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INTRODUCTION

This work declares a discovery of a new mathematical object: Mathematical Strings. This is a fairly simple object. A specific
example is shown below (see Fig. 19 and also Fig. 10C); the origin of each line in Fig. 19 will be explained later on in the paper.
At the same time, this article has its own specifics, and it requires an extended preamble. First, it is hard to find any section in
mathematics that matches the scope of this work. It is just an article about a new algebra, a new symmetry, with the word
symmetry to be understood in a broad sense. There is certain type of symmetry and, accordingly, mathematical category called
group. There is a concrete example: "tetrahedral group of rotations". We introduce another type of symmetry and call it
Mathematical String. Correspondingly, there is a concrete example: Mathematical String of the Mask (19,11). This paper is written
about such an object. Due to the fact that the paper is about a completely new object, its understanding does not require any prior
knowledge. So what does it take to understand it? (See Fig. 1). To understand Mathematical Strings, we need only to turn on a
reversible Cellular Automaton of the second kind on the integer lattice Z".

1). Lattice Z"  2). The Neiborhood
N=2 (MaSk)

T

3). Three states (A, B, C)

’A\ N=2 dimensional case
/A

B <:>\IC

Automaton

Fig. 1. What is needed for TMS?
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We use the Automaton in its most primitive form, a particular type of the Automaton depends only on the corresponding
Neighborhood; and this Automaton produces Mathematical Strings. Now, the word Neighborhood comes up. This term, which is
extensively used in Automata Theory, is also crucial for Mathematical Strings. Yet, we decided to replace it with Mask. First the
new term is shorter; secondly, it has more appropriate meaning for a purpose of our paper.Lets us take a Simple Automaton in two
dimensions in zero moment of time. The Mask (as a physical object) in this case can be imagined as a sheet of black engineering
paper with a few holes cut in some of its “squares”. Impose it on our lattice Z* filled with letters A, B, and C and then find at least

one letter C in the holes. Dependent on the answer, derive the meaning of the Automaton in the given point in a consecutive
moment of time using certain transfer rules.

N=2 dimensional case

Tranfer Rules

Make square cuts in

Draw a Mask (select cells, a sheet of paper wn A=A
around a center point according to Mask No “C B<=>C
A[B[A[C[A]B A
st A
Cc[C C|B|A]

AIC A|B C|B - In our case the answer is “ves"

yes’,

B|B|C|A[C|A|B s0 B transform into A
AJA|IC|C|C|B|C]| |

Overlap the center with some ~ Check whether or not letter C

cell from a 2D space filled with  is found in any of the holes,

letters A, B, or C then follow the rules to transform
the letter in the center

Fig. 2. Explanation of Mask’s principle of operation. Transfer Rules for our Simple Automaton

In the end of our narrative, we report on the main and totally unexpected result. All the Masks and in all (apparently) dimensions
N are divided into two very distinct categories. There are Masks that form the String (we call them Correct or Perfect Masks), and
the Masks that do not form the String (/ncorrect or Imperfect Masks). See Fig. 3.

Correct Mask Incorrect Mask
(19,11) W Ememm m (21,11) = m memm m

One dimensional case One dimensional case

Two dimensional case Two dimensional case

N-— dime.n.si.onal case N — dime;n.si.onal case
There There is NO
Mathematical Mathematical

String String

Fig. 3. Correct and Incorrect Masks

Mathematical String, in its turn, also has two very characteristic features. First, the String resembles the electron in quantum
physics, the latter is both the wave and particle. Accordingly, the Mathematical String exists simultaneously in two representations:
as a so-called Simple option and a Table one. It is a pure luck that this Table option exists. The existence of this option allows us
to rigorously define and fix the String position. In fact, the very existence of Tables transforms a set of empirical, yet, peculiar
facts into a rigorous mathematical science. Secondly, the aid of a computer is crucial to describe such a mathematical category as
String. It means that Strings as a mathematical category could not been discovered till the last decade of the 20-th century, simply
because powerful computers did not exist prior to that time. Below, we mention the average time it takes for a modern personal
computer to perform tasks related to finding the Strings. If the Mask is Incorrect, then less than 1 millisecond (on average) is
enough to find about this fact and stop further investigation. If the Mask is Correct, then it takes approximately a second to fully
establish all Transition Tables for the Table Cellular Automaton. Then the personal computer (PC) can work for years, but the
Transition Tables do not change. In order to prove the Correctness of these Tables, even for a simple Mask in two dimensions, it
may take hours or even days of PC operation.
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Do we have a confidence that the content of the Tables does not change during the extended computer operation? Strictly speaking,
even after spending years checking the content of the Tables using the most powerful computer one, after all, cannot declare a
direct proof. So it still remains the algebraic problem. Nevertheless, we are able to answer “yes”. Once we prove that the Table
Cellular Automaton found by our computer is self-consistent, closed, and possess symmetry of a certain kind, we can safely assert
this. We hope that this article can be of interest for physicists, particularly, for quantum physicists. More specifically, it can be
interested for the physicists engaged in quantization of various objects or engaged in developing the String theory (in the physics
realm not in mathematical one). After all, what is the meaning of "quantization"? There is a transition from a continuous space to
some kind of “lattice”, at the base of which lays some sort of quantum. Perhaps, all the interested people would be surprised to
learn that this very “lattice” has an infinite number of new and quite unexpected internal symmetries.

Definition of Neighborhood (Mask)

Let us define Mask M in N-dimensional space as the set of # integer, nonzero, and the different vectors of dimension N:

M ={a;a,;...a,}; Efz{il,iz,...,iN}; j=lL..,n; i,eZ. "

The Mask is normal if among other vectors it comprises all the vectors (we can call it unit vectors) wherein one element i, (k = I,
..., N) is +1 or -1 while all others elements are 0. The Mask is called primitive if it contains ONLY unit vectors (in other terms, it is
called von Neumann neighborhood). Thus, primitive Masks are a subclass of normal Masks. The Mask that for any vector { i;
,iy..., Iy} contains vector { -i; ,-iy, ..., -iy} is called central-symmetric. In one-dimensional integer space, any Mask is easy to
describe with two numbers (m, k) where the binary representation of m gives negative 7, and the binary representation of & (after
mirroring) gives positive i. For instance, (19,11) stands for Mask {-5;-2;-1;1;2;4}. This is due to the fact that (19,11) = (2*+2'+2°,
2°4+2'4+2%) = (10011; 1101); after inversing (“mirroring”) the sequence of digits in the second component (1 101M" — 1011), we
obtain {-5;-2;-1;1;3;4}. Similarly, expression (21,11) =(2*+2%+2°, 2°+2'+2%) = (10101; 1101™") =(10101; 1011) denotes Mask {-
5;-3;-1;1;2;4}. In the future, we will consider only normal Masks. From this point, any Mask = normal Mask. Examples of
different Masks are presented in Fig. 4.

