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COVER: DETAILS FROM "CHILDREN'S GAMES"

Thanks to a grant by the POINT Foundation to
the Biological Computer Laboratory, I was in
a position‘to offer the students who enrolled
in my sections of the general topics courses
--given by the Departments of Electrical En-
gineering and of Physiology and Biophysics
(EE 272/490 and BPh 199/491)-- a course with
a tangible goal in which the process by which
this, or any other goal may be attained was
to be the center of attention. The tangible
result of this course on the "Cybernetics of
Cybernetics" is compiled in the following
pages; the processes that led to this compil-
ation must be inferred.

The responsibility for making this result vis-
ible to those who did not participate is, of
course, mine.

BY PIETER BRUEGHEL THE ELDER
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What is Cybernetics?

T would like to call Cybernetics an offer.

What does Cybernetics offer?

>o PO

Cybernetics offers access to and interaction with
complex systems in order that they may appear
simple; to and with apparently simple systems in
order that their complexity may be revealed.

I would like to call this book the "Cybernetics
of Cybernetics" because it offers access to and inter-
action with cybernetics that are simple in their com-~
plexity and complex in their simplicity.

B. Rebitzer

Should it be desired to establish connections
between concepts whose links lie in dimensions
different from the one suggested by the sequen-
tial arrangement of topics in this collection,
punch holes into pages according to the sched-
ule (small, open circles (:) ) indicated on
the right outer margin of each page.

' Large, solid black circles indicate tar-
get pages. These circles should not be punched.
To reach a target page, insert a stylus (pencil,
pen, etc.) into holes, flip pages until target
page is reached.



FIRST ORDER CYBERNETICS

The cybernetics of observed systems.
[H.V.F.]

SECOND ORDER CYBERNETICS

The cybernetics of observing systems.
[H.V.F.]




CYBERNETICS

Cybernetics dates from 1942 and was named in 1947 by the
late Norbert Wiener and the late Arturo Rosenbleuth, distinguish-
ed mathematician and physician respectively. It was then defined
as 'the science of control and communication in the animal and
the machine'. This definition indicated (a) that a state of 'in-
control' depends upon a flow of information, and (b) that the
laws governing control are universal, i.e. do not depend on the
classical dichotomy between organic and inorganic systems. The
name cybernetics derives from the Greek word meaning 'steersman',
and was chosen to show that adaptive control is more like steers-
manship than dictatorship. Today, a more general definition of
cybernetics might be preferred: the science of effective
organization,

Always an interdisciplinary subject, cybernetics was seen
by its founding fathers moreover as transdisciplinary. This
perception was followed by the original United States workers,
and by cyberneticians in the United Kingdom, who looked to the
science as linking organizational notions in every field, and
as specifying quite general principles. Elsewhere in the United
States, and in some other countries, notably France, early
discoveries about the importance of feedback and the role of
entropy focussed the subject on its engineering aspects, at the
expense of its biology, its economics, its ecology, and so on.

In the USSR, cybernetics was officially treated as an 'imperialist
device' until the mid-fifties. At this time, Soviet work in the
field, heavily dependent on mathematics, achieved such importance
internationally that the Soviet authorities admitted the science
officially.

‘There remains disagreement about the generality of the
science, especially in relation to General Systems Theory
which has identical objectives to those expressed by the founders
of cybernetics. Thus for some, cybernetics and GST are co-
extensive, while those could be found who regard each as a branch

of the other. 1In their origins, at least, they express the same
intentions.



Thanks to the academic forces that will always seek to
classify in a reductionist way, one may hear of engineering
cybernetics (as mentioned above), of neurocybernetics (which
deals especially with the brain), of bio-cybernetics (sometimes
called bionics), of computer cybernetics,
of management cybernetics, and so on. A .
clear perception of cybernetics must accept - | -?;\ Les
these distinctions by areas of application, L ///

. . ‘ -1& yotean \‘m /:;g-uun
but will not take them as undermining the e N
transdisciplinary unity of cybernetics : ot Ses—
itself. [s.B.] beuriSie Nireeivee

CYBERNETICS

Cybernetics is a word used to convey the idea of comparing
physical machines with biological organisms in regard to how
their behavior is controlled. Both possess a sensor that feeds
information into a decision-maker which then regulates the
output, or behavior, up or down. Since 1751, when Robert Whytt
(pronounced White) clearly described the pupillary reflex
(light in the eye, pupil gets smaller) biologists have conceived
organisms to be "machines" wherein the motor output can be
controlled by the sensory input through a central processor

whose rules of operation would be fascinating

ergenien to eannect

to know. When Norbert Weiner invented the

word cybernetics in order to reify his idea, "N(f::;;?ﬁéir
only the word, not the idea, was new to e e opvem
these biologists. Whether the intellectual ’”\\\\"fgf:;:
ferment generated by Weiner's new word has -Tmm«\m::u

oatoica iacrinisation

made much difference to biologists as they

arbernenios ————rPPTSLeN] Bachines

make experiments upon their system is
debatable.
a lot of thinking, talking and writing,

[R.G.]

