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Mathematical model of system functioning as example of «black box» model is
considered in this article. Parameters of some set are inputs of this model, which
need to be defined and compared with existing ones. Outputs are information about
the state of the object under study based on parameters of some set, which can be
represented as reports, graphs, documents. There is no focus on the internal structure
of the system by using the «black box» model. Mathematical model of the system
operation to determine the level of diesel fuel quality in the tank of car is considered
as an example. The information about the appropriate level of fuel quality, which
has been sent to the consumer s mobile phone, is considered as an example. There is
an opportunity to influence the inputs of the system in different ways during system
operation and analyze its reaction on the corresponding input actions. Herewith
reaction level of input actions is fundamentally related to the variety states of the
system outputs.

Keywords: mathematical model, system, black box, method, set, quality
indicators, input, output.

Formulation of the problem. «Black box» is meant to be a material system
(object, process, occurrence), in relation to the internal organization, structure and
behavior of which the observer does not have information, but he can manipulate by
the system as a whole through its inputs and register its reactions through outputs.
The research of the «black box» is as follows. An observer acts on the box through
its inputs and receives information on its outputs. The observer and the «black box»
form a system with feedback. Thus, the observer is able to analyze the so-called test
protocol (as a chronological sequence of pairs «state of entry; state of exit») in order
to find patterns in the behavior of the black box [1].

The name «black box» clearly emphasizes the complete lack of knowledge about
the internal components of the «box». In this model, only the output and input con-
nections of the system with the environment are specified [2].

The concept of «black box» was proposed by Ross Ashby, and allows us to study
the behavior of systems, that is their reactions on various external influences, and at
the same time to abstract from their internal structure. Thus, the system is studied
not as a set of interconnected elements, but as something whole, interacts with the
environment at its inputs and outputs. The «black box» model is used in various
situations [3]. It is not only very useful, but sometimes a unique model for systems
research. It can be applied to any field of knowledge of science and technology
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(Fig. 1). That is, achieving certain knowledge (inputs) gain certain skills (outputs),
without focusing much on the internal structure of the system. It is important to de-
termine what you need to set on the input to the system, and what should be on the
output from it, and it does not matter — what is inside the system.

| Model "black box"
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Fig.1. Fields of knowledge of science and technology

Such models are often dealt with in everyday life: for example, to drive a car or
work on a computer, it is not necessary to know their internal structure. We face with
usage of a «black box» all the time, switching the TV, heating food in the microwave,
planting seeds for seedlings, and so on. For example, the doctor examining the
patient asks him a series of test questions (inputs) and basis of the answers (outputs)
and his own experience makes certain conclusions about the diagnosis. When
taking an analgin tablet, it is not necessary to know the composition of the tablet
itself and to present the mechanism of action of its components on the body, but
it is important that the headache passes. By studying a cell in biology, we find out
what comes into it and what comes out. Such knowledge already says a lot about
the functions of the cell and its role in the body. Our knowledge of human organs:
heart, lungs, kidneys, etc. — described by the model «black box». Knowledge of the
cell nucleus, mitochondria and other cell forms is sufficient to treat many diseases.
Changes in ecological systems under the influence of anthropogenic activity can
also be described by this model, observing what level of load leads to imbalance in
ecosystems and irreversible changes [4].

This model is used in the study of human psychology, when studying the methods
of action on human consciousness and the consequences of this action. Forensic
scientists also use the «black box» model. Research on the so-called «lie detector»
is performed at the level of the «black box» model: input are words, output are
changes in respiratory rhythm, pressure, electrical impulses of the brain, changes in
skin conductivity, sweating, and so on. It is clear that the use of this model allows us
to study its behavior.

Analysis of recent research. At first glance, this model is quite simple. There are
many complex things hidden behind this simplicity. The disadvantage is the complexity
of building a model of the type of «black box», which is that it is the basis for further
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study of the system and the development of specific proposals for practical activities. At
the first stage of the system analysis, you can select a lot of input values. Then the system
will turn from simple to complex, large, and it is very difficult to study. Or choose an
insufficient number of input values and the system becomes simplified, studying it will
not give a practical result.

