otherwise.3 - Eugene P. WignerTo understand the general
systems view of science, we should examine physics—and particularly mechanics—because
these sciences are often taken as the ideal of others. The beauty of the mechanical model of the
world was well expressed by Karl Deutsch,4 who said that mechanism... implied the notion of a
whole which was completely equal to the sum of its parts; which could be run in reverse; and
which would behave in exactly identical fashion no matter how often these parts were
disassembled and put together again, and irrespective of the sequence in which the
disassembling or reassembling would take place. It implied consequently that the parts were
never significantly modified by each other, nor by their own past, and that each part once placed



in its appropriate position with its appropriate momentum, would stay exactly there and continue
to fulfill its completely and uniquely determined function.The luster of this description is dulled a
bit by the observation that mechanical systems ordinarily have but a handful of identifiable parts
—most often 2, sometimes 10, or perhaps as many as 30 or 40 if they are highly constrained, as
are the parts of a bridge. If there are too many parts, the physicist may write down equations
relating the behaviors of the different parts, but cannot solve the equations, even by approximate
methods. True, high-speed computers have extended the range of approximate solutions of
mechanical systems, but only by a relatively small amount.If the formal methods of mechanics
are so limited, why is mechanics considered a model for the sciences? We must—if we are to
have the answer—consider not the formal methods, but the informal. Complex mechanical
systems are always informally reduced to simpler ones. Only then can the formal methods begin
to do their work.Consider, for example, Newton's explanation of the motions of the bodies in the
solar system. Rapoport,5 in speaking about this problem, pointed out thatFortunately for the
success of the mechanistic method, the solar system ... constituted a special tractable case of
several bodies in motion.Although Rapoport's analysis is correct and to the point as far as it
goes, it does not penetrate deeply enough into the heart of Newton's success. The solar system,
in the first place, does not consist of "several bodies in motion." We now know that there are
thousands upon thousands of celestial bodies in our solar system plus other matter not in
"bodies." (See Figure 1.1.)  Figure 1.1. There are thousands upon thousands of celestial
bodies ...Any analysis of planetary motions, however, begins by ignoring most of these bodies.
They are said to be "too small" to have a significant effect on the calculations. (See Figure 1.2.)
Although this seems a natural step—so natural that texts on mechanics do not ordinarily
mention it—it happens to work only in very special circumstances. Any other circumstances are
not considered proper systems for mechanistic thinking.  Figure 1.2. The analysis of planetary
motions begins by ignoring most of these bodies ...Consider, for instance, the pineal gland, a
tiny piece of tissue in the brain. Can physiologists ignore this body in their attempts to
understand the behavior of the human body? Perhaps they can—the question is quite alive—
and perhaps they cannot. In any case, no physiologist would think of arguing that because the
mass of the pineal gland is small with respect to the mass of the brain, it can be ignored on that
account. The DNA in a living cell is a minuscule amount of the cell material, if measured
according to mass; but understanding of cellular biology would be impossible without
considering its role. The queen bee in a hive is only one of thousands of bees and makes up
only a small fraction of the total mass of the hive, but no ethologist dare ignore her.Mechanics,
then, is the study of those systems for which the approximations of mechanics work
successfully. It is strictly a matter of empirical evidence, not of theory, that the human body
cannot be understood by considering only the gravitational attractions between its parts.The
Square Law of ComputationWhereas in the past the only resource for dealing with biological
systems was to try to minimize the interactions between the parts, thereby often losing the real
focus of interest, today nothing but time and money prevent us from treating real biological



systems in all their complexity and richness.6 - W. Ross AshbyWhat is the cost of computation,
in time and in money? How important was ignoring small bodies (the asteroids, comets,
satellites and other pieces of space flotsam) to the economical calculation of planetary orbits?
Consider first the equations needed to describe the most general system of only two objects. We
must first describe how each object behaves by itself—the "isolated" behavior. We must also
consider how the behavior of each body affects that of the other—the "interaction." Finally, we
must consider how things will behave if neither of the bodies is present—the "field" equation.
Altogether, the most general two-body system requires four equations: two "isolated" equations,
one "interaction" equation, and one "field" equation.As the number of bodies increases, there
remains but a single "field" equation, and only one "isolated" equation per body. The number of
"interaction" equations, however, grows magnificently, with the result that for n bodies we would
need 2n relationships! (See the Appendix, under "Scientific Notation," for an explanation of
these exponential numbers.)To be more concrete, for 10 bodies we would need 210 = 1024
equations and for 100,000 bodies, about l030,000. By "ignoring small masses," then, the
number of equations is reduced from perhaps l030,000 to approximately 1000. At least it would
now be possible to write down the equations, even if we still could not afford to solve them.How
much effort is involved in solving equations, and why are we so interested in the question? In
Newton's day, the impact of mechanics on philosophical thought was pervasive. Many
philosophers thought, with Laplace, that given precise observations on the position and velocity
of every particle of matter, one could calculate the entire future of the universe. Although they
realized that they would need a large computing machine, they lacked even the smallest
computers. How could they possibly put a measure on the required computation?Only in our
lifetime have the dreams of the mechanists been realized, but with the realization came a
revolution in philosophical thought. One aspect of this revolution was the more realistic concern
for the question of computational cost, a question raised by the systems thinkers, but most
notably and consistently by Ashby. This annoying question—how much "time and money"?—lies
at the very foundation of the general systems movement.We do not need exact measures.
Instead, we merely want to estimate how the amount of computation increases as the size of the
problem increases. Experience has shown that unless some simplifications can be made, the
amount of computation involved increases at least as fast as the square of the number of
equations. This we call the "Square Law of Computation." Thus, if we double the number of
equations, we shall have to find a computer four times as powerful to solve them in the same
amount of time. Naturally, the time often goes up faster than this—particularly if some technical
difficulty arises, such as a decrease in the precision of results. For our present arguments,
however, we may conservatively use the Square Law of Computation to estimate how much
more computing is required for one general set of equations than for another.In practice, then,
there is an upper limit to the size of the system of equations that can be solved. Clearly, l030,000
equations are far beyond that limit. And in Newton's day, without computers at all, the practical
limit of computations was well below 1000 second-order differential equations, especially since



