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FRONTISPIECE

l. An aggregation or assemblage of objects united by some form of regular
interaction or interdependence; & group of diverse units so combined by nature
or art as to form an integrated whole, function, operate, or move in unison
and, often, in obedience to some form of control; an organic or organized
whole; as, to view the universe as a system; the solar system, a new tele-
graph system.

Knotted systems of steep, small hills. Owen Wister.
2. Specif. (a) The universe; the entire known world; -- often qualified
by this; as, to regard this system with wonder. (b) The body considered
as r. functional unit; as Malaria pervades this system. (c) Colloq. One's
vhole affective being, body, mind, or spirit; as, his insinuation finally
go. into my gystem.
3. An organized or methodicelly arranged set of ideas; a complete exhibition
of essential principles or facts arranged in rational dependence or connection;
as, to reduce the dogmas to a system; also, a complex of ideas, principles,
doctrines, laws, etc., forming a coherent whole and recognized as the intel-
lectual content of a particular philosophy, religion, form of government, or
the 1like; as, the theological system of Augustine, the American System of
government; hence, a particular philosophy, religion, etc.

Our little systems have their day. Tennyson.
4. Hence: (a) A hypothesis; a formilated theory. (b) Theory as opposed
to practice. (c) A systematic exposition of a subject; a treatise. All

novw rare.
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5. A formal schems or method governing organization, srrangement, etc., of
objects or material, or a mode of procedure; a definite or set plan of order-
ing, operating, or proceeding; a method of classification, codification, etc.;
as, the Dewy decimal system of classifying books; the Berillon system of
fingerprinting; the Belgium system of tunneling; according to the Linnasan
Eystem; seeking a gystem by which to win at roulette.

6. Regular method or order; formal arrangement; orderliness; as, to have
Bystem in one's business.

7. (Usually with the) the combination of & political machine with big
financial or industrial interests for the purpose of corruptly influencing

a goverpment. U. S.

8. Biol. Those orgens collectively which especially contribute toward the
important and complex vital functions; as, the allmentary or nervous systiem.
9. BEng. Lawv. Method or design as shown by other acts of a depmndent similar
to that charged, evidence of vhich is admissible to rebut or negative a defense
of accident, mistake, or ignorance, or to prove a course of conduct.

10. Geol. A division of rocks usually larger than a series and smaller than
a group, and deposited during a period; as, the Silurian gystem.

11. Gr. & Lat. Pros. A group of two or more periods. Also a group of verses
in the same measure.

12. Music. (1) An interval regarded as a compound of two lesser ones; -- 80
used in Byzantine music. (2) A claseified series of tones, as a mode or scale.
(3) The collection of staffe which form a full score (which see).

13. Payscial Chem. An assemblage of substances in, or tending toward, equi-
librium. Eystems are classed as two component, or binary; three component,

or ternary; etc.; also as univarient, bivariant, etc. (See FPhase Rule).
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1k. Traxsvortation. A large group of lines, usually of somsvhat diverse
character, under common ownership or permanent common control; as, the New
York Central System.

15. Zool. In many compound ascidious, a group of zoolds arranged about e
cloacal cavity serving for them in common end -nto which the atrial orifices
of all open.

Webster's New International Dictionary
Unabridged Second Edition
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SOME THINKING ABOUT 'EYSTEM'

I. Introduction

Recently I experienced something that struck me as being quite strange.
It was my good fortune to be sble to attend an interdisciplinary meeting
devoted to the study of and discussion on 'self-organizing systems.' The
participants at the meeting represented a gamt of disciplines ranging from
the physical and engineering sciences through the physiological and medical
sciences to the psychological and sociological sciences. Eighteen people
addressed the meeting and many others participated in subsequent discussioms.
Everyone of the people who spoke found it difficult, either explicitly or
implicitly, to define ‘'system' in general and 'self-organizing system' in
particular. In fact, one very senior and influential scientist in this
area asserted that there is no such thing as a self-organizing system; then
he asserted that he will continue to use the term, and did so.

Revertheless, the meetings were quite successful as these things go.
The papers were well thought out and, by and large, challenging. The ani-
mated discussion that followed them showed that they generated serious
thinking on the part of many of the audience. This is paradoxical. For how
can ve speak intelligently, interestingly about something of wvhich we cannot
think clearly, which we cannot define?

Since then I have heard many people speak about problems concerning
systems at various occasions. Forewarned, I was on the alert. It is a fact
that many who speek sbout systems are uneasy with 'system'. They assert
that they will not try to define it, that it 1s vegue, ambiguous, fursy,
and even mesaningless. And yet, since both the speakers and the audience

do have a concrete system in mind, the subsequent discourse using this
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undefinable term proves often to be valuable and rewarding. ‘'System' is,

of course, nov defined as the concrete system under discussion. This permits
the ensuing discussion to be fruitful, but it alsc has some undesirable side
effects.

