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Cybernetics and Fublic Urier

Bredericlhk D. dood

Cubernetice is defined as the scicnce of communication
and control in the organisn and the nachine. There are two
small books giving elementary revicws of cybernetics from
different viewpoints., G.T. Guilbawl in his book, What Is

, 1 . . ,
Cybe netics? gives an elementary cxplanatiion of cybernciics

starting from a circuit or internul jfunctioning viewpoint,

Neville ioray in his book, quernetics,g deals more with

the external behavior of ciybernetic systems and with some
of the potential psychological and philosophical implications.

In considering "public order”, thisz paper will discuss
the relevance ojf techniques from engyineering cybernetics
when useld in appropriate molels to help us maintzin a bulance
between hunan FEEOOM and spypoten SUTARILITY iIn cccicl and
economnic life.

The problems of hwnan freedom have traditionally bheen
studied more deeply by the writers, poets, philosophers and
religious lexders, while the problens of stability have keen
studied nore thoreugnly by enzineers, political scientists,
econonists and military leaiers.s Lhe intense specialization
o/ our more conplex socicty has led to a gap beiween the
specialists on problems of hAuman freedom closzely relited to
the humanities and the specialists in systemn stability nore
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closely related to the application of the physical sciences.,
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of the sciences. Firdt, many engineers could cast snall
threads across the gap by reviewing the impact of their own
work. A second more powerful anproach lies on the horizon,
namely the extenied use of analogies from cybernetics and
information theory to bridge the gap between the humanitics
and the sciences anid to bridre the gaps between the speciol
fields within science. <he first metind promotes "inter-
disciplinary” rcsearch, wnile the second is closer to

initiating "multi-disciplinary” researci,s

4 Perspective of Cybernetic Zlodels and Zechnologies

‘What is cybernetics? If we are to juioe jrom ifiener's
book, It includes at lexzst information theoru, with which we
are now reqsconadly JSunJ2iiry Scactiiiny Uheeo miduniy € Cahied

- < smoothing, [filtering, detection and prediiction treory, w:ich
deals with Jzndzng the presence of and aredzctznj the Future
value of sighals, usually in the presence of noz*c, and nega-
tive feedback ahd servomechanisas theory, wiich Jiener traces
back to an early treatise on the governor (tue device that
keeps the zpeed of a steam eigine constant) puojzoﬂed by James
Clerk laowell in 1868, e must, I think, also include another
Jield which may be dezcribed as automata and comnlicated
machines. This includes the design and programming of digital
machines.

Finally, we must include any phenomena of 1life which
resemble anytning in this 1i3t or which eabody similar processes.
This brinys tomind at once certain benavioral and regulotory
Junctions of the boiy, but /iener goes mucha jurther. In hisz
second aqutobiographicazl volunec, I An g athematician, he says
that socieclogy and anthropology are primarily sciences of
comnunication and therefore fall unier tne general head of

cybernetics, and he incluldes, as o 3pecial branch 0 sociologzy,
economics az well.*

Now the specialists in each field of scienze s3uch az
information theory, servomechanisms, cutomatic control, compu-
ters, socliology and economics do not generally accept Norbert

Wiener's Inclusion of thcir special fieli as a part of the
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gencral field of eybernctics., Il is my position that in our
more bowplex society with its exnonentially growing output of
scientific and éngineerﬁng reports, we need an integrating
philosophy around which to organize a framework for classify-
ing the output and organizing the cooperation of the various
specialists in the interdisciplinary work that the complexity
of our civilization regiires. Also we willi need more "multi-
disciplinary” scientiszts to help organize our scientific
ventures o/ the future. In connection with these problems I
would like to mention a 1ittle book by Hichirds and Gibson,

Enalish Throuah Pictures, especially the seciions on the

processes of going from the whole to the party the concepts
of feedback; the pefspective o/ the growing éomplexity of
civilization and the exponential rise of related functions
such as populuaiion and eneirgy production.j:

To start from the whole domain of cybernetics and work
down to the specijfic models and technologies that can help
us with the problem of public order, let ws first examine
a three-dinensional chart of cybernetic technologies and
models shown as Fig. 1.

From left to right we show the degree of gquantization
JSrom fine tb coarse. The vertical scale is the degree of
complexity. The figure is cut inte Lhree plates; the back
one is for émall, the middle one for mediwn, and the front
one iz for large systerns. To develop a general perspective
I shall review briefly tre cybernetic technelogies and
cybernetic models shown in Fig, 1. Then I shall go into
more Jdetail on the particular cnes that we can make prdctical

use of In the immediate [future.

Nos, 725 & 154D



R TR
ar e

“ . . T e T AEVA
P : ) . U ZOVTY-TUL =47.:07S
| _ oy b - o
[ _mo\ormaﬁ. .,...ﬁoc\wﬂrv - m\\ I4 . .
) . o - - .l . . _ - ”,
SW3Lsie
: . . R C - : 35UVl
i S e . . #JomI BuIudd Img . e
! A - ' suoydaps) ysucjiieN L . .
i C ”.
: ‘ maels Fupndmd 9
“ ’ Liosgl woT30TPeid ¥ EVAVE S - -
-1
H . 4
. N@mibedd pus 21607 upgndwop  » m__‘u\,ﬁ_d...._._n.wh_,an
. svsooucy £ ‘
M .”. w5 voyoswonddS e Iduwsy  E
Cpo Bainod1p Yooqpess sajivbay 1
W _ ) o T
NOILYZTILINYMD 40 3uNEY3N
| FRUVoD IEsT
| ~ SUILSAS
| TOTvWS

>

40 13AIY

ALIX3WROD




.‘ Sye poil M Y4 95>

403 TPE=13 T ?33\ Fo xidzsy vor
nu»n%h dCIOBE= 2 THT mowuﬂﬂ ‘or
3383 HOPPS TTOUOVTD &

w!ouuusyw ToIRVRLRLLI B

KOIlvZIiNYNE 40 ZunsyIR

| gsgvoD Poislfercerd

gl 2

N

Euuu»m tea380 0008
30 1apon Agosjuaban

e ade: 47 O
L4 EQ‘.NM. .

| SOVUZAV-TIT

-

—— e ey
i

-

bl o 7o

® 0
Hp tfy 2ig 4
Ty n.‘m..vu.iu
*lp £Ig

PRATY

D)

ALIXITdROD

40 13437

’ .- 11-7 -
Te033FT0d~03°08 Jo Borvuy Oﬂ

XTJIFBA SRICAUT nﬂ,‘.
XTI3O PoipTod BT

rpxiex sodano-snduy  TT T

LIV ENT- IO

Bujuwe 14
40 pajdnodzg 4

Awbuody -
pauuely Kf{es3us) 9]

1 9pow D:EDEDUM.
waleg-zassjEy g



-6 -

Firgt I sholl review the cybernciic technologies shown in
Fig. Ia,and thén review the cybernetic moﬁe%s shown in tn
e f%guré&go
(1) Negative feedback Circuits

The feeiback amnlifiers o) electronic engincering hive
anzlogous counterparts in mecianical and thernal systens wivd
alse in biclogical and socizl Jyétems. A hlock dicgrem repres=
senting a negative feedback anplifier is shown as section 1 in
the small systen plone in #ig. 1. Consider the anplifier
represented by the bloch which amnlifies a small input
voltage to produce a large output volizzre. If we take part
of the output voltage and feed it baci to the input as
indicated bg the Iower line, the behavior of the circull
will be changed. 1f the outpul voltare adds te the inpul
vnltage (positive Feedback), the amnlifier nroiutes a eti]l
larger output voltage. This results in the circuit going into
oscillation in which the output voltajye increases on each
cjcle, making an unsiable system unless seme limiting conirols
are introduced. If we design the feeldback loon so that part
0/ the outpul signal is coupnled back o the input so that it
subtracts from the input voltage (negmiiue JFeedheok), the
armount of amplification s reduced but the aqunliier is made
stable., 4An example of electronic anniifiers ani jeedback
annlifiers iz given by Sluckin,®

The excmnle dizecussed so far is Jdrawn from the field of
electrical engineering. There are nciative jJeelback circuits

in mechanical and heating systems having the sance functions.

