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SECTIQN 3.9.7: LDITORIAL WOTES.

I HAVE BEEN THINKING COF TIE PAPER I GAVE TWLNTY YEARS AGO QN THE
SOCIAL RESPONSIBILITY OF ENGINEERS AND SCIENTISTS AT THE WESTERN JOINT
COMPUTER CONFERENCE IN SAN FRANCISCO. I HAVE BEIII REVIEWING WHETHER
THAT PAPER POINTED I THE RIGIT DIRECTIQN, IT APPARENTIY DID FOR A
PERIOD OF YEARS FOLLOWING THE PRESENTATIQN. NOW CONDITIONS HAVE
CHANGED. MY 1959 PAPER YWAS ORTIENIED TOWARD A PARALLEL . MIDE QF
OPERATION, WHEREBRY AN INGINEER WOULD WORK Qi TIE LEVELOPMENT CF
COMPUTERS CR COMPUTER-COMMUNICATTON SYSTEMS AND WORK IIN PARALLEL IN THE
EVENTWGS AND WEEKCWDS QN THE SOCIAL IMPLICATIONS OF TilL WORK.

CQLANGING CONDITIONS DURING THE LAST THINNTY YEARS INDICATLE THAT
THE PARALIEL MODL IS BECOMLIG LESS EFFECTIVE IN THE COMPUTER INDUSTRY.
THERCFORE I FEEL A SWITCHI TO A SERIAL MODE IS NECESSARY. IT APPEARS
THAT THL TIME HAS COME TO TEAVE THE COMPUTER INDUSTRY AND SWITGI TO
THE MOST IMPORTANT SOCIAL APPLICATION QF COMPUIERS THAT I CAN FIND.

WHAT IS THE MOST SERIOUS SOCIAL PROBLIM WHERE I CAN APPLY:
QOMPUTER TECHNOLOGY? FOR THIS LET US SCAN THE "WASHINGICN POST"

FOR ITS ATTITUDE TOWARD OUR CIVILIZATION AND ITS PROBLEMS.

IN I'AY COF THIS YEAR DERIARD D. NOSSITER PUBLISHED AN ARTICLE IN THE
"WASHINGIOH POST", AD REPRINTED IN THE SAN FRANCISCO CHRGUICLE AS
"THE U. S. BRAIN TRUST: WHY IT'S BANKRUPT." WOSSITER INTERVILWED
IEADING UNIVESITY PROFLSSORS AND FOULD THERE IS IO LCNGER ANY
CABENSUS G SOCIAL AND ECONOMIC PROBLEMS IN ACADEMTIA. THERE IS HO
WAY THAT PRLSTIDENT CARTER COULD CALL UPON PROFESSORS TC
SUGGEEST SOLUTICHS AS PRESITLNT FRAMELIN ROOGEVELT DID,

THIS ED OF CASENSUS HAS DRIVEU MANY YOUNIGER, BRIGQIT ACADEMICS
LITO A RETREAT FROM PUBLIC POLICY. NOSSITER REPORTS THAT AMBITIOUS
ECOHAMISTS ELABORATE ELEGANT MATHIMATICAL SOLUTIONS TO THEORETICAL
PROBLEMS WITH LITTLE, IF ANY RELEVAICE TO PUBLIC ISSUES. SOCIOLOGISTS
AND POLITICAL SCIEITISTS DEVOTE THEMSELVES TO TESTING AND EVALUATING
PROGRAMS AHD SCRUPULOUSLY AVOID A SEARCH FOR FRESH ANSWERS.

MY LIITRPRETATION CF THIS SITUATION IS THAT HUMAN SOCIETY HAS
REACHED A LEVEL OF ORGANIZATIONAL QOMPLIXITY, SWH TIAT A JEW LEVEL CF
ACADEMIC COOPERATICH IS WEEDED Il ORIER TO UNDERSTAND THE COMPLEX
SOCIAL PROBLEMS AND 70 DEVELOP THEORIES USEFUL IN FIIIDING SOLUTICHS.

I BELIEVE THAT (1) O SIIGLE INDIVIDUAL CAN HAVE EROAD ENOUGI EXPERTISE
7O QO UP WITH VIABLE SCLUTIONS TO OUR SCOCIAL, POLITICAL, AND ECONOMIC
PROBLEMS, AD (2) 10 STIGLE DISCIPLLIE SUGI AS EOONOMICS, POLITICAL
SCIEICE, OR SOCIOLOGY AS TIHLY ARE HOW ORGAIZED CAI COME UP WITH VIABLE
PLANS TO UEAL VWITH THE CURRE PRCBLES COF IIUMAN CIVILIZATIGN. THIS
ROQUIRES BOTH GROUP COOPERATION AND A GENERAL SYSTEMS BASE TO FACTLITATE
DEALIIG WITH THE COMPLEX PROBLIIMS.

FIRST I BELIEVE THAT JETWORKS OF ILIDIVIDUAL CITIZENS, POLITICIANS,
AND SCILINTISTS HAVE TO BE ORGANIZED AND Q0 THROUGD A LEARITNG PROCLESS OF
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DEVELOPTIG COOPERATIVE WORK N MAJOR SOCIAL PROBLEMS. SECOND, I BELIEVE
THAT A PROPERLY USED SYSTEM OF COMPUTER~-COWFLRENCING WITH A GENERAL
SYSTEMS THEORY BASE CAN MATERIALLY SPEED UP THE PROCESS OF DEVELOPING A
MORE PRACTICAL UNDERSTANDING OF HUMAN CIVILIZATION.

