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Abstract. This paper discusses the ontological approach to the knowledge categorization and structuring for e-
learning portal design as it turns out to be efficient and relevant to current domain conditions. The role of course
content ontology visualization is specifically highlighted, as that way materials are presented in a comprehensive but
easily digestible way and the structure can be adapted for learners' needs easily. We describe the experience of
developing Knowledge Engineering course ontology and “OntolingeWiki” tool, which permits to create ontology-
based e-learning portals.

1 Introduction

In recent years, there has been a noticeable interest in means to increase efficiency of ways in which learning content
can be presented to a learner. And as e-learning solutions development spans not only pedagogy but also psychology,
sociology and human-computer interaction, interdisciplinary ideas and notions prove to be a fertile ground for such
means. Given increasing importance of visual aspect of technology [13] and growth of economy's knowledge-intensive
share, such concepts as just-in-time delivery, usability and task relevance become crucial for educative systems. To
provide this kind of quality organization and presentation of learning materials would be as important as these materials'
content.

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

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

In this paper we describe the experience of developing Knowledge Engineering ontology for one of undergraduate
courses in Saint-Petersburg State Polytechnic University. So firstly we review the literature, and the discussion on
reasons, that let us consider ontology-based conceptual domain modeling being so efficient, follows.

Third section describes ontology development in more details, and in the fourth one we describe OntolingeWiki,
which is an ontology-based tool for creating educational portals. The paper concludes with summary and a brief
discussion on implications for future research.

2 Ontological Framework: a brief overview

Numerous known definitions of “ontology” may be generalized by: “Ontology is a hierarchically structured vocabulary
describing a domain that can be used as a skeletal foundation for a knowledge base” [4]. Generally, experts argue about
the distinctions between the ontology and the user’s conceptual model [6][7]. Our take on that would be considering
that the ontology corresponds to the analyst’s view of the conceptual model, but is not the de facto model. That way,
definition above clarifies the ontological approach to knowledge structuring and provides sufficient freedom for open-
ended, creative thinking.

For example, ontological engineering can provide a clear course structure, equipping a learner with a map of
connected resources and their relationships. This is where the Semantic Web principles are vital and ontological
reasoning is a promising tool, helping to provide a formal description for a shared domain conceptualization [15]. This
conceptualization also leads to process of selection which things are relevant to be represented and which are not, so
construction of top ontology leads to expressing knowledge [2]. Some other pros would be:

1. The relationships between entities can be more clearly expressed and it allows better reasoning. So 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].
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2. Content-oriented view could facilitate knowledge sharing and reuse [9]. That goes in line with two of the most
current research issues in the e-learning community - specifying reusable blocks of learning content and defining an
abstract way for designing different units (e.g. lessons) [7], which is motivate by unfortunate fact that even though
many e-learning systems exist and keep being developed, knowledge reuse from one system to another is almost
non-existent.

3. It also provides us with the ability to easily modify the course’s structure adapting to different educational
purposes. One-size-fits-all approach is often not good in learning environment as not only do learners are of
varying degrees of proficiency and professionalism, but their goals, expectations, techniques and motivations for
learning are also different.

4. Ontologies are good in making domain assumptions explicit so that it's possible to change these assumptions easily
if knowledge about the domain changes [12].

5. Besides, as the Internet itself is so large-scale hypertext, getting a comprehensible and explicit overview of all the
available information relevant to current user's needs and tasks is often difficult if not impossible as if the user is
not fully experienced in the knowledge domain she is not fully able to define whether found content is entirely
appropriate, up-to-date and relevant for the task [1]. Research shows that ontologies are good in providing
intelligent, task-centered and relevant information support for solving problems and performing learning tasks[6].

6. A visual presentation of course’s structure helps facing two very common problems in learning: loss of overview
due to low information density of the medium and short attention spans [11]. The large picture is more
comprehensible and digestible: that parallels the way it's much more easier to understand what jigsaw puzzle pieces
are about when the puzzle is gathered, not separated.

3 Knowledge Engineering ontology creating

It has been mentioned that the majority of works in the field put emphasis on ontology specification, not capture, so we
would want to stress the importance of latter a bit more.
To create Knowledge Engineering ontology we used a slightly modified version of Four-Step Algorithm, described
in [4]:
1. Goals, strategy and boundary identification: The first step in ontology development should be to “identify the
purpose of the ontology and the needs for the domain knowledge acquisition.”

2. Meta-concept identification: gathering all the information relevant to the described domain - selecting and
verbalizing all of the essential objects and concepts in the domain.

3. Laddering, including categorization and specification: forming categories by creating high-level concepts and/or
breaking them into a set of detailed ones where it is needed. This could be done via a top-down strategy by trying
to break the high level concept from the root of the previously built hierarchy, by detailing and specification of
instance concepts. Another way is generalization via bottom-up structuring strategy, associating similar concepts to
create meta-concepts of leaves.

4. Refinement: updating the visual structure by excluding any excessiveness, synonymy, and contradictions. As well-
balanced ontological hierarchy equates to a strong and comprehensible representation of the domain’s knowledge,
it should have the following qualities[4][5][15]:

e Accuracy

e Completeness

e Clarity in concepts and relationships

e Cognitive adequacy

e Conceptual balance

It’s also important to exclude contradictions and to avoid the ontology being too complex and/or big. Thus, our
decision was to introduce scalable GUI - with option to zoom and center on chosen fragments of ontology the way the
screen is not overloaded with the information.

Hierarchy concepts are tied with self-contained chunks of training content — learning objects, targeting reusability
since these learning objects can be reassembled later to create other courses or to personalize this one for different types
of learners (e.g. different levels of proficiency). Visual form influences both analyzing and synthesizing procedures in
ontology development process [16], helping to provide unambiguous and complete learning design [14]. The developed
ontology will be also used as a table of contents for educational system.



Gavrilova T., Gorovoy V., Petrashen E. Mapping Teaching Knowledge 3

[Phases of Al |

s = Fundamental
| Introduction ¢ AiptoRches

1 Other Al branches -;

|| Domain terms | Knowledge |
Knowledge -

Engineering
| Knowledge Structuring |
{ Types of processing |— | Knowledge Formalizing |

| Knowledge Capture |
+ Knowledge based systems |=| Expert System |

Knowledge base

Inference engine | — | : |
ng H=1 Architecture |
Explanation sub-system | ————

by Computer Type
by Problem :
by Autonomy i— Taxonomy
by Real Timea
Life cycle
_Costof the project |
Team_

'!-.—:-i-Expert Syslern--

'%‘—" Developement
Rapid Prototyping of Expert System | —————

Fig. 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

As we witness rise of crowdsourcing and other collaborative techniques in technology, it seems interesting to include
collaboration in the conceptual modeling process as well [11] - so that students could not only browse the presented
structure, but also modify it.

OntolingeWiki 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 import any ontology saved in OWL
format and provide web-interface for its navigation with visualization based on hyper graph 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 based on Ontolinge-KAON system
[31.

This technology can be used to create ontology-based educational portals in the way that doesn't require much time
or technology savvy from the developer. It was successfully leveraged in the design of the ontology-based content
management system for the virtual exposition in Saint-Petersburg Optical Technologies Museum. Digital teaching
materials such as presentations, animations and java-applets were united in the virtual exposition, which introduces
visitors to scientific principles and theories underlying museum's collection.

S Summary and future work

As modern tendencies in e-learning are to allow easy sharing and reusing of educational systems’ content and
knowledge components, while not minimizing resources required, ontology proves itself to be a useful structuring tool.
It is able to enrich the process of education, providing users of e-learning systems with an organizing axis to help them
mentally mark their own personalized picture of domain knowledge [4].
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We argue that knowledge categorization and laddering makes content more comprehensive for an individual and
provides a technologically stable database. But the usability and appropriateness of this ontology should be further
investigated and refined accordingly.

We consider described Knowledge Engineering ontology a promising start towards a fully functional e-learning
system and OntolingeWiki a step forward in creating a quality technological environment for educational collaborative
systems development.
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Abstract. A deterministic longest-prefix rewriting system is a rewriting system such that there are no
rewriting rules X—Y, X— Z with Y # Z, and only longest prefixes of words are subject to rewriting.
Given such a system, analogs are defined and examined of some concepts related to object-oriented data
systems: inheritance of classes and objects, instances of classes, class and instance attributes, conceptual
dependence and consistency, conceptual scheme, types and subtypes, etc. A special attention is paid to
the effective verification of various properties of the rewriting systems under consideration. In particular,
the algorithms are presented for answering the following questions: Are all words finitely rewritable?
Do there exist recurrent words? Is the system conceptually consistent? Given two words X and Y, does X
conceptually depend on Y? Does the type of X coincide with that of Y? Is the type of X a subtype of
that of Y7

Key words: prefix rewriting, term rewriting, object-oriented data system, information system, consistency
verification, ontology of a data model.

1 Introduction

The classical object-oriented approach to describing structured data employs the two primary relations, has (or
“hasa”) and is (or “isa”).

The has relation links objects (and classes) with their attributes. By saying “X has a Y’ we mean that
the object (or class) X possesses an attribute named Y, and we thus can speak of “the Y of X” or “X’s Y’
as a property of X conventionally denoted by X.Y. For instance, if a web page has a submit button whose style
assumes a border of a particular width, we can speak of “the width of the border of the style of the submit
button of the page” and thus arrive at the object page.submitButton.style.border.width.

The s relation can be used for (1) instantiating objects from classes; (2) inheriting classes from classes;
and (3) assigning values to attributes. By saying “40 is an Integer” we associate the object 40 with the class
Integer and mean that 40 is an instance of Integer. The phrase “Integer is Number” means that the class
Integer inherits from the class Number. By claiming that “John.age is 40” we assign the value 40 to the age
attribute of John.

As is seen from the above examples, the wide interpretation of the is relation makes it possible to eliminate
the difference between objects and classes. A single data system can syndicate the class declarations (“meta-
data”) and the object instantiations and initializations (“data”). We do not assert that data and metadata are
worth more combined than separated; nevertheless, this approach allows us to unify data analysis and develop
a common tool for verifying conceptual and semantical consistency.

The is and has relations are naturally connected. By interpreting “is” as “inherits” we assume that if “X is Y’
then all the attributes of Y are inherited by X. In particular, if “X is Y’ and “Y has a Z” then “X has a Z” Moreover,
if “X is Y” is the only explicit information on X, we can conclude that “X.Z is Y.Z” (By the explicit information
we mean the is rules which form the data system under consideration.) In doing so, we derive an implicit
information on X and say that “X.Z is Y.Z implicitly” Therefore, when evaluating the object X.Z, we rewrite
its prefix X with Y according to the explicit rule “X is Y” The same is applicable to objects of any length. For
instance, if we know explicitly that “A.B is P.Q.R” then A.B.C.D rewrites implicitly to P.Q.R.C.D.

* The work is supported by the Russian Science Support Foundation.
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It is clear that the explicit rules supersede any implicit derivatives; therefore, if “X is Y;” “Y has a Z] and
the data system contains the explicit rule “X.Z is A] the latter wins over the implicit “X.Z is Y.Z” However,
a conflict of another kind is possible in case several explicit rules are simultaneously applicable. Consider the
following fragment of a data system:

block.style.color s blue
header.style.color ¢s red

button 18 block
button.style 15 header.style

Let us try to evaluate the button’s style color, i.e., button.style.color. Since button is a block, we might
conclude that button.style.color is block.style.color, which is blue. On the other hand, button.style
is header.style; therefore, button.style.color is header.style.color, which is red. Intuitively, the latter
evaluation should win, since “button.style is header.style” seems to take priority over “button is block”
The reason is not the fact that the former rule occurs next to the latter (we treat a data system as an unordered
set of is rules). The key point is that the rule “button.style is header.style” is more concrete as it evaluates
a longer object, button.style rather than button. Therefore, when evaluating an object, we should rewrite
the longest prefiz (i.e., use the most concrete rule applicable).

We will now dwell on data consistency. Obviously, when designing a set of definitions, conceptual cycles
should be avoided. By saying “man is man” we define nothing, since evaluation of man results in a dead cycle.
However, conceptual consistency in no way outlaws recursion. For instance, the rule “man.son is man” is quite
legal. On the other hand, the rule “man is man.son” seems incorrect: we still do not know what man is unless
man’s son is defined, while the latter is senseless prior to defining man. Furthermore, the rules “man is Adam”
and “Adam.rib is man.rib” form an inconsistent pair, since Adam.rib is man.rib, while the latter implicitly
rewrites to Adam.rib. Such examples justify the need for a formal definition of conceptual consistency and
the search for the corresponding effective verification. (This is similar to analyzing the ontology of a data
system as a set of concept definitions.)

It is clear that, prior to defining a set of concepts (classes or objects), we need at least one concept which does
not require definition. In general, there can be several primary concepts; however, a single “generic object” is suf-
ficient. We denote the latter by w. Given a data system and a word X of the form entity.attr;.attry.---.attr,,
we rewrite X by applying the most concrete is rule, thus obtaining a new word, and continue rewriting the longest
prefixes of the subsequent words until w is reached. In this case we conclude that the initial word X is an object
(or a concept). Otherwise, if the rewriting process either (1) ends with a nonrewritable word other than w or
(2) never terminates, we claim that X is senseless. The possibility of (2) makes the analysis nontrivial and jus-
tifies the search for an effective verification if a given word makes sense. (This is close to analyzing the ontology
of a concept within a data system.)

Given an object X and a word 0 of the form attr;.attrs.---.attr,, say that § is a detail of X if X.§
makes sense. The set || X|| of all details of X can be regarded as the type of X. Whenever an algorithmic
procedure assumes a formal argument A, the body of the procedure contains A along with some words A.J;.
For the procedure to operate correctly with X substituted for A, it is necessary (and probably sufficient) that
all the words X.J; make sense. This results in the requirement that X be of an appropriate type. Therefore,
we need an algorithm for comparing object types: given two objects X and Y, we should be able to effectively
compare the types of X and Y, i.e., determine which of the relations || X| = [|[Y], I X € Y, |IX]] 2
[IY']] hold. The problem is not trivial if for no other reason than the fact that the type of an object can be
infinite. (For instance, given the rule “man.son is man, the type of man contains all the words son, son.son,
son.son.son, ...)

In what follows we give formal definitions for the notions under consideration, state some results, and present
algorithms for all the problems mentioned above. Unfortunately, the length restrictions on paper submissions
forced us to exclude the proofs of the theorems and justifications of the algorithms. (All the details, including
various examples, will be published elsewhere.)

To make notation less cumbersome, we treat the names of entities and attributes as single symbols (letters)
of some alphabet A and agree to write the property paths a;.as. -+ ., as ajas ... a, thus making them
words over A. The explicit rules “X 4s Y” will be written as X =Y.

2 Definitions and main results

Throughout the paper, A is a finite alphabet and A* (resp. A") is the set of all (all nonempty) words over A.
The elements of A are called letters. We conventionally identify the letters with the corresponding single-letter
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words. Say that X is a prefiz (resp. a proper prefizr) of Y € A" and write X CY or Y 2 X (X CY or Y 1 X)
if X € A" and Y = XS for some S € A* (S € A"). The length of a word X is denoted by |X|. Given an integer
n>1and a word X € A" such that |X| > n, define X |, € A" so that X[, C X and |X|,| = n. For brevity, in
the sequel we say “word” instead of “nonempty word over A”

Given any binary relation ~-, we conventionally denote by < the transitive closure of ~» and by ~, the re-
flexive transitive closure of ~.

Consider a finite binary relation — on A" (i.e., a finite subset of A" x A") and a letter w € A. Say that
the pair (—,w) is a deterministic longest-prefix rewriting system, or a system for short, if — is nonempty and
the following hold:

(a) X >Y and X — Z imply Y = Z;
(b) there are no S,Y € A* such that wS — Y.

Put E:={X : X — Y for some Y} and call the elements of E explicit words. Say that E is an explicit prefiz
of X if F € E and E C X. Say that a word X is rewritable if X has an explicit prefix.

As is easily seen, condition (a) means that, for each E € E, there is a unique word E’ such that £ — E,
while condition (b) amounts to the fact that all words of the form wS, with S € A*, are not rewritable.

Given a rewritable word X, consider the longest explicit prefix E of X, determine the suffix S € A* so that
X = ES, and put X’ := E'S. We call X’ the rewrite of X. Introduce the binary relation = on A" by setting
X = Y if and only if X is a rewritable word and Y = X".

By way of recursion, put Wy := A", X := X for X € W, and, for each n > 1, put W,, := {(XeW,_;:
X (=1 ig yewritable} and X := (X(»=1D)" for X € W,,. The word X" is called the nth rewrite of X. It is
clear that, for each X € W,,, we have X = X = XM = ... = X X & X™ for n > 0, and X & X
for n > 0.

The elements of ﬂfle W,, are called infinitely rewritable words. The other words are finitely rewritable.
Given a word X, call the maximal (finite or infinite) sequence of the form (X XM X®@) ) the rewriting
sequence of X. Therefore, a word X is finitely (infinitely) rewritable if and only if the rewriting sequence of X
is finite (infinite).

Say that X € A" is an object if X = w. Let O be the set of all objects. Note that the rewriting sequence of
every object X € O\{w} has the form X = X = ... = X" — ¢, where n > 0.

(From the above notation and definitions it is clear that we treat a system (—,w) as a rewriting system and
assume that only longest prefixes of words are subject to rewriting. The system is then regarded as a recognition
device, with O the accepted language (see [1]). We have called such a system “deterministic,” since every
rewritable word has a unique rewrite.

We may regard the notion of an object as isolating “concepts” from “senseless words” An object is a word X
possessing a “meaning” the rewrite X’ = X which also possesses a meaning, (X" = X @ and so on up to
the final rewrite, the “generic object” w, whose meaning is assumed predefined. The relation — is thus treated
as conceptual definition, and a rule X — Y is regarded as a definition of X via Y: “X is a Y.” Next, a rule
Xa — Z is an attribute definition, “the o of X is a Z,” while Xaf — Z means “the  of the a of X is a Z,”
etc. In this respect, condition (a) imposed on the relation — amounts to conceptual unambiguity (no concept
can have several meanings).

We may also treat the relation — as object-oriented inheritance or instantiation and regard a rule X — Y
as an explicit indication of the fact that “class X directly inherits class Y” or “object X is an instance of
class Y.” Next, a rule Xa — Z may be regarded as an attribute declaration or property evaluation: “class X
has attribute « of class Z”7 or “the property Xa has value Z” or “the property X« is an instance of class Z.”
In this respect, having imposed condition (a) on the relation —, we thereby disallowed multiple inheritance
(therefore, no object can belong to several incomparable classes).

Introduce the binary relation =, on A" by setting X =, Y if and only if X = ES and Y = E’S for some
E € E, S € A*. Therefore, =, is the rewriting corresponding to the system (—, w) regarded as an ordinary prefix
rewriting system rather than a longest-prefix rewriting system. (It is clear that X — Y implies X = Y, and
X = Y implies X =, Y. We may thus read the formulas X L Y and X =, Y as “X rewrites to Y” and
“X weakly rewrites to Y.” The formula X — Y can be read as “X explicitly rewrites to Y.”)

Introduce the binary relation — on A" by setting X — Y if and only if X 3 Y or X =, Y. As is easily
seen, the transitive closure »= is the least transitive relation on A" possessing the following three properties for
all X,Y,S € A*:

if X =Y then X »5 Y, if X - Y then XS5 YS; XS5 X.

In case X & Y we say that X depends on Y. A word X is well-defined if X does not depend on X. Say
that a system (—,w) under consideration is conceptually consistent if all words are well-defined, i.e., no word
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depends on itself. For brevity, introduce the following named condition:
The system is conceptually consistent. (Con)

The above terminology is justified by our informal treatment of a rewriting rule X — Y as a definition
of X viaY (“X is a Y”) and regarding a rule XS — Z as a detail definition (“the S of X is a Z7).
Therefore, informally, the relation X »= Y can be understood as follows: the definition of X explicitly or
implicitly employs Y; in particular, when subsequently describing a conceptual scheme, the concept Y should
be introduced before X, otherwise X becomes ill-defined.

If ~ is a binary relation on A", put |~| := {X € A" : E % X for some E € E} and denote by [~]
the directed graph whose nodes are the words in |~| and arcs are the pairs (X,Y’) such that X,Y € |~-| and
X ~Y.

Given a system, we call [—] the conceptual scheme and [=,] the weak rewriting scheme. Since X =, Y
implies X — Y, the weak rewriting scheme is a subgraph of the conceptual scheme.

Proposition 1. Given X,Y € A", we have X 5 Y if and only if X Y or X 2, Y'S for some S € A*.
Say that a word X is weakly recurrent if X =, XS for some S € A*.

Corollary 2. A word is well-defined if and only if it is not weakly recurrent.

Theorem 3. The following properties of a system are equivalent:

(

(2) each explicit word is well-defined;

(3) there are no weakly recurrent explicit words;
(4) there are no weakly recurrent words;

(5) the conceptual scheme is acyclic;

(6) the conceptual scheme is acyclic and finite;

(7) the weak rewriting scheme is acyclic and finite.

Say that a word X is recurrent if X = XS for some S € A*. Introduce the following named condition:

There are no recurrent words. (Rec)

Proposition 4. (Con) implies (Rec).

Put Ag := min{A C A:E C A"}, ie., Ag is the explicit alphabet, the set of all letters occurred in explicit
words. In addition, put ;= max{|E|: E € E}.

Theorem 5. If each word X € A}, with |X| < u is not recurrent then all words are not recurrent, i.e.,
(Rec) holds.

Remark 6. Let B(S) be a set of words defined via a system S by some condition. Say that B(S) is a re-
currence basis if, given an arbitrary system S, nonrecurrence of all words in B(S) implies nonrecurrence of all
words. Theorem 5 states that the set {X € A} : | X| < u} is a recurrence basis. Despite its finiteness, the set can
be rather large. However, we are not aware of conditions which determine considerably smaller recurrence bases.
(There are examples showing that neither the set E of explicit words, nor the set of all prefixes of the explicit
words can serve as a recurrence basis.)

Introduce the following named condition:

All words are finitely rewritable. (Fin)

Theorem 7. If each explicit word is finitely rewritable then all words are finitely rewritable, i.e., (Fin) holds.

Theorem 8. (Rec) implies (Fin).

Therefore, according to Proposition 4 and Theorem 8, we have the implications (Con) = (Rec) = (Fin).
As examples show, the converse implications are not true in general.
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Introduce the following two named conditions:

All explicit words are objects, i.e., E C Q. (Obj)
If X €A™, a €A, and Xa € E then X € O. (PreObj)

Proposition 9.
(1) Let X,Y € A", X %Y. Then X € O if and only if Y € Q.

(2) Assume (Obj). Then, given X € A", we have X € O\{w} if and only if X = F for some E € E.
(3) Assume (PreObj). If X,S € A* and XS € O then X € Q.

Let X € O and « € A. Say that « is an attribute of X if Xa € Q. Denote by || X||1 the set of all attributes
of X. It is clear that |lw|; = @.

Say that « is an explicit attribute (resp. implicit attribute) of X if Xa € ONE (Xa € O\E).

Say that « is an overriding attribute (resp. added attribute) of X if Xa € O NE and, in addition, X'a € O
(X'a ¢ 0). If a is an overriding attribute of X, we say that Xa overrides X'a.

Therefore, every attribute is either explicit or implicit, and every explicit attribute is either overriding or
added.

Proposition 10. For all X € O\{w} and o € A the following hold:
(1) « is an implicit attribute of X if and only if Xa ¢ E and X'a € O
(2) « is an added attribute of X if and only if Xa € O and X'a ¢ O.

Proposition 11. Assume (Obj). If X, Y € A*, a € A, X & Y, and Ya € O then Xa € Q.

Proposition 12. Assume (Obj). Consider the rewriting sequence X = X_(O) == X = o of an ob-
ject X. If a € || X||1 then there is a number 0 < i < n such that X, ..., XWa € 0, XHDa, ..., XMa ¢ O,
and « is an added attribute of X ).

Corollary 13. Assume (Obj). A letter « is an attribute of an object X if and only if there is a number
n > 0 such that X(™a € E.

Given an object X, say that ¢ is a detail of X if 6 € A" and X§ € Q. Denote by || X || the set of all details of X
and call || X|| the type of X. (It is clear that |w|| = @.) Note that the set O of all objects can be infinite and,
moreover, some object types || X|| can be infinite. On the other hand, we will see that the set {||X]| : X € O}
of all object types is always finite (see Theorem 27).

Proposition 14. For all objects X and Y we have
(1) if [| X = [[Y'[| then [ Xd|| = |[Y]| for all & & || X||;
(2) if || X|| C||Y|| then || X8| C ||Y9] for all 6 € || X||.
On assuming (PreObj), we also have
(3) |1X|| = Y| if and only if [[Y]s = | X||s and || Xa]| = [Ya]| for all a € [|X|:;
(4) |X|| C ||Y| if and only if || X||1 C |V} and || Xa|| C ||Ya| for all o € || X ||1.

Proposition 15. If X, Y € 0, X = Y, XS ¢ E for all S € A" then | X| = ||Y].

If we informally interpret the relation X & Y as “X inherits Y” (or “X is a particular case of Y” or
“X isaY”) and treat the objects Xa as “properties of X,” then in case X £ Y the object X should in a sense
inherit the properties of Y and optionally make them more concrete and enlarge their totality. Formally, this
requirement amounts to the following:

if XY €0 and X =Y then | X[ 2|V (%)
Introduce the following named condition:

If X, YA, acA XacE, YacO,and X =Y

then Xa € Q and || Xa| 2 ||V (Colnh)

Theorem 16. Assume (PreObj). The following are equivalent:
(1) condition (Colnh) is satisfied;
(2) if X,Y € O\{w} and X =Y then || X| 2 ||Y||;
(3) if X, Y € 0 and X =Y then || X| 2 ||Y]-
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Therefore, with (PreObj) satisfied, (x) is equivalent to (Colnh).

Corollary 17. Assume (PreObj) and (Colnh). If X,Y,S € A", X = Y, and YS € O then XS € Q and
| XS|| 2 ||YS||. In particular, if Y € O and X =Y then |V |1 2 || X||1 and || Xa| 2 ||[Yal|.

Object systems with attribute value typing usually satisfy the following (or analogous) requirements: Suppose
that a class Y has a declared attribute o with value type 7. If x is an instance of Y then x has attribute «
whose value type is equal to or more concrete than 7. Similarly, if X is a class inherited from Y then X has
the inherited attribute a whose value type is equal to or more concrete than 7. If we interpret the relation
X = Y as “the object X is an instance of the class Y” or “the class X directly inherits the class Y” and
treat the relation Xa — V as “V is the explicit value of the property Xa” or “V is the declared value class
of the attribute o within the class X,” then the above requirements can be formalized by the following named

condition:
FXYeAt, acehA Yaec0, Xa—V,and X =Y

then V € O and |V]| 2 || Yl (CoVal)

Theorem 18. Conditions (PreObj) and (CoVal) imply (Colnh).

The conceptual dependence was introduced above as a relation on the set of all words. As soon as non-object
words are regarded as “senseless,” it is reasonable to describe dependence between objects involving objects only;
namely, if a concept X depends on a concept Y, then there should be a chain of concepts (rather than arbitrary
words) connecting X with Y. This principle is justified by the following theorem (see also Corollary 20).

Theorem 19. Assume (Obj), (PreObj), and (Colnh). Given X,Y € O, X depends on Y if and only if
there exist X1,...,X, € O,n > 1, such that X — X; — -+ — X, =Y.

Corollary 20. Assume (Obj), (PreObj), and (Colnh). The restriction of % onto O is the least transitive
relation on Q possessing the following three properties for all X,Y € O and 6 € A*:
if X =Y then X =5 Y
if X =Y and 6 € | X| N |Y]| then X§ = Y3;

if § € || X|| then X§ 5 X.

The last assertion shows that, with (Obj), (PreObj), and (Colnh) satisfied, the conceptual dependence
relation between objects can be described in full conformity with the initial definition of this relation on the set
of all words. The only distinction consists in the fact that the latter description does not go beyond the set of
objects.

Remark 21. In Theorem 19 and Corollary 20, none of the conditions (Obj), (PreObj), or (Colnh) can be
omitted.

3 Algorithmization

The rest of the paper is devoted to the effective verification of various properties of rewriting systems under
consideration, and the following theorem is the main step in this direction.

Theorem 22. Given a system, put u := max{|E|: E € E}. A word X is infinitely rewritable if and only if
one of the following two (mutually exclusive) conditions holds:
(a) there are integers n > 0 and r > 0 such that X = x(n+7).
(b) there are integers n > 0 and r > 0 such that
p< | XM XD X )|

X(n) (n+r) X(n) — X(n—i—r) .
In case (a) we have X % X = .. :zéX ndr=1) = X(["*) = ..., L

period
In case (b) put Y = X™ [, and let S € A" be such that X(™) = YS. Then there is a word R € A" such
that Y(") = YR and the rewriting sequence (X(O), XM, ...) contains a subsequence constituted by the words
Xntmr) — Y R™S m > 0, each of which starts a regular “growth period” of length r:

X&xW —ys =yWs = ..o ylbg
= X — YRS = YWRS = ...= y0-YRg
= X2 — yR2§ = YWWR2S = ... = Y(""UR%g
= Xt — yRmS = YWWR™S = ... = Y"UR™S
:> eee
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In particular, {X("), X (1), } = {Y(j)RmS :0<y<r, m2 0}.

Let P be an arbitrary set of “constructive entities” (i.e., a set whose elements can be used as inputs for
algorithms) and let C(Y,p) be a condition imposed on words Y € A" with additional parameters in P. Formally
we may assume that C' is a subset of A" x P and, for all Y € A", p € P, the expression C(Y,p) means
the containment (Y, p) € C.

Given C(Y,p) as above, introduce the condition C'(Y, R, S,p) for Y, R € A", S € A* p € P as follows:

C'(Y,R,S,p) if and only if there is an m > 1 such that C(YR™S, p).

Say that C(Y,p) is cyclically decidable if the following two conditions hold:
(a) there is an algorithm verifying C(Y,p) for Y € A", p € P;
(b) there is an algorithm verifying C'(Y, R, S,p) for Y,R € A", S € A* p e P.
Note that (a) does not in general imply (b), which fact can be derived from existence of a recursive set C' C N?
such that the set {n € N: (3m € N) (m,n) € C} is not recursive (see, for instance, [2, Chapter C.1, §6]).
Let C(Y,p) be a cyclically decidable condition. Theorem 22 justifies the following simple algorithm which,
given a system, a word X € A", and a parameter p, verifies existence of a word Y € A" such that X = Y and
C(Y,p).

Algorithm 23.
o If C(X,p), return Yes. If X is not rewritable, return No.
e Otherwise, subsequently calculate the rewrites X, ..., X®) . and, at each step i > 1, subsequently
analyze the fragments (X ("), X(n+1) = X+ for 0 < n < n+4r =i, as follows:
o If C(X™*+") p), return Yes. If X = X"+ return No.
o If (X ... X471 satisfies condition (b) of Theorem 22,
put Y := X [,; let S € A" be such that XM =y§s;
let R € A" be such that Y") = YR (such an R exists by Theorem 22);
if C'(Y,R,S,p), return Yes; otherwise return No.

o If X("+7) js not rewritable, return No. Otherwise proceed to the next step, i + 1.
By Theorem 22, the above procedure terminates for every input.

As is easily seen, given a system S, the condition C(Y,S) = “Y is not rewritable within §” is cyclically
decidable. Therefore, specialized with this condition, Algorithm 23 verifies finite rewritability of a given word
within a given system. A simplified version is presented below.

Algorithm 24.

Start subsequent calculation of the rewrites X(©), X1 If a nonrewritable word X ) occurs, return Yes.
Otherwise, according to Theorem 22, a fragment (X, X+ X+ will occur which satisfies (a)
or (b) of Theorem 22; in this case return No.

Since the set E of explicit words is finite, Theorem 7 implies that (Fin) is effectively verifiable: it suffices to
apply Algorithm 24 to all explicit words.

The specialization of Algorithm 23 with the condition C(Y) = “Y =w” checks if a given word is an object.
(This can be also verified by a slight modification of Algorithm 24.) Tt is now clear that (Obj) and (PreObj) are
effectively verifiable.

Note that if (Fin) holds, the containment X € O can be trivially verified: just check if the (finite) rewriting
sequence of X ends with w. In addition, if (Obj) holds, we can stop calculating the rewriting sequence of X if
X € E at some step n > 0; furthermore, if both (Obj) and (PreObj) hold, the calculation can be terminated
if some X (") becomes a prefix of any explicit word (see Proposition 9).

As is easily seen, the condition C(Y, X) = “Y 2 X7 is cyclically decidable. Therefore a properly specialized
version of Algorithm 23 checks if a given word X is recurrent. By Theorem 5, we conclude that (Rec) is effectively
verifiable: to check if all words are not recurrent, it suffices to apply the algorithm to all words over Ag of length
at most u. (However, the resultant verification occurs exponential-time; see Remark 6.)

Another approach to verifying (Rec) can be based on Theorem 8 which states that (Rec) implies (Fin). Check
(Fin) first. If it fails then (Rec) also fails. If (Fin) holds true, condition (Rec) can be verified by processing all
words X over Ag of length at most y and returning Yes whenever an X occurs such that X £ X for some
n>1.

By Theorem 3, condition (Con) can be effectively verified by constructing the conceptual scheme and checking
(during the construction) if the scheme is acyclic. The algorithm described below checks if a given system is
conceptually consistent. If it is so, the algorithm returns the conceptual scheme of the system; otherwise it returns
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an example of a cycle in the conceptual scheme. The algorithm uses a variable directed graph I' = (I'n, I'a)
(with I'y the nodes and I'y the arcs) and a variable A whose values are finite subsets of A" x A",

Algorithm 25.
(1) Put In:=E, I'y :==2.
(2) Put A:={(X,Y): X isasinkof I" and X — Y'}.
(3) If A= o, claim that the system is conceptually consistent
and return I' as the conceptual scheme.
(4) Otherwise do the following for each pair (X,Y) € A:
if X =Y or I' contains a path fromY to X,
claim that the system is conceptually inconsistent
and return a cycle: X — X or Y — .-+ — X —Y;
otherwise put I'n == InU{Y}, I'n :=T'a U{{X,Y)}.
(5) Go to (2).

When applied to a conceptually inconsistent system, Algorithm 25 returns an example of a cycle Xg — X7 —

- — X;m = Xp in the conceptual scheme, but it is not guaranteed that all words X; in the cycle are objects

(even in case Xy is an object). On the other hand, Theorem 19 implies that, with (Obj), (PreObj), and (Colnh)

satisfied, every path Xy — X; — -+ — X, between objects Xy, X, can be transformed into a path of objects

Yo — Y] — - — Y, with Y = Xy and Y,, = X,,,. We note that such a transformation can be performed
effectively.

By slightly modifying Algorithm 25, we can obtain a procedure for constructing the weak rewriting scheme
rather than the conceptual scheme. The algorithm presented below checks in an arbitrary system if there are
weakly recurrent words, and either returns an example of such a word or constructs the weak rewriting scheme
of the system.

Algorithm 26.
(1) Put In:=E, I'y :==2.
(2) Put A:={(X,Y): X isasink of I' and X =, Y}.
(3) If A= @, claim that there are no weakly recurrent words

and return I' as the weak rewriting scheme.
(4) Otherwise do the following for each pair (X,Y) € A:

if X CY or I' contains a path from a prefix Yo EY to X,
return a weakly recurrent word:
X=.Y3X or Vo=, ---=X=Y3Y,;
otherwise put I'n := INU{Y}, I'n :=Ta U{{(X,Y)}.

(5) Go to (2).

According to Theorem 3, the weak rewriting scheme of a conceptually inconsistent system includes a path
Xo &, X, 2 Xo with Xy € E. Given an inconsistent system, Algorithm 26 returns an example of a path
Yy =, Y, 3 Yo, but the leading word Yy need not be explicit. In this connection it is worth noting that every
path of the form Yj .Y, 3Y, can be effectively transformed into a path X 5. X, 2 Xo (of the same length)
with X, € E.

To the author’s opinion, the most convincing indication of conceptual inconsistency is an example of some
cycle Xg — --- — X,, = X which is constituted by objects and starts with an explicit word Xy. We note
that, if an inconsistent system satisfies (Obj), (PreObj), and (Colnh), then a cycle of this kind can be found
effectively.

We now turn to the effective analysis of object types.

Say that C € Q is a character if either C = w or C C E for some E € E. Let C be the set of all characters.
It is clear that C is finite.

Given an object X, consider the rewriting sequence X(© = ... = X = ¢, and denote by ch(X) the first
character in the sequence (X(©) ... X () Call ch(X) the character of X.

It is clear that ch(C) = C for all C € C. Therefore, C = {ch(X) : X € O}.

Theorem 27. For every object X we have || X|| = ||ch(X)].
Consequently, {|| X|| : X € O} = {||C|| : C € C}, and the set {||X|| : X € O} is finite.

By the type comparison problem we mean the following: given two objects X and Y, effectively compare
the types of X and Y, i.e., determine which of the relations || X|| = |[Y], || X|| C |Y||, | X]| 2 ||Y|| hold.
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It is clear that the character of an object can be effectively determined. Therefore, due to Theorem 27,
the type comparison problem reduces to effective comparison of the character types.

Given X € C and o € || X1, introduce the notation X, := ch(Xa) and, given an arbitrary function
7:C—{1,..., N}, define the following equivalence relation on C:

X ~Y ifandonly if [ X|[; = [[Y]1 and 7(X,) = 7(Ya) for all o € [ X];.

The following algorithm uses two variable functions 7,7 : C — {1,2,...} (each of which can be encoded as
an array of naturals indexed by the characters).

Algorithm 28.
(1) Define T by putting 7(X) :=1 for all X € C.
(2) If X ~Y forall X,Y € C such that 7(X) = 7(Y), return 7.
(3) Assign 7 a copy of T.
(4) For each k€ {r(X):(3Y € C)(X »Y & 7(X) = 7(Y))} do the following:
arbitrarily enumerate the set {X € C: 7(X) = k} thus making it a sequence (X1,...,X,), n = 2,
and, for each i = 2,...,n, do the following:
if X; ~ X for some 1 < j < i, reassign 7(X;) = 7(X;);
otherwise reassign 7(X;) := max{7(X): X € C} + 1.
(5) Assign 7 := 7 and go to (2).

