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Preface

The first inaugural workshop “Knowledge and Ontology *ELSEWHERE*” took
place October 03, 2008, in affiliation with 11th Russian National Conference on
Artificial Intelligence (CAI-08) in Dubna near Moscow. The present “Knowledge
and Ontology *ELSEWHERE*” (*ELSEWHERE*2009) is the second edition of
the workshop, and we are happy that this year it is affiliated with 17th In-
ternational Conference on Conceptual Structures (ICCS’09), hosted by State
University Higher School of Economics (SU HSE, Moscow, Russia). On behalf
of *ELSEWHERE*2009 Program Committee I would like to thank organizers
of the Conference and hosting University for the great opportunity.

The basic idea behind both workshops is some negative effect in mass-
consciousness caused by rapid growth of Semantic Web technologies in the New
Millennium. In particular, “knowledge” and “ontology” became just technical
terms of Description Logic, Web Ontology Language or Machine Learning. But
“ontology” is not just a technical term of Semantic Web, and “knowledge” is not
a content. Both terms have everlasting science and philosophy meaning. Ontol-
ogy is a branch of philosophy that examines entities and their ties (relations),
classes of entities and classes of their ties. Knowledge (in accordance with Plato)
is true belief, and epistemology is another branch of philosophy that studies
methodology of belief validation. Just due to these arguments “knowledge” and
“ontology” are very important notions ELSEWHERE outside Semantic Web.

In particular, *ELSEWHERE*2009 includes the following 2 invited talks,
8 contributed talks and 2 industrial posters (that were selected by program
committee from 15 submitted papers).

1. Invited talks:

1.1. Konstantin Vorontsov (Institution of Russian Academy of Sciences —
Dorodnicyn Computing Centre) Machine learning techniques based on rule in-
duction. (In Russian).

1.2. Jack Stecher (Norwegian School of Economics and Business Administra-
tion) Knowledge and Backward Induction in Repeated Games. (In English, not
in proceedings).

2. Contributed talks:

2.1. Alexander Akinin, Nikolay Shilov, Alexey Zubkov A. Towards Ontology
for Classification of Computer Languages. (In English)

2.2. Zinaida Apanovich and Pavel Vinokurov Tools for visual analysis of
ontology and content of a knowledge portal (In Russian)

2.3. Evgeny Beniaminov, Vladimir Lapshin, Dmitry Perov EZOP — Web 2.0
service of ontologies’ construction. (In Russian)

2.4. Michael Boldasov and Elena Sokolova Ontology for Image Annotating .
(In English)

2.5. Natalia Garanina Can autonomous robots solve assignment problem? (In
Russian)



11 Preface

2.6. Tatiana Gavrilova, Vladimir Gorovoy, Elena Petrashen, Dmitry Mouromt-
sev Categorizing Knowledge Patterns into Ontological Framework. (In English)

2.7. Nikolay Skvortsov Specificity of ontology mapping approaches. (In Rus-
sian)

2.8. Gennady Sokolov Survey of modelling of Information and Material re-
sources by means of decision-making. (In Russian)

3. Industrial posters:

3.1. Anna Korobko and Tatyana Penkova OLAP-modelling of Municipal Pro-
curement Automation Support Problem. (In Russian)

3.2. Nikota Scherbakov and A. Andrichenko Management of the Standard/Re-
ference Data and Technological Knowledge in the Industry. (In Russian)

On behalf of Program Committee Nikolay V. Shilov

22 June, 2009
Novosibirsk, Russia
shilov@iis.nsk.su
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Abstract. During the semicentennial history of Computer Science and
Information Technologies, several thousands of computer languages have been
created. The computer language universe includes languages for different
purposes: programming languages, specification languages, modeling
languages, languages for knowledge representation, etc. In each of these
branches of computer languages it is possible to track several approaches
(imperative, declarative, object-oriented, etc.), disciplines of processing
(sequential, non-deterministic, parallel, distributed, etc.), and formalized models
(from Turing machines up to logic inference machines). Computer language
paradigms are the basis for classification of the computer languages. They are
based on joint attributes, which allow us to differentiate branches in the
computer language universe. Currently the number of essentially different
paradigms is close to several dozens. The study and precise specification of
computer language paradigms (including new ones) are called to improve the
choice of appropriate computer languages for new Software projects and
information technologies. This position paper presents an approach to computer
languages paradigmatization (i.e. paradigm specification) and classification that
is based on the unified approach to formal semantics, and an open ontology
(wiki-styled) for pragmatics, formal syntax and informal “style”.

1 The Problem of Computer Language Classification

We understand by a computer language any language that is designed or used for
automatic “information processing”, i.e. data (including process) representation,
handling and management. A classification of some universe (the universe of
computer languages in particular) consists in means for class(es) identification,
separation and navigation.

! Research is supported by grant of Russian Basic Research Foundation 08-01-00899-a.



2 Alexander Akinin, Nikolay Shilov, Alexey Zubkov

During the semicentennial history of development of programming and
information technologies, several thousands of computer languages have been
created”. Due to the number of the existing computer languages alone, there is a
necessity for their systematization or, more precisely, for their classification. At the
same time, classification of already developed and new computer languages is a very
important problem for computer science, since it could benefit software engineering
and information technology by a sound framework for computer language choice for
components of new program and information systems.

At the initial stage of programming and information technology history (years
1950-65), it was possible to classify computer languages chronologically with
annotations a-la Herodotus’ “History”, i.e. including lists of authors, their intentions,
personal stories, etc. (Refer to [11] for a story of this kind.) The matter is that at the
first stage all (almost) computer languages were languages of imperative
programming for von Neumann’s computers.

But since the late 1960-s the approach in style of the “Father of History” became
unacceptable. Since this time the variety of computer languages included not only
programming languages, but also specification languages, data representation
languages, etc. Some of these branches since the late 1960-s include not only
imperative, but also declarative languages (functional in particular).

Between the middle of 1970-s and the early 1980-s, new approaches to computer
language design appeared (logical and object-oriented for example). Drawing an
analogy between Computer Science and other sciences, we could say that since late
60s, the classification of computer languages could be done either in “Linnaeus style”
(i.e. a taxonomy like: Kingdom — Phylum — Class — Order — Family — Subfamily —
Genus — Species) or in “Mendeleyev style” (i.e. as a chemical periodic table where
the rows represent periods, and the columns represent groups). For example, look at’
Taxonomic system for computer languages at
http://hopl . murdoch. edu. au/ t axonomny. ht m .

However, the 1990-s and the beginning of a new millennium became the time of
rapid growth of existing and new branches of computer languages. For example,
knowledge representation languages, languages for parallel/concurrent computing,
languages for distributed and multi-agent systems, etc. Each of these new computer
languages has its own syntax (sometimes a very specific), a certain model of
information processing (i.e. semantics or a virtual machine), and its pragmatics (i.e.
the sphere of application and distribution). And though there were rather small groups
of computer languages (e.g., Hardware Description Languages), many groups have
been already “crowded” (e.g., Specification Languages) and some of them went
through the period of explosion and migration (e.g., Markup Languages). Sometimes

The History of Programming Languages poster by O’REILLY
(http://www.oreilly.com/news/graphics/prog_lang poster.pdf) is well known. The full-scale
version of the poster is about 6 m long and contains 2500 entries. The chronology is
represented by the temporal axis placed at the top of the poster, version history of individual
languages are shown with colored lines, and the influences of programming languages are
depicted by weak grey lines. Please refer Appendix B for scaled copy of the poster and
zoomed fragment of it.

Please refer Appendix C for scaled copy of the poster and zoomed fragment of it.
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computer language “Gurus” have difficulties in putting some languages into the one
definite paradigm® or to any paradigm (e.g. Language of Temporal Ordering
Specification LOTOS, Business Process Modeling Notation BPMN). Rapid
generation of new computer languages will continue while new spheres of human
activities will be computerized. Thereby the situation in computer languages radically
differs from that of the natural sciences: in biology or chemistry the situation is much
more static, while in computer languages the situation is rather dynamic. Due to these
arguments alone, the natural sciences analogies cannot be adequately applied to the
classification of computer languages.

We define paradigms of computer languages as specifications of alternative
approaches to information processing, accumulated and fixed in the form of computer
languages. Computer language paradigms should base on joint attributes, which allow
us to differentiate classes in the computer language universe. Paradigmatization is an
approach to the specification of paradigms.

Let us remark that Robert Floyd was the first who had explicitly used the concept
of “paradigm” in Computer Science, but in a different context and with another
meaning. He discussed “paradigms of Programming” in his Turing Award Lecture in
1978 [5]. Floyd referred to Thomas Kuhn’s well-known book [7], published just 8
years before. According to T. Kuhn, a paradigm is a method, an approach to the
formulation of problems and the ways to solve them. R. Floyd had a similar
understanding of programming paradigms. In particular, he wrote: “To the designer of
programming languages, I say: unless you can support the paradigms I use when I
program, or at least support my extending your language into one that does support
my programming methods, I don’t need your shiny new languages” [5]. Currently, the
number of essentially different paradigms of programming is already several dozens
(see, for example, the list of “programming paradigms” at [13]).

2 Introducing Syntactic-Semantic-Pragmatic View (approach)

For natural and artificial languages (including computer languages), the terms
“syntax”, “semantics” and “pragmatics” are used to categorize descriptions of
language characteristics. Syntax is the orthography of the language. The meaning of
syntactically-correct constructs is provided through language semantics. Pragmatics is
the practice of use of meaningful syntactically-correct constructs. Therefore the
approach based on “specific features” of syntax, semantics and pragmatics, could be
natural for the specification of paradigms and the classification of computer
languages.

The syntactic aspect of computer language classification should take into account
formal syntax as well as the human perspective. Certainly, it is very important for the
compiler implementation whether a particular language has regular, context-free or
context-sensitive syntax. Thus formal characteristics of computer languages could be

* For example, programming language Ruby. “Its creator, Yukihiro “matz”, blended parts of
his favorite languages (Perl, Smalltalk, Eiffel, Ada, and Lisp) to form a new language that
balanced functional programming with imperative programming” (http://www.ruby-
lang.org/en/about/).
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attributes for their classification. These attributes can be brought from formal
language theory in accordance with Chomsky hierarchy or any other formal
classification of formal languages. But the classification based on formal syntax has
lost its original value by virtue of development of effective and powerful parsers. In
contrast, informal annotations (attributes or characteristics) like “flexibility”,
“naturalness”, “style” (supported by a library of good-style examples),
“understandability” from a human standpoint (including a portion of “syntactic
sugar”’) become much more important.

The role of formal semantics for the classification of computer languages is also
well known. The major problem with semantics of computer languages is different
formalisms and different level of formalization that is adopted for particular computer
languages. In programming languages, for example,

— functional language LISP is based on very precise denotational semantics in terms
of A-calculus,
— the structured subset of a high-level imperative language Pascal has operational

and axiomatic semantics [6],

— but formal semantics for imperative languages of C-family is still a research

challenge [9, 10].

This difference makes it extremely hard to compare semantics of different
computer languages. Nevertheless, we believe that sound unification of approaches to
semantics is essential for better classification of computer languages and a proper
paradigm definition. We think that the problem can be solved by two-dimensional

stratification of paraxdigmatic5 computer languages. Each of these languages should be

stratified into levels and layers.

— Level hierarchy is the human-friendly semantic (and partially syntactic)
representation. It should comprise 2-3 levels that could be called as elementary,
basic, and full. Elementary level should be an educational dialect of the language
for the first time study of its basic concepts and features. Basic level should be a
subset for regular users of the language which requires skills and experience. Full
level is the language itself, it is for advanced and experienced users.

— Layer hierarchy is the formal-oriented semantic representation. It could comprise
up to 3 layers for basic level and (optionally) for other levels. These layers could
be called kernel, intermediate and complete. The kernel layer should have an
virtual machine semantics and provide tools for the implementation of the
intermediate layer; the intermediate layer in turn should provide tools for the
complete layer. Implementation of intermediate layer should be of semantics-
preserving transformation. Please refer [9] for an example of 3-layer hierarchy for
programming language C#.

In contrast to highly mathematical formal semantics, pragmatics relies upon highly
informal expertise and experience of people that are involved in the compute
language life cycle (i.e. design, implementation, promotion, usage and evolution). In
other words, we need to formalize expert “knowledge” (views) about computer
languages, related concepts, and relations between computer languages. It naturally

> We discuss what is “paradigmatic computer language” in the next section. To be short,

paradigmatic languages are the most typical ones for a particular paradigm (class).
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leads to an idea to represent this knowledge about computer language pragmatics as
ontology.

“Ontology is the theory of objects and their ties. Ontology provides criteria for
distinguishing various types of objects (concrete and abstract, existent and non-
existent, real and ideal, independent and dependent) and their ties (relations,
dependencies and predication)” [4]. Roughly speaking, an ontology is a partial
formalization of a “knowledge” about a particular problem domain (computer
languages for instance). This “knowledge” could be an empirical fact, a mathematical
theorem, a personal belief, an expert resolution, a shared viewpoint of a group.

The most popular computer language for ontology representation is Web Ontology
Language OWL. It provides an opportunity to use Description Logic (DL) reasoners
for automatic consistency checking. Consistency is very important for open evolving
temporal ontology. Openness means that the ontology is open for access and editing.
Temporal means that the ontology change in time, admits temporal queries and
assertions, and that all entries of the ontology have time-stamp. Evolving means that
the ontology tracks all its changes. Wikipedia, the free encyclopedia [14], is a good
example of open, evolving, and temporal ontology.

3 Towards Open Temporal Evolving Ontology for Classification of
Computer Languages

Formalization of expert knowledge for pragmatics of computer languages should be
open evolving temporal ontology that includes syntactic and semantic (formal and
informal) knowledge in the form of annotations and attributes.

Let us remark, that the History of Programming Languages poster by O’RELLY
(see Appendix B) already defines an ontology of programming languages in which
the class differentiation and navigation method is explicit enumeration of languages,
“influence lines” and chronology. The same holds for HOPL (History of
Programming Languages at http://hopl.murdoch.edu.au/, see Appendix C). This
project represents historical and implementation information about an impressive
number (8512) of programming languages. Unfortunately HOPL is not open for
editing, is not evolving since 2006, and does not deal with any other inter-language
relations than language—dialect—variant—implementation. Situation is different with
the Progopedia the wiki-like encyclopedia of programming languages
(http://progopedia.ru/). It is open for editing, traces its history. But both HOPL and
Progopedia does not deal with programming paradigms, have restricted temporal
navigation. While the HOPL provides some taxonomy instruments, the Progopedia
has only a trivial one (language—dialect—variant-implementation). In comparison with
HOPL and O’REILLY poster, Progopedia is relatively small. At present it contains
information about 51 language, 80 dialects, 187 implementations, and 485 versions.
All these “ontologies” do not have means for constructing classes by users and
support only manual navigation among the classes. We believe, that a more
comprehensive ontology could solve the problem of computer languages
classification, i.e. identification and separation of classes of computer languages and
navigation among them.
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In the proposed ontology for computer languages, objects should be computer
languages (including their levels and layers also as objects), concepts/classes (in
terms of DL/OWL) — collections of computer languages that can be specified by
concept terms (in DL), ties (DL-roles or OWL-properties) — relations between
computer languages. For example, Pascal, LISP, PROLOG, SDL, LOTOS, BPMN,
UMLT, as well as C, C-light and C-kernel, OWL-Lite, OWL-DL and OWL-full
should be objects of the ontology. Since we understand computer language paradigms
as specifications of classes of computer languages, and we consider classes of
computer languages as DL-concepts/OWL-classes, then we have to adopt DL concept
terms as paradigms of computer languages. In these settings computer language
paradigms and classification will not be taxonomy trees based on property inheritance
from sup-class to sub-class. Objects (i.e. computer languages) of the proposed
ontology could be attached by different formal attributes (e.g., formal syntax
properties) and informal annotations (e.g., libraries of samples of good style).

Let us remark that the list of formal attributes and informal annotations is not fixed
but open for modifications and extensions. Nevertheless it makes sense to provide
certain attributes and annotations for all objects (e.g., an attribute “date of birth” with
different time granularity, or annotation “URL of external link” for references) but
allow indefinite value for them. In contrast, some other attributes and annotations will
be very specific to objects. For example, “try” annotation with a link to easy to install
or web-based small implementation (that can be freeware or shareware) makes sense
for elementary levels or kernel layers.

We have already discussed a number of examples of concepts/classes in the

9 <

proposed ontology: “has context-free syntax”, “functional languages”, “specification
languages”, “executable languages”, “static typing”, “dynamic binding”, etc. (Other
examples can be found at [17].) All listed examples should be elementary DL-
concepts/OWL-classes. All elementary DL-concepts/fOWL-classes should be
explicitly annotated by appropriate attributes (“has context-free syntax”, “is
functional language”, “is specification language”, etc.). Nonelementary
concepts/classes should be specified by means that are supported by OWL and DL
(by standard set-theoretic operations “union” and “intersection” in particular). For
example, “executable specification languages” is the intersection of “executable
languages” and “specification languages”. We have some doubts about
“complement”, since the proposed ontology will always be open-world ontology with
incomplete information. For example, if a language has no explicitly attached
attribute “has context-free syntax”, it does not mean that the language has no CF-
syntax. At present we adopt a temporary solution to use explicit positive (e.g., “has
context-free syntax”, “is functional language”, “is specification language”, etc.) and
negative attributes (that are counterparts of positive one, e.g., “has NOT context-free
syntax”, “is NOT functional language”, “is NOT specification language”, etc.) and
use of positive DL concept terms for paradigm specification (i.e. concept terms
without complement).

But the proposed ontology should have a special elementary concept/class for
“paradigmatic computer languages” that comprises few (but one at least)
representative for every elementary concept/class. Of course, all elementary
concepts/classes (including “paradigmatic languages”) should be formatted on base of

expert knowledge and be open for editing. A special requirement for the proposed
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ontology should be the following constraint: every legal (“well-formed”) non-empty
concept/class must contain a paradigmatic language (one at least). A background
intuition is straightforward: if expert can not point out any representative example of a
paradigm, then paradigm should be empty.

Roles/properties in the proposed ontology could be very natural also: “is dialect
of”, “is layer of”, “uses syntax of”, etc. For example: “REAL is dialect of SDL”, “C-
light is layer of C”, “OWL uses syntax of XML”. All listed examples are elementary
DL-rolessfOWL-properties. Standard (positive) relational algebra operations “union”,
“intersection”, “composition” and “transitive closure” can be used and are meaningful
for construction of new roles/properties. For example, “uses syntax of dialect of” is
the composition of “uses syntax of” and “is a dialect of”: REAL [8] executional
specifications “uses syntax of dialect of” SDL [12]. Again we have some doubts
about use of “complement” and “inverse” and, maybe, we will adopt use of explicit
complement and inverted for elementary DL-roles/OWL-properties.

Let us remark that computer language domain has four domain-specific ties
between languages: “is dialect of”’, “is variant of”’, “is version of”’, and “is
implementation of” [15]. Of course these ties must be presented in the proposed
ontology as elementary DL-roles’OWL-properties. But, unfortunately, there is no
consensus about definition of these ties. For example, some people [18] consider that
an implementation can have a version, while some other people [17] have an opposite
view that a version can have an implementation. Detailed discussion of this issue is a
topic for further research, but currently we adopt the following definition. Dialects are
languages with joint elementary level. Variants are languages with joint basic level.
Versions are linearly ordered collections of variants such that later earlier versions are
compatible subsets of later versions. Implementation is platform-dependent variant of
a language.

Universal and existential quantifier restrictions that are used in OWL and DL for
construction of new classes/concepts also could get a natural and useful meaning. An
example of existential restriction (in DL notation): a concept 3 (uses syntax of :
((markup language) N —{XML}) consists of all computer languages that are markup
languages but do not use syntax of Extensible Markup Language XML; an example of
a language of this kind is LaTeX. An example of universal restriction and
terminological sentence (in DL notation also) follows: a sentence XML: V (is dialect
of) . (—={ML}) expresses a fact that XML is a dialect of any computer language but a
functional programming “Meta Language” ML.

We would like to emphasize that a proposed ontology for pragmatics of computer
languages should be open evolving ontology. Openness of the ontology will be
supported by wiki technology for editing. Evolution will be supported by the
automatic timestamping and history of all edits. Temporality will be supported by
temporal extensions of Description Logic for paradigm specification.

Recently we have started implementation of a prototype of a computer languages
classification knowledge portal that eventually (we hope) will evolve into Open
Temporal Evolving Ontology for Classification of Computer Languages (see
Appendix A). We believe that it will provide Computer Language researchers with a
sound and easy to maintain and update framework for new language design and
language choice/selection tools for new Software engineers and Information
Technology managers.
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Appendix A: a prototype of a computer languages classification
knowledge portal

A prototype of a knowledge portal for computer languages classification has been
designed for small-scale experimentation purposes. So it does not support full
functionality. The prototype is implemented as a web application, so “experts” (i.e.
members of the laboratory) can enter it with a web browser. The interface allows
users to observe and edit the information represented by the portal, which is formed as
an ontology.

The main elements of the ontology are computer languages (objects of the
ontology), elementary classes of languages (arbitrary, explicitly user-specified subsets
of the set of objects), relations between the languages (binary relations over the set of
objects), attributes (mappings from the set of languages to some external data types,
e.g. text strings, URL’s) and axioms (Description Logic statements).

Each of these types of entities form a list which can be viewed and modified
directly by the user. The pictures below illustrate this process.

1. Example of list of language classes:

o Main page Classes of langnages:
« Edit
o Languages Name
o Attributes Computer-dependent e4E
o Classes . . ¢ 5T
ea— Has an operational semantics
o Relations T .
« Visualize peratve
Interpretable
Logic

Object-oriented
Procedure-oriented

Programming language

Strictly tvped
Tvped
—
2. Example of a list of relations:
s Main page Relations between languages:
« Edit
o Languages Name
o Affributes can be compiled into A4
z lgle%;:ls [¥ had an influence on B
. has a transformational semantics into 24 24
has as a laver s
[ has as a level e
[7| partially inherits syntax =N

[ Add|
Color: .
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3. Example of relation editing:

Relation to edit: partially inherits syntax

01 2 3 4 5 6 7 8 9 10111213 14 15 16 17 18 19
0: Assembler o o I o o o o
1: Basic o I o o o A o o o o
2C OD0D0O0DODO0OMOEMODOOOODOOOO
3:C# OD0D0O0OMEOOOOODODOOODOOO
4: C#-interm o o I o o A o o o o
5: C#-kernel o o I o o A o o o o
6: C++ OD0DO0OROODODODOODRMOOODOOOO
7:CIL o A e o o A o o e o o o o o Y
8: C-kernel o A e o o A o o e o o o o o Y
9: C-light o A e o o A o o e o o o o o Y
10: Delphi ODO0DO0DOO0OD0DO0DOO0OBMOOOODOOOO
11: Delphi net o A e o o A o o e o o o o o Y
12: Java o A e o o A o o e o o o o o Y
JavaByteCode O O DO DO OO DO DO OODODODOOODODODODO
14: Pascal OO0 00 OO D0DO0D 0D OMOOOOEEODODO
1Pascal-basic O OO OO ODODODODOODODOOOODOOODO
l6Pascalelem O OO OO ODODODOODODDOOOODOOODO
17: Prolog o o I o o A o o
18: VB o I o o A o o
19: VB.net o o I o o A o o

The portal prototype also allows to visualize selected relations between languages.
It draws a graph where the vertices are computer languages marked by their names
and the edges are the relations between the languages marked by their color.

Bl can be compied into

(F" F had an influence on
Ebuumﬁ.m smmantics o

s s o favver
has ¢ a level
I partially inherits syntax
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The data in the prototype is represented by an OWL-language database (RDF-
repository). In future it will allow us to use some OWL-oriented reasoning tool to
perform the consistency control and process the user queries.

The prototype is at the beginning stage of development now. It is planned to
expand its functionality by providing a more effective and reliable mechanisms to
deal with big quantities of data elements and users, to solve complex queries.

History of Programming Languages OREILLY

Appendix B: History of Programming Languages by O’'REILLY
(http://www.oreilly.com/news/graphics/prog_lang_poster.pdf)
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Appendix C: HOPL’ taxonomic system for computer languages
(http://hopl.murdoch.edu.au/taxonomy.html)
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Abstract. In our paper we consider ontology that is used for semantic
annotating of landscapes. Such annotations are high valuable for the task of
image retrieval to allow their automatic processing. In article we discuss the
main principles of organization of ontology for image annotating, consider its
usage for the task of image retrieval, and describe our experiment to prepare a
fragment of such ontology using SemTalk2 software tool.

Introduction

Last decennium finding an image suitable for a particular purpose received a
considerable attention. In image retrieval textual indexes and annotations are used
which are manually written or automatically found (or summarized from the texts) on
the web. This approach is valid for retrieval of named entities in the images,
especially of persons and toponyms. The method explores statistical salience of
objects in the image and in the text and then mentioned and depicted objects are
matched, for example (Deschacht, Moens, 2007). This approach is not valid in the
case of art collections or photograph collections or cinema records where not named
entities are presented, for example: “Mid shot a man walking between two lanes”.
In the latter case user can be interested in types of depicted objects, their features,
composition and spatial relations not having in mind particular named entity. This
approach to annotating can be named “knowledge-based” since the objects thyself
should be described in some source of knowledge — knowledge base or ontology.

The system that implements the knowledge-based approach is supposed to generate
texts of image descriptions automatically based directly on results of image
recognition. Such system can be logically divided into two parts: Recognizer that
prepares so called Image Models (Semantic Annotations that are based on concepts
from ontology — results of Image Recognition), and Generator that prepares Image
Description in a given Natural Language (NL). Prepared texts of picture annotations
can be used further for sophisticated image retrieval.

The goal of current research is to model the Generator component of such system.
Since we have no valid algorithms of Image Recognition that can automate
recognition process for such system, we need to invent the main principles of
composition of Image Model that is the main point of attention in current article.
Knowledge-based methodology of representation an Image Model is already tried by
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(Hollink et al., 2003), where it is described, how to create a formalized model of a
picture using the existing Knowledge Bases (KB) and lexico-semantic databases.

Our experimental materials were images from the collection of photographs of
Prokudin-Gorsky (www.prokudin-gorsky.ru — colored photographs, dated from the
period of 1900-1917), and associated texts of image descriptions, manually created by
students of the Russian State University for Humanities that describe just what is
depicted in the photos. It is planned to prepare the first working prototype of the
Generator system to solve the task of multilingual image retrieval above resources of
that collection. For a moment we have a working dummy prototype of NLG system
that can prepare basic texts of image descriptions in English and Russian languages
from Image Models prepared by hand, though some questions of organization of
Image Model are still open. Image Model is not semantic representation or text plan.
It has visual nature and can serve as input for the text planning component of
generation model.

In section 2 we consider the notion of image model. In section 3 we consider the
types of knowledge and sources of knowledge and sketch the contours of Ontology
unifying visual features and ontological features of visible objects and their
nominations in concrete natural languages. In sections 4 and 5 we discuss subject
matter description and Ontology. Section 6 describes our experiment to formalize
Ontology and use it for the image models creation by means of SemTalk2 project. We
discuss there the problems we have met during the experiment. Finally section 7
presents conclusions of the performed research.

1 Image Model

We consider the Image Model (Semantic Annotation) as a set of Objects with
particular characteristics, and a number of relations between objects. Domain Model
of all possible Objects and Relations is provided by Ontology specially organized for
the current research. This is the point that differs our approach from the approach
based on using for Image Model of existing sources like ontologies, thesauri,
databases (DB) or knowledge bases. For example, in (Hollink et al., 2003) knowledge

Sources for Image Model are presented by WordNet and some other linguistic

ontologies and art databases. Preparation of annotation is based in this approach on

linguistic information — triads (agent-process-object) and settings (time, location and
artist) (Tam et al., 2001), (Hollink et al., 2003). Using that approach for our task, we
would have two problems:

1. Differently to objects, actions have no area on the surface of photograph, they are
only indirect knowledge that ought to be inferred from location of objects, postures
and gestures of humans and animals;

2. Linguistic ontologies and art databases are not developed to present visual
information.

Therefore we need a special Ontology to present ontological and visual features of
objects. Image Model is amount of concepts of depicted objects related by spatial and
ontological relations.
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2  Corpus and Annotation

We use the corpus of photo descriptions as a source of information about presented
objects and their composition. From 1902 photos in the web-site of Prokudin-Gorsky
collection we considered 100 ones to include to our corpus. NL descriptions of these
photos were made by students of the Russian State University for Humanities in
Moscow. Every photo has two or more descriptions that are made by different
students. Prepared descriptions contain approximately 2 to 15 lines of texts. We
consider NL descriptions as some result of analysis of visual information in the
picture. The descriptions are used to explore the following things:
— What objects and relations were noticed by author, hence what concepts ought to
be in our ontology and what relations will form the Image Model composition;
— How the objects are expressed in the text. We use these wordings in our “concept-
Russian” dictionary;
Photographs of concerned collection contain few objects and sometimes they are
not of high quality. Here is description of photo 00957:

B cenbckoli MecmHocmu Ha 6036bIWEeHHOCMU,
cpedu eeKosbIx esneli U COCeH pacriosioXeHa yrmHasi
He6onbwas 4YacosHsi. Ceepkaem Ha COJIHUe ee
cepebpsiHbIlU Kyrnosn, deepu ee pacrnaxHymbl, a Ha
cmyneHsix npumMocmusicsi 0OUHOKUU mocemumerns,
npuwedwuli ¢ npunexawel nawHu. BoseedeHa
4acosHs Mo 0coboMy criyqaro: ee Kpblbyo ob6paujeHo
K cmapoli cocHe, 8 eemssix Komopol Xumenam
npunexauwel depesywKu sisusicsi obpa3 ukoHbl boxbel

Mamepu. W celivac Myx4uHa, cudsuwul Ha

cmyrieHsix, 8251510bI8aEMCS 8 MOXHamble 8emeu COCHbl,

Hadesich 6HO8b yeudems YydecHoe sieneHue. Figure 1. Materiki. Chapel of the Mother of
God and the pine tree on which the icon

appeared q

In this description (and in its gloss') bold are words describing just visual objects and
their features and relations which ought to be included into the Subject matter
annotation. The rest of the text concerns knowledge, hypothesis, and impressions of
the author. Many photos present one focus object — a chapel, a church, a mill, one or
two people, a flower bush etc. Most of them are landscapes. There are also multiple-
object pieces, for example, “Cornflowers among the rye”. There are also genre-pieces,

1 In a country land on a hill between secular spruces and pine trees a little snug chapel is
situated. Shining in the sun its silver cupola, doors are broken open and on the stairs a
someone attendant nestles on the stairs came from the proximate tillage. The chapel is build
on the occasion of a particular case: its porch exposes to the old pine tree in which an image
of the Madonna icon turned up to the residents of the proximate village. And now the man
sitting on stairs peers to the pine brunches hoping to see the miraculous icon again.
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for example, “Peasants on a hay field”, “Shashlik stand” and some images of icons
and stained-glass. In this paper we explore landscapes.

Proposed in (Schreiber et al., 2001), general structure of the photograph annotation
consists of 4 parts:

— Photo features (Vantage point, Photographer, Exact location, Exact time);
— Medium features (Resolution, Format);

— Settings (Terrain type, Time of day, Season);

— Subject matter description (Passive agent, Active agent).

First two types of information can be retrieved from the bibliographic and medium
information of photos in the web-site (e.g. exact location, exact time), from Section of
the Collection and sometimes from the name of photo, for example, “The town of
Kirillov. View from Maura Hill”.

Since we consider the paradigm of image recognition, Settings are not considered
as disclosed from the Subject matter description, for example, Terrain type — hill,
field and so on. Other types can be result of information inference, for example, Time
of day < light sky, the sun in the sky, Season € color of grass or leaves in the trees.

We use the students’ descriptions to explore the types of information they see in
the photos. We have found one more type of information there — impression, for
example, “photo in blue keys”, “very calm” and so on — hence we add “Art features”.
So we have 5 parts of annotation structure:

— Photo features (Name of photo, Vantage point, Photographer, Exact
location(Toponym), Exact time));

— Medium features (Resolution, Format and so on));

— Settings (Time of day, Season, Weather);

— Art features (Color key, Impression);

— Subject matter description (Objects and their features, their spatial and composition
relations).

3 Subject Matter Description

Description template that was proposed in (Tam et al., 2001) and used in (Schreiber et
al., 2001), (Hollink et al., 2003) consists of triads (agent, action and object) and
settings. It presents interpretation of image in terms of actions. Usage of features of
subject matter as acting agents is absolutely problematic for our corpus since our
images are static, and they have usually no action at all. The only types of physical
processes that are mentioned in the names of photos are like the following: “Rafts
sitting on the rocks at the village of Kurya”.

Ontologies and KBs are the sources of knowledge about the objects — names,
membership, parts, process participants and so on. Photo itself includes composition
of objects and particularities of every object (its parts and features). These relations
cannot be directly presented by grammatical relations “common to many languages”
(Tam et al., 2001). We need spatial relations and composition relations.

Composition relations are presented by single relation INCLUDES. The surface of
photo is divided into areas that are formed by boundaries of the depicted objects. Area
of one object can enclose area of another object, for example, (SKY ((FLYING-BIRD
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(WINGS)) SUN)). Objects that are inside the area of another object are included in it.
To describe relations of partly included objects, in particular, OBJECTS standing on
GROUND, we need to use our knowledge about what is “standing on the ground and
what object can play the role of localization”.

Describing a picture in NL we often divide it into layers — groups of objects that
are in approximately equal distance from the viewer, for example, “in the foreground
we see a group of people, on the back — a street”. We use the concept LAYER to
present these groups of objects. Practically people use from 0 to 2 layers
(“foreground” and “background”) but generally picture description can contain as
many layers as it is needed for narration (foreground, second plan, third plan, ...
background).

Objects whose areas are not intercrossed or that are intercrossed not as “an object
standing on the GROUND” are related by spatial relations, which are usually
bidirectional, for example:

“To-the-left(X, Y)”,

“To-the-right(Y, X)”;

“Near(X, Y)”,

“Near(Y, X)”;

“Around(Y, X)”,

“In-the-centre(Y, X)”, etc.

We consider IM as a kind of visual specification with elements of semantic
interpretation. Both can be of different level of discriminating — general vs. more
detailed description. Concepts of IM are described in ontology where they are
supported by the above mentioned concepts and semantic concepts which can be used
for their further interpretation, for example, relations as “Part”, “Super class”.

4 Ontology

We define classes of objects (their types) and design them by English words, for
example, HOUSE, TREE, CHAPEL, SMOKE-STACK, BRANCH, FIELD,
WINDOW, and so on. In Image Models we use instances of classes and their specific
features (color, size, shape etc.) that should be added to the models. So we need to
have in our ontology concepts of visual parameters and their meanings, for example,
COLOR: BLACK, RED, etc.; SIZE: BIG, SMALLinWIDTH, BIGinHIGHT, etc.;
SHAPE: SQUARE, ROND and so on.

For the needs of NLG we also need superclasses which would be presented by
hypernyms for the names of classes. They can be used in the situations of visual
haziness or for the second mention of the same entity in the text. For example, for
classes EDIFICE, CHURCH, CHAPEL, HOUSE, BARN and CABIN valid
superclass can be BUILDING, which is related with them by is-a relation.
Hypernyms can be extracted from dictionaries or ontologies, for example, from
WordNet. But WordNet descriptions themselves are not valid for our purpose since
they are mostly functional descriptions, for example:

— BUILDING is-a “a structure that has a roof and walls and stands more or less
permanently in one place”;
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— WALL is-a “partition, divider (a vertical structure that divides or separates)”;
— DOOR is-a “movable barrier (a barrier that can be moved to allow passage)”.

We can also use ontological relations “part holonym” — “part-meronym”. For
classes WALL, ROOF, WINDOW and DOOR (through DOORWAY) part holonym
class is BUILDING, EDIFICE. For BUILDING among its part meronyms are WALL,
ROOF, PORCH, and FLOOR. So we need Classes and Superclasses that correspond
to the “is-a” relation, one Composition relation “part” that has two terminals - part-
holonym and part-meronym, and a number of Spatial relations.

Formalization of concepts and relations that are used in image model is obligatory
requirement because the prepared image model should be processed automatically. So
we need to add to ontology the complete set of classes, whose instances can be met in
described photographs, supporting them with all possible visual parameters? and
ontological features, and to add to ontology descriptions of all possible relations
between instances of the classes. On the other hand, the resulted ontology should not
be too “heavy”, i.e. it should be reasonable easy to use it for composing IM. So, it is
not a good idea to make it possible e.g. to choose a visual parameter of an object from
the whole set of visual parameters of any class, or to choose possible relation from the
whole set of relations between any of classes from ontology. Thus we need to invent a
kind of filter that controls that the proper object is supported with a proper set of
visual parameters and relations.

Such filtering presents description of subject matter as information, which is
prepared for communication, where every object is presented in some cognitive
perspective (CP). CPs are the containers of visual parameters and participants of
relations. Class consists of one or several CPs, e.g. class RIVER consists of aspects
SURFACE, VALUE and MIRROR. Class instance can be assigned in image model
manually with an extra CP if it performs not typical role in a picture, e.g. if a SCARF
is used as a SKIRT we need to combine in the instance of image model these two CPs
both.

The described above ontology can be used in two paradigms: image recognition
and NLG of picture descriptions. Here we pay attention only on NLG paradigm. The
objects and their parts are given us in photo. For recognition process we need to know
what object can include as its pats and we need defeasible reasoning?.

5 Experiment

It was decided to realize ontology in terms of OWL (Web Ontology Language)
because it is based on paradigm of XML — so it is very convenient for machine
processing. Moreover OWL is specially prepared to describe ontologies.

2 Visual parameters can be used in object recognition. We do not discuss this type of
information in the paper.

3 Image recognition paradigm needs more information and defeasible rules, for example, to
recognize an object as a BARN we need information that its image is similar to the image of
a “building for men enter in it” (building, edifice) and that “barn” usually has no “window”
or has a small one in difference to “house” and is bigger than a cabin.
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It is a very attractive idea to use one (possibly visual) environment for distributed
management of ontology as well as for preparation of particular image models — so
we tried to find appropriate tool trough Internet. The standard solution to manage
OWL descriptions by Altova SemanticWorks failed, because the system is not
optimized enough to specifics of our particular task.

As areal candidate of desired environment we have tried SemTalk?2 that has a user-
friendly editor for Semantic Web Ontologies and Processes. SemTalk2 is based on
Visio Diagrams that are used to introduce any new object to the ontology or image
model. It supports two types of diagrams: Class Diagrams — for description of
ontology, and Instance Diagrams — for description of image models. Maintenance of
ontology is supported not only through Diagrams but also through hierarchic View
that is convenient for usage. Moreover SemTalk2 supports concept of distribution of
development of ontology and image models — it allows importing as many external
models as you like.
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Figure 2. Screenshot of the opened IM in SemTalk2 application, supported with the photo
00039 that is described on the opened IM. IM is displayed on the diagram on the center if the
screen; KB that was used to construct IM is displayed in the hierarchy to the right of the
diagram

Screenshot in Fig. 2 displays an opened image model in SemTalk2 application.
Image model that is displayed on diagram in the center of the screen is prepared based
on two student’s descriptions of photo 00039:
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— “Ha dotorpadun n3o0pakeHo 00bIIOe 3eIEHOE AepeBO Ha (OHE YUCTOrO Heda.
JepeBo HaxoauTcs Ha KaMmeHHUCTOH mouBe. CTouT sicHast moroja. Cripasa oT jepena
BHUJIHEETCS npyn”

— “Ilentp doTorpaduu 3aHUMAET PACKUIUCTOC ACPEBO C MUPOKOH KpoHoii. Ha done
— cremnb. JleBee U 4yTh Jajblie AepeBa — HeOobIoe 03epo. [IpuMepHO JBe HATHIX
¢ona - Genoe He60” (see the English translation of these descriptions #)

Ontology that was used to prepare the IM is placed on the right part of the
Screenshot in Fig.2. It is a hierarchy with possibility to drag-and-drop desired classes
to the diagram of image model.

Evaluated application SemTalk2 satisfies to our task much better than Altova
SemanticWorks. But using the free version of SemTalk2 that is available in Web we
have met the following lacks of the application:

— The application is not enough bug-fixed. When we tried to use it not by scenario
that was described in user guide, we got errors and data inconsistency.

— The idea of Cognitive Perspectives is not supported.

— The displayed name of instances is an identifier that is obligatory and should be set
by user. And from our point of view it would be better if an Individual was
displayed by name of its Class (or CP!) and all its valued parameters, and its
identifier is set automatically and it is not obligatory to be displayed.

Another possible decision is to use Altova SemanticWorks for management of
ontology, and to use our own XML-based notation to describe Image Models, which
will be optimized for the task of NLG.

Conclusion and Further Research

In our paper we sketched a method of semi-automatic Image Model creation. We

discuss theoretical issues of interaction between visual data and human knowledge, as

well as appropriate theoretical aspects that should be used as a base for ontology and

IM. Prepared ontology and IM can be used:

— in the process of image recognition providing information about composition of
objects in the picture and their ontological relations,

— in the images retrieval, for example, in art collections and other sources,

— in NLG of picture descriptions.

In our experiment we have created a fragment of ontology and used it for
construction of some Image Models by means of the SemTalk2 system. The
experiment showed that the system is valuable for this purpose in general, but the free
version has some lacks for our task.

4 Here is the English translation of the descriptions:

e  “The photo shows a large green tree on background of pure sky. The tree is located
on stony ground. The weather is fine. To the right from the tree there is seen a pond.”
e  “The center of a photo borrows a sprawling tree with a broad crown. On background

is steppe. More to the left and a little further of a tree is a small lake. About two-fifths
of the background takes a white sky.”
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Our previous experience shows that transformational approach to text planning
from some specifications is possible (5, 6) but it is not the best method of NLG. Our
experience in systemic functional modeling in KPML for the AGILE system (8) can
be used and presents the area of further research.
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Abstract. The paper describes the ontological approach to the knowledge
categorization and structuring for the e-learning portal design as it turns out to
be efficient and relevant to current domain conditions. It is primarily based on
visual ontology-based description of content of the learning materials and this
helps to provide productive and personalized access to these materials. After
describing the experience of ontology developing for Knowledge Engineering
courses based on educational course for both undergraduate and master students
of Saint-Petersburg State Polytechnic University and Saint-Petersburg State
University we will also mention “OntolingeWiki” tool for creating ontology-
based e-learning portals containing different knowledge patterns.

1 Introduction

As e-Learning is a cross discipline artefact that spans sociology, philosophy,
psychology, pedagogy, artificial intelligence and human computer interaction, a
technical solution which is a result of a system development should be carefully
processed from the point of view of mentioned disciplines. The society becomes more
and more visually dominated[17], new economy requires efficiency, just-in-time
delivery and task relevance — this is why educative systems need to become more up-
to-date, flexible and adequate. And often pedagogical and psychological construction
and delivery of contents are even more important than the actual content.

Using ontologies in building educational systems is not really a new concept as
they have often been used to represent different concepts to be taught in a course [2].

However, the importance of specification and structuring the content and its visual
presentation — followed with such connected issues as design, adaptation and usability
has been underestimated to a certain extent until recent times as the researchers were
far more concerned about how to educate (with methods of instruction or reasoning
over the content) than how to present the object of the research (content specification
and knowledge structure) [6]. So constructing ontologies to form content and/or
navigation system, improving navigation usability and level of knowledge acquisition
is rather new and promising field. In recent years, there has been a growing interest in
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the development and use of domain ontologies, strongly motivated by the Semantic
Web initiative.

In this paper we describe the experience of categorization of knowledge patterns
and ontology developing for Knowledge Engineering courses based on educational
course for undergraduate Computer Science students of Saint-Petersburg State
Polytechnic University. And firstly it seems important to discuss related work and
specify why ontology-based conceptual domain modeling is so efficient for needs and
purposes of e-learning using researches applying our own considerations.

Next section gives details of goals we wanted to achieve while starting to develop
the ontology and also presents its top level. In the fourth section we describe
OntolingeWiki, ontology-based tool for creating educational portals. The paper
concludes with summary and future work discussion.

2 Ontological Framework: A Brief Overview

In the context of e-learning the conceptual structure of the content is an important
part of the learning material. It helps learner to integrate the concepts that he/she is
trying to learn, understand them and include them into his/her own image of domain.
This is where the Semantic Web principles are vital [4] and ontological reasoning is a
promising tool to provide a formal description for a shared domain conceptualization
[15]. Conceptualization also select which things are relevant to be represented and
which are not, so construction of top ontology leads to expressing knowledge [2].

A formal representation of a set of concepts as a visual presentation of course’s
structure has several advantages in e-learning. By using an ontology, the relationships
between entities can be more clearly expressed and it allows better reasoning, it’s
possible to share common understanding of the structure of information among people
or software agents [10] and to separate domain knowledge from the operational
knowledge [11]. Also two of the most current research issues in the e-learning
community are specifying reusable blocks of learning content and defining an abstract
way for designing different units (e.g. lessons) [7]. Despite the fact that many e-
learning systems exist and keep being developed, knowledge reuse from one system
to another is almost non-existent. Content-oriented view could facilitate knowledge
sharing and reuse [9].

It also provides the ability to modify easily the course’s structure for different
educational purposes adapting to current needs, to utilize existing concepts defined in
alternate ontologies. Just like we can build castle for a princess and space atomic
Coca-Cola factory using the same Lego blocks. So it will be possible to use different
structures to overcome the one-size-fits-all approach and personalize learning process
as not only do learners are of varying degrees of proficiency and professionalism, but
their goals, expectations and techniques and motivations for learning are also
different.

Ontologies are also good to make domain assumptions explicit so that it would be
possible to change these assumptions easily if knowledge about the domain changes
[12].
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Besides, the web itself is a very large scale hypertext information space where
users can search and find information in different domains. But considering the
constant increasing of resources on the Web getting an overview of all the available
information relevant to their current needs and tasks becomes pretty much impossible.
And if this user is not fully experienced in the knowledge domain as it happens in the
majority of cases he or she is not totally able to define for sure whether found content
is entirely appropriate and useful for their cognitive state, tasks and level or accurate,
conforming exactly to truth or to a up-to-date standard [1]. Within the class of Web-
based educational systems, a major role in various instructional contexts play the
Educational Information Systems that are aimed at providing intelligent, task-centered
information support for solving problems and performing learning tasks. And
ontology is really good for maintaining functionality required for those ones [6].

A visual presentation of course’s structure which is presented by a top level
ontology permits also to boost quality of learning process. As two major problems
perception in e-learning are loss of overview due to low information density of the
medium and short attention spans due to fast fatigue of perception structure and
presentation of learning material it will be a lot more effective if it reflects the
characteristics of hypermedia and the web [11]. It’s simpler and more effective to
perceive and analyze domain knowledge when it’s clearer how all small pieces of
information connected between each another are. It can be compared with having a
picture of a complete puzzle before and while inspecting each of the separated pieces.
It’s easy: we know how this piece is connected with others, what’s pictured on it and
how we can use it. But when the puzzle is undone and the only thing we know it’s
that this is a picture of a pretty blonde princess, a lot of time can be spent while
deciding whether that little blue piece is sky or princess’s dress.

3 Knowledge Engineering Ontology

Our first step was creating a visual representation of the top level of ontology as a
powerful mind tool in structuring process. Its concepts are tied with self-contained
chunks of training content — learning objects. This targets reusability since these
learning objects can be reassembled later to create other courses just as well to
personalize this one for different types of learners (e.g. for different proficiency
degrees students etc). Visual form influences both analyzing and synthesizing
procedures in ontology development process [16]. Also this is important as IES
require unambiguous and complete learning design [14]. The developed ontology will
be also used as a table of contents for educational system.
The required qualities for the ontology to be used as a domain knowledge
representation model are:
. Accuracy
. Completeness
. Cognitive adequacy [5]
. Conceptual balance [15]
It’s also important to exclude excessiveness and contradictions and to avoid it
being too complex and/or big. The solution how to combine first and last demands is
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to make it more scalable — e.g. when user chooses the leave of top level ontology it
proves to be the root of another one — the screen is not overloaded so the information
is perceivable yet all the advantages of using ontology are kept.

Phases of Al |

Fundamantal Pracess Oriented

Introduction [&1 soprmaches Knavjedge Structuring

/| Object Oriented
Other Al branches
Madular
Domain terms Lo Knowledge
Knowledge | Knowlsdge Formalizing _ Knowledge Reprosantation Madels
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Knowladge Structuring 2ol
Types of pracessing | Knowladge Formalizing CGompuler Koo AN
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| Knowledge based systems | Expert System Straighl _ (Xoeige Glctaton o,

Figure 1. Top Levels of the Educational Ontology of Knowledge Engineering (nodes can
be opened to present the nested data)

4 OntolingeWiki — technology for creating e-learning systems

It seems important not only to present information as a structure and mutual
dependence of a set of learning objects but also to give learners opportunity not only
to consume it, but to create. Often students are just presented with some kind of well-
structured material which could be supposed to prepare them for a standardized test,
however, new and interesting techniques for collaboration and conceptual modeling
are not used [11] .

OntolingeWiKki is a tool that takes advantage of both wiki-technology which targets
perfectly collaborative development and ontologies as a tremendous tool for
knowledge structuring. It can take any ontology saved in OWL format as an input and
provide web-interface for ontology navigation with visualization based on hypergraph
technology (http://hypergraph.sourceforge.net). Each concept of the ontology can be
annotated with wiki-page created on demand (see
http://ontowiki.org.ru:8180/ontolinge/dispatcher). OntolingeWiki was created on the
base of Ontolinge-KAON system [3].

This technology can be used for creating ontology-based educational portals and
was successfully leveraged in the design of the ontology-based content management
system for the virtual exposition of the optical technologies museum in Saint-
Petersburg State University of Information Technologies, Mechanics and Optics.
Many electronic teaching materials such as presentations, animations or java-applets
were united in the virtual exposition which introduces a visitor with optics according
to the chosen ontology model.
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S Summary and Future Work

The main purpose of modern development of e-learning is to open up, share and reuse
educational systems’ content and knowledge components. It has to be effective, well
designed, not expensive and fast in development.

The domain ontology proposed in this paper has a wider objective to provide a
framework to describe the course as ontology-based conceptual modeling makes
content more comprehensive for an individual and technologically it provides
concrete and stable database. Knowledge categorization and laddereing permits to
boost quality [12]. But the usability and appropriateness of this ontology should be
further investigated and refined accordingly.

We observe the developed ontology as a promising starting point towards
achieving a fully functional adequate and up-to-date computer-based educational
system where it’s going to be used as a domain knowledge representation model.

We consider OntolingeWiki tool a step forward in creating a useful technological
environment for creating ontology-based educational portals supporting collaboration.
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AnnoTtanms. Benenue HopmatuBHO-cripaBouHoii nHpopmaiun (HCU) — onna
13 KITIOYEBBIX 331a4 B 00ecrieueHnH paboThl coBpeMeHHOro npeanpusttus. Kop-
MopaTuBHBIC UH()OPMALMOHHBIE CHCTEMbl KOHKYPHUPYIOT MEXIy co0Oi 3a 00-
nananne ucrounnkamu HCU. KomiiekcHoe perenue mpodaeMbl BO3MOXKHO Ha
OCHOBE OOBEKTHOH MOJENN JaHHBIX, MO3BOJSIONMICH XpaHUTh HHPOpMAIHIO 00
oobekrax HCU BMecTe ¢ mpaBWIIaMH MX B3auMOICUCTBHA. BO3MOXHOCTH HaH-
HOTO ITOJX0Ja: OIIMCAHNE 3HAaHUH — CEMaHTHYECKHUX CBS3EH MeXTy 00beKTaMu;
JIOCTYIHOCTE 0OBEKTOB CIPABOYHBIX TAHHBIX BCEM IIPUKJIAJHBIM CHCTEMaM IO
€IMHOMY HPOTOKOJY; COTJIACOBAHHOE XPaHEHHE OHTOJIOTHH NPEAMETHBIX 00-
JacTell BCeX NPHIIOKCHUI; BapbUPOBAHUE COJEPXKaHUS M 00beMa JIOCTYIHBIX
CIIPaBOYHBIX JAHHBIX B 3aBHCHMOCTH OT KOHTEKCTa MX HcHonb3oBaHus. Ilep-
CIIEKTHBBI: TIOBBIIIEHHE YPOBHS aBTOMATU3AIMHU IPUHSATUSI TEXHOIOTHYECKUX U
YIPaBIEHUYECKUX pelIeHUH. VIMeeTcs: MpakTUYECKUI OMNBIT peanu3alydu OIH-
CaHHBIX NPUHIUIIOB B CEPUITHOM IPOTPAMMHOM HPOIYKTE.

