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Tty o the maost intransigent problems facing thoughtiul scholars ond sciontists
are thosa concerning compléxity and causality. Information measurerment theary,
a5 developed durng the late Y3408 and sarly 195805, oponed new aoproachas to
the stwedy of complaxity but raised several deep guestions that remain snanswered:
What is the relationship beteeen magsures on infomation end those thet describe
the structure of radundancy? What is the relaticnship batwean maximum
information, meaximum uncertainty, and the messures on entropy and on
randomness and on chaos?

Ceusality has fared no beter. Physicisis (e.g., Costa de Beauregand, in this
volume) speek ghtly of reverse causality where an efficient cause i§ allowaed 1o
folioney its effect. Banrand Russell declares thal the concept of causality is o relic of
a bygone age. Fredesck Burrhus Skinner authored a book, Seyond Freedom and
gy, which proclsims aur feelings of eedom to choose am archaic.?

This assay cantras on the proposal that tha results of twentieth century reseanch
the brain end behavicural sclences has & bearing on the ssues of complexity and
causality. At leest some of the difficultias with 1hese concepts that have
confronted schalars and scentisis can be addressed in a new light A premise that
underlies such a propasal is that complexity and causality, although constructions
ol bran processes. reflect physicad and social realities. since the brain is part of
thase realitias,

Hemispheric Specalizaton
Currently grast interest centras on the distinetion beteeen the functions of the
right and left hemispheares of the human ceebom A number of ways of

charactening the distmction aé papulas. Fundamantal 1o all of thase
characierizations s the fact that among most Westarn males {and 1o 8 somensdhat
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lesser axtent, Western fernales) the left hemispheare is prepatent in the werbal
made. whike the right hemisphers is more clearky irralved in cartain types of
spatial abilities. Westermn lenguage is besed on the use of tha suditosy and oral
chanmels; spatial abilites are mode vigual and hagtic

Joseph Bogen has captured the essence of the distinction between hemizpheric
processing by the terns “propositional” fos the lelt hemisphere angd "appoasitional”
for the right ? Linguists and philosophers have analysed the logic of propositicnal
uttarances and pointad out the complex relaticnships between word and object,
betwesn mominalization and predication, betwesn phrase struciures and other
aspacts of syntax. | shall atlermpt to characterize this aspect of complaxity shaortly
and also attampt fo detail its relationship to causality.

Apposition and Configuration

But first. what about complaxity as it might ralate to appositional structura? How
does one go about deciding just how complex 8 face might appear? Or for thai
maner, how complex 15 the coastling ol the Brtish sies? In theses instances, the
degres of complexity depends on the grain, the kevel of resolution, that is placed
an e figure or design which is being perceived or described. Mandelbrot's
fractals capturn the essence of the perceived forms. but this mathematics does not
realty provide us with @ measure of complaxity.? In fact. the success of the fractal
approach suggesis the opposite: complexity per 58 is irrelevant 1o spacifying
appositicnal fomrm.

It alzo seems apparent 1o me that the concept of causality s irrelevant in the
sppositional, configural mode of processing,. Does the nose "cause” the eves of a
face? Are the mowths of the Thames and tha Wya cawsslly related to one anothar?
Hows absurd thesa questions sound, once one has framed tham.

Itis, of course, an exaggeration to claim that the right hemisphare is limited o
processing in the appositional mode. But the finding that such a mode exists,
albeit in comunction with gther processing modes. is imponant. Fo, if | am
comect that the concepts of cormplexity and causality are irrelevant 1o appositonal
processing, then these concepts fadl 10 De eniversally applicable 1o all aspacts ol
Enowing.

