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——CYBERNETICS AND SYSTEMS,
FROM PAST TO FUTURE

FOUNDERS AND PRECURSORS

We consider as founders those who introduced the modern meaning of
cybernetics or systems.

As far as cybernetics is concerned the most eminent are Norbert Wiener (1894—
1964) and Warren Sturgis McCulloch (1898-—1969). The importance of the new
field which was to become cybernetics was recognized in 1943 by Wiener, McCul-
loch, John von Neumann and other members of the so-called “Teleological Society”
placed under the aegis of the Macy Foundation. But the official birth of cybernetics
can be dated of the publication of Wiener’s book “Cybernetics or Control and Commu-
nication in the Animal and the Machine” published in 1948 by Hermann (Paris), The
Technology Press and Wiley. But the role of McCulloch is not to be underestimated.
It started in 1943 with the publication, with W. Pitts, of an article about “A logical
calculus of the ideas immanent in nervous activity”.

In the field of systems a name is predominant, that of Ludwig von Bertalanffy
(Vienna 1901, USA 1972). He introduced his concept of general systems theory
(which he had foreseen in the 20’s) in 1945 in an article published in a philosophical
journal and entitled “Zu einer allgemeinen Systemlehre”. The German title shows
that his purpose was a general theory of systems as examplified in his “General Sys-
tem Theory” (1968).

It is usual to consider, in a way, Plato as a precursor because he used the word
“kybernetike”, in “The Republic” or “Gorgias”, as a political metaphor of the art of
steering as well as A.-M. Amp re in his “Essai sur la philosophie des sciences”
(1843) who used the word “cyberr tique” and Trentowski in “Philosophy and Cy-
bernetics or the Art of Governing a Country” (in Polish) who used the word “kiber-
netiki”. Romanian precursors are S. Odobleja (1939) And P. Postelnicu (1947).
For systems a precursor is A. Bogdanov with “Tektologia” (1912, in Russian).

Coming back to cybernetics other precursors have been proposed: G.W. Leibniz

and R. Descartes. For Wiener Leibniz may be seen as a patron saint of cybernetics for
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his attempt to build a general logic with a universal notation (“characteristica univer-
salis”) making possible “the computation of thoughts” (“calculus ratiocinator”) pre-
sented in his “Dissertatio de arte combinatoria” (1666). Closer to modern realizations
was his computer, better than that of Pascal (built before Leibniz’s birth) . According
to McCulloch, cybernetics started with Descartes. His first argument is that, in the
treaty of Descartes entitled “L’ Homme” (1664), there is the “first use of the notion
of inverse feedback and of the reflex” in a description of how a man, having his foot
very close to a fire, removes it from it. A second argument is to be found in “La
Dioptrique” (1637) where McCulloch sees what is “probably the first coding theo-
rem” when Descartes says that the images on the retina are transmitted to the brain

by signals having no similarity with what they represent.
BASIC CONCEPTS

Two important concepts of cybernetics are, according to the title of Wiener’s
book, control and communication. Negative feedback depends upon both of them. It
has been used to regulate clepsydras water supply, rotation speed of wind mills, that
of a steam engine with its Watt’s governor. The controllability of a system, that is to
say the possibility to bring it from one state to another involves a generalization of
negative feedback studied by R.E. Kalman and the optimality of this process consid-
ered by R.E. Bellman and also by L. Pontryagin.

Communication or more precisely signal theory, already present in feedback, has

“ Extrapolation, Interpolation and

a specific interest recognized by Wiener in
Smoothing of Stationary Time Series” (1949) where he solves the problem of opti-
mum prediction and elimination of noise after Kolmogoroff but quite independently .
Another aspect of communication, also fundamental according to Wiener, is the no-
tion of quantity of information, proposed by C.E. Shannon in his “Mathematical
Theory of Communication” (1949) and foreseen by H. Nyquist, R. Hartley and in a
way by J. von Neumann. The quantity of information has no semantic meaning, it is
an index of the degree of unexpectedness of a message carried by a signal. In short the
quantity of information of a message of probability p is-logp where log means the loga-
rithm with basis 2. So it is equal to infinity when the message is completely unexpect-
ed (p=0) and to zero when the message is already known (p=1). The case of p=
1/2 corresponds to the unit of quantity of information (bit or Hartley). More gener-
ally the mean value of the quantity of information corresponding to a message telling
which of n possible issues has really occurred is formally the same as the entropy of a
statistical system with n possible states, at least up to a factor involving Boltzmann’s
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constant. Shannon used the concept of quantity of information in his study of the
transmission capacity of a channel. The formal analogy between quantity of informa-
tion and entropy has aroused the interest of L. Szilard (1925), B. Mandelbrot
(1953) who proposed elucidations of the so-called Maxwell’s demon paradox and also
of L. Brillouin (1956) who built a theory of measurement in physics. These attempts
were considered promising by L. de Broglie, but they are still controversial.

Another interesting idea of cybernetics is that of requisite variety proposed by
W.R. Ashby in “An Introduction to Cybernetics” (1956). It has to do with both
games and information theories and has been used in a precise way by P.C. Conant in
the case of a regulator. But, roughly speaking., Ashby’s principle of requisite variety
tells that to resist a certain variety of aggressions it is necessary to dispose of at least
the same variety of strategies.

