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The object of this study is the logistics operations of a motor
transport company. The task addressed is to improve the effective-
ness of assessing the state of efficiency in managing logistics activi-
ties of motor vehicle enterprises, regardless of the level of hierarchy
of the motor vehicle enterprise. Underlying the research is the game
chaos algorithm (GCA) applied for assessing the state of efficiency
in managing the logistics operations of motor transport enterprises.
FEovolving artificial neural networks are used to train GCA.

A comprehensive model for assessing the effectiveness of the oper-
ation of logistics activities of motor transport enterprises was built.

The model is proposed to be used in the operational manage-
ment of logistics activities of motor transport enterprises. In addi-
tion, the model built allows for the following:

— assessing possible risks of disrupting the task of providing
goods and services in organizations and organizational networks;

— determining the influence of performance evaluation indica-
tors of the logistic support system in organizations and organiza-
tional networks on each other;

— establishing the influence of a group of indicators for evaluat-
ing the effectiveness of logistics support in organizations and orga-
nizational networks on a separate indicator.

The study also proposes a method for evaluating the effective-
ness of managing logistics activities of motor transport enterprises.
The originality of the method is that it makes it possible to avoid
hitting the global and local optimum due to additional improved
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procedures based on the use of game chaos theory.

due to the use of additional improved procedures
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The simulation results showed an increase in the effectiveness
of assessing the operational efficiency of the management of logis-
tics activities of motor transport enterprises at the level of 14-16 %
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1. Introduction

The functioning of modern logistics systems in organi-
zations and organizational networks requires achieving the
maximum level of efficiency of logistics activities in order to
increase competitive advantages in the market [1].

Logistics systems must devise effective operation strate-
gies that would integrate all aspects of their activity, related
to taking into account the influence of external and internal
factors, as well as possible risks [2]. In the operation strate-
gies of many logistics systems of organizations and organi-
zational networks, there should be a reorientation from the
use of the general economic effect to a purposeful innovative
strategy using a logistics approach [3].

Practically in all sectors of the economy there is an inter-
play between competitive positions, innovative potential, and
the efficiency of logistics systems (LSs) [4]. Increasing the
efficiency of LS can be achieved by reducing costs, improving
product quality, applying innovations, producing new com-
petitive products, and rendering high-level services [5].

Under such conditions, it is necessary to change the pro-
visions of existing approaches to logistics activity [6]. This,
in turn, requires the use of a modern and proven mathemati-
cal apparatus for managing the logistics operations of motor
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transport enterprises, which is capable of processing a large
array of various types of data with a predefined reliability
over a short period of time [7].

The existing approaches to the management of logistics
systems in organizations and organizational networks are
narrowly focused and aimed at researching only certain is-
sues and do not allow for the following [1-7]:

— comprehensively and in a short time to identify and assess
the risks of non-fulfillment of tasks for the provision of goods
and services of logistics activities of motor transport enterprises;

— to process various types of data with different units of
measurement, different in origin and sources of information;

— to identify new and unusual risks of not fulfilling the
task of fulfilling the functions of logistical support of motor
transport enterprises;

— to comprehensively assess the impact of indicators for
evaluating the effectiveness of logistics systems in organiza-
tions and organizational networks;

— evaluation of the impact of a group of indicators on
a separate indicator of the effectiveness of the functioning of
logistics systems in organizations and organizational networks.

Therefore, research on devising new approaches for eva-
luating the effectiveness of managing logistics activities of
motor transport enterprises is relevant.




2. Literature review and problem statement

The concept of portfolio-oriented management is pro-
posed in works [1, 2]. It was established that the achievement
of the balance of homogeneous organizational structural
units, their functioning and development, regardless of the
type of organizational structure used, can be effectively en-
sured through the application of methodological portfolio
management approaches by enterprises. Among the short-
comings of the concept is the difficulty of taking into account
multidimensional conditions and factors that are different in
units of measurement and origin.

In [3], the hierarchical distributed model of the organi-
zational structure of the distribution logistics management
system was further developed through the synthesis of in-
ter-organizational and inter-functional coordination models,
which became the basis for finding a constructive solution
in organizational logistics management systems. At the same
time, in the specified model, there is no possibility of adjust-
ing the indicators of the evaluation system of the organiza-
tional management system of distribution logistics.

In work [5] it was established that the system of controlling
transport and logistics services acts as a mechanism for coor-
dinating and ensuring the interrelationships and interdepen-
dence of information flows between the levels and subsystems
of the management of the transport and logistics system of the
enterprise. This mechanism is based on a graph model describ-
ing the relationships between conditions and factors affecting
the system of controlling transport and logistics services.

