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Preface

Currently accepted ideas and results based on them in elemeniary particle
physics and cosmology are exciting for some, frustrating for others, and incom-
prehensible to many who sense the excitement but don’t know quite how to join
in the game. The group represented .by these proceedings share some mix of all
three attitudes in varying proportions. Some of us think we are on the track
of new physics, or even new philosophy, while others are skeptical. We are not
trying to conceal these internal problems from the reader. Rather, we ask him
to share our perplexity — along with our excitement.

The Alternative Natural Philosophy Association was founded in 1979 by
Noyes, Kilmister and Bastin ~ who were immediately joined by Parker-Rhodes
and Amson. The first four of us met at Kilmister’s “Red Tiles Cottage” for
our first international meeting (ANPA 1). ANPA 2-8{1980-86) have been held
(ANPA 8 only prospectively next month as of this writing) at King’s College
Cambridge each summer. The purposes of the orgamzatlon have remained the
same: ... to consider coherent models based on a minimal number of assump-
tions to brmg together major areas of thought and experience within a scientific
philosophy alternative to the prevailing scientific attitude. ...” A more complete
statement closes this volume.

- The original, and still the central, focus of our research stems from the dis-
covery of the combinatorial hierarchy — i.e. the terminating sequence 3, 10, 137,
2127 — 14136 ~ 1.7 x 10°® — which has numerical connection to the scale con-
stants of physics. But as the number of ANPA members expands other ideas are
also entering our discussions, as I hope this volume will make clear. The original
organizational structure changes this year to an elective pre31dency, as indicated
at the close of the volume.

The consensus at ANPA 7 was that much convergence had occurred and
that every effort should be made to get out a “Proceedings”. Since no one else
wa,s‘forthcoming, I made the mistake of volunteering to.take the responsibility
- of editing them. The result is presented here. As I present my own views on
the current status of our research in the first paper, and have had so much
trouble getting that together as to leave no time for an “objective” sui'vey of




other contributions, you will have to turn to the other authors for alternative
viewpoints. I do try to put red flags at the appropriate'poi'nts in my own text
- where I know of objections to my views either inside or outside ANPA.

For the (I hope many, but I fear few) readers who pick up this volume with-
out preparation, I apologize for this brief preface and urge them to turn to my
paper where the excitement is spelled out in more detail. So far as I can see,
this research is approaching critical mass and may soon provide an alternative
approach to the physical investigation of experience. Although we have clung to.
discrete mathematics and operational standards in the construction of physical
concepts with a tenaciousness that is not customary, we believe we are now close
to the cutting edge of research in both elementary particle physics and cosmol-
ogy. The differences between our framework and accepted ideas left to us after
many applications of Occam’s Razor might conceivably lead to new physics, or
even new philosophy.

Pierre Noyes, Stanford
June, 1986



1. ON THE CONSTRUCTION OF RELATIVISTIC
QUANTUM_,THEORY: A Progress Report”

H. PIERRE NOYES

Stanford Linear Accelerator Center
Stanford University, Stanford, California, 94305

ABSTRACT

We construct the particulate states of quantum physics using a recursive com-
puter program that incorporates non-determinism by means of locally arbitrary
choices. Quantum numbers and coupling constants arise from the construction
via the unique 4-level combinatorial hierarchy. The construction defines indivis-
ible quantum events with the requisite supraluminal correlations, yet does not
allow supraluminal communication. Measurement criteria incorporate ¢,k and
my, or (not “ and”) G, connected to laboratory events via finite particle number
scattering theory and the counter paradigm. The resulting theory is discrete
throughout, contains no infinities, and, as far as we have developed it, is in
agreement with quantum mechanical and cosmological fact.

+ Work supported by the Department of Energy, contract DE—- AC03-76SF 00515.

-5



‘1.1 INTRODUCTION

| Although a successful challenge to the experimental predictions of quantum
mechanics has yet to be mounted, and subtle features such as the supralurﬁinal'
correlations without supraluminal signaling implied by Aépect’sm and other
EPR-Bohm type experiments have been demonstrated, for some physicists a
| conceptual unease continues to persist. I present here my current attempt to

meet this problem.

What framework do I accept for physics? I believe that most practicing
physicists would agree with me that physics is an empirical science. Physics
in historical practice has rested on quantitative measurement, or at least on
“operational procedures” which lead to “replicable” results. Here I will insist on
the stricter standard that the results of experiment be reduced to “counting”,
taking due account of the (again specified} expected range of uncertainty. I
cannot accept the concept “infinite” (or “infinitesimal”} as valid in physics; for
~us finite beings (physicists or no) this great renunciation is (in my opinion) the
first step toward acquiring knowledge. Quantum mechanics brought this issue
to the fore for physicists; it had been raised for chemists by Dalton and Prout
long before, and for philosophers and mathematicians by Democritus and Zeno

in antiquity.

For me, any formulation of quantum mechanics as we know it must contain
the idea that quantum events are unique and indivisible. In contrast, classical
physics is scale invariant; any arbitrarily chosen standards of mass, length and
time- or any three experimentally independent combinations of those unit stan-
dards will suffice. There is in it no place for unique events; the “microscopic”
laws are “time reversal invariant”. Events (which in classical physics are always
in principle decomposable into “microscopic” substructure) acquire what unique-
ness they possess due to the imposition of boundary conditions by the analysis of
_ the physicist, or their embedding in a large-number “statistical” background, or
their relation to a “cosmological time”, or ... Modern physics removes the scale
invariance of classical physics by recognizing a limiting velocity, a quantized unit
of action (and angular momentum!), and quantized masses. Experimentally the
only stable (lifetime > 10°° years) “elementary” mass values are those of the pro-
ton mj, and the electron m in the ratio 72 = 1836.1515 1 0.0005, again stable
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within the stated standard deviation. (According to current standard cosmolo-
gies the stable nuclei that could have at least as long “lifetimes” (eg. He*) are
only about 10!° years old, or less; whether protons have an “age” is less clear.)

In my approach I a.dopt from classical physics the dynamical definition of
mass ratios from Newton’s third law as articulated by Mach, but generalized to
recognize the limiting velocity by using mass invariance (E2—(p-p)c? = m?c*) and -
3-momentum conservation (Eg,-m-'h-a, = Zgjma,). Experiment;lNcontradlct.xon of
this assumption would be of immediate practical interest for those interested in
the exploration of the solar system and beyond! The so far undefined energy (F)
in this equation is a global quantity. As Wick saw in the late 30’s 1 the easiest
way to make a compelhng argument for Yukawa’s finite range meson theory
of nuclear forces””' is to insist on (relativistic) 3-momentum conservation, but
allow energy fluctuations consistent with Heisenberg’s energy-time uncertainty
principle and Einstein’s mass-energy equivalence. This is also a basic principle

underlying Heisenberg’s and Chew’s S-Matrix theory.

There is already a well known conceptual puzzle at this stage in our discus-
sion. If we fasten on macroscopic (gravitational) rather than microscopic (partic-
ulate) phenomena as basic, the fundamental mass unit we would choose would be
the “Planck mass” Mpianck = v/ hc/G 22 /1.7 x 10%%m,, rather than the proton
mass. Contemporary physics meets this problem by using the “equivalence prin-
ciple”. The postulated equivalence of microscopic (“inertial” or 3-momentum
conserving) mass ratios and macroscopic (“gravitatidnal”) mass ratios allows
gravitation, and (perhaps) all other “interactions” along with it, to be “geo-
metricized”. But this need not be the only route to “supergravity”, or whatever
catch phrase becomes current when this paper appears. In my opinion, one of the
strengths of the approach to physics developed here is that our theory can have
only one type of mass, and that the first approximations to both Mpianck/my
and my,/m, are calculated.

Once one accepts quantum events as basic, and the limiting velocity as well
established experimentally, the“supraluminal correlations” !l predicted - but for
“some people not explained - by quantum mechanics also cry out for conceptual
clarity and a deeper insight. I do not believe that this can be achieved by first
developing the full technical apparatus of quantum mechanics and then presenting
these startling results as a deductive conéequence, Etter, McGoveran, Manthey,
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Gefwert and I' beheve that the issue can mdeed be cl:mﬁed by invoking a
minimal set of postulates that do not depend on the idea of space-time, let alone
quantum mechanics. What follows in this paper is consistent thh that point of

view, and with earlier papers.

Another aspect of contemporary physics that I would like to see emerge at an
early stage is that our “universe” start out as si‘m'ply as possible and evolve by a
finite number of steps through recognizable stages into the complex situation that
we encounter as we now explore it. When I started on this research I was at least
open to the possibility that the universe we are exploring is “indefinitely exéen-
sible” in both “space” and “time”. That we find great simplicity as we retrodict
the past on the cosmological scale, could (as Bastin has often emphasized) simply
be a consequence of impoverished data, — i.e. of the successive disappearance of
relevant observable points of reference as we extend our horizons. I do not think
this problem arises in acute form while retrodicting the last 15 billion years. |
have been greatly impressed during the course of my own professional career by
the convergence of seemingly disparate and very detailed measurements to a rea-
sonably consistent “time scale” of that length. The past was different from the
present in the probable range and type of configurations that occurred, but there
1s no indication as yet that the elementary possibilities were significantly different
(except, possibly, during the very early stages). In the current paper, the very
early stages of the evolution are simpler and not just different. For those who are
more comfortable with a universe that has no beginning and no end John Amson
provides a nested hierarchy which can be explored (past + future; small < large)
so far as information is available (CONTRIBUTION BY John Amson entitled
“Bi-Orobourous” - a Recursive Hierarchy Construction). So far as I can see, the
consequences when this point of view is articulated in the current practice of
physics are likely to be practically indistinguishable from those of the approach
developed here.

To the best of my knowledge we can retrodict the universe backward in time
for only about fifteen billion years. There is an “event horizon” and a preferred
coordinate system defined by the radiation that broke away from the matter
when the cosmic fireball became optically thin; within the event horizon there are
particles whose baryon and lepton number add up to approximately the square
of 2127 4 136. Our construction yields all of these observed features as stable
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consequences of the construction independeht of the details. That the theory
" developed here has a starting pomt and achieves evolvmg complexity posqeqsmg
dynamic and heritable stabxhty in the presence of a “random” background of
quantum events, is for me a satisfactory result. The “universe” we construct in
this paper will go on‘im;reasi'ng in complexity in the future, and hence contains
indefinitely extensible possibilities. This theory has a fixed past, an event horizon,
and yet ang@f;;ndeﬁnitely extendable (though unceftain) future. It may be that
I have found what I was looking for, but I can assure the reader that the steps
along the way were taken for more immediate reasons, - so far as [ am aware.

In this current attempt to meet these basic requirements when reconstructing
quantum theory I have made use of many ideas and techniques conceived and
developed by other peoplels'é’ . In the series of papers on “Concept of Order” 78]
Bastin and Kilmister presented reasons why distinct “events” should relate to a
basic algebraic structure connected to “3+1 space”. By 1966 this research, to
which Amson, Bastin, Kilmister, Parker-Rhodes and Pask had all contributed,
had led"” to the closed 4-level combinatorial hierarchy with the cumulative car-

dinals 3,10, 137,2'27 + 136 =~ 1.7 x 1038,

The work on the combinatorial hierarchy did not face directly the statistical
aspect of quantum mechanics, which I have already indicated I see as fundamen-
tal. I therefore start my technical discussion in Chapter 2 by calling on more
recent work by Manthey and McGoveran to spell out what current computer
practice means by “non-determinism” and “arbitrary choice”. As the names of
Amson and Pask will indicate, the earlier work had also made use of concepts
used in computer science, but before the nondeterminism born of asynchronous
communication over a shared memory had come to the fore. I turned that way
because Gefwert demanded that anything that laid claim the description “con-
structive physics” had to be computable. Fortunately the txpert I lirst turned
. to was Manthey; the result was PROGRAM UNIVERSE. |

Our use of a computer simulation to model the theory is sometimes misun-
derstood. I do not think of the universe as a “big computer in the sky”. What
the coding does for us is to keep us hohest; if we can show that the program is
indeed computable, then we have protected ourselves from making all sorts of
logical errors. A computer simulation is a specific type of “model”. If it succeeds,
all that we can say is that, within current experlmental error, we ha.ve succeeded
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in isolating those aspects of experience which act in a manner isOmdrphic"to the
action of our model. When the program fails, then we will have isolated a situ-
“ation from which we might learn some new physics, or possibly something that
goes beyond physics. There can well be things .in‘heaven and earth that are not
contained in this philosophy. I trust it is clear that I am not a reductionist or a
mechanist. Materialism 18 a separate issue, which will not be discussed here.

PROGRAM UNIVERSE, a peculiarly simple algorithm, automatically devel-
.ops some representation of the hierarchy, necessarily specifies unique, correlated,
global events and provides address ensembles for these events labeled by the fixed
elements (eventually connected to quantum numbers, masses and coupling con-
stants) provided by the combinatorial hierarchy. The technical details are given
in Chapter 2 where we provide a specific construction of the four level hierar-
chy and the address ensembles; the coding for this construction is given as the

CONTRIBUTION from Mike Manthey.

In order to meet our objective of constructing a quantum mechanical physical
theory, we must somehow relate the structure we now have in hand to measure-
ments of mass, length and time in the ordinary sense. We do this in Chapter
3 by noting that quantum events “fire counters” and allow velocities, momenta
and energy to be measured by well known techniques to an accuracy only lim-
ited by available budget (or space and time available to conduct meaningﬁxi
experiments). As in Heisenberg’s and Chew’s S-Matrix philosophy, momentum
measurements, and the momentum space formulation of quantum mechanics are
a strategically useful place to connect theory to experiment. We make this more
than usually explicit by starting from a “counter paradigm” which relates the bit
string universe to laboratory measurement. We find that the relativistic version
of the “wave-particle dualism” emerges with little effort. We also discover that
some fundamental cosmological observations find a ready explanation within this
simple framework, independent of the details by means of which it is articulated.

The next step, spelled out in Chapter 4, is to construct from the strings
and events provided by PROGRAM UNIVERSE a relativistic quantum scatter-
ing theory which, via the counter paradigm, conserves quantum numbers and
3-momenta in a manner consistent with laboratory experience. The basic idea
in this scattering theory is to use Faddeev-Yakubovsky equations for the dynam-
- ics rather than a Hamiltonian, or Lagrangian or analytic S-Matrix formulation.
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Probably the most significant step taken since ANPA 7 is the derivation of the

“propagator”. for the scattering theory directly from the bit string universe via the
counter paradigm. We . gnve a more detailed explanation here than was possible

in our conference report

In Chapter § we return to‘ the four level hierarchy labels and connect them
to the conserved quantum numbers in the standard model for quarks and lep-
tons. Briefly, level 1 describes the simplest neutrinos, level 2 describes electrons,
positrons and the associated electromagnetic quanta, while level 3 gives us two
flavors of quarks and the associated gluons related to each other in a color octet.
This pattern will repeat until the possibilities close off at the Planck mass, but -
the coupling between successive generations will be weak because of the combi-
natorial explosion in possibilities. Thus we can anticipate that the Kobiyashi-
Maskawa mixing angles will indeed be small. The count of quantum humbers
is correct, and the quantitative or qualitative results so far achieved produce no

glaring contradictions.

For completeness we repeat in Chapter 6 the Parker-Rhodes calculation of
my,/me as it looks from the present context. The question of whether the result
will be stable when we compute the correction to the fine structure constant and
the “recoil corrections” is still unanswered.

We will discuss in the concluding section what it might mean if this qualitative
quantitative success persists up to a point where a definite quantitative conflict
with experiment counter-indicates the acceptance of the theory.

1.2 GENERATING AND DISCRIMINATING BASIS STATES;
EVENTS

The first problem we must face in constructing our theory is where the “ran-
dom” aspect of quantum mechanics enters. As one will see in the CONTRIBU-
TION from Kilmister, he allows his generation and discrimination operations to

‘be interleaved in an order which is not explicitly specified. The route we follow

below, which depends on the explicit use of a “pseudo-random number generator”

in the computer program, is in my opinion a specific articulation of Kilmister’s
more general discussion. In his CON TRIBUTION Bastin discusses, among other
things, the idea of “inexact matching” which he and Kilmister have explored,;
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this might also end up in something that could be shown to be equivalent to my
approach, but has as yet not been articulated far enough to settle the issue.

The method of actually writing down a computer program forced Manthey
and me to tackle the “randomness” issue head on. For Manthey, the non-
determinism born of asynchronous communication over a shared memory - one
basic problem in concurrent programming ~ is viewed as at least analagous to
the non-determinism encountered in quantum mechanics'""'?" . Thus the basic
coding for the routine which returns either a zero or a one with “equal prior
. probability” (and whose output is symbolized below by “R”) as given in the
CONTRIBUTION from Mike Manthey starts from two memory locations which
flip a bit backward and forward on one time interval; one bit is read whenever the
(asynchronous) operation of the main program calls up this routine. However,
when Manthey and I had occasion to need this routine for an EPR computer
simulation we are working on, he fell back on the standard (pseudo)-“random
number generator” available on his local computer. I turn to another expert for

discussion of this issue.

The term McGoveran prefers to use when talking about what is often called
“randomness” is “arbitrary choice”. By this he means “not due to any finite,
locally specifiable algorithm”; of course in standard practice, the local operation
of the computer 1s deterministic (if it is working properly), so this means calling
on some number genérated in a larger system not under local control. In the
same termininology, he would “define” random as “not due to any finite, local
or global algorithm”. Since we have no operational way to meet this require-
ment, the concept of “random” is, strictly speaking, meaningless in our context;
we must content ourselves with the currently available pseudo-random number
generators for our simulations. McGoveran’s basic thinking on this was spelled
out recentlym' in response to a query from Kilmister. I qubte:

“I think that we must insist on computability to the detriment of randomness
for a number of reasons, each of which I have previously discussed. This position
does no harm to the power of the model since, as proved by Shannon (1965), - an
infinite state machine with a random element can be replaced by an infinite state
machine (infinite being “constructively infinite”), and as I demonstrated (1984

- ANPA West Proceedings), there will always be a method for constructing certain
repeating binary inputs which a given finite state machine with finite memory
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can not distinguish from ‘randdm’ binary inputs.

“In some sense, randomness is a local phenomenon. So long as a ‘generator’
is available which has significantly more states than the ‘detector’, there will be
a possibility of generating strings which are random from the detector’s point-of-
view. Similarly, given a'string which passés all.computable tests for randomness
of a fixed complexity (i.e. by a finite state machine with m possible.sﬁates),
it will be possible to construct a finite state machine with n >> m possible
states which produces that string. In algebraic terms: there exists a computable
function g (pseudo-random number generator) for each finite class of computable
functions f; such that, whenever the range R, of g is sufficiently large compared
to the union of the domains of f; (call this D), it is impossible to prove that G
is computable based on the f;. In pictures:

Ciniirie STATE
T MACH (M E

FINITE STATE |

MaACHiwve

[C sees some outputs of G as random; G sees no outputs of C as random. The
computational cost of detecting the orderliness of all G’s output is too great for

cl

“Because we have neither the means for specifying what we mean by random-
ness, nor for detecting it in a finite system, and we can be certain that a means
exists for constructing ANY sequence, I have insisted that we have no need for
the concept of randomness, replacing it with ‘arbitrary’. We implicitly recog-
nize an as-yet-unspecified ‘finite computable function’ as the source of ‘arbitrary’
strings. . ' | | -

“So long as we are blind to the nature of a deterministié system, the effect
is the same locally as having “random choice”. Furthermore, true randomness

smplies infinities (an infinite state machine is required for generating random
output — i.e. undecidable output). I think we need consistency here and so deny

randomness in favor of parsimony.”

Now that we have spelled out how, in practice we can select either of our two
symbols 0, 1 with what is close enough in practice to “equal prior probability” in

13



the frequency theory sensé of probability, we can understand the basic arbitrary
choice from which the algorithin called PROGRAM UNIVERSE starts. But the
generation of the strings in this universe and the distriminatién between them
require considerably more background if the algorithm is to be followed.

The basic elements with which the hierarchy work started are ordered strings'
of the symbols 0,1 of the form §5*(Ny) = (....., by, ....)‘A‘,U where Ny is the integer
specifying the number of symbols in (“length” of) the string, n is the usual integer
ordering parameter n € 1,2,3,..., Ny, and 4? € 0, 1. We will discover below that
when our construction has proceeded far enough we can specify the label @ in
terms of the sequence of symbols in the Ny, positions n € 1,2,3,..., N, < Ny.
For those who wish the integers themselves to be constructed, one can follow
Gefwert’s approach in terms of primitive recursive functions''*"" , or follow
Kilmister’s foundational discussion in his CONTRIBUTION. where in a sense
they come to us along with the hierarchy itself. If we define the null string
Oy = (0,0,...,0), the operation @ which tells us whether two strings are the
same or different (and hence discriminates between them) gives S* @ S¢ = Op,,
when they are the same and has two equivalent definitions:

(b 2 B8, Iy = S @S = (oo, (b2 — B°)2, . ), (2.1)

whether they are the same or different. For the first definition the operation
+, is addition (mod 2), or symmetric difference, or exclusive “or”, the symbols
are bits and the operation is the standard XOR of computer practice. For the
second definition the symbols are integers and we can define operations such as
k*(N) = ZN_,b® which gives us the number of “1” ’s in the string. This fruitful
ambiguity was first noted by Kilmister and myself; we refer to either operation
as discrimination in order to preserve the generalization that goes beyond XOR.
The anti-null string is symbolized by 1y = (1,1,...., 1)y, allowing us to define
the “bar operation” S*(N) = 1y @ S*(N) which interchanges “0”’s and “1” ’s in
a string. | 4 :

By 1980 Kilmister'"" realized that the discrimination operation by itself
would not suffice for the theory, since it gives us no clue as to how the strings arise
in the first place. He therefore introduced a generation operation by modifying
a construction of the integers used by Conway (originally due to von Neumann),
and found out how to go on to arrive at the discrimination operation using this
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ai)proach-." The final(?) version of his approach (which was sketched out at ANPA
7 and completed since) is given as Kilmister’s CONTRIBUTION. In this way, or

by using discriminate closure and the matrix mapping due to Parker-Rhodes!®l 7]

or the set-theoretic derivation due to John Amson'"*' one arrives at the unique, 4-
level cornbinatorial hierarchy with the cumulative cardinals 3, 10,137,2!27+4136 ~

1.7 x 1038,

As Kilmister and I soon realised, once one has introduced the generation
operation, there is nothing to stop it from generating additional elements even
w'_he'n the full hierarchy has closed off. In terms of the bit-string representations
‘used in my work, this means that the first bits in the string can be put into
1-1 correspondence with any representation of the hierarchy, and that as we
‘go on cranking out new elements of still greater length there will come to be
many strings with the same label. Kilmister and I called the portion of the
string beyond the label the address and thus arrived at the idea of labeled address
ensembles. These come to play the role in our theory of quantum state vectors,
but there are subtle differences from the conventional quantum mechanics which
we will discuss at the appropriate point. |

When Christoffer Gefwert heard of our work, he saw that constructive math-
ematics could offer the appropriate philosophical framework in which to achieve
consistency, and suggested to me that if we were indeed trying to create a “con-
structive physics”, it would have to be expressible as a computer program. This
encouraged me to re-establish contact with Michael Manthey and led to the first
version of PROGRAM UNIVERSE"™ . Since we did not see any simple way to
code up Kilmister’s generation-discrimination construction, we decided to gener-
ate strings in the simplest way we could think of. What we now have is simply
described. If there are SU strings in a universe of length Ny, it is allowed to
evolve in only two ways. Two strings are picked arbitrarily and discriminated. If
the resulting string is not already in the universe, it is adjoined; the number of
strings goes up by one. If the string is already in the universe, an arbitrary bit
is selected for each string and concatenated with that string; the length of the
strings goes up by one. This second operation is called TICK.

We generate the strings according to the flow chart:

R
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~ Figure 1.The flow chart for Program Universe.
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For those who ﬁrefer explicit coding, this is provided by Manthey in his CON-
TRIBUTION. The program is initiated by the arbltmry chonce of two distinct,
bits: R:=0or 1, R =1® R. Entering at PICK, we take S, := PICK;S; :=
PICK;S12 := S; ® S2. If S12'= Op,, we recurse to picking Sz until we pass
this test. [A still simpler alternative, which occurred to me in 'writing this paper,
would be to allow the null string to occur as one of the elements in the universe.
So far as I can see, this would not affect the running of the main program, this
change might require a little care, and perhaps some change in the coding when
we turn below to the extraction of the hierarchy from the results of a run of the
program.] The program then asks if Sy is already in the universe. If it is not it is
adjoined, U := UUS),, SU := SU+1, and the program returns to PICK. If Sy,
is ahea&y in the universe, we go to our third, and last, arbitrary operation called
TICK. This simply adjoins a bit (via- R), arbitrarily chosen for each string, to
the growing end of each string, U:= U||R, N:= N+1, and the program returns
to PICK; here “||” denotes string concatenation.

‘What may not be obvious is that TICK results either from a 9-event which
guarantees that at string length Ny the universe contains three strings con-
strained by S*@S*®S5°¢ = Oy, or a 4-event constrained by S*@S*®S DS* = Op,,
that these are the only ways events happen in the bit string universe is illustrated

in Figure 2.
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Figure 2. How ‘e"vénts happen in Program Universe.
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In the case of 3-events the universe just before (N —1)°¢ TICK contained three
strings constrained by S} ® Sh @S|, = Oy which were replaced by S = 5} ||¢;,
Sh||t2 and Sm”tlg respectively as a consequence of that TICK. Before the NV
TICK S, and S are picked and S, generated by dxscrxmma.tnon Clearly, if
typ =1t; Dty then Syp is already in the universe, and the program will proceed to
carry through the N** tick. However it can also happen that when two strings
are picked the Sj2 generated by discrimination is not already in the universe,
and hence will be adjoined to it. Eventually however (if the program does not
encounter some circumstance that produces a 3-event first) it will pick tw6 strings
S and Sy (which could even be a second pick of S; and S;) such that S35y =

S} @ Sq; clearly this will then lead to the Ntk TICK as-a 4-event.

In the original version of PROGRAM UNIVERSE I was hung up with the
idea that only 4-events should occur, because energy and 3-momentum cannot in
general be conserved in 3-events (a fact familiar to particle scattering data ana-
lysts). I therefore went to some elaboration to insure this, and only later stripped
down the program to the present form. Once I had done this, James Lindesay
then saw that 3-events could also occur by the mechanism just described. As we
will see below both are needed in the scattering theory, so this fact turned out to
be extremely fortunate. This is only one of many instances in the course of this
research where the attempt to arrive at simpler formulations has had profound

consequences.

It is important to keep in mind both here and in what follows that the actual
structure of the memory and the specific strings in it generated by our computer
simulation are not to be thought of as modeling “real” elements in the world.
We are not allowed to access them directly, even conceptually, when it comes
to interpretation. The string length, whether a specific_event is a 3-event or a
4-event and how many other combinations of strings satisfy the event constraint
at that TICK are hidden from us. We can only talk about them as structural
constraints and in terms of statistical arguments. Contact with experiment can
only be made sndirectly via the counter paradigm. This “simulates” in another
sense what actually goes on in the laboratory. We can never know “what it is”
_that initiates the chain of happenings which leads to the firing of a counter. All
we can do is to use the connections provided by theory and experiment by means
of some more or less successful type of analogical thinking to refine and improve
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the statistical behavior of our counters, or more sophisticated detectors.

In order to see tha.t_ this program also leads to some representation of the
combinatorial hierarchy and to the label-address schema, we must first discuss
the idea of discriminat‘;e closure, originally due to John Amson. Given two distinct
(linearly independent or 1i.) non-null strings a,b, the set {a,b,a® b} closes
under discrimination. Observing that the singleton sets {a}, {b} are closed, we
see that two Li." strings generate three discriminately closed subsets (DCsS’s).
Given a third l.i. string ¢, we can generate {c}, {b,c,b& c}, {c,a,c®a}, and
{a,b,c,a®b,bDc,cHa,a®bdc} as well. Iﬁ fact, given j Li. strings, we can
~ generate 27 — 1 DCsS’s because this is the number of ways we can choose j
distinct things one, two,... up to 7 at a time. This allows us to construct the
combinatorial hierarchyl®! by génerating the sequence (2 = 2% -1 = 3),(3 =
22 —1="1),(7=>2"-1=127),(127 = 2'?7 — 1 ~ 1.7 x 10%8) provided that we

can find some “stop rule” that terminates the construction.

The original stop rule was due to Parker-Rhodes. He saw that if the DCsS’s
at one level, treated as sets of vectors, could be mapped by non-singular (so as not
to map onto zero) square matrices having uniquely those vectors as eigenvectoré,
and if these mapping matrices were themselves linearly independent, they could
be rearranged as vectors and used as a basis for the next level. In this way
the first sequence is mapped by the second sequence (2 => 22 = 4), (4 = 4% =
16), (16 => 162 = 256), (256 => 2562). The process terminates because there are
only 2562 = 65,536 = 6.5536 x 10% L.i. matrices available to map the fourth level,
which are many too few to map the 2!27 — 1 = 1.7016... X 10°® DCsS’s of that
level. This (unique) hierarchy is exhibited in Table 1.
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‘ - Table 1
The combinatorial hierarchy

¢ B(e+1)=H() H()=250— 1 M(¢+1) = [M(O] C(O) = E{_, H()

- hierarchy ,
level (0) - 2 (2) -
1 2 3 4 | 3
2 3 7 | | 16 10
3 7 127 256 | 137
4 127 2127 — 1 (256)2 2127 — 14 137

Level 5 cannot be constructed because M(4) < H(4)

Although this argument proves the necessity of the termination (which is no
mystery in the sense that an exponential sequence must cross a power sequence
at some finite term}, it did not establish the existence of the hierarchy. This was
first done by me by creating explicit constructions of the mapping matrices!!?)
and later more elegantly by Kilmister'”" . That the termination, and indeed
the combinatorial hierarchy itself, is a much more fundamental object that the
apparently ad hoc mapping procedure which first led to it can be seen either
by Kilmister’s latest derivation as included here or by the very different way
Parker-Rhodes now gets it out of his Theory of Indistinguishables'm ; a useful

discussion of that theory is provided by him as his CONTRIBUTION,

The method Manthey and I use to construct the hierarchy is much simpler;
in fact some might call it “simple-minded”. We claim that all we have to do is to
demonstrate explicitly {i.e. by providing the coding) that any run of PROGRAM
UNIVERSE contains (if we enter the program ab appropriate points during the
sequence) all we need to extract some representation of the hicrarchy and the label
address scheme from the computer memory without affecting the running of the
program. The obvious intervention point exists where a new string is generated,
as indicated on the flow chart (Figure 1) by the box [ CAN BE LABELED |.
The subtlety here is that if we assign the label ¢ to the string U|:] as a pointer to
the spot in memory where that string is stored, this pointer can be left unaltered
from then on. It is of course simply the integer value of SU + 1 at the “time” in
the simulation [sequential step in the execution of that run of the program| when
that memory slot was first needed. Of course we must take care in setting up the
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memory that all memory slots are of length Nynae > Ny, i.e. can accommodateb'
the longest string we can encounter during the (necessarily finite) time our budget

will allow us to run the program. Then, each time we TICK, the bits which were
present at that point in the sequential execution of the program when the slot [¢] |
was first assigned will remain unaltered; only the growing head of the string will

change. Thus if the strings ¢, 7, k.... labeled by these slots are linearly mdependent |
at the time when the latest one is a331gned they will remain lmearly independent

from then on.

Once this is understood the coding Manthey and I give for our labeling routine
should be easy to follow. We take the first two linearly independent strings
and call these the basis vectors for level . The next vector which is linearly
independent of these two starts the basis array for level 2, which closes when we
have 3 bases vectors linearly independent of each other and of the basis for level 1,
and so on until we have found exactly 2+ 3+ 7+ 127 linearly independent strings.
The string length when this happens is then the label length Ny ; it remains fixed
from then on. During this part of the construction we may have encountered
strings which were not linearly independent of the others, which up to now we
could safely ignore. Now we make one mamouth search through the memory and
assign each of these strings to one of the four levels of the hierarchy; it is easy
to see that this assignment (if made sequentially passing through level 1 to level
4) has to be unique. From now on when we generate a new string, we look at
the first Ny, bits and see if they correspond to any label already in memory. If
so (since the address part of the string must differ) we assign the address to the
address ensemble carrying that label. If the new string also has a new label, we
simply find (by upward sequential search as before) what level of the hierarchy
it belongs to and start a new labeled address ensemble. Because of discriminate
closure, we must eventually generate 2127 4 136 distinct labels, organized in the
four levels of the hierarchy. Once this happens, the label set cannot change, and
the parameters 1 for these labels will retain an snverient significance no matter
how long we continue to TICK. We emphasize once more that what specific
representation of the hierarchy we generate in this way is irrelevant.

Each event results in a TICK, which increases the complexity of the universe
in an irreversible way. Our theory has an ordering parameter (Ny) which is
conceptually closer to the “time” in general relativistic cosmologies than to the
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“reversible” time of special relativity. The arbitrary e]émen‘ts: in the algorithm
that generates events preclude unique “retrodiction”, while the finite complexity
parameters (SU, Ny7) prevent a combinatorial explosxon in statistical retrodiction.
In this sense we have a fized — though only partially retrodictable — past and
a necessarily unknown future of finite, but arbitrarily increasing, complexity.
Only structural characteristics of the system, rather than the bit strings used
in computer simulations of pieces of our theory, are available for epistemological

“correlations with experience.

What was not realized when this program was created was that this simple
algorithm provides us with precisely the minimal elements needed to construct
a finite particle number scattering theory. The increase in the number of strmgs
in the universe by the creation of novel strings from discrimination is our re-
placement for the “particle creation” of quantum field theory. It is not the same,
because it is both finite and irreversible; it also changes the “state space”. The
creation of novel strings by increasing the string length (TICK) implies an “ex-
clusion principle”; if a string (state) already exists, the attempt to fill it leads to
an “event”, and a universe of increased complexity. Note that the string length
Ny is simply the number of events that have occurred since the start up of the
universe; this order parameter is irreversible and monotonically increasing like
the cosmological “time” of conventional theories. Our events ajre‘unique, indivis-
ible and global, in the computer sense; consequently events cannot be localized,
and will be '“sﬁpralu‘minally” correlated.

1.3 THE COUNTER PARADIGM; THE COSMIC FRAME

To make contact with physics we must now relate our bit string universe
to the laboratory measurement of mass, length and time or three independent
dimensional standards which can be related to these measurements. Laboratory
practice in elementary particle physics is to use “counter” experiments or their
equivalent for velocity measurement, momentum conservation for mass ratio mea-
surement, and to find some phenomenon that brings in Planck’s constant for the
third connection (charge via e?/hic, Compton scattering, deBroglie wave inter-
ference, black body radiation, photo-effect,...). The inter-relationships between
these measurements provide tight standards of self-consistency, and numerical
values for the fandamental constants which in the end are more important than
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~ the comparisons with the standard meter, knlogram and second Thus all we need
do in principle is to make contact with three aspects of our theory in such a way
that these connections follow.

As Heisenberg realized long ago, one of the easiest ways to make contact with
Macroscopic laboratory physics is through particulate momentum measurement,
for example the firing of two counters a distance L apart with-a time interval
T, and identifying the “particle” which naively speaking “fires the counters” by
measuring its mass (eg by momentum conservation in a scattering from a particle
of known mass). Since the counters can, in principle, be placed as far apart as
we like the velocity V = L/T can be measured to as high precision as our budget
allows. Empirically all such velocities are less than or indistinguishable from the
limiting velocity c, and the momentum P and energy E are related to the mass
m by P =mfc/\/1— 2 and E = mc?2/\/1- 2 (or E? — p?c? = m%c*) where
B = V/c'. Thus if the basic quantum mechanics used is written in momentum
space, and all physical quantities can be computed from the momentum space
scattering theory, then contact with laboratory measurement is about as direct as
possible. This is sometimes called the S-Matrix philosophy, and is adopted here.
From this point of view, the representation of quantum mechanics in space-time
is then obtained by Fourier transformation, and has only a formal significance,
particularly for short distances where direct measurement with rods and clocks
is impossible. Hence if we can show that our bit string universe supports a mo-
mentum space scattering theory of the same structure as conventional relativistic
quantum mechanics (or at least in close enough correspondence to that structure
so as not to be in conflict with experiment), our interpretive job has been done
for us by Heisenberg and Chew. We develop this scattering theory in the next
chapter, but still find it instructive to go as far as we can in interpretation without
invoking that formal apparatus. '

The means used to connect the bit string universe to the practice of particle
physics is to assume that

any elementary event, under csrcumstances whsch it is the task of thc ex-
perimental physicist to investigate, can lead to the firing of a counter.

The typical laboratory situation we envisage is that in which one of a beam of
particles of some known type (which eventually we will have to connect to some
label a in the bit string univ}erse)’ enters and fires a macroscopic counter, and
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at time T later a counter a distance L from the first which isvs'en‘si,tive to the
same type of particles also fires. Ignoring the practical details which will occur '
to the experimentalist, and the many sophisticated steps he will have to take to
convince his colleagues that nelther firing was “spurious”, we follow conventional
practice and say that this sequence of happemngs means that a particle of type
a has been shown to have a velocity v = L/T, and until something else happens
will (if it carries a conserved quantum number such as charge or baryon number)
continue to have that velocity in the geometrical direction defined by the first
* two counters. This assumption can be checked by adding counters down stream
and checking that indeed (within uncertainties of measurement and corrected for
energy loss in the counters) the expected velocity is again measured. We call this
the “counter paradigm”.

The first step in connecting the counter paradigm to the bit string universe
is to assume that the first firing is connected to some unique event involving
label @ and that N TICK’s later there was a second event involving the same
label connected to the second firing. Further we assume that for some relevant
portion (to be spelled out in detail later) of the address ensemble with this label
the average number of ones added by these TICK'’s was < k*(N) >=< I b¢ >
allowing us to define a parameter % = 2<ka(fj)>—N. Since —1 < % < +1 we
identify it with a velocity measured in units of the limiting velocity ¢, and connect
it to the experiment by requiring that * = v/c = L/cT. Following Stein'** we
interpret this ensemble of strings of length N as a biased random walk in which
a 1 represents a step in the positive and a 0 a step in the negative direction.

Since we now know how to relate sub-ensembles of bit strings to velocities
in laboratory events, the question naturally arises as to what coordinate system
the full ensembles generated by PROGRAM UNIVERSE;(:fer to. Fortunately
this is an easy question to answer. We now know that the solar system is moving
at approximately 600 km/sec with respect to the coordinate system in which the
2.7°K background radiation is at rest; we also have measured the direction of this |
~ motion with respect to the distant galaxies. But the statistical method by which
the strings are generated guarantees that on average they will have as many zeros
as ones, defining uniquely a zero velocity frame with respect to which non-null
velocities have significance. Clearly this must be identified with the empirically
known “cosmic” zero velocity frame. Further there are two strings, 1y, and Oy, ,
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which describe two states in which 'ﬁonésponding labels; 1n, and Oy,, have had

the limiting velocity in opposite directions from the start. Thus we have an
event horizon, to which we cannot assign any further content even after we have
constructed our version of 3+1 “space”; ‘the event horizon must be zsotrop:c

Of course within that event honzon we could still be receiving signals from the
remnants of collections of events whlch can be expected to be isotropic only in
a statistical sense. We find it very satisfactory that these observed cosmological
features emerge so readil'y‘ from our interpretation of the model.

Now that we have confidence that the address strings do indeed specify dis-
crete velocity states in general and not just in the laboratory, we next note that
once the hierarchy has closed off at level 4, the set of available labels is fized
and simply keeps on reproducing itself in subsequent events. Thus labels have
an invariant significance no matter how many subsequent TICK’s occur, and can
be used to identify both quantum numbers and elementary particle masses. Of
course it will then become the task of the theory to compute the ratios of these
masses to my, {or t0 Mpjanck). The problem is to make this assignment in such a
way as to guarantee both quantum number conservation and 3-momentum con-
~ servation between connected events. Just how to do this is not obvious, and I have
made several false starts on the problem, from each of which I learned something.
The key turned out to lie in the parallel development of a finite particle number
relativistic quantum scattering theory'” ™" which I hope will one day be con-
sidered as a candidate to replace both quantum field theory and S-Matrix theory
as the theory of choice for practical problems in relativistic quantum mechanics.
That, of course, lies in some very uncertain future. Fortunately the development
has proceeded far enough to give the essential clues as to how to connect the bit
string universe to at least one version of relativistic quantum mechanics.

We now spell out in more detail precisely how the counter paradigm is used
to connect the firing of two laboratory counters as described above to two events
in the bit string universe. These two events will involve some label L® of length
Ni. We assume that the address string A® is of length N4 = Ny — N when
the first firing occurs and of length N4 + N when the second firing occurs. The
laboratory velocity V' = ﬂc is then to be computed from the bit string model by

= (2k*/N) — 1 where for a single string k°® = Z,I:r“f,ivﬁb;'; As we have already
discussed, we are not allowed to access the computer memory directly, so our
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knowledge is not. this precise. The macroscopxc sige of the counters AL and finite -
time resolution AT necessarily require us to consider discuss all strings in the bit
string universe in some range #+ AS/2 where AS = (L+AL)/¢(T - AT)~L/cT.
We will see in the next chapter that this “wave packet” description is essential
* for the calculation of the “propagator” in the scattering theory.

Before I fastened on the counter paradigm as the correct point of contact
between the theory and experiment, I tried to make use of Stein’sl?2] “derivation”
of the Lorents transformation and the uncertainty principle. He assumed that the
basic “objects” underling what we call particles are ensembles of biased random
walks of N steps of length ¢ with a probability p of taking a step in the positive
direction and ¢ = 1 — p in the negative direction, and hence the probability
distribution N!/plg! for the most probable position of the peak. To relate this
to the velocity of the “particle” take p = %(1 + B) and ¢ = %(1 — ), where fc¢
is indeed the velocity of the most probable position. From the fact that the

standard deviation from the peak is /Npg = 4/ & (1 — #2) Stein then arrives

“at the Lorentsz transformation, and by taking £ = h/mc gets the uncertainty
principle as well.

Once I had the counter paradigm in mind, I took over Stein’s “random walk”
idea by assuming that the 1’s in the N4 +1 — N4 + N portion of the address
strings represented steps in the positive (first firing to second) direction between
the counters and the 0’s steps in the opposite direction. The definition of g
remains the same, and by taking the step length as £ = hc/FE the velocity of
the most probable position and the momentum are correctly related to the en-
ergy. Further the velocity of each step is the deBroglie “phase velocity”. If we
make up “wave packets” from these discrete “velocity states”, it is easy to show
that the most vprobable position still moves with the mean velocity and that the
“coherence length” which determines interference phenomena based on these pe-
riodicities is indeed"**"*"! the deBroglie wavelength A = h/p.  Our discrete theory
therefore relates momentum measurement to interference phenomena and the
“wave-particle dualism” in much the same way that it is done by following the
S-Matrix philosophy. |

We now have ki, ¢, and m/m, related to measurement in a precise way. In the
next chapter we complete this part of the argument by showing that we can in-
deed construct a scattering theory with 3-momentum and quantum number con-
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servation in events using the strings of program universe. But our identification
of address strings with velocity states already allows a number of cosmological
connections between our theory and experimental fact to be made independent
of the technical details of the scattering theory. As was spelled out above, we
have the cosinological event.hori'zon and its isotropy, ahd_ the identification of
the coordinate system in which the theory is constructed with that coordinate
system in which the 2.7°K cosmic background radiation is at rest.

1.4 SCATTERING THEORY; CONSERVATION LAWS

We must now proceed to show that the events discussed above can be in-
terpreted as supporting conservation laws that will be preserved by all relevant
TICK-connected happenings. This will be done by invoking a new multi-particle
relativistic quantum mechanical scattering theory!23—37l, The basic idea in this
scéttering theory is to use Faddeev-Yakubovsky equations for the dynamics rather
than a Hamiltonian, or Lagrangian or analytic S-Matrix formulation. The basic
input to the linear integral equations is then a two-particle scattering amplitude
with one or more spectators. Because neither particle from the scattering pair
is allowed to scatter again with its partner until something else has happened,
there can be no “self-energy-loops” or infinities such as occur in field theory.
Because the equations are linear, the solutions are unique, in contrast to the
non-linear ambiguities that occur in the analytic S-Matrix theory. Because of
the algebraic structure of the equations probability flux is conserved for those

- degrees of freedom which are included.

