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PROBLEM OF CONSTRUCTING AN ONTOLOGICAL METAMODEL
OF ITERATIVE GROUP METHOD OF DATA HANDLING ALGORITHMS

Introduction. Data volumes are permanently increasing and some new approaches are need-
ed for storage and processing them considering the development and improvement of modern
computers. This puts forward new requirements to automatic data processing tools and
intelligent systems for analyzing information with taking into account its semantics.

The advantage of iterative group method of data handling (GMDH) algorithms is that
they are able to work with a large number of arguments. The generalized iterative GMDH
algorithm includes various former modifications of these algorithms. For example,
algorithms of multilayer and relaxation types as well as varieties of iterative-combinatorial
(hybrid) algorithms are diverse particular cases of the generalized one.

Metamodeling is the construction of generalized models of a certain group of objects
(software tools, mathematical models, information systems). An ontological metamodel of the
iterative GMDH algorithms was built using the Protege tools in order to structure knowledge
in this subject area.

The purpose of the paper is to analyze the developed iterative GMDH algorithms and
propose an approach to structuring knowledge on iterative GMDH algorithms by building an
ontological metamodel of this subject area.

Results. A retrospective analysis of the developed iterative GMDH algorithms is carried out in
the paper, their advantages and disadvantages are indicated. It is shown that the generalized itera-
tive algorithm, whose special cases are both known and new varieties of multilayer, relaxation and
iterative-combinatorial GMDH algorithms, makes it possible to compare the effectiveness of various
algorithms and solve real modeling problems. Based on the results of this study, an ontological
metamodel of iterative GMDH algorithms has been developed.
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Conclusions. Classic iterative GMDH algorithms allow processing large datasets. The
generalized iterative algorithm allows forming typical architectures of previously developed
modifications of these algorithms when setting up various operating modes of this algorithm.
The construction of an ontological metamodel based on this one allows structuring knowl-
edge on the available iterative algorithms making it possible to automate the design and use
of specialized software tools for specific applied tasks.

Keywords: inductive modeling, GMDH, iterative algorithms, mathematical model, metamod-
eling, subject area, ontology.

INTRODUCTION

The rapid development of modern systems and technologies puts forward new
requirements for automatic data processing and intelligent systems for analyzing
information taking into account its semantics.

Now there are new trends of supporting the processes of searching, process-
ing and using knowledge for business: knowledge management, data manage-
ment, data engineering, data mining, ontology building and many others.

The artificial intelligence technologies and intelligent computer systems are
actively developing. The internal structure of such systems is a reflection of
knowledge in the form of models of a subject area which are fed to the input of
the system in a formal form.

Information semantic technologies based on ontologies make it possible to
build applied systems for analyzing and modeling complex objects, systems and
processes of various natures. To develop such systems, the results of structuring
knowledge on a certain area of human activity are used helping to solve tasks of
analysis and design of the structure of knowledge bases and functionality.

One of effective methods for constructing models of complex objects and
systems based on observational data is the group method of data handling
(GMDH) [1-3] built on the principles of induction, that is sequential generaliza-
tion of partial phenomena (from specific to general ones). This method allows
automatic finding unknown patterns of functioning of an object or process under
study, information about which is implicitly contained in a data set.

An analysis of the subject area of inductive modeling will allow structuring
knowledge on the main stages of this process, the data nature, applied methods
and conditions of the effective use of the built models.

Ontological analysis explains the structure of knowledge and forms a con-
ceptual dictionary as the basis of any knowledge representation system for a
particular domain [4]. Such an analysis of the subject area is the first step to-
wards the development of knowledge-based systems.

The purpose of the paper is to analyze the developed iterative GMDH al-
gorithms, to propose an approach to structuring knowledge on these algorithms
by building an ontology of this subject area, and to build an ontological meta-
model of the algorithms.

