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Decision Making

APPLICATION OF TEMPORAL REASONING AND CASE-BASED REASONING
IN INTELLIGENT DECISION SUPPORT SYSTEMS

Alexander Eremeev, lvan Kurilenko, Pavel Varshavskiy

Abstract: In this paper the problem of the application of temporal reasoning and case-based reasoning (CBR) in
intelligent decision support systems (IDSS) is consider. To reduce static algorithm complexity of temporal
reasoning some methods are investigated. The dynamic algorithm for qualitative temporal reasoning on the base
of point algebra is presented. CBR method for a solution of problems of real-time diagnostics and forecasting in
IDSS is described. This paper demonstrates how the temporal reasoning system and CBR system can be used in
IDSS of the car access control. This work was supported by RFBR and grant of President of Russia
(MK-6009.2008.9).

Keywords: Intelligent decision support systems, temporal reasoning, analogous and case-based reasoning.

ACM Classification Keywords: H.4.2 [Information systems applications]: Types of systems — Decision support;
1.2.4 [Artificial intelligence]: Knowledge Representation Formalisms and Methods — Temporal logic; 1.2.5 [Al]:
Programming Languages and Software — Expert system tools and techniques; 1.2.6 [Al]: Learning — Analogies.

Conference: The paper is selected from XVt International Conference "Knowledge-Dialogue-Solution” KDS 2009,
Varna, Bulgaria, June-July 2009

Introduction

Temporal reasoning and “common sense” reasoning, in particular, CBR can be used in various applications of
artificial intelligence (Al) and for solving various problems [1], e.g., for diagnostics and forecasting or for machine
learning. The problem of presentation of time and temporal interconnections in Al systems (AIS) and especially in
IDSS is very actual nowadays. A lot of basic notions, such as “alteration”, “cause”, “consequence/effect” and
relations among them can be described by time notions [2]. However, the problem of creation of formal systems
of presentation and operating by temporal information became really actual after the appearance and
development of AlS, oriented towards open and dynamic problem domains. Typical representatives of these
systems are real time IDSS (RT IDSS), designed for monitoring and control of complex objects and processes in
rather strict time conditions and for different types of uncertainties of obtained information [1]. Al experts model
CBR and temporal reasoning by computers in order to develop more flexible models of search for solutions and
learning. The generalized structure of RT IDSS is given in Fig. 1.

Formally, a RT IDSS can be defined by the tuple SS = <M, R(M), F(M), F(SS)>, where
o  M={My..., My}is the set of formal or logic-linguistic models, implementing defined intelligent functions;
e R(M) s the function for selection of the necessary model in a current situation;
o F(M)={F(My),..., F(My)} is the set of modification functions of models Mj,..., My;
o F(SS) is the function for modification of SS system, i.e. its base components M, R(M), F(M).
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The main problems, solved by RT IDSS, are: diagnostics and monitoring — revealing of problem situations;
decision searching — searching an optimal or admissible sequence of actions allowing to achieve the desired goal
or to solve the problem situations; forecasting — assessing the recommended actions related to the goal
achievement and the sanction to solve the problem situation.

proeism L oceigon mans | [ 200k oF TRamiNG, | ey samons
BLOCK BLOCK
ANALYZER MODIFICATION

DATA MODEL KNOWLEDGE
BASE BASE BASE

KNOWLEDGE ACQUISITION AND
ACCUMULATION BLOCK

OUTDOOR ENVIRONMENT INTERFACE
(OBIJECT, DBMS etc.)

USER INTERFACE
(DECISION MAKING PERSON, EXPERT etc.)

SIMULATION BLOCK PREDICTION BLOCK

Fig. 1 Base RT IDSS structure

The methods of temporal reasoning and CBR may be applied in different blocks of RT IDSS. The necessity to
present data and knowledge, changing in the course of time (indications of sensors, values of control parameters,
information from decision making person (DMP), etc.) appears when solving many problems. RT IDSS must
solve diagnostics, monitoring, decision searching and forecasting problems uninterruptedly in real time scale in
order to help DMP to find efficient control effects in different operation modes of controlled objects, especially in
abnormal modes. Using information about time while solving these problems permits to decrease search
parameters greatly, which naturally positively effects reactivity of the whole system [3]. Thus, the use of the
respective methods in RT IDSS broadens the possibilities of RT IDSS and increases the efficiency of making
decisions in various problem (abnormal) situations.

Temporal reasoning

To implement the mechanism of temporal reasoning (MTR), it is necessary to formalize the notion of time and to
provide the possibility to present and to discuss temporary aspects of knowledge. Modern approaches to
presentation of time and temporal dependences in software systems can be divided into two large classes —
based on modeling of time changes and on explicit time modeling. In the approaches which use changes
modeling, the basic features are entities (actions), transforming one state of the system to the other. These states
are regarded as momentary pictures of the world, which don’t have any time duration. Time itself is regarded
implicitly, via modeling of the system changes within time.

Approaches, based on changes modeling, have constraints when presenting difficult ime dependences (events,
which have duration, continuance of processes, competing or time overlapping events, causal relations etc). In
literature different ways of constraints elimination can be found, however in the most cases they are reduced to
introduction of an explicit time model. Explicit time modeling provides the possibility to make “flexible” formalized
languages, which help to do reasoning on the basis of expressions, truth values of which are timed to the definite
moment or time interval, and they can change in the course of time. Time is presented explicitly, taking into
consideration its properties. Different temporal logics and models are included to this class. Time can be
presented both syntactically (via explicit temporary structures) and semantically (modal logics are typical
representatives of this approach). In the case of explicit time modeling the following specific tasks of temporary
reasoning are raised: The support of information coordination about time — check of coordination of knowledge
base when adding the new information. In the case of inconsistency of temporal constraints it is necessary to
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localize plenty of expressions, responsible for this inconsistency; Answers to queries, dealing with time aspects of
knowledge. These queries can be divided into finding a simple fact, true in the definite of moment and definition
when a set of expressions is true at the same moment of time.
In this paper we consider the models, based on the presentation of information about time as constraints
(dependences) between time primitives [4]. In temporal logics using the concept of constraint satisfaction,
information about time is presented as dependences between temporal primitives (moments, intervals or their
combinations). Dependences between primitives are interpreted as constraints to real time of their appearance.
Main aim of the MTR is a generations of conclusions on the basis of sets of temporary constraints, i.e. new
constraints for consistent input sets. Usually sets of temporal primitives and relations among them are presented
as the Temporal Constraint Satisfaction Problem (TCSP), which is detailing of a more general Constraint
Satisfaction Problem (CSP), what permits to use CSP methods to solve the TCSP.
The TCSP is specified by the following way Z = (V,D,BTR,C) [5]:

1) V={V,V,,..,Vn} - afinite set of temporal variables;

2) D - avalue domain of temporal variables;

3) BTC={Ry, R,,..Ry} — afinite set of binary basic temporary constraints, and constraints entering there are
mutually exclusive, but their total join is the universal constraint U;

4) C={Cy| Cj={rs,...,nd, k>0, r,...,rc € BTR, i<m, j<m }, a finite set of temporary constraints (STC), where
Cj —is the constraint for temporary variables V; and V;. Each constraint C; from set C is interpreted as (V;
R V) v ..v (ViR V). In case Cj consists only of one clause, it is called an exact restriction.

Itis necessary to find such a STC C={Cj| C;’={r}, r;e Cj}, so that exact constraints, entering it, do not conflict with
each other.
Elements of V set can be interpreted as moments, time intervals or duration. The range of values of D variables,
corresponding to moments of time and duration, represent a set of numbers, and for interval variables — a set of
ordered value pairs.
In case in C set only exact constraints are entered, the TCSP is called exact TCSP, and the TCSP itself is
regarded as a check of constraints consistency in C set [5].
The task of defining r constraint valid for variables V; and V;with the constraint C;j ={rs,...,r}, having more than
one clause, is called the task of defining the inexact constraint C;. The constraint itself is called a single mark of
the constaint Cjand the set CE={C#| Cif={r}, rie Cj} — a single mark of the TCSP. In this case solution of the
TCSP is its consistent single mark. The TCSP is consistent only when it has at least one solution.
The constraint Cjis feasible for variables V; and V;if and only if at least there is one solution of the TCSP, where
Cjis a constraint between these variables. The minimal constraint C;/™" is the set, consisting only of feasible
constraints for V; and V; The TCSP is called minimal, if all its constraints are minimal. It is known that for any
TCSP it is always possible to find the equivalent minimal one or to show inconsistency of constraints [3].
Main operations for temporary constraints are the following:
1) complement (—): =L=U\Lj;

) inversion (~):~(r1,...,n)=(~r1,...,~n);
3) intersection (N):SNT ={r.reS,reT} - the set, consisting of equal constraints in Sand T;

)

composition (e):TeS=(t1,...,t)e(S1,...,S¢)=((t19S1),(t19S2), ..., (t®S,)) — disjunction of individual compositions
of all elementary constraints in Tand S.

Main subtasks of the task of TCSP are the following: checking consistency - checking whether there is a way of
building the C" set from C set (which is the solution of the TCSP); finding consistent scenarios - definition of all
possible C” sets ; search of minimal presentation - transition of initial TCSP to the minimal; search for feasible
constraints for the given pair of temporary variables.
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Allen proposed the interval algebra of temporal constraints wherein time intervals are taken as primitive.
Reasoning within this algebra is NP-complete [6]. The point algebra is based on time points as primitives [4]. The
major advantage of the point algebra is ability to construct the reasoning algorithms with polynomial complexity
[7]. Further we will consider the point algebra as the base to construct TRS.

To solve the TCSP, a set of temporal variables and constraints are transformed into a graph, weighted by
temporal information [7]. A temporally labeled graph (TL-graph) is a graph G=(V,E) with at least one vertex
(V#Q) and a set of labeled edges, where each edge (v, I, w) connects a pair of distinct vertices v,w. The edges
are either directed and labeled < or <, or undirected and labeled #. Every vertex of a TL-graph has at least one
name attached to it. If the vertex has more than one name, than these names are alternative for the same time
point. The name sets of any two vertices are required to be disjoint. A path on a TL-graph is called <-path if each
edge on the patch has a label < or <. A <-path is called <-path if at least one of the edges has label <. Given a
TL-graph G an interpretation of G is a triple <T,I,R> where T is a totally ordered set (with ordering <), | is a
function I:P—T such that for all p;,p;je P if u(p)=u(p)) than I(p)=I(p); R is a function mapping each label / on the
edges of G into corresponding binary constraint R(l) on T. Given a TL-graph G a model of G is an interpretation
such that if (v4,l,v2) is an edge of G, than for all p,p;e P, satisfying u(v)=vs and u(p)=vz2 <I(p),l(p)><R().
TL-graph is consistent if and only if it has at least one model. Two or more TL-graphs are logically equivalent if
and only if they has same models [7].

TL-graph G contains an implicit < constraint between two vertices v4,v, when the strongest constraint entailed by
the set of constraints from which G has been build, is vi<v; and there is no <-path from vy to vo. A TL-graph
without implicit < constraints is an explicit TL-graph. An explicit TL-graph entails v = w if and only if v and w are
alternative names of same vertex; v < w if and only if there is a <-path from v to w; v < wif and only if there is a <-
path from v to w, and there is no any <-path from v to w; v # w if and only if there is a <-path from v to w, or there
is a <-path from w to v, or there is an edge (v,#,w). A Time-graph is an acyclic TL-graph portioned into a set of
time chains (<-path), such that each vertex is on one and only one time chain. Search of solution of the TCSP is
based on transformation of TL-graph to Time-graph, because if we pass from TL-graph to Time-graph, problems
of checking consistency and definition of all feasible constraints will be solved automatically [7].

Algorithms for solving TCSP

During processing inexact information and after solving the task for set of exact constraints search algorithms
with returns for processing set of inexact point constraints are used D={D;: D; = (x{R4}y) v (W{R2}2) v ... v (t{Ri}u)}.
Disjunctive Time-graph (D-Time-graph) is the pair <T,D>, where T — Time-graph and D - a set of disjunctions in
point algebra (PA). Set elements D : D; = (x{R4}y) v (W{R2}z) v ... v (t{Ri}u) (x,y,Z,w,..,t.u — temporal variables,
R1,R,...,Rx- constraints, i=1..n). Realization of D disjunctions set for Time-graph Tis a STC in PA M, where one
clause out of each D set disjunction enters, and Time-graph, received by adding T constraint from M, is
consistent. D-Time-graph <T,D> is consistent only when there is the realization of D disjunctions set for Time-
graph T. D-Time-graph <T,D> is exact in case it is consistent and doesn’t contain implicit relations. In order to get
explicit D-Time-graph it is necessary to define realization of sets of binary disjunctions D for graph T. In the
general case, in order to solve this task for k disjunctions in D set it is necessary to check 2« possible variants of
solution in the worst case. In order to find solutions let's use modification of backtracking algorithm:

Modified backtracking algorithm

Input: D - set of inexact constraints; C — consistent set of exact point constraints.

Qutput: M - realization of inexact constraints set, solvability flag.

Operations: For constraint D=(x+{R}y1)v.. v(X{Ri}yx) defined operations: |D; =k, D{m]={(Xn{Rm}ym)}
0:M«—@

02: Rollback « false

03: foreach (j < [0, |D|)) Active[j] <0

04:j<0

05: while (j < |DJ) {
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06: Decided < false

07: i« Active[j]

08: if (Rollback) i« i+1

09: Rollback « false

10: while ((i < |Dj|) && !Decided) {
1. M« MuDm]

12:  if (TCSP with STC CuUM is consistent) Decided « true else M «<— M\ Dj[m]
13: it

14:; }

15: if (Decided) j < j+1 else {
16:  Rollback « true

17 je—j1

18: }

19: if (j<0) return (false, M)
20}

21: return (true, M)

During modification of initial TCSP the following situations are possible: set of exact constraints has changed; set
of inexact constraints has changed; both set of exact and set of inexact constraints have changed. Backiracking
algorithm takes significant part of time, necessary to solve the TCSP, that's why during step=by=step search of
solutions it is desirable to minimize the number of its recurrent calls, what is reached by deleting corresponding
constraints. In the situation when only inexact constraints change (i.e. there exists some set of inexact constraints
D* which is necessary to add to D), it is possible to initiate the backtracking algorithm not from the very
beginning, but from the moment of processing the new constraints (obviously, if we start alg. 1 for the set DUD",
we’'ll spend time to calculate earlier received set M for set D, and only after it will be finalized up to M*in the result
of constraints analysis from D¥). It is possible to build algorithm, which significantly reduces the number of
complete repeated analysis of set of disjunctive constraints, because the introduction of the constraint a to the
STC of the TCSP C, not requiring the solution of the TCSP with STC Cua.

Case-based reasoning

CBR, like analogous reasoning, is based on analogy, however, there are certain differences in their
implementation [8]. A precedent is defined as a case that took place earlier and is an example or justification for
subsequent events of this kind. As the practice shows, when a new problem situation arises, it is reasonable to
use CBR method without drawing an analogy. This is caused by the fact that humans operate with these
reasoning schemes at the first stages, when they encounter a new unknown problem. CBR solves new problems
by adapting previously successful solutions to similar problems. The processes involved in CBR can be
represented by a CBR-cycle [9]. Usually, CBR-cycle includes the four main stages:

e  RETRIEVE the most similar case(s) from the case library (CL);

e  REUSE the retrieved case(s) to attempt to solve the current problem;

o  REVISE the proposed solution in accordance with the current problem if necessary;
o  RETAIN the new solution as a part of a new case (precedent).

The main advantages of CBR include the possibility to use the experience gained by the system for solution new
problem situation, without the intensive involvement of experts in a particular problem domain, and the exception
of the repeated erroneous decision. In addition, CBR does not require an explicit problem domain model.

The disadvantages of CBR may include the following: the description of cases is usually limited to superficial
knowledge of problem domain; a large number of cases may lead to a decrease in system performance;
complexities in definition of criteria for indexation and case comparison.
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The successful implementation of CBR is necessary to ensure the correct case retrieval from CL. The choice of
case retrieval method directly linked to the way of case representation.

Methods of case representation and case retrieval

CL could be a part of the knowledge base of IDSS, but may act as an independent component of the system.
There are different ways of representation and storage of cases [10] - from the simple (linear) to the complex
hierarchical. It should be noted that the simple methods, based typically on the technology of databases, require
much less costly to implement, as well as maintenance and support of CL than the complex. However, the time to
search a solution with a simple case representation may require substantially more than in other complex ways of
representation and storage of cases.

Usually a case comprises: the problem that describes the object state when the case occurred, the solution of the
problem (diagnosis of problem situation and recommendations for DMP), and/or the outcome which describe the
object state after the case occurred.

Cases which comprise problems and their solutions can be used to derive solutions to new problems. Other
cases which comprise problems and outcomes can be used to evaluate new situations. If, in addition, such cases
contain solutions they can be used to evaluate the outcome of proposed solutions and prevent potential
problems. Cases can be represented in a variety of forms using the full range of Al representational formalisms
including frames, objects, predicates, semantic nets and rules.

In most cases, the simple parametrical representation of precedents can be used, i.e. case description in the form
of a set of parameters with specific values and the solution:

CASE = (x1, X2, ..., Xn, R),

where X1 ... X, — the parameters of the problem situation, describing this case (x1eXi, ... ,Xa€Xy), R - the solution,
n — the number of case parameters, and Xj, ..., X, - the domains of permissible values for case parameters .

Well known methods for case retrieval (nearest neighbor, induction et al.) can be used alone or combined into
hybrid retrieval strategies [8, 11].

1) The Nearest Neighbor (NN) method. This is the most common method of cases retrieval. The main
advantages of this method are simplicity of implementation and universality in the sense of independence from
the specifics of a particular problem domain. This approach involves the evaluation of similarity between stored
cases and the new input case. A main constraint of this approach is the linear dependence of the retrieval time to
the number of cases in the CL. Therefore this approach is more effective when the CL is relatively small. This
method is also widely used to solve the problems of classification, clustering, regression and pattern recognition.

2) Induction method of case retrieval. Induction algorithms (e.g. ID3) generate a decision tree type structure to
organize the cases in the CL. This method involves retrieval the required cases by resolving the decision tree
tops. This approach is recommended for the grate CL in order to reduce the retrieval time.

3) Method of case retrieval on the basis of knowledge. In contrast to the methods described above, this method
allows to take into account the knowledge of experts (DMP) in a specific problem domain (the importance of
object parameters, identified dependencies and so on). The method can be successfully applied in combination
with other methods of case retrieval, especially when the CL is great and problem domain is open and dynamic.

4) Method of case retrieval, taking into account the applicability of cases. This method of case retrieval is based
not only on similarity of cases with a new problem situation, but also on their applicability in the circumstances. In
some systems, this problem is solved by maintaining cases, together with comments of their application.

Use of the mechanism of cases for RT IDSS consists in output of the decision to the operator (DMP) for the
current situation on the basis of cases which is contained in system. As a rule, the last stage in a CBR-cycle is
excluded and performed by the expert (DMP) because the CL should contain only reliable information confirmed
by the expert. Revising and adaptation of the taken decision is required seldom because the same object
(subsystem) is considered. More detailed the modified CBR-cycle for RT IDSS is considered in [8, 11]. Thus,
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CBR for RT IDSS consists in definition of similarity degree of the current situation with cases from CL. For
definition of similarity degree in simple case (parametrical representation of precedents) the NN-algorithm and its
modifications are used [11]. For more complex structure of cases like Time-graph the methods of case retrieval
on the basis of structural analogy [12] (structural analogy using the context and structural analogy based on
Structure Mapping Theory (SMT)) are used.

Application of temporal and CBR in RT IDSS of the car access control

One of the fields where the methods and algorithms, described above, are used is creation of distributed RT
IDSS for access control. The considered apparatus is used in the payable car access control system (ACS)
sPARK [3]. Modern parking solutions is the complicated complexes, which are equipped with an automatic
barriers, the video cameras, fire and access alarm, etc. The major target of the car ACS is passage control of the
cars, registration of the visitors and the car owners, stealing prevention and control of equipment in real time. The
object of access in the car ACS is the car. The system should control that the car successfully entered to the
parking territory. The necessity to control the passage process leads to take into account the temporal
dependencies. Let's consider the simple rule, which system should check at the time of car passage [3]:

(1) If operation of the entrance A; was activated at the moment t; and to the time moment tyt>t;> 2.5 min.
operation A; is still active, then display to operator the notice “delay at the entry’.

The quantity of such or more complicated rules for the basic car access point can reach several tens. The ability
of analysis of the sequences of observed by the system actions permits to implement more reliable automatic
parking complex control. For example, when the system recognizes the temporal situation, which represented at
fig. 2, it can make decision, that visitor making attempt to leave parking in the car, which is not the car in which
he had enter to the parking, and notice guards about it.

The developed CBR system (Case Libraries Constructor — CLC) was applied in RT IDSS of the car ACS for
diagnostics and detection of different problem (abnormal, critical) situations on object.

‘ The car2 don’t move ‘ The car2 is moving ‘

‘ The human approaches to the car2 ‘

‘ The car1 is moving ‘ The car1 don’'t move ‘
time »
The human appeared The car1 started to
from the car1 move
Starting control the The car1 has been The human was lost from sight near the
carl stopped car2

Fig. 2 The temporal diagram of the situation, which is suspicious to car stealing

Conclusion

Possibility to process information about time in the process of its coming is a very important task for plenty of field
of AIS. In this work perspective algorithms of the TCSP solution are considered, which are oriented towards the
use in distributive IDSS, oriented for dynamic value domains, in particular distributed RT IDSS and described
algorithms are implemented in TRS PointTime [3], TRS Singularity and have been approbated in real RT IDSS -
the system of access control and security provision — SPARK. The CBR method was considered from the aspect
of its application in RT IDSS, in particular, for a solution of problems of real-time diagnostics, forecasting and
detection of problem situations on object. The CBR-cycle is considered and different methods of case
representation and retrieval are investigated. The proposed CBR method was implemented in CBR system CLC.
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A GENERAL PURPOSE SOFTWARE SYSTEM FOR LINEAR OPTIMIZATION AND
DECISION SUPPORT “OPTIMA-PLUS”

Vassil Vassilev|, Mariyana Vassileva, Krassimira Genova, Boris Staykov

Abstract: The paper presents a general purpose software system for optimization and decision support, called
Optima-Plus. It consists of two independent parts | LIOP-1 system and MKO-2.1 system. Optima-Plus system is
designed to support the decision maker (DM) in modeling and solving different problems of linear and linear
integer single-criterion and multicriteria optimization. The system implements three methods for single-criterion
optimization, as well as an innovative generalized interactive method for multicriteria optimization with variable
Scalarization and parameterization, which can apply most of the well-known scalarizing problems and is
applicable for different ways of defining preferences by the DM. The class of the problems solved, the system
structure, the implemented methods and the graphical user interface of the system are discussed in the paper.
Optima-Plus system can be used for education, research and for solving a great variety of real-life problems.

Keywords: Decision Support Systems, Linear, Integer Optimization, Multicriteria Optimization, Interactive
Methods.
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Introduction

Many application problems are related to one criterion, which has to be optimized or multiple conflicting criteria,
which should be optimized simultaneously. Optimization is a problem of finding one or more solutions which are
optimizing (minimizing or maximizing) one or more objective functions (criteria) in a feasible set of solutions,
determined by preliminary given constraints. A single-objective optimization problem includes a single objective
function (criterion) and if the problem has a solution, usually results in one final solution, which is called an
optimal solution. The solution obtained is not subjective and does not depend on decision makers’ preferences.
There does not exist one optimal solution of multicriteria optimization problems, which optimizes simultaneously
all the objective functions (criteria). There is a set of feasible alternatives with different trade-offs [Ehrgott and
Wiecek, 2005], characterized by the following property: each improvement in the value of one criterion leads to
deterioration in the value of at least one other criterion. This set of alternatives is called a set of the non-
dominated or Pareto optimal alternatives (solutions). Each alternative in this set could be a solution of the
multicriteria decision making problem being solved. Usually in practice only one of these multiple Pareto optimal
solutions has to be chosen as the final solution of the problem being solved. In order to select one alternative, it is
necessary to have additional information set by the decision maker (DM). In other words, compared to the single-
objective optimization, in a multiobjective optimization problem there are two (instead of one) phases: an
optimization one (for finding Pareto optimal solutions with the help of the software system), and a decision one
(for choosing a single most preferred Pareto optimal solution as the final solution). The solutions obtained are to a
great extent subjective and depend on DM'’s preferences.

Many real-life problems in planning, control, analysis and monitoring in economy, transport, industrial production,
education, ecology and other spheres may be modelled as single-criterion or multicriteria optimization problems
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[Pardalos and Resende, 2002, Korhonen, 1998, Joos, 1999, Rajesh et al., 2001, Thibault et al., 2002,
Hamalainen et al., 2003, Kaleta et al., 2003].

The developed software systems supporting the solution of optimization problems may be divided in two classes
— problem-oriented software systems and software systems of general purpose. The problem-oriented software
systems serve to support the solution of one or several types of specific optimization problems and very often
they are included in other information-control systems. The interface of these systems has been developed in
terms of the particular problem solved and depending on the users’ preferences, either an exact method is
chosen, or a heuristic method is developed especially for the problem solution. That is why, every change in the
model or in some of the users’ preferences leads to additional investments in new software development and
education. The general purpose software systems aid the solution of different optimization problems realized by
different types of users or decision makers. These types of systems are oriented to solving optimization problems,
which are described in a general (standard) form of the particular class. In general, several algorithms (exact and
heuristic) are included in these systems. Each of these algorithms has different advantages and disadvantages,
depending on the requirements for high speed, accuracy and necessity to set different input information and
parameters, etc. Users with different qualification can work easily with these systems and solve various real-life
problems, modeled in terms of the corresponding class of problems, without additional software development.

Various types of software systems [Fourer and Goux, 2001, Pardalos and Resende, 2002, Mittelmann and
Spellucci, 2005] have been developed for solving linear and linear integer programming problems. The greater
part of the professional (commercial) general purpose systems (CPLEX, LINDO, Xpress-MP, and others) are too
expensive, but they are intended to solve problems of hundred of thousands continuous variables and
constraints, and thousands integer variables and constraints. In some of them, e.g. LINDO system, some
modeling languages are included, which enable the entering process of variables, constraints and objective
functions to be done in a simple and intuitive way, close to the models developed by the users. Others, like
CPLEX and Xpress-MP have their own algebraic input format. There are also libraries of solvers, realizing
separate algorithms for solving linear and linear integer programming problems (e.g. LINDO Callable Library).
The interface to such software is through subroutine calls, which are used to build up the model, to modify the
input data in the corresponding format (usually MPS), to solve the problem and to present the results. Such
solvers are used for building in bigger or problem-oriented systems.

Some well known general purpose software systems [Vassileva et al., 2008, Weistroffer et al., 2005], which solve
problems of multicriteria optimization, are the following: MKO-2, PROMOIN, VIG, DIDAS, DINAS, MOLP-16, LBS,
WWW-NIMBUS, NLPJOB and MOMILP. The Multicriteria Decision Support System for River Water-quality
Planning [Lotov et al., 1997] and the ADELAIS system for portfolio selection [Zopounidis et al., 1998] are two
attractive problem-oriented multicriteria optimization systems. The development of web-based systems in recent
years is quite intensive. They are oriented to remote solving of problems. Users submit data to the server and
receive results through an e-mail or Web interface to Internet.

The paper describes the basic features of the general purpose software system for optimization and decision
support, called Optima-Plus. This system is designed to support the DM in solving different single-criterion and
multicriteria linear and linear integer optimization problems and it works under MS Windows operating system.
Optima-Plus consists of two separate parts — LIOP-1 system and MKO-2.1 system. The basic idea for developing
the system is the traditional users of single-criterion general purpose software systems to be able to make
experiments during the solution process of the problem in terms of adding new additional criteria. This basic
feature of such a system is innovative and important, because real-life problems for optimization and decision
support can be modeled more realistically when using multiple criteria. The class of the solved problems, the
system structure, the operation with the interface modules for entering information about DM'’s local preferences
and for visualization of the current and final solutions, as well as the help information, given in a digital and
graphical form, are discussed.
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LIOP-1 system

LIOP-1 system, which is the first part of Optima-Plus system, is designed to solve a broad class of problems of
linear, linear integer and mixed integer programming problems.

The formal statement of the Mixed Integer Programming problem (MIP) is the following:
F, = Z ¢,;x; > max (min)

=1
s.t. o 7T
Zaijxj fbi,l =1,..,m

j=1
I, <x;<d; j=1..n

X, —integers, j =1,..., n,,

where: n, <n; Fy is an objective function (criterion); X; j=1,..., n are the problem variables; a,, bi, i=1,..., m,

j=1,..., n, are respectively coefficients and the right —hand side of the constraint of index i; I, u, j=1,..., n, are
upper and lower bounds of the variable x;; ny is the number of the integer variables. If n is equal to n, the

problem is said to be an integer programming problem (IP), while at ny equal to zero, the problem is a linear
programming problem (LP)

LIOP-1 system is realized in Visual Basic and C programming languages. It consists of three main modules: a

control module, optimization modules and interface modules. The control module is an integrated software

environment for creating, processing and storing of files associated with the system (with a **.lip” extension), as

well as for linking and execution of different types of software modules. The basic functional possibilities of the

control module may be separated into three groups. The first group includes the possibilities to use the standard

for MS Windows applications menus and system functions — “File”, “Edit”, “View”, “Window”, “Help” and others in

the system own environment. The second group of functional possibilities includes the control of the interaction

between the modules realizing:

o creating, modification and saving of “*.lip” files, which contain input data and data for the intermediate and
final results of the solution of linear and linear integer programming problems;

¢ solving of the linear and linear integer programming problems entered;

¢ localization and identification of the errors occurring in the process of operation with LIOP-1 system.

The third group of functional possibilities of the control module consists in the possibilities to visualize significant
information about the operation of LIOP-1 system as a whole.

The control module is designed in Multi Document Interface style. There is one main form (window), containing
the main menu and all the other forms (windows) are its “daughter” forms. Several “daughter” forms can be
visualized at one and the same time. In order to accomplish communication with the libraries for dynamic linking
of different single-criterion optimization modules, the independent “CSolver” class is used, which is a data
processor. It includes modules for input data entry, for output data obtaining and for different setups of the type of
the variables and the type of the solution required. It works after the black box principle — an optimization problem
in certain format and syntax is set at its input as a parameter, syntactic analysis is done, the names and the type
of the variables (continuous/integer) are defined, the type of the solution (continuous/integer) is also determined
and the optimization problem is transformed in a format, required by the corresponding single criterion
optimization module. The information about the solutions obtained is recorded at the output points of the class,
from where it can be obtained. The optimization modules realize two simplex methods of linear programming and
the branch and bounds method of linear integer programming.

The interface modules guarantee the dialogue with the system during the input and correction of the input data of
the problems being solved, during the interactive process of their solution and also during the digital and
graphical visualization of the main parameters of this process. With the help of the editing module, the
descriptions of the criteria, of the constraints, as well as the type and bounds of alteration of the variables are
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entered, changed or preserved. Another interface module realizes two types of graphical presentation of the
information about the values of the criteria at different steps and the possibilities to compare them. Dynamic
information is supplied about the purpose and the ways to use the fields and radio buttons.

LIOP-1 system presents to the DM different windows intended for entry and correction of the problem objective
function and constraints and for visualization of the results obtained. Figs. 1 and 2 show two of these windows.
The window, presented in Fig. 1, is the basic window of the editor for input data entry, called L/OP-1-Editor.
Entering of the linear and linear integer models can be done in a standard algebraic form, which is more
comfortable for the users, because it allows setting of the wanted names of the objective function, of the
constraints and variables.

=
Problem Criterion
Criterion value = 71 4 = |max 531 1 x2 +2 x4 0 %3
ariable values Constraints
I",.:S 131 +6 %2 -1 x3 +4 x4 == 43
Add constraint
CT: 2l 1 %2 -3 %3 1 x4 == 16
C2 331 +2 x2 +4 x3 -1 x4 == 28
E
man Gl -1 2 +2 xd 03 -
(C1=114)
231 152353 1 x4 <= 18
(c2=28) on type
31 42 52 +4 33 -1 x4 <= 28 " Continious
(C3=43) i Integer o |
13l +5 42 -1 %3 +4 x4 <= 43 = (o e ey =t
Fig. 1. LIOP-1-Editor Fig. 2. LIOP-1-Solving

The results obtained are shown in “LIOP-1 Solving” window (Fig. 2). “LIOP-1-Solving” window contains two text
fields. In the first field the values of the criterion and of the variables for the obtained solution are shown. In this
field the iterations number and some parameters of the problem solution are also given. In the second field the
problem being solved is viewed again, but the constraint values for the obtained solution are shown in addition.
When solving linear integer problems of larger dimension, some messages for possible breaking of the solution
process can be shown periodically (including information about the feasible solutions found). The time of the
messages display is fixed in advance, but it can be changed.

The printing of short or detailed information about the problem currently solved is done with the help of “Print’
command. A form is opened for selecting the information to be printed. Printing of the solution, the problem being
solved, the input variables type and bounds, and detailed information about the process solution may be selected.
Requirements about the quality of printing, the number of copies and the character style can also be set.

MKO-2.1 SYSTEM

MKO-2.1 system, which is the second part of Optima-Plus software system, is developed on the basis of MKO-2
system [Vassileva et al., 2007]. It is realized in Visual Basic and C programming languages and designed to aid
the DM in the solution of linear and linear integer problems of multicriteria optimization.

The linear and linear integer multicriteria optimization problem may be formulated as follows:
To maximize simultaneously the criteria: {7, (x), & € k|
s.t: Zal]x]SbZ’ZEM

jeN

0< XJ < d], ] eN

x ; - integers, jeN; N cN,
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the variables; K = {1,2,...,p},M = {12m} N = {12n} and N = {l,Z,...,n‘/n‘ < n} are the sets of the
indices of the linear criteria, linear constraints, variables and integer variables, respectively.

The main approach in solving multicriteria optimization problems is the scalarizing approach [Miettinen, 2003].
The interactive methods are the major representatives of the scalarizing approach. The multicriteria optimization
problem is treated in these methods as a decision making problem and the emphasis is put on the real
participation of the DM in the process of its solution. The interactive methods are the most developed and
widespread due to their basic advantages — a small part of the Pareto optimal solutions must be generated and
evaluated by the DM; in the process of solving the multicriteria problem, the DM is able to learn with respect to
the problem; the DM can change his/her preferences in the process of problem solving; the DM feels more
confident in his/her preferences concerning the final solution of the problem being solved.

MKO-2.1 system is developed on the basis of the generalized interactive method with variable scalarization and
parameterization GENWS-IM [Vassileva, 2005, Vassileva, 2006]. This method is a generalization of a large part
of the multicriteria optimization interactive methods developed up to the present moment. The generalization is
with respect to the classes of the problems solved, the type of the defined preferences, the number and type of
the applied scalarizing problems, and the strategies used in the search for new Pareto optimal solutions. Starting
from the current (weak) Pareto optimal solution, the generalized scalarizing problem GENWS may be used.
Altering some of its parameters the following twelve scalarizing problems can be obtained: the scalarizing
problem of the Weighted Sum, the scalarizing problem of €-constraints, the Chebyshev scalarizing problem, the
scalarizing problem STEM, the scalarizing problem STOM, the scalarizing problem of the Reference Point, the
scalarizing problem GUESS, the scalarizing problem of the Modified Reference Point, the External Reference
Direction scalarizing problem, the Reference Direction scalarizing problem, the classification-based scalarizing
problem NIMBUS, and the classification-based scalarizing problem DALDI. The generalized interactive method
GENWS-IM has the following main characteristics: the DM may set his/her preferences in very different ways —
with the help of the criteria weights, e-constraints, desired and acceptable levels of change of the criteria values,
desired and acceptable levels, directions and intervals of alteration in the criteria values; during the process of the
multicriteria problems solving, the DM may change the way of presenting his/her preferences. Starting from one
and the same current (weak) Pareto optimal solution and applying different scalarizing problems (with respective
alteration of GENWS parameters), the DM may obtain different new Pareto optimal solutions at a given iteration,
and this opportunity is especially useful in the education process and in the comparison of different scalarizing
problems.

MKO-2.1 software system consists of three main groups of modules — a control program, optimization modules
and interface modules. The control program is integrated software environment for creation, processing and
saving of files associated with MKO-2.1 system, as well as for linking and executing of different types of software
modules. The basic functional possibilities of the control program may be separated in three groups. The first
group includes the possibilities to use the applications, menus and system functions being standard for MS
Windows — “File”, “Edit”, “View”, “Window”, and “Help” in the environment of MKO-2.1 system. The second group
of functional possibilities encloses the control of the interactions between the modules realizing the creation,
modification and saving of files associated with MKO-2.1 system, which contain input data and data connected
with the process of solution of linear and linear integer problems of multicriteria optimization, the interactive
solution of linear and linear integer multicriteria optimization problems entered, as well as the localization and
identification of the errors occurring during the process of operation with MKO-2.1 system. The third group of
functional possibilities of the control program includes the possibilities for visualization of essential information
about the DM and information of the system operation as a whole.



22 10 - Intelligent Support of Decision Making

The optimization modules realize the generalized interactive algorithm GENWS-IM, two simplex algorithms for
solving continuous single-criterion problems [Vanderbei, 1996], an algorithm of “branches and bounds” type for
exact solution of linear integer single-criterion problems [Wolsey, 1998].

The interface modules provide the dialogue between the DM and the system during the entry and correction of
the input data of the multicriteria problems being solved, during the interactive process of these problems
solution, as well as the dynamic numerical and graphical visualization of the main parameters of the solving
process. With the help of an editing module the formulations of the criteria and constraints are input, altered and
stored, and also the type and limits of the variables alteration. Another interface module serves to supply two
types of graphic presentation of the information about the values of the criteria at different steps of the solving
process, as well as the possibilities for their comparison.

In addition to MKO-2 system, when using the extended version MKO-2.1, the DM could use a variety of new ways
for defining the preference information and for choosing the most appropriate method, concerning the problem
being solved. In such a way, the DM could build and execute different solving scenarios for a certain multicriteria
optimization problem, using, for example, different solving methods starting from a current Pareto optimal solution
at a given iteration and compare the results in order to decide in which direction to search for the final solution.
The DM could also use another new feature of MKO-2.1 system — he/she could use different searching strategies
at each iteration, as well as he/she could return to a Pareto optimal solution found at a previous iteration and start
a new search with a different method, using the same or different preference information.

MKO-2.1 system presents to the DM different windows intended for entry and correction of the criteria and
constraints of the multicriteria problem being solved, for setting his/her preferences, for choosing the solving
method and for visualizing the current and the final solutions. Figs. 3-6 show four of these windows.

Fig. 3 shows the main window of MKO-2.1. It is intended for entering and editing of the initial data of the problem
being solved. The same algebraic form for setting the objective functions, the constraints and variables, similar to
the one in LIOP-1 is used, and it is also possible to use the data already entered, to edit or complement them.
The window, presented in Fig. 4, is designed to identify the type of DM’s preferences. The DM may select among
five types of preferences, it is assumed that he/she has selected to set the preferences in the form of desired and
acceptable (aspiration) levels, directions and intervals of alteration in the criteria values.

The screen, presented in Fig. 5 shows setting of information for improvement in the value of the first criterion.
Choosing “Graphic” command enables the visualization of two types of graphical information about the process of
problem solution. For this purpose, a window with two types of graphics is opened (Fig. 6). With the help of the
upper bar-graphic, visual comparison can be made of the solutions found at two iterations, selected in the fields
for step selection, given at the bottom of the window.

MKO-2.1 Setting the preference type

 Weights

(" Epsian constraints algorithm

= | {7 apiration levels

{+ Agpirafion levels, directions and intervals

Fig. 3. MKO-2.1-Main Window Fig. 4. Selecting the type of DM’s preferences
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Conclusion

The general purpose system Optima-Plus is designed to support DM in solving different single-criterion and
multicriteria optimization problems. The first part of the system — LIOP-1, is designed to model and solve a broad
class of problems of linear and linear integer programming. The second part of the system — MKO-2.1, is
designed to model and solve linear and linear integer problems of multicriteria optimization. The DM can solve
one and the same problem for one or several criteria. The user friendly interface of MKO-2.1 and LIOP-1 systems
facilitates the operation of decision makers with different qualification level relating to the single-criterion and
multicriteria optimization methods and the software tools. MKO-2.1 and LIOP-1 systems can be used for
education and for real-life problems solving as well. A number of Bulgarian and European universities use the
system for the purposes of education, as well as for experimental and research problems solving. A number of
Bulgarian ministries, governmental and private organizations use the system to solve real-life single-criterion and
multicriteria decision making problems. The future development of Optima-Plus system will be realized in two
directions. The first one is connected with the implementing and adding of new methods (including heuristic
methods) for single-criterion and multicriteria optimization. The second direction refers to the development of a
web-based version of the system, enabling distant decision making.
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INTERACTIVE METHODS FOR GROUP DECISION MAKING
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Abstract: This paper aims to present new methods for group decision making that take into account different
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1. Introduction

Decision making problems are unformalized or weakly-formalized problems that in order to be solved require a
decision maker (DM). The resulting solutions are subjective, depending on the DM's preferences. The decision
making problems are divided into three major classes: multicriteria problems, decision making problems in risk
conditions and decision making problems in uncertainty conditions.

Different tasks ranging from planning, management, analysis and control, transport, education to ecology, etc.
can be formulated as multicriteria problems. Multicriteria problems are divided in two major classes depending on
formal formulation. Multicriteria optimization problems are defined by a finite number of explicitly given functions,
which describe an infinite number of alternatives. Multicriteria analysis gives a finite number of alternatives in
table form.

In multicriteria analysis problems, a set of criteria are optimized simultaneously in an admissible set of
alternatives. Generally, there is no alternative, optimal by all criteria (in this case the solution of the problem is
trivial). For practical purposes, it is necessary to select only one alternative — with the help of additional
information, extracted from the DM. According to the types of information given by the DM the methods are
divided into: weighting methods, outranking methods and interactive methods.

With the development of information technologies, Internet and electronic communications more attention is paid
to group decision making problems (GDMP). They are an extension to existing problems. However, in GDMPs
the decision is not made by a single DM but a group of DMs, often referred to as experts. There are three
different approaches, apriori, aposterior and interactive approach, for aggregating the information provided by the
decision makers in GDMP. The methods implementing the apriori approach aggregate the DM's preferences. It is
assumed that the group is working as one entity with one hierarchy. Different decision makers lose their identity
and they are very consistent. The methods implementing the aposterior methods focuses the final result, final
personal ranking of the alternatives of each decision maker where the rankings have to be aggregated in one final
ranking. These methods are the crosspoint of multicriteria analysis and voting methods. In voting there are
multiple decision makers and multiple alternatives/candidates and the task is to sort them in a priority list.
Multicriteria analysis methods provide the personal rankings of the decision makers and voting methods provide
the aggregation of the rankings in one final ranking.

So, the development of Internet-enabled decision support systems (DSS), supporting group decisions, is very
important in the emerging information society.

In this context the main goal of this paper is to propose new interactive methods for group solving of multiple
criteria analysis problems, suitable for different kind of organisational structures.

The rest if the paper is organized as follows. In sections 2 to 4 the author presents several group decision support
methods. In section 5 classification of group decision support systems are made, in section 6 the group decision
support system Group Multichoice is described and results are summarized in section 7.
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2. GECBIM Method

This method is bases on the concept that the final ordering vectors received from each DM can be aggregated by
solving a multicriteria problem in which all the criteria are ranging criteria. Like the qualitative criteria, the
alternatives of ranging criteria have no numerical values. Like qualitative criteria, they have no verbal values.
They are simply ordered (ranged) according to valie, weight, importance. The definition of the newly-created
multi-criteria problem is Matrix A. The group leader solves the problem with the method, described below. Overtly
or covertly, he/she may attribute different weight to the separate DMs. The decision of his problem shall be the
ordering of the alternatives based on the orderings of the DMs taking part in the process and the leader’s attitude
to them. Thus the decisions are aggregated into a summerised solution.

Expert1 Expert2 ... Expertn

Alternative 1 V1,1 Vi2 Vin

Alternative 2 Vo1 Van

Alternative 3

Alternative 4

Alternative 5 v Van

Matrix A

Definitions:
K7° UK ° -is a set of ordering vectors with indexes j R, for which the leader want to increase their values
compared to the values of the currently preferred alternative, where:
K ;120 - is a set of ordering vectors with indexes jeR, for which the leader wants to improve their value by
aspiration value - 4y, .
K; - is a set of ordering vectors with indexes jeR, for which the leader wants to improve their value in the
desired direction.

K f" UK ;fo - is a set of ordering vectors with indexes jeR, for which the leader agrees to deteriorate their
values compared to the values of the currently preferred alternative, where:

K ,f - is a set of ordering vectors with indexes j eR, for which the leader agrees to deteriorate their values by no
more than Jy,; ;

K ; - is a set of ordering vectors with indexes j R, for which the leader agrees to deteriorate their values in the
desired direction;

K™ -is a set of ordering vectors with indexes jeR, for which the leader wants their values in the
interval (a;; —1,; < ay; <ay; +t,fj ) compared to their values in the currently preferred alternative;

K = - is a set of ordering vectors with indexes j eR, for which the leader does not want their values changed;

KO -isasetof ordering vectors with indexes j R, for which the leader is indifferent;

- is desired aspiration level of ordering vectors with indexes j € Kf :

ahj
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A';~is the different between the minimal and maximal value of ordering vectors with index J:

A',=maxa—-mina.
v iel iel

With the notations defined above the scalarisation problem is:

(S): rglln S@) = qlilp{max[rj;;i?(ahj —a;)/A;, max (a, —ai].)//'tj} +r]2%§(ahj —ai].)//'tj},

77 jeKjujeky
with constraints:
iel, jeK, UK},

ap; 2 ,

. . <.

ap 2a; =0y , i€l', jeKj,

— . . X .

ap 2 a;—ty; , i€l jEK),
+ . .

ay <ag ity , i€l jekKy;

where:

£ ako A’ng,
A'j axko A'j>a,8>0

When solving the discrete optimisation problem S, the value S(i) is calculated for every alternative with index i,
satisfying the constraints. Function S(i) represents the the distance between the alternative with index i and the
aspiration alternative, using Tchebishev's metric.

3. Interactive Method for Group Decision Support GCBIM

The GCBIM method is designed for supporting group decision making in the individual consultative style (7).
In this style the leader defines the problem and shares his vision with the members of the group. The leader
solicits ideas regarding causes of problems and their potential solutions. The leader may also use these
individuals' expertise in evaluating alternative solutions. Once this information is obtained, the leader makes a
choice of the individual alternative solution which is to be implemented.

In the GCBIM method all decision makers are working in one and the same space of alternatives. In GCBIM it is
the rankings, not the preferences that are aggregated and because of that the criteria by which the alternatives
are evaluated can be different. The whole process of decision making is iterative. In the first iteration every DM
starts with a given alternative and gives aspiration levels, directions and intervals of change and finally gets the
ranking of the currently admissible alternatives.

All rankings are sent to the leader. He has solved the problem by himself and has a ranking of his own. When all
decision makers send their rankings to the server, the aggregated ranking is calculated with the help of borda
score. The leader determines “the chosen” ranking for this iteration by evaluating the rankings, which are closest
to the aggregated ranking or to his/her ranking. If he is satisfied with the solution the process is terminated and
the first alternative in the chosen ranking is the winner. If the current iteration does not give a solution which
satisfies the leader, the process goes on with the next iteration where the best (first in the ranking) alternative in
preferred ranking is taken as a reference alternative for the next iteration.
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If &; is the position of the alternative i in the ranking of expert j; aic is the position of the alternative i in the
aggregated ranking and Ai— is the difference between the maximal and the minimal position on which alternative i
is placed, then we are seeking min(max(aj-aic)/\) which gives us the ranking closer to the aggregated ranking.

4. GCBIM-bee method

This method is inspired by the decision making process bees use when searching, evaluating and choosing a
new hive, as described in (2).

This method is different from the previous one because it assumes that group goals are the same for all members
of the group and they differ only in their vision of achieving these goals. In this method no leader is required, so it
is suitable for leaderless team style. The process is iterative and the group work in turns, but instead of sending
every ranking for aggregating, the experts can move trough several points in the alternatives space with the help
of the CBIM method (3) before choosing an alternative to vote for in this turn. Every alternative already voted for
is added to the list of “discovered” alternatives. If a DM votes for an alternative more then once, every time after
first the weight of his vote is dropped by 15%. This stimulates the DM to search for other possible solutions
(alternatives) and gives chance to later found alternatives. The DM can keep voting for one and the same
alternative at every turn, but he/she can also choose other alternatives to vote for from the list of “discovered”
alternatives.

A system implementing this method should offer a communication between decision makers and using this
feature they should be able to “advertise” their currently preferred alternatives at every turn, so that other decision
makers will eventually be able to choose an alternative to vote for.

Variant 1

At every iteration/turn alternatives with lowest borda score (the borda score is accumulated trough iterations) are
dropped. The number of dropped alternatives may depend on the number of iterations already made, but this
may not be necessary as this would mean to compensate for the initial “wandering” of the decision makers.
However, this issue is resolved due to the fact that decision makers can make more than one step before finding
an alternative to vote for.

Variant 2

After the number of “discovered” alternatives reaches a certain threshold the procedure goes on with the final
iteration and experts choosing only among alternatives in the list of “discovered” alternatives. The final solution of
the problem is the alternative, chosen at this iteration.

The GCBIM, GCBIM-bee 1 and GCBIM-bee 2 methods are intended for implementation in the Group Multichoice
system, which already implements four methods for solving multicriteria analysis problems — one weighting
method, two outranking and one interactive. The group decision support features are provided by the interactive
GCBIM, GCBIM-bee1 and GCBIM-bee2 methods and one aposterior method, based on borda score powered
aggregated ranking.

The GCBIM-noname method is designed for facilitating decisions in groups of type Participative Style, Leaderless
group and Group consulting style. These type of decisions are based on the idea of equal rights of all participants
in the decision process. This allows situations, where there are disagreements in the group and achieving
satisfying decision is not possible. In these cases it is important to locate the focus of the disagreement and to be
eventually discussed and overcome, and to achieve final decision on this part of the problem for which there is

consensus. These goals are achieved by calculating the coefficient of agreement A, , which represents a measure

of agreement for alternative with index | on a given iteration. To find i, first the table P is calculated:
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Pi Py ... Px
At pnn pi2 Pk
Ay pr p2 P2k

Ac P P Pk
Table 1
pi — how many times alternative with index i is positioned on position j
qi- number of not empty position on row with index i in table 1
m; — maximal value of row with index i in table 1

Then the coefficient of agreementis 4, = m, / g, .

On each iteration the alternatives with agreement coefficient A above given threshold are placed on their positions
in the final ranking. This process actually sifts the “easy” alternatives -those, for which there is agreement for their
position. For the rest there is obviously no consensus. Therefore discovering of these alternatives is important
because:

- in the decision process takes part supra DM, for him/her is important to see this critical alternatives
- finding these alternatives helps experts to focus on critical alternatives

- in usual cases those are the alternatives headed for the first positions, otherwise the problem would be
trivial.

- Makes calculating the overall agreement for an iteration easy: 4 = 2[’", / Cli]
i=1
Definition:
An alternative A is conflict, if in t iterations its agreement coefficient A does not improve. After tx iterations without
increase in its agreement coefficient the alternative is positioned on its place based on borda score. If the position
is not empty, the alternative occupies the next free position.

5. Classification of group decision support systems

Decision support systems are divided in two major classes — universal systems and problem-oriented systems.

Depending on the number of the decision makers, the systems can be local, intranet and Internet-based. Local
systems are installed on one computer and are used either by one DM, or (in group decision making) by a
number of decision makers using the computer in turns. Intranet based systems are deployed in LAN
environment, where every decision maker uses his/her own computer. Depending on the software architecture
there can be a central server. The time for decision making/using the system is limited due to the use of
telecommunication technologies for providing communication between the group participants. The minimum is a
text chat, but audio or video conference lines are also recommended.

Internet based systems allow the team to be spread over a large geographic area. This systems has a central
server used not only for relaying information but also for storing it, and that is what provides the opportunity for a
decision making process extended over a longer periods of time. Every GDSS should provide two functions:
communication and decision support.
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6. Description of the Group Multichoice system

The system interface is designed as a wizard — a sequence of steps where each step is a logical operation. Every
stage of the work with the system corresponds to one or more windows in the wizard. The DM is able to go
forward or to go back in order to make some changes or to try another option.

Group Multichoice system operates in client or server mode. Every decision making session has only one server
and all clients are connected to this server. The leader/group facilitator works with the server.

Group Multichoice offers dynamic context help. The user can get information for every element of the interface
just by moving the mouse over it. The system operates in two languages — Bulgarian and English. Whole
interface is translated and language can be switched at every stage of working with the system. The translation
module is designed in a way that makes adding new languages easy. The system performs automatic software
updates if Internet connection is available when it is started.

7. Conclusions and Future Work

GCBIM, GCBIM-bee1 and GCBIM-bee2 are interactive method for solving group decision making problems of
multicriteria analysis. Their application covers large part of the specter of different decision making styles.

Group Multichoice is an experimental software system, supporting group decision making and solving multicriteria
analysis problems. The system implements four methods for this class of problems and four methods for
supporting group decision making. The group decision can be taken in autocratic style with advisors or in
democratic style, when all participants are equal. The systems allows network communication, provides user-
friendly interface and rich help information. Every decision maker is able to reach a final result using HIS/HER
preferred method.

Future work targets the development of commercial system, implementing the presented methods.
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Introduction

When considering directions of solving different aspects of analysis of the market economy objects spatial-
temporal dynamics the necessity arises, in any event, to carry out the comparison between the characteristics of
the subjects being studied. The performance of such analysis is related, first of all, to elucidation of the arisen
situation in the estimation of the economic entity functioning being studied and comparison of such object
development with other similar market objects development. As a whole, this contributes not only to revealing of
the reasonable approaches to the arising problems solution, but to the possibility to justify look-ahead actions in
decision-making relating to the stable functioning and development of the economic entity being studied.

In this work the banks are chosen as an example of the specific economic entities. This is motivated by the fact
that the stable and systematic development of the banking sector has a profound impact on the reproduction
structure of economy, as through the banking the flow and reallocation of monetary resources and capital funds
are organized. At the same time, the analysis of the finance flows both of the banking system, as a whole, and
individual banks, in particular, is one of the key components of building of the adequate economic security system
of the economic entity operating in the market economy [1, 2]. Eventually, it is precisely this that defines the
urgency of the given direction of the investigation, the importance and utility of its consideration as far as the
banks is concerned.

Justification of the investigation purpose

The basis for performance of the banks functioning comparative analysis involves, as a rule:

- the models based on generalization and consideration of the normative indices, coefficients of economic
agents activity standards with the subsequent estimation of their rating [3, 4];

- the methods of statistical conclusion based on econometric models and methods having in their origin the
game theory approaches [9, 6];

- the methods of the fuzzy sets theory [1, 7].

In this case the prevalent approaches of the comparative analysis, as a rule, are:

- either relative generalization of dynamics of the corresponding activity indices of the economic entity being
analyzed [8],

- or construction of cluster models which allow to rank the degree of development of the objects being
compared [9, 10].
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But in any case the mathematical basis of investigations consists, mainly, of the probabilistic methods for data
analysis. In this case the solution key aspect consists in determination of the analyzed data distribution
parameters with a view to obtain an adequate model, often this is connected with violation of the distribution
normality law of the data sampling involving such objects. At the same time, the main problem, arising when
constructing an adequate model of the banking comparative analysis, is connected with that the economic
development laws assume the presence of such interaction between different subject of the market and account
for the action on these interactions of various surroundings manifestations, not having a definite statistical nature
in the classical meaning. Solution of the given problem is reached, in a way, through introduction of different
aspects of information saturation, banking indices being considered, into the problem treatment. But in the given
case another problem arises associated with the necessity to consider the procedure of various manifestations
ranking of information saturation of one or other banking indices.

Thus, openness of the problem of construction or choice of the model for comparative analysis of the banks
functioning and development stimulates the performance of investigations directed to its solution.

Some methodological aspects of comparative analysis of banks functioning

Classical approach to solution of the formulated problem is the use of the finance flows, which makes it possible
to give the most complete description of the banking on the basis of multiple presentation of the initial

data(separate indices of activity) x/ of their sets of Y at a certain temporal interval t in terms of the finance
flows — {xt}’ }

This is associated with that the basis of the flow approach comprises the possibility to realize the structuring of
data for complex dynamic systems, it is precisely the structuring that opens different directions for carrying out the
necessary analysis [11].

At the same time, the flow processes involve all spheres of the market economy, this is rather important as far as
the banks is concerned as the centers of redistribution of monetary and reallocation of capital. This also allows
taking into account the degree of various environment factors action, governing thereby the information saturation
of the indices being considered.

It should be noted in this case that the flow approach can serve not only as the set of instruments for the banks
functioning and development, but also act as the combining center of various approaches applications for
carrying such analysis.

At the same time one of the shortages of the flow approach consists in performance of the banks generalizing
comparative analysis as the financial flow concept assumes only consideration of some sets of such flows while
their structuring is also significant. Therefore, the following part of the given investigation is just devoted to the
processes of more precise bank finance flows structuring.

Microsituation concept as the foundation for performance of the banks functioning comparative
analysis and development

Some problems of finance flows structuring for carrying out of the economical processes dynamics comparative
analysis were considered in [1]. Nevertheless, the problematic aspects concerning comparison of special and
general finance flows for their further structuring and analysis remain beyond the scope of investigations. First
and foremost, such a generalization concerns, first of all, the problems of description of the situation of
functioning of the banks as a complex system and the banks taken individually.

One of the specified problem solution directions can be the use of the microsituation concept which found the
proper application when solving a number of problems arising in emergency situations [12].
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In the given aspect, to perform the comparative analysis of the banks functioning and development based on the
flow approach, by the microsituation, variety of the banking description with the help of the corresponding
parameters and indices should be meant.

In this case the concrete microsituation S* can be described in the form of a separate finance flow or some set
of them being defined with a set of data y,(y =1,m) , characterizing the banking of some bank L, (L =1,7):

st :({x,kl}L,kle;/, (1)

st =({x§‘1},{x{‘2},{x{‘2})L,k1,k2.k3ey. 2)

Thus, comparing banks between themselves we, first of all, compare the micro situations which in the given case
describe the state of the banks functioning and development in terms of some parameter or their totality:

s! =({xtk1},{xf2},{xtk3})l ~ §? =({xtk1},{xf2},{xtk3})2, ,2eL, (3)

where S' - is the microsituation describing the first of the banks being analyzed, S? — is the microsituation
describing the second of the banks being analyzed.

At the same time it is possible to carry out comparison of the banks development and functioning as a whole
fixing parameter t. Then, in the given case, variation of some of the banking parameters being analyzed xtg for a

L _
fixed date tp in terms of the whole variety of banks— {x7 } , L,(L=1,n) is considered as a finance flow.

i

In this case the concrete microsituation can be presented in the following form:
L L —
Sp=(xp} stpet . (r=Tm), )
or
S = o {5 o {5 P et v =Tom) ®)

Then the comparison consists in performance of the analysis between the microsituations describing the state of
the banking system functioning as a whole at some fixed dates of time:

S = (i ol i P = S = (L 5o oo DB L2 et (6)
Ultimately, we receive some set of microsituations Q:{SL,S,}E}, completely describing functioning and

development of the banking system. Since, as mentioned above, not all microsituations can have the normal
distribution, then we shall consider nonparametric tests to verify the hypothesis for coincidence of the
microsituations being investigated. In the given case it is expedient to use the test Wilcoxon for bound samplings
[13], which answers the question: whether some event essentially changing the microstructure hierarchy took
place in the analyzed data which characterize different samplings.

In other words, when carrying out the comparative analysis of banks functioning and development the analyzed
microsituations distinguishability is studied. Then the value of the Wilcoxon test can be used as the measure of
distinction (agreement) of the microsituations being considered. The greater is the value of the test being
considered, the more distinguishable as a whole are the microsituations being considered and vice versa, the
less is the value of the test being considered the closer are the microsituations being considered.
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The initial data and results of the comparative analysis of banks functioning in Ukraine

The foregoing approach is being considered as an example of the banking in Ukraine in terms of such index as a
share of the granted credits in the overall totality of bank assets. The paramount importance of consideration of
such banking values is associated with that just the credits

- on the one hand, constitute a considerable part of bank operations and, respectively, operating profits in total
gains of a bank from such operations,

- on the other hand, the granted credits growth results in credit risks and, consequently, in the banks
development destabilization.

Thus the problem associated with the succession of the development dynamics of relation between the granted
credits and total volume of banks assets both for the banking system as a whole, and in terms of separate banks
functioning is rather significant. The more so the generalized dynamics of the relation between the granted credits
and total volume of banks assets as a whole is indicative of the rise in the banks preferred weight with the
increased part of the granted credits in their assets volume (Fig.1, generalized using the site www.finance.ua.).

Hence the essence of the first question as to carrying out the comparative analysis of the banking activity
consists in estimation of the succession in variation of the granted credits preferred weight in their assets volume
during each year of the period being investigated. To analyze such a succession is possible on the basis of
investigation of the microsituations each of them describes the state of the banking system functioning as a whole

for the fixed date of time tp in terms of the banking activity index xg, — the credits preferred weight in the banks

assets (see Eq.7). The results of such investigation obtained within the periods of 2004, 2005, 2006 and 2007
years in section of each month represent a separate microsituation shown in Figs.2-5 (generalized on the basis of
the above approach and data of the site www.finance.ua). In this case the black circles mark the microsituations
the most consistent between themselves, the microsituations less consistent are not shown at all.

The dimension of each circle represents the degree of correspondence (consistency) of microsituations being
investigated in section of every month of the years covered. The smaller is the circle, the greater is the
consistency between the microsituations.

As can be seen from the data in Fig.2 the corresponding consistency between microsituations in the banking
system development of Ukraine by the results of 2004 in terms of the credits specific weight in the banks assets
is the least one.

At the same time the analysis of data from Fig.2-Fig.5 testifies that year after year the consistency between the
microsituations becomes stronger. This is apparent both from the increase in the microsituations number and
from the increase in such consistency, the decrease in the circles dimensions demonstrates this. Hence a
dangerous situation forms in the banking system development in Ukraine as a whole, which is marked by the rise
in the credits specific weight in the banks assets structure, this can cause the rise in credits risk level. Moreover,
continuity in such development is observed.

In other hand the analysis performed according to the above methods of consistency in development of separate
banks is not less interesting in the considered aspect. To perform such an analysis let us consider a group of 12
banks representing those representing and operating in the same region that makes it possible to consider
indirectly the action of various factors on their functioning and development. For the microsituations, their
comparison will represent consistency of separate banks development, generalization of their finance flows
appears, this represents the specific weight of credits in the structure of such banks assets. Further comparison is
carried out on the basis of Wilcoxon criterion accordion to Eq.3. Fig.6 shows results of such consistency.
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Fig.1 The specific weight dynamics of the granted credits to the total assets volume in the banking system
as a whole during the period from 01.01.2004 till 01.05.2008
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Fig.2 Consistency of microsituations representing variation of the credits specific weight in the banks assets
volume according to the results of the banking system work in 2004.
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Fig.3 Consistency of microsituations representing variation of the credits specific weight in the banks assets
volume according to the results of the banking system work in 2005

[ —

S W R NN\ O—1D

_ Microsituations
0 | 2 3 4 5 6 7 8 9
Fig.4 Consistency of microsituations representing variation of the credits specific weight in the banks assets
volume according to the results of the banking system work in 2006.
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Fig.5 Consistency of microsituations representing variation of the credits specific weight in the banks assets
volume according to the results of the banking system work in 2007
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Fig.6 Consistency of microsituations representing variation of the credits specific weight in the banks assets
volume according to separate banks of the group being studied by the results of their work within the period from

01.01.2004 till 01.05.2008

As evident from the data in Fig.6 the microsituations consistency in the considered aspect is not bserved for the
group of banks under study. Thus it may be concluded that each of the banks chooses its own strategy of
increase of the credits being granted. Nevertheless, according to the data from Figs.2-5 such a strategy as a
whole is aimed at increasing the credits specific weight in the banks assets structure. Consequently, the problem
of the credit risk rise remains an urgent one.

Conclusions

Hence the methods for performing the comparative analysis of functioning and development of both the banking
system as a whole, and separate banks in particular are offered in the given work. The essence of such methods
consists in presentation of the banking activity in the form of a set of microsituations, each of them characterizing
such activity based on definite finance flows which in tern reflect one or another index of separate banks
activities. In this case non-parametric tests based on Wilcoxon criterion are used for the microsituations
comparison. Adequacy and efficiency of the offered methods are approved using the real data concerning one of
the banking activity directions. This makes it possible to use the given methods for carrying out the extended
comparative analysis of various directions of both separate banks, and banking system as a whole.
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APPLICATION OF TECHNOLOGY FORESIGHT STRATEGY
IN INNOVATION ACTIVITY

Nataliya Pankratova

Abstract: The methodological tool of the technology foresight strategy in innovation activity which is based on the
new expert estimation principles and software for processing the results of the foresight under the real conditions
are proposed. Obviously, this strategy should determine the main development directions of strategically
important industries, the prospects of competitiveness products, the sensible use of natural, human, industrial,
and scientific resources, and the technological potential of the country, and the strategy should consider the
needs of the world market of high technologies and hi-tech products take into account the processes of
sustainable development.The real projects were realised on the basis of proposed methodological instrument and
created software.
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Introduction

The modern stage of the world’'s development is characterized by high globalization rates of economical, social,
ecological, and other processes. Global processes have created the new development effect, which M. Godet —
the French economist — has completely and precisely characterized by a short phrase: «The future ceased to look
like the past» [1]. In our opinion, the essence of this effect is based on the fact that the typical approaches and
methods to prognosis targeted on investigation of the evolutional gradual development cannot detect and foresee
the changes in the process that are quick in time and discontinuous. At the same time, such processes
characterize the modern global dynamics of the world system. Such dynamic characteristics given by the
continuous influence of the semistructured, multilevel, hierarchical, practically unlimited set of continuously
changing positive and negative correlations, interdependencies, and interactions between different processes,
factors, and situations. The dynamic results started to reveal themselves as «the unforeseen and unpleasant
consequences» [2]. Under the existing conditions of the world dynamics, the innovation activity becomes the
defining tendency of the economical and social progress.

Practical necessity in new, system coordinated principles, approaches, methods of revelation of possibilities and
measurement of prospects and tendency of civilization and international economy development and prospects of
innovative development of specific country as well have appeared. In some countries and international
organizations the new apparatus of qualitative and quantitative foresight of different dynamic processes, which in
general calls science and technology or technology foresight, begins to develop intensively.

Goal of this paper is to present methodological tool for scenario analysis information platform creation in real
conditions of innovation activity [2]. It is necessary to note, that when deciding practical foresight problems on the
basis of the scenario analysis platform, expert estimations are received, as a rule, via Internet in on-line mode.
One of the most important aspects of scenario analysis information platform is development of expert estimation
procedure conception, methodology and software.
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1. Peculiarities of innovative activity management

The complexity of dynamics and uncertainty of properties in intercommunications, interdependencies, interactions
between different processes and factors require prior investigations on the basis of the models which define
existing interconnections between the processes and practically required interconnections between the innovation
activity subjects. The structural model is proposed on Fig. 1, which defines the structure and goals of systemic
relations between the main organizational innovation activity subjects (industry, science, education) themselves
and between them and the market of intellectual products [3].

We should note that the innovation activity strategy of the country is totally different from the development
program of the country under the planned economy conditions. It is so not only due to the underlying differences
between the market economy and the planned economy, but it is also due to the peculiarities of innovation
activities under the modern conditions of high dynamism and globalization of international processes. The main
difference is the conceptual uncertainty; unlike the informational uncertainty, such an uncertainty is conceptual in
a sense of understanding it as the uniform system of uncertainty, ambiguity, and inconsistency of interrelated and
interdependent elements of the set of uncertainties of various types. This set contains the uncertainty of goals of
development and perspectives of innovation product competitiveness; the dynamics of the demand and
distribution markets of competitive products, active competitors’ opposition; the situation risk uncertainty in the
dynamics of developing, producing, distributing, and using the innovation products.
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P production Production quality
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Fig. 1. System subject correlation structure of innovation activity

2. Scenario analysis as a basic foresight methodology

Formally by the term foresight we shall understand a complex system with a human factor that may be presented
by a company, an enterprise, an industry, or a country as a whole, uniting certain parts of society (humans or any
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social groups) with technological, ecological, economic, and other components that are characteristic of such
systems. First of all, these systems may be subjected to various external influences and restrictions: legislative,
political, economic, etc. Systems with a human factor consist of various subsystems with complex
interconnections between them, of both quantitative and qualitative character. They function according to various
purposes that, in most cases, clash among themselves. For complex systems with a human factor considerable
uncertainties of data and information are characteristic, and risks of various sorts are inherent in their behavior.
Expert judgments concerning their qualitative character always have a subjective character. Thus, taking into
account all peculiarities of such systems, regarding their behavior in the future quite definite decisions should be
taken in the form of scenarios and strategies of their development. Qualitative and quantitative methods are used
to solve such problems in a complicated human—machine procedure. It is important to note that the influence of
the human factor on foresight results determines the major level of subjectivity of the given procedure. It is
connected with a combination of objective knowledge and subjective human attitudes to the object under
investigation.

Every expert taking part in the foresight process expresses his or her personal opinion in the form of subjective
estimation; however, at the same time, he or she should be maximally guided by objective knowledge. At the
same time, such a glance into the future requires hypotheses and assumptions. The convergence of objective
knowledge and creative assumptions in an interactive human-machine procedure allows one to increase the
accuracy of the development scenarios for processes, phenomena, and events under investigation. Such
scenarios can be constructed with the help of the universal set of means and approaches called scenario analysis
methodology [2], which is a complex of mathematical, software, logical, and organizational means and tools for
determining the sequence of method application, their interconnections, and the formation of the foresight
process in general In the first stage one should study the problem and the object of foresight using qualitative and
quantitative analysis. After that qualitative and quantitative information is reduced to a unique platform. Then the
consequences of the methods will be defined and the interconnection between them will be established. This
makes it possible to form a complete foresight process and to develop a group of scenarios of the future behavior
of the foresight object (complex system with a human factor).

Analyzing characteristics and peculiarities of each of the developed scenarios the group of strategic decision
makers chooses scenarios that interest them, develops a plan of action according to the foresight object, and
ensures implementation of this plan.(Fig.2). Comprehensive analysis of these scenarios is carried out in
accordance with the following procedure: determine the reality and feasibility level for each scenario; estimate
event probability based on scenarios; estimate risks connected with each of the scenarios; construct simulation
models; select most acceptable scenarios based on above indicated criteria. The realness and realizability level
of each scenario (confidence level) is determined on the basis of searching for each event of the scenario
“contrary instance” or “antievent,” which excludes the possibility of realization of the examined event. If such
antievents are found, the confidence level for the investigated scenario decreases. The procedure is based on the
application of methods of combinatorial mathematics of variants of enumeration of combinations.

3. Development of principles of technology foresight strategy

The formulated requirements raise a number of completely new problems related to the strategy of technology
foresight; among these problems, first of all, we should underline those related to the development of new expert
estimation principles in technology foresight. A technology foresight strategy should not only satisfy the new
requirements, but also correspond to new conditions in innovation activities and correct itself in synchrony with
the changing market for the corresponding product type. Adjustments of one’s strategy should be adapted to
dynamic market changes while preserving the strategic goals in the national manufacturing. In turn, strategic
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goals should be coordinated with the long-term development trends of the world market and the development
dynamics of the corresponding national industry.

Selection of scenarios
Imitation
modeling

Group of people
taking strategic
decisions

Evaluation of
scenarios probability

Estimation of risks,
connected with each
of the scenarios

Procedure of
confidence level
determination

Fig.2. Submission of scenarios to the group of people taking strategic decisions, their analysis and selection

The necessity of developing new principles of expert procedures is dictated not only by the listed earlier factors
and peculiarities of innovation activities, but also by the essential differences between technology foresight
conditions and typical conditions of expert estimations. Typical expert procedures are oriented toward intuitive
execution of the logical analysis of objects or processes of reality on the basis of comparing, ranking,
systematizing, grouping, uncorrected proof measuring, classifying, and other procedures. In particular, the
classification may be performed as the ranking of objects by increasing (or decreasing) values of a given
parameter the quantitative (or qualitative) value of which is known for every object, and may be measured or
calculated. Other expert procedures are implemented in the same way. Essentially, the ability to obtain initial
information with the required completeness level means that an expert (each expert individually or the expert
group as a whole) knows a priori that the given expert evaluation procedure can certainly be performed.
Moreover, when information is provided with the use of expert evaluation results, it is possible to make a valid
statement about the feasibility of implementing the given technologies, products, or other products, processes,
and actions under investigation. Such conditions are satisfied in practice for a wide range of problems. From the
theoretical viewpoint, this approach corresponds to the potential realization principle, which is accepted in intuitive
logic [4]. The main point is that an expert knows a priori, proves, or postulates that the procedure is potentially
realizable, and that is why he can ignore limitations in space and time resources. Furthermore, in the case of
implementing the potential realization principle, the conditions are satisfied for the invariance principle of intuitive
logic.

The main point of the invariance principle is the following: if the validity of any statement, opinion, or conclusion is
determined or proved, it will holds in the future too [4]. Note that the conditions and principles mentioned earlier
allow us not only to simplify the solutions to many important theoretical and practical problems, but it also allows
us to create various automatic systems for classifying, comparing, measuring, and rejecting various products,
making it possible to exclude human participation in expert procedures. However, fundamentally different
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conditions are typical for technology foresight expert procedures. The high competition dynamism of innovation
products in the world market place has created fundamentally different conditions of innovation activities, which
are characterized not only by the conceptual uncertainty of market dynamics, but also by the multifactorial risk of
overdue realization and quick obsolescence of an innovation product proposed in any project, and also due to the
absence of technological possibilities for product realization. In particular, information incompleteness and
uncertainty of many properties and peculiarities of attitudes toward the innovation product in the market are
typical for an innovation project, for example, the information on how potential buyers and competitors feel about
this product. Thus, the technical foresight expert procedures cannot be implemented for a typical expert
estimation, which requires complete and valid information about the object under investigation. Therefore,
technology foresight expert evaluation procedures should not only conform to the fundamentally new
requirements, but it should also contain the fundamentally new characteristics and principles of organization and
realization of expert procedures.

Expert procedures in technology foresight should be organized and realized on the basis of technologies that
allow the insufficiency and uncertainty of the initial information about the investigated innovation object to be
supplemented and compensated with knowledge, experience, intuition, and human foresight. In this case, the
expert estimation results become dependent on many new risk factors that, in the group strategy of a typical
expert estimation, are practically excluded. We need to emphasize that, among these factors, the expert
estimation results depend on the peculiarities, knowledge, experience, and ability of a customer to determine the
expert estimation goals and problems, a manager to choose the expert estimation strategy and form experts’
groups, and, what is most important, the results depend on the abilities, knowledge, experience, intuition, and
foresight of each expert. Note that, under conditions of uncertainty, the dependence arises on external factors
and time, on the amount and level of research in scientific areas that have a direct or indirect effect on the
innovation object under investigation. The essence of such dependence is the fundamental possibility to change
estimations of an innovation object during a comparatively short period of time. If something is not known today,
that does not mean that it will be impossible to realize an innovation object in the future. It may become known,
possible to realize, and very useful and needed tomorrow. The most impressive example is a personal computer.
But it is not excluded that tomorrow someone proves that a given innovative technological solution or a product is
unquestionably impossible to realize.

Therefore, conditions and factors that exclude a priori postulation of potential realization of an innovation project
or product take place in innovation activities. And, as a result, the possibility is excluded of realizing the
invariance principle in time for the correctness of an expert statement, opinion, or conclusion. It follows that other
principles that take into account its conceptual uncertainty must work for innovation activities; therefore, they
differ completely in their properties from the principles of intuitive logic that are the potential realization principle
and invariance principle [4].

Based on the expert procedure analysis of innovation activities, the following principles can be proposed. Instead
of the potential realization principle, the possible realization principle is suggested [5]. This principle postulates
that for certain innovation objects (scientific ideas or technical solutions, or projects of industrial products, or
manufacturing technologies), the initial expert estimation results cannot guarantee their practical feasibility or
prove the impossibility of being realized. This principle postulates that for the listed innovation objects, based on
the expert estimation results of the presented information, a reliable estimation cannot be obtained a priori that
would allow one, for the object under investigation, being grounded and valid, to exclude the possibility of being
unrealizable. The estimation for an innovation project retains the uncertainty of the conclusion about the
possibility of realization, until, theoretically or exuncorrected proof perimentally, the possibility of technical or
technological realization is proved for the product.
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Instead of the truth invariance principle, which postulates the invariability of the theoretical or technical statement,
judgement, conclusion, or opinion about the object for a comparatively long time, a completely different principle
is needed. Such a necessity is brought about by the previous principle and the innovation activity practice, as
expert estimations under conditions of conceptual uncertainty cannot stay the same for a long time. In scientific
research and experimental design processes, not only new knowledge about a product under development is
accumulated, but the conception about the product’s characteristics, use, and application areas may change; new
inventions, technical solutions, and other know-how may emerge. Thus, the new principle must reflect the
probabilistic characteristics of invariance in time of the initial estimation results of an innovation object, and that is
why we shall call it the probabilistic invariance principle. This principle postulates that initial expert estimation
results certain innovative ideas or technical solutions, industrial products, or manufacturing technologies are
probabilistic and do not guarantee that they will be saved in time. Initial expert estimation results obtained under
conditions of conceptual uncertainty as positive or negative findings, proposals, or recommendations are not
invariant and may substantially change, be confirmed, or be disproved as time passes. Therefore, we do not
exclude in a certain time frame both safekeeping of truth expert statements, opinions, or findings, and the
possibility of disproving them.

