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On March 29, 2013 the Jubilee session devoted to the 100th anniversary of the birthday of Honoured Scientist 
of Ukraine, Academician of the National Academy of Sciences of Ukraine, professor Oleksiy Hryhorovych Ivakhnenko 
was held in the International Research and Training Centre for Information Technologies and Systems of the NAS and 
the Ministry of Education and Sciences of Ukraine. 

O.H.Ivakhnenko was an outstanding scientist in the field of automatic control, cybernetics and informatics, 
whose scientific results have found a worldwide recognition. He published near 40 monographs and more than 400 
scientific articles many of which, first of all books, have been translated in English, German, Polish, Bulgarian, 
Romanian and Chinese languages. Large amount of his articles has been published in scientific periodicals of USA, 
England, Germany, and other countries. 

O.H.Ivakhnenko had developed new principles and devices for automatic control of electric engines speed and 
designing systems with magnetic amplifiers. His achievements in the invariance theory and in the theory of combined 
systems of automatic control based on the principle of compensation of measured disturbances are universally 
recognized. He had published the first domestic monograph “Engineering cybernetics” which was reprinted several 
times abroad. The further development of combined control principles in O.H.Ivakhnenko’s works was connected with 
the use of principles, devices and procedures of self-tuning, self-training, pattern recognition and forecasting in control 
systems. In 1961 he had been elected a Corresponding member of the Academy of Sciences of Ukraine. 

During the last 45 years, the main brainchild of O.H.Ivakhnenko, the Group Method of Data Handling 
(GMDH), is actively developed as a method of inductive modelling and forecasting of complex processes and systems 
from statistical data. The world-level of achievements in this area is confirmed by the fact that the abbreviation GMDH 
has became conventional in the scientific literature. In the United States, Germany, Japan, China, the Czech Republic 
and others countries their own schools have established for the development and application of GMDH.  

In 1984, the collective monograph of American and Japanese scientists was published in USA with the 
description and examples of effective application of GMDH in various applied areas. In 1994, a new book of 
O.H.Ivakhnenko was published in the United States based on the results of the next stage of development of GMDH as 
a machine learning method. Later he developed capabilities of his method on the way of synthesis it with the 
achievements of the theory and practice of neural networks. Dozens of articles on the GMDH subject appear each year 
in scientific journals of the world, and the Internet sources www.gmdh.net, www.mgua.irtc.org.ua,  
http://www.knowledgeminer.com are actively visited.  

Current scientific confirmation of global authority of O.H.Ivakhnenko’s school is holding, since 2002, the 
annual English-language international conferences and workshops on inductive modelling dedicated to the theory, 
methodology and applications of GMDH. They take place both in Ukraine and abroad and involve scientists from 
around the world. 

The scientific school of O.H.Ivakhnenko serves for a long time as an authoritative and productive smithy of 
highly skilled scientific staff: under his supervision, nearly 200 candidate dissertation theses were carried out and 
successfully defended and almost 30 of his disciples have defended doctoral theses and created their own scientific 
schools.  

O.H.Ivakhnenko for his outstanding scientific achievements was awarded the title of Honoured Scientist of 
Ukraine, the "Friendship of the nations" order and medals, the State premiums of Ukraine for works in field of the 
invariance theory of automatic systems (1991) and the series of works on information technologies in the field of 
artificial intelligence (1997). In 2003, he has been elected Academician of the National Academy of Sciences of 
Ukraine. 

O.H.Ivakhnenko serves as an brilliant example of the scientist with a heightened sense of novelty and 
outstanding scientific intuition and original scientific ideas, unrivalled ability to work tirelessly and generate generously 
the original research ideas and results. 

http://www.gmdh.net/
http://www.mgua.irtc.org.ua/
http://www.knowledgeminer.com/


Academician Ivakhnenko’s address to the participants  
of the International Conference on Inductive Modelling1  

 

 

Dear colleagues! 
I want to call your attention to the fact that our 

conference takes place under the conditions of great 
historical changes, which, of course, raises a host of 
problems for mathematical modeling though development 
of the general theory is clearly lagging behind the desired. It 
is enough to say that important issues of modeling the Earth 
climate changes as well as methods for verification these 
predictions have still not been developed. One can point out 
a lot of works in modeling field which have been never 
implemented. The basic objective of the current 
developments is raising the authority of modelling.  

It is known that an attempt to build the best budget of 
Ukraine has not been completed, mainly because it was only 
used the deductive approach and inductive approach was not 
applied. Enhancing the authority of the modeling results to 
be achieved by the combination of deductive and inductive 
approaches. Due to the use of inductive approach, resources 
will appear to solve the problem of so-called "curse of 
dimensionality". 

The transfer of existing models applicable in space to the terrestrial processes is not possible 
because of the multi-dimensional problems whose solution requires developing the theory of so-
called multilevel systems using the divergence (expansion) and convergence (reduction) of a set of 
input signals. This method greatly expands the allowable complexity of the tasks. 

The conference deals only with a small part of the important issues. We are faced a lot of work 
to enhance the credibility of the modeling results, especially among decision-makers. Computer 
advisers should be used in all areas of human activity, from the market economy to global issues. 
This is possible only with the wide work progress in the theory of inductive modeling.  

Too small attention is paid to the requirement of models unbiasedness that may only partly be 
removed by data sample division into two equal parts. In fact there are no developments for 
evaluation of the modeling results. The matching of outputs of an actual process and its model in 
one mode does not guarantee at all the coincidence in many other modes. 

The questions of combining the regular and stochastic parts of a model are not developed. Real 
processes often contain a considerable regular part, i.e. they are quasi-regular. It leads to that 
systems consisted of subsystems of regular and stochastic parts must be the most effective. The so-
called stochastic approximation is developed only for stochastic systems which characterizes the 
condition in science of quasi-regular systems. Combination of regular and stochastic subsystems in 
                                                 
1 This address was prepared by prof. Ivakhnenko for the 2ndInternational Workshop on Inductive Modeling in Prague, 
2007, and announced during the Plenary session. It was never published but is still keeping its topicality, therefore the 
ICIM’2013 Organizing Committee decided to include the article to the Proceedings.  



a single quasi-regular system requires research of the so-called multilevel systems demanding 
considerable development of the existing computer technology, particularly the use of 
multiprocessor computers.  

Available data and knowledge bases are quite insufficient for the multilevel systems requiring 
construction of multidimensional multilevel models. Practically we dispose only one- and two-level 
systems. Already a three-level system leads to the curse of dimensionality, i.e. to impermissible 
large computer time of calculation. The inductive methods application considerably simplifies the 
problem though does not solve it completely. At the same time there is quite clear underestimation 
of inductive methods which are based on the analysis of modeling results, in contrast to the 
deductive methods based on the analysis of causes. The analysis of causes, i.e. input signals, is 
considered as the ground of research works while results of the inductive approach are considered 
as having an insufficient their validation.  

This leads to separation of the stream of research papers into parts answering specific issues. For 
example forecasting quasi-regular processes is weakly developed as well as recognition of quasi-
regular patterns where inductive procedures for producing a set of alternative templates are 
completely absent. These partial sciences would be better to consolidate into a single general stream 
and not to divide researchers into specialists on data recovery, processes forecasting and pattern 
recognition. They are all three branches of the same big systems science, the general theory of 
which actually is yet not created.  

Here some specific inductive modeling techniques ought to be noted, namely a technique of 
ranking input actions and other modeling elements according to its effectiveness, to be used at each 
step of modeling procedure only the most effective elements. At the same time, when increasing the 
number of criteria to two (error and bias), the ranked sequence should be divided into two parts and 
in each of them the most effective solution found. This method solved the problem of constructing a 
model of changing the sputtering ratio of surface material exposed to a gas stream, in particular to 
gases of turbines of aircraft engines. The future elaboration of multi-level computer programs 
having regard to the issues of the “criteriology” is still to be developed. 

Advancing the computer means determines the future development of multilevel systems and 
their implementation in practice. Understanding the importance of multilevel systems has been 
already taken into account when measuring the solar activity by the so-called Wolf numbers, the 
calculation of which has been changed from a single-level to the two-level algorithm resulting in 
more accurate forecasts of solar activity. The Earth climate change and demography issues require a 
fast developing the theory of multilevel systems. A combined deductive-inductive modeling serves 
as the only hope for the mankind in dealing with complex issues of environmental, economic, 
demographic and social order. 

If the economy issues would be developed more comprehensively, perhaps the Soviet Union 
would not have to spend 70 years on the evidence that the market economy is needed. Now the 
humanity faces no less important issues and, unfortunately, for the reasons stated above, they are 
still not solved. Only joint efforts of all branches of the modeling science, both inductive and 
deductive, may help to solve the emerging problems. In this sense, the conference goal should be 
seen as an attempt to combine different approaches to solving the enormous challenges of the 
future. 