»
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The governof on a stear engine has a 3@& o/ weights which are
pulled away jfrom the center of o rotating shaft as the speed
increases. Iﬁﬁse weights operate fovers waich close the stean
valve as the steum engine goes faster go that the cnpine will
be slowed down to the desired specd., ITllustrations of heating
systemns and steam governors are i(llustrated in the Jeoientific
Americon Books.”

(2) Complex Servomechanisns

Here we hove a block diagram showing an equivaleni circuiil
of a mechanism and the control circuits that control the move-
ment of the access arm in a magnetic dizi file. JStariting from
the left the jeuzrei angle is set by the control logic by
setting the dGquCd tap on a pobcntaomefer. fnis results in
an error veoltage into the amplifier, the jirst block (4). 1his
applies a voltage to the clutch, second block (¢)y, which develops
a torque which rotates the capétan () trreugh an angle toward
the desired position. CF the two elements in the feedback loop
one represents the tachémeter (i) which inlicates how fist thne
arm snoving, and the ond represzents the potentiometer (P)
which shows how close the qrm isc to the desired position.g
(3) Homeostat

The homeostatl is o combination of feedbzch 1oops, adding
circuits, read-only memory, ani switching circuits which have
the property of being ultrastoble,

An electronechanic:l homenstat has hoen designed anild
demonstrated by /. Ross dshby.g Similarliy an electronic homec-
stat has been duilt by nrl J. Elﬁﬁskg,zg and howeostetas can
be Simulated Ly comoublcr progmeis, dAsasy's wodel sicwa in

i

Section 3 haz four maogrnciic co’l wmeters: in whiich o siogral



proporiional to the pointer position of each i3 connected to
the—oﬁher coils. 4 desired ranye of meter pointer position
ig défined as the range of stability. The switching circuits
sample the meters every few seconds. When anl mcters are
putside the desirel ranje, the swiicihing circuits toke the
next random numbers from the read-only memory to chanjye the
coupling between the meters, and repezt uniil oll meter
pointers are within the stable range.

I have mentioned the homeostet because thre elementary
Seedback loops are purely deterministic mechanisns. They keep
a system moving toward an externally Jdetermined goal when
negative feedback is employed, and lecad to an uhnstable systenm
going dangerously éut of control wien positive jeedback alone
is employed, The added jeature of the homeostal iz that
there are a nunber of alterrnaitive states satisfying the
condition of stability. 4dnis ha 3 imnlication for more complex
application to social ani economic systems, in that it suggests
that freedom of chvice bétwccn a numnber of alternativea is
possible under fixed goals For the system,

(42) Computer Logic and Comnuter Progfams

Sectiqn 4 of Fig. 1 represents the flow diagram of a

computer program. /e rejfer to the nrogram or instructions

as "software”, while we cull the nhysical switching circuits,

logical clements, adders, shift regfaters, and memory units
"hardware.” The software, or progric, consists of a sect ofF
logical instructions speci/ying at exch step in the calculation

how the different zets of logical elcuenis are to be coanceted

and when to go to the nexl sitep in iie progrim. Elementary

o
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paperbaci books on cbmﬁuters have been. written by Irving Adler,:

by Stanley Englebardt, and by D.J. thacy.ll
Computers nive us an example of one ojf the objectives of

general Systems resexrch - the search for simplification of

our understanding of nature and machines through the finding

of forms that are isomorphic between dijfferent phenomena and

levels of organization. The basic negative feedback circuit of

Section 7 aprears in the computer hardware as cathode follower

circuits and error checkiﬁg routines built into the logic and

also on the next level in the software usz feedback paths in

the program logic flow diagram.

(5) RADAR and Prediction Theory

switching our attention to mediunm-size systems in Fig. 1,

e - . P - <

wo examine the rolc of BADAR mnd Predistion Theory ehoim in
Section 5. Radar equipment may be used to detect wnhere an
aircraft is. By coupling a small computer to the radar and
employing prediction theory cne may conpute the projected

path of the aircraft and in turn the anticipated direction

in which anti=aircraft guns should be jired to shoot down

the aircraft. This combination of radar, the computer, and
anti-aircreft guns is an example of a set of negative feedback
loops to geecomplish a specific purpose. IThis process of linear
prediction is explained briefly by J.R. Pierce in his chapter
on cybernetics.lg The early history of radar development is
described by Dr. Page of the aval Research Laboratory, and

the development of microwave radar in Jorld ilar II is swanarized

. . o~ ;- . I . . I} ?
tn Vole I of the J,I.7, Radiaticn Laboratory Series, i3



(6) Computing Systems

The diagram in Jection 6 represents a modern electronic
digital computer, The oval-shaped units represent input and
output devices such as card readers, keyboard, card punches,
and printers. The squure boxes represent the logic swiiching
circuits and working memorys the rectangular box represents
the multi-plexing units, and the circles represent magnietic
tape units. When given an appropriate program or set of
instructions, these computers can golve probiems involving
methenatical calculations and logical tests in a.few minutes'
time., These problems would take hundreds cof hours to solve
on the early relay computer of WVorld War II, and would take
many man=years to hand calculate.

To keep up with the current developments in computing,
any one of the following journals is very helpful: (Coemputers

and Automation, Datanation, and Jata LProcessing iarazinee.

(7) Mational Telephone Switching Network

The diagram in Sectfon 7 represents the U.J. telephone
network. The sqguare blocks represent switciing centersy the
lines between them fapresent telephone cables and microwzve
lines, and‘the circles narked represent individuagl subscriber
telephones. The nationul telephone network in the U.s s is one
0/ the largest man-made systems in the world. There are 72
million telephones in the system. Any one telephone in the
system can be connected to any one of the other 72 million
telephones. Over haly of the ﬁelephoncs cin be switched
automztically through direct diziince diiling. One can keep

up=tv-date with new deveiopments in the telephone rnetwork by

Jollowing the Bell Laboratories ecord.
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Bag&%ﬁ, this time

We shall now go over the chart of Fﬁg; 1
focusing on the cybvernetic models which are analogous te the
circuits, systems, and programs oy cybernetic technology.
These models are classed as "cybernetic” in the sense defined
by Norbert Wiener, in that the structure 0/ sociological
systems is composed o) a complex set of feedback Ioops
analogous to the more elementary feedback loops of the
electrical and mechanical systems. IThey are also "cybernetic”
in a second sense, in tnat the parameters of the sociological
systems which we are able to analyse are either calculated
or are simulated by use of the analog circuits, or digital
computers, and in more elaborate cases the data is collected
over the telephone swiiching network.

(8} Differential Eguations

The diagram in Jection & of Fig. 1 illustrates a more
complicated situation than in Sections 1, 2 or 3. This more
general system in which there are n variables, with n x n
relationships between these n variables may hecorne too
conplicated to show clearly by sinple feedback loops. We
will have made substantial progress in understanding the
complex system if we can specify a set of differential equations
representing the system. FZven if we do not have solutions to
the dijfferential equations, we can learn something about the
conditions for stibility by using Liapuncov's second or dfrect
method. 14
(9) Canonical #Feedback Circuits

section 2 of Fig. IBrepresents thne special case where the
set oy differential eguations representing a2 multivariable

3ystern can be grouped into related sets of eguations which



are separable into matrix relationshins which look like more
élementzrg'feedback circults.e Mihajo esarovic has dejfined

a set of struclures for taree categories of linexr systems 1D
The blvck diagram of Section 9 represents an H-canonical
structure or mixed systen in which the upper block i3 a
P-canonical structure in which the output is dependent only

on the input, and the Iower two blochis togetiner constitute a
Vecanonical structure in which euch output is dependeni upon
one in»ut plus feedback jrom all the other ouiputs. This
 Vwcanonical feedback muitrix system has the advantage of being
separable into parts which are symmetric and skewsymmetric

such as the components of an electromagnetic field, or a
hydraul ic system separable into compressible and incompresgsible
Jluid matrix components. For a small number of multiple loops
it may be simpler to usc the direct methods outlined by
Professor O.J.0 . Smith.lé