4. Technology foresight expert estimation procedure requirements

Assertions given earlier prove that it is possible for innovative objects that do not have analogies and prototypes
of objects that are actually produced to be producible or nonproducible. Therefore, there is a series of certain
practically important requirements for technology foresight expert estimation procedures.

First, while performing these procedures, one must not only estimate the properties, advantages, and
disadvantages of innovative objects, but also estimate the probabilities of them being realized in practice. Then, it
is advisable, taking into consideration the subjectivity of expert estimations, to introduce an additional index that
should determine the expert’s confidence in the estimation. The introduction of such indices opens the possibility
to substantially improve the reliability of the total object estimation, because the group of experts is formed by
taking into account the known a priori uncorrected proof level of each expert’s competence and the possibility of
taking this level into account while processing the expert estimation results.

Second, while doing the expert estimation of innovation objects in the technology foresight process, it is advisable
to introduce latent indices of project quality estimation and innovation objects proposed in this process. In
particular, such indices characterize the practical necessity, technology possibility, and economy expediency of
an investigated object [5]. In order to obtain the coordinated qualitative and quantitative estimations of these
indices, it is necessary to provide each expert with a simple understanding of the content and the sense of
estimated characteristics of expert estimation objects.

The main feature of the latent indices of innovation projects and products is their mutually exclusive dependence.
It expresses itself in such a mutual systemic coordination of conditions for realizing characteristics that an
absence of any of them excludes the necessity of realizing other characteristics. For example, an absence of
market demand for innovation production excludes the necessity and expediency of its industrial production. The
next main feature is the discrepancy of requirements for the internal and external characteristics of innovation
products. This follows from the contrast of technical and economic interests of producers, which are expressed by
internal characteristics (prime cost, technical and economic effectiveness, convenience, etc.), and the social and
market interests of its potential customers, which are presented by external characteristics (price, aesthetics,
quality, usage convenience etc.).

Other features are the impossibility of direct qualitative estimation of combined characteristics, as they depend
not only on qualitative and quantitative indices of innovation products, but also on sets of different factors. We
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cannot always control and forecast the structure and level of their influence. Among uncontrolled factors the most
important are the various risk factors in the dynamics of the sequence of stages in the product’s life cycle. We
need to emphasize the importance of risks in the production cycle and the risks of market demand for new
products. Their impact may substantially lessen the technical and economic effectiveness of production or even
make the production unprofitable.

Modeling top-priority problems of Kiev city on basis of analytic hierarchy process (AHP) is shown on fig.3. AHP
was developed by T. Saaty [6, 7] and is based on the description with multiplecriteria of a problem and allows to
turn the analysis even of very complex problems into a sequence of pair-wise comparisons of their individual
components. During the problem stating stage, the group of experts performs decomposition of a complex
problem — represents it as a hierarchical sequence of interconnected and interdependent systems and
subsystems; determines its elements and relations between them. Then, the hierarchy is built which is the
systematic model of reality. The top of the hierarchy is the general goal, sub-goals lie lower, then forces that
influence these sub-goals, people, goals of people, policies, strategies, and, at the end, the outcomes that are the
results of strategies. At the next stage of solving, the individual components of hierarchy are compared to each
other. As a result, the relative degree of interaction intensity between elements in the hierarchy can be
determined. Then, these judgments are expressed numerically. At end of the problem analysis, AHP includes
procedures for the multiple judgments synthesis, determination of the priority of criteria and alternative solutions.
Having completed the processes of decomposition and formalization of the considered problem, we apply the
Analytic Hierarchy Process to the formalized problem with the consecutive account of its comprising procedures
such as the usage of the fundamental integer scale, calculation of the matrix of paired comparisons, coincidence
of matrices, local priorities, and carrying out the synthesis of priorities.

Estimation of the top-priority measures on
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Fig.3. Estimations of top-priority problems of Kiev city

Having calculated the global priorities for every variant, we obtained (fig.3), that construction in Kiev of two
garbage processing factories with priority 0.203; reconstruction of aeration station and construction of the second
branch of the main sewer collector with priority 0.196 are more preferable than stipulated by the complex city
program “Care” for 2006-2010 (0.123); construction of the medical-improving block of the Kyiv city central
antitubercular clinic (0.122) and construction and reconstruction of underground lines (0.160)
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Conclusion

The realization of the expert estimation procedure of an innovation activity is carried out according to stages of
expertise realization with the help of the developed software focused on automation of the expert estimation
procedure.

Because the expert estimation needs to involve experts who are on different continents, in different time zones,
with different levels of computer knowledge, the system is implemented in the form of a web-site and works in an
on-line mode. It is possible also to explain this choice by the chosen strategy of expertise organization —
implementing the independent estimation in which the information about the structure and size of the expert
group is anonymous. Besides, the program allows saving the results of the analysis of the quality of an expert
estimation in files.

The software was created using the programming language Python with the elements of Z-object publishing
environment. The core of the system is the database constructed on the basis of MySQL 3.23.21, which allows
storing the large volume of information on expertise results and ensuring the independence between the
developed program and the area under research.

The real projects were realised on the basis of proposed methodological instrument and created software.
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Abstract: An alternate approach to emergency risk minimization, based on lazy calculations and high-level
functional interpretation is presented in this article. This approach is compared with classical imperative
approach, based on statistical analysis on real data in order to prove its effectiveness.
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Introduction

Emergency risk minimization is a common task for geo-informational systems, which are implemented for
everyday use in governments of many countries. A great number of different approaches were developed in order
to provide an effective model for describing current situation, forecasting of possible emergencies and ways of
reducing losses.

However, there are a number of challenges for such systems, which include, but not limited to:

o Time factor — usually an estimation of current state is needed urgently. That means that system is strictly
limited in amount of possible calculation. The main challenge is to find optimal balance between
complexity of developed system and precision of forecast.

e nformation factor — in emergency it is a common situation, when obtained information could be incomplete
or even contradictory. An intellectual approach is required for solving such conflicts.

e Human factor — experts situation estimation is an important information which is difficult to express in
mathematical form in order to include into system estimation
A way to solve this problem greatly depends on type of emergency and can vary, depending on characteristics of
geo-informational system, where such decision system is implemented. A challenging task is development of
generalized self-adopting system, which can automatically configure its internal structure to fit current situation
and requirements.

In other words the following ideas should be implemented in such system:

e Modular system of mathematical models — a framework, designed for describing peculiar properties of
emergencies in region, their kind, type, and risk factors

e Map server — a common component of any geo-informational system to provide actual data of current
relief, state of different objects on map (geo-information stations, rivers, dams, etc. — any object which
can dramatically affect current state of situation)

o Decision adaptation system — tool, allowing quick adaptation of previous solutions to current situations,
estimation of its effectiveness and quality.

o User interface subsystem — a way of visualization and obtaining information
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Task formalization

Risk minimization system task can be expressed in a way, described in (1).
L(Sit,t) =min F(X,R, A) (1)

In this formula we introduce “losses function”, which depends on current situation Siz, and period of time ¢for
taking decision. Amount of losses depends on our “actions function” F’ describing our actions depending on
current state of nature environment X', available resources R, and database of previous situations A .

Current state of nature environment is presented as superposition of quantitative parameters (such as speed of
the wind, angle of slope, etc.) and qualitative (weather state, type of surface, etc.). Available resources are
expressed in form of triplets (Type, Amount, Availability) — which accordingly describe type of resource, its
amount. Third parameter (availability) is intended to describe a risk of resource loss during emergency. For
example after snow avalanche an automobile roads could be destroyed rendering safety cars useless, and
making helicopters the only way to access avalanche site.

Database of previous situations in this formula should be interpreted not only as storage of data, but also a
system for access and providing compare function to search for nearest to current situation in database. That
could be implemented as ontology of situations or knowledge base, gathering required information through data
mining process.

In order to decrease complexity of solving task, following assumptions are made to minimization function:

1. Each situation in database could be compared with current situation, and a numeric value — “distance”
between situation could be calculated. There are no situations of different types in database (in other
words databases of solutions for different kinds of situations are separated);

2. Qualitative parameters of situation could be expresses as a value from limited subset. No human
language descriptions are supported;

3. Available resources are sufficient for handling any kind of emergency — there are always at least one
solution of function which leads to decreased losses, comparable to other variants, and so called “zero
variant” — amount of losses taken in case of no action;

4. Human losses coefficient is supposed to have a priority over material losses. No further comparison
between two solutions is performer if one leads to increased human losses;

5. No pre-calculations are performed. System is not using stored data in order for synthetic decrease of
function calculation time;

6. Amount of time after taking decision is sufficient for any of actions, proposed by system;

7. Recommended actions will be performed according to system recommendation. Effectiveness of such
actions will be estimated by experts in order to obtain quality coefficient of current solution (learning
procedure).

Such assumptions allows decreasing available space of possible solutions almost two times, leading to no
significant reduce in risk estimation effectiveness. The function result is a numerical value describing losses factor
and actions which should be taken to obtain this result.

The quality coefficient is added to a system when action was taken and it is an integral value, describing experts’
estimation of system effectiveness.
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Functional Approach to Risk Calculation

In computer science, functional programming is a programming paradigm that treats computation as the
evaluation of mathematical functions and avoids state and mutable data. It emphasizes the application of
functions, in contrast to the imperative programming style, which emphasizes changes in state. Functional
programming has its roots in the lambda calculus, a formal system developed in the 1930s to investigate function
definition, function application, and recursion. Many functional programming languages can be viewed as
embellishments to the lambda calculus.

Functional approach in any situation handling interprets change of nature environment state (for example
avalanche fall) as a result of function, depending on current parameters, and former value of this function [Hudak,
2006]. We interpret change of natural environment state as a result of low-level processes, which could be
accumulated over time (2.)

R(fSit,t) = r(Sit)* R(fSit,_,,t = 1) (2)
It is important to realize that * in this formula should be interpreted not as common multiplication, but as an

additional function taking two parameters, and producing a set of numerical value, which is expressed as risk of
emergency, and internal data not visible to user describing previous states of function.

fSit - is a high-level function, describing current situation change. This function is a key element of risk
estimation and it is composed under following rules:
1. Each parameter of nature environment is integrated in function one or more times;

2. Each qualitative parameter is integrated into function only combined with other qualitative parameters or
as an argument in predicate form;

3. Each part of function could be evaluated independently and do not affect evaluation of other parts.

A source of creating such function could be different. In this paper for testing purposes a simple predicate system
was created, based on automated analysis of statistical data. Any kind of low-level functions can be used,
including data, obtained from regression and correlation analysis, experts’ opinion, etc. This data are integrated
into high-level function in such way they form a weighted graph for risk estimation. The functioning of this high-
level function greatly depends on weight of this graph. In order to improve performance of system different parts
of it are evaluated simultaneously, with no guarantee of computational order (this is safe because of rule 3).
Irrelevant points of graph would not be evaluated; also in case of conflicting data a point with fewer sums of
weights attached to it is eliminated.

Lazy calculations allow an effective usage of conflicting data. For example if we have a conflicting node in our
graph, which describes a snowfall of grade 3, which is marked in conflict with node “snowfall — grade 5”, and an
evaluation functions takes a predicate “if it was snowing?” as argument — weights of this nodes will be
summarized in final calculations since there is no conflict in appearance of snow and conflict evaluation would not
be performed.

Additional data and functions could easily expand working model on-the-fly without any requirements of previous
data recalculation.

Testing technique

In order to test effectiveness of proposed system a subset of mudflows in Carpathian region in period from June
2006 up to July 2008 was analyzed. Nature environment data are obtained both from geo-informational stations
logs from that period, official meteorological data and records of commissions worked on that mudflows
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elimination. Due to lack of information about available resources, the primary aim of a check was to compare
existing methods of mudflows analysis (implemented in GIS system of Ukraine Ministry of emergency situations)
and proposed functional method in terms of time, required for prognosis and its effectiveness.

A limited set of previous situations (about 1000) were passed to a system in order to obtain elementary predicate
rules for possible mudflow. These rules were integrated into system with equal coefficients and a learning
process was performed. A learning was performed on different sets of previous situations (from 100 up to 1000)
in order to show the effectiveness of self-refining functional system.
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Fig. 1. Test results

On the first graph (see Fig. 1) we can see a percentage of error prognosis for implemented in governmental GIS
system algorithm (marked “C” in graph) and our functional system (marked “F”). As it seen from the graph, the
precision of prognosis on big sets (more than 500 situations) are almost equal. The situation with time of
prognosis is significantly different. We can see almost a clear exponential grow for “C” algorithm, when grow of
proposed functional algorithm after initial complexity change is almost linear, as expected.

According to statistical data [Ishchuk, 2002] an average amount of situations taken into account is about 5000
and process of taking decision usually takes up to 10-12 minutes, depending on amount of available data.
Implementation of functional approach allows to significantly decreasing this value without loss of prognosis
precision.

Modeling of decision taken was performed on snow avalanche data in Kirgizia during the period 2003-2009. Due
to small amount of real avalanches in this period it is not possible to build a mathematical model to check system
effectiveness. The main task of the system was proposal of resources and actions for avalanche controlling. A
system solutions were effective (have an error less than 10%, compared with real situation) in 89% of situations.

However, testing revealed several problems, which should be solved before real system implementation:

1. A problem converting data from different sensors to one numerical format, suitable for processing with
high-level functions;

2. Problem of building an effective high-level functions, describing complex emergency processes, for
example earthquakes and water flows — system is quite effective analyzing big sets of similar data, but
it's speed decrease greatly on growing complexity of mathematical model

3. An effective algorithm for checking high-level functional models should be developed in order to test
different function variations against real data.

Further improvements of an algorithm should allow benefiting from already clustered data about situations and
providing a way of obtaining generalized rules for similar emergency in different regions all over the world.
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Conclusion

The experimental check demonstrates that functional approach to emergency risk minimization is an effective
solution for taking decision in limited time. The speed of proposed algorithm combined with lazy calculations,
which allows greatly decrease time for making model less complex, allows performing just-in-time estimations of
current nature state in order to perform a correct prognosis. However, the main disadvantages of this approach
are problems of implementation and creation of basis functions in order to fully describe situation development.
Creation of such mathematical tool should allow rapid increase in complexity of modern risk estimation systems.
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9BONIOLMOHHAA NAPAOUIMA KAK YHUBEPCANbHbIA UHTEMPUPYIOLLUN
ANEMEHT METOAONOIMK NPOrHO3MPOBAHUA
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Hoge Komopoli nexum 3e0MLUOHHas napaduema. PaccMompeHbl 06bekmuBHbIe U CyObekmugHee achekmbl
YMeHbLWeEHUSI HeonpedeneHHOCMU, @ Makxe yposHegass Cxema npoueccos npuHAMus peweHud. okazaHo, Ymo
peweHue, NPUHSIMoe Ha KaxOOM U3 HU3WUX yposHell, N0360asem yMeHbWUMmMb HeonpedeneHHoCMb, 8bI38aH-
Hyto omcymcmeuem OaHHbIX, UX HenonHomoU, a makxe He0OHO3HaYHOCMbIO Ha crnedyrouwux amanax. Onpede-
JleHbl acnekmb| NPUMEHeHUs1 MemoQd0102uu Npu co30aHUU CIOXHbIX MEXHUYECKUX CUCMEM U hpo2pammuposa-
HUU UX XU3HEHHO20 UUKNIA.

Kntoyesnbie crnosa: 380/0YUOHHasA napaduama, NPO2HO3UPOBAHHKIE, CIIOXHbIE CCMEMb!
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Varna, Bulgaria, June-July 2009

BBepeHue

[Mpouecchl COBPEMEHHOr0 Mupa OTIMYAKTCA CTPEMUTENBHON AMHAMWKOW C MPUCYTCTBMEM Ka4eCTBEHHbIX
W3MEHEHMI, KOTopble, B BOMBLUMHCTBE CNyvaeB, MOXHO Ha3BaTb kaTacTpodamm LyXOBHOM WUNKM MaTepuanbHOM
cybcTaHummn. CyllecTBytoLLME CROXHbIE B3aUMO3aBUCUMOCTI OBBEKTOB €CTECTBEHHOM U UCKYCCTBEHHOW cped
onpegenstoT HeobX0AMMOCTb NPOrHO3MPOBaHUs ByayLLMX NPOLECCOB Kak OCHOBbI PaLMOHANbHON AEATENBHOCTH,
B T.4. W B HacTosLlEM. 3HAUMTENbHOE KONMYECTBO Hay4HbIX pPaboT MOCBSALLEHO 3adayaM MPOrHO3MPOBaHS,
MoZensiM U mMetogdam ux pewenus [Zgurovsky, 2007; Snytyuk, 2008]. Beibop Tol unm HOA Moaenu u meTtoaa
onpegenseTcs 3agayami CTPYKTYPHON U napaMeTpuyeckorn WaeHTUdMKkaLmn, a Takke CTPYKTYPON U MOLLHOCTbIO
MHOXeCTBa UCXOAHbIX AaHHbIX, KenaeMbIM TUNOM 1 Ka4eCTBOM pesynbTarta.

lMpMeHeHne BOMbLUMHCTBA TEXHOMOMIA MPOrHO3MPOBAHNS CBS3aHO C HEOHXOAUMOCTbIO MPOBEPKM BOMbLIOTO
KonnyecTBa TPeOOBaHMI U OrpaHUYEHWiA. T1peanoXMM TEXHOMOMMK, OAHMUM M3 OCHOBHBLIX aCMeKTOB KOTOPOM
SBNAETCA MUHUMANbHOE KOMIMYECTBO Takux TpeBOBaHW 1 OrpaHnyeHnin. Ee cocTaBnsowmmmn SBRsoTCS:

— YpOBHeBasi CXeMa NPUHSITUSI PELLEHWIA B YCHOBUSIX HEOMPEAENeHHOCTH;

— 3BOJIIOLUMOHHOE MOAENNPOBaHMNE KaK VIHTerVIpy}OLLI'VIVI ONEMEHT.

1. TexHonorus MPOrHoO3npoBaHUA KakK yPOBHeBbIﬁ npouecc ymeHbLeHUA HeonpeaeneHHOCTH

O6Las cxema peanu3auun Takoi TEXHONOTMN NpuBeAeHa Ha puc .1. 3BECTHO, YTO Y UCTOKOB CO3AAHMS! CIIOXK-
HbIX TEXHUYECKNX CUCTEM, KOTOPbIMI SIBMSIOTCS MPOMbILLNEHHbIE NPEANPUATUS, CHIOXHbIE TEXHUYECKME 0Ob-
eKTbl, KOMMIIEKCHbIE CUCTEMbI aBTOMaTU3ALMM OGBLEKTOB 1 NPOLECCOB, MH(OPMALMOHHO-aHANNTUYECKNE CUC-
TEMbl W MHOTME [Jpyrue Haxogutcs uaes Nnbo HeobxoauMoCTb. YuuTbiBasi PECYPCHYH OrpaHMYeHHOCTb
COBPEMEHHOTO MUpa, HEOBXOAMMOCTb MMEET MECTO B MoAaBnsitolieM GoMbLUMHCTBE cryyaes. Takum oGpasom,
PENeBaHTHbII NPOLIECC MMEET CNeLyHoLLY0 MHII0 Pa3BUTHS.
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npasun yTPayeHbIX AaHHbIX

Puc. 1. YpoBHeBas cuctemMa yMeHbLUEHMS HEONPeaeNeHHOCTH

BosHukHOBEHME  HEOOXOAMMOCTM  CO3A@HMSt  CUCTEMbl  ABOWCTBEHHO  OMPELENieHUI0  [MaBHOW  Lienw
(DYHKLMOHMPOBAHWS TakoW cucTeMbl. [IOCTUXEHWE FMaBHOW Lenu COMPOBOXOAETCS peanusaumen MHOXeCTBa
BTOPOCTENEHHbIX Lienied, Mpu4eM cpean HUX COAEpKaTes Kak Lenn, COnyTCTBYHOLME JOCTKEHWIO INABHON Lenu,
Tak W Lenu, NpensTcTBylLLMe ee OCTKEHW. Peanusauus nocregHux onpefensercs Heco3HaTeNbHbIM
@HTarOHNCTUYECKUM BNUSHEM NPUPOALI U CO3HATENbHLIM NPOTUBOAENCTBIUEM OTAENbHbIX Nogen 1 obLlecTsa B
Lenom. Kpome TOro, BaxHO yuuTbiBaTb AMHAMUKY NPOLECCOB B OKpYXatoLlei cpede U UX BMUSHUE Ha XWU3HEH-
HbIA LMK CO34aBaeMOil CUCTEMBI.

OueBnaHO, YTO MPOLLECCHI ABWKEHUS CMOXHOI CUCTEMbI NO 3Tanam XM3HEHHOTO LKNa UMEtoT NpsIMoi 1 obpaT-
HbI acnekTbl. B nepeom cryyae MetoT MecTo crieaytoLme npeobpasoBaHus:

<Z,M,M,,ARTK>—E, (1)
<K ,E ,06>>E, (2)
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<K

i-17

E_ >><A4,R,M M, > 3)

rie Z - 3apava, M,— cootsetcTBytowas moaenb, M,— MeToa pelueHns 3apadn, A— ucxofHble faHHble, R —
orpaHuyeHuns, T — peLatowme npoueaypbl, K — KpUTEpUii OLEHKN pelueHns, E — pelleHune 3apgauu, £, | — pelle-
HUe 3agaun Ha (i—1)-M aTane XM3HEHHOro uukna, E,— pelleHve 3ajaum Ha k-m aTane, K,  — KpUTepui
OLieHKw peluenuns 3agayn (i —1)-ro atana, A;,R; ,Mof ,Me,_ — UCXOLHbIE AaHHbIe, OrpaHnYeHns, MOLEeNM 1 MeTodbl
peLleHuns 3agadm Ha i -M aTane, COOTBETCTBEHHO, € — HeyuTeHHble (pakTopbl, £ — CnyvaiHble BO3AENCTBHUS.

Wexops u3 (1)-(3), oenaem BbIBOL O TOM, YTO pelleHus 3agad (i—1)-ro atana U CONyTCTBYHOLLME 3NEMEHTLI
ABNAOTCA UCXOLHBIMM JaHHLIMM W OrpaHUYeHNaMU ANs 3adad | -ro atana.

OueBIaHO, YTO MpUOBpPETAEMbIl OMbIT M3FOTOBMEHIS, UCTIONb30BAHNS 1 MOAEPHU3ALNM CIIOKHBIX TEXHUYECKIX
CUCTEM BbIpaXaeTcsl B HEOBXOAMMOCTM BHECEHUS M3MEHEHWIl Ha MpefblayLMX dTanax XU3HEHHOro LMKMa.
NmeeT MecTo xenaemoe npeoGpasosaHme:

<E. E E, > E,p>l,peZ (4)

i+ i p-10 it

lMonyyaem nNpoTMBOpeYMne, NOCKOMbKY OCyLecTBUTL npeobpasosanns (1)-(3) u (4) 0oGHOBPEMEHHO HEBO3MOXHO.
Takoe npoTUBOpeYre NOpoXaaeT HeonpeaeNeHHOCTb NPOLECCOB MPUHATUS PELLEHNA NPKU CO3A4aHUA CIIOXHBIX
TEXHUYECKUX CUCTEM. YMEHBLUNTL €€ MOXHO C MOMOLLbK J00MPeaeneHns UCXOAHOM MHGopMaLmMm, YTO No3Bo-
nset pewwatb 3agayn (1)-(3), 1 NPOrHO3MPOBaHMS, YTO NO3BONMUT 3aMEHUTL «BUPTYanbHOE» NpeobpasosaHue (4).

Joonpenenesue nHGopMaLm MoXeT BbITb OCYLLECTBEHO C MOMOLLBK) SKCMEPTHBIX 3aKIHOYEHUI 1 30ech cpasy
e BO3HMKaeT HeoBXoaAMMOCTb UX 0BBEKTUBM3ALMN MM NPOTHO3MPOBAHUS C UCMONb30BAHUEM METOLOB Kak WH-
Terpo-andepeHLmansHoi, Tak U npeanaraeMon 3BOMIOUMOHHON napagurmbl. OTMETWM, YTO MO napagurmoi
Mbl MOHAMAEM MAen 1 NPUHLMNbLI, MO3BONAKOLLME HA E€OMHOM METOLONOMMYECcKOW OCHOBE pellaTb HayyHo-
TeXHu4eckme npobrnembl. B gaHHOM cryyae (3BOMIOLMOHHAA Napagurma) Takoi OCHOBOM SBMASKOTCS MPUHLMMbI
9BOMIOLMM, @ TaKKE IBOMKOLIMOHHBIE MOZENN U METOZI.

BepHeMcs K nMepapXuyeckoit CXemMe YMEHbLLUEHUST HeompegeneHHoCTH (puc. 1), K ee HUKHeMy ypoBHI0. Oue-
BMAHO, YTO ANS peLleHns 3a4ayuu NporHo3npoBaHNs HE0BXo4MMO UMETL CTaTUCTUYECKYHD Basdy, KOTOPYIO B AaH-
HOM Cny4ae NpeAcTaBsieT PeTpOCneKTUBHAS MHAOPMALMS O NPOTOTUNAX, COCPEAOTOYEHHas B Tabnuuax Tuna
«obbekT-ceoicTBO». OcTaBnas npobnembl, CBA3aHHble ¢ (POPMUPOBAHWEM TakuX Tabmuy U KayeCTBEHHbIM
COCTaBOM WHEOpMALK, 3aMEeTUM, YTO B BOMBLUMHCTBE Cry4aes, AaHHble ByayT UMETb NPONYCKM, CBA3AHHBIE C
HEBO3MOXHOCTbH) M3MEPEHNI, NOTEPSIMM NPU XPAHEHUN 1 T.N. He yunTbIBaTbL Takyto MHAOPMALMIO C Mponyckamu
03HaYaeT NnoTepsATb AaHHble 06 06BEKTaX, 3HAYEHNSX COBOKYMHOCTY NAapamMeTpoB W BbIXOAHbIX XapaKTEPUCTHK.

[Moatomy, Ha NepBOM 3Tane AOOMPeAeneHns faHHbIX HeobXoaNMO peLunTb 3aaady BOCCTAHOBMEHNUS MHAOpMa-
Lnn. /13BeCTHbIE NOAXOAbI K €€ PELLEHN0 AENATCA Ha HECKOMbKO KNaccoB, onpeaensieMblX CTPYKTYPO npomnyc-
koB [Snytyuk, 2007]. OTMeTUM rmaBHble NpobneMbl, CONMPOBOXAAILIME PELLEHINE 3TON 3aAayun Npu peanusauum
9BOSTOLIMOHHOMN napagurMbl. K HAM OTHOCMTCS Cnocob npeacTaBieHust NOTEHLMAnbHOTO pPeLeHns 1 onpeaene-
HWS KpUTEPUANbHOM PYHKLMK. W, ecrin B nepeOM cryvae NoTeHUManbHOe PeLleHne MOXET COCTOATb 13 MHOXe-
CTBa BCEX MPONYCKOB, UMEIOLLMX HEKOTOPYIO POPMY NPEACTaBneHuMs, To BTopas npobriema SBnseTcs OTHIOAb He
Takomn TpuBManbHoi. Heobxoaumo nonyunTb peLueHve 3agadn

min|F(X)Y x,p) = F(X,Y,x,y), (5)

Xe

}’nyf

rie X — MHOXECTBO BXOAHbIX (DaKTOPOB, Y — MHOXECTBO Pe3ymbTHPYIOLLMX XapaKTepUCTUK, X U y — TOYHblE
3HaYEHUS NPOMYLUEHHbIX AaHHbIX, X o, Yo— reHepanbHble COBOKYMHOCTM, COCTOSILLME U3 MOTEHLMANbHBIX peLle-

HAit X W y . Tockonbky 3HAYEHMS X W Y HEW3BECTHbI, TO OnpeaeneHue LieneBol dyHkLMM F sBnseTcs
NPUOPUTETHOI 3adauei.
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OTCyTCTBME YETKOW CTPYKTYPbl UCXOAHBIX AAHHBIX M OTKa3 OT anpyuOpHOro NPEANnonoXeHns 0 Buae yHkuum F
YKa3blBaEeT Ha paLnoHanbHOCTb MCMOMNb30BaHNS HEMPOHHBIX CETEN Kak MOAEnei, peanuayrowumx npeobpasosa-
Hne X — Y, B KQUeCTBE OZHOIO M3 3MEMEHTOB peLLeHms 3agaum (5). Boibop HelpoceTn 13 aHcambnsi no kpuTe-
PUI0 MUHUMM3ALMK OWNBKK peanu3aumn otobpaxeHns X — Y Ha KOHTPONbHOWM NOCNEAO0BaTENbHOCTU Ha
cregytoLlem atane no3soniseT HanTh pelueHne (5). OTMETUM, YTO MOUCK TAKOTO PELLEHNS — SBOMIOLMOHHBIN Npo-
Liecc, NOCKOMbKY NOTEHUMAnbHbIE PeLLeHns, y4acTBytoLme B 06y4eHUM HEMPOCETI, ONpeaenstTea nyTeM XOTb 1
CyyaiiHoro, HO LieneHanpaBneHHOro Noucka ¢ MCMomnb30BaHNEM 3BOMIOLMOHHBIX anropuTMoB. Takum ob6pasom,
Ha MepBOM YPOBHE YMEHbLUEHWE HEeonpedeneHHOCTU JOCTUraeTcs Tem, 4to Tabnuua AaHHbIX npuobpeTaet
KOMMIEKTHBI BUL,

HeobxoanMocTb peLleHns BTOpOiA 3afayn onpeaensietcs coobpaxeHnsiMn, KOTOpbIE YaCTUYHO yxe Oblnn yka-
3aHbl Bbllle. MI3MEHUMBOCTL MPOLIECCOB COBPEMEHHOTO MUpa, CTPEMUTENbHAS UX AWHAMUKA BeayT K CTPYKTyp-
HbIM M3MEHEHUsIM. 3HAYMTENbHOE KONMYeCTBO (PAKTOPOB, KOTOPbIE OKA3bIBAOT BUSHUE HA pPe3ynbTartbl
NPOrHO3MPOBaHNS He YYMTbIBAOTCA. OTU ABa 06CTOATENLCTBA NPUBOASAT K BbIBOAY O HEAAEKBATHOCTW MOCTPOe-
HWS MCKOMbIX 3aBWUCYMOCTEN Ha BCEM MHOXECTBE MCXOAHbIX AaHHbIX M HEOOXOAMMOCTU CerMeHTauu obnactu
nccnenoBaHus. HeBbiNonHeHWe Takoro TpeboBaHWA NPUBOAMT K TOMY, YTO BMECTO BbiBofa «Ha [A,B]upeT be-
nbin, a Ha [B,C]- yepHbi» nonyynm 3aknioyeHne o Tom, 4to «Ha [A,C] uBeT cepblty, He oTobpaxatolee
[ENCTBUTENBHOTO COCTOSHUS.

OBOMOLMOHHASA KnacTepu3aLums SOMKHA NPUBOAUTL K MOMYYEHNHO KNAcTEPOB NPUMEPHO OAMHAKOBbLIX 06BEKTOB
WNW NPOLLeCCoB, rAe, Kak W3BECTHO, 3adava MAEHTU(MKaLMM MOXeT ObiTb pelieHa AOCTaTOMHO 3((EKTUBHO.
[Be conpoBoxaatLume peleHne Npobnembl aHanorMyHbl NepBo 3agaye. B gaHHOM cryyae noTeHuuanbHble

PELUEHNS UMEIT OHO3HAYHYI0 CTPYKTYPY — MHOXECTBO LIEHTPOB KrnacTepos. Lienesas chyHKUms GyaeT Takoii:
K

Zid(Xj,)?[)amin, (6)

i=1 j=1
rae umicno knactepoB K 3apaHo M K <<m, m - KOnM4ecTBo 0BLEKTOB, m; = KONMYECTBO OGBEKTOB B / - M Kna-
crepe, X, i=1,K - cpenHee sHaveHne B knactepe, d(X ;»Xi) = paccTosHue Mexay 0GbeKTOM U LEHTPOM Kia-

cTepa. Pelernem 3anaum (6) SBASIOTCA LEHTPbI KNAcTepoB X, KOTOPbIE MOTYT HAXOAMTHCS CPeaN AaHHbIX

0OBEKTOB, YTO SBASETCS AOCTATOYHO CTpornm ycnoBsuem, u moryt ObITb NHOOBLIMK TOYKamMK 0bnactv uccneaosa-
HUA.

OcobeHHOCTBLI0 3BOMIOLUMOHHON KnacTepusauum [Snytyuk, 2006] sBnsieTcs onpefeneHne LEHTPOB KNacTepos W
NpsMON pacyeT ueneson (yHKUMM 6e3 OCyLIEeCTBREHMS AOMOMHUTENbHBIX onepauni. Pesynbtar pelueHns
3afjayu Knactepusaunm Takke no3BONSET CyLLECTBEHHO YMEHbLUUTL HEONPEeLEeNeHHOCTb U MOBbLICUTb TOYHOCTb
PEeLLEHNs 3agayn MAEHTUMKaLmMK.

3aBUCMMOCTH, CyLLECTBYIOLME MEXOY BXOAHBIMM (hakTopamm, HEPAaBHOMEPHOCTb pacnpeaeneHns ux 3HaYeHui
NPUBOAMT K 3HAYUTENBHOMY CMELLEHWNI0 Pe3ynbTaToB NPOrHO3MPOBaHMS, a Takke K npobrnemam BblYMCHUTENb-
HOro xapakTepa. AnropuTM, NO3BOMAKLLMIA HAWTK peLLeHne ykasaHHOM Npobnembl, CBOANTCS K CrieAyoLLMM Lua-
ram. BHauyane 13 COBOKYNHOCTW BXOAHbIX (haKTOPOB YAANAT NIMHENHO 3aBUCUMbIE, 3aTEM U3 TEX (PaKTOPOB, YTO
OCTanuCb, YAanseM HenuHEHO 3aBuCUMble (DaKTOPbl, MPUMEHSS MeToauky «box-counting» ¥ BblYMCRIEHME
SHTPOMMK.

3HayeHns OCTaBLUMXCS He3aBUCUMbIX (DAKTOPOB Yalle BCEro WMEKT HepaBHOMEPHOE pacnpepeneHue u
NO3TOMY WX UCMONb30BaHUE 471 MAEHTU(DMUKALMA HEJOCTATOYHO MHKDOPMATUBHO. [10BbLICUTL MHPOPMATUBHOCTL
MOXHO, MCrOnb3ys MeTOA «BblOennBaHus» BXOAOB, PE3yNbTaTOM KOTOPOrO SBASKTCS HeKoppenupyemble
(baKToOpbl C HYNEBbIM CPEOHUM 3HAYEHMEM W eaMHUYHON aucnepcuenn. Ecnm konnyecTBo hakTOpoB OCTanoch
CpaBHUTENBHO BOMbLUMM, MCMONb3yeM aHanor MeToAa rnaBHbIX KOMMOHEHT, KOTOPLIA peanu3yeM ¢ MOMOLLbH
aBTOACCOLMATMBHON HEMpOCeTH, B pesyrbTaTe NPUMEHEHUS KOTOPOro YMEHbLLLAETCS KOMUYecTBO (PakTopoB W
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KONM4ecTBo BbluMcreHnA. OcyLIeCTBNEHME BbllLEYKa3aHHbIX Onepauui Takke NPUBOAUT K YMEHbLLEHWIO
HEONpeaeneHHOCTH, MOCKOMbKY YMEHbLUAKTC BEPOSITHOCTb HEBEPHOrO MPOrHo3a, «napanuya» HepoceTw,
Nnoxomn 06yCMOBMNEHHOCTN MaTPULbI UCXOAHbBIX PaKTOPOB U Apyrie.

PelueHnst onucaHHbIX 3aay Co3alT HEoOXOAUMbIN MHAOPMALMOHHBIN Gasnc AN pelleHus 3aday crieayto-
LIEr0 YPOBHS, @ UMEHHO CTPYKTYPHOM, MapameTpuyeckoit MaeHTUdUKaLmum n onTumMmu3aLmMn. 3ameTiM, YTo U
CTPYKTYpHas, W napameTpuyeckas WaeHTUDMKALUNS SBRSIOTCS ONTUMM3ALMOHHBIMIA 3afadyamu, MO3TOMY
3BOMIOLIMOHHbIE TEXHONOMMM UMEHT MECTO MPU PELLEHNM KAXION U3 HUX.

Kak yxe ObIno YKa3aHO Bblll€, PETPOCMNEKTUBHAA VIHdJOpMaLWIFI cocpenoTtoyeHa B Ta6nmuax AaHHbIX. Hukaknx
I'IpeJJ,I'IOJ'IO)KGHVIVI 0 BMAe CyLLeCTBYOLWMX 3aBMCUMOCTEN Ha Ha4anbHOM 3Tarne He cyulecTByer. B Takux yCnoBuaAX
paunoHanbHbIM ABNAETCA Bbl60p B Ka4eCTBe COOTBETCTBYHOLMX Mogenen HeVIpOHHbIX ceTen. 3aMeTuMm, YTO Bbl-
60p BUOa CETU N ee apXUTEKTYPbl onpeaendeTcd 3aaa4yen N UCXOAHLIMW JaHHBIMW. O6y‘-IeHI/16 CeTW NpuBOAUT K
NONy4eHno ICKOMOW 3aBMCUMOCTM

F:X->Y.
Ona CyLlecTByeT B «CUHTETUYECKON» (bopme, NOCKOJTbKY aHanuTUYeCKni BUA HEWU3BeCTEH (I/IJ'IM [OCTaTO4HO

CJ'IO)KHbIl71), 1N ee napameTpamu ABNAKTCA 3Ha4eHUA BECOBbIX KOSd)(*)VILLI/IeHTOB. B 10 xe BpemMa Takaa Mofenb
NO3BONAET BbINONHATL NPOrHO3NPOBaHWE U peLlaTb Apyrie 3agadn aHannia gaHHbIX.

2. Soft Computing meTtoa peweHus 3aga4yn MHOrohakTOpHOM ONTMMMU3aLUM

BaxHom 3agaven, MCNONb3YeMON NMpK NPOrHO3MPOBaHUW, SBMSETCS 3afada onTummM3aLmn. PaccMoTpiuM HOBbIN
nogxog WM MeToh peLleHust 3afaun HeNMHENHOW MHOrod)aKTOPHOW ONTUMM3ALMK, KOTopble GasupyloTcs Ha
NCNONb30BaHUN 3IEMEHTOB TEOPUU BEPOSITHOCTEN, TEOPUM HEYETKUX MHOXECTB 1 9BOIIOLMOHHOMO MOAENMPOBa-
Hus. MeTog UMeeT Takyto NOLLaroByio CXeMy:

1. Monoxutb i =1. OnpeaenuTb reHeparbHyl0 = 1 BbIBOPOUHYIO COBOKYMHOCTU =, MOTEHLMArbHBIX PELLEHN.
2. OnpegenuTb NPOLEHTHOE COOTHOLIEHWE p KONMMYECTBA TOYEK, KOTOPbIE NEPEXOAST HA CReayHoLMIA LWwar no-
1cka aKkcTpemyMa.

3. Bblumcnutb 3Ha4YeHNs OYHKLMK, ONTUMYM KOTOPOW ULLYT, B TOUKAX BbIOOPOYHON COBOKYMHOCTM.

4. TocTpouTb PYHKLMIO NPUHALIERHOCTY ,u‘y - f(x), xoTOpas onpeaenseT Mepy YBEPEHHOCTU B TOM, YTO
opt

peLleHmne-npeacTaBnTenb x 6nm3ko k ontumansHomy. OfHUM 13 napamMeTpoB (yHKLMM NPUHALNEXHOCTH, KOTO-
pas ykasblBaET Ha Mepy YBEPEHHOCTW B 3TOM, SBNsieTca 4 - BbicoTa. Onpegenum Takke / - cpe3 MHOXeCTBa
D( 1) kaK MHOXeCTBO

M ={xeD(f)/ 4, | f(x)>h} )

J<e
lMocTpoeHne YHKLUMN NPUHAANEXHOCTU OCYLLECTBISEM C UCMONMb30BaHUEM 3MEMEHTOB MeToda mepapxui T.
Caatu. [ins 3TOr0 HOPMUPYEM 3HAYEHNst PYHKLMKL £, izﬁ. [ycTb OHK HaxoaATcs Ha oTpeske [0,1] . Popmu-
pyem MaTpuuy napHbIX CpaBHEHWI TakuM 06pa3oM. ECiu HOpMMPOBaAHHOE 3HaYeHne f, €[0,1(k -1);0,1k], T0

o a.

a; =k, k €{l,2,...,10}. Toraa anemeHT MaTpuLibl NapHbIX CpaBHeHU b; =— . [locTaTouHO ONpeAenuTb ane-
a.
J

. . b,
MEHTbI OAHOM CTPOKM 3TOM MaTpuupl. OcTarbHble paccuutaem no gopmyne b, :b—‘”, roe g — U3BECTHas
4

cTpoka. Torfa thyHKLMA NPUHAANEXHOCTU paccunTbiBaeTes Tak: s f;) =1/ (bl i tby+.+b, )
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5. C y4eToM Lara 2, onpefiensieM MHOXEeCTBO Touek {ux,}, KOTopoe NpuHaanexaT MHOXeCTBy M, u Ans KoTo-

pbIX BbINOJTHEHO HEPABEHCTBO ‘xi —xj‘ > 6“, roe 5 - 3ajaHHOE MNOJIOXNTESTbHOE YUCITO.

6. [Ina Kaxaon TOYKM M3 MHOXeCTBa {x,} reHepupyem HopMarbHO pacrpefesnieHHble nocnefoBaTesisHocTh
{z/} ¢ maTemaTuueckum oxupaHuem Mz, =x, W CPEAHEKBAAPATUYHBIM OTKIOHEHUEM o, 3ameTuM, 4To MX
obLLee KonM4ecTBo PaBHO KOMMYECTBY TOYEK BbIGOPOUHON COBOKYMHOCTH.

J
7. U3 Touek MHOXecTBa {z/} dhopmmpyem HOBYtO BbIGOPOUHYID COBOKYMHOCTb, JOMyCKasA MyTaLu Kaxaoro arne-
MeHTa C BEPOATHOCTbIO P, .
8. Ecnnt BbINONHAETCA KPUTEPUA OCTAHOBKM, TO Nepexof K wary 9, uHave i =i+1 v nepexop K wary 3.
9. BbinonHeHue AONONHUTENbHbIX NPOLEAYP AN YTOYHEHUS ONTUMANbHOTO PeLLeHMS.

Takas KOMNO3NLUKUA No3BONAET YMEHbLUWTL BPEMEHHbIE 3aTPaThl HA cnyqaﬁHbM HeI'IpOVI3BO,EI,I/ITeJ'IbeIl7I NOWUCK.

3. TexHonorms o6bLEKTUBMU3ALUM npoLeccoB NPOrHo3MpoBaHus

OpHon u3 nepBbIX 3aaav O6'beKTI/1BI/13aLLI/II/I NnpoLeccoB NPOrHo3NpoBaHUA ABNAETCA onpeaeneHne KOMNeTeHTHO-
CTW 3KCNepToB. [Monoxum B Ux OCHOBY aKCMOMY HECMELLEHHOCTH: "cy>|<,quV|e GonbLIKMHCTBA KOMMNETEHTHO" 1 ee
cneacteme 0 TOM, 4TO Hanbonee KOMNETEHTEH TOT 9KCNepT, CyXOeHne KOToporo B GonbLIMHCTBE Clny4aes COB-
nanwu ¢ BbiBOgamu OonbLKHCTBA 9KCMNepToB.

CDopmaano 3afa4vyy MOXHO C(*)OpMan/IpOBaTb Tak. nyCTb n — KONN4YeCTBO 3KCMEpPTOB, m — KONNYECTBO BOMpPO-

9 JR—
COB, Npuyem m = Zmi , A€ m,; = KONU4eCcTBO BOMPOCOB 1-ro TMNa, i= 1,q, COOTBETCTBEHHO BbILLEN3IIOXKEH-
i=1

HOM KnaccudmkaLm. Heobxoanmo onpeaeniTb paBHble KOMNETEHTHOCTM AKCNEPTOB 7, j = 1,n.

CyLHOCTb MeTofa COCTOMT B OMPEeLeneHnm aIEMEHTOB MaTpUL|, KOTOpbIE COAEPXaT 3HaueHnst 6rM3oCcTy cyxae-
HUIl 9KCMEPTOB, WX aHanu3e U npeobpasoBaHWsX, B pesynbTaTe KOTOpbIX OyayT onpefenieHbl paBHble
KOMMETEHTHOCTM 3KCMEPTOB. KOMMETEHTHOCTb AKCMEPTOB Kak pesyrbTaT BbIMNOMHEHUS LWara 6 BbIYMCIAKT No

opmyne

V= > ty'/z > tij'pzl’_”’

i,j=1 p=l i,j=1
i>j i>j
(j=p)v(i=p) (j=p)v(i=p)

roe tl.j — paccynTaHHoe 3Ha4yeHne 6nn30cTn OTBETOB i -fO K J -TO 3KCnepToB.

HenocpeacTBeHHO C 3apauyeil onpegeneHnsl KOMMETEHTHOCTW 3KCMEepTOB CBSi3aHAa M 3ajada YCTaHOBIEHMS
3HauYeHMsl ONpeaeneHHoro napameTpa CUCTEMbl B YCIOBUAX HeonpegeneHHocTh. TycTb « - HeusBecTHoe
3Havenne. Kaxabid akcnept £E,,i=1,n yTBEpXOaeT, 4YTO 3T0 3HaYeHWe paBHO ¢,.Heobxoanmo Hailtn
Hanbonee LOCTOBEPHYHO OLIEHKY 3HAYEHUS ¢ , ECAIM KOMMNETEHTHOCTU SKCMEPTOB HEM3BECTHBI.

[INs KaXaoro aKcnepTa paccyuTaem 3HayeHus

n

51:2

i=1

aj—ai‘,jzl,_n.

n
OueBNfIHO, 4TO KOMMETEHTHOCTb 3KCMepTa onpedensetcs Tak: y(E ;) =

a
n ! Z}/
_ Jj=1
Z‘aj a,.‘
i=1
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rape a - HeKOTOprI7I napametp. Haipns 3HaveHns a , nony4aemM OKOH4YaTenbHOE 3Ha4eHNe KOMNETEHTHOCTU
n

n 1 n :
Z n -Z‘a‘,—ai‘
j=1 Z‘O‘j —05,-‘ =1

i=1

y(E;)=

OLleHKy HEeN3BECTHOro 3Ha4eHUA o pacCyHNTbiBaEM KaK CpeAHEB3BELUEHHYH0 NO KOMNETEHTHOCTAM BEINTUYUHY
OLIEHOK 3KCNEepTOB.

OyeBWAHO, YTO 3HAYEHMS KOMMETEHTHOCTEN HEOBXO4MMO KOPPEKTMPOBaTb B 3aBUCUMOCTW OT Toro, bepeT nu
yyactve nuuo, MPUHUMAIOLLEE peLleHne, B OLEHKe KOMMETEHTHOCTEN SKCMEPTOB, KaKyl POfb ChirpaeT ero
oueHka u T.n. O4yeBWAHO, 4YTO CYOBEKTMBHBIA (haKTOp B MPOBEAEHWUN 3KCMEPTU3 MPUBOAWUT K CMELLEHHOCTU
9KCNEPTHbIX CyxaeHuin. [ins Toro, 4tobbl n3bexatb HENPaBUIbHBIX PELLEHUIA, NNLO, NPUHUMAIOLLEE PeLLEHME,
[OMKHO KOPPEKTUPOBATb 1 afanTupoBaTb CBOW BbIBOAb! K MEPCOHANBbHOMY COCTaBY 3KCMEPTHbIX KOMUCCUNA W
yCnoBuiA BHeLHel cpedbl. Mogenu, koTopble 6a3upyoTcs Ha KOMOUHALMM TPaOULUMOHHBIX METOL0B U METOLOB
TEOPUM HEMPOHHBIX CETEN, YKa3biBAKOT HA OAWH U3 MyTEN pelueHns 3Toi npobnembl. BaxHbIM Takke sBnseTcs
NPUMEHeHNe nNpoueaypbl KOPPEKTUPOBAHMS 3KCMEPTHLIX 3aKMIOYEHUH, NMPUMEHEHWE KOTOPOM paspeluaeT
HWBENMPOBATb BANSAHME CYOBEKTUBHBIX (DAKTOPOB U HAXOANTL BrI3KME K ONTUMANbHBIM PELIEHNS.

3aknoueHue

B cTaTbe paccMOTPeHbl 3MeMeHTbl TEXHOMOTMKM MPOTHO3MPOBAHMS, KOTOpble 6a3upylTCs Ha 3BOMOLMOHHOI
napagurme. MpuMeHeHne METOAOB YMEHbLUEHUS! HeOMpeLeneHHOCTI No3BONSeT MUHUMMU3MPOBATL CyObLEKTHB-
HOe BNUsHME Ha NPOLIECCHI MPUHSATUS PELUEHUIA 1 OCYLLECTBIISTb JOONPESENEeHNe OTCYTCTBYHOLER MHOpMaLWK,
NCMONb3ys TEXHOMOTUN NPOrHO3MPOBAHMS.
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MOCTPOEHWE UHTEFPANbHbIX NOKA3ATENEWN OLEHKW
PE3YNIbTATUBHOCTU HAYYHbIX NPOEKTOB

Anekcen MNeTtpoBckuu, Npuropun PonseHsoH, Uropb TuxoHoB

AHHomauyus: M3noxeH no0xo0 K agpeauposaHUld NPU3HAKO8 U NOCMPOEHUK UHMe2pasibHbIX nokasameneli
OUEHKU, OCHOBaHHbII Ha UHMepakmugHoM Memode nopsOKOsOl Knaccughukauuu MHO20KPUMEPUAsbHbIX
anbmepHamue ¢ nocnedosamesibHbIM CHUXEHUEM pasMepHOCMU NPU3HaKoeo2o npocmparcmea. [pedcmagneH
npumep npumeHeHusi nodxo0a Ans MHO20KPUMepPUanbHOU OUEHKU Pe3ynbmamueHOCMU HayyHbIX NPOEKMO8.

Knioueenle cnoea: eepbarbHbili aHanu3 peweHul, MHO20KpUMepuanbHas nopsokosas Knaccugukauyus,
CHUXEHUe pPa3MepHOCMU NPU3HaKoeo20 NpocCmpaHcmea, cmpamucukayusi Kopmexel, aspeauposaHue
NPU3HaKo8, UHMe2parbHbIe NOKa3amesU OUEHKU, PeayribmamueHOCMb Hay4YHbIX NPOEKMO8

Conference: The paper is selected from XVt International Conference "Knowledge-Dialogue-Solution” KDS 2009,
Varna, Bulgaria, June-July 2009

BBeaeHue

HenocpeacTBeHHas knaccudukalms unm cpaBHeHe anbTepHATMB, ONUCbIBAEMbIX 6OMbLUMM YACIIOM NPU3HAKOB,
W B OCOBEHHOCTU KayeCTBeHHbIX (BepbarnbHbiX) MPU3HAKOB, SBNSETCA TPYAOEMKOM Mpouedypom, koTopas
TpebyeT 3HauMTenbHbIX BPEMEHHBIX 3aTpaT nuua, npuHuMatowero petwenune (JINP), n Hepedko CyLeCTBEHHO
3aTpyaHsIeT NPUMEHEHUEe Ha MpaKTUKe U3BECTHbIX METOA0B MPUHATUS pelleHuni [[lapuyes, 2006]. Kpome Toro,
kora cpaBHMBaeMbIx 06BEKTOB Mano (3-5), a UX NPWU3HAKK pasfnyHbl N0 3HAYEHWUSM U MHOTOYMCIEHHDI (BECATKM
W COTHU), Takne 0OBEKTbI, KaK NPaBIUIO, OKa3blBalOTCS (HOPManbHO HECPABHUMBIMM MO CBOMM CBOWCTBaM. JTU
obcToaTenbCTBA AWKTYIOT HEob6xoauMoCTb pa3paboTki creumanbHbiX MeTogoB 06paboTki  MHGOpMaLuu,
obecneynBaroLLMX peLleHne 3aaa4y MHOTOKpUTEPUanbHOro Bbibopa 1 Knaccudukaumy B npocTpaHcTBax bosbLUOi
pasmepHocTy [AnBassH u ap., 1989], [Fnotos, Masenwes, 1984], [MeTpoBckuit, Poit3eH3oH, 2008a,0].

B Hactoswwen paboTe npeacTaBneHbl MHTEPAKTWBHBIA METOA MOCNEA0BATENBHOIO CHUXEHUS Pa3MEPHOCTM
NMPU3HAKOBOrO MPOCTPAHCTBA M pesynbTaTbl €ro MCMonb3oBaHWs Ans paspaboTku MHTEerpanbHbIX nokasaTtenen
OLEHKW pe3ynbTaTMBHOCTM HayYHbIX NPOEKTOB, BbIMOMHAEMbIX B MHTEpEcax PeaeparnbHbIX areHTCTB 1 BEAOMCTB
Poccun no rpaHtam Poccuidickoro oHga (yHAaMeHTanbHbIX WUCCNEeaoBaHuin. Pe3ynbTaTMBHOCTb HayYHbIX
MPOEKTOB MOXET PaccMaTpUBaThCA Kak C MO3ULMIA HEMOCPEACTBEHHOTO MPUMEHEHWUS NOMYYEHHbIX pe3yrnbTaToB
Ha NpakTuKe, Tak v Ans Lenesoro popMMpoBaHNS NCCregoBaTENbCKMX nporpaMm. MocTpoeHe UHTErpansbHoro
nokasaTens pesynbTaTUBHOCTU HAy4yHOro MpOEKTa CBELEHO K 3adaye MHOroKpuTepuarbHOW nopsakoBoM
knaccudukaumm anbTepHaTMB MO WepapxXWyeckom CucTeMe KputepueB. B kauyecTBe MHOronpu3HaKkoBbIX
0OBEKTOB BbICTYMAOT KOMOMHALMM MCXOAHBIX 3KCNEPTHBIX OLEHOK MPOEKTOB MO NPUHSATLIM B DOHAE KpUTEpUsM,
rpajauuv WHTerpanbHOro nokasaTens pes3ynbTaTUBHOCTM WIPalT pofib KMaccoB pelleHui. [puMeHeHue
NpoLeaypbl Mepapxm4eckoro arperpoBaHns MHOTOKpUTEPUANbHBIX 3KCMEPTHBIX OLEHOK MPOEKTOB MO3BONSET
3HAUNTENBbHO CHW3WUTb Pa3MEPHOCTb MCXOOHOTO NPKU3HAKOBOTO MPOCTPAHCTBA, YTO CYLUECTBEHHO COKpallaeT
Bpems, 3atpayeHHoe JMNP, ans gocTuxeHns noctaBreHHoM uenu. MpeanoxeHHbIn noaxod K (opMUpoBaHito
WHTerpanbHbIX NokasaTenen obneryaeT aHann3 u 060CHOBaHME BbibOpa OKOHYATENBHOMO BapiUaHTa PeLUEHNS.
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CHMXeHMe pa3MepHOCTH NPU3HAKOBOro NPOCTPaHCTBA

dopMarnbHas NoCTAHOBKA 3a[ja4y CHUKEHUS Pa3MEePHOCTM NMPU3HAKOBOrO MPOCTPAHCTBA UMEET CrieayIoLLMi BUL;
Xix..xXm = Yix...xYp, n<m,

roe Xi,...,Xm — UCXOAHbIN HAbop NpuaHakoB, Yj,...,Y, — HOBbIN HAOOP NMPU3HAKOB, M — Pa3MEPHOCTb MCXOAHOTO
MPW3HAKOBOrO NPOCTPAHCTBA, N — Pa3MEPHOCTb HOBOMO MPM3HAKOBOrO NPOCTpaHcTBa. Kaxabin U3 Npu3HakoB
nMeeT cBot cobeTBeHHyto wkany X={x',.... x4}, i=1,...m, Y={y,....y/, j=1,...,n C ynopsgo4eHHon rpagaumen
OLIEHOK.

PaccMOTpuM 3afjavy CHWXEHUsS pasMepHOCTW MPWU3HAKOBOTO MPOCTPAHCTBA Kak 3ajadvy MHOrOKpUTepuanbHOM
knaccudmkalmm, B KOTOPON pasfinyHble KOMOMHALMN UCXOAHBIX MPU3HAKOB (KOPTEXM OLEHOK) NOCNeaoBaTenbHO
arpervpytoTcs B MeHblune Habopbl HOBbIX Mpu3HakoB, uMetowmx ans JIMP BnonHe onpeaeneHHbli CMbICH.
ViTorom sBnsieTCs Mepapxmyeckas CUcTeMa KpUtepues, BEPXHUIA YPOBEHb KOTOPON ONMpeaensieTcs coaepxaHnem
npakTU4eckoit Npobnemsl.

HasoBeM cocmasHbIM Kpumepuem WHTerpanbHblil NokasaTenb, KOTopblid onpeaensieT BbibpaHHoe JIMP cBoincTBO
BapuaHTOB, arpervpylollee WUCXodHble xapaktepucTuku. Kaxpas rpajaums LiKanbl COCTaBHOTO KpuUTepus
ABNSETCA KOMOMHALWeR OLEHOK UCXOOHBIX NoKasaTenen.

lMpouenypa arpervpoBaHWst nokasaTenen SBMSETCS MHOMOYPOBHEBOM MEPAPXMYECKOW CTPYKTYPOM CO
«cnabbiMuy CBA3SIMM, B KOTOPOW 3IEMEHT HUKENEXALLEro YPOBHS (OLEHKM UCXOAHbIX MokasaTenen) NnoaduHeH
ABYM 1 Gonee BepLUMHAM BbILLECTOSLLENO YPOBHS (OLEHKaM COCTaBHbIX kKputepues). [epexoas war 3a warom Ha
Bonee BbICOKMI ypOBEHD Mepapxuu, JITTP MOXET CKOHCTPYWMpOBaTh NpUEMIEMbIE ANt HEr0 COCTaBHbIE KpUTEpUM
BMAOTb 40 OOHOMO €ANHCTBEHHOTO.

lMpegcTaBum npouedypy MOCTPOEHUS LUKAN COCTaBHbIX KPUTEPUEB B BMAE OAHOTWUMHBLIX 6r0KOB. Bnoku
copepxatensHo Bblgenawtca JIMP B 3aBUCMMOCTM OT cneuuduki peliaemon 3agaun. Kaxabin 6nok
Knaccudvkaumm i-ro ypoBHSI MEpapXWM COCTOMT W3 HEKOTOpOro Habopa MpU3HAKOB M OLHOMO COCTABHOMO
kputepus. B kayectBe 0OBLEKTOB KnaccuuKkaLMu BbICTYMAKOT BCE rpafgauui OLEHOK Ha Lukarax MpuU3HaKoB.
Knaccamu peLueHwi i-ro ypoBHSA CRyxaT rpagaLum OLEHOK Ha LUKane COCTaBHOM KpUTepus.

B 6roke knaccudmkaumm (i+1)-ro ypoBHS Mepapxun COCTaBHble KPUTEPUN [-TO YPOBHS CHUTAKOTCS MPU3HAKaMMK,
MHOXECTBO rpafaLyin OLIEHOK KOTOPbIX MpeacTaBnseT coboi HoBble 0OBEKTLI KnaccuukaLmmn B COKpaLLeHHOM
NPU3HaKOBOM MPOCTPAHCTBE, a Knaccamu pelueHuit GyoyT Tenepb rpagauuy OLEHOK Ha Likane COCTaBHOMO
kputepus (i+1)-ro yposHs. lNpoLeaypa NOBTOPSETCS 4O TEX NOp, NMoKa HE OCTAHETCS eAMHCTBEHHbIA COCTABHOM
KPUTEPUI BEPXHETO YPOBHS, SBNSIOWMACA UCKOMbIM WHTErpanbHbIM MokasaTeneM, LuKana OLEHOK KOTOpOro
obpasyeT ynopsgoyeHHble Knaccbl pewenuin D,...,D; Tem cambiM yCTaHaBIMBaEeTCS COOTBETCTBME MEXZy
knaccamu peweHun Dy,..,Dy M COBOKYMHOCTBIO MCXOOHbIX MOKasatenein — MHOXeCTBOM Xji,....Xm BCEX
BO3MOXXHbIX KOMBUHALWA rpagaLmin OLEHOK Ha Lkanax kputepues X={x/,....x8}, i=1,...,m, N HAX0AATCA rpaHuLibl
KnaccoB, 4TO NO3BOMSET Merko MOCTPOWUTb KracCutUKaLmio peanbHbiX anbTepHaTuB (BapuaHtos) V...,V
OL|EHEHHbIX MO MHOMMM Kputepusm Ki,...,Kn.

[ns copMmnpoBaHMa LWKan OLEHOK MO COCTaBHbIM KpuTepuam JITP MOXeT BOCMOb30BaThCA HECKOSbKAMU
cnocobamm M3 apceHana cpeacte BepbanmbHOrO aHanusa pelwenuin. Hawbornee npocTeiM W NErko
BocnpuHumaeMbim JIMNP cnocobom KOHCTPYMPOBaHWS MOPSAKOBONA LLUKaMbl COCTABHOMO KpUTEPUS SBNSIETCS METOA
CTpaTMdMKaLUMM KOPTEXed, B KOTOPOM WCMONb3YOTCS OQHOTUMHbIE (HanpuMep, C OAMHAKOBLIM YMCIIOM
rpagaumin) Habopbl nopsiakoBbIX BepbarnbHbIX LKA MCXOLHbIX NokasaTeneit. Vpoes metopa crpatudmkaumy
KOpTeXel OCHOBaHA Ha CEYEHMM MHOrOMEPHOrO OMCKPETHOTO NPU3HAKOBOTO MPOCTPAHCTBA MapasnenbHbIMM
rUNepnnockocTaMK. Kaxabli Crioit (cTpaTa) COCTOMT M3 OQHOTUMHBIX KOMOMHALMI OLEHOK Ha LKanax Kpurepues
Xi, a uMcno Takux ceveHun (oueHok) onpegensetca JINP u3 cogepxatenbHblx coobpaxeHuin. MakcumansHo
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BO3MOXHOE UWCMO CMOEB MOXHO paccuuTtath no dopmyne L=1-m+ 3" g.. Kaxablit cnoit obpasyetcs kak

KOMOWHALMS KOPTEXei OLEHOK, CyMMa KOTOpbIX (hMkcupoBaHa. Yucno knaccoB q<L. bonee cnoxHole
npoLeaypbl NOCTPOEHUS LKA KpUTEPUEB NpeanonaratoT NpUMeHeHe MeToLoB BepbanbHOro aHanuaa peLLeHuit
3ANPOC n OPKNACC [Napnyes, 2006], B KOTOpbIX pacCMaTPUBAETC MHOXECTBO BCEX BO3MOXHbIX KOPTEXeEN
OLEHOK B MpWU3HAKOBOM MPOCTPaHCTBE, 006pa3oBaHHOM AEKApPTOBbIM MPOM3BEAEHMEM 3HAYEHWA OLIEHOK Ha

LUKanax KpuTepueB. B 3TuX Cryyasx YMCno BO3MOXHbIX KOMOUHALMIA OLEHOK (anbTepHaTUB) PaBHO p= Hf“1 g .
i=

Paccmotpum HeGonbwon npumep. Tyctb JINMP Heobxoaumo NOCTPOWTL LKAy COCTaBHOTO kKputepusi D,
uMetoLyto Tpu BepbarnkHble nopsakosble rpagaummn {d0,d1,02}. Lkana cocTtaBHOro kputepus obpasyetcs u3
LUKan OLeHOK 6a30BbIX NOKa3aTenen, kaxaas U3 KOTopbIX Takke UMeeT Tpu BepbarnbHble NOPSAKOBbLIE rpafaLmm:
A={a0,a1,a2}, B={b0,b1,b2} n C={c0,c1,c2}. Hanpumep, x0 — OTANYHO, X1 — XOPOLLO, X2 — NII0XO.

MpumeHsa Ans NOCTPOEHUs NOPSAKOBOM LUKanbl COCTABHOTO KpUTEepUst MeTog cTpatudukaumm koptexen, TP
MOXET 06beNHUTL UCXOLHbIE OLIEHKN B 0606LLIEHHYIO OLIEHKY, HanpuMep, No NPUHLMNY: BCe NyyLI1e OLEHKW No
6a3oBbiM MokasaTensiM 0BpasytoT OfHY NyYLlyto OLEHKY MO COCTABHOMY KPUTEPWIO, BCE CPEAHUE OLEeHKU —
CpenHMe OLEHKM, BCe XYALLINE OLEHKU — OAHY XYALLYI OLeHKy (puc. 1).

a%blc® ... a%'cz  a%Z! a'b2® ... a'bc?
Crparei a%b0cd  adhoct ... a'b'c! .. ab!  a%hc?
KopTexen
alboc® ... a'b%? alc! a?b'c® ... a2b'c?
o” d | e

CocraBHoit kputepuit D
Puc. 1. KoHCTpympoBaHme LuKasbl COCTABHOMO KPUTEPHUS C MOMOLLIbIO METOAA CTpaTUMKaLIMK KOPTEXEN.

Bocnonb3osasLuck Metogom 3ATMNPOC, MNP MOXeT CKOHCTPYMPOBaTh eauHY0 NOPSAKOBYIO LKAy COCTAaBHOrO
KpuTepus, hOpMUPYS ee 13 OLIeHOK MO OTAENbHLIM UCXOAHBIM NokasaTensam (puc. 2).

a%b°c'=>a0b"1c0=>a'1h%c0=>a0h2c0=>a2h0c?;

a%h0c'=a'h’c'=a0h0c'=a2b°c'=a%h’c?;

a'h’c'=a0b'c'=a'h’c'=a%bh2c'=a0h’c?;

a%h0cl=>adh'co =a'bc"=a0h¢'=>a%h2c0 =a2hc0=a%h0c?
o d o?

CocraBHoi kputepuit D
Puc. 2. KoHCTpyrpoBaHue Lkanbl coctaBHoro kputepns metogom 3AMPOC.

C nomowpblo metoga OPKIIACC cTpoutcs nonmHas HenpoTUBOpEYMBas NOpsiAkoBas Knaccudmkaums
MHOTOMPU3HAKOBbIX 0OBEKTOB, B KAYECTBE KOTOPbIX B paCCMaTPUBAEMOM CIlyyae BbICTyNarT Habopbl OLEHOK Mo
MCXOAHBLIM NOKa3aTensm, 0bpasyroLmMM COCTaBHO kKputepuii (puc. 3).

BepxHsia HkHa BepxHsi HkHa BepxHsia HkHa
rpaHuua rpaHuua rpaHuua rpaHuua rpaHuua rpaHuua
a%hocd a%b'cd a'h’cd a2h2cd a2b?c! a2h%c?
a%hoc! a0h2c0 a2h'ct a'hdc?
adb'c! a'h2c! alh2c?

a0h0c? alb'c?

da I:d:2:| } Knaccbl peluenui

| CocTaBHoit kpuTepwii D |

Puc. 3. KoHcTpynpoBaHue Wwkanbl cocTaBHoro kputepus metogom OPKITACC.
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[MpeanoeHHbIN HOBbIM METOLONOTMYECKUI NOAXOL K CHUXKEHMIO pasMEepHOCTW MPOCTPaHCTBa KavyeCTBEHHbIX
npu3sHakoB obragaeT onpefeneHHON YHUBEPCANbHOCTLIO, Tak Kak B OOLEM Criyyae MOXHO OnepupoBaTh Kak
CUMBOITBHON (Ka4€CTBEHHOM), TaK Y1CNOBO MHAOPMALMEN.

WNHTepaKTUBHLIN METOS CHIKEHWUA Pa3MePHOCTU NPU3HAKOBOro NPOCTPAHCTBA

Cxema pelleHns 3agaum MHOTOKpUTEpUanbHOro BbliBopa C  WUCMONMb30BAHWEM CHUXKEHMS Pa3MEPHOCTH
MPW3HAKOBOrO MPOCTpaHCTBa BKItoYaeT Aea aTtana [[leTposckuin, PomnseHsoH, 2008a). Ha nepsom atane
NPOBOAMTCS CHUXEHWE Pa3MEPHOCTW NMPU3HAKOBOrO NPOCTPAHCTBA MyTEM MOCTPOEHUS UePapXYECKON CUCTEMDI
COCTaBHbIX KpuTepWeB. Ha BTOpPOM 3Tane BbLIMOMHSAETC OKOHYaTeNbHOE pelleHne 3ajaun Bbibopa ¢
NCMOMNb30BaHNEM MOCTPOEHHbIX COCTAaBHbIX (arpervpoBaHHbIX) KPUTEPUEB.

ArpermpoBaHue nprU3HakoB 0CHOBaHO Ha npegnoyTeHnsx JIMNP. MepsoHavaneHO npu yyactum JIMP dopmupyetcs
6a3oBbi HAabOp xapaKTepUCTUK paccmaTpuBaemblx OObEKTOB. B 3aBMCMMOCTM OT Creuuduki 3apadn aTu
XapaKTepUCTUKM MOTyT ObITb B0 3aaaHbl 3apaHee, bo chopmMUpoBaHbI B NpoLecce aHanuaa npobnemsl. [ns
kaxxgoro 6a30BOro nokasatens (hOPMUPYETCA LUKana, KOTopas MOXET WMETb YUCMOBble (TOYEYHbIE,
WHTepBarbHbIe) N BepbanbHble oueHku. Lkanbl oueHok 6a3oBbIX NokasaTenei MOryT coBrnafgate ¢ 00bIYHO
NCnonb3yembIMK Ha NpaKTike, MO0 KOHCTPYMPOBATLCS CneLManbHo.

[anee, ucxopas v3 onbita u uHTynUmm J1MP, 6a30Bble XxapakTepucTuki 06beanHSIOTCS B Kputepum, obnagatowme
BepOanbHbIMM NOPSAKOBLIMK LKaaMu ¢ HebonbLuMM yucniom rpagaumi (3-5). JIMP, no cBoeMy yCMOTPEHMIO,
onpeaensieT Yncro, COCTaB U COAEPXaHNE KPUTEPUEB KaXaoro YPOBHS nepapxun. B kauecTse Kputepus MOXHO
BbiOpaTh 0auH 13 6a30BbIX MOKA3aTENEN MM HECKOMBKO MokasaTenel, 00beaMHEHHBIX B COCTABHON KPUTEPUIA.
NINP ycTaHaBnuBaeT, kakne 6a3oBble nokasateny OyayT cuMTaTbCst CAMOCTOATENbHBIMIA KPUTEPUSIMIA, @ Kakue
OyayT OTHECEHbI K TOMY UMW MHOMY COCTaBHOMY KpuTEpPUto. CMbICIIOBOE COAEPXaHNE KPUTEPUEB M LLKAN OLEHOK
3apaetca JIMP. Kputepun SOmKHbI UMETL TakuUe LUKAmbl OLIEHOK, KOTOPbIE, C OOHOW CTOPOHBLI, ByAyT oTpaxaTb
arpernpoBaHHble kayecTBa 0BbEKTOB, @ C ApYron CTOPOHbI, ByayT noHATHbI JIMNP npu okoHYaTensHOM Bbibope
Hanbornee npeanoyuTUTENbHLIX 0BBEKTOB MMM WX KacCUUKaLMp.

lMpouedypa arpervpoBaHus mnokasaTenein MMeeT nocrnefoBaTeNbHbl XapakTep, T.e. MNOMyyYeHHble rpynnbl
KpuTEpMEB MOryT ObiTb, B CBOK 04epeab, 00bEANHEHbI B HOBbIE MPYNMbl (CReayowni YpoBeHb epapxum) 1 Tak
panee. [Mpu KOHCTPYMpOBaHWW LUKaN COCTABHbIX KPUTEPMEB Ha pasHbIX 3Tamax MOryT WCMOMb30BaThCs
pasfnyHble cnocobbl. Hanpumep, 0anH M3 COCTaBHbIX KPUTEPUEB MOXHO CCHOPMMPOBATL MPW NOMOLLM MeToAa
cTpaTUMKaLMK KOPTEXKEN, a APYroin — METOAOM MHOTOKpUTEPUAbHOM NOPSAKOBON KraccudmkaLmm.

B 3aBucumocTM OT crelndmkn 3apaum Bbibopa Mepapxuyeckasi cucTema KputepueB MOXET ObiTb WM3BECTHA
3apaHee (HanpuMep, nepeyeHb nokasaTenen OpraHM3aLMOHHON CTPYKTYPblI NPEANPUSATUS), U3BECTHA YACTUYHO
(Hanpumep, XapakTePUCTIKN CIIOXHOM TEXHUYECKOI CUCTEMbI) U HEW3BECTHA BOODLLE, T.e. Mepapxuio TpebyeTcs
pa3pabotatb «C Hyns» (Hanpumep, KPUTEPUM OLIEHKN HayuHbIX WCCIEAOBaHMIA, rae NPUCYTCTBYET BbiCOKas
cTeneHb HeOonpeaeneHHoOCTU W puUcka, CBs3aHHasi C MOMyYeHNeM HOBOTO 3HaHMsl). MMpu MOCTPOEHUN CUCTEMbI
KpUTEPUEB B MEPBOM Clyyae OCHOBHOE BHMMaHWe JOMKHO ObiTb yAEneHO OMpefeneHwto Lkam COCTaBHbIX
kputepues. OcobGEHHOCTbIO pa3paboTki CUCTEMbl KPUTEPMEB BO BTOPOM W B TPETbEM CRyyasx sBNSeTCs
BO3MOXHOCTb CCHOPMUPOBATL pasHble HAGOPbl COCTABHbIX KPUTEPUEB pasnMyHbIMK crocobamu (Hanpumep,
nocreaoBaTenbHO 06beanHss KPUTEPUM NONApPHO UMK ChopMUpYst TPYMMbl KPUTEPUEB UCXOAS W3 HEKOTOPOIA
CMbICIOBO/  OBLUHOCTM). 3TO MO3BONSIET CPaBHUTb MNONYYEHHblE pPesynbTaThbl AN PasHbIX BapUaHTOB
KnaccudnkaLmm 1 BbIGopa C LIENbo OLEHKM Ka4ecTBa PeLLEHist UCXOLHOM Npobnembl.

WHTepakTveHbiil MeTog VICKPA (Mepapxuyeckas Ctpyktypusauus KPutepues n ATpubyToB) NpeaHasHaveH ans
CHWKEHUS Pa3MEPHOCTM MPU3HAKOBOrO MPOCTpaHCTBa. PasnuuHble KOMOMHALUWW NPU3HAKOB Pa3HOTO YPOBHS
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Mepapxun paccmaTpuBatoTCs B METOAE KaK MHOrOnpu3HakoBble 06beKTbl, MOCNegoBaTENbHO arperupyemble B
COCTaBHblE KpUTEPUM Ha OCHOBE npeanoyTeHni JIMP. MeTog BkntovaeT B ceba cneaytoLme Lwaru:

1.

Bbi6op Tvna 3agaum T. BoamoxHbl cneaytowme 3agayn: Ty — BbIAENUTb HaWUMyJlne anbTepHaTuBbl; To —
ynopsi4ounTb anbTepHaTuBbl; T3 — pasgenuTb anbTepHaTUBbI Ha YNOPSAOYEHHbIE rPYNMbl (KNacchbl).

dopMupoBaHNe MHOXECTBa arnbTepHaTue V B 3aBucuMoOCT OT Tuna 3agaun T. OyeBuaHo, 4TO ecnu
Heobx0anUMO NPOPaHXMPOBaTh N BbIOPaTL HanMyyLLyto anbTepHaTuBy, TO Ana T1u Tz |V]>2.

