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Summary. The article gives the reasoning to the relevance of developing a generalized architecture of 

integrated onto-oriented information environment for simulation and processing of cyclic signals based on the 

theory of cyclic functional relations, as well as formulates the general requirements to it and its developingt. The 

research deals with statement of and creating the generalized architectures of the components of the integrated 

onto-oriented information environment for simulation and processing of cyclic signals, namely, for information-

oriented reference system in the field of simulation and processing of cyclic signals; knowledge base of the 

integrated information environment, the core of which is the corresponding ontology; onto-oriented expert 

decision support system in the field of simulation and processing of cyclic signals; information system with onto-

oriented architecture for simulation and processing of cyclic signals.  

Key words: ontology, integrated onto-oriented information environment, simulation, processing methods, 
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Introduction. Many scientific works are devoted to the development of mathematical 

models, methods of computer simulation and processing of signals of cyclic structure,  

as well as the creation of appropriate information systems for their analysis, prediction, 

classification, clustering, regression, prediction, simulation (generation) of cyclic signals [1–

24]. There are many mathematical models of cyclic signals known which are developed 

within the framework of both deterministic and stochastic approaches to their description. 

Among deterministic models, the best known are harmonic and quasiharmonic functions, 

periodic and almost periodic polyharmonic functions that describe the temporal structure of 

cyclic signals, and models in the form of a series of linear and nonlinear differential 

(or difference) equations that describe the mechanisms of formation (generation) of such 

signals. Among stochastic mathematical models of cyclic signals, periodically correlated and 

periodically distributed random processes, periodic white noises (processes with independent 

periodic values), linear periodic random processes and fields, Markov periodic random 

processes, almost periodic, in particular, polyperiodic random processes have become 

classics.  

Theory of simulation and processing of cyclic signals has received considerable 

development and systematization through the framework of the mathematical theory of cyclic 

functional relations (CFR), which significantly generalized the known mathematical models 

of signals and processes of cyclic structure [25–30]. CFR theory contains all the necessary 

prerequisites for creating a unified scientific methodology for developing new models, 
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substantiation, structural and parametric identification of mathematical and computer models, 

methods of transformation, analysis and prediction of cyclic signals in modern 

intellectualized information systems using deterministic, stochastic, indistinct and interval 

approaches. Within the framework of this approach, new mathematical models, processing 

methods (statistical evaluation, spectral analysis, sampling) and computer simulation methods 

of cyclic signals of biological, economic and technical origin have been developed. In 

particular, the stochastic method actively uses and develops mathematical models in the form 

of cyclic random processes and vectors, as well as conditional cyclic random processes that 

generalize periodic (periodically correlated and periodically distributed) random processes 

and vectors, and have formal means of taking into account rhythm variability of the cyclic 

signals to be investigated. Based on these mathematical models and methods of cyclic signal 

processing, a number of software systems for analysis and prediction of cyclic signals 

(processes) in the field of medical cardiodiagnostics, econometrics and non-destructive 

diagnostics of materials have been developed [25–30]. 

Relevance of developing the integrated onto-oriented information environment 

for simulation and processing of cyclic signals (IOIS_SPCS) based on CFR theory. Such 

a wide variety of mathematical models, methods of processing and computer simulation of 

cyclic signals, as well as software that automates these methods, on the one hand, provides 

significant opportunities for developing effective information systems for diagnosing, 

predicting and assessing the state of cyclic signals. which are generated by them, and on the 

other – significantly complicates the developer of such systems the choice of mathematical 

software (models, methods and algorithms) and software that underlie the functioning of this 

class of information systems. This situation is further complicated by the fact that often 

collective developers do not have a direct specialist in the field of mathematical simulation 

and processing of cyclic signals, as well as the fact that software development often needs to 

be done ‘from scratch’.  

Given the above, it is important to develop an intellectualized (in particular, 

onto-oriented) information environment of deductive-inductive simulation (mathematical 

and computer) and processing (analysis, prediction, recognition, diagnosis, authentication) 

of cyclic signals (phenomena, processes) in the interval, stochastic and indistinct 

indeterminacies with guaranteed accuracy and reliability, minimal complexity (structural 

and computational complexity) and interpretability. This integrated information environment 

should have a user-friendly interface and a hierarchically organized system of software 

modules for computational experiments using the tools of CFR theory. In addition, 

this information environment should be equipped with an expert decision support 

system in the field of simulation and processing of cyclic signals, which will significantly 

simplify, intensify (automate) and increase the adequacy of the procedure for developing 

mathematical and software intelligent systems in medicine, technology and economics. After 

all, it is more appropriate to reasonably choose and adapt (according to the structure of the 

studied signals and research objectives) the mathematical model and methods from the 

existing, pre-formed and structured set, which will significantly increase efficiency 

(significantly simplify and accelerate) and development of mathematical software, in 

particular, by involving corresponding automation means which have already been 

developed.  

