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Editors’ Remarks
Greatness in Little

....... Nature, who with like state, and equal pride,
Her great works does in height and distance hide,
And shuts up her minuter bodies all
In curious frames, imperceptibly small.
Thus still incognito, she seeks recess
In greatness half-seen, or dim littleness.

Ah, happy littleness! that art thus blest,
That greatest glories aspire to seem least.
Even those installed in a higher sphere,
The higher they are raised, the less appear,
And in their exaltation emulate
Thy humble grandeur and thy modest state.
Nor is this all thy praise, though not the least,
That greatness is thy counterfeit at best.
Those swelling honours, which in that we prize,
Thou dost contain in thy more thrifty size;
And hast that pomp, magnificence does boast,
Though in thy stature and dimensions lost.
Those rugged little bodies whose parts rise
And fall in various inequalities,
Hills in the risings of their surface show,
As valleys in their hollow pits below.
Pompous these lesser things, but yet less rude
Than uncompact and looser magnitude.
What Skillis in the frame of Insects shown?
How finethe Threds, in their small 7extures spun?
How close those Instruments and Engines knit,
Which Motion, and their slender Sense transmit?
Like /iving Watches, each of these conceals
A thousand Springs of Life, and moving wheels.
Each /igature a Lab’rynth seems, each part
All wonderis, all Workmanship and Art.

Rather let me this /ittle Greatness know,

Then all the Mjghty Acts of Great Ones do.
These Engines understand, rather than prove
An Archimedes, and the Earth remove.
These Atom-Worlds found out, I would despise
Colombus, and his vast Discoveries.

Richard Leigh*

This 9™ volume No.2 continues our main activities in applied statistics and computer modelling. A
special attention is paid to statistical methods in computer simulation. This field of applied science
demonstrate some ideas how to find causality in phenomena chaos and non-regularity. This edition is the
continuation of our publishing activities. We hope our journal will be interesting for research community,
and we are open for collaboration both in research and publishing.

EDITORS

g&”’”’ S Yu. N. Shunin
% e I.V. Kabashkin

! Richard Leigh (1649-1728) was a poet of the seventeenth century who managed to excel himself in this particular poem of 1675
with his interesting analogy of an insect as a working machine.
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SIMULATION OF MULTI-CRITERIA SELECTION
OF BUILDINGS’ MAINTENANCE CONTRACTOR USING
THE GAME THEORY

E.K. ZAVADSKAS, Z. TURSKIS, T. VILUTIENE

Vilnius Gediminas Technical University, Faculty of Civil Engineering,
Saulétekio al. 11, LT-10223 Vilnius, Lithuania
E-mail: Edmundas.Zavadskas@adm.vtu.lt, Zenonas. Turskis@st.vtu.lt, Tatjana.Vilutiene@st.vtu.lt

In the paper the comparative analysis of dwelling maintenance contractors by applying the methods of game theory is
presented. The decision-making methods Wald’s rule and Bayes’s rule for solving different problems with incomplete information
are applied in the research. To illustrate the application of the aforementioned methods, we consider the problem of maintenance
contractor selection. To compare the performance of various maintenance contractors, the data from 15 dwelling maintenance
organizations are used. Contractors are evaluated by a set of criteria characterizing them from various perspectives. The analysis is
made taking into account the standpoints of building owners. Experts determine the initial weights of criteria. Multi-criteria analysis
of the performance of maintenance contractors allows us to determine the importance of particular contractor characteristics for
achieving the aim to meet the needs of different participants of the maintenance process.

Keywords: game theory, multi-criteria selection, decision-making methods, efficiency

Introduction

Decision-maker all time is into collision with series of choices or mistakes upon an effect of various
conditions. The problem’s solution depends on information one possess, problem’s aim and object’s
model. Decision-maker tries to plan beforehand actions necessary to solve the problems. The decision is
made by the way of comparison between merits and demerits of the possible variant under various states
of environmental conditions.

At present time mainly achievements are in the field of modelling (simulation). More exactly deter-
mined simulation according to different methods gives various classes’ numerical approximations of
integrals [1]. Advantages or disadvantages are very important to choose solution method for individual
problem. Otherwise, data must be computer processed to implement new methods.

If we scrutinize standard decisions in different fields, we shall become certain that deficiency of
information is very often ignored. Experts make use of unfavourable initial data, their values applied are
exaggerated, work is executed with poor quality determined models which, in case of need, are a bit
corrected on the basis of practical experience, however reflect the actual situation insufficiently. Acting in
such a way, experts make allowable decisions, but most often these decisions are unfavourable. For
example, insufficient substantiation of projects efficiency under increased risk (open market) holds
potential investments. State, private businessman, credit institutions financing real investment projects is
concerned in qualitative evaluation of projects. The main problem of projects efficiency evaluation is to
determine and to ground them (defined civil, financial and similar designed solutions) implanting due to
definite reasons is “useful”, “profitable” or contrary “useless”, “unprofitable”, “irrational”.

While researching into regularities, deficiency of information is attempted to evade. Application of
regularities enables to evaluate results of necessary actions and to present the direction of their selection.
Simple evaluation of all possible actions is not always sufficient. Each action may cause several results
sometimes contradicting one another. As the actual result is not known, solution criteria are necessary,
which can take into consideration the totality of possible results. Various solution rules are proposed for
optimisation in the presence of indefiniteness, on which basis the most favourable solution is selected out
of the great number of possible solutions. All these calculations are fulfilled with LEVI 3.0 program
applied in this work. The aim of this paper is to show the possibilities to apply methods of Game theory
for modelling and simulation of decisions in different fields. This paper analyses the application of
aforementioned methods to maintenance field.
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1. A review of MCDM methods applied to solve multi-objective problems

Classical methods of multi-criteria optimisation and determination of priority and utility function were
first applied by V. Pareto [2] in 1896. Debreu improved them in 1959 [3]. These methods were strongly
related to economical theory, concerning the averages of thousands of decisions. Methods of multi-criteria
analysis were developed in the 1960°s to meet the increasing requirements of human society and the
environment. In 1980 F. Seo [4] suggested a multi-criteria decision-making method that was concerned
with balancing some conflicting objectives in a hierarchical structure. In 1980 T. Tanino et al [5] analysed
the problem of the coordination of different goals and objectives of various interested parties.

R. L. Keeney and H. Raiffa [6] offered the representation theorems for determining multi-criteria
utility functions under preferential and utility independence assumptions. R. L. Keeney [7] outlined the
essential features and concepts of decision analysis, formulated axioms and major stages. R. L. Keeney
and D. Winterfeldt [8] suggested following the prudence principle in decision process, making decisions
precisely and evaluating all possible alternatives, the aims of interested parties, subsequence of decision
results and value changes, hereby minimizing the decision-making risk. T. L. Saati [9] in 1977 showed
the global importance of solving problems with conflicting goals by using multi-criteria models and
presented decision-making models with incomplete information for solving political and economical
problems. In his latest works T. L. Saaty analysed measuring problems in assignments associated with
uncertainty conditions and applied the AHP method to solve resource allocation problems [10]; he also
analysed the peculiarities of decision-making based on the AHP method and the necessity to use the
eigenvector for priority determination [11]; for financial crisis forecasting he proposed the ANP (Analytic
Network Process) model based on a new measuring system [12].

Multiple criteria decision-making methods (MCDM) have different characteristics; therefore there are
different ways to classify them. Multi-criteria methods can be classified by the type of initial information
(deterministic, stochastic, fuzzy set theory methods) or by the number of decision-makers (one or group).
Scientists classify deterministic MCDM methods differently. The classification of MCDM methods
according to the type of information proposed by O. I. Larichev [13] is given here:

1) Methods based on quantitative measurements. The methods based on multi-criteria utility theory
may be referred to this group (TOPSIS — Technique for Order preference by Similarity to Ideal Solution
[14, 15], SAW — Simple Additive Weighting [16], LINMAP — Linear Programming Techniques for
Multidimensional Analysis of Preference [17] and other new methods).

2) Methods based on qualitative initial measurements. These include two widely known groups of
methods, i.e. analytic hierarchy methods [18] and fuzzy set theory methods [19].

3) Comparative preference methods based on pair-wise comparison of alternatives. This group comp-
rises the modifications of the ELECTRE [20], PROMETHEE I and II [21], and other methods.

4) Methods based on qualitative measurements not converted to quantitative variables. This group
includes methods of verbal decision-making analysis [22].

B. Urli and R. Nadeau [23] emphasized the importance of multi-criteria analysis. Their studies have
shown that the area of application of decision-support systems could embrace the most important
problems and their significance is underestimated. Researchers examined more than 800 European
scientific publications in the period from 1985 to 1996. Since then the amount of articles dealing with
multi-criteria analysis has considerably increased. Besides, the researches have noticed the dispersion of
multi-criteria analysis to different areas.

K. Train [24] presents comprehensive general conclusion of existing methods and certify that at the
eighty years of twenty century were delivered main models of qualitative selection analysis methods,
defined statistic and economic properties of such methods. Methods were successfully applied in many
fields, including transportation, energetic, civil engineering and market (enumerated a few only). He
presents the development directions and ways of modern methods also. In this field are created a lot of
procedures. Recent works: V. Kalinka and S. Frant [25] offers multi stage decision making procedure for
evaluation of energy production in Israel. In this decision making process are participating agent and
computer and are used Paretto, Topsis, Lexgraph methods. C. Parkan and M.L.Wu [26] investigates
various variants of distance to the ideal point methods; M. Ben-Akiva, D. Bolduc and J. Walker [27]
investigate logic methods.

The methods of multi-criteria analysis were tested in many fields and applied to different disciplines
as well as to solving many specific problems. In spite of these facts, multi-criteria analysis is not
sufficiently developed, the methods are not perfect, and scientists constantly raise the question, “Which is
the best method for a given problem?” [28]. Most of the methods enable us to determine the priority rank
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for comparing the alternatives, not allowing, however, to establish the level at which one alternative can
be better than another.

The evaluation according to many criteria computer programs are used at present time: DELFI,
ELECTRE III, ELECTRE IV, PREFCALC, MAPPAC, CARTESIA, PROMCALC, and other. In these
programs are used ELECTRE [29] (Valee and Zielniewicz, 1994), UTA (Jacquet-Lagreze, 1984; Jacquet-
Lagreze, 1990) [1, 30], MAPPAC [31] (Matarazzo, 1986), CARTESIA [32] (Giarlotta, 1991),
PROMETHEE [33, 34] (Brans et al., 1984; Brans et al., 1986) methods. When analysing the well-known
programs it is possible to state that authors of programs mostly choose one problem’s solution method
and one way of decision-making matrix’s transformation. Results obtained in such way are hardly
comparable. Till present time there are no rules how to use multi-criteria evaluation methods and how to
interpret results of solution. Therefore the solution of this problem must be found.

For multi-criteria selection of an alternative under uncertainty conditions E. K. Zavadskas et al [35]
created the software LEVI-3.0 based on different methods for criteria normalization and optimal variant
selection. The application of these methods increases the accuracy of determining an optimal decision.
With new software it is possible to find solution of rational strategy problem using different methods
under risk and uncertainty and to compare the results.

The game theory and its methods are instruments for developing the technological behaviour. Solution
results enable to make more exact investigation and to choose more precise solution method.

2. Methodology of the simulation

Every problem to be solved is represented by a matrix, which contains variants (rows) and criteria
(columns). The variants represent a set of situations for a problem that really exist. All considered variants
are evaluated using the same criteria. The results of the evaluation are put in a matrix.

Usually the criteria have different dimensions. That is why their effectiveness cannot be compared
directly. An exception is the application of evaluation numbers without any dimensions according to a
points system. This, however, involves subjective influences to a great extent. Hence, it should only be
used in exceptional cases.

In order to avoid the difficulties due to different dimensions of the criteria, the ratio to the optimal
value is used. That way the discrepancy between the different dimensions of the optimal values is also
eliminated. There are various theories about the ratio to the optimal value. Note that the decision for a
theory may affect the solution. However, the values are mapped either on the interval [0; 1] or on the
interval [0, infinity) by the Normalisation of decision-making matrix.

The linear normalization was used that is appropriate for both problems of maximisation and
minimisation.

The linear normalisation uses a scale of the existing values. The calculated values are dependent on
the size of the interval [a (i0); a (iu)] and thus change if the interval is altered.

b. = Ly = Y , (1a)

ij
Ajp — Ay
if bl.]. should be maximised, or

Aj, — 4
P (1b)

j
jp — Ay
if b; should be minimised, where @;, — maximum value, a;, — minimum value.

Calculation of the relative deviation is a well performing linear normalisation. The application of this
normalisation is limited to an interval (0..2 Min).

P CTts )

where a (j*) — optimal value of the criterion.

Normalized decision-making matrix can be processed using different methods of multi-criteria
analysis. Here we use methods of game theory.

A distinction is made between one-sided and two-sided problems for the methods of solution.

The one-sided problems are solved using various well-known methods of the selection of variants and
the determination of an order of precedence. For one-sided problems only the method of solution
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“distance to the ideal point” is considered. Using this method an order of precedence according to the
deviation from the ideal variant is determined.

Using the Game Theory, the two-sided question aims at finding the equilibrium as a result of the
rational behaviour of two parties having opposite interests or at the equilibrium in a game against nature.

For two-sided problems a distinction is made between games with rational behaviour and games
against nature.

The solutions for problems with rational behaviour are found in the ideal case as a saddle point
solution (simple min-max principle) or as a combination of strategies (extended min-max principle).

Wald’s rule (Wald, 1945) [36], Savage criterion (Savage, 1951) [37], Hurwicz’s rule (Hurwicz,
1951) [38], Laplace’s rule, Bayes’s rule (Arrow, 1949) [39], Hodges-Lehmann rule [40] are the
methods represent the group of games against nature.

Wald’s rule: This method searches for the best of the worse solutions (Wald, 1945) [36]. The
decision-maker acts according to the worst situation occurring — pessimistic attitude.

Sl* :{Sh- /8; €8 ﬁmaxm_inal-/} . 3)
ij

Savage criterion: The aim is the minimization of the loss of appropriateness, which is the difference
between the greatest and the achieved benefit (Savage, 1951) [37].

Sy 18 €8 mm[inmaxc” Ney =
J

o

N
= (max a, ) —a,
r

There isr =1,m ; s =1,n . Disadvantage of the method: the presence of non-optimal strategies affects
the solution.

Hurwicz’s rule: The optimal strategy is based on the best and the worst result (Hurwicz, 1951) [38].
These values, calculated from the row minimum and row maximum, are unified to a weighted average
using optimism parameters.

{Sl,./Sh. €S, nmaxh Nk = }
s = :

= ml_inal-/- +(1—l)m;c_1xa,~/» N0<A<1

“

(&)

The value A =1 gives the most pessimistic solution (Wald’s rule). For the value A =0 only the
maximal values are considered, greatest risk.

Laplace’s rule: The solution is calculated under the condition, that all probabilities for the strategies
of the opponent are equal.

* n
S, = {SU /8; €8, mmax[l/nz%. ]} (6)
! =l

Bayes’s rule: If the probabilities for the strategies of the opponent are given, the maximum for the
expected value can be used (Arrow, 1949) [39].

. n n . (7)
S; =148y;/8); Nmax qua,j ﬁqu—l
VE =

Hodges-Lehmann rule: With this rule confidence in the knowledge of the probabilities of the
strategies of the opponent can be expressed by the parameter A4 [40].
S, 18, €8, N

®)

n
S, ={Mmax iqua[jﬁ-(l—/i)minaij}m ’
i =i J
N0<A<1

A =0 (no confidence) gives the solution according to Wald’s rule. 4 =1 (great confidence) gives the
solution according to Bayes’s rule.

To illustrate application of the described methods, we shall consider the task of maintenance contractor
selection applying the two methods from group of games against nature — Wald’s and Bayes’s rules.

10
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3. Solution of the problem

The efficiency of maintenance depends on many micro- and macro-environmental factors. Therefore,
planning and successful implementation of building maintenance requires the evaluation of the
capabilities of the participants of this process and the influence of the environment on its efficiency. The
participants of the maintenance process can perform their functions efficiently only taking into
consideration the changing environment, pursuing the best coordination of actions, raising the quality of
services and meeting the needs of apartment owners.

Efficiency is hereby perceived as the process of providing building maintenance services, which
results in ultimate implementation of the goals of the interested groups participating in the process. The
efficiency of any process is assessed in terms of criteria, which vary depending on the problem concerned
and the particular goals of the interested groups. The utmost efficiency is often associated with the
maximum gain from a specific activity. The more numerous and significant aims are achieved, the higher
is the gain and the efficiency of the activity. The efficiency of a decision made will depend on the goals of
all interested groups, participating in the maintenance process and with regard of the impact of the micro-
and macro-environmental factors. Maintenance contractors cannot correct or change aforementioned
factors, but they can realize their impact and evaluate it during the implementation of different projects,
herewith successfully organizing their current and future activities.

The term efficiency can be interpreted differently; therefore one has to evaluate all the needs of the
participants of the maintenance process. Modelling and multi-criteria analysis allow us to find a way to
meet the goals of the participants of different process and to choose an optimal solution as well as the
efficient ways to implement it.

As mentioned above, maintenance contractors were evaluated and compared from the viewpoints of
building users represented by key maintenance persons. The initial data for comparing the contractors are
written down in a decision-making matrix (Table 1). The alternatives n considered in the paper are
arranged in columns, while quantitative and qualitative information describing them is given in rows.

A great amount of information characterizes the performance of maintenance suppliers. However, it is
not always exactly defined; therefore we must deal with incomplete information. Alternative maintenance
companies were evaluated and compared using mostly qualitative efficiency criteria: quality standard of
management services, work organization, certification of company, range of services, reliability of company, staff
qualification and past experience, communication skills, geographical market restrictions, etc. (Table 1). The
character of distribution of initial data is shown in Fig. 1. Initial data for maintenance contractor’s
evaluation was put in the table for initial data storage in software Levi 3.0 (Fig. 2).