I AM DEBATING WHEN TO RETIRE FROM WORKING DIRECTLY IN THE
COMPUTER INDUSTRY. I PLAN TO PURCHASE A HOMC MICRO- COMPUTER WITH A
TELEPHONE MODEM SO THAT I WILL HAVE THE TECQG{ICAL CAPABILITY OF
DIALLING UP COMUECTIONS THROUGH SYSTEMS LIKE TELENET, TYMNET, ETC., FOR:

(1) COMPUTER-CONFLRELCING,

(2) TUFORMATION RETRIEVAL(SUCH AS VIA DIALCG),

(3) TRAUSMISSION OF SIMULATIGN PROGRAMS PREPARLD ON A MICRO-COMPUTER
TO RII ON A LARGE COMPUIER (USTNG A COMPILER SUCH AS DYINAMO) .

I PLAN TO CQOOSE A MICRO-COMPUTIER WITH A POTENTIAL FOR COMPUTER
GRAPHICS TO FERMLOT "NON-VERBAL" INPUT SUCH AS DIAGRAMS TO COMPUTER-
COQWFERELICILNG. 1HIS EXIENSION MIGHT BE AN ELECTRONIC SKETC! PAD FRCM
WHICI DIAGRAMS COULD BE DIGITIZED LWTO COMPUTER MEMORY. ALSO THE
MICRO-COMPUTER FOR THIS APPLICATION SHCULD HAVE A CAPABILITY OF
EXTIISIGN TO CCLOR GRAPHICS, WHIIG! WOULD BE OF PARTICULAR VAIUE IN
TiE PREPARATICNH CF PUBLIC MUSDUM DISPLAY (HARIS.

TLE ELECTRONIC SKETCH-PAD LIXTINSICN CAPABILITY IS ALSO PELATED
TC A NEED FOR ACCEPTANCE OF DATA GEUERATED BY EITHER RIGHT OR LEFT
HEMISPHERES OF T HUMAID BRATI.

I THE GEERAL SYSTEMS COMPUTER-CONFERLIICING HETWORK, THRCE KIUDS
OF DATA MUST BE ACCLPTED I ORDER TO FACILITATE A COMPLETEIESS CHECK:

(1) "HUMANISTIC-IWTUITIVE",
(2) "ABSTRACT-MATHIMATICAL",
{3) "EMPIRICAL~SCIENTIFIC."

FOR CXAMPLE, CREATIVE LYPOTHESLES WITHOUT SUPPORITHG EVIDLIICE, SUCH AS
BRYAN BERGSOI'S "SOCIO-METABOLIC TRANSITIQN", (COULD BE PUT IN THE
"HUMANTSTIC-INTUITIVE" SLOT, WHILE PITIRIM SORCKIN'S DATA (i THE

RATE CF SCIENTIFIC DISCOVERIES AND INVENTIONS COULD BE PUT IV THE
"EMPIRICAL~SCTEITTIFIC" SLOT. THEN PARTICIPANTS Iil THE GEIERAL SYSTEMS
COMPUTZR COWFERLENCING CCOULD ATTEMPT TO DEVELOP A MODEL IN THE "ABSTRACT-
MATHEMATICAL" SLOT UPGH WHICI BERGSON'S CURVES AND SOROKIN'S CURVES
COULD BE PROJECTLED, IN THL SENSE USED BY THE LISTORIAN OF SCIENCE,
GERALD 1iOLTON, L7 CONWECITCH WITH THE PROJECTION OUTC THE THEMATIC
PLAE.,

A MORE FORMAL STATIMENT OF THIS PROPCSAL IS INCLUDED I SECTIOH
2.8.0.

FREDERICK BLRIARD 00D
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SECTIGN 1.0.0B: "BLUE PAGE" PROJECT SIRMARY.

THIS "BLUE PAGE" IS INCLULDED TO LELP THE NBW READER OF THE MAGAZINE
CICM WHO HASN'T READ THE PRECEDING ISSUES GET A PERSPECTIVE OF THE
SERIES. EAQI ISSUE OF THE MAGAZLNE CIQM CONSISTS OF ADDITICNS OR
QIANGES TO THE CUIMULATIVE BOOK 'CTCM,'

THE MAGAZINE 'CTQM' IS PUBLISHED IRREGULARLY. THE FIRST PUBLIC
EDITICH OF THE BOOK, "CQMMIZIICATICN THEORY IN THE CAUSE OF MAN", WAS
ISSUED IN OCTOBER 1973 AND QQUSISTED OF VOLIMES I AND ITI OF THE MAGAZINE
"CrQ" RECOLLATED IN SECTICN (OR FILE) NUMBER SEQUENCE, EXCEPT THAT
EDITORIAL NOTES AND MAGAZINE TITLE PAGES ARE MOVED TO THE BACK OF THE
BOOK IN FRONT OF THE INDEX.

THE REQOLLATION OF SEPARATE ISSUES OF THE MAGAZINE IS. FACTLITATED
BY THE INCLUSICH OF BOTH MAGAZINE AND BOCK PAGE NUMBERS (N EACH PAGE OF
EACII ISSUE QF THE MAGAZINE. THE BOCK SECTION AND PAGE NUMBERS ARE
PRINTED (N THE LINE BELOW THE MAGAZINE PAGE NUMBER.

