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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 unsque §-level combinatorial hierarchy. The construction defines indivis-
ible quantnm events with the requisite supraluminal correlations, yet does not
allow supralominal communication. Measurement criteria incorporate ¢, A and
m, 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.
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1. INTRODUCTION

Although a successful challenge to the experimental predictions of guantum
mechanics has yet to be mounted, and subtle features such as the supraluminal
correlations without supraluminal signaling implied by Aspect’s'’’ and other
EPR-Bohm type experiments have been demonstrated, for some physicists a
conceptual uneagse continues to persist. [ present here my current attempt to
meet this problem.

What framework do I accept for physica? 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” resuits. 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
ue finite beings {physicists or noj 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 chemisis by Dalton and Prout
long before, and for philosophers and mathematicians by Democritus and Zeno
in antiquily.

For me, any formulation of quantum mechanics as we know it mnst contain
the idea that gquantum events are unique and indivisible. In contrast, classical
physics is scale snvariant; any arbitrarily chosen standards of mass, length and
${ime- 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 claesical physice by recognizing a limiting velocity, a quantized unit
of action {and angular momentum!), and quantized masses, Experimentally the
only atable {lifetime > 1032 years) “elementary” mass values are those of the pro-
ton m, and the electron m. in the ratio m—’-‘ = 1836.1515 -+ 0.0005, again stable
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within the stated standard deviation. (According to cwrrent standard cosmolo-
gies the stable nuclei that could have at least as long “lifetimes” (eg. He') are
only about 101® years old, or less; whether protons have an *age” is less clear.)

In my approach, I adopt from classical physics the dynamical definition of
mass ratios from Newton’s third law as articulated by Mach, but generalised to
recognise the limiting velocity by using mass invariance (E?—(p-p)c? = m?ct) and
3-momentum conservation [Eg,-m-“d = Eff"“‘)° Experimental contradiction of
this assumption would be of immediate practical interest for those intereated in
the exploration of the solar system and beyond! The so far undefined energy {E)
in this equation is a global quantity. As Wick saw in the late 30" the easiest
way to make a compelling 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 Einsiein’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 pussle at this stage in our discus-
sion. If we fasten on macroscopic {gravitational) rasher than microscopic (partic-
ulate) phenomena as basic, the fundamental mass unit we would choose would be
the *Planck mass® Mpiance = \/Ac/G 2 V1.7 X 1038 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 (*gravitational®) mass ratios allows
gravitation, and (perhaps) all other “interactions® along with it, to be “geo-
metricised”. But this need not be the only route to “supergravity”, or whatever
catch phrase becomes current when this paper appears. In my opinion, cne of the
str__engthn 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 Mpgnex/myp
and my,/m, are calculated.

Once one accepts quantum events as basic, and the limiting velocity as well
eatablished experimentally, the*supraluminal correlations® [l predicted - but for
some people not explained - by quantum mechanice 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 atartling results as a deductive consequence. Etter, McGoveran, Manthey,
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Gefwert and I'*!'  believe that the issue can indeed be clarified by invoking a
minimai set of postulates that do not depend on the idea of space-time, let alone
quantum mechanics. What follows in this paper is consistent with 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 simply as possible and evolve by a
finite number of steps through recognisable stages into the complex situation that
we encounter as we now explore it. When [ started on this research [ was at least
open to the possibility that the universe we are exploring is “indefinitely exten-
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 emphasised) simply
be & consequence of impoverished data, - i.e. of the successive disappearance of
relevant observable points of reference as we extend our horisons. I do not think
this problem arises in acute form while retrodicting the last 15 billion years. 1
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
is no indication as yet that the elementary possibsisties were significantly different
(except, possibly, during the very early stages). In the current paper, the very
early stages of the evolution are ssmpler 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 (Appendix VI by John Amson entitled
“Bi_Orobourous” - o 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 15 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 2137 4+ 136. Our construction yields all of these observed features as stable
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conseguences of the construction independent of the details. That the theory
developed here has a starting point and achieves evolving complexity possessing
dynamic and heritable stability 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 increasing in complexity in the future, and hence contains
indefinitely extensible possibilities. This theory has a fixed past, an event horiron,
and yet and indefinitely extendable {though uncertain} 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 I am aware.

In this current attempt to meet these basic requirements when reconstructing
quantum theory | have made use of many ideas and techniques conceived and
developed by other people!®*) . In the series of papers on *Concept of Order” "]
Bastin and Kilmister presented reasons why distinct ®events” should relate to a
basic algebraic structure connected to *3+1 space”. By 1968 this research, to
which Amson, Bastin, Kilmister, Parker-Rhodes and Pask had all contributed,
had led"”' to the closed 4-level combsnatorial hierarchy with the cumulatwe car-
dirals 3, 10, 137,227+ 136 2 1.7 x 10°®,

The work on the combinatorial hierarchy did not face directly the statistical
aspect of quantum mechanics, which | 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 uae 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 deacription “con-
structive physics” had to be computable. Fortunately the expert I firat turned
to was Manthey; the result was PROGRAM UNIVERSE.

Onr uze of a computer simulation to model the theory is sometimes mison-
derstood. I do not think of the universe as a “big computer in the sky”, What
the coding does for us is {o keep us honest; i we can show that the program is
indeed computable, then we have protected ourselves from making all sorts of
logical errors. A computer simulation ie a specific type of “model”. ¥ i$ succeeds,
all that we can say is that, within current experimental error, we have succeeded
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in isolating those aspects of experience which act in a manner isomorphic 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. [ trust it is clear that I am not a reductionist or a
mechanist. Materialism is a separate issue, whichk will not be discussed here.

PROGRAM UNIVERSE, a peculiatly 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 guantum numbers, masses and coupling con-
stanis) provided by the combinatorial hierarchy. The technical details are given
in Chapter 2 where we provide a specific construction of the four level hierarchy
and the address ensembles; Mike Manthey’s coding for this construction is given

as Appendix IV.

In order to meet our objective of constracting a guantum mechanical physical
theory, we must somehow relate the structure we now bave in hand to measure-
ments of mass, length and time in the ordinary sense. We do this in Chapter
3 by poting 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 meaningful
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 usvally explicit by starting from a *counter paradigm” which relates the bit
etring 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 eventa provided by PROGRAM UNIVERSE a relativistic quantum scatter-
ing theory which, via the counter paradigm, conserves guantum numbers and
3-momenta in a manner consistent with laboratory experience. The basic idea
in thie 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 give a more detailed explanation here than was possible
in our conference report'""’

In Chapter 5 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 numbers
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
m,,/m, 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.

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 Appendix I, Kilmis-
ter 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 Appendix II Bastin discusses, among other things, the idea of
“inexact matching” which he and Kilmister have explored; 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 Mantiley
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 by Mike
Manthey(in Appendix IV) starts from two memory locations which flip a bit
backward and forward on one time interval; one bit is read whenever the (asyn-
chronous) 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 gen-
erator” 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 is deterministic (if it is working properly), so this means calling
on some number generated 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;
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we must content ourselves with the currently available pseudo-random number
generators for our simulations. McGoveran's basic thinking on this was spelled
out re:\:ent.ly‘“i in response to a query from Kilmister. I quote:

<] 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 ar infinite state
machine {infinite being “constructively infinite™}, and as } demonstrated {1984
ANPA West Proceedings), there will always be a method for constructing certain
repeating binary inputs whick a given Gnite state machine with finite memory
can not distinguish from ‘random’ binary inputs.

*in some sense, randomness is 2 local phenomenon. So long as a ‘generator’
is available which has signiicantly more etates 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 passes all computable tests for randomness
of a fixed complexity (i.e. by a finite state machine with m possible states),
it will be possible to construct a finite state machine with n >> m possible
states which produces that string. In algebraic terma: there exists a computable
function g (psendo-random number generator) for each finite class of computable
functions f; such that, whenever the range R, of ¢ 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:

Finite Finite
Stote ; L --—— State
Machine '_-"G Machine

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

“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 s means
exists for constructing ANY sequence, I have insisted that we have no need for

9,

the concept of randomness, replacing it with ‘arbitrary’. We implicitly recog-

_ pise an as-yet-unspecified ‘Gnite computable function’ as the source of ‘arbitrary’

strings.

“So long as we are biind to the nature of a deterministic system, the effect
is the same locally as having "random choice”. Furthermore, true randomness
smplics 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
the frequency theory sense of probability, we can understand the basic arbitrary
choice from which the algorithm called PROGRAM UNIVERSE starts. But the

generation of the strings in this universe and the discrimination between them

require considerably niore background if the algorithm is to be foliowed.

The basic eiements with which the bierarchy work started are ordered strings
of the symbols 0, 1 of the form S°(Ny) = (..., #3, ....}%, where Ny is the integer
specifying the ntimber of symbols in {“length” of) the string, n is the usual integer
ordering parameter n € 1,2,3,..., Ny, and 32 €0, 1. We will discover below that
when our construction has proceeded far encugh we can specify the label g in
terms of the sequence of symbols in the N, positions n € 1,2,3,...,, Ny < 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 Appendix | where in a sense they come to
us along with the hierarchy itself. If we define the null string Oy = (0,0,...,0)n,
the operation & which tells us whether two strings are the same or different {and
kence discrimsnates between them) gives S° ®5¢ = 0n,, when they are the same
and has two equivalent definitions:

(rda+a B,y =52 @5 = (o, (45— 8802, )i {2.1)

whether they are the same or different. For the first definition the operation
+3 is addition (mod 2, or symmetric difference, or excluaive “or”, the symbols
are bits and the operation is the standard XOR of computer practice. For the
second definition the pymbols are integers and we can define operations such as
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k*(N} = EI_,;83 which gives us the number of *1” s in the string. This fruitfol
ambiguily was first noted by Kilmister and myself; we refer to esther operation
as discriminalion in order to preserve the generalisation that goes beyond XOR.
The: anti-null string is symbolised by Iy = (1,1,...., 1), allowing us to define
the “bar operation® $¢{N) = 15 & S*(N} which interchanges “0*’s and *1” 's in
a string.

By 1980 Kilmister™™ realised that the discrimination operation by itself
would not suffice for the theory, since it gives us no clue as to how the atrings 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 fourd out how to go on to arrive at the discrimination operation using this
approach. The final{?) version of his approach {which was sketched out at ANPA
7 and completed aince) is given as Kilmister’s Appendix 1. 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 wnigue, 4-
level combinatorial hierarchy with the camulative cardinals 3, 10,187, 21374 136 =
1.7 x 10, '

As Kilmister and I soor realised, once one has introduced the generation
operation, there is nothing to stop it from generating additional elements even
when 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 1 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 gusnisum siate 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 physica®, it wounld have to be expressible as 2 computer program. Thia
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.
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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 aiready 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 atring and concatenated with that string; the length of the
strings goes up by one. This second operation is called TICK.

We generate the sirings according to the flow chart:
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Figure 1.The flow chart for Program Universe.

PROGRAM UNIVERSE

NOQ. STRINGS = 8U R = 0,1 (FLIP BIT)

LENGTH = Ny PICK := SOME Ujij p= 1/SU
ELEMENT Ui TICKU:=U|R
ie1,2,....5U E=1y®5

[U=R U =R su=2 Ng = 1]

TiCK
U:=UR 8; = PICK V:=U U8
Ny=RNy+1 SU:=S8U +1
8y := PICK
Si2:=5; ® 5

BE
LABELED}

E323A3
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For those who prefer explicit coding, this is provided by Manthey in Appendix
IV. The program is initiated by the arbitrary choice of two distinct bits: B :=
Oori, R =1&R. Entering at PICK, we take S, := PICK;S5;:= PICK;5,3:=
8; @ S3. If $12 = Oy, We recurse to picking S until we pase 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 runaing 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 resulis of a run of the program.] The
program then aske if 84 is already in the universe. If it is mot it is adjoined,
U :=UU 8,80 ;= 8U + 1, and the program returns to PICK. I Sy, is
already in the universe, we go to our third, and last, arbitrary eperation calied
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 concateration.

What may not be obvious is that TICK resulis either from a $-event which
guarantees that at string length Ny the universe contains three strings con-
strained by S°@S5P@S° = Op,, or a {-cvent constrained by S°S*BS ®S? = Oy,
that theee are the only ways events happes in the bit string universe is illustrated
in Figure 2.
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Figure 2. How events happen in Program Universe,

5U

512"'{

SU

SU+] | Si2 = 5§19 5

3-EVENTS
N-1 N
5 ty Salitu=81ues; |t
S ta tia=t; §1
S;z ‘!3 - T!Cl{
s*@stes =0y
4-EVENTS
5
5= 5,
5 S @5 =58
S5 — TICK
5y
scopStescasi=oy

EACH TICK “RECORDS" A UNIQUE EVENT “SCMEWHERE"

IN THE UNIVERSE

-84
$I2IAL
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' In the case of 3-events the universe just before (N = 1)* TICK contained three
atrings constrained by S} & 5] @ 5], = 0y, which were replaced by §; = Si{i¢,,
S4lit2 and 51,213 respectively as a consequence of that TICK. Before the Nt/
TICK 8, and S5 are picked and 5,3 generated by discrimination. Clearly, if
tyz =1t; Dt then 5,3 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 5,7 generated by discrimination is not already in the universe,
and hence will be adjoined to it. Eventually however (if the program does aot
encounter some circumstance that produces a 3-event first} it will pick two strings
85 and Sy {which could even be a second pick of S; and 53) such that S3 @ S; =
5\ @ 83; clearly this will then lead to the N** TICK as a 4-event.

In the original version of PROGRAM UNIVERSE, 1 was hung up with the
idea that only ¢-events should occur, because energy and 3-momentum cannot ia
general be conservid in 3-events {a fact familiar to particle scattering data ana-
lysts). 1therefore went to some elaboration to insure this, and only later stripped
down the program to the present form. Once I bad done this, James Lindesay
then saw that 3-evehts could also occur by the mechaniam just described. As we
will see below both are needed in the scatiering 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 imporiant to keep in nind 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 atatistical arguments. Contact with experiment can
only be made indirecily 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 cornections provided by theory and experiment by means

of some more or less succesaful type of analogical thinking to refine and improve
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1
1

Table 1

the stalistical behavior of our counters, or more sophisticated detectors, )
The combinatorial hierarchy

¢ B(t+1)=H() H{f} =289 -1 M{t+1)= M) C{t) =Z4_, H(7)

In order to see that this program also leads to some representation of the hierarchy

combinatorial hierarchy and to the label-address schema, we must first discuss level {0) - 2 (2) -

the idea of discriminate closure, originally due to John Amson. Given two distinct ; Z g :6 130
(tinearly independent or Li} non-null strings a,b, the set {a,b,a@® b} closes 3 7 127 956 137
under discrimination. Observing that the singleton sets {a}, {b} are closed, we 4 127 2127 3 (256)° 2127 _ 1 4137

see that two Li. atrings generate three discriminately closed subsets {DCaS’s).
Given a third L.i. string ¢, we can generate {c}, {b,c,b®c}, {¢,0,c® a}, and
{a,b,c,a®bb@c,cPa,a®bDc} as well. In fact, given 5 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 vs to construct the
combinatorial hierarchy!® by generating the sequence {2 => 27— 1 = 3},(3 =
2% —1=17),(7=>27 - 1=127), (127 = 2'%7 — 1 2~ 1.7 x 10°%) 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 c;ne level, treated as sets of vectors, could be mapped by non-singular {so as not
to map onto sero) square matrices having uniquely those vectors as eigenvectors,
and if these mapping matrices were themeelves linearly independent, they could
be rearranged as vectors and used as a basis for the next level, In this way
the firat sequence iz mapped by the second sequence (2=> 22 =4), (4 = 4% =
16}, (16 => 162 = 256), {256 = 256). The process terminates because there are
only 2562 = 65,536 = 6.5536 x 10* Li. matrices available to map the fourth level,
which are many too few to map the 227 — 1 = 1.7016... x 10%® DCsS’s of that
level. This {unique) hierarchy is exhibited in Table 1.
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Level 5 cannot be constructed because M{4) < H{4}

Although this argument proves the necessity of the termination {which is no
myatery in the sense that an exponential sequence must cross a power sequence
at some Bnite term), it did not establish the existence of the hierarchy. This was
first done by me by creating explicit constructions of the mapping matrices!!7)
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 Indistinguishablcsm" ; & useful
discussion of that theory is provided by him IN Appendix III

The method Manthey and | 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 ren of PROGRAM
UNIVERSE contains {if we enter the program at appropriate poirts during the
sequence) all we need to extract some representation of the hierarchy and the label
address acheme 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[i] as 3 pointer to
the spot in memory where that string is stored, this poinier can be left unaltered
from then on. 1t is of course simply the integer value of SI/ + 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 N,,.. > Ny, i.e. can accommodate
the longest string we can encounter during the (necessarily finite) time our budget
will allow us to ran 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 Isi
was first assigned will remain unaltered; only the growing head of the string will
change. Thus if the strings 1, 7, &.... labeled by these slots are linearly independent
at the time when the latest one is assigned, they will remain linearly independent
from then on.