The basic theory allows any finite number of distinguishable particles. For-
tunately we will not have to explore the combinatorial explosion that results in
the standard Faddeev-Yakubovsky theory when one tries to go from N to N + 1
with N > 4 because elementary events in PROGRAM UNIVERSE can involve at
most four distinct strings. The 4-process has two cases: (3,1) three particles can
coalesce to one (or one dissociate to three) with the fourth particle as a spectator;
(2,2) two particles can scatter, and the scattering of the second pair can be the
spectator. The 3-process allows one pair to scatter with the third particle as a
spectator; adding a spectator to this process will lead to one of the two previous

 possibilities on the first iteration.
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The Faddeev (3-particle) theory has three input processes: a +b — a +
b, ¢ spectator, b+c « b+¢c, aspectator; ¢+ a + ¢+ a, b spectator. But
when “crossing” is considered**! ~ the dynamics have to describe as well the anti-
particles d@,b,¢ with no change in the dynamical degrees of freedom. In quantum
field theory or S-Matrix theory, any particulate state with vfelocity v and quantum
number(s) Q(,) must enter the theory in such a way that no prediction of the
~ theory is altered by changing the (conventionaland arbitrary) choice Of sign of the
quantum numbers and choice of reference direction for velocities to —v, —Q(,) and
inverting the coordinates {parity operation); the relative sign between velocities
and quantum numbers ss significant. Since for any labeled address A%, A% =
Ing-n, ® A%, B% = —p°, all we need do to insure this rule is to require that
for any quantum number we define using the (unique) label string for label a
{a€1,2,..,2127 4 136)) Q% = —Q°; all rules used below meet this requirement.

‘Then any 3-event can be viewed as a two particle amplitude

aﬂ*—&'@BEa@h-—»Ma;cza@bspectator (4.1)

b— — b
or the velocity reversed equivalent; note that we cannot distinguish this locally
from any cyclic or anti-cyclic permutation on a,b,c. In terms of the scatter-
ing theory we have developed(23-37] the basic scattering process starts from a
collision between a particle and an anti-particle with opposite velocities, which
is isomorphic to the bit-string 3-event described by Eqn. (4.1) if we look at is
as a+ b —« a-+b. Because the distinction between the symbols 0 and 1 does
not depend on which is which (a point brought homé forcefully by John Am-
son’s discussion of the Bi-Orobourous included here, the masses of particle and
antiparticle must be the same. Consequently the basic process has zero total
momentum, which is consistent with the assumption made above that the con-
struction refers to the sero momentum frame. The extension to 4 events, taking

proper account of the two cases, is immediate:
(3,1) : a@b@cf_deJ«—'-&EBEQE; d=a®b@® c spectator (4.2)
(2,2): a® b — (ab) = (abd) —adb; (cd) = a®b spectator (4.3)

Since our basic process is what is called in high energy physies “anelastic”
(2 in, 2 out but not necessarily the same two), it would appear that there are
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only two degrees of freedom — energy and scattering angle or the manifestly co- -
variant Mandelstam variables. Actually this is true so far as the coupled integral
equations go, but the coupling between the three Faddeev channels necessarily
brings in a third dynamical degree of freedom. If we take these three degrees .
of freedom to be the vmagjnitudes of the three momenta p,, pp, pc, 3-momentum
conservation guarantees that the vector triangle formed by them c]osés, so the
magnitudes fix the internal angles. One vector in the plane of the triangle then
can be used to relate the scattering triangle to space-fixed (laboratory) axes, pro-
viding 3 kinematic degrees of freedom. Since 3-momentum is conserved the plane
of the triangle is fixed, as is the total 3-momentum in any arbitrary laboratory
frame; total 3-momentum provides 3 more kinematic degrees of freedom. Since
the particles are “on mass shell” (E2? — p? = m? with ¢ = 1), 9 of the 12 degrees
of freedom are needed only to relate the fundamental dynamics to the manifestly
covariant description in terms of the 4-vectors Ea, Eb, k.. A similar analysis shows
how the Faddeev-Yakubovsky dynamics used in the 4-particle equations in the
zero momentum frame, again under the assumption of 3-momentum conserva-
tion, suffices to provide all that is needed for the interpretation of the results in
terms of standard relativistic kinematics.

Now that we know where we are headed, we can try to connect this theory
up to the events in the bit string universe. The scattering theory uses single
particle basis states with energy, momentum, mass and velocity connected (with

f%=(V/c)? and ¢=1) by
E?—p?=m?>0; 0<% =p?/E*<1 - (4.4)

Calling these states |mg, fq >= |a >, the single particle mass M?, velocity B¢,
- momentum P® and energy E® operators have these states as eigenvectors:

M®%|a >= mgla >;B%|a >= f,|a >= ———B————]a> (4.5)

q/ 2 +p 2

Mg Pa Mg
\V1-p2 Vv1- 3
So far the connection to the bit strings of specified address length thought of as
states is immediate if we make the identification S*(Ny) = L*(NLp)||A*(Ny -

Ptla >= la >; B%la >= la > (4.6)
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Np) = la >. All values of the parameters compatible wnth the constramts ex-
pressed in Eqn. (4.4) are allowed in the conventional scattering theory. Bit

string dynamics i is more specific. Only the dlscrete velocity eigenvalues f, =

25N be ,
——;—‘v—’a—'é*l-vﬂ—— 1 are allowed. Here N; and N, are the string lengths of the nm-
“verse when the two events of interest in deﬁmng the Veloc1ty state space occurred;

Of course NL < N1 < Ng < NU

There is an lnterestmg convergence between the basis states the bit string‘
universe generates automatically and the “light cone quantization” states which,
Pauli and Brbdsky“” find peculiarly ‘appropriate to simplify the quantum field
theory problem. They introduce a finite momentum cutoff A and discretize the
problem by using a finite quantization length L (the old trick of periodic bound-
ary conditions). In the Introduction to their second paper Pauli and Brodsky
call the parameters L and A “artificial”, which indeed they are in their con-
text of trying to discretize a “continuum?” theory; for us two related finite pa-
rameters are necessary. Our theory has a finite momentum cutoff: the small-
est finite mass particle recoiling from the rest of the universe. The maximum
invariant energy we can discuss in our theory is, so far as we can see now,
Myc? = (2127 +136) Mpianckc? = (2127 +136)?m,c2. Workiﬁg out the connection
to the maximum finite values for V we can discuss consistently in our framework
would get us into a discussion the issues raised by Amson’s Bi-Ourobourous, so
we defer it to ANPA 8 or later. We see no likelihood of finding direct experimen-
tal confirmation of our finite philosophy by exploring that limit experimentally.
“Both for the Pauli-Brodsky approach and for ours the momeéntum cutoff is set
by the computing budget rather than more fundamental considerations.

-Fortunately the minimum resolution we can achieve sets practical limits that
are simpler to discuss, and which are directly related to the states Pauli and
Brodsky use. They relate their invariant 4-momentum M to their “harmonic
resolution” K by requiring, as we do, zero center-of-mass momentum (cf. p. 1999,
Ref 41). Their unit of length is Ac = h/M¢ which is the same as the step length
¢ in our random walk. Hence their harmonic resolution K = L/A¢ = L/€= N,
- that is the number of steps taken in the random walk, or the number of bits
in the relevant portion of the address strings. As they say “One must conclude,
that the wave function of a particle in one space and one time dimension depends
on the .... value of the harmonic res_olut;on K”. This should make it:clear that
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we can map our results onto theirs or visa versa, and find out the equivalent of
their Lagrangian, creation and destruction operators, etc. in our context - or
~visa versa. The details remain a problem for future research.

There is a difficulty in their approach in'going to 3+1 space since one needs
~ two basic operators in addition to the invariant four momentum and the harmonic
~ resolution. But, as Pauli and Brodsky assure me the obvious high energy particle
physics choice of M, P”,PL, L; works very well. Our problem is different in that
~there is nothing in the definition of “event” which insures that 3-momentum

will be conserved, a fact which Kilmister pointed out rather forcefully at ANPA
7. Hence it is not obvious how to put these single particle states together to
describe a 3-event or a 4-event. Actually this is a difficulty in any quantum
theory, not just ours. The quantum framework is in fact more general than the
3-momentum conservation which (so far) is always observed. Non-relativistic
quantum mechanics meets this problem by requiring that any interaction used
either conserve 3-momentum, or be an approximation in a system where some
large mass is allowed to take up arbitrary amounts of momentum. In quantum
field theory the problem is met by assuming certain symmetries in the space of
description and the allowed interactions, which lead to 3-momentum conservation
for observable processes. “Vacuum fluctuations” (or disconnected graphs) which
violate various conservation laws can still occur; they correspond to the events in
our theory which we also wish to exclude." If one takes the symmetries as more
fundamental, then momentum conservation can be “derived”; however, I would
claim that the symmetries were introduced in the first place in order to insure
this result. From a logical point of view momentum conservation is an added

postulate.

~ S-Matrix theory starts from physically observable processes, and hence im-
poses momentum conservation from the start. The finite particle number scat-
tering theory I am modeling simply requires 3-momentum conservation for all
driving terms in the integral equations, and the structure of the equations'guar’-
antees that this propagates through the solutions. I claim we have at least as
much right to restrict the interpretation of the bit string theory to those con-
nected events which conserve 3-momentum when we discuss physical predictions

as does any other quantum theory.

Actually the recent work by McGoveran and Etter.(‘q puts us on still firmer
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~ ground in makmg thls restriction. The basxc fact about a dlscrete topology is
that distance cannot be defined until ordering relations, which define attributes -
of the resulting partially ordered sets, are imposed on the initially indistingussh-
able finite elements. Once this is done, the “distance” depends on the number
discrete ways in which the information content of two different collections differs
with respect to each attribute. Thus the metric, and the rate of information
transfer, is attribute-dependent. Consequently there will be various “limiting
velocities”, the one which refers to all attributes being the minimum of these
maximum allowed velocities. In the physical case, this is clearly the velocity of
light and is the maximum rate at which information (i.e. anything with phys-
ical efficacy in producing change) can be transferred. However correlations (or
in computer terminology synéhronization) can occur supraluminally. This is our
basic explanation of the EPR effect. With regard to the point under discus-
sion, since 3-momentum conservation is one of the known attributes of physical
effects, we are clearly justified in requiring this of the events that enter our scat-
tering theory. Our bit string universe is then richer that the physical portion we
discussion this paper, — a point worth pursuing in the future.

A second difficulty which emerges is that even though we restrict ourselves

to (eg for 3-events) those strings for which
Pa = Po| < pe < pa +pb; a,b, ¢ cyclic - (48

we will not have all the richness of Euclidean geometry. We can of course define
our angles in the triangle implied by 3-momentum conservation [which will close
if Eqn. (4.8) is imposed| by p? = p2 + pZ + 2papyrcosfas, but the digitization of
the momenta (via the digitization of the velocities) will allow only certain an-
gles to occur. This, of course, is familiar in the old “vector model” for quantum
'mechanical angular momentum; it is sometimes still called “space quantization”.
One loose end that still needs to be tied up is the connection of angular mo-
mentum quantization in units of % to the h we have already introduced via our
random walk. We obviously cannot introduce Planck’s constant twice. In a met-
ric space restricted to commensurable lengths Phythagoras’ Theorem does not
always hold. McGoveran has pointed out that when we try to close triangles in a
discrete space the restriction to integer values is one ‘way that non-commutativity
can enter a discrete topology So all of this should work out in the long run. If

it doesn’t we are in serious trouble.
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We nail dowi\ the 3-momentum conservation law by allowing only those la--
beled address ensembles for which it holds to provide dynamical connection be-
tween TICK - separated events The next step is to show that there are conser-
vation laws arising from the labels which can stay in step with the kinematics.
This is considerably easier. A 3-event requires that L®® L*® L¢ = Oy, = 01, and
hence that L* @ L*@®c =1y, = 11 cyclic on a,b,c, where L? = 1 @ L®. If we
define the quantum number operators for some attribute z by Q%la >= ¢%|a >
and require that

Q:[0r >=0=Qq|1, > - (49)

‘and that ¢, = —ga, quantum number conservation in 3-events follows irnmedi-
ately. Further, velocities and particle-antiparticle status reverse together, as in
usual in the Feynman rules. We defer the discussion of “spin” to the next chapter.

Probably the most significant step taken since ANPA 7 is the derivation of
the “propagator” for the scattering theory directly from the bit string universe
via the counter paradigm. The breakthrough was achieved last fall in collabo-
ration with Mike Manthey, who got me out of the rut of a “binomial theorem”
. connection between TICK-separated events I had failed to make work. In the
scattering theory, the connection between events is provided by the “propaga-
tor” —p—mg- Here +(-) refer t6 “incoming” (“outgoing”) boundary conditions,
and are all that remains in the “stationary state” scattering formalism to record
the “time dependence” of the wave function in the Schroedinger representation.’
" The unitarity of the S-Matrix S = 14T, that is S'S = 1 or the corresponding
restriction on the scattering amplitude T, is then all that is needed to insure
flux conservation, detailed balance and time reversal invariance in the conven-
tional formalism. This is the formal expression of the Wick-Yukawa mechanism,
which attributes quantum dynamics to the “off-shell” scatterings at short dis-
tance which conserve 3-momentum but allow the energy fluctuations consistent
with the Heisenberg energy-time uncertainty principle and the Einstein mass-
energy relation. In words, the propagator is the probability amplitude for having
the energy E’ in an intermediate state in the scattering process when one starts
from energy E for the incoming state. Since only the value at the singularity
survives in the end (i.e. “asymptotically”, or to use more physical language,
in connections between numbers that can be measured in the laboratory), the
normalization of this singularity can be fixed by the unitarity (flux conservation)
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reqmrement and need’ not. concern us. The scattering equa.tlons are 31mply the
sum over all the possxblhtnes allowed by the conservation laws with this wenghtmg

To obtain the statistical connection between events, we start from our counter
‘paradigm, and note that because of the macroscopic size of laboratory counters,
there will always be some uncertainty Af in measured velocities, reflected in our
integers ks by Ak = %NAB. A measurement which gives a value of 8 outside this
interval will have to be interpreted as a result of some scattering that occurred
among the TICK’s that separate the event (firing of the exit counter in the
counter telescope that measures the initial value of § = fp to accuracy Af)
which defines the problem and the event which terminates the “free particle
propagation”; we must exclude such observable scatterings from consideration.
What we are interested in is the probability distribution of finding two values
k, k' within this allowed interval, and how this correlated probability changes as
we tick away. If k = &’ it is clear that when we start both lie in the interval of
integral length 2Ak about the central value ko = %’4(1 + fo). When k # k' the
interval in which both can lie will be smaller, and will be given by

[(k+Ak)é(k'—Ak)]=2Ak—(k"-—k) (4.10)

when k' > k or by 24k + (k' — k) in the other case. Consequently the correlated
probability of encountering both k and k' in the “window” defined by the velocity
resolution, normalized to unity when they are the same, is f(k, k') = ;ﬁ%—:—%}%,
where the positive sign corresponds to k' > k. The correlated probability of
finding two values kr, k3. after T ticks in an event with the same labels and same
normalization is %'T—) Thisis 1if k' = k and k% = k. However, when k' # k,

a little algebra allows us to write this ratio as

2(6k-Ak 40k
i = i e L 4.11

2(8k- 4Ok 40kAk
L Ayt + 4phahe

If the second measurement has the same velocnty resolutlon AP as the first, since
T > 0 we have that AkT < Ak. Thus, if we start with some specified spread
of events corresponding to laboratory boundary conditions, and tick away, the
fraction of connected events we need c0n31der diminishes in the manner illustrated
in |
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Figure 3. The connection between the address strings in tick-separated events
resulting from an initial uncertainty in velocity measurement.
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v Consequently if we ask for the correlated probability of finding the value Al -
starting from the value g we have proved that in the sharp resolution limit this
is 1if =4’ and 0 otherwise. That is we have shown that in our theory a free
 particle propagates with constant velocity with overwhelming probability — our

version of Newton’s first law.

Were it not for the =+, the propagator would simply be a é-function, and
since we are requiring 3-momentum conservation the theory would reduce to
relativistic “point particle” s'cattering‘kinematics. But the limit we have derived
approaches 0 with a sign that depends on which velocity is greater, which in l;urﬁ
depends on the choice of positive direction in our laboratory coordinate system,
and hence in terms of the general description on whether the state is incoming
or outgoing. In order to preserve this critical distinction in the limit, instead of
something proportional to a §-function we must write the propagator as

, b -1
P(ﬂaﬁ’): ~ [ﬁ'_;?i“'l]

—F: (4.12)

where the limit is to be taken after summing over the allowed possibilities. Thus
we find that the complexity of the wave function, and the propagator needed
for scattering theory, can aCtudlly be derived from our interpretation of the bit
strings. As already noted, the actual normalization of the propagator depends
on the normalization of states, so we can use the cbnventional choice (—ET_——E%;O—;T

just as well.

What I like best about this derivation is that the macroscopic dimensions of
the counters enter explicitly into the structure we need, just as “wave packets”
have to be brought in for careful discussion of fundamental problems in standard
quantum theory. It is also very satisfactory that the dichotomic choices at the
lattice connections arising from TICK are strongly reminiscent of Finkelstein’s
“space-time-code” checkerboard. Scattering theory is one way to connect the
imaginary time dependence in the Schroedinger equation of the conventional
treatment to the discrete time scale we have to use to describe our time evolution.
For consistency, this must also connect to the complex representation of angular
momentum, and non-commutativity. As mentioned above McGoveran has some
profound ideas here that are crying out to be explored. |
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Now that we have the propagator for a free paftiple, it is easy to write down
the basic two-particle scattering operators as poles in the invariant two-particle 4-°
‘momentum which occur when the two particles coalesce to form a “bound state”
of the mass appropriate to the resulting label and clothe this with 3-momentum
conservation. We now have derived all the ingredients needed for the scatteriﬁg
theory. Since we have on hand a pr'eli-mi‘nary description of the theoryl®?l we
repeat here the portion relevant to this paper. |

Fortunately the “zero range scattering theory” developed in a non-relativistic
context(28] allows scattering amplitudes to be inserted in Faddeev equations with-
out specifying their relation to the non-invariant concept of “potential energy
distribution”. The model then reduces to the kinematic requirement that the “el-
ementary” (or input) two-particle amplitude for meson-nucleon scattering have
a pole when the invariant four-momentum of this pair is equal to the nucleon
mass. As has been noted many times(?5] the use of Faddeev dynamics guar-
antees unitarity without ever producing the self-energy infinities caused by the
quantum field theory formalism. Clearly our general philosophical framework is
that of S-Matrix theory, although we part company from the usual approaches to
that theory by restricting ourselves to finite particle sectors. The second critical
physical input is that 3-momentum be conserved in each elementary scattering.
All particles are “on-shell”; only the energy of the system as a whole is allowed
to fluctuate within the limits provided by the uncertainty principle. Again this
is hardly new; Wick used this idea long agol?l to provide physical insight into
Yukawa’sl® meson theory. Putting this together with the requirement that ob-
servable probabilities be conserved specifies a minimal theory, as we now show.

Although the two-nucleon one meson system described by four-vectors has
twelve degrees of freedom, our mass shell requirement (k)2 = k -k = €2, —k-k = m?
reduces these to 9, and total 3-momentum conservation to 6. We restrict the
Faddeev treatment (which would include the kinematic equivalent of particle
“creation” and “destruction”) by assuming that we start and end with a “bound
pair” plus a free particle, and hence need only consider the residues of the double
poles in the Faddeev amplitudes. Under these circumstances, 3-momentum con-
servation fixes the scattering plane in the ezternal (and then laboratory) frame
and reduces the dynamical (internal) degrees of freedom to 3. The remaining 3
simply allow the result of solving our dynamical equations to be related to exter-
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nal, and via the total 3-momentum to laboratory, coordinates. In general there .
will be nine “elastic and rearrangement” amplitudes (for example if we have a
nucleon and an anti-nucleon, there will be a pole at the mass of the meson)
but our “confined quantum” assumption!3®31 reduces these to four. Finally,
the §-function on spectator momentum reduces the 3 degrees. of freedom to two
dynamical degrees of freedom for each Faddeev channel ( of course care must be |
exercised because the Faddeev description is “overcomplete”); we take these to
be the magnitude of the momentum and the scattering angle, as in nonrelathstnc
potential scattering, or a single vector variable j P with the understandmg that the
azimuthal angle (or magnetic quantum number) is an “ignorable coordinate” .

There is a further non-trivial kinematic fact which simplifies our result. We
use the Goldberger-Watson'” propagator R;'(2) = €1 + €2 + €4 — z where
€ = \/p? +m?,1€1,2 and ¢, = /g% + p2. Since we are in the zero momentum
frame, this is related to the invariant S = (k, + k, + k u)? = (€1 + €2+ €)% by
Ro(z) = (V'S = 2)~! Here P11 P2, refer to the “internal” coordinates where all
three particles are “free”. But the “external” coordinates refer to ‘a particle of
mass m, and “bound state” of mass u,, with the mvamant 8a = (€a +€,,)° or

€a = 2/54 + 5“751‘5 because p; = ¢2 — m2 = ¢2 — p2. The model requires the

driving terms to have a pole at S;, = (k; + k )2 =m? = (e; + €,)* — p? where
we have used the fact that p; + p; + ¢ = 0. Hence (for equal mass nucleons)
Sip—m? = (V5 —¢;)? — € =v/S(V/'S —2¢,), and the pole also occurs at S = 4e2.
Finally, we note that on shell, § = s; = s; = 4¢Z and p? = (p°)?, so the pole
also occurs when the two momenta are equal. This allows us to write the driving

terms as

9263(p—p0) v (4'13)
— (%) —in
[In this treatment we are using the continuum approximation|

‘Now that our space and the operators in it are defined, we can start from the
Faddeev decomposition of the three body transition operator

T = Lijea,0, My / (4.14)
where the Faddeev operatoré Mj; are defined by the operator equations
~[Map — tabup] = taRo[Mpg + M;p] = [Maa + May|Rots (4.15)
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The é-function in the driving terms reduces the corresponding integral equa-
tions immediately to coupled equations.in two variables. Further, since we are’
concerned here only with the (2,2) sector, and hence with the residués of the
" double poles, which in a non-relativistic context would be called “elastic and
" rearrangement amplitudes”, we can define .

. _ 9q | 0. A 9o

Maﬁ_ta(saﬁ'— ‘*{"THGQ(EG,EI),Z)—OT:—E— (4.16)
‘ Sa ™ Mo - ‘ Sp — Mea

For the 3-nucleon paper we are relying on here, we assumed two nucleons and

one meson ' with no direct nucleon-nucleon scattering,and called the four surviving

amplitudes K.

The final result for the nucleon-nucleon amplitude in this (scalar) model is
then that

T(p,p') = Kuilp,p') + Kiz(p, —p') + K21 (=p, p') + Ko2(—p, -1) (4.17)

e ~

where

Vi (pis 0 ) Ky (Pks P5)
g -V — 3.0 P\ Tk ALY 2R
Kij(pirp;) = Vie(pirpy) = /d Pk (p})? — P2 —1n

(4.18)

and
g° -
‘/"J‘ = _(1 - 6‘]) i77¢ 37’ ' : (419)
e (6 — e, +€j) ' ‘

with e:{" = \/(g‘ + E})2 + u2.

If the “bound state” is required to contain exactly one particle and one meson,
three particle unitarity fixes a unique constant value for the coupling constant!?7).
However, as has been discussed in connection with the “reduced width” (also the
residue of a “bound state” pole) in the non-relativistic t:heory'“l it is possible
to treat the residue as a measure of how much of the state is “composite” and

“how much “elementary”; the density matrix derivation given in the reference
is due to Lindesay. In the case at hand, since the K;; satisfy coupled channel
Lippmann-Schwingér equations, their unitarity and that of the T constructed
from them is immediate, and is independent of the value of g%, making this, as
well as the meson mass available as adjustable parameters for use in low energy
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| phenomenology In fact the equatlons in the non-relativistic region correqpond |

to an ordmary and excha.nge “Yukawa potential” or for neghglble meson mass
and g2 = ¢? to the usual coulomb potential. Thus we finally have made contact
with both Rutherford Scattering and the Schroedmger equation for the hydrogen

‘atom starting from bit strings!

Aot

ST

1.5 THE STANDARD MODEL OF QUARKS AND LEPTONS
COSMOLOGY

'.,We saw in the last section that our quantum-numbers are to be defined in

'such a way that they reverse sign under the “bar” operation $® = 1y @ $* =

12]|14 ® L°||A®, as do the velocities in the address part of the string. Hence for
each string we can single out one quantum number which defines the relative sign
between velocities and quantum numbers, and hence defines a “direction” in the
space of quantum numbers which is correlated with the directions in ordinary
space. This obviously is “helicity” which can be directed either élong or against
the direction of particle motion. Putting this together with the 3-momentum
conservation we have already assured, the fact that this does not reverse sign
when the coordinates are reflected makes this a “pseudo-vector” or “spin”, and we
must assume that it is to be measured in units of %h if we are to make contact with
well known experimental facts. As already noted, one remaining foundational
problem is to connect up the unit with the “orbital angular momentum” from
our definitions of 3-momentum and the lengths that occur in our random walks
(deBroglie phase and group wavelengths using h rather than h as the unit with
these dimensions). In what follows we will assume that this can be done without
encountering difficult problems. |

Once we have identified the necessity for one quantum number in each label
being interpretable as “spin®, or more precisely “helicity”, (including of course
the possibility of the value 0 for some strings), the interpretation of Level 1 is
essentially forced on us. The dichotomous spin state with no other structure is
the “two component neutrino® familiar since the parity non-conserving theory of
weak interactions was created by Lee and Yang, and demonstrated experimentally
by Wu. A simple way to represent this is, for a two-bit representatlon (b1,b2), is
to take h, (bl ~ba) 3 1p, as is shown in Table 2a.
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Table2
Conserved Quantum Numbers

- 2a. Level 1.
String . go=10b;— by
(b1,b2) | |
10) . 41
01 ' ' -1
a1y | 0
00) - | 0
2b. Levels 2 and 3.
String < 92 qs :
(blbgbgb4) ' by — by + b3 — by by +by — by — by bl—bg"—bsv‘F by
1110 ‘ +1 +1 -1
0001 : -1 -1 +1
(1101) - +1 +1
(00 10) +1 -1 -1
(1100) 0 +2 0
(001 1) 0 -2 0
1111 0 0 0
0000 0 0
(0111) -1 ~1 -1
000) +1 +1 +1
(1011) +1 -1 +1
(0100) -1 +1 -1
1010 +2 0 0
0101 -2 0 0
1001) 0 0 +2
0110) 0 0 -2
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| Then, if we adopt the usual convention that the electron -n,eutrino 18 “left._hand‘ed . |

and has negative helicity relative to the positive direction of motion, we have
(for massless neutrinos) v, = (01)||14 and v, = (10)||14. There are only two

- states because (thanks to invariance under the bar.operation) for intermediate

e

states a neutrino moving the positive. direction i is mdxstmgulshable from an antn«
‘,neutrmo moving in the nega.twe direction. Only in the laboratory, where we

can use macroscopic “rigid bodies” to ‘establish du"ectlons, can we measure both

parameters.

Havmg an obvious interpretation of the basis states for Level 1, the inter-
pretatlon of Level 2 is almost as straightforward. We use the representation
(81, b2, b3, bs), which allows three quantum numbers which meet our restrictions
to be defined: ¢ = by — by + b3 — by, g2 =by 4+ by —b3 — by, g3 =by — by + b3 — by.
These are exhibited explicitly in Table 2b. Since Level 2 only has three linearly
independent basis vectors, we require b; = by, which arises naturally from the
mapping matrix construction of the hierarchy, as we have discussed in detail in
previous work. Under this restriction ¢q; = —q3, so there are only two indepen-
dent quantum numbers. The obvious choice is to identify ¢; as lepton number
(or electric charge) and g3 as hehcnty in units of 1 ~h, which leads to the particle
identifications in Table 3. The graphical representatlon of these numbers given
in Figure 4. may be more informative. We defer discussion of the “Coulomb
interaction” called C until we have made the Level 3 assignments. '

For level 3 we use one four-bit string allowing all 16 possibilities concate-
nated with a second for-bit string resembling level 2 and hence having only 8
possibilities. The first has four basis vectors and the second three, making up
the required 7. Together we have 128 possibilities, or if we subtract the null
string, the usual hierarchy 127. Assuming for the moment that the second 4-bit
string is {1111) or {0000) - which we will see shortly is'a QCD (quantum chro-
modynamics) color singlet — we have in fact the 16 states which can be formed
from two distinguishable fermions and antifermions. These are clearly the nu-
cleons with the associated pseudoscalar and vector (since a fermion-antifermion
pair has odd parity) mesons. The identifications are spelled out in Table 3.
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Table 3 -
Particle identifications for Levels 2 and 3

String Level 2 Level 3 (color 'singlet)
) 61% n+%‘
) e:%‘ n_t
) 3;% ﬁ+%
) ef% n-t
) T+1 P(.)H,w+1
) 7-1 p21w-1
) C ﬁO)pgawO
) (C) (7, p3, wo)
011 1) ﬁ_%
) Pyl
) Py
) ﬁ+%
) do
) dy
) LA
) T, P
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Figure 4. Level 2 ,qtllantum numbers represented as strings.
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To make this into quantum'chromodynamiCé, vﬂr;e need only note that the level . | |
2 quantum numbers also define an SU3 octet, as is shown in Table 4 in terms of
1,U and V -spin; again Figure 4 illustrates the relationships. ’

N 'T~able»}4 |
The SU3 octet for “1,U,V spin” |

(bi1biabisbra) 2L, 2U, 2V, =2(I, +U,)]

STRING: = 1110 +1 +1 +2
o 0010 -1 42 41
1100 +2 -1 +1
1111 0 0O 0
0000 0 -0 0
0011 2 41 -1
1101 +1 -2 -1
0001 -1 -1 -2

21, =byy + by — bz — b4
2Uz = —2[)11 + 612 + 2b13 - bM
2Vz = _bll + 2b12 + b13 - 2614

For color we could take red = (0001), anti-red = (1110); yellow = (0010), anti-
yellow =(1101); blue = (1100), anti-blue = (0011). Then three colors or three
anti-colors give the color singlet (1111), as do the appropriate combinations of
color and anti-color. The three basis strings so constructed concatenated with
the four already discussed give us two distinguishable colored quark and the
associated gluons. Since a® a® a = a, three colored quarks (or anti-quarks) add
to give a color singlet and yield the spin and helicity states of a nucleons and
anti-nucleons as we have just shown. Speculatively, since the scattering theory
employed allows three states of the same mass to combine to single state of that
mass, we can take both the quark and the nucleon mass to be the same; this
would mean that quark structure would only appear at the 3 Gev level, which is
desirable if nuclear physics is to continue to use mesons and nucleons as a first

approximation.
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Clearly we now have the quantum numbers for the first’ generation of quarks
~and leptons familiar from the standard model. Because of the closure proper-

ties of the hierarchy it is obvious that we will get higher generations simply by

-.duplicating the structure we already have as many times as we need to get to

2127 4136 quantum states. We see that level 4 gives us a combinatorial explosion

of higher generations with the same structure, but only weakly coupled because
of the large number of combinatorial possibilities.

This is all very satisfactory until we ask (a) how to interpret the level one
closure (11)04 (or (00)1,4) and (b) how to extend this interpretation to label
strings of length L, which our PROGRAM UNIVERSE construction forces us to
do. This problem has not been faced in previous discussions, and the conclusions
reached for purposei’ of this report are frankly speculative. The problem is to
get the coupling betweenlevels and generations right. The speculative idea starts
with the conjecture that the label 1; = (11)/; is simply the universal Newtonian
gravitational interaction which couples to any pair of labels with probability
(2127 + 136]~* But then, so far as level 1 labels go, it is indistinguishable from
(11). To go on, the analagous level 1 - level 2 cross level coupling would be
the unit helicity Z° with unit helicity extensions to the W+. The 1-2-3 cross
level coupling would be (as before) the coulomb interaction, with care taken
so that the neutrinos carry no charge. As we have noted before, our theory is
analagous to doing QED in the “coulomb gauge”, so the spin-flip 74| which come
- along are down in probability by 1/137. Including these must correct our first
approximation a = 1/137 toward the observed value, but all strong as well as weak
interactions will enter the calculation of the correction. Thus the mixing between
generations cannot be ignored a priori. Conventional theories are now struggling
with the problem of how best to combine weak-electromagnetic unification with
the standard model, the generation structure, and gravitation in some sort of
“super-unification” scheme. So the problem we hit in our own theory lies close
to the cutting edge of conventional physics, as promised.
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The'cosmological implications of our theory are also interesting. ‘We have
already noted that our first approximation gives us Newtonian gravitation, so a
“flat space” cosmology can also be anticipated. Our “big bang” - like that in an A
early version of Parker-Rhodes’ Theory of Indistinguishables starts out “cold” in
that we have to generate the labels first and only begin to develop “heat”after
the basis vectors close and we begin to accumulate addressed label ensembles.
Since the initial scatterings can take place in ~ (1.7 x 10°®)? ‘ways, and baryon
number and lepton number appear to be very well conserved in our scheme,
this initial condition gives approximately the baryon number and lepton number
of the universe within the (rather broad - but all “flat space”) observational
limits. Since the initial address strings are short, they correspond to very high
velocities and the resulting temperature will be extremely high. Even though
we start “cold” we get a cosmic fireball early on. Once the average temperature
falls (due to the expanding event horizon) down to the Tev range now being
explored by particle accelerators our cosmology will develop much like others.
The question which lies open is whether our rather unusual boundary condition
will have consequences at variance with more conventional models in such a way
as to lead to feasible observational tests. Only the uncertain future can decide.
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1.6 THE MASS SCALE

|This section is quoted from SL'AC-lPUB-3566, “A discrete foundation for

‘Physics and Experience (January, 1985).]

What is- still missing in our fundamental theory are the mass ratios of the

particles relative to our standard m, identified by hc/Gm? = 2'27 4 136. Here

we adapt a calculation of Parker-Rhodes'**! based on his alternative, but closely
related, approach to the problem of constructing a fundamental theory. He con-

fronts the problem of indistsnguishabilsty, which in modern science goes back at -
least to Gibbs, but poses the problem in the logical (static) framework of how .
we can make sense of the idea that there are two (or more) things which are

indistinguishable other than by the cardinal number for the assemblage without
introducing either “space” or “time” as primitive notions. Clearly his starting
point is distinct from the constructive program, and the “fixed past - uncertain
- future” implicit in our growing universe with randomly selected bit strings.

We have seen above that, for a system at rest in the coordinate system de-
fined internally by < 8 >= 0 or externally by zero velocity with respect to the
background radiation, the minimal fundamental length is h/m;c, inside which
‘length we have no way of giving experimental meaning to the concept of length
without external coupling [2l, We have also seen that our scattering theory has,
for zero mass coulomb photons, a macroscopic limit in- Rutherford scattering,
a non-relativistic limit in Bohr’s theory of the Hydrogen atom, a continuum
approximation in deBroglie’s wave theory provided by continuum interpolation
using Fourier analysi‘s,‘ and hence the usual formalism for the macroscopic €2/r
“potential” up to O(1/137) spin-dependent corrections or relativistic corrections
of the same order (either of which corrections — relativistic spin(Dirac) or rela-
tivistic motion (Sommerfeld) — account quantitatively for the empiiical hydro-
gen fine-structure to that order). We have also seen that our momentum-space
S-matrix theory has (within our digital restrictions) the usual properties of ro-
tational and Lorentsz invariance in 3 + 1 momentum-energy_ space, and hence by
our interpretive paradigms in 3-space.

We therefore can assert that outside a radius of h/2my,c, the energy associated
with the (minimally three) partons connected to an electron, the electrostatic
energy of an electron can be calculated statistically from < e?/r > with three
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. degrees of freedom and r > (h/2mypc)y,y > 1. Since the conservation laws we have

already established require charge conservation, the electrostatic energy must be
calculated from the charge separation outside this radius with charges ez and

e(1—z), so < ¢? >=e2 < z{1—z) >. At first glance z can have any value, but

in any statistical calculation the charge conservation we have already established -
requires that these cancel outside of the interval 0 < z < 1. We have seen that the

leptons are massless until they are coupled to hadrons at level 3 of the hlerarchy
(with, as the first approxxmatlon €2 /he = 1/137) Hence, in this approximation,
we can equate m.c? with < e?/r >, and arrive at the first Parker-Rhodes formula

137r
<z{l-z)>< 1/y>

m,,/me— 0<a:<1 0<(1/y)

From here on in, the only point to discuss is the weighting factors used in
calculating the expeétation values, since we now have from our S-matrix theory
the same number of degrees of freedom (three) as Parker-Rhodes arrives at by
a different argument based on the Theory of Indistinguishables. For the (1/y)
weighting factor this is almost trivial; our carefully constructed derivation of
the Coulomb law and the symmetries of 3-space imply that P(1/y) = 1/y. For
z(1— z) the two-vertex structure of our S-matrix theory requires one such factor
at each vertex in any statistical calculation: P(z(1 — z)) = z?(1 — z)%. The
calculation for three degrees of freedom is then straightforward, and has been
published several times!5:6:10:17.38,30] 132471 e pegylt is < 1/y >= 4/5, <
-~ z(1—z) >=(3/14)[1+(2/7) +(2/7)?], leading immediately to the second Parker-
Rhodes formula |

my,/me = 137n/[(3/14)[1+ (2/7) + (2/7)*](4/5)] = 1836.151497...

in comparison with the experimental value of 1836.1515 = 0.0005. Although this
result has been published and presented many times, we know of no published
challenge to the calculation.

‘The success of this calculation encourages us to believe that the seven basis
vectors of level 3 will lead to a first approximation for m;, /m, s 7 with corrections
of order 1/7, but this has yet to be demonstrated.
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1.7 CONCLUSIONS .

We have tried to show in this paper that a complete reconstruction of rel-
ativistic quantum mechanics, elementary particle physics and cosmology can be
based on a simple computer algorithm organized to exploit the closure properties
of the combinatorial hierarchy and known basic principles of modern physics.
Some people found the initial success in 1966 already impressi\}e;‘ others called it
numerology. By now there are a number of quantitative and qualitative successes
to our credit and no known failures. In the language of high energy physics, it
may not yet be convincing as an “experiment”, but it is begining to look like the
basis for a reasonable “research proposal”.

The question remains — first asked me at Joensuu — what it will mean if the
results are close to experiment, but can be shown to be in quantitative disagree-
“ment in a way that no fundamental remedy seems likely to fix. We will assume
that a reasonable amount of effort has gone into minor tinkering with the fun-
damentals — they are so rigid that this gives very little scope. I expect this to
be the case some day, hopefully soon. That I anticipate close agreement with
experiment once the scattering calculations are carried out rests on the overde-
termination Chew has already shown to exist between the structure of scattering
theory, unitarity and “crossing”. The theory has “bootstrap” properties, a finite
and convergent equivalent of “renormalization”, and once we get the quantum
number assignments nailed down, willkeve to (if Chew is correct come close to
experimental results. Our advantage over his theory is that our equations are
linear allowing unique answers for any finite number of particulate degrees of

freedom. So what if we are wrong? I would claim that any theory must contain

the minimal elements we have used, and so must also fail unless additional basic
principles are added. So a “failure”, if we have done our job properly will either
point to an a.ré% in which to look for new physics (eg. extension of the present
three (MLT) dnmensnonaﬁ concepts [to 777]) or even a way to look beyond physics.
This is, as I see it, the most one should ask of any model or theory or philosophy.
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2: A FINAL FOUNDATIONAL DISCUSSION"

o Clive W. Kilmister : :
Chelsea-Kings, University of London

2.1 INTRODUCTION

My aim is to derive the Parker-Rhodes construction described in'*"' from the

acknowledged properties of quantum mechanics. Wheeler has said'*"’ “Quantum
theory presents us with the strangest object in all of physics, an entity which has
no localization in space and time, the elementary quantum phenomenon... all the
information we acquire we get, directly or indirectly, from elementary quantum
phenomena.” This is my starting point. It characterizes quantum mechanics in
this way: | :

(i) there must be elementary quantum events, our only source of knowledge,
not localized in space or time,

(i) we cannot get outside this sequence of quantum events, no matter how
much this is at variance with the classical picture of things.

But since the theory is not to be simply meaningless sequences of such events,
the sequences must organize themselves in some way to produce higher order
events, and these in turn likewise. This means that the system must have such
levels and so the mathematical features are

(a) the system must be one with levels,

(b) new features arise and so the mathematical formulation must allow the
entry of new symbols.

Classical mathematics does not fit very well with either feature but especially not
~ with (b). Indeed such a creative feature suggests intuitionism and I have flirted
with that in the past, but it turns out not to be necessary to go so far. Rather to
adopt an intuitionistic stance has traces of simply taking what is to hand instead
of looking for exactly what is needed.

2.2 GENERATION AND DISCRIMINATION

Let us begin with (b) above. New entities arise. How can this be? There
must be some generation process, G, and as each new entity is created it must
receive a Jabel. We may use as a set 'of labels the symbols 0,1,2,3,... but these
are not, of course, the cardinal numbers On the other hand they can be read as

. ordinal numbers, and if, as we shall see is approprlate, we consider 0 as in a special

category, we can read the symbol m as labeling the m*” element produced, either
by the generation operation or internally inside the mathematical system. This
notation emphasizes, what is clear from the generation idea, that the resultant
system will be either finite of enumerable.
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An 1mportant questlon is begged in the preceding paragraph When an entity
is produced by whatever means, how can we be sure that it is'a new one? In
one sense it must be, because it differs from all the other entities in its stage of
production; but to regard the entities in that way is to produce a system with .
no structure at all. Rather we must have a notion of equivalence between two
examples of an entity, so that each potentially new element must be checked to |
see if it is equivalent to one which has occurred before. At this point it is again
necessary to take note of the contmumg generatlon for it means that we cannot
simply ask whetlier the new element is or is not the member of some glven eet
This set would be that of the already generated elements and so is not “given”
whatever that means for the classical mathematician—but is continually changmg

A device which avoids this (it may not be the only possible way to proceed)
is to use the nineteenth century idea of a function, that is, a rule which gives a
value for each value of the argument. It must not be assumed that any ideas of
domain or range are implied by the use of the word “function”; there is simply
a rule. This rule is then constrained to be such that the values of the function
for elements equivalent to already generated elements lie in a fixed set which is
disjoint from the set of values for truly new elements. This condition goes some

way to determining the rule, as will become clear later. Such an operation will

be called discrimination, D. A “run” of the system will consist of a sequence of
G’s and D’s. The sequence is arbitrary, but if an ensemble of runs is considered
it is possible to introduce the ideas of probability. This is not considered in this

paper.
2.3 THE SIMPLE CASE

The simple case in which one compares the “new” element with a single
known one determines much of the structure. Let u be the known element, and z
a potentially new one. Denote the function by f(u,z) so as to include reference
to the known element. Denote the fixed set of elements which are values of the
function when u,z are equivalent by Z. Since we are specifying an eqmvalence
relation, we must have:

(i) f(z,z) € Z for all z, )
(ii) If f(z,y) € Z, then f(y,z) € Z; |
(iii) If f(z,y) € Z and f(y,z) € Z then also f(z,2) € Z."

There is an obvious equivalence relation between such functlons fy which
holds when they do exactly the same job. That is, one defines f, f* to be equiv-
alent if, whenever f(z,y) € Z, then also f*(:v, y) € Z*. It is then straightforward

~ to prove:

THEOREM 1.

Each cquwalence class of f’s contains an element g say, whzch zs such that
(8) The Z for g has one element, say 0.
(b) g(z,z) =0 for all z.
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| 1mportant to bear in mind that the dimension of the space

| (c) g(z,y) = Q(y, x)n. s
(@) 9(g(=,9),2) = 9(=, 9(v, 2)-

It will be noticed that each of (b), (c), (d) are specnallzatlons of the conditions (i),

(ii), (m) But since these conditions on g are exactly those of commutativity and
associativity in a field of characteristic two, it is convenient to use the notation
z + y for g(z,y). The proof of the theorem may easily be worked out by the
reader, as far as.(b) and (c) are concerned. The final step is accomplished by
what Icall “Conway’s trick” because it is used (in a somewhat dlfferent context)

in his book.""") This is to take as the value of z+ y:
‘z4+y=mun z (f(z,2' +y) 760,f(z,$+‘y’)7é.(_))

 for all £’ <z and aliy’<y

Here f is a member of the equivalence class which has already been chosen to
satisfy (b) and (c). It is then easy to see that 0+ 0 = 0, and indeed 0+ z = 0.
So 1+ 1 cannot be the same as 1+ 0 = 1, but can be 0. Then 1+ 2 cannot be
1 or O or 2 so must be a new element 3. Ofcourse, 143=14142=2 and
so the set (1,2,3) is “discriminately closed” ( that is, any two different elements

z,y are such that z 4 y is in the set). If now the generation process throws up
a new element, it will be labeled 4, and 4+ 1 =5, 4+ 2 =6,4+ 3 = 7 and the
set (1,2,3,4,5,6,7) is again evndently closed. It is clear that in general every
dlqcrnmmately ‘closed set is of order 2 — 1, for some integer r. Correspondingly,
if the set is not yet closed:

THEOREM 2.
At every stage the system can be embedded in o dzscnmznatcly closed one of
finite size 27 — 1.

