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ALGORITHM FOR CONSTRUCTION AND OPERATION OF SOLVERS IN DECISION
SUPPORT SYSTEMS BASED ON THE GROUP METHOD OF DATA HANDLING

The article presents the results of the analysis of decision support system automation tools based on interactive
models of the GMDH — Group Method of Data Handling. The organization of the construction and functioning of
GMDH solvers in the decision support system at the stages of verification (monitoring of information state) and
validation (diagnostics) of decision-making situations is considered. The authors highlight the general algorithm for
automatic selection of the best predictors and model structure by minimizing the forecast error. The projected
increase in the efficiency of the decision support system due to solvers built on the basis of the GMDH is

substantiated.
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Introduction

Statement of the problem. At present, the
requirements for the need to make the most effective
decisions in planning, designing and managing
complex systems are significantly increasing, and often
decision-making must occur in real time. Similar
situations arise in almost all areas of human activity:
political and economic tasks and problems, designing
and testing new types of technology, solving
environmental problems both on a global and regional
scale, managing enterprises and technological
processes, etc. The real way to solve emerging
problems is to create new information technologies that
provide comprehensive support for the process of
developing and making decisions, that is, to create a
decision support system (DSS). Currently, the
development of DSS is carried out, in particular, by
integrating artificial intelligence algorithms into such
systems, which allows to increase their efficiency. The
issue of studying the functioning of DSS based on
known and new methods and approaches to solving
complex problems and making rational decisions
remains relevant. The issue of studying the functioning
of decision support systems based on known and new
methods and approaches to solving complex problems
and developing rational solutions remains relevant.

Analysis of recent research and publications.
Automation of decision support processes has led to the
emergence of several approaches to building DSS.
Such systems are based on the application of modern
mathematical methods of decision making, various
mathematical models, hardware and software tools.
Therefore, the definition of DSS is often associated
with these methods, models, tools. Thus, DSS is
understood as an interactive computer automated

system (software complex), which is designed to assist
and support various types of human activity in decision
making regarding the solution of poorly structured or
unstructured problems. DSS allows users to model and
analyze information in a way that is the most effective
for developing a specific solution and provides
interactive support [1, pp. 20...21].

As for the technology of decision support process
itself, the work [2, p. 14] shows the main stages of
formation of such a process: verification of information
state, validation of decision-making situation, action
planning and developing of decisions.

During the decision-making process, the
following situations may arise at any stage [2, pp.
14...15]:

structured situation — uniquely defined by the state
of data, action plan, assessment of decisions selected by
a known mathematical model of decision making;

poorly structured or unstructured situation — for
which it is necessary to further determine all or at least
one of the components specified above for a structured
situation.

In cases where the problem does not have a
known algorithmic solution, if the problem area is
poorly defined, in conditions of a limited number of
observation data, their noise, as well as partial or
complete uncertainty about the composition of
informative input variables and the structure of the
object, there is a need to introduce interactive modeling
systems into the DSS, which, as a rule, increase the
efficiency of the DSS functioning as a whole.

As a tool for solving problems that arise at the
stages of decision making under the above conditions,
the most effective is the Group Method of Data
Handling (GMDH). In the period 1970-1990s, this
method was one of the main tools for modeling
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complex systems, since it did not require pre-
determining the structure of such systems [3, p. 45].

Later, this method evolved, laying the foundations
for modern algorithms of automatic modeling. The
theoretical foundations of development and practical
results of the application of the GMDH are widely
presented in many scientific works, in particular
[3...14]. And although the GMDH in its modern form
has undergone transformation into more powerful tools
(neural networks, boosting, ensembles), it is still
relevant in modern machine learning (cross-validation,
automatic feature selection, multi-level structures),
technical diagnostics and forecasting.

Analysis of the specified scientific works devoted
to the study of the GMDH allowed us to identify its
main advantages, namely:

automatic selection of variables — the GMDH
automatically determines the most influential variables
and excludes less significant ones, which reduces the
dimension of the model and simplifies its
interpretation. This is especially useful in problems
with a large amount of input data, where manual
variable selection is laborious;

automation of model building — the algorithm
independently generates models, optimizing their
structure and parameters, which reduces the need for
expert knowledge of modeling. This makes the GMDH
accessible to a wide range of users;

adaptability to nonlinear dependencies — the
method effectively models nonlinear relationships
between variables through the use of high-order
polynomials, which allows describing complex systems
without the need to pre-specify the type of dependency;

natural mechanism for protecting against
overfitting by using an external criterion (testing on an
independent subset);

relative simplicity — low-degree polynomials are
often enough to obtain an adequate model,;

resistance to ‘noise” — since the algorithm
iteratively selects models with minimal error, it reduces
the impact of random deviations in the data (“noise”);

versatility — the GMDH is used in various fields,
such as economics, medicine, ecology and engineering,
due to the versatility of the algorithm. For example, it is
used to forecast economic indicators or diagnose
technical systems.