(10) Analog Multi-Sectorsystenm

The feedback circuits of Section 10 of Fig; 1 represent an

analog muliti-sector system such as an elementury model of an
economic system in which the four elements going diagonally
down are (1) wige-earner, (2)!p;oduction oS good3s (3) distriputio
of goods, o and (4) investment. This set of multiple
Jeedback locrs corresponis to a cybernetic model of the economy
described by D.A4. Be11,17 rearrangel to show more simply the
relationshins between different cybernetic moielz. Some more

sophisticated models can be found in lMicroonalizisz 0F J0Cio-

economiz JSusten hy Orcutt and by otiers, LI
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This economic analog m:. .-3ector systen iz a slowly
varying system. e may be able to reduce if to a static mnodel
by integrating the flow in ecch path jor a fixed weriod like a
year. If we do this sinplification, the resulis can be repre-
sented as a matrix of sixteen rnumbers, arrancel as shown in
Section 104 of #ig. 1. The coeff{cienﬁs aij in the matrix of
section 104 corréspond to the positive cnd negative feedback
loops between the different paris of the networi in Jeciion 10.
This illustrates the transition Jrom a feedbac: loop representa-
tion used in simple cases to the mathewatical matrix representa-
tion used in more complicated problens. df we increase the
number of elements from four to 35 (the zectors used by the
7.5, Dept.oflcommerce) and add six more c¢lements jfor final
demani, we have a mulili-gector model which would be too compli-
cated to represent by an eguivalent circuit, but is eusy/ to
represent by a matrix of 9z by‘92 elements A9 ile mave now
arrived at the “eonticf matrix, which wxs developed independently
long bejfore the developmént of cybernetics. <his puth of
developnent through the perspective of cydernetic models and
technologres.gives us a hetier iidea of how difife-ent elenents
0/ cybernetic theory are relaied.
(11) Leon*icy Input=OQutput <atrix

Professor “eontief of ‘arvird dewecloved vver a number of
years a system of studying the interrelationanis between.the
different sectors of the economy.ga The sgquare marked 4 in
secticn 11 jor the 1950 i3, data would be a matrix of 85 columns
and 35 rows. The wxlues of tre el et of this nirt of the matrix

represent the valuc oy the geods produced in given -iniustries



N

in the row and purchased b; the induciries in tne coliing.

Mor examnle, the coefficient in row 20 represcnts the

G074
products jrom industrial sector 20 (lumber) supplied io scctor
74 (research).

The cross~hztched section of the matrix on the right
rapresents.théﬂfinal demarid part of the economy representing
consumption, capital formation, exports, anli government

L

purchazes. The lower cross-hatched section of the matrix
represents the ad;ed value in manujocturing from labor (wages),
profits, taxes, and imports. The detuils of the sectors will
be shouwn later in Fig. 4. Leontief's matrix representation
of the interdqpendgnce of the different indusirics in a
country makes it possible to explore the interaciion througnout
the economy of proposed chinges in one sector. Teontief hg2
also developed methods of relating capital and lahor reguirements
to the cocfficients in the inpul-oulpui matrix.
(12) FPolding Matrix

The Russians hove added a feature to the Leontief maitrix,
which they call a folding matrix.2! They have converted some
of Leontief's mathenatical extensions into a simole display
table. The black sectors added in Secction 12 represent
additiongj.matrixes showing in the unner part the capital goods
required tov susport the different scctions of the economnyy and
on the left the amount per sector and the rate at which this
capital Is used to encble tiie sector to functioun properly,

The total picture of the fusscian folding matrix helps one
get a perspective of the whole nizture pf the interindustry
relationsnips ans requirenents for o specificl rate of ccononic

growtih.



(13) Inverse <utrix

" The Lebnticf matrixlof ~ection 11 can bhe used to trace the
effect throughbut the economy of any proposed chinye in one
sector. The inverse matrix of chtioﬁ 13 of #ig. 1 reprecsents
a method also developed by Leontief for sivplifying the use
of the data in studying the economy. By usze of a high speed
electronic comruier, the identity matrfx minus the Leontiers
technologicul matrix (bij) is inverted, giving the inverse
matrix (bij). A row in the inverse matrix gives the coniri=-
butien from each industry identijfied at the top of the colwin,
required for one dollar final demand in the inlduziry named at
the left of the row.
(14) Analog Socio-Political Systems

It is sozsible to represent the relationship between

dijfferent part:z of an ccenomic and pelitical systen by analog
computing systems. JW.D. Howard, some years ago, set up an
aralog computer for the development of an undeveloned country.22
For national benavior Howzrd set up the differential equation
on the basis o/ Rishevsry's work in mathematical biophysics.23
Then he connected an analoy compuler as shown in Jection 14 of
Mg, 1 to exnlore how the various factors interacted in the
deuelopmenﬁ of industrial production within a colonial socio-
economic system. References to the growing volume of coaputer

simulation stulies, most of which are now digital comvouter

simulztion, can be found in the journal Behivioral Science.,
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Furl W Jeutsch has.sumnorized the state of progress in
apnlying concents of cybernetics to a theory of national and

. . . . . » =, Y - P 1?‘-
international politics in his book, Thec Nerves of CGovernmenk. 4

(15) raissez-Faire Eeononic lodel (Xalecki iivdel of Capnitulist
rroduction)

The block diagram in Jection 15 of Fijg. 1 shows the relation
between production and the investor collecting his profits and
reinvesting to moke more profits. This model of the capitalis?
eéconomic systen is based on Kalecini's maithenatical model of a
natural feedback system. It has now grown more complex as the
time delay between production and distribution of profits is
such that additiongl Jeedback Iloops are needed so that correciions
car be applied Lo keep the system stable.

In 1951 0.J.0, Smith buiit an electronic analog of the
capitalist production systesn following fzlecki's model, 5o that
the auwplifiers were scaled forbthe interest rates and production

time lags of the dmerican econony. He found the circuit went
into oscillation correséonding to a period cf about 10 jears,
which roughly corresponis to the period between different
depressions and recessions in our eéonawic sgstem.gﬁ’ Since

then with adjustrient of the interest rate by the Federal Reserve
Board and fhe increase and decrease of defense spending and
other government wrojects, the system is partly compensated,
30 thgiﬁﬁe no longer need to hauekdepressions. However, there
i3 « nrospect tnat the dussians may chullenge us on the economic
Jront if thney arc successful in their conputer-comnunication
siusten wnd sianletion of their economy to make thelr socialist

A 2{
econus: ¢ aore ciiicient.<v
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klé).centrally f&unnei Ebomamy

The diagram of Jection 15 represents a modlel aeveloped
by the FPolish Acudenmy of Jciences SJor-illustrating how a
gsocialist planned economy could substitute a plan and injormaa-
tion-collecting network in place of the market and empioy
goveriment centrols to direct the economy.27

In the dicyran in Section 16 the top cross-hatched blocks
represent the ccononic plan and the reports on what has
happened jfor comparison. The left celwnn represenfs the
producer goeds industry, the center consumer goods, and.the
right column the conswners and labor force. The botiom row
(s0lid black) represents production, the next row up exchunge,
and the upper rows (white) represent information collection.
(17) Decoupled or "Indicatine’ Planninny

The diagran of JSection 1/ represents a combination of
central planning and planning by individual sectors of
industrial enterprises. .Iﬁe'arrows wiich go through the four
blocks on the left represent a series of iterations., ZEither
a government planning agency or the central office of a
corperation reguesits the iﬁiividual sectors or divizions to
make plans which they send in to the central ofrices which then
checi:a theﬁ For consistency.and sends them back for jfurther
revision, .Jhen they are compatible, this resulis in a
natioral plan without the central éouernment interferingy with
the deinils of the indiviluzl industries. Thiz iz called
indicutive planning, because the plan "iniicotes" how a certain
objective might be obtainds. This nrocess i3 related to the
"legcninozition nrinqiple"_ieueloped by Zeorge B. Dantzig of

HAND orooration In Operations‘researchsé%
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(18) Negentrony ioiels of Socioloyical Systesns

Section 15 of Fig. 1 illustrates o method of anclysing
certain properties of o spciologyicul 3ys$em Jor which social
scienti§t3 have not yet succeeded in defining a detalled feced-
back loop model. Therefore the fecdbackh loops here are shown
as dotted line> on accounti of the uncertainty. o tle right
of this feedbacl: model « probability distribution of political
ideas of a hypotretical country is plotted. The rectangular
blocks represent the membershin or participation in the
politicol groups., The labels A through D range from lhe
conservative right to the radical left. The dotted bell-
shaped curve below represents a theoretically ideul diztribu~
tion curve for a couniry with an ideal baliance between freedonm
nd slubilivy wppropriice 6o its marrviculsr stage of industriol
developnent.