We cannot use wvords cavalierly, as Humpty-Dumpty recommends, without
reaping some crop of confusion, be it in commnication with others, or in
commmunication with ourselves. All of us are aware of most, if not all, the
definitions of 'system' given in the dictionary -- the definitions which are
reproduced in the frontispiece to this paper. What's more, intuitively,
willy-rilly, we accept all of them; after all, we have no slternative. The
word is actually used in these waye in intelligent, meaningful discourse.
Asserting that vhat we mean by 'system' is Just a concrete concatenation
of elemants, the topic of the discussion, does not help us in the ensuing
dilemma vhich makes every other definition of 'system' either wrong or meen~
ingless. We cannot use words arbitrarily without, concomitantly, sapping the
foundations of the organized, meaningful, steble world in wvhich we live; in
vhich we must necessarily perceive ourselves to live in order to function
efrectively. The all-too-oftenly heard apology that 'system' cannot be
defined is a symptom of the disquiet, the ill-at-easeness that such a
sapping generates.

Man cannot function too effectively when he is 111 at ease; neither can
he think too clearly. ) Ill-at~easeness generated by semantic confusion is
generally unnecessary. This paper will attempt to dispell at-deast some of
this confusion involv'i/ng’ ‘system'. It whil sttempt to show that 'system' is

senantically legitimate per se, despite its many specific meanings by:

A\
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\(a.) reviewing some obvious but neglected facts of perception and
cognition;

(b) explicating an implicetion of these facts -- the 'core mesning' of
. word;

(¢) trying to shovw that the many definitions of 'system' are correct
applications of the core meaning of 'system' to concrete cases;

(a) formulating a poesible taxonomy of these applications.
\
II. Some Obvious But Neglected Facts of Perception and Cognition

To say that eomething is obvious often serves as a kiss of death so
far as further consideration of that something is concerned. But the obvious
is often anything but simple. And in attempting to unravel the complexities
that underlie the obvious, insights may be reached so something else which
sppeaied to be complex and subtle thereby becomes simple and obvicus. The
obvious upon vhich I wish to focus attention is the nature of a thing, the
nature of a stimui.s, the nature of en idea. In what follows I will restrict
myself to vision, but the points to be made are relevant to perception in
general and are independent of the specific sensory modality mediating the
perception.

In vision the lens in the eye focuses a projected picture of the environ-
ment upon the retina. The retina itself is basically a two-dimensional plane
of points, each point being a light sensitive terminus of an individual neue
ron. Hence, in the visual perceptual process, there is a stage where the
non-homogeneous pattern of light rays which ‘carry' the picture of the environ-
ment is transformed to a non-homogeneoue stimulation of a set of points that
constitute the retina. As a result of this stimulation, each neuron that

has a terminal point in the retina undergoes en electro-chemical change which
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starts a process that goes 'upward' into the central nervous system. As
an end result of the process, the person sees the environment.

Somehov, and at the present mysteriously, the organism manages to par-
tition this set of discrete point stimulations into two sets, one set becoming
the visual figure being looked at and esttended to, the other set becoming the
background to the figure. The figure looked at is experienced as being 'a
thing'; whereas, the background is just sort of there, and may conseist of
'nothingness' or some combination of 'nothingness' and things unattended to.

The problems entailed in how the nervous system functions for man to see
a figure are well known to psychologists and physiologists, and much work 1is
current in a quest for solutions. There is, in addition, a closely related
problem vhich 18 not attended to -- the ability of men to see many different
things in the environment confronting him. In other words, man can and does
partition the set of discrete point stimilations relatively freely. This en-
ables him to see that the figure has discrimineble parts or that the back-
ground has discriminable parts. Even more important, this ability enables him
to shift from one figure to another figure without & change in the visual
field. Man, therefore, has the ability to organize the punctiform neural
stimilation pattern and reorganize it. And this 1s important, both the
organization and the reorganization are to a great extent a function of
vheat is of interest to a person at the time of perception, of vhat is relevant
to him.

The world appears to us to be as it is because we have a sensorium that
responds to certain physical stimuli and a central nervous system that can
process these responses and organize them in determinate ways. It so happens,
and not by chance, that these ways are biologically relevant and this

s e TeTS AeASTLARE Y v .
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facilitates man's existence on the earth. The asbove analysis may point to a
solution of e vexing metaphysical problem which plagues and has plagusd many
philosophers as to what things really are. The 'fundamentel' things which
populate the world we live in are those aspects of the world vhich ecan gener-
ste punctiform stimulation patterns upon ocur sensorium which are orgsnizable
into visual figures.

Since the sames visual field can be organized and reorganized in various
vays depending upon vagaries within the perceiver, it seems proper to speak

about modes of visual organization.

Something similar seems t0 hold for cognition, by cognition I mean vhat
: s generally denoted by 'thinkinz.' The information stored in the "memory
banks" of a pereon's brain is analagous to the punctiform stimulus pattern
impinging upon the peripheral sense organs. The idea we think about or the
thought we are considering is analagous to the visual figure.

In olden days people liked to think that for each idea there corresponds
e physical-thing-like engram wvhich is sort of plucked out into consciousnees
vhen needed. Even slight coneideration in a restricted mode of thinking, the
use of words, shows that this is not feasible. Consider a person speaking or
writing. Meaningful sentences emerge full blown. These sentences are com-
binations of words. Many of these sentences are unique in that they have
never been used before. A sentence, by definition, expresses an idea. Yet
the sentence per se could not have existed as an engram as such before its
formulation. Words, of course, do and did exist; in this example, worde are
enalagous to the punctiform stimuli. The sentence vhich expresses the {dea
is an organization of words. And this organization is determined by wvhat
is of interest to the person at the time of expression, of what is relevant

to him.
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It is difficult for me to grasp how an idea expressible by a sentence
can exist as a determinate engram while the sentence expressing it must be
organized from the unit words in the person's 'memory banks' at the time of
expression. It seems simpler, and probsbly more correct, to look upon the
Process of organizing the words as one aspect of the basic underlying process
of organizing the idea to be expressed. It is possible to bring additional
arguments to buttress the contention that cognition exhibits rules of figure-
ground organization and shifting figure-ground relationships similar to
those found in perception, but I feel the above example to be sufficlent.®
Eence, consistent with the perceptusl analog, it seems proper to speak about

modes of cognitive organization.