KnrodeBble ci0Ba: CIIpaBOYHUKH, KIACCH(UKATOPHL, YIPaBICHHE 3HAHUSIMU,
HCH, obObextHas Mojenb, MOANEPKKAa NPHHATHS pEHIeHHH, CeMaHTHYecKas
ceTh, OHTOJNOTHS, KOHTeKCT, MDM, Master Data Management, Semantic Web.

1 Bseaenmue

CrpaBOYHHMKH ¥ KJIAcCH(HUKATOPHI CPEICTB IPOU3BOJCTBA, MAaTEpPHAIOB, TOBAPOB,
paboT, a TakXKe cucTeMa MPaBUII B3aNMOJCHCTBHS ITHX OOBEKTOB — OCHOBA VISl MIPHU-
HSTHS TEXHOJIOTUYECKUX U YIIPABIEHYECKHX PELICHUI Ha MPOU3BOJICTBE.

ABTOMAaTH3UPYs OTAEIbHBIC HAIIPABICHHS CBOEH AEATEIBHOCTH, MHOTUE TIPEIIPH-
ATHUS APAJUIEBHO 3KCIUTyaTHPYIOT CUCTEMBI OT Pa3IMYHBIX MTOCTABIIUKOB, KaK IJI0-
6anbubie (ERP, PLM), tak u Humessie (CAD, CRM wu np.). Kaxxnoe u3 atux npuio-
KEHUH MCIOJIB3YET CBOK COOCTBEHHYIO MOJIENb IaHHBIX, CBOW HAOOp CIPaBOYHUKOB
U KJIacCU(HKATOPOB.
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Taxoe MHOrooOpa3sye MOPOKAAET CIEAYIOLINE TPYAHOCTH:

— HeoOXOJMMOCTh COIPOBOXKAEHHS OJHOBPEMEHHO HECKOJBKHX CIIPaBOYHBIX 0a3
JIAaHHBIX W MOBBIIIEHNE cTOUMOCTH BiajeHus [10 3a cuer nyonupoBaHus pador;

— IyOyiMpoBaHKMe OJHOWM M TOW ke MH(POPMAIMU B Pa3iIMUHBIX Cpelax ¥ BO3HHKAIO-
M€ U3-32 3TOT0 HECOTIACOBAaHHOCTh M M30BITOYHOCTh CIIPABOYHBIX JIAaHHBIX;

— OoJblIas TPyZOEMKOCTh U HETEXHOJIOTMYHOCTh OINEpaluii CHHXPOHM3AIMK CIpa-
BOYHBIX JIaHHBIX MEX/y B3aMMOJICHCTBYIOIUMH TIPHIIOKEHUSIMU;

— OTCYTCTBHE €AMHOIO IIEHTPAJN30BAHHOIO XPAHWIMIIA CHPAaBOYHBIX JIAHHBIX,
o0ecrieunBaroIero 0TpacieBble U KOPIIOPATHBHBIC CTaHAAPTHl MMEHOBAHHUS, aTpH-
OyTHpOBaHUS ¥ KilacCU(DUKAITUH O0BEKTOB;

— OTCYTCTBHE LIEJIOCTHOTO B3IJI/1a HA KOPIOPATHUBHYIO MH(OpMAaLHIo, OTpakarole-
T'O BCE acIeKThl OM3HECa MPEATIPUATHS.

Takum o0pa3zoMm, pa3apoOIEHHOCTh CHPABOYHBIX JAaHHBIX IIPEACTABISIET COOOH
CepBEe3HyI0 Mpo0IeMy ISl MHOTHX MpennpusaTiii. Hanbonee ecTeCTBEHHBIA U HaIEK-
HBII CIIOCOO pemieHus 3TOH MpoOIeMbl — MOCTPOUTH Ha MPEANPHUATHN CIUHYIO LIEH-
TpaTU30BaHHYIO cucTemy ynpasienuss HCU.

2 Pemenne: CAMHBbIC CIIPABOYHUKH U 3HAHUSA

Heckompko J1eT Ha3aa MOSBUIICS KIIACC CHCTEM, MO3BOJISIOMINX PELINTh PSI IIepeUuc-

neHHbIX npobneM. Master Data Management (MDM) — COBOKYITHOCTH METOJIOJIOTHIA

U WHCTPYMEHTOB, CIEIHAJIBFHO MNpenHa3zHaueHHBIX s yrpasineHus HCU. Jlanxoe

HaIpaBJICHHE aKTHBHO PA3BHBACTCS W HA CETONHSIIHUI JEHB SBISETCA OJHUM W3

CaMBIX NEepPCHEeKTHBHBIX B MupoBod MT-uamnyctpuu. O6vem perHka MDM, mo nas-

HBIM BEAYIINX aHAJUTUYECKUX areHTCTB, COCTABIISET MOPSAKAa MIUUIHApIA JOUIApPOB

1 IMEET TeHACHIINIO K HHTCHCUBHOMY POCTY.
Hanbneiimee pazsutue uaeit MDM — cucmema unmennekmyanbno2o ynpaenenus

HCH, 6a3upyromasicst Ha CIEeAYIOIUX MPUHIIMIIAX:

— xonconuoayus HCH — oObeJuHEeHNe BCeX CIIPABOYHBIX AaHHBIX B eAMHYI0 UH(OP-
MAaIMOHHYIO CPeIy;

— 00vekmHass MoOelb OaHHLIX — XPaHEHUE CIIPAaBOYHBIX JaHHBIX M OOMEH UMM B
BHJIC HH(POPMAIIMOHHBIX 00BEKTOB;

— oumonoeuyeckoe npeocmasnenue HCH — ucnonp30BaHue CEMaHTHYECKUX MOJie-
JIel peMeTHBIX obuacteit 1uist xpanenust oobekroB HCU;

— xoumexcmuocms euoenuss HCH — npencraBieHue OOBEKTOB HCKIIOUUTENBHO B
CBA3H C ONPEIEICHHOM TOUKOM 3peHHs Ha UX COCTaB U B3aMMOCBSI3Y;

— OpUEeHMUPOBAHHOCMb HA 3HAHUA — TIEPEHOC 3HAHWH (IPaBMWJI B3aMMOJACHCTBUSA
00BEKTOB) M3 OM3HEC-JIOTUKH MTPHIOKEHUH B 00bekTHYI0 6azy HCU.

2.1 Koncommpamnsa HCHU
[TpoGnembl, HEMOCPEACTBEHHO CBSI3aHHBIC C AYOJIMPOBAHUEM M HECOTJIACOBAHHOCTHIO

CIIPAaBOYHBIX JaHHBIX, PCHIAIOTCA CO3JaHUCM C€IUHOIO MNPOCTPAaHCTBA CIIPAaBOYHBLIX
JaHHbIX, OJUHAKOBO JOCTYIIHOI'O BCEM MPHUKIaJHBIM CUCTEMaM.
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2.2 O0BbexTHas MOJeb JAHHBIX

OObekTHas MOJedb JaHHBIX — (YHAAMEHT HWHTeJulekTyanbHod MDM-cucremsl.
B oTnnuune oT pessIUuOHHON MOJIENH, OHA TMO3BOJIICT XPaHUTh UH(GOPMAIIHIO 00 00b-
€KTax BMecTe C MpaBWJIaMH MX B3ammopeicTBusi. MDM-cuctema siBisieTcsl 1mocraB-
mukoM 00bekToB HCU mmst mro0bIX crienuann3upoBaHHBIX BHEIIHUX MPUIJIOKEHUH,
CIOCOOHBIX MOJJIEPKUBATH NPUHATHIN TPOTOKOJ 0OMEHA JJaHHBIMH.

[Tpumenenne oOBEKTHONH MOJENH H30ABJISET IOJIB30BATENS, OTBETCTBEHHOTO 32
Beaeane HCU, ot HeoOxommmocTtu pazOupaThcsi B 0a3e MaHHBIX Ha (PH3MUECKOM
yposHe. KoH(uryparop Mozenu mo3BOJISIET MOJIB30BATEIN0 ONEPUPOBATh 00IIEI0C-
TYIHBIMH HOHSTHSIMH: 00BEKT, KI1acc, aTpHOyT, METOI.

Oo0pektHas mwiardopma cuctembl HCH MOXeT MCTIONB30BaThCSI B KAUECTBE WHTE-
TPAIlMOHHON CpeIbl MPOUYNMH HH()OPMAMOHHBIMU PECYpcaMi MPEIIPHATHSL.

2.3 Ownronornyeckoe npeacrasienne HCU

DKcnepThl CTPOST OHTOJIOTMU WJIM CEMAaHTHYECKHE MOJIENM CBOUX IMPEAMETHBIX 00-
JlacTe|: ONMUCHIBAIOT, “‘YTO M3 YEro COCTOUT M KaKUM ObIBaeT” B JaHHOW 00JIacTH M
KaK OJJTHO MOYET OBITh CBS3aHO C APYTHM.

Knaccudukanus o0bekTOB B MHTEIIEKTYabHO MDM-cucreme Cily)KMUT OCHOBa-
HHUEM JUIsl YIOPSAAOYMBAHUS MPABWI, ONPEACISIIONINX MX MOBelcHHe. Tak, IpaBHIIO
pacdera Macchl €T Ha OCHOBE €€ T€OMETPHUYECKHX Pa3MEpOB M IUIOTHOCTH Mate-
pHana MpuHaUISKUT 00BEKTy /lemanb, a 3HaHWE O TOM, YTO CHHPAIBHBIM CBEPIIOM
MOXHO TOJIyYUTh KPYIJIO€ OTBEPCTHE, JIGKUT Ha mepecedyeHnu o0bekToB Ceepio n
Omeepcmue.

Bce yacTHBIE OHTOJIOTHH CIIMBAIOTCS B €MHYIO YHHBEPCAIBHYIO OHTOJIOTHIO, CO-
CTaBILIIONIYI0 €IMHOE TIPOCTPAHCTBO MOHATHH. OTUM oOecneduBaeTcs (QHUKCALUs
BCEX BO3MOJKHBIX TOUEK 3PEHHSI HA CTPYKTYPY, COCTaB M BO3MOYKHOCTH B3aMMOJICHCT-
BUsI 00beKkTOB. [losBiIsieTCS BO3MOXKHOCTh MHOTOKPAaTHO HCIIOIb30BaTh CIPAaBOYHBIC
JTAaHHBIE U3 €INHOTO NCTOYHHKA B PA3JINYHBIX IPUKIAJHBIX 00JIACTAX.

2.4 KonrekcrHocts Buaenus HCHU

KOHTEKCTHOCT — 3aBHCHUMOCTH COJCpPXKAaHUS W O0beMa JOCTYIHBIX CIIPABOYHBIX
JAHHBIX OT [EJTH WX HMCIIOJIB30BAaHMA. DTO CBOMCTBO OTpPaKkaeT TOT (PAKT, YTO 3HAHHS
BCErJla CBS3aHBI C ONPENCICHHOW OOJIACTBIO JESITEIBHOCTH, BUIOM 3a/1a4, KOTOpHIC
MBI XOTHM pemuTh. CBs3U, 3aJaHHBIE B OJJHOM KOHTEKCTe, He 00s3aTeNIbHO MMEIOT
MECTO B JIpyrux KOoHTeKcTax. KOHTeKCT ecTecTBEHHBIM 00pa3oM COOTBETCTBYET Ka-
KOH-100 pyHKIMHM HHPOPMALTHOHHOTO OOBEKTA.

KOHTEKCTHI MTO3BOJISAIOT pa3IMYHBIM TPYIIAM ITOJIB30BAaTENCH MO-Pa3sHOMY BUAETH
06bexkTel HCH Ha pa3HBIX dTamax WX KU3HEHHOro Iukia. Hampumep, KOHTEKCTHas
TOYKA 3PEHHS Ha METAIIOPEKYIIHHA CTAHOK TIO3BOJIUT TEXHOJIOTY BHIETH B CTPYKTYpPE
3TOIo O6LCKT3 MEXaHU3MBbI NIEPEMEIICHNA 3arOTOBKU U PEXKYUICTO MHCTPYMCEHTA, a
MEXaHUKY — Y3JIbl M JCTAJIH, MOAJISKAIINE TPOPHUIAKTHISCKOMY OCMOTPY.
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2.5 OpueHTHPOBAHHOCTH HA 3HAHMA

KiroueBast 0COOEHHOCTh €MHOW CUCTEMBI — BO3MOKHOCTH OIIEPHPOBATh CEMaHTHYE-
CKUMH CBSI35IMH MEXAYy OOBEKTaMH, T.€. 3HaHWSAMH. [IpaBmia NpUHSATHS pelIeHui,
TPaIMLIMOHHO HaXOJMBIIMECS B aJTOPUTMax NPHI0KEHHUH, IEPEHOCITCSI HAa yPOBEHb
MoJieiel JaHHBIX. 3HAHUS, BO-TIEPBBIX, CTAHOBSTCS JAOCTYIHBIMH JPYTHM MPUIIOXKE-
HUSIM ¥, BO-BTOPEIX, 32 CUET IepeHoca Ha OoJjiee HU3KHH YPOBEHB IOBBIIIACTCS (-
(heKTUBHOCTB HX 00PaOOTKH.

[Ipu 3TOM B KadecTBe KpUTEpreB 0TOOpa 0OBEKTOB MOXKHO 3a[1aBaTh X aTPHUOYTHI
W B3aMMOCBSI3M C ApYyruMu oObektamu. Hampumep, npu noucke cBepiia B kiaccudu-
KaTope PexyInXx MHCTPYMEHTOB MOXHO yKa3aTh HE TOJIBKO €ro JUIMHY W THAMETD,
HO ¥ MaTepuan obpabaThIBaeMON [€TalH, cCXeMy OOpabOTKH W METaJIOPEKYIITHA
cranok. MDM-cuctema nogbeper Bce cBepiia COOTBETCTBYIOIIETO pa3Mepa, COBMeC-
TUMBIE C 3aJJaHHBIMH O0BEKTaMHU.

Urak, anroputm paboThl MHTEIEKTyadbHOH MDM-cucTeMbl, MOCTPOEHHOH MO
W3JI0’KEHHBIM MTPUHIIMIIAM, BBINISAUT ClieayromuM obpasom. B cuctemy cobupatorces
CIpaBOYHBIE JIaHHBIE OT BCEX NpMIIOKEeHUH. [Ipu 3TOM B 0ZJHOM 00BEKTE CMeEIInBa-
I0TCSI aTpUOYThI, MPEACTABISIONINE WHTEPEC ISl PA3IMYHBIX TPYIIT MOJIb30BaTENeH.
KoHTeKkcTHOCTD BHIEHNS 00BEKTa IIOMOTaeT pallioOHAIbHO MCIIOIb30BaTh €ro B 4acT-
HBIX 33j1a4ax. A CeTh NpaBWJI B3aUMOJEHCTBUS, OXBATHIBAIOIIAs Bce 00BEKTHI, obec-
MeYNBAET ABTOMATU3ALMIO IPHHATHS PEIICHUH Be3Je, I7Ie 9TO BO3MOXKHO, 0e3 obpa-
IIEHNS K ON3HEC-JIOTHKE MPUKITAIHBIX CUCTEM.

3 IIpoMbILIIEHHBIH POTOTUII HHTE/UIEKTYAJIbHOM CHCTEMbI
ynpasjennss HCHU

KomnektuBom pazpadborunkoB ACKOH HakomieH MHOTOJICTHUH YHHKaJIbHBIN OIBIT
10 CO3JIAHUIO U Pa3BUTHIO cucTeMbl yrpasienus HCHU st MammmHOCTpOeHUSL.
ACKOH npous3sBOIUT KOMILIEKC MPOrpaMMHBIX PEIIEHUH s aBTOMAaTU3aLUU
KOHCTPYKTOPCKO-TEXHOJIOTMYECKOHN MOJITOTOBKY MPOU3BoACTBa. 3a yipasienue HCU
B KOMIUIEKCE OTBEYACT Ha0Op CICIUATBFHBIX KOMIIOHEHTOB, OJIMH U3 KOTOPBIX — YHu-
8EPCAbHDIL MEXHOI02UYeCKULl CHPABOYHUK.
3a mATh JEeT CBOCH MCTOPHH CIPABOYHHUK IMPOIIET SBONIONUIO OT MPOCTOTO Kilac-
CUpUKATOpPa TEXHOJOTHYECKUX MaHHBIX O MOJHOIEHHOH OOBEKTHO-pPENAINOHHON
CUCTEMHI ympasieHus npon3BoiasHOH HCH. BrimynieHo deTripe KOMMEpUYecKie Bep-
CHH TIPOAYKTa, Ooliee ABYX THICAY €ro KOMuil paboTaroT Ha MPOM3BOCTBEHHBIX TIPEA-
npuATHsIX, cpeau KoTopbix «I10 «CeBmamny, «PCK «Mul», OAO «Baroamarm» u ap.
Cucrema peanuzyer 00bEKTHYIO MOZEJIb JaHHBIX, KOTOpas SBJSIETCS JIOTMYECKOU
HajcTporkor Haj pensiuuonHod CYB]] (mopnmepxwusatorcs Microsoft SQL Server,
Oracle, InterBase).
KnroueBble 0cOOCHHOCTH CUCTEMBI:
— pa3BHTHIC (YHKIWH IOUCKA B MACCHBE CIIPABOYHON MH(DOpMAITHH;
— BeJEHUE HEOIPAaHUUYEHHOTO KOJIMYECTBA MHOTOYPOBHEBBIX CIIPABOYHUKOB;
— TIOCTaBKa KJIIMEHTCKUM IPUIOKEHUSIM JTAaHHBIX B BUJIC O0OBEKTOB;
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MEXaHHM3M YCTaHOBJICHUsI B3aUMOCBSI3€H MEXly 0ObEKTaMHU CIIPABOYHHKOB;

— HWMIIOPT, 9KCTIOPT IaHHBIX B pa3ndHble (OpMaThl, BKitouas XML;

— COXpaHEHHUE UCTOPpHU W3MEHEHUM U UCIOJIb30BaHMS JAaHHBbIX;

pas3Buthiii API-dyHKIIMOHaN 1 MHOTOE JIpyroe.

C cucTeMoii IOCTaBIISIIOTCST OOIIUPHBIE 0a3bl JaHHBIX 1O MAlIMHOCTPOUTEIEHOMY
000pyI0BaHUIO, CTAHKaM, MHCTPYMEHTaM U MarepuaiaM. [IpenycMOoTpeHsl 1Ba BapH-
aHTA MOCTABKH CIPABOYHUKA: B KAUECTBE CAMOCTOSITEIBHOIO NPUIIOKEHHS — UHTEN-
JIEKTyaJIbHOTO XPaHWIHUINA JaHHBIX ¢ QyHKIMAMH HH(OPMAIIMOHHO-TIOUCKOBOW CHC-
TE€MBl, U KaK IOCTAaBIIUKA CIPAaBOYHBIX AAHHBIX BHEMHUM npuioxeHusMm: CAIIP,
PDM, ERP u gp.

B otnuuue ot TpaaguumonHsix MDM-penieHui, npeiHa3HauYeHHbIX B MIEPBYIO OYe-
penb IS aBTOMaTH3aluy ON3HEC-TIPOIIECCOB MPOJIaX, IIOCTABOK U MAPKETHHTa, Halla
CHCTEMa OPHEHTHUPOBAHA Ha IIPOM3BOACTBO KaK TAKOBOE M CIOCOOHA y4ECTh BCE €TO
ACIEKTBI: OT POEKTUPOBAHMSA U3EIUI 0 IPUHATHS yIIPABIEHUYECKUX PEILECHHIA.

4 3akaoueHue

WurennexryanbHas MDM-cuctema — 3TO B NEPBYKO O4EpEdb IIPOJBUHYTHIE BO3-
MOXHOCTH 110 paboTe ¢ MPaKTUIECKUM CMBICIOM — CEMaHTHUKOW XpaHUMOI uH(Op-
Mmanuu. CeMaHTHKa y>k€ akTHBHO UCIIONIB3YeTCS B MHTEPHET-UHIYCTPHHU, HE(Teraso-
BOW MPOMBIIUICHHOCTH, 3[IPaBOOXPAaHEHHH — O0JIACTSIX, I'/ie 3HAHUS COCTAaBIISIOT OC-
HOBHOE COJIEpKaHUE UIIU CTOST OCOOEHHO JI0pOTO.

[Tpn mocTpoeHMH CeMaHTHYECKOM MOJENM IpeIMETHOH 00JIacTH B paMKax JIo-
KanbHOH MDM-cHucTeMBl IPUXOAMUTCS ONEPUPOBATH TEPMHUHAMH U OIPEIEIICHUSIMH
pasnuuHbIX obnacreit 3HaHui. C pa3BureM Semantic Web — “cemMaHTHYECKOTO HMH-
TepHeTa” — MHOTOYHCIICHHBIE MOJICTH TIPEAMETHBIX 00JacTeil OyayT CO3maHbl B y/a-
JICHHBIX [EHTPaxX KOMIETEHIWH M pacrpocTpaHeHsl B riodansHoi Cern. Ilpennpu-
ST CMOTYT TOJy4aTh WHPOPMAIHIO “H3 MEPBBIX PYyK’, 0Opamasch HAMPSIMYy K
CaMbIM aKTyaJbHBIM 0a3aM HMHCTPYMEHTA, 000pyJOBaHMs, MAaTEPHAJIOB HA CalTax MX
MIPOU3BOIUTENIEH.

Buenpenne MDM-cucTeMBl B COYETaHUM C CEMAaHTHYECKUMH TEXHOJOTHAMHU OT-
KpPOET MPENPHUATHSIM IEPCHEKTUBY CBOOOJHOrO y4acTusi B IJI00aJbHOM OOMeHe
3HaHUSAMH, 00EIIAIOIEM CTaTh CTaHAAPTOM Y)Ke B OJIMKaiilee AecsiTUIIeTHE.



CpencrBa BU3yajbHOI0 aHAJIHU3a OHTOJIOTHN U HH(pOpMa-
HMOHHOT0 HATIOJIHEHHUS MOPTAJIA 3HAHMIA'
Tools for Visual Analysis of Ontology and Content of a
Knowledge Portal

3.B Amanosuu', I1.C.Bunokypos®
Zinaida Apanovich', Pavel Vinokurov’

! MucruryT cucrem urpopmatuks uM. A.I1. Epmosa CO PAH
630090, HoBocubupck, npocnekt JlaBpeHtsesa, 6, Poccust
A.P. Ershov Institute of Informatics Systems SB RAS
ten: +7 (383) 330-93-44, dakc: +7 (383) 332-34-94
6, Acad. Lavrentjev pr., Novosibirsk 630090, Russia
apanovich@iis.nsk.su
Phone: +7 (383) 330-93-44, Fax: +7 (383) 332-34-94
2 HoBocubupckwuii rocy1apcTBEHHBIN YHHBEPCHTET
630090, HoBocubupck, yi. [Tuporosa, 2, Poccus
Novosibirsk State University,

2 Pirogova Street, Novosibirsk, 630090, Russia

Abstract. The process of development of an ontology-based knowledge portal
and creation of its content is time-consuming and labor-intensive. It is very de-
sirable to have special analysis facilities for maintenance and development of
such a portal. The subject of our paper is a tool for visual analysis of content
and ontology of a knowledge portal.

The basis of our approach is applying graph generation and graph visualization
methods. Browsing of the content of a knowledge portal is organized as a multi-
level stepwise process. Appropriate placement algorithms are used at each step
of this process. They take into account certain types of ontological relations and
their combinations. Radial, circular and layered tree placement algorithms are
used for visualization of the inheritance relation. Several force-directed algo-
rithms are used for visualization of role relations between different classes as
well as between class instances. Finally, we have two special placement algo-
rithms for visualization of the superposition of partonomy and role relations. A
number of useful graph transformations are realized. They essentially improve
understandability of a portal under investigation.

This approach provides a user with general understanding of ontology and pos-
sibility of visual estimation of the sizes of classes and relations. It allows the
user to select and analyze specific relations between classes and between ob-
jects as well as to identify errors. The program was tested on the real knowledge
portals and appeared to be rather helpful.

Key words: knowledge portal, ontology, content, information visualization,
force-directed placement, tree placement.
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KioueBbie cjioBa: moprai 3HaHHWN, OHTOJOTHS, HHPOPMAIIMOHHOE HAIOJIHE-
HUE, aHaJU3 WHPOPMAIMU, METObI BU3yalU3alud HHG)OPMAIIUK, CHIIOBOM aJi-
TOPUTM, PaAHaIbHBIN aIrOPUTM

BBenenue

[ponecc pa3pabOTKK OHTOJIOTHH U HHPOPMALMOHHOTO HATIOJHEHUS TIOpTaja SBISCT-
Cs BeChbMa JUTUTENBHBIM M TPYJOEMKHM U TpeOyeT YCHIIUi OOJBIIOr0 KOJUICKTHBA
pa3paboTyrkoB. MHOrHE MaHHBIE BBOIATCS BPYYHYIO, YTO MOTCHIUAIBHO OIACHO
omurbKaMu BBOJA, KOTOPBIC HENErKO OOHAPYXKHTh, MPOCMATPHBAsl OJHA 3a JIPYrou
TEKCTOBBIE ()OPMBI, TTOKA3bIBAIOIIME CBSI3M KOHKPETHOro oObekTa. [lo3Tomy 3amaua
MOJIIEPKAHKSL JOJITOBPEMEHHOTr0 (DYHKIIMOHUPOBAHMS M Pa3BUTHsI TAKOTO IOpTala B
TEUEHHEe BCEro >KU3HEHHOIO IMKJA SIBISIETCS BEChbMa aKTyallbHO# M TpeOyeT paspa-
0OTKM CHEHUATA3UPOBAHHBIX CpencTB. [Jis pemieHus 3TOH 3ajadd BaKHO obecrie-
YUTb, B YaCTHOCTH, OJHOT'O U3 I''TaBHBIX pa3pa60Tq141<OB CUCTEMBbI — NHKCHEPA 3HAaHUN
— MHCTPYMCHTapHeM JijIs aHain3a WHPOPMAIMOHHOTO HAIMOJHEHHs MopTaia, KOTO-
PBIH 3HAYUTEIHHO YIPOCTHT ero moHnMaHue. O0ecrneueHne «ITOHUMAeMOCTH» OHTO-
JIOTHI TaKXKe CYIIECTBCHHO MPH MOBTOPHOM HCIIOJIE30BAaHHUHU YK€ CO3JTAaHHOM OHTOJIO-
ru¥ U 0a3sl 3HAHUW B pa3pabOTKE IPYTHUX MOPTAJOB, TaK KaK TOpaso MPOIIE UCCIie-
JIOBaTh W Pa3BHBATh CYIIECTBYIOIIYIO OHTOJIOTHIO, Y€M pa3pabaThiBaTh HOBYIO C HY-
ns1. HakoHelr, Takue CpeicTBa aHaIM3a MOTYT CIIY)KUTh OCHOBO# Ui aBTOMATHYECKO-
ro MOMOJHEHHS IOpTana HOBBIMU 3HAHUSAMH. OOIIECHPU3HAHHBIM HHCTPYMEHTOM,
00eCIeYHBAIOIIMM TOHUMAaHUE OOJIBIINX 00BEMOB aOCTPAKTHON HH(DOPMAIIUH, SIB-
JAI0TCST MeTonsl Bu3yanmm3ammu HH(popmaruu [1-3]. OHTONOTHS, COCTaBIISIOLIAS
OCHOBY HH(OPMAIIMOHHOI'O MOpTala, MOXET ObITh NpEICTaBiICHa B BHAC rpada,
BEPIIUHBI KOTOPOT'O M300PAXKAIOT CYIIHOCTH, TAKHE KaK KJIACChl, 0OBEKTHI U aTpHOy-
ThI OHTOJIOTHH, a pedpa U300paKarOT OTHOIICHUS MEXKIY STUMH CYITHOCTSIMH.

CrneyeT OTMETHTh, YTO aITOPUTMBI BU3YAITU3AIMH TIOCTOSHHO OOHOBIISIFOTCS, YTO
MPUBOAUT K HEOOXOIMMOCTH PAa3BUTHS IOJCHUCTEMBI BH3yalH3aldd KOHKPETHOTO
WHPOPMAIMOHHOTO TopTana. Takke, AN MOANCPKAHUS JIOJITOBPEMEHHOTO (YHK-
[UOHMPOBAHUS [OPTAIa 3HAHHUM, HYXKHBI CPEICTBA HE TOJIBKO BH3yallU3allvd, HO U
aHaJM3a HAKOTUICHHBIX 3HAHUH.

B nanHO#t paboTe METObl BU3yalH3alMi PACCMATPUBAIOTCS HA MPUMEPE HAIOJ-
HEHUSl apXeoJOrHYeCcKOro mopTayia 3HaHui[4, 5], XoTsa B mpoiecce paboThl, aHAIO-
TMYHBIC 3KCIIEPUMEHTBI ObUIH MPOBEIEHBI U C APYTHMH JAHHBIMH.

1 BxoaHble JaHHBIE M MaHEb YiupaBJjieHusl MOACUCTEMbI BU3Yya-
JU3alluHn

IMoncucrema Bu3yanu3anyy NPUHUMAET BXOJHBIE JaHHBIE B BHJE ABYX Xml-(aiiios,
nepBbIi 13 KOTOphIX (ontology.xml) comepkut nHpopMannio o Kiaccax M OTHOIIE-
HUSIX KJIACCOB, a BTOpoi ¢aiin (data.xml) comepxur mHPOpMaNMIO O KOHKPETHBIX
00BEKTaxX M WX OTHOIICHISIX. DTH JaHHBIC MPeoOpa3yroTcs BO BHYTPEHHHUH (opMart,
MIOCIIE Yero Ha 9KpaHe MOSBIETCS OKHO YIpaBJIeHUs BU3yanu3anue. LleHrpansHyro
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JacTh 3TOTO OKHA 3aHMMAcT NaHENb BU3yallM3alliH, a BEPXHAS U JIEBasl 4acTb OKHA
3aHsATa MaHebio ynpanieHus. CieBa HaXOIATCs KOMIIOHEHTHI BbIOOpa KJIacCOB U
OTHOUICHHH, NMEIOIUXCSI BO BXOJHBIX (hailiiax, a BBEPXY PacIoJIOKEHbI KOMIIOHEH-
ThI, MO3BOJISIIOIME BHIOMPATh PEXKUM BU3yallM3allMu. B HacTosIIMi MOMEHT B MOJ-
cucrteMe uMmeercd 3 pexxuma Busyanusanuu: ~Hacnenosanue kinaccos”, “OTHoLIEHUs
Mexay kinaccamu”, “OTHomieHust Mexny oObekramu”. B pexume «HacnenoBanue
KJIaCCOB» OCYIIECTBIISIETCSl TeHepauusi N300pakeHHs JIepeBa, BEpPLUIMHAMH KOTOPOTO
SIBIISIFOTCST BCE KJIACCHI OHTOJIOTHH, a pedpa n300pakaloT OTHOILICHUE HACIEIOBAHUS
MEXAy KJaccaMH OHTOJNOrMH. B pexnme « Kmacce» kK M300pakeHHIO OTHOIICHHS
HacJeJOBaHMs N00aBIIeTCS N300paKEHUE ACCOIMATHBHBIX OTHOIICHUH MEXKTy KJac-
caMu, BBIOpaHHBIMH TOJIb30BareneM. B pexnme «OOBEKTh» CTPOUTCS H300paKeHUE
BBIOPaHHBIX [T0JIH30BATEIEM OTHOLICHUI MEKTY 00BEKTaMH BBIOPAHHBIX KIIACCOB.

Kaxnomy pexxuMy BU3yaJdH3allUd COOTBETCTBYET CBOE MHOMKECTBO aJTOPUTMOB
BU3yaM3aliy, KOMIIOHEHTa BbIOOpA JITOPUTMOB TakXe pacrojokeHa BBepxy. Ha-
KOHEI|, B BEPXHEM JICBOM YIJIy HMMEETCsi KOMIOHEHTa BbIOOpa aTpuOyTOB 0OBEKTOB
NIPOM3BOJILHOTO Kilacca. HasBaHus BBHIOpaHHBIX aTpHOYTOB M300pakaroTCs MpPU BU-
3yaJIM3aliy OTHOIICHUH MEXIy OTAEIbHBIMI 00bEKTaMU.

2 U300pakeHHe OTHOLICHHUS HACJEJOBAHUA MEKIY BCEMH KJjacca-
MM OHTOJIOTHH

3HAKOMCTBO C OHTOJIOTHEH MpeaaracTcs HaYMHATh ¢ OOIIEro MmiaHa (M300pajkeHus)
BCEX KJIACCOB M OTHOLICHMM HACIEAOBAaHUS MEXKIY 3TUMHU KiaccaMu. [l nomyyeHust
TaKOTO M300paKEeHHs JOCTATOYHO BBIOPATh B CIHCKE «DJIEMEHTHI OTPHUCOBKI BapH-
anT «HacnenoBanue kiaccoB» U HaxxaTh KHONIKY «HapucoBatey». B pesynbpTare Oyner
BbI3BaHa IOJIIPOrpaMMa, KOTopast U3BJIEUET U3 OHTOJIOTHHU Moirpad, cCooTBETCTBYIO-
WA OTHOIIEHHIO HACIIeIOBaHHUs MEX.Y KjaccaMu, ¥ M300pa3uT ero OHUM M3 allro-
PUTMOB, UMEIOILEMCS B CIIUCKE «ANTOPUTM OTPUCOBKW». B HacTosIUI MOMEHT Ui
M300pakeHNsT OTHOIICHUS HACIICJOBAaHUS HMMEIOTCS ITOYPOBHEBBINA, PaJHaTbHBIA U
KPYTOBOH ajroput™ H300pakeHus nepesa. Vcmonb3zyemast B KayecTBe IpUMepa OH-
TOJIOTHSI apX€OJIOTMH HE COAEPXKUT MHOXKECTBEHHBIX HACJIEJOBaHHM, MO3TOMY IOJI-
rpad HaclleZOBaHUS SBJIAETCS IEPEBOM BecbMa yMEpPEHHOro o0beMa. BricoTa mepeBa
paBHa TpeM, B HEM HMMEETCS TPHUHAIIATH BEPIINH IEPBOTO YPOBHS, OONBIIMHCTBO
BEPIIMH UMEET IITyOWHY J1Ba M TOJIBKO TPH BEPIIMHBEI HMEET IIyOHUHY TPH, YTO ITO3BO-
JSeT BHOJHE KOM(OPTHO OTOOpa3UTh Ha OJHOM DKPaHE U CTPYKTYPY M METKU IIPH
Bcex BepminHax. IloaTomMy Ui BH3yanu3aliM OTHOIIEHUM HACIEeJOBAaHUS MEXIY
KJIaCCaMH apXeoJIOTHYECKOro IopTaja BIOJHE AOCTaTOYHO CTAaTHYECKOM Bepcuu
pasnanbHOrO aIropUTMa Ui AepeBheB [6]. DKCIIEPUMEHTHI C Pa3IMYHBIMH OHTOJIO-
THSIMHU TIOKa3aJIi, YTO HaJIMYKMe IMyCTBhIX KJIAaCCOB, 0€3 00BEKTOB, SIBISETCS OOBIYHBIM
siBiieHneM. [103ToMy Takue KJIacChl BHICBEUHMBAIOTCS CEPBIM JJISl IPUBJICUYECHUSI K HUM
BHHUMaHHUS MOJIb30BATENS
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B kadecTBe HOMOJHUTENBHON BO3MOXKHOCTH, B MOJCUCTEME BU3yalIM3allUU pa3pa-
0oTaHa BepcHs pajualIbHOTO aJrOpUTMa, B KOTOPOH pasMep CEKTOPHOI'O CEerMEHTa,
M300paKaroNIero KaKIbIH KIACC, MPOMOPIUOHAICH KOJIMYECTBY OOBEKTOB B 3TOM
KJlacce. ITOT BapHaHT MO3BOJISIET BU3YaIbHO OLIEHUTH KOJHMYECTBO OOBEKTOB KaXkI0-

TO KJj1acca.
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Pucynok 2. U3zo0paxeHue, UCTIONB3YIOUIEE TEOMETPHICCKYIO BIOKEHHOCTh Ul BU3YalbHOU

OIICHKH KOJINYECCTBaA 00BEKTOB
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3 MH3o0paxeHue acCOUATUBHBIX OTHOLICHUH MEKIY KJIacCaMu

CyliecTBeHHOI 0COOEHHOCTBIO MH(OPMALIOHHOTO HAIIOJHEHUS apXeOoJIOrHYeCcKOro
nopraja sABJIACTCSA HaJIA4YUC 6OJ'II)IHOFO KOJIMYECTBA PA3JIMYHBIX BUIOB OTHOIIIECHUH
MeXIy KiaccaMu 00BeKTOB. [IOMHMO OTHOILICHHS HACICIOBAHUS B OHTOJIOTMH HH-
(hOpMaLMOHHOTO TTOPTaNIa UCHONB3YIOTCSA OTHOLICHHSI MAPTOHOMHH, GOJBIION CIICKTP
TPAH3UTHBHBIX OTHOLICHUI (K KOTOPBIM, B YaCTHOCTH, OTHOCHUTCSI OTHOILCHHE BKJIFO-
YeHHS), a TaKXKe OOIBIIOe pa3HOOOpa3ue acCONMATHBHBIX OTHOUICHUNA. BO3MOXHOCTD
IPOCMOTpPa ACCOLMATHBHBIX OTHOLICHHH MEXIy KJIaccaMd B AOIOJHEHUE K YXKe U30-
Opa)KeHHOMY OTHOILICHHIO HACJICIOBAHUS SBJISCTCS BECbMa Ba)XKHOM Ui MOHMMaHUS
CTPYKTYpBl IOpTana. B Hacrosmuii MOMEHT 3Ta BO3MOXHOCTH HPENOCTABIIAETCS
0JIB30BATEIIO B ABYX PEXKUMAX OTPHCOBKH.

B pexume «HacnenoBanue KiaccoB) J0OCTAaTOYHO BBIOpaTh MPH HOMOIIN MBIIIN
IPOU3BOJIBHBIN KIIacC Ha M300pa’keHUM BCEH OHTOJIOTHHM, U B pe3yiabTaTe ITOro Jei-
CTBHSI K M300pakeHUI0 OynyT mo0OaBieHbl pedpa ¢ METKaMu, M300paXkarouiue acco-
[UAaTUBHBIC CBSI3M BBIOPAHHOI'O Kjacca, Kak 3TO MOKa3aHO Ha pucyHke 3. OnHOBpe-
MEHHO, Ha maHeiu «CBsI3M», PacHONOKEHHOW cjIeBa OT OKHA OTPHCOBKH, OyIOyT BbI-
CBEYCHBI HA3BAHUS ATUX OTHOLICHHH C YKA3aHUEM KOJIMYECTBA IK3EMIUISIPOB TAaHHOTO
OTHOILCHUS.
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Pucynok 3. Mepapxus KIaccoB ¢ BHICBEUEHHBIMH aCCOI[MATUBHBIMU OTHOIIEHUSIMU

OTOT THI U300paXKEHUS SIBIISIETCS] BEChMa I0JIe3HBIM HHCTPYMEHTOM IPH MCCIIE/I0-
BaHUM CBOICTB CYyIIECTBYIOIIEH OHTOJOTHU. B dacTHOCTH, TIpn pa3paboTKe OHTOIO-
THH HE BCETJa JIETKO OTAEJUTH KIIACChl U TOJKIACCHI, CBSI3aHHBIC OTHOLICHMSIMU Ha-
CJIEIOBaHUs, OT OOBEKTOB OJJHOTO KJIAcCa, CBA3AHHBIX ACCOIMATHBHBIM OTHOLICHUEM
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BKIroueHus. [Ipy aHanmse Mbl MCXOOMM M3 IIPEANOJIOKEHHS, YTO IMOAKIACC MMEET
MPaBO Ha CaMOCTOSATENILHOE CYLIECTBOBAHUE, €CIIM OH UMEET OTHOLICHUS U aTpuOyThI,
OTCYTCTBYIOIIME Y KJIacCa-0TLA.

Hanpumep, OHTONOTUS apXeoJ0rn4ecKoro nopraia coaepxur kiacc [lepcona, y
KoToporo ecth nojaknaccel Ctynent u MccnenoBaresns. OObeKTaMu BCeX 3THUX KJIAc-
coB siBisttoTest pusnyueckue auua. [lpu stom kiace [lepcona cBA3aH ¢ ApyriMMH Kiac-
caM{ CJIEYIOIMMH acCOLMaTUBHBIMU OTHOILCHUSMH :

«3nakomeien(kiacc [lepcona)y, «YuacTHUK-coOBITHsY(Ki1acc Cobbitne), «Pecypc-
UYenosekan(kmacc Muadopmarmmonnsiit Pecypc), «lIpumenser-Metom»(xmacc Me-
ton_MccnemoBaHus),

«Yuenuk»(knacc MccnenoBarens).

Ero nonknacc HccnenoBarenb, NOMUMO HAaclelyeMbIX OTHOILLIEHUH OT Kiacca
HepCOHa, HUMECT AOTMMOJIHUTCIIbHBIC OTHOMICHUA C APYT'UMHU KJIaCCaMU: «HanpaBneHMe—
uccnenosanui(knacc PasnenHayku), «Asrop» (knacc [lyOmukanms), «M3ydaer-
ITepuom»(knace Ilepuon), «YuactHuk-IIpoextan(xiacc IIpoekr), «YueHuk» (kiacc
[Tepcona).

B o xe Bpems, nonkinacc CryneHt kinacca [lepcoHa cBonX cOOCTBEHHBIX OTHOIIE-
HHUH C IPYTMMH KJ1accaMy He MMeeT. DTO CBOMCTBO JIETKO OOHapy»KHBAeTCs IPU BbI-
JIETICHNH MBIIIBIO JAHHOTO MOAKIacca B pexume «HacnenoBanue Ki1accoBy.

Hcxons n3 oOHapy>KEHHBIX CBOWCTB, MOKHO PEKOMEHAOBATh WHXCHEPY 3HAHHI
1100 AOMONHUTE nojkinacc CTyJeHT OTHOIICHUSIMH, OTJIMYAIONINMHU €r0 OT KJIacCOB
ITepcona u knacca MccnenoBareins, 1100 yIaUTh €r0 U3 MHOXKECTBA KIIAacCOB. AHa-
JIOTUYHBIM 00pa3oM, MO>KHO OBICTPO HCCIIEA0OBAThH BCE MOJKIIACCH MMEIOIIEHCS OHTO-
Jorud. BBuny HeOONIBLIIOr0 KOJMYECTBA KJIACCOB B HCCIICIYyEMOH OHTOJIOTHH, TaKas
poBepKa TpeOyeT BCero HECKOIbKO MUHYT.

le/l HUCCIICAOBAHUMU OHTOJIOTUM JOCTATOYHO BaXXHOH SIBJISETCS TaK)Ke BO3MOXK-
HOCTb YBUJCTH IOJHYIO KapTUHY OTHOIIIECHUH MEXKIY KilacCaMH, MHTEPECYIOMINMU
nosip3oBarens. C 3TOW LeNbl0 B CHCTEME BU3yalIHM3allMH IPELyCMOTPEHa BO3MOXK-
HOCTH BHIOOpa IPOW3BOJILHOTO MOAMHOXECTBA KiaccoB B crucke «Kiaccery nanenn
YIpaBieHUs] U UX BU3yalIM3allld, KaK 3TO IOKa3aHO Ha pucyHke 4. B atom ciyuae
MOXHO MOJYyYUTh M300pa’keHne BBHIOPAHHBIX KIIACCOB M CBS3EH 3THX KJIACCOB C IIPY-
TUMH Kiaccamiu. Takue u300paKeHus MOTYT OBITh YAAYHON MOACKAa3KOW Ui paspa-
6oTtunka oHTONOrMK. Hampumep, Ha pucyHke 4 n300pakeHBI CBSI3M MEXIY KJIacCaMu
ITepcona u Mccnenosarens. 3e1eHoe peOpPO COOTBETCTBYET OTHOIICHUIO HACIENOBA-
HUSI MeXIY 3TUMH Kiaccamu. [Ipu 3ToM y monbp30BaTenst MOXKET BO3HHKHYTH BOIIPOC,
noyemy otHomenue «[Ipumenser-Merony» cBs3biBaeT kiacc Meron VccienoBanus ¢
xsaccoM IlepcoHa, a He ¢ knaccoM HMccnenoBareis.

B kauecTBe JOMOJHHUTEIBHOW BO3MOXKHOCTH, MOXKHO IMOJYYHTh H300pakeHHE, B
KOTOPOM pa3Mep BEPIIMH M TOJIIMHA pedep MpONOPHNOHAIBHBI KOINYECTBY 0OBEK-
TOB B COOTBETCTBYIOIIMX KJaccax M KOJHMYECTBY CBS3eH MeEXay OOBEKTaMH 3THX
kiaccoB. Takoe n3o0pakeHue MokazaHo Ha pucyHke 5. OHO TO3BOJISIET 3apaHee OIle-
HUTHh 00BEM N300pakeHIs IIPH TIepexo/ie Ha YPOBEHb OOBEKTOB.
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Pucynok 5. M3o00paxkeHue B KOTOPOM pa3Mep BEPILIMH U TOJIIMHA pedep MPOnOpLUOHAIBHBI
KOJIMYECTBY OOBEKTOB B COOTBETCTBYIOIIUX KJIACCAX U KOIHIECTBY CBSI3eH MEKTY OOBEKTaMH.
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4 U300pakeHue 00bEKTOB U CBSI3eH MeK1y HUMH

Pexxum otpucoBkn «O0BEKTHD MpeHa3HAueH Ul H300paXKeHUs] 00bEKTOB, MPUHA-
JISKAIIUX KaccaM, BRIOpaHHBIX MMOJIb30BATENIEM, M TUIIOB CBSI3¢H, Tak)Ke BHIOPAHHBIX
MI0JIb30BaTENIEM.

st moctpoeHust n300paxeHuss 00bEKTOB M CBsA3Eil MeXIy HUMH MOXHO BBIOpATh
MPH MOMOIIY MBIIIH HHTEPECYIOIIIE OTHOLICHHS Ha TUarpaMMe KJIacCOB M MEPEHTH B
PSKUM BH3YaIH3alUK OTHOIICHUN MEXaAy 00beKTaMu. MOKHO TaKKe BhIOpATh HYX-
HBIE OTHOILICHHUS M3 CIIUCKA UMEIOLIMXCS OTHOIICHHUH, MIEPEUHUCIICHHBIX B KOMIIOHEHTE
BbIOOpa orHomieHuil. [Iporpamma pasgensier rpad Ha KOMIIOHEHTBHI CBSI3HOCTH, a
3aTeM NPUMEHSET K HUM OJIMH M3 MMEIOLIMXCS allrOPUTMOB pasmenienus. Hanbonee
yIOOHBIMH IIPU BU3yaIN3allMi UMEIOIIMXCS JaHHbIX OKa3aiuch anroputMbl Kamada-
Kawai[9] u Fruchterman-Reingolda[7]. OHu 10O3BOJSIOT OBICTPO OLCHHUTH O00BEM U
CTPYKTYPY BH3yalIM3UPyEeMbIX JaHHbIX. Ha pucyHke 6 u300pa)keHa BU3yalu3alus
otHomeHus “O0BEKT AaTupoBaH” MKy oObekTamu kiacca “Ilepuon” m “O0bekT
uccienoBanus” . MOXHO BHIETh HECKOJIBKO KOMIIOHEHT CBSI3HOCTH. LleHTpoMm Kax-
JIOH KOMIIOHEHTBHI CBSI3HOCTH SIBJISIETCSI OOBEKT Kilacca MEepHoll, ¢ KOTOPBIM pedpamu
COEIMHEHBI 00BEKTHI HCCIIEIOBAHMS, IaTHPYEMbIe COOTBETCTBYIOIINM MEPHOIOM.

TOpORLOBCEAsS APXEOAOrMYECKas KYAbBTYPa
CrToaaka mmMemsd M.B.Tammeoro (OcTpoBcEasg CTOAHKA)
Anpu-OenboEasd apXeoNorMYecHas KyIbTYPa

AHAHBMHCEAS APXEONOIMYECEAas K¥ABTYPa
Bepixingi IIaneoxHT

OpPMIL A K
HenesHmid BexR
TyrEn: CTpenenras BEPXHENATEONMTHYECKAS
NeueHern
FBonbuepeYeHCKad apXeoNorMYeckas KyAbBTYPa
CpepHeReKOBas _ApPXEON0rHI

BafHpKy apXeoNorMYeckas KyAbLTYPa
HeonuT

NaSHpHECKag KyAbTypa FopHoro AnTas
SdrammTR

BonocoBCKad apXeonormMYeckas EyIbBTypa

Angponoeckaa (PepopoBckan) apxXeonormiecEas EYIbBTYRa

BpOoHSO0BIIE BER AdaHacheBCKasm apXeoNoTMdecKas EyIbTYpa
AbBpamoso IV BHEOIMT

ADaNERCEMA MOTMIBHNE Nanbrenna

OToMaHK

Pucynok 6. M3o00paxenne otHomenus “O0beKT naTupoBaH” Mex1y oObekTamu kiacca “Tle-
puoxn” u “O0BEKT UcCIeIOBaHUS

IToMuMO OOBIYHBIX CHIIOBBIX aJITOPUTMOB, UMEETCSl HECKOJIBKO HECKOJBKO CIICIIH-
(hUYeCKUX METONIOB BH3YyalHM3allid, YYUTHIBAIONIUX CHEIU(UKY KOHKPETHBIX OTHO-
HICHUH MKy o0bekTaMu. Hampumep, TeCTOBast OHTOJIOTHS COJCPIKUT 3HAUUTEIILHOE
KOJIMYECTBO OTHOUIEHWM NapTOHOMHUHU, Takux Kak «Meroa-Bxkimtouaer», «Pazpen-
Brximtowaer» u T.1. [Ipu BeiaeneHnn moarpadoB, COOTBETCTBYIOIIAX 3TUM OTHOIICHH-
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siM 00HApPYKUBAETCA 3HAYUTEIBHOE KOIMYECTBO TPAH3UTUBHBIX pebep. Hammaune 3tux
pebep BieUST MPUMEHEHUE CHJIOBOTO AJITOPHTMa BH3YyalHM3alliH, B PE3yJIbTaTe KOTO-
POro MOJTyYaeTcsi MaJOMOHATHOE n300pakeHne. B Takux cirydasx mporpamma mo3Bo-
JII€T M3BJEKATh JEPEBO BIIOXKEHHOCTEW IMPH MOMOINU yJIAJICHUS TPAH3UTUBHBIX OT-
HOIICHUU U CTPOUTH U300pPaKCHHUE OJIHUM W3 AITOPHTMOB BH3YAIHM3ALUU JICPCBHEB.
Ha pucynxke 7 nzo0OpaxeHa Bu3yanusauusi otTHomeHus “Meron-Bxiouaer” st 00b-
€KTOB M3 Kilacca “MeTo]1 HCCeIOBaHuUs "I0 U TIOCIIe yTAJICHHS TPAH3UTUBHBIX pedep.

