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Abstract

We have talked about the URS being the language of physics where each word or string has a semantic
meaning of a zero totality [1],[2],[3]. We have also brought up the fact that the URS as a language
has an infinite number of symbols or letters in its alphabet[4],[5],[6]. How can the universe compute a
language with an infinitely sized alphabet with an infinite number of words that represent increasing larger
cardinalities of zero totality? Can this be given a finite representation, or will the language of nature
be a closed book to us forever because we have finite memories that struggle to remember large finite-
sized collections? Surprisingly, it turns out that it is possible to accomplish a major simplification of an
infinitely-sized problem like this and turn it into a two-state machine that can remember an infinite number
of symbols. The counterintuitive fact is that this unbounded problem does not require an unbounded
solution. Despite the fact that the Universal Rewrite System is a language with an infinite number of
symbols, the solution to finitely representing this system does not require a matching number of infinite
states. The resolution is to use a Variable Finite Automaton. We divide all the infinite symbols of the
Universal Rewrite System into three variables of two types: two bound variables and one free variable.
This simple assignment converts an infinitely sized problem into a finite sized solution, and it works
because all the infinite symbols get binned into the two categories of variables.

1 The Universal Rewrite System

Nature is in a state of perpetual change. Normally, these changes are described by separately defined
processes, but is there an underlying universal process which is common to all the changes? If there is, we
would expect it to be simple in principle but complex in its effects. Change can only be defined against
something which stays the same. Creation is accompanied by conservation. So, what is it that changes and
what stays the same? And can we find a simple process at the most fundamental level that will always apply
to every situation in nature? We believe that one candidate stands out. This is the Universal Rewrite System
(URS), devised by Rowlands and Diaz in 2002 [7]. This is based on the idea that Nature has no definable
characteristics and has a totality of zero after every process. Intimations of this are present in Newton’s third
law of motion, where every action by an object is accompanied by an equal and opposite reaction from the
rest of the universe. Inside the object or system, the equal and opposite forces cancel to zero. In the URS,
any symbol, such as R, must have a complementary R’, which effectively cancels it.

The universal rewrite system, first proposed in 2002, has been discussed and elaborated on in several
subsequent publications [4],[6],[8],[9]. It is founded on an answer to the age-old question "Why is there
something rather than nothing?’, which asserts that the question is misdirected because there really is nothing
rather than something, in the sense that the 'universe’ or 'reality’ always has a total value of zero. In other
words, Nature has no defining characteristic because any such characteristic could not be explained in a
fundamental way. The only state which can never be subjected to more fundamental explanation is that of
zZero.



In the rewrite system, the alphabet, or defining symbol set, must be constructed in such a way that it
creates a totality zero. We then imagine a succession of zero totality alphabets of increasing cardinality or size
each of which incorporates the previous one defined. The method of incorporation is strict and minimalistic.
Just one new symbol is created for each new alphabet. If we consider ourselves as observers from within the
entire system of reality, we may start with a zero totality of the form (R, R’), where R and R’ complement
each other, ensuring that the total remains zero. The next alphabet must include (R, R’) as a sub-alphabet.
The minimum zero-totality extension would then be (R, R’, Ag, Ag’), where Ag = the complex imaginary
1. To find out how the terms relate to each other, we could concatenate the entire alphabet with individual
terms or with a sub-alphabet. Each concatenation of any term with the alphabet will produce the entire
alphabet as a unique automorphism, ensuring that each term is unique.

So, the concatenation, which means placing terms together, without algebraic significance, will produce
nothing new if it is between any alphabet and any symbol or sub-alphabet of that alphabet, but it will ensure
that each symbol is unique. This is a process we can describe as conservation. If, however, we concatenate
any alphabet with itself, then this must produce a new extended alphabet incorporating the old one, because
no alphabet can be the final one in the zero-totality sequence. This process we can describe as creation.
We can symbolise the respective processes using — and =-. Creation can only occur if the new alphabet is
constructed to obey the conserve rule. So, creation and conservation are not separate processes but aspects
of one.

Applying conservation to (R, R’), we find

(R)(R, R") = (R, R')
(R) (R, R) - (R, R)

so that

(R)R) = (R)
(R") (R) = (R’)
(R) (R)) = (R)
(R) (R") = (R)

Although we could, in principle, switch R and R’, this would yield no new information, simply resulting in
an exchange of symbols.

Now, when we concatenate the whole alphabet with itself, we have to ensure that (R, R’) does not remain
unique, and a new creation ensures that. (R, R’) (R, R’) = (R, R’, Ag, Ag’) has the same effect as taking the
concatenation of (R, R’) with (R, Ag), where the single new symbol A is created. In addition, the creation
can only be true if the conservation process holds as well. That is, each component concatenates with the
alphabet to form a unique automorphism of it.

(R) (R, R’, Ag, Ao”) — (R, R, Ao, Ayg’)
(R") (R, R", Ao, Ag’) — (R, RAO, 0)
(Ag)(R, R’, Ag, Ap") — (Ao, A¢’ R)
( )(R R AO? AO) — (A07A07 )

We note that, to ensure A is distinct from R, we need

(Ao)(Aog)— (RY)
(Ao)(Ag")— (R)
(Ao)(Ag)— (R)
(Ao")(Ag")— (R)

and this will be true of all new symbols introduced in further creations. At the next stage, where we introduce
the new symbol B, the process of ensuring that the new alphabet only produces itself when concatenated with
its sub-alphabets requires that we now introduce concatenated terms, such as AB, AB’ into the alphabet,
which now becomes equivalent to concatenation of the previous alphabet with (R, B).

(Rv R,a A07 AO,) (R7 R7a AOa AO,) = (Rv R’7 Av A7 Ba B’7 AB7 AB,)

(R,B) (R, R’, Ag, Ao’) = (R, R’, A, A’, B, B’, AB, AB’)

[\



As in all previous cases, if we successively perform the — operation with (R’), (A), (A"), (B), (B’), (AB),
(AB’), or any combination of these, subject to the necessary condition that their combination is always less
than the full alphabet, then the result will always be a unique automorphism of the alphabet.

(R) (R, R, A, A’, B, B’, AB, AB’) (R, R’, A, A’, B, B’, AB, AB)
(R’) (R, R’, A, A’, B, B’, AB, AB’) — (R, R, A’, A, B’, B, AB’, AB)

Since none of the terms are changed, all of these automorphisms are equivalent to the original alphabet.

However, the results of concatenations of AB and AB’ with themselves still have to be established. The
only options available for (AB) (AB) and (AB)’ (AB)’, if the concatenations of AB and AB’ with the alphabet
must produce automorphisms of the alphabet, are either R or R’. If either becomes R (the commutative
option), then AB and AB’ become effectively indistinguishable from R, and nothing new has been produced.
So, the only option for both is R’ (the anti-commutative option). Then the concatenations (AB) (AB)’ and
(AB)’ (AB) will become R’.

