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Abstract: The representation problem in a continuous form of discrete quantitative data on the basis of
development of the phenomenological models characterizing changing processes of difficult system’s
conditions 13 studied. The method of such model’s creation 1s offered according to temporal databases using
the idea of the description these states given in continual spaces. At the same time discrete quantitative
mformation 1s considered in the form of multidimensional selection of data experience from the continuous
hypothetical environment characterizing object’s conditions on a set of indicators which in tumn are considered
as variable conditions of objects. Dependences for the phenomenological analysis of experimental data are
formulated. For example, processing of social and economic information on a condition and development of
Russian cities with the population more than 100 thousand people 13 executed. It is shown that for spaces of
system’s conditions the mathematical functions of entropy and potential can be offered Their sense is
connected with introduction of natural curvilinear coordinates in continual spaces. These values consider
features of discrete representation of nformation and form the continuous regularities reflecting variable’s
interrelation according to experimental data. The received results allow to develop methods of empirical data
processing.

Key words: Difficult systems, spaces of conditions, temporal data bases, models of data description,
phenomenological dependences, connected

INTRODUCTION

It 1s known that the theoretical mformatics is
mathematical discipline in which mathematical methods
are applied to construction and studying the models of
processing, transfer and use of mformation It has
historically developed that in most cases information
messages are displayed by a discrete set. From the point
of view of model’s creation the representation of
information in the form of a continuous set is extremely
umportant because all basic laws mn natural sciences are
comnected with continuous values. Very often, the results
of experimental data or observations of processes and the
phenomena i the nature and society are presented in the
form of the data arrays characterizing set of the same
objects. Such objects unite on the basis of belonging to
a certain type of difficult systems, for example,
substances, physical bodies, experimental samples,
installations and equipment, biological organisms and
mdividuals, populations, settlements and cities, areas,
regions, ecosystems, countries, etc. All such objects
represent one class and have a certain number of
characteristic properties which quantitatively are defined
by the parameters changing eventually (Averin, 2014;
Zviagintseva, 2016a).

Similar information has the discrete form and can be
presented 1n the form of temporal data arrays
characterizing processes of change and development of
objects and systems. Temporal data have table structure
in the form of matrixes “objects ndicators™ and the set of
tables 1s ordered on time, for example, years, months, etc.
Many experimental and statistical data on observations of
conditions of various difficult systems belong to temporal
data.

The purpose of this study is to study the
possibility of discrete quantitative information’s
representation in a continuous form on the example of
analysis of temporal data arrays and receiving
phenomenological ratios for the description of such
data.

MATERIALS AND METHODS

For the solution of the assigned problem it is
necessary to develop system of the principles, methods
and means of the phenomenclogical data analysis for
arrays of the experimental or statistical information
reflecting processes of change and development of
various difficult systems m a type of temporary
series. Phenomenological models can be focused on the
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Fig. 1: Structure of temporal data arrays: a) Structure of
temporal databases and b) Space of object’s
conditions

description of the structured quantitative information
arrays 1 the most different applied areas (Zviagintseva,
2016b; Averin et al., 2015a, b, 2016a, b).

Such problems are connected with creation of the
temporary (temporal) databases representing the whole
direction in the theory of DBMS. Temporal databases
apply three-dimensional tables to storage of information.
At the same time relational tables DB can be considered
as a speclal case of temporal data tables. Theoretically,
the similar logical data model has a direct relation to
multidimensional spaces of difficult system’s conditions.
In these systems, the attributes of objects in the form of
quantitative indexes correspond to attributive variables
(state variables) in the accepted systems of coordinates.
In turn, at commission by objects the processes a time
acts as the general parameter in relation to these variables.
The structure of temporal data in a form “objects
indicators-time”, characterizing difficult systems is shown
mFig 1.

Let’s assume that a certain group of uniform objects
of the studied of difficult

quantity m is characterized by n indicators p,, o o Pu

class systems 1n

Then in n-dimensional space of coordinates H* {p,, ps, ...,
P.t 1 values of coordinates p, will correspond to each

studied object. We will define H* as space of observed
conditions for the studied group of umiform objects. The
condition of any object in n-dimensional space in each
timepoint will be displayed by a pomnt M = M(p,, pu -
Pw), process of change of an object’s condition in time by
a multidimensional curve which 1s described by a point in
thus space (Fig. 1b).