Theorem 29. Algorithm 28 halts for any system and, if the system meets (PreObj), the resultant function
7:C—{1,...,N} is such that 7(X) = 7(Y) if and only if | X|| = |Y].

Remark 30. Algorithm 28 is analogous to Vizing’s algorithm of partitioning the vertex set of a graph into
classes of similar vertices (see [3]). The author is grateful to S. V. Avgustinovich for discovering the analogy.

The following algorithm uses two variable sets X, Xy C C2.

Algorithm 31.
(1) Put ¥ :=C2.
(2) Put Xo:={(X,Y) e X: | X[ C|V]1 & (Va € ||X][1) (Xa,Ya) € X}
(3) If ¥y = X, return X. Otherwise reassign X := Xy and go to (2).

Theorem 32. Given any system, Algorithm 31 always halts and, if the system meets (PreObj), the resultant
set X equals {(X,Y) € C?: | X| C |V}

Therefore, given a system subject to (PreObj), we can effectively verify the relation || X|| C ||Y] for X,Y € Q.
(As is easily seen, this implies that (ColInh) and (CoVal) are effectively verifiable.) However, the mere claim
“IX]| € |IY]]” is not always sufficient, and one may require a particular reason why the inclusion fails. Within
a bulky system, it may occur nontrivial to find a particular detail § € || X||\||Y]|, and a corresponding algorithm
would thus be a useful troubleshooting tool. Recall that, due to Theorem 27, it suffices to automate the solution
for characters only.

The following algorithm uses a variable set A C C? and a variable function § : A — A",

Algorithm 33.

(1) Put A:=& and n:=1.

(2) For all pairwise distinct X,Y € C do the following:
if there is an « € || X ||1\||Y]|1, add (X,Y) to A and assign 6(X,Y) := a.

(3) For all pairwise distinct X,Y € C such that (X,Y) ¢ A do the following:
if there is an o € || X||1 such that (X,,Y,) € A and |§(Xa,Ya)| =n,
add (X,Y) to A and assign §(X,Y) := a§(Xa, Ys).

(4) If there were no assignments at step (3), return ¢.

Otherwise put n:=mn + 1 and go to (3).

Theorem 34. Given any system, Algorithm 33 always halts and, if the system meets (PreObj), the resultant
function 6 : A — A is such that
A={(X,v)eC: X € |V}
5(X,Y) € XNV for all (X,Y) € 4,
[6(X,Y)| =min{|d'| : &' € | X|\||Y]]} forall (X,Y) € A.
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Abstract. The paper describes the work in progress towards the development of knowledge-based system (KBS) to
support developers in ensuring the quality of software requirements. Ambiguity, contradictoriness, incompleteness,
poor traceability and adjustability were identified as currently most severe problems with requirements, as well as
certain ignorance towards existing validation and verification techniques. In an approach to solving these problems,
frame-based model has been chosen for knowledge base. Two main advantages of frame-based model are declarative
nature and procedural features. First lets to set requirements and relations, second allows for determine procedures of
models' conversations. An example of frame instance is presented.

Keywords: requirement management tools, frame model, knowledge engineering, information extraction

1 Introduction

It has almost become a commonplace that a significant share of software development projects fails or exceeds their
budget. There is no lack of research on the causes of runaway projects, and unstable or incomplete requirements and
poor estimations are justifiably identified as the two major ones [1; 2, p.5]. The former of the two is clearly the primary
factor, and it is also widely noted that requirements errors are the most expensive to correct late in the development
process or when the product is released.

Certain desired properties for well-defined requirements are described in international standards related to software
development: correspondence to the needs and expectations of users and stakeholders, unambiguity for different domain
experts, consistency, lack of contradictions, completeness and etc. [3]. An extensive list of approaches and
methodologies concerning requirements analysis and management includes SWEBOK, PMBOOK, RUP, DOORS,
CORE and so on (review is available in [3]), however there seem to be certain factors hindering their ultimate
effectiveness:

1. The discrepancy on the conceptual level. There are different definitions of requirements, compiled by different
experts from their diverse experience [4, 5]. Thus, methodologies are discriminate in their understanding of a
requirement, so they may mark out different levels and types of requirements, leading to radical distinctions in
the development process.

2. The absence of reliable means for choosing the most appropriate approach for a given project. To make a
justified choice, developer would have to be an expert in these various theoretical paradigms, as well as software
development methodologies. In practice, the choice depends either on the developers’ previous experience, or
even on requests from stakeholders, who may be quite inept in software engineering.

3. The lack of accordance on procedures and criteria for assessing the final quality of the requirements. Although
the methods for requirements’ validation and verification exist, they hardly provide clear control points where
the quality of the requirements set could and should be estimated before the construction of the product or its
prototype has started.

These factors, in the light of objective complexity of software engineering domain, lead to such generally
recognized problems related to requirements:

1. Requirements elicitation and formalization that result in ambiguous or unobvious requirements. Omitted
requirements are, probably, even greater problem, as they result in omitted logic in the final product, and this
kind of error, according to some estimates [1, p.75], constitute a prominent 30% of all persistent software errors.

2. Poor requirements traceability and adjustability, due to lack of established relationships between them.
Nowadays, unstable requirements are less and less viewed as the problem of weak management, but more
accepted as objective reality [1, p.69] — thus proper requirements management techniques have to deal with
introducing changes to the requirement set.

3. Persistence of requirements errors, which significantly increase risks and costs for the project. Many
requirements validation and verification techniques, such as reviews, consistency checks, etc., rely heavily on
expertise, however developers are often pressed by project estimates and schedules that generally allocate few
time on their involvement in requirement-cleansing [1, p.72].

As an approach to solving these problems we propose knowledge-based system (KBS) for requirements analysis.
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The main peculiarity of the system is that it uses frame-based model both to represent declarative knowledge about
requirements in natural form and to use procedural possibilities of this model for determining transformations between
different types of requirements.

2 Knowledge representation model

Currently, popular requirements management tools, such as Rational IBM or Borland products, offer means for
managing requirements in the course of the project and integrating interim results of the development. However,
effective use of these tools, including requirements quality assurance, implies relatively high level of expertise, as
domain knowledge is mostly presented in user manual or online help only. Thus, the application of such products is not
accessible for all developers or, given their considerable cost, economically feasible in all projects.

As we believe the requirements analysis and management domain matches generally accepted premises for expert
systems deployment (e.g., see in [6, p.36]), we suggest the application of knowledge engineering methods to develop a
knowledge-based system (KBS) aiding developers in ensuring the quality of requirements. The system, used by
developers (requirements analysts) should be able to decrease the probability of errors committed by inexperienced
developers as well as alleviate workload on skilled ones, by providing support in requirements elicitation, specification,
validation and their management throughout the development cycle.

As a model of knowledge representation for KBS of the requirements analysis, a frame-based model has been
selected. Frame is knowledge representation scheme, focused on the inclusion into a strictly organized data structure the
implicit information relationships existing in the domain. This arrangement supports the organization of knowledge into
more complex units, which represent the structure of domain objects.

In accordance with [7], frame can be considered a static data structure used to represent well-understood
stereotypical situations. Perhaps our own knowledge about the world is also organized as frame-like structures. We
adapt to each new situation, recalling information based on experience. Then we adapt this knowledge according to this
new situation.

Why do we consider frame-based model the most suitable for implementation of KBS for requirements analysis?
First, the frames, as well as semantic networks, let to organize the hierarchy of knowledge, which allows a natural way
to describe the levels of requirements recommended by experts. Generally, three levels of requirements are marked out
[8] (See Appendix).

1. At the top level, we have the so-called business requirements. Business requirements are usually formulated by
top managers or shareholders of the company.

2. The next level — the level of user requirements. Example of user requirements: the system should provide
interactive tools for entering complete information about the order, followed by saving it in database and routing
information about the order to the person responsible for planning and execution. User requirements are often
poorly structured, duplicative, or contradictory. Therefore, the third level is very important in which the
formalization of requirements is carried out.

3. Third level — functional and technical requirements, it depends on the system scale. Example of functional
requirements (or simply functions): the order can be created, edited, deleted and moved.

It is clear that the above levels can be represented as a hierarchy of requirements with the relevant property
inheritance. However, the relations between the individual information units may not necessarily be relations on
inheritance, there are different kinds of them. For example, there may exist relations “Conflicting requirements”,
“Related requirements”, etc., between instances of the frame “Requirement”. Such relations, as well as hierarchical
ones, may be represented by the semantic network model. But the use of frame-based model can make it in the most
natural way. This uses the internal structure of the frame (the so-called slots). For this purpose, special slots of relations
are used. These types of slots have the names that are the names of relations, and values are the names of the frames
with which a given frame is connected. Frame model allows a convenient way to organize working with scripts. For
example, KBS for requirements analysis may be arranged in the form of a script as follows. In the initial moment of
time slots of frames of the knowledge base (KB) are either empty or filled with default values. In the process of
accumulating information from stakeholders and users of the designed system, the KB is filled with instances of
requirements. In this case, along with the declarative semantics it uses procedural semantics of frame-based model. For
example, the value of a slot may be a name of a program, checking for conflict of the newly introduced requirement
with requirements already existing in the KB. This program begins to work automatically after the confirmation of
entering the new requirement into the system. The result of this work may be, for example, the modification of slots of
the frame “Conflicting requirements”.
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3 Results

3.1 Software structure and frame model
Figure 1 illustrates relations between different models and views that are used in the process of software development.

Frame model of requirements and domain problem model, both are crucial, because they are the base for others. All
model transformations are defined as procedures and receive data from slots of frame instances.

Domain problem model.

Generated May be defined as ontology,
code consists of domain objects
5 and relations descriptions
A
[]
]
' Goal
J hierarchy.
Project
documentation. 6 3 .
Common views: 17
SRS, GOST — v
Frame model of .
requirements. Hierarchy Quality

of frames includes frame ~ a?tributes
instances and relations 4 7 hierarchy

1

Use Cases

Fig. 1. Infological model

Fig. 2 illustrates common structure of frame instance. Slots of this structure are used for procedural transformation
models. For example, data from slot Detailed requirement formulation may be used for creation of Use Cases.

Slot name

Common requirement formulation

Index

Objective

Detailed requirement formulation Actors
Process
Documents
Database

Parent-child requirements

Related requirements Conflicting
Duplicated

Requirement owner

Requirement holder

Requirement attributes Core/ periphery
Complexity of implementation
Priority
Criticality of implementation
Costs

Objective achievement measure

Lead time estimate Designing deadline
Programming deadline
Testing and debugging deadline
Documentation deadline
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Total time

Lead time actual Designing deadline
Programming deadline

Testing and debugging deadline
Documentation deadline

Total time

Resources estimate Designing resources
Programming resources

Testing and debugging resources
Documentation resources

Total resources

Resources actual Designing resources
Programming resources

Testing and debugging resources
Documentation resources

Total resources

Current point of implementation Life-cycle phases
Level of implementation
Versions and revisions Version number
Changes

Changes owner

Optionally

Fig. 2. Common frame structure

3.2 The system capabilities

The system has the following principal capabilities:

1.

2.

Controls the fill-in of the essential attributes for requirements, allows setting pre-defined relations between
requirements.

Class inheritance offers possibilities for reusing and customizing frame hierarchy for users’ needs and project
context. (See Figure 3 for class “Requirement” structure).

Class «Requirements»
Subclass «Concept»
Subclass «Business requirement
Subclass «User requirementy
Subclass «Technical requirement»

Fig. 3. Structure of “Requirements” class

. Allows modifications to the requirements, traces change history, notifies on possible effects on related

requirements.

. Provides visualization for the requirements set (tables, tree view, technical documentation, etc.) as well as for

related concepts, in particular for running requirements reviews with stakeholders.

. Helps tracking the degree of the requirements’ fulfillment during modeling, simulation or prototyping.
. Checks for inconsistencies in requirements priorities, development order, pre-requisite requirements; offer

conflict resolution strategies (e.g. based on priorities of involved stakeholders).

. Tracks development estimations vs. real work efforts, builds up statistics for analysis and improved estimating

and product release date forecasting.
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3.3 Requirements analysis

Further development of the system implies the extension of the procedural component for requirements analysis, so that
the system: auto-discovers such relationships between requirements as Child-parent, Related, Contradicting, Duplicate;
hints on possibly omitted requirements; checks for ambiguous wordings in requirements descriptions.

For that, we plan to utilize information extraction, text mining and concept mining techniques, with external
domain or common sense ontologies or vocabularies (such as Russian WordNet) providing thesaurus (see [9], [10]).

4 Conclusions

In our paper, we sought to reason that application of Al methods in requirements analysis and management domain
could contribute to resolving problems persisting in software development, such as ambiguous, contradicting or
incomplete requirements, poorly suited for adjusting or tracing. The proposed KBS built based on frame model includes
capabilities to aid in control of the requirements quality and provides means for better traceability that leads to
advantages on various stages of the development. Further, with respect to requirements validation and verification, the
system both offers abundant visualization aimed on ensuring stakeholder involvement (which is major factor for the
project success [2, p.4]), and supplies the foundation for automatic requirements analysis.

The developed frame-based knowledge structure for the KBS may serve as conceptual model of requirements
analysis domain, and in turn get used by other systems related to software development. So, the Requirement frame and
related concepts were utilized in an adjacent project in Novosibirsk State Technical University: KBS used in solving
practical tasks in web interface design, based on such requirements as business goals of the project and target user
attributes [11].
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Abstract. We study multiagent algorithms for the following problem: There are buyers (customers) and
salesmen at the marketplace; all customers are rational agents; in contrast, all salesman are not agents,
but every salesman has individual price for every buyer; the problem is to define rationality-based protocol
of pairwise negotiation, flips/swaps (of salesmen) between agents that leads every agent (1) to knowledge
about its individual salesman, and (2) to knowledge that it is impossible to improve total price to be paid
by swapping salesmen. We call this problem Rational Agents at the Marketplace. The problem is related to
the well-known Assignment Problem in Graph Theory, and to Mars Robot Puzzle that we have examined
to some extend previously.

1 Introduction

A multiagent system is a distributed system [5] that consists of agents. An agent is an autonomous reactive
object (in OO-sense) whose internal states can be characterized in terms of Believes (B), Desires (D), and
Intentions (I). Agent’s Believes represent its “knowledge” about itself, other agents and an “environment”; this
“knowledge” may be incomplete, inconsistent, and (even) incorrect. Agent’s Desires represent its long-term aims,
obligations and purposes (that may be controversial). Agent’s Intensions are used for a short-term planning.
Reactivity means that every agent can change its Believes, Desires, and Intentions after communication and
interaction with other agents (including environment), but every agent is autonomous, i.e. change of “personal”
Believes, Desires and Intensions is not decreed by other agents. Agents of the described kind are usually called
BDI-agents [6]. A rational agent has clear “preferences” and always chooses the action (in feasible actions) that
leads to the “best” outcome for itself; bounded rationality is “decision making” limited by the cognitive abilities
of agents (e.g. the finite amount of time they have to make decisions). Multiagent algorithm is a distributed
algorithm [5] that solves some problem by means of cooperative work of agents in a multiagent system.

In this paper we exam the following problem that we call Rational Agents at the Marketplace (RAM-problem
or RAMP).

There are m > 1 customers (buyers) and n > 1 salesmen (traders) at the marketplace. Every salesman
has a (single) unit of some indivisible good for sale, and every buyer wants to buy exactly one unit of
the good. All salesmen are offering their units of the good individually to buyers by individual prices
{psp € N :1 <b< misabuyer,l < s < nisasalesman}. All buyers are rational agents that
can communicate, negotiate, make concessions and swap their individual salesmen pairwise (and only
pairwise) in peer-to-peer (P2P) manner so that all concessions and swaps must be rational for both
participating agents.
Problem: Design a multiagent algorithm (protocol) for negotiations and concessions, changes (“flips”)
of salesmen, exchanges (“swaps”) of salesmen by buyer that eventually leads every buyer to knowledge
about its a individual salesman with whom it can make a beneficial (i.e. rational) deal

1. without conflicts (concurrency) with other buyers, and

2. no pairwise swap can not improve (reduce) a total price payed by buyers.

This problem grew up from our study of the following Mars Robot Puzzle (MRP) [3].

There are n > 1 autonomous agents (“robots”) and (the same) number of shelters on a plane part of
Mars. Locations of all shelters are fixed and known to all robots. Every robot can communicate with
any other robot in P2P manner, but is not aware about the current positions of other robots.

* The research has been supported by Russian Foundation for Basic Research (grant 10-01-00532-a) and by Siberia
Branch of Russian Academy of Science (Integration Grant n.2/12).
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At some moment all robots fix their current positions, and have to select individual shelters to move at
by a straight route. Assume that there are no any obstacle (like rocks, holes, robots and shelters, etc.)
between any robot and any shelter. Definitely, robots should not collide. Hence, every individual robot
can move to its shelter only when it knows for sure that it will not collide with any other robot on the
route.

Problem: Design a multiagent algorithm (protocol) that guarantees that every robot will eventually
know that its route to the selected shelter does not intersect with routes of other robots (and hence
robots will not collide in a motion).

The difference between RAMP and MRP is manyfold. First, in RAMP agents are assumed to be rational,
while in MRP agents do not care about their benefits (preferences) at all. Next, MRP has a clear geometric
interpretation, but it has not clear from the very beginning, why any set intersection-free routs exists, and,
hence it is not obvious that a desired protocol may exist. Fortunately, the existence of these routes can be
proved by contradiction, or by reduction to the assignment problem in Graph Theory [1], or to the convex hull
problem in Combinatorial Geometry. At the same time MRP is closely related to the path-planning problem in
Artificial Intelligence. In contrast, RAMP has no geometric interpretation, but it is seems & priori, that some
protocol may exist.

Nevertheless RAMP and MRP are closely related due to the core protocol SMEx for MRP [3]. This protocol
is a multiagent variant of a local search algorithm for a combinatorial geometry problem suggested by E.W.
Dijkstra [4]. We presented in the paper [3] a series of modifications of SMEx protocol that solve MRP problem,
and proved (manually) their correctness. All these modifications belong to a class of so-called wave algorithms
[5], since they meet the following properties:

— termination: each computation is finite;
— decision: each computation contains at least one decide event;
— dependence: each event potentially influences all computations.

The rest of the paper is organized as follows. The next section 2 sketches a protocol for “initial” choices of
salesmen by buyers (i.e. that satisfies the first constraint of RAMP). The following section 3 presents a protocol
for the most “rational” for buyers distribution of salesmen that is possible to arrange by pairwise swaps (i.e.
that satisfies the second constraint of RAMP). Finally, we conclude in the last section 4 with a discussion of
further research topics.

All our algorithms in this paper rely upon the following fairness communication assumption [3]: communica-
tion (in a multiagent system) is said to be fair, if every agent which would like to communicate with any other
agent will communicate eventually'. We also assume, that the total number of customers m and the complete
set of customers is common knowledge in this group of agents (customers) [2], and that every customer b € [1..m)]
knows its individual price-list (i.e. the set P, = {psp € N : 1 < s < n}) sorted in the ascending order (i.e. the
cheapest first, the most expensive — the last). We interpret this price-list as buyer’s preferences, its rationale
for flipping/swapping traders. At the same time we assume bounded rationality as follows: a buyer never mind
to remember data of other customers and always is looking for the most rational local action (i.e. just one step
ahead). We use pseudocode a-l4 [5] to present algorithms (protocols) in this paper.

2 Looking for a salesman

In this section we design and prove a multiagent algorithm (protocol) for rational negotiations between buyers
that eventually leads every buyer to knowledge about its a individual salesman with whom it can make a deal
without conflicts (concurrency) with other buyers. We assume that all customers (buyers) arrive to marketplace
stmultaneously. One may consider alternative opportunity: buyers arrive one by one or (more generally) group
by group (one by one or by a single group in particular). But this “more general” situation may be reduced to
the simultaneous arrival: since m (the total number of customers) is common knowledge, all buyers may just
wait until all have arrived to the marketplace.

The protocol consists of the algorithm LSM (Look for a SalesMan) for an individual agents and a communi-
cation scheduler. At every moment every buyer has some salesman (current salesman) as its current intention;
at the very beginning this intention is the salesman with the best (cheapest) price for this customer. Believes
of every buyer are represented by two integer counters: NC for Number of Conflicts and CF for Conflict-Free
buyers; NC represents agent’s upper estimation of number of buyers with whom it could have conflicts, and,

! In terms of Linear Temporal Logic: F((agent 1 wants to talk to agent 2) U (agent 1 and agent 2 are talking))
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respectively, C'F represents its lower estimation of number of agents that have no conflicts at all; in particular,
the agent believes that it does not compete for the current salesman with any other buyer as soon as NC = 0;
the agent believes that there are competition for any salesman at the marketplace as soon as NC = 0 and
CF =2 x (m—1), it.e. it believes that it has no rivals, and it checks twice that all buyers believe that they do
not compete for their salesmen. But in the case when two agents (say ¢ and j) compete for a salesman, then
they play the following static game with complete information that we denote as Flip-Game(l;, fi,1;, f;):

i\j| bid  flip
bid |(fi, f;) (0,1;)
flip| (1:,0) (fis f5)

Two moves (strategies) in this game are bid for the same salesman and flip to the next salesman. Before the
game every participating agent b € {i,;} sends to the partner two integer values: [} is its loss?, if it flips, and
its “fine” f, for simultaneous bidding or flipping with the partner 3. Then both agents compute mixed strategy
Nash equilibrium (that is a rational behavior) and play corresponding mixed strategies until they make different
moves (i.e. one flips, another bids).

Description of a fair scheduler is out of scope of our paper, pseudocode of the LSM-algorithm is presented
in the Appendix A. Some important properties of this LSM-algorithm are accumulated in the following lemmas
1, 2 and 3. Their proofs will be published in a forthcoming full research report.

Lemma 1. Assume that two agents i and j play Flip-Game(l;,fi, l;, f;) where all values I;,f;, I; and f; are
negative'. Then Nash equilibrium in mized strategies in Flip-Game(l;,f;, l;, [;) exists (and is unique) iff f1 < Iy
and fo <ls.

Let remark that lines 13 — 19 of the above algorithm LSM contains game-theoretic procedure for conflict
resolution between the agent and a partner. Let LSM’ be a variant of the algorithm LSM, with any procedure
(non-deterministic, probabalistic or deterministic) in these lines for conflict resolution such that either the agent
flips to its next salesman XOR? the partner flips to its next salesman.

Lemma 2. Assume that it is common knowledge in a system that all agents execute one and the same algorithm
LSM . Then every agent in this system at every moment of time after execution of line 2 knows that all salesmen
that gives smaller prise to the agent than its current salesman are intensions of some other agents.

Let us recall that communication is said to be fair in a multiagent system, if every agent which would like
to communicate with any other agent will communicate eventually.

Lemma 3. Assume that all agents of a system execute one and the same algorithm LSM , and that communi-
cation s fair in the system. Then the system eventually terminates.

The desire of every buyer is to select in a rational way an individual salesman and to know that it can
make a deal with the salesman without competition with other buyers. Lemmas 1, 2 and 3 together imply the
following proposition.

Proposition 1.

If a system with fair communication consists of m > 0 buyers each of which would like to make an individual
deal with some of n > m salesmen, it is common knowledge (in the system) that all buyers are agents
that execute algorithm LSM, and for every buyer b its my_fine is less then min{py p — psrp : §',8" €
[1..n] and s" has the next price to the price of s' in Py},

then every agent will eventually terminate, it will know upon termination that nobody in the system will never
compete for its current salesman cur_sman, and hence it will be able to make a deal with this salesman.

Proof of this proposition will be published in a forthcoming full research report.
Unfortunately, we do not know yet whether the outcome of the LSM-algorithm is a Pareto-optimal assignment
or not. This topic requires further research.

2 This value must be negative, since the agent flip better salesman to worse salesman.

3 This value must be negative, since time is money.

4 This assumption is very natural, since losses I; and l; are due to choice of the next price in the ascending order, and
fines f; and f; are due to simultaneous bidding/flipping, i.e. due to loss of time (but time is money).

5 The exclusive disjunction, eXclusive OR.
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3 Exchange by salesmen

In this section we design and prove a multiagent algorithm (protocol) for rational negotiations between buyers
(who already have their individual salesmen) that eventually leads every buyer to knowledge that it is impossible
to improve (reduce) by pairwise swapping salesmen the total price all buyers have to pay. Again the protocol
comprises two algorithms: SWP (SWaPping) for an individual agents and a fair communication scheduler;
description of a scheduler is out of scope of our paper, SWP-algorithm is similar to the above LSM-algorithm,
it is discussed and presented in the sequel.

At every moment every buyer knows an individual salesman (current salesman) as its current intention (and
it knows that nobody compete for this salesman); at the very beginning this current salesman is known initial
salesman (for example due to the previous LSM-algorithm). Again, believes of every buyer are represented by
two integer counters: N.S for Number of Swaps and SF for Swap-Free buyers; these counters NS and SF have
informal semantics similar to semantics of counters NC' and C'F in the algorithm LSM: N S represents agent’s
upper estimation of number of buyers with whom it can have swaps, and, respectively, SF' represents its lower
estimation of number of agents that believe they have no swaps at all; in particular, the agent believes that it
will not swap the current salesman with any other buyer as soon as NS = 0; the agent believes that there are
competition for any salesman at the marketplace as soon as NS = 0 and SF = 2 x (m — 1), it.e. it believes
that it will no swaps, and it checks twice that all buyers believe that they will not swap their salesmen. But (in
contrast to LSM-algorithm) the are two options how two agents can solve whether to swap their salesmen or
not.

The first is similar to Flip_Game in the LSM-algorithm: two agents (say ¢ and j) play the following static
game with complete information that we denote as Swap-Game(g;, fi, 95, f;):

i\ J ‘decline swap
decline| (0,0) (fi, f;)

Two moves (strategies) in this game are decline and swap of the salesmen. Before the game every participating
agent b € {i,j} sends to the partner two integer values: its gain® g, if agents swap their salesmen, and its
“fine” f, for disagreement on declining and swapping with the partner’. Then both agents compute mixed
strategy Nash equilibrium (that is a rational behavior) and play corresponding mixed strategies until they make
correlated beneficial moves. Study of this option is a topic for further research.
The second option is inspirited by SMEx-algorithm that solves MRP under assumption of fair communication

[3]. This time two agents (say ¢ and j) also play a static game with complete information that we denote by
Coop_Gameq(gi, 9;):

i\j | decline swap

decline| (0,0) (0,(1—a)*g)
swap |(axg,0) (axg,(1—a)*g)

In this game «, (1 —a) € (0,1) represent share (concession) of the total gain g = g; + g;, Two moves (strategies)
in this game are decline and swap of the salesmen. Before the game every participating agent b € {7, j} sends to
the partner its gain g, in the case of swap®. This game has Nash equilibrium in pure strategies: (decline, decline)
if g <0, and (swap, swap) if g > 0. We call this game Cooperative Game since rational agents that swap their
salesmen iff it is beneficial and then they share the total gain in some proportion (in contrast to Swap_Game,
where everyone gets its own gain of loss even in the case when the total gain is positive).

Pseudocode of the SWP-algorithm is presented in the Appendix B. Some important properties of this SWP-
algorithm are accumulated in the following two lemmas 4 and 5. Their proofs will be published in a forthcoming
full research report.

Lemma 4. Assume that it is common knowledge in a system that all agents execute one and the same algorithm
SWP, and that every agent in the system has known its initial individual salesman before execution of the
algorithm. Then every agent in this system at every moment of time after evecution of line 2 knows some
individual salesman that is someone in the set of all initial individual salesmen.

5 In contrast to I, in Flip_Game, this value can be positive as well as negative.
7 This value must be negative as in the Flip_Game.
8 This value can be positive as well as negative as in the Swap_Game.
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Lemma 5. Assume that all agents execute one and the same algorithm SWP, that every agent had initial
indiwidual salesman before execution of the algorithm, and that communication is fair in the system. Then the
system eventually terminates.

Lemmas 4 and 5 together imply the following proposition.
Proposition 2.

If a system with fair communication consists of m > 0 buyers each of which knows some initial individual
salesman among n > m salesmen, it is common knowledge (in the system) that all buyers are agents that
execute algorithm SWP,

then cvery agent will eventually terminate, it will know upon termination an individual salesman (that is
someone in the set of all initial individual salesmen), and it will know that it is impossible to reduce the
total price all buyers have to pay by pairwise swapping salesmen.

Proof of this proposition will be published in a forthcoming full research report.

In the Conclusion we demonstrate that the above algorithm SWP can not solve the graph-theoretic assign-
ment problem that is (in our settings) to compute an assignment of buyers to robots with the cheapest total
price [1]. But we do not know whether our two multiagent algorithms LSM and SWP coupled together can solve
the problem or not. This topic also requires further research.

4 Conclusion

Let us remark, that both algorithms LSM and SWP presented in this paper (as well as all algorithms in the
paper [3]) belong to a class of so-called wave algorithms [5], since they meet the following properties:

— termination: each computation is finite;
— decision: each computation contains at least one decide event;
— dependence: each decide event potentially influences all computations.

But what is more interesting for us in the case of LSM and SWP algorithms, is the following phenomenon: the
common knowledge in a system of agents executing these algorithms emerges after double-check of individual
beliefs. This observation leads us to the following topic for further research: When multiple (but finite and
bounded) double-check of individual beliefs leads to common knowledge?

Couple of other topics for further research have been mentioned at the end of sections 2 and 3. Whether the
outcome of the LSM-algorithm is a Pareto-optimal assignment? Whether algorithms LSM and SWP coupled
together can solve the assignment problem?

Unfortunately, SWP-algorithms alone cannot solve the assignment problem as follows from a the counterex-
ample below.

b\ s| s1|s2|s3
by |0 1] 3
b | 310 |1
b3 |1 131]0

This table presents weighted bipartite graph that consists of the vertices {by, ba, b3} for buyers and {s, $2, 53}
for producers. Assume also that the initial assignment of producers to consumers is by < s3, by < s3 and
b3 < s1. In these settings, the exchange in line 12 of the algorithm SWP cannot work and hence the buyerswill
terminate with the unchanged assignment, but this assignment is not optimal.
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A

Pseudocode of Look for a Salesman Algorithm

algorithm LSM::
const Me : integer in [1..m] // Personal number.
const my fine : integer;

var

// A personal fine for simultaneous bidding/flipping.
NC : integer in [1..m];

var CF : integer in [1..2*%m];

var partner : integer in [1..m];

var cur_sman : integer in [1..n]; // Current salesman.
var next_sman : integer in [1..n]; // Next salesman.
var par_sman : integer in [1..n]; // Partner’s salesman.
var par_bel : boolean;

// Partner’s belief that it (the partner) is conflict-free.
var contacts : set of [1..m]; // A set of buyers.
var my_loss : integer; // A loss due to flipping salesmen.
var par_loss : integer; // Partner’s loss due to flipping salesmen.
var par_fine : integer;

// Partner’s fine for simultaneous bidding/flipping.
var pro_bid : real in [0..1]; // Probability of bidding strategy.
begin
1: NC:= (m - 1); CF:= 0;

2: cur_sman := the salesman with the cheapest price in Pps.;
3: repeat
4: if NC > 0 then NC:= (m - 1);
5: contacts:= set of all buyers but Me;
6 repeat
7 partner := a buyer in the contacts ready to communicate;
// Scheduler resolves this request.
8: start communication session with the partner:
9: fork
send <cur_sman>, <NC=0> to partner ||
receive <par_sman>, <par_bel> from partner
join;
10:  if cur_sman = par_sman
11:  then
begin
12: next_sman:= a salesman with the next to cur_sman’s price
according to Py, if it exists, cur_sman otherwise;
13: mYlOSS!: Pcur,sman,Me - Pnezt,sman,Me;
14: fork
send <my_loss>, <my fine> to partner ||
receive <par_loss>, <par_fine> from partner
join;
15: pro_bid := probability of My b<d in Nash equilibria
in Flip_Game(my_loss, my_fine, par_loss, par_fine);
// Solves the Flip Game in mixed strategies.
16: repeat // Play Flip_Game;
17: my move:= some_in {cur_sman:pro_bid,
next_sman: (1 - pro_bid)};
// Select My next move according to assigned probabilities.
18: fork
send <my move> to partner ||
receive <par_move> from partner
join;
19: until (my_move=cur_sman A par_smanzpar_move) V

(my_moves#cur_sman A par_sman=par_move) ;
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20: cur_sman:= my move; NC:= (m - 1); CF:= 0
21:  end

22: elseif NC > 0

23: then {NC:= (NC - 1); CF:= 0}

24: else if par_bel

25: then CF:= CF + 1

26: else {NC:= (m - 1); CF:= 0}

27: close communication session with partner;

28: contacts:= remove partner from contacts
29: until contacts becomes empty

30: until (NC = 0 A CF = 2%(m - 1) )

end.

B Pseudocode of Swapping salesmen Algorithm

algorithm SWP: :

const Me : integer in [1..m)]
const Intit : integer in [1..n]
var NS : integer in [1..m];

var SF : integer in [1..2%*m];
var partner : integer in [1..m];
var cur_sman : integer in [1..n];

// Personal number.
// Initial salesman.

// Current salesman.

var par_sman : integer in [1l..n]; // Partner’s salesman.

var par_bel : boolean;

// Partner’s belief that it (the partner) has nothing to swap.

var contacts : set of [1..m];

// A set of buyers.

var my_gain : integer; // A gain due to swapping salesmen.
var par_gain : integer; // Partner’s gain due to swapping salesmen.
begin

1: NS:= (m - 1); SF:= 0;

2 cur_sman := Init;

3: repeat

4: if NC > 0 then NC:= (m - 1);

5: contacts:= set of all buyers but Me;

6 repeat

7 partner := a buyer in the contacts ready to communicate;

// Scheduler resolves this request.

[o0]

start communication session with the partner:
9: fork

send <cur_sman>, <NS=0> to partner ||

receive <par_sman>, <par_bel> from partner

join;
10: mY—gaim: Pcur,sman,Me - Ppar,sman,Me; // ComPUte perSOIlal gain.
11:  fork

send <my_gain> to partner ||
receive <par_gain> from partner

join;
12:  if my_gain + par_gain > 0
then {cur_sman:= par_sman; NS:= (m - 1); SF:= 0}
13: else if NS > 0
14: then {NS:= (NS - 1); SF:= 0}
15: else if par_bel
16: then SF:= SF + 1
17: else {NS:= (m - 1); SF:= 0}
18: close communication session with partner;

19: contacts:= remove partner from contacts

// Solve Coop-_Game.
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20: until contacts becomes empty
21: until (NC = 0 A CF = 2%(m - 1) )
end.
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BBeaenue

B cBsi3u ¢ OypHO pasBuBaronuMcs HanpasienneM Semantic Web u ero HoBoit BetBbio Linked Open Data[1] B WuTep-
HETE CTAHOBSTCS IOCTYIMHBIMU O0JIbIINE 00beMBbI HH(GOPMAIUH, OCBAIIEHHON Pa3IMYHBIM HAyYHBIM HalpasieHUsIM. B
YHCJIO TAKHX PECYPCOB BXOAAT HMH(OPMALMOHHBIE CHCTEMBI, HU(PPOBbIe OUOIMOTEKH U CHElUATU3MPOBaHHbIE TTOpTa-
JIbl, TTOCBSIIIIEHHbIE HAYYHBIM HalpaBJICHUSM M OCHOBAaHHbIE HA OHTOJIOTMSX. BakHble Hay4HbIE HallpaBJICHHs, CaMble
AKTHBHBIC U BIIMATENILHBIC HCCIIEI0BATENN, OPraHN3allii, B KOTOPBIX OHH paboTaloT, U MeCTa, B KOTOPBIX PACIIONIONKE-
HBI Hay4YHbBIE OpraHU3aluK — Bcs 3Ta MH(GOpMaIs cTaHoBUTCS noctyrnHod B rdf/xml ¢opmare. Hanbosnee nocrosep-
HBIM HCTOYHUKOM HH(OPMAIMH, MOCBSIIEHHON JII000MYy Hay4yHOMY HANpaBIICHHUIO, SBISIFOTCS COOCTBEHHO HAay4HBIC
MyOJIMKaLNK, COCTABJIAIONINE OCHOBHOE HAIIOJIHEHWE HAYYHBIX MOPTAIOB M HU(POBBIX OnOMMoTek. BaxkHo Taxke oT-
METHUTb, YTO 3Ta MH(pOpMANUs SBOIIONNOHUPYET BO BPEMEHH M CTPEMHUTEIBHO yBENWYMBaeTcs B o0beme. Mccnenosa-
HHE ¥ aHAJIN3 3TUX JaHHBIX HEOOXOIUMBI KaK B Ipolecce pa3paboTkn MHTEpHET pecypcoB, Tak W Ha IPOTSHKEHUN BCe-
ro MX JKM3HEHHOro 1ukia. Eciu npu paszpaborke VHTEpHET pecypcoB Hauboliee BaKHOW 3aiaveil sIBISETCS MOMCK U
YCTpaHEHHE OMIMOOK, TO B MOCIEAYIOIIEM OoJiee BaKHBIM CTAHOBHTCSI HAYKOMETPHUECKUI aHANIN3 HaKallJIMBaeMbIX
JTAHHBIX, TTO3BOJIAIONINN ONTUMU3UPOBATH MIPOLECCH! YIIPABICHUS HAYYHBIMH HCCiIeAoBaHUSAMHU. s oOecrieueHus mo-
HUMaHHS 3TUX CTPEMUTENBHO YBEINYNBAIOIIMXCS B 00bEME IaHHBIX HY)KHbI HOBbIE HHCTPYMEHTHI.