This is very significant, for the anti-commutative option will not be repeatable when the alphabet is
extended to incorporate new terms, such as (C), (D), etc., whereas the commutative option could be repeated
indefinitely. The anti-commutative option effectively produces a closed cycle with components (A, B, AB)
and their conjugates, which excludes any further C, D -type term of anti-commuting with them. All other
such terms will commute. Further terms will then generate identical but independent cycles, such as (C,
D, CD) and (E, F, EF), to infinity. As we will see, the URS anti-commutativity effectively causes both
3-dimensionality and discreteness.

Previously, we created a Mathematica program [6] to generate the Universal Rewrite pattern using a
single line of active code. An infinite tensor product was able to output the universe in a single step (lines 3
to 4 below).

n = Input[n]
m=n-—1
If [n == 07 T = 0, T = {XQ,—X()}]
Do [T = TensorProduct|T, {Xo, X;}, {i, 1, m, 1}]
Evaluate[T]

We also ran the program for n = 1 to 6 and were able to generate the first 6 orders, where any power p of
X is equal to the identity: X} = identity (1) for any integer p, X1 = Ag, —X1 = A", Xo = A, — X5 = A,
X3 = B, etc.

2 Application of the Universal Rewrite System (URS) to Mathe-
matics and Physics

One of the things that the rewrite structure achieves is a perfectly repetitive sequence of independent systems.
This is exactly the condition needed to define integers or natural numbers. If the rewrite system is compre-
hensive and complete, then the repetition of quaternion-like systems, such as (R, A, B, AB), will be the first
time that integers appear in the system. The ’quaternions’ also introduce the concepts of dimensionality and
discreteness. So, these mathematical concepts are not independent of this structure but a natural outcome of
it. If we then apply the concept of 'number’ to the system, we will then find that other types of number, e.g.
real, imaginary, etc, will also emerge from it, as well as various mathematical operations between numbers.
Perhaps for the first time, mathematics will be an integral part of the emerging fundamental system, and
not something merely ’applied’ to it[1]. It is an important aspect of a fundamental theory or methodology
to ensure that it is not dependent on systems which are external to it and imported merely for convenience.

One of the first applications is to Clifford algebra. Here, we see that the sequence of terms R, R’, Ag, Ag’,
A, A’ B, B’, AB, AB’, ... is entirely parallel in structure to the sequence 1, —1, ig, —ig, 47, —i1, j1, —J1, 1171
= ky, —i1j; = —kz,... where iy, —ip is the complex imaginary unit and 4;, j;, k; are quaternion imaginary
units. At this point, we reach the anti-commutation limit (i.e. 3 dimensions). Further symbols would have



to lead to a completely new and independent quaternion system. An incomplete quaternion system would
act as a complexification.
So, the first three alphabets would be

(1, -1) real numbers
(1, =1, ip, —ip) complex numbers
(L,=1, iz, =iz, j1, —J1, 411, —91]1) quaternions

The next alphabet would be complex quaternions (or multivariate vectors). Then the fifth would be double
quaternions, and the sixth complex double quaternions, leading to an infinite series of independent quaternion
systems, with incomplete ones being represented by complex numbers. It is remarkable that the rewrite
system should reproduce, essentially from the idea of totality zero, a system parallel to one of the most
significant mathematical structures used in physics. These systems are based on numbers which are not
assumed in the rewrite structure. However, as we have seen, the rewrite system can also be shown to produce
number systems from first principles, and this can be done using the same process.

It is significant that discreteness occurs in the rewrite structure at order 8 (which we can repackage as
order 2, using quaternions as a 3-D discrete structure), and here we find the origin of integers. The fourth
column in the table below replaces (R, A, B, AB) with 1 and (—-R,—A, —B, —AB) with —1 to show that
the Universal Rewrite System can be rewritten to introduce numbers, effectively recasting itself as a discrete
sequence.

discrete 1 + (R, A, B, AB) (order 8)
discrete —1 + (—R,—A, —B, —AB) (order 8)
order 2 +R Continuous
order 4 + R, + Ag Continuous
order 8 +R,+ A, £ B, £ AB order 2 +1 Discrete
1 x 3-D
+ R, £ A, £ B, £ AB, . Discrete
order 16 + Ag, + AgA, + AgB. + AgAB order 4 + 1, £ 14 1 % < 3D
IR,+A +B, + AB,
order 32 + C, + CA, + CB, + CAB, order 8 + 1, £ 41, Discrete
+ D, &+ DA, = DB, + DAB, i1, Firi 2 x 3-D
+ DC, + DCA, + DCB, + DCAB
IR, £A, +B, £AB,
+C, +CA, +CB, +CAB,
4D, £DA, +DB, +DAB, +1, +iy,
+DC, +DCA, £DCB, =DCAB, +71, +iqis, Discrete
order 64 | 4 x L AGA, £A.B, £A.AB, order 16 | 45 " 1. 2 1x 3-D
+A,C, +ACA, +A,CB, +A,CAB, +ioj1, +ioi1j1
+AoD, £AgDA, £A(DB, £A(DAB,
+AoDC, £A(DCA, +A(DCB, A DCAB

With number now established as a possible outcome, we can consider how physical ideas which depend
on number evolve. The first four alphabets can be considered as expressing successive number systems which
coincide with the successive properties of the physical quantities mass, time, charge and space, which can be

Q

summarised in the table [1],[2],[3]:

mass real conserved continuous

time | imaginary | nonconserved | continuous
charge | imaginary conserved discrete

space real nonconserved discrete




The significance of the symmetry shown here, which can be seen to be that of a Dy or Klein-4 group, is
that a particular closure has been achieved at this level, since all the properties cancel overall and produce a
zero totality. In addition, all the physical properties are direct consequences of the algebraic ones. Some of
the distinctions between property and anti-property (or its opposite) are subtle rather than obvious, but all
present exact oppositions when fully examined. Nonconservation appears to originate in an extra complex
1o in the quantity’s description. It is a very definite property with major physical consequence, and not
just the absence of conservation. The nonconserved aspects of space and time lead to their description by
differentials and are the origin of such things as gauge invariance and quantum uncertainty. The continuous
/ discrete distinction has several forms and could also be described as commutative / anticommutative or
nondimensional / dimensional.

There are several very significant consequences of the parameter group. The tensor product of the first 4
algebras,

real numbers X complex numbers X quaternions x complex quaternions

is equivalent to the algebra of the sixth alphabet: complex double quaternions. This is the algebra of the Dirac
equation, the equation referring to the most fundamental and elementary state in physics: the fermion. This
has been explored in many earlier papers and it is believed to be the source of all physical information. The
64 units of the Dirac algebra include 12 sets of 5 units, each of which acts as a generator of the entire algebra
(either immediately or when multiplied by complex i), and each of which, when multiplied by appropriate
scalar coefficients, equivalent to E, p,, py, p. and m, is a complete description of any given Dirac state [1],
[2], [3] (A =1 and ¢ = 1). In this form, the total squares to 0, leading to another level of zero totality. This
nilpotent structure, when squared, provides the most general description of the conservation of energy, which
is the basis of the definition of all physical systems of any type and size.

