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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 “mtuples 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 m2. This includes an element represented by a tuple 
of smaller length m1 in relation to the total number of Boolean elements of length m2. 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 
needed to process “big data” represented by mtuples 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 multitasking with multiuser 
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 

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 
hardtoformalize 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
lytical method which is formed of a multilevel 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 (ЕTA) [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 ChapmanKolmogorov system containing hun
dreds of differential equations where each equation de
scribes one of the states of the system. They used the 
DormandPrince 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

rameters of the mining operation. For the development 
of an energyefficient 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, q, 
p). This structure contains the diagnostic code c gener
ated by SCADA as a result of passing/not passing SCA
DA execution process p through its control point q.

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

XDt = Xc, q, p(Cx, Qy, Pz)Dt.
Suppose we have a diagnostic code at a given point 

of time, ti that belongs to the time interval Dt. This code 
is generated in a control point (CT) and belongs to some 
SCADA process.

( , , ) ( , , ) .
i it t x y z tx c k p C K P D= ∈

Then we have
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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

(Cx, Oy, Pz)Dt  (C, Q, P).
Then the EDS database will include the template ba

sis set X, instantiated by the data structure (c, q, p) and 
initialized by the set (C, Q, P)

XDB = X c, q, p(C, K, P ).
Wherein

XDt  XDB.

We denote xDBi = (c, q, p)i  (C, Q, P ). Then

1 ( ){ , , , , }.
DBDB DB DBi DB n XX x x x= … …

Suppose the EDS database also contains many types 
of SCADA F failures. 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(XDB).
In order to establish a diagnosis for SCADA opera

bility using the EDS by the flow of diagnostic informa
tion for the time interval Dt, it is necessary to determine 
FDt  G(XDt). 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

1 ( ){ , , , , };
DBDB i n XX x x x= … …

F = { f1, …, fj, …, fn(F )};
G = {g1, …, gk, …, gn(G)};

( )1 ( )

( )

 , ..., , ..., ( )
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k k k
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where FDt is diagnosis by the flow of diagnostic informa
tion XDt; tproc is diagnostic information processing time 
XDt to establish the diagnosis; Vst is the amount of data 
storage for storing and processing diagnostic informa
tion XDt; Rcalc is the amount of computing resources in
volved in processing the data.

To complete the task, we must determine that

2 ,tX
GXD ∩ ≠∅

where XG is a set of diagnostic code combinations in the 
EDS database; aaD2 tX  is a set of input data combinations of 
the EDS for the time interval Dt.

This article discusses some of the properties and 
methods of working with the data structure “mtuples 
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 “mtuples 
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 

1 1 2 27 , , ,: n n n
m j m j m jA i i i= ∪  and 

1 1 2 28 , , ,: .n n n
m j m j m jA y y i= ∪  These methods implement the 

union of Boolean elements 2I and 2X as part of the given 
data structure.

We define mtuples as ordered, ascending subsets of 
the basis sets

{ }1 1 1

1 1 1 11, , , , , ;j j jn
m j mi i i i Ih= … … ⊆

{ }2 2 2

2 2 2 21, , , , , ;j j jn
m j mi i i i Ih= ⊆… …

1 1 1

1 1 1
1 1

, , , , , ;j j jn
m j i i im

y x x x X
h

 = … … ⊆ 
 

2 2 2

2 2 1
2 2

, , , , , .j j jn
m j i i im

y x x x X
h

 = … … ⊆ 
 

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.

{ } { }1 1 1 2 2 2

1 1 2 2, 1 1, , , , , , , , ;j j j j j jn
m j m mi i i i i i ih h= … … ∪ … …

1 1 1

1
1 1

, , , , , ;j j jn
m j i i im

y x x x
h

 = … … ∪ 
 

2 2 2

1
2 2

, , , , .j j j
i i im

x x x
h

 ∪ … … 
 

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

1 1 2 27 , , ,: .n n n
m j m j m jA i i i= ∪

We have
n, m1, m2, j1, j2;