Requirements and generalized IOIS_SPCS architecture. We formulate general 

requirements for IOIS_SPCS. 

The proposed (IOIS_SPCS) as its components should include the following systems: 

information-oriented reference system in the field of simulation and processing of cyclic 

signals (IORS_SPCS); knowledge base of the integrated information environment 

(KB_IOIE), the core of which is the ontology of the subject area ‘Simulation and processing 
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of cyclic signals within the theory of cyclic functional relations’ (OSA_SPCS); expert onto-

oriented decision support system in the field of simulation and processing of cyclic signals 

(EOS_SPCS), information system with onto-oriented architecture for simulation and 

processing of cyclic signals (ISOA_SPCS) (Fig. 1).  

 

 

 

Figure 1. Generalized scheme of interaction of the integrated onto-oriented 

information environment of simulation and processing of cyclic signals 

with existing programs libraries, systems and resources in the field 

of simulation and processing of signals and images 

 

IOIS_SPCS has to be based on an ontological approach to simulation and specification 

of knowledge in the subject area ‘Simulation and processing of cyclic signals in the theory of 

cyclic functional relations’.  

IOIS_SPCS has to be consistent (compatible) with existing libraries of programs, 

systems and resources in the field of simulation and processing of signals and images, in 

particular, signals and images with cyclic spatio-temporal structures.  

IOIS_SPCS has to be developed using modern management technologies and quality 

assurance of software systems based on international standards.  

IOIS_SPCS has to be web-based and can be implemented on a computing cluster as a 

virtual remote engineering lab.  

IOIS_SPCS must have a modular structure with capability to increase functionality.  

IOIS_SPCS has to be available (simple and inexpensive), and for this reason should 

it моdeveloped using free open source software (including in the Python programming 

language).  

The generalized IOIS_SPCS architecture is presented in Fig. 2. 
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Figure 2. Generalized architecture of the integrated onto-oriented information environment 

of simulation and processing of cyclic signals 

 

Requirements and generalized architectures of IOIS_SPCS components. Consider 

in more detail the components of the proposed IOIS_SPCS, as well as their generalized 

architectures. 

Onto-oriented knowledge base and ontology of the subject area «Simulation and 

processing of cyclic signals». An important fundamental component of the integrated onto-

oriented information environment for simulation and processing of cyclic signals is its 

knowledge base KB_SPCS, because the logic of all components of the integrated environment 

is based on a previously developed knowledge base. The OSA_SPCS ontology provides 

knowledge about models and methods of cyclic signal processing in machine-interpreted form, 

namely, it allows to specify knowledge about the system of models, methods and software for 

cyclic signal processing.  

The main requirements for KB_SPCS are the following.  

1. Knowledge base of KB_SPCS has to contain its five main components: 

1) knowledge base of mathematical models of cyclic signals; 2) knowledge base of typical 

tasks of processing and computer simulation of cyclic signals; 3) knowledge base of methods 

of processing and computer simulation of cyclic signals; 4) knowledge base of means 

(software, firmware, hardware) of processing and computer simulation of cyclic signals;  

5) knowledge base of the results of application of models, methods and means of processing 

and computer simulation of cyclic signals in the relevant fields of medicine, engineering and 

economics (Fig. 3).  

2. Knowledge base of mathematical models of cyclic signals should have the highest 

priority (priority 1); the knowledge base of typical tasks of processing and computer simulation 

of cyclic signals should have the second most important priority (priority 2); the knowledge 

base of methods of processing and computer simulation of cyclic signals should have the third 

most important priority (priority 3); the knowledge base of the means (software, firmware, 

hardware) of processing and computer simulation of cyclic signals should have the fourth most 

important priority (priority 4); the knowledge base of the results of application of models, 

https://doi.org/10.33108/visnyk_tntu2021.0


Serhii Lupenko, Iaroslav Lytvynenko, Volodymyr Hotovych, 

Andrii Zozulia, Nnamene Chizoba, Oleksandr Volyanyk  

 

ISSN 2522-4433. Вісник ТНТУ, № 2 (102), 2021 https://doi.org/10.33108/visnyk_tntu2021.02 …...….....…….….....……… 151 

methods and means of processing and computer simulation of cyclic signals should have the 

fifth most important priority (priority 5). Taking into account the priority of KB_SPCS 

components makes it possible to structure models, typical tasks, methods and tools, as well as 

the results of their practical application. 

