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Buckmmnster Fuller was

The rood-agent’s spin

among the first designers in the

20th century directly 1o conlront

the limitations of the Cartesian

systemt. In the curious phenome
non of synergy — where the

behavior of a whole is unpre-

dicted by those of s parts, and

= J || Vl
_’;’l
¥ i

The border shift

where | + 1 might equal 4 or
more — he saw the potential for a
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TREW g{-’ﬂﬂ‘rﬂ“\'l." HeomeLry, able o

Hight hand deal with the mntegration and

inter-activity ol elements, that is,
their productive, pattern-gener-
N _ { ating action in time. In Synesgetics:
t t N Explorations in the Geometry of Thinking
e ry aS a il ,e !::MO'US yS te m (1975) F_wd:.in'n:.: "Synergetics
derives from experientially
invoked mathematics . . . [and]
shows how we may measure
and coordinate omnirationally,
energetically, arithmetically,
geometrically, chemically, volu-
hat is a stimulus? A stimulus is a physical record of an adaptation, specifically that of a sensitive system metrically, crystallographically,

egistering the difference hetween one momentary impression or attack upon it and another that justil - ‘opologically and

L1}

energy-quantum-wise. . . .
precedes it. Can the stimulus-world in which our behavior takes shape be seen to have a historical
THE REFLEX

And yet, it was in [act a neuro-
physiologist, Charles Scont
Sherrington who coined the

dimension? Perhaps so. The rapid crowding and kaleidoscoping of images and experiences that charac

erized the early-20th-century metropolis were both a physical and psychoneurological condition. It was
also, for example, the context in which Einstein’s famous formulations, the special and general theories
of relativity of 1905 and 1917, demolished even popular belief in the stahility of the material universe.
Einstein’s argument held that objects change form when moving (with respect to a stationary reference

term synergy. The term, which
literally means “joint action,”
was invented 1o explain the mys-
werious workings ol one of the

frame), and furthermore, are even altered by the gravitational force of material bodies present within a

clementary units of an organ-

given field. In the post-Einsteinian world there was no such thing as a stable body. Physical motion

ism’s coordinate behavior: the

simple isolated reflex. His major
work The Integrative Action of the

Nervous Spstem { 1906) begins with
a description of the simple reflex:

guite simply was seen as transformative — it both gave and deformed the space in which it occurred.

A thing in motion therefore cannot he described hy a conventional coordinate system. Coordinate

systems, at least as we have come to know them, simply locate points in space, measure intervals of

a single stimulus that causes a

ime and distance, and discern direction. In this classical expression, motion, always apprehended _
FEACLNT 1..',:' FIARS IJE one I'l."{'l.'l.}'r

relative to a fixed coordinate axis, can only he frozen. Einstein preferred a plastic geometric reference tor and one elfector while leav-

system he called a “mollusc.” He envisioned the unstable variable universe as a matrix of malleable, ing the remainder of the organ-

ism completely unaffected. The

interpenetrating molluscs that continuously alter their shape in response to volatile, accelerating particles siinple reflic, however. was but

of constantly varying mass and proximity. yconvenient abstraction for

sherrington. Fully aware thae all

There may well be a set of xyz numbers, a three-figure address, for every point in three-dimensional
parts of the nervous system are

space, but this does not mean space is those numbers. Space, even in scientific formulations, has long sctually connecied, and thatns

iingle part can react withowt
*flecting others, he noted that

since ceased to be understood as invariant and passive. No longer simply the numerical substrate upon

hich actions are played out, space is unbounded. It is a restless matrix affecting, and affected hy, the
hehaviors to which it gives form.

though reflexes are arguably

he analytic units of all actions,

hey are no more than descriptive
ictions. Sherringron had discov-
sred that while a single reflex

sm i wery Iatereiting, very good, worth copying many times aver in the Soviel Uniga, ruthcher Lold news mien a3 be petkelod one of Bve strociore's Brass nvets. *), Buclonghem Fadler [vic] shewld césie here Lo lecluss our engineers. on Bk AwEALIGA, | — Kaoort Marks, =168 O reakthre=