( )1 1 1

1 1 1 11, , , , , ;j j jn
m j mi i i ih= … …

( )2 2 2

2 2 2 21, , , , , .j j jn
m j mi i i ih= … …

Required to find: 
1 1 2 2, , ,, , .n n n

m j m j m jm j i i i= ∪
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Decision:
1. Perform a validation check of the input data:

n ≥ 1; 1 ≤ m1 ≤ n; 1 ≤ m2 ≤ n;

1 21 21 ; 1 .n n
m mj k j k≤ ≤ ≤ ≤

2. Form Table 1 with dimension (max (m1, m2) + 2) × 6  
to calculate the parameters 

1 1, ,n
m hα  

1 1,
n
m hβ  and 

2 2, ,n
m hα

2 2, .n
m hβ

3. Perform input validation.

( )1 1 1
1, 1 1 1 1, , , , ,j j jn

m j mi i i ih= … …

and
( )2 2 2

2, 2 1 2 2, , , , .j j jn
m j mi i i ih= … …

Ensure that 
1 1,

n
m ji  and 

2 2,
n
m ji  are set correctly

( )1 1

1 1 1 1 1 11 , ,[1, ] ;j jn n
m mi m ih h h h∀ ∈ → α ≤ ≤β

( )1 1 1

1 1 11 1(1, ] 1 ;j j ji m i ih h h -∀ ∈ → - ≥

( )2 2

2 2 2 2 2 22 , ,[1, ] ;j jn n
m mi m ih h h h∀ ∈ → α ≤ ≤β

( )2 2 2

2 2 22 1(1, ] 1 .j j ji m i ih h h -∀ ∈ → - ≥

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

h := 1; h1 := 1; h2 := 1;

)1 2 1 1 2 2(( min( , )) ( ) ( ) ?m m n m m h ≤ + ∧ h ≤ ∧ h ≤
1 2 2

1 2 2 2((( )?( : , ) :j j ji i i ihh h h> = h + +

( 1 1

1 1 2

2
1 2: , ,(( )?( )))), ,j j ji i i ih h h h

= h + + = h + + h+ +

)1 2 1 1 2 2(( min( , )) ( ) ( ) ?m m n m m h ≤ + ∧ h ≤ ∧ h ≤

( 1

1 1: , , ) ,ji ih h
= h+ + h + + 

)1 2 1 1 2 2(( min( , )) ( ) ( ) ?m m n m m h ≤ + ∧ h > ∧ h ≤

( 2

2 2: , , ) ,ji ih h
= h+ + h + + 

m := h - 1,

2 1: ( , , , , ).mj A i i ih= … …

Answer: as a result of the method execution A7 using 
method A2 [12] we derived mtuple , 1( , , , , ).n

m j mi i i ih= … …
We define formal rules for the method execution 

1 1 2 28 , , ,: .n n n
m j m j m jA y y y= ∪

We have
n, m1, m2, j1, j2;

1 1 1

1 1 1
1 1

, , , , , ;j j jn
m j i i im

y x x x
h

 = … … 
 

2 2 2

2 2 1
2 2

, , , , , .j j jn
m j i i im

y x x x
h

 = … … 
 

Required to find: 
1 1 2 2, , ,, , .n n n

m j m j m jm j y y y= ∪

Decision:
1. Execute point 1 described in method A7.
2. In addition to point 1 from method A7 we will 

check the validity of the input data

1 1

1 1
1 1

1
[1, ) ;j j

i im x x
h h +

∀h ∈ → <

2 2

2 2
2 2

1
[1, ) .j j

i im x x
h h +

∀h ∈ → <

3. Form mtuples 
1 1,

n
m ji  and 

2 2,
n
m ji  using method A1 [11]

( )
1 1 1 1, ;n

m ji A j=

( )
2 2 1 2, .n

m ji A j=

4. Perform the method described above

1 1 2 27 , , ,: .n n n
m j m j m jA i i i= ∪

5. We find corresponding tuple m jy ,
n  for the resulting 

mtuple , 1( , , , , ).n
m j mi i i ih= … …

Answer: as a result of the execution of method A8 we 
derived an mtuple

1, ( , , , , ).
m

n
m j i i iy x x x

h
= … …

When calculating estimates of the execution time for 
methods A7 and A8 we obtained the following results:

 obtaining the resulting mtuple (i1, …, ih, …, im) 
 using method A7 without determining its location in the 
given data structure. It corresponds to the linear execu
tion time algorithm

7 7 7( ( )) ( );O f n O n′ ′ ′=

 obtaining the resulting mtuple using method A7 by 
determining its location in the given data structure m ji , .n  
It corresponds to the algorithm of cubic execution time

O7( f7(n)) = O7(n3);

 obtaining the resulting mtuple m jy ,
n  using method 

A8 corresponds to the algorithm of cubic execution time
O8( f8(n)) = O8(n3).