Therefore, it should be noted that it is advisable
for DSS to use the GMDH due to its ability to
automatically create adaptive and stable models for
analyzing complex nonlinear data with minimal
involvement of experts, which minimizes the negative
impact of the subjective factor.

The purpose of the article is to present the
results of the analysis of the organization of
construction and functioning of solvers based on the
GMDH in the DSS.
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Presentation of main material

The GMDH is an iterative algorithm for building
regression models, which is used in decision making
theory to model complex systems and select optimal
alternatives. The GMDH is a family of inductive
algorithms  for = mathematical  modeling  of
multiparameter data. The method is based on recursive
selection of models, on the basis of which more
complex models are built [8, pp. 67...68].

The main idea of the method is the automatic
selection of the best predictors and model structure by
minimizing the forecast error.

The input data of the algorithm
characteristic {xi,yi } i=1,..,n,

X; = (xil,xiz,...,xim) — vector of arguments (predictors)

the
where

is
vector

for the i-th object; ), — objective function (result,

evaluation criterion); n — number of objects being
evaluated; m —number of predictors of the i-th object.
At each iteration step, partial models are built,

usually in the form of second-order polynomials:
y=apt+tax;+ azxj + a3Xin + a4xi2 + assz ,

(1

where x;,x; — pairs of predictors (variables), ay,...,as

— polynomial coefficients, which are estimated by the
least squares method.

Models are evaluated by an external validation
criterion, for example, the mean squared error on the
test sample:
n¢ Y
2i-vi),

i=1

E=—
n¢

2)

where n; — test sample size; y; — predicted value of

the objective function.

The iterative process assumes that all possible
combinations of pairs of variables are generated at each
layer ( Xi, X ).

The best models (with the smallest £) are passed
to the next layer as new variables. The process
continues until the error stops decreasing or the
specified model complexity is reached.

The resulting (final) model is a combination of the
best partial models that optimizes the evaluation
criterion (objective function).

For a more detailed understanding of the
functioning of DSS, Table 1 provides the main
requirements for its application at the first two stages of
the decision-making technology.

The GMDH is widely used to evaluate
alternatives (e.g., different technical systems) based on
several indicators (e.g., technical level, cost, reliability,
etc.) by building a model that predicts the integral
assessment of the system.
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Table 1
General requirements for a decision support system
Requirements Description
Sources of generalized external information,
information internal database information in
the subject area

Precision robust, regulated
How to present interface, summary, graphs,
data and charts, interactive whiteboard
modeling results
Conditions that signal information, on request,
trigger system periodic
activation

Forecast time,
model class

short-term, medium-term, long-
term; static and dynamic models,
linear and nonlinear, polynomial,
difference, systemic models

Purpose of use forecasting, recovery,
interpolation, extrapolation of
database elements: diagnostics of
dynamic  situations (problem

structuring)

Users database, situational knowledge
base, decision-makers, experts:
systems for action planning,
formation of alternative actions,
knowledge base management in

actions

Source: developed by the authors

The application of this method in interactive
solvers or modeling systems is advisable at the stages
of verification, validation of situations of decisions

made as well as decision development.

At the verification stage, when the corresponding
system cannot, for some reason, identify the state of the
database, a system for diagnosing, classifying and
predicting the information state is required.

The system of diagnostics and data forecasting,
using the GMDH, diagnoses and forecasts the state of
the database in the specific subject areca. The system
performs interpolation (restoration) and extrapolation
of both individual components and systemically
interconnected database elements. As a result, the
database is supplemented with clarified, omitted, or
missing data, which is input information for the
following stages. Finally, the operation of the data
diagnostics and forecasting system leads the database
can be filled with both numerical and logical
dependencies.

The structural and logical diagram of the system
of data diagnostics, classification and forecasting at the
stage of verification of decision-making situations is
shown in Fig. 1.

The system should work both automatically in
case of data inconsistency and on request. Inclusion of
the modeling system based on the GMDH in the
verification stage allows to significantly expand the
capabilities of dynamic databases, as well as
spreadsheets due to the synthesis of a wider class of
models than, for example, in [11]. The modeling
process consists of the stages of problem preparation,
problem formulation, solution and evaluation of results.

Decision Deviation
GMDH
—» maker Database base —»
r l '
4 v y v Data Expert
. o o , , »  methods »{ Output
Verification g 5 = diagnostics
3 =] and prediction 3
system § § § system Pattern
5| recognition
methods
Help <

Fig. 1. Structural and logical diagram of the system for diagnostics, classification and forecasting data at the
stage of verification of decision-making situations
Source: developed by the authors

At the stage of problem preparation, a statistical
analysis of data that comes from the database to the
subject area is performed. Based on this analysis, the
type of modeling object is determined (statistical,
dynamic object or time series) and the class of models
is selected.