The problem of grain remaing. Certainky, the finer the graim of a figure, the mone
compiex the figure appears 10 be, Howeeer. this appeaance of increased
comphezity is most likely an illusion, Ther i ordinarilby a tradeoff betesosn
msodution and depth of figld. Thus the actusl complexsity represented within a
given frame is ordinarily fixed: showe greatar resclution of the coastiine and there
weill be less of it that fits onto & page of the atlas. To show more coast, less detail
can be incledad
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T repeat, | believe that the concepts of complexity and causality do not apply to
the appositional, figural domain of processing. Then, what ebout the propositional
domain?

Propositional Utterances

In the beginning was the word, and the word was with 'heinq." Whan an inlang
beging (o use lnguoge. he expresses himsgll in holophrases, The holophrastic
utterancas indicate some anvironmenial gvent or soma intemnal state which has
captured the attantion of the infant Similarly, there s evidence both in Sanskrit
and in Hebrew thar & holophrastic “logos” often anteceded 113 propositonal
unterance. Thus, “Yaweh™ meaant “beaing” belone beimg became "a being™ and
hinatly o malke causal Being who syrowght order and havoc in the lves of humans
A holophrase dencting an event or state is nominalized and by way of predicaticn
becomes a causal agent, & subject acting @n an object Reification, as this
sequence is called m psychalogy, 15 8 univarsal attribute of human thowght. Thus,
physiologists observe a biclogical action of an extract of a gland and give it a
nama, and biochemists search for the nemed compound until they ientify its
chemical compasiton. Than tha identified chamical i 1ested 1o determing whether
it, in fact. causes all of the reactions arkginaily obseseed, I ol & new name s
coined 1or the residual elfect and the search begms anee

Mote how the process proceeds Irom beng 16 becoming. from description to
causal rdatson. from simplicity to complexity. Mor is that all, In a propositional
utteranca,. gach word is not only constrained by the phrase in which it appears bui
it impdies that phrase and indeed the entirg proposition, Thus. subject implias
object and is implied by object Causal finality as well as afficiancy charactanze
propositions. Wa might aven push tha anabysis further and sugpest that the
semantic referants of tha proposition furmish the matarial causes for tha
proposition and that, by way of syntactic rules, formal relationzhigs of
ever-incresting complexiny e pragmatically astablished among relarents
Aristotle’s anabysis of ceusality is propositional anakysis,?

The Cerebral Cortex and Reflective Awareness

Wa do not have complete undarstanding of the brain processes that underlie
human propositianal language. & lew leads do, howeve:, provide a neh source ol
hypoineses. Fist, by companisen with non-humasn primates ang other marmmalks,
thera 3 an increased proportion of cerebral conax with respect 1o the basal ganglia
fram which it is derived, This change m propartion is a likely candidate for an
ingrease in rellectivity in buman maentaton. In fact damage to the cortex of one
hemisphame af the brain, for instance. that involvad in vision. can lead 1o a
condition called blind-sight® On the side opposite 1o the brain damege, patienis
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with blind-sight are able to respond correcthy 1o the location and configuration of
large visual cues while compietaly uneware of the cues. When asked what they do
while parforming the task. they claim that they are guessing and that thay sea
nohing in the visual field being examined.

Such impairment of reflective awareness is not himited 1o the viseal mode, When
damage accurs somewhat more forwand in the brain, patienis may "deny” the
existance of parts of their body on the side opposie 10 the damage. They may
inadvertenitly catch their arm in tha badclothas while resting and thus are unakle
b &l wp when they wan (o because of some “unexplainad” constraint on thedr
mavamants, When their arm is relessed and pointed aut 1o them, they are
astonizhed and tragt the arm as a foreign object that surprsingly seems atneche
1o them.

