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I- Pnelininary Rmrls

. All obsenable systerns are material

. All matsial sysûls are the dircct proûrcts of interactions, energy being the ultimate
srbstrate ofall that is observable

. Physical interactions can be ta:ronomized energetically, r€$hing in a series of large$
autonomous and quasi-independert enegetic layers or strata wherein n€arty all of the constitttive
interactions are corûred (Arderson 1972, Schweber 1993)

. Howev€r, most systerns observed in nerc are made up of hierarchies of such srata
evidenc€ of irÉeractions thd are not confrred to any one srdwn, but bridge the gaps betrryeen
adjacent ones.

Iferarcbies therefore are tlre otÉconre ofnvo distina typcs ofint€ractions: those confind
within a given strdrrn (intral€,vel), and those binding adjacart strua together (knedevel)

. The principal objective of the scierlific enterprise is to undersan4 and therefore to
r€pres€rû, tte inerastions by whietr energ5r transforms itselfto generate tlre wodd that we obsenre.

. The represerfation of intralorcl intemctions raises no insrmourrable difEculties; ttrcy me
reasonably well urderstood ard amenable to treaûneût. Each $ratum is normally rçresented by a
sj^næûy group characteriSic of the laws that are specific to the interactions confin-ed within it
(Cao & Schweber 1993)

. The representation of intedwel itltrractions, on the other hand pres€nts enomlousi
dmcdtbq ând this br two reasons: one is tha most interpretations of the language of quadwrt

irferactinns are not usefirl; the secord is that the languages used to r€present intralevel interactions'
i.e. the various mechanics pre^/io.rsty dweloped are totally inadequate for this Frpose and lead to
paradoxes when octended beyond thdr energetic domain.
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There are several reasons for tlis, which may be grouped for the present purpose under two
chief headings: the bridging of the symmetry breaking gap between adjacent energetic srat4 and
the obsenrational constraints to which scientific discourse is asrained.

. Obærwtion is the outcome of a type of intedwel interaction that is chamcteristic of
cognitive systems. More specifically, an observation is the outcome of a complo< set of gap bridging
interactions linking the physical zubstrate of cognitive systerns to the mmtal or conscious one:
science is a mental i.e. concçtual, construct elaborated within constraints grounded in the matedal
substrate.

These preliminary remarks being out of the way, I shall now tum to a brief examination of the
structure ofthe gap bridging interactions, and ortend it to a brief outline of the fimctional structure
of cognitive systems in observation. Their significance for the whole scientific enteqprise will then be

,1*'**
II- On Interactions

In scientific discourse, interactions are whd obsenræions are about. But obseryations are
tlæmselves interactions of a complo( and t5ôrid t5pe. It is therefore desirable to sort these out and
to indicatg howwer briefly, how they combine to yield observations.

II-l Taxonomy of Interactions

Two well zupported propositions are of particular import here: The frst is that not all inter-
actions marshall the same energetic resources, so they rnay be taxonomized energetical$. The
second is that natural systems are complex hierarchies of progressirrcly less energetic stratq a
characteristic related to the nature ofthe irferactions involved in their forrration.

These two propositions lead to the conclusion that natural systems resrlt from the cooperative
effect of nvo distinct types of intoactions, some of whiclr, called intalewl, are confined wittrin a
single energetic srdunl while the otherq the inlerlewl oneq bind adjacem strata togetlrer to form
energetically stable hierarchies.

(a) The energetically homogeneous interactions were the ûrst to be observed, and so are the
most familiar and the best understood. These include the gravitational and the electromagnetic
interactions which account for the concentrations of matter in nature. as well as for much of what
follows from it.

One ofthe most significant characteristics of intralevel interactions is their compliance with the first
principle of thermodynamics on the conservation of energy. Consequently, they may be simulated
computationally, either digita[y or analogically, as may be the case with some neural netwod<s and
wentually with quantum computers. The reason being that computational simulation oçloits the
properties of recursive functiong which can only be projected onto homogeneous energetic
conterds, i.e. onto an homogeneous observation space.

