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 CYBERNETICS

 BY NORBERT WIENER

 Massachusetts Institute of Technology

 SUMMARY OF CONIMUNICATION

 Presented before the Academy

 MARCH 8, 1950

 HE word cybernetics has been taken from the
 Greek word icv,BepvrjT meaning steersman. It has

 been invented because there is not in the literature any
 adequate term describing the general study of com-
 munication and the related study of control in both
 machines and in living beings. Fundamentally, it is
 based on the idea, developed both by Dr. Claude Shan-
 non of the Bell Telephone Laboratories and myself, that
 information is a measurable quantity, and that it can
 only be studied on a statistical basis. It is well-known
 that the order or disorder of a thermodynamic system
 may be measured in terms of a quantity known as the
 entropy, which is at a maximum in a state of the most
 complete disorder, and which can increase while it
 never decreases.

 Information is a quantity which measures order, in-
 stead of disorder, and should have the opposite sign to
 entropy. It should therefore be a quantity which can
 spontaneously decrease, but cannot spontaneously in-
 crease. Let us see if we can find such a quantity. If
 we have two independent sources of information con-
 cerning totally different subject matter, it would seem
 natural to suppose that the information which they

 yield would combine additively. Connected, however,
 with different contingencies are other quantities called
 probabilities which combine in a non-additive way. If
 our universe of discourse is a set of events, one or
 another of which is known to occur under certain

 conditions, a smaller set of events may be said to have a
 probability which is a quantity less than one, or at least
 not exceeding one. Two probabilities of independent
 contingencies combine by multiplying. If then we are
 to relate to these probabilities quantities which com-
 bine after the fashion of information, we must make

 correspond to the probabilities quantities which add
 when the probabilities multiply. These quantities, ex-
 cept for an indeterminate constant factor, are known
 as logarithms.

 Since a situation less probable than one is a situation
 in which we have more information than simply that
 we are within our universe of discourse, the factor
 multiplying the logarithm of a probability in order to
 yield an amount of information must be negative. Thus
 it only takes a conventional normalization of amount of
 information to identify it with the negative probability
 of a contingency. It is well-known that in statistical
 mechanics entropy is identified with the positive loga-
 rithm of the probability of a contingency.

 Let us notice that in considering the amount of
 information carried by a certain situation, we must not
 only consider that situation, but its alternatives. If we
 send a message which is rigidly fixed, and cannot be
 absent, we are not sending any information whatever.
 The rising of the sun in the morning does not convey
 a new message; although it might be a very significant
 message if the sun failed to rise. Similarly the standard
 birthday messages sent by the telegraph companies
 carry about as much information as is indicated in the
 numbers assigned to them. Any system for the trans-
 mission of messages must be continually ready for the
 transmission of one or the other of a set of alternatives.

 In order that these alternatives may be read clearly, it
 is essential that the line be cleared from the confusion

 of past alternatives. This usually is done with the aid
 of filters and similar selective apparatus.

 It could be possible to speed this up to any desirable
 extent, if it were not for the fact that language is not
 the only thing carried by a line. The line carries as
 well the irregularities of the current, which are due to
 the fact that it is transmitted by electrons with a certain
 fixed charge, and at no stage have a fractional number
 of electrons passed a given point. This random noise
 of the current represents an undesired message or noise
 paralleling the true message; and the manipulations
 which are necessary to put the true message into intel-

 [2]

 THE AMERICAN ACADEMY OF ARTS AND SCIENCES  APRIL,

This content downloaded from 
�������������93.35.164.116 on Sat, 04 Mar 2023 13:54:42 UTC������������� 

All use subject to https://about.jstor.org/terms



 1950THE AMERICAN ACADEMY OF ARTS AND SCIENCES

 ligible form, after it has undergone mutilation, are
 exceedingly likely to amplify the noise or false mes-
 sage to a point where it seriously interferes with
 communication.

 It is these considerations of noise which finally
 determine the rate of message-transmission which is
 possible. Note that we have estimated the amount of
 information which can be carried by a line in terms
 of all the different alternatives that the line can carry
 and their probability. This, in fact, represents the
 amount of information that the line can carry when
 used with maximum efficiency with the best possible
 receiving apparatus. A great deal of our use of lines,
 however, involves their coupling with receiving appa-
 ratus which is less perfect than the best which could be
 made. How then are we to evaluate communication
 under these conditions?