We can define some properties of intersecti
ons / unions of mtuples.

Table 1
Scopes of index definitions ih

1 1,
n
m ji

2 2,
n
m ji

h1
1 1,

n
m hα

1 1,
n
m hβ h2

2 2,
n
m hα

2 2,
n
m hβ

1 1
… h1 n - m1 + h1 … h2 n - m2 + h2

m1 m2
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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 ntuple, then their intersection will be the second 
operand

1 2 2 2(( ) ( ))?( : , : ) :m n m n m m j j= ∧ ≠ = =

1 2 1 1((( ) ( ))?( : , : ) : ),m n m 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 n is an ntu
ple, then their union will be an ntuple

1 2(( ) ( ))?( : , : 1).m n m n m n j= ∨ = = =

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

1 2 1 2 1 1(( ) ( ))?( : , : ).m m j j m m j j= ∧ = = =

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

1 2 1 2(( 1) ( 1) ( ))?( : 2).m n m n j j m n= - ∧ = - ∧ ≠ = -

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

1 2 1 2(( 1) ( 1) ( ))?( : , : 1).m n m n j j m n j= - ∧ = - ∧ ≠ = =

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

2 1 2 1(( ) ( 1))?( ).n
mm n m j k j= - ∧ = - + ∅

1

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

2 1 2 1(( ) ( 1))?( : , : 1).n
mm n m j k j m n j= - ∧ = - + = =

1

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

1 1 2 2 1 1,, , ,( )? .n n n n
m jm j m j m jy y y y⊂ =

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

1 1 2 2 2 2,, , ,( )? .n n n n
m jm j m j m jy y y y⊂ =

We developed a software application called 
“Сortege” in the Borland C++ Builder environment to 
carry out experimental studies. In this software applica
tion we created a template class.

template  Class T  class Cortege.
In this class we implemented a data structure called 

“mtuples based on OSAC” described in our paper as 
well as the methods we use to work with it.

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 nonempty subset of the Boolean 2X \ 

as a set of mtuples in Table 2.
For our basis set X with cardinality n = 3, we have the 

cardinality of a nonempty subset of the Boolean
| 2X\ | = 2n - 1 = 7.

The number of possible combinations of Boolean el
ements NS, as method operands A7 and A8, consists of 
the sum of two components:

1) the number of the Boolean element associations 
with itself, i. e. the number of combinations of 2n - 1 by 1;

2) the number of associations of various elements of 
the Boolean, i.e. the number of combinations of 2n - 1  
by 2.

2 1 2 1 7 21 28.
1 2

n n

N
   
   
   S    
   

- -
= + = + =

The number of possible combinations of Boolean el
ements satisfying property 1

N1 = 2n - 1 = 7.
The number of possible combinations of Boolean el

ements satisfying property 2
N2 = 2n - 1 = 7.

However, since merging element 3,1y3  with itself sat
isfies both the first and second properties, then we will 
take into account this combination in N1. Then we be
lieve that

N2 = 2n - 2 = 6. 2 2 2 6.nN = - =

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

3 3.
22

n
nk

N
   
   -
   
   

  

= = =
31

Table 2
Definition of mtuples

№ m j m jy ,
n ( , , )

mi ix x…
1

aan
mY

1 1 1 1,1y3 a Y aa3
1

2 2 1,2y3 b

3 3 1,3y3 с

4 2 1 2,1y3 (a, b) Y aa3
2

5 2 2,2y3 (a, c)

6 3 2,3y3 (b, c)

7 3 1 3,1y3 (a, b, c) Y aa3
3
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The number of possible combinations of Boolean el
ements satisfying property 4

N4 = (2n - 2)/2 = 3.
The total number of combinations of elements that 

satisfy the above properties of associations of Boolean 
elements

(2 1) (2 2) (2 2) / 2;
2

n
nn n n

i
i

k
N

 
 -
 
 =  

= - + - + + -∑
4

1

1

2.5 2 4 19;
2

n
i

i

n
N

=

 
= * + - =  

 
∑

4

1

4

1
100 % 68 %.i

i
N NS

=

× ≈∑

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 ntuples (Property 1) 
which are defined in N1

N5 := 0; m : 1,
[(1 ≤ m ≤ n - 1)] ?