MeTopmEa
AP KEeONOTHYEK0H
pasBer

MeTogHEa BHMBYANBHOW paSBefEn
Dbuwag
mm‘dmﬂ
apXeoNd e CKOA
NoraTopHaa pasBefEa pasneqm
Ofwas METONMEA APXEONOFMYECKOM PasSBelNEM
HeTogHEa MeTopmuKra
¥ . .
HHCTR YHEHT abHOH HOK
Pasbe xR PasBeRKM

MeTogMEa apXeoNOTHMYEKOH pasSBefEM

MeTogMra MHCTPYMEHTANLHOM paBBe] KM

A3poroCHMYECKad paSBefEa Teolssmyecrne

I, Jluxa‘dupmhpumcm
MeTOmH

PasBejEa pasBegEa
TFeodMSHYECRME HETORH paSBeNRM PasEeEH

Pucynok 7. Busyanuzaiusi OTHOIIEHHS HapTOHOMHH MeXIy oObekTamu kiacca Metox Mc-
ClleI0BaHUs

Eme onHa 0coOCHHOCTH CBsI3aHA C TEM, YTO B TECTOBOH CTPYKType UMEETCs 0OJIb-
II0€ KOJIMYECTBO ACCOIMATHBHBIX OTHOIICHUH CBS3BIBAIONINX OOBEKTHI, KOTOPHIE SIB-
JISFOTCSL YaCTHIO0 MEPAPXUUECKON CTPYKTYpBI, HHAYIIMPOBAHHOW OTHOIIICHHEM BIIOXKEH-
HocTH (apToHoMuH). Hanmpumep, nMeeTcst 0ombIas iepapXxus METOA0B HCCIIEI0BaHNS,
CBSI3aHHBIX OTHOIIEHHEM “Metoa-Bkirouaer”, a moip30BaTeNb KeIaeT YBUACTH Tep-
COH, TIPAMEHSIOIIHX 3TH METObI. Eciii BH3yanmu3npoBaTh COOTBETCTBYONIHIA rpad 6e3
yueTa OTHOIIEHHS! BJIOXKEHHOCTH, U300pakeHNe MOXKET OKa3aThCsl BECbMa 3allyTaHHbIM,
KaK 9TO TIOKa3aHO Ha PUCYHKE 8.

[TosTOMY BO3HMKAET 3a/1a4a MOCTPOCHHS CIEIMAIN3UPOBAHHOMN BU3yaJIM3alMU ac-
COLIMATUBHOTO OTHOIICHWS W OTHOLIEHHs ITAPTOHOMUHM Ha YPOBHE OOBEKTOB. MBI
paspaboTayi ¥ peali30BaNIH J[Ba AITOPUTMA BU3YAIN3aIMN TAKOW KOMOWHALINH.

[lepBrIil anropuT™ pa3MelaeT AEpeEBO BIOKEHHOCTEHM MPU MOMOIIM F€OMETpUYe-
CKO#l BIIO)KEHHOCTH OKPYXKHOCTEeH. B KaKII0oif OKpPYKHOCTH pa3MEIaloTcsi 0OBEKTEHI,
CBSI3aHHBIE ACCOIMATHBHBIM OTHOIIEHHEM C COOTBETCTBYIOIIEH BEPIINHOW aepeBa
BJIO’KEHHOCTEM.

Bepunubl, wn300paxarompe 3TH  OOBEKTHI, pa3sMelalTcsl  aJropuTMOM
Kamada&Kawai[9].
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PucyHnok 8. CoBmMecTHOE H300payKeHHE OTHOLICHUS TAPTOHOMUM U OJJHOTO U3 aCCOLMATHBHBIX
OTHOLICHUH TPU MOMOLIM CHIIOBOTO aJIrOPUTMA

[Ipu BBIOENCHUH HEKOTOPOTO OOBEKTAa K JaHHOMY HM300paKEHHUIO TOOABISIOTCS
CBsI3M, TOKAa3BIBAIOIINE BCE BEPIIHMHEI AepeBa BIOKCHHOCTEH, CBSI3aHHBIE C BHIOpaH-
HBIM 00BEeKTOM. Ha pucynke 9 n300paskeHO JEepeBO BIIOKEHHOCTEH OTHOIICHUS
“Merton uccienoBaHusA-BKII0OUaeT . LIeHTpaapHas OKPYKHOCTh COOTBETCTBYET O0B-
exkty "Metoanka packomnok”. MeToapl, KOTopble BKIoYaeT "MeToanka pacKomok™
COOTBETCTBYIOT BJIOKEHHBIM OKPY>KHOCTSIM. Kaxkas OKpyKHOCTh COIEPKHUT BEPIIH-
HBI, H300paKAIOIIKIE TIEPCOH, CBA3aHHBIC C 3TOM CTPYKTYypoil oTHOIIeHHeM “TIpume-
HSIET MeTOxd .

HOCTOI/IHCTBOM Takoi BU3yajin3allui ABJIACTCSA KOMITAKTHOCTb 1/1306pa>KeH1/1;1.
KpacHble TUHNY TOKa3bIBAIOT BCE METOBI HCCIIEIOBAHMS, IPUMEHIEMbIe BEIOpaHHON
HNEPCOHOM.

Bropoii anropuT™ BU3yanH3aluyd CHadvajia M300paxkaeT JepEeBO BIOKEHHOCTH, CO-
OTBETCTBYIOIIIEE OJHOMY M3 KJIacCOB OOBEKTOB. A 3aTeM Ha 3TO M300pa)keHHE Ha-
KJIa/IBIBAETCS aCCOLMATHBHOE OTHOIIeHKE. [Ipn 3To BRICOTA Ka)KIOH BEPIIMHBI paBHA
KOJINYECTBY aCCOLMATHBHBIX OTHOLICHWH COOTBETCTBYIOMIETO OOBEKTa W €ro IoJ
o0bekToB. Ha pucynke 10 m3o0paxkeHa Busyanusanusi otTHouenus “Tlpumenser me-
Tox” BMecTe ¢ oTHoueHueM «Metoa-Bkimoyaer». [Ipu BeiOOpe 0HOTO U3 0OBEKTOB
«MeTtoJ UCClIeIOBaHUS» HA 3KPaH BBIBOJUTCS CIUCOK 00bekTOB “Tlepcona”, mpume-
HSIOIIUX 3TOT METOM, a TaKXKe M300pa)KaroTCsl CTPENKH, YKa3bIBAIOIIUE Ha JpyTrHe
METO/Ibl, MPUMEHsIeMble YKa3aHHbIMU [lepconamu.
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Pucynok 9. CoBmecTHOE M300pa’keHNE OTHOIICHHUS TAPTOHOMUH U OJHOTO M3 aCCOLMATHBHBIX
OTHOILIECHUH MPH MOMOIIH BIOXKEHBIX OKPY>KHOCTEH M CHIIOBOTO aJlrOPUTMa

Yeromma
Meroi Merojmea . R
npocTpakcTseMc P —— %
sipie s anamema
Ceprest
| ansmmopasn |
/ Enewa
Bsxeroposi
Mapen
Meonaesx
Meparoponafintec Oprawmshecrs
Kapros o
ap rorpsee Tomtpad aromoneipurecs
anames anames
nowm naneomowe

reTOmE

PI/ICyHOK 10. CoBmecTHOE I/I306pa)KGHI/Ie aCCOIMAaTUBHBIX OTHOIIECHWN U OTHOIICHUS BJIOXKCH-

HOCTH Ha YPOBHE H300paKeHHsT 00BEKTOB
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Busyanuzanus 0OBbEKTOB M CBA3EH MeXIy HUMH OKa3ajach BeChbMa yIOOHBIM HH-
CTPYMEHTOM, IO3BOJISIIOIINM OBICTPO HMIACHTH(UIMPOBATH OUIMOKH, BO3HUKAOLIHE
IpU PYyYHOM BBOAE MH(OPMALMOHHOTO HAIOJIHEHWs! Topraia. Yacto NpH3HAKOM
OIKMOOYHOrO BBOJA AAHHBIX SIBJISETCS HaJIMYME LIMKIOB B rpade cBs3ell 0OBEKTOB,
TaK ¥ HaJIW4ue MeTeNb, TO €CTh pedep, COeNMHSIOMMNX BepIINHy ¢ caMoil coboii. Ta-
Kre OIMMOKM OOHApy’>KMBAIOTCS NMPU BH3YaJM3allMM OTHOLICHHH MEXTy 00beKTaMu
OJTHOTO M TOT'O K€ KJiacca (MeTist Ha rpade acCOLMaTHBHBIX OTHOLICHUH MEXIY KJlac-
camu). Hampumep, npu Busyamusanuu otHomieHus «lcropuuecku cnenyer» s
00BexToB Kiacca «[leprom» OBIT OOHAPYKEH IMKII, CBS3BIBAIOLINA OOBEKTH «HIMK-
Hul naneomut», «Cpemauii naneonut» u «Bepxuuit maneomut» (Pucynox 11).

= <
HuxHMA DaneonxT

HeonuT

FaMeHHHE BeK

KenesHuli Bek

CpEmEMH T OIHT

Bepxuuft maneonunT

Ha%eonmm

M&somuT

JHEOINT

> ~
EPOHSOBHE BEK
AHTHYHOCTH

CpeOdHEeBReKoBadA apxecnorua

Pucynok 11. Hamuuune 1iukiioB it 00bekToB TUna [lepuon, cBA3aHHBIX oTHOMICHHUEM “HcTo-

PHYECKH CIIeIyeT»

BpemeHHBIE TpaHUITBI, OTpEAETICHHBIC IS THX IMEPHUOIOB UMEIOT CIIEAYIOIIHN

BH:

Hazanue nepuogaa
Hauano nepuogna
Konen nepuona

Ha3Banue nepuoga
Hayano nepuona
Konen nepuona

Hazanue nepuogaa
Hauano nepuogna
Konen nepuona

Hwxaui nageoant
1500000 mo H.3.
100000 o H.5.

Cpennuil najneoaut
100000 mo u.».
40000 o H.3.

BepxHuii maneonur
40000 g0 H.3.
14000 mo H.5.
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CornacHO BpEMEHHBIM TPAHHULIAM, OTPEJCIICHHBIM AJIsl 3TUX MEPHOA0B, OHU JOJIK-
HBl OBl OBITH YHOpPSJOYEHBI JuHeiHo: «HwxkHuii nmaneonur» —> «CpeaHuil najueo-
™) —> «BepxHuil naneojnT», ¥ HUKaKUX IMKJIOB B ToiydyaeMoM rpade ObITh He
nowkHo.  [IpoBepka mnokasana, 4TO AaHHbBIE JEHCTBUTENBHO COJEPXKaaH OLIMOKY.
Bonee Toro, rpad orHomeHus «Vcropuuecku cliiemyery OKazalcs HECBSI3HBIM, YTO
TOKE MOXET YKa3bIBaTh Ha MOTEHIMAJIbHbIE HEAOPAOOTKH.

B Hacrosmmii MOMEHT €IMHCTBEHHBIM CIIOCOOOM OOHApY)KEHHSI NOAOOHBIX OILIU-
OOK SBJISETCS MPOCMOTP BCEX MMEIOIIUXCS KJIACCOB M OTHOIIEHHH, YTO MOXKET OKa-
3aThCSl BEChMa JUIMTENBHON M TPYJOEeMKO# mpobiemoii. [TosToMy skemaTensHO mpo-
aHAIIM3UPOBATh 3aPaHEE CEMAHTHKY MMEIOIUXCA B OHTOJIOTUU OTHOLIEHHWN U BBIJE-
JUTh T€ CPEJCTBA aHAIN3a, KOTOPbIE MO3BOSUIM OBl AaBTOMAaTHYECKU OIPENENATh
KOPPEKTHOCTh BBOJA JaHHBIX. MMeromuecs Ha JaHHBIM MOMEHT METO/Jbl BU3yasIn3a-
MM TI03BOJISIIOT, TI0 KpaiiHel Mepe, chopMyJIMpoBaTh KPUTEPUH VI TaKoil aBTOMa-
TUYECKOM MPOBEPKHU.

3aKjao4YeHue

DKCIEepUMEHTHI C BU3yaln3aluei HHOOPMAIIMOHHOIO HAIOJIHEHUS MOopTajia 3HAHUN
IIOKa3aJin HCOGXOHI/IMOCTI) [laﬂbHeﬁLUeFO pa3BUTHA TMOJACUCTEMbI BHU3yaJIM3allUl B
HECKOJIbKMX HarpaBjieHusx. Bo-nepBbix, s 3 (heKTHBHON BU3yaIM3allMU KJIACCOB,
COJIepIKaIUX OOJIBIIOE KOJMYECTBO OOBEKTOB M OTHOIIECHHH, HEOOXOJUMO OMOJI-
HUThH CYIIECTBYIOIINE aITOPUTMbBI METOJIAMH KJIACTEPU3AIMU U PA3MEIICHUS KIacTe-
poB. Bo-BTOPBIX, HEOOXOAUMO HCCIIEOBATH THITI OTHOIIECHUIH, UMEIOIINXCS B OHTO-
JIOTHHU U ONpeJeNuTh Hanbosee 3pPEeKTUBHBIC METO/IbI BU3yaln3aliy Kak sl Orpe-
JICJICHHBIX TUIIOB OTHOLICHHUH, TaK U ISl Pa3JIMYHBIX TUIOB MOArpadoB, BhIACISIEMbIX
npy aHanu3e WHOOPMAIMOHHOTO HAIMOJIHEHMS MopTana 3HaHuil. U, B TpeTbux, uis
3¢ deKTHBHON padoThl ¢ HMH(GOPMAIMOHHBIM HAMOJHECHHEM I[IOpTala HEoOXOoauMa
pa3paboTka CrenuaaIM3upPOBaHHBIX METOJIOB aHajiu3a U Bepu(HUKALUK 3TOrO HAIoJl-
Henusi. [Ipu pa3paboTke nepBoii BEpCUH MOJCUCTEMbI BU3YAIM3allMi HCIOIb30BAIACh
cBO0OOIHO pacmpocTpaHseMas OudIHOTeKa KiaccoB Java, HaspiBaromascss JUNG[8].

Baaropapnocru. ABTOpHI BRIpaxatoT OnaroxapHocTs F0.A. 3aropynbko u
C.B. bynrakoBy 3a mpeaocTaBiieHHbIC TECTOBbIC JaHHbIe B Xml-popmaTe.
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Annoramus Onucan npoekt EZOP, npencrasisrommit coboii cepBuc
Web, npeqHasHaveHHBIHN 17151 KOJJIEKTUBHOTO TOCTPOEHUsT OUOIMOTEK OH-
TOJIOTUH ¢ OTKPBITHIM SI3BIKOM IPeJICTaBIeHuH U 3anpocoB. CepBuUcCh Ta-
KOI'O BHJa MOIYT OBITH TaK»K€ HCIOJIb30BAHBI B KaYECTBE WHCTPYMEH-
Ta HOpPMUPOBAHUS CONMAIBHBIX cereil B Semantic Web, mozBossronux
[OJIb30BaTEISIM (DOPMUPOBATH HE TOJBKO TEKCTHI CTPAHUI] JAHHON CO-
[UAJIBHON CeTH, HO U IPOrpaMMHBIE MOJIEJIU MX cojaepxkumoro. B nan-
HOM IIPOEKTE IIPEIIoIaraeTcs co3nanue cpeabl B Web, mmoiepkuBarorei
BMeECTE C IIPOIECCOM KOJIJIEKTUBHOTO (DOPMHUPOBAHUsT OUOJIMOTEK OHTOJIO-
ruil B COIMAJILHON CETH KOJUIEKTUBHBIN IPOIEcC (pOPMUPOBAHUS SI3BIKA,
Ha KOTOPOM 3THU OHTOJIOTUU (POPMUPYIOTCA U UCIOIB3YIOTCsi. PaboTa Ha
npoekrom EZOP Benercsa no rpanty PODU 09-07-00079-a.

The report describes our work on EZOP project. The work is performed
on the RFBR’s grant 09-07-00079-a. EZOP is Web 2.0 service to
construct ontologies in some areas of knowledge. EZOP also provides
the service to change the language of the knowledge representation by
users. So, the language of ontologies construction in EZOP system is
open one and allows extension of the syntax and lexis by new forms.
EZOP service provides the tools to collectively build the ontologies by
members of some community in Web 2.0 style. The result of such the
process is so named active page. The active Web page is the one, which
may talk something to a user, not only provides the text to read. The
dialog of the page to a user is performed via special query language. A
user can specify query language according to the content of the page’s
ontology. Thus, the dialog may perform in the language, which expresses
the knowledge of the page in the best way.

Users may collectively build the ontology of the active page. And, both
language of page’s ontology construction and language of queries to the
page can be specified according to the content of the ontology. EZOP
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service provides the base language to build ontologies, which can be
extended by new syntax and lexical constructions.
A user usually selects one or more of existing active pages to form his
active page. This likes to Wikipedia templates in some way. But, the
new page also inherits the language and semantics of the old one. A
user may have access to vocabularies and texts of other active pages
in the ontology. The active page contains the text (which is written
in the formal language, which can be extended by users) and contains
the internal representation of the page’s semantic as well. The internal
representation is formed in the special EZOP system’s language, which
does not designed to read humans, but for machines only. The internal
representation can be determinately built from the page text.
The semantic of an active page in EZOP system is built as the finite
approximation of so named ideal semantic of the page. Ideal semantic is
the set of correctly constructed expressions (terms and formulas) which
is built from the terms of the page’s ontology by using the equivalence
relation defined by the ontology’s equalities. The approximation contains
only equivalence classes that are needed to represent the page semantic.
The language of page’s ontology representation and queries to the page is
constructed by using language templates. The language template allows
combining the syntax and the semantic in the single unit. The syntax
of the template is defined by the string of symbols, some of them are
variable, and other ones represent plain text. The variable name is started
from symbol "@Q". An each variable has type and each template has
a result type. So, language template’s syntax is just the production
of context-free Chomsky’s grammar, where nonterminal symbols are
variable types and the template result type is the nonterminal symbol in
the left part of the production.
An each template has equalities, calculation condition and action. The
equalities specify relations between variables. The calculation condition
is some kind of restriction on the template’s action. And the action is
the specification of the calculation of the result. The action semantic can
be specified in EZOP system internal terms as rewriting rules and as the
external action module.
Thus, the ontologies of active pages are constructed as follows:
1. Ontologies are built in Wiki style collectively.
2. EZOP system supports the environment to extend the ontology
language by new constructions.
3. The active page contains in addition to its text the internal
representation of the ontology written in the language understated
by the program system.

1 Bseaenue u moTruBanusa

B TeueHun mocjieJHUX HECKOJIBKUX JIeT IIpocTpaHcTBO Web JOKYMEHTOB Ipu-
00peJsIo MPUHIMIIAJIBLHO HOBOE cojep:kanue. s rmojguepkuBanust 31010 haxra
Jnaxke ucmosib3yercs HOBbIi Tepmua: Web 2.0. OcuoBabiM oTiimuunem Web 2.0 or
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NpebIIyIero mokoysenus Web sBisieTcss Hajmdue IPYIIN MOJb30BaTe e, 06b-
€JIMHEHHBIX OOIUMHU WHTEPECAaMU B TakK Ha3bIBaEMbIe COUUaAbHbie cemu. Kom-
MAHUN TPEJIOCTABIISIIOT CEPBUC JJIsT TOTO, YTOOBI MOJIB30BATETH UMETH BO3MOK-
HOCTb B peKMMe OHJIAiH 00IIaThCsl IPYT C APYrOM B paMKax CBOEr0o COODIIECTBA.
B mpormiecce sToro obmienust hopmupyercst HoBoe cojiepkanue Web J10KyMeHTOB.
B sTom cocrour mpunmunuanbuoe oramdne Web 2.0 or Web mpororo mecst-
tunerus: B Web 2.0 mokymentsl dopmupytorcs nosib3oBarensmu Ceru, a He
X035IeBaMU CepBepa.

EcrecrBennbiM pa3BuTreM 3TOr0 MOIXOIa BUAUTCSH IIPEIOCTABIEHIE COODIIIE-
CTBY IIOJIb30BAaTEJIEH COIMAIBHON CETH BO3MOXKHOCTH (DOPMUPOBAHUS GKMUBHIT
doxymenmos. AkTuBHasi cTpanuia — 310 Web JOKYMEHT, KOTODBIil IpeHa3Ha-
9eH He TOJBKO [IJIsi YTEHHUs €ro COJIEPKUMOrO, HO U CIOCOOEH IOJJIEePXKUBATH
JUAJIOT C TTOJIb30BATENIEM: OTBEYATH HA BOIPOCHI, BBITIOJIHITH KOMAH/IBI U T.1I.

B undopmaruke yxe ecTh mpuMephbl TAKOTO MCIOIb30BAHNS CIIEITU(MUIECKUAX
TekcTOB. lIpuMepamu sIBJISAIOTCS TEKCTHI, (DOPMHUPYEMbIE B CHCTEMAaX MaTeMa-
Tuvdecknx Bbrauciaenuit Mathematica, MathLab u T.;1. 1 B HeKOTOpBIX crcTemax
nporpaMMUpOBaHUA. B 9TUX CUCTEeMaX MOXKHO CIIPOCUTDH, KaK1e€ 3HaY€HUA NMEIOT
IepeMeHHbIe WJIN CJIOXKHbIE BBIDAXKEHUsI, COCTABJIEHHbIE 13 OObEKTOB CTPAHUIIBI
¥ JOCTYIIHBIE M3 TEKYIIEro TeKCTa (OyHKIIHA.

JomoiHuTEIbHON TPOOJIEMOI [IJTsT PeAJIM3AINYN AKTUBHBIX JIOKYMEHTOB B Cpe-
1e Web 2.0 siBiisiercst TO, 9T0 Takue JOKYMEHTHI JOJI2KHBI OYIyT GOPMUAPOBATHCS
CAMUMU TOJIB30BaTeNsIMA. JIJ1sT 9TOr0 HEOOXOIMMO MPEJJIOKUTE MTOJIH30BATEIISIM
COOTBETCTBYIONMI cepBuc. Takoit cepBuUC JOKeH Oy/eT MPOrPAMMHO TIO/JIEPIK -
BaTbhb MOJIENIb CojiepyKaHust TekcTa. [1omo0HbIe MOjies i OOBITHO HA3BIBAIOT OHIMO-
ao2uamu. VITak, OIb30BaTE N CONUAIBHON ceTn OyayT (DOPMUPOBATH OHTOJIO-
run cozepkuMoro Web TOKyMEHTOB TOYHO TaKXKe, KaK OHU ceiidaac (popMupyroT
TEKCTHI.

DopMupoBaHUEe OHTOJIOTHI MPEICTABISAET COOOM CJIOXKHBIM MIPOIIECC, CITEIn-
bUIECKyI0 IeATeTbHOCTh, TPEOYIONIyI0 OT yYACTHUKOB OOJIBIITUX TBOPUECKHX
yeunuit. [loaToMy, Ha/IeATbCS HA TO, UTO TOJH30BATEIN Oy/IyT CrienuaabHo dpop-
MUPOBATh OHTOJIOTUH TEKCTA JJOKYMEHTa Ha KAKOM-TO CIeImduIeckoM (popMaib-
HOM $I3bIKe, JIOBOJBbHO HAWBHO. EMHCTBEHHONI BO3MOXKHOCTBIO CJIEJIATH TAKYIO
JeATeIbHOCTh €CTECTBEHHOU W HETPYJOEMKON IJId MOJIb30BaTeNelH, IpeaCTaBIIsd-
eTcsl UCIOJIb30BaHne A3bIKa, CHHTAKCUYECKH a/IallTUPOBAHHOIO JIJ1s BbIParKeHUA
coniepkanus Web cTpaHuUIibr.

Taxoit S3bIK JIOJ2KEH JIETKO PACIIUPATHC € TeM, YTOOBI &Il THPOBATHCS IO
MMOTPEOHOCTU TOIO WJIM MHOTO cojepxkanus. CojeprKaHue CTPAHMUI] COIUAJIbHBIX
ceTeil OOBIYHO CXOMIHO, BEJb COIMAJIbHBIE ceTH (DOPMUPYIOTCA Ha Hase obmux
WHTEPECOB, & 3HA4WT, u o0Immx mpeacrasiaenuii. [IpemcraBiasercs, aro cepBuc
JAHHOW COMUAJIBHON ceTn (opMupyeT ee 6A30BBIA SI3BIK, HA OCHOBE KOTOPOTO
MOJIH30BATE N MOTYT (hopMUpPOBATH copepkuMoe ee Web nokymenTtos. Ho mosb-
30BaTeJIM TAaKKe JOJIZKHBI UMETh BO3MOXKHOCTh JIOITOJTHUTH OA30BBIil SI3BIK CBOUM
CHHTAKCUCOM, aJJallTHPOBAHHBIM JIJIsl BBIPAXKEHUsI COJEPXKAHIS CTPAHUIL TOI U
MHO# conuaJIbHON I'PpYIIILl B paMKaX JaHHONW COIUAJBLHON CETH.
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Taxkum 0O6pa3oM, HOIL30BATEHN COIUAIBHBIX ceTeit B Web Oy/1yT nMers BO3-
MOXKHOCTh KOJIJIEKTABHO (DOPMUPOBATH OHTOJIOTHH M CHAOXKATH UX Creruduie-
CKUM $I3bIKOM, TI03BOJISIIOIINM BECTH C COJEPXKUMBIM CTPAHUIIBI (OHTOJIOTHEN JIaH-
HOW CTPAHMUIBI) TIPSIMON JMAJIOT. 3a7ady Pean3allii CePBUCA, TIPEIOCTABIIAIO-
[Ero Takue BO3MOYKHOCTH, MOYKHO 1epeOPMYIHPOBATE CJIELYIONIMM 00Pa30M:
paspaborars Web-cepBruc HOCTPOEHHSI OHTOJIOIUII C OTKPBITHIM SI3bIKOM IIPE/I-
CTaBJICHUII 1 3aIIPOCOB.

[IpoGiembl, CBSI3aHHBIE ¢ peaIn3aIlneil TAKOTO CEPBUCA, & TAKyKe UX PEITeHHsI,
JIOCTATOYHO TOJPOOHO PACCMOTDEHBI HIXKE.

Dopmuposanue cozepkanns Web H0KyMeHTOB IIpe/icTaB/isieT cO0Oi rIaBHbII
npeaMer udydenns B Web-texnosiornu, moryduBiinero naspanne «Semantic Web»
[5]. B Semantic Web pesieBaHTHBIII OMCK 110 IPECTABJIEHHUIO CEMAHTHIECKOIO
COZIEP’KUMOTO (OHTOJIOTUM) TEKCTa CTPAHUIIBI PACCMATPHUBAETCS KAK OCHOBHASI
dyHKIMA, T00YXKIAONAs BBOJINTH CEMAHTHIECKYI0 MH(MOPMAIMIO HA CTPAHH-
nax. Ham mpescraBisiercs, 9To yiIydIIeHHE KadecTBa I[IOUCKA CTPAHUI] HE II0-
OyIuT MacCOBOTO TOJIb30BATENS JI€JIaTh OOJIbIINe YCUIus i (GOpMaIu3aiun
«MUpa CTPAHUIIBI» U JEJIATH ITO HA IIPOrPAMMUCTCKUX sI3bIKax oHTosoruil. Heko-
TOpOe pa3BuTHE IpeioxkeHuil «Semantic Web» 6bLIO CliejIaHO B HAIIPABJIEHUU
Semantic Wiki [6].

Hanee, mbr pacemorpuMm npoekr EZOP ([4]) — peamusanuio Web cepsuca
KOJIJIEKTUBHOTO (DOPMUPOBAHUS OHTOJIOTUN C OTKPBITBIM SI3BIKOM [TPEJICTABICHIS
U OHTOJIOTU.

2 O mpoekte EZOP

EZOP upencrasaser coboit Web-cepBuc, KOTOPBI MPEIOCTABISET CPELy JIJist
KOJIJTEKTUBHOTO (POPMHUPOBAHUS TOJH30BATEIIMI OUOIMOTEK (POpPMATN30BaH-
HBIX 3HaHUit (OHTOHOFHﬁ) JIJIsI PA3/IMIHBIX IPEJIMETHBIX objacTeit m co3ja-
Husi (dbukcanum) GOpMaIM30BaHHBIX SI3BIKOB 9THX obsiacteil. Io opranmsanum
sror cepsep 6m30k K Web-cepsucy «Wikipedias. [taBHOe oTiimaume or cepsuca
«Wikipedia» cocrour B TOM, uTOo crpanurs cepBepa EZOP comepxar wactu,
KOTOPBIE TUIILYTCs [M0JIb30BATEsIMA Ha (DOPMAJIBHOM OTKPBITOM s3biKe. Ha oc-
HOBaHWY 3TUX YaCTell CUCTeMa CTPOUT CEMAHTUYECKOE IIPEJICTABIEHNE CTPAHUIIBI
U SI3BIK 3aIPOCOB K HeIA.

IIpu dbopmupoBaHUE HOBOII CTPAHUILI MOJB30BATEIb OOBITHO WCIIOJIB3yET
KaKyI0-1ub0 M3 CYIIECTBYIONINX CTPAHUI] B CHCTEME B KAIECTBE CPEIbl HOBOM
cTpaHuIlbl (IPU 9TOM HOBOI CTPAHUIIEH HACJIE/YeTCs A3bIK U CEMAHTUKA CTPAHU-
I[BI-CPE/Ibl) ¥ MOXKET UCIIOJIB30BATH JIPYIHe CTPAHUIBI CUCTEMBI JIst (DOPMUPOBa-
HUsl CEMAHTHUKH TeKylen (popmupyemMoii) crpaHuipl 63 0TOOpayKeHNs! TEKCTOB
HCIIOJIb3YyEMBIX CTPaHUIl Ha (opMupyemoit crpanurie. B mporecce dopmmuposa-
HUSI CTPAHUIIBI IIOJIB30BATEIO 00ECIIEINBAETCS JTOCTYII K CJIOBAPSIM M TEKCTaM,
XPAHANAMCS B CUCTEME, JJIs UCIIOJIb30BAHUs B (DOPMUPYEMOil CTPAHUIIE.

CdhopMupoBaHHYIO CTPAHUILy MOYXKHO COXPAHUThH B CHCTEME C COXpPAHEHHEM
[IPEKHEr0 uMeHH (HO B HOBOI BEPCHM) WJIM II0J], HOBBbIM uMeHeM. JIio0yio cTpa-
HUILY, XPAHSAIILYIOCs B CHCTEMEe, MOYXKHO CZeJIaTh TEKYIel NI PeIaKTUPOBAHUS
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W g OOpAIIeHusT K CTPAHUIE € BOmpocamu. SI3bik 3ampocoB u dopmupo-
BaHUsI CTPAHUIIBI, OIPEJIEIIFETCS SI3BIKOM CTPAHUIIBI-CPEIBI, COIEPIKAHUEM TEKY-
el CTPAHWIBI U BUAMMBIMU U3 TEKYIIeH CTPAHUI! S3bIKOBBIMU CDPEJICTBAMH,
BBEJIEHHBIMH Ha JIDYTUX CTPAHUIAX.

EZOP mnpesocraBiisieT Mmojib30BaTesM BO3SMOXKHOCTH 3aJ1aBaTh BOIMPOCHI K
PEJAKTHPYEMOil CTpaHHUIIE, T.€. 0GECIIEYNBATE JIUAJIOT JAHHON CTPAHUIIBI C MOJTb-
3oBaresieM. OTBETBI Ha BOIPOCHI TaKKe (hOPMUPYIOTCS Ha SI3BIKE, KOTOPBIH KOJI-
JIEKTUBHO CO3JIaH YIACTHUKAMHE JAHHOTO coobmectsa. Kpome Toro, cepsuc mos-
JIEPKUBAET PACIINPAEMOCTD MOJIB30BATEJIAMY A3bIKA PE/ICTABICHHST OHTOJIOTHIT,
T.6. HOPMAIILHOTO $3BIKA TEKCTOB, Ha KOTOPBIX (POPMUPYIOTCS OHTOJIOIUH.

C kaxpIM GOPMaILHBIM TEKCTOM OHTOJIOTHH CBSI3AHO €10 BHY TPEHHEe IIPe/I-
crasjienne B 6a3e JAHHBIX cucTeMbl. KakuM o6pasoM mpejicTaBsieTcst OHTOIOr s
BHYTPH CHCTEMBI, He CHEIUMDUIUPYETCsT NOJIB30BATEIEM, HO ONPEIEIIETC BBO-
JMBIM TeKCTOM. CepBHC JIOJIKEH MPEOCTABIATh BOZMOKHOCTD TIEPEBOJIA BHYT-
DEHHETO IPEJICTABIEHNsT OHTOJIOIHH CTPAHUILBI Ha TIOITYJISIPHBIE SI3BIKH TIPEJICTAaB-
nenust onrosoruii, rakue kax OWL [3] mm KIF [2] s MexxMaimnasOoro o6meHa
onToIOrMsIMU. TakKe, 06eCeYMBAETCST BOBMOYKHOCTD UCHOJIL30BAHNS BHYTPEH-
HEro NpPEJICTABJICHUs] OHTOJOTHI CTPAHUIL, KOTOPBIE MCIOIb3YET MOJb30BATED
NpU PEJAKTUPOBAHUN JIAHHON CTPAHUIBI, 6€3 OOpaIleHne K TEKCTY ITUX CTPa-
HUIL.

3 OcobenHOCTH peajimn3aru

EZOP wucnosb3yer anredpandecKuii U KaTeropHBINA TOAXOBI JJIsl MPeICTaBIe-
Husi oHTOosTorHi (cM. [1]). OBBIYHO, OHTOJIOTUST IPEJICTABISETCS KAK TEOPHUSI, B
KOTOPOIi 3a/1a10TCsl (OIPeIesIsAIoTCs [0Ib30BaTeIeM) OIlePAMU U OTHOLIIEHUSI,
BKJIIOYAsl OTHOIIIEHUE PABEHCTBA, KOTOPbIE CBA3BIBAIOTCS akcuomamMu (dopmy-
J'[aI\/II/I). TI/IIH)I CJIO>KHOCTU OHTOJIOTUI OHpe):[‘eJ'IHIOTCH TUIIOM CJIO?KHOCTEH aKCH-
oM. (Hanpumep, akCHOMBI TOJILKO B BUJIE PABEHCTB C KBAHTOPAMHU BCEOOIHOCTH.
Bouiee cioxubie, B Buje xopHoBekux (opmyi.) CrangapTHbiM 06pa3oM orpeje-
JIAI0TCA POPMYJIBI, KOTOPBIE ABJISIOTC CICACTBUAME AKCHOM.

Curnarypoii (cioBapeM) OHTOJIOIUM HA3LIBAETCS MHOMKECTBO BCEX TEPMU-
HOB, ACIOJIbL3YyEeMbIX B OHTOJIOTAU C YKA3aHUEM THUIIOB 3THX TEPMHHOB.

MHo2KeCcTBO BCeX [IPABUIILHO IOCTPOEHHBIX BbIPayKeHuil (TepMoB u (hopmyi),
IIOCTPOEHHDBIX M3 TEPMUHOB OHTOJIOTHHU, TMPO(GaKTOPU30BAHHOE IO OTHOIIEHUIO
9KBUBAJIEHTHOCTH (PABEHCTBA) HA HUX, CJEIYIONIErO M3 AKCHOM OHTOJIOTHMH, Ha-
3BIBAETCH UJE€AJIbHON CEMAaHTHUKOM OHTOJIOTUH.

st akcroM 00IIEero B Ia, 3a1a4a OIPeJIeICHNs, BJIAETCS i (hopMyJIa CJie/I-
CTBHEM U3 AKCHOM, KaK U3BECTHO, aJITOPUTMIYECKI HEpa3peIInMa, I HIeaIbHAd
CEeMAHTHUKA OHTOJIOTUH, B 9TOM CJIy9ae, ABJIAeTCA HeIOCTYITHBIM )1 IIPIJIOKCHIN
06bekTOM. 1103TOMY, BO MHOIUX IIPUJIOKEHUAX CTAPAIOTCA OTPAHUIUTHCS TUIIOM
aKCHOM, JIJIsi KOTOPBIX 3Ta 3aJ@a4a paspemmuma. Ho Tak moJry4aiores TOJIbKO J10-
cTaTouHO npocthie (110 Teopeme [é1e/151) OHTONIOrMH, KOTOPBIE HE MOTYT IMOKPLIThH
MHOTHE, UHTEPECHBIE JIJIsl IPUJIOKEHU 001acTH.
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C [pyroit CTOPOHBI, TaK KaK JIJIsi CUCTEM IIPE/ICTABICHUS 3HAHWI HEITOJTHOTA
MIPE/ICTABJICHHBIX 3HAHUI SBJISETCH €CTECTBEHHBIM CBOWCTBOM, TO MBI He OyeM
TpebOBaTh OT KOMIIBIOTEPHON CHCTEMBI, YTOOBI OHA yMeJa HAXOIUTH BCE CJIE-
crBus. Ho, eciim HekoTOpOE CJIEJCTBUE YK€ HalJIeHO, U OHO IOJIE3HO, TO B CH-
cTeMe JIOJIKHBI OBITh CPEJICTBA CIEJATh 3TO CJIEJICTBUE JOCTYIHBIM. B cBsi3u ¢
3TUM BBOJUTCA IIOHATHE KOHEYHOHU allIPOKCUMAIIUA CEMAHTUKU OHTOJIOTHHU, KO-
TOPOE CTPOUTCA AHAJOTHUYHO AIIPOKCUMAIUAM B BHUIAE MAIIUHHBIM YUCEJ JIJId
GECKOHEYHBIX aare0Op IEJIbIX U BENIECTBEHHBIX JHCEJI.

Koneuanoit anmpoxkcuMarnueir naeaabHO CEMAHTUKA OHTOJOTUM HA3BIBAETCSI
I1apa, COCTodIas U3 HEKOTOPOI'0 KOHEYHOI'0 MHOXKECTBa TEPMOB JJAaHHOH OHTOJIO-
TUU 1 HEKOTOPOTO IIOJMHOYKeCTBa OTHOIIEHMsI SKBUBAJIEHTHOCTHU H/Jl€aJIbHOI ce-
MaHTHUKU Ha HUX, KOTOPbIE BBIYUCIISIIOTCs b dekTuBHbIMET anaropurmamvu. OmgHa
ANMIPOKCUMAITAST CIUTAETCsT OOJIee TOUHOM, YeM Apyrasi, €CJIU IepBasi COAEPKUT
BTOPYIO.

B EZOP xpanuTcst He TOJBKO TEKCT OHTOJIOTUH, HO U HEKOTOPAs AITPOKCH-
MaIlisl ee CEMaHTUKU, Ha OCHOBAHUM KOTODPOM IIPOBOJIATCH HEOOXOIUMBIE OBICT-
pBle BBIYMCJIEHAs] (HANPUMED, B AJrOPUTMe TPAMMATHYECKOr0 aHamm3a). 11oib-
30BaTelIb, MOXKET PACHIUPSATH AlIIPOKCUMAIIAIO0 OHTOJIOTHU, BBO/ISI B OHTOJIOTHAIO
bOPMYJIBI-CIIEICTBUST AKCUOM, JITOO € TIOMOIIIBIO BOIIPOCOB U CUCTEM JIOTHIECKOTO
BBIBO/JIA.

Ownronorun Jiesiarcs Ha 6ojiee obmume u 6ojiee KOHKperHble. OHTOJIOTHS, KO-
TOpas MOJIydeHa U3 HEKOTOPO APYroit OHTOJOrnM JT00aBIeHNEM K Hell aKCHOM,
II0 OIIPEJIEJIEHUIO CUUTAETCs 00Jiee KOHKPETHOW, YeM MCXOTHAS.

OHTOJIOFI/II/I CBA3bIBAIOTCA OTHOIIIEHUEM HUCIIOJIb30BaHUA N HNHTEPIIpeTalun
(peasmzanum). ToBopsiT, 9TO II€pBasi OHTOJIOIHsI UCIIOJIb3YETCsl BO BTOPOH, eCJIu
BCE TEPMUHBI U aKCHOMBI TIEPBOl OHTOJIOTUU BXOJAT BO BTOpyIo. HTepmpera-
el mepBoil OHTOJIOTUH BO BTOPOH HA3BIBACTCA HEKOTOPAdA TPETbs OHTOJIOTH,
cojiepzKaniagd IIePBYI0 U BTOPYIO, B KOTOPOU KaXKJIbli TEPMHUH IIEPBOU OHTOJIO-
TN BBIPAXKAETCsT HEKOTOPOH (hOpPMYJI0ii BO BTOPOIT ¢ COXpAHEHUEM TUIIOB TEPMHU-
HOB U TaK, YTO aKCHOMBI II€PBOIl OHTOJIOTUU C IIOJ/ICTABJIEHHBIMUA B HUX BMECTO
TEePMHUHOB X BBIDA’KEHUII U3 BTOPOH SBJIAIOTCS CJEICTBUAMH AKCHOM BTOPOH
OHTOJIOTHH.

Hexkoropbie 001ue OHTOJIOTUN CO3MAIOTC B CACTEME KaK 3aroTOBKU (MOJLY-
Ji) [l MCHOJIb30BaHuUsd B Apyrux oHTosioruax. Cpenu OHTOIOrUHA MOryT OBITH
OHTOJIOT'MH, OIUCKHIBAIOIINE TUIBI JAHHBIX, CXeMbI 0a3 JaHHBIX, CXEMBI 3aIIPOCOB
K 6a3aM JJaHHBIX U OHTOJIOTUH, OIMUCHIBAIONINE KOHKPETHBIE 33/ IatNU.

B cucreme noskHa 0/1/1epKUBATHC PYHKITUS TTOCTPOECHUST OTBETOB Ha, HEKO-
TOpPbIE BOIIPOCHI K KOHKPETHOUW OHTOJIOTUU. BOMPOCHI UCHOIB3YIOTCS TIPUA OIIPO-
bGoBaHUU U OT/aJKe (POPMUPYEMBIX OHTOJIOTUN W NP TIOCTPOEHUH OHTOJIOTHI
I 337129 MOJIEJINPOBAHUsA. B cucreme IMOIePXKUBAIOTCS ODIIME TUIIBI BOIIPO-
COB, OTHOCHAINHECH K JIPY CUCTEMBI, ¥ BOIIPOCHI, A3bIK KOTOPBIX OIIpe/esdeTcs B
KOHKPETHbBIX OHTOJIOI'UAX.

K O6IILI/IM BOIIPpOCaM, IOJJAEP2KUBAEMbIM AJIPOM CUCTEMBI, OTHOCATCA BOIIPO-
CBI:

— Kakue 00beKThI JAHHOTO KJjIacCa BBEJICHDBI UJIW UCIIOJIB3YIOTCA B oHTOoIOrHu?
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— Kakue mojk/accbl IMEIOTCsl Y JTAHHOTO KJIACCa B OHTOJIONHA !

— ¢IBasiercst siu BbIpaXkeHHe 00bEKTOM (ITOJIKJIACCOM) JJAHHOTO KJIacca, KOTOpoe
TOKE MOZKET 3a/IABATHCS BBIPAIKEHUEM?

— PaBubl s JiBa BBIpazKeHHsI B TEKYIIEH AIIPOKCHMAIIMN OHTOJIOI I !

— Heub3s1 yi BBIBECTH PABEHCTBO JIBYX BBIDAXKEHHI C UCIIOJIB30BAHUEM CYIIE-
CTBYIONIMX CPEJICTB PACIIMPEHNS] AIIIPOKCUMAIIUH OHTOJIOTHI?

— UYemy paBHO BbIpaKeHHE (B AIPOKCHMAIMN MM C PACIIMPEHHEM AIIIPOK-
cumaryn)?

SI3bIKOBBIE BbIpakeHusi (Ha (POPMAIBHOM OTKPBITOM SI3BIKE CHCTEMBI) HC-
[OJIB3YIOTCS JJTsl 38/IaHKs BONPOCOB K KOHKPETHO OHTOJIOTUH MJIH UCIIOJIb3yeTC sl
JUIsL DACIINPEHNs] OHTOJIOTHN WM €€ AIIPOKCHMAIIIH.

C kaxkz0ii oHTOJIOrHE CBA3bIBaeTCHA ee MIeHTUMDUKATOD (KOTOPBI MOXKeT
OBbITH CKPBLIT OT II0JIb30BATE/IS), HA3BAHIE, OHTOJIOIHS-CPE/IA, TEKCT OHTOJIOTHH,
KOHEYHas! alllIPOKCHMAIUs €e CEMAHTUKH, HOMED BEPCUH, BPEMSI CO3IAHUs, aB-
Top. Kpome Toro, ¢ KaxK0i OHTOJIOrHelH CBSA3BIBAIOTCS S3BIKOBbIE KOHCTPYKIIAK
(mrabJIoHBI sI3bIKa), BBEJIEHHBIE B JAHHON OHTOJIOrNY (BKJIIOUAsi TEPMUHBI), KOTO-
pBIE MOTYT ObITH BUHBI (MJIM HE BUJIHBI) U3 JIPYTUX OHTOJIOTHI, & TAKIKE sI3bIKO-
Bble KOHCTPYKIMH, BBEJICHHDIE B JAPYIHX OHTOJIOTUSX, HO BUJIUMDIE U3 TEKyIIei
OHTOJIOTHH.

Ncnonbayst BuauMble U3 JAHHOMN (TeKyIeil) OHTOIOIMH sI3bIKOBBIE KOHCTPYK-
(MM, TI0JIb30BATENIb MOXKET CTPOUTh U3 HUX CJOXKHBIE BBIPAXKEHHsi BOIPOCOB K
TeKyIIeil OHTOJIOTMY HJIH BBIPAYKEHNUs, MEHSIOIIEe OHTOJIOTHIO Ml ee s3bIK. Cu-
cTeMa JIOJKHA ONPEJETIATh CHHTAKCHIECKYI0 U CEMAHTHIECKYIO IPABHJIBHOCTH
[IOCTPOEHHOT'O IIOJIb30BATEIEM BBIPAYKEHUSI, UCXOA U3 TEKyIeil KOHEIHON all-
npokcuMaruu oHrosorun. C KaxKao# KOHCTPYKIMEH si3blKa CBsI3bIBAeTCs Jefi-
CTBHUE, KOTOPOE OIPENeJISIeTCst JIMbO sIIPOM CHCTEMBI (€CJIH 3TO KOHCTPYKIHSL U3
siipa), JIM0O MOJIb30BaTENeM B OHTOJIOIUH [IPY OIPEJIEJICHIN 9TOH KOHCTPYKIIUH.

4 Ilpumepbl TOCTPOEHUsI OHTOJIOTUIA

Paccmorpum mgBa mpumepa mocTpoenust oHToI0rui B cucreme EZOP.

4.1 DByaeBa aarebpa

[TepBriit mpuMep npescTaBiisier cob60il OHTOJIOTUIO, OIUCHIBAIOINILYIO aJIredpy Oy-
JieBbIx omneparnuii. B sipe cucremsr EZOP omnpeesnien kiiacc «06J1acTb», KOTOPBIT
WCIIONIb3yeTCs it 00bsiBIeHns nMeH KiaccoB. CHadasia, BBoauTcs Tuil bool cie-
JYIOIIM 00pa30M:

bool - obnacTs.

BrickasbiBanus B sizbike cucreMbl EZOP dopMmupyrorcs B Bujle 3aKaHIMBAO-
IIUXCsl TOYKOM Tpejyioxkenuii. B mamHoM ciiydae, MpejioXKeHne TOBOPUT O TOM,
qro uMs bool obo3uauaeT obaacTsb. Jlasee, 3amaeM vy1eMeHTH obaacTu bool:

f,t - smemeHTH oObinacTum bool.
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O6usactb bool comepxkur nBa snementa: t (ncruna) u f (0xkb). O6bsiBUM TpH
JIOTUYECKHE OIEPAINN U 33/1aeM UX JIEHCTBHSL:

AND: bool x bool -> bool.
OR : bool x bool -> bool.
NOT : bool -> bool.

NOT(f)=t. NOT(t)=f.
AND(f;f)=Ff. AND(f;t)=f. AND(t;f)=f. AND(t;t)=t.
OR(f;f)=f. OR(f;t)=t. OR(t;f)=t. OR(t;t)=t.

XoTs omepanyn BBEJEHBI, TOJb30BATbCS UMU HEYI00HO, XOTEJI0Ch Obl 33/1aBaTh
omeparuu orneparuu B 60jiee IPUBBIYHON MHMUKCHON HOTarmu. s 9Toro Heob-
XOJMMO BBECTH IMabJIOHDI, 3a/a01re HHPUKCHBIE ONepali Ha OyJIeBbLIMY THIIA-
Mu. B cucreme EZOP 1ma6/10HbI BBOASATCS IIOCPEICTBOM CIEIHAJIBHOIO MabJIoHa
«BBesiem mabioH», B KOTOPBII IIEpeIaeTcsl CTPOKa, 3a1ai0lnasi CHHTAKCUC 11a0-
JIOHA, & TAaKKe ONUCHIBAIOTCS YCJIOBUs IIPUMEHEHUsI IMa0JIOHa W ero JeificTBue.
Nmena mepeMeHHBIX B TEKCTE MAOI0HA HAYMHAIOTCS CO 3HAKA «@sy.

BBenmeM mabjom "Qu & Qv"

C TIepEeMEeHHHIMH

"u : bool; v : bool"

¥ IepeMeHHON peayabTaTa " w:bool " ;
losicuenusi: [omepamus KOHBOHKINN]
YcrnoBue IpuMeHeHHd mMabiloHA:

td

JeficTBue mabioHa:

[w=AND (u;v)]

Tun mocTymna mabnoHa: [BHemHwmi] .

B manmom mabsiomne onpenessercs wHpUKCHAs orepariis KOHbIOHKINNA. B 1mrab-
JIoHE OO'BABIIAIOTCS JIBE TEPEMeHHbIe TUIIa bool U mepeMenHasi pe3yJIbTara, TAKKe
Tuna bool. YcjaoBue npuMeneHus mabJIOHa B JIAHHOM CJIydae IIyCTO, T.e. HE CTa-
BUTCS HUKAKUX JIOTOJHUATEBHBIX ycjoBumii. JleficTBrue mab/ioHa 3a1aeTcs ompe-
nesieHHoi panee onepareir AND. JlanHbI MIAOJIOH OIPeJIeIeH KAK «BHEITHU»,
9TO MO3BOJISIET UCIIOJIB30BATh €r0 B JIPDYTUX OHTOJIOTUSIX. AHAJIOTUIHBIM 00pa3oM
BBOJIATCS WHPUKCHBIE MAOJIOHBI U JJIsT JIPYTUX OIEPAIIHIA.

OmneparnusiMu, BBeJICHHBIMU B OyJieBoOil ajredbpe, MOKHO TOJIH30BATHCSA B JIPY-
UX OHTOJIOTHsIX. MOXKHO, HAIIpUMED, 3a/[aBaTh BOIPOCHI K OHTOJIOTUU C TOMO-
B0 BCTPOEHHOro Mmabjiona «Yemy pasHo @Bripazkenue 7». Hanpumep:

yemy paBro (f&t) V t7
Cucrema BBIIACT OTBET:

OTBeT: t
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4.2 PaBHoOMepHOe ABU>KEeHUE

Bropoit npumep npezcTaBiisier co00l OHTOJIOTUIO, OIUCHIBAIONLYIO TOHSTUS CBsI-
3aHHbIE C PABHOMEPHBIM JIBU2KeHNEM. PaBHOMEPHOE IBUKEHIE ONUCHIBAETCS aHa~
JINTUYECKOH (POPMYJIOil, B KOTOPOIi CKOPOCTh HA yYaCTKE IIyTU OIPEIEesIsSieTCs,
KaK OTHOIIIEHUE IIPOIJIEHHOTO IyTH KO BPEMEHH, 3aTPadeHHOMY Ha IIPEOJI0JIe-
HEE 9TOro ydacTka. [loaToMy, cHAYa I8 OIPeIe/IaIOTCa KIACChl «IIYThy, «BPEMSI»
U «CKOPOCTb», KaK IOJTHIIBI Kjacca real (BCTPOEHHOrO B sIIPO CUTEMBI KJIACCA
JIeHCTBUTENHHBIX THCEI ).