Paper [6] proposed a model of network consulting com-
munication at the early stages of entrepreneurship. Among
the shortcomings of the specified model is the lack of an
opportunity to learn knowledge bases about the consulting
communication of the enterprise.

In [7], a comparative evaluation of the performance of
algorithms of the machine learning ensemble for forecasting
cryptocurrency prices was carried out. The advantages and
disadvantages of machine learning mechanisms for predicting
cryptocurrency prices are given.

In work [8], the process of public management of the de-
velopment of railway transport was decomposed on the basis of
a systemic approach. This process is based on a structural-hierar-
chical approach. Among the shortcomings of the mentioned
approach is the lack of possibility to adjust the conditions and
factors that may appear during the management process.

Our review of the literature [1-8] demonstrated that
each conventional model has advantages and disadvantages,
and with regard to innovative models, there is a lack of suf-
ficient practical experience in their application to confirm
their effectiveness.

Further research may focus on the following:

— designing schemes for combining organizational struc-
tures, their additional modifications in order to build the most
optimal structure with the allocation of key management func-
tions for the implementation of tactical and strategic tasks;

—reduction of organizational levels of management to
ensure greater flexibility of management;

— the development of virtual structures in the logistics
management system and the replacement of the formalized
hierarchy in the management organizational structures of the
informal electronic network;

— integrated logistics management without aggregating
functions into formal organizational units;

— building intelligent logistics management structures;

— development of clusters as an organizational form of
logistics and supply chain management.

This determines the relevance of analyzing the mathe-
matical apparatus based on the use of the theory of artificial
intelligence.

In [9], the main advantages and disadvantages of cognitive
algorithms are defined. The disadvantages of these approaches
include the lack of consideration of the type of uncertainty,
the inability to search in different directions by several agents.

Work [10] reports an approach focused on the search for
hidden information in large data sets. The method is based on
analytical baselines, variable reduction, sparse feature detec-
tion, and rule formation. The disadvantages of this method
include the impossibility of taking into account different
decision-making strategies, the lack of consideration of the
type of uncertainty of the initial data.

Studies [11, 12] present an approach to the transformation
of information models of objects to their equivalent structural
models. This mechanism is designed to automate the necessary
conversion, modification, and addition operations during such
information exchange. The disadvantages of the approach
include the impossibility of assessing the adequacy and reli-
ability of the information transformation process, as well as the
appropriate correction of the obtained models.

Work [13] proposed a method of fuzzy hierarchical eva-
luation, which makes it possible to evaluate the quality of
library services. The disadvantages of the specified method
include the impossibility of assessing the adequacy and re-
liability of the assessment and, accordingly, determining the
assessment error.

Work [14] analyzed 30 of the most common Big-data
algorithms. It has been established that the analysis of large
data sets should be carried out in layers, take place in real
time, and have the opportunity for self-learning, finding
a solution in different directions and taking into account the
noisy nature of the data.

Studies [15, 16] present approaches to the evaluation of
various types of data for support and decision-making sys-
tems, based on the clustering of the basic set of input data, af-
ter which the system is trained based on the analysis. However,
taking into account the static nature of the architecture of
artificial neural networks, there is an accumulation of errors.

In [17], a comparative analysis of existing decision sup-
port technologies was carried out, namely: the method of ana-
lyzing hierarchies, neural networks, the theory of fuzzy sets,
genetic algorithms, and neuro-fuzzy modeling. The advan-
tages and disadvantages of these approaches were indicated.
For tasks of assessing the state of hierarchical systems under
conditions of risk and uncertainty, the use of the theory of
artificial neural networks and gradient algorithms is justified.

Approaches to the structural-target analysis of the deve-
lopment of weakly structured systems were devised in [18].
At the same time, the problem is defined as the non-comp-
liance of the existing state of the weakly structured system
with the required one. In this case, the disadvantages of the
proposed approaches include the problem of the local opti-
mum, the lack of consideration of the computing resources
of the system, as well as the inability to conduct a search in
several directions.

Our review of the literature [9-20] revealed that the
common shortcomings of the above studies are as follows:

—no possibility of hierarchical processing of various
types of data when evaluating the effectiveness of manage-
ment of logistics activities of motor transport enterprises;



— the absence of the possibility of additional involvement
of the necessary computing resources of the system when
evaluating the effectiveness of the management of logistics
activities of motor transport enterprises;

— failure to take into account the type of uncertainty and
noisy data about information that circulates in the system
of managing the logistics activities of motor transport en-
terprises;

— lack of mechanisms for in-depth learning of the know-
ledge bases of the logistics management system of motor
transport enterprises;

— lack of prioritization of search in a certain direction un-
der the management of logistics activities of motor transport
enterprises.

