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ABSTRACT

How natural behaviors actuslly work 18 often counter-
intuitive. Thal is espaciaily true of autonomous behavior systems,
ones that develop original organizetion in the midst of the events they
carry out We can't commonly know much about their causal
organizetion beceuse it 1 original to themseives and intsrnalized.
The duel stream mode! of causality presented here is part of a general
technique for investigating how autonomous systems are organized and
what animates their development ’

Though the tachniqgue 15 logical and useful, both for
Investigating autonomow, Systemns and for making certain types of
hirm predictions about them, 1t aiso challenges our normal ways of
understending things It directs attention to concretely observable
‘molive processes’ (sutonomaus cousal system building processes)
more than external detarmining causes, and maps the environments
h which thay oparate in terms of 8 multi-level network. of ective and
paesive enabling couses  Mathematical models of behaviors, both
those based on ‘natural lawt' and on 1solsted projections from
previous maasures, are recognized a&s usefyl references end
predictors but not as legitimate representations of what autonomous
behavior systems ere or how they actually operate.

A reasonably descriptive neme for the technique would be
‘sutonomous  Systemization study’. The ‘rosetts stones’ for its
interpretation and use are process events that displey systematic
organizational growth. Thess systems may not all be ‘living' in the
normal sense, bul they are not ot ali ‘lifaless’ They are the source of
moot coherent behavioral snimation

In prectical application (ne technique has guided the
development of a verifiable axiomatic praof regarding a chuos
yener ating autonuinous dyniamic of the econdimnic system, 1 e. that: "the
automatic cormpnunding ol investment cetur e, will b ing about . 8
majar ity fallure ot investments” (Henshaw 1985) One hope is
that producing such firm and dramatic resulls will hielp to generate a
greeter acceptance of the study of near living Jystems os a legitimots
and fruilful subject of scientific ressarch

1. INTRODUCTION

THE SUBJECT: The following presents part of the general
method that the suthar currently uses for investigating exactly how
sutonomously organized physical event processes davelop and operate.
it involves an empirical technique for exploring how the causes of
evenis become svstematically internalized within event process as
they develop.

The study method can address the autonomous behaviors of
sacial, political or economic systems &s well as of weather systems,
biological organisms and chemical, fluid dynamic, electro-magnetic
ond potentially even subatomic systems. It applies to animated
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autonomous system individuels in general, both those in which people
participste and those which occur within end around us. These
autonomous system individuais are things thet people can potentisily
steer, stimulate, confine, disable or avoid, etc., but will never
plausibly be able to fully understand or literally control.  They're
the things that operate sutonomousty.

The development of this investigative technique was based on
the simple, but rather demanding, initisl presumption thet there are
no operative abstractions anywhere in nature, except in the minds of
human observers. Thus, it is presumed that natursl behaviors are
themseives the physicsl process of conception, not & reflection of it,
and that only what is actually going on in any circumstance is part of
how it is taking place. The subject here is the coherently animated
things of our world, and they themselves are taken to be the only
accurate representations of how they work.  No set of evidence is
accepted as complete and no initial evidence is taken to be incidental.
No laws or equations or other mental abstractions of any kind ere
considered as part of the sutonomous individusls or their behavior,
anly the concrete things and processes themselves.

A curious (eature of natural perception is that our minds ere
the actual genersting source of all the images we see, and thet the
relationships we perceive to exist between things in our worid are
actually perceptual relationships between our images of them. Here
it is presumad that an observer never ectuslly sees the subjects of
their investigation, or their interrelationships, but only generates
mental references to them. Whether or not one sees one’s images as
referential or representational hes a very substantive impect on
one's understanding of autonomous systems and their behaviors.

The technique for investigating physical processes to be
presented here is 8 direct observation approach. As such it follows
more on the methods and example of archeology, boteny or
anthropology than on thase of physics. It is basically & disciplined
mathod of record keeping concerning the developmentel life cycies of
natursl physical process events. Understanding it is perhaps eesier
from seeing how it is applied than from explanations, so the reader
might first go to the example in following section "4." and then return
to this introduction.

RELATED APPROACHES: Quite & number of approaches to the
study of systems have been devsloped aver the past 30 or 40 years.
This one stands on what one might cell the ‘serious’ Side of general
systems ‘wholism’, offering o critically empirical ‘vitelist’
perspective. It also has specific similerity to various more technical
systems inquiry techniques including 1) catasirophy theory (see
Tham 1972), in the use of a genersl cryptic cypher for dynamic
events, to 2) Aierarchy theory (seeAllen ond Starr 1982), inthe
uss of questions about nesting orgenizetional levels and cousel
relationships, ta 3) /iving systems theory (seeMiller 1978), in
the concern with universal physicel functions, o 4)
raconstructability analysis (see Cevalo and Klir 1681) in the
heavy relisnce on empirical measures and observations, and to S) the



theory of dissipalive structures (see Schieve 1982) and the
theory of aynemical systems, chaos theory (see Campbell &
Rose 1983), In the focus on situstions of organizationa) instability
and sensitive dependence on initisting conditions.  Any or all of
these systsms study approaches are considered to be valuable
companions to the uss of the technique presented here

2. BASIC CONCEPTS

POSITIVE SELECTION: In some ways the approach here is most
Jike an extension of the av//thic design concept of discovered
purpose in natural invention presented by David Hawkins,
(1968). The term comes from the name ‘aolith’ which is given to
the found objects that bacame used as tools prior to the intentional
dasign of tools at the dewn of the stone age, “stones picked up and used
by man and aven fashioned a l1ttle for his use”. The concept offers a

positive alternative to the idea thet evolution 15 guided only by the .

natural selection of random variations on previous structures.

The circumstantial aevailability and initial hephazerd use of
eolithic tools might positively relieve or stimulate other activities
that, in turn, produced situations in which the potentisl for the
‘rediscovery’ of too) use is greatly enhanced. If the innovation is
reliably rediscoverable, 1t could become part of a whole complex of
entirely new and substantislly modified processes, structures and
organizations. Tha creation of that new complex then comes to have
been the "purpose’ of discovering the tool and what establishes it as
having been a 'tool’.