Patiants with damage ta other parts of the brain show similar disturbances of
raflactivity. When the medial portion of the tamporal iobe of both hemisphenss bas
begr rgsacted, patiants display a paculiar defect in memary. Thay remeamber
averything that is happening as long % they do not begome distracied. If
digtracted, however, evenything that has transpired prior to the distraction s no
longer accessible 1 recall — with two major exceptions, One exception is that
@uvenis ooeurting pror o surgery are readily sccessed. The other exception is that
if @ skill is taught the patient will refain that skl intact despite the fact that he has
“forgotten” that he ever learmed it He has bacome wnaware of his knowledge,

Still anather patient, with 2 somawhat similar but more restricted resection, aats
wvoraciously, but when asked whether she is hungry or has special appetites,
repaatedly gssures us that such is not the case. She s unawera of the “causaes™ of
hier Behaviour. By contrast, patients wwhao hase irritative, epileptoganic lesions in
this part of the brain tend 1o be hyper-reflectve: they keep voluminous diaries and
write long letters 1o friends and physecians reganding every detal thay expangnce.

Reflectivity allows the distinction 1o be made between sell and other, Detaween
subject and objact, batwesn cause and effect But reflactivity per s& does not
necassarity lead to complexity. In order 1o come to grips with this part of the
propositions process being examinad in this essay. wa need to turn to still athar
digtinetions among Drain sysiems.

The Posterior Cerebral Convexity and the Processing of Information
The distinction betwesn the carebral hamispheres is, anatomically, the most
obwious. Howewver, the mammiadian brain s composed of several other distinctne

gystems that are characterized by mose subtle anstomicsl differances. Despdte this
sulptlety. the diffarences in processing that distinguish these vanous Systems @ a5
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clear-cut as those that differentiate the two hemispheres. Perhaps tha most
important ol these additiongl distinctions is thet which differentiates the postenor
carebral convexity from the fronodimbic forebeaim, Lt us begin with the functions
of the systerns of 1he convesiy.

The posteror convesity of tha cerebral hamispheres is composed of wwo rather
diterent types of systems. Ona type is relatively directly connecied to panpheral
sansory and motor structunes of the body, These systems are commonly called the
projection or extngs sysiems of the Brain, Their cortical leeminatons produca tha
major fissures of the cereboum that are charasterized by a topological
reprasentalion of the peripheral receptor and motor surfeces, tha familiar
Romunculi. retinotapic. and cochleotopic maps. It is these systams that respond 19
spesilic features "extractad” from the sensory input and organize them within a
spise- time co-ordinate systam. [t ia these “imege-processing.” mapping systams
that alkowe thie arganism o mlate, e bis sense and motor appasatus, 1o the
configurations of the remaindar of the space-time workd,

Within the bram, as within Ematein’s description (in the thaory of special
ralativity] of the physical wardd in general, space and time form a single sat of
co-ordinetes. Rapid successons of sounds are sensed as simulianeous as are
wisual and taetie conliguralions composed by scans. When objects or events are
spabidly distingt, thay can ba separately and thus successively attended. Honwawes
these parcaptions of space-time ara not responsible for cur expacence of duration
wehich | will eleborate on later.

]
By contrast, the other type of system has no such direct connecticn with
peripheral structures, This ted Flachsig, ean Austrian neurclogist 1o call them
“association” systams, within the frame of British empincist ~associationisne”
philesophy popular in ningteenth-centuny Vienna. Mo recenmby. the mose neutral
term, Cintringic,” hes been applied, since most of the processing pathvways of these
systems are fimited 1o circuits intnnsic to the forobrain, Damage to these systams
in humens produces senson-spacific agnosias (difficulties in ientifying objects
Al evenls), aprawas (ditficulties in perfforming compéex tesks), end aphagas
tdifficulties in understanding and in speaking).

When these zame systams are damagead i non-heman primates, difficulties in
categonzing ate produced: such monkeys are deficien! wheanawer choices among
altemmatives are reguired. These deficiencias are limited to one ar angther sensony
modality {sight. heanng, touch, or tasta). Thee s good reason 1o believe that
these difficulties in categorizing obtainad in monkeys are prototypical of the
difficuities underlying the agnosiss, epraxias, and aghasias {which are also sensory
modality-specific) obeervad in humans.