3. The aim and objectives of the study

The purpose of our study is to devise a method for eva-
luating the effectiveness of managing logistics operations at
motor transport enterprises. This will make it possible to in-
crease the efficiency of assessing the state of logistic activity
of motor transport enterprises with a given reliability and
the development of subsequent management decisions. This
will make it possible to develop software for intelligent de-
cision support systems for managing the logistics operations
of motor transport enterprises.

To achieve the goal, the following tasks were set:

—to build a model for evaluating the effectiveness of
the operation of logistics activities of motor transport en-
terprises;

— to define the procedures for implementing a method for
evaluating the effectiveness of managing logistics operations
of motor transport enterprises.

4. The study materials and methods

The object of our study is the logistics activity of a motor
transport company. The task addressed is to increase the
effectiveness of assessing the state of efficiency of managing
logistics operations of motor vehicle enterprises, regardless
of the level of hierarchy of the motor vehicle enterprise. The
subject of the study is the process of assessing the state of the
logistic activity of motor transport enterprises using an ad-
vanced metaheuristic algorithm based on the theory of chaos,
as well as evolving artificial neural networks.

The hypothesis of the study assumes the possibility of
increasing the efficiency of assessing the state of manage-
ment of logistics activities of motor transport enterprises
while ensuring the predefined reliability of assessment at the
level of 0.9.

The proposed method was simulated in the Mathcad 14
software environment (USA). The hardware of the research
process is AMD Ryzen 5.

The basis of the research is the game chaos algorithm (GCA)
for assessing the state of efficiency in managing the logistics
operations of motor transport enterprises. Artificial neural net-
works that evolve are used to train GCA. The GCA optimizer
is used in this study due to the fact that bio-inspired algorithms
easily fall into the local optimum and reduce the convergence
speed due to the adjustment of the speed of the algorithms.
Evolving artificial neural networks make it possible to train not
only parameters but also system architecture.

3. Devising a method for evaluating the effectiveness
of managing logistics operations of motor transport
enterprises

5. 1. Construction of a comprehensive model for evaluat-
ing the effectiveness of managing logistics operations of
motor transport enterprises

In order to evaluate the effectiveness of logistics ope-
rations in motor transport enterprises, it is necessary to
take into account external and internal factors; in addition,
drivers related to both internal and external factors deserve
special attention (Table 1).

Analysis of Table 1 allows us to conclude that the state
of operation of motor transport enterprises is characterized
by different units of measurement and origin (dimensionless,
relative, numerical, verbal). One possible approach is to use
the theory of artificial intelligence, namely its separate com-
ponent — fuzzy cognitive models.

For this purpose, the study proposed an appropriate
model of comprehensive assessment of the logistics activity
of motor transport enterprises with an algorithm for calcu-
lating the effectiveness of functioning of the logistic activity
of motor transport enterprises.

The complex mathematical model for evaluating the effec-
tiveness of the operation of logistics activities of motor trans-
port enterprises can be represented in the following form:

Siu=<{IF}, {OF}, {MF}, M>, ¢))

where M is the goal of managing the logistics activities of motor

transport enterprises; {IF} — internal environment of logistics

activities of motor transport enterprises S,; {OF } — external en-

vironment of logistics activities of motor transport enterprises;

{MF} — factors that refer to both external and internal factors.
Expression (1) for the dynamic system:

vee{l,...T,..}S, =
SPE ((91,1 (31(#1)’-"’35[74))’(91,1\7 (3%71)“"’35\[;14\7))) X1y,

— -I (— -y
_ sg)Fz((sz(sf‘ ”,...,sft ’)),(pzvN(sg, ”,...,sgf, )))XLZ, @

SE\[/)FN ((PNJ (Sl(H)v"-’ SfI_LKV])“PN,N (8%_1)"'-’35\[/4%))) Xlys

where § is a multidimensional time series characterizing the
change in the state of operation of the logistic activity of motor
transport enterprises; S, = (sf‘),sg’),..,sf\})) — a time slice of the
state of logistics activity of motor transport enterprises repre-
sented in the form of a multidimensional time series at the ¢-th
time point; 5§ — value of the j-th component of the multidi-
mensional time series at the #-th time point, which characte-
rizes the change in the state of the logistics activity of motor
transport enterprises; Li/ — maximum value of the time delay of
the i-th component relative to the j-th, which characterizes the
value of the efficiency of information processing, in relation to
the state of logistics activities of motor transport enterprises;
@;; — operator for taking into account the interaction between
the i-th and j-th components of the multidimensional time se-
ries; Fy — transformation to obtain s, i=1,.., N; N'is the num-
ber of components of a multidimensional time series; 1 is an
operator for taking into account the degree of awareness of

the state of logistics activity of motor transport enterprises.