Examples of different Masks

One dimension Two dimension One dimension Two dimension
{-1;1} {(-1,0):(1,0);(0,1);(0,-1)} {-3;-1,1,3} (1,001,010, (0,105 (1,25 (-2-1)5(4,1);4,-1)}
[ |
| O | | B O B | n
(1) (5,5)
__Primitive (von Neumann’s) Mask Normal, central-symmetric Mask
K T {45-25-1131 | (1.00:0,010, 050,100, 2) 21004,
4
1 1 —
i - H PR .
s el e I KN Linear
M. (11.5) o = TP :' %, | representation
~ — - - 1
Normal Mask ! y 1*8 2+ 1 K *45 ‘:
v11=m =5 .
{-4:-2:1:3} ELO:0 0241 | _ K4 Graphical )
. (mk)=(11,5) ,- representation
. ~~"- -"'
N T-a. | m=——
Representation
(10,5) H>-<_| by two numbers

Unnormal Mask

Fig. 4. Primitive (von Neumann’s), normal, and central-symmetric Masks
Definition of the Correct Mask Theorem 1
Consider lattice Z". Some or none of lattice dimensions can be closed (like in a torus) whereas all the other stay infinite, this
property has no impact on our future analysis. Take any Mask in N-dimensional integer lattice and add Zero vector to it (all the

elements of Zero vector equal 0). Using this Mask with Zero vector we define a Cellular Automaton (CA; further we refer to this
Automaton as Table CA) with the following properties:

1). CA cells can be in one of 6 states. At every moment of time, the state is one of the letters from following set {-x;-y;-z;+x;+y,;+z}

2). The state of each cell in the next moment of time is defined by Transition Tables R, R, R, Ry, R+, R, that can be generally
written as
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Ao,y y5-54,
— aZ’O’a2’l’."a2’n . . . . . .
R = ;a4 €-X—ys—z Aty )
ac,O > ac,l b ac,n

2)

The number of columns in the Tables is # (the number points in the Mask) plus 1. We take ¢ as the number of rows in the Tables .
Both n and ¢ will be constantly used in the text below. (All the variables that are used in this paper are listed in Appendix 1).

Example of Transitional Table for a Mask (1,1); n=2, c=9 (the rule how to find ¢ for a particular Mask will be explained further
on) is shown below:

=V, ty,=y
-V, *ty,—z
—z,+y,—y
=V, ty,ty
R, =|+y.+y.-y
—Z,—Z,—Z
—z,—z,+ty
+y,—z,—z
+y,—z,+y

3

For a given Mask in Z", Transition Tables can be established for other indices (that is -y,-z, +x,+y,+z). We remind here that there
are n+/ columns in Transition Tables R due to inclusion of Zero vector. No two rows in a set of Transition Tables can be the same.
Then a set of standard routines is executed. First, we arbitrarily enumerate our Mask points plus Zero vector (the center) with
numbers j . (Fig. 5 shows Zero “point” with a dot). Secondly, we superimpose (overlay) each cell in Z" with zero point of our
Mask. Note: it is due to that “overlay” operation, the name “Mask™ seems more appropriate than the “Neighborhood”. Thirdly, we
write out row {ay ..., a; ..., a,} containing the sequence of states that are taken from the cells on the lattice 7" where the
enumerated vectors comprising our Mask end up (see Fig. 5 for illustration). Fourthly, we check Transition Tables R, R.,, R.., R+,
R.,, R, on a subject of whether or not such a row exists in any of the Transition Tables. 1f we find such a Table, we put its index
as the state of C4 in the next moment of time (¢+/). For example, if row{ay, ..., a; ..., a,} appears in table R, , then the next state
is -x ; if some other row appears in table R., , then the next state is -y, efc. Because no rows of the Transition Tables can be the
same, there is only one state of lattice Z" in each time point.

Fig. 5 shows the transformation of arbitrary selected element from integer lattice Z°. It illustrates a single step of operation of a
Table CA for a primitive Mask in two dimensions on a closed lattice (i.e., the lattice without “boundary”) in this particular case, a
surface of 6 x 6 torus.

Zero point 1. To superimpose the Mask's Zero point

onto a point of the lattice for which we want

____ our primitive Mask in TWO ., to determine the state in the next moment
______ dimensions, n =4 L f offtime
_____________________________ 7/ 2. According to our enumeration (see the
1 ; /. "cross" to the left) , we make a row of n+1
209 — our enumeratlon.Of Mas & 4 letters x,y,z with corresponding signs. Our
g ¥ point by integer j T row:
_________________________________ s ' (-z,-z, -z, +y, -z)
torus A j= 01 2 3 4
Z|Z|*z| 2ty 2| 4T L _ 3. To find out the Transition Table
wz|+z|+z]z vy |2 ;.-“‘. P " which contains this row.
-l L¥ > | B BN
-Z |-Z |2 | +Z- 2L+ R -Z,-Z, “Z,-Z, +y
= |-z,-z, -z, %y, -z
ty |z | L]ty |y | 2.5.28 SR x T \ZZZHY
-7 |-z +y +y +y -Z D *_‘ [ ]
Az |z |ty -z| , 4.To put the index of this table (the
v A Yy v v v ¥ index is shown as the subscript) as

The states of lattice at time ¢

the value of "central point” in the next
moment of time D

Fig. 5. The illustration of one step of the Table CA “run” for a primitive Mask in two dimensions. For clarity,
the Automaton run is shown for a single cell

In accordance to CA definition, the same operation should be performed at once for all cells of CA. Let us compare, for example,
the run of our Cellular Automaton with that of well-known CA named Rule 30 by Stephen Wolfram[1] (see Fig. 7). Rule 30 has 2
states of the cells ({0;1}) while our C4 has 6 ({-x;-y;-z;+x;+y;+z}).
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torus

x| x| x| gy
-y |-y Ty Fxitx s

XXX Y X PR 5. To do this operation
+x]-x XXX

-, with all cells of a lattice.

IR XXX X (All the cells are changed
| #xx |[+x| x +x]=x at the same time!)

L B v v v

The states of a lattice attime t + 1
Fig. 6. The operation shown in Fig. 5 are performed for all the cells at once

run of CA Rule 30 for a primitive
Mask (1,1) in one dimension:
1

thestate 01 23456789101112 _

of CA o[oJoJo[oJ0[ONOTO[0[0[0[0
110/0[0[0[0 00000 mom

time 2[0[0/0/0 KR 0]0 oooo\,-:o?zh_l

(t) 310/0/0 0 000‘ B )
420 OO O O 0 0 0 enumeration
5(0 0 0 0
v

Fig. 7. The plot “Automaton state vs Time” for Wolfram’s Automaton “30”

Rule 30 works or runs (if we consider the “works” through our terms) for a primitive (von Neumann’s) Mask (1,1) in one
dimension. The binary decomposition of 30 is abbreviation for the transition rules (see [Wolfram, 1983] and Table 1).

Table 1. Transition rules for Rule 30 Automaton

current pattern 111 |110| 101| 100| 011| 010| 001 | 000
new state for centercell| 0 | 0 | O 1 1 1 1 0

From those rules, we can determine the Transition Tables:

0,0,0 0,0,1
1,0,1 0,1,0
0: ’ R1: .
1,1,0 0,1,1
1L1,1 1,0,0

“

3) The obtained Transition Tables are interdependent and can be obtained from table R, after following substitutions:

R e={-x,—y,—z,4x,+y,+z}; R e ={-z,—x,—y,+z,+x,+y}; R :e,={-y,—z,—x,+y,+z,+x};
R+.r:e3 :{+xs+zs+ys_x:_zs_y}; R+y3e4:{+y,+X,+Z,—y,—X,—Z}; R :es :{+Z,+y,+X,—Z,—ys—x}-

+z

These substitutions form a group; its multiplication table (# x v) is shown below

ol e e | e | e | ey | s

¢ e € € | €3 | €4 | €5

€ € (55} c €4 €s €3

¢y (&5 € € €5 €3 €4

e | es | es | ey | €| e | g

€y €y €3 €5 € € €

€ | & | € | & | & | e | ¢

Fig. 8.
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4) Our Automaton is reversible. The inverting Transition Tables are calculated from the same Table R.. using following
substitutions:

R—_i : {_X, _Za_ya+Zs +ya+x}; R:)l) : {_ya_xa_zs +X, +Za+y}; R:zl : {_Zs —V,—X, +ys +X,+Z};

R:i : {+Za+xa+y3 —X,~), _Z}; R;}l : {+y3 +z,+X,—2Z,—X, _y}s R;zl : {+X, +ys +z, -V,—Zz, —X}. (6)

5) When getting started from any initial state of the integer lattice (Z") filled with only -x and + x (further we refer to this the state
as the Beginning Point or BP), our CA will last forever. In other words, all the time as CA runs, only those states appear which are
present in tables R.