Let me wish every success to all participants of the conference whose work contributes to 
creation of a unified theory of the combined inductive and deductive modeling. 
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 SPECIAL SESSION 

The Centennial Jubilee of Academician  

Oleksiy Hryhorovych Ivakhnenko  



 



Academician Oleksiy Ivakhnenko:  
the Course of Life and the Way of Scholar 

On 30th of March 2013 we celebrated the 100th anniversary of the birthday of Academician of the National Academy 
of Sciences (NAS) of Ukraine Oleksiy Hryhorovych1 Ivakhnenko, a distinguished scientist in fields of informatics, 
cybernetics, artificial intelligence, intelligent control and modeling, whose scientific advances were internationally 
recognized. The paper presents in short the course of his life and the way of his evolution as the great Scholar. 

 
Ivakhnenko’s life milestones 
Oleksiy Hryhorovych Ivakhnenko was born in 1913 in the town Kobelyaki of Poltava province, Ukraine, in a family of 
teachers: his father taught mathematics and his mother French and German languages.  
 

       
3-years old Oleksiy, his mother Maria and father Hryhoriy 

 
Since 1922 the family lived in Kyiv; here in 1932 he graduated from Power Technical School and during two years 

worked in the Urals as a technician at the construction of Bereznikovskaya heat electro power station, the largest in the 
USSR. Here he had firstly engaged in the practice of setting up of automatic control systems of power generators and 
steam pressure regulators in boilers, which had determined the direction of his future research interests.  

In 1933-1938 Ivakhnenko studied at the Leningrad Electrical Engineering Institute and after graduating worked in 
1938-1944 in All-Union Electrotechnical Institute, Moscow. Here he continued working on problems of automatic 
control for electric equipment. In 1938 he published his very first scientific paper on thermocouples, thus 75 years have 
passed since he had started his scientific activity. Here in 1943 he defended his Candidate Engineering thesis. 
 

 
Student of the Leningrad Electro 
Engineering Institute, 1934-1938 

 
The very first Ivakhnenko’s article 

“Thermocouples”, 1938 

 
Researcher of the All-Union Electro-

technical Institute, Moscow, 1938-1944 

                                                 
1 “Oleksiy Hryhorovych” is the Ukrainian pronunciation whereas “Aleksey Grigorievich” is the Russian one. 

International Conference in Inductive Modelling ICIM' 2013

13



Since 1944 O.H. Ivakhnenko lived and worked in Kiev: Head of Laboratory "Automatic control of manufacturing 
processes" of the Institute of Electrical Engineering of the Academy of Sciences of the Ukrainian SSR (1956-1962), 
Head of Department of Engineering Cybernetics of the same Institute (1962-1963), Head of the Department of 
Combined Control Systems (1963-1989), Principal Researcher (1989-1995) and Directorate Adviser (1995-1997) of the 
V.M. Glushkov Institute of Cybernetics of the NAS of Ukraine, Directorate Adviser of the International Research and 
Training Center for Information Technologies and Systems (IRTC ITS) of NAS and Ministry of Education and Science 
of Ukraine (1997-2007). 

Scientific degrees and academic titles of O.H. Ivakhnenko: Candidate of Engineering Sciences (PhD) – 1943, 
defended in Moscow University; Doctor of Engineering Sciences – 1954, defended in Kiev Polytechnic Institute; 
Professor – 1956, Corresponding member of the Academy of Sciences of Ukrainian SSR – 1961. 

In 2003, in the year of his 90th anniversary, O.H. Ivakhnenko was elected Academician of the NAS of Ukraine for 
outstanding achievements in the development of computer science and artificial intelligence in Ukraine, reputable 
scientific papers in the fields of modeling, pattern recognition and intelligent control. 

Awards and honors of O.H. Ivakhnenko: 1953 – medal "For Excellence in Work"; 1969 – medal "For Valiant 
Labor"; 1972 – awarded the title "Honored Science Worker", 1988 – decorated with an order "Friendship of Peoples".  

In 1991 O.H. Ivakhnenko received the State Prize of Ukraine for his papers on the theory of invariance of automatic 
systems, in 1997 – the State Prize of Ukraine for a cycle of his papers on information technologies in the field of the 
artificial intelligence. 

 
Main stages of scientific activity  
Oleksiy Hryhorovych was an outstanding scientist in the fields of automatic control, cybernetics and informatics whose 
research results had received worldwide recognition. Nevertheless this recognition does not come automatically, but 
through principle-based and persistent assertion of validity of his position in different branches of theory and practice, 
often in irreconcilable struggle against conventional views and in contrary to the opinions accepted by scientific 
authorities. Importantly, that O.H. Ivakhnenko always proves the validity of his views not only theoretically but also by 
the actual results, namely devices, operating systems and specific applied tasks had been solved and it was impossible 
to disclaim or reject and to not acknowledge such evidences. 

Electroautomatics. Prior to the period of the 1960s, the main achievements of O.H. Ivakhnenko concern areas of 
electroautomatics and the invariance theory: he has developed a new principle of automatic speed control of alternating 
current motors using magnetic amplifiers, asynchronous motors by the difference of voltage and current, as well as the 
method of calculation of electromagnetic systems (e.g. voltage stabilizers) with magnetic amplifiers. 
   

 
Doctor of Engineering: the thesis was defended  

in Kiev Polytechnic Institute, 1954 

 
Corresponding member of the Academy  

of Sciences of Ukrainian SSR, elected in 1961 
 

Combined systems of automatic control. O.H. Ivakhnenko developed the theoretical basis of invariant automatic 
control systems that operate by the principle of compensation of the measured disturbances and proposed a new, the 
fourth, form of invariance (for tracking systems). He is the author of a new for automatic control theory principle of 
combined control based on the negative feedback with respect to the controlled variable and the positive (compounding) 
feedforward by controlled disturbances. This principle allowed for the first time to create real invariant systems of 
automatic control for asynchronous motors speed. He also owns the priority of elaboration of the currently known 
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principle of indirect measurement of disturbances by the input and output values of the controlled object (the 
"differential plug" scheme). 

Control systems with self-tuning, self-learning, pattern recognition and forecasting. O.H. Ivakhnenko was the first 
who proposed to use a variety of devices and methods of self-tuning in combined control systems. In 1959 he published 
the very first in the former USSR monograph on cybernetics: "Engineering Cybernetics" which brought him 
international recognition and was reprinted in English, Bulgarian, Polish, German and Romanian. He was invited to 
give lectures in Europe and the USA; in 1962 the "father of cybernetics" Norbert Wiener came to Kiev at his invitation. 

 

  
Norbert Wiener during his stay in Kiev on Ivakhnenko’s invitation, 1962 

 
In 1960th, working at the Institute of Cybernetics, O.H. Ivakhnenko started to use principles of self-learning, pattern 

recognition and forecasting when designing control devices. A situations recognition system he used in searchless 
extreme regulators. Under his leadership, the recognition system "Alpha" was constructed which demonstrated the self-
learning process at first time in the world. His monograph "Cybernetic forecasting devices" was re-released in English, 
Polish, German and Chinese. 

O.H. Ivakhnenko was the initiator of the first domestic collective monograph "Perceptron: a pattern recognition 
system" (1974) published under his editorship. Study of the perceptron possibilities as the prototype of neural networks 
allows him to advance the idea of automatic pattern recognition which contributed to the formation of a new scientific 
field: unsupervised pattern recognition (self-training or clustering in modern terms). 

Inductive modelling of complex processes and systems. Being a middle-aged person and having just attained his 
authority, suddenly and unexpectedly for his scientific environment A.G. Ivakhnenko committed a steep turn in his 
scientific career. Exactly 45 years ago the Ukrainian journal "Avtomatyka" had published the Ivakhnenko's paper 
"Group method of data handling as a rival of stochastic approximation method" (1968, No. 3, p. 58-72) that initiated a 
new and more significant period in his creative work. After this publication O.H. Ivakhnenko gave up his regular 
already well-formed field of research to focus almost in full strength on creating and development of the new scientific 
trend: inductive self-organizing models of complex systems which in the course of time became referred to as 
"inductive modeling". 

The group method of data handling (GMDH) created by O.H. 
Ivakhnenko is a fundamentally new method of modeling from 
experimental data. Since then the new scientific field is 
successfully developing being recognized by researchers around 
the world. 

GMDH as an inductive method is an original apparatus for 
solving problems of structural and parametric identification of 
forecasting models under uncertainty condition. It is intended for 
automatic building a mathematical model that reproduces the 
unknown regularity of operation of the investigated object 
information on which is implicitly contained in the available data 
sample (table). GMDH distinguishes itself by active application 
of principles of automatic generation of variants, nonterminal 
decisions and successive selection by external criteria based on 
partitioning the sample for building models of optimal 
complexity.        The GMDH creator, 1971 
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The method effectiveness was repeatedly confirmed by solution a variety of practical problems of modeling 
complex objects and processes in areas of ecology, economics, engineering, technology, hydrometeorology, etc. In 
parallel, researches have been conducted on the development of algorithms for self-organization in pattern recognition. 

In 1970th O.H. Ivakhnenko developed a new method of control with the forecast optimization which was 
fundamentally necessary in problems of management of environmental systems as the tasks with predicted disturbances. 
A control system with such an optimizer is a combined one: in the implemented control action the requirements are 
taken into account both stabilization of the output value and advanced compensation of the measured disturbance. In the 
world such an approach called currently "predictive control" has started to develop only in the 1990s. 

