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Abstract: We described the placing of the mobile agents in a dynamic environment. It formed a dynamic environment
for a complex of dynamically changing mobile agents. We described a two-level system of connections at the global
and local levels of interaction. Such a scheme allows you to support the survivability of a dynamic environment. We
presented the model of placement of mobile agents in a dynamic environment, which forms the basis of the trajectory of
interaction between mobile agents, enabling us to combine the dynamic environment into a unified dynamic
environment. The proposed method for mobile agents” parameters restoring in a unified dynamic environment, taking
into account the similarity coefficients, allows restore 80% parameters of an inaccessible mobile agent. This indicates
the high efficiency of the object’s description in the form of a unified dynamic environment in order to maintain its
integrity.

Index Terms: A Unified Dynamic Environment, Mobile Agent, Interaction Trajectory, Similarity Coefficients,
Interaction Matrix, Parameter Recovery, Placement Methods.

1. Introduction

The unified dynamic environment (UDE) is an information model of a complex subject area [1, 2]. It includes
information objects — mobile agents (MA), connections between them, the environment and processes that accompany
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the creation and operation of a unified dynamic environment (information space).

Mobile agents are moving objects that are both software-controlled and may move free in a physical three-
dimensional space — a dynamic environment. Examples of such mobile agents are unmanned aerial vehicles - an aircraft
designed to fly without a pilot on board, the flight of which is controlled and controlled by an appropriate program or
with the special control station located outside the aircraft [3, 4]. Unmanned aerial vehicles can fly under the remote
control of a human operator, like a remotely piloted aircraft, or with varying degrees of autonomy, such as assisted by
an autopilot, all the way to fully autonomous, with no human intervention.

The study [5, 6] analyzes the relationship between the concepts of static, semi-dynamic and dynamic environments.
If the environment can change while the mobile agent chooses the next action, then the environment is dynamic for that
mobile agent, otherwise the environment is static. If the environment itself does not change over time, but the
performance indicators of the mobile agent change, then this is a semi-dynamic environment.

We suggest a unified dynamic environment provides for unified data entry, their storage in unified formats, and
unified information exchange between all mobile agents.

We form a unified dynamic environment and the information system collects information from heterogeneous data
sources presented in various forms and formats, while heterogeneous computer systems can perform the processing of
incoming data [7-12].

It forms a unified dynamic environment based on the information system and performs the following [7, 13-16].

« collects information from data sources that are presented in various formats;
« converts information about mobile agents;

o formsa unified dynamic environment;

« provides users with information about mobile agents.

The formation of a unified dynamic environment requires the unification of data received from heterogeneous
sources and implement the mechanism for converting such formats. There is a contradiction between the heterogeneous
nature of the features of mobile agents and the requirement for a unified presentation of data [8, 17-19]. It must
uniquely identify the mobile agent with its parameters received from different sensors.

The goal of the paper is:

« to consider the concepts and principles of unified dynamic environment forming and the description and the
interaction of mobile agents there;

o to suggest a method for mobile agent’s parameters restoring in a unified dynamic environment taking into
account the similarity coefficients.

2. Literature Survey

Creation of a unified dynamic environment designed to provide a unified description of mobile agents for all users,
so that all users of a unified dynamic environment perceived the same mobile agent in the same way. This characteristic
is the main property of a unified dynamic environment [20, 21].

To form a unified dynamic environment, it is necessary to implement uniform data entry, store data in uniform
formats, and exchange information between all mobile agents. It changes dynamically information about mobile agents
in a unified dynamic environment [7, 22].

In practical applications, a unified dynamic environment includes a set of data, databases and databanks,
technologies for their management and use, information and telecommunication systems and networks that function
based on uniform principles and according to general rules, which ensures information interaction of mobile agents [4,
22]. When the connection with a mobile agent is lost, the other mobile agents have to collect certain information about
it based on their interaction.