 Note that the receiving apparatus together with the
 terminal apparatus like the human ear or eye consti-
 tutes a larger transmitting apparatus. Messages going
 through the ear are translated into phonetic impressions
 by the mechanism of the ear and by that part of the
 mechanism of the brain which is rigidly associated with
 it. These phonetic impressions cannot contain more
 information than the original vibrations in the ear, but
 can and do contain much less. That this is the case is

 shown by the Vocoder, in which only the grossest
 elements of speech sounds are constituted for presenta-
 tion to the ear, and where intelligibility hardly suffers
 at all. It appears indeed that, if we take a 3,ooo-cycle
 band of sound as what is accessible to the ear through
 a telephone, and if we accept the ordinary upper and
 lower limitations of intensity to which the sound is
 subject before we receive it, we shall still find that not
 much more than from one-tenth to one one-hundredth

 of the information contained in the sound, as sound,
 appears in the phonetics which we interpret.

 The phonetic translation is not the last which the
 sound undergoes. There is a later transformation in
 which the sound is associated with the memories of

 past experience, and is interpreted in what we call
 meaning. This is another act of translation, and like all
 acts of translation involves an increase of entropy or
 decrease of information. Finally, there is a translation
 of the mental state of the listener into acts which are

 visible by a third person. We may call this the be-
 havioral translation, and it involves a still further loss

 of information. In this way we see that the actual
 quantities of information, which have to be dealt with
 in the study of the mind, are in fact much smaller than

 what we should have estimated them to be by an exami-
 nation of the input alone.

 The possibility of a precise estimate of amount of
 communication, even when this estimate involves con-

 siderations which prevent our carrying it through, is
 important when it comes to the very vital problems
 of replacing lost senses. In designing a tactile receptor
 for sound we have been very greatly aided by a knowl-
 edge of the results of the work on the Vocoder. In this
 tactile receptor for the completely deaf, we follow the
 Vocoder in the separation of the speech band into a
 number of separate frequency bands, and in the rectifi-
 cation of these bands. Where, however, the Vocoder
 uses these to modulate vibrators of different frequencies,

 each lying in the proper band, and transmits the sum of
 these outputs to the ear, our hearing-aid device modu-
 lates only low-frequency vibrators and transmits the
 vibrations to a number of mutually distant stations in
 the skin, such as the tips of the fingers. It turns out that
 the demands for recognizability of the Vocoder are low
 enough so that the corresponding tactile patterns are
 recognizable and present a sort of tactile code like
 Braille which is not beyond the powers of the listener
 to interpret. At present this apparatus is in an experi-
 mental state, but it has already offered distinct promise.

 It seems from the standpoint of communication that
 the first function of the brain is to make decisions which

 depend on decisions previously made. This is precisely
 the function of the modern computing machine, in
 which the decisions made are in part the determination
 of the digits of certain numbers, but also in part the
 determination of a policy of mathematical manipula-
 tion. They are thus both numerical and logical ma-
 chines. As the machines now exist, however, they
 represent brains and nervous systems purely and simply,
 and the data on which they work as well as their
 numerical results appear in the form of punched taping.

 It is perfectly possible, however, to build instruments
 such as photoelectric cells, thermometers and the like
 which transfer data from the outside world directly into
 something suitable for being used; and it is equally pos-
 sible for the computing machine to act on the outside
 world by the rotation of shafts, for example, in a
 manner proportional to certain numerical output data.
 The motion of effector organs like these may be scanned
 in such a way as to return information into the system,
 which the system can use for correcting its own action.
 This is the equivalent of a kinaesthetic sense, and is
 known as feedback. If both sense organs and effectors
 are given to a computing machine, we have something
 which instead of being comparable to the brain or
 nervous system is comparable to a whole animal.