The telegraph wirés in the lower left indicate that where
nuncrical data such as party membership statistics are available,
we cain use an analogy jfrom elecirical comrunication theory.
ife use the continuous channel nolel of information thecry and
consider the probabiliiies that pevpnle belong to or believe in
different political parties as anuzlogous to the set of probabili-
ties that a set of messages will be sent over a telegraph line.
Comnuting the average negatiﬁe entrepy o) the telegrani messages
gives us a relative measure o/ the efficicncy of the coding of .
the telegraph mcésayes. Applying the sane formula by analogy
to the probobilities of membérjhin in political rarties gives
@ valuc of nerentropy to compare wiitn an ilecl walue comoutled

Jrom the ideal distributions
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“Now that we have examined the ra de of cyberretic nodelis,
let us consider in greater detail a nodel which can be adjusted
to represent various economic systems. Then we shall exanine
how we can integrate the effect of the complex feedback loops
over a period of years tc reduce the level of quantization to
the level of accessible data on the economic systen to obtain
Leontief Innut-Output Hatrices jSor use in understanding economic
systems, whether they be free-enterprise, indicative-planned,
or centrally-planned,

To make a bridge between the broad hrush view o the jull
range of the cybernetic models ani technologies applicaoble to
social and economic problems, [ have selected two cversimplified
models, one a model representing a capitalist economic sysiei,
and the second representing a socialist centrallu nlanned encnpmo,

Modelling sconomic 3Systens

Pig. 2 is a macrodynanic production analog representing the
more significaont features oj the laissez-faire econonic model of
Section 15 of #ig. 1. This diagram represents an electronic
analogue that was built and demonstrated in 1951 by 0,J,25. sSmith
and .7 Erdley.30 Here the elements have been shifited for easier
comparison with other systems. It is baszed upon the mathematical
model of M} HaIccki.31 Although this model is too cversimplijfied
to Dbe useld to aid in policy making, its demonstration of business
cycles is a useful educational tosol.

In this model the "investor maximizes profit,” block I in
Fig., 2, receives information on the ndtional‘income (B) and the
total inilustrial equipment (i7). The investor ié 2asumed to

increase his investment in proiuction focilities with increasing
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Figure 2. A Model of a Capjtalist Economic
System Based upon Kalecki's Nodel, -
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nationagl incone ani'décrezse his Investment orders as he sees
the total industrial equipment increzse toward a capability of
overproluction. In this oversimplificad model the stock mirket
does not appear, because the model s been reduced Lo one
industry. A more detailed study would be necdel te show the
operation of the stock market which is organized to arranjge the
distribution of investment among the different industriez and
Firms within the industries.

The invested funds iﬁfiuence two parts of the systernsy
First the funds pay wages and add to the national income (4)
before any products (L} are deliue?ed; and secbnd ajfter o
time delay (@) producer goods or tools (L) are delivered to
industrial equipment (k). In this model the money invested

minuz the foolx nrnduced Vo f1

A s
s [

ion o) nwitiuvnal income,
Lf the production rate exceeds the depreciation and obsvlescence
raete (U), the total capital goods or industrial egquipment, the
integral of dkK = (L=V) dt increases, hiving a neyative

- feedback effect(;r}ﬁv on future investment. The nationzl
income due to production (4) is the integral of

d4a = (II'HE ) dt as shown in Section 4 of Fig. 2.
e

In the section "consumption" we show ancther postulate of
Kalecki'’s, namely that consumption is a swn of an irreducihble
minimum (Om) plus a component proportional to national income °

(B). This is illustrated by the internal pesitive feedbock loop (2



F

Smith and Erdley built an electric an:log representing this
modél. They designed the circuit so that 0.0002 seconds of
operation of the aenalog circuit represented one year -0f time
in a real economic sysiem. #hen they set the gain of the
amplifiers so that the constants ?, o, and )\ and the time
delay € represented typlical dverage values for the U.5. economy,
the analog circuit went into oscillation at a fregquency of
500 cycles per seconi which corresponded to a cycle of 10 years
between depressions.

One can learn from this simple model that the stability of
the economic systen {3 sensitive to the adjustment of A and gh s
and that the freguency of the business cycles is strongly influ-
enced by the constant £} « Il can be seen that changes in consumer
credit inf!ucnce-h s and that-changes in Security and Exchanhge
Commission rules inyluence & Thus the JFederal Reserve Board
or the J.4.0. have the Dpportuﬁitg of adjusting lhe stability
oj the econonic system by changing their rules, thus effectively
changing these constunté o) the systen.

The famous economisé J.il. Keynes in 1936 published a theory
of employment which can be intenprefed a3 an extension of
Halecki's model to the two industry case, namely producer's
goods and consumers goods.32 The mathenatics of Heynes' theory
has been swwiarized and explained by L.E..Kiein.jj Arnold Tustin,
an electrical engineering professor at University of Birminghan,
shows an egiivalent network for the economic system based on
Keynsian prfncfp]es.34 Keyncs saowed on the macrodynamic level
that a comprratively 3mail increzse in the flow of money around

the capital-goods loop is anvlirfi . .
o L-gros mulified vl - .
g . = olijieqa v d_éne_combumers-goods loop



inte @ much larger chanye in total incones

Thus Keynesian theory gives us an overall picture of the
economic systen lealiny in total irnuvestment, nroduction, consump=
tion and interezt rates. Vhen it beccomes necessary Jue to |
strong military or economic or ideoloyical cumpetition to know
the ejffect of Jjurther investment in particular industries, one
must use a more detailed system of analysiz to compute the
multipliers for each secitor of industry. This can be done with
the Leontief input=output matrices which we will discuss in
more detail later,

Fige 3 iz a model of a centrally planned economy developed
by the Polish icodemy of Sciences iZconometric Commission.3
It also is an overéimplified model for teaching purposess [.€e;
it does not have suyfficient detail for real cconomic decision-
making. This model snown in Fig. 3 Is an expansion of the model
shown in Section 16 of Fib. 1. In row I the "investor maximizing
profit” of Fig. 2 i3 replaced by a planning system aBcL, The
"consumntion” section of the capitulist system is recognizable
as ¢iV in the lower right hand corner. ZThe production sysiem
is split into four paris Afg; AIEZ Bzg; B;y'. The A's represent
producer goods, and the B's consumer goods. The subscript "o"
rapresents-pcrfshable joeods, and the subscripi "17 represents
durable goods.

The second row constitutes an infornation system »roviding
bulgets for each scctor of industry plus a sum of fanily budgeté.
The third row represents a transaction system in which 4411 and
BIIT represent. tne cxchange of goods, and CIII represents the
mannoser mariiet,  In the top row on the right ABUIZFQpresents

a central information siystem that collects information from all



IS

[HLY

. ¢
= . i
g

—24 -

LRGN

THANREL

CENTRAL
INFORMATION
EXCHANGE
OF GOCDS
PRODUCTION

HIMOSNVA

a2iqedng

SQ009 HIANSNOD

ajqtysiaad

8|gedng

SQO0D Y3DNA0Yd

ajqlysiJad

*

Model of a Centrally Planned
.Economy.

National

#Adapted from H., Grenjewski, Cybernetics Witheut Mathematics,
Pergamaon Press.

Fig. 3.



Endystrial sectors Jor bomﬁnrison with the plan;

In this model we hxve three X%inds of circuits, i.e., the
Flow of infornation, the flow of manpower, and the fiow of
goods. These are renresented in i3, 3 by dashed lines, dotted
linesy and solid lines respectively. fn this model consumption
is considered as the production of man—power.

