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ANALYSIS OF HOW THE PROPERTIES OF STRUCTURED DATA
CAN INFLUENCE THE WAY THESE DATA ARE PROCESSED

Purpose. The purpose of the article is to develop mathematical methods for processing “big data”. This is based
on the system analysis of properties for their structural organization. These methods allow us to optimize the basic
characteristics of “big data”. This includes increasing the search speed to process large volumes of fast incoming data
while preserving their relevance.

Methodology. We suggested mathematical methods to work with a data structure “m-tuples based on ordered sets
of arbitrary cardinality (OSAC)”. We determined pairwise combinations of Boolean elements as operands of the op-
erations investigated. The foregoing is based on the analysis of the data structure properties. We also calculated the
dynamics of changes in the constituent pairwise combinations of the Boolean elements depending on the basis set
cardinality for different groups of the given data structure.

Findings. We estimated the time needed to execute methods of working with the OSAC data structure as func-
tional dependencies of the amount of data O(f(#n)). We also determined the component of combinations for Boolean
elements. For these elements, the execution of algorithms that implement the operation investigated is not required
as the desired result is defined in the data structure property.

Originality. We further developed a mathematical method which allows us to forecast the result of performing
certain operations on elements of ordered data structure. This takes into account the position of the elements in the
structure without using the computational algorithm. For the first time, we obtained an analytical dependency to
determine the component number for Boolean elements of length m,. This includes an element represented by a tuple
of smaller length m, in relation to the total number of Boolean elements of length m,. For the first time we also ob-
tained an analytical dependency to determine the minimum maxima of the functional dependency described above.

Practical value. The results obtained in this paper can be used to minimize the time and computational resources
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needed to process “big data” represented by m-tuples based on OSAC.
Keywords: “big data”, data organization structure, m-tuples, Boolean graph

Introduction. At the present time, modern SCADA
(Supervisory Control and Data Acquisition) systems are
commonly distributed in the field of industrial automa-
tion. These systems are widely used throughout various
industries and comprise multi-tasking with multi-user
hardware and software [1]. There is an urgent need to
develop methods for reliable and timely analysis of large
flows of diagnostic information generated by the system
in the event of a failure. This is necessary to diagnose the
performance of these systems in real time [2].

The task of SCADA operation diagnostics refers to
one of the most rapidly developing areas of modern in-
formation technology. Specifically, this is the area of
creating and implementing a variety of methods and
techniques as well as tools for processing, storing, ana-
lyzing and managing “big data” [3].

The main characteristics of “big data” include the
volume of data, the velocity of their processing, and the
diversity of data types [4]. Therefore, the relevant task is
to maintain not only quantitative, but also the qualitative
characteristics of “big data” when creating methods for
their processing and analysis. The characteristics of “big
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data” in the methods created should meet the require-
ments for information technology solutions in this area.

Literature review. It is known that in order to per-
form automatic processing and analysis of “big data” in
the conditions of temporal and informational limita-
tions, three main methodologies are employed in the
applied methods. These are mathematical, linguistic
and heuristic.

In the mathematical approach [5], classification
rules are derived within the framework of a certain
mathematical formula, which also determines the cau-
sation and regularity of events.

The linguistic approach [6] is used for objects con-
taining complex hierarchical structures where it is diffi-
cult to identify specific elements. In these cases, a set of
rules is introduced which must be based on the system
forming a “dictionary” of attributes while determining
the boundaries of classes.

The heuristic approach [7] is based on intuition and
many years of experience. It is used when working with
hard-to-formalize knowledge for highly specialized
tasks. The heuristic approach does not have strict formal
justification. However, in most practical situations it
provides an acceptable solution to the problem.
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The methods which apply to the classification ap-
proach also include graphical and analytical methods
for finding solutions in the space of their states. Exam-
ples of these diagnostic methods comprise the Fault
Tree Analysis (FTA) and the Event Tree Analysis (ETA).

Fault Tree Analysis (FTA) [8] is a graphical and ana-
Iytical method which is formed of a multi-level graphi-
cal and analytical structure. Causal relationships and
chains of events (impacts) which lead to system failures
are identified on the basis of this structure.

Event Tree Analysis (ETA) [9] is a graphical and
analytical method for describing possible scenarios of
events proceeding from the main event (i.e. emergency,
failure). In addition, each element of the system repre-
sented by a node of the event tree can be in one of two
states: operable or inoperable.

In work [8], the authors conducted an investigation
into why the protective valves for a pressure vessel often
failed. As a result, a reliability model for their system was
developed. Reliability is formalized with a dynamic fail-
ure tree (DFT). The main disadvantage of models based
on DFT is the high complexity of their structure which
increases exponentially with every increase in the num-
ber of elements added to it. To solve this problem, the
article proposes an approach that is based on the combi-
nation of DFT and Markov reliability models. In Mar-
kov model, the splitting of the space states was per-
formed on the basis of tensor expressions. It takes into
account arbitrary separation and memorization of the
history of the operating time of system elements under
load by using fictitious phases.

