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OBJECTIVE

7 The objective of inhis proposed project is to

produce a book on:
"Communication Theory {n the Cause of Man."

It s conceived as a study in the Philosophy of Science from an "Engin-
eering” Viewpoint with emphasis on Communication Theory including
Information Theory and Cybernetics plus necessary fundamentals from
Mathematics and the Scientific Method in a way which gives promise of
cridging,  the gap between "Tne Two Cultures™ of the Humanities and thea
Scieices,.

CURRENT STATUS

Current Status of York in This Area - The need for such work
was stated many years ago by Archibald Macleish (1) and has been dis-
cussed more thoroughly in recent years by C. P. Snow (2), and by Gerald
Holton. {3) 0Or. Holton states the problem very clearly:

M. ee...0nly very rarely does the professional feel a sense
" of responsibility toward, or of belonging to, a larger
intellectual community. This loss of cohesion is perhaps
the most relevant sympion of the disease of our culture,
for it points directly to one of the specific causes, As
{n other cases of ihis sort, this s a failure of {mage, {
Every age has been shaped by intellectuals of the stamp
of Hobbes, lLocke, Berkeley, Leibnitz, Voltaire, Montiesqieu,
Rousseau, Kant, Jefferson, and Franklin-=all of whom would
have been horrified by the prospect that cultivated men and
women could dispense with a good grasp of the scientific
aspect of the contemporary worid picture. This tradition
fs broken; very Vtew intellectuals are now able to act as
informed mediators..eee.eneenn
To restore science to reciprocal contact with the concerns
of mobst men--to bring science into an orbft about us instead
of letting 1t escape from our intelluctual tradition-- this

{s the great challenge that intelleactuals face today!" (3)

RATIONALE

Rationale of This Arproach - This investigator feels that
some of the failures to exXternd mathematical communication theory fur-
ther into the behavioral sciences are due to two Tactors which have
not had adeguate attention. Firstly, ft may be more fruitful to search
Tor the philosophical equivalent of methods of the mathematician, ine
stead of trying to transfer mathematics from one Tield to another. -
Seccndly, in the history of science some areas of science led to nu-
merous applications or engineering developmants before the stage was
set for further basfc advances. The first of these leads one 10 ex-
amine ihe techniques of the mathematician {n definfng his space and
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proving that integration is possible. The second leads to following
an appiied science or engineering approach, in which varfous analogies
are tested fTor usefulness to people concerned with the soclological
problems characteristic of our increasingly compiex civili{zation.

ATMS

. Aims of the Work - The specific objectlives are:

a. 1o determine to what extent analogies from the physical
sciences can accelerate applied research as contrasted to
basic research {n the social sciences,

b. To explore ways of improving the communication between dif=~
fereat cultural! greoups {n the world so that it will be
easier to deveicp non-violent techniques of solving national
and international probiems, 5

c. To explore how the conceptual tools already avaffable might
be used more effectively by groups devoted to the cause of
peace and freedom, and

d. To develop better tecnniques of evaluating allegad applica-
tions of cybernetics to social problems so that correct
applications can be ugllized more broadly and tncorrect ones
such as "Cybernetics Attacks Religion" (12) can be properly

criticlzed,

The adove specific oblectives are conceived as preliminary stages
for ihe deveIOpnen» cef ways to utitize future teaching machines,
computers, anc terminals to prevent Or. Oonald Michael's dire predic-

tions from developing (Ref. 13, p. 44):

“In twenty years, other things befng equal......... the research
reaim of the scientists, the problems of government, ang the

interplay between them will be beyond the ken even of our
college graduates...... There will pe a small, aimost sepw .
arate, society of people in rapport with the advanced computers,
Trhese cyberneticians will have established a relationship with

their machines that canncl be shared with the average man any
more than the average man.today can understand the problems of
molecular biology, nuclear physics, or neuropsychiatry. Ingeed
many stholars will not have the capacity to share thefr Knowa
ledge of Teeiing about this new man-machine relationship....."(/3)

Stated another way, ithe objectives are to develop a new synthesis of
the relevant components of the sciences and the humanities to bring to
the educated layman a coherent grasp of the worid, If our decision
makers and educated layman have better tools with which to analyse
what {s happening in the worid, the dangers of another war would be
materially decreased.
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METHOD