The 64-part algebra is also one on which all known physical particles can be structured (a representation
which can be done in two separate ways) and forms the basis of the 64-component genetic code [10],[11] with
a one-to-one correspondence. The Klein-4 structure for mass, time, charge and space is additionally the basis
for the C, P and T symmetries [1], [2], [3], and for the parallel systems to be found in those cellular automata
[12] which have long-term stability.

The nilpotent structure, with its characteristically broken 5-fold symmetry, relates to geometrical struc-
tures with 5-fold symmetries (including Platonic solids, Penrose tiling and quasicrystals), and parallels to
these have been outlined in earlier work [1],[13], [14]. The connections with the Laws of Form and Category
Theory will be discussed in later sections of this paper. Numerous parallels with larger-scale structures have

been outlined in earlier publications [1],[15],[16],[17].

3 Transcribing the Universal Rewrite System into a Regular Ex-
pression

The Specification for the Universal Clifford Algebra of order 2"

e Function(0) = 2™ (This function offers a possible reason why there is no beginning and no end to the
universe.)

e Function™(2") =0
That is, if we input 0 we obtain 2"; if we input 2" we obtain 0. The implementation is of the form:
e Function(0) = (z1 + z2)(z1 + y)*
e Function(0) = (1 + y)*(x1 + z2)
e Function ™ ((z1 + x2)(z1 + y)*) =0

e Function ™ ((z1 + y)*(z1 + 22)) =0



Here, we understand x terms to be fixed and the single y term to vary. We can encode the internal
representation of the URS using data structures provided by Clifford algebra product rules. To translate
the URS and provide the formal language, we will use new symbol assignments, where R — z1, R’ — x9,
and Ay, A, B, C, ... — y. Here, we have bound variables X = {z1, 29: 1 = 1, 22 = —1} and the single
free variable {y} = {y: y = VT2, Where m(n) = 2(2n — 1 + (=1)(®=Y) — 1 m(n) > 1}, the index
labelling number for 7 and j. To introduce new symbols into the alphabet without changing the net zero sum
it might seem that taking the square root of either x; or xo would be a valid choice but simple mathematical
reasoning will show that only one square root gives the novelty needed to extend the alphabet and in fact
the source of the new symbols must be square roots of negative one, not square roots of positive one: y =
\/l'_gm(n) extends the alphabet with a new symbol, not y = \/x_lm(n) since y2 = x; implies y = x; and y
= X9; we know from the properties of x; and x2 (x1X1 = X1, XaX2 = X1, X1X2 = XoX] = Xg2, X1y = yX1 =
y) that x; is the identity, xo is the inverted identity. If we choose y = \/:c—lm(n) then all we have done is
just redefined y as x; and xs, the same old symbols, not creating any new symbol and therefore not extend-

ing the alphabet. We are forced to conclude that to create a new symbol beyond x; and x5, y must = , /T2, ()

2" In(n) ANd Jim(n) i) med @

n | mn)=1@n -1+ (D™ D) — 1T [ (n+1) mod2)

1 - 0 {1, -1}

2 - 1 {1, 1} ® {1, i}

3 1 0 {1, -1} ® {1, i1} ® {1, ju}

4 1 1 {1, -1} @ {1, i1} ® {1, ja} ® {1, io}

5 2 0 {L, -1} @{L, i1} @ {1, 51} ® {1, 92} ® {1, jo}

6 2 1 1L, -1} {1, it @{L i}t ® {1 i} ® {1, 42} ® {1, io}

4 Regular Languages

Assuming the properties of regular languages, there exist two forms of regular expression that every other
type of regular expression seems reducible to. Physical evidence exists to support this claim [4]. If there exists
a foundational origin for the physical world then it seems that there must exist an original expression to start
all other expressions. Regular expressions in formal language theory can be expressed with the operations
listed in the following table[18]. The A and B symbols in the table are not necessarily those of the URS. A
+ Bis A OR B. A.Bis A AND B. A* is an infinite AND (product) of A’s.



XpXpY
empty set (] {} 8
O——0
parallel sum a-+b a-+ b
o—=0
O—0O
sequential product = concatenation ab ab
O——0O
star closure a* a” . n>0 O
O——0O0——0O
O——0
star sum (a + b)* (a+b)",n>0 . Q
O———Q—0O
O
O (ab)* O
star product (ab)* (ab)™, n >0 8
O——(——0
%
Xy
All words over ¥ = {x1, x2 , y} (x1 + x2 + y)* (x1 +x2+y)",n>0 8

5 URS AS A VARIABLE REGULAR LANGUAGE

If the universal rewrite system’s representation in formal language theory is a regular language over an infinite
alphabet, how can a finite state machine recognise it? Theoretically a regular language with an infinite
alphabet would require an infinite state set to remember every symbol read from the infinite alphabet. This
problem is solved by a machine that processes variables instead of symbols. A Variable Finite Automaton
uses variable assignments that can be fixed and varying simultaneously.

The Variable Finite Automaton is the optimal solution to the finite state representation problem of regular
languages over infinite alphabets. A Variable Finite Automaton (VFA) is defined as an ordered pair (X, A)
where ¥ is an infinite alphabet and A is a nondeterministic finite automaton[20]. Let V = {vy, ..., v,: n €
N} be the finite alphabet of the nondeterministic finite automaton A and let ¥ = {w,: p > 1, p € N} be the
infinite alphabet of the Variable Finite Automaton. Let 'y = X U {y}, where X = {x3, x2}, is the finite
variable alphabet processed by the finite variable automaton (X, A). The variables in X cannot change what
symbols they are assigned to from V but the variable y can change what symbol it is assigned to from V.
In total there are three different alphabets to consider: the finite alphabet V of the nondeterministic finite
automaton A, the infinite alphabet of the variable finite automaton (X, A) and the finite variable alphabet
I'4 of the variable finite automaton (3, A). The bound variable assignments in X allow the same symbols
to occur repeatedly and the changing assignment of {y} allows new symbols to occur. The variables provide
for an infinite alphabet representation of regular languages without changing the number of states needed to
process the language.

The universal rewrite system (URS) written as a variable regular language is expressed by two non-
equivalent distinct types of variable regular expressions over the finite variable alphabet X = {x1, xo} U {y}:
(x1 + x2)(x1 + y)* and (x1 + y)*(x1 + x2). Therefore, the finite variable alphabet for the URS is 'y = X
U {y} where X = {x1, xo: x; = 1 and xp = —1} is the set of bound variables and {y} = {y: y = ij(n) ory
= jm(n)> m(n) > 1, m(n) e N} is the set of the single free variable y.