Thus the numbers 3,7,15,31,63, ... are going to be of importance in describing
quantum mechanical systems.

A useful change of notation is provided by:

THEOREM 3.

The system of theorem 2 has an injection‘intd Vi/Zgz, where V, 1s the vector
space of r dimensions, and Zy 33 the field of two elements.

The proof of this is easy as soon as one realizes that the injection in question
can be taken in the form that the element k, where k = pgr...s in the scale of 2,
is mapped onto the vector (s, .. ,q,p) Thus 5 = 101 and so is mapped onto
(1,0,1)*, whilst 11 = 1011 and so is mapped onto (1,1,0, 18, It is of course

is not fixed but

mcrea.seq
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2.4 THE GENERAL CASE

The case considered in Chapter 3 gives a guide to the general case. Here
our concern is whether a new element z belongs to a set § = (u,,up,u3,...) of
already generated ones, We use the same trick of defining a function f(S,z)
which vanishes if and only if one of the terms u; + z vanishes. Because of the
asymmetry it is more convenient to use ‘the notatlon of characteristic functions

and write
J(8,2) = Fs(z)

If we define an addition operation between characterlstlc functions by the obvious
induction:

F(z) +G(z) = (F + 0)(2)

for a.ll z (in pla,y up to the point at which the definition is being made), then it is
easy to see that this operation has exactly similar properties to the discrimination
operation, so that the set of charactenstlc functions 1s itself a discrimination

system. ,
We next make a similar definition of equivalence between characteristic func-
tions to the one made in the last section. That is, we define F, F'* to be equivalent
if, whenever F(z) = 0, then also F*(z) = 0 and visa versa. Amongst a set of
equivalent F’s it 1s obvious that there will be some of the special form

Fluy,uz,...,z) = h(ug + z,uz + z,...)

“where h is a function which vanishes if and only if one of its arguments vanishes.
(Such F’s will in fact be those with the property that the non-zero values of
F(uy,uz,...,z), when z is not one of the u;, depend only on the n variables u, +
Z,u3+ Z,...,un+ .} Of course one defines two such functions h, h* as equivalent
Just when the corresponding F, F'* are equivalent. Then, by an argument that
closely parallels that for theorem 1, we can prove

THEOREM §.

Every equivalence class of h’s contains a particular one with the properties:

(a) h(Il,:Bz, .Tn)depends only on the set (z;,z2, .. :c,,), 30 18 tnvariant under
permutations of the arguments; '

(b) h(zl,h(zg,x3)) = h(h(zy,z2), z3); with obvious generalizations to more
arguments;

(c) h(z1, 22 +:1:3) = h(z1, z2) + h(z1, z3). |

Here again the proof relies on Conways’s trick; but the proof is more intricate
than before. Conway uses a least number principle applied to h(z’, y) + h(z, y') +
h(z',y') to define h(z, y}, where as before z' and y'are any smaller elements than
z,y. But since (b) , (c) are simply the associative rule and distribution over
addition, it is intuitively simpler (though more complicated to work in practice)
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to define h(z,y) = zy as the least element not forbidden, taking account the
commutative and associative rules and distributivity over addition. For example,
0z =0 and 1z = z are straightforward. Then 22 cannot be 0 or 2; could it be 17
No, because if it were, then 2-2=1=2(3+1)=2-3+2, s0 that 2 3 = 3 which

< will in due course be forbidden since 1-3 = 3. So 2-2.i8 in fact 3 (and it is easy
. to see that this is not forbidden). |

~ The set (1 ,2,3) is now closed again (2:3 = 1); when 4 is introduced, the
distributive law alone allows the completion of the table up to 7x7 in the following
way: . . o :
4-1=4;let4-2=0a,4-4=0b, 50 that4-3=a+4,4-5=b+4,4-6=0a+},
4.7 = a+b+ 4 and so on for 5+ 2 etc. From these results it s easy to see that
the values 0,1,2,3,4,5,6,7 are forbidden for a, the values 0,1,2,3,4, 5forb and
the values 4,6 for a+b the least solutwn of these condztwns 18 @ = 8 b=+6

but the table does not give a closed set. Now the associative law allows the rest
of the table up to 1515 to be filled in which gives a closed set of size 15. In
the same way the next closed set of size 255 arises; and the general conclusion
is that amongst the numbers 2" — 1 which have already been noticed as being of
importance in quantum mechanics those particular ones with r = 2° will be of
particular importance.

I call the sequence of discrimination systems isolated here the discrimination
fields, @y, ®,, s, ... where the number of elements of ®; i1s 2°, where s = 2*. Be-
cause they are ﬁelds it 1s convenient to include the zero element when speaking
of them; strictly speaking, the discrimination system corresponding to a dis-
crimination field has one element fewer. It is appropriate to note here that the
addition and multiplication operations have a different status here. The addition
1s discrimination, and the operation at one level induces a corresponding one at
the next higher one. But the multiplication is then imposed on a discrimination
system of appropriate size; If the system is not of the size of one of the discrim-
ination fields, it can be embedded in a larger system which is. The exact way
in which the numbers mentioned here are important will become clearer in the
next sectlon :

2.5 THE- LADDER CONSTRUCTION

The set of all characteristic functions on a set S, as remarked above, forms a
discrimination system. If S is itself a discrimination system together with its zero
and so has s = 2" elements, the number of characteristic functions is evidently
the number of ways of spec1fymg s independent elements of S, i.e. 8 —1=2""—1"
(subtracting one for the omission of the zero) and so has the dimension rs = r2'
Thus for r = 1,2,3,4,...,rs = 2,8,24,64,.... But this discrimination system is
redundant, si‘nce it includes a number of representatives of each equivalence class
which corresponds to the set of objects at the level of S. There are obviously
2* — 1 equivalence classes (a sequence of s choices of zero or non-zero) so that, if
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there were single representatives of each of these whlch formed a discriminately
closed set, then it would have maxxmal dimension 3 by theowm 3. In fact, this
is so: <

.~ THEOREM 5.

One can choose one representative from each equivalence class to form a
dascrimmatelv closed set of dimension S.

It is easy to prove this by considering (for example) the discriminate closure of the
set of s functions F; where F;(z) = I;,(a; + ), where § = {a,}. In particular,
if S is a discrimination field, so that r = 2,4,8, ... the numbers 4,16,256, ... are
the dimensionality of certain dmcnmmatxon qystems and 1t 18 thlq which gwes
them their importance.

Returning to the considerations of Chapter 1, it is now clear that levels ex-
ist in the present construction. Any set of elements can be specified 1n two
ways: either in terms of the individuals in the set or as the functions charac-
terizing the set at the next level. So we now extend the notion of generation
and discrimination by including under the generation process G the formation of
characteristic functions, and under D the multiple discriminations performed by
these functions. A run of the system will now allow the self-organization of the
sequences of elementary quantum events into higher order events, as mentioned
in Chapter 1. The following ladder construction exhibits one way in which this
self-organization proceeds; this way is a kind of envelope as it were, of possible
runs of the system.

A sequence of levels 1s called a ladder in the following case:
(a) The foot consists of k; elements;

(b} ‘the first rung consists of the k; = 25+ — 1 characteristic functions, a

discrimination system of dimension k;, and the discriminate closure of these can
be embedded in the discrimination field ;.

{(c) The next rung consists of the ks = 2% — 1 characteristic functions .of
this new system, a discrimination system of dimension kz, and the discriminate
closure of these can be embedded in the field $,,, and so on.Then one can prove:

THEOREM é.

There 13 only one non- émm@l ladder (5.c. fmwmg more Uhan two steps), that in
which ky = 2 and ¢ = 1, and this lerminales at ®4, giving rise lo sels of functions
of s1ze.3,7,127, 2127 — ﬁ (= 1.7 x 10°8).

The proof that this is the only non-trivial one is straightforward, by exhibiting
the shortness of other candidates. But the proof that the longer ladder exists
is less easy because of the need to show the embedding. However, there is no
need to give the proof here, as there is a different version of the construction, the
original one due to Parker-Rhodes which is equivalent and for which the proof
has been given.
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To introduce this, notice that, for'a particular set S it can never be the case
that .
| Fez+ Fey = Fe(z + y),

but
"THEOREM 7.

If and only if S s discriminately closed, the equivalence class of characteristic
functions for S contains a member F' for which F(z)+ F(y) = F(z +y).

In the corresponding vector space picture such an F is represented by a square
matrix, and the addition defined between functions becomes ordinary matrix ad-
dition. In the original construction! by Parker-Rhodes the sets considered are
derived from those described by consistently replacing each set by its discriminate
closure. It is evident from the ladder construction that the Parker-Rhodes version
(called the Hierarchy construction) is isomorphic to it. Then for Parker-Rhodes
the matrix specifying a discriminately cloqed subset is taken as that leaving un-
changed all the elements of the subset, i.e. having them as eigenvectors. These
Parker-Rhodes matrices stmply differ from those constructed here by the addi-
tion of the unit matrix. In the Parker-Rhodes construction one chooses linearly
independent functions which then in their turn have as additive closure another
discriminately closed subset. The final stages of this version of this construction
are then to find 27 — 1 = 127 linearly independent operators in 256 dimensions
and finally 1.7 x 10°® in 65536. The last case cannot give rize to linearly indepen-
dent operators so that this construction stops there and suggests the importance
of the numbers 3,10, 137, 1.7 x 10°® (which arise as the cumulative totals of ele-
ments) in quantum mechanics. In fact a well known argument identifies 137 as
the maximum number of charged particles {electrons) which can be packed in a
region determined by Compton wavelength without producing so much energy as
to allow pair creation which would render the number indeterminate. A similar
argument identifies 1.7 x 10°® as a maximum number of gravitating particles.

The Hierarchy construction is, in many ways, 2 more convenient one to handle

mathematically. The advantage of the ladder construction is that it removes

the dependence on linearity of functions, a condition which is very dlfﬁcult to
understand physxcaliy
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3. A SYSTEMS-THEORETIC CRITIQUE
of PROCESS-HIERARCHY MODELS

Ted Bastin |
Pond Meadow, West Wickham, Cambridgeshire, CB1 6RY

Abstract

The possible range of ‘process’ or sequential or computing models which

~ use the combinatorial hierarchy is considered from the point of view of general

systems theory. General principles which must govern any interpretation are

- discussed, and it is recognized as inevitable that there will be confusion between

those who start from the principles which sequential models have to conform to
whether or not they ever get to physics as we are familiar with it, and those
who make short cuts to real physical problems because it is necessary to think
at that level too. The most notorious sources of confusion are listed and offered
as appropriate objects of philosophical clarification. Some thoughts on where the

~ wave-function might come from if we are taking the safe but vague road conclude

the paper.

Of hierarchies, why some be abolished and some retained.
‘ (Edward VI Prayer Book)
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3.1 INTRODUCTION

All of the models which have adopted a process, or sequential, view of the
interpretation of the hierarchy algorithms (roughly everything except that of
Parker-Rhodes) fall into the domain of what has been called general systems
| theory. It is true that our thinking has one fundamental difference from what

) ausually goes under the name of systems. theory, for in the latter 1t is usually'f“’”

"| assumed that one has an existing | substratum of material which can_be. pushed

'and,pulled about by the forces which are under investigation, whereas for our

/ entérpnse it is of the essence that whatever the rules of the system turn out to

/

. e
e o

be 1t 18 they which provide the substratum. In spite of this major difference I
believe it to be useful to bring to bear on our problems the most general thinking
from the area of systems theory that we can find.

At a recent meeting on self-organization at Cumberland Lodgem' (May

11985) I discussed the hierarchy theory with the intention of showing that a lot of
it was at least very natural, and at best actually entailed by the general principles
of systems theory. 1 hoped to get the views of the conference. In particular, |
started from the position that in any system there must be what we call the ‘pri-
mal division’ between two interacting but quasi-independent subsystems. Please
imagine the Venn diagrams. I then developed this position slightly by pointing
out that for the case in which I was interested where the total system was the
constructive potential of the universe itself, it would always be the case that the
most natural interpretation of the primal division was between the part of the
universe known to us and the part about which we could only make inferences
of different degrees of certainty from what happened on the boundary between
the two systems. This much has always seemed to be the point from which any

systems approach has to set out, and it fo]lows that if we thmk in systems termsd”

of what I shall argue in detall later that the computer models that have been
formulated by us recently have often been difficult to follow because they have
not made it clear where they stand on the primal division in its epistemological
interpretation — even to the extent that one gets the feeling that the proponents
of the models would prefer not to have to think that way at all. However I have
found that the more one tries to make the division go away the more it comes
insistently back through a variety of back doors in the manner that logically basic
constraints have.

I requested the audience at the self-organization conference for comment on
my starting position — and got it. E.R.Zimmermann! maintained that the posi-
tion from which I wmhed to start was inadequate to define separable subsystems,
and that to give meaning to the separation of subsystems one had to define an
environment for two or more subsystems to be put into. I think that Zimmer-
mann conceded my main point — possibly thinking it too obvious to be worth
making (namely that there had to be separation of subsystems). I replied to
him by entirely agreeing on the need for an explicitly provided environment, but
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- contended that our aim of providing the material substratum for the systems -
forced us to make logical provision in a way that had not formerly been seen
to be necessary for the earlier stage at which one could not make a distinction
between other systems and an environment. There was just the system of which
. we are a part in some way, and the unknown ‘beyond.

It will be obvious that my starting point presupposes that our basic theory
must include an account of how our knowledge is obtained. I contend that so
much is entailed by the adoption of any process model, It would follow that the
. intuitions of the founders of the quantum theory about the great change that
‘'was implicit in the new epistemology appropriaté to the quantum theory, were
right by our reckoning, though the use made of that intuition in the mathematics
remains inadmissible (and, needless to say because it has been said in these
meetings so many times) cannot be saved by what is usually called measurement
theory.

3.2. FOUR PHILOSOPHICAL PROBLEMS

Profound theories create philosophical puzzles. It seems that the ageless
metaphysical or ontological categorizations can only be lived with in the crys-
tallized forms which seem always to be appropriate to the scientific framework
which is just on the way out. In this situation my recommendation - at any rate
for most of us — 18 not a lot of detached philosophizing, but a lot of attention
as a matter of amendment of the theory itself to those points in which there is
philosophical perplexity. The history of conventional quantum theory provides
an excellent example. There has always remained philosophical perplexity over
the part played by measurement, and this meant that the theory was still not
satisfactory.

I find four points at whlch there has been phllosophxcal perplexity in the
process forms of the hierarchy theory: ’

1.Levels. In any way one may try to imagine the hnera.rchy algebra as gov-
erning process, one has at every point in the sequence to decide (or a.ccept) that
one is operating at some level, and it follows that this decision (or acceptance)
must have physical mterpretatlon It is true that some like presentations of the
- algebra which apply whatever level is chosen, but as soon as one has to algorith-
metize probabilistic choices one has in effect o make level decisions. Noyes took
the decisive way of insisting that algorithms representing process define levels.
He correctly saw it a necessary concommitent of the sequential interpretation. |
had myself produced a completely sequential model using computing realization
which was published in 1974 , and later on I shall be talking about the possi-
ble variety of computing models at which point I shall refer again to that work.
However I was rather tentative about it — lacking the courage of my conviction
in the face of the then tacitly held common position that the hierarchy algorithm
must somehow describe the static structure of space and time and then deriva-
tively base dynamics as had then been the pattern in general relativity. Anyway
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_it wag left to Noyes to take the bull by the horns and everyone 13 NOW a proceqqmt

EPR (except Parker-Rhodes).

2.Construction. The main thing that has perplexed us all EPR arises di-
“rectly out of the problem of giving meaning to working at a given level. You recall -
that we had to go processxst because no sense at all could be given to working at
a given level in a static general-relativity-like picture. So far so good, but then
how did all the darting about between levels happen? Who was responsible for
it; or did it happen automatically though perhaps at random? In particular , did
all the interesting level construction happen at some big bang after which thmgq
just ticked over, or does it keep happenmg at each new particle process? Worse,
is it all anythmg to do with conscious activity - is there a subjectwe element?
Indeed, does the construction — the generation of the successive levels whether
once-for-all or repeated with reiteration and change - represent the process of
a conscious investigation? Kilmister supposed it did in his work on the logic of
construction. Of course he was concerned with logical necessity in the first place,
but insofar as he thought about interpretation he thought that, I think. It is
now accepted, EPR, that the hierarchy algebra is logically mcomplete without a
constructive operation distinct from discrimination, and my belief is that all pos-
sible such processes will be as good as isomorphic with the device from Conway
- which Kilmister originally used to exemplify it. However what interpretation we
are to give it I regard as still very much a live issue.

3.Measurement {or observation). As far as this paper is concerned, measure-
ment or observation are merely the names we give to our recogmtlon that we
have to be on one side of the primal division. We think of ourselves as just part
of the subsystem, and of any consciousness we may have of what is going on
as being irrelevant to the framework of physical law we discover. Of course this
assumption is not incompatible with our directing things so as to get information
in an efficient way, but it differs radically from conventional theory in not having
to make the structure of theory depend upon a distinction between measured and
non-measured events. This position is consistent with what I have been taking
to be implied in the phrase ‘participant observer’. It does however pre-empt a
certain range of views about measurement at the expense of some traditional
positions. In partlcular it is sometimes argued that the very possibility of mea-
suring things in a real world requires that there be three basic units or kinds of
dimensional magnitude. The classical ones are mass, length and time, but there
could be equivalent quantum-specified ones.

Now we know that in the hierarchy model we interpret coupling constants in
terms of ratios of atomic and cosmological constants, and that there are sufficient
of these identifications to determine the number of independent units at three. It
.‘has to be the case that the classical account of the dimensionality necessary for
measurement i8 a deduction from the hierarchy model, whether or not we have |
a satisfactory alternative to the correspondence principle. Any other view would
require some sort of pre-arranged harmony which would be unacceptable. In any
case the derivation of the dimensionality is a major success of the theory.

It is true that I claim to get this consequence about the units from general
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© considerations about systems whereas I am using a result from the hierarchy
which 'is a very special system. However I would say that [ am really only taking
a short cut. The coupling constants have got to be our way into physics if we
adopt any process model whatever, as became increasingly evident from a long
scrutiny of the logical place OCCllpled by those constants in modern physics which
Noyes and I conducted some time back, and I am gomg to assume the results of
that work without further comment.

4.Completeness. To my knowledge the term completeness first appeared in
physics with Einstein’s criticism of the new quantum theory, and it has been
in evidence in ANPA discussions recently. All I think I can say about its use
is that it indicates a desire to have everything in the way of common sense
interpretation that the classical physicists assumed — that there is a stage that
has to be reached, in fact, at which one is.saying one is doing real physics. These
1ssues are so complex that in what I shall have to say I shall be taking a socratic
stance and asking what people’s demands are over this completeness, and then -
particularly in the context of the appraisal of the range of possible models allowed
by general systems considerations which I shall be undertaking — consider how
far they can be met (if they can be met at all). In the discussions that have led
us, corporately to where we now stand, one very important position has been
established,‘and that is that the world described by the hierarchy algebra is not
— in the first place at any rate- a classical world but the different world of high
energies from which, as is acknowledged on all sides, we have some hard thinking
to do to find the correct replacement for the correspondence principle. I see a
dialogue which would be very valuable taking place in which Noyes offers for
scrutiny what he sees as the demands of completeness in that new sphere, and
where others of us consider (a) whether the ways he has chosen to satisfy the
‘demands are the only possible ones and (b) if not, what arguments would we give
for alternatives we might suggest.

3.3 THE MINIMAL MODEL

It seems from systems-tﬁeoretic considerations that the following set of char-
acteristics are necessary for all models. Ishall consider whether they are sufficient
separately. I shall be very grateful for comment on this crucial stage in my ar-
gument. :

1. An initial set of elements is scanned and some sense is given for the result
of this scan to be consistent or inconsistent with the empirical situation which
the model 1s put forward to describe or explain. It is usual for the elements
to be treated indifferently by the operation of the model since otherwise implicit
assumptions have to be made and the aim is usually to have all such assumptions
following from the properties of the model and not imposed upon it. However
this requirement is not logically necessary.

2. The scan is capable of being repeated with different results, and a numer-
ical measure derived. This measure is interpreted probabalistically. There are
great advantages in building up a world picture in which the probabilistic values
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are not far from integral values assigned by the model. T}m last requirement
. again-is not logically necessary, but it does seem necessary to employ a proba-
bilistic mode of getting a manifold with the right properties to represent phyclcal
measurement. I should be grateful for comment and discussion on this pomnt also.

3. There must be a change from frequency representation to occupancy rep-
resentation. This requirement seems to be the most basic way to express the fact
that the structure of the model has to change to represent what has been learned
from the empirical background. The deductive potential of this requirement has
not been realized in our discussions. It would be too much to say that from it
one may deduce our particular combinatorial model with its unique hierarchical
structure. However it is not too much to say that my argument lqolates it as the
natural place to start.

4. Occupancy requires the distinction between label strings and operational
strings. Without the hierarchy principle of increasing complexity this provision
would be artificial. With labelmg there is scope for representation of a history,
memory or part of the model universe.

5. All sets are finite. This is automatically ensured in the hierarchy model,
but it is a more general requirement which follows from. the assumption that one
is investigating an unknown background. If the sets are not known to be finite
one cannot assign frequencies,

6. Any model will have to proceed in a sequence of scans at each of which
the occupancies and the labels are updated. It seems inevitable to interpret the
individual scan as some sort of interaction at the primal division. In some sense
it has to be an observation if we are interpreting the general system as having to
do with the world of physics, but of course our special approach imposes on us
great specificity at this point, and I am unable to avoid saying that each scan is
a scattering process, or perhaps part of a scattering process.

7. Finally I recur to my discussion with Zimmermann and to his principles
about the environment having to be specified before one can introduce subsystems
separate from the part of the primal division from which one starts. I actually do
acknowledge the correctness of what he says, but I do not think we have yet got
to the stage at which we can satisfy him in our model, though I do think we are
now finding ourselves up against the difficulties which result from our not having
a complete grasp of this next step. A great deal of what rest I have to say will be
related to this matter. The problem in the context of current physi:s has been
the subject of current discussions at our meetmgs ~ particularly with Aerts and
his discussion of ‘the one and the many’ and how quantum theory has not got
its own method of defining multnplxmty except by appeal - explicit or implicit -
to classical physics.
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3.4 MODELS WITH MINIMAL INTERPRETATION EXEM-
PLIFYING THE PRINCIPLES OF THE MINIMAL MODEL

3:5 THE BARE MODEL.

In the 1974 paper to which I have already referred?, [ produced a model
to be implemented on a computer which had all the properties listed in. the
last section for the minimal model and with very little physical interpretation
except that the coupling constants had to emerge in something like the correct
relation to idealized scattering processes. As with Noyes’ models strings were
obtained from the vasty deep by random processes subject to weighting by what
had happened in past scans. Labels were used in a way consistent with the
hierarchy treatment of occupancy. Only strings at the right level were selected
by the random selection procedure, and therefore there was no problem about
what level one was working at. There was no universal time. The model was
not complete in any of the senses that anyone is likely to give to that term
and I certainly regarded it at that time as being desirable to show as clearly as
possible that completeness is not logically necessary. I would have regarded {and
still regard) many of the forms of completeness which people do require - though
probably not all — as in fact unobtainable. The reason why I did not pursue the
construction of models at that time was partly because no one else took it up, but
more because | was worried by the looming and immense problem of taking the
first steps in dynamics without any solution to the one and the many problem.
I used at that and later times to say that I was only able to give a picture of a
universe under the aspect of a single particle process.

3.6 NOYES’ MODEL.

Noyes again has all the properties of the minimal model, and I hope that my
argument will be of some use to him in giving reasons for his choice of computer
procedures. When it comes to interpretation Noyes is in the same position as
I to claim the advantages of the definite point of contact with experiment of
the specific hierarchy model via the coupling constants, and can claim the same
theoretical superiority over other models because of the natural inherence of the
use of labels in the way the hierarchy describes increases in complexity. Noyes
would certainly wish to go further and claim that he has done much to meet the
requirement of Zimmermann that there be an environment and the possibility
of independent subsystems. (Actually I do not know quote what he would say -
about this since what he defines is the ‘off-shell kinematics’ of quantum field
theory and not a fully classical situation). I shall come back to this question
since 1t is clearly a vital one.

Noyes’ technique to reach a universality which transcends particular interac-
tions between the known structure and the unknown background is to stipulate
‘tick’ which increases string length universally. 1 do not think this is objection- .
able but I find difficulty in understanding how to imagine the construction process
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* which it effects. [ have to stick to one statement of Noyes on the subject, and

-
iy

for this [ choose his abstracts for the Abbreviated Summer School (held the day -
before ANPA 7). He says: “To construct a new theory we start from arbitrary
choice between two symbols...” and so on. I should have thought that if he
wished to avoid an uncontrollable sort of subjectivism he would have thought it
irrelevant what theories have been or were being constructed to the actual prop-
erties of the physical world, and that the construction had to be of some thing.
Of course the activity of the person constructing theories has to be represented
in the model, but then we should naturally expect to see that actually done.

The ‘things’ that offer themselves for construction are the universe, and the
scattering processes respectively. There may be other possibilities, but I don’t

- know how they would be handled. The hierarchy model really entails that both be

taken together since the contact with physics via the coupling constants imposes
constraints on cosmological as well as atomic quantities. However, one would
have to be very careful in expounding the toplc to avoid suggeﬁtmg that one
could identify the construction with the big bang in the crudely realist sense that
the term usually attracts. Noyes gets out of the problem by insisting that he
is dealing with a specifically quantum mechanical set of concepts all the time,
and that the progress toward a fully intuitive dynamics identifiable with classical
physics is a long road. 1 certainly want to understand this position since the
negative aspect of it is certainly right at least. However, though | have sweated
blood to hold the parts of the argument together in my mind I have not been
able to, and it is always the obscurity about what the construction represents
that is the sticking point, What I myself think is that the model as we have it
simply has not yet got the logical facilities which are needed for the task. Both
Pask and Manthey have said that the ideas of concurrent computing are the way
through but we have no model before us which incorporates this solution

I make two observations: (1) There is no actual necessity that any given the-
ory must be capable of succeeding in the representation of classical multiplicity.
Quantum theory fails at this point as we, collectively, spend a good deal of effort
pointing out. (2) We get enormous benefit and profundity from the way that the
hierarchy increases complexity of description by changing levels (and we get the
advantage of a real representation of how scattering processes are theoretically
linked) but this makes it the more important not to bulldoze the barrier into
classical pluralism. I think this means ~ among other things_ - that we have to
make the scattering processes really primitive and cannot construct them from a
pre-existing dynamics — at least one that has any tendency to slither into classical
dynamics while you are not looking. This goes particularly for velocity. | say all
this tentatively: I may get reassuring answers, but I cannot know until what 1
will describe as my mental block over the construction is removed.
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3.7 A MODEL BASED ON SIMILARITY

] have always wanted to exploit to the full the fact that the most secure con-
nection we have with experiment 18 the values of some dimensionless constants of
nature. I have taken this estimate of the right approach to indicate that whatever
theoretical constructions have been used to arrive at the values of those constants
are the best guides in getting towards a way of representing and - ideally -~ calcu-
lating a wider range of physical magnitudes. It is vital for us to remember at all
time that whereas in the usual physical theories there is an infinity of numbers
any of which could, in principle, be the result of a measurement and the problems
only begin with the question of which - if any - we calculate, our situation is
very different. We actually have to propose a meaning for measurements which
are not those of the basic scale constants. This is why [ have taken the line
that the operationalist device of giving experimental meaning to the concepts of
theory by identifying them with a particular measurement process is not auto-
matically admissible. This is because the primary identification has set the type
of measurement procedure, and all subsequent must be consistent. In particular,
it 13 important to be sure about the ‘counter paradigm’. It follows from my ar-
gument that since measurement 18 counting the most important measurements
will employ counting techniques, and this position is fortunately consistent with
the way we see modern physics going in its universal reference back all the time
to scattering processes. However it would be a fundamental error to think that
we could wave a wand over scatlering processes and that suddenly at this point
in our development we were doing physics in the proper ‘complete’ sense for the
first time. The reasons: (a) it is impossible because we can’t use our operational
criterion in two ways which we have not demonstrated to be equivalent and we
have used it for counting and cannot get supplementary support from the Bridg-
man form, (b) it shortcuts the real work and the insights to be gained therefrom
(we have had a major advance from McGoveran in his recursive analysis of di-
mensionality recently, and this is very much part of the real work), (c) when the
‘real work’ has been done nothing remains to be done in the way of identification.

The vital step in hierarchy models is in one form or another the assumption
of equal prior probabilities for the background processes which generate the hi-
erarchical structure. Together with some sort of ergodic hypothesis to the effect

that_given long enough the universe will Tun through all the possibilities that™

are allowed by the structure, we can get to our beloved constants. In this last
‘sentence | have ridden roughshod over several sensitive points that have been
much in discussion. However I have no desire to be philistine, nor in fact any
need. I can say simply that the right way to proceed in the absence of knowledge
of the background is to treat the finite sets of theoretically allowed possibilities
indifferently. (Other people have different ways of saying it.) I believe, too, that
the same principle has to be invoked even when the logical underpinning provided
by Kilmister is used. Now as I understand the situation absolutely eyerythlng
depends upon this idea of indifference. It is not that other distributions may
not occur; probably they do all the time; but by definition they are not part
of physics. At least they do not become part of physics in any automatic way
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" without out explammg how we can extend the principle of mdlffer( ‘nce to mclmle

them.

success, but it may be useful to recall it. First, the standard way suggested

by systems theory is that of concurrent computmg Pask suggested this years.

back, and it has been extensively discussed in our present ambience by Manthey.
We thought that concurrent computing was too like a counsel of despair. It
was safe in the sense that one could create independent starting points of the
sort demanded by our ordinary intuition of the physical world (the separable
subsystems in an environment of my earlier discussion) but how as one to get in
any dynamics except by arbitrary fiat? We thought that if we could ‘fugz out’
the values of the constants which had an interpretation over a finite domain in
the neighborhood of their discrete values so as to have a set of the right measure

we might be able to apply the dynamical ideas that went with the interpretation

over a range of values that ‘inexactly matched’ the discrete value. This suggestion
requires one to have a definition of degree of similarity of strings, and Kilmister
and Amson explored some of the combinatorial possibilities for obtaining such
a definition — obtaining a distance relation in this way. However the distance
relation has not so far shown itself adequate to the needs of scattering theory.

The model I now tentatively propose makes a change from the ideas I have
just been referring back to, while keeping the notion of inexact matching — or

at any rate the idea of estimating the similarity of strings — with a numerical -

measure. The change depends upon a different view of the possibilities of in-
terpretation of strings, and in this change I have of course been affected by the
Californian work on string universe models. It is convenient to say that the ear-
lier work on similarity of strings allowed an interpretation only for the ends of the
strings. That is to say for the event horizon corresponding to each string. This
way of speaking needs clarification, I know, but I will hope for the moment that
it conveys some meaning in view of the fact ‘that the boundedness of the length of
strings is what determines the scale constants, and that it is these which receive

~ a conventional cladding in terms of event horizons.

Consider a number 5 (7 finite) of strings which are related by being similar.

I call this a yealm (pronounced to rhyme with ‘realm’ or in some parts of the

country yellum). It is an array of parallel-aligned straws whose ends are further

apart than the ends of the longest constituent straw (and therefore the name is

better than ‘sheaf’). The yealm is the working unit of the thatcher. A yealm
can be subdivided and the parts are also yealms. A yealm can be transformed
by parallel sliding of the straws.

Two strmgs p, ¢ will be said to have similarity Spq = [ if they have a segment
of length [ in common. It will obviously be necessary to place a lower bound y
on the admissible range of values that [ can take, and when the value of ly 18
specified, the number of yealms is determined.

The next question obviously is how the segments are located, and informa-
tion about them stored I thmk the answer must lie in a process of running
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‘along the strings to their ends and bein@ reﬂécted’ back at the event horizon.

Of course we already have the necessary theoretical apparatus for the expansion
and subsequent contraction of the string segment under scrutiny in the hierarchy.
construction itself, and it is clearly at this point that we fine the general prmcxple

~of successive .scanning which we saw earlier to be- unwersairy necessary in sys-
tems deqxgn coming n. However there is a more novel aspect. The event horizon

which is essential for the search procedure has to be what 1 will call a local event
horizon. We see all the complexity of the world as having as its paradigm case the -
global event horizon — every piecé of complexity, be it local field, local particle

- distribution, chair or-table. The global event horizon arizes out of our presump-

tion of indifferent treatment. If that is not what is actually in the background
then we find something else, and it shows up as multitudinous complexity. SI'
note in passing that we have no reason ‘a priori to think that the complexity will.
be law abiding. In fact the law-abiding complexity is by observation a special
case, and we have a further task in finding out in what the law-abidingness of
physics resides.)

The model as described so far could easily be made a complete algorithm in

~ the computing sense. I have just stopped at the point at which it is no_longer

clear which of many algorithmic courses is the right one, and I hope for comments
at this early stage. The clarity of having the algon&hm filled out is offset by the
reader’s feeling that arbitrary choices are being made. The Californian models
seem to me to be dictated too much by the analogy of classical particle dynamics
at the stage at which they meet this arbitrariness, but that may only be a personal
problem, and in any case as I have already made clear 1 already recognize the
importance of getting to something which enables us to think and talk physics.

The model 1 have described has not yet got to the point of being able to
speak of independent systems. We are still stuck with our own system and the
unknown. However the introduction of similarity measures was meant to make
the bridge. We start with two yealms characterized by two similarity measures
(sets of pairwise qlm:lantles) and with numbers specifying their respective, event
horizons. This gives us two nodal points in a primordial spatial relation. Since
the Qpeciﬁcatidn 18 ot i the ‘hﬁlé?iféﬁj?"ﬁﬁ‘ﬁ‘ét’ﬁr"é it provides indépendence in the
classical sense (as is required- if ‘spatial’’is to have its usual meaning). The two
nodes define a wave function, and this introduction of the wave function concept .
is appropriately fundamental it is the bridge into the physical world as ordinarily
understood.

What I have been saying has overtones which remind us of Bohm’s implicate
order and its connection with éxplicit]y ordered things. Nearer to home in the
sense of having a lot of structure is Alison Watson’s metaphor of the meaning of a
‘vertical’ description of the world with the ordiiiary ‘honzontal’ spatio-temporal
description. :

It may be that all this is nearer to Noyes’ model than at first sight appears.
However at the moment [ feel his choice of detailed algorithmic form owes too
much to the analogy with particle dynamics of a classical gort particularly over
the introduction of mdepcndence of qubsyqtems and I associate this trend in
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some sort of way with the dlfﬁculty 1-have over the mterpretahon whnch might
-allow the independence to be shpped in unnoticed. v

- A further remark: I would expect to be able to mtroduce an Ur-energy very
"2 early on at the point at which one is forced to introduce a parameter to Timmit the
“/) length of string segments to define the similarity function. It would make sense to

have this length correspond to the available energy in whatever scattering process

"’ was imagined to generate the yealm. With a lot of energy one could sustain very

vague similarities. Again. there would be a lowest available energy corresponding
to the universal or bounding event horigzon (zero point energy of course). I also
notice that in this model one would find the origin of dimensionality in the
‘vertical’ description if one accepted the vertical account of dimensionality. This
would go along with Noyes too; as also would the primitive allocation of quantum
numbers.
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4. AGNOSIA
A Philosophical Apologia for INDISTINGUISHABLES

o b A.F.Parker-Rhodes, Ph.D
33 Apthorpe St Fulborn, Cambndgeshlre CB1 5EY

As an introduction to my topnc, I propose to offer a brief historical prelude,
Somewhere around 1962 I hit upon a series of numbers of which Ted Bastin:
noticed that the last two {the generating procedure could not produce more than
four) were close to two well-known physical constants , the reciprocals of the
fine-structure constant and of the gravitation coupling constant. He drew the
attention of Clive Kilmister at King’s College London, and John Amson at St
Andrews, to this series, and these two began to work on the algebraic formulation
of the series, whose self-terminating property intrigued the mathematicians as
much as the contents of the series did the physicists. I also worked on the problem,
albeit divergently, having noticed that it might be based also, and perhaps more
profoundly, on ”indistinguishables”. At a meeting where I expounded the germs
of this idea, there was a student who drew attention to the lack of mathematical
rigour in my exposition; this set me to try and correct the deficiency. The work
took some years, and led me much further from orthodox mathematics than I
had expected. Nevertheless, it eventually reached a form in which I could hope
to publish it. Pierre Noyes of Stanford University, who had meanwhile initiated
the setting up of the Alternative Natural Philosophy Association to further the
work, gave valuable assistance in the final stages, and was instrumental in getting
it accepted by Jaako Hintikka, general editor of the Synthese series publnhed by

Reidel of Dordrecht i in 1981. (4]

| The approach through indistinguishables has been viewed with suspicion, on

philosophical grounds, by physicists in ANPA; for these entities are not physical
. objects,- and it has been customary to look only to physical things to explain
physical phenomena. I challenged this position; but it must be done at length if
it 18 to persuade the opposition.
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4.1 PHILOS OPHY

'Heraclltu« a’nd Quantum Mechanics

Heraclitus, whose work survives only in fragmentary quotatlonq by other writ-
ers, was odd-man-out among the early Greek philosophers. For a start, he was
the only one who was also a king - not that the title in the Ephesus of his day car-
ried either power or honour - but it might account for his misanthropic. contempt
for almost everyone else (except Bias of Priene) which shows up repeatedly in
his sayings. His opinion on the nature of things is summed up in the well-known
two-word sentence -panta rhes everything is in flux. His choice for the arche, the

~original material from which all else was evolved, was the ever-flickering fire; but

he had no intelligible account of how the stalder constituents of the world came

- from it.

Although all others among the Greeks looked for a more stable foundation,
current fashion now tends to favour the Ephesian king rather than his opponents.
Quantum mechanics for example finds nothing amiss in having some 200 “ele-
mentary partlcles perpetually changing into each other, some of them so ﬂeetmg
as to persist for barely seconds, though occasionally detectable because their 1m-
mense speed carries them a measurable distance in that time . Heraclitus would
surely have been delighted by the idea of so rapid a “flux”. But there are a few
stable, or nearly-stable particles; protons, if not actually everlasting, outlive the
present age of the universe by an enormous factor; electrons, neutrinos, photons,
and gravitons seem to be indestructible so long as they are left alone. And there
are some laws of nature and ‘universal constants’ which most physicists assume to
be immutable. But they offer explanations for the changes which are the general
norm, and feel no urge towards — or no hope of — explaining the immutables.
The explanatlons of change are so successful, that the non- explanatlon of the
changeless doesn’t worry them.

Heraclitus considered ceaseless change to be so obvious a property of things

that it didn’t need to be explained. And as there was nothing else, in his philos-

ophy, there was nothing to be explained - only morals to be drawn. We still need
the morals, certainly, but we also need explanations and quantitatively reliable
ones too.

Parmenides - an Alternative Natural Philosophy : .

" As I have said, Heraclitus was almost alone in his enthusiasm for ceaseless
change. The most way-out of the opposite view was Parmenides. He has too
often been treated, among the ancient philosophers, in parody, as holding that
all motion is 1llusory But we have to remember that the Greeks generally re-
garded explanatory principles as more ‘real’ than what they explained — like
the Indians, whom some think they may have got it from — and that ‘motion’
was often used metaphorically for ‘change’ in general. So when Parmenides said
that nothing ever really moves, he perhaps really meant that explanations (if
correct) never change; or that changeable notions explain nothing. Sounds like
commion sense — but Parmenides, or his expositors, did go beyond present-day

77




tolerance in interpreting their metaphors literélly Anyway, one suspects that he
was provocatively outqpoken if only w1th the aim of making others think.

Stephen Toulmin, in a recent article”””’ | has made a case for the thesn that
~ the Parmenidean era is now over. Newton was a Parimenidean, (as indeed was
Einstein, but Toulmin doesn’t say s0), inasmuch as he believed in immutable laws
of nature but their purpose was precisely to describe and explain change, or at
least motion (though in Newton’s case, not without occasional help from God).
Nowadays, however, we insist on explammg physical phenomena in strictly phys-
ical terms, whose unchangeableness is never more than an unsupported guess.
This is to rely entirely on causal explanatnons a position | have argued against
elsewhere. To explain some effect by pointing to its cause, can never be more than
a step along an mﬁmte regreqsuon or one more shot at a vicious circle. What is
needed is to jump out of the system concerned altogether and find explanations
by understanding its ground plan. We may then see without argument that the
only way from A to B is via P, or whatever.
The well-known principle associated with the name of le Chatelier is instruc--

tive in this context. It states that in chemical reactions whatever changes occur
tend to counteract or reverse the situation which conditions them. Thus dilution

of a solution tends to promote dlsqocxatnon of the solute; endothermic reactions
are_promoted by heating; and so on. It is an example of an ‘explanation that
serves to help control the phenomena explained, and that stems from an attitude
of mind which was foreign to the ancient philosophers. What it explains is one
aspect of Heraclitus’ ceaseless flux, and it is to that extent anti-Parmenidean.

The principle however is also arguing against causal explanation. It says in
effect that chemical causes tend to self-destrucé, — what we now call negative
feedback. It is, in the grammar of explanation, what self-contradiction is in
mathematics - just as positive feedback parallels tautology. Both can be useful
in technology, and those who use technology don’t need to know why it works
or how to explain it. But those whose aim is to develop and expand technology
need deeper understanding of a scientific kind; and at least some of us should
be thinking towards ultimate explanations. This is a meaningless term for those
who deal in vicious circles and infinite regressions - and not those alone. What
sort of explanation could be called ’ultimate’ 7

The Whole Problem

Anyway, the use of the term ‘ultimate’ inevitably collldes with a host of preju-
dices. It smacks of intellectual hubris, from which we should not expect anything
other than humiliating discredit. It 'further implies, if narrowly interpreted, a
reliance on the strategy of reductionism, which is coming increasingly into dis- .
favour. But worst of all, an ultimate explanation ought surely to be a complete
explanation, and as such invite a philosophical account of the whole content of
actual or potential experience.

Kant was, they say, the first to call in queshon the philosophical vahdlty
of statements concerning the totality of existence. His doubts, although ex-
pressed in philosophical arguments, may have been founded on the mere feeling
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that such statements overpassed the limits of human competence. Although not
subservient, as many of his contemporaries were, to theology, he may not have |
wished to contradict the opinion that God could not be fully. known. Whatever -
the motives or merits of the argument, it was followed by a long slow decline .in
the breadth of philosophic vision. In the following two centuries there took place
an accelerating abdication, on the part of the more respectable philosophers, of
the one topic in which thelr discipline might aspire to a legltlmate leaderthp
" role. Not looking beyond mere parts or aspects of totality, they were in competi-
tion with scientists, who were increasingly better equipped and better informed
about their specxalltles and often disregarded their admonitions — but still made-
_progress. _
The time has come for this depressmg abdication of leadership, through which
narrow specialists win all the top prizes, to be reversed, and a return made to
priorities which have guided philosophical speculation, 'with few remissions in
all the world’s civilizations. There is urgent need today to face the totality of
things with courage and, if possible, with understanding. Admittedly this is to
espouse an unlimited programme, towards which we can as yet make only strictly
limited advances. Though { shall propound an ‘explanation’ with a plausible
appearance of ‘ultimacy’, it will not explain very much. One step up — more
like half a step — is all that I can promise. Beyond there remain several frontiers
opposing reductionist explanation, where there is genuine novelty to be accounted
for within any successful description adequate to the whole of experience. All |
2do is to lift the carpet of causality, and show you the floor beneath.

P e

Information and Causality

Physics, in its usual and proper sense, is concerned with causal relationships.

