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INTELLIGENT TECHNOLOGIES IN THE PROCESS
OF BUSINESS UNITS BEHAVIOR MODELLING

The paper discusses the possibility of modelling individual factors determining inflation, using
intelligent technology based on decision tree and matrix convolution. A simplified model of the
"manufacturers’ demand to profitability level” is constructed and various economic situations
effects impacts are evaluated for the final assessment of the sensitivity level to individual factors.
Keywords: inflation factors; qualitative assessment of model parameters; mechanisms of complex
evaluation, intelligent simulation of technological markets; business entities behavior; environmen-
tal factors.
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IHTEJIEKTYAJIBHI TEXHOJIOI'II B ITPOIIECI MOJEJIOBAHHSA
INOBEJIIHKU ITIAITPUEMHUIIBKNX BIBHEC-O/JIMHAUIb

Y cmammi o62060peno moxcausocmi mooeAr06aAHHA HACMKOGUX YUHHUKIG, WO GUHAYAIONb
iHghaauilini npouecu, 3 GUKOPUCHIAHHAM IHMEACKMYAAbHUX MEXHO0402il Ha OCHOGI Oepes
Kkpumepiie ma mampuup 320pmru. Po3pobaeno cnpoweny modeav «6umoza eupoGHuKamu pieHs
npubymKo8ocnii» ma ouiHeHo pi3Huil 6N.1U6 eKOHOMIMHUX cumyauili Ha NiOCyMK08Y OUIHKY DieHs
Yymaueocmi 00 OKpemux YUHHUKIG.

Karouosi caoea: wunnuxu ingasayitinux npouyecis, AKiCHa ouinka napamempie Mooeai, MeXaHizmu
KOMNAEKCHO20 OUIHIOBAHHS, [HMeAeKMYanabHi MexHoA02li MOOeno6aHHA PUHKIE, NOBediHKA
0i3Hec-cy0 €kmie, YUHHUKU 306HIUHbO2O Cepedosuud.
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MNHTEJUIEKTYAJIBHBIE TEXHOJIOI'U B ITPOLIECCE
MOJIEJIUPOBAHUMSA ITIOBEAEHUA ITPEAITPUHUMATEJIBCKNX
BU3HEC-EJINHUILL

B cmamove o6cyxncoenvt  603moNcHOCMU  MOOCAUPOBAHUA HACHHBIX (DaKmopos,
onpeoeasIouuUx UHMAAUUOHHBIE HPOUECCDL, C UCHOAb306AHUEM UHMEAIEKINYAAbHbIX TMEXHOA02Ul
Ha ocHoee Oepesveé Kkpumepuee u mampuy ceepmru. Paspabomana ynpowennas mooeas
«mpebosanue npPou3eOOUMeAAIMU YPOGHSA O0XOOHOCMU» U OUEHEHO pPaA3AuYMHOe BAUsHUE
IKOHOMUMECKUX CUMYAUUL HA UMO208YI0 OUEHKY YPOGHS “Y6CHIGUMIEAbHOCHU K OMOeabHbIM
axmopam.

Karouesvie caosa: gaxmopvl uH@AAUYUOHHBIX NPOUECCO8, KAYECMBEHHASI OUEHKA NApaMempos
Modeau, MexXaHuzMvl KOMHAEKCHO2O  OUCHUBAHUS, UHMENNeKMYANbHble —MEeXHON02UU
MOO0eAUPOBAHUSL PbIHKO0E, N08edeHuUe OUsHec-CY0seKmos, (haKmopbvl 6HeuHell cpedbl.

Introduction. The market systems behavior in most designed economic models is
"rational”, and deviations are considered as possible risk events. However, in other
studies this approach is being criticized, emphasizing the imperfections of human
modelling.

An alternative is to develop a player behavior tool modelling, which will require
the assessment of rationality and human factors.

According the abovementioned modelling approach using qualitative assess-
ments of any factor, decision tree and convolution matrix, defining the role of indi-
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vidual parameters of the model, implemented, and tested many times, proved to be
substantial and sufficiently complete to represent economic processes.

The developed simulation technologies of microeconomic processes, according
to the latest scientific research, are to be applied in the evaluation of macroeconom-
ic processes (Alekssev, Belih, Gureev and Shaydulin, 2010), which is consistent with
the relationship of different levels of systems. One of the current problems is the fore-
cast of inflation processes with their primary modelling as an alternative to the exist-
ing price measuring. The primary cause of this need is the heterogeneity of econom-
ic components even at very small spatial and temporal intervals.