The semantics of the universal rewrite system can be expressed by two different variable regular expres-



sions. The first expression is '} = (x1 + x2)(x1 +y)*, where x; = 1 and x3 = —1, x1 # X0 and y = ipy(n)
OT Y = jm(n)» m(n) > 1, m(n) € N is the same as I'}y = {vi..vk..vy,} VI = X1 OF VI = X2, Vg = ¥ = lp(n)
OF Vg =Y = m(n), m(n) > 1, k # 1, where 2 < k < n and m(n), n € N}. The second expression is '},
= (x1 + y)*(x1 + x2), where x; = 1 and x3 = —1, and y = iyn) OF ¥ = jim(n), m(n) > 1, m(n) € N is
the same as Iy, = {Vp...Vk...V1: VI = X1 OF V1 = Xg, Vi = ¥ = ip(n) OF Vi =Y = Ipm(n), m(n) > 1, k # 1,
where 2 < k < n and m(n), n € N}. These expressions describe the same language only when the variables
of Iy and I'}j are assigned the symbols of the universal rewrite system. Syntactically these two expressions
describe different languages because concatenation is not commutative. However, they are semantically the
same language when they are interpreted as the universal rewrite system: syntactically (x1 + x2)(x1 + y)*
# (x1 + y)*(x1 + x2) but semantically over the URS (x1 + x2)(x1 + y)* = (x1 + y)*(x1 + x2).

This determines the language of the infinite alphabet ¥ to be ¥* = {w1..wk...w,:w1; = vi = X3 or wy =
vi=xXpand Wg = Vg =Y = ip(n) OT Wi = Vi = ¥ = jimm), m(n) > 1,k # 1,2 <k <n, m(n), n € Natural
numbers, N} or ¥* = {w,,..Wp..W1:W1 = Vi = X1 Or Wy = V] = Xp and Wi = Vi = ¥ = ly(n) OF Wi = V} =
Y = Jmm), m(n) > 1, k# 1,2 <k <n, m)andn € N}.

The semantics of x; = 1, x3 = =1,y = i;(n) OT ¥ = jim(n) Put in tabular form looks like:
Fa | x1 | x2 y y
Vv vi | V1 Vi Vi
b)) Wy | Wi Wi Wk

5.1 Variable Regular Grammar

For (x1 + x2)(x1 + y)* the grammar production rules become

qo — (x1 + x2)q1
a1 — (1 +y)a +e

where € = the empty string.

For (x1 + y)*(x1 + x2) the grammar production rules become

qo — (x1 + y)qo + (x1 + x2)q1
qp — €

where € = the empty string.

To reproduce the URS, the free variable y takes assigned values from the Clifford numbers iy, i;, j;, iz,
jo, .... The most fundamental regular expression to generate the universe uses only the three basic regular
language operations. There are a few classical Kleene algebra axioms that are relevant to the interpretation
of this special regular expression. First some notation:

Let ) = the empty set, A\ = the empty string whose length |[A\| = 0, and a, b, ¢ are arbitrary symbols
from an arbitrary alphabet ¥. Based on the work of Stephen Kleene [18], the class or set of sets of regular
expressions over an alphabet is defined recursively as follows:

1. X and () are regular expressions over X.
2. Every letter ¢ in the alphabet ¥ is a regular expression over X..
3. If R; and Ry are regular expressions over 3, then (R; + Rz), (R1Rz2), and R} are regular expressions over
3.

Why do we care about regular expressions and what does this have to do with the Universal Rewrite
System? The claim we are making is that the URS is the pattern that everything reduces to. If the URS is
a specific pattern, what is the simplest way to express and automate this pattern — as a regular expression



and subsequently automated as a finite automaton? First, however, let us explain what a regular expression
is. In simple terms, a regular expression is a word pattern, in computer science an alphabetic, numeric, or
alphanumeric string. These are the properties of the operations of parallel sum, product or concatenation,
and star closure for the letters a, b, c, etc.. The last rule, no. 14, is a logical extension, not usually stated,
but necessary for the regular expression table which follows.

.a+b=b+a

. ab # ba

.(a+b)+c=a+ (b+c)

. a(b 4+ ¢) =ab + ac

. (b+ c)a=ba + ca

a(b+c¢) # (b + c)a

(a + b)(c +d) =ac + ad + bc + bd
(c+d)(a+b)=ca+cb+da+db
(a+Db)(c+d)#(c+d)(a+Db)
ca*=A+a+a+ ... +af +akFt +a* (k>0)
with the special case: a* = \ + aa*

10. a* = a*a* = (a*)* = (A + a)*

1. 0* =X =X

12. (a + b)* = (a* + b*)* = (a*b*)* = (a*b)*a* = a*(ba*)*
13. Generally (a + b)* # a* 4+ b*

14. a° = )\ (empty string)

0 © 00D U W

The URS semantic reinterpretation of the symbols in the regular expression will mean that axiom 2 is
changed in the reinterpretation to

ab = ba

thereby equating axiom 4 and 5

a(b+c¢) = (b + c)a

which allows the equation of the two sides of

(x1 +y)"(x1 + x2) = (x1 + X2)(X1 + y)*

5.2 Regular Expressions

In the table shown below, we expand out the Create for the URS for both forms to show that they produce
the same language semantically:

Create: (x1 + y)*(x1 + x2) = (x1 + y)"(x1 + x2),n >0
Create: (x1 + x2)(x1 +y)" = (x1 + x2)(x1 +y)", n >0

The following table demonstrates the semantic equality of the two syntactically unequal Create expressions
when the symbols of the two Create expressions are assigned the algebraic symbols of the Universal Rewrite
System.



(x1 4+ ¥)°(x1 + x2)

(x1 + x2)(x1 +y)°

Create = A(x1 + x2) = (x1 + x2)A
= X1 + X2 = X1 + X2
X1 (Xl + Xg) X1(X1 —|— X2)
= (x1X1 + X1X3) = (x1X1 + X1X2)
= X1 + X2 = X1 + X2
Conserve %o (X1 + %2) %o (x1 + %)
= (x2X1 + X2X2) = (X2X1 + X2X2)
= X1 + X2 = X1 + X2
(x1 +y)' (1 + x2) (x1 + x2)(x1 + y)°
Create = (xix1 + x1X2 + yx1 + yX2) = (x1x1 + X1y + X2x1 + X2Y)
=X1 + X2 +y + yXo =x1 +y+ X2+ Xoy
)il(Xl e 4y A+ yxe) x1(x1 +y + x2 + x2¥)
= (x1x1 + X1X2 + yx1 + X1yX2) _
_ = (x1x1 + X1y + X1X2 + X1X2Y)
=X1 + X2 +y+ yXo
=x1 +y+ X2 + X2y
Xo(x1 + X2 + ¥ + yx2)
_ y(x1 +y + x2 + x2y)
= (x2X1 + XoX2 + T2y + ToyT2)
_ = (yx1 + yy + yx2 + yxoy)
=Xo + X1 + X2y +Y
= (v + x2 + yx2 + x1)
y(x1 + X2 + y + yx2)
o xo(x1 + y + x2 + x2¥)
Conserve | = (yx1 + yX2 + yy + yyx2)
= (v + yx2 + Xo + Xox3) = (x2X1 + X2y + XoXo + XoXoy)
. =Xz + X2y +x1 + 21y
=y +yxe +Xo+x1
=Xo + X2y + X1 +¥
yra(x1 + X2 +y + yxa)
= Xoy(X1 + y + X2 + X2y)
= (yxox1 + yTaXo + yTay + yxoyxa) |
_ = (X2yXx1 + Xoyy + Xa2yX2 + XayXay)
= (yz2 + yr1 + 2222 + T222X0) _
_ = (x2y + XoX2 + yX1 + X1X2)
= (yz2 +y + 21 + 21X0) XV 4 X1 4+ V4 X
= yIo +y +x1 + xo 2y 1 y 2
(x1 + y)*(x1 + x2) (x1 + x2)(x1 + y)?
= (x1 + y)(x1 + y)(x1 + x2) = (x1 + x2)(x1 + ¥)(x1 +¥)
= (xix1 + x1y + yx1 +yy)(x1 + x2) | = (x1x1 + X1y + x2x1 + X2y)
Create = (x1x1X1 + xX1y%1 + yx1X1 + yyx1 = (x1x1X1 + X1yX1 + XoX1X1 + X2yX1

