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ABSTRACT

Contents. Coding and processing large information content actualizes the problem of formalization of interdependence between
information parameters of vector data coding systems on a single mathematical platform.

Obijective. The formalization of relationships between information parameters of vector data coding systems in the optimized ba-
sis of toroidal coordinate systems with the achievement of a favorable compromise between contradictory goals.

Method. The method involves the establishing harmonious mutual penetration of symmetry and asymmetry as the remarkable
property of real space, which allows use decoded information for forming the mathematical principle relating to the optimal place-
ment of structural elements in spatially or temporally distributed systems, using novel designs based on the concept of Ideal Ring
Bundles (IRB)s. IRBs are cyclic sequences of positive integers which dividing a symmetric sphere about center of the symmetry.
The sums of connected sub-sequences of an IRB enumerate the set of partitions of a sphere exactly R times. Two-and multidimen-
sional IRBs, namely the “Glory to Ukraine Stars”, are sets of t-dimensional vectors, each of them as well as all modular sums of them
enumerate the set node points grid of toroid coordinate system with the corresponding sizes and dimensionality exactly R times.
Moreover, we require each indexed vector data “category-attribute” mutually uniquely corresponds to the point with the eponymous
set of the coordinate system. Besides, a combination of binary code with vector weight discharges of the database is allowed, and the
set of all values of indexed vector data sets are the same that a set of numerical values. The underlying mathematical principle relates
to the optimal placement of structural elements in spatially and/or temporally distributed systems, using novel designs based on t-
dimensional “star” combinatorial configurations, including the appropriate algebraic theory of cyclic groups, number theory, modular
arithmetic, and IRB geometric transformations.

Results. The relationship of vector code information parameters (capacity, code size, dimensionality, number of encodingvec-
tors) with geometric parameters of the coordinate system (dimension, dimensionality, and grid sizes), and vector data characteristic
(number of attributes and number of categories, entity-attribute-value size list) have been formalized. The formula system is derived
as a functional dependency between the above parameters, which allows achieving a favorable compromise between the contradic-
tory goals (for example, the performance and reliability of the coding method). Theorem with corresponding corollaries about the
maximum vector code size of conversion methods for t-dimensional indexed data sets “category-attribute” proved. Theoretically, the
existence of an infinitely large number of minimized basis, which give rise to numerous varieties of multidimensional “star” coordi-
nate systems, which can find practical application in modern and future multidimensional information technologies, substantiated.

Conclusions. The formalization provides, essentially, a new conceptual model of information systems for optimal coding and
processing of big vector data, using novel design based on the remarkable properties and structural perfection of the “Glory to
Ukraine Stars” combinatorial configurations. Moreover, the optimization has been embedded in the underlying combinatorial mod-
els. The favorable qualities of the combinatorial structures can be applied to vector data coded design of multidimensional signals,
signal compression and reconstruction for communications and radar, and other areas to which the GUS-model can be useful. There
are many opportunities to apply them to numerous branches of sciences and advanced systems engineering, including information
technologies under the toroidal coordinate systems. A perfection, harmony and beauty exists not only in the abstract models but in
the real world also.

KEYWORDS: elegant symmetry and asymmetry ensemble, relationship, information redundancy, combinatorial configuration,
optimum vector data coding, code size, basis, trade-off.

ABBREVIATIONS

BVD is a big vector data;

ESAE is a Elegant Symmetry and Asymmetry Ensem-
ble;

IRB is an Ideal Ring Bundle;

GUS is a “Glory to Ukraine Star” configuration;

OLAP is an online analytical processing;

OSR is an Optimum Structural Relationship;

GF is a Galois field;

PG is a projective geometry;

NOMENCLATURE

Omin 1S @ minimal angular distance;

Omax 18 @ maximal angular distance;

ki; is an i-th integer of t-tuple;

m; is a number of categories of i-th attribute, as well as a
number of reference points on i-th ring axis in a toroidal coordi-
nate system,
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N is a general number of central angles multiple of oy,

N is a capacity of toroidal coordinate system basis;

Pax 18 @ code size of t-dimensional vector data array;

R is a number coding of the same vector data array;

S is an order of rotational symmetry, a number of star-code
combinations, as well as a number of nodal points in toroid co-
ordinate system;

t is a dimension of vector data array, number of attributes,
as well as a number of significant digits of t-dimensional code.

INTRODUCTION
One of the key directions for development of modern
information technologies is the design of multidimen-
sional control systems of technical and technological ob-
jects, management of multidimensional systems and ex-
change of big vector data in information and communica-
tion networks, coding of information sources and other
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practically important scientific and technical problems of
today.

The object of study is the process of vector data cod-
ing and processing signals by t attributes and m; categories
of the data under toroid coordinate systems. Unlike cus-
tomary coding designs, the vector data puts it in basis of
the t-dimensional toroid coordinate system, where basis is
the smallest of the general number coordinate set, which it
creates taking m; modulo addition. This scientific method
reduces to the indexing t-dimensional data in the basis of
t-dimensional toroidal reference system, where the basis
is a set of less than the total number of coordinates of this
coordinate set. Theoretically, is substantiated the exis-
tence of an infinitely large number of minimized basis,
which give rise to numerous varieties of multidimensional
"star" coordinate systems to find practical applications in
modern and future multidimensional information tech-
nologies. Therefore, the proposed approach opens pros-
pects for the development of the innovative information
technologies grounded on the minimization of the basic
structure of multidimensional coding systems and proc-
essing of big vector data in toroidal reference systems.

The subject of study is vector data coding methods of
information under toroid coordinate systems. The known
vector data coding methods [1-12] characterized by lim-
ited number of attributes and categories for signal coding
and processing information encoded by two or more at-
tributes and categories, as well as are high complexity.

The propose of the work is improving the efficiency
of vector data coding methods and processing information
encoded by two or more attributes and categories simulta-
neously.

