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ABSTRACT 
 
This article developed the structure of an intelligent 
decision-making system based on the constructed 
NFO-models, which demonstrated an increase in the 
effectiveness of decisions made in the medical diagnosis of 
some cardiovascular diseases. The presented architecture 
leads to the adoption of reliable decisions through the use of 
the verbal method of presenting data. This system uses 
existing approaches to formalization and diagnostics, 
conducts data mining, and provides the user with complete 
information for making a decision. Intelligent 
decision-making system can be used both in clinical practice 
by novice specialists, and in training students and doctors in 
continuing education institutions. 
 
Key words: Modeling, Structure, Architecture, Intelligent 
System, Decision Making, “Node-Function-Object” 
Approach, Efficiency, Diagnosis, Cardiovascular Disease. 
 
1. INTRODUCTION 
 
The complexity of intelligent tools and systems is determined 
by the feature of the objects of study. For example, medical 
computer systems are quite complex, as they include elements 
of hybrid, dynamic and, in some cases, distributed expert 
systems [1]–[5]. Problems with the implementation of such 
systems are associated with uncertainty, inaccuracy of 
knowledge, and the large dimension of the subject area. 
 
Integration of such tools with information systems, DBMS, 
search and process optimization systems is the basis for the 
creation of hybrid intelligent systems, which, in turn, allow 
expanding the subject area and functional capabilities of the 
system as a whole [6]. When modeling the architecture of 
these systems, it is necessary to take into account the 
principles of their construction [7], as well as apply modern 

 
 

approaches to the process of optimal presentation of the main 
components of the structure of the software platform. 
The method of system-object analysis and modeling, which 
synthesizes the system and object-oriented approaches for 
modeling intelligent tools and systems, is the 
“node-function-object” (NFO approach) [8]. In the 
methodology of NFO modeling, an important place is taken 
by verbal data analysis, which differs from other known 
approaches in decision theory in that it uses non-numeric 
(qualitative) information at all stages of analysis and solving 
an applied problem without conversion to numerical 
information [9]. 
 
It is relevant to improve the “node-function-object” approach 
by automating the construction of NFO-models for the 
intellectual means of various subject areas. 
 
The problem is the formalization of the process of building 
NFO-models. When developing complex systems operating 
in conditions of uncertainty, one should take into account 
inaccuracy, fuzziness, as well as inaccuracy of data and 
knowledge, which characterize both theoretical and causal 
knowledge [10]. 
 
Often, an expert cannot explain the course of his thoughts on 
finding the right solution, so obtaining formalized knowledge 
from him is a difficult and not always feasible task. Thus, the 
work is relevant. 
 
The aim of this work is to increase the efficiency of decisions 
based on the constructed NFO-models, leading to the 
adoption of reliable decisions through the use of the verbal 
method of presenting data to streamline multi-criteria 
alternatives in intelligent systems. 
 
2. ANALYSIS OF THE SUBJECT AREA AND 
STATEMENT OF THE RESEARCH PROBLEM 
 
The NFO approach breaks down the intelligent system by 
parameters: nodal, functional, object [11]. 
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Any system, for example, medical, is characterized by a 
multitude of input and output connections of a certain type 
with other systems. A system S  can be connected with 
systems 1S  and 2S  input connections of the type a  and b , 
respectively, as well as with systems 3S , 4S  and 5S  output 
connections of the type c , d  and e  accordingly (Fig. 1) [12] 
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Figure 1: Communication of the system 

with other systems 
 
These connections can be both material and informational 
[13]. 
 
The intersection (node) of the system’s connections 
determines its internal structure [11]. For example, a system 
S  can consist of a subsystem A , with an incoming type 
connection a  and outgoing type connections c  and d , and 
a subsystem B , with an incoming type connection b  and 
outgoing type connection e  (Fig. 2). 
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Figure 2: A system consisting of two subsystems 

 
Several options of its internal structure can correspond to the 
system node [12]. 
 
A system S  can consist of a subsystem C , with an incoming 
type connection a  and an outgoing type connection c , and a 
subsystem D , with an incoming type connection b  and an 
outgoing type connection and e  (Fig. 3). 
 