THE TASK OF STRUCTURING KNOWLEDGE ON METHODS
OF CONSTRACTING MODELS FROM EXPERIMENTAL DATA

Building models is one of prerequisites for creating artificial intelligence tools
designed to identify knowledge in data for further analysis and processing, as
well as forecasting and decision making.
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Currently, hundreds of algorithms have been developed to obtain knowledge
from data, but there are still many unsolved problems in the field of computer model-
ing and data analysis. Modern data mining packages contain numerous modules for
collection and preprocessing, feature selection and construction, classification, ap-
proximation, optimization, pattern detection, clustering, visualization etc.

To identify knowledge that describes a particular subject area, their formal-
ization is required. To do this, it is necessary to perform a detailed analysis of
this area and to structure knowledge on the main stages of the processes which it
is composed of, on the data nature, on methods used to process the data, and on
the conditions of effective application of the resulting models.

In [4], the issues are considered on the role of ontology in the field of artifi-
cial intelligence research, the importance of their use for describing and structur-
ing knowledge of a subject area. Ontological analysis clarifies the structure of
knowledge, forms a conceptual dictionary as the basis of any knowledge repre-
sentation system for a particular domain. The ontological analysis of the subject
area is the first step to the development of efficient knowledge-based systems.

GMDH as a typical method of inductive modeling is an effective means of dis-
covering knowledge from experimental data, which has proven itself over more than
50 years of application in various fields. One of fundamental varieties of GMDH is the
class of iterative algorithms. The most known among them is the classical multilayer
iterative GMDH algorithm. Nowday, a whole range of iterative algorithms have been
developed, each of which has its own peculiarities. Based on these algorithms, a gen-
eralized iterative GMDH algorithm was developed [5, 6]. By adjusting its parameters,
different special cases of iterative algorithms may be obtained. In order to structure
knowledge on these algorithms and their tuning modes, it is planned to build an onto-
logical metamodel of the iterative GMDH algorithms.

The design and development of intelligent computer technologies based on the
creation of high-performance computing tools for inductive modeling in order to sig-
nificantly expand the possibilities of building models of complex processes of various
nature remains an important area of research [7]. The basis of it is the results of struc-
turing knowledge of the subject area in order to design the appropriate structures of
knowledge bases, functional support and intelligent interface tools. Therefore, it is
necessary to analyze the subject area of inductive modeling, the main stages of the
process of building models from data, the methods used and the conditions for their
effective application, as well as the construction of ontological models of inductive
modeling tools based on the performed analysis.

That is why the task was set in the paper to investigate the iterative GMDH
algorithms and build their ontological metamodel to structure knowledge in this
subject area.

METAMODELING. ONTOLOGY AS A METAMODEL OF A SUBJECT AREA

The prefix meta means a superstructure to some object. For example, metadata
is data on data which is some additional generalized information about data.
Metadata refers to data or information about information. Meta-knowledge in
the field of artificial intelligence is a part of the knowledge base that defines the
structure of data about the subject area. A meta-model in informatics is a model
that describes another model i.e. transitive relations between models [8].
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Metamodeling is the analysis of processes, the design and development of
frames, decision rules, constraints, models and theories that can be applied to
generalized models of intelligent software and information systems.

The term metamodeling is used to summarize the problems that arise in dif-
ferent areas at all stages: data collection, processing, object management for
automation purposes, simplification and streamlining, in order to form a
common structure that still has a certain level of flexibility and extensibility.

If we have a set of objects, we can build a model of each of them (objects of
the same class, close to functions, but performing different operations), but it is
better to build a generalized model or metamodel of this group of objects. Such a
metamodel is a generalized model of this class, set or group of objects. When we
modify this general model by some parameters, it will describe any particular
object of this group.

The main question of metamodeling [9]: how to design the elements on
which the metamodel is based? These features should combine characteristics of
a data set and relevant aspects of the learning model. Such characteristics of a
data set should not be limited to a simple enumeration of the number and type of
attributes and the number of objects.

The concept of metamodel is closely related to the concept of ontology [10].
The purpose of modeling can be considered as an explicit description (in the
form of structures and rules), that is as a model of a specific subject area.