In work [9], the authors suggested a mathematical
model to evaluate the reliability of the module as it per-
tains to keeping poultry. The main objective of the model
is to maintain the microclimate parameters of the module
within specified limits. They developed a homogeneous
Markov model containing hundreds of states and transi-
tions. This model is based on the structure of the failure-
formed tree analysis and the reliability parameters of the
module elements. The resulting graph was described us-
ing the Chapman-Kolmogorov system containing hun-
dreds of differential equations where each equation de-
scribes one of the states of the system. They used the
Dormand-Prince method to solve the system of equa-
tions with constant coefficients. It is included in the
MATLAB mathematical package. Since all system states
are absorbing, no computational problems were found.
This model avoided the influence of “unreachable” states,
which increases the accuracy of the results obtained. The
authors performed an analysis and determined the proba-
bilistic characteristics for the reasons of the module’s in-
operability based on the model developed.

Work [10] presents a method for reducing the amount
of energy expended in coal mining using the help of the
technological unit within the mining industry. The stud-
ies were conducted using a simulation model based on
traditional methods for calculating the power used by the
mining equipment. It also included a mathematical de-
scription of the processes occurring during energy con-
version within the electric drive. All the results were ob-
tained during the testing of mining and geological pa-
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rameters of the mining operation. For the development
of an energy-efficient algorithm for controlling the ag-
gregate, an analytical relationship was derived between
the maximum relative deviation of the selected numeri-
cal criterion from the average value and the volume of
circulating ore. At the same time, the system periodically
checks the value of the critical ore feed rate to ensure that
the unit is operating at maximum capacity.

Unsolved aspects of the problem. We can consider a
scheme when the flow of diagnostic information from
SCADA is inputted into an expert diagnostic system
(EDS) in order to establish a timely and reliable diagno-
sis of SCADA operability. The EDS has a database (DB)
containing a set of SCADA software processes, a set of
diagnostic codes (DC) generated by these processes,
and a set of SCADA failures (SF). The knowledge base
(KB) of EDS contains a set of rules and algorithms to
establish the diagnosis based on a set of DCs. Different
combinations of DCs coming to the EDS input corre-
spond to different SCADA failures. It is necessary to
create a method for processing and analyzing streams of
diagnostic information by the expert system including
all the possible (for a given expert system configuration)
diagnostic code combinations which are in the input
data set. The foregoing allows a reliable and timely solu-
tion to be found while minimizing computing resources
when processing data in real time.

Purpose. The flow of diagnostic information is a
complex data structure. It includes, for example, the
following data: the moment of failure detection, the net-
work address of the backbone node, the system diagnos-
tic code, and the identifier of the software process that
generated the diagnostic code, etc.

We define an element of diagnostic information flow
which goes from SCADA to the EDS as a structure (c, g,
p). This structure contains the diagnostic code ¢ gener-
ated by SCADA as a result of passing/not passing SCA-
DA execution process p through its control point g.

We define X, as the flow of diagnostic information
from SCADA to the EDS over the time interval Af. We
can represent it as a certain set of SCADA diagnostic
codes C, generated at the control points Q, by SCADA
execution processes P,. Thus, the EDS input data will be
represented by a template basis set X which will be in-
stantiated by the data structure (c, ¢, p) and initialized
by the set (C,, Q,, P))a

XAt = X<C, Qa p>(Cxa Qy’ Pz)At'

Suppose we have a diagnostic code at a given point
of time, #, that belongs to the time interval Az. This code
is generated in a control point (CT) and belongs to some
SCADA process.

x, =(ck,p), €(C, K, P,
Then we have

X, :{xtl,...,x,[,...,xtf}
At=t, 1,
|XAt|:n
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Imagine the structure of the EDS in the form
EDS=(DB, KB, IM),

where IM is an inference machine.

Let the database contain a set of DCs generated by
SCADA when passing through its process control
points, so that

(st Oys Pz)AIE (Cs Qa P)

Then the EDS database will include the template ba-
sis set X, instantiated by the data structure (c, ¢, p) and
initialized by the set (C, Q, P)

XDB:X<cs q, p>(C5 Kv P)
Wherein
Xy < Xpp.
We denote x5 = (c, q, p); € (C, Q, P). Then

Xpp ={Xpp1s--s Xpps-ees xDBn(XDB)}'

Suppose the EDS database also contains many types
of SCADA Ffailures. Suppose the KB of our expert sys-
tem contains many G rules, algorithms and strategies
that allow us to construct variants of the component
structures for the database.

F— G(Xpp).

In order to establish a diagnosis for SCADA opera-
bility using the EDS by the flow of diagnostic informa-
tion for the time interval Az, it is necessary to determine
F,, — G(X,,). We will do it with the help of the EDS in-
ference machine in order to minimize time and comput-
ing resources when processing our data.

We have
XDB={x1,...,xi,...,xn(xw)};
F: {f‘],,}j,,_}%(p)},
G=1{81,s 8> -» Gne)}>
F->GXpp)=
. f= gk(xlg*,...,x;"",...,xf(*m)=gk(ng)
XDB =Ung

k

Required to find

F, > GX,,)
ooe. > toin

proc.

I/st - Vmin
Rcalc - Rmin

where F), is diagnosis by the flow of diagnostic informa-
tion Xy; 1,,, is diagnostic information processing time
X,, to establish the diagnosis; V, is the amount of data
storage for storing and processing diagnostic informa-
tion X,; R, is the amount of computing resources in-
volved in processing the data.