1 PROBLEM STATEMENT

Mathematical problem in straight and inverse staging
is reduced to establishing a mutually unambiguous
display of vector binary code combinations sets according
to vector data attribute-categories sets on the coordinate
grid of the t-dimensional surface of the toroid.

The task is to increase the number of code
combinations of t-dimensional binary code for the
formation of information parameters of signals by the
number of attributes and categories in the basis of the
outlined t-dimensional coordinate system. We require the
code combinations enumerate the node points set of the
toroid coordinate grid with corresponding size and
dimensionality.

The input variables are the number t attributes and the
number of m; indexed categories (i = 1,2,... t) of the at-
tributes.

The output variable is the maximum number of binary
code combinations taking account the number t attributes,
and the number of m; indexed categories (i = 1,2,..., t) of
the attributes and the number R of different ways of
encoding the equally indexed sets “attribute-category” in
the basis of the outlined t-dimensional toroid coordinate
system.

We require the set of the underlying vector data one-
to-one corresponds to set of nodal point coordinates of t-
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dimensional toroidal coordinate system, using a sub-set of
the set, and their combined sums for cover the set of the
outlined system with the size of m; x m, x... x my, the set
of coordinates, which correspond to the t-sets of
information parameters, and the number R of different
ways of encoding the equally indexed sets “attribute-
category” in the basis of the t-dimensional coordinate
system of given sizes and dimensionality. The criterion to
be, for example, increasing the level of data protection,
crypto graphical and system security, while maintaining
on code size looking for a favorable compromise between
the contrary objectives.

There are other options for setting the task in
theoretically defined limits of changing input and output
variables. Thus formats of vector data and codes should
be jointly designed to reach the best trade-off between
performance and complexity for optimum processing in-
formation under toroid coordinate systems.

Therefore, it is advisable to formalize the relationships
between the information parameters of vector data
encoding systems and theoretical limitations for optimal
solution of specific problems under toroid coordinate
systems.

2 REVIEW OF THE LITERATURE

The main goal of modern information technology is
development of effective BVD coding and processing,
including large data amounts analysis. However, the de-
sign based on the traditional theory is not always applica-
ble for multidimensional data processing. BVD often in-
volve a number of factors, such as national defense, eco-
nomic, and other indexes of infrastructure, which have led
to difficulties in large-scale data processing. In recent
times, a great number of new concepts, parallel algo-
rithms, processing tools, platform, and applications are
suggested and developed to improve the value of BVD
[1-12]. Big spatial vector data management presented in
global review [1]. A comprehensive survey of the existing
techniques and technologies from both academia and in-
dustry given in [2]. The papers [3-5] present prospects
and problems of BVD for distant sensing. A techniques
for compose of a map procedure, which performs filter-
ing, sorting, and a summary operations of BVD presented
at the IEEE International Conferences on Data Engineer-
ing [6]. Developing a reversible rapid coordinate trans-
formation BVD model for the cylindrical projection, we
see in paper [7]. The paper [8] contains fast multidimen-
sional ensemble empirical mode decomposition for the
analysis of big spatial-temporal datasets. The geometric
computing algorithms are always very complex and time-
consuming, which makes big spatial data processing very
slow, or even impossible [9]. A framework that couples
cloud and high-performance computing for the parallel
map projection of vector-based big spatial data regarded
in [10, 11]. In the United States, large payer data amassed
to explore large data to advance knowledge discovery in
nursing methodologies, clinical trials and lab research
[12]. The idea of topological coordinates for toroidal
chemical structures is in agreement with describing the
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physics of toroidal confined plasmas [13]. The projection
provides large-scale spatial modeling of BVD under a
common coordinate system. However, algorithmic com-
plexity of the map projections represents a pressing com-
putational challenge.

Modern theory of combinatorial configurations are
such spatial structures as perfect difference sets [14, 17],
algebraic constructions based on cyclic groups in exten-
sions of Galois fields [15], manifolds [16], structures con-
necting algebra through geometry [17]. Many scientists
also have suggested that the entire universe is a torus.
This notion used to help visualize aspects of higher di-
mensional toroidal spaces. It was the torus mathematical
model useful for describe geometric objects in spatial
coordinates. The torus topology is superior to geometry
for describing such objects because relate with philoso-
phical spatial relationships. In one dimension, a usual
single-holed torus is the 1 — torus as a ring shape object.
In two dimensions, we see a usual torus, also called the
2 — torus. In analogy with this concept, in three and more
dimensions, the t -dimensional torus, or t — manifold is an
object that exists in dimension t + 1. Regarding the re-
markable properties and structural perfection of two-and
three-dimensional numerical rings [18], models of opti-
mal multidimensional coding systems [19], and GUS
combinatorial configurations [20], easy to see their tor-
oidal topological structure.

Research into the underlying coding methods under
toroid coordinate systems provide an ability optimal cod-
ing of multidimensional signals and objects, decreasing
information redundancy in increasing code size of vector
data coding under limitation on word length and geomet-
ric dimensions of toroid coordinate grid for trade-off
processing vector data arrays of given number attributes
and categories. Therefore, the formalization of these rela-
tionships is of very need, because make it possibility find-
ing optimal solution by required criterion.

3 MATERIALS AND METHODS

“Symmetry, as wide or as narrow as you may define
its meaning, is one idea by which man through the ages
has tried to comprehend and create order, beauty and per-
fection.” H. Weyl.

Symmetry and asymmetry relation in geometric struc-
ture is the most familiar type of them. The more general
meaning of symmetry-asymmetry is in combinatorial
configurations as a whole. In this context, symmetries and
asymmetries underlie some of the most profound results
found in modern physics, including aspects of space and
time [21]. Finally, discusses interpenetrating symmetry
and asymmetry in the humanities, covering its rich and
varied use in architecture, philosophy, and art. Space-time
symmetries are features of space-time that described as
exhibiting some form of symmetry [22].