®opmnpoBaHe MHOXeCTBa 0a3oBblX NokasaTeneil (McxogHblx npusHakoB) X: Xi,...Xm |X|=m=>2. B
3aBMCUMOCTW OT Creumndukn 3agadun 3T XapakTepuctuku Moryt ObiTb b0 3agaHbl 3apaHee, nubo
cchopmMmpoBaHbI Npu uccnegoBaHny Npobnembl C MOMOLLBK aHaNUTUKa-KOHCYbTaHTa UK aKenepTa.

dopmnpoBaHKe NopsaakoBbIX Wkan X={x!,...,x8}, i=1,...,m, 6a30BbIX NokasaTenei B 3aBUCMMOCTW OT TUMa
3apaun T. [Ins 3agay paHXupoBaHUs UK BeIGopa HannyYLlei anbTepHaTBbI HE0OX0aNMO paccMaTpuBaTh
TOMNbKO T€ OLIEHKN 6a30BLIX MOKa3aTeNel, KOTOpLIE BCTPEYAKTCA B ONUCaHMM anbTepHaTtus V, T.e. ana Ty u
T, g<|V]. Tem cambiM MOXHO NpeaBapUTENbHO COKPATUTb Pa3MEPHOCTb WCXOAHOTO MPU3HAKOBOMO
npocTpaHcTBa. Ecnu nsHayanbHO He 3afaH Habop peanbHbIX anbTepHaTiB, He0bXoaMMO paccMaTpuBaTh
MHOXECTBO BCEX BO3MOXHbIX KOPTEXEA OLEHOK B MPWU3HAKOBOM MPOCTPaHCTBE, 00pa3oBaHHOM
[eKkapToBbIM NPOU3BEAEHNEM PafaLMii OLEHOK Ha Lwkanax kputepues Ki,...,Kn.

dopmMMpOBaHME MHOXECTBA COCTaBHbIX KPUTEpPUEB, T.e. WHTErpanbHbIX MokasaTenei, Kotopble
onpefenstoT BeibpaHHoe JIMP cBoWCTBO BapuaHTOB, arperupytoLiee 6asoBble xapaktepuctuk: Y: Yi,..., Ya.
(n<m).

dopmupoBaHne nopsakosblx wkan Y={y',....y, j/=1,...,n coctaBHbIX kputepues. Kaxaas rpagaums Lkarbi
COCTaBHOTrO KpUTEPNS ABNAETCH KOMBUHALMEN OLeHOK 6a30BbIX NokasaTenemn.

Bbibop cnocoba W nocTpoeHus Lwkan CoCTaBHbIX KpUTEPUEB (arpernpoBaqus nokasatenem) Xix...xXm —
Yix...x Y, n<m. Bo3mOXHbI cnegytowme cnocobbl: Wi — cTpatudmkaums koptexen; W, — paHxuposaHue
kopTexeit; Ws — MHOrokputepmanbHas nopsakoBas knaccudukaums kopTexen. [Ans pasHbiX COCTaBHbIX
KpUTEPUEB MOXHO 1CNONBb30BATh Pa3fnnyHble cnocobbl NOCTPOEHNS LKan.

Ecnu nonyyeH ynoBneTBopUTENbHbI pe3ynbTaT pelueHns 3agayn T (Mo COCTaBHLIM KpUTEPUSIM NOCTPOEHA
nopsiaKoBast KnaccudukaLys anbTepHATUB; NONYYEHO YNOPSA0oYeHIe anbTePHATHB; BblAENEHbI HanyyLLIne
anbTepHaTWBbI), TO anropuTM 3aBepLuaeT paboTy, MHaye nepexop K wary 9.

Ecnu Ha ware 8 nonyyeH HeyooBMETBOPUTENbHBIN pe3ynbTat, TO npeanaraetcs nbo U3MeHuTb cnocob
MOCTPOEHNS LUKanbl cocTaBHOro kputepus W (nepexop K wary 7), nubo W3MeHUTb rpapauuu Lukanbl
COCTaBHOro Kputepms (nepexop K wary 6), nubo cpopmmpoBaTb HOBOE MHOXECTBO COCTaBHBIX KPUTEPUEB
Y (nepexog k wwary 5).

BaxHO 0COBGEHHOCTBIO MPEANOXKEHHOrO MOAXOAa K CHUKEHMIO PasMEPHOCTM MPM3HAKOBOrO MPOCTPaHCTBA
ABNAETCS BO3MOXHOCTb €0 UCMOMNb30BAHIUS B COYETAHMUN C APYrUMI METOAAMM NPUHSATUS PELLEHNIA 1 06paboTKM
NH(OPMALK, NO3BONAS NPEACTABUTL KAyl rpafaLmio LKanbl COCTABHOrO KpUTEpUs B BUAE KOMBMHALM
OLeHOK 6a30BbIX NokasaTtenei.

MHorokpuTtepuanbHas oLeHKa pe3ynbTaTMBHOCTU HayYHbIX NPOEKTOB

CylLecTByeT [0CTaTOYHO MHOMO MpaKTUYECKMX 3adad, B KOTOPbIX Heobxoauma paspaboTka MHTerpanbHbix
rnokasatenen AesTenbHOCTU. TUMMYHBIM MPUMEPOM SIBMSIETCS OLEHKA Pe3ynbTaTUBHOCTU Hay4HbIX MPOEKTOB.
3HauMTENbHbIA OMbIT B OpraHW3auMu W MPOBEAEHUM IKCEPTU3bl (PyHOAMEHTanbHbIX MCCrefoBaHUA U
MOMyYEHHbIX Pe3ymnbTaToB, MPEACTaBNSIOWMX MHTEPEC C TOYKM 3pEHUSt WX MPaKTUYECKOro MpUMEHeHWS,
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HakonneH B Poccuiickom oHae yHoameHTanbHbIX uccneposannii (POOW). [ns oueHkM BO3MOXHOCTEM
3(h(EKTMBHOMO MPAKTUYECKOTO MCMOMb30BAHWS HayuyHbIX pesynbTaTtoB 6bin0  (hOpMann3oBaHO MOHATHE
«pesynbTaTWBHOCTb HAay4YHOrO NPOEKTa» NPUMEHUTENBHO K (PyHAAMEHTaNbHbLIM UCCNEeA0BaHUSAM, BbINOMHAEMbIM
B MHTepecax PefeparbHblX areHTCTB 1 BeaoMcTs Poccu no rpaHtam PO,

lMocTpoeHne WHTerpanbHOro nokasaTens pesynbTaTUBHOCTM HAYYyHOro MpOeKTa pacCMOTpPeHa Kak 3afjava
MHOrOKpUTEPUanbHOIN NOPSAAKOBOW KnaccudukaLummy no epapxmyeckon CUCTEME KPUTEPUEB C UCMOMNb30BAHUEM
CHUXEHWUSI pa3MEPHOCTM NMPU3HAKOBOro npocTpaHcTga [[eTposckui, PoiseHsoH, 2008a]. Knacecuduuympyembimu
obbekTamn SBRSAMCE KOMOMHALWMW MHOTOKPUTEPUANbHBIX SKCMEPTHLIX OLEHOK OTY4ETOB MO 3aKOHYEHHLIM
NpoeKTaMm, Knaccamm peLLeHuin CIIyXUnK rpagaumnmu MHTerpanbHoro nokasartens pesynotatusHocTu. JINP umeno
BO3MOXHOCTb (DOPMMPOBATL MOHSATWE «PE3YNbTATUBHOCTb HAYYHOro MpOEKTa» pasnnyHbiM  0bpasom K
CpaBHMBATb MOMNYyYEHHble UHTErparnbHbIE NOKa3aTeny.

Kaxzablin 0TYET OLeHMBarCs HECKOMbKUMI 3KCrepTamm no BOCbMM KpuTepusimm (6a30BbIM npusHakamm) Ki,...,Ks,
UMELMMN WKanbl X; ¢ ABymMs unu Tpems BepbanbHbiMu nopsigkoBbiMmu oueHkamu 0,1,2, roe 0 obosHavaet
NYYLWLYI0 OLEHKY, 1 — cpeaHIo (Mnm Xyawyo), 2 — xyawyto. Hanpumep, kputepuin Ky xapaktepusosan «CteneHb
BbINONHEHNS 3asIBNEHHBIX 3aday», KOTopas MOXET OLeHMBaThCs Kak 0 — 3adayn BbIMOMHEHb! NOMHOCTLIO, 1 —
3a7a4v BbINOMHEHbI YAaCTUYHO, 2 — 3aa4y He BbiNonHeHbl. Kputepuii Ks oueHnsan «JoCTUxXeHWe NocTaBneHHoM
Llenu B yCTaHOoBMeHHble cpokuy Kak 0 — peanbHoe, 1 — HepearnbHoe. COCTaBHbIM KpUTEPUEM BEPXHErO YPOBHS
fBnanacb «PeaynbTaTMBHOCTb HAY4YHOrO MPOEKTa», rpajaLyi OLEHOK NO LUKane KOTOporo (BbICOKasi, XOpoLUas,
CPenHsis, HU3Kas, HeyAOBNETBOPUTENbHAS) Onpeaensnu 5 ynopsaoYeHHbIX KnaccoB pelueHuii Dy,...,Ds.

MogenbHas 6a3a AaHHbIX BKMOYana 9KCMEPTHbIE OLUEHKM OTYETOB MO MNpoekTaM  (PyHAAMEHTanbHbIX
nccnegosanuin POOW, saepluenHbiM B 2007 roay. [ns skCnepuMeHTanbHOA NMPOBEpKM paboTbl anropuTMoB U
NOCTPOEHNS WHTErparnbHbIX MokasaTenen pes3ynbTaTUBHOCTM Bbini B3ATHI OTYETHI MO CregylowmM obnactam
3HaHui: 01. MaTemaTtuka, MexaHuka u uHopmatuka (Bcero 48 otyetos); 03. Xumus (Bcero 54 otuyeta); 07.
VHhopMaLMOHHbIE, BEIMUCAIUTENbHbIE, TENEKOMMYHKALMOHHBIE pecypchbl (Bcero 21 oTyer).

VHTerpanbHble nokasaTenu pesynbTaTUBHOCTW NPOEKTOB OMPeAensnncb no Kaxaoi obnactu 3HaHus W ans
KaXOOoro 3KcrepTa C MOMOLLUBbIO Pa3fnyHbIX COYETAHUA METOLOB MPUHATUS PELEHUA, @ WMEHHO: MeTOAOM
OPKITACC (OP); metogom ctpatudukaumu koptexen (CK); cHayana (Ha HWXHEM YpOBHE 1epapxun) MeTOLOM
cTpaTuduKaLmmn KopTexeit, noTom (Ha BepxHem yposHe nepapxuun) metogom OPKITACC (CK+OP); cHavana (Ha
HWkHeM ypoBHe uepapxun) metogom OPKITACC, notom (Ha BepxHEM YPOBHE Mepapxuu) METOAOM
ctpatudmkaumm koptexen (OP+CK). Mpumep oOuUEHKM pPe3ynbTaTUBHOCTM MPOEKTOB, MOMYYEHHbIX Pa3HbIMU
MeToAamu No OLEeHKaM [BYX 3KCMepToB, NPUBEAEH Ha puc. 4.
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Puc. 4. Mpumep pacnpegenerns anbTepHaTVB MO Kaccam peLLeHu.

PacnpefeneHue NpoekToB Mo Knaccam pesyNbTaTUBHOCTH, MOMYYeHHOE AMst YETbipex BbilLenepeyncrneHHbIX
MEeTOA0B (POPMMPOBAHMS LLKAN COCTABHbIX KpUTEpUeB, MpeacTaBneHo B Tabnuue 1. Mepoe 4MCro — YMcro
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MPOEKTOB C OLEHKaMM MepBOro dKCnepTa, BTOPOE YMCMO — YWACNO NPOEKTOB C OLeHKamu BTOPOro aKkcnepta.
3HayeHe MHTErpanbHOro nokasaTens pesynbTaTUBHOCTY COBMAZan0 y Kaxaoro M3 SKCMepTOB B CrEAyHLEM
yncne cnyyaes: no obnactu 01 (48 npoektoB) — ans 34/23 npoekTos, no obnactn 03 (54 npoekta) — ana 39/13
npoekToB, no obnactn 07 (21 npoekT) — Ana 16/13 NpoOeKTOB, YTO Takke CBMAETENbCTBYET O 4OCTATOYHO
BbICOKOW YCTONYMBOCTM pe3ynbTaTa OTHOCUTENBHO UCXOAHBIX AaHHbIX W crnocoba NOCTPOEHWs LKA COCTaBHbIX
KPUTEPUEB Ha BCEX YPOBHSIX NEPAPXMU.

Ta6n|/1u,a 1. PacnpeueneHme NPOEKTOB NO KnacCam pe3ynbTaTMBHOCTU

OB1aCTH 3HaHIs Mokasatenb Meton Metopn Meton Meton
pesynbTaTUBHOCTY OoP CK CK+OP OP+CK
HawuBbicwni (5) 16/8 1617 16/7 16/8
Bbicokuit (4) 15/14 28/34 14/15 28/35
01.MaTemartuka, MexaHuka u UHopMaTuka
CpegHuit (3) 17/26 4/4 18/25 4/4
Hu3kuit (2) 0/0 0/3 0/1 0/1
HawuBbicwni (5) 4/3 4/3 4/2 42
Bbicokuit (4) 3917 42/47 27111 42/47
03. Xumus
CpepnHuit (3) 17/33 5/3 20/40 5/4
Huskuin (2)+(1) 31 312 31 31
Hawsbicwwuni (5) 6/4 6/4 6/4 6/4
07. VHhopMaLMOHHble, BbIYMCINTENbHBIE, | BbICOKMA (4) 6/9 10/16 6/8 10116
TENEKOMMYHWUKALIMOHHbIE PECYPChI CpepHui (3) 9/8 4/1 9/9 5/1
Huakuit (2) 0/0 1/0 0/0 0/0

Bbino Takke paccMOTPEHO ABa BapuaHTa NOCTPOEHWUS MEPAPXMYECKON CUCTEMbI KDUTEPUEB: C arpernpoBaHnem
0a3oBbIx OLEHOK MO KpuTepusam Ki,...,Ks COOTBETCTBEHHO B [Ba ¥ TpU MPOMEXYTOYHbIX Kputepus. AHanu3
pacnpegeneHns npoekto ans obnacti 03 no nokasaTenio pesynbTaTMBHOCTY UCXOAS U3 UX SKCNEPTHBIX OLEHOK
nokasan cnegytoLlee: HauBbICILMIA NOKa3aTeNb Pe3ynbTaTUBHOCTM MOMy4unu no 1 BapuaHTy mepapxmyeckom
CUCTEMbI KpuTepueB 16 NpOEKTOB, a Mo 2 BapuaHTy — 6; BLICOKUI MoKasaTenb pesynbTaTMBHOCTU — 75 u 40
NPOEKTOB; CPeHWA NokasaTenb pesynbTaTBHOCTY — 13 1 59 NPOEKTOB, HU3KMIA NOKa3aTenb Pe3yNbTaTUBHOCTM
— 2 1 1 npoekTa, HeY[0BNETBOPUTESbHBIN NOKa3aTeNb PE3yNbTaTUBHOCTY — 2 M 2 MPOeKTa.

Takum obBpasom, 1 BapuaHT arpervpoBaHUsi OLEHOK MO KPUTEPUAM (C BbIAENEHWEM ABYX MPOMEXYTOYHbIX
KpuTepneB) aaeT 6onee BbICOKMI MHTErpasbHbIN NOKasaTenb Pe3ynbTaTUBHOCTY, YEM 2 BapUaHT (C BblgeneHneM
TPex NPOMEKYTOUHBIX KpUTEPUEB). B LLenom no AByM BapuaHTam WHTerpasnbHble NoKasaTenu pesynbTaTMBHOCTY
coenagatt B 41 cnyyae u3 108 (54 npoekta oueHMBanuUCb ABYMS 3KcrmepTamu). B ocTanbHbIX chydasix
WHTerpanbHble MokasaTenu pesynbTaTUBHOCTW OTAMYanuCh He Bonee YeM Ha OfHy rpajauuio, YTO MOXET
paccmaTpuBaTbCA Kak CBUAETENbCTBO AOCTATOMHO BbICOKOW YCTONYMBOCTM pesynibTaTa OTHOCUTENBHO UCXOAHbIX
AaHHbIX ¥ BblIGpaHHbIX CNOCOBOB MOCTPOEHMS LKA COCTABHbIX KPUTEPUEB HA BCEX YPOBHSX NEPapXUU.

3akniouyeHue

Wcnonb3osanue metoga VMICKPA npu pelleHnn 3agad MHOTOKpUTEPUANBHOrO BeIGopa M Knaccudmkaumm gaet
JINP  BO3MOXHOCTb CPaBHWTb MOMYYEHHbIE pELUeHUs AN pasHblX HabOpOB COCTaBHbIX KPUTEPUEB,
ChopMMPOBAHHBIX C MOMOLLBIO Pa3nnyHbIX cnocoboB. OueHKon addeKTUBHOCTH BbIGpaHHOrO crnocoba peleHns
3a4a4n MOXKET CMyXuTb yncno obpaienun k JMP, Heobxoanmblx Ansg NOCTPOEHMUSI NONHOWM HEMPOTUBOPEYNBOI
knaccudvkaumm ans Kaxgoro Habopa COCTaBHbIX KpUTepueB. AnbTEpHATUBHOW OLEHKOW 3(hDEKTUBHOCTM
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ABNAETCA CpaBHEHKNE pacnpe,u,eneHMﬁ anbTepHaTuB No Knaccam peLIJeHI/II7I Ona OAHOro M TOro xe Ha6opa
COCTaBHbIX KPUTEPUEB, CCbOpMMpOBaHHbIX pasnnyHbIM o6pa30M.

[Mpu peLieHMn KOHKPETHOM MPUKNAAHOW 3adaqy MPEAnoXeHHbl Noaxod Mo3BonseT BbiOpaTh kak Hambonee
NPeanoYTUTENbHBIN HAabop COCTaBHbIX KPUTEPWEB, Tak M METOL UM COBOKYMHOCTb METOLOB MX MOCTPOEHMS.
lMocnegoBaTenbHOe pa3feneHne BCex KpUTepUEB Ha OTAeNbHbIe rpynMbl AaeT BO3MOXHOCTL «pacnapannenutby
peleHne 3agadn, 4To obecneunBaeT OLYTUMYK) SKOHOMMIO Tpyposatpat. [lpumeHeHue npoueaypbl
Mepapxuyeckoro arpernpoBaHusi 6asoBbiX MokasaTenen NO3BOMSAET 3HAYUTENBHO CHU3UTL  PA3MEPHOCTb
NCXOQHOMO MPU3HAKOBOrO MPOCTPAHCTBA, YTO CyLIECTBEHHO CcoOKpaliaeT Bpems, 3aTtpadveHHoe [P, ans
[OCTUXEHNS NOCTaBIEHHON Lienu.
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AHANU3 MAJTbIX BO3MYLLEHUNA
JIMHEMHbIX 3KOHOMUKO-MATEMATUYECKNX MOLENEW

Anekcen BonowwuH, Bcesonop boraeHko, Bnagumup KyauH

AHHOmauyus. Memodsi nocnedosamenbHO20 aHanu3a eapuaHmos U 6a3uCHbIX Mampuly npumeHsrmces Ons
aHanusa enusHul Masnbix 803MyweHuUl 8 modenu JleoHmbesa ¢ n10x000ycroeneHHol Mampuuel o2paHuyeHu.
[MpusedeHbI pe3ynbmamsl 8bI4UCUMEBHBIX SKCNEPUMEHMOS.
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ACM Classification Keywords: H.4.2 Information Systems Applications: Types of Systems: Decision Support.

Conference: The paper is selected from XVt International Conference "Knowledge-Dialogue-Solution” KDS 2009,
Varna, Bulgaria, June-July 2009

BBeaeHue

MogasnsioLyee 6OMbLIMHCTBO JKOMNOrO-9KOHOMUYECKNX MPOLIECCOB OMMUCHIBAIOTCS B KNACCE NIMHENHBIX MOLENen.
B uacTHOCTM, OCHOBHasi MakposKOHOMMuYeckas mogenb, mogenb JleoHTbeBa (MJ1) [MoHomapeHko, 2004],
[BonowwuH, 2004] - B BUae cucTeMbl IMHERHbIX anrebpanyeckux ypaBHeHUn(CIIAY) unu HepaseHcTB (CJIAH) ¢
KBaZpaTHOM MaTpuULei C OrpaHNYeHNsIMA Ha nepeMeHHble B Buae runepnapannenenunega 1 [BonowwH, 2004].
Mogenb JleoHTbeBa NEXUT Takke B OCHOBE psAa ONTUMU3ALUMOHHBIX 3adad, B YaCTHOCTW, JIMHEMHOrO
nporpammupoBanus (311M).[Bonowwmn, 2008], [KyauH, 2002]. U3secTHO, 4TO:

1. HeyeTkoCTb 3Ha4YeHWN MapamMeTpoB MOLENW NpedonpefensieT Hanuyue B KOHTYpPE MPUHATUS peLLeHus
9KCMepTOB (MWL, NpUHUMaloLWMX pelueHue - JMP), koTopble HanpaBneHbl KAYECTBEHHO OYEepTUTb CTPYKTYpY U
yKa3aTb MexaHu3M (npouedypy) YCTpaHeHue HeornpedeneHHOCTeN W pasHornacui npu ee HOpMUPOBaHWM
(03HaUUTb MHAMBMAYaNbHbIE U KOMMEKTUBHblE (PYHKUMM NpuHagnexHoct u T.n.) [Opnosckuin, 1981]. 3t0
SBMSETCA CYLLECTBEHHbIM YCnoxHeHem MJ1.

2. Y4eT HeTOYHOCTW NpeAcTaBneHus Moaenu (Tak HasbiBaemas npobnema afeksaTHOCTU MaTemaTuyeckon
MalUMHHOW MoZenw) npedonpedenseT pa3paboTky MexaHu3Ma CorfacoBaHWsi pesynbTaToB MPOBEAEeHUS
BbIYMCNEHUI NPU Pa3NUYHON TOYHOCTM NPEACTaBNeHNs MOAENU (4IMHA MaHTUCCHI NPY NPEACTaBEHNM YnCen ¢
nnasatoLLient 3ansTon).

3. HekoppekTHOCTb (gaxe NUHEHbIX MOAENEeN) Npu NPOBEAEHUN BbIYMCTIEHWA C PA3NNYHON TOYHOCTBIO MOXET
CYLECTBEHHO MOBMMATb HA KAYECTBEHHble XapaKTEPUCTWUKW, Hanpumep, BEMWYMHY paHra (obnactu
NPUHAANEXHOCTN peLleHnit). B yacTHOCTW, CBOWMCTBO HEKOPPEKTHOCTW MOXET MPOSIBATLCS Kak nnoxas
obycnosneHHOCTb. B aToM cnyyae Bo3HMKaeT npobrema WHTepnpeTauuu pesynbTaToB BbIYUCIEHWNA MpU
PasNYHbIX BXOAHbIX NapaMeTpax (Mokanusaumm 06acTi peLuenuin ).

4. T[lpeOcTaBneHne HENMHEMHOTO SKOHOMWUYECKOr0 Mpouecca NUHEMHbIM  npubnkeHnem "“pobasnsiet
HeafekBaTHOCTU" NPy MOLENMPOBaHMM, @ MO3TOMY Y4eT CrnabblX HEMUHENHBLIX CBSA3EH B dNEMEHTax Moaenu
HanpaBneHo 3TO CrnaauTb.

5. Wccneposanne Hapsgy ¢ knaccudeckon MIT CIAY Gonee o6obuwenHon mogenu (CIAH wnm 311M)
npegonpeaenset pa3paboTky eauHOro MeToAa U3Y4YeHNs CBOMCTB TakiX MOAENeN.

6. CTpyKTypHble CBSI3W B anemeHTax mogenei tuna MJ1 moryT nogaeaTbcsl B Knacce IMHEHHbLIX CUCTEM C
NPSIMOYTONbHON MaTpULEN OrpaHUYeHuin, KoTopas AenaeT akTyanbHbIM M3y4YeHWe reoMeTpuyeckux obpasos
NpUBEAEHHbIX MOLENeN - MHOTOrPaHHbIX MHOXECTB.
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MocTtaHoBKa 3agaum

peameToM nccnegoBaHus SBRSETCS cneaytoLme sapuanTsl MIT:

Au=C, (1)
uell, 2)
" Au<C, (3)
MpW OrpaHNYeHmsIX (2), B YaCTHOCTU, MPW HANUYMK LEENEBON DYHKLMM
mameBu : 4)
W orpaHudenHun  (2)-(3), roe A= {aij } 1w - KBajpaTtHaa MaTpuua pasmepHoct (mx m),
j=l,m

\

. T
a,=(a,,a;,...a,,), jeJ =1={12,.,m}, - ctpokn matpuubl A4 , u=(u,u,,...,u,) - BEKTOP
nepemertbix, B = (b, ,b,,...,b, ), C =(c,,c,, ..,c,)’ — BeKTOpbl [paguMeHTa LUEnesoit (yHKuM K
OrpaHNYEHUH, ausc,, je J , - NonynpocTpaHCcTBO, ONpeseneHHOe rMnepnocKOCTbI0 au=c;, € J.

Byayt usyyatbes csoictea MIT ¢ maTpuuamu OrpaHUYEHWA CTPYKTYPHO OMW3KMX K HEKOPPEKTHBIM (MSI0X0
obycnosneHHbIM) 1 6onee oblwme mogenu, B KoTopbiX #>m . o cBoeir npupoge (2)-(4) sBnsTCs
JBOMCTBEHHBIMI K KAHOHNYECKOM (MpsSIMOIA) 3a4aui JIMHEAHOTO NPOrpaMMUPOBaHMs, @ NOTOMY B PacCMOTPEHME
BBOAMTCA NUHeHas (nopoxaaroLas) moaens Buaa (4):

Au < C, (5)
Npu orpaHnyeHusix (2). B yactHocTu, mogens (5) MOXeT MMeTh BUE
Au =C, (6)

npu  orpaHmdermax  (2), e  B=(b.b,,..,b,), C=(c,Cyy.nc,) ,  u=(u,u,,.u,),

m
a,=(a,,a;,..a,), j€J, - cipoka matpuupl 4. 3agada supa (4), (5) MMeeT n orpaHuyeHnin u m

m

nepemenHbIx. Mogens (4), (5) nccneayetcs B npocTpaHcTee £™ .

Llenbto nccnepoBaHmin SBNSETCS SKCMEPUMEHTabHbIM aHanu3 BANUSHUIA ManblX M3MEHEHMUIA B MOAENM C Y4ETOM
NpUBeAEHHbIX Bblle (DAKTOPOB (MpW pasHoi Mepe Mnoxoil 0ByCMOBNEHHOCTM) Ha €€ CBOWCTBA (TOYHOCTb
PELLEHNS, BENNYMHY HEBA3OK 1 npoyee). MpoBepuTb 3ddeKTMBHOCTb MPOLIEAYP NocnefoBaTeNbHOrO aHanmaa
BapuaHToB (IMAB) [BonowwmH, 1987] n meTtoga 6asucHbix matpuy, (MBM) [Kyaumn, 2002]. Wccnegosatb cBoicTBa
M3BECTHbIX BbIMMCTIUTENBHBIX cXeM (aycca, SVD-pasnoxenus, opmyn pesunns, Mmetoga 6a3ncHbIX MaTpuL).

KoHuenumsa aHanusa MJ1 saensetcsa aByxcraauitHoit. MNepsas cTagus coaepxuT aHanus “nopoxaatowein” Mogenu
(3TanoHHOM, MaTeMaTU4YeCKON), BTOPas - aHanu3 “BO3MYLIEHHON” (HETOYHO, HEYETKOWM, MALLMHHON).

PaccmaTpuBatoTcs  3TanoHHble MoJenn (C M3BECTHbIMM MMM YCTAHOBMEHHbIMM CBOWCTBamMM) UM cnabo
BO3MYLLEHHbIEe (C Pa3nuYHbIM YPOBHEM TOYHOCTM W YYETOM HEYETKOCTU 3afjaHus napameTpoB WAW MarblX
BO3MYyLUEHMI). OTO CTaBMT Kak HavarbHyl 3afjady aHanua3 HenpoTUBOPEYMBOCTU CTPYKTYPHbIX 3IIEMEHTOB:
YCTaHOBIEHNE HEBLIPOXAEHHOCTU W BENMWNYWNHBI paHra MaTpuubl (1), HaNPaBNeHHON KOPPEKLMU BEMUYUHBI paHra
MaTpuLbl OrPaHNYEHUn (M3MEHEHWEM OTAENbHbIX 3NEMEHTOB), UCCMeLoBaHMe COBMECTHbIX cBorcTe MIT (1) u
OrpaHuyeruin (2) - Hepas3pewwnmMoCTb, YCTAHOBMEHWe CBOWCTBA EAMHCTBEHHOCTU WU HEEAMHCTBEHHOCTU
pewennin CITAY, uccnegosanne csoicts (1),(2) ¥ onTuMm3aumoHHbIX 3agay. Cnepytowmin atan - aHanus
BMUSHUS ManbiX BO3MYLLEeHWit Ha ceorcTea MI1.



International Book Series "Information Science and Computing" 69

OcHoBHble nonoxeHns metoga 6asucHbIx matpu (MBM)

B npeanoxenHom MEM BBefgeHbl B pacCMOTPEHUE CTpoYHble OasncHble MaTpuubl. BasucHble maTpuubl
nocrefoBaTeNnibHO  M3MEHSIIOTCS  3aMelueHueM CTpok  BcnomoratenbHoi  CITAY  cTpokamn  (Hopmanen
orpaHuyenuin) ocHosHoit CITAY. B obwem cnyvae B mogenu MJT KOMMYECTBO OrpaHWYEHWA MpeBbiaeT
KONMWYECTBO MEpPEeMEHHbIX BuAa (2), B AaHHOM crnyyae m =n (409 aHanu3a BBOAMTCA B PacCMOTPEHWe
BcnomoratenbHas CITAY ¢ M3BeCTHbIMU CBOWCTBAMW COOTBETCTBYHOLLEN pasmepHocTy) [KyauH, 2002).
Onpepenexve 4. KsagpatHas Matpuua 4, COCTaBNEHHas W3 M JIMHEAHO HE3aBUCUMbIX HOpmanen
orpaHuyenunin (BcnomoratensHon CJIAY), 6yoem HasbiBaTb 0as3uCHOM, a peLleHWe COOTBETCTBYHOLLEN el
CUCTEMbI YpaBHEHUA Asu =" GasucHbiM. [lge GasucHble MaTpuLbl, OT/INYAIOLLMECS OAHON CTPOKOW, Byaem
Ha3blBaTb CMEXHbIMU.

MMycTb ﬁy, i,j=1,2,...,m, anemeHTbl 6asncHon MaTpuLpl A, e - aneMeHTbl MaTpuupl A, ', oBpatHoit

g

- o T o
K A, ; e, =(A4,"), - cronbey obpatHOM MaTpuLbl. Pewerne 1, = (g, , Uy, U, ) CUCTEMbI YPABHEHMUIA
Agu=c®, rae - nogekTop C, KOMMOHEHTBI KOTOPOTO COCTOSIT M3 MPaBbIX YaCTeid OrpaHUueHMiA, HopMany

KoTopbIX 0Bpa3oBbiBaloT basucHyl matpuuy A.; o, =(a,,,c,,,...,q,, ) - BEKTOp Pa3noXeHns Hopmanu

rm

orpaHnyenus a,u, <c, no cTpokam 6asucHon matpuubl A., o, = (&y,, %y, 5., ) - BEKTOP Pa3NOXEHNs
HOpManu Uenesoit yHkuuu (4) no cTpokam 6GasucHon matpuusl A., A =au, —c, - HeBs3Ka r-fo

OrpaHU4eHns B BEPLUMHE U, szﬁujH, - MHOXeCTBa WHOEKCOB 0asncHbIX U HebasnCHbIX

J I,
0’ H
OrpaHuyeHuin. YCTaHoBMEeHbI (POopMynbl CBA3N GA3NCHOMO peLueHunst, KOIMUUMEHTOB PasfoXeHUs HopMmanein
OrPaHUYeHUn 1 LeneBon GyHKUMK, KOIPPULMEHTOB 06paTHON MaTpuLbl, HEBA3OK OTPaHUYEHUIA U 3HAYEHUiA
LieneBon (yHKUMM Npu nepexofe k 6asncHoin matpuue As (CMeXHON), koTopas 06pa3oBbIBAETCSA U3 MaTPULLbI
A. 3ameHoW ee CTpOKM a, Ha a,, KoTopas He BxoauT B 6asucHyto matpuly A, [Bonowmn, 2008]. MMpu
HaxoxaeHnn hopMyn N OCHOBHBIX COOTHOLUEHWI MEXAY SNeMEHTaMn METOAA NPy Nepexoae OT 0AHOM 6asncHo

MaTtpuupl K Credylleit cuaTaeM  a,,,d,,,...,d,, HOPMansMWU  OrpaHUYeHu, aiuTSCi,jeJﬁ

im
Js ={i,,1,,...,1, } - IHOEKCbI OrPaHNYEHNIA, HOPManK KOTOPbIX 0BPa30BLIBAIOT CTPOKM Ba3NCHOM MaTpuLbl A,
a, - HopManb orpaHndeHns au <c,, a, =(a,,a,,...,q,;, )- KOIPDOULINEHTbI Pa3NOKEHN BEKTOpa @,
no cTpokam GasncHomn MaTpuLbl A, .

Teopema 1. Mexay anemeHTam MBEM B cMexHbIX 6a3UCHBLIX MaTpHLiAX MMEKT MECTO COOTHOLLIEHMS!

w=—2 ai=a,——%a,, r=0,n i=Lm; i#k; (7)
ay oy
en=—"", ei=e,—%a,, r=Lm i=lm i+k; (8)
Qe ay
_ e. _
_ Jk _
u, _MOJ Al’ J _1’ ’ (9)
Qi
A __Az N rk _1_
A =———, Ay =A, A, r=Ln, r#k; (10)
ay Ik
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rpuyem YCrioBUEM HEBbIPOXAEHHOCTU fBnseTca ycnosue o, # 0, [OMYyCTUMOCTM ONOPHOro 6asncHoro
pewenus - ¢, <0, pocTta 3Ha4eHus Lenesoin dyHKumn - ,, < 0.

Ha ocHose (7)-(11) nocTpoeHa cxema Tuna cumnnekc-metoga aHanuaa MI1 - metog 6a3ncHbIX MaTpuL.

Teopema 2. Ecrim 3 uupaexc k takoi, 4to o, <0 n «, >0 ans Bcex HeBasnCHBIX I, TO Lienesas yHKLMA
(4) 3apauv NPUHUMAET HEOrpaHNYEHHbIE 3HAYEHUS HAa MHOXECTBE 4OMYCTUMbIX PELLEHWIA.

Teopema 3. [na CywecTBOBaHWS €AMHCTBEHHOTO peleHus (1) HeobXoaMMO 1 [OCTATOMHO, YTOObI

a,‘,f) #0, i=1,m, roe a,(,f) - Befyline 3nemeHTbl cumnnekcHon utepauum MBM no 3amelleHuio CTpok

©a3uncHoOM MaTpuLbl HOPManAMM orpaHuyeHui (1).

CnepctBue 1. PaHr matpuubl orpaHuyeHnin (1) onpegensieTcs KONM4eCTBOM KOPPEKTHbIX 3aMELLEHUi CTPOK
MaTpuLbl OrpaHNYeHNiA BCOMOraTenbHO CUcTeMbI BekTopamu HopMansamu (1), cornacHo dopmynam (7)-(11).

Teopema 4. OnTummnsaumoHHas 3agava (3),(4) ¢ KBagpaTHON HEBLIPOXAEHHOW MATPULIEN OrpaHUYEHUIA UMeeT

©OVHCTBEHHOE peLLieHme Torfa v TONbKO Toraa, Korpa ¢, >0, i=1,m.

nyCTb MMEETCA BO3MYLLUEHNE B LleﬂeBOIZ beHKLlMM, KOTOpas 3adaetcd (*)yHKLlI/IOHaJ'IbHOIZ 3aBNCMMOCTbIO BMAa

(1) = BON(A4") = (@ (t), 2o (D), ... ,aom(D), 1€[t,t,].

Creactave 1. Mpu teT =[t,,,] Tamx, 4o &u(t)>0, tef,,], k=1m, coxparsercs
ONTUMAIbHOCTb; ka(t)>0, te[to,tk], m - ONTUManbHoe pelleHne eauHcTsenHoe; (3k, |
Q(oko(z‘):B(t)(Ab“)k0 =0, teft.t,]) - oNMManbHOE  peWeHMe  HE  E[MHCTBEHHOE;

3k,, Qmo (1)<0, te [to,tk] , PeLLIeHNe CTaHOBUTCA He ONTUMAIbHbBIM (3HaKV KOMMOHEHTOB BEKTOpa Qfo(t)

YKa3blBatoT Ha CBOWNCTBA peLleHni (2),(3) .

MycTs Ans a; orpaHuveHns au’ <c, OTHOCUTENBHO A, BbiNOMHseTcA ycrose «, =0, a Ans
BoaMywenms: (a, +a,)u' <c, +¢,, Ai=A,+A, ai=(a,+a,)=(a,+a)4;".

Teopema 5. HeobxoauMbiM yCNoBMEM HEBLIPOXAEHHOCTU HOBOM Ag , 06pa3oBaHHON 3aMeLLeHMeM HopManu
a, (koTopast 3aHMMaeT k -10 CTPOKy B 6a3ncHOi MaTpuLie) BO3MYLUEHHON Hopmarbio (a, +a}), ABNAKTCA

1
BbinonHeHns ycnosut 37 e, #0, roe e, anemeHt A6_l’ TakoW, 4To ah_;tO. Pewenne 6ynet

_ e - _ _
k
OMpeaensTbCsi COOTHOLIEHNEM 1o = U, ——L=As, npudem, ecrm A; =0, 70 1, =u,, j= I,m.
a
Ik

Cnepctaue 3. Ecnv BepyLLmit aneMeHT CUMNNEKCHOM utepauun «, # 0, To Npu BO3MYLLEHNM, COXPAHSIOLLEM
HEBLIDOKAEHHOCTb, AOIKHO BLINOMHATLCA @, + ), # 0.

Teopema faeT yCnoBust HanpaBEHHOTO BOCCTAHOBIEHUS CBOCTBA HEBBIPOXAEHHOCTH GasuncHon matpuubl (1) n
aHanu3a Br1sHWS BO3MYLLEHWNIA Ha peLLeHue.
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BbluncnuTenbHbIi 3KCNepUMEHT

[ns BblMMCAMTENBHOrO AKCnepUMeHTa bbinu BbIGpaHbl MOAENW CUCTEM IMHENHbIX anrebpanyecknx ypaBHEHWA C
100% 3anonHeHneM MaTpuLbl OrpaHNyYeHNi. [eHepupoBanncb CUCTEMbI MOSHOMO paHra (Noxo 0ByCrnoBMneHHbIE)
C MaTpuLe Buga

a, =(rnd(1.0),...,rnd(1.0)),i=0

A = (04 y
a, =a, ,+—(rnd(1.0),...,rnd(1.0)), i >0
n

e |la, —a; |P<a, a-napameTp, KOTOpbIit KOPPENMPYET YMCTIO 0BYCROBNEHHOCTU. Manble BO3MYLLEHNS B
3NeMeHTax Takux Mofenel CyLWEeCTBEHHO BAMANM Ha XapaKTepucTWKU pelueHusi. MccrepoBanuch CBOWCTBA
LUMPOKO UCNOSb3yeMbIX anropuTMOB 1 METOLOB Ha NNOXO 0BYCMNOBMEHHBLIX MOAENSIX.

MpoBoaunock ABa TMNa TECTOB:

A. Onpepensnuce HEBSI3KM PELEHW 1 TOYHOCTb PasHbIMU anropUTMamu 41 MaTpuL, pa3MepHOCTLH 256x256 ¢
pasHbIMM 3HAYEHUAMU ¢ W MALMHHBIM Hynem & (ucnonb3osarncs BapuaHt MBM 6es npoueaypbl Bbibopa
[MaBHOTO 3/IEMEHTa W YTOYHEHNE ).

B. VccrenioBanach 3aBUCUMOCTb HEBSI3KM U BbICTPOLENCTBIS OT pasMepHocT ipn o =107 n & =107,

[ns akcnepumenTa 6binu BoibpaHsl anroputmel aycca (GS), SVD, Mpesunns (G), MeToaa 6asucHbIX MaTpuL, .
U3 cepun TectoB A (Puc.1) MOXHO chenaTb CriegyoLmne BbIBOAbI:

-npn & <107 MeTon 6a3nCHbIX MaTPUL| AAET MALUIMHHO-TOYHOE PeLLEHIe 33 HaUMEHbLLEE BPEMS;
-npn & =10 MeTon 6a3nCHbIX MaTPUL| UMEET AONYCTUMbIE NOTPELLHOCTM PELLEHMS:;

-npn a > 107 Tonbko meToa Mayca (GS) faeT 4ONYCTUMbIE MOPELLHOCTI PELLEHNS;

B cpegHem ansd Bcex anropuTMOB YMeEHbLUEHWE KoapuumMeHTa « Ha 2 nopsgka NpUBOAMUT K CHBKEHWHO
TOYHOCTW Ha 4 nopsigka. [log MalMHHO-TOMHBIM pELUeHWeM C NnaBarlollen 3ansToi ABOWHOW TOYHOCTY
MOHMMAETC peLeHne CO 3HAYEHWEM MaKcUManbHOW HeBs3kM, Medblein 102 Tog  aonyCTUMbIMK
MorpeLLIHOCTAMI — HeBsi3k B AvanasoHe oT 1012 no 105, Pelwenne ¢ HeBsskamu Gonbwimmu 105 cuntarotes
HEBEPHbIMU.

log(a), rae a - Yncno obycnoBNEHHOCTH
= = oy n . ——G-8

—a—G-10
—A—G-12
——G-14

A Gs-8

® Gs-10

0O Gs-12

o Gs-14
—8—SVD-8
—X—SVD-10
—4&—SVD-12
—0—SVD-14
—o—BM-8
—A—BM-10
—O0—BM-12
—8—BM-14

log(e), rae e - HeBA3Ka

-25 -

Puc 1. TouHocTb pelweHns B 3aBUCUMOCTU OT 3HaYEHNA MalUMHHOTO HyNnA
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Cepus TectoB B (Tabn.1) nokasbiBaeT 3aBMCMMOCTb TOYHOCTY PELLEHNS OT pa3MepHOCT MaTpul. Ang Matpuy
pasmepHocTbio n>1000 npu yBennyeHnn pasmepHoctn Ha 1000 anemMeHToB TOYHOCTb NafdaeT Ha NopsaoK Ans
Bcex anroputmoB. OaHako, TouHocT MeToga MBM B cpegHem Hke, Yem y anroputmoB meToga aycca u SVD.

Ta6nmua 1. 3aBUCUMOCTb TOYHOCTY PELLIEHNS! OT PA3MEPHOCTU MaTPULIb

Gauss
N| a=1 1.00E-02 1.00E-04 1.00E-06
1000 1.41E-20 1.39E-17 451E-13 1.06E-10
2000 2.4E-20 1.58E-15 2.97E-12 8.51E-08
3000 1.8E-20 6.43E-15 9.5E-11 2.31E-06
4000 4.88E-17 2.01E-14
5000 1.18E-16 9.31E-13
SVD
N a=1 1.00E-02 1.00E-04 1.00E-06
1000 4.65E-21 2.5E-17 1.42E-13 3.99E-09
2000 1.13E-19 9.38E-16 1.81E-12 1.24E-07
3000 1.69E-19 4.33E-15 1.06E-10 1.63E-08
BM-I
N a=1 1.00E-02 1.00E-04 1.00E-06
1000 7.59E-16 1.02E-12 1.37E-08 0.004137
2000 1.25E-15 5.93E-12 6E-07 5897
3000 1.24E-13 2.1E-09 0.013045 1.007973
4000 5.09E-11 1.55E-07
5000 1.27E-10 2.03E-07

WccnenoBaHbl 1 NOCTPOEHbI OLEHOYHbIE MHOXECTBA MPUHAANEXHOCTU PELUeHUA Npu Bo3MyLLeHnsX ( Puc. 4)
Ans Nnoxo 06YCrnoBneHHbIX cucTeM. MpuMep AEMOHCTPUPYET CyLIECTBEHHOE BNMSIHUE MariblX BO3MYLLEHMI Ha
MHOXECTBO NPUHAANEXHOCTU PELLEHNI (3HAUNTENbHAS PACTSHYTOCTb MHOXeCTBa Mo ock abeumcc).

Pwvc. 4. dnamncbl NPUHAANEXHOCTW PELUEHWA MPW MarbiX BO3MYLLEHUSIX
(ocK KOOpAMHAT — KOMMOHEHTbI BEKTOPA PELUEHUS)
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BbiBOAbI

[MpMeHeHne cumnnekcHon uaeonoru Ha ocHose MBM u TAB npu aHanu3e MJ1 4aeT BO3MOXHOCTb:

- uccrneposartk ceoicTa peteruin MITT (1)- (3) npu n3meHerunsx B (3);

- MCMONb30BaTh peLueHne nexogHon MIT npu aHanmae BO3MYLLEHHOW MOLENM;

- KOHTPONWPOBATb UMW HANPaBNEHHO U3MEHSATbL BENUYMHY paHra CUCTEMBI;

- HaxoguTb pelueHne KBafpaTHOM CUCTEMbI YPaBHEHUI 3a (IUKCMPOBAHHOE YICIIO LLIAroB;

- NpOBOAMTbL aHaNN3 CBONCTB CUCTEMbI MPU U3MEHEHUW 3HAYEHUI OTAEMbHbIX ANEMEHTOB W €€ KOMIMOHEHT:
- MCNOMb30BaTh PeLLEHUs HavarbHOM CUCTEMBI NPU aHanu3e BO3MYLLEHHOW 3afaum;

- paspabatbiBaTb MexaHW3M npeobpa3oBaHME BbIPOXAEHHON MaTPWLbl OTPAHUYEHUA B HEBLIPOXAEHHYHO
HanpaBnEeHHOW KOPPEKLMEN SNEMEHTOB:

- aHanu3upoBaTb KOPPEKTHOCTb NOCTPOEHUS MOLENM.

BnaropgapHocTu

Cratbst yacTMuHO (puHaHcupoBaHHa 13 npoekta ITHEA XXI WHctutyta MHOPMALMOHHBIX Teopun W
Mpunoxenuit FOI ITHEA u KoHcopumyma FOI Bulgaria (www.ithea.org, www.foibg.com).
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UCCNEAOBAHUE 3A0AYN ONTUMU3ALNU NHBECTULIMOHHOIO NOPT®ENA
B HEYETKUX YCNOBUAX

Opui 3anyeHko, Manuxex Ecdanpgusapdapa

Abstract: The problem of fuzzy portfolio optimization is considered and analyzed. The dependence ‘profitability-
risk” for optimal fuzzy portfolio was obtained and investigated. The sufficient conditions for the curve
“profitability- risk” to be monotonous decreasing were obtained. The experimental investigations of this
dependence were carried out which fully confirmed the theoretical results.

Keywords: fuzzy portfolio, optimization, curve “optimal profitability-risk”, sufficient conditions.
ACM Classification Keywords: H.4.2. Information system Applications: Types of Systems Decision Support

Conference: The paper is selected from XVt International Conference "Knowledge-Dialogue-Solution” KDS 2009,
Varna, Bulgaria, June-July 2009

BBeaeHue

3afaya ONTMMM3aLMM WHBECTULMOHHOMO nOpTens B YCMOBUSX HEONPeAeneHHOCTW B nocregHue rogsl
BbI3bIBAET 3HAYMTENbHbIN MHTEPeC. [ns peweHns aTtoit npobnembl Obln NPEAnoXeH annapat HeyeTKux
MHOXecCTB B paboTtax [3anyeHko,2008, Zaychenko, 2008] , cornacHo KOTOPOMY AOXOAHOCTM aKUMA U B LIENOM
[OXOOHOCTb MHBECTULMOHHOMO MOPTgheNns paccMaTpuBaloTCA Kak HEYeTKe 4ucna ¢ 3agaHHoW hyHKLmen
NPUHAANIEXHOCTH, @ PUCK TPAKTYETCS Kak BO3MOXHOCTb (CyObeKTUBHAs BEPOSTHOCTb) CUTyaLuu, KOrAa peanbHas
[OXOAHOCTb  MOpPTENs OKa3blBAETCH HUXE OXMAAEMON JOXOQHOCTM HeyeTkoro nopTdpens. C uenbto Bonee
000CHOBAHHON OLIEHKM OOXOOHOCTM akuuWid Ha (POHOOBOM pbiHKE MO MpedbicTopuM B 3agade NopTdenbHOM
onTummu3auum Gbin  NpeanoxeH METO4 MPOTHO3WPOBAHMS, MPUMEHEHWE KOTOPOro MNO3BOMMMO  YNyulWWTb
pesynbTathl [3aiueHko,2007]. B xome akcmepuMeHTanbHbIX MCCReaoBaHui paspaboTaHHoro metoga Gbinm
MOCTPOEHbI 3aBUCUMOCTU «ONMTUMAnbHas JOXOAHOCTb- PUCK» AN HEYETKOro MopTdens, KOoTopble BO MHOIMX
cnyyasx MMenn npsiMo NpOTUBONOSOXHBINA BIL MO CPABHEHWM C Knaccuyeckoin Mogenbio Mapkosuua- To66uHa,
a UMEHHO ObInM MOHOTOHHO YBbiBaOLWMMK, @ He Bo3pacTawLmMn[3anyerko,2008]. [oatomy npeactaBnser
3HAYNTENbHbIN TEOPETUYECKMIA N NPAKTUYECKUIA MHTEPEC BbISICHEHWE AOCTATOYHbIX aHANUTUYECKIX YCOBUIA. NpU
KOTOPbIX 3Ta 3aBUCHMOCTb MMEET MOHOTOHHO Najalolni xapakTep. Llenblo HacToswein paboTtbl sBnseTcs
nomnyyYeHne aHanuTUYeckux YCroBWW, MPU KOTOPbIX 3aBUCUMOCTb «OMTUManbHas LOXOLHOCTb- PUCK» ANS
HeyeTKoro nopTchens 6yaeT MOHOTOHHO YObIBAILLEN M X 3KCNEpUMEHTaNbHas NpoBepka..

AHanu3 mogenu onTUMMU3aLUM HeYeTKoro noptdens

3apgaya HeueTko NOPTQensHOM onTUMM3aumm Gasvpyetcs Ha AONyLWEeHWW, 4YTO JOXOAHOCTb MopTdens
SBNSIETCS HeYeTKuM yncrnom (HY), onuceiBaembIM TPOIKOHA NapaMeTpoB

N N N
r:(rmin :zxil/}l; r= xi?;'; rmax :Z‘xir;?)
i=1 i=1 i=1
rae (7,;,7;,7,; ) — ROXOAHOCTb i -TOW LieHHOW Bymarn. Xi.-aons i -Toit bymaru B noptchene
[na Toro, 4Tobbl ONpeaenuTb CTPYKTYPY nopTdiens, KOTopblii 0Becneunt MakcumarbHylo [OXOAHOCTb Mpu
3a/laHHOM YPOBHE pucka, TpebyeTcs pelunTh CreaytoLLyto 3aaady onTMM13aLnm:
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~
Il

X,7, —> max (1)
i=1
f = const 2)
N JE—
dYx=1,x20,i=LN (3)
i=1

0< B <1 ,roe B-ypoBeHb pucka.

N N
B paGoTe [3aiteHio,2008] BbI10 NOKA3AHO, HTO STOT CRyuail BOSMOXEH koraa Y x,ry < < ) X7, nnGo

i=1 i=l1

N N
Korga D X7 << xr,.
i=1 i=1

N N
MycTb inril <r <in7i. Torga ucnonb3ya (pesynbTathl paboTbl [3anveHko,2008,]), 3agaya (1)-(3)

i=1 i=1

CBOANTCA K CNEAyIOLLEi 3aaa4e HENMMHEHOro NPOrpaMMI1POBaHMS:

N
F=Y x; - max (4)
=

N -
dYx=1x20 i=LLN 8)

l

YuutbiBag BAR Ana 7., © M 7., @ Takke dopmyny (1), faHHylo 3afavy HaxoxOeHus MHTepsana
[OX0QHOCTM Ans HeyeTkoro noptdens ¢ n LB MoxHoO cecTv k 3agave ¢ asyms LB (xl,xz) C MUHUMAIBHON 1

MaKCUMarnbHON [OXOAHOCTAMM.

Myctb nepsas LIb nmeeT munumarnbHylo AoxogHOCTb B noptderne, onucbiBaemyro HY 7, = [rll,Fl,rlz] , a

BTOpas LIb — MakcumarbHyto A0XOAHOCTb B nopTdene 7, = [r21 Py Ty ] :

MycTb Takke KpUTepUansHoe 3HadeHme onncsisaetca HY 7~ = [rl*,r*,rz*].
Mpu atom gonyctum 73, <7y, 5 7, <7y,

Torpa 7 =7x, +7,X,; X, +x,=1.lpnyem x=x, ,Torga x, =1—x .

[loxonHocTb nopTeens onucbiBaeTca B 3Tom criyyae HY Buga » = [rmin 7 ’”max] , The:
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rmin :7"11(1—X)+1’12x;; FZﬁ(l—X)+;;x; rmax :r21(1_x)+r22x'

TpebyeTcs HallTh Takoe X , 4YTo

r=r(l-x)+rx >max (9

npun ycnosuax:

ﬂ(x)gﬂsa() ! (10)

roe Bbipaxenne S(x) ans cnyvas 0 < S <1 w 7 <7, npu noactaHoske x, =1—x; x, =x; n=2 8

BblpaxeHue (5) gaeT:

1 . T
PO = oo a0 )+ (=07 =)
Fl-x)+rx—r
x(?l_ru)"'(l_x)(Fz_Vm)}SIB

*In

LlocTaTouHble YCroBUs MOHOTOHHO YObIBAIOLLETO XapakTepa 3aBUCUMOCTH 7

onm

() aBnstoTca cnepytowme:

Qi 5.9 <o (1)
Ox ox

7
PaccmoTpum cHavana — .
ox

or . . ~ ~ or
OueBngHO —— =17, —7; (12) M T.K. no npeanoxexno 7, <7, ,70 — >0.
ox ox

op
PaCCMOTpVIM Tenepb 3aBUCUMOCTb 8_ .
X

y . op

ﬂﬂﬂ HaxoXaeHnA CnoXxHou npon3soaHoOn a , BB€leM cneaywwiune 0003HaueHus

Ax)=r" = (A=x)n, +x1,); Bx) ==X, +x7, —r (13)

C(x)=(1=-x)7 — 1))+ x(r, —1y) (14)

D(x) =(1=x)(r, =)+ x(ry, —1y) (15)
Torpa

) 5] 1
P(x) = [A(x) + B(x)In C(x)} D) (16)
op

Hangem nponssogHyto — :
ox



International Book Series "Information Science and Computing" 77

p _ { 400+ B0 B0 B'(x)C(x)—B(x)C’(x)} D) D,(x){ AGx)+ Bxin B(x))}} L)

ox C(x) C(x) C(x)" || D*(x)
BbisicHAM yCnoBus, Npu KOTOPbIX aa—ﬂ <0.
X

[ns atoro Heobxoammo, 4TobbI BbIpaXeHNs B OUIypHbIX CKOOKaX { } B (17) 6b110 MeHbLe 0.

OuesungHo Ax)=nr,-r,; B(x)=-1+7,;
C'(xX)=-(n—r)+ (7 —r) =7 -7)—(ry —1); (18)
D'(x) = (ry, —=1y) = (1, —1yy).
op N
MogcTasum (18) B (17) u 13 ycnosus 8_ < 0 nocne HecnoxHbIx Npeobpa3oBaHuii B (17) nonyyum cnegyoLyee
X
ycnosue

B(x)
C(x)

C(x)D(x){A’(x) +B'(x)+ B'(x)In } — DC'(x)B(x) — C(x)D'(x)(A(x) + B(x)In g EX;) <0 (19
X

Mopcraenss Boipaxerune ana A(x); A'(x); B(x); B'(x); C(x);C'(x); D(x); D'(x) 8 (19), nonyynm

[(l_x)(rn —1) + x(ry —le)][(l—x)(ﬁ — 1) +X(7, _r21)]*

R T St I ARRNVORES pUR
<l—x>(71—m>+x@—rzl>} (-7 +7 =] =)= G =)

(A=), = 1) +x(ryy =)= (A= 0)F =11+ 35 =) [, = 12) = Gy —11)]*
(1—x)7 +x7, —r"
(l_x)(ﬁ _’”11)+x(72 _rzl)

MycTb YHKLWM NPUHAANEXHOCTY SBNSIOTCS TPEYTONbHBIMIA CUMMETPUYHBIMA.

*|:(711 =)+ (R =R)+ (R -7)n

rT=(1=x)r, —xry, + [(1 — X)7, + X7, —r*]* In

(20)

Torpa
K=l =hy —h=A571—r =r—n=A, (21)
W, OYEBUAHO, 7y, — 17, = 2A,; 1, — 1y, = 2A,.

MoncTasnsas aTu BoipaxeHus B (20) nonyymm

[(1=x)2A, + x2A, J(1 - x)2A, + xA, |*

(1-x)7, +x7, —r"
A=x)7 =)+ x(F —ry)
[(1-x)2A, + x2A, |- [(1 - x)2A, + xA, JA, — A, ]*

*[(Az—Aw@—ﬁ)ln “fa-xF 4w - JA, -a]

(1-x)7 +x7, —r

(I=x)(7 —r))+x(7, —1ry)

*(r* —(1=x)r, —xry) + [(1—x)71 + X7, —r*]* In

Mpeobpasyem npaByto YacTb BbipaxeHus (21) n nonyumm
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“la=0F x5 - kA, - A= x)24, + 324, - [1- DA, +xA, [ A, - AN —(A=x)K, — 375, =
= 2[1=)A, + A, JA, = AD[A=X)F + 57 =" +7 = (1= )13, — 1y, |= (22)
= 2(1-x)A, +A,JA, —A)[A-0)A, +xA,]=2[(1-0)A, +A,) (A, - A)]
AHanuanpys BbipaxeHue (22) HETPYAHO NPOBEPUTL, YTO
C(x)D(x)[A'(x) + B'(x)] = D(x)C'(x)B(x) + C(x)D'(x)A(x), nostomy rocrie  COKpaLlEHUs
NOAOBHbIX YNEHOB B (22) OCTaHYTCS YNeHbI
B(x B(x

C(x)D(x)B'(x)In Cix) — C(x)D'(x)B(x)In CEX; (23)

W noacTasnss Beipaxenne ans C(x); D(x); B(x); B'(x) w3 (23), nonyuum

[(1_35)(”12 —1)+x(ry, _r21)]

(A=), = 1)+ Xy = 1) = ) = (L= X)F + X7 = )y = ) = 15, | *
(1 =x)7 + x7, -

(I=x)(7\ —n)+x(—ry)

Otkyna

(24)

*

(=x)7 +xr7, -
2[1-x)A, +xA,]ln

[(1-x)2A, +x2A,(7, =7) (A, = A)[ (A= x)7 +x7, = | (25)
(A=) —r)+x(7, —1,) )

3ameTum, 4To

(A=x)(7 = 1) +x(F =15) = (A= X)7; + x5 = (L= 0)r, —xry, = (1= X)7 + X7, =13,

ntakkak - > (1—x)r, +xr, =r_ 10
By ___ (=0f+xh-r ., 380 (26)
Cx) (A=x)7 —r)+x(7,—ry) C(x)

CnepoBsarenbHo, 4515 TOro , YTobbl BbipaxeHue (25) Gbino MeHblue Hyns HeobxoauMo M A0CTaTOMHO, YTObbI
(1-x)2A, + x2A, (7, — 7 )(A, — A))[(1— x)7, + x7, — "] 6bino 6omblue 0.
Wccnepyem ycnosus, Npu KOTOPbIX
L= )A, + 38,17 —7) = (A, = A= x)F; +37 = ]} > 0 (27)
a) HepaseHctBa 7, — 77 > A, — A, = (¥, =7, ) —(r,, — ;) , BoIMOMHSIOTCS, €CIN 75, > 77,
6) HepasercTBa 2[(1 — X)A, + xA,]> (1— X)7 + X7, — r BbINOMHAETCS, €CM
2(1=X)(F = 1) + 2x(F, = 1)) = (1= X)F, =37, + 1 = (1= X)(F, =1, ) + (7, = 2r5,) + 7
=(1=x)(7 — x,,) + x(F, — X, )+ 7 —[(l—x)x11 +xr21] = (1-x)A +xA, +7 —r. >0 (28)

1 (28) BbINONHsETCS, €CNN r— Vi > 0.

op

Takum 0Bpa3oM Mbl NONYYMIKM CreayoLLe OOCTATO4HbIE YCIOBUS ANS 6_ <0 (cm. puc 1)
X

a) 7 <r’ <7 6) 5, <ny;
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B >r. =(1—-x)r, +x,n,; 0 r <7 =(-x)7 +x7.

min

Mpn BBLIMOMHEHUM 3TWUX YCNOBUIA, 3aBUCUMOCTb «OMTUMAsnbHas [OXOAHOCTb-pUCK» OyAET MMETb MOHOTOHHO-
yObIBaKOLLMIA XapaKTep.
A

v

il

12% T v ”

Puc. 1

3KCI'IepVIMeHTaJ1beIe nccnengoBaHua 3aBUCMMOCTU «OoNTUManbHasa AOXOAHOCTb- PUCK»

lMpoBedem akcnepuMeHTanbHbIe UCCReAoBaHUs 3aBUCUMOCTI «ONTUMarbHas JOXOAHOCTb- PUCKY N1 HEYETKOro
WHBECTULMOHHOrO nopTpens. Mpu 3aTOM paccMoTpum criyvam Asyx LIb ¢ manon fOXOOHOCTbIO M BbICOKOM
[OXOAHOCTBIO C Pa3nUYHbIMI BONATUIBbHOCTAMM.

Mpu aToM ByieM BapbMPOBaTb BENMYNHY KPUTEPUATBHOTO 3HAYEHNS.
Wccneayewm cnyyam, koraa a1a 3aBUCUMOCTb BYAET MMETb MOHOTOHHO- yBbIBAIOLLMIA XapaKTep.

Koroa nepsoit LIb 6bina 3agaHa BbICOKas BOMATMIBHOCTb M HM3KAsh AOXOAHOCTb, a apyron LIB- cpegHss
BOMNATUNBHOCTb M BbICOKAs AOXOAHOCTb, TO 3aBUCUMOCTb JOXOAHOCTb-PUCK HOCMMA MOHOTOHHO — YBbIBatOLLMIA
XapakTep. 910 UNIICTPUPYeTCa rpadmkamm Ha puc.2.

1]

2

01 03 05 07 09
Puc .2. I'padpmk 3aBUCUMOCTM LOXOAHOCTb- PUCK HEYETKOrO NopTdhens

MpuBeneM npuMepbl B3aMMHOMO PacronOXeHNs AOXOAHOCTEN LieHHbIX Bymar ¢ pasnuyHoi BONaTUNbHOCTBIO U
HEYETKOTO KpUTEPUATNBHOTO 3HAYEHMS
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Mpumep 1

ANV

"/ \

SR
X \

1
1

—4—ueHHasn —— ueHHas —A— KpuTepuansHoe
Oymara 1 Oymara 2 3HayeHune

Puc.3. B3aumHoe pacnonoxeHue HeveTkux goxogHocten LIB u kputepranbHOro 3HaueHns Ans TpeyronbHbIx O

Mpumep 2

A
N
i\(‘ \
/ N\
/ LN\

—4— LeHHas —B—uenHas -4 - kpuTepuansHoe
6ymara 1 bymara 2 3HayveHune

Puc. 4 BaaumHoe pacnonoxeHue HeveTkux goxogHoctei LIb n kputepuanbHoro sHaveHns

Mpumep 3

"
a

A
NIWAR
NGRTA
/ /NG
/ [l A

-4 2 0 2
—4— ueHHas —— ueHHas --4 - KpuTepuansHoe
Oymara 1 bymara 2 3HayeHve

Puc.5. BaaumHoe pacrnonoxeHue HeveTkux goxogHoctei LIb u kputepuanbHoro sHaveHns
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Mpumep 4.

4 6 8
—4— ueHHas ——ueHHas -4 - KpuTepuansHoe
6ymara 1 6ymara 2 3HayeHve

Pvc.6. BaaumHoe pacnonoxeHue HeveTkux goxoaHoctei LIb v kputepuanbHoro sHaveHns

Mpumep 5

NEAV
NV

/ /X\
/N

-4 -2 0 2
—4—ueHHasn —H— ueHHas -4 - KpuTepnansHoe
Bymara 1 bymara 2 3HayeHve

Puc.7. BaaumHoe pacnonoxerue HeveTkux goxoaHocteit LIb v kputepuanbHoro sHaveHns

AHanus npencTaBneHHbIX pe3ynbTaToB S3KCNEPUMEHTOB NO3BONAET CAenaTtb cneadyolne BbiBOAbI.

3aBUCHUMOCTb «[JOXOAHOCTb- PUCK» HEYETKOro MOpTdIens HOCUT MPEUMYLLECTBEHHO YObIBalOWMA XapakTep B
cryyasx Korga mMeHee foxoaHast LIB MMeeT BbICOKYK WNM CpeaHiol BONMaTUNbHOCTb, a Gonee LeHHas LB

MMeeT BbICOKY) JOXOAHOCTb MpW Maron M cpegHeln BOMATMALHOCTW. [pu 3TOM KpuTepuanbHoe 3HauveHue
Haxo@uTCa Mexay foxoaHocTsamu oboux LIB.

3aBUCHUMOCTb «[OXOAHOCTL-PUCK» HOCUT BO3pACTalOLUMii XapakTep, B Cryyasx, korga MeHee goxopHast LIB
UMEeT Manyl UNW CPefHIo BONATWMbHOCTh, a Gonee aoxoaHas LIB MMeeT BbiCOKyl0 BONMaTUNbHOCTb, a

KpuTEpUanbHoe 3Ha4yeHUe MeHbLUE AOXOAHOCTM MeHee LieHHoW LIB nnn pacnonoxeHo Mexay oxuaaembimMu
JoxogHocTamu obomx L.

81
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BbiBoabl

B pabote uccnenoBaHa MoAenb 3adayn ONTUMU3ALMU HEYETKOTO MHBECTULIMOHHOIO NopTdens. YCTaHOBMEHbI
[OCTaTOYHbIE YCINOBMS , NPX KOTOPbIX 3aBUCMMOCTb «ONTUMAIbHas AOXOAHOCTb-pUCK» ByaeT MEeTh YObiBaroLMiA
Xapaktep, NpsAMO MPOTUBOMONMOXHbLIA 3aBUCMMOCTM ANs  Knaccudeckon mogenu Mapkosuua- ToG6uHa.
[MpoBedeHbl 3KCepUMEHTanbHbIE UCCMEef0BaHUA  YCNIOBUA U OMTUMAnbHbIX PELLEHU 3adaum nopTdesbHOMN
onTUMM3auMM Ans yObiBalOLEen W BO3pacTaloWel 3aBUCUMOCTEN «[AOXOLHOCTb-PUCK», KOTOPbIE MOMHOCTbIO
NOATBEPAMAMN TEOPETNYECKNE PesyNbTaThl.

BnarogapHocTu

Cratbst yacTMuHO puHaHcupoBanHa 13 npoekta ITHEA XXI WHctutyta MHOpPMALMOHHBIX Teopun W
Mpunoxenuit FOI ITHEA un KoHcopumyma FOI Bulgaria (www.ithea.org, www.foibg.com).
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CPABHEHWE NONUMUHTEPBAIbHbIX OLLEHOK B METOAE OXUO

Muxaun CtepHuH, NeHHagun LLienenés

Abstract: A problem concerning in comparison of poly-interval structures in generalized interval estimations
approach is discussed. It's showed that to compare two poly-interval estimations (PIEs) we may compare their
different mono-interval realizations, i.e. different pairs of mono-interval estimations from compared PIEs, using a
Monte-Carlo family method. To compare mono-intervals people often use equivalent point estimations of intervals
received on base of Hurwicz’s criterion or similar criteria. We offer a method of direct comparison of mono-interval
estimations that interprets the problem as a problem of decision-making. We suggest distinguishing a favorable
zone (zone where one interval in comparable pair may be more preferable than another), a zone of uncertainty
(zone where compared intervals are equivalent to each other) and an unfavorable zone. Preferences of the
decision maker during analysis of relative widths of the zones allow analyze the problem. The results of direct
comparison are compared with results received on the base of equivalent point estimations. The arguments are
given that method of direct comparison of intervals is more adequate to decision-making tasks. Relationship
between numbers of preferable, equivalent and no preferable comparisons of mono-intervals from PIEs gives an
information that support process of decision making during comparison of poly-interval estimations by decision
maker.

Keywords: generalized interval estimations, comparison of intervals, decision support

ACM Classification Keywords: H.4.2 Types of Systems — Decision support; G.1.0 Numerical Analysis - Interval
Arithmetic, G.3 Probability and Statistics — Distribution functions

Conference: The paper is selected from XVt International Conference "Knowledge-Dialogue-Solution” KDS 2009,
Varna, Bulgaria, June-July 2009

BBeaeHue

[Ona paclumpeHnst BO3MOXHOCTEN BbISIBIEHUS U NPEACTaBNEHUs SKCMEPTHbIX 3HAHUA O KONMYECTBEHHbIX
napameTpax, 3BECTHbIX C HEOMPEAENEHHOCTbI0, HaMK NPeAnoXeH MeTod 0B0BLIEHHbIX MHTEPBAsbHbBIX OLEHOK
(OWO) [Shepelyov, Sternin, 2003]. B oTrnume 0T TpagULUMOHHOIO MOHOMHTEPBANBHOTO OLEHWBAHMS B METOAe
OWNO, ans yyeta BO3MOXHOM HEOMPELENEHHOCTU 3KCMEPTHOM OLEHKM MO pas3Maxy UM NOMOXKEHMIO, OHa
NpeacTaBnseTcs COBOKYNHOCTbHO MHTEPBANOB, KaXablA U3 KOTOPbIX CAYXMUT CLieHapueM BO3MOXHOM peann3aLmm
aHanuaupyemoro napameTtpa. LLaHcbl Ha peanu3aunio OnNMCbIBAKOTCA COBMECTHON (PYHKUMEN pacnpeneneHus
BEpOSITHOCTEN [BYX CMy4yalHbIX nepemeHHbix a, D ¢ nnotHoctblo W(a, D) = fi(a)fz(D]a). MNepemenHas a
«oTMeyaeT» MecTo uHTepsanoe B OMO. CooTBeTcTByloWee el pacnpegenerne fi(a) xapakTepusyeT LWaHChl
Pa3nUyYHbIX NONOC MHTEPBAIbHBIX OLEHOK B WX COBOKYMHOCTW. lMepeMeHHas D onucbiBaeT HeonpegeneHHoCTb
3HAYEHMI NapameTpa Ha KaXgoil M3 MHTEpPBamnbHbIX OLEHOK COBOKYMHOCTW, @ MnoTHOCTH f(Dla) - waHckl Ha
peanu3auuo Tex unn wHbix 3HaveHuin D. Ha nnockoctn (D, a) OMNO ynobHo npenctaBnsTh KPUBONMHENHOM
Tpanewuuein, Ha3BaHHON NONUUHTEpBanbLHOI oueHkoit (MNO) napameTpa.

/3y4eHbl HekoTOpble BO3MOXHbIE HanpasneHus ucnonb3osaHus OMO. Bo-nepsblx, paspaboTaHbl npoLeaypbl
ycpeaHeHus, nossonstowume csectn 3agaun B OMO noctaHoBKe K 3afavam B MOHOMHTEPBArbHOM MOCTAHOBKE
[CtepHuH, Lenenes, 2003]. Mpu aTom Ha «basoBom» uHTepBane OWO, 0Opa3oBaHHOM Kak TEOPETUKO-
MHOXECTBEHHOE O00ObEAMHEHME BCEX MHTEpBaNbHbIX OLEHOK COBOKYMHOCTW, MONYYalTCs YCPEAHEHHbIE
pesynbTUpyrowWwme GyHKUMK pacnpeaeneHust BeposiTHocTen («npoekummy OO Ha 6a3osbin MHTEpBan). B pycne
9TOr0 HarnpaBneHUs NokasaHbl BO3MOXHOCTM uccnegoBaHus metogoM OUNO anHammyeckux 3agad [CTEpHUH 1
ap., 2005]. YooBHbIM CpeacTBOM 3KCMpeCcc-aHanm3a ykasaHHbIX 3a4ay SBUMUCE pacnpeseneHns BEPOSTHOCTEN,
obobuwarowme TpaguumoHHble. Tak ecnm Ha obewx ocsx Tpaneumm (D, ) 3agaHbl pPaBHOMEpPHblE
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pacnpegeneHns, pe3ynbTaTtoM ycpeaHeHus cnyxut o6obLeHHoe paBHOMepHOe pacnpegeneHne [CTepHUH u
ap., 2007].

Bo-BTOpbIX, NpeaioxeHbl MeTogsl aHanusa cTpykTypbl OUO ¢ aBTOMATUYECKUM MOCTPOEHWEM BEPOSATHOCTHBIX
TpyboK (p-tubes) wn pacnpeneneHuin BEPOSTHOCTEN Ha Pa3nuyHbIX ceveHusx Takux Tpybok [Chugunov et al.,
2008]. HakoHel, HaigeHbl nyT ucnonb3oBaHus Metoga OWO B cueHapHOM aHamuse Teopuu MpUHATUS
peweruin [CTepHuH, LWenenes, 2008].

Ona panbHeiwero passutus metoga OMO kak WMHCTpyMEHTa MOAOEPKKW MPOLECCOB MPUHATUS PELLEHMIA
HeobX0AMMO nccnegoBaTh BOIMOXHOCTK cpaBHeHus MO ans pesynbTUpYoWmMX MHAMKATOPOB, ONKUCHIBAIOLLMX
3(h(EKTUBHOCTL  anbTepHATUBHbIX BapuaHToB. OfHOA M3 TakMX BO3MOXHOCTEN SBMSETCH CPaBHEHWE
nonyyaemblx Metogom MoHTe-Kapno pasnuyHbiX peanu3aunii  MOHOWHTEPBAmNbHbIX OLEHOK B napax
conoctaensemblx MAO ¢ HakonneHMem CTaTUCTUKW pe3ynbTaToB CPaBHEHUS M LaNbHENLWWMM UCNONb30BAHNEM
npegnoyteHnin nuua, npuHumakowero pewwenne (JIMP). BaxHemwas coctaensiowas 3T0ro nogxoga —
paspaboTka 1 BbIOOP METO4a COMOCTABMIEHNS! MOHOMHTEPBANbHBIX OLEHOK. JTa, NOCREAHss, 3a4ada UMeeT u
CaMOCTOSATENbLHOE 3HaYeHIe, He CBA3aHHOe C 3aaaden cpaBHeHus MAO.

CpaBHEHMe MOHOMHTEepPBanNbHbLIX OLUEHOK

[MpUHATWE peLIeHNA YacTO COMPOBOXKAAETCA HEOBXOAMMOCTLI0 MPOTHO3MPOBAHMS 3HAYEHUI MCXOQHBIX AaHHbIX
UCMONMb3yeMbIX  PacYeTHbIX CXeM (Mofgener) unu  pesynbTUPYIOLWNX  MHOMKATOPOB  3(PdEKTUBHOCTM
COMOCTaBMNSEMbIX B MPOLECCE peLLeHns anbTepHaTuB. HensbexHas HeonpeaeneHHoCTb, NpUCyLLas NPOrHO3HbIM
OL|eHKaM, 3a4acTyto NPMBOANT K NOTPEBHOCTM B X NPEACTABNEHUM B BILE YNCIIOBbIX MHTEPBANOB, BbINOMHEHUN
onepauuii Hag HUMW B XOOe pPacyeToB MTOTOBbIX MHOMKATOPOB, TakKe MOMydvallWmMX WHTEpBarnbHOe
NpeacTaBneHne, U, HaKOHel, B CPABHEHWM WHTEPBaNOB-WHAMKATOPOB Pa3HbIX anbTepHaTWB MpU MPUHATUM
pewenus. MeTogbl MHTEpBansHOro aHamusa [KanmbikoB u ap., 1986] galoT Ham BO3MOXHOCTb MPOBeEHMS
pacyeToB C WHTepBambHbIMW OLEHKaMW. Hampumep, ecrnu Mbl MMeeM peanusyeMbil B TeyeHue 5 net
WHBECTWULMOHHBIA MPOEKT C KOMMOHEHTaMK AeHexHoro notoka Fi = [F, F(]: Fo=[- 105, — 95], Fy = [70, 75], F, =
[83, 85], F3 =100, 104], F» = [191, 194], Fs = [94, 96] 1 cTaBKOW AUCKOHTUPOBAHMS d, NPUHUMALOLLEN 3HAYEHNS B
natepBane d = [10%, 12%], TO pesynbTUpylOWas OLEHKa 4MCTOrO [AWCKOHTMpOBaHHOro goxoga NPV,
MCYNCIIEHHOTO B COOTBETCTBUM C NpaBWiamMu MHTEPBaNbHOM apudmeTuky, ByaeT nexatb B uHTepBane NPV =
[269.57, 313.68]. AHanornyHbIM 0Bpa3oM MOXET OblTb paccuMTaH YMCTbIA AWCKOHTMPOBAHHLIA A0X04 Ans
kakoro-nubo apyroro npoekta. Ytobel BIGpaTh OANH M3 HUX AN (MHAHCUPOBAHUS, UHBECTOP AOMKEH CPABHUTH
WHTepBarbHble 3HauyeHus cooTBeTCTBYKOLWMX NPV 1 pewuTb, Kakas M3 3TUX OLEHOK npeanoyTuTensHee
(«6onbLey). Takum obpasom, ana npuHaTUS pewenns JMP gomkeH obnagatb OCHOBAHHBIM Ha CONOCTABMNEHUM
WHTEPBAmNbHbIX ~ 3HAYEHUA  WHAMKATOPOB  3PMEKTMBHOCTM  METOAOM  BbISBMEHUS  MPEAnoYTUTENbHOM
anbTepHaTMBbI UMK KOHCTaTaLmMK TOro hakTa, YTo anbTepHaTUBbLI HECPABHUMbI.