IFf we examine this example of socialist planning to see if
there iz anything of value to our capitalist system, we note
that informuation systens s apart jrom politically.imposed
controls, might help our government follow the state of the
economy ani also might help our individual businesses in their
marzet studies; provided individual firms still have freedom
of action. In the next section we shall examine a method
analyzing any kKind o7 economic systen = capitalist or socialist.

e have already had an introduction to the Leontief
inputeouiput mairix in Section Il of our perspective of cyber-
ne*tic molels and technologies., The ~eontief matrix of Section 11
of #ig. 1 is shoun in more detail in Fig. 4. The corresbonding
sections In botn figures are crosshatched. There {3 a long
histors to the develvpment of inpuil-output matrices, which
preceies the recent history of cybernetics.

from an historical point of view, the firsi step toward a
JSorm of general cquilibrium analysis, from which the input-output
methnod 3hemsz, Iz customarily trgce& to the famous Tableanu

e of the JSrench physiocrat Francois JQuesnay, published

in 1757, dater, in 1377, the #rench econonist veon jJalras
nrpwicel anr asstriet aathenzbinal mnoiel birsed on the inter-
derenigncies of the proiuctive sectors of the economy, but it

~y

w3 onot o wntil the nid-1930's that Frofeszor Jassily Leoniief,
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of H&rvmri_ﬁhiversity; developel Tthe first ap:lied model of
this tipe on the basis o) Tthe empirical data available for the
econony of the United wtatcs,37

Hesearch in input-oniput economics has grown rapidly since
the 1930%3, ant statistical analyses cof interiniustry relations
have now been uniertaken in more thin twenty countries to
comnlenent the more traditional ferwus o, econonic sﬁudies.ja
Such interindusiry studics can be waluable in guiding both
private and public bolies in investment decizions and vther
matters related to resource allocation,

Prior to Wovenber 1964 the interindustry relations study
for 1947 was the last officizlly published study of this type
Jor the United Jstates. Formal goovernment work of this kind was
temporarily suzpenied in 1952. ‘owewer, on November 11, 1964
the results o/ a study based on 1957 census datz: were mide
available by tre United States Denartment of Commerce,

Mdrom the technical viewnoint the basis of the Teontief
analytical system is thnc input-output table. IThe tuble i3 so
termed since it shows the manner i{n which the ocutput of each
industry Is distriouted among other iniustries as inputs for
Jurther processiny; it also depicts the outout going into final
consumption in various jforaz.

The normal methold of prepariny an input-output tuble is
JSrom the dollar wvalues of all iniustry purchases and sales
given in census data., For a particular industry, the bazic
assunotion is thal the dollur vilues can be taten as g

[

quantiiative wocasure of chysic:l surchases in rexl terms and



tﬁut long run relative price changes will not grossly disiort
the guantitative paltern of purchases ner unit of outnut, A
Further vnlerpinning for the theorctical systen lies in the
condition thwat the fechnology of an iniustria].society'chznges
rother graduxlly, zo that although the dollar value ratrix oS
transzzetions is prepared with data from a single year, a
gimilar nattern o transactions can be asswaed to have sccurred

in both preceding ani succeeding Years. The only mejor differ-

ence notel {3 thsl the industiry grozs ouilnut fo final consump-

tion may have been grcater or less,

The nreparation of ar input-outpui table for use Iin
enpirical workx takes place in several sitages. Decisions must
be made a3 to the ultimate size of the table aond the manner in

which producing industries con be "aggrejated” or cumulatively
added togelher intc representative production sectors, depending
on the uses that the table will serve.

The basic busineszs wunit in an econonmy i3 the jfirn, and
all firm: producing similar goods or services are usually
thought of as conpriszing an iniustry., The conce t of a zector
is most uwuaejul for anazlytical purposes, and we have input-output
tables comprised of aggregates such a3 the agricultural sector,
the manufzbturiny sector, and the household szector, for exanple.
Pne term "sector” is also used to inclulde governmenit operuations,
JForeign irade, ani capital formaition., #reguently, all the grouﬁs
which nurceiase products as final purcinases are aggreyated '

together as a so-cilled "final demand” sector. Essentially, it

Aust e revlizeld thit the practical problem confronting the



énputnoutpufranalyst in-ihelprcparaﬁion of @ t:ble is . . of
reducing the nuwaher of individuci induztries exiscting in tne
economy which may number several thousands, to a more'managcable
number (preferabl s under 100).

Cnee the size and sectoral compozition of the table is
settled, the matrix of interindusiry lransactions in dollar
values is nrepareld, This transactions matrix i3 then converted
into an input coefjicicni table showing direct industry purchases
per unit of output. The table of direct coejjicients is then
conuverted into a special "inverse matrix," known as the Leonties
"inverse," which shows direct plus indirect indusiry purchases
necessary Jjor a unit increxsze in imlustry output to final
purchasing sectors,

T,
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economic analysis generally jalls into three mrjor categories.
These are the analysis of the existing economic structure, the
Sormulation of secitoral programs on the basis of present
structure, and the prediction of sectoral capucity heeds by
projecting the requirenents of the jfinal purchesing, or denand,
gector inteo the future.

To go into more detail let us examine Fig., 4. Quadrant IT
consisiés of element X;; which give the amount oj goods produced
by the i-th industrial sector Jor intermediate use of the j-ih
industrial sector. Tne total valiue of the production of the j~in
industrial sector is the vcrticel] 3w of the elements in thé J=th
column of gquadrunts IT ang 17, The toital »vuolue conzists of thne

value of matcrials, cemi-finiszhed nartz, an?d sub-agssenblics
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purchised from other industrics in quadrant IT, plus the wires,
taxes, cost of imported moterials, and d:préciatiﬂn Srom quedrant
The zsalcs or use of preoducts from 2 given Iniustriacl sector
is analyzed by reading the corres»onding row across gquairants I
and I. In quadrant I7 the elenents repre-ent the sale o) sub-
assenblies and pirts to other industriez. In guadrant I the
digtribution of oultput to finol use i3 shown. The Totals of the
corresponding colwans and rows must add up to the same values.
However, the tota} of the whole tuble (s nol the sume as the
Gross Wational Product (GP)e 0On the average most products
get counted twice, once as raw material, o part, or sub-assemnbly,
and then it iz inclulded in the wvalue of the nroduct in the finol
use quadrané. There is an excellent introluctory Humphlel on
input-output economics by Mierngk.jg
To explore some rexl dita we have the 1947 ﬁéchnologfcal
matrix for the <tate of Galifofnfa aggregated inlo seven scctors
Sor siuplicity in Fig. 5, courtesy of £.., Lojsting and P.Y, ILcGauh
of the Lniversity of Uafffornia. In Mg, 5, if we examine the
Jourth row, "utiliities,” we find that the utility service
produced for other industries accountz for 537 of its gross
output (bottom of colunn 4). In comparison by exunining row 2,
we find that 807 of mineral extraction soes to intermediate use.
If this table is prepared in terms of finer subliviszion such a3
the 96 x 85 matrix used for the U.s. 1950 table, the row for a
given sector gives a picture of the murket for oroducts of that
sector, JIThisz table can be used to eslimate the e;jfect of proposed

econoncic changes sucn a3z the iroact of coxmoniing o given Industry,
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Iy we are interested in expaniing consumption or final
demand,; the inverse matrix gives us a simpler nethod of analyzing
the situation.r‘ﬂig. 6 is an example of the inverse matrix for
California in 1947. If we wish to Iincrease the final denand
For manufacturing, we see jrom row 3 in Fig, 6 that a cne dollar
increase in final demnagnd reguires a S1.42 increise in munufactir-
ing, 187 from agriculture, ¢ from minerals, 67 From utilities,
37 from trade, Gf from services, and 17 iIm construction. If a
number of sectors are expanding, the required expansion of
public utilities can be determined by multiplying the increases
in final demand for each sector by the coefficient in the
utility colunne

The benefits éf keeping up=to-date input-output tubles ares

(1) Data collebtion'for tables enjforces consistent data

so that businesses will have accurate consistent data,.
(2) Tables show industry Qhere significant investment
opportunities exist.

