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CHAPTER 1

SCIENTIFIC METHOD APPARATUS FOR INTELLECTUAL
ASSESSMENT OF THE STATE OF COMPLEX SYSTEMS

CHAPTER 1

ABSTRACT

In this section of the research, a scientific and method apparatus for intelligent assessment of
the state of complex systems is proposed. The basis of this research is the theory of artificial intel-
ligence, namely evolving artificial neural networks, basic genetic algorithm procedures, neuro-fuzzy
expert systems and bio-inspired algorithms. In the course of the research, the authors proposed:

— the method approach to assessing the state of hierarchical systems using a metaheuris-
tic algorithm;

—the method of analysis and forecasting of the state of multidimensional objects using a meta-
heuristic algorithm;

— the method of increasing the reliability of the assessment of the object state.

The use of the proposed scientific and method apparatus will allow:

— to reduce the probability of premature convergence of the metaheuristic algorithm;

— to maintain a balance between the speed of convergence of the metaheuristic algorithm and
diversification;

— to take into account the type of uncertainty and noisy data of the metaheuristic algorithm;

— to take into account the available computing resources of the state analysis system of the
analysis object;

— to take into account the priority of search by swarm agents of the metaheuristic algorithm;

— to carry out the initial display of flock individuals taking into account the uncertainty type;

— to conduct accurate training of individuals of metaheuristic algorithms;

— to conduct a local and global search taking into account the degree of noise of the data on
the state of the analysis object;

— to apply as a universal tool for solving the task of analyzing the state of analysis objects due
to the hierarchical description of analysis objects;

— to check the reliability of the obtained results;

— to increase the reliability of the assessment of the objects state of analysis due to the con-
struction of object and relational models of their state with different degrees of hierarchy;

— to avoid the local extremum problem.
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11 AMETHOD APPROACH TO ASSESSING THE STATE OF HIERARCHICAL SYSTEMS USING
A METAHEURISTIC ALGORITHM

The process of assessing complex and hierarchical systems is a complex process of determining
a set of possible states for a wide range of tasks, including for making management decisions [1-10].

State assessments of complex and hierarchical systems are discontinuous, undifferentiated
and multimodal. Considering the above, it is impractical to use classic gradient deterministic algo-
rithms [11-22] to solve this type of problem.

The most common approaches to assessing the state of hierarchical systems are swarm intel-
ligence algorithms (swarm algorithms). The most famous swarm algorithms are particle swarm op-
timization algorithm, artificial bee colony algorithm, firefly swarm algorithm, ant colony optimization
algorithm, wolf swarm optimization algorithm and sparrow swarm algorithm [23—40].

However, most of the basic bio-inspired algorithms mentioned above are unable to maintain
a balance between research and use, resulting in unsatisfactory performance for real-world com-
plex optimization tasks.

This encourages the implementation of various strategies to improve the convergence speed
and accuracy of the underlying bio-inspired algorithms. Therefore, research devoted to the deve-
lopment of new approaches to assessing the state of complex hierarchical systems is relevant.

An analysis of works [41-71] showed that the common shortcomings of the above-mentioned
researches are:

— no possibility of hierarchical processing of various data types;

— the lack of possibility of additional involvement of necessary computing resources of the system;

— a failure to take into account the type of uncertainty and noisy data about the information
circulating in the system;

— the lack of deep learning mechanisms of knowledge bases;

— the lack of search priority in a certain direction.

The aim of the research is the development of method approach to assessing the state of
hierarchical systems using a metaheuristic algorithm. This will allow to increase the efficiency of as-
sessment of the state of hierarchical systems with a given reliability and the development of subse-
guent management decisions. This will make it possible to develop software for intelligent decision-
making support systems.

To achieve the aim, the following tasks were set:

— to determine the procedures for implementing a method approach to assessing the state of
hierarchical systems;
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—to lead an example of assessing hierarchical systems while analyzing the operational situation
of a group of troops (forces) using the proposed method approach.

In this research, an optimizer based on simulating the behavior of antlions is proposed — a popu-
lation-based stochastic algorithm that uses antlion agents (ALA) as search agents. The antlion algo-
rithm is based on the imitation of the way antlions dig anthills to hunt ants in the natural environment.

The method approach to assessing the state of hierarchical systems using the metaheuristic
algorithm consists of the following sequence of actions:

Step 1. Input of initial data. At this stage, the main parameters of the algorithm are deter-
mined, such as:

— the type of task being solved;

— the number of agents in the population;

— the number of variables characterizing the task being solved;

— available computing resources of the system;

— the complexity of the hierarchical system to be assessed,;

— the parameters of the improved genetic algorithm (selection parameters, mutations), the
number of individuals;

— the type of uncertainty about the hierarchical system (complete uncertainty, partial uncer-
tainty, complete awareness);

— volume and type of research sample;

— volume and type of test sample;

— artificial neural network architecture, etc.

Step 2. Creation of ALA flock. Initialization of the ALA population X' (i=1, 2, ..., n) takes place.
The set of ALA form a population, which is described by the matrix X. The initial population of ALA in
this algorithm is generated taking into account the uncertainty about the state of the hierarchical
system based on the constraints of the problem under consideration. The members of the ALA
population are search agents in the solution space, providing candidate values for the problem
variables based on their positions in the search space. Mathematically, each member of the general
set is a vector, the number of elements of which is equal to the number of task variables.

ALA is issued taking into account the uncertainty about the state of a complex hierarchical
system based on basic system models and circulating data models [2, 19, 21] (1.1):

X Xpa X Xy Xy X Xy,
X=X | = XXy o X XY, XX | (1.1)
X S Kua Xl X X Xy Xy |
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where Xis the ALA population matrix; X; is the i-th member of the ALA swarm (solution candidate);
X,4 15 the d-th dimension in the search space (decision variable); N is the number of ALA; m is the
number of decision variables describing the state complex hierarchical system.

Step 3. Numbering of ALA in the flock, i, i € [0, S1. At this stage, each ALA is assigned a serial
number. This makes it possible to determine the parameters of finding a solution for each individual
in the flock.

Step 4. Determination of the initial ALA speed.

Initial speed v, of each ALA is defined by the following expression:

V= (Vo Vg) V= Vg (1.2)

The process of updating the ALA population is based on the simulation of two strategies of the
exploration phase and the exploitation phase.

Step 5. Validation of each ALA.