The choice of one of several possible options for the internal 
structure of the system is the task that the designer must solve 
in the process of analysis and modeling of complex systems. 

An intelligent system is characterized by the conversion of 
input resources to output resources [1]. 
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Figure 3: A system consisting of two subsystems 

 
For example, a system S  can convert one unit of an input 
resource of a view a  and two units of an input resource of a 
view b  into three units of an output resource of a view c , 
four units of an output resource of a view d  and five units of 
an output resource of a view e  (Fig. 4). 
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Figure 4: Conversion of input resources 

to output resources 
 
The correspondence of the input and output resources 
obtained by a complex system determines the rule (function) 
of their transformation [12]. 
 
The choice of one of several possible options for converting 
input and output resources is a task that a designer must solve 
in the process of analysis and modeling of complex systems 
[11]. 
 
Achieving the formulated goal is associated with the need to 
propose ways to improve the effectiveness of medical 
diagnostics of some cardiovascular diseases through the use 
of appropriate decision-making systems, as well as the 
intellectualization of decision-making procedures, 
automating the construction of NFO-models. 
 
When building NFO-models, analysts and designers often 
have to deal with the problem of choosing the best option [11]: 
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– the internal structure of the selected systems; 
– conversion of existing resources; 
– the implementation of the selected system. 

 
Intelligent decision-making tools should provide [14]: 

– input in interactive mode for one or more sessions of 
patient data, that is, to form a medical history; 

– diagnosis on the entered medical history or medical 
history from the archive; 

– obtaining explanations on the basis of which a final 
diagnosis was made; 

– view the medical history from the archive; 
– correction of erroneous information; 
– the formation of diagnoses and registration of a 

medical decision regarding the treatment of diseases. 
 
In the developed intelligent system, it is necessary to use 
existing approaches to diagnostics, process and analyze data, 
provide the user with complete information for making a 
decision. 
 
3. DEVELOPMENT OF AN INTELLIGENT DECISION 
MAKING SYSTEM 
 
An effective means of increasing the level of information 
support in the preparation and adoption of decisions are 
intelligent decision-making systems (IDMS).  
 
IDMS – a class of human-machine systems designed to assist 
users in their professional activities [15]. The most practical 
application of the IDMS is where decision-makers (DM) or a 
group of such persons need to consider alternative solutions, 
compare them, make a choice. The formation of decision 
options and the choice of the best or acceptable among them 
are based on the preferences of the DM. IDMS helps the user 
quickly process and comprehensively analyze large volumes 
of diverse information, use it in the usual manner for 
themselves. IDMS users work with the system either 
independently or through intermediaries – specialist analysts, 
decision-making consultants [16]. 
 
The decision-making block, a key element of the IDMS, 
includes tools to help users find the best solutions to 
pre-structured problems. At the input of the block, a formal 
representation of the problem and requirements for the type of 
final solution are received. 
 
The development of IDMS takes place in the following areas: 

– integration with information systems, as well as 
information transfer systems; 

– rapprochement with expert systems; 
– improving the technological base. 

 

The modern structure of the proposed system should be 
guided by the availability of resources of the global Internet 
[1], with the help of which a doctor can get the necessary 
information and advice in leading medical centers of the 
world. It should be noted that the Internet is a hyperbolic 
complex information system, the features of heterogeneity, 
distribution and inconsistency of which are raised to a power. 
This allows us to consider this network as a complex 
information system. However, based on the situation and the 
place the patient is in, this is perhaps the single most 
affordable way to transmit and receive data. 
 
The developed IDMS is based on knowledge, with the help of 
which it makes assumptions about possible solutions, issues 
recommendations to clarify the solutions, and also makes 
decisions whose level of competence is not lower than the 
level of a human expert. The objectives of such a system are 
[6]: the adoption of a set of formal and heuristic knowledge 
from high-level specialists, the use of this knowledge by other 
specialists in this subject area or related professions, as well as 
providing advice aimed at improving the level of decisions. 
Intelligent systems operate using the following components: a 
knowledge base, which includes the knowledge, experience 
and intuition of an expert, a database, an inference unit, an 
explanation unit, and a user-friendly interface. If the system 
operates in conditions of uncertainty and severe restrictions 
on resources, then there is a need to include additional 
modules in its structure [6]. 
 
