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Abstract: The topical issues related to the problem of multidimensional data modeling that characterize the
processes and the system state of different nature. The physical and chemical, engineering, manufacturing,
biological and socio-economic systems are comsidered the quantitative mnformation about which may be
presented as the amrays of tabular-time data. Each table of such an array has the structure “objects
and settings” and many tables are ordered in time. The principles of creation and relational-field approach of
multi-dimensional data model development are proposed for such mformation arrays. The peculiarity of the
approach 1s the use of data presentation idea as a hypothetical solid mformation environment and the
application of existence hypothesis concerning an information measure for a comprehensive assessment of
tabular data array in the form of joint event probability field associated with the simultaneous observation of
object parameters. It 1s also shown that using the hypothesis characterizing the features of data changes over
time, you may reduce the mitial modeling problems to the selution of mathematical physics equations. The
obtained results enable to develop the methods of data modeling for the databases characterizing the condition

and behavior of certain system classes.
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INTRODUCTION

One of the current ideas of a system analysis and
mformatics 1s associated with the ability to create
adequate models for entire classes of different objects
that could become the basic nformation technology,
differing by a certain universality m a practical aspect.
Today, traditionally with the use of models the algorithms
for the set tasks are developed. However, the discussions
take place on the prospects of computer technology
development, the basis of which may be not the
algorithmic information processing methods but the
methods of a computer direct interaction with the models
that will have a ligh level of formalization and the
universality of model presentation. In Computer Science,
this trend 15 related to the key word “constramt”
(constraint programming, constraint propagation, etc.)
(Narmyani, 2014). With regard to the quantitative data,
such studies mvolve the processing of information not on
the basis of direct work with the arrays of numbers but on
the basis of the work with these array models that take
into account the features and patterns of a particular
subject area. Tt is known that a model is understood as a
simplified representation of a real object that is displaying
or reproducing a study object replaces it and provides
new 1nformation about 1t. This definition also applies to

data arrays, if they are considered as an object of
modeling. The creation of data model requires a
quantitative model development that describes the data
with the required degree of accuracy. An own theory of
data description each is used now a days for each subject
area. For example, thermodynamics uses the methods of
quantitative data storage and processing implemented
at high levels of information understanding as the
algorithms of presentation and data analysis use data
models initially.

The appropriate models are based on hypotheses,
theoretical statements and developed mathematical
apparatus. After the works written by C. Caratheodory
many researchers developed an axiomatic trend in
thermodynamics (Gyarmati, 1962; Falk, 1959; Landsberg,
1970, Landsberg, 1961; Sears, 1964; Zemansky, 1970;
Lionello and Berberan-Santos, 2000) and achieved a
significant progress.

A natural question arises about the possibility of the
specified approaches application during the description
of the quantitative information if the data are regarded as
a limited sample of solid information environment. Tf there
are own theories of data description in a number of
subject areas, it 1s not possible, yet to develop a universal
model for a general case which formally would be
applicable in a variety of fields of knowledge to describe
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the data presented in a general structured way. The study
proposed to use a common approach multidimensional
data representation in the form of a hypothetical solid
information environment that enables to offer a formal
theory for certain types of data description.

MATERIALS AND METHODS

We will represent some system of a specific nature as
the collection of same class objects such as agents,
products, ammals, people, countries, etc. All system
objects have a certain number of specific properties that
are determined quantitatively by measured or monitored
parameters z,, 7;, ..., Z, Bach object performs a natural
process of development And therefore its parameters
change over time z,(t), z,(t), ..., z(t). Periodically (with an
increment of a year, a month, an hour, a second, etc.) the
monitoring of all system objects is performed. Therefore,
an array of table-time data, in which each table has the
following structure: “objects-parameters” and many tables
ordered in time with a predetermined pitch. Then, we
assume the existence of a vast data arrays for a studied
system accumulated during a long observation of its
behavior. Such structured data exist for the systems of
diverse nature, both in sciences and in humanities. In
order to formulate common simulation approaches we will
use the materials of the researches (Averin, 2014; Averin
and Zvyagintseva, 2013), so, the main results will be
presented in a short description. Tn order to demonstrate
the possibilities of data models in different subject areas
let's make the following quite general assumptions.

Let’s assume under any such system state a set of its
observed parameters z,, z,, ..., Z, that are formed under the
mfluence of environmental conditions at a particular
moment of time. Let’s consider the n-dimensional space of
states Qiz, z, .., z} when the points of this space
correspond to n-dimensional set of wvalues for all
variables (z,, 7, ..., Z,). This space will be considered as a
multi-dimensional nformation space, which characterizes
all observed states of a system. The state of system
objects in n-dimensional space at any moment of time will
be displayed by a multidimensional point M =M (z,, z, ...,
z,), the process of the system state changing 1s
represented by a multidimensional curve described by the
point M in this space. Let’s introduce the concept of an
information measure for the system state w. We will
consider this measure as a scalar function of the state
spaces, which comprehensively reflects the status of each
point M in the space &, We believe that the value
uniquely a system state, depends on the parameters
Zy, Zy, ..., Z, and cannot be one of the parameters in the
system. Let us take as an information measure of a system
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state the probability of joint events related to the
simultaneous observation of a set of object parameters
w=W(z,z,..,2z). This possibility exists for each pomt
M in space €, and, it can be algorithmically evaluated the
available data monitoring (Averin, 2014) and may be
evaluated algorithmically according to the available
monitoring data. The introduction of an mformation
measure allows to establish a functional relationship in a
multidimensional space €, between the position of the
point M and the observable parameters of this point for
any point n time.