THE OBJECT OF BOTH THE BOCR AND THE MAGAZINE IS TO PROVIDE SOME
TOCOLS FROM THE MATHEMATICAL AND ENGINEERING THEORY OF COMMINICATION, AND
IN PARTICULAR FROM CYBERIETICS AND INFORMATION THEORY, TO HELP THE
IAYMAN FIND SOME IDEAS BY WHICH HE CAN MORE EASILY DETERMINE HIS COURSE
TOWARD A MORE IEMOCRATIC SOCCIETY. AS OF JWE 1979 A GQIANGE IS BEING
QONSIDERED., ACCORDING TO WOSSITER OF THE WASHINGION POST THE CCNTEMPOR-
ARY SOCIAL SCIENTISTS DAN'T HAVE MICGI TO OFFER THE IAYMAN AND POLITICIAN
TOWARD THE SOLUTICN OF CUR SOCIAL PROBLEMS. A SHIFT IN EMPHASIS IS
BETHG CQUSTIERED TO MRKE THIS SERIES MORE USEFUL. THE STRUCTURE USED TO
DATE HAS BEEN ORIENTED TO A CLASSIFICATION IN TERS OF INFORMATION-
DESTINATION. IT APPEARS THAT WE ALSQ NEED MATERTAL ORGANIZED IN TERMS
QF INFORMATICN-SOURCE.

THE INFORMATICON-~DESTINATION CLASSIFICATION PUTS MATERIAL INTO
PARTS FCR:

CITIZEN / DECISIQ-MAKER / SCIENTIST,

THE PROPOSED ADDITIQNAL SECTIGNS BASED Gii THE INFORMATION-SOURCE
CLASSIFICATION ARE:

HERISTIC-INTUIITVE / ABSTRACT-MATHEMATICAL / EMPIRICAL~SCIENTIFIC.

THE ABOVE CLASSIFICATTOINS HAVE EVOLVED FROM THINKING ABOUT TIHE
FOLLOWTNG QUESTIONS: WHO IS GOING TO BENEFIT FROM RESEARCH IN GENERAL
SYSTEMS THEORY, CYBERJETICS, AND INFORMATION THEORY? ARE THESE FIELDS
OF SCTENCE AND ENGINEERING GOING TO BE USED FOR THE BENEFIT CF ALL
MANKIND? OR ARE THEY GOING TO BE USED PRIMARILY FOR THE PRIVATE BENEFIT
OF PARTICULAR RULING CLASSES? HOW DO WE INSURE THE USE OF SUCH KNOWLEDGE
IN THE INTERESTS CF STRENGTHENING DEMOCRATIC IWSTITUTICNS? I HAVE AN
INTUITIVE FEELING THAT TQO PROTECT THE INTERESTS OF THE PEOPLL, SCME WAY
MUST BE FOUND TO OOMBINE GENERAL ARTTCLES, TECHNICAL APPLICATICNS
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ARTICLES, AD BASIC SCIENTIFIC ARTICLES INTO THE SAME JOURIALS AND
BOOKS, WHILE MAINTAINING PROPER LABELS AS 10 THE NATURE OF THE DIFFERENT
SECTIONS. WO DIAGRAMS ARE SHOW BELOW 70 ILLUSTRATE TIE SEPARATICN INTO
DIFFERNT SECTIONS.

CLASSIFICATION SYTEMS:

INFORMATION-DESTINATICHN INFORMATION=SOURCE
100 200 300 400 500 600

GREEY  YELLOW PINK GREEN YELLGW PINK

I gﬁg%g : {G00) %

- + SEC IV: HIRMANISTIC- *
Citizen, 4 INTUITIVE t
Layman + (SECQND GREEN SECTICN) +

4 t

I11 t (500) =

—. + SEC V: ABSTRACT- +

Scientist, t MATHEMAT ICAL t

; Philosopher, f pryx t  (SEOOND YELLOW SECTION) +

11 | Engineer PAGES + +
Decision- + 600) #
Maker, Social : sEC vI: mEmRICAL-
Techr_m;w?a YELLOW t SCIENTIFIC t
Politica PAGES *  (SDOQND PINK SECTIQH) t
Leader + +

THE MATERIAL PROPCSED Ii§ THE SECOND FORMAT (INFORMATTION~SOURCE)
WOULD ALREADY BE IN A FORM ADAPTIBLE FOR THE PROPOSED PUBLIC MUSELM
EHIBIT STRUCTURE.
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A PROPOSAL FOR A GUASI-COMPLETENESS TEST OF GENERAL 3YSTEMS THECRIES
USING COMPUTER-CONFERENCING AND COMPUTER DATA BASE SEARCHING
COORDINATED WITH A PUBLIC MUSECUM EXHIBIT STRUCTURE

Frederick

Bernard Wood

Electrical Engineer=
P.0. Box 3093
San Jase, California 95150

ABSTRACT

A search for understanding of the instability ot human
crviiizations in 1433 led 1o the hvpothesis thur we need
engineers with sociclogical understanding working in
industry o watch for clues as to how high technology civ-
ilizations break down. Various iwo and three dimensional
vharets were developed to visualize the relations between
scienee, tecimelogy, and the humansties. 3ince 1334 with
the cooperation of 3.G.3.R. it has been possible to make
aore svatemilic charts to visualize ine components of
Leneral svstems theory., Now in 1979 a three-level com-
cuter data buse of general svstems knowledge is proposed
to :aciiitate testing of hvpotheses and Lo senerate segments
ol 2 puabiic museum exhibit., The indexing of the data
Duses wouwi be keved to sections of phavsical, astronom-
ieati, .na living systems segments of the museum exhibit.
Cinzens could participate in computer-coaferencing on
the {irst level. Hclentific society members could use
hoth rthe Jirst and second leveis. Senior science aavisors
wodld eait what passes through to the third level o be
matle 2vailable to library computer search terminals.