Each object’s conditions can be characterized not
only by indicators py, ps, ..., P, but also by some observed
events which reflect object’s changes. Let’s assume that
for any pomt M in space of conditions H" some event j
and the corresponding probability of this event can be set
to comrespondence. Let’s define that the object’s
condition 1n the set timepomt will be characterized by
values p,, pp ..., P Which are in total displayed by a
multidimensional point M, and also by this observed
event and its probability.

Statistical probabilities for an event j can be found
with use of various algorithms of sorting, group and
calculation of frequencies of favorable events in the
general selection of all observations which are available
intemporal data array (Averin, 2014; Zviagintseva, 201 6a,
b). At the same time let’s consider events which we will be
appropriate to one data table as joint events and the
events appropriate to different data tables as not joint
events.

In this research the probability of a joint event of
several attributive indicator’s observation was considered
as probability of an object’s condition (some condition
M). We mean the attributive indicators as the most
important mdicators (variable states). Let’s consider this
event as indicative.

We will accept several hypotheses which have
phenomenclogical character and can be confirmed or
disproved on the basis of the analysis and processing of
the available data.

The first fundamental idea of a research is in search
of communications and regularities between probabilities
of observation of various events appropriated to the
studied temporal data array (Averin, 2014; Zviagintseva,
2016a-c; Averm et al., 2015a, b, 2016a, b). It allows to
consider hypothetically two values for the characteristic
of a condition m each elementary area of space H™
statistical probability of observation of indicative events
WPy, Pas --» Po) and metrics of space T =T(p,, py ..., P the
scalar value characterizing object’s conditions and
reflecting modeling result. This metrics is set in the form
of dependences according to mdicators p,, py, ..., P The
metrics T in the area H* can be represented in the form of
functional dependences concerning all n indicators:
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multiplicative, expert or other dependences or in the form
of various measures of object’s similarity: Euclidean,
Manhattan, power distances, Chebyshev’s distance,
etc.

The second idea of research 1s commected with a
possibility of creation the phenomenological models for
the temporal data arrays. These models accept a
hypothesis of existence the scalar fields of distributions
of described event’s probability. For this purpose it is
supposed that the probability w(p,, p,, ..., p.) In space H*
forms the scalar field. It is also considered that on the
basis of a metrics T = T(p., pu .... pu) the approximate
mathematical model can be constructed. This model forms
one more scalar field called the modeling environment.
Further for any process L near any pomt M
communication of a form dw = ¢xdt is postulated where
¢, the values allowing to receive more exact model for the
data description. Values ¢ can be determined by the
available statistical data on the basis of the regression
analysis. Distinctive feature of this approach is the idea
that the offered hypotheses can be accepted or rejected
on the basis of processing of the available data. Also, this
approach allows to study in general the processes of
different nature: physical and chemical, ecological, social
and economic, etc.

Thus, for creation the phenomenological models
of data descripon we will use the followmg
principles (1-8).

The continual principle 18 a principle of
representation of quantitative data in space H*
according to which the continual environment in the form
of multi-dimensional space of indicators is considered
continuous and unstructured. Each element of space 1is
comnected with all neighbor elements according to
regularities appropriated to the studied subject area. It
allows to consider the available experimental data as
some selection from the solid environment of an
mfinite number of conditions for objects of the same
class. For model’s creation each object’s condition in
continual space is characterized either by a set of
object’s mdicators or by a jomt event of this set’s
observation.

The second principle 1s based on a hypothesis that
data form any “image” in continual space. Tt is considered
that this “image” can be described on the basis of
estimates of statistical probabilities of the indicative
events characterizing location of each experimental point
(a condition of M), concerning all group of the studied
objects (all cloud of experimental points M). Proceeding
from probabilistic representations, the possibility of

in the
multidimensional distribution’s form w = w(p, py, ..., p.) 18
supposed.

creation equations of object’s conditions

For the assessment of probability of a jomnt event (an
indicative event) methods of algorithmic determination of
probabilities of events are used (1, 2). For this purpose,
the statistical probability of an event w 1s defined by
relative frequencies of events j using splitting whole
space H' into multidimensional parallelepipeds,
proceeding from the quantity of intervals of grouping for
each variable p, (usually identical to all p,). After that,
relative frequencies of events which are equal to the ratio
of quantity of experimental pomts, getting to the set fields
of groupmg, to total number of all observed points are
calculated. The statistical probability is accepted in the
form of cumulative relative frequencies of the studied
events. Thus, statistical probabilities of an event j are
estimated by an algorithmic way of direct calculation of
probabilities.