Let’s assume the continuity of the area 0, as well as
the possible existence of a continuous scalar field of an
information measure. This means that in the state space
€2, has a lot of states for a general set of objects and the
state pomt M(z, z, ..., z,) continually {ill that space. We
assume that the points Mz, z, .., z) of a table-time
data array are a linited sample of a given general
population.

Thus, the basic hypothesis 1s related to the ability of
phenomenological model experience data in a table-time
form that have a multidimensional field representation of
the state space Q, as well as the existence of a scalar field
of information measure w in the form of joint event
observation probability for a set of parameters.

In order to develop a common data model, let's
assume that in the area €, of the existing dependence
library one may set the function 8(M) = 6(z,, z,, ..., z,), on
the basis of which we will create a data model. This
function may be set from empirical or theoretical
assumptions And allows you to create a scalar field of the
value O(M).

Just as in (Averin, 2014; Avermn and Zvyagintseva,
2013), for any process | near the arbitrary point M, we
postulate the relation of the following type dw = ¢,*d6,
where ¢ are phenomenological values which are the
functions of the process and are determmed by the
available data. All this leads to a special type of Pfaff
equations that are mtegrable for certain classes of
functions 6(z, =z, .., 7) and certain types of
phenomenological variables ¢

] dz,

dw-cl[gze
1

If we consider, the table-time data m the form of a
contimuous multi-dimensional environment, Eq. 1 will
describe any elementary process in any area of the point
M. In many cases, this equation in the multidimensional
space (, a general integral (potential) may exist like
Uz, z,, ..., z,) = C, a general mtegral (potential) may exist
like which may be determined by the approximation of the
available data using set dependencies 6(z, z,, ..., z,).

(1)

}dz1 +...+cn[ 98
0
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In general case, the simulation environment in the
area &), may be represented in a variety of functional
dependencies m respect of the following parameters
Z, Zy ..., Z; by multiplicative, grade, additive, expert or
other dependencies belonging of
homogeneous or multiplicative functions (Averin, 2014).
During the study of probabilistic mformation space as a
simulation environment a multi-dimensional geometric
probability may be used.

The adequacy of the chosen simulation environments
may be estimated on the accuracy of the data
approximation data and according to the possibility of
phenomenological quantities determination ¢, on the

to the classes

basis of the available experimental data.
RESULTS AND DISCUSSION

Main part: Thus, the problem of studied system
simulation 1s associated with data arrays and modeling
environments which may adequately describe these data.
The search of various kinds of functions 6, the
determination of variables ¢ and quality assessment of
obtained dependencies leads to a significant amount of
calculations, especially when there lot  of
experimental data. However, the processing of such

is a
data for the obtaining of such models may be carried out
taking mto account the assumptions that determine the
pattems of an mformation measure development in the
state space €,

The information measure as well as the system
state parameters vary during time, ie., the relation
w(t) = W(z/(t), z{t), ..., z (1)) is true one. Based on the
hypothesis of a measure scalar representation in the
viemity of each pomt M, there are many values of w
parameter changes, depending on the vector of the
process | direction of the vector.

Taking into account the previously adopted
hypothesis about the relation of w and 0 values changes
of the type dw = ¢,xdB, let’s assume that there is a relation
between the scalar fields of these variables in the
following form for any process | in the arbitrary point M:

dw = grad, W(M) =c(M )xgrad, 8{M) ()
where, ¢(M) = c(z, 7, .., z) is the coefficient of
proportionality as the process function that determines
the relationship between the values w and 6.

If we consider, the closed surface ¢ of the
multidimensicnal velume v, selected m the area €, then
during the period dt through the surface o the vector flow
grad w(M) will be equal to:
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dw = dt _[c>< grad 0 do
(9

3)

One may put forward different hypotheses for the
value w about its change over time which will be related
with the essence of this magmtude m the studied subject
area. For example, let’s assume that the field of probability
1s subject to the preservation law, then using the balance
method, we will obtain:

dw = dt|{] Ba—edu = dt[[cxgradbds (4
(v) at (=)

B(z, 7, ..., z,) is some function of proportionality.
Applying the Ostrogradsky formula to Eq. 4, we obtain
the equation of a parabolic type to select a simulation
environment:

Bxg—? = div{cxgrad )

[cx }
This differential equation 1s similar to a non-
stationary equation of convective diffusion at its
generalization to the n-dimensional case.
The differential Eq. 5 and experimental data or
observations in the form of table-time data allow to verify

the original hypothesis the
phenomenological values ¢(M) and p(M). This problem is

0o

99 _ 9
>< - = -
0z,

B o

and to determine
reduced to the solution of imnverse boundary problems for
a parabolic type equation and the restoration the recuired
quantities by data that are collected at the monitoring of
the system parameter change processes over time.
Similarly, using different hypotheses in relation to the
process of information measure change in time, one may
various boundary-value problems of

come to

mathematical physics.
CONCLUSION

In this stusy, we showed that by accepting the
hypothesis on the existence of an information measure,
you may develop a data model for a system of any nature
which have observation or experience data presented in
the form of quantitative mformation arrays. Using various
hypotheses, characterizing the change peculiarities in of
an information measure in time, one may reduce an initial
problem to the solution of various equations in
mathematical physics. A special feature of this approach
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is the transition to the idea of experimental data
presentation in the form of a solid mformation
environment.
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