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fo SCANNING PROELEMS FROM THE LARGE RANGE DOWN TC LOWER LEVELS.
1t is important to scan the world political and economic

system starting from the largest area and working down to

smaller units to see (T there are problems

for which this technology ia,umﬁfuh even {fithe market structure is
,_rl :

not prepared to deal with the ¥ oplem. (Notef See page 6 of

Engelbart's SRI report:

e
"Existing, or near<future, technology could certainly provide
our professional problem-solvers with the artifacts they neced
to have for duplifcating and. rearranging text before their eves,
quickly and with minimum ¢f human effort. &tven so apparently
minor advance could yleld total changes in an individual's
repertoire hierarchy that would represent a great increase in

over-all effectiveness. - Normally the necessary eguipment
woulfd enter the market slcwly; changes from the expected
vould be small people woudd change their ways of doing things

a littie at a ttme, and omly gradually.vwould their accumulated
changes create markets for more radical versions of ;the
equipment., Such an evolutionary process has been tjpical of
the way our repertoire hierarchies have grown and formed.

But an active research effort, aimed at exploring &ang
evaluating possible integrated changea throughout the repertozre
hierarchy, could greatlyhaccelerate this evolutianary proces
The research effort could guide the product deveiopment of new
artifacts toward taking long-range meaningful steps; simultaneous-
ly, competitively minded individuals who would respond to demon-
strated methods for achieving greater personal effectiveness would
create a market for the more radical equipment innovations.

The guided evolutinary process could be expected to be consider«

t

ably more rapid than the traditional ONE@.uya..' )

This proCess is {liustrated by | some diagrams in English Through
bR

Pictures Book 2(§) In this samefbooklet we have {llustrations showing

the exppnential rise of popula?ion, power output andocther featu

S

which make our civilization mo:@ complex f W. Ross Ashby(#) ha

il

glvilization beyond our under-

pointed out that man has buﬂr?

1

standing and that {t is gettung

out of hand.

# D. C. Engelbart, "Augmenting Human 1Intellect: A Conceptual
Framework" Stanford Research Institute, Report AFOSR-3223,
October 1962

¢ I1.A. Richards and Christine Gibson, English Through Pictures
Book 2, N.Y.:Washington Square Press(1961), p. 230.

# W. Ross Ashby, "Design for an Intelligen?e,Am tifier," in »
Automata Studlies, Princeton UA&V: Prass faan?
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2. SZPARATION OF”PHI_LOSOPHICAL ANALYSES" FROM "SUSINESS {OR
ENGINEERING) ANALVYSES."

I classify this report as a "philosophical"” communication.

[ attempt ic Tit each letter or article I write into one of the

three categories listed below:

(a)

(b)

(c)

-

Engineering Technical Communication: Articles dealing directly

with the engineering work of the corporation for which I work are
processed through the Publication Department of the corporation
in accordance with Section 14 of "Canons of Ethics" (*) of the
National Society of Professional Engineers. Such communications
dealing with technical work and cleared by the corporation would
be issued from my engineering business address: Advanced
Systerns Development Division, International Business Machines
Corporgxtion, Monterey and Cottle Roads, San Jose, California,
96114,

Philosophical Communications: Philosophical studies dealing with

the inferrelationship between science and society; the sciences and
the humanities are issued soley upon my own responsibility without
review by the corporation. Such communications are issued from
the address of Socio-Engineering Problems Reports: P.O. Box 85,
Campbell, California, 95008, and are edited to clearly have no
identification with the corporation.

Community, Political and Religious Communications: Material

dealing with local community problems or representing a particular
political or religious viewpoint are issued {from my residence
address: 2346 Lansford Avenue, San Jose 25, California, 95125.

Frederick B. Wood

* DProfessional Policles" National Society of Professionzl Engineers,
Washington, D.C, (1968}, p. 48. .

N

_ -

New address: IBM -~ ASDD Lab., P.O. Box 66, Los Gatos, Calif.