[lyte, crKopocTh, BpeMsa: real.
ITocsie 3TOr0, BBOJSATCS CBA3BIBAIONINE JaHHbIE KJIACCHI COOTHOIIEHUS:

[lyTe = CKOpPOCTB*BpEeMs.
BpeMs = myTh/CKOpPOCTB.
CKOpOCTb = IyTh/BpeMs.

Ciesryer orMeTuTh, 9T0 B s111po cucreMbl EZOP BcTpoeHa oHTOJIOTHSI OCHOBHBIX
apudMeTUIeCKUX OIepaInii, a TakxKe ompeaeeHbl NH(MUKCHBIE MabJIOHbI 1T
9TUX Olepanuii. 31ech CUMBOJ «*» 0003HAYAECT OLEPAINIO YMHOXKEHHS, & CHMBOJI
«/» — OlepaIUIO JIeJIeHS.

Ha naHHbIfi MOMEHT, OCHOBHBIE MOHSATHS OHTOJIOTUH PABHOMEPHOI'O JIBUKE-
HUsl BBeJieHbI. TakyKe BBEJEHBI U COOTHOIIEHUs] MEXKJY ITHMU TOHATHAMEA. Ho
MOJTH30BATHCSI TAKOH OHTOJIOTUEl HeyI00HO, HEOOXOINMO BBECTH ITAOJIOHBI, 103~
BOJIAIONTHE YJIO0HO sl YeJIOBEKA OIHMCHIBATEH JOMOJHUTEIbHbIE TOHSITUS, CBSI-
3aHHbBIE C JAHHOI OHTOJIOrHel. Takux 1mab/I0HOB MOXKHO IIPUYMaTh MHOTO, Pac-
CMOTPHUM, B Ka4eCTBe IIPUMepPA, OJIUH U3 HUX.

Beemem mabnor "Q@Teno paBHOMEPHO IBUXETCHA CO CKOpPOCTBH QV"
c mepemenHuMu: "Temo: new; V: real_smpaxeHue"

¥ IepeMeHHO# peaynbTaTa " X: KoMaHma "

[loscuenus:

[BBogmuTcs o6bexT Q@Teno, pPaBHOMEPHO IBUXYWLMACS CO CKOpPOCThD QV ]
YcnoBue npuMeHeHHs mMabiioHa:

tl

JeticTBue mabiioHa:

[x = mycTas komauza;

TeJo - O6BEeKT NOHATHS '"paBHOMepHOE IBUXeHHe'";

Teno’s ckopocTb = V. ]

Tun mocTyna mwabnoHa: [BHemHwi] .

B jarnOM mabJioHe BBOJUTCS BO3MOXKHOCTD YI0OHO JIJIsI 9€JI0BEKa 3aaBaTh CKO-
POCTB JIBU2KEHUsI HEKOTOPOTO TeJjia. 3aMETHUM, UTO mepeMeHHas «QV 'y, 3aparormast
CKODOCTD JIBH2KEHUSI, IMEEeT THII «real BbIpayKeHHe», T.e. BMECTO 9TOIl IlepeMeH-
HOIl BOZMO2KHO IOJICTaBJIATH CJIOZKHBIC BBIPDA’KCHIHA, NMEIOINNE B KA4eCTBe TUIIa
pesyabraTa real. Teso onpe/iesisgercss Kak HOBasi KOHCTAHTA, JJIs Y€r0 HCIIOJIb3Y-
eTCcsl BCTPOGHHBIN B sJIpO TUTI «news. B KadecTBe pe3yibTara MpUMEHEHUs a0~
JIOHA BO3BpAINAET IIycTas KOMaHa. B jelicTBuM Mab/IoHa [IepeIaHHOE 3HAMCHIE
CKOPOCTH CBA3BIBACTCA ¢ KOHCTAHTOH, IlepefaBaeMOil B IEPEMEHHON «TeJIo».
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Tenepsb MOXKHO B yZI0OHOM JIJIsI I€JIOBEKA BUJIE ONMMCHIBATH PA3JIMIHbBIE 331241,
CB#A3aHHBIE C JAHHON oHTOsormeil. Hampumep:

[lemexos paBHOMEPHO IBUXKETCHA CO CKopocThb 5. Ilemexon’s BpeMsa = 2.
BenocumenucT paBHOMEPHO OBHKETCH CO CKOPOCTBI 6G*memexon’s
CKOPOCTbE .

BenocunenucT’s BpeMs = 3*memexol’s BpeMd.

Cucreme MOXKHO 3a1aBaTh BOIIPOCHI:

YeMy paBHO BelOCHIEIUCT’S HOyTh?
Boruncnenme >> PesympTar: 180.

5 BreiBoasbl

— IIporpaMmubie cucTeMbl (POPMUPOBAHUSA OHTOJIOTHI CO3/IAIOTCA U PA3BUBA-
forcs yxke 6ostee 10 siet. Yenex u 3HAYNMOCTD 3TOTO HAIIPABJIEHNAS] OYE€BU/THBI.

— OzHaKo, TeMII BHEAPEHHS TEeXHOJIOIHil, OCHOBAHHBIX HA OHTOJIOTHYECKOM
nozaxojie (oHTOTEXHOJMOrHH), 0cobeHHO, B cpege Web, Bee eme nesenuk. [lo-
K& MPAKTUIECKHUE YCIIEXH TOIy4IeHbl Tpu (hDUHAHCOBOH TOIEPKKE TOCYIap-
CTBEHHBIX OPraHoB, JJU0O BHYTPH OOJIBIIMX KOPHOPAIIUI.

— JIj1s1 IIMPOKOTO BHEJIPEHHST OHTOTEXHOJIOT I TIPEJTIATa€TCA CTPOUTH CUCTEMBI
YIIPABJIEHUS] OHTOJIOTUSIMHA C UCTIOJB30BAHUEM CJIEIYIONIUX TPEX TPUHIIUIIOB.

Tpu npuHIUITa TOCTPOEHNSA HOBBIX 6a3 OHTOJIOTHTIA:

1. Onrosnorun crpostcs B crusie Wiki ¢ momiepKKoit MOTyJIBHOCTH, KOJLIEK-
TUBHOI pabOThI, BEPCUl U CHCTEMbI COTJIACOBAHMUIA.

2. B cucreme IoJJAEepzKUBaeTCA Cpela OTKPBITOT'O A3bIKa pa.6OTbI C OHTOJIOT'UA-
MM, KOTOPBIil (POPMUPYETCsT CAMUMU TIOJIb30BATEISIME, 10 MEPE OO THEHUSI
6a3bl OHTOJIOTU.

3. Bmecre ¢ TeKCTOM OHTOJIOTMU B cucteMe (bOPMUPYETCs BHYTDEHHee IIpejl-
CTaBJICHUE OHTOJIOTUU, KOTOPOE UCIIOJb3YETCs MIPU CEMAHTUIECCKOM aHAJIN3e
BBIpayKeHUil s3bIKa, IPU (POPMUPOBAHUK OTBETOB HA 3AIIPOCHI K OHTOJIOI'HMHU
7 ee OTJIQJIKE, IIPU MEXKMAIUHHOM OOMEHEe OHTOJIOTHUSIMU B HEKOTOPOM CTaH-
JapTe U IIPHU UCIOJH30BAHII OHTOJIOTUN B MIPUJIOKEHUSIX.
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AnHotanusi B crarbe mnpeicraBiieH 0030p JIOTUYECKUX AJITOPUTMOB
KJaccudukanyu. PaccMaTpuBaioTcs pa3/indHble KpUTEPUH HH(POPMATUB-
HOCTH, &JI'OPUTMbI IOUCKA WH(MOPMATUBHBIX 3aKOHOMEPHOCTEIA, II0CTPO-
€HUs PEIAONINX CIUCKOB U OYCTHHTa 3aKOHOMEPHOCTEH.

This paper gives a short introduction to rule induction classifiers.

In introduction some examples of application domains are given in order
to show the usefulness of the rule induction approach to classification.
These domains are: medical diagnostics, credit scoring and spam detec-
tion. The notion of rule is introduced informally from the point of view
of two basic requirements: the informativeness and the interpretability.

In section 1 several definitions of informativeness are introduced. First is
a heuristical ¢, §-criterion which is really a pair of criteria: the accuracy
and the coverage of the rule. The aggregation of both criteria to a scalar
criterion is not so easy task as might seem. Examples are given. Then,
the Fisher Exact Test (FET) is described, which is a statistically valid
criterion. FET is asymptotically equivalent to the popular information
gain entropy criterion, but it is more strict on small samples. The calcu-
lation of FET can be very effective if the table of logarithms of factorials
is stored in advance. FET is almost always less restrictive than the
heuristical criterion. Nevertheless, both are useful in rule induction al-
gorithms: the statistical criterion is preferable during an iterative rule
enhancement, whereas heuristical one is more convenient for a final se-
lection of best rules.

In section 2 a local algorithms of the conjunction rules search are de-
scribed. A common algorithm is given, which can be easily specialized
to several well known algorithms: the greedy conjunction growing, the
stochastic local search, the stabilization and the pruning procedures,
which help to improve a rule. The upgrade of the local search algorithm
to the evolutionary (genetic) search engine is discussed in brief.

In section 3 another forms of rules are introduced: balls and hyperplains.
To be well interpretable they must depend from a small number of
features. In further sections two classifiers are considered that can use
any form of rules.
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In section 4 the decision list learning algorithm is considered. The tradeoff
between the complexity and the generalization ability of the classifier
is discussed. Several variants of decision lists known in the literature are
mentioned.

In section 5 the weighted voting learning algorithm is considered based
on the famous AdaBoost algorithm. The outliers elimination is discussed.
AdaBoost can serve is an universal envelope for any kind of base classifiers,
particularly, for any forms of rules: conjunctions, balls of hyperplanes.
As an example the SLIPPER (simple learner with iterative pruning
to produce error reduction) algorithm is considered, which is a com-
bination of boosting with greedy local search and pruning of conjunction
rules.

PaccmarpuBaercs 3aa4da KiaccuuKaIlUu B CTAHIAPTHON TIOCTAHOBKE: MMe-
€TCsT IPOCTPAHCTBO 065ekmo6 X U KOHEIHOE MHOXKeCTBO kaaccos Y = {1,..., M}.
OOBeKTHI OmmCHIBAIOTCS HAOOpOoM n npusnaxos fj: X — Dj;, j = 1,...,n,
rne Dj — MHOXKECTBO JOIyCTHMBIX 3Ha4EHU j-ro npusHaka. Ilenesotli npusnar
y*: X — Y usBecren TOILKO Ha 06beKTax obyuatoweti evbopru X = (x4, yi)le,
rne x; € X, y; = y*(z;). Tpebyercsa noctpouts @yrkyuto Kiaccudurayuu, Ha-
3bIBAEMYI0 TakxKe KjaccupuraropoM, a: X — Y, KOTopas 10 NPU3HAKOBOMY
OIIUCAHUIO IPOU3BOJILHOTO 00BEKTA X IIpeICKa3biBaJIa Obl ero Kiaace y* (), To ecThb
npubnKaja Obl HEM3BECTHYIO (DYHKINIO y* Ha BCEM MHOXKecTBe X .

Samaun kiaaccudUKAIUN BOZHUKAIOT B PA3IUIHBIX [IPEIMETHBIX 00JIACTSIX.

B samauax pacnosnasarus cnama HEOOXOIUMO PA3JIETUTh TOTOK BXOMAIIIX
TEKCTOBBIX COOOIIEHUT Ha JIBa KJIACCA — YKeJIATeIbHBIE U HezKeIaTe/ IbHbIe (Cram).
Oby4arormumu OObEKTAMU SIBJISIOTCS COOOITEHNS, KJIACCU(PUIIMPOBAHHBIE TAH-
HBIM TI0JIb30BaTeseM. [Ipu3HakaMu SBIISIIOTCS: HAJUYIUE OMPEIETEHHBIX CHMBO-
JIOB WJIU KJTIOYEBBIX CJIOB B TEKCTE MUCHMA, sI3BIK COOOITEHNUsI, TOMEH OTIIPABUTE-
Jisl, 9UCJIO aJIPECATOB B PACCHLIKE, U T. JI.

B zajadax kpedummozo ckopurea TPU3HAKN XapPaKTEPUIYIOT COIUATBLHO-9KO-
HOMUYECKOe IoJIoxKeHue 3aémiuka (busndeckoro juna). O6ygarommmu 06bek-
TaMU SBJISIIOTCS 3aEMIMUKN ¢ U3BECTHONH KpeauTHOi ucropueil. Ilpusnaku — sto
OTBETHI Ha BOIPOCHI aHKETHI. B mpocreiiiiieM ciiydae MPUHSITHE PEIIEHU CBOIT-
¢l K KJIACCHDUKAIMY Ha JIBa KJIACCA: BBIJIATDH KPEJIUT MU OTKA3ATh.

B zagauax meduyunckoti duaznocmuky 0ObeKThI — 3T0 nanuenTwl. [Ipusnaku
XapaKTEePU3YIOT Pe3y/IbTaThl 00CIeI0BaHUI, CHUMIITOMBI 3a00/IEBAHUST U ITPUME-
HSIBIIIHECST METOMb! Jiedenusi. 1lesieBbiM pu3HAKOM MOXKET ObITh JIMarHO3, WC-
X071, 3a00JIeBaHUsT UJIH PEKOMEHIyeMblil crocod Jsedennsi. OOy4atoras BEIOOPKa
npeJicTaBisgeT coboil hopmasin30BaHHbIE UCTOPUH OOJIE3HU TEX IAIMEHTOB, IS
KOTOPBIX IIEJIEBOM IIPU3HAK Y2Ke U3BECTEH.

OCcoOEeHHOCTBIO MEIUIIMHCKUX 3311 SIBJISETCS HAJIMIHNE CUHOPOMOG — TAKUX
COYeTAaHUIl TPU3HAKOB, IPU KOTOPBIX JUATCHO3 CTABUTCS JOCTATOYHO HAJIEKHO.
Kaxprit cungpom ob6pas3yeTcst HeOOIBITUM IUC/IOM TPU3HAKOB, UMEET OHATHYIO
9KCIIEPTY COJIEPKATEIBHYI0 HHTEPIIPETAINIO, HO KJIACCH(MUIMPYET JIUIIb OIIpe-
JICJIEHHYIO 9aCcTh 00beKTOB. 1Ipu 9TOM 3HAHUST COBOKYITHOCTUA CHHPOMOB MOYKET
0Ka3aThCs JOCTATOYTHO JJIsT KJIACCU(DUKAIMYN TPAKTUIECKHU JIIOOBIX 00bEKTOB.
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CymrecTBOBaHNE CUHIPOMOB XapaKTEPHO JIJIsi MHOTUX ITPEIMETHBIX 00J1acTeil.
B mammnHOM 00ydYeHUM CHHAPOMBI IIPUHATO HA3bIBATh npasusamu (rule) [14]
nm 3axonomeprocmamu [318], a 3amady BBISBIEHWUS] CHHIPOMOB MO 00y IAIOIIEH
BBIGOpKe — undykyued npasus (rule induction, rule learning) wam undyxmusrvim
66L8000M 3aKOHOMEPHOCTE.

ITycrb ¢: X — {0,1} — HEKOTODBIN IPeMKAT, ONPE/IeJEHHbIA HA MHOXKECTBE
obbekToB X. ToBopsar, uro npeaukar ¢ gudessem obbekT x, ecan @(x) = 1.

[IpenukaT HA3BIBAIOT 3AKOHOMEPHOCTILIO, €CJIM OH SBJIsIeTCS MH(MOPMATHB-
HBIM, TO €CTb BBIJIEJIET JJOCTATOYHO MHOI'O OObEKTOB KAKOI'0-TO OJIHOT'O KJIAcCa C,
¥ IPAKTUYIECKN He BbIIE/sAeT 00BEKTHI IPYTUX KiaccoB. IIpenkar Ha3bIBaeTCs
NPABUAOM, €CIIA OH OIHCHIBAETCS IIPOCTOM, CO/IEPKATEIHHO HHTEPIPETUPYEMOi
dopmyitoit, 3aBucsIIeil 0T HEOOIBIIOTO YUCTA TPUIHAKOB.

[Ipumep 3akoHOMEpHOCTH U3 00JIACTH MEIUIUHBI: €CJIM BO3PACT IAIUEHTA BbI-
e 60 sreT u paHee OH 1epeHéc HHMAPKT, TO OIEPAIHNIO JAe1aTh He crout. [Ipumep
U3 38/1a91 KPEJUTHOTO CKOPUHTA: eCJId 3a6MIMUK yKa3aJjl B aHKeTe CBOM JIOMalll-
nuit Tenedon, u ero zapmiara npesbimaer $2000 B Mecan, m cymMMma KpeJauTa
me npesbmaer $5000, To puck medosta mana. [IpuMep m3 3amaum pacmosHa-
BaHUs CIIaMa: €CJIU B IHChbME IIPUCYTCTBYET CJIOBO «DecIuiaTHo», TejaedOHHBII
HOMED U JIOMEH OTIpaBUTe s HaxoauTcsa B Kurae, To 3TO ciaM.

Bo Bcex mepednciieHHBIX CIydasxX IPABUJIO IIPEICTaBJIAET CODOl KOHDBIOHK-
U0 HEOOJIBIOTO YucIa OMHAPHBIX Ipu3HaKkoB. MHMopMaTHBHBIE TpaBUIa Ta-
KOT'O BH/JIa HA3BIBAIOT A02UMECKUMU 3aKoHoMepHocmamu. Ha npakTruke 3ToT Bu/I
3aKOHOMEPHOCTEH HCIOJIb3YETCS Yallle BCEro, IMOCKOJbKY OH ITO3BOJIAET IIpe-
CTABJIATH PYHKINAIO KIACCUPUKAINY B BUIe HAOOPaA MPABUJ «ECITU—TO>.

Kowmmosutun jiorutecknx 3aKOHOMEPHOCTEH 00pa3yioT OOIIUPHBIN KJIACC A0-
2UMECKUT KAACCUPUKAMOPOB, BKIIIOUAIONTUI PEIIAIOIIIe CIUCKA U JIEPEBbs, IIPO-
CTO€ ¥ B3BEIIEHHOE T'OJIOCOBAHNE KOH'BIOHKINMN, U JPyrue KOHCTPYKIINH.

Pacmmpennas Bepcust Jannoro o63opa Haxoaurcs Ha caiire [10].

1 Ilonsitusi ”HPOPMATUBHOCTU U 32aKOHOMEPHOCTU

Depucmuueckoe onpedeserue ungopmamusrnocmu. Ilpenukar ¢(x) Tem Gosee
nHdOpMATUBEH, YeM OOJIbIIE OH BBIJIE/seT OOBEKTOB «CBOEro» Kiacca ¢ € Y
[0 CPABHEHUIO ¢ OOBEKTAMH BCEX OCTAJIBHBIX <«IyXKHUX» KiaccoB. CBon 06b-
€KThl HA3BIBAIOT TAKXKe NO3umuenbimyu (positive), a uykue — HE2aMUeHbIMU
(negative). Beeaém cieyiomue 0603HaYeHNS:

P, — 4uciio 06beKToB Kiaacca ¢ B Beibopke X,

Pe(p) — U3 HUX YUCIO OGBEKTOB, JJIisd KOTOPBIX ¢(x) = 1;

N, — umcyio o6beKToB Beex ocTambHbX Kiaccos Y\ {c} B BoiGopke X*;

ne(p) — U3 HUX IKUCI0 OOBEKTOB, JJIst KOTOPBIX ¢(x) = 1.

JIjist KpaTKOCTH MHIEKC ¢ U apryMeHT (@) OymeM MHOrIa OmycKarTh. Ilpeio-
garaercs, yto P > 1, N >1u P+ N = /.

IMpeaukar ¢(x) GymeM HA3BIBATH €, -3aKOHOMEPHOCMbIO I Kiacca ¢ € Y,
€CJTH JIOJIsl HETATUBHBIX CPEJIN BCEX BBIJIEISEMBIX OOBEKTOB JIOCTATOYHO MAJIA:

EC(907X2) = n(p) / (Pe(p) +1c(p)) <&,
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Tabmuna 1. Kpurepun mudopmarusaoctu npu P = 200, N = 100. IIares xosoHOK
cJIeBa COOTBETCTBYIOT IIPOCTHIM 3BPUCTHYECKUM KPHUTepuaM. T'pHu mpaBble KOJIOHKH CO-
OTBETCTBYIOT OoJlee aJeKBATHBIM KPUTEPHUSIM, KOTOPbIE PACCMATPUBAIOTCS HUZKE.

’ p n ‘ p—n p—>5n &% nf’H nip I. 1Gain. /p—+/n
50 O 50 50 0.25 50 1 22.65 23.70 7.07
100 50| 50 —150 0 1.96 0.67 | 2.33 1.98 2.93
50 9 41 5 0.16 5 0.85| 7.87 7.94 4.07

5 0 5 5 0.03 5 1 2.04 3.04 2.24
100 0 | 100 100 0.5 100 1 52.18  53.32 10.0
140 20| 120 40 0.5 6.67 0.88 | 37.09 37.03 7.36

a JO0JId BBIOCIACMBIX ITOSUTUBHBIX 00BEKTOB JOCTAaTOYHO BEJINKa:

De.(p, X*) = pe() /L = 6.

Ecmu n.(p) = 0, TO 3aKOHOMEDPHOCTb (¢ HA3BIBAETCS HENPOMUBOPEUUBOT.
B GosibmmHCTBE TPAKTUYIECKUX 3329 JAHHBIE SIBJISIIOTCS HEIOJHBIMA W HETOY-
HBIME; OIMUOOYHDIE KJIACCU(DUKAIIMN HEM30EKHDI, TOITOMY HET CMBIC/Ia OIPaHU-
YUBATHCSA TIOUCKOM TOJIBKO HEMPOTUBOPEUUBBIX 3aKOHOMEDPHOCTENA.

Bamaua noctpoenus WHMOPMATUBHOIO MPEJIUKATA (O CBOIUTCS K ONTHMHU3a-
MK OJHOBPEMEHHO IO JABYM KpurepusM: p.(¢) — max u n.(¢) — min. IIpu
9TOM BO3HHUKAET JIMJIEMMA: ITO JIydllle — YMEHbIIIeHne N Win yBesuderne p? s
[IOKMCKA 3aKOHOMEPHOCTEH Y00HO UMETh OJWH CKAJAPHBIA Kpurepuil nudopma-
tuBHOCTH. OJHAKO M300pecTH ajeKBaTHYIO CBEPTKY KPHUTEPUEB N U P HE TaK
npocro. B o63oproit crarbe [14] npuseseHo 0KoIO ABYX JECATKOB DA3IMIHBIX
kpurepuen. Ha mepBbliit B31JIs1/], 38KOHOMEPHOCTH MOXKHO CPABHUBATH IO PA3HO-
cTH p — n wiy oTHOIeHuO p/n. B rabsuue [I] cobpanbl KOHTpIPUMEDSHI, TOKA-
3BIBAIONIE HEAJEeKBATHOCTD IMPOCTHIX KPUTEPUEB NH(MOPMATUBHOCTH. 2KUPHBIM
MIPUMTOM BBIJIEJIEHBI TIAPhI IPUMEPOB, B KOTOPHIX BEPXHSS 3aKOHOMEPHOCTD B~
HO nHGMOPMATUBHEE HIKHEH, TeM He MeHee, KpUTEePUil MPUHUMAET HA HUX PaB-
HbIe 3HAYEHUs], WU JlaxkKe DOJIbIliee 3HAYEHNe Ha HIXKHEH 3aKOHOMEDPHOCTH.

Cmamucmuueckoe onpedenerue uHGOPMamMuUeHocmy. AJEKBATHYIO CKAJISIPHYIO
XapaKTEPUCTUKY UH(MOPMATUBHOCTH JAET TEXHUKA ITPOBEPKU CTATUCTUIECKUX
runores. Ilycts X — BepoATHOCTHOE MPOCTPAHCTBO, BBHIOOPKa X' ciydaiimast
n HeszaBucumasi, y* () u p(x) — cuaydaiinele BeauduHbl. Eciam BepHa rumoresa
o ezasucumoctu cobprruil {z: y*(z) = ¢} u {x: ¢(x) = 1}, To BepoarHocTh pea-
JIM3AIMHN T1apkl (P, 1) MOAYUHAETCS THIEPreOMEeTPUIECKOMY pacipeesenuo [12]:

CrLCn
hP,N(pv TL) = 1;74_7?,’
CP+N

0<p<P 0<n

N

N, (1)

e CF = k'(lek)' — OunomuasibHbIe KO unmentsl, 0 < k < m.



Machine Learning Techniques Based on Rule Induction 61

100 {
90 3
80 3
70 3
60 1
50 3
40 3
30 3

20 3
10 §
0

0 20 40 60 80 100 120 140 160 180 200 p

HU3Kas NHGOPMATUBHOCTE CTATUCTUYECKNE 38KOHOMEPHOCTU
BN BbICOKas MHGOPMATUBHOCTL B MUHUMYM UHCPOPMATUBHOCTU

Puc. 1. O6nacru e, §-3akonomepHocreii (npu € = 0.1) 1 CTATHCTHIECKUX 3aKOHOMEPHO-
creit (mpu Ip = 5) B Koopamuarax (p,n) npu P = 200, N = 100

Ecin BepositHocTs (1) masa, u Tem He MeHee mapa (p,n) peajn3oBaJach,
TO TUIIOTE3a O HE3aBUCUMOCTH JIOJI?KHA OBITh OTBEPrHyTa. eM MeHbIIe 3HaYeHrne
BEPOSITHOCTH, TeM DOJiee 3HAYNMON SBJISETCS CBI3b MEXKIY y* U (.

Hngopmamusrocms peaukara o(x) OTHOCUTENBHO Kiiacca ¢ € Y 1o BeIGOp-
ke X onpenemmm kax I.(, X¢) = —Inhp, N, (pe(), ne(p))-

IIpemukar ¢(x) GyaeM HA3BIBATD CMAMUCTIUNECKOT 3aKOHOMEPHOCTIDIO TSI
knacca ¢, ecmn I.(o, X*) > Iy npu 3amannoM goctatodno 6ombmom Io.

ITopor nadopmarusrocTH Ij BEIGUPAETCS Tak, YTOOBI €My COOTBETCTBOBAJIO
JIOCTATOYHO MAaJIoe 3HAYEeHHe BeposaTHOCTH. OINMCAHHBI KPUTEPHH IIPUMEHSIeTCSE
B CTATHUCTHUKE JJIsl TPOBEPKHU THIIOTE3B! O HE3ABUCUMOCTH COOBITHI M HA3BIBAETCS
mounvim mecmom DPuwepa (Fisher’s exact test, FET).

U3BecTHBI U Jpyrue KpUTepun WHMOOPMATUBHOCTH, B YACTHOCTHU, SHTPOIIHIi-
Hblil KpuTepuii npupocta undopmarmu 1Gain [18]. Ou asaserca acumuroTHye-
ckuMm nipubsimkenreM FET u npu Masibix n Win p HECKOJIBKO 3aBBIIIaeT WHMOP-
MaTUBHOCTB, cM. Tabsuity 1. TouHbIil KpUTEpUit MOKET JaBaTh B 9TUX CUTYAIMAX
omyrumble npeumMyiiectsa [16]. OnHako Ha HpPAKTHKe Yalle UCHOJIb3YeTCsl SH-
TPONMUUHBI KPUTEPHUH, ITO TPYIHO OOBICHUTH 4eM-TUO0, KPOME CJIOKUBITIEICST
tpaaunun. Coobpazkerns 3(phEKTUBHOCTU BBIMHUCJIEHUS] TAKYKE TOBOPAT B TOJIb-
3y FET. Beraucsrenne sorapudma hp n(p,n) CBOIUTCA K CIOXKEHHIO 9 dmcel,
eciiu 3apanee copmupoBarh Tabsuily Jorapudmo ¢akropuasioB Ly = In k!,
HCITOJIb30BaB peKkyppeHTHyto dopmyiny Ly =0; Ly = Li_1 +1Ink.

[Ipyr pa3zyMHBIX COYETAHUSX MAPAMETPOB € U [y IBPUCTUUECKUN KpUTepuit
MIPaKTUYIECKU BCErIa OKA3BIBAETCS CTPOXKE CTATUCTUIECKOTO, cM. Puc. [1. Umeer-
cst O0ImuUpHasi 00JIACTh CTATUCTUIECKUX 3aKOHOMEPHOCTEl, KOTOPBIE JOITyCKAIOT
CJTUIIIKOM MHOT'O OIMUOOK U He FABJAIOTCS €, 0-3aKoHOMepHOcTsaMu. OTCiofa cie-
gayer (bunocodCKuil BHIBOJ: HECTyJaiHOCTD €I He 03HAYAEeT 3aKOHOMEPHOCTD;
3aKOHOMEDPHOCTH — 3TO Topas3o 6oJjiee CUIBLHOE CBOMCTBO, YeM HEC/Iy9IailHOCTb.
[Tpu mocrpoernn KjiaccupUKATOPOB MMOJe3HBI 00a Kpurepus. CraTucTrudecKuit
qalie IPUMEHSIETCs JJIsi OIEHKH [MePCIEKTUBHOCTH IIPABUJI B IIPOIECCE MX OITH-
MU3aIuu, JIOTHIECKUil — JIjist (PUHATBHOTO 0TOOPa 3aKOHOMEPHOCTEIA.
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2 TIlomck 3akoHOMepHOCTEN B (pbopMe KOHbIOHKITUI

[Iycrh 3a/aHO KOHETHOE MHOYKECTBO IAEMEHMAPHHIL NPeduramos JB. 1o Mo-
ryT ObITh ncxoauble Gunapuble npusuaku fj: X — {0,1} wm 6unapusosarmoie
IPU3HAKU JPYruX THIOB. Hampumep, /s YMCIOBLIX IPU3HAKOB f; 9acTo wuc-
HOJB3YIOTCs nopozosvie npeduxamo, (data stamps) Buga 3(x) = [f;(x) < d] um
B(z) =[d < fj(z) < d']. 3mecy u manee KBagpaTHBIe CKOOKH O3HAYAIOT IPE06-
pa30BaHMe JIOTHYECKOrO 3HAYCHHsI B 4ncioBoe: [Joxkb| = 0, [mctuna] = 1. s
BbIGOpa 10poros d, d' [uana3oH 3HaYEHUil IPU3HAKA [ IPEeIBAPUTEILHO Pastu-
Baercs Ha nHGOpPMaTHBHBIE nHTEpBab [10)].

Jlornueckne 3aKOHOMEPHOCTH HYacTO HILYT B (OPMe KOHBIOHKIUI 3JIeMEH-
TapHBIX npeaukaroB ¢(x) = [1(x) A -+ A Ox(z) HeBbICOKOTO panra, k < K.
OHU UMEIOT BUJT TPUBLIYHBIX JJIs YEJIOBEKA JIOTMYECKUX BBICKA3BIBAHUIA U JIEMKO
MO/ITAIOTCS COIEpKATEbHON nHTeprnperarui. Makcnmaababiii paur K 0OBITHO
YCTaHABJIUBAIOT OT 2 JIO0 7, B 3aBUCUMOCTH OT MPUKJIAIHON 38Ja9l U [IPEJICTAB-
JIEHUH 9KCIEPTA-TIPUKIIATHUKA 00 «MHTEPIPETUPYEMOCTH TIPABUIL.

[Tonck nambosiee MHMOPMATUBHBIX KOHBIOHKIUI B 00mIeM ciydae Tpedyer
mostHOTO epebopa. [IpeacraBum BrosTHE peaucTUvHytO cuTyaruio: nmeercs 100
YUCJIOBBIX MPU3HAKOB; JUANA30H 3HAYEHUH KaXKI0ro mpu3Haka pasour na 10 un-
teprasios. Torsa uncio korbonknuit panra K pasno CF 105, Vike mpu K =5
3Ta BeJMYnHa nMeeT Topaaok 103, 4ro mck/oYaeT BOSMOMKHOCTD ITIOJIHOTO TIe-
pebopa Ha COBPEMEHHBIX KoMibioTepax. [loaToMy Ha IpakTHUKe HCHIOJIb3YIOTCS
pa3JInIHbIe IBPUCTUYECKHE aJIOPUTMbI COKPAIEHHOTO I1epebopa.

Anzopummos a0kaavho20 noucke. Hauubas ¢ 3a3aHHON KOHBIOHKIUU o (Ha-
[pUMED, IYCTOI), CTPOUTCS HOCJIEI0BATEIBHOCTD KOHBIOHKIUI (00, ..., Pty .. .,
B KOTODO#l KaxK/as CJIe/IyIONasi KOHBIOHKIUS (0; BBIOMPAETCS U3 OKPECTHOCTHU
npeapiaymed V(oi—1). Okpecmrnocmvto KOHbIOHKIUA © HA3BIBAETCS] MHOYKECTBO
KOHBIOHKIH V (), noydaeMbIx U3 @ MyTéM J0OABIIEHUS, U3bATHS UM MOJIU-
durarmu ogHOr0 M3 TepMOB. KOHBIOHKIINK ¢ MaKCAMAaJIbHON WHMOPMATHBHO-
CTBIO HABJISIOTCH HAMOOJIEE TEPCIIEKTUBHBIMU C TOYKHU 3PEHUS WX JAJTbHEUIEro
yayuiierns. Tem He MeHee, OHM MOT'YT JIOIYCKATh CJIUIIKOM MHOrO ormubok. I1o-
9TOMY Ha KazKJ/IOM IIare t BbLJIC/IACTCA «HAWUJIYy4Illad» KOHBIOHKIUA, YIOBJIE€TBO-
psiIoIasi JIOMOJHUTEIBLHOMY yeiaoBuio E.(¢f) < &, u B obmeM ciaydae He 00s13a-
TEJILHO COBIIAJAIONIAsl ¢ HanboJsee MePCIeKTHBHON ;.

Asropurym 1l mpurEMaeT Ha BxoJe 00y9aonLyio BEIGOPKY X | HauasbHOE IpH-
GIIKeHne g 1 KJIACC, JJIsi KOTOPOI'O CTPOUTC KOHBIOHKIWS, ¢ € Y. Ilapamerpst
aJrOpUTMa: MAKCHMAJIBLHOE YUCTIO UTEPAITHAIL tyay, KPUTEPHUiT OCTAHOBKHY d, TOPOT
JIOJIU OIUOOK J1jIst 0TOOpA HAMJIY4IINX KOHbIOHKIWI €. Ha BbIxX01e hopMupyercs
oJlHa, KOH'bIOHKIUS . Kpurepuit uadopmarusaocT I, U reHepaTop OKPECTHO-
creit V', BOODIIE rOBOPsi, TAKKE SIBJIAIOTCS ITapaMeTPaMy ajJropurMa. Bappupyst
napameTpbl AnropurMma /1, MOKHO TIOJTyYaTh PA3IUIHBIE TIPOTIE/LY PhI TOUCKA, HJTH
yirydieHus nHOPMATUBHBIX KOHbIOHKITHI.

2Kaodwouli anzopumm cunmesa KOHBIONKUUL HUCHOJIB3YeT TOJIBKO OIIEPAITUIO
nobasiieHnst TepMoB. Havda/lbHBIM IPUO/INKEHNEM sIBJISETCs IIyCTasi KOHbIOHK-
s (He comepzKaiiasg TepMoB). HemocTaTok »KaHofl cTparerun B TOM, 9TO OHA
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Agropurm 1. JlokaJabHBIA MOMCK NHMOPMATUBHON KOHBIOHKIIAN.
¢
1: I :=1c(po, X°);

2: gos Bcex t =1,...,tmax
3: TEeKyIlee MHOXKECTBO MepedbupaeMbIX KOHBIOHKINM: V; 1= V(gat_l);
4:  mamboiiee IEPCIEKTHBHAS KOHBIOHKIWS: ¢ := arg max I.(p, X °);
peVy
5:  HamIy4mas KOHDIOHKIUS Ha {-if nrepanum: ¢; := argmax I.(¢, XZ);

PEVL: Ec(p)<e
6: ecom I.(¢f) > I" TO
3aIOMHUTD, Ha KAKOH UTepaIyun ObLTa MOJTydeHa HAMTY9IIas KOHbIOHKITHASA:
=t @t i=p; 1T i=1(¢")
7 ecam t —t" > d (KOHBIOHKIMS HE YJIyqITHIACh 34 MOCTEAHUE d IMAroB) TO
8: BBIXO/I;
9: BepHYTB *;

MOXKET YBOJIUTH B CTOPOHY OT TJIO0AIBLHOTO MAKCUMyMa HHMOpMATHBHOCTH. TepM,
HaliIeHHBIN Ha k-M I1are, mepectaér ObITh ONTUMAJILHBIM ITOCIE T00ABIEHUST IO~
CJIeIYIoImnux TepMOB. TeM HEe MeHee, B IIPOCTbhIX 3a/la4vax KﬂaCCI/I(i)I/IKaL[I/II/I Ta
9BPUCTHUKA, [TO3BOJISIET HAXO/IUTH HEIJIOXUE 3aKOHOMEPHOCTH.

Cmozacmuueckuli aokarvnuil nouck (stochastic local search, SLS) rakxke
HAYMHAET C IyCTOM KOHBIOHKIINN, HO UCIOJIB3YET MOJHBIN HADOD BO3MOXKHBIX MO-
JudUKAINil, BKIIOYAsT YIaJeHUs U 3aMeHbl HEONTUMAJIBHBIX TepMoB. C JIpyroii
CTOPOHBI, MOIITHOCTH OKPeCTHOCTH |V ()| MOXKeT 0Ka3aThCst HACTOIBKO GOJIBIIOI,
9TO TIEpebOp BCEX JIOMYCTUMBIX MOAMMUKAINT cCTaHeT HepeHTabeabHbIM. 11oaTO0-
My B SLS cTpounTcst He BCsI OKPECTHOCTB, & TOJILKO HEKOTOPOE €€ CcirydaifHoe moj1-
MHOXKeCTBO. MakcumasbHast JIOyCTUMAasl MOITHOCTD 9TOT'O IOAMHOXKECTBA 33,14~
éTcs KakK JIOTMIOJTHUTENILHBIN mapaMeTp ajaropurMa Viax.

Il yurydiieHns MOCTPOEHHOW KOH'BIOHKIIMU ¢ K HEH TPUMEHSIIOT MeTOJIbI
«uHaIbHON MIIN(MOBKN» — CTAOMIN3AINIO U PEIYKITHIO.

ITpouedypa cmabusu3ayuy JOKAIBLHO YIYUIIAeT KOHBIOHKIIUIO (0, VAT U
3aMeHsIs 110 OdHOMY TepMy. B oryimune or SLS, mepebuparorcst Bce BO3MOXKHbBIE
yrasieHust u 3aMeHbl. Moaudukanum mpou3BosITCs 10 TeX 0P, IOKa BO3PACTAET
mdopMaTuBHOCTL Konbionkimn I.(p, X¢). Crabmimsanus moBLIIaeT yeToidy-
BOCTH 3aKOHOMEPHOCTEl OTHOCUTEJIBHO MAaJIbIX Bapuammii 00yJaroneil BHIOOPKT
WM APYTUX yCJIOBUil 00ydenus (HalpuMep, FeéHepaTopa IICeBIOCIIy YaiiHbIX du-
cen B SLS). Ecsn anropurm SLS uCI0/I530BaIICS MHOTOKPATHO JIJIS TOCTPOEHHS
BOJIBIIIONO YHCIIA TPABUJL, TO B PE3YJIbTATE CTAOMIU3AIIH TUCJIO PA3JINTHBIX IIPa-
BHJI MOYKET COKPATUTHCS BO MHOT'O pa3. OOBIMHO 9TO HOJIOKHUTEIHHO CKA3bIBACTCS
HA UHTEPIPETHPYEMOCTH. JKCIEPT HOJIBIE JIOBEPSIET TPABUITY, KOTJA BUIUT, ITO
MOTIBITKY CKOPPEKTUPOBATE €10 «BPYUHYIO» MIPUBOJIST TOJBKO K €r0 YXYJIIICHHIO.

ITpouedypa pedyxyuy, OTIMIAETCST T€M, ITO TEPMBI TOJHKO YIAISIOTCS, & WH-
(bOPMATHBHOCTD BBIUHCISIETCS TI0 KOHMPOALHOT 6vibopre X *, cocrapiennoii u3
00'BEKTOB, HE YIaCTBOBABIIUX B IOCTPOEHUN KOHBIOHKIINY (. KOHTPOJIBHYIO BbI-
6OpKy OPMUPYIOT JI0 HadaJia OOyUYeHUsl, BBIIEIsIs U3 MACCUBA MCXOIHBIX JTaH-
HBIX 0KOJ10 30% 00BHEKTOB, KaK IPABHIIO, CJIyIaiiHbIM 00pazoM. OO HEKTH pasHbIX
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KJIACCOB JIOJI?KHBI OBITH IPEICTABJIEHBI B OIMHAKOBBIX IPOIOPIIHSAX Ha 00yde-
HuK (9TOT NPHUHIMII 0TOOPA HA3BIBAETCS cmpamugpurayuet; BoIOOpKH). CMbIc
PEyKIIUU B TOM, YTOOBI IPOBEPUTD, HE SBJISIETCS JIU HANEHHAS KOHBIOHKIINS
U30BITOYHO CJIOXKHOW, U JTMOO YIPOCTUTDH €€, JIMOO BOBCE NMPU3HATH HEYIATHOI.
VuporieHnre moBbIIaeT OOITHOCTh JIOTMYECKOrO MPABUJIA, TIOCKOJIBKY MHOXKECTBO
BBIJIEJIIEMBIX UM 00bEKTOB pacimpsiercs. HeocraTtok peyKiuu B TOM, 9TO OHA
TpedyeT OCTABUTDH 3HAYUTEIbHYIO OO TAHHBIX JJIs KOHTPOJISA, YMEHBIITUB TIPeJI-
CTaBUTEJBLHOCTH ObydJarorieit Boibopku. OMHAKO TPU pa3yMHOM BBIOOPE COOTHO-
menns ¢ : k momck mpasma o X! ¢ mocsemyromieii pemykimei mo X* moxer
JlABATH JIydIINe Pe3yabraTsl, deM rouck mo X U X* Ge3 peayxrmm.

T'enemuveckuli anzopumm curmesa KOHBIOHKUULT MOYXKHO PACCMATPUBATD KaK
JajbHelinee ycoBepriencTBoBanne SLS Ha ocHOBe mjeil JJAPBUHOBCKO BOJIIO-
nnn. I'nmasaoe orimyune or SLS B ToM, 4TO Ha KazKIOM IIare OTOMpPaeTcs He OTHA
HaWjIydInas KOHbIOHKITUS, & [EJ0€ MHOXKECTBO JIYUIUX KOHBIOHKIUiT, Ha3bIBa-
emoe nonyasyueti. VI3 HUX TOPOXKIAETCS OOJIBINTOE KOJTMIECTBO KOHBIOHKITHII-
NOMOMKOS8 C TOMOIIBIO JIBYX 2EHEMUMECKUT ONepayuli — CKPEITUBAHUS U MYyTa-
mun. Crpewusarue (crossingover) — 1o 00pa3oBaHKe HOBON KOHDBIOHKIUH IIy-
TéM OOMeHa TepMaM{ MeK/ly JBYMd Uje€HAMH HomyJjsdanuu. B posm mymayud
BBICTYITAIOT T€ Ke Oolepanuu JT00aBjIeHNs, 3aMellleHUs] U yIaJleHusl TepMOB. Be-
POSITHOCTH MYTAIIUU Dy, SIBJISETCS IapaMeTpoM ajropurma. llogydenHoe MHO-
KecTBO 3 N KOHBIOHKIIUN-TIOTOMKOB IIPOXOJIAT €CTMeCmEeHHbl 0mbop, B pe-
3yJIbTaTe KOTOPOrO B CJIEMYIOIIEe IOKOJIEHUE IIePeXOAsaT He Oosiee n Hambosiee
nH(GOPMATUBHBIX KOHDBIOHKIHI, rje n u N — enié aBa mapamMerpa ajropuTMa.
leHeTnyeckue ajJropuTMbl OTJIMYAKOTCS OOJIBIINM pPa3HOOOpPA3UeM BCEBO3MOXK-
HBIX IBPUCTHUK, 3aUMCTBOBAHHBIX U3 YKUBOU MPUPOJIBI. JacTO UCIOJIB3YETCS UC-
KYCCmeerHviti 0mbop — BEPOSTHOCTb CTATH POJUTEJIEM YBEJININBAIACH C POCTOM
nudopmarusHocTH. [lockobKy OyHKIIOHAT THMOOPMATUBHOCTH SABJISETCS MHO-
FO9KCTPEMAJIBHBIM, UMEET CMBICJI OPraHU30BBIBATH HECKOJIBKO [IAPAJIJIEILHO Pa3-
BUBAOIIIXCS MOMYIANMA (OCTPOBHASI MOJIEIb SBOJIIOINT ), YTOOBI YBEJIUIUTE Pas3-
HOOOpa3ue KOHBIOHKIUN. DTH U APYrUue IBPUCTUKU OIMUCAHBI B OOIIMPHON JIMTe-
parype IO FeHeTUYeCKUM ajropurmam, cM. nanpumep [22/9/1)2].

3 pyrme Buabl 3aKOHOMEPHOCTEMN

Konbroskiuu, cocrapieHHble u3 TepMos Buga [(z) = [d < f(x) < d'] onw-
ChIBAIOT ObstacTy mpocrpaHcTBa X, nMeroniue (popMy TUIEPIAPAJII/IEINIIEI0B.
Ha nmpakTtuke npumensrorcst u apyrue hOpMbI 3aKOHOMEPHOCTEH HAIIPUMED, II1a-
PBl WM TUMIEPILIOCKOCTU. BbIOOp (HOPMBI OIpeiessieTcss 0COOEHHOCTAMI KOH-
KpeTHOi 3a1atu. B obmiem ciyuae K popMe TperbsIBISIOTCs J[Ba TPEOOBAHUS —
WHTEPHIPETUPYEMOCTH U 3MDMEKTUBHOCTU DEIeHNs] ONTUMU3AIMOHHON 3312491
I(p, X% — mgx. NMurepnpernpyeMocTh, B 9aCTHOCTH O3HAYAET, UTO MPABUIO

() moyKHO 3aBUCETD OT HEGOJIBIIOIO OAMHOKECTBa Ipu3HakoB w C {1,...,n}.
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IHapamempuneckoe cemeticmao wapos:

pel@) = | S aylf; (@) — Sy (wo) P < 75 (2)
JEW

IJie TIeHTp Mapa To, PaJWyc Mapa 1o U Beca IPU3HAKOB (v ABJIAIOTCA IapaMeT-
pamu mpaBuiia. Beienenne obbekTa T MapoobpasHol 3aKOHOMEPHOCTHIO ()
JIETKO MHTEPIIPETUPYETCS B TEPMHUHAX CXOJCTBA: «OOBEKT T OTHOCUTCS K KJIAC-
Cy € IIOTOMY, 9TO OH OJIM30K K STAJOHHOMY OOBEKTY X( KJACCa C MO COBOKYII-
HOCTH TIPU3HAKOB w». Takoro poga 00bsICHEHNsT XOPOIIO BOCIPUHUMAIOTCS B TEX
MIPEIMETHBIX 0DJIACTSAX, TJI€ PACIPOCTPAHEH IPEIEIEHTHBIA CTUIb MBIILIEHAST —
B MeJUIINHE, [€0JIOTUH, COIMOJIOINY, Iopucupyaeniun, u ap. Ha 3akonomepmo-
CTSIX JJAHHOTO TUIIA OCHOBAHBI (A20PUMMbL 8uHUCAEHUA ouerok [D].

IHapamempuuecxoe cemeticmeo noayniockocmedti:

o) = | ass(a) < cul. 3)

JEW

rJie TTapaMeTpaMu fABJISIOTCS Beca MPU3HAKOB (vj W CMEIIeHHEe O Pa3JIeIAronei
runepiutockoctu. Makcnvusaryst nHGOPMATUBHOCTH CBOIUTCS K MOAO0PY TAKHUX
Q 7 (g, IPA KOTOPBIX II0 OJHY CTOPOHY THIIEPILIOCKOCTH JIEKAT OOBEKTHI IIpe-
UMYIIECTBEHHO OJIHOIO KJjacca. Ecian mpu3Haku 00J1aJaioT CBOHCTBOM MOHOTOH-
HOCTH — «*IeM BbIIlle 3Ha"eHne IPU3HaKa f;(r), TeM ckopee 0OBEKT & OTHOCHUTCS
K KJIaccy C», TO KO3(@PUIUEHTH! (vj JOJIKHBI OKa3aThCA HEOTPUIATEILHBIMHE,
B TaKOM CJIydae OHU MHTEPIPETUPYIOTCS KaK CTEIEHN BaXKHOCTHU ITPU3HAKOB.

4 Pemaroniye coucKu

Pewarowuti cnucox — 1o Kiaaccudurarop a: X — Y, KOTOpbI 3a1a8Tcst HabO-

POM 3aKOHOMEPHOCTEH 1 (), . . . , o7 (), IPUIHUCAHHBIX, COOTBETCTBEHHO, K KJIAC-
caM cq,...,cr € Y. OO0beKT T OTHOCUTCS K KJIACCY Cy, €CIU oy — TepBast B CIIUC-
Ke 3aKOHOMEPHOCTD, BBIIEJUBIIAs JAaHHbIA 00beKT: p1(x) = -+ = ¢r_1(x) =0

a Y (:c) = 1. Eciin vy o/iHa U3 3aKOHOMEPHOCTEH He BbIJIe/IsIeT 00bEKT &, TO CIIHU-
COK OTKa3bIBAETCsI OT Kjaaccuduranuu. Toraa o0beKT & MOXKHO OTHECTHU K KJIACCY
¢ MUHUMAJBHON 1eHoi omubku. Hampumep, B 3ajade BbIIAYN KPEIUTOB OTKA3
puUBEIET K 00Jiee OCTOPOKHOMY DEIIEHUIO «HE BHIIABaTh». B 3ajade pacmo3na-
BaHUs crraMa 00jiee OCTOPOXKHBIM Oy/IeT peleHne «He CIraMs.