INTRODUCTION

This paper is a4 mixture of systems science and
autoiographical :lata Jor a specific purpose of pro-
viding academic socioclegists with clues that might not
ntherwise Le avallabie to them. There is a conjecture
oot there is 3 sociological dncertainty principle simi-
ar to Heisenberg's uncertainty principle in physics.
Hoewever, it appears that the sociolovical eguivaient of

L

Planeck's constant {s not a constant, but a parameter
that varies with time and between different societies,
When one makes observations of social systems, hoth
the organization and the observer mav be changed in
the process. Therefore, [ feel it i3 important to
include encugh autobiographical material to provide
sociologists clues to use in their research on the
sociological uncertainty principle.

I was in high school as the Nazis were coming to
power in Europe. [ wondered aow the leading couatry
of the world in the arts and sciences, nameiv
Germany, could change 30 quicklvy into a harbarian
society. For a leng time I have felt there must be
something lacking in our understanding of the relation-
ship between technology and society that permits the
highest technology to slip into the hands of the
barbarians. [ concluded that our couniry aeeded to
have people who understand the social impiications of
new technology. To do this we needed to have 2ngi-
neers al the interface between s¢ience and technology
who nad some training in sociology who could anaivse
the social implications in addition te accompiishing
their assigned engineering work. [ decideda that |
would be one of those engineers,

ENGINEERING AND SOCIAL SCIENCE STUDIES

At U.C. Berkelev [ majored in electrical engi-
neering, and tried e include some social sciences, but
found that in the 1936-i940 era (T was not practieal o
abtain cooperation between the engineering and social
science faculties, [ found 3 semi-underground method of

Tre views presented in this paper are sotelv the views
sU e author and do aut aecessarily represent any poi-
lcles of e arzanizations with which he {5 or nas been
affiltated. The author is preseantly with Internaticnai
Business Machines Corporation, General Products
Division, san Jose, California 93193,
reported in this puper is a spin-off (Tom computer-
communications work done at IBAM and trom eariler and
contemporaneous work done at Pacitic Gas & Zlectric
Co., ML T. Radiation Laboratory, Universitv of
Cuolifornia ar Berkelev, 3an Jose $tate Universioe,

he work

Couneil of the Arts, 3ciences ind Professions, 3ocielv
tor 3ocial Responsibiiitv :n 3crence, Bav Ares 13an
Franciscoy Chapter of the Societv tor General 3vstems
Research, Democratic Party Caucus, Common Cause,
Arlington street Churen Uaitariam of Boston, Firs:

L aitarian Churen of Berkeiev, First Unitavian Churen ot
San Jose, American Frienas 3ervice Commitiee, 3tilcs
Hall Ualversity Y. M. CL A, of Berkelev, Spartan v <5
San Jose 3tate, Tecanclogy and Socierv Commitiee 3
Palo Alto, the Midpeninsuia Free University, and the
LEVE.Z, Communications 3ocietv commitiee on

Nerthera California Associction of 3elentists, Natlonal Tecnnology Forecasting und Assessment.

Section 2.8.0 (& Copyright by Society for General Systems Research. This section is
a preprint of a paper for the 8.G. b R. Meeting of August 20-24, 1379, London, England,
Preprinted by permission of $.G.S.R. For complete proceecnmos of London Meeting,

inguire at meeting, or a month after meeting write to S.G.3.R. Secretary- I‘reasurer,
Systems Science Institute, University of Louisville, Louisville, Kentucky 40208, TU.5.A.
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learning social seience in addition to my tornal training
15 an electrical engineer, The churches and student
YMCA and YWCA at the borders of the Berkeley Campus
had series of seminars on current social and poijtical
probiems. Bv attending these off-campus seminars [
sradually bhuilt up an understanding of the current
vroblems in the social sciences. [rom these activities
[ Jdeveloped a chart to help me keep a perspective of all
the specialized ilelds of human knowledge such as is
shown i1 Figure 1, This chart was useful to me in main-
taining a perspective while [ was working on the develop-
ment o RADAR and related weapoas systems in the
carlier part of World War [I (Wood, 1971). I was trving
to maintain 2 “halance’ or “wholeness' or
“completeness, " while putting my principal etforts on
development ol weapons Lo defeat the Nazis., [ tfelt that
tae retreat to barharism of Germany was not 1 special
case, bul o pussible development in any highly spe-
cialized tecnnoiogical society.

SPECIALIZATION POINTS TO TAKEOVER
BY BARBARIANS

The rundamental feature of 2 high technology society
that makes it susceptible to breakdown and takeover by
harharians appeared to be the nigh level of speciatizadion.
If ic were possible to develop a perspective of human
wnowledge that promoted the perceprion ol nverlaps be-
tween different tields ot science, scientists and engineers
might have a hetter caance of developing 1 sense of
social responsibilitv. As a iirst step [ tried o develop
an improved perspective chart to replace Figure i,

Figure 1. A Preliminarv Attempt o Urganize a
Svathesis of the 3pecialized Fields a1 3cience to
As31st the Engineer in Developing an
nterpretation »f 3elence in Terms o1
Humgan Needs

COMMUNICATION THEORY
I THE CAUSE OF MAN

I prepared cards tor the topics and principal ideas con-
sidered by the young people's group at the Arlington
Street Church in Boston for 1941~1942, Experimenting
with a three-dimensional skyscraper modei made irom a
toy "Erector'” set, [ found that the cards fitted a near
optimum overlap of relationships when arranged to fit
into the categories of Figure 2,

INTUITIVE SPIRAL RELATIONSHIP

{ found that if the vertical columns of Figure 2 were
transposed in certain wavs there was an incomplete
spiral connection hetween the topics in the skyscraper
structure. Figure 3 illustrates the suggested form o
develop the spiral form. 3ince mv data were too vague,
[ put aside the spiral form. [ the meantime I took the
skvseraper model and my notes to some professors of
socjology at Harvard University, They advised me that
I was rediscovering the concepts developed by the early
sociologists such as Auguste Comte, Herbert Spencer,
and Lester Ward. My otf-campus seminars on current
sociological problems had not given me an adequate
aistorical background in soecial science.

