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Abstract—The aim of the work is to develop a conceptual 

approach to decision support in assessing the functional state 

of a complex system of biological type. The definition of the 

functional state and the basic principles of its evaluation for 

complex systems of biological type on the basis of system 

representations are formulated. A situational model of the 

problem environment as a set-theoretic composition of the 

main components and evaluation functions was developed, 

which allowed to formulate the definition of the problem 

situation. The structure of the application of data mining to 

assess the functional state of a complex system using as 

feedback models of three levels - strategic, tactical and 

operational. A system of coordinated models for decision-

making in assessing the functional state of a complex system 

based on causal representations in the form of Markov chains 

and Petri nets is proposed. 

Keywords—decision support, functional state, complex 
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I. INTRODUCTION  

The term functional state has long been firmly 
established in the arsenal of biomedical researchers as a basis 
for assessing, forecasting and making decisions, for example, 
work [1]. At the same time, the concept of a functional state 
turned out to be practically useful so that work appeared on 
the application of this concept and estimation methods in 
technical systems [2], energy [3], and other fields. 

From the point of view of the level of description, most 
of the works are devoted to assessing the functional state of 
an organism or a complex system as a whole. With the 
development of this approach, the use of more complex 
means and methods was required. This led to the fact that in 
biomedical research the evaluation of the functional state 
was divided by the types of manifestations of life: vegetative, 
somatic and mental [4]. Moreover, a number of studies 
examine the functional state of individual subsystems and 
components of complex systems. One of the drawbacks of 
such works is the ambiguity of the description and 

interpretation of particular results from the point of view of 
the original holistic system. As a rule, this is due to the 
hierarchical feature of complex systems consisting in the fact 
that decomposition and study of the structural, functional and 
regulatory functions of subsystems and components quite 
often do not coincide. For example, when examining the 
cardiovascular system, only the heart and large vessels are 
independent organs for research. In this case, small vessels 
and capillaries included in the so-called. regional blood flow 
are anatomically constituent components of the organs that 
they supply blood. 

In connection with these, the development of a certain 
invariant approach to the presentation of the functional state 
of complex systems of various nature is required to provide 
decision support for the evaluate and prediction of their 
functional state. 

II. STATE OF ART 

Evaluation of the quality and efficiency of systems and 
processes of different nature is quite a challenge. In different 
subject areas methods and techniques of evaluation have 
different names and have an excellent structure. However, 
most of them are devoted to assessing the quality of the 
object, which can be generalized by the concept of functional 
state. Due to the variety of methods and approaches to the 
assessment of the functional state, it is possible to note the 
weak development of the methodological basis. Thus, it is 
necessary to develop a common methodological approach to 
solving the problem of assessing the functional state of a 
complex object. 

In the past few decades, various approaches have been 
developed to describe and model both individual elements, 
as well as a holistic view of complex systems of industrial, 
economic and social nature. These models have evolved as 
part of organizational, technical, and biotechnical systems 
concepts. 
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The set of works in the first direction is focused on the 
study of the processes of functioning and management of 
social, economic and other types of organizations that have, 
as a rule, a hierarchical structure, due to the purpose of the 
system, and determining the nature of management, 
implemented on the basis of subordination in the hierarchy, 
as reflected in the works [5,6]. 

Publications in the second direction are devoted, as a 
rule, to the research, analysis, and design of complex man-
machine complexes, for example, production systems, as 
well as to the solution of problems associated with these 
types of activities [7-11]. 

Research in the third area is devoted to individual aspects 
of human interaction with the technical system. At the same 
time, a person could act both as an active actor, realizing his 
goals, and as a passive object, to which the impact is 
directed. This may include the results of research in the field 
of ergonomics and engineering physiology, as well as the 
protection of human life [12]. 

Note that recently, a number of studies have been 
devoted to decision support in the biomedical field, for 
example [13-15]. 