95031

This separation is illustrated in Fig. I. The ciose relationship

of the separaté parts can be deduced from SEPR No. 66, "Creativity

Ethics, and Specialization in Engineering.”
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NOTE

The historical precedent for separating the philosophical
part of a problem from the immediate remunerable parts of the
parte of the probiem-solvin work goes back at least es
far as Mazimonides (11351204}, who was physician
to Saladin in Cairo during part of the Crusades, and at the same
time he was seeking to harmonize Biblical and Rabbinic teaching
with philosophy, and especially with the philosophy of Aristotle.
The batiles of the Crusades only made temporary adjustments in the
etate of human civilization, while the philaoophicsl studies of
VMaimonides gave following Arabian, Jewish, and Christian scholars
the tools with which t#deal more effectively the philoscophical
problems Tacing human civilization as mankind moved into the next
era of history. Maimonides was mindful of a Talmudic saying that
"thou must not use the Torah as a spade to dig with." Some of the
modern aspects of these qguesticns are discussed by T.K. Quinn, a
former Vice-President of General Electric Co., in a pamphilet,

"The Individual in a Business Society," issued by the New York
Society for Ethical Culture(1958).

34+ HISTORICAL PERSPECTIVE.

A recent editorial in the Proceedings of the IEEE{¢) ended

with the sentence, "Are we dinosaurs or birds?" If we are not
interested in dying out like dinosaurs, we& must first develop some
perspective of where we are in the history of human civilization,
We must look for things more constructive than Toynbee's analyses
the rise and fall of civiiizations. Our civilization has the
knowledge and the research tools to understand our problems and to
propose so}utions 56 that our civilization doens't have to die out
l'ike théIRoman Empire and other past civilizations.

To obtain a perspective of the state of our civilization, let
us use'a Gaussian Perspective similar to the Histomap, but extending
into the future.(8)

In Fig. 2 human history is divided into three eras:

Force, Power, and Information, The numbers on thg past~fut§re

scale are years plus and minus from now. The time scale is derived

Z J.D. myder, "To Define Is To Limit," {editorial), Preoc. TEEE,
vol. 5!, No. 9, Sept. 1963, p. 1175.

5 his chart form is illustrated in a manuscript Socic-Engineering

Pr blems Report No. 91, '"Four Phitosophical Tools for 1mprov1ng
s e dl s +he Denhlams of PMlasrmament.
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FUTURE
Years

INFORMATION ERA 105

Anti-Matter/ —_
Matter Bomb '

FDOWER ERA
| |

S
‘ Large Computer Simulation
Techniques
i Fusion gl |arge Data Processors
] g Fissioﬁzeomb g
\ﬁ__’,,m-\___mﬁﬂf,~*~¢ Cybernetics & Information

ez ~Dynamite Theory

Steam Engjine

-

Fig. 2. Three Eras: Force, Power,
and Information.
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frem a gaussian probability distribution simiiar to the gaussizn
probability paper printed by Codex Book Co. for extreme value
prebability curves., Norbert Wiener uses the terms power and control,
where 1 use the terms power and information(%). I.e. the term
"Information Era" is possibly more conducive to democgratic concepts,

Albert Schweitzerfyconcept of "Reverence for Life," and the maximizing

of information or negative entropy.($)
The past and future eventes marked in Fig. 4-are only approximately
correct In locatifon. Since future events cannot be accurately
predicted, the relative order of future events should be taken
as more significant than the actual times. For example It 1s
necessary that civiifization advance well fnto the "Information Era’”
before more countrieg reach the stage of development that could
sustatn manufacture of atomic bombs or hydrogen bombs. Also {t
{s important that the four major steps into the Information Era,
namely: Analysis of human-to-machine relatfonship,
. Developmeant of Individual Social Responsibiifity,
Desfgn of Inteltligence ~Amplifiers,
Organfzation of Peaceful Competftion of Countries;

before man gets very far in developing the "anti-matter/matter

anfihflation bomb!

% w~orbert Wiener, "The Mathematics of Self-0Organizing Systems,"
in Rebert E. Machol and Paul Gray, Recent Developments in
Information and Decision Processes. N.Y.: Macmillan Co., [1962)
pp. 1-21.