There are two ways of rçresenting these interactions: either in terms of events or in terms of their
enerry structures.
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When orpressed in terms of ev€nts, these intemctions yield pattems whose rçresentations
are known as laws of runre. For example Keppler's laws of planaary motion or Galileo's law of
fiee fall, both of which were originally o,ptesseO in terms of data points, (e.g. times, positionst).

These laws are qecific ro the interactions they represent, meaning that they are independent of
those occuring in ditrerent energetic milieux.

The laws of nature may in turn be e,lçressed in terms of the energy exchanged in the inter-

actions they rçresent. If, folowing the example set by Lorentz. they are represented bv some

appropriate group, that group will exhibit symrnetry properties, some ofwhich are specific to thern"
(Weyl l93l). By way of consequence, it also characterises the energetic stratum in which these
interactions are confi ned.

Thex, symmetry gaups bear a relation to the laws of nature analogous to that bome to the events
by the larvs of nature correlating them (Wi$er 1967). In what followq the laws of nature slnuld be

thouglrt of as o<pressed by their respective symmetry groups rather than in terms of ev€nts. In this
grise, the specific symmetry groups provide any energy stratum with an oçlicit theoretical criterion

of idertity, the pendant ofthe laws of nature that identifi it observationally.

O) However, the e'nergetic autonomy of the strata is far from absolutg as is shown by the

existence of næural systems. For examplg it should be clear that the laws that represent the various

modalities of thouglrt, e.g. the laws of grannnar or those that depict the processes of cottcçtualis

atiorl are largely independent of the laws that govem the nanrological events in the bain. But it

would be ludicrous to argue that mental processes could occrn in the absence of some sitable

energetic substrate a dependence which bespeatrs of interactions betwæn the conce'pnral stratum

and the ræurological one. So, in addition to the intrqlevel interactions referred to abovg there are

interlewl ones to bind, in however loose a fashion, energetically different strata into a single,

energetically stablg nanrat system.

These intelactions e.xhibit characteristics that differ radically from those discussed earlier. By

bridgng the energetically inhomogeneous gap between adjacent strat4 they violate the principle of

conservation of energy, thereby breaking a fundamental geometrical symmetry displayed by all

infalevel interao,tions. One of its implications is that thae irteractions carmot be simulated

computationally, either digitaily or analogically. In particular, anticipatioq in any computationally
related sense, cannot be modelled across the enerry gap: emergence is really news!

For related reasons, interlevel interactions ennot be rçresented by laws of naturg for no

observable set ofevents can span the enerry gap between adjac€ni stræa, the observer being; per

t Laws of nature so defined are distinguishable from the laws of science. rilhile the latter are not

directly expressible in terms of events, the former remain invariant under theoretical change. For

o,amp'tg ttte N"wtonian law of gravitation has been srpplanted by Einstein's, a change that has left

Galileo's law of fiee fall unatrected, it not being a force law, there,fore not theory dependent. The

same can be said ofKepplefs laws of planetary motion (Schenpp 1994).

t Geometrical synnnetries, such as those which characterise conservation principles, are conrmon

to the laws that govem intralevel interactions in all energy strata.
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force, on the external or anergent stratum. An observation is always internâl to the system
{observer, observed}; it is an intralevel interaaioq and as such is energetically homogeneous.

Howwer, and this is important given the ideological tenor of much of nanralists'talk about evol-
utiorl interlwel interactions are not chance events: they are govemed by laws that are just as
deterministic as any law of nature (the fertilisation of an egg leds to a well determined pattem of
changes, ending in the emergence of a living organism of a specified type). Furthermorq tlese
interactions are ubiquitous in our evolutionary universe which began with an orplosive birthing
evenl leaving a historical trace punctuated by the successive emergence of more complex energetic
hierarchies.