Once this is understood the coding Manthey and [ 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 1. The next vector which is linearly
independent of these two starts the basis array for level £, 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 iabel 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 N, 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 labeted address ensemble. Because of discriminate
closure, we must eventually generate 2?7 + 138 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 invariant 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 2 TICK, which increases the complexity of the universe
in an irreversible way. Our theory has an ordering parameter (N} which is
conceptually closer to the “time” in general relativistic cosmologies than to the

19

“reversible® time of special relativity. The arbitrary elements in the algorithm
that generates events preclude unique “retrodiction”, while the finite complexity
parameters (SU, Ny} prevent a combinatorial explosion in statistical retrodiction.
In this sense we have a3 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 cur theory, are available for epistemological
correlations with experience.

What was not realised 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 increaee in the number of strings
in the unpiverse by the creation of novel atrings 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 atring length {TICK} implies an “ex-
clusion principle®; if a string (state) already exists, the attempt to fill it leads to
ae “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 monotfonically increasing like
the cosmological *time” of conventional theories. Our events are unique, indivis-
ible and global, in the computer sense; consequently events cannot be localized,
and will be “supraluminally” correlated.
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3. THE COUNTER PARADIGM; THE COSMIC FRAl\:AE

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, momentmn conservation for mass ratio mea-
surement, and to find some phenomenon that brings in Planck’s constant for the
third connection {charge via ¢Z /e, Compton scatiering, deBroglie wave inter-
ference, biack body radiation, photo-eflect,...). The inter-relationehips between
these measurements provide tight standards of seli-consistency, and numerical
values for the fundamental constants which in the end are more important than
the comparisons with the standard meter, kilogram and second. Thus ali 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 realised long ago, one of the easiest ways to nake 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 2 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 ¢, and the momentum P and energy E are related to the mass
m by P =mpe/\/1- 52 and E = mc?[\/1 - 2 {or E? — p?c? = m?c!} where
B = V/c. Thas i the basic quantum mechanics used is written in momentum
space, and all physical quantities can be computed from the momentum space
scatiering theory, then contact with laboratory measurement is about as direct as
possible, This is sosnetimes 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 tranaformation, and has only 2 formal significance,
particularly for short distances where direct measuremnent with rods and clocks
is impossible. Hence if we can show that our bit string universe supports a mo-
mentam space scattering theory of the same structure as conventional relativistic
guantum snechanics {or at least in close enough correspondence to that structure
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80 2s 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 circumstances whick 1f 45 the lask of the ez-
pervmental physiciat to investigate, can lead to the firing of o countler.

The typical laboratory situation we envisage is that in which one of 2 beam of
particles of some known type {which eventuaily we will have Lo connect to some
label a in the bit string universe) enters and fires a rmacroscopic counter, and
at time T later a counter a distance I from the first which is sensitive to the
same type of particles also fires. Ignoring the practical details which will oceur -
to the experimentalist, and the many sophisticated steps he will have to take to
convince his colleaguea that neither firing was “spurtous”, we follow conventional
practice and say that this sequence of happenings means that a particle of type
a has been shown tio have a velocity v = L/T, and until something else happens
will (if it carries a conserved quantum aumber such as charge or baryon number)
continge to have that velocity in the geometrical direction defined by the first
two counters. This assumption can be checked by adding counters down streamn
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 paradigin to the bit string universe
is to assume that' the first firing is counected to some unigue event involving
label a and that N TICK’s later there was a second event involving the same
label connected to the second {iring. Further we assume that for some relevant
portion {to be spelied out in detail later} of the address ensemble with this label
the average number of ones added by these TICK's was < k%(N} >=< E¥ b2 >
allowing us to define a parameter % = ?:E_EL%B_:_{"__ 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 8% = v/c = L/¢T. Following Stein" we
interpret this ensemble of strings of length N as a biased random walk in which
a I representa a step in the positive and a 0 a step in the negative direction,
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Since we now know how to relate sub-ensembles of bit atrings to velocities
in laboratory events, the question naturaily arises as to what coordinate system
the full ensembles generated by PROGRAM UNIVERSE refer to. Fortunately
this is an easy question {o 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. Bui the statistical method by which
the strings are generated guarantees that on average they will have as many seros
as ones, defining uniguely a sero velocity frame with respect to which non-null
velocities have significance. Clearly this must be identified with the empirically
known “cosmic® sero velocity frame. Further there are two strings, 1y,and Oy, ,
which describe two atates in which corresponding labels, 1y, and Oy, , have had
the limiting velocity in opposite directions from the start. Thus we have an
event horison, to which we cannot assign any further content even after we have
constructed our version of 3+1 “space”; the event horizon mast be isotropic.
Of course within that event horison we could still be receiving signals from the
remnants of collections of events which can be expected to be isotropic only in
a statistical sense. We find it very satisfactory that these observed cosmological
features emerge 20 readily 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 keepa on reproducing itself in subsequent eventa. Thus labels have
an snvanant 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
maises to my {or to Mpianex). 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 cbvious, and I have
made several false starts on the problem, from each of which I learned something.
The key turned cut to lie in the parallel development of a finite particle number
relativistic quantum scattering theorym'”' which 1 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
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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 apell 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® iz of length Ny = Ny — Ny when
the first firing occurs and of length N4 + N when the second firing occurs. The
laboratory velocity ¥V = fc is then to be computed from the bit string model by
p* = (2k*/N) -1 where for a single string k°® = Ef;;f“bﬁ. As we have already
discussed, we are not allowed to access the computer memory directly, so our
knowledge is not this precise. The macroscopic size 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 S+ AB8/2 where Af = (L+AL)/c(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 | fastened on the counter paradigm as the correct point of contact
between the theory and experiment, [ tried to make use of Stein’sl?? “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!/plq! for the most probable position of the peak. To relate this
to the velocity of the “particle” take p = 3(1+ f) and ¢ = }(1 — §), where B¢
is indeed the velocity of the most probable position. From the fact that the -

standard deviation from the peak is /Npg = \/%(1 — f2) Stein then arrives

at the Lorents 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 N4y +1 — N4 + N portion of the address
strings represented steps in the positive (first firing to second) direction between
the counters and the (’s steps in the opposite direction. The definition of £
remains the same, and by taking the step length as € = hc/E 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
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make up “wave pa.ckets”‘ from these discrete “velocity states”, it iz easy to show
that the most probable 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 X = k/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 philozophy.

We now have h, ¢, 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-
gervation in events using the strings of program universe. But our identification
of address strings with velocity statea already allows a number of cosmological
connectiona 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 cosmological event horizon and its isotropy, and 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,

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 theoryl22-37, The basic idea in this
scattering 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
degreea of freedom which are included.
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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 involveat
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.

The Faddeev (3-particle) theory has three input processes: @ +b «» a +
b, ¢ spectator; b+ ¢ « b+ ¢, a spectator; c+a 4~ ¢c+a, b spectator. But
when “crossing” is considered'*”! the dynamics have to describe-as well the anti-
particles &,, Z with no change in the dynamical degrees of freedom. In quantum
field theory or S-Matrix theory, any particulate state with velocity ¢ and quantum
number(s) Q(,j must enter the theory in such a way that no prediction of the
theory ia aitered by changing the {conventionaiand arbiirary} choice of sign of the
quantum numbers and choice of reference direction for velocitiea to —v, —@Qy,) and
inverting the coordinates (parity operation); the relative sign between velocities
and quantum numbers ts gignificant. Since for any labeled address A%, A® =
1py -, ® A%, B2 = — B2, 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,..,2'%7 + 136)} Q® = —Q*; all rules used below meet this requirement.
Then any 3-event can be viewed as a two particle amplitude

0 —

; : ¢=a®b spectator (4.1}

—adbz=amb—o .

—b
ot the velocity reversed equivalent; note that we cannot distinguish this locally
from any cyclic or anti-cyclic permutation on a,b,¢. In terms of the scatter-
ing theory we have developed!?*~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 6+ b —+— a +b. Because the distinction between the symbols 0 and 1 does
not depend on which is which (a point brought home forcefully by John Am-
son’s discussion of the Bi-Orobourous included here, the masses of particle and
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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 tero momentum frame. The extension to 4 events, taking
proper account of the two cases, is immediate:

(3,1): a@bddc—d=d+—a@bas d=a®bdc spectator (4.2}
(2,2): a@b— (ab) = (ad) — a@b; (cd) = a Db spectator (4.3)

Since our basic process is what is called in high energy physics “anelastic®
(2 in, 2 out but not necessarily the same two), it would appear that there are
only two degrees of freedom - energy and scattering angle or the manifestly co-
variant Mandelstam variables. Actually this is true eo 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 magnitudes of the three momenta p,, p, p., 3-momentum
conservation guarantees that the vector triangle formed by them closes, o 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” (E? — 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, l-c.c. 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 scatiering theory uses single
particle basis states with energy, momentum, mass and velocity connected (with

B2={V/c)? and c =1} by
E?-pl=m?>0; 0<p2=p?/E? <1 {4.4)

Calling these states |m,, 8, >= |a >, the single particle mass M?, velocity B*,

27

momentum P¢ and energy E°® operators have these states as eigenvectors:

MCla >= mg|a >;B%a>= fala>= Fa o > (4.5}
m? +p;
Polas— TP 1 o gejgsm oo (4.6)
1- 42 V1-62

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) = Lo(N.)||A%(Ny ~
N} = [a >. All values of the parameters compatible with the constraints ex-
pressed in Eqn. (4.4) are allowed in the conventional scattering theory. Bit
string dynamics is more specific. Only the discrete velocity eigenvalues £, =
N -
E;Nf’:’ﬁf& — 1 are allowed. Here N, and N, are the string lengths of the uni-
verse when the two events of interest in defining the velocity state space occurred;

of course Ny < N; < N < Ny

There is an interesting convergence between the basis states the bit string
universe generates automatically and the “light cone quantization” states which
Pauli‘and Brcn:la:ky[“I 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? = (237 +136) Mpranckc® = (2'127+136)%m,c2. Working out the connection
to the maximum finite values for N 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 momentum cutoff is set
by the computing budget rather than more fundamental considerations.
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Fortunately the minimuin resolution we can achieve sets practical limits that
are sisnpler to discuss, and which are directly related to the states Pauli and
Brodeky use. They relate their invariant 4-momentum M to their *harmonic
resolution” K by requiring, as we do, serc center-of-mass momentum (cf. p. 1999,
Ref 41). Their unit of length is Ac = h/Mc which is the same as the step length
£ in our random walk. Hence their harmonic resolution K = L/A¢c = 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 cne time dimension depends
on the .... value of the harmonic resolution K*, This should make it clear that
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 preblem for future regearch.

There iz a difficuity 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, Py, P, L, works very well. Our problem is different in that
there is nothing in the definition of “event” which imsures that 3-imomentum
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 fogether to
describe a 3-event or a 4-event. Actually this is a difficelty 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 probiem by requiring that any iateraction used
either conserve 3-momentum, or be an approximation in a system where some
farge mass is allowed to take up arbitrary amounts of momentum. In quantum
field theory the problem is met by assuming certain symmeiries in the space of
description and the allowed interactions, which lead to 3-momentum conservation
for observable processes. “Vacuum fuctuations” {or disconnected graphs) which
violate various conrervation lawz can still occur; they correspond to the events in
our theory which we alao wish to exclude. If one takes the symmetries as more
fundamental, then momentum conservation can be *derived”; however, I wounid
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.
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8-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 ali
driving terms in the integral equations, and the structere 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 gquantum theory.

Actually the recent work by McGoveran and Etter!t] puts us on still firmer
ground in making this restriction. The basic fact about a discrete topology is
that distance cannot be defined until ordering relations, which define attributes
of the resulting partially ordered sets, are iinposed on the initially indistinguish-
able finite elements. Once this ia done, the “distance” depends on the number
discrete ways in which the information conteat 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 ome 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 synchronszation) can occur supraluminally. This is our
basic explanation of the EPR effect. With regard to the point under discus-
sion, since 3-momentum conservation ie one of the known attributes of physical
effects, we are clearly jusiified 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

IPs = pb| < Pe < pa + Pb; @, b,¢ cyclic (4-8)

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 + p} + 2papscosfiap, but the digitization of
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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 guantisation in units of A to the h we have already introduced via our
random walk. We cbviously cannot introduce Planck’s constant twice. In a met-
ric space restricted to commensurable lengths Phythagoras’ Theorem does not
alwaya hold. McGoveran has pointed out that when we try to close trianglea in a
discrete space the restriction to integer values is one way that non-commutativity
can enter a discrete topology. So all of thia should work out in the long run. If
it doesn’t we are in sericus trouble.

We nail down the 3-momentum conservation law by allowing only those la-
beled address ensembles for which it holds to provide dynamical cornection 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, =0, and
hence that L3 @ L*®c = 1y, = 1 cyclic on a,b,c, where L3 =1, G L®. If we
define the quantum number operators for some attribute z by Q2ja >= ¢%|a >
and require that

Q:[0L >=0=Q:[1. > (4.9)

and that ¢, = —ga, quantum number conservation in 3-events follows immedi-
ately. Further, velocities and particle-antiparticle status reverse together, as in
usual in the Feynman rules. We defer the discuasion 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 eventz I had failed to make work. In the
scattering theory, the connection between events is provided by the “propaga-
tor” mf. Here +(-) refer to “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 8 = 1 + T, that is $'$ =1 or the corresponding
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resiriction on the scattering amplitude T, is then all that ia needed to insure
flax conservation, detailed balance and time reversal invariance in the conven-
tional formalism. This is the formal expression of the Wick-Yukawa mechaniem,
which attributes quantum dynamics to the “off-shell” scatterings at short dis-
tance which conserve 3-momentum but allow the energy fluctuations consistent
witk 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 scatiering procesa when one starts
from energy E for the incoming atate. 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
normalisation of this singularity can be fixed by the unaitarity (flux conservation}
requirement, and need not concern us. The scattering equations are simply the
sum over all the possibilities allowed by the conservation lawa with this weighting.