5
! , *(2 2), ) .

( )! !
n n n m
m m

nk N k m
n m m

- 
= + = - + + - ⋅ 

So for n = 3, N5 = 6.

5

1
25;i

i
N

=

=∑
5

1
100 % 89 %;i

i
N NS

=

× ≈∑

D = 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 n.

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 A7 and A8. 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 “mtuples 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 m jy ,

n 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

n NS aa
=
∑

4

1
i

i

N %1 N aa
=
∑

5

1
i

i
%2 D

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 1 989 171 8 6 540 35.7 27.1
7 8 128 337 4 1 1 806 26.4 22.3
8 32 640 664 2 5 782 19.7 17.7
9 130 816 1 312 1 18 150 14.9 13.9
10 523 776 2 601 0 5 55 980 11.2 10.7
11 2 096 128 5 171 0 25 171 006 8.4 8.15
12 8 386 560 10 266 0 12 529 422 6.3 6.18
13 33 550 336 20 554 0 06 1 590 304 4.74 4.68
14 134 209 536 41 047 0 03 4 774 867 3.56 3.53
15 536 854 528 82 021 0 015 14 332 627 2.67 2.655
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Property 5a. Every Boolean element 
1 1,

n
m jy  which 

does not have the maximum length (m1 < n) is a subset of 
the number N aa

1mS  elements 
2 2,

n
m jy  represented by longer 

tuples (m2 > m1), where

1

2 1

1

1 2 1
.

m

n

S
m m

n m
N

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 m1 < n. The set we need to define is repre
sented by longer tuples (m2 > m1), for which element 

1,1
n
my  

is a subset of each element of this set. We need to deter
mine the number of set elements .aa

mSN
1

The solution to the problem is presented in Fig. 3.
The closed polylines S1, ..., S5 delineate the vertices 

corresponding to the desired sets of Boolean elements. 
The first vertices of segments that are outside the poly
lines S1, ..., S5 correspond to the elements ,1.my

1

7

For vertex (1, m1), we define the total number of ver
tices belonging to longer tuples.

1

1
2 1 .

m
n n

m m
m

N k>
=

= - -∑
1

For the example shown in Fig. 3, we create a table for 
the definition of component .aaD

1m
Table 5 shows data for a Boolean having a basis set 

with length n = 7.
Table 6 shows the results of calculations ( , )m n mD

1
 

when 5 ≤ n ≤ 15.
The component of Boolean elements with length 

m2 > m1, for which element 
1 1 2 2, ,

n n
m j m jy y⊂  relates to the 

total number of Boolean elements with length m2 > m1 is 
calculated as

1

1

1

*100 %.mS
m

m

N

N>

D =

Dependency graph ( , )m n mD
1

 corresponding to Ta
ble 6 is shown in Fig 4.

Fig. 1. Graph of constituent combinations of Boolean ele-
ments satisfying the properties of intersection / union 
of elements

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

Table 4
Numerical characteristics of the graph to represent 

the data structure “mtuples”

Numerical characteristics of the graph
n The number of parallel segments of the graph 

corresponding to the number of elements of basis 
set X

m The sequence number of the 
segment that corresponds to the 
length of data structure element 

m jy ,
n

1 ≤ m ≤ n

j The ordinal number of the vertex 
of the graph that corresponds to 
the ordinal number of data 
structure element m jy , .n

This element is located inside 
ordered subset Y aan

m  of the same 
lengths

j k≤ ≤1 n
m

k aan
m

The number of vertices on the 
mth segment of the graph 
corresponding to the cardinality 
of subset Y aan

m

!
( )! !

n
m

nk
n m m

=
- ⋅

( j, m) Coordinates of the graph vertex

Fig. 3. Graph to represent the data structure “m-tuples” 
with closed polylines
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As can be seen from Table 6 and Fig. 4, the maxi
mum values ( , )m n mD

1
 refer to tuples of minimal length 

m1 =	1. We created Table 7 according to the minimum 
values ( , )m n mD

1
 from the length of tuple m1.