His word, however, has generated

by non- and quasi-biologists.

mun-;-wu.../
nowine

i |

eatpet  debavieur



CYBERNETICS

It is demonstrated that information flow in scientific or
aesthetic inquiry can be modelled via conceptual communication
and conscious cognitive control of information. In The Human

Use of Human Beings, Norbert Wiener defines "cybernetics" as

"the science of communication and control". Traditionally,
conceptual modelling of problems in cybernetics have employed
an electronic data processing paradigm: for example, neural
activity in cognition has been modelled via digital and analog
computer perspectives. In problem solving, such an approach

is exemplified by Newell Simon's Human Problem Solving. This

grasp of cybernetics is too narrow: cybernetics is most
geherally, an heuristic by which one conceptually notes a
problem through parameters of communication (or relation) and
control (or effect). The second-order heuristic presented
earlier is such a cybernetic model of problem-solving. Infor-
mation can be input into such a cybernetic heuristic, processed,
and subsequently output. Considering cybernetics as a heuristic
expands the scope of the "science of communication and control"
to relevantly encompass nearly all epistemological domains.

Make cybernetics an heuristic, and apply it to nearly any
problem. [D.S.]

CYBERNETICS

The science of effective organization or the art of
relating things together so that it happens what is desired, in
brief, the discipline of human action. Cybernetic notions and
products are designed to satisfy human needs and expectations
from where it draws its source and inspiration. As a science

Cybernetics belongs to the more inclusive

Jeproduction

domain of a Science of Organization at ~m€;;mm‘:ﬂﬂymu_“
large. (Thus there is no cybernetics of 2:§:§§£§§:zjfi;“
a cell; there is cell organization from ' ;7w—~m~M-
where cybernetic notions can draw). [F.V.] ‘ E =S
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GENERAL SYSTEM THEORY

General System(s) Theory (GST) is a general science of
organization and wholeness. It is generally agreed to have been
founded by the late Ludwig von Bertalanffy, and he dated its
inception from 1940. However, he acknowledged the same debts to
precursors as did the founders of cybernetiecs, and denied the
identity of GST and cybernetics only by delimiting the definition
of the latter in a way which is probably too ,
restrictive. The objectives of the Society v_ //mex\ "T
for General Systems Research, founded in o ~ e
1954, would certainly have had the agreement I \\\AZZ:"“"\\

awopotesis

\
of the early cyberneticians in 1942. On the \\\ // et

wariable ——= homsostatie

other hand, they may be more general than : : T
some scientists (notably in the USA and Sossute Sipecin
France) would allow to cybernetics today.

[s.B.]
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SYSTEM

‘A system is the set of elements and relations, or opera-

tions on these elements, that is specified by an observer. ‘
Alternatively, a system is a set of variables specified by an
observer. See the paper "System versus Collection". [K.L.W.]

SYSTEM _

Any distinction done by an observer, S
. . . i e
with the intention of further explaining siin g Jutirenis > et
. __{'mm g e T e st otineties
in ‘a consensual network the distinction : t:f::““[
done and its content. [F.V.] . .4ﬁ: atpien

'FEEDBACK

The return of part of a system's output to change its input.
Positive feedback increases the input, negative feedback decreases
it. Hence if feedback is used (as it is in all regulatory systems)
in comparing output with some standard to be

approached, negative feedback is inherently » //*nm\\ mT

stabilizing (because it decreases the error) g m_.ﬁ<\ //)mx:r_ﬂanq
while positive feedback is inherently L /7~<:::::i:}mu
destabilizing (and the error gains explosively wewe—Swedu

in magnitude). The casual use of 'feedback' ///"

to mean 'response toO a stimulus' is incorrect. B s

[s.B.]

FEEDBACK

Information about the results of a process which is used to
change the process itself. [S8.U.]



34

FEEDBACK

An unpoetic inexpressive word that shrieks for replacement.
Correct use of the term would refer to eating your own vomit.
'Positive feedback' and 'negative feedback' would signify whether
you like the vomit or not.

I'd prefer a term like 'circuit' to indicate any system or
subsystem that responds to its own action -~ and some-

thing like 'convergent' or 'divergent' to indicate i

the nature of the response ('divergent' would cover t\\\\mm

the two unstable forms - anti-corrective 'positive e

value

feedback" and over-corrective hunting oscillation.)
[S.Br.]
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