To obtain the statistical connection between eventa, we start from our counter

[ [ i i
paradigm, and note that because of the macroscopic sise of laboratory counters,

there will always be some uncertainty Af in measured velocities, reflected in our
integers k, by Ak = %N ApB. 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 § = Sy to accuracy AB)
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 X = ¥ it is clear that when we start both lie in- the interval of
integral length 2Ak about the central value ky = i;;(1 + fo). When k # k' the
interval in which both can lie will be smaller, and will be given by

[{k+ Ak} —{k' - Ak)) =24k — (k' — k). (4.10)

when &' > k or by 2Ak+ (k' — k) In the other case. Consequently the correlated
probability of encountering both & and &/ in the “window” defined by the velocity
resolution, normalized to unity when they are the same, is f(k, k') = %}::—:3,
where the positive sign corresponds to k' > k. The correlated probability of
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finding two values kr, kf after T ticks in an event with the same labels and same
normalization is 1{-’51'—"%—}- This is 1 if k' = k and k% = k7. However, when &' 3 k,

Jik.k!
a little algebra allows us to write this ratio as

14 2 ﬁk‘—nkr + Qﬁ’k_ﬁk .
(G M (L {4.11)

If the second measurement has the same velocity resolution Af as the brat, since
T > 0 we have that Aky < Ak. Thus, if we start with some specified spread
of events correspondiag to laboratory boundary conditions, and tick away, the
fraction of cannected events we need consider diminishes in the manner illustrated

in Figure 3.
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Fiéure 3. The connection between the address strings in tick-separated events
resulting from an initial uncertainty in velocily measurement.
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Consequently if we ask for the correlated probability of finding the value 8
starting from the value § we have proved that in the sharp resolution limit this
is 1if A=A’ 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 §-function, and
since we are requiring 3-momentum conservation the theory would reduce to
relativistic “point particle® scattering kinematics. But the limit we have derived
approaches 0 with a sign that depends on which velocity is greater, which in turn
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 outgeing. In order to preserve this critical distinction in the limit, instead of
something proportional to a §-function we must write the propagator as

kim —1in |

P(p,8'} = r}—*ﬂi[ﬁ’—ﬁ—-iq (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 actually be derived from our interpretation of the bit
strings. As already noted, the actnal normalization of the propagator depends

on the normalization of states, so we can use the conventional choice E,_Elym '

just as well,

What 1 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 iz also very satisfactory that the dichotomic choices at the
lattice connections arising from TICK are strongly reminiscent of Finkelstein’s
“gpace-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 nea-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 particle, 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
congervation. We now have derived all the ingredients needed for the scattering
theory. Since we have on hand a preliminary description of the theoryl®?! we
repeat here the portion relevant to this paper.

Fortunately the “zero range scattering theory” developed in a non-relativistic
context!Z® 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 t]}e invariant four-momentum of this pair is equal to the nucleon

‘mass. As has fbeen noted many times(2®| 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 nsual 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? to provide physical insight into
Yukawa’si®! meson theory. Putting this together with the requirement that ob-
servable probahilities 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 ezfernal (and then laboratory) frame
and reduces the dynamical (internal) degrees of freedom to 3. The remaining 3
simply allow the result of selving 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
but our “conﬁned quantum” :a.:zfav.umptionf""":ni 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 nonrelativistic
potential scattering, or a single vector variable P with the understanding that the

azimuthat angle {or magnetic quantum number} is an “ignorable coordinate”.

i-nuclecn, there will be a pele at the mass of the mesonl,

nAd an
L+ Y Ty WIILAN Yraa v de e AT LS Ll e 1]

-
HIE

There is 2 further non-trw:ai kinematic fact which simplifies cur resuit. We
use the Goldberger-Wa.tson ) propagator ;!{(z) = € + €2 + €, ~ z where

=/p? +m?, 1€ 1,2 and ¢, = \/¢% + 2. Since we are in the sero momentum
frame, this is related to the invariant § = (£, + ks + A:,,)2 (€2 + €3+ €,)% by
Rolz} = (V/§ — 2)~} Here PiiP2g 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 p,, with the invariant 3, = {¢5 + ¢, )% or
fa = 34/%a T %:7—;"1‘1 because p2 = €2 — m2 = €2 — p2. The model requires the
driving terms to have a pole at S, = (& +ku)? = m? = {&; +¢,)* — p? where
we have used the fact that p; +p, +¢= 0. Hence (for equal mass nucleons)
Sip—m?={VE—¢)2 -l = "VS(V/S —2¢;), and the pole also occurs at § = 4¢}.
Finally, we note that on shell S =8 = 3; = 42 and p? = {p°)?, s0 the pole
alao occurs when the two momenta are equal, Tlns allows us to write the driving

terms as .
9263(p - Po) ) (4.13)

P2 — (%) —in

[ln 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 = 5; jea,8,, My {4.14)
where the Faddeev operators My; ate defined by the operator equations
~[Map — tabap] = taRo{Mpa + Myg] = {Maa + Masy[Rots {4.15)
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The §-function in the driving terms reduces the corresponding integral equa-
tions immediately to coupled equations in two variables. Further, since we are
concerned here nnlv with the (2.2} sector, and hence with the residues of the

SLalats LY gl y OELLOE LRLL

double poles, which in a non-relativistic context would be called “elastic and
rearrangement amplitudes”, we can define

g b
Maﬂ - ta&aﬁ = rﬁfHap(ga,Eg;Z)W (4.16]

@ be b ca

For the 3-nucleon paper we are relying on here, we assumed two nucleons and
onte meson with no direct nucleon-nucieon scattering,and called the four surviving
amplitudes K;;.

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

{
Tlp,p) = Ktlp, p) + Kualp, —p) + Kas{-p, P} + Ko, -p))  {427)

where i ._
Viedp;, o) Kis Pk, ;)
Kii{p;, 2,1 — Vaelpir vy =fd3 ! eiLé) 418
:(,_. .J) k(,, f;) Px (7})? _Pf i {4.18)
and
V '2
=14 ; 4.19
3 ( J) g;[l; —Eg,+€) ( )
with E:lf' = (g. +5)2 +#2-

If the “bound state” is reguired to contain exactly one particle and one meson,
three particle unitarity fixes a unique constant value for the coupling constant!?7l.
However, as has been discussed in connection with the “reduced width” {also the
residue of 2 “bound state” pole) in the non-relativistic theory'*” 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;; satisly coupled channel
Lippmann-Schwinger equations, their unitarity and that of the T' construcied
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

38



phenomenology. In fact the equations in the non-relativistic region correspond
to an ordinary and exchange “Yukawa potential® or for negligible meson mass
and g* = ¢? to the usual conlomb potential. Thue we finally have made contact
with both Rutherford Scattering and the Schroedinger equation for the hydrogen
atom starting from bit strings!

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 §¢ = 1, @ §° =
1114 ® 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 along 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 11 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 A rather than % 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 ia
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 representation (b;,5), is
to take b, = (b; — _bz)%h, as is shown in Table 2a.
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Table 2
Conserved Quantum Numbers

2a. Level 1.
String go="b; — b3
(blsbﬁ)
10 +1
01 -1
11 0
00 0
2b, Levela 2 and 3.

|
String ! n g2 2
{81b253d4} bi—batby—by bitba—-bs—by bi—br—dat+d4
1110 1 +1 +1 -1
0001 -1 -1 +1
1101 -1 +1 -1
0010 o | -1 +1
1100 0 +2 Q
0011} 0 -2 0
1111 ] 0 0
0000 . 0 0 0
0111 -1 -1 +1
1000 +1 +1 -1
1011 +1 -1 -1
0100 ) -1 +1 +1
1010 +2 0 ]
0101 -2 1] 0
1001 0 ] +2
0110 0 0 -2
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Then, if we adopt the usual convention that the eleckron neuirino is “left handed”
and has negative helicity relative to the positive direction of motion, we have
{for massless neutrinos} ¥, = {01}f{14 and v, = (10})}15. There are only two
states because {thanks to invariance under the bar operation} for intermediate
states a neutrinc inoving the positive direction is indistinguishable from an anti-
neutrino moving in the negative direction. Only in the laboratory, where we
can use macroscopic “rigid bodies” to establish directions, can we measure both
parainelers.

Hlaving an obvious interpretation of the basis states for Level 1, the inter-
pretation of Level 2 is almost as straightforward. We use the representation
{61, b2, &3, é.;)' which allows three quantum numbers which meet our restrictions
to be defined: gy =b; ~ by +b3—by,g2=by +ba—bs—bs, gz = by — by + by — by.
These are exhibited explicitly in Table 2b. Since Level 2 only has three linearly
independent basis vectors, we require by, = by, which arises naturally from the
mapping matrix construction of the hierarchy, as we have discussed in detail in
previons work. Under this restriction g1 = —¢a, so there are oaly two indepen-
dent quantum numbers. The obvious choice is to identify ¢, as lepton number
{or electric charge) and g2 as helicity in units of %h, which leads to the particle
identifications in 'Table 3. The graphical representation of these numbers given
in Figore 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 siring 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 nuil
string, the wsual hierarchy 127. Assuming for the momnent 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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String

{1110)
{0601)
(1101}
{0018)

(1100)
(8011)

{1111)

{o000)
(0111)
{100 0)
(1011)

(0100}

{1010)
(0101)

{1001)
{8110

Level 2

Table 3
Particle identifications for Levels 2 and 3

Level 3 {color singlet)
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Figure 4, Level 2 quantum numbers represented as strings.
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Tomake this inte quantum chromodynamics, we need only note that the level
2 quantum numbers also define an S5 octet, as is shown in Table 4 in terms of
LU and V -spin; again Figure 4 illustrates the relationships.

Table 4
The SU3 octet for “I,U,V spin”

(bublgb;abl.;) 2Iz 2Uz 2Vz = 2(}.3 + Uz]]

STRING: 1110 +1 +1 +2
0016 -1 42 +1
1100 +2 -1 +1
1111 0 0 0
0000 0 o0 0
0011 -2 +1 -1
1101 +1 -2 -1
0001 -1 -1 -2

2L, = b1y + 612 — b1z~ b1y
2U, =—2by, +b10+2b13— b4
2V, = —byy + 2by5+ bya — 2byy

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 c¢olored quark and the
agsociated 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 + 136 quantuin states. We see that level 4 gives us a combinatorial éxplosion
of higher generations with the same structure, but only weakly coupled becanse
of the Jarge 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 consiruction forces us to
do. This problemn has not been faced in previous discussions, and the conclusions
reached for purposed 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 Newionian
gravitational interaction wiich 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, Lhe 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 belore, ocur theory is
analagous to doing QED in the “coulomb gauge”, so the spin-flip y3| 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 & priors. Conventional theories are now struggling
with the problem of how best to combine weak-electromagnetic unification with
the standard model, the géneration struciure, and gravitation in some sort of
“super-unification” scheme. So the problem we hit in cur own theory lies close
to the cutiing edge of conventional physics, as promised.

45

o

The cosmological implications of our theory are also interesting. We have
already noted that our first approximation gives us Newtonian gravitation, so a
“fat space” cosmology can also be anticipated. Our “big bang” - like that in an
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 scatierings can take place in =~ {1.7 X 18%%}? 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 atart “cold” we get a cosmic freball early on. Once thé 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 uacertain futere can decide.
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6. THE MASS SCALE

[This section is quoted from SLAC-PUB-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?Z = 2'%7 + 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 indistingusshabslity, which in modern science goes back at
least to Gibbs, but poses the problem ir the logical (static) framework of how
we can make sense of the idea that there are two {or more) things which are
mndistinguishable other than by the cardinal rumber 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 < § >= 0 or externally by sero velocity with respect to the
background radiation, the minimal fandamental length is h/m,c, inside which
length we have no way of giving experimental meaning to the concept of leagth
without external coupling {2, We have also seen that our scattering theory has,
for sero 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 analysis, and hence the usual formalism for the macroscopic e?/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 quartitatively for the empirical 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 Lorents invanance in 3 + 1 momentum-energy space, and hence by
our interpretive paradigms in 3-space.

We therefore can assert that outside a radius of A/2myc, the energy associated
with the {minimally three] partons connected to an electron, the electrostatic
energy of an electron can be calculated statistically from < 2/r > with three
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degrees of freedom and r > (h/2myc)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}, 80 < ¢ >=¢? < z{1 — g} >. At first glance z can have any value, but
in amy statistical calculation the charge conservation we have already established
requires that these cancel ontside 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 hierarchy
(with, as the first approximation, ¢?/hic ='1/137). Hence, in this approximation,
we can equate m,.c? with < ¢2/r >, and arrive at the first Parker-Rhodes formula

B 137
T <a{l-z)><1fy>

mp/m, ;1 0<z<K0<(1/y} <1

From here on in, the only point to discuss is the weighting factors used in
calculating the expectation 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 consiructed 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{l — z)} = z%{1 — z}%. The
calculation for three degrees of freedom is then straightforward, and has been
published several times!5-6:10,17,38,39] M54 ppe pognly i3 < 1/y >= 4/5, <
z{1—z) >={3/14)[1+(2/7}+(2/7)?], leading immediately to the second Parker-
Rhodes formula )

my/m. = 137x/[{3/14)[1 + (2/7) + (2/7V?}{4/5)] = 1836.151497...

in comparison with the experimental value of 1836.1515 3 0.0005. Although this
resuit 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, = 7 with corrections
of order 1/7, but this has yet to be demonstrated.
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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 algorithin 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 impressive; 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 beginning 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, willhave 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 are in which to look for new physics (eg. extension of the present
three (MLT) dimensional 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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8. Appendix L. A FINAL FOUNDATIONAL DISCUSSION?

Clive W. Kilmister
Chelsea-Kings, University of London

8.1 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 guantum phenomenon... all the
information we acquire we get, directly or indirectly, from elementary quantum
phenomena.” This is my starting point. Bt characterizes quanium mechanics in
this way:

Si) there must be elementary quantum events, our only source of knowledge,
not localizved in space or time,

{ii) 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 silaply meaningless sequences of such events,
the sequences must organize themselves in some way fto produce higher order
events, and these in turn likewise. This means that the systemn must have such
levels and so the mathematical features are :

{3} the system must be one with levels,

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

Classical mathematics does not it very well with either feature but especially not
with (b). Indeed such a creative feature suggests intuitionism and [ have flirted
with that in the past, but it turas ont 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.

8.2 GENERATION AND DISCRIMINATION

Let us begin with (b) above. New entities arise. How can this be? There
must be some generation process, €, and as each new entily is created it must
receive a label. We may use as a set of labels the symbols 0,1,2,3,... but these
are not, of course, the cardinal nembers. On the other hand they can be read as
ordinal aumbers, and if, as we shall see is appropriate, 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 syastem. This
notation emphasizes, what is'clear from the generation idea, that the resultant
system will be either finite of enomerable.

54



An important question 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 jt is equivalent to one which has occurred before. At this point it is again
necessary to bake note of the continuing generation; for it means that we cannot
simply ask whether the new element is or is not the member of some given set.
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 changing.

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 iz considered
it is possible to introduce the ideas of probability, This is not considered in this

paper.
8.3 THE SIMPLE CASE

The zimple case in whick one compares the “new” element with a single
known one determines much of the structure. Let « 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 valuea of the
function when u,z are equivalent by Z. Since we are specifying an equivalence
relation, we must have: :

(i) f{z,z) € Z for all =, _
{(ii) If f(z,y) € Z, then flv,z)e Z; .
(iii) If f(2,y) € Z and f(y,2) € Z then also f(z,2) € Z.

