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ABSTRACT

The impact of cybernetics on information science
occurs chiefly through the concepts of variety, the law of requisite
variety, and theory of transformations. Through these it pervades
gvery aspect of information science, Hownver, other basic sciences
such as physics, biology, psychology are in their spheres equally
pervasive, and information science is seen as a special discipline
containing a high admixture of 1nt°rdependent sciences, with
applications that subserve every science and itself. As the titile
suggests, this paper presents a broad viewpoint in a very small
~space, and relies heavily upon an earlier work entitled "On Access to
Knowledge and Information in the Social Sciences and Humanities from
the Viewpoint of Cybernetics and Information Science" which is
available as LI 004 282. (Author/SJ)




U.S. DEPARTMENT OF HEALTH.
EDUCATION & WELFARE
OFFICE OF EDUCATION
THIS DOCUMENT HAS BEEN REPRO-
OUCED EXACTLY AS RECEIVED FROM
) THE PERSON OR ORGANIZATION ORIG-
. ‘ INATING IT POINTS OF VIEW OR OPIN-

fger for FID Pudapest Conference, FID/TM Meeting, 5 September 1972 !ONS STATED DO NOT NECESSARILY

REPRESENT OFFICIAL OFFICE OF EDU-

r\_ CATION POSITION OR pOLICY
- DVMPACT OF CYEERNETICS OF INFORMATION SCIENCE, AND VICE VERSA
E" Iaurerse B. Heilprin#
i ™
~—
O
L ~ Abstrect: The impact of cybern2iics on information science ocours
v cidefly through the concents of variety, the lsw of requisite variety,

cxd theory of transformations. Through these it pervades every aspect
¢f infoimetion scisznce. However, other basic sciences such as phyelics,
blology, psycbelogy are in their zpheres equally pervasive, and InforTa.-
tion sclence is secn 2o a speclal discipline contsining a high admixture
of interdependsnt sciences, with applications that subszerve every science
axd {tzelf. Refersnce to a prior paper is necessary in crder to under-
gtand the pres:mmt one.

1. As the title suggests, this paper presents s broad viewpolnt
in 2 very small §pace. Fortunately this cmn be atiained by briel comwents
o o recent longer paper, "On Access to Knowledge and Information in the
focind Scieunces and Hmanities from the Viewpolnt of Cybernetics end
Information Sclence.™  Thig paper (Abbreviated OA) suggested that
tha cybernetic concepts 'variety® and the flawy of recuisite veriety® unier-
lic rch of informstion science, It showed that other bhasic sciences
gvch a3 paychology and physics also contribute, and that an outatanding
characterictic of information science is interdependence with other
disciplires,

.mnding rublicetion '61‘ 0A, a copy has been supplied ycu.r chairann
for this meeting. ‘Access to QA ig asgumed below.

2. OCA pregcnts a mumber of rodels. Among the most inportant is

a paychological model of the nertal levsls of abstraction and their

pevy roles. All of these increase the versatility of the uman regarded

as & geal-geeking system with internally - constructed self-regulatory

Ggrices, The nmontal levels are not hereditary but built up as new

structures, by the body. They are-constructed from traces of direct

genge impressions (DSI's). Stored ISI's were called 5SI's, and sets of

paturally associeted SSI's were named I-sets., Abetractions from I-sets -

wern called A-sets. That is, en abstraction was precented as a single

(A pentsl structure based on association of a finite number of SSI's. Two

oD mein kinds of association were recognized: natural associotion and
conditiored or Pavlcvian assoclation. The former gives rise to our

e\ concepts of real objects, and through external and internal (body) .

. constraints preserves the original order in space and time of the sampled

< p%immi. The latter are assoclations of arbitrary partial patterns --
gizpler than the patterns in natural DSI's, yet, beczuse sensed, ylelding

< D3I's. They are symbols, and their role is to be ar.itrarily asscciated

< with (httached to") the naturally associated A-sets or concepta.
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Foyalcally associated with the concept, the syrbol DSI vhen
received acts as a trigger, handle, or zwiteh evoking the abstract
eoncgpt to which it is conditlonally assccisted ocut of latent memory
ixto acbive awareness. Thus in ‘bonversziiou” a spesker "plays upon
the kevbonrd" of the recipient's A-sets by means of the atteched
pyeiool, l.c. DSI's., TFor o e stimmlus leading to & D3I can cross the
izter-individual scparatio;ﬂ?gsegncnt be").