The studies will start as o review of incompiete manuscripts
related to the ear!ier studics which led to the 1959 Western
Joint Computer Conference parer, "Thne Social Responsibilitly
of Engineers and Scientists.” (15)

Since the presentation of the social responsibility paper, the
ithor has given consideraole thought to the second or more powerful
srcacih of extending the common Torms of negative feedback loops of
pernatics, the form of channel capacity curves from intvormation
heory, and the coding processes o7 information theory across the
bouncdaries of the different Tields of specialization.
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) CONCEFI

Covering Theorems{Withenatics) ~The mathematician s very
careful and grecise in cefining the spcce in which he is working.
wwan the mathematician wants to integrate Tunctions over a particular
snace, he examines the space very carefully. He develops "covering
<reorems” which define tne propertics o7 the space, how he can sub-
civide tne space, and how ne can count the pointis in the space, This
careful preparztion permits nim 12 ¢o on to establish theorems on
gy to integrate Tunctions in trhe sprie.

e
Partial Derivatives and Series Expansions{Mathematics and
lathematical Sicpaysics). - Wnhen a mathematician has a
sroblem preperiy defined on & toace, i.e., he has ihe space defined,
the houncary ccnditions are xnown, the basic differential equations
coverning the phanomena ame known, ft sxill may be difficult to Tind
-n exact solution. U“hen ithe matnematiclan cannot Tind an exact solutfon
tn closed form ne musi chcose s to wnat incomplete answer would bpe of
He may decide it is imzorizant 1o find a complete solution for

vaiue,

a regton lying within a certain radius of a particular point {n the
space, or he may decide thal solving for one particular partfal derfve-
ztive will give him the neeced infermation on how the system changes
with one particular parameter.

Coding Tneory{Iaformation Theory) = This material would be
an elementary discussion of binary coding of messages fn English,
particularly {llustrating the racundancy invoived, Then {1t would be
shown how *he redundancy can oo removed, and new  redundancy added fn
“ne Torm of error-detection anc errer-correction coding which {g more
efficient Tor machine coding and decoding.

Entropy({Informaticn Theory) - This would be an elementary
description and definition of c¢ntropy as used in thermodynamics, sta=-
tistics, and information thecry.

Negat{ve Feedback and Positive Feedback Circuits{Cybernetlcs]
s section would be an elcementary cescription of negative Teedback
{ts of cybernetics similar to paris of Guilbaud's little book(2l).
of deeper value te tne layman, particularly for extension to
ent types of phenomenz, come graphical {llustration of positive |
ack is negded,



Method) -« First we must

festing of HypotnesesiScientivic b

inzuire now the scientist cecices Lo accept a particuiar hypobheSIS
{i<e the CTinstein Special Trneory of Relativity, In many fields of
science we never have absoluie oroot of a law, but have to be satfisfied
with testing nypolneses and using the hypothesis \n1?h is most consist~
ar- with the known Tacts. lNeoxwell's ecuations haven't been derived
f-am more tundamental laws, witnoul assuning one relationshlp that
comes Trom xnowing Maxwell's eguations.,

BRI EXAM PLES

(1) Allocation of Public Ixhibit Space by Negentropy
of Membership Statistics.

4 -ublic polliey of alloceting dlaplay space ln accordance of the
nezative en t“opy of the =mu:avership distribution could help prevent
the democretic ideal fron baeing distorted to allow the najlority
grous <o sunpress dlnority ileas., This sroportlonal representation
in the ccacunity activities bullding should help saintain a respect

doLa

for the right of individuals in a soclety which eaphaslizes conforaity.

cther spsroach would e tc desceribe the different viewpoints on
nics with an amount of space proportional to the negative entropy
thne statistical distributicon of the 4different viewooints. An
xample of this is as fcllows: Conslder an hypothetical city of
O 00 adults (children nct count.d in this study). The distribution
2dult cecbers of the different religlous faiths is as follows:

O =09 @
L T I '>c+"$

City D
| . K 7y 1ogqp
Roelizious Groud Ceaber ProBbability negent?o
1. Ronan Cathnlic £0,000 0.600 O 0.442 ©
2, Prdtestant 20,000 0.200 0 0.463 0
%, Lutheran 15,000 0.150 O 0.411 0O
L, Protestant Eplsconal 3,C00 0.030 0 0,152 0
5. No Church 1,000 0.010 0 0.066 5
€. Budh!et 600 0.006 © 0.044 3
7. Uniitarien 23 0.002 3 0.020 2
8, J:wish 100 0.001 © 0.009 S6
%, Zastern Ortrodox Catholic 60 0.000 6 0.00€& &
10. Zthlcal Culture 10 0.000 1 0.001 :33
Totals 1.5,000 1.000 0 1.616 7
Fig. 1 shows the distributlcn of spsce to scale for the above
statlst*cal distri»ution of rellgious groupsa., Consider the
sttuation desecribed in "San Joce 2008 A.D.," SEP 2, P, 7, where
Tre ?ir watlional Bank Dullding is devoted to an exgeriment in
practival decoccracy, Suppoce that a 100'x30' section of the maln
icbby 1s devoted to exhiblt space consisting of four feet wide bulletin

beard around the room, Tnen 15,167 u.it squares of Flg, 1 correspoond
to 1240 sg. ft. Each unit on ‘id 1 1s 9,4 8q. in. Thnls nakes the
Group No. 10 (Ethical Culture) s-ace of 13.3 units correspond to

116 s8g. in. or one legal size sheet of paper,
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Supnose one individual deveipud scie new ideas he wished to
advertize in the camaunity vxiibit space. on the scale of tne
sarcle in Flg., 1, he would D= entitled to one tnird »f a page space,
on trls he could nut a brisf ct-teuent and list hie address for
ingquiries about futther inforaation.

(2) Feedback Loops in Individual Development and in
Group Relationships.

4As an exazple, let us start with the general statements about the
potential usa of feedback circults givengﬂorbert Wiener in hlis books
and crticles,.

Norbert Viener, Cvbernetics -- or Contrsl and Comaunice-tion in the
Anizmal and trne Machine. N.Y.:wiley(154§)

Nerbert Wiener, The Human U=z of Human Baings - Cybernetics and
Soclety Second EZdition, N.Y.: o~ubledey Ancaor(l956) .

Norbert Wiener, "Zight Years of Cybernetics and the E£lectronic Brain,"”
Pocket Brok Ynzazine, No. 2(1955) pp. 45-60, 28p pp. 56-60,.

Without golng lnto detalls, ons reading the above references can
s®® that Wiener has vointed the way to Lthe use of negative feadback
circuits (n the study of many fields. For the next step someone
must draw soze scecific circuits or block dlagrazs, At the risk

of dupnlicating soze ideas thut ay lack of knowledge of the soclal
sciencos conceals frooa zme, I draw the following dlagrans as &an
atien:t to start discussion of ths utility of cybernetics in
gimnlifyling our understanding of the process of the oaturing of a
himan being., I don't cxnect 16 know how useful this grocess 1is
until I heve broadcast about Fifty to a hirdred coples arocund the
world. Then there i1s a good orobabllity that I wlll have got coples
to a few of the peo-.le (not yet known to me) who can coupetantly
review the usefulness of these dlagrams in the process of general
sycteuns research,

A sinogle negastive feedback circuit for re.resentation of an
individual human belng 1s siiown in Fig. 2. Hers the indlvidual
gstores and annliflies data rec:iv & froo the environment., The
indlvidual transolits his reaction through his own standards to
P1s inzut to limit his am-liflication functione to a stable level
whicn lioits his reactions to ones whlch are consistent with his
sown ilaeas snd the general staendards of soclety.

The ch'ld who does not yet hmve :is negative feedback loops

is siwown in "ig. 3, rHere the —-arents grovide the control loops
while the child neéeds guidsnce. The transition of the grow.ng
crhild 1s shown in Fig. 4, Heressowue resistance and capacitative
reactence le lpnserted in serles with the parents control as the
growing c¢i:11d develons soae experlence and adopte some rules in
process of developdng nis own int:rnal negative feedback loops.

The zaturing youth 18 shown in Flg. 5 with the control of the parentes
connletaly severed. The youth's wwn fecdback loops - experience and
rulag have becone larger, so that hé no longer needs the controle of
~is —arents,
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Theasz nrzative feedback loora sy also exlst on other levels.