2Kaodwouli anzopumm nocmpoerus pewsarowezo cnucka. Anropurm 2 Ha Kax-
IOl WTeparuyu CTPOUT POBHO OJHO IMPABUIIO Py, BBIIEJSONEE MaKCAMAIbLHOE
9UCI0 0OBEKTOB HEKOTOPOIrO KJIacca ¢; W MUHUMAJIBLHOE YHUCIO0 OOBEKTOB BCEX
OCTaJIbHBIX KJaccoB. st BeIOOpa Kjlacca ¢; Ha Iare 3 MOXKHO IIPHIEPKUBATH-
Csl PA3JIMYHBIX CTPATErWil, HAIIPUMED, BHIOUPATh TOT KJIACC, 32 KOTOPBIA yIaéT-
csl TOCTPOUTH Hanbojiee nH(GOPMATUBHOE MTPAaBUJIO. JIOrMKa PEIIaroIero CImcKa
Oymer OoJiee TIOHSTHA KCIEPTY, €CJIN CHAYaAJIa ITIOCTPOUTDH BCE MPABHUJIA OJIHOTO
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AgropurMm 2. 2Kagabiil ajaropuTM moCTPOEHUsT PEMIAIONIEr0 CIUCKA.
1: U= X%
2: nst Becex t:=1,..., Thax
31 c¢:= ¢ — BpIOpATH Kjacc u3 Y, JJisi KOTOPOro Oy/IeT CTPOUTHCS IIPABUIIO;
4:  Haiitn Hanbosiee MHGMOPMATUBHOE IIPABUJIO NIPU OTPAHUYEHUHN HA JOJFO OIMTHOOK:
o1 1= argggg;[c(go,U), e ¢ = {(p €D: E.(p,U) < Emax};

5. ecqm I.(pt,U) < Imin TO BBIXO;

6:  MCKJIIOYUTDL U3 BHIGOPKM OOBLEKTHI, BbIIEJIEHHDbIE TIPABUIOM (Ot
U:={xelU:px)=0}

7:  ecam |U| < {p TO BBIXOX;

KJIACCa, 3aTeM BCe IIPaBmUIa BTOPOro KJiacca, u T. 1. Ha 1mare 4 mpousBouTcst mo-
uck Hanbosiee HHMOPMATHUBHOTO NIPABUIIA @y € P, JOMYCKAIOIIEr0 OTHOCUTEHHO
MaJjIio OmuOOK, TO eCTh HCIOJIB3YETCs Cpa3y JiBa Kpurepusi oTbopa mpaBui I,
u E,.. CemeiicTBo npaBuii ¢ MOXKeT OBITH KAKAM YTOIHO, JIUINB OBl JIJIsi HETO Cy-
mecTBoBasIa 3PPEKTUBHAL IPOIEIypa MONCKa 3aKOHOMepHOcTel. B gacrHOCTH,
ecn ¢ — KOHBIOHKINHU, TO MOXKHO npuMmenuTh Auropurm (1L ITocsre mocTpoe-
HUsI TPABUJIA (O BBIJIEJIEHHBIE M O0BEKThI M3BIMAIOTCS I3 BRIOOPKH U AJITOPUTM
[IEPEXOJUT K HOUCKY CJIEYIONIErO MPABUIIIA (Py1 MO OCTABIIUMCS OOBEKTAM.

AsropurM 2 mpEHEIMaeT Ha BXOze 00ydalonLyio BEIOOPKY X' u mapaMerpsr:
Tinax — MAKCUMAJILHOE YUCIO TPABUII B CIIUCKE, [1i, — MUHUMAJIbHAS nHMOPMa-
TUBHOCTH IIPABUJI B CIIUCKE, K\, — MaKCUMaJIbHAS J0JIS OIITHOOK Ha 00y Jaroreit
BBIOOPKE, {j — MaKCUMAJIbHOE JIOITYCTUMOE YUCJIO OTKA30B.

[Mapamerp Fp.x TO3BOJET HANTH KOMIPOMUCC MEXKY TOYHOCTHIO KJIACCH-
dukanmm o0y JaroIeil BBIOOPKU U CJIA0KHOCTHIO CITUCKA. Y MEHbITeHNE Fy, ., CHU-
2KaeT YUCI0 OMMOOK Ha OOYYEeHHH, HO IOCKOJIbKY OTOOp MPaBUI CTAHOBHUTCS
KECTYE, YMEHBINAETCS YUCI0 OObEKTOB, BbIIEJISIEMbIX KAXKJIBIM OTIEIbHBIM I1pa-
BUJIOM, U yBeJnuuBaerTcs jymHa crucka 1. [IpaBuiia, BBIIEJISIONINE CIIUIITKOM
MaJio OOBEKTOB, CTATUCTUYIECKU HE HAMEYKHBI U MOTYT JOIYCKATb MHOI'O OIITH-
0OK Ha HE3ABUCHMbBIX KOHTPOJBHDLIX JIAHHBIX. Y BeJIMYEHUE JJINHBI CIIMCKA [PU
OJIHOBPEMEHHOM <«U3MEJIbIEHUN» PABUJI MOYKET MPUBOJUTH K I€PEO0YIEHHIO.
Ha nmpakTuke mapamerp Fax T0I0UPAETCS 1O CKOJIB3SMEMY KOHTPOJIIO.

2KaiHblit aJIrOpuTM IOCTPOEHUST PEIAIOIIEro CIICKa TEPEN300PeTasicss OrpoM-
HOE YHUCJIO Ppa3 U M3BECTEH 1O PA3HBIMU HA3BAHUSIME, B 9aCTHOCTH, KAK KOMU-
TeT ¢ JIOTWKOW cTapmuHCTBa (seniority voting) [17] n mammaa nmokpeBatomumx
MHOXKeCTB (set covering machine, SCM) [15]. MHorouncieHHBIE BADUAHTHI OTIIH-
YAKTCS CEMEUCTBOM IpeauKaToB @, KpurepueM WHMOPMATUBHOCTA W METOJOM
noncka nHGOPMATUBHBIX npeaukaros. Ajropurm BuildSCM [15] crpour nokpsI-
Tue obyuatomeii Boibopku mapamu (data dependent balls). Anropurm apobGsi-
muxcst srainonoB JIPOT [6] Takke ocHOBaH HAa HNOKPHITHU BBIGOPKH IIADAMH,
HO OTJIMYaeTCsl TeM, 9TO CIHCOK CTPOMTCsS OT KOHI@ K Hadajy. B asropurme
Mapmanga [20] mepe6uparorcst BCEBO3MOXKHBIE TUIIEPIIIIOCKOCTH, PA3IEJISTIOIIIEe
kakue-uuOya» Tpu Touku (data dependent half-spaces), u u3 Hux BbIOHpaeT-
¢l IOJIYILJIOCKOCTh ¢ MaKCUMAaJbHONU HHGOPMATUBHOCTBIO. Ajropurm Beserko-
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ro [7] crpouT mOILYILUIOCKOCTH, OTIAEJSIONUE KAK MOXKHO 60Jibliie 00BHEKTOB O
HOTO KJjiacca. [Jist 3Toro mpuMeHsIoTCs METO/IbI JIMHEHHOTO ITPOrPAMMUPOBAHMUS.
B ornmane ot xannoro Anropurma (2, mociie OCTpOeHusT KarXKJI0H MOy IIIOCKO-
CTU ONTHUMU3UPYETCH OJIOYKEHUE ITPEJIBIIIYIIUX TTOJTYIIIIOCKOCTEH.

5 BsBemrenHoe rojgocopanue (OyCTHHI') 3aKOHOMEPHOCTEIH

[Iycts ms xkaxkgoro kjacca ¢ € Y TOCTpOeH HaOOp 3aKOHOMepHocTeir R, =
= {gpﬁ(x), t=1,... ,TC}. ITpocmoe 20n0cos6anue (simple voting) — 310 Kiaccu-
dukaTop, OTHOCAIMIT OOBEKT T K TOMY KJIACCY, JJIs KOTOPOTO J0JIA 3aKOHOMEP-
HOCTEH, BBIIEJISIONNX JAHHBIA 00bEKT, MAKCUMAJIbHA!

|

T,
| T
= I. T = tir).
a(x) arg max (), Te(z) ;:1 o)

c

Eciin MakcuMyM JOCTUraeTCsl OJHOBPEMEHHO Ha HECKOJIbKHMX KJIACCaX, BhIOUpa-
€TCsT TOT, JIJIsl KOTOPOTO TieHa omubKu Menbine. Hopymupytomuit muoxkurens 1/T,
BBOJUTCSI JIJIsT TOrO, YTOOBI HAOOPHI ¢ OGIBITNM YHCIOM IIPABUII HE TIEPETATUBAJII
00BEKTHI B CBOM KJIACC.

Bssewennoe eonocosanue (weighted voting) meiicryer Gojiee TOHKO, yIUTHI-
Bas, YTO MPABUJIA MOI'YT MUMETh Pa3jIMuyHyl0 IEHHOCTh. KaxkjaoMy npasuiy ¢
NpPUIACHIBAETCA Bec o, > 0, U BBIYUC/IAIOTCH B3BEMIEHHBIE CyMMbI TOJIOCOB:

WV

T,
Iu(z) =) alel(x), al>0. (4)

IIpocToii obmuit MoaXo K HACTPOUWKE BECOB af: 3aKJIFOYAeTCAd B TOM, UTOOBI

UCTIOJIb30BaTh TpaBuia ¢ (r) BMECTO NPU3HAKOB W TOCTPOUTH B 3TOM HOBOM
IPU3HAKOBOM TTPOCTPAHCTEE JIMHEHHYIO Pa3/essIoNyi0 TOBEPXHOCTE (KyCOTHO-
jmmHeitnyio, ecau |Y| > 2). g 9TOro MOMXKHO HCIIOJB30BATh JIOTHCTHYECKYIO
PErpeccuio WM METOJ OTOPHBIX BeKTOpos [21].

Ha 1epBbIit B31UIs1, BEC IPaBUIIa JOJIKEH OMPEIEIATHCA ero HH(MOPMATHBHO-
crbio. OJiHaKO, BaXKHO ellé, HaCKOJIBKO JaHHOe TPaBUJI0 YHUKAILHO. Eciu ume-
etcs 10 XOpoImmx, HO OIMHAKOBLIX (MJIM TIOYTH OJMHAKOBBIX ) TPABUJI, TO UX CyM-
MAapHBI BeC TOJ2KEH ObIThH CPABHHUM C BECOM CTOJIb YK€ XOPONIEro IPaBUIa, He I0-
XOZKET0 Ha, BCe OCTaJabHbIe. TaKuM 00pa3oM, Beca JOKHBI YIATHIBATH HE TOJIBKO
HEHHOCTD IPABUJI, HO U UX PA3JIUIHOCTD.

CyIecTByeT IpoCTOe TEOPETHKO-BEPOATHOCTHOE OOOCHOBAHUE NPUHYUUNG OU-
sepcudurayuy (noseimenns pasauanoctu) npasui [4]. Ilycrs X — BeposiTHOCT-
HOE TIPOCTPAHCTEO, MHOYKECTBO OTBETOB Y KOHEUHO. BBeJEM cilyuailHyIo Belnyn-
uy M (), paBHyTO IepeBecy TOJI0COB B MOJIb3Y MPABUIIBHOTO KJIACCA; €€ HA3BIBAIOT
Tak:ke omcmynom (margin) o6HLEKTa T OT TPAHWIBI KJIACCOB:

M(@) = I(x) ~ max I(z). y=1y"()
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Eciu oreryn nosoxuresen, M(x) > 0, To 06beKkT & Kiaaccuduupyercs mpa-
BusibHO. [Ipeamonokum, 910 B cpeHeM Hall KiIaccudukaTop padboTaer XOTs Ob
HeMHOro Jiydiie, 4yem Hayrag: EM > 0. Torma MOXKHO OIEHUTH BEPOSATHOCTH
OIIMOKY 110 HepaBeHCTBY 1eObIéBa:

P{M <0} < P{|EM—M| > EM} < DM .
(EMM)?

Takum 06pa3oM, st yMEHbBITIEHUS BEPOSATHOCTH OITUOKYM HEOOXOIMMO MAKCH-
MU3UPOBATH OXKHJIAHUE IepeBeca rojiocoB EM n MuHMMU3MPOBATH €ro Juciep-
cuto DM. ]I BBITIO/THEHUST 9TUX YCJIOBUI OO0BEKTHI JTOJKHBI HAOpaTh IPUMEPHO
OJIMHAKOBBIN CyMMapHBIit Bec. Ha mpakTmke HU OJHO W3 MPABUJI HE BBIIEJISIET
KJIacC MeJIMKOM (MHade 3a7a49a Pelajach Obl CJIUIIKOM IPOCTO), TOITOMY IIpa-
BHUJI& JOJKHBI OBITH CYIIECTBEHHO PA3IUIHBIMUA.

Aunzopumm 6ycmunza (boosting) pemaer oHOBpeMeHHO 06€ 1IPO6IeMBbI — B IIPO-
1ecce MOCTPOEHHS 3aKOHOMEPHOCTEN yBEJNYINBAET UX PA3JIMIHOCTD U OHOBPE-
MEHHO oIpejeser ux Beca. Hambosiee ussecren aJjiropurMm AdaBoost, musna-
YaJIBHO MTPEJJIOYKEHHBIH JIJIsT TOCTPOEHUs] JIMHENHBIX KOMOMHAIININ ITPOU3BOJIbHBIX
kiaccudukaropos [13]. Mbl paccMOTpUM ero BapHaHT, IIPUCIIOCOOIIEHHBIH ISt
B3BEIIIEHHOIO IOJI0COBaHUs 3aKoHOMepHocTedt [19/11].

Pacemorpum 3azady kaaccudbukanuu ¢ aByms kKiaaccamu, Y = {—1,+1}
U B3BellleHHOe rojocoBanne 1' =T + T 1 3aKOHOMePHOCTEI!:

t=1

. Tia T 1
ar(z) = sign (Ztl ol ol () — Z at_lcpt_l(x)), al >0, ceY.

Iy (z) I'_1(z)

ITycth yke mocTpoero T 3aKOHOMEPHOCTEH, BMECTE COCTABJISAIONIMX KJIac-
cudurarop ar(z). Ilpun nobasienun emé oxHON 3aKOHOMEPHOCTH . (x) B ciu-
cok R, B3BemeHHast cymMMa TOJI0COB 3a Kiaacc ¢ npumet Bug I.(x) + ap.(z). 3a-
Jlada COCTOUT B TOM, YTOOBI HAWTH 3aKOHOMEPHOCTD (. B €€ BEC (r, IIPU KOTOPBIX
kiaccudukaTop ar41(Z) J0MycKaeT MUHHMAJIBHOE YUCIO ONIMOOK Ha 00ydaro-
meit Beibopke X', Tlepes mo6aBieHneN YnCIO OMIGOK €CTh

14

Qr = Z [Fyl(%) - F*yl(xl) < 0] :

i=1
Yucsio ommbok ary1(x) mocse 1o06aBJIeHUs 3aKOHOMEPHOCTH (¢!

¢
Qri1 (e, @) = Y [yi = A [Ty, (@) = Ty, () + ape(ws) < 0]+
i=1
¢
> i # Ty () = Ty, () — apela) < 0]
i=1
BoinucanHBI (DYHKIIIOHAI COAEPXKUT NapaMeTp (¢ BHYTPH HOPOroBoit (hyHK-
muu Buga [z(a) < 0], ciemoBarenbHO, sBJIsieTCd Pa3pbiBHON dyHKIMEH OT .
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Munumuzanust Takoro (byHKIIMOHAJA ABJISIETCS HETPUBUAJIBHON 3aadeii KoMOU-
HATOPHOM orrruMusarnuu. JIs mpubinyKEHHOTO €€ perleHnsl 3aMEeHUM TTOPOTOBY IO
GYHKITNIO HETPEPbIBHO TuddepeHInpyeMoit oreHkoi cBepxy. Boibop KOHKpeT-
HOU OIeHOYHOU (DYHKIMH sBJIsieTcss 3Bpuctukoii. B asropurme AdaBoost uc-
noJsib3yercst oneHka [z < 0] < e 2.

3amnurmiemM BEepXHIO OIEHKY Qr dyurnmonama Qr:

fa)

Qr <

¢ ¢
T = Zexp(l“,yi(aci) =Ty (z)) = Zwl

wsq

Ecmu knaccudukarop ar(x) ommbaercss Ha o0bekTe T;, TO w; > 1, nHaue
w; < 1. YeMm GosbIme mepeBec roJ0CcoB B MOIb3Y OMMUOOTHOTO KJIacca, TeM OoJIbIie
Bec w;. Takmm 06pa3oM, OOIBIHUI BEC MOy Iai0T HANOO0Iee «TPYIHBIE» OO BEKTHI.

Beeném BekTOp W = (wi)le ¢ KOMIIOHEHTaMH W; = wié/QT. Torma Gygmer
BBITIOJIHEHO YCJIOBHE HOPMUDOBKH Zle w; = 4.

Teopema 1 (J19]). Munmvym dynxmmonana Qi (e, &) JocTHrASTCS HPH

Yo = argmgx Jc(go,Xe), Jc(ap,XE) = Vpe(p) = Vne(e);

Iipn nc(@c) # 0, (5)
‘
pe(p) = Zﬁ)z [y: = c]lp(z:) = 1]; (6)

¢
ne(p) = Zﬁh i # dllp(z:) = 1; (7)

BameruM, 9TO OIpeIeIeHIe YUC/Ia IO3UTUBHBIX U HErATUBHBIX 00HEKTOB Pe ()
u n.(p), BBIIEIAEMBIX IPEIUKATOM (0, OTJIIMUAETCsI OT TOrO, UTO OBLIO IAHO B II€P-
BOM pasjiesie. 371ech 0ObeKThl B3BEIUBAIOTCA ¢ BeCaMu W;.

Teopewma (1| He T03BOJISIET OIIPEIETNTH BEC HEITPOTHBOPEUMBON 3aKOHOMEPHO-
CTH ., TaK Kak 3HameHaTesb (D) obpamaercs B Hysb. HenporuBopednssie 3aKo-
HOMEPHOCTH OECKOHEYHO BBINOJHBI C TOYKU 3PEHUs] MUHUMU3AIMY (DyHKITHOHA~
JIa QT_H. YT00bI IPEOTBPATUTD 3TOT HEXKEJIATEIbHBIN 3 dEKT, B 3HAMEHATEIh
BBOJAT JonosiHuTeabHoe caaraemoe A € (0,1). YMenblnas mapaMerp A, MOXKHO
OPHMEHTHUPOBATH AJITOPUTM HA TIOMCK HEIPOTHBOPEUYMBBIX 3aKOHOMEPHOCTEH.

Asropurym 3 mpuHIMaeT Ha BXoje obyuaromiyio BeIGOpKy X! m aBa mapa-
MeTpa: YUCJIO 3aKOHOMEPHOCTEH Bcex KjaccoB 1 u KO3 DUIMEHT HOOIIPEHUs!
HEIIPOTUBOPEYMBLIX 3aKOHOMepHOCTell A\. Ha BbIXO/e TOJIyIaroTcst CIIMCKU 3aKO0-
HOMepHOCTell 1 ux Becos {¢t(z),al |t =1,...,T.} nns Beex Knaccos ¢ € Y.

B mportecce paGoThl aaropuTMa UMeeT CMBICS TPOAHAJTN3UPOBATE PACIPeie-
JieHne BecoB 00beKTOB. OOBLEKThI ¢ HANOOILITNME BECAMMU W; ABJSIOTCA Hanbosee
«TPYJIHBIMU» JIJIsI BCEX IOCTPOEHHBIX 3aKOHOMepHOcTeil. BO3MOXKHO, 9TO «IITy-
MOBBIE BBIOPOCHI» — OOBEKTHI, B OIMCAHUU KOTOPBIX JIOIYIIEHbl IPyOble OIIub-
ku. VckiroueHne Takux 00bEeKTOB, HA3BIBAEMOE UEHIYPUPOSGHUEM GblOOPKU, KAK
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AgroputMm 3. Bycrunar 3akoHoMepHOCTElH Ipu KJiaccuUKAIMU Ha JIBa KJIacca.

1: wHUNUMAM3UpOBaTh Beca: w; := 1 jyst Bcex 1 = 1,...,¢;
2: gons Bcex t=1,...,T
31 ¢:= ¢ — BBIOpATH KJACC, JJId KOTOPOrO OYIET CTPOUTHCS 3aKOHOMEPHOCTD;
4 gt = argmax \/pe() = Vne(9);

1 t
5 alf:=_In —pc(%z ;

2 " max{ne(oh), A}
6: pguas Bcex ¢ = 1,...,{ mepecanTarhb BeC W;:
7 w; = ¢ wyexp(—al), i(z)=1ny =c

w; exp(ag), pe(xi) =1ny #¢
8:  HOpPMHpOBATH Beca:
¢
Z = % Swi;  wii=w/Z naseeex i =1,...,4;
i=1

MIPaBUJIO, MTOBBINTAET KAaIecTBO Kiaccudurarmu. Ilocme mckaovenns BIOPOCOB
[IOCTPOEHNE 3aKOHOMEPHOCTEN JIydIlle Ha4aTh 3aHOBO, IIOCKOJIBKY BBIOPOCHI Me-
IaJId aJIEKBATHO OIEHUBATH UH(MOPMATUBHOCTH 3aKOHOMEPHOCTEIA.

QaxTrdecku, TeopeMa (1] BBoauT emé oquH GyHKIINOHAT WHPOPMATHBHOCTH
upeaukaToB J.(¢) = v/pe(¢) — v/ne(p). Kak Bugno u3 rabmuus [1, on mocra-
TOYHO &JIEKBATHO OIEHMBAET KAYECTBO 3aAKOHOMEPHOCTEM, & BBIYUCISIETCS CYIIE-
creerHo mporne, deMm [, mwin [Gain.. Ero MoXKHO mpuMeHSITH HE TOJBKO B AJi-
ropuTMe OyCTHHIra, HO M OTJIEJIbHO, IIOCKOJbKY Teopema (1 ocTtaércss BepHa, Jist
bynKmmonana (1, €C/In HOJIOKHUTL BCE BECA W; PABHLIME IHHIIIE.

CnesicrBreM TeopeMbl (1! siBIIsIeTCST TEOpeMa, O CXOAUMOCTH. ITOOBI TapaHTH-
poBaTh MOCTPOEHUE KJjaccuduKaTopa, He IOIyCKAIOIIEero OMMOOK Ha 0bydaro-
meil BBIOOPKE, TOCTATOYHO MOTpeboBaTh, YTOOBI Ha Imare 4 BCAKWML pa3 ymaBa-
JIOCh HAfITH 3aKOHOMEPHOCTD (9%, CO CTPOT0 MOJIOKUTEILHON HHDOPMATHBHOCTHIO
Jo(h). MabiMu clloBaMU, 3aKOHOMEPHOCTH JIOJIZKHBI KJIaCCH(DUIIPOBATL 00HEK-
ThI XOTh HEMHOI'O JIy4Ille, YeM HayTa/l.

Jlia makcumuzanuu undopmaruBHocTr J.(p) Ha miare 4 MOXKHO BOCIIOJIb30-
BaTbCsl JIOKAJBHBIM MMOMCKOM 3aKOHOMepHOCTel, 3amenuB B Asropurme 1l kpu-
Tepuit nadopmarupunocTu I, Ha J.. KomOuHamms »KaaHoro 1o6aBIeHUsS TEPMOB
C MPOIEAYPOIl PEYKIIUU 110 KOHTPOJIBHON BBIOOPKE JIEXKUT B OCHOBE AJITOPUTMa,
SLIPPER (simple learner with iterative pruning to produce error reduction), Ko-
TOPBII TOKa3a/l cebsi OIHUM W3 JIYUIIAX JIOTUIEeCKUX AJITOPUTMOB B ODIIMPHOM
IKCIIEPUMEHTE Ha 32 peaibHbIX 3aiauax kiaccuduramun [11].
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Awnnoramus B manHO# paboTe mpeacTaBIeHO HECKOJIBKO BAPUAHTOB IIPO-
TOKOJIOB IOBEJIEHUSI al'€HTOB B MYJIbTHAIr€HTHON CHCTEMe, ITPEJICTaBIISIO-
mieit MoJiesIb 9YaCTHOTO CiIydasd 3a/Ia4M O Ha3HAYeHUAX, IPOBEJIEH aHaIN3
BpEMEHHOU U SIMUCTEMUIECKON CJI0KHOCTHU ITPEJCTaBI€HHBIX IIPOTOKOJIOB.

1 Bsenenwue

CoBpeMeHHBIE HCCIEIOBAHNST MYJIBTHATE€HTHBIX CHCTEM PEJIKO OCYIIECTBIISIOT AHA~
JIN3 aJrOPUTMOB IIOBEJIEHUsI Ar€HTOB KAK B OTHOIIEHUH BPEMEHHOW CJIO2KHOCTHU
AJIrOPUTMOB, TaK U 3HaHWI (B cMbIcie [4]), mpuobpeTaemMbIx areHTaMu B IPOLIECCE
ux jiesgrespbHocTu. JlanHas paboTa SIBISETCS HAYMAJIOM UCCJICIOBAHUI PA3JINTHBIX
00IIUX MYJIBTHATEHTHBIX AJTOPUTMOB Ha MPEIMET WX BPEMEHHOU CJIOXKHOCTU U
nprobpeTaeMbiX 3HAHUN Ar€HTOB.

B mammoit pabore paccmarpuBaeTcs T.H. 3a1ada o Poborax ma Mapce, B Ko-
TOPO# POOOTHI JIOXKHBI OIIPEJETUTH Ce0e IIyTh K YKPBITAIO Ha IOBEPXHOCTH TaK,
YTO OH HE TepeceKaeTcs C MyTsIMu JAPYyTrux poboToB. Bosee ob61mio 3Ty 3ajady
MOKHO PACCMATPUBATh KaK 33/1a1dy O KOJJIEKTUBHOM PAaCIIPEJIEJICHIN PECYPCOB C
HEKOTOPBIM JIOHNOJHUTEIHHBIM YCJIOBHEM OTCYTCTBHSI KOHMJINKTOB. KosmekTus-
HOE pacIpeieieHre PECyPCOB OTIIMIAETCA OT IEHTPAJTNI0BAHHOTO, KOTOPOE TIPH-
MEHSIeTCS B OOBIYHBIX IOJX0IaX K ITOI 3a/1a19€e, TeM, YTO CyObEKT PAaCIIPeIesIeHnsT
cam cebe HA3HAYAET PeCypC, JIMOO caM OIPEJIESIET TOT0, KTO MOXKET €ro Ha3Ha-
9uTh. TO eCTh KOJIEKTUBHOE PACIIPeJIe/IeHre, B OTJINYIUE OT IIEHTPAJIM30BAHHOTIO,
COOTBETCTBYET MYJIBTUATCHTHOMY HOJXO/LY IIPH COCTABJICHUN aJTOPUTMOB Delre-
HUA JAaHHOW 3a1a49d.

Pacnpenenenne pecypcoB B 3a/ade 0 pob0Tax B CPABHEHUU € KJIACCHIECKOM
3ajaqeii 0 Tupore, B KOTOPOI HEOOXOIMMO Pa3Ie/IUTD eI MMEIOITHAIC PeCyPe
MEXKJIy areHTaMu, MOYKHO CUATATD 00JIee IPOCTHIM B TOM CMBICJIE, ITO TUPOT yIKe
[IOJIEJIEH M yYaCTHUKAM OCTAJIOCHh TOJIBKO BBIOPATH KYCKH, HO U 00Jiee CJIOKHBIM
B TOM CMBICJIE, UTO MPEIIOYTEHNE B BHIOOpE KYCKa OIPENEJISIETCS HE CTOJIHKO

* D10 uccnenosanue nomaepxkano B npoekre CO PAH 2/12 “@opmasibHble A3BIKA W
METO/IbI CHeIU(PUKAINYT, AHAJIU3a U CHHTe3a WH(MOPMAIMOHHBIX CACTEM .



Can Robots Solve an Assignment Problem? 73

KejaHueM arenTa(poboT MOXKeT XOTeTb, YTOObl PACCTOSHUE N0 YKPBITHA ObLIO
KaK MOXKHO MEHbIIIE), CKOJIbKO 3aBUCHT OT BBIOOPA OCTAJIBHBIX YUYACTHUKOB JIEJIe-
’Ka (IOCKOJIbKY areHT-poboT xodeT u30eKarTb KOHMJIMKTOB, BBIPDAYKEHHBIX Ie-
pecedenneM myreii). To ecth Majo mpocTo BeIOparh cebe KyCOK, HY»KHO eré
clieJiaTh 3TO TaK, YTOOBI ITOT BHIOOpP He 3aJieBajl HUYbUX mHTepecoB. OTMernM,
9TO JIJIst areHTa OJIMH U TOT K€ KyCOK MOXKEeT ObITh KaK JIOIYCTUMBIM, TAK U HET,
B 3aBHCUMOCTH OT BBIOOPA OCTAJIHHBIX Ar€HTOB.

2 3amaua o poboTax

2.1 ®opmyaupoBKa

Hesp mpeicraBieHHOl paboThl — pa3paboOTaTh MYJIBTHATEHTHBIE AJTOPUTMBI U
06cyIuTh X 3PPEKTUBHOCTD /I PEIIeHUs 3aa91l, KOTOpasg B KJIACCHIECKO
«OJTHOATE€HTHOW» MOCTAHOBKE MOYKET OBITh CBeJleHa K KOMOMHATODPHO 3ajade o
Ha3HAYEeHWsIX B JABYJ0NBHOM rpade (HanboJIbIileM MapacoueTaHni MUHIMAJILHO-
'O Beca BO B3BELIEHHOM JIBY/IOJILHOM rpade).

Haurewm ¢ HedopmaibHON MOCTAHOBKY 3aatH.

Ha ygactke moBepxnoctu Mapca naxojsitca n poboroB. OHE MOTYT 1O-
CBLIATH U IPUHUMATH COOOLIEHUs JIPYT OT Apyra (HO TOJBKO B PeXKHUME
OJIMH-OJIMH, MIUPOKOBEIIAHNE HCIOIb30BATH HEBO3MOXKHO). POBOTBI MO-
IyT mepeMenmaThcsa o moBepxHocTu Mapca. I3BecTHO, UTO Ha MOBEpX-
HOCTH Mapca pacrojioyKeHO N yKPBITUI U POOOTHI 3HAIOT MX KOODIMHA~
TBI, KAK U COOCTBEHHBIE. 3a/1a9a KayKI0ro poboTa COCTOUT B TOM, ITOODI
100paThCsl 0 YKPBITHS IO IyTH, KOTOPBIM HE IePEeCceKaeTCs C Iy TAMEI
apyrux poboros. IIpeanosaraercs, 9T0 B HaYaJIbHBII MOMEHT BPEMEHU
HUKakue Tpu “00berTa” (06BEKT — 3TO0 POGOT WM YKDPBITHE) He JIEXKAT
Ha OJHOH IPAMOI.

B kaccmyeckoM OHOATEHTHOM CJIydae 3Ta 3a/1a9a MOYKeT ObITh PelleHa cJre-
JTYIOITUM 00pa30M.

Bo-niepBoix, nepedopMyIupyeM 3a/1atdy B BHJIE 3aa9l KOMOMHATOPHON Teo-
MEeTPHUH Ha ILJIOCKOCTH.

Ha mtockocTu n t{épHI)IX TOYEeK U N OeJILIX TOYEK B O6H_[e1\,1 HOJIO}KGHI/II/I1 .

Heobxomumo coemmHUTh OTpe3KaMU TOYKK PAa3HOrO IBETA TAaK, ITOOBI
9TU OTPE3KHU He I1ePECEKAIUCD.

Ary 3ama1y MBI OyJieM HasbiBaTh 3ajadeit Jeitkerpsr [5,1].

Bo-Bropbix, Ha30BEM coeuHEHNEM HAOOP U3 7 OTPE3KOB, COEIMHSIFOIINX 10~
MapHO YepHbIe U OeJIble TOYKU B3aNMHOOJHO3ZHAYHBIM 00PA30M, U JOKAXKEM, 9TO
BepHa IIpocTad

Jlemma 1 Ecau cymma daun ompesdkos, ywacmsylouur 6 coe0uHeHU, MUHU-
MAABHO BO3MONCHAA, COEOUHEHUE HE COOEPHCUM NEPECEKAOUWUTCA OMPEIKOB.

! re. nukaxme TPH TOYKH He JIe2KaT Ha OJHON IpPAMOX
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Jloka3zaTesbCcTBO.

ITpeAnoIoKnM TPOTUBHOE: TyCTh 3a3JAHHOE COEJTMHEHNE MMEET MUHUMAJBHYIO
CYMMY JJIMH OTPE3KOB, HO COJIEPKUT MEPECEKAIONNECST OTPe3KU. 1lycTh atn oT-
pesku [By, Wi] u [Ba, W] (Puc.2.1 a)). Torma, oueBHHO, HOBOE COEJIUHEHNE,
[MOJIy9eHHOE “TIEPEKJII0UeHnEeM’ TUX OTPE3KOB U COEpP KAIllie HOBBbIE OTPE3KU
[B1, Wa] u [Ba, W] (Puc.2.1 b)), Gymer uMeTb MEHBIIIYIO CYMMY JIJIMH OTPE3KOB,
YTO MPOTUBOPEYAT MUHUMAJILHOCTH TPEIBIIYIIErO CoequHeHnst.[]

W, ./o Wi ./o
B qg/"

.31W20\o '31/OW2.\0
S S

a) b)

Puc. 1. IlepeknaroueHne oTpe3KOB

B-tperbux, HaloMHUM (DOPMYIUPOBKY 3a/1a41 O HA3HAUYEHUSIX [2].

JlaH B3BeIIEHHBIN JIBYIOIbHBII (61/1Xp0MaTI/IquKI/H‘/’I) rpad, cocrosuit
u3 OeJIbIX U YEepPHBIX BEPINUH U pebep, UX COEIUHSIONINX, KAaXKJIOMYy W3
KOTOPBIX IPUIIUCAH HEKOTOPLIN IIOJIOXKUTEILHDLII Bec?. Tpebyercs naiitu
HanbOJIbIIee TAPOCOYETAHNE MUHUMAJIHLHOTO BECa.

[TosTomy 3ama1ua 0 poboTax U YKPBITASIX CBOIUTCS K CJIEIYIOMIEMY YACTHOMY
CJIytalo 3aJa97 O Ha3HAYEHUIX.

Ha mmockoctn n 9€pHBIX TOYEK U 1 OEJIBIX TOYEK B OOINEM IIOJIOXKE-
aun. [locTponM mosTHBIM ABYIOABHBIN B3BEIIEHHBIN rpad, COCTOAMUN n3
n 9€PHBIX BepHIMH U 1 GeJbIX BEPIIHH, B KOTOPOM Bec pebpa [B;, W]
pasen (EBkimuoBy) paccrosiamio Mexiy roukamu B; u W;. Cormacuo
TOJIBKO 9TO JIOKA3aHHOM JIEMMe, €CJIU PEIIUTh 3a/1a9y O HA3HAYEHUU JIJIsT
TOCTPOEHHOTO Tpada, TO COOTBETCTBYIONUI HAOOP OTPE3KOB 0Opa3yer
coequHeHne 663 TePeceIeHNmIt.

2 Yo gepHBIX 1 GEIIBIX BEPIINH MOYKET GBITh PA3IMIHBIM ¥ HEOBA3ATETHHO, UTO BCE
qepHbIe U OeJible BEPIIUHBI COENHEHBI PeOpaMu.
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Kak m3BecTHO, 33/1a9a 0 Ha3HAYEHUAX MOYKET ObITh pemreHa 3a spems O(n?)
HAIPUMED 3HAMEHHUTLIM BEHI'€PCKUM ajiropurMoM |[3].

Opnnako, y chOpMyIMPOBAHHON BhIlle KOMOMHATOPHON NeOMETPUYECKOH 3a-
nagn JlefiKcTphl eCTh U APYyrre BADUAHTHI PeleHnsi. B 9acTHOCTH, MBI IPUMEM 33
OCHOBY MYJIbTHATE€HTHBIX AJTOPUTMOB PEIeHus 3329 0 poOOTaX M YKPBITHSAX
CJIEIYIONINI METO I, TIPeI0KeHHbIN camuM JlefikcTpoii.

CuauaJta 4epHbIe U GesIble TOUKH COeTUHSAIOTCS IIPOM3BOJILHBIM 00Pa30M.
3arTeM IOKa B COCJMHEHUH €CThb llepeceKalolyecss orpesku (cM. puc. 2.1
a)) NMPOMCXOJUT IIEPEKJIOYeHNe TaK, UTO HepecevdeHne SJINMAHUPYETCsI
(cM. puc. 2.1 b)). Tlepekirouenus: IPOUCKOMASAT JI0 TEX MOP, MOKA [epece-
KAIOIIUXCST OTPE3KOB HE OCTAHETCS.

DTOT METOJI 3aBEPINAETCsI, TAK KaK IIPY IIEPEKIIOYEHIN CYMMAa JIJINH BCEX OTPE3-
KOB COeJlMHeHus! yObiBaer (cM. puc 2.1).

Tomukom K GOPMYIUPOBKE MYIBTHATEHTHOTO BapHWaHTa 3a/a9u O poboTax
U YKPBITUSIX U HMCCJIEJIOBAHUIO MYJIbTHATEHTHBIX AJTOPUTMOB €€ DEIeHUs] JJIst
HAC IIOCJIYKHUJIa HHTEPIPeTaIys “IepeKIodeHns’ u3 MeToa JIefKeTphl Kak J1o-
KaJIbHOT'O pa3pelreHust KoHMIINKTa MeXK/ 1y JIByMs pobotamu. B nanpueiinem o
MyJIbTAAT€HTHBIM BapPUAHTOM 33J@9i O POOOTaX M YKPBITASIX MBI OyIeM ITOHU-
MATh CJIEYIONLYI0 (POPMYJIUPOBKY.

Ha 9BK/IMI0BOI IIOCKOCTH PACIIONIOKEHBI 12 AT€HTOB-POOOTOB U 1l YKPbI-
tuit. Kak u panee npejiosaraercst, YTo B Ha4aJIbHBII MOMEHT BPEMEHU
HUKaKWe Tpu “00beKTa’ He JieyKaT Ha OJHOH npsMoit. PoboTs! MoryT mo-
CBUIATH M IPUHUMATH COOOIIEHUs JIPYT OT Apyra (HO TOJBKO B PEKUMe
OJIMH-OJIVH, IMUPOKOBENAHNEe HMCIIOIb30BATh HEBO3MOXKHO). 3ajada co-
CTOUT B pa3paboTKe UHIMBHLYAIHHOIO IIPOTOKOJIA [IEPEroBOPOB (IPaBUI
obMeHa COOBIIEeHUSIMU MezK Ly poboTaMu) Il KaxKJoro u3 poboToB Ta-
KOI'O, YTO IIOCJIE €TI0 BBIIIOJIHEHUSI POOOT 3HAET, K KAKOMy U3 YKDBITHI
OH MOXKET JIBUTAThCS IO MPSMOIi, HE OlACasiCh CTOJIKHOBEHUN C JIDYTUMU
poboTaMu ¥ KOHKYDPEHIUH 38 YKPBITHUE.

2.2 BapwaHTbhI MYJbTUATEHTHBIX PEIIeHU

Mps1 paccMOTPUM HECKOJIBKO MOAXOIOB K OPraHU3AIlNN WHIMBULYAIbHBIX IPOTO-
KOJIOB areHTOB-POOOTOB.

Iepsoiii (“anapxuaeckuii”) HOAXO0/] COCTOUT B TOM, 94TO BCE POOOTHI HE3ABUCH-
MBI U PABHOIIPABHBI. KaxK b1t pOOOT CAaMOCTOSTEHHO BLISCHSET, HE I€PECedeTCst
JIX €ro MyTh C MapIIPyTAMU OCTAJIBHBIX, & €CJIU C KEM-TO IIyTU ME€PECEKAIOTCH,
TO pOOOTHI YYACTHUKY KOH(MJIUKTA Pa3periarnT ero Mexx Iy coboil MeTOIOM epe-
KJroueHnst. Korja Bee poBGoThl (KasKIblit 1ytst cebst yist cefst) y3HAIOT, YTO OHU HI
¢ KeM He KOH(DJINKTYIOT, TOI/1a KayKIbIi POOOT MOYKET CAMOCTOSITEJIBHO JIBUTATH-
Cs1 K CBOEMY YKPBITHIO.

Bropoit mogxosn (“KOJLIEKTUBHBIA”) COCTOUT B CAMOOPraHU3aIUU POBOTOB, KO-
raa B “KojiekTuBe’ poDOTOB Ompeessercsa “nmuaep”’; KOTOPBIA PEIaeT 3a1ady
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JeifikcTphbl KAaKUM-1100 CIIOCODOM 11T BCEX POOOTOB, & KOJLIEKTUB POOOTOB IIPU-
HUMAET €r0 peIleHue.

Bosmoxken Takzke (“KOMAHIHBIN’) MOAXO, KOTOPbIH OTJIMYAETCsT OT “KOJLIEK-
TUBHOTO” BapuWaHTa TeM, YTO POOOTHI M3HAYATHLHO Pa3dUTHI HA JIBe “KOMAaHIbI,
9JIEHBI KOTOPBIX OKPAIEHBI B JBA PAa3HBIX I[BETA, KOTOPBIE OHU CIOCODHBI pas-
amgaTh. B 9TOM ciiyvae B KOMaHIaX ONPEE/ISIOTCs “JIUAephl’ CBOETO IBeTa, KO-
TOpBIE TIOTOM BEIYT IEPErOBOPBI C ‘JIMJEepOM’ JPYroro IBeTa O Ha3HAYEHUSX
VKPBITHI djIeHaM CBOMX KOMaHg. lIpm meperoBopax OHM MOT'YT DPYKOBOICTBO-
BaTbCsI PA3JIMIHBIMEU COOOPAYKEHUSIME [TOJIE3HOCTH: MOTYT 3a00TUTHCSI TOJIBLKO O
BBITOJIE CBOMX IOJIOIEYHBIX (HAIpUMED, YTOOBI CyMMa UX HyTeil 10 yKDPBITHI
OblIa KaK MOXKHO MEHBIIIE), WK IIPUHUMATh BO BHUMaHuUe obriee 6iaaro (MuHU-
MU3alud O6IIlefI CYMMBbI IIyTeﬁ), MO2KET TaK>Ke UMEeTb 3Ha4YeHNEe BpeMs, 3aTpavIn-
BaeMoOe Ha IeperoBopbl. Bcé 9To jiej1aeT 0COOEHHOCTH “KOMAHIHOIO” IIPOTOKOJIA
3aCJIyKUBAOIIIMHI OTIEIBHOIO PACCMOTPEHUS B JAJIbHEHIINX paboTax.

Ecsin paccmarpuBarh poboro kak BDI-areHToB, TO npu pasHbIX BapuaHTax
periennii y Hux OyayT pasjudHbie Habopbl npecrasienuii o mupe (Beliefs), me-
Jseii (Desires) u namepenuii (Intensions), u, nousgrnoe geno, ueiicrsuit. B ciemy-
FOIIEM pasjiesie Mbl PACCMOTPUM KOHKDETHBIE TTPOTOKOJIBI, PeATU3yIoNue “anap-
XUIeCKuit”’ 1 “KOJIIEKTUBHBIN BapUAHTDI, U OMUIIIEM COOTBETCTBYIOIINX ar€HTOB.
DTO IIPOCTO IIPOTOKOJIBI ABTOHOMHBIX Ar€HTOB, KOTOPbBIE [TOKa HUKAK SIBHO HE WC-
o163y 10T cBor BDI-BO3MOXKHOCTH 11151 IPUHSITHS PEIIeHUi O JIeiiCTBUIX, HO B3a-
UMOJEHCTBYIOT JIPYT C APYTOM IOCPEICTBOM 0bMeHa coobienusmu. PaspaboTka
[TOJTHOTIEHHBIX AN€HTOB, MPUHUMAIOIINX PEIeHNs, B IUIaHaX Ha Ojmkaiiiiee 6y-
JIyIree, a IMOoKa CJejIaH aKIeHT Ha aHaJiM3e BPEMEHHOM CJIOXKHOCTH MPOTOKOJIOB U
3HAHUI, TOJIYIAEeMbIX B IIPOIECCE UX UCIIOJTHEHUS.

3 AaropurMmsbl

3.1 AmnapxuvecKuii aJrOPUTM

Bce arenTsl He3aBUCHMBI 1 PABHOIIPABHBI, TO €CTh OHU MMEIOT OJMHAKOBBIE BO3-
MOXKHOCTH ¥ HUKAKON areHT He MOXKET 3aCTABUTH JIPYrOr0 areHTa JejIaTh UTO-
Jmbo.

Omnpenenenne. KoudaukT — curyariusi, B KOTOPOii IyTH poOOTOB K YKPBITHASIM
nepecekaoTcst. KOHKypeHIms — 3T0 cuTyalms, Korja Asa (uiam 6osiee) BoIOpasn
OJIHO ¥ TO K€ YKDPBITHE.

[TycTb Ha poboTax ycTaHOBJIEH CTPOrHUil JUHEHHBIN MOPSIOK <, 3apaHee nU3-
BecTHBIH poboram. CorracHo 3TOMY HOPSIKY OHH MOTYT PACIO3HABATH JIBA MHO-
KecTBa: ‘MeHbIe cedbst’ u “Oosbiie cebst’. Hampumep, 3T0 MoKeT OBITH ecTec-
TBEHHBIH JIEKCUKOIpaUIeCKUil OPAI0K HA KOODIUHATAX.

Hedopmanbroe onmcamnme agropurMa: Ha IIEPBOM 3TAIlE€ areHThI-POOOTHI BbI-
buparor OsmKaliniee K cebe YKPhITHE U WHMOPMUPYIOT O BBHIOOPE BCEX OCTAJIb-
HbIX. Kcjm mojiygaercst, 970 HECKOJIBKO pOOOTOB BBIODAJIN OJHO U TO K€ YKPbI-
THE, TO 9TO YKPBITHE OCTASTCsl 33 HAMMEHBINIMM (II0 OTHOIIEHWIO K MPHHSITO-
My HOPsiJIKY) POGOTOM, & OCTaJIbHBIE BHIOUPAIOT OJIMzKAlIMe K HOM HE3aHATHIE



Can Robots Solve an Assignment Problem? 7

yKpbITus. Tak Tpoo/KaeTcs: 10 TeX IMop, MOKa ecTh KOHKypenmus. [locse sTo-
0 HAYUHAIOTCS PAYHJIBI IEPETOBOPOB MEXKY KOHMIINKTYIOMUMI POOOTAME J1JTsT
pazperttiennst KOHGINKTOB. B Kaxk10M payHIe KaxKIblit KOHMINKTYIONHIT poboT
BBIOUDAET Cpeau KOHMINKTYIONMX ¢ HUM NapTHEpaA Jisl epeKJIoueHnii (obme-
Ha 00JII000BAHHLIMU YKPBITHAMY ). BeIOpaB napTHEpa, poboThl “MeHATCss” VK-
PBITHSIME, TIOCJIE Yer0 MOT'YT BO3HUKHYTH HOBBIE KOH(MJIMKTHI, KOTOPBIE PEIIAI0T-
cs HA CJIEIYIONEM PayHIEe MEPErOBOPOB. DTO MPOIOJIZKAETCH JI0 TeX IIOp, IIOKa
eCcTh KOHMIUKTHI. B cymHuocTH, areHTh BCIEMYIo peraoT 3aaady JlefikcTpbr, mo-
3TOMY B HEKOTOPBIf MOMEHT BpeMeHn KOHMIIMKTOB He ocTaeTcs”. Bompoc ToIbKo
B TOM, KaK KaXXJ[OMy WHIUBUIYAJbHOMY POOOTY y3HATH, KOI/a KOH(JIUKTOB He
0CTaJIOCh.

Boigesmv siero BDI-ocobennocTu B poboTax 3TOro ajropurMa, a MMEHHO:
crucok (haKTOB, KOTOPBIE MOTYT OBITH B Oa3e 3HAHUI Ar€HTOB, JIOKAJIbHBIE HAME-
pPEeHUsT AT€HTOB, UX IIEJU ¥ BO3MOXKHBIE JIeHCTBUsI. 3aMeTHUM, 9TO 3aIUCH B Da3e
3HAHUI areHTa HeobsS3aTeIbHO COOTBETCTBYIOT JEHCTBUTEILHOCTH.

DaKThI: COOCTBEHHBIE KOOD/IMHATHI; KOOPJAMHATHI BCEX YKPBITHIT; KOODIUHATHI
BCEeX POBOTOB; YKDPBITHsI, BRIOpAHHBIE POOOTAMUA B JAHHBI MOMEHT (TOUHEe
~ Ha JaHHOM payHje); craryc Beex poboros (KOHOJIMKT, MUP)4; craryc
neperosopos (nepeksountbes: JA, HET). Arenr xpanur obujudi crimcok
BCEX areHTOB, B KOTOPOM YKa3aHbI MX KOODJIUHATHI, KOOPIMHATHI BHIODAH-
HBIX UMHU YKDPBITHH U UX craryc. Kpome TOro, y areHTa Tak»kKe €CTh CIIICOK
poboTOB, KOHMIMKTYIONMX C HAM B JJAHHBII MOMEHT, B KOTODOM YKa3aH
craryc 1eperoBopoB ¢ HuMu. CIUCKU TePUOITIECKA OOHOBJISFOTCS.

Hamepenusi: BoIOpaTh YKPBITHE; PA3PEIIUTD XOTsd ObI OIMH KOHMIUKT.

Ilemm: orcyrcrBre KOH(MIUKTOB; 3aHSATH YKPBITHE.

HeticTBus:
ocJiaTh COOOIIEHNE: CBOM KOOPJMHATHI, CBOI BBIOOD YKPBITHUsI, CBOI CTaTyC,
[pUTJIAIIEHUE TEPEKII0UNTHCs, CBOM CTATYC IIEPErOBOPOB, Pa3peIleHne IBU-
raTbCsd K YKPBITHIO;

MIPUHSATH COODINEHME: KOOPIUHATHI pobOTa, BHIOOP YKPBITAS pobOTa, CTATYC
poboTa, MpUIJIAIIEHNE TePEKJIOYNTHCS, CTATYC IIEPErOBOPOB pObOTA, pas-
pellleHre JBUTATHCS K YKPBITHIO;

BBIUKCJINTH HEIIOCPEICTBEHHO KOH(MIUKTYIOIMUX POOOTOB;

BEIOPATEH YKpPLITHE;

JIBUTATHCS K YKPBITUIO.

IIpu onncanuu ajaropuTMa IPUMEM COIJIAIIEHIE, YTO [IPOIECCHI, IOMeYEeHHbIE
OJIMHAKOBBIMU OyKBaMU, ITPOUCXOJSAT MapasIebHO U ACUHXPOHHO, & MOMEYEH-
Hble Pas3HbIMU OyKBaMu — B ajipaBUTHOM Topsiiake. [Ipuém wium mepeada coob-
MEHUI 3aHUMAIOT OJWH TakT BpemeHn. OTMETHM, UTO €CJIM Are€HT JOJI2KEH Ha

3 O BpeMeHHOI CIOYKHOCTHU TIOHIET Pedb IO3KE.

4 KOH®JIMKT o3nagaer, 4To myTh poboTa K BLIGPAHHOMY YKPBITHIO IEPECEKAETCSI C
myTaMu Kakux-Hubyap poboroB, MUP — aTo orcyrcTBue KoHbIIMKTA

5 BamernM, UTO POBOTHI “O6MEHMBAIOTCS” YKPBITHSAME MOCPEICTBOM NEHCTBUS “BbI-
6paTh yKpbITHE .
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KAKOM-JI0O TIare B3anMOEICTBOBATE CO 8CEMU ar€HTaMU, OH HE MOXKET Iepeii-
TH K CJIEYIOMEMY IMary, MOKa XOTs Obl OJUH areHT OCTAETCS HE OXBAYEHHBIM.
Cpa3sy ormerum, 9TO B 6a3y 3HAHHUII areHTa ¢ CaMOro HAYAJIa BXOJUT 3HAHUE
COOCTBEHHBIX KOOPJMHAT, KOOPJIMHAT BCEX YKPBITUN, W, CJIEOBATEIBLHO, KOJIH-
9eCcTBO KaK CaMUX YKPBITHIi, TaK U POOOTOB Ha moBepxHOCTH Mapca.

Awnapxuueckuii Aaropurm

1.al. Arenr BbIOMpaeT GJIMKalilIee YKPbITHE.
a2. Arent coo0Imaer ¢BOM KOOPDJAMHATHI BCEM OCTAJILHBIM areHTaM
[IOCJIE/TIOBATEILHO B IIPOU3BOJIBHOM TOPSIJIKE.
a3. AreHT NpuHUMAET COODIIEHUsI OT BCEX areHTOB IPO UX KOOPIUHATHI.
Iocae ucnoanerus amozo smana ¢cmmm azenma JONOAHANMCA 3HAHUCM noopduHam
6CET OCMANDHIIT A2EHIMOSB.