To reduce causality to anything else may therefore be seen as misplaced reduc-
tionism. But if it is merely a question of translating causal language into another-
idiom and back again ( bljectwely , as the mathematicians say ), there is no real
reductionism involved . I maintain therefore that any causal relation can be ac-
curately restated in mformatno -language notwithstanding that phllosophlcally””
information originates in bxology",‘not ‘physics. Like many organisms it is capable
of adaptation. If an event A is said to be among the causes (strictly , necessary
causes) of another event B, it is implied that to know that A has occurred is at
least relevant to the probablhty that B will also occur (or have occurred). Thus
“A is a cause of B” is equivalent to *(A has occurred) increases the probability of
(B will occur)”. This translation into information-language can be made for any
?statement involving causahty, and vice versa. In fact, although it acquires a new
| non-biological meaning in the process, information 1s a valid way of expressing
| causality. :

Two coroliaries follow f’mm this idea. One is that we should expect and not
be astonished at, the relevance of probability to causal relations. And the other,
distinct though re]ated is that whereas causal language tends to suggest deter-
minism, information-language carries no such associations. The high incidence of
‘randomness’ as a physical concept translates quite simply into the non-existence
-of what might have been relevant information on a system.
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- Wemay further take into account the well-known principle that “information”
also has a reflection in physics in the shape of “negentropy” and indeed its relation

to causality bears this out. Le Chatelier’s principle, for example, can be seen as

an application to chemistry of the Second Law of Thermodynamics, that in a
" closed system entropy must increase if anything at all happens, and information
therefore decreases . In other words, “causes self-destruct”. This connection (af
not the whole cause-information-entropy triangle) is of course well-known; less so
is the notion that the universal expansion against the pull of gravity prevents the
treatment of the universe, in its earlier stages, as a ‘closed’ system. There may be
a time when the total information actually increases. Might it then be that, at the
big bang, the total information action available was simply zero? The postulation
of any other value would itself constitute information, thereby contradicting itself
before anything followed, unless the value given were {vacuously]} its own.

More precisely, let Tg be the initial information postulated, and let J{Ip = ¢)
be the information involved in postulating it , which cannot be less than ¢{. But
I{ly = t) = I{t) which is the number of steps in the optimum search strategy
-~ logarithmic ranging - needed to reach the target ¢ {assumed integral} from
a presumptive value p, {normally p = 1, but here we are assuming p = 0); if
|t —p+ 1| = 2% {with z integral}, 1{t) = logz|t —p+ 1], equal to ¢ if ¢ = 0 or 1 and
p = 0, but greater for all larger values of . For these, then, I{Jy =t} = I{t} > ¢, so0
that one needs initially yn more bits to specify the initial quantity of information
than the quantity being specified, which sncludes the specification. We then have

a contradiction,nnlessfn =¢ <1,

The Inchoative s
The science of physics rests upon a foundation including several kinds of

statements , which have hitherto seemed to most physicists logically independent. -

There are, for example, (1) the ‘law of mass action’, or , more precisely, statistical
thermodynamics; (2) a battery of laws (perhaps soon to be unified in a GUT)
involving as parameters both dimensionless ratios and dimensional constants;
(3) a long list of ‘elementary’ particles, to which the elegant theory of SU-groups
has begun to lend a vague analogy to the Periodic Table; (4) the Uncertainty
Principle; and no doubt others. Of these (1) is an immediate consequence of
zero information, and (4) at least involves the concept of information. But (2),
postulating things eternally so, is indelibly Parmenidean, apparently entailing

certain quantity of information at all times and places. Asfor(%), the less said

the better. | - T
_If we therefore follow up the result demonstrated in the previous section, we
shall have to either explain (2) away, or else reduce it to a tautology which even

Parmenides would have jibbed at. Ishall take the case where '{n = 0 as the simpler
to start with; that is, the universe starts with no information at all, Now any

hypothesis if it is to have any consequences, must contain information; if not, 1t

is either a tautology or a contradiction, and in either case leads nowhere. But the
hypothesis, that there exists an entity X such that X contains no information does
carry information; for it asserts a non-vacuous attribute of X - and a distinctly
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unusual one. My liypothesis is therefore that there exists something that I'call
the Inchoative, whose only property is that it contains no information. It is not

that we know nothmg about it, but there is nothing to know. It is tempting to |

think of its existing in the BBB area, before the Big Bang, which is nonsense;

it is timeless, like God — and devoid of all other attributes, That being so, it
“may be futile to start asking specific question about it. But if one answer implies:
information and the other doesn’t, the latter must be accepted and if both are
informed (or both not) we must keep both branches alive. :

So, is the Inchoative a One.or.a Many? in other words, does it have parts, or *
not? Either would tell us somethmg, but their dlsjunctxon is suitably vacuous. I
shall start with the “many”. But how many 7 Any specified finite number, or
range of numbers, carries in‘forma.tion, so it must be infinite; not a specified order
of infinity, of course, but haven’t we already committed information by excluding
finite numbers? No, because all these are allowed for through the existence of
finite subsets. “At least a denumerable infinity” is an acceptable answer. Is
there, now, any difference between one of these parts and another? ‘If, as in morE=
usual contexts, there are, we would ¢ontradict the alternative descnphon of the
Inchoative as one whole, and would in any case involve information in identifying
each ‘part’; therefore all the parts must be indistinguishable from each other.

We thus arrive at a characterization of the Inchoative, defined merely by its
“agnosia” — its want of all knowable particularities — as a single whole consisting
of an infinity, at least denumerable, of indistinguishable parts. Does that sound
like a claim to “knowledge”? Well, I haven’t defined ‘knowledge’ up to now, so
I can still assert that this sentence doesn’t count as knowledge. It 1s how one
disclaims knowledge, a prolix interpretation of ‘agnosia’. But there remains a
more important question: ’

Is it True?

And, if it is, what does it mean? As so often happens in this work, care at
each step provides answers for questions one has not yet thought of. In this case,
~ we found two possible answers to the quantity of information initially available:
gero, assamed hitherto, but also one bit. The latter is not enough to discredit
any part of the preceding ‘apophatic theorem’, except the one-many dichotomy,
but it is enough for an answer to the question, “Does the Inchoative exist 7" So ,
" having dodged the one-many question, we are free to assume that the Inchoative
— that is, an entity defined by agnosia — does exist. Tlns is important, be-
cause it answers those who might object, with good reason, that nothing follows
from nothing. What follows is logically entailed by the thesis that the Inchoative
exists - a foundation as exiguous as that of the columns of Coventry cathedral,
and as sufficient. But still, what does it mean, the ‘existence’ of somethmg hke
this? It certainly doesn’t mean that one can say “look , there 1t 1s 1" It is a
strictly non-physical entity, a mentefact, not in the now accepted sense ‘real’.
In the quantum mechanical jargon, it doesn’& “feel” either space or time, and is
therefore unchangeable, and ‘real’ in the ancient’s sense. It is , some will say,
a piece of rank metaphysxcs and the charge, whatever it is worth, is true. But
physics, I maintain, cannot be justified by forever chasmg its own tail; lt must
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cannot be denied. Of ¢ conrse, one can deny that the Inrhoatnve exists (as I sus-
pect most members of ANPA still do) — a No is as good as a2 Yes — but then
nothing follows, and your physical theory has to start a bit higher up. You have -
to ignore the difference between indistinguishability and distinction, and assume
" that whatever things are not identical are distinguishable , which in a few but
irrefutable instances is demonstrably not the case (I refer to the vacancies of
arrayed measurements) and probably many things which would have been theo-
" rems will have the status of axioms. The losses are perhaps aesthetic rather than
practical; but practicality is not what is wrong with conventional physics. For
_these reasons I think I am justified in calling for.more attention in ANPA to the
metaphysical underpinnings of physical theory. On these grounds I recommend
the thesis that the Inchoative exists, and the slender, obscure and consequen-
tial theory which follows from it . The Inchoative is , one mlght say as near to_
. nothing at all as you can get and still keep talklng “Its existence, if it explains
~anyth1ng is surely a prime candidaté for being an ‘ultimate’ explanation. In
fact, it appears, it explains quite a lot, and even predicts a few things hitherto
unobserved (or observed if at all by the wrong people). It might thus be the
occasion for a considerable rethink. ,

4.2 THEORY

| Triparitous Mathematics

In the phrase, “The Inchoative is an infinite collocation of indistinguishable
parts”, the term ‘Indistinguishable’ is used in contrast with both ‘identical’ and
‘distinct’. A number of authors have entertained a notion of such a relationship
- and given various definitions under various names for it. The possible definitions
are probably finite in number, and though it is important that the definition I
- use should exactly suit its usage in the above phrase, I cannot be sure that it
(or its equivalent) has not been used before, and I apologize to any successful
claimant for not acknowledging priority.

My definition is then that two things are mdntmgmshable if they contribute
separately to the cardinality of any class to which they belong, but a
tion referring to either retains its value as true or as false if the other is substituted
at_ every. (mlprotected) occurrence. The second clause implies that though one
can tell them together one can’t tell them apart, though the first “tell” doesn’t

“count” since counting involves labeling each item serially implying that when
you come across a twin j of an i you have already counted,you say “has been
counted” — which will lead to a wrong result. One can however tell how many
items are in such a class by finding the smallest set into which it can be mapped.

I have used the term “triparitous mathematics” to include all mathematical
theories which allow for the intermediate parity-relation of “twinship” between
“identity” and “distinction”, defined as above. Actually, there are six parity-
relations, not three, since simple negatlon of any of them is ambiguous. “dis-
tinct” means either twins or identicals, “bipar” means either identical or distinct,
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and “cardinant” (= non-identical} is either distinct or twins Whereas biparitous
-mathematics 1s often presented as founded on Set theory, triparitous. theories
are derived from analogous entities called Sorts. In a “perfect Sort”, any two
members are twins (I use “twins” for the mathematical relation between entities
which are “indistinguishable” or “ibs” ) and whatever its cardinal its ordinal is 1
because twins can’t be ordered; in an “ordinable™ Sort, all of whose members are
distinct, the cardinal and ordmal are equal; in a mlxed” Sort of cardinal n, the
ordinal o satisfies | < 0 < n, and equals the largest of all the ordinable Subqorts

‘Ordinable Sorts have all the properties of Sets, except for the company they
keep. Mixed and perfect Sorts clearly don’t; this is why I have not used “Set”
with an adjective for them, but made a new term out of a common noun (after
the usual but rather deplorable custom in mathematics). Sort theory turns out
to be very different from Set theory (which of course it contains). The difference
that is most obtrusive comes from the need to maintain the distinction between
“together” and “apart” rigorously and, so far as possible, perspicuously. The
effect of this is inevitably that the grammar of statements in a triparitous theory
is in general context-sensitive. The referent of a given symbol need not always be
the same through all its occurrences in a single statement: they may be twins.
There are ways round this, but they are ‘cosmetic’ only; if you use any diacritics
to distinguish twins, you have to have rules for putting them in (and taking them
out). Such rules (I have found) make thmgs even worse, certainly slower.

Triparitous Degeneracy

As one develops the theory of Sorts, one keeps coming across instances where
the presence of twins reduces constructions which are good enough for Sets to
triviality. If f is a mapping from an ordinable into a perfect Sort, all the images
by f are identical to a free choice among all the members of the perfect Sort.
Suppose a,b to be two distinct members of an ordinable Sort, and h,t, 7 three
twin members of a perfect Sort. Then fa = h implies fa =14 or j (they are all
twins). Not so the inverse mapping; considered as a Set of ordered pairs it is in
the same case as before, but if we look at it as defining a functor f, that is taking
all the pairs simultaneously, context-dependence, and the meaninglessness of a
functor without its argument, means that the "h” in fh may not be the twin
of ¢ in f3; it 1s the formula fh we look at and if fh = @ and fi = b because of
the mapping, they are in fact distinct. Although we can’t count twins one by
one, we can map a whole Sort of them onto an ordinable Sort in one operation,
symboiﬁzed by the “functor® f, even if this does not distinguish them all (having
used up both members of the ordinable Sort, {7 must map the same way as one
of the other twins). If we had a third, distinct ¢ we could di%inguish all three,
and with a further d, one of the four would go unused. That is how we can deﬁn@
the cardinal of a perfect Sort,.

Insofar as any function implies a corresponding mapping, the degeneracy of
mappings into perfect Sorts means a great reduction in the variety of functions
definable over such Sorts, and a considerable simplification of the whole theory
in comparison with the biparitous situation, where functions can be arbitrarily
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defined, if necessary by writing out operational tables in full. This kind of de-
generacy turns out to be the source of a most significant patterning of structures.
~unparalleled in biparitous Lheory

Empirical Emtence

This ‘pattern’ has to do with what class of tnparntous constructions can be
said to “exist” in a fully empirical sense. I take this to mean that one can find, or
expect to find, among things.observed or rigorously inferred from. observatlone
something suﬁicnently isomorphic with the triparitous construction said to exist.
This notion is not interesting in the case of biparitous constructions because they
all satisfy the conditions. Anything, from a simple Set to an elaborate theory,
may have an empirically verifiable manifestation. But the more complex the
structure the more likely 1t 1s that such manifestation will not by found; but
even if not, we shall know what it is we’re looking for : a structured Set of some
kind mapable onto the structure in hand. Given a perfect Sort, however, we get
nowhere this way, since mappings onto such a Sort are necessarily trivial. What
we can do is to construct a biparitous system from the triparitous one, using the
whole of it and nothing more. Obviously, if one or more elements are left out-
from the perfect Sort, what follows refers to a proper Subsort only; if we use all
the elements but leave oui some function definable over them, we misrepresent
the system, though to have functions in the biparitous representation which have
no triparitous original i1s harmless for they can be merely disregarded when look-
ing for manifestations; finally, if elements need to be added to the triparitous
construction to-find a biparitous model, we are way out.

If precisely the elements of the triparitous system and all but only the func-
tions definable over them, can be used to construct a truly biparitous homomorph
of the given Sort, we can argue as follows: if the triparitous T ‘exists’, and if a
biparitous homomorph B can be constructed to the above specifications from T,
then B also ‘exists’ in the same sense as T,; but, being biparitous, we can look
for an observable manifestation of B which’ if found will be ‘sufficiently isomor-
phic’ also with T to justify the claim of ‘empirical existence’ for the triparitous
Sort T. Every perfect Sort has as many Subsorts, distinct from each other by
differing cardinalities, to represent all its twin members; but the representation
of functions may fail , as also may the symmetry relations among the elements,

The great majority of perfect and mixed Sorts do not meet these require-
ments; those which do , I call “rational” Sorts. Rational mixed Sorts arise from
perfect ones by adjoining to the latter either a perfect Sort composed of functors
under which different Subsorts are invariant {of which there are more than one
kind) or a singular Sort whose sole member is the “Smudge”, that is, any one
unsuccessful member of the initial Sort.

Arrayed Measurements

If any empirical ob)ect is to be acceptable as a manifestation of a rational Sort,
it must in general contain parts, in the right number , which are mdistmgunshable
We can’t insist that any components of such an ob_]ect. should be in a strict
sense distinguishable though (for a mixed rational Sort} that would be an added
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" confirmation. However, 1t 18 readlly shown that mdlqtmgmqhahlhty can never be
demonstrated of actual concrete objects One may legltmmtely ask then whether .
this condition can ever by met.

One situation which clearly meets the requirements arises whenever a set of
measurements are required to specify an object or event, or its location (relative
to an arbitrary origin) or any other attendant property. The simplest case to
consider is the location of an event in space-time; this requires four measurements,
one of which (time) is determined by quite different techniques from the others.
One thinks of these as represented by Cartesian coordinates, but we need not
be so specific; the point is that before anything is done we know we have four
vacancies to fill, one different from the rest. Of the spatlal vacancies we ‘can
postulate strict mdlstmgulsha.blhty (1) they are not ‘concrete objects’, (2) to
change the order of two of them (before any measurement) leaves everything as
it was, (3) each one, considered on its own, is identical to either of the others.

On beginning to make the measurements, the first step is to map the vacancies
onto a set of labels, either three of those provided by the Combinatorial Hierarchy
(see sec. 12), or the z,y,2,t of a cartesian framework. This distinguishes them
and at the same time determines what measurements are required. Finally, we
make the measurements and write the results in the labelled vacancies. The
‘time’ vacancy doesn’t actually need labeling, since we know beforehand that
it 1s distinct form the others. A majority of the perfect and mixed rational
Sorts yield perspicuously enough to this analysis (though perhaps trivially for
perfect Sorts). The two largest, from which the whole enterprise started, do not
show obvious traces of an arrayed measurement basis; but since if they did the
labelling process would be very hard to envisage as a practical operation (127
indistinguishable vacancies? or 2'27 7) this is perhaps unsurprising. It is in
general however convenient to denote the “form class” of a mixed Sort of ordinal
o by (cy,c2,...,¢o) where the ¢; are the cardinals of its perfect subsorts; the form
class of a perfect Sort is [c] , of an ordinable one [1,1...], and of spacetime [3, 1]

or [1,3].
Overview of Rational Sorts

At this point I insert a brief summary of the rational Sorts. First of all, the
empty Sort is rational, since it is identical with the empty Set, whose mamfe*:tan-
tions’ are infinite in number and also in triviality. Nevertheless it bears thinking
about.

The singular Sort, o§’ the form class [1], is in much the same case, but it does
have descendants. AdJonned to the class of Identity functors, it yields [1, 1], and if
we bring in further the identity functors over the class of 1dentnty functors, we get
[1 1,1]. This can go on for ever, and generates the whole class of ordmable Sorts
nsomorphlc with the integers. Note however that individual ‘classes of identity
functors’ are mot rational Sorts, nor is any sequence of them having gaps or
missing the first member; each term is only defined as a function of the term
immediately below it, which must be included to satxsfy ratlonahty ,recurswely‘
till we reach a component of the Inchoatlve




The perfec( Sort of'two members 138 raiion'al, of form class [2]. So also is ihé |

result of adjoining its ‘smudge’ wh_it}i we might represent as the form class (2, 1”].
The notation “".” indicates that the final subSort is represented by the “smudge
functor” /® as sole member. However the smudge of any Subsort of a perfect
Sort can be shown to be twin to each single member, so that [2,1"] is in effect
identical with |3, though if the extra element represents not the smudge itself
but the smudge-functor which like functors is distinct from its arguments, it is
best to keep the notation [2,1”].. “|3]” refers to the “closure” of |2], including
the smudges of all its Subsorts of which the only proper ones are the elements
themselves. By adjoining endomorphism functors to [3] we get {3,7] and then
[3,7,127}, and finally ,using a different, non-repeatable, endomorphism formula,
we get [3,7,127,2}27] which terminates the series and also gives an otherwise
inaccessible [2,3*]. The notation “ *” marks the last subSort as represented
by the functors ID' over all non-empty subSorts D’ of the preceding term D.
As already mentioned there is a perfect Sort [3]. Adjoining to it the smudge
functor gives [3,1"”]. The closure of [3] is [7] which however is not rational; but
by adjoining endomorphisms of the non-repeatable class we get [3,7*], which is
regarded as distinct from [3,7]. -

All finite perfect Sorts with cardinal 4 or more are non-rational but there is
at last one infinite perfect Sort (whose cardinal is surprisingly 2"° | unless you

- an ‘Intuitionist’), of which only subsorts not greater than Ry are strictly rational.

The Inchoative as a whole is not demonstrably rational; but there may be an
infinite number of rationals in the form class co just as there are an infinity of
cardinable Sorts, which are rational from birth as it were.

The Combinatorial Hierarchy

I have mentioned that the logic underling the concept of rational Sorts rests
on the possibility of seeking empirical evidence for the existence of biparitous
structures built out of and isomorphic to the Sort concerned. But isomorphism
i3 a transitive relation, and once one has demonstrated that a given Sort is
rational, one is no longer restricted to using the biparitous representation which
first proves it; any biparitous construction isomorphic to the primary one, even

' such as are not constructible in the manner prescribed from the triparitous Sort,
are available for what can be got out of them.

Now there is a very productive instance of this in the case of the rational

Sort [2]. Its two elements can be represented by the elements 0,1 of the ring of
modulo-2 arithmetic, notwithstanding that these are distinct and have no direct

- derivation from indistinguishables of any kind. The two two-argument functions

definable for the Sort are represented by + (for the “G” of T of 1) and by free
choice for “J”. The latter is represented in various “random” operations, but the
former which is the essential constructive device, by which the Combinatorial

Hierarchy 1s derived***"" . Further levels of the Hierarchy, corresponding to the g

form classes [3],(3,7),(3,7,127],and [3,7,127,2'%7 - 1] are constructed of matrix-

like structures built out of the elements 0,1; the rational Sort construction has
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analogous structures for the first three levels, but a different type for the last

level. It also yields two rational Sorts, of form classes [3,1” | and [2,3"] muissing
from the CH model, which also lacks parallels for the ordinable and infinite Sorts.
But the CH treatment more than compensates for this in the greater power of
biparitous mathematics and the greater freedom in its physical interpretation.
Neither the ordinable nor the infinite Sorts seem likely to yield anything new
by way of alternative biparitous representations; such extensions are likely to be
limited to the form classes [3,1”] (which is not ‘mentioned in T of I) and [2,3”]
associated with the parton structure of hadrons ‘(and by implication of leptons |

also).

4.3 THE FINITE SORTS

Since the theory is relatively weak on genuine prediction, as opposed to retro-
dictions or explanations of what is already known, I shall leave detailed discussion
of the infinite rational Sorts till later, and deal here with the finite ones, which
offer comprehensive explanations for many things, few of which will surprise the
well-informed reader. The basic idea is that since rational Sorts have been se-
lected from Sorts in general so as to have ‘empirical existence’, it would be nice
if physical correlates could be found for all of them. This seems in fact to be the
case; a few even have more than one interpretation. It is not of course claimed
that all physical phenomena have such an explanation.

Few words need to be said about the empty Sort. It is exemplified by the
- “fact” that Nothing exists. The evidence for this is that much of spacetime
appears to be empty. But as we have not yet got any concept of spacetime, we
can’t begin to explain how “nothing” and the various contrasting “things” are
interrelated. All we can say is that the rationality of the empty Sort implies that
the structure of the universe is basically discrete. In some sense or other, there
are gaps, but that’s as far as we can yet go.

The Sequence of Events

I have explained the ordinable Sorts are all ‘birthright’ rationals. That means
that there is an infinite simply-ordered Set which has a unique status as inde-
feasibly empirical. Since it can be argued that all physical observations are of
elementary events, or of congeries of events, each of which is a scattering en-
counter between elementary particles (or a particle’s disintegration or ‘decay )
the obvious interpretation of these ordinable Sorts is that they represent in a
simple-ordering the successive events in the history of the universe. The singular
Sort |1] will then represent the Big Bang, and subsequent members of the series
events occurring later and in due course elsewhere. Of course they won’t be much
later but they will be, as we have seen, discrete — which some cosmologists deny.

As for the ‘elsewhere’, if we consider a “time-slice” (for relatnv:ty theory pre-
sumably a light cone, but we need not be too specnﬁc) of the universe, the events
in it must be finite in number (else the totality would not be simply-ordered
as the ordinable-Sort series insists) we can prove that, if there is a decidable
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parity-relation between .any to orderings of a finite collection, it must be that
of twinship. Since there are no rational perfect Sorts with more than three and
less than an infinity of members, the events in any such ‘time-glice’ must have at
most three decidable twin orderings, and any other must be expressible in terms
of these three . An analogous situation (a bit more than an analogy actually)
is presented by orthogonal axes which are mutually congruent but functionally
unrelated, whereas any non-orthogonal companion can be expressed as a func-
tion of the orthogonals. But the up-to-three indistinguishable ‘orderings’ — the
terminology 13 none too apt, but it’s an on-off affair — are not any kind of ‘axes’,
and their only use i3 to demonstrate that to locate any event in spacetime one
needs only four ordinal numbers, specifying its position in each of the orderings
chosen and the time-slice in which it occurs.

This is sufficient to show that the universe of ‘events’ is sufficiently mapped by
a system of arrayed measurements of the form-class [3,1] — which has a rational
Sort to justify it, that is, of which it is the empirically-observable manifestation.
When we come to consider how the vacancies in this array may be filled, we have
to go over to the combinatorial hierarchy to define the identification of ‘axes’
(other than time, which depends on the kind of ’time-slices’ we use) in such a
way as to suggest how foot-rules ought to work. But we have many steps to go
within the T of I before we can decide what we mean by observation.

Observation

Events communicate with one another through the particles they give rise
to. An event occurs if and only if two or more particles meet within their mu-
tual scattering-radius; (which particles may be described as moving backwards
through time, when we have to account for the decay of a single particle}. The
trajectories of the particles ‘carry’ (albeit in a Pickwickian sense, as we shall see)
information sufficient to specify the nature of the event in hand, and at least rel-
evant to the information carried by the emergent particle trajectories; ‘at least’
because the latter are always in some measure indeterminate unless there is only
one of them.

Although this process in general involves a loss of information between each
event and its successors, it is possible to contrive experimental situations in
which the effect is counteracted by preserving in temporally persistent form (as
in the particle tracks in a cloud-chamber or photo-stack) information from many
connected events. By a sequence of further events, nearly all strictly unobserved,

- much of this information is transmitted to a human brain trained to interpret it.

The conclusion of this highly indirect chain of causation is called the ‘observation’

of one or more events; it involves the leakage of a fraction of the information
output by the event observed by way of an artifactual diversion into the observer’s
consciousness. Despite what would appear to be the gross implausibility of the
idea, many eminent authorities have laid great weight on the fact of observation
as an essential ingredient — not merely of our knowledge , which all must agree,
but also in the actuality — of what is observed. It is indeed laudable that
the unity of the world and the interconnectedness of all its parts should not be
lost sight of, but interconnections ought not to be asserted without at least a
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tentative explanatlon of how they operate = which in this mqt:mce seems to have
been lacking. |

A particular problem is raised here by ‘the law of i mcreaqmg entropy, wlnch
entails decreasing information within any closed system. The existence of physics
depends on the existence of physicists which is only possible because the universe,
‘especially the surface of planets, is at present in a sate where such systems are
rather exceptional . Although information keeps on getting lost, a lot of it still
survives, often frozen into near-perpetuity; thanks to this we can carry out our

‘observations of elementary events as well as matters on a more human scale.

Our lives are surrounded by traces of the past, which we tend to explain as
‘historical accidents’. The distribution of continents and islands on the Earth,

and the state of its atmosphere, and much more, are consequences of large-scale

events occurring over many aeons. On this scale, the discreteness of information-
transfer from event to event at the elementary level is imperceptible. Though
Europe and America are drifting apart by several centimeters a year, we have

no reason to doubt that this is.the effect of a vast number of elementary events..

But it is much more usefully described as a continuous motion powered by the
continuous upwelling of material in the mid-Atlantic Ridge. The bizarre details
at the elementary level are simply irrelevant here.

Anyway, they are not observed and never will be. Thus, the question whether
they are observed cannot be consequential. And if not in plate tectonics, why
any more so in a linear accelerator'? ‘

The Disposition of Events

Nevertheless, one can from time to time observe, in the rather remote fashion
indicated, an elementary event or a consortium of events. What can one then
do with information thereby obtained? One can’t really assign it to an ordinal
vector, of the kind initially considered, since one can never know its position in
any ordering , even if it were possible to define an ordering of all past events. But
we can choose an origin and specify axes for a Cartesian [3,1]-vector, whose com-
ponents for a given event can be at least approximately measured and reordered.
In this way observed events, and theoretically also unobserved ones, may be dis-
posed in geometrical space (GS). If we could accept the idea that the particles

_ emitted in an event could be assigned specific trajectories, these could also be

mapped onto the same GS; but for this to be possible we shall need to know the
locations of the two events between which the trajectory extends, whereupon we
can plot the path followed {(which in the absence of relevant force-fields will be
a straight line) and infer the position of the particle at any instant between the
two events. This will be a [3]-vector referred to axes mamfestmg a perfect Sort.

In fact all perfect Sorts have such an interpretation so long as they are ratio-
nal. A [2)- vector can represent the orientation of a spin axis, and a [1]-vector,
which relates its referent to the Big Bang, can be interpreted as a measure of the
time when the event occurs. But, as I have said, there is another perfect rational
Sort, of infinite cardinality. Can thls also descnbe some kind of ‘space’ 7

If we assume (to start with the 'worst’ case) that each component of the
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_[mﬁmte] vectorq mVoIved can have a countable mﬁmty of values any such value
can be defined by binary logarithmic ranging, answering a countable infinity of
yes-no questions, which are not enough to outstrip the uncountable infinity of
the vector componentq EKach component may therefore be treated as capable of
- two values only, a ‘yes’ and a ‘no’. The infinite perfect rational Sort can thus
-be manifested as an infinite Boolean lattice (possnbly with many uninterpreted
points), momorphxc with an infinite snmllanty -space”.’ Finite similarity-spaces -
are a familiar tool in various branches of science, and their uses and properties
~are well-known; a familiar example is a “dlchotomous key” for the identification
of biological specimens. They convey quahtatlve deqcnptlons of things. I have
~hitherto described the resultmg kind of ‘space’ in physical contexts ds ‘disordi-
nate’ (because each point has an infinity of neighbours); it is not tco happy a
term, for there is some order there, but I propose to stick to it. Geometrical
Space will be contrasted with quordmate Space (DS) hereafter.

The objects, or events, which are described, however qualitatively, by DS
are the same as those located in GS. This of course implies a mapping between
the two spaces, but in view of the disparity in structure between them, and the
consequent impossibility of specifying points of either in terms of the other, this
can only be a random mapping. Furthermore, it 18 GS rather than DS which
we directly experience in normal consciousness, and therefore this mapping can
only be apprehended as a structure in GS, the nature of the ‘structure’ being
that of a probability distribution function appropriate to the phenomenon in
hand. A simple example of such a distribution i1s worked out, under the name of

‘disordinate statistics’, in T of I (p.150 fT).

There is no reason to assume (as is conventionally done) that GS is strictly
continuous; there are arguments, which I have briefly alluded to , for thinking
" it may be discrete. However probabilities, being essentially ratios, introduce the
need to accept general rational numbers associated with the GS coordinates,
which are thus dense rather than discrete. Insofar as the objects we observe in
GS are at least in part influenced by DS descriptions, we shall not perceive GS
as observably discrete (not even if it were governed by a graininess coarse enough
to be seen as such, which is certainly not the case). One inevitable effect of DS
is to soften the outlines of things in GS. '

There is also the important question of when DS and when GS is relevant
for-the description of phenomena. This is virtually answered by saying that two
events must be located to determine the path of any particle passing from one
to the other. In the presence of only one event, or of none at all, we have no
alternative to DS; once two or more events are in question, we go over to GS.
Because our minds have evolved to cope with actual events in large numbers,
we are conscious (normally at least) only things “in GS”. This is an ever-present
cause for confusion,; and has (I believe) tripped up some very eminent thinkers.

The Connectivity of Geometrical Space

There are various theoretical possibilities for the overall structure of GS as a
whole Briefly, an intrinsic uniform curvature, which could be poqmve, negative,
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or gero, but could not compatibly with the cosmological principle vary from region -
to large region, could obtain. The question is one which evokes surprisingly little
concern. It is for example customary to assume, following Aristotle, in 4-1), that

“space is’ (hyper)qphencal", implying but not qenously believing that the overall
curvature is positive; that the word ‘sphere’ is much more familiar than ‘sella’
may be why people don’t more often say that it is ‘hypersellar’.

Either sphere or sella would involve a radius (or other measure) of curvature

~as an additional universal constant, which the underlymg metaphyqncq of my

i

theory would require to be somehow computable a priors. Not seeing how to do
this I naturally opt first for the third alternative, a hypertoroidal space, which .
has sero intrinsic curvature. This is supported by some and opposed by other
observation. In theory, it could become possible to measure the curvature of
space with the average density of matter, and data on this, though not very -
reliable, seem to most authorities to lean heavily towards low values implying
negative curvature; but revisions seem mostly to be upward. That is the main
source of opposition to my conjecture.

The main support is geometrical, in that it is known that some phenomena
have an intrinsic chiral bias; that is, some events produce more (say) left-handed
spinning particles An even more ungainsayable fact, of really the same kind, is .
that anti-matter is virtually banned as a permanent constituent of our world. But
with any non-gzero curvature of space one would expect every chiral partlcle to
be balanced somewhere by its antichire (which would be disastrously in conflict,
one might say, with the ‘anthropic principle’!). None of this need happen in a
hypertoroidal space however, for this alone is fully compatible with any arbitrary
chiral bias. : :

It is possible also to suggest more or less plausible ways of computing the
average density of matter. One of these is set out in T of I, p. 193. The value
it yields is within one percent of that required for a zero intrinsic curvature by
relativistic gravitation theory (very accurate for the present state of the art).
But there are many objections which might be made to this calculation and not
too much confidence should be placed in the result.

Thus, while the facts remain in dispute, and long will, there is a good (but

{ not overwhelming) case to be made for hypertoroidal connectivity. One doesn’t

have to visualize a four-dimensional American doughnut — any regular cryqtal
lattice will do, if you don’t object to an infinity of exact copies of your universe.

: There are no analogues however of a hypersphere, still less of a hypersella, in

| objective experience.

Quantization

There is a further point in connection with chirality which may be impor-
tant. In Sec. 10 I explained how the making of an arrayed measurement involved
three stages separated by two operations. The stage of strictly mdlstmgmqhab]e
vacancies is terminated by ‘labelling’ them, and the labelled vacancies are then
filled by appropriate measurement techmques To say that a given quantity is
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‘quantized’ is to say that lt cannot be divided mdeﬁmtely, that there is an ascer-
tainable value than which only zero is less. In the above scheme , a hypothesis
that a measure is, or is not , quantized, must be introduced before the labelling
of vacancies, for after that only empirical facts are taken account of, '

There are two possible sources of quantization. If, as may well be the case,

all measures are fundamentally discrete, all are in one sense reducible to mtegral

" numbers of quanta (though this might require a non-linear transformation to get

the conventional measurements correspondmg to them? A seemingly different

property is the quantization of action, which is certain linear, and on a much

coarser scale than is plausible to poqtulate for say dnstance The first type is a

preexistent attribute of the measures affected, theoretically based (or refuted)

and not a supplementary hypothesis like the second type. It is the latter I am
concerned with here.

The hypothesxs of non-quantization (which- is easier to argue from than its

~ contrary) assumes that we can find as many diminishments r, such that 0 < r < 1,.
as we have vacancies'in an array, by which to diminish whatever actual values z
may turn up in a measurement, to get not truth but somqﬁplausnblenﬁctlon When
the vacancies are labelled we can choose numerical values for each of the r's, which
are in general all different and chosen at random. If a 3-dimensional ﬁgure say a
tetrahedron, has three edges of lengths a < b < ¢, it will be chiral; but on applying
the'aforemid dimini%hment we shall in general not find that F—2a > r—2b> r—3c
because the v’s are unconstrained. Thus chirality cannot be an intrinsic property
of a figure defined by continuous ‘variables. Chn—ahty survives unchanged only
in the absence of all “hypotheses’ of this kind, and is inconsistent with arbitrary
‘diminishment’. Since the hypothesis of non-quantization thus fails, it follows
that all measures mvolvmg chirality, actual or possible, are quantized. Well —

are they?

The simplest such quantlty is angular momentum or ‘spin’. It is associated
with the rational Sort [2,1] in which the |2] can specify the orientation of the
axis, and the [1], as usual attached to time (or its reciprocal), assigns a frequency
or rotational speed. This is of course well known as a ‘quantum number’ and
moreover it has been shown to be communicable , as rotation, to more massive
bodies bombarded by particles of monochiral spin. Any quantity of the same
dimensionality as angular momentum, action in particular, is also quantized.

g A possible exception might be seen in the case of charge , which is quantlzed ‘
| but apparently not chiral. Now I have not proved that a non-chiral quantity
' can not be quantized, but one might expect that its quantisation might reside
\g in the discreteness which may be present universally. However the pattern of
xthe so-called CPT conservation law shows that change must involve some kind
j of chirality, and therefore need not be regarded as exceptional in this respect.

The Uncertainty Principle

It is obvious that, in measuring any quantity subject to quantization, the least
error that can be made assuming that complete accuracy is impossible, amounts
to one quantum, since fractlons of a quantum are meaningless. For either dense
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or continuous measures, ‘ complete accuracy’ requires infinite information, and

[———— )

is therefore impossible; but in the case of a discrete measure, the information
required is finite, but likely in practice always to exceed what is obtainable.

There are a number of pairs of measures, whose product has the dimensions
of action, which are also those of angular momentum (whnch 1s physically inter-
convertnbl,e with action); this as has just been explained is quantized, and its
quantum 18 Planck’s constant h. Thus the product of the errors in any two such
measures cannot be less than h. Pairs of measures covered by-this relation are
energy (AT~!) and time (T), angular momentum (A) and phase ([}, linear mo-
mentum (AL~ l) and distance (L). Electric charge, which is also quantized, does

not participate in such pairs, since its dimensionality is irrational (A’/2V‘/2)
Thus the minimum-error (‘Uncertainty’) principle is largely confined to the pairs
of measurements cited.

Any measure which is quantized is subject to a conservatlon law, statmg that
in a closed system it can neither be increased nor diminished, since a quantum
cannot be created or destroyed (though two antichiral quanta can spontaneously
arise or mutually destroy each other). Each of the above complementary pairs
consist of an ‘active’ and a ‘locative’ member; if the latter’s values are a dense
set, capable of infinitesimal change, the active complement must also be subject
to a similar conservation law, since their product is so and the locative member is
unconserved. Thus the existence of conservation of charge, energy-mass, angular
and linear momentum, are fully in accordance with expectation. The argument
does not necessarily hold up if space-time intervals-are discrete — this is the
only apparent evidence against discreteness which I have encountered; the want

of empirical confirmation of dlscre&eness i3 of course equally expected. We really -

don’t know.

‘How Many Forces?

At various times during the last century or so different ’forces’ or ’fields’
have been distinguished by physicists. Once could name gravitation, electricity,
magnetism, the weak and the strong interaction and the ‘chromodynamic’ field.
Many of these have since been explained in terms of one another, first the elec-
tric and magnetic fields, then electromagnetism and the weak interaction, were
unified; and the strong and chromodynamic fields likewise. Now there is a chase
on for a Grand Unified Theory, which is having a good success except, so far,
that it can’t quite cope with gravity; but this is confidently expected to follow
suit in the end.

Neither the T of I'mor the Combinatorial Hierarchy approach has had unqual-
ified success in finding an explanation for all this. Two ‘coupling constants’ have
been identified, both on frankly numerological grounds; the two largest cardinals
(in both systems), 137 and 71037, are reciprocals of the required constants for
electromagnetism and gravitation respectively, the first being less than .03% out,
and the second quite close. The weak and the strong interactions should have
analogous coupling constants, but they have not been convincingly demonstrated

93




by either of our approache< It may be that they wnll be explained by the GUT
theorists.

If however our nllmPTn]ngIC’ll identification of the gravitation coupling- con-
stant is not a diabolical coincidence, the implication may be that gravity will
not, in the end, succumb to GUT treatment. It will be interesting to see what
success comes to this research. :

Larks

It is a necessary consequence of the thesis that the Inchoative contains no in-
formation , that its ultimate indistinguishable parts should possess no attributes.
It follows that they can never be observed as such,; everything which is observed
must be an aggregate, either of ultimate “agnomes” or of more complex con-
stituents. All the known ‘elementary pa.rtlcles above the level of quarks are
‘observable’ in that they can sometimes be ‘seen’ in particular places or following
partlcular trajectories; they can be said to ‘feel’ spacetime. They can be located,
that iz associated with distinct vectors, and therefore distinguished by attnbutes
of location, even though they remain qualitatively indistinguishable.

These remarks apply equally to baryons and leptons, and run counter to the
idea that there is a likeness between leptons and quarks which baryons do not
share. I am led thus to claim that there is a case to be made for regarding leptons
as having a structure of components analogous to the quarks which are regarded
as the ultimate constituents of baryons. Whether these are truly ultimate, that is
to say ‘agnomes’. is debatable. Quarks conventionally,and their lepton analogues
“larks” hypothetically, are assigned attributes of ‘colour’ and ‘ﬂavour’; but these
could be seen as specifying a subspace of the discrete ‘space’ which manifests
the [3,7] rational Sort involved here (there is another 3,7 Sort defining energy-
momentum ‘space’ which is usually assumed to be ‘continuous’). Each quark
could share its time between different points of this subspace without contracting
‘attributes’, subject to appropriate statistical parameters belonging to the points
not the quarks. This kind of time-sharing permits the fiction of dense values
for quantized measures, applied for instance to charge in the proton- -electron
calculation (original version).

This ‘fiction * works only because the colour—ﬁavour space is discrete, so that

different quarks, or larks, can occupy the same point in it and not be distin-
guished at all, whereas in spacetime, whether it is dense or microquantised, two

particles must occupy different points, or be observed as one, even if their intrin-

sic properties are identical. Quarks, and larks, are thus at least a step nearer to
‘agnomes’ than leptons and baryons are, even if thy are not actually there.

Of course , quarks have been ‘observed’ inside protons — or at least protons
have been found to be internally lumpy — whereas no structure has ever been
found in the much larger electron. But the larks in the electron are massless
(as is assumed in the m,/m, calculation), whereas at least some of the proton’s
quarks are credited with mass. If so, this is an attribute which can’t be argued
away (might one devise a comparable experiment on say muons'?) and quarks
would have to be split up into (perhaps at last) ultimate ‘agnomes’. Massless
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components confined within an electron would not give it any obqervahle inho-
mogenelty There is evndently a lot to be found out in this fie L. ‘

4.4 ON TO INFINITY

I shall now pass overto the discussion -of some applications of the ‘disordinate
space’ which was earlier indicated as the principal source of more or less novel
“predictions, in which my theory is dlsappomtmgly poor. The main ‘predictions’
not involving DS are that the connectivity of space should be hypertoroidal,
for which there is only rather indirect evidence, and may seem to some to be
uncomfortably similar to the theory, now universally abandoned ,that the surface -
of the Earth is flat; and that leptons have a structure of ‘larks’ analogous to the
quark structure of baryons, which is at present widely contested, though what
the evidence against it 13 I confess to not knowing.

In contrast, the notion that disordinate space is an ever-avanlable alternative
" to geometrical space leads us into a variety of new viewpoints and perhaps sur-
prising predictions — some of which are however ‘predictive’ in the strict sense,
only for the ill-informed.

Disordinate Space — Recapitulation

Most of the essential points about DS will be found in the later paragraphs
of Sec.15. It will however be helpful to summarize this material here in the from
of bald statements.

First, DS is a ‘space’ of infinite dimensionality, which is represented as al-
lowing only two values, 0,1, in each ‘dimension’, It is, that is to say, an infinite
Boolean lattice, and has 2%° points. Of course, the infinity of points can never be
exhausted; but they are needed theoretically in proving there is a rational Sort
of which it 13 a manifestation, and their actual infinitude-may have real relevance
in certain cases.

Whereas GS provides for the assigning of locations to events, and trajectories
to particles, DS contains no specific reference to space or time; its function is
essentxally that of a similarity-space, which encodes qualitative descriptions. In
view of its infinite dimensionality it has limitless tolerance of redundancy, and
should therefore be capable of specifying any integral value of an variable . But
it is doubtful how far this would be applicable to spacetime. intervals, and the
procedure involved would be so way-out for the purpose, that I think that little
if any use should be made of it in this way,

Though GS can specify the location of a smgle event relative to any arbitrary
system of coordinates, no real information is conveyed by this, and in effect any
matters not reducible to at least two directly relevant events 'must be recorded
in DS or not at a]l. But this still leaves us in an event-based world with the
mental faculties adapted to living in such circumstances — faculties which make

GS ‘self-evident’ and DS ‘obscure’.

The relationship between the two ‘spaces’ is one of ‘random nia,pping’, but
some relationship there has to be, since any set of events can be represented



in either of them. The difference is that they appear smg]y and unrelated
in DS but lined together in a spatial framework’ but undescribed in" GS. Of
course, whether what 1 call ‘random’ mappings are in general unconstrained by
boundary conditions expressing the peculiarities of given problemq Wthh can
take a lot of the ‘randomness’ out of them; but the fact remains that no detailed
pomt -to-point correspondence can be postulated -such as one usually expects of
‘mappings’ . One general rule is however worth noting:DS is extremely ‘short-
sighted’ since it 18 hard to look far wnthout having to take geometrical relations
into account, whereas GS can’t ‘see’ less than two events.- Under these cir-
cumstances, the random mapping relationship between them results in a local
‘softening of outlines’ as mentioned earlier. The scale of this effect depends on
the local event-density, but doesn’t get near to any acceptable scale of intrinsic
quantization (discreteness) of spacetime. It is therefore open to doubt whether
such a quantization could ever be empirically observed. :

4 5 EINSTEIN-PODOLSKY-ROSEN

Though Iintend here to show how the notion of DS leads us into new areas,
‘and indeed beyond the conventional concerns of physics, it is helpful to start .
with yet another instance where all we get is an alternative viewpoint on the
well-known . The so-called ‘paradox’ of Einstein, Podolsky and Rosen provides
a good illustration of the operation of DS at the simplest possible level.