We can find a description of modern technologies for presentation and integration of disparate data in [10]. They
describe the method of integration of disparate spatial data, based on the concept of metadata in modern automated
systems of information management and interaction. This method allows you to bypass the shortcomings mentioned in
the work. However, despite its advantages, the question of organizing means to support the transformation of mobile
agents remains open.

In [23], a complex method developed that increases the efficiency of processing various types of data in intelligent
systems. The proposed technique makes it possible to increase the efficiency of the functioning of intelligent decision
support systems due to the complex processing of data circulating in them. The disadvantage of this technique is the
need to process large data sets to determine the state of the monitoring object.

In [24] considered the principles of creating a unified dynamic environment based on the regularizing Bayesian
approach and intelligent technologies that implement it. A unified dynamic environment G,, with its multifactorial,
geographical and temporal distribution, represents a complex mobile agent that actively interacts with the environment.
Formation of a dynamic environment based on computer systems G,, is a modeling a real dynamic environment in
which homomorphic transformations of the form are implemented:
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Gy = G- M)

Among the components G,, of the environment are model representations of the objects of the surrounding world,
created by the subjects of the environment — sources of information. Such sources, by the principle of their functioning,
always generate incomplete, unclear and inaccurate information, which creates the basis of a dynamic environment.
Then, the dynamic environment G can be represented as a set. Based on the methodology of the regularizing Bayesian
approach in the form of a composition of information resources of its components, represented by sets of dynamic sub-
environments G;, where i is the number of information sources:

Gm = 5:1 Gmi- (2)

The dynamic environment is multidimensional. For each dimension, there is information that determines the state
of the field according to this dimension [23]. In order to ensure the stability of assessments of this state based on
incomplete, inaccurate, unclear information, regularizing technologies are used, according to which, for each
measurement, its parameters are determined G,,;, for which, in turn, scales with dynamic restrictions built using
Bayesian intelligent measurement technologies. We divide measurement parameters into directly measured and
indirectly measured. Depending on the type of parameters, the types of dynamic limitation scales (parametric or
functional) selected. The construction of a hyper-scale of a unified dynamic environment G, based on the convolution
of scales Gy,

Gsmi = :::1 §:1stmi' ®)

The appropriate types of scales of dynamic limitation allows preserving the principle of unity of measurements,
which ensures stability, quality control and risk management of decisions [24, 25].

The work [10] describes the method of integration of heterogeneous geospatial data based on the concept of
metadata in modern automated information support systems.

To create a unified dynamic environment, cloud storages are now used, which allow free use of large volumes of
data [4, 12, 18]. In turn, such a unified dynamic environment should have sufficient functionality that will allow
working with data in a unified format. We can find the development of views on data formalization in works [26-28],
which describe a system model for integrating content from cloud storage into a unified dynamic environment, as well
as the results of its implementation. Despite the fact, that we can use the developed solution in context of educational
projects for a unified dynamic environment, we presented only conceptually the proposed model and has no practical
confirmation [10, 25, 29].

Thus, a unified dynamic environment is a set of tools that support the unity of presentation, processing, and
interpretation of information about mobile agents. The creation of a unified dynamic environment designed to provide
access to general information without limitations of place and time.

3. Scheme of the Existence of a Set of Dynamic Environments

A set of dynamic environments may include different dynamic environments with different characteristics and
properties. We can use these dynamic environments for various purposes, such as storage, processing and transmission
of information.

Consider the set of dynamic environments (DE), consisting of DE,, DE,, ..., DE,,,, where m is the number of such
environments. Each dynamic environment contains a unique set of mobile agents (MA), denoted as MA,, MA,, ..., MA,,
where k is the number of mobile agents. Each mobile agent has a set of parameters, denoted as P, P,, ..., B,, where n is
the number of parameters. Thus, each mobile agent can be represented as MA, (P, P,, ..., B,). It is important to note that
all mobile agents have the same number of parameters, and we set any missing parameters to NONE.