~as an abstraction, the sum effect

1

of many reflexes in a chain was
real, each one codetermined by the
athers. Actual physical action, he
argued, is eltecied by a synergy of
reflexes = a holographic ensem-
ble of interrelated and embedded
scales of activity from which
ordered movement arises.
Actions could no longer be
seen as things made up of dis-
crete and hicrarchically arranged
units but rather relotions with
densely nested and mysteriously
interlocking propertics. Rellex
mec hanisms, Sherrington sur-

mised, are components in and of

action, even if they never present
themselves ina pure form. The
concept of the "synergetic
reflex™ broke decisively with the
mechamistic biological vradition
(where physical motion was

thought to be reducible to the
sum of the participating anatom-
ical parts) and set a new standard
for the analysis of coordinated
action in terms of imbricated
neural processes, For Sherringon,
the synergetic activity of the
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whole was no1 only quantitative-
ly greater than the sum of its
parts, it was actually qualitotively
different as well. The Reflex Arc -
comprised of a recepror, an
clfector, and the conducting ner-
vous path that connects them -
became the standard concept

of the nervous system, its lirst
elementary unit.

RHYTHMS AND PULSES

Though neurobiclogists at work
during the first half of the cen-
T f}" were :I'E'I MCLANL (o l.'{'!l]]'ild‘l.'_"l'
parts of the nervous system
endogenously, that is, internally
orf spontaneously active, the fact
that neural signals are spoita-
TIE""I.I!'i]:f gi.'i'l'..'rﬂ.l‘_"fi "."n"llf‘l'"_}t“ C¥LL-

side stimulation is indisputable
today. One l.'.'-iﬂ]llp]-l.' i% the heart

muscle, where so-called pace-
maker cells in the muscle tissue
emil rhythmic oscillations like
an array of a thousand
metronomes. Rhythmicity oper-
ates in living systems at myriad
temporal and physical scales,
From circadian rhythms that cal-
ibrate our metabolism to a 24-
hour cycle, to eyclical patterns
tormed by stock market raders,
it is ubiquitous in coordinated
human activity of every kind,
Rhythmicity has distinctive gen-
erative properties as well. During
the second trimester of pregnan-
cy, for instance, the fluctuating
rhythmic pulsation of an expec-
tant mother's orgasm performs a
critical, generative function, pat-
erning developmental data like
an engram into the feos.

But mysterious phenomena
such as these were largely
ignored by researchers believing
nervous media capable only of
[rainnsa I'I.Iulllg ?GIETIJ.IS. v eEr K-
ally producing them. Large-scale
coordinated activity was thougl
ter be a matter ol simple com-
pounding or chaining wgether
of individual isolated reflexes.
This theory is ol course totally
incorrect; it ignores the many
instances in the behavior of an
orgamsm where the response to
a stimulus pursues a rhythimicity

that has notlung to do with the
cadence of the stimulus from
which it ensues. The rhythm of
scratching oneself, for example,
i entirely independent of that of
the stimulus producing the itch.

Tl early-20th-century theo-
retical biologist Jacob Jolan von
Uexkill, noticing the decidedly
ambiguous relationship between
astimulus and the patterns of
excitation that ensue, realized thar
a reaction was not simply trig
gered or fired by one fixed center
of coordination. Instead, tiny
internally generated rhythmic
pulses implied that exch small
part of a nervous system was itself
a mini reflex center, Coordination
appeared to be located every-
where and nowhere at once.

For von Uexkiill, coordinated
behavior was a consequence of
certain regular, distributed crite-
ria. It was variable, plastic, and
f'lm-"-'iilj.] - :.r.mh:lh:ing n:-.ll:':rl:nﬂ
isell over time and under certain
conditions.?

Precisely how these fluid
processes were regulated
remained a mystery. Von Uexkill
proposed the topographic con
cept of the Tonustal, or the “tonus
valley.” a model of displaceable
[Tuids using gradients as a form
of dynamie repulation. If ner-
vous excitation is prevented
from spreading in one part of an
organism, it moves 1o another
location as if in a valleyed land.
scape through which it nawrally
Mows. Fuller's Tensegrity, or ten-
sional integrities, can also be
understood as systems of energy
wransfer in which energy Mluxes
regulate islands of compression
in seas of tension. In the case of
the Tonustal, the plastic distribu-
Lion system comprises a variable
nerve net across which impulses
move, are caughi, and take form
rather than being transmitied in
a linear chain reaction along a
prescribed path as Sherringlon
carlier had thought.