OnHUM U3 TakKuX OOIIENPU3HAHHBIX HHCTPYMEHTOB SIBJISIETCS BU3yaIHM3alsi HHPOPMALMHU ¢ IPUMEHEHHneM rpado-
BbIX Mozelieil. CyniecTBeHHON NpoOJeMOoi NMpy BU3yallM3alul OHTOJIOTHH, a B 0COOCHHOCTH, HH(OPMAIIIOHHOTO Ha-
TIOJTHEHHS TIOPTAJIOB, SIBIsETCS OOJNBIION 00BbEM IaHHBIX, BEAYIIMH K BU3YaJbHOW INEPerpy’keHHOCTH M300pakKEeHMUS.
OpHUM U3 BO3MOKHBIX CIIOCOOOB peIIeHHs 3TOH NpoOJIeMbl sIBIsieTcss 00beuHeHe pedep B «KryTo». B manHol pa-
00Te paccMaTpUBAIOTCSl PA3IMYHbIE CTPATErHy IPUMEHEHNUS BU3yaln3allid Ha OCHOBE JKI'yTOB pe0ep It OHTOJIOTHH 1
MH()OPMAMOHHOTO HAIIOJHEHHUS [TOPTAIOB, OCHOBAHHBIX HA OHTOJOTHUSX.

1. Busyaau3zanmusi OHTOJIOTMH W HHMOPMANMOHHOIO0 HANOJHEHHS] NMPU NMOMOIIM MeETOAA
HepapXu4ecKuXx KryToB pedep.

Owronorys npencrasiser coboi rpad, BEpIIMHAMH KOTOPOTO SBISIOTCS KIACChl, a pe0pa COOTBETCTBYIOT OTHOLICHHIO
HACJICIOBaHMSI MEXK/Y KJIACCAMH M aCCOIMATUBHBIM OTHOIICHUSIM. B padote [2] yxe Obuia mpencTaBiieHa TEXHHKA CO-
BMCCTHOT'O 1/1306pa>1<eH1/m TaKCOHOMHWH H aCCOLMATUBHBIX CBHSeﬁ, HO TIPECKHUC BO3MOXKHOCTHU 3TOM TEXHUKH 6I)IJ'II/I
BECbMa OIPaHUYEHBI, TaK Kak ObICTPO BO3HMKaJIA IIeperpyKeHHOCTh n300pakeHus. [loaTomy Hac 3auMHTEepecoBajia ujaes
UCIIOJIb30BaHMA JUIS 9THX LIeJIel MeToa HepapXHUUEeCKHX JKI'yTOB pedep. ITOT MeTOo/| 03BOJISIET N3BJIEKATh U3 OHTOJIO-
THH OTHOILICHHE HACJIeI0BaHWS M HaKJIa/bIBaTh Ha ero M300pakeHne n300pakeHHs acCOUMAaTUBHBIX OTHOMICHUH. [{s
0TOOpaXKeHHsI HePAPXUIECKOH CTPYKTYPBI, HHIYLHUPYEMOH OTHOLICHHEM HACIIE0BaHUs, MOXKHO HCIIOIB30BaTh 000
AITOPUTM BH3yaIN3alUH JEPEBLEB, a KAXI0e peOpo, COOTBETCTBYIOLICE aCCOLMATHBHOMY OTHOLICHHIO, — H300paxaTh
B BHJIEe KyOn4eckoro [-cruiaiiHa (KpuBom).

Ms1 cTpouM H300paskeHHe AepeBa MpU IMMOMOIIH JINO00 PagruabHOTO, THO0 KPYTOBOTO alTOpPHTMA. 3aTeM KOOPIH-
HaTBl BEPLIMH IOCTPOCHHOTO JAEPEeBa UCIIONB3YIOTCSA B KAYeCTBE KOHTPOJIBHBIX TOUCK, Yepe3 KOTOPBIE MPOBOIUTCS KakK-
Joe pedpo, COOTBETCTBYIONIEE ACCOLMATHBHOMY OTHOIIEHHIO. TakuM 00pa3oM, Kaxaoe pedpo acCOMaTHBHOIO OTHO-
IICHHUS, NPEJCTaBIsAET COO0H MHOTOYTONBHBIA IyTh 0 M300paKeHUIO JepeBa, OMUCHIBAEMBIIl I10CIIEIOBATEILHOCTHIO
touek Py, Py,..., Pn.i. 3Hasg 9T KOHTPOJIBHBIE TOUKH, MOKHO IOCTPOHUTH KPHUBYIO, H300paKaroLIyIo pedpo accoLraTHB-
HOT0 OTHOIIEHHS 110 HopMyJIe:
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P'=f-P+(= PP +——(Py ,~P)  txe
N —i >

N — 3TO KOJIMYECTBO KOHTPOJIBHBIX TOYEK,

i — HOMep KOHTpPOJIbHOM Touky, i € {0, ..., N—1},
P; — mo3unus i-oi KOHTPOJIBHOW TOYKH

p—cuna ces3eBanus, f € [0, 1].

Ha pucynke 1(a) moka3aHa OHTONIOTHS apxeosorndeckoro noprana [3]. OTHomeHre HacleTOBaHHUA MTOKA3aHO IIPH
MMOMOIIA KPYTOBOTO alNTrOpUTMa. ACCOIMATHBHBIC OTHOIICHHS ITOKA3aHBl MPU MOMOINN HEPapXUUECKUX KTYTOB pe-
6ep[9]. LoCTOMHCTBOM 3TOTO THIIA H300paKECHUS SIBIIETCS TaKXKe TO, 9TO OHO mo3BoirsieT yBuaetrs BCE acconmaTus-
HBIE CBSI3M JAHHOW OHTOJIOTMH OZHOBpEeMeHHO. Kpome 3Toro, ¢ mepBoro B3risAa BHIHBI TAKXKE MMOIKIACCHI, HE MMEIO-
e coOCTBEHHBIX OTHOIICHUH. Vicxonsa 3 oOHapyKEHHBIX CBOWCTB, MOXXHO PEKOMEHAOBATh MH)KEHEpPYy 3HAHHN OO
JONOJIHUTh TaKHUE€ IMOJAKIACCHI OTHOUWICHUAMHU, OTIUYAIOIHUMHU HUX OT POJAUTCIBCKUX KJIACCOB, J'II/I60 YAaJduTh UX U3
MHOXKECTBA KJIACCOB.
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Puc. 1. (a)- Busyanu3zanus Bcex CyNIECTBYIOMIUX aCCOIMATHBHBIX OTHONICHUH apXeoJIOTHYECKOTO MOopTaia B KOMOWHAIIMH C OTHO-
nieHueM HacienoBanus. (0)- OTHOIIEHHE COABTOPCTBA MEX/Iy HAYYHBIMH COTPYIHHKAMH, pa0OTAONIMMHU B pa3 JIMYHBIX reorpadu-
YeCKHUX 001acTIX

B nporiecce 3KkCriepuMEHTOB € HAOJIHEHHEM WH()OPMALMOHHBIX [MOPTAIOB Mbl 3aMETHJIM TaK)Ke, YTO OHH COAEp-
&Kat OOJIBIIOE KOJMYECTBO OTHOUICHHH MAapTOHOMHH, 3a/IA0IMX HePAPXHI0 00BeKTOB. K TaKiMM OTHOIICHHSIM OTHOCSIT-
¢ Meroa-Uccnenosanus-Brmouaetr, Opranuzanusa-Brimouaer Mecto-Brirodaet, u np. O4eBUAHO, YTO METOM HUepap-
XMYECKUX HKIYTOB pedep MO3BOJISIET CTPOUTh KOMOMHUPOBAaHHBIE M300paKE€HHs OTHOIIEHWH ITapTOHOMUU U JIIOOBIX
JIPYTUX OTHOLICHH, NUMEIOLIUXCS B OHTOJIOIMH. BO3MOXKHOCTH 3TOT0 MeTo/la MOXKHO PACIIMPHUTh, €CIIH BU3YaIU3UPO-
BaTb HE TOJIBKO OTHOLICHUSA, COACPIKAIIUECCA B OHTOJIOTMH B SIBHOM BUIAC, HO U BHOBb ONPCACTIAECMbIC OTHOLICHUS. B
YaCTHOCTH, Ha OCHOBE MH(OpPMALNHU O HAYYHBIX ITyOIHMKAIUIX, COCTABIISIOIIMX HAHOOJBIIYIO YacTh JF000r0 Hay4HOTO
HopTasna, MOXKHO CreHepHpOBaTh, a 3aTeM BU3YaJM3HPOBAaTh CETH COABTOPCTBA, CETH LIUTHPOBAHUS M KO-IIUTHPOBAHMSI.
st mopranos, onucanHelx B RDF/OWL ¢opmare, reHepaiys Takux ceTeld OCYIIECTBISIETCS MPHU HOMOIIHN 3aIpOCOB
sparql. [y nqpyrux opMaToB reHepanys HOBBIX OTHOIIECHHUH OCYIIECTBIIICTCS IPOrpaMMHO. Ba)XHOCTh BH3yanu3amun
TaKWAX CETeH IJIs aHaIM3a TeHICHIU Pa3BUTH HAYYHBIX HAIpaBleHUs o0Cykaanack B padorax [12,13].

Ha pucynke 1(6) 1300pa)keHO OTHOLIEHHE COABTOPCTBA MEXK/Y HAYYHBIMH COTPYAHUKAMH, paOOTAIOIUMHU B Pa3-
JUYHBIX TeorpapuIecKux 001acTAX, HOTYIEHHOE IPH TIOMOIIH METOa HEPAPXUIECKUX KTYTOB pedep. DTO OTHOIICHHE
OBLIO CreHepUPOBaHO MPOTPAMMHO Ha OCHOBE MH(pOpMAIK 00 aBTOPCTBE MyOIUKALUI apXeoJIorHYecKoro nopraia. B
Ka4yeCTBE OCHOBBI M300paKEHHsI UCIIOJIBb3YETCsl KPyroBoe n3o0pakeHHe JepeBa, COOTBETCTBYIOLIETO OTHOILEHUIO Me-
cmo-exmiouaem. MalleHbKUE YepHbIE OKPYXKHOCTH M300paxatoT reorpaduueckue oObEeKThI, TaKUe KaK CTpaHa, ropoj,
MOCEJIOK, U T..J., PSIMOJIMHEHHbIE pedpa COOTBETCTBYIOT OTHOLICHHIO Mecmo-ekmouaem. To ecTb, Haau4uue pedpa Me-
xKy oobexToM Poccus m oO6bekToMm MpkyTck cooTBercTBYyeT TOMy, uTo MpKyTck Haxomutes B Poccnu. Manenpkue
CBETJIbIE OKPY)KHOCTH M300paKaloT OTHENBHBIX HAYyYHBIX COTPYIHHKOB, a HPSMOJMHEHHBIE pedpa, COeAMHSIOLIHe
BEPUIMHBI-COTPYAHUKH C BEPLUINHAMU-MECTaMH COOTBETCTBYIOT (DaKTy HPOXKHMBAHHS ONPEJEIICHHOIO HAyYHOTO COTPYA-
HUKAa B TOH FWJIM MHOW MeCTHOCTH. CBeTIIbIe KPUBOJIMHEHHBIE NUIEH(B N300pakaloT OTHOIICHUSI COABTOPCTBA MEKIY
HCCIIeIOBATENSIMH U3 Pa3HBIX TOPOJIOB, a Ooliee TOHKME U OoJlee TeMHBIE KPUBOJIMHEWHBIE MIUICH(BI TOKAa3BIBAIOT OTHO-
IICHUS COTPYIHUYECTBA OJHOTO BBIOPAHHOTO HccienoBaTels (XOMOMKHH). BuaHo, 9T0 ¥ Hero ects coaBTOpsl B Ho-
Bocubupcke, Cankr-IlerepOypre, KpacHosipcke U Jip., HO HET COaBTOPOB B MoCKBe. DTO H300paKeHUE SIBISIETCS TAKKe
MPUMEPOM TOT'0, KaK BBITJLIIAT HEAOpaOOTKU MU BBeACHUU JaHHBIX. Hampumep, Bce poccuiickue ropoaa pacriojara-
I0TCS Ha OKPY>KHOCTH, LIEHTPOM KOTOPOH sABJIsI€TCSl BeplIMHaA ¢ HazBaHueM Poccus. Ho ropox MockBa, pacnosiosxeH 1o
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NEpUMETPY APYTroil OKPY>KHOCTH. 3HAUUT, B TECTOBBIX JAHHBIX HE XBaTaeT MH(OPMALMH O TOM, 4TO MOCKBa HaXOIUTCS
B Poccun. Takum e ciocoboM MOXKHO HCCIIeJOBaTh 3aBUCUMOCTb OTHOLIEHHSI COAaBTOPCTBA MEX/Y HCCIIE0BATEIIMY,
paboTaroMu B pa3HbIX pasjenax HayKH, B Pa3IMYHBIX HAyYHBIX OpraHU3aLUsIX, TPUMEHSIOIMX Pa3HbIE METOJIbI UC-
CIE€IOBaHUs, U T. 1.

2. Bwusyaamsanms cereil TMTHPOBAaHMsA, H3BJIeKaeMbIX U3 o0a1aka Linked Open Data

Crenyrolasi TpyIna 3KCIIEpUMEHTOB CBsI3aHa C IeHepalyel U BU3yalu3aluei ceTeil IuTHpoBaHus. B kauecTBe ucxo-
HBIX JAHHBIX JUIA 3TUX BU3yaH3alli HCIOIB30BAIUCH NOPTaibl, BXoasmme B oomako Linked Open Data (LOD)[6-9],
B KOTOpOE BXOAAT Takue m3BectHbIe opTaisl kak DBLP, Citeseer, CORDIS, NSF, EPSRC, ACM, IEEE u np. /lanubie
npenocrasisitores B ¢popmare RDF u nmeror BecbMa BHymmTenbHble 00beMbl. Hanpumep, RDF-nannsle, npenocras-
nennble moptaiiom Citeseer, comepxkar 8 146 852 tpoex RDF, nanusie moprana ACM HacuutsiBatoT 12 402 336 tpoek
RDF, moprax DBLP npenoctasmn 28 384 790 tpoek RDF. [Tomp3oBarens MoxeT MO0 ckaynBaTh (Gaiiiel B popmare
RDF, n1bo renepupoBath JaHHbIE TIPH MOMOIIH 3arpocoB sparql. Bece gaHHbIe 3THX MOPTAIOB MEepeBeACHbI Ha EANHYIO
orronoruio AKT Reference Ontology [6], mpeacTaBstonyto coboii 00beqrHEHNHEe HECKOIBKIX OHTONMOrHi. Hano cka-
3aTh, YTO XOTs OTHOLIeHUe 1uTHpoBaHus (akt:cites-publication-reference) umeercs B AKT Reference Ontology, To Ha
ypoBHE HH(POPMAIMOHHBIX 00BEKTOB TAKHUE OTHOIICHHUS OIMKMCAHBI TOJBKO i moptaioB Siteceer u ACMJ6, 8]. Taxxke
CJICAYCT OTMETUTH, YTO HAMH 6bIJ'II/I 3aTpadCHbl BECbMa 3HAYUTCIIbHBIC NOIMOJIHUTCIBHBIC YCWINA IJIA I'CHEpalluu UH-
(hopmaTHBHBIX cereil uTUpoBaHus. B ciydae moprana Siteseer HaMH PUMEHsIACh JBYXYPOBHEBasi CXeMa reHepalun
ceTell MUTUPOBaHUsL, a B cirydae noprasa ACM J0MOJHUTENIFHO HCIIONIb30Bajlach COOCTBEHHAs! OHTOJIOTHS 3TOTO MOp-
TaJia, MO3BOJISIOIIAS BEIOMPATh MyOIMKAIMH, OTHOCSIINECS K ONPEAEIEHHOMY pa3/iely HayKu.

Haxkonen, cienyer cka3arb, YT0 METO/bI, IPUMEHSIEMbIE TIPH BU3YaJIM3alllU CETEH COaBTOPCTBA, OKA3AIUCh MaJIo
MIPUTOIHBIMY JUISl BU3yalIn3aluy ceteil nutuposanus. [Ipexe Bcero, cerb TNTHPOBAHUS SBISETCS OPUEHTHPOBAHHBIM
rpadoM, TOATOMY AJISl TIOHATHOTO W300paKeHHsI STOH CETH JKeNaTeNbHO, YTOOBI Bce pedpa OBUIN HAIPaBICHBI B OJHY
cTopoHy. HampaBieHue pedbep MOXET COOTBETCTBOBATH XPOHOJIOTHYECKOMY MOPSIKY IMyOnuKanuid. B mpuxmmme, meton
n300pakeHNsT HEPAPXUUECKUX KIYTOB pedep, COOTBETCTBYET 3TOMYy TpeboBaHuio. Ho nmpuMeHeHne cTaHIapTHOTO Me-
TOJIa HEPAPXMUYECKHX JKI'yTOB pedep 3aTpyJHEHO TeM (aKkToM, YTO B Takoi 0a3e maHHBIX Kak Citeseer HET JOCTATOYHO
rIyOOKOH MepapXuH, Ha KOTOPYIO MOXHO ObLIO OBl HAJIOXKUTH CeTH LUTHpoBaHus. Ha ocHoBe mH(popMaimu o my6nu-
Kalisx, Mbl B CBOMX DKCIIEPUMEHTaX CTPOWIIM MEepapXHUIO Jatr MmyOnuKaui, KoTopas NMena BCero 2 ypoBHs: roj myo-
JMKaIUU-Mecsl myOnukaiuu. B pesynbraTte noiydanoch n3o0paxkeHue, JOCTaTOUYHO Pa3peeHHOE B LIEHTPE U CHIILHO
neperpyxeHHoe Ha rnepugepun, Kak 3TO MOXKHO BUIeTh Ha PucyHke 2. Ha aToMm pucyHke nokasano nzo0paxeHue ceTu
muruposanus u3 20 000 BepunH, U3BJIeUeHHON U3 0a3bl qaHHBIX noprana Citeseer. BpemeHHON niepron 3TuX myOiuKa-
i ¢ 1993 no 2003 ron. Ha pucynke 2(a) nokaszaH oOImuii miaH H300paskeHnst 3TOT0 MHOKECTBA NaHHBIX. [TockoIbKy
pebpa B 3TOH ceTn OpUEHTHUPOBAHHBIC, U OOJIETYEHHS 33a4M ONpEACICHHs HaIpaBIeHHs pedep nX KOHIBI pacKpa-
IICHHI B pa3HbIe 1BeTa. BXoaHO# KoHen pebpa (MHIMUICHTHBINA HUTHPYEMOH BEpIIHHE-ITYOINKAIINN) PacKpaIieH cupe-
HEBBIM ILIBETOM, & BBIXOJHOI KOHel pebpa (MHLIMASHTHBIN HUTHPYIOIIEH ITyOIMKannu) pacKparleH 3eJICHbIM [[BETOM.
MOKHO 3aMETHTh, YTO HAHOOJIbIIee KOJINYECTBO MyOIUKALMil B 3TOM MHOXecTBe mpuxoautcs Ha 1998 u 1989 rousi.
ITpu 3TOM MOXHO PaccMOTpPETh TOCTATOYHO MHOTO CCBHUIOK Ha IMyOJHMKALMH 3THX JIET (KTYThI CUPEHEBOTO IIBETA), a
TaKoKe 3aMeTUTh, 4To IyOimkanuu 2003 roga BecbMa HEMHOTOUYMCIECHHBI, M OT HUX HAYT KT'YTHI 3€J€HOTO LBETa —
CCBUIKM Ha Oojiee panHHe myOnukanuu. J[ist Oojiee JeTaNbHOTO M3YYEHHUs HAI0 PACCMATPHUBAThL ATO H300paKCHHE
(parmentamu. [Ipu Bo3pacTaHuy pa3MepoB CETH LIUTUPOBAHMS, B OCOOCHHOCTH, IIPH YBEJINUYEHUN BPEMEHHOTO MHTEp-
BaJia, KOTOPpOMY HNpHUHAIJICKAT ny6n1/11<au1/114 CCTHU LIUTUPOBAHHWA, OTa 3aJlada CTAHOBUTCA BECbMa prHHOﬁ JUIA JaHHOTI'O
anroputMa n3oopaxenus (Pucvaox 2(6).)

R Trvseeica T i s

(©)

Puc. 2. U300paxenue cetd NUTUpOBaHus, u3BiicueHHO n3 RDF-nannbix moprana Siteseer u copeprkaineit 20 000 BepmiuH. (a) 00-
Ml maH u3o0paxenus, (0) myOnukannu 3a onuH Mecsn 1998 rona
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st Toro 4TOOBI CenaTh BO3MOXKHBIM ITPOCMOTp M aHAJIHM3 M3MEHEHHMS CeTel IIMTHPOBaHMS Ha OOJBIINX IpOMe-
JKYTKax BpeMEHHM, HaMH ObUI pealn30BaH METOJ IOYPOBHEBOI'O pa3MEIlEeHHUs OPUEHTUPOBAHHOTO Ipada ¢ MUHMMH3a-
ueit nepeceuernit pedep [11]. CyTh HJaHHOTO METOZA COCTOHWT B TOM, YTO BEPIIUHBI-ITyOJIMKAINN Pa30MBAIOTCSA Ha
CJIOH, COOTBETCTBYIOIIME Pa3JIMUHBbIM rofgaM. MHIEKC MUTHPOBAHUS ITyONMKalWy, T.€. €¢ 3HAYMMOCTh, 0TOOpakaeTcs
IUTOIIA/IbI0 BEPIIMHBI M HHTEHCUBHOCTBIO €€ IIBETA, YTO MO3BOJIIET CPasy YBUIETh CaMble BayKHbIE ITyOIMKAIMN 32 OII-
peleNeHHBIN HHTEPBAJl BPEMEHH.

Ha pucynke 3 mokazaHo n300paxeHHE CETH LUTUPOBAHUS, TOJYIEHHOE TPH IIOMOILY IIOYPOBHEBOTO METO/A Pa3-
MEIIeHUs. BeplnHbel 3T0H ceTH, COOTBETCTBYIOIINE OTACNIBHBIM ITyOIMKAIMAM, YIOPSAOUYEHB XPOHOJIOIHMYECKU IIO
rojam nyosaukanuid. ['onpl myOaMKaiuii nokasaHsl IPSIMOYTOJILHUKAMHU Pa3HOTo 1IBETa B BEPXHEW 4acTH N300pakeHHSI.
Bce myGuukanunu, nosiBUBIIMECS B OJHOM TOJy, PaclojaraloTcsi B BEPTHKaIBHOM CTOJIOLE, COOTBETCTBYIOIIEM STOMY
roay. PeOpa 3Tol ceTH COOTBETCTBYIOT OTHOLICHUIO LUTHPOBaHUs. Kaxaoe pedpo ceTu LUTHPOBAHUSI COOTBETCTBYET
otHomreHmio akt:cites-publication-reference u opueHTHpOBaHO cripaBa HayeBO. Yem OOJIbIIE CCHUIOK B CETH ITUTUPOBA-
HUSI IMEETCsl Ha HEKOTOPYIO IyOJMKaIiio, TeM OOJIbIlle BXOJHBIX peOep MMeeT COOTBETCTBYOLIAas BEPIIMHA, U TEM
Goubire ee paguyc. LiBer kaxxaoro pedpa, COOTBETCTBYET IIBETY I'0/1a IUTHPYIOIIeH myonmkanuu. s Toro 4To0sl jer-
4ye ObUIO OTCIEIUTh KOJMYECTBO CCHUIOK HA OHY M Ty )K€ IMyOJIMKAINIO, UCTIONB3YyeTCs MPOoLeIypa MUHIMH3ANU KO-
JYecTBa mepeceueHnii pedep. B kaxaoM BEpTUKAIFHOM PSRy OCYIIECTBISIETCSI COPTHPOBKA BEPILUHH, IEPECTABIISIO-
Imasi KOKAYI0 BEPIIMHY B IEHTP TSDKECTH BEPILIHH, PACIIONOKEHHBIX B OMmpKaiieM K Hel Ay clieBa, ¢ KOTOPBIMH OHA
CBsI3aHa peOpoM LUTHUPOBaHUS. {11 TOro YTOOBI TaKKe MEePEeCTaHOBKH ObUIM BO3MOXKHBI, KXKI0€ AIMHHOE PeOpo LUTH-
poBaHus pa3buBaeTcs (GUKTUBHBIMHU BEPIIMHAMHU HA KOPOTKHE pedpa. JMMHHBIMEU ABISAIOTCS pedpa-CChUIKM Ha ITyOJIH-
Kalli¥, ¢ MOMEHTA MOSBJIEHUS KOTOPBIX O pacCMaTpHBAaeMOI'0 MOMEHTa MPOLUIO HEeCKOJIbKO JeT. Kaxaoe kopoTkoe
peOpo coeAMHsEeT BEPIUMHBI, PAclOOKEHHBIE B COCEAHUX BEPTHKAIBHBIX psfax. bnaromaps 3tol TpaHcdopmanny,
pebpa HUTUPOBaHKS OJHOW U TOH ke MyOaMKanuu 00pa3yroT XOpOoIIO pa3IMYMMbIe Ha PUCYHKE KIyThl. Takxke, B po-
rpamMMe peaii30BaHa BO3MOXKHOCTh OTCJIS)KWBAHUS IMHAMHUKHM LUTHPOBAHUS 10 rogaM. /s 3Toro B BepxXHeW YacTu
9KpaHa pacrojioKEeHbl KHOIIKH, TO3BOJISIONIIE MTEPEMENIATHCS 110 N300PaKEHUIO C 3aJaHHBIMH HHTEpBaJlaMH BPEMEHH.
B naHHBII MOMEHT pa3Mep MUHUMAaJILHOTO HHTEpBajIa paBeH ogHOMY roay. [Ipn HakaTuu KHONKH « >> » n300paxaeT-
Cs1 BCS IMEIOINAsICS CETh IMTUPOBAHMS, a MPH HAKATHH « << » MPOUCXOANUT OUYMCTKA H300pa’KeHNSI.

xx| =] 10051088 5] o |

- ee| < 1965-1093 [5] s»|
[ D O O D O N S D S S =

[ S D S =

(@) (6)

x| [<] 1985-1995 ] »»] s<| < 1985-2005 [5] »» |
I i I A O D S I [ N S D T D D S .

© (m)

Puc. 3. VI3MeHeHHe 3HAUNMOCTH Iy OJIMKanuii BO BpEMEHH.

[epemernenue 0 U300paKEHHIO OCYLIECTBISIETCS IPU MOMOIIM KHOIIOK « <» H « > », T03BOJIsisl HAOMI0AaTh U3-
MEHCHHE CETH I[UTUPOBAaHUS BO BPEMEHH. TEXHHUYECKH, 3Ta BO3MOXHOCTH PEajM30BaHA MPHU MOMOIIM (QUIbTpauu
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BEPUIMH U pedep CeTH HUTHPOBAHUSI.

Ha pucynke 3 noka3aHa U3MEHSIONIAsICsl BO BpEMEHH CETh LUTUPOBAHUS Ul MyOnuKanuii no reopun rpados. Ye-
TBIPE PHCYHKa HOKPHIBAIOT ()parMeHThl BpeMeHHOro uHrepBaia ¢ 1965 mo 2005 rox. B mepuon ¢ 1965 no 1989
(Puc.3(a)) cpenu myOmukauuii mo Teopun rpadoB mpomuHHpyeT «Linear-time algorithm for isomorphism of planar
graphs». DTa BepuIMHA UMEET caMblii OoJIbIION paauyc 1 Oonbiol kopuuHeblid nuteiid. K 1993 rony (Puc.3(6)) Bo3-
pacraer muTHpyeMocTh myOnukanuu «A data structure for dynamic trees» u «A linear-time heuristic for improving
network partition». K 1995 romy (Puc.3(c)), OHM MMEIOT Takyr k€ 3HAYUMOCTh, Kak W myOmmkarus «Linear-time
algorithm for isomorphism of planar graphs». A B 2005 roxy (Puc.3(x)) mybmukamus «A linear-time heuristic for im-
proving network partitiony» siBisieTcst camoii nuTHpyeMoii. MOXHO Tak ke BUAETh, KaK MOSBISETCS HHTEPEC K ITyOJIiKa-
nn «Node-and-edge-deletion NP-complete problemsy, npuuem oHa cChulaeTCsl Ha paHee TOMUHHUPOBABIIYIO MyOIHKa-
o «Linear-time algorithm for isomorphism of planar graphsy», T.e. 00pa3yercst 1iero4YKa 3HaYUMBbIX CBSI3aHHBIX ITy0-
nukanuii. [Tomrmo Bcero mpodero, Takoi croco® BU3yaslM3alyy, M03BOJSIET OOHAPYKMBATh OIIMOKKA M HETOYHOCTH B
oubnuorpadguyecKux NaHHBIX.

3. Teomerpuyeckmii MeTO] MOCTPOEHHUS KIYTOB pedep

[IpobnemMoii ¢ MpUMEHEHHUEM OOBIYHOTO MOYPOBHEBOIO METOJA SIBIISETCS TO, YTO OYCHb OBICTPO BO3HHMKAET IMEpPErpy-
KCHHOCTh HM300paKCHUs, a MPUMEHEHHE (QHIbTPAIMH YIAISIONICH MajJO3HAYMMbIC MyOJIMKAI[MH, HCKAKACT peayib-
HOCTh: MAJIO3HAYUMBbIE MTYOJIUKAI[H BHOCST OCHOBHOW BKJIAJI IIPH OMPEICICHUN 3HAUMMOCTH APYrux myomukaruii. [To-
3TOMY BO3HHKJIA HEOOXOTUMOCTh B JITOPUTME BH3YAJIU3allUH, KOTOPBIA YMEHBIIAN Obl BU3YAIbHYIO 3arpyKCHHOCTh
n300pakeHust, (OPMHPYS KTyThl peOep HA OCHOBE UX COOCTBEHHOW reomerpud [14], a He IPUBHECEHHOW U3BHE He-
papxun. OO0IIast cxeMa anropUTMa BEITJISITUT CIICTYIOMIM 00pa3oM:

8. CrenepupoBath IpIMOYTOIBHYIO ceTKy pazmepa NXN 1 0ToOpa3uTh Ha 3Ty CETKy M300paxeHne rpada, mocTpo-
€HHOE JI00BIM CIIOCOOOM;

9. na xkaxmoil s4elKu MpsIMOYTOJIBHOM CEeTKH BBIYMCINTH OCHOBHOE HAIpaBICHHE pedep, MepeceKaroux 3Ty
SIYEHKY;

10. OOBeIMHUTH COCEHHUE SIUSHKH C HAITPABJICHHUSIMH, OTJIMYAIOLIMMHUCS He 00Jiee YeM Ha MOPOroBOe 3HAYCHUE d,
B 30HBI;

11. BBIYECINTHE OCHOBHOE HAlpaBJICHNE B KAKJON 30HE, M MEPICHIUKYIISP K OCHOBHOMY HAaIPaBICHHUIO 30HBI;

12. TIocTpoHTH OTPE3KH, MPOXOIAIINE EPICHANKYIIIPHO HAIIPABICHUIO 30HBI IO TIEPECEUCHHS C TPAHUIICH 30HBI;

13. Vcmonp30BaTh MOTyYeHHBIE TOUKH IIEPECEUCHHUS C TPAHUIIEH KaXKJON 30HBI JJIS IOCTPOCHUS HOBOM CETKH IpH
ITOMOIIIY TPUAHT YIS}

14. Jlns kaxmoro pedpa MOCTPOCHHOW TPUAHTYJISIMHA HAWTH TOYKH IEpeceueHuid ¢ pedpaMu HCXOTHOTO H300pa-
xeHust rpada. BerauciuTh HEHTp cpeay ITUX TOUEK;

15. st kaxmoro pedpa rpada G moctpouts b-spline, mpoxoasiuii Yepe3 HeHTPaIbHbIE TOUYKH pedep KOHTPOJIb-
HOW CETKH, KOTOpBIE IepecekaeT pedpo rpada G.

Puc. 4. [IpnMeHeHre HACOTOTHH KIyTOB pedep K CEeTH IUTHPOBAHUS

Ha Puc. 4. noka3zaHo npuMeHeHHe ajJropuTMa reoMeTpUUECKHX KI'yTOB pedep K n300pakeHHIO, MTOJIyYeHHOMY TIPH
MOMOLIH TIOYPOBHEBOI'0 U300paKEHHUs CETH LIUTUPOBAHUsI, TIOKa3aHHOW Ha Puc. 3(x).

Crnenyer 3aMETHTb, YTO 3TOT aITOPUTM HAXOAUTCS B HACTOSIILUI MOMEHT B 9KCHEPUMEHTANBHOM dKCILUTyaTalluu, U
y Hac UMeeTcs Topa3no OOoJIbIle BOIIPOCOB, CBSA3aHHBIX C 3THM METOJOM, YeM OTBETOB Ha HHMX. Kak Hammyummm oOpa-
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30M BBIOpaATh HAMpaBlICHHE MPAMOYToJibHOU ceTku? Kak 3aBHCHUT HampaBJIeHUE KTyTOB pebep oT pasmepa cetku? Kak
BbIOpaTh HaWIyulllee HalpaBiIeHNUEe BHYTPHU KaXJ01 30HBI? TeM He MeHee, Jake B HACTOALINH MOMEHT MOKHO KOHCTa-
TUPOBATH, YTO 3TOT AJITOPUTM CYHICCTBCHHO YMCHBIIACT 3arpy>KCHHOCTb 1/1306pa>1<eHm1 1, MbI HAZIEEMCA €TI0 Pa3BUTH 10
COCTOSIHUS, KOT/Ia C €r0 TIOMOIIBI0 MOYKHO OYJIeT AHarHOCTHPOBATh TCHACHIIUH Pa3BUTHS HAYYHOTO HAIIPABJICHUS.

3akjaro4yeHue

B nanHO# paboTe paccMOTpeHbl METOABI OCTPOSHHS M300paKeHNH, HallpaBJIeHHbIE HA YMEHbBIICHUE MeperpyKeHHO-
cTH n300pakeHnH 0oIbIIMX rpadoB. ITH METOIBI ONPOOOBaHBI KaK Ha HEOOIBIINX MOPTAIaX HAYYHOTO HAIpaBICHHMS,
TaK ¥ Ha noprayax, BXosmux B obsako Linked Open Data.

I'enepupyemble py NOMOIIM HAIMX METOJI0B W300pakeHHs O3BOJISIIOT 00HAPYKMUBATh U KOPPEKTUPOBATH OIINO-
KH{, BO3HUKAOIINE Ha dTale pa3padOTKU IOPTAIOB, OCHOBAHHBIX HA OHTOJIOTHH, a TAKXKE HAIJSOHO MPEACTABIIIOT
HayKOMETPHYECKYI0 HHPOPMAIHIO B TEYCHHE JKM3HEHHOTO [IUKJIa TAKUX ITOPTAJIOB.
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NudpopmannoHHbIi 1 KPpUNTOrpaduiecKuil aCNeKThI 32/1a44 0 po00TaxX HA
Mapce

A IO. bepumreiin

Panee H.B. Illunos, H.O. I'apanuna u B.E. Boaun onmcanu u nccienoBaiy CleAyOMIyIo 3aqady «0 poboTax Ha
Mapce» (MRP). Ona cocronut B TOM, 4TO 7>] aBTOHOMHBEIM poOoTaM TpedyeTcs: 6e3 MOCTOPOHHEr0 BMEIIATeILCTBA
JIOTOBOPUTECS] O TAKOM PacIpee]IeHHH YKPBITHH, IPH KOTOPOM NPSIMOJIMHEHHBIE ITyTH POOOTOB IO COOTBETCTBYIO-
IIMX UM YKPBITUI He OyIyT MMETh MONApHbIX repecedeHuil. [ JOCTHKEeHHs 3TOH Lenu poOOTEl MOTYT IONApHO
oOMeHHBaThca coobmeHnsamMu. OpHako OBIIM MCCIENOBAaHBI BONPOCH O CYLIECTBOBAHMM NPOTOKOJIOB, CIIY)KAIUX
JUISl pEIIeHNs] ITOH 3a/aud, MPHU CIEAYIOMHNX IOMYyLIEHHAX: PoOOTH B COCTOSHUH IepeNaTh APYT ApYyry HH(pOpMa-
LU0, KACAIOUIYIOCS MX T€OMETPHUYECKOro mojoxeHus (1), He pasriamas CBOMX TOUHBIX KoopauHAT (2). HacTosmas
paboTa MOCBSIIEHa UCCIIEA0BAHHIO ITUX IBYX ACIEKTOB 3TOH 3amaqn: HH()OPMAIIMOHHOMY U KpUNTOrpadudeckomy.
B pamkax nccienoBaHus HHOOPMALOHHOTO acleKTa ObLIO JOKa3aHO, YTO HE CYIIECTBYET IIPOTOKOJIA, PEIIAIONIET0O
MRP, xoTtopslii 651 TpeboBaI Nepeadl OrpaHMIEHHOT0 KOJIMIecTBa OUT. B pamkax mccienoBanust KpunTorpadude-
CKOT'0 acreKTa ObUT MPEeIoKeH MPOTOKOJI, TO3BOJLIIONINX JBYM poOOTaM MPOBEPUTH, IIEPECEKAIOTCS JIN UX ITyTH, HE
pasriaiasi JOIOJHUTEIbHBIX CBEACHUH O CBOEM IOJIOKEHUHU.