Mpu CpaBHEHWUM MOHO-WHTEPBAsbHLIX OLEHOK YacTO WCMOMb3YT MonyveHHble meTogom [ypeuua [Hurwicz,
1951] wim gpyrvMm nogobHbIMM METOAAMM TOYEYHbIE OLEHKM, «3KBMBANEHTHBIE» MCXOOHBIM WHTEPBANbHLIM.
[NoguepkHeM, YTO Takas 3aMeHa He OCYLLECTBNSETCS aBTOMaTUYeckn, a 6asmpyetcs Ha npeanouteHusix JIMP,
ee/ero CKMOHHOCTM K pucky. Bmecte ¢ Tem nepexod OT WHTepBambHbIX OLEHOK K TOYEYHbIM He COLepXuT
npoueayp, SBHbIM 06pa3oM OTpaxalolnx CBA3b MOMy4YaeMblX TOYEYHbIX OLEHOK ¢ mpegnouteHusmu JIMNP.
HepoctatoyHas HarnsaHOCTb Takoro nepexoda He nossonseT JIMP B NonHOM Mepe nonyyuTh NpeacTasneHue 06
060CHOBaHHOCTY BbIOOpa TON WU UHON AKBUBANEHTHOM TOHEYHON OLIEHKM.

Mol npegnaraeM MeTOA HEMOCPELCTBEHHOTO COMOCTABREHUS WHTEPBambHbIX BEMUYMH, NPOLECC CPABHEHWS B
KOTOPOM TpaKTYeTCs Kak 3ajava NpUHATUS peleHnid. B COOTBETCTBMM C METOLOM B Nape CpaBHWUBAEMbIX
WHTEpBarnoB  BbLIAENATCA TPU  30HbI, 30Ha, OnaronpuaTCTBYIOWAS  MPOBEPSEMONA  MMMOTe3e O
NPeanoyTUTENBHOCTI OQHOM U3 OLIEHOK, 30Ha, OTBEpratLLas rmnoTesy, 1 30Ha SKBMBANEHTHOCTU OLEHOK. BbiBoa
0 NpeanoyTUTENbHOCT WNM SKBUBAMNEHTHOCTW MHTEPBANbHbIX OLEHOK 4enaeTcs Ha OCHOBE COMOCTaBfEHUS
pasMepoB 30H u npeanoyteHnid JIMNP. Metog no3sonsieT Ha ocHoBe cyxaeHwid JIMNP nubo ykasaTb Nyuyllyto
WHTEPBanbHYI0 OLEHKY M3 CpaBHWBaeMmblx, nubo pekomeHposatb JIMP BpeMeHHO 0TKa3aTbCs OT MPUHATUS
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PELUEHNs 13-33 OMaCHOCTW COBEPLUMTbL OLMOKYy BTOPOro poda. MHaue rosops, M3-3a OMacHOCTM Bbibopa B
KayecTBe NyJlLEro MHTEpBana, He SIBMSIOLLErocs TakoBbIM. B criyyae moryyeHust Takoro curHana, BeposiTHO,
LienecoobpasHo BO3gepkaTbCs OT HEMEANEHHOTO NPUHATUS PELUeHUs M NOMbITaTbCs Cy3uTb [AManasoH
HeomnpeaeneHHocTM. Mbl Mokaxem, 4YTo B psiae CryvyaeB MoryyeHHble C MOMOLLbIO Mpeanaraemoro Metofa
pesynbTaThl OTNMYAIOTCS OT Pe3ynbTaToB, MOMyYaeMblX MPWU CPABHEHWUM TOYEUHbIX OLEHOK, 3aMeLatoLnxX
WHTepBarbHble. YkasaHHOe COMOCTaBNEeHWe MO3BONSIET CAenaTb BbIBOL, YTO MeTOL HenocpPeAcTBEHHOTO
CPaBHEHWs MHTepBanoB Goree afiekBaTeH crieUnduke 3agay NPUHSTUS PELUEHUIA, AN KOTOPbIX XapakTepHO
Hannyne NOHSTUS HECPABHUMOCTY, OTCYTCTBYIOLLEE NPU UCTOMb30BaHNM TOYEUHbIX OLIEHOK.

Paccmotpum aBa uncnoBbix uHTEpBana li = [Li, Ri], 3agaHHbIx ux nesbiMu L u npaBbiMu R; rpaHuuamm, Li < Ri. C
TOYHOCTbHO 10 NEPECTAHOBKM 1 1 |, BO3MOXHbI CeayloLme YeThIpe BapuaHTa UX B3aUMHOMO PacnonoXeHUs:

a)Ri< Lo
b)L1<L2<R1<R2. — e = = — o -
c) L <2 <Rz <Ry L1 R1 L2 R2
d)L1 =L Ri=Ra

OHu nokasaHbl Ha pucyHke 1. Mbl Bygem nckatb

YCnoBus, Npu  KOTOpbIX |,  MOXET  ObiTh L2 R2
npeanoyTuTencHee («6onbLuey), yem lq.

L1 R1 B

L1 R1 C

KoHdourypaums a) He Bbl3bIBaeT TPYAHOCTEN: Npu
no6bIx BO3MOXHbIX ByayLMX peanuaaumsx L2 R2
3HAYEHWUN i1 W ip B MHTEPBanax li u Iy
COOTBETCTBEHHO, UHTEPBAn |1 He MOXeT L1
npes3onTh Iy, T.. BCeraa l, > 1. L2 R2
B pabote [BowwunuH, Cotupos, 1989] ykasaHo,
YTO @) — EANHCTBEHHas KOHUrypaums, Ans Puc. 1. BapuaHmei pacnonoxeHus UHmepsarbHbIX
KOTOPOA WMHTEepBasrbHble OLEHKM CpaBHUMbl B OUEHOK

CTpOroM CMbicrie cnosa. B atom cnyyae

(haKTU4ECKM HET 3afaun MPUHATUS PELLEHW,

MOCKOIbKY HET HEOMPEeAENEeHHOCT: MHTepBan |, cTporo 6onblue nHTepBana li.

R1 D

KoHdpurypaums d) xapaktepuayeTcs Haubonblueit HEONPeAENeHHOCTbI0, MHTepBarbl SKBUBANEHTHbI ApYr Apyry
no npeanoyTMTenbHOCTU. B aToi cutyauum JIMP He B COCTOSHUM NPUHSTL paLMOHanbHOe PeLleHre B Momb3y
kakoro-nubo n3 uHTepeanos 6e3 JononHUTenbHON MHGopMauuu. Heobxoaumo nubo oTkasaTbest OT BbiGopa,
nmbo, ecnu caenatb BbIGOP BCe-TAKM HYXHO, a OMEpaTMBHO MOMYYUTb [JOMOSHUTENbBHYI MH(OPMAaLMO
HEBO3MOXHO, ~BOCMOMb30BaTbCA  CryyaiiHbiM  BbIGOpOM. 13 3TUX npuMepoB  BMAOHO, 4TO  Mepoil
HeonpeaeneHHOCTM B paccMaTpUBaEMOii 3ajade CpaBHEHUSI MOXET CIYXWUTb NPOTsikeHHOCTb D nepeceyerms
1Nla.

AHanua koHdurypauuit b) 1 ¢) No3BonsieT BbIAENUTL ELLE ABE MEpbI, UrpatoLLye BaxHYI Pornb NpU CPaBHEHUM
WHTEPBAOB.

VIMeHHO, 13 paccMoTpeHus KoHdmrypauun b) cnegyer, yto ecnm ans |y Tekywas peanusaums ic € [L1, L2] unm
ans |, Tekywasa peanusaumns iz € [Ri, Rg], T0 3t cutyaumm GnaronpuaTcTeytoT Tomy, ytobel |, okasancs
npegnoyTuTencHee 1. HazoBem 30Hy 6naronpusTCTBOBAHNSA 3€N1EHO 30HO. [pOTKEHHOCTL MHTEpBana [Lz, R1]
XapaKkTepuayeT pasmepbl 30HbI HEOMPEAENEHHOCTW NpuU cpaBHeHuM |1 n |, HazoBem 30HYy HeompeneneHHOCTH
KENTOM 30HOW. Takum 06pa3om, B KOHMrypauuu b) waHckl Ha TO, YTO | OKaXeTcs npeanoyTuTensHee |y,
3aBUCAT OT COOTHOLLEHUS NPOTSHXKEHHOCTEN 30H. MOXHO BUAETb, YTO NPOTSKEHHOCTL 3eneHor 30Hbl Dg = Ly — Ly
+ Ro - Ry, a xentoi 30Hbl Dy = Ry - Lo.

B koHdurypaumumn c) nossnsetcs HebrnaronpustHas («kpacHasi») 30Ha NpOTsikeHHOCTbO Dr = Ry — Ry, 3pech
NPOTSXKEHHOCTb 3eneHon 30Hbl Dg = L, — Ly, a xentoit 3oHbl Dy = R, — L, CooTHOwWweHus mexay
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NPOTSKEHHOCTSMM 30H B COMOCTABSIEMbIX Napax OLEHOK pasHbIX KOH(UrypaLuin onpefenstoT BO3MOXHbIE
pe3ynbTaTbl CPABHEHWSI WHTEPBANOB. YKasaHHble COOTHOLWEHUS yAOOHO NpeacTaBuTb B BUAE UMCIOBbIX
KO3 hMLIMEHTOB.

Cpeam HeCKOMbKMX BO3MOXHbIX YNCTIOBBLIX KOIPMUUMEHTOB, XapaKTEPU3YIOLLMX CUTYaLMIO MPUHATUS PELLEHUH,
OOUH MokasaTtenb K, Ha3BaHHbI HaMK KO3I(MULIMEHTOM YBEPEHHOCTU, UMEET SACHBIA 3KOHOMWUYECKUA CMBICHT.
[na npousBonbHON KOHMrypauuu aToT koaduumeHt paseH K = [Dg - Dr)/D(l1Uly), T.e. gone pasHocTu
NPOTSKEHHOCTEN 3€NEHOI W KPaCHOM 30H B 0OLLEN NPOTSHIKEHHOCTH CPABHWUBAEMbIX MHTEPBAMNOB C YYETOM KX
BO3MOXHOIO NepeceyeHus.

CopepxarernbHO OH XxapakTepuyeT OTHOCUTENbHBIA MPUPOCT BO3MOXHOMO MaKCKMarnbHOTO BbIMIPbILLA 3@ CHET
BEPHOTO NPUHATUS PeLueHunit. [eiicTBUTENBHO, B Clyyae KoHgurypauum b), Hanpumep, npyu Beibope nHTepeana |y
B Ka4yecTBe MPeanoyTUTENbHOr0 MakCMyM BO3MOXHOTO BblWrpbila OT Takoro Bblbopa paseH Ry — Li. [Mpu
BbiOOpe MHTEpBana |y 3Ta BenuunHa pasHa Ri — L. Takum 06pasom, OTHOCMTEMbHEIA MPUPOCT BO3MOXHOIO
MakCUMarbHOrO BbIMIPbILLA 33 CHET BEPHOTO NPUHATUS pelleHuin paBeH [(R2 — Li) — (R = L2)J(R2 - Ly), T.e. K.
OtmeTum, YyTO ecrv Bbl NpoBEPANAch rMNoTesa 0 NPEANOYTUTENBHOCTM UHTEpBana |y, 3eneHas u kpacHas 30HbI
NOMEHANMUCH Bbl MecTamn. BbIUMCNEHHOE B KOHKPETHOW CUTYaLMK CPABHEHNS MIHTEPBANbHbIX BEMINYMH 3HAYEHNE
koadhuumeHTa yBepeHHOCT K MOXeT 6biTb ncnonb3osaHo JIMP npu npuHaTun pelueHuit. AIMeHHo, ecnu npu
MpoBepKe rmnoTesbl 0 NPeanoYTUTENbHOCTM MHTEepBana |2 3HaveHue koaduumenTa K ans cpaBH1BaeMoit napb!
WHTEPBanbHbIX OLEHOK OKaXeTCs «4OoCTaToyHO 6GomblwmmM» 1 cornacyetcs ¢ npegctasnenusmn JIMP o
NPUeMIEMON BEMUYMHE PUCKA, KOTOPbIN CBA3AH C NPUHATUEM PELLEHWUS 1 KOTOPLIA U3MepSeTCs HazHa4YaeMbiM
MNP noporosbIM 3HaveHneM Ky (MHAMBMAYanbHbIM Ana kaxgoro JIMP v cutyauum NpuHATUS peLueHunn), To
npuHumaeTtcs, yto I > 1, ecrm Ky = K. U3 gpyrux coobpaxeHuii CxoaHbli ¢ K «nokasaTenb MHTEPBanbHOro
HepaBeHCTBa» NpeanoxeH B pabote [Alenkos, [Jaebigos, 2006].

ConoctaBum pesynbTaTbl CPaBHEHUS MHTEPBANIOB B KOH(UrypaLuu b) ¢ COOTBETCTBYIOLMMI pesyrbTaTaMn 41s
TOYEYHbIX OLeHOK. [puBnekas kputepuin I'ypeuUa, 4N TOYeYHbIX OLEeHOK Esi uHTepBanos Iy 1 |, nonyvaem: Es; =
(1= AL + AR, 0 < A < 1. [Ina pa3HOCTW TOYEYHbIX OLIEHOK UMeeM: Es; — Esy = (1 — A)(L2 — L1) + ARz — Ry).
BuaHo, uto B kKoHurypauum b), korga Lo > Ly u Ry > Ry, Es, > Esq npu Bcex A, 0 < A < 1. 370 03HayaeT, 4To B
COOTBETCTBUM C TOYEYHbIMW OLEHKaMK Ans KoHdwurypaumm b) Bcerga |, >~ 1. B meToge npsiMoro cpaBHeHMs
WHTEepBarnoB 370 He Bcerda Tak. lMpu GOMbLIOA 30HE HEOMPEAEneHHOCTW (KEnTOM 30He), 3HAYUTENBHO
NPEBOCXOASALLEN pasMepbl 3eNEHON 30HbI, OCTOPOXHbBIA MHBECTOP, Onacasch caenaTtb owubky BTOPOro poga,
BPSA N1 COrNacuTCs ¢ BbIBOAOM | ~ i

CpaBHeHe MHTEPBANOB KOHUrypaLum ) No To4eYHbIM OLeHKkaMm kputepus [ypeuua nokasbiBaet, uto I >~ i,
ecrm 0 < A < 1/[1 + (R = Ry)/(L2 — Ly)] = 1/[1+ Dr/Dg]. 3necb BHOBb He y4uUTbIBAKOTCA (BOMOXHO, Bonblume)
pasMepbl 30HbI HEoMnpeneneHHoCTU, YTO MOXeT He no3sonnTb JIMP NpuHATL pelueHue B COOTBETCTBMM C
TOYEYHbIMM OLIEHKaMM.

Hanpumep, ecnn JINP npuHsn A = 0.4, T0, B COOTBETCTBUN C TOYEYHbIMM OLeHkamm, I, ~ |y npu Dr < 1.5 Dg.
HetpyoHo nopoGpath napy MHTEpBanoB, Y KOTOPbIX 9TO YCNOBME BbINONHAETCS, HO MPOTSHXKEHHOCTb 30HbI
HeonpegeneHHocTu (Dy) cTonb BenWka, 4TO He MO3BONUT C AOBEPUEM OTHOCUTBLCS K BbIGOPY MO TOYEYHBIM
OLieHKaM.

CnepyeT 0TMETUTb elle ogHO 0bcToATensCTBO. [pu nonapHoM cpaBHeHWM Tpex uHTepBanoB A, B, C moxeT
CNy4nTbCA TaK, 4To ANs napel A, B uHTepean B npegnoytutencHee A ¢, Hanpumep, K = 65% > Kin = 60%, a ans
napbl A, C uutepean C npegnoytutensHee A ¢ K = 80% > Kin. 310 He 03HavaeT, yto C npegnoytutensHee B,
MOTOMY YTO MpW HenocpeacTBeHHOM cpaBHeHun C u B moxeT okasatbes, yto C «nyvwe» B ¢ K < Ky, T.e. ans
NNP, npuHsBwero ans Bbibopa BenuunHy Ki, 39T MHTEpBanbl HecpaBHWMbI. TakuMm o6pas3om, Bcerga
Heobxogumo npuberatb K HEMOCPEACTBEHHOMY MOMAPHOMY CpaBHEHMIO BCEX WHTepBanoB-anbTepHaTUB C
y4yeTom npegnoyteHuit JMP.

OTmMeTMM TaKkke, YTO B HEKOTOpPbIX 3afadax, TakiMX Kak COnocCTaBlieHWE YUCTbIX OWUCKOHTUPOBAHHbLIX 0OXOA0B
MHBECTULMOHHbBIX MPOEKTOB, BbIBOA l» > |1 He o3HayaeT elle, 4To cneagyet BbI6paTb BTOpOl7I NPOEKT, eCnn nesas
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rpaHnua |, nexut B oTpuyatensHon obnactu. [JononHUTeNnsHO HEOBX0AMMO CpaBHUTL WHTepBans! [La, Ryl v [Lo,
0]. Ecnn okaxeTtcsi, 4TO NepBblii WHTEpBaN NPeAnoYTUTENbHEE, TakoW MPOEKT MOXET OblTb peKOMeHLOoBaH
WHBEeCTOpy. OTa onepauus MOXeT ObiTb npoaenaHa W A0 HENoCPELCTBEHHOTO CPABHEHWS WCXOLHbIX
NHTEPBamNbHbIX OLEHOK.

ConocTaBneHue ¢ BepPOATHOCTHbIMM MepPaMU CpaBHEHUA NHTePBalsibHbIX OLEHOK

lMpy NPAAMOM CpaBHEHWW MHTEPBANOB He NPeAmnonaraeTcs Hanuums LOMOMHUTENbHbIX 3HAHWW O LWaHcax Ha
peanu3auuio  3HavYeHWh paccMaTpuBaeMbIX WHTEPBamnbHbIX BENMYMH. Hanuume Takon [LOMOSHUTENBHOM
WH(OpMaLMM BHOCUT OMpeaeneHHble KOPPeKTUBLI B PesynbTaTbl CPaBHEHUS WHTepBanoB. PaccMOTpum aT1oT
Bonpoc 6onee noapobHo.

[1ycTb iy, iz CryYanHble BENMYMHBI, ONpedeneHHble Ha UHTepBanax |1, |, COOTBETCTBEHHO. Haingem BEpOSTHOCTb
T0ro, 4to I > |y Ansa koHcurypauui b) u c). B cnyyae koHdurypauum b) sepostHoctb P(l,> I1) Toro, uto
watepean |, OygeT npegnoytuTenbHee WHTepBana li, paBHa BepOSTHOCTM Pg HaxoxaeHus it M i B
BnaronpusTHol 30He, Pg = P(Li< it <L2) + P(L2 < i1 <R1)P(R1 < i2 <R2), a Ans koHdmrypaumm ¢) Pg = P(Li< iy
<L,). OTMeTnM, 4TO ANst KOHMrypauun ¢) Pg He 3aBuUCUT OT TUMa pacnpeaenenus Ha lo. Byaem cuutatb, yto |o
> |1, ecnn Pg = Kpr, - noporooro 3HaueHus, BblopaHHoro JIMNP ans cpaBHEHNs anbTepHATMB N0 BEPOSITHOCTH.

CpaBHWM «cuny» peLuatoLLmux NpaBun MeToga NPSIMOr0 CPaBHEHUS U CPABHEHMS MO BEPOSITHOCTW ANs NpOCTOro
Cny4yas paBHOMEpPHbIX pacnpeneneHnin Ha conocTaBnsieMbIX WHTepBanax. Torga B crnyyae b) Pg =1 - (Ry —
L2)2/(D1Dy), roe Di = R - Li - NpOTS)eHHOCTN CpaBHMBaEMbIX MHTepBanoB. Conoctaenss npeaenbHble 3Ha4YeHns
K03hPULMEHTOB YBEPEHHOCTY B KOHAMIypaLmm b) ans metoga npsamoro cpasHeHns Kin =1 — (Rq— L2)/( R2 - Ly)
N cpaBHeHus no BeposiTHocTW Kpr = Pg, nonyyaem: Pg = Kin +[(L2 — L1)(R2 — Ry)(R1 = L2)J/[(R2 — L1)D1Dy).
lMockonbKy BTOpPOE CnaraeMoe B 3TOM COOTHOLIEHWMM MOMOXMTENbHO, TO, €ClM npusHatb 12 >~ 11 ¢
koachuumeHTOM yBepeHHoCTW Kin npu MCMonb3oBaHWM MeToAa MpSIMOro CPaBHEHWS, STOT BbIBOA OKaXETCS
cnpaBeanuBbIM C ele 6onblnM KO3hPULIMEHTOM YBEPEHHOCTW N1 METOAA CPaBHEHUS MO BEPOSTHOCTW. K
aHanorM4yHOMy BbIBOAY MOXHO NpUITU 4n1s KoHdurypaumm c), rae Pg = Kin +( Ry — R2)/Ds.

3T0T BbIBOA HECTpaBeANB, BOOGLLE rOBOPS, ANt HEKOTOPbIX TUMOB KOHGMrypaLuid Npu NPOU3BOMbHBIX TUMaX
pacnpeaeneHnii BeposiTHocTeid. MokaxeM 3TO Ha NMpuUMepe TPeyroNbHOTo pacnpefeneHusl, KoTopoe SBSETCS
NpVUEMIEMOIi MOAENbI0 NMPOM3BONBHOMO YHUMOAANBHOTO pacnpefeneHus, 3aaaHHoro Ha WHTepBane KOHeYHoM
MPOTSHKEHHOCTH.

B cnyyae koHurypauuu c) npu My < Ly, rae My — MoZia COOTBETCTBYIOLLLENO TPEYromnbHOMo pacnpeaeneHus, Pg u
K cBsizaHbl cooTHoweHnem Pg = Kin + (Ry — Rp)/Dy + (R1 = R2)(L2 = Mi)/[D1(R1 = My)], @ npu M1 > Ly Pg = [Kin +
(R1 = R2)/D+](L2 = L1)/(M1 = L+). BugHo, uto Pg = Kin 1 npeablayLumii BbIBOZ OCTAETCS CpaBeavBbIM.

Ona koHurypauuu b) oTHowweHUs mexay koadduumeHtamm Pg u Kin 3aBUCAT OT MECTOMOMOXEHUS MOf
pacnpegeneHni. Mel He Gyaem mpuBOAMTL TPOMO3OKOrO COOTHOLLEHMs, cBs3biBatowero Pg u Kin gns aton
KOHdurypaumm, a gagum opmynbl Ans BEpOSTHOCTEN — KOMNOHEHTOB Pg: P(Li< it <Lg) + P(L2 < it <R4)P(R1 < iy
<R2)Z P(Lz <i <R1) =1- P(L1< i1 <|_2),

2 2
(LZ Ll) , ‘]\41 > L2 (R2 Rl) , M2 > R1
. DI(MI_LI) . Dz(Rz_Mz)
P(L <i<L))= PR <i,<R)=
| 1 2 (R —L)z 1 2 2 (R —L)2
-0 M > - =) ML >R,
DI(RI_MI) Dz(Mz_Lz)

MoXHO noKa3aTh, YTO NPM pa3HbIX NONOXEHWSX MOAAX BO3MOXHbI Kak cuTyauum ¢ Pg 2 Kin, Tak 1 ¢ Pg < Kin.

3akniouyeHue

lMpeanoxeHHbI B paboTe MeToq HEMOCPEACTBEHHOMO CPABHEHUS! MHTEPBANbHBIX BENNYMH NO3BONSET HA OCHOBE
npeanoyternin JIMP nnbo ykasaTb Nyyllyt0 WHTEpBanbHYO OLEHKY M3 CpaBHWBaEMbIX, MO0 PEKOMEHOO0BATh
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JINP BpeMEHHO 0TKa3aTbCA OT NPUHATUS PELLEHUS U3-3a HECPABHUMOCTW MHTEPBANOB W ONACHOCTU COBEPLUMTD
owwnbky BTOporo poga. Ml nonaraem, 4to aToT MeTog 6onee agekBaTeH cneyuduke 3agay NPUHATUS PELLEHUH,
YeM pacnpoCTpPaHEHHbIN METO 3aMeHbl MHTEPBAsbHbIX OLIEHOK TOYEYHBIMM, TaK Kak, BBUAY CBOE HarnsgHoOCTH,
nossonset JINMP Gonee nonHo oTpasuTb CBOW mpednoyTeHusi. [Mpu 3TOM B psige CnyvyaeB MOMy4YeHHble C
NOMOLLBKO MpeanaraeMoro Metoga pesynbTaTbl OTNMYAKTCA OT Pe3ynbTaTtoB, MONyYaemblX MpU CPaBHEHUM
TOYEYHbIX OLIEHOK, 3aMELLAIOLLMX MHTEPBATTbHBIE.

[MpeanoxeHHbI METOA CPaBHEHUS MOHOWHTEPBANbHbIX OLEHOK NO3BONSET peanu3oBaTb OAUH M3 BO3MOXHbIX
METOAO0B COMOCTABIEHNS NOMIMUHTEPBANbHbIX OLEHOK, OCHOBAHHBIA Ha MPWBIIEYEHUN METOAA CTaTUCTUYECKUX
uenbiTaHui. [pyroi BO3MOXHbIA MeTog cpaBHeHus MU0, cBS3aHHbIN ¢ aHanIM30M BO3MOXHBIX KOHGUrypaLmi
OTHocuTenbHOW nokarmsaum nap (WO, Takke TpebyeT wWCNOMb3oBaHUS METOAA  COMOCTABIIEHUS
MOHOWHTEPBAsbHbIX OLEHOK. 3Ta BOMOXHOCTb OyAeT pacCMOTPeHa nosxe.
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AcnekTbl npobnemHoi obnactu

[ins obecrneyeHnst BbICOKOro YPOBHS! 3aLLMTbI HACENEHUS NOXapHble NOfpa3feneHnst A0MKHbI UCMONb30BaTh pe-
3ynbTaThl NPOrHo3upoBaHmusi. OCOOGEHHO BaXHO 3TO ANl YKpauHbl B YCMOBMSIX OrPaHUYEHHOCTU PECYPCOB.
Mcnonb3oBaHe METOAO0B MPOrHO3WMPOBaHMS, pa3paboTka M CO3[aHME MEXaHW3MOB MPUHSITUS PELLEHNN,
NCNONb3YHOLWMX Pe3ynbTaTbl MPOTHO3MPOBAHMS, U COOTBETCTBYHOWME CNOCOOLI pearupoBaHus NpuobpeTaoT B
COBPEMEHHbIX YCIIOBUSIX 0COOEHHYI0 aKTyanbHOCTb.

Kaxgbiit rog B YkpauHe peructpupytot, B cpegHem, 6onee 40000 noxapoB, 13 KOTOPbIX 3HAYMTENbHAS YacTb
NPOUCXOAMUT B XWUNOM CekTope. BegeHue n aHanu3 Takon 60nblwion MHopMaumoHHon 6a3bl Mornu 6bl BbiTh
MCNONb30BaHb! 4715 NMOMYYEHUS HOBBIX 3HAHWI, MPOrHO3UPOBAHKS KOMMYECTBA W CTPYKTYPbI ByayLLMX NOXapoB 1
BbINOMHEHWS MEPONPUSTUI MO UX 3HPEKTUBHOMY NPELOTBPALLEHMIO U NNKBUAALMN.

Pa3paboTky W peanu3aumio Takoil Gasbl 3HaHWIA LlenecoobpasHo pasgeniTb Ha [ABE OCHOBHBIX YacTu:
napameTpbl PacrpoCTpaHEeHIs, UCCredoBaHNe NOXapoB 1 OLieHKa NoXapHo 6e3onacHOCTH 0GbekTa.

HeueTkne 6a3bl 3HaHWN, KaK M3BECTHO, OTOBPaXalT Takyl CTpykTypy: “‘ecrm A, To0 B”. Mpu atom n A, n b B
[ENCTBUTENBHOCTU SBNSETCA (PYHKUMAMMU NPUHAANEXHOCTH, ONPeaensiolMM YBEPEHHOCTb 3KCnepTa B TOM,
YTO BXOZHOW (PaKTOp M pe3ynbTUpYHLLas XapakTepucTuka (Bpems, CKOPOCTb pacnpoCTpaHEHNUS OrHS) Nomy4aoT
3HaYeHUs U3 OnpefeneHHbIX OrpaHUYeHHbIX MHOXECTB. bas3a 3HaHWA MOXET cofepxaTb 3HauMTEnbHOoe
KONWYECTBO NpaBWr, KOTOpble ONPEAensTca feTanusauueil U TOYHOCTBIO SKCMEPTHLIX MPEenonoXeHuN.
OYHKUMM NpUHALNEXHOCTM B TakoW 0ase npedacTaBneHbl CBOMMM NapameTpamu, KOMMYECTBO KOTOPbIX
onpegensetcs ux hopmoit. TpaguLMOHHO UCMONb3YIOT TPEYTONbHbIE, TPANEUMEBUAHBIE W FrayCCOBCKMNE QYHKLMN
NpUHaanexHocTu. PacyeTbl B nocneaHeM cnyyae ynpoLLaTcs, HO UX NOMy4nTb U BEpUULMPOBATL OCTATOYHO
CIOXHO.

MocTaHoBKa 1 pelueHne 3aaay

CKopoCTb  pacnpocTpaHeHus 1 NOCneacTBUst MOXapoB Ha OObekTax OnpefensioT akTyanbHOCTb U
HeobXxoaMMOCTb pa3paboTku COOTBETCTBYIOLMX MOZENeN U UCNONb30BaHWA MOLENWUPOBaHUS ANs onpesenieHus
Hanbonee BEPOSITHBIX HaMpaBIEHW MyTe M BPeMEeHW pacnpocTpaHeHus orHsg. B pabote [1] onpegmenebl
OCHOBHble (DaKTOpbl, KOTOPbIE BAMSIOT Ha CKOPOCTb Pa3BUTUS NoXapa 1 W3MeHeHWe ero nepumetpa. lNepsoi
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3afayeil, KOTOpyl HeobXxoaumo pewwatb MpM  CO3AAHMM  WMHAOPMALIMOHHO-aHANUTUYECKON  CUCTEMBI
MOLIENMPOBaHMS MPOLIECCOB PAa3BUTUSL MOXapoB, SBMSETCA hopMupoBaHue 0asbl 3HaHMA. OHa AomKHa
cogepxaTb CTaTUCTUYECKME AaHHbIE O MPOLIEALIMX MoXapax, HOPMaTUBHbIX BENMYMHAX, SKCNEPTHbIX AaHHbIX 1
[aHHbIX, KOTOPble ONPeAensioT pa3MeLLeHe OnpeaeNeHHbIX 0BLEKTOB.

3HauuTENbHAS YaCTb TaKMX (*)ElKTOpOB Umeet Cy6'beKTVIBHbIVI Xapaktep NPonNCXoxgeHus, 4To onpeaendaeTca:

- HEMOINTHOTON AAHHbIX, CBA3AHHOM C HEBO3MOXHOCTBHO OCYLLECTBUTL U3MEPEHNE B KPUTUYECKUX YCIOBMSIX,
a Takxke ux notepewn;

- HEoMNpeAeNieHHOCTbH0, KoTopasi BO3HWKAeT 6Gnarogapsi MHTepBanbHOMY 3afaHui0 MHOXECTBA 3HaYeHWN
napameTpoB M 3KCMEPTHbIM NPELMONOXEHEM O BO3MOXHbIX 06NACTAX NX U3MEHEHMS.

13BeCTHO, YTO MpOrHo3MpoBaHne 6asnpyeTcs Ha aHanuae peTpOCNEKTUBHON MHOPMALMK U MAEHTU(MKALUK
MCKOMOW 3aBMCUMOCTU. B criyyae 0co60 onacHbix 06HEKTOB 3TO HEBO3MOXKHO, MOCKOMbKY Kaxabli 0BbekT siB-
NAETCA HETUNWYHBIM, NNOLLAab 1 NEPUMETP NoXapa LOCTaTOMHO GonbLuKe M ero onucaHue, B hopMe NpUroaHoNM
ANS pacyeToB, valle BCero, OTCyTCTBYeT. [103TOMY TpPaAMLMOHHO MCMONb3YOTCA CMpaBOYHble daHHbIE O
CKOPOCTW PacnpoCTPaHEHUs1 noxapa B MOMELLEHUSX B 3aBUCUMOCTM OT WX TuMa, CKOPOCTW BbIrOPaHUS
MaTtepuanos, Temneparype nnameHu, BIUSIOLEM Ha paspyLUeHne KOHCTPYKLWIA 1 BELLECTB, SKCNEPTHbIE OLEHKM
[2]. B KpUTHUYECKMX YCNOBMSX Y4ECTb BCE 3HAYMMbIE (DAKTOPbI, KOTOPbIE BAMSIOT HA CKOPOCTb PacnpOCTPaHeHMs
OTHS U €ro HanpaBneHue, 3HaYeHUs PasHOPOIHbIX KOHCTAHT JOCTAaTOMHO TSXENo, NOSTOMY SKCMEPTHbIE OLEHKN
HeoOXoauMbl, B MEPBYD o4epedb, AN TOro, 4TOObl y4eCTb COCTOSHWE MaTepuana, no  KOTOpOMY
pacnpoCTPaHAETCA OrOHb, @ TaKKe Hamnuuue BHYTPEHHUX W BHELIHUX PaKTOPOB, BIMSIOLLMX HA €ro CKOPOCTb.
PasHOTMMHOCTb 3HAYEeHU (PAKTOPOB, KPUTUYECKME YCIOBWSI BbI3bIBAKOT 3HAYMTENbHLIE PACXOXOEHWNS 3KC-
NePTHbIX 3aKMOYEHWI, YTO OCTIOKHSET MPUHATUE PELLEHMA.

Takum 06pa3om, umeem 3agady MoeHTUdMKaLMN 3aBUCUMOCTY:
V:F(VI’Vm’Tf’Tp’Xin’Xout) (1)

rae V) - nuHeiHas ckopoCTb PacnpoCTPaHEHUs OrHs B MOMELLeHUsIX onpeaeneHHoro tuna (Y gabl),
V. - cpefHsia ckopocTb BbiropaHus matepuana (V,, = const ),

T, - Temneparypa nnameHu ropeHus matepuana (7, €[t,.t,]),

T, - Temneparypa nnasnexus koHeTpykumn (T, €[9,,9,]) v (T, =q)),

X,,, X, — BHyTPEHHWE 1 BHELLHWE (haKTOPbl, COOTBETCTBEHHO.

in?

OueBuMaHO, 4TO KaxdbIil U3 napameTpos V;,V, T, T 3aBucut ot X

17"m>

> Xou - HEABHBIM 0OPa3oM 3TH 3aBUCMMOCTH
MPUCYTCTBYIOT B SKCMEPTHbIX OLiEHKaX, KOTOpPbIe ABNSAKOTCA PELlatoyMin B NPOLECcax MPUHATUSA PeLIeH npu
noxapoTyleHun. B 1o xe Bpems, Takol Cy6bekTMBM3M, kak Obino ykasaHo Bbllle, He cnocobeTsyer
ONTUMW3aLMK BbiBOpa rMABHOTO HaMpaBneHUs NOXapOoTyLUEHNs U pacnpeaeneHns Cun 1 CPeacTs, B CBS3N C
YeMm, npeanaraem UCromnb3oBaTh HeueTke 6asbl 3HaHWA Ana MAEHTU(UKALMA U MPOrHO3MPOBAHMA CKOPOCTM

PacnpOCTPaHEeHUs OTHS.

MpoussogHoW OT 3agaum (1) sBnseTca 3ajava WOEHTUMKALMWM BPEMEHN JOCTWKEHWS OTHEM OnpeneneHHOM
TOYKM

7:(,,V ZG(V,S):G(VI!VmJ;J;J’Xin’Xout’S)’ (2)

roe S- nyTb pacnpoCTpaHeHMs OrHS A0 TOYKM C koopauHatamu (X,y). OueBMaHO, 4TO 3apava (2) senseTcs
Bonee o6Lel 1 NPUMEHUMON ANst NOAAEPXKKM NPUHSATIS PELLEHUA NPK NOXAPOTYLIEHUW, MOCKONbKY, B OTNYME
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oT 3agaun (1), B HEM YYTEHO Hanuume NPEnAaTCTBWAA Ha MyTW NoXapa, PasHOTMMHOCTb MOMELLEHWU U Apyrre
haKTops!.

Cnepytowum 3Ttanom nocrne popMMpoBaHns Takoi 6asbl AaHHbIX SBNSETCA UOEHTU(MKALMS 3aBUCMMOCTH (2).
lMpn aToM BO3HMKaeT npobrema paboTbl C HEYETKUMU MHOXECTBAMM, (DYHKLUMSAMU MPUHALIEXHOCTM U Npo-
Leaypamm WX CTPYKTYPHOM M napameTpuyeckon uaeHTudmkaumu. CTOMT Takke yuuTbiBaTb TO, YTO
ncnonb3osaHue (2) 6asupyeTcs Ha NPeACTaBMNEHUM BXOQHOM MHAOPMALMM B HEYETKOM BUAE, a TaKKe TO, YTO
HeobxoaMMOo MHTEPNPEeTUPOBaTL Pe3ynbTaT, KOTOpbIi ByaeT UMeTb BUA (DYHKUMM NpUHALNEXHOCTU. BaxHyto
POMb UrpaeT peLleHne 3aaaqn napameTpPUIeCcKkon ONTUMU3aLn PYHKLMA MPUHAAMEXHOCTH.

MﬂeHTM(*)I/IKaLI'VIFI 3aBUCUMOCTU (2) MOXeT ObiTb BbIMOMHEHA NP1 pasHbiX yCNoBuAaX U NpeanonoXeHusx, cpean
KOTOPbIX OCHOBHbIMU ABNAIOTCA TaKWE:

1. PaccmatpualoTcs CyXaeHus O4HOro aKcnepTa.

2. YuublBaroTCA CyXaeHusa MHOrMx 3KCneptoB C OAWHAKOBbIMA UMM HEU3BECTHbIMW  YPOBHAMMU
KOMNETEHTHOCTW.

CY)K,L'J,eHVIFI OKCNepToB UMEIOT pa3HbIl7I YpPOBEHb 3HA4YNMOCTHU (KOMI'IeTeHTHOCTI/I 9KCNepToB pa3HbIe).

4. TlyTb pacnpoCTpaHeHWsi OrHsl SBMSETCS OQHOPOAHbIM, TO €CTb CTPYKTypa NOMELLEHWA U NpensTCTBUN
SBNAETCSH HEM3MEHHOW HE3aBMCMMO OT ero MapLupyTa.

5. Toxap MOXET pacnpoCTPaHSTbCS PasHbIMA MapLupyTamu C pasHbIM KONMYECTBOM MOMELLEHUA U
NPensTCTBUI Ha ero NyT C Y4ETOM 3aMeANSIOLLMX W YCKOPSIHOLMX (haKTOPOB.

Ha HayanbHOM 3Tane pelleHns 3agayun naeHtudmkaumm (2) byaem cuntatb, 4TO NPUHATIAE PELUEHUI 3aBUCUT OT
OHOrO 3KCMepTa, a MyTb PACMpOCTPAHEHUS OTHS SBNSIETCA OJHOPOAHBLIM, TO €CTb BbIMNOMHSAKTCA Nepeoe W
yeTBepTOE YyCnoBus. MocKonbKy KCNepT OAMH, TO paLyoHanbHO Npeanonaratb, YTO €r0 CY)XAEHUS O 3HAYEHWN
napameTpoB, OMPeaenAtoLLMX BpeMs pacnpoCTPaHEHNs OTHS OT TOYKM [0 TOUKM, ONUCLIBAKOTCS CUMMETPUYHBIMU
TPEYroNbHbIMU PYHKLMAMN MPUHASIEXHOCTH.

[Onsa onpegeneHns OUEHKW NPOTUBOMOXAPHOMO COCTOSHWS  oObekta Heobxoaumo  pewnTb  3agavy
uoeHTMdukaumumu. McxoaHsiMM OaHHBIMU SBNSIETCA CTATMCTUYeckas MHopMauust o noxapax. TpaauuuoHHO,
OCYLLECTBNAA €€ MOCnegoBaTeNbHbl aHanmua, OnNpeaensnmch ¢ BMAOM 3aBMCUMOCTM, TO €CTb BbIMOSHAMM
CTPYKTYPHYI0 MAEeHTUdMKaLM. OTOT NPOLEecC OTMEevancs 3HauyuTeNbHbIM MPUCYTCTBMEM CyObeKTMBM3MA W
OTPaHUYEHHOCTbI0 MOLLHOCTM MHOXECTBa MOTEHUMAnbHbIX 3aBMCUMOCTEN. PelueHne Apyroi mogsagaum —
napameTpU4ecKol MaeHTUMKALMN TPAaNLMOHHO 6a3MpOBaNock Ha METOAE HaMMEHbBLLMX KBAApaToB, O4HON M3
0CODEHHOCTEN KOTOPOro SBNSIETCS HeoOXOOMMOCTb MPOBEPKM 3HAYUMTENBHOTO KONMM4ecTBa TpeboBaHuin W
npeanonoxeHunit. PelunB BbileykasaHHble Npobnembl, MOXHO yTBepkhaTtb 00 3h(PEKTMBHOM OLEHMBAHUM
YPOBHS noOXapHoit GesonacHocT. B COOTBETCTBAM C dTamamu CUCTEMHOrO aHanmuaa [3], BbINOSHWM
hopmanu3aLmio BHYTPEHHWX W BHELIHUX (DaKTOPOB, OMPefenstowmx noxapHyo Ge3onacHocTb OOBEKTOB.
Bbigenum ocHOBHble hakTopbl nepsoit rpynnbl: X,— Aarta noctpoeHns; X,— KONM4ecTBo aTaxen; X,— uX

nnaHuposaHne; X,— Hanuune nogsanoB M 4epaakos; X,— CTPYKTYpHble OCODEHHOCTU AoMa, MMeroLme
OTHOLLEHME K OCOBEHHOCTAM pasBUTUSA, TYLIEHWUS W NOCNEACTBUI noxapa; X;— COOTBETCTBME HOPMATUBHLIM
TpeboBaHMAM MaTepuanos W KOHCTPYKLMK; X, — Hanu4mre 1 CoCTosHNE nyTein aBakyauun. K dpaktopam, kotopble
OnpedensioT NpoTMBONOXapHOE COCTOSHWE 0BbEKTa, OTHECEM Takue: Z,— pacCTosH1e Ao brimkaiiluein noxap-
HOW YacTu; Z,— KONM4ecTBO NoxapHbix Yacteil B 20-KUIOMETPOBOI 30He; Z,— CTENeHb YKOMMIEKTOBAHHOCTY
Brvxaiero noxapHoro nogpasgeneHns kagpamu; Z, — yKOMMMEKTOBAHHOCTb CPEACTBAMM MOXapOTYLUIEHUS;

Z,— Hanuune M BUA MPOTUBOMOXAPHOrO BOAOCHAOXeHUs; Z,— AMameTp BOAOMPOBOAA; Z,— COCTOSHME
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BrvKanLLINX MCTOYHUKOB BOJOCHAOXEHWS;, Z,— AaBneHne B BOJONPOBOAE; Z,— Hanuyue nepBudHbIX CPEACTB
Tywenuns; Z,- cTeneHb ypobcTBa noabesna; Z,— HamnuMe  MOrOfAHO-KMMMATUYeckux  (pakTopos,
OCYLLECTBASIOLMX BIUSIHUE HA 3(hHEKTUBHOCTb MOXAPOTYLLEHNS.
K ncxogHbIM xapakTepucTukam, KOTopble HeobXxoanMo WAEHTU(MLMPOBATb, NpuHaanexar: Y,— Konn4yectso
OrHETYLUALLMX BELLECTB, KOTOpbIE Oblnn MCNONb30BaHbI; Y, — BpEMS pa3BepTbIBaHWS CUM W CPEACTB; Y, — BpeMs
npubbITUS NepBoro noapasaenexus; Y, — Bpems NukBuaalmn noxapa; Y;— yobITkn OT noxapa; Ys— owwnbku
MnoXapHbIX Noapa3saeneHui.
dopmannayem hakTopbl Kak TPONKY 3NEMEHTOB:

(Z,P.F), )
rne Z=(Z,,Z,,...Z,)— cnocobbl W CpefcTBa MOXapHOW 3aluTbl; P — MexaHW3M MporHo3vpoBaHus.

Pe3ynbTaToM MCNONb30BaHWs P SBNSIeTC NMPOTHO3MPOBaHWE BO3HUKHOBEHWSI MOXapa, KOTOPbIiA MOXET
NPOW30MTY B MHTEPBAnNE BpeMeHn f, >t 1 OLieHka BepOSTHOCTI TOTO, YTO OHa Npon3oiaeT. OBbnacTblo 3Ha4eHuil

dyHKuMM F asnsetcs otpesok [0;1], npuuem:

- - F(z,p)=1, ecnn 3a Bpems t, cuCTemMa MOXapHOW 3alLuTbl CnocobHa NPUMEHUTL BCE CPEACTBa,
SBNSIOLLMECS aEeKBATHBIMU YTPO3E;

- - F(z,p) =0, ecnv Bpems npumeHeHus sensetcs 6onblunM ¢, Unn anexkBaTHbIX CPEACTB HET;
- = F(z,p) €(0;1) - B NPOMEXYTOYHBIX CAy4asiX.
Takum obpasom, 3apava (3) 3aknoyaeTcs B MAEHTUDUKALMM BEKTOPHOI 3aBUCUMOCTH:

Y =F(X,2), 4)
rae Y =(Y,.Y,,.Ys), X=(X.,X,,..X;), Z=(Z,,Z,,....Z;;). OTMETUM, UYTO CTATUCTUYECKNE AaHHbIE ABNAKOTCA
3aLlyMNEHHbIMI, MOCKOMbKY MPOLECCHI, CBA3AHHbIE C BbIYMCMMTENBHBIMIA MPOLEAYPaMI U OLEHKON CUTyaLuw,
NPOVCXOASAT B YCMOBUAX BPEMEHHOTO LieTHOTa. He BbIMONHAS TECTUPOBAHWS Ha MyNbTUKONMHEApPHOCTb, reTepo-
CKeLaCTUYHOCTb 1 aBTOKOPPENsLMIo, COrMacHo MeToAa HaMeHbLUMX KBAApaToB AN UCXOAHBIX XapaKTepucTuk
nomnyyeHbl Takne pesynbTatbl:

Onsa Y, :
Y, =0,59X, +0,31X, +6,33X, —0,92X, +4,88X, +10,4X, —3,78X, —1,3Z, -
-0,82,+7,5Z,-15Z, —5,3Z, +1,9Z, —5,8Z, + 4,32, +6,72Z, —6Z,, —12Z,,.
CpepHee KBafpaTM4HOE OTKMOHEHWE Ha TeCTOBOW Bblbopke o, = 22,98.
Anga Y,:
Y, =0,3X,+0,49X,-0,2X, —3,66X, +2,4X, +7,19X, —1,33X, —0,55Z, —
—0,52,+3,7Z,-72Z,-3,9Z, +0,4Z, - 2,85, + 3,62, + 3,722, - 2,6Z,, —6Z,,.
CpenHee kBafpaTU4YHOE OTKIOHEHWE Ha TeCTOBOM Bblbopke o, =11,9.
Ana Y;:
Y, =0,35X,-0,84X, —1,55X, —8,87X, +8X, +10X, +1,7X, +3,76Z, +
+0,772,+6,97Z, +21Z, -24Z, -1,71Z, -2Z, + 0,82, + 32, - 5,7Z,, - 2Z,,.

CpenHee kBafipaTU4YHOE OTKIOHEHWE Ha TECTOBOW Bblbopke o, =22,3.
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Anga Y,:
Y, =16X,-0,47X,+0,93X, —23,3X, +7,4X, + 25X, +17X, +7,5Z, +
+1,82, +152,+7Z, —46Z, 2,52, - 2,32, -1,3Z, —14Z, -11Z,, —10,8Z,,.
CpenHee kBafipaTU4YHOE OTKIOHEHWE Ha TECTOBOW Bblbopke o, = 50,9.
Ona Y;:
Y, =-0,1X,+0,28X, —8X, —-2,1X, —1,3X, +5,2X, +3,12X, +0,4Z, +
+0,57Z,+3,05Z, —4,24Z, —6,2Z, —0,7Z, -4Z, + 2Z, - 3Z,-0,2Z,, - 2,3Z,,.
CpeqHee KkBafpaTM4HOE OTKMOHEHWE Ha TeCTOBOW Bblbopke o, =14,2.
Ona Yy
Y; =0,1X,+0,018X, +1,12X, —0,2X, +0,85X, +1,12X, —0,46 X, +0,2Z, -
-0,1Z,+0,4Z,-0,4Z, +0,07Z, +0,6, —0,1Z, +0,4Z, +0,3Z, - Z,, —0,8Z,,.
CpepHee KBafipaT4HOE OTKMOHEHWe Ha TeCTOBOW Bblbopke o, = 4,6.

AHanuanpys ko3dULMEHTbI MPK MEPEMEHHBIX, KOTOpble 0003HA4atoT BHYTPEHHWE U BHELWHWe (aKTopsl,
MOXHO AenaTb BblBOAbl 06 NX BNSIHUM Ha Pe3yNbTUPYIOLLYI0 XapakTepucTuky. Ho Takue oueHku B pesynbTaTe
nepeymncneHHblx obcrosTensctB byayT cmeleHHbiMM. OpHUM W3 NyTen npeodoneHns Takon  npobnembl
SBMSIETCS BbIMNOMHEHME NpoLeayp npenpoueccuHra AaHHblx. bonee addekTBHBIM Npouece uaeHTUdmrKaLmm
OygeT npy yCrioBUM U3bATUA HE3HAYUMBIX PaKTOPOB M YMEHBLUEHNS LLYMOBBIX 3(PdEKTOB.
[Mpy nocTynneHnn BbI30Ba B NOXapHON YacTu No agpecy 0ObekTa, Ha KOTOPOM BO3HWK Moxap, hopMUPYeTCs UH-
(hOpMaLMOHHO-aHaNUTUYECKAs 3anmncKka, KOTOpas COAEPXMUT Takue JaHHbIE:
- 3Ha4YeHWe BHYTPEHHWX U BHELLUHWX NapamMeTpoB 00bekTa;
- OLEHKY YPOBHS ero noxapHon 6e3onacHocTi ¢ 060CHOBaHMEM;
- aHanm3 owwmMOOoK, AONYLLEHHBIX MPW TYLLEHWUM TUMUYHBIX OOBEKTOB W B TUMUYHBIX CUTYaLMSX;
- PeKOMEeHZ0BaHHbI MapLUPYT Npoesaa kK MECTY Noxapa;
- Hamboree BeposTHbIE NYTW 1 BPEMS PacnpoCTpaHeHUs noxapa.
£apom MHMOPMALMOHHO-aHaNUTUYECKO cuCTeMbl «besonacHocTby ABnAeTCs BaHK MaTeMaTyeckux Mogenen
1 meTogoB (puc. 1).
Cocrasnstowmmy 6aHka SBNAOTCS MaTeMaTYECKMe MOAENN, peanu3oBaHHble B TaKUX MOZYNSX:
- PLR — napHas nuHeitHas perpeccus;
- PNR — napHast HennHeiiHas perpeccus;
- MLR — MHOXeCTBEHHas NUHEHas perpeccus;
- NMR — MHOXeCTBeHHas HeIMHenHas perpeccus;
- PKG — nonuHom Konmoroposa-I'abopa;
- NNFF — HelpOHHble ceTh ¢ NpsMbIM PacnpoCTpaHEHUEM CUTHana;
- MKNN — HeipoHHble ceTy C MOAYNbHO-SAEPHON CTPYKTYPON;
- MATRIX — Mogenv npeacTaBneHus daHHbIX Ans 3agaqu onTuMmU3aLmmn npoesaa noxapHoro pacyeta.

BbluncnuTenbHble METOAL! MHKANCYMPOBaHbI B TaKUX MOZYNSsIX:
- PMLS — MHK ans napHoi niHenHoi perpeccuu;
- MMLS — MHK g1t MHOXECTBEHHO NIMHEHON perpeccuy;
- TEST1 — meTOAbI TECTUPOBAHUS “HETATMBHBIX SBIIEHWUN B UCXOAHBIX (haKTOpax;
- TESTN — gpyrue MeTofbl TECTUPOBAHMS,



94 10 - Intelligent Support of Decision Making

- GMDH — mHoropsigHbin anroputv MIBA,;

- CRA — meTogb! KOppensuMoHHO-PErpeccMoHHON0 aHanmaa;
ALM — anroputm JleBeHbepra-Mapkyapaa;

CGA — metop Netyepa-PuBca;

BC — npoueaypa “box-counting”;

MMC — meTopq rmaBHbIX KOMMOHEHT;

- MWI — npouegypa “BbibennBaHus” BXO40B;

GA — npoLeaypbl reHEeTUYECKOro anropuTMa.

MOJEJIN METO/bI EXEJJHEBHAA PABOTA
Otuetst
PLR PMLS 3anncku ﬂ:>
MMLS
PNR TEST1 MMPOOUIIAKTUKA
MLR TESTN Hudopmanus 06 ypoBHe
a n GMDH MOJKapHOH 0€30MacHOCTH [E:>
P P
NMR CRA :>
PKG ALM = I[NTOXAPOTYIIEHUE
NNFF CGA E VYposens I1b
BC 8 IlapameTpsl 0ObeKTa
) MKNN MMC E AHanms3 ommnbox %
3 MWI o OnTrManbsHBIA MapImpyT [E:> 3
s MATRIX GA £ g
= S| Jlpyrue xapakTepuCcTHKU £
= o
5 $
2 :

\ JlunaMudeckast ”HpopMarus

st

Omnoku
MOKAPHBIX

Kunoi
00BEKT

TexHuueckas
uHpOpMAIHST

IMosxapsr Jlannbie

pacueToB

NHOOPMAILIMOHHBII BAHK
Puc. 1. ®ynknimonaeHas cxema IAC “BE3OITACHOCTD”

WHbopmaumoHHo-aHanutuyeckas cuctema “bBE3OMACHOCTDR” paboTtaeT B ABYX pexumax: TEKyLeMm u one-
paTuBHOM. [pu TekyLLEM pexnMe: BbINOMHAETCS MaeHTUMKauus YpoBHeR noxapHoi 6e30nacHOCTM 0BHEKTOB U
(hopMUPYHOTCA AaHHble HeOOXOAUMbIe NS OTHETOB;

- BbIMONHANOTCA pacyeTbl ONTUManbHbIX I'IYTel7I npoes3aa NoXxapHoro noapa3aeneHnsa Ko BCEM NEPEKPeCTKaMm
30Hbl OTBETCTBEHHOCTU;

- NpY U3MEHEHWM NapaMeTPOB, OT KOTOPbIX 3aBUCUT BPEMS NPOE3Aa, BbINOMHAETCS NEPECYET;

- BbINOMHSETCS aHANM3 OWMOOK, YCTAHABNMBAKOTCS CBS3N MEXAY HUMW W ONpeaensitoTcs COOTHOLIEHUS
MeXay NoXapoTyLUeHNeM onpeaeneHHbIX 06bEKTOB 1 TUNamm OLMBOK.

[ins noBceaHEBHOrO hYHKLMOHMPOBAHMS UCMONb3YETCS TEXHUYECKast MHGhopmaLms, Ha 6a3e KoTopoil hopmupy-
l0TCS1 OTYeTbl 1 CTPOEBblE 3anuCKU. BbINonHeHWe NpodunakTUYecknx MeponpusTin 6asmpyeTcs Ha AaHHbIX
pPacyeToB, aHaNM3e NPUOPUTETHOCTY U 3HAYEHNSIX BHYTPEHHUX U BHELIHUX NAapaMeTPOB XNMblX 0O HEKTOB.

Paspabotky 6a3bl 3HaHMil npegnaraeTcs  OCYWECTBMSATb HAa OCHOBE Tpex MOZenen: CTPOeHus,
(DYHKUMOHMPOBaHWA U passutusa [3]. Mogenb CTpoOeHUs SBMSETCS TEOPETUKO-MHOXECTBEHHOM MOZEnbl W
onpegensieT coctas 6a3bl 3HaHWIA:

I, =<0O,A(@,815,8 ), Ay (81,800 -s80x )soves Ay (81128100081 ) >, (5)
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rae O - npeHTudukarop obbekta, A (%*,...,*) - noeHTudmkatop nons 6asbl 3HaHuiA, a, - 1 -it hopmar i -ro nons

JaHHbIX i =1,n, [ =1,k.

Mogenb hyHKUMOHMPOBaHMA ©Gasbl 3HaHWIA MO3BONSET ONpefenvTb, WHGOpMaumMs W3 Kakux nonen Bypet
MCNONb30BaTLCS NPY PeLLeHn onpeaeneHHbIX 3agay. K Takum 3agadam oTHOCATCS:

- onpegenexHue KpaTqaﬁmero BO3MOXXHOI0 MapLupyTa pacnpoCTpaHEHUA OrHA;

onpeaerneHue Hanbonee BO3MOXHOIO NyTi Pa3BUTIS NOXapa;

pacyeT YCpPeOHEHHOTO BPEMEHN 1 COOTBETCTBYIOLLETO MapLUpyTa pacnpoCcTPaHeH!Us! OrHS;

- (*)OpMVIpOBaHVIe nepeyHsas BO3MOXHbIX BapWaHTOB pPa3BUTUA MNOXapa B COOTBETCTBUW C 3aAaHHbIMU
4acCoBbIMW MapKepamn 1 Tomy I'IO,D,OGHOG.

Mogenb (PyHKLMOHMPOBaHUS ABNAETCH MHAOPMALMOHHON MOAENBIO:

Iy =<PA{A A ..AY>P k=1m>, (6)

0

roe P - HenycToe MHOXECTBO 3afad, A — MHOXeCTBO aTpubyToB (nonein) 6asbl 3HaHWIA, M - KONMYECTBO 3adav.

Mogenb pa3suTis HOPMUPYETC Kak OnpejeneHHoe CreacTBue npouecca pas3suTUs MHGOPMALMOHHO-
aHanUTUYECKON CUCTEMBI BO BPEMeEHM, BasnpytoLLeecs Ha pacLUMPEHUN 3HaHWI O noxapax, 0BbekTax noxapoTy-
LUEHNS, 3KCMEPTHON WHQopmauun. Passutne 0asbl 3HaHWII NPOMCXOOUT B COOTBETCTBMM C NapannenbHo-
NepapX14ecKon CXeMON, rae ee YpoBHU ABNSAOTCA 0TOBPaxXeHWeM NpoLiecca peLleHms BblleykasaHHbIX 3adad B
cnyyasx npyvBneYeHUs JOMONHUTENbHbIX SKCMEPTOB, UMEHEHUS TUMa U POpMbl YHKLUIA NPUHAANEKHOCTH,
KOTOpbIE SBNSAOTCA OTOBPAXKEHNEM WX CYy)AEHNA. Ha aTanax Takom CXeMbl OCYLLECTBSETCA NOCNe[0BaTeNbHOe
YTOUHEHME PELLEHUIA, MOCKOMbKY OHWN OPUEHTUPYIOT Ha PELUEHWe OOHON 3aAa4n HECKONbKUMU METOAaMM UMK Ha
peLLEeHe onpeaeneHHomn Npobnembl NyTeM peLLeHns NocnesoBaTeNbHOCTY YTOYHAKLMX 3agay.

B mogenu passuTiSt MHTErpUPOBaHbI BO3MOXHbIE BApUaHTbl KOMNO3WLMK 3a4a4y 1 METOLOB PELLEHUs, a Takke
YUMTbIBAETCS HEOOXOOMMOCTb PacLUMPEHUsl, YTOUHEHUS U MoaudmKauum 3anucen B 6ase 3HaHuii. Mopenb
pasBuUTUA (hopMarnbHO NPeACTaBUM Tak:

I, =<tP, —>P — (PP )—>...—>(F§I,...,F§q),Af TALA TS, (7)

I Iy A

rne t-spems, P - 3ajauw, A T Al - ysennderne unu ymeHblenve atpubyTos sapaunm, A' - ux

lj
coaepxaTenbHasi MoANdUKaLs.
Takvm 06pa3som, paspaboTka Tpoitkn mogeneit <1 ,,i ,,I ,> sBRseTCA OCHOBaHWEM ANS NPOrPaMMIUPYEMOTO

CO30aHNst U COMPOBOXAEHUS 6asbl 3HaHWIA Ans MOAENMPOBaHWS MPOLECCOB PacnpoCTpaHeHUs MoXapoB Ha
Pa3NNYHbIX OObeKTax, YTO MO3BOMMT peanu3oBbiBaTb KOHCTPYKTUBHbIE MOCTPOEHWs, KoTopble OyayT
NHBaPWaHTHBIMK K OyyLiM CUTYaLMSIM.

MepcnekTuBbI UCCneaoBaHUM

Vcnonb3oBaHue ANS NOAAEPMKM MNPUHATUS peLleHMA B npoueccax MoXapoTylleHus WUHGOpMaLMOHHO-
aHanMTUYeCcKnx cucTeM Heobxoammo NS 06beKTUBM3ALNN CYOBEKTUBHBIX peLLeHuit. MpeanoxeHHas npoueaypa
BbIYMCIIEHUS BPEMEHW PacnpOCTPaHEHUs noxapa OT OAHOM TOYKM K APYrof NO3BOUT PYKOBOAMTENHO NPOLECCOM
NOXapoTYLLEHWS ONpefensTh peLlalolue HanpasneHns 60eBoro pasBepTbiBaHUS CUM U CPEACTB, YTO 0COBEHHO
Ba)XHO NpY NWKBMAALMM Ype3BblyailHoN cuTyauun. MogenvpoBaHue ¢ NPUMEHEHWEM SMIEMEHTOB TEOPUM He-
YeTKMX MHOXecTB BydeT CnocobCTBOBATb YBENMWYEHWIO aAEKBATHOCTW MPOLIECCOB MPUHATUS peLLeHnin B
peasbHON CUTyaumm.
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Takas MHOpPMaLWs NO3BONUT B PEXUME pPearnbHOr0 BPEMEHW ObiCTPO OLEHMBATb CUTYaLWIo, MPUHUMATb
NpaBUnbHblE PELIEHUS, MUHUMW3MPOBATL BEPOSTHOCTY OLIMGOK, MUHMMU3MPOBATL BPEMS MPoe3aa MoXapHOro
noapasaeneHus K MecTy noxapa, a Takke Bpems ero fokanusauuu 1 nukeugaumy, 4to Gyaet cnocobcTBoBaTh
NpeaoTBPALLEHNIO YENOBEYECKMX XEPTB 1 MaTepuasbHbIX YObITKOB.

BnaropgapHocTu

Cratbst yacTMuHO puHaHcupoBanHa 13 npoekta ITHEA XXI WHctutyta MHOpPMALMOHHBIX Teopun W
Mpunoxennit FOI ITHEA un KoHcopumyma FOI Bulgaria (www.ithea.org, www.foibg.com).
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MYNbTUATEHTHbIA H-METO[ B KOMEUHATOPHOM ONTUMWU3ALIUK

Neonup MNynaHuukun, JeHuc Fodos

AnHomauusi: [pednazaemcs Memasgpucmuyeckull aneopumm KOMOUHamopHOU onmumMu3ayuL, NOCMPOEHHbIL
Ha ocHose H-memoda. B ocHogse aneopumma fexum MynbmuazeHmHbil nodxod K uccnedogaHurw
npocmpaHcmea donycmumbix pewenul. HaHHbill nodxod e omnudque om cmaHdapmHo2o H-wemoda, 6
Komopom mexdy d8yms modKamu 8 npocmpaHcmea peLweHuli cmpoumces mosbko 00UH OMPE30K cneyuanbHo20
guda, npednonazaem NOCMPOEHUE a2eHMaMu HECKONbKUX ompeskos. [lpu pabome azeHmbI UCNOIL3yHM
cneyuanbHylo mMolenb pewaemoll 3adayu, 4mo no3gossem y4qumbigamb Hapsidy ¢ cod0epxamenbHOU
uHgbopmayuell 0 3adade U ONbim, HaKONMEHHbIU Ha nPedbiOyWuUX wazax aneopumma. IHpeKkmusHoCmb
npednoxeHHo20 nodxoda NPOUNTCMPUPOBaHa Ha OCHOBE Pe3yrnbmamos 8bINUCTUMENbHO20 IKCnepUMeHma
no peuweHuto psda 3aday KoMMUBOsSXepa U keadpamuyHbIX 3aday 0 Ha3Ha4YeHUsIX.

Kniouesbie cnoea: KombuHamopHas onmumusayus, Memasepucmuku, H-wemod, azeHmsl, 3adaya
KOMMUBOSIXepa, keadpamuyHasi 3adaya 0 HazHayeHUsIX.

ACM Classification Keywords: G.1.6 [Numerical Analysis] Optimization — Stochastic programming, G.2.1
[Discrete Mathematics] Combinatorics — Combinatorial algorithms, 1.2.8 [Artificial Intelligence]: Problem Solving,
Control Methods, and Search — Heuristic methods.

Conference: The paper is selected from XVt International Conference "Knowledge-Dialogue-Solution” KDS 2009,
Varna, Bulgaria, June-July 2009

BBeaeHue

TpyoHOCTM, BO3HWKAIOLME NPU PELIEHUM 3adady KOMOWHATOPHOM ONTUMU3ALMM, OBLLEN3BECTHbI. [TpaKkTMYecku
BCE OHM NpuHagnexart K knaccy NP-crioxHblx 3agay. BeneacTaue GbiCTpO BO3pacTaloWen BbIMMCIUTENBHOM
CMOKHOCTW MPM YBENUYEHUM Pa3MEPHOCTM CyLLECTBYET HeobXoanMocTb B pa3paboTku METOLOB W anropuTMOB,
KoTopble no3Bonsnu Obl nonyyaTb MPUrOAHbIE ANS  UCMOMb30BAHWA pPELIeHWs 3adadv npu  YCrnoBuu
NCMONb30BaHUS OrPaHNYEHHbIX BbIMUCATENBHBIX pecypcoB. OOHUM W3 NePCneKTUBHbIX HANPaBEHNA Pa3BUTUS
anropuTMOB NS pelleHns 3apad KOMOMHATOPHOW OnTUMM3aLnW ABNsSieTCs pa3paboTka MEeTadBpUCTUYECKMX
(bpuaHblx) anroputmoB. O606LWas BapuaHTbl onpegeneHnn [1,2], MOXHO ckasaTb, YTO METa3BPUCTUKM
SBMAIOTCA  BbICOKOYPOBHEBLIMU  CTPATErMsMM AN UCCMEA0BaHWS MPOCTPAHCTBA PELLEHUA C  MOMOLLbIO
NCMONb30BaHNS pPasnyHbIX 6a30BbIX METOAOB. BOMBLWIMHCTBO WM3BECTHLIX METadBPUCTUK 6asupylTcs Ha
06beanHeHN NoNyNAUMOHHbBIX anropuTMOB — B MEPBYID OYepedb FEHETUYECKUX anropuTMOB — U anropUTMOB
noucka B OKPECTHOCTAX  (NOKanbHbIA - MOMCK, Taby-noucK, MMUTaUMOHHBIA  OTxMr) [2]. OpHum u3
MeTadBPEeCTUYECKNX anropuTMOB, MOKa3aBLUMX BbICOKYHO MPOU3BOAUTENBHOCTL NPW PELLEHUN PasnnyHbIX 3agay
KOMOWHATOpHOM onTUMM3auuK, sBnsietcd H-meTod [3], MOCTPOEHHbIN HAa OCHOBE CMHTE3a anroputma
YCKOPEHHOrO BEPOSTHOCTHOMO MoAenupoBaHus (G-anroputM) W AUCKPETHOrO METOAA, Ha3BaHHOTO METOAOM
AeOPMMPOBAHHBIX MHOTOTPAHHMKOB. TakKe HENb3s He OTMETUTb aKTMBHOE pasBUTUE MyNbTUAreHTHbIX
METOAOB WHTENNeKTyanbHOM OnTUMM3aumn. B kayecTBe npumepa MOXHO MPWUBECTU METOL ONTUMM3ALMK
MypaBbuHbIMK KOMOHUAMKU (OMK) [4], meTon nuyenuHoi konoHuu [5] u apyrue. [JaHHble MeTodbl OCHOBaHbI Ha
MOZENMPOBaHUN NOBEAEHUS HACEKOMBIX, MTULL, XMUBOTHbIX, NOBEEHWE KOTOPbIX HOCUT KOMMEKTUBHBIX XapakTep,
3a cyeT yero gocturaetcs aPdekT Ha3biBaeMbI KOMMEKTUBHBIM MHTENNEKTOM. B OCHOBE noBeaeHMs OaHHbIX
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CUCTEM NEXUT CamoopraHmn3alunsa, KoTopas npeacraBnder coboil MHOXECTBO OMHAMMYECKMX MEXaHW3MOB. B
COOTBETCTBMM C [OaHHbIMW MEXaHW3MaMu CUCTemMa perynupyetca Ha rno6ansHOM YpoBHE 3a CHET
B3aMOLOENCTBIS €€ KOMMOHEHTOB Ha HUKHEM ypoBHE 6es npamoro B3aNMOOENCTBIS.

Huxe npeanaraetTca MeTaaBpVICTW-IeCKI/IVI alnropuTm, I'IOCTpOGHHbIVI Ha OCHoBe H-meToga M I/ICI'IOJ'Ib3yPOLLI|MI7I
MyanVIaFeHTHbIVI noaxoa Ans nccneaoBaHnA NPoCTpaHCTBa peUJeHI/II7I.

Oobwasn cxema H-meTopa

Moa 3apaveit KOMOMHATOPHOM ONTUMM3ALUMKM Aanee Oymem MOHWMATb MOWMCK TaKoro Xe&C2, Mpu KOTOpPOM
3afjaHHas Lenesas (yHKuus f(x) nocturaeT onTuMyma, roe Q — HEKOTOPOE NoKarbHO KOHEYHOE NPOCTPAHCTRO.

OcHoBHas naes H-vetoga coctouT B cnegytolem. PopmMupyeTcs HayanbHOE MHOXECTBO PELUEHW, KOTOpoe
UrpaeT ponb, OTAANEHHO HanoOMWUHAKLWY POnb MHOrorpaHHuka B Metoge Hengepa-Muga [6]. M3 aToro
MHOXECTBa HeKOTOpbiM 06pa3oM BbIGUPAKOTC HECKONMbKO Nap TOYeK, ANS Kaxgou W3 KOTOpbIX CTPOUTCS
nomnywHTEPBan B NPOCTPAHCTBE BapyaHTOB PeLLeHUs 3aaaun, NPOXoasLLMi Yepe3 BbibpaHHble Toukn. [lanee Ha
HEM WLLETCA HaunyyLwas ¢ TOYKM 3peHust Lienesoil yHKLMM TouKa. HanaeHHbIN BapuaHT peLLeHns nepeaaeTcs B
KayecTBe HayarbHOro NpuUGNMXEHWs Ans HEKOTOPOro MeToda nokarnbHOM ontummusauun Local_search. B
pesynbTate TakuX AEUCTBUA HAXOOMTCA COBOKYMHOCTb YMYYLIAKLMX TOYeK. OTWM TOUKM BKMKOYaTCH B
MHOMOrpaHHWK BMECTO "Hanmxyawmx" C TOUKM 3pPEHUs HEKOTOPOro BbIBPaHHOrO KpUTEpUsS ONTUMArbHOCTH, W
onvcaHHas npoLesypa NoBTOPAETCS A0 BbINOMHEHUM KPUTEPUST OCTAHOBKM.

B gaHHOM MeTode CYLIeCTBEHHYI porb MUrpaeT MoHATUE NONYMHTEpBana, KOTOpOe BBOAWTCSA HA OCHOBaHUM d-
oTpeska [7]. MycTb Ha NpocTpaHcTBe O onpeaeneHa MeTpuka d.

Onpepenetune 1. d-oTpeskom /X, Y/, KOTOPbIN COEAMHSIET [BE NPOM3BONbHbIE TOYKM X, ye(), HasblBaeTcs
ynopsiBo4eHHas COBOKYMHOCTb Touek Xie Q, i=1,...,k , KOTOpble yOBNETBOPSIOT YCIOBUAM:

1) d(x, x)+d(x, y)=d(x, y), i=1,....k,
2) xi=x, xi=y, a d(x, x)< d(x, xm1), i=1,....,k—1,

3)  He CywecTBYeT Takom Toukn ze Q, uto d(x;, 2) + d(z, Xi1)= d(X;, Xi+1), Z#Xi, Z#Xw1, i =1,....k—1.
B panbHenwem Byaem paccmatpuBath Takue NpOCTPaHCTBa, Ans Kotopbix /X, y/ \ {X, y}=J, ecrwm d(x, y)>h, roe
h=inf(d(x, y)) ans x==y (8 paboTe [7] OHM Ha3BaHbI PerynsapHbIMU B MeTpUKe d).
Onpepenexue 2. MonyuHtepean < x, y/ ONpefenum kak CoBOKynHoCTb < X, v/ =/x,y/\{x}.
lMpneepem 6onee hopManbHO BbIMUCIIMTENBHYKD CXeMy H-MeToAa, UCnonb3ys TEPMUHOMOTUIO BOMHOLMOHHBIX
BblYMCIIEHNI (pUC.).
B npeanaraemom anroputMe 1CNonb3ykTcs NapameTpbi:
M — YUCNO BEPLUMH MHOrOrpaHHMKa (YMcno ocoben B nonynsumy— B TEPMUHAX NONYMSLMOHHBIX anropuUTMOB);
k — Konn4ecTBO Nap BEPLUKH, KOTOPbIE BbIGUPAKOTCA 4711 NOCTPOEHNS NONYUHTEPBANOB;
| - KONMYeCTBO BEPLLUMH, KOTOPbIE NOABEPrAOTCA MyTaLM;
Otbopllonynsumm — npoueaypa otbopa, Hanpumep, (m+ (k +1)) — cTpaterus: Bbibop m Touek U3 (m+k +1)
TOYEK Nonynayuy;

L (y) — 3agaHHas OKpeCTHOCTb Toukn y € Q).
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procedure H-Algorithm (x);
begin
h=0; P°=Q;

for =1 to m do

x:=leHepauusfonyctumoroPeLueHus;

ph—phy Local_search(x);
endfor; { dhopmupoBaHmue HavanbHOM nonynaLum }
repeat

p.=p" ;

fori:=1 to k do
Ot6opAnsBapuauum (x,y € P);
z=argmin{f(u):ue<x,x” /\L(y)&ye<x,x”/};
ph—phy Local_search(z);

endfor; {cpopmupoBana nonynaums us (m+k) Touek}
for i=1 to / do
OtbopnsMytauum (x € P);

x:=MyTauus (x);
ph—phy Local_search(x);
endfor; {cchopmupoBaHa nonynsums us m+k+l Touek}
[ Ot6oplonynsuum(P);
h=h+1;
until He BbINONHAETCS YCNOBME OCTAHOBA;
x :=argmin{f(y):y e P};
return x;
end.