Newton had just invented differential equations. Newton needed all the simplifying assumptions,
explicit or implicit, he could get away with, just as physiologists and psychologists do today. We
may note, in this regard, that old-time physicists now say that the "youngsters" no longer do "real
physics." These young upstarts use the computer to solve large sets of equations, rather than
applying physical "intuition" to reduce the equations so they can be solved with a pencil on the
back of the proverbial envelope.The Square Law of ComputationWhereas in the past the only
resource for dealing with biological systems was to try to minimize the interactions between the
parts, thereby often losing the real focus of interest, today nothing but time and money prevent
us from treating real biological systems in all their complexity and richness.6 - W. Ross
AshbyWhat is the cost of computation, in time and in money? How important was ignoring small
bodies (the asteroids, comets, satellites and other pieces of space flotsam) to the economical
calculation of planetary orbits?Consider first the equations needed to describe the most general
system of only two objects. We must first describe how each object behaves by itself—the
"isolated" behavior. We must also consider how the behavior of each body affects that of the
other—the "interaction." Finally, we must consider how things will behave if neither of the bodies
is present—the "field" equation. Altogether, the most general two-body system requires four
equations: two "isolated" equations, one "interaction" equation, and one "field" equation.As the
number of bodies increases, there remains but a single "field" equation, and only one "isolated"
equation per body. The number of "interaction" equations, however, grows magnificently, with the
result that for n bodies we would need 2n relationships! (See the Appendix, under "Scientific
Notation," for an explanation of these exponential numbers.)To be more concrete, for 10 bodies
we would need 210 = 1024 equations and for 100,000 bodies, about l030,000. By "ignoring
small masses," then, the number of equations is reduced from perhaps l030,000 to
approximately 1000. At least it would now be possible to write down the equations, even if we
still could not afford to solve them.How much effort is involved in solving equations, and why are
we so interested in the question? In Newton's day, the impact of mechanics on philosophical
thought was pervasive. Many philosophers thought, with Laplace, that given precise
observations on the position and velocity of every particle of matter, one could calculate the
entire future of the universe. Although they realized that they would need a large computing
machine, they lacked even the smallest computers. How could they possibly put a measure on
the required computation?Only in our lifetime have the dreams of the mechanists been realized,
but with the realization came a revolution in philosophical thought. One aspect of this revolution
was the more realistic concern for the question of computational cost, a question raised by the
systems thinkers, but most notably and consistently by Ashby. This annoying question—how
much "time and money"?—lies at the very foundation of the general systems movement.We do
not need exact measures. Instead, we merely want to estimate how the amount of computation
increases as the size of the problem increases. Experience has shown that unless some
simplifications can be made, the amount of computation involved increases at least as fast as
the square of the number of equations. This we call the "Square Law of Computation." Thus, if



we double the number of equations, we shall have to find a computer four times as powerful to
solve them in the same amount of time. Naturally, the time often goes up faster than this—
particularly if some technical difficulty arises, such as a decrease in the precision of results. For
our present arguments, however, we may conservatively use the Square Law of Computation to
estimate how much more computing is required for one general set of equations than for
another.In practice, then, there is an upper limit to the size of the system of equations that can
be solved. Clearly, l030,000 equations are far beyond that limit. And in Newton's day, without
computers at all, the practical limit of computations was well below 1000 second-order
differential equations, especially since Newton had just invented differential equations. Newton
needed all the simplifying assumptions, explicit or implicit, he could get away with, just as
physiologists and psychologists do today. We may note, in this regard, that old-time physicists
now say that the "youngsters" no longer do "real physics." These young upstarts use the
computer to solve large sets of equations, rather than applying physical "intuition" to reduce the
equations so they can be solved with a pencil on the back of the proverbial envelope.The
Simplification of Science and the Science of SimplificationI do not know how it is with you, but
for myself I generally give up at the outset. The simplest problems which come up from day to
day seem to me quite unanswerable as soon as I try to get below the surface. - Justice Learned
HandThinking about the practical problem of computation, then, can give us a new point of view
about what mechanics, or any science, is. Since practical computation demands that implicit
assumptions be brought out into the open, it is no coincidence that computer programmers are
attracted to an approach devoted to studying how people make assumptions. As an example of
such computing experience, consider another assumption already made in our reduction of the
solar system problem to 1000 equations.We have assumed—as one always assumes in
mechanics—that only certain kinds of interactions are important. In this case, the only important
interaction was gravitational, which meant that each relationship gave only one equation. How
do we know that only gravitational attraction is important in this system? How do we know that
we can ignore magnetic effects, electrostatic forces, light pressure, force of personality, and so
forth? One answer is that this problem would not be a problem in mechanics if other kinds of
forces were important; but that answer is merely begging the question. How do we know it is a
problem in mechanics?As before, we know it is a problem in mechanics because when we try
these approximations, they give us satisfactory answers—that is, answers that match
observational data. If we had a problem for which they did not work, it would never make its way
into the mechanics textbook. Our practical computing example of this quandary is the
calculations that were made of the orbit of the Echo satellite, which was a large inflated Mylar
sphere. The classical solution of the gravitational equations was not doing a satisfactory job of
predicting Echo's orbit. After much perplexing labor, the programmers realized that because of
its small density, Echo was much larger than any "normal" solar body of the same mass.
Consequently, the pressure of the sun's light radiating upon its surface could not be implicitly
ignored, as it is in all "ordinary" orbital calculations. No, mechanics does not tell us which