Circumstances which are the premise of this heterogeneity, are so many that an
attempt to analyze why, for example, sellers set different prices even within a single
point of sale, or consumers do not make transactions in the same area, preferring to
purchase some goods in bulk, and some goods in retail, is not possible (Kharitonov
and Belih, 2007).

Obviously, the inflation simulation process (Golubeva and Gureev, 2012), on the
one hand, as usual, is a macroeconomic issue, on the other hand, it is the enlarged
microeconomic problem.

Unresolved issues. In earlier studies (Alekseev, Golubeva, Gureev, 2011) it was
proposed to conduct a qualitative assessment of inflation processes, based only on the
measurements of 2 indicators at different times: "the level of profitability required by
manufacturers " (X), where X7 is the current requirement of return, XO is its value in
the past, and "willingness to pay requirements of return to customers” (Y), where Y7
and YO respectively, are the current value of the indicator and its value in the past, tak-
ing that as an important indicator and an alternative to the existing level of consump-
tion based on prices and volumes.

Construction of the model parameter "consumption quality” of the abovemen-
tioned parameter X has been successfully implemented (Golubeva and Gureeyv, 2012);
valuable experimental data was obtained, the analysis of which led to a number of
important conclusions.

An unresolved issue is to construct a model of the "level of profitability required
by manufacturers” using intelligent technology based on a decision tree and a matrix
of convolution in the nodes (Gureev and Kharitonov, 2010).

The research objective is to describe the parameters of the modelling process
"level of profitability required by manufacturers " with the intelligent technology
based on a decision tree and a matrix of convolution in nodes (Gureev, 2009a).

Key research findings.

Model development. The process of model development is always preceded by a
detailed description of terminal criteria requiring their registration in the estimated
tree structure. The most important part is to find such criteria, which are more than
sufficient for the generation of the final grade, and can meet the minimum require-
ments, i.e. described in basic theoretical models. Equally important is the ability to
measure the representation of each individual criterion. In this case, it is possible to
use physically measurable factors, the values of which will lead to a standard scale of
assessment, and those that can be evaluated by using only different methods of expert
evaluation.
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First, as mentioned earlier, we need to choose a criterion, on the one hand meas-
urable, and the other hand — independent of the current economic situation. We can
take the marginal factor as a financial criterion from the position of decision-making
methods. Its convenience is determined simultaneously by several factors:

- taking into account price movements by product or product group, and the
manipulation of contractors;

- determining the acceptable level of this ratio for various products which is to
be measured and evaluated,;

- in terms of the tree structure and sensitivity analysis, building of a submodel
for determining this factor.

Of course, the value of this indicator in the product and branch ranges may be
different, but the scale of reduction will set the overall level of manufacturer's prefer-
ences. Integral (generalized) performance is the result of the construction of the
known procedures of collective preferences.

On the one hand, we can be satisfied with the presence of only this criterion,
given its completeness and the community, but the behavior of an entrepreneur is not
limited to assessing the effectiveness of a functioning business, as shown in parallel
with the analysis of the dynamics of the commercial sector, where the main point of
reference is the alternative return. This performance will be a spectacular example of
a qualitative assessment in the absence of a measurable value. This fact is explained
directly from the position of the behavior of a decision-making individual, which, in
turn, compares with the owning business unit.

Thus, growing markets will simultaneously change the indicator performance,
the account of which is determined by comparison. The uniformity of increase or
decrease, in this context, is not discussed, but it may be a separate problem.

The model presented in the criteria already includes human factors as the behav-
ior of market players, determining the riskiness of certain events. However, com-
pletely abandoned are the additional parameters, thus the integral evaluation of risks
is not possible. Therefore, this test should be introduced into the model by defining a
group of higher level in the hierarchy tree of risk factors, transforming the efficient
deterministic model that describes the behavior of players in the same analogy but of
a higher class.

Using common classification, this criterion will be determined by the group of
internal and external risks. To place a simplified version of the problem representa-
tion of manufacturer's behavior, the detailed consideration of risk circumstances is
not required. The degree of perfection of a technology, with the understanding of the
modelling process does not argue the feasibility of this aspect.