Metamodels and ontologies are used to describe and analyze relationships
between concepts, limit complexity, and structure information [11]. This is an
explicit formalized description of how a domain-specific model is built. Typi-
cally, a metamodel is ontology but not every ontology can be explicitly pre-
sented as a metamodel. Ontologies are often distinguished by their level of gen-
erality from meta-ontologies (top-level ontologies) to the ontological domain
and to applied ontologies.

The latter can describe a specific task, its structure, data types, restrictions
etc., but they do not contain a specific implementation, they are not tied to soft-
ware. This ensures the principle of interoperability which facilitates the use of
formalized knowledge by many users in accordance with their goals.

In many areas, standard ontologies are being developed to formalize the basic
concepts of the subject area and the relationships between them. They are used to
analyze the subject area, define common dictionaries (thesauri) for sharing by
specialists of specific domains and for annotating information in their area, facilitate
its reuse, expansion by integrating several existing ontologies of one subject area [12].

In this article, we consider iterative GMDH algorithms in order to determine
their general structure and constituent elements, describe rules of their
application for the possibility of the automated use of this knowledge.

MAIN TYPES OF ARCHITECTURES OF ITERATIVE GMDH ALGORITHMS

A review and a comparative analysis of typical architectures of iterative GMDH algo-
rithms are presented here. The classical multilayer iterative algorithm MIA [1] is the
most widespread among them. As it is evident from the Fig. 1, it is of neural network
type with some original features: parewise connections to nodes of any hidden layer;
selection of best nodes on any layer; number of layers is not predefined.
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Fig. 2. Hierarchy of the developed iterative GMDH algorithms [13]

However, MIA has its own significant drawbacks: the possibility of losing
informative and/or including non-informative arguments, exponential growth of
the degree of the polynomial. To overcome these shortcomings, some modifica-
tions of MIA were implemented.

To date, seven standard implementations of iterative GMDH algorithms
with different properties are known [13], schematically presented on the Fig. 2.

The first group of algorithms consists of the following iterative GMDH
algorithms:

1) MIA — Multilayered Iterative Algorithm;

2) RIA — Relaxation Iterative Algorithm;

3) CIA - Combined Iterative Algorithm.

In each of the named algorithms, it is possible to apply combinatorial
optimization of the complexity of transfer functions of the nodes; this can be
abbreviated as optimization of partial descriptions. Then we get three new
algorithms with the obvious common name iterative-combinatorial ones. Hence
the second group of algorithms is iterative-combinatorial GMDH algorithms:

ISSN 2663-2586 (Online), ISSN 2663-2578 (Print). Cyb. and Comp. Eng. 2022. Ne 3 (209) 25



Stepashko V.S., Savchenko-Syniakova Ye.A., Pidnebesna H.A.

4) MICA — Multilayered Iterative-combinatorial Algorithm;

5) RICA — Relaxation Iterative-combinatorial Algorithm;

6) CICA — Combined Iterative-combinatorial Algorithm;

7) GIA — Generalized Iterative Algorithm.

Thus, the Generalized Iterative Algorithm (GIA) GMDH developed in [5] is
a generalization of all six of the above algorithms.

In MIA GMDH, the problem of constructing an optimal model is solved in-
ductively: models of a gradually complicated structure are built, and the process
of complication has the character of iterations, when the best previous results are
used in the next layer (iteration). The complication occurs according to a single
rule, which allows building an arbitrarily complex model from a large number of
variables (arguments) that characterize the modeling object.

RIA is a modification of the iterative algorithm MIA, in which pairs are
formed from intermediate and initial arguments [14, 15]. Taking into account the
primary arguments on each layer, this algorithm eliminates the possibility to lose
informative arguments.

CIA is an iterative algorithm in which pairs are possible both from interme-
diate arguments and from intermediate and initial ones, so it combines the two
previous ones, MIA and RIA.

To eliminate the disadvantage of the basic algorithm, namely the exponential
growth of the polynomial degree, it was proposed in [16] to use an exhaustive search
of variants of a partial model, the so-called MICA, described in detail in [3].