To complete the task, we must determine that

bl
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25N X, D,
where X, is a set of diagnostic code combinations in the

EDS database; 2% s a set of input data combinations of
the EDS for the time interval Az.

This article discusses some of the properties and
methods of working with the data structure “m-tuples
based on ordered sets of arbitrary cardinality (OSAC)”
in order to minimize time and computational resources
when processing “big data” represented by the flow of
diagnostic information from SCADA.

Methods. The description of the basic terms and
definitions, as well as some properties and mathematical
methods of working with the data structure “m-tuples
based on OSAC” are given in [11].

In this paper, we consider the possibility of minimiz-
ing the time and computational resources in data pro-

cessing for the methods A;: i, =i " and

m,J mysJ,
Ay V. i= y;’nI J vin 5 These methods implement the
union of Boolean elements 2/ and 2* as part of the given
data structure.

We define m-tuples as ordered, ascending subsets of
the basis sets

; _ ) i i .
i" —{ll',...,ln:,...,lm'l}g],

'jz 'jz
[ A
1 >,

hsJ2
’ n n,

n _J\J J: J:
» —{)cilz,...,)ciz sy X2

Therefore, under the union of the Boolean elements,
we accept the logical operation of the union of the sets
represented by the operands according to the corre-
sponding basis sets.

o _ )i ih ih i) i) ih .
lm,j_{ll ,...,lnl,...,lml}u{ll ,...,lnz,...,lmz},
no_ )y Ji Ji .
ym’j—{xi]',...,xi‘ ,...,xi‘ }U,

m m

u{xl.h,...,xl.’? U }
! Ny e

The result of this operation is a tuple consisting of
the ordered values of the elements that were part of at
least one of the operands.

Define formal rules for the execution of a method

. gh —gh 0
Ayiy =iy Ui

m,j, _y
We have
M, My Mo, 1 Jo;
=i nid )
ifnz,jzz(l'{z,...,iﬁi,...,i’{é).
Required to finds m,j.i3, =15, | O,
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Decision:
1. Perform a validation check of the input data:

n>1; 1<m<n; 1<m,<n;

1<) <k 1<), <k

2. Form Table 1 with dimension (max (m,, m,) +2) x 6

and o

n
to calculate the parameters o o,

B}’I

mym,”

n
' Bml’nl

3. Perform input validation.

n _ (1 il il
lml,jl_(ll R ERTEY sy B

and

in +j2 -j2
Lo j2 = (’1 seen by lm2)'

Ensure that 7 . and i  are set correctly
1271

LW

+J) n Ji n
Vl | e[l,ml]—)(aml N <ih <P

n ”’171)

‘v’z’1 e(l, ml]—>( i —i l21)
<lJz <Bn

my T’lz)

Viéie(l,mﬂ—)(z —1 121)

Vil ell, m2]—>( .

4. Perform an algorithm for combining two Boolean
elements via the basis set

n=L m=1 m=1
[((<min(m, +my,m) A(n, <my) A0, <my))?
(((ifli >i;§)?(in = iéi,nz ++):

(=il (@ =022+ 4, e,
[((n <min(m, +my,n) A(M, <m)A(n, < mz))?
(i,1 ::i;'l, n++, n1++)],
[((<min(m, +my,m) A(m, > m) A(n, <my))?
(in ::iéz, N++, n2++)J,
m:=n-1,

J= A i iy).

Table 1
Scopes of index definitions i,
o o
my,j; my,j,
1 n n 2 n n
n m,n, Bml Al n M, Bmz b
1 |
n n—m+ng| .. N2 n—nyp+mn,

m my
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Answer: as a result of the method execution A using
method 4, [12] wederived m-tuple i, ; = (i, ..., [ i,).
We define formal rules for the method execution
AV = Vo1 Vs
We have
n, my, My, ji, ja;

uy”

My, J

Required to find: m, j,y,, ; =y,

mj,
Decision:
1. Execute point 1 described in method 4.
2. In addition to point 1 from method A4; we will
check the validity of the input data

ane[lam1)—>x,- <x ;
i m+1

J
vn, €ll,m,) — x;"? <x
m, nﬁl

3. Form m-tuples #,, ,

T =A1(jl);
ir’rllz J> =4 (12)

4. Perform the method described above

and i,’:,z) i using method 4, [11]

A it =i it
7 'mj T Cmyj, my, j,

5. We find corresponding tuple ,, ; for the resulting

m—tuple l:,l,j (11, s n’ lm)
Answer: as a result of the execution of method Az we
derived an m-tuple

Y =X X s X, ).

1 I m

When calculating estimates of the execution time for
methods A4, and Az we obtained the following results‘

- obtaining the resulting m-tuple (i, ..., iy,..., iy)
using method A, without determining its locatlon in the
given data structure. It corresponds to the linear execu-
tion time algorithm

O;(f7(n)) =05(n);
- obtaining the resulting m-tuple using method A4, by

determining its location in the given data structure i, ;.
It corresponds to the algorithm of cubic execution time

O0;(f(n) = O5(r);

- obtaining the resulting m-tuple y,, ; using method
Ag corresponds to the algorithm of cubic execution time

Oy(fs(n)) = Oy(n?).