 

 

The photo of 1970. 

Three outstanding scholars from the 
famous Institute of  Cybernetics of the 
Academy of Sciences of Ukraine, whose 
jubilees are celebrated this year (from 
right to left): 

−  Academician V.M.Gluskov (1923-
1982), founder and director of the 
Institute of  Cybernetics; 

−  Academician M.M.Amosov (1913-
2002), famous cyberneticist and 
surgeon; 

−  Academician O.H.Ivakhnenko (1913-
2007) 

In the early 1980s O.H. Ivakhnenko discovered an organic analogy between the problems of constructing a model 
from noisy experimental data and passage a signal through a noisy channel. This allowed him and his followers to form 
the theory of noise-immune modeling. In the framework of this theory, the fundamentals were constructed of the 
GMDH theory as a method of automatic adaptation of the optimal model to the level of informativeness of noisy data 
sample. Thus, GMDH is the original modern information technology for discovering knowledge from observations or 
one of the most efficient methods of data mining. 

Active creative search of O.H. Ivakhnenko was continued later on. In 1992 his new book was published in the U.S. 
about inductive learning algorithms for modeling. He developed capabilities of his method in the way of synthesizing a 
completely new type of neural networks. The algorithmic structure of the classical GMDH, commonly named as 
polynomial neural network, can be interpreted as a computer network with passive (homogeneous) neurons. He 
generalized this structure to the network of neurons in the form of GMDH algorithms and the resulting computational 
structure has become a network of active (heterogeneous) neurons that are adjusted to a specific data sample. 

Teaching as well as scientific and organizational activity 
Throughout his creative development period, starting from 1945, O.H. 
Ivakhnenko did a great teaching activity: first as an assistant professor and 
since 1960 as a professor of the Kiev Polytechnic Institute, where 
thousands of students listened to his lectures and where dozens of post-
graduate students was supervised by him. Inexhaustible creative energy of 
Ivakhnenko is evidenced by the fact that about 200 young researchers have 
prepared and successfully defended candidate theses under his leadership 
and nearly 30 of his disciples have defended their doctoral theses. This 
indicates that the Ivakhnenko’s school was and remains a real source of 
highly qualified scientific personnel. His disciples such as Academician of 
NASU V.M.Kuntsevich as well as Professors V.I.Kostyuk, V.I.Ivanenko, 
V.I.Vasilev, A.A.Pavlov, V.S.Stepashko and others have created their own 
authoritative scientific schools. 

O.H. Ivakhnenko always pursued an active scientific and 
organizational work. In 1960th, he organized the Kiev territorial group of 
the National Committee of the USSR on automatic control and over 20 
years directed its activity. He was one of the main organizers of holding in 
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Kiev the four All-Union Conferences on invariance theory and its applications in automated systems. For over 30 years 
he directed the well-known Republican scientific seminar "Self-organizing cybernetic systems." He was the founder and 
chief editor until 1989 of the academic scientific journal "Avtomatyka" (now "Problems of Control and Informatics") 
which is still republished in the United States. 

 
Worldwide recognition 
Scientific results of O.H. Ivakhnenko are widely known in Ukraine and abroad. They form the basis of many theoretical 
and applied investigations. Overall, more than 40 books and 500 scientific papers was published by him, many of 
which, in the first place books, was republished in English, German, Polish, Bulgarian, Romanian and Chinese (11 
monographs was published abroad). Numerous his articles was published in scientific journals of the United States, 
Britain, Germany and other countries, which contributed to enhancing of interest to GMDH in the world. Graphic 
evidence of the global recognition of merits of this method and its author was the publication in 1984 in the United 
States of the monograph of American and Japanese researchers on theoretical and applied problems of GMDH "Self-
organization in modeling: GMDH type algorithms." The book was dedicated to the 70th anniversary of O.H. 
Ivakhnenko. 

The popularity of the GMDH as the main 
brainchild O.H. Ivakhnenko is evidenced by such 
facts as fixation in the English literature and 
dictionaries the standard abbreviation GMDH 
(Group Method Data Handling), hundreds of 
publications on this subject in the scientific 
journals of the world, as well as an active 
attendance the English-language web page 
www.gmdh.net. One can find thousands articles 
on GMDH on the Internet using the keyword 
GMDH. Every year O.H. Ivakhnenko was invited 
by organizing committees of large international 
conferences – for example, in recent years of his 
life he gave his talks at conferences in Germany, 
the USA, the Czech Republic and China. 
         Ivakhnenko with his disciples in Prague, 2001 

In the United States, Germany, 
Czech Republic, Japan, China and 
other countries there emerged their 
own schools for the development 
and application of GMDH. But the 
Kiev school of inductive modeling 
remains to be leading and 
authoritative, traditions of which 
are creatively developing in the 
Department for Information 
Technology of inductive modeling 
in IRTC ITS NAS of Ukraine, see 
www.mgua.irtc.org.ua.  

Confirmation of the world-
wide authority of this school is 
holding, since 2002, the annual 
English-language international 
conferences and workshops on 
inductive modeling devoted to 
issues of the theory, methods and 
applications of GMDH which take 
place both in Ukraine and abroad and involved researchers of many countries. 

At the Department for Information Technologies of Inductive Modelling, 2003

O.H. Ivakhnenko always been and remains a brilliant example of modern Scholar with a keen sense of novelty and 
outstanding scientific intuition. Understanding the extraordinary, global scale of his personality is growing every year 
and will encourage young researchers to creative search and discovery of new promising areas of scientific 
investigations. 
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Monographs of O.H. Ivakhnenko 

1.  Ivakhnenko A.G. Automatic speed regulation of asynchronous motors of moderate power. — Kiev: AS 
UkrSSR publisher, 1953. (In Russian) 

2.  Ivakhnenko A.G. Electroautomatics. Part 1: Backward methods of study of combined systems of automatic 
control. — Kiev: Gostekhizdat UkrSSR, 1954. (In Russian) 

3.  Ivakhnenko A.G. Electroautomatics. Part 2: Elements of the theory of electrical regulation systems. — Kiev: 
Gostekhizdat UkrSSR, 1954. (In Russian) 

4.  Ivakhnenko A.G. Electroautomatics. — Kiev: Gostekhizdat UkrSSR, 1957. (In Russian) 
5.  Ivakhnenko A.G. Self-tuning systems of automatic regulation control. — Kiev: Gostekhizdat UkrSSR, 
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15.  Ivakhnenko A.G. Self-learning systems with positive feedbacks. Reference book. — Kiev: AS UkrSSR 

publisher, 1963. (In Russian) 
16.  Ivakhnenko A.G.. Cibernetica technica. — Bucuresti: Editura Technica, 1964. (In Romanian) 
17.  Ivakhnenko A.G., Lapa V.G.  Cybernetic predicting devices. — Kiev: Naukova dumka, 1965. (In Russian) 
18.  Ivakhnenko A.G. Cybernetic systems with combined control. — Kiev: Tekhnika, 1966. (In Russian) 
19.  Ivakhnenko A.G., Grubov V.I., Mandrovsky-Sokolov B.Yu.  Industrial cybernetics. — Kiev: Naukova 

dumka, 1966. 
20.  Ivakhnenko A.G. Cybernetic predicting devices. — Perdue Univ. Lafayette, Ind. School of Elect. Eng., 

1966.  
21.  Ivachnenko A.G., Lapa W.G. Algorytmy i urzadzenia realizujace predykcje. — Waszawa: Wydawnictwо  

Naukowo-Techniczne, 1967. (In Polish) 
22.  Ivakhnenko A.G., Lapa V.G. Cybernetics and forecasting techniques. — New York: Elsevir Publishing 

Company, Inc., 1967. 
23.  Ivachnenko A.G., Lapa W.G. Die kybernetische Vorhersagungsanlagen. — Berlin: VEB Verlag Technik, 

1967. (In German) 
24.  Ivakhnenko A.G. Zaichenko Yu.P. Machines begin to think. — Kiev: Tov. «Znannya» UkrSSR, 1967. (In 

Ukrainian) 
25.  Ivakhnenko A.G. Self-learning systems of recognition and automatic control. — Kiev: Tekhnika, 1969. (In 
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26.  Self-adjusting systems. Handbook / Ed. P.I. Chinaev. — Kiev: Naukova dumka, 1969. 
27.  Ivakhnenko A.G., Lapa V.G.  Prediction of stochastic processes. — Kiev: Naukova dumka, 1969. (In 
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28.  Ivakhnenko A.G. Heuristic self-organization systems in engineering cybernetics. — Kiev: Tekhnika, 1971. 
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29.  Ivakhnenko A.G., Lapa V.G.  Prediction of random processes. — Kiev: Naukova dumka, 1971. (In Russian) 
30.  Perceptron – pattern recognition system / Ed. A.G. Ivakhnenko. — Kiev: Naukova dumka, 1975. (In 