Table 1

Factors affecting the operational efficiency of logistics activities of motor transport enterprises

External environment factors {OF}

External | Suppliers Conditions offered by suppliers
environmen- | Competitors Availability of similar services, their quality and cost
talf ?Ctors Consumers Consumer demand and requirements
i(r)lﬂulgzlccte Intermediaries Quality and cost of outsourcing services
(0D Market conditions Market growth rates, price sensitivity, market conditions
Factors of International and local events | Security stability in the country or the scale of the events taking place
the external | Political factors Policy favorability, state support
environment | Socio-demographic factors Composition and size of the population, standard of living
of indirect | Economic factors Gross domestic product, interest rate, inflation rates, raw material and energy prices, exchange rates
influence Legal factors Legislative requirements, stability of the legal field of the state
(n Geographical conditions Availability of a resource base, favorable conditions for conducting logistics activities

Factors of the internal environment {IF}

Information and communication factors A .
the public

Level of information support, speed of information exchange and processing, relations with

Financial factors

Structure and liquidity of assets, provision of own working capital, level of profitability, fixed
assets, expenses, and profits

Organizational and managerial factors

Quality of planning and decision-making, organizational structure, strategic planning

Factors that relate to both internal and external {MF}

Labor resources

The level of qualification of the workforce, training, and motivation of personnel

Infrastructure

Development of logistics infrastructure

Innovative and investment capacity

The level of investment attractiveness of the country, enterprise

Environmental factors

The degree of pollution of the ecosystem, the level of impact of logistics activities on the
environment, environmental restrictions

Technological factors

Scientific and technological progress in the country, the level of automation at the enterprise

From expression (2), it can be concluded that the
expression makes it possible to describe the state of lo-
gistics activities of motor transport enterprises taking
into account time delays. Delays are necessary for the
collection, processing, and generalization of information,
and also take into account the degree of awareness of the
logistics activities of motor transport enterprises. The
specified expression (2) also makes it possible to describe
processes that have both quantitative and qualitative units
of measurement.

A comprehensive assessment of the effectiveness of the
operation of logistics activities of motor transport enterprises
consists of the following sequence of actions:

Action 1. Input of initial data. Initial data on the logistics
activities of motor transport enterprises are entered.

Action 2. Construction of a model of external factors of the
functioning of logistics activities of motor transport enterprises.

Action 3. Construction of a model of the internal factors
of the functioning of the logistics activity of motor transport
enterprises.

Action 4. Building a fuzzy cognitive model of the function-
ing of logistics activities of motor transport enterprises.

Fuzzy cognitive model (FCM) (Fig. 1) [19] is used to eva-
luate the interrelationships of system factors that affect the ef-
ficiency of logistics operations of motor transport enterprises.

This model makes it possible to obtain initial data for de-
termining the influence of system factors on the efficiency of
the operation of logistics activities of motor transport enter-
prises using fuzzy models based on fuzzy neural production
ANFIC networks.
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Fig. 1. A variant of the structure for a fuzzy cognitive model, reflecting system factors and the relationships between them



At the verbal level, the task of assessing the interrela-
tionships of the system factors of the logistics activities of
motor transport enterprises can be described in the follow-
ing form:

1) assignment of a set of concepts K, characterizing
the factors of logistic activity of motor transport enterprises;

2) setting a set of concepts Kf“", characterizing the identi-
fied sources (dangers of occurrence) of risks in the system of
logistics activities of motor transport enterprises;

3) formation of the structure of a fuzzy cognitive mo-
del for assessing the interrelationships of system factors
K=(Kdan Kv5) of the logistics activity of motor transport
enterprises;

4) description of the state or meaning of the concepts
of logistics activity of motor transport enterprises based on
a scale of real numbers limited to the range [-1, 1];

5) determining the technique and defining the direct
impact of the concepts of logistics activity of motor transport
enterprises on each other w,, K" =0, K*";

6) determining the technique for accumulating the direct
influence of several concepts of logisticsNactiVity of motor

transport enterprises on one K}* = K} + Zzwij](fys;
j=1
7) determining the mechanism of indirect influence of

concepts of logistics activity of motor transport enterprises
K,—>K,:d,=(K,K, Ky ,[=1,..,m, where m is
the p0551ble number of paths between concepts K; and K,;

8) building a model of the dynamics of loglstlcs activities of

szw

motor transport enterprises K7 (t + 1 ‘y‘

This is the end.

