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Abstract.     Architecture of the generalized iterative algorithm GIA GMDH is presented based on hybridization of 
iterative and combinatorial search schemes and the use of interactive technologies. The architecture comprises six 
standard variants of typical GMDH algorithms and three of them are newly described. 
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I Introduction 
 
One of the most known modeling methods is the Group Method of Data Handling (GMDH) that discovers knowledge 
about an object directly from a given data sample. Development of this method started with the article [1] published in 
1968 by Ukrainian scientist professor Oleksiy Ivakhnenko. This publication manifested forming a new scientific area 
called "inductive self-organization of models from experimental data" or simply "inductive modeling".  

GMDH is used in various tasks of data analysis and knowledge discovery, forecasting and systems modeling, 
optimization and pattern recognition [1-3].  

Main GMDH advantages may be characterized as follows [1]:  

– optimal complexity of the model structure is self-organized being adequate to the noise level in the data 
sample;  

– the model structure and its parameters are found automatically;  
– non-linear factors that could influence the output variable are used as input variables (arguments);  
– relationships in data are found and informative (relevant) input variables are selected;  
– the method uses information directly from a data sample and minimizes the impact of a priori assumptions 

of an author on the modeling results;  
– it provides an opportunity for finding the efficient model of an object (law or clustering).  

Hence GMDH is used to identify implicit cause-effect relationships and patterns hidden in data and to construct 
mathematical models in an explicit form.  

This paper describes a new type of a generalized hybrid iterative GMDH algorithm “with active neurons”.  

2 General characteristics of GMDH algorithms 

Typically GMDH algorithms solve the general problem of search for best model under such formulation:  
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where is an estimation of parameters for any partial model f∈Φ , CR is a model quality criterion for selection of the 

optimal model.  
fθ̂

The set Φ  of models being compared can be formed by various generators of model structures of diverse 
complexities. All structure generators developed within the GMDH framework naturally divided into two main groups: 
sorting-out and iterative ones which differ by techniques of variants generation and organization of search of a given 
criterion minimum.  

Sorting-out algorithms are intended for solution of modeling problems on the basis of sorting models from a finite 
set Φ. All elements of this set can be calculated independently using parametric estimation of each separate model. At 
the same time the task (1) is similar to a discrete programming problem and can be solved using exhaustive or directed 
search. Exhaustive search forms all possible model structures ),( ff Xfy θ

)) =  containing one to m regressors 

(independent variables). When using directed search, a reduced number of models is formed in order to get the 
exhaustive search result by significantly lower efforts.  

Iterative methods are similar to a class of optimization methods by means of successive approximations but 
substantially use the principle of non-final decisions (freedom of choice). Depending on a way of successive 
approximations, iterative GMDH algorithms are divided into two main groups: multilayered and relaxation. 
Multilayered-type (classical) algorithms [3] are constructed by analogy to biological selection of living organisms: 
complication of models from r-th to (r+1)-th selection layer takes place by means of pairwise "crossing" of best models 
from the previous layer. In this kind of algorithms the complication procedure stops when a criterion CR starts to grow.  

GMDH algorithms of the relaxation type correspond to methods of successive approximations using the group 
relaxation: in each layer (approximation step) the best models are complicated only by adding the initial arguments. In 
these algorithms the breakpoint of problem solving is defined against the fact of criteria stabilization.  

To estimate parameters, method of least squares MLS is used in GMDH algorithms first of all, when in the task of 
continuous optimization:  
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where the sum of squared errors is used as the criterion of optimality:  
22 ˆˆ)( fff XyyyQR θθ −=−= .    (3) 

MLS is the best estimating method when the assumptions of uncorrelated noise with zero mean and finite variance 
are valid, then the solution of the estimation problem (3) is of the form:  

,)(ˆ 1 yXXX TT
ffff

−=θ      (4) 

where Xf is a submatrix of the matrix X containing columns corresponding to a particular model f ∈  Φ being 
considered.  

3 External criteria of model quality  

Criteria used in GMDH algorithms are based on partitioning the given data sample into parts and thus implicitly 
(automatically) provide "penalties" for excessive complication (overfitting) of models. In so doing, the parameter 
estimations and criteria values are calculated on different parts of the sample. In the simplest case the sample is splitted 
into two sub-samples:  
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where A are training data, B testing data, and W learning data, W = A∪B.  

A model selection criterion is called “external” if it is based on some additional information that is not contained in 
the data used for the model parameters calculation. Some formulae for computing the basic groups of external criteria of 
accuracy and consistency are given below.  
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Accuracy criteria. The most used among accuracy criteria is the regularity criterion calculated for a given model 
complexity s as follows:  

,ˆ)(ˆ)(
22

|| AsBsBABBAB XysyysAR θ−=−=      (5) 

where designation 
 
means "error on B of a model of complexity s with coefficients obtained on A".  )(| sAR AB

The regularity criterion calculated on the same sub-sample where the model parameters were estimated is the 
residual sum of squares RSS:  

AAA RSSsAR =)(| ; BBB RSSsAR =)(| ,     (6) 

where yyyyRSS TT )−= . 

The so called stability criterion can also be as one of accuracy criteria:  
22

||
ˆˆ
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Consistency criteria. Criteria of this group reflect the requirement that models obtained on A and B should differ 
minimally.  

The most common form of this criterion is so called bias of solutions:  

( ) ( ) .ˆ 2
BWX θ    (8)  ˆˆˆ 2
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Accuracy and bias criteria are different and give not interchangeable characteristics of model quality especially 
when inexact data is used.  