The relevance of each search ALA is determined in each iteration using the improved genetic
algorithm proposed in work [26] and comparison of the obtained values with standardized func-
tions. The fitness value of each ALA in the search swarm (each row in the X matrix) is measured
and compared with the fitness of the remaining ALA (the other rows of the X matrix).

Step 6. Preliminary assessment of the ALA search area. In this procedure, the natural language
search area is determined precisely by the halo of the existence of the ALA, where the ants live.

Step 7. Classification of ant nests.

The location of the best anthill (thus, the smallest anthill with the least number of ants) is
considered to be (FS,,), which is nearby and requires the least amount of energy to find and retrieve
it. The largest anthill, with the largest number of ants, will be denoted as FS,,.

Other single ants will be denoted as S,

FS,,=FS(sorte_index(0,8)), (1.3)
FS,,(1:3)=FS(sorte_index(1:31), (1.4)
FS,.(1:NP-4)=FS(sorte_index(4: NP)). (1.9)

Step 8. Determining the number of available computing resources of the system.

At this stage, the amount of computing resources available for calculations is determined.
In accordance with the provisions outlined in Step 4, the concept of updating the provisions of
the ALA is chosen.

Step 9. Reconnaissance (surrounding the prey).

The position of ALA is directly dependent on the position of their prey (in our case, these are
ants). The position of each ant in each dimension is updated using a random walk. This random walk
is described by the following mathematical expression:
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x(t)= [U,cumsum(Et(Q) —1),cumsum(2t(t,) —1)....,cumsum (2t (&, ) - 1)] (1.8)

where T is the maximum number of iterations; ¢, is the t-th iteration; cumsum is the cumulative
summation; r(t) is a random function calculated as follows:

(6)= {’I, rand >0.5;

= (1.7)
0, rand <0.5,

where ¢ is the iteration index; rand is a randomly generated number in [0, 1].
The total population of ants on the search plane, on which ALA hunting takes place, is described
by the matrix:
Ant,
Ant,
M= . | (1.8)

ant

Ant,

n

where n is the number of ants in the population.
The value of anthills in this research is identified as the value of the decision made in relation to
the optimization task, stored in the following vector:

o
()

()

Each antlion is represented by a pose vector and a target vector as follows:

Antlion, =[ A A ... A, ], (1.10)

e
where Antlion; is the i-th ant lion; A, , is the position of the /-th ant in the d-th dimension.

Antlion,

Antlion,

M 111

Antlion

Antlion,
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oal

M, = : , (1.12)

f (Antlionn)
where n is the number of ants in the population.

Step 10. Verification of hitting the global optimum. At this stage, the condition for the algo-
rithm to reach the global optimum is checked according to the specified criterion for assessing the
state of complex hierarchical systems.

Step 11. Global restart procedure.

The restart procedure can effectively improve the ability of the algorithm to go beyond the cur-
rent optimum and improve the exploratory ability of the algorithm. If the optimal population of the al-
gorithm remains unchanged after T iterations, the population is likely to fall into a local optimum. Thus,
the candidate solution will be initialized randomly to accelerate the departure from the global optimum.

Step 12. Hunting phase (exploitation].

To determine the priority of the anthill, the anthill with the highest value of ant pheromone
(with more ants) is chosen for the ALA attack:

wg AP
P= h% (t,)" (ny) (1.13)

0, otherwise,

where T, and 1, is the intensity of pheromones and the cost of the route between anthills / and j,
respectively. Relative value T, and n, is determined by the parameters o, and 3, respectively.
tabu, is a list of unavailable routes (visited nades) for ALA k.

Step 13. Checking the stop criterion. The algorithm terminates when the maximum number of
iterations is completed. Otherwise, the behavior of generating new places and checking conditions
is repeated.

Step 14. Learning ALA knowledge bases.

In this research, the learning method based on evolving artificial neural networks developed in
the research [2] is used to train the knowledge bases of each ALA. The method is used to change
the nature of movement of each ALA, for more accurate analysis results in the future.

The end of algorithm.

A method approach to assessing the state of hierarchical systems using a metaheuristic algo-
rithm is proposed. To determine the effectiveness of the proposed methodical approach, modeling
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of its work was carried out to solve the task of determining the composition of the operational
grouping of troops (forces) and the elements of its operational construction in order to determine
the expediency of regrouping troops (forces).

The effectiveness of the method approach is compared with swarm optimization algorithms,
using a set of CEC2019 test functions listed in the Tahle 1.1. The efficiency assessment criterion
is the speed of decision making (msec) with a given assessment reliability (0.9).

As it can be seen from the Tahle 1.1, increasing the efficiency of assessing the state of
hierarchical systems is achieved at the level of 22—25 % due to the use of additional procedures.

It can be seen that the method approach is able to converge to the true value for most unimo-
dal functions with the fastest convergence speed and the highest accuracy, while the convergence
results of the ant swarm algorithm are far from satisfactory.

The advantages of the proposed method approach are due to the following:

— the initial position of the ALA is carried out taking into account the type of uncertainty (Step 2)
due to the use of appropriate correction coefficients for the degree of awareness of the placement
of anthills (in our case, priority search directions), in comparison with works [9, 14, 211;

— the initial speed of each ALA is taken into account (Step 4), which allows to determine the
search priority of each ALA in the specified search direction, in comparison with works [9-15];

— the suitability of ALA hunting sites is determined, which reduces the time for assessing the
state of the hierarchical system (Step B), in comparison with works [14, 16, 171;

— the degree of data noise is taken into account in the process of updating the ALA posi-
tion (Steps 9-12), thereby reducing the time for assessing the state of hierarchical systems,
compared to works [9-15];

— the use of the procedure of global restart of the algorithm, which achieves the ability of the al-
gorithm to go beyond the current optimum and improve the research ability of the algorithm (Step 11),
which reduces the time for assessing the state of hierarchical systems, compared to works [9—151;

— the universality of solving the task of assessing the state of hierarchical ALA systems due
to the hierarchical nature of their description (Steps 1-14, Tahle 1.1), in comparison with
works [9, 12-18];

— the possibility of simultaneously searching for a solution in different directions (Steps 1-14,
Table 1.1);

— the adequacy of the obtained results (Steps 1-14), in comparison with works [9-23];

— the possibility of clarifying the selection of an anthill at the hunting stage (Step 12) due to
the ranking of anthills by the level of ant pheromane, in comparison with works [9, 12—18];

—an improved possibility of selecting the best ALA in comparison with random selection due to
the use of an improved genetic algorithm (Step 5), in comparison with works [9—15]. This allows
to improve the reliability of assessment of the state of hierarchical systems;

— the ability to avoid the local extremum problem (Steps 1-14);

— the possibility of in-depth learning of ALA knowledge hases (Step 14), in comparison with
works [9-23].