Russian) 
31.  Ivakhnenko A.G. Long-term forecasting and control of complex systems. — Kiev: Tekhnika, 1975. (In 

Russian) 
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Moscow: Sov. radio, 1976. (In Russian) 

33. Handbook on type modeling programs / Ed. A.G.Ivakhnenko. — Kiev: Tekhnika, 1980. (In Russian) 
34. Ivakhnenko A.G. Inductive method of self-organization of complex systems. — Kiev: Naukova dumka, 
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35. Ivakhnenko A.G., Peka P.Yu., Vostrov N.P. Combined method for modeling water and oil fields. — Kiev: 
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36. Ivachnenko A.G., Müller J.A. Selbstorganisation von vorhersagemodellen. — Berlin: Veb Verlag Technik, 

1984. (In German) 
37. Self-organizing methods in modeling: GMDH type algorithms / Ed. S.J.Farlow. — New York, Basel: 

Marcel Decker Inc., 1984.  
38. Ivakhnenko A.G., Müller J.A. Self-organization of forecasting models. — Kiev: Tekhnika, 1985. (In 
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39. Ivakhnenko A.G., Stepashko V.S. Noise-immunity of modeling. — Kiev: Naukova dumka, 1985. (In 
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40. Ivakhnenko A.G., Dukarsky O.M., Braverman V.Ya. Models and methods of control for power plant 
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41. Ivakhnenko A.G., Yurachkovskiy Yu.P. Modeling of complex systems from experimental data. — Moscow: 
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       O.H. Ivakhnenko, 2005 

 

This year we celebrate several jubilees  
of Academician O.H. Ivakhnenko: 
 

  100 years of his birthday (1913) 

  75 years of the first published article 
(1938) 

  70 years ago he defended the thesis 
for the title Candidate of Engineering 
Science (1943) 

  45 years of his first article on GMDH 
(1968) 

  10 years ago he was elected 
Academician of NAS of Ukraine 
(2003) 

 
Prof. Volodymyr Stepashko, Doctor of Engineering 

Head of Department for Information Technologies  
of Inductive Modelling, IRTC ITS of NAS of Ukraine 
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In Memory of the Teacher and Friend 
 

 
I met firstly Alexey Grigorievich in 1951 being student of KPI. At that time I did not realize what a huge role he 

will play in my life. The fate decreed that I have gone with him a long way of student, engineer, graduate student, 
candidate of science and doctor of science. 

First of all, Alexey Grigorievich was my Teacher for many years. But later on, despite of our big difference in age 
and social position our relations have gone beyond the employer-employee relations and had grown to good friendly 
relations, kept till the end. 

Alexey Grigorievich was an eminent scientist and remarkable person. He created his own scientific school, was a 
teacher for thousand candidates of science and dozens of doctors of science. His personal services to science were great 
and found world recognition. Alexey Grigorievich had written the first domestic monograph on engineering cybernetics 
which was repeatedly republished abroad. He published dozens of other books on results of his investigations in the 
field of control theory, mathematical modeling and informatics. 

I want to touch on here just his contribution to theory of invariance systems. Remind, that ‘invariance theory’ term 
means a method for synthesis of dynamic systems control that ensures independence (invariance) of controlled 
coordinate from disturbances impacting this system. 

In 50-th of the past century, in Institute of electrical engineering AS of Ukraine, A.G. Ivakhnenko had successfully 
carried out a cycle of theoretical and experimental investigations which showed an efficiency of using the compensated 
links that allow practically prove an ability to achieve the invariance effect, or more precisely, quasi-invariance, in 
industrial standard systems of asynchronous motors speed control. The significance of this achievement was that it was 
one of few hardware realizations of the invariance theory ideas. 

In the middle of fifties Alexey Grigorievich was an initiator of creation of journal ‘Avtomatyka’ and its permanent 
cheaf editor during more then thirty years. Soon, due to high level and originality of published there works of Alexey 
Grigorievich, his disciples and followers, the journal was taken notice in USA and has been issuing since middle of 
sixties in English there; in the beginning of eighties its name had been changed for ‘Problems of control and 
informatics’. This journal has played an important role in the development of theory of control to wide extent of this 
word in Ukraine. 

In the middle of sixties years of the past century Alexey Grigorievich rapidly and unexpectedly for his disciples and 
collaborators makes a sharp turn in his scientific carrier. He published a paper on the group method of data handling 
(GMDH) that marked the beginning of a new period in his creativity. After the publication A.G. Ivakhnenko had left his 
usual area of investigations and, following his brilliant scientific intuition, almost entirely got in creation, forming and 
development a new scientific direction that later on was called ‘inductive modeling’. GMDH had become his main 
instrument that made him known worldwide due to its originality, simplicity and effectiveness in solving real-world 
problems. 

Nature endowed Alexey Grigorievich lavishly with various talents: he was not only an outstanding researcher but a 
brilliant teacher too: his eminent contribution to scientific personnel training is confirmed by the number of his disciples 
defended candidate dissertations: about 200. Today many of his disciples are heads of departments in institutes of NAS 
of Ukraine, faculties and departments in institutes and universities. 

Alexey Grigorievich was communicative and trustful in relations with surrounding people and held in sincere 
respect of them. I thank my lucky fortune for many things I have learned from Alexey Grigorievich and have the 
opportunity to tightly communicate with him for many years. 
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Prof. V.М. Kuntsevich,  
Academician of NAS of Ukraine, 
Space Research Institute under NAS 
and National Space Agency of Ukraine 



     

Promoter the spirit of criticism in science 

 

In 1949 when I was a fourth-year student of the KPI electrical faculty, Oleksiy Hryhorovych Ivakhnenko had started to 
give lectures on automatic control which made me for ever committed to the theory and systems of automatic control. 
His sincere admiration of the subject, artistry and easiness that he, being a 36-old person, radiate when talk about 
difficult control theory, makes him a great popularizer of this science. 

My diploma, under supervision of O.H., was devoted to development of an automatic system for electric motor 
speed stabilization. After graduation from KPI, I was directed to work to Russia, at the cement works, and then, on O.G. 
initiative, I have entered to the post-graduate course of Electrical engineering Institute of Academy of Science. At once 
my thesis had been defined as: “Automatization of mining lift machines” which envisaged investigations on Donbas 
mines. O.H. correctly estimates my capabilities: I had submitted the thesis for defense at the end of the 3-rd study year 
in November of 1955. After the defense I was working at the department headed by O.H. till the middle 1958. 

Oleksiy Hryhorovych helped me to organize a small group of engineers and we had developed during 2.5 years 
automatic controllers for several objects of control, particularly, for stabilization of pipeline protective potential, control 
of metal-cutting lathe gears and so on. 

Similar developments, and may be more significant ones, were made by most disciples of O.H.. Recalling their 
general number – about 200, we aware what a huge contribution has made by O.H. to Ukrainian science and 
engineering. 

Exactly in these years very important event was happened for all people in Ukraine who work for science and 
engineering: due to initiative of O.H. “Avtomatyka” journal had started to issue in Ukrainian since 1956. The journal 
made a great contribution to development of automatics science in Ukraine. Firstly, it gave information most of all for 
young community of engineers and scientists in Ukraine. Secondary, it made an opportunity to publish results of theirs 
studies. Eventually, it facilitated establishing connections between Ukrainian scientists and international scientific 
community. Those days O.H. went to scientific conference to USA and brought from there a big amount of useful 
scientific and engineering information promoting scientific relations of Ukrainian scientists in the world. He actively 
pushed young researchers to widen their scientific outlook and take part in scientific conferences. 

Oleksiy Hryhorovych was an outstanding scientist and exceptional man with high culture and spirituality, a real 
democrat; he appreciated everything new and promoted spirit of criticism in science. 

 

Prof. V.I. Ivanenko, Doctor of Engineering 
NTUU KPI, Kyiv, Ukraine 
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Higher example of service to science  
 

I am a correspondence disciple of the cybernetics school created by A.G. Ivakhnenko with his book 
“Engineering cybernetics” in 1959. A hot discussions in newspapers and journals on the subject “Is it possible for 
machine to think?” were just at the beginning but the book had already stated that the first examples of machines 
capable to learn and make inductive conclusions already exist. The coverage of problems described in this book was 
fantastically wide – starting from relay threshold elements via mathematical methods to be used ending with 
classification of self-adjusting systems. 

I was finishing my candidate thesis on calculation methods for magnetic fields but thoughts referred more and 
more often to cybernetics. In 1960 I had got a job in the Mathematics Institute of Siberian Branch of the Academy of 
Sciences of the USSR where a group of specialists on computer engineering existed. The first flour of the building 
was occupied by boxes of lamp blocks of M-20 machine. Compressors roared in the basement boosting air for 
cooling the machine. But the enthusiasm was a big and goals were fantastic. A local newspaper made play with 
some our ideas on April Fools' Day: there will be created computers that execute one million operations per second! 
They could be placed in a pocket and understand voice instructions!!! 