To ensure consistency, all mobile agent parameters must be in the same format and the number of parameters must
be the same for all agents. It is also possible that different dynamic environments may contain the same mobile agents,
i.e. DE;(MA,) = DE,,(MA).

External sources of information can represent input objects (10) in different ways, denoted as 10,,10,, ...,10;,
where i is the number of input objects. Data about these objects, as a set of attribute values, obtained by reading them
using sensors.

Since no two mobile agents are identical exactly in a dynamic environment MA; # MA, # --- # MA,, We can see
the dynamic environment as a reference system that needs constant updating and replenishment. It can achieve this by
following these steps:

1. Create a dynamic environment containing a collection of unique mobile agents. This allows recognition of
incoming objects without binding to a specific mobile agent.

2. With the sensors, which are meters, read the signs of the input object. If the sensor cannot do this, the
information about this parameter will be absent and corresponds to the value NONE.
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3. The system accepts an input object 10; with a set of attributes. The sensors read the values of the features, the
dynamic environment performs identification of the input object by its features to determine whether there is a
corresponding mobile agent with the same set of features.

4. The Placing of the Mobile Agents in a Unified Dynamic Environment

A unified dynamic environment is discrete by its nature. We present a mathematical model for mobile agents
placement in a unified dynamic environment based on the set-theoretical formalism.

The main concept of this model is the concept of a mobile agent, each of which characterized by a set of
parameters and their values. Then, a mobile agent can represented as a set of ordered parameter-value pairs. That is:

ma ={<p;,x; >, <Py, Xy >, .., <PpX 5 p #F Dy L i Lj €[], 4)

where p is the name of the parameter, x is the value of the parameter.
Consider the information scheme that describes dynamic environment in the form of a set of parameters mobile
agents, which are its components. We will present such an information scheme as a tuple:

Sch =< P,X,T,w, >, (5)

where P = {p;,p,, ..., 0, } IS @ set of parameters of mobile agents; X = {X;,X,, ..., X,,,} — set of sets of possible
parameter values; T = {t;,t,, ..., t;} — multiple types of agents; w: P — X — a display that matches each parameter of the
mobile agent with a set of its possible values; ¥: T — 2P — a display that sets for each type a set of parameters of its
elements.

We will present a dynamic environment built according to the following information scheme Sch as a tuple:

DESh =< Sch, MA, A >, (6)

where Sch =< P, X, T, w,y > is the information scheme; MA = {ma,, ma,, ..., ma,,} — a set of dynamic environments;
A:MA — T — display that matches the object with its type.
The following conditions met for any information object ma € MA:

1) the set of attributes corresponds to the type {p: < p, x >€ ma} = P(ma));
2) for any "parameter-value" pair < p,x >€ ma, the statement is true x € w(p).

We will set the update of the dynamic environment by the following display:
R:SDES" — SDES¢h, ()

where SDES" is the set of all dynamic environments built according to the information scheme Sch.
Let us present a set of dynamic environments:

DESeh = {DES<h, DESh, ..., DESCH), (8)

where DEf" =< Sch;, MA;,A; > and Sch; =<P;,X;, T, w;y; > we introduce the notation: Sch =
{Schy, Schy, ...,Schy}, P=UN P, X =UN, X, T=U¥, T, MA= UL, MA,.

We combine multiple dynamic environments DES" into a unified dynamic environment under the condition of the
existence of mappings @:P — X, ¥:T — 2P, y:MA —» T that are extensions of the corresponding mappings
w, Y, yi(1<i<N).

We present the model of a unified dynamic environment as a tuple:

UDE =< Sch,DES",D,R >, (9)

where Sch is the information scheme; DE*" — a dynamic environment built according to an information scheme Sch;
D ={d,,d,, ..., d;} — a set of semantic dependencies; R:SDES" - SDES" — the display is such VDES" €
SDESeh,vd € D that we executed it d(R(DES")).