There is certain regularity in determining the length 
of tuple m1 for which dependence ( , )m n mD

1
 will have 

the minimum value.

2 max2 ;
3

m
x

 
= * 

 

m1 min = (m2 max %3) ? (x + 1) : x,

where     is the integer part of number; % is the re
mainder of the division.

Conclusions. The given data structure “mtuples 
based on OSAC” is a Boolean. In our case this Boolean 
is ordered by righthand enumeration of the basis set el
ements with cardinality n. It is ordered from the lower 
boundary of the possible change in the index value for 
each element of the tuple to the upper boundary.

This data structure is essentially a sequential access 
list containing 2n elements. Accordingly, it has an expo
nential functional dependence of the time of access to 
the elements of the data structure O(2n) depending on 
the number of input data n.

As shown in the article, the methods of working with 
the data structure “mtuples 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 n will be changed from the 
exponential O(2n) to cubic O(n3). In fact, the methods 
considered can significantly (by several orders of magni
tude) reduce the data processing time.

The applied methods of working with “mtuples 
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 
mtuples according to a certain sequence of formal rules;

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

 the complexity of the data structure T 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 

Table 5
Component of elements with length m2 > m1, for which 

1 1 2 2

7 7
, ,m j m jy y⊂

m1 N>m1 N aa
1mS ,%mD 1

1 120 63 52.5
2 99 31 31.3
3 64 15 23.4
4 29 7 24.1
5 8 3 37.5

Table 6

Rounded calculations ( , )m n mD
1

 n
m 5 6 7 8 9 10 11 12 13 14 15

1 57 54 53 51 51 50 50 50 50 50 50
2 44 36 31 29 27 26 26 25 25 25 25
3 50 32 23 19 16 15 14 13 13 13 13

4 ‒ 43 24 16 12 10 9 8 7 7 7
5 ‒ ‒ 38 19 12 8 6 5 4 4 4
6 ‒ ‒ ‒ 33 15 9 6 4 3 3 2
7 ‒ ‒ ‒ ‒ 30 13 6 4 3 2 2
8 ‒ ‒ ‒ ‒ ‒ 27 10 5 3 2 1
9 ‒ ‒ ‒ ‒ ‒ ‒ 25 9 4 2 1
10 ‒ ‒ ‒ ‒ ‒ ‒ ‒ 23 8 3 2
11 ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ 21 7 3
12 ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ 20 8
13 ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ ‒ 19

Fig. 4. Graph ( , )m n mD
1

Table 7

Minimum values ( , )m n mD
1

n m2max m1min Dmin
5 3 2 43.75
6 4 3 31.82
7 5 3 23.44
8 6 4 16.13
9 7 5 11.54
10 8 5 8.03
11 9 6 5.52
12 10 7 3.9
13 11 7 2.65
14 12 8 1.81
15 13 9 1.27
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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 mtu
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 “mtuples 
based on OSAC” using the data structure properties 
minimizes the time and computational resources in data 
processing to realtime.
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Аналіз впливу властивостей структурованих 
даних на оптимізацію процесів їх обробки
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І. М. Удовик1
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політехніка“, м. Дніпро, Україна, email: syrotkina.o.i@
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2 ‒ Національний університет цивільного захисту Украї
ни, м. Харків, Україна, email: asotskiy@nuczu.edu.ua

Мета. Розробка математичних методів обробки 
„великих даних“ на основі системного аналізу 
властивостей їх структурної організації для оптимі
зації основних характеристик „великих даних“: 
збільшення швидкості обробки великих обсягів да
них, що невпинно надходять зі збереженням їх ак
туальності.

Методика. Пропонуються математичні методи 
роботи зі структурою організації даних (СОД) типу 
„mарні кортежі на основі впорядкованих множин 
довільної потужності“. На основі аналізу властивос
тей СОД визначені складові попарних поєднань 
елементів булеана, як операндів досліджуваних опе
рацій. Розрахована динаміка зміни складових по
парних поєднань елементів булеана в залежності від 
потужності базової множини для різних груп СОД.