That was exactly what I have been charged to establish voice contact with a machine. A laboratory of external 
devices was created; its main subject was pattern recognition, particularly recognition of speech signals. Naturally 
later on there was established relations with Institute of Cybernetics of AS of Ukraine – with Glushkov V.M., 
Ivakhnenko A.G., Kovalevskiy V.A., Vintsuk T.K., Shlezinger M.I., Vasiliev V.I., Gladun V.P. and many other 
great scientists of the Institute. Voice recognition is a part of pattern recognition general problem that in turn is a 
part of more wide area, data analysis. The pivot of these areas is automatic detection of patterns – the kernel 
problem in Artificial Intelligence field. Such a sequence of problems defined evolution of themes of our laboratory 
which is called now ‘Data analysis laboratory’. Works of Ivakhnenko A.G. were classical in each period of our 
evolution. 

One of the most fruitful ideas of Aleksey Grigorievich is the idea of transition from initial features space to 
space of secondary features that was realized in worldwide-known method called GMDH. Our feature selection 
algorithm FRiS-GRAD uses granules that are created by combination of initial features which fits well the general 
conception of GMDH. We emphasized that in our paper at 17th International conference on pattern recognition in 
Cambridge in 2004. 

We met with A.G. Ivakhnenko several times, exchange mails and our papers. In private contacts he made an 
impression of a man that strongly knows a big significance of his works and was not afraid to publish long term 
forecasts received by his methods. But in communication he was a well-wishing person and an attentive interlocutor. 
I consider him as my teacher. His long and fruitful activity is to me and my disciples a higher example of service to 
science. 

 

Prof. N.G. Zagoruiko, Doctor of science 

Head of Data analysis laboratory of IM 
SB of AS RF 
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A.G. Ivakhnenko as He Is Seen by His “Scientific Grandson’s” Eyes 
 

When an average man is lucky enough to meet extraordinary personality and to socialize with him for a long time, then 
in his memory the first meeting looks as the most significant event. For me this meeting was crucial, because it has 
influenced at all my life…  

In the August, 1961 I was a young alumna of Kharkov Polytechnics who came to Kiev for his job destination in the 
Institute of Electrical Engineering of Ukrainian Academy of Sciences. In the same year I was enrolled to the post-
graduate courses of this Institute as far as I had a privilege as the person who was graduated with honors. I have entered 
the Department of the Electromagnetic Elements of Automation. When I have started my practical work, I was 
compelled to deal with magnetic amplifiers, different kinds of transformers and other electromagnetic elements. Beyond 
a doubt it was very important area, but it was not exciting for me, because in 1959 year, when I was a student, I have 
bought the monograph of A.G. Ivakhnenko “Engineering Cybernetics”, which has awoken my great interest. I don’t 
dare to say that I, being a student, understood everything, but general direction of this book into the area of the self-
adjusting and self-learning systems was very fascinated to me.  At least I have felt the desire to deal with systems rather 
then with their elements. In addition it is necessary to mention that my pre-diploma training was done in the Institute of 
Cybernetics (then the Computer Center) of Ukraine. These circumstances have finally shaped my preferences. I was 
aware, that Professor Ivakhnenko, who was the author of the aforementioned book, was working in the same Institute of 
Electrical Engineering. At this time he was the Member-correspondent of the Ukrainian Academy of Sciences. My 
dream was to learn the post-graduate courses in his Department, but in my eyes he was so important person that I was 
afraid to speak with him directly.    

Sometime after the end of the working day I have came out with all colleagues from the building No. 55b at 
Chkalova street, where several academic Institutes were located, and I have met my acquaintance from Kharkov, who 
was older than me, and who was working in the neighboring Institute for a certain time. I began to complain him of my 
current situation, and he responded unexpectedly: “Why are you moaning? Do you see that man? He is Ivakhnenko. 
Come to him right now and discuss your situation. I am sure that he will listen to you.” 

 I have looked at the indicated direction and saw tall, slender and handsome man standing near the ridiculously small 
“humpy” car “Zaporozhets”.  Note that it was the legendary car, because a lot of funny events were associated with it. 
One of them will be mentioned below. Overcoming the confusion which the newly-made post-graduate student was 
feeling towards the eminent scholar, I went up to Alexei Grigorievich, apologized for disturbance, introduced myself, 
told him about my situation, and asked his permission  for my transfer to the post-graduate training in his Department.  

Alexei Grigorievich asked me several questions concerning self-adjusting and self-organized systems, and then he 
thought for a while, smiled and told me: “Well, I agree for your transfer. Go to A.N. Milyakh and try to obtain his 
permission.” To my mind it was unique situation, when absolutely unknown and inexperienced youngster from the 
street (literally!) could persuade venerable scientist to take him for post-graduate training at the very first meeting. This 
event could globally characterize Alexei Grigorievich as a man with outstanding intuition, who knew much about the 
people and was benevolently oriented towards them.    

I was lucky enough to gain also permission of Alexander Nikolaevich Milyakh, the Member-correspondent of the 
Ukrainian Academy of Sciences, who was the Director of the Institute of Electrical Engineering at that time. He took 
my situation with understanding and signed the order for my transfer. After this Alexei Grigorievich has assigned 
Candidate of Engineering Sciences (at those times) Vsevolod Mikhailovich Kuntsevich as my Supervisor. He was the 
most advanced disciple of Alexei Grigorievich and fruitfully worked upon his Doctor of Sciences Thesis. He was 32 
years old, and his first post-graduate student was 22 years old.  So, using the family analogs, I was found myself as a 
“scientific grandson” of Alexei Grigorievich, i.e. the disciple of his disciple.  I must tell that I was lucky twice. From 
one hand, I obtained very energetic, actively working and talented Supervisor who paid a lot of attention for me as his 
very first and single (at this time) post-graduate student. From the other hand I have found myself in the community of 
A.G. Ivakhnenko’s post-graduate students, and I must tell about them a couple of words.   

There is some common opinion that disciples used to inherit some general features of their teacher and not only in 
the science area. The family of the A.G. Ivakhnenko’s post-graduate students definitely proves this opinion. All these 
people were very talented, witty and opened for socializing. I would like to mention A.G. Ivakhnenko’s post-graduate 
students of that time: Yu.V.Krementulo, B.Yu. Mandrovsky-Sokolov, V.I. Vasiliev, B.A. Sigov, S.F. Kozubovsky, 
L.M. Boychuk, Yu. M. Rozov, P.I. Dekhtyarenko and many others. Taking into account that that A.G. Ivakhnenko has 
prepared about 200 Candidates and 30 Doctors of Sciences, it is absolutely impossible to mention all of them. 
Socializing with Alexei Grigorievich’s disciples also enriched me in a scientific as well as in a common human sense. 
In this situation I hadn’t any other choice as to write and to defend my Candidate Thesis in the required term.  

International Conference in Inductive Modelling ICIM' 2013

23



Recalling the human features of Alexei Grigorievich, first of all it is necessary to mark his sense of humor, his skills 
to joke on himself, the critical attitude to himself and benevolent attitude with respect to the people, with whom he has 
deal with. As an example it would be relevant to mention a case with unforgettable “Zaporozhets”. When Alexei 
Grigorievich with his large stature took a seat into the tiny “Zaporozhets”, then this spectacle attracted attention of all 
colleagues, who were at this moment at the street or observed this show from windows of building No. 55b at the 
Chkalova street. Notice that this car had a rear drive. Once upon a time two Ivakhnenko’s disciples – Yu.V. Krementulo 
and B.A. Sigov – sneaked up to the rear of  “Zaporozhets” at the moment when Alexei Grigorievich took a seat inside 
car and softly lifted its rear part. Alexei Grigorievich presses the accelerator pedal, the engine roars, but car stands 
motionlessly. All witnesses are laughing furiously. Eventually Alexei Grigorievich notices the reason and begins to 
laugh loudly with all people. I have to say that not every Supervisor could accept such jokes with respect to him.  

 
Meeting with Professor of Massachusetts Institute of Technology Stephen H. Crandall, 2002.  

From left to right: B.Yu. Mandrovsky-Sokolov, S.H. Crandall, A.A. Tunik, V.I. Ivanenko, A.G. Ivakhnenko 
 

These psychological features of A.G. Ivakhnenko which have shown themselves in similar cases, from my point of 
view, could explain to some extent certain decisions taken by him in his professional creative activity. Such man could 
never turn himself into the bronze monument and to consider all his decisions as the absolute truth. Self-criticism with 
respect to himself generates the self-criticism with respect to his own scientific results. That is why in the second half of 
1960th A.G. Ivakhnenko, being generally acknowledged in the world specialist in the automatic control theory, didn’t 
hesitate to abandon practically this field of science and to devote absolutely himself along with his disciples to the 
research work in the area of self-organizing systems and inductive modeling. This research activity has led him to the 
creation of the world-known Group Method of Data Handling (GMDH). But it is worth to notice that research works in 
the area of the automatic control theory were continued by his disciple Prof. V.M. Kuntsevich (now Academician of the 
National Academy of Science of Ukraine), so this branch of science was not abandoned himself absolutely.    