MusiC HisToRy
PHLOSOPMY 7 )/— LANGUAGF

ART ELONOMICY
SCIENCE MATHEMATICS
1
SOCMLE
f Y v SCIEMC
RELIGION

et
PSYLHOLCG Y BIOLWOGE~
AL CAL

PHYSIQLOGY SCIENCE

200LGG Y| )
}PHVS!CM..

; .
Bl:OLd'G‘v: IENCE
CHEMISTRY

PMYSICS

Figure 2. A Three-Dimensional Correlation

s 5
R TETE TR

Figure 5, 3Zpiral of Development
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BACK TO 30CIOLOGY FUNDAMENTALS
AND CIVIL LIBERTIES

It took some time to catch up on the historv of
sociology. Also, it took a few vears of graduate study to
notain a Ph. D. in electrical engineering. In 1953 I took
a jolb with [BAM where I was aggain at the interface between
new developments in science and the application of new
techiologies, [ had planned to organize discussions ot
tae social implications of new technology at the First
Unaitarian Church ot San Jose. The MeCarthy Era
nvsteria in the United States swept California along into
a state supervision of churches such that religious organ-
izations nad to sign loyalty oaths to the government in
arder to retain their religious tax exemption. It took
Irom 1335 10 1933 or the legal fight in the courts to get
1 tuvorable ruling from the U.S5. 3upreme Court that the
Catifornia lovalty oath tax on religicus organizations was
dncenstitutional. The court right took a good deal of my
spare iime during that period.

SOCIETY FOR GENERAL SYSTEMS RESEARCH

The preliminary organizational meeting of the
proposed Soclety for the Advancement of General 3vsiems
Theov in 154 a4t the Ceater for Advanced Study of the
Eenavioval 3ciences, Stanford, inspired me to renew my
arevious studies of the relationship between different
tields o1 science. Figure 4 illustrates a checking chart
tor rhe social implications of computer-communications
svsiems which would establish a universal credit svstem
wiaica could replace money Wood, 19393,

ENTENSION TO COVER SCIENCES, ABSTRACT
PHILOSOPHY, AND HUMANITIES

As I tried 1o extend this tvpe ot chart to other
svatems [ Jound that the division betweea 'Humanities”
and UScience” was aot adeguate, I conecluded that three
divisions were more realistic, aamely:

Humaniues: I[ntuitive, Poetie, Artistic, eic.;
Abstract Models: Philesophical, Logical, Abstract,
QIC.;

Svignces; Empirical, Experimental, Verifiable, ste.

A vevised three-dimensional chart using the above
categories i3 shown ia Figure 5 (Wood, 1964). In this
cnalrt there are iive levels: phvsical, chemieal, bio-
woeical, psvehological, ama social. There are three
slices represeanting three methods: numanities, abstract-
onilosopmicat, 2nd empivical-scieatific, There ure four
norizootal ciasses of welivitv: basic laws or science,
engineeving or uapplied science, education, and decision
and action.

Fizure 3 iilustrates how mv own work reiates to the
more general Jelds of knowledge and skills, [ have noted
ol lite chart oo the phvsical level where my nast work fits
in, such as Radar, Cvbernetics. [niormation Theorv,
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Telephone Cables, Data Transmissicn with Error Feed-
back, Data Transmission Code Standards, and Computer
Components and Pregramming, My original use of this
chart was to plot pessible spin-otfs from the uses of
cybernetics and information theory on the phvsical level
to other levels, For example, there are similar nega-
tive feedback processes on each level of phenomena, but
13 we go from phvsical to social levels there is less and
less mathematical precision, Similariy, there are
entropy-like properties on each level. At the top level
we have 2 possible correspondence between Alhert
Schweitzer's principle of "Reverence for Life" and some
eniropy-like property of a living system. Also, we can
find properties of a political svstem in which an entropy-
like measure gives us some understanding of the degree
of democracy in the svstem {Wood, 1963}, In the third
column we have the property of informadon-input
overload at all ievels (Miller, 1940y, In the fourth
column we have a similar type of code in genetic coding
as in what is called comma-iree codes in electrical
communication theory and in computer programming.
On the psvchological level there is a loose analogy to
coding theory in the {ragile equilibrium between "love™
and 'hate.” In ideological coding we have the situation
where people omit some facts about reality in order 1o
have a simple concept of the world. This is similar o
intermation compressicn without being able to preciselyv
reconstiruct the original message or picture accuratelv.

If widespread idecicgical coding occurs in political
svstems without being subject (0 test and verification,
we are subjeet to possibie future returns to barbarism,
such as occurred in Germaay in the 1930's, [f we can
correiate humanistic principles iike "Reverence for
Life'" with computable entropy-like properties or social
svstems, we have 2 better chance of maintaining
progress in human civilization with minor cveles of
regression. [ became impressed by the {ulfillment of
the pradictions ia the hock Iron Heel by Jack London
(1907) in the activities of the Nazis in Germanv in 1934.