The RICA proposed in [17] makes it possible to improve the MIA GMDH
generator of structures and obtain new variants that allow to not losing informa-
tive arguments that can be eliminated at previous stages of modeling.

CONSTRUCTION OF AN ONTOLOGICAL METAMODEL OF ITERATIVE GMDH ALGORITHMS

The complex developed in [18] can be called a metaprogram. It contains many vari-
ants of algorithms that generalize other algorithms and allow the author of the simula-
tion to build his own algorithm from separately programmed modules of the complex,
as well as compare the results with other algorithms and explore its properties.

It was shown in [19] that the successful solution of the problem of modeling
complex objects, processes, and systems based on data significantly depends on
the choice of an optimal method and, consequently, on familiarity with modeling
methods. First of all, it is important for a data-driven modeling specialist who
must decide which method will be most effective in a particular case, as well as
for a user who wants to apply the available modeling methods.

Functional and interactive structures of an integrated set of tools for the study and
application of modeling methods based on the observation data have been developed
and implemented. Computer tools are designed for experimental discovery of knowl-
edge about the comparative advantages and disadvantages of modeling methods and
its components. The computer complex has the ability to use recurrent parameter es-
timates in order to increase the efficiency of modeling methods.

In [5], a generalized iterative algorithm for inductive modeling was devel-
oped. This is one software product, which in its structure contains seven differ-
ent software products with various properties, and this product is a metamodel of
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the GMDH iterative algorithms.

The software structure described in [20] is built on the principle of meta-
modeling and is intended for the implementation and launch (execution) of sev-
eral GMDH algorithms. A key component of the software structure that distin-
guishes it from libraries of aggregated functions/methods is the kernel, which is
implemented in accordance with the object-oriented paradigm.

In [21], the problem of metamodeling is considered as one of the problems
of artificial intelligence. The author used methods for solving such specific tasks
as: estimation of parameters of nonlinear transfer functions by gradient methods;
development of heterogeneous nodes using genetic algorithms with niching
schemes; inductive choice of optimal models of the GMDH multilayer measure
using external criteria based on partitioning a given data set; improving the abil-
ity to generalize the network system by combining multiple models; visualiza-
tion of useful properties of multidimensional processes due to evolutionary
search based on genetic algorithms with special fitness functions.

The study of the classical multilayer iterative GMDH algorithm and its
modifications showed that if to structure the knowledge about these algorithms
in one ontological metamodel, this will allow to implement such a metamodel
once and get results using different algorithms, setting up its various parameters.

Let us first consider the architecture of the generalized iterative algorithm
GIA GMDH [5] based on various modifications of the classical iterative GMDH
algorithm. For further development of architectures of iterative algorithms, the
following ideas are introduced here [22]: selection of primary arguments (addi-
tion on each layer of initial arguments) and implementation of combinatorial
optimization of the structure of particular models. The idea of optimization [23]
means that each neuron implements a sorting or other GMDH algorithm.

The hybrid architecture of the GIA algorithm developed in [24] provides its
new properties: restoration of informative arguments sifted out at the first stages
of the algorithm, elimination of non-informative arguments remaining at the first
stages, avoidance of “degeneration” (repetition) of the structures of partial mod-
els. Thus, it is possible to generalize the main structures of the previously devel-
oped iterative GMDH algorithms and simultaneously obtain their new variants.
Fig. 3 shows the scheme of operation of the GIA GMDH [5].

The general scheme of the GIA GMDH architecture and, accordingly, the
hierarchy of the main types of iterative algorithms built using the Protégé onto-
editor is shown in Fig. 4.

Each of the algorithms has its own peculiarities in these components. It is neces-
sary to have a description of different options in one general ontological structure in
order to be able to obtain different types of algorithms by combining them.

The main principle of ontological analysis is the generalization of the task at
the top level and its detailing at the lower levels of the hierarchy. That is, the
upper level defines the basic principle of building a model, and the lower ones
determine the procedures and methods of forming a model.

The purpose of developing an ontological metamodel of iterative algorithms is
to build such a software tool that will allow to automatically configure this metapro-
gram as a metamodel of iterative algorithms with defining an algorithm that is most
adequate to a specific object by adjusting the control parameters.