Choicas among alternatives defing informaton. For the purposas of
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communication engineering. Shannon constructed an extremely uselul measure ol
informnation a8s the number of alternatives, binary choices (bits), that are
cornmunicated ? It s thus wechnecally comect and currently popular 1o view thess
intrinsic cerebral systems as information-processing Systems

The mezsure of infarmation has also proved 10 be 8 uselul measure of complaxiny
The greater the number of alernatives nacassany to dascribe an objact or evant,
the more compléx il can be considered 10 be, However, a5 we shail see shortly,
not all structural complexity can be subsumed undar the rubric of measures of
information

To summarize: the systems of the postarior convexity of the bram are the image-
and infarmation-processing systems by vintue of which we experience complexity
within space-time cos-ordinatés. Image processing furnishes the ground, the
representation or map from which space-time co-ordinates am computed and fram
wehich complexity is defined. In most pacopla, the categorizing process of the left
hemisphere bacomes devalopad. in conjunction with that of 1the cther hemisphere,
it logcal (from logos.” the Greek term for concepl. word ). proposinional
thought and communication exprassed as language. The calegarizing process ol
tha right hamisphere becomes developed, in conjunction with that of the other
hemisphera, into rational (from ‘ratio,” Latin for reason, computation), appositional
thaught and communcation expressed in music and mathematics.

The Frontolimbic Forebrain and the Structure of Redundancy

Cin the medial surfaces of the hamispheres where their edges come togather, lia
additional brain sysiems whose functions are very differant fnom thosze of the
lateral comvexity. These medial or limbee syStermns {Tlimbus,” Latin {esr edge ar
border) extend, in humans, over the lorward poies of the Troetal andd temparal
labes. Once again, two types of syafam can be differentiated: those that ane
relgtsaly directly related to the events occuning in the body and those whee
ProGEssing Goours primatily within the brain,

The input 1o the limbic systems diffars from that 1 the extrinsic projecivon systems
of the carebral convexity. The limbic forebrain is connected to the core portions of
the brainstam, which are sensitive 1o a venety of potent chemicals that
hormeostatically regulae the metabolism of the organism. These homeostatic
mechanisms are jomed by inputs from the peripheny constiiutad langely of narde
pathvedys. which when severed, produce analgesia and (0ss ol 1efmperature
sensibiking. Them are tweo aspacts ta such sensations. One aspect displays what
neuroiogisis call local sign, 1het s, the sensalions can be loeated in space and
time. Thess extansae space-time aspects of pain and temparature sensation
twihich philosophers call extensional] are disrupted whan the sysiems of the
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pastenor carebial convexily &re damaged. The ather aspect of pain and
temperatura sansibility {and most likely of other senses &5 wall) 13 the intens.onak
aspect. It i3 thesa intensional aspects that raach the frontolimbic forebrain

Descriptions of homeostatic regulations and the intensional dimansion of
gansaton do naot tall readily into & speca-time framework. Bather, the concern 15
with stability and dastabilization. Howeaver, cyclicity is involvad: an appetitiva
prhase & ardinarily followed by satiety, only to ba followed i turn with anothar
appetitive pennd, and 50 on. Repetinon with & imited amount of varstion is
characteristic. Circadiagn and ultradian rhythms ol 1empersiure varlation have baen
identified, and they are closely coupked to other metabolic cychcitias, such o
thosa that determing hunger. thirst, respiration. and genaral motor activity, Chege
the paat decade, cyelicitias have also been observed in levals of andomhins,
andogenous chemicals with an action simikar 10 that of manphing in protecting the
arganism from feeling pain

Ciwelas vary bn duration snd the duration of differant parts of a cycle is axparianced
dilferently. The appetitive phageas of metabolic oyeles are wsually experisnced to ba
longer than the satiety phases, if these are experignced a1 all. The reverse |5 rue of
digruptive expariencas. seratching an itch results in pain altogether too soon and
the pain appears o last interminabby.