In world practice, research for solving decision support 
tasks is presented quite widely. For example, the work [16-
20] is devoted to multi-agent modelling of processes in 
healthcare. Work [21] is devoted to a rare topic - decision 
support in the treatment of osteoporosis. Studies [22-24] 
describe the tasks of decision support in healthcare 
informatics. The papers [25, 26] describe decision support in 
antibiotic therapy. Publications [27-30] are devoted to 
decision-making in sorting patients and providing assistance 
in emergency situations. The work [31] describes DSS for 
interpretation of ECG in 12 leads. Articles [32, 33] are 
devoted to decision making in risk analysis. Publication [34] 
describes the use of decision trees and support vector 
machines for diagnosing the causes of cough. The study [35] 
is dedicated to the personalization of decision support 
systems. The article [36] presents the results of developing a 
decision-making system in the treatment of lower back pain. 
The study [37] is devoted to the application of simulation 
dynamics of the study of health processes. The work [38] 
describes the classification of design automation systems in 
biomedical engineering. 

Note that the subject of the work is heterogeneous and 
does not give a holistic view of decision support systems in 
biomedical practice. Moreover, publications devoted to the 
use of DSS for assessing the functional state of complex 
systems of biological and biotechnological type are poorly 
presented. For example, only works [21] and [31] can be 
attributed here. This state of the issue is also unsatisfactory 
due to modern demands of society, reflected in the tasks of 
the formation of technologies and systems of personal 
medicine. 

III. THE PURPOSE AND OBJECTIVES OF THE STUDY 

The aim of the work is to develop a conceptual approach 
to decision support in assessing the functional state of a 
complex system of biological type. To do this, you need to 
solve the following tasks: 

 Formulate a definition of a functional state and the 
basic principles of its assessment. 

 To develop a situational model of the problem 
environment as a basis for constructing decision-
making models in assessing the functional state. 

 Develop a data mining application structure for 
assessing the functional state of a complex system. 

 To propose a system of models for decision making 
when assessing the functional state of a complex 
system. 

There are many definitions of the functional state of the 
object of study, for example, given in [1,2,3,4]. However, the 
definitions in the mentioned essentially depend on the nature 
of the system under study. In this regard, there is a need to 
formulate a definition adequate to the tasks. 

Under the functional state of a complex system, we 
understand a set of characteristics of functions and properties 
that determine the level of activity and are necessary for the 
implementation of behavior programs. 

Consider the basic principles of assessing the functional 
state of a complex system of biological type. 

The principle of hierarchy. Evaluation of the functional 
state of a person and evaluation of the state of his 
physiological functions require different approaches and are 
based on different principles, and the retention of 
physiological (in particular, homeostatic) constants within 
the so-called "norm" is not the purpose of the existence of 
the organism, and a means of ensuring the necessary level of 
metabolism and energy [40]. 

The principle of homeostasis. Homeostasis – self-
regulation, the ability of an open system to maintain the 
constancy of its internal state through coordinated reactions 
aimed at maintaining dynamic equilibrium. The desire of the 
system to reproduce itself, to restore the lost balance, to 
overcome the resistance of the environment [4]. 

The principle of coherence of the body. The ability of an 
organism to maintain itself as an integral system of 
interacting elements during environmental changes, in 
particular under loads and extreme conditions [4]. 

The principle of integration of functions in the body. The 
integral parameters of the functional state should include not 
only indicators of a person’s health and efficiency of his 
activity, but also the results of an objective quantitative 
assessment of physiological processes and, very importantly, 
the functioning of regulatory systems of the body, ensuring 
its integrity due to the integration of functions [4]. 

IV. SITUATIONAL APPROACH TO THE DESCRIPTION OF THE 

PROBLEM SITUATION OF FUNCTIONAL STATE ASSESSMENT 

Specialist activity takes place in a specific subject area or 
operating environment. The concept of the operating 
environment is a basic concept in the construction of a 
generalized model of the problem situation. The totality of 
the subject area and technology of the subject, information 
and cognitive activities of the LPR in this area will be called 
a problem operating environment in this area. In the analysis 
of the essential properties of such a medium in the 
praxeological approach [41] usually distinguish:objects of 
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activity;stakeholder;operation tools;information and 
operational scheme (methods of activity);time reserve. 