6) At least one row containing only letters “-x”" and “+ x” must be found in tables R, or R.,or R.or R.. (In other words, the
“unionized” table R, U Ry, UR.. U R, should contain this row).

7) All points (vectors) in the Mask are important. In other words, no point of the Mask can be safely eliminated without changing
the Automaton.

Definition 1. (Definition of a Correct Mask). If, for a given Mask, it is possible to find C4 meeting all seven conditions, then we
call this Mask Correct. If it is not possible (or until proven otherwise), we call such a Mask Incorrect.

Let us explain why the very existence of Correct Masks is a “miracle” of its kind. It is far from being obvious that at least one
Mask is Correct in some N-dimensional space. From point 5 it follows that the Automaton must be able to make at least the first
step, therefore, the Tables should contain all the 2" states formed from the letters of the same type “x”. At some initial conditions
after the first step (see point 6) there must appear a new letter (not “+x” or “—x”) in the states. Now, we are curious about the way
the rows containing these letters are transformed. Assuming that we know the answer, it will immediately be transferred into six
Transition Tables by performing substitutions, see expressions (5). Note that it will also be transferred into six Inverting Tables
and, in the end, into the same Transition Tables. Each step causes new transfers. It may very soon turn out that two identical rows
appear in two different tables, and this is prohibited. Yet, a situation is not that bad. As a matter of fact, there is a huge number of
the Correct Masks and apparently in all dimensions.

Theorem 1. All Masks in one and two dimensions which are not colored by black in Fig. 9 (at least with n<9) are Correct.

left side of the Mask (m)

13 5 7 9 1 13 16 17 19 21 23 25 27 29 31 33 35 37 39

[EIIED] 1 40 364
7
E;:IIE ) 20158 119 148 172 289
g 6 6 6] 6] 7 3
[0 na) 154, 202 56235]358 202
n -,r 6 6 &1 7 Fi 7. 7], [
b -0 139]139{ 177206 187 275|301 39" 202|202
. 11% @ r 3 6] 6] 7
A 40 175 232178304
3| 12.5% @ 1 6] 6| 7 3 70 6| 1] 7] Bl 6 7
4| | 300,905,087 B 1072180200 24400 394 1213] 246|468 |433 [ 307 B - 1=
o p i — 5 201 495 s04] 175 a71|237]429) 214 381
L) 0, | s
.1-3/”3/‘“ 15 el 71 7| 8] 7 8| © 7| 7] B
6 o RS 509}460 | 563]427| 357 | 7 501] 391517,
2] 0.36% <. i 17 4 3 6] 6] 7
71 ... A D wwm ] P T 277|088 217]235]a58
pre=m ‘:Q 10 6 71 6| 7] 7] |
8 | p J é{' smTEC [P|184)273 |208 ] 220] 334] 467] 547
7 71 71 7
9 8 5%1]:( |364 |463 |305 | 534) 517 730 =
% 2 g 7] 8 8| o 7
Mask (m k) fo) o5 m] 555 1] ? 5861524
7| 7] & 7 et
2 /;;j 'Taémﬁ 99 2841237 526 1138 I e
7 8| o 7| 7] 8 ; X
@ 0= "l 79 6841717 - x-axial symmetry [ central
7| 7] 8 |
n Q@ % %g_j ! 7 1302) 591 ; symmetry
0 | o é
C Kf— it | Pisdudfesd] 2 Clockwise”
4
14 Y srrrm P 40 277
35 6] 6] 7
FE T P|184 |ad6|424
37 6] 7
RO Tm |184|318 E .

A One dimensional case (N=1) T

Two dimensional case (N=2)

Fig. 9. In the entire figure, black color means that the Mask is Incorrect. Panel A shows the Correct Masks (m, k) in one dimension —
those are the cells with the numbers inside, colored differently from black. Because the number of rows in Tables R is always odd, we
introduce important parameter: c;,=(c-1)/2, which value is indicated in the cell. Numbers in cells: on the top — the number of points in a
Mask; on the bottom — value c¢;,, for the same Correct Mask; a question mark means that ¢, was not calculated, yet most likely, the
Mask is Correct. Values of p represent the “density” of our Table CA for seven Masks (see explanations in the text). Bordered area to the
left shows p calculated for the cells indicated by arrows
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Panel B shows c;,, for the first Correct Masks in two dimensions. We remind that in this case n equals the number of cells in
the Mask minus one whereas value c;,, will be explained in the next chapter where we will deal with the Transition Tables.
Further details are discussed in the text.

Panel B in Fig. 9 also shows: the upper row — «a mandatory part» of all normal Masks in two dimensions and a primitive Mask
("cross" with n=4, c;;, =40); the second row — examples of Masks for n=3; the third row — examples of Masks for n=6; and the
bottom row there is “the transition from von Neumann neighborhood to Moore neighborhood” — the clockwise “attachment” of the
cells to the primitive Mask that produces the Correct Masks with n=3, 6, 7, and 8. It is “obvious” that all primitive Masks in all
dimensions are Correct, and values ¢ for these Masks equal 9" for any N, where N is the dimension of the space. The second row
(see Fig. 9B) shows two examples of Correct Masks for n=5 composed by the addition of points (x=1, y=1) or (x=2, y=0). The
third row of panel B in Fig. 9 also shows Correct Masks for n=6: one way to built the Correct Mask for n=6 is using the x-axis
symmetry and another one, using central symmetry (c;, for n=6 are shown in the corresponding cells). In the bottom panel, we
add the cells, one by one, to the mandatory part of the two-dimensional Mask starting from the top-right “cell” and then going
clockwise. We obtain four Correct Masks: (n=3, c¢;,=85); (n=6, c;,=181); (n=7, c¢;,=240); and (n=38, c;,=424). The black cells
in Fig. 9B indicate some “additions” that yield the Incorrect Mask.

Parameter p in Fig 9 is the “density” of corresponding CA, e.g., 11% for Mask (7,1); 12.5 % for Mask (3,1) etc. We define here the
“density” as the ratio of the number of rows in six matrices R to a number of all possible states 6¢/6""'=c/6" expressed in percent. It
is hard to imagine how accurately our CA must walk! In all states, except the first two, more than 90% of the rows are “forbidden”.
Yet, those CA in its time propagation never set a foot on the “forbidden” ground. That is why it can be considered as a “miracle” of
its kind.

Proof. Note, the proof for Theorem 1 is obtained using personal computer. The software program with the source code (common
to dimensions N=1 and N=2) can be found on the site http://k3e.hop.ru/proofT1.zip.

In the beginning, we present the Transition Tables for primitive Masks in one (Fig. 10A) and two (Fig. 10B) dimensions as well as
for Mask (3,1) in one dimension (Fig. 10C).
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Fig. 10. Tables R_, for Correct Masks. Panel A for Mask (1,1); panel B for primitive Mask in two dimensions;
panel C for Mask (3,1) in one dimension. The explanation is in the text
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Let us explain what is depicted in Fig. 10. In each of three panels, we move from the left to the right.