1. BBenenue

1.1. IlocTaHoBKA 3a1a4M H KPATKMii 0030p pe3yIbTATOB

Hauném ¢ HedopManbHON MOCTAaHOBKHM 3a]ad, PEIICHHI0 KOTOPHIX MOCBSIIEHA NaHHas padota. Mbl Oynem paccMaTpu-
BaTh MYJIbTHATCHTHBIEC AJITOPUTMBI (TIPOTOKOJIBI), PEIIAIOINE CIEAYIOIIYIO 3adauy o pobomax na Mapce.
«Ha mmockoM yuactke noBepxHocTH Mapca HaXoIsTcs 7 = 1 aBTOHOMHBIX pOOOTOB M CTOJIBKO K€ YKPBITHIA B 00-

IIEM TI0JIOKEHUH. MEeCTONONI0KEHHE BCEX YKPBITHI (PUKCUPOBAHO U M3BECTHO KakaoMy poboTy. Kaxkabiii poboT 3HaeT
0 CYLIECTBOBaHMH BCEX OCTAJIbHBIX POOOTOB, HO HE 3HAET UX KOOPAWHATHL. POOOTHI MOTYT B3aUMO/ICHCTBOBAThH KaXIbIH
C K)XIBIM IONapHO. B HEKOTOPHI MOMEHT BpeMeHH Bce pOOOTHI OCTaHABINBAIOTCS, (PUKCHUPYIOT CBOM TEKYILUE ITO3H-
IIMH, ¥ 32T€M OHHU BCE JIOJDKHBI BEIOPATh YKPBITHS, YTOOBI IBUHYTHCS K HAM IO IPSIMOMY MapuipyTy. SIcHO, uTo po6o-
TaM HeJb3s CTAIKUBATHCS; MOITOMY KaXKIIbIi OTAEIBHBIH POOOT MOXKET JIBUTAThCsl K YKPBITHIO TOJIBKO KOTJa OH 3HAeT
(abcoOTHO YBEpEH), YTO Ha CBOEM IYTH OH HE CTOJIKHETCS ¢ APYTUM poOoTOM. 3amada: pa3padoTaTh MyJIbTHATCHTHBIN
QITOPHUTM, FAPAHTUPYIOLIHIA, YTO KXl poOOT Korna-HUOyAp OyleT TOYHO 3HATh, YTO €r0 MapLIPyT K BHIOPaHHOMY
YKPBITHIO HE TIEPECeKaeTCs ¢ MapIIpyTaMH OCTaIbHEIX podoToB.» (Lut. mo [1].)

3amaua HocuT He(OPMabHBII XapaKkTep, OAHAKO €€ MOXKHO pa3yMHBIM 00pa3oM (opMann3oBaTh, KaKk 3TO clena-
HO, HaIlpuMeEp, B Y)K€ IIUTUPOBABILEics padote [1], 1 TOCTPOUTH MPOTOKOJEI, PEHIAONINe ATy 3a1ady. Bo3HHKaeT Bo-
IpoC: KaK BbIOpaTh U3 HUX KaKOH-TO OJIUH, B HEKOTOPOM CMbICIe Jy4lni? SICHO, 4To Takol BBIOOp OynIeT 3aBHUCETH OT
MMEIOLIMXCS LeJIed U IPUOPUTETOB, TO €CTh OT TOT0, YTO MMEHHO JIeJIaeT OJJMH MPOTOKOJI MPEAIOYTUTENIbHEE IPYTOro.
OOBIYHO pa3IMYHbIC POTOKOJIBI CPABHUBAIOTCS 110 BPEMEHHOM CIIOKHOCTH (KOJIMYECTBY UTEPALUH, TPEOYIOIIUXCS IS
BBITIOJIHEHUS NPOTOKOJa). OJHAKO 3TOT BONPOC TPeOyeT NOMOIHUTENBHBIX HccieoBanuil. B nanHoii pabore ucciemy-
€TCsl CIIOKHOCTB Tepeiadll OTIENIbHBIX COOOILIEHHUI, KOTOpble HEOOXOIUMBI /Il paboThl poToKoNa. B aTom cocrout
nH(pOpManMOHHAas IOCTAHOBKA 3a/1a4H.

Kpunrorpadudaeckas mocTaHOBKa 33/1a4d COCTOUT B CIEAYIONIEM. B HCXOHOM MPOTOKOJIE areHThl COOOIIaH APpYT
JPYTy IOCTaTOYHO MHOTO CBEIEHHH O cebGe, KOTOpbIe MOTJIH OBl IO3BOJIUTH KAKAOMY OTAEIEHOMY pOOOTY peLInTh 3a-
Jady cpa3sy 3a Bcex po6oToB. B naHHoi paboTe pernaercs 3agada COKPBITHS CBEICHUH O ITOJI0KESHUH POOOTOB.

Tenepsb kpaTko chopMyIpyeM OCHOBHBIE Pe3yJIbTaThl, HOJy4eHHbIE HAMHU B PEIICHUH 3THX JBYX 3a1ad.

B pemennn nHdopManMoOHHONM NOCTAHOBKM 3a/ladMl MOJTYyYEHO HECKOJBKO Pe3yJbTaToB, HanOoiee THITMYHBINA M3
KOTOPBIX COCTOHT B TOM, YTO HE CYLIECTBYET IIPOTOKOJIA, PEIIAIONIEro 3a4ady C Iepefadeidl OrpaHUYeHHOTo Yuciia OuT
JaxKe B CIydae LEJIOYHUCIICHHBIX KOOPIMHAT Ha IUIOCKOCTH. VIHBIMH CIIOBaMH, IS JTF00OT0 IPOTOKOJIA MIPH JTFOOOM 171 = 1

MOJKHO TaK PacIoJIOKUTh POOOTOB, YTOOBI UM IMPHIILIOCH TIEpECiaTh APYT APYTY B COOTBETCTBHH C ATHM IPOTOKOJIOM
Oompiie N OUT, Te N — MPOU3BOJIBHOE HAmepE ] 3aJaHHOE YUCIIO.

B pamkax xpunrtorpadudeckoil ocTaHOBKY 3aJa4M yCJIOBUE TOIO, YTO ITyTH POOOTOB HE MEPECceKaroTCs, yaa-
J0Ch c(hOpMyNIHNpPOBATH B TAKOM BHJE, UTO PELICHUE 3a][a4l CBEJIOCH K BBIYMCICHUIO JIOTHUECKON CXEMBI, pa3Mep KOTO-
POH JINHEHHO 3aBHCUT OT KOJIMYECTBA OUT B KOOpAMHATax poOoToB. IIpu 3TOM TaiiHOE BBHIYMCIIEHUE STON CXEMBI C TIPH-
MEHEHHEM BBIOPAaHHOTO HAMU MPOTOKOJIAa OKA3bIBAETCS OUYeHb YI00HBIM (TaK KaK cXeMa IPHU 3TOM HECKOJBKO YIpoIa-
ercs1). Takum oOpazoM, Kak M TpeOOBaJIOCh, Mbl HNONYYMIIM 3PPEKTUBHBIA MPOTOKOJ IMPOBEPKU IepecedeHus myTen
JIBYX poOOTOB, IPH KOTOPOM OHH HE MOJIYy4al0T HUKaKUX JOMOJIHUTEIbHBIX CBEICHUH O KOOpIUHATAX JIPYT JIpyra.
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1.2. OcHOBHBIE IPOTOKOJIbI

B 3TOM myHKTE MBI UKCHpYEeM HEKOTOpbIe 0003HAUEHHUS, KOTOPBIMU OYylIEM I0JIb30BaThCsl Ha MPOTSHKEHUH Beeil pabo-
TBL

[IpoTokonom pacnpedenenus ykpoimuil mexcoy M yuacmuuxamu (AIA TPOCTO MPOTOKOJIOM paclpezeneHns) Oy-
JIeM Ha3bIBaTh MPOTOKOJI, yIOBJIETBOPSIONINI CICAYIOIINUM YCIOBHSIM.

1. B mpoTokoJie y4acTByroT 1 ctopon Ha, ..., fly, HasbIBaeMbIX pobomamii.

2. Kaxnpiii pobor R; 3naer aBa uncia X; U ¥;, HEU3BECTHBIE OCTAIBHBIM poOOTaM. DTH YHCIIA HA3BIBAIOTCS €0
KOOpPOUHAMamu.

3. UMeroTcs Takxke 21 KOHCTAHT, M3BECTHBIX BCEM POOOTaM: _'P[:E, }f, cees x‘ﬁ, 3;1,5' . Uucina .x? u yf Ha3bIBAKOTCA KO-
opounamamu 1-020 yKpelmus.

4. Kpome Toro, u3Ha4yajibHO MHULAAIU3UPOBAHbI eIlé T TI00aIbHBIX TEPEMEHHBIX, 3HAUEHHS KOTOPBIX W3BECTHBI
BCeM poOoTaM: Ly, ..., Uy. 3HAYEHHS 3THX NEPEMEHHBIX NPUHAIJIE)KAT MHOXKECTBY 1'.- 1,2, ...,T}.}, IpU4EM HU3Ha-
YaIbHO OHU IOMAPHO pasinyHbl. CMBICI IEPEMEHHON 1; COCTOMT B TOM, YTO B TEKYIIMI MOMEHT poboty R; co-
OTBETCTBYET YKPBITHE C HOMEPOM ii;. 3HAYEHUsI IIEPEMEHHBIX 1i; MOTYT ObITh 0COOBIM 00pa30M M3MEHEHBI (CM.
nanee).

5. Mexny KaxIbpIMH JBYMsI pOOOTaMH CYILECTBYET KaHaJl CBSI3H, 10 KOTOPOMY OHH MOTYT 0OMEHHUBAThLCsI CooO1IIe-
HUSMH.

6. B ciyuae, ecnu Toro TpebyeT mpoTOKOI, JII0OkIE qBa poboTa Ky n Hj MOTYT 0OMEHAMbCS YKPLIMUAMU, TO €CTh
OOMEHSATH 3HAYEHUAMHU [EPEMEHHBIE 1L; U 1L;.

7. TapanTHpyercsi, 4To cpefd ZH TOYeK Ha MIOCKOCTH C KOOpIMHATAMU 'r.,xl, }-‘1}, ey -I:x o }-‘n}, 'I',,xf ,}f}, ey

EJ }.—f} HUKAKHE TPU HE JIEKAT HA OJHOU IIPSIMOK.

8. O603HauMM uepe3 P; 0Tpe3ok Ha IUIOCKOCTH, KOOPAMHATAMH KOHIOB KOTOPOTO SBISIOTCSA TOUKH LXp W) 1
'E.'.f,:'f‘, _}f‘}, U Ha30BEM ero nymém pobora ;. Torna mo 3aBepiieHnn MpoToKoia (a OH JOIKEH 3aBEPIIMTLCA 3a
KOHEYHOE BpPeMs NPH JHOOBIX JOMYCTUMBIX 3HAYEHHSX BXOIHBIX JAHHBIX) JIOOBIE nBa oTpeska F; m Fj rme
i = [, TOJDKHBI HE TepeceKaThCsl.

IIo cyTH, IpOTOKOA pacnpeaeneHust yKpbITUi — 3T0 NpoTokodl, pewaromuii MRP. IMeHHO pa3nuuHble IPOTOKO-
JIBI pacupeneNeHus YKPBITU OyIyT MpeCTaBIATh Ui HAC OCHOBHOM MHTEpecC.
HazoBEéM IPOTOKOJI, yYaCTHHKAMH KOTOPOTO SIBJISFOTCS Ba poborta R ; u R ;, mo3Bosstomuii 3TuM po6oTaMm mpose-

PHTB, HY>KHO JIU UM OOMEHHMBATBCS YKPBITHSIMHU, MOOUDUYUPOBAHHBIM NPOMOKOIOM wjeryka ¢ oomernom (M Moaudu-
IIMPOBAaHHBIM IIPOTOKOJIOM IIENTYKA, MM TIPOCTO MOIU(PHUIIMPOBAHHBIM IIEITYKOM), €CIIH OH YIOBIIETBOPSIET CIIEIYIONINM
JIByM yCIIOBUSIM:

1. Ecnu texyiue myT# poGOTOB NepeceKaloTcs, TO OHH JIOJKHBI COBEPLINTh OOMEH YKPBITHAMH.
2. Ilocme oOMeHa YKPBITHSIMHA CyMMapHasi JIJIFHA ITyTed poOOTOB BCeraa CTPOTO YMEHBIIAETCS.

Bropoe yciioBue rapaHTUpPyeT, YTO C MOMOIIBI MOAU(PHUIUPOBAHHOIO MPOTOKOJA IIETYKA MOXKHO COBEPIIHTH
JIMIh KOHEYHOE YKCI0 OOMEHOB YKPBITHSIMHU. B CBOIO 04epe/ib, MepBOe YCIOBHE 03HAYAET, YTO €CIH C €r0 MOMOIUIBI0
HEeJb3sl COBEPILUTh HH OJHOTO OOMEHa yKPBITHSIMH, TO TEKYIHe MMyTH pOOOTOB MOIAPHO HE IMEePEeCeKaroTcsl. DTU JIBa
CBOWCTBA MO3BOJISIIOT OCTPOUTH HA OCHOBE JIFOOOr0 MOJU(UIIMPOBAHHOTO MPOTOKOJIA MIETYKa IPOTOKOJ pacipeese-
HUS YKPBITHH, KaK TIOKa3aHo B paboTte [1]. B paMkax maHHOTO MCCIIEZOBAHUS U HAC HE BaXKHO, KAK MIMEHHO CTPOHTCS
3TOT NPOTOKOJI. EMHCTBEHHOE CYNIECTBEHHOE JUIsl HAC 00CTOSTENBCTBO 3aKIFOYAETCS B TOM, YTO ITPU HCIIOJIHEHHHU 3TO-
r'0 MPOTOKOJIa POOOTHI COOOIIAIOT APYT IPYTy YTO-THOO0 O CBOEM IOJI0KEHUHU TOJBKO BO BPEMS BBIMOJIHEHHS MOIH(U-
HUPOBAHHBIX IIEJITYKOB.

Just ymoberBa it MOIUPUIIMPOBAHHBIX MPOTOKOJIOB IIETYKA Mbl BBOJUM Clieayrolue 0003HaYeHust. PoOOTHI-
YYaCTHUKHU NPOTOKoJa ob6o3Hauarorcs A u B, Tak e 0003Ha4ar0TCS TOYKH Ha MIIOCKOCTH, COOTBETCTBYIOIIUE KOOPU-

HaTaM 3TUX pO6OTOB. Touku Ha IJIOCKOCTH, COOTBETCTBYIOIINE KOOPpAUHATAM HX prLITPIﬁ, 0003HaYa0TCA A'} n R'ﬁ

cootBercTBeHHO. KoopauuaTsl po6oToB obosnauarorcs (X, ¥zl 1Xg, ¥g), KOOpIMHATE YKpHITHII — 'E:!FE,.}*E} u

{xgg ).

[TpuBeném JBa OCHOBHBIX ITpUMeEpa MOAU(UIIMPOBAHHBIX ITPOTOKOJIOB MIeN4uKa. [Ipy UCTIOIHEHNH TIEPBOTO U3 HUX,
NpOmMoOKOnA ujenyka, poooThl OOMEHHBAIOTCS YKPBITHSIMHU B TOM U TOJILKO B TOM ClIy4ae, KOrja UX TeKyIIue IyTH Tepe-
cekarorcsl. [Ipy HCIIOIHEHNU BTOPOTO, NPOMOKOA CPABHEHUs paccmosHull, poOOTE 0OMEHHUBAIOTCS YKPBITHSIMU B TOM
" TOJIBKO B TOM cnyqae, Koraga 1iocie 06M€Ha CyMMapHaH JJIMHA UX HyTeﬁ CTpOFO yMeHI)IIII/ITCH. HO‘{TH BCIO,Hy aajiee
HacC 6yH€T I/IHTGPGCOBEITB TOJIBKO HpOTOKOJ'I mejI4Ka.
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2. Un¢opManmoHHasi IOCTAHOBKA 321241

B paMKax HH(l)OpMaLIMOHHOﬁ MOCTAaHOBKHU 3aJa4r TaM, I'’Ic HE OrOBOPECHO O6paTHOC, B KQUCCTBC BXOAHBIX NJAHHBIX JJIA
IIPOTOKOJIOB Oy/IyT paccMarpuBaThes AeiicTBUTENbHBIE Yncna. [Ipu aToM Hac He OyneT MHTepecoBaTh TO, KaK POOOTHI
XpaHAT uX B namsatu. Kpome toro, Ml OysieM cuuTaTh, 4TO POOOTHI MOTYT BBINOJHATH C HUMH C aOCONIOTHOIM TOYHO-
CTBIO IIPOM3BOJILHBIE OIEpalliy: CKJIAJbIBaTh, BEIUUTATh, YMHOXKATh, JIorapu(GMUpoBaTh U Tak jaanee. Hamm manpHei-
M€ PacCyXJCHNS OCTaHyTCS B CHIIE, AK€ €CIIM CUUTATh, YTO POOOT MOKET BBIYMCIIATH MPOU3BOJIEHBIE (DYHKIIHMH OT
NIEHCTBUTENBHBIX Yrced. TakuM o0pa3oM, eTMHCTBEHHOU MPOOIEMHON YacThIO MIPOTOKOJIOB CTAHOBUTCS Tepenada po-
60TaMu pe3ynbTATOB CBOMX BBIYMCIEHUH ApYyT Apyry. HakoHer, Bce IPOTOKOIBI B 3TOM YacTh paboThI MBI OyeM cuu-
TaTh JCTEPMHUHUPOBAHHBIMH, TO €CTh TAKUMH, B KOTOPBIX ACHCTBUS YYaCTHUKOB OJHO3HAYHO OIPEAEIISAIOTCS MPEIbl-
JYIIAM XOAOM HMCIOJIHEHHS MPOTOKOJAa M BXOAHBIMHU AaHHBIMH. (JIF060H IPOTOKOJI MOKHO NMPEBPATUTH B AETCPMHUHU-
POBaHHBIN, OJHO3HAYHO 3a()MKCHPOBAB MCXOJ KAXKIOIrO CIy4ailHOro BhIOOpA, OCYIIECTBISIEMOIO €ro y4acTHHKaMH.
HpI/l 3TOM KOJIMYECCTBO 61/IT, nepeaaBacMoce 1pu €ro UCIOJHEHUU B XyJAUIEM ClIyda€ HE YBCJIMYUTCA, a TOJIBKO OHO JJIid
HacC CyIIECTBEHHO.)

2.1. XapaKTepUCTHKH MPOTOKOJIOB

OcHOBHasi BeNM4MHA, KOTOpasi OyAeT Hac MHTEpecoBaTh, — 3TO 0O0IIee KOJIMYECTBO OHT, MEpelaHHOE Y4aCTHUKaMHU
JPYT APYTY B XOJIe MCIIONHEHHs poTokona. E& Mbl OyaeM HaswiBaTh pemenem pabomer npomokona’. B 3aBucHMOCTH
OT TOT0, KaK MOKHO OLICHUTB BpeMsI padOTHI JAaHHOTO MPOTOKOJIA, MbI OyEM J1aBaTh €My Pa3INIHbIC XapaKTCPHCTHKH.
Bynem Ha3bIBaTh MPOTOKON QuHUmMHbIM, €CIH TIPH JIFOOBIX JAOIyCTUMBIX 3HAUYCHHAX BXOJHBIX JAHHBIX €ro pabora
3aBepIIaeTcs Mocie Mepeadn KOHEYHOTO KOJMYecTBa OuT.
Byzem HasbIBaTh NPOTOKON O2PAHUYEHHbIM, €CITH CYLIECTBYET Takas KoHcTaHTa IV, 9To mpH 00X JOIMYCTUMBIX

3HAYEHMAX BXOIHBIX JAHHBIX €ro paboTa 3aBepiuaercs mocie mepenadn He 6omee N 6ur. OrpaHHYEHHBIE MPOTOKO-
JIbl — CaMble «XOpOILIUe» B CMbICie nepenadd uHpopmarmu. OJHAKO MbI MOKaXEM, YTO OOJIBIIMHCTBO MPOTOKOJIOB,
KOTOpBIE MBI Oy/IeM HCCIEeI0BaTh, HE SBIISIOTCS OrPAaHUYECHHBIMU.

Bynem Ha3bIBaTh MPOTOKOJ YACMUUHO 02PAHUYEHHbIM, €CIIH BPEMsI €ro paboThl MOXKHO OLIEHUTh CBEPXY HEKOTO-
poit hyHKIMEH OT BXOIHBIX JJAHHBIX BCEX YYaCTHHKOB, KPOME Kakoro-to oaHoro. [IockojbpKy B IPOTOKOJIE paciperie-
JICHUS] YKPBITUH POJIM BCEX YUYACTHUKOB OJIMHAKOBBI, JUIsl HETO 0€3 OrpaHuueHHs] OOIIHOCTA MOXHO CYMTATh, YTO «CBO-
6OI[H])IMI/I» OCTar0TCA TOJIBKO BXOAHBIC AAHHBIC NEPBOI0 y4aCTHHKA. Tor,ua JacTU4Has OrpaHMYCHHOCTL IMPOTOKOJIa
pacnpesieNieHus YKPBITHI 03HAYaeT, 4To CyllecTByeT GyHKims f'z E®*®~2 &, taxas, 4To NPHU TOOBIX JOMYCTHMBIX
3HAYCHWSX BXOJHBIX JAHHBIX BPeMsl PabOThI MPOTOKONA HE NMPEBOCXOMNT g, ¥y me Xy rVigr K1 rFhr s KoL
OueBHIHO, YTO JIFOOOW OrPAHUYCHHBIH MPOTOKOIN SIBISIETCS TAKXKE U YaCTUYHO OTPAHHUYCHHBIM (B 3TOM ciiydae (QyHK-
uio [ MOXHO IOJIOXKHUTH TOKIECTBEHHO PABHOW OrpaHMYMBAIONIEH KOHCTaHTe). [109TOMy OrpaHHYeHHOCTh — Goliee
CHIIbHOE CBOWCTBO, Y€M YacTUYHAsl OTPAaHUYEHHOCTb.

Ewgé oaun cnoco6 ocnabuTh CBOWCTBO OTPaHUYSHHOCTH MbI MOJYYHM, ek OyJieM BMECTO KOJIMYECTBa Mepe/aH-
HBIX OWUT paccMaTpuBaTh TOJILKO KOJMYECTBO NEpelaHHbIX cooOIeHni. iMenHo, OyaeM Ha3blBaTh NPOTOKOJ OZpaHU-

YEHHBIM MO COOOWEHUAM, €CIHM CYLIECTBYET Takas KOHCTaHTa ¥, 4To IpH JIHOOBIX JOIYCTUMBIX 3HAYEHUSX BXOIHBIX
JIaHHBIX €ro paboTa 3aBepliaeTcs nocie nepeaaun He 6osee [N coobuenuii. [TocKobKy Kaka0€ COOOIIEHHE COAEPIKUT

110 MEHBILIEH Mepe OJIMH OUT, JTIF000H OTpaHUUEHHBIN IPOTOKOJI SBJISIETCSI TAKXKE U OTPAHUYEHHBIM 10 COOOLIEHUSIM.

Haxkoner, 110 aHaJIOTHH € YaCTUYHO OIpaHWYEHHBIMU IIPOTOKOJIAMH OY/IeM Ha3bIBaTh ITPOTOKOJ YACTHUYHO OZPAHU-
YEHHbIM N0 COOOUeHUAM, €CTIA KOJIUYECTBO COOOLIEHUH, NepejaBaeMOe Y4aCTHUKAMU 3@ BpeMs €ro paboTbl, MOXKHO
OLIEHHUTH CBEPXY HEKOTOPOH (pyHKIMEH OT BXOIHBIX JAHHBIX BCEX YYAaCTHHKOB, KPOME KaKoOro-tTo ofqHoro. CBOWCTBO
YaCTUYHOH OTPaHMYEHHOCTH IO COOOLICHUSIM — camoe ciaboe 3 TeX, KOTOpbIe Mbl OyJIeM HCCIIeI0BaTh.

2.2. OcHOBHBbIE YTBePKICHHSA

B sToM nyHKTE MBI C(HOPMYIIMPYEM OCHOBHBIE PE3yJIbTaThl, KACAIOLIMECS POTOKOJIA pacIIPEAEIeHUs ¢ 11 yYaCTHUKAMHU.

Hawm notpebyercs emé onuo onpenenenue. Cydicenuem IPoTokona T Ha MHOKECTBO { OyJeM Ha3bIBATH MPOTOKOI,
OTJIMYAKOIIMIACS OT TT TOJIBKO TEM, YTO BXOJHBIE JaHHBIE [ HETO JIOJDKHBI IPMHAIEXaTh MHOkecTBY 1. B uacTHOCTH,
cy’KeHHe TIPOTOKONIA pachpeenenns Ha Muoxkectso M = [R® — 5T0 mpoTOKON pacmpe/ieeHus, B KOTOPOM BCe TOUKH
Ha IUIOCKOCTH, COOTBETCTBYIOLINE KOOPAUHATAM POOOTOB M YKPBITHH, NOJDKHBI TIPUHAJIEKATE MHOKECTBY M.

Teopema 1. [{ns mo6oro & = 2 cymiectByeT GMHUTHBIA POTOKOJ paclpeeseHs yKPBITHIA MeXIy 1 yuacTHH-

KaMH.
JlokazaTenbcTBO TEOpEMBI | OMUpaeTcst Ha CIEAYIOIIYIO JIEMMY.

! DTO0 HAUMEHOBAHKE BIIOJIHE €CTCCTBCHHO, €CJIM CYUTATh, YTO BCC BHIYUCIICHUS pO60TI>I BBITIOJIHAOT MTHOBEHHO U BPEMSA IIPU UCIIOJIHECHUH ITPOTOKO-
JIa TpaTUTCS TOJIBKO Ha II€peaavy an)opMauI/m 110 KaHaJIaM CBA3H.
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Jlemma 1. CyiecTByeT GUHATHBIN MTPOTOKOJT IIETUKA.
Dckus dokazamenvcmea. Vies ickoMoro pUHMTHOTO IPOTOKOJA COCTOUT B cleaytoleM. YuacTHUK 4 oTipasiser

y4acTHUKY B CBOM KOOpIMHATBI C TOYHOCTHIO 10 OJHOTO 3HAKA mocie 3anstoi. Eciu nocie storo yyactuuk B emé ne
MOXET ONPEENHTh, KAKOB JIOJDKEH OBITH PE3YIIBTAT MCTIONHEHHUS IPOTOKOIIA, OH U3BEIIAET 00 3TOM yuacTHuKa A, n ToT

B OTBET OTHPABIISICT CBOM KOOPAMHATHI C TOYHOCTBIO 0 ABYX 3HAKOB IOcie 3armsaToi. Ecim nomydeHHoi nHpopMamn
yuyactHuKy B BCé emé menoctarouno, A ornpasnser emy Bcé Gonee u Goliee TOYHBIE CBOM KOOPAMHATHI, Moka B me

CMO’KET BBIYHCIIHTE PE3yJbTaT paboTsl mpoTokona. Korma sto npoucxomut, B ocTaéres TONBKO M3BECTHTH 00 3TOM
pesynsrate A. TTockonsky nukaxue tpu u3 Touek A, B, A% BY ue nexar Ha oxHO# mpsiMoif, MOXKHO IOKa3aTh, 4TO

MOJIOOHBIN MPOTOKOJ JEHCTBUTENBHO (pUHHUTEH. O

Joxazamenvcmeo meopemoi. II0CKONBKY IIPOTOKOJI IIETYKa — 3TO YACTHBIN CIy4ail MOIU(PHUIUPOBAHHOTO ITPOTO-
KoJIa IIeT4YKa, TO Ha OCHOBE (DMHUTHOTO ITPOTOKOJIA IIETYKA CTPOUTCSI (PMHUTHBINA MPOTOKOJ paclpeesIeHus] yKPBITHH
(em. . 1.2). o

[NockonbKy, Kak yTBep)KAAeT TeopeMa 1, cylecTByeT (GUHHUTHBIN IPOTOKOIN paclpeeeHusl yKPBITHl, BOSHUKAET
BOIIPOC O TOM, KAKHUMH M3 XapaKTEPUCTHK, OIIMCAHHBIX B MyHKTE 2.1, OH MoxxeT 00xanaTh. Cienyronas Teopema, sB-
JSFOIIAsCS. HALIMM TJIaBHBIM PE3yJIbTaTOM B paMKaX MH(OpPMAIMOHHOW NMOCTAHOBKH 3aJ1aud, TaéT OTBET Ha 3TOT BO-
npoc.

Teopema 2. [TycTh MHOMKECTBO 5 TOUEK Ha IIIOCKOCTH OBJIA/IAET CIIEAYOIMMHI CBOHCTBAMH.

1. Hukakue TpH TOUKH MHOYKECTBA 5 HE JIEKAT HA OXHON MPSAMOI.
2. CymecTByeT HenpepbiBHas KpuBas &P, orpaHMUHBaiOmIas’ BHITYKIOE MHOKECTBO, TAKas, 4TO BCE TOUKH MHOMKE-
crBa 3 npunanexar .

Kpome Toro, mycTh MHOXeCTBO 5 GeckoHeuHo (6osee yem cuéTHo). Torma cyxkeHue MPOTOKOJIA pacrpe/eeHus
YKpBITHH Mexkty T = 2 yuacTHHKAMM Ha MHOXECTBO 3 HE MOXET ObITh OrPaHMYEHHBIM (COOTBETCTBEHHO YaCTHUYHO
OTpaHUYECHHBIM I10 COOOIIECHHSM).

Caeacreue 1. He cymecTByeT 4aCTHYHO OIpaHMYEHHOTO 1O COOOIICHUSIM MPOTOKOJIA PACTIPEENICHUS YKPBITHI
Mexy *E 2 2 yuacTHUKAMU.

Hoxazamenvcmeo. Ecni Obl Takoi MPOTOKOJ CYIIECTBOBAJ, TO CYLIECTBOBAJ Obl M YAaCTUYHO OTPAaHUYEHHBIH 1O
COOOIIEHHUSAM MPOTOKOJI, SIBJISIOIINICS OrpaHMYCHNUEM TTPOTOKOJA PACIIPEAEIEeHHs YKPBITHI MEeX Iy 1 yJacTHUKaMH Ha
€AMHUYHYIO OKPY>KHOCTb. HO OKpYXHOCTB, OUEBHIHO, YJOBIECTBOPSAET yCIOBHUSIM TEOPEMBI 2. O

Caeacreue 2. He cymecTByeT orpaHHueHHOTO MPOTOKOJIA, SIBIISIOIIETOCS CY>KEHHEM MPOTOKONIA paclpeeIeHuUs
YKPBITUH MeXy T == & yJaCTHUKAMH HA MHOKECTBO TOUYEK C LEBIMA KOOPIHHATAMM.

Jlokazamenvbcmeo. B kauecTBe MHOXKECTBA 5 U3 YCIIOBHS TeOpeMbl 2 IOCTATOYHO PACCMOTPETh, HAPUMED, TOUKH
C HeIBIMKM KOOpAMHATAMH, JIeXKallMe Ha rapaboJie 4 m x=, [

3ameuanune. PaccMOTpHUM crie/lylollee CyKeHIEe NPOTOKOIA PACIIpeIeIeHUsl YKPBITHIA Mexay Td = 2 yuacTHUKaMu
Ha MHOKECTBO TOYEK C IeBIMU KoopAnHaTaMH. Bce poOoThI, KpoMe MepBOTo, OTHPABIISIIOT CBOW KOOPIMHATHI IIEPBO-
My, TIOCJIC YeTr0 OH CaMOCTOATENBHO NOAONPAET MPAaBUIBHOE paclpeesieHre YKPBITH M PacChlIaeT ero OMMCaHue Oc-
TalbHBIM poOoTaM. Kak v yTBep»aeTcs B CIEJACTBUU 2, 3TOT MPOTOKOJ HE SIBJISCTCS OTPaHUUCHHBIM, TIOCKOJIBKY TOY-
Hasl Tiepejaya MpOU3BOJIBHOTO LIEJIOTO YKCia MOXKET MOTpe0oBaTh CKOJIb YrOAHO Ooibiioro yucia out. Tem He meHee,
3TOT MPOTOKOJI, OYEBUIHO, YACTHYHO OTPAHUYCH, & TAK)KE OTPAHUYCH 110 COOOIICHHSIM.

[Tnan goka3zarebCcTBa TEOPEMEBI 2 Oy ST MPEICTABICH B CICAYIONINX ITyHKTAX.

2.3. BcioMorarejibHbIe POTOKOJIbI

Jloka3aTenbcTBO TeOpeMBbI 2 OCHOBAHO Ha CBEJEHUH BOIPOCOB, KACAIOLIUXCS MIPOTOKOJIA pacpeAeIeHuUs, K u3yue-
HHIO CBOHCTB 00JIee MPOCTHIX BCIIOMOTATEIbHBIX TPOTOKOJIOB.
Bynem Ha3bIBaTh npOmMoKoIoM NPOGEPKU pAGEHCMEA TIPOTOKOI, YAOBIECTBOPSIOMINI CIIEAYIOIINM YCIOBHSAM.

1. B nporokosie yuacTByoT ase ctopossl: A u B.

2. YyactHuK (cTopoHa) A 3HaeT IeHCTBUTENBLHOE YMCIO X4, HEM3BECTHOE yUacTHHKY B. Vuactruk B 3maer nmeit-
CTBUTENBHOE YUCIO X g, HEU3BECTHOE YUACTHHKY A.

3. IIpoTOKOII MO3BOJISET yYACTHUKAM BBIICHUTD, BEPHO JIM, 9TO X = Xjg.

Bynem Ha3wIBaTh npomokoiom cpasHeHus TPOTOKOII, yIOBIETBOPSIIONIIMIA CIIETYIOIINM YCIOBHUSM.

1. B npotokosie ydacTsyioT ase croponsl: A u B.

% MBI HCTIONB3YeM CIIOBO «OTPAHMHMBAIONIAA) B CIIEyIOlIEeM cMbicie. ITycTs kpusas & pasjenser miockocTs Ha jise yacti. Toraa npo Kaxiyio u3

3THX yacTeil Mbl TOBOPUM, uTo P eé orpannuuBaet. (B yacTHOCTH, KpuBas F MoXeT OrpaHHYMBATh HEOrPAHUYEHHOE MHOKECTBO).
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2. Vuactauk (ctopona) A 3Haer neficTBuTeNnbHOE UKMCIO X4, HeM3BECTHOE yuacTHUKY B. YVuactnuk B 3maer neit-
CTBUTENILHOE YHUCIO X , HEM3BECTHOE yyacTHUKY A. Uucna X4 U X g 3aBEJOMO HEPABHEL
3. IIpoToxo: MO3BOJISIET YYACTHUKAM 32 KOHEUHOE BpeMs BBISICHUTD, Kakoe U3 4ncel X 4, X g Oosblie.

Ockuz dokazamenvcmea meopemul 2. IlokaxeM, KakK, UCTOIIb3Ys CyKEHUE IPOTOKONIA PACIIPENENICHUs YKPBITHI Ha
MHOKECTBO J, MMOCTPOMTH CYXKEHHE MPOTOKOJIA CPABHEHUSI HA MHOKECTBO TOW K€ MOIHOCTH, 4TO W 5. PaccMoTpum

takue Touku Xy, Xo, ..., Hun—y u3 MHOXKecTBa 5, uTo ;s mobbix 1 % & = f = 2n— 2 Touku Kieq, ..., ¥p—qg Opu-
HAJIekAT OJHOM U Toi xe jyre A3y kpusoii P. MuoxecTBo Takux Touek £ & 5, uro Bee Touku A3z, ..., Xgy-g npu-

HAJUIeKAT OIHOIM 1 Toi ke ayre Xy X kpusoit €, oGoznaunm uepes T LXy. .o, Xgpgt. MOKHO II0Ka3aTh, 4TO TOYKHU
X1, ..., Xzpe2 MOKHO BHIOGDATH TaK, 9TOGBI MHOKECTBO | §1, v fzmma} OBUIO PABHOMOLIHO MHOeECTBY 3. 3aduk-
cupyeM Kakoi-Hubymp Takoi Habop Touek Xy, ..., Xzz—z. Breném obosnauenus: §q =Xy, 5= Xg, .., T = A,
R, = ¥,.4q, ..., Rg'= Xgu-3. Beiepem Ry, Bz €T {X,, ..., Xy} ¥ BBIIONHAM NMPOTOKOJ PacIpeieleHHs YKPbI-
THii ¢ poboTaMu, HaXoAAmMUMHUCS B Toukax Hy, Ha, ..., Hy, 1 ykperuamu B Toukax 51, 5o, ..., 5. Toraa B cuny Toro,
uTo KpuBas P orpaHUUMBaET BBITYKIOE MHOKECTBO, B pe3yJbTare paboThl IpoTokona poboty R ; Gyaer nocrasneHo B
COOTBETCTBHE YKPHITHE J; It Beex 3 % [ 2 71, [Ipm sToM po6oTy 1 GymeT mocTaBiIeHO B COOTBETCTBHE YKPHITHE 1
TOr/Ja ¥ TOJIBKO Torja, korna Hg naxomurcsa na xpusoil @ mexay Hy u Ry (To ectw Ha ot ke nyre 187, uto u Bce
octanbhble B; u 5y, cM. puc. 1). Beens na kpusoit @ koopauHaThl, MOXKHO yOEIMThCS, YTO paboTa TAKOTO MPOTOKOJIA
YKBUBAIICHTHA CYXKEHHIO TIPOTOKOJIA CPABHEHHs HA MHOKECTBO KOOpmMHAT Touek u3 T &, e, Xag—2). ITockombky
OHO HMEET Ty € MOIIHOCTb, YTO U MHOKECTBO 3, TO B CHJIy CBOIMCTB MPOTOKONA CpaBHEHHUs (CM. MyHKT 2.4) ecin 5

6€CKOHC‘IHO, TaKoOU IMPOTOKOJ HE MOXKECT OBITH OIpaHUYCHHBIM, a €CJIN .5 0oJlee yeM CYETHO — YACTUYHO OrpaHUYCH-
HBIM I10 COO6III€HI/I$IM. m}

Puc. 1

2.4. BcioMorareJibHbIe YTBEPKICHHS

Kak Op110 TIOKa3aHO B IMyHKTE 2.3, AT TOKa3aTeNbCTBA TEOPEMEBI 2 TpeOyeTcs aHaIn3 CBOMCTB MPOTOKOJIA CPABHEHHS U
€ro Cy)KEHHUI1 Ha pa3IM4YHbIe MHOKECTBA. B 3TOM IyHKTE MBI IpHUBEIEM IIOJIy4eHHbIE HAMH PE3yJIbTaThl 3TOr0 aHaIN3a,
a B IyHKTe 2.5 B 0OIMX YepTax M3JIOKHUM METOJbl, IPUMEHSABIINECS HAMH IPH DOKa3aTelIbCTBE CICAYIOLIUX yTBEp-
JKICHUMN.

YTBep:kaenne 1. He cymectByer pUHUTHOTO MPOTOKOJIa TPOBEPKH PABEHCTBA.