The third principle is connected with a possibility of
the phenomenological description of the scalar field of
indicative event’s j probabilities in space H" using
modeling functions in the form of metrics of condition’s
space. The principle of phenomenological data array’s
description allows to create in general the empirical
account

contimual  space’s

communications

models  talkang mto
between probability of object’s
conditions and values of these object’s indicators.

Main part: In general the data processing technique in
each case mcludes the following stages: the temporal
database for a certain type of difficult system is formed;
the list of attributive indicators (condition variables)
which fully characterize conditions of the studied objects
15 formed. These indexes are defined by the ideas of
behavior of this system’s class which have developed in
scientific community. They also defined by the correlation
analysis of data or other methods of establishment of the
most significant variables.

events of attributive mdicator’s
observation are chosen. Probabilities of these events w

Indicative

define probability of a condition of temporal database’s
subjects.

Features and regularities of this class of systems are
investigated, hypotheses are offered and ways of
definition the metrics of condition’s space T = T(p,, pa, - »
P.) are developed.

The  regression characterizing
communication between statistical probability of a

established. The

dependences

condition w and value T are
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phenomenclogical constants ¢ are founded, proceeding
from the regression data analysis on a basis of application
the method of probit-analysis (Bliss, 1934).

Practical calculations for test examples are executed,
probabilistic models are developed for some types of
systems, reliability and adequacy of data description’s
models are estimated. Creation the models of the temporal
data description in space of conditions is connected with
the solution of Pfaff (Eq. 1):

dw =¢x g dp, +c, o dp,+,...,T¢, o dp,
apl apz apn

(1)
where, ¢, the phenomenological values characterizing the
changing processes of object’s conditions at changing
the corresponding mndicators p,.

Tt is possible to represent a metrics of space of
conditions H" in the form of geometrical probability or in
the form of relative change’s measure
distribution of statistical probability 1s studied:

because

T PP P,
plmaxXPZmaxXV“:Xpnmax (2)
T: plxpzxi'“ixpn
Py, 7Pz "5 Py

)

where, Py e P, Tespectively the maximum values or some
basic values of attributive indicators. In research (Eq. 1),
1t 18 shown that for a metrics (Eq. 2), 1t 18 possible to find
entropy of a condition in relation to the point M in a form:

dS:d—W:cl%Jrczd&t”_,Jrcn% (3)
T P, P, N

-8, = ¢,xIn P +¢,xIn Pz +,...+¢, xIn P (4)
pIU pZU an

Lines of entropy determine natural curvilinear

coordinates in space of conditions H*. In turn, for space
of conditions there is a potential P(p,, py ..., po) = C which
can be presented in the form (Eq. 1):

&Xdp1+><p—2dp2+,...,+><p—“dpn =0 (5)
c c c

1 2 n

12 12 R
1 PPy JrPz'F’zn +’“.,+pn-pnn (6)
2] ¢

P(PisPosaPa) =

C C

1 2 n

where, it is accepted that P(pk,pzn,...,pm ) Potential is
presented in the form of family of surfaces orthogonal to
lines of entropy (s = const).

RESULTS AND DISCUSSION

Example of temporal data description: The analysis of
experimental data that for many difficult
systems of different nature the fundamental patterns

shows

can be determined on the basis of phenomenological
descriptions of experimental data arrays (Averin, 2014;
Zviagintseva, 2016a-c; Averin et al., 2015a, b, 2016a, b).

Today the urban economy and living conditions in
the cities for mankind have a great meaning (Bailey, 2017,
Gehl and Rogers, 2010). Feature of the present stage of
social and economic development of the cities is growth
of openness of their economy and amplifying
globalization processes, against the background of
extremely uneven development of regions in the world
(Joss, 2012; Bremner, 2014; Kearney, 2014). According to
the famous architect JTan Gehl “We form the cities and
they form us™ (Gehl and Rogers, 2010).

That’s why for example we will present the possibility
of creation the descriptions of data,
characterizing a condition and development of the cities,

statistical

using the offered method.

Studying the mformation on Russian cities was
based on data of Service of the state statistics of Russian
Federation (EIU., 2013). Selection of information on
statistics of 159 Russian cities with the population more
than 100 thousand people 1s made from this database. For
each city information on 63 indicators was used. The
available data covered time period from 2003-2015, data
tables “the cities-indicators™ were formed with a step one
year. As a result of the works the temporal array of
statistical data is created which included 13 data tables
(2003-2015), containing in each table information on
63 indicators for 159 cities.