Some rows in Fig. 10 containing only letter “y” and marked with inclined lines (shading) indicate that these rows are important to
perform the “mathematical induction” step in our proof, which is conducted further on in the text. Let us consider letter “y” (note
that in case of letter “x” and “z” everything is considered similarly). To prove the Correctness of our Mask, first, we need to make
sure that our table contains all the 2™ rows consisting of one and the same letter “x”. The R., table has a row containing only “-z”.
Therefore, table R, has a row containing only “-y” (see Eq.5, point 3), and table R., has a row containing only “+y”. The
remaining (2n+ 1—2) / 2 variants are distributed over tables R, and R. .. Moreover, the variants in R, are complementary to variants
R, (note that all rows from R, are multiplied by -1 in R, ,). Let us check the number of shaded rows. Consider panel 4 (Fig. 10):
on one hand, we have ( 2°*'-2 )/ 2 =3 rows containing only letter “y” . On the other hand, if in the same panel 4, we sum up the
numbers in the column S for rows containing only “y” (S stands for symmetry, explained below) then 1 +2 = 3. Panel B (Fig. 10):
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similarly, using the above expression we can find (2° *'-2)/ 2 =7 rows or , on another hand, summing up number in columns S,
we get the same number 7 (S =1 everywhere because of no symmetry for the Mask). Finally, panel C: (2*“'-2)/ 2 =15 or
summing up the rows with account of their symmetry we get 1 +4 + 4 + 2 + 4 = 15 lines. Column “A” is just a sign of a letter in
“zero” point (column) of table R (the relationship is shown by the connected dots; Fig. 10). More detailed information about that
column will be given in the next chapter.Column “N,,” (see Fig. 10C) shows the number of instances the given configuration
appeared in our proof (see below). The values in this column are given in multiples of ¢ (i.e., this entire column should be
multiplied by 81). Then for Figs.10A and 10B it turns out that this entire column is filled only with value 1. We could have
hypothesized that all the values in column N,, were multiples of ¢ all the time. But this is not so. This hypothesis turns invalid
already for the next Correct Mask (5,3).

Column “S” serves to reduce the list of entries. Each row can be found S times in that list, taking into account the axial symmetry
(Fig. 10A) or square symmetry (Fig. 10B). Let us return to the proof. If table R, is already known for some Mask, then the
following action on the proof is clear. Yet, we are not certain about the outcome of such a process. We made the first step in the
mathematical induction, i.e., we showed that all 2™"' rows containing only letter “x” are present in the Transition Tables. Now, let
us move on. Given: assume that at time point # in every point of CA the content of the Mask is permitted, i.e. all the rows in the
Masks belong to tables R. It is necessary to prove that at the next time point (¢ +/) our CA will have the same property. The
solution can be found through the proof by exhaustion performed on a personal computer. Let us unite all Transitions Tables (R.,,
R,R. Ry, Ry,R.;) into one Table and named it R®_ 1t has 6¢ rows numbered 0,1, ... k, ... 6¢c-1 and the numbering of its rows
has the following construction. First, the rows of table R_, are placed in a descending order in accordance with the selected seniority
-X >-y >-z >+x >+y >+z. Other Transition Tables can be found by using corresponding substitutions, i.e., using the rule (5) from
point 3, and numbering in these Tables does not change relatively to that in R,. After that, the Tables are concatenated (here it
means the second one is attached to the bottom of the first one, etc) in similar order: R, ... R, ... R, ... Ry, ..Ry, ..R... To
determine the specific Table for the row with number &, one has to determine the floor function [k/c/, where ¢ is the number of
rows in a single Table of our Mask. Let us introduce a new term. Let us name M; as the Mask filled with the row numbered £;
from R; ki =0, ..., 6¢c-1 (see an example of such a filling in Fig. 11). We call set {k, k;,, ...k,} from n+1 (n —number of the points
in the Mask) filled Masks “illegal” if after the placement of set M}, into a point with number 0 of our Masks, M;; — into a point
with number of 1 our Mask, etc., some point of our lattice will be filled with two different letters, that is the letters not equal to each
other. Otherwise, we call our set “legal”.

Now consider, for example, the primitive Mask in two dimensions (see panel B in Fig. 10). In Fig. 10B a natural sequence of row
numbering in the considered Transition Table R™ is truncated (or skipped) in many places due to symmetries (e.g., instead of
writing in three rows, one after another, we have placed a single row and indicated the corresponding symmetry). Yet, if we write
out all the rows of combined Transition Table R as they are, then it will turn out, that for instance, rows number k)=220;, k;=165;
k=221, k5=358; k,~=177 form a “legal” set (see Fig. 11).

e @ k=221 @ k=177
R A B AR AR ERS S TR GV S K HES S0 6 &0 I REA S S 801
[220/81]=2=-z | [165/81]=2=-Z | [221/81]=2=-Z | [358/81|=4=+y | [177/81]=2=-Z

=
< M221 M358 (Lﬁx";qﬁ\’ M177
€R,| B er, | I =R,

Fig. 11. “Legal” set {220, 165, 221, 358, 177} in case of a primitive Mask in two dimensions.

It is clear that only a limited number of all sets are “legal”. For example, it is easy to see, that if we have any “legal” combination
{ko, ki, ..., k,} and h=0 (see Fig. 10 to determine /) then any set {m, k;, ..., k,} where m it is not equal k,, will be “illegal”. Further
we find “legal” sets {ky, k;, ..., k,} using the n+/ nested loops (each loop considers 6¢ variants for k;) thus going through all
possible combinations of k; (Fig. 12). For each “legal” combination, we determine a row in the Mask in consecutive point in time —
{[ko/c], [ki/c],....[ky/c]} — and make two checks: i) whether or not the row under consideration can be found in R and ii) whether
or not the inverse transformation works. After that, we add “one” to column N, corresponding to that row and move on to a next
step in a cycle...
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Only “legal” sets k,, k,, k,, k;, k, are considered

Time C=81
t For(k,=0;k,<6C;k,++h t+1

for(k,=0:k,<6C:; ... i,=[k,/81]

| i,
(1)
f J i, ]
o ’(:. 1 iy=[k/81]

€R"=R,UR,UR, UR,UR,UR,, (1)
€ R’ 2)

J iy 40,0, €-X =Y~z +X;+ Y +z)

row {1,010 {

Fig. 12. Five nested loops in the proof of Correctness of a primitive Mask in two dimensions. In each loops, it is checked: i) whether the
row {i0, il, i2, i3, i4} belongs R®; and ii) whether this row belongs to R%;, where J — the value of the Mask k;, (h=0) in a Zero point in time
t. In case of Fig. 11, row {-z,-z,-z, y,-z} belongs to R_, and to R'1+x.

We reach the end, and declare that the Theorem is proved. So, we have got a key observation. If we have the Transition Tables the
proof of Correctness is always (at least for the Masks shown in Fig. 9, site k3e.hop.ru/proofT1.zip) leads to a success. This fact can
be considered as the greatest mystery in mathematics.

Definition of a Simple reversible Automaton for the Mask

Let us return to the question how one obtains the Transition Table. To answer this, let us briefly describe the results presented in
Ref [http://arxiv.org/abs/1308.0136]. Let us introduce the concept of Simple reversible Automaton on a Mask. It works on the same
lattice (Z"), yet closed on all sides (because we require a limited number of states), and has 3 states A, B, C. Here we describe an
ordinary second-order Automaton found by E. Fredkin that was studied by many authors, see for instance Refs (Margolus, Norman,
1984; Vichniac, 1984; Wolfram, Stephen, 1984). Each consecutive state depends on whether the Mask superimposed with a given
point contains state C or not. In Case 1 (when the Mask contains state C) the following transitions are made A =>C, B => A, C=>
B. In opposite Case 2, (no state C is contained in the Mask) the following transitions are made: A => A, B => C, C=> B. It is well
known that Fredkin’s Automaton is reversible (see, Ref [Toffol and Margolus, 1987] ), thus to change the direction of time, it is
enough to replace all B with C and all C with B. Let us fill the cells only with the states taken from A and C (#=0) and consider the
of the Automaton runs from the Beginning (Start) Point to the Mirror Point, and then back to the Beginning Point (Fig. 13).

