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Purpose. The creation of the information apparatus for short-term forecasting of key indicators of economic entities
(EE) industrial activity based on combinatorial and neural network algorithms of the group method of data handling
(GMDH).

Methodology. This work presents a methodology for short-term forecasting of main economic indicators of industrial activ-
ity of an economic entity using modifications in the classical algorithm of the GMDH, comparing the effectiveness of combina-
torial and neural network algorithms of the GMDH.

Findings. The analysis of forecasting methods reasoned the choice of the neural network algorithm of the GMDH for the
research. The optimal model structure has been compiled and the dependence of the output parameters on the selected input pa-
rameters of the system has been derived. The analysis of economic indicators of an agricultural holding has been done. The re-
search results are presented via graphic visualization. The effectiveness of the application of the modified GMDH algorithms
for forecasting production trends for up to 3 years has been proved. The regularities of the data changes were revealed. The ac-
curacy of the results was evaluated.

Originality. On the basis of the content analysis of the main indicators characterizing the agricultural holding industrial ac-
tivity, new approaches to the construction of optimal models were proposed, taking into account characteristics of the subject
area, which improves the quality of managerial decision making. Information technology for short-term forecasting based on
neural network algorithm of the GMDH has been developed.

Practical value. The proposed technique allowed us to conduct the short-term forecasting of main economic indicators of
an economic entity industrial activity (selling goods and services, cost of the sold products, gross profit, net profit; commercial,
general and administrative expenses). The obtained accuracy assessment of the forecasting results is within the range from 1 to
5%.

Keywords: information technology, agricultural holding, group method of data handling, forecasting, neural network al-
gorithm, decision support system, economic indicators

Problem formulation. One of the important indicators
of the state economic condition is the gross domestic product
(GDP). The problem of identifying factors that ensure for-
mation of stable positive dynamics of real GDP is very im-
portant for the world. Therefore, in modern conditions of
rapidly changing macroeconomic component, creating new
economic conditions, it is necessary to improve methods and
systems to control transition to the innovative components of
social production and a significant increase in efficiency.

© Skakalina O.V., 2015

80

These processes provide a detailed scientific justification and
optimal decisions that are made in the process of business
units' management. Such decisions are grounded on prospec-
tive planning and scientific forecasting. High-quality deci-
sion-making in economy and finance, as well as in the man-
agement of technical systems and technological processes,
require high-quality forecasts.

Despite the presence of many forecasting methods, the
problem of improving the quality of forecasts is relevant, be-
cause the quality depends on many factors, including the
quality and amount of experimental data, presence of uncer-
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tainty of various kinds and types of the studied processes
(stationary and transient, linear and nonlinear). It is very dif-
ficult and sometimes impossible to take into account all pe-
culiarities of the processes for a number of reasons: small
sample size, big measurements noises, significant perturba-
tions and reductions. It is therefore necessary to search for
methods and means to improve the quality of models and
forecasts despite these difficulties. To some extent, the task
of improving the quality of forecasts is solved by the method
of group data handling and neural networks.

Analysis of recent research and publications. The de-
cision support system (DSS) is widely used to improve the
efficiency of regional management, via construction, analysis
and application of mathematical models of regional socio-
economic systems or individual subsystems.

One of the characteristic inherent problems related to
mathematical modeling of socio-economic systems is the
presence of a large number of factors influencing the study
of a socio-economic indicator (output model) and limited
(regarding the number of factors) amount of observations of
these factors used in the building model. To solve such prob-
lems, academician A.G. Ivakhnenko [1] proposed the method
of group data handling (GMDH) that ensures acceptable
quality of the models in terms of multifactorial controlled ob-
ject and the limited scope of the training set.

However, in making decisions on management of socio-
economic systems, one must take into account a large num-
ber of interdependent parameters and control impacts, many
of which can not be measured with a metric scale. It should
also be noted that in conditions of a weak mathematical for-
malization of some socio-economic processes and the lim-
ited amount of statistics, the role of expert information in de-
cision making increases. These circumstances reduce the ef-
ficiency of the known applications of GMDH as a part of ma-
thematical and algorithmic support for DSS management of
socio-economic systems at the regional level [2]. To minimi-
ze these shortcomings of GMDH, the authors proposed a
method based on the use of fuzzy-logic (hybrid) neural net-
works in the construction of models. In [3], the authors put
forward a fuzzy method of group data accounting with fuzzy
input. It is a further development of fuzzy method of group
data handling. The method allows to build the relationship
between fuzzy economic indicators and output economic and
ecological indicator. As a result of the method application,
confidence interval for the output variable is obtained, which
is clearer than obtaining point estimation. The advantage of
this method is the fact that we should not worry about the
type of predictive model — the algorithm builds a model au-
tomatically. In [4] the authors analyzed two basic methodo-
logical approaches to prediction. First approach is called ge-
netic (also known as descriptive). According to it, the
assessment is made on the basis of the research into the caus-
al relationships between effects. Genetic approach suggests
the possibility to formulate any plausible, scientifically
grounded quantitative and qualitative, general and partial hy-
potheses regarding future factors and conditions develop-
ment, including the hypothesis of economic policy definition
and other forms of active conscious impact on production
and economic processes. Another approach is called re-
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gulatory, or targeted approach. It is based on determining
the results to be achieved in the future.