For static objects, models can be linear
(polynomial) or nonlinear (multiplicative-additive).
For time series — linear, polynomial, trigonometric,
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autoregressive (one- and multidimensional), multilevel
models of cyclical processes. For dynamic objects —

autoregressive models, autoregressive — moving
average, linear difference models, multiplicative-
additive (nonlinear) difference models, multilevel

dynamic models.

The stage of problem formulation begins from the
selection of a modeling algorithm (combinatorial,
iterative, relaxation), which, like the selection of a
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model class, can be carried out automatically, at the
request of the decision-maker (DM) or an expert.
Considering the statistical characteristics of the data,
appropriate criteria for assessing the quality of
synthesized models or their convolutions are
determined for this problem and operating modes are
set.

At the stage of problem solving, the system
should have a dialogue mode to explain the progress of
the problem solving, save intermediate results, and
allow active involvement in the process in order to
change the course of problem solving at any time at the
request of the DM with saving of previous results.

The modeling process ends with the analysis of
the obtained models and documentation of the results in
a certain form with their subsequent transfer to the
appropriate DSS.

At the stage of decision-making validation, the
modeling system performs in automatic or automated
mode the functions of determining, identifying an
unrecognized situation in conditions of poorly
structured information.

The expansion of the system's capabilities is
ensured by the joint use of expert methods and methods
of modeling based on experimental data (GMDH), on
the basis of which the problem is structuring, which
allows successful modeling of static and dynamic
objects and processes in conditions of uncertainty of
knowledge about the structure and internal
relationships of the object.

In the case the knowledge base does not have a
passport for some situation (comprehensive description,
analysis and visualization of key characteristics of a
problematic situation, which is provided in a
formalized form to assist the DM), the system, using
the aforementioned methods and the principle of non-
final solutions, determines a new situation [14, pp.
22...26].

At the same time, the following possibilities for further
determining the situation are used:

expert method;

automated using modeling methods based on
experimental data or on pattern recognition methods
(both classical and using the GMDH);

combined method, which uses
mentioned ones in combination.

The structural diagram of the modeling system for
validating decision-making situations is shown in Fig. 2.

The inputs for the system are the values and
causes of inconsistency obtained in the verification
system, or the set of all data of the subject area
obtained from the general information service system.

In the event of conditions under which the system
of situation and action goal validation cannot diagnose
(identify) the current situation, the inclusion of the
modeling system, as well as the diagnostic,
classification and forecasting system in the diagnostic
process is initiated. In this case, preference is initially
given to an automated manner of determination using
mathematical modeling methods, on the basis of which
the DM, not being an expert, can clearly identify the
situation based on the modeling results.

If the DM cannot do this, the work of the
modeling system is supplemented by an expert
assessment of the situation, and the modeling system
can submit a number of obtained models to the expert
for evaluation.

The functioning of the modeling system for
situation diagnostics is similar to the operation of a
such system at the verification stage, which is
described in detail above. The class of synthesized
models is selected in accordance with the ultimate goal.

The most effective use of such DSS is considered
to be in the event of unusual situations, in particular
with a limited amount of observations and with minimal
or complete lack of knowledge about the object.

the above-

Decision . Situation analysis and Assessment of the forecast
— o, »  of the development of the
maker recognition situation
i N Automated mathematical v v
. . modeling -
Situation Expert Automatic
recognition
subsystem —> Expert system - |
A 4
N Combining - expert and || Decision Situation
automated modeling making passport
N Automatic mathematical
modeling — v v v
Data Model
Help < Base Base database

Fig. 2. Structural diagram of a modeling system for validating decision-making situations
Source: developed by the authors
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When developing a system, it is necessary to
provide for the possibility of its functioning in three
modes: automated, semi-automatic, and interactive.

The system software should have the following
capabilities:

use of software tools without prior instruction;

clarity and precision of comments and
recommendations;

management using modern tools (game design,
multi-window interface, etc.);

file work space; return to any previous stage of
the system's functioning without loss of information;

use of the system's results as input information for
other DSS.

The system is formed as an independent block,
which can be used outside the DSS when modeling
complex objects and systems based on experimental
data. General information about the structure of the
system, its functions, control methods, data
presentation form, modeling methods used, general and
special info about the system should be -ecasily
accessible to a user of any level.

It should be noted that depending on the available
a priori information about the subject area, statistical
characteristics of the data and modeling goals, the
system should provide solutions to the following tasks:

restoration of noise-free values of the object's
output variables;

building the best model for forecasting (output
and input variables);

synthesis of a physical model that reflects the
regularity of processes or relationships in the object;

building systemic models — automatic division of
variables into input and output as well as restoration of
their relationships.