 Simple examples of these have been made at the
 Massachusetts Institute of Technology and at the Bur-
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 den Neurological Institute at Bristol, England. Their
 behavior shows an extreme likeness to that of the living
 organism. In actual fact such instruments can seek the
 light or can carry out a complicated compromise be-
 tween two or three purposes which they show on
 different occasions. If their amplifiers are overloaded,
 they show certain of the tremors which are familiar to
 neurologists: such as intention tremor and Parkinsonian-
 ism. In the first, they seek a goal which they continually
 overshoot and are unable to gain; and in the second,
 such a device will go into a tremor of posture from
 which it can be rescued only by giving it sufficiently
 intense purpose of action. The machines also have
 memories, although it is difficult to give them memories
 as extensive as that which we find in the higher living
 organisms. They sometimes show the capacity of learn-
 ing which is the capacity to modify their behavior in
 such a way as to modify past failures of performance.
 The theory of this has been developed by the author,
 and shows many points of contact with Associationism
 on the one hand and with the theories of Pavlov on the

 other. Whether we say that these machines think or do
 not think, or even whether we say that they live or do
 not live is a quibble over words which are adequately
 defined for the normal everyday contingencies of life,
 but are not adequately defined for the greater problems
 which these new machines present.

 NOTES

 At the March meeting recently elected Fellows were
 introduced as follows:
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 Guests of honor at the Academy meeting of March 8
 were eleven high-school seniors from five New Eng-
 land states, who were top-ranking contestants in their
 respective states in the 1950 national Science Talent
 Search. Under the auspices of the Committee on School
 Science, with the assistance of Professors John Read and
 Fletcher Watson of the schools of education of Boston

 and Harvard universities, respectively, they had earlier
 in the day met in the Academy to hear an address by
 Professor Philip Mason of Boston University on what
 they might look for in college education in science,
 and to talk with admissions officials from several New

 England colleges. Dr. Edsall of the Committee on
 School Science showed the group through the physical
 chemistry laboratory at the Harvard Medical School;
 and they were the guests of eleven scientists at a dinner
 in their honor at the Harvard Faculty Club. They were
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 presented to the Academy by Professor Lindsay, Chair-
 man of the Committee on School Science, as follows:

 Lammot Copeland, Jr.
 Brooks School, North Andover, Massachusetts

 H. Randall Deming
 Bellows Free Academy, St. Albans, Vermont

 Harold 0. Douglass, Jr.
 Greenwich High School, Greenwich, Connecticut

 Donald E. Eckels

 Laconia High School, Laconia, New Hampshire
 David A. Gray

 New Canaan High School, New Canaan, Connecticut
 James C. Lafferty

 Bassick High School, Bridgeport, Connecticut
 Robert Morris

 Phillips Exeter Academy, Exeter, New Hampshire
 Robert P. Rafuse

 Newton High School, Newtonville, Massachusetts
 William G. Tifft

 Seymour High School, Seymour, Connecticut
 Edward J. Wawszkiewicz
 Mount St. Charles Academy, WVoonsocket, Rhode Island

 [Shirley A. Howard of WVakefield, R. I., was with the
 group, but was unable to attend the Academy Meeting.]

 The Council, at its meeting on February 8, approved
 a recommendation of the Rumford Fund Committee

 for a grant of $500 from that Fund to Dr. E. M. Purcell,
 Professor of Physics at Harvard University, to assist in
 microwave experiments on radiation from interstellar
 space.

 The committee to prepare a list of nominees for the
 several offices to be filled was announced at the March

 meeting, as follows: P. Franklin (I: i), Chairman; J. G.
 Beebe-Center (IV: i); C. Magruder (III: i); and F. K.
 Morris (II: i). This committee will present its slate of
 nominees to the secretary by the April meeting, on
 Wednesday, the z2th. According to the Statutes (Chap.
 IV, Art. 4), independent nominations for any office,
 if signed by at least twenty Fellows having the right to
 vote, and received by the Secretary not less than ten
 days before the Annual Meeting, shall be included
 in the election procedure at the Annual Meeting, on
 May 1o.

 The Academy is co-operating with the Institute for
 the Unity of Science in a multi-faceted program, the
 linkage consisting of the Academy's Committee on the
 Unity of Science: Messrs. Bridgman (Chairman), H. S.
 Ford, and P. Frank. One of the co-operative projects is
 a monthly seminar on problems in the area of the phi-
 losophy of science, which meets in the Lounge on the
 second Friday of each month, at 8 P.M. The topic
 under current discussion is the problem of meaning.
 Fellows who have not already been contacted, and who
 wish to receive notices of the meetings, should inform
 the Executive Officer.
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