The situation concerned in. Bohm’s version of EPR is where a single event
gives rise to two particle differing only in having mutually antichiral spins. If,
before any other interactions have occurred, one of the particles is established as
say, dextral, the other, however far away it may now be, is known to be sinistral
. simultaneously, in apparent defiance of the limiting velocity which ought to have
imposed a delay in transmitting this information. It is not only the experimenter
who knows this — the particle itself can reveal its chirality ‘long’ before it could
‘know’. :

Chiral orientation is not directly representable in DS; it cannot be defined
except by reference to an arbitrary standard, which reference involves several
geometrical comparisons which DS can’t cope with. It could be objected that
elementary particles are a lot simpler than scalene triangles; but we may not
attribute to DS any sort of model of them such as would be needed to exploit
this simplicity — that would be ‘information’ not derived from the situation in

“hand. What can be held in DS is the fact, established with the initial event, that
we have an antichiral pair.

As soon as the chirality of one particle is discovered, by a second event, frame
of description changes and we go over to GS, where chlrahtles are stralghtfor-
wardly representable, including that of the compamon particle. In GS there is
no geometrical uncertainty, and the ‘paradox’ is resolved.

The Collapse of the Wave Function

Let us now look at the celebrated ‘two slit’ experiment. An electron is fired at
a screen containing two slits, appropriately spaced to give a regular interference
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pattern in the arrival points of a large number of electrons at a second detector -
screen. The passage across the first screen is the first relevant event, in which
scattering occurs, deflecting the path of the electron. Considering this event only,
we have torely on DS. Nevertheless, we have to think in GS (else we would never
recognize our mothers), and this calls for an exercise in random mapping.

The result of this mapping is conventionally, and [ assume indisputably
(though I am not able to present the matter as a random mapping in detail), a
wave-function, determining the probability that the electron will arrive at each
specified point-volume of the space beyond the first screen. The actual arrival of
the electron constitutes a second event, and as in the EPR case, we must go over
into GS, where a specific point of impact is coded. '

While the electron is in transit it is represented not by a fixed trajectory but
by a complex probability-distribution, the form taken by the ‘random’ mapping
of DS, under the conditions of this expenment onto GS. It contains ‘information’
only in what I earlier described as a ‘Pickwickian sense’. On arrival, its position
is stated because with the second relevant event we must translate into pure
GS terms, which do not allow of an extended probability-function, derived from
the no longer adequate DS information, but give a plain answer to the question
“Where is it 7”7, The ‘collapse of the wave function’ is thus presented as a trans-
lation from a quahtatlve to a quantitative language, as we pass from consxdermg
a single event to looking at two together.

If we ask the classic conundrum, “Which slit did the electron pass through?”,
there is no objection to the answer that it passed through each slit with a certain
probability. If the probabilities are p and q, and if we pass through not one
but say N electrons, Np will pass one slit and Nq the other; the situation is
precisely analogous to the case with light, where Np, Nq corre<pond to specified
intensities at the two slits. The only trouble is that we think of Np as a number
{less than N, and therefore p as a fraction of an electron, which sounds bizarre.
' But what else 1 a probablhty, but that which, multlphed by a numerosity, yields
‘a frequency, and what is a frequency, but that which divided by its numerosity
gives the underlying probability?

What goes for this rather elaborate two-slit experiment goes also for every

- scattering -event. Such an event results in a complex probability-function, which

is resolved for each resulting particle when it takes part in some other event, and
thereby ‘earns’ its GS description. One might say that most of the life of most
particles is spent in DS, with a brief touchdown in GS each time an event occurs.
Those who like to speculate that things are ultimately qmte other than they
seem would perhaps say that the DS picture of the world is ‘real’, while GS is its
illusory portrayal to our senses. But the opposite judgment would make exactly
as good sense, and would not imply the causal efficacy of ‘illusory’ phenomena.

Mental Images

The role of DS is not limited to the realm of micro-physics, it is also required
adequately to understand the formation of mental images. Babies start their life
with all senses functional but not mature; most of the first year is spent learning
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~how to use them. Very few facultleq do not have to be learned: lt can recognize
its mothers’s face even on the first day (but, surprisingly, not her teats), and,

at the other extreme, the diménsional structure of space may be innate, though :
how things fit into 1t seems to be mltmlly puszling. But the main business of
‘translating’ sensory percepts into usable images has to be learned; all of us do this
on our own, by trial-and-error, and our varying experiences and the complexity
of the task dnctate that the results shall be essentially idiosyncratic — that is, the
neural events underlying our imagery are largely peculiar to each individual, 'and

‘have no predictable relation to the neural representation of the sensory mputs

Learning the translation process thus involves crossing a gap, with no (or
little) secure causal connection. Between the event-based sensory inputs, and
the do-it- yourself image-making, there is an interval where DS (mapped, as ever,
onto GS) is relevant. How the mapping onto GS is carried out is of course sub)ect
to strong constraints — the process could not have evolved unless a reasonably
reliable representation was eventually obtained — but the interpretation is far
from a simple analogue of the ‘collapse of the wave-function’ by the next ‘event’
after the one initiating the wave-function in microphysics. Our mental picture is
not a simple copy of anything, but rather a carefully edited version of a mapping
of what as still, ultimately, a DS construction.

Evidence for these assertions comes from various sources, from individuals
born blind or deaf for remediable causes, treated at an age when they can report
progress; from the study of illusions, especially optical ones; from the absence of
neurologically detectable correlates of imagery subjectively reported; and several
others. Anyone watching babies ‘playing’ (so-called because being babies what
they do is so defined) can verify some of the points, such as the difficulty they
seem to have with simple geometry, in putting one cube on top of another for
example. '

What comes of it all that we live in a sort of compromise world partly DS and
partly GS, in which the latter, as the more practically ‘reliable’ , dominates our
language, whereas DS tends to dominate in our dreaming (the constraints then
being off). Our senses are in unimpaired contact with GS; our mental images
are basically sited in DS (because the causal connection with sensory neural
events is broken or incomplete), but from practical necessity re-mapped into GS.

~Introspection has repeatedly led philosophers in all civilizations to regard the GS

aspect as a possibly illusory convention; while more recently others have come
to think of the DS contribution as nonsense. It is unsurprising that, confronted
by the stark separation of these two in the microphysical evxdence, the idea of
mental illusion should have caught on; for in our quotidian experience GS and
DS work together.

New Frontiers

If the legitimacy of explanations referring to DS is once admitted there will
inevitably follow a redrawing of philosophical frontiers. This will entail disputes

~as to where they ought to come. It is coming to be recognized already that

there may be 'frontiers’ across whnch reductionist arguments can’t be extended,
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among which perhaps the nearest to being non-controversialis the living vs. non-

living one. The argument of the last section suggests another between human
and animal life — not based on the possession of ‘language’, already widely ahan-

doned, but on ‘idiosyncratic learning of mental representations’, which may take -

in several of our ‘dumb friends’ not previously considered.

Another time-honored dlchotomy 1s that between matormlmn and ldealmn
It could be conjectured that a truer definition of the difference would be that

‘materialists’ tend to think exclusively in terms of GS, whereas ‘idealists’ are

thinking, unbeknownst to themselves, that DS has also to be taken into account.
The theory here expounded requires however that GS and DS are both equally
real and relevant to the behavior of matter, so that a consistent materialist
ought to have no misgivings about admitting both. It is much less clear what
a ‘consistent idealism’ might have to say; but we shall no doubt be told in due
course. Unless — happy thought — this particular war will be over.

A much less well-defined, but possibly more important, difference of opinion
concerns how much in the way of prior comprehensibility should stand as a qual-
ification for a subject to receive scientific study. Most scientists would probably
reject reports of precognition as not worth investigating; many would ban the
whole of parapsychology. Yet there are a number of cautionary tales — that stones
can’t fall from the sky because there are no stones in the sky; that continent can’t
move because there is no force adequate to move them; and so on — evidenced by
the fossils of extinct schools, which may give grounds for continuing unease. But
some defense must be put up against the (ever increasing?) prevalence of old
wives' tales; is there a2 way of doing this, except by periodically revised criteria
of prior plausibility?

The implied parity of esteem between GS and DS of my theory is obviously
relevant here. Our bodies, firmly defined in GS, do not overlap; our minds,at least
in large part based in DS, can hardly be kept strictly isolated. This consideration
diminishes rather than confirms the implausibility of effects like telepathy; it
could be quite respectably argued that the time is ripe for a redrawmg of this
particular frontier.

Strange but True

Things strange — and even things well-nigh absurd — have turned out to be
true. Fishermen, who saw ships seem to sink at sea, but. come back safely at the
close of day, may well have wondered whether the sea was flat as then supposed.
Julius Caesar told how the ancient Britons claimed to know our planet’s actual
size — old druid’s tales for him, of course, but we now know that the claim may
have been well-founded. |

Then there was Olbers, puzsled by the darkness of the night — as well he might
be, even if he was the first. What sort of world would not show stars packed tight
throughout the celestial sphere, burning us all up?. We must be placed at the
center of a finite cosmos, much as Aristotle had believed, but what a strange
coincidence. Within my lifetime Olbers has been answered ~ the universe 1s
finite, unbounded, and expanding, having been, umpteen billion years back, a
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single point. Absurd? Yet this strange scenario has passed from absurdity to
almost .self-evadent fact within a few decades. Incredulity has had some nasty
knocks. o

One might draw a parallel between the origin of the physical world from a

single point, and the origin of my metaphysical scenario from a single bit. If the
first absurdity has faded into commonplace, maybe the second will. But 1t still

"has a long way to go.

The existence of that concerning which there is nothing further to be known
implies much of the framework of the world; but far from.all. The most obvious
gap is the long list of particles with their masses and half-lives, hardly any of
which have been in any sense ‘explained’. Admittedly no other theory does

" any better at this, as yet; but none has had the expectancy of doing so either.

It may be that some light on this may come from the combinatorial hierarchy
work - which can legitimately be presented as an extension of the Theory of
Indistinguishables— but apart from some work of Kari Enqvist‘ there is so far
little to show.

Truth, 1t has been said, is found at the bottom of a well. Well, the odd notion
of ‘agnosia’ certainly looks like the bottom of something. Perhaps then, it 18 the
truth.
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"PROGRAM UNIVERSE

| . Michael J. Manthey
Computer Sci. Dept., State Univ. NM, Las Cruces, NM 88003

progream Universe;{A Constructive Bit-String Model of the FEarly Universs)

(This program epecifies algorithmically how the bit string universe emanating
from the Combinatorial Hierarchy develops. The language is Pascal with ’
extensions for spawning asychronous comcurvent processes and extendible
arvays. ) '

{——————Data Structure Definitions——})

copet doomeday == (alkse;
BasisSiges = asray|i..4] of [2,3,7,127];
type osebit == (0,1);
Upte == |1..Usize|; {index of » string in U.}
Uptrs == array|l..¢| of Uptr; {for bases and closures, ©=[2,3,7,127}
snd [1,4,120,2° 127 - 126] vesp.}
ensemble = record
last: [1..e}; {index of curreat last element of E.)
E : array|l..e] of Uptr,
end,;
elring == yecord
bite: areay|l..¢] of caebit,

bome: booleas {tree==>string is in & basis or closure. See StringEvolution.)
Label: Uptr;  {imdex in U of let string in ensemble; lst is nelf referencing. )
ead; -

semaphose == (aveil busy); {used to guarantee mutual exclusion on updates to U}



var U array|0 o of atring; (U|0]=tero-siring; all non-ensemble loops ignore 11 }
Usize integer;  {initially zero = no strings in universe)
Umutex: semaphore; {initially == avail) :

(level 1 1 1 v

12(3) 4.6 (7.10) 1117 (18.137) 138.255 (256.2°127-1)

basis| 2. 3 | T | a2 |

size | N | '

| o |........8¢rings in closures............. |

Labels; record
last: [1.¢]; {index of current last element of L.}
L : array|l..9| of “ensemble ‘
end,
empty: steing;, {an empty siring, i.e. one whose length ia zero.)
gerostring: string=0, (zevo string, always of leagth slength len}
slength: record {current leagth of strings in U}
sem: semaphore,;
len: integer
ead,

Bit: onebit; {osme random bit.. see function Random below )

B: 0..256; {oumber of basis vectors found so fas, over all levels. )
LL: 0..258; {6xed lemgth of label feld def’d whes level 4 closes.)

CurLvl: 1.4  {the level curreatly being ‘‘comstructed”)

Bases: record

bvees: array|l..4] of Uptrs; {basis vectore for each level...completed sequentially)
Uipts: 0.0 {indices of vectors/strings in basis)
end;

Cloaures: array|l..4] of record
cvees: Uptrs;, {vectors in closure of corres Bases|i])
Uiptr: 0.2 {indices of vectors/strings in closures}
end,;



{-e-ve--- Synchronluﬂpn -------------- }
procedure wait{var s:semaphore); (poll e uatil it's avail)

var {: semapbore; ‘ ' ‘
begin {presumes mutual exclusion oa procedure swap, which is formally undefined

(universal primitive) and which interchanges the values of two variables.} ;

t=buey; :
repeat swap(s,t) ‘wotil t=avail

end; {wait}

procedure signal(var s:semaphore); {signal that e is available again}
begin

swap(s,avail)
end; {signal)

procedure RandomBit; {Actual random bit generation. This runs 25 an independent process.}
begin
- repeat  (Bip Bit forever)

Bit ;= 1,
Bit ;== 0;

ontil doomsday -
end; {RaadomBit}

(The randomness of the value returned by function Random below depends on the fact that
procedure RandomBit rune 28 an independent procesa asynchronous Lo everything, fipping the val

of Bit constantly. This occurs even as U is locked during discrimination and scattering calculation

function Random:onebit; {Called whenever a random bit is needed .}
begin

Raodom = Bit
end; {Random}




function Generate:string; {generates the first two strings is U }
var g string,
begin
if Usize=0 then Generate:=Random
else {Usize can only be 1}
begin
repeat g.=Random until g< > U[1|;
CGenerate ;= g
end
end; {Generate)

procedure LockUaiverse,
begin
wait(slength sem);
wait{Umutex)
end;

procedure UnlockUniverse,

‘begin

signal{Umutex);
signal{slength sem)
end,;

procedure Tick; {increments the universal string length by one bit. This is dose ander
mutual exclusion, so U grows, but no one ever sees it, and all bit stringe are {for all
practical purposes) always of equal length.} ‘

var iiinteger,;
begin
LockUniverse; ({stop the world while we change it}

slength len := sleagth.len + 1;

if Usize=0 then
begin
U] := Generate,
Usize:=Usize+1
end
else {increase the length of every string im U by 1 bit.}
for i:=1 to Usize do Uli||slength.len| := Random;

UnlockUniverse; {Let the world breathe again.}
end; {Tick}



function ones(s:string).integer; {counts # of ones in a}
var i.c: inleger,; S :
begin
¢ ==0;
for i:=1 to slength.len do
if 8.bits]i]=1 then ¢ ;= ¢ + 1,
ones (== ¢ -
end; (fen ones}

function seroes(s:string)integer; {counts # of seroes in 8}
begin ‘

teroes ;= slength.len - ones{s)
end; {fco zeroes)

froeo e )
function discrim(s,t:string, len:integer):string; {exclusize-or of Ist len bita of s and t}
begin ‘

for i:== 1 to lem do
if 8)i] = ¢|i] thes discrim|i} := 0
else discrim|i] ;== 1,
end; {fcn discrim )

function Pick string {picks & string at random from U}
var i,index: integer; {index will be random in 1..Usize}
begin
index ;== 0,
repeat {build random base 2 index.)
for i:=0 to ceiling(lg(Usize)) do index := 2¢index + Random
until index in |1..Usize|;

Pick ;= Ulindex| {assign random string to Pick)

end; {function Pick}



? ; ¢ : o ,
‘ : ; ! { ;; {

{Doea not aflect string generatioa or gm\vt'h of U in any way}

 tunction loU{xatring)-boolean; (true if 8 in U else false)
var i,j: integer; found: boolean; -
begin :

for i :== 1 to Unize do {search all of U}

begin
found = true;
for j := 1 to slength.lea do found :== found and (sj}==Uli||j]);
if found then goto 1; .

ead; ’

1: InU = found
end; {procedure lnU}

function LinDepL(S:string; Ivl:[1..4], len:|1..Usize]):boolean;

{true if S is linearly independent of the etrings i level Ivl only .}
begia o
{—computation intensive— gemerates n(b)== B(1}!/{b![B(1)-b]! discriminations vpto len with S
end; {fca Lindepl.}

function LinDep(S:string; Ivl:|1..4], lea:|1..Usize}).boolean;
{true if S is linearly independeat of all levels 1 to ivl. NB: Assumes (correctly) that
it is not called if there is mo room im basis{lvi]...because of the value of CurLvl.}

begin
Liodep := false; {default value}
if Ivi<1 thea Lindep := true {base case}
else {check previous levels, then current level.}
if Lindep(S.lvl-1,len) then Lindep := LindepL(S,Ivi len)

end; {fco Lindep)

procedure PutlntoBasis(S: Uptr); {inserts U[S] into basis of CurLvl})
{ Assumes Bases.Uiptr=0 initially .}

begin
i 1= Bases.Uiptr + 1;  {point to aext opea slot}
Bases.Uipte .= i; {update Uiptr}
il i==DasisSizes|CurLvi] then {start next level of Combiaatorial Hierarchy}
begin '
CurLvl := CurLv]l + 1; {CurLvl guaranteed <=4}
Bases. Uiptr :== 1 {reset pirs})
=1
end;

U|S| home := true; (this vector is home}

Bases bvees|CurLvl|[i] := S; {point to S's string in U}
B:=8B+ 1 {inc global # of basis vectors)

end {procedure PutlntoBasis}



procedure EasembleL abel(me: Uptr). {2ssiga me to some enoemblc)
var iinteger,
begin
for i:= 0 to 271274138 do
if discrim(me, UJi|, LL)=zevostring thea go to 1;
error('no easemble for me’); (cn t hppen)
1:U|me| Label:==i;
Ulme| bome:==true
ead; (EasembleL able)

procedure PutlntoClosare(S: Uptr; Ivi:{1..4)); {inserts U[Si| into the cloeute of Ivl)
begia

i ;== Closures|ivl].Uipte + 1;

Closures|ivl]. Uipts ;= I,

Closures|ivl].cvees|i] = S;

U|S| . bome == true
ead; {PutlatoClossre)

procedure Label{me: Uptr); {categorise Ulme| in terms of the hierarchy)
var ij : inleger; fovad: boolean,
begin
if Usize==2"127+4130 thea {labels close sow - closures full)
for i:= 1 to Usise do Uli].Label:==i; {assign each etring 2s Ist in own ens.}
else

begia
of i
end

else if |

begin
f Lia

end

else (1!
begin

f L

begta

Pu

if

be

if Usise > 2°127+4 138 thea (jest Bad aay easemble. Theorem: Whea 130 L 1. strings bave been gemerated,

Usizge < 271274138.)
begin
Essemblel.abel(me)
ead ’
else if B==0 thes {guaranteed at this poist that U==[01,10,11] or equiv)
begia ,
PutlatoBasis(1);
PutlatoBasis({2),
ead
{continue to enlarge partial closure seta...}

else if B > 130 then {bases and partial closures exist 2t this point)
begin
found ;== (alse;
“while pot found 28d nol Bases exhausted do
begia
for all Bi,Bj ia Bases|l], I==1..4, found:=discrim(Bi,Bj,LL)=U|me upto LL};
if fouad thes PutlntoClosure(me, {lvi=}l)
end,

if mot fouad then
begin
i=0;
repeat ir==i4 | watil ot LisDep(me, {lvli=}i,LL);, {guaraoteed i <=4}
PutlntoClosure{me,[Ivi=}i) :
end,
end ‘
{build level 2 basis. }
elze if B<S then

I S

en
ead
ead {

ead; {prc



begin . .
if LioDepl{me, (Ivi=})1, slength lea) thea PutlatoBasis(me, (Jvi=)2)
eod
* {build level 3 basis)
else it B<12 then '
begin _
il LinDep{me, CurLvl, slength.len) then PutlatoBasis{me, {Ivi==}3)
end ' : '
{build level 4 basis}
else (12 <= B < == 139}
. begin _
if LinDep{me, CurLvl, slength lea) thea
begin o :
PutlatoDasis{me);
if B==139 then {assign all atrings in U to a specific level's (probably still iscomplete) closure set, if it
is not already in some basis (i.e. homes==trye).}
begin
LL ;== slength.len;
for i:==1 to Usize do
begin
if not U|i].home thea {Bnd right closure for Uli|}
begin
i=1
while pot Uli].home do
begin
U} bome: = sot LiaDepL{i,{lvi=s }j,LL); {80t Li.==>ia j's closure)
ji=j+1 {capmol exceed 4}
'B gemerated, end {while)
. ead {if})
end {for)
ead {if})
ead {else)
end { major if-them-else stmat }

end; {procedure Label}
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{------=--- The Life of a Bit String- - - - - ----}
procedure StringEvolution(var MeString:string; me:Uptr); »
{every string (except empty) becomes a separate incarnation of this

procedure, i.e. a separate, independent asynchronous process. }

var d,m:string; {local working variables}
home: boolean; {true => | am a member of a basis, closure, or

ensemble.}
begin
repeat .
if Usize=0 then  {we need two strings to get started)
begin

Tick; {go from no strings in U to one.}
MeString:=Pick; {we become this first string: the original empty- process becomes the U[1

m :== Generate; {generate a second string}
Usize ;== Usize + 1; {Universe now has two strings}
U|2] = m;

Label(me); Label(m);

spawn stringevolution(U[2], Usize); {give U[2] life.}
end
else {universe is already rolling, so just discrim w/someone}
begin

LockUniverse;

m == Pick;

d :== discrim(mestring,m, slength.len);

if not InU(d) and d < >zerostring then {add d to U}

begin
Usize := Usize + 1, {increase size of Universe}
U|Usize] := d; {add d (literally) to U}
Label(Usize); {categorize d in comb hier}
spawn StringEvolution(U[Usize|, Usize) {— d leaves me here —}
end
else Tick; {no povelty was generated }
UnlockUniverse
end

until doomsday {strings never die}
end; {string evolution.}
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begin { Unlverse starts here—
{Initialization}
Curlvl = 1;
Slength = O;
LL ;= 0; . :
B :=0; {number of basis vectors}
U|[0]:==zerostring; {'‘invisible’ zero string)

{end of initializatioﬁ}
spawn RandomBit;  {start random bit generator going}
BigBang: StringEvolution{emptyset,0);

) process herewith. '
‘ end. {Universe (we never get here) }
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Among the fundamental principles which have been pursued by
those researching the combinatorial hierarchy are: discreteness,
finitism, and constructivism. When combined with primitive
recursive operations for counting, labeling, and ordering, a rich’
variety of mathematical, logical, and physical structures can be
obtained. 1In recent years, efforts to construct physical
theories based upon the hierarchy have met some success,

However, certain issues must, sooner or later, be addressed if
such constructions are to be accepted by the scientific
community-at-large.

Whenever a new theory is developed, its acceptance is
predicated on the ability to communicate the spirit, the formal
structure, and the utility of the theory. For the combinatorial
hierarchy, that the theory be "communicatable” is an exceedingly
difficult requirement to meet. Mgst of physics is understood in
terms of centuries o0ld geometric paradigms: the continuum,
limits, infinities, distance functions (even distances), metrics,
etc, How does one talk about distance in a finite world of
discrete objects without the underlying continuum? What is a
{(physical) vector space in such a world? An event? A collision?
Is it even possible to construct a discrete, finite model of the
physical world without having such "0ld" language creep in, let
alone be able to describe the model to a physicist steeped in a
paradigm whose roots are at least as old as the Pythagorean
irrational? ’

The most common form of constructivism is that which insists
on the ability to provide a (algorithmic) construction of each
object and theorem in the system., We refer to this as "weak
constructivism™. In the strong form of constructivism, each
object and theorem of the system must be formulated along strict
finitist and pure discretist lines. In this paper, we shall use
"constructively®, constructivist, and constructivism to refer to
the principle of strong constructivism. The following principles
(McGoveran's Principles) may be taken as guidelines in pursuing
answers to the questions raised in the preceeding paragraph:

1) There is nothing in the knowable (or observable)
Universe which can not be described constructively.

2) There is nothing which can be described constructively
which (that known as) the physical Universe can not produce (in
the combinatoric . sense),
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3) There is nothing which can be observed or known which
can not be described constructively.

It is not enough to state such principles; one must
demonstrate their utility., 1In particular, these principles deny
the necessity, relevance, and even the meaningfulness of concepts
such as infinity, infinitesimal, randomness, asynchrony, and
continuity. At best, such concepts are useful only as
placeholders in incomplete models, theories, specifications, or
descriptions of a system. In most cases, randomness and
asynchrony in particular are local descriptions of more global
properties,

We believe it is possible to build a conceptual bridge which
would allow the operational use of conventional terminology
without implying (or assuming) the usual underlying geometric
paradigm. First attempts at constructing such a bridge (and
simultaneously bringing powerful tools to bear on the efforts at
hand} have been made by developing a "discrete differential
topology®. This effort provides a means of refering to
distances, functions, derivatives, etc. with most of the standard
rules of use intact, but without violating strictures against
appeal to non-constructivist entities such as the continuum,
limits, or infinities.

In going from a discrete topology to a geometry, a number of
interesting problems arise. So much that is taken for granted is
not generally given meaning by construction: the geometric
constants, the trigonometric functions, notions of direction,
etc, It is interesting to note that most of the non-finite, non-
discrete entities are embodied and related in one beautiful
equation:

Within this single relationship lies the assumptions that
give rise to coordinate systems, the structures of a circle and a
square, translational and rotational invariance, irrational and
complex numbers, and, last but not least, the base of the natura
logarithm. Even the notion that one could in any way raise a
number to an arbitrary (perhaps non-integral) power is rooted in
the geometric paradigm. Certainly complex numbers can be
understood as ordered pairs of real numbers and these real
numbers can be restricted to the positive integers for our
purposes. And negative integers can be understood as the "dual”
set of symbols obtained by ®"counting down® rather than ®counting
up”. What of the other entities?

In what follows we construct a square and a circle, and
derive a ratio which plays the role of pi. We begin by
constructing the equivalent of a square, two-dimensional
coordinate patch. The only elements allowed for construction are
a finite (perhaps large) number of discrete elements (essentially
indistinguishable mathematical objects}, ordering relation



operators, the ability to count, and the ability to label the
objects through an operator, '

Without reference to a distance function, a “square" can be
defined having the following properties: <

a) two-dimensionality

b) parallel sides

c) fixed center under interchange of the dimensional
parameters ’ ‘

The following definitions will serve to provide the objects
necessary for the constructions (more precise definitions can be
found in "Getting Into Paradox"):

Def: Two objects are said to be INDISTINGUISHABLE if they
are unlabeled,

Def: A SORT is an ensemble of indistiguishables with
cardinality and without ordinality.

Def: A SET is a sort with ordinality (an ensemble is not a
set).

Def: An ENUMERATION is a total ordering of a sort,

Def: An ORDERING OPERATOR is an operator which generates a
partially or totally ordered labeling of an ensemble (note that
we do not mean set). The cardinality of the labeled ensemble is
fixed in advance as part of the definition of the specific
operator. Thus a particular finite partially or totally ordered
labeled ensemble defines an ordering operator and vice-versa.
Note that the labeled ensembles produced are sets if and only if
none of the labeled indistinguishables are twins,

Def: The DIMENSION of a sort is. expressed as the number of
mutually disjoint ordering operators on the sort.

Def: Two ordering operators are said to be INDEPENDENT if
they are mutually disjoint in the sense that no more than one
element of a chain produced by the first operator will all be
also be in a chain produced by the second operator.

Def: By NEAREST NEIGHBOR of an element e in a chain ordered
by operator p is meant any element n such that for a:a=p(e) or
b:e=p(b); then for operator q mutually disjoint from operator p,
n=q(e), n=q(a), n=q(b), e=q(n), a=g(n), or b=q(n).



The criteria for 2-dimensionality is satisfied by requiring
two mutually disjolint ordering operators., The algorithm is as
follows: :

'l. Select an element e -=--  Figure 1.
0
) -1 .
2. Establish a chain x of length n with e as the
0 0
supremum, using the ordering operator p . -—-- Figure 2,
: X
1
3. Establish a chain x of length n with e as the infimum,
0 0
using the ordering operator p . ==--- Figure 3.
X
-1 1 '
4, Call the union of x and x ; x . Reguire that x is
0 0 0 0
totally ordered. --- Figure 4.
-1 1
5. For each element i of x , establish chains y and y
0 i i

of length n under the ordering operator p with the selected
Y

element of x as the supremum and infimum of the chain. Require
0

=1 1
that the y are disjoint as are the pairs ( y , v ). This is a
i i i
unique labeling or total ordering requirement on the entire
construction (i.e. there must exist an ordering operator q such

that the elements of the entire construction are totally ordered.

--= Figure 5.



6. Require that the nth elements of the y form chains x
i i
ordered by ordering operator p ., —--- Figure 6,
X

Y
B

7. The resulting object satisfies the requirements: it is
the discretum version of a 2-dimensional (square) coordinate
patch, In particular, the 2-dimensionality of the construction
is satisfied by the definition of mutually disjoint ordering
operators: at most one element in a chain resulting from one
operator will be found in a chain resulting from the other. For
the given construction, at most two operators can be used: a
third would result in a partial ordering instead of a total
ordering of the elements of the construction and this would then
represent an object which is not connected or in an object for
which "multiple® elements are doubly labeled. Thus, the ordering
operators "parameterize” the object.

We can now proceed to construct an object which behaves as a
discretum version of the 2-sphere. A 2-sphere (again without
reference to distance functions) has the following properties:

a) 2-dimensionality

b) every perimeter (boundary) element is like every other

c) fixed center for all "orientations”

The constructive algorithm is as follows:

1. Select a (square) coordinate patch with with center e
' 0

and all elements uniquely labeled. Call this patch P . Figure 7.
0

2, Constrain the possible ordering operators to those
operators which produce chains of length n and which

select for e a nearest neighbor of e , then a nearest neighbor
0 0

of this element, and so on, We refer to the operators which
represent these selections as "radial permutations® of the

-

coordinate patch, Figure 8.

3. Starting from e construct a coordinate patch with new
ordering operators which are radial permutations of coordinate

patch. Figqure 9,



4, Map the elements of this patch P .to patch P and
i 0

eliminate any elements which do not have at least i labels,

Figqure 10.

5. Repeat this process for all pairs of allowed radial

permutations. Figure 11,

The result is a discretum version of the circle, in that it
has a fixed center (e ) with radial symmetry (isomorphic to its

gpadial permutations with identified center e ). It has built in
0

bounds on "precision®. The relation between the number of

"sides®™ of the polygon formed by a set of cardinality n and the

npumber of permutations is fixed: it gives a measure of the "size®

of the circle,

Given these two geometric objects it is possible to define a
ratio which plays the role of the ratio of the area of the circle
to the area of the square patch from which it was formed. This
number is obtained by counting the number of elements contained
in the circle and the number of elements contained in the square
and forming the ratio. .

A second ratio 1s'obta1nedvby countlhg the elements in the
perimeter. of the circle and- formlng the ratio with the length n
of the chain x .

0

In general, these ratios will be functions of the length n
of the chain x . Furthermore, the values of the ratios
0 :

will not in general be those obtained under Euclidean geometry.
However, if one insists on .isotropy, homogeneity, and "density"
(i.e. large n), it is ‘easy to see that these values must be those
obtained by the standard polygonal approximation to the circle.
In particular, these ratios will be approximations to pi/4 and pi

ith the appropriate precision. These constructions and the
gesults are closely related to numerical and statistical
Qapprox1mat10n methods as seen from within the traditional
gometrlc paradigm. In’fact, Archimedes came close to the
gonstruction used here (Measurement of the Circle). However, the
lefinitions are completely constructive and general; matching the
ﬁgntlnuum definitions as: desired.
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"Ic i5 a centival point of tirtis paper that a weasure oL tae
discrete cardinality and of the discrete topoloyy of our ocser: 2.
Urniverse is civen by the precision with which the ratios pifarea)
and pi(lengths) are identical in value. That pi shoulu be Ot
cosmological significance is not surprising. Indeed, if the
cardinal ity of the Universe is changing, then the two values of
pi should be changing also. Furthermore, if the relevant
discrete cardinality is related to a spatial volume, then as this
region becomes smaller calculations involving pi can not be ,
treated in a naive manner. Specifically, the multiple meanings
of pi must be dissociated if the values are different (i.e.,
pi(areas)/pi(circumference) will not be 1) and the usual value
can no longer be taken as a constant independent of spatial
volume. Even more important, if the world is discrete and

finite, and if the values of pi are not related to the spatial

volume via a cardinality of the volume, it follows that the
values of pi used in calculations relate only to the carcdinality
of the Universe, In other words, pi becomes a true Universal
discrete topological constant and local physical properties are
then immediately dependent on the global properties.

As noted above, we need only interpret complex numbers in
the Hamiltonian sense in order to be consistent: namely, complex
numbers are taken to be ordered pairs of numbers. This forces us
to recognize two orderings at wock for pairs of equations where
as the imagimary notation obscures it. Complex pumbers age a
special case in that the additional ordering contains only a
supremum and an infimum for the y . Thus, the commutation

i
relation holds since commutation simply gives the trivial dual of
the chain. In gemeral, however, this will not be true where the
censtraints of disjoint operators apply and the number of ordered
numbers is more than two. This fact is well known, having been
discovered by Hamilton im trying to work out an algebra of
quaternions, and having been generzlized by Grassman. (Note that
there are only three algebras which have an invertible vector
product: those over the reals, those over the complex, and those
over the quaternions (ordered 4-tuple)., Also, algebras of all n-
tuples greater than two are non-commutative.)



All of this leads us to ccnsider a general propecty of
discrete, finite spaces (now that we have a geometry we can call
it a space instead of a topology), their comnmutivity. Assume for
the purposes of illustration that a square cocrdinate patch is
embedded in a flat space with continuous distance function.
Because of the finiteness and the discreteness of the space,
there can be no discrete correlate to the irrational distance of
the diagonal, since according to the continuous distance. function
this will be square root of two times the length of a side,

Thus, at best only an parallelogram law works for discrete
distance functions on this space. Translated into the discrete
version of Lie dragging, this means that the space has a torsion
or is non-commutative., Geometrically one would say that the
space is locally non-Euclidean. Alternatively, one could insist
trhat there is no continuous distance function mappable to such a
discrete space or that there is no discrete geometry. But this
would be tantamount to a claim that all objects are non-loccal -
i.e. infinitely extended. We prefer to conclude that discrete,
finite geometries are not torsion-free, '
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=7 added.

of length n

The chains x
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Select a patch, P .,

FIGURE 7.
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. The nearest neighbors of e

FIGURE 8.
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A new patch,

FIGURE 9.
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FIGURE 10, Mapping the new patch to the old.
* = pew unmapped, # = old unmapped.
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FIGURE 11. Elements remaining after all allowed radial permutations,

X 0= =0- =0
2 /2 R N BN
X 0= =Q= =0= =0= =0
1 ] | | | |
X 0= =0= =,= =0= =0
0 i | | | |
X 0= =0= =0= =0= =0
-1 A | i/
X 0= =0= =0
-2
Y Y y Y Y
-2 =1 0 1 2
CALCULATIONS:
A(square patch} = 16 C(polygon) = 12
A(polygon) = 12 d(polygon) = 5
ratio = pi(areas)/4 = ratio = pi(lengths) =
A(polygon)/A(square) = C(polygon)/d(polygon} =
12/16 = 0,75 12/5 = 2.4

or pi(area) = 3.00
ADDENDUM:

Note that in the example, all other radial permutations
cause the same elements of the construction to be deleted or else
do not map the coordinant patch, The reader may demonstrate this
for himself, Also note that a central element is a matter of
technical convenience for the algorithms and may be circumvented,

12
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ABSTRACT

FPirst: The (Finite) Combinatorisl Hierarchy is shown to
possess a Dusl Helrarchy; the "Top Levela" (i.e. the
"Parker-Rhodes Stopping Levels") of both hierarchles are
identified with the abstract tokens "0" and '"1" out of which
both hierarchies ere constructed. This identification
produces an infinitely recursive construction with & '"two-
headed orobouros® structure (the BI-OROBOUROS of this paper's
title).

Second: The recursion iR turn produces an infinite sequence
of vector epaces of incressing dimension, which are then
"glued" together (using a construction based on the idea of a
Direct Limit) to form a single '"background" space, an
infinite dimenaional @epace composed of vectors with
infinitely many 0,1 coordinates (sequences). The "sequential
act of construction"” is interpretable as a primitive clock
"timing" the "evolution" of the system. In this construction
"time'" has a beginning.

Third: Alternatively, this background space can be modified
in a naturel way to become a "two-sided mequence space" in
which the original “starting" coordinate has lost {its
. accldental privilege. This sllows us to identify the
location of the original Finite Hierarchy's successive four
levels 'at an arbitrary place in the system (i.e., there is no
longer eny privileged location for this identification). Thie
alternative construction corresponds (i) with the system's
"timing" flowing from an infinitely remote "past" through an
arbitrarily locatable "present’, (ii) with any "present stage
of construction” having reached an arblitrarily complex
refinement.

Fourth: The passage {rom finite dimensional vector spaces to
the infinite-dimensional -background space allows the passage
-from (unavoidasbly) discrete topologies in_ the Finite
Hlierarchy to a "potentially reachable” non-discrete topology.
This in turn allows the introduction of increasingly refined
finite metrics at any stage of evolution in the system.
These metrics provide increasingly precise approximations by

rational numbers to a "potentially realisable" system of real
numbers, for all measurement purposes,
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1 VECTOR SPACES AMD BOOLEAM DUAL SPACES

l,l‘ Suppose we are given Vector Spaces E(n) (n = 0,1,2,...) over the
field 22 = (0,1) of two elements, where the vectors in each E(n) can be
regarded as (0,1)-tuples of length n, and vector addition is coordinate-
wise addition (mod 2). The neutral vector for vector addition is the
vector 0 = (0,0,...,0) of all Oa. Of courae, E(n) can also be regarded as
a Boolean Algebra, in which the "dual" operation conslsts of replacing Os
by 1la end 18 by Os in eech vector - or, equivalently, by adding the
"anti-neutral"” vector 1 = (1,1,...,1) to any vector. This leads us to ths
idea of a "dual" vector space E'(n) in which vector addition is given by
®+'y = x +y + 1, end the neutral vector is now 1.

(The dual "anti-neutral®” for 1 is once again the original "neutral" 0.)

1.2 It is useful to write E(n,0,+) and E'(n,1,+') - or just E(n)
end £°(n) for short - for these two ways of looking et the vector space
E(n) and its "boolean dual®., Also, for any nonempty subset 8 in E(n) we
can construct its "dual® set S5' by adding the enti-neutral vector 1 to
each vector in S, A subset S 1is called "Belf-dual”™ if 8§ = §',

1.3 Of course, the two vector spaces E(n) and E'(n) are isomorphic,
and to that extent are "indistinguishable" as algebraic structures. But it
turns out to be remarkable useful to keep alive their distinctions.

1.4 1 have described (at ANPA V, 1983) (and it is easy to prove) how
a subset S in E(n) can be a vector subspace in E(n) if end only if its
dual set S' 18 a vector subspace in E'(n). It is also interesting (end
should be potentially very useful) to identify which vector subspaces S
are "aelf—dual“> = 8o that each guch subset S is aimultanéoualy a vector
subspace in E{n) end in E'(n); note that any self-dual vector subspace
must contain both the neutral 0 and the anti-neutral 1 vectors. Keeping
alive the distinction between a vector space and its dual allows us to see
that the collection of dual vector subspaces is thus common to both vector

spaces .

2 THE HIRRARCHY AMD ITS DUAL

2.1 We recall that the Combinatorial Heirarchy uses just four of
these vector spaces (namely E(2), E(4), E(16), E(256) ) as its four LEVELS



1986.5.29 ANPA-VI . . page 3
RECURSIVE HEIRARCHY John Amson (DRAFT 2)

TSI I

but ascribes no role to the field elements 0,1 other than their natural one
in these abstract nnthenaticai cpnatrnctu. Iﬁ point of fact it uses thé
"first" vector space E(1) as the base field (0,1) 1itself, from which the
‘whole hierarchy is constructed. So in this sense we have a EEXE—LEVEL
CONSTRUCTION - see Figure 1. I won'? go into the actual hierarchy

. 1 ,

construction here; it is "well-known"

important for what follows. What is lmportant about it here is that E(2)

end the details are not actually

can be embedded in a particularly significant way into E(4), and similarly
E(4) into E(16) and E(16) into E(2%6), but that this process cannot '
continue beyond E(256) ~ the so-called "Parker-Rhodes Stopping' phenomenon.

E(1) - E(2) — E(4) — E(16) — E(256) : Original Levels
0 I 11 111 v ¢ Level Numbers
E'(1) = E'(2) — E'(4) —» E'(16) — E'(256)  : Dual Levels

FIGURE 1. THE FIVE-LEVEL FINITE HIERARCHY

3 THE ROLE OF THE TOKERS O end 1

3.1 I have described (at ANPA V, 1983) how we can regard the special
primitive quantities 0 end 1 as "tokens", that ie, as representative of
some unspecified things Qhose only properties - at this stage -~ are
summarized in the fact that we can "discriminate" between them by somé as
yet unspecified procedure which allows us to say that if "the things being
discriminated are the same" then the result of the discrimination is
signaled by the production of a "0" , and if "the things are not the same"
then the result is a "1". I aleo Qescribed how the lack of any ether
subastance that could be accorded these tokens gave them an undesirable
primacy in the scheme of things. That is to say, it gave them an
essentially "primitive"” exogenocus status which was in conflict with the
idea of the theory under development being in some way self-describable,

self-organizing or self-generating.

3.2 I have always insisted (from my earliest talks with Ted Bastin
twenty years ago) that vhatever theory should ever arise from the
development of a Combinatorial Hierarchy approach it should intrinsically
contain the capacity (or at least the potential) beflexively to describe
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the theory developed, together with its appropriate calculus. That is to
say, the theory should posses an essentially self-organizing or boot-
strapping feature. But to that end I always had to face the obstacle of
how one could satisfactorily discharge these tokens of their accidentally
special role. For me, the missing step was found when I recogﬁized that
one could identify the tokens O and 1 with LEVEL IV end-its "dual",
respectively. The identification also serendipitously removed another
accidental specialization; namely that of the LEVEL IV (and its dual) as _
the Parker-Rhodea Stopping Level in the Hierarchy (and its dual). W¥e can
now say:

"0 stands for Level IV" or, interchangeably, 'Level IV stands for 0", and
similar statements about "1" and the dual of Level IV.

3.3 Such an identification, whilet immediately denying the tokens O
and 1 and the Parker-Rhodea Stopping Levels of aeny undesirabiy special
status, also provides us with an unexpectedly rich system, an infinitely
recursive two-headed construction: THE BI-OROBOUROS -— see Figure 2.

\

~ -»E'(1) - E;(Z) —» E'(4) — E'(16) — 8'(256);- - -4

——— e 2O - —

FIGURE 2, THE BI-OROBOUROS CONSTRUCTION

3.4 Thus this construction has gllowed us to deflect the question
'Yhat are 0 and 1 ?' with the sphinx-like answer: E(258) and E'(256), 1i.e.
LEVEL IV and its dual, each of which is itself comprised of 2256 == 1078
vectora each represented by an n-tuple made up of 256 copies of the Os or
18, each of which in turn is a copy of E(256) or E'(256) each of which in
turn is ....... ad infinitum ,.....

From one point of view, the Bi-Orobouros has no beginning and no end. Yet
from another point of view it "starts" with the recognition of the initial

need to use "primitive tokens" O and 1 but immediately goes out from this
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to support the entire infinitely recurslive construction, endlessly
recapitulating the Combinatorial Hierarchy and its Parker-Rhodes Stopping,
In other words, any attempt (or feeling of obligation to attempt) to
"define" the substance of the tokens O and 1 exogenously (itself:a
meaningless action) is removed infinitely far away by this recursidq.

The requisite endogenous nature of the Heirarchy ‘is brought one step nearer

actualization.

3.5 For later use, we notice that if we try.tb construct the formal
ateps in this recursion, we are led‘to an infinite sequence of vector
spaces :- thus, beginning with E(256) we can -~ 1in each 256-tuple -~
systematically replace each O by E(1), that is the piir {0,1), and replace
each 1 by the dual E'(l). that is the pair (1,0).‘ In fact it's easier and
more exact to achieve this by repleclng O by the pair 00 and 01, and 1 by
the pair 11 and 10; doing this helpe to keep intaét the "history" of the
replacementa(z). It also allows us to see at once that E(256) is modified
to B(256x2) = E(512). Interchangeably, we could of course just as well
start with E(1) end replace O by E(2%8) and 1 by E'(256) using a similar
kind of labeling scheme to keep trech of the "history" of the replacements.
{Note that each label here has to be written with 257 digits and there are
2512 distinct labels !) The result is agein a larger vector space E{2x256)
= E(512). Contimue this process:- using E(256) and E'(256) in E(2) we
get E(4x256) = E(1024); using E(256) and E'(256) in E(4) we get E(16x256) =
£(4096); and so on....‘(s)

Similarly, dual replacemenf gteps are also to be carried out:- starting
with E'(1) we get E'(2x256) = E'(512); end 80 on.....