2.al. ArenT coobm@aer 0 CBOEM BBIOOPE BCEM OCTAJIBHBIM areHTaM
MIOCJIEIOBATENILHO B TPOU3BOJILHOM TTOPSIIIKE.
a2. ArenT npuHEMAaeT COODIIEHUsI OT BCEX OCTAJIHLHBIX areHTOB
06 ux (HOBOM) BBIGOPE YKDBITHSI.
bl. Ecau areHT 3HaeT, UTO €ro yKpbITHE BBHIOpAJ JPYroil areHr,
TO €CJIu OH DOJIbIIE TOTO areHTa,
TO BRIOUpaeT jpyroe csobomnoe yrpoitue; GOTO 2a.
b2. Eciau areHnTt 3HaeT, 9TO €CTh YKPBITHE, BRIOpAHHOE JIByMsT pOOOTAMU,
o GOTO 2a.
Ilocae ucnoanerus amozo samana gﬁammn azenma 00NOAHAIOMCA 3HAHUEM 6?7L60pll YK-
pvimus 6CET OCMANOBHDBIL A2EHMOE HA darrom padee.

3.a. AreHT BBIYUCIISIET, C KEM €ro IIyTH MEePECeKaroTCsl,
COCTaBJISIET CIIUCOK KOH(MIIUKTYIONUX ¢ HUM PODOTOB.
bl. Ecau cimcok KOH(DIMKTOB IIyCT,

TO pobot npuHUMaeT cratyc MUP;
coobiiaer 06 3TOM BCeM JPYTMM areHTaM B IIPOU3BOJIBHOM IIOPSIIKE.

Nuaue pobor npunnmaer craryc KOHOJINUKT;
coobmaer 00 3TOM BCeM JPYTUM areHTaM B IPOU3BOJIBHOM IOPSIIKE;
JIEJTAT CIIACOK KOH(JIMKTOB HA JIBE YACTHU:

OTIIBI: Te 0T KOro MOYKHO MOJIYYaTh IPUIJIAIICHIS ePEKTIOIHTHCA"

JIETU: Te, KOMy MOYKHO TIOCJIATH HPHUTIAINIEHNE MePeKIIOUnTHCA .
b2. Ecyau B 0bmeMm criucke arerra Bce poboTsl umeroT craryc MUP,
TO areHT COODOINAET BCEM areHTaM, YTO MOXKHO JIBUTAThC K YKPBITHUIO;
GOTO 6.
b3. Ecau arenTt mosydaer coobIenne, 9T0 MOKHO JIBUTATHCS K YKPBITHIO,
To GOTO 6.
HOC./L@ UCNOAHEHUA 331020 IMana (ﬁmcmm azeHma 0O7L0./LH.}11'0mCﬂ 3HAHUEM cmamyca
KOHPAUKIMHOCTNU, 6CET OCMANDHBIT A2ZEHMOE HA JGHHOM PAYHOE, a4 MAKIHCE, GOZMOHC-

HO, CNUCKOM KOHPAUKMYOWUT € HUM PobOmos. 3amemum, “4mo ecau cmamyc Koh-

5 66mpme Po6OTEL

7 MeHbIIEE POGOTHL
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Ppauxmmuocmu y ecex azenmos 6 ezo cnucke MUP, mo pobom 3HAET, 4Mo 8CeM MOHCHO
08U2aMBCA K YKDPLLMUAM.

4.a. Ecau cimcok koudimkros mycr, To GOTO 2.
Ecuu crimcox ITETU #He mycT, mocklaeT TpuUIJiaiieHne IepBOMY B CIIUCKE.
b. 1. Ecau npuriarienune mocaaHo,
Iloka He nOJIyYUT OTBET, IPUHUMAET IPUIJIAIIIEHU.
2. Breraépkusaet nepsoro u3 crucka JIETU, ecou on ecTh.
3. Ecau orser JIA,
To noceuiaer orBer HET Bcem mpurnamarommmy; GOTO 5.
4. Ecau orser HET n npurariesuns moJrydensr,
TO TEPBOMY B CIIHCKE OTIIPABUBINUX MpULJIalieHne orBedaer JIA;
ocrasbHbIM oTBeyaer HET; GOTO 5.
5. Eciyin npurnamenuiit zer, To GOTO 3a.
c. 1. Cuéruuk oxunanust CO := |[PARENTS)|.
2. Ecau crimcoxk IETU mycr,
TO areHT ¥KIET MPHUTJIATIIeHNs TOKa OHO He TIOCTYTHT Wi (n—2)? TakToB.
3. Ecimn nipursaiiesue mocTyImio,
To orBevaer JA; GOTO 5.
4. Ecau npuriamenue #e nocrymmio u CO > 0,
o CO :=CO — 1; GOTO 4c2.
5. Ecoiu CO =0, To GOTO 2.
Ilocae ucnoanenus amozo amana (ﬁ(mmm azernma HuUKax He MEHANMCA, HO 6 NPOUECCE
UCNOAHEHUA 04ESUOHBM 00PA3OM MEHAEMCA CMAMYC NEPE20BOPOS € KOHPAUKMYIOULU-

MU POOOMAMU.

5. Arenr u npuraménusii pob6or obMenuBaiorcs yrkpbirusasmu; GOTO 2.
ITocae ucnoanenua smoz0 smana GaxmolL G2eHMA USMEHAIOMCA 6 HACTIU 6b60PA YKPbL-
MUA UM CAMUM.

6. Arenr jgBuraeTcsi K BHIODAHHOMY B IIOCJIEIHUI pa3 YKPBITHUIO.

Ha kaxoM payHjie BBINIEOMUCAHHOIO AJITOPUTMA, 38 UCKIIOYEHUEM TOCIIE -
HEro, BCe pOOOTHI C HEIYCTBIM CIUCKOM KOH(DJIUKTOB 3HAIOT, YTO JIBUTATHCI K
VKPBITUSIM €I HeJIb3si, POOOTHI YKe y KOTOPhIX COOCTBEHHBII CITMCOK KOH(JIMK-
TOB IIyCT, MOTYT TOJy9YUTb Ty K€ HH(MOPMAIMIO Ha, OCHOBAHUN CBOUX 3HAHUIT O
BBIOPAHHBIX OCTAJIBHBIMU YKPBITHAX, JTHOO U3 COODOINEHU O CTaTyce Ha dTare 3.

OrneHuM CJIOXKHOCTH payHJ1a BbIOOpa MapTHEPa Jjis HepeKrodyerus. 1lepBoiii
IYHKT [I€PBOHAYAJIBHOIO BEIOOPA YKPBITUS 1 OOMEHA CBEJIEHUSIMEI O KOOPIMHATAX
UCIOJHAETCS TOJBKO OJIMH Pa3 U UMEET BPEMEHHYIO CJI0KHOCTb O(n).

Bropoii myHKT IEPBUYHOTO COIJIACOBaHUs BbIOOPa YKPBITUH, B KOTOPOM PO-
GOTBI JIOJIPKHBI Y/IOCTOBEPUTBCH, ITO HET KOHKYpPeHIH, 3anumaet spemst O(n?),
IIOCKOJIBKY areHT BOOOIIE roBOps, MOXKeT nepebparsh n — 1 ykpbitue (Ipudém o
KaxKJIOM BbIOOpE OH JIOJKeH IpouH(bOPMHUPOBATL 1 — 1 arenTta), mpexie 4em
OKAXKeTCsI, 9TO HUKTO OOJIbINE HA €ro YKPHITHE HE IIPETEH/IYET.

Tperuii MyHKT, B KOTOPOM Ar€HTHI BBIYUCJ/ISIOT U YIOPSIOYUBAIT CIIMCOK
koudumkTos, Tpedyer O(n) BpeMeHu. 3aMeTUM, YTO €CJId KOH(MIIUKTOB HET HU



80 Natalia Garanina

y Koro (3.c), TO 3T0 03HAYAET, YTO MOYKHO JIBUIATHCS K yKPBITUSIM, HE PUCKYsI B
KOTO-HUOY/Ib BPE3aThCs.

B derBéproM myHKTE areHT mpobyer JIOrOBOPUTHCS O MEPEKJIIOYEHUN C KEM-
HUOYIb U3 CBOErO cHuCKa KOHMIMKTOB: jubo ¢ “merbmu’ (4.b), mubo ¢ “ormamn”
(4.b.4, 4.c). Jluneiinpiit nOpANOK Ha pobOTAX U Pa3JeJIeHUe CIUCKa KOHMJIMK-
TOB BBEJICHBI, YTOOBI HE BO3HUKAJIO IIUKJINIECKUX MTPEJJIOKEHII IEPEKTIOTUTHCS.
CJ10’KHOCTH 10 BpeMenu TyHKTa 4 pasua O(n?), TOCKOIBKY BpeMs OXKUJIAHUS
oTBeTa Ha TNpejyIokKenne MoxkeT ObiTh O(n?) u B 1m.4.C, BO3MOXKHO, TIPUISTCS
KJaTh npuriamesus n — 1 pas.

B myHKTaX 1Th W MIECTHh HEPEKIIOYEHNEe U JIBUXKEHHE MMPOUCXOUT 33 KOH-
CTAHTHOE BpEMSI.

Urak, Takux payHIOB IIOTPEOYETCS CTOJIBKO, CKOJIBKO HYYKHO OCYIECTBUTH
nepekJIoueHnit s pemrennst 3agadn leiikerpsr. orsTHo, uTo 3amaay eitk-
CTPBbI MOXKHO pemuTh 3a BpeMst O(n!), mpocro nepebupasi BApDUAHTHI COeIUHEHMIA,
TI0 KCIIePUMEHTATBHBIM Ke JaHHbM [5,1] croxkuocTh 06braHO He Bhime O(n?).
XoTst o6Hapy KeHa TI0C/Ie/I0BATe/IbHOCTD Tepek miouenuit iymabt O (n?), nenssect-
HO, MOKET JIX B 001IeM cirydae ajaroputm JlefikeTphl 3aBepuThbesi ObICTpee, IeM
3a Bpems O(n!).

ITycrs 3amaqay JefikeTpbl MoxkHO pemmuTh 3a Bpemst T'(n). Torma BpemenHast
CIIOZKHOCTH aHapxudeckoro anroputma 6ymer O(T(n) x n?).

3.2 KoJJIeKTUBHBIN aJIrOPUTM

Cpagy oT™MeTuM, 94TO, B OTJIMYNE OT AHAPXUIECKOIO BapUAHTA, TEIeph He P/
[I0JIATAETCs, YTO BCE POOOTHI U3HAYAIHHO JIMHEHHO YIIOPSI0YEHBI M 9YTO UM H3Be-
CTeH 3TOT MopsiaoK. Ves perrenus 3aaa4u ¢ “BbIOOpOM” JTHAEPA COCTOUT B CJie-
JIYIOIIEM: BCe ar€HThI-POOOTHI IEPECUUTHIBAIOTCSI (T.€. BCTPAMBAIOTCS B IENOYKY )
U IIOCJIETHU HA3HAYACTCH JINJEPOM, [OCJIE Yero OH KaKUM-JIn00 00pa3oM peria-
er 3amaay JleiKcTphl U Ha3HAYaeT BceM areHTaM yKpbiTus. CaMoopraHu3arimst
(mepecunThHIBAHNE) ANEHTOB IPOUCXOJUT TAKUM ODPA30M: AreHThI COEJIUHAIOTCS
B OTJIeJIbHBIE TIEIIOUKH (€[MHCTBEHHOIO areHTa TOXKe MOXKHO CUUTATH IEIOYKO )
U IIOCTEIEHHO BCE 3THU IEMOYKU COEUHSIIOTCS MEXKJy COOOH B OJIHY B Pe3yJib-
TaTe IePeroBOPOB IOCJIEIHUX areHTOB B IEIOYKaxX. B MepBblii MOMEHT BpEMEHU
BCE areHTbl PaBHOIPABHBI, KaXKJbIi U3 HUX MOXKET CTAaTh HAYAJOM IEIOYKU,
HO, TIOCKOJIbKY JefICTBYIOT OHU MMAapaJUIEJbHO U ACHHXPOHHO, y CAMBIX OBICTPBIX
areHTOB MIAHC CTATh HAYAJIOM BbIIre. [lermoukn 00beIMHAIOTCS B OIHY IIPUCOE -
HEeHVEeM KOHIIA OJHOW IEIOYKN K HAavaJy APYroi (HO M3-3a KOHEYHOW CKOPOCTH
repeadr COOOIIEHUH IO TENOYKe HAJ0 CJIEIUTh, YTOOBI HEe 06PA30BAIOCH ITHK-
JioB). JIj1s1 9TOr0 BBEIEM TaKoe MOHATHE KaK YHUKAJBHBIA y6em yenouku. B ero
KaJeCcTBe B HAYAJIBHBIII MOMEHT MOYKHO, HAIIPUMED, B3sITh KOOPIUHATHI ITI€PBOIO
B IIerouke pobora. AreHTaM-poboTaM HeoOsS3aTe/IbHO 3HATH KOOPIAUHATHI BCEX
pobOTOB, OCTATOYHO TOJBKO JAHHBIX O MPEJNIECTBEHHUKAX U HEIIOCDPEICTBEH-
HOM TIoCjieloBaresie. JlaHHBIE O IPEIIeCTBEHHUKAX HYKHbI, YTOOBI IIOCJIEIHUI
B [OJIyYUBIIEMCs CIUCKe (T.€. JILIep) 3HaJ KOOPAMHATHI BCEX, YTOOBI PEHIUTD,
KOMY U B KaKO€ YKPBITHAE HITH.
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Pasymeercs, MoKHO OBLIO OBI OCYIIIECTBUTD BBIOOD JUAEPA KAKUM-JII0O JIPY-
rum crocobom. Hampumep, MokHO 6110 ObI BceM 0OMEHSITHCSA KOODINHATAMA U
Ha3HAYUTDH [VIABHBIM CAMOT'O IIEPBOT'O B JIEKCUKOTpa(pUIeCKOM MOPSIIKE Ha KOOP-
JUHATaX, HO TOI/Ia KaXKJIOMY POOOTY IPHUIIIOCH ObI B3aMMOJEHCTBOBATD C KarK-
JIBIM, UTO, HAIIPUMED, B YCJOBUSX IIJIOXON CBSI3U MOXKET OBITh OYEHBb 3aTPATHO
1o BpeMeHu. B 9TOM OTHOIIEHMH TIpejjiaraeMblil CII0COO CAMOOPTaHU3AINH ITIe-
MMOYKAMU JIy9Ille, TOCKOJIbKY IMPEIIOJAraeT MEHbIee YNCJIO KOHTAKTOB MEXKILY
areHTamMu. B mpuHIMIIE MOKHO OBLIO OBI PACCMOTPETH BBIOOPHI JIUAEPa TOJIOCO-
BaHUEM, HO 3TO yBeJO Obl HAC B CTOPOHY OT TEMBI UCCJIEOBAHUS.

B HallleM KOJIJIEKTHUBHOM aJI'OpUTME 3a OJAUWH TaKT MOXKHO IIPpUHATH WJIA I10-
CJIATH TOJIBKO OHO coobinenue. Jlajee mBeT — 3TO I[BET IEMOYKH. 3aMETHM, 9TO
IpUHAJIEXKAIIe KAKOW-Iub0 MMEemovIKe areHThl MMEIOT IBET.

Kak u st mpempbigymero mporokosa mepeducianm siBHo BDI-ocobennocTu
I pOOOTOB: CIHUCOK (PAKTOB, BO3MOYKHO, HEBEPHBIX, KOTOPbIE MOLYT OBITH B
baze 3HAHMIT Ar€HTOB, JIOKAJbHbIE HAMEDPEHHUS Ar€HTOB, UX IEJIM U BO3MOXKHbBIE
JIeiCTBUA.

®DaKTBI: COOCTBEHHBbIE KOOPAMHATH; KOOPAMHATHI BCEX YKPBITHILS; IIBET IeroH-
KW; CBOM HOMED; KOOPJIMHATHI U HOMEPa, POOOTOB-TIPEIIIECTBEHHUKOB; KOOP-
JINHATBI ¥ HOMEP HEIOCPEJICTBEHHOIO PODOTA-TIOCIIEI0OBATEIIST; IIBET ITO/IKJIIO-
yaeMoil [enoYKy (KPATKOBPEMEHHO); CIHMCOK IIPEJIJIOKEHUIA.

Hawmepenusi: omnpeennTs Jiniepa, MOIKIIOYATHCS K IIEITOYKe, YITUHUTD [IEI0Y-
KY.

Ilean: orcyrcTBre KOHMDIMKTOB; 3aHATDH YKPBITHE.

HetictBus :
TIOCTIATBL-TIPUHSATH COOOIEHNE: TIPE/IJIOKEHUE TTOIK/ITIOUUTHCS, OTBET Ha,
upegoxkenue (JJA, HET), user nemno4ku, ClucoK IIpeaieCTBEHHUKOB C KO-
OpJMHATAMH, HOMED B IIEMOYKE, BOIIPOC O I[BETe U KOOP/IMHATAX, HA3HATYCHUE
HOMEDPA YKPBITHS;
M3MEHUTH: [IBET, HOMED, CIUCOK IIPE/IIECTBEHHNKOB, /TAHHBIE IIOCJIEeI0BaTe-
JIst;
JIBUT'aTbCsl K YKPBITUIO;
pemuTh 33129y JefikeTpel (TONIBKO Jis ujiepa.

O6o3HaunM arenTa B Hadaje Iemodkn kKak C.1, areHTa B cepeanHe ITEeMOIKN
kak C.z (1 < x < e), arenra B Kouile nenodku kax C'e.

KonnekTuBusbiii Aaropurm

1. AreHT He HMeeT IBeTa
a.l. Ioceuiaer (“B upocrpancTBo’) npemioxenue (Tomy KTo “noabeper”)
IIPUCOEIMHUTHLCS K TENOYKE; XKJIET OTBETa 1 TaKT.
2. Ecau nonyuaer orBer JIA ot 6ecriseTHOrO arenra,
TO 3alIOMUHAET KOOPJIMHATHI OTBETUBIIIETO;
mepesiaéT CBOM KOOPIAMHATHI, KOTOPBbIE CTAHOBSTCS IIBETOM;

8 OTHAKO HUCIIOJIb3YEeT UX TOJIBKO JINAEP
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€CJIN B COOOITEHUSX €CTh IIPEJJIOXKEHUST TTOAKITIOIUTHCS,
To orBevaeT Bcem HET;
GOTO 4.
3. Ecan nonygaer orser /IA oT 1{BETHOrO areHTa U3 CepeIuHbI IEMOYKH,
TO ToJIy4uaer oT Hero KoopauHarel u mBeT Cl Havasa mermouku C1.1;
npununmaet 1BeT Cl, cranoBuTcs nepBbiM HOMepoM B 1enodke Cl,
nepeiaéT CBOM KOOpAMHATHL (KAK CIIUCOK MIPEIeCTBEHHUKOB),
uoBbiit HOMep C1.1;
€CJIN B COOOIEHNAX €CTh IIPEJIOKEHNS TOIKITIOINTHCH,
To orBevaeT BceM HET;
GOTO 4.
b. Ecianu
(1) B noJryYeHHBIX COODMIEHUAX €CTh [IPEJIOZKEHHs OIKIIOUUTHCS
WX OTBETHI HA PaHee ITOCIaHHBIE IIPEJJIOXKEHUS TOAKIIoYnThCs, o
(2) ma 3anpoc 1.a moaygaer A OT 1BETHOrO areHTa KOHIA [ENOYKH,
To ecqu (1), To orseuaer nepsomy JIA, ocranmpubiv — HET;
areHTy IMPUCBAMBAETCST HOMED;
OH TIOJIyJaeT KOOPJWHATHI IIPE/IINIECTBEHHNKOB U IIBET;
GOTO 2.
c. Auagye GOTO 1.a.

ITocae ucnoanenua 3mozo IMana azenm CMAKOBUMCA 6 YENodKe AUO NEPEbIM, AUBO
nocaeonuM, NPU IMOM 6 HAKMAT A2EHNG USMEHAEMCA YBEM, HOMED, CNUCOK Nped-
wecmeennukos (ecau nomep ne 1), nocaedosamenv (ecau nomep 1).

2. Arenr Cl.e (mocnennuii B rienouke C1)
a. Ecau Homep arenta paBeH n,
To C'l.e — munep; GOTO 5.
b.1. ITocbuiaer mBeT u MpeJIOKEHUE MOJIKIFOYNTHCSI areHTaM He U3 CIIMCKA;
XKJET orBeTa 1 TakT.
2. Ecau nosnyuaer orser JIA ot GecriseTHOro arenra,
TO 3alIOMUHAET KOOP/IUHATHI OTBETHUBIIErO;
IepeIaéT CIIMCOK ITPEJIIIIECTBEHHUKOB U HOMeD € + 1;
€eCcJIn B COO6HI€HI/IHX €CTb IIPEJJIO2KEeHU A IOJAKITI0OIUTHCA,
To orBevaeT BceM HET;
GOTO 3.
3. Ecan nonyuaer oreer JIA or arerra C2.x,
TO TOJIyYaeT OT HEro KOOPJMHATHI U IBeT Hadasa renodku C2.
Ecum nper magasa pasen C'1, o GOTO 2b.
Ecan user nagana pasen C3,
TO U3MEHUTH CBO# 1mBer Ha C'3;
nocaars coobmenne “HOBBIN IIBET C3” arenram,
zamucanubiM Kak C1.1, Cl.e—1n Cl.l—;e;
nociars areary C2.1 mosbiit Homep Cl.(e +1) n
CITUCOK IIPEJIIIECTBEHHUKOB;
GOTO 3.

c. Ecin B TIOJTYyY€HHBIX COO6HI€HI/I${X €CTh IIPEIJIOKEHNA ITOAKIIOYUTHCA,
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To orBeuaer /A mepsBomy arenty C2.e, HE COBIAJAIONIEMY IO I[BETY,
octagbubiM — HET;

€ecJii areHT OeCIIBETHBIN,
TO 3allOMHUHAET KOOPJUHATBHI OTBETUBIIIETO;
nepeJiaéT CIUCOK IIPEJINIECTBEHHUKOB U HOMED € + 1;
MHa4Ye y3HaéT y areHra, sanucanuoro kak C'1.1,
[BET ¥ KOODJMHATHI HAYAJIA [IEITOYKH;
nepenaér C2.e BT U KOOPAUHATHI HaYaJIa HEIOYKHT;
GOTO 3.
d. Ecau nosnygaer coobmenne “HOBBIVT HOMEP y”, npemecrsennuku P,
TO 3aMEHUTh CBOU HOMED HA Y W CIUCOK Ha P;

e. GOTO 2.a.

Ha nepsom waze amozo smana azenm mooicem oOHapysicums, 4mo oH NnocredHutl 6
uenouke, a 3uavwum asasemcs “‘audepom”. Ilocae ucnoanenus smozo amana azenwm
cmanosumcs 6 uenowke Aubo cepedurtvim u mozda 6 Paxmaxr MeHAemcs e20 usem
u nocaedosamensv, AU60 NPEONOCALOHUM, TPU IMOM 6 PAKMAT A2EHMA USMEHAETNCA

MONBKO Nocacdosamens. Azenm moorcem makoice noAYyHums HOBLT HOMED U CNUCOK
npedwecmeeHHunoe.

3. Arenr C.z (mocepesnHe NENOYKN)
a. 2Kaer kakoro-yimmbo coodienus.
b. Ecau nonywaer coobmernne “HOBBIN IIBET C”,
TO IIOMEHATH cBoii nBer Ha C
nocsath coobmenne “HOBBIN IIBET C” arentam,
sanucanabiM Kak C.(z — 1) u C.(5).
c. Ecan nonyaaer coobmenne “HOBBI HOMEP 4, npemmecrsenanku P,
TO 3aMEHUTh CBOI HOMED Ha ¥ U CIUCOK Ha P;
nociars coobmenne “HOBBIT HOMEP y + 17 u CIICOK Hpe/IIIecTs.
MONOJIHEHHBIH uM camum, areary C.(z + 1).
d. Ecau nonygaer coobmenne “KAKOI IIBET 1 KOOPIMHATHI?”,
TO TEPECHLIAET ITO COODINEHNE U KOOPAUHATHI oTipasuTesis areaty C.1.
e. Ecau nostygaer npejyioxkenne or arenta C2.e wim 6€CIBETHOTO,
To eca C2.e ue npsera C.x nan 6ECIBETHLIH,
To orBeuaer JIA;
y3HAET y areTa, 3anucanaoro kaxk C'1.1,
[IBET U KOOPJUHATHI HAYAJA [IEIIOYKH;
nepenaér C2.e MBeT U KOOPAUMHATHI HAYAJIA, [EIIOYKH.
uHade orsedaeT HET.
f. Ecomm nostygaer coobienue “YKpbitue x”,

To GOTO 6.
g. GOTO 3.a.
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B npouecce uCnoOAHEHUA amoti wacmu npomoxoaa 6 g’ﬁ(mma:c azerma MOAHCEM MEHAT -
CA ysem, HoMep U CNUucCox npedwecmeeununoe. Taxotce azenm mootcem noAY1tums Ha-
3HAYEHUE YKPOIIMUA.

4. Arenr C.1 (uepBblit B 1enovKe)
a. 2Kner kakoro-yimbo coodIenns.
b. Ecau norywaer coobmernne “HOBBIN IIBET C”,
TO MIOMEHATDH CBoi 1BeT Ha C.
c. Ecam nonyuaer coobmenne “HOBBIN HOMEP 4, npemmecrsenanku P,
TO 3aMEHUTH CBOIi HOMED Ha ¥y M CIHUCOK Ha P;
nociars coobmenne “HOBBINT HOMEP y 4 17 u CIMCOK IIpe/iIecTs.
MOTIOJTHEHHBIH UM camum, arerty C.2;
GOTO 3.
d. Ecau nonygaer coobmenne “KAKOW IIBET 1 KOOPAMHATHI?” u
aJIpec OTIIPABUTEJIS,
TO IIEPEChLIaeT CBOM I[BET U KOOPIUHATHI OTIPABUTEJIIO.
e. Econ nosyaaer npemjioxkenne ot arenta C2.e uin GeCIIBETHOTO,
To ecau C2.e e mBera C.1 win OECIBETHBIN,
To orBeuaer JIA, ocraybabiM orBeuaer — HET;
nepenaér C2.e CBOI 1[BET U KOODPJIUHATHI.
nHadve orsedaer HET.
f. Ecam nostygaer coobiienue “YKpbitue x”,
To GOTO 6.
g. GOTO 4.a.
B npouecce uCnoOAHEHUA amot wacmu npomoxoaa 6 gﬁa%mam azeHma MOoHCcem MerHAMb-
CA uysem, HOMeEpP U CNUCox npedwecmeeHHunoe. Taxotce azenm mootcem noaAYytums Ha-
3HAYEHUE YKPOITNUA.

5. Haznauute ykpbiTusi poboram u coobimuth uMm Hasznadenus:; GOTO 6.
6. /IBurarhcs K HA3HAYEHHOMY YKPBITHUIO.

Ha xaxkmoMm sTare aaroputMa, HadWHAsT CO BTOPOro, poOOTHI MMEIOT B 6a3e
3HAHUil IBET, HOMED U CIUCOK NIPEAIIECTBEHHHKOB C UX HOMEpPaMU U KOODIH-
natamu. OJIHAKO, TTOCKOJIBKY TIEMOYKH MOCTOSHHO YJJIMHAIOTCA M MEHSIOT IIBET,
3TH JIAHHBIE YACTO HE COOTBETCTBYIOT JCHCTBUTEILHOCTH, OCOOEHHO y areHTOB
B cepequHe menoukn. Ho HaM BaKHO, 9TOOBI KOHIIEBBIE ATEHTHI UMEJIU TOYTHBIE
3HAHUS O [BETE NENOYKH, YTOOBI B IPOIECCE ITOCTPOCHUS OBIIETO yIOPSI0UeHHO-
IO CIIMCKA areHTOB He BO3HUKAJIO IIUKJIA, U 9TO TpeboBaHue BbIIOIHseTCA. 1locie
TOTO KaK JIMJIEP COOBIUI Ar€HTY KOODJMHATHI YKPBITUS, K KOTOPOMY OH JIOJIZKEH
JIBUTATLCS, CIUTACTCsl, 9TO Ar€HT 3HAET, 9TO KOH(JIMKTOB C JPYTUMHA AreHTAMH
y HEro Ha IMyTH K yKPBITUIO HE CJIYIHTCA.

CII0KHOCTD QJITOPUTMA 3aBUCUT OT CKOPOCTHU CJIUSHUS MENOYEK U OT TOTO,
KakK OBICTPO YIAETCsl JIOTOBOPUTHC O CIUAHUE (TOUHEE, JOXKIATHCS OTBETA Ha
[PEJJIOXKEHHE TIOAKIIOUNTECs). CaMo CJIMsiHEE, OUeBUIHO, OCYIIECTBIACTCH 33
BpeMsl JIMHEITHOe OTHOCUTEILHO pa3Mepa MenovYku u cocront u3 (1) mpucoeam-
HeHMsl KOHIIA OJ(HON IeNOuKM K Hauakdy Japyroil (ciaoxkaocts O(n), IMOCKOIBKY
AreHT, KOTOPOTO MOCJIEIHAI B IEMOYKE CIUTACT HAIAIOM, MOKET TIEPBBIM yIKe W
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He OBITh, HO TOIJIA OH 3HAET aJPeC HOBOIO HadaJa, IepeiaéT HHMOPMAIUIO eMy
n T.7.); (2) OKpalMBaHUs HOBOIO HAadaja IEMOYKH B IIBET KOHNA (CJIOKHOCTD
O(lgn) 3a cuer guxoromun Ha mmare 3.b); (3) U3MeHeHHE HOPSIKOBBIX HOMEPOB
U CIICKA TIPeJIeCTBeHHUKOB (coxkHOCTh O(n)). BhIKpacuTh KOHeI B IIBET Ha-
vaja, YTO KayKeTcs, Ha HepBbIil B3], 60jlee eCTECTBEHHBIM, HA CAMOM Jlejie
GoJiee 3aTPATHO, IIOCKOJIbKY Ar€HTHI He 3HAIOT KOOP/MHAT BCEX II0CsIeI0BaTeel,
a 3HAIOT TOJIBKO IPEJINIECTBEHHUKOB U OJIMzKaiiiero cocefa. B takom ciydae,
OHH BBIHYXKJI€HBI JIMHEHO IIepeaBaTh IBET 10 IEHOYKe JAJIbIle, IPHIEM II0-
K& OHH II€PEJIAIOT I[BET, MEHSIOT IIOPS/KOBBIE HOMEpPA, I[BET MOXKeT y’Ke CHOBA
U3MEHUTBCSI, TI0JIYIaeTCsl, 9TO OyeT MPOJeIaHO MHOIO JininHeil paGorel. B ciy-
Jae JKe OKPAIlMBaHUs HAaJasa, IBET MePeaércsl OT OJJHOIO areHTa Cpasdy JBYyM
areHTaM IIeTNIOYKU, OHU B CBOIO OYEpE/Ib IEPEJAIOT ero emé JBYM U Tak Jajiee
1 IEH0YKa OYeHb ObICTPO OKpammBaeTcss. KpoMe Toro, IBer Ha 9TOM ydacTKe
OyZeT MEHSATHCH TOJILKO OJUH pa3, B OTJIMYHE OT HyMEPAIUdH areHTOB M CIIHC-
K& UX IpeamecTBeHHNKOB. OTMETHM, 9TO TIOCKOIBKY OKPAIIMBAHUE ITPOUCKOJUT
3HAYNUTEJLHO OBICTpee, YeM M3MEHEHHEe HOMEPOB IPEJINEeCTBEHHUKOB, U C KOH-
Ila y9IaCTKa IEMOYKH, TO CHTYAIlHsi, KOIJIA I[BET areHTa OKAXKeTCs He M3MEHEH,
HEBO3MOKHA.

ITycTb B naHHBIN MOMEHT BPEMEHH €CTh 1M Ielo4eK areHToB. CKOpOCTh CiIus-
HHf IIEHOYeK B JIydIIeM ciydae, Korja Kaxkipie O(n) IIaros CImBaioTCH
IenoveK, jgorapudMudeckas, 1 B XyJIIeM CJIyuae — JHUHeHasl, KOIIa KaxkKJple
O(n) maroB cMBAIOTCS TOJBKO JIBE [IEIOYKI. Bpems 0xKuJjaHus oTBeTa JJIst Gec-
I[BETHOTO POOOTa 3aBUCHUT OT TOTO KAK CKOPO OH OOHAPYKUT KOIO-TO MOTOBOTO
HOAKJIIOYUTH (-Cs1) Uil OGHADYKAT €ro.

TaxumM 06pa3oM, HAUXy/IIIasi BpDEMEHHAs CIOKHOCTD aJI'OPUTMa OKa3bIBAET-
cst pasHoit O(n?). AropuT™ 3aBepIaeTcs, ecim TOJIBKO Ha CAMOM MePBOM Iiare
BCe areHThl OJIHOBPEMEHHO IIUKJINIECKH He MOIIIIOT 3asiBKY 00pa30BaTh IEMOUKY
1 OBITH NIEPBBIM B HEl.

4 3akJjrouyeHue

B nanHOI1 pabore mpoaHaIu3UPOBAHBI JIBa [TOJIX0/Ia K PEIIeHUI0 YacTHOM 3a1a9u
MYJIbTUAT€HTHOI'O PacIpeie/IeHrsl peCypPCoB, a UMEHHO WHIMBUyaJIbHbIE IPOTO-
KOJIbI areHTOB, PelarmmX 3ajady o poborax na Mapce. Ilepssriit mporokos —
“aHApPXMIECKU’, B KOTOPOM areHThI CAMOCTOSITEJIHHO IIOMAPHO PAa3PENIaloT KOH-
GAUKTHI, BO3HUKAIONINE MEXKy HUMH, TOIJIA KAaK BO BTOPOM, “KOJITIEKTUBHOM,
IIPOTOKOJIE Ar€HTHI BBIOMPAIOT JINJIePa, KOTOPHIN pelaeT Bce KOHMJINKTHI 38 HUX.
[TepBbiit TPOTOKOJI MPOIIIE JIJjist OMUCAHKUS W IIOHUMAaHUsI, HO BTOPOIl OKA3bIBAETCsI
6oJstee 3¢pHEKTUBHBIM OTHOCUTEIBHO BPEMEHU UCIIOJHEHUs U TTaMsITH, HEOOXOH-
MO areHTaMm B IIPOIECCE B3aUMOJICHCTBUA.

[IepBoIit TPOTOKOJI MHTEPECEH TAKKE TEM, YTO MOKA3BIBAET BAKHOCTD HCCJIE-
noBaHus 3aga49u JlefiKCTphI /1151 TPOTOKOJIOB IIOIIAPHOIO B3AUMOIEHCTBUS areH-
ToB. K coXkaJleHnI0, TOYHYI0 BPEMEHHYIO CJIOXKHOCTh aJiropuTMa JIefKCTphI TToKa
BBIYKC/INTH HE YIAJOCH, HO 3TO Oy/eT clejaHo B Ojmxkaiiiem Oyyriem. Takxke
[IPE/ITOIATAETCS YKCIIEPUMEHTAIBHO HCCIEI0BATh IIPE/JIOXKEHHBIE MTPOTOKOJIBI,
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HCITO/TB3Ysl MOIXOISIILYIO LIAThOPMY CHEIMMDUKAIINNA MYJIbTAATEHTHBIX CHCTEM.
Kpowme sroro mporokossr 6yayT Mmoandunnposanst ¢ yaérom BDI-ocobernnocTeii
areHTOB, U ITOT BAPUAHT MBI OYJ/IEM HCCJIEIOBATEH IKCIIEPUMEHTAIHHO.

BuaarogapHocTu. Xo4y BhIPa3uTh OCOOEHHYIO OJIAr0JAPHOCTD MOUM KOJIJIEraM
nokropy Hukonaro Bsadecmasosuuy IllunoBy, a Takxke Esrennio Bogumy 3a mo-
MOIIb B UCCACIOBAHUIX W aHAJII3E IPOTOKOJIOB 3aa4u o0 pobortax. Tax ke Oia-
roJapio pernensenTa JokrTopa Haranbio AJNEXnuHy 3a IeHHBbIE 3aMEYaHUs.
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AnHoTtanmsi. B pa6ote npemnoxken noaxox k nocrpoernto OLAP-mozeneii Ha
ocHOBe ()OPMAIBHOrO aHAIM3a TEPMHHOB NPEIMETHOH 00JIACTH U OCOOCHHO-
cTeil pemaeMbix 3a1ay. [IpeacTaBieHbl OCHOBHBIE 3TAIlbl MOJCIMPOBAHUS: aHA-
JIM3 3alPOCOB, ONpPEAEICHIE MHOKECTBA TEPMHUHOB, FeHEpaLys 0ObEKTOB aHa-
JM3a U COIOCTaBJeHHe ¢ 0a30i JaHHBIX. PaccMOTpeHa peanusauus mpeio-
KEHHOTO IOJX0Aa IS 3aad MOHUTOPUHTA U T€HEepaIiy JOKYMEHTOB B MyHH-
[UNAJIBHOM YIPaBJICHUH.

KimioueBble cj10Ba: BUTPUHA JAHHBIX, FeHepalys JOKYMEHTOB, MyHHIIMIIAIb-
HbIif 3aka3, OLAP, OLAP-moznenupoBaHue.

Texunogorus OLAP

OLAP-texnonorust (On-line analytical processing) mpencraisieT co00il coBpeMeH-
HYIO KOHIICTIIIMIO aHAJIN3a JaHHBIX, ONMCAHHYIO0 COBOKYITHOCTBIO TPEOOBAaHUH K ITIPO-
TpaMMHBIM TIPOAYKTaM, 00ECIEUUBAIONIAM OIIEPATUBHYI0 aHAIUTHYECKYIO0 00padoT-
Ky U npejacraBieHue AaHHbIX. Mcnonb3oBanne OLAP-cpencTB mo3BosisieT mpeBpa-
TUTh pabOTy C JAaHHBIMH B OBICTPBINA, HATISAHBIA, Y)(QEKTUBHBIN MpoIece, pacIu-
PHUTH BO3MOXXHOCTH JOCTYNa K MH(GOPMAIMK M BU3yaIH3aLHN PE3yJIbTaTOB aHAIN3A.
Brieperie mpunmmel OLAP Obumi chopMyIHpOBaHE OCHOBOIOJIOKHUKOM TEOPHU
pemsmonHbIX 6a3 manHbeIX E.@. Konmom. B cBoeit cratse B 1993 romy «Obecneue-
aue OLAP ans nonbs3oBateneii-anamutukoB» E.®. Koan [1] onucan psg TpeboBanuid,
KOTOpbIE HIO3BOJISIIOT YCOBEPIICHCTBOBATH PA0OTy € AAHHBIMH, ITyTeM HPEICTaBICHUS
1 00paboOTKKM UX B MHOTOMEPHOM Buje. OJHUM M3 OCHOBHBIX TPEOOBAHUN TEXHOJO-
run OLAP sBisieTcst «Ipo3padHOCTb»: TOTOBBI MHOTOMEPHBIH KyO HODKEH OBITH
MIPEACTABICH KOHEYHOMY IIOJIb30BATEII0 B yIOOHOM IJIsI HETO BHJE, MHCTPYMEHTHI
MaHUIYJIUPOBAHUS KyOOM IOJDKHBI ObITh HHTYWTHBHO HOHSTHBI, HaUMEHOBaHMS
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00BEKTOB aHaNM3a JOJDKHBI COOTBETCTBOBATH TEPMUHOJIOTUN MPEAMETHONH 00JIACTH.
Takoe mpencTaBieHHe NaHHBIX BO3MOXHO JIMIIIh TIPH TIIATEILHOM MIPEIBAPUTEILHOM
aHAJIN3¢ CTPYKTYPHl MCXOIHBIX MAHHBIX M TEPMHHOJIOTHH HCCIEAYeMOro uHpopma-
LIHOHHOTO MOJIS.

®opmupoBanue OLAP-monenu

B pabore npeanoxkeH MOAX0J K MOCTPOSHUIO BUTPHUHBI NaHHBIX aust OLAP-moneneii
Ha OCHOBE ()OPMAJBHOIO aHaIM3a TEPMHUHOB IPEJIMETHON 00JIACTH M 0COOEHHOCTEH
pelaemMbIx 3a1au.

BuTpuHa naHHBIX NpejcTaBisieT cO00H CXeMy MOJIMHOXKECTBA JIAHHBIX, HE00XO-
JUMBIX JUISI peIleHUs] MOCTaBJIEHHON 3a7a4yl, CEMaHTHYECKYIO0 HAACTPOIKy, CTaBs-
LIyI0 B COOTBETCTBUE HAMMEHOBAHMSM I0JIed W3 0a3bl JaHHBIX 3HAUYUMBIC TEPMHHBI
n3 MPEeAMETHOW 00acTH, QUIBTPH M CIIEHApHM pacuyera aHAIMTHYECKUX IT0Ka3aTe-
neid. OTnenbHas BUTPUHA JTAHHBIX COJEPKHUT YHUKAIBHBIN HA0Op BXOJIHBIX ITapamerT-
POB, HEOOXOMMMBIX JJIsI TOCTPOCHUSI MHOTOMEPHOT'O aHanuTHieckoro kyba (OLAP-
MOJIETIHN), MOJICITUPYIOLIETO 33IaHHYIO YacTh IpeIMeTHON obnacTi. OCHOBY BUTPHHBI
JIAaHHBIX COCTABJISIET MHOXKECTBO CIICLMAIBHBIX TEPMHHOB, HEOOXOIUMBIX JUIS pellle-
HUS ITOocTaBieHHOH 3amaun. Kpome Toro, hopmupoBaHne MHOXECTBa TEPMHHOB I10-
3BOJISIET OYEPTUTH IpaHullbl popmupyemoit OLAP-monenm.

Ha nepBoM m1are nmpoeKTHpOBaHUSI BUTPUHBI JJAaHHBIX, IIyTEM HHTEPBBIOMPOBAHHMS
KOHEYHOTO TIOJIb30BATEINSI M M3YUEHUs] OTUETHBIX (OPM, MpEIJIaracTcsi OmnpeneanTh
Ha0Op JaHHBIX, KOTOPBIE JOJDKHBI OBITh BKIIFOUEHBI B pa3pabaThIBAEMBbIN aHATUTHYC-
CKHUH KyO TSl pelieHHs TOCTaBICHHON 3a/1a4H.

Ananu3 c(hopMyJIMPOBaHHBIX 3aIPOCOB IO3BOJIIET ONPENEINUTH HCIOIb3YyEeMOE B
MOJIETTMPYEMOH 00JIaCTH MHOXKECTBO TEPMHHOB, KOTOPHIE B JalbHEHIIEM HpeoOpa-
3yIOTCSl B 00BEKTHI aHanmu3a. CliemyeTr 3aMeTHTh, YTO MHOKECTBO TEPMUHOB HEOHO-
poxno. OHM TEPMHHBI HOCAT CYIIHOCTHBIN XapakTep W, B COOTBETCTBHH C TEOPUCH
texaosnoru OLAP, 06pa3yroT u3MepeHus: MpoeKTUPYyeMOoro Kyba, a Ipyrue — sBis-
I0TCSI aTPUOYTUBHBIMH M JIOJDKHBI OBITh OTHECEHBI K MHOXECTBY NoKaszarenei. I'pyn-
MTIPOBKA TEPMHUHOB MOJKET OBITh N3MEHEHA B COOTBETCTBHU C ITOCTaBJICHHON 3afauei
Y KOHLETIIUEN [TPOEKTUPOBAHUS. V3MepeHns n MoKa3aTeIy BUTPUHBI JaHHBIX, TOITY-
YEHHBIE B TEPMUHAX TPEIMETHON 00JacTH, 00ECIIeUnBaOT «IIPO3PAYHOCTE» MIPOEK-
tupyemoro OLAP-xy6a i1 KOHEYHOTO MOJIE30BATEIS.

Ha cnenyromem mare npouecca GOpMHUPOBAHUSI BUTPUHBI JaHHBIX, B COOTBETCT-
BUHM C TIpelUlaraeMbIM II0JXOJ0M, HEOOXOJIMMO COOTHECTH IOJY4YEHHbIE OOBEKTHI
aHaJM3a C CYIIECTBYIOUIMMH TOJISIMHM TaOiul 0a3bl JaHHBIX, ONPEAEIss TEM CaMbIM
(DU3UYECKYIO COCTABIISIONIYI0 M3MEPEHUi U mokaszareseit. OObEeKThI aHaIH3a MOTYT
OBITH CBsI3aHBI C MOJSIMM TAOJIMI] HANPSMYIO WM PacCUUTHIBATHCS HAa OCHOBE He-
CKOJIBKMX TIOJed II0 3aJaHHOMYy alropuTMy pacuera ¢ mnomompsio OLAP-
HHCTpYMeHTapus [2].

Cxema 0a3bl JaHHBIX aBTOMaTH3UPYEMOH 00JaCTH MOXKET UMETh JIOBOJBHO CIIOXK-
HYIO0 CTPYKTypy. [IpemmyIecTBo HMCIIOJIb30BaHMS BUTPUH JAHHBIX 3aKJIIOYAcTCS B
TOM, YTO JUISl PEIICHMs IMOCTABICHHOHM 3a/1auM HEeT HEOOXOAMMOCTH HCIIOJIb30BaTh
BCIO 0a3y NaHHBIX. B COOTBETCTBHU C BBIIEIEHHBIMU O0OBEKTAMHU aHAIN3a, B BUTPUHY
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BXOJSAT TOJILKO T€ TAOJUIIBI, MOJSI KOTOPHIX Y4acTBYIOT B (opmupoBanun OLAP-
MOJIEIH, TIPEJCTABIISISI COOOM MOAMHOMXKECTBO OOIIeH cxembl. IJIsi HAIOJTHEHUsS MHO-
TOMEPHOTO Ky0a KOPPEKTHHIMU JAHHBIMH BaXHO COXPAHHTh MEXKIY TAOJUIAMHU CBSI-
34, NPUCYTCTBYIOLINE B OCHOBHOH CXeMe. Cneunanusaunﬂ MMPOCKTUPYEMOI'0 MHOT'O-
MEpHOTro Ky0a, BO3MOXXHO, TOTPEOYET AOTIOJIHUTEILHBIX OTPAaHUYEHUN U CBSI3EH.

IIpumenenne OLAP-MoaesmpoBanus B 3a/1a4e pasMellleHUst
MYHHUIMIIAJIbHOI0 3aKa3a

[Mpennoxennsiii nogxoxn ¢popmuposanus OLAP-moneneii peannzoBan B
AaBTOMATHU3MPOBAHHOM CHCTEME TTOJECPIKKN pa3MEIIEHHsI MyHHIUIIAIBHOTO 3aKa3a
ACITI M3 [3]. ®yHKIINOHAIEHBIE BO3MOKHOCTH CHCTEMBI TIO3BOJIAIOT OCYIIECTBIISATh
AQHAJMTUYECKUH MOHUTOPHHT TPOLIECCOB NOATOTOBKU M Pa3MEILICHUS 3aKa3a U
obecriednTsb onepaTBHOE (POPMUPOBAHHUE OPraHU3ANNOHHO-PACTIOPSIIUTENbHBIX U
OTYETHBIX IOKYMEHTOB. B crcTeMy BKITFOUEHBI HHCTPYMEHTHI IOCTPOSHHS BUTPHH
JIAaHHBIX, (POPMHUPOBAHKSI MHOTOMEPHBIX aHAJUTHYECKUX KyOOB, OTOOpasKeHUs
MHOTOMEPHBIX JaHHbIX, IpeacTaBngonmx OLAP-monens aBromaTnzupyemon
obnactu.

JUii  MOHMTOpHWHra mpolecca IPOBEICHUSI TOPrOB PEAIM30BaHbl TAKHE BUTPHHEI
JIaHHBIX, Kak «KypHai 3akynok», «KypHan 3as1Bok», «PeecTp MyHHIMTIaTbHBIX KOH-
TPaKTOB», «JI[MHAMUKa BO3BpaTa 00ECHEeUeHUsI» U APYTHe, KOTOPBIE MO3BOJISIOT OIle-
paTUBHO OTCJIC)KMBATh CTAaTUCTUYECKHE W aHAJIMTHUYECKHE ITOKa3aTelll B pa3pese
WCTOYHHUKOB (MHAHCHPOBAHMUS, TJIABHBIX pacropsiiuTencii OIO/DKETHBIX CpE/ACTB,
MYHHUIOUIAIBHBIX 3aKa34YMKOB, CIIOCOOOB pa3MEIleHHs 3aKkas3a, W T.I. BeimonHeHue
CpPEe30B M BpaIlleHHE MOCTPOSHHOTO aHAIUTHYECKOro Ky0a JaroT MOJIb30BaTENO MOJI-
HOE TIPEJCTaBJICHHE O (PAKTUUECKH PEATM30BAHHBIX M IUTAHUPYEMBIX MYHHUINIIAIb-
HBIX 3aKa3aX ¥ MO3BOJIIOT OLEHUTH 3((EKTUBHOCTD OCBOCHHS OIO/PKETHBIX CPEACTB.

HeoTpemnemoli 4acThio pa3MElLIEHUs 3aKa3a sBISIETCS ONepaTHBHOE (HOpMHUPOBa-
HHE Pa3IMYHOrO Poja JOKYMEHTAIlMM O MpoleccaX, UTOrax pa3MeIleHHs 3aKa3a U
MPUHSTBIX peleHnsAX. PopMHUpyeTCs OrPOMHOE KOJIHMYECTBO JOKYMEHTAIMH, IPEIHA-
3HA4YEHHOH Kak Ul BHYTPEHHEH yNpaBIeHYECKON JESITENbHOCTH, TaK U JJISl B3aUMO-
JEHCTBUSL CO CTOPOHHMMH OpraHu3auusMu. PasHooOpasue, cioxHOCTH GopM IOKY-
MEHTOB M HEOOXOINMOCTh U3MEHATh UX CTPYKTYPY TPeOyroT pa3paboTKH CIIEIHaH-
3UPOBAHHBIX 11a0J0HOB, 00ECIIEYHBAIOIINX ONEepaTUBHOE GOpMUpOBaHKHE U MOAU(DU-
KalMIo JIOKYMEHTOB C BO3MOXXHOCTBIO 'MOKOW HACTPOMKH MapamMeTpoB 3arlojHEHHs
[4].

Ha stame pa3pa®oTku I1abJioOHa MOJIB30BATEIEM CO3/AeTCS BU3YabHBIN MakKeT C
MIOMOIIBIO TEKCTOBOTO pepakropa. I1pu pazpaboTke mabioHa BHITOIHAETCS CTPYKTY-
pHpOBaHHE JOKyMEHTa HAa OCHOBE NPHMEHEHHS CIIELHaIn3upOBaHHON pasMerku. C
TIOMOIIBI0 PAa3METKH OIPENEISIIOTC poii (PparMeHTOB JOKyMEHTa B €ro oouien
CTPYKTYpe, X COJep)KaHHEe M BU3yalIbHOE OTOOpaKeHue.