Let us define the quant interval a,,;, for finding basic
harmonious relationship between S — fold rotational
symmetry and embedded into the symmetry asymmetry

(Fig. 1).
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Omax = N- Omin

GW“:3 60°/S

Figure 1 — A chart for define the quant interval o, for finding
basic harmonious relationship between S — fold rotational sym-
metry and embedded into the symmetry asymmetry

Definition. The S — old rotational symmetry, which
provides ability to split it into pairs of mutually comple-
mentary asymmetries, where we require a set of all N =
(S~1R = (n-1)n angular distances [Oiyin, Omax]- A set of
angular spaces between everything possible lines that
diverge from common center O allows an enumeration of
integers [1, S—1] exactly R-times, is the Elegant Symme-
try and Asymmetry Ensemble (ESAE) [19].

For example, the 7-fold (S = 7) rotational symmetry is
the ESAE because splits into two mutually complemen-
tary asymmetries cyclically in ORS spatial proportions as
both {1 : 2 : 4} for the first, and the{l : 1 : 3 : 2} — the
second ones clockwise, where min= 360°/7, Omax = 60min-
In turn, the first of them is the IRB {1, 2, 4} with n = 3,
R = 1, while the second is the IRB {1, 1, 3, 2} withn =4,
and R=2.

From the Fig. 1 and underlying definition follows
formula (1):

- ~n-(n-1)
s-1=10 1)

Note, the role of symmetry in physics is important in
simplifying solutions to many problems, e.g. exact solu-
tions of Einstein’s field equations of general relativity
[23], and study of isometrics in two or three-dimensional
Euclidian space [24]. Only one angular interval in one-
fold (S = 1) rotational symmetry enumerates the set {1}
exactly once (n = 1) is singleton, known as a unit set [25].

The idea of “perfect” systems comes from remarkable
properties of symmetry in combinatorics [14], and nature
laws [21, 22]. Let us regard the n-stage ring sequence of
two-dimensional (t = 2) vectors with non-negative inte-
gers {(Ki1, Ki2), (Kar, K22), ooy (Kit, Ki)seooo(Knt, Kno)}, which
form two-dimensional coordinate grid of sizes m; x m,
over of a torus, taking modulo m;, and modulo m, sums
accordingly. The coordinate grid basis is “Glory to
Ukraine Star” (GUS) combinatorial configurations [20].

Because “perfect” toroidal codes” created by GUS
configurations, we call their, shortly, star-codes.

Planar projection of spatially disjointed the ring axes
m; = 2 and m, = 3 coordinate points of two-dimensional
(t=2) toroid grid m; x m,=2 x 3 with common reference
point (0,0) given in Fig. 2.
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Figure 2 — Planar projection of spatially disjointed the ring axes
m;= 2 and m,= 3 coordinate points of two-dimensional (t = 2)
toroid reference grid m; x m,=2 x 3 with common reference

point (0,0)

Hence, we have designed toroid coordinate system for
vector data coding two (t = 2) attributes with two (m;= 2)
categories of the first, and three (m, = 3) for the second
attribute accordingly under star-code basis.

Next, we consider a more general model of the
t-dimensional toroid coordinate system for vector data
coding more of two attributes with arbitrary number of
categories under star-code basis.

Clearly, a t-dimensional toroid coordinate system de-
signed for vector data coding t attributes and m; categories
of each of them (i= 1,2,..., t) requires t concurrent dis-
jointed axes my, My,...,m;, ...,m; with common reference
point for forming t-dimensional coordinate grid of the
system with sizes m;xm, x...xmy. So, the underlying mul-
tidimensional information toroid coordinate system can be
described by parameters S, n, R, t, m;(i=1, 2, ..., t). Here
t is dimension of vector data array, number of attributes,
and number of significant digits of t-dimensional code, m;
is a number of categories of i-th attribute, and number of
reference points on i-th ring axis in a toroidal coordinate
system. Besides, information about vector data array de-
pends of geometric sizes Mm;xm, x...xm; of the toroid co-
ordinate system.

The harmonious relationship between S — fold ESAE
behavior is in agreement with classic combinatorial the-
ory [14] based on algebraic group theory [17], and ex-
pands on the other combinatorial configurations [18—20]
well.

Theorem. The maximum code size P, of n-digit bi-
nary t — dimensional star-code interconnected of numeric
values R, m;, m,,... .m;,...,m by the formula (2):

P max = R'Himiszn_l»

2)
(ml,mz,...,mi,...,mt): 1

Proof. The code size of n-digit binary code cannot be
greater than the number of nonzero binary code combina-
tions formed by it.

Corollary 1. The maximum code size P, of n-digit
binary t-dimensional star-code is equal to the order S of
the rotating symmetry, which spatial field creates the tor-
oid coordinate grid with sizes myx m, x...x m; X,..xX my.

Corollary 2. If the difference between the numerical
values of the left and right parts of inequality (2) reduce,
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the star-code size increases, but security of the code is
lost, and vice versa.

Corollary 3. Increasing the sizes of the t-dimensional
toroidal coordinate grid allows intensification the convert-
ing form of vector data information with star-code, ex-
panding the possibility of spatial reconstructing the coor-
dinate system by combining the ratio between numerical
values of interconnected formula (2).

Corollary 4. The star-code information capacity is the
bigger than code size of it.

Application of the underlying relationships between
the information parameters of vector data encoding
systems and theoretical limitations for optimal solution of
specific problems under toroid coordinate systems will
make it possible to reach the best trade-off between per-
formance and complexity for optimum processing infor-
mation under toroid coordinate systems.

4 EXPERIMENTS

Experimental verification of the effectiveness of this
information technology relates to optimization of vector
data coding and processing under toroidal coordinate sys-
tem, using novel designs based on the remarkable proper-
ties of ESAE, and the generalization of these methods and
results to the improvement of a larger class of information
systems.