+ x1X1X2 + X1yX2 + yX1X2 + yyXa)
=x1+y+y+yy+
X2 + yX2 + yX2 + yyX2

+ x1X1y + X1yy + XoX1y + Xoyy)
=X1 +y+ X2+ Xy +
Y + Yy + Xoy + Xoyy

Derived symbol relations from Conserve:

To simplify, we can use the following properties of x1, xo and y:

X1X1 = X1

X2X9 = X1

X1X2 = X2X1 = X2
X1y =yx1 =Y
X2y = ¥yX2 =Y

Derived symbol identities from Conserve:

X1 = 1
X9 = -1
y = i07 ila jla i2a j27

10




5.3 Variable Finite Automata

The Universal Rewrite System is generated by a specific regular expression and recognised by an equally
specific finite automaton. Grumberg et al [20] created the concept of Variable Finite Automata to allow
finite state machines to process an infinite alphabet using the same number of states as the finite alphabet.
We are going further by stating that: For every finite state machine based on a finite alphabet set there exists
a variable finite state machine based on an infinite alphabet set. That is, each finite alphabet has an infinite
alphabet twin, like local and nonlocal descriptions in physics. How can a state machine recognise strings
from an infinite alphabet without needing to have an infinite set of states to remember each symbol? The
solution given by Grumberg et al is to divide the symbols of the infinite alphabet into two types of variable
sets: a bound variable set X and a single free variable set {y}.

5.3.1 The Non-Deterministic Variable Finite Automaton
The left side of the universal rewrite system semantic equation
(T1 +y)" (@1 + 22) = (21 + 32) (21 +9)"
is
(x1 +y)"(x1 + x2)

and the Variable Finite Automaton that recognises it is non-deterministic.

X2 .ﬂ

«C(g?:)*
y_y

Figure 1: Non-Deterministic Variable Finite Automaton

X1 x2 y
a0 | {oo. a1} | @1 | a0
q [} TN

The number of states of a non-deterministic machine are 2 raised to the number of states of the deterministic
version of the machine, Q.

states Q = {qo, a1}

final state F = {qi}
subsets of states 2¢ = {0, {qo}, {a1}, {qo0, a1}}

Written as a deterministic variable finite automaton the non-deterministic variable finite automaton is

11



X)

Figure 2: NonDeterministic Finite Automaton to Deterministic Finite Automaton

Ty | T2 | ¥
q | 92 | 91 | Q
a | 0100
92 | 92 | 91 | Qo

states Q = {qo, a1, 2}
final states F = {q1, qz2}

5.3.2 The Deterministic Variable Finite Automaton

The right side of the universal rewrite system semantic equation
(z1+y)" (@1 + 22) = (21 + 32) (21 +9)"
(21 + x2) (21 + y)"

and its Variable Finite Automaton recogniser is

X

Figure 3: Deterministic Variable Finite Automaton

with transition function

I T2
qgo | 91 | 1
G | ©1 0 q1

=<
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The number of states of a deterministic machine are just the number of states, Q.

states Q = {qo, q1}
final state F = {q}

The simultaneous necessity of deterministic and non-deterministic finite automata can be compared to
the simultaneous necessity of locality and non-locality in the subject of nilpotent quantum mechanics, where
they are defined as inside and outside the bracket defining the nilpotent operator|[1],[2],[3]. However, the two
machines (Regexes) describe the same language only when assigned to the URS symbols, e.g. in a Clifford
algebra. It is remarkable that these two machines, which we propose describe all processes in Nature, require
only two states at the minimal level of complexity.

It is surely very significant that the machine that is designed to generate all the structures in nature is a
two-state machine and that it comes in two forms, which can be considered as complementary, performing
their tasks in opposite orders. This is very much the structure of the URS, and it relates closely to anti-
commutativity. Duality and complementarity are everywhere in nature to ensure totality zero. We can see
this in the double space or double Clifford algebra of the URS, and in the factors of 2 and % that occur
everywhere in physics [1],[2],[3]. At a more subtle level, the duality and significance of the factor 2 are seen in
the prevalence of quadratic and second-order differential equations, of Pythagoras theorem, of inverse-square
laws, of the squaring of the Dirac operator, of the holographic principle, and probably even of Fermat’s last
theorem. Doubling and squaring and their inverse processes are fundamental in the structure of nature in
maintaining totality zero.

The use of variables in the machines enables us to see the pattern of the machines that govern nature using
only two states. The actual transitions would require an infinite number of terms and an infinite memory
but the pattern can be established if there is a degree of repetition, which can be represented by making y
a variable. This is connected to the insertion by Clifford of repeating quaternion systems into the infinite
Grassmann algebra to create the Clifford algebra, which appears to be the algebra of nature.

Zero totality runs throughout the Chomsky hierarchy of formal languages. Zero totality can be expressed
as a Type 3 language (as shown above), processed by two types of two state Variable Finite Automata. It
can also be expressed as a Type 0 language L = {02", n > 0} accepted by the five-state Turing Machine[21].
In addition, we can compose the machines where the zero totality represented by 0 in the expression 02",
can be reinterpreted as (x1 + y)*(x1 + x2) or (x1 + x2)(x1 + y)* and composed as input into the type 0
language L = {OQn, n > 0} that is accepted by the five state Turing machine shown in the diagram below.

Figure 4: Diagram courtesy of Sipser

5.4 Type 3 Languages

Type 3 languages are the simplest and the most restricted languages in the Chomsky hierarchy of formal
language theory. They use Boolean type operators to combine and manipulate strings and sets of strings.
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Operation Operation | Expression
Parallel + x+y
Sequential X Xy
Sequential Repetition * " n>0

The distributive law of + over x applies even in formal language theory. All the possible words of length
two are described by the regular expression

(a+b)(c+d)

are given by the 'product’ of
(a+b)(c+d) =ac+ ad + bc + bd.

6 The URS Syntax

The Universal Rewrite System is generated by a specific regular expression and recognised by an equally
specific finite automaton. For every finite state machine based on a finite alphabet set there exists a variable
finite state machine based on an infinite set of alphabet symbols. How can a state machine recognise strings
from an infinite alphabet without needing to have an infinite set of states to remember each symbol? As we
have seen it is by converting the symbols of the infinite alphabet into two types of variables: bound X and

free {y}.