Conclusions

The GMDH remains a relevant tool for DSS due
to its automation, adaptability and resistance to “noise”,
which provides fast and accurate modeling of complex
systems. The use of the method reduces dependence on
subjective assessments and increases the reliability of
DSS in real time.

The obtained accurate and adaptive models can be
used both in expert systems and separately at
subsequent stages of decision making.

Interactive solvers built on the basis of the
GMDH are expected to increase the efficiency of DSS
in dynamic situations with a limited amount of
observations and with minimal or complete absence of
a priori information about the object, ensuring the rapid
creation of models that adapt to changes in data, which
increases the accuracy of diagnostics and monitoring.

Further research is planned to be directed
towards the development of models based on the
GMDH in order to assess (forecast) the military-
technical level of aircraft, considering current resource
indicators.
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AJIT'OPUTM IOBY 1OBU TA ®YHKILIOHYBAHHSI COJIBEPIB
Y CUCTEMAX INIATPUMKHA MNPUUHATTSA PIEHb HA OCHOBI METOY
I'PYIIOBOT'O YPAXYBAHHA APTYMEHTIB

O.€. Maepenxos, C.B. Mamsiuuyx, A.O. Maspenxosa, I'.A. Meoseocé

Y emammi npeocmaeneni pesynomamu ananizy incmpymenmis asmomamuszayii cucmemu niOMpuMKy RPUHAMMSA piuieHb

HA OCHOBI iHMepaKmugHux Mooenel Memooy epynogozo YpaxyeamHs apeymeHmis. Aemopamu 6usHaueHo OCHOBHI nepesacu
3a3HAYEH020 Memody ma OOoYilbHiCMb U020 BUKOPUCMAHHA 6 CUCMeMAax HIOMPUMKU NPUUHAMMSA pilenb 3 Memoio
ABMOMAMUYHO20 CMBOPEHHA A0ANMUBHUX Ma CMAOIIbHUX MoOoenell ONid AHANI3y CKAAOHUX HENIHIUHUX OAHUX 3 MIMIMATbHUM
8MPYUANHAM eKCnepmie ma MIiHiMI3ayicio He2amusno2o 6naugy cy6'ekmusnoeo gaxmopa. I[lokazano mexnonoeiio npoyecy
nIOMPUMKY  NPUUHAMMS PiWeHb ma QOPMYy6anHs: MAaKo2o Npoyecy HA OCHOGHUX emanax — eepuixayii (MOHImMopuHey
iHgopmayitinoco cmauny) cumyayitl npUUHAMMA piulers, éanioayii (OiaezHocmuky) cumyayii nputiHamms piuieHsb, NAAHY8AHHSA
oili ma 6esnocepedne opmysanns piwenv. Pozensnymo opeanizayilo nobyoosu ma QyHKYIOHY8AHH CONBEPIE Memooy
2PYN0B8020 YPAXy8aHHs Ap2yMeHmi6 6 cucmemi niOmpumMKU npuiiHamms piuens na emanax eepuikayii ma eanioayii cumyayiti
nputinamms piwens. Ha ocHosi pezynbmamie ananisy mexnonoii npoyecy niOmMpuMKy NpUliHAMmMs pilieHb asmopamu
PO3pO6IEHO CMPYKMYPHO-OSIUHI CXeMU — CUCMeMU 0ideHOCUKU, KIACUDIKayii ma npo2Ho3y8ants OaHux Ha emani eepuikayii
cumyayiil NpUIHAMMS piuleHb ma cucmemu MoOent08ans 05 eanioayii cumyayii npulinamms piwens. Y cmammi cghopmosano
3a2anvhi 6UMoO2U 00 Ccucmemu NIOMPUMKU NPUUHAMMA piuleHb Md NPOSPAMHO20 3a0e3neveHHs CUCTNEMU MOOeI08aHHS.
Ilpusedeno 3acanvHuil aneopumm a8MOMAMUYHO2O BUOODPY HAUKPAWUX NPEeOUKMopie ma CMpYKmypu MoOeni uaixom
MIHIMIZayil noxubku npoenosyeéants. OOIPYHMOBAHO NPOSHO308aHe NIOBUWEHHS eheKMUSHOCME cucmeMu NiOMPUMKU PIlUEeHb
3a60aKU congepam, nobyo008aHUM HA OCHOBI Memooy 2pYN08O20 YPAxXy8anHs ap2yMeHmIs.

Kniouosi cnoea: cucmema niompumxu piwens, memoo MI'VA (memoo epynosoco posensioy apaymenmis), po3e'azysai,
aneopumm, MOOeno8anHs (Mooens), 6a3a OaHux.
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