After describing the logic of choice in model parameters and the justification for
their adequacy to the task, the procedure for determining the ranges and/or descrip-
tions of qualitative assessments of the values of individual factors starts.

For the model with respect to the marginal rate it is offered to take the average
economic value in general, given the interest of various sectors to the overall result.
This assessment will direct both individual market participants and decision-makers.
If the marginal rate specific participant is around 25% below the industry average, the
qualitative assessment of his "satisfaction income" corresponds to 1, and for 25% high-
er it would be 4 (Gureev, Vinokur and Tretyakova, 2008).
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Separate participants can also under go through business risk assessment. If the
total rate of return corresponds to positive qualitative estimates, the risk factors may
reduce the "level of satisfaction with business profitability”. Another option is to use
in evaluation the risk of expert opinion, the probability of success of an event, with
different ways of calculating the level of riskiness. Thus, we need only to specify the
scale of assessments for risk reduction. The dependence should be reversed, i.e., if a
risk event occurs, then the qualitative assessment of "general satisfaction with business
income" should be reduced. To demonstrate the model performance, we assume that
the maximum degree of probability of all risk events is 40%. Consequently, the
absence of probability is the qualitative assessment of the maximum, that is 4, and
40% is 1, in accordance with the method used.

Determining the level of profitability and feasibility of alternative business,
according to the name, should be based on two factors: the minimum level of input
into a business and risk-free rate of business return. Without discussing the complete-
ness of the approach to the evaluation of alternatives, we want to show how to deter-
mine the expected qualitative evaluation of this parameter. The basis of this display is
the assumption about the dependence of yield on input costs.

This inverse dependence (Figure 1) shows that using the minimum values of input
into business, it is not possible to obtain the highest possible level of profitability.
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Figure 1. The scale for determination of profitability and feasibility of business,
developed by the authors

Thus, in the lined up criteria tree (Figure 2) two reverse scales of reduction and
one line scale (for the considered criteria) will be used. A line scale, as stated earlier,
will describe the impact on the final evaluation of changes on the level of marginal
profitability, which, in turn, will be adjusted by the risk, and, further, by the ratio of
alternative business areas.

With all the positive aspects of the described tool we can identify technically
unrealized potential, however, which can be successfully managed by modifying the
set of parameters of the model itself. Such circumstances may be different types of
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convolution matrix filling in the nodes of the tree of criteria that describe the object
in question in different economic conditions. Considering the fact that while the eco-
nomic coexistence of different classes of business entities, the process of modelling
the "level of profitability required by manufacturers" includes models and optional
parameters in this criteria tree.

As requiring registration, external factors are evaluated by the owner of a busi-
ness unit, and first of all, it is necessary to mention the level of competition.
Obviously, the higher it is, less profitable is business. By specifying a scale for this cri-
terion, we reflect the most intense competitive segment with the value 1 and the least
is 4. Competitive situation in any environment can be neutralized by major capital
against market participants or to promote their own business. So, we want to enter the
parameter "availability of financial resources," described by the direct dependence
and defining high availability of borrowed funds in the area of small values. The con-
volution of the last two factors describes the "overall level of economic barrier". As we
know, barriers are divided into economic and administrative ones. Priced at the scale
used by the direct reduction "administrative barrier level” (the value of 4 is the high-
est degree of market closedness, 1 is the lowest one) in combination with the "gener-
al level of economic barrier" for other participants the closed nature of market will be
determined ("Barrier Level"), which certainly will be taken under consideration by
market participants.
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Figure 2. General view of the criteria tree of "manufacturer’s requirements
to the profitability level”, developed by the authors

AKTYAJIbHI [TPOBJIEMWN EKOHOMIKW Ne1(151), 2014



MATEMATUYHI METOAMN, MOZEJ/1 TA IHOOPMALLIVIHI TEXHOJ10rIi B EKOHOMILII 501

As a result, a high "level of satisfaction with profitability" in combination with a
high "level of barrier" will lead to generally high "profitability satisfaction" by business
owners. Referred to the abovementioned parameter "level of profitability and feasi-
bility of alternatives” will be adjusted accordingly, understating assessment during the
convolution. This parameter can also be expanded under the names "the level of prof-
itability of alternatives" and "level the feasibility of alternatives". The latter is used to
bring back the scale, where the score 4 means low availability of alternatives, and 1 is
high availability of alternatives. The general look of the tree of the criteria is present-
ed in Figure 2.