3.6 It is clear that these dual recursion processes do not have to be
carried ocut separately; they can (and must) be thought of as taking place
simul taneously, and instanteanecusly. Moreover, they thoroughly end
completely mix up both the ‘original' primitive branch E(1)-—E(256) and
its dual (or 'anti') primitive branch E'(1)—-E'(256). At each stage of
the recursion, the Bi-Orobouros @cquires en ever increasingly complex
fine~grain structure comprising both 'original substance' and its dual

'anti-substance'.

4 THE RECURSIVE HEIRARCHY

4.1 The first pracftical problem now has to be faced:
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How can we incorporate the idea of Bi-Oroonroa in an algebraically and

topologically meaningful way?

4,2 'r One intereatingly practical way makés use of the idqa bf a Direct
Limit (sometimes called an Injective Limit) of mathematical atructureu‘d).
-‘Very roughly speaking, we can 1mag1ne a new vector space E(on) (it is'h
"super-space", of infinite dimension) consisting ofvvéctors each of which
-is an infinite-tuple (séquencé) of Os and 18, with only a finite number of
1s in any of them. (We shall alsoc need a "dual super-space"” E'(oo) in
thch vectors have only a finite number of Os in them.) Vector addition is
again coordinate-wise addition (mod 2). V¥e can now recognize a sequence of
vecfor subspaces in this super space E(oo):- ]

First plck out the two vectors which start‘(0.0.0,...) end (1,0,0,..,) and
which have all 0Os after the first place; these clearly form a subspace
isomorphic to E(1), 1.e. to the base field Z, = (0,1). Second,

pick out the four vectors which start (0,0,0,0,0,....), (0,1,0,0,0,...),
(0,0,1,0,0,...), (0,1,1,0,0,....) end have all Os after -the third place;
these form a subspace isomorphic to E(2). Do the sems with vectors which
have all Os in l1st,2nd end 3rd places end after. the 7th place, end at least
one 1 in the 4th,Sth,6th,7th places; these together with (0,0,0,....)

make up a set of 16 vectors which is isomorphic to E(4). Then move on to
the next 16 places, the next 256 places, the next 512 placea ... and
recognize E(16), E(256), E(512),... 1It's as if we were glueing together
the infinite Bsequence of finite-dimensional vector spaces E(2), E(4),

E(16), E(256), E(512), .... in a meaningful and organized vay(s); see

Figure 3,
E(1) E(2) E(4) E(16) E(256) E(512) ceos
£(1) | E(2) | E(4) | E(16) £(256) E(512) .
E{o0) »—>

' FIGURE 3. EMBEDDING THE FINITE HEIRARCHY ( E(1)—E(256) )
" AND ITS OROBOUROS EXTENSIONS ( E(512), E(1024),... )
IN THE INFINITE BACKGROUND SPACE E(oo) ‘



1986.5. 20 ‘ ANPA-VI : page 7
RECURSIVE HEIRARCHY ‘ John Amson_ (DRAFT 2)

4,3 The degree of organization is larger than at first appears., For
(see Note 5) there are maps between these vector subspaces which allow one
to i{dentify a lower level vector with a higher level one in the super-space
E{(oo). These maps are (or should turn out to be ?l?sely related to) the

6

~older level-matching maps of the Finite Heirarchy . Moreover, since

these maps are linear they are themselves representable by (infinite)
matrices with entries made up of Os and 1ls (almost all of which are Os, of
course); and any such matrix can in turn be identified with a vector in the
super-space E(oo), thus making the whole system very self-contained (and

very Hlerarchical in spirit..) !

4.4 Some other problems that have still to be tackled:

(A) Should we formally carry out the identification of E(256) with (0) and
the dual identification of E'(256) with (1), in the super-space E(oo),
end if so, how ?

(B) Is there a formal role for the dual super-space E'(co) 7

(C) 1f E(oo) and its dual E‘(oo), though isomorphic, are to be regarded as
distinct in the same way es each E(n) and E'(n) were, can we not carry
out yet another identification — this time of (0) with E(oo) and (1)
with E'(o0) - and eo repeat thé entire Bi-Orobouros construction on
this even grander scale by producing further super-spaces F(oo,oo0) and
E'(oo,o0), and 80 on and 80 on ..... 7

My own conjecture is that a satisfactory answer to (A) will
resolve (B) and thence (C) in such a wey that the first two super-spaces

E{(oo) and E'{o0) are shown to be mutually identifisble in the sense that

neither can ultimately provide any further structure-based information,

Moreover, it 18 very likely that E(oo) and the seemingly grander E(oo,on)

would turn out to be structurally 1ndistinguishab1e(7)

, 8o that nothing new
wags to be galned by further creating an infinite succesaion of such grander
identifications for (0) and (1). 1In this ultimate sense there would be no
infinite regress of constructions for Bi-Orobouros. Bi-Orobouros would be
formally identifiable with either E(oo) or E'(ao); the choice could be made
without any more preference than i{s currently given the tokens "O" and "1"

for whatever formal objects they are habitually required to represent,

5 TEHPORAL EVOLUTION IR THE RECURSIVE HEIRARCHY

5.1 There is another point which I ought to mention here, though this

too is a very raw idea. The "extension' process by which I described the
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setting up. of the infinite‘recursion by using the spaces E(1),E(2),E(4),..,
E(512),... could be regarded as a "ticking" universe, growing in complexity
at each extension. The universe at any "time" is finite because only a
finite number of placeaiin any vector in E(oo) have had the possibility of
being occupied by a 1 (all other places "further on" still being Os). But

"if we wish to take on board an infinitely remote past, we have only to

modify this conatruption and replace the super-space E(co) by an isomorphic

'copy conaisfing of "two-sided" vectors (sequences of Os and 1s which have

no start and no end, e.g. {(.¢4....,0,0,0,0,1,0,1,1,0,0,0,0,.......).
Formally these are described as sequences indexed by all the poslitive and
negative integers and zero (...,-2,-1,0,1,2,...) rather than by the
positive integers (1,2,3,....) alone.

5.2 The advantage in doing thie, 1s that even the "start" of the
construction loses any privilege of priority: aeny polnt can bs taken as a
convenlent “start” for ldentifying a "local™ E(1), and the system's
structure then rolls away "locally™ to the right as before; but an} other
point more to the left would have aerQed aqually well and when 1t comes
down to a hard choice, there are no grounds for picking on eny point.....:
the "origin of time™ is infinitely far to the left and "time" stretches
infinitely far to the right, so te speak. But et each "tick®™ the unlverse
becomes that much more rich and complicated, structurally speaking.
Perhaps there is a sense in which this idea can be identified with the

Noyes-Manthey-Gefwert ticking universe(s)?

6 IRFINITE DIMENSIONAL SPACE TOPOLOGIES

6.1 The next positive advantage which I think will flow from these
ideas is the potential removal of the limitation of having to\work with a
finite collection of finite vector spaces, as in the original Finite
Hierarchy. As Clive Kilmister and I have described (at ANPA V, 1983), this
unavoidably forces any topology on them to be discréto (end rather
uninteresting as a result); we are left with only a "Hamming” metric (the
distance between two vectors is Jjust the number of places in which their
coordinates differ). But now that we have infinite dimensional super-
spaces E(oo) and E'(oo) to work with -~ even if only as background spaces,
only "potentially realizable" - we may be able to appeal to a larger

variety of topologies and related topics.
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6.2 Some possible ldeas here are these: (i) It is known(g)

that
E(co), as defined above, is identifiable with all subsets of rational _
numbers, and hence (1i) that it contains a chain (i.e. a collection of
vectors each one of which in some sense i8 an extension of all "previous"
ones in the collection) which is identifiable with the real number system.
This means we would have (most? all?) rational numbers available at any
"time'" and real numbers available at a potentially infinite "time". The
metric "refinement" available to us in any finitely-realizable part of the
universe would thus depend simply on the (theoretical?) extent to which we
have followed the Bi-Orobource' development starting at any given "origin",
Ve are free to choose any such sterting-origin (in the two-sided vector
system deacribed above) to suit the problem in hand, and Bo are free to
discuss theoretical physical problems to any degree of topologic/metric
"precision'. But what effect this would have on any attempt to introduce
‘the notion of quanta (in energy or spatial measurement, for example) is not

at all clear.
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WOTES :

(1) See for example: Bastin, et al., 'On the Physical Interpretation and
the Mathematical Structure of The Combinatorial Hierarchy';
Int.J.Theor.Phxgmxﬂﬁi?fa,“No.?, 1979, pages 445-488,

(2) ¥hat in fact we are doing here is forming the Kronecker (or Tensor)
Product of each vector in E(256) with the vector (0,1) and re-writing the
resulting 256x2 matrix as a 512x1 vector. And similarly for other such
construc tions. ' -

(3) Note that the sequence of dimensions grows with a "double rhythm'":

( 2 4 16 256 )
( 512 1,024 4,096 65,536 )
( 131,072 262,144 1,048,516 16,777,216 )
( 33,554,432 67,108,864 268,435,456 4,294,967,296 )

)

( 8,589,934,592 17,17%,869,184 68,719,476,736 1,099,511,627,776
The 1st entry on the (n+1)-th row has the value 2 x 256";
the 2nd, 3rd, 4th entries are then 2x , 8x , 128x that value, respectively.
Alternatively, note that the numbers in the FIRST ROV grow by squaring,
then the numbers in each COLUMN grow by being mutiplied by 256,
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(4) Useful accounts of this idea are given for example in

(a) Bourbaki, Elements of Mathematica, THEORY OF SETS, (Tranalation, from
the original French, published by Addimon-Wesley, 1968),
(Chapter I1I, Section 5, (page 202));

(b) Dugundji, Topology, Allyn & Bacon, 1966;
(Appendix Two, Section I, (page 420)).

{5) Strictly spesking, the Direct Limit involves a further canstruction.
First there has to be an ordered set of mappinges each of which reaches from
one 'embedded" space to another in the system, and they must composable in
a sensible way, so that if spaces (a), (b), and (c¢c) occur in that order,
then if Fab maps you from space (a) to space (b), and Fbc from space (b) to
space (¢) then their composite Fbc.Fba is the same as the map Fac from
space (a) to space (b). The extra construction now consists of identifying
any vectors in the extended system which can be linked by a chain of these
mappings stepping from one "embedded" subspace to another. (This idea
reminds me of my earlier idea of "spines" of vectors reaching up through
the Finite Heirarchy via chains of level-mappings — @ee paragraeph A.4.7 in
the reference in Note 1 above.) It is known that i{f two vectors are
related by such & link, then the relationship so formed is an equivalence
relation on the system. The final step comes in regarding emy two such
"equivalent vectora" eas being one and the same object. (Formally, we
construct the factor space E(oco)/R from E(oo) by this equivalence relation
R.) This new "condensed system” ils obviously very exciting:- eny one of
its "objects" conslets of all vectora in the Bi-Orobouros which can reach
each other by chains of level-mapplings; the collective of vectors im such a
chain have lost thelir "individuality”, so to speak. Perhaps they
correspond to “physical entities"” in en "observable universe®™ ? A natural
question to ask is: Yhat is the cardinality of the system E(oo)/R 7

(6) The difficulty at present is in finding the correct way of mapping
E(256), the LEVEL IV of the old Finite Heirarchy, into E(512), the first of
the Extended Levels ("LEVEL 5"). Once that is agreed upon, the successive
mappinge can then be constructed iteratively up through the infinite
sequence of all the Extended Levels in both the Recursive Hierarchy and its
dual .

(7) In the same way that the vector space V(oo) of all infinite 0,1
sequences with finitely many 1s ia isomorphic to the vector space V(oo,o00)
of all infinite 0,1 matrices with finitely many 1s ("infinite sequences of
infinite sequences"); and so on....

(8) See, for example: HNoyes, Manthey, Gefwert,; 'Towards a Constructive
Physies', SLAC-PUB-3116(rev. September 1983).

(9) See, for example: Dwinger, Introduction to Boolean Algebres,
Physica-Verlag, Wurzburg, 1971, page 8, Problem 4.11.
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ON THE BIRTH OF STRUCTURE

Aliscn Watson

As with thg,seven basic jokes, there may be nothing essehtiaily new to
be said in metaphysics, but philoscrhies beth shape and reflect their
times, and so need continual praqmatic reformulation.

It is widely agreed today that the dualistic cartesian metaphysics
which has framed the world view of the West for the last few hundred
‘years is now outdated. But we can never wholly abandon any organising
principle, no matter how obviously tattered it has become, in the
absence of an alternative, morle efféctive and more appropriaée model to
take its place in lending that original sense and meaning - that
essential structure - which gquides and defines our experience and
actions. What we are clearly in need of now is a revolution at the
very core of our metaphysical thinking.

If we are to adopt a non-dualistic, holistic stance, seeking to
move not from multiplicity towards unity, but from unity towards multi-
plicity, we must address directly the question which immediaﬁely presents
itself: how could an ontologically undivided whole manifest itself in
relatively well-articulated, differentiated but interacting, parts
within that whole?

This requires us to address the queétion of the nature and genesis
of structure.

In the manuscript, The Birth of Structure, we began with an

initial state of dynamic indeterminacy or unstructured change, and put
the question: What must be necessary for the possibility of structure
and experience? This question elicited a nesting hierarchy of levels

at which structure and experience may be co-generated with increasing



complexity as a consequence of creative acts and operations, and with

reference to no pre-existing structure(s) whatsoever;

Such a model may exhibit a degree of logical and even aesthetic
glegance, but will be no more than é mére intellectual plaything unless
it is immediately and concretely applicable to the‘problems, needs and
concerns of humankind. It is a fundamental concern of this work that
it should be productive in the many non-philosophical disciplines‘and»
departments of life suffering from the diéintegration of the Christo-
Cartesian ethos,

It is therefore also intended to address the dismay of the
educated (wo)man-in-the-street in the fact of the claim that it is no
lonéer possible to understand our world in words, and that we must
abandon our vital interést in such matters to today's masters of the
esoteric language of theoretical physics and cosmology.

We are badly in need of an alternative way of thinking about the
world -~ a unified world view, a unified concept of humanity-within-this-
universe - which is coherent and self-consistent and can take us
forward into a future in which, for instance,bvalue antedates fact and
not vice versa. It is therefore intended, among other things, to
address some difficulties being encountered not only, very publically, in
physics, but also in biology and psychology.

We shall embrace, therefore, rather than atavistically fleeing
from, the new physics, and show in orginary twentieth-century English
words, that given only that we clear away completely the last of the
rubble of the old framewogk, the new physics is perfectly comprehensibie
and even sensible, seen from this new angle.

Many will be thankful that we cannot now proceed to erect this
entire metaphysical model here. We have space only to make, first, a
brief diagnosis of the problem, followed by a quick canter through the

very first stages of the metaphysics, and ending with an indication of
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"some of the ConSequencés (at this staée) of the metaphysics for our

undergtandiﬁg.of ceitain iséues in phyéics and cosmology today.
Unfortunately, this is going to make it more difficult in some
ways for the geader; since (sjhe will not get‘an.overall~pictufe of the
unfolding of the action of.divisionégggffeiaﬁion at the various }eveié
in the hierarchf, or of';he movement from formation through trans-
formatlénvtp.in—fqrmapion, of patterhs in the deyelopmenﬁ of structural
par;icularity and diversity,.of the development of :onsciousnesg aionq

a spectrum, and so on. However, we will begin with:

The Presenting Problem

As we proceed.ghrough the penultimate decade of this century, it
.
is very surprising that the greatest philpsophical crisis of our time,
which originated at the‘century’s birth, has been all but ignored by
mainstream philosophy.

This crisis arose in physics with, as is well known, the advent
of Planck's guantum postulate, and Einstein's theories of special and
Qeneral relativity. It was compounded by Bohr's co%plementarit?
principle, Heisenberg's principle of uncertainty or indeterminacy, and
the Coﬁenhagen School's flight from causal detérminism to probabilty
theory. |

In the early decades tﬁe main complaint bfgadcast by pioneering

physicists was ghat the 'classical conceépts' of our ordinary language,

and of science until modern times - concepts developed to talk about

the world of ordinaty human awareness - were by their nature inadequate
to describe the now indisputable findings of the gquantum mechanical
physics of our era. The classical concepts refer to a world of dis-
crete and determinate ‘'things' distributed - which is to say ;ﬁlated -
in space and time continua.

Since, the orthodox argument goes, our classical concepts must



‘now he seen to be apprdpriate only to the macfo world of man's natural
perceptiial expériencé,‘the micro worid as revealed by quantpm,fhéory
can only be described by scientiéts taiking in maths.

‘More, since the classical conceptﬁ.to not'épply to micro phenomena,
in measuring.these one‘must-reétfict pnesélf to'mentioninq,.in classical
language, the classical phenomeria thap occur in the classical experi-
mental apparatus, though it is supboged that what is being obéerved is
behaviour imn the ﬁicro domain - a domain which of course includes the
l exper;mentai' apparatus considered at that level, and a domain which it
is agreed is more faithfully described‘by.quaﬁtum mechanics than by |
classical ‘mechanics. No'satisfac£ofy account of tﬁe translétion
between micro and macro ievels Has»yet been offered - even by 1985,
There are efforts to return to some kind of deterministic frame -
notably Bohm's hidden variables - and efforts to deal with the
undoubted presence of consciousness at the scene of the measurement -
though no one is guite sure how to bring it indoors, as it were.

It seems to me that the problem of meésurement - and not only in
physics but in biolegy and psychology as crucially'- is the pivot upon
which the whole world view of the West (and in science that‘now means'
of the world) will have to grind ponderously.round at least avfew
degrees of arc, inducing an overdue'reaséessment'of‘the nature of
scientific aétivity, aﬁd'of the hegemony of what some today term
'scientism'. |

However, to return t6 the matter immediately at hand: in‘tﬁe
light of the continﬁing success of modern mathematical physics in
’saviné more of the phenomena' than ever before, it‘is certainly cleaf
that what i§ needed at this juncture is not a new physical advance
which would bring the mathematical formalisms back within thg fold of
our ordinary language cohceptual scheme, but ratﬁer a new ordinary

language conceptual scheme which is sufficiently powerful to express
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and include the recalcitrant ide:s emerqgent at the frontiers of prysics,

A Diagnosis

If we distill from the history of Western philosophy and science
since Des;artes {himself the earlier inheritor of our Judeo-Greek
tradition) a very condensed arnd necessarily ovefsimplifieg onto~
" epistemclogy or metaphysi;s, we shall be akle to identify certain basic
underlying motifs.

With Descartes, two dominant strands of Western philosophico-.
scientific thinking emerge with such power that despite recurrent
attacks down the centuries they still hold sway today.

One strand conceives the pﬁysical universe as mechanism, as a
world of material objects, cau%ally related in space and time - with or
without a God, who in any case is nbt conceived as immanent in that
universe. In Descartes we find the basic ontological notion, brought
to a triumphant focus in Newton, of the body (thing), bereft of
qualities (barring its defining attribute, extension), but subject to
quantitative motion. And so with Descartes we cease to ask about the
nature of thé body - since it has noné - and.seek explanations only in
terms of its external behaviourﬁ its motion, through space, in time.

The second strand separates ottt from‘that universe a subject, an
'I', which operates in but is not of the same nature as the remainder.‘
of this universe of objects causally related iﬁ space and time.

The same kind of highly structured original {ontological) land-
scape is also assumed in the Judeo—Christién creation myth in which in
six hectic days the universe was given its first and final férm(s) by
the First Cause, or God,

If we lay bare the full import of éhese underlying motifs, we
shall see that they lead to the inescapable conclusion that what needs

explaining is change:




1. 1f bodies are in essence fundamentally static states, endufing

[ie

as themselves through time, and in space, tle manifest charges in their
appearance require explanation.

2. Since bodies are disposed in space thev are related té one
another.

3. As.they‘have no inherent properties, the manifest changes in
their spatial relations.overhtime must be extermzllv caused: ‘their
motion must be explained.

4. Inexplicably implanted amidst the machinsry of this mechanism,
a perplexea 'thinking thing' struggles to extract some kind of law and
order (whether it be generated by a god, by the inherent nature of the
machine, or by the hechanism of its own 'thouéht’) from the manifestly
prevailing, bewildering, change.

The dominant obsession of the 'modern' Western tradition with
explaining change in an inherently static universe, an obsession with
causality and, conversely, with prediction, led to the rise of a
powerful, controlling and exploitative science and technology. But its
own eyer-accelerating onrush has finally carried frontier science
beyond the metaphysical roots which gave it its criginal nourishment
and vigour.

Now these roots lie exposed as mere obstructions, as outdated
impediments to further pgﬁgress - as no less than the ‘classical
concepts’ contemborary physics.cannot digest: the concepts of
subjectivity, objectivity, substance (thinghood) , relation (especialLy
causal relation), space and time.

These were the concepts which e#pressed the s;ructure,which was
assumed to exist aﬁ every conceivable level before the advent of quanta
and relativity, indeterminacy, complementarity and probability brought
about the present dramatic divergence between our traditional philo-

sophical premisses and the subatomic and astrcphysical worlds of micro



and macre physics.
Eionhty-five years after Planck's quantum postulate, are we nnt
rather badly in need of a twentieth-century version of the Copernican

revolution - a new, and nondualistic, metaphysical model for cur times?

A Copernican Revolution?

The original Copernican revelution too& place in the grand'ordezing
of the celestial regions, removing the Earth from its secure position
of fixity at the still centre of the changinq universe.

The Kantian 'Coperni;an revolution' took place in the intimate
regions of the 'mind', claiming for its province the apparently
external order and rationality of the perceived universe, but retaining
the subject as its fixed centré.

We have seen that our existing metaphysical model assumes a

universe structured ab initio in terms of subjects and objects related

in space and time, and that it requires explanation of change.

In what, then, could our proposed &wentieth-century conceptual
metamorphosis consist? Having thrown out the claséical concepts
(including the subject, or consciousness, as fixed centre) as the basic
building blocks of our metaphysical framework, with what could we begin?

We have to start with something, éhough we should wish it to be
as little as possible and to be made explicit. And Copernican
revolutions require things to be stood on their head :

Instead of assuming structure and requiring ‘explanation of change,
let us, then, in the spirit of Copernicus, assume change and require
explanation §f structure.

Let us assume a universe which is dynamic but unstructured.

Such a universe could have but one characteristic: indeterminate

change. This, therefore, will be our initial Copernican postulate.

So we begin with a universe which is amorphous, atemporal, but



.dynamic. The form our demand fcr explanation must now take is: Given

a unliverse undergoing unstructured change, how could such a universe

come to be {and to be experience as) in diverse and particular ways

determinate or structured?
By eschewing ontological dualism and positing an indeterminately

holistic universe, we are in fact asking: By what means could a

.determinate - diverse and particular - universe enmerge from within its

own totality?

But change, it will be objected, 1is inextricably involved with

" time. It can be only briefly stated here that time must have a

direction, and is dépendent upon prior determinate condiﬁions such as
relation, seriality, etc. The experience of time is far from.the ﬁost
priﬁitive, but is rather among the most sophisticated and derivative.

It is also interesting that this bostulated universe should be
deprived of form and time; rather than the more usual paifing of space
and time; That space, tpo, is far from‘primitive, and is élso
dependent upon prior conditions, such as the emergence of form, can
also only Qe stated here. )

The question we are putting to our postulated universe cannot, of
course, refer for its answers to.a;ready.existing'stfuctures, since
structure itself has now been dispense with. This means all structure,
without exception, whether it take the form of metaphysical structure,
or of those céﬁceptual schemata which form the frameworks of the
existing physical, biological,‘psychologiéal,‘socio-ebonomic or other
theories of our contemporary world, populated as it is with its theory-
animated 'facts', 'things’ ana 'events' all heavily dependent upon the
very metaphysical model we have only just cast out.

In keeping Qith the dynamic pature of the universe as postulated,

the question will and can only be answered in terms of acts and

operations.
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What is Structure?

The amorphous, a£emp§ral but‘dYnamib universe we have postulated
as in its totality undergeing unstructured change can also be charac-
‘terised as nothing-in-particilar.

Structure delineates something-in-particuiar. Structure 1s that
which takes determinate form within a larger whole,‘béing less than,

selected from, the whole. The whole cannot itself be structured in its

entirety. Structure assumes, for its definition, some unstructured
ground, or at least some ground unstrucﬁured in terms of the particular
structure‘undervconsideration.

And yet that particular structure must remain continucus with
its ground and/or with the whole, paradoxical\tﬁouqh ﬁhis-may sound,
If it were not to be continuou; with the whole, we would have to admit
to the existence, within the universe, of a parﬁ of the universe which‘
was not a part of the universe, since only thus could a part of the.
universe be discontinuou§ with the rest (and that by means of a 'non-
existence' which to exist within the universe must be finite aﬁd
therefore measurable). Thus we must deny the existence of the true

vacuum, which is to say the existence of nothing-at-all - which is to

be clearly distinguished from our postulated nothing in particular.

The First Act

What, then, must be necessary for thg first emergence of 'some-
thing', even in its most primitive manifestation, from amidst this
dynamic but indeterminate, unstructured flux?

In order that some~thing may assert itself, stand out and maintain
any sort of quasi-independent semi-stasis, it must be necessary for
refusal or resistance to arise amidly the changing of the world, A

part of the world must refuse the flux.
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" That which does not. resist change merely undergoes change,
indiétinguishably participates in indeﬁerminacy, and :s nct any*hinqg-
in-particular. -

" That which refuses or resists, at least in part,:the'éhanging of

the world is already acting towards the world an', to the extent that

fésistance is maintained, mgnifests 1tsé1f by means of aﬁ act tending
towards 'inertia’ (avterm we propose to redefine late;).'

Matter, today understoo@ to be interchangeable with energy, has
traditionallyvbeen;supposed to‘be fundamenfally elther discrete or
continuous, or more specifically, in modern physics{ as manifesting
itself as either corpuscular or waveform (both higﬂly determinate
,states),~aﬁd disposed,'of course; within the framework of space and
time (orlspace/time). The aether has historically been alternately
discarded aﬁd retrieved as the 'carrier' for this corpuscular or wavé—
form matter or enmergy. But at bottom, beneath the aether, as its
support, extended the space-time continuum.

‘Deprived as we afe of‘pre—existing space—time and of the aether,
we are reduced to thé emérgence under tension of some-thing, in and
through the first act, as manifest 'energy', emergent from and within
a universe of indeterminate no-thing. Manifest energy is, then, nd?,iﬂ
the universe - it is the universe itself, as it emerges towards form,
manifesting itself by its own acts. Space and time come into being
with and depend upon the prior emergence of somgthing more determinate
than this primitive manifestation of the first-act, In its absence
they cannot arise and with its reclamation into no-thing they die away.

wWith this first act against the flux of random change comes the
first intrusion of duration into the unbounded 'now'. Something begins
to assert itself, to raise itself like an ill—defined island of con-
creteness in a liquid ocean of no-time. But such a 'presence' is ndt

yet bounded, surrounded, by a future and a past, but merely stretched,



retained, extended, extrapolated out of the 'now' by maintaining even
such a semi-stasis,
As a creative act, the emergence of some-thing takes place witiin

and as a part of its environment, a neighbourhood of indeterminate

change, perhaps, of active movement towards manifestation, or of well-

established 'thinghood'.  As envirénmentaliy determining and determined
(being continuous with the universe as a whole), as co-creator and

—créated, this reciprocity or mutual influence is both centred on each
such act, and also propagates itself throughout the entire universe,
since every neighbourhood is also agent or potential agent, aétually
or potentially maintaining its own self-manifestation against neigh-~
bourhood cheange within its own environment.

The first act introduces into the whole the first intimations of

division and relation, the primary necessary conditions for the

possibility of the emergence of structure. 1In and through that acting-
towards, some~thing divides itself from and relates itself to a ‘world’',

no matter how minimally. Which is to say that some-thing and world are

co-created - arise indissolubly toéether -~ in and . through that primary

(self-) differentiation.

With the persistence of something as 1tself through change,
maintaining itself under tension as 'the same' (in the sense in which
we speak of the 'same' candle flame), the ground is laid for the
possibility of identity; To the same extent, no more and no less, the
constancy of the co-created world will ;150 be necessarily maintained.

The first move towards emergent form is made, and from that ground

determihacy unfolds towards structure until the world can begin to

experience itself in the manifold variety of its forms.



what is Relation?

With this first act of érimary ontolégiﬁal differentiation arises
the converse of that coin,'the dynamic of mutuality, the dyadic relatiogv
of ';erespondence' - the necessary condition underpinning fhe possibf—
‘lity of the sﬁbject—object relationship. |

The nature of such an.initiai division can only be uniquely
determined by the whole, now taking the form of relata. The stasis
maintained in the first act must be absoiutely determined by the nature
of the change to be resiéted, and must therefore be appropr'ate if it
is to bé effective.

This mutual (self-) definition both begins and underlies the
process of the cirqumscribinq of experience necessary to the attainment
" of a ‘point of view, reaching its apotheosis in the hutian faculty of
naming.‘ dntological differentiation thus entails ontologicdl co-
respondence: ontological differentiation exists solely in and through
the mutuality of the (self-) determining acts which give it esipression.

Mutuality implies some fofmvof what I am éalliﬁg 'awitenesssthat '
(something underfined, at this merely dyadic level). Wwhat that gome—‘
thing as yet undefined is remains undetermined until ﬁhe‘adVént‘of what
that I am calling ‘'triadic relétion', which frtroduces ug to ﬁﬁe
possibility of space,'time,~dimension, plurality, ahd.cf méthématics,
‘ﬁodels, language - to the whole panoply ¢f deeply diverse expe¥ierice
we‘Western human beings are accustomgd £ take for granted aiid normally
assign to the domain of the givens 6£"m1ﬁa‘ and 'matter’.

But the mutuality of‘the rek&tidnégggfdivisidn of!the first act,
the appropriateness made possible by even the primitiVe degree of
'awareness-that' entailed ir dyadi¢ relation, means that such relations
cannot bé solely ontological but must include an element of the episte-
.mological - that the two (fouﬂdeé in a dualistic metaphysics) can no

longer be distjnguishe&d at source, and are but aspects of a single



unitary act of co?respondence.‘

It shpuld be remembered that we can characterise as 'awareness-that'
only‘that dedree and kind of co-respondence which is completely
gxﬁausted in and‘through the acf_of,cc-réspondencé‘itself, and is

without residue.

Motion as Trans-formation

But while the effect of any determinate effect is propagated
,throughoﬁt the univérée, at the indeterminate level immediacy remains
unbroken.

The rate of propagation of any effect would, then, have to be a
function of the rate at which each successive manifestation of acti&e‘
stasis can come into stable being, either at the most minimgl level we
have characterised as the original quantum of action, or at more
complex and stable later strata in the hierarchy of levels.

This rate of (self-)manifestion - the rate at which individuated
stability can be achieved in the face of neighbourhood turbulence - is

not a measure of space or time,'but of action - of trans-formation.

It denotes the quantum of action required to achieve even .momentary
stability - at what must be discontinuocus levels of active being - in
order that the universal readjustment consequent upon any action what-
soever may follow through.

It will be clear that quanta of‘action must make quantum leaps and
consolidate at discontinuous (relatively ‘discrete) levels or strata if
the universe is to avoid a continual sliding collapse back into its
original ground state of indeterminacy, as the propagation of c¢entral
and neighbourhood effects continues harmonically within the whole. Only
thus could we account for the diversity of discrete 1évels upon which
existence manifests itsélf with relative stability, and combines

within the unity of the whole.
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In maintaining its own relative stasis, we have sald, a being

invites into existence for itself a co-responding world which.is

relatively structurally constant - a condition without which no con-

sistent action could be taken towards its worid.

Instruments

Progréssive instrumental refinement iﬁ the .sciences brings home
‘to us the selective, and encoded, nature of experience, and the

arbitrariness, interchangeability and convertability of the coding.
We have deepened,~broadened and added to the range of our naturally
given co-respondences with our world (e.g. electron microscopy, infra-
red photography), increasing its diversity and particularity for us,
and have learned to transpose the maferial of one modality into that
of others. Graphs may be made of the‘song of the whale and the
emission of radio waves from far off galaxies, and as e?ery‘schoolw
child knows, with litmus paper we can display the evidence of chemical
change in colour. Bats 'hear' shépes, ants ‘'smell' them, and the
freshwater poly's whole body 'sees' light.

Our experience - our 'selected' world - presents itself as already
encoded, in a variety of perceptual modalities, and this encoded
experience may readily be translated into other of the available codes.

But to be accessible at all, a 'world' must co~-respond with the
instruments or agents of its coming into being'at all, ‘Any.particular

world must be instrﬁment—specific. The world brought forth in terms

of a variety of co-respondences at later levels, encoded in a variety
of modalities, remains without exception spécific to the instruments of
is co-responding agents, |

Any number of‘second-OEGEr, third—order, etc., co-responden&es
may intervene before or follow the human (commonly visual)‘eXperience:

photographs, pointer readings, computer displays, radio tfansmissions,
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etc., extending the chain indefinitely. But the world brought forth

in terms of such a variety of co—respondences,‘enCQded in a variety of
modalities, must be rendered in instrument-specific terms, as only thus,
by means of selection and encoding in particular modalities, can the
changing of the world become subject to structuring and thus acces-
sible to experience,.

If any particular world must be instrument-specific, the proli-
feration of enquiring instrumental probes can only deliver up to us an
almost endless series of possible worlds, defined in terms of the
enquiring instruments. And here we have the answer to the much posed
question of why it éhould be that, of all possible universes, this
particular universe should be the one thaﬁ materialised.

&nd so we must give up the hnreal hope of one day (given only the
appropriate probe) fishing up from the mysterious depths the final,
fundamental, 'true reality'. Instead we merely continue to differen-~
tiate amongst the particularities of the world in terms of the instru-
ments we direct towards it.

The act of discovery by experiment; then, consists in the tuning
in of instruments to a possibly never-ending variety of facets of the
universe - by means of instrument-defined co-respondences - which may‘
then be ugefully sorted and classified and accumulated and counted, but
which are no more or less 'real' than the common or garden versions
furnished by, for instance, the naked human eye.

It is a further consequence that any rational structure, as neces-
sarily less than the whole, cannot by definition be expected to grasp
and exhaust the whole, which is why no theory, scientific law, model,
conceptual framework or metaphysics (including this one} can be more
than a partially and structurally biassed reflection of the enquiring
'instruments' that generated it. 1In the formulation of the question is

contained the answer.



Some Consequences of the 'Vertical Alternative'

‘The classical model assumed what I will call a 'horizontal’
transfer of energy in the closed energy sygtem of a universe in which
the total energy content was conserved. This model proposes what I
will call a 'vertical alternative' in which the manifestation and
dissolution of energy forms in trans-formation is a dynamic process
arising out of and returning into the universe in its original and
underlying ground state of isotropic nothing-in-particular. On the
universal scale this would obviopsly be an open system, and negentropic.
(In a pulsating universe, recontraction would therefore take place at
the pointvof maximum creativity, not maximum entropy.)

Cosmologically, this allows us to combine the Big-Bang and
Steady-State theories. In abandoning the conservation of material
energy, as an absolute principle, it is no longexr necessary to assume
(among many other things) that everything now present in the universe
was somehow contained in the original 'singularity' from which it all
erupted 'at the beginning of time'. The relatively homogeneous
distribution of material throughout the universe would then be
vascribed not to ﬁrocesses occurring during the cooling of the
universe following the super-hot (and utﬁerly deterministic and
materialistic) Big Bang, but to the universal propagation of effects
which must combine and adjust themselves harmoniously within the whole.

The Galilean notion of ‘inertia' as the passive and unchanging
state of rest or motion of a body, which only the application of an
external force can alter, now requires redefinition. Rather thap as a
property of something previously existing, 'inertia' in this non-
mechanistic model should now be understood to be in itself an active
force or thrust, condensation, concentration or (self-) assertion:
our original quantum of action.

We have seen that even the most primitive degree of localisation
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and duration achieved with the first'act‘against‘the prevailing flu#
must have a’ quantitative lo&erblimit, 5eneath which it would succumb
to the prevailing invitation to merging change._ This thrust towards
stasis,musg represent the exertion of considerable force and be main-
_tained only under tension. At the thfeshold of sfability this expen-
dituré must be equél and opposite to that which it resists. Thus
with the a;tainment of the first quantum of action (expressed in and
through division and relation) symmetry makes' its appearance in a
universe previously perfectly isotropic.

In conditionsvof universal ceaseless change, p;opagating itself
at every level from the totally unstructured to the highly diverse and
particular, quantisatién becomes an ontological necessity. Quantisa-
tion ; and in unequél steps beéween succeeding levels of stability
and complexity - is the sine qua non if we are to avoid the continual
avalanching collapse of structure back into the isotropic ground state,
and if we are to account for a world exhibiting diversity and particu-
larity on an ascending hierarchy qf levels of increasing complexity
and sophistication and‘intensifying stability.

The apparent arbitrariness of the sequence of atomic weights in
the table of elements is justified by this requirement of unsymmetrical
degrees of discontinuity between levels of stability if both diversity
and relative stasis - and tﬁus the possibility of both structure and
dynamic change - are to be accounted for. It ought to hold that any
arbitrary sequence of quantum leaps would be acceptable provided only
‘that it avoided just those steps between levels which would be
collapsible one into another.

Since gach quantum of action creates not only itself but also a
neighbourhood, each inertial thrust would constitute a distortion of
tﬁe universal medium itself as it eﬁerged under tension towards

stability and form. In its opposition to the ‘tidal pull' of a
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turbulently incorporative environment, such an ihertial thfust’could
indeed be experieﬁced as equivalent to acceleration.

The minimum inertial thrust we postulate as the original quanthm.

of action could therefore equally be termed a quantum of gravity,
locking ﬁp'enormous energy in maintaining itself, as equal and opposite,
in the midst of indeterminacy. The neighbourhood effects of such

| ' tensions would indeed resemble those described by Einstein's theory of

general relativity. The discomforts arising from ;he puzzling lack of
symmetry in the classical conception of gravity as an ‘'attractive'
fqrce, standing alone without a counter-force - and worse still, as
Newton himself had it, operating 6ccultly across a distance -‘could
then also be disposed of. |

We are claiming that a quantum of gravity, far from coming into
being in a particular space and time, 1s itself the‘occasion of the
coming'into being of the possibility of space and time. At the most
primitive levels each‘(self«) manifestation would display only the
merest most momentary degree of duration and location, and so rather
than speaking of the 'collapse' of space and time at very small
distances and very high energies, we would claim that space and time
have not yet been articuiated in the absence of the operations neces-
sary for their formation - those operations which give rise to
plurality, seriality, dimension, etc., which we cannot go into here.

Since even at the macro-level, space and time are seen not as
continua in which things happen, but as consequent upon the happening
j | of things, phenomena like Hubble's galactic red shift are not contra-
dicted. 1In an expanding universe it would not be said that a glven
quantity of space was 'stretching', but that it was quantitatively
increasing as the result of the creative eruption of more and more

"inertial' events, or quanta of gravity.

The vertical description makes sense of the curious fact that in
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a quantisea universe energy transfer is.neither {nstantaneous nor
conducted through an intermediate state, as would be expected within
the horizontal model but is forbiddén in ours (by‘the requirements for
discontinuous levels of achievable stability, and for the propagatioh
of traﬁs—formation(s), ana finally in order to avoid universal
collapse into an undifferentiated ground state). Thus it does not.
surprise us that in the micro physics of today 'forces' (velocities,
accelerations, etc.) are not observable,ibut only disc;ete changes in
energy.

The proceés of trans-formation would obviously possess no direction
or motion of 'its own'. Successive (to an observer) trans-formations
at the more complex and stable levels may well, if powerful and stable
enough, describe.a ‘path'., Thé path may then be found to have position
and momentum, discoverable post hoc or.by probabilistic prediction.
What will be detected, then, will not be a wéve, particle or wave-

packet, continuously itself, persisting in motion through space and

time, but a series of moments of action, successive attainments of
relatively discrete levels or strata of complexity and stability, as
thé universe reverberates to the effects of the consolidation of
quanta of action at various junctures (and according to neighbourhqod
conditions). For a phenomenon to appear to persist in any spatio-
temporal sense requires, in this model, continual self-maintenance and
trans-formation at its particular level of consolidxlion.

In the absence of relation and direction (which beg the questions
of both space and time, and are derived later in the model), their twin
offspring, causality and (non-probabilistic) prediction, .lose their
ground. Heisenberg's principle of uncertainty and the flight from

deterministic causality into probability theory are therefore both

encompassed and justified within the vertical model of a world of pre-

spatio-temporal events.
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The vertical description also removes the apparent paradoxicality
of the results of the famous two-slits experiment. 1In a typical two-
slits experimental set-up an electron qun ti;es electrons through one
orvboth of the two slits in a barrier at a zinc sulphide plate which
displays the pattern of impacts. -The stream of electrons forms a
particle scatter pattern when only one slit is open and a waveform
interference pattern when both slits are opén. But when the gun is
slowed to fire only single, independently fired electron, with both
slits open, the resulting impacts again form themselves into a typically
waveform interference pattern instead of the particle scatter patterns
expected. 1In order to explain this it is necessary to go to quite
extraordinary and incredible lengths,‘squesting, for instance, that
each particle went through both slits at once, or even that each one
knew not only through which slit its predecessor(s) had passed, but
éiso how to act appropriately to bring about the desired interference
pattern at the plate. Bohr's solution was to deny that the electron
was either a wave or a particle, holding that it could manifeét as
either, and that in any case nothing could be said about what was going
on at the micro level in the absence of an actual measurement - which
of course, was made at the macro level and is described in macro termi-
nology. Once again the measurement problem exhibits itself.

In the vertical description, the idea that a single discrete
particle or wave of wave-packet has travelled through space, in time -
from the electron gun, through one or both slits, to the detector plate
- is abandoned. Instead we say that the introduction of a quantum of
action (consolidating at the electron level of stability) at the gun
initiates a new propagation of trans-formations in all directions and
at all levels of manifestation. Where there is no impediment to this
propagation (such as the material of the closed slit and barrier, which

would invite a different quality of trans-formation which the experiment
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is not designed to exhibit), the trans—formatioﬁs continue through both
thé open slits to the plate. Since the propagation of neighbourheood
effects takes‘place at all levels and not only at the electromagnetic
level the detector plate is designed to illuminate for us, the entire
environment is undergoing trans-formation.

The concept of trans-formation allows that phenomena can 'travel'
without requiring tnat what travels are ’'things' persisting unchanged
through space and time. The general environmental uéheaval, then,
propagates itself through both slits, unsurprisingly interfering on
their far side, and proceeds towards the plate, consolidating into
its various strata of structure as it goes, and manifesting at the
plate a trans-formation at the particular stratum the experimental set-
up will serve to further proﬁagate along its way to the final trans-
formation at the observing human being.

According to the vertical description, there can be, then, no
qualitative difference between a measurement or observation and any
other physical event.

Our thinking is permeated through and through with dualisms - not
least that of micro and macro. While we thought that the observer
{being consciousness) was different in kind from the‘observed (being
matter), while we thought that we were measuring 'things' of one sort
or another and did not disturb them by so doing, while we thought that
the measurement of quantities gave us 'truth', 6: even Popper's
'getting ever closer to (an unknowable5 truth', it was possible to
believe that the act of measufement would deliver up teo us 'objective
knowledge' of an unusually hallowed variety. But what we are witnes-
sing are not 'things' but moments of action, of trans-formation, and
whatvwe are doing is merely codifying our perceptions - a useful
activity, but surely not worthy of all the glamour and awe at present

attending it, unfortunately serving to devalue what 1s now derogatively



known as ‘subjective’ knowledge, let alone yéur mere understanding.

If no£ only the apparatus but we the observers are of the same
nature as the observed, and if what is observed is not a 'thing' but a
moment of actioﬁ, of trans—fofmation in a modality capable of further
to?respondence Qithhuman being,.then the only difference between a
scientific measurement and any other perception is thé meaning and énd
assigned to the context, and the precision of the calculations under-
taken.

In summary, it is claimed that a quantised universe is a necessary
requirement and a rational consequence of the metaphysics. The concep-
tion of the firét agt as a quantum of gravity restores the missing
symmetry and can provide the foundation stone for the unification
along a spectrum not only of the famous four 'forces' (gravity, the
electromagnetic, the strong (nuclear) and weak forces), but of all
those points at which relatively discrete and stable quantised configu-
rations can manifest themselves (e.g. at the level of the molecule,
the cell, the organ, the organism, the planetary ecology, etc.).