PucyHok. Cxema H-meToga

MynbTuareHTHbIN H-meToq

BaxHyto ponmb Ans H-meToga urpaeT cnocoG MOCTPOEHWs MONYMHTEpPBanoB < X,x”/ B KOMGUHATOPHbIX
npocTpaHCcTBax. Takue MpOCTpaHCTBa WMEIOT [ABe Criedylolime xapaktepHble ocobeHHocTu. Bo-nepsbix, Ans
NPOM3BOMBHOTO X € Q) "MakcumarnbHO —ydaneHHoW" ABNSeTCA  Touka, YOOBNETBOPAIOWAsA  YCMOBUIO:
X =max{d(x,u):ueQ}, rae d(x,u) — meTpuka Ha Q. OTMETUM, YTO 3a4aCTyi0 3TO 3HAYEHWE PaBHSETCS
AvameTpy npoctpaHcTea 2. Bo-BTOpbIX, MeXay ABYMS HE COCEAHUMM TOYKaMW X,y € P MOXHO NOCTPOUTL He
OfWH, @ HecKornbKo d-0Tpeskos. [MoaTomy npu peanusaunn H-vetoga HeobXoaMMO OTRMYaThL Cryyan, korga u3
MHOXeCTBa JoNyCTUMbIX d-0TpeskoB /X,y /, d(x,y) > 2, Bceraa no HEKOTOPOMY KOHKPETHOMY npasuny/cnocoby
MOCTPOEHUs BbIGUPAETCH TONMbKO OAMH d-OTPE3OK, MM Korga MOryT paccMaTpuBaThCs BCe BO3MOXHbIE d-
0Tpe3ku. BapnaHT ¢ OfHUM BO3MOXHbIM d-OTPE3KOM MPUBOAMT K BbICTPOM CXOAMMOCTW anroputMa, Toraa Kak
BapuaHT C pacCMOTPEHMEM BCEX BO3MOXHbIX d-OTPE3KOB MPUBOAUT K 6Goree KayecTBEHHOMY aHanuay
NpoCcTpaHCTBa B onpefeneHHon obnact. OgHako, MCXoas M3 CXEMbl anropuUTMbl, MOXHO CKa3aTb, YTO BTOPOWA
BapuaHT byaeT OTNMYaTLCS NOBBILIEHHON TPYAOEMKOCTbIO, Tak Kak Ans Kak4oro NonyuHTepeana, noCTPOEHHOro
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Ha OCHOBaHWUW d-0Tpe3ka, ByaeT OCYLLECTBNATLCA NOVUCK HAUMYYLLEN TOUKM C NOCNEAYHOLLMM MPUMEHEHUEM K HEil
anropuTMa NoKanbHOro nmoucka. [N pelieHust 3Toii  Mpobnembl WM UCMONb30BaHUS  NPEUMYLLECTB
MYNbTUAreHTHbIX METOLOB NPEeanaraeTcs CTPOUTb areHTaMu HEeCKONbKO MONyWMHTEPBAroB OfHOBPEMEHHO,
NCMONb3ysi MPU 9TOM  CrieluarnbHyl0 MoZernb 3afjayd, W BbibMpaTb Nyuwyl TOUKY C Y4eTOM BCeX
nonyWHTEPBanoB. B ponu areHTa BbICTYNaeT anropuTM MoLIAroBOro NOCTPOEHNsH NOMyMHTEPBANa, KOTOpbIi Npy
BbIGOpE CneyIoLLeil TOUKM U3 OMYCTUMOrO MHOXECTBA UCMONb3YEeT OnpeaerneHHoe BeposiTHOCTHOE NpaBumo.

PaccMOTpuMM NpOCTPaHCTBO MEpecTaHoBOK, Kak OAHO M3 Haubomnee 4acto MCcnonb3yemoro npoctpaHcTea B

3afavax  KOMGMHAaTOpHOW OMTUMU3aLMM. BeposiTHoCTb BbiGopa Ans ToukM XX ouepepHont  TouKw

yT e<x,x® I takon, wio y¥ = w!x* | rpe - onepartop TpaHcrosMLMK (Mnn MoAOGHSINM emy B Criyae Apyroit

METPWKM), C NOMOLLbIO KOTOPOrO FEHEPUPYHOTCA COCEAHME NS % TOYKY, ByAEM paccunTLIBATL HA OCHOBAHMM:
. Flxk |—flyd
1. OBPUCTUYECKUX Hp06ﬂeMHO-3aBVICI/IMbIX 3Ha4YeHn, Hanpumep A,j = K ;
flx

2. CTENeHN «xenaTenbHOCTW» onepaTtopa w, KOTopasa paccynTbiBaeTCA Ha OCHOBaHMM MOeENn 3a4ayn u
MCMNOJ1Ib30BaHWA HAKOMMEHHOro OrnbITa.

[ins pacyeTa CTeneHn «kenaTensHoCTUy onepatopa @’ TpaHenoauLMM Ans nepecTaHoBkM X = (X,..., X, ) Gbinn
NpeanoXeHbl Ba BapuaHTa.

Mogenb 3agauu npeacraBndeTcqa B BuAe MaTpuLbl (T,j) pa3MepHOCTH nxn(n — Pa3MepHOCTb 3auatu4), roe

ONEMEHT 7j; ONPEAENsIeT «XenarenbHOCTby CrefoBaHus j nocne i (B BapuaHTe pelieHvs 3ajaqm).

BapuaHt 1. TpaHcnosuuus i <> j KOMMOHEHTOB X; W X j NepecTaHoBKN X Oyget onpegensTb CreaytoLLyo
BEMUYMHY CTEMEHM ©KENaTenbHOCTUY:

Vi = Ty T 00X T TG T T T I T T T T T Ty
[aHHbIA MeTof pacyeTa «xenaTenbHOCTU» MMEET OnpeferieHHble aHarnorMm ¢ pacyeToM BepOSTHOCTM
BKIMKOYEHWS 04epeHOM BEPLUMHBI B MApLLPYT HA OCHOBaHWW konudyectsa hepomoHa B OMK.

BapuaHT 2. TpaHcnosuuus i <> j KOMMOHEHTOB X; W X j NepecTaHoBKN X Oyget onpegensTb CreaytoLLyo

BEMMYMHY  CTEMEHM  «KenaTenbHOCTUN: Vi =17, j T T Ty [aHHblA ~ meTOg  pacyeTa
J

©KenaTenbHOCTU» UMeeT OnpedeneHHble aHanorM C W3BECTHbIM anropuTMOM OLEHKW pacnpegeneHns

(Estimation of Distribution Algorithm) [8].

Oba BapuaHTa npegnonarawT OAWHAKOBYI npoueaypy OOGHOBNEHUS 3HAYEHWA MaTpULbI (r,-j). OHa cxoxa ¢

npoueaypoit 06HOBNEHNS (hePOMOHHBIX cregos B Uuknuveckom OMK 1 cocTouT 13 AByx 3Tanos:

1. yBenu4eH1e NponopLMOHanbHO HaOEeHHOMY PELLEHNIO 3IEMEHTOB MaTPULIbl, KOTOPbIE OMpeaeneHHbIM
06pa3oM acCoLMMPYITCS C HaNAEHHbLIM PELLEHNEM;

2. NpUMEHEHUe YMeHbLLAKOLEro KoahPULMEHTa KO BCEM 3rieMeHTam (r,-j) ( ucnapeHnue epomoHa).
. o,St k
MycTb oo M B — CTENEHM 3HAYUMOCTU BESUYMH Ajn Vi, a J, :{(s,t).y’ el'[(x )} Torga BbiGop

onepaTopa TpaHcroauLmn @’ | KOTOPbIN OCYLLECTBASET CO3AaHIE O4YEPEaHON TOUKN M3 AOMYCTUMOTO MHOXECTBA

H(x") NS NPOJOIMKEHNSt NOCTPOEHIUS NONyWHTEepBana,
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6y,El,eT onpenendaTbcAa Ha OCHOBaHUW BEPOATHOCTU p”, Ana BblMUCNEHNA KOTOpOI7I npegnaraetcd cnegywoiliee

BblpaXeHune:

. aA’..+ i A
p, =min 1, Ly Z ™tV
(s,t):y”el‘[(xk)

HecnoxHo yBuaeTh, YTO AAaHHOE BblpaXeHNe MOXET ObITh npe06paaoBaHo K cnegywouiemMy smay:

pij:min 1,1/ z ea(As,*AU,)Jrﬂ(VS,—VU) . 0

(s,l):y”el‘l(xk>
Onuiuem cxemy NPeasioxeHHOro anroputMa, KoTopbli Ha30BeM MymbTUareHTHbIM H-meToaom unn MH-meTofoM.
1. Whnynanusayns (r,-j):r,-j = Tmin, I,/ =1n. V:= <KONK4ECTBO areHTos >

[pyrue HavanbHble AenCTBus Ans 06bluHOro H-MeToaa.
2. QuepegHas ntepaums:

21 MocTpoenue n 06paboTka nonywHTepBana kaxaplit areHTom U e {1,...,v}:

a) CTPOVM MOMNYUHTEPBAN: HA KAXOM LWAre C BEPOSITHOCTBIO Pjj , PACCUMTAHHOIA 10 (1), BbIGMpaem
cnenytoLLyto Touky u3 1 (xk );

b) Haxoaum HaunyuLylo Touky XY Ha NOCTPOEHHOM nonyuHTepBarne.

2.2 Bbibop nyuweit (rv no npasuny Metporonuca) Toukn X 13 MHOXecTsa X .
2.3 lUarn obblyHOro H-meTopa.
24  O6HoBneHne (r,-j) .

3. Ecnu kputepuin 3aBepLUeHNs He BLINOMHAETCS, Nepexoa Ha n.2.

BbluncnutenbHbIN 3KCNEPUMEHT

[ns aHanu3a npakTU4eckon 3MEKTUBHOCTU MPELSIOKEHHOTO anroputMa Obifl NPOBELEH BbIYUCHUTENBHbIN
3KCMEpUMEHT Mo peLueHmnio 3afad kommusoskepa (3K) u kBagpaTuyHbIX 3apady 0 HasHadveHusx (K3H). 3apaum
Obinm B3THI M3 Brubnmotek QAPLIB [9] n TSPLIB [10], B KOTOpbIX ANs KaXaoW 3afayuv NpUBEAEHO Hawnydllee
W3BECTHOE Ha AaHHbIl MOMEHT peLleHne. JTO MO3BOMUMIO HE TOMbKO MONYYUTb CPaBHUTEMNbHbLIE OLIEHKW MO
cpasHeHnto ¢ H-VNSG anroputMOM (OQHOM M3 CaMblX YCMEWHbIX peanu3auuin H-meToga), HO U OLEHUTb
TO4HOCTb paboTel MH-MeToga.

[na Bcex anroputMOB MCMOMb30BaNUCh Crefyloliue 3HadeHus napameTpoB: m=25, k=5, [=0. Papguyc
okpecTHocTu L(y) paBHsnca 2. Ana MH-meTtoga koaddmumeHT ncnapenus p=0.5, a a=1, =3, v=10. B kauecTse
anropuTMa NokanbHOro noucka ucnonb3oBancs, kak u H-VNSG anroputme, MOanthuuMpOBaHHbIA anroputM
NOKarbHOro Moucka ¢ nepemeHHbIMM okpecTHocTaMM [11]. C Lenblo NonmyyeHnst CTaTUCTUYECKM GOCTOBEPHBIX
pe3ynbTaToB, ANA Kax4on 3adayv NpoBOAMMNACh CEpUs 9KCMEPUMEHTOB C OAMHAKOBbIMM  NapameTpamu
anroputMa M pasHbIMM HavanbHbIMM NpubnmwkeHusmn. OBbem cepun Ana Kaxgon 3agauu coctaensan 50.
PesynbTathl pewweHus psaa 3agad npueegeHbl B Tabn.1 v tabn.2. 3geck N — pasamepHoOCTb 3agauu, f* - nydwee
W3BECTHOE peELLeHne 3afaun, € — CPedHsis OTHocUTenbHas norpewHocTs anroputMa (%), €min — Nydllee
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3HaYeHne £ B CEpUM IKCMEPUMEHTOB, t — CpeHee BpeMs, 3a KOTOpoe Bbino HailaeHo nyyllee pelleHre B TOM
cepun.

AHanua nonyyeHHbIX pe3ynbTaToB CBUAETENBCTBYET, YTO Ans OOMbLUMHCTBA 3agay anroputMom MH-metoga
NO3BOMNMA MOBLICUTL TOYHOCTb PELUEHWS, AN OCTamnbHbIX — MOKasan Takou ke pesynbTar, uto u H-VNSG
anroputm. Takke crnefyeT OTMETWUTb, YTO MPeLSIOKEeHHas CXema anropuTMa, BKMKYas W UCMONb30BaHHbIN
BCTPOEHHbIA anropuTM NOKanbHOrO MOUCKa, SIBMSETCA YHMBEPCANbHOWM Ans BCeX 3ajavy KoMOUHaTOPHOM
ONTUMM3ALNN, YTO 3HAUYUTENBHO paclLMpsieT 06nacTb ee NPUMEHEHUSI.

Tabnuua 1. PesynbTathl pewwenns 3K

HasBanve N o H-VNSG anroputm MH-anroputm
3agaun 3 € min t 3 € min t
Els19 19 | 17212548 | 0,00 | 0,00 | 16,88 | 0,00 | 0,00 | 18,75
chr20a | 20 2192 0,20 | 0,00 | 20,66 | 0,00 | 0,00 | 19,39
Chr20b | 20 2298 1,38 | 0,00 | 25,20 0,2 0,00 | 12,86
Chr20c | 20 14142 0,00 | 0,00 | 2,82 0,00 | 0,00 5,95
Nug21 21 2438 0,00 | 0,00 | 11,35 | 0,00 | 0,00 | 12,59
Lip40a | 40 31538 0,50 | 0,00 | 23,79 | 0,00 | 0,00 | 20,20
Lip4Ob | 40 476581 0,00 | 0,00 | 5,63 0,00 | 0,00 5,65
Lipab0a | 50 62093 0,27 | 0,00 | 32,70 | 0,23 | 0,00 | 39,34
Lipab0b | 50 1210244 0,00 | 0,00 | 16,06 | 0,00 | 0,00 | 16,06
Sco81 81 90998 032 | 019 | 6194 | 024 | 017 | 84,87
Will100 | 100 | 273038 023 | 018 | 91,92 | 0,17 | 0,14 | 199,54

Tai100b | 100 | 1185996137 | 0,34 | 0,21 | 153,84 | 020 | 0,08 | 221,39

Tabnuua 2. Pesynbtarthl pewwenus K3H

HassaHue N o H-VNSG anroputm MH-anroputm

3apauu 3 € min t 3 € min t
Ftv33 34 1286 0,00 | 000 | 794 | 0,00 | 0,00 | 10,57
Ftvd4 45 1613 143 | 0,00 | 2769 | 1,36 | 0,00 | 47,99
Ry48p | 48 14422 061 | 0,17 | 50,83 | 0,55 | 0,00 | 51,41
Eil51 51 426 0,70 | 0,00 | 55,31 | 0,47 | 0,00 50,1

Berlin52 | 52 7542 058 | 058 | 3852 | 0,58 | 058 | 40,70
Ftv55 56 1608 365 | 1,74 | 58,33 | 3,26 | 1,37 | 58,68
Ftv64 65 1839 381 | 1,30 | 100,87 | 3,24 | 0,38 | 11542
Sto70 70 675 141 | 0,00 | 23594 | 1,28 | 0,00 | 212,33

KroA100 | 100 21282 1,30 | 0,79 | 983,113 | 086 | 0,00 | 789,30
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3aknioyeHue

rlpe,L'l.J'IO)KeHHbIVI METOo[, KOTOprI7I 6a3MpyeT0ﬂ Ha MynbTUareHTHOM noaxoae u naeax H-meToga, nokasan CBoto
BbICOKYHO S(b(beKTI/IBHOCTb Npu  3KCNEepuUMEHTarnlbHOM  UCCeoBaHUN. KOM6I/IHVIpOBaHVIe MexaHu3ma
CKaHMpOBaHNA NpPOCTpaHCTBa W npouenypbl o6yqe|-||/1ﬂ NMO3BOMWUIIO MOBbICUTL TOYHOCTb pelleHnsa pdana
M3BECTHbIX 3aa4 KOMMUBOAXeEpPa U KBagpaTU4HbIX 3a4ay O Ha3Ha4eHUAX B CpaBHEHUN C H- meToaom.

LleJ'IbIO JanbHenWwux 1ccneaoBaHuin Moxellb CTaTb UCCreaoBaHue SqJCbeKTVIBHOCTVI anroputMma B 3aB1UCMMOCTU
OT M3MEHEeHNA npouenypbl OOHOBMEHMS 3HAYEHUM MaTpuubl «KenaTenbHOCTUY», KONM4YeCTBa areHToB U Apyrux
napameTpoB MH-meToga. npe,lJ,CTaBJ'IFIeT WHTEPEC Nony4eHne oLEeHOK CXOANMOCTU U TPYAOEMKOCTH.
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PA3PABOTKA W UCCNEQOBAHUE ANNMOPUTMOB PELLEHUA 3A0AYU
MPOrHO3UPOBAHMUA TPETUYHOW CTPYKTYPbI NPOTEMHA

NeoHup MNynaHuukun, ButanmHa Pyabik

AHHOmayus: Paccmampugaemcsi onmumMu3ayuoHHas 3adaya 8bNUCTUMebHOU GUOI02UU — NPO2HO3UPOBaHUE
CMPYKMypb! NpoMeuHa no nocnedogamenbHOCMU aMUHOKUCIIOMHbIX ocmamkoe. Onucbigaemess HP-moders,
Komopasi, He CMOmps Ha C80K npocmomy, AOCMamoYyHO MOYHO OMoBpaxaem NPOUECChI C8opayUBaHUs 6
peasbHbIx Monekynax. [1pednoxeHbl NokanbHele U enobarbHble an2opummbi peweHus. CpasHUMesbHbIe
Xapakmepucmuku Memodos U UX KOMBUHayul NpousmlocmpuposaHhbl pe3ynbmamamu 8bINUCTUMETbHO20
aKcnepuMeHma no peweHuro 3aday pasHoll pasmepHoCmu.

Knioueenie cnoea: komMbuHamopHas onmumu3ayusi, nPo2HO3UPOBaHUEe MPEeMUYHOU CMpyKmypbl NPOMeuUHa,
mMemod eemeeli U 2paHuL, CMOXacmu4ecKU(l NoKasbHbIl NOUCK, anaopummb| MypagbUHbIX KOMOHUL.

Conference: The paper is selected from XVt International Conference "Knowledge-Dialogue-Solution” KDS 2009,
Varna, Bulgaria, June-July 2009

BBeaeHue

3agaya NporHo3nNpoBaHNs TPETUYHON CTPYKTYPbI MPOTEMHA MO NOCNEA0BATENBHOCTI aMUHOKUCTIOTHBIX OCTATKOB
— OHa U3 CaMbIX BaXHbIX W CIIOXHbIX 3afay BbIYMCIIMTENBHON Bronorin. Mockonbky NpoLecchl CBEPTLIBaHNS
NPOTENHOB W3y4eHbl He B MOMHON Mepe, UCCreaoBaTensmMu NpeanoXeH psag YNpOWEHHbIX MoZenen, KOTopble
BasnpytoTca Ha (PU3NYECKMX CBOCTBAX MOMEKYN U NPUBOAAT K 3adavyam KOMOMHATOpHOWM onTumuaaumn. Ho u
NPEAnoXeHHble TOYHbIE anropuTMbl HE pelalT 3ajayy 3a YAOBMETBOPUTENbHOE BpeMst faxe Ans
nocnegoBaTenbHoCcTed AnnHbI 50, YTO JaeT OCHOBaHUS AN paspaboTki NpUONKEHHbIX anroputMoB. B
HacTosILLee BpeMs Ans peLieHns BOHWKAIOLLMX 3aAa4 NPEANOoXeH g Takux anropyTMOB MOMyMsALMOHHOTO Tuna
[1, 2, 3], a TaKKe anropUTMOB C OLIEHKOI TOYHOCTM [4, 5]. HeobxoanmocTb B NonyveHun Gonee TOUHbIX peLLeHui
nobyxnaeT k pa3paboTke HOBbIX AETEPMUHNPOBAHHBIX N METa3BPUCTUYECKNX aNTOPUTMOB, KOTOPLIE U SBMIAKOTCS
npeaMeToM AaNbHENLLEr0 NCCNEA0BaHNS.

MocTtaHoBKa 3agaum

3ajaya MpOrHO3MPOBAHUS TPETUYHOW CTPYKTYpbl MPOTEMHA COCTOMT B OMpedenieHn ero opmbl B
MPOCTPaHCTBE, MCXOL4S W3 MOCNefoBaTeNbHOCTM aMUHOKUCIIOTHBIX OCTaTKOB B ero uenu. B GomnblumHCTBE
N3BECTHbIX MOAENEeN NPOCTPaHCTBO NPEACTABNSETCS ACKPETHOM pelueTkon. CoceaHue B NOCNeA0BaTenbHOCTY
OCTaTkW [OMKHbI pacnonaratbCsi B COCEAHMX Y3nax peleTkn. Torga CTPYKTypa NpoTeMHa 3ajaetcs
CaMOHenepecekatoLwyUMes NyTeM B pelleTke — CBEPTKOW. 3adadya MPOrHO3MPOBaHWS TPETUYHOM CTPYKTYPb
COCTOMT B MOMCKE CBEPTKM C MUHUMANbHON SHEPrueil, kotopasi NOACYUTLIBAETCS COMMAcHO OnpefeneHHOMY
npasuny. Takum 06pa3om, 515 OnnCaHNs 3a8a4n HeobXoAMMO BbIGpaTh TUM PELLETKM U (DYHKLMIO 3HEPTUM.

B panHoi pabote paccmatpusaetcs rugpodobHo-nonspHas mogens (HP-mogens) Aunna [6]. B HP-mogenm 20
aMWHOKICIOTHBIX OCTaTKOB AENATCA Ha [fBe rpynnbl — ruapodobHble (HenonsipHble) U rMapodunbHbIe
(nonsipHble). Torga BXOAHYK MOCNeoBaTeNbHOCTL MOXHO paccMaTpuBaTh kak croBo u3 andasuta {H, P},
roe P obosHayaeT nonsipHble, a H — ruapodobHble ocTaTku. B 3aaaHHON CTPYKTYpe KOHTaKTUPYIOLLME OCTaTKM
ONpedenstTCa Kak OCTaTki, KOTOpble He SBASIOTCA COCEOHUMM B MOCHEAO0BATENbHOCTH, HO PacnofioXeHbl B
COCEAHUX y3nax pelleTku. Mexay KOHTaKTMpyloWmUMK rapodobHbIMM OCTaTkaMi BO3HWKAKOT CBA3W. JHeprus
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Kaxaon CBA3M MPUHUMAETCA 3a -1, a 3HEprus CTPYKTYpbl — 3TO CymMMa 3HEpruin Bcex cBsized B Hel. C
BUONOrMYECKoi TOUKN 3pEHNS 3TO OBBSACHSETCA TEM, YTO NP CBOPAYMBaHUM NpOTENHa rMapodobHbIe ocTaTku
ONS NPefoTBpaLUeHnUst KOHTaKTa C BOAOM NepeMeLLatoTcst BHYTPb MOMEKYNbI, B TO BPEMS Kak rapoturbHbIe
ocTatotcs u3BHe. CornacHo runoTese, NPOTEUH MPUHUMAET Ty CTPYKTYpY, KOTOpas MUHUMW3MPYET nnolagb
BO34eNCTBNS rTMaPOodO6HLIX OCTATKOB C BOAOM UMK NOMSIPHLIMK OCTaTkamn. HecMoTps Ha npoctoty HP-mogenu,
NPOLECChI CBEPTLIBAHWS B HEN MMEIOT CXOACTBO C TaKOBbIMW B PEAsibHbIX NPOTEMHAX.

Bymem paccmatpuBaTb ABYMEpHYHO MOAENb MpoTeuHoB. [ns Hee wW3HavanbHo [unnom 6Gbina BbiGpaHa
KBagpaTHasi peleTtka. Ho ofHWM M3 ee CBOWCTB SIBMSIETCS TO, YTO ABA OCTaTka MOryT OblTb COCEAHUMM B

pelweTke TONbKO TOrda, KOraa KonmM4yectBO CMMBOIIOB MeXAy HUMU 6yneT YeTHbIM. Tak, CTpoKa (HP)” B

KBagpaTHOM pelueTke He BydeT UMETb HU OAHOM CBSA3M, YTO He COOTBETCTBYET FIOTMYECKAM MPEeACTaBMEHUAM.
Kpome TOro, Takoe CTPOrOe OrpaHWuYeHue YCNOXKHSET aHanmu3 npubaMmKeHHbIX anropuTMoB, OMpeaenss
WCKYCCTBEHHO HM3KYI0 HWDKHIOI TpaHWLy SHEpruuM, BCRELACTBME YEro OLEHKa TOYHOCTW anroputma He Oypert
MMeTb CYLIECTBEHHOMO 3HaYeHWs Ansd peanbHblx 3agad. oatomy B paboTte 6bina BbibpaHa TpeyronbHas
pelueTka, B KOTOPOM Takux nNpobriemM He BO3HUKaeT, Tak kak Ans nobbix AByX NO3WULWA B CTPOKE CyLiecTByeT
CBEpTKa, B KOTOPOI COOTBETCTBYHOLLME OCTATKM BydyT cocCeasMu Mo peLueTke.

[lokazaHo, 4TO 3adaya NPOrHO3MPOBaHUS TPETUYHOW CTPYKTYpbI NpoTenHa B HP-mogenu asnsetcsa NP-TpyaHon
[7, 8].

[eTepMMHMPOBAHHBIN NOKaNbHbIW NOUCK

lMpexae BCero, pacCMOTPUM anropuTM AETEPMUHMPOBAHHOIO NOKANbHOTO MOMCKA ANS MAHUMU3ALWN SHEPTUN
npotemHa B HP-mogenu. B obuem, oH He AaeT YyAOBMETBOPUTENBHBLIX PE3ynbTaToB, MOCKOMbKY (YHKLMS
SHEPrUN UMEET MHOTO NOKasbHbIX MUHUMYMOB, HO MOXeET ObITb MCMONb30BaH B Gonee CroXHbIX anroputMax.

lMycTb n — AAvHa aMMHOKUCIIOTHOW NOCNeaoBaTelbHOCTM NpoTenHa. Kaxayto CBepTKy B TPEYrofibHOW peLLeTke
MOXHO 3aKOAMpoBaTb B Buge CTPOKW AnvHbl n—2 w3 andasuta 1 ={F,Fl,Fr,Bl,Br}, anemeHtsl
KoToporo 0603HauaKT NOBOPOT Ha Kaxaom wary — Front, Front-left, Front-right, Back-left, Back-right.

HasoBem cBepTky LOMYCTUMOW, €cnM OHa 3ajaeT nyTb 6e3 camonepeceyeHun Ha peletke. OBosHaumm
MHOXeCTBO AONYCTUMbIX cBepToK ). Onpemenum pacctosHue Mexgy ceepTkamn p(s,V) Kak KOnM4ecTBO

CIMBOOB, Ha KOTOPOE OTANYaoTCs UX koAnpoBkM s 1 v. OBo3Haunm O;(s) OKPECTHOCTb TOYKM s pasMepa
0,18 Os(s)={v|p(s,v)<0},a E(s) — aHeprvio cBepTkM . B npmBeaeHHbIx 0603HaUeHNsaX cxemy

[eTepPMUHMPOBAHHOTO NTOKarNbHOro noucka nokasaHo Ha puc. 1 [9].

procedure LocalSearch (s;)
while (oxpectHocTs OI(SO)He npocMoTpeHa nojHocThio) dO
V := HEeKOTOPHM BapMaHT U3 OI(SO);
if veDandE(v)<E(s,) then

Sy =V;
end while;

return SO ;

end procedure.

PMCVHOK 1 Cxema anroputMma geTepMmMHNMPOBAHHOIO NOKalibHOro Nomncka
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Takum o6pa30M, anropuT™ rapaHTUpyeT ynydileHune TeKyLLleﬁ CBEPTKN B OKPECTHOCTW, €Cnin OHO CYLLECTBYET.
CnoXHOCTM BO3HMKAKT B TOM, 4TO ycnosue AOnNyCTUMOCTU ABNAETCA [O0CTAaTOMHO CTPOrMM, NO3TOMYy B

okpecTHocTn O, (S) MOXeT Oka3aTbCs Manoe KOMMYECTBO [OMYCTUMbIX BapUaHTOB PELLEHMs (CBEPTOK) Ui He
oka3aTbcsi BooGLie. [loatomy npepnaraetcst B npoueaype LocalSearch samenutb okpectHocTe O, (s)

OKpeCTHOCTbIO Bonbluero pasmepa O, (), 4TO MO3BONSET YMyyLlaTb NOMyYeHHbIE Pe3ynbTaThl, HO, C [pYroi

CTOPOHbI, YyBENUYMBAET BPEMSA BbINONHEHNA. I'Io:aTomy Ona  noBbllIEHNA SCbeeKTVIBHOCTVI npeanaraetcAd
MCMNoJib30BaTb CTOXaCTU4YECKNE METOAbI JIOKaNbHOro Nomncka.

An rOpUT™™ UMUTALUMOHHOIO OTXUra

Anroput™ UMWUTaLMOHHOTO OTXMra — OQUH U3 LIMPOKO MCMOMb3YeMbIX anropUTMOB JTOKaNbHOW ONTUMU3ALIMK
[10]. Ero cxema noxoxa Ha AeTEPMMHUPOBAHHbIA NOKaMbHbIA NOUCK, HO 3a CHET CTOXaCTUMYECKOM COCTABNSLLEN
anropuTM MOXeT BbIXOAWUTb 43 NoKanbHbIX MUHUMYMOB, BO3BpaLlas 6onee TouHoe 3HayeHwe. OcHOBHas waes
COCTOWT B TOM, YTO MEPEXOA K JTYULUMM 3HAYEHUSM OCYLLECTBNAETCS BCErAa, a K "Xyawum" (B CMbICNE 3HaYEHNN
LleneBon (YHKLMK) — C OMpeaeneHHON BEPOSATHOCTLI0, 3aBUCSLLEN OT 3HAYEHWUS LieneBoi dyHKLMM 1 HOMepa
uTepauuu. Ero cxema nokasaHa Ha puc.2.

procedure SA(S)
S ,ZISO; T := HauaJIbHOEe S3HaueHue;

while oxpecrHoCTb OI(SO)HG IPOCMOTPEHa MNOJIHOCTh 00

while ume mocrurnyro pasnosecme dO
V = HEKOTOpPHM BapMaHT U3 OI(SO);
if (veD) then
A=EWV)—-E(s,) :

A
=min{l,—};
p { T}

§:= random([0,1];
if (p>&) then
Sy =V;

if (E(v)<E(s,.)) then

Srec :: v ;
end if;
end if;
end while;
T := cJjenywuee 3HAUYEHUE;

end while;

return Srec ;

end procedure.

PucyHok 2 Cxema anroputmMa MMMTaLMOHHOTO OTXMra

[nsg 3agayn NporHO3WMPOBaHMS CTPYKTYPbl MPOTEMHA anropuTM WMWUTALMOHHOMO OTXWra Obif MpeanoxeH W
npoaHanuavpoBaH B paboTe [11], roe MOXHO HalTM pekoMeHZauun no Bbibopy napameTpoB anroputma u
0COBEHHOCTAM peanu3sauuu.
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G-anroputm

OPheKTVBHLIM anroputMOM KOMBWHATOPHOW onTuMmU3aumn Takke sensetcs G-anroputm [12]. B otnuume ot
anroputMa UMUTALMOHHOMO OTXKWra, BEPOSTHOCTb NMepexoda K XyaLeMy 3HaYEHWIO Ha KaKOOM Luare He 3aBUCUT
OT HOMEpA UTepaLyK, HO N3MEHSIETCS MOPOrOBOE 3HAYEHME, KOTOPOE OMPELENSIET YCOBIUS OTCEBA YXYALIALNX
BapuaHToB (puc. 3).

procedure G-algorithm (s;)

S =8 My=0; h=0; t:=0;

rec
while (oxpectrocTs OI(SO)He npocMoTpeHa noJjiHocThi) do
while (#e nocturnyro pasnosecue) do
V := mexoropent sapuanr uz O(S,):
if (veD) then
P = @(y,V);
p =min{l,max{0,¢}};
&= p +random[0,1]-(1—- 1) ;
if (p=>&) then
So=v; h=h+1;
if (E(v)<E(s,.)) then
Sree =V
end if;

end i1f;
end while;

., =G(u); t=t+1;
end while;

returns,  ;
end procedure.

PucyHok 3 Cxema G-anroputma

EW)-EX)
y(E(x)=Ey,)

roe Emin_ HUXHAA TpaHWLa 3SHEeprum nporteuHa. ﬂl‘lﬂ €€ nofcyeta UCNonb3yeTcs CBOWCTBO, UTO Kaabli

B kavectse dyHKuMM ¢(x, y) Bbibepem dyHkumio  @(x,y) =1—

FM/J,pOd.)O6HbIl71 aMMUHOKMCNOTHbI OCTaTOK, KpoMe nepBoro 1 nocneaHero, B nocrneaoBatenibHOCTU B Tpeyroanoﬁ
peLeTke MOXeT O6pa3OBbIBaTb MakCUMyM 4eTbipe CBA3U, a I'IepBbII;1 M NOCNEAHWA OCTaTKW, E€CNN OHM

rmapogobHble -- Mo NATb CBA3el. Torda, ecrM 0603HaYUTb 71, KOMMYECTBO MAPOdOBHLIX OCTATKOB B

nocneanoBaTesibHOCTH, Emi MOXXHO nocynTaTb No d)opmyne:

n

min — 4nH2+ 2 = _(an + 1) .

B kauecTse dyHkumm G Boibparo  G(x) = (17, (x) + H)*,
roe 0< H <1, k e{l,2,3} —napameTpbl anroputma,

0, x=0,

n,(x)= xl/k’ x> 0.
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AJ'IFOpVITM UMUTALIMOHHOIO OTXKKra u G-aJ'IFODVITM B CpedHemM aatoT Gonee 3ameTHoe ynyyiweHnne gonyctumoro
pelweHnsa 3agadn, 4em ,D,eTepMMHMpOBaHHbIIZ NOKaNbHbIA MOUCK, npu 3TOM BpEMA pPac4eToOB yBENUYMBAETCA
HECYLLECTBEHHO, YTO AaeT OCHOBaHNA OnA UX AanbHeNLWero 1enonbL30BaHus.

Anroputm cBepTbIBaHUS CTPENKOi

B [13] npeanoxeH anroputM [ns peLleHUs NOCTaBNEHHOW 3adayn C anpuoOpHOM OLIEHKOM TOYHOCTU.
[apaHTMpOBaHHAs TOYHOCTb — 2 OT OMTUMANBLHOTO pelleHns. ANropuTM SBMSETCH AEeTEPMUHUPOBAHHbIM,
KOHCTPYKTMBHbIM. CBOpaunBaHmne Npou3BoanTCS Takum 06pa3om, YTobbl Bce rmapotoBbHbIe OCTaTk HAXOAUIUCH
Ha OQHOM W3 Tpex YPOBHEMN — Tak Ha3bIBAEMOM KOCTSKE CBEPTKM (CM. puC. 4)

o] ob—0o 0
7 ' . YpomeHs +1
; ) YpoeeHs 0
u R L N R e
“YpoBeHs -1
.

- FH,D,DDEI]IIIEHI:IE OCTATEW O - NONAPHEIE OCTATEW

PucyHok 4 CeopaunBaHue cTpenkoi ans nocnegosarensHoctn PHPPHPHPPHPHPPHHHPHHHPPPHHHPHH

Anroputm Gonee apchekTMBEH ANS NOCNEAOBATENLHOCTEN C BbICOKMM COOTHOLIEHUEM YKcna MapodOBHbIX K
yncny NONSIPHbIX OCTaTKOB. BakHoe NpenmMyLLecTBO — NUHENHbIe 3aTpaThbl N0 BPEMEHM, YTO, BO-NEPBLIX, BAXKHO
ONS NpaKkTUYecknx 3agay bonbLumx pasMepHOCTEN, U, BO-BTOPbIX, MO3BONSET UCNONb30BaTh €ro B Apyrux Gonee
CMOXHbIX anropuTMax. HegocTaTkom anroputma SBRsieTCs HEBO3MOXHOCTb JOCTUIHYTh XenaeMon TOUHOCTH.

MeTopa BeTBeW U rpaHu,

[na noucka TOYHOrO peLleHUs NOCTaBMNEeHHOM 3ajayn npegnaraeTcs MeTod BETBEW W rpaHul, uoes KoToporo
COCTOWT B WUCMOSb30BaHUN [BYX NpoLefyp — BETBIEHUS W MOWUCKa rpaHuL. BeTBneHue — aeneHue MHOXeCTBa
JOMYCTUMBIX PELUEHMA Ha MOOMHOXECTBA MEHbLLUMX Pa3MEpOB, a MOUCK PaHUL — MOUCK BEPXHEN W HUXKHEN
OLEHKW 3HAYeHWs LieneBoit (hyHKUMM Ha onpedeneHHOM MHOXeCTBe. pu 3TOM Ans 3a4auv Ha MUHUMYM Mpu
YCNOBUM, YTO HWKHAS OLEHKa Ans NOAMHOXeCTBa AOMYCTUMbIX pelleHuin A 6onblue BEpXHe: OLeHKW ans
NOoAMHOXeCTBa B, T0 A He cofiepxuT B cebe ONTUMarbHOro peLLeHns 1 AarbLue MOXET He paccMaTpuBaThC.
BeTtBrnenne npegnaraetcs genartb nocrefoBaTenibHO MO KaXoW koopawHate Ha natb obrnacteit — no uucny
BO3MOXHbIX HanpaBneHuit.

[Insi HUKHEN rpaHuLbl NpeanaraeTcs cneaytowas gopmyna:

m=—(b,+b, +b, +1),
—A* 1 — Dk 1
ben =4 mln{pf’pn}9 bnn =2 (pn_mln{pf’pn})’
roe bee- KOIM4EeCTBO CBA3en mMexady (bMKCleOBaHHblMVl OCTaTKkaMmu, ben n bnn — MakChUMaJibHOe KOJn4ecTBO

cBA3en, KOTOpas MOXeT ObITb o6pasoBaHa CBO60,D,HbIMI/I OCTaTKaMu, KOTOpble CBAXYTCA C (*)VIKCVIpOBaHHbIMVI n
CBO6OJ.'J.HbIMVI COOTBETCTBEHHO, p, — KOJIM4ECTBO CB060,D,HbIX FVI,L'l.pOd)O6HbIX OCTaTKOB, p/, — KONn4ecTBO MECT B

peLueTke, B KOTOPbIX (OKCMPOBaHHbIE OCTaTKM MOTYT 06Pa3oBbIBaTh CBSI3M.
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Onsa nonyyeHnst BepxHEW OLEHKW WCMOMNb3yeTC OMWCaHHBIA BbIlUE anropuTM CBEPTLIBAHMS  CTPEIKOM.
CeobogHble ocTaTki pacnonaralTcs COOTBETCTBEHHO anropuTMy, a B TOM Cny4ae, KOrda Takoe MOMoXeHWe He
SBNAETCA [OMyCTUMbIM — PABHOBEPOATHO B NOBOM [pyrom nomnoxeHun. [lpenycMOTPeHO reHepaLuio
[OMyCTUMOrO peLUeHUst B TOM Cryyae, ecniv OHO CyLLeCTByeT B JaHHOM MOAMHOXecTBe. B kayecte BepxHew
OLIEHKOW B3ATO 3HAYEHWE LieN1eBoi PYHKLMM Ha MOCTPOEHHOM PeLLIEHUM.

Kak v mo6oi ToYHbIN MeToa, NPeaNOXKEHHbIA anroputM TpebyeT BonbLUMX 3aTpaT No BPpEMEHW, YTO AENaeT ero
HenpakTUYHbIM ANS pearnbHbIX 3aaau.

AﬂrOpMTM onTuMmusauun MypaBbUHbIMU KONTOHMAMU

OoHUM M3 COBPEMEHHBIX CTOXAaCTWYECKMX METO40B KOMOWHATOPHOM ONTUMW3ALMW  SBRSETCH  anropuTM
ONTUMM3aLMN MypaBbUHBIMKU KoroHusMK [14]. Ero obuwas cxema nokasaHa Ha puc. 5, roe k — napametp
anroputma.

procedure ACO()
S, = null;
WHuumranusmposate®epomonnytoMatpuuy(M);
while (He BbINoNHsieTCS YCNOBUS 3aBepLueHms) do
fori=1,...k do
v, :=[lonyctumoePeLuenne(M);

1

v, :=llokanbHbInMouck( v, );
if (E(v,)<E(s,,.))then

Srec = Vis
end for;
for i=1,...k do
O6HosuTb®epomonHytoMaTpuy(M, v, );
end while;
return s ;

end procedure.

PVICYHOK 5 Cxema anroputma onTuMmn3aunin MypasbUHbIMU KOJTOHNAMU

depomoHHas MaTpuLa B paccmMaTpyBaeMoil 3aadye MMeeT pasmepHocTb Sx(n—2). Ha kaxgoi utepaumm
BEPOSITHOCTb  COBEPLWMTb -4 noBopoT nocrne (j+1)-ro  amMWHOKMCHOTHOTO ocCTaTka B CTPYKType

MPOMNOPLMOHANEH 3NEMEHTY MaTpULbl C HOMEPOM [Z, j] W OueHKe nosuuun e( pos), KoTopasi CYnTaeTcs no

cnepytowemy npasuny: e(pos) = Z €/ (pos)f(py» "BE POS — Y3eN DEWETKA, Ha KOTOPOM MOXET
pe0(pos)

HaxoguTbcs cnegytowmin octatok, O(pos) - coceghue y3nbl, f(-)e{H,P,0} — dyHKkuns, kotopas
BO3BpalyaeT H , ecnv B y3ne HaxoguTcs ruapodobHbIn ocTaTok, P, ecnv nonspHein 1 0 B cryyae, ecnu y3en
He 3aHAT. Yucna e, ,e.p,€40,Cpy»Cpps€po =0 — MapameTpbl anroputva, AOMKHbI YAOBMETBOPSATH
YCIOBUAM:

Cup S€yo Sy, py Sepy S €pp.

O6HoBneHue CbepOMOHHOVI MaTpuubl NPOUCXOOUT OTAENTIbHO NO YacTaAM nocrneaoBaTenbHOCTU, 3NTEMEHTbI

KoTopoi 06pa3yIoT CBSA3M TOMbKO BHYTPW 3TOM YacTu. B kauecTBe mpoLieaypbl NOKanbHOMO Noucka MOXeT ObiTb
BblGpaH OfWH M3 TPeX BbILLEONMUCAHHbIX anropUTMOB.
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BbluncnuTenbHbIi 3KCNepUMEHT

[ns cpaBHeHus1 nokasatenen 3hHEKTUBHOCTM anropuTMOB Oblfl NPOBEAEH BbIMUCIMTENbBHEIN 3KCMEPUMEHT,
pesynbTaThl KOTOPOro NpKUBeAeHbI B Tabn. 1 1 2.

B Tabn. 1 oTpaxeHbl pe3ynbTaTbl NPUMEHEHNS anrOpUTMOB JIOKANbHOTO Noucka — AeTepmMuHmnposanHoro (AJ1IT),
JETEPMUHUPOBAHHOIO C OKPECTHOCTLIO paguyca 2 (OJ1M-2), nmutaumonHoro omkura (AMO) u G-anroputma. [ns
TECTMPOBaHuS Bbina cryvanHbiM 06pa3oM CreHepupoBaHa NoCreaoBaTeNbHOCTb 3agay pasmepHocTh ot 15 oo
300 ¢ cooTHoLEeHMEM MMapodoBHbIX 0CTaTKoB K monsipHbimM 1:4, 1:2, 1:1, 2:1, 4:1 ana kaxgoi pasmepHOCTM —
Bcero 40 3agay. Bce anroputMbl B KauyeCTBe HavanbHOro NpUOIIKEHUS MOMyvanu OBHY W Ty e CBEpPTKY B
kaxgon 3agadve. B aton Tabn. npuBeaeHbl yCpeaHEHHbIe peaynbTaTthl, CrpyNNMPOBaHHbIE NO ANMMHE BXOASLLEN

nocnenoBatenbHOCTM — 7. 3pOech f;) — YCPeOHeHHaa 3Heprua CBEPTKM, KOTOpaA MNOCTynaeT Ha BXOA

anropuTMa, ¢ - YCPEeHeHHOe BPEMS BLINOMHEHUS B MUMMMCEKYHOAX, f — YCPEOHEHHOoe 3HaueHue

ONTUManNbHOM QHEPrK,  BblAaHHOE  anropuTMOoM, q — YCpe€dHEHHOE 3Ha4eHue  ynyudleHusa

*

q= %-100% . B KOHTEKCTE Takux MoACYETOB MokasaTenb ¢ ABMSETCS bornee KOPPEKTHbIM, YeM  f t
0

TaK Kak 4em 6onblue B MOneKyne COOTHOLWEHNE Konn4ectea FI/I,D.pO(*)O6HbIX OCTaTKOB K KONMN4YECTBY MONAPHbIX,

TEM MeHblle HWXHAA rpaHuUa SHepruu, cneacTBeHHO Benn4MHa f*, B OTInymne Ot ¢, HepaBHOMEPHO

B3BeLLeHa no 3agadam. CtoxacTuyeckue anropuTmbl ans KaXgon 3agayn 3anyckanncb no Tpu pasa, No3Tomy
—

Ona HUX BbIBOAUTCA TakKXe MOKa3aTellb - yCpeAHeHHOoe 3HayeHue nyyuwero pesynbTata ansa Kaxgon

min

3afauyn.
Tabn. 1
_ ann ann-2 ANO G
n f;) - * - - * - - * * - - * * -
t .mc f q.% | t.mc f q.% | tmc f fmin q.% | tmc f fmin q.%
15 -1,2 3 -4,2 260 16 -6,0 410 5 -5,4 -6,4 360 10 -5,4 -6,4 360

50 | -10,6 34 -23,0 177 220 -29,2 328 46 -23,8 -26,2 180 61 -21,9 -28,4 175

75 | -14,2 70 -28,4 156 518 -35,2 289 89 -28,8 -29,8 197 127 -26,3 -30,6 181

100 | -24,8 141 -41,0 137 750 -49,6 236 191 -44,1 -46,6 177 270 -45,3 -48,8 201

150 | -34,6 383 -66,2 82 2208 -71,4 125 457 -63,9 -67,6 83 546 -67,0 -69,0 89

200 | -39,0 838 -79,0 140 4343 -97,2 210 790 -76,0 -81,6 134 937 -74,3 -83,0 115

250 | -51,2 941 -91,8 106 5481 | -115,6 156 1240 | -92,6 | -96,6 110 1373 | -93,9 -95,0 113

300 | -38,0 589 -81,6 38 3397 -84,9 41 574 -72,5 | -128,6 30 872 -71,8 | -133,0 29

B tabn. 2 npueeneHbl pesynbTathl, NONyYeHHbIE anroputMamm BeTBei 1 rpaHny, (ABI), cBepTbiBaHUS CTPENKOA
(ACC), cepTbiBaHus cTpenkon + G-anroputm (C+G), ontumMnsaLmm MypaBbiHBIMW KONOHUSAIMU Be3 NOKanbHOro
noucka (OMK) u ¢ petepMUHMPOBAHHbIM fokanbHeiM - nouckom (OMK+[JIM). Mockonbky B OTnMuMe OT
anropuTMOB JTOKaNbHOMO MOWUCKa, B MPUBELEHHBIX anropuTMax HeT HadvanbHOro Npubmmxenus, Ang nogcyeta
OTHOCUTENLHOTO YNyYlleHns, 3a4adm He rpynnupoBanuck no pasmepHocTi. B 1abn. 2 n obosHavaeTt pasmep

nocrnenoBaTenbHOCTH, h: P - COOTHOLLEHMEe Konun4yecTea FVIJJ.pO(*)O6HbIX OCTaTKOB K KONMYECTBY MOMAPHbIX,  —

Bpems paboTbl anropuTMa B CekyHmaX, f — NOMydyeHHOe ONTMMarnbHoe 3HauyeHue. Kak M B cnyuae
CTOXaCTMYECKMX ToKanbHbIX anroputmos, anroputMsl OMK 1 OMK+ [T BbINONHAAUC N0 TpW pasa Ans Kaxgou
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sapgau, f.. - HauMeHbLIee U3 MOMyYeHHbIX 3HaueHuii. KpUTepuii OCTaHOBKM: ONTUMANBHOE 3HaYeHWe He

W3MEHSNOCb  HA  MPOTSIKEHWMM  KONMWYEeCTBa  MTepaumii, KOTOPOE  paBHAETCS  ANMHE  BXOASLLEN
rnocreaoBaTenbHOCTA.  ANrOPUTM BETBEI M TPaHWL, BbIMOMHANCS C OrPaHUYEHNSIMU N0 BPEMEHW, B KAaYecTBe
KOTOpOro BblGMparach BenuuMHa B NsATb pa3 Gonbluasi, YeM Bpemsi, ucronb3oBaHHoe anroputmamu OMK
OMK+ AN

Tabn.2
. ABI ACC ACC+G OMK OMK+ Aann

" " i t,c f* t,c f ' t,c f ' t,c ]7* f i t,c f* f*

’ ’ ’ ’ min ’ min
15 4:1 10 -12 <1 -11 <1 -12 <1 -11,7 -12 <1 -12,0 -12
15 2:1 10 -12 <1 -9 <1 -9 <1 -11,0 -12 <1 -11,7 -12
15 1:1 10 -6 <1 -5 <1 -5 <1 -5,0 -6 <1 -6,0 -6
15 12 10 6 <1 -4 <1 4 “a 5,3 6 <1 -4,7 5
15 14 10 5 <1 3 <1 4 « -4,7 5 <1 43 5
50 4:1 25 -52 <1 -44 <1 -49 2,0 -44,0 -46 5,0 -51,0 -52
50 2:1 2 | 51| g | 44| g -48 1,3 -48,7 52 23 52,7 54
50 1:1 22 -34 <1 -29 <1 -31 1,3 -37,7 -41 4,3 -37,0 -38
50 12 5 | 12 | g | 12 ] «a 12 1,0 -8,3 -9 3,0 -8,3 -9
50 1:4 15 | 27 | o« | 15| <« -16 1,0 17,7 -19 3,0 -16,7 .18
100 4:1 660 -113 <1 -99 <1 -99 11,3 -98,7 -104 131,7 -112,0 -114
100 2:1 200 -97 <1 -78 1 -87 10,3 -82,7 -87 40,0 -90,0 -92
100 1:1 257 -57 <1 -52 <1 -53 8,3 -52,7 -55 51,3 -55,0 -56
100 12 127 | 34 | <« | -33 1 34 10,3 -34,0 -35 253 -34,3 .35
100 14 65 | 24 | « | 22 1 24 2,7 20,0 23 13,0 22,0 24
300 4:1 2797 -350 <1 -294 6 -324 189,3 -300,7 -326 559,3 -342,3 -359
300 2:1 5259 -280 <1 -249 6 -261 185,3 -244,0 -260 1051,7 -272,7 -279
300 1:1 1413 -167 <1 -157 4 -164 146,0 -137,0 -151 282,7 -150,3 -154
300 1:2 1677 -98 <1 -95 7 -96 177,3 -72,3 -80 335,3 -79,3 -89
300 1:4 2035 -66 <1 -66 3 -66 160,3 -51,3 -55 407,0 -59,7 -64

BbIMMCIINTENBHBIA  9KCMEPUMEHT  MOKasan  CYLECTBEHHYK) 3aBMCUMOCTb  MokasaTenen  ahdeKTUBHOCTM
anropuTMOB OT WX NapameTpoB, Yem obycraBnuBaeTcs He0bX0AMMOCTb pa3paboTkm METOLONOMN UX HACTONKMA
B 3aBUCUMOCTM OT TUMa peLlaemblx 3agaul.

3aknouyeHue

npaKTVI‘-IeCKVI Kaxablit 13 "6a30BbIX" anroputMoB MMeEeT CBOW npeuMmyLlecTsa npu pelleHun nocCTaBlieHHbIX
3adady B 3aBUCUMOCTK OT WX XaPaKTEPUCTUK. B0o3MOXHOCTb CO34aHMA Ha WX OCHOBE METa3BPUCTUHECKUX
anropmMTMoB No3BONIAET AOCTUYb Ny4LLUX rnokasartenen S(b(beKTMBHOCTVI.

Llenblo ganbHeMwnX 1ccnenoBaHnin MOXeT ObiTb: TEOPETUYECKOE WCCIIEAOBaHME CXOAMMOCTU HEKOTOPbIX W3
BbILLIEONMCAHHbIX anropuTMOB; (hOPMan30BaHHbI BIOOP 3HAYEHMIA NAapaMEeTPOB anropUTMOB B 3aBUCUMOCTY
OT ANWHbI BXOAALLEA NOCNeA0BaTENBHOCTY W, BOMOXHO, COOTHOLIEHUS MAPOGIOBHBIX 1 MONSPHBIX OCTAaTKOB B
Hell AN MOBbIWEHUS 3PPEKTUBHOCTH; MPUMEHEHWe Gonee arpervpoBaHHbIX anropuTMOB [ANs PELIeHUs
MOCTaBNEHHOM 3aaauu; 0606LLEHIe NONYYEHHbIX PE3YNbTATOB Ha TPEXMEPHYIO PELLETKY.
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Business Intelligence

SYSTEMOLOGICAL BUSINESS MODELLING
FOR INFORMATION SYSTEMS DEVELOPMENT

Mikhail Bondarenko, Nikolay Slipchenko, Kateryna Solovyova,
Olexiy Ukrayinets, Larysa Vinogradova

Abstract: One of the effective ways of the representation and analysis of the high level-purposes and business
requirements to the information program system is modelling of a context of the system functioning — the
organization which is automated by software creation and implementation. With this aim the domain specific
language in the form of a UML profile for business modelling, where the basis is the systemological approach
“Unit - Function — Object’, is defined. The profile allows to create syntactically correct UML models of business
and to provide simplicity of the description of the dependences between them and UML models of the program
system. Profile implementation, instruments of verification of syntax a business model and its transformation into
a software model is fulfilled in a CASE tool for UML modelling.

Keywords: Business Modelling, Unified Modelling Language - UML, Systemology, Systemological Approach
“Unit — Function — Object” (UFO-approach), UML profile, Requirements, Model Driven Architecture - MDA.
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Introduction

The research done in software development companies shows that errors in defining requirements to program
systems (PS) are a problem which is most often faced during software development, and the cost and complexity
of their elimination is the highest and can considerably affect the budget and execution time of all the project
[Leffingwell et al, 2000].

The majority of the existing requirements modelling methods do not allow considering high-level business
requirements or software customers, who are not its users, but are interested in development and deployment of
such a PS to solve business problems. To avoid this problem, it is necessary to start the engineering process with
the description of the functional environment of the system, i.e. with business model development [YkpauHeL,
2008 A].

Some modern methods allow to model business in the software engineering process (for example, SOMA
[Graham, 2000], Rational UML profile for Business Modelling [Johnston, 2004]), however not always provide strict
formal link with the system model or do not guarantee a syntactic correctness of the constructed model. Besides,
frequently these methods and technologies frequently have no methodological basis that rises doubts in
adequacy of the developed models to the existing business. There is no guarantee that business models reflect
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the reality and give correct mechanisms of its analysis, and after all it is the main criterion of any model
estimation.

«UML + UFO» - the Key to the Problem Solving

For business processes modelling, it is undoubtedly possible to apply great number of methods. As far as
methods of object-oriented visual modelling which are united in unified modelling language UML, are applied
virtually in all new projects program systems development, it is natural to try to use similar methods in the field of
business processes modelling.

It will provide availability of the method to a wide range of non-experts, and in this case, it is very important as far
as a business model should be clear for many people interested in the system and its users. One of the
advantages of the given approach is the simplicity of the description of the dependences between business and
program system models. It increases productivity of engineering process, reduces the number of system troubles,
and also helps to make sure that the developed system solves real business requirements [YkpanHeu, 2007 A].

The usual practice is the application of a method of Use Cases for business modelling, but this approach evokes
a number of problems [Graham, 2000]. Use Cases, undoubtedly, are useful to define systems, but do not allow to
describe the requirement completely. Use Cases link goals that represent roles of the users in the system with
the system itself. On the other hand, requirements can be set up by people and organizations that will never
appear close to the system. Ignoring of interaction with non-users can lead to loss of some important technical
possibilities. That is, a special object-oriented business modelling method compatible with Use Cases models is
necessary.

Thus, undoubtedly, for business modelling it is reasonable to use UML, but for this purpose standard language
device is not enough. The creators of UML foresaw such a situation and have provided mechanisms to extend
the language which allow defining new domain specific languages (DSL) on the basis of UML, including for
business modelling. To provide strictness, entirety, the coordination of the device of modelling of business in a
newly created DSL it is suggested to use systemology and systemological approach “Unit — Function — Object”
(UFO-approach) [BoHaapeHko u ap., 2004]. This theoretical device has shown its strength when solving different
kinds of tasks, including business modelling. It possesses a very important advantage from the point of view of a
considered problem — it is coordinated with object-oriented methodology [Ykpaureu, 2007 B].

Functional systemology (systemological approach is the noospheric stage of the science development for
complicated systems analysis) unlike other system approaches can be used to solve low-formalized ill-structured
problems in the information and other areas. It allows forming informational resources of an organization;
consolidating, systematizing, classifying information and knowledge; guarantees the “phase transfer of knowledge
into power” [BonaapeHko n ap., 1998]. Obtaining of new knowledge on the basis of a new systemological method
and criteria of natural classification allows to model most objectively deep conceptual knowledge in view of
objects essential properties and to develop powerful ontology of ill-structured subject domains [Solovyova, 2000
etc.]. The perspective systemological technology of the organizational system modelling and analysis, material
and information processes which proceed there (UFO-approach) allows consulting with challenges of putting in
order in the working organization, designing and modelling of the new organization, and also forecasting of its
development [Bondarenko et al, 2006, boHgapeHko u ap., 2004].

Systemological UML metamodel of Business

Definition a new DSL on the basis of UML that is UML profile development always assumes definition of structure
of a language metamodel, metamodel unit structure — UML stereotypes and their metaclasses, and also relations
between metamodel units. Three interconnected views are suggested to represent business model in language
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UML (fig. 1). The business-instances model is the main starting point for business processes modelling (the
functional structure of a business system). Business units, which provide performance of system functions, are
represented on the subject domain model of business (organizational structure of a business system). The details
of business processes in the form of separate business operations and performers responsible for their carrying
out are represented on a business activity model [YkpanHeu, 2008 B].

BussinesModel

BusinessUseCaseModel

/

BusinessDomainModel

BusinessActivityModel

Fig. 1. Business model structure

The structure of each model's units (UML stereotypes) was defined according to the theoretical device of
systemology and the UFO-approach to business modelling. To identify UML metaclasses corresponding to the
new stereotypes the ontology of the common system modelling of Triune Continuum Paradigm was used
[Naumenko, 2002]. Partly the results of this research [Ykpaurey, 2008 B] are presented in tables 1, 2.

Table 1. Elements of Business Use Case Model

UFO Concept UML Metaclass UML Stereotype
UFO-Model Model from Models BusinessUseCaseModel
Unit 1) Class from UseCases 1) BusinessSystem
= 2) Class from UseCases 2) BusinessActor
E, Function 1) UseCase from UseCases 1) BusinessUseCase
E 2) Operation from Kernel, Interfaces 2) BusinessRequirement
= | Object 1) Class from Kernel 1) BusinessWorker
2) Class from Kernel 2) BusinessCustomer
Link AssociationClass from AssociationClasses BusinessEntity
Table 2. Elements of Business Activity Model
UFO Concept UML Metaclass UML Stereotype
UFO-Model Model from Models BusinessActivityModel
= Unit Activity from BasicActivities, CompleteActivities, BusinessActivity
2 FundamentalActivities, StructuredActivities
L%j Function | Action from CompleteActivities, FundamentalActivities, BusinessAction
Q StructuredActivities
- Object | ActivityPartition from IntermediateActivities BusinessActionWorker
Link ObjectFlow from BasicActivities, CompleteActivities BusinessEntityFlow
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The relations between the business metamodel elements have been defined according to the theoretical device
of systemology and the UFO-approach too. To provide strict correspondence of the UML metamodel and UFO-
metamdel the mathematical apparatus of the theory of groups and the theory of graph was used [Ykpaureu, 2008
A]. As a result a conceptual model of a UML profile has been obtained. The fragment of this model is presented
on fig. 2.

BusinessUseCaseModel

UFO-element1 UFO-element2
- - | <

1 1 1 1
1..n 1 1..n
BusinessActor BusinessSystem BusinessWorker
BusinessCustomer 1.1
>
1..n
’7 1 1 1.§\ \
1..n 1..n| tm
Busi o BusinessUseCase
L usinessDirective <
1..n

1..n ‘
‘ BusinessEntity

Fig. 2. Conceptual graph-analytic model of Business Use Cases

Going from Business Model to System Model

During business modelling not only it is important to obtain a qualitative model describing the purposes and the
requirements of business to the program system, but also to provide usage of the modelling results in the
analysis and system designing. For this reason it is necessary to describe formal link of a business model with a
program system model. This solution will allow coordinating models and will give the chance to automate
transition from a business model to a system model. It raises productivity of engineering process, reduces the
system defects number, and also helps to make sure that the developed system solves real business
requirements.

This idea is well stated in the MDA (Model Driven Architecture) international standard for which OMG (Object
Management Group) is responsible [MDA, 2003]. There are three kinds of models described in MDA, which used
during software development. The first one is called CIM (Computational Independent Model) — a business
model. The second one is PIM (Platform Independent Model) that is a program system model. Meanwhile in MDA
it is supposed that PIM can be partially obtained (generated) on the basis of CIM. The process of conversion of a
business model into a system model from the considered issue’s point of view according to MDA is shown on
fig. 3. It is necessary to mention that nowadays the ideas of transformation of automated models and
consideration of the business model as the key model in the software engineering process are widely spread.

For example, IBM Company widely advertises and actively extends such technologies as MDD (Model Driven
Development) and BDD (Business Driven Development) [Swithinbank et al, 2004].
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language used UML-profile

Business | —° %
Model Metamodel
source language
7 - mﬁm\'m
/ Transformation \
[ Model )
\\_ ) Transformation P /
e target langliage

System | lwmweewel| gy
Model Metamodel

Fig. 3. Transformation of Business Model to System according to MDA

Before the conversion of the systemological business UML model in the system model some stages are
supposed:

— creation of the business model

- syntax test of the business model on correctness, entirety and internal coordination that is expressed in the
analysis of the admissible and necessary relations between the model elements;

— definition on the business model of those business processes and objects which will be automated at the
expense of software development and deployment. They are designated by a stereotypic label "Automated".

The formal semantic link between the systemological business UML model and program system UML model has
been defined using the ontology of the common system modelling of Triune Continuum Paradigm [Naumenko,
2002]. Partly he results of this research [YkpanHeu, 2008 B] are presented in table 3.

Table 3. Semantic link between a program system model and a business model

System model Business model

Actor from UseCases BusinessActor from BusinessUseCase Model

BusinessWorker from BusinessUseCase Model,
BusinessDomain Model

Classifier from UseCases BusinessSystem from BusinessUseCase Model

UseCase from UseCases BusinessUseCase from BusinessUseCase Model

BusinessAction from BusinessDomain Model

Activity from BasicActivities, CompleteActivities, BusinessActivity from BusinessActivity Model
FundamentalActivities, StructuredActivities

Action from CompleteActivities, BusinessAction from BusinessActivity Model
FundamentalActivities, StructuredActivities

ActivityPartition from IntermediateActivities BusinessActionWorker from BusinessActivity Model

ObjectFlow from BasicActivities, CompleteActivities BusinessEntityFlow from BusinessActivity Model
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Package from Kernel BusinessSystem from BusinessUseCaseModel

Class from Kernel BusinessSystem from BusinessUseCase Model

BusinessWorker from BusinessUseCase Model,
BusinessDomain Model

BusinessEntity from BusinessUseCase Model,
BusinessActivity Model, BusinessDomain Model

Operation from Kernel, Interfaces BusinessAction from BusinessActivity Model

BusinessActionWorker from BusinessDomain Model

Relationships between classes Relationships between business model elements

Design and Implementation of the Business Modelling System

The results obtained during the research have been brought to the level of practical implementation in the form of
the program unit of the analysis and business modelling in Case tool of object-oriented modelling of IBM Rational
Software Architect (RSA) [Swithinbank et al, 2004]. On fig. 4 the main functions of this program system and the
users interested in it are presented. The description of the developed system model is given further.

e

! Business modeling

— D

Business model syntax test

quiﬂements Specifier

Analyst (—> . Systen‘; ;ﬂmalyst

Transformation of a business model into in-
line documentation

i system specification mod
Business - 1
Architect : Business- 1 1 1 H
Process

Busines;- Besigner
Fig. 4. Use case model of system of systemological UML modelling of business

Business analyst is the generalized role that includes common responsibilities for the business architect,
business designer and business processes analyst. Requirements Specifier is the role specifies and supports the
detailed requirements to the program system. Systems analyst is the role supervises and coordinates the process
of requirements detection by definition of the fundamentals of the system functionality and boundaries.

Business modelling. This system use case allows a business analyst using a systemological UML profile to build
business models which include a business Use Cases model, a business activity model and a business subject
domain model. The business analyst can add, update or delete units of business model and the relations
between them.

Business model syntax test. This system use case allows a business analyst to carry out verification on the
syntax correctness of the constructed business UML model. During model verification the correctness of existing
relations between units in a separate model, between units of different interconnected models, and
correspondence of the specification of separate units of the model considered in different contexts in a business
model is checked. Verification allows revealing the internal inconsistency of the business model, defining its
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entirety, revealing duplicating and absent units of the model and the relations between them. As a result of the
use case performance the business analyst obtains from system the report on containing errors in the model.

Transformation of a business model into a system specification model. This use case allows a business analyst,
requirements qualifier and systems analyst to partially generate UML model of the program system specification
from the systemological business UML model. As a result of the use case performance the use case model,
activity model and class model of program system is partially generated.

Transformation of a business model into in-line documentation. This use case allows a business analyst,
requirements qualifier and systems analyst to partially generate the in-line documentation from a systemological
business UML model. As a result of the use case performance the use case model, a document which is the
specification of a business system in the form of a structured text is partially generated.

The implementation of the business modelling system functions has been carried out by the various tools RSA
presented in table 4.

Table 4. Implementation tools for business modelling system use cases in RSA

Use Case Name Techniques in RSA
Business modelling UML Profile Project
Business model syntax test Constraints in OCL (Object Constraint Language) and
built in RSA tools for analysis and constraints check
Transformation of a business model into a system Java Plug-in
specification model
Transformation of a business model into in-line Java Plug-in
documentation
Conclusion

Modern economic conditions, including the world financial crisis, dictate new rules of business behaviour in the
area of information systems and technologies (IS / IT). They cause the necessity of strict control over return of
investments and optimization of costs for software development and deployment in organizations along with other
IS /IT. The developed language of business modelling, based on systemology and UML, is aimed at this problem
solving. It allows connecting the purposes and business processes of an organisation with the software functions.
Thus, it is possible to guarantee that the investments into software development and implementation are strictly
aimed at the solution of business problems, perfection of its business processes and achievement of its
competitive advantages.

While developing the language, its metamodel (a set of the model elements and the possible relations between
them) and a strict formal connection between the business and system models were determined, the tools of
modelling, business model syntax checking, as well as transformation of a business model into a system model
and covering documentation were realized. The developed means of the language eliminate the defects of the
analogues and allow avoiding errors in software requirements specifying and automating of its development. All
this leads to decrease in effort, development and budget time especially in big software development projects.
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QUALITY AND PRODUCTIVITY ANALYSIS
IN A VERY SMALL ENTERPRISE USING TSPI
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Abstract: This article shows the benefits of developing a software project using TSPi in a “Very Small Enterprise
based in quality and productivity measures. An adapted process from the current process based on the TSPi was
defined and the team was trained in it. The pilot project had schedule and budget constraints. The workaround
began by gathering historical data from previous projects in order to get a measurement repository, and then the
project metrics were collected. Finally, the process, product and quality improvements were verified.
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Introduction

Large, medium and small enterprises have common problems related to the management and quality [IPRC,
2006] of software projects. This generates cost overruns, low quality and cancelled projects [Standish Group,
2007].

Some process models like the CMMI are not affordable for the small organizations [IPRC, 2006].

Organizations have recognized that the control of their software processes affects the success of their projects,
‘they know what to do but not how to apply it” [Noopur, 2003]. A new research line based on process
improvement in small enterprises is arising in order to facilitate competitive capabilities for this environment in a
global market [Glazer, 2006]. These are named Small Settings and include small and medium organizations, and
small software projects [Garcia 2006]. (This paper focuses on small organizations only).

Team Software Process (TSP) is a framework that provides a customizable process based in an excellent
experience in planning and managing software projects [Humphrey, 2006]. It guides teams in managing cost,
schedule and quality [Noopur, 2003].

This article shows the quality and productivity results of using an adapted process based on the introduction of
the Team Software Process (TSPi) in a very small enterprise. The following goals have been established (see
Table 1):

Table 1 — Project goals

Number Goal

1 To reduce the estimation deviation.
2 To verify the productivity improvement.
3 To verify the process and quality improvement.

The organization decided to use TSPi in order to accomplish the previous goals assuming the risk of modifying its
current process. In order to verify the project goals, measures were evaluated comparing the pilot project and
Historical average data.
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Therefore, the organization decided to apply the basic TSPi principles, getting a customized process as a result
of combining TSPi with the organizational process. A basic training was provided for the new process, and
historical data were collected in order to facilitate the estimation of the pilot project.

In the following section, the article shows the organization, the development context and the pilot project
attributes. Later, the historical data collection will be described, the new process will be analyzed and the
advantages pointed out. The project goals will be verified using the project measures and the measurement
repository, and finally, the conclusions will be described.

The schema showed in Figure 1 resumes the factors considered in the project.

Steps followed in the project

Process Project Activity Repository Goal

Organizational i Historical Collact the @

ProCEss | pProjects | *hstorical data

Historical data

W
Pilet GOAL
Project §— 3:::15:".:“ | Ta verily the quality and
(PRO) - productivity

Estimations and
project goals

Project
1 Fdevalopmant ¢
and meeasures

Project measures

Figure 1 — Factors considered in the project

Context: The organization and the pilot project

UPTA is a Spanish intersectorial organization who takes care of all the scopes of economic activity which they
are exerted by self — employment. UPTA leads a lot of projects which generally need a specific software
development and in the last year, the number of software projects has increased.

The working scenario has changed to a new environment where many projects were developed simultaneously,
and with a greater number of involved people. As a result of an internal assessment, senior management
detected that projects were delayed, dedicating additional efforts to accomplish the objectives. Moreover,
products quality had decreased.

UPTA was interested in introducing a process model such as CMMI-DEV, but it could not afford for it.

Besides this handicap, UPTA had a project (called PRO) with schedule and budget constraints, and was delayed.
The organization selected this project as the pilot.

Collecting the historical data

Data on previous UPTA projects were not enough. There were only schedule and budget data, but in order to
verify the project goals, defects and phases efforts data were needed.

Measures related to schedule, size, effort and defects were collected. In addition, some derived metrics were
calculated in order to analyze the project results.

In order to support the analysis, historical projects were divided into three phases (see Table 2):
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Table 2 — Project phases

Phase Description

Development  From launch project until unit tests.

Test It includes integration and system tests.

Operation From the deployment until three months up.

Effort and defect data of these phases are approximated values because there was no previous data repository.

The new process

The process is a customized process as a result of blending the basic TSPi principles and the previous
organizational process. Once the new process was defined, the project started with a training on the new process
and the launching meeting.

The TSPi phases were used in the new process in order to get benefits from its procedures and metrics, but the
intermediate products, such as requirements or design specifications, were based on the previous organizational
process in order to reduce the change impact.

The focus on quality is the main difference with the previous organizational process. Examples of this approach
are the quality plan relative to the phases and process performance, inspections and reviews.

The team was empowered to estimate and plan the project balancing the workload, and so, they were more
committed. Also, a role definition was adopted.

Table 3 shows the basic TSPi principles applied in the new process and the difference with the previous process.

Table 3 —TSPi principles applied in the new process

New process Previous process

Process well defined. It makes easier the Process with inconsistencies. The phases are not
estimation and monitoring project well defined

Team motivated, participative and Only a project leader elaborates the project plan
collaborative and the task assignement

Quality focus based in an early defect Since the schedules are restricted, the quality
detection and reduction was not considered

Introduction of inspection activities in the Only personal reviews without a quality control
process

Detailed plan in order to avoid schedule Projects begin with cost and schedule pre-

and effort deviation established and restricted

Monitoring and project visibility with the There is no mechanism to monitor the project
earned value method status

Weekly meeting to analyse the projectand ~ There are no formal meetings and they are
to resolve process issues preformed only when there are problems

With respect to project management, weekly meetings and the earned value method were introduced. These
gave to the project an actual visibility and an effective monitoring. The schedule, goals, risks, and change
requests were evaluated in the weekly meetings.
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The weekly meetings and the earned value method allowed the improvement of the project management
[Humphrey, 1995] (see Figure 2).
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Figure 2 — Earned value monitoring

Verifying the project goals

In order to verify the project goals, measures were evaluated comparing the PRO and the historical average data.
The formula applied for the reduction is: % Reduction = (Historical - PRO) / Historical * 100%

Goal 1: To reduce the estimation deviation.
The estimation deviation related to schedule, size and effort were reduced (see Table 4).

Table 4 — Goal 1 results

Goal Historical PRO Reduction
% Schedule deviation 21.4% 7.7% 64.0%
% Effort deviation 55.9% 18.00% 67.8%
% Size deviation 33.7% 22.6% 33.0%

Figure 3 shows graphically the improvement and demonstrates the utility of the new process in the organization.

U Effort

% Schedule © * 0h Size

Figure 3 — Estimation deviation
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Goal 2: To verify the productivity improvement

The released defect density (p), the test productivity and the process productivity were analyzed in order to verify
the productivity improvement.

Table 5 — Goal 2 results

Goal Historical PRO Reduction
p Released defects [def./KLOC] 2.0 1.2 40.9%
Test Productivity [hour/KLOC] 334 13.2 60.5%
Process Productivity [LOC/Hour] 7.3 7.6 -3.9%

According to Table 5, the test productivity has been increased due to the defect reduction applied before the test
phase through formal reviews and inspections. However, the process productivity has not been altered because
the test effort was substituted by the quality activities balancing the total effort (process productivity was
calculated using the LOC number coded by hour).

The released defects density has improved, but it is far from the TSPi indicators. Figure 4 shows the relationship
between p Released defects and the product size.
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Figure 4 — Released defect density vs. Size

Figure 5 shows graphically the productivity improvement and confirms the benefits of the new adapted process.
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Figure 5 — Productivity improvement
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Goal 3: To verify the process and quality improvement
TSPi uses the defect density and process yield indicators in order to verify this goal.

The defect density allows analyzing the process. The process is considered effective when every phase has less
or equal defect density than the last one [Humphrey, 1999]. Figure 6 shows that the new adapted process based
in TSPi is more effective than the last one because the defect density was reduced in every project phase.
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Figure 6 — Process improvement based in defect density

The process yield is a measure that allows analyzing the quality, which measures the percentage of removed
defects before a given phase. Process yield goal with TSPi is to remove 99% of all defects before the test. With
such yield, process will generally produce very high quality products [Humphrey, 1999].

In the old process, the most of the defects were found during the test phase, however in the newest this was
reduced drastically because the early defect reduction was applied. Nevertheless, the value is far from the
expected by the TSPi (see Figure 7).
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Figure 7 — Quality improvement based in process yield

The Cost of Quality (COQ) is a measure that allows quantifying the size of the quality [Humphrey, 1995].
It has three components, but TSPi only works with two (COQ = Appraisal Costs + Failure Costs):
Appraisal Costs: the cost of evaluating the product to determine its quality level (reviews and inspections).

Failure Costs: the cost of diagnosing a failure, making necessary fixes, and getting back into operation
(compilation and test).
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Figure 8 shows that the COQ has not changed between the old and the new process (34.7% vs. 35.5%).
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Figure 8 — Cost of Quality

ilure costs are analyzed in a separated way, the improvement is evident.
and formal reviews because it was based on early defect reduction. These

new activities allowed increasing the appraisal costs and reducing the failure costs (see Figure 9).
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Figure 9 — Appraisal costs vs. Failure costs

Finally, Table 9 summarizes some qua

lity and productivity measures used to verify the improvement.

Table 9 — Goal 3 results

Goal Historical PRO Reduction
Defects before test [%] 35.9% 83.0% -131.5%
Defects before operation [%] 85.7% 96.2% -12.3%
Development Effort [%)] 65.3% 64.5% 1.2%
Quality Effort [%] 34.7% 35.5% -2.3%
Appraisal Cost [%] 24.1% 63.4% -162.8%
Failure Cost [%] 75.9% 36.6% 51.7%
Defects removed [%)] 85.7% 96.2% -12.3%
Defects released [%] 14.3% 3.8% 73.7%
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Conclusion

The use of TSPi principles in the new process allowed the accomplishment of project goals based on the
following considerations.
1. The team integration, the detailed plan, the change management, the weekly meetings and the earned
value method allowed the accomplishment of these goals.
2. Applying the early defect reduction principle, the test productivity has been increased and the re-work
decreased.
3. The reviews, inspections and quality plans allowed a quality improvement. The team members understood
the test phase as a quality evaluation and not as a defect detection activity.

With an affordable investment in process definition, it has been demonstrated that TSPi is an effective alternative
solution for process, quality and productivity improvement in a Very Small enterprise.
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STOCHASTIC MODELS AND METHODS OF OPERATIVE-DISPATCH CONTROL
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Abstract: Stochastic models and methods of solving the problem of operative-dispatch control of the gas-
transport system of Ukraine are considered. It is shown that the problem of operative-dispatch control of the gas-
transport system is reduced to solving of two linked problem: operative planning and stabilization of gas-transport
system conditions.
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Introduction

Gas industry is one of the most important constituents of the Ukrainian fuel and energy complex, and it is hard to
overestimate its influence on other branches of the national economy and national safety of Ukraine. The gas-
transport system (GTS) is a basis of the Ukrainian gas industry.

