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Abstract

The research is devoted to the search for the technologies to support managerial decisions in the transport industry economic systems.
The problems of the complex economic systems modelling have been identified. Cognitive modelling is considered as a tool of
supporting intelligent decision making in economic systems. The modelling is based on methods of pattern recognition theory. The
results of the scientific research are presented with structural-analytical models of decision support systems. Such models represent the
knowledge processing to formulate recommendations for making managerial decisions. Knowledge based on the experience of managing
a production situation should be stored in the knowledge base of the information decision making support system. Cognitive modeling
will make it possible to study the problems that arise in unstable, weakly structured dynamic economic systems, taking into account
changes of the external environment and the object of management itself, systematizing and verifying the expert's perception of the
management object and its external environment, forecasting the values of economic system factors and generating optimal management

strategies.
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1. Introduction

Management as a function of ensuring the life of the economic
system is aimed at making decisions. Managerial decisions are
formed for the implementation of a set of interrelated, purposeful
and logically consistent actions that will contribute to the
achievement of the purposes of such a system [1].

The tasks of management of the economic system are substantially
weakly structured and poorly formalized; they contain
contradictory purposes and criteria, and require a variety of ways
to solve problems with fuzzy knowledge, aims, and data. When
solving them, the following uncertainties arise:

e subjects insufficient knowledge about management
problems;

e impossibility of taking into account the environment
reaction;

e incompleteness of data on the effectiveness of the
economic system elements.

The problem actuality of the complex economic systems
functioning in crisis situations has created the need to develop a
methodology for modelling complex systems that develop with
incomplete knowledge and weak formalization of tasks.
The main problem when creating a rational system of an economic
object management consists in the choice or development of a
mathematical model that provides adjustment to the specifics of
the management object through the use of a posteriori information
about its and the environment, as well as due to additional on-line
information during the system exploitation.
The purposes of the work are to study the issues of cognitive
analysis and the theoretical basis of cognitive technologies for
making managerial decisions in economic systems.

2. Literature Review

The economic system is a set of interrelated and properly adjusted
elements that form a certain integrity and determine the method of
organizing the economic life activity of society [2]. The concept
of the economic system is used to identify and characterize the
status of productive forces, the structure of the economy,
economic relations, forms of economic management, the totality
of institutions and elements of the superstructure [3, 4]. Under
conditions of uncertainty of the environment it is actual formation
of strategic guidelines for the development of economic systems
[5]. This tendency is characterized primarily by qualitative
changes [6].

Modern enterprise is considered as an economic system
characterized by a variety of structure, the difference nature of
elements and their complex relationships, the dynamism, which
consists in the continuous change of status of the specified system,
multicriteria and probabilistic nature of production processes.
Today, the problems of crisis management of the enterprise,
prevention of conflicts, bankruptcy, reduction of economic, social
and moral losses from them, formation of the strategy of
organizing changes and innovations, development of marketing
strategies for survival in the market are put on the foreground [7].
The economic status of the object of management as a complex
economic phenomenon depends on the set of indicators set by the
researcher, the variability of values of which is determined by a
set of conditions, from the methods of evaluation of this state and
from the chosen criterion of classification and classification scale
(2], [5].

The theoretical and methodological evaluation of the efficiency of
the functioning of the economic system is no less relevant [8-10].
One of the most important directions of improving the efficiency
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of the enterprise is the introduction of reengineering and
restructuring instruments in the field of manufacturing business.
Therefore, in order to ensure the competitive strength of the
economic system, business reengineering is currently being
proposed [11].

Complexity, diversity, combination of instability and stability,
variability and inertia, the presence of qualitatively heterogeneous
properties and elements determine the need for the topic under
study. In these conditions, scientific knowledge of the properties
and principles of the functioning and development of economic
systems and the use of this knowledge in the development of their
models is necessary [12-13]. To account for the transformation
processes in the economy, attention is paid to the methods of
adaptive planning and management in economic and production
systems [14].

For the synthesis of adaptive control systems, the theory of
information and the integral method of pattern recognition and
decision-making can be applied [15-16]. A knowledge-based
economy, or a cognitive economy, includes as a basic element of
understanding how subjects of different nature (individuals,
groups and working groups, organizations) form their own actions
in the economic space, that is how they formulate purposes, define
alternatives, fix restrictions, make choices and introspect the
achieved result [17-18]. With the help of cognitive modelling, the
functioning of weakly structured complex economic systems
receives solutions to systemic tasks, namely: object identification,
cognitive model analysis, scenario analysis, forecasting, stability
analysis, the model sensitivity and adaptability analysis, and
decision making [19-20]. It is advisable to use the notion of utility
and probability for evaluating a managerial decision [21].