CHAPTER 1
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@ Table 1.1 Comparison of the proposed method approach with other swarm algorithms for a defined set
of test functions

Type . Ant Rlgorithm . The
et e g SO, Ofafock G CUU wropesed
CEC2019 algorithm ritghm algorithm wu!I'ue!s, algorithm of ant lions approach
F1 Better  6.2501  4.4884 4.103 44136 6.2606  5.0994 2.7698
Average 8.1507  6.2966 5.309 51521  6.2606  8.1594 2.7698
Standard 7.33 6.01 6.2 6.4 7.838 7.7192 3.37112
F2 Better 5459192 5.6911 4.8556 42197  4.0857 4.2739 3.2141
Average 2689.105 6.91 4.9935 55.3157 4.8087  4.9449 4.6568
Standard 1741.300 0.94 0.02708 106.434 0.33374 0.17328  0.64381
F3 Better  2.3979  2.4361 1.9805 1.1634  1.4104  2.9411 1.4173
Average 7.2501  4.4884 4.103 44136 6.2606 5.0994 2.7698
Standard 1.9616  1.2868 0.766 2.2871 2.6603  1.0752 0.62451
F4 Better  9.2209  10.0576 38.8009 12.248  4.1414  29.1901 3.9849
Average 27.9446 255342 57.3153 24,843  28.4397 44.8217  16.6629
Standard 11.0734 8.7901 6.9365 10.7428 157463 8.8591 11.1345
F5 Better  1.5511  1.4833 29.405 11339  1.0497 2.1918 1.0074
Average 11.428  1.7597 72.0211 9.5542  1.115 3.7237 1.0641
Standard 13.5064 0.18663 19.4782 9.0179  0.061305 1.1233 0.050987
F6 Better  1.9552  3.1214 8.5015 17038  1.3443  6.2846 1.0041
Average 6.7367 59982 10.5902 5.22568  3.9784  9.1707 3.0444
Standard 2.4593  1.2484 0.77804 1.7237  1.5453  1.3384 1.268
F7 Better  308.3668 249.343 1208.30 309.912 83.4932 399.241  126.6386
Average 1102.474 832.301 1623.67 810.994 894.644 1206.1076 508.5085
Standard 355.712 265.703 130.086 376.011 339.8851 290.3894 230.6677
F8 Better  805.925 811.990 837.627 809.783 804.9748 816.6299 802.0457
Average 825.7583 824.501 848282 824.769 825.9996 832.6092 815.3867
Standard 10.1005 7.4753 6.0262 9.2526  8.9454  8.4370 9.9757
F9 Better  1.1616  1.1532 1.5475 12025 11683 1.3514 1.0359
Average 1.3579  1.4924 1.9341 1.3228  1.3786  1.6591 1.1378
Standard 0.0999  0.1697 0.1336 0.0928  0.1442  0.1545 0.0522
F10 Better  1436.99 1274.08 1641.75 1325.81 1204.19 1818.69  1139.99
Average 1937.94 1861.89 2362.49 1828.64 1819.19 2217.23  1505.39
Standard 349.35 275.94 194.21 34489 26768 216.92 229.69
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The disadvantages of the proposed method approach should include:

— the loss of informativeness while processing various types of data due to the construction
of the membership function;

— lower accuracy of processing one type of data due to gradient search;

— the loss of credibility of the obtained solutions while searching for a solution in several
directions at the same time;

— lower accuracy of assessment compared to other assessment approaches.

The specified method approach will allow:

— to assess the state of complex hierarchical systems;

— to determine effective measures to improve the efficiency of assessing the state of complex
hierarchical systems while maintaining the given reliability;

— to reduce the use of computing resources of decision-making support systems.

The limitations of the research are the need to have an initial database on the state of hierar-
chical systems, the need to take into account the time delay for collection and proving information
from intelligence sources.

It is advisable to use the proposed method approach to solve the problems of assessing the
state of complex hierarchical systems in conditions of uncertainty and risks characterized by a high
degree of complexity.

This research is a further development of researches aimed at developing method princi-
ples for increasing the efficiency of processing various types of data, which were published ear-
lier [2, 4-6, 21-23].

The directions of further research should be aimed at reducing computing costs when process-
ing various types of data in special purpose systems.

12 THEDEVELOPMENT OF A METHOD FOR ANALYZING AND FORECASTING THE STATE OF
MULTIDIMENSIONAL OBJECTS USING A METAHEURISTIC ALGORITHM

The Butterfly Swarm Algorithm (BSA) is based on the behavior of a swarm of butterflies in search
of food. As a rule, butterflies can determine the source of the aroma accurately and distinguish between
different aromas. Butterflies move from their place to other places with more nectar. Butterflies pro-
duce scent as they move to share their current location and personal information with other butterflies.

The inspiration and behavior of butterflies can in this research be formulated as an optimiza-
tion method, where butterflies represent search agents and produced aromas characterize the
value of optimization.

In BSA, butterfly agents (BA) can generate a scent/fitness value with some strength to distin-
guish it from other scents. This behavior can assist other BA in updating their position in the search
space. Once BA that finds the best nectar in the search space produces a scent, all neighboring BA
move to the best location for the BA. This kind of mechanism update is called a global search in BSA.

1
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On the other hand, BA will move randomly in the search space if the scents of other BA are de-
tected, known as local search.

The method of analyzing and forecasting the state of multidimensional objects using the meta-
heuristic algorithm consists of the following sequence of actions:

Step 1. Input of initial data. At this stage, the main parameters of the algorithm are deter-
mined, such as:

— the type of task being solved;

— the number of BA in the population;

— the number of variables characterizing the task of analysis and forecasting of multidimen-
sional objects to be solved;

— available computing resources of the system of analysis and forecasting of multidimensio-
nal objects;

— the complexity of multidimensional objects to be assessed,;

— the parameters of the improved genetic algorithm (selection parameters, mutations), the
number of individuals to be selected;

— the type of uncertainty about the state of multidimensional objects (complete uncertainty,
partial uncertainty and complete awareness);

— the volume and type of training sample for artificial neural networks;

— the volume and type of test sample for artificial neural networks;

— artificial neural network architecture, etc.