Perceptual figure-ground organization and its shifting relationships
seemed to point to a clarification of the metaphysical problem of what a
thing 1s; conceptual figure-ground organization and its shifting relation-
ships seems to point to a clarification as to what creativity is. Given a
set of punctiform elements of some sort dwelling somevhere in the brain it
1s relatively easy to conceive of creativity es being a novel organization
of a subget of these elements which, in turn, mgy lead to the creation of
a nev element. It is much more difficult to conceive of creativity as the
emergence of a nev engram from, from. . .from where?

T #'Figure-ground organization' and 'shifting figure-ground relationships'
are technical names for the two perceptual phenomens discussed sbove: 1.) The
ability of the organism to cegregate the punctiform stimulus manifold on the
retina into a visual figure and a background, and 2.) The organism's ability

to segregzate the manifold into various different fizures aund dbackgrounds
depending upon, among other things, its interests.
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III. On Words and Substantives in Qeneral and on 'System' in Particular

It is the vogue among some philosophers and scientists to assert that
the spoken language 18 a poor conveyer of meaning, that words have fussy
meanings, ambiguous meanings, and sometimes even self-contradictory meanings.
For evidence in support of this assertion they can point to many instances
vhere people use words in a fuzzy, ambiguous or self-contradictory way. At
this the intelligent man-in-the-street will indignantly rise and 'frumiously’
exclaim that in these instances people misuse words, and that words should
not be blamed for their being misused. And he is right. One should not
blame words for the unfortunate fact that some people cannot use them cor-
rectly.

But, as is often the case, the philosophers and scientists are right too.
Common language ie a poor conveyer of vwhat they have postulated meaning cught
to be. They have postulated that the world must consist of some given set
of irreducible unit things and that all perceivable and conceivable phenomena
must be a2 result of lewful combinations of these unit things. A rigorous
language should then be of a nature such that a sentence constructed in that
language vhich denotes a phenomenon should clearly indicate the unit things
and the lawful combinations wvhich go into generating that phenomsnon.

It 80 happens that regardless of whether these postulates are correct
or not, man does not go about seeing and thinking in such a manner.
spoken language ls a most subtle general instrument to express the tL.ugs
man does see and the ideas he doee think about. It is a necessary truth
that a word or a proper grouping of words expresses either a discriminable
perceptual figure-ground organization or a discriminable conceptual figure-
ground organizaticn. This is what distinguishes words from gibberish. ¥%hen *




a person understands a word he either perceives or conceives the figure-

ground organization it expresses. If he does not understand the word he
cannot perceive or conceive of & figure-ground organization which it may
express. If he misunderstands the word the figure-ground organization he
thinks it expresses is different from that which the user thinke it expresses.
It is literally inconceivable for a person to speak meaningfully, to make
sense, unless he, and his audience, know the figure-ground organizetions which
his words express. Hence the paradox experienced by all when we sgree that
we cannot define 'x' and then proceed to use 'x' in our discussions. Every
substantive term or word in any spoken language is a name for a discriminable
figure or discriminable part of a figure -- the part, of course, can,with
the proper shift in figure-ground relationships, become e figure in its own
right.

Now, I have argued that figures are anything but the irreducible,
unique, unit things that some philosophy seems to consider to be necessary.
They are flexible and changing. However, though they admit to being per-
ceived or conceived as having parts or being part of a more inclusive figure,
they nevertheless maintain an unit irreducible quality ebout them as long as
they are figures. Substantive words or terms denote this quality. Perceptual
figures exhibit the phenomenon of constancy. By this is meant the simple
fact that a figure is seen as such despite meny noticeable changes in its
relationship to the perceiver or conceiver. A white sheet ie seen as white
vhether it be under dright sunlight or dim electric light. 60 a word main-
tains a constancy of meaning regardless of the many distinct and different
contexts in which it can be meaningfully used. This constancy of meaning

vhich exists throughout the many different contexts or different specific
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meanings for which the word can be properly used I call the 'core meaning'’

of the word. When we read a dictionary carefully and critically we see that
for words with many specific definitions a common core meaning can easily be
identified which differentiates this group of definitions from enother group
found for another word. Of course, it igs sometimes the case that the core
meaning 38 overlaid and hidden by historical accretions and must be uncovered
through etymological analysis.

It follows that 'system' has a core meaning, and that that core meaning
expresses a perceptual or conceptual figure, a discriminable, distinguishable
invariant that can be identified amidst a host of different conditions and
circumstances. What is this figure? The difficulty people have in identi-
fying the figure is that they have looked for it in the wrong place; they
have looked for it in the objective world, somshow equating the figure
expressed by 'system’' to be of the same nature as the figure expressed by
'dog', for example. Just as people could easily see the figural invariance
of that thing called 'dog', they expected to find a similar invariance,

'out there' for that thing called 'system'. But the figure expressed by
‘gystem' is not simply ‘out there' -- obviously, otherwise there would be no
trouble in defining it.