 
4 Architecture of the generalized iterative algorithm  

 

Analysis of historical evolution of GMDH algorithms makes it possible to advance the following basic ideas for 
developing new iterative algorithms methodology: 

- enabling to use the initial arguments in each layer to avoid loosing the relevant ones as the "selection of 
initial arguments" idea; 

- using the idea of "active neurons" to perform optimization of every partial model structure by combinatorial 
algorithm to avoid overfitting; 

- using various partial descriptions in the form of linear, bilinear or nonlinear functions on different layers. 
All these ideas can be used in various algorithms based on hybridization of known structures or in a single algorithm 

which will be the generalization of certain ones. 

The classic multilayered GMDH algorithm has the disadvantage that the loss of informative argument in initial 
layers cannot be recovered; in addition, there is exponential growth of polynomial degree. Therefore, for improving the 
efficiency of iterative type algorithms the idea of their hybridization with sorting-out ones is used in this paper. 
 
4.1 Approach to designing a generalized algorithm  

 
In 1990-th, the abbreviation MIA GMDH (Multilayered Iterative Algorithm of GMDH) for the classical algorithm was 
introduced abroad. This is a variant when partial descriptions form pairs out of intermediate arguments (outputs of the 
previous layer). But this algorithm, as it was pointed above, has the disadvantages: the possibility of informative 
arguments loss if they were eliminated at the beginning of the multilayered procedure; the possibility of fixing 
uninformative arguments if they were included at the beginning of the procedure; the polynomial degree grows 
exponentially when non-linear partial description is used. 

These disadvantages have been partly removed in some known algorithms, namely in the multilayered-
combinatorial algorithm [5] and the algorithm with including initial arguments to the selection process [6]. 

So it is naturally that for removing all the three disadvantages it is necessary to combine existing structures of 
algorithms in unified with obvious name "Combined iterative-combinatorial algorithm" CICA GMDH. In this algorithm 
pairs are possible both of only intermediate arguments and of the intermediate and initial ones, as well as the 
combinatorial optimization of partial descriptions complexity is used for linear, bilinear, and nonlinear variants [4]. 
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Similar abbreviations by analogy with the MIA GMDH algorithm may be introduced for other variants. For 
example, an algorithm in which pairs are possible between both the intermediate and intermediate and initial arguments 
may be named the "Combined iterative algorithm" CIA GMDH. If pairs are used only of the intermediate and initial 
arguments we get a new algorithm may be called relaxation iterative algorithm RIA GMDH.

Multilayered iterative algorithm with combinatorial optimization of partial descriptions we will call the 
"Multilayered iterative-combinational algorithm" MICA GMDH. Generalized hybrid algorithm or combined iterative-
combinatorial algorithm CICA GMDH described below combines all the previous structures and does not contain any 
of the three above-mentioned drawbacks. 

 
4.2 Optimization of partial descriptions 

 
Combinatorial optimization of partial descriptions, i.e. the idea of active neurons with linear, bilinear or nonlinear 
transfer functions, can be applied in any of iterative algorithms. Combinatorial optimization consists in that on each 
layer all possible models of such type are considered (an example for the linear partial description): 

vdaudadavuf 322110),( ++= ,     (9) 

where ,  are structural elements of the binary vector    taking values 1 

or 0 (inclusion or not a relevant argument). Then the best model is described as , where 
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Formula (10) describes the  optimization  of  a partial model  by the combinatorial  algorithm  for generating  of active 
neurons  in a polynomial  neural network CICA GMDH. Its  further generalization, including CICA and all of its  special 
cases, as well as various options  of operating modes implemented  in the constructed  interface, we will call  "generalized 
iterative  algorithm"  GIA  GMDH. 

 
5 Generalized  iterative algorithm

 
Formally,  in the general case  for a layer  r  the  GIA  GMDH may be defined as follows:  1) the input  matrix  is 
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with the three types of  partial descriptions:  
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3) for each description  the optimal structure  (10) is searched, 4) the algorithm stops  when the condition  
 is checked, where  are criterion values for the best models of (r–1)-th and r-th layers 

respectively. If the condition holds, then stop, otherwise passage to the next layer. 

1−> rr CRCR 1, −rr CRCR

 
5.1 The ordered coding of iterative algorithms structure 

 
We define the  GIA  GMDH as  a set of  iterative  and  iterative-combinatorial  algorithms described by vector  of three 
elements:  DM (Dialogue Mode),  ІC  (Iterative-Combinatorial), MR (Multilayered-Relaxative),  i.e.  any  iterative 
algorithm  is defined  as a special case  of the generalized: GIA  (DM,  IC, MR). In this case,  DM  takes three values: 1 −  
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standard automatic mode, 2 − planned automatic mode, 3 − interactive mode; ІC holds two values: 1 − iterative, 2 − 
Iterative-combinatorial algorithms; MR − three values: 1 − classic iterative, 2 − relaxation, 3 − combined algorithms. 

This vector defines one or the other GMDH algorithm: if DM = 1, we have three standard variants of iterative 
algorithms MIA = GIA(1,1,1), RIA = GIA(1,1,2), CIA = GIA(1.1, 3), and three iterative-combinatorial ones: MICA = 
GIA(1,2,1); RICA = GIA(1,2,2), CICA = GIA (1,2,3). For DM equal to 2 or 3 new versions of these algorithms are 
being formed, fig.1.

 

Fig. 1 The hierarchical architecture of iterative GMDH algorithms 
 

Conclusion 
 
The paper is devoted to enhancing the GMDH algorithms effectiveness in complex systems modeling tasks based on 
hybridization of iterative and combinatorial schemes and use of on-line technologies. Architecture of the generalized 
iterative GMDH algorithm is newly developed for building complex system models in the polynomial class. 
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