30 7 Value

—=— V1

—%— V4
—o—V5
—— V6

— V7

—— V9
o— V10
—— V11
—>— V12
V13

—e— V14

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 V15

Figure 1. Decision-making initial data
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TABLE 1. Initial data for multi-criteria evaluation (criteria values and initial weights)

. Units of Max/ Alternatives
No. Criteria .
measurements min \Val V2 V3 V4 V5 V6 V7

|, |Costofbuilding Lt"/m’ min | 0.064 | 0.060 | 0.057 | 0.058 | 0.058 | 0.071 | 0.110
management

2, |Cost of common Lt/m’ min | 0.110 | 0.140 | 0.110 | 0.120 | 0.100 | 0.300 | 0.140
assets management
HVAC system

3. |maintenance cost Lt/m? min 0.180 | 0.180 | 0.370 | 0.180 | 0.090 | 0.180 | 0.180
(mean)
Courtyard territory

4. |cleaning (in Lt/m’ min 0.310 | 0.120 | 0.150 | 0.150 | 0.200 | 0.260 | 0.120
summer)

5. |Total service cost Lt/m? min 0.670 [ 0.500 | 0.690 [ 0.570 | 0.450 | 0.820 | 0.550
Length of time in

6. g‘a‘?“enance years max | 12.000]| 3.000 |12.000|12.000|12.000|13.000| 5.000
usiness
(experience)
Market share for

7. |each contractor (in % max 11.750] 0.390 | 5.250 | 7.090 | 5.560 |26.620 | 2.820
Vilnius)

Number of projects

8. . units/per-son max 4.600 | 0.330 | 1.470 | 2.780 | 1.390 | 5.670 | 1.200
per executive
Evaluation of

9. [management cost - max 0.830 | 0.885 | 0.935 | 0.912 | 0.912 | 0.746 | 0.483
(Caid/Cp)

10, |Quality standard of points max | 9.000 | 6.500 | 7.250 | 7.000 | 7.500 | 7.500 | 9.000
management SErvices
Quality of

11. |maintenance of points max | 6.111 | 7.111 | 7.389 | 6.889 | 6.889 | 7.500 | 8.222
common property

12. |Work organization points max 6.071 | 4.786 | 6.114 | 5.986 | 6.114 | 6.500 | 7.771

3. | The efficiency of points max | 5333 | 4.000 | 4.500 | 4.167 | 5.833 | 4333 | 5.167
information use

4, |Certification of points max | 9.000 | 2.000 | 9.000 | 9.000 | 9.000 | 9.000 | 2.000
company

15. |Range of services points max 4.000 | 3.000 | 3.500 | 4.300 | 5.900 [ 3.500 | 7.500

16. |Reliability of company] points max 8.000 | 6.000 | 8.000 | 8.000 [ 8.700 | 8.000 | 7.000

17. |Company reputation points max 6.000 | 5.000 | 7.500 | 8.000 | 8.500 | 9.000 | 8.700

g, |Staff qualification and points max | 8.400 | 7.500 | 8.400 | 8.400 | 8.400 | 8.500 | 7.700
past experience

19. |Communication skills points max 3.000 | 6.000 | 7.000 | 7.000 | 7.600 | 8.000 | 8.500

20, |Geographical market points min | 8.000 | 8.000 | 8.500 | 8.500 | 8.500 | 6.000 | 3.500
restrictions

TABLE 1. Initial data for multi-criteria evaluation (criteria values and initial weights) continuation

No Criteria Units of Max/ Alternatives qj

’ measurements | min vs | vo [ vio | vit | viz | vi3 | via | vis

1. ;‘;ffaziﬁl“;fmg Lt"/m? min | 0.058 | 0.053 | 0.071 | 0.120 | 0.071 | 0.078 | 0.056 | 0.120 | 0,038

2. Ss‘fettsorfni‘;‘:gr’;‘ent Lt/m’ min | 0.180 | 0.140 | 0.260 | 0.200 | 0.280 | 0.200 | 0.140 | 0.140 | 0,088
HVAC system

3. |maintenance cost Lt/m? min | 0.180 | 0.370 | 0.160 | 0.290 | 0.090 | 0.180 | 0.180 | 0.090 | 0,099
(mean)

4. g‘égﬁ?if;ﬂ:ﬁ&o Lt/m? min | 0.190 | 0.230 | 0.230 | 0.200 | 0.280 | 0.300 | 0.120 | 0.210 | 0,105

5. |Total service cost Lt/m’ min | 0.610 | 0.800 | 0.730 | 0.810 | 0.730 | 0.760 | 0.500 | 0.560 | 0,335
Length of time in

6. [maintenance business years max 11.000(11.000|11.000| 4.000 [12.000| 8.000 [11.000| 3.000 | 0,016
(experience)
Market share for each|

7. |contractor (in () max Rk . 47 7 350 | 5. . . 0,019

i % 9.480 | 2.230 |13.470| 4.700 | 2.350 | 5.600 | 2.660 | 0.040

Vilnius)

g, [Numberofprojects |\ uorercon | max | 3.030 | 0.760 | 9.050 | 1.500 | 0.860 | 3.250 | 1.700 | 0.030 | 0,011
per executive P

12
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Evaluation of

9. [management cost - max 0.916 | 1.000 | 0.746 | 0.443 | 0.746 | 0.681 | 0.948 | 0.531 | 0,029
(Coi/Cp)

10, |Quality standard of points max | 7.500 | 7.250 | 8.500 | 9.000 | 7.500 | 7.000 | 8.350 | 9.000 | 0,029
management SEIVICES

11, |Quality of maintenance) L max | 6389 | 6333 | 7.222 | 8.444 | 6.422 | 5.778 | 6.611 | 8.111 | 0,029
of common property

12. |Work organization points max 6.357 | 6.700 | 6.400 | 8.343 | 6.571 [ 5.829 | 6.643 | 8.100 | 0,020

13, | The efficiency of points max | 5.167 | 5.167 | 4.667 | 8.333 | 3.833 | 4.500 | 5.900 | 7.167 | 0,015
information use

14, |Certification of points max | 9.000 | 8.000 | 9.000 | 9.000 | 7.500 | 8.000 | 9.000 | 2.000 | 0,016
company

15. |Range of services points max 3.000 | 4.300 | 5.000 | 8.700 | 5.000 [ 3.000 | 5.500 | 6.500 | 0,024

16. |Reliability of company points max | 8.500 | 8.500 | 8.000 | 8.800 | 8.000 | 8.000 | 8.000 | 8.000 | 0,029

17. |Company reputation points max 8.500 | 7.900 | 8.500 | 9.000 | 9.000 | 8.500 | 5.500 [ 9.000 | 0,028

g, |Staff qualification and points max | 8.300 | 8.300 | 8.300 | 8.600 | 8.400 | 8.000 | 8.400 | 7.500 | 0,029
past experience

19. |Communication skills points max 8.000 | 7.500 | 6.000 | 8.900 [ 9.000 | 6.000 | 7.000 | 8.500 | 0,025

20, |Gcographical market points min | 8.500 | 8.000 | 8.500 | 3.500 | 8.600 | 8.600 | 8.500 | 3.500 | 0,015
restrictions

1,000

Note: a basic monetary unit of Lithuania, divided decimally into 100 cents, 1 Lt=3.4528 EUR (the exchange rate
fixed by Lithuanian Central bank (2004-10-12))
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Figure 2. The fragment of initial data stored in software Levi 3.0

The formed decision-making matrix was normalized using the method for linear normalisation.
Normalized decision-making matrix presented in Fig. 3.

Solving the task by Wald’s rule the formula (3) was applied. In this case the weights of criteria are
not evaluated. If a decision-maker takes different importance to each criterion, he/she has to use Bayes’s
rule applying formula (7).

Results of task being solved showed different priorities of alternatives. This difference is conditioned
by the specific of methods being used. The main difference is that solving task by using the Bayes’s rule
the weights of criteria was evaluated. Therefore, if weights are important for decision maker, he/she has
to use the results obtained applying Bayes’s rule. And, on the contrary, if one doesn’t consider the

weights, the Wald’s rule could be applied. As shown in Table 2 and 3, the expression Vi > Vs > Vi > (V3
— V4, V= Vo, V11— V13, V15) was obtained based on applying Wald’s rule method and expression Vs > V4 >
V7 - V15 - V4 > Vz - Vg - V1 > V3 > V10 - V11 > V12 - V9 > V6 > V13 was obtained based on applylng

Bayes’s rule method, were “~" means ‘”’better than”. This implies that, according to the priority order, the

10-th alternative is the best (Q;o = 0,19) in first case and the 5-th alternative is the best (Qs = 0,822) in
another case (Fig. 4).
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Figure 4. Favourable alternatives according to Wald’s and Bayes’s rules
TABLE 2. Comparison of results of calculation
Applied Alternatives
method | vi | v2 | V3 | V4 | V5 | V6 | V7 | V8 | V9 | VIO | VIl | VI2 | VI3 | V14 | VI5
Wald’s | ¢ 0 0 0 |015] 0 0 0 0 | 019 | o0 0 0 0.1 0
Bayes’s | 0,535 | 0,622 | 0,521 | 0,64 | 0,822 | 0,339 | 0,667 | 0,604 | 0,364 | 0,457 | 0,42 | 0,418 | 0,336 | 0,754 | 0,649

TABLE 3. Priority order of the alternatives applying different methods

MethOd. of Priority order of the alternatives

evaluation
Wald’s rule V10> V5>V14>(V1,V2,V3,V4,V6,V7,V8, V9, V11, V12, V13, V15)
Bayes’s rule V5>-V14>~V7>~VI5>V4>~V2>V8>VI>~V3>VI0>VIl>VI2>VI>~V6:>~VI3
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Conclusions

The results obtained in solving the problem reveal that evaluating criteria weights the fifth
alternative is more effective than other options not only in satisfying the needs and objectives of the client
but from the viewpoint of maintenance manager as well. Multi-criteria analysis of maintenance
contractors’ performance allows for complex evaluation of the criteria characterizing this issue from the
perspective of their agreement with the needs and technical and financial capabilities. The needs are
described in terms of a set of criteria and values, with the importance of the criteria expressed in terms of
their significances. Decisions criteria are chosen taking into account the interests and objectives of the
client (building user) as well as the other factors affecting the efficiency of the maintenance process.
Practical application of the suggested methods for maintenance contractor selection could help all the
interested groups to harmonize their diverse interests and objectives and to enhance the procedure of
decision-making. The application of multi-criteria analysis to the selection of maintenance contractor
helps to take the appropriate decision based on various criteria that may reduce the risk in the process of
contractor selection. This confirms an assumption that the above applied methods can be successfully
used in maintenance contractor selection practice. The suggested methods may be successfully applied
not only to planning the maintenance work but also to solve different problems in many other fields
dealing with incomplete information. In transport field decision maker can analogically solve the tasks of
means of locomotion type selection, selection of transport way, conveyers selection and others. New
software enables to find solution of rational strategy problem using different methods under risk and
uncertainty and to compare the results.
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An actuality of “neural networks modelling of business situations and decision making analysis” is connected with the
increasing and intensity of business activity in modern society. Most enterprises aspires to that their activity was carried out
maximally productively. Besides, the correctly accepted decision acts enormous part in any business. In the process of achieving the
put purpose firms and companies permanently get risk situations, breaking the desired development of entrepreneurial activity. One
of such problems is insufficient estimation of risk. The task is to decline risk at an acceptance of enterprise decisions by managers;
namely, research the newest neural technologies and methodology development of risk sets in business situations. In particular, we
consider: a) a prognostication at the fund market; b) an application of the intelligence system in marketing researches, namely, in the
questionnaire; c) the task of classification of credit extension to physical persons.

Keywords: forecasting, classification, the credit, neural network, genetic algorithm, questionnaire

Introduction

Risk’s science studies conformities to the law of actions of systems on determination of possible
situations that can be met in their future activity. Risk science is a science about the future, because it is
related to the prognoses estimations, possible by ends comings catastrophes and victories, thus, that will
be attained, depends in a greater degree on a subject and it similar and far fewer from the mother of
nature. An activity of businessmen is oriented to working out various problems in risks situations. The
complex of decisions for the decision of any problems is offered: prognostication, tasks of classification.
Filling up the traditional methods of estimation and management by the risk by the newest technologies,
businessmen will purchase a powerful weapon in the fight against vagueness and other risk situations.

1. Application of artificial neural networks and genetic algorithms in control systems
1.1. INTELLECTUAL CONTROL SYSTEMS

Till the last decade of the last century a traditional approach in the construction of regulators has
prevailed. However, much the regulators, built on the basis of the indicated approach, not always allowed
the carrying out the robust control of difficult unstationary objects. This circumstance has served to a
development of a new scientific direction - intellectual control systems (ICS).

ICS is capable to provide in respect to controlled object an «understanding» and teaching, taking into
account external influences and work conditions. The basic feature of ICS is the presence of feedback
mechanism. The main architectural feature, which distinguishes ICS from traditional control systems, is
the mechanism of receipt, storage and treatment of knowledge for realization of its functions. Thus, the
presence not only of databases with necessary information, but also the renewing knowledge databases is
principal for ICS. There are some modern information technologies, allowing the creation of ICS,
namely, consulting models, artificial neural networks, fuzzy logic, and genetic algorithms. For
development of ICS these methods must be incorporated with achievements of the modern control theory.

Structurally ICS contains additional blocks executing system knowledge processing on the basis of
the above-mentioned information technologies. These blocks can be executed either as buildings on
ordinary regulators, influencing by necessary appearance his parameters or directly joined in the reserved
contour of control [2].

1.2. NEURAL NETWORK STRUCTURE
Artificial neural networks (ANN) are calculable structures consisting of number of the same types

elements, which execute relatively simple functions. Processes in ANS sometimes are associated with
ones, which take place in the nervous system of living organisms.
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Neuron network conception is widely applied for the solution of classification tasks, problems
clusterization and images recognition. But there are some significant and principal development
directions in neuron technologies, which are suitable for management tasks. Some developed and well-
studied neuron network models are used in practical modeling (e.g., multi-layer perceptrons (MLP)).

The elementary converter in MLP networks is an artificial neuron (or a simple neuron, named so by
similar to the biological prototype). ANN consists of a number of connected neuron, forming usually
some layers (see, e.g., Figure 1).

Entrance layer Hidden layer Output layer
S S
> > >
- -
S S
; ’
- -
[ I BN ] o 00 o 00

Figure 1. Two-layered neuron network

Let's note, that neurons of the first layer from the left in Figure 1 do not carry out mathematical
operations, and serve only for duplication of signals and in the definition of layers number are not taken
into account. To solve the proposed task ANN must be previously. The essence of training consists in
tuning neurons weights on the basis of training sample examples. An efficiency of ANN use is established
by a set of the so-called completeness theorems. The sense of these theorems is reduced to the fact, that
any continuous function on the closed limited set can be regularly approximated by functions calculated
by neural networks on the basement of some enough easy realized conditions. Thus, Artificial neural
networks (ANN) are universal approximators [2].

1.3. NEURAL NETWORK APPLICATION

Neural networks entered in practice anywhere, where the tasks of prognostication, classification or
management must be solved. Such an impressive success is determined by some reasons.

e Rich possibilities. Neural networks are the exceptionally powerful method of modelling, allowing to
reproduce extremely difficult dependences. In particular, neural networks are nonlinear on the nature
are able to construct any complicated many-factor models.

o  Using simplicity. Neural networks are studied on examples. The neural network user picks up the
representative information, and then starts a teaching algorithm, which automatically perceives the
data structure. In this case the user, certainly, must have a set of heuristic knowledge about the way
of information preparing, necessary network architecture choosing and interpretation results.
However, a knowledge level, necessary for successful application of neural networks, is much more
modest than, for example, in cases of using of traditional statistics methods.

e  Advantages. Neural networks are attractive from the intuitional point of view, because they are based
on the primitive biological model of the nervous systems. In the future, such neural and biological
models can lead to a creation of indeed intellectual computers. But «simple» neural networks of
Statistica Networks Neural are also a powerful technique of intellectual modelling.
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2. Design of decisions of risk situations
2.1. GENETIC ALGORITHMS AND MANAGEMENT TASKS

A neural network is a mathematical model structure some of human brain work, demonstrating his
possibilities for the informal teaching, generalization and clusterization of the unclassified information,
ability for independent prognoses on the basis of the existed produced temporal rows.

Main their difference from other methods is neural networks an unnecessity of the beforehand known
models. They build these on the basis of the produced information. For this reason neural networks and
genetic algorithms have entered in practice everywhere, where it is needed to decide the tasks of
prognostication, classifications, managements, in other words, in the field of human activity, where it is
difficult to make a decision algorithm, and a participation of work of skilled experts group or adaptive
systems of automation is needed. Practically, a neural network is used in two ways, namely, as software’s
products executable on ordinary computers, and as the specialized programmatic complexes. The basic
task of neural computer is a treatment of appearances, based on teaching similar to biological neural
systems [1].

2.2. INTELLIGENCE SYSTEMS AND MARKETING INVESTIGATIONS

Fuzzy logic systems are widely used in the commercial applications, management and planning,
various fields of marketing.

Problem 1. Questioning of the clients by mail.

The goal of investigation is an analysis, structure and content optimization of questionnaire for
clients, developed by telecommunications company experts. Following results of questioning a
segmentation of company clients has been carried out. Neural network technologies allowed selecting
from the great number of the questions set in questionnaires the most essential questions. It is also
possible to delete unimportant, duplicated and strongly correlated between themselves questions, and,
thus, to simplify a questionnaire and facilitate the process of filling of questionnaire by a client (this
means the higher exactness).

On the first stage a basic attention is devoted to the optimization of structure and content of
questionnaire from the point of view of every question meaningfulness and information completeness
level, taking into account the duplication of obtained information. Using Statistica Neural Networks
software the every question estimation of has been carried out from point of its contribution to the general
information volume of the whole questionnaire. First of all the investigation interest was connected with
the selected questions, which determines the successful work of a company.

Thus, taking into account the every question meaningfulness degree, it is possible to formulate
recommendations on the optimal question in the proposed questionnaire.

Neural technologies applications in the development and perfection of questionnaires for the study
companies clients opinions and preferences are effective for questioning results treatment and company
clients clusterization, taking into account a company service level, which is principal for classical
marketing. The obtained results allow companies more effectively to develop corporate marketing’s
strategies on a work with clients [5].

The Kohonen neural network in the framework of Statistica Neural Networks software strongly
differs from all other networks types. While all the other networks are intended for tasks with the guided
process of teaching, the Kohonen neural network is mainly considered as a non-guided teaching
technique.

The Kohonen network can recognize information clusters and also establish the classes’ closeness.
Thus, a user can improve an understanding of a data structure and then make better qualities of a neural
network model. The Kohonen neural network can be used in those tasks of classification, where classes
are already given. In this case an advantage is in a neural network ability to find out a similarity between
different classes. The Kohonen neural network has only two layers: an input and output made from radial
elements (an output layer is named also the of topology map layer). The elements of topology map are
disposed in some space, as a rule, in 2D (in Statistica Neural Networks software 1D Kohonen network
can be also realized) [3].

A research hypothesis is directed on the creation of questionnaire by means of determination of
collected information qualities. Consequently, a research hypothesis determines the questions types and
answers forms, which are used for the data collection [3]. The developed questionnaire has nine questions
with four possible variants of answers. Every answer has it’s own weight, which we define from 1 to 4.
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TABLE 1. Example of questionnaire about operations efficiency of Telecommunication Company

1 How do You get information about a company?

by phone (4) from newspapers (3) fromradio (2) from TV (1)
2 How often do You use company’s service?

A few times a week (4) once a week (3) once a month (2) once in a half-year (1)
3 What consumer qualities do You prefer?

service cost (4) transfer rates (3) transfer reliability (2) image quality (1)
4 What is the main lack of company’s operations?

fax’s delays (4) time of fax’s transfer (3) non-reliability of transfer (2) no lacks (1)
5 What companies’ service did You use earlier?

Lattelekom (4) Alerlain (3) No experience (2) Tele2 (1)
6 Who are You?

Action Society (4) Joint-Stock Company (3) manager (2) private person (1)
7 Where do You live?

Latvia (4) Baltic state (3) other European state (2) others (1)
8 What states do You send faxes to?

Non-European state (4) European state (3) Baltic state (2) Latvia (1)
9 What business do You work in?

service (4) production  (3) education (2) others (1)

The more question information quality the more is it’s weight. 30 respondents are questioned. We

use Kohonen Network.

Step 1. Create a data file. Information contains the values of two variables: an answer’s number and
answer’s weight. After creation of new data file a window of denotations of neural network inputs and

outputs appears.

Edit Train Statistics Run  Options  Window
Metwork. .. ]

;_Create Data Set

Inpuits 1 E

Netwaork Sek »
Exit

Cutputs a E

Figure 3. Neural networks inputs and outputs

Figure 2. Data file creation

Step 2. Create a neural network. [Options: Network, File: New, Type: Network of Kohonen, No Layers=2
(Number of layers), Temporal window (Steps) = 1, Advice, Create]. A network with 30 inputs and 4
outputs appears on the screen.
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Figure 4. Neural network creation Figure 5. The choice network type and perceptron’s parameters
definition

::' Netwaork [llustration (anketa_stat, new)

ohonen Training

Epochs oo Train
Star End Reinitisize

Leamingrate 191 []01 [ Stop

Neigborhood || T B Clase

Hetwark [lushiation;

[x! Shuffle cases

X Crass werification

Figure 6. Kohonen network Figure 7. Kohonen network’s training
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Step 3. Teaching of network. [Options: A dialog box:
Training Kohonen, Kohonen to Teach, Train: teaching
Speed, parameters: Learning rate and Neighborhood.
Usually a teaching of Kohonen network is divided into
two phases: the rough approaching and clarification.