ATy, T 0=(+T)3

BP ‘Vl‘r e
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z&g , bl uvYumi : literation
= I L g ) 1
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13 4 ] ¥
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15 £ 1 L
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Tewo p. i . X i \\\ y. 12 [ : L 3
N \\ Ao literation N W N A S CEIE rans-
G L = o g N, FlFERT iz rlzizii|zz|  literation
N e (B<=>C) e N (8]8]a]a]aa]a]slalelala]e]a]a]ala]a

Al B

Fig. 13. Panel A — illustration of Simple CA run. One needs to take a notion that each grey “band” shown in this figure is actually a torus
(it is rather difficult to depict the considered operations on a torus). Any run that starts from the Beginning Point (i.e., the state filled only
“A” and “C” cells) follows the circle: the Beginning Point => the Mirror Point (MP also comprises cells “A” and “C”) => Beginning
Point. We have two runs: Ordinary and Additional (in the initial conditions of the latter, the replacement A C is made). Ordinary and
Additional runs may have different Half Periods: 7 and T*. Yet, for some Masks (the Correct ones), it becomes clear that after removing
all cells B from both pictures, the pictures will look the same after making replacement all A< C. Panel B shows the picture “Automaton
state vs time” for any of our runs (Ordinary or Additional). The straight yellow lines indicate the Beginning and Mirror Points. Orange
lines connecting the centers of cells C show distinct C/B “bands” which do not cross each other. Further explanations see in the text.
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An additional commentary to Fig. 13. A normality of the Mask is necessary for two reasons. The first reason is that the Beginning
point (BP) comprising cells A and C should have the Mirror point (MP) which is also composed of cells A and C (see Fig. 13A).
The second reason is that the run of Automaton on the plot “Automaton state vs Time” follows the distinct and non-crossing bands
(see Fig. 13B).

We will remind, in brief, how it has been proven. Imagine a chess figure which makes only a one-unit move forward or backward
along any of axes of the N-dimensional integer lattice (at each step, the figure can move along some arbitrary axis); also note that it
is permitted for this figure to make a move on the field where the figure was in the past. It is obvious that the figure can eventually
visit all the points of any closed integer lattice and return to its starting position. So, using the course of this figure we transform
any N dimensions into one as shown in Fig. 13B). After that, to prove that our bands do not cross each other bands, we use the
property of a normality, see Ref [http://arxiv.org/abs/1308.0136]. Further, there is the main observation that, for any Correct Mask,
CA of arbitrary size, and any initial conditions selected in the diagram “Automaton state vs Time “ where all B cells are removed,
pictures for the “Ordinary run” and “Additional run” (wherein the replacement of the initial conditions A< C is made), literally
coincide after the replacement all of cells A< C. Consider the issue again and in detail. Let us name the diagram “Automaton state
vs time” for the normal run of Automaton as the Ordinary World; and a similar diagram for the “additional run”, as Parallel World.
First, let us introduce the terms describing the Ordinary World. The state of Simple CA in point r as a function of time ¢ is denoted
as

fABC(t’r)G{A;B;C} (7)
Then, let us introduce function » which indicates whether a given cell is the B cell at a given time, or not

I, § t,r)y=~B
T

O? lf‘fABC(tﬁr):CVA (8)

Transformation functions (with B removed) are defined as follows:

i 0. i 4
0, (t= D b(i,r),r) =1~ 'lffABc(aV)_
0<i<t L if ftr)=C i

FA(t—Zi:b(i,r),r): =L if fipe(t,r)=C

0<i<t t, iffABc(t,r)ZA
i 1 i )= A

Fc(f—Zb(i,r),r)z fffABc( r)
0<i<t t, lffABc(t,r)zc .

See for example Fig. 14...
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Fig. 14. Illustration to finding the Transition Tables R. Panels A and B: the diagrams “State of Automaton vs Time” for two Automaton
runs (for Ordinary and Parallel worlds). Panels C and D — the corresponding transformations of cells with letters “A” and “C” after
removal of all cells with letters “B”
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Fig. 15. Illustration of the transformation step shown in Fig. 15 — i.e., the transition from panel 4 to panel C. First, we remove letters B
from the cells (empty the cells of letter B). After the removal, letters “A4, “ and “C,“, where ¢ is the row number (time coordinate) in the
original (¢, r) space , move up to fill the vacant spaces. After that, we apply Eq. 10 to “4,“ and “C, thus converting the “colors” into
numbers, and obtain Fig. 14C

Let us take the primitive Mask in one dimension on the closed row (a ring) of ten points, two points of 10 being colored with two
different (“opposite”) colors. Yet, we repeat one more time, that all our methods can be applied without any changes to any Correct
Mask in the N-dimensional space, for Automaton of any size, and for any initial conditions.

Let us introduce four new functions as follows:

FAC(T,I’)={FA(T’F)’ ¥ Oic:1)=0 F. (t, ):{FA(‘[:’”), if O,c(z,r)=1

Foer) if O(er=1 T Far), i 0,0(r,r) =0 o

Note that the construction of Fyc (7, ) was shown merely as an intermediate supplementary function to demonstrate the
construction of similar function F, with the only difference in mod 3 (we emphasize that mod 3 is an important manipulation, it
makes all other things happen):

PO o) Famrmod3, if 6,.(z,r)=0 3+ F,(r,r)mod3, if 0,.(r,r)=0
i (#:r)

Fen =
3+ F.(r,r)mod3, if 0,.(r,r)=1 F.(r,r)mod3, if 0,.(r,r)=1 (12)

It should be understood that these operations create completely different tables F’ AC(3) and F CA(” . We introduce new notations: 0 <
X, 19,2 2,38 +x,4E +y,5 & +z. We can see from Fig. 16 that these notations definitely give us the Transition
Tables. The first Table is for one direction in time, and the second, for the opposite one. (If we have taken F-, function instead of
F,cone, it would lead to replacement R & R! ).

Now it is clear how to obtain Transition Tables. First, we set random initial conditions from A and C states defined on “small”
integer lattices that are closed in all directions and form the torus and turn on a Simple Automaton on the Mask. Then, for every
three moves of a Simple Automaton on the time scale, we can find L (total cell number) multiplied by 2 states in each of our new
tables F/, . Finally, we stop after we reach the point of half-cycle and analyze the result. Then we change the initial conditions
and repeat the trial. At each point in table F?,c, we can determine 12(!) new rows R, taking into account the inverse motion. If the
Mask is Correct, then R_, will be entirely filled in a short time. After that, it is necessary to perform standard check for Correctness
(see Chapter 3).

Definition of a Perfect Mask Strings
So, let us repeat again. Let us take a look on two runs (we call it as Standard and Additional) of i) a Simple Automaton on the Mask

(f15c; as a function of time #) and ii) Table Automaton on the same Mask (Fﬁ) 4c; as a function of time 7) induced by Simple
Automaton. The cells we have obtained are the same and numbered with integers r.
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Fig. 16. Continuation of illustration shown in Fig. 14. In this figure, panels (4, C) and (B, D) show the two pairs of practically identical
Tables, the only difference between the top Table and bottom one is that in the bottom one, the numbers in the cells are replaced with
letters (see straightforward conversion rules depicted on the left and right sides). Our task at this point is to find NEW rows in the table
R_.. In each drawing (see Figs. 16C and D we selected three arbitrary points — the results of the F?,c and F® ., functions where the
input parameter is the same cell (7 r) in the corresponding top panels (are shown in ovals). For three points we can determine 6 new rows
in different tables R (the corresponding rows are allocated in a gray three-cell rectangle). In the table R.,.— a row {+y,-z,+z}; in the table R
I . —arow {+z,+z+z}; in the table R.. — a row £~ »ty,- y} ete. All these rows from the inverted substitution (see Eq.5-6) are then
transferred to the table R ,. Further these rows are compared to the ones that are already present in R_,, and if the new rows aren’t there,
we add those rows to the Table.