The methods of action can in general be defined by an 
algorithm, a rule, a technological description, which is the 
information part of the method of action. The instrumental 
part is a set of tools, resources, and the actions themselves 
that are carried out by the DM and about which he can 
report, that is, formulate one of three general statements: 

 The action x started at time t0 under the initial 
conditions u(t0). 

 Action x develops (continues) in accordance with one 
of its variants. 

 The action x ended at time t0 under the conditions 
u(t0). 

Through the interaction of these components, the entire 
dynamics of the operating environment is described. 
Formally, the mathematical operating environment can be 
defined as the Cartesian product of the sets {O}, {S}, {A}, 
{I}, {T}: 

 {ОС} = {O}*{S}*{A}*{I}*{T} 

Where {OS} is the set of operating environments; {O} - 
many objects; {S} - set of subjects (DM); {A} - many tools; 
{I} - many information and operational schemes (scenarios); 
{T} - many points in time. 

These components can be understood as designations of 
such entities, which in practice can act as resources. Indeed, 
in the process of any activity, these elements are included, 
included, transferred to the final result. For example, in the 
production process, an object can be partially processed by a 
subject, acting with a specific tool, according to a given 
technological instruction at the natural rate of time 
movement. 

Each of the listed components of the components of the 
operating environment can be characterized by a set of 
values arising from the use of measuring instruments, 
devices, standards, models. That is, each resource can be 
measured by a set of parameters that can take values from 
any suitable scale. 

Thus, the concept of a state space is introduced, which is 
a Cartesian product of the set of possible values of the 
parameters of the elements: 

 {Sit} = {PO}*{PS}*{PA}*{PI}*{PT}. 

This makes it possible to determine the basic situation in 
the operating environment as: 


, , , ,

j j j j j

i i i i i

O S S I TSit P P P P P 
. 

where i - corresponds to the i-th element of the operating 
environment OSi = <Oi, Si, Ai, Ii, Ti>; 
j - corresponds to the jth set of parameters; 
P - parameter vector of OS elements. 

In accordance with this axiomatics, a situation can be 
understood as a subset of the space of elementary situations. 

In the class of situations, a special subset can be 
distinguished - problem situations (PS). In terms of content, 
they should include such situations that are burdened, from 
the point of view of the subject, by uncertainty, the threat of 
loss of resources, the rapid pace of development and the 
emergence of the functional state of a complex system to a 
subcritical level. 

In order to be able to display these factors, it is necessary 
to be able to determine the state of resources under 
conditions of stochasticity or uncertainty of their behavior, if 
it is possible to measure them, as well as in conditions of 
uncertainty associated with the impossibility of measuring 
some characteristics of resources due to the lack of 
measurement and metrological models. That is, a problem 
situation can be determined by setting a subset of the space 
of situations, a function or a measure of the state of resources 
as a function of their parameters and a dividing (estimated) 
function of the subject, allowing to take into account the 
above uncertainties. Thus, the subspace of problem situations 
equipped with a measure of the state of resources and the 
evaluation function of the subject: 

 {PSit} = <{Sit},R(PO,PS,PA,PI,PT), Pr(R, {Sit})>, 

where {Sit} is a subset of situations; 
R (.) - function or measure of the state of resources; 
Pr (.) - the evaluation function of the subject or the rule of 
referring to one of the classes of PS. 

In the general case, the evaluation function can be 
interpreted as an assessment of the functional state. 

The main feature of PS as an object is that it cannot be 
described in the framework of one model. In addition, an 
additional property of PS is its reflexivity, that is, the ability 
of individual elements (DM) reflects the entire object in its 
models, representations, descriptions. 

V. USING DATA MINING WITH FEEDBACK TO ASSESS THE 

FUNCTIONAL STATE OF COMPLEX SYSTEMS 

Implementation of the considered situational approach 
taking into account the above principles is possible within 
the technology of decision support systems. An invariant 
approach is to use the structure of hybrid-type DSS presented 
in [10, 37, 50]. However, within the framework of the 
adopted structure, it is necessary to determine the way of 
interaction of three types of databases – databases, models 
and knowledge. The need to use these three types of 
databases is due to the current level of technology 
development in the field of data analysis and decision-
making methods. 