We use the epoch’s number equal 100.

Since a

network is trained, it is possible to consider formed
clusters and their interpretation. Clusters distribution is
fixed in the option Topological Map.

:i: Topological Map: E]E]

Case Mo ’2_ E i)

wmi B 2143
Topological Map ]

O ]

O ]

Figure 10. The 2™ question’s topological

:i: Topological Map

Case Mo ’57 E Run

Uit ’17 E 0.06454
Topological Map ]

n u

Figure 13. The 5™ question’s topological

map

map

Topological Map CEX
LCase No ,77 E Run
Unit ’1_ E 1.305

=

Topalogical Map

Figure 15. The 7™ question’s topological
map
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Figure 16. The 8" question’s topological
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Figure 11. The 3™ question’s topological

map

Topological Map

LCass No ’E_ E Run
w1 05358
Topological Map ]
[
= =

Figure 14. The 6™ question’s topological
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Figure 17. The 9™ question’s topological
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Figure 18. Parameters of the Topological Map for every question
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During a current measurement processing each degree of the closeness of cluster elements is
analyzed. The lesser the question parameter (Run parameter) the more meaningful is question (see Figure
3: the 1* and 9" questions have the least meaningfulness.

2.3. CREDITING OF A PHYSICAL PERSON

Business situations of physical person crediting are standard for nowadays. But the problem for
credit establishment manager is to collect all possible (official and unofficial) information about a client.
The manager of credit establishment often uses special questionnaire. An evaluation scale for any client
answer gives some system information on a business situation. Collecting enough points' sum a physical
person can hope on a credit. An evaluation scale is based on expert estimations and crediting experience.
Problem 2. Evaluation of crediting risks

In the framework of Statistica Neural Networks software the classification problem of client abilities
can be solved on the basement of multi-layered perceptron model, radial base function model, Kohonen
model, probabilistic neural network model and linear neural network model [3].

The crediting problem is the classification task. All clients are subdivided into three classes, namely,
reliable clients, non-reliable clients and probable clients.

Step 1. Create a data file. The number of inputs is 37, outputs - 1. Pay attention to nominal variables
in a Table 1. The more variants of variables, the more additional columns (inputs) are necessary.

TABLE 2. Example of presentation of nominal variable

Working v u k n s pi
status 0 0 1 0 0 0

1 0 0 0 0 0

0 0 1 0 0 0

Step 2. Networking. Use the button Advise.
Step 3. Network training. Train-Propagation Back. Amount of epochs is 100. Right after training of
network the chart of perceptron is built.

:Create Network @@ ::* Back Propagation

X

- Metwork [llustration (kr... g@]

Type |ONEY Advise Ereslis E Train
Time Series Create Learming rate 0.1 E 0.1 E Beinitialize
1 0 Cl
Steps E Lookahead E ﬁ Momentum 0.3 E 0.3 E Jog Weights
Pre/Post P
re/Post Processing _ Naise ,079 SIDD
Inputs |37 E Dutputs |1 E Mo Layers |3
Close
[X Shuifls Cases
i | 311 [ [z
[VAR1 Minimax & Layer 1 [X | Cross yerification
ARz Minimax Layer 2 19
[WaAR3 HNinimax Layer 3
[ara Miniuax < >
[WARE Minimax
VARG Ninimax
[VaR? Minimax %
< >
Figure 19. Network type’s choice Figure 20. Network training Figure 21. 3-layered perceptron

Step 4. Classification of client. Run-off Case One. In the opened window it is necessary to enter all
entrances of supervision and find an unknown output in the cell of Output.

-2 STATISTICA Neural Networks - [Run One-off Case]
¥ File Edt Train Statistics Run Options  Window  Help

@@ wsles| 1 e

xlo| bluhl B4 UBREE el

Run | LClear |
AR T4 |VAH‘I 5 |W-‘«FH E |VAF|‘I 7 |V.-’-‘«FH ] |W-‘«FH | |VAF| 20 |V.-’-‘«H21 |\-".t‘-\Fi22 |VAF|:
It 9 0] 1 u] o 30000 Joo o 1
<

Outputs Shown  |Vanables =
[ |5 [Blvaras

Output 2.154101

Figure 22. Classification
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2.4. FUND MARKET PROGNOSTICATION

Regression tasks in the framework of Statistica Neural Networks software can be solved in some
ways, namely, using a multi-layered perceptron, radial base function, generalized-regressive network and
linear network.

Problem 3. Prognostication of currency exchange course
Use a multi-layered perceptron’s model. The basic initial information is placed in Table 3.

TABLE 3. Ls-$ currency exchange course

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005

Month

I 0.546 0.544 0.563 0.595 0.569 0.583 0.614 0.638 0.587 0.537 0.533
11 0.541 0.546 0.578 0.592 0.579 0.594 0.618 0.642 0.583 0.535 0.540
11 0.522 0.547 0.580 0.594 0.586 0.596 0.624 0.64 0.584 0.543 0.531*
v 0.508 0.551 0.583 0.596 0.59 0.597 0.63 0.637 0.584 0.547

)\ 0.514 0.553 0.578 0.595 0.593 0.61 0.632 0.627 0.570 0.551

VI 0.512 0.554 0.575 0.600 0.597 0.601 0.639 0.616 0.565 0.546

Vil 0.513 0.552 0.580 0.601 0.598 0.604 0.639 0.601 0.572 0.543

VIII 0.529 0.548 0.590 0.603 0.586 0.611 0.628 0.605 0.577 0.546

X 0.54 0.552 0.588 0.587 0.582 0.618 0.622 0.605 0.574 0.546

X 0.534 0.556 0.584 0.570 0.576 0.621 0.625 0.607 0.558 0.541

X1 0.535 0.550 0.581 0.574 0.581 0.624 0.63 0.601 0.558 0.529

X1 0.538 0.556 0.590 0.571 0.583 0.619 0.632 0.598 0.546 0.52

<

the real value” — the goal of prognostication

Step 1. Create a data file (Figure 21).
Step 2. Open data file (Figure 22).

SN Edit Train Statistics Runm Options  SWindaw ) B W) s n G

Bl HE 0 FEE
Bl 4 W
& NEtW_Drk = Yariables |1 E1 E (e |
Qpen. .. Inteligent Problem Solver. ..

Close

Save

Input,/Output:
Crder Ascending
Order Descending
Definition. ..

Save as..,
Metwork Set #
Exit

Cut
Copy
Paste

Clear
1

Figure 23. Data file creation

Step 3. Create a neural network
Tupe |Multilayer Perceptron Advise

Time Series Create
Steps 12 E Lookahead 1 E Cloze

Pre/Pozt Proceszing

Inputs ,1_E Outputs ’1_9 Mo Lapers ,3_E

Eonvert Units
il Minimax Layer 1
ol Minimax Layer 2 1
< | > Layer 3
A i) >
Figure 25. Perceptron’s parameters definition Figure 26. Three-layered perceptron
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Step 4. Network training. Let us use 55 feaching (Training) and 55 verificating (Verification) observations.

Wanables ]1—‘511—-_5 -EBSES |55 EJSS Eh E

Figure 27. The choice of teaching and verificating observations

Use the Shuffle option.

mTrain Statistics  Run Options  Window  Help
El ariables ’ |EIEM¥I%I ﬁqﬁlﬁflﬁlﬁl %|=| E

3y  add...
MDVEIII m

copy...
Delete... U E

Copy Ctrl-C W

Twpe...

Ignore Missing Yalues
Data Set... Shuffle Train and Yerify
Mebwark Set.,., Train, Werify and Test
PrefPaost Processing.. . &l

Mebwark, . Group Seks
”””” Add Index Variable

Figure 28. The choice of Shuffle option: the Shuffle option allows mixing observations of teaching process in a random way

The option of interfusion allows mixing the teaching and verificating observations in a data file. For
a network teaching a method of the conjugated gradients is used.

File Edit WEEGM Statistics Run Options  Window  Help

Conjugate Gradient Descent |E|D__(|

%I I Multilayer Perceptrons Back Propagation. .. ;
Conjugate 3 s... Epachs E Train
m Linear Quasi-Mewton, ., I -
Lexf'enber-;—Mar.quardt... ] R Cross verfication Beinitialize:
Guick Propagation. .. =
Delka-Bar-Delta. .. Jog wieights
Stop
Principal Components. ..
Auiliary » Close
| I
Figure 29. The choice of conjugated gradients for network teachin; Figure 30. Minimization by conjugated gradients
g Jug, g g g y conjug g

method

The option Epochs sets the number of teaching epochs during one teaching cycle. A default value
100 is accepted.
Step 5. Estimation of quality of prognosis. To estimate a quality the network operation we should open
the window Regression Statistics (the button Run).
Step 6. Build the /-step forward prognosis (the window Run Single Case).

CBX

' Run Single Case

Case Mo |122 Ertar 0.006477 Fun

VAFHG |VAFH—2 |VAFHV1

i3 Regression Statistics

Wariahle 1 E Flun

0.52 0.533 0.54
Mrvart e wort < s
D ata Mean 0.5858333 0.6191687
Vaiigbles =
Data 5.0, 0.04249 0.0445205 et sl M
EnorMean  |-0.0003163 -0.005609 A [ [Sllvas
Clutput 0.5407773

Eror 5.0 0.009145  0.01125 Targel 0.54
b3 E. Mean 0.00667 0.0102634 e TGERRE

S.0. Ratio 0.2152065 0.2526872

Correlation 0.976683 0.9650445

Figure 31. Estimation of prognosis quality Figure 31. 1-step forward prognosis on the basement

of the developed trained neural network
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In the field Case No we enter the number of observation (e.g. 122) and obtain the result of prognosis

(Output=0.5407773).

2.4.1. A comparison of polynomial trend and multi-layered perceptron approaches

Scatterplot [Spreadsheet? 10w™122¢)
Var2 = 0.5011+0.0033%-2 5249E-57¢2

0632
0618
0607
0595
0583
0570
0558
0548
0533

Var2

0520
0508

-20 0

The polynomial approach gives on March 2005 the

20 40 60 80 100

Var1

prognostication (see Table 4).

TABLE 4. Comparison of prognostication results

The usual polynomial trend
is presented on the Figure 32
(see also Table 3).

Figure 32. Polynomial trend of dollar
exchange course dynamics: Varl is
the month number, Var2 is the
exchange course

value 0,520. Compare the results of

Multi-layered perceptron Polynomial trend
Prognosis 0,540 0,520
Real value 0,531 0,531
Absolute error +0,009 -0,011

4. Conclusion

Neural network and genetic algorithms applications are very convenient for business situation
analysis. The main problem is the correct choice of neural network type, taking into account the necessary
number of inputs and outputs. The presented three business tasks’ solutions demonstrate useful
algorithms. Thus, the first problem solution gives a possibility to optimize questionnaires on the
basement of questions quality analysis (Kohonen network) and exclude the “worst” ones. The second
problem of physical person crediting (3-layered perceptron) as a solution gives an effective way for
clients’ classification and thus the primary information for decision-making. The third problem solution
(3-layered perceptron) demonstrates the effectiveness of neural network approaches (in comparison with
the “traditional” regression) in a currency exchange prognostication on the basement all pre-history
details of currency behavior.

The main advantages of neural network technologies are possibilities of training, taking into account
all available information about investigated phenomena. This fact essentially differs neural technologies
approaches from “formal” and “traditional” regression ones.
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OLIEHKA YPOBHSI CTOXACTHYHOCTH BPEMEHHBIX PSJIOB
IMPOU3BOJIBHOI'O MPOUCXOKJIEHUS ITPU IOMOIIH
IMOKA3ATEJIS XEPCTA

B. BYTAKOB, A. TPAKOBCKHI
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Jlomonocoea 1, Puea, LV-1019, Jlameus
Ten.: (+371)-7100665, @axc: (+371)-7100535, E-mail: avg@tsi.lv

IIpennaraercs anropurt™, BBINOJHSIOMMN OLEHKY IOKa3arenas XEpcra ¢ IOMOLIbIO KYCOYHO-TMHEHHOH ammpoKcHMaluu
CTaTUCTHKH. IlpegycMaTpuBaeTCst BapuaHT OBICTPOrO MeETOJa M METOJa C YCPEAHEHHEM [0 oOpabaThiBaeMOMY IEPHOLY.
OmpeneneHre pa3IUYHBIX 3HAUYCHUH IIOKa3aTels AS Pa3sHBIX YYacTKOB XapaKTEPHCTHUKH JaeT BO3MOXKHOCTH IIOIYTHO OIEHHTH
HOTEHI[HAIBHO BO3MOXKHYIO [NIyOHHY IPOTHO3a, €CIU UCCIIeyeMblil BpeMEHHO psif 00J1agaeT JO/KHOI CTENeHbI0 CaMOIIOJ00HS.

Knroueswie cnosa: noxasamenv Xépcma, npoenos, KyCoUHO-TUHENHAs. ANNPOKCUMAYUSL

Jannas paboTta mocBsIeHa MpodeMe KiiacCH()UKAIIMHU IPOLIECCOB U CBA3aHHBIX C HUMH BPEMEHHBIX
PAIOB WK CUTHAIOB. Bee cranmoHapHbIe MPOIECChl MOKHO Pa3ZeuTh Ha 3 TPYIIIIbL OemepMUHUPOSAHHbIE,
cyualinble U XAomuyeckue O0emepMuHUpo8anHvle, 3aHUMAIOIINE MPOMEKYTOYHOE MOJOKCHUE MEKIY
nepBbiMu JByMs. Ha BepxHem rpaduke pucyHka | Mbl BHIMM MPHUMEP TaKOro Ipoiiecca. JTO Tak
Ha3bIBAEMbIl «IOTMCTUYECKUI» IMpolecc. BHelHe OH MOX0XX Ha CIy4alHbIM, pacrnojoXKEHHBIA Ha
HIOKHEM rpaduke pUCYHKa |, HO, B OTJIMYME OT CIIy4ailHOTO, MOJYUHSCTCS H3BECTHOMY 3aKOHY
yopasiieHusi [2]. Vcnonb3oBaHWe CTaHAAPTHBIX CTaTHCTUYECKUX METOJOB, TaKUX Kak aBTOKOp-
penAunoHHBIN aHanu3 [1], He MO3BOIISIET pa3oeNUTh ATH MPOoIecchl. Beé BhIIIe mepeuncIeHHoOe 3aCTaBUIIO
00paTUTHCS K HE CTOJb ITUPOKO PACIIPOCTPAHEHHOMY METOy aHalli3a KaK CTaTUCTHKA XEPCTa.

|'|' T T T T T T I
: : r ; “Logete”

BEResssdssnsahansslasssdanssanbsnssdosssnhonnsbosne s s
i ¥ i i [ i

IEET P .f.w.-:,; =k -.._..-.'i_ A A

a5 e T
O 0 0 @ 0 MW X @ W 0 M

I
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[ Framy e it & ..'-:_,:"-J\.I..«..-;JI- a i e i

as :
0 N W0 @ @

Puc. 1. JloructHdeckuil ¥ CIIy4aiHbIH CUTHAIBI: aBTOKOPPEIAMOHHAS (YHKIHS

X&pcT OBUT THAPOIIOTOM, KOTOPBII Hadan paboTaTh HaJl MMPOEKTOM HIIIbCKOW TUIOTHHBI 0KoJi0 1907 1.,
U poXxui B pernone Huia nmoyru copok netr. Bece 3To Bpems OH 3aHMMAJICSl IPOOJIEMO KOHTPOJIS 3a
YpOBHEM BOJIbI B pe3epByape. [Ipobiiema 3akirodanachk B TOM, KaKOH €Xero HbIi cOpOC BOJbI BHIOPATH,
94TOOBI pe3epByap HHUKOT/A HE MEPEMONIHSUICS U HEe OCTABAICS MyCThIM. [Ipu CO3MaHMK MOJEIH OBbLIO
BBJIBUHYTO 0OIIee MPEAIOIIOKEHIE O TOM, YTO HEyIpaBisieMas 4acTh CHCTEMBI — B JIAHHOM cCliydae
TIPUTOK BOJBI OT JOXKJCH — CIIEAYET CITyYalHBIM Oy KIaHHIM.
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Xépct m3Meps1 KoeOaHWs YPOBHS BOABI B pe3epByape OTHOCHTENBHO CPEIHET0 C TeUYCHHUEM
BpeMeHH [2]. MOHO ObLIO 0KHAATh, YTO JHAINA30H dTHX (UIyKTyauuil Oy/leT MEHSAThCS B 3aBUCHMOCTH
OT BEIMYMHBI BPEMEHHOTO IIPOMEXYTKa u3MepeHHd. Ecmm psng  coydaiiHeiii, pasmax Oyzmer
YBEJIMYMBATHCA NPOMNOPIUOHATIBHO KOPHIO KBa/IpaTHOMY U3 BPEMCHHU. IIJ'ISI KaﬂHGpOBKI/I OTHUX BPEMECHHBIX
nu3MepeHnit XEpct BBen Oe3pa3MepHOE OTHOIIEHHE IOCPEICTBOM JIEJICHHs pa3Maxa Ha CTaHIapTHOE
OTKJIOHEHHE HaONIOZCHUH. DTOT CIOCO0 aHanM3a CTall Ha3bIBATHCS METOJOM HOPMHPOBAHHOIO pa3Maxa
(R/S-anamu3). X&pcT mokasan, 4To OOJBIIMHCTBO €CTECTBEHHBIX SIBICHHWH, BKIIOYAs PEYHBIC CTOKH,
TEMIIEPaTypy, OCaJIKH, COJIHEUHBIE MTHA, CIEIYIOT «CMEIIEHHOMY CllydaiiHOMY OJIy’KJaHUI0» — TPEHAY
¢ mymoM. Bennunna koaddunmenra H (310 U ecThb Hokazarenb XEpcra) XapaKTepU3yeT OTHOLICHUE
CHITBI TpEHA (IeTepMUHUPOBAHHBIN (GaKTOpP) K YPOBHIO IIyMa (CIydaifHEIH (akTop).

)
L]
[ LTS

:] 1 3 ¥ ] ! ] ] 1 ki 1 4 i L
S i

Puc. 2. Anroputmsl: OBICTpBIi (ClIeBa) U «C yCpeIHEHHEM» (CrpaBa)

Ecnu anroput™ Jaét CaMmKoM H3JIOMaHHBIA rpaduk (pHc. 2) 3aBUCHMOCTH, MOXHO NMPHOETHYTH K
TaK)Ke peali30BaHHOMY B IIpOrpaMMe 0oJiee MeIJICHHOMY ajlrOPUTMY YCPEJAHEHHUS IBHXKYIIUMCSI OKHOM.
Brruncnenue nokazatens Xépcra MpOM3BOJUTCS 1O CIEAYIONIEH cXeMe:

1. Chauana BBIYHCISIOTCS OTKJIIOHEHUS OT CPETHETO 3HAYECHUS:

Xon = (e, ~My), )]
u=1

rie N — [auHa mepuoja, MEHSomascs oT 2 10 <JJIUHBI BPEMEHHOro psjna>; f — IepeMeHHasd,

MeHsromas cBo€ 3HadeHue ot 1 1o N—1; My — cpenHee N 3J1€MEHTOB; € — KOHKPETHBIN 3JIEMEHT

BPEMEHHOI'0 psja.