3. 2. Procedures for implementing the method of evaluat-
ing the effectiveness of managing logistics operations of
motor transport enterprises

To assess the effectiveness of the management of logistics
activities of motor vehicle enterprises, the study uses an
improved metaheuristic algorithm based on the chaos game
algorithm. This approach is used to generate individuals with
stronger randomness and characteristics, improved global
search capabilities, and reduced probabilities of hitting a lo-
cal optimum:

Action 1. Input of initial data characterizing the logis-
tics activity of motor transport enterprises. In the specified
action, the initial data on the logistics activity of the motor
vehicle enterprise are entered. The basic model of the logis-
tics activity of the motor vehicle enterprise is being initiated.
As a basic model, the model proposed in chapter 5. 1 of this
study is used.

Action 2. Generation of a random sequence of search agents.

Assuming that there are N individuals in a group, each
of which has d characteristics, and each function has a cor-
responding range of values in the interval [ X i {'max], the
value is controlled within the allowable range. Expression to
initialize the creation of random agents:

5/ (0)=x

1 min

i=12,..,N,
+rand ( 1mn xtjmm) {j:1,2,...,d, (3)

where x/ (0) is the j-th elgenvalue in the i-th agent, x/ ,, is the
minimum range of this value, x/ . is the maximum range of
the eigenvalue, rand is a random number in the interval [0, 1].

For this group, the matrix of connections takes the fol-
lowing form:

B T [ 1 2 j d ]
X XX X Xy
1 2 j d
X, Xy, Xy X Xy

x| o] : : 3 - %)

Xi x} XIQ x] . xld
1 2 j d

,XN_ | Xy Xy Xy o Xy

After obtaining the agents that have been initiated, their
respective fitness values are calculated for each agent.

At each iteration of the algorithm calculation, the follow-
ing information is obtained:

— the current optimal agent for the entire set of agents,
written as the globally best (GB);

—a randomly selected part of agents from the entire po-
pulation of agents with the calculated average value of their
fitness (AF);

— currently selected agent — which is a X; candidate
decision. These three variables form a temporary triangular
region that can be explored and updated, and for the most
part the GB remains unchanged.

Action 3. Generation of two random agents to explore the
search space.

Based on the three received pieces of information, two
random agents are generated to explore the search space,
which determine the priority search direction. It is assumed
that the global optimal solution GB is constant during
the entire iterative process of exploration by agents in the
search space.

Action 4. Determining the initial search speed of the agent
search area.

In the course of the specified action, the initial speed of
movement of each agent from the set of agents is determined:

0,=(0,,0,..05), 0, =70, 5)

Action 5. Formation of a set of triangles in the search space.

The main purpose of creating search triangles is to find
optimal values in the entire search space.

At the first iteration, X; and AF; are generated, and
the triangle enclosed in GB, X; and AF; forms a temporary
section in the search space, which will allow us to perform
a search study of the search section.

On the second iteration, Xy and AF, are generated, and
the triangle enclosed in GB, X, and AF, forms a new tem-
porary search area. Next, the i-th generation of X; and AF;,
as well as the current GB again contain a new temporary
search area, allowing not to leave any part of this search area
unexplored.

By the N-th iteration, Xy and AFy are generated, and the
current GB covers the last temporary search area, completing
the search traversal of this part of the search space. Although
the global optimal solution GB may change during iterations,
the generation of X; and AF; is not related to the current
global optimal solution and will only have an effect when
forming a temporary triangular region.

Action 6. Search for a global solution.

To use a game approach, let’s assign each value of the
color of the cube to a corresponding variable: X; — blue,
AF; — green, and GB - red.