Im the technical sense in which the térm informansan was used above, thasa mbic
forebrain systems do not process infarmation, thal 1%, they are ol involved n
categorization, in the construction of choices among allernatives. Rather than
processing information. the Embic Torebrain processes sedundancy, the mone of
less stable repsatition of cycles of this and that?

Rapatition digplays a structure that cannot be meadity measumd in terms of
pltermatives A few [infommationslly measurad altarnative) tones can composs a
musical thame, but an almost infinita variaty of vanations can ba constructad on
that thems.

Such variations on limbically regulated themes fall to the coréx of the lotwand
poles of tha frontal and temporal lobes. By dividing the repetittons in o wariety of
weays, which groups the repatitious altarnatives into 8 variety of pattams, thasa
brain Lysterms atruciue redundancy.

The question ariges ol how 1o compars redundancy stuctures and of whethar
such comparisons would measure diflerences in complaxity. Essantially. the
problerm becomes a statistical one of companng the Similanty beteaen patlams.
Theta are a vanaty of statistical procedures ranging from autocanglalion
technigues to Prigogine’s bifurcation methods® that can be applied, Thus. the
complaxity of sabilites radundantly exprassad can ba ascartained
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In @ similar fashion, the experence of duration can become redatad 10 time in
speta-tmea by wrtue of the funciions of the corex of she frontah and temporal
pokes. It s when cycles are punciuated by external o intemal ceourances snd (he
rasulting groupings compaed that the experiences of duration can becoms related
to gach other and to asternal cyclicities, such as those that produce the alemation
Derwvesn day and might, Analogue clocks aie good examples of the rale ol
punsiuation and grouping. I clocks weng constrectad with aniy one hand méwving
in & circla without background, our ability to use them as measures of time waould
be severaly restricted, Divide the cirgle into 125 and 603, groug the 123 ogether
by means of 8 short hand, the 80s with a long hand, and one has tha makings of
an accufale timapiacs,

The Relationship between Mind and Brain

Duning the past decades, fwo puzzling proklems deaply ralavant to the issuas of
complasity and causshity have bacome amenable to resolution. One of thase
problems 15 the fact that damage 10 the larebrain, while severely desrupting whole
modes or categones of menoery processing, rarty. if ever, produces koss of a
rastrictad. spacific memary. The other problam is & more subtle ane: what is tha
refationship betessen tha form of tha brain's processing mechaniem and the
contents of our expenenca? This second problem was formulated by Waollgang
Koehlar, the rencwned Gestall psyehalogist, & the problem of “isomorphism™ and
hias more recently bean the subject of a controversy amaong philosophers. who ask
whether tha brain machanesm cperates by way of representations or
computations.'? | shall deal with this problem first, since its resolution leads
naturally to tha preblam of the nature of the memoany race.

Philasophers have taken several stances with regard to the ralationghip batwesn
Brain and axzparience. Some have ermphosized the close relationship and have. as
dicl Kosehiler, taken the wiew that what gogs on in the brain 5 identical to what we
acpenignce. Others have been impressed with the radical difarence betwaen Brain,
a material substance. and cur more ethereal, fleating stream of experiencing. Thesa
athiers hava fommed thamsehvas into four major categories: those who sae no way
of Bridging tha gap berwean the matenial and the mental, those who indicate how
the material brein and mental experence imteract those wino can siomach only (he
rrastecend as the real and declare axperience 1o Be an emergent epiphencmanon; and
those who paint out that, after all, even our expenenca of the matesial brain is only
an eupenience and thus it & exparanca that is real and mattar iz but an inference.