At the stage in the unfolding of the scientific ent€rprise where we find ourselves, it strould be
apparent that the representation of these interactions has become the single most important problem
in the search for an understanding of our wolutionary universe.

tr-2 Representing GapBridging Interactions

(A) GROUP TRAI{SFORMS

Since gap bridging hws do not represent patterns of either energetically heterogeneous
events or of interstitial ones, for the reason that neither exists, they can only relate the pattems
formed by energetically homogeneous wents in individual strata. More specifically, they will cor-
relate the lawq energetically expressed, that are causally involvedin the patteming of events in each
stratum.

This is reasonable in view of the fact that energi is fhe physiæl *rbstrate connnon to all strat4 since
it is e-nergy which is being transformd not the wents which are the traces lefr by these transforma-
tions' (Schernpp 197). Therefore, the laws that govan the irneractions between adjacent energr
strata can be represented by a group transform which linl$ the symmetry group to both sides of the
energy gap. More specifically, the group transform can only be performed on the group repres-
enting the more energetic level, i.e. the zubstrate ofthe natural systenr, the energetic hierarchisation
of nature procding from the bottom up. Gven the energy asymmetry inherent in this type of
interaction, we may call the subshate of the natural system its cansl stratum, the extemally
observable one being lbe emergent one.

t No one really knows what energy actually iq we only observe its transformations, which are
represented by the laws of science, and marked by the eventual traces they leave, which are
represented by the laws of nature. Whatever enerry is, it is at the very least the dynanrii:lt J:dncilrir:
of the observable universe
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(B) ENERGETIC STRATIFICATTON

Thiq th€n, is the natrral order in the wolution of the observable universe. It is governed by
the progressive extension ofthe gradi€nt of energy densities tha accompanies its oçansion, making
possible the relæive stability ofthe less energetic €rn€rgent lwelg slch as those which charasterise
tlving anO cogritive orgarrisnss. Energeticafty qpeaking, all systems'hrndaries! Symbolised in what
follows as (o lX), are intrinsically asymmetrical in this way. To help vi$alise this situatioq which is
fundamental to an understanding of the hierarchisation of nahrral systerns, the energy schema of the
causal interactions can be skaclæd as follows:

The emergurce of a systan E may re,preseded by the fo[owing scherna (Jantsch 1980):

a 
{rt€D=Ir(E)

S(o)-(olE)
!

t/t(Dl=n(D

inwhich:

(a) S(o) is tb dynamical aæle idernal to E, with the following properties:

(ù S(c) is an intemally localized ryclical energetic præess with a characteristic short time
signahre rdæive to its environnrert E(o). ft consists of relatively sftong irteractions binding the
constihrerfs q of E5 €trectivdy separAing the original s.rbtrate into two distinct eneqgetic milier.rx
D(o) ard E(D. TtE hsic sûema of intalwel interactions between the eleureirts oi of X may be
represanted thus:

Er("r(9o.rg(QD-s(o)

as â s€t offidd-charge furteractions, though there are alternatiræs, e.g. field-field interactions.

(ii) The re$tting containment of S(o) is milked by tbe emergeirce of a boundary (o I E)
separating it from its hss energetic surrourd E(E).

(iii) In tris sense, S(o) rnay be said to be ontologically prior to whaterrer oQiætual
clraracteri$ics E sports od€rnally in its environment. It is functionally, i.e. causal$, related to their
appeararceinE(D.

a ltfuch ofthe rnat€riat in 6is section is to be fourd in (Farre 1996).