6.1 The URS Grammar

For (z1 + x2)(x1 + y)* the grammar becomes

qo — (1 + z2)q1
= (@T1+y)q +e

where € = the empty string

For (z1 + y)*(z1 + x2) the grammar becomes

g0 — (1 +y)go + (z1 + 22)qn
qr — €

where € = the empty string

To reproduce the URS, the free variable y must take assigned values from the following Clifford numbers ig,
ila jla 2‘27 j27

6.2 The URS Semantics
‘Create:(ml +y)* (x1 + 22) = (21 + 22) (21 + 1)*

‘Create:(xl + )" (21 + 22) = (w1 + x2) (21 +y)", n > 0‘

The identity of y can be determined from the order of the URS where the order of the URS = the word
length minus 1. The word length = n + 1 where n = log,2™ and where the order of the URS = 2" n > 1.
The definition of a Variable Finite Automaton (VFA) is a pair ¥ 4, A, where X is an infinite alphabet and A

is a nondeterministic finite pattern automaton that recognises type 3 or regular languages[19]. For the URS
regular expression, let the alphabet or symbol set of the finite pattern automaton A be I'y = X U {y}
where X = {x1,22|x1 = 1 and x3 = —1} is the set of bound variables and {y} = {yly = imem) or

Y = Jm(n), m(n) € N} is the set of the single free variable y. More specifically, let the symbols (aka

14



letters) of the finite pattern automaton A be vy...vg...v, where 2 < k < n and n € N and let the ele-
ments of the infinite alphabet ¥ be w;...wg...w, where 2 < k < n and n € N. Then the finite pattern
automaton A for the URS regular expression, I'4, becomes I''y = {v1...v5..05]v1 = 1 or v1 = 22, k # 1,
2 < k < n where n € N} where the URS regular expression is split between the fixed variable alphabet
X = {v1]vy = x1 or v; = 22} and the set of the singular free variable {y} = {y = imm(n) OF ¥ = jm(n) Where
m(n) € N} = {vg|vk = imm) OF Vk = Jm(n), k # 1,2 < k < n where m(n),n € N}. The finalised form of
the URS regular expression as expressed in the bound and free variables of the finite pattern automaton A
is I = {(z1 + z2)(z1 +9)" = (w1 +y)*(x1 + 22), where 2y = 1 and x5 = —1, 21 # 22 and y = iy OF
Y = Jm(n), m(n) € N}. (Note that the first letter v; is always only assigned to z; = 1 or 2o = —1.) This
determines the language of the infinite alphabet ¥ to be ¥* = {w;..wg...wp|wy = v1 = x1 or w1 = v = X2
and wy, = Vg =Y = lpy(n) OF Wk =V =Y = Jmn), K # 1,2 <k <n, m(n),n € N}.

The semantics symbol assignment put in tabular form. 1 = 1, 22 = =1,y = dyy(n) OT Y = Jim(n)
1 -1 im(n) ]m(n)
1 To y y
(% V1 Vk Vk
w1 w1 Wi Wi

7 Boundary Logic

Let a be a simple statement. Then the expressions of the Universal Rewrite System can be found in Boundary

Logic and Boundary Mathematics[22],[23].To represent regular expressions in Boundary logic, we use the
following operations:

not a [a]

aorb ab

aand b

a implies b [a]b
a or not b a@
aand not b |[a] E

The Universal Rewrite System Variable Regular Expression translated into Boundary Logic expression now
becomes:

(1 + ) (x1 + 22) is
void = ..|RA|RB|RC|RD |RE|R[R |
(x1 + z2)(z1 +y)* is
void = | R|R |[RA |RB|[RC|RD |RE]...

In Boundary Mathematics, we have

positive one (Y=#"=1
zero = placeholder <>=0
negative one <()>=<#">=0-1=-1
negative infinity [] =logs0 = -00
james number J logy(—1) = [<()>]
J
i1 ($) = #JTI
i (%)J: #72 T 7
- TN, 2 TiET3
i1j1 ()(3) = F)H#?) =# ">




Zero in boundary systems is serving as a notational placeholder, as void would be symbolised as an empty
space, which according to the Universal Rewrite System is not void or nothing. Boundary systems repre-
sent void as an ’empty’ space but, as seen from the Universal Rewrite System, void # ’empty’ space. In
the Universal Rewrite System void is restored to absolutely nothing as the starting point for the Universal
Rewrite System (= everything). Where Boundary systems need an empty space to mark, these systems as-
sume that space is ’empty’ or that void = space (order 16) minus mass (order 2) minus time (order 4) minus
charge (order 8). However, the Universal Rewrite System indicates that ’empty’ space # void and that space
is not empty: space is the product of mass (order 2) x time (order 4) x charge (order 8)): zero = < > # void.

In a diagram representing the Universal Rewrite System, the successive orders representing the physical
parameters can be shown as concentric Venn diagrams with corresponding orders of terms 2, 4, 8, 16. It can
be seen that space does not correspond to void which is represented here by a point in the centre, with zero
order.

The Variable Regular Expression for URS translated into Boundary Mathematics expression becomes:

One of the main ways to try to generate ideas from fundamentals is to use Spencer-Brown’s laws of form
(LOF), forming the basis of Boundary Logic and Mathematics, as we have used them in this section. Here, we
use a mark or boundary, in this case represented by a box, to mark a distinction between a and NOT a. The
law of crossing, with a box inside a box, cancels the operation. The law of calling says repeating the mark
has no effect on the operation; here, it would be two boxes next to each other would be equivalent to a single
box. In the URS the equivalent of the laws of calling and crossing do not occur at the initial stages where we
have create and conserve, but we can generate them at a higher stage as here. The URS create and conserve
processes cannot be identified as the LOF calling and crossing because these laws need a double space of 64
elements to be able to have an environment (one space) to draw the mark, with the nilpotent fermion as
the first space. Create and conserve can start from nothing. It is essential to recognise some of the hidden
assumptions of Boundary Logic and Boundary Mathematics, although they can also be made useful to us.
According to the URS, nothing does not equate to empty space which occurs at order 16 according to the
birth-ordering of the URS, not at the first stage of the process. Both Boundary Mathematics and Boundary
Logic assume that space is empty or void, but space in the URS is the fourth concept in the sequence (order
16), after the true void (absolutely nothing) and then mass (order 2), time (order 4), charge (order 8), and
physical space cannot exist without these parameters as well, and without them being necessary sub-algebras.
The URS shows that empty space and void are different concepts.
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8 Cellular Automata

r »
o . o *
»
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Figure 5: Diagram courtesy of Rowlands[12]

Rowlands has shown how the properties of certain binary cellular automata (as investigated by Mainzer
and Chua) [241] can be derived from the physical interpretation of the URS [12],[21]. We can extend the
treatment of cellular automata to ternary or three - valued logic. Let us take a cube as a lattice of 27 points:
A cellular automaton cube of 27 points can be labelled with quaternion coordinates (i, j, k) using a balanced
ternary system 1, 0, —1 = 1, 0, 2 as modular three encoding where the assignments are: 1 => 1,0 => 0, —1
=>2; (i, j, k) = (0, 0, 0) is the centre of cube. The CPT transformation matrices oscillate between all the

27 points of the balanced ternary Boolean cube with intersecting planes [1],[5],[6]. The two variable regexes

(z1 +y)*(z1 + Vx2) and (21 + /72)(x1 + y)*, where y = /T3, are an infinite number of these ternary cubes
juxtaposed next to each other.