The basic ideas of BVD processing under toroidal co-
ordinate system are as following:

— determine sizes of toroidal coordinate system and
its dimensionality accordingly to entity-attribute-value of
a BVD list;

— make indexing entity-attribute-value list under the
toroidal coordinate system;

— fetch from an information base applicable vector
star-code with respect to computer power and processing
program;

— make Big Vector Data processing under the star tor-
oidal coordinate system.

The efficiency is that the less number of encoded sig-
nals use for given vector data processing than at present,
while maintaining on the other significant operating char-
acteristics of the coding system underlying methods pro-
vide opportunities to apply them to configure suitable
relation big vector data models, e.g., using t attributes,
and m; categories for i-th attribute, i = 1, 2,..., t of the
model.

Let us form toroid coordinate system for vector data
coding two (t = 2) attributes with two (m; = 2) categories
of the first, and three (m, = 3) for the second attribute ac-
cordingly under star-code basis. For example, 2-tuple set
of three (n = 3) integer of the IRB {1, 2, 4} forms
modulo-2 and modulo-3 accordingly the basis {(1,1),
(0,2), (0,1)} of two-dimensional (t = 2) toroid coordinate
system as follows: (0,0) — (0,2) + (0,1); (1,0) — (1,1) +
(0,2); (1,2) — (0,1) + (1,1). Take the mod; (n—1) =mod,; 2
sum of the ring axis m;= 2, and the mod, n = mod, 3 sum
of the ring axis m, = 3. After arranged all vectors, we de-
rive the coordinate grid m; x my=2 x 3 over a torus based
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on the GUS {(1,1), (0,2), (0,1)} exactly once (R =1) (Ta-
ble 1).

Table 1 — Forming the coordinate grid m; X m, =2 x 3 based
on the GUS {(1,1), (0,2), (0,1)}

Forming the reference grid m; x m,=2 x 3
Ne References Summation the mod, 2, and mod, 3
(1,1) 0,2) 0,1)

1 (0,0) + +

2 0,1) +

3 0,2)

4 (1,0)

5 (1,1)

6 (1,2) + +

From Table 1, easy to see the GUS {(1,1), (0,2), (0,1)}
forms the coordinate grid 2 x 3 over torus surface. The set
of 2D coordinate grid one-to-one corresponds to a set of
2D vector data attributes, the first numerical index indi-
cates vector data by two (m;= 2) categories, while the
second — three (M, = 3) of ones by the same vector. The
underlying property allows on 2D vector data processing
over the 2 x 3 range concurrently.

Reasoning along similarly, we form toroid coordinate
system for 2-tuple set of four (n= 4) integer for the IRB
{1, 1, 3, 2} with n= 4, R= 2. We use the basis {(1,1),
(1,1), (1,0), (0,2)} of 2D (t = 2) toroid coordinate system:
(0,0) — (1,1) + (1,0) + (0,2), and (0,0) — (1,0) + (0,2) +
(1,1); (0,1) — (1,1) + (1,0), and (0,1) — (0,2) + (1,1) +
(1,1); (0,2) = (0,2), and (0,2) —(1,1) + (1,1); (1,0) = (1,0),
and (1,0) — (0,2) + (1,1); (1,2) — (1,0) + (0,2), and (1,2)
— (1,1) + (1,1) + (1,0). After arranged all vectors, we
derive the coordinate grid m; x m, =2 x 3 over torus sur-
face based on the GUS {(1,1), (1,1), (1,0), (0,2)} exactly
twice (R = 2) as shows in the Table 2.

Table 2 — Forming the coordinate grid m; x m,=2 x 3 over
torus based on the GUS {(1,1), (1,1), (1,0), (0,2)}

is a t-stage of non-negative integers as sub-sequence of
the sequence, a set of ordered vector data attributes are
indicated accordingly to t categories of the BVD process-
ing under t-dimensional toroidal coordinate system over
coordinate grid m;xm, x...xm.

5 RESULTS

Fragments of the results of conducted experiments
presented in the Tables 3—6.

Let us consider some specific examples using the
methods for coding vector data sets of a particularly de-
fined value in the basis of toroidal coordinate systems
with corresponding geometric dimensions in the formal-
ization (2).

The Table 3 contains six (n* — n = 6) 3-digit (n = 3)
binary 2D (t = 2) star-code combinations, which interre-
lated with numerical values of indexed vector data in the a
priori of acceptable limits of their changes (2). In the Ta-
ble 3 shows that the code size P, of 3-digit (n = 3) bi-
nary 2D (t = 2) star-code comes near theoretically maxi-
mum, as basis of the toroid coordinate grid with sizes m;
X m,= (n—=1)n = 2 x 3 created under the first embedded
into of the ESAE asymmetry, namely the GUS {(0,1),

(0,2), (1,0)}.

Table 3 — The forming 3-digit 2D star-code {(0,1), (0,2),
(1,0)} under torus coordinate system 2 X 3

The 3-digit 2D star-code under grid m; x m,=2 x 3
No Vector data Digit weights of the binary star-code
0,1) (0,2) (1,0)
1 (0,0) 1 1 0
2 0,1) 1 0 0
3 0,2) 0 1 0
4 (1,0) 0 0 1
5 (1,1) 1 0 1
6 (1,2) 0 1 1

The Table 4 contains 12 binary 2D (t = 2) 4-digit
(n=4) combinations (n* —n = 12) for coding two attributes
(t = 2) both with two (m; = 2) category of the first, and
three (M, = 3) — the second attribute concurrently.