There iz an cbvious equivalence relation between such functions f, which.

holds when they do exactly the game job. That is, one defines f, f* to be equiv-
alent if, whenever f(z,y) € Z, then also f*(z,y) € Z*. Ii is then straightforward
to prove:

THEOREM 1.

Each equivalence class of f's conlains an element, g say, which is such that
(a) The Z for g has one element, say 0.

(%) ¢(z,z) =0 for all z.

b5

S0 1+ 1 canno

{c} 9(31 y) = g(y, I).
() gla(z, ¥} 2) = gz, 9(y, 2)).

It will be noticed that each of (b}, (c}, (d) are specializations of the conditions (i),
(i1}, {iii). 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 [ call “Conway’s trick” because it is used (in a somewhat different context)

in his book.”™"' This is to take as the value of z + y:
z+y=minz {f(z,2' +y) #£0,f(s,z+ ) #0)

Jorall e’ <z aendally <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.
be the same as 1+ 0 = 1, but can be 0. Then 1+ 2 cannot be

1 or 0 or 2 so thust be a new element 3. Of course, 1+3=1+1+2=2 and
so the set (1,2,3) is “discriminately closed” { that is, any two different elements
z,y are such that z+ y 13 in the set). If now the generation process throws up
a new element, it will be labeled 4, and 4 +1=5,44+2=6,4+3 =7 and the
set (1,2,8,4,5,6,7) is again evidently closed. It is clear that in general every
discriminately closed set is of order 27 — 1, for some integer r. Correspondingly,
if the set is not yet closed:

THEQREM &.

At every stage the sysiem can be embedded in a diseriminately closed one of
fintle size 2" ~ 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 £ has an snjection into V, [Zy, where V. 13 the vector
space of v dimnensions, and Zz 13 the field of two elements.

The proof of this is easy as soon as one realizes that the injection in question
¢an be taken in the form that the element k, where k = pgr...s in the scale of 2,
is mapped onto the vector {s,...,r,q,p).. Thus 5 = 101 and so is mapped onto
(1,0,1)%, whilst 11 = 1011 and so is mapped onto (1,1,0,1)*. 1t is of course
important to bear in mind that the dimension of the space V, is not fixed but
increases.
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8.4 THE GENERAL CASE

The case considered in Chapter 3 gives a geide to the general case. Here
our concern is whether a new element z belongs to a set § = {u¢,uz, ua,...} of
already generated ones. We use the same trick of defining a functien f{5,z)
which vanisites if and only if one of the terms u; + z vanishes. Because of the
asymimetry it is more convenient to use the notation of characteristic functions

and write

(S, 2} = Fs{z]
If we define an addition operation between characteristic functions by the obvious
induction:

F(z)+ Glz) = {F + G}{=)

for all z (in, play up to the point at which the definition is being made}, then it is
easy bo see that this operation has exactly similar properties to Lhe discrimination
operation, so that the sei of characteristic functions is itself a discrimination
system.

We next make 2 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{x) = 0, then also F*{z) = 0 and visa versa. Amongst a set of
equivalent F's it is obvious that there will be some of the special form

Flug, 42,00 2) = hluy + 7, u2 4 3,..)

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-sero values of
F{uy,ug,...,z), when z is not one of the u;, depend only on the n variables v, +
Z,42+I,..., 4y + 2.) Of course one defines two such functions k, 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 4. .

Every equivalence class of h’s confains a parlicular one with the properties:

{a) h{zy, 22,...z.)depends only on the set {zy,23,...2,), s0 15 invariant under
permulahions of the arguments;

(b} h{zi, h{z2,23}} = h{hlz1,22),23); with obvious generalizations to more
argumenls; o

{c) h(z1, 22 + 73) = h(z;, 22) + h{z1, 73).

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 A{z’, y) +A{z, '} +
h(z’, ¥’} 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 i 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} =23 +2, so that 2.3 =3 which
will in due course be forbidden since 1-3 =3. So 2-2 is 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:

4-1=4;let4-2=a,d-4=b,so thaid - 3=a+4,4-5=b+4,4-6=0+b,
4-T=a+b+4 and 30 on for 5+ 2 ete. From these resulls 1t 13 easy lo sec that
the values 0,1,2,3,4,5,6,7 are forbidden for a, the velues 0,1,2,3,4,5 for b and
the values 4,6 for a+ b. the least solution of these conditiont 130 =8,6=6,

— 1 . ol.o oA S oo

but the table does not give a closed set. Now the associative law allows the rest
of the table up to 15 - 15 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 amonist the numbers 2" — 1 which have already been noticed as being of
importance in quantum mechanics those particular ones with v = 2* will be of
particular importance.

I call the gequence of discrimination systems isolated here the discriminstion
Felds, ©;,®,, ®3,... where the number of elements of &, is 22, where s = 2%, Be-
cause they are fields it is convenient to include the zero element when speaking
of them; strictly speaking, the discrimination system corresponding to a dis-
crimination feld has one element fewer. It is appropriate to note here that the
addition and multiplication operations have a different status here. The addition
is discrimination, and the operation at one level induces a corresponding ene at
the next higher one. But the mulitiplication is then imposed on a diserimination
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
m which the numbers mentioned here are important will become clearer in the
next gection.

8.5 THE LADDER CONSTRUCTION

The set of all characteristic Functions on a set §, as remarked above, forms a
diserimination system. If § is itgelf a discrimination system together with its zero
and zo has 8'= 2" elements, the nuinber of characteristic functions is evidently
the number of ways of specifying s independent elements of S, 1.e. 8 —1=2"—1
{subtracting one for the omission of the zero) and so has the dimensionrs =r.2"
Thus for r = 1,2,3,4,...,rs = 2,8,24,64,.... But this discrimination system is
redundant, since it includes a number of representatives of each equivalence class
which corresponds to the set of cbjects at the level of 5. There are obviously
2* — 1 equivalence classes {a sequence of s choices of sero or non-zero) so that, if
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there were single representatives of each of these which formed a discriminately
closed set, then it would have maximal dimension s by theorem 3. In fact, this
13 80

THEOREM 5.

One can choose one representative from each equivalence class to form a
discrimanately 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;xi(a; + z), where § = {a;}. In particular,
if § is a discrimination field, so that r = 2,4, 8, ... the numbers 4, 16, 256, ... are
the dimensionality of certain discrimination systems, and it is this which gives
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 in 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; thia way is a kind of envelope as it were, of possible
runs of the system.

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

(b) the first rung consists of the ky = 2¥1 — 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 k3 = 2¥2 — 1 characteristic functions of
this new system, a discrimination system of dimension k2, and the discriminate
closure of these can be embedded in the field ®;;, and so on.Then one can prove:

THEOREM 6.

There 13 only one non-trivial ladder (i.e. having more than two steps), that in
which ky = 2 and 1 = 1, and this terminates at Oy, giving rise to sels of funclions
of size 3,7,127,2827 — 1 (= 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 1s a differeni 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

FgI-i-Fsy: Fg(a:+y),

but
THEOREM 7.

If and only if S 1s discriminately closed, the equivalence class of characteristic
funetions for § contains & 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 congzistently 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 closed subset is taken as that leaving un-
changed all the elements of the subset, i.e. having them as eigenvectors. These
Parker-Rhodes matrices simply differ from those comstructed 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 1038 in 65538. The last case cannot give rise to linearly indepen-
dent operators sc 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, a 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 difficult to
understand physically.
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9, Appendix II. 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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9.1 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
usually goes under the name of systems theory, for in the latter it is usually
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
enterprise it is of the essence that whatever the rules of the system turn out to
be it is 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 Lodge'” (May
1985) 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. I hoped to get the views of the conference. In particular, I
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 follows that if we think in systems terms
then we are taking a view of the universe in which the way we get our information
about the universe has to be part of our basic theory. I will say in anticipation
of what I shall argue in detail 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 wished to start was inadequate to define separable subsystems,
and that to give meaning to the separation of subgystems 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 appropriate 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.

9.2 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 — is 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.

[ find four points at which there has been philosophical perplexity in the
process forms of the hierarchy theory:

1.Levels. In any way one may try to imagine the hierarchy algebra as gov-
erning process, one has at every point in the sequence to decide (or accept) that
one is operating at some level, and it follows that this decision (or acceptance)
must have physical interpretation. 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 to 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 was left to Noyes to take the bull by the horns, and everyone is now a proceasist
EPR (except Parker-Rhodes).

2.Construction. The main thing that has perpiexed us ail, EPR, arises di-
rectly out of the problen of giving meaning to working at a given level. You recall
that we had to go processist becanse 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 ail the darting about between levels happen? Who was responsible for
it: or did it happen automaticaily though perhaps at random? In particular , did
all the interesting level construction happen at some big bang after which things
just ticked over, or does it keep happening at each new particle procesa? Worse,
is it all anything to do with conscious activity — is there a subjective element?
Indeed, does the construction — the generation of the successive levels whether
once-for-zll or repeated with reiteration and change - represent the process of
a conscicus investigation? Kilmister supposed it did ir his work on the logic of
construction. Of conrse 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 incomplete 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 | 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 recognition 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 conscipusness we may have of what ia 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 eflicient 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-ireasured 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 iraditional
positions. In particular 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 quantusn-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 is 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 1 claim to get this consequence about the units from general
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'considerations about systems, whereas 1 am using a_result from the hierarchy

which is a very special system. However [ would say that I am really only taking
2 short cut. The coupling constanis 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 occupied by those constants in modern physics which
Noyes and I conducted some tine back, and [ am going to assume the resulta of
that work without further comment. '

4. Completeness. To my knowledge the Lerm ‘completeness’ first appeared in
physics with Einstein's criticism of the new quantutn theory, and it has been
in evidence in ANPA discussions recently. Al 1 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
iseues 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 aliowed
by general systems considerations whick 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, afd that is that the world described by the hierarchy algebra is not
— in the brst place at any rate— a classical world but the different worid of high
energies from which, as is acknowledged on all sides, we have some hard thinking
to do to find the correct replaceinent 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 completenesz 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.

9.3 THE MINIMAL MODEL

Tt seems from systems-theoretic considerations thai the following set of char-
acteristics are'necessary for all models. Ishall consider whether they are sufficient
separately. 1 shall be very grateful for comment on this crucial stage in my ar-
gument.

1. An initial st of elements is sconned and some sense is given for the result
of this scan to be consistent or inconsistent with the empirical situation which
the model is 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 Jogically necessary.

2. The scan ix capable of being repeated with different resuits, 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. This 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 physical
measurement. Ishould be grateful for comment and discussion on this point also:

3. There must be a change from frequency representation to occcupancy rep-
resentation. This requirement seerns 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 realited in our discussions. K 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 isolates it as the
natural place to start.

_4. Occupancy requires the distinction between label strings arnd operational
strings. Without the hierarchy principle of increasing complexity this provisior
would be artificial. With labeling there is scope for representation of a history,
memory or part of the model universe.

5. All pets 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 i 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. PFinally | recur to my discussion with Zimmermann aad to his principles
about the environment having to be apecified before one can introduce subsystems
aeparate from the part of the primal division from which one stars. 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 difficuities which result from our rot having
a complete grasp of this next step. A great deal of what reat I have to say will be
related to this matter. The problem in the context of current physics has been
the subject of current discussions at our meetings — particularly with Aerts and
his discussion of ‘the one and the many’ and how quantum theory has not got
its own method of defning multiplicity except by appeal ~ explicit or implicit -
to classical physics.

67

9.4 MODELS WITH MINIMAL INTERPRETATION EXEM-
PLIFYING THE PRINCIPLES OF THE MINIMAL MODEL

9.5 THE BARE MODEL.

In the 1974 paper to which | have already referred?, I produced a model
to be implemented on a computer which had all the properties Jisted 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
kad happened in past scans. Labels were used in a way consistent with the
bierarchy 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 [ 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 I was worried by the looming and immense preblem of taking the
first steps in dynamics withont any solation to the one ard the many problem.
I used at that and later times to say that I was only able Lo give a picture of a
universe under the aspect of a single particle process.

9.6 NOYES’ MODEL.

Noyes again has all the properties of the minimal model, and I hope that my
argument will be of eome 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 apecific hierarchy model via the coupling constants, and can claim the same
theoretical superiority over other models because of the natural inherence of the
uge 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. gActually I do not know quote what he would say
about this since what he defines is the ‘off-shell kinematics’ of quantum feld
theory and not a fully classical situation}). [ shall come back to this question
since it 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. I 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. I have to stick to one statement of Noyes on the subject, and
for this I choose his abstracts for the Abbreviated Summer School {held the day
before ANPA 7). He says: “To construct & 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 aort of subjectivisrn 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 ther we should naturally expect to see that actually done.

The ‘things' that offer themselves for construction are the universe, and the
scattering processes vespectively. 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 topic to avoid suggesting that one
could identify the construction with the big bang in the crudely realist sense that
the term usually attracts. Noyes gets cut of the problem by insisting that he
1s 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 I have aweated
blood to hold the paris 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 [ myself think js 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 scatiering processes are theoretically
linked) but this makes it the more important not te bulldose the barrier into
classical pluralism. | 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 kas any tendency to slither into classical
dynamica while you are not looking. This goes particularly for velocity. 1 say all
this teatatively: I may get reassuring answers, but | cannot know unti] what 1
will describe as my mental biock over the construction is removed.
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9.7 A MODEL BASED ON.SIMILARITY

I have always wanted to exploit to the full the fact that the most secure con-
nection we have with experiment is the values of some dimensionless constants of
nature. [ have taken this estimate of the right approach to indicate that whatever
theoretical constrections have been used to arrive at the values of those constonts
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 whick could, in principle, be the resufl of a3 measurement and the problems
only begin with the question of which - if any - we calculate, our situation is
very difterent. We actually have to propose a meaning for measurements which
are not those of the basic scale constants. This is why I 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 iz important to be sure about the ‘counter paradigm’. It follows from my ar-
gument that since measurement is counting the most important measurements
will employ cium‘.ing techniques, and this position is forlunately consistent with
the way we ace modern physics going in its universal reference back all the time
to scaliering processes. However it would be a fundamental error to think that
we could wave a wand over scatiering 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 1s 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 suppleinentary support from the Hridg-
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 doue 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 strocture. Together with some sort of ergodic hypothesis to the effect
that given long enough the universe will run through all the possibilities that
are allowed by the structure, we can get to onr beloved constants. In this last
sentence § have ridden roughshod over several sensitive points that have been
mauch in discussion. However 1 have no desire to be philistine, nor in fact any
need, 1 can say simply that the right way to proceed in the absence of knowledge
of the background is te treat the finite sets of theoretically allowed possibilities
indifferently. {Other people have different ways of saying it.} | believe, too, that
the same principle has to be invoked even when the logical underpimning provided
by Kilmister iz used. Now as [ understand the situation absolutely everything
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 explaining how we can extend the principle of indifference to include
them.

Kilmister, Amson and I tried not long ago to develop an idea which we called
‘inexact matching' to break out of our prison. The effort produced no Immediate
guccess, but it may be useful to recall it. First, the standard way suggested
by systems theory s that of concurrent computing. Pask suggested this years
back, and it has beenr 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 ouwr ordinary intaition 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 ‘Fuss 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 itsell adequate to the needs of scattering theory,

The model I now tentatively propose makes a change from the ideas | have
just been referring back to, while keeping the notion of Inexact matching - or
at any rate the idea of estimating the similarity of sirings — 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 conrse been affected by the
Californian work on siring universe meodels. 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, | know, but | will hope for the moment that
it conveys some meaning in view of the fact that the boundedness of the length of
strings 15 what determines the scale constanis, and that it is these which receive

a conventional cladding in terms of event horisons.