T 1he use of the word "control" in B. F. Skinner's papers on
"gehavior Control' frightens people, giving them an impressicn
of control by a dictator. When the same concepts of feedback
control circuits are used with a concept of maximizing indjvidual
creativity through some.biological process simifar to maximizing
negative entropy, theérapy oriented péople like Carl Rogers see
the usefulness of ‘behavior control coneents for the benefit of mankinc
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i, THE FOUR ERAS OF CIVILIZATION (IN MAN'S APPLICATION
OF THE FORCES OF NATURE)

The three eras shown in Fig, 2 plus a transition era between

the Pcwer Era and the Information Era are discussed below:

(i) FORCE ERA,
Man had his own strength plugs the possibiiity

of adding others to hig work crews as members
of his team or as siaves. Man fnvented the
lever and puliey to permit him to exert a
greater force than his own strength at the
expense of moving the objegt through a shorter

distance in a given time,
“~

(2} POWER ERA

van invented devices which could coupie onto natural
thermodynamic processes which {ncreased éntropy.
- 1n this way man derived power orders of magnitude
greater than h(a own ppwer as a by-product of

natural processes, The Tirst economic system of

this era, t.e., the capitalist system {s designed so
that econgm{c work f{s done by coupling the operations
to another naturallpraceas, pamely the desire of human
beings for more goods of mcney. However thig system
keeps getting Into conflict with philosophers due to
the contradictions between maximizing profits and
ethical teachings of religious leaders.

The historical ways by which these confticts-have been creatively

resolved in American busxness is discussed in a series of articiles

e in the Harvard Busmesr P°J1ew (#)

# HBR (1952) esp. article by Kenneth Boulding.-
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There appears to be a more fundamental change occuring in connection
with the problems of our civilization shifting from power production
oroblems to information processing problems. It is interesting to

note that the founders of the consumer cooperative movement thought

the contribution of their system was to iIntroduce a time lag in

parts of the economic system to allow for the inadequate information
processing

capabilities of the eariier forms of the capitalist svstem.
(3) TRANSITION ERA

This transition era has sometimes been referred to as the

"Nobsphere" by Soviet Scientist N. I. Vernadsky {%) and by the

Priest AnthrOpologust Teilhard de.EﬁEﬁF'n( Y.
Hypothesie: The stabilifty and adaptability of a social
organization {country) is a function of {ts attainment
of the {deal political {dea digtribution statistics
based upon the varfance being proportional to the

per capita power production.

Some curves of electri¢ energy production and population graphs

are plotted in Fig.s 3 to use in testing the plausibi!ity of the
above hypothesis. Ideal values of the variance are used with
arbitrarily assumed.political idea scales. Three selected countries
are reploteéed in Fig. 4 to show guesses of the ideal and real

distributions.

&
# N.I. Vernadsky, American Scientist, vol. 33, no. I, p. |Off.,
Jan 1945 {trans. of 1943 paper).

§ Teilhard de Chardin, The Phenomenon of Man. Harper Torchbook
Edition (1961), trans from French (IS557), Also article in
. L. Thomas, Jr. & others, Man's Role in Changing the Face of
the gartn, Univ. of Chicago Press (1956}. See also Warcel Golay,
The Biomorphic Development of Electronics,” Proc I.R.E., volI., 50
no. 5, May 1962, pp. 628-63!. ’
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(4) 1NFORMATION ERA,

'Hypotheses: The political=economic system having

the highest chance of surv¥iving wili be that operating
on the principle of "maxim{zing negative entropy,”
{f.e., maximizing entropy in the stochastic sense.

It may be possible to find conditions meeting the above

where large sectors of the economy can be {eft

functioning fn the same capitatist, cooperative,
and socialist forms of ,the present era.

The intelligence~amplifier of Ashby s needed

to Tind what systems come near the conditions of
maximizing negativé entropy. Present high=-sgpeed
digital computers and programming systems provide
the basic technology from which the {ntelligence=
ampl{fier could be developed. However the human
fnteifigence to?gmplified requires an 1nfernal
bio]ogicat feedback loop to provide a control
based on "reverance for life” (equivalent to
maximizing negative entropy), C. R. Rogers
reports that human beings have such a "biological
computer” within their bradn that can be aflowed
to develop through psychotherapy or similar
processes., Thig "bloiogical computer" enhances
the ;ndividuai and leads the Individual to make
decisions beneficial to mankind (provided he can
acquire the facts and select a reasonable number

of alternatives to consider)--equivalent to maxe
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imizing negentropy. The weakoﬁi‘link in the
system {s tha human -to-mnchinu relatfionship.
A better "{mpedance match" between humans and
computers is needed, (This fa a tosk Tor the
computer fndustry.) .