Table 4 — The fragment of forming 4-digit 2D star-code
{(1,1), (1,1), (0,2), (1,0)} under torus coordinate system 2x3

Forming the reference grid m; x my= 2 x 3

Ne References Summation the mod; 2, and mod, 3
(1,0 (1,1 | 1,0 0,2)

1 (0,0) + + +
2 (0,0) + +
3 (0,1)
4 (0,1) + +
5 (0,2)
6 (0,2) + +
7 (1,0) +
8 (1,0) + +
9 (1,1) +
10 (1,1 ¥
11 (1,2) +
12 (1,2) + +

The 4-digit 2D star-code under grid m; x my;=2 x 3
No Digit weights of the binary star-code
Vector data an an [ ©2) 1.0)
1 (0,0) 0 1 1 1
2 (0,0) 1 0 1 1
3 0,1) 1 0 0 1
4 0,1) 1 1 1 0
14 (1,2) 0 0 1 1
15 (1,2) 1 1 0 1

Generally, each i-th t-dimensional vector K= (kj,
Kip,....Ki) of t-dimensional sequence {K;, K,,...,Ki,...,Kp}
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In the Table 4 shows that the code size
P (n) =2"-1 =15 of 4-digit (n = 4) binary 2D (t = 2) star-
code with n =4 and R = 2. Note, the basis of the toroid
coordinate grid created under the second embedded into
of the ESAE asymmetry, namely the GUS {(1,1), (1,1),
(1,0, (0,2)}.

Table 5 illustrates fragment of forming 4-digit 2D
star-code {(1,2), (2,4), (1,3), (2,1)} under torus coordinate
system 3x5. In the Table 5 shows that the code size P (n)
=2"—1 =15 of 4-digit (n = 4) binary 2D (t = 2) star-code
with n =4 and R = 1. Note, the basis of the torus coordi-
nate grid created under the GUS {(1,2), (2,4), (1,3),

2,1)}.

Table 5 — The fragment of forming 4-digit 2D star-code {(1,2),
(2,4), (1,3), (2,1)} under torus coordinate system 3 x 5

The 4-digit 2D star-code under grid m; x my=3 x 5
Ne Digit weights of the binary star-code
Vector data 12 ) ) an
1 (0,0) 1 1 1 1
2 0,1) 1 1 0 0
3 0,2) 0 1 1 0
4 0.3) 1 0 0 1
14 23) 0 1 1 1
15 (2,4) 0 1 0 0

In the Table 6 shows forming 5-digit 2D star-code
{(1,1), (1,4), (2,2), (2,2), (2,3)} under torus coordinate
system 3 x 5. To see this we observe that the code size P
(n) =2" -1 = 31 of 5-digit (n = 5) binary 2D (t = 2) star-
code with n = 5 and R = 2. Note, the basis of the torus
coordinate grid created under the GUS {(1,1), (1,4), (2,2),

(2,2), (2,3)}.

Table 6 — The fragment of forming 5-digit 2D star-code
{(1,1),(1,4),(2,2),(2,2),(2,3)} under coordinate system 3x5

The 5-digit 2D star-code under grid m; x m,=3 x 5
No Vector Digit weights of the binary star-code
data €Ly a4 | 22 | @2 | @3
1 (0,0) 1 1 0 1 1
2 0,1) 1 1 1 0 1
3 0,2) 0 1 1 0 0
4 0,3) 0 1 0 1 0
30 2,3) 0 1 0 1 1
31 24) 1 1 0 1

From the Tables 3—6 follows that the underlying for-
mula (2) make it possible to reach the best trade-off be-
tween performance and complexity for optimum process-
ing of information under toroid coordinate system, while
maintaining or improving on information capacity of the
system.

The equations (1) and (2) formalize a large class of t-
dimensional codes from non-redundant vector codes of
high performance [19] to coding self-correcting vector
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data signals with faster than classic codes transmission of
multidimensional information by noise communication
channels [20]. One of them is optimum binary monolithic
star-code for processing of two-or multidimensional vec-
tor signals under toroidal coordinate system. The mono-
lithic star-code forms code combinations as a sequence of
solid connected symbols “1”” or “0” in the code combina-
tion [19, 20]. This property makes it possible to use self-
correcting vector data signals for faster than classic codes
transmission in a noise channel, using limited number of
bits.

From the underlying formalization (1) and (2) have
been defined the next types of the optimum weighed n-
digital binary ring monolithic codes based on IRBs [20]:

a) numerical code is a set of ring n-sequences of posi-
tive integers which sums of connected sub-sequences of
the set enumerate the set of integers [1, N] exactly R-
times, N = n(n-1)/R;

b) two-dimensional code is a set of ring n-sequences
of 2-tuple nonnegative integers which modular sums of
connected 2-tuple taken modulo m; and m,, respectively,
allows an enumeration of nodal points of coordinate grid
m; x m, over 3-torus exactly R-times with frame of axes
m;-m, =n(n-1)/R;

¢) multidimensional code is a set of ring n-sequences
of t-tuple nonnegative integers which modular sums of
connected t-tuple taken modulo m;, m, ,..., m;, respec-
tively, allows an enumeration of nodal points of coordi-
nate grid m; x ...x m; over (t+1)-torus exactly R-times
with frame of axes m;:m, ...-my=n(n-1)/R.

6 DISCUSSION

As it evident, the Table 3 demonstrates the advan-
tages of two-dimensional (t = 2) binary vector data coding
in the minimized 3-digit (n = 3) 2D database of the toroid
coordinate system a reference grid with sizes
m;x my= 2 x 3. The mutually unambiguous compliance
with a set of indexed data “attribute-categories” of a set of
binary vector code combinations formed by this database
have been achieved in the system. In turn, it was possible
due to reducing the natural redundancy in the system.

Instead, Table 4 gives example of the introduction of
artificial redundancy by increasing to two (R = 2) the
number of ways to cover the grid for increasing 2 times
security of the vector data, due to increment a register
capacity by one: from n = 3 to 4. According to the for-
mula (1) the sizes of reference grid are the same that for
the parameters S=7,n =3, R =1 because S =7, n = 4,
R =2, and consequently m; x m,=2 x 3 also.