Just these circumstances could explain, from my point of view, the Alexei Grigorievich’s drastic step, when he, due 
to the V.M. Kuntsevich’s reminiscences, being the Head of the large, very successful, and amicable Department of the 
Institute of Cybernetics, wasn’t afraid to take the clear sheet of paper, to draw vertical line, dividing it by two parts, and 
to right down from the left side: A.G. Ivakhnenko, and from right side: V.M. Kuntsevich. He has exposed it at the desk 
of announcements with appeal to all colleagues to choose voluntarily this or that Chief. In such a way the A.G. 
Ivakhnenko’s Department was divided by two parts peacefully and painlessly. However, good human relations which 
have arisen in the amicable community of the A.G. Ivakhnenko’s Department, have led to the situation when colleagues 
belonging to the two Departments considered themselves as the single whole.  

In conclusion I can’t avoid to mention one else disciple of A.G. Ivakhnenko, Prof. V.S. Stepashko who replaced 
Alexei Grigorievich as the Head of his Department. His careful attitude to the memory of his teacher and how he 
doesn’t spare his time and efforts to promote A.G. Ivakhnenko’s ideas deserve the great respect.   

Prof. A.A.Tunik, Doctor of Sciences 
National Aviation University, Kyiv 
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A.G. The Great. Tribute to Academician Ivakhnenko 
 

Academician Alexey Grigorievich Ivakhnenko was a Great Ukrainian Scientist and Engineer.  He was one of the Giants 
of the World Science standing on the par with Marvin Minsky (Self-Organization), John Von Neuman (Neural 
Networking), and Frank Rosenblatt (Perceptron Models). His early research in Automated Control Systems had led him 
and his coworkers to development of the Theory of the Combined Automated Control Systems which had multiple 
applications in Engineering. His vivid imagination begot the GMDH (MGUA) which opened a broad avenue and 
created a powerful scientific movement in the Modeling of Self-Organization Systems. A large cohort of young and 
very gifted scientists joined the movement around the world. Many of them became loyal followers having published 
numerous works on the theory and applications of the Inductive Methods of Mathematical Modeling. 

A.G. Ivakhnenko was a Great Teacher.  Hundreds of young scientists from around the world passed through his 
aspirantura (the post-graduate course) and became the world renowned authorities in the Methods of Mathematical 
Modeling and Decision Making and their applications in Engineering, Environment, Natural Resources, Biology, 
Medicine, etc.  Nobody in the World can come even close to him in the terms of the number of doctors who used to be 
his post graduate students.  His department in the Ukrainian Academy of Sciences was and continues being a powerful 
gravitational center for the curious minds of ambitious young people seeking professional career in science and 
engineering.  The astronomical number of his scientific publications strikes imagination. He had published more books 
than many of his highly regarded colleagues have read over the life time. His aphoristic jokes, such as “Why should we 
read the others’ books if we can write ours” and “A true scientist must rush to the podium on any occasion”, well reflect 
the core components of his educational and scientific credo. 

On a personal level he was a person with a sharp sense of humor (“Our scientific power dwells on the ignorance of 
Mathematics”, for example). He was always ready to help his aspirants, former aspirants, and coworkers. Walter 
Neskhodovsky was made to leave Kiev due to registration requirements of those days. Academician Ivakhnenko found 
a position of Associate Professor for him in the City of Kherson and spent tens of hours on the phone to ensure that 
Walter will get this position.  

He had an amazing nose for potential geniuses and capable professionals. Only one example: As a Deputy Department 
Chair I recommended a young man with the diploma of not a prestigious university to him for a position of senior 
engineer supplementing my presentation with a long verbal characteristic about the candidate.  His answer was short: 
“Do not talk too much. Show me his mug.” Next day, after the 5-min interview the verdict was: ”Good, hire him.”  And 
he was really good. 

The Centennial Jubilee of Alexey Grigorievich Ivakhnenko is a great opportunity to commemorate his outstanding 
achievements in Science, Engineering, and Teaching, to propagate worldwide his original scientific ideas and methods, 
and to unite his numerous followers around a powerful idea of self-organization.  The Jubilee events will stimulate new 
ideas and methods and attract young brilliant minds to the field of Inductive Methods of Mathematical Modeling. 

 

Prof. L.F. Khilyuk, Doctor of Science 
University of Southern California, Los Angeles; 
Science Secretary, Russian Academy of Natural 
Sciences, USA Branch 
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Thank you, Alexei Grigorievich, for your wisdom, persistence,  
and vision! 

 
 

The first time I got in contact with the name Alexei Grigorievich Ivakhnenko was at the end of my degree at Humboldt 
University Berlin in 1992. I did a literature search on "self-organizing modeling". The result was a very long list of 
papers, conference articles, books, most of them in Russian language, only few of them in English or German, but there 
was an important observation. There was one name, which very frequently appeared as an author: that of A.G. 
Ivakhnenko. Instantly, I realized that I have to follow this path to learn more about this fascinating and promising 
concept of model self-organization from noisy data. 

Few months later I got in contact with Prof. J.-A. Müller who has been a recognized Ivakhnenko fellow in Germany in 
the field of economic systems modeling research, especially. This was the start of a very fertile working cooperation 
with A. G. Ivakhnenko, too, by exchanging results, ideas, and by joint publications. At the same time, all this new 
knowledge and opportunities that opened up were flowing into the development of the first user-friendly, graphical user 
interface based GMDH software tool, KnowledgeMiner (now renamed Insights), with its first release in 1993. To me a 
critical aspect of GMDH as a brilliant scientific way of thinking and methodology was, for the upcoming information 
age, to put this technology into people’s hands worldwide as a knowledge extraction tool in various problem fields. 

Later, in the late 1990s, I had the chance to meet Alexei Grigorievich personally during his short stays in Berlin. We 
had nice, constructive and inspiring conversations on cybernetics, self-organization, GMDH, and the situation of life in 
the Ukraine and in Germany after the immense societal changes. We also talked about our software tool 
KnowledgeMiner and what he thought which features it should have added to sharpen the idea of Inductive Modeling. 
To me, it always was very impressive to see and experience his passion and clear and innovative thinking in our 
discussions. 

Even though I have not worked with Alexei Grigorievich, personally, his extraordinary scientific work has essentially 
inspired me in my own work in this area. It was always a pleasure for me to help promote his brilliant ideas and to help 
to utilize the beauty and strength of Inductive Modeling in useful real-world applications. Today, many universities, 
research institutes, and individuals around the globe use and benefit from the results of the GMDH work of Alexei 
Grigorievich, and they change the world in their problem fields such as improving safety of chemicals by modeling and 
prediction of toxic and ecotoxic health effects saving many animal lives, modeling of economic, financial and energy 
systems, wastewater and other resources reuse problems, modeling climate change, or for new model predictive control 
solutions to name but a few. This list of application fields that need Inductive Modeling will only grow in the future. 
The scientific solutions and the tools for complex systems modeling are available, we only have to apply and leverage 
them appropriately. 

 
 

Frank Lemke, PhD 
KnowledgeMiner Software, Germany 
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A.G. Ivakhnenko: Unforgettable Person and Scholar 
 

With the name Alexei Grigorievich Ivakhnenko I met firstly in eighties (last century). We were collecting at that time 
materials for the university course Artificial Neural Networks. The main impulse for my deeper studies of his Group 
Method of Data Handling (GMDH) was a notice that they are “self-organizing”. Later on I found that this property 
means something else, than I expected at that time. But later on we have started our own research in Data Mining based 
on original Ivakhnenko’s ideas.  

It is known that GMDH nets are based on induction. Not going into the details, they search by different heuristics 
(COMBI, MIA) for most promising subspaces in the space of possible solutions. Through self-organizing they improve 
the reached solution quality. In the case that reached solution does not meet the expectations, the net topology changes 
(a new layer of processing element is added). This process follows subsequently whether even the new solution does not 
generate the expected solution quality. Processing elements in a particular layer of the GMDH architecture are equal in 
each layers, it means they are of the same approximation polynomial order (MIA). In the other case (COMBI) new units 
do apply higher order approximation polynomials to the original inputs. 

Our first contacts were only passive, but this situation has to be changed soon. At the beginning we were only 
professionally motivated by GMDH literature sources. In 1993 we, CTU University in Prague people together with 
Czech Academy of Sciences colleagues, have started to prepare a common scientific project with people from 
Ukrainian Academy of Science. The key person was German professor Johan-Adolf Mueller affiliated at that time in 
Dresden at FTW (FRG). We found soon that Johan-Adolf was supervised by A.G. Ivakhnenko earlier in his PhD study 
time. In Dresden that was my first time personal contact with Alexei Grigorievich. I remember well how unforgettable 
my discussions with him were. Those several days of common grant proposal preparations were really nice. A great pity 
not only for me was the fact that the proposal was not accepted.  