Step 2. Creation of a BA flock. Initialization of the primary (initial) BA population X (i=1, 2, ..., n)
takes place. All BAs form a population (flock), which is determined by the matrix X. The initial
population (flock) of BA in this research is generated taking into account the uncertainty about
the state of multidimensional objects based on the constraints of the problem under consider-
ation (analysis and/or prediction):

X, XpaXg o Xy Xy e X Xy,
X=X | =] XXy o XX oo Xexu oL (114)
»XNANXM _x,\,y1 X Xyg Xlyg - -« XypX lN’m_Nxm

where X is the matrix describing the BA population on the problem solving plane; X: is the i-th BA
that is a solution candidate; x; , is the d-th dimension of the multidimensional object in the solu-
tion search space; N is the number of BA in the population (flocks); m is the number of decision
variables describing the state of a multidimensional object.

12
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Step 3. Assigning a serial number to each BA in the flock, i, ie [0, S]. This step allows to
determine the parameters of finding a solution for each BA in the population.

Step 4. Setting the initial speed of each BA.

Initial speed for an individual BA v, is described by the following mathematical expression:

V= (Vy Voo Vg )V, = Vg (1.15)

The population update of each BA in this research is determined in order to determine the
balance between the two major procedures of exploration and exploitation. These procedures de-
fine the global and local search process. The process of updating the BA population is based on
the simulation of two strategies of the exploration phase and the exploitation phase.

Step 5. Selection of BA for solving tasks.

The suitability for solving tasks of each BA is determined in each iteration using the improved
genetic algorithm proposed in work [26] and comparing the obtained values with standardized
functions. The fitness of the BA in the search flock (row in the X matrix) is measured and compared
with the fitness of the rest of the BA (the other rows of the X matrix).

Step 6. Preliminary assessment of the BA search area. In this procedure, the search area in
natural language is determined precisely by the halo of BA existence, where butterflies live.

Step 7. Classification of nectar sources for BA.

The location of the best cluster of nectar sources for BA is considered to be (FS,,), which is
nearby and requires the least amount of energy to find and collect it. Let's denote the most distant
clusters of nectar sources as FS,,.

Other single sources of nectar will be denoted as FS,,:

FS,,=FS(sorte_index(0,7)), (1.16)
FS,,(1:3)=FS(sorte_index(1:4)), (1.17)
FS,,(1:NP-4) =FS(sorte_index(2: NP)). (1.18)

Step 8. Determining the intensity of the aroma of nectar sources.
The aroma intensity for BA is mathematically modeled as follows:

pf=cl’, (1.19)

where pf, is the aroma strength from the i-th BA; / is the stimulus intensity; c is the sensory mo-
dality; a is an indicator of the degree of dependence on the modality.

Step 9. Determination of the number of available computing resources of the system.

At this stage, the amount of computing resources available for calculations is determined. In ac-
cordance with the provisions outlined in Step 4, the concept of updating the BA provision is chosen.

13
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Step 10. Exploration of nectar sources (global search).
The location of each BA is represented as a vector of certain problem values. This BA location
can be updated by trying to find a better location using the following formula:

X = xE 4 B (1.20

where x' is the current position of BA / in iteration ¢; x'*" is the following position of the i-th BA;
F#*"is the fragrance x, used to update its position during iterations.
In the global search, the i-th BA moves to the strongest BA g*, which can be represented as:

Ff”:(rzxg*—xf)xpf,, (1.21

where ris a random number in the range [0, 1].

Step 11. Verification of hitting the global optimum. At this stage, the condition of the algorithm
hitting the global optimum is checked according to the defined criterion for assessing the state of
the multidimensional object.

Step 12. Global restart procedure.

The restart procedure can effectively improve the ability of the algorithm to go beyond the cur-
rent optimum and improve the exploratory ability of the algorithm. If the optimal population of the al-
gorithm remains unchanged after T iterations, the population is likely to fall into a local optimum. Thus,
the candidate solution will be initialized randomly to accelerate the departure from the global optimum.

Step 13. Nectar extraction phase (exploitation).

In the local search, the movement of BA updates can be formulated as follows:

Fot=(r® x Xt = x{ ) x pf, (1.23)

where xf and x; is the position of the j-th and k-th BA in the search area. A new parameter, called
the switching probability p, is used in BSA to switch the behavior of the algorithm between local and
global search to obtain the best balance between exploration and exploitation.

Step 14. Checking the stop criterion. The algorithm terminates if the maximum number of
iterations is completed. Otherwise, the behavior of generating new places and checking conditions
is repeated.

Step 15. Training of BA knowledge bases.

In this research, the learning method based on evolving artificial neural networks developed in
the research [2] is used to learn the knowledge bases of each BA. The method is used to change
the nature of movement of each BA, for more accurate analysis results in the future.

The end of algorithm.

This section analyzes the BA behavior in exploration and exploitation due to its significant
impact on the solution of analysis and forecasting tasks. The success of metaheuristics lies in their

14
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ability to achieve the best balance between exploration and exploitation. These two terms conflict
in their search behavior. At the research stage, the algorithm has a high ability to explore and
move through unexplored areas of the search space, while at the exploitation stage, the algorithm
processes focus on deep search in known areas of the search space.

To determine the effectiveness of the proposed method for analyzing and forecasting the state
of multidimensional objects using a metaheuristic algorithm, a simulation of its work was carried
out to solve the task of determining the composition of an operational grouping of troops (forces)
and elements of its operational construction in order to determine the expediency of regrouping
troops (forces).

The effectiveness of the method is compared with metaheuristic algorithms, using a set of
CEC2017 test functions listed in the Table 1.2. The criterion for assessing efficiency is the speed
of decision making (msec) with the given reliability of the evaluation (0.9).