Because the concept of trans-formation allows motion without
entailing permanent thinghood, Einstein's gravity, Heisenberg's
uncertainty and the two-slits results can be easily incorporated in the
model. The vertical description of the generative act takes the
mystery out of the failure of causal determinism without falling to
the only alternative usually proposed - a ghastly mechanical lawless-
ness.

This model allows for a reconciliation of Bell's results demon-
strating faster—thah—light physical influences with Einstein's
prohibition of signals at such speeds, since we are claiming that at
the deepest level 'nowness' or 'immediacy' continues to exist despite
the islands of separated out and stable configurations which exist at

other graduated levels as manifestations of the self-same whole in
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Finally, an'increase_in explanatory power and a dissolution nf
some of tﬁe more unwieldy aspects of the two currently.éoﬁpeting
coqulogiCJl theories'can'ﬁe achieved -by combining them into the single
holistic concept of.gldynamically creative (expanding and/or pulsating)
universe which, far from runﬁiﬁq entropically down towards death by
disorganisation, is the self—generat@nq} self-structuring source of

its own marvellously fecund multiformity,
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1. Introduction

For purposes of this talk, “objective reality” is to be understood as meaning

the Cartesian-Newtonian world of distinguishable and observable entities moving

in an a priori continuous space-time. The “objectively-real” continuous world can

‘be puzzling from a discrete - “quantized” - viewpoint. This talk will review rele-

vant aspects of a discrete world picture based on graphs that has been évolving for
more than a decade.(!) Principal contributors have been Dieter Issler (since 1982);

Jefry Finkelstein (since 1977), Basarab Nicolescu and V. Poénaru (since 1978}, and |
Henry Stapp (since 1974), although a dozen or so further names would be needed
for a complete list. Fritjof Capra, for example, has had an influence. I am writing

a book about this approach which is called Topological Bootstrap Theory (TBT).

The adjective “topological” reflects the theory’s dependence on graphs and surfaces

that embed graphs, while the adjective “bootstrap” characterizes the attempt to

avoid arbitrariness through attention to consistency. TBT seeks to avoid arbitrary
ingredients through the criterion of a unique consistent pattern of “event” relation-
ships. The word “event” in TBT starts out meaning no more than the vertex of a

graph; finding a richer meaning is part of the bootstrap process.

A bootstrap theory is inherently circular and without unalterable “fljndamén-
tal” principles. The “rightness” of a framework and rules for connecting with our
awareness of “reality” can be justified only a posteriori. No bootstrap concepts
need be “exact” but merely should be meaningful to an accuracy sufficient for con-
sistency of the whole picture. The present TBT framework has evolved by trial
and error out of the notion, generated in the late fifties, of bootstrapping hadrons
through an analytic S matrix that requires a priori meaning for momentum but not
for microscopic space-time. Studies of conditions satisfied by a consistent S matrix
focussed attention on graphs, which gradually became seen as providing language

that might describe not only the S matrix but other “levels of reality”.
II. S Matrix and Objective Reality

I shall here be speaking of 3 different but circularly-connected “levels of reality”.
At each level graphs are relevant, although interpretation of a graph depends on the
level. The best-understood graphical regime is that of the S matrix, where a graph
line corresponds to a stable (or almost stable) particle that can be individually
given meaning by the experimental apparatus of atomic, nuclear and high-energy
physics. Each line of an S-matrix graph carries a discrete spin and a continuous

4-vector momentum P, of a definite Lorentz length — P,P* = m} - where m; is
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operators, the ability to count} and the ability to label the
objects through an operator, '

Without reference to a distance function, a “"square" can be
defined having the following properties: :

a) two-dimensionality

b) parallel sides

c) fixed center under interchange of the dimensional
parameters

The following definitions will serve to provide the objects
necessary for the constructions (more precise definitions can be
found in "Getting Into Paradox™):

Def: Two objects are said to be INDISTINGUISHABLE if they
are unlabeled. ,

Def: A SORT is an ensemble of indistiguishables with
cardinality and without ordinality.

Def: A SET is a sort with ordinality (an ensemble is not a
set) .

Def: An ENUMERATION is a total ordering of a sort,

Def: An ORDERING OPERATOR is an operator which generates a
partially or totally ordered labeling of an ensemble (note that
we do not mean set). The cardinality of the labeled ensemble is
fixed in advance as part of the definition of the specific
operator. Thus a particular finite partially or totally ordered
labeled ensemble defines an ordering operator and vice-versa.
Note that the labeled ensembles produced are sets if and only if
none of the labeled indistinguishables are twins.

Def: The DIMENSION of a sort is expressed as the number of
mutually disjoint ordering operators on the sort.

Def: Two ordering operators are said to be INDEPENDENT if
they are mutually disjoint in the sense that no more than one
element of a chain produced by the first operator will all be
also be in a chain produced by the second operator.

Def: By NEAREST NEIGHBOR of an element e in a chain ordered
by operator p is meant any element n such that for a:a=p(e) or
b:e=p(b); then for operator g mutually disjoint from operator p,
n=q(e), n=q(a), n=q(b), e=q(n), a=q(n), or b=q(n).



such as 'deéign’ated by the diagrar_n of Fig. 1, where there are N external lines. Here‘
eﬁch e desigﬁatcs a “semiélussical event” that (approxiniately) locates particle t in
the (macroscopic) space-time of objective r‘éality and measures its momenturn. A
complex number called a "‘scattering amplitude”, belonging to each set of momenta
Py, Py---in Fig. 1, is aﬁ analytic function of P; apart from isolated singularities as-
s.bciated with graphs such as that of Fig. 2. One sees here that S-matrix-graph ends
associate with “semidas_sica] events”. It has been shown that any S-matrix internal
.gth_gg,g is meaningfully characterizable as an “unobserved intermediate event” in-
volving those ‘pa‘ir‘ticles' whose lines impinge on the vertex. (Momentum is conserved
at each int,em@l vertex.) In the sense that an analytic function is constructable from
its singularities, the sCattéring amplitude corresponding té Fig. 1 is built from all
patterns of unobserved intermediate events that can connect the specified collection

[s;] of semiclassical events. Fig. 2 is one such pattern.

The foregoing “pure S-matrix” notions make sense to the extent that S-matrix
graphs lack lines corresponding to phdtons of momentum vanishingly small on the
scale of charged-particle masses and mass differenées._ Such lines couple two differ- |
ent levels of reality. TBT supposes that multitudes of “soft”-photon lines cohere
to give meaning to “sémicl_aséical events” - “gehtly connécting” each end of an
S-matrix graph to some large assembly of charged particles that collectively con-
stitute a “classical object”. Some small “effect” on the classical object “induced”
by this soft-electromagnetic connection to the S-matrix external-line ¢ constitutes
“measurement” of the position and momentum }of particle s. (Quotation marks here

identify words that are especially ill-defined.)

In what sense can a large é;ssemb]y of charged-particle graph lines behave as
a “classical object”? Is it possible, in principle, to explain objectivity through
superposition of graph-associated complex numbers? Answers to these questions
are not known, but examples abound in the literature of quantum mechariic:. where
amplitude su'pe‘rposit.ion leads to near cancellation except for extremely special event
patterns close to those allowed by the usual understanding of objective reality. A
TBT conjecture is that systems of large baryon and lepton number, because of
phase factors associated with soft electromagnetic interparticle linkage, can behave
as classical objects. Fig. 3 associates this conjecture with a graph, where wiggly
lines denote “semi-soft photons” — of momentum small compared to masses but not
necessarily to mass differences. Solid lines in Fig. 3 are massive particles, whose
continuity provides a continuing “idéntity” for the object. (Contrast with‘ Fig. 2,

where there is no continuing identity.)



6, Require that the nth elements of the. y form chains x
' i _ i
ordered by ordering operator p . -~-- Figure 6,
X

K]
S

7. The resulting object satisfies the requirements: it is
the discretum version .of a 2-dimensional (square) coordinate
patch, In particular, the 2-dimensionality of the construction
is satisfied by the definition of mutually disjoint ordering
operators: at most one element in a chain resulting from one
operator will be found in a chain resulting from the other. For
the given construction, at most two operators can be used: a
third would result in a partial ordering instead of a total
ordering of the elements of the construction and this would then
represent an object which is not connected or in an object for
which "multiple” elements are doubly labeled. Thus, the ordering
operators "parameterize® the object. _

We can now proceed to construct an object which behaves as a
discretum version of the 2-sphere, A 2-sphere (again without
reference to distance functions) has the following properties:

‘a) 2-dimensionality

b) every perimeter (boundary) element is like every other

c) fixed center for all "orientations”

The constructive algorithm is as follows:

1. Select a (square) coordinate patch with with center e
' 0

and all elements uniquely labeled. Call this patch P . Figure 7.
0

2. Constrain the poésible ordering operators to those
operators which produce chains of length n and which

select for e a nearest neighbor of e , then a nearest neighbor
0 : 0

of this element, and so on, We refer to the operators which
represent these selections as "radial permutations® of the

-

coordinate patch. Figure 8.

3. Starting from e construct a coordinate patch with new
0
ordering operators which are radial permutations of coordinate

patch, Figqure 9.



scopic space-time to erhnu*g,v frhm the bootstrap hand in hand with the meanixlg
©of continuous classical electromagnetlsm Approxxmate contmulty stems from the

“gentleness” of any graph vertex where a massive charged partxcle emits or ab- '
sorbs a soft photon. Multitudes of discrete gentle events are supposed to create

(approxxmately) contmuous ‘objective reality..

1 have said nothmg yet in thls mtroductxon about “fully-classical events” - where
one c_la.ssu:al object “makes a measurement.” upon another. A graphlcal represen-
tation of such “interobject awareness” would employ a number of soft- .photojn lines
that is large and yet much smaller than the number of sermsoft lines internal
" to the “individual” objects. See Fig. 4. To the extent that most of the massive
charged particle lines are not dlrectly involved in the “event”, a classical obJect
remains almost undisturbed when a measurement is made upon it. It is at present
only a conjecture that superposition of contributions from (graph-associated) singu-
larities of complex amplitudes is consistent with the Fig. 4 graphical represeﬁtation
of classical objects and classical events. The best I can do is to plead ignorance of - |

any argument for inconsistency.
III. Elementary Particles |

A third level of reality I shall call “elementary particles”, although such a name
can be misleading because most TBT elementary particles are “bound states” built
of indefinite numbers of other elementary particles. The elementary-particle level is
represented by single-vertex “embellished graphs” - or “topoiogies"’ — that associate
with topological amplitudes, together with multivertex embellished graphs that as-

sociate with singularities of these amplitudes. I shall below explain the significance
of the adjective “embellished”. Superposition of a denumerable but indefinitely-
large collection of topological amplitudes - called the “topological expansion” - is
assumed by TBT to generate singularities in (complex) momentum that correspond

to the lines of an S-matrix graph - i.e., to “physical” particles.

Graphical singularity generation is a familiar feature of perturbative Lagrangian
field theory, but two features distinguish TBT therefrom:

A) Discrete labels — “quantum numbers” — on eleméntary-particle lines are not
arbitrarily assignable but derive from 1 and 2-dimensional oriented manifolds that
consistently “embellish” the momentum-carrying graphs - endowing each graph'
with a definite topological complexity or “entropy”. I shall explain how the current
version of TBT associates electric charge to orientation of a (1-dimensional) line

and spin to orientation of a (2-dimensional) surface; all other discrete TBT particle
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"Iz I8 o central point ol this paper tiat a weasure of tae
discrete cardinality and of the discrete topoloyy of our ocser. 2.
Uriverse is given by the precision with which the ratios pi(area)
and pif{lengths) are identical in value., That p1 shoulu be ot
cosmological significance is not surprising. Indeed, if the
cardinality of the Universe is changing, then. the two values of
pi should be changing also. Furthermore, if the relevant
discrete cardinality is related to a spatial volume, then as this
region becomes smaller calculations involving pi can not be _
treated in a naive manner. Specifically, the multiple meanings
of pi must be dissociated if the values are different (i.e.,
pi(acreas)/pi(circumference) will not be 1) and the usual value
can no longer be taken as a constant independent of spatial
volume, Even more important, if the world is discrete and

finite, and if the values of pi are not related to the spatial

volume via a cardinality of the volume, it follows that the
values of pi used in calculations relate only to the carcdinality

of the Universe. In other words, pi becomes a true Universal

discrete topological constant and local physical properties are
then immediately dependent on the global properties.

As noted above, we need only interpret complex numbers in
the Hamiltonian sense in order to be consistent: namely, complex
numbers are taken to be ordered pairs of numbers. This forces us
to recognize two orderings at wock for pairs of equations where
as the imaginary notation obscures it. Complex numbers are a
special case in that the additional ordering contains only a
supremum and an infimum for the y . Thus, the commutation

i
relation holds since commutation simply gives the trivial dual of
the chain. In general, however, this will not be true where the
constraints of disjoint operators apply and the number of ordered
numbers is more than two. This fact is well known, having been
discovered by Hamilton in trying to work out an algebra of
quaternions, and having beéen generzlized by Grassman. (Note that

- there are only three algebras which have an invertible vector

products those over the reals, those over the complex, and those
over the quaternions (ordered 4~tuple), Also, algebras of all n-
tuples greater than two are non-commutative.)



responds to a.circular portion of surface bouhdary, most TBT elementary particles
correspond to open boundary portions such as the /li-tini't portior “howr in Fig, 6,
which has been called an “elementary meson”. The two boundary units here touch-
. i:ng the miomentum graph are fermionic, like the units of Fig. 5, while the two units
that fail to touch the momentum graph efnergc as “bosonic” - caerying no spin‘
but another 2- valucd attribute, this one corresponding to an “internal” quantum

number uncouplcd to momentum.’

- Fig. 7 shows a cubic-vertex embellished momentum graph coupling a photon to
an elementary pair of singly- charged mesons. The surface here is a cylinder (sphere
" minus 2 dlsks),‘ divided into 5 patches by Finkelstein and momentum lines. The
entire surface is (globally) oriented, as shown by the circular arrow, and 'al't‘hough
not indicated in Fig.. 7, each patch is (locally) oriented. The 3 momentum lines
and 3 Finkelstein lines also are each independently oriented, although Fig. 7 shows

only Finkelstein orientations.

~ A Finkelstein orientation is designated ¢(n) if it agrees (disagrees) with global
surface orientation (see Fig. 7). Because Finkelstein orientation is continuously
pre}ser‘ved together with global surface orientation when embellished graphé are
sewn together, the (¢, n) index 'éorresponds to a pair of conserved quantum numbers.
In particular the head (tail) of a ¢ Finkelstein line corresponds to +1(—1) unit of
electric charge carried by the elementary particle within whose boundary portion the
Finkelstein line ends, whereas both ends of an n Finkelstein line bestow zero electric
charge. Each elementary meson in Fig. 7 contains one ¢ and one n Finkelstein-line
end; these mesons correspondingly each carry one unit of electric charge. The
photon, containing 1 ¢ Finkelstein head and 1 ¢ tail, itself has zero electric charge;
nevertheless the photon is seen to couple to electric charge by virtue of its own ¢t¢”

content. ,

The 2-valued (¢,n) index corresponds to an “internal” degree of freedom that
particle physicists call weak isospin; Finkelstein lines are often called “isospin

lines”. Isospin symmetry corresponds to a topological amplitude remaining un-
changed in value when a (local) Finkelstein orientation is reversed. All other TBT
symmetries have an analogous basis. (In Fig. 7, if one ¢ Finkelstein line is reversed
in orientation — becoming n — the photon changes to a W boson while one of the

charged mesons becomes neutral.)

Ordinary spin, which can couple to momentum, resides in orientations of fermionic

surface patches — that touch momentum-carrying lines. In Fig. 7 each fermionic

8
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Figure C%ip’tions
1: S-matrix connected pbart coupling “semiclassical evenfs” >.
2: Lapdau gréph replresenti‘ng an S-matrix singularity in complex momentum.
3: Classical object.
4: Classical eventA.
5: Gauge-boson boundary portion (2 units).
6: Elementary-meson bogndafy portionv (4 units).

7: Embellished momentum graph for interaction of photon with pair

of charged mesons.
8: Fermionic boundary unit.

9: Gauge hole in meson propagation.
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The Physics of Computation

P.J.Marcer, Aikido Enterprises, 65 Wellsway, Keynsham, Avon B,H1H ISARUNTS

6.6.86 (revised version of draft paper presented at AMPA meeting "Hesord ©iostenn

and Bohr: discrete approaches" Stanford, 13/14.4.8% .

Abstract .

An algebraic formulation of the basic principles of selt orgamsa’ion s given
which arises from the hasic physical conditions which must be <abishic fog
any computational outcome, - These prlhblplps tead 1o a umiversanty clasy of
entities, here termed blueprints, of the manifolds of the reversible pr eorer

ol the modet.

The paper postulates that 1t is these conditions which govern the basis for all
communication throughout the natural world and the fundamental process by

which all information and structure 1s created, and the cumulatine order of

that creation. Specific consideration is given to an examinat:an of this ;)6sttnlat(\
in relation to elementary particle physics, space-time and general relativity,

the biosphere and molecular biology and to the learning process.

In particular the principles would explain why at the most fundzmental level,
our perception of reahty as of a 3-1 dimensional space-time, ar 1 demonstrates
that in such a space-time that some energy flows are computer unnversal, others
computer constructor universal i.e. that these spatial nmghbour*budu behave

as if they constituted the operation of a cellular automaton wit~ this property
through their physical activity., These would therefore constitu e environments

where self-replication 1s possible 1.e. the biosphere.

For reasons of brevity necessitated by the generic nature of the mode!, the
references are used to provide a directory to the detailed matte=matics roquired

tin the specific subsystems discussed.
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Introduction

It 1s my contention that computation by man or machine or whatsoever means,
can only take ‘place 'f sustained by physical a“rtxvxlv. the transformation of

free energy into mathematical work or structure t.e. information and waste
heat. This procéss constitutes therefore a fundamental basis ‘fur‘und‘ersland’mq
computation through the physics of the computational process. [t is the starting

point of this model.

The essential requirements of any computational process are therefore sufficient
free enerqgy to overcome the thermodynamic noise within the system where

the computational process is taking place, and for a reconfiguration of the entropy
of the system so that a decision pracess allowing a Compuiatmnal oulcome is

possible.

This reconfiguration of entropy will correspond to adjustments to the metric

or spatial entropy and of the topological or logical entropy so that in effect

the 'data' being processed subject to the thermadynamic constraints of the system,
(42

"

190 o "night ploce” and aoca "right form'. That s Lo say that communication

proceses have been carried oul to ensure that the data s all present at_a right

place (or places' to make a decision process possible and simifarty that the data

has been manipulated so that it 15 1n a correct logical form to make a decision

process possible. These three conditions (underlined; must therefore be satisfied
before any computational vutcome s possible, and concurrentiy for optimum

effect.

Two alternatives are then open to the "computalional process' or "computer”

either a decision 1s taken or a further reconfiguration of the entropy of the

system is begun in the hope that a more appropriate form of the "data" being
o

pracessed will result. . That 1s to say the search is for a decision point which

will yield the maximum amount of information about the hypothesis under investigation,

Y thus supposes that there s somee way of "guessing” the entropy of the current

decision point relative Lo the hkely optimum deciston point;  OF assussing it
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If a decision Is taken at a decision point, this corresponds to a zero sum game;
however we may say that the ultimate decision process 1s whether or not there
shall be a decision process at a decision point and 1f not, this will surely correspe;

to a non zero sum (gdme,

A maodel s being sought which has a minmal apribristic epistemology and which
generates gounds for specific knowledge through its own progressive evolution.

This requites a generic approach characteristic of the process of computation

itself.

The idea of ‘thé generic model which follows can best be explained by an analogy

in model ‘theory. Consider these expressions in first order logic:

Rxx
Rxy - ~v Ryx -1
Rxy & Ryz =» Rxz

One's interpretation is to take w,y,z as real numbers and Rxy as x £ y. Another
is to take x,y,z as natural numbers and Rxy as "x divides y". But these two
interpretations and any other model of I 1n the usual sense, have in common
that R represents a two-place relation and x,y,z are the elements of a domain.

Here a more general notion of model is beinqg used. A set of equations will

be proposed of which different interpretations can be given, and in these inter-

pretations the symbols will not always be of the same kind. An analogy in the

case of |) would be to interpret Rxy as \/y (the domain being the ratjonals
say', to interpret —> as ":=", to interpret ~ x as 1/x, to interpret § as
"x'" {multiply), and finally to save the truth of the first expression by supposing
that any atomic form like that has an implied "= 1" following it. In this way
one sees certain features in common between the arithmetic of the rationals

and ordering relations.

The atiove illustration concerning the notion of @ generic approach was suggested
by C.vodmister




The Basic Mathematics

The above scenario now allows us to write down in algebrare formomn terms

of a functional F the basic generic mathematical relationships which must govern
any computational outcome. [t will not be imuvediately obvious what cateqories
of abject this functiona! I will determine since the equalions are generic.,
However this will be dealt with in the following sections but we might expert
from the above that an obvious cateqgory will be games and such will later be

demonstrated to be the case.

Firstly there must he the possibihity of an energy flow, that 1s to say all states
of the system are to be described through a distance measure, metric or Hamiltonian,
Thus by analoqy with this requirement that ld1-d2\”:' 0 for any distance measure

d where any d1. d2 arce sufficiently close, this generic condition is taken as
t(a,a’ - 0 for any unique state a of the system -A)

where 1t 1s assumed thal since this model concerns computational requirements
the functional f must concern some binary operation .o, 15 g function of two

variables.

This 1s the basis of the al gebra which the combinatorial physicists of the Alternate

Natural Philosophy Association ANPA have called discrimunation 1199,

Secondly there must be a sufficiency of free energy and hence the total svstem
should be at a critical pomnt, the right place, where two stales o and b of the

systemn cannotl be distinquished and hence the generte condition selected s
(a,b) - tiba for the two states a,b -fy

that is to say, that the conditions are such that no ordering relation can be
found under them, by which a and b can be physically distinguished.”  This
condition seems an essential aspect of any two states whuch are i direct communi-

cation as a result of the scenario.

Lo In fact A ta € more properly constitute ANBA Discrirnnation

® matching”
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A specific example is the unstable critical point of temperature 374°C and pressure
218 atm at which water and steam become indistinguishable and the phenomenon
of boiling disappears. Thus the mathematics is likely to be clbsely connected

with the unstable eritical points of matier whick 1s the province of renarmalisation
group theory as discovered by K.G. Wilson 2), where an enerq} space defined

by a Hamiltoman is mapped ontao itselfl repeatediy, so determining the stable

and unstable fixed points or attractors of the spare. The central concept is

that this mapping will always lead eventually to one or ather of the fixed points
and that exactly at a phase transition the scahing of the fluctuations under
consideration will approach an unstable fixed or saddle point between two different

stable fixed points of the mapping. This is clearly a requirement for any physical

decision point necessary to a computational outcome, i.e. it is the right place.
These fixed points have been found to be represented by "universality classes"
depending only on dimensionality and the symmetry of an order parameter in

the case of renormalisation group theory.

A further quideline in selecting the appropriate qer: vic equations s the requirement
irnpusod by the process of the physics of computation scenario that all mathematical
statements musl bear a corresponding physical interpretation or meaning. Thus

3) 1s the generic mathematical requirement of commutativity and therefore

an obvious candidate for consideration.

Thirdly, the "data" or states must be confiqured in the right form i.e. 1t musl

be possible to adjust the "data' now at the right place by the condition B from

its form f (a,b) to a new state ¢' through the same functionality®® F 1.e.
PO (ab)ed o F(ak bye)) or? Fobflac) -C)

that is to say, that through a sequence of logical or topological transformations,
it must be possible to adjust Fla,b: into an appropriate form of which there

are two possibilities for ¢', a replica or unfolding Fib,c) of c relative to b or

a rephica F.a,c) of ¢ relative to a. The concept of replication i1s assumed to

be quite a natural choice in view of its association with the theory of cellular

automata: and a further quideline 1s again that (71 s the generic mathematcal

10 The most fundamental discovery of this century concerns the essential physical
imdinvsibihity of all things, as distinct from their foqical divisibihity. Al physicol
ent ties must therefore be unfolded from a single functionahty, which is ulimately

the Utaverse 1tself.

v exclusive or
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requirement of associstivity,  This condition, of course, may not always be possible
to satisfy, since 1t 'IS the problem of deciding whether some kot in topoloqy

is the same as another knot e, whether some scquén(*e of dperut:uns will have
the same effect as some otht’.r sequence, t.e. in effect doing or undoing operations
to the action of a bTurmq machine i.e. can the state ¢' be reached from .u, or

b. This is called the word pmblerﬁ. (3.

Fourthly there 1s the requirement to specify the ultimate decision process e,

is o deciston to be made and hence a generation G of information of 1t takes

place. Sm{fe this 1s a decision prdcess. it -must be an operation on /2 the teld

o(i two elements throught of as, say, (true,false),(1,0) or (Left,Right; and o
generating process G which yields the new information elements is taken such

that 1t adjoins these new clements to a set S of all previously constructed elements

so that a single operation of G i1s then of the form:
If L (Left) and R (Right) are disjoint subsets of G, adjoint gl' | RS to S.

The great advantage of this form of G is that 1t 1s completely recursive in the
strong sense which 1s taken to be a computational requirement so that no starting
point 1s needed and the first element generated has to be (Yfl H} where ff denotes,
the empty set and where this element plays a special role and i1s denoted by 0,
which is of course required in condition A see (4. and (20.  Zero or 0 may there-

fore in this model be thouyht of as the eigen-value of process of the state (.

Thus the points determined by G are in the space V”/Z2 where V” t1s the n
dimensional space over /o and hence we may write ' ‘

G -3 Vn/ZZ -D)
as the final condition.

This is an entiteds approgniate choice of generating function because S now
constitutes a closed disc rimanation system by the conditions A to (, see (14,
and such closed systomy arise tor n 1,3,7 coee and Conway (200 has proved that
for |54 2" for some integral n, there s an isomorphusm between S,¢0 and

(Vn,»f wher¢ V” 1s the n dunensional vector space over the field /2 vath fwo efement s,



and the + 1n the second brackel denotes the usual vector space addition, while

that in the first bracket 1s the + operation defined by A to C.

Finally, the search is for a decision point which will yield the maximum amount

of information about the system, as in Lhe scenario. It is this last condition
which the cbmbmatorml physicists of ANPA have discovered leads to a completioy,
of the hierarchy of discriminately closed sets which serves to define bounds

on the amount of information that can be dealt with,

These are then the generic conditions which in this model of the physics of
computation are {o be taken as defining the computational process. And 1t
will be shawn later in this paper that these conditions do correspond to néigh-

bourhoods within the space determiuned by the conditions which emulate

a) Conways Life Game, which i1s known to be camputer universal and
b) the Codd 5 neighbourhood 8 state cellular automaton which is known
to be computer constructor universal,
i.e, the conditions lead to neighbourhoods 1n the space they determine where

all the properties of computation as conventionally defined, do hold.

Further Kilmister (4. has shown that these equations are mathematically equivalent
to the starting point of a process model of elementary particle physics, that

of Noyes'et al (1. and 5., now extensively developed, which at present i1s in

total agreement with all the experimentally validated results of the "standard

model" of elementary particle physics.

Thius definition of the physics of computation appears therefore to be a very

fruitful hoe of enquiry.

In Appendin | similar arquments are used to demonstrate that the same generic
condifions A to ) hold for the measurement process



~Other Mathematically £ quivalent Formulations

Before continuing 1L is appropriate to set down, some mathematically equivalent
formulations of the above conditions A to D since these are needed in subsequent

sections of this paper.

1. As stated B and C correspond to the generic mathematical requirements
of commutativity and ‘associativity and hence ‘A to C can be restated in the
following form, that for all propositions a,b and c in a closed sel V under &
binarv operation defining a new proposition ab, E 1s an equivalence relalion

such that

1) if Eab then Eba i.e. B and
it) if Eab and Ebr, then Eac  i.e. C

where now A says that if two objects i.e. states or signs, which cannot be dis-
tinguished in this calculus, are equal so that we may write a=b in the context
of £, then for all a in V1f E(xa)(ya) and E(ax)(ay) then Exy. Hence we may

say that A to C define an equivalence relationship E such that if we use two

states or signs with the same meaning then this is expressed as the equality

relation Eab (Wittgenstein ‘23, section 4.241 and Kilmister and Bastin (13.)
and we have different equality relationships, so that we should only use the

notation a-b when it is clear from the context which equality relation is meant.

Thus 1t 1s to be noted that this formulation of the physics of computation there-
fore serves Lo provide a precise defimition of what 1t is which constitutes meaning
or semantics. The generic conditions are those therefore which apply to the

class of all functiuns ‘l where each specific V corresponds to o specthie set

of equivalent meanings or concepts.

This formulation | shall refer to as the Equivalence formulation of A to D and

thus we may write
Egc or g3c - as corresponding to the conditions A to U and the

‘compulational outcome [) must 1n this case correspond by C} to

A U or' a G -

Y esclusive or
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depending on whether the outcome is taken relative to q or relative to c, t.e,

the decision process will open up two alternative descriptions of objects either

of which 15 self consistent. .

@ is therefore a fundamental bifurcation which will lead to one to many trans-
formations and hence logical irfeversibility which has been postulated by Prigogine
(43, as the necessary source of physical irreversibility required by the Second -

{ aw of Thermodynamics.

And in this model, we may say that as we fail to distinquish things, we arrive
at a final unity of all things, the Universe itself - the equivalence of all things.?

(This is then surely a restatement of Mach's Principle.)

2. Finally there is a third formulation of A to D which concerns the truth values

that will be generated for any proposition as a result of G.

Two problems are "equivalent" if the solution to one problem immediately gives
the solution to the other. Now it is known (44. that for every possible Boolean
formula, a simple graph of lines or vertices can be constructed with three

colours in such a way that no two vertices connected by a line are the same

colour, if and only if truth values can be given to the atomic propositions of

the Boolean formula, 1n such a ‘way that the complex formula is true.

Bul 1in the above the undertined sentence is a resialement of the decision process D,
 while the problem of colouring the vertices is C, and the problem of the Boolean
formula is B. Since therefore the two problems B and C are "equivalent” by

the above, A says lhaf A to D result in all the Boolean propositions which are

true, and none which are false as a consequence of the bootstrap process which

it generates. Hence in this model we must conclude that meaning is determined

only from truth values that are true.

A to D therefore qene'rale a "path" of truth. where the phvsics of the model
i1s what s meant, and the ‘malhematlcs of the mode! 1s the logical description.
H therefore this model corresponds with experimentally validated reality, then

there will be a true Tao of Physics. 6.

° n terms of Cnergy
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However the madel s also indicative that we can in qénPr(aI only select logical
propositions or generat'e them (‘nmbi.natorlally, and compare them with the muidel
i order tou discover which prupns_ltions are. false, so lcaving orﬂly' the logical
propositions which are true. Hence the learning process represented by this
system of processes is learning from experience by our own errors; by proof

of what 1s false; and can be compared tuo, sav, the process.of t'hb game of

twenty questions.

Now in this formulation it 1s appropriate to ask the question "What are Hhe
blueprints of the manitalds of the reversible mappings that connect all vahd
semantic statements ‘propositions) or truths with all vahd syntactic statements
or truths?" since from the above, 1t is now known that 1n this model, a basic
representation of the semantic truths or truth values will be the integers in
unary format where ecach sernantic truth s signified by a | as the truth value
"rue” and correspondingly each syntactic truth will be signified by a | for "true”
and a O for "false" and su the syntactic truths are represented by the integers

in binary format,

This has been used below to generate the blueprints of the hierarchy of process
which the equations A to ) are now seen to represent and which can be equated,
as should indeed be the case, with the Combinatorial Hierarchy of structures

as worked out by Pherre Noyes and his co-workers of ANPA (1. and 5. This

mode! therefore exemplifies a basic process by which things physical become

fixed and complete since the hierarchy of blueprints terminates, although the
generating process G 1s without end. This is because the model places restrictions
on what can be possibly known at any level of scale, in térms of the amount

of information that can be dealt with,

This formulation will be referred to as the Blueprint model where the term
blueprint 1s selected as the natural termy to use 1n conjunction with reprication
and the constructive process, as used but not defined through the theory of
cellular automata 22, or by Moore (29. in the description of the process by

which a self-arganising mactune miught replicate itself.
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The Theory of Blueprints

The theory of b'lueprmts begins with the assumption that thevbasls of all com-
munication whether by natural language or whatsoever means concerns a conétructwe
~computational process and Cén therefure be defined in terms of the blueprints

of manifolds of all those microscopic reversible mappings whlcﬁ link the universe

of all valid semantic statements or truths, with the umvefse of all valid syntactic
statements or truths. Again it is cl‘early assumed thatl all communication like

computation s a physical activity.

It con(inues with the vbservation that the semantic truths may therefore be
;‘Ppresented in their simplest form by the unary numbers or processes fdr which
the truth value T (true) is replaced by the sign 1, and that correspondingly the
syntactic truths can be represented by the binary numbers or information processes
where the truth values T' (true) and F' (false) are replaced by the signs 1 and

U respectively. But in this case, the simplest possible, these two number rep-
resentations are isomorphic to one another and hence can be thought of as the

"asymptotes" between which all valid statements or communications must fall.

Hence the relationships concerning the unary blueprint BU(X) for the sign A,
and the binary blueprint Bb()\) for the sign A, of the reversible microscopic

physical mappings A, will be determined by
a) BufO)a-)Bb(D) b HU(HHBD(U c) BU(Z;o—;Bb(3) d) Bu(B)c-aBb(7) e) eeeee
B ( (
BU(B)QBDO) Bu\7).—w8b(!27)
8 (7B (127, ...
u b

B (127t 2271,
u b .

since we are only concerned with those syntactic truths arising from the semantic

ones, L.e. those with meaning, and in terms of the physics of computation
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BU 9 )"‘°Bb( A') 1s only valid wherever BU(A )= X or A to  holds, and
equation D implies a new A' to C' specified by

!

(BU()«'), A',Bb(? -1)) where N = 2x -1, since the sign | e Limes Ll 15 A

unary and 2" -1 binary.

Thus the general relattonship In at level k is BU'(JN(k)')(-thZ'N(k -1

iy
gtk 1 s 2k

and the basis for the next level s

However 1f the Bs define manifolds, then we may suppose that there are VJNE’I.(,'
linearly independent n tuples of length nN(k) at level k and hence a second
requirement for each new level will be

n (k1) = n 2000

N. N

But Bu (A*SAfor all A is hinear in A and this linearity must be maintained

for all levels k.and all modes N if the physicls of computation model is ta remain

vahd.
This can only be the ciase therefore of

2 J (k) . : .
N ) 2N -1.‘b9q‘mmng with n 1 - |N\1? - N 1)

and hence the relationships a), b), ... abave will only hold for N = 0,1,2,3 and &

since for N 4, net) { 2“‘”-1,
al N 0 BN 1 N =2 OGN 3 e NG

{ ' { \ 13 o3 ( 4, ‘
Bu Ul{—)Hb‘U o Bh‘“ﬂab(” BU(ZMBb( 3 ‘ _ BU 3¢ Bb_7) U“ 4 e)Bb(],)

4

B (5B (7). B TeB 1270 8 1%an 2 -1
u b : u b u b
B i7keB (127

127
B 1278, 2 -1
u 2e> b
terminates sincve Icrnnxu.;al('s; SHW € Imnnn:atlvfz SInee

. ; L)
(256)2¢ 21271 9l ¢ 123 BRI SR O



va.
or more appropnateiy '
a) " 'b). K ‘ c). | etc. -
iau(z>uab<3>]
[E.lvU(IZ).BU(})L-.JBb(3‘).8b(7‘]
n[uu(z),BUm,BU(7)}w{5b(3>.nbr7>,abf127,1
[BQ(Z),BUU),BU(7),BU(127))3[Bb(3),8bf7;,Bbr127‘.ab(2127-1;]

since at each level k the blueprints B(jN(k)) can only exist in the context of

' B(jN(k-l)). in view of i) above,
The full table being set out in Diagram lla.

Thus the number of fundamental blueprints 1n the physics of compulation model
is very himited, although of course these blueprints may have a denumeral infinity

of representations,

F urther as pointed outl 1n the text and in Generic ModPI for the evolution of
lnlelligence‘(QS. the n‘umeriral values associated with N = 2, appear to have
direct physical relevance, since for the binary blueprints- 3,10,137, 2127 - 136
Y 1.7x][)58 and '256)2 are direétly related to elementary particle physics while

for the unary blueprints .
2,9;,12, and 139

are parameters n the specification of the Codd 9 neighbourhood, 8 state cellular

asutomaton.

The Blueprint Model exhibits 20 Blueprints connected in pairs through 10 reversjhlp
mappings, subject to 4 levels of hierarchy and three termination modes. which
thus represent the uniersality classes of the Hierarchy af Process in this mode|,

(See Diagrams 1) And in the physics of computation model we see that physiegl
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activity will be characterised by signs, states and stroctures with-blueprints,
that by anaslogy with quantum mechanics we might appropriately think of 4
eigenvalues, eigenstates and mgenstr'uctu‘rps of this physical activity since these
are hinked through the dynamic reversible mappings of this activitv. Fuorther
we see that there 1s nothing formally to prevent, an eigenstructure having its
own dynamic and evolutinary behaviour, through being constituted from a con-
figuration or ensemble of other eigenstructures, eigenstates, and ciyenvalues
since condition C places no formal limits on the depth of recursion, imvolution

or convolution allowed by the evolution G.
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4. What do these equations tell us?

A Basic Interpretation of the Laws A to D governmg this model of the Physics

of Computation.

An interpretation of the basic mathematical equations is now given where the
Functions b and the generating process G are taken as truth function logical
“conneclives where the F's can be interpreted as the physical conditions of process

governing the states reached through G.

As stated, O or "false" 1s the "eigenvalue" of the initial state of the process G
namely @ the empty set which must be considered as & highly ambigqus or
indeterminate physical condition, so that we can interpret this as saying that
this state is unstable and that once this instability has unfolded through the

process G, @ will never again be physically attainable.

Hence ‘F(a,a) = O or false -A)

must then mean that any state a cannot be considered as ever being physnrall§
truly separate from any other state i.e. all states torm part of a single physical
indinvisible whole - a consequence of which must be that physical reality 1s

non-local 1in this model.

Similarly Fla,bi - Fib,a) -B:

must concern those physical conditions of process which are "true" i.e. which
have "eigenvalue" 1, for as has been seen it 1s hikely to concern unstable critical
points, such as that of water and steam where physical conditions are well

determined. And hence

fFla,Fib,c;r = Fib,F{a,c) -
must therefore correspond to those points where the physical conditions of

process are undecidable or indeterminale.

That 15 to say this 1s a physical system with three basic truth vatues and hence
must be a nun-determirustic system where a space of points of well defined
physical conditions are linked by intervals where the physical conditions deter-

miirgg the states of process are 1l determined.
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This therefore says something truly remarkable i.e.

from B, that truth concerns those conditions when two stiates a and b cannot he
distinguished 1.e. phase transition points and that these arc pmn!s»whc\rv
the physical conditions of process are well determined, and

from (°, that when the physical conditions of process are undecidable then
any twn states a and b can be distinquished by comparison with a third
state ¢ - clearly a relativity principle,

w0 that when the nature of two states of process are indistinguishable the physieal

conditions of process are well determined, but when the nature of two states

is distinguishable via a third, the physical Condihnné of process are all-detetnnned

or undecidable. This is surely just a generalised stalement of the Heisenber

uncertainty principle, and one incorporating a relativity-principle.

Further it seems clear that AR and C 1n this interpretation j.e. the physical
conditions of process must constitute the Third, tirst and Second Laws of Thermo-

dynamics also in a qeneralised form.
b4 jen

A as the Third L aw concerns the unattainability of the absolule sero state
yf' ur the ghsolute zero of !Pm;)v;rzjltprr‘, its egenvalue,

B as the tarst Law that there exists a condition "energy' through which all
states become indistinguishable 1.e. "enerqgy" 1s the true
fundamental condstion of all things, and

(C as the Second L aw, that there extst physical conditions of process which
are 1l determined, where through o logical bifurcation
by which two states can be distinguished relative to a
third, @ relativity principle, one to many transformations
will resnlt and that this 1s the source of ‘physwnl irreversib-

ihty 1.e. the Second Law as qgenierally kno@n

Therefare at this basic level of conceplualisation the model already exhibits

many of the attribulrs expected to constitute the logical expression of any

true model ol the physical world as currently known to science through experimental

validation.

Now the model of the physies of computation further savs that these essentially
discrete states and condihinns of process can only be reached via a process G
which s specilied in terms of two truth values, left and right, and henee s

isomorphic to the processes which constitute the two valued Booleon calculus
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s0 that we may equale this Process attainability with logical attainability and

the physical conditions with physical attainability.

That is to say that in this model semantics or meaning is what is physically

attainable and syntax or Process is what is logically attainable so that the processegy
of Physics in this model are defined as those reversible mappings by which

what is physically attainable can be reached or described, by what is logically

attainable or vice versa. This is of course simply a restatement of the Blueprint

formulation already considered bul which pravides an additional inlerpr‘etahon

for the blueprints because the unary blueprints ,Bu and the binary blueprints

82 are therefore those of the physical and logical manifolds respectively which

the Process G will bring into existence through the conditions A,B and C.

Hence the basic processes of this model are that logical manifolds will acquire

a physical existence and that physical manifolds will acquire a logical description

or existence. And when these are carried out by mankind, we call the first

engineering, the second science and the whole design.

But as we have seen the conditions of physical attainability can be interpreted

as logically connectives with three truth values, true, false and indeterminate.
And hence this savs that once a subsystem in this model has acquired existencr
1.e, has both a phyvsical and a logical manifestation which must occur via a

- phase transition or unstable critical point of process, then it must be representable
through the so called conservative logic of Toffoli and f redkin (32. where

the essential circuit elements have three inputs and three outputs as the Frediin
gate, together with the Unit wire as the 1:1 mapping. These through their
functionality conserve in their output the number of Os and 1s which are present
at their input. Hence in all such systems both the energy and the information

are conserved.

Thus the mode! savs that all states have a condition called energy through

which they are initially indistinguishable, and that each state will find its logical
expression through Process, as a structure of S\ stem obeying a conservation

of eneragn princaiple. Condition B therefore bebumps via Process the normal

form of the First Law of Thermodynamics 1.e. a8 conservation of energy principle.
b urther it 1s now obvious that the first step of Process must constitute one

where apparent!y energy is created since it is a logical step giving physical
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expression through information to a state ¢ which by definition is unobservable.
But the ANPA model of Process derived from these equations, as does the
Blueprint model, demaonstrate, that this tmtial generation of information sl
terminate 1n a maximum which serves to determine the tutal amount nf enerygy

which can be generated and hence this model begins with an initial process

that could counstitute the Biy Bang expected by cosmologists.

Further we see that any logical expression of the energy of a specitic system

srrived at through the Process (G, 1.e. its description in the context of the

condition energy - what s normally called the Hamiltonan, will 1n thus inodel

have a representution in the model in conservative logic and hence will be

computable and have an algorithm, or be representable computationalty.

Moreover fredkin and Toffoli have demonstrated that the set of all operalions

of the Fredkin gate contains as .a subset the set of those operations which
cohsutule the normal binary quic‘and that this subset is in general nol conservative
but specifies an irreversible set of opérauons; clearly the set (true,false) 1s
contained 1n the set ‘lrl?.falsn, undecidable). Hence any system representable
through conservative logic, has the potentiality to contain within it as a subset

a system of process that s irreversible.

Renormalization group theory,

The model demonstrates that each set of physically attamable conditions ol

process correspunding to the truth value true, can be mapped onto the membershup

of the unary process where we may think of that class as denoted by IxIxixlx ...
1) where } ts an order or classification parameter for that class which specifics

the order by which things become fixed and complete within the model and

where each class can therefore only be differentiated from another by a scaling

condition which must be a measure of the energy at which in this case the

class of phase transitions take place”O. However n thhs model the logical

expression of a physical truth condition s 1ts dpscnblmn or in general its Hamil-

tontan and so the above interpretation tell us that a mapping of any Hamilloman

o The first major phase transitions of this modet are from the emply et 1o
space-time and then from space-time to matter as atoms, see later deselopments
of the model, with the obvious immediste phase transitions correspondiug to

the three dimensions of space ete in between. It mught therefore be nferied
that the scaling condition toi space-time 15 ¢ the velocity of hight, and that

for motter s

+ L must serve to determine the symmetry of the class t) of conditions A,
H oandg )
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onto 1tself will indeed find the unstable critical points of that space determining
the physical conditions of the phase transitions of the matter or energy
described by that Homiltoran, Therefvore as originally postulated this model
explains the fundamental fmbortance of the methodology of renormalization
group theory Lo the physics of this mode!; a methodology now extremely well
validated experimentally in current scientific practice.