The concept of such accigentally initiated, and then positively
developed and retained complex innovations is what is used here in
place of the classical notion of ‘rendom mutetion’, and could be
genarically refered to ss ‘eolithic mutation'. The idea that
innovations must stand up to the test of time to become lasting ones is
certarnly valid and valuable, but it is insufficient for saying where
innovations come from to then be tested.  The modern theory of
natura) selection still essentislly holds that the properties of evolved
systeins appeared for later ‘testing’ &s the result of random single
variations upon previous complex orgsnizational structures (see
Conred 1983). This says no more sbout where nature’s innovetions
come from than that ‘they just happen’, and is also insufficient.

That proposal also strongly suggests that the peopie offer ing it
have never tried randomly altering and testing & complex structure
one part at a time ( 1ike the parts of their own car ) to see 1f 1t became
improved. | you're going to make improvements in anything that is
complexly interconnected it is quite necessary toc meke a large
number of coordinated changes before the new order can sustain even
the most minor kind of test It is not just & human frailty that we
have to work with things that way, but inherent in the nature of
complex interdepandencies.

Natural veristion in processes and structures, the evidently
inherent ‘wobble’ that exists at various levels in virtually all
dynamic behavior, mey well have greet functional importance in
systems. it 1s just not likely to be, as Conred ( 1983) and others
suggest, the sole source of coordinated sysiem innovations. The
question, of course, remains, how go complex and seemingly
purposeful netural design processes take place in the absence of any
apparent praconceived design or planning.

As already indicated, the proposal here is that successful
System innavations first get built up, through 8 dynamically animated
discovery process, and only then confront tests for survivability.
Evolution 14 seen 8. only secondarily influenced by the destructive

events of randomization and selective elimination, and primarily the -
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consequence of mater ially constructive processes. The normal view
that constructive evolution somehow occurs in spite of 8 pervasive
‘meanness’ in nature is replaced with the view that the capecities to
survive harsh conditions or iginate from natural conditions of relisble
‘generosity’.

The concept of ‘eolithic potential’ ( the circumstantial presence
of ‘right shaped rocks') is grestly generalized as used here, and called
simply ‘opportunity’, all of whatever it is that is made use of in the
systemization of events and that mekes them possible.  One of the
key idens is thel opportunity comes from combinations of leftover
products of other things, ‘cast off products and situations, things
simply left "lyingeround. Things that have been made use/ass In
the past are what sutonomous systems mate use o/ in the present.

EMPIRICAL TOOLS: There are two separate parts of the

.empirical study. One is the accounting of system parts and the

opportunities they make use of.  The other is the examination of
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numerical measures of the subject for evidence of four fundemental
sutonomous orgenizational davelopment procasees.

Figure 1. shows the general cypher used to i0entify types of
sunonomous or ganizational (and disorganizational) chenge. tvidence
of thess curves In some measure often indicates |) pasitive causal
feadback (F*) and sutonomous or ganizational invention, 2) negative
positive cousal feedback (F ') and climax or ganizationai refinement,
3) positive negative causal feedback (F*~) and disorgsnizational
growth, and 4) negative ceusal feedback (F™) and disorgenizationsl
chmax., All four of the distinct organizetional development

phenomena referad to here, 1n sequence, seem to be necessary phases

of the life history of any process that comes into and goes out of
existance sutonomously.

The evidence of one of these four yrowlh curves is taken os
evidence of an autsnomoys devalopment procass 1n the same way that
Aotistical correlations ore taken 65 eviience of causal relattonships.
One of the principle uses tor these curves )s ta help dentify system
motive processes thet wre sell-destabalizing (those under lying
‘gawth' and ‘coliapw’) As direct evidence they provide a
significant bit of intormation but to draw any solid conclusions one
stiil neads to 1dentify the operative physical mechanisms involved.
This approach to growth and feedhack | along with other subjects, ere
further discussed elsewhere in thase proceedings ( Henshaw 85).

The disgrams of caysation which are used to aid in finding
sutonomous system mechanisms ( see figure 2.) ere arranged to show
sutonomous processes as deveioping out of 1) numerous oppertunities
ond 2) a single instigating impetus.  Also depicted are 3) the subject
behavior's resulting products, which may serve as opportunities for
other things, 4) the impetus for ather things thet may resuit, and &)

the underlying motive (and demotive) processes which produce and .

then dismantle the system's interna) process orgsnization. These
terms ere not rigidly definined, axcepl ss referring to netural
subjects which are hopefully identifiable but, of necessity, must
remain substantially undefined.

The primary way these two resesrch devices work 15 by
directing attention to the netursl subjects thems<elves and their inner
creative workings, rather than by serving as representations of
them. Combined with close observation, the result is a sophisticated
ability to imagine how they work. fhe first step 1s to look for
evidence of & succession of organizational gr uwth phases and then for
1ts active and passive functional parts.

SYSTEM CONNECTIONS:  The boundaries between individusls
ara generaily 10entified a6 resource/product pools thr ough which the
individuals materially interact while remaining ogenizetionaily
indapendent. Thess ore also refered to as resource ‘merkets’ or
communication 'aynapses’ They mediste and are the joints that
physically connhect process individuals, and &re o primery source of
process flexibiity and resilience.  Resource/product pools are 8lso
found to provide a timing bufter between parts of & system that
opersle at different rates and to provide dynsmic continuity in
processes that may incorporate long pariods of 8 conglete inactivity.
They also create vast passibihities for process tnterconnection and
growth.

The blood stresms ot animals offer an example of such common
resource pools, as do economic markets and the atmosphere.  Nerve
synapses are exainples. of devoted marke! connections between
sutonumous ner ve cell uptake ond output locations  The circulation of
the spinal fluid 1n which nerve synapses o ¢ located may or may not
Serve 8 8 COINMON [ esnur ce ool for nerve cominunicatlon
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This way of identifying boundaries and connections, somewhat
confusingly, 8130 allows for system individuals as a whole to interact
with their awn perts as separste individuals. In simpler views of
system hierarchies this wauld constitute a strictly ‘improper’
relationship. A real world exemple, however, seems no harder to
find thon the process of scratching an itch. It can develop from 8
minor tickle into a whole eutonomous process, stimulating and
integrating the initially separate rasponses from-one's body &s o
whole and it's yiching parts.