In the case of Simple Automaton, our run (the Ordinary World) starts with state filled with cells containing letters “A” and “C” at
time ¢=0; Fig. 13A, 14. In the additional run (Parallel World), the replacements A<>C take place. In the case of Table Automaton,
our run (the Ordinary World) starts with state filled with —x (cells with letters “A” in Simple Automaton; t=0) and +x (cells with
letters “C” in Simple Automaton; t=0). In the additional run (Parallel World) of the Table Automaton the replacements -x < x take
place.

Let us introduce function A(t,7):

1 if FQ(z,r)=—xv-yv—z

Az,r) = <
+1 if F,i(t,r)=+xVv+yv+z (13)
and write out two formulas (14, 15) connecting our two Automatons.
In any point r, parameters ¢ and 7 are connected by the relation:
3 1 ¢
t=—+— Z Au,r)
2 2 O<u<r (14)
Arun of Table Arun of Simple
reversible Automaton  reversible Automaton
Ti(m)e Al 1 A
1 t+2 ¢
Y & 2 t+35 b
1 g1 9] t+4 |
w2 §[+f[7]¥ -5 |B ,
w3 §l+1[1]¥ L+ 6 |A Time
T4 -1][ 0] 7 |A )
wt5 g1l o] t+8 |A @
w6 g1l o] t*+9 |¢
To |+1] LI §,+10 |B
w+8 41 0] 11 [A
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t+14 |C
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Fig. 17. Illustration of Eq. 14
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So

fABc(t,l"):{A’ if‘A(T,r)Z—l

C, if Az,r)=+1

Let us turn to the Parallel World (the functions that correspond to that World are shown with the asterisk), and let us introduce an

simple lemma...

Lemma 1. Let us designate substitution e;= {+x,+z,+y,-x,-y,-z} as S. Let us designate the state of Lattice ZN at time T as L, with
made substitution S as S(L,). So, for any Correct Mask if L, transfer to L., then S(L,) transfer to S(L,,,).

Proof . We take our Transition Table R"” and show that for any row & from R™ the following is correct : if k belongs to R, and S(k)

belongs to R, then u=S(v).

Let’s take u=-x. The row k belongs to R_,. The substitution for R, equals e. From Fig. 8§ we have: S*e=e;*e=e; so v=+x and —
x=S(+x). Suppose that u=-y. The row k belongs to R.,. From Fig. 8 S*e;= e;*e;=e;s0 v=+z and —y=S§ (+z). The remaining 4 letters
are checked in the same way. So we declare that the lemma is proven. Fig. 18A illustrates formula u=S(v) for two random pairs of

rows in Transition Tables for Mask (1,1).
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1) s('xv+zl'z)=(+x7'y:+y) 2)- S(—Z,+y,+y)=(+y,-z,—z)
X,+Z,-Z} € -z, +y,+
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Fig. 184 — illustration of the formula u=S (v) for three rows ({-x, +z, -z}, {~z, +y, + y}, {-y, -y, -} of the Transition Tables for Mask (1,1) .
Panel B illustrates the operation of Eq. 16 and Consequence 1 for our case depicted in Fig. 14

So, we have

Consequence 1. So, for any Correct Mask (the Ordinary World) = S(the Parallel World) and (the Parallel World) = S(the Ordinary

World) for Table Automatons.

Proof . 1t is obvious that L,_,=S(L*,.y. Using the induction we get that for all elements of lattice L the following is carried out:

L.=S(L*,) for any 1. See Fig. 18B.

Consequence 2. So, for any t and » one can write
A(t,r)=—-A(1,7)

We will enter the designation

(15)

(16)
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i Alu,r)=— i A(u,r)=2d,),

0<u<r 0<u<r (17)

Our final observation is that: if all this is correct for the Ordinary World then, one can write that for the Parallel Word and for all 1
u r the following is correct

3t

l.ffABC( +d1/2aj 4 = fABC(z dl/zarjzc

3t
lffABc( +d,y, 7 j ¢ = fABC( dl/z,rj=A
2
(18)
Let us talk about the Strings. What do we mean by Strings?

Our Strings are constructed using two halves: one is taken from the Ordinary World and another — from the Parallel One on the
plot “Automaton state vs Time” at some given point of time 7. Below we show our String using a simple example (Fig. 19).

One dimensional case (N=1) ~ Mask 3,1)
m O N
Bp X 2oooo oooooooooo
Y = - - T=]
Ordinary z 2 AR LRI odd string
=0 Mg O/ 6600
World X ; D0 R Ex thickness
C'fill") y 3 o ) 2 508 YR a0 0
IND z 4 C O
X [ —3
BY |oy —u
Ca |3z -
Half of Ex il
String Ty ; z
Parallel z 8
World X B _g
(“contour”) y =
z 10
BV y n =l
Half of Xk m )
String y EE; |L HE ‘ even string
z | thickness

Fig. 19. Panel 4 shows the two superimposed runs for Mask (3, 1). It seems to be chaotic at the first glance. Panel B: vertical bars
designate halves of Strings d;,, (see Eq. 17) from the Ordinary World (pink bars) and Parallel one (green bars). It is not easy to recognize
the String in the picture taken as a whole, but it is there. The situation is very unusual. Both Automatons work completely independently,
yet the two runs are connected through some sort of “wormhole”

Let us show in the same drawing each of two one-dimensional runs of Simple Automaton for Masks (3,1). The length of row
(closed into a ring) is 15 cells. Initial conditions are as follows: one point of “opposite” color (in Ordinary World: all cells C, one
cell is A; in Parallel World: all cells A, one cell is C). Moreover, we use line of different colors to depict C/B «bands» for both
runs: the green line indicate the C/B band in the Ordinary World while the blue line shows the C/B band in the Parallel World.
Horizontal strips shown in panel 4 of Fig. 19: x (light-blue) designate ¢ mod 3 = 0, band y (white) ¢ mod 3 = 1, and z (pink) ¢t mod
3 =2, where ¢ is time (see above).

So, there goes a reference run presenting a single step of Table CA. Over the course of this step, one and a half steps of Simple CA
occur. The dashed shaded horizontal and vertical cells — representing a “half” of the Strings from the Ordinary World and the
Parallel one — move down one cell (if there is no cell B beneath these cells) or two cells (if there is cell B beneath these cell, then
one needs to jump over it). At every step and in every cell, the following event happens: either Ordinary World can go ahead of the
reference (and then the Parallel World stays behind by the same amount) or lag (and then Parallel World is ahead). Parity of the
String width (d=2%*d,,; the distance between the differently shaded cells) in each time point of T coincides with the parity of the
number 7 itself (see Fig. 19B). At the Half Period point, Strings are stretched into a line with width A = T — T* from Ref
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[http://arxiv.org/abs/1308.0136]. (Note that if we had taken normal but Incorrect Mask (5,1) instead of Mask (3,1), we would have
obtained no Strings at all. Our beautiful picture from Fig. 19 would have turned into a mess at once).

Coming back to that chess figure from Section 4 which carries out converting the N dimensions of integer lattice into a single one,
the author suggests that whatever the method of transformation is chosen, the String will keep the same appearance: i.e., the
distance (taken at modulus) between the adjacent cells (in one measurement) for each half of the String will never be more than
one. In this case we will say that our String is continuous.