3. The structure of KB_SPCS should be consistent with the axiomatic-deductive 

strategy of CFR theory as a theory of cyclic signal models. 

4. The knowledge base KB_SPCS should have an ontology of the subject area 

«Modeling and processing of cyclic signals based on the theory of cyclic functional relations» 

(OSA_SPCS) as its core. 

5. The OSA_SPCS ontology has similar structural components as the KB_SPCS 

knowledge base (see Figure 3). 

6. The OSA_SPCS ontology has to contain the following four objects: 1) glossary 

(models, methods, algorithms, programs – the formal generating grammar of CFR class names 

and names of corresponding methods (algorithms, programs), as well as their corresponding 

definitions should work here); 2) system of four taxonomies (taxonomies of mathematical 

models, taxonomy of methods (taxonomy of methods of computer simulation of cyclic signals, 

taxonomy of methods of cyclic signals processing (analysis, prediction, transformation, 

classification, clustering, regression, sampling, etc.)), software taxonomy and taxonomy of 

application results); 3) taxonomy of slots that contain attribute vectors for each CFR class (these 

attributes characterize the corresponding CFR class in terms of features and capabilities of its 

use as a model of cyclic signals, taking into account the capabilities of appropriate methods); 

4) a set of expert descriptions of each CFR class in terms of the characteristic conditions of 

applicability of this class as a model of cyclic signals. 

 

 

 

Figure 3. Symbolic image of the structural components of OSA_SPCS ontology 

 

Ontology makes it possible to present CFR theory in a machine-interpreted form and to 

be the basis for the development of onto-oriented information systems for simulation, 

generating, processing (analysis, forecasting, decision-making) of cyclic signals. In addition, 

the ontological approach is well consistent with the axiomatic-deductive strategy of the theory 

of simulation and processing of cyclic signals. Axiomatic-deductive strategy of the theory of 
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simulation and processing cyclic signals significantly increases the level of its structure, rigor 

and formalization, facilitates the identification of new directions and regions of development 

of CFR theory. 

The presence in the ontology of many expert descriptions of each CFR class in terms of 

the characteristic conditions of this class applicability as a model of cyclic signals will allow 

the expert decision support system in addition to recommendations of a particular class of CFR 

as a model of studied signals. Such descriptions are formed on the basis of a survey carried out 

by several experts of the highest qualification in the field of mathematical simulation and 

methods of processing cyclic signals. 

Information-oriented reference system in the field of simulation and processing of 

cyclic signals. The information-oriented reference system in the field of simulation and 

processing of cyclic signals (IORS_SPCS) is designed to provide access to information about 

existing mathematical models, methods and software for processing and computer simulation 

of cyclic signals within the CFR theory.  

We formulate the basic requirements for IORS_SPCS. 

1. IORS_SPCS should include: 1) graphical user interface; 2) software interfaces for 

EOS_SPCS and ISOA_SPCS information systems access to IORS_SPCS content; 3) a database 

containing the content of the theory of simulation and processing cyclic signals; 4) module for 

editing and replenishing content (see Fig. 3).  

2. IORS_SPCS has to be a stand-alone reference system with access to its resources of 

other components of the IOIS_SPCS integrated environment, namely: in the process of 

interaction with the expert system EOS_SPCS at intermediate stages and at the final stage of 

recommending the optimal class of mathematical models, methods and tools computer 

simulation of cyclic signals, providing information from the directory relevant to the stage of 

user interaction with EOS_SPCS; in the process of user interaction with ISOA_SPCS, 

providing access to content at different stages of processing and computer simulation of cyclic 

signals; in the process of user interaction with the knowledge base KB_IOIE and the 

OSA_SPCS ontology of the integrated information environment. That is, access to IORS_SPCS 

has to be in two modes: 1) in the full-fledged work mode with the reference system; 2) in the 

mode of partial access to the reference material from the dialog boxes of other information 

systems of the integrated environment.  

3. IORS_SPCS content has to be structured according to the axiomatic-deductive 

strategy of content organization and based on the previously developed OSA_SPCS ontology. 

In particular, the structural organization of IORS_SPCS is determined by taxonomies of 

models, methods and tools of processing and computer simulation, which are part of the 

previously developed ontology of OSA_SPCS. That is, the IORS_SPCS sections have the 

names of the CFR classes and the corresponding methods and means of their simulation and 

processing. 