YTBep:kaenne 2. He cyniecTByeT orpaHHueHHOTO IIPOTOKOJIA, SIBJISIOLIETOCS CY)KEHHEM MTPOTOKOJIA CPAaBHEHHsI Ha
GECKOHEYHOE MHOXKECTRO 1.

Yr1Bepxaenne 3. He cymiecTByeT 4acTUYHO OIPAHUYEHHOT'O MO COOOLICHHSM IIPOTOKOJIA, SBIISIOIIETOCS CYKESHH-
€M MPOTOKOJIA CPABHEHHMS Ha 0OJiee UeM CUETHOE MHOMKECTBO 1.

Jlig moka3aTenbCTBa TEOPEMBI 2 JOCTATOYHO yTBepxkAeHUN 2 u 3. OnHaKo IS MOJHOTHI UCCIEAOBAaHMS MBI pac-
CMOTpEIH TaKXKe Cy>KEHHs IPOTOKOJIOB CPABHEHUS U IPOBEPKH PABEHCTBA HA KOHEUHbIE MHOXKecTBa. OUeBUIHO, UTO HA
KOHEYHOM MHOXKECTBE JIF000# JeTepMUHUPOBAHHBIH ()MHUTHBIA IIPOTOKOJ OTPAaHWYCH. Y TBEPXKACHUS 4 U 5 comepikar
OTBET Ha BOIIPOC O TOYHOM 3HAYCHUH TPAHHIIBI HEOOXOMMOTO YHCIIA OUT IS TPOTOKOJIOB CPAaBHEHHS U MPOBEPKH pa-
BEHCTBA Ha M-3JIEMEHTHOM MHOXKECTBE.

Yreepikaenue 4. [Tycts 1 2 1. Torna mist paGoTsl IpOTOKONIA TIPOBEPKH PABEHCTBA HA T1-3JEMEHTHOM MHOMXKECT-
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1tlegon ..
BE B XY/ILIEM CiTyyae noTpebyeTcs nepeaya He MeHee |————| -+ 1 6ut, npuuém sta orenka nocturaercs.

Yreepkaenune 5. [Tycts 1t > 2. Torna as paboThl NPOTOKOIA CPABHEHHUS HA M-31eMEHTHOM MHOKECTBE B XY/
logem

Int
-

IIeM Clly4ae HoTpedyeTcs mepeaadya He MeHee [ -‘ =+ 1 OuT, npuyéM 3Ta OLIEHKA JIOCTUTAETCS.

2.5. DcKkm3bI 10KA3aTEJbLCTB

OCHOBHO€ TIOHSITUE, HCIOJIb30BAHHOE HAMU IPHU JOKAa3aTENIbCTBE YTBEPXKIEHUH O BCIIOMOTaTENbHBIX MPOTOKOJIaX —
3TO MOHATHE AMANOTra. Juance & = €1, wesHtly} —3TO KOHEUHAS NOCIEAOBATENLHOCTh KOHEUHBIX GMTOBBIX CTPOK

Ty, ..., My \Y 031 6y,IICM paccMaTpyuBaTh JUAJIOTH, KOTOPBIC IMMOJYIarOTCA IMTPHU UCIIOJTHEHUHU TOT'O WJIM UHOI'O IIPOTOKOJIa

C IBYMS y4acTHHKaMH, COCTOSIIINE M3 COOOIIEHHH, KOTOpPBIE YYaCTHUKU OTIIPABISAIOT Apyr apyry. Hanpumep, ecnn
NepBBIH y4acTHHUK oTrpaBmi cooduienue «001», Bropoit orBetmi «10», mepsbiid orBeTir «0101», To Tekymwuit auanor

umeer un §001,100101%F,

ITockoapKy Bce paccMaTpHBaeMbIe MPOTOKOIBI CUUTAIOTCS JETEPMUHUPOBAHHBIMH, TO PE3yNIbTaT pabOThI MPOTO-
KOJIa WK CJCIYyIoIee COOOIICHHE, KOTOPOEe IOIKECH OTHPABUTh YYACTHUK, OJHO3HAYHO ONPEACISICTCS M3BECTHBIMHU
€My BXOAHBIMM JAHHBIMU M TEKYLIUM JHAJIOrOM. DTO OOCTOATENBCTBO UTPAET KIIOUEBYIO POJIb B JHOKA3aTEIbCTBE yT-
BepxkeHni 1-5. B kauecTBe mpuMepoB MpUBEAEM 3/1€Ch MOJIHBIE TOKA3aTeNbCTBA YTBEPKACHMM 1 1 2.

Jlokazamenvcmeo ymeepacoenus 1. Tlpenmonoxxum npotusHoe. [1ycTh cymecTByeT (GYMHUTHBIA MPOTOKOJ MPOBEP-
KU paBeHCTBa. JIIs JaHHOTrO AEHCTBHUTENBRHOTO X yepe3 ., 0003HaYMM JUAJIOr, KOTOPLIM 3aBEPLIMTCS STOT MPOTOKOI,
€CIIM BXOJHBIMH JaHHBIMH OYIyT &z = Ag = X. 3HAUNUT, IPH BXOJHOM JAHHOM X M TEKYIUEM AUANOre i, yIACTHUK
(meBaxkno, A nin B) memaer BBIBOA 0 TOM, 4TO ¥4 = Xg. 3aMETHM, YTO MHOYKECTBO BCEX JHAIOTOB CUYETHO. I103TOMY
HaliyTcs Takde umcna X u Y, uto X = ¥, Ho . = :?;-. O6Go3naunm & = ;. PaccMotpum paboTy MpoTOKONA JUIst
BXOJ/IHBIX JIaHHBIX ¥g = X U Xg = 1.

JlokakeM 10 MHIYKIMH, YTO Ha KaXJOM 3Tare padoThl IPOTOKOJIA TEKYILUI TUaJIOr B 3TOM cliy4ae OyAeT coBma-
aTh ¢ HavasoM guajora . B nauane TEKYIIUH JUajor MyCT, TaK 9TO 0a3a MHIYKIHU BepHa. [IycTh TeKymuil quanor

d' gensercs HayanoM uanora @ U, U ONpPeNeNEHHOCTH, CIeIyIollee COOOIIeHNe OTIpaBsieT yuacTHuk A (s yua-
crauka B paccyxnenne ananornuno). Torga cnenyromee cOOOMEHHE OHO3HAYHO ONMPENENSIETCS YUCIOM X U JHAIo-
rom d'. Ho, 3Ha4HT, OHO JOJKHO COBMAAATh CO CIIEAYIOMMM rocie €' coobmenneM B @, Belb UMEHHO TaKOe coobIie-
HHE J0JDKEeH OTHpaBuTh yyacTHUK A mocne muanora d', ecmn Xg = X (u £z = X). llar uaaykuun nokasan. Wrak, va
K2KIOM IIare MpOTOKOJA TeKyLIUH AUANor OyJeT COBHAAaTh ¢ HauagoM guanora d. Ho, 3HaumT, mociae HEKOTOPOTO
Yycla WaroB TeKyuil auanor cranet paseH (. IIpu 5ToM u yuacthuk A ¢ X4 = X, u yuactnuk B ¢ %5 = ¥ u3 sroro
JIOJDKHBI ClIeaTh BBIBOJ, UTO Xg = Xg. Ho X = ¥, HOSTOMY MPOTOKOJI B ATOM ciiyuyae JaéT HeBEpHBI pe3yabTar. [lo-

Jy4eHHOE MTPOTHBOPEUHE 3aBEPIIACT JOKA3aTENbCTRO. O

Jnst nokazaTenbcTBa YTBEpXKICHUs 2 HaM noTpedyercs emé oJHo HoBoe noHsiTre. Ha3oBéM unanbnbim nuanor,
mocjie KOTOpOro yxe He TpeOyeTcs OTHpaBKa HOBBIX COOOIICHHH, TO €CTh ITOCe KOTOPOTO IMPOTOKOJ 3aBEPIIACTCS.
Toraga orpaHUuEHHOCTH POTOKOJIA PABHOCKIIbHA TOMY, YTO OH (DMHUTEH M KaXIIbli ero (GPUHAJIBHBIA AUAJIOT COAEPKHUT

He Gonee IV 6ur, roe IV — Hekas KOHCTaHTA.
Hoxazamenvcmeo ymeepacoenusa 2. llpeamonoxum npotuBHOE. [lycTh CymecTByeT (UHHATHBIA HPOTOKOI, SB-
JIAIOKIACS Cy)KEHHEM MPOTOKONIA CPABHEHHUS HA OECKOHEYHOE MHOKECTBO I, KaK/blii (PMHANBHBIN AUAOr KOTOPOTO B

o0elt caoxkHOCTH conaepkuT He Gonee N 6ut. s HepaBHBIX NEHCTBHTENBHBIX uucenl X, 7 &} 0603Ha4uM yepes
aix, }’} (UHATBHBIN TUANIOT, KOTOPBIA MOIYYaeTcs MPH HCIONHCHUH TAHHOTO MPOTOKOJA ¢ HAYAIGHBIMU JTAHHBIMH
X1=X, Xz =¥ Yepes I ) 06o3HAIMM MHOKECTBO TeX AMATOrOB i, 1719 KOTOPBIX HAWAETCSA ¥ ¥ X M3 MHOMKECTBa
I takoe, uro @ = €%, ¥). TTockonbKy AHANOroB, coaepKarmx He Gonee N GHT, KOHEUHOE UHCIIO, MHOXKECTBO BCEX
IIOAMHOXECTB MHOKECTBA TAKHUX NHUAJIOI'OB TOXE KOHCYHO. B YaCTHOCTH, ﬂ':x; MPUHUMACT JIMIIb KOHEYHOC YHCJIO
3HaueHuH. [loaTOMy B OECKOHEYHOM MHOKECTBE ! HalayTCs Takue & 4 3 <% X%y, 9TO fol} - E{_}-‘} - ﬂ{x-;}.
okaxewm, uto @ixq, ¥k = dixg,3). JlokasaTenbcTBO, KaK U B CIIydae yTBEPXKICHHS 1, O MHIYKIMH OT 4YHCIa

OTIPaBJIEHHBIX COO0IIeHnH. V3Ha4aabpHO TeKyIe MPOTOKOJbI B 000X ClTy4asx IMyCTbl, TaK YTO 0a3a MHAYKIUU OYe-
BuaHa. ITycTh Ha KaKOM-TO LIare TeKylue NpoTOKoibl paBHbl d'. Eciu Tenephb ouepens yuacTHuka B oTnpapisth co-

- “ ]
oOl1eHNe, TO OH, UCXOJIS U3 TOrO, YTO Xg = ¥, a TeKyLIUil AUANOTr paBeH . , OTIPABUT OJHO U TO XKe COOOIIEHUE, BHE
3aBHCHMOCTH OT TOTO, YeMY PaBHO X 4. IlyCTh Tenephb odepenp yuacTHUKa A oTnpasisars coobiuenue. [Ipeanonoxum,

4TO MpH X4 = Xq OH OTIPABIACT COOOIIeHHE 1. 3HAYNUT, B MHOYKECTBE E'*:xﬁ €CTh JTUAJIOT, HAYMHAIOIIUNCS C
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{@‘Jm}. Ho O {xi} =0 {.ng', [I03TOMY TaKOM K€ Uajor €CTh U B ﬂ(.’lfg;i. o onpenenenuto, 3T0 O3HAYAET, YTO CyLIE-
CTBYET TaKO€ Z, UTO IIpH Xg = X3z, X5 = I U TEKyIlIECM JUaJIOTe d' Y4aCTHHMK A nomxen OTHpaBUTh coobienue M. Ho
coolIenune, oTnpasnsieMoe A, 3aBUCHT TONBKO OT X4 M TEKYIIETO AMANOTa. 3HAYHT, P Xg = Xz MOCIE JUAIora d'
MEPBBII YUACTHUK BCET/a OTIPABIISAET COOOIIeHHE TH, Kak U 1pu Xz = X1. [llar uaayKIuu q0Kas3aH.

BbiBOa, KOTOpBIH genaeT y4acTHUK B 0 pesysbraTe paboThl IIPOTOKOJA, 3aBUCUT TOJIBKO OT X g U MOJIYYEHHOTO
(UHaNBEHOTO nMasora. 3HAYUT, €CIM Xg = ¥, a Xz = Xq wim %z = X3, BBIBOJI, KOTOPBIHA yuacTHuK B cnenaer o pe-

3ynbrare paboThI IPOTOKOIIA, OyAeT o1uH U TOT xke. Ho B mepBoM ciyuae Xz *= X5, a BO BTOpOM X ~+ Xg. [lomyden-

HOE MPOTUBOPEUHNE 3aBEPIIAET AOKA3aTENbCTBO. O
ITonnble 1oKazarenabcTBa YTBEPKACHHUM 3—5 MBI 31€Ch HE MPUBOJIUM, TaK KAK OHU BO MHOIOM aHAJIOTMYHbBI J0Ka-
3aTeNbCcTBAM yTBepkIeHwH | 1 2. JIUIIp KpaTKo OMUIIEM HCIOIh30BAHHBIC B HUX HICH.
YTBepxaenue 3 mokaspiBaeTca B Ba dTana. CHagajma JOKa3bIBACTCS, YTO HE CYMIECTBYET OTPAHUYEHHOTO IO CO-
0OMLIEHHSAM MPOTOKOJIA, ABJISIOMIErocs Cy’KEHHEM TPOTOKOJIA CpaBHEHUs Ha Gojiee ueM CYETHOe MHOXKecTBO I, a 3aTem

U3 3TOTO (hakTa BHIBOJUTCS HEBO3MOXKHOCTh M YaCTHYHOW OTMPaHUYECHHOCTH TaKOro MpoTOKoja. IIpu 3ToM, B OTIHYHE
OT JIOKa3aTelbCTBa YTBEPKICHUS 2, 371€Ch CYIIECTBEHHO HCIOJB3YETCSl TO, YTO peub UAET HE TOJBKO O MPOTOKOJIE
CpaBHEHMSI, HO U O €r0 CYKEHMSIX Ha pa3JIMYHbIE MHOXECTBA.

VrBepxkaeHuss 4 u 5 MOKa3bIBAIOTCS C MOMOILBIO BBIMTUCHIBAHUS HEKOEro PEKYPPEHTHOrO HEPAaBEHCTBA, YKa3bl-
BaIOIIECTO HIDKHIOK TPAHUITY U HICKOMOTO YHCa OHT.

2.6. HecTporue npoToKoJibl

HasoBéM necmpozum npomokonom pacnpedenenus ykpoimuii mevicdy M == 1 yuacmuuxamu (nmu npocto HecTporum
TIPOTOKOJIOM PacHpesieNieHts) NPOTOKON, OTIHYAIONIMICS OT IPOTOKONA PaclpeeleHis 3aMeHOi TOrO yCJIOBHS, UTO
nukaxue pu 13 Touex (XL L), ., Wk, (6d0 ) o (&%) ne nexar na oanoit npamoit, Ha TpeGoBarne,
9TOGHI BCe STH TOUKH OBUTH MOMAPHO PA3TMUYHBI M HUKAKHE Yembipe N3 HAX He NeXanu Ha ofHoi npamoii. (ITocnennee
YCIIOBHE TAapaHTHPYET, UTO PACTIpesieieHHe YKPHITHI, PH KOTOPOM IyTH POGOTOB HE MEPEeceKaloTcs, CYIIECTBYET).
AHATIOTHYHO OTIPEENAIOTCS HeCmpo2uti nPOMOKON Weruka U Hecmpo2uti MOOUGUYUPOSAHHDIT NPOMOKON WenuKd.
3aMeTHM, YTO Hallle JOKA3aTedbCTBO JIEMMbI | O CyIIECTBOBAHHH (DMHHTHOTO IIPOTOKOJA INETYKA CYIIECTBEHHO
HCTI0Jb30BAJI0 TOT (akT, uto Hukakue Tpu u3 touek A, B, A% BY e nexar na oxnoii npsivoii. Kak mokassiBaer cire-

Jytomas ieMMa, 6e3 3Toro ycioBus (MHUTHBIA POTOKOJI TOCTPOUTH HE yAAETCS.

Jlemma 2. He cymiecTByeT (PMHUTHOTO HECTPOTOrO IMPOTOKOJIA IIETUKA.

Takum o0Opa3om, He CyIIeCTBYEeT IPOTOKOIA, KOTOPBIH ObI TO3BOIMI IBYM poOOTaM NPOBEPHUTD, IEPECEKAIOTCS JIH
UX IyTH, 3a KOHEYHOE BpeMsl. TeM He MeHee, BEpHa CIIeyIoIas Teopema.

Teopema 3. Jlnst mo6oro % = 2 cymecTByeT GUHATHBIA HECTPOTHI POTOKOI pACHPENEIEHUs YKPBITHI MexLy 1

YYaCTHUKaMHU.

JoxazarenbCTBO TEOPEMBI 3 OIUPAETCS HA CIAEAYIOLLYIO JIEMMY.

Jlemma 3. CymecTByeT QUHUTHBII HECTPOTHIA MOIUGPHUIIMPOBAHHBIN ITPOTOKO MIEITIKA.

Mo>XHO T0Ka3aTh, 4YTO (PMHUTHOTO HECTPOI'OTO MPOTOKOJIA CPABHEHHS PACCTOSHUIL, KaK M (UHUTHOIO HECTPOTOro
MPOTOKOJIA IIENIYKa, HE CyIiecTByeT. [lo3ToMy Al 10Ka3aTenbCcTBa JIEMMBI 3 MPUXOAUTCS CTPOUTH HEKYyH0 KOMOMHa-
LU0 3THUX JBYX IPOTOKOJIOB.

Jloka3aTenbCTBO JIEMMBI 2 COCTOUT B CBEAECHHU HECTPOrOTo IPOTOKOJIA MIETYKA K HECmPO2OMY NPOMOKOY CPAG-

HeHusi — TPOTOKOIy, OTIIMYAOMIEMYCsl OT NMPOTOKOJIa CPAaBHEHUSI OTCYTCTBHEM YCIOBUS X4 F Xp W MO3BOJISIOIEMY
YYaCTHHUKAM TIPOBEPHUTH, BEPHO JIH, UTO X4 & Xg. B OTHOIICHUH HECTPOrOro MPOTOKOJIA CPABHEHHS BEPHO CIIEAYIOIICE

YTBEpXKIECHHE.

YTBep:kaenne 6. He cymectByer pUHUTHOrO HECTPOTOro MPOTOKOJIAa CPABHEHUSL.

Jloka3aTenbCcTBO yTBEPXKACHHS 6 aHAJIOMYHO J0KA3aTeNbCTBY yTBepxkaeHUs 1. MHTepecHBIN pe3ynbTaT gaér mo-
IIBITKA TIEPEHECTH 3TO JJOKA3aTeIbCTBO Ha CiIydail 0OBIYHOTO MPOTOKOJIA CPaBHEHHUS (KOTOPBIH, OYEBUIHO, MOXKET OBITh
(uHUTHBIM). Pe3ynbpTaToM SBISIETCS CIIEAYyIONIee YTBEP KICHHUE.

YrBepskaenue 7. 3adpukcupyemM HeKHi (GUHUTHBINA TIPOTOKOJ CpaBHEHHs U auanor d. [TycTs 5 — MHOXECTBO Ta-

KHX Tap x, }*}, qTo :i"'.%‘, ¥l = ¢ (B 0003HAYCHUSX JTOKA3aTENbCTBA yTBEPKACHUS 2, cM. 11. 2.5). [Ipeamonoxum, 4to
MHOKECTBO % cofiepskut Oonee AByX snmeMeHToB. Toraa mns Beex map 44,%F us 5 HepaBeHCTBO X # 9 MM OJHOBpE-
MEHHO BBIITOJTHACTCS, FJIM OJHOBPEMEHHO HE BEINONHsAETC. KpoMe Toro, cylecTByeT Takoe YUCIO 2, YTO IS BCEX map

€6, u3 5 uncno Z nexut MexIy X u ¥
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3. Kpunrorpadgunyeckasi nocTaHOBKA 321241

B orminume ot nHGOpPMAIIMOHHOW TOCTAaHOBKH TeNeph Mbl OyZeM CUMTaTh, YTO BXO/HBIE IJaHHBIE (KOOPIUHATH pOOOTOB
W YKpbITHiT) OepyTcsi U3 HEKOTOPOTo KOHEYHOrO MHOXKECTBA. B KadecTBe OCHOBHOTO IIpuMepa MbI OyJaeM paccMaTpH-

BAaTh MHOYKECTBO 3HAKOBBIX YHCEN C (DMKCHPOBAHHOM 3aIITOM, B IPEICTABIEHHH KOTOPHIX y9acTBYIOT [V GuT. 3amMeTrm,

9TO B 3TOM CIy9ae CMBICT IPOTOKOJIA PACHIPENCICHHUS YKPBITHH COCTOUT B BBIYMCIICHHH HEKOTOPOH (YHKINH KOOPAH-
HaT poOOTOB M YKPHITHH, 3HAUEHHEM KOTOPOH SBIIETCS HICKOMOE pacipezneieHne. B cmry TeopeMsl 0 KOH(pHUIeHINATb-
HBIX BBIYHCIIEHHAX («secure multi-party computation», cm. [2,3]), cyliecTByeT criocod BBIYHUCIECHHS 3TOW (QYHKIMH, IPU
KOTOPOM YUYAaCTHHKH HE IMOJIYyYaT HUKAKUX NOIMOJTHUTCIbHBIX CBe[leHI/lﬁ O BXOAHBIX JAaHHBIX APYT ApyTa. K COXKaJICHUIO,
MPSIMOE OMHCAHUE ITOTO CIIOCc00a YPE3MEPHO MPOMO3IIKO U BPSIIT JIH BHIMOJIHUMO Ha MpakTHKe. [103TOMy MBI HECKOJIBKO
ynpoctuM cebe 3amady. iMeHHO, Oy/ieM CUMTaTh, YTO YYACTHUKH IMONB3YIOTCS KAaKUM-TO MPOTOKOJIOM paclpeelIcHUs
YKPBITHIA, OCHOBAaHHOM Ha IIeTYKaxX ¢ 0OMeHOM (cM. myHKT 1.2). Hama 1ens, Takum 00pa3oM, COCTOHUT B ITOCTPOCHHUH
NpoOmMoKoaA wenyKa, TP KOTOPOM yJaCTHUKU OBl HE PaCKPBIBAIX IPYT APYTY HUKAKUX JOMOIHHUTEIBHBIX CBEICHUN O
CBOHX KOOpAWHATaX. YYaCTHUKOB MBI OYIEM CUMTATh MOTYIECTHBIMHU («I€CTHBIMH, HO JFOOOMBITHEIMIY). DTO O3HAYa-
€T, YTO OHU CTPOTO CIIEAYIOT IMPOTOKOIY, XOTS U THITAIOTCA U3 COOOIIEHUH IpyT Apyra M3BJI€Yh KaK MOKHO OOJbIIe
JIOTIOJTHUTENBHON MHpOopManun. Takoil moaxo/ MOJTHOCTRIO COTJIACYETCS] C MHTEPIPETALNEH YIaCTHUKOB Kak poOOTOB,
KOTOpBIE CTPOTO CJICAYIOT 3aJI0KEHHON B HHUX NMPOTrpaMMe U, KPOME TOTO, 3aMHTEPECOBaHbI B MPABHIBHOCTH PabOThI
MPOTOKOJIA.

3.1. ITpoToko.1 KOH(PUAEHIHATHHOTO BHIYUCIEHHS CXEMBI

W3BecTHBI pasinyHble MPOTOKOIBI KOHMUACHIIMAIHLHOTO BHIYUCICHHUS JIOTHUYECKUX cxeM (cM. [2,3]). Msl OyaeMm mosb-
30BaThCSl OJJHUM M3 HHX, KOTOPBIA OKAXETCsI OYCHb YI00CH I HAIUX [EJeH. 3MecCh Mbl U3JI0KHUM €ro JJis Ciiydas
JIByX YYaCTHUKOB (TIOCKOJIEKY IMEHHO IIPOTOKOJIBI C IBYMsI yYaCTHUKAMH OYIyT HaC MHTEPECOBATBH).

I[TycTh TpebyeTcs BHIUMCIUTL HEKOTOPYIO JIOTMYECKY 0 (DYHKIHMIO [, 4acTh apryMEHTOB KOTOPOIl H3BECTHBI y4acT-

nuky 4, a yacth — ydactauky B. [Ipu 5TOM y4acTHUKHM He XOTST PacKphIBATh JAPYT JAPYTY CBEIEHUH O CBOMX BXOJIHBIX
nauubiX. OyHKIUs [ 3aMUCHIBAETCS C UCTIONL30BAHUEM TOJBKO OTIEPAINN KOHBIOHKIIUH, OTPHUIIAHUS M UCKIFOYAKOIIETO

«uIm». 3aTeM €€ BBIYMCIICHHE NPECTaBIISCTCA B BUAE JIOTHUECKON CXEMBI, Ha BXOJbl KOTOPOH MOJAIOTCSI apTyMEHTBI
(yHKIMM, a Ha BBIXOJE MOdydaercs: e 3HaueHue. Temepb OyoyT HOCIIENOBATENBHO BBIYMCIATHCA 3HAUCHUS B y3lax
CXEeMBI, HO HE IOJHOCTBIO, a «B pa3ieNEHHOM BHIE». DTO 3HAYUT, YTO IS KAKAOTO y3ia I y y4acTHUKOB MOTYYaTCs

6uthl ¢; u b; Takue, uto 3Hauenue B y3ie pasuo &; &F ;. [Ipu 5ToM GUT @; U3BeCTeH TONbKO yuacTHUKY A, a Gut b;
— TOJNBKO y4acTHUKY B. Jljist 3TOro y4acTHHKHM JenaroT cieayomee. s Kaxaoro cBoero Oura P yqacTHUK Co31aér

nBa ciydaiHex 6uta @ u b, Taxue uto & B B = . OquH U3 >TMX GMTOB OH TMOCHUIAET BTOPOMY yYaCTHHKY. Takum

06p2130M OKa3bIBAIOTCA «Pa3AcICHbD> BXOAHBIC NJAHHBIC. Tenepb OCTaJIOCh OIMUCATh, KaK BBIYMUCIIATH PE3YJIbTAaThI JIOTH-
YECKUX onepaum‘/i. C OTPUHAHUEM W UCKITIOYAIOIIUM «HUJIHN» BCE IpoCcTO — YTOOBI BEIYMCIIATH OTPUOAHUE, HAO B3ATH
OTPUIAHNUE COOTBETCTBYIOLIETO outa IEPBOro y4YaCTHHKaA, a YTOOBI BHIYHMCIINUTD HUCKIIIOYAIOUICE «HUJIN), Ka)K,I[bIﬁ y4gacTt-
HHUK JOJIPKCH BBIYHCIIUTDh HCKITIOYAIOMICC «HUIIH» IJIsA CBOEH «9acCTH» 3HAYCHUS (CM. puc. 2)

azxoraz| | b;xor b,
not a b
hot
1??!) miim az“bz

Puc. 2

a

HekoTopas CI0kKHOCTh BO3HHKAET IPHU BBIUKCICHUH KOHBIOHKIMH. I1ycTh Ha BXOJe MMEIOTCA OUTH 4, By, Gz 1

Ba. TpebyeTcs monMydnuTh Takue OWUTHI U b, uro @& Hh= €|:1!;|_ ﬁﬁbi}&{&:ﬁﬁ E'g::'. [TockosbKy HCKIIOYaOILEEe
«WIM» U KOHBIOHKIUSI — 3TO HE YTO MHOE KaK CJIOKEHHE U YMHOXKEHHE 110 MOJYJII0 2 COOTBETCTBEHHO, TO MbI ITOJTy4a-
€M, 4To 10 Moxymo 2 &+ & = @y @&z -+ @y b -+ By @z -+ By B Tlockonsky Our 43143 H3BECTEH IIEPBOMY YYAaCTHHUKY,

a ouT E';LE'Q — BTOPOMY, UM TCIICPh HY>KHO BBIYHCIINTH OuTH C U Takue, 4To &+ g = ﬂj_E'g -+ E';Ll:}g. Torma MoHO

HOJOKUTh & =@y &zt ¢ u b =8y by -+ 3. BuTel ¢ 1 d BRUKMCIAIOTCA C IOMOMIBIO CIEAYIOMIETO IPOTOKOIA. YUacT-
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auk A remepupyer ciydaiiHpli OuT X. 3areM OH IonaraeT fSgg = X, Fgoi= X+ @, S = X+ ag,
Fq =X+ & + &3 C noMoup0 NpoToKoa nepeaadn JaHHbIX Belnenyto «1 u3 4» (oHa ke 3a0bIBUMBas mepeaada,

nepezaya ¢ 3a6biBaHueM, oblivious transfer, cm. [2,3]) yuactauk B y3naér 3nauenue 6ura Fyn,. 1€TEPD HYIKHO MOJIO-
KATH € = X, @ 1= Syp,.

ITocne TOT'0, KaK BbIXOIHBIC OUTEI OKA3LIBAIOTCS BLIYKMCIICHEI B «paSILCJ'IéHHOM» BUAC, YHaCTHUKaAM OCTaéTCs TOJb-
KO OOMEHATLCS CBOMMU «YaCTIMU pe3yibTarta.

Baxxubim JJI1 HacC CBOMCTBOM 3TOT'0 IIPOTOKOJIA ABJIACTCA TO, UTO IPH €ro UCIOJIb30BaHUU OYCHD JICTKO BBIYUCIIA-
IOTCA OTpULIAHUS U UCKITIOYAIOIINUEC «HUJIN). HWmeHHO 3TOT (baKT JAC€IacT €ro yﬂ06HI)IM JUIA HAIIUX uenei/'l.

3.2. KonpuaeHunajJabHbIii MPOTOKOJ HIETYKA

Jlnst Hawana BEIpasuM ycrosue, pu kotopom otpesku AA" u B5% nepecekarorcs. TTockonsky u3 Touek A, A%, B, §%
HUKAKHe TPH He JIeXKAT Ha 01HOii psamoii, otpeskn #4% u BEY nepecexarorcst Toraa u ToIbko TOr/a, Koraa Touku A n
A" nexat o pasubie cToponsi ot npsmoit BB, a toukn B n ¥ — no pasnsie cropons! ot npsvoii £A4% Bynem cun-

TaTh, YTO HAII MPOTOKOJ Bo3BpamaeT 0, eciim OTpe3KH He mepecekarorces, u 1, ecinm nepecekaroTcs. O003HaUNM depe3
stdes{A,B,C, D), rne A, B, C, D — HexoTopbIe TOUKH Ha IIIOCKOCTH, yTBepKaeHne «roukn A i B nexar no pasHbie

cropoust or mpsamoit CE)». Torma 3amada npoTokona IMENYKAa — BBIYMCIMTh HCTHHHOCTh KOHBIOHKIUH
sides(4,4°% B, B¥)&sides(B, B%, 4,47).

Onumrem, kak Boraucisth FEEeFld,d %8, 8%} (acno, uro mia Fdests, §%.4,4%) cnoco6 Beuncienus aHato-
ruden). IlepeMecTM Hayano KoopjuHaT B Touky B, O603HAYNM KOOPIMHATHI TOUEK B 3TOH CHCTEMe CIIeyIONHM
obpazom: Ay}, A% xg vel, Blxym}, BO0,0). Ypasuenue npswoii BE® B oToii cucTeme KoOp/mMHAT ecTh
Vg X = %1% = 0. Tostomy Touku A n A" nexar ot 1ot NPSIMOM 1O pa3HbIE CTOPOHBI, €CIIM U TOJIBKO €CJIM 3HAKU YH-
cel ¥y Xg — Xy ¥ 1 1 Xg — Nq ¥ pasIMyHbIL.

Teneps 3ameruM, 4YTO Xg= xdﬁ - .'rg, = }-‘E - }-’EE, X =Xg —.x'g, ¥L=¥z— PE':', Xeg=Xkg— .ﬂﬁf‘g,
Vo = Tx — yg . IloaTomy umcna X, ¥ MOTYT BBIUMCINTE 00a yU9aCTHHKA, YUCa X1, ¥y MOXKET BBIUHCIHUTH YYaCTHHK
B, a uncna X3, ¥ — yuactauk A. TIpy 5TOM MNOHATHO, YTO TH YHCIIA TAKKE NPUHAIEKAT HEKOTOPOMY KOHEUHOMY

MHOXXECTBY. B Hariem oCHOBHOM NpHMepe 3TO MHOKECTBO 3HAKOBBIX HHCEN C (PMKCHPOBAHHOH 3aIlSITOM, B MPEACTaB-
nennu KoTopbix yuactByeT J¥ 4+ 1 6ut (mpu 3TOM KOJIMYECTBO GUT MOCIIE 3aMATON HE U3MEHSAETCS ).

I/ITaK, Y4aCTHUKH BbIYUCININA HOBBIC KOOPAWHATHI TOYCK. I[anee MBI 6y,HCM MO3TOMY HCIIOJb30BATH UX B KAUCCTBC
OCHOBHBIX napamMeTpoB BMECTO HNCXOJHBIX KOOpAUHAT. Tenepb um HY?KHO y3HaTb

slgriyyag — v ) 83 signiy v — & v0) (81gn{x) no onpenenenmio monaraercs pasubiM 1, ecim X = 0 1 0, ec-
o X & ﬂ). 3amMeTHM, 9TO EIIETI*:_'E;L.'!:T'G— .'35'1‘!..3._} Y4aCTHHK B MoXeT BBIYUCIHTE CAMOCTOATENBHO. PaccmoTpum tenepn

wlgn {}1.'4'2 - .'ﬁfr'l}-'g:". Tpebyercst yCTaHOBHTH, WCTHHHO JIM HEPABEHCTBO ¥qXg — Xq%¥y = {l. OHO 3KBHUBAJIEHTHO
4 X 2 %172 DTO, B CBOIO 0Yepe/lb, IKBUBAJIEHTHO CIIEAYIOIEMY: (i—L g ?J iy = O) B fxg = 0, nockonbky

IIPH JICJICHUU Ha OTPHUIATENHBHOE YHCIIO HEPABEHCTBO M3MEHSET 3HAK. 3aMETUM, YTO €CIIH B 3TOM BBIPA)KEHUH NIPH HE-
o0xoaumoctu AeneHus Ha ) pe3yabTar MOJOKHUTH YCIOBHO PaBHBIM ©0 MM —CC (B 3aBUCHMOCTH OT 3HAKa YHCIUTENS),
TO 3HAYEHHE BBLIPAKEHUS TAKKe OKAKETCS PABHBIM FF {}13:; — X1 ¥ .

Honoxum Tenepp &1y = Ly o U), erry r= (g =0 00 &3 {3y g — 20 9% = 0 3amerum, uro yuactrnk A

MOXET CaMOCTOSATEIIbHO BBIYUCIINTG &'y, a YYaCTHUK - erTy. Taxum 06pa30M, 3aJa4da CBOJUTCA K BBIYHUCICHUIO

(2> 2] Borny Berm.

Fa & o
Tenepb paccMOTpUM 4HcIa 22 4 £ Muoskectso 3Ha4Y€HUH, KOTOpble OHU MOTYT MPUHUMAaTh, KOHEUHO. [1oaTomy
1 Fm

BCC 3TH 3HAYCHHA MOXHO MOHOTOHHO 3aHYyMEPOBATh HATYpaJIbHbBIMH YUCIAMU. I[J'If[ ,uam,HeI‘?nnero HE NPpUHIUIINAIBHO,
KaK UMCHHO NPOUCXOAUT 3Ta HyMEpalusa (HOH?[THO, 4YTO CIOCO0 HyMepalun 3aBUCUT OT NPCACTABJICHUS YHUCCII B ITaMsI-
TI/I). HoxameM, KaK MOXXHO CACJIaTh 3TO B HAIIEM OCHOBHOM IIPUMEPE.

IlycTh X, ¥ — 3HAKOBBIE YKCIA ¢ (PUKCUPOBAHHOU 3aMATOU, B MPEACTABIECHUM KOTOPLIX Hcmons3yercs iV + 1

o x o o >
6ut. Hama LCJIb IMOJYYUTh HAaTypaJlbHbIX HOMEP JId YuCja —, IpUYE€M MOHOTOHHO BO3pacTarolu ¢ pOCTOM 3TOU APO-
¥

= .
0u. Mo3HO MoKa3aTh, 4to eciu ¥ & [, To, BBIYMCIIMB YKCIO — C TOYHOCTBIO 10 £4F 3HAKOB MOCIE 3aMATOM, Mbl CMO-
¥

KEM 110 pE3YJIbTAaTy €ro OAHO3HAYHO BOCCTAHOBUTD. HpI/I OTOM JId XpaHCHUA LIEJIOW YaCcTH 3TOr0 YHCiIa HOTpe6yeTC${
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emé N OuT, IUIIOC OIMH OWT JUIA 3HAKA. 3aMETHUM, YTO HAMOOJBLIHE TI0 MOJYJII0 OTPULATENILHOE U IOJIOKHUTEIBHOE

YKCiIa, KOTOPbIE MOXKHO XPaHUTh MOJAOOHBIM 00pa3oM, HE MOTYT MOJYYUTHCS B PE3yibTaTe TaKUX BbluucieHHi. [lo-
&£

3TOMY 3TH JIBa YUCJa MOXKHO CUMTATh 3alMChI0 @2 1 —C2. MTak, MBI MOHOTOHHO 3aHYMEpOBAJIM JPOOH — 3HAKOBBIMHU
.

qyucnaMu ¢ (PMKCHPOBAHHOM 3amsaTod. YOpaB 3aIlsiTyl0, Mbl MOJYYMM 3HAKOBBIE LIEJIbIE YMCIIA, KOTOPBIE TAKKE MOHO-
x

TOHHO HyMepYyIOT podu — YToOBI mpeBpaTuTh X B HATYpaIbHBIE, OCTAJIOCh YBEIWIUTh UX HA MOIYJIb HaHOOJBILIETO
v

10 MOYJIIO OTPULATENIFHOTO YHCIIa, KOTOPOE €CTh cpear HUX. [10CKoIbKY XpaHUTh 3HaK OOJIbIIE HE HyKHO, KOJTHIECT-
o =

BO OMT B YHCJIE NIPU 3TOH ONEpaluy He yBeIH4YHUTCs. TakuMm oOpa3oM, Mbl MOHOTOHHO 3aHYMEpOBald IpoOu — Hary-
¥

pabHBIMH uKcIaMy, conepxkammmu 30 -+ 1 Gur.