The second of my professional contacts was indirect but also intensive. One of my doctoral students, namely Pavel 
Kordik, improved his study time by international experience stay in the New Zeeland. His activities there were not only 
enlarging his intellectual level. He started there as mandarin fruit harvester. This activity as I understood from his later 
given stories is mostly manual, hard and monotonous. One has enough time for thinking and therefore no doubt that 
Pavel noticed a local guy which activity was more interesting. He was collecting input data for water supply modeling 
of mandarin tree growth and fruit production. The goal of this activity was possible improvement of the harvest quantity 
with water consumption optimization. Based on the ideas exchanged a common research project started. In fact here 
started the first ideas which led to the formulation of Kordik‘s GAME neural nets. Dissertation was successfully 
defended in 2007. Pavel visited several times the Ukraine top GMDH investigating home place to let know results of 
his performed research. Here he often met Alexei Grigorievich. 

A.G. Ivakhnenko, father of the discipline, was actively visiting scientific events concerning inductive modeling not 
only in Ukraine. Even in his high age he was brilliant in discussions with his young colleagues. I personally admire his 
overview and knowledge about who is interested in what. 

My next but unfortunately last personal contact with Alexei Grigorievich, was during the European Simulation 
Multiconference ESM in 2001 in Prague, Czech Republic. We involved him as Invited Speaker for the Artificial Neural 
Network Conference. Despite he was nearly 90, we were pleasantly surprised obtaining his enrolment and later of his 
arrival accompanied by his son Gregory.   

I do remember as to be today that the official Conference Dinner took place in Cabaret of the famous Beerpub „U 
Fleku“. The atmosphere was there really friendly. All over 200 participants were close to the Midnight cheerful, but 
also tired. Therefore a surprise for me as the Conference Chair was that someone invited me to prolong the event on a 
private party. Shocking was that the invitation was send to me by Alexei Grigorievich and it was presented to me by his 
next formerly doctoral lady student. So we together with my wife achieved late in the night in the private flat above the 
Vltava river, where lived Vaclav Havel family. The hosting lady was the wife of younger of them, Ivan. He belongs by 
the way to the top of IT experts not only among Czech Republic residents. We later understood that all approximately 
20 late-night party members are former Alexei Grigorievich PhD students now living in different parts of the world. 

Imprints of Ivakhnenko’s intellectual capital are clearly evident in many today used machine learning methods. He 
really strongly influenced not only his students, but he succeeded to enforce his colleagues to continue developing his 
ideas in self-organizing inductive modeling. 

Prof. Miroslav Snorek, Cand. Of Scince 
Czech Technical University in Prague 
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LEGEND ON THE GREAT EAGLE 
 

In the loving family nest a small eaglet was born, 

Father and mother protected him from winds and bad weather.  

But the eaglet looked often on high mountains from his dorm,  

And he wished most of all to learn how flying fast and high.  

So the time came up when the eaglet had spread his wings, 

And he boldly decided to start his autonomous flying. 

He inherited parental testament wisdom in words: 

Every eagle, you remember, should proudly live in high hover. 

In the spaces of sky very far from the family nest  

Eagle practiced his wings working up to the point of exhaustion. 

Any wind, or a rain, or a stone, or thunder, or lighting,  

They could not overcome his incessant desire for flying. 

He discovered the summit of the country of eagles, 

And he settled on the peak of the land of his dream. 

He began to protect that great rock of his fate, 

And the birds started calling it Peak of Swift Eagle. 

Neither hunters nor shooters could reach nowise him there 

And were senseless for him all wide spread prohibitions.  

Restless sparrow swarms were all laughable for him  

And just now and then crows pestered him by the croaks.  

And the glory of him spread beyond the native land,  

He began to convene everyone willing skillfully flying. 

Eaglets flew to his peak from both environs and afar 

To be trained as big eagles by his competent efforts. 

Whole tribe has already completed his aquiline school, 

As no one could he cherish like father the gifted youth. 

He put several hundred of eagles already on wing,  

And some dozens of them started teaching the younger eaglets.  

That Great Eagle had provided us with his Basic Testament  

Everyone ought to know if wanted to live as an eagle: 

Always need to remember in going through aquiline life 

Proud name “The Eagle” only can be proved in high flight! 

 

Prof. V.S. Stepashko, Doctor of Science 

IRTC ITS NASU, Kyiv, Ukraine 
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Abstract. This paper characterizes the ideas of academician O.H.Ivakhnenko in the field of inductive self-
organization of complex system models and the evolution of these ideas during the long historical period of successful 
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1 Introduction 
 

The very first article [1] on the group method of data handling (GMDH) published in 1968 in Ukraine and followed by 
publications [2, 3] abroad signified the beginning of the most fruitful stage in the creative scientific work of 
O.H.Ivakhnenko. A new scientific area has emerged that was named at first “heuristic self-organization of models” [4], then 
“self-organization of models from experimental data” [5], further “inductive self-organization of models” [6] and finally, 
from the late 1990th, “inductive modelling”. Active development of this area was determined by brilliant scientific intuition 
of the author and his original scientific hypotheses.  

In the paper, basic ideas of O.H.Ivakhnenko in this field are characterized as well as their influence on forming and 
developing the up-to-date methodology of inductive modelling. 
 
 
2 Basic ideas of academician O.H.Ivakhnenko 
 
Heuristic self-organization of models [2, 4]. The idea consisted in maximal automation of the whole process of model 
construction from observation data. The GMDH, created by O.H.Ivakhnenko, is the basic instrument of the self-organizing 
modelling. This is a fundamentally new method of modeling from experimental data. Since then the new scientific field is 
successfully developing being recognized by researchers around the world. 

GMDH is an original inductive method of structure and parametric identification of forecasting models of polynomial 
type under uncertainty conditions. It is notable for application of principles of automatic generation of variants, non-final 
decisions and successive selection of models of optimum complexity after minimum of external criteria based on the 
division of a dataset into at least two parts. It is intended for automatic building a mathematical model that reproduces the 
unknown regularity of operation of the investigated object information on which is implicitly contained in the available data 
sample (table). After modern terminology this is an original means of data mining.  

The method effectiveness was repeatedly confirmed by solution a variety of practical problems of modeling complex 
objects and processes in areas of ecology, economics, engineering, technology, hydrometeorology, etc. [4-6]. In parallel, 
researches have been conducted on the development of algorithms for self-organization in pattern recognition [6]. 
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GMDH algorithms are generally divided into two groups: sorting-out [7] and iterational [8] that differ from each other 
by the methods of model structures generation and search of minimum of a selection criterion based on a data sample 
division into two or more parts. The first type algorithms are based on exhaustive or directed search, the typical 
combinatorial algorithm is COMBI [9] and the sorting one is MULTI [10]. The second type algorithms, being classical, are 
based on the nature inspired idea of biological selection with pairwise account of features; conventional is the so called 
multilayered algorithm [1-3] which starting from late 1990th is commonly named in current literature as multilayered 
iterative algorithm MIA GMDH.  

During 1970th there were developed a lot of various modifications of the classical algorithm, the most original among 
them are the followings: multilayered algorithm with orthogonalized complete description [11] as well as linear CML [12] 
and nonlinear GN [13] algorithms. They were generally dissimilar but had common features separating them from the 
classical type algorithm by the only two-member partial descriptions and the use of initial arguments on each layer of 
selection. GMDH procedure of such type (based on adding initial arguments to the intermediate ones) is called now 
relaxational iterative algorithm RIA GMDH.  

Therefore one can assign two main types of both the sorting-out and iterative GMDH algorithms, namely based on 
exhaustive or directed search (sorting-out) and on multilayered and relaxational procedures [14]. Some theoretical results 
regarding the specific problem of convergence analysis of iterative GMDH algorithms one can find in [12, 15, 16]. 

Another important aspect of the GMDH theory was concerned the analysis of asymptotic properties of external criteria; 
main results in this area was reflected in [17, 18]. 

Control with optimization of forecast [5]. In 1970th O.H. Ivakhnenko had developed a new method of control with the 
forecast optimization (optimization on a sliding finite interval) which was fundamentally necessary in problems of 
management of environmental systems as the tasks with predicted disturbances. A control system with such an optimizer is 
a combined one: in the implemented control action the requirements are taken into account of both stabilization of the 
output value and advanced compensation of the measured disturbance that attaches intelligent features to the control system. 
In the world such an approach called currently "predictive control" has started to develop only in the late 1980s. In the 
current science such a principle is generally accepted and called as “predictive control” [19]. 

Noise-immune modelling. In early 1980th O.H.Ivakhnenko had established an organic analogy between the tasks of 
model construction from noisy data and signal passing through a noisy channel [20]. This had made it possible, using 
Kotelnikov’s ideas on the noise-immune receiver of signals, to suggest the so called “ideal criterion” for modelling tasks 
that enabled to proof theoretically better forecasting capabilities of “non-physical” models [21] and to build fundamentals of 
the noise-immune modelling theory [7]. The basic result of the theory: the complexity of optimum model depends on the 
level of noise – the higher it is the simpler (more «robust») is to be the optimum model.  

Two-level predictive models [5-7]. For modelling of dynamics of cyclic processes, in particular economic and 
ecological, O.H.Ivakhnenko offered a construction method of systems of two-level difference models for cyclicities of the 
“cycle-time” type. The variables of upper (cycle-averaged) and lower (time-averaged) levels in their balance relationship 
are thus considered. A correspondent algorithm was described in [22]. 