UP AND DOWN CAUSATION: In general terms, opportunities
for system development are seen as flowing from both the ‘bottom’ up
ond the ‘top’ down. Instigating impetus is seen, idesily, as flowing
only from the ‘bottom’ up.  Nutrition is & good example of top-down
opportunity, for autonomous cell metabolism.  Adiabatic cooling of a
rising air mass creates opportunity for condensation in clouds. The
flames of o fire spread new opportunities for combustion.  Cell
metabolism, vapor condensation and combustion, respectively, each
provide good examples of Dbottom-up opportunity for the larger
autonomous system developments of animal behavior, vapor drop
conglomeration into rain drops and the many kings of things thet
develop from a relesse of heat.

A particulerly interesting example of top-down/bottom-up
opportunity flaw is provided by the role of a plant in providing
fer Uile soi! for future seeds. Though it may be streching the language
a bit, it seems useful to look at this as an example of 8 higher order
system praviding 8 kind of materfal reverse image of the future for o
iower order system to follow in its development. What is polentially
provided is some kind of pattern memory of previous sysiem
creativity, a resource above and beyand the simple raw materiais for
subsequent or iginal system develapment.

A pattern memory function is specifically evident, of course, in
the role of a plant's seeds. It is also evident in such things as the
roles of ertifects in neture end the economy in leeving around ail
manner of physical reflections and imprints of previous exper ience
to directly or indirectly influence developments in the future.

0f some note is that if the fiow of opportunity from higher
levels to be made use of on lower leveis were ignored, a variety of
exclusive bottom-up, or ‘reductionist’, point of view would result
(see Campbell 1974). A causal diagram might then still seem o be
causally connected, but there would be no material ‘images’ of higher
level processes in the physical context of lower order process
beginnings. Nutrition would have to be 8 matter of random accident,
and there would never be a cloud in the sky.

REFERENTIAL MODELING: The models used here are designed to
be used to help in focusing one's attention on the natural subjects
themselves rather then to represent them. For this reason they are
termed 'referential’ models. They are intended to be used as maps for
exploring the territory of nature rather than as representations to be
mentally substituted for nature.

Generally speaking all models can serve either as referential
maps or representational substitutes for their subjects, simply
according lo whether one is looking with them, or just looking at
them. Using madels to see with, as windows on the wor id rather than
as barriers (o seeing the world, does not seem to require any specisl
kind of symbolism, logic or language, only & change in the viewer's
focus of attention.

A mathematicel expression or natural ‘law’ that reliably
predicts ptysical measures, for example, can either be seen as being
the aperative bahavior itself or as being 8 reference guide for looking



further within or beyond the behavior itsell. There is often
confusion about this because the common object of scientific resesrch
is to find mathematics that cen serve as such a reliable substitute for
its subject thet we can no longer tell the difference. Normal
perceplion aiso fabricstes images thet bacome indistinguishable from
their subjects.

No matter how seemingly perfect, however, mathematical

models are really just tools for human use in making numerical
predictions. The ‘laws of nature’ are really just the ruies we follow
in applying those tools. They form & kind of map for us to follow, and
are neither what nature actually does nor maps that nature follows.

Mathematical expressions are as different from how behaviors
actuslly operate as temperature is different from molecular motion
or &s ane's height is different from one’s head. fFormulss usually ere
-not even built to imitate how the beheviors operate, but just to
predict @ messure of their consequences. Formules are just
abstracted relationships between messures. Resl behaviors are not
even composed of interactions between meesures at all, but between
things, through an unboundedly complex nested organizetion of
physical object/process parts.

Measures and formulas are constructed for, or as if for, the
purpose af avoiding the need to consider what is actusity going on.
This amounts to a design intent to be able to predict behaviors without
needing to materially understend the behavior being predicted. Ina
successful formulation, any information that might expose the
complexity of the real subject is methodically stripped from the
record. Thus, simply trying o shift the perspective with which
they're viewed, o successful formulations to see the subject with
them rather than to look at them, can not be depended on for assisting
in the development of materal understending.

What are more useful for developing & real understanding of
things are measures and expressions that contain a depth of
Information about the subject, ones thet can be used as ‘remote
listening devices’.  individual continuously recorded rew measures
thet monitor the subject from its tnitial growth through its fina!
decay are especially usefu) for that purpose.

Though measure formulations of behaviors can lead to a
misunderstanding of the subject, thsir prectical usefulness hardly
seems to have been exhausted, and their sbandonment is in no way
being suggested.  Whet is being suggested is only that they be
abandoned as accurate representations of behaviors.

3. TERMS OF THE MODEL

PARTS OF THE DIAGRAM: The terms used in this model of
causation ere intended to refer and direct the user's attention to
concrete things, processes and situations and the autonomous process
subjects through which they ere related In figure 2. and elsewhere,
‘Resource Opportunity Pool' refers to whatever enables or is made
use of in animating the growth and systemization of a subject process.
‘Instigating Impetus’ refers to whatever finally initiates the saquance
of resource opportunities being made use of ‘Product Opportunity
Poo!" and ‘Resulting impetus' are results of the process (hat become
availebla for utilization by other autonomous processes. ‘Motive’ and
‘Demotive’ processes refer to sub-processes that serve to build up or
bresk down the causa! orgenization of the process.

In the model diagrams opportunity 1s indiceted as a }ist of many
items and impetus 83 b single item. A single impetus may not be
identifieble in many circumstances, end coincidental multiple
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impetus is nol ruted cut: The importance of coincidental factors 1s
considerably grester with respect to opportunity. Each circle
symboi refers to the opportunity environment, or ‘niche’ of the
subject process as a whole.  An oscialiation pulse is sketched inside
the circle, referring to the autonomous process as 8 whaie, when the

subject’s internal orgenization is being inquired sbout.