systems are "mechanical."And yet, even having reduced the number of equations to 1000—by
applying deeply buried assumptions—we still may not be able to say we have solved this
mechanical system. The equations may still prove intractable, even for a large computer. We
need further simplifications. Newton supplied an important one in his Law of Universal
Gravitation, which has been called "the greatest generalization achieved by the human
mind.'"The law states that the force of attraction (F) between two (point) masses was given by
the equation:F = GMm/r2where M is the mass of the first, m is the mass of the second, r is the
distance between them, and G is a universal constant. From the viewpoint of simplification, this
equation says more implicitly than explicitly. Why? Because it states that no other equation is
needed. It says, for instance, that the force of attraction between two bodies is in no way
dependent on the presence of a third body, so that only pairs of bodies need be considered in
turn, and then all of their effects may be added up (Figure 1.3). Figure 1.3. Only pairs need be
considered in turn ...A psychologist, for one, would be tickled pink if she could consider only
summed pair interactions. This simplification would mean that, to understand the behavior of a
family of three, she would study the behavior of the father and mother together, the father and
son together, and the mother and son together. When all three interacted at the same time, their
behavior could be predicted by summing their pairwise behaviors. Unfortunately for the
psychologist, it is only in mechanics and a few other sciences that superposition of pairwise
interactions can produce successful predictions.In the case of the solar system, pairwise
superposition reduces 1000 equations to about 45, that being the number of ways 10 things can
be taken in pairs. From the point of view of the Square Law of Computation, we have reduced
the size of our task by the square of 1000/45 or about 100 times, at least. We might be willing to
stop at this point, although Newton went still further—perhaps because he did not have the
computers we have.As it happens, the solar system has one body (the sun) whose mass is
much larger than any of the other masses, larger, in fact, than the mass of all of the other bodies
together. Because of this dominant mass, the pair equations not involving the sun's mass yield
forces small enough to be ignored, at least considering the accuracy of the data Newton was
trying to explain. (Discrepancies in this assumption led to the discovery of at least one planet
that Newton did not know.) This simplification, which is made possible by the special reality of
the solar system, rather than by mechanics, reduces the number of equations to about 10,
instead of 45, giving an estimated 20 times reduction in computation.But Newton went even
further than this, for he observed that the dominant mass of the sun enabled him to consider
each planet together with the sun as a separate system from each of the others. Such a
separation of a system into noninteracting subsystems is an extremely important technique
known to all developed sciences—and to systems theorists as well. To understand the power of
such a separation, we need only recall the Square Law of Computation. If solving a system of n
equations takes n2 units of computation, n separate single equations taken one at a time will
take only n of the same units (Figure 1.4). Figure 1.4. The power of separation. Each square
represents a set of equations. The side of the square represents the number of equations n. The



area of the square then represents the difficulty of computation n2. By dividing the 6 equations
into 2 sets of 3, we reduce the area of the squares from 36 to 18. By dividing the 6 equations into
6 sets of 1, we reduce the area of the squares from 36 to 6.At this point, Newton stopped
simplifying and solved the equations analytically. He had actually made numerous other
simplifications, such as his consideration of each of the solar bodies as point masses. In each of
these cases, he and his contemporaries were generally more aware of—and more concerned
about—the simplifying assumptions than are many present-day physics professors who lecture
about Newton's calculations. Students, consequently, find it hard to understand why Newton's
calculation of planetary orbits is ranked as one of the highest achievements of the human
mind.But the general systems thinker understands. He understands because it is his chosen
task to understand the simplifying assumptions of a science—in Wigner's words, those "objects
of interest" and "well-defined conditions" that delimit its domain of application and magnify its
power of prediction. He wants to go right to the beginning of the process by which a scientist
forms his models of the world, and to follow that process just as far as it will help him in
suggesting useful models for other sciences.Why is the general systems thinker interested in the
simplifications of science—in the science of simplifications? For exactly the same reason as
Newton was. The systems theorist knows that the Square Law of Computation puts a limit on the
power of any computing device. Moreover, he believes that the human brain is in some sense a
computing device. Thus he knows that, if we are to survive in this complex world, we need all the
help we can get. Newton was a genius, but not because of the superior computational power of
his brain. Newton's genius was, on the contrary, his ability to simplify, idealize, and streamline
the world so that it became, in some measure, tractable to the brains of perfectly ordinary men.
By studying the methods of simplification that have succeeded and failed in the past, we hope to
make the progress of human knowledge a little less dependent on genius.The Simplification of
Science and the Science of SimplificationI do not know how it is with you, but for myself I
generally give up at the outset. The simplest problems which come up from day to day seem to
me quite unanswerable as soon as I try to get below the surface. - Justice Learned
HandThinking about the practical problem of computation, then, can give us a new point of view
about what mechanics, or any science, is. Since practical computation demands that implicit
assumptions be brought out into the open, it is no coincidence that computer programmers are
attracted to an approach devoted to studying how people make assumptions. As an example of
such computing experience, consider another assumption already made in our reduction of the
solar system problem to 1000 equations.We have assumed—as one always assumes in
mechanics—that only certain kinds of interactions are important. In this case, the only important
interaction was gravitational, which meant that each relationship gave only one equation. How
do we know that only gravitational attraction is important in this system? How do we know that
we can ignore magnetic effects, electrostatic forces, light pressure, force of personality, and so
forth? One answer is that this problem would not be a problem in mechanics if other kinds of
forces were important; but that answer is merely begging the question. How do we know it is a