4. IMPLEMENTATION OF A SYSTEM-ORIENTED 
NFO APPROACH IN MODELING THE STRUCTURE 
OF INTELLIGENT DECISION-MAKING TOOLS 
 
The architecture of the intellectual system of medical 
diagnostics is built on the principle of hybrid systems on the 
basis of a functional combination of two systems: the first 
implements traditional approaches and methods to data 
processing; the second – intellectualization in procedures, 
decision making and analysis, and also provides interaction 
with the user. 
 
The proposed structure of the intellectual decision-making 
system is focused on a wide class of cardiovascular diseases 
and contains in its structure the NFO approach described 
above. The block diagram of the construction and interaction 
of the main modules of the system is presented in Fig. 5. 
 
To solve the above tasks, a subsystem for the acquisition of 
knowledge about diseases was developed (DKAS). The 
DKAS uses the knowledge gained in the course of a rather 
long interaction with expert doctors in the field of cardiology, 
reference normative documents on the main and additional 
symptoms, concomitant factors, and objective laboratory 
tests, processed and formalized by knowledge engineers. 
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Defines strategies for creating a knowledge engineer 
interface. 
 
The obtained information is stored in the subsystem for 
processing and formalizing initial data and knowledge 
(SPFIDK) in a specialized language that formalizes the rules 
for the production of a knowledge base (KB). SPFIDK 
contains a database (DB) about the patient and the knowledge 
base, which, in addition to the actual values about this subject 
area, uses membership functions, values of membership 
functions, which make up the logical matrix of weight 
coefficients (MWC). 
 
The knowledge base can be supplemented with new 
information, expand the knowledge available in the system to 
improve the accuracy of determining the disease, configure 
MWC, thereby increasing the effectiveness of the database, 
without modifying the program code of the system. In 
SPFIDK there is the possibility of viewing the parameters on 
the basis of which the diagnosis was made. 
 

 
Figure 5: The block diagram of intelligent 

decision-making tools 
 
The logical inference subsystem contains a logical inference 
machine (SCLIM), consisting of an analyzer and a set of 
production rules, conducts four-stage diagnosis using SCLIM 
and MWC, using patient information and existing 
knowledge. 
 
If the patient is treated repeatedly more than k , where k  – 
some constant determined in dynamics, then a 
recommendation is given to apply cardinal decision methods, 
which are determined by the decision maker. 
 

For example, the first stage of the operational assessment of 
the states of complex objects allows using fuzzy inference 

based on subjective data to obtain many solutions  1
ijD  with 

certain confidence coefficients ijKU  and then refine their 

state on the set of solutions  2
fjD ,  3

ljD ,  4
sjD  or it gives a 

conclusion about the absence of any solution from the class of 
problems being solved zaklD~ : 
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where  1
ijD  is the set of solutions with certain confidence 

factors after the first stage of the operational assessment of the 
states of complex objects; 

 1
ijD  – a lot of decisions displayed at the first stage of 

the operational assessment of the states of complex objects; 
ijKU  – confidence coefficients corresponding to the 

decisions at the first stage of the operational assessment of the 
states of complex objects; 

 2
fjD  – a lot of decisions with certain confidence factors 

after the second stage of the operational assessment of the 
states of complex objects; 

 3
ljD  – a lot of decisions with certain confidence factors 

after the third stage of the operational assessment of the states 
of complex objects; 

 4
sjD  – a lot of decisions with certain confidence factors 

after the fourth stage of the operational assessment of the 
states of complex objects; 

(1)
zaklD  – the final decision with a certain confidence 

coefficient after the first stage of the operational assessment of 
the states of complex objects; 

zaklD~  – a conclusion about the absence of any solution 
from the class of problems being solved. 
 