2. Ha xaxnoil utepanuu Mbl nonydaeM N — 1 3HaueHuil X;, , KOTOpbIE MBI HCHOIB3YEM B CIEAYIOLIEH
thopmyme:

R:=Max(X, y)-Min(X, y), @

rae R — pasmax oTknoHeHus X.
3. Jlanee Mbl HOpMHUpPYEM pa3Max J€JIEHHEM Ha CTaHJapTHOE OTKJIOHEHHUE §, KOTOPOE BBIYUCIISIETCS IO

N 3HAYEHUSIM.

4. Jlorapupmupyem R/S u N n cTpouM Ha OCHOBaHWH MOJTYYEHHBIX JaHHBIX Tpaduk.
5. Tlo rpaduxy ¢yukuuu log(R/S) ot log(N) HaxoouM HAKIIOH MYyTEM JIMHEHHOH ammmpOKCHMAIIHH.

TaHreHc yriia 3TOro HaKJIOHA U SIBJISETCS MoKa3areneM XEpcTa.

Jpyroii cioco6 BbIYMCIECHU MToKa3aTelns XEpcTa MPaKTHYECKN aHaIOTHYCH PACCMOTPEHHOMY BBIIIIE,
33 HCKIIIOYEHHEM TOTO, YTO CYIIECTBYET ¢ OJWH LUKJI, OOPaMIISIOIINH BBIIIEC OMHUCAHHYIO IPOLENYPY.
C mOMOIIBIO 3TOTO IMKJIA OCYIIECTBIISETCS MepenBIDKeHNE repruofa /N Mo BceMy BPEMEHHOMY DAIY.
COOTBETCTBEHHO ¢ MCHSETCA YK€ HE OT €IUHHIIBI, a OT Hadajo nepuoaa /N, KOTOPBII HE COBMANAET C
HayalloM BPEMEHHOro psijga. B pesysnbrare Mbl MojydaeM HECKOJbKO mNokasatenedd R/S. Ha rpaduke
otobpaxkaercs orapudm cpenHero 3Hadenus R/S.

Yamie Bcero pesynpTaroM R/S aHanmu3za sBiISeTCS UCKpHUBIEHHas JUHUA. [103TOMy MHCTpYMEHTOM
uccie/oBaHMsl Oblla BBIOpaHAa KyCOYHO-JIMHEWHAs anmpoOKCUMAIMsi, 4YTO II03BOJISIET ONPEelsTh
nokazaTenab XEPCTa Ha HECKOJNBKUX HHTEpBaJaX JJIMHBI ITIEPHONA, TJIe OCHOBHYIO OLIGHKY MHaéT
LEHTPAIBHBIN HHTEPBAIL.
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Puc. 3. InTepdeiic mporpaMMbl BEIYHCICHNS ITOKa3aTels Xépcra

Ha puc. 3 npencrasnen unrepdeiic nporpammsl. [Iporpamma npeacrasisier co00H WHCTPYMEHT IS
OLICHKH TOKazaTesst XEpcTa AByMs pa3InYHBIMI METOJIAMH, TAIOIIUMH OJM3KHH IPYT K IPYTy pe3yJIbTaT,
HO CYHIECTBEHHO OTIMYAIOIIMMUCS IO CKOPOCTH. IIpenycMOTpeHO aBTOMAaTHYECKOE BBIUMCIICHHE
OCHOBHBIX CTAaTHCTHUYECKHX XapaKTEPHUCTHK (CPETHEr0 M CTaHAAPTHOTO OTKJIOHEHHW:). Takxke mmeercs
6JI0K TeHepany MOJEIBHBIX CHTHAIOB M OJIOK, OCYIIECTBIISIONINI CTIIaXKUBAaHUE CHTHAJA 110 3alaHHOMY
KOJIMUECTBY TOYEK.

| 7

il 11 4

Puc. 4. Cunyconpanbuslii curnai. Mexoausiii rpaduk (ciesa) U rpadyk 3aBUCHMOCTH XEpcTa

ITpoBepka pabOTOCTIOCOOHOCTH AJITOPUTMA INPOBOAMIACE HA PAa3MYHBIX MOJENIBHBIX CHTHANIaX.
Hanpumep, mans cuHycommanbHOTO curHana (puc. 4), T.e. AETEPMUHHPOBAHHOTO, TOKa3aTelb XEpCTa
paBer 1,026, 4yTo mMomUEpPKUBAET HAIWYHE XXKECTKOTO 3aKOHa ympamineHus. [lceBmocimyuaiiHbIil curHad,
MOJTyYEHHBI C IOMOIIBIO CTaHJAPTHOIO TEeHepaTopa Ciy4yalHbIX uuced (pHC.5), IEMOHCTPHPYET
HEKOTOpoe TpeBbIlieHne ypoBHS 0,5 — ypoBHS MOealbHOTO ciaydaiiHoro curHana. Ilokasarens Xépcra
paBeH 0,56, uTo 0OBSCHAETCA CYLIECTBOBAHUEM aJITOPUTMA FeHEPALlK 3TOr0 CUIHAJIA.
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Puc. 5. Cryuaitnsrii curnan. Mcxonnslit rpaduk (cinesa) u rpaduk 3aBucuMoct Xépera
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Puc. 6. Jloructuyeckuii curnai. Vicxoansiii rpaduk (cnesa) u rpaduk 3aBucumoctu Xépcra

B TO xe camoe BpeMsi JIOTHCTHYECKUI XaOTHYECKHH cUrHan (puc. 6) 1aéT 3HaYeHHE MEHbILee, YeM
ypoBenb 0,5, a umenHo — 0,46. Kak BuaHO, BelMYMHA TOKaszaTelss XEpcTa B IIEJIOM IO3BOJISIET
KJIacCH(pUIMPOBATh 3TU CUTHAJIBL

Bouo paccMoTpeHO TakKe BIMSHME CITI@XMBAaHMS HWCXOJHOTOo cwrHama. biok Average,
WHTETPUPOBAHHBIH B NpPOrpamMMy, IIO3BOJISIET OCYIIECTBUTH CIJIQKMBAHHE CHTHATA 110 33JaHHOMY
konmuecTBy Todek. [lokazaTenmp XEpcTa Myl JIOTUCTHYECKOTO curHana (puc. 6) ¢ mapametrpom R=3.9
paseH 0,46, 9T0 XapaKTepu3yeT ero Kak OBICTPO MEHSIOMINI CBOE HAIIPaBIICHUE CHTHAJ, OY€Hb OJM3KUI K
croxactuaHoMy. Ilocie BeITOMHEHWS criakuBaHUs (pHc. 7) MOKa3aTelb CTaHOBUTHCA paBHBIM 0,737.
Takoe u3MeHeHne 00yCIOBICHO TEM, YTO MPH CITIAKMBAHUH CUTHAJI CTAHOBUTCSI MEHEE «IAEPTAHBIM», U B
HEM HauMHAET MPOSBIATHCS ONPEeIeHHas 3aKOHOMEPHOCTb.
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Puc. 7. Jloructrdeckuii curnai nocie 10-KpaTHOTO CriiaKMBaHHS 3-Msl TOUKaAMU
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Puc. 8. Ciryuqaiinblii curaan nocne 10-kpaTHOTO criaXuBaHUS 3-Msl TOUKAMU

TouHO Takoe ke UCCIEN0BAHUE IIPOBEACHO CO Cy4yailHbIM curHaiaoM. llokazartens Xépcra pu 3ToM
m3menmics ¢ 0,56 o 0,733. To ecTh, mOCE CTIAAKUBAHUA 3TH MIPOIECCHI OMATH CTAIH HE Pa3IMYNMbBIMH.
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Puc. 9. Kypc Bamror USD/DM 3a 1994-1996 rr.

[pu aHaM3e MEePCUCTEHTHBIX CUIHAIOB, HAIIPHMEP BPEMEHHOTO Psijia, MOCTPOSHHOTO HA OCHOBAHUH
exxenHeBHoro kypca Bamor USD/DM 3a nepuon ¢ 1994 mo 1996 rozapl, Mbl mojiydaeM NOKa3aTelb
Xépcra, oueHb OJM3KUI WK PaBHBIN eauHUIE (pUc. 9).

JIyist aHaM3a TaKUX CUTHAJIOB HAJIO MCIOJIB30BaTh Pa3HOCTh 3JIEMEHTOB BpeMEeHHOTro psiaa (puc. 10).
B osrom cmywae pesynprar nosydaercss paBHbeIM 0,58, uro Onm3ko K Tokazarenmto XEpCTa ICEeBIO-
ciy4daitHoro curHana (0,56). 9To TOBOPUT O TOM, YTO JAHHBIA MPOIECC UMEET CKPBITHIA 3aKOH, CXOIHBIH
CO CTaH/APTHBIM T'€HEPaTOPOM CITyYaHHBIX YHCEIL.
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Puc. 10. Pa3HOCTS (IMHAMUKA) BpeMEHHOTO psina Kypca BamoT USD/DM 3a 1994-1996 rr.
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Kpome TOro, m3 pesynbTaToB aHaiW3a MOXKHO IIONyYUTh HEKOTOPYIO OIIEHKY HHTEPBAJIOB
MPeICKa3yeMOCTH MOBEICHUS NaHHOTO psaa [3]. DTH TpaHUIBl XapaKTepU3yIOTCA TOYKAMH H3JI0Ma
CTaTUCTHKH XEpPCTa, Ha KOTOPHIX OIEHKAa IMoKa3aTenss X&pcra cymiecTBeHHO MeHsercs [2]. Hampumep,
JUIl TAHHOTO BPEMEHHOTO psila OYEBHIHBIE H3JIOMBI XapaKTEPUCTUKH COOTBETCTBYIOT BPEMEHHBIM
unTepBasaM 10 u 287. 3Hauenus nokazarenss Xépcra Ha unrepBaie ot 0 go 10 — 0,81, ot 10 mo 287 —
0,58 u ot 287 1o koHIla BpeMeHHoro psiga — 0,38.

DTO0 MOXHO MHTEPIPETUPOBATH ClieAyIOmnM oOoa3zoM. Ha maTepBane no 10 mHel mporecc Bemér
ce0s1 I0CTaTOYHO IMPEACKa3yeMo M MOXKeT OBITh crporHozupoBaH. Ha mHTepBane ot 10 mo 287 nwueit
3aKOH YIPABJICHHS IIPOIECCOM AaHAIOTHUYEH T'eHEpaTopy IICEBAOCIy4aiHbIX uuces. M, HakoHen, Ha
WHTEepBaNe CBBIIIe 287 mHEH mporecc MeHseT XapakTep (3akoH ympaBieHus). OH Bemér cebs
AQHTUIIEPCUCTEHTHO, T.€. €CIM NPOIECC IEMOHCTPUPYET POCT B MPEABIAYIIEM JIOKAIHHOM IIEPHOJE
KoneOaHMH, TO, CKOpEe BCETO, B CIEAYIONIEM IIEPHOJe HAYHETCS CHaj. DTOT MOMEHT XOPOIIO BHAEH Ha
puc. 9. CTout OTMETHTb, YTO KpHBas Kypca BaJIFOT B MOMEHT, COOTBETCTBYIOIINH 287 MHIM, IpeKpamaet
CBOH POCT U HaUMHAET IJIABHOE NaICHHE.

Kak BHAHO M3 BCEro BbIIIE CKA3aHHOTO TIOKa3aTelnb XEPCTa MOXKHO HCIONIB30BATh AT
KJaccu(UKalMM W OLIEHKH CTOXaCTUYHOCTH W/WIM JETEPMHHHUPOBAHHOCTH DPEAIBHBIX IPOIIECCOB, a
TaKKe JUI OLEHKH BPEMEHHBIX UHTEPBAJIOB NPE/ICKa3yEeMOCTH.
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CUCTEMA MAP/M/C C AIPECHOHM CTPATETUEA
MOBTOPHbBIX BHI30OBOB U WIAEHTUYHBIMHA TIPUBOPAMU
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PaccmatpuBaeTcsi MHOrOKaHaIbHAsl CHCTEMa, UMEIOIAsl ¢ HICHTHYHBIX IPHOOpoB. I10TOK, BXOISMINI B CHCTEMY, SIBISETCS
MapKOBCKMM. Bpemsi 00ciykuBaHUs Ha KakJOM IPUOOpE NUMEET SKCIIOHEHIMaIbHOe pacnpesieneHie. NHTeHCHBHOCTb MOBTOPHBIX
BBI30BOB JIMHEHHO 3aBHCHT OT YHCIIa BBI30BOB Ha opOuTe. IloBeneHHMe NaHHOI CHCTEMBI ONHCHIBACTCS MHOTOMEPHOH IEIbIO
MapkoBa ¢ HENpepBIBHBIM BpEeMEHEM, KOTOpasl NPUHAUISKHT K KJIacCy acHMITOTHYECKH KBa3WTCIUIMIEBBIX Iieneil Mapkosa.
IMomyueHo JocTaTO4HOE YCIIOBHE CYIIECTBOBAHUS CTAIMOHAPHOTO pacHpeseeHus, pa3paboTaH U PeaM30BaH YMCICHHO aITOPUTM
HaXOXKACHUS CTAal[IOHAPHOTO pACHpEJeNeHUs] BEpPOSTHOCTEHl M OCHOBHBIX XapaKTePUCTHK (YHKIMOHHPOBAHUS CHCTEMBI.
IIpencraBieHs! YUCICHHBIE PE3yJIbTATHL.

Kntouesvie cnosa: mHocokananvHas cucmema, M(lpKOBCKMIZ SXO()}IWMZ; NOMOK, a()pecuaﬂ cmpamecusi NOBMOPHbBIX 6bl306086,
acumnmomuvyecKu Keasumeniuyeevl yenu Mapkoea, cmauuouapuoepacnpedeﬂelme

1. BBegenue

BaxxHpIM pa3fenoM TEOpHUH MacCOBOTO OOCITY)KHBAHHUS SBISIETCS TEOPHS CHUCTEM C HMOBTOPHBIMU
Bbi3oBamu ("retrials" wiu "repeated customers"). Takue CHCTEMBI XapaKTEPU3YIOTCS CIEAYIOIIMM
noBefeHNeM. Ecii BBI30B MOCTYNMII B CUCTEMY, B KOTOPOH BCe MPHOOPHI U MecTa Ul OKHIAaHHUA (€CIH
uMeetcst Oydep) 3aHATHI, TO OH MOKUAAET CHCTEMY HA HEKOTOPOE CIydaiiHOe BpeMs, WHa4e TOBOpS,
yxoaut Ha opoury ("orbit" nnm "retrial group"), a 3aTeM MOBTOPSIET MOIBITKY MTONACTH HAa 00CTY )KUBaHUE.

BaxkHocTh 3TOrO pazzena Teopur 0OyCIOBIIEHA €ro IIMPOKUMH MPAKTHYECKHMH MPHI0KEHUSIMHU.
OO6acTh NPHIOKEHUH JISKHT B OLCHUBAHUM IMPOU3BOIAMTEIBHOCTH M IPOSKTUPOBAHUH TeJICPOHHBIX
ceTel, JIOKAJbHBIX BBIYMCIHMTEIBHBIX CETEH C NMPOTOKOJAMH CIIyYaiHOTO MHOXKECTBEHHOTO JOCTYTIa,
MIMPOKOBEIIATENbHBIX PaJHoCceTel, MOOMIIBHBIX COTOBBIX paauoceTell. Hanuume MOBTOPHBIX IMOIMBITOK
HOJIyYUTh OOCIY)KUBAaHUE SBIAETCS HEOTHEMJIEMON 4YepTOi STHX CHUCTeM, UTHOPHPOBAHHE NaHHOTO
3¢ peKTa MOKET MPUBECTH K 3HAUYUTEIGHBIM ITOTPEITHOCTSAM TP MPUHIATHH HHXKEHEPHBIX PEIICHHH.

[TepBble MaTeMaTH4eCKHE pPE3YJIbTAaThl, KacaloIIUecs CHCTEM C IOBTOPHBIMU BBI30BaMH, OBLIH
ony6unkoBanbl B 40-x rr. [1]. O030pkI paboT, NOCBSIICHHbIE JaHHBIM CHCTEMaM, COJEPIKATCS B CTAThsX
[2-6], a Taxke MOHOTpaUAX H3BECTHBIX CHECIHAINCTOB B OOJIACTH TEOPHH CHCTEM C HOBTOPHBIMHU
BbizoBamu [ 1. ®anuna, . Temmirona [7] u C.H. Ctenanosa [8].

CucreMbl ¢ TOBTOPHBIMH BBI30BAMU OTJIMYAIOTCA YHCJIOM HPHOOPOB, BHIOM HHTEHCHBHOCTH
TIOBTOPHBIX BBI30BOB, pasMepaMy OpOWTHI, HAIMYUEM OUYepelH, HATMYHEM HECKOJBKUX THUIIOB BHI30BOB,
CTpaTerueil HoBTOPOB, CTpaTeruei NeEpBUYHOrO AOCTYTIA.

bonee WMHTEHCHBHO HCCIEOYIOTCS OIHOJHMHEHHbBIE CHUCTEMBI, B TO BpeMs KaK MHOTOJIMHCHHBIE
CHCTEMBl HCCIICIOBaHBl B MEHBINEH CTEHEHH. JTO MOXXHO OOBSICHHTH TEM, YTO CTOXacTHYCCKHE
MIPOLIECCHI, ONMCHIBAIOIINE MOBEACHHE ITOCIETHUX, UMEIOT OoJiee CIOXKHYIO CTPYKTYpY. AHAIUTHYECKUE

PE3YJIBTATHI MOJTyYeHBl TONBKO B YaCTHBIX CIIydasx, BKIOUas ciydaii ¢ <2, rae ¢ — 4ucio npuGopoB
(cm., manpumep, [9]). st ciiydas € > 2 IPUMEHSIOT allPOKCMMAIMOHHbIE M YMCIEHHBIE METOIBI.
Wuorna paccMaTpUBAalOT CHCTEMBI, B KOTODBIX IOBTOPHBIE BBI3OBBI O0Pa3ylOT CTallMOHAPHBIH
IIyacCOHOBCKHIi IIOTOK C MOCTOSHHON MHTEHCHBHOCTBIO ("constant retrial rate") o, =7v,7>1,7>0, ne
3aBHCALICH OT 4yrcia TpeboBaHUil Ha opOuTe (cM., HarpuMmep, [9]). ITOT pakT MOKHO HHTEPIIPETUPOBATH
nBosiko. [IepBbIi BAPUAHT: TIPY HAIMYMU I BBHI3OBOB Ha OPOUTE KAXKIBIA BHI3OB TOJIyYaET IPABO COBEP-
IIaTh TTOBTOPHBIC IOIIBITKM HE3aBUCHMO OT APYTHX BBI30BOB 4Yepe3 SKCHOHEHIMAIBHO PACHpPEICICHHOE
(c mapametpoM Y /i) Bpems. BTopoii BapMaHT: TONBKO OTHOMY W3 BBI30BOB Pa3peliacTcsi COBEPIIATH
MOBTOPHBIE TIOTBITKM 4Yepe3 AKCIIOHEHIMAIbHO paclpeeleHHble (C MapaMeTpoM Y ) WHTEPBab

BpPEMEHHU.
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Yame paccMaTpHBAIOT CHCTEMBI, B KOTOPHIX CyMMapHas HMHTEHCHBHOCTH ITIOBTOPHBIX BBI30BOB
onpenensercs no Qpopmyne o, =i, i>0,00>0, rne [ — unciao BHZOBOB Ha opOuTe, O —

MHTEHCHBHOCTb IIOTOKA IOBTOPHBIX MOMBITOK OJHOTO BbI30Ba. TakoW MeXaHH3M IOBTOPHBIX BBI30BOB
HasbIBaeTcs kiaccuueckuM ("classical retrial rate"), cm., Harrpumep, [10].