Barlier the terms 'modes of perceptual organization'and 'modes of
cognitive organization' were introduced. The use of 'modes' implies that
there is more than one mode of cognition and more then one mode of perception.
It is my contention that a thing is called a system to identify the unique
mode by means of which it 45 seen. Ve call a thing a system when we wish to
express the fact that the thing is perceived as consisting of a set of

elements, 0of parts, that are interconnected with each octher by a discrimingdle,
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distinguichable princinple. Every one of fifteen definitions of 'system' in

the frontispiece is a concrete exemplification of this core meaning.
Whenever one person can point to or explain a set of elements and the
nature of the connectivity between these elements to another person, then
the other person will perceive/conceive of the set as an entity, a thing.
The word 'system' will then spontaneously emerge as the adequate expression,
as the proper name for this thing. A system is therefore an interaction
between vhat is 'out there' and how we organize it 'in here'. 'System'
denotes an interaction between the objective world end how it 1s looked at
or thought about; it denotes a mode of perceptuo/cognito organization.
'System' 1s a neme for a very general invariance that cen admit to
very much variation in details. This does not make it fuzzy or ambiguous.
'A solar system' is just as clear and unambiguous as ‘our solar system' al-
though the latter case permits knowledge of many detalls thst are in principle
unknowable for the former. A general concept, no matter how clear and pre-
cisely formulated, tells us little about speciric cases or sets of cases that
are instances of this concept. 'A solar system' can tell us nothing about
the specific number of planets, moons, comets, and their respective orbits,
that will be found when we become able to see more clearly what goes on around
other stars. 'A solar system' does however specify minirmum conditions that
an sggregate of astronomical entities will have to meet in order to be named
'solar eystem'. Within the bounds of these conditions there is room for
infinite variety.
The mode of perceptuo/cognito functioning which ensbles us to perceive/

cognize systems itself admits to various and different types of more concrete

e .-
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exemplification. There are many different kinds of connectivity which
ensbles man to group entities together to form a system. Hence the
fifteen definitions to be found in the dictionary. A step in an attempt
to classify and order different types and aspects of connectivity between

entities will be made in the remainder of this paper.

IV. A Classification Into Bipolar 8 That Are Somevhat Similar to
Timensions -- A Possible %Fq%gm

1. Structural-functional -- static-dynamic

Phenomena can be seen or thought about in two weays. We can attend to
those aspects of phenomena which do not change within a defined and delimited
time span, and those that do. When the former serve as the perceptuo-cognito
figure we speak of structure or of e static stage; vhen the latier are
attended to we speak of function or of & dynamic state. ¥What emerges as a
structural figure and wvhat emerges as & functional figure is determined by
the time span under attention. If we consider an infinite time span nothing
can be structure, as Heraclitus recognized long ago; everything changes in
the fullness of time. On the other hand change disappears when we consider
an infinitesimal instant of time since chenge makes no sense except as a
epecified relationship between st least two distinct instances in time.

The principle underlying the comnectivity of a system during e given
time period is static if the connection between the entities comprising the
systen can be seen or understood from knowledge of the state of the system
for any one instant within that time period. If at least two instances within
the time period are necessary before the principle can be demonstrated, the

principle ie then dynamic.
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ghifting figure-ground relationships epply to systems as to any other
kind of figures,hence the same set of entities can be looked at both from
a static and a dynsmic standpoint during the same time period. For example:
the set of space~time points vhich constitutes a sleeping person during the
wee hours of a night can be considered statically--a living organism which
i1s inactive because it is asleep or it can be considered dynamically--a
physiological organism undergoing an anabolism for which sleep is & neces-
sity.
2. Purposive or non-purposive

S0 much nonsense has been written sbout purpose that sclentists in
general and social scientists in particular have had to, in some sort of
self-defense, proscribe the use of the word in scientific discourse. With
this, unfortunately, they threw the baby out with the bath, since purposive-
ness seens t0 be an essential characteristic of life. By refusing to face
tpurpose' the study of 1life in general, and the study of systems involving
1ife -~ both physiological and ecological -- has become mich more difficult.

Like every other meaningful word ‘purpose’ is a name for a diecrimsnable
perceptuo/cognito figure. It denotes a distinguishable pattern of action.
¥hat characterises this pattern is convergence to a terminal state which
ie called 'its goal'. This convergence seems to be, to & considerable
degree, independent of the vicissitudes of the externsl environment. It is
this independence which enables us to assert that living organisms often
exhibit great tenacity in achieving their goals, despite the great aiffi-
culties the environment confronts them with. In addition, the goal 1s

B TL X TUE
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independent, at least as far as we know, of & point of maximum entrony.
Goal-directed action generally decreases entropy than the opposite.

The often strange and generally unpredictable shape that the branches
of & tree take in a crowded forest is seen/thought-of as the tree's quest
for sun. The often squally strange and unpredictable shape the tree's root
system vill take is seen/thought-of as the tree's quest for vater. (lote
the word 'quest' which can be used properly '1n this context -~ look up ite
meaning in a dictionary.) The movement of billiard balls exhibits a pattern
distinctively different from the movement of basketball players; the pattern
of a rock flying through the air is distinctively different from the patterm
of a bird. And finally, note howv actors have to move in order to commnicate
to the audience that they are robots or zombies; the goal of the behavior
not being the goal of the behaving organism, but the goal of some extermal
power which has the organism in thrall.