For illustration the possibilities of creation the
models for the analysis we will choose several indicators
reflecting the economic potential of citie’s development:
the volume of goods and services of mdustrial production
Pi» amount of works executed in construction p, and retail
trade tumover p, We will define a joint event of
observation of these indicators as the main indicative
event, characterizing the city’s condition m economic
aspect. The statistical probability of this event was
founded by the algorithmic way (1, 2) and calculated
cumulatively in all group of objects (159 cities).

Regression probability dependences of a joint
event of two or three mdicator’s observation for a certain
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Table 1. The condition equations of cities for 2003, 2013 and 20135

Years Citie’s indicators Condition equation Correlation coefficient
2003 L Do D3 Pr=-4 161+0.333=ln pyhm et 0.327=10 pofpan 3+ 0. 250%10 pafpan s 0.97
2013 L Do D3 Pr=-4 381+0.245%ln pypm et 0.222 %10 pofpan 3+ 0392510 pafpan s 0.97
2015 L Do bs Pr=-4 960+0.246=ln promet 0.1 96=1n palpampt 0406 =10 pafpan i 0.96
2003 L Pz Pr=-4.309+0 44 1xln py/pm st 0465310 pslpans 0.93
2013 L b3 Pr=-4343+0.295=ln pypg et 0.510%10 pafpag s 0.97
2015 L b3 Pr=-4 684+40.279=ln pyp et 0.526%10 pafpan s 0.97
2003 Pa. I3 Pr=-3.416+0.448%1n py/pmst 040610 plpams 0.93
2013 Pa. I3 Pr=-4.530+0.334 %10 pypmst0.561 %10 pafpans 0.93
2015 P D3 Pr=-4 623+0.300=ln pyhmet 0585 %10 pafpan s 0.94
2003 L P Pr=-3342+0461=ln pypmet 0446=1ln polpa s 095
2013 L P2 Pr=-4.312+0.431%ln pypmst 0357410 palpma 0.93
2015 01, fia Pr=-4.354+0.455%In pyfogat0.31 7200 pafpn s 0.96

Probit-probabilities prob

-2 3{3&5

3 : i :
20 25 30 35 40 45 50 55 A0 45

Entropy of the system’s conditi ons

Fig. 2: Distribution of probabilities of the joint events
characterizing citie’s conditions in 2013 for
indicators?

temporal database table (for the chosen observation’s

yvear) were defined on the basis of a probit-analysis
method in a form:

w(Pr)= ﬁj[exp{-%] dt

Pr=cD+<s;s:ci><]np—i+cq><]np_cl (M)
Py, Pq,
s = ¢ xIn Pl xin P2+ xin L2
pln p20 p30

Where:
[+ = The empirical constants
Pi> Po» P; = The chosen indicators
i, q =1,2,3

The minimum indicator’s values »,, =p,,, in agroup of
the cities {in a column of data) which were observed in
2003 were accepted as basic values.

Some of the received equations of the citie’s
conditions for wvarious indicator’s combinations are
given in Fig. 2 and Table 1. Correlation coefficients
for regression dependences have high wvalues
{from 0.96-0.98). Thereby the hypothesis of a possibility
of creation the condition equations is confirmed. These

equations have a form of multidimensional empirical
functions of joint event’s distribution. At the same time a
certain dependence of distribution’s coefficients on time
in aform (Eq. 7) (Table 1) is observed. And that is natural
to this class of the objects, differing in the expressed
dynamics of processes.

Upshots: Thus, the continual principle of representation
the space of object’s condition, probabilistic approach to
the description of “image” of all object’s conditions as
clouds of geometrical points and a phenomenological
research method give the chance to present discrete
information on object’s conditions in the form of
continuous models of the data description. It allows to
find the regularities appropriated to the studied difficult
systems and to use this approach at developing
algorithms of empirical data processing, forecasting
difficult system’s conditions, multiple-parameter ranging
of objects, etc.

CONCLUSION

According to these methods, it is offered to use the
general approach of representation the research
object’s observations in the form of the structured
multidimensional selection of experimental data from the
continuous hypothetical characterizing
difficult system’s conditions on a set of indicators. For

environment

such idea’s formalization the hypothesis of empirical
measure’s existence for the complex description of
system’s conditions in the form of probability of
indicative events is also used. It allows to offer the theory
for the description of some types of quantitative discrete
data in a continuous form.

So, in space of conditions H", it is possible to enter
natural curvilinear coordinates in the form of entropy and
potential, at the same time each object in the course of
change and development will hold some position
concerning these coordinates. These values differ in
additive property. They are condition functions at justice
of existence of the scalar field of statistical probability
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w. Hntropy and potential can be used at creation
the phenomenological models of temporal data
description.
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