5 The opression systen vd here always denotes ercrgeticolty cqrptex hieruchies, lrrlt
brancbing hierarchies wtrich are eneqgeticaly homogeneotrs and result Êom ttte same tlpes of
futÊractions. The forrner are sometimes r€f€rred to as "vertical hiaarchies", the others as
krizorûalu ones. lVbdwer the label" it is important to keep this distinction in mind here.
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O) (o lD, the boutfuy of E5 exhibits two s€ts of etfugercous clwæteri#ics, firnctional and
observational

(i) Functional characteristics:

Energetically asymmetric, 1o | 4 ditrerentiates S(o) from E(E) as two distinct energetic
milieux (a) Qualitatively: energJ is transformed as it flows across the boundary and is difrrsed in
the milian in which it anerges; (F) Quantitatively: energy is not consenred across the boundary. The
quantitative difference between the inflow and the outflow of energy is invested internally in the
structure of S(o), and o<temally in Ds endogeneous characteristics [tlo 1993].

(ii) Observæional characteristics:

(a) II(D: The set of intrinsic properties {"{D} are observationally definôle (e g. charges). They
determine tlte ercrgetic identily of I in E(E). These properties are said to be emergent in E
whenorer they are attributable to E alone: i.e. they are colocalized in E, and are not distributed over
its consfrituents (e.g. rest mass is an emergent characteristic of electrons, but not of atoms).

(p) E(E): A conesponding set of extrinsic saliences thæ define tlre environment of E(E). Its
constituents or fibrations, (e.g. the endogeneous fields), effectively energiæ the surround of E:

{4Q',1

(y) r{D nd ,r1(E) arc conjugate clwactcristics for each value of {: joirdy, they are the
obserwbles that give point to the notion of the ernergence of E. Howwer, until E interacts with
similarly endowed systems, e.g. until it is observed, its conjugate characteristics remain virtuat.

Gven thæ (i) all obseruable systerns are material, (ii) the properties of matter are whd physics is
about, (iii) all known laws of ptrysics are quantat and (rù most tlpes of natural systems hteract
electro-magn*ically in processes of obseryation', the causal groupoid characteri*ic of natural
systerns is the Heisenberg Nilpotent Lie Group G. The archhec'ture of its transf,ormation is wha is
to be understood. A paradigrnatic case, tlnt of quantum holography, has been detaild by Walter
Schenrpp in a series of remarkable papers and bools (Schempp 1986,1992,1997).

(C) APARADIGMATIC CASE OF GROUP TRA].ISFORM: QUAI.{TUMHOLOGRAPI{Y

In order to bring out some of the intuitions inh€rent in the language of physicq let us
consider briefly the use of quantum holography in NMRI. In the causal straturq a coûplCI( magnetic
stimulation of protonic spins creates a series of concentrically differentiæed energetic rEgions. At
the unergant level bundles offibers project a picture ofvarious contiguous regions oforgans. The
patterns they form correspond to those, entirely different, generated in the causal ler/el. The task is

o For an altemative view which I shant deploy in this paper, cf for example John Bell (1989):
Against 

'measurement'n:62 
Years of Uncærtainty (New York Plenum Press), and the accomp-

anying bibliography.
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to represent tlre process whereby the causal pattern becomes the emergent one in the less energetic
stratum.

In general, the task of representing gap bridging interactions rests on a rnnnber of frcts and
assrmpions prwiously mentioned. The following play a significant role:

The model of intralerrel interactions exhibit geometric and specific symmetries that
chamcterise a single observation space (Farre 1997). In particular, they satisfy the principle ofthe
conservation of energy. By contrast, the energy gap spanned by intedwel interactions is
accompanied by the breaking of specific symmetries, such as some conservation principles, of which
that of energy is the most telling (Ho, 1992)

Since energlr strata are characterised by their symmetry goups, it is natural to seek to
r€,pres€nt the interlevel interactions that bind them togaher into a hierarchy by the transf,ormation of
the causal groupoid. The general schema for these irreractions is therefore ofthe following tlpe:

[Symmetry group of the causal stratum] ----> [Symmetry group of the emerg€nt stratum]
or more simply:

ts(cs)l

Each ofthe two groups r€presents the laws characte{istic ofthe intralevel interactions specific to
that eneqgetic level, while the arrow symbolises the bridging ofthe energlr gap denoted earlier by
(o l t)

The group transform needs to be fnnrly anchored in each sfi"tunl given that the laws that govem
the gap bridging pro€ess are deterninistic. Further, it must relate the causal patterns to the ernergefi
oræs in a way that is theoretically unambiguous.