We can define some properties of intersecti-
ons/unions of m-tuples.
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Property 1. If at least one of the operands of intersec-
tion of Boolean elements in a basis set with cardinality n
is an n-tuple, then their intersection will be the second
operand

((m =n)A(my £n))2(m:=m,, j = j,):
(((m #n)A(my=n))?(m:=m,j = j): NOP),

where NOP is “no operation”.

If at least one of the operands of the union of Bool-
ean elements in a basis set with cardinality # is an n-tu-
ple, then their union will be an n-tuple

((m =n)v(my=n))?(m:=n,j:=1).

Property 2. The intersection or union of a Boolean
element in a basis set with itself is the same m-tuple

((my =my) A(jy = ) 2(m=my, ] = j)).

Property 3. The intersection of two different
(n — 1)-tuples in the basis set with cardinality », will be
(n—2)-tuple

((my =n=D)A(my=n=D)A(j, # j,))?(m:=n=2).

Combining two different (n — 1)-tuples in the basis
set with cardinality n, will be an n-tuple.

((m =n=-DA(my=n-DA(j, # j,)(m:=n,j=1).

Property 4. If one of the operands of the intersection
of Boolean elements in the basis set with cardinality # is
the complement of the other operand to the basis set,
then the result of the operation is &.

((my =n—m) A(j, =k} —j, +D)2(D).

If one of the operands of the union of Boolean ele-
ments in the basis set with cardinality » is the comple-
ment of the other operand to the basis set, then the re-
sult of the operation is an n-tuple.

((my=n—m)~(jy =k, —j+1))2(m:=n,j:=1).

Property 5. 1f one of the intersection operands is a
subset of the other one, then the result of their intersec-
tion will be the first operand.

(y::,l’j] c y:"z’lz)?y::l’j = y:,lll,jl‘

If one of the union operands is a subset of the other
one, then the result of their union will be the second
operand.

n .
m,J

Di SV i 2V =V

We developed a software application called
“Cortege” in the Borland C++ Builder environment to
carry out experimental studies. In this software applica-

tion we created a template class.
template ( Class 7') class Cortege.

In this class we implemented a data structure called
“m-tuples based on OSAC” described in our paper as
well as the methods we use to work with it.
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In order to determine (specialize) the Cortege tem-
plate class, it must be instantiated by the data type we
examine.

Results. Consider an example of instantiating the
Cortege class with a character data type of the basis set
with cardinality n = 3.

X={a,b,c}.

We define a non-empty subset of the Boolean 2\@
as a set of m-tuples in Table 2.

For our basis set X with cardinality » = 3, we have the
cardinality of a non-empty subset of the Boolean

|2X\@|=2"-1=17.

The number of possible combinations of Boolean el-
ements Ny, as method operands A; and Ay, consists of
the sum of two components:

1) the number of the Boolean element associations
with itself, i. ¢. the number of combinations of 2" — 1 by 1;

2) the number of associations of various elements of
the Boolean, i.e. the number of combinations of 2" — 1

by 2.
2" 1] [2"-1
Ns = +
1 2
The number of possible combinations of Boolean ¢l-
ements satisfying property 1

N=2-1=7.

The number of possible combinations of Boolean ¢l-
ements satisfying property 2

Ny=2"—1=7.

=7+21=28.

However, since merging element }’g,l with itself sat-
isfies both the first and second properties, then we will
take into account this combination in N;. Then we be-
lieve that

N,=2"-2=6.N,=2"-2=6.

The number of possible combinations of Boolean el-
ements satisfying property 3

k" 3
Ny=| ""=|"|=3.
2 2
Table 2
Definition of m-tuples
No m J Vi (X500 %) Y,
1 1 1 v a Y3
2 2 Vi, b
3 3 Vi3 c
4 2 1 3 (a, b) Y}
5 2 y:Z;,2 (aa C)
6 3 i (b, ¢)
7 3 1 Y31 (a,b,c) Y}
123
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The number of possible combinations of Boolean el-
ements satisfying property 4

N,=(2"-2)/2=3.

The total number of combinations of elements that
satisfy the above properties of associations of Boolean
elements

izvi=(2n_1)+(2"—2)+[k’5'-1 +2-2)/2;

2

i=1

4 n
DN, =25%2"+ 5 —4=19;

i=1

4
ZN[/NZXIOO%z&S%.

i=l

Thus, for our basis set X with cardinality #n = 3, we
find that 68 % of the combinations of Boolean elements
satisfy the first four intersection/union properties of the
elements described above and do not require the execu-
tion of algorithms implementing intersection/union op-
erations since the desired result is already obtained from
these properties.

We calculate the number of possible combinations of
Boolean elements satisfying property 5 without taking
into account combinations with n-tuples (Property 1)
which are defined in N,

Ns:=0; m:1,

[(1<m<n-1)]?
n n! n % yn—-m
km=m, N5+=km (2 —2), m++) .

So forn =3, Ns=6.

5
>N, =25
i=l

Nl./NZXIOO%z89%;

i=1

A=89%—-68 % =21%.

For n = 3, we find that using Property 5 for intersec-
tion /union of Boolean elements allows a 21 % increase
in the component of combinations of Boolean elements.
This does not require the execution of algorithms that
implement the operation. The desired result is already
obtained from the property.