problem in mechanics?As before, we know it is a problem in mechanics because when we try
these approximations, they give us satisfactory answers—that is, answers that match
observational data. If we had a problem for which they did not work, it would never make its way
into the mechanics textbook. Our practical computing example of this quandary is the
calculations that were made of the orbit of the Echo satellite, which was a large inflated Mylar
sphere. The classical solution of the gravitational equations was not doing a satisfactory job of
predicting Echo's orbit. After much perplexing labor, the programmers realized that because of
its small density, Echo was much larger than any "normal" solar body of the same mass.
Consequently, the pressure of the sun's light radiating upon its surface could not be implicitly
ignored, as it is in all "ordinary" orbital calculations. No, mechanics does not tell us which
systems are "mechanical."And yet, even having reduced the number of equations to 1000—by
applying deeply buried assumptions—we still may not be able to say we have solved this
mechanical system. The equations may still prove intractable, even for a large computer. We
need further simplifications. Newton supplied an important one in his Law of Universal
Gravitation, which has been called "the greatest generalization achieved by the human
mind.'"The law states that the force of attraction (F) between two (point) masses was given by
the equation:F = GMm/r2where M is the mass of the first, m is the mass of the second, r is the
distance between them, and G is a universal constant. From the viewpoint of simplification, this
equation says more implicitly than explicitly. Why? Because it states that no other equation is
needed. It says, for instance, that the force of attraction between two bodies is in no way
dependent on the presence of a third body, so that only pairs of bodies need be considered in
turn, and then all of their effects may be added up (Figure 1.3).  Figure 1.3. Only pairs need be
considered in turn ...A psychologist, for one, would be tickled pink if she could consider only
summed pair interactions. This simplification would mean that, to understand the behavior of a
family of three, she would study the behavior of the father and mother together, the father and
son together, and the mother and son together. When all three interacted at the same time, their
behavior could be predicted by summing their pairwise behaviors. Unfortunately for the
psychologist, it is only in mechanics and a few other sciences that superposition of pairwise
interactions can produce successful predictions.In the case of the solar system, pairwise
superposition reduces 1000 equations to about 45, that being the number of ways 10 things can
be taken in pairs. From the point of view of the Square Law of Computation, we have reduced
the size of our task by the square of 1000/45 or about 100 times, at least. We might be willing to
stop at this point, although Newton went still further—perhaps because he did not have the
computers we have.As it happens, the solar system has one body (the sun) whose mass is
much larger than any of the other masses, larger, in fact, than the mass of all of the other bodies
together. Because of this dominant mass, the pair equations not involving the sun's mass yield
forces small enough to be ignored, at least considering the accuracy of the data Newton was
trying to explain. (Discrepancies in this assumption led to the discovery of at least one planet
that Newton did not know.) This simplification, which is made possible by the special reality of