Consider a number § (7 fnite) 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 strings p, ¢ will be said to have similarity S, = ! if they have a aegment
of tength { in common. It will obviously be necessary to place a lower bound iy
on the admissible range of values that I can take, and when the value of Iy 1a
specified, the number of yealms is determined.

The next question obviously is how the segments are located, ard informa-
tion about them stored. 1 think the anawer must lie in a process of ruaning
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along the strings to their ends and being ‘reflected’ back at the event horizon.
Of course we already have the necessary theoretical apparatus {or the expansion
and subsequent contraction of the string segment under scrutiny in the hierarchy
construction itself, and i is clearly at this point that we fine the general principle
of successive scanning which we saw earlier to be universally necessary in sys-
tems design coming in. However there is a more novel aspect. The event horizon
which is esseatial for the search procedure has to be what | 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 piece of complexity, be it local field, local particle
distribution, chair or table. The global event horizon arises cut of our presump-
tion of indifferent treatment. If that is not what i3 actually in the background
then we find something else, and it shows up as multitudinous complexity. (I
note in passing that we have no reason a priori to think that the complexity will
be law abiding. In fact the law-abiding complexily 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 i is no longer
clear which of many algorithmic courses is the right one, and | hope for comments
at this early stage. The clarity of having the algorithm filled out is offset by the
reader’s feeling that arbitrary choices are being made. The Californizn modeis
seent 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 1 have already made clear I already recognize the
importance of getting to something which enables us to think and talk physics,

The model I have described has not yet got to the point of being able to
speak of independent systems. We are still stuck with our own systern 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 similarities) and with numbers specifying their respective event
horizons. This gives us tweo nodal points in a primordial spatial relation. Since
the specification is not in the hierarchy structure it provides independence in the
classical sense {as is requnired if ‘spatial’ is to have its usual meaning). The two
nodes define a wave function, and this introduction of the wave function concept
18 appropriately fundamental: it is the bridge into the physical world as ordinarily
understood.

What | have been saying has overtones which remind us of Bohra’s implicate
order and its connection with explicitly ordered things. Nearer to home in the
sense of having a lot of struciture is Alison Watson’s metaphor of the meaning of a
‘vertical’ description of the world with the ordinary ‘herizontal’ spatio-temporal
description. .

It may be that all this is nearer to Noyes’ model than at first sight appears.
However at the moment 1 feel his choice of detailed algorithmic form owes too
much to the analogy with pariicle dynamics of a classical sort particularly over
the introdunction of independence of subsystems, and [ associate this trend in
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some sort of way with the diﬁiéulty 1 have over the interpretation which might
allow the independence to be slipped in unnoticed.

A further remark: I would expect to be able to introduce an Ur-energy very
early on at the point at which one is forced to introduce a parameter to limit 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 horizon (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
woullc)l go along with Noyes too; as also would the primitive allocation of quantum
numbers.
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10. Appendix 1Il. AGNOSIA
A Philosophical Apologia for INDISTINGUISHABLES

by A.F.Parker-Rhodes, Ph.D
33 Apthorpe St, Fulborn, Cambridgeshire CB1 5EY

As an introduction to my topic, 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 contenis of the series did the physicists. Ialso worked on the problem,
albeit divergently, having noticed that it might be based also, and perhaps more
profoundly, on "indistinguishables”. At a meeting where | 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 [
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 published by

Reidel of Dordrecht in 1981."*!

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 15 to persuade the opposition.
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10.1 PHILOSOPHY

Heraclitus and Quantum Mechanics

Heraclitus, whose work survives only in fragmentary quotations 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 rhei 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 staider 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 particles” perpetually changing into each other, some of them so fleeting
as to persist for barely seconds, though occasionally detectable because their im-
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 explanations of change are so successful, that the non-explanation 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 illusory. 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 (of
correct) never change; or that changeable notions explain nothing. Sounds like
common sense — but Parmenides, or his expositors, did go beyond present-day
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tolerance in interpreting their metaphors literally. Anyway, one suspects that he
was provocatively outspoken, if only with the aim of making others think.

Stephen Toulmin, in a recent article”””’ | has made a case for the thesis that

the Parmenidean era is now over. Newton was a Parmenidean, (as indeed was
Einstein, but Toulmin doesn’t say so), 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 explaining physical phenomena in strictly phys-
ical terms, whose unchangeableness is never more than an unsupported guess.
This is to rely entirely on causal explanations , a position I have argued against
elsewhere. To explain some effect by pointing to its cause, can never be more than
a step along an infinite regression, 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 dissociation 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-destruct, — 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 collides 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 inyvite a philosophical account of the whole content of
actual or potential experience.

Kant was, they say, the first to call in question the philosophical validity
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 their discipline might aspire to a legitimate leadership
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 specialities, and often disregarded their adinonitions — but still made
progress.

The time has come for this depressing 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 I 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 gennine novelty to be accounted
for within any successful description adequate to the whole of experience. All ]
do is to lift the carpet of causality, and show you the floor beneath.

Information and Causality

Plysics, 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 ( bijectively , as the mathematicians say ), there is no real
reductionism involved . I maintain therefore that any causal relation can be ac-
curately restated in information-language, notwithstanding that philosophically
information originates in biology , 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 probability 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 causality, and vice versa. In fact, although it acquires a new
non-biological meaning in the process, information is a valid way of expressing
causality.

Two corollaries follow from 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 related, 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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We may 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 informasion
therefore decreases . In other words, “causes self-destruct”. This connection (if
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 To be the initial information postulated, and let I(I, =t)
be the information involved in postulating it , which cannot be less than t. But
I(Iy = t) = I{t) which is the number of steps in the optimum search strategy
- logarithmic ranging - needed to reach the target t (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), I(t) = loga|t — p-+ 1|, equal to t if t =0 or 1 and
p = 0, but greater for all larger values of ¢t. For these, then, I(I, = t) = I(t) > ¢, so
that one needs initially m more bits to specify the initial quantity of information
than the quantity being specified, which includes the specification. We then have
a contradiction, unless Iy =t < 1.

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. As for (3), the less said
the better.

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 Iy = 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, it
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 hypothesis 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 nothing 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 something, but their disjunction is suitably vacuous. I
shall start with the “many”. But how many ? Any specified finite number, or
range of numbers, carries information, 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 contradict the alternative description 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 is 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:
zero, assumed 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 ?” So,
having dodged the one-many question, we are free to assume that the Inchoative

— that is, an entity defined by agnosia — does exist. This 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 something like
this? It certainly doesn’t mean that one can say “look , there it is !” It is a
strictly non-physical entity, a mentefact, not in the now accepted sense ‘real’.
In the quantum mechanical jargon, it doesn’t “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 metaphysics, and the charge, whatever it is worth, is true. But
physics, I maintain, cannot be justified by forever chasing its own tail; it must
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be seated with dignity upon a foundation other than itself, — a foundation which
cannot be denied. Of course, one can deny that the Inchoative exists {as I sus-
pect most members of ANPA still do) —- a No is as good as a 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 [ 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 might say as near to
nothing at all as you can get and still keep talking. Its existence, if it explains
anything , is surely a prime candidate 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.

10.2 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 [
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 indistinguishable if they contribute
separately to the cardinality of any class to which they belong, but any proposi-
tion referring to either retains its value as true or as false if the other is substituted
at every (unprotected) 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 terin “triparitous mathemaltics” 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 negation of any of them is ambiguous. “dis-
tinct” means either twins or identicals, “bipar” means either identical or distinct,

80



and “cardinant” (= non-identical) is either distinct or twins Whereas biparitous
mathematics is 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 ordinal are equal; in a “mixed” Sort of cardinal n, the
ordinal o satisfies | < o < n, and equals the largest of all the ordinable Subsorts.

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 distingunish twins, you have to have rules for putting them in (and taking them
out). Such rules (I have found) make things 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,1,7 three
twin members of a perfect Sort. Then fa = h implies fa =1 or 7 (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 4 in fi; it is the formula fh we look atand if fh = a and ft = 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,
symbolized by the “functor” f, even if this does not distinguish them all (having
used up both members of the ordinable Sort, f7 must map the same way as one
of the other twins). If we had a third, distinct ¢ we could distinguish all three,
and with a further d, one of the four would go unused. That is how we can define
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 cver 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 theory.

Empirical Existence

This ‘pattern’ has to do with what class of triparitous 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 observations,
something sufficiently 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 it is 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 out some function definable over them, we misrepresent
the system, though to have functions in the biparitous representation which have
no triparitous original is 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 object is to be acceptable as a manifestation of a rational Sort,
it must in general contain parts, in the right number, which are indistinguishable.
We can’t insist that any components of such an object should be in a strict
sense distinguishable though (for a mixed rational Sort) that would be an added
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confirmation. However, it is readily shown that indistinguishability can never be
demonstrated of actual concrete objects. One may legitimately 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 spatial vacancies we can
postulate strict indistinguishability: (1) they are mot ‘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 is 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 ?) this is perhaps unsurprising. It is in

general however convenient to denote the “form class” of a mixed Sort of ordinal

o by (c1, ¢z, .-, ¢,) where the c; 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 ‘manifesta-

tions’ are infinite in number and also in triviality, Nevertheless, it bears thinking

about.

The singular Sort, of the form class [1], is in much the same case, but it does
have descendants. Adjoined to the class of Identity functors, it yields [1, 1}, and if
we bring in further the identity functors over the class of identity functors, we get
[1,1,1] . This can go on for ever, and generates the whole class of ordinable Sorts
isomorphic with the integers. Note however that individual ‘classes of identity
functors’ are not 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 satisfy ‘rationality’, recursively
till we reach a component of the Inchoative.
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The perfect Sort of two members is rational, of form class [2|. So also is the
result of adjoining its ‘smudge’ which we might represent as the form class (2,1"].
The notation " ” indicates that the final subSort is represented by the “smudge
functor” I® 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
is 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 I) 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 is derived***" . Further levels of the Hierarchy, corresponding to the

form classes [3],(3,7],[3,7,127|,and 3, 7,127,2!27— 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. 1t also yields two rational Sorts, of form classes [3,17] and [2,3”] missing
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 [3,17] (which is not mentioned in T' of I) and [2,3”]
associated with the parton structure of hadrons (and by implication of leptons

also).
10.3 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 relativity theory pre-
sumably a light cone, but we need not be too specific) 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-slice’ 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 is none too apt, but it’s an on-off affair — are not any kind of ‘axes’,
and their only use is 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 explanation of how they operate, — which in this instance seems to have
been lacking.

A particular problem is raised here by the law of increasing entropy, which
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 8o in a linear accelerator?

The Disposition of Events

Nevertheless, one can from time to time observe, in the rather remote fashion
indicated, an elementary ievent 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 manifesting 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 this also describe some kind of ‘space’ ?

If we assume (to start with the 'worst’ case) that each component of the
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[infinite]-vectors involved can have a countable infinity 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 components. Each 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 (possibly with many uninterpreted
points), isomorphic with an infinite “similarity-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 “dichotomous key” for the identification
of biological specimens. They convey qualitative descriptions of things. I have
hitherto described the resulting kind of ‘space’ in physical contexts as ‘disordi-
nate’ (because each point has an infinity of neighbours); it is not too happy a
term, for there is some order there, but I propose to stick to it. Geometrical
Space will be contrasted with Disordinate 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 is 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 is worked out, under the name of
‘disordinate statistics’, in T of I (p.150 ff).

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 positive, negative,
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or zero, 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-D, that
“space is (hyper)spherical”, implying but not seriously 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 underlying metaphysics of my
theory would require to be somehow computable a priori. Not seeing how to do
this I naturally opt first for the third alternative, a hypertoroidal space, which
has zero 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-zero curvature of space one would expect every chiral particle 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 crystal
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 indistinguishable
vacancies is terminated by ‘labelling’ them, and the labelled vacancies are then
filled by appropriate measurement techniques. To say that a given quantity is
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‘quantized’ is to say that it cannot be divided indefinitely, 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 integral
numbers of quanta (though this might require a non-linear transformation to get
the conventional measurements corresponding to them). A seemingly different
property is the quantization of action, which is certainly linear, and on a much
coarser scale than is plausible to postulate for say distance. The first type is a
preexistent attribute of the measures aflected, theoretically based (or refuted)

~and not a supplementary hypothesis like the second type. It is the latter [ am

concerned with here.

The hypothesis 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 some plausible fiction. 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 aforesaid diminishment we shall in general not find that r—2a > r—2b> r—3¢
because the r’s are unconstrained. Thus chirality cannot be an sntrinsic property
of a figure defined by continuous variables. Chirality 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 involving chirality, actual or possible, are quantized. Well —
are they?

The simplest such quantity 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.

A possible exception might be seen in the case of charge , which is quantized
but apparently not chiral. Now I have not proved that a non-chiral quantity
can not be quantized, but one might expect that its quantization might reside
in the discreteness which may be present universally. However the pattern of
the so-called CPT conservation law shows that change must involve some kind
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 fractions 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 (which is physically inter-
convertible with action); this as has just been explained is quantized, and its
quantum is 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 (7'), angular momentum (A) and phase (1), linear mo-
mentum (AL™!) and distance (L). Electric charge, which is also quantized, does
not participate in such pairs, since its dimensionality is irrational (A!/2V'1/2),
Thus the minimum-error (‘Uncertainty’) principle is largely confined to the pairs
of measurements cited.

Any measure which is quantized is subject to a conservation law, stating 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 discreteness is 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 Inor 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 7107, 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
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by either of our approaches. It may be that they will be explained by the GUT
theorists.

If however our numerological 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 wiil 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 particles’ above the level of quarks are
‘observable’ in that they can sometimes be ‘seen’ in particular places or following
particular trajectories; they can be said to ‘feel’ spacetime. They can be located,
that is associated with distinct vectors, and therefore distinguished by attributes
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-flavour 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 microquantized, 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 obsérvable inho-
mogeneity. There i3 evidently a lot to be found out in this Seld.

10.4 ON TO INFINITY

1 shall now pass over to bhe discassion 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 disappointingly poor. The main ‘predictions’
not involving DS are that the connectivity of space should be hypertoroidal,
for which there iz only rather indirect evidence, and may seem to some to be
uncomfortably sinilar 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 baryoms, which is at present widely contested, though what
the evidence against it is I confess to not knowing.

In contrast, the notion that disordinate space is an ever-available 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 m 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 Jattice, 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 is a manifestation, and their actual infinitude may have real relevance
i 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 funciion is
essentially 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 single 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 all. But this still leaves us in an eveit-based world with the
mental faculties adapted to living in such circumstances — faculttes which make
(5 ‘sell-evident’ and DS ‘obscure’.

The relationship between the two ‘spaces’ is one of ‘random mapping’, but
some relationship there has to be, since any set of events can be represented
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in either of them. The difference is that they appear singly and unrelated
in DS but lined together in a spatial framework but undescribed in G8. Of
course, whether what I call ‘random’ mappings ate in geiteral unconstrained by
boundary-conditions expressing the peculiarities of given problems, which can
take a lot of the ‘Tandominess’ oub of them; but the fact remains that no detailed
point-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 is ftard to look far without 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 resuits 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. [t is therefore open to doubt whether

such a quantization could ever be empirically observed.