If the model is used for the purposes of developing a specific project, for certain
practical recommendations, then the errors of modeling and analysis in the initial
stages are difficult to correct later. For example, the automotive industry. In the car
model at the beginning of its industrial production, no one took into account the
exhaust gases and thermal radiation. This has led to smog, which has affected people
in large cities, to the depletion of the Earth’s ozone layer, to global warming. These
phenomena could be avoided if the initial values were initially included in the model
and the automotive industry took them into account. Now it is too difficult to correct
these consequences [4].

If the input and output parameters of the studied system are known, it means
that quite a lot is already known about this system. Thus, the model of the «black
box» system should be used in cases where the purpose of the study is to determine
the outcome of the system without taking into account the internal structure of the
system.

Purpose of the article. Construction of a mathematical model of the result of the
system functioning using the model «black box» using only the inputs and outputs,
without focusing much on the internal structure of the system.

Model of the black box

The simplest model for a reliable result of the system is so-called «black box»
model (Fig. 2), in which the emphasis is on the purpose and behavior of the system,
and its structure is only indirect information displayed in relation to the environment
[5]. Connections with the environment that go into the system (inputs) make
it possible to influence it, use it as a means, and connections that come from the
system (outputs) are the results of its operation, which either affect changes in the
environment, or consumed externally.
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Fig.2. Black box model

In practice, the black box is considered to be the objects of research, the internal
structure of which is unknown or not taken into account. Sometimes a meaningful
description of the inputs and outputs of the system is enough. Sometimes presenting
a system as a «black box» is the only way to study the system.

Presentation of the main research material. The method of building a
mathematical model for a reliable result of the system using the «black box»
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model is to find the relationships between the inputs and outputs of the system. By
observing the inputs and outputs of such a system, that is having observation vectors
X = (xl,xz,...,xn) and Y = (yl,yz,...,ym ), it is possible to achieve such a level of
knowledge about its functional properties that will allow to predict changes in the
output components at any change of inputs, so you can find the mapping f:

X>Y. (1)

The mathematical model of the functioning result of the system by the method of
«black box» is a procedure for determining the input and output variables. Let input
X and output Y be subject to change regardless of their physical nature. Assigning
a series of values to the input variable X, we obtain a series of values of another
variable Y, so a series of observations (Table 1).

Table 1
The values of the parameters of the variables X and Y
X X, X, X
Y Y, Y, Y,

Thus, the primary data of any study of the «black box» are formed only from
a sequence of values of the vector with two components — input and output.
Having obtained a fairly long series of observations, the search for patterns in
the behavior of the box begins, the search for the recurrence of such behavior.
If the system is not deterministic, so the input-output transformation is not
unambiguous, you can go by one of two ways: 1st way — to change the set of
inputs and outputs, taking into account more variables and increasing the number
of observations, and then find out whether the new system is deterministic; The
second way is to abandon the search for strict determinism and try to find a
statistical pattern.

During system operation research, it is possible to analyze its reaction to the
corresponding input actions by influencing the input of the system in different
ways. The level of different input actions is fundamentally related to the diversity
of the system output states. If the system responds in an unpredictable manner
to each new combination of input actions, the test must be continued. If on the
basis of the received information the system which exactly repeats behavior of the
investigated can be constructed, the task of result of functioning of system can be
considered solved [6].

To build a mathematical model, it is necessary to use parametric-oriented design
of information systems to obtain the result of system operation. When designing
information systems based on parametric configuration of the application package
(AP), the latter is considered as «black box» (Fig. 3). Parametric flows are inputs of
the AP, and the output is the result of the packet operation. AP includes the following
blocks: operation, parameter processing, adaptation.
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Fig. 3 Representation of AP in the form of a «black box»

The information stream is the input data that is processed and necessary to obtain
the results of the package. The input data for the package operation can be presented
in the form of various documents. The results of the package can be presented in
the form of graphs, electronic documents, which can be accumulated or sent to the
internal environment.

The operating unit processes the input data and generates the results of the
package. Graphically, the unit of operation is a tree of software modules that automate
data processing functions.