Результати. Розраховані оцінки часу виконання 
методів роботи із СОД типу „mарні кортежі на 
основі впорядкованих множин довільної потуж
ності“, як функціональних залежностей від кіль
кості даних O( f (n)). Визначена складова поєднань 
елементів булеана, для яких не потрібне виконання 
алгоритмів, що реалізують досліджувану операцію, 
оскільки цей результат визначений у самій власти
вості СОД.
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Наукова новизна. Отримав подальший розвиток 
математичний метод, що дозволяє прогнозувати 
результат виконання деякої операції над елемента
ми впорядкованої СОД за їх розташуванням у 
структурі без виконання обчислювального алго
ритму. Уперше отримана аналітична залежність ви
значення складової кількості елементів булеана до
вжини m2, що включають у себе певний елемент, 
представлений кортежем меншої довжини m1, за 
відношенням до загальної кількості елементів бу
леана довжини m2. Уперше також отримана аналі
тична залежність визначення мінімального екстре
муму описаної вище функціональної залежності.

Практична значимість. Отримані в роботі резуль
тати можуть бути використані для мінімізації тим
часових та обчислювальних ресурсів при обробці 
„великих даних“, що мають впорядковану струк
турну організацію типу „mарних кортежів на осно
ві впорядкованих множин довільної потужності“.

Ключові слова: „великі дані“, структура органі-
зації даних, „m-арні кортежі“, граф булеана

Анализ влияния свойств структурированных 
данных на оптимизацию процессов их 

обработки

Е. И. Сироткина1, М. А. Алексеев1, В. В. Асоцкий2, 
И. М. Удовик1

1 ‒ Национальный технический университет „Днепров
ская политехника“, г. Днепр, Украина, email: 
syrotkina.o.i@nmu.one
2 ‒ Национальный университет гражданской защиты 
Украины, г. Харьков, Украина, email: asotskiy@nuczu.
edu.ua

Цель. Разработка математических методов об
работки „больших данных“ на основе системного 
анализа свойств их структурной организации для 
оптимизации основных характеристик „больших 
данных“: увеличения скорости обработки больших 
объемов быстро поступающих данных с сохране
нием их актуальности.

Методика. Предлагаются математические мето
ды работы с СОД типа „mарные кортежи на осно

ве упорядоченных множеств произвольной мощ
ности“. На основе анализа свойств структуры орга
низации данных (СОД) определены составляющие 
попарных сочетаний элементов булеана, как опе
рандов исследуемых операций. Рассчитана дина
мика изменения составляющих попарных сочета
ний элементов булеана в зависимости от мощности 
базового множества для различных групп СОД.

Результаты. Рассчитаны оценки времени вы
полнения методов работы с СОД типа „mарные 
кортежи на основе упорядоченных множеств про
извольной мощности“, как функциональных зави
симостей от количества данных O( f (n)). Определе
на составляющая сочетаний элементов булеана, 
для которых не требуется выполнение алгоритмов, 
реализующих исследуемую операцию, т. к. иско
мый результат определен в самом свойстве СОД.

Научная новизна. Получил дальнейшее развитие 
математический метод, позволяющий прогнозиро
вать результат выполнения некоторой операции 
над элементами упорядоченной СОД по их место
расположению в структуре без исполнения вычис
лительного алгоритма. Впервые получена аналити
ческая зависимость определения составляющей 
количества элементов булеана длины m2, включаю
щих в себя некоторый элемент, представленный 
кортежем меньшей длины m1, по отношению к об
щему количеству элементов булеана длины m2. 
Впервые также получена аналитическая зависи
мость определения минимального экстремума 
описанной выше функциональной зависимости.

Практическая значимость. Полученные в работе 
результаты могут быть использованы для миними
зации временных и вычислительных ресурсов при 
обработке „больших данных“, имеющих упорядо
ченную структурную организацию типа „mарных 
кортежей на основе упорядоченных множеств про
извольной мощности“.

Ключевые слова: „большие данные“, структура 
организации данных, „mарные кортежи“, граф буле-
ана
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