Table 3 was created to determine the number of
combinations of Boolean elements. These combinations
should satisfy the above described properties of inter-
section /union of Boolean elements depending on our
basis set with cardinality #.

The graph depicted in Fig. 1 is of the components
from the total number of combinations of Boolean ele-
ments with the previously calculated results achieved
without performing methods A, and Ag. This graph
also shows the results of the intersection/union opera-
tions obtained on the basis of the properties of the ele-
ments.

We can analyze some additional properties of the
given data structure called “m-tuples based on OSAC”
which follow from Property 5.

To do this, we represent our data structure in the
form of a graph where each vertex of the graph corre-
sponds to element y,, ;of the data structure. This graph
is shown in Fig. 2.

Numerical characteristics that determine the graph
and its vertices are shown in Table 4.

Table 3
Components of combinations of Boolean elements satisfying the intersection /union of properties

4 S
n Ny ZN,-‘ %, ZNﬂ %, A

i=1 i=l
1 2 3 4=3/2,% 5 6=5/2,% 7=6-4
3 28 19 68 6 89 21
4 120 42 35 36 65 30
5 496 86 17 150 47.6 30.6
6 1989 171 86 540 35.7 27.1
7 8128 337 41 1806 26.4 22.3
8 32 640 664 2 5782 19.7 17.7
9 130 816 1312 1 18 150 14.9 13.9
10 523776 2601 05 55980 11.2 10.7
11 2096 128 5171 025 171 006 8.4 8.15
12 8 386 560 10 266 012 529 422 6.3 6.18
13 33550 336 20 554 006 1590 304 4.74 4.68
14 134 209 536 41 047 003 4774 867 3.56 3.53
15 536 854 528 82021 0015 14 332 627 2.67 2.655
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Components of combinations for Boolean elements satisfying
the properties of union/intersetion of elements

Table 4
Numerical characteristics of the graph to represent

100
%0 \ the data structure “m-tuples”
80
s 70 \ Numerical characteristics of the graph
e AL
£ 60 \ n The number of parallel segments of the graph
% 50 \ corresponding to the number of elements of basis
g‘ 40 set X
8§ 30 J \-‘* m | The sequence number of the 1<m<n
20 ~ segment that corresponds to the
10 ™ il length of data structure element
T d ""!“!—t P
O ST Ta s 67 8 9 10 10 58 % Yim.j
—4—Rowl| 68 | 35 | 17 |86|4.1| 2 1 |0.5]0.25/0.12|0.06|0.03|0.02 ] The ordinal number ofthe vertex IS ] < k:rll
—f—-Row2 89 | 65 |47,6|35.7|26.4|19,7|14,9(/11.2| 8.4 | 6.3 |4,74|3.56|2.67 ofthe graph that Corresponds to
—+—Row3| 21 | 30 |30.6|27.1|22.3[17.7/13.910.7(8.15|6.18| 2.68[3.53| 2.65 the ordinal number of data
Cardinality of basis set, n structure element y,, .
. . L This element is located inside
Fig. 1. Graph of constituent combinations of Boolean ele- ordered subset ¥ of the same
ments satisfying the properties of intersection / union lengths "
of elements
kn The number of vertices on the n n!
) b (= " th segment of the graph e = (n—m)!-m!
\ Boolean graph (= 7) corresponding to the cardinality
7 t of subset Y
z Wffffff WWWWWWWWWWWWWW :m; (j, m) | Coordinates of the graph vertex

Tuple length, m

ok N ow A
;

;

;
I
1
I
%
|
t
I
1
I
|
\
I
I
1
I
\
I
I
t
I
]l
3
&

AAAAAAA

1 4 7 10 13 16 19 22 25 28 31 34

Tuple index, j

Fig. 2. Graph to represent the data structure “m-tuples”

Property 5a. Every Boolean element y, . which
does not have the maximum length (m;<n)is a subset of
the number N, s,, clements y i represented by longer

tuples (m, > m,) 'where
n—m,
m,—m, |

We can analyze Property 5a using the following ex-
ample.

We have: Boolean of the basis set with cardinality
n ="7. It is necessary to define a set of elements for each
first element of an ordered subset of a Boolean with the
given length m, < n. The set we need to define is repre-
sented by longer tuples (m,> m,), for which element y,’flpl
is a subset of each element of this set. We need to deter-
mine the number of set elements N

The solution to the problem is presented in Fig. 3.

The closed polylines |, ..., S5 delineate the vertices
corresponding to the desired sets of Boolean elements.
The first vertices of segments that are outside the poly-
lines S, ..., S5 correspond to the elements y

For vertex (1, m;), we define the total number of ver-
tices belonging to longer tuples.

n

Ny =

ml

my=m,+1
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For the example shown in Fig. 3, we create a table for

the definition of component A,

Table 5 shows data for a Boolean having a basis set
with length n ="7.

Table 6 shows the results of calculations A, (n,m)
when 5 <n < 15.

The component of Boolean elements with length
my > my, for which element y, ;, <y,  relates to the

total number of Boolean elements with length m, > m, is
calculated as

Ny
A, =—"-*%100%.

m
>m,

Dependency graph AmI (n,m) corresponding to Ta-
ble 6 is shown in Fig 4.