SPIRAL EVOLUTION IN CHEMISTRY
AND SOCIOLOGY

found an interesiing book bv Tomikeief! (1984} in
which Mendeleev's periodic table of the chemical ele-
ments is (ransformed into a spiral torm. This re-
minded me of the spiral form [ described in Figure 2
and the possibilitv :hat the curves of social change or
Sorcokin (1948) might be projections onto a plane of a
three-dimensional spiral. in Jzauary 1968, Bergson
gave a talk 1o the Bav Area Group of 3.G. 3.8, at 1
meeting {n 3an Jjose wnere e described a spiral jorm
of representing biological eveiution that seemed o
connect with the work of Tomkeieif and Sorokin,

At the 3.G.3. R, nmeeting in Portiand in Iewptember
1472, Bergson (1972 presented 2 paper on s 3piral
representation and Troneale presented 2 naper 2o
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nierarchies that resulted in spirals cn a more universal
zcale (1972), Although these theories of spiral evolu-
tionarv curves are very important in the quality and
stability of social systems, the primary purpose of this
paper is to discuss the evolution of a quasi-compieteness
test for general systems theories. I think it is more
expedient to direct attention to the particular variation oi
general systems theory for which we have the most
informaden. [ believe that J, G. Miller's Living

Svstems (1978) of 1102+xli pages and 173 cross-ievel
hypotheses fits this category.

COMPLETENESS THEQREMS IN MATHEMATICS

Now to get back to the fundamentals of a completeness
test, in engineering where we use mathematical series
in the soluticn of problems that are defined by differ-
ential equations, we can confer with mathematicians
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who can demonstrate a completeness theorem that tells
us that the series we plan Lo use can represent a solution
to our physical problem with any specified limit of error
%y using enough terms in the series. For example, the
sawtooth waveform of Figure 6 has a decreasing error in
Figure 7 when we use one, two, three, and four terms in
the Fourier series representation.

I have learned from biologists that it is not possible
10 prove a completeness thecrem for a mathematical
model of a living system., [ propose that we do the next
best possible in testing systems hypotheses. [ propose
that we expand the three-dimensional chart of Figure 3 to

use a8 checklist for making sure that we have feedback
from all segments of society. The system must also be
visibie to the public, such as having exhibits in museums
and libraries,

MILLER'S LIVING 3YSTEMS

James G. Millev's bock Living Systems (1973} is the
most comprehensive book published to date applyving
general systems theory to living systems. Miller and
his associates identify 19 subsystems of living systems
on seven levels: cell, organ, organism, group, organi-
zatlon, society, and supranational syvstem. He lists
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73 cross-level hypotheses in language that is easily
understood by bioclogists, communications engineers, and
computer scientists, Of the 19 subsystems, two process
both erergy-matter and information, eight process
matter-energy, and aine process information. These are
listed in Figure 3.

I shall give some sample checks on the usefulness of
Miller's Living 3vstems: (1) how organ level helps me
in a systems analysis of my own health probiems, (2) how
on the organization level his hypotheses help me under-
stand the problems of the orgaanizatdon (IBM), (3) how on
the scciety level his hypotheses, with some additions,
nelp us t0 understand problems cf energy policy deci-
sions, and (4) how scanning the humanistic-intuitive
slice of the quasi-completeness testing chart turns up a

COMMLUIWICATION THEORY
IN THE CAUSE OF MAN

A) Subsystems which process both
matter-energy and information:

1. Reproducer
2. Boundary

B} Subsystems which
process matter-energy

C) Subsystems which
process information !

3. Ingestor 11. Ilnput transducer l
12. Internal i

transducer i

4. Distributor 13. Channels and I
Networks |

3. Converter 14, Decoder I
6. Producer 15. Assoclator !
7. Dblatter-energy 16. Memory |
storage 17. Decoder !

18. Encoder i

3. Extruder :
9. Motor } 9. OQutput- i
transducer ;

10. Supporter

Figure 3., Subsystems of Living Systems (Miller)

gap that needs to be filled in to insure a truly humanisde
applicaticn of Living Systems.

First we consider that one or more repiicates of
Figure 3 fit into the front left column of Figure 5, a
stack of two on the biological level for cell and organ;

a stack of two on the psychological level for organism
and group; and a stack of three oa the social level for
organization and society znd supranational.

Earlier this year [ had some eye trouble and a heart
condition (tachycardia}, [ decided to do some research
of the medical literature myself, and found that with my
background of having studied Miller*s Living Svstems
that it was much easier to seiect the right index terms
in [ndex Medicus and the best computer search terms for
a computer search of the Amsterdam, Netherlands,
base Excerpta Medica computer files.

LIVING SYSTEMS AND MANAGEMENT SYSTEMS

In iBM for a number of years [ have had confusing
problems with [BM management, 3Sometimes [ would
receive conflicting messages from different lines of
management in [BM, and my direct manager avoided
the contlict. Foilowing the articles in Behavioral
Science upen which much of Living Systems is based
helped me understand the nature of the communication
problems in large organizations like IBM. [n recent
time IBM has successiully trained their managers to
follow a standard procedure to avoid such conflicts. [
have found the hypotheses in section 3.3.7 Decider in
Living Systems heipful in understanding rhe confusicn in
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the chain of command in IBM. Also, [ have found some
deficiencies in these hypotheses. It appears to me that
the hypotheses were developed by social scientists on the
outside observing large organizations. It appears that
there are some phenomena that are only easily observed
by peopie at lower levels of the management hierarchy.