ISSN 2663-2586 (Online), ISSN 2663-2578 (Print). Cyb. and Comp. Eng. 2022. Ne 3 (209) 27



Stepashko V.S., Savchenko-Syniakova Ye.A., Pidnebesna H.A.

————

’
|‘ Combi GMDH :

S

— ’
'\ Combi GMDH : i
| ~

selection
selection

Fig. 3. Generalized iterative algorithm GIA GMDH [5]

Asserted

¥ 00 owlThing
Y- _AGMDH_Generalized_lterative_Algorithm
‘l" Combined_iterative_Algorithm
{ Relaxational_lterative_Algorithm
Muiltilayered_[terative_Algorithm
L - Combined_lterative_Combinatorial_Algorithm
----- Relaxational_lterative_Combinatorial_Algorithm
L Muitilayered_Iterative_Combinatorial_Algorithm

Fig. 4. Hierarchy of main types of the iterative GMDH algorithms

The software package that describes this generalized iterative GMDH algo-
rithm can be called a metaprogram that generalizes many algorithms and allows the
author of the simulation to build his own algorithm from the programmed modules
of the complex, compare the results with other algorithms, and explore its proper-
ties. In fact, this is one software product, which in its structure contains seven differ-
ent software products with different properties, i.e. this software product is a meta-
model of iterative GMDH algorithms.

CONCLUSIONS

The article considers the problem of constructing the ontological metamodel of
the iterative GMDH algorithms allowing to automatically discover dependencies
in data with minimal user intervention.

In order to generalize the knowledge on iterative GMDH algorithms, a re-
view of their typical variants was performed which showed that the advantage of
these algorithms is that they allow working with large data samples, since their
basic peculiarity is the pairwise consideration of input variables.
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The review showed that the generalized iterative algorithm GIA GMDH can
be called a metamodel of iterative ones since it includes all previously
developed their variants. Building a metamodel of iterative algorithms allows
generalizing knowledge on the main stages of the process of building models
from data, the methods used and the conditions for their effective usage.

The formed knowledge on iterative GMDH algorithms is organized in the
ontological metamodel built by means of the tool Protege.

It is planned to develop in future a concept and modeling tools based on the in-
ductive approach which will allow transferring the principles have worked out in the
field of inductive modeling to solving metamodeling problems. This will allow auto-
mating the process of designing software tools for efficient model building, taking into
account in the form of an ontological metamodel the experience gained in the devel-
opment and application of inductive modeling algorithms.
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ITOBY IOBA OHTOJIOI'TYHOI METAMO/IEJII ITEPALIIMHMX AJITOPUTMIB
METOLY I'PYIIOBOI'O YPAXYBAHHSA APIT'YMEHTIB

Bcemyn. OGcsirn jaHuXx MOCTIHO 301TBIIYIOTBCS 1 1151 X 30epiranHs Ta 0OpoOIeHHs MoTpio-
Hi HOBI MiJXOJM 3 ypaXyBaHHAM pPO3POOJICHHS Ta yJOCKOHAJICHHS Cy4aCHHUX KOMII'IOTEpiB.
Lle BucyBae HOBI BUMOTH 110 3ac00iB aBTOMaTHUYHOTO OOpOOJIEHHS JaHUX Ta HTEIEKTyallb-
HHX CHCTEM aHali3y iH(popMaii 3 ypaxyBaHHAM i1 CEMaHTHKH.

IlepeBaroro iTepaliifHUX alrOPUTMIB METOLY TPYMOBOTO ypaxyBaHHsS apryMEHTIB
(MI'YA) € Te, 110 BOHH TIpalie3/IaTHI 32 BEJIUKOI KIIbKOCTI apryMeHTIB. Y3arajabHeHuil ite-
pauiiinuit anroputm MI'YA micTuTh pi3Hi nonepeaHi Moaudikarii nux arroputmis. Hampu-
KJIaJl, AITOPUTMH 0araTopsiIHOTO Ta PeaKcalliifHOTO THIIIB, a TAKOK PI3HOBUAM iTepalliitHO-
KOMOiHaTOpHUX (TIOpUIHUX) ANTOPUTMIB € PI3HUMH OKPEMHUMH BHIAJKaMHU I[bOTO y3aralb-
HEHOT'O aJITOPUTMY .