Parametric stream is represented as information that is needed to configure
the package for specific operating conditions. The parametric stream includes
information that is specified once when installing this package. By changing the
settings, you can turn on and off any modules or affect the mode of their operation.
For the client-server architecture, the parametric flow describes the users and their
levels of access to the software modules and to the package as a whole.

The parameter processing unit is a set of special modules for interpreting
parameter values. In part, the parameter processing unit transfers user settings
directly to the application and to the database being used. The AP configuration that
is performed allows you to use it for a wide class of control objects.

The adaptation unit interacts with the operation unit and can add modules or
modify them. The need to use the adaptation unit is related to the need to refine the
software modules of the AP under the influence of external operating conditions.
Therefore, the AP includes tools for adapting existing standard design solutions.

Tools, which are available to a qualified user, are used: generators of information
systems programs based on different programming languages; macro languages of
design and configuration of standard modules.

The essence of typical design method of information systems based on parametric
adjustment of AP is to determine the criteria for evaluation of AP, evaluation of
many AP applicants according to the formulated criteria and selection of AP with the
highest integrated score [7].

Applying the method of typical design of information systems based on the
parametric setting of the AP («black box» model) we build a mathematical model
of the result of the system to determine the level of quality of diesel fuel (DF) in the
fuel tank of the car.
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The result of the mathematical model is the information about the quality level
of diesel fuel on the consumer’s phone screen. The «black box» model uses a sensor
that measures fuel quality indicators and compares them with standardized (inputs)
and issues a report of the fuel quality level (outputs) [8, 9]. The sensor is a device
that allows you to measure the cetane number of fuel and sulfur content. This
information is transmitted to the buffer, where the measured values are compared
with standard ones. Based on these values, the quality level of the DF is formed,
which is transmitted via Bluetooth to the consumer’s mobile phone. Consumer sees
a message on the phone screen such as: «excellent fuel quality».

Therefore, the inputs of the system are the quality indicators of the DF in the
fuel tank of the car Pi. The output of the system, that is the result of the system
functioning, is the quality level of the DF, which the consumer sees on the screen of
his phone. The level of quality is divided into three components: satisfactory quality,
good quality and excellent fuel quality.

The system inputs can be represented as:

X, = lilexi, Q)

n—onpn 1

The method of determining of limit and nominal values is used to calculate a
sufficient number of inputs for the system. It is based on usage of known maximum
permissible values of product quality indicators, which determine the requirements
for suitable products or their belonging to a certain level of quality. This method
should be used when the limit values of the indicators are defined correctly and
justified by the long period of their use. Since the quality indicators of DF are
different, we apply the weight parameters to them. For the weighted geometric mean,
the weight parameter m. is determined by the formula:

1
(1g(P,-,w - PW)J

mi = s (3)
Z”: 1
i=1 lg(an - Bav)

where P, — nominal value of P;
P, — maximum allowable value of the indicator P.
Then the inputs of the system can be represented as: X, = x; *m, so
o)
I lg\P,, — P,
Xl- — hm_zxi * g( inv mv) (4)

n—>0 n 1
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To determine the outputs of the system and apply a mixed method of the quality level
assessment of product. It is based on the common usage of single and complex indicators
and is used when the set of single quality indicators is sufficiently numerous and the
analysis of the values for each indicator by the differential method does not allow to ob-
tain generalized conclusions. In the case of a mixed method of quality level assessment
of product, it is necessary to: at the first, combine part of the unit indicators into groups
and determine the corresponding complex indicator for each group. Important indicators
can be used as single; at the second, on the basis of the received set of complex and unit
indicators to estimate a quality level of product by a differential method.

In general, basis on complex weighted arithmetic or geometric determinants of
the formula for the product quality level by the mixed method can be as follows:

K:Z{A_/*Z(yi*q[)}, ®)

where 7 — is the number of groups of quality indicators;
H, — the number of quality indicators in the j-t4 group;
A, — parameter of weight of the j-th group of quality indicators;
q, — parameter of weight of the i-th group of quality indicators.