The Ukrainian GTS is a unified technological complex and its two main functions are: transport and distribution of
natural gas to Ukrainian consumers and transit of natural gas over Ukrainian territory to the countries of Central
and Western Europe.

The main technological elements of the Ukrainian GTS include: six multiple-strand gas-main pipelines (GMP)
37,2 thousand kilometers length, 72 multiple-shop compressor stations (CST), 112 compressor shops (CSH), 786
gascompressor units (GCU), over 1420 gas-distributing stations (GDS) and 225 nonassociated gas fields.

Ukrainian gas-main pipelines (GMP) are connected with each other by system-defined connective gas pipelines,
that ensure increasing of reliability indexes of the GTS and provide with the ability to manipulate with gas stream
directions.

13 underground gas-holders (UGH) are used to guarantee technological stability of the Ukrainian GTS while
volume of supplies and volume of natural gas usage fluctuate essentially. The main of those are located beside
western borders of Ukraine, and their technical characteristics allow to smooth over considerable unevenness of
gas extraction by importing countries and Ukrainian consumers. Moreover, Ukrainian UGH are used to store
natural gas that has been preliminarily purchased by importing countries in Russia.

Spreading over great space and technical complexity of the Ukrainian GTS results in the fact that the processes
of supply, transport and distribution of natural gas are performed by the three-level system of operative-dispatch
control: amalgamated dispatching administration (ADA) DC “Ukrtransgas”, control points (CP) of gas-main
pipelines administrations (GMA), control points of line production administrations of gas-main pipelines
(LPAGMP).
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At present time “The Ukrainian energy strategy until 2030” has been elaborated and approved by the Ukrainian
Government. It determines the objects and the main lines of development of the gas industry in a long-term and
near-term outlook.

It is being planned to supply a demand for natural gas on the Ukrainian home market at the cost of both
increasing of volume of output from home fields (particularly, at the cost of forthcoming development of the
Ukrainian part of shelves in Black Sea and Sea of Azov) and organization of hydrocarbon extraction and import of
them. The import of natural gas policy should be guided by principles of diversification of supplies and routes of
natural gas delivery with the object of ensuring the energy security of Ukraine. However, at present time the
Russian Federation is the main source of export natural gas in Ukraine. This determines a strict technological and
organizational interconnection between unified gas-supply system (UGSS) of Russian Federation and the
Ukrainian GTS.

Signed contracts and technical agreement are the main documents to regulate operating modes of the Ukrainian
GTS. This contracts include yearly, quarterly and monthly volumes of receiving and delivery of natural gas, and
operation factors of gas flows (pressure, temperature, composition and humidity of natural gas), that should be
guaranteed at inlets and outlets of the Ukrainian GTS. Monthly balances of supply, transport and distribution are
created on basis of these documents, and they are detailed to 24 hours periods.

While realization of operational control over operating modes of the Ukrainian GTS the following factors are taken
into consideration: actual operating mode of the technological equipment of the GTS, predictable volume of
consumption of natural gas by home consumers (which is linked with the corresponding GDS’s), and daily
requests of importing countries for volumes of delivered natural gas, that come to the ADA DC “Ukrtransgas” from
the control centre “Gasexport”, LLC and the CPDD of JSC “Gasprom”.

Signing of long-term contracts allows to forecast operating mode of the Ukrainian GTS for the nearest future and
perform necessary technical maintenance, repair, reconstruction and modernization measures.

From a formal point of view, the Ukrainian GTS belongs to the class of object-orientated, multidimensional,
manifold non-linear stochastic systems with distributed parameters, that are characterized by networked
multilevel structure, availability of a DM in control circuit, availability of discrete and continuous command
variables, high level of indeterminacy of objects, structure, parameters and conditions and influence of
environment.

At present time there is no integrated solution of the problem of computer simulation and optimization of operating
modes of the Ukrainian GTS both due to complexity of an adequate describing of reaction of the system to great
number of deterministic and stochastic internal and external perturbations, and due to complexity of an adequate
describing these perturbations themselves.

The results of system analysis of the Ukrainian GTS as a control object led to necessity of the Ukrainian GTS
being considered as a stochastic object which is functioning in a stochastic environment [1].

1. Determination of the problem class of the problems of operative-dispatch control over the
Ukrainian GTS.

In order to formalize the problem class of the operative-dispatch control of the Ukrainian GTS we consider it as an
interconnected system of multiple-strand gas-main pipelines with multiple-shop compressor stations. From a
technological point of you it is possible to represent the structure of the GTS as an ordered sequence of multiple-

strand linear sections (LS) LU ={1,2,3,...,lu} and multiple-shop compressor stations (CS)
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CS ={1,2,3,...,cs}, From a formal point of view the structure of the GTS may be represented as a directed
graph G(V,E) , where

V=WuUN={, 2, ..., w, w+1, w+2, ..., n} —indexing set of points of graph;
w={,0 2,0 ...,0 w} -indexing set of points of graph (inputs), that natural gas comes into the GTS
through;

N={w+1, w+2, ..., w+n} -indexing set of points of graph (oupputs), that natural gas is taken
out from the GTS from.

E=LuM={, 2, ..., I, I+1, [+2, ..., [ +m} —indexing set of arcs of graph of the GTS;
L={l, 2, ..., [} -indexing set of arcs of graph that correspond to active elements of the GTS, i.e. CS.

M={+1, [+2, ..., [ +m} -indexing set of arcs of graph that correspond to passive elements of the

GTS, i.e. gas cleaning plants, gas cooling plants, pipeline sections, intercepting and controlling faucets etc.;

(Q, B, P) - probability space with the defined flow of o -algebras {B

t

t €[0, T]} on it, i.e. family of o -

algebras B, — B, that from # < ¢, follows B, < B for;

Q_ space of elementary events;

B _ O -algebra of events from Q;

P _ probability measure on B,

[0,T] - control interval.

Condition of the GTS in every instant of time ¢ €[0,7] is characterized by a random vector
S(t,0)=(X(t,0),Y(1,0),U(1)), (1)

where

X(t,0)=(X,(t,0), X, (t,0),.... X;(t,0),..X,,(t,0)) 2)

random column-vector of parameters of natural gas on outputs of the GTS, and its every i-th, ie W
component is of the form of

Xi(t’a)) :<E(t’a)):qZ'(taa))’TiO(tJa))>Ni(taa))’Si(t’a))>’i € W (3)

where Pl-(t,a)),qi(t,a)),f}o(t,a)) - random values that characterize, correspondingly, pressure,

consumption and temperature of natural gas on the i-th input of the GTS at the instant of time ¢,

Ni(t,0) = <N1,-(t,a)),N2,-(t,a)),...,N @),y Ny (t,a))> (4)
random vector, which characterizes hydrocarbon composition of natural gas, and Sl- (¢, ®) - humidity of natural
gas on the i-th input of the GTS at the instant of time t;

Y(t,0)= <Y1(t,a)),Y2 (t,0),..Y(t,),...Y, (t,a))> (5)
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random column-vector of parameters of natural gas on outputs of the GTS (inputs of the GDS), and its every j -

th component is of the form analogous to vector X i (t, )
Y,(t,0)=(P(t,0),4,(6,0),T{ (1,0),N,(1,0),5,(6,0)), jE N, ©)

where P;(t,w),q j(t,a)),TjQ(t,a)),N ;(t,0),8;(t,w) - random values that characterize, correspondingly,

pressure, consumption, temperature, hydrocarbon composition and humidity of natural gas on the j-th input of the
GTS at the instant of time ¢;

U(t)=(d(0),b(1), (1)) (7)
deterministic control vector, which determines work structure of LU — d(¢), work structure of KC — b(¢) and

actual parameters of KC - £(#) at the instant of time t. By-turn, each component of the control vector (7) is of
the form of

d(t)=(dy(),dy(1),....d; (D),....dy, (1)) )

vector of discrete, Boolean variables which determines work structure of all the u linear sections of the gas-
main pipelines of the GTS; each i-th component is of the form of

d;(t) =(dy; (1), da; (),errdy (1)), 1=1,2,..., lu 9)

vector of discrete, Boolean variables that characterize the state (open/closed) of each of k intercepting faucets ob
the i-th linear section of the gas-main pipelines of the GTS.

b(t) = (b (1), (1)1, b1 (1), e (1)) (10)

vector of discrete, Boolean variables that characterize state work structure of all the kc linear sections of
compressor stations; each j-th component is of the form of

bj(t):<b]j(t),sz(t),...,b,j(t)>, j=12,.., ke (11)

vector of discrete, Boolean variables that characterize the state (open/closed) of each of r intercepting faucets of
the jth CS, which determines the work structure of the jth CS (layouts of engaging GCUs, LSs and GCPsin
each of CS)

BO=(BO). B(Osees B (D), Bre (1) (12)

vector of continuous variables which determines actual controllable parameters for all the k¢ compressor
stations, each its j-th component is of the form of

Bi ()= (1), o (D), By (1)) (13)
vector s of continuous controllable variables of the jth CS (operating revolutions of CAP GCU drive, state of
regulating(anti-surge) faucets, steering angles of distributor motors etc.)

According to designation of the GTS on a specified interval of control [0, 7] a deterministic column-vector is
defined:

2(0)= (210,231, Z j (), Z, (1)) (14)
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It is the vector of needed (predictable or stated in a contract) values of parameters of gas flows on all the outputs
of the GTS (inputs of the GDS); each its j~th component is of the form of

Z,(0)=(P (0.4, T) (0, N;0),8,()). je N (15)

where P;(1),q j(t),TJQ(t),N ;(2),8;(7) are deterministic values, that characterize needed (predictable or

stated in a contract) values of parameters of natural gas (pressure Pj(t), consumption g § (¢), temperature

T JQ(t), hydrocarbon composition NV ;(z) and humidity S;(#)) on the j-th output of the GTS (input of the j-th
GDS)
Besides:

Ji [ X(t,0).Y(t,0),U1)], jeN (16)
J2i [X(taw)aY(taa))aU(t)] ) ieKC (17)
are given random functions that are measured on the strength of all the variables and, if it is fixed, are measured

in regard to o -algebra B, ; they characterize, correspondingly, (16), i.e. quality of functioning of the GTS in

regard to the jth consumer (extent of execution of contract), and (17), i.e. efficiency of production of the i-th CS
(unit costs in energy and value terms)

Using expressions (16)-(17), we can determine quality and efficiency indexes of functioning of the entire GTS.

I[X(t0).Y(to)U@)]= (/)1{JH[X(t,a)),Y(t,a)),U(t)],...,Jln [X(t,0),Y(t,0),U()] } (18)

where Jl[X (t,w),Y(t,w),U (l‘)] is a measured random function, which characterize quality of

functioning of the GTS at the instant of time ¢ in regard to all the consumers; ¢, { } is a deterministic contraction
function.

Index of efficiency of functioning of all the CSs at the instant of time t is also determined via indexes of efficiency
of each CS and can be given as

L[ X (0,0),Y(1,0),U@)]= 02{J0 [ X(t,0),Y(6,0),U0) ], Lo [ X (6,0),Y (1,0),U@)] },(19)

where @, { } is a deterministic contraction function of local indexes of efficiency of each CS.
In this case overall quality and efficiency index of the functioning of the GTS can be given as

J[X(6,0),Y(1,0),U@)]= p{ ][ X (t,0),Y (1,0),U0)], J,[ X(t,0),Y (t,0),U )]}, (20)

where ¢ {Jl [ X(1,0),Y(t,0),U@)], Jo[ X (t,0),Y(t,0),U (t)]} is a deterministic contraction function
of quality and efficiency indexes of the functioning of the GTS at the instant of time t.

We select contraction functions ¢{ },¢{ },¢,{ | the way so maximum of quality and efficiency of the
functioning of the GTS is reached at the instant of time {, given the expression (20) reaches its minimum.

Since J [X (t,w),Y(t,w),U (t)} is a random function, it is necessary to bring a functional of this function in

order to state the exact problem. In lieu of this function mathematical expectation, probability or variance of a
random function on a fixed interval can be used. It is reasonable to use mathematical expectation in order to
minimize average losses. In this case the problem of operational control over transport modes and distribution of
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natural gas in the GTS on a time interval [0, 7] reduces to the problem of minimization of the functional of the
form of

T
J(T)= l\f (j) J [ X(t,0),Y(t,0),U(t)]dt —>Ur3)1£Q , (21)

where M is a mathematical expectation symbol.
0]

The region of feasibility is described by a system of equations which determines interrelation between X (¢, ),
Y(t,w) and U(¢), and also systems of inequalities that determine area of technologically acceptable transport
modes and distribution of natural gas in the GTS.

Technological limits should be fulfilled for all the instant of times ¢# €[0,7"] and for all the realizations of random

components of vectors X (¢,w),Y(t,w).

The problem (21) belongs to the problem class of optimal stochastic control of non-linear discrete-continuous type
and of a large scale. At present time there are no general methods of solving this problem, so we consider a
particular method of solution of this problem which allows for specifics of its informational supplying, also
conditions of physical realizability and the structure of the control vector.

2. Structurization of the Problem Class of Operative-dispatch Control of the Transport Modes
and Natural Gas Distribution in the GTS

Conditions of physical realizability of the selection and processing information systems define discrete nature of
the information about values of realizations of random components of vectors X (¢,@) and Y (z,@) on inputs

and outputs of the GTS, which comes at discrete instants of time £ =1,2,...,K withastep Ar=T/K . In this
case discrete analogue of the problem (21) is of the form of

K
J(K)= 1\a/)[ {kz:;lJ [ X (k,),Y (k,w), U(k)]} - i, (22)

Persistence of the GTS control system, which is related to considerable time and energy losses on changing of
the structure of the GTS (structures of LS and CS), results in necessity of making the decision US (k),
k=1,2,...,K ata null instant of time, i.e. until observation of realization of random vectors X(z,®) and
Y(t,w) k=1,2,...K . After observation of realization of X(¢,w), Y(t,w) at the instants of times
k=1,2,..,K the ability to calculate the value J [ X(k,&®),Y(k,®),U(k)] appear, and, on its basis

calculate deflection of the actual mode from the planned one and correct the primary solution US (k). Thus, itis
needed to find an optimal solution of the problem (22) U i (k), k=1,2,...,K of the form of sum of two vectors
U'(k)=Uy(k)+SU"(k), k=1,2,..,K (23)

where Ug(k) is a control vector which determines an optimal plan of transport mode and natural gas

distribution in the GTS; this plan is calculated at the null instant of time until observation of realization of random
conditions of the problem.
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sU” (k) is a control vector which determines an optimal compensation of the plan and it is calculated in each
instant of time k& =1,2,..., K after observation of actual realizations of random conditions of the problem.
Conditions of physical realizability of the process of control over transport modes of the GTS determine the
structure of vectors Ug (k) and U (k)

U () = (o (k). by (), 5 (k) (24)
5U*(k)=</5'*(k)> k=12,..,K, (25)

This is concerned to the fact that it is not reasonable to change the structure of linear sections of gas-main
pipelines and the structure of compressor stations shops in a real-time mode; moreover, it is impossible in most
occasions. In other words, it is not advisable to use these variables for operative compensations of the plan
mistakes.

At present time it is only possible to operatively change the parameters of operating of GCU CS relative to their
planned values (settings). That's why only these variables are components of the vector of optimal plan

compensation sU” (k) .

The problem (22) under conditions (24), (25) belongs to the class of multiple-steps problems of non-linear
stochastic programming at a tough statement, and a solution should be a pure strategy one, of the form of
decision rule of a order zero which links unknown components of the control vector with the parameters of the
GTS and parameters of stochastic processes X (k,w),Y (k,®) .

We consider, that at the null instant of time & =0 we know all the previous history (informational condition of the
system) X (k,w),Y(k,w),U(k), k=0,-1,-2,.... Then for k=1,2,....,K we can get estimations of

conditional expectations )?0 (k),?o(k) of vectorial stochastic processes X (k,w),Y(k,w) and their
correlation matrixes K y (k), Ky (k) , i.e. predictions of future values X (k) and Y (k) that are calculated at
the null instant &£ =0 with prediction £ =1,2,...,K . Itis also considered, that estimates }70(k) and Ky(k)

are calculated with some fixed values Uy (k), k=1,2,....K .
While expanding J [X (k,),Y (k,0),U (k)] in a Taylor series relative to a nominal trajectory

<)?0 (k),)?o(k),UO (k)> with saving all the terms not above the second one and applying the mathematical

expectation operation to the both parts of the derived equality, we get:

M{J[X (k,w).Y (k)UK ]} = Jo| Xo(h).To(k).Ug (k) |+ o oF w0700t |, (28)

v o 02J
2 2 2 2
&0 | Tt b | =3 Z{ J “Xf(k“%[m RO
0 ! ! J 0

n(9% ) 0%y ’[ 0%J J )
+ -+ ——— | Ky(bh)+Y | ————| 9
Z( JOGY,(k) ,%[GYJ (k)é’Yp(k)L y (K) ; RGNS
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1| & o7 o'J
oJ : , 5 - — 2 — | K (k
0[0“” G“”O-““] 2{;[8)(,2(16)10” Jr;{é?)(,(k)a)(,(lc)j0 (B *

n aZJ ) aZJ . aZJ 2
02 pre JRDY Dol FHOEDY JF (27)
A AR A AP =\ ou (k) ) e
where
2 .
a%(i(k)zi\g{Xi(k,a))—Xl-O(k)} , €W 28)

is a variance of random value relative to its conditional mathematical expectation Y; (k);

53 = Uik, @)~ Uy ()Y’ i e KC, (30)

1

is a square of deviation of the i-th component of the control vector U; (k) from its nominal value U ;, (k) .

If we substitute (2) into (22), we get

K ~ ~ .
JK)= 3 o[ o0 Fp(0).Ug (0| + 60 [ 0y, 0ay || > min &)
k=1 <U0(k),5U(k)>eQ

Thus, solution of the stochastic problem (22) can be get in two steps as a result of resolving two deterministic
problems.

On the first step, until observation of realization of random conditions, the problem of operational planning of
transport modes and natural gas distribution in the GTS is being solved:

K < < .
JoK) = 2 Jo| Xo(0)5o(k).U(k) | > min (32)

The solution of the problem (22) allows to get at the null instant of time the optimal control vector {J ; (k) , which

determines the structures of all the LSs and CSs and parameters of CSs that guarantee realization of the optimal
transport mode and natural gas distribution in the GTS on a time interval [0,77] .

On the second step, after each observation of realizations of random conditions at null instants of time
k=1,2,...,K , the following problem is being solved:

K
_ 2 2 2 L
5]0(K)—kZ::lé‘Jo[O'X(k),Uy(k),O'U(k)]—)51}1813'169, (33)
it is a problem of stabilization of transport mode and natural gas distribution in the GTS.
The problems (32), (33), as this follows from the (31), are roughly linked between themselves and actually are the
solution of one problem (22). A feature of this solution is the fact that the optimal plan US (k) should be the one
so the problem of the second step (33) is resolvable for all £ =1,2,..., K and all possible realizations of random

values. Thus, resolvability conditions of the second step problem induce additional limits on a constraint region of
the problem of planning regime €2, .
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The problem of operative planning is being solved in a conventional real-time mode by the use of facilities of IAS
ADA in ADA DC “Ukrtransgas” with specification on all the six GMAs.

The problem of stabilization of transport mode is being solved in a real-time mode by the use of facilities local
automatics (SAC and ACS TC of technological objects and machines of the GTS).

Conclusion

1. Stochastic models and methods of solving the problem of operative-dispatch control of the gas-transport
system are considered.

2. It is shown that the problem of operative-dispatch control of the gas-transport system is reduced to
solving of two linked problems:

o operative planning of the conditions according to the forecasting of the basic disturbing factor of the
gas-transport system. This factor is gas consuming;

o stabilization of gas-transport system conditions with local automatic machinery after supervision
over actual NG consuming in each GDS.

3. Conversion of operative planning problem is carried out and it is shown that its decision can be received
as a result of solving the two interconnected problems:

o structural and parametric optimization of the LS GTS (local subsystem of GTS);

o coordination of boundary conditions determined the LS GTS work regime.
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WHTENNEKTYANbHbLIN AHANIM3 OAHHbIX B CUCTEMAX YMPABNEHUS
NMPOLIECCOM ®PAXTOBAHUA CY10B

Cepren LLlexyHoB, AHTOH MOTOPKUH

AHHOMauyus: B danHol cmambe onucaH npouecc hpaxmogaHus cydos U e20 0CHOBHble npobrembl. OnucaHbi
npobnembl aHanusa (bpaxmogoeo pbIiHKA. PaccMompeHbl cucmeMbl asmomamuaauuu 0esmenbHoCmu
MeHedxXepa no omgpaxmosaHuro. eeb-nopman ¢ XpaHunuwem OaHHbIX U KAUEHMCKoe npurioxeHue 0Ons
aHanu3a GaHHbIX U NOOOEPXKU NPUHAMUST hpOheCcCUOHarbHbIX peweHul. [pednoxeHbl Memodbl peweHus
OCHOBHbIX npobnem asmomamu3ayuu u aHanu3a 0aHHbIX. [pednoxeH Memod noOOePXKKU NPUHAMUS peLleHul
0 8bI60pe ONMUMarbHbIX nap 3asi80K 0151 3aKTYEHUS] KOHMpaKkma.

Knioueebie cnoea: asmomamusauyus, noddepxka npuHsmusi peweHul, meopusi nonesHocmu, OLAP,
¢hpaxmosaHue.

Conference: The paper is selected from XVt International Conference "Knowledge-Dialogue-Solution” KDS 2009,
Varna, Bulgaria, June-July 2009

BBeaeHue

OpaxToBaHWe Cy#oB Janeko He ApeBHsst npodeccus. OHa BO3HMKNA B nocnefHeit nonosuHe XIX Beka. Ee
nosieneHne ObIo, ¢ OAHOW CTOPOHbI, 0BYCMOBMEHO HyXAamu TOPrOBAM U NPOMBILLSIEHHOCTH, @ C ApYron, —
3aNHTEPECOBAHHOCTbIO CYA0BrafenbLeB B CO30AHMM HEKOETO OpraHa, ¢ MOMOLLbIO KOTOPOr0 MOXHO 6bIrio 6bl
adhdhekTUBHEE MCMONb30BaTh ObiCTpopacTywwmii ot B 0O6CTAHOBKE POCTA W YCIOXHEHUS MEXOQYHapOLHOro
ToBapoobopoTa.

®paxToBaHWe CyaHa, B NPOCTEMLLEM PAaCCMOTPEHWM, SBNSETCS JOTOBOPOM PEHTbI, N0 KOTOPOMY (ppaxToBaTenb
HaHuMaeT cyaHo Yy ero Bragenbua. OB6bl4HO 3TOT (ppaxToBaTenb BnageeTr rpy3oM, KOTOPbIM Heobxognmo
nepeBes3T! 13 OAHOW YacTy MMpa B APYryko, W, Noka B ero Co6CTBEHHOM PacnopsKEHWN HET CydoB, OH Byaet
3aBMCeTb OT ApYrux komnaHuit. [eHbrn 3a Haem (cppaxT) BbINIAYMBAKOTCA CydOBNajerbly B KavecTse
BO3HArpaxzgeHus 3a UCnonb3oBaHue ero cyaHa.

lMpexae Yem BbICTYNUTL Ha PPAXTOBOM PbIHKE W 3aKMOYNTL LOrOBOP PPaxTOBaHWSA OT UMEHW hpaxToBaTens
(NpoaasLa) mopckoit Gpokep nayvaet obLLyto 06CTAHOBKY (KOMMEPYECKME YCIOBUS CYLOXOACTBA) CIOXMBLUYIOCA
Ha hpaxTOBOM pbIHKe. M3yyatoTcsa Hanmume cBOOOAHOrO TOHHAXa BO (DPaxXTOBOM CEKLMM, PatoH 0CBOBOXAEHNS
CYOOB, NMPEANOXKEHUS Ha HUX, COCTaB (hUPM-CyLOBNaAerbLeB, BO3MOXHbIE KaHambl 3aKiOYeHNs paxToBbIX
CAETOK, YPOBEHb (DPAXTOBbIX CTABOK U TEHAEHLW K X U3MEHEHWIO U T.M.

Mocne 0630pa KOHBIOHKTYPHO! CUTyaLMK ()PaxTOBOrO PbiHKA UMK OTAEMbHBIX CEKLMA HAYNHAETCS NpeaMeTHOe
N3yYeHne KOTMPOBOK, WCCMEdYEMbIX C TOYKMA 3PEHUS| BO3MOXHOCTW 3aKMHOYEHUS| COEMKA C TeM UMW MHbIM
CYAOBMaaernbLeMm.

3Tan u3yyeHus pbiHka ABNSETCS Haubonee TPYA0EMKIM, Tak Kak Gpokepy NpuxoanTcs UMeTb 4eno ¢ 60MnbLwnmM 1
NMOCTOSIHHO PaCTyLUMM KOMMYeCTBOM 3asiBOK. [M03TOMy npefocTaBneHue CpeactB K ObicTpomy M ymoBHomy
0630py (PpaxToBOro pbiHKA ABMSETCH BaXHEWLWed 3afaver CUCTEM aBTOMATW3aLMM LEeSTEnbHOCTU MOPCKUX
Gpokepos.

Mocne aHanM3a pbiHKa NPOMCXOAMT BbIGOP Haubonee IKOHOMUYECKM BBLIFOAHOTO W LienecooBpasHoro
npeanoxexus. Ans 3TOro oLEHNBAeTCs BO3MOXHOCTb ObICTPOThI 3aKMIOYEHNs AOr0BOPa, NMPOU3BOANTCA pacyeT
9KOHOMMYECKMX Pe3ynbTaToB B Cryyae peanuaaLiui Kaxaoro U3 npeanoXeHHbIX BapuaHToB.
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KoHeuHoit cTaguent Bceit mpoueaypbl 3aknioveHUs [oroBopa (hpaxToBaHWs CyaHa SBMSIETCS COrNacoBaHWe
ycnoBuii YapTepa. [locne OKOHYAHMS COrMacoBaHWs YCoBWMW OT(paxTOBaHWsS cyaHa Gpokep yeenomnseT
CTOpOHbI. 3aTeM Opokep COCTABMSET W MOAMMCHLIBAET OT WUMEHU (bpaxToBaTens 4apTep, KOmunW KOTOPOro
PacCbINaloTCs 3aMHTEPECOBaHHbIM B peann3aLmm CAENKM CTOPOHAM W y4acTHUKaM NEPeBO3kM rpy3a N apeHabl
CyAHa.

Mpobnema aHanu3a hpaxToBOro pbiHKa

CoBpeMEHHbIN MUPOBOM OTKPbITLIA (PPAXTOBbLIA PLIHOK - 3TO cdepa obpalleHus cneuudmyeckoro Toeapa -
MOPCKUX TPAHCNOPTHBIX yCnyr. [ns (paxToBoro pbiHka XapakTepHbl HEYCTOMYMBOCTb, CTUXMIAHOCTb Pa3BUTMS,
MOCTOSIHHAs MOABEPKEHHOCTb KPU3NCaM, OXMBIIEHUSIM M CNEKYNATMBHBIM bakTopam. OgHol M3 0cobeHHocTen
MMPOBOrO OTKPLITOTO (PPaAXTOBOrO PhIHKA SBNSIETCS 3HAYMTENbHble konebaHnst ypoBHS (DPaXTOBLIX CTaBOK,
npoucxodslime BCNEACTBAE BIAUSHUS  MHOTOYUCIIEHHBIX (DAKTOPOB 3KOHOMMYECKOrO, MOMUTUYECKOTO U
MPMPOLHOTO XapakTepa.

Llenbto aHanmsa TeKyLLero ypoBHs CTaBOK (hpaxTa phlHKA SBMSETCS ONepaTUBHOE MNaHUPOBAHUE AEATENBHOCTH
Opokepckux KoMnaHuii. M3yyeHne akTUBHOCTM pbiHKa M DAKTOPOB, BIUSIOLMX HA COCTOSIHWE pbiHKA, MO3BONSIET
BbISIBUTb 3aKOHOMEPHOCTM U3MEHEHMS CTABOK, AenaTh NPOrHO3bl ANs CTPATErM4YECcKoro NaHUpPoBaHMS.

®paxToBbIN PbIHOK aKTUBHO UCCTIEYEeTCS aHanUTUKamu, KOTopble ¢ onpeaereHHON NepUoaNYHOCTLIO NyBnuKyT
B pa3nuuHbix CMW cBon oTueThl. Hampumep, B OTYET O COCTOSHUM W NPOTHO3€ Pa3BUTUS (DPAxXTOBOrO pPblHKA
CYXOrpy3HOr0 TOHHaXa BXOAAT Credylowue CBOAHble Tabnuupl: YpOBEHb CTaBOK MNpu OT(paxToBaHUM
CYXOrpy3HOro TOHHaxa B PEiCOBbIA TalM-4apTep, LEHbl Ha HOBOCTPOW, YPOBEHb TalM-YapTEPHbLIX CTABOK B
3aBMCMMOCTM OT NPOAOITKUTENBHOCTY OTCPPAXTOBOK A1 BankepHOro TOHHaXa M T.M.

[ins peluenns 3apay aBToMaTU3aLMM AESTENBHOCT MOPCKUX GPOKEPOB HA PbiHKE MPOrpaMMHOro obecneyeHus
yke pa3paboTaHo HECKOMbKO CMCTEM. HEBO3MOXHOCTb MX WCMONb30BaHUS AMsi aHanmmsa (hpaxToBOTO pbiHKA
obycnoBneHa o6LMMM Anst TAKOTO POfa CUCTEM HeJoCTaTKaMu:

- YactnuHo, bnarogaps BO3MOXHOCTSIM OBHOBMEHMS 3asiBOK C cepeepa, 0bpaboTku nmucem OT Apyrux
MEHEe)KepoB, MONb30BaTENb MMEET NpeacTaBneHue TOMbko 00 OTAENbHbIX NPELSIOKEHMSX,
SBNAKOLMXCS YaCTbI0 OrPAHNYEHHOTO PbIHKA.

- He peanusoBaHa (hyHKUWS aHanM3a [daHHbIX, Mo3Bonstolias GpoKepy MPUHSTbL PelleHre O Havane
paboTbl B Haubonee nepcrnekTUBHbIX HanpaBneHusix. OTCYTCTBYET MHTENNeKTyanbHas Noaaepxka
MPUHSTUS PELLEHUIA NONb30BaTENS.

- Bce paHHble B OCHOBHOM NpeACTaBneHbl B BUAEe OAHOMEPHbIX Tabnuu. Takoe npeacTaBneHne O4YeHb
Heyno6GHO Ang aHanusa.

ABTOMaTM3aUMA AEATENbHOCTU MOPCKOro Opokepa ¢ NOMOLULH LIEHTpanu3oBaHHOIO
XpaHunuuwa aaHHbIX u web-noprtana CargoGuru

mobarbHblit MaclTab v reorpaduyeckas LWMPOTa OKa3aHMs YCIyr MOPCKUX GPOKEPOB, B CUNY CBOEN NpUpopb!,
npeanonaratT XpaHeHne, CpaBHEHWE W aHanmu3 MHOTUX ThiCSY MPEANOXEHUI U 3asBOK CTOPOHHUX KOMMaHWM.
YacTo nogoGHas 3afaya CBOAMTCS K MOMCKY Wromku B cTore ceHa. MogoGHas npobrema B CBOEM peLleHum
npeanonaraeT HanuuMe €OuHOro LEHTPanU30BaHHOTO XpaHWnMWa [AaHHbIX, B koTopoe OyayT “cTekaTbes”
MPeanoXeHns 1 3asiBKW CO BCEro MUpa, YTO NO3BOAUT MPOMHGOPMUPOBATL O TPeByeMoil N OKa3biBaeMoil
ycnyre cpasy BCeX KOMY OHa MHTEpECHa.

MomobHbIM  XpaHurvwem aensetca 6asa gaHHbix cuctembl CargoGuru, B3aMMOLEWCTBME C  KOTOPOM
ocyliecTtenseTcs ¢ nomoLbo web-noptana CargoGuru unm knmeHTckoro npunoxenus CargoGuruClient.
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OcHoBHbIE Lienu 1 3agaun xpaHunuwa CargoGuru:

o Ob6beaunHeHne ThICSY MOPCKMX BpOKepoB B OAHY IMobanbHy CUCTEMY WM CO3AaHUSI e4MHOMO XpaHunuwa
AaHHbIX.

o BbicTpblit aHanM3 U NOMCK BCTPEYHbIX NPEANOKEHNA CTOPOHHUX MOPCKMX BPOKepoB.
o [lonck onTMManbHO NOAXOASALLMX BCTPEYHbIX NPEANOXKEHUA, OCHOBaHHbIA Ha 6a3e 3HaHW.
e [locTynHOCTb 13 NBOM TOYKM MIUpa (NPU HanM4MM NOAKIIYEHNS K HTepHET n web-6paysepa).

e Bo3smoxHocTb BlaumopeicTBuss ¢ npunoxennem CargoGuruClient ong paclmvpeHus aHanmTUYecKux
(YHKUMA HaL AaHHbIMM, aBTOMAaTM3aLMW B3aMMOAENCTBUSI C XPaHWIMLLEM, YMEHbLUEHUS OAHO0BPa3HO
paboTbl 1 NOBbILLEHUS 3GhHEKTUBHOCTH TpyLO3aTpaT.

e MomeHTanbHoe ornoBeLLeHre Gpokepa 0 NOSIBNEHNM HOBbIX MHTEPECHBIX AN HETO MPELTIOKEHUA 1 3asIBOK.

e YMeHblUEHEe 3BEHbEB B LiEnoYkax NocpeaHIKOB Takux kak «pysoenagenel — bpokepsl — Cynoenagenewy,
«O®paxtoBatenb — bBpokepbl —CynoBnageneu» M [gp., MOCPEACTBOM MPO3PAYHOCTM U PACLIMPEHMS
npeacTaBneHuns o GonbLUeil YacTy pbiHKa yCryr MOPCKUX BPOKEPOB.

o [IMHammueckue CTPYKTYpbl NPELnoXeHnin Gpokepos.

e CosgaHue rmbKuX M yAOOHbIX MHTEPEACOB JOCTYMHbIX AN HEOMbITHBLIX MOMNb30BaTemNei NePCoHamNbHbIX
KOMMbKOTEPOB U MOBMITbHBIX YCTPOICTB.

AHanus nHdopmauum o 3asskax B cucteme CargoGuruClient

Cuctema aBTOMaTM3aumm gestenbHocTu Opokepckux komnawuit CargoGuruClient BoGpana B cebs Bcio

HeoBX0ANMYIO (DYHKLMOHANBHOCTb Af151 PeLeHUst OCHOBHbIX 3afay NpodeccHoHarnbHOM LesTenbHOCTU MOPCKOro

Opokepa:

e Cucrematusaums mHopmaLum o 3asBkax M paboumx KOHTaKTax, nocTynarowlein Gpokepy OT MHOPOAHbIX
KOMMaHui.

e OpraHusauns noucka HeobGXxoaMMon MHdOpMaLuMM no niobbiM NapameTpam B CUCTEMATM3MPOBAHHBIX
[aHHbIX.

o OpFaHVI3aLWIFI [0CTyNa K LWAPOKOMY PbIHKY 3aABOK.

e [lognepxka Gpokepa B Bbibope Haubonee NOAXOASLMX Map 3asBOK AN AanbHENALero 3aknoyeHus
KOHTpaKTOB.

o AHanu3 CoCTOSHUS pbiHKa (hpaxToBbIX 3asBOK.

3apaum cuctematmsauMmM M NPOCTOr0 MoWcKka pelleHbl nytem 06paboTkm 6asbl LaHHbIX, cofepallei
WHopMaLMo O 3asBkax, MOCTynmalwWwmMx OT OpOKEpPOB WM MHOPOAHLIX KOMMaHuii. Bce manunynsumm
(nobaBneHune, 0GHOBNEHWE, YOaneHue, NOMCK) MPOM3BoAATCA npu nomowwm SQL 3anpocos k 6ase AaHHbIX.

Hoctyn Kk pbiHKy 3asBOk obecneveH 4epe3 B3aumogencteue C WHTepHET nopTanom, NpefoCTaBnsoWmM
cneynanbHo CpOEKTUPOBaHHbIE U COrNAcoBaHHbIe MO NepeaaBaeMbiM CTPYKTYpaM AaHHbIX BEO-CryxObl. Oy
Cnyx6bl AT BO3MOXHOCTb NPUHUMATb 3asiBKW OT KIMEHTCKOW NporpaMMbl 1 OTCbINaTh et Tpebyemble AaHHbIE,
0bHOBNATb  6a3y CMpaBOYHbIX AaHHbIX MO NOpPTaM, BECTW MOUCK 3asBOK, Pa3sMELLEHHbIX Lpyrumu
nonb3oBatensMu B cetu. [insa atoro Obinn co3paHbl Gubnuotekn dyHkumin Ha ocHoBe WSDL-cneumdukaLmi
(Web Service Description Language) v Knaccbl-NnoCpeaHUKM Mexay KIMEHTCKON 1 CEPBEPHOI YacTbio CUCTEMBI.

lMepegava daHHbIX K noptany npoussogutcs no npotokony SOAP, koTopbii BKIoYaeT B cebs cneuymdmkaLmio
cepsucoB Ha s3bike WSDL 1 TexHonorum nepegayy 3anpocoB 1 0TeeToB oT cepsepa HTTP n SMTP.
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Bo3mOXHOCTb Nokanu3auun cuctemMbl Ansa HECKONbKMX A3bIKOB 3aMETHO paclLUMpAeT ayanuToputo nonb3oBatenei
CUCTEMbI, YTO NO3BONAET NOMb30BaATENO pa60TaTb C 3adaBKamMu BCEro MMpPOBOTrO PbIHKa.

[ns Toro ytobbl ccTeMa Morna AaeaTb OPOKEPY NOALEPXKKY B MOMb3Y NPUHATUS peLLeHns no Belbopy Hanbonee
noaxoaswmx nap 3aseok, B CargoGuruClient BkntoyeHa WHTErpupoBaHHas akcnepTHas noacuctema. B ocHose
9TOM MOACUCTEMbI NIEXMT METOA MHOrOKpUTEPUANbHOW MOME3HOCTM, NPUMEHEHWe KOTOPOro MO3BONSET
ynopsao4nTb BCE Mapbl NPeASIOKEHA NO BO3PaCcTaHM0 CTEMEHN ONTUMANbHOCTM WX BblOopa Ans 3aKioyeHns
KOHTpaKTa.

B ocHoBy MHOrokputepuansHoi Teopuu nonesHoctu (MTI1, MAUT - Multi-Attribute Utility Theory) nonoxeHo
NPeanonoXeHne, YTo BapuaHTbl PELLEHU UMEKOT OLEHKN N0 MHOMM KpuTepuam. OYHKLMS NONe3HOCTU UMeeT
BMO CYMMbl MPOM3BEAEHUI 3HAYEHUS KaxOOoM anbTepHaTUBbl MO KPUTEPUIO Ha BECOBOW KOIPULMEHT 3TOro
Kputepus.

Moaxon MTT1 nogpasymeBaeT crieaytoLme atanbl:

e PaspaboTatb nepeyeHb KpUTepues.

o [locTpouTb OYHKLMW NONE3HOCTM MO KAXKAOMY M3 KpUTEPUEB.

e OueHuTb BCE MMEILLMECS anbTEPHATMBbI W BbIOpaTh HaUMyYLLYio.

lNepeyeHb kpuTepueB BMecTe C dyHKUMaMM monesHocTn B cucteme CargoGuruClient copmmpyetcs B
cneuvanbHOM PeaakTope 3HaHWiA, TAe B BWAE NOLIAroBOrO Avanora nonb30BaTentio npeanaraetcsi BBECTY
YCNOBUS AN1S1 KPUTEPUMEB U OLIEHWUTb WX BecC. MoWCK nyyllei anbTepHaTiBbl MPOUCXOAUT aBTOMATUYECKU Ha
OCHOBE €AMHOX/bI BBEEHHBIX 3HAHWN.

MpenmyLLecTBaMn NpeanoXeHHOTO MeToLa SBNSIOTCS:

e  BoamoxHOCTb MPOBEPKK GonbLUOro KonnuyecTsa anbTepHaTMB B KOPOTKNE CPOKK bes y4acTna nonb3oBaTens,
Kpome Kak And n3Ha4yanbHOro HasHa4eHna BeCOB KPpUTEPUEB.

o  B03MOXHOCTb U3MEHEHMS Llenn noucka ONTUManbHOM napbl nyTem U3MeHeHuss BECOB KPUTEPUEB.

AHanua ¢paxToBOro pbiHKa peanu3oBaH 3a c4eT Habopa YHKUMA MHOTOMEPHOW OTYETHOCTM, OCHOBAHHOW Ha
ocoboit  TexHonorui penoptuHra OLAP-cuctem. TexHonorus OLAP nossonset nomnb3osatensm chopMupoBaTh
cBoe COOCTBEHHOE BWAEHME [aHHbIX, MCnonb3ys ObICTPbIA, €anHOOOpa3HbIi, OnepaTUBHbIA AOCTYN K
pa3Hoobpa3HbLIM dhopMam NpeacTaBneHnst MHdopmaLmu.

OLAP-0T4ET MOXET WUMETb 3KpaHHyl W OymaxHyto dopmbl. OLAP-0TYET B 3KpPaHHOM BKAE MO3BONSIET
MaH1Myn1poBaThb AaHHbIMU U hopmoit 0ToBpaxeHns. JTiobon NonyYeHHbI 3KPaHHBIN OTYET MOXHO pacneyartaTb
Ha Bymary B TOM Bue, KaK OH BbIrMISiAEN Ha dKpaHe.

OLAP-0T4eT 0TNNYaETCA PAGOM MPUHLMNMANBHBIX 0COBEHHOCTE:
e OTYET, NPESOCTaBNSAOLLMA NOMb30BATESIO BbICOKO-MHTEPAKTUBHBIA CNOCcO6 paboThbl ¢ AaHHbIMY;
e arpervpoBaHHbI OTYET, NO3BONAKLLMIA YrNyOUTLCS B AETaNK;

e  OTYET, MO3BONSIOLMA NIETKO M3MEHSITb AHANUTUYECKME Pa3pesbl MyTEM M3MEHEHUs! Mopsiaka CreaoBaHus
rnonei;

e QTYeT, I'IO3BOJ'I$IIOLIJ,VII7I MrHOBEHHO (bVIJ'IprOBaTb AaHHble N0 BCEM BO3MOXXHbIM CO4ETaHNAM
° 3KpaHHbII;1 OTYEeT C BO3MOXXHOCTbIO BbIBOJa Ha MPUHTED,
®  OTYeT, HaCTpaI/IBaeMbIVI nonb3oBatenem 6es nporpamMmMmnpoBaHuns;

e OTYET, MMEHOLLMIA NPOCTYI0, PETYSIPHYIO CTPYKTYPY.
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3akniouyeHue

B aaHHoOM cTaTbe Obinu NpeanoXeHbl K PaCCMOTPEHUIO PELUEHUS 411 aBTOMATU3aLMN SeSTeNbHOCTU MOPCKOro
Bpokepa: cuctembl CargoGuru n CargoGuruClient.

OcHoBHbIM npenmyLLecTBOM cucTembl CargoGuru SBASETCS LUMpOTa W NomnHoTa dhyHKUMA 0BpaboTkn AaHHbIX,
npegocTaBnsaemMblx KnueHTckum npunoxernem CargoGuruClient. Ho B Toxe Bpemsi Bce HeOBX0oauMble 3agaum
Opokepa MoryT ObITb peLLeHbl NOCPEACTBOM MCMONb3oBaHus web-canta CargoGuru, KOTOpbIi BONAOTMN B cebe
Bce Heobxogmmoe ans atoro. Cuctema CargoGuru - 9T0 CBA3YHOLLEE 3BEHO MeXay TbiCS4Yamu Norb3oBaTtenen
npunoxenus CargoGuruClient pacnofnoxeHHbIX N0 BCEMY MUPY, PeLLatoLLyX CBOM NPOdECCHOHaNbHbIE 3aaa4m 1
NOMOTaloLLne PeLLmnTb UX APYTuM.

Cuctema CargoGuruClient cuHTesupoBana B cebe BO3MOXHOCTW psgoBbIX cucTeM 0BpaboTku 3asBOK W
WHHOBALMOHHBIN NOAX0A K 0DeCneyeHnto NHTEPAKTUBHOMO B3aMMOAENCTBUS MEHemKepa N0 OT(PPaxTOBaHWIO C
MWPOBbLIM PbIHKOM 1 MpOLECcCy MOAAEPXKKM MNPUHATAS MPOECCUOHANBHBIX PELUEHUA W MOXET ObliTb
ncnonb3oBaHa kak A1 aBTOMAaTW3aUMM PYTWHHBIX Onepauun NPogecCUOHanbHOM AESTENbHOCTU MOPCKOro
Opokepa, TaK W 41151 CIIOXHOMO MHTENNEKTYanbHOr0 aHanmaa AaHHbIX O 3asBKaXx.
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UCNONb3OBAHUE TEXHOJIOIM SEMANTIC WEB ANA UHTENNEKTYANBHOIO
YNPABNEHUA B ANHAMUYECKUX PACNPEOENEHHBLIX CACTEMAX

Anatonui Mnapyx, Onua PorywuHa

AHHOmauyus: [lpednoxeH Ho8bIl no0xod K UCNOMb308aHUK 3HaHUU o npedmemHol obrmacmu Ons
UHMennekmyanbHo20 ynpaeeHusi CIOXHbIMU 2emepo2eHHbIMU QuHaMuyeckumu cucmemamu. PacnpedeneHHas
cucmema paccmMampueaemcsi Kak Habop 2emepo2eHHbIX UH(HOPMAaUYUOHHBIX PEecypcos, pacnpedeneHHbIX 8
menekoMMyHUKayUoHHOU cemu U AocmynHbIX npu nomowu obuwiecemesol  uHgpacmpykmypsbl. [ns
UHMennekmyanusayuu 3mou UHgpacmpykmypbl npednazaemcs UCNOIb308amb 3HaHUE-OPUEHMUPOBaHHbIE
mexHonoeuu Semantic Web, nossonstowue onmumusuposams pacnpedeneHue cemesbix pecypcos.

Knroyesnie cnoea: Service oriented architectures, network management, Semantic Web, inductive reasoning,
ontologies, agent, multimedia service.

ACM Classification Keywords: I.2.4 Knowledge Representation Formalisms and Methods

Conference: The paper is selected from XVt International Conference "Knowledge-Dialogue-Solution” KDS 2009,
Varna, Bulgaria, June-July 2009

BBepeHue

lNoBcemeCcTHOe pacnpocTpaHeHue Internet, MobunbHas TenedoHNs U NEPEHOCHbIE KOMMbIOTEPBI MO3BONSIOT
CEroAHs Nonb30BaTesio UCMonb30BaThb LENbIA CEKTP HOBbIX MPUMNOXEHWA, NOAAEPXMBAEMbIX pa3paboTunkamu
cepsucoB. OOHOBPEMEHHO BO3pacTaeT CMOXHOCTb Kak MOMb30BaTeNbCKUX YCTPOMCTB Camoil CETH (B YaCTHOCTH,
Ha 6a3e WHTepHeT hopmmpyeTcs HoBas koHUenums passutus ceteil NGN — ceTu criegytowero noKonexus), Tak
W CepBUCOB, KOTOpble MPeLOCTaBASAIOTCS MOMb30BaTENAM, W CEPBUCHbIX NNaT(OPM, KOTOpbIE YBENWUYMBAKOT
[OCTYMHOCTb ¥ KOMMYECTBO AONOSTHUTENbHbIX CEPBUCOB B CETU. [pn 3TOM 3a4aum ynpaBneHus TakumMmn CeTSMM
ycnoxHsitotcs [1], a a0, B CBOK Ouvepeadb, TpebyeT noucka HOBbIX MyTeW, TEXHONOrUA, METOAOB U CPEACTB
NPOEKTUPOBaHMS, pa3paboTkn 1 UHTENNEKTYanM3aLmMm CROXHbBIX CUCTEM YNpaBeHNs.

HoBble TEXHOMOMAN B TENMEKOMMYHUKALMSX BbI3bIBAIOT MOTPEOHOCT NOAAEPKKM KayecTBa CEPBIUCOB, 3aLUUTHI U
MOBUIBHOCTM ANt HOBbLIX CEpPBMCOB, KOTOpPble MOrYT ObiTb AOCTYMHbI CerogHs «B ntobom mecTe, B Moboe
Bpemsi» B reteporeHHon cetu. Cywiectsytowme npobrnembl 3HAYMTENBHO 3aMEAnsioT Mpouecc paspaboTku
NpUKNagHbIX CEPBMCOB M He 06eCNEYNBaIOT BbINOMHEHWE NONb30BATENLCKOTO 3anpoca BOBPEMS.

OawH 13 nyTen peLueHns 3Toi NpobreMbl — CepBUC-OPUEHTUPOBAHBIN NOAXOZ K peanu3auuy 3aaady ynpasnieHus
CETbl0 M OOCMYXMBaHNS KMWUEHTOB B MOOMMbHBIX CETSX  Credylowero MoKOrneHns, BCreacTBiMe Yero CeTb
nepeonpemensieTcst kak KOnmeKums reTeporeHHbIx MHAopMaUmMoHHbIX pecypcos (TUP), pacnpeaeneHHbIX B ceTu
W [OCTYMHbIX Npy nomowy obuieceTeBon WHGpPacTpykTypbl. [lpu 3TOM Heobxogumo ONnTUMM3MPOBATbL
pacnpefeneHne aTux pecypcoB Takum 06pa3om, YTobbl yBenuunTb 3GhEKTUBHOCTL CETU. [INnst 3TOr0 HyXHO
yBENUUNTL "yPOBEHb MHTENNEKTA" CETHW, T.€. UCNONb30BaTh 3HaHUs npeameTHoi obnacti (MpO) n MexaHu3Mbl
MPUHATUS PELLEHUS, KOTOPbIE NO3BOMAOT TPAHCHOPMMPOBATh B 3HaHWA COBpaHHyI0 B CETU MHOpMaLMIO.

PasButne VHTEPHET M pacnpocTpaHeHne mMobunbHoW TenedoHun obocTpunu npobnembl goctynHoctn WP,
KayecTBa nepefayun WHcopMauun u npegoctasneHns ycnyr. fNocnegHue OOCTUKEHNS B MUKPOINEKTPOHUKE 1,
CTUMYIIMPYEMbIE €10, HOBbIE TEXHOMOMW CBSA3M, BbI3BamnyM KOHLENTYanbHbIA CABUM B NPeSoCTaBEHNN CEPBUCOB
— OT MPOCTOTO HanWuus Cepeuca K Yxe NPUEMMEMOMY KayeCTBY CEPBUCA, OT aBTOHOMHBIX BbIMUCIEHUIA — K
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BbIYMCNEHUAM, OPUEHTUPOBAHHBIM Ha Tpynny, W OT rOfOCOBOM CBA3W — K MynbTUMeaua. 3Tu npobnembl
ABNATCA OTKPbITLIMU ANs OyAyWwmUx UCCnefoBaHUi U ANS AanbHEeMLero pasBUTUS OCHOBHBIX MPOTOKOSIOB M
CeTeBbIX TEXHOMOrMN. Kpome TOro, pacLuMperus B CyLLECTBYIOLLMX TEXHOMOrWSX, Tuna npotokona Internet (IPv6),
nogcuctema mynbtumeama (IMS) yBennumBatoT CNoxHOCTL CETH eLe Gornblue.

OpHom 13 rnaBHbIX 3aaady, TPEBYIOWMX CEroaHS HEMEAJIEHHOTO PELLEHUs), SBMSETCS KavyeCTBO 0BCnyxMBaHUSA
(QoS). QoS onpegensieT rapaHTUto, OaHHY CETbK NOMb30BATEN0 NPW BbLINOMHEHUM CEPBUCOB C YY4ETOM
Habopa CepBUCHbIX OTPaHWUYEHUI, KAacatoLLOCs noKalaTenen kayecTBa: HenpepbiBHAs 3adepxka, dnykTyauus
(kWTTep), SOCTYMHAs nosioca NpomnyckaHWs U BEPOSTHOCTb noTepu naketa [2]. [ns mynstumeama QoS cBsizaHo
B NepByl0 ovepedb C pacnpedeneHuMeM pecypcoB CETH, Lienb KOTOPOro — pe3epBMpoBaTb PECYpChbl TaKiM
obpasom, 4utobbl QOS cmorno yaoBneTBOpUTL TPEBOBAHNS BCEX NPUIOXEHWI [3].

Kpome Toro, B 3agaun QoS BxoauT obecneyeHne HagexHOW, BbICOKOCKOPOCTHOWM, HENpepbiBHOW CBS3N B
reTeporeHHon cetu cneaytowero nokoneHnst NGN (Next Generation Network) [4,5].

BonbLwyto ponb B nogaepxke QoS n obecneveHnn HagexHo CBA3N urpaeT MexaHnsm xeHgosepa (handover).
Heobxognmo obecneuntb OMHAMMYHYIO apanTauuio K mobunbHocT aboHeHTOB (mpouedypa XeHgosepa), a
TaKkKe CErogHs BO3HWKAeT MOTPEOHOCTb B 3alUMTe OT PasHOOOpa3sHbIX 3MOHAMEPEHHbIX HanageHun. Takum
obpa3som, ceTb JomkHa MMeTb 6a30BbIN MexaHW3M, KOTOpbIA obecneunBaeT (hyHKLUMOHAMbHbIE BO3MOXHOCTY:
QoS, 3awmTy N MOBGUNBHOCT.

Monb3oBaTenb CTPEMUTLCS NONYYNUTb CEPBMC, KOTOPbIN YAOBNETBOPSET €ro NOTPeGHOCTM 3a NMPUEMIIEMYIO LIEHY.
OT10T nogxoa MoxeT ObiTb OCYWECTBNEH Ha OCHOBE NpeafilaraeMoi  WHTENMEKTyanbHOM CeTeBOM
WHpacTpyKTypsl, obecneynBatowlern kKomnoHeHTbl (Q0S, 3awmTa, MOBGUMBHOCTL) CPEACTBAMW ANS AOCTUKEHUS
nocTaBneHHbIX Lenen. Takum obpasom, TpebyeTcs Gonee MHTENNEKTyanbHas cetb 1 6onee WHTENNEKTyanbHble
CEPBMCbI.

MocTaHoBKa 3agaum

PasBuTMe  HOBbIX TEXHOMOTUA B TENEKOMMYHMKALMAX BbI3blBAET HEOOXOAMMOCTL MOAAEPXKKM KavecTsa
CEpBUCOB, JOCTYMHbIX «B J1l0OOM MecTe, B NMtob0e Bpemsi» B reTePOreHHon CeTh, KOTOPYH MOXHO NPEACTaBMTb,
KaK KOMMEKUMIO reTeporeHHbIX MHGopMaUnoHHbIX pecypcoB (IVP), moCTynHbIX npu nomowwm obieceTeBomn
WHpacTpyKkTypbl. Heobxognmo onTMMM3MpOBaThL pacnpedenieHne 3TUX PecypcoB MEXOy Monb30BaTeNsMi M
cepBucamu Takum 00pasom, 4Tobbl yBenMuMTb 3G(PEKTMBHOCTL BCel ceT. CpedacTBOM 3TOMO SBMSIETCS
YBENUYEHWE WHTENNEeKTyarnbHOCTU CUCTEMbI YNPaBMEHUs CeTbi0 Ha OCHOBE 3HAHWA, MPUMEHEHUS areHTHbIX
TEXHONOMIA, METaAaHHbIX, OHTOMOTMIA 1 Apyrvx cpeacts Semantic Web. [1ns pewwenus atux 3agay Heobxognmo
pa3paboTaTtb COOTBETCTBYIOLIME MOLENN U METOAbI MCNONb30BaHUs TexHonorun Semantic Web ans ynpasnexus
reTepPOreHHbIMM CeTAMM.

Cetn NGN

Cetn NGN 6asnpyetcs Ha WHTepHET — NOCTOSHHO pacTywen rnobanbHoit IP-ceTn. ®yHaameHTanbHas Uenb
WHTepHeT — obecneyeHmne cBsi3u, TO eCTb pa3paboTka TEXHONOrWI, NO3BONSIOLLMX CBA3ATH CYLLECTBYIOLLME CETW.
OTN CeTn coeamHeHbl ¢ VIHTEpHET NakeTHOW KOMMyTauuei MocpeacTBOM LWM030B. BcnomoratenbHble Lenu
WHTepHeT - obecneyeHne XuByvyecTW, MOAAEPKKA pasHbIX TUMOB CEPBUCOB U MPUCMOCOBIEHHOCTb K
pasHoobpasuto ceTeir. CerogHs Mbl HAabMOAAEM KOHBEP2EHUUIO CETEN, T.€. Peanm3aLmio 06X apXMTEKTYPHBIX
MPUHLMMOB MOCTPOEHUS TENEKOMMYHUKALMOHHBIX CETel, NOAAepXKY eAMHbIX COBMECTUMbIX MPOTOKOMOB U
WHTEPENCoB, a Takke BO3MOXHOCTEM pa3HblX CETEBbIX NNAT(OPM NPesoCTaBnATb aHarornyHble BuAb
CEpBUCOB HE3aBUCUMO OT TUMa TEXHONOMMA focTyna [6].
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NGN - mynbTucepBucHasi ceTb Ha 0ase CUCTEM KOMMYyTaLMVM MAKeTOB W LUMPOKOMOMOCHBIX TPAHCMOPTHbIX
TEXHONOMA, KOTOpas NpPefoCTaBMnseT MoMb3oBaTeNaM BbIOOP TENEKOMMYHWUKALMOHHLIX YCyr pasHbiX
NpoBanaepoB, NOAAEPKMBAET KOHBEPreHLMo ceTer 1 obecneynBaet npu atom Tpebyemoe kayectso ycnyr QoS
1 MobunbHocTb aboHeHToB [7,8]. Mockonbky B NGN yBenuumBaroTes kak MOOGMNBLHOCTL MONb3OBATENeN, Tak
reTeporeHHOCTb CETU U KOMMYECTBO MHTEPAKTUBHBIX M MyNbTUMEOUAHBIX MPUOKEHWA, TO Hago Bonee cTporo
BbINOMHATL TPEBOBaHNS MPOM3BOANTENBHOCTK (K 3a4epXKE WM MOTepe MakeToB), YEM B TPAAWLIMOHHOW CETU
MHTEpHeT.

OyHkumst xengosepa (handover) — BO3MOXHOCTb nepexoga aboHEHTa W3 30Hbl AEMCTBMS OfgHOW 6a30BOW
CTaHUmMM B 30Hy OeicTBMS Apyron Be3 noTepu pasroBopa wiv nepegayn MynbTuMeanitHoro Tpadmka. Mpouecc
XeHO0Bepa MOXET BBECTW AOMOSHUTENbHYIO 3a4epXKKy 13-3a Moucka CeTU, KOHUrypaLmu, ayTeHTudukaLm un
asTopusauum [9]. Utobbl ymeHbllaTb 3Ty 3agepxky, rpynna IEEE 802.21 npeanoxwna ctaHmapT, KOTOPbIW
onpegenseT yHKUMIO XeHaoBepa Hesasucumyto oT cpedbl (MIHF, Media Independent Handover Function), uto
no3sonset obecneuntb abcTpakTHble cepauchl [10], KOTOpbIE YBEAOMMSIOT O BO3HUKLLMX COBbLITUSX, YNPaBAAOT
NoBeJEeHNEM KaHana, CBS3aHHOTO C XEHOOBEPOM W MOBWMBHOCTBIO, @ TaKkKe MepeaarT LPyrum Cepsucam
WH(OPMAaLMO OTHOCUTESTBHO COCEHNX CETEM M NX BOSMOXKHOCTEN.

Cranpapt |EEE 802.21 nopaepxvBaeT anropuTMmbl, Jonyckawowue "Oes3lWOoBHbIN” XeHOoBep (seamless
handover), obecneunBaromint HEMPEpPbIBHYHO, HEMPEPBLIBAILLYIOCA CBA3b aDOHEHTaM, Kak B CETSIX OAHOrO 1 TOro
X€ CaMoro Tuna, Tak U B TETEPOTEHHbIX CETSX, COAepXalUMxX dparMeHTbl ceTelt pasnuyHoro tuna. CtaHmapt
obecneunBaeT MHGOPMALMIO, NO3BONSHOLLYIO OCYLLECTBNATL Nepeaady AaHHbIX B cOToBbIX cetsx, GSM, UMTS,
CDMA2000, GPRS, WiFi, Bluetooth, WPAN, IEEE 802.11 u IEEE 802.16 cetsax, ucnonb3ys pasfnunyHble
MeXaHu3Mbl XeHA0BEpPa.

Ha puc.1 npeacraBneHa 0006LWieHHAs —apxuTekTypa  3HAHUE-OPUEHTUPOBAHHOM  MOGWUIBHOM  CeTw,
npeacrtasnstowas cobon HEKOTOPYH WHTENMEKTyanbHyld HaACTPOMKY Had CyLecTBYOLEN TpaauLMOHHOM
apxuTekTypon. MasHon Lernbto HoBon apxutekTypbl NGN sBnsietcs 1) obecneyeHune kayectsa u pasHoobpasus
CEepBUCOB NOMb3oBaTensaMm, 2) adekTneHoe ynpasneHue cnyxbamm QoS, 3) obecneyeHus MOBUIBHOCTY
(xeHOoBep 1 MecTononoxeHne aboHeHTa) B ceut 1 4) cnyxba 3awwmTbl. VHTENNEKTYanbHbIA y3en ynpasneHus
CeTblo paboTaeT Ha OCHOBE YMPaBMSIOWEN WHGOPMaLMKM, NOCTYNAKWen OT Y3noB, abOHEHTOB W ApYrux
KOMMOHEHT CETU (Mcmomb3ys TpaguumoHHble npotokonbl SNMP, CMIP) B 6a3y panHeix MIB, roe oHa
HaKannMBaeTCs U XpaHUTCA ANs AanbHeiwein 06paboTku.

Brok WHAYKTWBHOTO BbIBOAA aHanM3WpyeT 3Ty CTATUCTUYECKYH WHGOpMauMo (HEKOTOpble OTKMOHEHUsS B
(hyHKLUMOHMpOBaHNK ceTu TpebyloLLme ynpaBneHns) 1 N3BNEKaeT U3 AaHHbIX ONPeAeneHHble 3aKOHOMEPHOCTM —
HOBbIE 3HaHWs O NpaBunax yHKLMOHNPOBAHWS CETU AN1S1 TOrO, YTODbI 3aTEM NPUHATL PELLEHWE O BbIMONHEHUN
onpefeneHHbX  yNpaBieHYeckux AeNCTBuMiA, koTopble obecneuntb OGecnepeboiHoe 1 Ka4yeCTBEHHOE
(OYHKUMOHMPOBaHWe ceTh. [nsg o0bobLleHnst JaHHbIX UCMONb3yeTcs anropuTM, siensowmiics obobueHnem 1D3
KynHnaHa 41 npon3BOnbHOMO YMca LeNeBbiX 3HAYEHWIA.

MonyyeHHble 3aKOHOMEPHOCTM NPeobpa3oBbLIBAKITCS, KACAIOLLMXCS KOHKPETHON BO3HMKLUIEN CUTYaLun B CETU W
XpaHsimecs B oHTonorum (6ase 3HaHwit). OTW Npasuia NO3BONSKT UCMONb30BaTb HAKOMMEHHbIA B Npouecce
(hyHKLMOHMPOBAHNS CETM OMbIT (Tak, ECNN paHee HEKOTOPOe PeLLEHWe MPUBENO K yAaYHOMY pesynbTaTty, TO B
JarnbHeLWem 310 e pelenne byaeT NpUMEHSTLCA NP CXOAHbIX YCroBusX 6e3 [JOMONHUTENBHOTO aHanmsa).
OTO NO3BOMSET TAKKE YCKOPUTb PEAKUMIO CUCTEMbI HA M3MEHEHUS BHELUHEN Cpeabl. 3HaHWS, NonyYeHHble OT
CeMaHTU4eckoin 6asbl AaHHbIX, MOCTYNalOT Ha OIOK NPUHATUS PELUEHWA y3na, KOTOpbI hOPMUPYET CUrHanbl
ynpaBneHus 4ns KOMNOHEHT MOBWUNBHOI CETW 415 UCMPaBNEHNS (YNyYLLEHMs, ONTUMMU3aLnm) ee paboTbl.



146 10 - Intelligent Support of Decision Making
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Puc.1 ApxutekTypa 3HaHWe-0pUEHTUPOBAHHON MOBUIBLHON CETM

ApXMTEKTypa MHTENNEKTyanbHOro y3na ynpaBneHus ceTblo

ApxuTekTypa MHTENNEKTyanbHOro yana ynpaeneHus ceTbto (MYYC), npeactaBneHHas Ha puc.2, No3BONSET emy
W3Bnekatb MHOpMaUMo Ang nogdepxkn yHkuMn QOS, MOBUABHOCTM WM 3alMTbl B CETU (4N OCHOBHbIX
CETEBbIX YPOBHE! COrMacHO 3TanoHHOM Mogenn) u npeobpasyeT ux B Tpebyemble (YHKUMOHANbHbIE
BO3MOXHOCTW. Bce acnekTbl Kaxaoro cepuca npeacTaBneHbl Takum abeTpakTHbIM CnocoboM, YTO TexHUYeckas
CMOXHOCTb X peanu3aumm CKpbiTa OT NoMb3oBaTens, NOCTaBLUMKa CepBICa U CETEBOTO oneparopa.
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Puc. 2 ApxutekTypa y3ana, obecneumatoLlas CepBIUCHYI0 DYHKLMOHANBHOCTb CETH
MHOroypoBHEBYIO apXMTEKTYpY y3na HeobxoaMMo CrpOeKTUPOBaTL Takum 06pa3om, YTobkl OH Bbin OpraH13oBaH
COIMACHO CEMaHTMYECKOM UM KOHTEKCTHOW ynpaBnsiowen wHdopMaumn, cobpaHHoM M3 cetn. TepmuH

«CEMaHTUKa» KaCcaeTCa U3y4eHUAa N U3MEHEHUA 3HAYEHUA. ,D,aHHbIe ynpaBneHund, CO6paHHbIe 13 KOMIMOHEHTOB
CeTH, ABNAKTCA HeO6p360TaHHbIMI/I W HE npurogHbl Ana Toro, 4T0bbI ObITb npeacTaBneHHbIMKA B Ka4eCTBe
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CEMaHTMYECKOM W KOHTEKCTHOM WHopmaumu. OpHako, cywectByeT noTpebHOCTb JocTyna K 9TUM
HeobpaboTaHHbIM AaHHbIM ANS TOro, YToObl KOMAUAMPOBATDL MX, NOMYYaTb U UHTEPMPETMPOBATL HA UX OCHOBE
pesynbTaTthl, KOTOpble OyAyT 3aTeM WHTErpupoBaHbl, YTOObI CreHEPUPOBATb CEMAHTUYECKYID W KOHTEKCTHYHO
UH(hopMaLMIo.

Takum 06pa3om, HOBas apxMTEKTypa y3na AOIKHA pasaensTb MHGOPMAaLMIo MO YPOBHAM NpOTOKoMNa B obLyen
ceMaHTuyeckoi 6ase JaHHbIX, M MHTEPNPETUPOBATLCA WMHTENNEKTYanbHbIM MEXaHU3MOM MPUHATUS peLleHus
(UMMP), koTopblit BygeT obecneunsatb Tpebyemble CEPBUCHI B YHUBEPCANBHOM dhopmaTe.

Ha puc. 3 nokasaHbl rnaBHble IOTMYECKME KOMMOHEHTbl MnaTtopMbl NPefoCTaBNeHns CepBUCOB U WX
B3aNMOOTHOLLEHMS C CEMaHTUYECKON HEpOpMaLoHHON Ba3oi AaHHbIx (CUB[), ynomsiHyTO BbiLue.

MnatpopmMa  NpeLoCTaBNEHUS CEPBMCOB COCTOMT M3 HECKOMbKMX (DYHKLMOHAmbHbIX OfOKOB, Ha3BaHHbIX
nornyeckumm  obbekTamm —  MHTepnpeTaTtopami  MHGopmauum  (QoS, BesonacHocTM,  MOBUMBHOCTM,
NpegoCTaBNEHUst CEPBUCOB), KaXablii W3 KOTOPbIX OTBEYAET 3a OAWH OMPEAENeHHbIA acmekT CEeTeBO
NOAAEPXKN, KOTOpas OOMkHa 06ecneynTb CEepBUCHI Ha MPWUKNAZHOM YPOBHE. Takoi NOrMyeckuii 0BbekT
cnocobeH cobupaTb MHAOPMALMIO B CETU HA HECKOMbKMX YPOBHSX C MOMOLLBIO MHTENNEKTYarbHbIX areHTOB U
NCNonb30BaTh 3Ty MH(OPMALMIO COBMECTHO C APYrMMU NOKAMbHLIMW NOrMYECKUMI 0BbekTaMn NOCPeACTBOM
NPOMEXYTOYHOTO NOrMYECcKoro obbekTa — MOCPEAHMKA, KOOPAMHWPYIOLLEr0 CBS3b MEXZY JIOrYeckumu
obbekTamm.

Nornyeckne 06BEKTHI Takke COXpaHStOT WHGopmaumo B ux obwen CUBM, kotopas 6yget mcnonb3oBaThCs
nornyeckumn obbekTamu Apyrux y3noB B ceTU. [ns yganeHHOro norudeckoro obbekta JOCTyn K 9TOM
WH(opMaLmn 1 hopMUpOBaHME 3anpoca K CeMaHTYeckoi 6ase JaHHbIX APYroro y3na JOMKHO OCYLLeCTBSATHCA
MpW NOMOLLY NOCPEAHMKA — NPOMEXYTOHHOIO NOrMYECKOr0 06bEKTA.

Jlornueckum o6 bLEKT
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K AaHHbIM

Pnc.3 naBHble KOMMOHEHTHI NIOTMYECKOr0 00beKTa npeaocTaBneHna cepsncoB

Takum obpasom, OBa y3na MOryT COBMECTHO MCMONb30BaTb CEMAHTUYECKYID MH(OPMaLMI0 TOMbKO Yepes
MocpeaHVKoB. Kaxabld normveckuit 0OBEKT — MHTEpnpeTaTop WHGOPMaLWM BbINONHSET ONpeaeneHHyo
(YHKUMIO NaTdopMbl NPEOOCTaBIEHNS CEpBUCA B Y3ne, Takue, kak QoS, MoBUNbHOCTM (XEHOOBEp), 3aWuThl
WNW Opyrux ceTeBbIX 3agady, UCNONb3ys PENeBaHTHYH BHYTPEHHIOK 1 BHELLHIOW MHGOpMaumio yana. Hanpumvep,
ANs UHGhOPMayUOHHO20 3rieMeHma 6e3onacHocmu — 3T0 COCTOsIHUE 3alLuMTbl HekoToporo TyHHens IPSec, Toraa
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Kak TekyLas CKOpOCTb Nepefayn AaHHbIX, MECTOMONOXeHWe u IPV6 — npumepbl UHGhOPMaYUOHHbIX 31EMEHMO8
MobunbHoCMU.

WHopmaLMOHHbIEe aneMeHTbI onpefeneHbl 1 CrpynnuMpoBaHbl COTNACHO WX PENEBAHTHOCTU OIS JIOTMYECKNX
06bEKTOB MHTEpPNpeTaLumM nHdopmaumuu. Kaxablil 0GbEeKT OTBETCTBEHEH 33 W3BIIEYEHIe COOTBETCTBYHOLNX EMY
UHQhOPMAUUOHHbIX 371eMeHmos B WX  dopmaTtax, 3a MX MHTepnpeTauuio 1 npeobpasoBaHne B 0OLLMA
ceMaHTuYeckuit hopmaT Gasbl AaHHbIX, @ TakKe COXpaHeHue ux B 6a3y AaHHbIX. [o3xe 1o2uyeckue 0bbekmel
UHMepnpemayuy  MHGOPMaLMM UCNONb3YIOT MHTEPNPETUPYEMblE CEMaHTUYECKMEe BEPCUM TOKambHbIX M
YAANeHHbIX MHPOPMALMOHHBIX SNIEMEHTOB B CBOWX PELLEHMSIX .

Kaxabiit MexaHu3M 0by4eHusi COREPXUT azeHmos 0by4eHns Ans TeX ypOBHEN, Ha KOTOPbIX MOTMYeCcKuin 0BbekT
onpeaenun Tunbl WHGopmauun, kotopas bydet u3snekatbcs. ITW areHTbl 00y4YeHUs UCNONb3YKT pasnuyHble
MeToAbl AN15 N3BneYeHns ynpasnstowen nHcopmaumu. OHM CKaHUPYIOT CETEBblE MAaKETbl, YNTAKOT NEPEMEHHbIE
OMepaLMOHHON CUCTEMbI, B3aMMOAEWCTBYIOT C [paiBepamu YCTPOMCTB WM MCMONb3YKT WHTepdencel AP,
BbINOSHSOLLMECS Ha y3re.

CemaHmU4eCKull MeXaHU3M MPaHCSUUU KOHBEPTUPYET UHTEPNPETUPYEMYI MH(OPMALMI, MOMYYEeHHY OT
MexaHu3Ma ODy4YeHus, B CemaHTMdyeckoe npefcTasneHne. OH peanuayeT MpOTOKON AOCTYNa K AaHHbIM W
COXPaHSIET 3Ty UHOPMaLWIO B DOPME OTYETOB B CEMAHTUYECKYH0 a3y AaHHbIX. OH Takke YuTaeT OTBEThI 6asbl
[aHHbIX Ha 3anpoc OT LIEHTPanbHOTO MexaHW3Ma MPUHSITUS PEeLUEHMiA, KOTOPbIA UCTONb3YeT CEeMaHTUYECKYHO
WHChOpPMALMI0O M MPOTOKON MeXay norudeckumi obbektamn Ans Toro, 4tobbl 06paTUTLCH K peneBaHTHbIM
NHCHOPMALIMOHHbBIM 3fIEMEHTaM M BbINOMHUTL 3TO PELLEHMe.

LieHmparbHbIli - MexaHu3M NpUHIMUS peweHus oTeevaeT 3a 9 eKkTUBHOCTb CETU B COOTBETCTBUM C LiENSMU
YPOBHS CEPBMCA M YPOBHS NMPUKNagHbIX nporpamm yana. OH Takke COXpaHsieT LEeNOCTHOCTb UHTepnpeTaTopa
WHopmauun. IMeHHo 3TOT MOAYNb AenaeT BbIBOAbI HA OCHOBAHWM pesynbTaToB 3anpocoB Kk 6ase AaHHbIX 1
coctosHns cetn. OH Takke ynpaBnseT 3anpocamil, OCHOBaHHbIMU Ha 3TUX 3aKMOYEHWsX, W YyBeLOMNseT
MexaHu3Mm 0byyeHus 06 M3MeHeHusix. OTOT MoZyMnb — AP0 UHMepnpemamopa UHOPMayuu, KOTOPbI
(hopMMpYeT 3aMKHYTYI CUCTEMY YMnpaBfieHus Yepe3 obpaTHylo CBS3b, NOALEpXMBas Opyrue Mogynu u
rapaHTupysi, YTO Kaxmabll U3 HUX paboTaeT aganTuMBHO U Camoobyyaetcsi, U CBOMMM LENCTBUSMU OHW He
NpoTMBOpEYaT apyr apyry.

ApxuTekTypa  y3na pacuneHseT Oonbluyld 3adady Ha MeHbluMe KOMMOHeHTbl. Yactn aTon 3ajaum -
CEMaHTW4ecKkoe MNpefcTaBfieHne 3anpoca, ero Knaccuukauus v pacrnosHaBaHue. OTW YacTu pasaeneHbl U
peanu3oBaHbl MHTENNEKTyanbHbIMU MexaHu3Mamy, COCTaBMSKOLMMU BHYTPEHHIOI CTPYKTYpPY NOrMYeckoro
obbekTa uHTepnpeTauumn nHcopmaumm (puc. 3).

CeMaHTM4eCKoe KOMMYHUKALIMOHHOE NPOCTPAHCTBO

[MaBHas 3afjaya — Co3aHWe CEMaHTUYECKOro KOMMYHUKALMOHHOTO npocTpaHcTBa Semantic Web B npegenax
Hawen npoekTupyemon cetu. Llenbto koHuenuun Semantic Web, B KOTOpOW MCMONL3YOTCA NpOrpaMMHble
areHTbl, oHTonorum u Web-cepBuchl, sBnsieTcs npeobpa3oBaHMe BCEW COBOKYMHOCTM WMHGOPMALMOHHBIX
pecypcoB B eauHyto 6asy 3HaHWiA, MOMb30BaTbCA KOTOPOM MOMYT Kak Mioau, Tak U nporpaMmmbl. [ns atoro
HeobxoaMMo CHabaWTb Kaxablih PEcypc OMMCaHMEM €ro CEMaHTWKW W MpegocTaBWTb Cpeactea Ans
aBTOMATN3MPOBAHHON 06PabOTKM 3TVX ONMCAHWI W NPELCTABNEHNS 3HAHWIA O HEM.