(3} Tables can be t}anslated to give employment picture.,

(4) Tables can be used to test economic change propesals.

The experiences of different countries of the world in
using Input-Output Tibles are reviewed in the proceedings of a
series of internaztional conferences: (1) Driebergen, Holland,
Septenber 1950y (2) Varenna, iLake Como, Italy, June 27-July 10,
1954; (3) Geneva, Switzerland, September 1951; and (4) a special
conference ewuphasising socialist use o) input-output tables wis
held a1t Budaivest, MHungary, June 1961,%0

The countries renorting the uze of Inmout-Cutvut Tables and

the pewdr:z for which they existed in 1961 are lizted in Yable 1.
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1: Countries Having Input-Output Takles

Table
Country Years for which Tables c£xist

Argentina
Ausziralia
Belgium
Bulgaria -
Canada

Colunbia
Denmark
Ainland
France

German DJen. H.
German Fed. &.
Aungary

India

Israel

Italy

Japan
Jugoslavia
ifexico
HNetnerlands

New ZJealand
Norwa y
Peru
Poland

Soviet Union
Sonain

United Hingdom
United States

1950

1953, 1956

1930“39) 19'17, 1949.9 1953
1956

Updates Iaszt year,

eztimates current

year, and estimates next year.

1950
1950, 1953
1957, 19509

1951, 1952, 1954

1953

1950 used to nlan

Drogran.,

1050, 1951, 1954,

1955
15959
1933

1958

lgjj) 1947; .1947-8,

1935, 1248, 1950,
1919, 1929, 1939,

1957-1956 development
1955

1950, 1954

1954
1947, 1953
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Econonic Planning

4t the vencwva 1951 Conference on Input-Output, “corges
Delange reported on the collection and organization o,/ data
Sfor interindustry study in France. . The input-outnet tubles
are prepared by the Jepartment of iconomic and fFinancizl Research,
Ministry of Finance, in o form best swited to utilize #rencn
statictical dato coordinated by the Institul dationul de la
Statictigue et des E%udes ﬁ%onomigues (TsEs)s  In orance short-
term forecasts are made twice a yeur == in pfzys when the Nativhal
Accounts Comnission meets, and in October when the appropriztion
bill i3 being drajted. These forecasis are hised on jigures
Jor the prior yeor -and relate to the current. year and the next
year, They are worked out primarily on the bzsis o/ the Inpui=-.
oulpul tuibie, wiicn therejore is culculated iwice o ycar jor
three years, i.e.; SJour times as a forecast and two times for
studying the past.

The French input-output table is similar to Lecontier's 1939
United States table, except that foreign étrade iz not treacted
separatel sy, but is accounied for witkhin exch industry sector.
French experience with changes in technical coefficients I3 that
with the excention of agriculture, the changes in technical
coefficients have been due to specific technological citanges in
production,

Profeasors “ann anj‘Pillogé'haue a short article on Srench
Regional Pianniﬁg wiich explainz "indicative® planning.d2
French national planning is considered a "miiile wuy” compared to

Americun ani vssian approcches. Ihis kind of plunaing seeirs to

vy

"indicate” ways that public and private growps cun iuasrove neticnal
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productive efficicncy and social welfare without dictating just
what each private firn or individuxl nust da. The technical
economic planners develop proposals in consultation with private
and public interests. Two main methods are used. The first is a
promotional stimulus, raising incentives to invest or adapt
production in new directions by prpuiding information on the
market capabilities of different sectors of the economy. The
second Ig by obtaining group agreement ovn objectives and targets
by consultation a%ong governmental agencies and privoete interests.
Frivate firm market analysis experts can séart with better
estimates of the markels the firm is interested in from ihe
technical coefficients in the input-output tables. Bankers

¢check the fo}ecasts based on the tables, before approving loans
Sor expanzion of business.

Commissaire General au Plan fassé presently éonsiders French
planning siightl; more than ”in&icztiue,” namely "active."
Jacques 7. Jréze in a recent survey says that the idea behind
active planning is to aséociate many decision makers with the
preparation and revisions of_projections.43 The french
Commissariat Geneéral du Plan is a small adminisztrative body
with 100 employees and no official authority. It relies upon
other departments such as the.lnstitu?t Vational de la Statiziijque
et des Ltules Fconomique (INIEZ) and the JService des E%udes
et Financieres (JEEF) for data and studies. The Commissériat
iz assisted by 25 Commissions de zodernisation, Hach commission
consists of 30 to 50 appointed members belonging to three
categories: public servanta, businesé, and labor. Techniciansg,

university projessors, and representatives of olther socizl groups
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Jjoin st

udy arotng into which the co.missions Jdivide to concen~
trate on pxrtibﬁlar problems, Altogether some 3500 people |
participate in the activities of the commiésions L Grounie
Twenty of the twenty-five commissions are vertical coamissions
reaponsible for parvicular seciors of indusiry such a3 iroh,
non=;yerrous metals, or chemicals. Theother five commissions
are "horizontal,” i.c., they deal respeciively with labor,
Sinances anid general eguilibriwn, regional development, research,
and productivity.

ifagsé maintains three points in regard to the jfuture of
#rench planning:

(1) #rench planniny should remain "indicative,”

(2) Flans should Decome more an itnstrument of conscious
social choice.

_/3‘) Theoretinn] models

9

should be included,
A more formal analysis linkingFrench planning to the decomoosi=-

tion theorem of linear programming44

has been prezented in an
unpublished monograph by xalinvaud 45
The Russian ﬁbldiﬁg Mitrix

It iz of interest fo note that these relativelly new forms
of appliedranalysis are also being carried foruard in the Joviet
Union as well us in other eastern Zuropean countries ~ the
Russians hiving recently published inter-industry relations
studies in varying stages of refinement for the Soviet ecanomy.46
Jr. Levine points out that #estern economic theory for the most

part s ignored the problem of internediary flows while



concentrating upon Jinal products and_arihary Sectors. By
traditional Jestera theory the evenls of the internedizte
sector are decided autownatically by the price and profit systenm.
In a sociulist 3ystem where the autonomous Jeedbicik loowps of
the price qnd profit system are dizabled, the planners must
establish a'replzcement decision process. Soviet nlanners
have been using the material balances meithod, which has often
resulted in the plan for o given yeir not beiny ready until
after the year has started. Since Frushchev's attack on
Stalinism in 1955, Soviet planners have been aﬁplying rithe=
matical technigues developed in the U.s.4., such as input-
output tables. They haive found thit input-output tables are
useful for checking the consistency of plans prepared by
their nlder miytarial halances melhal, and affer tre nrocnect
of making, checking, and revising economic plans much more
easily and quickly, especially when coupled with electronic
computing services,

The Soviet planners have developed additional applications
and interesting displays of secondury features originilly
developed by <weontief at ‘arvard, The Bussians have develoned
a Tfolding matrix, " which makes it simpler to obtain an overall
perspective of the economy.47 A ganwnle folding matrix {3 shown
in 7ig. /v The central natrix (Cij) is the same as quadrant IT

of the Leontief matrix.
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In 7Pig, 7 the cosis of the j=th inlusiry cre listed in
colﬁmn J in guadrants II and I71. The vertical cost (s

Pj = Glj+02j N an +,Tf0‘j'{‘ ED‘]'}' CEUJ'.,
where Vp; s wipes, dpj Is taxes, and dy; s projit.

The subscrint zero (o) means the element i3 a monciary
transaction, distinguished fronm Gij’ terms wiich represent
delivery of materials and products,.

The horizontal production is:

Py = Cppt Cip eevves + Cin t Vipg ¥ Tips + 55 5
where Vipe represents congumption of goods by the population
directly, Sips represents state expenditures for public
buildings, highways, security, etc., and Sijyg is ilhe
accunulation or iﬁuestment JSor further expansion oj the
economy. The numerical example in the lower part of Fig. 7/
is in billions (10%) of rubles.