ITycTh HATYPANLHOE YKCIIO, COOTBETCTBYIOIEE ii, PaBHO Mg, a YKCIO, COOTBETCTBYIOLIEE ?, paBHO M4. YUacTHUK

i 1

A camocTosTensHO BRMHUCTAET My, a yuacTHuk B — Mg. Takum o6pazom,

sicdes{A,A% B BY) = (np > ng) B ervy B ermy.

Ananoruuno, sides( B, B% A4, AY) = (fly > fig) &3 My @3 6y, nie nepemennbie ¢ BoMHaMu onpeeNnsIOTCS
KaK U [epeMeHHble 03 BONH C TOM JIMIIb PasHULEH, 4To yuyacTHUK A 1 ero BXOgHbIE NaHHBIE 3aMEHSETCS BCIOAY yua-
craukoM B 1 ero BXOAHBIMH JaHHBIMH, M Ha060poT. Toraa pesynbTar memdka ecTh

{(ng > ng) B erry & erry)&f (A > fig) B &ty B &ty ).

Ocranock NpeiCTaBUTh CPaBHEHME JIBYX HATYPaJbHBIX YMCEN Kak Jornieckyro ¢ynkuuro. [lycts nmepBoe yucio
ectb €1elg watly, a BTOPOE & &g we®; (B JABOMYHON cucTeMe). HamomMHMM, 4TO B HalmleM OCHOBHOM IIPHMEpE

Fe = 3N -+ 1. Torna mepsoe umcio GoJblle BTOPOro TOTAA M TONBLKO TOTAA, KOTAA cylecTByeT Takoe & & K, uro
Gy =, ..., Gmy = Gy, a dp =1, @ = 0. Honoxnm x;i= f=e,! &2, Burhl X; MOKHO CUMTATH BXOXHBIMH
JAHHBIMH, KOTOPBIC YHKE «Pa3le/NeHbDy MEKLY yYaCTHHKAMH, MOCKONbKy Xy= {=d;} &} . Torma mepsoe umcio
00JIblIIE BTOPOTO TOrAA M TOJIBKO TOT/a, KOraa

{-1.%"1&-1@1::['%; ixl&ﬂx:&ﬁ@g}¥{.T:LEL'X-";&ﬂ.’fﬂ&ﬂE‘&::[T'nf...'EfE{xl&%';&...mk_lglﬁxk&ﬂ@k}}.

3aMeTI/IM, YTO U3 BCEX AJIBTCPHATHUB, MECPCUUCICHHBIX B 9TOM BBIPAXKCHUU, MOXKET UMCTh MECTO HE Ooitee O,HHOﬁ,
MO3TOMY BCC NU3BIOHKIHNHU MOKHO 3aMCHUTH HA UCKIIFOYAIOINUE «KUJI. HNmeem:

f—ay &mey ) 83 (g &nGeen ) @3 O & &un&ey ) & LB 'E"':xl&‘.?ﬂ"g B e OX g &, B E"k}}.

Mer He OyzneM 3/1ech PHCOBATh CaMy JOTHYECKYIO CXEMY, a MMPOCTO OMUIIEeM, KaK OHa ycTpoeHa. UToOb MUHUMU-
3UpOBaTh KOJIMYECTBO KOHBIOHKLUMWA, CHEpBa CIAEAYET BBIUMCIUTH 3HAUYCHUS My i= X8 e &X (BRIUMCHAT Fiay KaK

V3&Aaq) 11s Beex §oor 1 mo k — 1. Jlns s1oro Hy)HO coBepuinth & — 2 KOHBIOHKIHMHU. 3aTeM HYKHO BBIYUCIHTH
= 1= ¥4 &—X 8@, (nonaras Zg = &y &) s Beex Lot 1 o K. Jlns storo nmotpebyercs emé 2k — 1 kons-
FOHKITHSA. 3aTeM BBIYHCIIAETCA OKOHYATENbHOE 3HAYCHHUE, PaBHOE Zy I . ffF Zx. Kak BuauM, B 06IIEH CI0KHOCTH HaM
norpe6oBanocs 3 — 3 onepauuy KOHBIOHKIUK. B HameM ocHOBHOM mpuMepe 9To aaét MY onepauuii. 3ameTnm, 4to

9TO KOJIMYECTBO JIUHEHHO 3aBUCUT OT k, TO €CTb OT JJIMHBI CPABHUBACMbIX YHCCII.

HOCKOJ’IBKy Hallel IeIbI0 SBIICTCA HE IpOCTO CPAaBHUTH ABa 4YHMCJId, 4 BBIIOJHUTH HICTYOK, YHACTHUKU HE
JOJDKHBI OCTaHaBJIMBATBHCS HAa BBIYUCIICHUU & % ..-%Zk, a TEeM K€ CIIOCOOOM BELIUMCIIUTH 3HAUCHUE BTOpPOI'0 HEpa-

BCHCTBA, a 3aTCM C IIOMOIIBIO HByX HUCKIHYAKIIUX «HUJIN» U OﬂHOﬁ KOHBOHKIIUU HOHy"II/ITb OKOHYATCJIIBHOC 3HAYCHUC
{:{?15\\ =gl Bern & wry}&{{ﬂg_ = fig) 3 &y B éﬁ"i—p} paccmatpuBas  @rri=eriyy Berty u

&1 = £ &3 &g xak 1Be HOBBIE yKe «pa3IeGHHBIC» MepeMeHHbe. TakuM 006pa’soM, MbI ONHMCAIH MPOTOKOI

HICI4YKa, IIpU KOTOPOM YUYaCTHHUKH HE COO6H.laIOT ApyTr ApYTY HUKAKUX JONMOJHUTEIIbHBIX CBC,Z[CHI/IP'I 0 CBOUX KOOpAWHA-
Tax, TO €CTh PCIINJIN MOCTABJICHHYIO 3a1a4y.

3.3. IIpoToko. pacnpesejeHUst YKPbITHIA 1151 ABYX Y4AaCTHHKOB

B kauecTBe H0OMOJHEHNS] TOCTPOUM Ha OCHOBE OMMCAHHOTO BBIIIE MPOTOKOJIA HIETYKa IPOTOKOJ KOH(PUACHIIMATEHOTO
pacrpeneneHuss yKphITHH MEXAy JIBYMsl y4aCTHHKaMH (HallOMHHMM, YTO /IO 3TOI'O MBI PacCMaTpUBAIM HE IPOU3BOIIb-
HBIH ITPOTOKOJI paclpeiesieHHs], a IPOTOKOJI paclipeaeeH s, OCHOBaHHBIN Ha IIeYKax).

JIBa>k bl BBITIONHUM IIPOTOKOJI IIEJIYKA: CHAaydana JUis OJHOTO paclpelesieHus YKPBITUi, OoToM Uit BToporo. Ilpu
3TOM B KOHIE pabOTHI NMPOTOKOJIOB YYACTHHKH HE JOJDKHBI OOMEHMBATHCS CBOMMH pe3yibTaTaMu. Taknm oOpaszom,
pesynbTaT paGoThl OHOTO IPOTOKONA Oy/eT paBeH Ty = &g &3 By, a apyroro — B = @& & by, npuuém 6urer ag u

1y M3BECTHBI IEPBOMY YUYaCTHHUKY, a OuThl Bg u By — BTOpomy. McKOMBIH TPOTOKOI HOMDKEH BO3Bpauiats 0, eciu
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1 =1, 1, ecu 1 = 1, u coyuaiinblii 6ur, ecn ¥ =1 = 0 (3aMeTUM, 4TO He MOXKET ObITh, 4TOOH Ty =T = 1).
Jng 3TOTO TIEpBBI YYAaCTHHK T€HEPHPYET CIy4alHBIA OWT €3, a BTOPOW — ciay4alHBIH OuT C3. OGO3HAYNM
£ = & &3 £,. Kak Bugum, 3HaueHHe £ yXKe «Pa3leNeHo» MeX/y y4acTHMKaMu. IT0J0XHM pe3yabTaT paboThl IIPOTO-
kona pasubiv 1y & §=iry 31 1 &e). Torna npu ry =1 on 6yner pasen |, upu 1, =1 — 0, anpury =1 =0 —

€, CllydaifHOMy OMTY, HEU3BECTHOMY HU OJHOMY W3 YYaCTHHUKOB, UTO M TPEOOBAJIOCH.

3.4. Konpuaenunaasusiii MoauGuIupoBaHHbBI MPOTOKOIBI IIETYKA

B mynkTe 3.2 ObUT OnMcaH KOH(GUACHIIMATBHBIN MPOTOKOI meryka. OMHAKO, KaK 0TMEYaloch B IMyHKTE 1.2, IpOTOKOI
pacrpeneneHus: yKPhITUH MOYXKHO IMOCTPOUTh HE TOJNILKO Ha OCHOBE MPOTOKOJIA MIETYKa, HO U Ha OCHOBE JIF0OOT0 MOJTH-
(hUIIUPOBAHHOTO MPOTOKOJIA IeTuKa. HamoMHUM CBO#CTBa, KOTOPBIM JIOJKCH YIOBIECTBOPSITH TAKOW IIPOTOKOI.

1. Ecnu texyue myT# poGOTOB NepeceKaloTcs, TO OHH JIOJKHBI COBEPLINTh OOMEH YKPBITHAMH.
2. Ilocnme o6MeHa YKPBITHSIMHA CyMMapHasi IJIFHA ITyTed poOOTOB BCeraa CTPOTO YMEHBIIAETCS.

O4eBHIHO, B CMBICIIE COKPHITHS HH(DOPMAITUH JTYYIITNM MOAADUIIMPOBAHHBIM IIPOTOKOJIOM IIeTYKa OBLT OBI TaKOH,
KOTOPBIH YIOBJIETBOPSET CICAYIOLINM yCIOBHUSIM.

1. Ecnu myT poGOTOB mepeceKaroTcsl, TO IPOUCXOAUT OOMEH.

2. Ecnu nociie oOMeHa YKpBITHAME CyMMapHasi JUIMHA MyTei He YMEHBLIUTCS, TO 0OMeHa He IIPOUCXO/IMT.

3. Ecnu we BemonHens! ycnosus (1), (II), To ciyuaitaeiM 00pa3oM, HempeacKa3yeMbIM HU [T KaKOTO yYacTHHUKA,
OTIPEeIsIeTCs], HPOUCXOIUT JIU OOMEH.

B 3TOM myHKTE MBI ONHIIEM, KaK JOJDKEH MOKET OBITh yCTPOEH Takoi mpoTokoi. OH OyAeT MCIoIbp30BaTh MPOTO-
KOJI IL[eJTYKa, ONMCAHHBIN B IIYHKTE 3.2, a Taoke KOH(PUACHIMAIEHBIA IPOTOKOJ CPABHEHUS PACCTOSHHUN, KOTOPBIH MBI
OTHIIEeM B IyHKTE 3.5.

Y4YaCTHUKHM BBIIOJIHSIOT NMPOTOKOJBI INEJIYKA M CPAaBHEHUS] PACCTOSHHUM, HO HE OOMEHHMBAIOTCS PE3yJbTaTaMH.
OG603Ha4YMM 3TH pe3yibTaThl & = & &F € (€ = 1 Torna u ToabKO TOr/a, KOrjaa TeKyIUe MyTH POGOTOB TEPeceKaroT-
cs) U d= d_q_ i d # (¢ =1 torna u Tonbko ToOra, KOraa Mocie oOMeHa cymMMapHas JUTMHA MyTel yMeHbIuuTes). Te-
Tepb Y4aCTHHKM IeHepHpYIOT ciiyuaiiibie OuThl X4 Xp. Torna ¥ = %g & x5 — conyuaiiubiit 6uT, HeM3BeCTHBIH Hu-
KOMY M3 yYaCTHHKOB H YK€ «pa3IenéHHbli Mex 1y Humu. Ham HyxHO ykasats normueckyio dyukmuio e, &, X} ta-

kyto,yroecma €t =1, 1o f =1, ecmd =0, 10 f =0, aecmc=0und =1, 10 f = ¥ (3amMeTm, 9TO HEBO3ZMOK-
Ho, utoObl € = 1 p d& = U oHOBpeMenH0). OOMEH HYXHO COBEPIIATH TOT/a U TONbKO Toraa, koraa f = 1. Moxno
HOJIOKUTh § = & @{EE% ) EL-“E-":I‘. B camom gene, npu £ = 1 nonyuaem f =1, npu & = 0 nonyuaem f = @, a npu
& =0ud=1nonyyaem f = x, uTo u TpeGOBaANOCH.

OTMeTuM, YTO, XOTSI caM To ceOe ONMMCAHHBIN BBIIIC MPOTOKOI 00ECIEUYMBACT JYUIIYI0 COXPAHHOCTHh WH(OpMa-
IIUH, YeM MPOTOKOJI MIEITIKa, TPeOyeTCsl JOMOTHUTEIBHOE MCCICIOBaHNE BOIIPOCa O TOM, KaKOH M3 HUX OoJiee 1ereco-
00pa3HO MPUMEHATH B MMPOTOKOJIE paclpeNeeHus] YKPBITHH, TOCKOIBKY JaHHBIH IIPOTOKOJ MOXKET IOTPeOOBaTh OOJIb-
1Ie UTepaLui.

3.4. KonduaeHumaabHbIi NPOTOKOJ CPABHEHHUS PACCTOSTHMIA

T[IpOTOKON KOH(PHUICHIMANLHOTO CPABHEHHS PACCTOSHHH YCTPOEH MOIIE, YeM MPOTOKON IIeTUKa. 3aMETHM, 4TO yCIIo-
sue |AA% -+ |BE® = |AB9| + |BAC®| paBuocunsho Takomy |AA®| — |AEY| = |BA®| — |BEE"|. JleByio yacTh 310-
IO HEPABEHCTBA MOXET CAMOCTOATENIBHO BBIYMCIIHTh YYacTHHK A, a npaByto — yuactauk B. TIpu 3Tom 06e 0HM MOTyT

NPUHUAMATD JIMIIb KOHEYHOE YHCIIO 3HAYEHMH, TaKk KaK KOOPIMHATHI TOYEK OepyTcsl U3 KOHEYHOro MHOXkecTBa. 1103T0-
My MX MO’XHO MOHOTOHHO 3aHyMEpOBaTh HATypaJbHBIMH YHCIaMH. TakuM o0pa3om, 3a/iaya CBEJIach K KOH(QHIECHIH-
aJbHOMY CPaBHEHHMIO JIByX HaTypaJbHBIX YHCell. JTa 3aJa4a NoApoOHO o0cykaanack B MyHKTe 3.2.

OnuieM TEMNCPb, KAK MOHOTOHHO 3aHYMCPOBATh HATypaJbHBIMHU YUCJIaMU CpaBHUBACMbIC BLIPAKCHUA B HALIEM
OCHOBHOM IIpHUMEpE, TO €CTh KOTJa KOOPJAMHATHI TOUYEK — 3TO 3HAKOBBIE YKCia ¢ (PMKCUPOBAHHOM 3aIiTOH, B Mpe-
CTaBJIEHUH KOTOPBIX y4acTBYIOT [V 6urt. Jlist yo6cTBa MOKHO CUMTATH KOOPIMHATHI 1IEIBIMHE, TIOCKOJIBKY, yOpaB 3ars-

TY10, MBI UBMEHUM BC€ UX B OHO U TO K€ YUCJIO pas. 3anuiem BBIPpAXXCHHE B JICBOM YacTu HEPABCHCTBA B KOOPJAWHA-

[ N o I a g
Tax (BTOpPOE 3allUCHIBAETCS AHAJIOTHYHO): -J{x&— .‘!FE}‘ - {} T h FE}‘ - -J{x - xg}g + {}2 - yﬁ'-'}ﬁ Pa3znoctu

KOODJAMHAT BBIYMCISAIOTCA TOuHO. J[st ux mpencrasinenust Tpedyercs ¥ -+ 1 6ut. s TOYHOrO mpencTaBiIeHUs HX

KBaJpaToB jocTatouHo &4 6ur. CymMMma JBYX TaKMX 4HCeN TakKe Bhraucisercs Touno u tpedyer 20 -+ 1 6ur. Mycts
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o HO3TOMy KOPCHb U3 HATYpPaJIbHOT'O 4YUCJIa,
=

npencrasuMoro &8 t 1 6uToM, JOCTaTOUHO BBIYMCIIATE C TOUHOCTHIO 10 &V -+ & 3HakoB mociie 3anaToii. IIpu sToM Ha
XpaHEHHe IeIOH 9acTH 3TOT0 KOPHS JOCTATOYHO OTBecTH M 4 L GHT, Tak Kak OHa 3aBEJOMO MEHbIe, deM 201
Wrak, 10ns XpaHEHWs KaXIOro M3 KOPHEH B BHIE O€33HAKOBOrO 4ucia ¢ (PMKCHPOBAHHOM 3amsaTodl maMm Tpedyercs
2 -+ 3 6ura. Moayns ux pasHoctu Torna norpebyer &6 - 4 Gura. ITockonbky pasHOCTb yiKe MOXKET ObITh OTPHUIIA-
TEJILHOM, HAM OCTaJ0Ch JOOaBUTh OJUH OWUT JUIs 3HaKa. MITak, MbI IIPEICTaBUIIA CPABHUBAEMBIE YHC/IA B BHJIE 3HAKOBBIX
yycen ¢ (PUKCHPOBAHHOM 3aIIATOM, B IIPECTABIEHUM KOTOPHIX yuacTByloT 4% -+ 5 Gur. Urobbl caenats X HaTypalb-
HBIMH, MBI TIOCTYIIMM TaK K€, Kak U B MyHKTe 3.2: cHayaja yOoepéM 3amsTyro, a MOTOM YBEJIMYMM HX HA MOMIYJb Hau-
OOJIBIIETO [TO0 MOJIYJIIO OTPULATEHLHOTO YHCIIa, KOTOPOE €CTh Cpean HuX. MiTak, MBI MOHOTOHHO 3aHYMEPOBAIIU CPABHH-
BAaEMBbIE BBIPAKEHUS HATYPAILHBIMU YUCIIaMU, cojepxamuMu 21 -+ 5 our.

4. Jakaoyenue

B 3axirouenue ené pa3 nepedrciIiM HaIlK OCHOBHBIE Pe3yJIbTaThl 10 Ka)KIOMY HallPaBJICHHUIO UCCIIeIOBaHUH.

B pamkax nH(OpMannMOHHON IOCTAHOBKHU 3aJadyd OblIa J0Ka3aHa TeOopeMa, YTBEPKIAIOIIasl, YTO JUIS IIHPOKOTO
KJjlacca MHOXECTB Cy)KEHHE MPOTOKOJIa paclpesielieHHss YKPBITHI Ha 3TH MHOXKECTBA HE MOXKET OBbITh OrpaHUYEHHBIM
WK JaKe 4aCTUYHO OI'paHUYCHHBIM 110 COO6111€HI/I$IM.

B pamkax kpunrorpaguyeckoil OCTaHOBKM 3aJayl ObUI IOCTPOEH MPOTOKOJ, MO3BOJSIONIIMIA poOoTaM MpoBe-
PHTB, IIEPECEKAIOTCS JIM X TEKYIINE ITyTH, 0e3 PacKpBITHS IOMOIHUTENHHON HH(pOpManuy o cBOEM nosoxeHun. Takxke
OBUI MOCTPOEH JPYrol MPOTOKOJ, KOTOPBIH MOXKET MCIIOIL30BaThCsl B POTOKOJIE paclpesieNeHuss YKPBITHH U MIpH Of1-
HOKpaTHOM IIOBTOPEHHH I03BOJISIET poOOTaM CKpBITH OoJblie WHPOpPMANWU O CBOMX KOOPJHMHATaX, YeM IPOTOKOI
IIeITIKA.
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Annoramus Cucrema THUIOB s3bIKa (hOpMaIbHOM MaTeMaTuku Russell Moxer paccmMaTpuBaThCs Kak OH-
TOJIOTUsI, HA KOTOPO# TIOMUMO POJ0-BUIOBOI'O OTHOIIEHUS 38/a€TCsl CTPYKTYPa, WHIYIMPOBAHHAS IPAMMa-
TUKOW paCcCMATPUBAEMOTO SI3bIKA U CUCTEMON ONMpPEIEJIEHNUI, MOJTHOCTHIO OMUCHIBAIOIIUX COJEPKAHUE MTPO-
W3BOJHBIX MOHATHI. B cmay Toro, uro Ha s3bike Russell moxker ObITh MpenCcTaBIeHO HE TOTBKO MaTeMa-
THYEeCKOe 3HAHUE, HO BOODIINE NOBOPsi IIPOU3BOJILHOE, cucTeMy TUIOB Russell MOXKHO cumTaTh eImié oHOM
GdOpMAIBHON MOE/IBI0 OHTOJIOTHH.

1 OxToJiorust MaTeMaTUuKN

TpaaunuoHHbI B3IJIsT HA MATEMATUKY KaK Ha (POPMAJIBLHYIO CHCTEMY YTBEPXKJIEHUN, BBIBOIUMBIX UX HEKOET'O
6a30Boro HabOpa aKCHUOM II0 3aJaHHBIM ITPABIJIAM BBIBOJA, HE IIPEJIOJIArajl siBHOM OCYIIEeCTBUMOCTH IIPOIEIY-
Pl HOPMATIBHOIO IIPE/ICTABIIEHNS] CKOJIb-HUOY/Ib 3HAYUTEIBHON 9acTh PeajbHOM MaTeMaTHKd B (DOPMAILHOM
Buze. Ilponenypa dopmanuzanum paccMaTpuBaIach YUCTO TEOPETUYUECKH, KaK IIpe/iebaast popMa SCHOCTH U
TOYHOCTHU MaTeMaTU4YeCKOI'0 3HaHUsA, ITO IIO3BOJIAJIO IIPOBOJUTL MeTaMaTeéMaTUdYeCKHue PacCCy>KJIeHUsd U MaTe-
MaTUIeCKU ODOCHOBBIBATH Te WJIM WHbIE (DOPMBI OCHOBAHUI MATEMATHKH ITPU IIOMOIIM AN K XOPOIITIM
MeTaMaTeMaTUIeCKUM CBOHCTBaM 3TuxX ocHoBanuii. [loaromy Takoe nonsitue Kak “onpeesnenue” (AMeETCA B BUILY
MaTeMaTHYECKOe OIIpe/IeJIeHne HOBOTO OOBEKTa Uepe3 yKe U3BeCTHbIe Ha (POPMAJbHOM yPOBHE) HE PACCMATPH-
BaJIOCh KaK MPUHIMIHAAJILHO BaxkKHOe. Kak mpaBuio, BCe CBOJAMIOCH K MHTYUTUBHO OYEBUIHON BO3MOXKHOCTHU
3aMeHBI OIIPE/IEJIIEMOTO Ha €ro OIpe/iesieHne, U MO03TOMY ObLIO TeopeTHdecKu dauMuHupyeMmbiM. llonmvmanne
OIIpejieJIeHUs KaK “COKPAIIEHUs 3alUCH’ OTHOCUTCS UMEHHO K 9TOMY ITOJIXOJLY.

Curyarusi HadaJia MEHATHCS C PA3BUTUEM KOMIIBIOTEPHONW TEXHUKHU, KOTJA MOSBUJIACH PEAhbHAS BO3MOXK-
HOCTBb OIIEPUPOBATH OIPOMHBIMU MACCHBAMHU JAHHBIX, B YaCTHOCTH, (GpopMaym30BaHHbIMEU Teopusivu. Crapast
ITIOCTAHOBKA BOIPOCA 00 OCHOBAHUSX MATEMATHUKU IIPETepIiejia M3MEHEHUs: €CJIU PAaHbIle siBHAas (GopMamn3a-
Ui MATEMATHIECKOrO 3HAHUS [IPEJCTABIISIACH YHUCTO YMO3PUTEIHHON IIPOIE/LyPOil, TO TEIeph BCTAJI BOIIPOC O
peaJIbHOM IIPeJICTaBJIEHUN BCEN0 MAaTeMaTHIeCKOr0o 3HaHUsI B (DOPMajIbHOM BHJIE Ha HEKOTOPOM SI3bIKE, JOIyC-
KAOIIEeM KaK MUHUMYM IPOIEyPy aBTOMaTUYECKON ITPOBEPKH BCEX JOKa3aTeabCcTB. IIpu 3ToM crapast Hedop-
MaJbHAs MHTEPIPETAIINs OIPE/IeIeHNs KaK “‘COKPAIEHUS 3aIuc’ CTaJjia HEYI0BIeTBOpuTeIbHOI. Beraa Bompoc
0 TOM, KaK TOYHO C(hOPMYIUPOBATH MIOHATHE “OIPE/IEIEHUsT’, O CTATYCE OIPEE/ICHNI U O MATEMATHIECKAX CBOI-
CTBaX OLPEJICJICHUIL.

Hecmorps Ha TO, 4TO 1O CMX HOP WIYT CHOPBI O TOM, YTO IOHMMATh IIOJI OHTOJIOTHEl, ecTh OOIee ce-
MaHTUYECKOE $JIPO ITOrO IMOHATHUSI, KOTOPOE OIMCHIBAET OHTOJIOIMIO KAK CHUCTEMY IOHSITHI U WX OTHOIIEHUI.
B sroM cmbIc/ie, TEpPMUHOJIOIUYIECKUI AlIapaT MATEeMATUKNA, & UMEHHO CHCTEMa MATEeMATHYECKUX IOHSITHI U
HEKasi CTPYKTypa, OIpeeeHHAasT HA HUX, MOXKET CIYUTATHCS OHTOJIOTHell MareMaTuku. lIpm 3TOM MOXKHO OT-
JeTNTH “0a30BBIil YPOBEHL  MATEMaTHKU KaK HAOOP aKCMOM WM TPABUJI BHIBOJA JJIsT JAHHON (bopMaIm3annm, u
“TepPMUHOJIOTHIECKYTIO HAJICTPONKY”’, KOTOpas €CTh CUCTEMA MOHSITUM, OMPEIE/IIeMbIX Iepe3 UCXOTHbIE TTOHITHUS
6a30BOro ypoBHs. [Ipr 5TOM B OHTOJIOIUMU TAKKe BBIJIEJISIIOTCS] 9TU JIBA YPOBHs: 6a30Bble MOHSITHUS U IIPOU3BOJI-
HBIE.

OueBuHO HEOOXOIUMBIM TPEOOBAHNEM K ITPOU3BOIHBIM HOHSITHSAM SBJISIETCS TPEOOBAHNE KOHCEPBATUBHOCTH
pacumpenus (POPMAJILHOM CHCTEMBI IOCPEICTBOM J0OABJIEHUS OIpejeieHuil (Takue paciupenus OyIeM Ha3bl-
Barb jedununuaabHbMu). CBOWCTBO KOHCEPBATUBHOCTHU 3aKJ/IIOYAETCS B CJEIYIOIIEM: €CJU HEKOTOPOe yTBep-
JKJIEHUE, He COJEepKalllee BXOXKJIEHNIT HEKOTOPOI'O MOHATHUSI BHIBOJMTCS U3 MHOXKECTBA yTBEP:KIEHUN TaKKe He
COJIEPKAIIMX ITOrO MOHATHUSI, M BBIBOJ, BKJIIOUAET B ce0sl BXOXKJIEHUS 9TOIO MOHATHSI, TO JIOJI?KEH TaK¥Ke CYyIIe-
CTBOBATH BBIBOJ[ JIAHHOTO YTBEPXKICHUS HE COJIEPKAITUI BOXKICHNI PACCMATPUBAEMOrO IIOHSTHsI. JTO CBONCTBO
BJIEYET, HAIIPUMED, TAPAHTHUIO HEIMIPOTUBOPEIMBOCTH Me(PUHANINATBHBIX PACIIUPEHUN UCINCICHUS TPEIUKATOB,
9TO Kpaline BaXKHO C IIPUKJIAHON TOYKHU 3peHns. [leiicTBUTEIHHO, €C/IN He TAPAHTHPOBATH HEIIPOTUBOPEINBOCTU
JMebUHATINAIBHBIX PACIIUpPEeHni, TO GOpPMasbHAS CHCTEMa MOXKET CTaTh CIIyJaitHO (MM HAMEPEHHO) ITPOTUBO-
PeYnBOil, KOT/Ia pa3Hble KOHTPUOBIOTOPHI B 3TY CUCTEMY BBEIYT IIPOTHBOPEYUBBIE OIPEIEIEHUS.
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2 YposHu ontoJsiorun B Russell

Aspik Russell - 570 MeTasiornueckuil si3bIK J1J1si ONMKUCAHUsS (DOPMAJIbHBIX JeIYKTUBHBIX CHCTEM, IIPEJICTaBUMbBIX
B BHJIE CXEM aKCHOM U MpaBm BbIBOma. B wactHocTw, B Russell MOXXHO ompeeinTh UCYNCIIEHNE TPEINKATOB
u chOpPMYJIUPOBATE AKCHOMBI TEOPUU MHOYKECTB, TO €CTh MOXKHO IIPEJICTABATH MATEMATHKY C KJIACCHIECKUM
OCHOBaHHEM B BUJI€ AKCHOMATHYIECKO Teopun MHOXKecTB. [lakeT, comepzkauil ncxonHble TEKCTHI IIPOrPAMMHOI
peanuzaruu s3bika Russell, 6a3y Teopem u HaOOpP TECTOBBIX CKPHUIITOB MOYKHO 3arpy3UTh C caiiTa 1O aapecy
http://russellmath.org/. Ouumem oHTOIOrMYeCcKyIo cucreMy s3bIka Russell. B a3bike Russell moxkHO BbIIE-
JINTh TPU YPOBHSI OHTOJIOTUU.

IlepBriii ypOBEHb OHTOJIOTUHU - CHCTEMA THUIIOB. DTO CAaMBIfl BBICOKHUII yPOBEHb, Ha KOTOPOM OIIPEIEIs-
IOTCSI CAMU THUIBI U 6A30BOE OTHOINEHWE YaCTUIHOTO mopsijka Mexy numu. Cucrema tumos B Russell - ato
cTaTUyecKasl CHCTEMA, C OTHOIIeHneM cyrepruil-ionrun. Moxuo carurars, gTo Tunsl B Russell - 3To 1 ecth on-
TOJIOTUYECKHUE €eJIMHUIIBI, TO eCTh “MoHATUs . OTHOIIEHNE CYIIEPTUII-IIOATHII B JAHHOM CJIy4ae eCTh B TOYHOCTHU
otHomrenue “obmiee-gactaoe”. ClelyeT OTMETUTb, UTO B OTJIMYUHU OT $S3BIKOB ITPOrPAMMUPOBAHUS, B KOTOPBIX
IpaBWILHOE TIOHUMAHUE OTHOIIEHUsI HOATUII-CYIIEPTHIL IIPEJIoJIaraeT JMHAMUYECKUH acuekT (T.e. HACJIeyercs
noBesienue 00bekTa), B a3bike Russell oTHONIIEHNE NOATUI-CYIIEPTHII He IIPENOJIAraeT HUKAKON JIUHAMUKH, TO
ecTb OHO 4ncTo crarudeckoe. [Tosromy B Russell Tunm “kpyr” ecrecrBenubiM 06pa3oM OyeT MOATUIIOM JJIs THIIA
“s71UIIC”, B TO BpeMsl KaK JIaHHbIE TUIIBI IIPEJICTABJISAIOT COO0i KJIACCUYIECKUIT IIPUMeDp HEYJAYHOTO IIPUMEHEHUsT
nacienoBanus B OOII. B nanpHeiimem cucremy TUIOB Oy/eM cYMTaTh YACTUYHO YIOPSIIOYEHHONW CTPYKTYPOIt
(T, <), tme T - MHOXKECTBO THUIIOB U <{ - OTHOIIEHUE [OITHII-CYIEPTHUIL.

BTopoit ypoBeHb OHTOJIOTMH - IIPABUJIA IPAMMATHKH. Ha 9TOM ypOBHE OIpPEmesaioTCsl CHHTAKCHIECKUE
CTPYKTYPBI, 33/[aI0II1€e TOHATHS KaK BbIPaXKeHUsi. BbIpakeHust - 9T0 6a30Bble €IUHUIIBI, 13 KOTOPBIX CTPOATCS
BCe OCTaJIbHbIE KOHCTPYKINU s13bIKa Russell: yTBep:kienus, noka3aTe/bCTBa, onpeaenenns. [lockonmbky Russell
- 9TO SI3BIK C THIIAMU, TO KayKJI0e BhIPasKeHHe MMeeT THUII, BKJIIYasl IepeMeHHble. Ha 3ToM ypoBHE OHTOJIOrHA
MIPOUCXOUT Ba’KHOE OTOXKJECTBJIEHUE: THUIThI OTOXKIECTBJISIIOTCS ¢ HETEPMUHAJBHBIMEA CUMBOJIAMU TPAMMATHKH.
IosToMy BBelieHUE IPABUI IPAMMATUKH 3aJI8€T JOIOJHUTEJIBHYIO CTPYKTYDPY Ha CHCTeMy THUNOB (T.e. OHTO-
JIOTHIO ), KOTODasl Olpejiesisiel CUHTaKcuc Bbipakenuil. Ciiegyer OTMETUTh, Y9TO Ha 9TOM YDPOBHE COIEDXKAHUE
IIOHATHH €€ He OIPeJIeIEHO.

Tperuii ypoBeHb OHTOJIOTHUU - OlpejesieHnsi. Kak y»Ke OTMedajioch BBIIIE, €CJIM HEKOTOPE IIOHSITHE He
sIBJIIETCsT 6A30BBIM, TO OHO JOJIKHO KaK TO (POPMAJIBLHO OIPEe/IsAThCI Yepe3 JAPyrue, 1 B KOHEYHOM WTOre BCe
JIOJIZKHO CBOJIUTHCA K 6a30BbIM moHsTusiM. B Russell mtst onpesenennit BBoguTcst crienuaabHas CHHTAKCHIECKAsT
KOHCTDPYKIIHS, KOTOPasi BLIIEISET B OMPEIEJICHIN TPU O0beKTa:

— onpenensiemoe (defiendum),
— onpesnenenne (definiens),
— dopMy orpeiesieHus.

Ompenensiemoe dy, - 9T0 HOBast CHHTAKCUYIECKAsT KOHCTPYKIINS, TUII t,,, KOTOPOIl IpeicTaBiisger coboit HOBOE TO-
HsTHe, BBoAUMOe B oHTosioruio. Ompeiesienne dg - 3TO HEKOTOPBII TepM, TPEJICTABIISIONIA cOO0i OIpe ieenre
9TOI HOBON CHHTAKCHIECKOit KoHCTpyKIimu. [Ipm aToM Tum ompesenseMoro tg JOJI2KEeH OBITH IMOATHIIOM OIpe-
JIeJIEHUsI, TO €CTh MEXKJ[y COOTBETCTBYIOIINMHY ITOHATUSIMU JIOJI?KHO OBITH OTHOIIEHNE HOATUI-CyrepTuil. PDopma
OIIpeJIeJIeHNUsT df - 9TO BBIPaKEHUE C JIByMsl NEePEMEHHBIMA Uy, U Vg, IPHYEM THUIIBI STUX II€PEMEHHBIX JOKHBI
OBITH CyNepTUIAMU s t,, U ts cooTBercTBeHHO. B sizbike Russell B koneunom urore onpesenenns: mpeobpasy-
I0TCsI B aKCHOMBI IIPU ITOMOIIH TOJCTAHOBKU BBIPAXKEHUIT d,, U ds BMECTO IIEPEMEHHBIX Uy, U Us B BBHIPAXKEHUU
dy.

Tlosicuum, gT0o Takoe ompejenenne B s3bike Russell, ma mpumepe. PaccMoTpum KiaccrmiaecKoe UCIUCTIEHTE
BBICKA3bIBAHUIl, B KOTOPOM CBSI3KM —,\V U <> OIPEJIeJIEHbI CTaHAapTHO. Mbl XOTUM J100aBUTH B 3Ty (hopMasib-
HYIO cucreMy CBaA3Ky — (mMimmmkanumio). Ilycrh cucreMa TUIOB UCXOAHON (DOPMAIBHON CHCTEMbI COCTOAIA U3
enuHCTBeHHOTO THIA W f f - IpaBUIbHO OCTpOoeHHas 6a3oBas (opmyna. Beemem noBbrit Tun w f f—, - npaBuIbHO
IIOCTPOEHHAS [IPU HMOMOIIM UMILIHKAIIN (DOPMYJIa, U TOTJA PACIINPEHHAsS CHCTEMA THIIOB COCTOUT U3 JABYX TH-
noe: T = {wff,wff}, nupu arom umeer mecro wf f_, <; wff. Teneps onpeaesM KOMIOHEHTHI ONPEIETIECHNUSI:

— omnpegensemoe: d,, = (A — B) - tuna wf f_,, nepemennsie A u B - tuna wf f,
— onpegnenenne: d; = (mAV B) - Tuna wf f u nepemennsie A u B - Toxe Tuna wf f,
— dopma onpenenenus: dy = (V,, <> V5) - Tuna wf f, 3zecy nepemennsie V,,, u Vs umeror Tun wf f.

Torma mpu MOACTaHOBKE B BhIpasKeHHE dy BMECTO IepeMeHHO# V,, BbIpazKeHHdA d,, T BMECTO IepeMeHHo# Vi
BBIparKeHusl dg TIOJYyIUM ciieytomee Beipaxkenue: ((A — B) « (mAV B)), KOTOpoe B BH/Ie AKCHOMBI OIIUCHIBAET
IPUCOEMHEHNE CUMBOJIa, UMILIUKAIMU K UCXOIHOMN (6a30B0ii) dhopMasbHON crucTeMe.
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Takum obpazom, moMuMo 6a30BOTO OTHOIIEHUsT < U CTPYKTYPbI (pOPMAJIbHON rPaMMATHUKHU, Ha CUCTEME THU-
1oB (T.e. HA MHOYKECTBE IIOHSTHI OHTOJIOIHMHN ) 33AeTCs eIlé OJlHA CTPYKTYPA - CTPYKTYPa OIIPE/IeJIeHnl, KoTopas
OIIMCHIBAET COJIEP’KATEIBHBIN CMBICT 3TUX MOHATHN. [TOCKOJIBKY CTPYKTYpa OIpEeIeSIeHN ONMUCHIBAET TOHSITUS
OHTOJIOTUH JIEJIYKTUBHOM CHCTEMBI UCYEPIIBIBAIONIIM 00Pa30M, JAJbHEAIIero yrirybJeHus ypOBHEH OHTOJIOTUN
He TpebyeTcd.