Closed polylines S1... S5 outline Boolean elements
(n=7, N=127) including elements with
coordinates (1;1), (1;2), ..., (1;5) respectively as subsets

-t
*m

)
—m
s

-6

7,

Tuple length, m
4

p—

—s1

=

-3

-5

|

Tuple index, j

»

Fig. 3. Graph to represent the data structure “m-tuples
with closed polylines
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Table 5 Table 7
Component of elements with length m, > m,, for which Minimum values A,, (n,m)
y oyl ]
e )2 n m,ymax m;min Amin
m Nom, Ny A, % 5 3 2 43.75
1 120 63 52.5 6 4 3 31.82
2 99 31 31.3 7 5 3 23.44
3 64 15 23.4 8 6 4 16.13
4 29 7 24.1 9 7 5 11.54
5 8 3 37.5 10 8 5 8.03
11 9 6 5.52
Table 6
) 12 10 7 3.9
Rounded calculations A,, (n,m)
! 13 11 7 2.65
N s e |7 so 0|54l 14 12 8 181
15 13 9 1.27
1 57 1545351 |51 |50(50(501(50](50](50
2 44 |36 [ 31129 (27 126|26[25]|25(25|25
m, max |
3 50132123 (19|16(15|14|13|13|13]13 X=2*{ 3 J’
4 — |43 |24 |16 | 12| 10 8|77 |7
5 | —|—|38|19]|12 514 |4]4 mymin = (mymax %3) ? (x+ 1) : x,
6 |- |- [ [33[15]9 413132 where I_ J is the integer part of number; % is the re-
7 — | = =1=130|13|6]4|3]|2]|2 mainder of the division.
s |-l -1 - —-1T=-T2711w0ls132 11 Conclusions. The given data structure “m-tuples
based on OSAC” is a Boolean. In our case this Boolean
9 i Ml Ml el el el B e R R is ordered by right-hand enumeration of the basis set el-
0 [(—|-/-1-/-1-1-123|8]|3 |2 ements with cardinality ». It is ordered from the lower
n ottt lololololalz]s boundary of the possible change in the index value for
0 01 3 each element of the tuple to the upper boundary.
BN R (N A A (N S N This data structure is essentially a sequential access
Bl-—|—-|—-1—-|—-|—-/—-1—-1—-119 list containing 2" elements. Accordingly, it has an expo-

Component of the subsets of Boolean elements with length m2 > m
which include some Boolean element with length m:
in relation to the total number of

Boolean elements with length m2, % s
|6

a7
|8
|9
m10
w11
m12
mi3
w14

Component, %

m1s

Tuple length, m

Fig. 4. Graph A,, (n,m)

As can be seen from Table 6 and Fig. 4, the maxi-
mum values Aml (n,m) refer to tuples of minimal length
m; = 1. We created Table 7 according to the minimum
values A, (n,m) from the length of tuple m,.

There is certain regularity in determining the length
of tuple m, for which dependence A, (n,m) will have
the minimum value.
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nential functional dependence of the time of access to
the elements of the data structure O(2") depending on
the number of input data .

As shown in the article, the methods of working with
the data structure “m-tuples based on OSAC” allow us
to convert the list with sequential access into the list with
direct access. In this case, the functional dependence of
the estimate for the method execution time depending
on the number of input data » will be changed from the
exponential O(2") to cubic O(n?). In fact, the methods
considered can significantly (by several orders of magni-
tude) reduce the data processing time.

The applied methods of working with “m-tuples
based on OSAC” can significantly speed up data pro-
cessing, since:

- instead of storing, searching and processing large
data arrays, it becomes possible to generate and process
m-tuples according to a certain sequence of formal rules;

- the size of the memory used for storing the given
data structure has decreased by (2" — n) - size of(7),
where 7'is the type of element of the basis set;

- the complexity of the data structure 7 for the spe-
cialization of the data structure template does not affect
the speed of data processing. Instead of cumbersome
operations on elements of large arrays with a complex
structure of organization, these methods work with a set
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of integers which are a set of indices of elements of basis
set X.

The data structure properties described in the article
allow us to determine interdependencies between m-tu-
ples by their location in the structure. These properties
follow the formation rules of the data structure elements
in ascending order defined by a pair of indices (j, m)
without execution of computational algorithms.

Analysis of the research results led to the conclusion
that the use of methods for working with “m-tuples
based on OSAC” using the data structure properties
minimizes the time and computational resources in data
processing to real-time.
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AHaJi3 BIUIMBY BJIACTHBOCTEH CTPYKTYPOBAHMX
JAHUX HA ONTHMI3amilo mpoueciB ix 00OpoOKM

O. I. Cupomkina', M. O. Anexceeé', B. B. Acoyvkuil®,
1. M. Yoosux'

1 — HauioHanbHuii TexHiYHMI yHiBepcuTeT ,,JIHiMpoBChKa
noJiitexHika“, M. Hinpo, YkpaiHa, e-mail: syrotkina.o.i@
nmu.one

2 — HamioHanpHUY yHIBEpCUTET IUBITBHOTO 3aXUCTY YKpai-
HH, M. XapKiB, YKpaiHa, e-mail: asotskiy@nuczu.edu.ua

Merta. Po3po6ka MmaTeMaTUYHUX METOMIIB 0OPOOKU
,BEIMKMX OaHMX“ Ha OCHOBIi CUCTEMHOTO aHalli3y
BJIACTUBOCTEN iX CTPYKTYpPHOI OpraHi3auii 1jist OnTUMi-
3allii OCHOBHMX XapaKTePUCTUK ,BEJIUKMX MaHUX:
30UTbILIIEHHS IIBUAKOCTI 00POOKU BEJIMKUX OOCSTIB JAa-
HUX, 110 HEBMMUHHO HAAXOISTh 3i 30epeXkeHHSIM X aK-
TyaJIbHOCTI.