the solar system, rather than by mechanics, reduces the number of equations to about 10,
instead of 45, giving an estimated 20 times reduction in computation.But Newton went even
further than this, for he observed that the dominant mass of the sun enabled him to consider
each planet together with the sun as a separate system from each of the others. Such a
separation of a system into noninteracting subsystems is an extremely important technique
known to all developed sciences—and to systems theorists as well. To understand the power of
such a separation, we need only recall the Square Law of Computation. If solving a system of n
equations takes n2 units of computation, n separate single equations taken one at a time will
take only n of the same units (Figure 1.4).  Figure 1.4. The power of separation. Each square
represents a set of equations. The side of the square represents the number of equations n. The
area of the square then represents the difficulty of computation n2. By dividing the 6 equations
into 2 sets of 3, we reduce the area of the squares from 36 to 18. By dividing the 6 equations into
6 sets of 1, we reduce the area of the squares from 36 to 6.At this point, Newton stopped
simplifying and solved the equations analytically. He had actually made numerous other
simplifications, such as his consideration of each of the solar bodies as point masses. In each of
these cases, he and his contemporaries were generally more aware of—and more concerned
about—the simplifying assumptions than are many present-day physics professors who lecture
about Newton's calculations. Students, consequently, find it hard to understand why Newton's
calculation of planetary orbits is ranked as one of the highest achievements of the human
mind.But the general systems thinker understands. He understands because it is his chosen
task to understand the simplifying assumptions of a science—in Wigner's words, those "objects
of interest" and "well-defined conditions" that delimit its domain of application and magnify its
power of prediction. He wants to go right to the beginning of the process by which a scientist
forms his models of the world, and to follow that process just as far as it will help him in
suggesting useful models for other sciences.Why is the general systems thinker interested in the
simplifications of science—in the science of simplifications? For exactly the same reason as
Newton was. The systems theorist knows that the Square Law of Computation puts a limit on the
power of any computing device. Moreover, he believes that the human brain is in some sense a
computing device. Thus he knows that, if we are to survive in this complex world, we need all the
help we can get. Newton was a genius, but not because of the superior computational power of
his brain. Newton's genius was, on the contrary, his ability to simplify, idealize, and streamline
the world so that it became, in some measure, tractable to the brains of perfectly ordinary men.
By studying the methods of simplification that have succeeded and failed in the past, we hope to
make the progress of human knowledge a little less dependent on genius.Statistical Mechanics
and the Law of Large NumbersIn the space of one hundred and seventy-six years the Lower
Mississippi has shortened itself two hundred and forty-two miles. That is an average of a trifle
over one mile and a third per year. Therefore, any calm person, who is not blind or idiotic, can
see that in the Old Silurian Period, just a million years ago next November, the Lower Mississippi
River was upward of one million three hundred thousand miles long, and stuck out over the Gulf



of Mexico like a fishing rod. And by the same token any person can see that seven hundred and
forty-two years from now the Lower Mississippi will be only a mile and three-quarters long, and
Cairo and New Orleans will have joined their streets together, and be plodding along under a
single mayor and mutual board of aldermen. There is something fascinating about science. One
gets such wholesome returns of conjecture out of such a trifling investment of fact. - Mark Twain,
Life on the MississippiNewton's achievement was in describing the behavior of a system of
perhaps 105 objects, of which he found 10 of interest. By the nineteenth century, however,
physicists wanted to tackle other systems, simple little systems such as the molecules in a bottle
of air.The molecules in a bottle of air differ from the solar system in several ways. First of all,
there are not 105 of them, but 1023. Second, the nineteenth-century physicists were not
interested in just 10 of the molecules, but in all of them. Third, had they been interested in only
10, they would still have had to study all 1023, since the molecules were pretty much identical in
mass and were, furthermore, in close interaction (Figure 1.5). Figure 1.5. There were
1023molecules, identical in mass, and in close interaction.These nineteenth-century physicists
already knew from Newton that they only had to consider pair relations, but this merely reduced
the number of equations from about 21023to 1046. Although this is undoubtedly a substantial
reduction, the prospects of further reduction of that 1046 looked rather grim. After a few fruitless
tries at the job, these physicists must have felt much like the fox in Aesop's fable who just could
not quite reach the grapes. We know they must have felt that way because they solved their
problem the same way the fox did: They decided that they did not really want to know about the
individual molecules anyway.Actually, of course, the matter was not entirely one of sour
molecules. We might more realistically describe the position of these physicists (such as Gibbs,
Boltzmann, and Maxwell) by saying that they were lucky not to be interested in things for which
they could not solve their equations. They had inherited a set of observed laws (such as Boyle's
Law) about the behavior of certain measurable properties of gases (such as pressure,
temperature, and volume). They believed that gases were made of molecules, but they had to
bridge the gap between that belief and the observed properties of gases. They bridged that gap
by postulating that the interesting measurements were a few average properties of the
molecules, rather than the exact properties of any one molecule (Figure 1.6). Figure 1.6. The
interesting measurements were only a few average properties.Since the number of different
average properties was small, this simplification brought down the amount of computation in one
fell swoop. Furthermore, the precision of prediction obtained for the averages was excellent,
because the number of molecules was very, very large, and therefore the so-called "Law of
Large Numbers" could be invoked. What this law says, in essence, is that the larger the
population, the more likely we are to observe values that are close to the predicted average
values.More precise statements of the Law of Large Numbers enable us to say just how close
we may expect observed and predicted values to be, depending on the size of the population.
The most useful rule of thumb (or general systems law) in this context is Schrodinger's "Square
Root of N Law":If I tell you that a certain gas under certain conditions of pressure and