Ompenenenus si3bika Russell o6amaor caeayomuM XOpoImuM CBORCTBOM: TPH BBINOJHEHNA HAHOpa Mpo-
CTBIX YCJIOBHUil, TapaHTUPYETCs KOHCEPBATHBHOCTD JIe(UHUITUAIBHOTO PACIIUPEHNST UCIUCTIEHUSI. DTH YCJIOBUS
CBOJISATCSI K NIPOBEPKe BBIpaxKeHUsl d, Ha IPOCTOTY (TO €CTh B BBIPAXKEHUU d,;, HE JOJIKHO OBITh COOCTBEHHBIX
HO/IBBIPAYKEHUH KPOME [EPEMEHHBIX ), K IPOBEPKE TOrO, UTO d,, He BXOAUT B BbIpaykeHue dg U K IPOBEPKE TOrO,
YTO €CJIN B BBIpasKeHWN dy obe IepeMeHHBIX 3aMEeHNUTh Ha dg, TO MOTyJIeHHAsd aKCHOMa Oy/eT BXOIUT B CIIMCOK
JIOKQ3aHHBIX yTBEPKJICHUI.

3 CucreMma IOHATUN U IIOUCK A0Ka3aTeJIbCTB

CulestyeT OTMETUTH, YTO Pa3BETBJIEHHAS CUCTEMa THUIIOB (T.€. pa3BeTBJICHHAs OHTOJIOIUSI) He sIBJIsIeTCsl HeOOXO0 1~
MBbIM yCJIOBUEM CI)Opl\Ia.HI/I3aLH/II/I MaTEeMaTUKU. A UMEHHO, JIJId (I)OpMaJII/ISaL[I/H/I MaTeMaTUKU B T€OPUU MHOXKECTB
ZFC MOXHO OIpaHUYUTBCS BCETO JIBYMsl THUIAME: (POPMYJIa U MHOXKECTBO. Fc/iM UCIIOIb30BATH TEOPUIO MHO-
JKECTB ¢ Kjaccamu (Hanpumep cucreMy akcuom lépens-Bepnaiica GB), morpebyercs st TUIIA MHOXKECTBA
BBECTH CYIIEPTUIL Jjisl TUIIA MHOXKECTBO - Kjacc. Ho B yoboM cirydae, Takasi cucTeMa THIOB (OHTOJIOrHst) By1er
ouenb HeHa. CyriecTByiomiast (bopMaibHAS TEOPHUs JIJIsT MATEMATHKY HA 6a3€ UCUUCIEHUsI TIPEINKATOB U TEOPUN
MHOXKECTB C KJIaCcCaMU, OTTPAHCANPOBaHHAs M3 0a3bl TeopeM #A3blka Mmetamath, macdaureiBaeT B TOYHCTH TPHU
Tuna: (GopMysia, KJIacC U MHOXKECTBO.

[TomuMO KOHIENTYaIbHON (DYHKIINN OTPAXKEHUS CHCTEMBI IOHATHI PeabHON MATEMATHKHI B CUCTEME THUIIOB,
HaJin4anue 6OFaTOﬁ CUCTEMBI THUIIOB (OHTOJIOFI/II/I) BazKHO U JJId TaKOT'O IIPUKJIAIHOI'O BOIIPOCA, KaK aBTOMaTHU4de-
CKHil TIOMCK JTOKA3aTesbCTB. Jleo B TOM, 9TO ecjin CUCTeMa TUIOB KpaiiHe 6e/iHa, TO IIPU ITOCTPOECHUU JiepeBa
BapUAHTOB, KOTJIa IPOU3BOINTCs YHU(DUKAIINST TEKYIIErO BIPAYKEHUS C 3aKJIIOUEHUSIMA yKe JIOKA3aHHBIX yTBEP-
KJIeHnit, OyIeT HailJeHO OrPOMHOE KOJIMIEeCTBO BAPUAHTOB, (POPMABHO TOIXOMANINX JJIs YHIUMUKAIINN, HO Pe-
aIbHO M30bITOUHBIX. Hanpumep, mycTh B BBIPAXKEHUHU U3 TEKYINEro y3Ja JIepeBa BAPUAHTOB €CTh II€PEMEHHAsd,
HeOpMaTBLHO COOTBETCTBYIOIIAS THUITYy ‘TPYIITa’, HO 3aK/II0UeHNE HEKOTPOW TeOpeMbl U3 TEOPHUHU TOIOJIOTH e~
CKHUX IIPOCTPAHCTB (POPMAaJIbHO YHUMDUIIUPYETCS C JAHHBIM BBIPDAXKEHUEM, IIPUIEeM [IepeMeHHON HepOpMaJIbHOIO
THIIA “TOMOJIOTUYIECKOe ITIPOCTPAHCTBO’ COOTBETCTBYET IlepeMeHHasi Tuiia Hedopmaabaoro “rpymnmna’. Ha yposae
A3BIKa, 00€ TTepeMeHHbIe Oyay THIa “MHOXKECTBO”, IIO9TOMY TaKasl yHUPUKAINA OyaeT KoppeKTHo. Mexxay Tem
OYEBH[IHO, YTO eCJIH Obl CHCTEeMA THIIOB BKJIIOYaa Obl B cebs TUIbl (oHATUs) “rpyina” 1 “TOIOJIOrTYecKoe Ipo-
CTPAHCTBO”, IIPUYEM MEXKJy STUMU THIAMU (LOHATUAME) He ObLJI0 Obl OTHOIIEHUSI OATUI-CYIIEPTHII, TO TAKasi
yHuUpUKANys y>Ke ObI He IPOILIA.

[TosTOoMy pa3BeTBJIEHHAS CHCTEMA THUIIOB MOXKET CYIECTBEHHO OOJIEMIUTH 33J[a<y ABTOMATHIECKOTO ITOMCKA
JIOKA3aTeJIbCTB 3a CYET PAHHErO OTCEYEHNUs JIMITHUX BETBJIEHUI HA OCHOBE aHAJIM3a THUIIOB BBIPAYKEHUIA.

4 IIpumenenue Russell nas nmpencraBiienust 3HaHU

Hecmorpst Ha TO, uro M3Hada bHO s3bIK Russell paspabarbiBajicss Jjist (POPMAIBHOINO IPEJICTABJIEHUS MaTe-
MaTUYeCKOrO 3HAHWSI, OH MOXET OBbIThb WCIIOJIb30BAH U KaK JeJyKTUBHAS CHUCTEMa JIJIsl [IPEJCTABJICHUS WHBIX
TUIOB 3HaHUS. [Ipy 5TOM, cucTeMa TUIOB Oy/IeT TOYHO TAKZKE MPEICTABIATH CUCTEMY MOHATHI (hopMan3yeMoit
[IpeIMETHOI 00JIACTH, M TAKHME XOPOIIINE CBOUCTBA, KAK KOHCEPBATHBHOCTD JIe(DUHUINAIBHBIX AKCHOMATIHIECKAX
pacUIMpeHunil, COXPaHUTCH.

B nmanmHOM KOHTEKCTEe BO3HWKAET HOBasi 33Jia9a, sIBHO HE BCTAIOIIAas Mpu (POPMAIBHOM IIPE/ICTABIEHUN Ma-
TEeMATHKU: 337898 00'beIMHeHUsT HECKOJIbKUX JelyKTUBHBIX cucTeM (MOJLYJIbHOE IpejicTaBiieHue 3uanuii). SlcHo,
9TO IU3BIOHKTHOE O0beUHEHNE e yKTUBHBIX CUCTEM He IIPEeJICTaBIIseT 00JIbinoro nurepeca. Ilosromy mnpesiia-
raeTcs BBECTH ONEPAINI0 CHHTE3a JIeJAyKTUBHBIX CHCTEM IPU MOMOIIM OTOXKJIECTBJICHAS] TUIOB (MOHATHIT) 3THX
cucreM. osicaum Ha ipumepe. Ilpemanooxum, 9To y HAC ecThb jaBe hOpMaJbHBIE JeyKTUBHBIE CUCTEMbI, TIPeJI-
crapysione Gu3nky n xumuio. V3HagaabHO OyaeM CYnTaTh WX JU3bIOHKTHBIMU. [lodTOMYy M3 MexaHmdeckoe
obbeuHeHne He JacT Hudero HoBoro. Ilycrs B o6oux cucremax ectb tun (nonsarue) “arom”. Uro npousoiizer,
€CJT MBI OTOXKIECTBUM THUII “aToM’ B (DU3NIECKOHN TacTi 00bEINHEHHOW CHCTEMBI C TUIIOM “aTOM’ B XMMUIECKOM
qacTu cucreMbl? Bo-miepBbix, ecyiu Tum “aroM” ObLI CBA3aH OTHOIIEHHEM IIOATUI-CYIIEPTHUII ¢ HEKOTOPBIM JIPY-
UM THIIOM B OJHOW YaCTH, TO THUI “aToM’ B APYroil CTaHeT Tak:Ke CBA3aH 9THM OTHOIIEeHHEM. BOo-BTOPBIX, Ipu
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ITOCTOEHUU CUHTAKCUYECKUX KOHCTPYKIIWIL, B HETEPMUHAJ THUIA “aToM’ OIHON CHCTEMBI MBI CMOXKEM IIOJICTaB-
JISITh BBbIpaXkeHne Tuna “atom”’ apyroi cucrembl. Hy u B-TpeThbux, €Ciu y HAC eCTh COJep2KATeIbHAS AKCUOMa, U3
OJTHOI 9acTH, B KOTOPOIl €CTh ImepeMeHHast THTa “‘aToM”’, TO OMATH-TAKMW, Mbl CMOYKEM HCIIOJIb30BATh 3Ty AKCHO-
MY W JJIs BbIpasKeHusl TUMA ‘aroM’ u3 apyroi dactu. lasee, ecain B 000UX crCTEMAaX €CTh MOHATHS ‘Macca’ u
“IJIOTHOCTB, TO MBI MOYKEM OTOXKJIECTBUTH M MX COOTBECTBEHHO. TakuM 006pa3oM, OTOXKJIECTBJIsisI IIAPbI TUIIOB U3
JIM3bIOHKTHBIX O0beIUHEHUN JIeIyKTUBHBIX CUCTEM, MOYKHO ITOJIyYATh HETPUBHUAJILHBIE CIIMSHUST ITUX CACTEM.



OHTOJIOrHYeCKHUH MOAX0/ K IOCTPOCHUIO U PA3BUTHIO
uHpopmannonubix Wiki-cucrem

10.A. 3aropyisko', B.K. Illecrakos®

' MucturyT cucrem undopmaruxu umenn A.IL Epmosa CO PAH, r.
HoBocubupck, Poccust
2 HoBOCHOMPCKHit FOCYIapCTBEHHbIH YHHBEPCHUTET,
HoBocubupck, Poccust
zagor@iis.nsk.su, zfc@ngs.ru

AnHoTanmsi. B pabote paccmartpuBaeTcst moaxoz K pa3padotke u conpoBokaeHuto Wiki-cucrem, 6asupyromuiics: Ha
WCTIONIB30BaHUH OHTONOTHiL. [IpobiaeMa coCTOUT B TOM, YTO CYHIECTBYIOIIKE cpeAcTBa moctpoerus Wiki-cucrem ot-
CIIeKUBAIOT B CO3[aBAEMBIX CHCTEMaX TOJNBKO CTPYKTYPHYIO LEIOCTHOCTH CCBUIOK, HO HE JIOTHYIECKYIO I[ETTOCTHOCTh
U CEMaHTHYECKYIO COIJIACOBAHHOCTh HCIIONIb3YEMBIX B HUX MOHATHH (Kareropuii). Mnes npeanaraeMoro mogxona co-
CTOWT B CO3JaHMU MHCTPYMEHTApHs, KOTOPEIH OBl oOecrieunBan mocrtpoernre Wiki-CHCTEM € COTIacoOBaHHOM CHCTe-
MOHM NOHATHH (ceMaHTH4YecKu cornacoBaHHbIX Wiki-cucrem). Wiki-cucteMy ¢ TakMMHU CBOMCTBAMH MOXKHO HOJTY-
YHTbh, €CJIM CTPOUTH €€ Ha OCHOBE JIOTHYECKH HEPOTHBOPEYMBOH OHTOJIOTHH, ONMHUCHIBAIOLICH IPEIMETHYIO 001acTh
Oynyei cucremMbl. B okiiaze paccMaTpuBaeTcst HOAXO0 K HOCTPOSHHIO HHpopMannoHHbIXx Wiki-cHcTeM Ha OCHOBE
OHTOJIOTH IIPEAMETHBIX 00JIacTel, a TaK)Ke HeOOXOAUMBIH [T MOTHOLIEHHOH peaan3aluy 3TOro MOAX0Aa METO U3-
BJICUCHHUS OHTOJIOTHI U3 cymecTBytomux Wiki-cuctem.

Kurouerblie cioBa: onronorus, Wiki-cucrema, ceMaHTHYeCKHE TEXHOJIOTHH, ITOCTPOCHUE MH()OPMALMOHHBIX CHC-
TEM.

1 BBenenue

Jliist yloBIEeTBOpEHHsT BCe BO3PACTAMOIIMX WHPOPMAIIMOHHBIX MOTPEOHOCTEH Mob3oBaTesel pa3paboTaHbl pa3HOO0-
pa3HbI€ CpeACTBA NMOCTPOCHUA l/IH(bOpMaIlI/IOHHbIX CHUCTEM. OD,HI/IM U3 TaKux y]IO6HI)IX " MPOCTBIX B UCIIOJIB30BAHUUN
cpencTB cOopa u XpaHeHUsT HHPOPMAITUH SBIAIOTCS Wiki-TeXHOJOTHH. DTH TEXHOJIOTHH MO3BOJIIOT pad0TaTh HE TOJb-
KO C TEKCTOBBIM, HO M C MYJIbTUMEAMHHBIM KOHTEHTOM, UMEIOT YAOOHBII U MHTYUTUBHO MOHSATHBIH MHTEpQENC, npo-
CTBI B 0cBOeHNHU. OJTHAKO OOJIBIINM HEJOCTATKOM STHX TEXHOJIOTHH SIBJISIETCS TO, YTO OHH IO3BOJISIIOT OTCIIEKHBAThH B
co3/1aBaeMbIX MH(OPMALMOHHBIX CHCTEMax TOJBKO CTPYKTYPHYIO IEJOCTHOCTh CCBUIOK, HE oOecrednBasi IpHh 3TOM
JIOTHYECKOW LEJIOCTHOCTH M CEMAaHTHYECKOW COTJIaCOBAHHOCTH HCIIOJIB3YEMBIX B HHMX MOHATHH (kKateropuil). Wnmes
MpeIaraeMoro MoIX01a COCTOUT B CO3JJaHAN HHCTPYMEHTAPHs, KOTOPHIK OBl oOecrieunBan mocrpoerne Wiki-cucrem ¢
COTJIAaCOBAHHOM CHUCTEMOM MOHATHH (ceMaHTHYecKH corytacoBaHHBIX Wiki-cuctem). Wiki-cucTeMBl ¢ TaKHMH CBOWCT-
BaMH MOXKHO MOJY4HUTbh, €CIIH CTPOUTDH €€ Ha OCHOBE JIOTMYECKU HEMPOTHBOPEUYUBON OHTOJIOTHH, OMUCHIBAIOLICH Mpe/-
METHYIO 00JIaCTh OYyIIeH CHCTEMBI.

B nmoxnane paccmarpuBaeTcsi MOAXOJ K HOCTPOSHHIO MHGOpPMAIMOHHBIX Wiki-CHCTEM Ha OCHOBE OHTOJIOTHI
NpeAMETHBIX 00JacTeld. UToOBI ATOT MOJX0] MOKHO OBLIO UCIIONb30BATh ISl PEHHKMHUPUHTA, COMPOBOXKICHUS U Pa3-
BUTHS yxkKe cyniecTByromux Wiki-cucrem, OH JOMOIHIETCS 00paTHOW MPOIEAYPOid, T.€. METOJIOM HM3BJICYCHUS OHTOJIO-
ruit u3 Wiki-cucrem.

2 O030p cymecTBYHOIIMX MOAX010B

2.1 O630p cpencts co3ganus nHpopmanuoHHbIX Wiki-cucTem ¢ HCnoib30BaHNEM CEMAHTHYECKUX TEXHOJIOTHii

Ha ceropHsiiinmii IeHb CyIIeCTBYET JI0CTaTOYHO MHOT'O IIPOEKTOB co3ianusi nHpopmaunonHbix Wiki-cucrem, Tak nim
MHa4e CBA3aHHBIX C CEMAHTUYECKMMH TEXHOJIOTHSMH. XOTS 3TH IMMPOCKTHI HALICJICHbI Ha PCIICHUC PA3JIMYHBIX 3adad,
00IIMM JJIsl HUX SIBJISIETCS MCIOJIB30BAaHUE OHTOJIOTHH Ha TEX WIM MHBIX 3Talax MOCTPOCHUS WM (PyHKIHOHUPOBAHHUS
nH(pOpPMANMOHHBIX cHcTeM. Tak Kak Ha JaHHBIH MOMEHT CYyILIECTBYET OOJBIIOE KOJIMYECTBO CpeAcTB co3naHus Wiki-
CHCTEM, TO B 3TOM 0030pe MBI COCPEIOTOYMM Halle BHUMAaHUE TOJbKO Ha TEX U3 HHUX, KOTOPHIC B TOH MM UHOW Mepe
UCIIOJB3YIOT CEMaHTHYECKUE TEXHOJIOTHH.

CHauana paccmoTtpuM mpoekt u3 Cankt-IletepOypra [1], B KOTOpOM B OZHOM W3 MEPBBIX HAYAIH MPUMEHATHCS
OHTOJIOTHH TP IIOCTPOSHHUHU TaKUX MH(OPMALMOHHBIX CUCTEM, Kak KopropartuBHbele Wiki-mopransl. Mcxons u3 toro,
YTO OHTOJIOTMH IIO3BOJIIOT CO34aBaTh 0oJiee KOHLENTYaJbHO-SICHBIE W LEJIOCTHBIE MOJEIH NMpPEAMETHBIX o0iacTei,
pa3paboTyrkKaMu OBLIIO PEIICHO MPUBS3aTh KOHTEHT Wiki-CHCTEMBI K OHTOJIOIMH, YTOOBI M30€XKaTh MPOOJIEM C ITOXOM
CTPYKTYpOH TOpTaja, T.K. OHa B 3TOM cliy4ae Oy/eT Takoro ke KayecTBa, KaKk M ONpeJelisionas ee oHTonorus. B pam-
Kax 3To IpoekTa Obul pa3paboraH npoToTHi HHcTpymeHTapus: OntolingeWiki, kotopslit conepxur BHyTpu cebst Wiki-
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JIBUKOK M JUISI K&XKIIOTO KOHIIEIITa OHTOJIOTMH aBTOMATHUYCCKU co3naeT Wiki-cTpaHUIly, B KOTOPYIO 3KCIIEPT BHOCHT
l/IH(l)OpMaLlI/IIO 06 OIIMCBIBAEMOM IIOHATHH. le/I 9TOM KOHCYHBLIC IMOJIb30BATCIM BUAAT OHTOJIOTUIO, IPEACTABJICHHYIO B
Bujie rpada, MOTYT OCYIIECTBIISITh HABUTAIMIO 110 €€ TIOHITHSAM M BHIETh conepxkumoe Wiki-CTpaHull, COOTBETCTBYIO-
KX BEIOPAaHHOMY MOHSITHIO.

Henocrarkom OntolingeWiki siBisieTcst TO, 9TO OHTOJNOTHS, JISkKAIAs B OCHOBE CO3IaHHOM ¢ momoInkio Hee Wiki-
CHCTEMBI, HE MOXKET OBITh N3MEHEHA WIIH JIONIOJIHEHA cpeicTBaMu camoii Wiki-crcTeMsl.

Hawnbonee pacnpocTpaHeHHBIM MHCTPYMEHTAJIBLHBIM CPEICTBOM I co3nanus Wiki-cuctem siBIsieTcs: MOMYJIsip-
ueiid Wiki-nBmxkok MediaWiki [2]. IMeHHO 1Tt 3TOTO YHUBEPCAIBHOTO JBMKKA OOJIBINE BCETO CTPOUTCS PACIIHPEHHM,
TIO3BOJIAIOIIUX HCIIONb30BAThH CPEICTBA CEMaHTHUECKUX TeXHOJIOTHi, OJHOW U3 NepBhIX OblIa CO31aHa HaACTPOIKa Hax
MediaWiki, monyuuBiias nazanue Semantic MediaWiki [3]. D10 pacimmpenne JomyckaeT BO3MOXKHOCTh MMIOpPTA
oHToJoruu [4] 1 Mo3BoOJISIET KCIOIb30BaTh B Wiki-cucteme CTpYKTYpbI M CBSI3H, OlpeieieHHble B Hell. OHaKo mpeaoc-
taBisieMblii Semantic MediaWiki Moayib UMIIOpTa OHTOJIOTHMI Ha IaHHBI MOMEHT HaXOJIUTCSl B CTAIMK OeTa-BEpCUH U
HE BKJIKOYECH B COCTAaB HOBBIX BepCI/Iﬁ JaHHOT'O paCUIMPECHUA. B cBsi3u ¢ aTUM pcaiusanuno uMmnopTa OHTOJIOTUH MOIb-
3oBarenu Semantic MediaWiki JOJKHBI BBITIOJIHSTH CAMOCTOSITEIIBHO.

Hpyrum pacmmpennem MediaWiki ssisiercst BOWiki [5] — ocHoBaHHBII Ha oHTOJMIOTHH ceMaHTH4ecKui Wiki-
JBIKoK. IlepBoHauansHO oH GazupoBasics Ha Semantic MediaWiki, a motoM ObUT pean30BaH KakK «4HCTOE» pacilupe-
e MediaWiki. [locronacreom BOWiki siBisieTcst To, 4TO OH HO3BOJISIET IOJIB30BATENSIM PacCMaTpUBATh CYIIHOCTH,
omucannble Wiki-cTpaHunamMu, B Ka4ecTBE 3K3EMIUIAPOB OHTOJIOIMYECKUX KaTETOPHUid, ONPEAeNsiTh HOBbIE OTHOILCHUS
B Wiki-koHTeHTe, cBsa3pBaTh Wiki-CTpaHHIIBI, B TOM YHCIIE N-apHBIMA CEMAaHTHYSCKUMH OTHOUICHUSMH, 3alPallliBaTh
Wiki-cTpaHHUIIbl, YAOBIECTBOPSIONIME ONPEICICHHBIM YCIOBHAM, JOMYCKAeT UMIIOPT elle HECKOJBKUX OHO-OHTOJOTHUi
JUISL OTPaHUYISHHOTO UCTIONB30BaHus U obecrnieunBaeT axcnopT Wiki-korrenta B OWL-nipeacrasienue.

BOWiki paspabateiBajiics Kak CpeICTBO IS COBMECTHOIO CO3IaHMS M WHTErPalldd 3HAaHUM B 00mactd OHO-
nHPOPMATHKH, TIOATOMY €T0 (PYHKIIMOHUPOBAHWE OCHOBAHO HA OHTOJIOTHH BbIcokoro ypoBHs General Formal Ontology
(GFO) [6] B OWL-Bepcuu. B cBoeit pabote OH HCHONB3YET TaKXe ABE OHTOJIOrHH, ocHOBaHHbIe Ha GFO, — 6a3zoByto
oromenuimHcKyto ontosoruio (GFO-Bio) u onronoruro yukiwmii (Ontology of Functions mimu OF). Kak 6bu10 cka3ano
BBIIIIE, BOBMOXHOCTh UCIIOJIb30BaHUS APYIUX (BHEIIHHX) OHTOJIOTHI CYIIECTBEHHO OrpaHn4eHa, noaromy BOWiki He
MOXET paccMaTpHUBaThCsl B Ka4eCTBE MHCTPpyMeHTa Juts noctpoeHust Wiki-cucteM mpou3BoJIEHOTO BHA.

Taxoke st MediaWiki cymecTByror pacmmpenusi, padoraronme coBMecTHo ¢ Semantic MediaWiki, u no6as-
JISIFOIIHE JIOTIOJIHUTENBHYIO (DYHKIIMOHAIBHOCTH 110 MIMIOPTY ceMaHTH4YecKoi nHdpopmanny. OXHUM U3 TaKUX SBIISETCS
RDFIO [7]. Ono mo3BomsieT IMIIOpTHPOBaTh Npou3BoiabHble RDF-Tpumiets [§]. Ho sTo pacmmpenue moka mMmeer cra-
Tyc OeTa-BepCHU M eIl He TOTOBO IJIsi MAacCOBOTO HCIONb30BaHUs. Elle OZHUM MOJOOHBIM pacIIMPEHUEM SBIISECTCS
LinkedWiki [9]. OHo npumeHsieTcst AJIst NOTyUeHUs IaHHBIX C BHEUIHETO CEpBUCA M OTOOPaKEHHS 3TUX JaHHBIX B Wiki-
cucTeMe. JTO paclIMPEHHE HE MOXKET U3MEHHTh CTPYKTYpPY CYLIECTBYIOIIEH CHCTEMBI, a TOJIBKO JOHONHSIET e, II03TO-
MY HMEeT JOBOJIbHO OTPaHHYEHHYIO 00JIacTh IPUMEHEHHSI.

2.2 O0630p MOAX0/0B K M3BJIeYeHUIO OHTOdOTHii 13 Wiki-cucTem

CyIiecTByeT MHOTO MOX0JI0B K W3BJICUeHHIO 3HaHUi 13 Wiki-CHCTeM B BHJIC OHTOJIOTHH, B YACTHOCTH, U3 Bukumneuu.
OHUMHU M3 NEPBBIX PEIICHUEM ATOTO BONPOCA 3aHSUIACHh TPYIIa HEMELKUX Y4eHbIX U3 MHcTuTyTa nHbOpMaTHKH 00-
niectBa Makca [lnanka [10]. X menbro ObUTIO aBTOMAaTHYECKOE MTOCTPOCHHUE 00MIeH OHTOJIOTHH 3HAYATEIILHOTO 00BheMa,
BKJIIOUAIONIYI0 (pakThl, U3BJICUEHHbIE N3 Bukumnenun ¢ BHICOKOW TOYHOCTHIO. [Ipu 3TOM Ipearonaragock COBMECTHO
UCIob30BaTh 3HaHUs u3 Bukuneanu u WordNet [11]. Ora 3amava O6buta ycnenino pemiena, B pesynbprare Obuta moiry-
4yeHa oHToJormyeckas O0a3a 3HaHWH YAGO. B manHOM moaxone MCTOYHWKaMHU WHpoOpManuy B Bukumnennu ciyxar He
caMH CTaThM IIETMKOM, a CHCTeMa KaTerOpHil 3TOW SHIMKIONEINH W TaK HA3bIBAEMBIC «IIa0JIOHBI-KAPTOUKIDY
(«infoboxes) — cTaHZapTH30BaHHBIC TAOJHIEL, CONEPIKAIINE OCHOBHYIO WH(POPMALHUIO O TpPEAMETE, OMUCHIBACMOM B
crarbe. [Ipu sToM n3 Bukumeann w3BIIeKalOTCS WHAWBUIBI, OONBIIAS YaCTh OTHOIICHWHA M KaTETOPHH-JIHUCTHS, a OC-
TajabHas UepapXxusi KaTeropuid U OTHOIIEHUH goctpanBaetcs Omaromgaps WordNet [12]. B ocHoBe YAGO nexur cobcet-
BEHHas MOJEIb, KoTopas sBisieTcst HeboubmmM pactiupenneM RDFS. Tlo 3asBieHnto aBTOpoB, HECMOTPS Ha JOCTaTOY-
HYIO BBIPA3UTENBHOCTh MOJIENHN, OHA OCTAaeTCsl pa3pelinMoi (B OTHOIIEHHH IPOBEPKU €€ HENPOTHBOPEUMBOCTH). B
NPOBEJJCHHOM MMM OLIEHOYHOM HCCJIEIOBaHMM TOYHOCTh WH(OpManuu, cojepikalieiics B OHTOJIOTMH, COCTaBHJIa
95% — HAMHOrO BBIIIE, Y€M y BCEX JIPYTHMX aBTOMATHUECKU MOCTPOEHHBIX OOIIMX OoHTONOrHi. Kpome Toro, maHHas
OHTOJIOTHSI UMEET T0opa3fo OOJIBIINH 110 CPABHEHHUIO C YITOMSHYTBHIMH BBIIIE OHTOJIOTHSAMHU pa3Mep. OHa HCIOIb3yeTcs
BO MHOTHX NPHJIOKEHHSX M SBJISIETCS COCTABHOW YaCThI0O MHOTHX JPYTMX CEMaHTHYECKHX NPOEKTOB. [lanbHelimee pa3-
BUTHE TOH 0a3bl 3HaHUN — Y AGO2 — nucnonp3yeT eme OAnH UCTOUYHUK HaHHBIX (GeoNames) u comepxuT eme Ooee
BHYIIUTEIBHBIN 00beM nHpopMmarmu [13].

Ha ocHoBe Bukunenuu cTposT He TOIBKO OOIINE OHTOJOTHH, HO M CHEeNHANN3UPOBaHHBIE. B wacTHOCTH, TpyIa
SIIOHCKUX YYEHBIX pa3paboTana MeToJ| AJIsl IOCTPOCHUS KpyIHOMacIITabHOW OHTONOTMH Jitozieit [14]. B Hem uepapxus
KaTeropuii, a Tak’Ke CaMH 3K3eMIUISIPbI, N3BJIEKAIOTCS U3 SHIMKJIONEINH C MOMOIIBI0 MAaIIMHHO-00y9aeMOoro KJIacCcH-
(ukaropa u ¢ UcIoIb30BaHUEM siOHCKOTO Tedaypyca Nihongo Goi-Taikei. CylecTBeHHOH 4acTbi0 METO/a SIBISETCS
UCIIOJIb30BaHKNE «IIOXOKUX KAaTErOPH» — 3TO KAaTErOPUH «POIUTEIN», «IETH» WU «CECTPbI», y KOTOPBIX MOCJeHee
CJIOBO COBIAJAeT C MOCIECJHUM CIIOBOM LIEJIEBOM KaTeropuu. DKCIIEPUMEHTHI, IPOBE/ICHHBIE aBTOpaMH 3TOi paloThl,
MOKA3bIBAIOT BBICOKYIO TOYHOCTh U IOJHOTY MOJYYCHHOW OHTOJIOTHHU (OHH MPEBOCXOMAAT MPEIIICCTBYIOIINE CYIIECT-
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BYIOILIIME METOJIbI), & TAKXKE CYIIECTBEHHOCTh MCIOJIB30BAHUS TE3aypyca U «IOXOXKUX KaTeropuii». Eimle ogHum mpe-
MMYIIECTBOM Tepe]] IPYTUMHU METOJaMHU Ha3BaHa BO3MOXKHOCTh M3BJIEUEHUSI KaTErOpHil, He MMEIOIUX COBMAJCHUN B
Te3aypyce, U KaTeropui ¢ HEOJHO3HAYHBIMU Ha3BaHUSIMHU.

Eme ogHuM moaxoaoM K MOCTPOCHUIO MPEAMETHO-OPUEHTUPOBAHHBIX OHTOJIOTUI 3aHUMAETCSI COBMECTHBIN MPO-
exT yHuBepcureToB VHCOpyka u @nopuast [15]. Ero y4acTHUKHM yTBEpXKIarOT, YTO OCHOBHOW HEIOCTaTOK CYIIECT-
BYIOIIAX OHTOJIOTHH B TOM, YTO OHH Pa3padaThIBAOTCS TOJIHKO HEOONBIINMHU TPYIIIAMH JIIOACH, a OOJNBIIMHCTBO IO-
TEHIMAJIBHBIX IOJIF30BAaTENIeH MCKIIOYEHO M3 Iporiecca pa3paOdOoTKH OHTOJOTHHA W WX MHEHHUS He y4UThIBaroTcs. [lo-
ATOMY TpeJUIaraeTcs UCIOIB30BaTh CTaHAapTHEIE Wiki-TEXHOIOTHH, C TOMOIIBIO KOTOPBIX THICSIYH ITOJIB30BATEIICH yiKe
BOBJICYCHBI B CO3JaHHE TAKOTO OTPOMHOTO 10 00BEMY MCTOYHHKA 3HAHWUN KaK AJIEKTPOHHAS SHIMKIIONEaus Buxume-
IIUsi, B Ka4ecTBe Cpedbl Ui pa3paboTku oHTodormid. B pabore mokaspiBaercsa, yto URI 3T0H 3HIMKIONEANH MOTYT
CIIY)KUTh HAJIS)KHBIMH HICHTU(PHUKATOPAMH JUISI OHTOJIOTHYECKUX KOHIICNITOB, M IEMOHCTPUPYETCSI IPUMEHUMOCTh 3TO-
ro MOJAX0/1a Ha MPAKTHUKE.

[ToMrMO HEnoCpeICTBEHHOTO M3BJIEUYEHUS 3HAHUN B BUJIE OHTOJIOTHI, HA OCHOBE BUKuINIequu pemarT U BCIIOMO-
rateibHbIC 3a/1a4M B 3TO# oOsacTu. Hanmpumep, npu KOHCTPYUPOBAHUK OHTOJIOIMH OOBIYHO TPeOyeTCs KOPIyC U3 KOH-
KPETHOH IpeMETHON 00TacTH IS IOCTPOCHHUS COOTBETCTBYIOIICH HepapXuu KOHIeNnToB. [Ipu 3ToM OH J0mKeH obec-
MEYMBaTh XOPOIIEe TOKPBITHE TOM 00JaCTH C JIOCTATOYHOH CTEHECHBIO Ka4eCTBA. DTUM BOIPOCOM KaK pa3 W 3aHMMa-
I0TCS yueHble U3 ['OHKOHICKOro MOJUTeXHUYecKoro yHuepcuteTa [16]. OHM UCIONIB3YIOT B KauecTBE UCTOYHMKA Bu-
KHTICAWIO W TPEAIaraloT HOBBIA MOJXOM IJIS KITACCU(PHUKAIIMK CTaTeH 1Mo MpeaMeTHBIM obnacTssM. OCHOBHAS Wes 3a-
KITIOYAeTCs B TeHEepaIy HepapXud MPEeIMETHON 001acTH Ha OCHOBE THIIEPTEKCTOBBIX CBsA3el cTpaHuil. W Tompko cTa-
TBU, TECHO CBS3aHHBIC C 3TOH HMepapXuei, BRIOMPAIOTCA B KauecTBe KaHAWIATOB. [IpenmaraeMsiii METOI TIOKa HCIOIb-
3yeT TOJbKO HH(pOpPMALHIO 0 KaTeropusix Bukuneauu. J{anee BBIMONHIETCS paH)KHPOBaHUE U (QUIBTPALMS BHIOPAHHBIX
CcTpaHull. Pe3ynbTarhl 3KCIIEpUMEHTA 10 OLEHKE, INPOBEACHHOIO aBTOPaMH, IOKa3bIBAIOT, YTO Bukunenus sBiaseTcs
XOPOIINM PECypCOM JJIS TIOTyYeHHsI KOPITyca KOHKPETHOH MpeMETHOMH 006J1acT CPaBHUTEIHHO BEICOKOTO KAa4eCTBa.

KoneuHo e, CylecTBYIOT NPOEKThI, B KOTOPBIX JaHHbIE, U3BJICUEHHbIC U3 BUKUIEIUH, UCTIONB3YIOTCSI HE MTPOCTO
JUISl TIOCTPOCHUSI OHTOJIOTUH WIIM JIJISl PEILIEHUs] OT/IEJIBHO B3STOW BCIIOMOTATEIbHON 3a/1auH, a MPUMEHSIOTCS KaK 4acTh
KPYIHOH MH(POPMAIIMOHHOW CHUCTEMBI, TECHO B3aMMOJICHCTBYIOIIEH C APYTUMH cucTeMamu (TIpUMepamMH B3aMMOJICHCT-
BUS SIBIITIOTCSL aBTOMATUYECKUI COOp JaHHBIX M3 JAPYTHX CHUCTEM, OOBEACHUE C IPYTUMHU OHTOJIOTUSMH, OTOOpaKCHHE
COJICPXKUMOTO B JAPYTYIO CUCTEMY W T.I.). JIJIs WIUTFOCTpalMU pacCMOTPUM MHPOEKT 1moj HaskiBaHueM «[loctpoeHme n
HCTIOJIh30BaHUE TEOMPOCTPAHCTBCHHOW OHTOJIOTHH B HaOmronaronie cucteme BioCastery, pazpabaThIBacMBIi TPYIION
SITMIOHCKUX W BHETHAMCKHX y4eHBIX [17]. [l Hadanma oHH IUTAHUPYIOT IMOCTPOUTH TEOMPOCTPAHCTBEHHYIO OHTOJIOTHIO,
UCTONB3ys HHpopMarmio 3 Bukunennu, a 3aTeM HCIIONB30BaTh ee B cBoell cucteMe. basa maHHBIX Oyner coiepikarh
Ha3BaHMsI CTPAH U CaMbIX KPYIHBIX TOPOJOB, & TAK)KE OTHOLIECHHUS TUIA «YaCTh-1IEJI0€» MEXIY CTPAaHAMU M UX 4YacTs-
Mmu. [Iponiecc nocTpoeHus NPOXOIUT B MOJIyaBTOMAaTUYECKOM PEKHUME: aBTOMATUUYECKOE U3BJICUEHHUE JAHHBIX, a 3aTEM
BepudHKaLus ¢ ydacTueM uesioBeka. Ha mocneanem srare reorpocTpaHCTBEHHAs uepapxusi U3 Bukuneanu oobenuHs-
etcst ¢ onTonorueii BioCaster. Dta crcremMa npeiHa3HAYASTCS TSI BHIIBICHUS U OTCJICKMBAHUS BCIBIIICK HH(DEKIIMOH-
HBIX 3a00JICBaHUII HA OCHOBE HOBOCTHBIX COOOIICHUI. B nanpHeiiem 3Ta noaydeHHas HHPOPMAIUs BU3yaTH3UPYETCs
¢ ucnoyib3oBanueM Google Maps.