For example, congider "Hypothesis 3,3.7.2-4:
The gignature identifying the transmitter i3 an important
determinant of the probability of the receiver complying
with it." I have seen policy decisions with the same
authoritative signature take one day, one month, and
eight years to implement. The one day action invoived
product production plans and were associated with assign-
meats of matter-energy. The one moath action invoived
hiring policies and was accompanied by the appointment
of compliance officers to see that the decision was car-
ried out. The decision taking eight years to impiement
was skipped over by most managers due 1o the informa-
tion input overload conditions described in Miller's
Chapter Five (1978) until some employees raised encugh
objections to force the managers to read the appropriate
sections of the manager's manual and management
briefings., The higher levels of management have now
learned to transmit some energy-matter along with an
information message so that the accounting for the money
(energy-matter) will provide feedback on how the direc-
tive is being carried out. Some of these apparent dis-
crepancies with hypothesis 3.3.7.2-4 can be partially
explained by a combinaton of hypotheses 3.3,7.2-11,
3.3.7.2-13, and 3,3,7.2-16. I think that a corollary to
3.3.7.2-4 needs to be developed to cover these problems
more simply. More can be gained by applying Miiler's
hvpotheses 3.2-21 and 3.2-22 to the above problems. It
is possible that [ have missed seeing relationships of
some of the 173 hypotheses to these problems.

RECOMMEXNDATIONS

The complexity of dealing with Miller's 173 hypo-
theses and the many other general systems theories
listed by Tronecale (1977) leads me to believe that we
need the three following things to help us make quasi-
completeness tests of GST/s:

{1) An open general systems theory computer confer-
encing network through which people, both profes-
sional and hobbyist, can communicate;

2} A restricted compuler conferencing aetwork through
which senior advisors elected by various scientific
societies can review the work developed by the first
aetwork and select that which is sufficiently verifi-
able for inclusica in a general systems encyclopedic
data base; and

{3y A three-dimensional framework upon which ¢omputer
printouts from jtem (2) can be mounted in museums
for ingpection by the general public.
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The connections between the above three parts are shown
in Figure 9.

By means of the above recommendations, I propose
that we become "on-line intellectual communities™ in the
sense discussed by Kochen (1977), which extended the
computer-conferencing reviewed by Turoff (1974) and by
Umpleby (1979). The use of the 173 hypotheses from
Miller (1978) plus his classification of subsystems and
his principal simulation models cited would provide a
good start. To this data base we could add the major
uncompleted work of the late Professors Dodd (1270) and
Lamb (1970). Then we could add Haskell's (1972) and
Bergson's (1978) differing spirals of evolution derived
from the periodic table., Gordon Pask's aystems science
exhibit at the Brocklyn Children Museum ingpires
expansion to 2 more general concept of museum exhibits.,

[n 1907 the intellectuals ridiculed Jack London for
his novel The [ron Heel, vet the essential features of
3ocial breakdown he described did occur by 1934, It is
my hope that we can prevent the breakdown described by
the novelist Sally M. Gearhart (1979 from coming to
pass. We can make some progress by providing a com-
puter terminai to Ritva Kaje, author of '"Bringing the
Feminine into Forecasting (1977).

PROPOSED PUBLIC MUSEUM STRUCTURE

My attempts to place sections like Figure 3 in the
appropriate cubes in Figure 5 led me to realize that
atthough the 19 subsystems of Figure 8 appear on every
level with few exceptions, that something, possibly the
processes going on, increase on each higher level., This
leads to a new three-dimensional diagram for use in
testing the completeness of general systems theories.
This new structure is shown in Figure 10.

Although my explorations of this method of a quasi-

compieteness test have so far been somewhat sketchy,

[ wish to mention two examples of trying out this type of
procedure. One comesg from studying the consequences
of moving technology assessment procedures from the
organization level to the society level. The other comes
from trying to push the logical hypotheses over from the
empirical slice to the humanistic siice.

SOLAR ELECTRIC EXAMPLE

The exarnple of moving from the organizational levei
to the societal level relates to solar-electric power.
The policy developed by ERDA and continued by DOE of
projecting the development of solar semi-conductor
cells such that a reasonable price will be obtained in
1983 has been described by Bacon and MceWhorter (1973
and by Redfield (1978). The scientisis at the Bellagio
Conference chaired by Branscomb (1976) issued a con-
cluding report in which the first goal was to "Improve
the Process for Generating and Managing the Introduction
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and Evolution of Technology.”” When I work with a back-
ground of using Miller's Living Systems with emphasis
shifted through use of my coacepts of a quasi-
completeness test, [ find that the DOE solar peiicy falls
far short of the Bellagio Coaference objectives.

The solar ceil development projection curves are
similar to the solid state circuit projection curves of
1964 upon which IBM based its computer policy develop-
ment decisions which were correct decisions where one
is limited to business and engineering efficiency. In 18964
a few IBM engineers objected streguously that the deci-
sions were blind to social consequences that many small

PLANETS

General Plan of General Systems

4- ANTI- MATTER

e
\L

Sruyilefion Flow .
beundary layer -

BLACK HOLES

Museum Exhibit

businesses might fail in the ten vears before low-cost
microcomputers would be available to them. At that
time there was no technical arm of Congress such as
the Office of Technology Assessment to which the
engineers could appeal.

The pursuit of the DOE solar policy postpones solar-
electric generation until inflation has wiped out the
independent middle class in the United States, malking a
generation of retired people dependent sclely on social
security after their savings are wiped out by inflation
(unless they were foresighted enough to put most of
their savings in land). There is a technology available
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now in the multimodule solar thermal electric plant
designed by Otto J. M. Smith (1978) and described by
Hart (1977) for which the buss-bar cost wouid be

3.1 cents per KWH in 1976 dollars or 3.6 cents in 1978
collars. Thus [ feel that using a general systems
approach to problems, provided one adds a quasi-
completeness test, can greatly increase our under-
standing of technology assessment problems., Applying
this quasi-completeness test to the Smith solar design
indicates there is a land policy problem as to whether
the federal government, the State, or public utility
companies would owa the land and what would the tax
policy be.