Reasoning along similarly, in the Tables 5 and 6
show methods of vector data coding design in the mini-
mized database of the toroid coordinate system a refer-
ence grid with sizes m;x m,=3 x 5.

In the formula (2), the underlying rule displayed by
the number R of methods of covering all node points of
t-dimensional outlined toroidal coordinate system for en-
coding of indexed vector data “attribute-categories” sets
with t attributes and appropriated number of categories in
the set. Besides, using n-digit base reconstruction of t-
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dimensional binary vector provide code we the rule: repe-
tition is a loss of information in order to increase so-many
times security of vector data coding under the coordinate
system. In addition, there are elegant ensembles of star-
codes, which allow you to form different sets of allowed
code combinations on a set of modular sums of the base
vectors of the toroid coordinate system according to sev-
eral ring schemes with cross routes of their bypass (R =1)
or more (R > 1) in ways [18-20]. From the formula (1)
and (2) follows increasing the number of allowed code
combinations of the coding method and improving the
characteristics of vector data encoding in toroid coordi-
nate systems by performance and interference, as well as
the star-code information capacity increases faster than
code size of the code with growing dimensionality and
number of its binary digits.

The study aims at patterns of transformation of flat
harmoniously conjugated asymmetric structures of rotat-
ing symmetry into spatial structural forms of higher di-
mensions, where they take the form of two-and multidi-
mensional toroid coordinate systems formed by a mini-
mized binary code basis with vector weight digits. Such
combinatorial configurations differ favorably from the
classical ones [14—18] of spatial forms with central, mir-
ror or axial symmetries, forming families on a set of the
ESAEs with varieties of symmetrical shape [19].

The growth of vector code combination by one bit
doubles the code size of the encoding method in the out-
lined toroid coordinate system with the corresponding
dimensions and dimensions. The number of indexed at-
tributes and categories in the form of any long a priori of
integer t-tuple allows one code word to encode, forward
and process in the basis of the system simultaneously as
many signs of vector data as symbols contained in the t-
tuples. It respectively provides increasing the perform-
ance of the system at t times, where t is the number of
ring axes of the toroid coordinate grid.

Formalization allows you to reach a balanced com-
promise on contradictory goals related to the power and
reliability of the information method. It outlines theoreti-
cally a large-scale information model of harmoniously
built of multidimensional geometric space as a hypotheti-
cal system of a perfectly structured source of information
as t-dimensional locked spheres. This system has a priori
infinitely large number of sets of coordinate sub-systems
of quantum “density”, generated by a minimized basis of
t-dimensional binary n-bit code with compression coeffi-
cient value approaching to 2"/n.

Formalization of methods of optimal encoding of mul-
tidimensional data arrays in spatial coordinate systems is
connected not only with the establishment of mathemati-
cal connection of information parameters with harmoni-
ously organized symmetrical and asymmetric spatial
structures, but also with the processing of a set of phi-
losophical, methodological, scientific and applied, educa-
tional problems of analysis and synthesis of multidimen-
sional information systems.

Among other results, it is interesting to observe the
behavior of mathematical models of geometric objects
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with non-uniform structure [18-20]. These objects can be
in progress for originate of such geometric structures al-
ready in the higher dimensions, with the advent of new
elegant forms of spatial configurations enriched with nu-
merous varieties of thin structure multiplied on growing
of their combinatorial varieties. It follows an intuitive
conclusion about the hypothetical model of toroidal geo-
metric structure in the behavior of natural and man-made
objects in the real world [21, 22].

CONCLUSIONS

The urgent problem of coding and processing large in-
formation content solved, using formalization of interde-
pendence between information parameters of vector data
coding systems on a single mathematical platform. The
study of the theoretical relationship between the detected
pattern of harmonious conjuring of symmetrical and
asymmetrical structures, the basic principle of optimal
structural relations (OSR) was established. It reflects the
essence of the proposed concept of converting multidi-
mensional form of information with binary code in a
structured field of toroid coordinate systems of corre-
sponding dimensions and dimensionalities for provide
optimum coding and processing vector data arrays with
numbering attributes and categories under minimized
basis of outlined t-dimensional toroidal coordinate sys-
tem, using the underlying formalization (1), (2).

The scientific novelty of obtained results is the for-
malization of interdependence between information pa-
rameters of vector data coding systems on a single
mathematical platform. This approach allows forming the
outlined t — dimensional toroidal coordinate system, using
smaller as all number of coordinates set basis of t-tuples.
This, in turn, provides optimum coding and processing
vector data arrays with numbering attributes and catego-
ries under minimized basis of outlined t-dimensional tor-
oidal coordinate system by holding criterion and limita-
tions to achieve a favorable compromise between contra-
dictory goals in changing of computational values within
of theoretically defined by formulas (1) and (2) bounda-
ries. The upper limit of the information capacity encoding
method for given code size and numbering attributes, and
categories of vector data sets, as well as R of various ways
of coding the same “attribute-category” sets defined.

Prospect for further research are the development of
new direction in multidimensional systems engineering,
for improving such quality indices as information capac-
ity, reliability, transmission speed, positioning precision,
and ability to reproduce the maximum number of combi-
natorial varieties in the system with a limited number of
elements and bonds, using remarkable properties and
structural perfection of GUS combinatorial configura-
tions. The experimental results allow recommending the
proposed methodology for direct applications to informa-
tion and computational technologies, telecommunications,
radio-and electronic engineering, radio-physics, and other
engineering areas, as well as in education. These design
techniques allows configure optimum two-and multidi-
mensional vector data coding system, using innovative
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methods based on the underlying combinatorial models
offering ample scope for progress in systems engineering,
cybernetics, and industrial informatics.

Physical results — a better understanding the role of
geometric structure in the behavior of natural and man-
made objects.