According to the first approach, relationship and se-
quence of phenomena are treated from the present to the fu-
ture, in the second — from the future to the present.

The latter perspective analyses the chain of events that
may occur and measures to be taken to achieve a given regu-
latory result in the future.

Regulatory/targeted approach has number of common
features with the genetic approach. Developing predictions
for an enterprise involves application of different specific
methods: method of expert assessment, methods of logical
modeling, mathematical modeling, conventional method.
Typically, economic forecasting incorporates a combination
of methods. Analysis of GMDH methods combinations and
artificial neural networks as a method of forecasting is given
in[5].

Components of the general problem to be solved. Cre-
ation of economic models in order to obtain reliable forecast-
ing data using neural networks as a form of GMDH is the
most topical trend of modeling and forecasting, which has a
great capacity and opportunities for further development.
Application of GMDH for forecasting economic performance
is an urgent task, as is evident from by recent publications.
However, despite the study, the problem of forecasting has
not been solved yet, as the number of factors that influence
the behavior of the predicted process usually approaches in-
finity.

Statement of the problem. The aim of this work is to
analyze existing approaches and methods for forecasting ma-
jor economic indicators of agricultural holding (AH), devel-
opment of information technology for forecasting revenues
and production costs during the next three years using as an
example AH, examine patterns of data change, and to assess
the accuracy of the results. Method of group data handling
(GMDH) is used in various fields for data analysis, forecast-
ing and systems modeling, optimization and pattern recogni-
tion. Inductive GMDH algorithms provide a unique oppor-
tunity to automatically discover interdependencies in data,
choose the optimal model or network structure, improve ac-
curacy of existing algorithms. This approach to models self-
organization fundamentally differs from deductive methods
that are commonly used. It is based on inductive principles
when solution is grounded on iterating of external criterion.
With different iterating solutions, inductive modeling meth-
ods attempt to minimize the role of the author's assumptions
in the modeling results. The computer itself finds a model
structure and the laws governing the facility. It can be used in
the creation of artificial intelligence as an advisor for dispute
resolution and decision making. Method of group data han-
dling consists of several algorithms for solving various prob-
lems. It includes both parametric and clustering algorithms,
combining analogues, rebinarization and probabilistic algo-
rithms. This approach of self-organization is based on itera-
tionof models that gradually become more complex, and on
choosing the best solution according to the minimum of ex-
ternal criterion. Not only polynomials but also non-linear,
probabilistic functions or clusters are used as the basic mod-
els. The advantages of GMDH comprise:
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o It helps to find the optimal complexity of the model
structure, adequate to the level of noise in the sample data.
(For solving real problems with noisy or short data, simpli-
fied forecasting models seem to be more accurate).

* The number of layers and neurons in the hidden layers,
structure and other optimal parameters of neural networks
are found automatically.

* Finding the most accurate or unbiased model is guaran-
teed because the method does not miss the best solution in
the iteration of all options (in a given class of functions).

* Any non-linear functions or factors that may influence
the original variable are used as input arguments.

* The method automatically finds interpretable interrela-
tionships in data and selects effective input variables.

* GMDH algorithms iterations are simple to program.

* GMDH networks are used to improve the accuracy of
other algorithms modeling.

* The method uses the information directly from the
sample data and minimizes the effect of a priori assumptions
about simulation results.

* It enables to find an unbiased physical model of an ob-
ject (law or cluster) — the same for all future samples.

Rather general formulation of the problem of structural-
parametric identification, or building of models from exper-
imental data, can be reduced to the search for some extre-
mum of criterion CR in innumerable different models .

f* = argminge, CR (f) . @)

It is obvious that (1) does not provide comprehensive
formulation of the problem, thus it is necessary to: specify
the type and volume of initial information; specify the class
of basic functions (operators) which formed the set {; deter-
mine the way to generate models f together with parameter
estimation method; select a models comparison criterion;
specify the method of minimizing CR. Let us clarify this
statement, assuming that a given sample = /X; yJ, contains n
points of observations that form the matrix X = /x; i =1/, ..., n;
j=1 .. m}and vectory = (y,..y,,)", when n >m.