In accordance with this, as a basis for the application of 
models and methods of decision-making is an array of initial 
practical or experimental data accumulated during the 
operation of the system. Quite often, the amount of such data 
is large and very large. In this regard, the approach used 
implicitly falls into the mainstream of the research direction, 
generally called data mining [43]. At the same time, in the 
process of functioning of the DSS on the basis of the models 
used, an array of data is studied in accordance with the 
methods of data mining. The found regularities as they are 
identified constitute the knowledge base of the subject area, 
thereby increasing the amount of knowledge of the DSS. The 
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obtained empirical regularities are generally of mass 
character and under certain conditions can be formalized to 
the level of models with subsequent inclusion in the base of 
models. The resulting models can be used as a paradigm for 
the main stages of the data mining. In this case, they act as 
feedback that improves the quality of the implementation of 
the data mining (figure 1). 
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Fig. 1. Structure of the data mining system with feedback 

 

VI. SYSTEM OF COORDINATED MODELS FOR DECISION-

MAKING ON FUNCTIONAL STATE ASSESSMENT 

When considering the decision-making process for 
assessing the functional state, three levels of models can be 
identified. The most General level is strategic (forecasting 
and planning), further – tactical (organization of activities) 
and operational (implementation of actions) [10,11]. One of 
the most effective models of construction, transformation 
and determination of the resulting performance indicators are 
models based on causal representations [11]. 

It is assumed that at the level of forecasting and planning, 
the characteristics and parameters linking the target settings 
with the properties and limitations of the problem 
environment are determined, the position of the system on 
the life cycle trajectory is determined. Considering 
biomedical systems as an example, it is appropriate to use 
models of the type of social dynamics characterizing the 
conditional transition from one stage of the disease to 
another or to the restoration of health. If we consider chronic 
diseases with States of exacerbation and remission, here as a 
model we can use the graph presented in Fig.2. Loading 
transitions probabilities or intensities can investigate the 
behavior of the corresponding population of patients.  

Tactical level models characterize sets of actions to 
minimize deviations from decisions. At this level, it is 
necessary to build a sequence of sets of actions found at the 
organizational level from the conditions of feasibility and 
effectiveness of achieving the goal. Thus, it is proposed to 
define such sequences of actions with multi-criteria 
assessments of the effectiveness and risk of achieving the 
goal as information-operational schemes [10], an example of 
which is presented in figure 3. 
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Fig. 2. The dynamics of developing a chronic disease 
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Fig. 3. Information–operational decision-making scheme in assessing the 

functional state 

In fact, the graph is a detailed description of actions 
aimed at ensuring the transition from the stage of 
exacerbation to the stage of remission in the graph of figure 
2. In this case, the achievement of the result corresponds to 
the transition to a state of remission, and the failure to 
achieve the result of any other adverse outcome. 

The sequence of action at the operational level can be 
partially or fully automated [51], which allows to depict it in 
one of the forms of representation of finite state machines, 
for example, in the form of a Petri network–fig 4. 

 

S1 A1

B1 B2 B3

D1 D2

A2 S2

 

Fig. 4. General algorithm of research in the form of medical and 
biological experiment 

This view allows you to conduct automated research in 
various ways, including remotely. 

VII. CONCLUSION 

As a result of the research, a conceptual approach to 
decision support in assessing the functional state of a 
complex system has been developed. 

To formulate the definition of the functional state and the 
basic principles of its evaluation for complex systems of 
biological type on the basis of system representations. 

A situational model of the problem environment as a set-
theoretic composition of the main components and 
evaluation functions was developed, which allowed to 
formulate the definition of the problem situation. 
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Anew structure of the application of data mining to 
assess the functional state of a complex system using as 
feedback models of three levels - strategic, tactical and 
operational. 

A new system of coordinated models for decision-
making in assessing the functional state of a complex system 
based on causal representations in the form of Markov chains 
and Petri nets is proposed. 
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