Definition 2. (Definition of a Perfect Mask). Assume that i) Eqs. 15, 18 are satisfied for some Correct Mask and for every run of
its Simple Automaton and ii) the String keeps its continuity whatever the method of transformation is chosen, then the Mask is
Perfect (otherwise — Imperfect). In Section 4, we did not use the notion of Parallel World anywhere. In principle, the Correctness of
Masks could exist without existence of Eqgs. 15, 18 and continuity of the Strings. But, it is obvious that these two things are
connected directly. If the Mask is Correct, that means there Eqgs.15,18 exists and the Strings are continuous; if the Mask is
Incorrect then Egs. 15, 18 do not exist and thus the “right” Strings do not exist either. Naturally, the fact that the Mask is Perfect
leads to a considerable reduction in the number of possible “ways” (rows of the states, parameter p, Fig. 9) and as a consequence,
to a significant reduction (in a statistical sense) in the values of both half periods 7 and 7% (see Ref
http://arxiv.org/abs/1109.4552.).
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Fig. 20. Two screenshots of the program proofT1.exe. Determination of the Correctness of the Mask (23,7) in one dimension (panel 4).
The definition of the Transition Table for one of the Correct Masks from Fig. 9B, two-dimensional case (panel B)

Immediately, there arises the Main problem (more correctly, a lot of problems). We denote it as the “Problem of the Number 3.
We do not know, yet, how broad is the problem. It is quite possible that it can be a very interesting problem in a broader
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mathematical sense. Assume we know that the Mask under consideration is Correct. More accurately, assume that we have found
the Transition Tables with the aid of personal computer and proved by exhaustion that the given Mask is Correct. Now, we need to
prove that the same very Mask is Perfect. Here arises a fundamental question of “why the proof of Theorem 1 always works”. In
some sense, it can be the case that we only have found a new and “better looking” wrap for the Correct Masks. How can we solve
this problem? Well, it is necessary to investigate algebraically our Strings in N dimensions. Obviously, it is quite a challenging
task. How many “problems” do we have? In other words, how large is the number of all Correct Masks that we can identify? We
introduce, informally, certain number K which is the approximate number of Masks in all dimensions, for which the Jaguar — the
most powerful supercomputer on this day (February 2016) — can prove the Correctness of all the Masks in one day or maximum a
week. (This definition, obviously, is necessary to correct somehow. It is “well known”, for example, that in one dimension, all
Masks (-2"+1, 2+1) are Correct and ¢ (= 81) for those Masks is not very large. We, of course, do not consider such Masks!) We
do not know how large is K. It can be equal to 10,000 or may be equal to a factorial of 100. No doubts that the Jaguar is a powerful
computer. On the other hand, the number of inspections grows very rapidly with the increase of » and c. However, the inspections
use the algebraic operations/steps of a similar type. So perhaps it is better to do the calculations using a specialized computer.
Veritying the Correctness of a particular Mask can soon become a boring task (in that case that all the Masks, one after another,
turn to be Correct), so we will focus only on a calculation of ¢ for Masks but in larger dimensions and for larger n. Yet, to do this
“truncated” task, one also requires an aid of a powerful computer. In view of that, let us introduce another number K,,,. This is the
approximate number of Masks for which the most powerful supercomputer can correctly determine the value ¢ after a week of
operation under condition that the considered Masks are Correct at 95% confidence (estimated from other considerations). It is
clear that K., >> K. As of today, the general program has been written to prove the Correctness of any Mask in one and two
dimensions. Site http://k3e.hop.ru/proofT1.zip, shows the proofs of the Correctness for all of Masks from Fig. 9 with n<9. The
breadth of the proof at this point is limited by a performance of author’s personal computer. In brief, Mathematical Strings
definitely exist and in huge numbers. The author still does not know the answer to the question: whether or not all central-
symmetric(!) Masks are Correct Masks in all dimensions. The author employed the personal computer for weeks searching for
abnormalities. The dimensions 1, 2, 3 have been checked. The criterion of Incorrectness was getting 2 in the expression Oac+05c™*
(see Fig. 14). Yet, not a single Incorrect Mask among central-symmetric ones has been found. To make the situation more
intriguing, we note that there exist special Incorrect but “self-healing” Masks-Strings (Kornyushkin, 2013.) We cannot exclude a
situation that starting with some » and N our proof stops working. Yet, the author tends to believe that a probability of such an
outcome is extremely low.We suggest that all the material presented in the above to be named as the foundation of Theory of
Mathematical Strings. Note: our theory should not be confused it with a well-known theory of strings in physics.

Conclusion
Let us briefly summarize our findings.

The Number 3 (in other words, a group from Fig. 8, or configuration 2x3) generates the unimaginable number of different
symmetries in the N-dimensional integer lattice Z". Here we remind that the number of symmetries is greater than the number of
central-symmetric Masks in the N-dimensional integer lattice Z~. Computer calculations indicate (yet, indirectly) that in Z\ with
large N “almost any” Mask is Correct, and each Correct Mask represents a new “symmetry” in this Z~. The author developed the
approach to finding the Correct Masks for low-dimensional Z". Utilizing the same approach (yet exploiting capabilities of a very
powerful computer) it is feasible to find the Correct Masks for integer lattices of higher dimensions. It seems certain that these
symmetries are directly related to the physical nature of space.We do this to suggest that professionals in the field of theory of
numbers should take over the theoretical physicists concerning the question of constructing a consistent theory of the Universe.
Yet, while physicists argue and debate about various peculiarities of string theory, one can contemplate how to use the theory of
Mathematical Strings to build a consistent model describing fundamental properties of space.
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Designation Variable type  Key value found in the article
N Natural The dimension of the Lattice Z
N Natural Number of points in the Mask minus 1; the number of columns in the Transition
Tables minus 1 (Zero point included in the Mask by definition)
c Natural, odd The number of rows in a single Transitions Table. Since c values are always odd, we
use another designation c¢;, = (c-1)/2
h Natural+70” The column number in the Transition Table responsible for the Zero point of the
Mask
p Real, (%) p =100%*c/6"; “density” of the corresponding Table CA
T,T Natural Half periods of the return of the Simple CA: for usual run — T; for additional run— T~
Natural © = (T+T")/3; half period of the return of the Table CA
A Integer A = T-T'; fixed width of a String at the moment of time corresponding to a half
period
d Integer String width
(-1/+1) The decrement/increment of the String width determined for every point (cell) of the
Lattice and in any time t
Natural, odd The left side of the one-dimensional Masks (m, k)
k Natural, odd The right side of the one-dimensional Masks (m, k)
Natural, big Approximate number of Masks for which the most modern supercomputer can prove
its Correctness after a week of operation
Keor Natural, very big ~ Approximate number of Masks for which the most modern supercomputer can
correctly determine the value c after a week of operation, under condition that the
considered Masks are Correct with 95% confidence (estimated from other
considerations)
Appendix 2.

Example of a real code for program “proofT1.exe”. The central place in the program is the check whether the Mask is Correct.

Programming language is C++. Comments have been removed to save the space.