The orevicus zeries of feedback looss dealt with the inviduel

pnd nls zaturing. It may be possible to construct useful feedback
leons te deseribe the fa.!ly, :iroups, assoclatlons, corporatlons,
eovarnzents, and the United Yatlons in 2 series of levels of
crzanization, each of which can be described by a group of
foadrack loons., The next few igures illustrate some first
arnroximations to aom> of thece levles.

Fig., 6 fllustrates the controls established by Congress and U.S,
Srgre:e Court decisions wrich atabilize ihe aectlians of the
crztcutlve denarinent of the U,3. Governaent. Ffig. 7 lllustrates
ensther type of feedback lcopn wnere the seanlor senators lastead

«f the narents zalntein conirois on tpe junlor senatore instead of
tha child, Fig. 8 shows a rougsh asproxizatlion to the interaction
of two world powers - the U.S.3.R., and the U.S5.A. - withln the.
ctructure of the United Hetioans., The drawing of these dlagrans
raca't solved any problexs, dut I rope that they provide a
starting point for paycrologists and sociologlsts to discuss

tnece reprasentations of the probleas,.

(2) Cultural and Economic Development Guided by
“aximizing Negative antropy.

Evzluation of the infermaticn theory developments in the Soviet Union as
reported at the Western Electronics Skow and Convention (WESCON), Auygust
1357, leads to some iuteresting hypotheses. Namely, the lecaders of the
Commurist Party of the Sevict Uslon were initially afraid of the pditical
irnplicaticns of informatiorn theory. The most plausible explanation of the
opposition to pursuit of information theory, is the potential anzlogy of the

equation fox maximizing the information content of a message in analysing

sociologiczl gystems, ‘

Is irformation theory the inlormation content of 3 message of n symbols,
wiiere each symbol has a pro-ebility of occurrence o(pn is:

H = [pl log p, + p; Iogpz + ... + pnlog Pn]
The condition for maximizing H for a fixed n, is that:

P = Pp= -«+--- %P,
i.e., the probabilities for each symbol are equall .

Although sociological systems are much more complicated than a
simple telegraph message the potential analogy was apparently sufficiently
signi(fi;:ant to the Russians to cause objections to information theory until
1953(2),

2. P I G.eenn. Jr "Information Theory inthe U.§ 5 R
po A7 - 83, 'R:e-WESCON Conavention Record. Part 2,

Auagusi. 1957
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Gireen, the Russians withdrew their opposition to
then have allocated substantial
loped an alternative proof of

According to Dr.
Information Theory in 1953 and since
effort in this area. They have already deve
one of Shannon's Theorem which is a more rigorous proof.

It appcars plausible to me that the &ussians have decided that it is
more important for them to be pioncers in science and mathematics than

to suppress areas of science which might invalidate parts of their philosophy.

Perhaps we should utilize the potential sociological analogy of information
theory both to support our own democratic ideals and as a criterion in
making judgements in our relations with other countires.

L.ife Process

Biological systems preserve or {incresse order,
decresasing entropy.# The life process represents looal
reversals if the degradstion processes predicted by the
second law of thermodynamics. The units of information
are related to both the life process and to'négative-

entropy (or "negentropy") in thermodynamics.

*;E' Schroedinger VWhat is Life?

Corngistency of Principle of Political snd Religious

Frosdom with ngimizinq Information or Negentropy

If we tske the formula for 1nrormat16n or negentropy
and subztitute n philosophical systems (or politiocel
systems) in place of the n symbola of a mesasge, then the
probabilities of occurrence of the respective philosophies
among the population of a country. | )

If one phildBOphy is required by all on instruotior or
order of a diotator and this philosophy is number "k¥,

Hz«(O0lnp; $01lnps ¢ +vee 11nl o cees # 0 1n o) -

Thus the requirement thet people adhere to an official |

Philosophy is squivalent to 8 zero contriﬁntion’to'the -

negative entropy or the "life process". '

.....