Metonuka. ITporoHylOTbCcSl MaTeMaTUUHI METOAU
poboTH 3i cTpyKTyporo opraizamii manux (COJI) turry
,,M-apHi KOPTeXi Ha OCHOBI BITOPSIAKOBAHUX MHOXUH
JIOBUJIBHOT IMTOTY>XKHOCTI“. Ha 0CHOBI aHami3y BlIacTUBOC-
teit COJl BU3HAuUeHi CKJIAAOBi MOMAPHUX TOETHAHBb
eJIEMEHTIB OyJieaHa, SIK oTiepaHIiB JOCIiIXKyBaHUX OIle-
pawiii. Po3paxoBaHa nuHamika 3MiHM CKJIaJOBHUX IO-
MapHUX MOETHAHb €JIEMEHTIB OyJieaHa B 3aJIeXKHOCTI Bill
MOTY>KHOCTi 6a30B01 MHOXXWHU AJ1s1 pidHuX rpyrn CO/I.

PesyabraT. Po3paxoBaHi OLiHKY Yacy BUKOHAHHS
MeToliB pobotu i3 COJl Tuny ,,m-apHi KOpTexXi Ha
OCHOBi BITOPSIAKOBAHUX MHOXWH MOBiJILHOI TOTYXK-
HOCTi®, K (PYHKUiOHaJbHUX 3aJIEXKHOCTEN BiJ Kilb-
kocTi gauux O(f(n)). BusHaueHa ckiramoBa ITO€THAHD
eJIeMEeHTiB OyJjieaHa, I IKMX He MMOTPiOHEe BUKOHAHHST
aJITOPUTMIB, 11O peani3yloTh JOCIiIXKYBaHY Orepalliio,
OCKIJIbKM 1Ieii pe3yIbTaT BUBHAUEHUI y caMiil BJIaCTU-
BocTi CO/I.
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HaykoBa HoBusHa. OTpuMaB MOAAIbIINIA PO3BUTOK
MaTeMaTUYHUI MEeTOMd, IO MO3BOJISIE MPOrHO3YyBaTH
pe3yJibTaT BUKOHAHHS IESIKO1 orepallii Haj eJleMeHTa-
mu BriopsakoBaHoi COJI 3a iX poaTallyBaHHSM Y
CTPYKTYpi 6€3 BUKOHAHHS OOYUCIIOBAJIBLHOTO aJIr0-
puTMYy. YHeplie oTpuMaHa aHaJliTU4YHa 3aJ1e>KHiCTh BU-
3HAYEHHSI CKJIaJ0BO1 KiILKOCTI eJIeMEeHTIB OyJieaHa 10-
BXWHH M,, 110 BKIIOYAIOTh y ceOe TIEBHUN CIEMEHT,
MpeaCTaBACHU KOPTeXXeM MEHIIOI ITOBXWHU M, 32
BiIHOIIIEHHSIM 11O 3arajbHOi KiJIbKOCTi €JIeMEeHTIB Oy-
JieaHa TOBXWHU m,. YTIepllle TaKoX OTpUMaHa aHali-
TUYHA 3aJIEKHICTh BUBHAUYEHHST MiHiMaJIbHOTO €KCTpe-
MYMY OIMCaHOI BUIE QYHKIIIOHATbHOI 3aJI€KHOCTI.

IIpakTiyna 3HaunMicTb. OTpUMaHi B poOOTi pe3yJib-
TaTU MOXYTbh OYTHM BUKOPUCTAHI 711 MiHiMi3allii TUM-
YacoBUX Ta OOUYMCIIOBAJILHUX PECYpPCiB Mpu 00poOILi
,,BEIIMKNX TAHUX", II0 MaiOTh BIIOPSIKOBAHY CTPYK-
TYpHY OpraHizauito TUIy ,,m-apHUX KOPTEXKiB HA OCHO-
Bi BHOPSIAKOBAaHMX MHOXKWH JOBiIBHOI ITOTYXKHOCTI .