GRAN=2*sm00[8]+1; K162=Cr1; K117=Cr1/6;
mK162=Cr1; if(CheckBox68->Checked) mK162=mK162/6;

for(ll11=0; I11<K162; lll1++) VES[lII1]=0;

Il for(ll11=0; 111<K162; Ill1++)
for(I11=0; 1 <mK162; ll11++)

{

for(kllI9=0; kllI9< GRAN; KIlI9++)

sslIKIN9NO0]=-1;

for(KII9=0; KIII9<9; KIlI9++)

ssll[smOO[KINQN[O]=rtrt3[IlI1][KINI9;

Il for(ll12=0; 12<K162; ll12++)
for(12=0; 12<K162; li2++)

{

for(kllI9=0; kllI9< GRAN; KIll9++)
sslI[kIN9N[1]=sslI[KIN[O];

for(kllI9=0; kIlI9<9; klll9++)

{
smPR=sm00[1]+smO00[kllI9];
if(ssll[smPR][1]'=-1)

{

if(ssll[smPR][1]!=rtrt3[lI2](kIlI9]) goto nnhh2;
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}

else
ssli[smPR][1]=rtrt3[lI12][kII9];

1
for(ll13=0; 3<K162; llI3++)
{

strepy(cedd,"("); ltoa(mK162,strin,10); strcat(ccdd,strin); strcat(ccdd,") "); ltoa(lll1,strin,10); strcat(ccdd,strin); strcat(ccdd,” ");

Itoa(lll2,strin,10); strcat(ccdd,strin); strcat(ccdd,” "); ltoa(lll2,strin,10); strcat(ccdd,strin); strcat(ccdd," ");
StatusBar1 -> SimpleText = ccdd;

for(llI3=0; llI3<K162; llI3++)

for(kllI9=0; kllI9< GRAN; klll9++) sslI[kll9][2]=ssII[KIIS][1];
for(kII9=0; KII9<Y; KIlI9++)

{
smPR=sm00[2]+smO00[kIlIS];
if(ssl[smPR][2]!=-1)

{

if(ssll[smPR[2]!=rtrt3[llI3](KIlI9]) goto nnhh3;
}

else
ssli[smPR][2]=rtrt3[lI13][kII9];
}

1

for(ll14=0; Nl4<K162; lll4++)
{

for(kllI9=0; kllI9< GRAN; kllI9++) ssli[kllI9][3]=sslI[kI9N[2];
for(klli9=0; klll9<9; kllI9++)
{
smPR=sm00[3]+smO00[kllI9];
if(ssll[smPR][3]'=-1)

for(lll4=0; Nl4<K162; lll4++)

{
if(ssli[smPRI[3]!=rtrt3[I4][KIlI9]) goto nnhh4;
}

else

ssll[smPR][3]=rtrt3[lI4][KINI9];
}
Il
for(15=0; 15<K162; llI5++)
{

for(kllI9=0; kllI9< GRAN; Klll9++) sslI[kIlI9][4]=ssII[KII9][3];
for(KII9=0; KII9<Y; KIlI9++)
{

for(llI5=0; NI5<K162; llI5++)

smPR=sm00[4]+smO0[kllI9];
if(ssll[smPR][4]!=-1)
{

if(ssll[smPR][4]!=rtrt3[llI5][kIlI9]) goto nnhhs5;
}

else
ssli[smPR][4]=rtrt3[lI15][kII9];

}

1
for(l16=0; NI6<K162; llI6++)
{

for(kllI9=0; kllI9< GRAN; kllI9++) sslI[kllI9][5]=sslI[kIN[4];
for(kllI9=0; klll9<9; kllI9++)
{
smPR=sm00[5]+smO00[kllI9];
if(ssll[smPR][5]'=-1)
{

for(lI6=0; llI6<K162; lll6++)

if(ssli[smPRI[5]!=rtrt3[llI6][KIlI9]) goto nnhh6;
}

else
ssli[smPR][5]=rtrt3[lI16][kIII9];

1
for(llI7=0; NI7<K162; I7++)
{

for(kllI9=0; kllI9< GRAN; klll9++) sslI[kIlI9][B]=ssII[KIIO][5];
for(KII9=0; KII9<9; KIlI9++)

for(lll7=0; N7<K162; lI7++)

{

smPR=sm00[6]+smO0KIII9];
if(ssll[smPR][6]'=-1)

{

if(ssll[smPRI[6]!=rtrt3[llI7][kIlI9]) goto nnhh7;
}

else
ssl[smPR][6]=rtrt3[lI17][kII9];
}

1

for(I118=0; I8<K162; I118++)
{

for(kllI9=0; klllg< GRAN; klll9++) sslI[kII9][7]=ssNIKIIO]6];

for(llI8=0; 1I8<K162; llIg++)

for(kllI9=0; kllI9<9; klll9++)

smPR=sm00[7]+smO00[kIlI9];
if(ssl[smPR][7]!=-1)
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{
if(ssli[smPRI[7]!=rtrt3[II8][KII9]) goto nnhh8;
}

else
ssli[smPR][7]=rtrt3[lI18][kII9];
}

1 for(l19=0; 119<K162; lll9++)
for(I119=0; I9<K162; 119++)

{

for(kllI9=0; klllg< GRAN; klll9++) sslI[kII9][8]=ssIKIIOI7];
for(lll9=0; kllI9<9; kill9++)

{

smPR=sm00[8]+smO00[kllI9];
if(ssli[smPR][8]!=-1)
if(ssli[smPR][8]!=rtrt3[lII9][kIlI9]) goto nnhh9;
}

else
ssli[smPR][8]=rtrt3[l19][kII9];
}

1 VSTA

r’NADX[0]=(long)IlI1/K117; rNADx[1]=(long)IlI2/K117; rrNADX[2]=(long)ll13/K117; rrNADX[3]=(long)lll4/K117;
riNADx[4]=(long)IlI5/K117; r'NADx[5]=(long)IlI6/K117; rrNADXx[6]=(long)IlI7/K117; rrNADX[7]=(long)IlI8/K117;
r’NADX[8]=(long)IlI9/K117;

EstNet=0;
for(ll=0; Nl<K162; Ill++)

{
if

(
(rrNADX[O0]==rtrt3[II][0])&& (rrNADX[1]==rtrt3[I][1])&& (rNADX[2]==rtrt3[I][2])&& (rNADX[3]==rtrt3[Ill][3])&&
(rINADX[4]==rtrt3[II][4])&& (rrNADX[5]==rtrt3[II][5])&& (rrNADX[6]==rtrt3[II][6])&& (rrNADX[7]==rtrt3[I][7])&&
(rINADX[8]==rtrt3[Ill][8])

)

{

NMtest=lIl;

VES[II]=VESI[lll]+1;

EstNet=1;

break;

}

}
if('EstNet) { Application->MessageBox("Error !1IMNIMNIIN" "Warning",MB_OK);
goto nnhh;
}
PrNprOb=0;

for(llI=0; N<K162; lll++)

{

if

(

(rrNADXx[0]==rtrt30BI[ll[0])&& (rrNADx[1]==rtrt30B[IlI][1])&& (rrNADx[2]==rtrt30B[lll][2])&& (rrNADX[3]==rtrt3OBI[Il][3])&&
(rrNADx[4]==rtrt30B[lll][4])&& (rrNADx[5]==rtrt30BI[ll][5])&& (rrNADx[6]==rtrt30B[lll][6])&& (rrNADXx[7]==rtrt30BIlI][7])&&
(rrNADx[8]==rtrt30BJlll][8])

%

if(I1/K117==sslI[SSO][8])

{PrNprOb=1;

}

break;

}

}

if('PrNprODb)
{Application->MessageBox("NO R-1 !!1mimimmimn" "Warning",MB_OK);

goto nnhh;

I for(ll9=0; 19<K162; llI9++)

It for(llI8=0; llI8<K162; llig++)

11 for(lI7=0; NI7<K162; lI7++)

I for(lll6=0; lI6<K162; lli6++)

e — for(ll15=0; I15<K162; I5++)

A — for(I114=0; l4<K162; lll4++)
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e — for(I3=0; 13<1V62; llI3++)

R — for(lll2=0; 12<K162; l12++)

e — for(I11=0; I11<K162; lll1++)

skeosk skok skokosk