@ Table 1.2 Comparison of the proposed method with other metaheuristic algorithms for a defined set
of test functions

. Algorithm Canonical
The type . Particle Ant colony B_a ok of a flock Beo hutterfly The
of test  Metrics swarm algorithm widow of gray swarm o proposed
functions algorithm algorithm wolves algorithm algorithm method
1 2 3 q 5 6 1 8 9

CEC Average 3.61E+09 7.21 E+07 3.54E+09 3.88E+09 7.98E+09 5.38E+09 2.36E+05
2017-F1 Standard 3.15E+09 1.21E+08 1.70E+09 2.37E+09 5.03E+08 3.18E+09 8.39E+04
CEC Average 8.46E+31 4.75E+29 3.91E+31 1.44E+35 3.21E+34 7.36E+34 1.97E+33
2017-F2 Standard 4.49E+32 2.54E+30 1.53E+32 5.49E+35 1.75E+35 3.95E+35 1.08E+34
CEC Average 1.57E+05 1.11E+05 5.58E+04 7.19E+04 6.82E+04 6.87E+04 2.12E+04
2017-F3 Standard 5.23E+04 3.72E+04 1.02E+04 1.46E+04 2.04E+04 1.46E+04 1.05E+04
CEC Average 8.33E+02 6.40E+02 1.02E+03 7.45E+02 1.22E+03 9.81E+02 6.99E+02
2017-F4 Standard 1.86E+02 5.06E+01 2.56E+02 1.57E+02 7.74E+02 4.35E+02 2.34E+02
CEC Average 7.35E+02 7.07E+02 7.19E+02 6.50E+02 6.72E+02 6.36E+02 6.37E+02
2017:F5 Standard 2.49E+01 3.09E+01 3.47E+01 4.17E+01 3.66E+01 4.20E+01 2.09E+01
CEC Average 6.57E+02 6.56E+02 6.38E+02 6.16E+02 6.32E+02 6.23E+02 6.08E+02
201778 Standard 1.1 IE+01 8.62E+00 1.03E+01 5.22E+(X) 1.01E+01 8.22E+00 6.15E+(K)
CEC Average 1.26E+03 1.14E+03 1.31E+03 9.24E+02 9.83E+02 9.26E+02 8.78E+02
2017-F7 Standard 7.14E+01 7.87E+01 1.30E+02 8.40E+01 5.10E+01 5.80E+01 3.01E+01
CEC Average 9.65E+02 9.63E+02 1.00E+03 8.30E+02 9.48E+02 9.18E+02 9.00E+02
201778 Standard 1.82E+01 2.78E+01 3.37E+01 4.64E+01 2.80E+01 2.67E+01 1.97E+01
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@ Continuation of Table 1.2

1 2 3 a 5 6 7 8 9

CEC  Average B.82E+03 6.16E+03 B.71E+03 3556+ 03 5.40E+03 4.06E+03 3.18E+03
20178 giandard 1.80E+03 9.63E+02 1.33E+03 1.36E+03 1.53E+03 1.54E+03 7.41E+02
CEC  Average 7.54E+03 5.19E+03 8.27E+03 490E+03 4.64E+03 4.74E+03 3.526+03
2017F10 o ndard 4.70E+02 7.04E+02 3.056-+02 1.46E+03 1.15E+03 1.59E+03 6.20E+02
CEC  Average 3.48E+03 2.53E+03 2.00F+03 6.68E+03 8.37E+03 1.19E+04 131E-+03
201711 iandard 1.35E+03 1.10E+03 9.02F+02 4.18E+03 4.34E+03 6.41E+03 1.88E+02
CEC  Average 1.80E+09 7.55E+07 1.62E+09 1.16E+09 5.92E+08 5.87E+07 G.ITE+0T
2017-F12 ot ondard 9.48E+08 3.90E+07 9.40F-+08 6.26E+08 1.96E+09 8.65E-+07 5.88E+07
CEC  Average 7.05E+07 2.18E+04 1.15E+08 8.356+07 4.58E+04 8.45E+04 7.63E+04
2017-F13 i ondard 1.39E+08 2.43E+04 1.36E-+-08 2.11E+-08 4.80E+04 6.50E-+04 7.05E+04
CEC  Average 3.0BE+06 3.07E+05 1.10E+06 1.04E+06 4.25E+05 5.37E+05 3.55E+05
2017-F14 o ondard 4.63E+06 3.06E+05 1.07E+06 1.07E+06 5.26E+05 5.94E+05 3.426+05
CEC  Average B.43E+03 281E+05 1.056+06 2.085+05 2.96E+04 4.87E+04 5.04E+04
2017F15 o ndard 3.08E+03 1576405 1.10E+06 1.28E+05 2.27E+04 4.26E+04 5.56E+04
CEC  Average 3.60E+03 3.56E+03 4.12E+03 3.86E+03 3.02E+03 3.05E+03 3.19E+03
2017F16 o ndard 4.40E+02 1.90E+02 8.06E+02 5.61E+02 4.96E+02 4.26E+02 4.50E+02
CEC  Average 2.82E+03 2.58E+03 2.90F-+03 3.04E+03 2.79E+03 2.34E+03 2.67E+03
2017F17 g ndand 2.71E+02 1656402 3.626-+02 3.13E+02 3.04E4+02 1.97E+02 3.08E+02
CEC  Average 4.28E+0B 4.65E+06 3.70E+07 1.156+07 1.61E+06 1.84E-+06 1.83E-+06
2017F18 o dard 3.99E+06 2.506+06 4.64E+07 8.95E+06 1.44E+06 1.40E+06 1.56E+06
CEC  Average 9.03E+05 3.77E+03 2.12E+07 7.526+06 3.31E+05 1.30E+05 4.71E+05
20V7-F19 i andard 1.08E+06 2.05E+03 1.84E+07 5.426+06 9.21E+05 2.12E+05 5.42E+05
CEC  Average 3.96E+03 2.99E+03 2.94E+03 2.966+03 3.00E+03 2.85E+03 2.79E+03
2017-F20 1 ondard 2.50E+02 1.10E+02 2.03F+02 1.99E+02 2.47E+02 2.11E+02 1.86E+02
CEC  Average 2.20E+03 2.20E+03 2.20F+03 2.20E+03 2.20E+03 2.20E+03 2.20E+03
2017F21 giandard 1.60E+00 325606 2.98E-02 1.15E+00 1.49E-01 5.43E-03 1.26E-03
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As it can be seen from the Tahle 1.2, increasing the efficiency of assessing the state of
hierarchical systems is achieved at the level of 14—16 % due to the use of additional procedures.

The method converges to the true value for most unimodal functions with the fastest conver-
gence speed and the highest accuracy, while the convergence results of the black widow algorithm
are far from satisfactory.