But the Tonustal remains a con-
ductive model. Though able 10

explain, if vaguely, why a single
stimulus can result in a range
of responses, it fails to address
those strangely spontancous,
rhythmic activities that unfail-
ingly suggest generative processes
at play. In the 19305, after an
extensive comparative study of

animal locomotion that pro-
duced vwo miles of tracings, the
systems physiologist Erich von
Holst identified a neural oscilla-
tor that he defined as a system
effecting periodic behavior. Von
Holst may be said to have done
lor the neural oscillator whar




Sherrington did for the reflex,
Examining the multiple ways in
which the Labus, a fish that swims
using rhythmic fin motions
while keeping its body inimao-
ile, synchronized it fin move-
cnts, he arrived at two basic
principles that characterize the
sordinative properties of oscil-
tors: the Beharrungstendenz and the
Tect, Beharrungstendenr, or
1 tendency of an oscillaor 1o
aintain its rhythm, leads o
otally synchronized movements
ike chewing, breathing, and

L il

mming, which von Holst
ferred 1o as states of absolute
rdination, These steady,
rhythmic oscillations work in
lear contrast 1o the Magnaellect,
‘hich is the effect one oscillator
ercises over another of differ-
1t frequency so that it seems
enetically to draw and couple
t tor its oawvn frequency. Phase
lippages and temporal drifts,
the cutcome of a latent and
rpetual sruggle between
Beharrungstendens and Magnetellect,
render infinitely variable cou-
plings. casily forming larger
mpositions with smoothly
altering tempos. Accelerated and
kecelerated running are states
{ relative coordination. Plastic
orms such as dance are also
nanifestations of this phenome-
non where oscillatory motions
ombine, forming molar ensemi-
les moving fluidly from one
mode to another. Sherrington’s
reflex arc intervenes here as an
daptive agent in these fields of
oscillators. By introducing infor-
mation from the outside into

his highly uned but otherwise

PR B

hermetic ensemble, the reflex
AFC SENSIFCS CNSUING ACUVILIeS
to changing conditions in the
environment,

Coordination is clearly plas.
tig, variable, and adaptive, a
versatile tilting of many scales
of acrivity in space and time.
Newral oscillators are the second
elementary unit of a nervous
system. Coupled oscillators are
prototypes of a time-dependent
NEFYoUs geometry.

EXCITABLE MEDIA
A nervous systen is a matrix in
a state of sustained expectation
or excitation. Neural processes
never cease, What we recognize
as physical action — swinging a
tennis racquet or swatting a fly -
is but one aspect, the visible,
external expression of an endless
series of internal processes that
remain invisible to us. The sys-
tem never sleeps. One must resist
all forms of analysis that atempt
to characterize it as a collection
of discrete parts, for a nervous
system is a systemn that functions
only as a whole. An action in one
part of an organism is always
accompanied by a definite, if
imperceptible, change and com-
pensation in the rest of the
organism.2 The reason we don't
fall over the instant we lilt one
foor off the ground is because
myriad signals literally cascade
through the body to adjust and
compensate for the shifted cen-
ter of gravity. Such activities hap-
pen continuously and for the

most part unconsciously, The
manifest action of lifting a foot
stands in the foreground of a
flurry of background activities
coursing through the body, Both
foreground and background
screens form a continuous sur-
face, inseparable synergetic com-
ponents of a single and same
action, They form what is called
a reaction gestalt, a global form
that incorporates the entire body.

The relationship of figure
and ground = or more precisely,
manifest figure and subtending
ficld, in which the background
is ot a fixed and consistent sub-
strate but rather an infinitely
Mexible neural net — is critical to
what 1 generically call any ner-
vous system. In the geometry of
a nervous system, figure and
field do not oppose one another.
A mutual, simultaneous, syner-
getic development of both
always ocours.