B pabore [11] wuccmemyercs cucrema ¢ nuHeWHOW 3aBucuMocThio ("linear retrial rate")
MHTEHCHBHOCTH IIOTOKA ITOBTOPHBIX BHI30BOB C OPOMUTHI OT TEKYIIEH BETMYMHBI OPOUTHIL:

0, i=0,
a; =3, .
io+v,0>0,y>0, i>0.
B [12] paccMoTpeHa KBajgpaTHUHAs 3aBHCHMOCTh MHTEHCHBHOCTH MOBTOPHBIX BBI30BOB OT KOIH-
decTBa BBI30BOB Ha opoute O, =i°P +ict+ 7y, >0,0>0,y >0 ("quadratic retrial rate").

HccnenoBanne ynpaBiIsieMBIX CHCTEM IIOATOJNKHYJIO K CO3JAaHHMIO MOJENEH, TJe WHTEHCHBHOCTD
MOBTOPHBIX BBI30BOB MMEET JIMHEHHYIO 3aBUCHMOCTb OT TEKYIIEH BEIWYMHBI OPOHMTHI M, KPOME TOTrO,

3aBUCHUT OT COCTOSIHUA MAPKOBCKOI'O YITPABJIAIOMICTO IMpOoIecca ét
= iq® 4O
a, =i +y*S,i>1,

rie & — cocrosnue ynpassomero npouecca &(7), & €{0,...,K}, i — uncno BbI30BOB Ha opbuTeE,

o, =0 ("modulated retrial rate"). Takne cHCTeMBI pACCMOTPEHBI, HAPUMEp, B padote [13].

Urto kacaercst opOUTHI, TO OHA MOXET OBITH KOHEYHOH (CM., Harpumep, [14]) wim 6eckoHedHO (CM.,
Hanpumep, [15]).

B paborax [15] u [14] paccMoTpeHBl CHCTEMBI C KOHEYHBIM M O€CKOHEeYHbIM Oydepamu
COOTBETCTBEHHO.

BrI30BBI, BXOJAIINE B CHCTEMY, MOTYT OBITh HACTOHYMBHIMH (CM., Hampumep, [11]) wmu Hetepme-
JUBBIMU (CM., Haripumep, [ 16]).

JUIs MHOTONMHEHHBIX CHCTEM MOTYT OBITh PACCMOTPEHBI pAa3IMYHBIC CTPATETHMH JOCTyMa K
npubopam. Tak Kaccuyeckas CTpaTerus MpeAIoIaraeT, 9To €CIIM B MOMEHT ITOBTOPA MMEIOTCSI OJJH HITH
HECKOJIBKO CBOOOJHBIX IMPUOOPOB, TO BBHI30B 3aHUMAET JIFO00H M3 HUX (cM., HanpuMmep, [11]). Crparerus
TOJIHOTO JIOCTYIA 3aKJIIOYaETCS B TOM, YTO €CJIM B MOMEHT [IOBTOPA UMEIOTCS I CBOGOIHBIX MPHUOOPOB, B
TO BpeMsi Kak Ha OpOWTe HaXoauTcs K TIOBTOPHBIX BBI30BOB, TO MIin{i,k} BHI30BOB 3aHMMArOT
cBoOOIHBIE TTPUOOPHI (CM., Hanpumep, [17]). Kpome nepedncieHHBIX BBIIIE, TAKKE MOXHO YIIOMSHYTH O
CYIIECTBOBAaHUU PA3IMYHBIX CXEM paclpelesieHHs] KaHaIOB, KOTOPbIE B OCHOBHOM IIOJPa3yMEBAIOT
UCIIONIb30BaHUE 3ape3epBUpOBaHHbIX KaHaioB ("guard channels") wiam mpuopuTeTHBIX ouepened (cM.,
Hanpumep, [15]).

2. MaTemaTnuyeckasi Mo/ieJib

PaccmaTpuBaeTcs MHOTOKaHajdbHAs CHCTEMa, MMEIOINAs ¢ MICHTHYHBIX NpHOOpoB. Bpems
00CIIy)KHBaHUs HA KaXJIOM IPHOOpPe HMeeT SKCIIOHEHI[MAIbHOE pacipesieeHue ¢ napamerpom L, 1L >0.

IToToxk, BXOmsIIuii B cuCTEMy, SIBIsIETCSI MapKOBCKUM (MAP — Markovian Arrival Process, BBeieH B
[18]). TToBenenuem MAP ynpasnser uens Mapkosa 1), ! >0, 1P =0,W, ¢ HenpepeiBHBIM BpeMeHeM.
Bpemst mnpebbiBanust mporecca 1), >0, B cocrosuun 7| HMeeT INOKa3aTelbHOE pacIpesieNicHHe ¢

mapamerpom A, M =0,/ . Tocne Toro, kak mpeGkBaHKE B COCTOSHMM 1] 3aKaHUMBACTCS, TMPOLECC

T]t,tZO, nepeckakuBaer B cocrosHue 1', M'=0,/ ¢ BepoarHocTb0O p,(M,M'), IPH STOM

crenepupyercst k BbizoBoB MAP-notoka, k = 0,1. Ipeanonaraercs, 4To CKauOK M3 COCTOSIHUA 1| B 3TO

JK€ COCTOSIHUE 0e3 reHepallii BBI30BOB HEBO3MOXKEH, T. €. p,(1,M) = 0 . EcTecTBeHHO, npenmnonaraercs,

uto BepositHoctd P, (M,MN') YAOBIETBOPSIOT YCIOBHIO HOPMUPOBKH:

1w
>3 peMM)=1 g n=0,W.

k=0v'=0
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Takum o06pazom, MAP-NOTOK MOJHOCTBIO XapakTepu3yeTcsi pa3MepHOCThi0 W +1 ympaBustoiero

npouecca, MHTCHCHBHOCTSAMH A, BPEMEH IPEObIBaHUsI 9TOTO MPOLECca B CBOMX COCTOSIHMAX, N =0,/ , 1

HabopoM BepoaTHocTed p,(M,M'), n,N'=0,W, k=0,1.
HUuapopmanmio o MAP-noTOKe NPHHATO XpaHUTh B Buie Marpun D,, k=0,1, pasmepa
(W +1D)x (W +1), onpenenseMbIX CIeIyIONIM 00pa3oM.

(Dk )ﬂ:n‘ — (n’ n') -# sanement marpuisl D, , k =0,1 —umeer Bux:
D))y =Aqpi(M), MM'=0,7,

Ay Lo, M=, N =017,

(Dy)yn =
v ~Apm=1,1=0,7.

HerpynHo BuzeTh, YTO 37MEMEHTaMHU MATpHIbl D, SBISIOTCS MHTCHCHBHOCTH IEPEXOAA IpoIiecca

1][,1‘20, COIMPOBOKIAIOIIETOC reHepauI/Ief/'I BbI30Ba. AHAJIOTHMYHBIA CMEIC] HMEIOT HCAWaroHaJIbHBIC

3JIEMEHTBl MaTpulpl D, TMaroHaJbHBIMU 3JIEMEHTaMH MaTpHULbl D, SBISIOTCS B3ATHIE C POTUBOIIO-
JIOXHBIM 3HAKOM WHTEHCHBHOCTH BBIX0Ja mpouecca 1, >0 , U3 CBOMX COCTOSTHHI.

OGosnaumm uepes O  BekTop-cTpoky crammomapHsx BeposTHocTeil mermn  1),,£>0. Om
ynosnersopsier ypasuerusam 0(D, + D,)=0, 6e=1, rne 0 — Bexrop-crpoka, cocrosmuit u3 Hyeii,

€ — BexTop-cronben, cocTosmmii m3 emuEmI. Pasmepuoctn Bextopo 0 m € ompenensiorcs us
KOHTEKCTA.

Cpennsisi MHTEHCUBHOCTh MAP-motoka (dyHnamMeHTanbHOE cpeaHee) A 3amaercs (opmyroit
A=0De.

B MOMEHT NpuOBITHS BBI30B BBIOMpAeT Ui OOCITy:KMBaHHS F-ii MpUOOp ¢ BepOATHOCTHIO 1/c,

r =1,c. Ecnu BeIOpanHbIi IpHOOP CBOOOEH, TO BHI30B 3aHUMAET €0 U Mocie 00CTyKUBaHHUS MOKUIAET

cucreMmy. Eciam BeIOpaHHBIH NpHOOp 3aHAT, TO BHI30B HANpABISIETCS B HEKOTOPYIO BHPTYaJbHYIO
JMHAMHYECKYIO 00J1acTh, Ha3bIBAEMYIO OPOUTOM, U MBITAETCS TIOJyYUTh 00CITyXUBaHHE mo3xke. Kaxmprid
BBI30B, HAXO/SIIMICS Ha OpOWTE, NeNlaeT MOBTOPHBIE IMOIBITKH Yepe3 MHTEPBAJbl BPEMEHH, MMEIOIINe

SKCTIOHEHIMATBHO PACTpeieieH Yo IMHY ¢ mapametpom O, 0>0, He3aBucHMO OT ApyTHX BBI30BOB. B

MOMEHT TIOBTOPA BbI30B BBIOUPAET 7-i IpHGOp ¢ BepOsSTHOCTBIO 1/c, 1 =1,¢ . Eciu npu6op cBoGOIEH, TO

BBI30B 3aHMMAaeT €ro M IOKHIAeT CHUCTeMy mocie obOcmyxuBaHus. Ecnm mpubop 3aHAT, TO BBI3OB
BO3BpAILlaeTCsl HA OPOUTY, aXKe €CIIM OAMH MM HECKOJIBKO JIPYTUX IPUOOPOB CBOOOAHBI B 3TOT MOMEHT.
BBI30BBI C OpOUTHI MBITAIOTCS TTOJIYYUTh OOCITY)KUBAHUE JIO TE€X MOP, OKa UM HE yJacTcs 3aHSATh NpHoop,
BBIOpaHHBIN TIPH COOTBETCTBYIOIIEH MOIBITKE.

3. OnucaHue NoBeIeHUs CHCTEMBI B TePpMHHAX HEMU MapKOBa C HENMPEPBLIBHBIM BPEMECHEM

Pacemorpum npontece G, ={7,,m, ,M,},120, rne
e i,,t>0 —uucno Be30BOB Ha Op6UTE B MOMEHT Bpemenu Z, I, >0 ;

o m,t >0 — gucno 3ausTHIX npuOOpPOB B MOMEHT BpeMeHH £, m, = 0,c ;

e M,,=0 - cocrosuue ynpasmsomtero npouecca MAP-notoka B MoMenT Bpemern £, 1), =0,

OueBuaHo, uro mpomecc (;,¢#>0, sBmgercs nempl0o MapkoBa ¢ HENPEPHIBHBIM BPEMEHEM.
O003HaYMM CTalOHAPHOE PaclpesieNiCHUe YTON Lenu yepes

p@mn)=limPli, =i,m, =m,n, =n},i20,m=0,c,;n=0,. (M

VYcnoBue CyHIeCTBOBaHUA Ipeaciia B (1) MPUBEACHO HMXXC U MPCANOJIAracTcs Aajaec BbIIIOJIHCHHBIM.
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3aHymepyeM cocrosuus enu Mapkosa (;, ¢ >0, B nexcukorpaduueckoM mopsiake u chopMupyem
BEKTOPBI-CTPOKH BEPOSTHOCTEH ﬁi , COOTBETCTBYIOLIME COCTOSIHHIO I YKCJa BBI30BOB Ha OpOHTE.
PasmepHocTH 3THX BeKTOpOB paBHbl M = (¢ + I)W, W =W +1.
Cdopmupyem Taxke MakpoBekTop P =Dy Pis+- s Dor--).

Jlemma. Bextop D siBisieTCsl €IMHCTBEHHBIM PEIIEHUEM CHUCTEMBI:

PO=0, @
pe=l,

rae uaduHuTe3snMabHbIH renepatop Q) uenn Mapkosa (;, £ >0, umeer dopmy

Oy Oy 0 0
1,0 1,1 1,2 0

0% G 0
0 QZ,I Q2,2 QZ,S

r1e OJIOKH Ql- j BBIYHCIISIFOTCS CIIEAYIOLIMM obpazom:

O, =ial,ix1,
Q,=A4A-iaB,iz0,
Qi,i+1 =5,i20,
kBanparubie Matpuil A, B, L, S pasmeproctn M umeror Buj
D, D, (0] (0] (0] (0]
W Dy—pl D,-(c-1)/c (0] (0] (0]
(0] 2ul Dy-2ul D, (c-2))c -- (0] (0]
A=| : : : : : : ;
(0] 0] 0] (0] D, 2/c (0]
(0] 0] 0] (0] o Dy—(c-DHul  D,-1/c
0 0 0 0 cpd Dy —cpl
B=diag(Il, I-(c-1)/c, [-(c-2))c, .., 1-2/c, I]c, O),
O I (0] - 0 0 0]
O O I(c-Dfc -+ O O (0]
0O O (0] - 0 0 (0]
L=: : : R : E
O O (0] - 0O I-2/c O
0O O (0] - 0 0 I/c
0O O (0] - 0 0 (0]

S=diag(O, DVe, D-2c, ..., DHc-2/c, Dc-Dfe, D).

3nech I — ToxkmectBennas Matpuna pasmepnoctu W, O — nynepas matpuna pasmeprocta W,

diag (E|, E,,...,E.,) — mmaronansnas MaTpuia c JuaroaibHbiMu 6nokavu Ey,E,,... . E ., .
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Jlokaszamenbcmeo. COCTaBUB CHCTEMY YPaBHEHHM paBHOBECUS Ul KOMIIOHEHT BEKTOpa ]3 u
neper/sl K MaTpUYHOMY BUAY, OITy4duM (2).

4. CtanmonapHoe pacnpeaejeHne uenu Mapkosa. Y cjioBHE IProIuYHOCTH

OueBuano, 4to uemb MapkoBa (;,#>0, NpUHAMIEKHT K KIACCy ACHMITOTHYECKH KBa3H-

TEIUIMLIEBBIX 1ierieii MapkoBa ¢ HenpepbIiBHBIM BpeMeHeM (asymptotically quasi-Toeplitz Markov chains
— AQTMC, [19]). Ilostomy ammapaT acHMNTOTHYECKH KBa3WUTEIUIMIEBBIX 1emeii MapkoBa ¢
HETPEPHIBHBIM BPEMEHEM MOXKET ObITh TPHMEHEH [UIs YCTAHOBICHHS YCJIOBHH CYIECTBOBAHHS

CTaIL[MIOHAPHOT'O PACTIPEIENICHUS U BBIYUCIICHUS BEKTOpa p CTal[HIOHAPHBIX BEPOSITHOCTEH.

O603HaUYNM
Y(z)=Y,+Yz+Y,2, |2 <1, 3)
rac
Y, =limP,,, k=012,
P, =ia(F+ialy)"'L, i>1,
P, =1y, +(F-+iod,) " (A—iaB), i>0,
P =(F+ioly)'S, i>0,
F=1,,, ®diag{i,,....,A,} +cul,,,

— TOXKIECTBEHHAsT MATPHIL MEPHOCTH MaTpHiL TOJly9eHa U3 MaTPHIIbI MEHOi
I,, — ToxnecrBenHas Matpuna pasmeproctu M, marpuna [, momydeHa u3 ma 1,, 3ameno

TIOCIIE/IHETO IMArOHAIBLHOTO G10ka pasmeproctd W Ha HyneBOid.
Kak cnenyer u3 [19], qocTaTouHOe yCIOBHE CyNIECTBOBAHUS CTAMOHAPHOTO PACMIpPEIECHHs ENU
Mapxosa (;, t >0, umeer cnenyromutyio Gopmy:

XY'(De<1, )
tze Bextop X YIOBICTBOACT YpABHEHIAM:

XY()=X, 5)
Xe=1.

Hcnonp3yst 3T0 yTBEpKICHUE, TOKAKEM CICIYIOLIYIO TEOPEMY.
Teopema 1. CraunoHapHoe pacmpeneinenue nenu Mapkosa (y, ¢ 20, cymecTByer, ciii BEIIOTHEHO

CJICAYIOUICC YCIIOBUC!

A
=—<l. 6

p o (6)

Hoxazamenvcmeo. llopcrasmsas (3) B (4), (5), momyanm:
X[I,,—B+I,F(4+2S)]e<1, %
r/ie BeKTOp X y/IOBIETBOPSET YPABHEHHSM:

-1 1 0 ) 0 o

O —-I-(c-Dfc I-(c-Dfc - 0] 0] 0

0 0 ~I-(c=2))c = O 0 0
X| : : R : : =0, ®)

0 0 0 o =1-2/c I1-2fc 0

0 0 0 0 -1 I-1/c

o o o w0 Fiien  Fi(Dy+ Dy —cpl)
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Xe=1 ,

F.,, — NOCJIEHAI TMaroHaIbHBIA 010K MaTpuibl F , umetommii pasmepuocts W, [, =1,, -1,,.

IIpenacraBum BeKTOp )? B BHUJC )?z(Xl,Xz,...,Xc+1), rae 0ok X], [=1,c+1, wumeer

pasmeprocts W . OueBunno, uto Bektop X HMeeT TONbKO /Ba HEHyJeBbIX Oioka X, u X ,,,. Torna
(7), (8) mepenuiieM B BUzIE

(c=D/c-X,e+ X, (I +F\(Dy+2D)))e< X e+ X,,e, ©)

_I/C'Xc +cl’LXc+1Fc:rll =6’
1/c.}(c +XC+IFC_+11(D0 +Dl —cu]):ﬁ,
e (X, +X,.,)e=1.

Beipasum u3 mepsoro ypasHeHusi cuctemsl (10) X_. u moicraBuM mnoiydeHHOE BbIpaxeHHe B (9).

(10)

[IpuBens nogoOHEIE ciiaraeMsele, 3anwumiemM (9) B BuIe
X Foi(Dy —cpl)e<0. (11)

Bbipasus u3 kaxuoro ypasheHusi cucreMbl (10) X M NpHpaBHSB IOXYYCHHbIC BBIPAKCHHS, HMMEEM

X o F (Dy +D;)=0. Ouesummo, uro X, F ;) =ab ,rne a — xoucranra. Torna nepasenctso (11)
3KBHUBAJICHTHO CIIE/IyIOLEMy HEDABEHCTBY:

0(D, —cul)e<0.

Yto u cnemoBalio J0Ka3aTh.
5. CranuoHapHoe pacnpenejienue nenu MapkoBa. AJropuTM BbIYHCIEHUS

IIpennonoxum, uro ycaoue (6) BbimonHeHo. Tak kak menb MapkoBa (y, ¢ 20, mpuHamIexuT K
kinaccy AQTMC, To cnenyroniee yTBEpKASHHUE CienyeT npsimo u3 [19].
Teopema 2. Bextopsl ﬁi ,i 2 0, cTanuoHapHBIX BEPOATHOCTEH UMEIOT CIELYIOLTYIO (hopMy

p: =PokF), [ =1, rne marpuust F,i>1, onpenensiores us hopmyi:

-
Fy=1,F =% F0,,(-0;;) i1,
=0
MAaTpPHIIBI Q’, onpeNeNAIoTCsS 13 POPMYIL:

Qi , =0,i<l-1i>[+1,

QHJ = Ql—l,l )

01,=0, 10,6,

0110 =011 + QG + 01411402G 10 Gy,

rie matpuisl (7; yIOBIETBOPSIOT Clieytoleii 0OpaTHOMH PeKypCHH:

Gi = (_Qi+1,i+2 Gi+1 )71 Qi+1,i ) i20.