For the first Seed (X;), since the current seed is generated
based on X;, the colors that can be selected are green and
red, this die has three green sides and three red sides. When
the color is red, individuals in X; will move towards GB, if it



is green, individuals in X; will move in the direction of AF;
otherwise they will move in other directions:

Seed! = X, +a,x(B,xGB—v,xMG,),i=1,2,..,N, (5)

where X; is the current candidate solution, GB is the global
optimal solution, MG; is the average value of the agents in
a certain range, B; and y; are a random integer 0 or 1 used to
simulate the probability of rolling the dice and thus control
the direction of the agents, and o; is a randomly generated
factor used to limit the distance the agents move in the
method. After that, the second individual is created in the
same way using GB:

Seed! =GB+a, x(B,xX, -y, xMG,),i=12,..,N, (6)

where o is a randomly generated coefficient for simulating
the agent’s movement restriction, while B; and vy; represent
a random integer 0 or 1 used to simulate the probability of
a dice roll.

The third person will be generated with AF; as the start-
ing point, the cubes have three blue sides and three red sides.
The formula for Seed;’ implementation is as follows:

Seed} = MG, +a, x(B,xX, -y, xGB),i=12,..,N. (7)

The values of the parameters involved in the formula and
the principle of the direction of movement are the same as for
Seed! and Seed?.

To achieve a compromise between exploration and ex-
ploitation, the coefficient o; is controlled:

rand,

(8 X rand)+ 1,
a;= (8)

2xrand,
(8><rand)+(~ s),
where & and € are random integers in the interval [0, 1], and

rand is a uniformly distributed random number in the inter-
val [0, 1].

Action 7. Verification of hitting the global optimum.
At this stage, the condition of the method hitting the global
optimum is checked according to the determined criterion
for evaluating the effectiveness of managing the logistics
activities of motor transport enterprises.

Action 8. Global restart procedure.

If the population of agents remains the same after T ite-
rations, the population is likely to fall into a local optimum.
Therefore, the candidate solution will be initialized randomly
to accelerate the departure from the global optimum.

Action 9. Training knowledge bases.

In this study, a training method based on evolving artifi-
cial neural networks is used to train the knowledge bases of
each agent of the algorithm. The method is used to change
the nature of movement of each agent, for more accurate
analysis results in the future.

End of algorithm.

The effectiveness of the method for evaluating the effec-
tiveness of the management of logistics activities of motor
transport enterprises is compared with the swarm optimiza-
tion algorithms listed in Table 2. The comparison involved
unimodal and multimodal functions.

As can be seen from Table 2, increasing the efficiency of
decision-making is achieved at the level of 14-16 % due to
the use of additional procedures.

6. Discussion of results related to devising
a method for evaluating the effectiveness
of managing logistics operations of motor

transport enterprises

A comprehensive model for assessing the effectiveness of
the operation of logistics activities of motor transport enter-
prises has been built.

The model is proposed for use in the course of operational
management of the logistics activities of motor transport en-
terprises. This will make it possible to increase the efficiency
of data processing and transmission and the reliability of
decisions by the persons who make them.

Table 2

Effectiveness of optimization algorithms in solving the task of evaluating the effectiveness of managing the logistics
activities of motor transport enterprises

Algorithm ID Calctlil(l)?lti(zgc(ium_ — Optimal VariablesMGi Optg;?; Cuosittgrbi_
Algorithm for the optimization of a pack of walruses 0.7280271 0.3845792 40.312284 5882.8955
Particle swarm algorithm 0.7480269 0.3845797 40.312282 5882.9013
Flying squirrel algorithm 0.7690308 0.384581 40.312476 5882.9077
Artificial bee colony algorithm 1.1950157 0.64038 60.549321 7759.8234
Ant colony algorithm 0.7780271 0.3845792 40.312284 5882.9013
The proposed method 0.7194994 0.345819 39.386517 5909.3749
Algorithm of a pack of monkeys 0.911517 0.4510723 46.230782 6270.8621
The bat swarm algorithm 0.8344267 0.4164052 43.217775 6003.8497
Locust swarm algorithm 0.7784599 0.3858127 40.320627 5890.2105
Genetic algorithm 1.5622593 0.4813024 47.695987 10,807.366
Algorithm for optimization of a flock of cats 1.1300127 1.1576349 44.110061 11,984.417
Algorithm of invasive weeds 1.55006 0.6231249 63.139483 9998.6395
Firefly swarm algorithm 1.406417 0.7832762 58.253368 10,920.286




However, our model additionally allows for the following:

— possible risks of disruption of the task of providing
goods and services in organizations and organizational net-
works are assessed;

— the influence of the performance evaluation indicators
of the logistic support system in organizations and organiza-
tional networks on each other is determined;

— the influence of a group of indicators for evaluating the
effectiveness of logistics support in organizations and orga-
nizational networks on a separate indicator is determined.