A number of issues related to improving the management of the
economic system, which is characterized by multicriteria, poorly
structured and poorly formalized, require new approaches to
modeling. Such an economic system will be considered as an
object of management.

3. Modeling of the Economic System.
Prerequisites for the Use of Cognitive
Technology

The task of the choice or development of a mathematical model of
the object of management is solved in the work while creating a
rational of managerial decisions support making system. Such a
model should provide adjustment to the specifics of the control
object by using a posteriori information about it and the
environment, as well as due to additional on-line information
during the system exploitation.

Therefore, this model must realize the generation of such a set of
controlled factors, the actual impact of which on the economic
system in the next cycle of management with the highest possible
probability will convert it into a predefined purpose state.

Thus, the model of a complex economic object should take into
account:

e the current state of the and the trajectory in which it has
converted into this state;

e the impact of existing and forecasted uncontrolled
environmental factors on the behaviour of the object of
management;

e previous experience of the real influence of control factors
on the behaviour of the object of management.

It should be noted that this model has a limitation. It consists in
the following: due to the complexity of processes occurring in the
object of management, under the influence of external or internal
uncontrolled factors (perturbations), a change in the object of
management itself may occur.

Overall, the model of economic management object must solve
two global tasks:

1. Identification of the current state of the object of
management.
2. Managerial decision making.
For example, the parameters can be shared into four groups that
characterize [5]:
e previous history of the object of management and the
environment;
e a description of the actual state of the object and the
environment;
e the human-independent factors;
e the human-dependent factors (managerial effects on the
object of management).
The model of a complex object of management contains
generalized factual information about what management actions
previously in practice converted the complex object of
management in a certain state and with such a previous history
into a given purpose state. On the basis of this information a
decision on the choice of managerial impacts is made.
In order to concretize this model, which allows the most
adequately describe a complex object of management, the most
rational approaches to the analysis of evaluation and decision-
making are selected:
1. The system management approach assumes that any system
or object is considered as a set of interconnected components.
They are the exit from the system, the purpose, the input, the
connection with the external environment, feedback.
2. The marketing approach of management is associated with
the orientation of the consumer in the context of solving any
problems. The main criteria of a marketing approach are:

e improving the quality of the management object in
accordance with the requirements of consumers;

e economy of means of the consumer at the expense of
improvement of quality;

e economy of resources in own production due to factors
of production volume, scientific and technological
advance, as well as application of scientifically
grounded management system.

3. Behavioral approach for the decision estimation uses the
concept of utility and probability.
4. Cognitive and procedural approaches involve the use of
knowledge gained with the accumulation of experience in
solving practical tasks and cognitive strategies mastered by the
decision maker in the decision-making process. With a process
management approach management functions are considered
in their interrelation. The management process provides
execution of all its functions, it is a series of continuous
interrelated actions.
5. The essentially situational approach to management is that
the degree of appropriateness of individual management
methods is determined by the specific situation. In a particular
situation, the method that most closely matches the situation
will be most effective.
6. Managerial decisions support provides identification of the
purpose of management, the development of a general
analytical structure of the solution and the structuring of
“value trees”. An important task in designing a decision
support system is the decision-making modelling and the
development of solutions information support.
The estimation of the management object state is based on the
monitoring of the indicators of its functioning at present and
the diagnostics of such a state taking into account the potential
resources of the business entity.
7. The economic status of an object of management depends
on the set of indicators defined by the researcher. The
variability of values of this set is determined by a complex of
conditions, from evaluation methods of this status and from
the chosen classification criterion and classification scale.

The analysis of tasks solved in economic object management

systems shows that:
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e the technology for economic system status monitoring,
the decision obtainment and making with elements of
uncertainty should be flexible;

e the processes of the decision obtainment and making are
based on qualitative and quantitative characteristics of
the status of the economic object;

e attention should be paid to the two components of the
process of the decision obtainment and making. They
are those that are controlled by the decision maker and
those that can be fulfilled using information technology.

The solution of this problem is proposed by means of the
application of a cognitive approach to the management of the
economic system. This approach is based on the results of
processes of perception, understanding, knowledge, explanation
and intellection. The essence of cognitive (cognitive) modelling is
to display the most complex problems and tendencies of system
development in the form of a model, to explore possible scenarios
for the emergence of crisis situations, to find methods and
conditions for their solution in a model situation. The use of
cognitive models qualitatively raises the justification of
managerial decisions making in a complex rapidly changed
situation, deprives the expert from «intuitive wandering» and
saves time for understanding and interpreting events that occur in
the system [22, 23].