A Closer Look at the Nature of the Process G.

It is now appropriate to ask just what these equations A to D tell us especially
in relation to the Process G and 1n fact Kilmuster (4. who first exhibited them

in caonnection with the Combinatorial Hierarchy, has shown that they are in

one interpretation the subject of J.H. Conways book "On Numbers and Games". (20.

This begins by considering G as a definition of the génerahsed Dedekind cut

[ | 5 and how from the empty set jZ the totally ordered members of the entities
arising from this cut on the field 22 of two elements taken as Left and Right,
are in fact the positive and negative integers and the dyadic rationals p/2q
where these members may be subsequently extended to the transfinite numbers.
The book then goes on to show that partially ordered members of this cut

define games. And hence the decision process specified in the physics of com-
putation model through the process G is such that it introduces an ordering
relation of the type we would see as essential to the creation of information
which G was defined 1o specily and the partially ordered members created

by the Process G can therefore be logically thought of as games as the decision
process in the original scenario would indicate. What therefore do the conditions
A, B and C to be jointly referred to as Discrimation tell us? Taken together
they define a class of entities corresponding to the generalised Dedekind cut
where left and right are not distinguished. This must be expected because
physically A, B8 and C ensure a potential Hamiltonian or metric an energy functigh.

This totally symmetric field, Conway calls the field on On,. But the model

says that there 1s no way of getting between the memberszof this class of
entities specified by } A, B and C} exéept through G since they do not contain
their own generating process. Hence the model tells us that beginning with

a tatally symmetnic conditions deternvned by (A, B and (‘} where left and
right cannot be distingushed, the generator G defined through [ will result

in g case where a decision s taken and information 1s produced as a result

of the sdditional ordering produced. This might therefore be termed "symmetry
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splitting" i.e. a left or right partial or total ordering and that this proreas
continues until such time as another totally symmetric relationship or set of

conditions as delermmed by{A, B and C}is arrived at. _

" 'The model again therefore exhibits featu_re's considered essential lo any experi-

mentally well validated model of physics, namely

A symmelry and symmetry splitting, which over the last twenty ).,mu': has
been the basic principle by which the formulation of all the current <tandard
theories have been guided, where it is to be noted that this m(uh»l s
a Process model of physics and not therefore competitive to the standard

models but rather complementary to them.

it} 1t begins with the ap[j.earéﬁr:e of chirahity i.e. distinguishing left from
right as a primary feature of the model. - That is to say there must be
a left hand or a nmght hand 6f creation in terms of the observable phenomena
that the mode! will describe depending on the convention adepted. The
rosuli of the first decision process sets this standard relative to (1, the

eigenvalue of the empty set as to what will constitute left or right.

We see also therefore that any physically attainable set of conditions determi-ed

by ‘A_. 8, C} can only be reached logically from another set by playing games .

and that this will constitute a fundamental logical description of bath evolutico
and learning within this model, and hence from formutation 2, it s clear that
this process of evolution or learning will take place through a series of garmes

or strateqgies where by a process of iteration or attrition the umon

n

U Flfalse’
- |

is eliminated by a series of n decisions in order to find the individual truths

L. in the sequence | z o0
' U F"\,true)
j o<

which represent the final clasy of entities to be determined by A, B, (C and D
once this evolution or learming s completed. This descripbion s what we wor

normally descrite as learming by experience, or by counterexample,
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But as these individual truths t'i may be seen as represer;tm'd this final class
A, B, C, D through a unary process .t 22t3 50 Call‘ed.sim‘e it can be
represented numerically by number in unary format, .the ‘model 1s therefore.
indicative that for any sper;ificf‘ problem, the physical path ’acrosls the 'm truths
. which span it, must be of order O(m) while the }Qgtéal construction or path
must be of order 'O(2™) since the first of these concerns the unary procéss

u white the second concerns the binary process bm.

Hence within this reqime, there will be a correspondence bel.ween'each tndividual
physical truth condition 'm' Its unary process u_ denoting the enéquy of the

process and the binary process b denoting the logical construction or description

" of that energy In terms of its energy function, metric or Hamiltonian, Thus

th.oso will form a triad (u m'bm,m\ where m is a symbol to which it will- be
possible to assign some characteristic numerical value expressing a measure
by which things become fixed and compléte relative to some origin. We may
therefore think of m in view of the illusions alread\ made, as a logical or

computational temperature,

In the case of Conway's "On Numbers and Games", it 1s shown that the symbols
as represented through Um_pru(‘r*ss of the generalised Dedekind cut both in

the case where left and right are distinguished and where they are not, can
.be assigned as those for the integer n.  And so in the phys:cs\of Cometanon
maodel the integer n would be better repfesenlod by the trinity or 't‘riad

unary’

) f > >
nhirlary' ts\mb % where the first of these is symbolnc of the energy requmd

in the process of counting to n.

In current physical theories, the concerns é’r‘e “appearance’ and the theory

‘IYSP” i.e. such theories do not .concern realtty itself but merely model it.

The physics of computation mode! appears therefore as a flrst theory which
concerns realit. and includes a provision for it with the framework of lhe theory
itself; because not only is energy represented by a description or binary process,
but it is denoted by a unary procpés which is outside this description and representy

a part of the vafolding of the universal truth values within the model.
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This physics of computation model is therefore a self-orqanising sy stem which

after an appropriate number of iterations which we might term bootstraps,

will result in subsystems which are computational in the carrently accepted

sense. Thus as Kilmuster (4. proposed the equations do indeed to provide an
algebraic model of a self-brqamsmq Ymachine', where it Is the lack of sequencing

in A to C i.e. the order in which they are satisfied, and the ability to takce ‘

“or not to take a decision that introduces the random element essential so that

the finite machine may be self organising and Kilmister points «ai itus inevitable
introduction of probabilistic behaviour must mirror the corresponding situation

in quantum theory. The reversibility of processes 1n the madel 1s also essential
to the system if 1t 1s to have the paossibility to achieve computer universality
stnce two way movement along an unbounded input tape 10 a Turing machine

Is a necessary condition 1f it 1s not snmp_ly to remain a fnmte state machine.

This reversibility s arhwvﬁd with the development of the basic equations into
the Blueprint model, where after an irreversible phase of development, what
remains 1s a firute set of reveruible processes i.e. the mappings ¢« and the

blueprints of their manifolds.
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5. Can these claims concerning the fundamental importance of the equalions

A to D be further substantiated”

Firstly, the combinatorial physicists of ANPA, Pierre Noyes et al, have, by
alternate methods to the '.aulhor, founded on an extensive theory of the mathematics
of Discrimination (1. (5., continued the development of system based on these
discrimination and generation processes to present a case for a discrete constructive
physics that generates four scale constants, a connection to laboratory events

and scattering theory that has the dimensional constants é,h,mp and G and

a tentative quantum number assignment consistent with the "standard model"

for physics for leptons and quarks with three generations. -‘Current first approxi-
mations from the theory' are -hc/e2 = 137+0 1/137), hc/Gm 2. 2127 + 136 =
1.7\1(]}8( f

be expected since bootstrapping has today passed through many generations)

1+0(1/137) and mp/me = 1836.151497. (where approximations are to

are very good. Further their understanding of "wave-particle dualism" and
observational "cosmology" creates no more experimental paradoxes than currently

accepted views - perhaps fewer,

In this development the operations of Discrimation and generation are carried

out so as to maximise the information carrying capacity. This procedure specifies
levels associated with the same numbers as found from the Blueprint model

and i1ndicates the number of elements or units of information that may be
optimally converted, and beyohd which further conversion is impossible. The
levels are determined in terms of linear independence in relation to the closed “
subfieids of the discrimination process which occur at 2,4,16,2%6 .... and 22 ’
the Fermat 2 powers. Since these subfields map onto themselves, they represent
decision points where in principle no decision process is possible and "computation"
must continue.  Alternatively, we might say that at these points information

must be converted to enerqgy and so functionally they will be energy channels

or fields through which all energy interchange will take place. Clearly however
.each will have an energy manifestation on its unary asymptote and an information

manifestation on the binary asymptlote,

v without empirical measurement.
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However 1n the Blueprint model there are also reversible processes at 1 and

which are not closed subfields and.so represent stable particies. Presumably

these correspond to the photon and the proton which would explain why only

n and mp appear in the dimensional constants above. It is worthwhile examining
the case of the photon, for here the Blueprint model designates 1t by (HU\H.
1,Bb(l)\. It will therefore have both an energy, and an information mode and

will oscillate betwren these exhibiting left/rightness or chirality in the process
with a frequency which will be the minimum one which the decision proress

can exhibit. This 1s almost certainly defined by what has been called the atomic
unit of Lime ez/m(‘vs which would explain the intimate link with the election

as being the stable inverse particle to the photon produced during further bootstraps
and which inleracts with it because their atomic units ol time are commensurate;
and hence mp/mP wiil also be fixed. It is only stable however because the
proton is stable, and so consequently its sister particles the & and ¥ electrons

corresponding to the other modes of Diagram I will decay.

Further since the closed field al (2';(,)2 termunates the hoatstrap, thi constan!
must be associatedwnth the process by which gravitational effects can change
mfufmatinn or matter into energy, i.e. what is usually designated the weak
force 1in respect of fission and fusion and a chirality or parity breaking would
occur at this point. This is indeed the case for '2‘56)2 is close to (5 the { ermi

t
. f
"weak decay" constant of 10 ’/mp, and parity breaking does occur,

Secondly, Manthey and Moret 76, have demonstrated a fundamental mode! of
computation the actor model, which can be shown to be a conceptual metaphor
with quantum mechanics.  This would be an essential prereguisite of the physics
of (()rnputatum 1f the bootstrapping process has reached the point where the

physical Universe is computer universal.

Thirdlv Professor U. Fredkin has also independently concluded that guantum

mechanical phenomena correspond to the operation of a cellular automaton.

Fourthly Bohm and his co-workers pursuing yet another approach to quantum
theory that derives from the de Broglie Pilot Wave theory, have concluded

with de Broglie that clementary particles do not exhibit 4 wave mode but rather
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are guided by a pilot wave in analogy with an airplane guided by radar waves
which carry information about the whole environment§ de Broglie even proposed
that inside the particle was a periodic process that was equivalent to a clock
where the momentum of the particle was related to the wave hy the equation
for the momentum P, |

P-hVo
where ¢ is the phase of the wave function. This idea of active information
is directly compatible with the computational approach, and much closer to
Einstein's model of general relativity than the "standard theory" (7,8. And
as will be seen later 1n the section where A to D are refated to space time,
the @) of the wave function may well be identical with the approximate mean
chirality between information and energy in the decision process, [, The Hohm

theory 1s now in qgeneral compatible with the standard theory.

Finally, I believe it is possible to demonstrate that the four rules are exactly
what are required to form the communication standard that forms the basis

ol all strocture i molecalar broloqgy.
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As previously stated 1t seems that we may think of these 4 rules as specifyving
the fundamental communication pracess 1n nature, where the Discrimination
rules A to C, define, when applied concurrently as they must be to ensure

a Hamiltonian, an equivalence relation where the distinguishing fact s the

parity relation between the two outcomes of the ultimate decision process,
= , # depends on the context aor metric specified by f{a,a) - 0 1.e. the decision
process opens up two alternative descriptions of entities either of which s

self consistent, as the iterations of the bootstrap process are continued.

The rules say thal two objects, where material or mathematical can be surd
to be equivalent (f they can consistently be treated 1n one context as identical
and 1n another as distinct. We might therefore resymbolise the rules in Lhe

form

1

g=rc where this corresponds to A to C concurrently

and either a t or a - u which corresponds to D.

But in this form these rules do indecd form the entirety of communicalion
relationships which are the basis of all structure in molecular biology for as
Christian de Duve states in the Cifer of Life Vol.2 (9. the function of base

pairing i1s not simply a structural one 1in molecular biology, 1ts main role s
communication and amazingly the elementary relotionstups above, where g.c il
and u are the structures guatnne, cytosine, adenine, thymine and uraci respectively
isee Diagram HL), guvern, through the relatively fragile structure they embuody

the whole wtormation transfer throughout the biosphere!

Note that 1t s totally in keeping with this madel, that the logical relationships
set oul above, should also reflect the pattern aof physical and structural relation-
ships and vice versa since logical and physically attatnable states can brcome
physically and logically altamable respectively where U’w order is a significant

factor w.e. logically, physically 15 not equal to physically, logically attainable.
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And as further confirmation, at the next iteration, the author has shown that
these communication relationships will evolve to 8 new set the Blueprint model
as 1n Diagram 1, which in algebraic‘symbolic form corresponds exactly to those
found in the genetic code i.e. twenty blueprints ur structures which in the

c¢ase of molecular biolagy are the twenty amino acids, and tﬁfee termination
modes or punctuation marks. Moreover the physics of computation rules again
say that these amino acids would be encodified (as will the termination modes.
through the complete set of triads i.e. 64 which result from the symbols g,c,a
and u. t will not be used since it corresponds only to the relationships prior

to the iteration.

This 1s again exactly what is found in relation to the genetic code, where g,c,a
and t correspond to the relationships in DNA and g,c,a and u to thase in transfer
or messenger RNA which is used for the manufacture of proteins from the

amino acids,

All that has happened in the molecular biological formulation of the rules A
to D, therefore 1s that the equivalences ar triads whether in the original

g=c, or 1 the messenger RNA s structured sequentially spatiatly but
exccuted concurrently, whereas as we shall see below tn their elementary particle
physics representation, we can give the rules physical expression as space-timo

iself, all four may operate concurrently i.e. the relativistic case.
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7. What 15 space-time?

First we must ask ourselves if the algebraic equations can be "geometrised".

And surely this 1s the case, for the equivalence or three rules A to (7, which
may be obeyed concurrently. They can therefore symbolise a point where the
three states a,b, and ¢ of the original equations A to C must meet and when
mecting can only be independent 1f orthoqgonal. This therefore defines three
"spacehke" diunensions where energy can become structure, and a fourth dimension
defined by the decision process D, wﬁich is time-like where although thas will

be perceived as evolulionary, 1t can only be distinguished as a term which 15
reversible 1.e. where right and left cannot be distinguished. But the spacelike
dimensions which detine a "point” must be orthogonal since A involves a, B
involves a and b, and C involves a,b and ¢ which are to be independent relationships.
Thus must be why therefore space 1s essentially locally Euclidean sinre the
equivalent relation A to U holds determining a "point" where the physics of
computation is possible and structure can be formed. That is to say the topology
of space time will also be locally Euclidean because it must be the case as
required by the physics of computation that the amount of "room” available

as one moves away from a certain point in space increases as a power rather
than an exponential of the distance from the point. Further since every pornt

of space in this "computational” model is the centre of an Finsteinian reference
frame‘ then we can expect the overall structure of space time to behave in

a well ordered and "continuous" way i.e. to have continuity in the computational

sense (10.

Alternatively we mightl say that our perceplion of reality is of a spoce-time

of 3+1 dimensions because this i1s the inevitable consequence of any measurement,

observation or act i.e. one where information is produced, since this acl s

only possible at the point of such a space-time. CLlsewhere the Untverse may
be without metric or as Parker-Rhodes says totally disordinate. however we

can never be aware of these aspects except by indirect inference or "intuition®.

Thus it is clear that this basic model of 3+«1-space-time simply concerns states
where no evolution is taking place i.e. so called dynamic states and that g

more complete description must be made in terms of a 3-2 space-time where
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in this case "time'" by analogy with the 3+1 case should he represented by the

complex variable l.1,t2 ‘ '
or t1+|t2 denoting the fac! that evolution is in progress.

It is worth noting that in accepting the conventional or "standard" description

where time 1s the complex part implies that i = {21 must in this model be

related to the fact that in the energy representation it is not possible to distinguish

left from right and that time is reversible in the conventional sense. This

is probably explained by the fact that in order to assign mformation or number

to time itself {(where at the basic level left and right cannot be distinquished)

it 1s necessary to move to an ordinal number description where left and right

can be distinguished via a decision and the only numbers 1n this field that are

avatlable are those that make it a complete field i.e. the complex numbers..

i.e. going to a 3+Z model where time is represented by t1+it2 is an artifice

that implies that evolution 1s underway i.e. how we get from one state to another

through the physics of computation where this state may be the same state

or how in Conway's generative process we get from number to another. It

implies a wave-like phenomenon will be observed or can be directly inferred,

where there will be a phase ¢ between the dynamic time t2 and the evolutionary

time L, that will relate directly to the "amount" of information being generated.

]
This 1s exactly what the de Broglie Pilot Wave Theory proposes.

It also seems clear that if the basic 3+1 model, time and space are no longer
specifically distinguished so that one is in a frume of reference where the

dimensions are no longer orthogonal this may be observed as a generation of
potential further information or structure. This will give rise in fact to the

standard relativistic effects as Noyes has shown (5.
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8. General Relalivity

But following o complete bootstrap the equations of A ta 1) qive rise to the
forms represented symbohcally «in Diagram 1, and hence these must alsu have
an mterprétalnon i terms af the behaviour of a generahlised space Umu. And
in fact there are 10 relationships between the structures on the diagram.

In view of this 1t seems reasonable to postulat: that these reprvsn‘m'lhp 10

general relativistic equations of Einstein; for exa:onle,

1 f tHe Eansten equations are reformulated 1in 5 dimensional form o an hoe an

this model with evolutionary behaviour, but in the standard model as the Katuza-
Klein equation, then it has been found In the standard model that this equation
can be rewritten as the 4 dimensional Einstein equations plus the equatons

of Maxwell. That 1s to say that if we evolve the Einstein equations via an
elementary moude we generate or absorb free energy in the form of electro-

magnetic energy. This is well in accord with the initial scenario for this model,

It theretore seems that f we evolve space-time i.e. the equations A to D,
through the decision process b.e. squeeze and massage 1t metrically and topo-‘
logically then we will get manifestations of energy which correspond to all
the fundamental forces, the strong, the weak, the electromagnetic and the
gravitational. And this avenue of exploration 1s indeed whal one yroup of
elementary particle physicists are attempting by extending Lthe Kaluza-Klein

equation to eleven dimensions.
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9. Special Relativity _
Since the equations A to ) define o 3+1 space-tirne in this model and impose

the requirement for a metric, we may suppuse that
2 ,
X, ¢+ x, + x, -ct a o

in accurd with the standard model fbr physics, where now p defines the particular
evolutionary path leading to all points with the same evolutionary state. This
would explain why the computational process s imited by the velocity of light c.
tience the surfaces yenerated by all paths for all @ are the tinsteinian surfaces
which hink all the different evolutionary states through reversible or dynamac
behaviour. Therefore there is a requirement on this model that all points shouid
satisfy the requirements of special relativity, and indeed Noyes and his co;workers

have shown this to be the case. (5.

Now it 1s known that as ane approaches c the velocity of light, that structure
acquires more inertial mass or potential structure which presumably makes
evolulion more possible. And therefore in an extended form of special relativity
which takes into account the phase between l2 dynamic and 11 evolutionary, 1€,

(f on the Linsteirnan surface - shades of the Bohm model, - this potential structure
or enerqgy will offer the opportunity of a decision process that can cause real

new structure to be formed effectively as a result of the fact that the frames

of reference of say two entities are different 1.e. are exhibiting say a velocity
differential. Hence 1n terms of the Bohm model phése 4). which 1s dependent

on the configuration of the Universe as a whole, the conditions for new evolutionary

structure could be

1, has the Umiverse made 1t poésoblo t.e, what s the phase 95. and

“it}  does the phase fl, belong to the class of those things which are computationslly
poussible?

1.0, Sinee Ez = mz(‘qopzcz and p - {V¢Ihere ts an interchange between the

two terms o which case Lotally new and nouvelle structure never before seen

coutd occeur, and one man be "jumping” from one evolutionary pathway to another

on the binstemman surface which had never previously been traversed.®

Y The analogy to Riemannian surtaces comes to mind in the theory of the
complexs varable
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This scenario can now be used to put forward a
model for symbiosis 1.6 how two states become one
but where the one 1s in fact greater than the

sum of the parts, because the new computatinnal
pathwav linking them 1n the sense séy of a chemical
bond, i1s one never before foliowed and represents

a new functionabity on that physical scale.

This would requine that the two frames of reference
an four dimenmons most generally ! are "twisted"
with respect to one another so that potential
structure or energy 1s available for conversion to

new sltructure by the decision process.

AN

)

“link or new

f.are _f =-eference

~

<

1

Paliway.
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10. Concluston

Spact-time is the set of those "points' where a
metric or Hamiltonian can exist so that measurement

can take place leading Lo viable information.

... space and time are modes by which we think, not

conditions 1n which we hive ... Einsteimn,

Linstein’s General Theory of Relativity concerns
the surfaces of those points, expressed in terms
of the relationships which define the curvature

on such surfaces at any point,°°

The classes of paths on lhese surfaces will however
be classified according to some parameter which specifies
a fixed evolutionary behaviour 1.e. determines the dynamic

behaviour under this controlling parameter.

Tham's catastrophy theory classifies Lthe types of
discrete behaviour across these surfaces according to
both types of behaviour dynamic and evolutionary, according to the control

factors A to D.

Since this theory concerns itself with stable and unstable points, there will

be immediate links with the study of stability and instability in dvnamic systems
i.e. KAM theory, where in fact the pattern of behaviour characteristic of the
equations A to D can be seen with reference to unstable orbits, and with the
critical points ar "phase" transitions in physical systems which can be treated

mathematically by K.G. Wilson's renormalization group theory.

t urther comments

(a- Because the likely relationship between dyvnamic time and evolutionary
time can be expressed mathematically with time as a complex variable., This
is a field where "abstract" evolutionary behaviour has in fact been extensively
studied as in for example the theory of residues. In the sense of this model,

we might call comples variable theory, decision theory.

00 || seems more than hikely that Riemann himself was already aware of the

+



1. Thom's Catastrophy Theory

Thom's theory concerns the clasees of discontinuities across sorfoces which

‘ are determined by a polential as defined in physics. (12,

fhom's theory therelore concerns apparently a step in the hnu‘lulm;\ Jrroe ey

in a system where the conditions A to C are already satisfied and a further
decision process L) 1s about to take place or could potentially do so. 1t s Hu‘vu«fm‘v
um»r(_)p‘rml'u to make o compinison ot the types of behaviour that can be expected

and the table below demonstrates the match between this model and Thom's,

Contral factor Old behaviour ‘ New behavivur ‘
tdynamic only ‘ dyndrmic plus evolutionary
A Flaa' . e) none, as B and C are not
untold satisfied for the new state o,
B Fla,bh) F.b,a; _ none, as C 1s not satistied
cusp for the new state .,
i (- { U tab,,e two, Left or Right Zero
‘ Filad (b, hyperbohe umbihe or Surm
Swallowtail elliptic umbihc Game
D Vi //2 one, no Left or Right  None
parabolic umbilic Zero
Sarm
butterfly D
Garme

*Note that at s ondy at this leved
subject to two orthogonist betaviours,
that & bifurcation in development
becomes possible.

There ve complete accord and the picture completety matches with Thor 's
belicf that these classes are the key to the evolutionasry bishaviour whic! he
calls morphogenesise Hence an topology the word for bootstrap or decision
process s unfolding, and Thom's theory designates steps 1 the process which

tmaght take place,
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Further the physics of computation h\odel tell us, that 1n this c‘ésv there witl

be four mnr({(‘ataétv'mphr('s‘ corresponding to a fifth.control factor or Yth dqmeu's‘mn
and that there will be representations of A,B,C and O matching the complex .
number representation and hence will be without left or nght 1.e. should exhtbu
total symmetry, and there will- be an infinity of sinqularities without unique
unfuldings tor more than five control factors meaning that these have yet

to be evolved.  This as indeed found to be the case,

Thom's theory therefore provides very substanttal clues as to why and how

- the number 7 plays such a significant role in the Blueprint model of Diagram .

It secms clear from the above thatl natural compotation takes place  through
qeomet e stopologico "dynanges' and that evolutionary processes are very concerned
with toplogical changes. Physical spare-time can therefore be expected to

exhibit o complete range of such states rather than of having a fived topology

as s usuadhy thought to be the case glthough 1t secms clear that the locally
Luchdean topotogy will be the base state among that set, (14, ‘



12. Information to Energy interchange and elementary particle physics

It now seems clear that although energy to information or structure conversion

proreeds to all three space dimensions concurrently, and this 1s why we see

only 3 dimensional structures 1n the physical world {although it can be arqued

that structural aggregates may have any dimension from 1 to 3), that its com eran

the conversion of information or structure to energy mayv proceed sequentially,

The evidence for thus is the production of neutrinos Var V

be expected on this maodel see below) which occur

" Viau (all that can

as the by-products of individual

weak interactions. On this model these neutrinos must correspond to the

individual conditions A, B3 and C and hence the production of energy from infor-

mation or structure in weak interactions may leave spatial points that arve

il delined 1.e. cannot be observed or measured at, yet still contain a substantial

enerqgy resource. Could this be the reason why the Umiverse seems to contain

a very substantial hidden mass that s not revealed through its visible structures?

Dragram |

/
. 4 7{_@\\ )

The result of the bootstrap will
be that information fedback will
result in this portion of the
energy being channelled into the
set of reversible processes as
exhibited at the end of the
hootstrap i Diagrom 1.

1.0, these will be the potentisl
elementary particles, but the
behaviour whuch they will exhibit
will be determined according to

The environment "waste heat")
-what is lett after the bootstrap
A to D '

1.e. disordinate space-time al
the first ateration. and

ordinate space-tirme with rnergy
but no structure at the nest,
where this can be defimed as
the p(nrnls whiere computatton

15 possible but where a decision
process has not vet takeo
place,t

the parameters of the environment,

° Much of the encrgy of the Universe will be ied up an the tabric of spare-time
ttself,
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As the bootstrap is progressively reapplied, the energy released will be itself
progressively reconfigure‘d in accordance with its environment, nominally the
"waste heat", and will be progressively reduced to structure except where locally

"information" to energy releases are possible.

At each stage however thz2 basic constituent of any environment created will
be space-time and therefore as more and more space-time is created the Universe
will be seen as expanding. This expansion will then be seen by the remaining
matter as an adiabatic cooling of the mainly electromagnetic energy initially

released.

Hence although 3+1 space-time behaves like a continuous lattice® in regard

to those points where there is information or structure i.e. where A to D are
satisfied, the whole set of "points" where only some of A ta D are satisfied

must be thought of as particles capable of disordinate movement relative to

the vacuum state or empty set; in which case they can be inferred to be making
some kind of Brownian®® or probabilistic motion since the decision process

is stitl in operation. This then would be the ultimate source of randormness
required so that an essentially firante Universe or machine can be truly self-

arganisineg.

And in fact Noyes and co-workers, following Stesn /1% have used this model
of Brownipo motion to help them reconstruct from thew primitive bit strings
wlhich are the elements out of which eombinatorial physics begins, the space

and time required in their model.

o}t seems clear that space-lime (3+1) on this model will behave exactly hke

a continuous lattice, since there will be a smallest time between possible decision
potnts, probably the so called atomic time referred to earlier, and a smallest

umt of information or structure, probably h,® Plancks constant of aclion. see
next section,

The behaviour above suqgests that space-time is like a kind of very primitive
"seed" which progressively acquires structure, so that from a single lattice
pomt, Imflce hke behaviour will grow becoming progressively more and more
ordered where there is evolution in progress.

Continuous" because "points" do not appear at any pre-assigned minimum distance
excepl relative to other "points”, but where all well defined points are subject

to an Linsteinian reference framework. However the appearance of ans totally

new ordinate point must therefore be subject to constramnt by those that already exiy

00 The UIniverse is then indeed a Brownian computer where the particles are
space-time. o

wthis will be associated with a complete cycle ot change and hence the factor
enters naturally,
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We must then ask the question, what s the meaming of event horizon on thys

mudel? s there o very primitive "black hole", the only one possible where

"disordinale space’ particles are returned to the system as some "visible! form
of energy?  This must surely be the case or otherwise suctt o finite Universe
would 1n principle rapidly exhuoust itself, And further 1f there 1s a qarbz‘u;n
collector mechamsm at this elemenlary tevel, then we can expect there to .
be others at higher levels of structure to reprocess -the essentially defonet

structure at those levels; where such a level mught be the biosphere.

The Umiverse might well be seen to be expanding simply because more and
more totally disordinate space-time particles are being converted into ordinate

ones 1.e. there i1s simply more space-time!
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13, Specific Attributes of the elementary equations A to D

Are there neighbnurhoods of space-time which are computer universal” Yes,
use a mapping of the conditions A to Dronto Conway's Life Game which 1s

known to possess this property.

The Physics of Computation model states that at each step of process that

a cell or state of process can o ‘

a)l sufku, if 1t corresponds to the two truth conditions® of togical attainabilhity
1.e. to a Left or Right cut or to the three truth conditions of physical
attainabibty i.e. | A,8,C} , but that |

b) birth i.e. generation of information or structure, is only possible if the

states of IProcess satisfy the three physical truth 'condmor.\s (A,B,(T}

All other numbers of truth conditions therefore give death or reference® where

the modes for each cell can be represented by the decision process on the

field /‘2, 1.E, _ ‘
Birth VS — "9 where ¢ is the empty set, eigenvalue
Survival " — "1 0, and '1' signifies the occupied
Death T — (13 state, eigenvalue 1.

Reference b —>

Butl the domain of the above rules a) and b) s that of 3 truth values x J stales,
in the two truth valued or two dimensional space of process i.e. can be interpreted

as a 9 neighbourhood on the square lattice.

This interpretation of A to D in terms of truth values and conditions, therefore
corresponds exactly to Conway's Game of Life; that is to say that there is

a projection of the conditions A to D onto it.

+ these can be equated with the form for D exhibited in the equivalence for-
mulation already given.

9 where death or reference may be interpreted as inconsistency or incompleteness
nu computational autcome 15 pussibie yet'
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It should therefore be possible to confirm thm there exists a neighbourhood

of space-time that must exhibit the Conways life game neighbourhond behaviour
‘property as a direct physical manifestation of the conversion of energy Lo information
or matter, or vice versa. ' !
And this is indeed the case, for it IS known that |f an elbctrnn and a positron
annihilate, then depending on the oruntat;on of the polarn» nr chirality. of

the two particles, 2 or 3 gamma ray quanta are produced depending on the

two relative states of thus orientation. Hence since the clectron and the positron
are the unitary and the vacuum or empty set states rvsp(ulw-]y and 1 the
physics of computation energy to information changes are tp_,vh_fj_j(,lmmqumhod

by changes in left/rightness or chirality, it appears that the abo\;‘e observed
phenomenon is direct evidence that space time is compuler umwrsal and that
energy to information as matter changes will follgw the Emstem Iaw F - mcz'
The computation model also tell us why in the above case the inverse reaction
of gammma rays to electron/posnlron pairs is less hkety because this 'birth' can
only take place when there are 3 qamma ray quanm at the appropriate ortho-
gonality - intense encrqy or tadiation pressure would therefore be required.
Furthermore when it does happen, the matter produced can be expected to

exhibit the property on /7., 1.e. (/1 ness or in this case charge + and -.

2
This process appears analogous with the represnnlatirm'of number in the sign
form ‘

1.e. veeeaalvieaovy . which becomes
unars binary

THLI0000110 ... 10 complete binary®.

The physics of computation model would therefore explain why the Universe
has a preponderance of matter over antimatler, as a consequence of the above
skewness among birth, survival and death when reflected in subsequent bootstraps.°®

° could it be tha! there 14 4 very special significance in the relationship 1/9

- 01111111110 L. as 10 s a very special radix in the physics of computation:
i.e. to get from one truth to the next sequence of truths use the l'9 neighbourhood.

9 The precise case 1s K meson decay: Evolution in progress!
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The above example suq‘i)ests that ‘any matter, antimatter ihte'ra_ction must be
rﬁodelled by these F 9 "Conway" neighbourhdodé of s_pécmhme. And agamn it
appears that such is the case, for it is known that mesons, consisting of clusters
of quarks and anti-quarks.do in fact occur in families which are all nonets

| ‘ i.e. families of 9 members.

Thus it can be inferred that "that whereby computation takes place" is character-
ised by F9

information or matter structures that are qenera[ed as the resuit of self-organisation.

neighbourhoods which are computer umversal as evidenced by the

| And that all these space-time neighbourhoods fac llllalP enerqgy tn lnformatmn
or matter transitions or transformations from one level of slrucluré to the
"next". This is by analogy to be expected.for .in any compulatoonal mode! -
that is computer universal, any alqortthm expressed in the "correﬁt" lahquaqe‘
or representation can in principle be proCeséed ahd so compuler umversahty
can be seen as providing ”contmunty" across the set of all algorlthms, whnch
‘is a countable set. Thus in this computanonal model of natural phehomeﬁa,

the space-time is continuous but wu(haut all ‘the uncoumable mfmmes which

arise as a consequence of the standard’ cnmmuum model This is in total accord
wuth what is observed in physics, and explams why on the standard model there
is a history of largely pragmatic renormalisation procedures needed to ehmmate
such infinities as frequently arise and why this can always be achieved. Toffol

has mare to say on this subject in reference [10.

-----

fF rom the electron/posnron example abave. weé mlqht aqam conclude tha‘t the -
basic. measure of mformatmn m relatmn to e[eclromaqnetlc enerqy 1s Planck's
constont h whith is dumensionalised i terms of umits of action, and which 1n’
sUC h radiation is assoctated with, as the physics of Computallon requires, the

presence of chirality or left/r;qhtneqs.
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14. Other Analogtes of this Madel with existing models 1in Physics

Since this theory s buolstrapping, 1t must be closely connectrd with O Matrix
Theory in high energy physics.  In this connection, the search has been to give
mathematical expression or substance to three principles, which appear to underpin

all the behaviour of elementary particles in physics.

These are i) a principle of causality,
1) a 'umtarity' principle, and

(1) a principle of relativity

from which it 15 felt that purely logical reasoning or consistency would then
lead to a development of the whole of the behaviour of elementary particles
in physics including the existence of those particles and their relationship to

one another. See Capra (16. page 290 for a further introduction to these ideas.

it therefore seems likely that D s i), B s ii) and that C 1s iii) and that A is
impheit” since High Energy Physics naturally assumes a metric, Hamiltoman

or energy function.
Now in the second formulation of the physics of computation

P}  F the equivalence relation concerning A to C or (g - ¢)
and Q) the decision process D asa =t or a - u

which were the form al the equations quverning commurication 1n the biosphere,

Thus formulation should therefore because of the generie state of this model

have 4 representation in physics, where 1t seems likely that:

+ soft photons”.
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P is the equivalence principle of Mach, that matler only has inertia because
there as another matter in the Universe®, whict, says that therefore inertial
mass 15 equivalent to gravitational mass. This seems an obvious conseguence

of the scenario given in lhis paper, since at each bootstrap the new information
or structure produced 1is a consequence of all that which currently or concurrent|

exists, and

() 1s the obvious candidate for the principle of complementary of Bohr, since

it incorporates the exclusive or function, and which in fact says if no natural

ur sportaneous evolution” takes place, then the state of system will only be
determined by observing it, i.e. by measurement and the creation of information,
and that such action will inevitably change’ the nature of the system under

observation.
£,
&
The whole can only be known as the result of P and Q"

The mapping of this model onto the standard model of physics is therefore

again quite extraordinary.

9 This 1s essentially the principle which Bohm and his co-workers always stress -
in their approach to g quantum model, that everything in the universe is conhected
to evervthing else and that this essential wholeness must be taken fully into
account 1n any complete quantum mechanical model. And it is this essential
wholeness that separates the scientific paradigm ot Newton, from the new
scientific paradigm of this century; a fact that has by no means been fully
recognised by the great body of scientists who still feel that a system i1s no

more that the sum of ils parts and can be analysed as such, not always recog-
nising that this is only a first approximation.

Stapp's paper .Time and the Quantum Process, The Ultimate Significance of
Time Conference, Claremont, CA, March 16th 1984 quote "thus as regards
tendencies, the entire space-time continuum-of the theory of relativity

15 1nvoh ed in each step of the process of becoming. But as regards actualities

every actual event is associated in each step with a bounded region of space-time".

t.e. if P then Q.

v spontaneocus symmetry breaking

. not necessarily irreversibly however.

Jo—



SHAPES AND STZES -
M. Ees Burgos

Departamento de]Fisica, Facultad de Ciencias, Universidad de Los
Andes, M8rida 5101-A, Venezuela | |
‘ | S and . | _ o
Centfo de Fisica, Instituto;Venezolano de Investigaciones Cien-
t{ficas (IVIC), Apartado 1827, Caracas 1010-A, Venezuela

In the framework of quantum mechanics the central concept is
that of state, and some peOple think that the notions of shape
and size are alien to quantum systems, Nevertheless, beginning -
with the concept of state, it is possible to assign shapes and
sizes to things such as atoms and molecules. The traditional
method of doing this (1) involves Born’s postulate and presents
two inconveniences: (i) in order to evaluate the boundary of the
system, it is necessarj to fix an arbitrary chosen value of the
probability for each component (for instance, an electron) and,
as a result, the size of the system depehds on this valuej and
(ii) the fact that the size of a free system is not stable but’
grows, is not properly taken into account, A formulation of
quantum mechanics proposed by us, (2, 3)
poétulate as a hypothesis, Taking this formulation as a starting
point, we establish some definitions of shape and size that we
claim valid for every kind of system, from elementary entities.
to macroscopic bodies, We show: (a) that the problem (i) is not
present in our analysis; (b) that the quantum.stability of the
size of a free system grows with its mass; and (c) that the sizes

does not involve Born’s

of macroscopic bodies present quantum stability, .

(1) c. Cohen-Tannoud ji, Be Diu, Fe Lélo%, Quan tum Mechanics,
"ilwy, New York (1977).- (2) M. E. Burgos, Found. Physe. 1lh4, 739
(1984)e- (3) M. Es Burgos, Found, Phys, 14, 753 (1984)
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ABSTRACT FOR ANPA 7

CLASSICAL MECHANICS FROM QUANTUM MECHANTICS

(This talk emphasises advances made since ANPA 6)

One view, that may be taken of the Correspondence Principle
(CP), is that it works because the classicial and quantum
mechanics are both aspects of a mysterious substratum; and,
that certain structures of the substratum are common to both.
However, it 1is  supposed that the classicial and quantum
mechanics, taken together, are insufficient fully to describe
and explain the substratum.

Rnother view, considered in this talk, is that Quantum Theory
(QT) is the substratum, albeit, incompletely described and
poorly understood. The possibility 1is raised that, by
supplementing the axioms of OT, we may recover classical
models, in particular, those models that have been successful
(via the CP) in applications of QT.

Summary: axioms of Certainty (I), Boundedness (II), and
Continuity (III) are stated; these express properties common to
all classical models. The connections between (I1I1), (III) and
ideas in Information Theory (IT) are pointed out. The
mathematical consequences of the axioms are reviewed; in
particular, the operator of a 'classical' variable (one which
satisfies the axioms) must commute with its velocity operator
and this requires that the Hamiltonian takes a _unique form.
But, this form is not recognisable (as belonging to any well

known model) and does not obey (II). The axioms are,
therefore, inconsistent; a proof of the inconsistency is
given. As a consequence, the ideal expressed by (I) can only
be approximated in the real world, The nature of the

approximations, for some simple particle and radiation models
is examined. :

The key concept of inexact variables is introduced; this
derives from IT. It is proved, using (II), that the standard
deviation of error on measurements of the co-ordinate of a

Newtonian particle is never less than ( Compton
wavelength) /(47T ); this proof is supposed to demonstrate the
existence of at least one inexact variable in nature. It is

suggested that:

a) an optimum approximation to the axioms can be expressed
by minimising the variance products of certain pairs of
inexact variables;
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b) this optimum may be of a sort found in nature.

Approximate mathematics shows that at least two Hamiltonians

satisfy the optimum conditions: one of these has a form
appropriate to a Newtonian free particle; and the other has a
form appropriate to the classical SHO model. According to

Dirac, a set of such SHOs is equivalent to an assemblage of
bosons; this equivalence is exploited in. the theory of photons
and radiation.

Work on the optima continues.



ALTERNATIVE NATURAL PHILOSOPHY ASSOCIATION
Statement of Purposé

1. The primary purpose of the Association is to consider coherent models
based on a minimal number of assumptions to bring together major areas of
thought and experience within a natural philosophy alternative to the prevailing
scientific attitude. The combinatorial hierarchy, as such a model, will form an
initial focus of our discussions.

2. This purpose will be pursued by research, conferences, publications and
any other appropriate means including the foundation of subsidiary organizations
and the support of individuals and groups with the same objective.

3. The Association will remain open to new ideas and modes of action,
however suggested, which might serve the primary purpose.

4, The Association will seek ways to use its knowledge and facilities for the
benefit of humanity and will try to prevent such knowledge and facilities being
used to the detriment of humanity.

Organization

1. The Executive Council is the governing body of the Association. The Coor-
dinator, Secretary and Treasurer serve at the pleasure of the Executive Council,
in consultation with the membership. Decisions of the Executive Council are
-subject to majority vote of the Council as a whole.

2. Members of the Association are (a) members of the Executive Council and
(b) others nominated by the members and approved by the Executive Council.

3. In 1986 a vice-President will be elected by mail ballot of the Member-
ship based on nominations from the Executive Council and the membership.
His/her term will start in June, 1986, and (s)he will serve as vice-President un-
til June, 1987, at which point the current President will resign and the elected
v1ce-Pre31dent assume the office of President. From then on a vice-President will
be elected biannually to serve for one year concurrently with the then current
President, and the two following years as President. The vice-President becomes
a member of the Executive Council on election, and retiring Presidents remain
on the Council for five years. Presidents must serve for one full term (1 year as
vice-President and 2 years as President) and cannot run for re-election until three
years after their initial term has elapsed. Any nominations from the Membership
will be placed on the mail ballot for vice-President, but must be accompanied by
a statement from the nominee that he will serve a full term if elected.




4, The President is the official representative of the Association in external
affairs, and has the responsibility for calling meetings of the membership, at least
a.nnually, for the determination of overall policy.

5. The Treasurer is the responsible financial officer of the Association for
the receipt and disbursement of funds and shall maintain appropriate records of
Association activities, membership, mailing lists, etc.

6. The Secretary is responsible for keeping minutes of the membershlp and
Executive Council Meetmgs, production of a newsletter to keep members of the
Association informed of its activities, and such other duties as may be assigned.

7. President, Secretary and Treasurer will not be paid for their services but
may, as appropriate, receive funds for travel expenses, secretarial help, etc.

8. The Coordinator may be paid an appropriate salary for his services, funds
permitting. These services will include the organization of meetings and the
editing of the proceedings of such meetings for publication, coordination of and
participation in the research activities of the Association, preparation when ap-
propriate of research reports and publication of such reports, and such other
duties as may be assigned. :

9. The Executive Council will select an independent Advisory Board, which
will adopt its own rules for operation and replacement of members. Any mem-
ber of the Board, or the Board collectively, may make recommendations to the
Executive Council, or directly to the Membership. Action taken on such rec-

- ommendations must be promptly reported by the Executive Council back to the -

Board in writing. (Current Advisory Board: G.F.Chew, C.Isham, M.Redhead,
P.Suppes)

10. Dués are currently 10 pounds UK ($ 15.00 US) per annum.

Ezecutive Council: Dr. Faruq Abdullah, Dr. John Amson, Dr.A.M.Deakin,
Prof. Clive W. Kilmister, Mr. David McGoveran, Prof. H. Pierre Noyes, Dr.
A.F. Parker-Rhodes

President: H.Pierre Noyes,‘ 823 Lathrop Dr., Stanford CA 94305, USA [(415)

: | 857-9654], or Stanford Linear Accelerator Center, P.O.Box 4349, Stanford CA

94305, USA [(415) 854-3300 ext. 2665]

Coordinator: Ted Bastin, Pond Meadow, West Wickham, Cambridgeshire
CB1 6RY, ENGLAND [022-029-848]

Secretary: Faruq Abdullah, Room A517, The City University, Islington, Lon-
don EC1V OHB, ENGLAND

Treasurer: A. M. Deakin, 29 Southleigh Road, Havant Hampshire PO9 2QG,
ENGLAND



	Blank Page
	Content
	Preface
	1. H. Pierre Noyes
	2. Clive W. Kilmister
	3. Ted Bastin
	4. A.F. Parker-Rhodes
	5. Michael J. Manthey
	6. David McGoveran
	7. Alison Watson
	8. Geoffrey F. Chew
	9. P.J. Marcer
	10. M. E. Burgos
	11 Anthony Deakin
	ANPA: Statement of Purpose