Do €CTb €IMHCTBEHHOE PELIECHHE CIIEIYIOMIEH CHCTEMbI aNreOpanyecKiX ypaBHEHUNA:
Po (_Qo,o) =0,

Doy Fre=1.
=0
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Hwxe npuBeseHb! HEKOTOPBIE XapaKTEPUCTUKU (PyHKIMOHUPOBAHUS CHCTEMBI:

0
®  CpejHee 4KMCIIO BBI30BOB Ha opbute L, = > ip,e;
i=0

o c W

e cpexnee uuco 3anAThIX pubopos L, =Y > > mp(i,m,m);
i=0m=0n=0

*  cpenHee 4ucIiI0 BbI30BOB B cucteme L =L, + L ;

o W
e BEpOATHOCTH TOTO, 4TO Bee npubopsl ceodomnbl Py, => > p(i,0,1);
i=0n=0

o W
®  BEPOATHOCTH TOTO, uTO Bee mpubopst samster Py, =, Y. p(i,c,M);
i=0n=0

o W N
®  BEPOATHOCTH TOro, 4To k mpuGopos cBoGoHo P, =Y > p(i,c—k,m), k=0,c;
i=0n=0

L4 BEPOATHOCTH TOI'0O, 4YTO 000K BBI3OB TIOJTYIUT O6CJ'Iy)KI/IBaHI/IC HCMCIJICHHO IIOCJIC HpI/I6I>ITI/I$I

6. YucieHHbIH NpuMep

C wucrnonp30oBaHWEM HWHQPPACTPYKTYphl mHakera npuiiagHbix mporpamm  “SIRIUS++” [20] Obmn
pa3paboTaH aJrOPUTM BBIYMCICHHS CTAIllMOHAPHOI'O paCIpeeseHUs] BEPOSITHOCTEH M XapaKTepHUCTHK
(hyHKIIMOHMPOBaHUS cHcTeMbl. J[si wutmocTpaiui paboThl MPOTPaMMBI  PACCMOTPHUM  CJICTYFOLIHIA
IIpUMED.

Iycth uncio npubopoB € paBHO 4. IHTEHCMBHOCTH MOBTOPHBIX BBI30BOB (L MPUHUMAET 3HAYCHHUSI
u3 muoxecrsa {1,2,3,4,5,6,7,8,9,10,15,20,25,30,35,40,45,50} . IuteHCUBHOCTL OOCITyKHUBaHHS |
MMPUHUMACT 3HAUYCHUSA U3 MHOXKCCTBA

{0.9861, 0.4931, 0.3287, 0.2465, 0.1972, 0.1643, 0.1408, 0.1233, 0.1096}, mpu osTOM 3arpyska
cucteMsl p Bapsupyercs ot 0.1 10 0.9.

MAP-110TOK 3aJ1aeTCs MaTPULIAMMU:

04 0 0

D,=| 0 -03 0 |
0 0 -06
02 0.1 0.1

D, =|0.1 0.1 0.1
0.3 02 0.1

1 MMEEeT CPEeTHIOI0 HHTEHCUBHOCTD A = (0.3944 .

Ha puc.1 mnpeacraBieHa 3aBUCUMOCTb
YHcia BBI30BOB Ha OpOHMTE OT 3arpy3KH CHC-
TEMbl ¥ WHTCHCHBHOCTH TIOBTOPHBIX BBI30BOB.
OueBHHO, YTO IIPU yBEIUICHUH 3arpy3KH CHC-
TEMbl U YMEHBUIEHMH WHTCHCHBHOCTH IOBTOP-
HBIX BBI30BOB HAOJIIOZAaeTCs yBEIWYEHHE YnCIia
BBI30BOB Ha opoOuTe.

Pucynox 1. 3aBucumocTb uncia L, BbI30BOB Ha opOuTe

OT 3arpyskhd CHUCTEMbl P W HHTCHCUBHOCTH IIOBTOPHBIX
BBI3OBOB O
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7. 3akioueHue

B nanHO# pabGore ObLia MccieA0BaHA MHOTOKaHAbHAS CHCTEMa, UMEIONIasl ¢ UACHTHYHBIX MPHOO-

poB. [ToTok, BXonsumii B cucremMy, SBJsIETCS MapKOBCKUM. Bpemsi o0city)KMBaHUs Ha KaXJOM Mpudope
HUMEET JKCIIOHEHLMAIBbHOE paclpeneiacHue. MIHTeHCHBHOCTh TOBTOPHBIX BBI30BOB JIMHEMHO 3aBUCUT OT
YKCIa BBI30BOB Ha opOute. [loBeeHre qaHHO# cUCTEMBI ONTUCHIBAETCS MHOIOMEPHOH 1ienbio MapkoBa ¢
HENPEPLIBHBIM BPEMEHEM, KOTOpasi MPUHAUIEKHUT K KJIACCY aCUMITOTHYECKH KBA3UTEIIMLEBBIX LENen
Mapxkosa. IloirydeHO 1OCTaTOYHOE YCIIOBHE CYIIECTBOBAaHMS CTallMOHAPHOTO paclipeaeseHus, pa3pabo-
TaH U PEaN30BaH YMCICHHO QJITOPUTM HAXOXAEHHs CTALlMOHAPHOIO PacIpelesIeHHs] BEPOSTHOCTEH U
OCHOBHBIX XapaKTEPUCTUK (PYHKINOHUPOBAHUS CHCTEMBL. [IpecTaBieHbl YMCICHHBIE PE3YJIbTATHI.
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TRANSITION PERIOD IN LATVIA AS A SOCIAL-ECONOMIC
“SIMPLE CATASTROPHE”

YU. KOCHETKOV
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The paper describes the transition period of the social-economic system in Latvia in the 1990s. For analysis of the period the
macroeconomic quality-quantity model of “simple catastrophe” of gather is offered. The flags of the catastrophe are analysed. The
offered model permits to better understand the point of the course of events and show the most rational way out of the chaos and
crisis state, which is an inevitable attribute of the existing complex systems in transition periods.

Keywords: flag of the catastrophe, simple catastrophe of gather, bifurcational multitude, living standard of population

For Latvia the period of the 1990s was a period of regaining independence of a sovereign state on
the one hand, but on the other hand it was a transition period from a commanding-administrative system
in economics and public life to market based relations in the conditions of democracy. During this period
noticeable social-economic processes of restructuring took place in society of Latvia as well as formation
of market economy. The transition period in Latvia (as in many other countries of Eastern Europe)
adversely affected the welfare and living standards of a considerable part of the country’s population:
marked stratification of the society occurred due to the amount of their income, unemployment increased
considerably, a great number of poor people and people on the brink of poverty [1; 2] appeared. Latvia
faced also a deep demographic crisis, the death rate greatly exceeded the birth rate and tremendous
decrease of the number of population of the country was observed. Demographic crisis was a direct
consequence of the social-economic crisis in the country.

The social-economic situation of a country might be treated as a “soft” dynamic structure, the
people themselves determine functioning and development of which to a great extent. Commanding-
administrative system that existed in Latvia before the 1990s was relatively developed and stable: the
dynamics of the growth of the gross domestic product in Latvia (see below) is indicative of that.
Therefore restructuring of the system and transition to market economy using the methods of gradual
continuous improvement of its functioning were not possible [3]. The complexity of the mathematical
theory of restructuring social-economic systems is connected with their non-linear character: the results
of their influence on the elements of the system are quite often disproportionate to the exerted effort. The
following can serve as an example to this type of a conclusion — considerable amount of financial means
invested into the national economy in the 1980s did not bring about great efficiency, did not improve the
people’s welfare. The aim of the present paper is to give analysis of the development of the social-
economic situation in Latvia and its impact on people’s welfare during the 1990s using modern
mathematical theories, in particular topological dynamics.

In the period between 1980 and 1990 there was observed a steady growth of the gross domestic
product (GDP) — an average of 5% per year: in 1990 GDP had increased 1.5 times as compared to 1980.
In this case and further on the data from annual materials of the Central Statistics Bureau of Latvia (CSB)
are used as well as materials from CSB reports on investigation of the budgets of family households in
Latvia for the period 1990-2000. However, at the beginning of the transition period a substantial
decrease of the volume of GDP is observed: in 1993 the volume of GDP of Latvia constituted about a
half of that of 1990. Only beginning with 1996 GDP started increasing in Latvia again. With the purpose
of analysing the dynamics of the basic social-economic data of the development of the country in the
transition period basing on the statistical data of CSB of Latvia the author has made calculations of the
basic indices with a constant basis for comparison. The values of the indices in the year 1990 —
corresponding to 1.00 were taken as basis for comparison (see Table 1).
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TABLE 1. Systems of the basic indices of the main social-economic data

. > — o e by w o [y -] =) =4
=] Name =) =) =) = =) =) = =) = =) =
Z 2 |12 |8 &2 |8 |2 |2 2 3 S S
1 Gross domestic 1.00 |0.896 |0.584 |0.497 |0.500 |0.496 |0.513 0.557 0.578 0.585 0.623
product (GDP)

2 A - quantity reverse | 1.00 0.833 |0.128 |0.057 |0.030 |0.028 |0.026 0.034 0.036 0.037 0.038
of the percentage of
people looking for a
job to the number of
economically active
population of the
country

3 B - the real wages of | 1.00 0.684 |0.467 |0.490 |0.529 |0.513 |0.467 0.486 0.510 0.525 0.541
people working in
national economy

4 | C - proportion of 1.00 |0.768 |0.484 |0.471 |0.503 |0.497 |0.452 0.452 0.490 0.503 0.529
the average income
per one household
member to
subsistence
minimum

5 Statical curtailment S | 1.00 0.757 10.249 |0.138 |0.081 |0.075 |0.069 0.090 0.093 0.096 0.100
of the data A, B, C

All data given in Table 1 are non-dimensional quantities. It is known that the notions “living
standard” and “quality of life” are artificially created. It is a common opinion that if a person’s living
standard basically depends on the proportion of expenses on purchasing foodstuffs then the quality of life
depends on lots of factors. The author of the present paper uses statistical curtailment of the three basic
values A, B, C as a generalised index of the quality of life of the population determining social-economic
conditions of people in the country (Table 1). Summing the reverse of the value in this case performs
calculation of the curtailment:

1/S = 1/A+1/B+1/C; S = ABC/(BC+AC+AB).

Here we can see a non-linear dependence, which characterises the saturation of the result of
curtailment S in case separate values (A, B, C) being increased.

Taken as a whole Table 1 testifies that until 1996 the decrease of the value of GDP was observed,
later it started to grow slowly. The values characterising the quality of life of the population of Latvia
were decreasing until 1997: the year 1996 is the last year having decrease in the indices, there appeared
“a delay” in changes of these values by one year compared with the changes in GDP. In the period up to
2001 the index of the quality of life (S) increased almost by 45% if compared with the level of 1996, but
the GDP index increased by 25.6% during the same period if compared with its lowest level in 1995.
However, in the year 2000 despite its excessive increase the indices of the quality of life of the
population constituted only 10% of the 1990 GDP level. It indicates a very low decrease of the quality
index, consequently also the living standard of the population of Latvia in the 1990s.

The social-economic system of a country, being a “soft” system, exhibits some certain features in
case mathematical approach is applied to study it, which substantially differentiates it from the “hard”
technical systems. Transformation of the parameters of a “soft” system basically occurs as non-linear
dependences, the structure of the social-economic components is non-stationary and constantly changes
under the influence of the managerial decisions made by people. The number of temporary and spatial
feedbacks in the system is enormously large. On the other hand, in the conditions of transition of the
national economy to new management principles and new technologies the human factor becomes highly
significant: inertia of earlier models of behaviour and psychology of people quite often interferes with
proper evaluation of the situation and making the optimal decisions on the part of managers. The main
tasks of administrative bodies of any country are efficient functioning of national economy and optimum
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protection of welfare of the population during transition periods. However, due to the above-mentioned
reasons the adopted regulations in Latvia (as well as in other East European countries) concerning
administration of the economy in the 1990s quite often lead to undesirable consequences, to changes to
the worse in the life of the population. Application of the method of economic-mathematical modelling is
aimed at minimising the harmful consequences of the adoption of inappropriate decisions in economy
and social sphere: it is time to pass from experiments on real economics and consequently on people to a
scientific prognostication.

It is known that within non-linear dynamic systems with non-stationary structure, a social-economic
system might be referred to as such, there can arise negative destructive processes of “catastrophe” type
in case stabilising feedbacks are impaired. Stable development of the social-economic system of the
country is analogous to the notion of stability in Mathematics. The dynamic system is considered to be
stable if it functions in prearranged conditions irrespective of the exerted influences. However, as it was
known in the ancient world already, sometimes-even small changes destroying harmonious development,
can lead to great cataclysms in society. In the second half of the 20th century the topological theory of
dynamic systems was created, describing considerable leaps and transitions of the functioning systems in
a mathematical way. One of its trends is the catastrophe theory.

There exist no theorems or generally recognised social theories in human society analogous to the
rules of mechanics, for example. Therefore on the basis of sociological models there always lie certain
paradigms [4]. Assumptions of linearity or convexity of the functions describing the condition of human
society in sociological models are simplifying and do not correspond to the real situation in the world. As
a matter of fact there manifests a constant non-linear character of behaviour of the basic values, which
determine social-economic processes. In the simplest case such phenomena might be described through
bifurcation of functions and we cannot do without using the simple catastrophe theory [5].

Certain indirect evidence is usually a sign of the approaching catastrophe — so-called “flags of
catastrophe”. These are some peculiarities of behaviour from which one can judge of the system
approaching the critical point when a catastrophe starts. One of such “flags” was mentioned above: that is
“critical slowing down” of the rate of growth of the country and improvement of people’s welfare at the
turn of 1980s and 1990s despite the increasing amount of investments in social economy of those days. In
the given case the social-economic system is treated as a gradient dynamic system or as a movement in
the field of potential forces [5]. The issues of the structural stability of such systems are dealt with by
catastrophe theory.

Substantial stratification of people according to the levels of their income, appearance of a large
number of poor people, high unemployment level and a very low percentage of comparatively wealthy
people in society at the beginning of the 1990s are indicators of the following two “flags of catastrophe™:
difference of the linear response and the anomalous dispersion of the living standard and the welfare of
the country’s population. The discrepancy is indicative of the fact that the system is in the vicinity of the
critical point, and even small changes of the main parameters of the system can lead to destruction of
stability and shifts in the development of social-economic situation in the country in one or another
direction. During the research the author ascertained that there exists an expressed unevenness of the
distribution of national wealth [1,2]. So for example, the coefficient of the funds characterising the
correlation among the income of the 10% of the richest part of the country’s population and the 10% of
its poorest part constituted Kp=11.9 in 1998. The coefficient of the concentration of the income
according to Gini calculated on the basis of the average per capita income in Latvia constituted
Ky =0.387. This testifies to an unjust distribution of the income in society, practical non-existence of the
middle class and indicates anomalous dispersion of the living standards of the population.

Modality and an ordinary discrepancy of the values of the parameters characterising the condition of
the system are also standard “flags of catastrophe”. Modality means that the potential function describing
the system possesses more than one local minimum in a certain area of changes within the outer control
parameters. In the case of the social-economic system under discussion it leads to bimodality under
certain conditions: presence of a large number of people with a very low standard of living and a small
layer of comparatively rich people in society, with actual absence of the middle class, which is a
stabilising element of a system. By an ordinary discrepancy we understand instability of the processes in
the system in case of changes within the trajectory of the control parameters when slight deviations of the
trajectory lead to quite different final values of the variables of the condition than it was planned before.
For example, in practice it means that the planned measures aimed at improvement the people’s living
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standard (increase of pensions, allowances and benefits, salaries and others) most often do not bring the
desired results due to rise in prices and inflation.

As a sign of the “flags of catastrophe” also irreversibility of the system and unattainability of
stability of the social-economic condition in society should be mentioned in the given situation.
Irreversibility of the system lies in the impossibility to return it to the previous conditions, to planned
economy. But the actual absence of the middle class during the period under discussion -in the 1990s — in
Latvia, which stabilises the social-economic situation, indicates unattainability of stability in the system.

It is known that most systems of practical interest the presumption forming the basis of the simple
catastrophe theory cannot reach fully [5]. It is connected with the fact that the control parameters are
quite often dependent on the time, but variable conditions are subjected to fluctuations. However,
following certain principles and acceptance of some assumptions make it possible to use the results of the
simple catastrophe theory. Analysis of the evolution of the condition of the balance of the gradient
systems is not the concern of the catastrophe theory. Therefore the present paper accepted an agreement
that evolution is of quasi-static character, all time derivatives are very small.

In order to even partially describe the condition of the gradient system controlled by the potential a
point is used, in which the potential takes the minimal value. Changes in the outer conditions cause
changes in the control parameters that lead to the changes of the potential function. In this case the
condition of the global minimum determining the condition of the system might experience changes, and
the system might change from one minimum into another [5]. On the other hand, the considerable
dispersion of the living standards and the welfare of the people, the marked difference of their income
taken into consideration the present paper has accepted as a standard a relatively high level of the “noise”
of the condition of the variables in comparison with the height of the inner transition barrier in the social-
economic system. Therefore the transition point and the minimum corresponding to the stable condition
of the system are determined according to Maxwell [5]. This principle implies that the condition of the
system is determined by the global minimum of the potential function with the presence of marked
fluctuations of the variables of the condition.

Also the histerezis phenomenon and so-called catastrophic leaps refer to the “flags of catastrophe”
discussed above. However, on the basis of the agreement accepted before — Maxwell’s principle, no
hysteresis arises in the system under discussion. During the transition of one local minimum determined
by the change of the control parameters into another there might be observed great changes of the values
of the variables of the condition (people’s living standard and their welfare). This is what should be
called catastrophic leaps. Certain smoothness of the changes in social-economic sphere taken into
account such leaps will be followed by smooth changes in the values of the potential. The set consisting
of eight “flags of catastrophe” and discussed above is reasonably sound. Therefore, it can be claimed that
there occurred a social-economic “simple catastrophe” in the 1990s in Latvia.

The present paper offers a suggestion that the processes of the transition period under discussion in
the social-economic system of Latvia in the 1990s are described with the help of a certain number of
control and inner parameters. In a general form the function of the elementary catastrophe Cat (1, k) can
be written down in the following way [5]:

Cat (1, k) = CG (1)+Pert (1, k),

where CG (1) is a sprout of the catastrophe or non-Morsian function 1 of the condition of variables; Pert
(1, k) — changes of the catastrophe with the number of control parameters equal to k. The sprout of the
catastrophe is an organisational centre around which the lower forms of the catastrophe are arranged.
This is a type of organisation that all canonical catastrophes have. Whitney’s theory determining the
geometry of catastrophes claims that any smooth reflection of the surface on a plane breaks into gather
and pleat after some small change [3]. A characteristic feature of projecting the surface on a plane in the
form of a gather (gather by Whitney) is stable and is widely used in practical applications of the
catastrophe theory. Therefore it is this type of a simple catastrophe that was used in the present paper to
create a model.