The satisfrction of these desiderata in a marner that is consistent with the applicable energy
constraints is examplified by the phenomaron of qtuûum h"lryrqhy, a part of quantum optics
(photonics). More specifically, quantum holograplry denotes a mathem*ical the Kirillov
quantisation which in the neurological context of NMRI, unfolds in three main steps (Schempp

r92,p282)'.

(i) The identification ofthe holograrn plane with the three dimensional Heisenberg nilpotent

Lie Group G i,e. divided by its one dimensional center G;

(ii) The holographic ransformatiorl which includes the wave functions before and after the
transforrnation:

\y(t')dt'8Ô(t)dt r H.(v,Ô;ay).dxndy

constrained to the holographic lattices that form the two dimersional arrays of pixels inside the

hologram plane. This is the key step in erffecting the transforq and fus details are to be found in the

works of Schempp, especially (Schempp 19912,1997)
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(iii) The identification of the plane of the hologram with a neural plane of local netral
networks.

In conclusion, the interactions that bind the different anergy lwels in a natural hierarchy bridge the
gêp that separates them. Because ditrerent symmetries are specific to each strdturq they are
inevitably accompanied by symmetry breaks, a conditionwhich rules out their expression in terms of
the events which can only occur within individual strata. Furthermore, as strata are observationally
defined in terms of the interactions that take place within their domai4 we should o<pect the gap-
bridging causal interactions to show traces in the emergent stratum ofthe patterns ofevents in the
causal stratum. These fiac€s must be accounted for in terms of the traruformation of the ca.rsal
groupoid (Schanpp I 997)

Observation is, as pointed out earlier, an interaction between an observer and what is
observd one that is internal to the system {observer, observed}. Scientific observations, among
others, require an intelligent observer, i.e. one endowed with consciousness, though what is
observed often dwells in a far more energetic milieu. The apparent lack of energetic homogeneity
between the knowing mind and what is observed seems to belie the claim that all observations are
intralevel, a situation that demands an explication. What follows is a brief sketch of the functionâl
anatomy of what will be called a semantic filter, a natural system within the meaning of the act,
whose task is to transform the events remlting from its interaction with the domain it probes into
intelligence.

III- The Functional Anatomy of the Semantic FilterT

The ocpression semanticflter denotes one aspect of the functional architecture of a specific
type of energetically complex natural hierarchies, the cognitive systems. Its heart 

'sthe 
semqttic

matrix, i.e. the process by which a conte* independent conceptual structure is brought to bear on
inherently local observations. The difference in scope between the two is mediated by a synîca
which is, in the case of science, explicitly mathernatical fBochner 1966, Truesdell 1992]. The
mediating syntax provides the relational stnrcture which is characteristic ofany descriptive language
(Wttg€nstein 196l). The manner in which theory and observations are thus interfaced ls
constitutive of the semantic matrix.

More specifically, a semættic flter reaths from the projection of a semqntic matrix onto wme
conesponding typr-, of obserrûion Wce, a procÊss which unfolds in two stages:

(l) The semantic matrix includes, on one side the conceptual load which is encoded in the
syrltactical expression, constitutes rts gyænmatical dimension. On the other side, it includes the
semantic dimenions of the space within which the gramrnatical structure is to be sernantically
deployed; these are represented by, for example, phase variables.

Its fimction is to define a class of possible the syntactical er<pression of whictr" the
displays their identi$ing structure. The phenomenology may thus be regarded as

t Part ofthe material ofthis section is to be found in Farre 1997
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the functional ogression of the semantic matrix: the conceptual structure articulated by means of a
struchrre specitc instnrment, the mathematical qfntac

(2) The second *ep in the actuation of the semantic filter is the projection of the pheno-
menolory onto a corresponding obærvatim.pace wherein the semantic variables find their local
values. In the favorable case, the o<istence of the phenomenon is revealed when the energetic
srbstrate is viewed from the perspective built in the conceptual struchre of the phenomenology.
The matrix may then be regarded as a specific infornaion clwnel dircrimirutar.