MeramoienoBaHHs — Iie Mo0yJoBa y3arajJbHEHUX MoAeNel NeBHOI Ipymu 00’ €KTiB
(mporpaMHux 3aco0iB, MaTeMaTUYHUX Mojenell, inpopmaniiinux cuctem). 3acobamu Protégé
o0y/JOBaHO OHTOJIOTIYHY METaMOJIellb iTepaliifHux anroputMiB MI'YA 3 MeTOI0 CTpYyKTY-
pyBaTH 3HaHHS B il IpeMeTHiil ramysi.

Mema cmammi — nipoaHamizyBatu po3po0iieHi itepauiiini anroputMu MI'YA, chop-
MYJIFOBaTH 3aBJaHHS MOOYJIOBU OHTOJIOTIYHOT MeTaMmojeNi itepaiiiiaux anroputmis MI'VA
Ta 3aMpONOHYBaTH MiXif 0 CTPYKTYpH3allii 3HaHb Tpo iTepaiiiHi anroputMu MI'YA muis-
XOM 1oOyTOBH OHTOJIOTIT ITi€] MpeMETHOT Tamy3i.

Pe3ynbmamu. BUukoHaHO PETPOCIICKTUBHUN aHAII3 PO3pOOJICHUX iTepalliiHUX aaropu-
T™™iB MI'Y A, BKa3zaHO iXHi nepeBaru Ta Hepoliky. [1okazaHo, 1110 y3arajabHEHHH iTepalliitHuit
anroput™m MI'VA, okpeMHMU BUIIAJIKaMU SIKOTO € SIK B1IOMi, Tak 1 HOBI pi3HOBUAU OaraTops-
JTHHUX, pelaKcallifHuX Ta iTepaliiiHo-KOMOIHATOPHUX aJITOPUTMIB, JJa€ MOKIIUBICTH TIOPiBHA-
JIBHOTO JIOCTIKEHHSI €(eKTHBHOCTI PI3HUX aJTOPUTMIB i PO3B’S3aHHS peajibHUX 3aB/aHb
MojemoBanHs. Ha ocHOBI pe3ynbrariB HBOTO JOCIIIKEHHS. PO3POOIEHO OHTOJIOTIUHY Me-
TaMOJIeNIb iTepaniiiHux aaroputMis MI'YA.

Bucnosku. Knacnuni irepauiiini anropurvu GMDH narote 3Mory oOpoOnaTu Benuki
HAOOpHU BXITHHUX IaHUX. Y3arajabHEHHH iTepaiiiiauii anroputm MI'VA ymoxmnusitoe ¢dop-
MYBaHHS THIIOBIX apXiTEKTyp IMONEPEIHBO po3pobiieHux Momudikamii 1ux aaropuTMiB i
yac HaJAITYBaHHS PI3HUX PEKHMIB POOOTH 1HBOTO anroputMmy. [100ymoBa OHTONOTIYHOT
METaMOJIeJli Ha OTr0 OCHOBI JIa€ 3MOTY CTPYKTYPYBAaTH 3HAHHS IPO HAsBHI iTepaliiiHi anro-
putMH, 1O 3a0e3medye MOXKIMBICTh aBTOMATH3yBAaTH KOHCTPYIOBAaHHS Ta BHKOPHCTaHHS
creniani3oBaHUX MPOrpaMHUX 3ac00iB JJIs1 KOHKPETHUX MPUKIIAHUX 3aB/IaHb.

Knrwwuosi cnosa: indyxmusue mooenroeants, MI'VA, imepayiiini ancopummu, mamemamuina
MOOeNb, MEMAMOOeN08AHH S, NPeOMeMHA 00AACMb, OHMOAOIA.
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