The fourthr gquadrant is pa}t of the non-productive sector,

requiring wiges Vy, to be paid for direct public services,

and waqges Vyg Sor adnministrative seruices, The term Dy ps

includes license jeez, *special taxes, and any provfits
accrued Srom public services. |

Now we come to the added wings of the Russian folding
matrix. The left wing with the rowslé} x $; = 0; shows

the capital reguirements and effectiveness jfor cach industri.

The effective capital available per year, O;, is the total

S by . - () - . 3
capital @; : ' 0 times the circulation
ratc'ﬁf . Zhe capital available in a given sector must le

sufficicent tno make the effective capital equal tic sun of the

components purchased jfrom otaer sectors plus the wvalue of goods

-



7

delivered for lirect consumntion »lus tihe viluec of roods supplied

Jor gevernment construciion. It is inﬁerc;tfng So observe il
a socialist yovernment has developed a c¢lezr and 3imp1é wa iy of
tabulzting canitnl regquirencnts.

The wing adied to the top-of the matrix expond: the column
o) capital requirements per sector into Jull matrix i&j of
intersector capital reguirements., The colunn @;,5 represents
the cxnital regqulred for the finzl proccssing, assembly and
delivery of goods to final conéumption and government service,

The use oj the folding matrix to oblain a perspective of
the total economy i3 shown in #ig. &« The outputs
ot 20+ 10440 = QCO, added horizontally acroés quairants II and
I must equal the inputs S0V 60+ 20+ 40 = 200, adied »ertically
in guadrants II and III. The consumption PO+ 20+ 10 = 100,
added vertically in gquairants I and II, must equil the wiges
60+20¥%20 = 190, added horizoﬁtaljy in gquadrants IJI and IV.
A balance of national ifnconme jfor individuzl l1ines and corres-
ponding-cofumns does not necessarily hold. ‘flowever; the
national income meczsured by the consumption and accunulation,
J0+ 10470 v 120, adied horizontally, must equal the net
productfon; total proifuction less the material expenditure,
200 - 30 = 120. Accumulition (or investment) balances added

vertically, £ = €0, must egqual profits aided horizontally, dgo =

<

The total cavital funds in the lejt wing, @iz 420, must egqual the

-
Ao

sum of the cupital in thg two upper wings, S?*Lgbs = 2008200 = 400,

il

The maignitude of jfunis at the beginning of the periol times the

nelocity oFf circulation, 400 i 0.4 = 160, fFrom thie 1c,'t wing,

g



must equal the swum pf the production, Lorizontally, o710 w158
and verticél]y the internediate produciion, wayges, and taxes,
80+60+20 = 160; The total canital funlis times ihe dezired rate
0/ expansion of the eccnomy, 400 x 0.1 = 40, must equal the
accumulztion 5 = 40, #ach sector can be further analysel, usiing
its speced of circulatien and rate of growth, The total nroductior
200 must egual the total capital times the sum of the
velocity of circulation and rate of growth, 400 (0.H40.1) = 200,
If one stwdies Fige., 7 and Hs other cross chec:s on the buluncing

i

of accounts in the economic system become apporent.
Measures of Human Jalues

In our efforts to malke our sociological systens more efrficient
we concentraite our‘attention on ﬁariables that can be exsressed
by numbers that can be fed into our computers. John Filxinson,
of the Center for the JStudy of Jemocratic institutions, has
expressed a concern that our gdant?ﬁative soclety s pushing

48

values out of the picture.
At a seminar on manpower policy andprograms in Jashington, .
in April 1964, Or. donald V. Michael said:

One problem that i3 very central here is the tendenciy jfor
planner, and decisions malters to come to ovecrvaiue that
which the ccmtuoer can dexl with: that la, to »luce nmosi
ennhasis on those aspectsof the world which the computer
can handle - usuzlly the statistical = and in turn, to
ignore the zne; Jble, the poinis off the curve, the nicue
person. Lhen all these individurlistic alirinites are
dealt witn by the Inclysion of 2 ritunlisiic adlendv yiich
[

Stresses the integrity ond imiivi urlit conle Vit will
be very 1ifficult to Jind a jelicitous betuwecen tne
nositive contributions the Comuuter must malke to societ ’s
development and the izﬂave it can do fo our rezpect for the

7
?\
[oN
A
[2

indinidual. Ani thiz strezs on the statizilecl widil he &
growiny threst o our uulices dhoul Lle 8o 133 i
indinidiil. 4 thin: [t i35 irevitible

5
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e wc'examine our ﬁerspectiue of cybernciic mnlels and
technoléiies, we will find at the intersection of large :ystems,
simnle structure, and coarse gugntizdﬁfons that there I3 a
sociological model based upon analogous transmission line fronm

electrical communication theory thait can help us kKeep values
I

in the syatew.JO

Now I make the hypothesis that examination of this analogy
can be nmuch more than the type of "ritualistic addendun”
mentioned by Dr. Kichael. The corcept "entropy" From nhysics
which is briefly mentioned by 7ilkinson, when examined from the
viewpoint of General Systew Theory, can give us a valuable tool
with which to help maintain respect for individual hunan values
in a mass sociell.

The pussililily rnt enabropy From thernoaynamics might
belong botn to the family oj measurible quantities of science
and the family of values such as beauty and melody was suggested
in 1928 by Bddington,t.

Consider the categories in Table 2. Can you group these
into two classes of related categories? The first three are
ohviously related by their cewmon property of being physically
measurable guantities. Numpers 5 and 6 cannot be weighed or
measured with a yardstick, There is sometiing about beauty
and melody which Is not reiuced to measurahle units; thece
categories involve enotional jfeelinyz which are both more
complex and more elementiry in hwarn development., Does entropy
belong in Ulass I or 717 «ntrooy iz a measurc of the rotio of

disorder to order, o mezsure o sorcthing similir to beiuty and

melody, so it belongs in . .Class T1. Yet at the same time,
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Table 2: Classification of Catejories

CATZGORY Lo
e Ir
. Jlensureable . Non-=lleasureghle
1) Dicturce A
2) lass X
3) Llectric force X
4) Entropy ? 7

5) Reauty
6) ielody

SEEN




cﬁtrqny in thermodynamics (the relationship .between heat and
encrgy) is é neasurable quantity defined by equations., Thus
the concept of entropy becomes a link betweer ihe seientifically
mearsurable and the emotionazlly meaningfil.

At about the same time as Lddington's suggestion, Leo

1

szilard wis thinking chout tLae gudn??ivc relationchip between
the entrony lost by a gas and information gained by a hypolhe-
ticail "Maxwell's demon, ™ opening and shutting the door between
two compartnents to separate the high-and low-enerjy particles
oS a gas.52 Dr. Szilard's paper was relatively unnoticed until
the development of the mathematical theory of comnunicaiion by
Shannon in L943,53'which became known as Information Theory,
and the;aartigailyloqerlapping concepts of Cybernctics developed
by Norbert wiener, s |

Biological systens preserve or increase order, decreasing
entropy in a limited domain, even though over a larger donain
entropy is increased in-accordance with the <econd Law of
Thermodynanics. Lhe units of information are reluted to both
the lijfe process and to negative entropy in thermodynamics,
as has been discussed by botn Jchrodinger, Brillouin, and Lindsai.

Physically entropy can be defined asé

S =k In P, (:1

wiere & s the Bolitzman constunt, "In" means logaritim of,
and P is the number of elementary 3tates in whicn the system

can be.