Purposive behavior generally can take ons of two forms; it can be
directed either towards the environment, or towards the system itself. When
behavior is directed towards the environment it can either modify the
environment sc as to create a desired state, or it can overcome difficulties
interposed between it and its desired state, or it can seek detours to cir-
cumvent and by-pess these barriers. In all these cases the specific actians
to be teken by the living organism are unpredictable unless one knows before-
hand the vicissitudes with which the environment will confront it.

When a beaver builds a dam or a rabbit digs a burrow, we have instances
vhers the environment is being modified. When a dog chews through his

leash he is overcoming difficulties interposed between himself and his
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goal, a state of free movement. When an animal seeks a path through a
danse underbrush to resch a source of water which it senses to be on the
other side, it is trying to circumvent barriers. It is easy to bring more
complex examples of human behavior for all these tyjes of action directed
tovards the envirommant but not nscessary. These examples from animal life
will suffice.

Action directed toward the system itself is ommipresent when a living
organiem ie considered from a physiological standpoint. Cannon, who was the

first to stress this aspect of living action, gave it the neme of 'homeostasis'.

Homeostasis is different from equilibrium. A point of equilibrium in a
systen is that point vhere, given the constraints internal and external to
the system, entropy 1s at a maximum. The homeostatic level is anything,

as far as we know, but a point of maxirum entropy; in fact the organism is
almost continuously taking action to decrease its entropy in order to main-
tain its homeostatic levels.

Physiologlcally, a living organism can be characterized by constant
endeavor to maintain homeostatic balance. Instances of homeostasis are the
sugar level of the blood, the body temperature, the water content of the
body, the hormonic balance, etc. With some generalization of the term, it
is also possible to apply it to ecological commnities and cultural configu-
rations, since both seem able to initiate action as soon as certain entities
that are par:c of them assume magnitudes above and/or below prescribed levels.

A man's knovwledge of his world grew, he found it possible to contrive
purposive systems of growing complexity. These gystems are characterizable
by 1.) an input to the system, 2.) a processing of the input by the system,

and 3.) & consequent output which consiets of the input as modified by the

e R e N




P-2166
-18-

system. The output of the system is the desired goal which man wished to
achieve. In contriving this system man, therefore, had a definite intentiomn
in mind. Man-contrived systems are production systems and hence are purposive.
3. Mechanistic-organismic

Since systems comprise a set of elements or entities, and the connection
between elements or entities, it is possible to change, remove, or extirpate
elements and/or the connections between eiements within them. A system in
which the remaining elements, and their connections, undergo no change at
this removal or extirpation is perceived as being intrinsicelly different
from a system vhere thay do. In the former case I will call the system
‘mechanical'; in the latter case I will call it 'organismic'.

Mich of 19th century science chared the ideal that all phenomena 1is
ultimately reducible to a mechanical system consisting of unit elements and
a push=-pull connectivity between them. With the formlation and developmsmt
of concepts such as the space-time gravitational field, the sub-atomic
electronic field, or chemical equilibrium, this idea has teen found to be,
most probably, wrong. Natural dynemic systems seem to be orgsnismic. QOne
must almost perforce go along with the conclusion reached by Whitehead that
all natural dynamic physical phenomena are organisumic. Whitehead, however,
seeks a cosmological solution. The aim of this peper is far less ambitious.
All that 48 sought for here is a clarification of how man perceives and thinks
about vhat he calls 'system’.

Man sees many static systems. QOeography abounds with them. Mountain
systens, archipelagoes, are good examples. If we remove one mountain for
£111 or connect two 1slands by a bridge we in no wvay affect the remaining
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elements of the system. Most purposive production systems contrived by man
are mechanical. 8o vhen & machine in a production line bresks down or a part
of a machine breaks down no change occurs in the other elements or among

the relationships between them. When the broken part or the machine is
replaced the system functions as before.

Not all static systems are mechanical. One cannot take a part of a
soap bubble away nor a part of a suspension bridge. An electro-magnetic
field can also be considered to be a static organic system.

One can also speak of a partially organic system such that the change,
removal,or extirpation wiil affect a proper sub-set of the system. Damning
a tributary to a major river will affect the tributary and the main river
belov the point of confluence. It will not affect the water flow in the
other tributaries or in the main river above the point of confluence.

4. The emerging taxonomy
The three bi-polar 'dimensions' just discussed generate eight celle:
1. Structural, Purposive, Mechanical,
2. Structural, Purposive, Organismic,
3. Structurel, Non-purposive, Mechanical,
4. Structural, Non-purposive, Orgenismic,
5. Functional, Purposive, Mechanical,
6. Functional, Purposive, Organismic,
7. Punctional, Non-purposive, Mechanical,
8. Punctional, Non-purposive, Organismic.
By permitting oneself to indulge in some mental elasticity® one can find at
least one perceivable/conceivable system to fit each of the cells. Here goes.

& Somsy obviously unkind souls, would argue that 'elasticity' should de
replaced by 'prestidigitstion’.
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A rosd network is easily a good example of a structural, purposive,
mechanical system, cell 1. Road maps represent it adequately at a given instant
in time, two instants being unnecessary; hence it is a structural system.