In general, the process of solving the problem of struc-
tural-parametric identification (1) includes primarily the fol-
lowing stages:

1. Setting the data sample (obtained as a result of passive
or active experiment) and a priori information.

2. Selecting or setting the class of basic functions and da-
ta conversion.

3. Generating different models structures in the selected
class.

4. Evaluating parameters of the generated structures and
forming F set.

5. Minimizing the specified criterion CR () and selecting
the optimal model /-

6. Checking adequacy of the obtained optimal model.

7. Making a decision about the process completion.

These stages describe the random process of building
models. Depending on prior information and the purpose of
modeling, certain stages may be omitted. For example, in the
case of parametric identification problem, set F consists of
one model (one set structure), that is the 5-th stage of the
process is omitted.
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On the whole, the problem of identification boils down to
building some set of models of different structure types ac-
cording to the sample data

95 = f(X.6) @)

and finding the optimal model on condition that

f* =argmins. CR (y, (x, éf)), 3

while parameters assessment for each model feF is the solu-
tion for another extreme problemof the type

éf =arg mingfeRm QR()’; X' Gf)' (4)

where 6 is called the complexity of the model fand is equal
to the number of non-zero components in the model of the
type (2,3) and QR — quality criterion for solving the problem
of parametric identification of each private model that is
generated in the task of structural identification.

Most GMDH algorithms use a polynomial basis functi-
on. The general relation between the input and output varia-
bles can be expressed as Volterra function series which is a
discrete analogue of Kolmogorov-Gabor polynomial

M M M
Y =ag+ Xitg apx; + iz Xjm1 QX +
M M
+ 2L X TR agjexixgxg Q)

where x = (xq, x5, ..., X)) are input vector variables;
A(aq, ay, ..., ay) vector of coefficients or weights.

Independent variables, functional forms or final dif-
ference members can be the components of the input vec-
tor X. Other nonlinear basis functions, such as differen-
tial, logistics, probabilistic or harmonic can also be used
to build the model. The method allows to simultaneously
obtain the optimal model structure and the dependence
of the output parameters on the selected most important
input parameters of the system [6].

The basic material. Two GMDH algorithms have been
used in the research — combinatorial and neural network al-
gorithms. Combinatorial GMDH model is a polynomial func-
tion which is linear in terms of parameters. Combinatorial
model is a subset of polynomial functions conditions gener-
ated from a given set of variables. For example, if the data
model is a set of two input variables x; and x,and output (tar-
get) variable y, quadratic polynomial is commonly used,
which requires the following optimization

Y =agtarx; +ayx;x; +agexi +asxs’ . (6)

The power of polynomial functions is defined by the us-
er, and can be a linear function, that is with power equal to
one. Combinatorial GMDH algorithm selects the optimum-
complex model, for example: y = a, + a; - x; - x; as a subset of
the full polynomial with the smallest error in the data model.
The stage of preliminary data processing allows using differ-
ent operators of variables x;and x,, for example, exponential,
sigmoid function, time series charts, etc. However, the final
model will still be linear in terms of parameters. The com-
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plete combinatorial search for the model components often
takes too long, so we can limit it by searching models with
no more than » members. For example, models with only 2
conditions allow to search among 100, 000 variables and even
larger sets. At the same time, the complete search is not rec-
ommended for model spaces with more than 25 linear or
polynomial conditions. Combinatorial GMDH algorithm is
usually time-consuming. Its application as a self-governing
algorithm is practically useful for selecting variables or diffi-
culties with the limit of 3—7 of the model parameters that can
handle 500100 variables.

GMDH neural network algorithm. GMDH-like neural
networks, also known as polynomial neural networks, use
combinatorial algorithm for optimizing neural communica-
tion. The algorithm iteratively creates layers of neurons with
two or more inputs. The algorithm saves only a limited set of
optimal complex neurons which are defined as the initial
width of the layer. Each new layer is created using two or

more neurons taken from any of the previous layers. Each
neuron in the network uses the transfer function (usually with
two variables), allowing for the combinatorial search to
choose the transfer function which most accurately predicts
the data. The transfer function is usually of quadratic or line-
ar form.

GMDH-like network create many layers, but layers of
compounds are as rare as few joints in one layer.

As mentioned above, the algorithm returns only a limited
number of neurons in each layer; as each new layer can be
connected to the previous layer, the width is constantly
growing. Given how rarely the upper layers of the population
improve the number of models, we divide the additional size
of the next layer by two and generate only half the neurons
derived from the previous layer, ie the number of neurons N
in layer k isk equals N;=0.5-N;.;. This makes heuristic algo-
rithm faster, while the chance to diminish the quality of
models is rather low.