Then the outputs of the system can be represented as:

T H;
Y[=K=Z{A_/*Z(y,-*q,-)] (©6)

i=l1

Based on expression (1), we can write a mathematical model of the system
operation result, which was considered on the example of determining the quality
level of diesel fuel, in the form:

i

I
lim LSy, % n (£, 1 ) AZ[Aj*Z(y,»*q,«)} (7
=1 i=1
Z(lg(&v - Pm)]

This mathematical model characterizes the limited choice of system inputs,
which are provided with weight parameters, so that you can summarize these inputs
and present them as a comprehensive indicator of quality. The output of the system is
the level of product quality, which characterizes the fuel quality in one of three com-
ponents. The model of the result of the system operation is quite complex. It involves
determining the level of diesel fuel quality according to the parameters received at
the input of the system [10].

Taking into account the need to determine a certain number of inputs to the
system, which is represented by the «black box» model, we can consider some
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set M of these inputs {x}. The quality metrics to be determined from this set
will be compared to standardized metrics. As a result, at the output of the sys-
tem we obtain some set of outputs {y,}. Between the inputs and outputs of the
system there is feedback, which ensures the correct choice of system parameters

(Fig. 4).

{Xi} {Yi}
1 black box >

feedback
Fig.4. Feedback black box model

Accordingly, the selected quality indicators, which are inputs to the system to
determine the quality level, can be represented as functions f, (x).

In this case, the fundamental question is the measure of similarity between the
functions f, (x) and f, (x), where f, (x) —is a function obtained by measuring indicators,
/, (x) —is an ideal function, so standardized indicators are given and which must be
approached.

Take two arbitrary functions ¢(x) and y(x), which are given on the set of initial
input signals M [11]. At the first stage we consider the case of boiler M has a finite
value. Denote by P the number of all elements of the initial set M, and U(p, y) is
the number of elements with M on which the functions ¢(x) and y(x) differ. The
closeness between the functions ¢(x) and w(x) can be represented as:

M(p.y)=Ulp.y)/P. ®)

Assume that in the next stage appearance of the parameter x of the initial
set M is based on the probability distribution Q(x), which represents the
probability of the appearance of the parameter x from the set M. In this case,
the appearance of one parameter with M does not depend on the appearance of
another. The closeness between the functions ¢(x) and w(x) in this case will be
determined by:

Hpy)= 2w (x)-plx)* Ox). ©)
xeM
In the case when the appearance of x is random, then |w(x) - (p(x] also random.

Mathematical expectation M x|l// — (0| quantity |(//(x)— go(x)| will be equal
w == 2 plx)-e(x)*Ox). (10)

xeM

So, it follows from (9) and (10) that
My —g|=1llp.y). (11)

M.’C
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In expression (9) it is assumed that ¢(x) and y(x) have a deterministic character.
However, when ¢(x) and w(x) are random with respect to x, the closeness between
these functions can be represented as

w)= > M (x)*O(x). (12)

xeM

Note that the randomness of the functions ¢(x) and y(x) means that for each input
signal from the set M a set of functions ¢ (x), ¢, (x), v, (x), v, (x) (respectively ¢ (x) or
w (x), where i=0,1) determines the probability that ¢ (x) or y(x) takes the value i.

Given that ¢(x) and y(x) take values independently of each other, we can say that
lw(x)— @(x) takes a value of zero for x with probability

Xo(x)zWo(x)*(po(x)+'//1(x)*(p1(x)~ (13)

Similarly, the difference ‘l//(x) - (o(xX takes the value of one for x with probability
X, ()=o) % 0, (x) + 7, (x) % 2y () (14)

Therefore, the following situation will occur:
M (x) =1+ X,(x)+ 0% X, (x) =y, (x)* 0 (x) + 1, (x) * 2, (x) . (15)

Based on expressions (12) and (14), the similarity between the functions can be
represented as follows:

plo.y) = [wo(x)* @ (x)+ w,(x)* ¢, (x)]* O(x). (16)

xeM

In the case of a continuous space of the set M, the measures of proximity by
expressions (1.8), (1.9), (1.11) can be represented as follows:

(ctw)= oM (p.p )]/GM'
w)= | (x)-olx)* peds plo.y)=[ M (x)* p(x)dx.