EXTENSION TO FUZZY SETS

In reexamining von Bertalantfy's General Syvstem
Theory (1968:246) we find the statement: '"The Aristo-
teiian logic, for millenia considered as giving the gen-
eral and supreme laws of reasoning, actually covers only
the extremely smali feld of subject-predicate reiations.
The all-or-none concepts of traditional logic fail short of
continuity concepts hasic for mathemarical analvsis.'” In
about 1985 Zadeh presented an approach called "Fuzzy
3ets" to the Bay Area Systems Group which shows great
promise of providing a way of dealing with properties of
social svstems which do not have precise characteristics.
For a summary of the significance of some developments
in respect to fuzzy sets, a recent thesis by Hale (1977)
reparts on an entropy-based investigation of information,
non-Newtonian systems theory, and the restoration of
the excluded middle. We need to see how computer-
conferencing svstems can develop a connection between
Miller's Living Systems and the recent wotk with fuzzy
sets,

CONCLUSIONS

Although only a few of Miller's 173 hypotheses have
been discussed in this paper, I feel that this pilot study
indicates that the material in Living Systems would form
a good starting base for computer-conferencing aad for
the living branch of a public museum general systems
exhibit. Itis important that the compuier-conferencing
and library data base systems not be restricted to any
one computing system. The Lockheed DIALOG (1978}
Informadon Retrieval Service has demonstrated how
access can be obtained to 78 different data bases from
any computer terminal through different communication
networks such as TELENET, TYMNET, Teletype, or
dial-up telephone service.

To make computer-conferencing more accessible
without relvicg heavily on government and foundation
funding, we need to develop interconnections with com-
puter hobbyist networks. We could assume at a minimum
each active member of $,.G.5.R. ¢ouid purchase his own
microcomputer or convince his institution to make the
equivalent available. Also, provision could be made for
off-line members to order tape-cassettes or diskettes
of parts of the conferencing and then return units with
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their comments to a centrai computer center to be
entered into the system,

There are a2 number of museums across the country
interested in including some type of computer service.
We could get advice from places like the Exploratorium
in San Fraancisco acd the Lawrence Hall of Seience in
Berkeley on alternative ways to develop the exhibit
structures.
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CTCM EACK ISSUES:

Delayed publication dates, revision dates, or reprint
dates in pareatheses. COMMUNICATION THEORY
in the CAUSE of MAN may be ordered on the order
form on the reverse side - a3 a magazine subscrip-
tion, a8 individual back issues, or a8 the loose-ieal
book version of magazine i3sues, separated 1nLo
sections and assembled into the CTCM book.

VOLUME |

No. 1=-2, June-Juiy 1870 (Rev. 3/7TH
No. 3=+ & 4-X, Aug-Cet 1970

No. 3-6, Nov-Dec L9T0(Del. 3/71)
No. 7-3, Jan-Feb 1371 (Dei, 7 /71
No. 9, Mar 19Tl (Del. 3/71)

Ng. 10-11, Apr-May 1971 (Del. /71
No. i2, June 15971 (Del. 3/72)

VOLUME 0O

No, 1, July-3ept 1971 (Del, 5/720)

Partway through volume III the magazine was converted
from a quarterly to an irregular serial. Four issues
are ptanned for each volume, but there will no loager be
3 direct correiation betwe#n volume aumber and year.
VOLUME O Started as Quarteriy:
No. i, Jan-Mar 1973{Printead 9,29,74)
‘No. 2, Apr-June 1972 (Printed 7./13.73)
No. 3. Oct-Dec 1973 (Printed 3/13. 76)

Continued aa an [rregular Seriai:
No. 4+, May 4, 1978
Magazine to Book conversion kit (33.32 each) may he ordered
zeparateiy. Inciuded in Books of Velumes [ & if or set of

Volumesa [, I, 4 [II. Kit consists of «wose-.eal binder, 1ndex
tabs, labels, and assembiing insiructions.

L

No. 2, Oct-Dec 1971 (Del. 772
No. 3, Jan-Mar 1972 (Del, [/73)
No. 4, Apr-June 1372 (Del. 3/7D)
No. 3, July-3ept [972 (Del. 772y
No. G=A, Oct-Dec 1972 Del, 3.7
{zyt off order coypgn here)
sagazine 3upscription Prices A volume
Mail to: C O :.! M U N I C A T I 0 N T H E O R Y cons1sis of four :ssues publisned at
- irregulay atervais. i
IN THE CAUSE of MAN
P. 0. Box 5085 U.3.4a. & Foreiga 3uriace ail
{1 ane vowme 35.00 [ | rwe volumes $10.00.
San Jose, California 35150 U.S.A.
Cutside J.3.A. by Airmal
[ ccae volume 39,109 ! ] *wo volumes 314,00
Name
Single back issues avalable a1t 31,75 each, last
volume and 1ssue numbers rom list og nack side:
Address .
(]
City . o ]
Loo3se-.eal boox version of Magazine i3sues deparited
ind recollates into secton order ind assembied by
: jectlon aumder (a(0 i (dose-igal DooK:
State lip i Velumes [, [I, « I, 3§ 12.00 by surface mail.
For sverseas armail add postage tor 2 lb 14 az.
Country i ] Magazae o Book Conversion mit 33.30
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