Table 1
Financial Indices and their Components
The financial result The financial index
1. Own production
2. Goods for resale
Sale of goods and services 3. Other sales of goods and services
4. Quantity discounts
5. Provision for goods return
1. Raw materials
2. Wages
3. Depreciation
Cost of sales 4. Costs for utilities
5. Cost of goods for resale
6. Expenses on pension benefits
7. Other
Grossprofit Sale of goods and services + Cost of sales
1. Wages (excluding pension costs)
2. Transportation
3. Pension costs
4. Taxes (other than income tax)
5. Materials and supplies
6. Protection
7. Advertising and marketing
Selling, general and administrative 8. Dep?e_ciation of tgngible and intangible assets
B 9. Audltlng, consu_ltllng and legal services
10. Charging provision for doubtful debts
11. Public services
12. Services in the field of information technology and communication
13. Veterinary services
14. Insurance
15. Banking services
16. Repair and maintenance
17. Other
Other operating (income) expenses 1 Loss on @sposal ofﬁxedgssets . T .
2. Extraordinarylossesassociatedwiththeprivatizationof a subsidiary
Profit from operations Gross profit + Selling, general and administrative expenses + Other operating (in-
come) expenses
1. Percent costs
2. Loan fees
3. The fee for early repaymen of EBRD loan
Other operating (income) expenses 4. (Profit) / loss on foreign exchange differences
5. Gain on debt relief
6. Gain on early redemption of bonds
7. Other financial (income) and expenses, net
Profit from continuing activities be-
fore tax, minority interests and ex- | Income from operating activities + Other income and expenses, net
traordinary income
Income tax
The share of minority shareholders
Net profit Profit from continuing activities before tax, minority interests and extraordinary
income + Income taxes + minority interests
ISSN 2071-2227, HaykoBun BicHuk HIY, 2015, N2 6 83
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Generation of new layers usually stops, when a new layer
cannot demonstrate a testing accuracy better than the previ-
ous layer. However, creation of new layers also stops if the
testing error was reduced by less than 1%, or if the number of
layers has reached a specified limit.

The analysis of input data. Financial results of the com-
pany performance are characterized by growth in the amount
of equity (net assets), which is the main source of profit from
operation, investment, fiscal activities, and of the profit re-
sulting from extraordinary circumstances.

Profit is a part of net income that the company obtains
directly after sales as a reward for the invested capital and
the risk of entrepreneurship. Quantitatively, it is the differ-
ence between the total revenues (after payment of value
added tax, excise tax and other deductions from revenue to
the budget and non-budget funds) and total expenses of the
reported period (Table 1). The amount of profit and profit-
ability level depend on production, supply, marketing,
rubble, investment and financial activities of the company.
Therefore, these indicators describe all aspects of ma-
nagement.

Practical implementation and analysis of the resulls.
Prediction of the main types of profits and expenses. Fore-
casting time series was performed in the GMDH Shell soft-
ware environment. GMDH Shell is a simple but powerful
software for data mining and forecasting based on GMDH.
GMDH Shell allows to explore data, build a regression mod-
el, and apply the previously obtained model for forecasting.

Model building by GMDH is carried out in two stages:

Stage 1 — application of GMDH for the data obtained
through programs for forecasting of output parameter;

Step 2 — forecasting input parameters using the method
of autoregressive integration of the average variable (ARIMA
- Autoregressive integrated moving average) [7]. The fore-
cast horizon is assumed to be 3 years.

1. Combinatorial (Fig. 1)

2. GMDH Neural Network (Fig. 2)

As seen from the results (Table 2), the percent of devia-
tions varies from 1 to 5, which, considering such a small
sample, can be taken as quite a good yield. The deviations
values also show that they are kept within acceptable norms.

Comparing the results of both forecasting algorithms we
can conclude that the algorithm of GMDH neural network is
more efficient because the percentage deviations are lower
than those within the combinatorial method. Therefore, we
will use this algorithm in the following forecasts.

Predicting major economic indicators of the econo-
mic entity. The first step of forecasting is to choose the
data and the variables to be forecasted (Fig. 3, 4).