Ha srane HacTpoiiky mabiaoHa OCYIIECTBISETCS COIIOCTABICHHE JJIEMEHTOB pa3-
METKH II1a0JIoHa ¢ rmojieM Tabiui 06a3bl JaHHBIX. ISl TIOAJNEPIKKN CIIOXKHOM JIOTHKH
(hopMupoBaHHS JOKYMEHTOB INMOMHMO HCXOJHBIX TaONHI] JaHHBIX HCIOIB3YIOTCS
pacdeTHble TaOINIIBI, ABISIOMIMECS JOMOIHUTEIbHBIMHI BEIOOPKAMHU M3 CIIPAaBOYHUKOB
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u peectpoB. HeoOX0MUMOCTh TOCTPOCHHUS JOMOTHUTENBHBIX 3alIPOCOB BBI3BAHA IIO-
TpeOHOCTHIO B HOBOM COUYETAHMH CYIIECTBYIOIIMX TaHHBIX. Hampumep, ais oTaens-
HBIX JJOKyMEHTOB MOJKET MOTPEOOBaTHCs BEIOOPKA CBEACHHH C ONpe/ieIeHHOH (HHIIbT-
pauueii, co3aHue PacueTHBIX 3HAYCHUH WM MOTpeOyeTcs yBs3aTh MEXKAY COOOi
JIaHHBIE, HE UMEIOIIME MPSAMBIX CCBIJIOK IPYT Ha Apyra.

VYnpapneHne BbHIOOPKOW HaHHBIX (IIOCTPOCHUE, PEJAKTUPOBAHHUE, BBINOJIHEHHE
MOJIb30BATENbCKUX 3alPOCOB) BBIMONHAETCS C MOMOIIBIO CPEACTB ONEPATUBHOIO
MIOCTPOEHHMSI 3aIPOCOB, KOTOpoe peanusyetcs ¢ momoribio OLAP-moneneii. ®opmu-
POBAaHKUE BUTPHUHBI JaHHBIX BBINNOJHACTCA C IOMOLIBIO BU3YAJIbHOT'O KOHCTPYKTOpPA. B
00J1acTb MOCTPOEHHS BUTPHHBI TAHHBIX M3 MCTOYHHMKA JaHHBIX BHIOMpArOTCS TaOIM-
Ibl, HA OCHOBE KOTOPBIX HEOOXOMMO IOCTPOUTH 3aIPOC, U MEXY HUMH yCTaHABIIHU-
BAIOTCS CBSI3U. 3aTeM M3 KaKAOHM TaOJMIbl BEIOMPAIOTCS HY)KHBIE ITOJIST U 33/1al0TCs
ycnoBus. [locie BBIMOMHEHNS] aHATUTHYECKUX OIEpaluii aBTOMAaTHYECKH (HOpMHPY-
ercst SQL-3anpoc, pe3ynbTaT BBIIOJIHEHHS] KOTOPOTO MPEACTABISAETCS M0JIb30BaTENI0
B BUJIE TaOJIUIIbI, COXpaHseTcsl B 0a3y M MOXET MCIOIb30BaThCs IPH HACTPOMKe 11a0-
JIOHA WU KaK MCTOYHMK JAHHBIX AJIS IPYTUX MOJENEH.

B mpormecce reHepanmy JOKyMEHTa B JHANa30HBI MIA0I0HA, 3aJaHHBIC C TOMOIIBI0
CIIEUAIM3UPOBAHHON pa3METKH, MOMEIIAETCA PE3yJbTAT BBIIOJHEHUS CBA3aHHBIX C
HUMU 3aIIpPOCOB.

[pumenerne OLAP-mMoznenipoBaHus mMo3BosieT GOPMUPOBATH TOKYMEHTHI CII0XK-
HOHM CTPYKTypbl Ha OCHOBE PE3YyJIbTATOB arperauidd MHOTOMEPHBIX JaHHBIX, IpeEl-
CTaBIIEHHBIX B TEPMHHAX MPEIMETHON OOIACTH.

[pemnoxxenHslit B pabote moxxox k nmoctpoenuto OLAP-moneneit mo3BonseT ro-
BOPUTb O BO3MOXHOCTHU Pa3BUTHsI TEOPUU NPOEKTUPOBAHUS aHAIUTUYECKUX OHTOJIO-
ruit ans 3agad OLAP-ananmmza. TlepcrieKTUBHBIM HaIpaBJICHUEM ISl UCCIICTOBAHMS
MOXET CTaTh MOUCK CIOCOOOB KiacCH(UKAMA TEPMUHOB IPEIAMETHON 00JacTH U
BBEJICHHE MEXIYy HHMH OTHOIICHWIH aTpHOYTUBHOCTH W MOAYMHEHHOCTH, YTO TPO-
JTUKTOBAHO CYIIECTBYIOMIMMH CBSI3IMH MEXIY peabHBIMU 00BbEKTaMH U CIIEHN(UKOH
TEXHOJIOTUH aHAJUTHUECKON 00pabOTKH NaHHBIX.
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AnHoTanus. [Toxxosl, NCHIONB3yEMbIE CPEACTBAMU MOANEPKKH OTOOPaKEHUS
OHTOJIOTHH, BO MHOTOM OCHOBBIBAIOTCSI HA METO/AX, Pa3pabOTaHHBIX IJISI OTO-
Opaxkenust cxeM. OfHAKO 3TOTO HEAOCTAaTOYHO, TaK KaK OHTOJIOTHH OIIpEHes-
IOT TIOHATHS, [UISL KOTOPBIX OoJiee BakHa MOHATHIHAS CeMAHTHKA, HEXENN OIH-
canue CTpPYKTypbl. CTaThs paccMaTpuBaeT MOAXOJIbI, KOTOPHIC IIOJE3HO HC-
MOJIb30BaTh MPU OTOOPaKEHUU OHTOJIOTUH Uil OOHApYKEHUSI CEMaHTHYECKUX
CXOJCTB M pa3iauuuil NoHATHH. [IoMMMO ymOMMHaeMBIX XapakTEPHBIX AJIS CXEM
OILIEHOK OJIN30CTH MO BepOAILHBIM H CTPYKTYPHBIM CIICIH(UKAIIMAM, PACKPBI-
BAIOTCS TTOJXO/IbI, OCHOBAaHHBIE HA ()OPMAJBHON IPOBEPKE YTOUHEHHS CIICIH-
¢uKanuii, IpUMEHEHNH METAaOHTOJOTHH, METaCBONCTB ()yHIaMEHTAIbHBIX BH-
JIOB, TIPOBEPKE IKCTCHCHOHAJIOB NOHATHH. Takue MoIxo b ITO3BOJISIIOT 000CHO-
BBIBaTh KOPPEKTHOCTh OTOOPaKEHUS MOHATUH APYT B pyra Ha CEMaHTUIECKOM
YPOBHE.

Approaches used by tools supporting ontology mapping are mostly based on
schema mapping methods. But ontology has its own peculiarity. Schemas
simulate entities of a domain, their conceptual structure, relationships and
behavior and used for system development and implementation. Schemas often
include properties of several entities or auxiliary information in a single abstract
type. Ontology specifies a conceptualization, its foreground is concepts of a
subject domain. Ontological information is structured not so arbitrarily.
Structural specification of an ontology is not intended for storing and
performing data, but reflects a place of concepts in a concept system, out of
which a separate concept cannot exist.

Schema mapping tools usually include abstract type similarity evaluation by
verbal and structural specifications. That is not sufficient for ontological
concept semantics. The paper is dedicated to approaches that formally discover
concept similarities on semantic level. Some of them specify additional concept
semantics and don’t depend on structural specifications.

Supposing that well specified ontologies precisely reflect concept semantics, we
apply a formal criterion to be sure that semantics is saved during mapping. This
criterion is specification refinement relation taken from programming theory. It
means that refining specification can be transparently used in place of refined
one. This relation is formally defined for abstract data types and may be proved.
Subsumption relation is a case of specification refinement defined over concept
extents. Today’s ontological models support automatic inference of
subsumption.
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In addition to verbal and structural specifications of concept semantics, it’s
useful for mapping to have specifications considering ontologies from a
common point of view.

One of such approaches is using common underlying metaontology. Every
concept of ontologies (as well as every relation or property if possible) becomes
an instance of metaontology class or of a class expression in terms of
metaontology. So ontological concepts are sorted into classes by their semantics
in terms of the metaontology. Formally, in the mapping task, subsuming
(refining) concept must belong to a subclass or to the same class of the
metaontology with subsumed (refined) concept. Self specifications of concepts
and specifications in terms of metaontology are independent since they use
different levels of classification hierarchy. Metalevel approaches take their birth
in conceptual modeling and become more actual in ontological modeling.

N. Guarino’s ontology gives much attention to various kinds of concept
properties. There is a set of metaproperties, any concept may be evaluated by.
They are essence, rigidity, identity, dependency, unity, properties of
mereologyically related concepts and others. These metaproperties are formally
defined, so metaproperty conflicts between mapped concepts mean
incorrectness of mapping.

Metaproperty approach is partly related to the approach using top level ontology
as a common top hierarchy for ontologies being mapped. Particular values of
metaproperties correspond to fundamental concepts of the top level ontology.
One more approach adding semantic methods to ontology mapping is using
instances of concepts as classes. It uses objects of real world, sample models, or
data well classified using ontologies. Formally, in mapping task, conflict of a
single instance in classes defined by related concepts means incorrectness of
established relation. Such extensional approach “by example” is useful for
search of relevant concepts or for verification of mapping.

Efforts of working groups on ontology development often take years. So
conflicts of ontologies are conflicts of deeply thought out decisions. Ontology
mapping needs tools supporting intelligent work of experts.

All the represented approaches may be implemented to be formal. But they are
only helping tools for manual work of experts on ontology mapping. There are
assumptions in any formal method: sufficiency of concept semantics of
specifications, correctness of concept specification in terms of a metaontology
and metaproperties, correctness of relating of real world object samples to
ontological concepts and so on.

A protocol of experts” work on ontology mapping requires participation of
experts representing every ontology (as well as experts of metaontology and
fundamental metaproperties) because ontologies have been often developed by
different workgroups. Experts may make decisions on mentioned assumption in
fields of their competences.

Some semantic conflicts may be discover in process of expert discussions as a
result of application same additional metainformation or same instances of
concepts to every ontology. Every represented approach helps experts to
effectively discover hidden conflicts of ontologies. They may be implemented
as a multiexpert interactive tool supporting ontology mapping or as a verbal
discussion protocol for experts.



Specificity of Ontology Mapping Approaches 93

BBenenue

IIpobnema 0TOOpaXKEHHST HEOAHOPOIHBIX OHTOJIOTHIA SIBJIICTCS aKTYalbHOM C CaMOro
HavaJjla MCIOJIb30BaHUsl OHTOJIOTHH MPU CO3JaHUKM MH(POPMAIIMOHHBIX CUCTEM. AHa-
JIU3 COCTOSIHUSA UCCIeI0OBaHui [§] COOTBETCTBYIOIIMX METOIOB MTOKAa3all, UTO 3Ta TeMa
HCCIIeZIOBaHa IO CUX HOP HEJIOCTaTOYHO ITyOoko. Pa3pabareiBaeMbie METOMIBI, B OC-
HOBHOM, HE(DOpPMaNBHBI M MMEIOT MHOXECTBO OTKPBITHIX BOMPOCOB. [IpwHIMIBI U
METOJBI OTOOpaKEHHSI OHTOJOTHUH OCTAIOTCS MPEAMETOM TUCKYCCHUH, MPH CO3JaHHUU
CHCTEM BOIIPOCHI OTOOpaKEeHMsI HEOIHOPOIHBIX OHTOJIOTHI 0 CHUX TIOp IPEAIOYnTa-
10T m3berats. HanMeHee uccieIoOBaHbI METOMIBI OTOOPaXKCHUST OHTOJIOTHH, pa3pabo-
TaHHBIX B HEOJJHOPOHBIX OHTOJIOTMYCCKUX MOJIECTISX.

T'oBOpsi 0O HEOMHOPOIHBIX OHTOJIOTHAX, MBI TIOApa3yMeBaeM, 4To JBe (Wi Oojee)
OHTOJIOTHH TO-Pa3HOMY OIMCHIBAIOT OIHY H Ty K€ MPEIMETHYIO 00JacTh MU OJH3-
KHe TIpeIMEeTHBIe 00JacTH ¢ TOYKH 3pPEHHS pa3HBIX coobmiecTB. OHTONOTHS 3a7aéT
MOJIPa3yMeBacMyl0 CEMaHTHKY IS TOHSATHN TPEAMETHOH o0lacTh M ompeaesseT
OHTOJIOTHYECKUH KOHTEKCT, B KOTOPOM padOTaeT cooOIIecTBO. Pa3HbIe KOHTEKCTHI
WCTIOJh30BAaHUSl OHTOJIOTHH, CO3MaHHBIX Pa3HBIMHA COOOIIECTBAMH, OTPAKAOTCA Ha
0COOEHHOCTSIX MOAXO0J0B K crenn(UKAIIIH TOHATHA, YTO CTAHOBUTCS OJHOHN U3 MPH-
YUH HEOJTHOPOTHOCTH. B pe3ynpTare, CeMaHTHKA MOHATHI B KOHTEKCTAX, OIICAHHBIX
pPa3HBIMH OHTOJIOTHSIMH, MOXET OBITh CXOIHOW IMPH Pa3IWYHBIX MOIXOAAX K OIHCa-
HUIO X CTPYKTYpBI: COCTaBY, OTPAaHIMYCHHUAM U CTEIICHU JeTaIN3aIlIH.

[Tox oToOpaxeHHEM OHTOJIOTHH MBI IOHHMAaeM IIPOLECC, IPU KOTOPOM IOHSTHUS
OJTHOW OHTOJIOTHH BBIPAXKAIOTCA Yepe3 MOHATHS Apyroi. YacTo TepMUH 0TOOpaKeHHE
KOPPEKTHO PAacCMaTPHBAETCS B JBYX paKypcax: Kak IPOIEcC OTOOpaXeHHs OIHOU
OHTOJIOTHH B JIPYTYIO WM Kak pe3yibTar [3] Takoro mporecca, TO eCTh MHOXKECTBO
(hyHKIMHA 0TOOpa)keHUs TTOHATHH OJHOW OHTOJIOTHMH B HMOHATHA Npyroil. Otobpaxe-
HHUE OHTOJIOTHH SBISIETCS HEOTHEMJIEMOHN YacThiO OOJIBIIMHCTBA 33a7ad COTIACOBAHUS
[3] oHTOMOT W, TAKUX KaK CIIMSHUE, BEIPABHUBAHUE OHTOJIOTHN, MOAU(UKALIUS OHON
OHTOJIOTHH JIJISl TOCTHKEHUST OJTHOPOJHOCTH C JPYTroM U TaK Jlajnee.

MOZ[CJ'II/I JaHHbIX, UCIOJIbB3YEMbIC CETOJHA B KaUCCTBC OHTOJIOTMYCCKUX, J'II/I6O HE-
(dbopMalbHBI, THOO0 BKJIIOYAIOT JOCTATOYHO IMPOCTHIC CPEACTBA CEHM(DUKANUU IS
BO3MO>KHOCTH HCIIOJIB30BAaHUSA aBTOMATHYECKOI'O (l)OpMaﬂl)HOFO BbIBOJIa, JOBOJILCTBY-
SCh ONHUCAaHUSAMHU CTPYKTYPHBIX CrieUU(UKanuid NOHATUH M MPOCTHIX OTpaHHYCHUM
Hajg HAMU. [103TOMY OOJNBIITMHCTBO METOJIOB, UCIOIB3YEMBIX JIIS OTOOPaXKCHUS OH-
TOJIOTHH, MPEIBAPUTEILHO CBA3BIBAIOT IMOHATHS O BepOabHOW WHPOpMAUHU (HMe-
HaM TIOHSATHH, BepOaIbHBIM OMpPEICIICHHUSIM), M 3aTeM Ha OCHOBE MOJYYCHHBIX CBS3EU
OMEePHUPYIOT CO CTPYKTYPHBIMHU CHEIH(DUKAUSIME, OLCHUBAas UX OJIM30CTh, 0OOHAPY-
JKUBAs M yCTPAHSS Pa3HOTO POJia KOH(IIAKTEL.

PesynbraToM 3TOrO CTajno TO, YTO IS OTOOPAXKCHHS OHTOJIOTUH TPUMCHSIOTCS
METOJIbI, y’Ke HapaboTaHHbIE B oOylacT oToOpakeHHs cxeM. HemaBuuit 0630p [18]
METOJIOB OTOOpPa)XCHUS OHTOJIOTMH BBIABIJI UMEHHO TaKyl TeHICHIHWIO. OIHAKO
OUYCBUJIHO, YTO OHTOJIOTHYECKas WH(poOpManus CreMUpUIHA U HE OTPAaHHIUBACTCS
cnenuduKanueil cxeMel. B TaHHOM HCCIIEIOBAaHUH TPEACTABICHBI MOJXOABI K OTO-
OpaXKeHUIO OHTOJOTHH, KOTOPBIE IMO3BOJISIOT YUWTHIBATH CHEIHU(DHUKY OHTOIOTHYC-
CKOi1 HH(pOpMAaHH.
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1 PaOorbl 0o TEME

CXOJCTBa M pa3avuusi OHTOJOIMH M CXeM 0a3 JaHHBIX MOJIPOOHO 0OCYKIAIOTCS B
[15]. CxeMbl MOJCTUPYIOT CYIIHOCTH IMPEIMETHOM O00JIACTH, WX KOHIICHTYAIbHYIO
CTPYKTYPY, XapakTEpHbIE COOTHOIICHUS MEXAY HUMH M IMOBEJCHHE B MPEAMETHOM
00JacTH M UCHONB3YIOTCS Il MIPOSKTUPOBAHUS U peanu3anuu cucteM. OHTOJIOTHA
OTPaXAIOT KOHIENTYATH3AIHI0 IPEIMETHON 00JIAaCTH, B HUX Ha MEPBBIN TUIAH BBIXO-
JTUT POJIb MTOHATHUH MPEIMETHOM 00IacTH.

Bo BBegeHnu B METOMBI COMOCTaBICHUS CXeM U OHTosiorui [11] Takke npuBoAsT-
Csl HEKOTOPBIE OTJIMYMS MEXKIY CXeMaMH U OHTOJIOTUSIMU. Bo-nepBhIX, YTBEpK1aeTcs,
YTO CXEMbI, B OTJIMYUE OT OHTOJIOTUI, HE OMUCHIBAIOT IBHO CEMAHTUKY JaHHBIX. JDTO
COMHUTENIFHO, CXEMbI CHEHU(UIMPYIOT OTPAaHWYCHHS IIEJIOCTHOCTH JaHHBIX, TEM
caMbIM BBIpaXKas MX CEMaHTHKY. boiee Toro, oHTOJNOTHs, B 00IIEM cirydae, BOoOIe
HE CBsI3aHA C JAHHBIMU, U TaKash HETOYHOCTb B YTBEPXKACHUU TOJBKO MOPOXKIAET
MyTaHUIY MEXIy CXeMaMH U OHTOJIOTHSIMH. BO-BTOPBIX, CKa3aHO, YTO B OTIHYHE OT
CXeM, OHTOJIOTHYECKHE OIpPEeeNICHIsI OCHOBAHEI HA MHOXKECTBE JIOTHYECKHIX aKCHOM,
a 0 cXxeMax YHOMSHYTO, YTO OHH MOTYT HE MOIACP KUBATh OTHOIICHHE 00O0OIIEHIS.
Ho 310 paznmuus He OHTOJIOTHIA U CXEeM, a CKopee, TPAAUIIHOHHO HCIIOB3yEeMbIX IS
WX TIPEICTABIICHUS MOIENECH NaHHBIX (PETSAIMOHHBIX, OOBEKTHBIX, JIOTHYECKUX). B
YaCTHOCTH, TUIIBI B CX€MaX BBIPAKAIOTCS C MIOMOIIBIO JIOTHYECKUX akcnoM. Ha stom
CpaBHEHHE 3aKaHUMBAETCS, U Pa3IIMUUs CXEM W OHTOJOTHH HE YIIOMHHAIOTCS B OIIH-
CaHMSX IMOJXOI0B M U3BECTHBIX CHCTEM OTOOPaKEHHUH W CIHSHUS CXEM I OHTOJIO-
THH.

MO>HO TPHUBECTH HEMANIbIi CHHCOK MPOTPAMMHBIX CHCTEM, PEIIAIOINX 3a1ady
OTOOpaKeHUsI, CO3AAHHBIX M3HAYAIBHO I pabOTHI CO CXEMaMH, HO MPUMEHIEMBIX
paBHo u Kk oHTONOTHAM (Cupid [9], SMatch,[5]); u 00paTHO, TO3UIIHOHUPYIOMINX CEOS
KaK CO3JaHHBIC JJIS1 OTOOPaXCHUSI OHTOJIOTH, HO UCIIONB3YIOIINX T€ K€ METOBI, YTO
npuMeHstoTcs st oroopaxkeHus cxem (OLA [2], PROMPT [10]). CoctaB moaxo10B
B HUX UMEET CXOXHe TeHICHIINH, KOTOPBIE PACKPHIBAIOTCS B pazzeine 3.

B  mporpamme  mponutorogHero  cemuHapa — «OHTOJNOTMM W 3HaHUSA
*ELSEWHERE*» Obuna mpencraBieHa cTaThsd O METOJaX OTOOpaKCHHsI M MHTErpa-
UM oHTOJIOTHH [16]. B HEl OMUCHIBAIOTCSI METO/IbI, IPUHSATHIC B OOJIBIIIMHCTBE CHC-
TEM, PEIIAIONIMX MOJO0HbBIC 3aayK HaJ CXeMaMd U OHToJorusMu. OICHOUHBIC Me-
TOJbI KCIIOJB3YIOT BepOajbHbIC M CTPYKTYPHBIC CHEHUGBHUKAIMUA JUIS CBS3bIBAHUS
KJIACCOB OHTOJIOTHUH APYT C APYroM, a jJajiee Ha OCHOBE MOJYYSHHBIX CBSI3€d MpPOM3-
BOJISITCSI MAHUMYJISIIIUK C KJlacCaMH, CBOMCTBAMHU M OTHOIICHUSMH JUJISI CIIUSIHUS OH-
tosnoruil. B cpaBHenuu c [16], HacTosIEee UCCe0OBaHNE YIIOMUHAET JIEKCUUECKUA 1
CTPYKTYPHBIHM MOAXO/bI KaK HEU30EKHO HEOOXOAMMBIC, HO YIIOP JIeNIacT Ha IPYyroe.
OCHOBHOE OTJINYME MOJXOJOB, MPEACTABICHHBIX B CIEAYIOIIMX pa3jenax, 3aKioua-
€TCsI B MPEIUIOKEHUN U 00OCHOBAHUU METOJIOB, KOTOPHIC JTOTIONIHUTEIHHO CIICIU(pH-
LUPYIOT U MPOBEPSIOT CEMAHTUKY MOHATUN BHE 3aBUCHUMOCTH OT CTPYKTYpPHBIX CIle-
MUpHUKAIHNA, 9TO 0COOCHHO BAXKHO JUISI 0TOOPaKCHHS OHTOJIOTHIA.

HeobOxomuMo OTMETHTH TaKKe OCOOCHHOCTH TEPMHHOJOTHH, HCIOIB3yeMOH B
[16]. Co ccpuikoit Ha Tnoccapuii nestenpHOcTedt NeOn [21] B cTaThe BBOISATCS TEp-
MUHBI 0TOOpaKCHHUE W MHTETPAaIUsl OHTOJIOTHIA. B TepMUHONOTHU JesSTebHOCTEH Hall
OHTOJIOTHSAMH, pazpaboraHHON B mpoekTe NeOn, KOTOpPOH 4acTo CTalu MPHIACPKH-
BaThCS MCCIIEIOBATENH, ECTh HEMaIIO HeTouHocTel. Eciu roBopuTh 0 €€ 9acTu, KoTo-
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pasi OTHOCUTCSI K CYIIECTBY BOIIPOCOB, 3aTPOHYTBIX B CTarbe, TO BBIPABHUBAHUE
(alignment) u oToOpaxenne (mapping) ortosoruii B NeOn mpenogHOCATCS Kak CH-
HOHUMBL. OJTHaKO OTOOpa)KeHUE Bceraa ObLJIO HalpaBIEHHBIM IPOLECCOM, TO €CTh
0TOOpakKeHHEM OJIHOW OHTOJIOTHH B Jpyrylo. [loaToMy B 1aHHOM citydae, BEpOSITHO, B
cratbe [16] mpu ynoMuHaHUM OTOOpaKEHHs HOBTOpPSETCS OLIMOKAa COCTaBUTENeH
rioccapus aestenbHocteir NeOn. lanee, B8 NeOn noj ciusiHueM (merging) OHTOJO-
I'Mi TIOHUMAEeTCs CO3JJaHue HOBOW OHTOJIOTHH, COJiepKallleil MOHATHsI 00enX mepece-
KaroIIMXCSl OHTOJIOTHMI, a TMOJI MHTerpamuei (integration) OHTOJOTHIA — BKIIOUEHHE
OJIHOW OHTOJIOTHH B JPYT'YIO, OOBIYHO B KayecTBe HeoOXomumoi yactu. B [16] mpu-
BOJUTCSl aHIVIMHCKUM TepMHMH merging co ccbUikoif Ha NeOn, HO MO-pyCCKH 3TOT
MPOLIECC HA3BIBAECTCS UHTETPALlUEN HA NPOTSIKEHUU BCEH CTAThHU.

2 OtoOpaxeHnue cxeM

HO}IXOI[I)I, HCIOJIB3YEMbIC I 0T06pa>1<eH1/151 CXeM l/IH(bOpMaLIl/IOHHl)lX CHUCTEM HIIN
0a3 IaHHBIX, B OCHOBHOM, HE(OpPMaJIbHBI, PEKOMEHATENLHBI U TPEOYIOT HPSMBIX
JIecTBUH dKcrnepTa. BOJIBIIMHCTBO CUCTEM MHTErpalliy CXeM (U OHTOJIOTHil) BKIIIO-
YarT CBA3KY U3 JIBYX MOJXOJIOB: JICKCHUECKOTO U CTPYKTYPHOTO.

Jlexcuueckue momxoapl 00padaTHIBAIOT BepOabHBIC ONMPEICICHUS U UMEHA 3Jic-
MEHTOB CXEM, BBLICISIOT OCHOBBI CJIOB, Pa30MpParOT CIOBOCOYETAHUS, HCKIFOYAIOT
CTOII-CIIOBA, YYUTHIBAIOT PACCTOSIHUS MEXKIy CIIOBAMH, CHHOHUMBI U3 TE€3aypyCOB H
Tak Jajee, ¢ IeJbI0 OLCHUTh CTEIICHb CBSI3H YJIEMEHTOB CXEM JIeKCH4ecKd. [1ogo0HbIe
MOJXOABI B Pa3HOM COCTaBE MPUCYTCTBYIOT MPAKTUYCCKH BO BCEX 0€3 MCKITIOYCHUS
MPOEKTaX, CBSI3aHHBIX C OTOOPAKEHHEM CXEM.

CTpyKTypHBIC MOAXOIBI K OTOOpPaKEHUIO CXEM OOBIYHO PACIIONIATAlOT HHHUIIMH-
pyroumM HaOOpoM CBsi3ell TMOHATHI, TONYYEHHBIX JEKCHYSCKHUMH MeTomamu. Jlis
0oOHapyKEHUS CTPYKTYPHBIX COOTBETCTBHH WM CTPYKTYPHBIX KOHQIIUKTOB CXEM
MOJKET HCIOJIH30BATHCS MIUPOKUHA CIEKTP Pa3IMYHBIX ITOIXO0I0B, TAKUX KaK:

— appuctrdeckue ¢popmydisl u mpasmwia (PROMPT [10]);
— aranm3 rpadoB, BKIIOYAs IpaBuia Ha rpadax, IOAXOIEl K HX CPAaBHEHHUIO U aJro-

pUTMBI Ha B3BemeHHbIX Tpadax (SODA [14]);

— o0yJaromuecs MoIX0Abl, OCHOBaHHbIE Ha ctaTucTike (RiIMOM [13]);
— (¢opmanbHBIN BRIBOI M JOKa3aTenbCTBO (S-Match [S-Match]).

Jlekcudeckue u CTPYKTypHbIE METOJIbI OTOOPAKEHHSI CXeM PABHO NMPUMEHHUMBI U K
OHTOJIOTHSIM, TaK KaK OHTOJIOTHUECKas CHenU(UKAIUS TaKKE SBISCTCS CXEMOM Kak
dhopMmanuzaius Moienu KoHnenTyanmu3aiui. OIHAKO Y OHTOJIOTHYECKOH HH(popMma-
UK €CTh U CBOs crienu(uKa, KOTOpas BIHUSICT Ha BHIOOP METOIOB OTOOPaXKCHHS OH-
TOJIOTHH.
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3 Croenuduxa oHTOJI0rH4ecKoi nHGopmManun

Cxembl 0a3 JaHHBIX U WHPOPMALMOHHBIX CUCTEM CEUU(UIUPYIOTCS a0CTPaKTHBIMU

TUIIAMH OAHHBbIX W KjlacCaMu 06’beKTOB (I/IJ'II/I NMPUBOJUMBIMU K TaKOMY MPEACTaBJIC-

HUIO crierdukanysamu). [Ipy 3TOM Ha NpaKTHKE THUIBI YacTo CHEeNU(UIMPYIOTCS

TaKUM 00pa3oM, 4TO B CTPYKTYPY OJHOTO THIIA MOTYT IONajgaTh CBOWCTBA cpasy

HECKOJIBKMX CYITHOCTEH peaJlbHOro MHpa WM BCriomMorateiabHas nHpopmanus. O0b-

€KTBI 3THX TUIIOB arperupyroT IPOU3BOJIbHBIC JaHHBIE B BUJE, YAOOHOM JUIS pPEIICHHS

3a7a4 CUCTeMbl. J[pyrue KpUTepHH NPH COCTABIEHHH CXEM OOBIYHO HUIPAarOT MEHb-

LIYIO POJIb.

B pesynbrare pazHOro Ha3sHA4YEeHHUsI CXEM U OHTOJIOTHH, OHTOJOTWYEcKas HH(POP-
Manusi CTpyKTYpUPYETCs He CTOJIb NMPOU3BOJIBHO. CTPYKTYpBI, Crienu(pUIMpOBaHHbIE
B OHTOJIOTMH, OTPAKAIOT HE IIPEACTaBICHNE JaHHBIX, KOTOPbIE HEOOXOIMMO XPaHUTh
n 00pabaThIBaTh, a COOCTBEHHBIE CBOMCTBA HMOHITHI M CBSI3M MX MeX1y coboii. Ecin
B cxeMe Oosiee BayKHBI OTPAaHWYCHUS JAHHBIX O CYIIHOCTSX MPEAMETHOH 00IacTH, TO
crenu(uKaIys OHTOJIOTHH IPU3BaHa K 0Opa30BaHMIO CHUCTEMbI MOHATHH, BHE KOTO-
POt Ka)XI0€ OTAENIBHO B3ATOE IOHATHE HE MOXET CYIIECTBOBATh. J[pyruMu cioBamu,
CTPYKTypa HOHSTHS KaK THIIA CTAHOBUTCA clielU(UKanne MOHATHITHOW CEeMaHTHKH,
OTIPEIEISIONIEH eT0 MECTO B MHUpE.

HeomHOpOOHOCTE CTPYKTYPHI OHTOJIOTHH MOKET OBITh CYIIECTBCHHOW B 3aBUCH-
MOCTH OT KOHIIENITYaJIU3alny IIPEIMETHON 00JIacTH, ONpenessieMoil 3a1auaMu, KOTO-
pble HEOOXOMMO pEIIaTh B 3TOHM 001aCTH, ¥ MPENOIaracMbIMUA METOJAMHU UX pellIe-
Husl. [IoHATHSA ¢ pa3HON CTPYKTYPOM MOTYT COOTBETCTBOBATH COBIAJAIOLIUM KCTEH-
CHOHAJIaM CYLIHOCTEH pearbHOro MUpa. MeTonoB OTOOPaXEHHUs! CTPYKTYPHBIX CIIe-
U(UKALMH TP 3TOM MOXKET OKa3aThCA Mo AL OTOOpaKEHNS OHTOJIOTHH.

B oHTONOTHSX, KaK M B CXE€Max, BaKHBIM JJIEMEHTOM CHELU(DUKALMNA SBISIOTCS
BepOaNbHbIE ONpeaeeHIsI TOHATHH U OTHOIEeHNH. OHU TPeOyIOT MPOTyMaHHOCTH U
TOYHOCTH. [l0 CHX MOp CEMaHTHKA MOHATHI HanOoJee TOYHO MOKET OBITh BBIPAXKEHA
ISl 9KCTIEPTOB BEpOATBHO.

Hcxonst u3 BBIIECKa3aHHOTO, MOKHO CZIEJIaTh BBIBOABI O METOJIOJIOTUH OTOOpaKe-
HUS OHTOJIOTHIL:

1) Meronpl CBA3BIBAaHMSA OHTOJIOTHI MO BepOaIbHBIM OINpEAECNICHUSIM MOHITUH CTOJIb
K€ BOXKHBI B 33J1a4e 0TOOpaKEHHsI OHTOJIOTHH, KaK U 3aJiaue 0TOOpaKEeHHs CXeM;

2) MeTojbl CTPYKTYPHOH HAEGHTU(UMKALMK PEJIEBAHTHBIX IMOHATHH W pa3pelieHHs
CTPYKTYPHBIX KOH(QIUKTOB IPUMEHUMBI TAKXKE U ISl OHTOJIOTHH;

3) OoOHAKO METOABI OTOOPa)KEHWsI OHTOJIOTMH IO CTPYKType MOHSATHH MOTYT OBITh
HEI0CTaTOYHbI, 1 HEOOXO0ANMBI MEXaHU3MBI, TO3BOJISIONINE HAXOAUTH CXOACTBA U
pas3ynuus B MOHATUHHOW CEeMaHTHKE, HECMOTPSI Ha CXOJCTBA M pa3jIMuus B CIIe-
IUUKAIHIX UX CTPYKTYPBHIL.

[To GonpiomMy cuéry, TO K€ BEpHO M JUIsl OTOOpa)KeHUsI CXeM, HO IIpu paboTe ¢
MOHATHAMH MPEAMETHOW 00JIaCTH IMPUCTANbHAsI MPOBEPKAa CXOJCTB M PasiINuUil MX
MoIpa3yMeBaeMoil CEMaHTUKH CTAHOBHUTCS 0C000 aKTyaIbHOM.
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4 TIloaxoabl K 0TOOpa’KEHUIO OHTOJIOTHIA

Br100p MpeanoYTUTENIbHBIX MOAX0I0B K OTOOPaKSHUIO OHTOJIOTHH TOJKEH MPOU3BO-
JIUTHCS B TIEPBYIO Ouepeb He U3 cooOpaxeHHid 3 PeKTHBHOrO 0OHAPYKEHHsI COBIIa-
JICHUI B UMCHAX WU CTPYKTYPHBIX OIHCAHUSX MOHATHH, XOTS 3TO TaK:Ke HEOOXOHU-
M0. OCHOBHOH KpUTEpHiA OTOOPaKCHUS MMOHITUH OHTOJIOTUH — OJIU30CTh U HEMIPOTH-
BOPEUMBOCTH MOAPa3yMeBaEMOM MOHATUIHHON CEMaHTHKH.

Bo-mepBbIX, eciii MPeanoa0kKHUTh, YTO XOPOIIO CICIU(PHINPOBAHHBIC OHTOJIOTHU
TOYHO OTPAXKAIOT CEMAHTHUKY IMOHSTUH, TO BaXKHBI (DOPMANBEHBIC METOIBI, TOKA3aTeIhb-
HO COXPAHSIOIIME CEMAHTUKY MPHU OTOOPaXCHUU MOHATHH Npyr B Apyra. Hibke omwm-
CaH YHUBCPCAIBHBIA KPUTEPHA OTHOIICHUS YTOYHCHHS CIelM(pUKAIui, KOTOPBINA
MOJKHO HCIIOJB30BaTh B OCHOBE JIOKA3aTEIbCTBA KOPPEKTHOCTH OTOOPaKCHHS ITOHS-
TUH IS IPOU3BOJIBHBIX OHTOJIOTHYECKUX MOJICIIEH.

Bo-BTOpEIX, HEOOXOONMO MMETH Ha BOOPYXCHHH METOMBI, ITO3BOJISIONINE HAaXo-
IIUTHh CXOJICTBA U PA3NINYMs B MOHATUHHON CEMaHTHKE, BHE 3aBHCUMOCTH OT CXOJICTBA
W pa3iIuyusl B OMHCAHUAX HX CTPYKTYPHL. DTH METOXBI HOJDKHBI OBITH Takxke Qop-
MAaJNBHBIMHA, 9YTOOBI C BEICOKOW JTOJIEH YBEPEHHOCTH OOOCHOBBIBATH CBSI3M MOHATHH. B
KayecTBe TaKWX ITOIXOAOB HIDKE MPEUIOKEHO HCIOIh30BAaHHE METAOHTOJOTHHA H
(hyHIaMEHTANbHBIX METaCBONCTB, XapaKTEPH3YIOUINX MOHATHS M OTHOLICHHS OHTO-
JIOTHH, a TaK)Ke aHaau3 OOBEKTOB, SBJISIOLIMXCS DK3EMIUIIPAMU MTOHATHH KaK Kilac-
COB.

4.1 OrtHoumenne yToUHeHUs cnenupuKanuii

[Momxox, MpencTaBICHHBIA HIKE, TPUMEHAM PaBHO XOPOIIO K OTOOPaKEHUIO CXEM U
OHTOJIOTHH. DTO (HOPMANBEHBIA KPUTEPHUH KOPPEKTHOCTH OTOOPAKECHHUS CIICIU(HKA-
Ui, B TOM YHUCIIe, CTIeUU(PUKAIINA aOCTPaKTHBIX THUIIOB JAHHBIX W OHTOJOTHYECKUX
TIOHATHUH, TPEICTABIIEMBIX CPEICTBAMH a0CTPAKTHBIX THUIIOB JaHHBIX. TakuM KpuTe-
pHUeM SBIISIETCS OTHOIICHUE YTOYHECHUS CIIeI(UKANN, IpUIIeIIee U3 TEOPUH Mpo-
TPaMMHUPOBAHUSA. Y CTAHOBJICHHOE MEXKIy CHEeNH(PUKAIUIMI, OTHOIICHHE YTOUHEHHS
03HAYAeT, YTO YTOUHSIOMIYIO CIEIM(PUKALINIO TapaHTHPOBAHHO MOKHO HCIIOJIB30BATh
BMECTO yTOYHSEMOH, HE 3aMedasi IIOAMEHBL. J[aHHOE OTHOIICHWE ONpEeAessIeTCs Ui
a0CTPaKTHBIX THUIIOB TaHHBIX (DOpPMalbHO, MOTOMY YTBEpXKACHHE 00 YTOYHCHHU
cnenuUKauii MOKHO JOKa3bIBaTh. B 3aBUCHMOCTH OT CIIOKHOCTH MOJENH TaHHBIX
JTOKa3aTeIhCTBO YTOYHEHUS MOXKET ObITh aBTOMAaTHYECKIM WIJIM MHTEPAKTUBHBIM [17].

YacTHBIM CllyyaeM YTOYHEHHs CHeUU(pHUKALUIA SBISIETCS] OTHOILLCHUE MOTIIOICHUS,
YCTaHABIMBAaEMOE Ha SKCTEHCHOHANIAX MOHATHH. OHO O3HAYaeT, YTO BCE IK3EMILISPHI
KJIacca TOTJIOMIAEMOTO TMOHATHSI SBISIOTCS TaKXKe dK3eMIUIIpaMH IOTJIOMIAIONIETO.
OTO OTHOIIEHHE WUTPAET BAKHEHIIYIO POJb B CETOHSIIHUX OHTOJOTHAX, U BO3MOXK-
HOCTh €r0 aBTOMAaTHYECKOTO JI0Ka3aTeJbCTBA SIBISETCS OCHOBHBIX KPHUTEPHUEM IIPH
pa3paboTKe COBPEMEHHBIX OHTOJIOIMYECKHX Mojesei [7], mpru3BaHHBIX OBITH IOHH-
MaeMBIMH U 9YEJIOBEKOM, M MamMHOW. 1103TOMy y4YHTHIBas TEHASHIIMH M pa3perIu-
MOCTh OHTOJIOTHUECKUX MOJENeH, B PacCyXAEHUSIX B OOJBIIMHCTBE CIIy4aeB IOCTa-
TOYHO KCITIOJIb30BaTh IMOIJIONICHHE. B 4YacTHOCTH, A OTOOpa)KeHHsS OHTOJOTHMU B
COBpeMeHHbIX OHTOJIOTUYCCKUX MOACIIAX OTHOLICHUC NOTJIOICHUS HOHHTI/Iﬁ pe30HHO
KCIIOJIb30BaTh B KAUYECTBE OCHOBHOTO KPUTEPHSI.
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B mesnom, OTHOIIEHHE YTOYHEHNSI MOKET YCTaHABIMBATHCS MEKIY MOHATHSIMH KaK
pu pa3paboTKe OJHON OHTOJOTHH, TaK M NPH COTIACOBAHHMU PA3HBIX OHTOJIOTHH.
dopMalibHO 000CHOBAHHBIE OTHOIIEHHSI YTOUYHEHUsI IIOHATHH rapaHTHPYIOT KOPPEKT-
HOCTb OTOOpa)XE€HUsI MOHATHI OJHON OHTOJIOTHH B ApYyryio. B aToM ciydae, npeamo-
Jjiarasi, YTO U3HAYaAJIbHO CreU(UKAIMA OHTOJOTMYECKUX MOHATHH JOCTATOYHO OTpa-
KAIOT UX MOHSITUHHYIO CEMAaHTHKY, MOXHO OBITh YBEPEHHBIM, YTO CEMAaHTHKA IOHS-
THI PU OTOOPaKEHUH COXpaHEeHa.

Jannblil monxon paboraer co crnenuduKanusIMH OHTOJOTMH KaK CO CXEMaMHu.
[TpearnonoxeHune 0 JOCTATOYHOCTH Clieln(UKALUI Uil OTPaKEHHS CEMaHTHUKU TTOHSI-
THH 31€Ch CyliecTBeHHO. [loaToMy moMumo opManibHEIX OAXOA0B PabOTHI C OHTO-
JIOTHSAMH KaK CO CXEMaMH, HeOOXOIMMBI MOAXObI, BBISBIISIOIINE CXOJCTBA M KOH-
(OIVKTBI TOHATHIA Ha OCHOBAaHMM WH(POPMAIMU O TMOHITHAX CBEPX OMHMCAHUS WX
CTPYKTYPBI H OTPaHUYCHUIH.

4.2 MeTAaOHTOJIOTHU U OHTOJIOTHH BEPXHET0 YPOBHA

[Tomumo crienndukanuii BepOaTbHBIX M CTPYKTYPHBIX JUIS ONWCAHUSI CEMaHTHKH
OHTOJIOTMYECKHUX MOHSATHH COTVIACOBBIBAEMBIX OHTOJIOTHI JKEJIATEIbHO UMETh CIICIH-
(ukanuy, paccMaTpUBaIOIIME MOHATHS KaXKAOH M3 OHTOJIOTHH C HEKOTOPO#l o0uien
TOYKH 3peHMs. Peanuzamuell Takoro 1moaxona MOXET CTaTh NMPUMEHEHHE METAOHTO-
JIOTHH, CBSI3aHHOW C 00EMMH COTJIACOBBIBAEMBIMU OHTOJIOTUSIMH.

MeTaoHTOJIOTHSI MOXKET COJIepKaTh OIMCaHHUE:

— 0000ImIEHHON MeTaMOeH, Ha OCHOBE KOTOPOH MOXKHO HMOCTPOUTH OOJBIIMHCTBO
OHTOJIOTMYECKHX MOJIENEH; Takasi METAaOHTOJIOTHsI OKa3bIBAETCS OCOOEHHO IOJIe3Ha
IIPU OTOOPAKEHUH OHTOJIOTHH, pa3paO0TaHHBIX B PA3HBIX OHTOJIOTHYECKHX MOJIE-
sx [19];

— Oomee aOCTpakTHOW OHTOJOTHH, W3 TOHITAH KOTOPOH CTPOHTCS OONBIITHHCTBO
Pa3HOBHIHOCTEH CYITHOCTEH, BCTPEUAIOIINXCSA B IPEAMETHON O0JIACTH.

MeTaoHTONOTHS HOJDKHA CTaTh ITOJIOKKOM ITOJ[ COIJIACOBBIBAEMBIE OHTOJIOTHH.
Ecian oHTOJIOTMY HM3HAYAJILHO HE OMMCAHBI OJHOM M TOM )K€ METAOHTOJIOTHEH, COOT-
HOCHTH DJIEMEHTHI CIeIU(BHUKALMNA ¢ MOHATHSIMHA METAOHTOJIOIUH MOYKHO CIICIIHAIBHO
JUISL pemeHus 3agaan oToopakenus. [Ipy HeoOXOAMMOCTH Ka4yeCTBEHHOTO OTOOpake-
HUSI OHTOJIOTHI JAHHBIN MOIX0JT MOKET OKa3aThCs 3aTPATHBIM, HO JAFOIIUM XOPOITHi
pesynbTat. [IprHINT GOpMHUPOBAHUS TTOITOKKH CIETYFOITHHA.

Kaxxnoe moHsTHE U3 COTJIaCOBBIBAEMBIX OHTOJIOTHH (@ TaKkiKe, €CIIM BO3MOYKHO, Ka-
JKJI0€ OTHOIICHWE WJIM CBOWCTBO) JOJKHO CTaTh 3K3EMILIIPOM HEKOTOPOTO MTOHSTH
METAOHTOJIOTHH. ECIN ceMaHTHYECKH IMOAXOMAIIEI0 OHITHS B METAOHTOJIOTHH HET,
TO co3faérest ciry)keOHoe MoHATHE (OHO OYAET SIBIATHCS MOJIOHITHEM IOHITHS Me-
TaOHTOﬂOFI/II/I), SABJIAOLICCCA B])Ipa)KeHl/IeM, OIIMCBIBAKOIIIUM B Tele/IHaX HOHHTI/Iﬁ
METAOHTOJIOTUU HEOOXOMUMYIO CEMaHTUKY. W ayeMeHT crenuduKaiuyd OHTOJIOTHU
CTAaHOBUTCS SK3EMIUIIPOM CIIYy)KEOHOro moHsATHs. Takum 00pa3oM, B Kiaccax, Ormpe-
JCIIEMBIX TTOHATHUSIMU METAOHTOJIOI'MHU HIIN CJ'Iy)Ke6H])IMI/l INOHATUAMHU, B Ka4YC€CTBC
9K3EMIUISIPOB OKAXKYTCS JJIEMEHTHI CHEeUU(GHUKAIMA COTIACOBBIBAEMBIX OHTOJIOTHA,
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pacnpenenéHHble 10 KJIaccaM B 3aBUCMMOCTH OT MX CEMAaHTHKH C TOYKH 3PEHHS Me-
TAOHTOJIOTHH.

Takol MPUHIUI TOCTPOEHUS TMOAJIONKKH HA METAOHTOJIOTMU IO3BOJISIET CHAETATh
HE3aBHCUMBIMU JIPYT OT Apyra crennpuKanui B TePMHUHAX METAOHTOJIOTUH U COOCT-
BEHHO crielM(UKAINN OHTOJIOTHH, TaK KaK 3TU criequ(UKaIlMu HaXOAATCS Ha Pa3HbIX
YPOBHSIX Hepapxuu Kiaccudukanuu. K cioBy, o To# jxe IprHuMHE HET OrpaHUYCHUH
HAa OJHOBPEMEHHOE UCIOJIb30BaHHE HECKOJIbKUX METAOHTOJIOIHH, paCCMATPUBAIOLIUX
OHTOJIOTUH C Pa3HbIX PaKypCOB MIPEAMETHBIX 00JIacTei.

CchopmupoBanHble criequduKauy B TEPMUHAX METAOHTOJIOIMH MOXKHO HCIIOJIB30-
BaTh:
— JUI IPOBEPKH KOPPEKTHOCTH OTOOPAKEHHS TIOHSTHIA;
— TIpHU CEMAaHTHYECKOM ITOMCKE PEIEBAHTHBIX MMOHATHH IS AalbHEHIIEro oToOpaXxke-
HUSL.

B sTux 3agadax mornomaromiee (YTOYHSIOIIEE) MOHATHE JOJDKHO HAXOOUTHCS C
MOTJIOIIAeMBbIM (YTOUHSAEMBIM) B OJJHOM Kiacce (BKJOYasl €ro MOJKIACCHI), COOTBET-
CTBYIOIIEM ITOHATHIO METAOHTOJIOTHH WX CITy>K€OHOTO MOHATHS.

OnucaHHBIi oxox 0epéT cBOE Havajo emeé B KOHIENTyaJTbHOM MOJICINPOBAHHH,
IZle Ba)KHOCTh METaypoBHEH Oblila OCO3HAaHA M3HAYAJIBHO. B OHTOIOrMYeCKOM Moje-
JUPOBAHUHN AKTYAIBHOCTB TAKOTO ITOAX0/a TOJIBKO BO3pACTaeT.

Hpyro#t mogxox K (GOpMHUPOBAHHUIO IMOUIOKKH HCIIONB3YET OOIIYI0 OHTOJIOTHIO
BEPXHET0 YPOBHS, COJCPIKAIIYIO HanOoJIee 00IIHe MOHATHUS, HCIIOJIb3yEeMbIC B JIFOOBIX
npeaMeTHbeix obnactsax (Hanpumep, DOLCE [20]). CornacoBsiBaeMbie OHTOJIOTHU
BCTPanBArOTCA B UECPAPXUIO HOHSITI/IH/HO,HHOHHTI/ISI OHTOJIOTMHU BEPXHETO YPOBHSA (le/l
TaKOM I0JIX0Jle €€ HEKOPPEKTHO Ha3bIBaTh METAOHTOJIOTHEH). DTOT IyTh OoJjee cio-
JKCH, OH BKJIFOYACT 3aJady UHTCIrpaluu Ka)K[lOﬁ OHTOJIOTMH B OHTOJIOTUIO BEPXHETO
YPOBHA U MOXKET MPUBOJUTH K UBMCHCHHUIO W3HAYaJIbHBIX OHTOJIOTUH JJIs1 COBMECTU-
MOCTH MX C OHTOJOTHEH BepXHEro ypoBHs. OIHAKO M OH MO3BOJISET N30€KaTh HEKOP-
PEKTHBIX OTOOPasKESHHIA TOHATHIH MEXKTy OHTOIOTUSIMH.

4.3 @ynaaMeHTaJbHbIE METACBOCTBA

Ownronorus N. Guarino mpecTaBiseT co0ol Habop CBOWCTB M OTHOIICHUH, KOTOPbIE

SIBJISIFOTCSL YTBEpPKICHUSIMU 00 00bekTe. B oHTONMOrMYU y/emnsercst 00JblIoe BHUMAaHUE

pasIUYHBIM BUIAM CBOWCTB MOHATHH [6]. C sieMeHTaMu OHTOJOTHH MOXET OBITh

cBsizaH HaOoOp (yHJAaMEHTAbHBIX METACBOMCTB, C TOYKH 3PEHHS KOTOPBIX MOXKHO

OIICHUTH JIF000€ MTOHITHE UK OTHOLICHHE.