An sutonomous system whole is refered to as a whole both in
terms of its coherence of internalized relationships and in terms of
its totality of developmental stages from initiel growth to its final
decay. Considering processes bath as an ‘organizational whole' and as
a ‘developmentsl whole' is crucial to competent think ing and resesrch
using this method. A system’s orgsnizational whoie is simply one
isolated moment or passing phase in its developmental whole.
Another unique aspect of every sutonomous system's developmental
whole is that it heppens only once.  Incorporating things that seem o
happen repetitively into the context of things that happen only once
becomes a very revealing perspective.

As a graphic convention impetus is drawn connected to the
subject process's niche with a solid line and opportunity with a
dashed line. There i3 also a list cailed ‘Other”, not shown as directly
connected with the subject process. “Other’ might include remotely
related subjects such as the processes thet created the subject's
resource opportunities and general notes and descriptions.

At the bottom of the chart are columns for process notes. These
are arranged to refer to the system’s pre-development time period
(origin), its developmental growth and climex (beginning), its
developed operation (miadle), ils degenerative collapse end decay
{ending), end its remnants (legacy). Together these terms are
intended to refer to all the concrete interconnections between the
subject and other things and to begin a process of orgenizing
Informetion about the internal warkings of the subject.

FIRST STEPS:  The key 1dea in describing opportunity is
contained in the phrase "made use of in animating the growth and
systemization of the subject”.  Eating 8 prepared meal with friends
makes use of & numerous kinds of opportunities and offers a good
example of a systematic process displeying autonomous development.
it begins with little plen or progrem other than opportunity end
normally develops & coherent animated behavior of its own.

Once the right opportunity has accumuleted some final impetus
occurs that signals everyone to begin.  That impetus might be the
saying of a prayer, the unfolding of a napkin, simply 8 poignant pause
in the conversation or minor gesture. The specific character of that
impetus may or mey not significently influence the process of the
meal as it develops. The opportunities made use of in the
gevelopment of the meal wouid generally Include appetizing food,
utensiles, hungry people, a certain amount of privecy and having
interesting things to taik about between bites.

Upon the impetus to start, the systemization of each
individual’s eating process begins, perheps with the srranging of
utensils, tasting the beverages and appetizers, adjusting the
seasonings, and exploring the assortment of foods on one's plate for
the first thing to eat. Both the things and the acts in which they ere
employed are ‘made use of' in the developing systemization of the
whole.  As the meal develops each individual's eating, thinking and
conversation develops in relation to the that of the others.  That
integr ation into an autonomous whole often becomes the basis for an
especially intimate kind of group and personal exper ience.

Of first interest in this kind of study is an accounting of the
bssic opportunilies, the impetus that instigates active process



development and the diverse leading steps of development Those
developmenta) steps generally occur before there is an established

system to causs them, and usunlly lead to the development of the

systam in o remarksbly direct way. Each step seems (o just
smoothly fall into place, producing teylored opportuntties for the
naxt almost as if directed toward the eventual end.

Understanding the premeture coherence of  system
developmentsl processes is the most difficult part of investigating
eutonomous syatems. The leading steps of a systemization are always
impressively intricate, ssemingly spontaneous, and evidently quite
necessery to the davelopment of the system's climax or ganization. In
eny particuler case the leading steps ere, indeed, the particular
discovery steps by means of which the system develops.

Leading steps such as these can be observed in the davelopment
of virtually any igentitisble process. They are normally observable
both o8 & diverse series of individual events and i1n growth trends in
measur as of of the process I noOt 10 ather measures as well,
orowth trends are generally evident in the fates of succession of
leading events ant in their rates of mater 1al an energy flows.

In the development of sating a meal, (or example, grawth trends
might be found In the sound of utenstl use the (raquency of hand
motions or , complexly, in the ehb and tluw of conver sation, as well as
in the rates of food consuinption  Clearly, none of those measures or
any mathemetical relationship betwoen them actually are or even
adequately describe the subject system and its development. They
might, however, serve &s good 'listening devices' and indicate where
various phases in tha development of system coherence begin and end.
This i3 the menner in which mensures, measure functions and the
tarm ‘growth’ are used in this method of investigating causation.

DIRECTED CAUSATION  There seem to be two technicaily
correct and useful ways to use the terms 'directed opportunity’ and
‘airected impetus’, and both are 8 littie complicated.  Neither is the
sense of ‘directed’ for meaning oppar tunity or impetus intended for a
certain affect, though that may be s temptation. That implies
preconception on the part of the subjact system or something in its
contaxt. One mighl use thet sense In discussing engineered systems or
human volition, where human cuntrol of systems rather then their
aulonomy 18 the subjact, but not in discussions about sutonomous
syslems themselves. |t would deny their autonomy.

The main system feature thet ‘directed’ opportunily and
Impetus ara used to refer to 15 the linking of separate events into
system networks. ‘Directed’ mpetus, for example, con be usad to
refer 10 & spark that instigates a chain of events resuiting in
oppor tunittes from which & spark can develop, ie impetus that
produces opportunity fesdback for itsell. Tius describes 8 multi-
leval causal chain involving both impetus and opportunity links as
might be found in an internai combustion engine.  The term could
6150 ba used o refer to impetus that instigates a direct succession of
1mpetus creations as a process in itself, as in a nuclesr chain reaction
where the importiant product of & fision is the impetus for others
rether than the context of oppor tunity for others.

‘Directed’ opportunity, similar ly, can refer 1o a fuel mixture
that snables the creation of the impetus for producing a similer fug!
mixture, like the fuel mixture in & cylinder thet results in the
crastion of a relative vacuum into which o later fuel mixtury rushes.
The term can aiso refer to things 11ke surfaces exposed to westher ing
that upon the appropriate impetus expose more surfeces o availeble
wetther ing impatus, creating a succession of opportunity as 8 pracess
in itself

Wwith these terms autonomous organization can be described as
directed successions of either impetus (ensbled by available
opportunity) or opportunity (instigated by aveilabte impetus) or of
alternating impetus and opportunity that instigate and enable the
development of each other. The systemizstion of & process from
unsystemstic origins is the development of one or a8 combination of
these kinds of directed opportunity and impetus which can then be
interpreted as the system's orgenizational structure.