Fig. 2. Prediction made by neural network algorithm

Table 2
Comparison of the Prediction Results
PREDICTION RESULTS BY COMBINATORIAL ALGORITHM
D 2012-06-30 | 2012-12-31 | 2013-06-30 | 2013-12-31 | 2014-06-30 +1 +2 +3
ACTUAL 74925500 | 821064,00 | 859560,00 | 925359,00 | 872256,00
FORECAST 77051514 | 808739,53 | 850506,72 | 896760,96 | 916470,46 | 957350,20 | 1008491,90 | 1056324,24
DEVIATION 21260,14 1232447 | -9053,28 28598,04 | 44214,46
% DEVIATION 2,84 1,50 -1,05 -3,09 5,07
PREDICTION RESULTS BY NEURAL NETWORK ALGORITHM
Retrst 74925500 | 821064,00 | 859560,00 | 925359,00 | 872256,00
FORECAST 756894,43 | 81875225 | 835603,64 | 891776,68 | 915272,08 | 97340849 | 978034,69 | 111476697
DEVIATION 7639,43 2311,75 -23956,36 33582,32 43016,08
% DEVIATION 1,02 -0,28 -2,79 -3,63 4,93

The results of the forecast of the main economic
indicators is presented in the Fig. 5-8.
The forecast horizon is 3 years. The algorithm used —

GMDH Neural Network. The obtained results:

v" Cost of sales.
v' Gross profit.
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v' Net income.

Thus, we can conclude that by December 31, 2015:

v Production costs will increase by 13.9%.

v Gross profit will increase by 16.2%.

v" Net income will increase by 10.2%.

v' Sales of goods and services will grow by 27.8%.
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Fig. 5. Projected schedule of cost of sales

Prediction of the main types of costs. The main cost of
production is defined by commercial, general and adminis-
trative expenses (Fig. 8). Table 3 shows that next year ex-
penditures will increase by 16.5%. The projected costs were
compared with previous data (Table 4).

Conclusions and suggestions. The effective operation
of an enterprise in modern conditions is impossible without
the use of management techniques in forecasting. Prediction
per se is an effective tool in making reasonable management
decisions, providing probabilistic assumptions about possible
future state of the enterprise. Availability of the forecast
helps to avoid wrong decisions, and prevent unwanted con-
sequences. Thus, forecasting is a means of developing man-
agement strategies for AH. The analysis of the main types of
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income and expenses for AH manufacture has been conduct-

ed on 30 June 2014.
._—-'/-
-
¥ /./ﬁ
—
P
‘///
o
e -_./'/
;f"//
—
T
H"“x
"“\.m\
g

B doe wewmes [ Smcmmoon e O [ —

Fig. 8. Graph of forecasting selling, general and adminis-
trative expenses

On the basis of the relevant combined and consolidated
interim statements of income forecasting, we have conducted
a forecasting of major revenue profits and selling, general
and administrative costs. The following tasks have been
solved:

1. The data for forecasting have been collected and sys-
tematized.

2. The collected data have been analyzed.

3. The data have been interpreted as graphs and charts.

4. The procedure of time series prediction has been con-
ducted.

5. The efficiency and accuracy of forecasting has been
analyzed.

The developed forecast based on neural network
GMDH algorithm proved its efficiency, which indicates re-
liability of the obtained data. Prospects for further devel-
opment are related to the improvement of the decisions
quality at the DSS by way of transfer to the innovative
components of social production and a significant increase
in efficiency. These processes ensure a thorough scientific
justification, optimal decision-making in management of
business entities. Forward planning and scientific forecast-
ing. Forward planning and scientific forecasting form the
basis for such decisions.
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Table 3
Summary of the Prediction Results
Results of predicting cost of sales
ID 2012-06-30 | 2012-12-31 | 2013-06-30 | 2013-12-31 | 2014-06-30 +1 +2 +3
ACTUAL -540631,00 | -576839,00 | -628952,00 | -667520,00 | -617148,00
FORECAST -542742,98 | -575532,27 | -638249,42 | -632305,32 | -621516,72 | -668951,84 | -682330,24 | -703285,92
DEVIATION -2111,98 1306,73 -9297,42 35214,68 -4368,72
%DEVIATION 0,39 -0,23 1,48 -5,08 0,71
Results of predicting gross profit
ACTUAL 208624,00 244225,00 230608,00 257839,00 255108,00
FORECAST 212501,54 235010,99 236704,68 250826,16 256737,85 | 27213880 277509,74 296477,19
DEVIATION 3877,54 -9214,01 6096,68 -7012,84 1629,85
%DEVIATION 1,86 -3,77 2,64 2,72 0,64
Results of predicting netprofit
ACTUAL 96345,00 108308,00 89025,00 101972,00 102742,00
FORECAST 93168,96 97520,27 93109,21 98208,13 107284,16 120877,56 118231,73 113259,56
DEVIATION -3176,04 -10787,73 4084,21 -3763,87 4542,16
%DEVIATION -3,30 -9,96 4,59 -3,69 4,42
Results of predicting costs
ACTUAL -100515,00 |||-118819,00 -123616,00 |||-140405,00 |||-130501,00
FORECAST -105087,58 |||-115974,93 -122698,11 |||-132594,44 |||-133512,68 |||-149874,74 |||-148539,30 |||-151579,41
DEVIATION -4572,58 2844,07 917,89 7810,56 -3011,68
%DEVIATION 4,55 2,39 -0,74 -5,06 2,31
Table 4
Projected Costs and their Increase Compared with Previous Data
Costs 30.06. 31.12. 30.06. 31.12. o
2014 2014 2015 2015 ?
Wages (excluding pension costs) 50213 5449225 | 59783,46 | 62844,82 | 19,18
Transportation Services 14819 16608,52 | 16644,90 | 18864,45 | 13,80
Pension expense 9261 9621,08 10971,03 | 11687,31 | 15,40
Taxes (except tax on profits ) 6803 6639,46 7429,98 643466 | 1,94
Materials and supplies 6677 7160,99 7375,31 7285,96 9,12
Security Guard 5865 7754,77 8358,61 8592,28 | 19,22
Advertising and Marketing 5430 3769,15 3201,92 2165,93 4,34
Amortization of means of production and intangible 5219 4103,11 3452,15 529316 5,25
assets
Audit, consulting and legal services 1958 3152,65 2018,69 3193,33 12,02
Costs (recovery) of doubtful accounts 1864 2165,73 1104,56 2895,63 39,25
Utilities 1861 2490,11 2650,48 2920,09 24,67
Serv.lces. in the Information Technology and Com- 1558 1455,14 1647,54 2031,77 23,99
munications
Veterinary services 1528 1777,39 1783,10 1901,12 24,42
Insurance 1242 1310,58 808,71 924,01 6,60
Banking services 652 1188,03 826,14 1066,41 31,35
Repair and Maintenance 648 1045,84 783,69 998,94 23,29
Others 14903 16397,06 | 17370,59 | 18394,57 | 23,43
The overall increase in costs 16,54
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Meta. CTBOpeHHS iHTENEKTyanbHOI iH(OpMamiitHOT
TEXHOJIOTiT KOPOTKOCTPOKOBOTO IPOTHO3YBAaHHS OCHOB-
HUX TIOKa3HHUKIB BUPOOHMYOI MisUTBHOCTI TOCHOAAPCHKUX
cy0'extiB (I'C) Ha OCHOBI KOMOIHATOPHOTO Ta HeHpoMepe-
JKEBOTO aJTOPUTMIB METOAY TPYIOBOTO YpaxyBaHHS ap-
TYMEHTIB.

Metoauka. Y poboTi TpencTaBieHa iHTEICKTyalbHa
iH(pOpMaIIiifHa TEXHOJIOTISI KOPOTKOTEPMIHOBOTO MPOTHO-
3yBaHHsS OCHOBHUX EKOHOMIYHMX MOKa3HUKIB BHPOOHU-
401 AisUTBHOCTI TOCIOIAPCHKOro Cy0’€KTa Ha MPUKJIIA/I ar-
poxonauHry (AX) i3 3acTOCYBaHHAM MOIU(IKALIN KIacu-
YHOTO aJTOPUTMY METOJly I'PYIOBOTO ypaxyBaHHS apry-
MeHTIB (MI'YA), mpejcTaBlieHe MOPIBHAHHS ¢(QEKTUBHO-
CTi KOMOIHATOPHOTO Ta HEHPOMEPEKEBOrO aJIrOPUTMIB
MI'VA.

Pe3yabraTu. 3po0rieHo aHawi3 METOMIB POTHO3YBAHHS
Ta OOIPYHTOBaHO BHOIp HEHPOMEPEKEBOTO AaITOPUTMY
MI'VA nipu BUKOHaHHI JociipkeHsb. CkiiaeHa onTuMalibHa
CTPYKTypa MOJIETI Ta 3aJICKHICTh BUXITHUX TIAPAMETPIB BiT
0o0paHMX BXiJHUX TMapaMeTpiB CUCTeMH. BHKOHaHO aHai3
EKOHOMIYHHX MOKa3HHKIB AX . 3poOiieHa rpadivna Bizyasi-
3allist pe3yJIbTaTiB JIOCHIiKeHb. JloBeieHa e(heKTHBHICTh 3a-
crocyBanHs Moaudikariii anroputMiB MI'YA U1 TIpOTHO-
3yBaHHs BHPOOHMYMX TPEH/IB Ha TEPMIH JIO 3-X DOKIB.
BusiBnieH1 3akOHOMIPHOCTI 3MiHH JaHHUX. Po3paxoBaHa OLliH-
Ka TOYHOCTi OTPHMAHUX PEe3yIIbTaTiB.