temperature has a certain density, and if I expressed this by saying that within a certain volume
(of a size relevant for some experiment) there are under these conditions just n molecules of the
gas, then you might be sure that if you could test my statement in a particular moment of time,
you would find it inaccurate, the departure being of the order of the square root of n. Hence if the
number n = 100, you would find a departure of about 10, thus relative error = 10%. But if n = 1
million, you would be likely to find a departure of about 1000, thus relative error = 1/10%. Now,
roughly speaking, this statistical law is quite general. The laws of physics and physical chemistry
are inaccurate within a probable relative error of the order of 1 divided by the square root of n,
where n is the number of molecules that co-operate to bring about that law—to produce its
validity within such regions of space or time (or both) that matter, for some considerations or for
some particular experiment.You see from this again that an organism must have a comparatively
gross structure in order to enjoy the benefit of fairly accurate laws, both for its internal life and for
its interplay with the external world. For otherwise the number of co-operating particles would be
too small, the "law" too inaccurate. The particularly exigent demand is the square root. For
though a million is a reasonably large number, an accuracy of just 1 in 1000 is not
overwhelmingly good, if a thing claims the dignity of being a "Law of Nature."8 (See Figure 1.7.)
Figure 1.7. The departure is of the order of the square root of the number of molecules.In this
vivid passage, Schrodinger not only explains why the laws of physics and physical chemistry
work so well; but he goes on to explain a design principle that organisms should follow if they too
are to "enjoy the benefit of fairly accurate laws." For now, however, we are only interested in the
usefulness and limitations of the statistical approach to problems in other fields of science and
technology.What is the scope of the statistical approach? How does it relate to the scope of the
purely mechanical? One suggestive phrase is that statistical mechanics deals with "unorganized
complexity"—that is, systems that are complex, but yet sufficiently random in their behavior so
that they are sufficiently regular to be studied statistically.The concept of "randomness" is most
important for systems thinking, though randomness often leads to properties quite contrary to
our intuition. We do not have such a problem in understanding the success of mechanics, for
although "simplicity" will prove to be as slippery a concept as "randomness," to a first
approximation we were able to use the number of objects as a measure of complexity—the
complement of simplicity.Intuitively, randomness is the property that makes statistical
calculations come out right. Although this definition is patently circular, it does help us to
understand the scope of statistical methods. Consider a typical statistical problem. There is a flu
epidemic and we want to know how it will spread through the population so that we may plan for
the distribution of vaccine. If every person is just as likely to get the disease as any other, we can
calculate the expected number of cases and the effect of vaccination strategies with great
precision. If, on the other hand, there is some sort of non-randomness in the population, our
simple calculations will begin to deviate from the experienced epidemic.What could be a source
of such non-randomness? To take one case, people are not randomly distributed around the
countryside, so that the chances of exposure are not the same for everyone. If it were a simple



(small) population, we could calculate the exact exposures for every member, but we use a
statistical approach just because the population is not small. In a small population, the very
knowledge of the precise nature of the interactions would be what we needed in order to
calculate the pattern of infection. On the other hand, in the large population, we have already
given up hope of calculating the exact pattern and want to calculate averages, which are
deranged by underlying structure. Thus the very type of structure that helped us in one approach
hinders us in the other.It may assist in understanding the situation to conceptualize it as shown
in Figure 1.8.  Number of peopleFigure 1.8. Types of populations in the prediction of
epidemics.There we consider the size of each possible population as the X-axis of a plot and the
"diversity" as the Y-axis (up). In the lower left corner (Region I) are small populations with a great
deal of structure, which, as the figure shows, could be treated analytically. At the top, above the
straight line in Region II, we have sufficient diversity or randomness to achieve some desired
precision of prediction. In Region III, in between, lie all the populations that are too diverse for
analysis and too structured (perhaps because they are too small) for statistics.Passing from this
specific example to a more general case, we may obtain the chart shown in Figure 1.9, which is
a relabeled version of Figure 1.8. "Number of people" has been generalized to "complexity," and
"individual diversity" has been generalized to "randomness." In keeping with the very rough
nature of the arguments, we do not put any numbers on the chart, but only concern ourselves
with its general characteristics.  Figure 1.9. Types of systems with respect to methods of
thinking.Region I is the region that might be called "organized simplicity"—the region of
machines, or mechanisms. Region II is the region of "unorganized complexity"—the region of
populations, or aggregates, as we shall call them. Region III, the yawning gap in the middle, is
the region of "organized complexity"—the region too complex for analysis and too organized for
statistics. This is the region of systems.Statistical Mechanics and the Law of Large NumbersIn
the space of one hundred and seventy-six years the Lower Mississippi has shortened itself two
hundred and forty-two miles. That is an average of a trifle over one mile and a third per year.
Therefore, any calm person, who is not blind or idiotic, can see that in the Old Silurian Period,
just a million years ago next November, the Lower Mississippi River was upward of one million
three hundred thousand miles long, and stuck out over the Gulf of Mexico like a fishing rod. And
by the same token any person can see that seven hundred and forty-two years from now the
Lower Mississippi will be only a mile and three-quarters long, and Cairo and New Orleans will
have joined their streets together, and be plodding along under a single mayor and mutual board
of aldermen. There is something fascinating about science. One gets such wholesome returns of
conjecture out of such a trifling investment of fact. - Mark Twain, Life on the MississippiNewton's
achievement was in describing the behavior of a system of perhaps 105 objects, of which he
found 10 of interest. By the nineteenth century, however, physicists wanted to tackle other
systems, simple little systems such as the molecules in a bottle of air.The molecules in a bottle
of air differ from the solar system in several ways. First of all, there are not 105 of them, but 1023.
Second, the nineteenth-century physicists were not interested in just 10 of the molecules, but in