It is advisable to implement the specified model as algo-
rithm and software when identifying and defining challenges
and threats to logistics support in organizations and organi-
zational networks.

The study also proposed a method for evaluating the
effectiveness of managing logistics operations of motor trans-
port enterprises.

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

— the initial speed of each agent of the algorithm is taken
into account (Step 4), which makes it possible to determine
the priority of the search by each agent in the specified search
direction, in comparison with works [9—13, 19, 20];

— the use of the procedure of global restart of the al-
gorithm, which achieves the ability of the algorithm to go
beyond the current optimum and improve the research abi-
lity of the algorithm (Action 7), which achieves a reduction
in the time for evaluating the logistics activities of motor
transport enterprises, compared to [9-13, 19, 20];

— the universality of solving the task of evaluating the lo-
gistics activity of motor transport enterprises due to the hie-
rarchical nature of their description (Actions 1-9, Table 2),
in comparison with papers [10—16, 19];

— the possibility of simultaneously searching for a solu-
tion in different directions (Actions 1-9, Table 2);

— the adequacy of the obtained results (Actions 1-9), in
comparison with [9-20];

— the ability to avoid the local extremum problem (Ac-
tions 1-9);

— the possibility of in-depth training of agents’ know-
ledge bases (Action 9), in comparison with studies [9-20].

Disadvantages of the proposed method include:

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

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

— lower assessment accuracy compared to other assess-
ment approaches.

Our method will allow for the following:

— to carry out an assessment of the state of logistics acti-
vity of motor transport enterprises;

— to determine effective measures to increase the effec-
tiveness of the assessment of the effectiveness of the manage-
ment of the logistics activities of motor transport enterprises
while maintaining the given reliability;

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

The limitations of the study are as follows:

— the need to have an initial database on the state of lo-
gistics activities of motor transport enterprises, the need to
take into account the delay time for collecting and proving
information;

— time limits for the transmission of information messa-
ges in the system;

— the need for a primary base of destructive influences on
the logistics support system in organizations and organiza-
tional networks.

It is advisable to use the proposed method to solve the
tasks of assessing the state of logistics activities of motor
transport enterprises under conditions of uncertainty and
risks characterized by a high degree of complexity.

7. Conclusions

1. A comprehensive model for assessing the effectiveness
of the operation of logistics activities of motor transport en-
terprises has been built.

The model is proposed for use in the course of operational
management of the logistics activities of motor transport en-
terprises. This will make it possible to increase the efficiency
of data processing and transmission and the reliability of
decisions by persons who make them.

However, our model additionally allows for the following:

— possible risks of disruption of the task of providing
goods and services in organizations and organizational net-
works are assessed;

— the influence of the performance evaluation indicators
of the logistic support system in organizations and organiza-
tional networks on each other is determined;

— the influence of a group of indicators for evaluat-
ing the effectiveness of logistics support in organizations
and organizational networks on a separate indicator is de-
termined.

2. The method for evaluating the effectiveness of ma-
naging logistics operations of motor transport enterprises
has been implemented. The originality of the method is that
our method makes it possible to avoid hitting the global and
local optimum due to additional improved procedures based
on the use of game chaos theory. The simulation results
showed an increase in the effectiveness of assessing the ope-
rational efficiency in managing logistics activities of motor
transport enterprises at the level of 14—16 % through the use
of additional improved procedures.

Conflicts of interest

The authors declare that they have no conflicts of interest
in relation to the current study, including financial, personal,
authorship, or any other, that could affect the study, as well
as the results reported in this paper.

Funding

The study was conducted without financial support.

Data availability

The manuscript has associated data in the data warehouse.

Use of artificial intelligence

The authors confirm that they did not use artificial intel-
ligence technologies when creating the current work.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

References

Petrenko, S. A. (2010). Porivnialnyi analiz modelei orhanizatsiynykh struktur pidpryiemstva. Biuleten Mizhnarodnoho Nobeliv-
skoho ekonomichnoho forumu, 2 (1 (3)), 245-254.

Kernychniy, B., Radynskiy, S. (2020). Methodical tools for evaluating the effectiveness of transport and logistics services management
of an industrial enterprise. Innovative Solution in Modern Science, 7 (43), 169. https://doi.org/10.26886,/2414-634x.7(43)2020.11
Marunych, V. S., Shpylovyi, I. E, Kharuta, V. S., Lushchai, Yu. V. (2018). Investigating into route taxi transportation: realities and
vision. World Science, 1 (1 (29)), 27-34.