Thic era changes the coupling of the economic : .

°ystem from a phyical thermodynamlc system to
14

[ I'ri

a biological 1ife process.

THE NEED FOR AN INTtﬁLiEENcE AMPLIFIER.

LIt

The problems of the social and economic world have reached
a complexity that appears to: require men of higher intelligence
to s¢lve the problems of our civilization. The chances of

individuals being born with 1.Q.'s of [50 are about one in 506, and
for 200 are about one in I08. We cannot wait for people with extra high
I1.Q.'s to come on the scene. We must direct our efforts toward the
development of what we might call an ”intelIigenceuamplifiéf,"

using the terminology of W..Ross Ashby (§), analogous to the

power amplifiers Iike the steamfengine which started the industrial
revolytion. \

The object is to design a machine or computing system or to
program an existing computer so that, if we select certain criterion
such as the economic system must have l[ess than 100,000 persons
unemployed; less than [0 murders per week, etc., then the machine

Ross Ashby, "Design for an Intelligence- Ampiifier " _
HutomauiStudies, Princeton Univ. Press(1956), . 215.234,

-
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will select and print out the specifications for such an econcmic

i y .
system, provided the proper data has been supplied by the human
operator.

A special class of the "intelligence-amplifiers’ namely the

+ype to help the top experts work on-line with a computer to

make economic models, design bufldings, edit text, and a host of
cther applications are being.prOposed, designed, and experimented
with at SRI, SDC, MIT, CEIR, and elsewhere. Corresponding

projects for use in national economic planning are planned in

the U.S5.8.R.

From the viewpoint of mafntaining democratic government of
from the viewpoint of maximizing negative entropy, there shortcomings
in the special class of "intelligenceamplifiers" presently being
developed. The development of a kind of elfte cléss o% problem-
solvers is predicted from the present organization of effort and
- trend of development. This trend has beenfmore explicitly statca

by Dr. Donald Mi&hael:

“In twenty years, other thlngs befng equal... the arcn
(eaxm ot the scfentists,zgha problegs of government, andriigarv“
interplay between them will be beyond ithe ken even of our

college graduates...... = There will be a smaill, almost sep— .
arate, society of people in rapport with the advanced computars
The§e cyberneticians wil| have estabiished a relationshis w;Eﬁ )
their machines Vhat cannot be shared with the average mag anyl
more than the average man.today can understand ihe problems of
molecular blology, nuclear physics, or neuropsychiatry Indzed
many scholars will not have the capacity to share thef; knéai; -

ledge of feellng‘aﬁdﬁtftbisrqgwlman-machine relationship.es..”

L)

——

———

A Tew years ago the author of_%his section feltm¥55{ ﬁhe wéy to
LT

solve this problem was to deVepr:remote sdientific computing as a

[+

way to bring the capability of;fhe large computing center to every

engineer and scientist In the U.S.A. This would decentralize the

R —— e el ! . .
/ (S \ b ',rir ‘-‘

Sonald NJMichze I, "CyEErRatIam e - Y - Vo

=, ¢ a wreernxvvominmitne S lent Con " Taga .
c. C. 2Zox 4060,‘éanta“5ar" AL : onquest,” Jan 1567
JvoZe JBOX MO0, Manta fardafapiflenter r Yhe Study of e
\L‘h&’f d‘u&;pn})"- ' “.* “I-‘l‘-‘n"‘ll.auun-.- A 7 o Deh“oclr:{-h.,
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distribution'of séientific-computer programmers to reduce the chance
the know=how of scientific computing and economic modelling being
concentrated In a small elite group . It is now Telt that a botter
way to fnsure a distribution of computer know=how is to develop
programming aide and programming teaching mochince aimed at malking

every congressman and state legislator a potential computer progrzmmer.

The concept of "impedance matching'" between man and computer

has been discussed by A. OpIer,(*)

% A, Opler, "On The Impedance Matching Problems of Systems That
Include VMen and Computers," in Systems: Research and Besign,
edited by Donald P. Eckman, N.Y.: Wiley (1961}, pp. [16-123.