all of them. Third, had they been interested in only 10, they would still have had to study all 1023,
since the molecules were pretty much identical in mass and were, furthermore, in close
interaction (Figure 1.5).  Figure 1.5. There were 1023molecules, identical in mass, and in close
interaction.These nineteenth-century physicists already knew from Newton that they only had to
consider pair relations, but this merely reduced the number of equations from about 21023to
1046. Although this is undoubtedly a substantial reduction, the prospects of further reduction of
that 1046 looked rather grim. After a few fruitless tries at the job, these physicists must have felt
much like the fox in Aesop's fable who just could not quite reach the grapes. We know they must
have felt that way because they solved their problem the same way the fox did: They decided
that they did not really want to know about the individual molecules anyway.Actually, of course,
the matter was not entirely one of sour molecules. We might more realistically describe the
position of these physicists (such as Gibbs, Boltzmann, and Maxwell) by saying that they were
lucky not to be interested in things for which they could not solve their equations. They had
inherited a set of observed laws (such as Boyle's Law) about the behavior of certain measurable
properties of gases (such as pressure, temperature, and volume). They believed that gases
were made of molecules, but they had to bridge the gap between that belief and the observed
properties of gases. They bridged that gap by postulating that the interesting measurements
were a few average properties of the molecules, rather than the exact properties of any one
molecule (Figure 1.6).  Figure 1.6. The interesting measurements were only a few average
properties.Since the number of different average properties was small, this simplification
brought down the amount of computation in one fell swoop. Furthermore, the precision of
prediction obtained for the averages was excellent, because the number of molecules was very,
very large, and therefore the so-called "Law of Large Numbers" could be invoked. What this law
says, in essence, is that the larger the population, the more likely we are to observe values that
are close to the predicted average values.More precise statements of the Law of Large Numbers
enable us to say just how close we may expect observed and predicted values to be, depending
on the size of the population. The most useful rule of thumb (or general systems law) in this
context is Schrodinger's "Square Root of N Law":If I tell you that a certain gas under certain
conditions of pressure and temperature has a certain density, and if I expressed this by saying
that within a certain volume (of a size relevant for some experiment) there are under these
conditions just n molecules of the gas, then you might be sure that if you could test my statement
in a particular moment of time, you would find it inaccurate, the departure being of the order of
the square root of n. Hence if the number n = 100, you would find a departure of about 10, thus
relative error = 10%. But if n = 1 million, you would be likely to find a departure of about 1000,
thus relative error = 1/10%. Now, roughly speaking, this statistical law is quite general. The laws
of physics and physical chemistry are inaccurate within a probable relative error of the order of 1
divided by the square root of n, where n is the number of molecules that co-operate to bring
about that law—to produce its validity within such regions of space or time (or both) that matter,
for some considerations or for some particular experiment.You see from this again that an



organism must have a comparatively gross structure in order to enjoy the benefit of fairly
accurate laws, both for its internal life and for its interplay with the external world. For otherwise
the number of co-operating particles would be too small, the "law" too inaccurate. The
particularly exigent demand is the square root. For though a million is a reasonably large
number, an accuracy of just 1 in 1000 is not overwhelmingly good, if a thing claims the dignity of
being a "Law of Nature."8 (See Figure 1.7.)  Figure 1.7. The departure is of the order of the
square root of the number of molecules.In this vivid passage, Schrodinger not only explains why
the laws of physics and physical chemistry work so well; but he goes on to explain a design
principle that organisms should follow if they too are to "enjoy the benefit of fairly accurate laws."
For now, however, we are only interested in the usefulness and limitations of the statistical
approach to problems in other fields of science and technology.What is the scope of the
statistical approach? How does it relate to the scope of the purely mechanical? One suggestive
phrase is that statistical mechanics deals with "unorganized complexity"—that is, systems that
are complex, but yet sufficiently random in their behavior so that they are sufficiently regular to
be studied statistically.The concept of "randomness" is most important for systems thinking,
though randomness often leads to properties quite contrary to our intuition. We do not have such
a problem in understanding the success of mechanics, for although "simplicity" will prove to be
as slippery a concept as "randomness," to a first approximation we were able to use the number
of objects as a measure of complexity—the complement of simplicity.Intuitively, randomness is
the property that makes statistical calculations come out right. Although this definition is patently
circular, it does help us to understand the scope of statistical methods. Consider a typical
statistical problem. There is a flu epidemic and we want to know how it will spread through the
population so that we may plan for the distribution of vaccine. If every person is just as likely to
get the disease as any other, we can calculate the expected number of cases and the effect of
vaccination strategies with great precision. If, on the other hand, there is some sort of non-
randomness in the population, our simple calculations will begin to deviate from the experienced
epidemic. What could be a source of such non-randomness? To take one case, people are not
randomly distributed around the countryside, so that the chances of exposure are not the same
for everyone. If it were a simple (small) population, we could calculate the exact exposures for
every member, but we use a statistical approach just because the population is not small. In a
small population, the very knowledge of the precise nature of the interactions would be what we
needed in order to calculate the pattern of infection. On the other hand, in the large population,
we have already given up hope of calculating the exact pattern and want to calculate averages,
which are deranged by underlying structure. Thus the very type of structure that helped us in one
approach hinders us in the other.It may assist in understanding the situation to conceptualize it
as shown in Figure 1.8.    Number of peopleFigure 1.8. Types of populations in the prediction
of epidemics.There we consider the size of each possible population as the X-axis of a plot and
the "diversity" as the Y-axis (up). In the lower left corner (Region I) are small populations with a
great deal of structure, which, as the figure shows, could be treated analytically. At the top,