It has an obvious purpose, that of connecting various communities and other
deeired geogrephicel points to eech other., It ies mechanicel because one

can extirpate any part of it without introducing any change in the remaining
parts.

As a structural, purposive, organismic system, cell 2, I will consider
a suspension bridge. It is similar to a road network in the first two aspects,
but no eignificant part can be tsken from it without disturbing the forces
acting upon every part of it. Hence it 1s an organismic system.

Many examples abound for a structural, non-purposive, mechanical system,
cell 3. Let us look at a mountain range. We consider mountain ranges to be
systems. They have no purposes, they are Jjust there. If one levels any
mountein in the system no conceivable change occurs in the rest of the system
within time spsns commensurste with a human life span.

Any physical system characterized as being in & static equilibrium can
serve as an exsmple for a structural, non-purposive, organismic system,
cell 4. Consider an electromagnetic field, or better yet, consider a bubble.
Both of these examples can be determined by knowledge of their state at one
instant of time. They have no purpose; they just exist. And it is impossible
to take any part out of them without changing the entire system, without
changing the point of equilibrium.

Functional, purposive, mechanical systems, cell 5, abound around us.

Men construct them all the time. A production line is a good example. It
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mekes no sense to think of it except as & temporal succession of steps
wvithin which rav material is processed and changed into a desired finighed
product. It is eminently purposive. If any machine in the line breaks
down no change is undergone in any of the other machines in the line even
though production may stop. Hence it is mechanical.

Living orgenisms, qua living organisms, are the examples of functional,
purposive, organiemic systems, cell 6. First, what is the meaning of a
living organiesm at an instant in time, in contradistinction to static,
structural anatomy? Unless we know its behavior, both internal and external
we do not know it. Behavior is a time bound process; it is functional. Second,
because I have no desire to get into metaphysical arguments as to vwhat is
really real and vhat is really scientific, I will assert dogmatically that
the most parsimonious way to understand life at &ll its levels, from evolution,
through physiological functioning, through overt behavior, to cultural and
ecological configurations, is by means of purpose. Let us not confuse the
mechanisns by which this purpose is achieved and the purpose itself. Perhaps,
in some future, purpose can be eliminated and shown to be some sensible function
of physical causality. At present this is far from being the case and the
stubborn phenomenal facts do show purpcose. Third, and finally, an organism
is an organiam.

Mantal elasticity is needed to find an example for cell 7, a functional,
non-purposive, mechanicel system. Conslider the flowing water in a river
stream. It is functional since 'flowing' makes no sense unless one takes
at least two instances of time into account. Now consider the wild Misscuri

in its untamed state or that river of tears, the Whang Ho. Both these rivers
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axhibit a tendency to markedly change their channels occasionally. These
changes have been local as compered to the total system, and they have
had no effeot upon the rest of the system. And rivers, per se, have no purpoee.
Hence the changing flow of water as a result of a change in the river bed
can be considered to be an example of a funstional, non-purposive, mechanical
system.

The last osll, cell 8, a fimctional non-purposive, organismic system
will became increasingly important if the physical sciences contime in
the diresction they have assumed since the formulation of Maxwell's field
equations. More and more of the explanations given by the physical sciences
to the observable facts of physical behavior are of the nature of a dynamic
interdependent field. The atom and the circular four dimensional apace-time
contimum are both examples of such a system.

It is interesting to see how the fifteen definitions given in the
dictionary fare with this taxonamy. Let us review them one by one.

Definition 1 is similar to the definition of 'system! as given in this
paper. But this is hidden, implicit. It is also more limited than the
definition presented here since it specifies only two of the six poles
identified in this paper: organismic interdependence and function. It
mentions four examples. The first two, the universe and the solar system
clearly belong to cell 8. The next example, a telegraph system,is contextually,
an example of cell 5. We can however, consider it from a structural stand-
point exclusively, and then it belongs to 6ell 1. The last example, a quote
from literature, a system of hills is clearly equivalent to my example for
cell 1, a mountain range.
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Definition 2 includes the universe again, vhich we have already treated.
It also includes the body from a functional physiological standpoint, and
from a psychological standpoint. Both of these fit into cell 6.

Definitions 3 and 4 both deal with the same class of thinge, systems
of ldeas connected to each other by some rational or coherent principle.
These systems are structural and mechanical, and (somevhat elestically) I
believe they are non-purposive, though, of course, the person who constructed
them did have a purpose in mind. Hence they are examples of cell 3.

Definitions 5 and 6 deal with verbal instructions or formalized modes
of procedures. They are structural, purposive -- they exist in order to
instruct s person wvhat to do, and they are mechanical. Hence they belong
in cell 3.

Definition 7 concerns 'the system'. It is colloquiel American end con-
cerne the interests and powers which control the government to a greater and
lesser extent. This system seems to be functional,since ‘control' is time
bound, purposive, and mechanical; a denizen of cell 5.

Definition 8 is sbout physiological subsystems that contribute toward

vital physiological functions of the organisms. It obviously belongs to cell 6.