Wcnonb3oBaHue TexHonoruit Semantic Web npu paspaboTke NporpamMMHbIX CUCTEM MO3BONSET CYLUECTBEHHO
yNpOCTUTb NPOGIIEMY COBMECTUMOCT CUCTEM W3 CMEXHbIX 00MacTelt 1 ABNSETCS NEPBbIM LIaroM K NOCTPOEHUHo
BbICOKOMHTENNEKTYaNbHbIX KOMMNOHEHTOB W areHToB. LleHTpanbHbIM KOMMOHEHTOM KOHLENUMM SBNSeTCs
npuMeHeHne oHTonoruin. OHToNoMKM paspabaTbiBatOTCs M MOTYT ObiTh UCTOMNb30BaHbI NPK PELLEHUM Pa3NUYHBIX
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3afay, B TOM YuCne [ns COBMECTHOMO NPUMEHEHUs! MIOAbMI U NPOrPaMMHbBIMIA areHTaMu, ANt BO3MOXHOCTY
HaKOMMEHUs M MOBTOPHOMO MCMOMb30BAHWA 3HAHWMA B NpeaMeTHOM obnacTu, Ans CO3maHus Momenei u
NporpaMm, ONepUPYHLLMX OHTOMOTUSIMIA, @ HE XECTKO 3afaHHbIMIU CTPYKTYpaMn AaHHbIX, 415 aHanu3a 3HaHWi B
npeameTHoM obnacTu.

Tpu TexHonormum moryT 6bITb Mcnonb3osaHbl 4ns ceten NGN: areHTbl Ans T0ro, 4Tobbl NpeaCcTaBnsaTb peasnbHble
0ObEKTbI M aBTOMATU3MPOBAHHYKO pa3peLLaroLLyto COCOBHOCTb 3a4auun OT UMEHMN UX BNaAenbLa; OHTONOTMM AN
CEMaHTUYECKOro pacLLMpeHns MHopmaLmmn, KoTopon obmeHmBatoTcs 1 obpabatbiBatot Web-npunoxerust; Web-
CEpPBUCHI KaK BbIMMCIIUTENBHBIE CPEACTBa, 4OCTYMHbIE Yepe3 MHTEpHET.

Llenbto Semantic Web sBnsietca npeobpasoBaHue BCelt COBOKYNHOCTH MHGOPMaLMOHHbIX pecypcoB Web (unu
K€ CETW, B HALLEM Cnyyae) B eauHyto 6asy 3HaHMIA, NONb30BaThCA KOTOPOM MOTYT Kak Ntoau, Tak U Nporpammb.
[na aToro HeobxoaMMo CHabaUTL KaXabld PECYPC OMMUCAHWEM €ro CEeMaHTUKM U NPeAoCTaBUTb CpeacTaa Aans
aBTOMATW3MPOBAHHON 0BPabOTKM 3TUX OMUCAHUIA WU NPEACTABMEHWS 3HAHUA O HWUX. ABTOPOM 3TOM KOHLEMLMN
sensietca T.bepHec-Jlu, koTopbIn paHee 3agyman u paspabotan Web. HecMoTps Ha HeYeTKOCTb KOHLENLM
Semantic Web, HeCkonbko OCHOBHbIX HanpaBfieHN MOBTOPSIIOTCS BO BCEX €€ ONPeAEneHusX:

— OMnUCcaHNe CEMaHTHKV PECYPCOB NP NOMOLLM METadaHHbIX;

— MCNONb30BaHWe MeTafaHHbIX Ang noucka MHAOPMALMOHHBIX PECYPCOB HA CEMAHTUYECKOM YPOBHE;
npeacraenexne Web kak 6onbLuoi nHTeponepabensHoit 6asbl AaHHbIX;
oBHapyxeHue, KOMMOHOBKA U MCMONb3oBaHWe \Web-cepBIUCOB Ha OCHOBE OMMUCAHNS UX CEMAHTUKY;
npeaocTaBnerne WHGOPMaLMM UHTENNEKTYamNbHEIM MPOrpaMMHbIM areHTam B ¢)opMe, MPUrogHON Ans
MaLUMHHON 0BpaboTKM UX 3HAYEHUSI.

Hepeako OHTONMOMMA MCNOMb3YeTCs Kak MOCPESHMK Mexay nornb3oBaTeneM W WHGOPMALMOHHON CUCTEMON.
OHTOMOrMs MOXET hopMarn3oBaTb AOrOBOPEHHOCTI O TEPMUHONOMAN MEXIY YneHamu coobLLecTsa, Hanpumep,
Mexay Nonb30BaTeNsMy1 HEKOTOPOrO XpaHUIULLA AaHHbIX CETU.

OnTonorus — 310 Habop onpegeneHun (Ha opmarnbHOM A3bike) hparMeHTa AeKnapaTvBHbLIX 3HaHWM,
OPWEHTUPOBAHHbIM HAa COBMECTHOE MHOrOKPaTHOE WCMONb30BaHWE PasfUYHbIMK NONMb30BATENSAMU B CBOWX
NPUNOXeHusX. B OHTONMOrMM BBOAATCA TEPMMWHDBI, TUMbI U COOTHOLLEHWS (aKCMOMbI), OMUCHIBAIOLLME (PparMeHT
3HaHms.

®opmanbHas Mogenb oHTornorum O npeactaBnseT cobon ynopspouveHHyto Tpoiky O=<X,R,F>, roae X -
KOHEYHOE MHOXECTBO KOHLENTOB (MOHATWW, TEPMWHOB) npegMeTHOW 00nacTy, KOTOpylo NpeAcTaBnsier
oHTonorns O; R — KOHEYHOE MHOXKECTBO OTHOLLEHWIA MEXAY KOHLeNTamm 3afaHHoi npegMeTHon obnactu; F —
KOHEYHOE MHOXECTBO (PYHKLMI MHTEPMPETALMN, 3a4aHHBIX HA KOHLeNTax 1 oTHOLWeHuMsX oHTonorm O [11-13].

OHTonorus no3sonser (hopManu3oBaTb CEMaHTUKY NpoussorbHOM npeameTHon obrnactu (MpO). MoxHo
ckasaTb, YTO OHTONOMNSA — 3TO TOYHAs crneuuduKaLmus HekoTopor obnacTu, kotopas BKNOYaeT B cebs cnosapb
TEPMUHOB 3TOW 0BNacTM W MHOXECTBO CBA3ei (TUNa «3NMEMEHT-KNace», «4acTb —Lenoey, «okasbiBaeT
BO3[ENCTBMEN, «MOXOXKE Ha» M T.N. ), KOTOPble OMUCHIBAKOT, KaK 3TU TEPMWUHbLI COOTHOCATCH Mexay COBOoM.
OHTOMOrMM NO3BONSAT NPEACTABUTL MOHATUSA TaK, YTO OHU CTAHOBSATCS NPUIrOAHBIMI AN MALLMHHONM 06paboTky.

[na onucaHns MefaTaHHbIX B ceMaHTuyeckoi 6ase gaHHbIX ucnonb3osaH a3blk RDF (Resource Description
Framework), koTopbin ucnonb3yetT XML-cuHTakcuc. RDF onucbiBaeT pecypcbl B BuAE OPUEHTUPOBAHHOTO
pa3MeyeHHoro rpada — Kaxapl Pecypc MOXET UMeTb CBOMCTBA, KOTOPbIE B CBOK 0Yepedb Takke MOryT BbiTb
pecypcamut I X KOMeKLUMsMu.

YTo6b! ynpocTUTb U yHM(*)MLWIpOBaTb cO3[aHne MeTaonMcaHui pecypcoB, nosfib3oBartensam HyXHO NpenocTaBUTb
onpeneneHHble WwabnoHbl K CTaHOapTbl OMNWCAHUA TUMUYHBIX PECYPCOB. M3 Takux cpeacTs Haubonee
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OCHoBaTenbHO nNpopaboTaH Habop anemeHTOB Ans co3aaHus metadaHHbix "Dublin Core Metadata Elements”,
KOTOpbI COCTOUT M3 15 6a30BbIX anemMeHToB [14].

O6paboTka KOHTEKCTa

KoHTekcT (0T nart. contextus — «COeOMHEHWE», «CBA3b») — OTHOCUTENBHO 3aKOHYEHHBIN (hparMeHT 3anuci,
TekcTa, OOLMA CMbICN KOTOPOrO MO3BONSET YTOYHUTL 3HAYEHWE OTAENbHbIX BXOASALWMWX B HETO CIOB,
npeanioxeHun, 1 T. n. B Gonee LUMPOKOM 3HAYEHWW KOHTEKCT — Cpeda, B KOTOPOW CYLIECTBYET O0OBLEKT.
ApXuTeKTypa MHTENMNEKTYaNbHOTO y3na MobUnbHON ceTn cHabxeHa cpeacTeamm 06paboTkM KOHTEKCTa 4N1st TOro,
yToObl MOBBLICUTL KAYECTBO MPUHATUS PELUEHWU, COenaHHbIX WHTepnpeTaTopamu WHgopmauun. KoHTekcT
3aBMCUT OT NONb30BATENLCKMX MPEANOYTEHUI, TEKYLLEN CUTYaLMM 11 BO3MOXHOCTEN MOOMIBHBIX YCTPOMCTB [15].

OBpaboTkn KoHTEKCTa — 3TO  CMOCOBHOCTL UHTENNEKTYAmNbHOMO YCTPOCTBA 06eCneynTh CBOErO NONb30BaTENs
Hanbonee peneBaHTHbIMM MNpeAcTaBneHnemM npuobpeteHHoro cepeuca. OHa TpebyeT [OMONHUTENBHOM
nHdopmauwmmn, kotopas cobpaHa nubo 3apaHee nepen Tem, kak BblbpaH cepsuc, nMOO peakTMBHO nocne
pa3suTus cutyaumn. ObpaboTka KOHTEKCTA HAYMHAETCA C ONpedenieHnst YCTPOMCTBOM COOCTBEHHBIX CBOWCTB,
BO3MOXHOCTEN U OrpaHNYEHMH.

VIHTennekTyanbHoe yCTPOCTBO CMOCOBHO afanTUpoBaThCa Takum 06pa3oM, YToBbl NPeACTaBUTb NONL30BATEND
CEepBMC B MpaBurbHOM (hopmate U npu npuemnemblx ycriosusx. Ha 6onee abcTpakTHOM ypOBHE, KOHTEKCT
MOXeT BbITb OnpeaeneH kak Habop 06CTOATENLCTB U (DaKTOB, KOTOPbIE COOTBETCTBYIOT KOHKPETHON cuTyauun. B
NGN noHsiTME KOHTEKCTa pPacCLUMpSIeTCs Ha KOMMbIOTEPHYK CBA3b, B KOTOPYK BOBMEKAIOTCA W Noau, U
KOMMbIOTEPbI, U A€ KaXAblA y3en B CETW — NPOM3BOANTENb W NOTPebUTENb KOHTEKCTa (MOA0BHO KOHLenumun
Web 2.0). Kaxgbl ysen npou3BOAWT CBOe MOAMHOXECTBO KOHTEKCTa, AOCTYNHOe ApYriM y3nam uvepes
cemaHT4eckyto 6a3y faHHbIX M MPOTOKON NOCPEAHMKA.

Kaxgpin y3en Takke ucnonb3yeT aTy MHGOPMaUWIO, TaK Kak OH (POPMMpPYeT NnoKanbHyto 6asy 3HaHWA O Apyrux
yanax, HaxogAawWwxcs B MpsSIMOA WIW KOCBEHHOW CBA3W C HuM. Takol nopxod Heobxogwm, utobbl Bonee
3(h(HEKTUBHO MCMONL30BATh KaHamnbl CBA3W MOCPECTBOM MOHUMAHUS KOHTEKCTa U BbIMOMHATL NOKanbHbIE
peLLeHns, ucnonbays rnobanbHble BBOAbI.

[MpeanoxeHHas apxuTekTypa y3na no3sonseT cobupaTtb U UCNONb30BaTh TOKANbHYIO 1 YAANEHHYK KOHTEKCTHYI0
uHopmaumo. [laHHble O MECTOMOMOXEHWM — TUMUYHBIA NpUMep ANns WMHopMauuK, KoTopas MOXET
ncnonb3oBatbcs AN 06paboTkm KOHTeKcTa. [JOCTYMHOCTb AaHHbIX MECTOMOMNOXeHUs gaeT MoOubHOMY
YCTPOWCTBY JOMOMHATENBHYIO MHGOPMALWIO, KOTOPas MOXKET UCMONb30BATLCA CEPBUCOM.

[pyras BaxHas 4acTb MHQOPMaLMM — OKPYXEHWe YCTPOMCTBA, KOTOPOe OMnpeaensetcs nepcoHanbHoM
nokanbHoi cetblo nonb3oBatens (PAN). lMpumep PAN — HOyTOYK C NOAKMHOYEHHBIM K HEMY MOOWIBHBIM
TenedoHom, KIMK u Web-kamepoi. MepcoHanbHoe MHTENMNEKTYanbHoe o6opydoBaHME MONMb30oBaTENS MOXET
ObITb 0BHapyXeHO COOTBETCTBYHOLIEN TexHomorven cessu Tuna Bluetooth. OkpyxeHue moxeT Takke ObiTb
PaCLUMPEHO 3a CHET ApYriX Ny6NMYHO LOCTYMHbIX YCTPOMCTB, HAXOAALLMXCS B NONE 3pEHWS NOMNb3oBaTeNs.

HoBble 3HaHMst MOTyT BbiTb MOMy4YeHbl pa3HbiMK crnocobamu. MOXHO BbIBECTM X Kak JTOTMYECKOe CriefcTeie U3
y)Ke CYLLECTBYIOLLMX 3HAHWIA, BbIBECTU 0BLLee NPaBUIo U3 UMEIOLLMXCS (DAKTOB UM NepeHecTy (akTbl 1 3HaHMS,
UCTUHHbIE ONsi OAHWX OOBLEKTOB, Ha [pyrue OObeKTbl Ha OCHOBAaHWM WX CXOACTBA. MHTennekTyanbHoOCTb
MOBEJEHUS CUCTEMbI CBsi3aHa C €e CMOCOBHOCTbI YYMThCS Ha COBCTBEHHOM OMbiTe, TO ecTb 0606LaTh
N3BECTHbIE cUcTEME (DaKTbl B HEKOTOPbIE 0BLYMe NpaBuna.

[ins n3BneveHns 3HaHUi U3 CeMaHTMYEeCKo Basbl JaHHbIX UCTONb3yeTcs Memod UHOYKMUBHO20 ebigoda (OT
yacTHoro K obuemy). HOYKTMBHLIN BbIBOA — BbIBOL M3 UMEHLIMXCS OaHHbIX (HabmogeHuin, dakTos) obuimx
3aKoHOMepHoCTen (npasun), 4To UX 0ObscHseT. OCHOBHOE Ha3HaYeHWe WHOYKTUBHOTO BbIBOAA — reHepauus
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rMnoTes, KOTopble MOryT NOTOM ONPOBEPratbCA UKW NOATBEPXKAATLCA MONb30BATENEM. I'IonyquHaﬂ rmnoTesa
ncnonb3dyetTca ana 00BbsACHEHMA ANg 00bACHEHNS MMELWMXCA OaHHbIX, KJ'IaCCM(*)MKaLl'VIM M NPOrHo3mnpoBaHnA
HOBbIX Ja@HHbIX.

WHoyktvBHas norvka  — dhopmanbHas CcuUCTeMa, KOTopas OnUCbiBaeT npasunia (hopMMpoBaHUs O6LLMX
YTBEPXAEHUIA HA OCHOBE KOHEYHOr0 MHOXECTBA OTAENbHbIX YTBEPXKAEHWA. VHTENneKTyanbHoCTb NOBEAEHNS
noboN CMCTEMbI B 3HAUMTENBLHON Mepe onpeaensieTcs ee CnocoBHOCTLIO Y4UTLCS HA COOCTBEHHOM OMbiTe, TO
eCTb MHAYKTMBHO 0006LWath W3BECTHble cucTeMe (hakTbl B HekoTopble o6wme npasuna. MHOyKTMBHOE
06obLieHne cocTonT B TOM, 4TODbI 32 HAGOPOM MPUMEPOB NOCTPOUTL AN PyHKUMK T PyHKLMO-TMNOTE3Y h, 4T
annpokcumumpyer f.

B cratbe nmpepnaraeTcs ucnonb3oBaTb METOAbl MHAYKTMBHOrO 060bwenns [16] 4ns aBTOMATU3MPOBaHHOMO
W3BNeYEeHns OHTorormyecknx 3Havmin o MpO u3 Habopa MHPOPMALMOHHBIX PecypcoB (xpaHawwmxcs B Bl
CUCTEMBI), peneBaHTHbIX 3Tom [pO.

MpakTuyeckas peanusauusa cepeuca

PaccMoTpuM, kak NpeanoxeHHas apxuTekTypa MOXeT UCMONb30BaTbCs NONb30BaTENEM, NOCTABLUMKOM CepBica
W CeTeBbIM oOrnepaTtopoM. JTOT MOOXOA YBEenuWuMBaeT [OCTYMHOCTb CEpPBUCOB B CeTW. [lpeanonoxum,
nomnb3oBaTeNlb XOYeT MOMYYUTb KAYeCTBEHHbIA AOCTYNM K MyNbTUMEWUMHOMY CEepBUCY 4Yepe3 MOOMMbHbINA
TepmuHan (MT) Bo Bpemsi cBoero nepeaimkeHus. OH HauMHaEeT CeaHc, UCMOoMb3yst COOTBETCTBYHOLMA NPOTOKON
ceaHcoBoro ypoBHs. [lpoBangep cepeuca (service provider node, SPN) cnocobeH npenocTaBuTb
MyNbTUMEOUAHBIN CEPBAC B Pas3nuuHbIX (popmatax, Kaxabli C pasnuyHbiMi  TpebGOoBaHWAMW  MOMOChI
nponyckanus. lMornoca NponyckaHus — LEeHHbIN Pecype Ans NpoBaitaepa cepauca, Tak Kak OH NornyyeH B apeHay
OT CETEBOro onepaTopa, 1 LeMb COCTOMT B TOM, 4TOObI Nepenpogathb 3Ty Nonocy nponyckaHus ageKTUBHbIM
crnocobomM Ans MHOTUX NONb30BaTENEN TaK, HACKOMBbKO 9TO BO3MOXHO. UT0OObI BbibpaTh Camblit 3pdeKTUBHBIN
chopmat, noruyecknii 0ObEKT NpefoCTaBEHUs CEpPBUCOB (pUC.2) 3anpawmBaeT y norudeckoro obbekta QoS
Ka4yecTBO LOCTYNHOW NOMOCHI NPONYCKaHMS.

Nornyeckunin 0BbekT QOS  BXOAWT B KOHTAKT CO CBOMM OLHOPAHrOBbIM Y31IOM CETEBOro onepatopa (network
operator node, NON) nocpeacTtBoM npoTokona nocpeaHuka, Ytobbl 3anpocuTb BO3MOXHOCTU MT (MobunbHoro
TepMuHana) u AP (Touek JocTyna), KoTopble pacnonoXeHbl B Npeaenax 30Hbl nepeaaqn nonbaosatens. Koraa
OHOPaHroBbI noruyeckuin 06bekT QOS nonyyaeT 3ToT 3anpoc, OH obpallaeTcs K CBOen cemaHTuyeckon base
JaHHbIX, TOe XpaHuTCS npodunb  MOOMMBHOCTM  MOMb30BATENS, KOTOPbIA  JIOTMYECKM BbIMUCTIEH U3
MECTONONOXeHUsT U ckopocT MT, Tak e Kak M MEecTONONoXeHWe Touku goctyna AP yepes KOTOpy BoLwen
nonb30BaTerb.

OTa MHhopmaLwma 1 noroca NpomnyckaHus, KOoTopas ABNSETCS JOCTYNHOM NOCPEACTBOM 3Tux AP (Touek Joctyna),
[AK0T Pe3ynbTUPYIOLWMA AManasoH Nofockl NPONnyCckaHUs, C KOTOPbIM NOMb30BATENb MOXET NOAAEPXKMBATLCS BO
BpemMs MynbTUMegua ceaHca, W KOTOPbIA BO3BpallaeTcs K nposangepy cepsuca SPN kak npodmnb
mobuneHocT QoS nonb3osatens. ocne Toro kak noruyeckun obbekt QoS monyunn Tpebyembin npodusb
nomnb3oBaTens, NpoBanaep CepBuca MPUHUMAET WHTENNEKTyanbHOE PELIEHWe OTHOCUTENbHO (HOPMUPOBAHMS
norockl NPOMyckaHus, KoTopas LOoMkHa ObiTb BblgefieHa Monb3oBaTento, 1 KOTopas He AOMKHa MpeBbllaTb
BO3MOXHOCTW, OMMCaHHble B npodune mobunbHocTM QoS u coobuiaeT 3aTeM NOrMyeckomy O6bekTy
npesoCcTaBeHUs CepBmuca, YTo TOT MOXET BbibpaTb COOTBETCTBYHOLLMIA hopMmaT.

Jloauyeckuti 06bekm MobubHOCMU NPOBaiiAepa CepauUca TaKKe PErncTpupyet cebs B CBOEM OfHOPaHroBOM
yarie CeTeBOro oneparopa C Lienbio 6biTb MHOPMUPOBAHHBIM OTHOCUTENBHO M3MEHEHMIA B CEMaHTYeCKo Gase
[aHHbIX KaCAMLLMXCA COCTOsHMA MobunbHocT MT (nepedBukeHns aboHeHTa) TakuMm 06pasoM, 4TOObI
npoBaiiaep cepsuca Mor afanTupoBaTb MynbTUMEANIAHBIN CEPBIC K U3MEHSIOLLMMCS YCTIOBUAM CBSI3N.
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Nornyeckuin obbekT QOS npoBangepa cepauca coobLLaeT CBOEMY OQHOPaHTOBOMY Y31y CETEBOro onepaTopa o
pacnpefeneHHo Nonoce NPOnyckaHus U Takke PEr1CTPUPYETCS B HEM ANs BO3MOXHOCTY y4YeTa U3MEHEHWI B
coctosHmax QoS Tak, utoObl  MyNbTUMEAMIAHbIA CEPBMC  MOr MOAMULMPOBATLC B COOTBETCTBUM C
W3MEHEHMAM B CETEBOW Harpyske, ynpaBnsieMon norudeckum obbektom QoS. Ha ocHoBe npennioxeHHOM
CTPYKTYpbl MOXET ObITb peann3oBaH MeXyPOBHEBBINA pacnpeseneHHbIi CEPBUCHBIM JOCTYM M CxeMa aganTtauun
kak OTBET Ha MOBWNBHOCTb MOMb30BATENS W AMHAMMKY CETEBbIX YCroBun 6e3 noTpebHOCTM B onpeneneHus
OTAENbHbIX MPOTOKONOB AN151 KaXO0ro nHTepdeica. Takom cLeHapuii rapaHTUpYeT, YTO Norb30BaTENb NosyyaeTt
MyIbTUMEAUIAHBIA CEPBUC MPU NEPEMELLEHWM, B TO BPEMS Kak NpoBaiidep cepsuca U Brageney cetu UMerT
camoe 3P eKTUBHOE MCMONb30BaHNE CBOUX COOTBETCTBYHOLLMX PECYPCOB.

3aknoueHue

B paGote npefcTaBneHa KOHLEMUMS, KOTOpasi OMpeaensieT PacLUMPEHHYI apXWUTEKTYpy, MO3BOMSIOLLYHO
WHTErpUpOBaHO peanu3oBaTb OCHOBHble TpeboBaHMs k NGN Ha OCHOBE MCMONMb30BaHWA 3HAHWA W CPeacTB
yNpaBneHns 3HaHUAMN.

[ins 310r0 HEOGXOAMM MHTENNEKTYambHbI NOAXOA, NO3BONAOLMIA KOHBEPTUPOBATL HEOOpaboTaHHble JaHHble
yNpaBneHnsi B CEMaHTUYECKOE NPeACTaBneHne, NPUHUMATDL PELIEHIUS! OCHOBaHHbIE HA CEMAHTUKE U Y4MTbCS Ha
onbiTe. BaxHO nMpumeHsT Ans aToro TexHomoruu Semantic Web 1 MeTobl, ucnonb3yemble B 3apavax
WNCKYCCTBEHHOIO MHTENMeEKTa.

Takum 06pa3om, HOBbIE MPUNOXKEHUS 11 CEPBUCHI MOTYT Takke ObITb peanv3oBaHbl HAMHOIO NPOLLE YeM CEroaHs,
W OXuaaeTcs , 4To OHM ByayT nopaepxmBathes B OyayLlem.
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ArPErMPOBAHVE NPAMbIX U IBOUCTBEHHbIX BAJTAHCOBbIX MOLENEN
«3ATPATbI-BbIMYCK»

Uropb Jawenko, AHapun OHuunwieHko, Uropb OHMLEHKO

AHHOMayus: VccnedosaHue 3KOHOMUYECKUX NPOUECCO8 Ha MakpoO ypoSHE UCNOMb3yHm agpeauposaHHble
nokasamenu. [lemanusuposaHHble nokazamenu onpedenslmcs Ha MUKPO yposHe. (essb  Mexody
demarnusupogaHHbIMU U a2pe2uposaHHbIMU  NOKa3amensamu OCywecmensiemecs € NOMOWbo  Memodos
agpeauposaHusi. ABMopbI 0OCHOBHOE 8HUMaHUe ydensom Memody MOYHO20 azpeauposaHusi U 803MOXHOCMSAM
€20 UCNOMb308aHUA O cmamuyHbIX U OUHaMUYHbIX Mexompacnesbix modenel, uccredogaHue KOmopbix
nossonsom cbanaHcupogambs  NPOU3BOOCMBEHHbIE  MOWHOCMU, 8bINyCK NpodyKyuu U pacxodbl Ha
npou3godcmeo.

Knioveeble crnoga. 3OKOHOMUKO-MameMamuyeckoe MOOenUpogaHue, MOYHoe azpeauposaHue, Modesb
JleoHmbesa.

Conference: The paper is selected from XVt International Conference "Knowledge-Dialogue-Solution” KDS 2009,
Varna, Bulgaria, June-July 2009

BBeaeHue.

M3yyeHne 3KOHOMWYECKMA MokasaTenen TpebyeT OT wccrnegoBaTens onepupoBaTh GOMbLWKMM KOMMYECTBOM
AaHHbIX, KOTOpble B CUMYy OOBLEKTWUBHbIX MPUYMH He MOryT ObiTb y4TeHbl B nonHOM obbeme. [loatomy
nccnegoBaternb He MOXET 3(hhekTUBHO X 0BpaboTaTb Ge3 MCMOoNb30BaHNS HAAEXHBIX METOLOB arperpoBaHus
BXOAALLE MHdopmaLmK.

Il. MocTaHOBKa 3agaum.

OpHoit 13 MepBbIX JNWHERHbIX OanaHCOBbIX MOAENE MOCTPOEHHbIX HA  OCHOBAHWM [AETaNN3MPOBAHHBIX
nokasaTensx sBnseTcs Mexotpacnesas 6anaHcoBas Mogens JleoHTbEBa, U3BECTHAs MO HA3BaHWEM «3aTpaTbl-
BbIMyck» [1,2]:

x=Ax+y,x=>0,y>0 (1.1)

rme x = (x1 Xy peeXy )T — BekTop-cTonbey, 06bEMOB BbiNyCka NPOAYKUMM, y = (y1 ,yz,..,yN)T - BEKTOp-
ctonbew, koHeYHOro noTpebnexns npogykumn, A > 0 — HeoTpuUaTenbHas matpuua koahULMEHTOB NPAMbIX
3aTpar Npou3BOACTBA, pa3MepHOCTn N x N, BNIEMEHT a,; KOTOPOI NOKa3bIBAET, Kakoe KOMMYECTBO MPOAYKLMM
i HeobXxoaMMo 3aTpaTUTb ANs NPOU3BOACTBA eANHULbI NPOAYKLMA

Mogenb «3aTpaTbl-BbINYCK» CTPOUTCA KaK B HATyparibHOM, TaKk U B CTOMUMOCTHOM BbIPaXXeHUH. Bo BTOPOM Cny4ae
HaTypanbHble 3NEMEHTaMu MOoAEeNnn 3aMeHAT WX AEHEXHbIM JKBMBANEHTOM. B paHHoi pa60Te 6y,qu
paccMmaTpuBaTb MaTepmaanbM GanaHc.

lIl. PeaynbTarhbl.

1. Paccmotpum 3apady arperupoBaHus Mexotpacnesoro 6anadca (1.1) B eguHbin  npogykT. [lycTb
Tz(pl,pz,...,pN) — arpervpylolmin Bektop, rae p, — LeHa 1-fo npofykra. YMHOXuM o0be 4actu
ypaBHeHusi (1.1) Ha BekTop 7' criesa, B pesyrbTaTe nomnyyum

Ix =TAx+1y.
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YuntbiBasi, yto X =Tx - arperMpoBaHHblii NOKa3aTeNb BaroBOro BbiNycka MPOAYKUMW B [OEHEXHOM
BblpaxeHuu, Y =Ty — arperupoBaHHblii MokasaTenb KOHEYHOro NOTpebneHws npogykuuu B AEHEXHOM
BbIPaXXEHMI, MOXEM 3anuncaTb ypaBHEHWe arperupoBaHHoro 6anaqca B Buge

X =TAx+7Y . (1.2)
Wnm B ckansipHom Buze

X=aX+7Y,
roe d — YMCNoBOIA KOI(PULMEHT NPSIMbIX 3aTpaT NPOU3BOACTBA.
MocnenHee ypaBHEHe MOXHO 3an1caTb Takke B BAE

X=alx+Y. (1.3)
/3 ypaBHenui (1.2) n (1.3) cnegyeT paBeHCTBO
TA=aT . (1.4)

PaBeHcTBO (1.4) — yCrnoBue TOYHOTO arperMpoBaHWsl, W3BECTHOE MOA Ha3BaHWeM Ycnosus XaTaHaku [3].
Packpoem aKOHOMMYECKMIA CMbICT 3TOTO yCnoBusl. YpaBHeHue (1.4) 3anuwem B Buge

T(4-@E)=0, (15)
roe E — puaroHanbHas eguHuyHas matpuya N -ro nopsigka.
Ha anemeHTbl ypaBHeHus (1.5) HaknagbiBaem cregyoye AONOMHUTENbHbIE YCIOBUS:
A) T >0 -cnepyet 13 T0ro, 4to 7' — BEKTOP LIEH.

B) A#aE - vHauye TexHomnornyeckas Matpuua GyaeT uMeTb BWA OWaroHanbHOM, YTO CUMbHO CyXaeT Kpyr
nccregyeMbix 3agau.

[Mpu TakMX YCrOBWAX M HepackagHOW NPOLYKTMBHON MaTpuue A pelueHusmm ypasHeHust (1.5) ByayT [4]:

a = A, —kopeHb ®pobeHnyca matpuupl A,

T = p , - ne.bli BexTOp PpobeHnyca matpuLbl A .

lMofBOAS MTOTU CKA3aHHOMO MOXHO YTBEPXKAATH

Yreepxaenue 1: [ns npodykmueHoli HepacknadHol modenu «3ampambi-gbinycky x = Ax+y, y >0
gcez0a cywiecmeyem eOUHCMBEHHOE MOYHOE aspeauposaHue K 0OHOMEpHOMy ypasHeHulw X =aX +7Y,
Y >0, e komopom a =A,<1 - KopeHp ®pobeHuyca, a T = p, — neebili eekmop ®pobeHuyca
mampuubl A .

2. PaccmoTpum 3apady arpervpoBaHist MexoTtpacrnesoro banaHca u3 N otpacnen B n, npuieM 1<n < N .
Kak 1 paHbLe, Byaem usyyate mogens JleoHTbesa B Buge (1.1).

Tak KaKk Mbl MCMONb3yeM nokasaTenu matpuubl A B HaTypanbHOW (opme, TO 4ns arpervposaHus mogemm (1.1)
Oyaem cuutaTb MaTpuly 7' MaTpuLen LieH:

pipy 0..0..0...0
0..0 plz...p,zvz...O...O
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Pa3mepHoCTb arpervpytolleit Matpuul — nx N, 3NeMeHT p’ MaTpulibl COOTBETCTBYET LigHe j -ro NpoaykTa
13 MHOXeCTBa {NS}, roe U{NS}: {N} {Nk}ﬂ{N,}: Onpuk=r.
s=1

Matpuubl A4 1 7' COOTBETCTBEHHO C (2.1) 3anuwieM B KNETOYHOM BUae

All A12 Aln pl 0 O
_ A21 Azz A2n _ 2
A= , =10 p°..0
Anl AnZ Ann p
YMHOXMM ypaBHeHue (1.1) Ha T cnesa, Nony4Yum
Ix =TAx+Ty.

Tyt Tx=X,rpe X = (X Xy, X, )T — BeKTOp-cTON6EL, arperypoBaHHbIX BanoBbIX BbIMYCKOB NPOAYKLMY;

T -
Ty=Y,pe Y = (Y1 , Yz,...Y,,) — BeKTOp-CTonbeL, arpervpoBaHHbIX BbIMyCKOB KOHEYHOM NpoayKuuu. Moxem
nepenucaTb NoCneaHee paBeHCTBO B BUAE:

X =TAx+Y. (2.2)
C Apyroi CTOpOHbI ypaBHEHME arperypoBaHHoro banaHca umeeT BUA:
X=ATx+Y. (2.3)
CpaBHvBas paBeHcTBa (2.2) 1 (2.3), NPUX04NUM K YCIOBMIO XaTaHaKu:
TA=AT,

roe T - arpervpyiowas matpuya; A, A — COOTBETCTBEHHO MaTpulbl KOIMMULMEHTOB MPAMbIX
MaTepuanbHbIX 3aTpaT AeTann3MpoBaHHOTO 1 arperpoBaHHoro GanaHcos. Mpuyem Matpuua A umeeT BUA

a; ay .. 4y,
q= ay Ay - Gy,
nl anZ nn

(pSAsk )1 :(p‘ASk)2 :...:(p“'Ask)Nk =Pl ips Dy, (2.4)
s=12,..n;k=12,...n.
W13 nony4eHHbIX BbiLLie Pe3ynbTaToB MOXHO CAENaTh CrieMyHoLLMii BbIBOA:

YTBepxaeHue 2. Heob6xodumbiM U GOCMAamMOYHbIM YCIOBUEM CYU/ECMBO08aHUSI MOYHO20 aepeauposaHust
Modenu Mexompacniegozo banaHca us N - pasMepHo2o K n - paamepHomy ypasHenuio (1< n < N) ecmb

mpebogaHue, Ymobbl 80 8CEX M YaCMUYHLIX agpeaupogaHusx yoenbHble MamepuasbHbie pacxods! ompacnel
b 17U NPONOPYUUOHANbHBIMU UeHaMm NpodyKyuU.

3. Ecnm B 3aave Bo3HMKaeT HEOBXOAMMOCTbL MCCNEeoBaThb Kak NPOM3BOLACTBEHHbIE 3aTpaThl, Tak U 3aTpaTbl HA
pacLUMpeHre NPON3BOACTBA, TO B TaKOM Cry4ae UCMOMb3YT AMHAMUYECKY MoAerb JleoHTbeBa.

x=Ax+Bx+y, (3.1)
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roe A — maTpuua 3aTpaT Ha NpOWU3BOACTBO NPOLyKUMM, B — MaTpuLa 3aTpaT Ha pacluMpeHne Npon3BOACTEA,
X — BEKTOP NPUPOCTOB NPOM3BOLCTBA 3@ CYET CO3LAHNS HOBBIX MOLLHOCTEIA.

lMocTaBum 3agavy arpermpoBaHus guHamudeckon mogenm fleonteesa (3.1) B eguHbii npoaykT. Ans peleHus
NoCTaBMEHHON 3aauun BblbepeM arpernpytowmin Bektop 7' = (pl, Dasees D N), 9MeMEHT p, KOTOPOro paBeH
LieHe 7 -ro npoaykTa, i = I,_N . YMHOXMM 06e yacTtu ypaBHeHus (3.1) Ha Bektop 7" cnesa. Monyyum

Ix =TAx+TBx+1y. (3.2)
C Opyroi cTopoHbI, arpervpoBaHHas aMHammnyeckas mogerns JleoHTbeBa UMeET BUL,

Tx=aTx+bTi+Ty. (3.3)
3 ypaBHeHui (3.2) 1 (3.3) cnegyHoT ycnosus

TA=aT,

g (3.4)
TB=bT,

KoTOpble ecTb 0600LLEeHHbIMK YCOBUAMM XaTaHaku. Ycnosus (3.4) MoryT BbiTb 3anucaHbl B BUAE
T(4-aE)=0,
T(B-5E)=0.

Ecnu paccmatpuBath 06LWMiA criyyaid, koraa matpuubl A M B He [naroHanbHble WNW HyneBsble, TO U3
nocreaHuX YpaBHeHUi nonyuum cregytowine pesynbTathl. Yucno a — kopeHb ®pobeHnyca matpuibl A , 4ncno

~

b - kopeHb ®pobeHnyca matpuupbl B . Arpervpytowpii Bektop 7' =p, = p,, Ae p, W p, — nesble
BekTopa Ppobennyca matpuy, 4 n B coOTBETCTBEHHO. [10ABOAS UTOMW, MOXEM YTBEPXAATD:

YreepxpaeHue 3: Heobxo0umbiM U 0OCMamoYHbIM YCIIOBUEM CyWecmeogaHus MoYHO20 azpeauposaHus Ons
npodykmugHoU HepacknadHol OuHamudeckol modenu Jleormsesa x = Ax+ Bx+y, y > 0 k 00HoMepHOMY

ypaeHeHuo X = 5X+Z;X+Y, Y>0,20e a=1,<1, b= Ay = KOpHU ®pobeHuyca mampuy Ay
B ecmb ycnosue pasHocmu ux nesbix eekmopos ®pobenuyca. Toeda azpeaupylouwjuli 8eKmop
T=p,=ps-

4. TMepenaem K 3afaye arpervpoBaHus auHamudeckoi mogenwu fleontbeBa (3.1) U3 N - pasmepHon K n -
pasmepHon. Mpuyem BbinonHseTcs yenosme 1 <n < N .

B Takom cnyyae arpervpytowas matpuya 7' MMeeT pasMepHocTb 72 x N
P ...p}\,l 0..0..0..0
T=| 0..0 plz...psz... 0..0 |,

(4.1)
0.0 0..0.p.py

N, +N,+---++N, =N,

3NIEMEHT p; MaTpuLbl COOTBETCTBYET LiEHE j -r0 MPOAYKTa U3 MHOXECTBa {NS}, roe {NS}: {N }

{Nk}ﬂ{Nr}=0 npn k #r.

Matpuupl 3atpat 4 n B, arpervipyrowyto matpudy 7' B cOOTBETCTBUM C (4.1) 3anuiLiem B KIETOYHOM BUZe
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A11A12"' Aln B11B12"' In pl 0

A— A21 A22'“ A2n B= BZI B22"'B2n T = 0 p2 0
....................................... p”
Anl AnZ Ann Bnl Bn2 "'Bnn

[ns arpernpoBaHnst avHaMWU4eckom moaenu JleoHTbeBa YMHOXMM ypaeHeHue (3.1) Ha matpuuy 7' cnesa.
Mony4yum

Tx =TAx+TBx +Ty. (4.2)
Tarke ypaBHeHWE arpernpoBaHHoro 6anaHca MOXHO 3anucatb B BUae
Tx = ATx+BTx+Ty. (4.3)
N3 nocneaHunx OByxX paBeHCTB NPUXOAMM K YCIOBUAM TOYHOrO arperMpoBaHunA
TA= AT,
" (4.4)
TB = BT.

Mpuyem arperpoBaHHble MaTpuLibl 3aTpaT A U B UMEIT Big

a ay...ay, by by, ...y,
~ | @y dy.dy | ~ |by, by, ..b.

21 **22 2 .
A: n ,B: 21 ¥22 2n

anl anZ "ann bnl an "'bnn

YunTbiBasi YCoBUE NOMOXMTENBHOCTM BCEX BEKTOPOB LeH, p* > 0, s = 1,7, Npuxoaum K BbIBOZY, YTO
~ s
a, 2/14“’ P =P s=1n.

AHanorM4yHo ans BTOPOro ypaBHEHMs cucTeMbI (4.4) nonyyaem

b, :/13“, p’ =Pp S =Ln.

Ycnosure TOYHOTO arpernpoBaHns MoXxem nepenucaTb B Buae

s=12,...n; k=12,...n.
[NoaBoast UTOTM pesynbTaToB MOJyYeHHbIX B YpaBHEHNSX (4.5), (4.6), MOXHO caenaTb BbIBOA

YTBepxkaeHne 4: HeobxodumbiM U AOCMamMOYHbIM YCIIOBUEM CYL,ECMBOBAHUSI MOYHO20 aepeaupo8aHust
OuHamuyeckol modenu fleoHmbesa U3 N K n- MEPHOMY ypPaBHEHUH (1 <n<N ) ecmb mpebosaHue,

Ymobbl 80 BCEX N YaCMUYHbIX agpeauposaHusx ydenbHble MamepuarbHbie 3ampambl ompacneli Ha

npou3godcmeo ObiIu NPONOPYUOHATEHBIMU ydeanb/M 3ampamam Ha pacwupeHue npouszgodcmea U UeHe
coomeemcmeeHHoco npodmea.

5. PaccmoTpum mogens ABOCTBEHHYHO K MOZENM MexoTpacneBoro banaHca. KoTopyto sanuwlem B Buae
p=pA+r, (5.1)
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roe p — BEKTOp LeH Ha mpoaykumo, A — TexHomornyeckas matpuua mopenu JleoHTbeBa, 7 — BEKTOp
[06aBNEeHHO CTOMMOCTMU.

Mycte ans mogenu (5.1) HYXHO pelMTb 3afgadvy arpervpoBaHust B eduHbIi NpogykT. [Ans 3Toro BBEAEM
arpervpyroLmn Bektop-cTonouk 7' = (x1 3 Xy ey Xy )T, rae x, — o6beMbl BbIMyCKOB i -/ MPOAYKLMN. YMHOXMM

ypasHeHwe (5.1) Ha arperupytowmi Bektop 7' cnpasa. Monyynm

pT = pAT +rT . (5.2)
YuutbiBas, yto pT = P, rT = R - arpervpoBanHble nokasarenu, ypaBHeHue (5.2) MOXHO 3anucatb B BUAe
P=pTa+R. (5.3)
CpasHwBas paeeHcTBa (5.2) 1 (5.3) nony4um ycrnoeme TOYHOTO arpervpoBaHust 4ns ABONCTBEHHOM MOZENH
AT =Ta . (5.4)
Moxem 3anucaTb nocreaHee ycrnoBue Tak
(4-GE)T =0. (5.5)

[ns HeTpuBManbHOro crnyyas matpuya A — He auaroHanbHas unm Hynesas. Mo3ToMy BbINONHEHWE PaBEHCTBA
(5.5) TpebyeT 4Tobbl @ = A, TO €CTb arper1poBaHHbIi NokasaTeNb @ paBeH KOpHI PpobeHnyca MaTpuLbl

A, a T=x,, rae x, — npasblil BekTop ®pobennyca TexHonornyeckon matpuubl A . MonyyeHHbie
pesynbTaThl CQOPMynMpyeM B hopme YTBEPKAEHMS.

Yreepxpenue 5: [na npodykmusHol HepacknadHol modenu (5.1) ecez0a cywecmgyem eOUHCMBEHHOE
MoYHoe agpeauposaHue K 00HomepHoMy ypagHeHuto P = Pa + R, R>0. [puvem a = A,, T =x,, 20e
A, u x, —coomeemcmeeHHO kopeHb PpobeHuyca u npaskili eekmop ®pobeHuyca mampuub! A .

6. PaccMoTpuM ABOACTBEHHYIO MOLENb K ANHAMWUYECKON Mogeni JleoHTbeBa
p=pA+pB+r, (6.1)
roe A, B - TexHomornyeckue matpuubl, » — BekTOp [0OOaBMNEHHOM CTOMMOCTW, pB — CTOMMOCTb
MHNALUMOHHBIX NPOLIECCOB.
o T .
Beenem arpervpytowmin Bektop-ctonbuk 7' = x = (xl,xz,...,xN) , rie x; — o6bem BarnoBoro Bbinycka i-ro

NPOAYKTY.
YMHOXUM NEBYIO W NpaByto YacTb ypaBHeHWs (6.1) Ha BekTop-cTonbuk 7' = x cnpasa. [lonyyum cregyioLyee
PaBEHCTBO

px = pAx+ pBx+rx. (6.2)
C opyroit CTOpOHbI, COOTBETCTBYHOLLMIA arperMpoBaHHbIii ANHAMUYECKMIA BanaHC MEET BUA
px = pxd + pxb +rx. (6.3)
YpaBHeHus (6.2) Ta (6.3) 4atoT HaMm yCrnoBKs TOYHOTO arpernposaHns mogenu (6.1)
Ax = xa,
N (6.4)
Bx=xb.
unm
(4-GE)x =0,
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Ecnun paccmatpusath obwmii cnydam, korga matpuubl A M B He AuaroHanbHble WKW Hynesble, TO U3
rnocreaHUX paBeHCTB MPUXOANM K TakiM pesynbTatam. Yucno a — kopeHb GpobeHnyca matpuupl A4 , Yncno b
— kopeHb ®pobeHunyca maTpuLpl B . Mpu 3TOM arpervpyioLLmit BEKTOp-CTonbuk 7' = x , = x,,TAe X, N X, —
npasble BekTopbl PpobeHnyca ans matpuy 4 n B COOTBETCTBEHHO.

Y1BepxpaeHue 6: HeobxodumbiM u GOCMamOYHbIM YCI0BUEM CyUIECMBOBaHUSI MOYHO20 azpeauposaHust Ons
npodykmueHol  HepacknadHol modenu OuHaMu4yeckoeo OanmaHca UEH K OOHOMEPHOMY ypPasHEHUI

P:5P+5P+R, R>0, 20e a=41,<1, 5:/13 <1 - KopHu ®pobeHuyca, ecmb ycrogue
X, = X, — pageHcmea npagbix 8ekmopos ®pobeHuyca Mampuy A y B . Toeda acpezupyrowuli ekmop

T'=x,=x,.

IV. BbiBOAbI.

CchopmynmpoBaHbl YCMOBKUS TOYHOMO arpervpoBaHus Moderv JleoHTbeBa «3aTpatbl-BbiNyCK» K OLQHOMEPHOMY
ypaBHeHuto. MonyyeHHble pe3ynbTathl 060BLieHbl ANa Cryyas arperpoBaHus MOLENM «3aTpaTbl-BbiMyCK» W3
N B n oTpacnei, a Takke 4ns arperpoBaHus auHamudeckon mogenu JleoHTbeBa B OAMH NPOAYKT U U3 N B
n npopyktoB, rae 1< mn < N . llonyyeHbl YCnoBus arpervpoBaHus MOLenen ABOWCTBEHHbIX K MOAenu
«3aTpaTbl-BbIMyCK».

BnarogapHocTu

Cratbst yacTMyHO puHaHcupoBaHHa 13 npoekta ITHEA XXI WHctutyta MHOPMALMOHHBIX Teopun W
Mpunoxenuit FOI ITHEA un Koncopumyma FOI Bulgaria (www.ithea.org, www.foibg.com).
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BNUAHUE MUHOOPMALIMOHHOW YCTONYMBOCTU HA
WHO®OPMALIUOHHbLIE MHHOBALIUXN B ®UPMAX

Anekcanpgp ®ponos

Abstract: B cmambe 8800umcsi NoHAMuUe UHGOPMAULOHHOU ycmoliyusocmu (UHgboycmoliyusocmu) ghupmbl.
Mpednazaemcs ucnonb3osame nokazamenb UHEoycmoliyusocmu 8 ynpasneHuu gupmod. [poaHanu3uposaHb!
NOHAMUST  KOMNSIEKCHOU  UHGhopmayuoHHol cucmembl  (KUC) cpupmbl U UHGDOPMAUUOHHBIX  UHHOBaYUL
(uHghouHHOBayUl). Ha ocHose meopuu nepecmpoek ycmaHaenugaemes cesisb Mexdy UHhOycmolyueocmeio
KUC u urgbourHHosavusmu, denatomces 8b1800b1 0 Xxapakmepe 3moll ces3u.

Keywords: c¢bupma, KOMNnekcHas UH(DOPMAuUOHHas  cucmema, UH(hOPMAUUOHHas  ycmolyusocms,
UHGhOpMaYUOHHbIe UHHOBAUUU.

ACM Classification Keywords: H.1.1 Information Systems: Models and Principles — Systems and Information
Theory.

Conference: The paper is selected from Seventh International Conference on Information Research and Applications —
i.Tech 2009, Varna, Bulgaria, June-July 2009

BBepeHue

CoBCTBEHHDBIA OMbIT MO BHEAPEHUIO MHHOBALMA B WH(OPMALMOHHbIE CUCTEMbI NPEANPUATUIA, OMbIT KOMmer,
nybnukauuv B nuTepatype roBopsT O TOM, YTO 3TO — KpailHe HernpocTas 3ajaya C Mano npeackasyembiM
pe3ynbTaToM. B 310N CTaThe Mbl NoMbITaEMCS CAenaTth BbIBOAbI O NMPUYMHAX YKasaHHOW cnoxHocTh. CHavana
BblBEEM MPUYMHHYIO CBA3b MEXAY acMMETPUSMI WH(OPMaLMU 1 NOSBNEHUEM W CyLLeCTBOBAHWEM (DUPM.
Paccmatpueas opMy C TOYKW 3peHUS MHAOpMaLMK, Mbl, (haKTUYECKM OTOXAECTBNAA (OMPMY C €€ KOMMIEKCHOM
nHcbopmaumonHon  cuctemonn  (KMC), BbiSIBNSEM  3aBUCUMOCTb  KOHKYPEHTOCMOCOOHOCTM  (hupMbl  OT
addextusHocTU KNC, MHGOPMALMOHHONM YCTONYMBOCTM (UHGbOyCcmolyueocmu) n HHOPMALMOHHBIX MHHOBaLWI
(UHpouHHOBayul). Mopenb CBA3M yKasaHHbIX MOHATUIA MokasaHa Ha pwc. 1. WHTepec B aton pabote
NpeacTaBnseT BNAWSHWE WH(OYCTOMYMBOCTU HA WH(OUHHOBaLUMW. [Ins ero uccrnefoBaHWs WCMOMb3YHTCSH
BbIBOAb! TEOPUN NEPECTPOEX.

Unpopmayuss - — — — — — — — — — ._I

Acuuuerm

uHghopmayuu WHdpoycToiunBocTb

— e — e ——

KonkypenTtocno-
coBHoCTL hupMbl

3dppekTMBHOCTE
Kuc

WHdrouHHOBaL MK

Puc. 1. Modenb g3aumocssizu acummempull uHghopmayuu, UHgoycmoulyusocmu, UHMOUHHoBaUUL

Mpupoaa pupmbl n HecoBepLIEHCTBO MHGOPMaLK

B Hactosilee Bpems He CYWECTBYET €AWMHOM YCTOSBLUENCS Teopuu (upmbl. B pamkax AaHHOM paboThl
“ccrnegoBaHMe NPOBOAMTCS B TEPMUHAX MHAOpMaLMOHHOI Teopun dvpmbl. B 1937 rogy Ponang Koys (naypear
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HoGenesckon npemun 1991 1.) onybrnmkosan ceoto ctathtlo «O npupoae dupmel» [4], B KOTOPON U HECKOMBKIX
nocnegytwmx pabotax BBEN W pasBUN BaXHEWLEE MOHATUE MPaHCaKUUOHHbIE U30EPXKU, T.€. W3LEePXKKM
PbIHOYHON JeaTenbHOCTU. ®upMbl, Kak nokasan Koys, BO3HWKAlOT Kak OTBET Ha [OPOrOBU3HY PbIHOYHOM
koopanHaumn. OH obpaTn BHUMaHWe Ha hakTop HEOMPeaenEHHOCTH B PbiHKe, @ Takke paccMOTPen MpUYKHbI
YBENNYEHNS U YMEHbLUEHWS pa3MepoB (MpM, KOTOpble BUOUT B IPPEKTUBHOCTU U pe3ynbTaTUBHOCTU
ynpasneHus. BaxHo oTHoweHne Koysa K HOBLUECTBaM (MHHOBALMSM) — OH MEPEYUCNSET MHHOBALMK, KOTOpble
BNWSIOT Ha pa3mep PUPMbI Kak Te, YTO NMO3BONSKOT NPOCTPAHCTBEHHO COMM3NTL (haKkTOpbl MPOM3BOACTBRA (B T.4.
CpeacTBa KOMMYHUKaLMK), TaK 1 Te, KOTOPbIE YNYULLAKT TEXHUKY YNpaBneHus.

[anbHenwee passute Teopun cupm (M B 6Gonee LUMPOKOM CMbICe MHCTUTYTOB) CBS3aHO C Tpydamu
9KOHOMMCTOB HEOMHCTUTYLIMOHANBHOM 11 HEOKEMHCUAHCKOM LKOM. A3 HUX HaubonbLLnMid MHTEPEC B paMKax CTaTbu
npeacTaBnseT Teopust JKOHOMMKM WHGopmaumn [. Cturnmua (naypeat Hobenesckom npemun 2001 T.).
Pa3suBas umael0 TpaHCakUMOHHbIX u3gepxek, CTUrnuy coenan BblBOL, YTO PbIHOYHbIE (3KOHOMUYECKME)
W3OEPXKA UMem  UHOPMAUUOHHbIE UCMOKU W  C8f3aHbI C HENOMHOMOU U  HEeco8epUeHCmeoM
(acummempusamu) uHgopmMayuu B peanbHOM MUpe (puc. 2).

Y LleHHocTb nHdopmauum

i MNpopgaeey

dupma

AcvummeTpua
nHopMauum,
A

Mokynartens

Puc. 2. Acummempuu uHgbopmayuu mMexdy mpemsi KOHOMUYECKUMU a2eHmamu Ha pbIHKe

B cBoeit HoGenesckon peumn [9] Cturnny, ckasan: «...Mlpobnembl MHGOpMaLmMM SBASIOTCS LiEHTPanbHbIMK Ans
MOHUMaHUSA He TOMbKO PbIHOYHOW SKOHOMMKM, HO TaKKe W MONUTUYECKOM 3KOHOMMM...». HecoBeplueHCTBa
NHEopmaLuK, cnocobHOCTb 3GhHEKTUBHO YCTPAHSATL 9TU HECOBEPLLEHCTBA, YMEHbLUATb PUCK U, COOTBETCTBEHHO,
CHWXaTb U3AEPKKM SABNAOTCA [MYyOMHHOA MPUYMHOM MOSIBNEHWS U CyllecTBoBaHus upM. B mupe ¢
COBEPLUEHHON UH(hOpMALME HUKAKON Hyxabl B NosiBrieHuu dmpm HeT. Co3HaTenNbHOE yrpaBneHne pecypcamm u
(hakTopamu MPOM3BOACTBA B YCIIOBUSX HEOMPEAENEHHOCTU C MOMOLLBID MEeXaHW3Ma YnpaBfieHus SBRSeTcs
OTNIMYNTENBHON YepTon MPMbl, M 3TO CO3HATENbHOE YNpaBreHne OkasbiBaeTcs 6onee 3GhEKTUBHBIM B
oKanbHOM CMbICAE, YEM MeXaHW3M PbIHOYHON CamoperynsaLum (puc. 2).

KomnnekcHasa nigopmaumnoHHas cuctema pmpmbl

lMNosiBnexne dmpm (opraHmsauui), kak 6bino NokasaHo Bbile, CBA3aHO C aCUMMETPUSIMU B MHAOPMALIMK 1 C TEM,
YTO «PYYHOE» YNpaBnEeHNe HEKOTOPbIMU PbIHOYHBIMI TPAH3AKLMAMU NPWU MOMOWM MEXaHW3Ma YnpaBfeHus
upmbl sBNseTca Bonee 3GGEKTUBHBIM, YEM MPU MOMOLLM MEeXaHu3Ma PbIHOYHOrO CaMOpPErynMpOBaHUS.
Paccmotpum Gonee nogpoGHO BHYTPEHHWE CUCTEMbI OpraHm3aLuii, 0OTBevaloLme 3a 06paboTky MHopmaLmm.
Boobue, B Wrpokom cMmbicne, B oupMa B LESIOM, 0COOEHHO €€ cucTeMa YnpaBieHus), 3aHaTa B PasfnyHbIX
WH(OPMaLMOHHBIX Npoueccax. Hepapom, HEKOTOpble aBTOPbl CPaBHMBAOT OpraHu3auMm C  60nbLUMMM
UHGbOpMaYUOHHBIMU npoueccopamu [3).
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B HacTosiiee Bpemsi OBLIENPUHATON TOYKOW 3pPEHUs SBASETCA TO, YTO OCHOBHOW paboToW Chyxalux B
opraHusauuax aensetca pabota ¢ nHdopmaumen. [ns BolgeneHnus gaHHon rpynnbl paboTHUKOB, TO €CTb TeX,
KTO rnaBHbIM 06pa3om co3faeT, obpabaTbiBaeT UM pacnpocTpaHAaeT UHGOPMaLMIO, SKOHOMUCTbI UCTONb3YHOT
cneumanbHbIn TEPMUH UHOOPMAUUOHHbIE CriyXaujue.

WHopmaums  (oaHHble, 3HaHWS), MHMOPMALMOHHbIE TEXHOMOMMM U MH(OPMALMOHHbIE CryXallue B
OpraHu3aumsax CUCTEMHO BbIZENAOTCS B BUAE UHpopmayuoHHoU cucmemsi (UC), T.e. «CMCTEMbI, OCHOBHbLIM
0ObEKTOM B KOTOPOM SBMSETCA MHQOpMauus (B OTNWYME OT, CKaKeM, (PU3MYECKUX Ter), W B KOTOPOW
NPUCYTCTBYIOT MHGhopMaLmoHHbIe npoueccel (M) xpaHeHus, nepeaayn n npeobpasoBaHns UHGopmaLumy [6].

Bbigenum yetbipe knacca MC no ctenequ ux asTomatusawum [7]:

1) eepbanbHbie MC — TPagMLMOHHbIE CUCTEMbI KOMMYHUKaLMA, MHOPMALMS KOTOPbIX XPaHUTCS B NamsTy
OTAenNbHbIX YNeHoB coobLyecTBa, nepedaércs Mexay HUMK BepbanbHO Ui BU3yasnbHO, BO3MOXHO C MOMOLLbH
TEXHUYECKMX CPEACTB (Hanpumep, TenedoHHas CBA3b), P 3TOM, Kak NPaBUIO, He (UKCUPYACh HA HOCUTENSX;

2) dokymeHmapHble MC — TpaguunoHHble BGyMaxHble TEXHOMOrMM BedeHWs MHOPMauMM B XypHanax,
KHUrax, JOKyMEHTax, 3an1cax u T.4.;

3) asmomamu3auposaHrHbie MC (AUC) — HacTonbko nomynspHein knace MC, yto 0bbiyHO TepmuHom UC B
HacTosilee Bpems HasbiBalT umeHHo AWMC, k Hum oTHocatca WMC, onepupytowme vHopmaumen,
NpeacTaBneHHON B SNEKTPOHHOM BUAE;

4) aemomamuyeckue MC — pasnuuHble poboThbI.

Kaxgbin cnegylowmii no  BO3pacTaHMO HOMepa KnacC OnMcaHHbIX CucTeM no3sonsieT obpabatbiBaTb
nHpopmauyno Gonee  3heKTMBHO (MO COOTHOLLEHMIO «OOBEM U CNOXHOCTb  MHbOpMaLMK / Yncno
NH(OPMALMOHHBIX CRYXaLLMX»), NpuHUMaTh Gonee KadecTBEHHble pelueHus. Mcxoas w3 onpepeneHus u
knaccudpukauum UC, copmynmpyem uHTerpanbHOe OnpeaeneHne KOMMMIEKCHON MHDOPMALMOHHON CUCTEMBI
npeanpuatus. KomnnekcHas MC - 3T0 B3aMMocCBsi3aHHas COBOKYMHOCTb BCex WC, (yHKUMOHMpYOWMX B
OpraHu3auun, OCHOBHbIM OOBEKTOM B KOTOpOW SBMSeTCs MHopMauus, Heobxogumas [Ons NpUHATUS
B3a/MOYBSI3aHHbIX PELUeHUA Ha BCEX YPOBHSX YNpaBMfeHWsi, B KOTOPOM MPOTEKAKT B3aWMOYBS3aHHbIE
MHC(OPMALMOHHBIE MPOLIECChl XpaHeHWs, nepedadn UM npeobpasoBaHus uHgopmauun. KomnnekcHas WC
opraHusaum (KNC) aBnsieTcs HeOTbeMIEMON YaCTbio €€ CUCTEMbI YNPaBIEHUS.

WUHbopmMaLmMoHHasa yCTOWYMBOCTL (PUPMBI

COBpEMEHHbIN  MUP  CTPEMUTENBHO Pa3BWBAETCS, YBENWYMBAIOTCSH, YCIMOXKHAKTCA W [yMaHW3MPYKTCS
noTpeBHOCTN YeNoBeYeCTBa, CPEACTBa 1 TEXHONOrM ANs YAOBNETBOPEHUS 3TUX NOTPeBOHOCTEN, ECTECTBEHHBIM
obpasom 3TO COMPOBOXAAETCA HeoOblyaiHbIM - POCTOM  MHGpopmaummn. [poBeaéHHble B 2000-2003 rr.
UCCcnenoBaHust C LENblo onpeseneHns exerogHbix 0ObEMOB MPOM3BOANMON YEnoBEYECTBOM WMHGOPMaLMM
nokasanu, 4to 06bEM MH(OPMaLMM B MUpe PacTeET B reOMETPUYECKON NPOrpeccuu, yABanBasicb MPUMEPHO
kaxable Tpu roga [8]. Yeenuyenne 0O6BLEMOB WHC(bOPMALMM BREYET YBENMYEHUE HEONPELENEHHOCTU U
NH(OPMALMOHHBIX aCUMMETPUI, U ABNSETCS NPUYNHOIA NOSIBNIEHNS PA3NYHOTO poga MHCTUTYTOB, B TOM YnCne
tupm. YTO6bI NOBBLICUTL CBOK KOHKYPEHTOCMOCOBHOCTL (PMPMbI YNYYLLAIOT TEXHUKW YNpaBReHus, UCNOoNb3yT
WH(OPMALMOHHO-KOMMYHUKaLMOHHBIe  TexHonorun  (MKT),  skcnnyatupytor  Gorbwe  Gonee  rmy6okux
acummetpuin. ObpaTHas CTOpOHa 3TOrO Mpouecca — PoCT pasmepa W CHOXHOCTW ynpaBrieHns UpMOot.
MoppepkaHue GanaHca Mexay pasmepoM (UpPMbl, 3PEEKTUBHOCTBIO W PE3yNbTaTUBHOCTLIO €€ CUCTEMbI
ynpaBneHus — OfHa U3 BaXHEMLWWX 3aga4 eé MeHepkMeHTa. Cpean HOBbIX UHGHOPMAUUOHHBIX XapaKTepUCTUK
(uUpMbl, KOTOpble CneayeT Y4WTbiBaTb MNpU  YNpaBfeHUM, BbIAENUM KaK O@HY W3  BaXHEAWWX -
uHgoycmouyusocms [7].

Yemotivugocmb CUCTEMbI CBA3LIBAKOT C €€ CNMOCOBHOCTLIO NPOTUBOCTOSATL BO3AENCTBUAM Ha Heé. YCTOMYMBOCTb
SBNAETCA MHTErpanbHbIM CBOWCTBOM W MOXET ODbEAMHATb pasfiyHble CBOWCTBA: MPOYHOCTb, CTOMKOCTb K
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BO3AENCTBNI0 BHELUHMX (PaKTOPOB, 3aLUMLLEHHOCTb, CTAbMIBHOCTb, HAAEXHOCTb, XMBYy4eCTb M T.4. CTeneHb
YCTOMYMBOCTW CUCTEMBI 3aBUCUT OT MHOMMX (DaKTOPOB: YKUCna 1 pasHoobpasns aNeMeHTOB, XapakTepa W Cunbl
CBSI3eM MEXZY HWMM, HanpaBMeHHOCTW M 3HAYUTENbHOCTM BO3AEMCTBUIA W T.4. YCTOMYMBOCTL BaXHa Ans
COXPaHEHMs CUCTEMbI, HO UMEET U OTPULIATENbHYI0 CTOPOHY — CONPOTUBIIEHNE K NO3UTUBHLIM NEpPEMEHaM, B TOM
yucne 1 MHHoBauUusaM. CBA3aHHOE NOHATUE pagHOBECUST CUCTEMbI aCCOLMMPYETCS C NPOLECCOM €& HOPMarbHOro
CTabunbHOTO  (DYHKLUMOHMPOBAHWS B AMHAMUYHO  MEHSIOLUMXCS  YCrIOBWSX,  KOrAa  BO3MYLLEHMS
YPaBHOBELUMBAIOTCS aAanTalMOHHbIMM CBOMCTBAMW CUCTEMbI. Ecnn cuctema ycToiumBa, TO OHa CrnocobHa
BEPHYTbCS B MCXOQHOE WM Onm3koe K Hemy COCTOSHWE Nocne BHeCeHUs B Heé BO3MyLieHun. [loTeps
YCTONYMBOCTM CUCTEMbl MOXET NPOW3OUTM M3-3a M3MEHEHWs €€ napameTpoB, MOBMEKWero 3a cobon
Budpypkaumio (katactpoddy), MMbO 13-3a HaNUuUMsa HenpegyCMOTPEHHBIX MPW CO3AAHUN CUCTEMbI BO3LAEMCTBUN,
nmbo, HaKoHeL, M3-3a HapylieHUs CBA3EW B CUCTEME, BbI3BaBLUMX M3MEHEHWE €€ CTPYKTYpbl (CTPYKTypHas
HeycTOM4MBOCTL). [loTeps yCTOMUMBOCTM — Hambornee pacnpoCTpaHéHHas npuyMHa mbemm  cucTem.
CneposartenbHo, Hanbonee 3dhekTMBHLIM COCODOM paspyLLeHUs CUCTEMbI sBnsieTcs e€ decmabunusayus,
T.6. LENeHanpaBneHHoe OTpuLATeNnbHOE BO3LEACTBME HA YCTOMMMBOCT cucTeMbl [2]. B HeycToitumBom
COCTOSHAW HeNb3s MPOrHO3MpOBaTb AMHAMWKY npoueccoB. Cuctema CTAaHOBUTCS HeynpaBnsieMon, T.K. eé
COCTOSHWE He noafaéTcs M3MepeHusiM, W, CrnejoBaTeNibHo, OTCYTCTBYET Tpebyemoe Mo3vLMOHWMpOBaHME
CUCTEMbI BO BPEMEHU M MPOCTPaHCTBE. B KOHEYHOM WUTOre cucTeMa paspyluaeTcs nyTém NoTepu LienoCTHOCTY.
VIH(hopMaLMOHHas YCTOMYMBOCTb COLMANbHO-OKOHOMUYECKMX CUCTEM 3aTparvBanacb B HECKOSbKUX TEopUsX
(tabn. 1).

Tabnuua 1.
Teopus lMoHumaHue uHghoycmoiidugocmu lMpumeyaHue

Teopus nHgopmaumm | YCToYMBOCTb MHGhOpMaLIMKM K TOMEXaM B KaHanax, NpuémHukax 1 | MexaHucTnieckmin nogxoa,.
LLleHHoHa nepeaaTynkax, ApPYrX YacTsx CUCTEMbI (MTOMEXOYCTOMYMBOCTL). | HET cemaHTuku uHdbopmaLmm.
Teopus ObecneyeHne HapExXHOro 1 6e30MacHOro YHKLMOHMPOBAHMS Vicnonb3ayrotcs MeToabl
MHOPMALIMOHHOM KOMMbIOTEPHOM CETU PUPMBbI, YUUTBIBAS PUCKM HaNageHW 13 NpWKNagHoi MHopMaTHKK.
6e30nacHoCTY UPMbI| BHELUHMX KOMMBIOTEPHBIX CETEN 1 YTEYKM MHGOPMALN Yepes MexaHucTuyeckuin noaxop.

MHCanaepos.
Couuonorus n CrabunbHoe pa3BuTHE rOCYAAPCTB U KOPMopaLuii B COCTOSHUM CoumanbHble MeTogbl
nonuTonorms MHEOPMALIMOHHO BOMHbI NPY arpeCCUBHBIX BbIOPOCAX KNEBETbI, | MCCNEA0BaHNS.

Komnpomara, ClyXoB v T.4. 1 T.N.

B paHHOM cTtatbe UHboycmolyueocms NOHUMaemcsl Kak UHmezpanbHoe Ceolcmeo (hupMbl, Ompaxaruee
cmabunbHocmb €€ napamempos 6 AUHaMUYHO MeHsruwelica UHopMayuoHHol cpede, 2de UHghopmayus
umeem HecosepUEHHyH npupody.

[ns nccnenoBaHust YCTOAYMBOCTM CUCTEM MPUMEHSIETCS MaTeMaTUYecKuii annapart, o0beanHSAWmMA meopuu
ycmoUyugocmu HEenpepbIBHbIX W OUCKPETHbIX CUCTEM (MCCMEAytT YCTOMYMBOCTb CUCTEMbBI MPU  Hammuum
HayarbHbIX BO3MYLLEHUIA, KPUTEPUEM CITYXMT BO3BPALLUEHME CUCTEMbI B YCTAHOBUBLLMICA PEXUM) U MEOPUID
Kamacmpog, KOTopas NPefoCTaBnseT YHUBEPCANbHbIA METOL AN UCCNefoBaHNs ckauykoobpasHbiX Nepexoaos,
paspbiBOB, BHE3AMHbIX KAYECTBEHHbIX W3MEHEHWA B mpoueccax. WHGOyCTonumMBOCTL  hupM  MOXET
1CcCnegoBaThCA M KacCUYeckUMn TeopusiMu, U Teopuel katacTpod. Hanpumep, Ha pbiHKaxX €CTECTBEHHbIX
MOHOMOMWIA aCUMMETPUM NOCTOSHHBI. B TO e Bpems, eCTb 0Tpacnu ¢ katacTpoUyHbIM XapakTepoM U3MEHEHMS
PaBHOBECUS B acCUMMETPUSAX MH(OpPMaLMK, CBA3aHHLIM, Hanpumep, ¢ noseneHnem Hoson WKT, Bbixogom Ha
PbIHOK HOBOW (HUPMbI, MPUHATMEM 3akoHOB. KcTtaTtu, Teopus KatacTpod noATBEPXOAET, YTO OYeHb TPYAHO
BopoTbCs C KaTacTpodon, ecnu yxe BuaHbl €€ MpU3HaKW, BCneacTBne 6ECKOHEYHO ObICTPOro HapacTaHus
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CaMOMNOAAEPKMBAOLLMXCA  KonebaHuA unu onsiTb ke OECKOHEYHO BLICOKOW CKOPOCTW KOHBEPreHUMW npu
CTONKHOBEHWW C HEYCTONYMBBLIM PEXUMOM [5].

A dektuBHocTb KUC 1 uHbOycTOWUMBOCTL (B NopsAKe NOCTAHOBKW Npobnembl)

KIUC cupmbl npeactaBum B Buae cOBOKynHOCTM anemeHtoB: @ =(S,X,[), rae S - cipyktypa, X -

noeefeHne (MHOXECTBO (HYHKUMIA nepepaun, XpaHeHus, npeobpasosaHus uHopmauun), I — MHOXECTBO
WH(OPMaLMOHHBIX CTPYKTYP AaHHoM KC.

[MPOMHOEKCPYEM MHOXECTBO WMH(OPMALMOHHBIX CTPYKTYp uYepe3 napametp €€ ® u BBegéM (hyHKYUIO
ueHHocmu uHgbopmayuu ¥ (6) , KOTOpyIo MHTEPNPETUPYEM KaK LLEHHOCTb MHGOPMALMOHHON CTPYKTYpbl & . Tog
addektuHocTelo KUC panee Oygem noHumaTh LEHHOCTb MHGopmaummn, npogyumpyemyio KUC B eamHuuy

BpEMEHU E = d—V
dt

Onpegenum  duHamuyeckyto modenb KNC  (E-mopenb): %zH(V,A,B,X ,t), e A — MHOXeCTBO
t

WH(OPMALMOHHBIX aCUMMETPUI, 3KCMyaTupyeMbiX UPMON MPKU PbIHOYHBIX TPaH3aKuMaX, B — MHOXeCTBO
BHYTPEHHEN WHQOPMaLWK, MCMONb3yeMon B npoueccax ynpaerneHus upMbl  (TOXE MOABEPXKEHHOM
acummeTpusm), t — Bpems.

lMpeacTaBnseT WHTEpeC WCCneaoBaHWe YCTOWYMBOCTM MOMyYeHHOW E-mopenwn, Ans KOTOpPOro BO3MOXHA
crepyrowas nocnefoBaTenbHOCTb LWaros:

1) Ha OCHOBE pe3ynbTaToB TEOPUM IKOHOMMKI MHKDOPMALMK BbIABMHYTbL TMNOTE3Y O BUAE MOAENM;
2) OLeHMTb NapameTpbl MOAEenu;

3) NpoBEpPNTb aAEKBATHOCTb M KA4eCTBO MOCTPOEHHON MOAENM;

4) nccnegoBaHne MHPOPMALMOHHON YCTOMYNBOCTH MOAENM;

5) NnpumeHeHVe B pa3nuyHbIX NPUNOXKEHUSX, HAaNpUMep, BHeAPeHUS MHOUHHOBALMI.

B [aHHbIA MOMEHT BPEMEHM WCCMEeL0BaHUE HAaXoaWTCs Ha HavanbHoW ctaguu. OgHO M3 MPeanonoXeHuin o
BO3MOXXHOM MOBEEHWM MOZENu MpeacTaBNeHO Ha puc. 3, KOTOPLIA HArmsgHO NPEACTaBMSeT pasnuyHble
BapuaHTbl NOTEPU YCTOAYMBOCTM: CKAUKM, PaspbiBbl, pa3banaHCpOBKY, YTO MOXET OOBACHATLCA BHEAPEHUEM
nHHoBaLmi, cbosimn B AVIC, nerpagaumeit cucteMbl ynpaBneHus u T.4.

KputepuanbHaa yHKuuA
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"¥écTkaa" notepa Mposan unu paspeois "Msrkaa" noteps
yCToM4MBOCTU (c6oi1 B KNC) YCTOMYMBOCTU

(MHdonHHOBaUWMSA) (aecrabunusauma KUC)

Puc. 3. lNosedeHue kpumepuanbHol yHKYUU
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MHdpopmaLumoHHble MHHOBaLUKM B hUpMe U X OLIeHKa

B HacTosllLee Bpems BHefpeHWe WHHOBALWA B (oMpMax B OCHOBHOM OLLEHMBAETCH (PUHAHCOBO-CTOMMOCTHBLIMM
metogamu (OCM), Hanpumep, meTogamn oueHku okynaemoctn uHeectuumin (NPV, IRR, Payback u 1.4.) 1
croumoctit Bnapenust (TCO), yTo He cCOBCEM MPUEMNEMO ANSt MH(OMHHOBALWA. BrnnsiHue nHGOMHHOBALMI Ha
9(PEKTMBHOCTb OpraHM3aLun 3a4acTyio TPYAHO OLEHUTb B [eHbrax, NoCKOMbKY MHOPMALMOHHbIE NPOLECCHI
asnsTcs obecneunBarowmMy. PUHaHCOBBIA APEEKT OT MHEOUHHOBALMIA MOXKET ObiTb 4OCTOBEPHO BbIYMCIIEH
TONbKO CKPYNyné3HbIM aHanu3oM, KOTOPbI YacTO SKOHOMMYECKM HelenecoobpaseH. CTOMMOCTHblE METOAbI
MOKa3bIBaKOT 3aTpaTHYlD COCTaBMALWY0 MHPOMHHOBaUWA. Moatomy ®CM paoT npubnusuTenbHble OLEHKM.
Bonee [OCTOBEPHbI KAYECTBEHHbLIE M BEPOSTHOCTHLIE METOAbI OLEHKM, Hanpumep MeTog cbanaHCUpoBaHHbIX
nokasatenen (BSC), Ho oH TpebyeT BHeApEHUs M NOAAEPKKM HA BCEX YPOBHSIX NPEANPUATUS COOTBETCTBYIOLLEN
CUCTEMBI, YTO TpebyeT 60MbLUINX YCUNA, BNNOTb A0 PEOPraH13aLv KoMNaHuy.

TeopeTuyecknii annapaTt WMHGOYCTOAYMBOCTM  MPAKTUYECKM MOXHO MCMONb3oBaTh Npu  oueHke KUC
CYLLECTBYIOLUMX MNPEAnpUsTUA 1 pacnpoCTpaHeHWM Iyyllero onbiTa, aHamuse addekta anbTepHaTUBHbIX
MepOnpusTAiA (B T.4. MHHOBALMI) HA MHAOYCTOMYMBOCTL NPEANnpUSTAA 1 0BOCHOBAHHOM BbIGOpE anbTepHaTuB.
Vicnonb3oBaHue aHanu3a MHMOYCTOMYNBOCTM, HE OTMEHSS CyLLECTBYIOLME METOAUKA OLEHKM, JOMOIHAET MX
NPEAsIOKEHNEM OLLEHKM MH(OMHHOBALMI € ToukK 3peHnst KUC, aHannaa ux nHopmaumnoHHoro addhexTa.