HaykoBa HoBu3HAa. Ha OCHOBI 3MiCTOBHOTO aHAII3y OC-
HOBHHX TIOKa3HUKIB BHPOOHWUOI MISUTHHOCTI AX 3amporio-
HOBaHi HOBI TIXO/I 710 TOOYIOBH 1X ONTUMATEHUX MOJIeIeH
3 ypaxyBaHHIM OCOOJMBOCTEH TpeIMeTHOT 00JIacTi, o J0-
3BOJISIE TTJIBUIUTH SIKICTh TPUAHATTS YIPABIHCBKUX pi-
IICHb, YAOCKOHAIMTH AJTOPUTMIvYHE 3a0e3NeueHHs] CHCTeM
MATPUMKH TIPUHHATTS pimieHs (CITIP) momo KepyBaHHS
arpoxonuuHraMu. Pospobnena iHdopMamiiiHa TeXHOJIOTis
KOPOTKOTEPMIHOBOT'O TIPOTHO3YBAaHHSI HA OCHOBI HEHpoMme-
pexeBoro anroputMy MI'VA.

IMpakTnyna 3HaunmicTs. Ha ocHOBI 3ampornoHoBaHOT
TEXHOJIOTIi OyJI0 TPOBENIeHe KOPOTKOTEPMIHOBE MPOTHO3Y-
BaHHS OCHOBHMX €KOHOMIYHHX TMOKa3HHUKIB BUPOOHUYIOT Mi-
SUTBHOCTI TOCTIOZIAPCHKOTO CyO’€KTa (peai3arisi TOBapiB Ta
TIOCITYT, COOIBApTICTh peaizoBaHOl TMPOAYKINii, BaJOBUI
MpUOYTOK, YUCTHUI MPUOYTOK, KOMEPIIiHI, 3arajJbHOTOCTIO-
JIapChbKi Ta aJMiHICTpaThBHI BHUTpaTh). OTpHMaHa OIiHKA
TOYHOCTI Pe3yJIbTaTiB MPOTHO3YBaHHs, IO 3HAXOAUTHCS B
iHTepBai Bifg 1 10 5%.

KumrouoBi cioBa: inghopmayiiina mexnonozis, azpoxon-
OUHe, Memoo pyno6oco 8PAXYEaAHHs ap2yMeHNis, NPOSHO3Y-
6AHHs, HEUPOMEPEIICEULI ANCOPUMM, CUCTEMU NPUTIHAMM
piuiens, eKOHOMIYHI NOKA3HUKU

Hean. Coznanne MHTEUIEKTyTbHON MH()OPMAITHOHHON
TEXHOJIOTHH KPAaTKOCPOYHOTO TPOTHO3WPOBAHHUSI OCHOBHBIX
rokazaresiell TPOM3BOJCTBEHHON JESTEIbHOCTH XO3SHCT-
BEHHBIX CyOBhekTOB (XC) Ha OCHOBE KOMOWHATOPHOTO W
HEHpPOCETEBOI0 AMTOPUTMOB METO/IAa TPYIITIOBOTO y4eTa ap-
TYMCHTOB.

Metomuxka. B pabote nperncraBieHa HHTEIDICKTyaIbHAs
MH(DOPMAIMOHHAST TEXHOJIOTHSI KPATKOCPOYHOTO TPOTHO3HU-
POBaHKSI OCHOBHBIX SKOHOMHYCCKUX ITOKa3aTeNiel Mpom3-
BOJICTBEHHOM JIEATEILHOCTH XO3SHCTBEHHOTO CyOBCKTa Ha
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mpuMepe arpoxoiauHry (AX) ¢ MpuMeHeHHeM MOH(pHKa-
UM KJIACCUYECKOTO alrOpUTMa METOJia TPYIIIOBOrO ydyeTa
aprymeHToB (MI'VA), PECTaBICHO CpaBHEHHE dPPEKTHB-
HOCTH KOMOHMHATOPHOTO M HEHPOCETEeBOTO alrOpUTMOB
MI'VA.