Definition 9 is a very interesting ussge of the word. It names a body of
evidence submissible to a court vhich points to the intention of the defendent.
Since 'pointing to' is one of the perceptuoc/conceptuo criteria for purpose,
this system is purposive. Since it exists at a given instant in time it is
structural. It is also organismic and interdependent, as it is the totality
of the evidence which points; its meaning can change with the exclusion of any
specific dbig of evidence. Hence it belongs to cell 2, the only definition

that fits into this cell.
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Definition 10 18 about a division of rocks in geology. Buch a division
is structural. It Just happens to be there and has no purpose. In addition,
it is mechanical. Obviously a candidate for cell 3.

Definition 1l concerns an identified poetic form, structure. It is
structural, non-purposive, mechanical and belongs to cell 3.

Definition 12 concerns the way 'system' is used in music and is con-
deptually very similar to definition 11. However, eince mueic is time bound,
musical systems are functional. It is therefore a member of cell 7. The only
definition to fit that cell.

Definition 13 concerns chemical systems in dynamic equilibrium. These
have already been discussed as members of cell 8.

Definition 14 concerns a tramsportation system. It is discussed from
a static standpoint, e.g., a large group of lines under common ownership.
Since it 13 also purposive and mechanical it belongs to cell 1.

Definition 15 deals with physiological systems from a static, enatomical
standpoint. As such it becomes static, non-purposive, and machanical and
belongs to cell 3.

Every one of the definitions seems to fit, without too much conceptual
violence, into one of the cells. It is very interesting to note that not one
of the systems defined in the dictionary fits into cell 5, a functional,
purposive, mechanical system for which the example given was a production line.
Other useges of 'system’ that are common nowadsys, like man-machine system,
command-control system, and weapons system also seem basically to belong to
this cell. The eight cells were generated through a systematic analysis of
vhat the meaning of 'system' must be to meke sanse. Dictionary meanings are

obtained through a thorough and assiduous 'nose counting'. The fact that

PR,
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some of the best lexicographers in.the country missed the specific meaning
of 'system' in cell 5 seems to point, at least to me, to the superiority
of even a simple intelligent analysis over the most elaborate and careful
- 'nose counting' and classification of what was counted.

In eddition, it is interesting to note the example of the use of
'system’ quoted from Owen Wister: Knotted systems of steep small hills.
This usage does not conform to the general definition given Jjust above it.
Hills do not interact nor are they interdependent. They do not form an
integrated, organic, or organized whole. Nor do they function, operate,
or move in unison. They are grouped together and perceived as a system on
the basis of similarity and proximity. But the general definitlon cannot

handle this. The systematic analysis can and does.

V. Some Other Ways of Thinking About Systems -- Not Dimensions

1. Self-organizing systems

The term 'self-orgenizing systems' is basically an instence of
verbal magic that accompanies the changing of a name. In many primitive
societies a person has a 'real' name by which he is never called, and
a 'false' name which all members of the society use to call him. This
magic was considered to be effective in protecting the person from the
evil spirits which abounded. If the evil spirit never heard thc 'real’
neme of the person he could not know it; and if the spirit did not
know the real name, he could not identify the person to harm him.
In Victorian England the changing of the name of an obJject from 'leg'
to 'limb' was believed to reduce the salaciousness of that object

In our contemporary society 'passing away' is considered to be
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less tragic than '‘dying'; being called & 'mortician' seems to be considered
more ennobling than being called an 'undertaker'.

Horrible dictu, and not too surprising since scientists are also human,
this form of verbal megic has also appeared in scientific thinking. Primitive
peychologicel behaviorism asserted that man does not 'think', rather man
hss 'non-vocal laryngeal movements'. Now this would have been significant,
had the early behaviorists been able to demonstrate that every time a
person experienced himself to be thinking, one could find that his larynx
moved non-vocelly. But such non-vocal laryngeal movements have yet to be
found. The behaviorists proscribed ‘thinking' ex cathedra; 'thinking' like
‘leg’' was considered to be a dirty word. This because methodological
positivism, which uncritically underlays so much of contemporary sclentific
thinking, aeserts that only that which is physical is really real -- in the
case of lii'e the really real is physico-chemical, e.g., movements of the
larynx. The fact that we perceive/ cognize many discriminsble life processes
that are a) most parsimoniously explainable by the concept of purpose, and
b) are Just not reducible, at present, to physical processes, sticks like a
bone in the throat of many. Like drowning men clutching et straws they clutch
at any phyeical phenomenon, reify it, and give it a name. Then they replace
the name of the living phenomenon by the new physicalistic, 'scientific’
neme. They thereby exorciee the dirty words from their language.

Ap a result of exigencies of World War II, a technological breakthrough
occurred in the design of control systems; simple control mechanisms have
been known for centuries. The new control systems could sense subtle changes
in the environment and could, es a result, modify the functional purposive
system vhich they were designed to control. These modifications generally
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changed the function of the system in light of changes in the environment.
This is vhere feedback came into the general vocabulary. Feedback was part
of the electronic designers vocabulary in the ysars prior to the war and,

as already ms:tioned, was known for a longer period of time. What was

radical in the nev development was that now, for the first time, man developed
a physical system which could ‘see' the external world end change its behevior
in a manner appropriate to vhat was 'seen'. The analogy with life sprang
forth immediately and was met with excitement and enthusiasm -- at last a way
was found to base living phenomena upon a physical substratum. The control
systems were supposed to be analagous to the brain, and the systems they
controlled, to the body. The total system was then given & name which was
inmmediately, explicitly and/or implicitly, applied to 1iving orgenisms.
Hoorey, a straw!