The existence of an a priori of an infinitely large num-
ber of minimized basis, which give rise to numerous va-
rieties of multidimensional ‘“star” coordinate systems,
opens up new possibilities for solving a wide range of
mathematical and applied problems of computer science,
cybernetics, and management on the platform of system
mathematics. We take into account the developments of
modern theory of systems as a set of philosophical, meth-
odological and scientific, and applied problems of analy-
sis and synthesis of multidimensional systems.

A perfection and harmony exists not only in the ab-
stract models but in the real world also.
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YK 621.396:519.15
®OPMAJIBALIS METO/IIB KOAYBAHHS THOOPMAIIIL B TOPOITHIX CHCTEMAX KOOPJIUHAT

Pizunk B. B. — 1-p texn. Hayk, npodecop, npodecop kadenpu aBTOMaTH30BaHUX CUCTEM yrpasiinHs HaiioHanabHoro yHiBep-
curety «JIpBiBChbKa motiTexHikay, JIbBiB, YKkpaiHa.

AHOTAULIA

AxtyanbHicTe. KomyBaHHS Ta omnpamioBaHHS BEJIUKOTO iH(OPMAIIHOrO KOHTEHTY akTyamizye mpobieMmy Qopmamizarii
B332€EMO3AJIEKHOCTI MK iH(GOPMaIHHAMH ITapaMeTpaMH CHCTEM KOITyBaHHS BEKTOPHUX JAaHHWX Ha €AWHIH MaTeMaTHUUHIN ruaThopmi.
OG6’€eKTOM IOCTIPKCHHS € MOJIEeTb KOJyBaHHSI MacHBIB BEKTOPHHX TaHHX B 0a3uci TOPOIAHUX cHcTeM KoopauHat. Mera pobotu —
(opmarizanis METOIIB KOIyBaHHS BEKTOPHHX JIaHHUX B OITHUMi30BaHOMY 0a3HCi TOPOITHUX CHCTEM KOOpPAMHAT.

Metoa. B ocHOBY nOCHIPKEHHS HOKJIAICHO BCTAHOBICHUH (AaKT TapMOHIHHOTO CHIPSHKEHHS CUMETPHUYHUX Ta aCHMETPUYHHX
CTPYKTYp y BHIJIS/II ONTHMAIbHUX CIiBBiHOLICHh MIXK CUMETpI€I0 i BOYJOBAaHUMHU B Hel aCHMETPHYHUMHU MTPOCTOPOBUMH CTPYKTY-
paMu 3 TPYHOBUMH BIACTHBOCTSIMH, TPUTaAMaHHUMHM JUTsl BEKTOPHUX KOMOIHATOPHUX KOH(QIrypaliil «3ipkoBoro» kiacy — Hadbopis t-
BUMIpDHUX BEKTOpIB ABIMKOBOIO KOOy fK 0asucy t-BEMipHOi CHCTEMH KOOpPOWHAT Topoima. i ommcy MareMaTWdHOi Mozeli
«31pKOBHX» CHCTEM KOOpPAMHAT BUKOPHCTAaHO MAaTEMAaTHYHUH amapaT TEOpii MHOXKUH, TEOPETHKO-YHCIIOBI 1 TEOPETHKO-TPYIIOBI Me-
TOJM KOMOIHATOPHOTO aHATI3y Ta €JIEeMEHTH anreOpudyHoi Teopii imeaqbHMX KUIBIEBHUX B’s3aHOK. MeToJ no3Bosie (hopMaltizyBaTh
B32€MO3B 530K 1H(QOPMALiITHUX MapaMeTpiB BEKTOPHOTO KOAY (IHCIIO KOJOBUX KOMOIHaIil, pO3psAAHICTh, KUIBKICTh CIIOCO0IB KOMY-
BaHHS OJIHAKOBMX HAOOPIB) 3 TCOMETPUYHUMH NapaMeTpaMH CUCTEMH KOOPAUHAT (PO3MIPHICTB 1 pO3MIpH CITKH O YHCITy aTpUOyTiB
1 KaTeropiil BEKTOPHUX JaHKX). BuBeseHO QyHKIiIOHAIBHY 3aJI©KHICTh MK BHILE3raJaHUMU [apaMeTPaMH, IO JI03BOJISIE JOCATATH
BHUTIZHOTO KOMIIPOMICY MK CyTIepEeUHUMH LIISIMU (HAPUKIIA/, IPOAYKTUBHICTIO | HaAIHHICTIO METO/LY KOJYBaHHS).

Pe3yabTaTi. Po3po6iieni Metou peasti3oBaHi IpH ONTUMaIbHOMY KOAyBaHHI BEKTOPHUX AaHHX B 0a3UCi TOPOIIHUX CHCTEM KO-
OpIMHAT.

BucnoBku. [IpoBeneni o0umCIIOBaIbHI €KCTIEPUMEHTH MiATBEPAUIIN TPAIE3IaTHICTh 3aIPOITIOHOBAHOTO MaTEMaTHYHOTO 3a0e3-
TIEYCHHSI 1 JO3BOJISIIOTH PEKOMEH/IyBaT! HOT0 JUIsl BUKOPHCTAHHS Ha NPAKTHIl IPH BUPIIICHH] 3a1a4d (opMaltizalii MeTo/iB ONTHMa-
JBHOTO KOJyBaHHS MacHBIB BEKTOPHUX JAHHX Ta ONpAIFOBAaHHS iHpOpMAIiil pi3HOI IPHPOAN B TOPOIJHUX CHCTEMaX KOOpAWUHAT BH-
3HAYEHUX PO3MIpIB 1 PO3MIPHOCTI.

KJIFOYOBI CJIOBA: eneranTHuit ancam0i1b cUMeTpii — acuMeTpii, 3aKOHOMIpHICTh, iH(pOpMaliiiHa HagMipHICTb, KOMOIHATO-
pHa KoH(pirypauis, onTUMaIbHe KOLyBaHHS BEKTOPHUX JaHUX, TOTYXKHICTh KOAY, 0a3uc, KOMIPOMIC.