B cuny 6bICTpbIX U3MEHEHWA B UHCOPMALMOHHON Cpeae WHAOYCTOMYMBOCTL NPEANPUSTUS JOMKHA NOCTOSHHO
NoaLepXKMBaTLCS KOMMIEKCOM MEPONPUSATUI, HanpaBneHHbIx Ha passuTtue KWC, T.e. HONHHOBALMAMM.

M3 onpenenenuns KNC, opueHTUPOBAHHOM Ha WHGOPMALMOHHBIX CRyXaWmX, MHDOPMALMOHHLIE MPOLECChl U
LEHHOCTb MH(OPMALMKM KaK UCTOYHMKA MPUHATUS PeLLeHWi, NpuBedEéM OCHOBHbIE rpynMbl UHGOPMALMOHHBIX
WHHOBALWI B opraHusaumsx [7]:

1) peaucmpupytoujue UHGhOUHHOBALUU — HOBLUECTBA, KOTOPbIE HanpaBNeHbl HA NepeBod MHGopMaLMM 13
BepOanbHOro M JOKyMEHTApHOrO B1aa B Bonee npurogHbIn ansg 06paboTki aneKTpOHHbIN (Lt poBON) BUA;

2) cmpykmypupytoujue UHGOUHHOBaUUU  —  HOBLUECTBA,  YNopsgouyMBalowme  MHGOPMAUMIO 13
HECTPYKTYPUPOBAHHbIX MCTOYHWKOB B MAacCMBbl C YETKO OMPEdEeNnéHHOM CTPYKTYPOW, NO3BOMSHOLIEN WX
MOHMMaHue 1 0BpaboTKy NMoAbMM N MALLMHAMM;

3) npeobpasyroujue UHGOUHHOBAUUU — HOBLUECTBA, npeobpasylowme WMELyocs WHGopMaumio B
Ka4yeCcTBEHHO HOBbIE €€ BWAbI C TOYKW 3pEHNS UCTIONb30BaHUS B MPOLECCE YNPaBNeHUs NPW NPUHATN PELLEHNA,
T.€. pasnuyHbIe NoKasaTenu, MHAMKATOPbI, NPOTHO3bI 1 T.N.

B3aumocBs3b MHGOYCTONYMBOCTU U UH(DOMHHOBALIUM

PaccmoTpum 0HO 13 NPUAOXKEHWA NPeIOKEHHON MOLENN — BAUSHWUE WH(OYCTOMYMBOCTU Ha MH(DOMHHOBALMM
B coupme. OHO MpomnnCTpupoBaHo Ha rpadmke npoussogntensHocT KAC (cm. puc.4), roe otobpaxeHsl gga
MONOXeHs yCToNYMBOro pasHosecus ans KNC, kaxgoe 13 KOTOPbIX NPUTSTMBAET ONvKanLLMe COCTOSHUS.

MoxHo yTBepxaaTb, YTO WHOYCTONYMBOCTb B AaHHOM Cnyyae OyaeT wrpaTb W NONOXMTENbHYO U
OTpULaTENbHYI0 POnb A1 BHEAPEHUS MHCOWHHOBALMIA B 3aBUCUMOCTM OT MX Npupogsl. Ecnn nHhonHHOBaLmMs
NMeeT 3BOMIOLMOHHYI0 npupody W HanpasnseT KAC k 6nuxaiiwemy MONOXeHUI0 paBHOBECKS, TO €€ ycnex
obecneyeH, ogHako BCE HaobopoT, ecnu WHGonHHOBaUKS TpebyeT nepecTpoiikn KWC, nepeeoga e€ B HOBOE
YCTONYMBOE COCTOSHME.

MaTemaTiyeckas Mogenb, CBS3bIBAOWAS WHAOYCTOMYMBOCTL (DUPMbI C WHCGOMHHOBALMAMU, MOXET ObiTb
MoCTpoeHa Ha ocHoBe Teopu nepectpoek B.W. ApHonbga [1]. TpyaHoCTH npobnembl NepecTpomku COCTONT B €€
HenuHenHocTW. OBLLEnpuHATbIE METOAbI YNPaBEHUS, MPW KOTOPbIX Pe3ynbTaTbl MPONOPLMOHANBHBI YCUITUAM,
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30ecb He [JencTBylT U Heobxogumo BblpaboTaTb ynpaBnsiowye BO3AEACTBAS HA OCHOBE MOPOM
napafoKcanbHbIX BbIBOAOB HENMHENHOM Teopun. B.A. ApHonba AenaeT HeCKOMbKO Ka4eCTBEHHbIX BbIBOAOB ANS
HENMUHENHON CUCTEMBI, HaXOAALWENCS B YCTAHOBMBLUEMCS YCTOMYMBOM COCTOSIHUM, MPU3HAHHOM MOXWM,
MOCKOMbKY B Mpefenax BUOMMOCTM UMeeTCs Nydylee, NpPeanoyTUTENbHOE YCTOMYMBOE COCTOSIHUE CUCTEMBI.
Mepedpasupys mx B TepmuHax KWC, MHGOYCTOMUMBOCTM M MHCGOMHHOBALMIA MOMYYMM: MPU MOCTEMNEHHOM
BHEAPEHUM MHPOMHHOBALWN (OBMKEHWE NO rpadouKy Ha pucC. 4 U3 TEKYLLEro NoNoXeHNs BNpaso) CONpOTUBNEHNE
KWC, cBsizaHHOe C €€ WMH(OYCTOMYMBOCTBIO, PacTéT, npu atom coctosHue KUC yxyadwaertcs; nponas nuk
COMpoTMBNEHMS (Touka nepernba) u 3atem TOuKy xygwero coctosHus KAC (nokanbHOro MuHUMyma), cuctema
nonagaer B 30HY MPUTSHXKEHUS HOBOrO COCTOSIHUS, B KOTOPOM COMPOTMBIIEHME TEKYLIEro COCTOSHUS YkKe
MOMHOCTbIO OTCYTCTBYET W CUCTEMA HAYMHAET NPUTATMBATLCSA K HOBOMY COCTOSIHMIO; A4St CNabopasBuTbIX CUCTEM
€CTb BO3MOXHOCTb NEPENTU B HOBOE COCTOSIHWE NouTh 6e3 yxyalweHns, B To Bpems kak passutast KWUC, B cuny
CBOEN WH(OYCTOMYMBOCTI, HA Takoe MOCTENEHHOE HEMPEpPLIBHOE YMyulleHne HecnocobHa; ecnu cuctemy
ygaétcs cpasy (Ckaukom), a He HenpepbIBHO, NEPEBECTY U3 NMOXOTO YCTOMYMBOIO COCTOSIHUS BOCTATOMHO BIM3ko
K Xopoliemy, TO fanblie oHa ByaeT cama coboil 9BOMOLMOHMPOBATL B CTOPOHY XOPOLLEro COCTOSHMSA. JTU
Ka4yecTBEHHbIE BbIBOLbl O4EHb XOPOLLIO COTMAcyTCs C U3BECTHLIMI OFPOMHBIMM Ludpammn Heyaady npu Nepsom
BHegpeHun 6Gonbwinx AUC (Hanpumep, ERP) B ycTosBLMXCA OpraHW3auusx, YTO, Kak Tenepb CTAaHOBUTCS
MOHATHO, CBSI3aHO C CUMbHOM WHGoycTonumBocTblo UX KUC. Bonpocam co3paHusi Hay4HO-060CHOBAHHbIX
KOMMMEKCOB  yNpaBnsiowux BO3AENCTBUA ANd  NPEOdONeHNs  MHPOYCTOMYMBOCTM NYTEM  ONTUMANbHOM
Aectabunusayyn cuctem npu BHeAPEHUM MHHOBALWIA B oupMax CriegyeT NOCBATUTbL OTAENbHOe UCCNea0BaHme.

S MpouseoautensHocte KUC

Hosoe
COCTOsIHME

Tekywlee
[/ cocrosiHue

Puc 4. CocmosHus KUC e npouyecce 8HedpeHUs UHHo8ayul

WHONHHOBALMM  BHELPSIOTCS B MHCTPYMEHTaNbHOW, METOLOMOMMYEeCKo M OpraHu3aLMoHHON  cdepax.
OTnMuMTENbHON  YepTOit  MH(POMHHOBALMIA SIBRSIETCS WX BbICOKAs HAYKOEMKOCTb U TEXHOMOMMYHOCTD,
NCMONb30BaHNe TEOPETUYECKMX W MPUKNaAHbIX HayYHbIX pedynbTatoB. OTMETUM, YTO MHOMHHOBaLMM TpebyoT
COOTBETCTBYIOLLEro NPOECCHOHANBHOTO PocTa MHAOPMALMOHHBIX Criyxaliux. Beab, HecMoTps Ha niobble
NHHOBaLMW, NpeHeBpexeHne 3akoHaMW NPUPOAbI U 0BLLECTBa, NaaeHNe KOMMNETEHTHOCTU W OTCYTCTBUE JIMYHOI
OTBETCTBEHHOCTM CNELManMCTOB 3a NPUHUMAEMbIe PELLEHNs PaHO UMK NO3AHO NPUBOANT K KaTacTpode.
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3akniouyeHue
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ABTOMATU3ALMA YNPABNEHUA BUSHEC-NPOLIECCAMU
HA OCHOBE A3bIKA GBPR

AHTOH PbIukoB

AHHOMayus: Paccmampusaromes 603MOXHOCMU paspabomaHHo20 asmopom s3bika GBPR (General Business
Process Representation) 0ns  peweHus npobnem uHmegpayuu  BU3HEC-NPOUECCO8  CMPYKMYPHbIX
nodpasdeneHuli yupexdeHull u npednpusmuli-napmHepos, a makxe onmumusayuu bu3Hec-npoyeccos u ux
OuHamuyeckol HacmpoUKku. [lpedcmagneHHbill A3bIK OCHO8bIBAEMCA Ha NU-UCYUCTEHUU U s8rsemcsi €20
pacwupeHueM, OpUEHMUPO8aHHbIM Ha agmomamu3ayuto ynpasneHusi busHec-npoueccamu. OcHOBOU fi3bika
GBPR, kak u nu-ucyucneHus, fensomes UHhOPMaYyUOHHbIE KaHalbl, h0 KomopbiM nepedalomces coobuweHus
(cepsucHble KaHarbl — KaHarbl, omeeyatoujue 3a obpawieHue K cepaucy unu npoueccy; MapwpymHbie KaHarbl,
omeeyaroujue 3a Mapwpymu3ayur NOMoKos ynpaeneHus U daHHbIX 6Hympu npouecca). basosol cmpykmypol
a3bika GBPR sensemcsa delicmeue, ebinosHsowee obpaweHue Kk cepgucy. poyecc cocmoum u3 MHOXecmea
Oelicmeull,  8bINOMHAEMbIX — napasnensHo, nocnedosamenbHocmb — Oelicmeuli  peanusyemcs  4epes
nocnedogamenbHyto nepedadyy coobueHull mexdy Oelicmeusmu. [lpouecc senaemcss 4acmHbiM Crydaem
cepsuca U Moxem Obimb 8bi38aH Kak Ccepeuc nocpedcmeoM 0bpauieHuss no coomeemcmsyruemy
UHGOPMaUUOHHOMY KaHany. B cmambe npusedeHo onucaHue a3bika, €20 803MOXHOCMeU, 8 YyacmHocmu,
nokasaHa 803MOXHOCMb NPOUECCHOU UHMe2payuu, 0CHOBaHHOU Ha pempaHCiayuU coobuweHUl U OMHOWeHUU
HacnedosaHusi npoyeccos.

Knioyeebie cnoea: 6usHec-npouecc, asmomamusayusi ynpaeneHus, nu-ucducrneHue, HacnedosaHue,
UHMezpauyusi, onmumMu3ayusi.

ACM Classification Keywords: H.4 Information Systems Applications: H.4.1 Office Automation — Workflow
management.

Conference: The paper is selected from Seventh International Conference on Information Research and Applications —
i.Tech 2009, Varna, Bulgaria, June-duly 2009

BBeaeHue

B Hactosiwee Bpems B o6rnacTv aBTOMAaTW3aLWM YNpaBneHUs CyLIECTBYIOT HEpeLleHHble NpoGrembl
UHMe2apayuu Ha 0CHOBE 00X BU3HEC-NPOLIECCOB Pa3nMYHbIX NMPEANPUTUIA C YYETOM CreumdmKL KaxkLoro 13
y4acTHWKoB  MHTerpauuu. CyllecTBYOT Takke npobnembl 4acmHol onmumusayuu 6u3sHec-npoueccos
(ONTUMM3ALMM YaCTHBIX CIy4aeB peanuaaLun) n GUHaMUYECK020 U3MEHEHUS BEPCHiA npoLecca.

lMpoLecCHO-poneBo Noaxod K YnpaBrneHwo SBMSETCH OCHOBOW COBPEMEHHON 3(PEKTUBHOM OpraHM3aLuu.
AstomaTtuanpytotcs npouecchl (Workflow Management, WfM) 1 doyHKkUmmn no nx ynpaenenuto (Business Process
Management, BPM). CoBpeMeHHble MHDOPMALMOHHEIE TEXHOMOTM NO3BOMAKT CO34aBaTb MPUMOXKEHUS MO
mogerm GuaHec-npoueccos, cobupas Mx (YHKUMOHANbHOCTL M3 OTAeNbHbIX «Kybukos» (Service Oriented
Architecture, SOA). WHTerpauns naptHepoB B cuctemax B2B (Business-to-Business) Takke BbinonHseTcs Ha
OCHOBE NpoLeccoB. Bce 3TO NpMBOAMT K NOBBILEHMIO CTEMEHU BaXHOCTM Moaenu Gu3Hec-npoLeccoB
OpraHM3aLyn 1 NoBbILEHHbIM TPEBOBAHWAM K CKOPOCTU €€ U3MEHEHNS.

YnpaBneHue 6usHec-npoueccamu

TexHonoruss BPM saBnsietca komnnexkcHon u BknovaeT B cebs WM, SOA n B2B. [eicteus, koTopble
COCTaBNAKT ynpaBneHne Ou3Hec-npoueccamn, MOXHO pasfgennTb Ha  HEeCKonbko rpynn:  paspaboTka,
MOZENMPOBAHME, BbINOIHEHWE, MOHUTOPUHT W ONTMMM3auus. YnpaBneHue OKYCHPYETCS Ha MOBbILIEHWE
3 heKTUBHOCTI BU3HEC-NPOLECCOB, NPUHOCALUMX «MPUObINbY OpraHu3auuu, W UX HenpepbIBHOM ONTUMU3ALIMN.
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Takum o6pasoM, Ba)XXHbIMW acnekTamu ABNATCA BO3MOXHOCTU MOOENNpPoBaHUA 6V|3H€C-I'Ip0Ll,eCCOB, CKOPOCTb
X BHEOPEHUA (I/I3M€H€HVIFI) N MOHUTOPWHT rnokasaTtenen.

CoBpeMeHHble  SA3bIKM  OMUCaHMA  BU3HEC-NPOLIECCOB  OPUEHTUPYIOTCA HA  BO3MOXHOCTb  MOCREAytoLLen
aBToMaTu3auuu ynpasneHus aTumu BusHec-npoueccamu. [ns Uenei asTomaTusauun ynpaeneHust Bbinu
cosfaHbl A3blkn BPEL 1 BPML, a a3biku, co3gaHHble paHee, bbinu gononHeHs! (ARIS).

BusHec-npoLecchl opraHu3aLmuy BKIKOYAKT B Ce6S U MeXopraHu3aLunoHHoe B3auMOLENCTBUE, KOTOPOe Takke
MOXET ObITb ONMCaHO Kak MPOLECC, B KOTOPOM Y4acTBYT ABe ¥ 6onee opraHusaumit. ABToMaTU3aums Takmx
npoueccos TpebyeT TexHNYECKO! peanu3aumn obMeHa aaHHbIMU. B HacTosiLiee BpeMs CTaHAapTOM Takoro poaa
B3aumogencteus ssnsawtca  Web-cepucel.  bonee Toro, Web-cepsuchl ctanu ctaHgaptomM W Ang
B3aMMOLENCTBUSA PasfNyHbIX WH(OPMALMOHHBIX CUCTEM BHYTPU OpraHW3auuu, YTO NO3BOMSET CO34aBaTb
NPOrpaMMHbIE MPUMOXEHUST HA OCHOBE CyLLeCTBYOWMX GusHec-npoueccos opraHuaauumn (SOA). Bo3MOXHOCTM
ncnonb3osaHus Web-cepaucos B GusHec-npoLieccax onucaHbl B pabotax [1, 2].

Web-cepBuc peanuayet onpeaeneHHy yHKUMOHANbHOCTb, CKPbIBas peanusauuio 3Ton (YHKLMOHAbHOCTM,
OfHaKO B psge cnyyvaeB Tpebyetcs Oonee TecHas WHTerpauwsi, NO3BONAKOLLAS OpPraHW3auusMm  unu
noapasgeneHnsm pasaensTb OauH ak3emnnsap GusHec-npoLecca 1 KOHTPONMPOBATbL €ro BbIMONHEHWE OT Havarna
[0 KoHua. B atom cnyyae Web-cepBucbl MOryT npegocTaBnsTb NPOTOKOMbI HXKHErO YPOBHS ANS pasfeneHus
ak3emnnapa GusHec-npoLecca Mexay pasiuyHbIMU WHAPOPMALMOHHBIMU CUCTEMAMU OOHOM UM HECKOMbKMX
OpraHu3auuit, BOBMEYEHHbIX B BbINOMHEHMe npouecca. OpHako ocTaetcs npobrnema peanus3auu METO0B
B3aMMOJENCTBUS Ha BEPXHEM YPOBHE.

WHTerpaums opraHusaumit npusena k pasaeneHnto onucanmns G1sHec-npoLieccoB Ha ABE rpynbi:

— BHELLHMe NpoLecchl OMMUCLIBAOT MPOLECChl B3aMMOAEACTBMS C BHELUHAMM WMCTOYHWMKAMM (gpyrve
opraHM3aLmu U KnueHTbl);

—  BHYTPEHHWE NPOLLeCChI ONUCHIBAKOT pearbHbIe NPOLECCH OpraHn3aLm, sensioTcs Gonee AeTarnbHbIMW.

BHewHue npouecch! opraHu3aumu SBNISIOTCS «BWAMMOIA» CTOPOHOW BLINOMHEHNS 8HYMPEHHUX NPOLECCOs.
WHbIMM crioBamm, BHELLHWE MPOLLECCHI ONUCHIBAT BHELUHWI MHTEPEEC BHYTPEHHUX NPOLECCOB OpraHu13aLim.
OnucaHne BHEWHMX NMPOLECCOB OTKPLITO ANs NapTHEpOB, B TO BPEMS KaK OMMCAHWE BHYTPEHHUX MPOLECCOB
3a4acTyto SBMSIeTCs KOMMEPYECKON TailHOIA, TaK Kak OnpeaensieT KOHKYPEHTHOe NpenMyLLEeCTBO.

Takoe pasgeneHne onucaHus npoueccoB TpebyeT CO3[aHUs MexHOMo2uU 8epuhukayuu COOTBETCTBUS
BHYTPEHHero npouecca BHelwHemy. OgHAM 13 BapWaHTOB pelueHust 3Ton npobnembl SBASETCH MexaHu3m
HacnedosaHus npoyeccos. OTHOLIEHWE HacnegoBaHWS B OaHHOM Criydae OTIMYaEeTCA OT aHanorMyHoro
oTHoweHus B UML. Tak B UML HacrneayloTcs CBOACTBA M METOAb! Kfacca — CTaTUYECKMe XapaKTepUCTUKK, B TO
BpemMs Kak Ans npouecca 6onbluee 3HaveHWe MMeEeT MoBedeHMe — AuHaMWYeckas XapakTepucTuka.
lMpon3BoaHbI MpoLecc [OMKeH noadepxuBaTb noBefeHne 6a30BOro npouecca C BO3MOXHOCTBIO €ro
paclumpeHns. Takum 06pa3om, NPOM3BOAHbIN NPOLECC AOMKEH BbINOMHATL BCEe AerCTBIS 6a30BOro npouecca B
nopsake, onpeaeneHHoM ans 6a3oBoro npowecca.

HacnepnoBaHue 613HeC-npoLEeccoB Takke NO3BOISET peLlaThb Takie Npobnembl Kak:
— npobrnema AMHaMUYECcKOro M3MEHEHUs — BO3HWKAET MPW BHEAPEHUM HOBOW BEPCUM CYLLECTBYIOLLEro
npouecca v TpebyeT MurpaLun CyLLeCTBYOLLMX SK3EMNIAPOB NPOLIECCa Ha HOBYHO BEPCUIO;
— npobrnema arperauum ynpaBneHYecko MHAOPMALMM BbIMOMHSIOLMXCS NPOLECCOB B CMyvae Hanmuns
pasfnuyHbIX BepCuin 3Tux npoueccos [3];

— npobrema 4YacTHOW ONTUMM3AUMW — AN mpouecca  CyLWEeCTBYWT — pasnuyHble  BapuaHTbl,
ONTUMM3MPOBAHHbIE MO YaCTHble criyyan obuiero mpouecca (Hanpumep, «0bCnyXMBaHUE KIMEHTay» 1
TaKue BapuaHTbl Kak «0BCnyMBaHWe YacTHOMO nuuay 1 «obenyxmBaHue opraHusaummy) [4].
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OnucaHue A3bika GBPR

[ins peluenust npnBeaeHHbIX Bhile 3aaay Obin paspaboTtaH s3bik onucaHus 6usHec-npouyeccos GBPR (General
Business Process Representation) [7]. [aHHbIN S3blk OCHOBBIBAETCS Ha nu-ucyucneHuu [5, 6] n sBnseTcs ero
pacLUMpeHneM, OPUEHTUPOBAHHLIM Ha aBTOMATW3aLMIO yripaBneHus GusHec-npoLeccamu.

OcHoBoit si3bika GBPR, Kak 1 MU-1cuncneHnst, SBNSOTCS UHOOPMaUUOHHbIE KaHarbl, N0 KOTOPbIM NepefatoTcs
COODBLLEHNS, HO Pa3gensTCs Ha rpynnbl:
—  CepsuUCHble KaHasb — KaHarnbl, 0OTBevatoLme 3a obpaLLeHure K CepBucy Unn npoLeccy;

— MapwpymHble KaHarbl — KaHamnbl, OTBEYAKLLME 33 MapLIpyTU3aLM0 MOTOKOB YNPaBNEHUS M LaHHbIX
BHYTpM npouecca.
Basosoi1 cTpykTypon sibika GBPR siBnsietcs delicmsue, BbINONHsoLee obpaLLeHne K cepaucy:
ACTIVITY ::= MESSAGEMAP.[CONDITION] SERVICE(PARAMS)

OnucaHue Oelicmeus BKoYaeT B cebst kapTy He06XoaUMbIX COOBLLEHNN (MapLLpyTW3aLus), ycrnoBue (npoBepka
AaHHblX) ¥ obpaljeHme K cepsBucy (C yka3aHWeM cepBuca W nepeaaBaeMblX napameTpoB). Tak kak
B3aMMOAENCTBNE C CEPBUCAMI SIBMSIETCS aCMHXPOHHBIM (CEPBUC HE MOXET nepeaaTtb OTBETHOE CO0bLLEeHNe Mo
kaHany obpalleHusl), TO B napameTpax ykasblBaeTCs kaHan Ans 0TBETa B Criyyae, ecnm oH Tpebyetcs.

Kapma coobweHull coCTOMT M3 MHGOPMALMOHHBIX KaHaroB, MO KOTOpbIM TpebyeTcs nonyuutb CoobLueHve,
CBSI3aHHbIX Pa3NNYHbIMM OnepaLnsamm:

— Onepauus CyMMUpPOBaHUS «+» OMpeaenseT BO3MOXHble anbTepHaTVBbl (MHbIMK COBaMM, ANS Bbi30Ba
cepauca HeobXoanMOo nomnyynTb coobLeHre No 0dHOMY (He BaXHO MO KOTOPOMY) U3 KaHaroB);

— onepauws pacnapanienueaHus «|» onpeLensieT CcoK kaHaros, No KOTOPbIM OXMAAKTCS COOBLLEHMS, U
Ans obpaleHns K cepeucy HeobXoanmMo Noy4uTb COOBLLEHNS NO 8CEM KaHamnam n3 crmcka.

OnucaHue cepsucos B ssbike GBPR onpegensier MHMOPMALMOHHBIA kaHan Ans obpalleHus, Crucok
HeobxoguMbIX NapameTpoB 1 Npasuna obpalleHuns (MpOTOKON, agpec v Apyras TexHuJeckas MHhopmaums).

[Mpouecc SBNAETCS YaCTHBIM Crly4aeM CepBuca, 1 MOXET BbITb BbI3BaH kak CEPBMC NOCPEACTBOM obpaLLeHus no
COOTBETCTBYHOLLEMY WMH(OPMALMOHHOMY KaHany. [pouecc COCTOMT W3 MHOXeCTBa LEACTBWM, BbINONHAEMbIX
napannensHo, nocneaoBaTenbHOe BbIMOMHEHWE AENCTBUIA peanuayeTcs Yepe3 nocrneaoBaTenbHylo nepeaavy
coobLueHnn mexay aenctemamu. pouecc MOXET cogepxatb 6mokum 0BpaboTKi MCKIUUTENBHBIX CUTYaLMIA 1
Orok 3aBepLueHuS.

PROCESS ::= ACTIVITY | {ACTIVITY}

GBPR ygoeneTsopsieT 60MbLlLUMHCTBY WabnoHoB, onucaHHbix B pabotax [9, 10]. [JaHHble wabnoHsl onuckiBaT
BCTPEYalOLLMECS CUTyaLW B ONUCaHUM MapLupyTu3aummn 6usHec-npoueccoB. OnncaHus, Co3AaHHble Ha Apyrux
Haubonee pacnpoCTpaHeHHbIX A3blkax MoZenupoBaHus Gu3Hec-npoLeccos, MOryT 6biTb NpeobpasoBaHbl B
GBPR-onu1caHws, kak 310 nokasaHo B [8].

MHTerpauumsa Ha ocHoBe npoueccoB B GBPR

Kak yxxe roBopunocb BblIlle, WHTErpaLyst opraHu3auuin (Mnu noapas3feneHuii OQHOM OpraHu3aLn) Ha OCHOBe
O13HEC-NPOLIECCOB ABNSETCA akTyarnbHON 3agaqven.

Mockonbky MapLLpyTU3aLst NOTOKOB yNpaBneHms U JaHHbIX B A3blke GBPR BbINONHSIETCS HAa OCHOBE nepenaym
Cco06LLEHMIA MO MHGOPMALIMOHHBIM KaHanam, TO MPOLLECC MHTErpaLumn CBOAUTCS K pempaHCcsyuu coobuieHuli Bo
BCE CMCTEMbI-y4aCTHUKM NpoLecca.
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PaccmoTtpum npumep npouecca pemoHTa aTomobuns (puc. 1). B npouecc BoBneyeHbl aBTOCEPBUC «A» U
CTpaxoBasi KOMNaHus «By:

start. «[puesd knueHmay (e1)

e1()+e3(«CocmosHuey). [«CocmosiHue»!="CoenacosaHo’] «CocmasneHue KanbKynayuuy (e2)
e2(). «CoenacosaHue KanbKynsyuu» (e3)

e3(«CocmosHuey). [«CocmosiHue»='CoenacosaHo] «Pemorm asmomobuns» (e4)

e4(). «Onnama pemorman (finish)

QpraHusayma A QpranwsaumA B
[MpWesn kueHTa Mpue3n KNWeHTa
el

k = = = = mle mf .= - =D

v
COCTaeneHWe CocTaeneHne

™ Kankky NALKMKA KANEKYNALMKA
g2

A T T,

L 4 L 2
CornacoeaHue CornacoBaHwe
KankeRy nALMM KaNkKYNALWKA

23

’----.-------1

Ty

FemoHT aeTomobuna PEMOHT aeTomMobOuNA
ad
CnnaTta pemoHTa JnnaTta pemMoHT 3

Puc. 1. TMpoueccHas nHterpauus B GBPR

Ha puc. 1 nokasaHo, kak peTpaHcnsunst cooOLUeHMiA NO3BONSIET NoAAepxXMBaTh 0ba ak3emnnspa npouecca B
WAEHTUYHOM COCTOSIHUK. Mpu 3TOM MOryT GbiTb BbIGPaHbI PasfIuyHble CXeMbl PEMPaHCASUUU COObWEeHU, KakK
ueHmpanusogaHHble  (BbILEMEHHbIN LEHTpanbHbIA - y3en, OTBEYallMii 3@  peTpaHCcnsuMio), Tak U
deyeHmpanu3osaHHble (CUcTema, B KOTOPON CreHepUpOBaHO COOBLLEHME, NepesaeT ero B KAXAY U3 cUCTEM-
y4acTHu npouecca). B GomblUMHCTBE CryyaeB NOAOMAET LEHTPannN30BaHHAs Cxema PEeTpaHCnsuuM, e B
Ka4ecTBe LIEHTPaNbHOrO yana BbICTyMaeT CUCTeMa, NopoamBLIas npouecc. Takoi NoAXoA MO3BONSIET CHU3UTbL
N3AEPXKKM, CBA3AHHbIE C COAEPXXAHNEM KaHamOB Afst PETPaHCHSLMM.

HacnepoBanue npoueccos B GBPR

BBefeHMEe OTHOLLEHWS HaCMeLoBaHUS MO3BONSIET PEWNTL psig Npobnem, B TOM YUCHE U YTOYHEHWs 0bLLero
npouecca B Cryyae MpOLECCHON MHTErpaLumu, 3a CYeT Yero YYWTbiBaeTCst cneumdmka Kaxamoi opraHusaumm-
yYaCTHIKa MPOLIECCA 1 COXPAHAETCA B CEKPETE ONMCaHNe BHYTPEHHEro npoLiecca.

Mpouecc MoxHO onpedenums Kak Habop pabom, Habop pecypcos u Habop npasusn. Ons ynpoLyeHs Mbl He
Oyaem paccmatpuBaTb PECYPCHYIO COCTABMSIOLLYID B ONMCaHUM GU3HEC-NpoLEeccoB, Torga MpOLECC MOXHO
pasaenuTb Ha Habop cepBMCOB, BbIMOMNHSEMbIX B OM3Hec-npoLecce, U Habop npaswun, onpeaensiowmx nopsiaok
BbIMOHEHNS 3TUX CEPBICOB.
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MpeactaBuM onucaHWe npolecca Kak Krace, COAepXalluil onucaHne HeoBXoauMbIX MapameTpoB, NpaBiun
MapLLpyTU3aLMM W CBS3eil C CepBUCaMM, 1 ONPeaEeniAM OTHOLLEHUE HaCMeLoBaHKS.

MapameTpbl npouecca MOryT ObiTb [OMOMHEHbI W YTOYHEHbl, WHbIMM  CROBaMW, MOTYT MNOSBMTLCA
JONOMHUTENbHLIE NapaMeTpbl, a TUM CYLLECTBYIOLLMX NapamMeTpoB MOXET ObiTb M3MEHEH Ha MPOM3BOAHLIN OT
yKasaHHOro. YTOYHEHWE BO3MOXHO 3a CYET peanusauMu OTHOLIEHWS HacrnedoBaHWs [N K1accos,
onpegeneHHoro B UML.

OmHoweHue HacnedogaHusi ONpeaensieTca B pamkax nu-ucumcnenust. Mpu 3ToM, Tak Kak CepBUChbl SBNSIOTCS
BHELLHMMM MO OTHOLLEHMIO K NPOLIECCY, TO OHU MOAENUPYIOTCS NOCPEACTBOM UCMONHUTENS [5]:

Exec(x) ;= x(y).yM.

Ecnu npouecc Q HaxoguTes B GMHAapHOM OTHOLLEHWW HAacneaoBaHus oT npouecca P (P<=Q), To:

— fn(P) npunapnexut fn(Q) — Bce cBoboaHble MMeHa npouecca P Takke SBRSoTCS CBOOOAHBIMU MMEHAMM
npouecca Q;

— ang nmobon TpaHsakumm a(x), Takoi yto P-> P’ nog penctemem a(x), Hangetcs Takom npouecc Q'
noCneaoBaTeNnbHOCTb TPaH3aKUWi ar, az,..., @, Takux, YTo Ang noboro y u3 obnactu onpegenexus x
cnpasegmeo Q -> Q' o AENCTBUEM ay, @z, ..., an, a(Xx) u P{y/x} <= Q{y/x}, TpaH3akumm as, a,..., a MOryT
ObITb BXOZAWWMMK a(X) unn ucxoasummmn a(x), TpaHsakums a(x) — Bxogawas, u a aensetcs cBoO0AHbIM
“MeHeM Ans npoueccos P u Q unu SBRSeTCs CEPBUCHBIM KaHaNoM 3TUX NPOLECCOB;

— ans nobon TpaHakumm a(x), Takoit yto P -> P' nog gencTsueM a(x), Hangetcs Takoi npouecc Q'
nocneaoBaTeNbHOCTb TPAH3aKUMIA av, az,..., @, TaKWUX, 4TO And ntoboro y n3 obnact onpenenexus X,
cnpasegmeo Q -> Q' Noa AEUCTBUEM a1, @z,..., an, a(X) U P'<=Q', TpaH3aKuu1 a1, az,..., @ MOryT ObITb
BXOAAWMMM a(X) unm ucxopsawmmmn a’(x), TpaHsakums a(x) — nobas TpaH3akuus, Kpome cryyas u3
npeablayLLero NyHKTa;

— ana mobon TpaHsakumv a(x), Takon yto Q -> Q' nog AencTerem a(x) u He HangeTcs npouecc P, Takowm,
yTo cnpasegnueo P->P' nog Apencteuem a(x), Torga Ana nwboro y wn3 obnactu onpegeneHus x
BoinonHseTcs P<=Q{y/x}, TpaH3akums a(x) — Bxogswas, W a SBnseTcs cBOOOAHbIM WMEHeM Ans
npouecca Q U cepBMCHLIM KaHanoM 3TOro NpoLecea;

— ana mobon TpaHsakumv a(x), Takon yto Q -> Q' nog AencTerem a(x) u He HangeTcs npouecc P, Takowm,
yTo cnpasegnueo P->P' nog Apencteuem a(x), Torga Ana nwboro y n3 obnactu onpegeneHus x
BbINOMHseTCH P<=Q', TpaH3akums a(x) — nobas TpaH3akums, KpOMe Cryyas U3 npeablayLero NyHKTa.

OTHOLEeHWe HacNeRoBaHNS HE A8IAEMCS CUMMEMPUYHbIM, VHBIMK crioBamu, 13 P<=Q He cnegyeT Q<=P.

C y4eTOM OTHOLLEHMUS] Mbl MOXEM MOCTPOUTL LEPaPXUK NPOUECCO8, Ha CaMOM BEPXHEM YpOBHe KOTopoi Oyaet
abcmpakmHbil npouecc. Takasi uepapxusi MOMOraeT ynpaBNsaTb BapyaHTaMy npouecca, Onpeaenss YacTHble
Cny4yam Kak MPon3BOAHbIE OT 0BLLEro.

Paccmotpum npumep npouecca «obpalleHne» M NPOM3BOAHOrO OT Hero npouecca «obpaijeHue Ot
opraHusauuny:
«obpatyeHuney» ;= start. «npuem obpalleHusy (e1) |
e1(). «ochopmneHve 3akas-Hapsga» (e2) |
e2(). «okasaHue ycnyr» (finish)
«ObpalLeHe 0T opraHusaLmmny ::= start. «npuem obpalleHus» (e1) |
e1(). «<ocbopmneHue gorosopay (€2) |
e2().«ochopmneHve 3akas-Hapsiga» (e3) |
e3(). «okasanue ycnyr» (finish)

Mpouecc «obpalleHne» HaxoauTCs Ha MEepBOM YPOBHE MEpapXuu MpOLECCOB, B TO BPeMst Kak MpoLiece
«0bpalleHre 0T opraHM3aLmun» SIBRSIETCS NPONU3BOAHBIM OT HEro U HaXOAWTCS Ha BTOPOM YpoBHE. AHAmMOMYHO,
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ecrn ecTb MPOM3BOAHBINA MpoLecc «obpalleHne OT M3NYECKOro nuua», TO OHO Takke OyaeT HaxoauTcs Ha
BTOPOM ypoBHe. CriedyeT 3ameTuTb, YTO M3MeHeHWe 6a3oBOro nmpouecca (380/MOUUOHHas ONMUMU3ayus) He
BCErAa NPWBOAMT K NEPENpOEKTUPOBaHWI0 NMPOM3BOAHLIX MPOLECCOB, a CO3[aHWe BapuaHTa npouecca He
NMPYBOANT K M3MEHeHW0 6a30BOro mpouecca. ATO YNpoLLaeT YacTHY0 ONTUMM3ALMIO (ONTUMM3ALMI0 YaCTHbIX
Ccnyyaes npouecca).

AHanormyHo MoXeT BbiTb MCMOMb30BaHO OTHOLUEHME HACMeLoBaHWS B CryYae MPOLECCHON MHTErpauun ans
YTOYHEHWs! pa3aensemMoro NpoLecca ¢ y4eToM Creuuduki Kaxaon U3 OpraHu3aLyi-y4acTHIL, MHTerpaLmm.

3aknioyeHue

Asbik GBPR no3sonsieT npoBoAuWTb OCHOBAHHYIO Ha MPOLeccax MHTErpauuio OpraHu3auuii ¢ BO3MOXHOCTbIO
KOHTPONS BCero npouecca. ACMHXpOHHas nepedava cooblueHun, nexawas B ocHoBe GBPR, nossonser
NCMONb30BaTb PasfiyHble MPOTOKOMbI Nepefayn AaHHbIX, YTO MpuaaeT rmbKOCTb MHTerpaumu. BoamMoxHOCTb
Npo3payHoro yTo4HeHus obLuero npouecca bnarofaps OTHOLLEHUIO HacnenoBaHUs Ans NpoLeccoB No3BonseT
y4ecTb cneumeuky y4acTHUKoB WHTerpaumu 6e3 yuwepba ans obliero npouecca. HacnegoeaHue nomoraet
Takke B MPOBEAEHWN 4YaCTHOM ONTUMM3ALMM M pelleHM NpobrneM AMHAMUYECKOTO W3MEHEHWSI BepCun
NpOLECCOB.

BnarogapHocTu

Cratbst yacTMyHO puHaHcupoBaHHa U3 npoekta ITHEA XXI WHctutyta MHOPMALMOHHBIX Teopun W
Mpunoxenuit FOI ITHEA un KoHcopumyma FOI Bulgaria (www.ithea.org, www.foibg.com).
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MEXAHWU3MbI PACNPEAENEHNA KBOT HA BbIBPOChI
MO KWOTCKOMY NPOTOKOIY

Anekcen BonowuH, UpuHa MNopuubiHa

AHHOmauyus: [lpobrema U3MeHeHUs Kraumama He ¢e800umcsi K 00bMMHbIM 3KOI02UYECKUM 80NpoCcam.
3ampazusaromesi 6a308ble 3KOHOMUYECKUE U hofumuyeckue uHmepechl. Kuomckull npomokon — nepebili
MeXAyHapoOHbIl AOKYMEHM, UCNOMb3YoUWUl PbIHOYHbIU MeXaHu3M Onsi peweHus 2m06asibHbIX 9K0M02UYECKUX
npobnem. lNpednazatomea mamemamuyeckue modenu Ons peanusayuu MexaHu3mos Kuomckoao npomokona.

Knroueenle cnoea: Kuomcekuti npomokor, yenepodHbiil pbIHOK, 3a0aya pacnpedeneHus kgom.
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and modeling (Time series analysis) — 1.6.8 Types of Simulation — Gaming.

Conference: The paper is selected from XVt International Conference "Knowledge-Dialogue-Solution” KDS 2009,
Varna, Bulgaria, June-July 2009

BBeaeHue

Cpeay rnobanbHbIX 3KOMOrMYECKNX BbI30BOB, YrpOXatOLLMX LMBUAM3aLMM B camoM Havane XXI Beka, Ha nepsoe
mecTo, 6e3ycrioBHO, JomkHa ObiTb mocTaBneHa npobrnema M3MeHeHus knumata. Muposoe coobuiecTso,
NOHMMas BCe MOTEHLMarbHbIE Yrpo3bl rNoBanbHOr0 U3MEHEHUs knumarta, NpeanpUHUMAeT psif COrnacoBaHHbIX
Mep MO afeKBaTHOMY pearvpoBaHMI0 Ha 3TOT BbI30B. Habniogaemble W3MEHEHUs! KIMMaTUYeckoi CUCTEMbI
3eMnn yyeHble CBA3bIBAKT C aHOMasbHbIM POCTOM KOHLIEHTpaLWM B aTMOC(EPe Tak Ha3blBaEMbIX MapHUKOBbIX
rasos ([1), B nepsyto ouepedp, CO,. 3a nocnegHue gecatuneTus KoHLeHTpauwms B atmoctepe CO; Bripocna Ha
TpeTb, MeTaHa — B 2.5 pasa, BbIOPOLIEHbI COTHI MANTIMOHOB TOHH XOPTOPYTNEPOAOB (4O CEPeanHbI MPOLLNOro
BeKa Mx Ha 3emre BOBCE He ObIno).

AbcontoTHOE JoKa3aTenbCTBO NOAOOHOM rMNOTE3bl HEBO3MOXHO B MPUHLMME: Y HAC HET BTOpO 3emmu, YToOb
MOCTaBUTb KOHTPObHBIA OMbIT, MOMECTUB €€ B TOYHO TakWe e YCMOBWS, HO UCKIIOYMB BIMSHWE YenioBeka.
XOTUM Mbl 3TOTO MNM HET, BCe CyxaeHus o Oyayuwlem 3emnn 6yayT He 6onee, Yem NpeanonoxeHem. Yenosex,
BbIHY)XAEHHBIA NPOABUraTLCS B MOMHON TbMeE, OyaeT CTapaThes 3TO AenaTb C MakCUMarbHOM OCTOPOXHOCTB.
TOYHO TaKxke YenoBEYECKON LMBUNM3ALNN B YCIOBUSAX HEOMPEAENEHHOCTI NPEaNoYTUTENbHEE MCXOANTL 13 TOM
rMnoTesbl, KOTopas npeanucbiBaeT en Gonee 0cTopoxHOe cOBCTBEHHOE NoBeaeHMe. IMEHHO Takoil runoTe3omn 1
SBNAETCA aHTPOMOreHHas TEOpUS M3MEHEHMS KnumaTta. Y 3TOi TeOpUW eCTb OAHO BaXHOE MPEeyMyLLECTBO: Ha
CErofiHs OHa NyYLue CornacoBaHa Co BCEMM M3BECTHbIMM hakTamu, Yem ntobas apyras.

B 2007 r. MexnpaBuTenbCTBEHHAs rpynna SKCMepToB Mo u3MeHenuo knumata (MIOWK) - npeactasuna ceon
UeTBepTbIi OLEHOYHBIN AOKNAL, B KOTOPOM copepxarcsi 0606LeHHbIe BbIBOAbI O MPOLMbIX M HbIHELIHUX
KNUMaTUYECKUX U3MEHEHWAX, WX BO3LEACTBUM Ha MPUPOAY M YenoBeka, a Takke O BO3MOXHbIX Mepax no
NPOTUBOAENCTBMIO TakuM U3MeHeHusM. B atom [loknage rosoputbesi, UTo ¢ BeposTHocTbio 0.9 Habnogaemele
W3MEHEHMs KnumaTa CBs3aHbl C JeATeNbHOCTHI0 YenoBeka. HecMoTps Ha pacxokaeHus BO B3rMsAaX yYeHbIX
OTHOCMUTENBHO MPUYMH MMEHEHUS KIMMaTa, cam akT rnobanbHOro NoTenneHus yxe HUKTO He oTpuuaer. Mpu
9TOM He[0CTaToOYHas Hay4Has onpeseNieHHOCTb He JOMKHa UCMONb30BaTbHCA B KAYECTBE NMPUYMHBI 471 OTCPOYKM
MPUHATUS MEP MO CHUXEHWNIO aHTPOMOTEHHOTO BAINSHUS Ha aTMocdepy 3emnu.
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Pa3BuTble CTpaHbl OTBETCTBEHHbI 3a 75% NapHWKOBLIX ra3oB, COAEPXKALUMXCS Ha CErofHsILUHWA MOMEHT B
aTMocdoepe, €Cnn He MPUHUMATh B pacyeT BbIOPOCHI OT BbIPYOKM NecoB. AT CTpaHbl UMeKT Haubonblume
(hMHaAHCOBbLIE PECYPChI Y MOLHENLLMIA TEXHOMNOTMYECKMIA NOTEHLMAnN ANs COKPaLLEHUs CBOMX BbIGPOCOB. Takum
00pa3om, OHM LOMMKHbI B3sTb Ha cebsl HaMbomMbLLyo THKECTb BOpbObI C U3MEHEHWEM KNMMaTa B CrieaytoLLem
pecstunetun. Ons toro, ytobel yaepxatb rnobanbHoe notenneHne B npegenax 2°C Boblwe TemnepaTypbl
JovHgycTpuanesHoro nepuopa, EC v gpyrum passutbiM CTpaHam Heo6XOAMMO caenathb Credylownin BaxHbIN
Luar B paMKax HOBOrO MEXAyHapOAHOro CornalleHns — CHU3MTbL 06Lmin ypoBeHb Bbibpocos k 2020 r. Ha 30% no
cpaBHeHnto ¢ ypoeHeM 1990 r. CyLlecTBYIOT 3acnyuBatoliMe Camoro Cepbe3HOr0 BHUMaHUA HayuHble
[0Ka3aTenbCcTBa TOr0, YTO AarnbHEMLEee NOBbILIEHWE TEMNEpaTypbl CBEPX yKa3aHHOTO Mopora MOXET Bbl3BaTb
HeobpaTUMble W NOTEHLMANbHO KaTacTpouyeckme 3MeHeHus. Xots B Brmxaniuee Bpemsi OCHOBHOe bBpems
OopbObl C M3MEHEHWEM KnMMaTa NsKET Ha pasBuTble CTpaHbl, OQHWX WX ycunuii OyaeT HegocTaTouHo Ans
COKpaLLeHust BbIOPOCOB MapHUKOBLIX ra30B B MMPOBOM MacLuTabe.

C pocToM noTeHUMana pasBMBAIOLMXCA CTPaH YBEMWYMBAKOTCA W MX BbIOpPOCHI B aTMOCKeEpy, KoTopble, no
nporHosam, k 2020 r. npeBbICAT 06bEMbI BbIGPOCOB pa3BUTLIX CTpaH. Takum obpasom, Heobxogumo, YTobbl
pa3BMBalOLLMECS CTPaHbl, B YAaCTHOCTH, C Hanbomnee BbICTPO Pa3BUBAIOLLENCS SKOHOMUKOW, Ha4Yamm Kak MOXHO
CKOpee OrpaHM4MBaTh POCT BbIGPOCOB C MEPCMEKTUBON COKpalleHWs B abCOMOTHOM BbipaxeHun ¢ 2020 r.
panee. Kak TONbKO pa3BrBatOLLMECS CTPaHbl QOCTUMHYT YPOBHS Pa3BMTUS, COMOCTABUMOIO C YPOBHEM Pa3BUTbIX
CTPaH, OHM JOIKHbI TaKkKe MPUHATL Ha cebs 0bs3aTenbCcTBa MO COKpaLLeHMio BbIBpocoB. 3Tu 0bs3aTensCTBa
JOIMKHbI COOTBETCTBOBATL MX YPOBHSIM BbIBPOCOB, a TakKe TEXHUYECKUM M (OMHAHCOBLIM BO3MOXHOCTSIM CTPaH.

lMporHosupyeTcs, YTO B LONMTOCPOYHON MEPCreKTUBE M3MEHEHME KNMaTa MOXET MPUBECTM K COKPALLEHMIO
BanoBoro BHyTpeHHero npoaykta (BBIM) ot 5% [o 20% B rog, eCnu ero He coepxuBaTb NyTEM YMEHbLUEHWS
BbIOPOCOB MapHWKOBLIX ra30B. Takum 06pasoM, NPOBEAEHME MEXOyHApOOHOW KamnaHuu no 6opbbe ¢
N3MEHEHWEM KnUMaTa SBNSeTCS cTpaTervel ¢ NepenekTMBOi pocTa B AONMOCPOYHOM MfiaHe. Yem paHbLue Mbl
HaYHEM [e/CTBOBATb, TEM MeHbLLe OYeT LeHa Hawux AencTeuin. AHanus Esponelickon Kommucenn nokasslBaeT,
yto o6beM WHBECTMUMIA [Ons nepexoga Ha HapogHOE XO3SMCTBO C  HU3KMM  YPOBHEM  BbiBPOCOB
yrnepogocoaepxallux razos coctasut nuwb 0,5% muposoro BBIT B nepuog mexay 2013 v 2030 rr. CornacHo
9TUM NPOrHO3aM, NPOBEAEHWEe MEXAYHAPOAHOM KamnaHun no Bopbbe ¢ M3MeHeHneM Knumarta cokpaTturno Obl
pocT muposoro BBIT Bcero nuwwb Ha 0,14% B rog go 2020 r. Poct muposoro BBIT B nepuog ¢ 2005 no 2020 rr.
coctaBnT 53%, YTO NULLL HEMHOTO HIKE MPOrHO3MPYEMOT0 YPOBHSA B 55%, eCrin HUKakux Mep NpeanpuHUMaThes
He Gyget. W B aTUX UMpax He y4MTbIBAIOTCA NMPEUMYLLECTBA COKPALLEHWs BbIOPOCOB, TaKMe Kak CHUKEHUE
ywepba OT M3MEHEHWS KnWMaTa, KOTOPOro yganocb usbexartb, Gonbluas aHepreTuyeckas 6e3onacHocTb U
9KOHOMMS PACcX0f0B 34PaBOOXPAHEHNS B CBA3M CO CHUKEHWUEM YPOBHS 3arpsi3HEHHOCTH BO3ayXa.

B kayectBe nepBoro wara 6bina nogrotoBneHa u npuHsata 9 mas 1992r. pamouHas KonseHums OOH 06
nameHeHun krumata (PKUK). A B uioHe 1992 r. Ha BcemmpHoit koHdepeHumn OOH no okpyxatoLei cpege u
pa3ssuTuio B Pno-ge-KeHenpo ee nognucamm 154 ctpaHbl. 3atem BCTan BOMPOC O KOHKPETHbIX 0053aTenbcTBax
1 B gekabpe 1997 r. Ha Tpetben koHdepeHuun CtopoH PKUK 6ein npuHsT Knotekuit npotokon (KIM) k PKKK,
rMaBHOM OCOBEHHOCTBIO KOTOPOro SBMSIETCS topuanyeckn 00s3biBalOLLME KONMWMYECTBEHHble 0053aTensCcTBa
pasBUTbIX CTPaH W CTpaH C MEpPexOoAHON 3KOHOMMKOM MO OrPaHWMYEHMI0 U CHUXEHW0 noctynneHus [T B
atmocchepy. B camom WwMpokoM cmbicrie  KMOTCKMIA MPOTOKON — MEPBbIA  MEXOYHApPOAHbIN [OKYMEHT,
NCMONb3YIOLWMIA PbIHOYHBIA MEXaHW3M ANns peLueHns rmobanbHbIX SKomornyeckux npobnem. Passutble cTpaHbl 1
CTpaHbl C NEPEXOAHON SKOHOMUKOM MOTYT COBMECTHO OCYLLECTBMATb MPOEKTbl MO CHWXEeHWO Bbibpocos MMM B
atmocdepy. [NpesycMOTPEH Takke MEXaH13M «TOProBnn KBOTamMu» Ha BblBpockl. OBs3aTensCTBO TOM UMK MHOM
CTpaHbl He AOMKHbI NpeBbicUTh B cpeaHem 3a 2008-2012 rr. onpefeneHHbIn YpOBEHb Kak Hanuuue y CTpaHbl
obLieHaLUmoHanbHOM KBOTbI HA BbIBPOCKI — paspeLLeHns Ha BeIGPOC, paBHbIi 0bs3aTenbcTBaMm. [laxe CTpaHbl, He
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paTuduLmMpoBaBLue KNOTCKWUIA NMPOTOKOM, HauMHaKT BCe OOrblUe 0CO3HABATb OMACHOCTb M3MEHEHUS KNMaTa,
YTO NPWUBOAMUT K PervoHanbHbIM WHULMATMBaM NO COKpalyeHuio BbibpocoB. EC v gpyrm paseuTbIM CTpaHam
HeobxoaMMO OCTaBaTbCA BO [NaBe ABWXEHUS, CHWU3MB ypoBeHb CBOWX BblOpocoB Kk 2020 r. o 30% Huxe
nokasatens 1990 r. ¢ nepcnekT1BOM AanbHenLLero cokpalleHus Boidpocos Ha 60-80% k 2050 .

3aBUCUMOCTDL 3arpsi3HEHNs OKpYXaloLeli cpefbl 0T IKOHOMUYECKOro pocTa

BegeT M 9KOHOMMYECKMA POCT K 3arpsi3HEHMIO  OKpyXatolen cpegbl? IMIUPUYECKME  UCCreOOoBaHuMS
nokasbiBatoT [CamyanbcoH, 2008], YTO C NOBLILLEHMEM [OX04a 3arpsi3HEHME, KaK NPaBuWio, CneayeT UHBEPCHOM
U-o0pasHoit kpuBoi. Yem Bbiwe [0X0Abl CTPaHbl, TeM Oornblue, Kak MpaBuno, CPEACTB WHBECTUPYIOT B
CTPOMTENBLCTBO OYMCTHBIX COOPYKEHWA, @ CTPYKTypa SKOHOMMKM SBOJIOLMOHMPYET B CTOPOHY Cdepbl YCnyr,
MOCTENEHHO M30aBNsAsiCb OT TSXKENMON M XUMUYECKON MPOMBILNEHHOCTY, YTO TaKke CNOCOOCTBYET CHUKEHMIO
3arpsisHeHNs okpyxatoLein cpedpl. Mockonbky B paboTe nccneaytTes Bonpock!, cBsi3aHHbIe ¢ Bbibpocamu M1 B
atMocdepy, aBTOpbl MOMbITANUCb WCCMEAOBaTb 9Ty 3aBUCMMOCTb Ha MpUMEPE BbIOPOCOB OCHOBHOMO
napHukoBoro rasa. International Energy Annual 2006 gaet undopmaumo «World Per Capita Carbon Dioxide
Emissions from the Consumption and Flaring of Fossil Fuels, 1980-2006» no Bcem cTpaHam mupa. Viccnenosas
3aBMCMMOCTb 3TUX AaHHbIX B 3aBUCMMOCTYW OT BanoOBOrO HaLWMOHANBLHOTO NPOAYKTa Ha AyLly HaceneHws ( goknag
OOH “State of World Population 2008” p.p. 90-93 , nokasatent GNI Per Capita PPP$ 2006), aBTopbl nony4unu
3aBMCUMOCTb, NPELCTABMEHHYIO Ha puc.1.

World Per Capita Carbon Dioxide Emissions from the Consumption
andFlaring of Fossil Fuels (2006) /GNI Per Capita PPP$(2006)
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Puc. 1. 3aBucumocTb 06bemoB BeIOpocos oT BBl Ha ayLwy HaceneHns

OTUM rpadhvkoM Takke NOATBEPXZAeTcs BWG Tak HasbiBaeMon KpuBoi KysHeua. bBesycnoBHO, Henbas
paccyMTbIBaTb Ha MOSHYIO afeKBaTHOCTb 3TOrO rpadhvka, NOCKOMbKY MOHATUE 3arps3HEHNS HAMHOMO LWKPE, Yem
BbIBPOCHI OAHOTO NAPHWKOBOIO rasa.

Peanusauua mexaHmamoB Kuotckoro npotokona

Mo pasnuuHbIM OLeHKaM, exerogHble 06beMbl NpeBbleHns Bbibpocos MM Hag obsizaTenscTBamm (T.€. cnpoca
Ha kBoTbl) B 2008-2012 rT. oueHnBaroTcs cymmapHo npumepHo B 150 miH. ToHH CO, ans ctpad EC n 300-400
MrH. ToHH CO2 ana Anonun Kanapubl, Hoson 3enaHauu, Hopeernn. BonblUMHCTBO pas3BUTbLIX CTpaH, ckopee
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BCEro, CTONKHETCS C HEBO3MOXHOCTBLIO BLIMOMHEHUS CBOWX KOMWYECTBEHHbIX 0053aTeNbCTB MO CHIBKEHWIO
BbIOPOCOB NAPHWKOBbIX ra30B MCKMKOYUTENBHO 3a CHET peanu3auui BHYTPEHHUX NONUTUKM U mep. oBbilweHne
9HEProaPEKTMBHOCTU U CHUXEHWE YrMEepoLOeMKOCTW MPOM3BOACTBA HA MPEAnpUsaTUSX MPOMBILIEHHO
pasBUTLIX CTPaH B HACTOsLLEE BPEMS NpeacTaBnseTcs nmbo 4oporocToswmmM, nbo BOBCE HEBO3MOXHbBIM U3-3a
OTCYTCTBUSI B COBPEMEHHOM Mupe Gornee CoBeplleHHbIX TexHomorui. Mo konuuyecTsy Bbibpocos B 2006 r.
ctpaHbl EC Ha 8% npesbiwatoT kBOTbl Kuotckoro npotokona. He Bce ctpaHbl EC cMoryT camoctosTensbHo
cHuauTb Bbibpockl M go keoT KIM k 2012r. EBponeickoe areHTCTBO N0 okpyxatowen cpeae [EEA Report, 2008]
KoHCTaTupyeT, uto EBpocotody B coctaBe 12 cTpaH, Tak HasbiBaemas rpynnbl EU-15 gns BbinonHeHus
obs3atenbcTB no Kuotckomy npotokony Heobxoaumo cHuanTb BbiBpockl MM Ha 8%. W aTo cHuxeHue Bynet
[OCTUrHYTO HE TOMbKO 3a CYET BHYTPEHHEN MOMUTUKW, HO W MOCPEACTBOM MpuBreyveHns mexaHusmos KIl.
CuTyaumst no OTAEeNbHbIM CTPaHaM PasHUTCS B 3HAYMTENbHONM CTeneHn pasHuTbes. Bce cTpaHbl EC MoxHO
YCNOBHO pasbuTb Ha Tpu rpynnbl: 1-as rpynna — CTpaHbl, KOTOpble, HW B, HU B ByadyLLeM He CMOTYT BbIMOMHUTL
obszatensctBa no K, 2-ag rpynnbl — cTpaHel, kotopsle B 2006 . He gocturnu obs3atenscTs, HO K 2012 r.
BbINOMHAT B3ATble 0053aTenbCTBa; 3-9 rpynna — cTpaHbl, koTopble yxe B 2006 r. MMeKT BbIOPOCHI, HuxKe
obsa3atenscts no K (tabn.1).

Tabnuua 1.
Crpanbl, kotopble 8 2006 1 CrpaHbl, koTopble B 2006 r CtpaHbl, koTopbie yxe B 2006 .
He JOCTUINM 0643aTenbCTB, He OCTUTNIM 0GS3ATENbCT, | yioior B 6poCb, HiKe
1 K 2012 r. TOXe He CMOryT ’
ry HO K 2012 r. BbINOMHAT P p——
BbINONHUTB B3A1Tble 06513aTeNnbLCTBA

Austria, Belgium, Finland,
EU-15 Denmark, Italy, Spain Germany, Ireland, Luxembourg, | France, Greece, UK, Sweden
Netherlands, Portugal

Bulgaria, Czech Republic, Estonia,
EU-12 Slovenia Hungary, Latvia, Lithuania, Poland,
Romania, Slovak Republic

EU
candidate Croatia
countries

Other EEA
member Iceland, Lichtenstein, Norway Switzerland
countries

CoBcem HepaBHO, B Hosbpe 2008 r. YkpawHa peanu3oBana KBOTbl Ha BbIOPOCHI NAPHUKOBbLIX [a30B.
1.46 MUNNMOHA TOHH YCMOBHBIX BbIOPOCOB ObINO NepedaHo AMoHUM. JTO NEpBOE B MUPE COrMalleHne Takoro
macwraba. [loroBop peanuayeTcs AByMs paBHbIMK TpaHLwamm B 2009 1 2010 rr.

PacnpegeneHne KBOT JOMKHO (M NO-BMOMMOMY, B KakOW-TO Mepe — HEeM3BECTHOM aBTopaM — peanuayeTcs)
OCYLIECTBMATECA C  YY4ETOM MEPapXMYECKOM CTPYKTYPbl WHTEHCUBHOCTW  3arpsi3HEHUMA  PErMOHOB,  UX
TEXHOMOMMYECKOro MoTeHuMana, NNoTHOCTM HaceneHns W T.n. [peanonoXuM, YTo BbIENSOTCA 5 ypoBHel
nepapxuu, NPeACTaBneHHbIX Ha puUc.2.

Myctb Knotckum npotokonom onpeaeneH obbem Bbibpocom, Hanpumep, Ans ctpaH Espocotosa (EC). C yyetom
TOTO, YTO HEKOTOPbIE CTPaHbl MPEBLILLAT CBOM KBOTbI HA BbIBPOCHI, @ HEKOTOpPLIE HepobupaeT AonycTumble
0bbembl (CM. Tabn.1), BO3HUKAET BONPOC - kakum 06pa3oM AOMKHbI pacnpeaensiTbCs KBOTbl Cpeaun rocyaapcTs,
Bxogawmum B EC? Kakum obpasom KBOTbI Ha BbIOPOCHI JOMKHbI pacnpefensteCs Mexay MpOMbIWIEHHbIMM
panoHammn YkpauHbl — [loHbaccom u Kapnatckum pervoHom? 3 npobrnembl (Ha nobom ypoBHE mepapxum)
npeanaraem (opmMann3oBaTb MOLENbIO «pacnpedeneHns 3atpar» B crneaytoLLen nocraHoske [BonowwmH, 2006).
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( LUMBUNU3ALINA )
( PEINOH - 1 (Eepona) ) ( PETUOH - N )
CI’PYI'II'IA CTPAH-1 (EC)) ( TPYMMA CTPAH-M )
CCTPAHA 1 ( FepmaHus )) C CTPAHA - K )
(I'IPOMbII.Uﬂ .EH P-H 1(Pyp)) (I'lPOMbII.Uﬂ L.EHHBIA P-H L)

Puc. 2. Viepapxus pacnpeaeneHus Ksot

WwveeTcst n,n> 2, arentos; c,c >0, - ux obluye 3atpatbl; b,b, > 0, - «MOTEHUMAMBHBI» [JOXOL, I -0 areHTa
OT 3KCMnyaTauuu KOMMEeKTMBHOrO 0ObekTa, CO34aHHOT0 B pesynbTaTe BOXKEHWS ¢ €AMHWL, 3aTpar.
n
lMpegnonaraeTcs, YTO koonepauus agekTnBHa: Zbi >c.
i=1
BosHukaetr gBe npobnembl: 1. Kak copmupoBaTh «noTeHUManbHbIe» A0XOAbl Kaxgoro arenta? 2. Kakue
MexaHu3Mbl pacnpefeneHus 3atpar UCcnonb3oBaTh?

Paccmotpum BHavane BTopyto npobnemy. Tpu 0CHOBHbIX crocoba pacnpeseneHns CBOAATCS K CreayoLiemy:
1. BblpaBHWBaHWe 3aTpar: 3aTparthl I -fo areHTax, = c/n,i =1n;

Zbi—c

2 BbipaBHusaHve npubbinu: b, —x, =b, —x, =———— pna Vi# j;
n

3. MpornopuKoHanbHoe pacnpefeneHue: x, = Vi

b,
b

i
Kaxgbln 13 npuBedeHHbIX CnocoboB Hapsdy C O4YeBMAHbIMK MpeumyliecTBamyu obragaeT HegoctaTkamu,
np1BoOASALLMMM K pacnagy koanuuuum [BonowwH, 2006]. Tak, nepsbiit CNOCo6 MOXET NPUBECTY K CYLLECTBOBAHMIO

areHTa, 3aTpaTtbl KOTOPOrO MOTYT MpeBbICUTL ero AoxoA (3k : x, > % ) W OH BbIMAET U3 Koanuuuu. Bropon

cnocob MOXeT NPUBECTU K CyLLeCTBOBaHUIO 4OTMpYeMoro areHTa (3k : x, <0) v ero He BOCTIPUMET Koanmuus.

TpeTtuin cnocob MOXET MPMBECTW K HUYTOXHOW MPMOBINKM HEKOTOPOro areHTa W OH BbIMAET U3 koanmuuun (be3
KOTOPOro OHa He CMOXET MOKPbITb PACX0Abl BENUYNHON C .
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Mogudukaums  obcyxgaemblx  cnocoboB — pacnpefeneHns  ocylecTBnsietcs  Asyms  crocobamu. Ha
pacnpefeneHue 3aTpat BBOAUTCA orpaHinyenne Buaa 0 < x, <b,,i =1,n, 4T0 NPUBOAMT K TaK Ha3blBaEMbIM
noayLUHOMY 1 YPOBHEBOMY Hanoram, KOTOpblE Takke He NULeHbI HegocTaTkos [BonolumH, 2006].

BTopoit cnocob cocTouT K CBEAEHNH 3aaun pacnpegeneHns k koonepatusHoit urpe (N, .S), rae ans no6oi

koammumn S, S < N, Beogutca npubbine  v(S) = max Zbl. —c, 0| wu npepnonaraetcs BblGMpaTh
ieS

pacnpegeneHus u3 «sgpa» Wrpsl, KoTopas 3apaeTtcs cucTemon HepaBeHCTB:
inZV(S), VSc N, Zx,:v(N). JTO yCnoBMe O03HayaeT, 4To Moboi Koanuuuu He BbIFOLHO

ieS ieN

«BblgenaTecsy. OpHako, B 3TOM Chyyae ocTaeTcs npobrnema Bbibopa eAMHCTBEHHOTO peLleHns w3 sapa,B
[BorowwuH, 2006] npepnaraetcs aranuTapHoe pacrnpegerneHne, Tak Hasoieaemoe « N -agpo». [Mpumenss
YTUAMTAPHbIA MPUHLMN pacnpeaeneHns, yYNTbIBaOWMA BKNAA areHTa B KXoyl Koanuuumio, MPUXoanMM K Tak
Ha3blBaeMOMy pacnpegenenuio (sexktopy) Lennun, koTopoe MOXET He NpUHAANEexXaTb SAPY Urpbl.

MpUMeHUTENBHO K 3afaYaM pacnpedeneHnst KBOT aBTopbl YTBEPKAAlOT, YTO, BO-MEPBbIX, OCHOBHOE 3HAYEHMe
UMEIOT MPUHLMMBI POPMUPOBAHMS «MOTEHLMANbHbIX» AOXOA0B areHToB b, i = 1,1 ; BO-BTOPbIX, [MaBHOE 3AeCh

He CBOWCTBA MONy4yaemoro peleHus (Hanpuvep, N -Agpa wnn Bektopa Llennu), a MMEHHO NPUHLMMBI
pacnpegenexns (Hanpumep, NPUHLUMN PaBHbIX PACXOAOB WK paBHOW NpuObINK), NOCKOMbKY BCE YENOBEYECTBO
PaBHO OTBETCTBEHHO 3a 3KOMOMMK 3emnn U B PaBHOM Mepe (MnM «moyTU B PaBHOM Mepex») CTpajaeT oT
3arpsi3HEHNS OKpYXatoLLen cpedbl.

Mpn  hopMMPOBaHMM «MOTEHUMANBHOTO [oXo4a» MNpeafiaraeTcs yuuTbiBaTb [Ba ddhpekta BIUSHUSA Ha
3arpsisHeHne okpyxatoweit cpegpsl: 1. BBl Ha gywy Hacenenust; 2. Beibpocsl MMM Ha 1 KB.KM. M MAOTHOCTb
HaceneHus. OueBnaHoO, YTO NnaTa 3a BbIOPOCHI yMeHbLUaeT BenuunHy BBI, a ¢ apyro CTOPOHbI, yBenuyeHne
BbIOPOCOB MPOMUCXOANT 3a CYET YBENMUEHUst 0ObEMOB NPOU3BOACTBA. TakuM 0Bpa3oM, MOXET ObITb BbIFOAHLIM
OZHOBPEMEHHO MNaTUTb 3a BbIOPOCHI M HapalmBaTb 06beMbl NPon3BOACTBa. ECnv nnata 3a 4ONONHUTENbHbIE
Bblbpochl OygeT meHblueit, yem obwbembl npupocta BBIT, To 310 Oyger o3Havath, YTO CTpaHE BbIFOAHEE
3annatutb 3a HapalumBaHue BbiGpocos [, yem cokpalatb npou3soacTso. Tak, ecnn CLUA npucoeamnHaTbes K
KIM, oHn 0bsi3aHbl BbINnaumBaTb CyMMy, KOTopas B 4 pa3a MPEBbILAET WX «NPOMOPLMOHANbHYKD LOM0» B
Bbibpocax [CamyanbcoH, 2008]. CtpaHa MOXET Takke yCTaHaBnMBaTb OOMOMHWATENBHOE OrpaHUYeHMe Ha 3Ty

nnaty (% ot BBMN=G'), aG.,0 < a < 1. Mockonbky geitctane KM npogomkaetcs o 2012 roaa, CTpaHa MoXeT
yCTaHaBMMBATb BEPXHIOIO TPpaHuLly onnatkl 3a mpesbilueHme BbiGpocos MI. Myctb C; — «mponopumoHanbHas
BbiNnarta» i—on cTpaHbl. Toraa Cl.* = fBC,, <1, - BepxHas rpanuLa onnatbl u npu GOPMUPOBaHUMA JOXOAA
HeobxoguMo  yunTbiBaTe  Bemuumkbl b, =C, —yC, =(1—y)C,, taey,0<y <1, - koachuumeHt
«MOMNOXUTENBHOTO addpekTa» OT nnaThl 3a BbIGPOCHI. Toraa [40X04 I -0/t CTPaHbl, YYUTHIBAKOLMIA SdDeEKT

BnusaHus BBI per capita Ha 3arpssHenme okpyxaroLuer cpefbl paseH b,'= min{aG, Cf} :

"
AHarnoriyHo, npu opMrpoBaHun fonn Aoxoaa b.'', yunTbiatoLero apekT BINSHNS YAembHbIX BbIGPOCOB 1

MAOTHOCTU HAaceNeHns B CTpaHe, NpeanaraeTcs yunTbiBaTh NONOXMTENbHBIN 3GDEKT OT YMEHbLUEHUS YAENbHbIX
BbIOPOCOB 1 HeraTuBHbIN AhHeKT OT yMeHblueHns BBIT (ymeHblieHne obbema Npou3BOACTBA U YBENMYEHUE
PacxofoB Ha AKOMOMMI W 30PaBOOXPAHEHNE).
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Torga «moTeHUManbHblily [0X0A [—ro areHta b =ob+(1-0)b',rae 5,0<d <1, - Becosoit

KO3(DPULMEHT, YUMTBLIBAKOLLMIA 0CODEHHOCTY KOHKPETHOW CTPaHb! UMM PervoHal.

BbiBOAbI

OpfHUM 13 OCHOBHbIX HEAOCTaTKOB BOMbBLUMHCTBA MEXOYHAPOAHBIX AOrOBOPOB 06 OXpaHe OKpyxatoLen cpedpl
SBNAETCS OTCYTCTBME KOHKPETHbIX MEXaHN3MOB MX peann3auum, B NepByt 04epeab, (hOpManm3oBaHHbIX Npasun
pacnpefeneHnst OTBETCTBEHHOCTW, B YaCTHOCTM, (PUHAHCOBOM, KOTOPYID MOXHO Gonee unu MeHee TOYHO
npocuMTaTtb. Ha 0CHOBe 9TOro MPOrHO3a areHTbl COrNalleHns MOryT NPUHUMATbL COOTBETCTBYIOLLME PELLEHUS O
koonepauuu. O6 oTCyTCTBAM MOAOOHBIX MexaHu3moB cBugeTensctByeT W oTka3d CLUA patudmumposatb
KuoTckuin npoTokor.

B passuTve npednaraeMbix B [OKNAAe MeXaHM3MOB pacripefeneHns KBOT LienecoofpasHo paccMOTpeTb
HeYeTKMe MOCTaHOBKW MOJEseil pacnpeaeneHms KONMeKTUBHbLIX 3aTpaT, NOCKOMbKY NapameTpbl, BBEAEHHbIE MpU
(hOPMMPOBaHUM MHAMBUAYANbHBIX «MOTEHUMAMbHBIX JOXOAO0B» areHTOB SBNSKOTCS 3MMUPUYECKUMM, @ 3HAYUT
HETOYHbIMM, HEYETKIMM, HEOMPEAENEHHBIMM.

BnarogapHocTu

Cratbq yacTMyHO (puHaHcupoBaHHa 13 npoekta ITHEA XXI WHctutyta WHOPMALMOHHBIX Teopun W
Mpunoxennit FOI ITHEA u KoHcopuunyma FOI Bulgaria (www.ithea.org, www.foibg.com).
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In memoriam

Prof. Dr Vassil Vassilev, 1946 - 2009

It is our sad duty in the present issue to announce the sudden and unexpected death of
Prof. Dr. Vassil Vassilev. Prof. Vassilev, a member of the Editorial board, passed away on 4" of
February 2009.

This heavy loss is not only of a good colleague and a friend, but also of a prominent scolar in the
Bulgarian and international field of Cybernetics and Information Science.

Prof. Dr. Vassil Vassilev was born on 11 of November 1946 in the village of Lopjan, Sofia district.
He graduated in 1970 from the Wroclaw Polytechnic University, Poland, with a Master degree in
Automation. In 1973 Prof. Dr. Vassilev earned a second Master degree in Applied Mathematics at
Wroclaw University, Poland, and in 1976 he defended Doctor’s Thesis in Operations Research at
Wroclaw University, Poland.

During the period 1970-1972, Prof. Dr. Vassil Vassilev worked as a research associate at the
Institute of Engineering Cybernetics of Bulgarian Academy of Sciences; then until 1984 at the
Institute of Engineering Cybernetics and Robotics of Bulgarian Academy of Sciences (IECR - BAS).
In 1985, he raised to the post of an Associate Professor at IECR - BAS. Later on, until 1993, he was
an Associate Professor at the Institute of Informatics of Bulgarian Academy of Sciences.

Since 1994, Prof. Dr. Vassil Vassilev was the head of the Decision Support Systems department as
well as the Director of the Institute of Information Technologies (IIT - BAS). In 2006, he earned a
full Professorhip position at [IT-BAS.

Prof. Dr Vassil Vassilev is one of the founders of Engineering Cybernetics and Operations Research
in Bulgaria. He conducted rigorous research in the areas of descrete optimization, linear and non-
linear continuous optimization, as well as in in the development of decision support systems. The
research work resulted in the development of efficient approximate methods algorithms and
programs for solving certain classes of discrete problems. This software delivered great practical
results and economic value. Prof. Dr Vassil Vassilev was a prominent participant in the
development of the software for the first Bulgarian automatic control systems.

For more than 25 years of research activity, Prof. Dr Vassil Vassilev was devoted to his work in the
area of Multiple Criteria Decision Making (MCDM). His research and tutorial work at lIT-BAS and



some of the biggest universities in Bulgaria has created a scientific school, that has conducted
intensive scientific research in the area of MCDM. His team had achieved notable results in linear,
nonlinear and discrete Multiple Criteria Decision Making. His unremitting work, the legacy of his
teaching, as well as the application of new methods of classification and of the generalized
scalarizing problem, earned him international acknowledgement and respect.

Prof. Dr Vassil Vassilev actively participated in international and local conferences and editorial
boards. He also taught a number of lecture courses at the Sofia University “St. Kliment Ohridski”,
the New Bulgarian University, the Technical University — Sofia, and the Bourgas Free University.
He successfully tutored 9 Ph D students as well as 35 post-graduate students. The professional
success of his students is also a testament what an outstanding teacher Prof. Dr. Vassil Vassilev
was.

Prof. Dr. Vassil Vassilev authored more than 180 articles in international and Bulgarian journals and
in the proceedings of international and local conferences, 4 patents and more than 200
quotations in international publications.

Prof. Dr Vassil Vassilev was the founding force behind the creation of the journal “Cybernetics and
Information Technologies” and proved to be the most active member of its Editorial Board.

Our departed colleague Prof. Dr. Vassil Vassilev, with his devoted work and profound scientific
knowledge, developed IIT - BAS to a nationally and internationally recognized institution in the
field of Information Technologies. He will be remembered as a kind, gentle and generous person,
an inspirational leader, a respected colleague and a reliable friend. He will be greatly missed by all
of us, who were fortunate enough to have worked with and known him.

His untimely death leaves us with a large profound space.

The Editorial Board