10.5 EINSTEIN-PODOLSKY-ROSEN

Though I intend 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 occusred, one of the particles is established as
say, dextral, the other, however far away it may now be, is known to be sinistral
ssmultancously, in apparent defiance of the limiting velocity which ought to have
imposed 2 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. 1t 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 palr.

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 chiralities are straightfor-
wardly representable, including that of the companion 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 ‘twoslit’ experiiment. An electron is fired at
a screen containing two slits, appropriately spaced to give a regular interference
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paitern in the arrival points of a large number of electrons at a second detector
screen. The passage acroes the first screen is the first relevant event, in which
scabtering occurs, deflecting the path of the eleciron. Considering this event only,
we have to rely 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 Lo 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 G8, 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 takea by the ‘random’ mapping
of DS, under the conditions of this experiment, onto GS. It contains ‘information’
only in what T earlier described as a ‘Pickwickian sense’, On arrival, its position
is stated becanse 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". The ‘collapse of the wave function’ i3 thus presented as a trass-
lation from a qualitative to a quantitative language, as we pass from considering
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 elecirons, Np will pass one slit and Ng the other; the situation i3
precisely analogous to the case with light, where Np, Nq correspond to specified
inteasities at the two slits. The only trouble is that we thiuk of Np as a number
less than N, and therefore p as a fraction of an electron, which sounds bizarre.
But what else f2 a probability, but that which, multiplied 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 quite 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 opposiie 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 Jearning
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how to use them. Very few faculties do not have to be learned: it can recognize
its mothers’s face even on the first day {but, surprisingly, aot her teats), and,
at the other extreme, the dimensional structure of space may be innate, though
how things Bkt into it seems to be initially puzzling. 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 Lhe complexity
of the task dictate that the results shall be esseatially 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 inputs.

Learaing 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 {inapped, as ever,
onto G8S) is relevant. How the mapping onto GS is carried out is of course subject
to strong constraints — the process could not have evolved unlbess a reasonably
reliable represeniation was eventually obtained — but the interpretation is far
from a simple j_na]ogue of the ‘collapse of the wave-function’ by the next ‘event’

" after the ome ifitiating the wave-function in microphysics. Qur mental picture is

not a simple copy of anything, but rather a carefully edited version of a mapping
of what is still, ultimately, a DS constructios. .

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
nevrologically 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 ancther for
example,

What comes of it all that we live in a sorl of compromise world partlty 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; onr mental images
are basically sited in DS [because the cansal connection with sensory neural
events is broken or incomplete), but from practical necessity re-mapped mto 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 iz unsurprising that, confronted
by the stark separation of these two in the microphysical evidence, the idea of
mental illusion should have caught on; for im our quotidian experience GS and
DS work together.

New PFrontiers

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 which reductionist arguments can’t be extended,
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among which perhaps the nearest to being non-controversial is 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 aban-
doned, but on ‘idiosyncratic learning of mental representations’, which may take
in several of our ‘dumnb friends’ not previously considered.

Another time-honored dichotomy is that between materialism and idealism.
It could be conjectured that a fruer definition of the difference would be that
‘materialists’ tend to think exclusively in terms of GS, whereas ‘idealista’ are
thinking, unbeknownst to themselves, that DS has aiso 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 liave 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 [rom tlie 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 a 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. Qur bodies, firmly defined in G5, do not overlap; our minds,at least
in large part based in DS, can hardly be kept strictly isolated. This consideration
diminishes rather than confrms the implausibility of effects like telepathy; it
could be quite respectably argued that the time i3 ripe for a redrawing 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.
Julins 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, puzzled 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 is
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-evident fact, within a few. decades. Incredulity has had some nasty

knocks.

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 inte commonplace, maybe tie second will. But it stifl
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’. Adinittedly no other theory does

. any better at this, as yet; but none has had the expectancy of doing s0 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, it 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 is the
truth.

|

J
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among which perhaps the nearest to being non-controversial is 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 aban-
doned, but on ‘idiosyncratic learning of mental representations’, which may take
in several of our ‘dumb friends’ not previously considered.

Another time-honored dichotomy is that between materialism and idealism.
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 jdealism’ 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 a 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 redrawing 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, puzzled 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 is
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-evident fact, within a few decades. Incredulity has had some nasty
knocks.

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 it 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, it 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 is the
truth.
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L1. Appendix IV. PROGRAM UNIVERSE

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

program Universe;{ A Constructive Bit-Striag Model of the Early Unlverae}

{ This program specifies algoritbmically how the bit string universe emanating
frem the Combinatonial Hierarchy develops. The lapguage is Pascal with
extensions [of spawning asychrogous concurrent processea and extendible
arrays.}

Dats Structure Definit? }

{—

const doomeday = falhe;
BasisSizes = atray[l. 4f of [2,3,7,127].
type onebit = iG.1);
Uptr = |1. Lsize]; {index of a siring in U.}
Uptrs = array|l..#| of Uptr; {for bases and closuses, *={2,37,127]
and 1,4,120,2° 127 - 120} resp.}
ensemble = record
tast: j1..o);  {index of curreot last element of E. }
£ array]l.*] of Lptr,
eod;
sising = record
bits- arrayf). ] of onebit;
bome boolean ftrue=">string ts in a basis or closuze, See Stringvolution .}
Label E'ptr,  {mdex in U of ist striog ip ensemble; Mot in seli-referencing }
end,
senaphore = {avail bosy} {used to guarantes mutual exclusion on updatea Lo U1}

16+ .

var U: array[et o] of string; {Uj0)==zero-string; all non-rnsemble loops wgnore it}
Usize: integer;  ligitially zere == no strings io eniverse}
Umutex: semaphore; {imtially = avajl}

ftevel i 1} i v

12(3) 4.6 (7.10) 1117 [i8.137) 138..255 {256.2°127-i)

basis | .2.| 3. | . | 177 H
size | | i | |

| | ]eatrings in closuzes . ... |
}

F.abels: record
last: {1 %); {index of current last element of L.}
L arcay|l..*| of “enscmble
end;
empty: string; {an empty ptring, i.¢. one whose length ia zero.}
zevostring: string =0 {zeso string, always of leogth sleagth len}
slengih: record {curecat leagth of sisiage e U}
sem: semaphore;
len: integer
end;

Bit: onebit;  {one random bit...scc function Rasdem below }

3. 0..256, {rumber of basis vectors found so far, over all levels }
Li: 0,256, {Gxcd length of Yabel field del'd whea level 4 closes.}

Corlvl )4 [the level currently bring “constructed™ }

Bases. treord

bvees: array[h 4] of Uptrs; {basis vectors for cach level . completed sequentially}
Liptr: ©.¢ {iodices of vectorefstringe ic basis}
end;

Closures: array[1 4] of record
cvees: Uptrs, {vectors in closore of corres Basesfi]}
Uipts: 6% [iadices af vectors/strings in chorures}
end;
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procedure wait|var s:semaphore), {poll & uotil it's avail}
var | semaphore;
begin {presumes mutual exciusion on procedure ewap, wbick is formally undefined
{upiversal primitive} and which interchanges the values of two variables. )

t:=huay;
repeat  swap{s.t) ustil t=avail;

end, {wait}

proceduse signal{var a:semaphore); {signal that o is availahle again}
begin

swap({s,avail}
end; {mgnal)

I Random 1/0 Generatlon -~ -------- - }

procedure RandomBit; {Actual randem bit generation. This runs a3 an independent process.}
begin
tepeat {Bip Rit forever)

B
Bin

1,
0;

fi

until deomsd ay
end, {Handomlhit}

{The randomnpess of the value returned by funciion Random helow depends on the fact that
procedure Randomlil runs as an independent process asynchronous Lo everything, flipping the value
of il copstantly. This occurs even as U is locked during discrimination and scatiering calculations. }

tuncticn Random onebit; {Calied whenever a random bit is needed.}
begin ‘

Random = In
end; {Random]

103

tunction Generatestring, [generatles the first two strings in U}

var g slring;

begin
if Usize=0 then Cieperate:=Handom
eloe {Uigaze can only he 1}

begin
repeal g =Handom watil g< > 11,
Gienerale (== g

end

end; {Cenerate}

procedure Lock!niverse;
begin
wall(slength sem);
wail{l mutex)
end:

prosedare UnlockUniverse;
begin
signal{lUmutex},
signal(slenglh.sem)
end;

ptocedure Tick; (incremients the universal string leagth by one bit. This is done under
mutual exclusion, 8o Ll grows, but 0o ooe ever sees it, and all bil strings are [for all

praclical purposes) aiways of equad Jength. )

var itinbeger,
begin

LockUniverse; {stop the world while we change it}

slengik len = slengih.len + 1;

il Usize=i} thea

begin
U[1] := Girnerate;
Usize; =1 nize+ 1
end
else [increase the length of every string tn U by 1 bit.}
for =1 tu size do Ui][slength len| := Random,

Unlockllniverse; {Let the world breathe again.}

end; {Tick}
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function ones(s:string).integer; {counts # of ones in s} {Does not aflect string generation or growth of U in any way}
var i,c: integer;
begin function InU(s:string):boolean; {true if s in U else false}
c:=0; var i j: integer; found: boolean;
for i:=1 to slength.len do begin
if s.bitsf{ij]=1thenc :=c + };
ones ;= ¢ for i := 1 to Usize do {search all of U}
ead; {fcn ones} begin
found := true;
function zeroes(s:string):integer; {counts # of zeroes in s} for j := 1 to slength.len do found := found and (s{j}=Uli}li]};
begin if found then goto 1;
zeroes = slength.len - ones(s) end;
end; {fcn zeroes}
1: IaU := found
end; {procedure laU}
e )
function LinDeplL.(S:string; IvI:[}..4], len:[1..Usize}):boolean;
function discrim(s,t:string, len:integer):string; {exclusize-or of 1st len bits of s and t} {true if S is linearly independent of the strings in level Ivl only.}
begin begin
for i:= 1 to len do {--computation intensive- generates n(b)= B(1)!/{b![B(1}-b]! discriminations upto len with S.}
il i} = t{i] then discrim[i] := 0 end; {fen LindepL}
else discrimli} ;= 1;

end; {fcn discrim}
function LinDep{S:string; lvl:|1..4], len:|1..Usize]):boolean;

L } {true if S is linearly independent of all levels 1 to lvl. NB: Assumes (correctly) that
it is not called if there is no room in basis|lvl]...because of the value of CurLvl.}

function Pick:string {picks a string at random from U} begin
var j,index: integer; {index will be random in 1..Usize} Lindep := false; {default value}
if lvi<l then Lindep := true {base case}

begin
index := 0, else {check previous levels, then current level.}
tepeat  {build random base 2 index.} if Lindep(S,Ivl-1,len) then Lindep := LindepL(S,lv],len)
for i:=0 to ceiling(lg(Usize)) do index := 2¢index + Random end; {fca Lindep}

until index in [1..Usize};

procedure PutlntoBasis(S: Uptr); {inserts U[S] into basis of Curlvl}

Pick := Ulindex] {assign random string to Pick}
{ Assumes Bases.Uiptr=0 initially.}

end; {function Pick}

begin
i := Bases.Uiptr + 1;  {point to next open slot}
; Bases.Uiptr := i; {update Uiptr}
il i=BasisSizes|CurLvl] then {start next level of Combinatorial Hierarchy }
begin
CurLvl ;= CurLv! + I; {CurLv| guaranteed <=4}
Bases.Uiptr :== 1 {reset ptrs}
i=1
end;

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

end {procedure PutlntoBasis}
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procedure Ensemblelabel{me:Uptr); {assign me to some ¢nsemble ) begin

¥ar Cinteger; if LinDepLime, {Ivl==]1, slength Jen} then PutlatoBasis{me, {Iv1=}2)
begin end
for iims 0 L0 271274136 do {build level 3 basis}
if discrim{me, U], LL)=zeroetring then go to 1; else if B<{12 then
errar(’'no ensemble for me'); {can't bappen} begin )
1:Ujme| Label:=i; it LinDep{me, CurLvk, slength.len) then PutlntoBasis{me, {Ivl=}3)
U[me].bome:=true end
end; {Ensemblelable} [build Tevel 4 basia}
. else {12 <= B < == 130}
begin
if LinDep{me, CurLvl, slength.len) thea
procedure PutlowClosure(S: Uptr; IvL|L. 4]); {inserts U|Si| into the closure of Ivl} begin
begin PutlntoBasis{me}); o )
i 1w Closures|l¥]|.Uiptr + 1; if B=130 then {assign all strings in U to a specific level's {probably atill incomplete) closute set. of it
Closures|tv]| Uiptr := I; is oot slready in some basis (i.c. home=true).}
Closures|lvl].cvees)i) := §; begin
UJS].bame 1= Lrye LL := slength len;
end; {PutlnloClosure} for i=1 to Usize do
begin
it not U[i|. kome then {Fnd right clasure for U[i]}
procedure Label{me: Uptr}, {categorize U|me] in terms of the hierarchy} begin
var 3] : integer; found:boolean; i=1;
begin while not Uli|.home do
if Usitem=2" 1274136 then {labels close now - closures full} begin . o
for izm=} to Usize do UJi] Label:=i; {assign each string as 1at in own ens. } Ufi|-bome:= wot LinDepl{i,{IvI=}i.[.L); {not Li.=">in j's closure}
else J=j+1 {canoot exceed 4}
if Usige > 271274136 thew {just find any ensemble. Theorem: When 130 L1 string have been generated, end {while}
Usize < 27127+138.} end {if}
begin end {for}
EneembleLabel{me) ) end {if}
end end {clee}
¢else il B=<0 Lhen {guaranteed at this poiot that U=[01,10,11] or equiv} ) end { major il-then-else stmnt }
begin
FutlotoBasis(1), end; [procedure Label}
FPutlatoBasis{2};
end

{continue to enlarge partial closure sets...}

else if B > 139 then {bases and partial closures exist at thia point}

begin
found = false;
while not fovnd and pot Bases exhausted do
begin

for all Bi,Bj in Pasesfl], 1=1..4, found:=disctim(Bi Bj,L.L)=U|me upto LL;
if found then PutlatoClosure{me, {Ivl=})
end;

if not found then
begin
=0
repeat ii=i+1 uotil pot LisDep(me, {lvl=}iLL); {guaranteed i< =4)
PutlntoClosure(me [ivl=}i)
end;
end
{build level 2 basis.} )
elee if B<5 then
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R Tha Life of & Bit String- - - ------ } begin {———————-Universe starts here————}

{Initialization }
procedure StringEvolution{var MeString:string; me: Uptr); Curlyl ;= I,
{every siring (except empty) becomen a geparate incarnation of this Slength := 0;
procedure, ie. a separale, independent asynchronoue process. LL:=0;
B:=0p; {rumber of basis vectars}
var d,mistring; {local working variables} Ujo]: =zerosteing, {“invisible' zero string}
home: boulean, {Lrue ==> | am a member of a basis, closure, or )
ensemble }
begin {end of initialization}
repeal
if Usize=0 then  {we need bwo strings to gt started} spawn RandomBlit; {start randem bit generator going )
begin
Tick; {go from o striogs in U to one. } BigBang: StringEkvolution{emptyset,0];
MeString:=Fick; {we become this first siring: the original empty-process becomes the U|1} process herewith.}
m = Geperate; {generate a second string) end. {Universe {we never get here) }
Unize := Usize + 1;  {Universe now has iwo sitings}
U] = m,

Labeljme}; Labelim};

spawn siringevolution(LI|2], Usize); {give U[2 lite }
end
eler (universe is already rolling, 5o just discrim w/someone}
begin

LockUnivesse,

m .= [Pick,

¢ ‘== discrimj{meslring,m, slength len);

if bot loL[d) and d < >zerostring then {add d to U}

begin

Usize ;== Umize + I, {increane size of Universe)

UjUsize] = d; {add d [literaliy) 1o U]

Label(llsize|; {categarize d in comb hier}

spawn Strioglvalution(UjUsize], Usize} {— d leaves me here —}
end ;

else Tick, {no novelty was geperated}
LinlockUniverse
end
unlil doomnday {strings pever die}
eod, {stnng evolution }
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12. Appendix V.