4. IORS_SPCS has to be equipped with means of automatic content generation using 

the technology of text dynamic templates in accordance with the sub-strategy of taxonomic 

distribution of content from the abstract logical-semantic core of simulation theory and 

processing of cyclic signals into a set of its partial logical-semantic regions. More precisely, the 

first (abstract) part of the electronic directory should be generated automatically, and the second 

(specifically-partial) should be formed in the 'manual' mode. Thus, each class of mathematical 

models corresponds to its own help text, the first part of which is generated automatically, and 

the second in the usual 'manual' mode. 

5. The IORS_SPCS reference system must be multilingual with the ability to imply 

other languages.  
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6. The IORS_SPCS reference system must be equipped with a hyperlink mechanism 

for transitions between basic content concepts. 

The generalized IORS_SPCS architecture is presented in Fig. 4. 

 

 

 
Figure 4. Generalized architecture of information-oriented reference system in 

the field of simulation and processing of cyclic signals 

 

Onto-oriented expert decision support system in the field of simulation and 

processing of cyclic signals. An important component of the developed integrated 

information environment is an expert decision support system in the field of simulation and 

processing of cyclic signals (EOS_SPCS). The main purpose of the expert system is to form 

substantiated recommendations, optimal in a sense (according to a certain criterion of 

optimality) such objects: 1) CFR class, within which there is a corresponding cyclic functional 

relationship that can be used as an adequate mathematical model of the studied cyclic signals; 

2) a specific mathematical model of cyclic signals from this CFR class; 3) methods of 

processing and/or methods of computer simulation of cyclic signals, which are based on the 

recommended mathematical model; 4) tools (software, firmware, hardware) that automate 

(implement) the appropriate methods of processing and/or methods of computer simulation 

of cyclic signals.  

EOS_SPCS users can be researchers, engineers who are not highly qualified direct 

specialists in the field of simulation and processing of cyclic signals, but who need to solve 

problems in this field, in particular, using an information system with onto-oriented 

architecture for simulation and processing of cyclic signals.  

The main requirements for the designed expert system include the following. 

1. The expert system EOS_SPCS should include: 1) graphical user interface and 

administrator (knowledge engineer); 2) software interfaces for access to information systems 

IORS_SPCS, ISOA_SPCS and KB_SPCS; 3) module to form recommended solutions; 4) 

module of explanations and justifications.  
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2. The expert system has to be an independent information system with the possibility 

of access to other components of the integrated environment IOIS_ MOCS: IORS_SPCS, 

ISOA_SPCS and KB_SPCS. 

3. The expert system has to be able to justify its decision, explain it in the form of a 

logical conclusion from the request (needs) of the user. 

4. The knowledge base of the expert system has to be based on a pre-developed 

ontology of simulation and processing of cyclic signals on CFR theory background.  

5. The procedure for selecting the optimal class of mathematical models of the expert 

system should be carried out both on the basis of a specific user survey (a priori information) 

and with the simultaneous involvement of software to test statistical hypotheses regarding 

certain properties of the studied cyclic signals (a posteriori information).  

6. The optimal choice of a specific model from the appropriate class and methods of 

processing should be based on the procedure of its structural or structural-parametric 

identification by machine learning methods based on real data – the implementation of the 

studied cyclic signals. 

Generalized architecture of the expert decision support system in the field of 

simulation and processing of cyclic signals is presented in Fig. 5. 

 

 

 

Figure 5. Generalized architecture of the expert decision support system in 

the field of simulation and processing of cyclic signals (EOS_SPCS) 

 

Based on the above, four basic stages of EOS_SPCS operation can be distinguished, 

namely: 1) stage of selection (recommendation) of the relevant user request (such as task 

processing or simulation of cyclic signal) and adequate spatio-temporal structure of cyclic 

signals class mathematical models as CFR class; 2) the stage of selection (structural-

parametric identification) of a specific mathematical model from this class using machine 

learning technologies; 3) the stage of selection of means that automate (implement) the 

corresponding methods of processing and/or methods of computer simulation of cyclic signals 

and 4) the stage of selection of methods for solving problems of processing and simulation of 

cyclic signals (Fig. 6).  
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Figure 6. Basic stages of EOS_SPCS operation support of decision support in the field 

of simulation, processing and computer simulation of cyclic signals 

 

Information system with onto-oriented architecture for simulation and processing 

of cyclic signals. The most complex and largest subsystem that is part of the integrated 

information environment is an information system with an onto-oriented architecture for 

simulation and processing of cyclic signals (ISOA_SPCS). 