Pesyabrarel. CrenaH aHalu3 METOOB MPOTHO3UPOBA-
HUsL 1 000CHOBAH BBIOOpP HEHWPOCETEBOro anroputMa MI'YA
TIpH BBITIOJIHEHNH HccienoBanuil. CocTaBieHa onTUMasbHas
CTPYKTypa MOJEIN U 3aBUCHMOCTb HCXOJHBIX NapaMeTpoB
OT M30paHHBIX BXOJHBIX MAPAMETPOB CUCTEMBL. BhinosHeH
aHaJIM3 DKOHOMHMYECKHUX Mokazareneii AX. Crnenana rpadu-
yecKasi BU3yanu3alys pe3yJbTaToB ucciaenoBanuil. /{okaza-
Ha 3()(EKTHBHOCTh TIPHMEHEHNS MOAN(DHUKAINK aJTOpHUT-
MOB MIVA i1 NOpPOrHO3UPOBAHUS IIPOU3BOACTBEHHBIX
TPEHJIOB Ha CPOK JI0 3-X JieT. OOHapykeHa 3aKOHOMEPHOCTD
M3MEHEHUs JaHHbIX. PaccuMTaHa OLEHKAa TOYHOCTU IIOJTY-
YEHHBIX Pe3yJbTaTOB.

Hayunas noBusHa. Ha ocHOBe cofeprkaTenbHOro aHa-
JIM3a OCHOBHBIX IOKa3aTeell MPOU3BOICTBEHHON JiedTenb-
HOCTH AX MpeUI0KEHbI HOBBIE TOIXObI K TOCTPOSHHUIO UX
OINTUMAJIEHOW MOJICNI C Y4ETOM OCOOCHHOCTH MPEeIMETHON
00J1aCTH, YTO TMO3BOJISICT IOBBICUTH KAuyeCTBO IPHHSTHS

Gongwen Xu',
Xiaomei Liz,
Jian Lei’,
Honglan Zhou®

YIPaBIEHYECKUX PELICHUH, YCOBEPIIEHCTBOBATh aITOPUT-
MHYECKOE OOECTICYEHNE CHUCTEMBI MOICPKKN TPUHSTHS
petenuit (CIIIIP) OTHOCHTETLHO YIPABICHUS arpOXOJIINH-
ramu. Pazpaborana nH(poOpMaIMoHHasT TEXHOJIOTHS KPaTKO-
CpPOYHOTO MPOTHO3UPOBAHKS HA OCHOBE HEUPOCETEBOTO all-
roputma MI'VA.

IpakTnyeckas 3HaunMocTh. Ha ocHOBe mpeioxkeH-
HOM TEXHOJIOTMH OBLIO MPOBEJEHO KPaTKOCPOYHOE ITPOTHO-
3MPOBAaHUE OCHOBHBIX DKOHOMHUYECKHX TOKa3aTeNlel Mpons-
BOJICTBEHHOH JIESTEIPHOCTH XO3SAICTBEHHOTO CyOBEKTa
(peanm3arisi TOBApOB U YCIIYTH, CE0ECTOMMOCTD peali30Ba-
HHOM TIPOJTYKIIMH, BAJIOBBIA JIOXOA, YNCTAsI MPUOBLIb, KOM-
MepyecKue, OOIIEXO3SHCTBEHHBIE U aJMHHHCTPATHBHbIC
pacxozpl). IlomydeHa oneHKa TOYHOCTH PE3yNIbTaTOB IPO-
THO3MPOBAHMSI, KOTOPasi HaXOJAUTCSA B MHTEpBaJIe OT 1 10 5%.

KimoueBble cioBa: ungopmayuonnas mexnonozus,
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METOA ITIOIIYKY TA CEMAHTUYHOTI O BIIOPY 30BPA’KEHD
3A OBJIACTIO 30BPAKEHH?, IO ITPEACTABJISAE€ IHTEPEC

Purpose. In order to increase the precision and recall rate of image retrieval method, a new image retrieval method is pro-
posed, which bases on the idea that different parts of an image have different discriminative capabilities and contribute to the
image retrieval to different extents. The region of interest method was used to improve the effectiveness of the semantic map-

ping of content and image retrieval.

Methodology. Based on the region of interest, we got a semantic class range in the feature space by semi-supervised lear-
ning. The semantic class range is the mapping of image and class. In view of the different image features, the most suitable

distance measurement was chosen.

Findings. The region of interest was divided from image by the improved Harris detection method and extract the low-
level image features. The features in database were used as training data for semi-supervised learning to build the mapping of
images and semantic classes which is updated iteratively by the relevance feedback.

Originality. The map between an image region of interest and class labels was studied. Two kinds of distances were ap-
plied to calculate the different feature’s similarity. The semantic mapping is updated in real time. The research realizes a novel

and comprehensive image retrieval system.

Practical value. Different needs of users were considered, and the very good experiment results have been received. The
image retrieval method proposed in this paper is quicker and more effective than other methods.
Keywords: non-subsampled contourlet transform, semantic gap, relevance feedback, image retrieval, Canberra distance
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