4. Scheme of Cognitive Approach in the
Managerial Decision Support Systems

The below figure 1 architectural design describes that the
Managerial Decision Support making consists of the few stages.
At the first stage of the cognitive structuring of knowledge about
the research object, it is proposed to apply progressive methods of
strategic analysis such as PEST and SWOT analysis. The
preliminary analysis of the economic system indicators is carried
out with the use of such methods as correlation and cluster
analysis. The next stage includes the construction of a cognitive
model - formalization of knowledge using the structural analytical
method of pattern recognition, which involves establishing and
substantiating the interrelations between factors, further
interpreting the results and identifying trends in the development
of the object. After that, strategies for managing the situation
around the economic system based on cognitive analysis are
developed, providing the choice of management strategies based
on information profiles of the research object.
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Fig.1: Scheme of cognitive approach in the Managerial Decision Support making Systems

5. Cognitive Modelling of Economic Systems
Based on the Theory of Pattern Recognition

Within the framework of the cognitive approach, we propose to
use the structural-analytic pattern recognition method based on
identification of the system key elements and the establishment of
interconnections or the allocation of the main factors that
determine the status and development of economic systems and
processes. The combination of the main factors and their level of
influence on the object of research is the conceptual basis of the
model [22]. There are reasons for applying image recognition
methods, such as:

e the possibility of finding hidden patterns based on the

analysis of archival data and classifiers;

e data verification;

e the use of mixed information (quantitative and
qualitative); the requirement of flexibility of the status
monitoring apparatus, making managerial decisions with
elements of uncertainty;

e the necessity of two stages in the process of creating and
making decisions: obtaining a solution as a result of the
information technology work and a solution controlled
by a specialist;

e  obtaining meaningful results based on a small amount of
input information with the possibility of further model
improvement with new data.

The model of the economic system development as a set of
models for the object description has been formulated to develop
the cognitive methodology of economic systems modeling:
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M= {Mo, ME, MU } (l)

Where M,— model of the economic system (object model); Mg —
model of the environment; My — model of managerial system.

The model of economic system, in order to achieve strategic
reference points by reacting to external and internal changes, is:

Mo (X, Z(X), U, P) — max min (X, Z(X), U, P). 2

Where X — parameters and controlling factors of the economic
system (object) status; Z(X) — uncertain and unmanaged factors; U
— managerial parameter;

P — resources vector.

The model of the environment has uncertain and uncontrolled
factors ME = ME (2).

The model of managerial system, taking into account the above-
mentioned approaches to the analysis of evaluation and decision-
making, is based on the requirements of pattern recognition:

My ={D, K, C}. (3)

Where D — information database containing data on the interaction
of the object and environment, system behaviour and results of
measuring the state of the system and the environment; K —
information base of knowledge about targeted management
decisions. It includes the knowledge of the "supervisor" and the
rules for choosing the process of changing the object status; C —
interpretation of managerial decisions for the current information
set about the economic status of the object of management.

The proposed research mechanism of phenomena and processes in
the economic system in order to predict possible ways of its
development or management of situations and adaptation to them
will help to reduce the risk of the human factor.

The structural-analytical model of pattern recognition has been
proposed [24, 25]:

{X.,Y,F B, L W} (4)

Where X;, — the space of attribute; Y — the set of elements of the
recognizable classes alphabet; F: X, —F(X) — the closure ratio X,
which postulates the data structure and the defining element of the
classification rule structure in the form of the attribute-predicate;
B: F — {01} — the reflection on the Boolean algebra,
characterizes the logical structure of the pattern; L: <F, B> — Y —
the classification rule; W — the cost of the recognition system.

For the implementation of the structural-analytical pattern
recognition method, an integrated system of automated processing
of enterprise status indicators measured in different scales
(quantitative, logical, order and names) has been used, which
allows obtaining a mathematical model for assessing the enterprise
status not in the form of a formulas system, but in a structural
form (decision tree). The classification rules of the diagnostic of
the new economic system status have been formulated based on
the obtained structural-analytical models.

6. The Results of Cognitive Modelling of the
Economic System Based on the Theory of
Pattern Recognition

The results of cognitive modelling for decision making support are
presented in order to manage the economic status of the air
transport enterprise of Ukraine.