Similarly, the second, third and fourth stages of the 
operational assessment of the states of complex objects are 
carried out, refining and discarding irrelevant solutions. The 
result after the fourth stage of the operational assessment of 
the states of complex objects of research produces one 
solution with a maximum confidence coefficient. 
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The mechanisms for processing the results of each diagnostic 
stage are described in [17]. 
 
The choice of the final diagnosis consists of the following 
steps: 

– the formation of a group of candidate diagnoses, after 
each stage of diagnosis, with certain confidence factors; 

– analysis of the diagnoses: if their confidence factors 
are not less than the number specified by the user when setting 
up the system, then they are entered in the list of possible 
diseases; 

– after the final stage of diagnosis, according to the 
methodology described in [17], the final diagnosis with the 
highest confidence coefficient is selected. 
 
The use of new methods for finding solutions, as practice 
shows, leads to an increase in the percentage of correct 
decisions with an acceptable diagnostic time. The presence of 
four stages of diagnostics significantly increases the 
capabilities of the system: the information entered by the user 
is refined and expanded, that is, there is a control of the initial 
data, which gives the basis for making a more accurate 
diagnosis with false data. 
 
Making a final diagnosis is not the only purpose of the system. 
In the process of diagnostics, a protocol is generated that 
contains a list of signs entered by the user, on the basis of 
which the final diagnosis was made, that is, the system 
monitors the user when entering the initial data and provides 
complete information necessary for making a decision when 
making a diagnosis. 
 
After determining the dominant diagnosis, the patient is 
given a list of necessary medications and recommendations 
for the treatment of this disease. 
 
In the structure of the developed system, the KB and the LIM, 
which uses this base, are clearly separated. This division 
allows you to make changes to one part of the program 
without changing the other.  
 
The registration and data processing subsystem provides the 
operator’s dialogue with the patient through an accessible 
interface, formalizes questions and processes the answers that 
are received in the SPFIDK DB, where information about 
specific patients and their diseases is stored. 
 
The subsystem for the formation of decisions and 
recommendations (SFDR) prints the final diagnosis with a 
list of medications and recommendations for the treatment of 
this disease, and, depending on the situation, issues messages 
about the absence of cardiovascular diseases, the adoption of 
cardinal decisions and forms a referral for laboratory 
examination. SFDR in the process of diagnosis makes 

adjustments and additions to the block of reference 
information and the accumulated knowledge of doctors. 
 
The modeling and tuning unit )(x  (MTU) uses background 
information and the accumulated knowledge of doctors in the 
process of their work, taking into account changes and 
additions received from the SFDR, applies the provisions of 
fuzzy interval Petri nets to adjust the confidence factors that 
make up the MWC, are stored and processed in SPFIDK. 
 
In the process of designing this system, a block diagram was 
developed and implemented.  
 
The software implementation of the system was implemented 
in the environment of object-oriented programming Python 
3.6. 
 
5. CONCLUSION 
 
The developed structure of an intelligent decision-making 
system, based on the constructed NFO-models, has shown an 
increase in the efficiency of decisions by 18% for expert 
assessments in the medical diagnosis of some cardiovascular 
diseases. The presented architecture leads to the adoption of 
reliable decisions through the use of the verbal method of 
presenting data. 
 
In the diagnostic system, the main function of the interface is 
a formalized survey system, the structure of which allows you 
to conduct a dialogue with the doctor who makes the decision 
in the optimal mode, as well as create a list of laboratory 
examinations that the patient is referred to, depending on the 
answers to previous questions. This approach eliminates the 
fixation of information that is not relevant at the moment. 
 
An interface has been created on the principle of independent 
design, which provides high modifiability and its 
customization to the end user. The implementation of the 
principle of independent design implies the separation in time 
of the stages of entering the initial data about the patient; 
solving a problem and forming an explanation of the decision. 
This system uses existing approaches to formalization and 
diagnostics, conducts data mining, and provides the user with 
complete information for making a decision.  
 
Intelligent decision-making system can be used both in 
clinical practice by novice specialists, and in training students 
and doctors in continuing education institutions. 
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