I hawve glspwhare made a case for considering each of thasa philosophical
positions to be of some marit in that each applias to a limited data set and that a
comprahansive view can be attained which includes all of thasa mances. Such 3
comprahansive approach is based on the use of computers and musical
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instruments &% analogies We may &k for instance, what |1 s that iz identical
bateraan the English languaga that | am using 10 address my word processor al
tha momant and the senies of switch settings in the processing mechanism ol my
computar. That thera is some sort of identity must be trua, since English is
displayved an the scieen a8 | type. But if | were to look directly at the series of
swiich sottings. | would certamly net lind any resembisnca to English thera. The
binary code of the switch seting has been ransfomed into an ootal code for
machine language use and then to soma othar alphanumaenc code far assembling
into an operaiing system, and finally, vie saveral mora steps of high-lavel computer
languages, into English, The copynghied dise which | inser snto my wosd
procassar has stomad these progressive coding operations, which ase transfered 1o
tha core memory of my computer whenever | wish to use i1 for word processing,

Irt & similar fashion, there is Iittle resemblance between the notes written on a
rrusical Seore, the nstumeant, &.4., & plano with s keyboard and sounding board,
stnngs and all. and the sonata | sxperignce, Still, thare must be some dentiliss
that characteriza these varicus “realizations” of the sonata or edse we would not be
able 1o rmpeat the expariance.

it iz difficult 1o know what to call that which remains idantical in the sbove
axarnpkes o in e relaticnship bapsean bram process and our experanca. Plato
called it the "ideal.” Perhaps. today, the 1erm "in-lemation,” 1he lomm within, s
moma accoptable.

Ilsomarphism: Representation or Computation?

Green the sdentity, that whech remigins invanant through all of the transformations
wiought by coding and recading, there remain differences batwesan the matarial
compauter, with 115 $witches, and the vanous levels of programsming. swhich ara
mone gthereal and must be realized on a flappy of hard dise, a tepe, or by yping
an paper [0 od sense. o program represents & mantal process, and whilg it 9 baing
constructed, it 15 & mantal process, Thus, we ¢an consider compulars and
programs as analogous 1o braing and mental operations — but. of course. with the
cavaal that the webware of the braein s considerably ditfarent from today's
commputer hardware, both i oparation and in conatitution.

Wie are ngny i @ posation (o examing the gsue of isomorphsm and whether the
brain gperates by way of representations or computations, |somaorphism means of
the same form. As noted. the operations of a machene, whether a computer, plang,
of brain, naed not rasambla nor be of the same form as the product of the process
Coding operations change foem, “transform®; thay do not craate iso-forms
Unfertunately, the situatson has bean made mome complicated by matheamaticians
wihio consider isomorphic thosa trensformations that are algebraically lingar and
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invertib¥e (raversibie). Therefone, we nesd to distiinguish GEOMEIES OF TTuE 50-
morphism frgm algebraic somonphism. Most sensory and motor mechanisms of
tiw Brain shones considerable overall algebraic isomorphism, but this does not mean
that ithe brain processas display the same geomeatny 83 da our experance ol them,

What than of apresentation versus computation? Computer progremming and the
ganeration of @ musical performance are carmainly compatanons in the senge that
the oerains wses & oo o program to operate on the mechanical substrate. And
cattainly that substrata represents somathing. In the case of the word processor
and the miano, the ingul 16 he compater or sounding board 15 vig a kayboard, The
kayboand “represents.” albeit in 3 somawhat distorted fashion. the fact that we
have 10 fingers, each of which can be separately moved. and twa hands that can
be separately posiboned. In 3 simitar fashion, tha sensory and motor apparatus of
humans is “represented ,” althowgh in & somewhal distaned fashion, by brain
“homuncull,” spatisl isomorphis of these peripheral structures. In short, Both
reprssentation and computation characteriza the relationship betwesn brain and
exparanca.