Among the traits common to cybernetics and systems we have : the search for
isomorphisms, the concept of homeostasis pointed out by Bertalanffy, introduced by
C. Bernard and named by W.B Cannon, the importance of the global point of view
on which insisted Bertalanffy (the necessity of local and global views being in fact
both useful as remarked by Pascal), the concept of open system due to Bertalanffy in-
spired by biology, dissipative structures proposed by I.Prigogine, self-organization or
auto-poiesis, synergetics introduced by H. Haken, order by noise proposed by H.
Von Forster (in fact an order already present in a potential manner and revealed by
the triggering action of noise), fuzzy control due to L. Zadeh, the concept of chaos
linked the so-called strange attractors, economic cybernetics (O. Lange, M. Manes-
cu), management cybernetics (S. Beer with “The Brain of the Firm”, 1972), the

so-called artificial life. . .
THE OBSERVER AND THE ACTOR

The ideas of observation and action are already in germ in Wiener's cybernetics.
The regulator “observes” through a communication channel the gap between what is
realized and what is to be done, then “acts” consequently by means of a decision sig-
nal. This remark is at the root of the introduction by R. Valke, in 1951, of the
mathematical concept of “observation operator” which involves the observation of the
system by itself as well as that of the outside world. Second order cybernetics, intro-
duced by H. Von Forster in the 70’s, emphasizes the role of the observer and self-ref-
erence considered also by G. Pask and others. In this frame H. von Forster pro-
posed, in terms of self-organization (or autopoiesis), an interpretation of Piaget’s ge-
netic epistemology elaborated in the 30’s. This presentation introduces the concept of
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eigemrbehaviors considered later by F. Varela and H. Maturana who proposed the
idea of operational closure.

When Wiener wrote with A. Rosennblueth and N. Bigelow (1943) an article
entitled “Behavior, purpose and teleology”, he insisted upon the fact that cybernetics
has much to do with action, an idea expressed by L.Couffignal saying that “cyberne-
tics is the art of making action efficient”. In the 50’s E. Bernard-Weil presented his
theory of ago-antagonism which proposes the implementation of actions of opposite
nature in a non-linear dynamical system. But action must not be considered alone, it
needs cognition based upon observation. Both of them play their part in epistemo-
praxiology proposed by R. Valk e (1974, 1998) which takes into account the aspects
of subjectivity due to inverse transfer of the epistemological and praxiological traits

engraved in the system itself.

SOME POSSIBLE ASPECTS OF THE FUTURE OF CYBERNETICS AND SYS-
TEMS

A possible direction is the progress of epistemology and praxiology, as exposed
above, with the help of models given by systems which are able to “perceive, decide
and act”. If such models do not give a real insight in the problem of consciousness
(which seems to be: “who” is the subject of the expression to be conscious ?) they
give descriptions of how information is conveyed to consciousness. Plato’s cave gives a
metaphor of the infirmity of a perceiving system. These infirmities are difficult, if
not impossible, to avoid but they must be at least recognized. If we have to fight
against them, we must also accept them as an intrinsic trait of knowledge, whatever
their origin : subjectivity of perception as seen above, probabilistic uncertainties,
fuzziness (L.Zadeh, already quoted about control).So not all systems are perfectly
well known. An extreme case is that of the black box whose structure is hidden. On
the opposite we have what could be called the “white box”, an ideal system complete-
ly transparent to our investigations. In between is the most usual case of the grey sys-
tem (J.L. Deng, S.F. Liu, Yi Lin) on which we have only an incomplete informa-
tion. Here is a trend of coming cybernetics and systems based upon the acceptation of
our limited knowledge capacities.

Another important theme is that of the prolongation of human beings’ senses and
effectors by artificial organs and also of the constitution of networks of connected sys-
tems. Here I quote (with permission of Unesco) an article entitled “Cybernetics and
the future of man” (Valke R. 1952) . “It may be said that the evolution of man,
which is perhaps proceeding on the mental plane but which biologically speaking
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seems to have been halted is now at work in the sphere of the “artificial”. The
telecommunication instruments, extend the range of the natural human organs almost
indefinitely. Technological evolution has thus transformed, not indeed “biological
man”, but the bio-mechanical unit constituted by man and his instruments. We are in
fact confronted with a new being, who is also capable of rapid and unexpected im-
provements and who, since he is in a constant state of evolution, is difficult to de-
scribe in concrete terms. A curious symbiosis is established, with a whole section of
the inanimate world collaborating with man and so closely as to become a part of him.
Just as the symbiosis of man and machine gives birth to a new being—the modern
product of evolution—so the alliance of society and the machine engenders a creature
of gigantic dimensions, who is gradually extending its influence over the whole sur-
face of the globe”.

Ashby’s concept of requisite variety seems to have an important future. To dis-
pose of several strategies in order to be able to answer to the unexpected is necessary
for survival. But too many strategies generate unbearable complications and one strat-
egy only may be fatal, just a necessary and sufficient variety is requested. This has
permitted certain animal species to survive, to a human being to find a new activity
after the loss of his usual work or to an industrial company to reconvert itself. At a
higher level we can say that a civilisation must avoid both the unique thought and the
scattering of doctrines. It must have at its disposal several visions of the world. If it
is attacked, from the inside or the outside, by unexpected means, it can face them
only by implementing new attitudes. If we consider mankind as a whole, we must
avoid the danger of a unique culture because if we see, even imperfectly, the present

dangers we do not know those which are to come.
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