Kmouosi cioBa: ,,6eauxi dani“, cmpykmypa opeari-
3auii danux, ,,m-apui Kopmenci, epag Oyseana

AHa/M3 BJIMSHHUS CBOWCTB CTPYKTYPHPOBAHHBIX
JAHHBIX HA ONTHMH3ALHIO MPOLECCOB HX
00paboTKH

E. U. Cupomruna', M. A. Anexceeé', B. B. Acoyxuii®,
H. M. Yoosux'

1 — HauyoHanbHbIM TEXHUYECKUI YHUBEpCUTET ,,JIHeTTpoB-
ckasl nosutexHuka“, r. JHenp, VYkpauHa, e-mail:
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ean. PazpaboTka MaTeMaTUUYECKUX METOAOB 00-
paboTKHU ,,00JILIINX JAHHBIX® Ha OCHOBE CUCTEMHOIO
aHaJIM3a CBOMCTB MX CTPYKTYPHOM OpTaHU3ALIMHU IS
OINTUMU3AIINN OCHOBHBIX XapaKTePUCTHK ,,00JIBIINX
JaHHBIX": YBEJIMYEHUST CKOPOCTU 00pabOTKM OOJIBIINX
00BEMOB OBICTPO TMOCTYMAIOIIUX JAaHHBIX C COXpaHe-
HUEM UX aKTyaJbHOCTH.

Metoauka. [Tpemnararorcss MmaTeMaTHYeCKHUe METO-
nbl paboTel ¢ COJI Tuna ,,m-apHble KOPTEXKM HAa OCHO-
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BE YIOPSHOYECHHBIX MHOXECTB ITPOM3BOJIHHOM MOIII-
HocTt“. Ha ocHOBe aHa/M3a CBOMCTB CTPYKTYPHI Opra-
Huzanuu naHHbX (COJl) ompenesieHbl COCTaBIISIONINE
MOMapHbIX COYETAHUI 3JIEMEHTOB OyJieaHa, KaK OIle-
pPaHIOB MCCIemyeMbIX omepanuii. Paccuutana muHa-
MMKa M3MEHEHMSI COCTaBJISIIOIIMX MOMapHbIX coyeTa-
HUIi 37IeMEHTOB OyJieaHa B 3aBUCUMOCTHU OT MOIITHOCTHU
0a30BOro MHOXeCTBa It pa3auuHbix rpynn CO/I.
PesyabraTrbl. PaccumTaHbl OIIEHKU BpEMEHM BBI-
nojiHeHust MeTonoB padotel ¢ COJl Ttuna ,,m-apHblie
KOPTEXM HAa OCHOBE YIOPSIIOYEHHBIX MHOXECTB TIPO-
MU3BOJILHOU MOILIIHOCTU“, KaK (DYHKIIMOHAJIbHBIX 3aBU-
cUMOCTelt oT KommaecTBa TaHHBIX O(f(n)). Onpenene-
Ha COCTaBJISIONIAs COYCTAaHMWIT 2JIEMEHTOB OylieaHa,
IIJIST KOTOPBIX HE TpeOyeTCsl BHITTOJTHEHUE aJITOPUTMOB,
peaau3yIomnX MCCAenyeMylo OIlepaluio, T.K. HUCKO-
MBI pe3ysnbTat onpenejeH B caMoM cBoiictBe CO/I.
Hayunas noBusna. [Tonyun naapHeiiiee pa3ButTie
MaTeMaTU4eCKUi MEeTO, MO3BOJISIOLINI MPOTHO3UPO-
BaTh pPe3yJbTaT BBINOJHEHUS HEKOTOPOU orepaluu
Hal sseMeHTaMu ynopsinodyeHHoi CO/l mo ux mecto-
pPACMOJIOKEHUIO B CTPYKTYpe 0€3 UCITOJTHEHUS] BBIUUC-
JINTETHHOTO aTopuT™Ma. BriepBbie morydyeHa aHaIuTH -
YyecKass 3aBUCHMOCTh OIPEICTICHUSI COCTABIISIONICIA
KOJIMYECTBA 3JIEMEHTOB OyJicaHa IJIMHEI #1,, BKITIOUA0-
IMUX B ceOsI HEKOTOPBIA 3JIEMEHT, MpPeICTaBICHHBIN
KOPTEXKeM MEHBIIICH IJIUHEBI 71, IO OTHOIIEHUIO K 00-
IeMy KOJWYECTBY DJIEMEHTOB OyjieaHa IJIUHBI M,.
BriepBrie Takke mosiydeHa aHaJIUTUYECKash 3aBUCH-
MOCTb OMpeNeIeHUS] MHUHUMAJIbHOTO 3KCTpeMyMma
ONMMCaHHOMU BbIlIEe (DYHKIIMOHATBHOU 3aBUCUMOCTH.
IIpakTuyeckas 3nauumoctb. [1oayyeHHbIe B paboTe
pe3yabTaThl MOTYT OBITH UCITOJIB30BaHbI IJIST MUHUMM-
3l BPEMEHHBIX W BBIYMCIUTETHHBIX PECYPCOB TIPU
00paboTKe ,,00JIbIINX NAHHBIX, UMEIOIINX YIOPSI0-
YEHHYIO CTPYKTYPHYIO OpTraHM3alfio THUTIA ,,/71-apHBIX
KOpPTEXei Ha OCHOBE YIOPSIIOYCHHBIX MHOXKECTB TIPO-
MU3BOJIbHOU MOILIIHOCTH ““.
KoroueBrble coBa: ,,00abuiue danuble, cmpykmypa
opeanu3ayuu OaHHbLIX, ,,m-apHvle Kopmexcu‘, epag oyae-
ama

Pekxomendosano 0o nybaikauii dokm. mexH. HAyK
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