16



1 SCIENTIFIC METHOD APPARATUS FOR INTELLECTUAL ASSESSMENT OF THE STATE OF COMPLEX SYSTEMS

The advantages of the proposed method are due to the following:

— the initial display of BA on the plane of multidimensional objects is carried out taking into
account the type of uncertainty (Step 2) due to the use of appropriate correction coefficients for
the degree of awareness of the location of nectar sources (in our case, priority search directions),
in comparison with works [9, 14, 211;

— adjusting the initial speed of the BA (Step 4) allows to determine the priority of the search,
in comparison with works [9-15];

— the suitability of BA nectar collection sites is determined, which reduces the time for as-
sessing the state of multidimensional objects (Step 6), in comparison with works [14, 16, 171;

— the presence of the possibility of global restart of the algorithm, which enables the algo-
rithm to go beyond the current optimum and improve the algorithm's research ability (Step 11),
which reduces the time needed to assess the state of multidimensional objects, compared
to works [9-15];

— the universality of solving the task of assessing the state of hierarchical BA systems due
to the hierarchical nature of their description (Steps 1-15, Tahle 1.2), in comparison with
works [9, 12-18];

— the possibility of simultaneously searching for a solution in different directions (Steps 1-15,
Tahle 1.2);

— the adequacy of the obtained results (Steps 1-15), in comparison with works [9-23];

— the possibility of clarification at the stage of collecting nectar clusters (Step 12) due to the
ranking of nectar sources by the level of stimulus intensity, in comparison with works [9, 12-18];

— an improved possibility of selecting the best BA in comparison with traditional selection due
to the use of an improved genetic algorithm (Step 5), in comparison with works [9-15];

— the ability to avoid the local extremum problem (Steps 1-15);

— the possibility of in-depth learning of BA knowledge bases (Step 15), in comparison with
works [9-23].

The disadvantages of the proposed method of approach should include:

— lower accuracy of finding solutions in one direction due to gradient search;

— the loss of credibility of the obtained solutions while searching for a solution in several
directions at the same time;

— lower accuracy of assessment compared to other assessment approaches.

This method will allow:

— to assess the condition of multidimensional objects;

— to determine effective measures to improve the efficiency of assessment of the state of
multidimensional abjects while maintaining the given reliability;

— to reduce the use of computing resources of decision-making support systems.

The limitations of the research are the need to have an initial database on the state of multi-
dimensional objects, the need to take into account the delay time for collection and proving infor-
mation from intelligence sources.
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1.3 DEVELOPMENT OF A METHOD OF INCREASING THE RELIABILITY OF THE ASSESSMENT OF
THE OBJECT STATE

The Rete Il method [5, 10, 11] was chosen as the basis for the development of the method
of increasing the reliability of the assessment of the object state. Despite the advantages of the
Rete Il method, including such as increased performance of processing various types of data,
the presence of a reverse inference algorithm, the main disadvantages of this method are:

— the work only with clear products;

— low speed of setting up databases;

— compared to other methods, the reliability of the assessment is low, which does not allow
it to be used in the processing of various types of data that require a high degree of reliability of
decision making.

The essence of the proposed method is the following:

— construction of an object model for the assessment of the object state;

— adjusting the neuro-fuzzy knowledge base by several bio-inspired algorithms and combining
the results of parallel work of bio-inspired algorithms using the Merge function;

— construction of a relational model of object state assessment.

Due to this set of procedures, an increase in the reliability of the assessment of the object
state is achieved.

The algorithm for the implementation of the proposed method of increasing the reliability of the
assessment of the object state consists of the following sequence of actions:

Step 1. Input of initial data.

At this stage, the initial data about the object to be assessed is entered. The starting point about
the degree of uncertainty about the object state is determined. The initial data for the work of bio-in-
spired algorithms are determined, the reliability parameters of the research object are introduced.

Step 2. Formation of the object model.

A formal object model using neuro-fuzzy expert systems has the following form:

1P} = {Rule, }, (1.24)

where Rule is a set of rules characterizing the object model of the specified analysis object.
Each Rule is described as follows:

Rule,=<C —§5>, (1.25)

where C is the condition of each rule of the object model, S is the consequence for each rule of
the object model.

For this type of object model, it is necessary to correctly present the grammatical struc-
ture of the rules with various types of nested conditions. For this purpose, it is proposed to use
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a recursive mechanism for describing the nodes and terminal vertices of the rule condition tree.
In expression (1.25), Cis described as:

C=<C.,RC. > (1.26)

where C, is the left node of the condition of each rule of the object model; A is the relationship
between the nodes of each rule of the object model; C, is the right node of the condition of each
rule of the object model. Then, let's consider the given parameters:

¢, = Fc INulllc, (1.27)
C.=FfC,

NulC, (1.28)

where FC, is the left terminal triple of the condition of each rule of the object model; FC. is the right
final triple of the condition of each rule of the object model. The expressions (1.27) and (1.28) al-
low to describe the conditions of each rule of the object model with a different degree of hierarchy:

FC, =< LZW>, (1.29)
FC.=<LZW >, (1.30)
where L is a linguistic variable of the object model; Z is a condition sign Z = {<,>,<=,>=,=,! =};

W'is the condition value of the object model, which is determined as follows (1.31):

w=L|v. (1.31)

where L is a linguistic variable of the object model; V is some fixed value (1.32):

V =T||const, (1.32)

where T is the value of the fuzzy variable from the term-sets of the linguistic variable, const is
a constant. The given set of mathematical expressions (1.24)—(1.31) allows the use of not only
linguistic variables, but also classical variables.

Similarly to parameter C of the object model, parameter S is defined as a consequence of the
rule of the object model:

S=<S.RS. >, (1.33)

where S, is the left node of the consequence of the rule of the object model; R is the relationship
between the nodes of the consequence of the rule; 5, is the right node of the consequence of the
rule of the object model:
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S, = FS,[Null]S, (1.34)

S. = FS, |Nulls, (1.35)

where F5, is the left terminal triplet of the consequence of the rule of the object model; FS, is the
right final triple of the consequence of the rule of the object model. Formulas (1.34) and (1.35)
allow to describe consequences with different degrees of hierarchy:

FS =< L0pW>, (1.36)

FS, =<L0pW>, (1.37)

where L is a linguistic variable of the object model; Op is the type of operation, Op = {::}; W is the
value of the consequence of the object model.

Step 3. Setting up a neuro-fuzzy knowledge base and combining the results of their work.

At this stage, the results of parallel work of bio-inspired algorithms are combined using the
Merge function.

The function element-by-element compares two binary vectors from the outputs of two bio-in-
spired algorithms is the bat swarm algorithm and the frog swarm algorithm.