Then, for any one DE, Sch, D can build a model of a unified dynamic environment < Sch, DES¢*, D, R >, in which
the mapping R has the following form:

R = ({ma,, ma,, ..., ma,}) = {ma;,ma,, ..., ma,}, (10)
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where ma; = {< pi, xi >, < p,x} >, ..., <pl,xL >},

pi(ioy), if 33ioy, d; € D, like dy:y(io) — y(ioy),
xt = such that d, (ioy, io;) and pj € P;

pi(io;), otherwise.

Moreover, the given display R will be the only one.
This model is the basis to the formation of the trajectory of interaction between mobile agents, and with it is
possible to apply the technologies of combining the dynamic environment into a unified dynamic environment.

5. Interaction of Mobile Agents in a Dynamic Environment

Let us consider the matrix method of presenting information on relations. The elements of the matrix of relations
of the dynamic environment ma;; correspond to the elements of the set MA.

Let mobile agents in a dynamic environment have a relation of partial or linear order. If the element p; precedes the
element p;, then we set the value 1 at the intersection of the i-th row and the j-th column, otherwise —the value 0, i.e.:

0, if (pupy) €10°
To represent the relation of linear order, we will use a matrix M (M A) with the following elements:

1, if(pi'pj) €10, (pj,p)) €10
M(0) =1 0, if (pi'pj) €10, (pj,p;) €10 . (12)
-1, if (pi,p;) € 10, (p;,p;) €10
The degree of closeness of the relationship between mobile agents meets the following conditions:
d(104,10,) = 0,d(10,,10,) = 0,when [0, = 10,
d(104,10,) = d(10,,10,) . (13)
d(10,,10,) < d(104,103) + d(105,10,)

Let two mobile agents ranked by parameters p;(i = 1,5):

P3 P2
P2 P3
P1 P1
M4, = ps |’ M4, = |2

(2 / Ps /
Pe Pe

Then, the relation matrices have the following form:

0 -1 -1 1 1 1 0 -1 -1 1 1 1
1 0 -1 1 1 1 1 0 1 1 1 1
1 1 0 1 1 1 1 -1 0 1 1 1
MMAD=| 3 3 1 o -1 1 |[MMA&)=|1_"0 1 5 o 1 1
1 -1 -1 1 0 1 1 -1 -1 -1 0 1
1 -1 -1 -1 -1 0 1 -1 -1 -1 -1 0

Distinguishing elements of matrix relations M(MA,) and M(MA,) there are the following elements:
ma,s;, mas,, ma,s and mas,. Therefore, the value of the measure of closeness between mobile agents MA, and MA, is
d(MA,,MA,) = 4. Thus, the number of intermediaries between mobile agents is defined as a measure of proximity
between them.

Let's imagine that the mobile agent MA; is currently unavailable for some reason (no connection), so its
parameters are unknown. At the same time, this mobile agent (MA;) interacted according to some parameters with
other mobile agents (MA, and MA,) and data about these parameters remained there.

Based on those mobile agents (MA, and MA,) that interacted with the mobile agent MA; in a certain way, it is
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possible to extract the parameters of the mobile agent MA; and subsequently build the interaction matrix of the
parameters of the mobile agents (Fig.1).

MA; | MA; | MA, | MA, | MAs | MA4

P,

P3

Py

Ps

Fig.1. Interaction matrix of mobile agents parameters

To restore the parameters of the mobile agent, we will use similarity coefficients.
If the dynamic environment knows the number of parameters for each mobile agent and information about the
number of pairwise matching parameters between mobile agents, then to calculate the similarity coefficient we will use:

py=—ad—,(0<p<), (14)

TLi+TL]'—TLij

where n;; — number of identical parameters; n;, n; — the number of identical parameters in the i-th and j-th objects,

respectively.
If the information about matching parameters between mobile agents is replaced by information about non-
matching parameters, then (15) or (16) we used to calculate the similarity coefficient:

_ My

pij = il (15)
— 2y

pij - Znij+lij’ (16)

where n;; — number of identical parameters; [;; is the total number of non-matching parameters.
If we know the total number of parameters of mobile agents and the total number of matching parameters to the
dynamic environment, then to calculate the similarity coefficient, we will use:

kij
pij = ;}, a7

where k;;— the total number of matching parameters; m is the total number of parameters.
If information about the total number of non-matching parameters is added to this information, then (18) or (19)
we used to calculate the similarity coefficient:

kij—li
pyy = M (18)

m

_ ki ki
p” 2m—ki]- m+li1-'

(19)

where k;; — the total number of matching parameters; [;; — the total number of non-matching parameters; m is the total
number of parameters.

If we know the number of matching parameters between mobile agents and the total number of parameters to the
dynamic environment, then to calculate the similarity coefficient, we will use:

nij
pij =2 (20)

where n;; — number of identical parameters; m is the total number of parameters.
We will calculate the weighted trust factor based on the similarity coefficients of mobile agents and the number of

intermediaries between them:
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= e(l_dmax)pij, (21)

where p;; — similarity coefficient between i-th and j-th mobile agents; d;; — the number of intermediaries between the i-
th and j-th mobile agents, calculated according to the measure of their proximity; d,,., — the maximum number of
mediators between the most distant mobile agents of the dynamic environment, calculated according to the measure of
their proximity.

6. The Experimental Research

We, basing on the matrix of interaction of parameters of mobile agents and considering similarity coefficients,
analyzed the restoration of parameters of mobile agents in a dynamic environment.

To conduct experiments, we formed a unified dynamic environment with 100 mobile agents. 15 parameters
describe each mobile agent. We select one agent as unavailable, i.e. its parameters are unknown.

The purpose of the experiment is to establish the deviation of the restored values of the parameters of the
unavailable mobile agent, that is, to evaluate the effectiveness of the representation of agents as a unified dynamic
environment in order to maintain its integrity.

For this, the average deviations of parameter values are determined on basis of the interaction matrix of parameters
of mobile agents, considering similarity coefficients. In case of a deviation less than 20%, the parameter considered as
restored with a sufficient level of reliability.

Below is a snippet of the 10 mobile agents of a unified dynamic environment:

MA1 MA2 MA3 MA4 MAS MAG MA7 MAS8 MA9 MA10
P1 23,89 26,69 34,81 31,92 5,04 15,67 15,93 5,82 5,60 5,15
P2 20,20 14,78 2,18 20,22 19,56 12,98 NONE 16,67 16,61 2,20
P3 12,14 1,869 8,74 7,12 1,22 10,48 3,81 1,53 1,19 9,75
P4 1,93 12,96 5,15 18,44 NONE 1,63 2,30 5,67 5,30 34,72
P5 30,44 40,11 29,44 30,56 29,33 23,89 18,44 29,28 23,94 29,28
P6 23,00 NONE 13,67 20,25 8,33 2,67 12,00 14,75 13,67 25,75
P7 18,25 3,20 1,20 12,00 23,00 23,75 18,25 NONE 3,20 3,40
P8 8,00 13,00 8,62 NONE 3,75 10,00 1,00 9,00 8,62 11,00
P9 25,75 20,25 NONE 17,50 6,33 6,33 15,67 20,25 23,00 23,00
P10 21,90 23,00 23,00 12,50 32,10 NONE 28,5 23,00 6,50 17,50
P11 21,39 2,52 2,56 24,11 24,56 26,89 4,74 2,37 13,26 24,19
P12 8,378 6,78 11,43 20,46 NONE 27,42 4,64 2,92 27,39 0,33
P13 NONE 4,22 2,07 3,38 8,40 7,42 3,53 9,11 9,98 9,09
P14 11,96 29,47 8,56 29,50 9,56 24,22 2,60 16,85 NONE 35,00
P15 30,00 18,61 24,11 18,61 29,61 18,72 13,28 29,67 13,22 7,94

30

2
Ln

(3]
=

—_
=

Average deviation, %
"

wn

P2 P3 P4 P5 P6 P7 P& P9 P10 P11 P12 P13 P14 P15

Parameters

(=]

Fig.2. Comparative graph of the effectiveness of restoring the parameters of an unavailable mobile agent based on parameter interaction matrices in a
unified dynamic environment
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Table 1 demonstrates the values of the deviations of the restored parameters of the unavailable mobile agent and
the average values of these deviations for each parameter.