Some Fundamental Characteristics of a Discrete Geometry

David McGoveran
Alternative Technologies
150 Felker Street, Suite E
Santa Cruz, California 95060
408/425-1859

c.1985 David McGoveran All Rights Reserved

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. Most of physics is understood in
terms of centuries old 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 "o0ld" 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. 1In 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. In 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 infinitijies.

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:

e = -1

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 natural
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
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operators, the ability to count, and the ability to label the
cbjects through an opegator.

Without reference to a distance function, a "square”™ can be
defined having the feollowing properties:

al two-dimensionality

b) parallel sides

c) fixed center under interchange of the dimensional
parameters

The fullowing definitions will serve to provide the objects
necessary for the constructions (more precise definitions can be
found in "Getting Inte 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 crdinality.

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

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

pef: An ORDERING OPERATOR is an opertator 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
fined in advance as part of the definition of the specific
operater. Thus a particular finite partially or totally ordered
labeled ensemble defines an cordering 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 15 expressed as the number of
mutually disjoint ordering operators on the sort.

Def: Two ordering cperators are said to be INDEPENDENT if
they are mutually disjoint in the sense that no meore than cne
element of a chain produced by the first operator will all be
alse be in a chaip 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=ple) or
bre=pib); then [or operator g mutvally disjoint from operator p»
n=gte), n=glal, n=q(bk}, e=qin), a=qin}, or b=qin).

113

The criteria for 2-dimensionality is satisfied by requiring
Ewglmutually disjoint ordering operators. The algorithm it as
cllows:

1. Select an element e ~-=— Figure 1,
5}

-1
' 2, Establish a chain x of length n with e as the
0 0

supremum, vsing the ordering operator p . --- Figure 2,
x
1
3. Establish & chain x of length n with & as the infimum,
1} 0
using the ordering operator p ., ---- Figure 3.
x
-1 1
4, Call the union of x and x 5 x ., Require that x is
0 o} Q
totally ordered. --- Fiqure 4,
-1 1
5. Far each element i of x , establish chains y and vy
0 i i

of length n under the ordering cperator p with the selected

element of xu as the pupremum and infimum of the chain., Requlre

that the y are disjoint as are the paizs { y . v ). This 1s a
i i

unique labeling or total ordering requirement on the entire
construction {i.e, there must exist an cordering operator g such
that the elements of the entire construction are totally ordered.

-~— Figure 5,
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6. Reguire that the nth elements of the y form chains x
i i
ordered by ordering operator p . -—= Figure 6,
H
i

7. The resulting object satisfies the requirements: it is
the discrerum version o a 2-dimensional {squate) coordinate
patch., n patticular, the 2-dimensionality of the comnstruction
is satisfied by the def nition of mutually disjoint ordering
operators: at most one .:lement in & chain resuvlting from cone
operator will be found in a chain resulting from the octher, For
the given zonstruction, at most two CperstorE can be uged: 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 i 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 ap object which behaves 26 a
disceetuom version of the Z-sphere., A 2-sphere {again without
reference to distance functions) has the following properties:

a) 2-dimensionality

bl every perimeter {boundary) element is like every other

c) fixed center for all “orientations™

The constructive algorithm is as follows:

1, Select a (sqguare) coordinate patch with with cepter e
and aill elements uniguely labeled. Call this patch P, Figqure 7,
o

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

select for € a nearest neighbor of e , then a nearest neighbor
b} a

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

coordipate patch, Figure 8.

3. Starting from ee construct & coordinate patch with new
ordering operators which are radial permutations of cocrdinate

patch, Figure 9,

115

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

eliminate any elemints which do not have at least i@ 'abelr,

Figqure 18,

5. Repeat thig process for al) paire of allow:d radjal

permutations, Figure 11,

The result is a discretum version of the clicle, in that it
has a fixed center {e } with radial symmetry [isomorphic to its
9

radial 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 2 set of cardinality n apd the
number of permutations is fixed: it gives a measure of the “size”
of the circle,

Given these two geometric objects it is possible to define 2
ratjo which plays the role of the ratic of the area of the circle
to the area of the sguare patch from which it was formed. This
number is obtained by counting the number of elemente contaiped
in the circcle and the number of elements contained ir the Bquare
and forming the ratio,

A pecond ratio is obtained by counting the elements in the
perimeter of the circle and forming the ratio with the length n
of the chain x .

o

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

will not in general be those obtained vnder Euclidean gecmetry.
However, if one insists on isotropy, homeogeneity, and "density”
{i.e. large n), it is easy to see that these values must be those
obtained by the standard pelygonal approximation to the circle.
In particular, these ratioE will be approximations to pi/4 and pi
with the appropriate precision., These copstructions and the
results are clogsely related ko numerical and statistical
"approximatjon” methods as seen from within the traditional
geometzic paradigm. In fact, Archimedes came close to the
construction ueed here {Measurement of the Circle}. However, the
definitions are completely constructive and general) matching the
continuum definitions as desired,
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IL ts ¢ cenxral ;ocint of Lthis paper that & medsure of the
discrets cardinallty znd of the discrete topoloyy of our pusetve.
Universe i5 given by .he precision with which Ehe ratios pilacea)
and pifl:ngths) are identical in value, That pi sheulo be of
cosmoloyical signific nce i3 not svrprising, Indeed, if the
cardinal ity of the Universe is changing, then the two values of
pi should be changing also, Furthermore, 1if the relevant
discrete cardinality 18 related to a spatial volume, then as this
region becomes amaller calculations involving pl can pot be
treated in a naive manner., Specifically, the muitiple meanings
of pi must be dissociated if the values are different il.e.,
pr{areas)/pif{circumference} will not be 1} and the usual value
can nc lenger be taken a5 a corstant independent of spatial
volume. Even more Important, if the world ia diecrete and
fintte, and 1f the values of pl are not related to the spatial
volume vie a cardinality of the volume, it follows that the
values of pi used in calculatlions relate only to the cardinality
of the gniverse, In other wordsa, pi becomes a truve Oniverssl
discrete topological constant snd lcocal physical properties are
then immediately dependent on the global properties.

A noted above, we need only interpret complex numbers in
the Hamiltonian sense in ocder to be conaletent: namely, complex
numbers are taken to be crdered paire of numbers, This forces us
to recognize two crderinge at work for pairs of eguations where
as the imaglnary notation obscures it, Complex numbers #re &
epecial caee in that the additional ordering containe only a
supremum and an infimum for the yi. Thue, the commutaticon

relation holde since commutation simply gives the trivial dwal of
the chain. In general, howevet, thia will not be true where the
constraints of disjoint operators apply and the number of ordered
numters is more than two. This fact is well known, having been
discovered by Semilton in tiving to vork cut an algebra of
quaternions, and bhaving been genierzlized by Giasaman, {Note that
theee are only three algebras which have an invertible vector
product: those over the reals, those over the complex, and those
over the quzternions lordered 4-tuple), Also, algebrac of all n-
tuples greater than twvo are non-commutatlve.)
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All of this leads us ko consider a yenstal projerty ot
dipcrete, finite spaces {new that we nave a geometr, we car vall
it 2 space insteid of a topology), thekr commutivit.. rssume (or
the purposes of illustration that a square coctdimale paton it
embedded in o [lat space with continuous distance function
Because of the finiteness and the disceceteness of the spece,
there can be no discrete correlate to the itratioral distance of
the diagonal, since according to the continuvouws dliatance function
thisg will be EQuare coot of two times the length of a side,

Thus, at best only an parailelogram law works [otr discrete
dietance functions on Lhis space. Translated intc the Jiscrete
vereion of Lie dragging, this means that the space has a torsion
ot is nom-commutative. OGeometrically one would say that the
space is locally non-Euclidean, Altermatively, one could insist
that there ia po contihuous distance faunction mappable to such a
discrete space or that there ig no discrete geometry. But this
would be tantamount to a ¢laim that all objects are non-local -
f.,e, infinitely extended. e prefer to conclude that discrete,
finite gecmetries are not torsion-free.
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FIGURE 10. Mapping the new patch to the old.

FIGURE 8. The nearest neighbors of eo. * = new unmapped, ¢ = old unmapped.
*
/
x 0~ -0- -0- -0~ -0 x * $- -0- -0~ ~-o- -¢
2 | I | | | 2 NEXEN TN X
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1 | | | | | 1 (VAN | 1 /|
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0 | | | | | 0 171 | 1/
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-2 -2 /
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FIGURE 9. A new patch, Pl.
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CALCULATIONS:
A(square patch) = 16 C(polygon) = 12
A(polygon) =12 d(polygon) = §
) 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.
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FIGURE 11. Elements remaining after all allowed radial permutatjons.
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ARSTRACT

Firet: The (Finite)} Cowbinatorial Hierarchy 1s shown to
possess & Dual Helrarchy;, the "Top Lavels™ (i.s. the
“Parker-Rhodea Stopping Levela™) of both hierarchles are
identifisd with tha abetract tokenm "0 and 1" cut of which
both hierarchiss ars constructed. This ldentificetion
producea an infinitsly recursive construction with » “two—
headed arobourcs® structure (the BI-DROBOUROS of this paper's
title),

Secaond: The recursion in tum produces sn infinite sequence
of vector apaces of increasing dimension, which mre then
“glusd™ vogether (using » construction based on the ides of =
Direct Limit) to form a weingle “background” space, an
infinite dimensionsl wspece compossd of vectors with
infinitely many 0,1 cooardinates [sequences). The "sequential
act of conmtruction® is intarpretable as & priwmitive clock
“timing" tha "svolution" of the systes. In this construction
“"time" haw & baginning.

Third: Alternatively, this background space can be modified
in = patursl way to becoms o “two-sided: mequaence space” in
which tha  original “etarting® coordinate has lost it
accidental privilege, This allows us to identify the
location of the originsl Finits Hierarchy's successive four
lavels at wn arbitrary place in the system {i.s., thare 18 no
longer mny privileged location for thim idantification). This
alternative construction corresponds {1} with the system's
*timing" flowing from san infinitely remcts "past® through sn
arbitrarily locetable “pressnt”, (i1) with any "present stage
of construction® having resched an wrbltrarily complex
refinesment.

Yourth: The pasasga from finite dimensional vector spaces to
the infinite-dimenmional background space wllows the passage
from (unavoidmbly} diacrete topologies In tha Finite
Hisrarchy to a "potentielly reachable” non-discrets topology.
This in turn allows the introduction of increasingly refined
finite wetrice at any stage of evolution in the Bystem.
Thepe metrice provide increasingly preclss approximations by
rational numbers to a "potentlally realiseble" aystem of real
rurbers, for all messurement purpooes.
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1 VECTOA SPACES AMD MOOLEAN DUAL SPACES

1.1 Suppose we are given Vector Spaceas E(n} (n~ 0,1,2,...) over the
Tield 12 = (0,1} of two clements, where ths vectors in esch E(n) can bs
regarded san {0,1)-tuples of length n, and vector addition is coordinste-
wise sddition (mod 2). The neutral vector for vector addition is the
vector © = (0,0,...,0} of a1l Oa. Of course, E{n} can also be regarded as
» Boolean Algebra, in which the "dual” operstion consists of replacing Oa
by 1s md 1a by Om in emch vector -~ or, equivalently, by adding the
"anti-neutral® vector 1 = {1,1,...,1) to any vector. This loads us to the
jides of a "dual® vector space E'[n) in which vector addition is glven by
Z+'yY = X+ ¥+ 1, and the neutral vector is now 1.

{The dusl "anti-peutral" for 1 is once sgain ths original “neutral” 0.}

1.2 It is usaful to write X(n,0,+) and X'(n,},+') = or just E{n)
md £'{n) for short = for thess two ways of looking st the vactor space
E{n} and its “boolsan dual®. Also, for any nonempty subset 3 in E(n] we
cen conatruct its "dusl® set S' by adding the snti-neutral vector 1 to

sach vector in S. A subset S is called “self-dual® if 5 = S5*.

1.3 Of coursw, the two vector spacea E(n) end E'(n] are isomorphic,
and to that sxtent are 'I'mdutinguuh-ble" as algebraic structurss, But it
turns out to be remarkabls useful to keep slive thelr distinctlons,

1.4 I have described (st ANPA V, 1983) {and it im easy to prove] how
s subset $ in E{n) can ba a vector subspace in Ein) if and only if its
dual set 5' is & vectar subapace in E'(n). It im also interssting (and
should be potentiamlly very useful) to identify which vector aubepscce 5

are "gelf—3ual” - msa that sach such subset 5 1is sieultanecusly a vector
subspace in E(n) wnd in E'(n); note that any sezlf.dual vector subspace
mmt contain both ths neutral O mpd the anti-neutrsi 1 vectors. Keeping

alive the distipction bet..uoen » vector space and its dusl allows us to sae
that the collection of dual vector subspeces is thua common to both vector

Bpaces.

2 THE HIERARCHY AND IT3 DUAL

2.1 We recall that the Conbinatorlal Heirarchy uees just four of
these vector spaces (namely E(2}, E{4), E{16], E{256) ) aa i{ta four LEVELS
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but escribes no role to the field slements Q0,1 other than their natural cone
in theas sbstract mathematical constructa. In polint of fact it uaes the
"firat" vector space E{1) as the base field (0,1) iteelf, from which the
whole hierarchy im constructed. So in this menae we have s FIVE-LEVEL
COMSTRUCTICN - woa Figure 1. I won't go into the mctual hisrarchy
conatruction here; 1t is "uoll—knom"“J arid the datails are not actumlly
teportant for what followa. What is important about it hare im that E(2)
can ba enbedded in a particularly significant way into E{4), end similarly
E{4) into E(16) and E(16) into E{256), but that this process cannst

continue beyond E(256) - the so—called "Parker-Rhodes Stopping" phenomenon.

E{l) —» R(2) — R{4) — E(18} — R£(258) : Original Levels
0 1 b3 § 111 v : Lavel Humbers
E'(1l) —» B'{2) —» E'{4) -» E'(16) -» E'(258) : Dual Levels

FIGURE 1. THE FIVE-LEVEL FINITE HIERARCHY

3 THE ROLE OF THE TOKEW] C end 1

34 I have described {at ANPA V, 1983) how we can regard the mpecial
primitive quantities ¢ and ) as "tokens™, that im, as representative of
acme unspecifisd things whose only properties - st this stage - are
summarized in the fact ti\at we can “discriminats" betwaen them hy some as
yet unspecified procedure which mllows us %o say that 1f “the things being
discriminated are the same” then the result of the diacrimination is
signaled by the production of a "0% , and if "the things ars not ths same"
them the result is o "1™, I aleo described how the lack of any other
substance that .could ba sccorded theme tokens gava them an undesirsble
primacy In the schema of* thinga. That is to say, it gave them an
eagentially “primitive” excgenous ststus which was in conflict with the
idea of the theory unmder development being in some way self-deacribable,

self—orgenlzing or self-generating.