YK 621.396:519.15
OOPMAJIM3ALUAA METOJ0B KOAUPOBAHUS HHO®OPMALIMU B TOPOUJHBIX CUCTEMAX KOOPJJTUHAT

Pum3nbik B. B. — 1-p TexH. Hayk, npodeccop, npodeccop kadeapsl aBTOMaTH3MPOBAHHBIX CHCTEM yIpaBiieHns: HarpoHansHOro
yHuBepcuTeta «JIpBiBChbKa mosiTexHikay», JIbBoB, YkpanHa.

AHHOTAIUSA

AktyanbHocTh. KognpoBanue n 00padoTka 007p110r0 HHGOPMAIMOHHOTO KOHTEHTA aKTyalTu3upyeT IpodieMy hopMatn3aiiu
B32€MO3aBUCHMOCTH MEXIy MH()OPMAIIMOHHBIMA [TapaMeTPaMH CHCTEM KOJMPOBAHHS BEKTOPHBIX JAHHBIX Ha €JHHON MaTeMaTHie-
ckoit aropme. OOBEKTOM HCCIIEAOBAHMS SBISICTCS MOJENH KOJUPOBAHMS MacCHBOB BEKTOPHBIX JAHHBIX B 0a3HMCe TOPOMJIHBIX
cucreM KoopauHaT. Llens paboTsl — Gopmanu3anust METOJ0B KOJUPOBAHMS BEKTOPHBIX JaHHBIX B ONTHMH3MPOBAHHOM 0asuce TOpo-
HJIHBIX CHCTEM KOOpAWHAT.

MeTtoa. B ocHOBY mnccieoBaHus TOJI0KEHO YCTAHOBJICHHBIH ()aKT rapMOHHUYECKOTO CONPSHKEHHUS CUMMETPHYHBIX U aCHMMET-
PHYHBIX CTPYKTYp B BUJIE ONTHMAJbHBIX COOTHOIICHHH MEXTy CHMMETpPHEH W BCTPOSHHOW B Hee aCCHMETPHUYHBIMHU MPOCTOPAHCT-
BEHHBIMH CTPYKTYypaMH C TPYIIOBBIMH CBOICTBaMH, NMPUCYIIUMH IJIsI BEKTOPHBIX KOMOMHATOPHBIX KOH(UTypaluii «3BE3IHOTO»
KJacca — HaOOpoB t-MepHBIX BEKTOPOB JIBOMYHOrO KoJa Kak 0a3mca {-MepHOH cHUcTeMBbl KOOpIUHAT Topouzaa. s omucaHus mate-
MaTHYECKOH MOJENH «3BE3AHBIX» CHUCTEM KOOPAMHAT HCIIONb30BAaH MAaTEMAaTHYECKHH ammapaT TEOPHH MHOXECTB, TEOPETHKO-
YHCIIOBBIE M TEOPETHKO-TPYIIIOBEIE METOIbI KOMOMHATOPHOTO aHAIIN3a U JJIEMEHTHI alnreOpandeckoi TEOPUH UACaTbHBIX KONBIIEBBIX
BSI3aHOK. MeToJ 1mo3BoisieT (hopMaIN30BaTh B3aUMOCBSA3b HH(OPMAIIMOHHBIX [TapaMeTPOB BEKTOPHOTO KOAA (IHCIIO KOMOBEIX KOM-
OMHAIWI, PO3PSIHOCTD, KOJUIECTBO CIIOCOOOB KOJUPOBAHMS OJUHAKOBHIX HAOOPOB) C T€OMETPHYECKHMH IapaMeTPaMU CHCTEMbI
KOOpAMHAT (Pa3MEPHOCTb M pa3Mephl CETKH 110 YUCITy aTpUOYTOB U KaTErOPUH BEKTOPHBIX JAHHBIX). BhIBeJeHO (QyHKIHOHAIBHYIO
3aBUCHMOCTb MEXy BBIIICYIIOMSHYTHIMH NapaMeTPaMy, YTO MO3BOJISET JOCTUTATh BHITOJHOTO KOMIIPOMHCCA MEX]y POTHBOPEUYH-
BBIMH HEISIMU (HallpHMeED, MPOU3BOAUTENBHOCTD H HAZEKHOCTh METO/Ia KOJAUPOBAHUS).

Pe3yabTarthl. PaspaboTansl METOABI U peaTn30BaHbI TP ONTUMATBHOM KOJUPOBAHUHU BEKTOPHBIX JAHHBIX B 0a3uCe TOPOUIHBIX
CHCTEM KOOP/HHAT.

BriBoasl. [IpoBeneHHbIC BRIMUCIUTETBHBIC SKCIIEPUMEHTHI MOATBEPANIN PabOTOCIOCOOHOCTD MPEUIOKEHHOTO0 MaTeMaTHIECKO-
ro obecneyeHus u IO03BOJITIOT PEKOMEHIOBATh €r0 IS MCHONB30BAaHMs Ha IMPAKTUKE IPH PEIICHUN 3a1ad (popMaIu3alii METOJI0B
OINITHMAaJIBHOTO KOJUPOBAHUS MAaCCHBOB BEKTOPHBIX JaHHBIX H 00pabOTKH MH(GOPMAIUH Pa3INIHOI IPUPOIBI B TOPOITHBIX CHCTEMAX
KOOPJMHAT ONpEJEIEHHBIX Pa3MEPOB U Pa3MEPHOCTH.

KJIIOUEBBIE CJIOBA: onerantHblii aHcamM0ib CHMMETPHS-aCUMMETpPHUs, 3aKOHOMEPHOCTh, WH(OpManMOHHas H30BITOY-
HOCTb, KOMOMHATOpHAst KOH(Urypalys, ONTHMAILHOE KOJMPOBaHUE BEKTOPHBIX JIaHHBIX, MOIIIHOCTb KO/, 6a31C, KOMIPOMHCC.
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