Negentrony in Information Trheory, a branch of electrical

engineer:iny ani mathenatics, in respcet to a set of n messages is:



Ifa ~(P; In P14nRg jn P2 eviasnedPy In TS RN 2 In Pyp)
where P is the probability of eccurence cof messaje i, This
gives us a measure oj the aﬁffciency.of a cet of telegranrh meésly
For a basic discussion of these concepts see Colin Cherrys On

Humahn Communication, or J.2. Plerce, Symbolz, Jignals ani Nbise.5

If we take the formula for information or negentropy of a
set of telegraph messages or computer instructions and substitute
a set of n philosophical systems {or political systems) in place
of the n messages or instructions, the probabilitiesz of occurrenc
of the respective philosophies among the population of'a country
agsumes a role analogous to the probabilities of occurrence of
the n messages. '

If one philosophy i3 required as the official philosopiy by
order of a dictaitor and the philosophy is nuwaber "k", then:

H= =(0x14+0x] iicese +1x04% .. 40xI) = 0. [3]
Thus the requirement that people adhere to an official philosophy
is equivalent to a zero contribution to the negative entropy of
the political system or the "life procezs” of the evolution
twoard a higher order of life. If we go back to eguation 2
to see under what conditions there is a maximwn coniribution to
the negenirqpy of "1ife process, " we find when all P;'s are
equal such that P; = 1/n is the condition jfor maximum H.

Under theée conditions ¥ = In n, ~This corresponds to egqual
probability for each different philosophy, a condition approxiﬁa—
ting a2 democracy, provided that n is not so high that no decision:

can be made by the country.



Jhat does thic usé of the telegraph cable analogy mean?

It - indz us that we have only included data for which we
car - umbers to put into ocur inpyt-outputl tables.

A analogy with the negentropy of a set of lelegraph
message.. we are reminded to consiler the potential of eucn

human being or small group of humans. An individual or small
group may have some important nmessage jor mankind, but [t may
be in the forn of pocitry or music which does not fit our data

Sormatl for economic moiels,

Summary andi Conclusions

Contact between engineers and social scientists has led
to an examination of tne prodlens of interdiscinlinary studies
based on analogies from cybernetics and information theory in
an ejfort to convert parts of interdisciplinary studies into
multidiscinlinary situdies via the common forms of feedback
circults in different fields of_phenomena and in phenomena of
varying degrees of comnplexity. A spectrum of cybernetic
technologics and modeis‘may be positioned in a three dimensional
chart using the coordinates of "size of the system,” "Icvel of
complexity, " and "mezsure of guantiéatfon."

To deal with the impact of cybernetics in public order,
attention is refocusscd upon cyhernetic models of economic
systems. Two oversinplified models are discussed, one for a
capitalist economic system, the other jfor a centrally planned
socialist system. Then a particular model, the 4econtief matrix,
which has more wuniversal agpprlicability Lo both capitalist and

sozialis! systens Is investigited. IThe perspective developed by



considering the full ronge oy cybernetic modlels anid tecanologies
leads to the concept that Leontief inpule-oniput macrices coen he
considered as alternately derivable from complex zets 0F pn;ifive
and negative jeedbuck loops which are simplijied Jirs by
aggregating many sepzrate loops into a few equiviient loops.

Then tne lime average ocver u year results in a static model,
namely the Leontief input-output table. Altrough static, a
dynanic effect can be deduced by a serics of calculaiions,

by which matrices for different dates are compzreil.

In terms of application, Italy was an early beneficiary of
input-=output tables. he technovlogical ceefficiceats from the
ITtalian 1950 itable may have enables the Italian government to
perceive what could be done to stabilize 1its denierous politico-
economic 3ituziion.

The remuriable structure of ecenomic nlanningy in France,
their data collection and use of input~outovut tables, seemn to
exniblt econovmic success plus a certain amount oj protection
of human values through decentralization. An iniriguing jfexture
of the #rench decentralization is that [t appears to be an
example of Jantzig's decomposition theoren from Iincar programmnin

The Soviet Inion i3 wusing Leontief*'s input-vuiput tahbles
Jirst to supplenent and check tacir material balurces nethod
of planning. The Yussians envisage nore direct vze of input-
outpul matrices with o computer-comnunicitlon syzites to run their
economic planning. Joviet planners nave combincd the Input-outpu
matrix with other egquations fro. Leonlie/ 'z anilysis to male a

o

"folding matrix® whicn give: vone 2 bhird'se-cue iewm o) hoth the

.-

Stutie equilibriwn of the economy o) & netion an! the allocztion



Py

problems inweolved in meeling « prescribed cconornic rate o/ growkbhn

3

Ca

he folding motrix simnlifiez the winalization of the numerous

balances that must be maintrined in an economic zystem.

-

The next problem considered Is what human values mal be

lo3t zignt of In ithe quantizalion of society. Are we jorgelting
the non-guantizablc human vrlucs? Reviewing the clascification
of a set of categorics, we Jfind that the physical concept
tentropy™ appears to overlap the normally exclusive categories

of "measureable" and "non-~measzureable.” sxploring the poisible
use of Mentropy" as a bridge betwecn the quantiyioble pronerties
of physics and the aesthetic values of the arts and the humenitie:
we find that maximizing the ncyative entropy oy a social systen

.

iz a plausible hypothesis for measuriing progress.

This leaas to a suggeeéion. wince tag goclglriszt Zuszsions
added the canital reguirencnis wings to the Leonitief muirix, why
don't we capitalistAmericans add a hwmanistic wing to keep us
alert to what extent our economy i3 giving a chance to every
hunan being to do sometiing worthwhile? To account for people
in this way would involve an extensive study and reorganization
cf some data collection procedures und census data analysis.

An examnnle of such a reorganization of datae czi be found in
fritz ifachlup's analysis of thne knowledge production industry
in the U.s5.57

To take carc of the dislocation Jeveloping in our gconomy’
due to the increasing produztiviiy o aulonulion, the Leontief

-

matrix could be used to extiiite tiie practicalily of proposed



economic changes. Louis 0. ielso has ﬁoihted put the potential
breziclosn of our nresent disziribution system due to what he calls
"decrezzing labor preductivity anl increasing cuvitazl prolucti-
vity. " o Hde proposes to increase the ownership of capitil in

our sbcicty by means of o Capital Difjfusion Insurance Corporation
which would promote the participatlion of more individuals in
corporatc ownership,

Ifore recently another group, The Ad Hoc (bmmittee on the
Triple Reovolution, has defined part oj the problem in terms of
an increasing productivity per man-hour as the “cybernation
revolution, " particularly since they claim their measure of
productivity shows an upsurge in 1950 which has risen by more
than 3.5% ver year in 1961, 1962, and 1963.29 The Ad Hoc
Commitiee preoposes that "societu throusi its annropriate leopzl -
and governmental institutions, undertike an unqualiyied commit~
ment to provide every individuzl gnd every family with an
adequate income as o matter of right.”

Hukert Humphrey, in September 1854, introduced in Congress
a proposal for a President’s Advisory 3tafy on Scientific
Inforzmation anagement to be inown as Project PASSIEZéO This
would advise the government on plans for collection of the
necesszar: data and establishing the necessary computer ginmulztion
system to alid the decision processes.

Our dmerican economy could be substanticlly strenatiened
by thne proapt data collection and preparation of inpul~output

tables euich year. Such a development could woric to the nmutual



advantage o governsuent, business ianuijyement, ani labor og followr

(1)

(2)

(3)

(1)

(5)

Government counld follow the bagic Juncticning of
the economy. This would enublc our gj,ucm to
compete adequatel y with the projecied improvenent
of socializt economic systems the fussianz are
proposing.

The industry sectors codl be divided zo that
projéections of future section plqnnina nroduction
could also be of grext valusz tv ind ividual Susiness
men in helping thewn plan anead. Projessor Leontief

predicts a real breukihrough in salesz forecaszting
b; biusiness marketéing anquan in individual firms

cooperating in the DLfﬁ@?Q&BGM 0,/ up-to-date
input-output tables.

The housenold agnd government sectors could be
divided with svpplementarys wings for pneople and
production 30 that information on the labor force,
students, retired woriers, dependents, anl
unemployed is available in a wsejul form for
simulatirig pronosed chinres in policy to deal

with changing job regquiremnents Jdue to automation.

Regionzl anid state in»ut-outpul tables can be
prepared to follow sitate and regicnzl nroblone,

and snecial problens aJCh as uJZEfOFHl"'S witer
problemns.

A current input-outpul table would be a viiuable
aid in estimating the effect of 37ijts in the
balance of our economy, 3uch a3 those potentially
resulting from declines in military cxpenditures.
Preliminary studies along tnz line have been
developed by Leontief ani Hojfenberg.
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