The multitude of the canonical catastrophe of gather is a smooth sub multitude in a three-
dimensional space of the conditions R* (Figure 1), where R — standard symbol for a set of real
numbers [4].
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Figure 1. Projection of gather of “a simple catastrophe” on plane of the control parameters and empiric data

The control space R? in the given case is a two-dimensional plane of the control parameters on
which catastrophe of gather finds its representation. As the dimension of the deformation here is equal to
2, then on the basis of factorial analysis parameters GDP and S have been adopted as control parameters.
GDP determines the condition of the country’s economy taken as a whole; therefore it is adopted as a
splitting factor. As a normal control parameter a generalised index of the quality of the life of the
population — S is used. The variety of the given catastrophe gather will be sub multitude all over the
space R*xR?, which is a surface of balance in the coordinates x, S, GDP where x is the inner variable of
the condition of the system characterising the living standard and welfare of the population.

According to R.Thom’s classification of simple catastrophes the catastrophe gather by Whitney
under discussion refers to type A;[S]. The family of potential functions of energy serves as standard
deformation:

Fup(X)=(1/4)x*+(1/2)ax*+bx+C,

where C is some constant, oo and b — are control parameters in the space R13 . The given expression
determines the smoothness of the representation of a catastrophe gather in plane R? of the control
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parameters as it is differentiated a sufficient number of times. The constant C is set equal to zero, as the
analysis of the critical points with the purpose of getting useful information is performed on the
derivatives. The two-dimensional multitude of the catastrophe gather placed in the three-dimensional
space X, a, b is calculated by an equation:

d/dx(F g(X))=x"+ax+b=0.

This equation gives a possibility to determine the critical points of the potential function F,(x) with
the given parameters a and b. Equalisation of the discriminant of the cubic equation determining the
variety of the catastrophe with zero makes it possible to determine parametric connections between o
and b:

D=(a /3)*+(b/2)*=0.

This is a semi cubic parabola with a return point at the beginning of the coordinates aO;b (Figure 1).
It is a separatrix of the space R? of the control parameters and divides it into two open areas, representing
potential functions F,(x) with a different number of critical points. The starting point of the coordinates
O, or the point of gather represents the function x*4 (sprout of the catastrophe) having a critical point
degenerated three times. The points with a smaller area (within the separatrix) each have three prototypes,
as three points of gather of the conditions of catastrophe are projected in them. The points of the bigger
part of the space of the control parameters (outside the separatrix) have one prototype and represent
functions with one critical point. The points of the separatrix itself have two prototypes and parameterise
the functions with critical points degenerated twice. On the approach to the beginning of the coordinates
O, from the smaller area all three prototypes merge. In Figure 1 potential functions are shown (1,2,3) that
correspond to some points on plane R? of the control parameters.

When depicting catastrophe gather on a plane of control parameters the separatrix of the space R*
viewed in geometrical context is a projection of points, in which the tangents of the plane are situated
vertically. The semi-cubic parabola viewed above — is “a shadow” of the pleat of the variety of the
catastrophe when exposed to its rays, parallel to axis x. The functions parameterised by the semi cubic
parabola are structurally unstable with non-Morsian critical points, as in case of changes the points might
shift from the inner area of the separatrix to the outer area and vice versa. Therefore the given parabola in
a number of cases is treated as a local bifurcational set, i.e. a number of points in which transition from
one local minimum to another occurs.

As it was mentioned above when considering the social-economic system of Latvia in its transition
stage an agreement was made to use Maxwell’s principle. Therefore, in the case under discussion
bifurcational set is non-local and represents Maxwell’s set or non-local separatrix in the plane of control
parameters [5]. This is a semi straight line 0<0, b=0 in the plane R* (Figure 1). Transition from one
minimum to another occurring in the points of the bifurcational set is also called phased transition, which
corresponds to qualitative changes of the qualities of the system. It should be noted that in certain cases
with certain values of the control parameters GDP and S the level of the “noise” of the variables of the
condition x might decrease. Then we can say that phased transitions will occur in the points of
“indistinct” not strictly determined bifurcational set. It is natural that this will occur during the periods of
some regulation, stabilisation of the processes in the social-economic system, when separation from the
Maxwell’s bifurcational set is taking place.

In the system of coordinates the life quality index of the population of Latvia — S and GDP adequate
points have been inserted on the plane of control parameters beginning with 1990 and the year 2000
including (Table 1, Figure 1). The points are joined by segments of straight lines. The broken line that we
obtain crosses the Maxwell’s bifurcational set three times, and all of its points are situated near this set.
Thus, the above taken into consideration we can say that the area within which fluctuations of the inner
variable x of the condition of the system occur is the area on the plane of the control parameters including
Maxwell’s set and the “indistinct” set. Dotted semi straight lines originating from the critical point 0,
which denotes the year 1990 limit this area. The system fluctuates within the bifurcation set of the
catastrophe gather, alternately “jumping” from the top plane of the multitude of the catastrophe to the
bottom plane and vice versa. The peculiarities of these processes connected with the change of the form
of property and privatisation were considered above when the “flags of catastrophe “were described.
Projection of the area of pleats of catastrophe gather are superimposed on the empiric data, it is a
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separatrix of the space R” of the control parameters. The equality of the separatrix within coordinates
0O,b was given above. Transformation of the coordinates with the help of simultaneous shift and bend of
the axis of the coordinates allowed expressing coordinates a and b of the separatrix through GDP and S
(angle 6=90°-pB):

o= S—1 ctgf(Scigh —ctgd — GDP +1) b Sctgd — ctgd — GDP +1
Sin@ Sin@ + Cos bctg 0 ’ Sin@ + Cos bctg0

It is known that instability of development of extensive complex systems, social-economic system
of people’s society is among them, does not make it possible to predict their behaviour for long periods
[6]. The analysis of the above quantity-quality macroeconomic model of such a system exhibited the
following. The model of “simple catastrophe” in itself cannot replace the study of complex social-
economic processes and prompt a recipe of a rapid solution of a crisis. It gives an opportunity to deeper
understand the developments, their latent regularities and help in finding the ways out of the chaos and a
crisis situations. Chaos and crisis are inevitable attributes of transition periods during the existence of
complex systems, as it is through them that new order and new relationships come into society.

As Table 1 and Figure 1 above show up to 1996 the GDP and the index of the quality of life of the
population kept decreasing; after that a gradual growth of these indices took place. Improvement of the
situation in the country shows that the process of straightening out, self-organisation of the social-
economic system, stabilisation of the economy and overcoming the chaos has started [6]. During such
periods when getting out of the crisis has started it is important to start a stable trajectory of development,
to define the desirable trend. First of all the way out of this dangerous zone should be found, as far as
possible from the bifurcation set. It is known that formulation of a problem and a unique solution of the
optimisation task of managing macro economy is entirely impossible. However, there always exists a
possibility to discuss different versions of development of the social-economic situation in the country,
among other things using the model of “simple catastrophe” gather the present paper is dealing with.

In the diagram in Figure 1 we can distinguish three feasible directions of prospective development
in the nearest future. The first direction (I) leads to rapid growth of GDP and fast withdrawal from the
zone of the bifurcation set. However, it is fraught with social cataclysms due to the slow growth of the
index S of the quality of life of the population and accordingly low living standard of the people. On the
contrary, the second development of growth (II) establishes social protection of the population,
improving the living standard of people as priority, but with slower rate of the growth of GDP. The
danger here lies in the fact that this direction goes concurrent with the bifurcation set and at an inadequate
volume of GDP the bifurcation process might start again and the system is likely to return to the state of
chaos, as there will not be sufficient economic resources to increase the index S. The third direction in the
development (IIT) occurring with paralleled balanced growth of GDP and S is the most rational. The
development trend existing today more likely corresponds to direction I. To pass over to direction III
certain measures should be taken aimed at improving the standard of living, social protection of people,
such measures which the government of Latvia is not giving much attention to at present.

Conclusions

e The complex social-economic processes of the transition period in the 1990s in Latvia can be visually
depicted as a model of “simple catastrophe” gather (type A.;), which is substantiated by the presence of
adequate flags of catastrophe.

e It has been ascertained that that bifurcation set of the catastrophe gather for the social-economic
system under discussion is determined more precisely as a complex of Maxwell’s set and “indistinct” set.
e In case the continuity of the processes is broken the model of catastrophe gives an opportunity to
point out the most rational ways out of the of chaos and crisis state: development of economics and
raising GDP is not an end in itself, but a balance should be maintained with the growth of welfare of the
population and people’s living standard.
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be represented in form of the so-called aggregative design components. In order to support aggregative components a frame-based
structure of the abstract product is used.
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1. Introduction

Advanced technique of synthesizing conceptual design solutions is mainly based on application of
methodology of functional design [1]. General statement is to link design functions with the product
behaviour, and then this behaviour with the product structural (physical) embodiment to achieve the
overall design specification. However, there are some problems of functional design that have not yet
explored sufficiently. One of these is design in dynamic environments, in particular, under conditions of
Internet/Intranet environment by virtual exchanging knowledge being taken from private experiences of
involved partners. The main barrier is incompatibility of information formats used in different Product
Support Systems. Moreover, knowledge about emergence of valid information for the current design case
is not obvious when data exchange occurs. Therefore the transferred information needs to be managed.

This trend touches upon many questions concerning methods, infrastructure and organization for
product data sharing, for distributing work, for detecting and resolving conflicts. The critical issues in
sharing and managing design information are:

- patching heterogeneous databases together to create some middleware infrastructure;
- developing a single product data model to create homogeneous design environment.

The first approach is used to exchange product data in a federated manner, while as each of involved
partners solves certain subtask in general task of collaborative design [2]. In case of using a single tool for
CAD-files generation and visualization (e.g. the VRML format) the involved partners enable to interact
with each other through accessing solutions designed. A major disadvantage is that functional structure
and a product configuration has to be conformed previously. The second approach is based on global
databases concept, standard data packages, or agreed ontology of the design domain needed in significant
implementation and customisation effort [3]. Therefore the development of more flexible collaboration
models for conceptual design is necessary.

Our analysis revealed that one could support both individual and collaborative design process relying
on the federated conception within so-called the abstract product structure (APS). The proposed scheme
of user knowledge exchange is represented in the next section.

2. Representation of abstract product structure

In the proposed scheme, APS is considered as a multilevel frame-based network constructed as a
result of functional decomposition of some design domain. This enables the users to represent explicitly
and to share own knowledge with each other over instances of describing the selected class frames. The
feature is a support of alternative views on functional and structural properties of the same design
artefacts (design components). So, a common interest of all involved partners is to intensify these
knowledge exchanges to reuse them for deducing inferences and improving a quality of products being
designed for own needs.

The development of APS is based on distributing all design concepts into five functional layers
corresponding to definition of: machine part design features (the 1* layer C); machine parts (the 2™ layer D);
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subassemblies (the 3™ layer S), and assemblies (the 4 layer A). Each of these layers comprises finite
number of class functions used for modelling functionality of associated design concepts. The highest 5
layer defines the overall function of the design domain investigated.

In particular, analysing different types of transferred energy in the mechanic domain M (force,
torque, pressure, temperature) we have categorized functions of all assemblies into four class functions
such as transference, fixing, adjusting and driving. Analysing different types of mechanical relations
between interacting parts we have categorized functions of all subassemblies into ten class functions such
as transference/move, transference/rotate, fixing/position, fixing/seal, adjusting/limit, adjusting/control,
driving/rotate, driving/move, catching and mating. For functional classification of machine parts, seven
classes have been established such as rofating, moving, limiting, sealing, positioning, controlling and
fastening. At last, for functional classification of machine part features, their influence upon definition of
a machine part working function, basing schemes and receptivity to external power loads has been taken
into account. As a result, we have restricted by nine class functions of design features such as
operating/move, operating/rotate, operating/limit, reinforcing, basing and others.

A primary model of APS is constructed by establishing rigid hierarchical relations between class
functions of adjacent layers. This implies the definition of so-called abstract class frames as some two-
layer (4-S), (S-D), and (D-C) hierarchical structures, each of which includes the vertex class function and
its subclass functions of lower layer [4]. Duplicated from the experimental WEB-page a partial list of
such abstract class frames is shown on Fig. 1. It is determined that a number of subclass functions in any
abstract class frame can be restricted by four ones to interpret unambiguously the most essential
functional and structural properties of existent design components.

The interpretation process consists in using slots such as Concept Name, Image Name, Instance
Function Name, Instance Function Entity and others to represent the design component sequentially in the
following forms:

- the conceptual class frame related to the selected abstract class frame;
- the instance frame related to the selected conceptual class frame.

[ Add ] [ Edit ] [DEIEtE] Function Classes:

Ho|Function Class|Layer| SubClass 1 [L1| SubClass 2 [L2[(SubClass 3|L3[(SubClass 4|L4 (Select
1|adjustiControl |5 Controlling  |D |Moving D |Positioning |D |Ratating D | & | 122
2{Adjustilimit = Lirmiting O [Mawing O [Positioning (D |Rotating [m] i
Fadjusting I AdjustiCantrol(S [AdjustiLimit S |Catching (S |Mating = i
4|Basing c i
a|Catching 5 Lirmiting D |Fastening O |Moving D |Rotating (] 1
B|Contralling D Basing C |CperatefControl|C |Reinfarcing | 3
T|Driving A Driving/Move |5 |Driving/Rotate |5 |Catching S |Mating = (O]
2[DrivingfMove |5 hawving O [Lirmiting O [Controlling (D |Positioning |D i
9|Driving/Rotate (S Fotating O |Lirniting D |[Contralling |D |Positioning (D i
10|Fastening (] Basing C |COperatefFasten |C |Reinfarcing |C i
11 |FixPosition 5 Fositioning D |Fastening O |Lirmiting D |Moving (] 1
12|FixiSealing 5 Sealing D |Lirmiting D |Fastening |D |Mowving (] 1

Figure 1. Representation of abstract class frames

At first, it is required to interpret general behavioural aspects by describing the design component in
terms of design concepts to be shared between the vertex and subordinate class functions of the selected
abstract class frame, for example:

CFR [<Driving, Hoisting mechanism>, <Driving/Move, Driven drum of winch>,
<Driving/Rotate, Electric motor>, <Catching, Reduction gear>, Mating, Brake clip>],
where CFR is a name of conceptual class frame.

Secondly, it is necessary to provide design concepts for instance functions and graphical images in
accordance with functional and structural decomposition of the design component, for example:
IFR [<Hoisting mechanism, Image, Provide a hoisting the palletised loads>,
< Driven drum of winch, /mage, Provide a feed motion of winch cable>,
<Electric motor, Image, Create a torque on main drive shaft>,
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<Reduction gear, Image, Transform a torque on driven shaft>,
<Brake clip, Image, Reduce a rotary inertia of drive shaft>],
where /FR is a name of instance frame.

Depending on a purpose of design each graphical image can display a real physical structure, sketch
or schematic circuit with application parametric equations, computing algorithms and other mathematical
models intended for behaviour simulation of the design component. Therefore, template facets with
attributes of function entities (related to instance functions) and design concepts are used to complete the
interpretation process. In this case, the user assigns a value space for the most important functional and
design attributes. As a result, the interpreted design component is transformed into two-layer
function/means structure consisting of the vertex design component and appropriate subcomponents of
lower layer (or design organs). These function/means structures can be called by aggregative design
components (ADCs). Based on user knowledge capture they are stored in separated library.

In synthesizing design solutions, ADCs have to play a role of solution elements. In fact, it required
modifying the functional design approach (FD-technology) to develop the method of so-called
aggregative functional design (AFD-technology).

3. Mathematical model of AFD process

In order to outline main features of the proposed method it is advisable to describe general
mathematical model of functional design process. As is known, it is aimed to find those design
components whose output functions can achieve the desired output functions. Given a library of design
components associated with simple behaviours this task is solved starting with decomposing of the
purpose function inquired in the user functional requirements (query).

Let C denote general set of design components and F(g) denote a set of functions inquired in query ¢;
C = {c;}, i € I Then, mathematical model of synthesized function/means tree (in general case, we deal
with the graph with contours) can be represented as follows:

G=<H, F(g), v, R>, M

where design components H < C are nodes of the graph; F(g) are its edges; w is an incident or that
identifies subsets of nodes H(f) incidental with an edge /' (Vf € F(q)); R is subjective mapping on subsets
H(f) so as for each component ¢; € H(f), a set of relevant components ;¥ can be found; at that ge N', and
N'=1{12,.}.

The graph G is oriented one. It allows one to determine input-output relations on a set H of design
components. The certain disadvantage is a danger of initiating information explosions that can lead to
generating entire forest of function/means graphs.

In the considered AFD process, the graph G is structured from ADCs enabling to achieve the design
solution in smaller number of iterations. Let S; be a subset of ADCs connected with a use of the i-th
design component; S; = {s;}, j € M, It follows that we can represent the synthesized graph in extended
form like:

G'=<H,F(g) ¢, R>, ()
where H'= | | S, : F'(q) is an extended set of edges such that H(f)= | J H' (/') , Vf € F(q);
i i

' is an extension of y on sets H and F'(g), R’ denotes uncertain subjective mapping.
Thus, in AFD process, the main emphasis is placed of on performing transformation as follows:

<H,F(g),y' R>-><HF(q), y,R>, A3)

in which two design libraries should be used, such as:
- ADC library for generating function/means structures;
- solution library for optimising function/means structures.

The first one requires the application of auxiliary procedures to avoid an appearance of design
solutions with redundant structures. The second one enables at once to select the solution prototype with
an irredundant structure for the present situation. AFD-process in more detail is described in the next
section.
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4. Synthesis of design solutions
In contrast to functional design the AFD process is based on combining of “top-down” and “bottom-

up” steps for deducing inferences. These steps are the following:
- retrieving ADCs for the purpose function inquired (“top-down” step);
- retrieving vertex components for the design organ selected (“bottom-up” step);

- coupling relevant vertex components (“top-down” step);
- correcting a structure of design solution being synthesized (“bottom-up” step).

Hoisting Driven drum
mechanism of winch
f RS -
| P
| et
Brake | Driven drum Winch Bearing
clip | of winch clutch unit
1
! (null image)
' a) Substitution of design organ
‘I
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1
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[ Brake mechanism E
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, N
' Driven drum
A of winch
B Brake
! clip []
Brake Hydraulic Hydraulic Bearing
clip cylinder cylinder unit
¢) Coupling ADCs

[] - Designorgan

b) Exception of unnecessary design organ

Legend: IEI - Purpose ADC;

At the first step the most preference is given to those ADCs whose organ structures contain sub-
functions inquired by the user. For retrieval, a library of ADCs is used. Here, one should have in mind
that all inquired sub-functions are to belong to the (k—1)-th description layer with respect to the design
problem being solved on the k-th description layer. This means that the designed assembly will include
only subassemblies and other assemblies, the designed subassembly will include only parts and other

subassemblies, and the designed part will include only design features and other parts. If exists some
ADC that satisfies all functional requirements, then an attempt is made to retrieve its real prototype in a
case library by comparing with the design constraints given. Otherwise, a message is generated about

@I - Vertex design component;

Figure 2. Deducing inferences from ADCs

missing or contradictory design parameters to create new prototype.

In order to satisfy uncovered functional requirements the second step concerned with extension of
current ADC is executed. For that it is necessary to retrieve additional ADCs whose organ structures are
set intersected with current ADC at least by one design organ. The selected organ can have either null or
complete graphical image. Null image means that the design organ is defined on (k—1)-th description
layer as only the design concept, while it’s the behavioural properties should be found on £-th description

layer. Thus the design organ is becoming the vertex component of additional ADC. Restricted to
reductive description of behaviour (in form of conceptual class frames) such example is shown on Fig. 2a.
Other example shown on Fig. 2b is related to finding vertex component for the design organ with
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complete graphical image. In both examples, the main goal is to select the most preferable ADCs that
comprise maximal number of uncovered sub-functions. For retrieval of possible prototypes, the case
library can be also used.