A second genersl way in which ‘directed opportunity snd
impetus might be used is for referring to the degres and kind of
specificity that opportunity and impetus have toward each other and
their resulls.  Some things, like supercooled water, can present
highly specific opportunities for almest completely unspecified
impetus. Supercooled water can begin to crystalize following almost
ey kind of minor disturbance. The crystalization could follow
meny different paths through the fluid but will result in much the
same outcome no matter which path is taken.  Thus, there is reslly
only one opportunity for results available, and almost any impelus
will bring it ebout.  The opportunity of the situation is ‘directed’
toward a specific end.

Other things, like the fracturing of a dismond, require a very
highly, but not absolutely, specific impetus, snd the end result may
be uniquely deter mined by the path along which the propagation of the
fracture begins.  This kind of specific opportunity could be called
‘structured opportunity.  Still other things, like the crystalization
of snowflakes, sppeer to arise out of both unspecific impetus and very
complexly structured opportunity. There is a tremendous, but
discrete, variety of significantly different snow flske patterns that
can follow from virtually identical originasting conditions.

This second sense of ‘directed’ as 'specific’ opportunity and
impetus may offer avenues to understending individual differences
between systems of similar origin and for developing abilities to
specifically predict and influence sutonomous behaviors. Which sense
of the term one chooses to use seems o turn on whether one is taking
a forward perspective in time end talking about individuel fectors
(the first use) or whether one is taking & backward perspective in
time and talking about e situation as a whole (the second use). The
first is primarily used here because the discussion concerns the
evolution of the system structures that cen then be viewed in terms of
the second.

OPPORTUNITY AND IMPETUS: The detailed uses of the terms
‘opportunity’ and ‘impetus’ have been Jeft a little vague so far, and
perhaps should remain ot least somewhet flexible. (deslly impetus
would refer to something that sets the use of olherwise passive
opportumties in motion, a kind of final outside cause, beyond which
internal causation takes over.

Yarious problems arise with that in experience. One is that
determining a particular impetus {s sometimes a little like ‘finding 8
needle in the haystack”. As with finding the final cause of a process of
spontaneous combustion in an actusl stack of hay, one with (oo high a
moisture content, the search can be quite hopeless. In trying to
identify which unkind phrase started the process of an uncontrolleble
argument there's o little more to go on, but still enormous
difficullies. Generslly, instigating impetus is some very minor and
unmemorable occurrence in the midst of @ great many others. There
ere some helpful techniques though, like looking closely 8l a
continuous measure of the process and considering the tmpect of
events (hat coincide with the inception of its growth.

Thet they can be exceptionally herd to find does not, however,
necessartly mean that aulonumous processes can develop without any



instrumental impetus. Why, and whether, the development of
processes requires some specific initiating event is 8 very difficult
issua. The general evidence for it, though, is strongly affirmative.
Pracreative conception and seed germination ere preconditions for the
development of living organisms, snow flakes can't develop without a
center of crystalization and someone hes to break the silence for o
conversation to bagin.

Because of these difficulties, in order to maintain ‘impetus’ as
a meaningful term, it must be broadened to include ‘relatively’ final
outside causes. How wide a range of things that might be used to refer
to depends on the purposes of inquiring into any particulsr subject
and the skills of the abserver.

in general it seems useful to let the meaming of \mpetus be
broad enough to Include ‘prectpitating opportunity’.  This creates an
option to tatk sbout impetus in & way seemingly incompatible with the
ides &s first presented, as ‘irresistible opportunity’ rather than as
the initisting outside act of taking it The stege performer in
bringing a performance to an end precipitetes appleuse, providing the
impetus with a carefully played moment of silence. A toy or piece of
equipment that breeks down may precipitate its repsir or
replacement or perhsps the development of interests in something
entirely different.  In thase two cases precipitating opportunity is
crested by the breaking off of a process and an unususl period of
inaction.

A more important kind of precipitsting opportunity is
exemplified by the closing of a swilch that might as well be considered
os the impetus for the development of & current. In reality it
crestes opportunity for the development of an autonomous
electro/molecular current surge pracess, following some bottom-up
impetus on a scale that is probably beyond the limit of messure.
Delicate measurements will show the current to actually grow, at
rates quite different from the ciosing contact of the switch, and may
even show some of a current growth’s deveiopmental complexity.

The opportunity presented by the clasing switch is an effective
‘command opportunity, creating a situstion of developmental
instability for other things.  Much the same is true of a friendly
smile ‘triggering’ a friendly smile or an offering of money that
precipitates competition or the coincidence of appropr iate amounts of
water , darkness and warmth that germinate 8 seed. {n general, there
are a lot of complex heppenings that occur seemingly es if by just
pressing the right button. Lower level system behaviors seem more
dominently composed of such resdily predictable ‘command’
opportunity junctions, and so seem mechanistic. Higher level
systems seem to develop by the evolution of more and more reliably
predictable ones.

As 8 process becomes systematized, the role of outside impetus
tends to venish and be replaced by 1mpetus and precipitating
opporiunity genersted from within. This transition from outwerdly
originated causes to inwardly generated causes is the transition of a
system to becoming causally autonomous.

MOTIVE PROCESSES: Motive processes are those Lhat produce
the internalization of causes within a developing autonomous system.
If that internalization of causes proceeds systematically, it can often
be tdentified and described as an independent sub-process in its own
right, With sufficient evidence it is called the system's ‘motive
process’ for being its ‘system making’ end ‘opportunity directing
sub-system. It's what builds the means by which a system operates
and its source of developmental animation.

One resesrch technique that helps 1dentify a8 system’s motive
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pracess(s) is to study the underlying rates of chenge of & system's
development, a8 found by taking the derivatives of its growth curves
(figure 3.).  If the originel curve of the measure is used to direct
attention to the system, then the meesure's first derivative can be
used to direct sttention to the system’s primary motive process.

The key idea here is that if the system is one that achieves a
steble climax (s shown) then its motive process is one that goes to
compietion as the system echieves its climax. The motive process is
the system building process, and the building process ends &s the
construction of the system is finished. When the system eventually
begins to disorganize ( to organizationally collepse and then decay) the
first derivetive of its massures would direct attention to a separate
motive process for the system's disorganization, its demotive process.