F(p,q,r) = (p, d, 1)
F(l’ .]7 k) = (17 j/7 k)
F((vZ2)1, (VT2)2, (V72)3) = F((y/T2)1, (VZ2)2, (V/Z2)3)
For binary cellular automata, Mainzer and Chua have four 4 rules (110, 124, 137, 193) showing long-term
stability (with transitions equivalent to identity, C, P, T') in the basic 256 that arise from purely binary logic.
We can extend the Boolean binary cube with 8 vertices to a ternary cube with 27. As the order n of the

URS increases, the index numbers of the quaternions label the points of the ternary cube, juxtaposed as an
increasing sequence of quaternions.
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9 Nilpotent Dirac Operator as a 32 x 32 Matrix

After descrambling the Dirac equation using the 64-part Clifford algebra [1],[2],[3] we have started work on
converting all the 64 algebraic operators back into matrix form, this time into 32 x 32 real number matrices.
Why? The idea is to code the process of solving the nilpotent Dirac equation in a high-level language such
as C++ and transfer the code into a special purpose field programmable gate array (FPGA) designed solely
to find solutions to the nilpotent Dirac equation. Using existing object-oriented C++ code that is written
to handle matrices as instantiated objects we will use this code to program the FPGA. We have started
encoding the 64-part Clifford algebra into native binary with the purpose of enabling and rendering faster,
more complicated computational solutions to the nilpotent Dirac equation, bypassing the compilation stage
of a high-level language which would cost computing time and space.

Here we have produced a matrix, structured on one specific pentad:

13111 + 930281 + i3J2%1 + i3J2i2i1 + Ji1-

o o n L o o o o o o o o o o o o b/br @ L] L] L] b/bx @ L] L] b/by @ L] L] b/bz @ L]

L L o - @ L o o L L o o L L o o L b/br # L ~b/bx@ L] L -b/byd L] L -b/bze L] L
- @ o L] o L o L] o L o L] o L o L] o L b/br @ o L L D/bx @ L L) brby @ o L) b/bz
o n o o o o o o o o o o o o o o o o o bt @ L] -b/bx@ L] o -b/by @ L] L] -b/Dzo

° e @ ° ° e n ° ° e @ ° ° e @ ° ° ~D/Dx8 e D/ e 8 D/Dz 8 -0/Dy8

o o o o o o o -n o o o o o o o o D/Dx @ e L e D/Dt @ L) -0/Dz8 L) L) D/Dy 8 L) L)

@ @ @ ° - @ @ ° @ @ @ ° @ @ @ ° @ @ @ ~D/Dx8@ L} D/Dt @ 8 L} L) D/Dz @ L} @ ~D/Dy
° e @ ° ° n @ ° ° e o ° ° e @ ° ° e D/Dx @ 8 L} e D/ot @ L} -0/Dz8@ 8 L D/Dy @

o o o o o o o o o o n o o o o o o ~-D/Dy8 L e -0/Dz8 L) o/ot 8 L) L) @ D/Dx @ L)

@ @ @ ° @ @ @ ° @ @ @ - @ @ @ ° D/oy 8 L] @ D/Dz @ L] 8 /ot @ @ -0/0x8 L] @

° o @ ° ° o @ ° o @ ° ° o @ ° ° o e -D/0y@ e e -D/Dz@ e D/ot @ 8 e e ~D/0x
L] L 8 L L] L 8 L L n 8 L L] L L L L] L b/by @ L] o bsbz @ L] o L] b/bt @ L] D/bx @

o L L] o o L L] o o L L] o o L " L o -b/bze L] L] biby @ L] L] -b/bx@ L] b/bt @ L] L]

o L o L o L o L o L o L L L o -+ D/bz @ L] L -b/byd L] L b/bx @ L L] b/ot @ L]

L L 8 L L L 8 L L L 8 L - @ 8 L L L L -b/bze L] L) bsby @ L] o -D/bxd L} b/ot @

L) o L] o o L) L] o o o L] o o n L] o o L b/bz @ L] L] -b/by@ L] L] D/bx @ L] L] L] bsbt
-D/bre o L o -D/0bxd L o b/by @ L o -D/bzd L] o L n L o L o L] o L] L] L] L] L] L] L

L -D/0te L D/bx @ 8 L) -b/byd 8 @ D/bz @ L] L L L L] - L] L] L L] L] L] L L] L] L] L

o o -D/0te o o L -D/0xd o L) /by @ o o -D/bz-= @ o L L] o o L L] o o L L] o o L

° o -0/t o 0/0x ® ° o ~-D/Dyd ° o D/Dz @ 8 T e e 8 L} L] e 8 L} e e 8 L} e e

° D/Ox @ ° -0/Dtd o ° ° -D/Dz® ° ° ~-D/Dy@ L e e e L e e T L e e e L e e e L
~0/0x® @ ° ° -0/0t0 ° 0/Dz ® @ ° D/D0y ® @ ° ° @ @ ° ° @ @ - @ L} @ @ 8 L} @ @

° e o 0/0x ® e -0/0t0 ° ~-D/Dz0 e e -D/0y@ L} e e - 8 e e 8 L} e e 8 L} e e

° o ~0/Dxd o o -0/0t® o 0/0z @ o o D/Dy 8 e e e L e T e L e e e L e e e L

e -0/0y® ° ° 0/Dz @ ° -D/Dte @ ° e ~D/Dx@ e 8 L @ e 8 L @ e 8 L} T @ 8 L} @ @
D/oy @ o ° -0/0z0 o ° ° o ° 0/Dx @ o ° e o ° ° e o ° ° e e - 8 e e e

o o o -D/0yd o L) b/bz @ o -bsbt o -D/bx@ L] L] L] L] L} L] L] - L] L] L] L] L] L]

o o b/oy @ o o -D/bzd o o Ll -b/bte L b/bx @ L] L] L] L] L] L] L] L] L] T L] L] L] L] L L]

L) b/oz @ L L) b/by @ L L) b/bx @ L -b/bte L] L] L] L L] L] L] L L] L] L] L] L] L] v L]
-D/bzd o o -D/byd o o -D/bxd o o -D/0te o o o o o o o o o o L] L] L] L] L] L] -
o o L b/bz @ o L Dby @ o L D/bx @ L -bsbre L] L] L] L] L] L] L] L] L] L] L] L] - 8 L] L]

L L Drbzd L L -D/0yd L L -brbxd L L] L] ~b/bte L] L] L L] L] L] L L] L] L] L L] T L] L]

It is possible to use any of the twelve pentads to do the structuring and we now also have a Java program to
compute the matrix.