Under the condition that the value of the element at the same position coincides, the given va-
lue will be written to this position in the resulting vector. Otherwise, a random number is generated
from the interval from 0 to 1 [14-20].

If the value is less than or equal to 0.5, then the corresponding position of the new vector is
written by the element from the worst vector. Otherwise, an element from a better vector will be
displayed at this location.

Thus, the merge function can be given as follows:

S =5,=8y I8, =5
: if 5,, # 5, and rand < 0.5; (1.38)
5 =5, if 5, #5, and rand > 0.5,

1

merge(5,.5,) =145’ =5,

where rand is a random, uniformly distributed number, rand e [0;1].

Step 4. Construction of a relational model of object state assessment.

Construction of a relational model of object state assessment in this research is based on the
Gray relational analysis (GRA) method. This approach is one of the approaches to multi-criteria
analysis, which is used to assess alternatives based on a number of different criteria. This method
is used to measure the level of relationship between existing alternatives by calculating the Gray's
correlation coefficient (Gray's relational coefficient). The stages of completion by the GRA method
are as follows.
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Step 4.1. Normalization of relational model data.
Normalization is used to transform data into a single scale that allows better comparison of
different variables. The normalization equation in GRA is as follows:
X=X

X —L—m (1.39)
o Xmax _Xmin

Step 4.2. Formation of the matrix of relational analysis of Gray.
After data normalization, the result of the normalization matrix is the relational analysis of the
Gray matrix, namely:

G=|: . | (1.40)

where G is the result of the data normalization matrix; m is an existing alternative; n is the existing
criterion; x; is a normalization in the measurement of alternatives.

Step 4.3. Multiplying the GRA matrix by weights.

The next step is to determine the relative weight for each variable. This weight reflects the level of
importance of each variable in the GRA analysis. In addition, the GRA method is to give each criterion

a weighting that relates to the level of importance of the criterion. Below is the formula for calculations:

V=g w (1.4

[avh

Thus, the following results of the weighted normalization matrix can be formed:
v=l : (1.42)

Step 4.4. Calculating the value of Gray relational analysis.
In this step, the Gray ratio value is calculated for each variable based on the Gray ratio matrix
and the relative weights that were determined using the following equation:

GRE= SV, (143)
n<

where GRG, is the value of the Gray ratio (GRG) of the i-th variable to the reference variable.
The end of the algorithm.
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To determine the effectiveness of the proposed method of increasing the reliability of the
assessment of the object state, a simulation of its work was carried out to solve the task of
determining the composition of the operational grouping of troops (forces) and the elements of its
operational construction in order to determine the feasibility of regrouping troops (forces).

The following linguistic variables were used to solve the problem:

1. Types of radio emitting devices (RED): The range of permissible values: radio communication
devices, radio relay devices, satellite communication devices, air monitoring devices (radar detec-
tion devices); devices of radio-electronic countermeasures:

RED="Types of radio emitting devices"= {"brigade tactical group", "operational grouping of
troops (forces)", "strategic grouping of troops (forces)"}.
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2. The types of organizational and staff formations: Range of permissible values: 0+1:

OSF="Types of organizational and staff formations"= {"brigade tactical groups", "operational
groupings of troops (forces)", "strategic groupings of troops (forces)"}.

3. The types of control points: Range of permissible values: 0+1:

U]

CP="Types of control points"={"control points of brigade tactical groups", "control points of

"wen

operational groups of troaps (forces)", "control points of strategic groups of troops (forces)"}.
4. The availability of fortifications: The range of permissible values: 0+1:

F="Availability of fortifications" = {"Fortifications of the first tier", "Fortifications of the first
and second tiers", "Fortifications of the first to third tiers"}.

5. The availability of reserves: Range of permissible values: 0+1:

AR="Availability of reserves"= {"reserve brigade tactical group", "two reserve brigade tacti-

U}

cal groups”, "reserve operational group"}.
6. The operation type: The range of permissible values: 0+1:
TO="0peration type"={" defensive", "offensive", "counter-offensive"}.

7. The activity of actions in the specified direction: The range of permissible values: 0+1:

AA="Activity of actions in the specified direction"= {"low", "medium", "high"}.

22



1 SCIENTIFIC METHOD APPARATUS FOR INTELLECTUAL ASSESSMENT OF THE STATE OF COMPLEX SYSTEMS

8. The uncertainty of operational situation: The range of permissible values: complete uncer-
tainty + complete awareness:

UN="Uncertainty of operational situation"= {"Complete uncertainty", "partial uncertainty",

"full awareness"}.

To simplify further writing, let's denote the vague variables "zero" is "Z", "low" is "L", "normal"
IS IINII, Ilhighll IS IIHII.

The membership functions given in the example for the analysis of the operational situation are
presented in the specified form according to the formula:

CHAPTER 1

1) (CP="H"] and (OSF="H") and (UN="H"] and (AR="L"] — (REZ="H"],

81) (CP="L") and (OSF="L"] and (UN="L"] and (AR="H"] — (REZ="L"],
82) (F="L") and (AA="L") and (UN="H") and (AR="H") — (REZ="N"),

108) (SC="L") and (OSF="L"] and (UN="H") and (CP="L")— (REZ = "N").

In this example, only a separate part of the rule base of the neuro-fuzzy expert system is given.
In the main base of rules there are rules not only with connections of conditions with the help of
T-norms, but also with the help of T-conorms and with negations of conditions.

In the worst case, to find a solution, the system should check all the rules contained in the rule
base. Thus, it is necessary to check 617 conditions and calculate 315 T-norm operations.

The reliability score for the rule bases (RBf) is given in Tahle 1.3.

The classic Rete II, Treat and Leaps method and the proposed method [10-12] were used to
compare the reliability of the assessment.

This table clearly shows that the application of the modified Rete Il method is justified for rule
bases containing a large number of rules and a relatively small number of linguistic variables. In this
case, the modified Rete method allows the reliability of information processing to be almost twice
that of a fuzzy expert system, and by 20—-25 % compared to the classic Rete method.

The research of the developed method showed that the specified method provides an average
of 20 % higher reliahility of obtaining an estimate (Tahle 1.3).