This same procedure can be used as a continuing regression for
inquiring into still further underlying motive processes (using 2
and 379 der ivatives, etc.). It might also be used inversely ( looking
at 15! and 2™ integrals, etc.) for directing attention towerd the
gystems that the subject process might be the underlying mative
process for.

It is important to note that derivetive and integral curves do not
reliably identify the underlying and overlying motive and motivated
processes, but are just a helpful tool for use in finding them. in
some cases concrete motive processes are quite firmly identifisble,
usually identified from baving explored diverse evidence of what
builds the system's causa! process.

One of the best examples is found in economics, where business
investment is pretty clearly the instruments! work of building the
System’s operstive process. The investment process offers
successively more potent directed oppartunities for developing,
absorbing and interconnecting the interests and activities of
individuals in the economic system.

It is fairly essy to generalize the term “investment’ to say that
it is ‘the motive process’ of economies, i.e. that it is investment in the
broadest sense that builds the system and animates its sutonomous
development. in general, identifying something like investment in e
subject system is necessary to satisfactorally determine thet what is
being studied really is a concrete autonomous system.  Without
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Eigure 3 THE DERIVATIVES OF RAW AND SMOOTHED MEASURE CURVES ARE USED
TO DIRECT ATTENTION TO UNDERLYING EVENTS WITHIN AN AUTONOMOUSLY
DEVELOPING WHOLE.  IN PLACE OF USING SOPHISTICATED COMPUTER
PROBRAMMING IT 13 NEARLY AS USEFUL TO MANUALLY OR YISUALLY DRAW THE
PRINCIPLE TREND OF A MEASURE , LOCATE ITS INFLECTION POINTS AND MENTALLY
DIFFERENTIATE OR INTEGRATE IT.



identifying & functioning pair of system and system mak ing processes,
the study of an autonomous system may be just as likely to identify
only some personally symbolic images as to produce an understanding
of a concrete autonomous individual.

4 AMODEL APPLICATION

The use of this study method often runs into verious
ditficulties, and often tekes surprising directions it's progress
usually follows the kind of meander ing accumulation of ideas which
then occasionally brings about 8 running flow of nsights like any
true discovery process  The tollowing roughly describes an
investigation that was being done 83 1ts desce Iption was Leing wr itten.
As such this 15 rowghly 8 diary of how an exper iinental application of
the method tuok place. It will display strengths as well & the
weaknesses ift the methad and 10 1ts still relatively inexper ienced
application  What ties, 1t tagether 15 attenlive direct observation of
the subject of study, 1ts growth trends and the cheins of events that
they direct attention to

Ine subject that turned up to talk about is that of a running
dribble of water, & commonly seen on a window pane or car
windshield efter a rain, a well as on many other sur faces that have
recently been splashed with water  An individual water dr ibble as a
whole event in time begins with a statiunary or gradually shding drop
that then develops a quick and sumetimes erratic running motion for a
shart distence and then stops aguin

Ihis example wes chusen lor varlous reasons, for leading
towar d incaghts into the subject of flows in general, for the eese with
which 11 can be dicectly obsgr vitd and experimented with by others
and 1o how it eaposes the real intricecy of eimnently simpte and
common events 1 was also chosen to hieip show how the study of
uncontrolled Individuo! natural occurrences, even without an
impressive ainount of scientific hardware, can be made the subject of
a careful natural science research

The study was done without the advantaga of machanically
recorded direct measures, other than a few <titl photographs.
Deatailed siow motion video recordings would have been a great benefit
a3 would computerized comparisons with mathematical physics
models. it Is surprising, however, just how much cen be picked up
by eve.

The first step 15 to closely observe the subject, collecting
impressions thal may later fall together as pert of an ability to
imagine the subject’s Intricate actual workings  Of special
significance are developmental changes in the subject that might
direct ond's attention to the growth of specific new syslems of
behavior and making a general survey and descr iption of the context
In which those developmental changes occur  These beginning steps
are eftectively the work of filling in some of the lists in & causel
diagram such es that shown In figure 2. The general contextual
obser vations asxj desce iption would go into the 11st called ‘other’

(wven a chance, drops of water run downhill, and if traveling on
b6 Uited surface they often follow an irregularly mesnder ing path,
often changing their speed and direction for no apparent cause The
path and spead of water drops on 8 surface is strongly effected by
their merging with other drops that may be in the path and by the
lexture of the surface. Close observstion of moving water drops is
somewhat difficult and is aided by both bright light and & dark
background surface to procuce visual contrast In experimanting
with different amounts of water al various tilts on various kinas of
surfaces the gener al patterns of behavior begin to become apparent
ar) soms particulor examples found that seem to exemplity them
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Figure 4. is a sketch of the results of a single dribble of water.
The two kinds of trails suggest that the drip had two systems of
travel, and that there were transitions between them. The drip's
travel changed from (het of a gradually sliding drop to a quick running
dribble and then suddenly slowed down again. The particuler dribble
that produced this pattern of evidence developed from a drop of water
that had been placed on the smooth, dry and oil cured bottom of e tilted
cast iron pan.  In Initial slow mavement period it left a broad sheet
of water behind, then as it began to mave rapidly it left a narrower
and fuller trail of water and then returned to maving slowly and
leaving a wider trail as before.

More "1dea)’ surfaces such as well cleaned new glass were tried,
tut then no chenges in drip behavioral states were observed at all,
only steadily traveling drips leaving smooth trails of water behind
that tapered gradually ss the drip got smaller and smaller. Water
drips on smoothly oiled new glass and on clesn glazed ceramic
surfaces with microscopic scratches both demonstrated interesting
but less dramatic change of state behaviors than the surface of the
iron pan. These observations suggest that compliex surfece textures
are part of the opportunity needed for developing the distinct changes
of state which were observed. Surface veriations clearly effect
waler drop flow states, but it is equally clear that the development of
those states of flow involves the entire drop and its internal and
external interrelationships.