Perhaps, however, it would Be better to call the brain homunculi “presantations
af the pattemns of energy transducad by peripheral structures and (0 resane 1he
tarm “re-presentation” for possible recoding of these presentations in mamary,
But. aven than we might find algebraic isomomhism in the re-presentation,
although at present we do not kndwe swhethe: this 15 50, Whataver the anseer may
be, some o of coding that leaves in-formation invariant is needed. and |. for one.
apt for keeping both regpresentation and computation in our specifications of bradn
processing. providad we do not envigion rapragantation as simply 8 geomeatiicalby
smomonphic “photographic” image of that which 13 being represented

Whaereas the presentation of peripheral anatomy in the brein s dapandent on it
ingarneuransl macrostructure, re-presentation is depandent on the junctional and
dandritic microstrecture, the natweork piopertes of the brain, Ressarch duning the
past two decades has detmlad the franslorms that characterze the properties of
dendritt receptive fiabds ol the cells in the sensory and motor areas of tha brain
cartexn. Some of these proparties can be chaacterized by tha linaar invartible
transfommations that result in algebraic isomonphs of the inpul. Specifically, Fourier
gnd Gabor transforms have proved especially useful in delingating these properties
Such wansforms are atso used 0 the construstion of optical haobograms and. in
penaral, bnowhal 1§ called mage processing. whether by computers — or brains.
Halpgrams can thengions sens a5 analogies for human image processing, the
construction of our experienced awareness.

Crna of the most fascinating espacts of holograms = that they enfold and distnbuie

in-formation ovar the extant of the encoding struciure. Hence the name hologram
Egch part of the encading structere can be uged 10 réconsiruct the enlire image.
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since akll of tha in-fomation is enfélded within each part. Also, the ancoding
structure is resistant 1o damage, as the in-formatron has besn distrbuted
throughun )

A Multiplex Meural Hologram and Distributed Memory Processing

Holographic- ike structures help explain the failure 1o find losses of specific
memory races after even extensve forebrain damapge; the process of encoding
ingul to the bain aopears to some extent 1o follow the same transformation rules
as thase involved in the construction of holograms

Onca again cautron must be exercisad in interpreting the analegy too literally, The
brain cortesx 5 not constituted of 8 homogeneous holographe-like film, Rather the
coftex 15 composed of @ mosaic ol holographic-like patches. each of which iz a
dendrtic receptive field. Thas, the inpul 10 the brain © not wanslormed aceardmg
1o & global Fowrer transform but mone in keeping with & Gabar franslaomm, which
placas Gaussian constraings on the otherwise unlimited Fourer infinities. But
rultiplex holagraphy. as this patchy tvpe of ranstormation is called, has Been
suctassiully used in madw-astronomy and in making eptical holograms which hawve
the added wirtue of being able o represent movement. that is. change of spatial
relationships over tima.'

‘Within a holographic petch, space-time bacormes enfolded and distributed, a5 does
all in-formation lmage construction and reconstruction & thus an unfelding of an
enfolded order, It s this enfolding and unfalding that is critical 1o the ssues
developed in this essay. complaxity and cawsality.

Brain, Complexity, and Causality and Their Relationship

First. complexity. |s there any change in the amount of complexity as a function of
coding operations in which m-lermation remalins invaran] scross transfonmations?
| baliewe not. If there were a change, itwould violate the definitions of tha
measures of information and redundancy, Thus, the complaxity of English is no
less nor greater than the complaxity of the binary Boolean code that describes the
gwitch seftings which process the words | am writing, The binary code is simpler
in (1% elements but more complex in the sequencas of pattems necessary to
mprgsant any given text English bas an alphabet of 26 characters and moe, b
fawrar parsed patierns are necessary 1o represent ihe same lexl,

Second, causality. In the holographic«like domain, the enfolding of space-time

prechudes causality, Causes, any of Anstotka’s four types, demand the ordinany,
sénsed space and tme dimansions to manifest. YWhen certain computations are

128



perormad by tha brain in the holographic-like domain, the mesulis of the
compuietions must be transformead inlo spece-time in order 1o “make sense ” This
is no different from he procedures usad im other image-procassing 1echriquas.
such as computenzed tomography or the use of fast Fourier transforms in
statistical calculatons.