There are some distrepancies in the simple model of
iculating the discrete negative entropies of the discrete
cbabilities, There are three patns to improve the model:
) Consider the extencion of "maximizing the negative
trepy" using the continucus channel from electrical
mmunication theory instead of the discrete channel,
) Consicer the finer siructure of the political
stem by deveioping an ecguivalent circuit analysis such
at the stability of tre eguivalent circuit can be analysed
ean alternating current circuit,

Consider the economic scctor of the system as a time
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domain problem to be analysec as a process flow diagram.
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Fgr-case (1} above, the continous channel, the entropy

is:
Hy :t/;(x) log plx) dxe

For an electrical signal carrying a message on a physical
channel such as a pair of wires or a radio channel with
rzndem neoise anc an average power, 0-2, there is a theorem
in Information Theory showing that negentropy is maximized
when the message distributicon is gaussian,

P = T2yt 1 emx2/207 2

Fer the sccial system I shall take as a "thematic hypothesis”
that a similar theorem existis. In the social system the
distribution may not necessarily be gaussian, but as a starting
point I shall use a gaussian distribution as a first approx-
imation. A convenient parameter to start with for plotting
power distripbutions, say in-respect to political views fs
P(x)= o2. plx}.
See Fig., 9 for a sketch of some curves, The important
feature of this model! is th:t the "tafls" on the gaussian
probaebility distribution must be preserved in order to maxe
imize th2 negentropy. The z2verage power {o-2) in the
electrical circuit may be an-togous io the energy available
per capita per year for # cocial system., Then as a country
develops, the variance sprezds out.

An exampie of the third =pproach 1qéhown in Fig. 10. This
oversimplified analog iz proposed with some modifications fTor
use in developing Lasswell's concept of the "social planetarium.”
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(4) Engineering Sociology as a Two-Way Feddback Connection
between Science and the Rest of Society.

Fig Il tliustrates the gap in the structure of our organization
of science and engineering for which ! suggest a field which
might be called "engineering sociology" should be developed.
This field would be ciocely allied with the 'behavioral sciences,'
and could be orcanized around a core of Cybernetics and
Information Theory.
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fart V: Human Voiues and Analogies of
Coemmunicatica Trneory{SE®™ No. 85?
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Note:

Consideration is being given to spi

materfal into twe sectigns or Vo,gm;:figﬁet??rggove
non-technical directed for the layman, and the
second technical with more precise information on
the status of definitions and "thematic hypotheses."
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SIGNIFICANCE

! fee! that the Judfcious use of the potential analogies from
Cybernetics and Information Theory can assist the United States {n

" the following areas:

(1

(2)

(3)

(4)

(5)

¥

Heip establish a common ph{iosophical base through which
the fdeaiistic church leaders of our country and the
practical economists and military strategists can develop
more constructive communfcation for the discussion of the

problems of our civilization.

Establish a base Tor a more powerful development of science
in the U,S8.A. through the {mproved understanding between
social, biological, and physical scientists through use of.
analogous concepts in the different fields of science such

as feedback loops (from Cybernetics}, coding processes .

(from Information Theory), channel capacity (from Information

Theory), and maximizing the negative entropy (from Informatfon -

Theory).

€stablish a method of analysing the world poiftical and
economic system that recognizes the delicate transition

“gofng on from "power politics” to "a theory of human

development." If components of W. W, Rostow's Stages of -
Economic Growth were transiated fnto a mathematicai mode |

using ¥argaret Mead's concept of representing both the Soviet

and the Amerfican (or lestern) systems fn "cybernetic terms,"
it should be easfer to arrive at agreement with the Russfans

on {nternational problems such ss disdrmament, '

Refute Or. Don M{chael's "Cybernation" predictions through
development of new tools for educating the public so that

irue democratic discussfion and voting can occur more easily.
The kind of a tool T have in mind 1s the extension of computer

-sfmulation of political and social systems to the "social

planetarium" concept of Lassweil,

Restore deeper {nteregt {in the engineering profession {n
the role of the engfneer as "an fnterpreter of science in
terms of human needs" through the use of Cybernetics and
Information Theory to broa¥en the scope of the engineers'
conceptual tools., Such a development should be useful n
reversing the declining enroliments {n undergraduate '
engineering colleges (and other professions too).

?U—JZWOé /j i/ {rj‘

From Socio-Engineering Problems
No. 65-E, May 22, 1963, p. 18.
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