Imagine that the tip of your
nose begins to itch. lich stimuli
cmanating in the nasal tissue are
transmitted to diverse regions of
the nervous system. All anatomi-
cal regions w which these
impulses are rapidly and repeti-
tively fired are multiply inter-
connected by a network of neural
components that endlessly
configure and reconfigure
themselves. Many duplicate
representations of the same itch
phenomenon are thus formed,
These redundant, muliple
representations create what is
known as a patteen of enenvation out

of which a specific course of
action, a physical movement, is
formed. Now the pattern iself
does not prescribe the use of 2
particular group of anatomical
parts, For instance, if one’s hands
are occupicd one may try allevi-
ating the itch by wriggling one’s
nose. Il this docsn’t work one
may transfer the activity tha
occupies both hands o a single
hand and use the other 1o
scratch, Or, fatling this, one may
wrn one's head, and while tilt-
ing it sideways, try to rub the
nose by raising and rotating the
shoulder. Even if one never final-
ly reaches the itch, the act of try-
ing actually helps by discharging
some of the excitation. Each
attempt is not a separale action
but rather part of a sequence
of events — some occurring
simultaneously = that unfolds
smoothly and rapidly in time.

One way 10 think of this is 1o
consider the processes involved
in the production of holography:
wwo-dimensional lighe diffrac-
tion patterns are inscribed by
lasers on a photosensitive surface
from which three-dimensional,
dynamic holographic images are
projected in space. Again the
encoded, data-rich, nested pat-
terns are continuously generated
by a nervous geometry — poten-
tially all forms of movement that
could ultimately be expressed in
the world as complex routines
occurring in time and space.

In short, there is no master plan for
action. The spatiotemporal rela-

tionships of behavior and actiivity
emerge incrementally Their
planning is indefinite. The Kine-
matic details of coordinated
activity — what parts move where
and when = are not predeter-
mined. They are not established
in advance by a central com-
mand. Instead, enervation pat-
terns operate in a general neural
economy and are interpreted

by any number of anatomical
combinations cmploying a vari-
ety of neural pathways to achieve
the anticipated effect - a specific
movement.

ORGANIZATION OF ACTION

For the great Russian physiolo-
gist Nikolai Aleksandrovich
Bernstein ( 1896—1266), whose
work on neurological function-
ing was for decades buried by
the Stalin-Lysenko regime, the
problem of studying coordinates
activity was one of understand-
ing the control mechanisms of
a complex kinematic apparatus.
The turn of the century saw sig-
nificant innovation in registra-
tion and recording technologies
including chronophotography
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and cyclography, increasingly
used 1o analyze physiological
movemnent. Eienne-jules Marey
muved very quickly from an
analysis of the motor function-
ing of physiological units (mus-
cular activity, nerve impulses,
cardiac rhythms, and so on)
to a comprehensive chronicling
of complex, visible, sequenced
phenomena occurring in three-
dimensional space. Relying
upon his newly developed planar
projection technigues Marcy
revealed the global or gestale
patterns formed by sequences
of repetitive movements, such
s walking and juinping, occur-
ring in a variety of lamiliar
social and biological scenarios,
In "The Technigues of the
Study of Movement™ published
in Textbeok of the Phynology of Work
{1934 ), Bernstein surveyed
the work of Marey as well as
Eadweard Muybridge and others
as an introduction o his own
research, which relied an the
precise recording of the move-
ments of industrial production.
Registration of activities such as
filing and hammering, ubiqui-
tous in machine-age processes,
posed problems because, unlike
the lincar motion sequences
chosen by Marey and Muybridge,
the movements produced by
a body at work were in large
part cyclical and overlapping,
The chronophotographic and
cyclographic imaging of these
movements ytelded indecipher-
able 1angles of lines. By means
of kymocyclography, a tech
nigue developed by Bernstein
in which a series of cyclographi-
cal exposures are registered on
slowly and evenly moving
photographic film, the tangled

X Wl r,,#‘”#w‘ﬁ,,:*ﬁﬁ{‘(‘ﬂ *
f,,

) ﬂ’ l} n 1‘.‘11;}1& ,F' o ,;i':

'I-Lt"

T e 1':|l

=
L
L ]

traces of simultancous repetitive
maotions were resolved asa
series of wavelike curves that
could be read individually and in
relation to one another, Precise
relationships of moving parts
could now be seen: a wrist, an
clbow, a neck and head, and

their associated muscles together
constituting a compound action.