3. O gpeculates as to how the abstractioa or A-set is formed, IE
15 copjeatured that the pevral-drain systen acts like a prism oy diffraction
greting on light, nnd decomposes any DSI into a spestrum of "partial patterns”
or "qualities" or ‘tharacteristics? Once such a spectrum has been constructed
(infuction) the rapid "understanding" of any new DSI (its "meening”) is
siteined by en instanteneous spectrum smalysis (dedueticn) of the D3X into
its choracteristica. The characteristics of ISI's are analogous to and
in msny cases the zame as the "descriptors" and "terms" used in inforwa-
tion search. F¢ mechanism is suggested, This may be discovered by the
neurologist, psyehologist, biochemist, physicist, or others. However,
the two forms of association, natural and conditiocned, glve a fumciional
hint, The "sender" of a message is thereby enshled to force into the
“recipient's" awereress any sequence of concepts which both have formed,
and to which both have attached the same gymbols Lo the sam2 concopts,
This powerful mpeans of regulating the recipients febaviour is a cybernetic
d%vice.

L. Anpother aspect of this model 1s that commadeation tekes plece 2
only by weans of abstractions -- i.e., only when the level of abstraction
exneeds some threshold of stability. Since eny DSI is unique, ci1d we
carmol evoke in aacther individusl any mental object which is unigue to
that Individual, the levals of abstraction represent a system wherein
the uniqueness of DSI's end SSI's is destroyed by suppression of parts
@ their pattern and retemtion of simpler "core patterns"., This is
eybernetically equivelent to increasing the versatility of the individual --
31 ve see the levels as direct applicetions of the law of requisite
variety. An A-get above scme threshold minbmm munber of naturally
essociated SSI's (called "n {c)™ in QA) cen be used for comxmnication
provided a symbol or pertial pattern is conditionally associated with
1%. A-sets are abstractions of sufficient universality (over the
"zaiverse" of individuals) as to reflect mainly the constraints of the
exvircument and of the "universsl" human internal processing of stimulf.
They cmit the uniquensss.of individual responses. The existence of
seme n(e) is not hypothetical, for we know we cannot communicate our DSI's;
end that ve can transmit our thoughts by symbels for ebstractions. The
caly unknown in this bounded inequality is the level c at which the
threshold occurs:

cexmunicable

in vhich n is the minimum numhe:'(extension) of naxurally associeted ~
85I's at any
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Jevel, end ¢ is the critical level number., Inother words, above n(c) -~
the variety or intension of the A-set has been sufficiently redvced es
%o permlt "similer" responses and therafore, commnication. The
peponents of DSI's, or charscteristics into which the mind decomposes
ey DSI, &re more nearly universal ameong indlviduals or steble in the
sence of variation from one individual to another, than are the originsl
patiterns or DSI's, which are unstabie because their patteras are unique.,
Tone the whole cognitive structure of concepts is suggested ag a cyver-
patic device governed by the lew of requisite variety. To produce
sufficient stability for communication is to enormously increase the
cptions of the humen self-regulator and his versatility snd power to
survive through social interactiion.

- 5. The mcdel is alse used o show that higher sebstracticn levels
tend to further increase concept stability and versatility. Thus
Pedditivity"”, a compatinhility of a new kind, is obteained between two
gcto with d@ifferent characteristics by using o higher generic level --
vwith less veriety. The physicist calls this achieving dimensional
hamogenlety. Quantitative concepts are essentially ¢lesses or categories.
Ecize of the most useful are those speciel categoeries related by class
fnclusion or impliceticn. From these come the partially and completely
ordersd sets of logic, Boolean lattices; and similar mental constructs.
Fere sgain it is suggested that the achievement of guantitativeness,
pdditivity, and logical relations are increases in the wvariety of the
gelf-regulator -- men, Thus from the sirmple sensory DSI, by rceas ¢
petural association the ladders of abstrecticn ere constructed waich
leed to lower variety in concept, and higher versatility or veriely in
bebavioural options.

6. Another connection between cybernetics and informetlon sclence
eppears through recognition of the physicel process in vommunication.
There are two vasic modes of physical propagation of the strain in the
nediun which constitutes the pattern of the message. These are SD and
ID. Records and memories (static strain propazation) require ID; while
@11 dynamic propagation requires SD. The law of requisite variety
affects the transformation point at waich the variety of two adjacent
ateges of propagation differs. An example 1s the use of meny symbols
for the semc or similer concept. This wide variety blucks communication
sEong users or searchers for messages., It can be reduced by a thesaurus --
esgentially & means of Sefting up equivalence classes for symbols. The
pany-cne homomorphic transformation of mathematics is generalized to a
suppression of variety, with preservation cf an isomorphic core of
relations in the simplified structure. The invariasnt core is the gexoric .
meaning, and the resulting class has much larger extension. This enables
many users to "find" the same response (set of objects or documents sought)
with a wide variety of symbols., It iz a typical cybernetic ineresse in
versatility of the user, to be able to find the same conceptual material
independently of his vocabulary differences frem those of other searchers., The
underlying principle is always the same: orne stage must be reduced in veriety
4% the process of propagation of messages is to be effective, This