The example (figure 4.) that was chosen to exemplify the
change of stete being studied shows what might be detailed artifacts of
system changes. Between the times when the drip was leaving
behind a thin sheet of water ( thel beaded up in irregular patches) and
leaving & continuous narrow trail of water behind (that beaded up in
lines), it left tiny scatterad scraps of weter.  These might indicate
transitional states of some kind occurring after the previous pattern
of tra1l deposition had been disrupted and before the new pattern hed
become established

Further experiment, however, showed that these transient
states in trail deposition were not relisbly reproducible.  They
might be evidence of an interplay of dynamic systems, as they first
appear.  They might alsa be only en indication of the particuler
conditions of the surface aver which the drip traveled, or something
else. Annsufficiently complete record of the event process was made
to be able to make that determination.

If taken as physical evidence of an interplay of internal systems
the 'speed-up screps’ might indicate that es the drip suddenly
accelerated on its rapid run it might have first left an especially thin
sheet of water behind (before establishing its narrow one) which
beaded up in significantly smaller then normel patches. The
‘slow-down scraps’ might indicate that as the drip suddenly slowed,
its fuller and narrower tail was able to drain to the head of the drip
more completely, leaving water behind only at particularly “sticky’
points on the surface.

Interesting, but uncheracteristic, examples of system behavior
such as this one are often ruled out of the evidence in other kinds of
scientific resesrch. Here they are recognized as baing ‘axceptions
that elaborate the rule’ and are found to be very valusble as such for
suggesting new ways to inquire into both individual and normal cases.

what this special example provides is some direct suggestion of
transitional processes, that go to completion within the beginning and
ending pertods of the subject system as a whole.  These serve as the
first direct leads to the identification of the whole system's motive
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and demotive processes: These little screps of evidence aiso
contribute to 8 suggestion that the dribhle could be a coordinated
system of interaction between processes occurring st its leading and
trailing parts since they change together.

A further yseful observation is that there is also 8 second kind
of water trail that is sometimes left behind, a thin film remaining
where the tail of the drip hes beaded up. It evaporates quickly but
when left in the track it 1s cleerly visible as a vanishing surfece
discoloration. The fact thet it is not always apparent indicates that
there are at least two kinds of surface wetting, one that makes a bond
stronger then the internal cohesion of the weter ( leaving the surface
contact film behind as the tail beads up) and one that makes & weaker
bond ( separsting from the surfece as the tail beads up).

The direction tn which the beading of the tail occurs is also
useful evidence. ~ in some cases the tail pulls away from the surfece
in the direction of the drip's motion and sometimes perpendiculer to
it. Inthe latler case the trail beads up generally toward the center.
Within the portion of the tail still connected to the head of the drip
tiny rivulets of water trickie down toward the head with the edges
beading up on either side.

When the tail is very short and the water's surfece tension
puliing tha trailing edge downhill in the direction of drip‘s trevel, it
looks like its surface adhesion is holding back the drip's advence.
Sudden individual relesses of surface adhesion at the reer sometimes
do visibly correspoend to forwerd movements at the heed.

In any the waler beading and trickles at the rear are
always left behind whenever the drip hemd accelerates. This
evidence of separately sutonomous beheviors accurring at the head
and tail of the drip helps to direct the search for the change of state
process displayed by the dribble as a whole towerd events at its
leading edge.

From this survey of surrounding evidence a besic causel
relationships diagram can be produced (figura 5.)  The resource
opportunities for the development of 8 dribble inciude the drop of
water, its surface tension and surface wetting characteristics and the
slope end texture of the surface on which it flows.  The product
opportunities include a trail of water that beads up by other
processes and finally the puddle or second slow drip that is left at the
end.  These era listed in groups more closely associated with
reiatively higher or lower level systems.

The next level of detail in the investigation begins the way the
genersl investigation did, with looking for evidence of developmental
change.  The basic evidence, of course, is the change in the drip’s
rate of travel as approximeted in figure 6.  The focus of interest is
on the growth periods when increases in tha rate of flow are followed
by still grester increases.

Before its acceleration the drip graduslly creeps forward or
mekes sudden forward slips, extending the lead edge of its surfece
contact by small crescent shaped fingers. Sometimes those surfece
contact slips extend the lead edge of the drip by relatively large steps
ang sometimes by very tiny steps. Their motion is'1f Jumping from
line to line. Sometimes they come in no relationship to each other and
sometimes in httie flurries, moving the drip forward in a somewhat
reguler surface nibbling fashion. Sometimes they occur on
alternaling sides of the line of drip travel and sometimes on only one
side, redirecting the line of drip travel.



The slow drip 1s relatively flat and Iimp, and as 8 siip extends
ite surtace contact the drip neoed flatlens further in response, and
only then slumps forward f111ing uut the new surface contact area.
This shows, first, that the drip moves forwerd es & result of
extending 1ts leading edge of surface contact, second, that there 1< s
king of molecular propagation of surfece contact (hat can proveed
rapidly enough to precede the motion of the drip cether then fullow
from it

From these obser valions 101s pussible Lo reolve the system of
the slow movement periud of the doip 1into the workings of two
separ ate autonomous systems.  The molecular propagation of surface
contact and the forward sliding of Lhe drip head behind 1t. The two
follow more or less suyuentially but they are nut tightly integr oted
Into operating & a single system.  Lach 1S necessary (o the other,
and creates opportunities for the other but each proceeds
independantly of the other.