The "object-attribute” matrix according to the financial and
economic activity of the enterprise for twelve years has been
derived in a table form. The values of twenty nine indicators
(attributes) have been determined. At the primary data processing
stage, a correlation and cluster analysis have been performed to

determine the set of fourteen informative technical and economic
indicators that characterize the enterprise’ economic statuses [26].
Classification data processing has been done with the following
quantitative and qualitative indicators: passenger traffic, cargo
traffic, passengers trust level, profitability of services, profitability
of sales, staff profitability, fixed-asset turnover ratio, staff
turnover rate, inventory turnover ratio, payable turnover ratio,
receivables turnover ratio, coverage ratio, own-fund ratio.
Reliability estimation of the forecast of the enterprise transition to
another economic status is based on the value of the probabilistic
classification error. In this example, the classification error is zero.
Known economic statuses to which the enterprise may belong are
as following [27]: good status (indicated by 1), satisfactory status
(indicated by 2) and unsatisfactory status (indicated by 3).
According to the results of the research, "good status" is
characteristic for four years of air transport company activity,
"satisfactory status" — for six years, "unsatisfactory status" — for
two years of twelve. The task of determining the informative
indicators describing the statuses of enterprises with the zero error
classification has been set.

The software complex [28], which is used for classification data
processing, provides the modes for extracting attributes, statuses
and implementations (table rows). Seven experiments with the
different attributes area have been completed. Mathematical
models of enterprise statuses classification have been presented in
a structural form (decision trees).

The decision tree (or classification rule) is a binary hierarchical
structure, where the nodes have terminal separating functions
(inequalities or equality), and at the vertices - the numbers of
enterprise statuses (classes). The left branch of the tree is
identified with the true statement about the class' separation and
the right — with the false.

Terminal separating functions describe the local regularities of the
structural pattern in the researching subject area. It is possible to
build several classification rules for one training selection, which
have different structural complexity.

The training of the pattern recognition for automated analysis of
experimental data processing has to be provided with four tasks:

1) obtaining an informative set of attributes with a given value of
structural completeness assessment; 2) the output of the
informative attributes' set of the training selection; 3)
determination of the basic terminal separating functions, which are
included in all classification functions sets to construct the
decision tree; 4) construction of the decision tree.

Three rational decision models have been chosen to analyse the
economic data in order to achieve the reliable result of the
classification of the future enterprise status and to take into
account the most quantity of attributes.

The structures of three decision trees are shown in Figure 2.

For example, the classification rules or classification functions of
the enterprise status according to the first decision tree are defined
as follows:

1) for the unsatisfactory status of the enterprise (indicated by the
number 3) there are two alternatives:

e the passengers trust level is not equal to 3, the staff
turnover rate is not less than 0.184 and the inventory
turnover ratio is less than 41.6;

e the passengers trust level is 3, the cargo traffic is more
than 1.7 and the staff turnover rate is less than 0.184;

2) for the satisfactory status (number 2) there are two alternatives:

e the passengers trust level is not 3 and the inventory
turnover ratio is not less than 41.6;

e the passengers trust level is 3, the cargo traffic is less than
1.7,

3) for the good status (number 1) there are two alternatives:

e the passengers trust level not equal to 3, the staff turnover
rate is less than 0.184 and the inventory turnover ratio is
less than 41.6;
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e the passengers trust level is 3, the cargo traffic is at least
1.7 and the staff turnover rate is not less than 0.184.

g 251.27

Fig. 2: The structures of the decision trees

We can identify the enterprise status using the obtained results
according to the data of the new reporting period. The decision
about the status of the enterprise is based on the most identical
results of classification for each of the three decision trees. In the
case of determining the enterprise status as “satisfactory" or
"unsatisfactory" and the reasons for their occurrence, it is
suggested to manage the values of the informative indicators.
Forecasting of the probability of the enterprise transition to
another status is based on the value of a probable classification
error.

Structural-analytical model of pattern recognition as an effective
tool to describe the structure of complex economic systems in the
various types of attributes' space, as well as for obtaining
managerial decisions making has been considered. The
classification rules have to be placed in the knowledge base for
conducting theoretical experiments and practical application
solving real problems.

Thus, the proposed methodological approach to making
managerial decisions in the transport industry allows achieving
more effective management of enterprises in the constantly
changing conditions of functioning and, consequently, their
sustainable development.

7. Conclusions

Cognitive modeling as an instrument of intellectual decision
support making in economic systems of the transport industry has
been considered.

The modeling is based on the methods of pattern recognition
theory. The results of scientific research are represented by
structural-analytical models of decision support making system.
Cognitive modeling will allow us to investigate the problems that
arise in unstable, weakly structured environments (economic
systems), to take into account changes in the external environment
and the object of management itself, to systematize and verify the
expert's perception of the object of management and its external
environment, to forecast the significance of the factors of the
economic system in objective conditions of the environment,
generate optimal management strategies in changing dynamic
conditions.
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