Finalhy, we coma (0 the relationship batween complexity and causality, a
relatignship that is portraved in statistics. The concepts of statistics are based on
probability destribwtions. & Gawssian. “nommal” sugar loaf type of distribution iz
ardinerily thought o reflect randomness. Using 83 models the paths of molecules
i gases of the paths of panseies in suspension [Brownan motion), or
alternativedy. the results of a throw of dice, randomness is eguated with
unpredictahility, absance of detesminata cause. and absence of complesity, that is,
chaos. When the concarn 5 with the behaviour of individwal events. this view of
STALIS S 1§ correct

Howevar, this portrait misses some importent sspects of the antire situation. The
owerall behaviour of sl of the ewénts wndear consideration (s constrained by the
walls of the weaszal containing the gas of the meniseus af the droglet ol
suspengion, A die g notl & marble: a dee i 0 sguane with six numbered sides,
Einstein was wiong when he declared that God does not play dice with the
unmogrse. not anly Because he faled to acknowledge the statistical naturg of
occurmnces a5 basic but becawse he failed to reaiize that when ococurrencas are
obsarved to ba probable, the probability may well raflact the existance of
detesminate constraints 8t @ more encompassing level,

The issue of determinism is not limited 1o statstics. The silvar grains that make up
the film of an optical hologram appear to ba arranged chaotically. (I plotted, | am
sure that the spectrum of intergrain distances would lorm & Gewasian distribution. )
Only when the appropnate ransfamm iz perlormad can the in-formation encoded
in tha hologrem be exparianced &s an imags

Im a larga city. many programmes initiated in radio and televison stedios are
broadcast simultanaowsly, that is, cast brosdly. At any moment in tima, a
cross-gecton of the alactromagnatic wawes carrging thesa programmes, taken an
any location, would resemBle & hologren that would not “make sanse” Onby
whan an appeopriale tuner {senaor) seleets and tangforms ong of anathar of the
slectromagnelic pallems can iImage econsiruclion ocewr, 15 i1 The sensor that
imfroduces caasality, or does il just unfold & causality enlalded in the cacophony
ot elactromagnetic patterms? Or is this an unanswearable question?
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Summary

It is evident that & greal deal can ba leamed about complexity and causality from
studias on the functioning of the Brain. For me. the most impressive lesgon hag
been that complaxity and causality are not necassarity manilest in every possibhe
oactering of events And egually important, when complexity snd/or causadity are
nat manifest, thes does not mean that the cidening is cheotic,

Whan the behaviour of individual events cannot be predicted but their overall
bahaviour can, then it is the currently ignoned constraints on these behaviowrs that
bkacome of interast. When an avent appears 10 have no detesmined Cause, 0 may
ranathealass be subject to constreints. The concept of dagrees of feedom captures
this fact, Thus, feedom o choosa implies that cholces emiong alternatives
[complexity. in-formation) ane availabie and that the chooser is competent

(hes sufficiently complex structure) to choose, Indead. Ireadom entails

“response- ebiling.”

Trang-formations keawing in-formation invanant am the key to understanding some
orders that appear chactie. When the ransformations are invertibie. complesity
and causality are duals of other dimensionalities such as inertia (e.g.. momeantum)
and change {o.q.. energy} within which complexity and causality ame enfolded. If
wa ara to “make sense” scientilically or generally of these anfolded orders, we
must kmow the transformation rules

Other transfommations are due to mare arbitrany coding oparalions that must be
kapt track of to successfully use the in-formation in its various Forms, Both
imvertible transforrmations end codes have the virtue of allowing fom:s different
fram in-farmation, each foom bamer adagted 1o 8 paricular uga, | have chosen o
call that which remaing invariant angd maintaing its identity across transformations
in-formation, but the nama is less important than the concegt It purpons 19
indicate. Such & concept is critical to wnderstanding the mind/brain issue. which
pgenerated this inguiry i the first place.
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