What folluws 15 8 quickening succession ol events  The shps ol
surface conlact seem to become smaller, more (requent, more
centered and more fluld.  Lach apparently leads more directly to the
next until & smouth and rapidly running progression of surface
contect extension develops 1he drip head changes shape drametically,
swelling from a sagging pussive bulge into & tight round bulb,
accelerating down a straight, nerrow and rapidly advancing track of
surfaoe contact benaath 1

Theas perts of the head of & drip in its two steles of movement
are shown In figure 7 A running drip's nacrow treck of sur face
ontact can be exper lineitully observed by looking down through the
head of the drip to see where 1t contacts the surtace, 8s shawn in the
sketch What a quick gtimpse appears {o show is a dark central
stripe of fully wetted surfece contact beneath the drip, with a band of
non-wetling surface contact around it In some cases 1t appears that
8 s6cond level system change aceurs, with the running drip losing all
wetting contact with the surface and leaves no trail behind ot &)} n
that third level system the drip might actually roll, rather than
slide, down the surface

in the formation of the second level system the mitially
independent parts of Lhe slow drip's motion are becoming
thoroughalty transformed and integrated tu for m o Lightly unitied new
whole system of action. 1he disconnected surface siips ere changed
into a smooth propagatton of a surface contact track The forwerd
slumping of the drip head bacomes the quick downhill glide of a near ly
spherical object

Ihe next <tep is tu try to identity what produces this
transtor mation, the motve procoss that directs the opporiunties
produced by the separate parts tuwerd each ather’s transtor mation
and integration inta the new whole  In this case clearly wdentifying
and de<er 1IDIng 1t woukd £ equie & infur mation beyond the pr esent limits
of observation end su con not be done n a fully satisfectory way
some tell -tale information 15 avarleble to help produce a inoder ately
well inlormed speculation

[he beginning of 8 dibble™ systemization seems to e the first
time the forward slumping of the slow drip triggers a second
significant wur tace +hp That 1nitial 1 igoer ing response would
appar 1o be 115 “running stert and impetus Nuthing comes of it
unieas the loca! surface texture of the pan, in his case, provides
sufficient contact extension opportunities for a new system lo
davelop

The initiel Hmp response of the drip head to extensions of
sur face contact seems to serve as & buffer , sbsorbing and restraining
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the forward action of the surface ships.  Then there is 8 quickening
and then merging sequence of surface slips. In the observable first
steps their dynamic appeers to be more and more directly conveyed to
one snother. That might occur if the ripple that each slip sends
through the swelling drip head is more and more afficiently conveyed,
and perhaps directionally focused, to instigate surfece contact advance
elsewhere.

This scenar io 1s sketched as a tentative motive process diagram
nfigure 8  The motive process 1S shown as & special process thet
makes use of selected opportunities produced by the two separale
processes of the slow drip's motion. its product is an impetus for
subsequent surface contact advance. It is called ‘directed impetus’ for
its tendency to initiste perticuler surface contact advances thet
produce opportunities for the motive process and thus for the
systemization of the process as a unified whole.

As that systemization runs it course and the dribble epproaches
1ts chimax shape and behavior the head of the drip leans further and
further in front of its leading line of surface contact. At climax the
leading fece of the drip seems completely folded over on top of its
leading line of surfece contact and to extend contact by laying down on
top of the pan’s surface rather than by sliding or extending surface
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figure 7, THE SLOW DRIP MOYES FORWARD BY PROJECTING LARGE AND SMALL
CRESCENT SHAPED SURFACE CONTACT SLIPS THAT BECOME CHANGED INTO A
RAPIDLY ADVANCING TRACK OF SURFACE CONTACT CENTERED UNDER THE RUNNING
DRIP  INPRACTICE THE RUNNING DRIP'S CENTER TRACK IS OBSERYABLE ONLY BY
LOOKING DOWN THROUGH THE TOP OF THE DRIP TO SEE A DARK SITRIP
CORRESPONDING TO THE AREA OF SURFACE WETTING BELOW.
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Eigure B, THE SKETCH SHOWS THE PGSTULATED MOTIVE PROCESS THAT DIRECTS
THE OPPORTUNITIES OF THE INITIALLY SEPARATE PARTS TOWARD THEIR
TRANSF ORMATION AND INTEGRATION IN THE NEW SYSTEM WHOLE OF THE RUNNING
ORIBBLE.  MORE WOULO NEED TO BE XNOWN ABOUT HOW THE DRIP'S SURFACE
CONTACT EDGE PROPAGATES T0 DEYELOP THE HYPOTHESIS MUCH FURTHER



slips.  This suggests that there may be other developmental pheses of
the motive process that the diagr am offers no suggestion about.  One
normally looks for & motive process that comes to an end only with
the the fina! establishment of the the subject system’s climex
organization. What has been discussed so far seems only to have been
the growth phase of the motive process, and its climax, collapse and
decaly remain to be considered

The identification of the motive process remains speculative
and & little vague. It is also reasonably well informed in many ways.
in any case, it pushes the limit of what can be observed and identifies
a plausible process that contributes o and wou'd come to an end with
the establishment of the dribble’s climax system of running travei.

As soon 85 the running drip loses its necessary mass or runs
onto a surface that is unconducive ta its system of extending surface
contact, tt stalls  The demotive process 15 not abrupt, but as if
stumbling and break 1ng the system’s stride, perhaps disor ienting and
dissipating the once tightly directed opportunities that 1t had oper ated
with.  The trail beads up and what 1s still connected to the head
drains into it.  The head flattens out and the cycle may repeat, until
the dr1p runs out of water or sloped surface to travel on.

One woyid hardly say that this answers all the interesting
questions raised, but it has at lesst helpad to focus some of them, end
has left & clesr record of conclusions that could be revised based on
new ond better evidence The fact that a specific motive process for
the development of the system could be at Jeast partielly identified,
making it possible to identify autonomous organization on more than
one level, suggests that the study would serve as a useful starting
point for others.

Critical readers wil) note that the above is arranged much as 1f
8 study of an singie natural event, informed by the close observation
of & great many similar events. As such it develops a somewhat
"improved’ image of that single event, an idealization of it. What that
image legitimately is is & kind of map, generated from the event, for
use in aiding the exploration of other events.  Whet it ts actuslly a
map of, since its specific subject no longer exists, depends entirely
on what kinds of explorations it 1s found to be useful for.

©. CONCLUSION

The foregoing presenled & general technigue tor investigating
causation in autonomous systems. |t has been in use and development
for about eight years and has echieved a certain levei of formal
organization. It is hoped that it can be made direct use of in the
serious professional study of autonomous systems of all kinds. In
particular it is hoped is thet it will contribute to helping people
jdentify and distinguish between the internal and external causes of
the events occurring around us.  In the process of being applied to
these and other uses 1t would be expected to significantly change and
develop.
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