— CYIIECTBEHHOCTh — HEOTHEMJIEMOCTh CBOICTBA CYIIIHOCTH;

— CTPOrOCTh — IMPHUHAJICKHOCTh CYIIECTBEHHOTO CBOWCTBA CYIIHOCTH B JIFOOOM
BOOOpa)KaeMOM KOHTEKCTE WJIM MUDE;

— uaeHTH(UKALUSA — ABJSCTCSA JIH YTBEPXKICHUE 00 00BEKTE HUIACHTU(DHUIIMPYIOUIIM
€r0 CBOMCTBOM;

— coOcTBeHHas! UACHTH(UKALUSA — HECET JIM 3Ty HICHTU(DUKAIIUIO CaMO YTBEpKIie-
HUe, 100 OHO HACNEAyeT €€ U3 IPYTHX CBOMCTB WM CYIIIHOCTEH;

— HEHM3MEHHOCTB — MOXET JIU CBOWCTBO MEHSTHCS BO BPEMECHH;
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— 3aBHUCHMOCTH — MOKET JIM CYITHOCTH CYIIECTBOBATh 0€3 IPYTHX;

— IOCTOSIHCTBO — KaK JJOJI'0 CYLIIHOCTb OCTA&TCsl TAKOBOM;

— 00BEIMHEHHUE — CYIIECCTBOBAHHE K3EMILISIPOB MOHSATHS KaK IENbIX CYIIHOCTEH B
OTHOLIEHUH YaCTh/IIeNIOe, U ApYyTHE.

dopmabHOE OIpe/IesICHHE TOA00HBIX METACBONCTB MPEAIOJIaracT HEeKOTOPhIC OT-
pPaHHYCHHS, KOTOPHIC JOJDKHBI BBHITIOMHITHECS IPU MX HCIIOJIH30BAHUU C PA3TAIHBIMU
cymHoCcTsIMH. HEKOTOpBIE U3 3TUX METACBOMCTB COBMECTUMBI APYT C APYTOM, IPYyTHE
HCKJIFOYAIOT APYT npyra. Jius cBOWCTBA (|, MOTJIOMIAONIETO CBOMCTBO P, BEPHHI Clic-
JTYFOIIIUE OTPAHUICHUS:
— €CIIU ( CTPOroe JIs JHOOBIX CYIIHOCTEH, TO p TAKXKE CTPOTOE IS JIFOOBIX CYIIHO-
cTeii;
— ©CIIU  HeCET KpUTEepUil HIACHTU(DUKAIIMH CYITHOCTEH, TO H P TAKXKE;
— €CIIH  HeCET KpUTEepHuil 00BEIMHECHNUS, TO H P TAKXKE;
— ecIi  He HecéT 00beqMHEHHUE, TO U P TAKKE;
— BCsKas CyITHOCTb JIOJDKHA OBITH 3HaUCHHEM Hamboliee OOIIero CBOWCTBa, HECYIIe-
T'0 er0 HACHTU(DUKAIHIO, U IPYTHE.

B wacTHOCTH, IpH TOCTPOCHUN TaKCOHOMHH TIOTJIOMICHHS MEXAY MTOHATUSIMH, He-
KOTOPBIE METAaCBOWCTBa Oollee CIEU(PHUSCKUX MOHATHI TOJKHBI HACIEIOBATHCS, U
oOHapyxeHHe KOH(IMKTOB METaCBOWCTB MOHATHH B MepapxXuu OyAeT o3HadaTh He-
KOPPEKTHOCTh MOCTPOEHHsI TaKCOHOMUHU. Ha 1momo0HbIX NpaBUiax OCHOBAH MHCTPY-
MEHT TPOBEPKH U Koppekiuu oHTonoruii OntoClean [6].

Te ke orpaHWYeHHs MOJDKHBI BBITONHATHCA M JUISI CBA3CH, BBIIBICHHBIX MEXIY
MOHATHAMH, TPHHAUISKAIIUMHA Pa3HbIM OHTOJIOTHSAM. COOTBETCTBEHHO WX MOXKHO
MCIIOJNIb30BaTh JIsi OOHAPYKEHHsI CEMAaHTUYECKHX KOH(IUKTOB B pe3yibTaTax OTO-
OpakeHusi oHTosorui. Ecian MeracBoiicTBa CBSI3aHHBIX TIOHATHH M3 JBYX OHTOJIOTHIA
MPOTHBOPEYAT APYT APYTY, 3TO O3HAYAET, YTO OTOOpaKeHHE OBLIO COCTABJICHO HE-
KOPPEKTHO, 1 MOHATHSI UMEIOT Pa3HyI0 CEMAaHTHUKY.

Ha ocHOBe MeTacBOWCTB Pa3IMYHBIX BHIOB MOXHO MPOBOAUTH U Jpyrue, Oosee
CJIOKHBIC PACCYIKICHUS, TOJIC3HBIC B 3a/1a4¢ OTOOPaKECHHSI OHTOJIOTHH.

Po/ioBbIC MOHATHUST OHTOJIOTHH MOT'YT OTPaXaTh UACHTU(DHUKAIIMIO 00BEKTOB pPeajib-
HOTO MHpa, 00pPa30BbIBATH THIIBL. BUIOBBIC — CO3/1aBaTh KaTeropun 00beKTOB. PoJie-
BBIC — OTHOCHUTBCSI K POJISIM OOBEKTOB PEaIbHOTO MUpa. PoieBbIC MOHITHS MOTYT
OBITh OAMOHITHASIMH POJIOBBIX. BUIOBEIC MOHATHS MOTYT OBITH MOIMOHATUSIMHE POJIC-
BBIX WJIM POJOBBIX NMOHATUN. Eciin Kacatbcsi METacBOMCTB OTHOLIEHHUM 4acTh/LEINOE,
COBOKYITHOCTh BCEX YaCTCH COCTABISCT IEIOE, 3TO MOXKET OBITh MCIIONB30BAHO IS
MIPEATNOJIOKEHHS CBSI3U MOHATHI. Eciu yacTh sIBisieTcss HEOThEMIIEMOM, LIETI0€ MOXKET
OBITh MAEHTHGHUINPOBAHO MO YacTH. Ecin 1enoe SBIIsSeTCsS MHBAPUAHTHBIM, TO YaCTU
MOJKHO HJICHTH()UIIUPOBATH 110 1eiIoMy. Bce 3TH 3HaHMS MOTYT OBITh UCIIOJIB30BaHbBI
JUTSE KOPPEKTHOTO OTOOPAKEHUS MOHITHH MEXTY OHTOJIOTHUSMHU.

JlaHHBI TOAX0] HEKOTOPBIM 00Pa30M CBSI3aH C MPEABIAYIIINM OIIHCAHHBIM TTOX0-
JIOM O0TOOpa)KCHHUS OHTOJIOTHH, MCIIONB3YIOIINM OOIIYI0 OHTOJIOTHIO BEPXHETO YPOB-
HS U1 COTJIAaCOBBIBAEMBIX OHTOJIOTHH. Bens GyHIaMeHTaTBHBIM MOHSATHIM OHTOIO-
THH BEPXHETO YPOBHS COOTBETCTBYIOT BIIOJHE ONpeAeiEHHBIC HAOOPHI 3HAUYCHUH
MeTacBOMCTB. 1 3T MeTacBOICTBa TakKe 3aJaf0T TPEOOBaHHA K IMOHITUSAM COTIIACO-
BEIBAEMBIX OHTONOTHH. TakmM 00pazoM, PU COBMECTHOM HCIIOJIB30BAHHU OHTOIIO-
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TMU BEPXHETO YPOBHS U (YyHIAMEHTAIbHBIX METACBOWCTB MOHATHH MOSBISIOTCS 10-
[IOJIHUTENIbHBIE BO3MOXXHOCTH KOHTPOJIA C IIOMOILBIO METACBOWCTB KOPPEKTHOCTH
OTHECCHMS TOHSATUH OHTOJOTUMH B KadecTBE MOMANOHATHI K MOHATHSAM OHTOJOTMU
BEPXHETO YPOBHS.

4.4 Dx3eMIISIPbI IKCTEHCHOHAIOB MOHATHIA

W nocnenHuil moaxoj W3 NMPEACTaBICHHBIX B CTaTbe, AOMOJHSIONINX OTOOpakKeHHE
OHTOJIOTMH KaK CXEM CEMaHTHYECKMMH METOJaMH OOHAapy>KCHHS CXOJACTB M KOH-
(JIMKTOB TIOHSATUIHOW CEMaHTHKH, CBSI3aH C OK3EMIUIIPAMH KIIACCOB MOHSTHUH OHTO-
joruii. Takumu 3K3eMIUISIpaMU MOTYT CTAHOBUTHCS:

— 0OBEKTBI, COOTBETCTBYIOIINE CYIIHOCTSIM PEAILHOIO MUPA,;

— IIpUMEpBl MOZEIIEN PeabHOIO MUPA;

— XOpOIIO KIACCU(PUIMPOBAHHBIE C IIOMOIIBIO OHTOIOTHI TaHHbIE.

Ha ocHoBe mpHHA/UIEKHOCTH HK3EMIUISIPOB OZHUM W TEM K€ IOHATHSIM pPa3HBIX
OHTOJIOTHI MO’KHO 3aHMMAThCsl IOMCKOM peJIeBaHTHBIX NMOHATHH. OOparHas 3a1ada —
MPOBEpPKa AKCTEHCHOHAIBHOM COCTABIAIONIEH CBS3aHHBIX IMOHSATHH M3 COIJIACOBBI-
BaeMbIX OHTOJIOTHH. CylecTBOBaHME XOTsl ObI OJHOTO IIpUMEpa MOJEIH, B KOTOPOH
CYITHOCTH HE TPHUHAUICKAT OJHOBPEMEHHO KJlaccaM, COOTBETCTBYIOIINM 3SKBHBA-
JICHTHBIM TIOHSATHUSIM COTJIACOBBIBAEMBIX OHTOIIOTHH, IPUBOAUT K KOH(IMKTY ¥ CTAaBUT
MOJT COMHEHHE KOPPEKTHOCTH YCTAaHOBJIICHHOW CBSI3M MEXIY MOHATHAMU. JlaHHBINA
HKCTCHCHOHAJBHBIM IMOAXOI K TPOBEpPKE OTOOPAKEHHS OHTOJIOTHH «IO 00pasiy»
MOJKET OBITh pealn30BaH (POPMAITEHBIM 00Pa3oM.

binzkumu noaxonamu nonib3yrores cienyrouie npoektol. FCA-Merge [12] — me-
TOJ BBISBIICHUS OTHOIICHHH SKBHBAJICHTHOCTH M TIOJAKIACCA MEXIY OHTOJIOTHSMH,
KOTOPBIE UMEIOT Ha0Op OOMINX 3K3EMIUIIPOB MM Ha0Op OOIINX ITOKYMEHTOB, aHHO-
TUPYEMBIX MOHATHAMHU. ABTOPHI TaKK€ MPeAararoT UCIIOIb30BaTh METOABI 00padoT-
KM €CTECTBEHHOTO SI3BIKA IS TIOJTyYEHHs aHHOTAIMid Habopa TOKYMEHTOB TOHATHSIMHA
Heckonbkux oHTOJNOrui. IIpoexkT GLUE [1] npencTaBisieTr opuruHAIBHBIA MOAXO0T K
CBSI3BIBAHHMIO OHTOJIOTHMH, HCHOIB3YIOUINA 00yJaromuecss MalliHbl IS IPEIIOoI0XKe-
HUS OJIM30CTH HJIIEMEHTOB OHTOJIOTHH 110 TaHHBIM 3K3EMITISIPOB TTOHITHH.

S  PersnameHT padoThI IKCIIEPTOB

B noarBepikmeHne MPUMEHUMOCTH U 3()(HEKTHUBHOCTH MPUBEAEHHBIX BBIIIE MTOIX0I0B
K TIO[UIEPKKE OTOOPasKeHHUsI OHTOJIOTHIA, HEOOXOMMUMO CKa3aTh O MPUHIHUNAX PaGOTHI
OKCIIEPTOB HAJ 3a8Ja4aMy COTJIACOBAHMS OHTOJIOTHH, MPUBICKAOIINX MPEICTaBICH-
HBIC TIOIXO/IBI.

Heo6x0auMOoCTh BOBJIEUEHHSI SKCIIEPTOB JOKA3BIBAETCS TEM, UTO MPH (HOpMaIbHO-
CTH MPCACTABJICHHBIX IMOJAXOJ0B B KaXJIOM M3 HUX MNPUCYTCTBYIOT MPEAIOJIO0XKCHUA,
HE JIoKa3zyeMbie (hopMalibHO:

— O JOCTAaTOYHOCTU OTPAXKCHHA CEMAHTHUKU MOHATHI CHeI_ll/I(i)l/IKa]_II/IﬂMI/I OHTOJIOTUH

KaK CXeM;
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— 0 KOPPEKTHOM OIMCAHWHU TIOHATUH B TEPMHUHAX METAOHTOJIOTHIA;

— 0 KOPPEKTHOH OlLIEHKE 3HAU€HUM METaCBOMCTB, CBSI3aHHBIX C IMOHATUSIMHU;

— O KOPPEKTHOM OTHECEHUM CYLIHOCTEHl peajbHOro MUpa MM HHGOPMAIMOHHBIX
00BEKTOB K ONPEICIEHHBIM TOHSITHSIM.

[IpuMeHsist cylIecTByIONIME, Taxke POpPMaIbHBIC, MCTOJAUKH, HEBO3MOXKHO aBTOMa-
TUYECKH COTJIACOBHIBATH OHTOJIOTHH, CO3JaHHBIC PA3HBIMHA PAOOYMMHU TpPYIITaMU.
[TosToMy mepBbIM TpeOoBaHHEM K pabOTe IKCIEPTOB MO COTIACOBAHHIO OHTOJOTHU
SIBIIICTCSI BOBJICYCHUE B PA0OTY M B AMCKYCCHIO KCIEPTOB-TIPEACTABUTEIICH KaxIOH
U3 COTJIACOBBIBAEMBIX OHTOJIOTHH (a TaKXkKe IKCIEPTOB METAOHTOJOTHHA U (yHIaMEH-
TaJIbHBIX METAaCBOMCTB).

DKcrepT B 00JacTH CBOCH KOMITCTCHIIMM MOXKET MPUHUMATh OTBETCTBEHHBIC pe-
IICHUS, CBS3aHHBIC C MEPEYHCICHHBIMU BHINIE TPOOJIEeMaMU: MOSCHATh CEMaHTHKY
MOHATHUH, HE BBIPAKEHHYIO B CIIEUU(UKAINSIX, BEIPAXKaTh MOHATUS CBOCH OHTOJOTHU
B TCPMHHAX METAOHTOJIOTHH, IEKIApUPOBaTh (DYHIAMEHTAIBHBIE CBOWCTBA MTOHATHH,
TpeuIarat IpuMepsl MOJIENIEH pealbHOTO MUpPa M pellaTh, KAK OHHM BBIPAXKAIOTCS B
TEMHHAaX €ro OHTOJIOTHH.

CeMaHTHYECKHE PA3IUYNS TTOX0KHUX MOHATHI MOTYT BBISICHATBCSA 3a9aCTYIO TOJb-
KO B IIPOIIECCE TUCKYCCHI, HA OCHOBE IMTPUMEHEHHUS K COTIIACOBBIBAEMBIM OHTOJIOTHSAIM
OJHOHW W TOH ke MeTanH(OpMaIuu O MOHATUAX. KakIplid U3 MpeAcTaBIeHHBIX TOI-
XOZI0B MOXET TIOMOYb 3KcrepTaM (P (GEeKTHBHO 0OHAPYKHUBATH CKPBIThIE KOH(DIUKTHI
pHU OTOOpaKEHNH OHTOJIOTHH. Peanm3anus 3THX MOAXOJOB MOXKET OBITH HE TONBKO
KOMITBIOTEPU3UPOBaHHOW. OHHM MOTYT OBITBH TIOJIE3HBI KCIIEPTaM B Ka4eCTBE:

— periamMeHTa oOCYXJICHUH U AUCKYCCHUI B XOJIe¢ COBMECTHOM paboThI M0 0TOOpaKe-
HHUIO OHTOJIOTHIA;

— aBTOMATH3MPOBAHHOW CHUCTEMBI MOJICPKKH COBMECTHOW pPabOTBHI 3KCIIEPTOB IO
0TOOpaKEHUIO OHTOJIOTUH B HHTCPAKTUBHOM PEKHME.

Takum oOpa3om, cuctemMa MOJIEPKKH 0TOOPaKEHHs OHTOJIOTHH JIOIDKHA odecre-
YMBaTh HE CTOJIBKO PabOTy aBTOMAaTH3MPOBAHHBIX METOJOB, PE3yJbTaThl KOTOPBIX
JIOJDKEH KOHTPOJHMPOBATh 3KCIEPT, CKOJBKO COBMECTHOE NMPHMEHEHHE Pa3INYHBIX
METOZOB BepH(UKAIIUN OTOOpaKEHUH B X0/1¢ paOOTH HECKOJIBKHUX IKCIIEPTOB — TPea-
CTaBUTENIEW KOHKPETHBIX OHTOJIOTUH.

VYeunust 3KcnepToB U UX TPy Ui CO31aHUsl OHTOJIOTMH MOPOIl 3aHUMAIOT MOPOH
rozpl. [lpu coracoBaHny nepecekarmuxcsi 00aacTel CTAIKUBAIOTCS MPOAYMaHHbIE
pelIeHus], 1 HaXOIUTh KOHCEHCYC MEXIy HUMH ObIBaeT Hempocto. HTEHCHMBHO 3a-
HUMAsICh OLICHKOW Pa3iIMYHbIX AITOPUTMOB BBIPAaBHUBAHHS OHTOJIOTHH, HCCIIE0BATE-
JM, TeM HE MEHee, IOHUMAIOT OTPaHUYEeHUs ATUX MOAXOIO0B M OTMEYaloT HeoOXoau-
MOCTb M MEPCHEKTUBHOCTh Pa3pabOTOK, MO3BOJIAIONINX ONTUMAIbHO HMOAACPKUBATH
MHTEIUICKTYalbHYI0 paboTy SKCIIEPTOB MPHU COTJIACOBAHUU OHTOJNIOTHH [4].
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3akjaro4yeHue

B nmanHO¥# cTaThe OBUIM MPEACTABIICHBI MOAXO0/IbI K OTOOPaXECHUIO OHTOJIOTHIA, TO3BO-
JISTIOIINE YYUTHIBATh CHEUU(UKY OHTOJOTMYSCKOW MHGOpPMAIUU, HE OrPaHHYUBASICH
METOJ[AMH MPUMEHSAEMBIMH JJIs1 OTOOPaXKEHHsI CXeM WH(POPMAIMOHHBIX CUCTEM U 0a3
nmaHHBIX. CTaThs AEKIApUPYEeT U OOOCHOBEIBACT BHIOPAHHBIC ITOAXOJBI IS JAITbHEH-
IIETO MPUMEHEHUS MX B CHCTEME IMOIICPKKH OTOOPa)KCHHS OHTOJIOTHHA KaK 4YacTh
CHUCTEMBI MHTETPALUH CICIU(PHUKAIIMA HEOJHOPOJHBIX PECYPCOB B CHEHM(DUKAITUIX
3amad. JlanpHeimas paboTa MO 3TOMY HAaNpaBICHHUIO IPEAIojiaract pa3paboTKy
MIpPEeACTaBICHUS JaHHBIX METOAOB B MOJENHU SI3bIKA, MCIIOJIB3YEMOI'O B CHUCTEME JUIsS
crenn(UKAIIN CXEM U OHTOJIOTHIA, W OTFICaHUE TPUHIIUIIOB UX peau3allid B COCTa-
BE€ CHCTEMBI HHTETPaIlHH.
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BBenenue

bnarogapss KOMIBIOTEpHBIM CPEICTBaM pEIIAOTCs MPOOJIeMbl NPOCTpaHCTBA (CeTH
CBSI3U), BpEMEHH (CKOPOCTh NPHHATHA aJIeKBATHBIX PEIICHUH) 1 TPo0IeMbl 00bEMOB
nepepaboTku HHPOPMAIIUH. DTO, TaK CKa3aTh, ABHBIC PE3yJIbTaThl MpUMeHeHUs DBM,
a HCABHBIC — O3TO ONTUMHU3AIHA MCKAY SHEPTO-BCIIECTBEHHBIMHU U COOTBETCTBYIO-
KAMH WHPOPMALMOHHBIMM NOTOKaMH B paccMaTpHBaeMbIX cuctemax. Hano moma-
raTh, YTO 3Ta HESBHAs ONTUMH3ALMs IOTOKOB-PECYPCOB B OimkaiiieM Oymymiem
MOJYUUT pa3dBUTUC A0 TCOPUU ONTHUMHU3AIUN MEKIAY ITHUMHU IMOTOKAMH KaK B caMon
CHCTEME TaK U B CBSI3SIX 3TOW CHCTEMBI C BHEIIHEH cpenoil. B nmpupoxe B siBHOM Buze
HE CYIIECTBYET pa3feieHus 3THX HMOTOKOB. VX pasneneHne BO3HHUKIIO B pe3yjbTaTe
JIeSITeIFHOCTH 4esioBeka. OIHAKO, MOCKOJBbKY YeJIOBEUECTBO CO3AAl0 3TH IOTOKH,
MOCTOJIBKY €r0 )K€ 3aJiauya ONTHMU3UPOBATh 3TH MOTOKH. Kakue nmpobieMsl CTosT Ha
sroM nytu? Ilpu aHanuse myOnuKanuMid Ha 3Ty TEMY IPEICTaBISIIOTCS CIIEIyIONIne
YaCTHBIE POOIIEMBI:

— OTCYTCTBHE KPUTEPHEB OITUMAJILHOCTH;

— pasjeneHue B NPOCTPAHCTBE M BO BPEMEHHM KaHAJIOB TPAHCIIOPTUPOBKH IOTOKOB

peCypcoB;

— HE COOTHOCHMBIC M TIOCTOSHHO M3MEHSIOIINECS TEXHOJIOTHH Tepeaadll pecypcoB

10 KaHAJIaM UX TPAaHCIIOPTHPOBKH;

— HECOOTHOCUMBIC €UHHUIIBI N3MEPEHUS PECYPCOB.

Janee nms MOsSICHEHMST YKa3aHHOM BBIIIE MIPOOIEMaTHKH OyTyT PacCCMOTPEHEHI Clie-
nyrorrue padbotsl. B cratee [KonecankoB A.A., 2002 r.] otmedaetcs: «... OCHOBHOM
MPHUHITUI MOJEIHPOBAHUS CIOKHBIX CHCTEM - 3TO YIpaBisieMoe (ONTHMAJIbLHOE)
B3aHMOJIelicTBHE U pacnpeaelieHHe TPEX MOTOKOB PeCypPCOB CHCTEMEI: IHEPTHH,
BellleCTBA W MH(POPMALHN. ..»,

B aBtopedepare (1.1.H.) [bonpmakos B.E., 2000 r.] paccMoTpeHa pabora 1o Teo-
pPHUH pa3BUTHS CUCTEMBI OOIIECTBEHHOE MPOM3BOJACTBO — MPHUPOIHAS Cpela, KOTopas
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MIPEACTABISIETCS] KaK TUHAMHYECKasl CeTh MaTEpUAIbHBIX MOTOKOB JBYX TUIIOB: NPH-
POAHBIX M O0LIECTBEHHBIX PecypcoB. ABTOPOM c(HOPMYIUPOBAHEI TPpeOGOBaHUS —
ycIoBHsI (HEOOXOIUMBIE M TOCTATOYHBIE), KOTOPBIM JOJKHA YAOBIETBOPSATH CHCTEMa
H3MEPUMBIX BeJIMYMH, ¥ BBOAUTCS MOHATHE MOTOKA KaK BEIMYHMHBI, 3aBUCHMOI OT
MIPOCTPAHCTBA M BPEMEHH.

B pa6ore [[Ipyxunun B.B. u ap., 1989] ormeuaercsi: «... popmanuzanus Haacuc-
TEMHBIX TPOLECCOB MPHUPOJALI U OOIIECTBa B LEIOM TPeOyeT YCTaHOBJIECHHUS €IUHOM
SHEPreTUYeCKON Mepbl OHMO-TIICUXUUECKUX M (U3MUYECKUX SBJICHUH ... ONpPEAEIUTh U
KOJINYECTBEHHO OLIEHUTh MCTUHHYIO CYIIHOCTh MHTEPECOB U HAMEPEHHH CHUCTEM BO
B3aUMOJICICTBHUM ... ».

B cratse [Mortopun C.A., 2002 r.] npuBeneHa kiaccudukanms GyHKIUHA CHCTEM
KaK (YHKIMOHAIBHBIX NPOTOYHBIX OOBEKTOB C BHIAMH CBS3CH: MaTepHaJbHbIE U
nH(opMannoHHbIE. A CBOHCTBO CHUCTEMbI TOHMMAETCsl Kak MpPOsIBJICHUE €€ aKTHBHO-
CTH «BKIIIOYAThCS» B CBA3H, B 00MEHHBIE MOTOKH C APYTMMU CUCTEMaMH B CTPYKTY-
pe HaJCUCTEM.

B xuure [EmenssHoB B.B., u np., 2003 r.] 000CHOBBIBaeTCS TPHAIHBIN MOIXOI K
MOJIETTMPOBAHHMIO CIIOKHBIX CHCTEM. B Tpuaze mapa 3JeMEHTOB HaXOJIUTCS B OTHOIIIE-
HUU JOINOJIHUTENBHOCTH, @ TPETUH (Ka)XAbld U3 TPEX) AJIEMEHT 33aJa€T OTHOLIEHUE
(Mepy) COBMECTHMMOCTH. B KHHIe Tarxke ONHMCaHbl I€HETHYECKHE aITOPHTMBI M HX
IIPUMEHEHNE B ONTHUMHU3AIMOHHBIX 3a7adax (C 3aKOAMPOBAHHBIM MHO)KECTBOM Mapa-
METPOB).

1 Cuneprernueckue cucrembl [KosecHukon A.A., 2002 r.]

Ha cucremHom (¢uinocodckom) ypoBHe oOparaer Ha cedsi BHUMaHUe craTbs Kosec-
HHUKOBA, CyTh KOTOPOH M3iaraercsi Hike. B cratee naH 0030p paboT 1Mo KOHIENIMN
YIpaBJICHUS W CaMOYIIPABIICHHSI B COOTBETCTBHUH C ITOJIOKEHISIMA CHHEPTETHKH. AB-
TOp OTMEYAeT TO, YTO MOpa MEPEXOIUTh OT TCHICHIINA MAaTEeMaTHIeCKOTO (hOopMaI3-
Ma TEOPHUH YIPABICHUS K IMOUCKY OOIMINX OOBEKTUBHBIX 3aKOHOB YIIPABICHUS, K y4é-
Ty €CTeCTBEHHBIX M M3MEHSIIOIIMXCH BO BPEMEHH M B NMPOCTPAHCTBE CBOWCTB
00bexTa. OCHOBHOW NMPHHINT MOJCITHUPOBAHUS CIOKHBIX CHCTEM - 3TO YIIPABIIEMOE
(onTUMANIbHOE) B3AUMOJEHCTBHE U pacnpeiesieHue TPEX NOTOKOB PecypcoB CHUC-
tembl: 3Hepruu (E), BemecrBa (M) m undopmamuu (Inf). [Janee yuuthiBaetcs
neJieBoii cmocod camoopranm3anuu (MHGOPMAIIIOHHOE TTOBEACHUE CIOXKHBIX (H-
3udeckux cucteM). Kpome 3Toro cmoco0a yKa3bpIBalOTCS CTUXUHHBIA M MPUIHHHBINA
CIoCO0BI CAMOOPTaHU3AIHH.

CrnoxHble cHCTeMBbl, oOianatonre oupypKalnOHHBIME U XaOTHUYECKUMH CBOWCT-
Bamu, ucciegopanuch I'. Xakenom u . [IpuroxunsiM. [lesieBasi camoopranu3anusi
— 3TO TEpexoJ OT HENpeACKa3yeMOro MOBEACHHUS CUCTEMBI K HAlPaBIIEHHOMY IBH-
KESHUIO BIOJb KEJIAeMbIX HHBAPHAHTHBIX MHOTO00pa3uii — aTTPaKTOPOB (3HAYCHHE
BEKTOPA COCTOSIHUS (DYHKIMOHAIBHON IPYIIIBI AJIEMEHTOB), K KOTOPBIM IMOJCTPanBa-
IOTCSL BCE JpyTHe MEepeMEHHBIE AMHAMHYECKOW CHUCTEMBL. B pesymbraTe cocTosiHHE
CHCTEMBI Oy/IeT JEeTKO epeXOoAnUTh C OJHOW TPACKTOPHUU HA APYTYIO MPU MaJbIX BO3-
JIEHCTBUSAX WM ITPU HEOOJBIINX CTPYKTYPHBIX U3MEHEHUAX B CHCTEME.
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B cratpe npuBonsaTcs popmynsl konudectBa nHpopmarmu (Inf) npu 3agarnn me-
PEMEHHBIX COCTOSIHHSI CHCTEMBI.

Inf = In(V/VV); S=K In N; dS=R(dN/N); S=0 npu N=1, rne

V — 310 monHBIH 00BEM (pazoBoro mpoctpancTBa , a VV — nois (azoBoro o0bpéMa B
Ha4aJIbHOM COCTOSIHUM CHCTEMBI. DHTpomus (S — OeCopsAa0K) CUCTeMBI paBHa Jiora-
pudmMy N BO3MOXKHBIX COCTOSIHUI cucteMbl, rie K— nocrosinaas bonbumana (13 cra-
TUCTHYECKON MexaHukHn). OTciofa ciemyet, uro 6ecnopsnok (dS), BHOCUMBIN B Mak-
pocucTeMy, MPOMOPIIMOHANIEH yBeMU4eHHio ducia e€ mukpococtosHuid (AN/N). B
npejesne, Korjaa B CUCTEME BO3MOXKHO JIMIL OAHO coctosiHue (N = 1), e€ sHTponus
(S) pasna 0. [Ipu pocte pyKOTBOPHBIX MOTOKOB PECYPCOB COOTBETCTBEHHO YBEINYH-
BAeTCs Xa0C Ha Hallel IJIaHeTe.

2 PoJub MeTazHaHMii B cHCTeMaX NMOUCKA PellIeHUH 1
MHoro3HauyHasn Joruka [CoxoJon I'.B., 1991, 2000, 2002 rr.]

B ykazaHHBIX paborax cpenaH o0030p JIHTEpaTyphl 10 TEOPHUH CHCTEMHBIX
HCCIIEIOBAaHUM B 4YacTH METa3HAHWUW, KOTOpbIE SBIAIOTCS OCHOBOM LIS
MPOSKTUPOBAHUS CUCTEM IIOWCKa pemeHwmid. [loka3zaHa BakHAas pOJIb ONTHMyMa
MEXITy TIOTOKaMU HH(POPMALHMOHHBIX U BEIIECTBEHHBIX PECYPCOB B PA3BUTHUU CUCTEM
Ha BCEX HEPApXWUYECKUX YPOBHAX, KaK OCHOBHOTO KpPUTEpUS NPUHIIHIIA

«TpueguncTBa»  MarepuaigbHoro  mupa. IlpuBenena  Tabauna

OTPa)KEHHUS 3TOTO MPHUHITUIIA B PA3HBIX MPEAMETHBIX 00JIaCTAX.

Ha mnpumepe paspabotkn cucremslr «Craptr C90» mTpoaeMOHCTPHUPOBAHO
MPEUMYIIECTBO ONTHMAIbHO BBIBEPEHHOTO COOTHOIICHHUS (YHKIMOHAIBHOTO H
CTPYKTYPHOI'O ONIMCAHUH, a TAKXKE MPEUMYILIECTBO MHOIO3HaYHOM JIOTUKU. B cucreme
BXO/IHBIC M BBIXOAHBIE CHUTHAJIBI MOTYT NMPWHHMAaTh YeThIpe 3Ha4deHUs:: nctuHa (1),
n0xb (0), HeonpenenéHHoe 3HaueHUE (2) U OTKIOYeHHE (3) — OTCYTCTBUE BIMSHUS
Ha BHEIIHUE CBSI3M B 3aJaHHBIM MEpHOJl BpeMeHH. TakuMm criocoboMm obecrieunBaeTcs
1 MH(QOPMALMOHHAS 3aMKHYTOCTb B HYXKHBIX MOMEHT BPEMEHHU U CO3/1aHHE CIIOKHBIX
HEepapXUIECKUX YCTPOICTB, cucTeM 13 0a30BOro Habopa 3JIEMEHTOB.

B cratee [CokonoB I'.B., 1991r.] mnokasana rpad-cxema MpeIACTaBICHUSA
MPOTUBOIIOJI0XHO HAIPABICHHBIX MOTOKOB CHTHAJIOB IO OJHOMY KaHally CBA3H U
NPE/CTaBICHUS] CUTHAJIOB 00paTHOM CBsI3M, KOTOpas MPEIIECTBYET 3Taly CO3JaHMs
IPOrpaMMbl MMUTALIMOHHON MOJIEIH YCTPOMCTBA.

3 Enunasi JHepreruyeckasi Mepa OHO-IICHXHYECKUX U
¢puznueckux sisaennii [[pyxunun B.B. u ap., 1989]

B nmannOi#t paboTte paccMmaTpuBaeTcst TEOpUs KOH(IMKTA, KOTOPBIA IpeNCTaBiIsIeTCs
Kak crioco0 B3anMOIEHCTBHUS CIOKHBIX cHCTeM. Teopust KOH(IMKTa 03BOJISET (CTP.
277):

— BBUIBIISATH CKPBITHIC TEHICHIIUH OBEACHNS M B3aNMOAEHCTBUS, IEPCIIEKTHBEI;
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— ONPENENIUTh U KOJIMYECTBEHHO OLEHUTh HCTHUHHYIO CYIIHOCTb HWHTEPECOB U

HaMEpEeHHI CUCTEM BO B3aMMOJICUCTBUHU.

Ecnu onucanue KOH(IMKTa HE CBOJMMO K €IMHOMY SI3BIKY C €IMHOM CHCTEeMOW
pa3MepHOCTe BeIMYHH, TO KOHQIMKT MHOTOKpUTEpUalieH. Takue KOH(IUKTHI ONTH-
MAaJIbHO HEepa3pelIuMbl, KpUTEPUH HEPAaBHOCUIIBHBL, @ UX PAHT CUTYAI[MOHEH U TPYA-
HOBBIsABIIIEM. B pasgene «PeanbHblii KOHGIMKT», cTp. 86, MPUBOAMTCSA TaOJIMIIA
BiIMsiHUA (B Oajuiax) JIMYHOCTHBIX CBOWCTB (0Kkoy10 80) Ha NpUHSTHE peleHus. ABTO-
pBl OTMEYaroT — (hopMaIM3alysl HaJCUCTEMHBIX IPOLECCOB MPUPOJBI U OOLIECTBA B
LIEJIOM TPeOYeT yCTaHOBICHUS €JMHOW 3HEPreTHYecKOil Mepbl OMO-TICMXHYECKHX U
(hM3MUECKUX SBICHUM.

VYrpapneHne CIOXHBIMH CHCTEMaMH BO3MOXKHO TOJIBKO €II€ Ooiiee CIIOXHBIMHU,
[Pen. Bonkosa B.H., 2004], Dm6u Y.P. — 3ak0oH HE0OXOAMMOTO pa3HOOOpa3Hs.

4 Cucrema U3MepHUMBIX MPOCTPAHCTBEHHO-BPEMEHHBIX BeJINYMH
[boabmakos B.E., 2000 r.]

DTo olHA M3 TeX PeAKHX paboT, B KOTOPOW HA METOAOJIOTHIECKOM YPOBHE JOCTHTA-
€TCsl OTOOpaKEHHE U COUWICHEHNE Pa3HOPOIHBIX IPEIMETHBIX 00JIacTel.

ABTOp amccepranmmy (A.T.H.) pelIaeT cleaylomyio npobiemy. B TpaaummonHON
SKOHOMHYECKOW TEOPHH MPUPOIHAS Cpela HE YUUTHIBACTCSI HHU B ITOCTOSTHHOM KallH-
Tajue, HA B IepeMeHHOM. JIJis pa3perieHus: MpoTHBOPEUHS MEXKAY OOIIECTBOM H IpH-
POIHOHN cpenoli HeoOXOAMMO COM3MEPATh PA3HOKAUYEeCTBEHHBIE OOIIECTBEHHBIE H
©CTECTBEHHBIC MPOIECCHI-TOTOKH.

B nanHoit pabote chopMynupoBaHbl HEOOXOIUMBIC M JOCTATOUHBIC TPEOOBAHMS—
YCJI0BHA K CUCTEME U3MEPUMBIX BEJIMYHH I MOACIIN B3aHMOﬂeﬁCTBHH COLIMAJIBHOI'O
00BEKTa C OKPYXKAIOIICH ero MpUPOTHON Ccpenoil. BemuuuHBl JOJKHBI BBIPaXKaTh
CYNIIHOCTH OOIIECTBEHHO-TPUPOIHBIX CUCTEM — MPoIecca 00MeHa MaTepUaTbHBIMU
1 MH()OPMAITHOHHBIMYU MOTOKAMH PECYPCOB MEXTy OOIIECTBOM U IPUPOIHON CPEIOH.

JocTaTouHoe yCJIOBUE — BEIUYUHBI JIOJKHBI OBITh €CTECTBCHHBIMU ((pr3MyecKu-
MH), YCTOMYMBBIMHU U YHUBEPCAITBHBIMHA (KOT/Ia SICHA UX CBS3b C MPOCTPAHCTBOM — L 1
BpemeHeM — T).

Kak ynoBierBopsitomiell ykazaHHbIM TPEOOBAaHHUSAM K CHCTEME U3MEPUMBIX BEJIH-
YHMH, aBTOPOM IPEIUIOKEHO HCIOJIh30BATh TAOJHUIYy MPOCTPAHCTBEHHO-BPEMEHHBIX
BenmunH J[. Makcsemna (1973), P. Baptunu (1965) u E. JIudmmna (1969) ¢ dopmy-
noit pasmeproctu [LRT®], roe: L — nnmna (cm), T — Bpems (cex), R u S — nensie

yucna (MOJI0KHUTENbHBIE W OTpHLaTesbHbie). COelIMHEHHE IIPOCTPAHCTBEHHBIX» U
«BpeMeHHBIX» BenmmuruH mpua R # 0 u S # 0 ma€r cmoBaps MCXOAHBIX TEPMUHOB.

Cama cucrtema [LRT®] saBnserca knaccudukaTtopoM CHCTEM PealbHOTO MHMpa M OHa
Geckoneuna. Hanpumep, cKOpOCTh ABMKEHHS 00BEKTa IpeacTaBIseTcs Kak [L'T 7'].
Kaxnas Benmuuna cuctems [ RT 3] umeer CJIEIYIOIINE CBOMCTRA!

— 3TO Ka4Y€CTBCHHO-KOJIUMYCCTBCHHAA OHpeHCHéHHOCTL. KauectBo OIPEACIIACTCA
HUMCHEM, Pa3MEPHOCTBIO U eIMHUIICH U3MEPCHHUA, a KOJINYCCTBO — YHUCICHHBIMH
SHAYCHUAMU BCIIMYUHBI;
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— SIBIIAETCS CYIIHOCTBIO-MHBAPHAHTOM ONpEeAeIEHHOro Kilacca cucteM. Ilepexox ot
OJIHOTO KJTacca CHCTEM K JAPYroMy O3HadaeT Mepexoi K IPYyroi CYIIHOCTH, JPyTro-
My Ka4eCTBY, C IPYTUMH BOJTHOBBIMHU XapaKTEPUCTUKAMH.

— MOXeET OBITh MPEJCTABICHA KaK CKAJISpP, BEKTOP, TEH30D;

— Bemnuuna [LRT°] sBagercs motokom, eciu S < 0, R > 0. Tlonsarue MaTepUalib-

HBIH MOTOK MCHOJIB3YETCS JUIsl OTOOpa)KeHHsI IMHAMUKH PECYPCOB B OTHOILIEHUSIX

oOImiecTBa ¢ OKpy>Karomiel Cpenoi.

Jlannast pabota aBTOpa SIBISIETCSI WTOTOM MHOTOJIETHHX TEOPETHYECKHUX,
METOJIOJIOTUYECKUX W TPHUKIAJHBIX HCCIEAOBAHUI IO CHCTEMHOMY €CTECTBEHHO-
Hay4YHOMY aHAJIM3y YIPaBJICHUS PA3BUTHEM B COIMAIBHBIX U SKOHOMHYECKHX CHCTE-
MaX, paccMaTpUBAEMbIX BO B3aUMOICHCTBUH C OKPYXKAIOILICH cpemoil. ABTOPOM UH-
Taycsi Kypc JeKiuuid «OCHOBBI TEOPHUH YCTOMYMBOTO pa3BUTHS OOIIECTBEHHO-
MPUPOIHBIX cHucTeM» (B mporpammax OOH). B mmccepranmmu maHa mIpOTHO3HO-
npeaynpenuTensHas HHGOPMAIHs 0 KPUTHIECKHUM TOYKaM B OTHOIICHHUSX OOIIeCT-
BO — 6rocdepa. B 2050 1. MOIIHOCTD [TUBHITM3AIIHE MOXKET CPABHITHCS C MOIIIHOCTHIO
6uocdepst, a B 2200 T. ¢ MOIITHOCTBHIO COJTHEYHON YHEPTHH HA TTOBEPXHOCTH 3eMJTH.

5 @opmasbHOe nMpeacTaBjeHHe CUCTEMbI KaAK
(GYyHKUMOHAJIBHOTO «IIPOTOYHOI0» 00bEKTA
[Motopun C.A., 2002 r.]

Pa3paboTka aBropa MOCBSIICHA 3HAHHE—OPHUEHTHPOBAHHOMY Pa3BUTHIO CHCTEMHOIO
aHaJM3a U CHCTEMOJIOTMYECKOMY Pa3BUTHIO OOBEKTHOro mojaxona. B crarbe mpuse-
JeHa knaccupukanus QyHKIHUNA CUCTeM, Kak (yHKIHOHAIBHBIX IIPOTOYHBIX 00BHEKTOB
C BHJIAMH CBsi3eii: MaTepualibHble (BEIECTBEHHbIC M dHEpreTHudeckue), HHpopMaIm-
OHHBIE (JaHHble U ynpapisomnpe). CinenoBano Obl 100aBUTH B pasien HH(OpMAIH-
OHHBIX H «ciIyke0HbIe», [Cokono I'.B., 1991 r.]. Anroputm Y®O anammza (UFO —
User Functional Object) mnosBonsier ¢dopmanu3oBath MeTol  O0OBEKTHO-
OPHEHTHPOBAHHOTO CHUCTEMOJIOTHYECKOT0 aHAIN3a W MOJEIMPOBAHUS OpPTraHU3aIH-
OHHBIX U l/IH(bOpMaLIl/IOHH])IX CHUCTEM. AHFOpI/lTM COCTOUT B COIJ1IaCOBAHHOM BBIABJIC-
HUH U MOJISIUPOBAHNH CTPYKTYPHBIX, (DYHKIIMOHAJIBHBIX M POJIEBBIX (Y4acTh — IIeJI0e,
MPUTOK — OTTOK) XapaKTEPUCTHK CHCTEMBI.
[laru aHamu3a, MPOSKTUPOBAHUS U PCATU3AIIHH:
— BBIBJICHUE Y3JIOB (IIepeceueHUit), MOIAEP>KUBAIOIINX MMOTOKU B CBA3SIX CTPYKTY-
PBI pa3padaThIBAEMOIi CHCTEMBI;
— BbIIBIICHHE (PYHKIIMOHAJILHOCTH OOHAPYKEHHBIX Y3JIOB;
— ormpejesieHHe 00bEKTOB, pealTu3y0IUX (YyHKIIMOHAIBHOCTD Y3JI0B.
Wutepnperanus KiaccoB 0a30BOM wuepapXuu (dJIEMEHT, (YHKIMS, SBICHHE)
onpenensiercss B YDO uepapxuu Kak 00bEKT CO CBA3SIMHU, QYHKIUSA C OTHOIICHUSIMH,
MPOTOYHEIA y3en. [IpoTOUHEI y3en paccMaTpuBaeTCs Kak IEIOCTHOCTh, KaK CTPYK-
TypHas 9acth emeé Oornee nenoro. CBOMCTBO CHCTEMbBI TIOHUMAETCS KaK TPOSIBIICHHE
e€ aKTUBHOCTH «BKJIFOYATHCS» B CBS3H, B 00MeHHbIE MOTOKH C IPYTUMHU CHCTEMaMHU
B CTPYKTYpe HajcucTeM. TO €CTh, OBITh «IIPOTOYHBIM Y3JIOM, DJIEMEHTOM» B CETH
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3aMKHYTBIX OOMEHHBIX IMOTOKOB HaJ00bBeKTa, oOecredmBas OalaHC <«IIPUTOKA» H
«OTTOKa» MO BXOJSIIUM U BEIXOASAIINM CBSA3SM.

KonkpeTtHas cucrema S ¢ MO3UIMH CTPYKTYPhl HAJICUCTEMBI-SIBIICHHS TIPEACTaBIs-

ercs kak <O, F, (Ik)L>, rue:

— O — xoHKpeTHbIi Ki1acc «OOBEKT», SK3EMILIIPOM KOTOPOTO SIBJISAETCS cHUCTeMa S;

— F — xoHKpeTHBbIN Ki1ace «DyHKIuUA»;

— (KL — (gactp unm 1enoe) — «sSIBJICHUE» y3el WK CB3M 1K, mokazareiasiMu KOTO-

PBIX CiryKat Tunsl L.

To ectb, cuctema S, kak QyHKIHMOHAJIBHBIA NPOTOYHBIH 00BEKT, MPEICTABIISET CO-
0ol cymHocTh, Xapakrepusyomuiytocs y3ioMm (k)L B cTpykType Haicucrembl, MHO-
JKecTBOM (YHKIMHA, OalaHCHPYIOIIMX JaHHBIH y3€J, 1 MHO)XKECTBOM OOBEKTOB, pea-
JM3YIOIIUX JaHHBIE QYHKIIHH.

dopmasibHO Y PO-351eMEHT MOXKET OBITh NPEJCTABIEH KaK KJIacc sI3bIka OOBEKTHO-
ro mozenupoBanust UML. Y®O-ananu3 pazpadarsiBaics ¢ 1IEIbI0 MOBBIIEHHUS 00b-
€KTUBHOCTH aHAJIN3a U aJJIeKBATHOCTU MOJEITUPOBAHHUS.

6 OBOIIOIHOHHBIC METOAbI PELICHUS ONTHMH3AIMOHHBIX 32124
U NpuHATUHA pemieHuil [Emeansinos B.B., Kypeiiunk B.B.,
Kypeiiunk B.M., 2003 r.]

Pa3pa60TKe TCOPUHU, MATEMATUYCCKHUX METOA0B U MOJACIIUMPOBAHUIO ITOCBAIIICHA KHUT'A
M3BECTHBIX aBTOPOB. B 3T0# paboTe 10CTaTOYHO MHOTO MaTepHaa TEOPETHUECKOTO U
MPAKTUYECKOTI0 XapaKTepa: U MO 3BONIOLMOHHOMY Pa3BUTHIO CIIOKHBIX CHCTEM, U IO
UMUTALUOHHOMY MOJEIMPOBAHUIO, M N0 I€HETUYECKUM alropurMaMm. B xHure naHo
MHO)KECTBO OPHTHMHAIBHBIX (POPMYJIMPOBOK OCHOBHBIX IOHATHH IO yKa3aHHBIM Te-
MaM. B "acTHOCTH, B KHUIe paccMaTpUBaeTCsl MOJAXOA K CHHTE3y CHUCTEM, K OIHUCaA-
HUIO 3aKOHOB U CTPYKTYpP Ha OCHOBE «TpHa». « [prajga — 3T0 KOMIUIEKC TPEX paBHO-
NPaBHBIX OOBEKTOB, HAXOJIIMXCS B 3a/JaHHBIX OTHOIICHMSX, HAIPHMEP, «LElb —
IUTaH — CTPATeTHsI», «H3MEHYMBOCTh — HACIEICTBEHHOCTh — OTOOpP», «(DyHKIHI —
apryMeHT — 3HaueHHe». B Tpuajge mapa 31eMEHTOB HaXOIWTCS B OTHOIICHHUH JOTIOJN-
HUTEJNBHOCTH, & TPETHM (KaXablil U3 TpEX) AJIEMEHT 3aa€T OTHOLIEHUE (MEpy) cO-
BMECTHMOCTH. J{naa — 3TO pOBHO OJIHA IIPUYMHA U OJTHO CJIENCTBHE. bruHapHas mapa-
IUTMa YTPaduBaET MEPCIIEKTUBY IMOCTHKEHHUS IIETTOCTHOCTH», (CTP.58).

Bun — 3TO OCHOBHAsI CTPYKTYpHas €IWHUIIA B €CTECTBEHHBIX CHCTEMaX, KauecT-
BEHHBII ATal MX 3BOMONUH. [IOMyIsAus — 3T0 MHOTOYHCICHHAs! COBOKYITHOCTH OCO-
Oeif ompeneI€HHOTO BH/A, 3TO OCHOBA JBOJIOIMOHHBIX MPOIECCOB. DBOIIOIMS CO3H-
JaTeTbHa M HE MMEET CTPOrO OIpeNesIEHHONH BHyTpeHHeH memu. Takum oOpazom,
HHPOPMALIUIO MBI TIOJIyYaeM U3 OKPYKAIOIIeH Cpedbl U CaMH SIBIISIEMCS] HOCHUTEIISIMA
nHGOPMaUU MPEeaBIAYIIHX NokoneHuil. IIponecc »Boronmu ecTh mpouecce yBeJaH-
YeHHUsl CJ0KHOCTH (yBennueHne uH(pOpMaIKn), a CJI0KHasI cucTeMa TpedyeT pac-
npeaeaéHHON U MepapXuUecKoil cucTeMbl ynpaBJieHus, (cTp.44).

B kHure onmcansl reHeTudeckue anroputMbl (I'A) U uX NMpUMEHEHHE B ONTHMH-
3alMOHHBIX 3agadaX. ['A — STO MoOzenbs DSBONIONMH B MPHPOJAE, MEXAHU3M
KOMOMHATOPHOTO Mepebopa BapuaHTOB PEIICHHsI ONITUMU3AMOHHBIX 3a7ad. ['A pa-
0oTaeT He ¢ MapamMeTpaMM 3aJa4yM, a C 3aKOJAMPOBAHHBIM MHOKeCTBOM Iapa-
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MeTpoB. [103TOMY 3BOJIIOIMOHHOE MOJCIUPOBAHUE OJIKE K HPUPOJE MOJCIHPYe-
MBIX 00BEKTOB, TaK KaK CTEIICHb Pa3JIOKeHUs1 00bEKTa Ha YaCTH HE TaK JIeTalbHa, KaK
TOTO TPEOYIOT APYTHE CLIOCOOBI MOJCTUPOBAHUS CHCTEM.

Kak npaBuiio, CrenuagucTbl IpeIMETHbIX 00acTell UCIOb3YIOT HE JIOTUUECKHN
BbIBO/I, @ apryMEHTallUI0 — O6OCHOBaHI/le HCKOTOPBIX BHIBOAOB B CUCTEME UMCIOIIUX-
¢ y HuX 3HaHMd. OTCIOa MPEAMOYTUTEICH MEPEeX0] K MOJICIIM OOOCHOBaHHS U
orpaBaaHus BbIBOJOB.

3aKjao4YeHue

B crarhe qaH 0030p pa3IMYHBIX MMOIX00B K MOJICIHPOBAHHUIO IIOTOKOB MH(OpMAIIH-
OHHBIX M BEIIECTBEHHBIX PECYPCOB MOCPEJCTBOM CHCTEM IMOMCKa pemieHui. B gact-
HOCTH, [MOKa3aHa BO3MOXHOCTh COM3MEPCHHUS Pa3HOKAUYECTBCHHBIX OOIIECCTBEHHBIX U
€CTECTBEHHBIX MPOIIECC-TIOTOKOB C MOMOIIBIO CUCTEMBI U3MEPUMBIX BelnnuuH (bosb-
makoB B.E.), o0ocHOBBIBaeTCsS “TpHagHbIi’ MOJXOA K MOJCIMPOBAHHUIO CIOMXHBIX
cuctem (EmennsHoB B.B. u 1p.).
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