In this case, the value of ¢ specifies some measure for M, and oM represents
the measure of the whole set M, and accordingly o[ M(¢p, y)] is a measure of the set
M(p, w). The set M(p, w) represents the total set of all objects for which the function
w is different from the function ¢, and p(x) indicates the probability density of the
object with plural M.

Research results. Therefore, choosing the necessary functions with a certain
probability from the set M, we have specific inputs to the system. By expression
(7), which describes the mathematical model, we obtain specific outputs that
will characterize the result of the system operation of the presented «black box»
model.

The «black box» model is the easiest to obtain the result of the system. Meanwhile,
when it is created, various difficulties often arise. They are mainly due to the variety
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of possible options for establishing links between the object and the environment
in which it is located. When using the model, it is necessary to take into account
various factors, clearly define the final and initial goals. Execution of the latter is
often extremely important to obtain the planned results of observation.

Conclusion. So, the mathematical model of the system operation, considered on
the example of the «black box» model, is to determine the quality level of diesel fuel
in the car tank, observing only the inputs and outputs, without focusing on the internal
structure of the system. This method of system investigation is to determine the quality
of diesel fuel, such as cetane number and sulfur content, which are measured directly
in the fuel tank and transmit the information to the consumer’s phone about the quality
level of this fuel. The «black box» model determines the correct definition of the system
inputs, which is indicators of diesel fuel, which characterize its quality. The outputs are
the result of the system operation and the establishment of the appropriate level of fuel
quality. The described mathematical model allows receiving the information on quality
of'a product which is in a fuel tank of the car. The result of the system operation can be
considered as solved if the quality level determined by the sensor in the tank of the car
corresponds to the quality passport of this product.
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MATEMATHYHA MOJEJb ®YHKINIOHYBAHHSA CUCTEMHA
TUNY “4OPHUU SALIUK”
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B oaniti cmammi pozensidaemovca mamemamuyna mooenv QyHKYIOHYBAHMHS
cucmemu Ha NPUKAAOL MOOeni « HOPHULL AuuUK». Bxooamu oanoi mooeni € napamempu
0€sIKOI MHONICUHU, SIKI NOMPIOHO BU3HAYUMU I ROPIGHSIMU 3 YJice iICHYoYuMU. Buxooamu
cayoicums  iHgopmayisn npo cmamn 00CAi0NCYy8ano2o 006’ckma 3a napamempamu
3 0esKOI MHOJICUHU, KA MOdice Oymu npeocmasiena y 8uensoi 36imie, epagikis,
O0oKyMeHmis. B npoyeci 8UKOpUCManHa MOOeli «YOPHUU AUUKY He 30CePedHCYEMbCSL
SHAYHA Y8aea HA GHYMPIwHI 0Y008i cucmemu. AK NPUKIAO po32ia0acmspCcs mame-
MamuyHa Mooeinb QYHKYIOHYBAHHA CUCMeMU 8USHAYEHHS PIBHA AKOCMI OU3EIbHOZ0
nanuea y 6axy agsmomoobina. Pe3ynomamom yHKyionysanHs cucmemu € ingpopmayis
npo 8ION0BIOHUIL PIBEHb AKOCMI NAMUBA, SIKA HAOX0OUMb HA MODLIbHULL meneghoH cno-
acusaua. Y npoyeci pobomu cucmemu npedcmasisicmsbCsl MONCAUBICMb GNIUBATU
PIBHUM YUHOM HA 8X00U cucmeMu ma ananizyeamu ii peaxyiio Ha 8iON0GIOHI 6XiOHI
oii. Ilpu yvomy cmynine peaxyii 6xiOHux Ol NPUHYUNOBUM HUHOM NOG A3AHA 3
PIBHOMAHIMHICMIO CIMAHIB BUX00I8 CUCTNEMU.

Kntouoei cnosa: Mamemamuuna moolens, cucmema, YOpHULL AWUK, Memoo,
MHOMCUHA, NOKAZHUKU AKOCMI, 6X10, 8UXIO.
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