Q underlies all "standardization" of symbols, and leads to eveatual




zhendurdization of concepts. It is thus slso an educationsl device, since
we may view education as a process vhereby the varietj of information

el ¢ set of learners is redusad (emong the set) by comsclous reguleticn
cn the part of the educator. Thot is, lesrzers coms to share the same
14283,

e
0

7. Another aspect of tae lew 6f requisite variety (not developed
in 0&) concerrs the so-ceiled "objective” concept, as distinguished from
the "subjective". We a2ll live in the subjective, and uever leave it. (Figure 1%
However, part of the subjuctive is not cormunicable, and therefore
eppears "highly subjective”. Part of our subjectivity is abstracted and sbove
thmshold of commnication, tut still possesses much veriszty. This 1s
the area of "ordinaory discourse” or "matural lamguage." There 1s sufficlent
suppression of variety so that conditionally\ associated symbols evoke
resscoably "similer" mental structures in the rﬂcipient But thn*e 15
still lack of precision snd the "seme messege” mey subjectively "
(i.e., hsve as its spectrum of charscteristics) different concenbg, to
different individuals. Within the area of natural discourse are enclaves
of "spocial langusges,” each used by mexbers of a social subgroup --
e.g., tha disciplines. Here the level of ebstraction is usually greater,
end g0 18 the precision (lack of variety as between the coacepts cf in-
@iwicuals). This lack of variety is achieved by means of special veriety
‘mppressing technlques such as “"operational definitions.™ All are
directed toward one goel ~- reducing the subjective variety of the
discipline~shared concept so that individuals respond to it with identical
bebavioural patterns (to within a "null" in cbserved behavioural differences).
Thysg the disciplines achieve uniqueness of concepl by a method of communi-
csbion feedbacks and chocks which insures competibility, or calls
atbention to differences. This stete, in vhich a concept is maintained
tr & social subgroup through continual checks for variety is Tobjective.™
The objective state of eny individuel is sirply a subset of his sub-
Jective stabes. And science is a process of attaining objective observa-
ticn and theory by cybernetically reducing the varlety among the data
ckserved and the derived concepts of the individuals of its fields. This
is equivalent to categorizetion with least possible observetional ard
theoretical differences in data and in sbstractions from data, between
individual cbservers.

8. The librarien and information processor perform many professionol
tasks by reducing the varsety tumong documents and other artifects used
in comwon by society. For example, they construet categories of inclusion
or hierarchies (precoordinated); or they may set up the pctentiality of
such hierarchies, or of simple elass conjunctions (postcoordinated). The
uge of precocrdination (“classifica.ion") in information search was
studied in QA by the model:

¥ = CKVT
This model demonstrates a number of properties ol the level system
of sbshractions. In information search of & collection there is a

reciprozal use of K and C, such that the total numier of symbols sensed
(VT) is kept small, end search teakes place on the coupressed and
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gelected "surrcgate” collection {N/CX). The model suggests same ways
«f organizing concepts for retrisval toth from single ccllections aps
from networks of such collecticns.

- 9. In conclusica, the impsct of cybernetics on informatiom sciemce is
gll-pervasive. The concept of variety combines the sensing of deta D31s ),
vhe associaticn of data (I-sets) and compression and selective filtering
of associated data (A-sets). The concspt of variety applies to all levels
of sbgtraction, and thus has very wide applicsbility. The law of requisite
variety is equivalent to ebstrast descripiion of necessary and sufficient
cognltive decision-muking conditions for a reguletor to maintain a system
vithin a bounded "safe"” region of "states" -- gafe in that it survives
and does not pess to a state from which it cannot return.

However, we should not forget that other sciences, e.g. physics,

blology, and psycholorny are also all-pervasive in their epplicatien to

aforpation sclence. Perhaps "IS" can be defined by its unique edmixture
n? other sciences. 04 suggests it in the model of the domain of informs-
tion science. In the light of this model I8 is a partly independent
selence basad on the propagation of meaningful messages. With enormous
epplications, it blds fair to become a disciplire. Through these applica-
tions it slready subserves 2ll sclences,. Reciprocnl interactions of a
more theoretical kind seem almost inevitable, and justify the prophetic
rether than scientific words in the title, "and vice versa". Already
~the modol of the 18 path and of the set of IS paths used in the concept
ef the domain of information science ere providing new insights, The
concept of the domaln is not well developed in OA, but 1t is hoved to
sbow in a subsequent publication that an "operaticnal definition" of
considerable coxplexity is jovolved,
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Heflprin, L.B. "On Access to Knowledge in the Social Scicnces snd
pavities, from the Viewpoint of Cybernetics and Information Science,™

o be published (probably late 1972) by the Library Science Depertment,
Guezns Cellege of the City University of New York, in proceedings of a
Conference on Access to Knowledge and Information in the Sociel Sciences
And humenities: Problems and Implications, April 5-6, 1972, New York City.