It is possible that the URS can be encoded in binary because both the URS and binary expand at each
order as powers of 2 or 2". In this way, the URS could find a natural expression in binary, whether the 2’s
are in the form 1/0 or +/-. Here, we would need to show that all the numbers of the URS have a unique sign
pattern representation that obeys the Clifford Algebra Product in native binary, both in 1/0 and in +/- forms,
or any two complementary pairs. We have carried out some preliminary calculations using the +/- form, by
determining the sign patterns for each element of the URS using the Clifford product, and encoding the sign
patterns into binary digits using the Clifford Algebra Product. This could generate internal representation
for data structures for a possible programming language built for and from the URS. The calculations are
as yet at a preliminary stage and it is not yet possible to determine whether this representation will be
successful.
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10 The Universal Rewrite System in Category Theory

Let W, U, T, and Z be any objects (in this discussion, objects are taken as sets) in any category with products.
Let N be the set of natural numbers. Then the following diagram shows the Universal Rewrite System as a

category.
W
£ &>
g, %8
| )

(x; + x)(Nx (x, + y)V)

NxZ

In* rfq
h, e f k,
X jl + 2 i] iZ
1 —— (X + X)) —— x, (x, +y) X —(x; ty) —

Figure 6: The Universal Rewrite System as a Category
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11 Summary

The Universal Rewrite System seems to have been a major success in starting from the concept of totality
zero and leading to a series of zero alphabets which underlie the fundamental concepts of mathematics
and physics. In mathematics it produces a version of integers and discreteness, and generates an infinitely
expanding Clifford algebra[l],[2],[3]. In physics, the first four alphabets can be seen to represent, both
physically and mathematically, the four fundamental parameters mass, time, charge and space, which have
been taken in earlier papers to represent the entire basis of physics. This, in addition, is a closed system
because the four parameters, from their complementary physical properties and from their Klein-4 group
representation, produce another zero totality. At the same time the tensor product of the algebraic form of
the four alphabets is a 64-part algebrAg, Agnd group, recognisable as that used in the Dirac equation, the
one related to the fundamental, fermionic, state.

Using the five generators of this algebra in any of the twelve simultaneously available forms within the
64-part Dirac group gives us a form of the fermionic state which has the special property of being nilpotent
or a square root of zero. This object when created from a universal totality of zero leaves a complementary
vacuum state, which is its negative and represents the rest of the universe for that state. Since the fermionic
state is nilpotent, both the combination (or product) state between created fermion and resulting vacuum or
rest of the universe, and the superposition (or addition) state between these two are always zero.

Since nature appears to be systematic in generating the ultimate physical state and its component pa-
rameters by a deterministic process, it seems probable that a computerised process could simulate the entire
development, and the Universal Rewrite System was created with this object in view. The principle having
been established, the next stage requires making this process a practicable and useful one. In this paper,
we have established that this was possible using the two Variable Regular Expressions. Here, we have a
method of using a finite variable expression to represent a potentially infinite number of symbols, as occurs
in natural processes. Our first step is to transcribe the Universal Rewrite System into a Regular Expression.
Significantly, we don’t need to start the universe — the function gives us everything from nothing all the time.
It suggests that the universe is eternal, without beginning and without end, and nonfinite in both space and
time.

The repetitiousness in the Variable Regular Expression ultimately explains why the universe repeats the
same kind of process at every level. In physics we have the Renormalisation Group, but, in more general
terms we have similar structures for the atom, cell, planetary system and galaxy, and the same 64-part
algebra for both the fermion and for DNA.

A significant finding in this paper is that the whole of natural processes can be simulated using only
a two-state machine to automate the language. This can be done in two ways, either as a deterministic
finite automaton or as a nondeterministic one, in a way that is compatible with the theory of computational
intelligence of finite state machines. The two processes are different but have the same outcome when applied
to something like the Clifford algebra of the Universal Rewrite System. The Regular Expression, as shown
in this paper, can also be expressed, as we have seen, in Boundary Logic, Boundary Mathematics, Cellular
Automata and Category Theory[25]. Encoding the Universal Rewrite System naturally into binary would
be an important development for many practical applications. In this context, the five-fold operator can be
restructured as a 32 x 32 matrix, offering the possibilities of immediate computation.
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12 Addendum: A Three Valued Logic Rewrite

Assuming the results in [26], let the three valued logic of NOT, XOR and AND be defined using modular 3
negation, modular 3 addition and modular 3 multiplication. Let @3 symbolise modular 3 addition and let
®3 symbolise modular 3 multiplication as represented in the tables below.

—3
0] 0
1] 2
2] 1
@3 | 0] 1|2
0 {012
1 11210
2 121011
®3 | 0|12
0 0|00
1 |]0|1]|2
2 10121
If the values 0, 1, and 2 are rewritten as the sign combinations 1 — +, and 2 — —, 0 — (£) or -0 — (F)
(Consider a pair [a, b] and define —[a, b] = [-b,—a]. Then —[1,-1] = [-(-1), -1] = [1,-1] = 0 and —[-1,1] =
[-1,-(-1)] = [-1, 1] = —0. This can be used to make a four valued logic or a three valued logic if we collapse
[1,-1] and [-1,1] by equating [1,-1] and [-1,1] which in standard notation becomes 0 = —0.[27],[28]), then a

three valued logical calculus can be represented using these sign combinations and the logical calculations
can be shown to be consistent with modular 3 addition and modular 3 multiplication using the conventional
values of 0, 1, and 2. Using both 0 as (£) and -0 as (F) gives the same values as the modular 3 addition and
modular 3 multiplication tables shown at the beginning of this section.

] -3
() | ()
il
[ e s
Using 0 as (+)
©3 | (&) | + -
() | F | + | -
+ + - (%)
-l - 13+
Using -0 as (F)
®3 | (F) | + -
(F) | &E) |+ | -
¥+ |®
- @]+
Using 0 as (%)
®s | (£) | + -
H | &E B[
+ | ()| + -
- ®m -+
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Using -0 as (F)

Using both 0 as (£) and -0 as (F)

®3 | (F) | +
(£) | () | (&) | F)
+ | (F) | +

- | (&)

Using both 0 as (+) and -0 as (F)

(F) @3 +=(-@
(F) @3~ = ((- @3 ) @3 +)) = (+ &3 +
_ (@)@ (@3 ) ) _ ([
(£) ®3 (i)—<(+ @2 -) 6933(*@33‘1') _(( @3~
_(C@s )@ (+@4)) _ ((+&s+
(F) ®3 (:F)_<(®§ +) 6933 (+ @::3*) _( 3

_((+®) @3 (- @ +
&) @ (F) = <(+ @5 +) Bs (- @3
_ (- ®s+) s (+ ®5 -
(F) @ (£) = ((— @5 ) @ (+ © +

S— S N
N~ S
Il

@eat= ("2 )@

(- ®3+)
(£) ®3 — = <(<+ gj :)) ) =(F)
(F) ®3 + = <(+ %’; 43 ) ()
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