The generalized ISOA_SPCS architecture is presented in Fig. 7. 

 

 

 

Figure 7. Generalized architecture of the information system 

with onto-oriented ISOA_SPCS architecture 
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The main purpose of ISOA_SPCS is to automate all known methods of processing and 

computer simulation of cyclic signals in the framework of CFR theory, which will allow the 

researcher of cyclic signals (processes, phenomena) and the developer of appropriate 

information systems for their analysis and prediction to effectively process and digitally 

simulate signals, as well as to create the necessary information systems for diagnosis and 

prediction of these signals.  

The main requirements for an information system with an onto-oriented architecture 

include the following.  

1. ISOA_SPCS has to include: 1) graphical user interface; 2) software interfaces for 

access to information systems IORS_SPCS, EOS_SPCS and KB_SPCS; 3) information 

subsystem of cyclic signal processing methods; 4) information subsystem of methods for 

computer simulation of cyclic signals. 

2. Information system with onto-oriented architecture ISOA_SPCS has to be a stand-

alone information system with access to other components of the integrated environment 

IOIS_SPCS: IORS_SPCS, EOS_SPCS and KB_SPCS.  

The architectures of information subsystems of processing methods and methods of 

computer simulation of cyclic signals must be onto-oriented, i.e., the set of modules of these 

subsystems and their mutual subordination is completely determined by OSA_SPCS ontology. 

Conclusions and prospects for further research. 

1. The relevance of IOIS_SPCS development is substantiated, which enables effective 

system solution of a whole range of important methodological, methodical and technological 

tasks in the field of simulation and processing of cyclic signals, in particular, significantly 

simplifies, intensifies (automates) and increases the reliability of mathematical and software 

systems for the needs of medicine, technology and economics.  

2. The main tasks of development are formulated and the generalized IOIS_SPCS 

architecture is developed.  

3. The requirements are formulated and generalized architectures of the following 

components of IOIS_SPCS are developed: information onto-oriented reference system in the 

field of simulation and processing of cyclic signals; knowledge base of the integrated 

information environment, the core of which is the ontology of the subject area «Simulation and 

processing of cyclic signals in the theory of cyclic functional relations»; expert onto-oriented 

decision support system in the field of simulation and processing of cyclic signals, information 

system with onto-oriented architecture for simulation and processing of cyclic signals.  

The main problems that need further solution are the following. 

1. Create mathematical software for the developed integrated information environment, 

namely, the necessary models (analytical, simulation), methods and algorithms for functioning 

of this integrated environment and its components of information systems. 

2. Taking into account the specifics of mathematical support, to model, analyse and 

optimize the structural (architectural) and functional properties of the developed integrated 

onto-oriented information environment, and create a detailed (refined) project of integrated 

onto-oriented information environment and its components. 

3. To substantiate the choice of information technologies and software environments 

for realization (coding, programming) of the project of the integrated onto-oriented information 

environment of simulation and processing of cyclic signals. 
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Резюме. Обґрунтовано актуальність розроблення, а також формулювання загальних вимог та 

побудову узагальненої архітектури інтегрованого онтоорієнтованого інформаційного середовища 

моделювання й опрацювання циклічних сигналів на базі теорії циклічних функціональних відношень. Це 

дозволило ефективно системно вирішити цілий спектр важливих методологічних, методичних та 

технологічних завдань у галузі моделювання та опрацювання циклічних сигналів. Зокрема, суттєво 

спростило, інтенсифікувало (автоматизувало) та підвищило ступінь достовірності процедури 

розроблення математичного й програмного забезпечення інтелектуалізованих систем для потреб 

медицини, техніки та економіки. Сформульовано основні завдання розроблення та розроблено узагальнену 

архітектуру інтегрованого онтоорієнтованого інформаційного середовища моделювання й опрацювання 

циклічних сигналів. Сформульовано вимоги та розроблено узагальнені архітектури таких складових 

інтегрованого онтоорієнтованого інформаційного середовища моделювання та опрацювання циклічних 

сигналів: інформаційної онтоорієнтованої довідкової системи в галузі моделювання та опрацювання 

циклічних сигналів; бази знань інтегрованого інформаційного середовища, ядром якої є онтологія 

предметної області «Моделювання та опрацювання циклічних сигналів у рамках теорії циклічних 

функціональних відношень»; експертної онтоорієнтованої системи підтримки прийняття рішень у галузі 

моделювання й опрацювання циклічних сигналів, інформаційної системи з онтоорієнтованою 

архітектурою для моделювання та опрацювання циклічних сигналів. 
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