This process can be quiæ complo<, for it requires an observed value so to b€ within the scope of the
meanre vt mds) corresponding to a computed value of a senrantic variable s". The protocol for the
det€nnination of the observed values so is governed by a nrmber of frctorq which include the
shategy of obsematiorl itselfbasd on the conceptual perspective spocific to tln theory, as well as
the theory which governs the means of obcervation tlrcmselveso, etc. A distinctive ftanre of the
fihedngprocæsistheenùedment ofthediærete draof observaionimothe cuûirwtruspattern
repneserred by the phenonrnolog5r, ufuich is concçtual.

Tlus construe4 the sernarric filter dectively defines themiwrse of discourv U_ of the language,
wlrich is the dornain af whd the language is about, wlrat it d€scribes and what the operæional urd
ofthe semuûic filter is designed to probe. The observations are thus theory laden.

So defirpd, a sernantic filter is a complo< hierarchy of differcnt eners/ sfrara. At one end,
wefrld a wtepfinl t emergent grdum, and at the oper,ational end" a more anægaic physiæl or
mrsl stdrtt It is there that irtralevel interactions between the operational end of the filter and
tbe errrgetic srbstrue of the observational space take place. This is ttre lwel where the significant
data (ttn €verÛs) are revealed as srch against the backgrowd of the anrlient nciss itrhÉred. in ttle
probing ofthe energetic substrde.

attern*ivety, the firnction of the semmtic filter may be viewed as the errtraction of
intelligerce from the probing of the stranrm by its operdional en{ wheirce the ealier refere,lrce to
an irformation channel discriminaor. Infontrotion nwy th€n be d€ûned as intelligence plus noise, the
noise being the srm of all tbe irrelligence chanrpls effectively blockd out by the struchral
specificity of the phenomenology inherent in the filter. Tte scrnanic filter acts as a selective
information channel opened to the flow of raw empirical dda originating in the probed eneqgetic
srbstræe ofthe local contort of observation.

Represedations being stnrcture specific, the structural characteristics of the phenomenology
can be deployed in the shucture of the representational oçressiorq provided it is done
perryicuously. Perspiaity in t}is contort is to be taken both semantically and grarnntaticaly.
krwrtically, beca$e of the referential role the phenomanolory plays in the language, wtrere its
sûuctural characteristics function as thle criteion of i&ntity for the phenomena it denoteq and

8 The theory oftlre 4paratus cannot be æ sake in the actual observaÉion. Whether s, falls within
the scope of m"(s) or not does not call into çestion the theory of the instrument($ used" though it
may well do so to tleprotoco I of obwvation which guides the implemurtation of that strategy, and
ofcor:rse it may call into question the theory which yielded s, in the frst place.
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grærttMticolly, because its irtrerential role depends in an essential way anits being wovan otrt ofthe
same conceptual cloth as thæ of the theoretical model fDutrem 1954, wiugenstein 196l].

So defind a case can be made for viewing the semantic filter as the natural" archetypal tuûerlevel
ins'ffiment for the daection of complex energetic hierarchies. It ditrers from interlwel trarnactions
found in other natural hierarchies in that its ernergent stratum is conc€ptual.

The symbolisation of its operational function is traditionally expressed by a two-larel functional
relation encompassing the dimsrsions ofthe s€rnantic space and their conceptual linkage, e.g.

16)

In it, the independent variôles x, danote the events obssvable in each of the dimensions of the
ssnantic space, and the dependent vanablef(-) symbolises the conceptual link benveen them. This
link is what makes possible the er<præsion of scientific laws in terrns of wents fWigner 1967].
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