The advantages of the proposed method are the following:

— the possibility of increasing the reliability of the assessment of the object state due to the
parallel use of two bio-inspired algorithms, in comparison with works [9, 12, 19];

— taking into account the degree of awareness of the object state, due to the application of
correction coefficients for the degree of awareness, in comparison with works [9—151;
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—the construction of both object and relational models, which makes it possible to increase the
reliability of the assessment of the objects state, in comparison with works [9-151;

— the possibility of combining the results of the work of bio-inspired algorithms, which makes
it possible to mutually check the correctness of the work of each of the algorithms in comparison
with works [14, 16, 171;

— universality of solving the task of assessing the condition of objects with different de-
grees due to the hierarchical nature of their description (Steps 1-4, Tahle 1.3), in comparison
with works [9, 12-18];

— the possibility of simultaneously searching for a solution in different directions (Steps 1-4,
Tahle 1.3);

— the adequacy of the obtained results (Steps 1-4), in comparison with works [9-18].
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@ Table 1.3 The value of reliability estimates
n m k

av t., s Spatetl Zreat Zleaps Z o Rete I
RB1 20 9 12 5 B 0.7 0.68 0.77 0.89
RB2 200 9 12 5 6 0.76 0.67 0.75 0.85
RB3 400 9 12 5 B 0.65 0.67 0.77 0.88
RB4 600 9 12 5 6 0.66 0.69 0.8 0.87
RB5S 20 9 12 5 6 0.69 0.7 0.76 0.87
RB6 200 9 12 9 6 0.68 0.7 0.72 0.88
RB7 400 9 12 9 6 0.69 0.67 0.74 0.89
RB8 600 9 12 9 6 0.7 0.66 0.77 0.95
RBY 20 9 12 5 6 0.66 0.7 0.75 0.92
RB10 200 9 12 5 6 0.67 0.72 0.78 0.93
RB11 400 9 12 5 6 0.64 0.7 0.73 0.97
RB12 600 9 12 B 6 0.67 0.73 0.76 0.98
RB13 20 9 12 5 6 0.6 0.69 0.74 0.92
RB14 200 9 12 5 6 0.74 0.73 0.75 0.94
RB15 400 9 12 5 B 0.69 0.7 0.76 0.96
RB16 600 9 12 S B 0.7 0.69 0.78 0.97

The disadvantages of the proposed approach method should include: increased computational
complexity due to the construction of two types of models — object and relational, as well as the
operation of two bio-inspired algorithms.

This method will allow:

— to carry out an assessment of the objects state with a given degree of reliability;

— to determine effective measures to increase the reliability of the assessment of the objects
state while maintaining the specified efficiency.
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The limitations of the research are the need to have an initial database on the objects state,
the need to take into account the delay time for collection and proving information from intelli-
gence sources.

The proposed method should be used to solve the problems of assessing the state of multidi-
mensional objects in conditions of uncertainty and risks, which are characterized by high require-
ments for the reliability of the obtained data.

This research is a further development of researches aimed at developing method princi-
ples for increasing the efficiency of processing various types of data, which were published
earlier [2, 4-6, 20].

The directions of further research should be aimed at reducing computing costs while process-
ing various types of data in special purpose systems.

CONCLUSIONS

1. The procedures for implementing a method approach to assessing the state of complex
hierarchical systems have been defined, thanks to additional and improved procedures that allow:

— to take into account the type of uncertainty and noise;

— to implement adaptive strategies for finding sources of ALA hunting;

— to determine the hunting strategy, taking into account the available computing resources of
the system and the priority of the assessment;

— to take into account the available computing resources of the decision-making support system;

— to change the search area by individual ALA,;

— to change the speed of the ALA in the specified search direction;

— to carry out the initial issuance of ALA, taking into account the type of uncertainty;

—to conduct a local and global search taking into account the degree of uncertainty and noisy data;

— to conduct training of knowledge bases, which is carried out by training the synaptic
weights of the artificial neural network, the type and parameters of the membership function,
as well as the architecture of individual elements and the architecture of the artificial neural
network as a whole;

— to perform classification of ant nests according to the priority of assessment;

— to adjust the route of the ALA attack by ranking ant nests according to the level of ant
pheromones;

— to avoid the problem of local extremum.

2. An example of the use of the proposed method approach has been provided, using the exam-
ple of solving the task of determining the composition of an operational group of troops (forces)
and elements of its operational construction. The specified example showed an increase in the
effectiveness of the assessment of the state of hierarchical systems at the level of 22—25 % due
to the use of additional improved procedures.
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3. The procedures for the analysis and forecasting of the state of multidimensional objects
using a metaheuristic algorithm are defined, which allows:

— to take into account available information on the state of multidimensional objects that
determine awareness of their state;

— to implement various strategies for finding sources of nectar for BA;

— to determine the BA nectar extraction strategy taking into account the available computing
resources of the system and the priority of the assessment;

— to change the search area by individual BA;

— to change the speed of BA movement in the specified search direction;

— to carry out the initial exposure of BA taking into account the type of uncertainty;

— to conduct a local and global search taking into account the degree of uncertainty;

— to conduct training of knowledge bases, which is carried out by training the synaptic
weights of the artificial neural network, the type and parameters of the membership function,
as well as the architecture of individual elements and the architecture of the artificial neural
network as a whole;

— to classify nectar clusters according to the priority of assessment;

— to adjust the BA nectar collection route due to the ranking of nectar accumulations by the
level stimulus;

— to avoid the problem of local extremum.

4. An example of the use of the proposed method was provided, on the example of solving the
task of determining the composition of an operational group of troops (forces) and elements of
its operational construction. The specified example showed an increase in the effectiveness of the
operational efficiency of the state assessment of multidimensional objects at the level of 14-16 %
due to the use of additional improved procedures.

9. The procedures of the method of increasing the reliability of the assessment of the object
state have been determined, which allows:

— to increase the reliability of the assessment of the object state due to the parallel use of
two bio-inspired algorithms;

— to take into account the degree of awareness of the object state due to the application of
correction coefficients for the degree of awareness;

— to build both object and relational madels, which allows to increase the reliability of the
assessment of the objects state;

— to combine the results of the work of bio-inspired algorithms, which makes it possible to
mutually verify the correctness of the work of each of the algorithms;

— to obtain the universal solution to the task of assessing the objects state with different
degrees due to the hierarchical nature of their description;

— to carry out a simultaneous search for a solution in different directions.

6. An example of the use of the proposed method was provided on the example of solving the
task of determining the composition of an operational group of troops (forces) and elements of its

26
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operational construction. The specified example showed an increase in the reliability of the state
assessment of objects on average by 20 % due to the use of additional improved procedures.
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