In the ensuing enthusiasm the very serious deficiencles of the analogy
vere not attended to. I can list many but will concentrate upon only one, since
that is all that 1s necessary. It is an uncomfortable fact that man sees ob-
Jects that are far awey from him, that he sees at a distance. The sensa of
the control system cannot; they can react only to the stimuli impinging upon
their sense organs. Now it is true that man cannot see at a distance unless
there are physical stimal{ impinging upon his nensorium too. These are called
rroximal stimuii. But what he actually sees has a very tenuous relationship
to the proximal stimuli. The only thing a control system can react to how-
ever 1s the proximel stimulus distribution. Psychologists denote this ability
to see 'through' the proximal stimulus to the distant object by the term
‘vicarious mediatioc.’'. Control systems do not exhibit any ability to respond
to mediation vicariously. Hence the analogy is not well taken.

he e me s T W - a
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The conceptual confusion accompanying 'self-organizing system' results
from the fact that explicitly and/or implicitly the scientists ir defining
this term wish to include both a certain set of phyeical systems and living
organisms. This cannot be done since the set they have in mind is only
superficially similer to living organisms and, although they msy resist
recognizing this, they feel it in their guts. If we restrict ourselves
to physical systems the term offers no difficulty. Most systems contrived
by man function mechanically in e prescrived menner. To change their
functioning the intervention of a human operastor is generally needed. To
the extent that we can construct comtrol systems that can change the
functioning of the system without human intervention, to that extent we have
self-organizing systems. It's es simple as that.

2. Central and periphersl properties and/or elements of orgenismic systems

In the preceding section it was noted that the self-organizing physical
system was superficelly similar to a human organism. In other words the
aspects in which it was similar to a living organism were not important aspects,
The ability to react to physicel stimill is not, per se, an important espect
of living/functioning; it is the ability to react to a distant object over a
wide range of medisting stimuli which is important and which differentiates
life, at least many advanced forms of life, from sensory machines. This
points to a problem which can be generalized, a problem which does not seem
to exist for mechanical systems. The problem can be crudely formulated as
‘vhen 1s a man a man?' or 'When is a solar syetem a solar system?‘.

Aristotle touched upon this problem when he asserted that a hand
separated from a body is not a hand. I am not aware of him considering that
a person without a hand ie still a person. A hand, therefore, although it
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iteelf has no meaning as such unless ettached to & person, is perirphersl
to the person as far as him being a person is concerned. In fact we can
subtract all kinds of things from a person without him ceasing to be a
person. Wars gensrally contribute to human progress in many sclentific
fields. Medicine has learned much in the last war. One of the things it
learned is hov, more efficiently, to keep people alive despite all kind of
fantastic external dismemberment which 1s never met with in peacetime.
Hence we now have & small nunber of quadruple amputees living among us.
They are still perceived as men. Iimbs therefore are peripheral character-
istics of human beings. Surprising? Neo! Monkeys have four human-like limbs.

On the other hand, idiois, neonates, or paychqtics sre generally not
perceived as persons even though their bodies ere intact. Rational conscious-
ness and the behavior flowing from rational conscicusness is a central
property of man. We find something similar on a physiological level. The
body can maintain relatively efficient life processes with many of its perts
being subtracted from it. But there are other parts that are so essential
to any ordered function that thelr slightest damage will cause death. Hence
we have parts that are central for a pb,yeiologica_l 1life and others which are
peripheral. If we go to a solar system we find scmething similar but far
simpler. In order for a solar system to be perceived/cognized there must be
a sun and at least one planet circling it. All other possible aspects and
properties of a solar system are peripheral.

The most general definition, the core meaning, of en organismic system
must be restricted to its central properties. The inclusion of peripheral
properties will almost always exclude certain instances of this organismic

system vhich lack this peripheral property, but are still seen as being
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the eame as the defined system. This introduces confusion. A conceptusl
definition should be in accord with that which we see or think of epon-
tanecusly. I find it difficult to think through the problems entailed in how
we perceive and discriminate centrality from peripherality in a systematic

wey. Nevertheless we do discriminate and if we disregard these discriminations
ve can often run into conceptual difficulties. OQne will learn very little
about an orgenismic system if he focuses his attention on its peripheral

aspects.

VI. Conclusion
The difficulty in defining 'system' in a specific context results from
misusing a word vhich hes a sirqple, clear meaning in a general context for
a specific, conorete context. It is similar to the classical fallacy denoted
by 'pars pro toto' or that vhich was called by Whitehead 'the fallacy of
misplaced concreteness', 'System' is st a level of generality similar to
'phylum'. If we know the phylum to vhich an orgsmnism belongs end nothing
else we knov very little sbout the organism. Ditto for system. The only
things that need be common to all systems are identifisdle entities and
identifisble connections bstween them. In all other ways systems can vary
unlimitedly. The quest for a more detailed, specified definition for 'system’
is chimericel. The same holds for a quest for a general system analysis.
However, as I have attermpted to show above, it is possible to group systems

according to specifisble characteristics. The definitions for systems belonging

to such groups become more detailed and specific. It is a fact that for many
such groups, at present {lly-definad, if defined at all, certain analytic
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techniques are very appropriate. But it does not follow that they are approp-
riate for other groups of systems. Ry recognizing this we know better where
ve stand, the air gets clearer and we cr.. see more clearly. And with thie

ve can think better.