above the straight line in Region II, we have sufficient diversity or randomness to achieve some
desired precision of prediction. In Region III, in between, lie all the populations that are too
diverse for analysis and too structured (perhaps because they are too small) for
statistics.Passing from this specific example to a more general case, we may obtain the chart
shown in Figure 1.9, which is a relabeled version of Figure 1.8. "Number of people" has been
generalized to "complexity," and "individual diversity" has been generalized to "randomness." In
keeping with the very rough nature of the arguments, we do not put any numbers on the chart,
but only concern ourselves with its general characteristics.    Figure 1.9. Types of systems with
respect to methods of thinking.Region I is the region that might be called "organized simplicity"—
the region of machines, or mechanisms. Region II is the region of "unorganized complexity"—the
region of populations, or aggregates, as we shall call them. Region III, the yawning gap in the
middle, is the region of "organized complexity"—the region too complex for analysis and too
organized for statistics. This is the region of systems.The Law of Medium NumbersThe
mechanistic world view, taking the play of physical particles as ultimate reality, found its
expression in a civilization which glorifies physical technology that has led eventually to the
catastrophes of our time. Possibly the model of the world as a great organization can help to
reinforce the sense of reverence for the living which we have almost lost in the last sanguinary
decade of human history.9 - Ludwig von BertalanffyThe Law of Medium NumbersThe
mechanistic world view, taking the play of physical particles as ultimate reality, found its
expression in a civilization which glorifies physical technology that has led eventually to the
catastrophes of our time. Possibly the model of the world as a great organization can help to
reinforce the sense of reverence for the living which we have almost lost in the last sanguinary
decade of human history.9 - Ludwig von Bertalanffy
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Helge Loebler, “Great Thoughts. Gerald Weinberg book "An Introduction to General Systems
Thinking" is one of the best books I ever read. When I started to think about system theory in the
early 70s when my English was too weak to read English books I had only access to several
translated books including of course authors like John von Neumann and Ross Ashby and alike.
Now I'm doing research on service systems and discovered Weinberg's wonderful book. It's not
only a book for experts in the field it is also a book for people who are interested in thinking. It
offers a lot of great insights which are easy to understand but also challenge classical
ontological thinking. For example it makes clear that a system is a set of entities which "we sat
down". It's not pregiven. It is the way off looking at the world. It also makes clear that if science
reduces the observable reality there always is another perspective to reduce it which is
condensed in the generalized law of complimentary. The content of the book is too rich to be
summarized in this short review each chapter is a gold mine but you have to dig.In addition the
book is not only something to read but it is something to work with. After each chapter it contains
wonderful exercises and challenging questions. Everybody can train his thinking abilities which I
think is very important for learning society. I definitely recommend this book to everybody who
wants to improve her or his thinking. Who ever goes to university should, from my perspective,
read this book. This book is also an entertaining one as it offers nice surprises in the way we
usually think. I am very thankful to Gerald Weinberg that I had the opportunity to read his
wonderful book.”

Zentao, “An excellent introduction.... Weinberg distills the essence from von Bertalanffy's classic
and manages to present it in a very accessible fashion. The book has been out of print for quite
a while so it is great to see a new edition. The message and information contained in here,
although originally published in 1975, is now more relevant than ever.Weinberg covers many
aspects of systems theory beginning with the main stumbling block with the present scientific
paradigm: the idea that the universe is mechanistic. His treatment is much more general than
Robert Rosen's in "Life Itself" but still conveys why the mechanistic notion is flawed.He then
outlines the general systems theory approach before leading into the idea that a system is
simply a way of looking at the world. He then outlines the principle of indifference. This leads
straight into two sections outlining various aspects of making observations. Finally he discusses
behaviour and then some general systems questions.Throughout the book he uses many
examples from disparate fields in conjunction with questions for further research. It is great to
see someone who doesn't preach systems but actually uses the ideas.Definitely a must-read as
we decided how to solve the myriad of issues before us.”

Retired Reader, “Theory of Systems Thinking. "Systems thinking" is a straight forward concept
that concerns an understanding of a system by examining the linkages and interactions between



the elements that compose the entirety of the system. The reader looking to this book for an
exposition of this concept and perhaps examples of its application will be very disappointed.The
operative word in the title of this book is "Introduction." What Weinberg provides is not a
discussion of systems thinking as such, but an elegant and well thought out set of proofs that
demonstrate why systems thinking actually works and provide the foundation of an underlying
theory of systems thinking. This is quite different from most of the literature on systems analysis
and systems research, but this book provides a foundation for both of these disciplines. As such
it has a unique place in the literature of this subject.”

Kurt W. Gochko, “Condition & Delivery as promised. It's a book -- Condition & Delivery as
promised”

Pomelo, “Matchless. I have read the kindle version and then ordered this paper version. It is
dense. I need to read and re-read its parts and chapters because every time I get deeper
understanding. The important thing is, this book and its examples and notions will be part of your
mindset. It improves your mental models, the models that you think through them. I haven't read
such a well written book on fundamentals of system thinking. A must read for anyone who is
interested in thinking and ,indeed, better thinking”

Sohnee, “Great Introduction. The writing style in this book is relaxed and, at times, funny. This
massively helps with the absorption of a reasonably taxing subject. You'll learn a lot from this
book if you haven't yet read about Systems Thinking.”

Dennis Blondell Decker, “A classic. Genuine systems thinking is rare these days. This one is a
classic, timeless, and still relevant.”

David, “Made me think in a different way. Helped me as an economist to 'think better'. Have been
referrring back to particular chapters, and pointed me to other areas of systems thinking.”

The book has a rating of  5 out of 4.2. 100 people have provided feedback.
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