Vorkut, T. A., Lushchai, Yu. V., Kharuta, V. (2021). Conceptual model of precedent formation of a portfolio of logistics service pro-
viders in logistics outsourcing projects. World Science, 5 (66). https://doi.org/10.31435/rsglobal ws/30052021,/7586

Gontareva, 1., Babenko, V., Shmatko, N., Litvinov, O., Obruch, H. (2020). The Model of Network Consulting Communication
at the Early Stages of Entrepreneurship. Wseas Transactions on Environment and Development, 16, 390-396. https://doi.org/
10.37394,/232015.2020.16.39

Derbentsev, V., Babenko, V., Khrustalev, K., Obruch, H., Khrustalova, S. (2021). Comparative Performance of Machine Learning
Ensemble Algorithms for Forecasting Cryptocurrency Prices. International Journal of Engineering, 34 (1), 140—148. https://doi.
org/10.5829 /ije.2021.34.01a.16

Dykan, V., Kirdina, O., Ovchynnikova, V., Kalicheva, N., Obruch, H. (2021). Public Management of Railway Transport Deve-
lopment based on the Principles of a Systematic Approach. Scientific Horizons, 24 (8), 98—107. https://doi.org/10.48077 /scihor.
24(8).2021.98-107

Vorkut, T. A., Petunin, A. V., Tretynychenko, Yu. O. (2017). Systemni aspekty portfelnoho upravlinnia v transportnykh i lo-
histychnykh orhanizatsiynykh strukturakh. Systemy i $rodki transportu samochodowego. Efektywnos¢ I bezpieczenstwo. Wybrane
zagadnienia. Seria: TRANSPORT. Rzezéw, 109—111.

Pérez-Gonzélez, C. J., Colebrook, M., Roda-Garcia, J. L., Rosa-Remedios, C. B. (2019). Developing a data analytics platform to
support decision making in emergency and security management. Expert Systems with Applications, 120, 167—184. https://doi.
org/10.1016 /j.eswa.2018.11.023

Chen, H. (2018). Evaluation of Personalized Service Level for Library Information Management Based on Fuzzy Analytic Hierar-
chy Process. Procedia Computer Science, 131, 952-958. https://doi.org/10.1016 /j.procs.2018.04.233

Chan, H. K., Sun, X,, Chung, S.-H. (2019). When should fuzzy analytic hierarchy process be used instead of analytic hierarchy
process? Decision Support Systems, 125, 113114. https://doi.org/10.1016/j.dss.2019.113114

Osman, A. M. S. (2019). A novel big data analytics framework for smart cities. Future Generation Computer Systems, 91, 620—633.
https://doi.org/10.1016/j.future.2018.06.046

Godri, I., Kardos, C., Pfeiffer, A., Vancza, J. (2019). Data analytics-based decision support workflow for high-mix low-volume pro-
duction systems. CIRP Annals, 68 (1), 471-474. https://doi.org/10.1016/j.cirp.2019.04.001

Harding, J. L. (2013). Data quality in the integration and analysis of data from multiple sources: some research challenges. The
International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, XL-2/W1, 59-63. https://doi.
org/10.5194/isprsarchives-xI-2-w1-59-2013

Kaplan, R. S., Norton, D. P. (2006). Alignment: Using the Balanced Scorecard to Create Corporate Synergies. Harvard Business
Press, 302.

Niven, P. R. (2005). Balanced Scorecard Diagnostics: Maintaining Maximum Performance. John Wiley & Sons.

Volynets, L., Gorobinska, I., Nakonechna, S., Petunin, A., Romanyuk, S., Khomenko, 1., Zachosova, N. (2022). Principle of the assess-
ment of the readiness of motor transport enterprises for economic development based on a two-component methodological approach.
Eastern-European Journal of Enterprise Technologies, 4 (13 (118)), 12—21. https://doi.org/10.15587/1729-4061.2022.263041
Maccarone, A. D., Brzorad, J. N., Stone, H. M. (2008). Characteristics and Energetics of Great Egret and Snowy Egret Foraging
Flights. Waterbirds, 31 (4), 541-549. https://doi.org/10.1675/1524-4695-31.4.541

Mintzberg, H., Lampel, J., Ahlstrand, B. (2001). Strategy Safari: A Guided Tour Through The Wilds of Strategic Mangament. The
Free Press, 416.

Ko, Y.-C., Fujita, H. (2019). An evidential analytics for buried information in big data samples: Case study of semiconductor manu-
facturing. Information Sciences, 486, 190—203. https://doi.org/10.1016/.ins.2019.01.079