Analysis of the model’s features. Depending on the economic situation, entrepre-
neurs with different business sizes respond to changes and are sensitive to specific
parameters in various degrees. Empirically, there are 4 situations in economic devel-
opment (formation, rapid growth, stagnation and decline), thus, the model should be
able to reflect the criteria dependence in each of the proposed situations. This state-
ment restricts the versatility and uniqueness in the use of the model. Thus, after build-
ing a model of a particular economic situation it is required to get the data for each
subject and combine them with the corresponding value.

The process of filling the convolution matrix for a specific economic area begins
with a definition of what each type of entity offers to its own range of values: for small
business — the small field of values, for medium — the medium field of values and for
big — the large field of values. As far as we use a combination of criteria conjunctions
with direct scales and, in some cases, with direct and reverse, it would be sufficient to
identify only delimited number of combinations for different economic situations.
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Figure 3. The set of possible fillings of the matrix with the corresponding
graphical interpretation, developed by the authors

The proposed DECON software system passed the certification procedure and
allow the convolution matrix building process in the nodes of the criteria tree while
watching a graphical interpretation, which greatly facilitates the understanding of the
architecture model. Figure 3 shows a set of possible fillings of the matrix filled in
accordance with the rules of the procedure (Gureev, 2009b), and the corresponding
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graphical interpretation and name. In particular, the researcher takes a filling of one
of the proposed combination. According to the size of the matrix we need to select 9
parts, observing the following rules: the main diagonal extreme values are 1 and 4,
respectively, the displacement in vertical and horizontal growth of the value cannot
exceed 1, and the diagonal — 2.

The proposed options for filling the line up in 3 basic configurations (combina-
tions of criteria with direct assessment scales of the criterion on the left in the tree
structure represented by the direct estimation scale and the right — the reverse scale,
the right criteria — direct assessment scale, the left — the reverse scale), sufficient for
use in all criteria tree. In turn, each of the 3 options matrixes was lined applicable in
different economic environments.

The logic of the principles of the "depth" of crisis circumstances reflected how
the relationships between subjects and certain factors change under the conditions of
rapid development and stagnation. In turn, the matrix FO shows the indifference of
individual subject to a change of terminal criteria. F1 reflects its dynamics in the over-
all assessment of the situation, if both factors are undergoing transformations. The
change of the final evaluation using matrixes F2 and F3 is solely based on one crite-
rion. F4 combines the property in response to any of the abovementioned dynamics,
and F5 completes with its synergistic effect (Gureev, Kharitonov, Alekseev, Shaydulin
and Belih, 2010).

Figure 4 shows the result of the construction of matrixes within different eco-
nomic conditions and criteria conjunctions. The aim was to reflect the wave depend-
ence on the depth of economic formations in different ranges of values associated
with the magnitude of the simulated business. It should be understood that various
combinations of criteria according to the type of scale highlight the need for major
axis determination of the matrix, which will be outstanding representatives of certain
business value. The block 1, suggesting that the criterion on the left uses a reverse
reduction scale; its main axis takes a diagonal from the extreme low left position to
the top right position. Accordingly, the motion on this diagonal enhances sensitivity
to changes in the values of individual criteria, depending on the economic situation.
Similarly, the "mirror" interpretation of the block 2 holds its position on the main
axis, just changing the direction of motion. Finally, the block 3 reflects the relation-
ship between two direct criteria and as the main axis takes direction from the upper
left to the lower right values.

Conclusion. Figure 4 graphically illustrates the dynamics of changes in sensitivi-
ty to specific criteria of the final grade, depending on the particular economic system:
situations 1, 3 describe the start and the end of economic growth (situation 1) and fall
(situation 3), the situation 2 — rapid economic growth, and the situation 4 — stagna-
tion. This representation, with some additional refinements require deeper investiga-
tions that do not affect the results of this study. In particular, assessing external eco-
nomic environment and using the developed model are needed to determine the level
of satisfaction with profitability of owner units of the representatives of business.
Some limitations in the method of filling the convolution matrix leave a little frustra-
tion, but the overall effect can be considered as achieved. The latter is reflected in the
behavior of heterogeneous representations of the described and measured subject,
which will determine the final assessment and will be included in the valuation model
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of inflation. In combination with the model of "consumer willingness to pay for the
required level of profitability", the result is to allow correcting numerical expression
to the actual inflation rate by market participants according to changes in economy.
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