The third step is aimed to verify the compatibility of ADCs within a structure being synthesized.
According to underlying principles of functional design the connections between design components are
specified as input-output relations between their functions. Two components can interact with each other
on condition that their functions have the same entity. Therefore it is necessary to analyse entity attributes
before two components can be connected together.

The described AFD process solves this task by analogy. The feature is a use of such procedure for
only vertex design components. In order to narrow a seek area of design solutions the functional
requirements must include entity attributes for each function inquired.

The forth step allows one to modify relations between ADCs coupled. It involves the procedures of
substitution and exception of unnecessary design organs. In particular, the substitution procedure is
performed with respect to design organs that have null description (Fig. 2a). The exception procedure
enables to remove one of two repeatable design organs used for coupling vertex components. As shown
on Fig. 2b it leads to resulting in contours into the graph synthesized. Other application of the exception
procedure may be a remove of design organs that do not contain sub-functions indicated in requirements.
The resulting graph for a modified structure consisting of three ADCs is shown on Fig. 2c.

The described AFD process is cyclic. It is finished when one succeeded in covering all sub-functions
inquired. Otherwise, it is necessary to reject the first-choice hypothesis concerning the purpose design
fact (in our example it is called by Hoisting mechanism) to continue the AFD process by finding other
ADC for the purpose function inquired.

5. Retrieval of relevant ADCs

In reality, the described AFD process is one of possible scenarios that the user can select in
synthesizing solutions by means of the Reasoning Engine within a frame-based APS. Other scenario
(a backward approach) is to synthesize design solutions starting with analysis of given sub-functions to
work then a way to the purpose function. Therefore, the development of effective search procedures for
retrieving relevant information is required. Since we deal with multiple class frames in APS, it is better to
use the fuzzy logic for removing partial uncertainty occurred in selecting relevant ADCs [5].

Suppose that the user query g specifies the relationships F(q) < P x F , where P is a set of entity
attributes p and F is a set of functions f'to be satisfied. Let ((p,c),® )" € [0,1] be a weight of the pair (p,c)”
in which the entity attribute p is matched with the design organ ¢ belonging to y -th function, ce C. Then
the total weight (c, w)” of the design organ ¢ about the query g can be represented in form of the Euclidean
distance d (c,q) ” by identifying the specified attributes p of the design organ c.

Allow a set of such design organs C” = {(¢,®) ’/ ¢}, and the membership function s C” x C"— [0,1] to
evaluate the similarity degree u (¢, w)” = ((¢,w), I) ” of each design organ with respect to the user query g,
where [ is a value of linguistic variable, C” < C.

For that, we divided a set C” into clusters according to three terms of linguistic variable such as litt/e-
suited, almost acceptable and acceptable design organs about the query. These terms and values of
linguistic variable / evaluate the similarity degree of design organ ¢ by evaluating its membership degree
with each of above-mentioned clusters. For clustering, as shown on Fig.3a, we used two trapezoidal and
one triangular membership functions with three critical points (0,2, 0,5, 0,8) within the common interval
[0,1] of measuring the Euclidean distance.

Further, let (((¢, ), 1),” s) " denote membership degree of design organ ¢ in organ structure of the s-th
ADC that belongs to 7 - th function, s € S. Then the total membership degree ((s, @), [)" of the s-th ADC
can be computed by using the superposition operation as following:

(5,0).)" = sup {(((c, @), 1) ,9)"} @)
¥

where superposition operation includes the procedures of interpolation and defuzzification of input

membership functions.

For our goal, it is sufficiently to use only one output term represented by a truncated triangular
membership function on Fig. 3b. Therefore the restricted number of basic fuzzy rules (like IF — THEN) is
required to set all combinations for weighting design organs. One of such general combinations is the
following:
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IF (¢, w), Appl)' A (¢, ®), AppL)* A ((c, w), Alm.appl.)* A
A ((c, o), Little-suit)* THEN ((s, ), ),

where upper indexes correspond to listing design organs in organ structure of ADC evaluated.
In the process of defuzzification, a computed value of output membership function is automatically
transformed in Euclidean distance, for example:

IF ((c, 0.18), Appl)' A ((c, 0.12), AppL)* A ((c, 0.45), Alm.appl.)’ A
A ((c, 0.80), Little-suit.)* THEN ((s, 0.489), Less accept.)

that corresponds to selecting ADC with insignificant organ structure (subject to all membership degrees
are computed with a threshold of applicability equal to 0.6).
Thus, in order to select relevant ADCs it is necessary to aim at:

(s, ), )"<(5,0,4)", &)

where @ = 0,4 is an extreme value of Euclidean distance defuzzificated.

Besides, one should proceed from the assumption that vertex components of ADCs certainly satisfy the
input functional requirements. It follows that the final task can be a finding optimal design solution
(S§*, W*) with minimal weight-average Euclidean distance W about the query F(g) on total set of solution
variants {(S,#)/ S}, S* < S.

(cw), )’ (s.0),)"
Applicable  Almost suitable Little-suited Relevant Insignificant
design organ design organ design organ / ADC ADC
Threshold
Euclidean
distance @
0,0 0,2 0,5 0,8 1,0 0,0 0,4 1,0
a) Input membership functions b) Output membership function

Figure 3. Membership functions used in fuzzy logical rules

In order to avoid the complete enumeration of possibilities it is required to generate additional
matrixes that specify relations on pairs of elements (F(g), S) and (S,C). In this case, optimal design
solution is achieved in depending on total set of design organs used. Formally, this task can be referred to
a finding optimal coverage for three-fraction graph specified on these matrixes.

6. Conclusions

In this paper we have proposed an approach for individual and collaborative conceptual design of
mechanical products in multi-user environment. Allowing the notions of abstract product frame-based
structure and the aggregative design component we have elaborated the way for sharing the user
functional and structural knowledge over the system of product data virtual management. The use of these
notions has led to the development of AFD-technology based on combining and modifying the methods
of functional design and case-based design in deducing inferences.

It is indicated that the main advantages are:

- essential reducing iterations in the process of structuring design solutions;
- more easy adoption of design solutions in the process of their prototyping.
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We believe that the proposed method of conceptual design offers good opportunities especially for
SME to build virtual cooperation and thereby maintain competitiveness within the global market.
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COMPUTER MODELLING and NEW TECHNOLOGIES, volume 9, No. 2, 2005
(Abstracts)

E.K. Zavadskas, Z. Turskis, T. Vilutiené. Simulation of Multi-Criteria Selection of Buildings’
Maintenance Contractor Using the Game Theory, Computer Modelling and New Technologies,
vol. 9, No 2, 2005, pp. 7-16.

In the paper the comparative analysis of dwelling maintenance contractors by applying the
methods of game theory is presented. The decision-making methods Wald’s rule and Bayes’s rule for
solving different problems with incomplete information are applied in the research. To illustrate the
application of the aforementioned methods, we consider the problem of maintenance contractor
selection. To compare the performance of various maintenance contractors, the data from 15 dwelling
maintenance organizations are used. Contractors are evaluated by a set of criteria characterizing them
from various perspectives. The analysis is made taking into account the standpoints of building
owners. Experts determine the initial weights of criteria. Multi-criteria analysis of the performance of
maintenance contractors allows us to determine the importance of particular contractor characteristics
for achieving the aim to meet the needs of different participants of the maintenance process.

Keywords: game theory, multi-criteria selection, decision-making methods, efficiency

Yu.N. Shunin, N. Kniga. Neural Networks Modelling of Business Situations and Decision-
Making Analysis, Computer Modelling and New Technologies, vol. 9, No 2, 2005, pp. 17-26.

An actuality of “neural networks modelling of business situations and decision making
analysis” is connected with the increasing and intensity of business activity in modern society. Most
enterprises aspires to that their activity was carried out maximally productively. Besides, the correctly
accepted decision acts enormous part in any business. In the process of achieving the put purpose
firms and companies permanently get risk situations, breaking the desired development of
entrepreneurial activity. One of such problems is insufficient estimation of risk. The task is to decline
risk at an acceptance of enterprise decisions by managers; namely, research the newest neural
technologies and methodology development of risk sets in business situations. In particular, we
consider: a) a prognostication at the fund market; b) an application of the intelligence system in
marketing researches, namely, in the questionnaire; c) the task of classification of credit extension to
physical persons.

Keywords: forecasting, classification, the credit, neural network, genetic algorithm, questionnaire

V. Butakov, A. Grakovsky. Estimation of the Stochastic Level of the Temporary Set of
Arbitrary Rise by Hurst’s Indicator, Computer Modelling and New Technologies, vol. 9, No 2,
2005, pp. 27-32. (in Russian)

The algorithm carrying out an estimation of Hurst parameter with the help of statistics cut-
linear approximation is offered. The variant of a fast method and method with averaging on the
processed period is provided. The definition of various meanings of a parameter for different sites of
the characteristic enables in passing to estimate potentially possible depth of the forecast, if
researched a temporary set has a due degree of self-similarity.

Keywords: Hurst parameter, forecasting, cut-linear approximation

V.V. Mushko. MAP/M/C System with Addressed Strategy of Retrials and Identical Equipment,
Computer Modelling and New Technologies, vol. 9, No 2, 2005, pp. 33—40. (in Russian)
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Multiserver retrial model in which arrivals occur according to a Markovian Arrival Process is
considered. The service time has exponential distribution. The intensity of retrials linearly depends on
the number of the customers in the orbit. The continuous-time multi-dimensional Markov chain
describing the behavior of the system belongs to the class of multi-dimensional asymptotically quasi-
Toeplitz Markov chains. Sufficient condition for stationary state distribution is proven. Several
system performance characteristics are obtained and numerical illustrations are provided.

Keywords: retrial queue, Markovian Arrival Process, addressed retrial, asymptotically quasi-
Toeplitz Markov chains, stationary distribution

Yu. Kochetkov. Transition Period in Latvia as a Social-Economic “Simple Catastrophe”,
Computer Modelling and New Technologies, vol. 9, No 2, 2005, pp. 41-48.

The paper describes the transition period of the social-economic system in Latvia in the 1990s.
For analysis of the period the macroeconomic quality-quantity model of “simple catastrophe” of
gather is offered. The flags of the catastrophe are analysed. The offered model permits to better
understand the point of the course of events and show the most rational way out of the chaos and
crisis state, which is an inevitable attribute of the existing complex systems in transition periods.

Keywords: flag of the catastrophe, simple catastrophe of gather, bifurcational multitude,
living standard of population

E.S. Napalkov, V.V. Zars. Towards Applying the Method of Aggregative Functional Design in
Multi-User Environment, Computer Modelling and New Technologies, vol. 9, No 2, 2005,
pp. 49-55.

The paper is dedicated to the development of a method for conceptual design based on virtual
exchange of users knowledge to be represented in form of the so-called aggregative design
components. In order to support aggregative components a frame-based structure of the abstract
product is used.

Keywords: Aggregative Design Component, Abstract Product Structure and Fuzzy Logical
Retrieval
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COMPUTER MODELLING and NEW TECHNOLOGIES, 9.séjums, Nr.2, 2005
(Anotacijas)

E.K. Zavadskas, Z. Turskis, T. Vilutiené. Eku apkalpes ligumdarbinieka izvéles multikritériju
simulacija, pielietojot spéles teoriju, Computer Modelling and New Technologies, 9.sgj., Nr.2,
2005, 7.-16. 1pp.

Raksta dota majoklu uzturés$anas ligumdarbinieku salidzino$a analize, pielietojot spéles teorijas
metodes. Raksta dazadu problému risinasana ar nepilnigu informaciju tiek izmantotas tadas 1émumu
pienemsanas metodes ka Valda likums un Beija likums. Lai ilustrétu iepriekSminéto metozu
pielietojumu, autori piedava apkalpes ligumdarbinieka izv€les problemu. Raksta tiek lietoti 15
majoklu apkalpes organizaciju dati. Analize tiek veikta no majoklu Tpasnieku redzes viedokla.

Atslegvardi: spéles teorija, multikriterija izvéle, lemumu pienemsSanas metodes, efektivitate

Yu.N. Shunin, N. Kniga. Biznesa situaciju un I€mumu pienemsanas analizes neironu tiklu
model&sana, Computer Modelling and New Technologies, 9.s§j., Nr.2, 2005, 17.-26. Ipp.

“Biznesa situaciju un [@mumu pienemsanas analizes neironu tiklu modelé$anas™ aktualitate ir
saistita ar biznesa aktivitasu palielinaSanos un intensificeSamos miisdienu sabiedriba. Lielakoties visi
uzp@mumi ir ieintereséti maksimali sekmigas aktivitasu norises. Loti lielu lomu biznesa ienem pareizu
lemumu pienemsana. Biezi vien, lai sasniegtu izv€l€to mérki, uznémumi noklist dazadas riska
situdcijas, kas partrauc vélamo attistibu uznéméjdarbiba. Viens no $adiem riska momentiem ir
nepietiekama riska noveértesana.

Atslegvardi: paredzéSana, klasifikacija, kredits, neironu tikli, genétisks algoritms, anketa

V. Butakovs, A. Grakovskis. Patvaligas laika rindu izcelSanas ar Hersta indikatora palidzibu
stohastiska [imena noveértejums, Computer Modelling and New Technologies, 9.s€j., Nr.2, 2005,
27.-32. Ipp.

Autori piedava algoritmu, kas veic Hersta indikatora noveért§jumu ar grieztas linearas
aproksimacijas statistikas palidzibu. Atras metodes variants un metode ar apstraddjama perioda
viduvgjosanu tiek nodroSinats. Indikatora dazadu nozimju noteikSana raksturojuma dazadiem
laukumiem dod iesp&ju novértét prognozes potenciali iesp&jamo dzilumu, ja pétamai laika rindai ir
lidziba kaut kada mera pasai sev.

Atslegvardi: Hersta indikators, prognoze, griezti lineara aproksimacija

V. Musko. MAP/M/C sistéma ar adreSu strat€giju atkartotiem izsaukumiem un identiskam
iekartam, Computer Modelling and New Technologies, 9.sgj., Nr.2, 2005, 33.—40. lpp.

Autori raksta izskata daudzkanalu sistému, kura izsaukumi paradas saskana ar MAP
(Markovian Arrival Process). Apkalpes laikam ir eksponenciala distribiicija. Atkartotu izsaukumu
intensitate lineari atkariga no izsaukumu skaita orbita. Sadas sistémas darbiba tiek aprakstita ar multi-
dimensionalas Markova kédes nepartrauktu laiku, kas pieder pie daudzkartgjam kvazi-Toeplitz
Markova kédeém. Tiek paraditi dazi sistemas darbibas raksturojumi, ka arT tiek doti skaitliski pieméri.

Atslegvardi: daudzkanalu sistema, atkartota izsaukuma adresu stratégija, daudzkartejas kvazi-
Toeplitz Markova kédes, staciondara distribiicija

Yu. Kochetkov. Parejas periods Latvija ka sociali-ekonomiska “Vienkarsa katastrofa”,
Computer Modelling and New Technologies, 9.sgj., Nr.2, 2005, 41.—48. Ipp.
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Raksta autori pievérias sociali-ekonomiskas sistémas parejas periodam Latvija 90. gados. So
parejas periodu autori klasifice ka “vienkarSu katastrofu” sociali-ekonomiskaja sistema. Tiek izskatiti
tas galvenie iemesli. Tiek izstradats makroekonomisks kvalitates-kvantitates modelis.

Atslegvardi: katastrofas céloni, Jauzu masu bifurkdacija, iedzivotaju dzives limenis

E.S. Napalkov, V.V. Zars. Par funkcionala agregatdizaina metodes pielietoSanu multilietotaju
vide, Computer Modelling and New Technologies, 9.sgj., Nr.2, 2005, 49.-55. Ipp.

Raksta tiek izskatita metode par konceptualo dizainu, kas pamatojas uz lietotaju zinasanu
virtualam izmaindm un kas tiek parstavétas ar ta saucamiem funkcionala agregatdizaina
komponentiem. Tiek lietota abstrakta produkta rezga struktiira, lai atbalstitu Sos apkopotos
komponentus.

Atslegvardi: funkcionald agregatdizaina komponents, abstrakta produkta struktiira
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Abstract reviews the main results and peculiarities of a contribution. Abstract is presented always in English or in
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Keywords: main terms, concepts

1. Introduction

These instructions are intended to provide guidance to authors when preparing camera-ready
submissions to a volume in the CM&NT. Please read these general instructions carefully before
beginning the final preparation of your camera-ready typescript.

Two ways of preparing camera-ready copy are possible:

(a) preparation on a computer using a word processing package;
(b) printed copy fitted for scanning.

2. Printer Quality, Typing Area and Fonts

IMPORTANT:

If you produce your camera-ready copy using a laser printer, use a 15 x 23 cm typing area (in A4
format: 30 mm — left, 30 mm — right, 30 mm — top, 30 — bottom, line spacing — single), as in these instructions,
in combination with the 10 points Times font. The pages will then be reproduced one to one in printing.
Fonts

The names and sizes of fonts are often not the same on every computer system. In these
instructions the Times font in the sizes 10 points for the text and 8 points for tables and figure legends
are used. The references section should be in the 10 points font.

3. Format and Style

The text should be in clear, concise English (or other declared language). Please be consistent in
punctuation, abbreviations, spelling (British English), headings and the style of referencing.

Camera-ready copy will be printed exactly as it has been submitted, so please make sure that the
text is proofread with care.

In general, if you prepare your typescript on a computer using a word processing package, use
styles for the font(s), margin settings, headings, etc., rather than inserting these layout codes every time
they are needed. This way, you will obtain maximum consistency in layout. Changing relevant style(s)
can make changes in the layout.

4. Layout of the Opening Page

A sample for the opening page of a contribution is shown in Figure 1 on page 3.
Requirements for the opening page of a contribution are (see also Figure 1): the titles should always be a
centred page and should consist of: the title in capital letters, bold font, flush centre, on the fourth text
line; followed by the subtitle (if present) in italics, flush centre, with one line of white above. The
author's name(s) in capitals and the affiliation in italics should be centred and should have two lines of
white space above and three below, followed by the opening text, the first heading or the abstract.
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5. Headings
Please distinguish the following four levels of headings:

1. First-order Heading

This heading is in bold, upper and lowercase letters, numbered in Arabic figures, and
has two lines of space above and one line below. The text begins full out at the left margin.
1.1. SECOND-ORDER HEADING IN CAPITALS
This heading is in roman capitals, numbered in Arabic figures and has one line of space above
and below. The text begins full out at the left margin.
1.1.1. Third-order Heading in Italics
This heading is in italics, upper and lower case letters, numbered in Arabic figures and has one
line of space above and no space below. The text begins full out at the left margin.
Fourth-order Heading is in Italics. This heading is in italics, upper and lowercase letters, with
one line of space above the heading. The heading has a full stop at the end and the text runs on
the same line.

$ 3 blank lines
TITLE OF CONTRIBUTION
Subtitle of Contribution
$ 2 blank lines
A.N. AUTHOR
Affiliation

Institute address
T 3 blank lines
Abstract
$ 2 blank lines

First text line

Figure . Example of an opening part of contribution to a Volume of CM&NT
6. Figures and Photographs

- Line drawings must be submitted in original form, on good quality tracing paper, or as a glossy
photographic print.
- Halftone photographs must be supplied as glossy prints.
- Colour illustrations. Colour illustrations are more expensive and the author is expected to cover the
extra costs. Please consult with Editors about this.
Mount all illustrations directly into the text at the appropriate places. Alternatively, it is acceptable to
leave the appropriate space blank in the text, and submit the illustrations separately. In this case you
must put the figure numbers in pencil in the open spaces in the text and on the back of the figures. Also
indicate the top of the illustration.

For computer plotting the ORIGIN Software is preferable.
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