Quantifying the mechanics
of the nervous system in
Sherrington’s mode, most physi-

ologists of the time still under-
stood the body as a reactive
machine. For Rernstein, however,
precision kymocyclographic
imaging of body parts inegrated
and synchronized by a specific
activity was the first step in
understanding the criteria used

by a nervous system in prodiscing
coordinated movement. Faced

with the extreme redundancy of
neural processing patterns, in
what has become known as “The
Degrees of Freedom Problem,”
he posed a crucial question:
How does a nervons geometry
effect an economy of means?
Bernstcin’s pioneering work
surfaced in translation in the
19605 colnciding with the
development of cognitive neuro-
seienve. More recently it has
motivated a burgeoning mult-
disciplinary lield of research
inspired by similarities between
physiological coordination and
other processes where multiple
components become collectively
regulated and self-organized.

SWARM
. ..ncither a thing nor o concept, but
continual [ux or progess” — William
Morton Wheeler, " Ant Colony
as an Organism,” 1911
Swarm, as a formalizable, mathe-
miatical entity owes its being w
the synergy concept. A swarnm is
a nerwork of distributed deci-
sion making: a rcal-time genera-
tor, processor, and integrator of
stimulus-response patterns. A
swarm takes form by integrating
a multitude of individual perfor-
mances. These performances are
mranslated into patterned signals
that permeate the swarm's entire
field of operation. The signaling
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aggregate and another. In eco-
nomic markets, lor instance,
where endless data streams are
instantancously processed, prices
transmitted via electronic net-
works are a form of feedbacksig-
naling that cues the activities of
thousands ol competitive agents.
In insect colonies, on the other
hand. all forms of cooperative
interactive behavior (from forag-
ing to nest bullding) are trig-
gered by pheromones, hor-
monelike chemicals regulaed by
airborne gradients = not unlike
the Tonussdler in von Uexkill's
Landscapes.

The idea of swarms as “super-
organisms” or “collective brains™
is hardly new, but the allusion
misses the more interesting
aspect of spontaneously orga-
nized apparatuses; from a marrix
saturated with signal, interfer-
ence, modulation, and cross walk
~ all of the stull of communica-
ton = a single, albeit malleable
form emierges, the one most
likely to succeed in producing a
particular global effect. I, as has
been suggested by researchers, a
swarm is in fact a model of a kind
of brain, it is a brain whose cells
are mixed in with the problem a
hand. No single agent has a com-
prehensive overview of the entire
field of activity = cach depends
on a continuous exchange of
localized information. [vis a
form that persists because it
constantly learns.

What now can be said abour
form? Since Fuller's so-called
comprehensive design science,
form can no longer, even in
design disciplines, be said to be a
thing bur ar the very least a set of
variable relations held in dynamic equi-
librium. Anticipatory design sci-
ence consciously used nature as
a model of successfully applied
principles. It held that nawaral
[orm was the physical record of
interrelated patterns of activity occur-
ring n thme and space.

While design science certainly
created the possibility for an
cntirely new framework for
design, it could not bue fail to
reach s tull potential within |
Fuller's rigid system where form |
was no more than the transpar-
ent demonstration of a startic
state ol equilibrium. Once hyped|
as “the discovery of the coordi-
nates of the universe,” synerget-
s remained just that: another |
maordel of a coordinate system |

{the 90-degree Cartesian axis
simply replaced by the 60-
degree tetraliedron) not the
transformative coordinating
apparatus that Fuller sought,

The full force of Fuller's pro-
peet can be understood as the
atternpt 1o develop an integrative
appanius possessing the capacity
ter establish wemponal rather than
mere physical stability: Tt is the
rhythmic riling of events in time
that produces caherent form
(witness von Holst's neural
oscillators). Superseding the
reactive neural system of the
carly 20th century, it is instead a
complex predictive nervous apparnstus
capable of anticipating the
physical and sensory conse-
quences of a course of action
that successfully integrares
multiple processes in pursuit
of a form lor action,
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