3.2 I have always inmisted {(from ny earliest talks with Ted Bantin
twenty yecare sge} that whatever theory should ever arise from the

development of a Combinatoriel Hiersrchy spprosch it should intrinaically
contain the cepacity (or st least the potential) reflexively to describe
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the theory developed, together with its eppropriate calculus. That la to
say, the theory should possea an essentially self-organizing or boot-
strapping femture. But to that end I elways had to face the obatacle of
how one could matistactorily discharge theas tokens of thelr accldentelly
special rols, For mwe, the mipaing step was found when I recognized that
one could identify ths tokens O snd 1 with LEVEL IV and lts “dual®,
respectively. The identification aleo serendipitously removed another
accidental specialization; namely that of the LEVEL IV (and its dual} am
the Parker-Rhodes Stopping Level in the Hierarchy (and ite dual}, We can
oW Say:

"0 stands for Lavael IVY or, interchangaably, "Level IV stands for 0", and
similar statements sbout "1" end the dual of Level IV.

3.3 ISuch an identification, whilat immadiately denying the tokena O
snd I and the Parker-Rhedes Stopping Levels of any undesirably specisl
atatus, also provides us r.lt.h.m unexpectedly rich syatem, mn infinitely
recursive two-headed conmtruction: THE BI-OROBOUROS — aee Figurs 2.

dm e m m e e m o mm e = e == A === = = = P ——
t
I
]

FE(1) S E(2) -+ E(4) — E{16) —» E{256) > - —
4

L4
E A

‘\ +E'(1) =+ E*(2) -5 E'(4) ~» E*{16) —+ E*{256)p - -4

]
|
{
= - = = m mmmrr— = = === - == = - = = == = - *
FIGURE 2, THE BI-OROBOUROS CORSIRUCTICR
3.4 Thua this conatruction has sllowed us to deflect the question

"What wre 0 and 1 7' with the sphinx-like anewer: E{255} and E'[256}, 1.e.
LEVEL IV and ite dual, each of which la 1teelf compriwed of 2256 - Itii?s
vectors esch representad by an n-tupls made up of 256 coples of the De or
1s, #ach of which in tum is & copy of E{256) or E'(2556) saach of which in
turm e ... od Anfindtos ., ...,

From one point of view, thsa Bi-Orobouros has no beginnlng snd no end. Yot
from snother point of view it “starts™ with the recognition of the initisl
need to uze "primitive tokens” O and 1 but immediately goes out from this
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to support the entire infinitely recursive construction, endlessly
recapitulating the Combinatorial Hierarchy and its Parker-Rhodes Stopping.
In other words, any attempt (or feeling of obligation to atteapt) to
"define" the substance of the tokens O and 1 exogenously (itself a
meaningless action) is removed infinitely far away by this recursion.

The requisite endogenous nature of the Heirarchy is brought one step nearsr

actualization.

3.5 For later use, we notice that if we try to construct the formal
steps in this recursion, we are led to an infinite sequence of vector
spaces:- thus, beginning with E(256) we can - in each 256-tuple -~
systematically replace each O by E(1), that is the pair (0,1), and replace
each 1 by the dual E*(1), that is the pair (1,0). In fact it's easier and
more exact to achieve this by replacing O by the pair 00 and 01, and 1 by
the pair 11 and 10; doing this helps to keep intact the "history" of the
rcpl.ceunu(z). It also allows us to see at once that E(256) is modified
to E(256x2) = E(512). Interchangesbly, we could of course just as well
start with E(1) and replace O by E(258) and 1 by E*'(256) using a similar
kind of labeling scheme to keep track of the "history" of the replacements.
(Note that each label here has to be written with 257 digits and there are
2512 distinct labels |1) The result is agein a larger vector space E(2x256)
= E(512). Continue this process:- using E(256) and E'(258) in E(2) we
get E(4x256) = E(1024); using E(256) and E'(256) in E(4) we get E(16x256) =
E(4096); and so on.....(a)

Similarly, dual replacement steps are also to be carried out:- starting
with E*(1) we goet E'(2x256) = £'(512); and so on.....

3.6 It is clelar that these dual recursion processes do not have to be
carried out separately; they can (and must) be thought of as taking place
simultaneously, and instantaneously. 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-Orcbouros acquires an ever incressingly complex
fine—grain structure comprising both ‘original substance' and its dual

‘anti-substance’.

4 THE RECURSIVE HEXIRARCHY

4.1 The first practical problem now has to be faced:
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How can we incorporate the idea of Bi-Orobouros in an algebraically and
topologically meaningful way?

4.2 One interestingly practical way makes use of the idea of a Direct
Limit (sometimes called an Injective Limit) of mathematical ltructureu(“.
Very roughly speaking, we can imagine a new vector space E{oo) (it is a
“super-space", of infinite dimension) consisting of vectors each of which
is an infinite-tuple (sequence) of Os snd 1s, with only & finite number of
1s in any of them. (We shall also need a "dual super-space” E'(o0) in
which vectors have only a finite number of Os in them.) Vector addition is
again coordinate-wise addition (mod 2). We can now recognize s sequence of
vector subspaces in this super space K(oo):-

First pick out the two vectors which start (0,0,0,...) and (1,0,0,...) and
which have all Os after the first place; these clearly form a subspace
isomorphic to E(1), i.e. to the base field 22 = (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,....) and have all Os after -the third place;
these form a subspace isomorphic to E(2). Do the same with vectors which
have all Os in lst,2nd and 3rd places and after the 7th place, and at least
one 1 in the 4th,S5th,6th,7th places; these togsther 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 places ... and
recognize E(16), E(256), B(512),... It's as if we were glueing together

the infinite sequence of finite-dimensional vector spaces E(2), E(4),
(5)

E(16), E(256), E(512), .... in & meaningful and organized way "' ; see
Figure 3.
E(1) E(2) E(4) E(16) E(256) E{512) rene
E(1) | E(2) E(4) E(16) E(256) E(512)
E{oo) B>

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)

128



4.3 The degree of organization ie larger than at firat appeara. For
{sae Note 5} thare are maps bDotween these vector subspaces which allow one
to idantify & lowar level vactor with a higher level ona in the super-space
E{oo}. Theas oaps are [or mhould turn out to be closely relatsd to) the
alder level-matching maps of the Finite Hcirnn:hytsl. Moreover, mince
these maps sre linear they are themselves reprasentable by [infinita)
satricas with entries made up of Oa and ls (elmost all of which are Os, of
course); and any swch satrix can in turn be identified with a vector in the
supsr-spsce E{on}, thus making the whole system very solf—contained {and
very Hierarchicel In spirit,.} |

4.4 Some other probless that have still to be tackled:

{A) Should we formally carry out the identification of E{258) with (0} and
the dual ldentificetion of E'{256) with {1}, in the super-space E{oa),
and if po, how 7

{3) Ia there a formal role for the dual super-space E'{oco} ?

(¢} If Eloo) wnd its dusl I'(oo), though iscmorphic, sre to be regarded as
dimtinct in the same way as esach IZ{n} and E'(n} wers, can wa not carry
out yat snother identificatfon — this time of (0} with E{oo) mnd (1)
with £'{oo) == und so repsst the entire B{-Orobouros conatruction on
this sven grander scale by producing further super-spaces E{oo,00) and
Et{on,an), snd 20 on and 80 ON ..ews T

Ky own conjecture is that s setisfectory answar to (A} will

resolve (B) and thence (C) in such & way that the first twe supsr-spaces
Eloo) and E'(oc) are s.‘houn to ba mutually identifisble in the senss that
neither can ultimately provide sny further structurw-based informatian.
Moreaover, it 1s very likely that E{oc) and the seemingly grander E{ao,oo0}
would turn out to be structurally indlltinguilhable{?’. s0 that nothing new
wan to be galned by further cresting mn infinite succession of such grandar
identifications for (0} snd (1). In this ultimate sensse there would be na
infinite regress of conntructions for Bl-Orcbource. Bi-Orobouros would be
formally identifisble with either Kl(oo) or E'(a0); the cholce could be made
without any more preference than is currently given the tokens "0" and "1™
for whatever formal cbjscts they are habitually required to represent.

5 TIMPORAL EVOLUTION IN THE RECURSIVE HEIRARCHY

5.1 There la another point which I ocught to mention here, though this
toe ia & very raw idea. The "extenaion" proceam by which I described the
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setting up of the infinite recuraion by using the spacea £{1),BE(2) ,E(4},..,
E(512),... could be regarded a» a "ticking" universe, growing in complexity
at each extension. The universe st any "time" im finite because only a
finite number of places in any vector in E(oo) have had tha poesibility of
being occupled by a 1 {sll other places "further on" still being Om). But
if we wish to take on board an infinitely remote past, we have only ko
modify this construction snd replace the supsr-space E{oo) by an leomorphic
copy conallﬁing of "two-sided” vectora (sequences of Os and le which have
no start and no end, e.g. (ovenesss0,0,0,0,1,0,1,1,0,0,0,0,...,...).
Formally these are deacribed as mequences indexed by all the posltive and
negative intsgers wnd zero {...,-2,-1,0,1,2,...) rather than by the
positive integers (1,2,3,....} alone.

5.2 The advantage in deing thiw, 1s that even the “start” of the
construction loses any privilege or priority: any point can be taken as s
convenlent "atart” for identifying a “locel” E{l), and the systea's
structure then rolls away "locslly” to the right as befors; but any other
point more to tha left would have served squslly well and whan it comes
down to a hard choice, there are no grounds for picking on any point.....;
the "origin of time" is infinitsly fer to the left and "time" stretchas
infinitely far to tha right, so to speak. But st each "tick” the universe
becomes that much more rich snd complicsted, mtructurally speaking.
Perhaps thers is a mensa in which this ides can bs identifisd with the

Noyes—Manthey-Gefwert ticking univeﬂe‘a)?

6 INFIMITE DIMENGIOMAL SPACK YOPOLOGIES

6.1 The next positlve advantage which 1 think will flow from thess
idess iw the potential removal of the limitucion of having to work with s
finite collaction of finite vector spaces, &a In the originul Finita
Hisrarchy. As Clive Kilmister mnd I have described {at ANPA ¥V, 1083}, this
unavolidably forces any topology on them to L: discrets {and rather
uninteresting sa & result); we are left with only a "Husaing” motric {(the
distance batween two vectora is Just the nuaber of places in which their
coordinates differ). But now that we have infinite Jdimensional super-
spaces E{co) and E'(o0) to work whth - even if only as background specea,
only "potentially realizable” - we may be sbls to sppeal to & lerger
variety of topologiea and related topics.
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6.2 Some possible ldeam here are these: (i) It is knomtg) that

E{oo), am defined above, is identifiable with all subseta of rational
numbers, and hence {il) that it contains m chaln (i.e. m collection of
vectors osch one of which in some senae la an axtension of all "previous"
ones in the collection) which is identifiable with the real number aystem.
This means we would heve (moat? all?) ratiocnsl nusbern available at any
"time" and real rusbera mvailsble at & potentlally infinite "time". The
metric "refincoent” mvailabls to us in any finltely-realizable part of the
universe would thus depend mimply on the (theoretical?] extent to which we
have followed the Bi.Crobource' development starting at any given "origin®.
¥e mre free to choose any such atarting-origin (in the two-sided vector
system described above) to suit the problem in hand, and so are fres to
discuss thecratical phyeical probless to any degree of topologic/metric
“precision”". But what affect this would have on any attempt to introduce
the notion of quanta (in energy or spatial measurement, for example} im not

at al)l clear,

NOTLS :

{1} See for example: Bastin, et al., 'On the Physical Interpretation and
the Mathematical Structure of The Combinatorial Hiersrchy':
Int.Jd.Theor,Phye,,Vol .18, No.7, 1979, pages 445483,

{2) ¥hat In fact we are doing here ia forming the Kronecker {or Tenscr)
Product of each vector in E[(256} with the vector {(Q,l) and re-writing the
resulting 256x2 matriz as m 51221 vector. And similarly for other such
conatructions,

{3) Note that the sequence of dimenwions grows with B "double rhythm":

{ 2 4 16 25 )}

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,:94 967,296 )}
{ 8,589,924,552 17,179,869,184 68,719,476,736 1,099,511,627,776 )

The lat entry on the (n+il)-th row has the value 2 x 256“;

the 2nd, 3rd, 4th entries are then 2x , Bx , 128x that value, respectively.
Altermatively, note that the numbers in the FIRST ROW grow by aguaring,
then the numbers in each COLUMN grow by being mutiplied by 256.
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{4)] Usneful sccounts of this idea are given for example in

{a) Bourbaki, Elements of Mathematica, THEORY OF SETS, (Tranalation, from
the original French, published by Addieon-Wesley, 1968],
(Chapter TIL, Section 5, [page 202});

(b} Dugund}i, Topology, Allyn & Bacon, 1966;
{Appendix Two, Sectlon I, (page 420)}.

{5) Strictly speaking, the Direct Limit involves a further conatructlon.
Firat thers has to be an ordered pet of mappings each of which reaches [rom
one "embedded™ space to mnothar in the aystem, and they oust cospossble in
a senaible way, a0 that if apaces {a}, {b), and (c) occur in that order,
then if Fab meps you from space (m) to wpace {b), snd Fbc from epace {b) to
spacs {c} then their compomite Fbc.Fba is the sane an the map Fec fron
mpace (s} to space {b]. The extra construction now conaists of identifylng
any vectors in the sxtemded system which can be linked by a chaein of these
moppings stepping from ons "embedded" subspace to another. (This idea
reminds me of my earlier idea of "spines” of vectors resching up through
the Finite Heirarchy viw chains of level-mappings — mee paragraph 4.4.7 in
the refarence in Mote 1 sbove.) It is known that if two vectors are
related by wuch » link, then the reletionship so formed im sn egquivalence
relation o1 the mystea, The final step comes in regarding mny two such
"equivalent vectora™ as being onm and the mame object. {Formally, we
construct the factor apace Eloo}/R from Eloa) by this equlvalence relatlon
H.} This new "condenmed systea™ ls obvioumly very exciting:- any one of
its “objecta™ consists of all vectors in the Bi-Orobouras which can reach
each other by chains of leval-mappinga; the callective of vectors in euch
chain have lost their "individuality", so to speak, Perhaps they
correspond to "physical entities” In an "obsgervable universz" 7 A natural
question to mak ia: What is the cardinality of the eystem 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 Finlte Helrarchy, into E(512), tha firat of
the Extended Levels [("LEVEL 5%"). O(mce that is agreed upon, the successlive
mappings can then be é¢onstructed lteratlvely up through the infinite
sequence of all the Extended Levels in both the Recursive Hierarchy and ite
dual,

(7) In the same way that the vector space ¥{oo) of all infinite 0,1
sequencern with finltely many lm is jmomorphlc to the vectar space V{oo,aoo)
of all infinite 0,1 matrices with finitely meny ls ("infinltes sequencem of
infinite segquepnces”): and so on....

(8) Bee, for example: Noyes, Manthey, Gefwert,; 'Towards a Constructive
Physica', SLAC-PUB-3116{rev. September 1983].

{2} See, for exemple: Dwinger, Introduction 13 Boglean Algebraa,
Physica-Verlag, Wurzburg, 1971, page 6, Problem 4.11.
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