Figure 2 demonstrates a comparative graph of the restoring effectiveness of the parameters of an unavailable
mobile agent based on parameter interaction matrices in a unified dynamic environment.

Figure 2 shows that with a sufficient confidence level of 20%, 80% of the parameters of an unavailable mobile
agent can be recovered.

Applying the considered method, the deviation of the restored values of the parameters of the unavailable mobile
agent was determined experimentally and compared with the sufficient level of reliability of the restoration of the
parameters of the mobile agents. This made it possible to highly evaluate the effectiveness of agents presenting as a
unified dynamic environment in order to maintain its integrity.

Table 1. Deviation of the parameter value of the unavailable mobile agent depending on the percentage of unknown values of other mobile agents in
the dynamic environment

Deviation of the parameter value at a certain percentage of unknown
Parameters values of other mobile agents of the dynamic environment, % Average deviation, %
0 10 20 30 40 50
P1 17,05 16,60 15,71 13,93 18,18 20,31 16,96
P2 15,31 16,03 15,89 13,44 12,07 13,77 14,42
P3 5,78 5,52 5,69 6,67 7,87 4,93 6,08
P4 10,41 15,15 13,62 15,72 17,36 15,83 14,68
P5 28,47 30,51 28,43 24,42 30,26 20,90 27,17
P6 13,51 15,27 10,38 13,98 9,65 13,18 12,66
P7 10,72 9,20 11,22 10,97 10,71 14,00 11,14
P8 8,11 9,31 7,27 9,35 6,67 11,04 8,63
P9 16,81 17,73 18,04 17,69 21,84 14,44 17,76
P10 19,85 18,89 22,75 14,51 17,44 20,96 19,07
P11 14,65 15,78 18,52 16,17 17,21 16,56 16,48
p12 12,08 14,40 9,28 7,82 8,53 13,67 10,96
P13 6,37 5,99 5,83 6,73 8,07 7,27 6,71
P14 17,27 18,60 19,31 21,07 24,07 20,45 20,13
P15 20,37 21,53 22,75 23,60 24,12 22,08 22,41

7. Conclusions

The paper describes the placing mobile agents in a dynamic environment. We formed a dynamic environment for a
complex of dynamically changing agents. A two-level system of connections at the global and local levels of interaction
considered. Such a scheme allows you to support the survivability of a dynamic environment.

The model of placement of mobile agents in a unified dynamic environment presented, which is the basis of the
formation of the trajectory of interaction between mobile agents, which allow apply the technologies of combining
dynamic environments into a unified dynamic environment.

The received results of experimental studies show that the method of restoring the parameters of mobile agents in a
dynamic environment allows us to draw conclusions about the high efficiency of presenting objects as unified dynamic
environments in order to maintain its integrity. The proposed method for mobile agents parameters restoring in a unified
dynamic environment, taking into account the similarity coefficients, allows to restore 80% the parameters of an
inaccessible mobile agent.

On basis of the matrix of interaction of parameters of mobile agents considering similarity coefficients, it is
possible to consider the restoration of parameters of mobile agents in the dynamic environment.

The experiments show that identification depends significantly on the number of parameters of the mobile agent.
Thus, a perspective direction of research is the development of special methods of identification of mobile agents in a
unified dynamic environment. This will allow increase the efficiency of identification of a mobile agent in the case of
an increase in the number of its parameters.
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