Non-parametric forecasting [23]. O.H.Ivakhnenko developed original non-parametric approaches to forecasting 
complex processes: correlation predictive models; a reverse transformation of the transition probabilities matrix into 
forecast [24]; a method of the group analogues complexing [25]. 

Ideas of systems analysis and clustering [23, 26]. An algorithm of objective systems analysis (OSA) is intended for 
determination of inputs and output variables among all measured ones and building the system of difference equations of an 
object dynamics [27]. An algorithm of the objective computer clustering (OCC) solves the tasks of clustering with the use 
of self-organization of the quantity and composition of clusters [28]. 

Neuronets with active neurons [29]. An algorithmic structure of the classical multilayer GMDH is interpreted as a 
polynomial neuronet with homogeneous (passive) neurons. O.H.Ivakhnenko proposed a GMDH network composed of 
neurons each of which is also a GMDH algorithm. Structure of such a heterogeneous network and every of active neurons 
are formed automatically. This idea substantially raises the level of the neuronet intelligence. 

Other constructive ideas. O.H.Ivakhnenko promoted evolving new algorithms of model construction in such model 
classes: harmonic models of oscillatory processes in the form of sum of harmonics with aliquant frequencies [30]; nonlinear 
additive-multiplicative models with automatic determination of non-integer degrees of input variables [31]; models of 
distributed processes dynamics in the form of difference analogues of partial differential equations [32].  
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3 Current developments of Ivakhnenko’s ideas  
  

During the last two decades the interest to the GMDH-based inductive modelling algorithms is permanently growing which 
may be attributed both to their good performance in ill-defined modelling tasks and intensive development of new and 
enhanced algorithms and software tools. These achievements are based on further evolution of the above mentioned 
Ivakhnenko’s ideas performed both by the author with his disciples and a lot of researchers around the world. 

Another aspect of the interest growth is related to the “vogue” on wide using the ANNs and, due of that, interpretation, 
since late 1990th, of the typical GMDH procedure as an original architecture of a neural net called polynomial neural 
network (PNN). This fact gave new opportunities to enhance the performance of GMDH-based means and to significantly 
widen the range of its application in various real-world areas. The point is that the originality of GMDH as a neuronet 
consists in self-organization of both its structure and parameters. To the explicit advantages of GMDH we can refer 
automatic formation of a network structure, simplicity and speed of parameters adjustment as well as the possibility to 
"fold" the adjusted network directly into an explicit mathematical expression ready to be used for solving tasks of 
simulation, prediction, control and decision making. 

 
3.1 Theory of inductive modelling  
Analysis of selection criteria, optimal complexity of models. In the scope of the GMDH theory is first of all analysis of 
selective properties of external criteria which is carried out within the framework of the noise-immune modelling theory. 
The initial results [21, 7] were supplemented in [33, 34] by additional studies of so called J-optimality (J-criterion is another 
designation for the “ideal” one). New analytical results were obtained for the task of inductive modelling of 
multidimensional systems with many outputs [35, 36]. 

More detailed outcomes concerning conditions of J-optimal model complexity were obtained in [37-39] using so called 
method of critical variances [40]. This main analytical instrument of the inductive modelling theory made it possible 
proving that GMDH is the method of construction of models with minimum variance of the forecasting error. GMDH 
process enables an automatic adaptation of the optimal model to the level of informativity of a noisy data sample. Thus 
GMDH is an original modern information technology for discovering knowledge from observations or one of the most 
efficient methods of data mining. 

An original method of redefining (extension of definition) the model choice was elaborated in early 2010th by 
Ivakhnenko [41, 42]. This two-criterion method enhances the reliability of optimal model choice. 

Enhanced and optimized GMDH algorithms. High-performance sorting-out GMDH algorithm of directed search type 
was presented in [43] based on an inductive procedure of successive selection of informative variables. Results of further 
development of analog complexing GMDH algorithm for short-term forecasting of processes are described in [44]. 
Performance of polynomial iterative GMDH algorithm of GN type in tasks of modeling from observation data with outliers 
was enhanced due to the implementation of robust parameter estimation methods [45]. 

Substantially modified and optimized version of algorithm [11] was presented in the form of the generalized relaxational 
iterative algorithm GRIA GMDH [46]. The generalized iterative algorithm GIA GMDH [47] has constructed enclosing 
typical known and new architectures of the iterative procedures of both multilayered and relaxational type with 
combinatorial optimizing the partial descriptions. Both of these algorithms are realizing the idea of active neurons. 

Inductive algorithms for classification, recognition, clusterization. Essential part of real-world problems requires 
application of special methods of pattern recognition in wide sense. Among current developments in the inductive 
modelling field there are many methods and tools dealing with tasks of such type, for instance [48-50]. 

 
3.2 New approaches in inductive modelling 

Hybrid GMDH-type algorithms and neural networks. New and efficient architectures of neuronets are recently 
intensively developed on the basis of hybridization of GMDH procedures and various approaches of computational 
intelligence and nature-inspired solutions: particle swarm optimization [51], RBF [52], genetic selection and cloning [53], 
immune systems [54] etc. A good deal of present variants of hybridization is implemented in the aggregated GMDH-based 
architecture called GAME [55].  

Fuzzy and interval approaches in inductive modeling. For the real tasks with fuzzy variables there are developed 
corresponding algorithms: Multi-layer hybrid fuzzy PNN [56]; Fuzzy GMDH [57] based on the classical structure MIA 
GMDH; GMDH-like cascade wavelet-neuro-fuzzy network [58]. 
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For another case of initial assumption on interval-given input data, a method [59] is elaborated. 

Algorithms based on paralleling operations. There are several effective realizations of both iterative [60] and 
combinatorial [61, 62] algorithms with implemented parallel computations. 

Ensembling-based prediction. This kind of non-parametric procedures used for predicting processes is the core idea in 
the GAME method [63]. 

Automated data preprocessing. An advanced idea to build some kind of automatic means for data preprocessing 
enabling to enhance the accuracy of classification is suggested in [64]. 

 
3.3 Information technologies of inductive modelling  

There are several examples of computer tools for modelling complex systems completely based on GMDH and/or 
GMDH-type algorithms. The software complex KnowledgeMiner of commercial destination described in [65] and its recent 
highly advanced realization [66] contain iterative and several non-parametric GMDH algorithms for fully automatic 
building and analyzing forecasting models. Another variant of commercial software is GMDHshell [67] based on COMBI 
and MIA GMDH algorithms. The technology FAKE GAME [55] is intended for constructing, investigation and application 
of inductive evolutionary algorithms of different architecture. A research complex [24] on the basis of sorting-out 
algorithms allows comparing efficiency of different methods and their components.  

Generally all GMDH-based tools allow solving typical tasks of data mining, knowledge discovery, and business 
intelligence. A new concept of storing and handling data in an integrated environment for business intelligence tasks is 
suggested in [69]. Newly developed computer technologies based on the iterative algorithms [46, 47] realize the 
methodology of automated structural identification ASTRID [70]. 

 
3.4 Real-world applications of inductive modeling methods and technologies 

During the whole period of GMDH evolution this method and corresponding software means demonstrated good 
performance when solving modeling problems of different nature for complex processes and systems in environment, 
economy, finance, hydrology, technology, robotics, sociology, biology, medicine, and others. A lot of examples of solving 
real world tasks one can find in Proceedings of conferences and workshops on inductive modeling on the site [70]. 

 
3.5 Development prospects of inductive modeling 

The most promising directions of the development may be listed as follows: 

1. Theoretical investigations: study of GMDH performance for cases of different noise properties and model classes, 
analyzing new external criteria and algorithms etc.    

2. Integration of IM, NN and CI best developments: construction of algorithms with heterogenic and fuzzy neurons, 
immune networks, GA and nature-inspired estimators etc. 

3. Paralleling: constructing computational schemes oriented to multi-core and cluster computer architectures.   
4. Preprocessing: building optimal preprocessing procedures to improve the modelling results. 
5. Ensembling: Non-parametric modelling and forecasting based on waited averaging of a group of best models.  
6. Intelligent interface: knowledge-based interactive modes with strong support and control of user’s activity, default 

(automatic) modes, etc.    
7. Case studies for decision making: new applications of inductive modeling tools to real-world tasks of different nature  
 

4 Conclusions 
 
Presented in the paper original and fundamental ideas of Academician O.H.Ivakhnenko form a reliable base for promoting 
intensive current and future development of methodology, theory, algorithms and tools of inductive modelling of complex 
processes and systems in applied decision making tasks. 

GMDH as the basic tool of inductive modeling theory refers to the most modern methods of computation intelligence and 
soft computing. This method represents the original and efficient facility for solving a wide spectrum of artificial 
intelligence problems including identification and forecast, pattern recognition and clusterization, data mining and search 
for regularities. Thus, the inductive modeling represents a definite scientific trend in frames of which actively operates a 
process to overcome arising theoretical problems, develop new efficient algorithms and solve urgent applied problems. 
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