Emie ogHuM MpoeKToM, B KOTOPOM MOCTPOEHUE OHTOJIOTMU Ha OCHOBE BHKUMeEnWu MCHOIb3yeTCsl B KaUeCTBE CO-
CTaBHOM 4acTH, 3aHUMaroTcsa B HaHbsHCKOM TexHONornYeckoM yauBepcureTe [18]. B ero pamkax Obiia mpeampuHsTa
MOMBITKA aBTOMATHYECKOT0 TMOCTPOCHHS KPYIMHOMACINTAOHOW MYJIBTH-MOJAIBHONW OHTOJOTHH NS KIIACCH(HKAIUU
BeO-n300paskeHUA. J[J1s1 TEKCTOBOM YacTH OBUIHM MCIIOB30BaHbBI MPEHMYIIECTBA CTPYKTYPHBIX M KOHTEHTHBIX BO3MOX-
HocTell Bukunennu, u 00beKTH peaTbHOro Mupa ObUTH (OpMaIH30BaHBl B TEPMUHAX KOHIIENTOB M OTHOIICHHUH. s
BH3YaJIbHOW YaCTH MPOU3BOIMIOCE 00y4YeHHe Kiaccu(rukaTopa U Mo pe3ysibTaTaM TeHepUPOBANNCH KOHIICTITH IIPOMe-
’KYTOYHOI'O YpOBHS. B nanpHeieM ncnob30Baaoch aCCOLMATUBHOE MPABUIIO TOMCKOBOIO aJITOPUTMA AJIS yJIy4LIEHUS
MMOCTPOCHHOM OHTONIOTHH. [TocpencTBOM IKCIIepHUMEHTa Oblla JOKa3aHa BBICOKAst TOYHOCTh pabOThI METOIa.

Bukunenuss — He €IMHCTBEHHBIH MCTOYHMK MH(GOPMAIMK, UCIOIb3YeMbIl ISl U3BIIeUeHUs 3HaHUil. B mpoekre
pa3paboTKy MopTaja 3HAaHWH O KJIACCU(HUKALUH KOMITBIOTEPHBIX 3bIKOB [19] ncrnonp3yercs noaxoj, OCHOBaHHBINA Ha
W3BJICUCHUH 3HAHUHM W3 «Ia0JOHOB-KAPTOUEK», a B KAUYECTBE MCTOYHUKOB MH(OpMAIu HCHONb3ytoTcs Progopedia
[20] u Freebase [21].

3 Ilocrpoenue uaopmannonnoi Wiki-cucremMbl Ha OCHOBE OHTOJIOTHH

[Tpennaraemasi B pamMkax JIaHHOH paOOTHI MHCTPYMEHTaJbHAs CHCTEMa II03BOJISIET HA OCHOBE paHee pa3paboTaHHOU
OHTOJIOTUHM NOCTpOuTh Wiki-CHCTEMY, CTPYKTypa U COJepKaHHe KOTOPOi OyAeT ompenemnsaTbesi 3TOi oHToJoruii. B
JanbHeimeM nocrpoeHHas Wiki-cucremMa MOXeT pacIuupsThbest Kak oobranast Wiki-cucrema ¢ ucrosnb30BaHHEM Tpaiu-
IUOHHBIX cpencTB Wiki-TexHomoruu.

OO0mras cxema paboOTHl HHCTPYMEHTAJIBHOH cHcTeMBI mpeacraBieHa Ha puc. 1. CormacHo Hel pa3pabortka Wiki-
CHCTEMBI B PACCMATPUBAEMOI HHCTPYMEHTAJIBHOM CHCTEME BKIIIOYACT CICAYIOLINE ITAIIBL.

Ha mepBom mare oHTOJNOTHSA, OTyYeHHAs B TOTOBOM BHIE WM pa3paboraHHas B Protégé [22] mmm kakom-mubdo
JIPYTOM PEIaKTOpe OHTOJIOTHI, coxpaHseTrcs win KoHBepTupyercss B OWL-dopmar [23]. [Tocne 3Toro daiin co crernu-
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(uKaiyeil OHTOIOTHH MOJASTCS Ha BXOJ CICHHAIBHO pa3paboTaHHOMY B paMKaxX JaHHOTO MPOEKTa MPOTrPaMMHOMY
Moxysro Onto2Wiki, koTopsiii pa3dupaet ero ¢ ucmnonb3oBanuem oubmuoreku RDFLib [24], a 3aTem, npu momoIu
cpenst Python WikipediaBot Framework [25], co3naer kapkac WHGOPMAIMOHHOW CUCTEMbI Ha OCHOBE mycToro Wiki-
caiita, paboratomero Ha 6aze MediaWiki ¢ pacimpennem Semantic MediaWiki. [Tpu stom B Wiki-cucremy no6asis-
I0TCSL HY>KHBIE CTPAHHUIIBI, 7151 KOTOPBIX YKa3bIBAIOTCS COOTBETCTBYIOLIME aTPHUOYTHI, PACCTABIAIOTCS KATErOPUH U TPO-
MHCBHIBAIOTCS HYKHBIE CBsi3U. [1ocie BbIMoaHEHUs 3TuX AekicTBuit Wiki-ciuctema rotoBa K HCIOIb30BaHHIO.

PepakTop oHTONOrMM

[ OHTonorusa Ha a3bike OWL ]

| Onto2Wiki U
| Python Wikipediabot Framework + |j

Semantic MediaWiki
MediaWiki

Puc. 1. OGmas cxema paboThl HHCTPYMEHTAIbHOM CUCTEMBI

B tabnuue 1 mpencraBieHO COOTBETCTBUE MEXy KOHCTpYKIMsIMH si3bika OWL u cemantuueckoit Wiki, koropoe
UCIIONIB3YEeTCs MTPHU 0TOOPaKEHNH OHTOJIOTUH B CTPYKTYpHI U cofepkanne Wiki-cuctemsl. B cooTBeTcTBUM € 3TOI Tabd-
JIMLEH A1 KKIO0TO Kilacca OHTOJIOTHH OYZET CO3/laHa CBOSI KaTeropusi, KOTopast OyZeT MpocTaBlieHa Ha KaXIOW MoJ-
KaTerOpHH, COOTBETCTBYIOIIEH IMOIKIACCY JAHHOTO KJacca, W Ha KaKIOH CTpaHHUIE, COOTBETCTBYIOIIEH 3K3eMIUIAPY
JTAaHHOTO Kjacca. Takke Bce aTpHOYTHI SK3EMIUIIpAa OHTOIOTHH OyIOyT yKa3aHbl B KauecTBE aTpHOyTOB Ha CTpaHHIIE,
COOTBETCTBYIOLIEH 3TOMY 9K3eMIUIIpY. [Ipr 3TOM Bce OTHOIICHHST OHTOJIOTHH OTOOPA3sATCsS B THITU3UPOBAHHBIE CCHUIKA
[26] Mex My COOTBETCTBYIOIIMME CTPAHUIIAMU M KATETOPHUIMHU.

Ta6aumna 1. CootBercTBHE KOHCTPYKIHM si3pika OWL 1 Semantic MediaWiki

Koncrpykuust OWL Semantic MediaWiki
Knacc Kareropus

ITonxnacc Ilonkareropus
OK3eMILIIp Crpanuna

ATpudyT ATpuOyr

OTtHomeHne TunusupoBaHHas CChUIKA

Co31aHHYIO ¢ MOMOIIBIO TaHHOTO HHCTPYMEHTa CUCTEMY MOXHO MopadaThIBaTh B COOTBETCTBHU C BOSHHKAFOIIH-
MU MOTPEOHOCTSMH, B3aUMOJICUCTBYsI ¢ Hell Kak ¢ o0braHol Wiki-cucremoit. T.e. MOXKHO CO31aBaTh HOBBIE CTPAHHIIBI,
MIPONHCHIBATh HOBBIE CBSA3H, YKA3bIBATh HOBBIC KATETOPHHU H T.J.

4 U3BievyeHue OHTOJIOTHIT 13 cymecTByromux Wiki-cucrem

Kak 0b110 CKa3aHO BBIIIC, MOAXO K MOCTPOCHUIO HH(OpMAMOHHBIX Wiki-CHCTEM Ha OCHOBE OHTOJIOTHIA MPEIMETHBIX
obiacreil kpoMe MexaHU3Ma «OTOOpaKEHUS» OHTOJIOTHH JOJDKEH BKJIIOYATh U OOPATHYIO MPOLENYpPY, T.€. METOM W3-
BicueHust oHTo0THH n3 Wiki-cucrem. IIpudyeM 3TOT METO MOYKET MMETh rOpa3ao OOJIbIIEe MPUMEHEHHH, YeM 3TO MO-
JKET IIOKa3aThCA Ha HepBblﬁ B3TJIANO.
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4.1 MeToa n3BJIeYeHHs] OHTOJIOT Ml

3anaya m3BiedyeHus: oHrosorun 3 Wiki-cucremsl pemaercsi ¢ MOMOLIBIO TeX )K€ MHCTPYMEHTOB, KOTOpbIE NPHUMEHS-
JIUCh TIPH €€ «OTOoOpakeHWn». PasHHWIlAa 3aKiI0OYaeTCs B HCIOIB30BaHMM BMecTO Moyt Onto2Wiki apyroro mpo-
rpammHOoro Moxyist — Wiki2Onto, Takxke pa3paOOTaHHOTO B paMKax JaHHOTO IpoekTa. [Ipu 3ToM Bce orepanuy BbI-
HOJHAIOTCS B oOpartHOM mopsinke. T.e. cHauana moxysis Wiki2Onto npu nomoum Python WikipediaBot Framework
n3BJIeKaeT oHToJoruio n3 Wiki-cucTeMsl, a 3aTeM ¢ Hcnoib3oBanreM Oudinoreku RDFLib coxpanser B daiin Ha sS3b1-
ke OWL. I[Ipu 3ToM mcmonp3yeTcs Ta ke caMasi TaOJNHIla COOTBETCTBUS KOHCTpYKIuit si3pika OWL 1 ceMaHTHUYECKON
Wiki (em. Tabmumy 1).

PaccmorpuM stoT mporiece 6onee moapooro. OHTONMOTHS M3 Wiki-CHCTEMBI U3BJIEKAETCS B CIICAYIOIIEM ITOPSIKE.
CHayana HM3BJIEKAIOTCS BCE KJIACCHI, IPH 3TOM KaXJOMY KJIAacCy COOTBETCTBYeT ofHa Kareropus Wiki-cucremsl, a
CTPYKTYypa BIO)KEHHOCTH KaTeropuid Wiki-cuCTeMBI ONpenenseT HepapXHio KJIaccoB. 3aTeM H3BJIEKAIOTCS BCEe CTPaHH-
bl KaK 3K3eMIUIIPBI COOTBETCTBYIOMIMX KiaccoB. Jiis mycThIX cTpanui, Ha Kotopsle B Wiki-cucreme uMeroTcs cchui-
KM, 3aBOJIUTCS CIIELMAJIBbHBIN CiTy>keOHbIH Ki1acc «HecymecTByronue crpanuipy. [locine aToro npocmarpuBaroTcs Bce
CCBUIKM Ha KaXkJOM crpaHuue. s Havana onpeaensercs, sBISETCs JIM CChUIKa OOBIYHOW MIIM ceMaHTH4YecKoi. Ecnun
CCBUIKa OOBIYHAS, TO JUISl COOTBETCTBYIOUIETO dK3eMInLsipa Kiacca B OWL-oHTONOrMH 3aBOANTCS OOBEKTHOE CBOWCTBO
«Ccplaercst Ha» CO 3HAUEHHEM B BHIE SK3EMIUISIPa, MMsI KOTOPOTO COBIIAAAET C MMEHEM CTPAHMIIBI, Ha KOTOPYIO yKa-
3bIBAa€T CChUIKA. EciM cchlika ceMaHTHUYECKast, TO OHa UMEET CIEeNYIOUIYI0 CTPYKTYPY <Hda36aHue ceolcmed, 3HaueHue
ceoticmea™>, U s Hee CHavajla ONpe/IeIsieTCsl TUIT ee CBOMCTBa. Eciii cBOMCTBO MMeeT Tull « Cmpanuyay VI €ro TUIL
He ykas3aH, T0 B OWL-oHTONOrMN 3aBOANTCS 0OBEKTHOE CBOMCTBO C COOTBETCTBYIOIIMMU UMEHEM (HazgaHue cgoticm-
6a) W 3HAUYCHUEM (3HaueHue cgolicmea). (3aMeTHUM, 4TO TI0 YMOIYAHHIO CBOMCTBO CCBUIKH MMeeT TUll « Cmpanuyay.)
Ecnu ke cBOMCTBO MMeET KaKOH-TO APYrod CTaHAAPTHBIA THII, TO THII CBOWCTBA MaHHBIX B OWL-oHTONOTHK Ompene-
JsieTcs corylacHo Tabnuue 2. s monbp30BaTeNbCKUX TUIIOB CBOMCTB CO34aeTCsl COOCTBEHHBIHN THIT CBOHCTBA JJAHHBIX.

Tabauna 2. CooTBETCTBHE IIPU U3BJICUCHUN CTAHIAPTHBIX TUIIOB

Tun coiicTBa Tun OWL
Crpoxka string
Yucio double
Byneso boolean
Jlata dateTime
Tekct string
Kox string
TemedoHHBII HOMED Annotation property
URL Annotation property
IToura Annotation property
URI anHOTanmu Annotation property

Tak xak peanuzarusa moxyiast Wiki2Onto eme He goBeneHa 10 (GpUHaNBHON CTaluK, TO TOKa MOJIEP)KUBAIOTCS HE
BCE CTaHAAPTHEIC TUIBI cBOMCTB Semantic MediaWiki, a TONBKO Te, 4TO MPECTABICHEI B TAOIUIIE 2.

Crnenyer ormeruts, yto Wiki-crcrema, U3 KOTOPOIl M3BJIEKACTCSl OHTOJIOTHS, HE 0053aTENbHO JODKHA (DYHKIHO-
HUpPOBaTh Ha pacmmpennu Semantic MediaWiki. Oxgrako B cirydae ucrons3oBarus Wiki-cuctemsl 06e3 3Toro pacmmpe-
HUSI M3BJIEKaeMasi OHTOJIOTHs OyneT ropas3zo OenHee, Tak Kak B HEH He Oy/leT MPUCYTCTBOBATh CIICIMAIbHAS CEMAaHTH-
geckas nHGopMarmst. B yactHocTH, Henb3s OyneT u3BIeYh aTPUOYTHI, Pa3HOOOpa3ne OTHOIICHUH Takke OyaeT HeBelH-
ko. [IpaBna, myTeM WHIUBHIyalIbHOI HAacTpoiiku Ha fAaHHylo Wiki-ciucteMy 00beM M3BJIEKaeMOi 13 Hee MH(pOpMAIUN
MOXHO YBEJIHYHTb.

4.2 BapuaHTbl NPUMEHEHUS METO/1a U3BJICYCHUSI OHTOJIOT Ui

Camoe 04eBHAHOE U3 MPUMEHEHHH ATO, KOHEYHO )K€, IOCMOTPETh Ha TO, KaK M3MEHWJIACh OHTOJIOTHS MOCJIE TOTO, IKC-
nepThl mopaboTainu Haj coaepxuMbiM Wiki-caiiTa, co3aHHOro Ha 0a3e NepBOHAYAILHON OHTOJOTHH. DTO MOXET I10-
Ha)I06I/IT])Cﬂ HC TOJIBKO paaun O6bl'-lHOFO J'I}OGOHI)ITCTB&, HO U U1 BIIOJIHE CEPBLE3HBIX ueneﬁ: HalpuMep, OTCICIKUBAHUEC
pa3BUTHS TPOEKTA, BEpUHKALUS T10JlydaeMOl OHTOJIOTHH, NPOBEpKa KadecTBa M cOaJaHCHPOBAHHOCTH IIOJTydaeMoOn
CTPYKTYpPBI JJaHHBIX, KOOPJIMHALMS B Pa3BUTHU OTJEIBbHBIX YacTel NMpeaMeTHOH obnacty. Takke K HOJydYeHHOH OHTO-
JIOTHU MO>KHO NPUMEHHTH MAIIHY BBIBOJIA JUIS TIOJTyYSHNUS HESIBHBIX 3HAHHM.

Kpome Toro, m3Bnekath OHTOJOTHH MOXHO HE TONBKO M3 Tex Wiki-cucteM, Kynma oHa Obla IpEABapUTEIHHO
«0TOOpaXKkeHa», HO M3 JIOOBIX JAPYrHX. DTO MOXKHO NPUMEHATH B TEX CIIy4asX, KOrJa y Hac YK€ eCTh CUCTeMa, I/ie CO-
JeprKaTcsi HEKOTOPBIE TAHHBIE 110 HY)KHON HaM NPEIMETHON 00JaCTH, a MBI XOTUM IOCTPOUTH OHTOJIOTHH 3TOH obJiac-
TH. BMecTo Toro, 4To0bI Bpy4YHYIO CTPOUTH BCIO OHTOJIOTHIO «C HYJISD», MOXKHO M3BJIEUb €€ U3 CUCTEMBI, ITOJy4HUB IIpe/-
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BapUTENIbHBIN, YSPHOBOW BapUAHT, a IOTOM YK€ JI0padaThiBaTh €ro, 4YTo YK€ ropasio mpoiie. IT0 0COOCHHO aKTyaabHO
JUTSL TIOCTPOCHHUS TE3ayPYCOB.

Eite oHO mpUMeHEHHE 3aKII0UacTCs B 00bSTUHEHUH HECKOIBKIX Wiki-CHCTEM 1O CX0KHUM MPEIMETHBIM 00J1ac-
M. HemmocpencTBeHHOE 00beIMHEHIE MOXKET OBITH JIOBOJIBHO CIIOKHBIM ¥ IMTOTPEOOBATh OYCHh MHOTO PYYHOH paboTEHI,
MOTOMY 4YTO KpaWlHE 3aTPyIHHUTEIBHO OTCICIAWTH BCE CBSA3M W IEPECCUCHHS MEXIy IBYMs cucrteMamu. Mcmonbsys
MpeJyIaraeMblid TIOJX0JI, MOYKHO ITOCTYIIUTh TOpa3zo MPOIIE: U3BJICYb OHTOJOTHIO M3 KaXIOH CHCTEMEI, a IIOTOM IIPO-
BecTH X cnusHue. [loce 3Toro no mory4eHHOH OHTOJIOTHH CTPOUTH 001ryro Wiki-cucremy.

5 3akarouenue

B nanHo# paboTte paccMOTpeH MoIxo K HOCTPOSHHIO HH(POPMALIMOHHBIX CHCTEM Ha ocHOBe Wiki-TEXHOJIOTMH M OHTO-
JIOTHH TpeIMEeTHRIX o0acTeil. B paMkax 3Toro moaxona mpeanox)eHsl MeTo moctpoeHns Wiki-cicreM Ha OCHOBE OH-
TOJIOTHH ¥ METOJ W3BJICUEHHSI OHTOJIOTHH U3 cymiecTBytomux Wiki-cucrem, pa3paboTaH NpOTOTHUII HHCTPYMEHTAIbHON
CHCTEMBI, PeaTN3yIOMINI JaHHBIE METOIBI B 00BhEMeE, YKa3aHHOM B pasnenax 3 u 4.1.

Pazpabotka merona moctpoeHuss Wiki-cucteM Ha OCHOBE OHTOJIOTHH TO3BOJIIET CTPOUTh Wiki-CHCTEMBI ¢ XOPO-
LIEH CTPYKTYPOH U COINIACOBAHHOM CUCTEMOM MOHATHM.

Hannume metona u3BneueHus oHToNorui n3 Wiki-cicreM OTKpBIBAeT ClieIyIOLIHE BO3MOKHOCTH B TIOCTPOCHUU
MH(OPMALIMOHHBIX CUCTEM M OHTOJIOTHIA:

1) KOHTpOJIb KayecTBa NMOCTPOeHHOW HAa ocHoBe oHTOOrMu Wiki-cucTtemMbl B TeueHHe BCero ee ;KM3HEHHOIO
nukia: Wiki-cucrema, nocTpoeHHasi HA OCHOBE OHTOJIOTMH B paMKaxX HAIlero IT0JXO0/a, JOTOJHSETCS HOBBIMU
KaTerOpUsMH M CTPaHWIAMH; NEPHUOAWYECKH W3 3TOH CHUCTEMBl H3BJIEKAeTCs OHTOJIOTHS, BEepHUUUPYETCs,
UCIIPABIISIETCSI; IIOCJIE€ A3TOTO0 O OOHOBJICHHOW OHTOJIOTMM 3aHOBO cTpoutcs — Wiki-cuctema, oOnamaromiast
XOPOILIMM Ka4eCTBOM;

2) BO3MOKHOCTb peMH:KHMHHPUHTa wuHpopManuoHHbIXx Wiki-cucTeM: cHawanma m3Biekaercss oHronorus Wiki-
CHUCTEMBI, 3aTeM 0JTa OHTOJOTHA BepuuIupyercs, (IpH HEOOXOAUMOCTH) MOTONHACTCS HEOOXOAUMBIMU
3JIEMEHTaMH; 1I0CJIE 3TOTO 0 HOBOI OHTOJIOTUH CTPOUTCS HEIIPOTUBOPEUHBAsI CHCTEMA C HOBBIMH CBOHCTBaMU;

3) BO3MOKHOCTDH MOCTpPOeHNUs 0000meHHol nHpopmannonnoii Wiki-cucreMbl Ha 0CHOBe HECKOIBKHX OJM3KHX
nmo tematuke Wiki-cucrem: u3 xaxmor Wiki-cHCTEMBI H3BJIEKAETCS OHTOJOTHS, BBINOJHICTCS CIHSIHUE
MOJTy4EHHBIX OHTOJIOTMH, Ha OCHOBE OOBETMHEHHOM OHTOJIOTUH CTpoUTCsi 00001eHHas Wiki-cucrema;

4) BO3MOMKHOCTH TOCTPOEHHsI TIOJHBIX OHTOJOTHH  TPEIMETHBIX 00JacTell: M3BIEKAIOTCS OHTOJIOTUH
Heckosbkux Wiki-cucrem, OTHOCSIIMXCS K OJHOM TEMAaTHKe; I10Ciie BEpU(PHUKALMH TTOJyYEHHBIX OHTOJIOTHHA, OHU
00BEANHSIOTCS. B OJHY (MCIIOJIB3YSI METOAbI BRIPABHUBAHUS W CIMSIHUS OHTOJIOTHH).
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BBenenue

B yciioBusIX BBICOKHX TEMIOB HMH(OPMAIIIOHHOTO Pa3BUTHSI COBPEMEHHOTO OOIECTBA U HapaCTaHUs HEONpeJeICHHO-
CTH COLMAIBHBIX U3MEHEHNH BO3HHMKAET MOTPEOHOCTh B METOAAX AMArHOCTHKU M aHalInM3a caMOM COLMAlIbHOM Cpebl,
COLIMATIBHBIX B3aMMOJICHCTBHH, TPOTHO3NPOBAHUS OYyIyIIEro u OLEHKH pucKoB. OHAKO AaJIeKO HE BCET/a CYIECTBYET
BO3MOXKHOCTh Pa3paboTaTh CTPOTHE MaTEeMaTHYECKHE MOJEIH COLMAIbHOW CHCTEMBI WIHM C(hOPMHPOBATH 3ampoc Ha
JTaHHBIE MCCcIeqoBaHus crienuanuctaM. OJHAM W3 PEelIeHUH NaHHOW MpoOIeMbl sBIIseTCsl pa3paboTka KOMILIEKca rHo-
KHX MOJIEJIEH CONMANbHBIX MPOLIECCOB, MO3BOISAIOMINX BbIICIUTh OCHOBHBIE HANIPABICHUS M XapaKTEPUCTUKU COLHATb-
HOH peasbHOCTH, YIPOIIAsi TEM CaMbIM CIOKHOCTb M (POPMHPYSI LEJIOCTHBIH 00pa3, HEOOXOIUMBII Ul TTOCTAaBIEHHBIX
3aJad: JEeTaIbHOTO aHaIN3a, aAeKBaTHOM OLEHKH CUTYyalluH, IPUHATHS YIPABJIEHUSCKUX PEIICHUH, MOCTAHOBKH 3a/a4
Ha 0oJiee cTporue, KONU4eCTBEHHbIE UCCIEJOBAHUS.

COIJ,l/IaJ'II)HbIe IMPOUECChI TPYAHCEC OLICHUBATH U MOACIUPOBATH, TAK KaK PE3YJIbTATbl CKOPEEC IMCUXOJIOTMYCCKUC U
comuojoruueckue, yeM usudeckue. XoTa CpeAcTBa MOJEIUPOBAHUS COLHAIBHBIX CUCTEM O4YeHb MEIJICHHO pa3pada-
TBIBAIOTCSI, BCE YK€ CYIIECTBYET HECKOJIBKO I'PYIII, JOOUBIINXCS HEKOTOPOTO ycIiexa B pa3pabOTKe areHTHBIX MOJeeh
coLMabHBIX ceTeld. KoMIbroTepHOEe MOAEINpOBaHUE C MCIIOIb30BAaHHEM areHTOB IpeJCTaBisieTcss Hanboee sdek-
TUBHBIM JJIS1 MOAEIMPOBAHUS CJIOKHBIX COLUAIBHBIX MPOLECCOB.

B ocHOBe Takoro moaxona JISKUT MOHSATHE MHTEIUIEKTYaIBHOTO areHTa. AT€HT — 3TO CYIIHOCTb, KOTOpas Haxo-
JIITCS] B HEKOTOPOH Cpezie, MOoNTydaeT JaHHbIe, KOTOPBIC OTPAXKAIOT COOBITHS, IPOUCXOSIINE B CPEe, HHTEPIPETHPYET
UX W UCIIONHSAET KOMAaHIpbl, BO3ACHCTBYIONINE Ha cpely. MyJIbTHareHTHBIE CUCTEMBI XapaKTepU3YIOTCS TEM, 4TO, BO-
MEPBBIX, KAXK/BII areHT BiafeeT HHGOpMaIueil, He0CTaTOUHOM I PEeLIeHuUs BCE 3a1auu, BO-BTOPBIX, HET III00aIb-
HOT'O KOHTPOJIA, TO €CTh KaX/blil ar€HT MPUHUMAET PEIICHHsI CAMOCTOSTEIBHO, B-TPETHHX, JaHHbIE JCLECHTPATN30BAHBI,
Y HAaKOHEIl, BBIYHCIICHHUSI MOTYT ObITh ACHHXPOHHBI.

OCHOBHOI1 LieNbI0 PaOOTHI ABIAETCS ONMCAHUE COLHOJIOINYECKOH MOENH, IOCTPOCHUE MaTeMaTHIeCKO MOJeNH,
JUIS IPOTPaMMHOM peain3aluy 3TOM MOJENHN - MOJEIUPOBAHUU B cucteMme RePast.

1. Unest moxenn

B Mozenu npucyTCTBYIOT areHThl HECKOJIBKUX TUIOB (paOOTHUKH, YAHOBHUKH, cCOOCTBEHHHKHN). Kpome Toro, Bo3mMox-
HO JICJICHHUE Ha Pa3IHyYHbIC THITBI BHYTPH OJHOH rpymmbel. Hanpumep, paboure, 100bIBaroIIKe pecype, U padbouue, mepe-
pabarbiBaroIe pecypc. ATEHTBI MOTYT MEPEXOIUTh U3 OAHOW IPYIIIBI B IPYTYIO, IPH BHINOJHEHUH HEKOTOPBIX 3apa-
Hee OIpeJIeNICHHBIX YCJIOBUH. Bpems HM3HM areHTa He OrpaHUuYeHO, CUYMTAETCS, YTO areHT NPEACTABISIET HE OJHOTO
YeJI0OBEeKa, a HEKOTOPOE MHOXKECTBO (TpymIry) jroaei. [Ipu GiraronpusTHOM COCTOSTHUM OKPYKAaloIel cpelibl BO3MOKHO
MOSIBJICHHE HOBBIX areHTOB BHYTPH IPYIIbl. MOXHO pacCMOTPETh MOJIECIH, TJI¢ MOSBICHUE arcHTOB BHYTPH TPYIIIIbI
BO3MOJXKHO JUISI BCEX TPYIII, U TJIe 3TO BO3MOMKHO TOJBKO JJIsl HEKOTOPBIX rpyi. Hanpumep, Bce HOBbIC areHThI SBJIsI-
I0TCSl pab0OYHMMHU, 3aTE€M areHT U3 TPYIIIHI padOYHX MOXKET IIEPEXOIUTh B APYTHE rpymiisL. 1]

Kaxxgprit areHT onmceiBaeTcs HaOOpoM CBOHCTB M aTprOyToB. CBOMCTBA — 3TO, HApUMeEp, Teorpaduyeckoe mojIo-
’KEHHE, BOBMOXHOCTh BBINOIHATh HEKOTOPbIE ACHCTBUS. ATPUOYT — HEKOTOPAasi U3MepsieMas U U3MEHsieMasl BeJIMYMHA
(mkana). YpoBeHb TOTO WM MHOTO aTprOyTa BIUSIET HA MOBeAeHNE areHTa. ba3oBblii HaOOp aTpUOYTOB OAWHAKOB IS
BCEX THUIIOB areHTOB. B 3aBUCHMMOCTH OT THIIa areHTta anI/l6yT MOXXET HAXOAUTHCSA B aKTUBHOM HJIM ITACCUBHOM COCTOS-
HUHM (KOT/Ia ero ypoBEeHb HE BIMSET Ha MOBEACHHEe areHTa). Hanpumep, MOXHO paccMOTpETh aTpuOyT aBTOPUTETHOCTD,
JUIsl areHTa-YNHOBHUKA 3TO aKTUBHBIM aTpuOyT, ONpPEeISIONMNA ero paJnyc BIUSHUS, JJIsl areHTa-padoTHUKA 3TO Mac-
CUBHBIN aTpuOyT. Eciin paboTHHUK cTaHET YNHOBHUKOM, TO aTpHOYT NEpeiieT B aKTUBHOE COCTOSTHHE.

ATEeHTBI B3aUMOJICICTBYIOT JPYT C JPYTOM M OKa3bIBAIOT JPYyT Ha Apyra BiusHue. CrocoObI BIMSHUS 3aBHCAT OT
THUIIa B3aUMOJACHCTBYIOIIUX areHTOB. ECTh HECKOJIBKO 0a30BBIX THIIOB B3aMMOJIEHCTBHS. Bo-TIepBhIX, Uepe3 U3MEHEHHUS
aTpuOyTOB, TaK, ar€HTHI-YMHOBHUKH COOMPAIOT HAJIOTH C areHTOB-Pa0OTHUKOB, TEM CAMBbIM YMEHbBINAsI YPOBEHb aTpH-
OyTa HakoruleHHs paboTHHKA. Bo-BTOpBIX, Yepe3 yka3aHus K jaeiictBusM. Hampumep, areHT-COOCTBEHHUK MOXET OT-
MPaBUTh MMOJUMHEHHBIX €My Pa0OTHHKOB Ha HOBOE MECTO pabOThl MJIM JaTh UM HOBOE 3a/1aHue (IIePEKUHYTh 4acTh pa-
OGOTHHKOB ¢ T0OBIYH pecypca Ha ero nepepaboTKy, HallpuMep).

Lenp arenTa — yinydIneHne ero moxkasareiaei-arpuoyTos.
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2. Cpena pacnosioKeHusi areHTOB

ATeHTBI HaXxoIsITCsS B HEKOTOPOM IPOCTPaHCTBE. B 3TOM cpene mmeercst pecypc, 10ObIBaeMblii U mepepadaThiBaeMblid
areHtamu (pabounmmu). Pecypchl MOTyT OBITH pa3iIMYHBIX TUIOB. HekoTopble pecypchl SIBISIOTCS BO30OHOBISIEMBIMH,
npyrue Het. KonndgecTBO HOCTYmMHOTO pecypca B TOUKE ONpeAeNsieTcs HACBHIIIEHHOCTIO (#ESOURCE DERTH). OT Ha-
CBIIIEHHOCTH 3aBUCUT M BEJIMYMHA BO3MOXKHOW J00bIuM. Kpome TOro, /Uisi Ka)I0H TOYKH OMNPENEINsieTCs] CI0KHOCTh
no6bun pecypea (&4 T HACTION DIFFICULTY). YUem Boine ypoBeHb TPYIHOCTH, TeM OOIBLIE YCHIIUN 3aTPaunBa-
eTcsl Ha IOObIuy pecypca.

3. ATpuOyTHI areHTOB

Kaskplii areHT nmeeT cienyrommii nabop arpudyros: ENWERGY, QEEDIENCE, AUTHGRITY, FUNDS, 5STOCK,
FERODUCTS.

Oueprusa (ENERGY) — 510 KU3HEHHBIE CUIIBI ar€HTa. YPOBEHb SHEPTHHU OIIPEEIAET 310POBbE areHTa, BIMIET HA
MIPOU3BOIUTENBHOCTh areHTa.
ENERGYin+ 1} = ENER GV i} + ENERGYa ¢y — ENERGF {1

Kaxxmprit rar HeKOTopoe KOIMYECTBO YHEPTHH TPATHTCS Ha TOAJIEpIKAHNE KU3HU areHTa, a TakXKe JJIS BEHITIOJHE-
HUS pa3Iu4HbIX neicTBui. KonnuecTBo 3aTpaynBaeMoil 3HEPTUM 3aBUCUT OT THIIA ar€HTa U OT BBIIIOJHSAEMBIX UM JEH-
cTBUil. Her meWcTBHiA, KOTOpBIE MPOM3BOIMINCEH ObI Oe3 3arpar sHepruu. ECii ypOBEHb SHEPrHH areHTa HIDKE, YeM
KOJINYECTBO, HEOOXOANMOE Ha BBHIITOJHEHHE ICHCTBHUS, TO areHT HE MOKET BBIIOJIHHUTH 3TO AericTBHe. Eciu ypoBeHb
SHEPTHH HUXKE, YeM KOJIMUECTBO, HEOOXOIUMOE ISl TTOICPIKAHUS HKHU3HHU, TO areHT yMHpPaeT.

ENORGY-(p = DNER GVypefnt + E CNDBRGY, (n)
) Gotions

ENERGY, ;o) = E

ENERGY...> QO
OHeprus MONOJIHAETCA 3a CYET HAKOIUIEHHH (T.€. Ha JEHBI'W areHThl «IOKYNaeT NPOJYKTHI IIUTAHU», «ChENAeT»

UX, BOCCTaHABJINBAas KU3HEHHYIO dHepruio). Ho 3a ofuH mar sHeprus He MOXKET IOIOIHUTHECA 60JIee YeM HEKOTOPYIO

OMPENICIICHHYIO BEITMIHHY.

ENERGYafa) = ENER G¥pppati)

0 = ENERGY ooq i} = Breea

I[J'ISI anI/I6yTa OHEPrusa €CTb HECKOJIBKO I'PAHUYHBIX TOYCK. Benuuuna I'paHUIl 3aBUCAT OT THIIA arcHTa. Ei;_ﬁ- -

itfe

MHUHMMAJIbHOE KOJIMYECTBO YHEPIUH, HEOOXOIMMOE Ha IO IeP/KAHHE KH3HN areHTa. Smgsy — MAKCHMAIBHO BO3MOYXKHOE
KOJIMYECTBO DHEPTHH.

[Mocnymanune (&8 FDEENCTE) onpenenseT HACKONLKO JIETKO areHT MOUMHSIETCS YKAa3aHUAM JPYTUX areutos. To
€CTb, BBEJICHA CTEMEHb CIyYalHOCTH B TO, OY/JET JIM BBIMOJIHEHO yKa3aHHe. M BEpOSTHOCTh BBITIOJIHEHHUS MPSIMO MPO-
nopuuonansia GEEDIENCTE. U uem Bblle nocnylIanye, TeM Jerye areHT BBINOIHSAET TPeOOBAHMS APYrUX areHToB.
MoskHO paccMaTpuBaTh YPOBEHb IOCIYIIAHHS 110 OTHOLICHHUIO K Pa3HBIM IPYIIaM. YPOBEHb MMOCITYILIAHUSI CHUKACTCS,
€CIIM areHTy «IUI0X0» JKUBETCs. [IpaBUIO MOHMKEHHS YPOBHS MMOCYIIAHHS 3aBUCST OT THIIA areHTa. YPOBeHb MOCIY-
HIaHKS YBEIMYMBACTCSI, €CIIM areHThI «XOPOIO0» KUBETCs. [IpaBHIIO MOBBILIEHHUs YPOBHS MOCIYUIAHHS 3aBUCST OT THIIA
areHTa. Ecnu ypoBeHb nociyuianus nagaeT 10 HEKOTOPO KPUTHYECKOW BEJIMYMHBI 2208, TO ATHT BBIXOIUT M3 I10-
BUHOBEHUSI.

Asropurernocts (LUTHORITY) onpenenser BO3MOKHOCTb areHTa yIpaBlIsTh APYyTHMU areHTaMu. J{jis areHra-
YHHOBHHKA — Y€M BBIIIIC aBTOPUTET, TeM OOJIbIIEe TEPPUTOPHS, KOTOPOW YMHOBHHUK MOXKET YIpaBisTh. J{is areHra-
CcOOCTBEHHUKAa — 4YeM OOJIbIlle aBTOPUTET, TeM OOJbIIe padodrMX OH MOXKET KOHTPOJIUPOBATh. ECIIM areHT «IuIoXo»
CIpaBIISIETCSl CO CBOCH 3aJaueii, TO YPOBEHb €ro aBTOPUTETHOCTH manaet. [IpaBuiio moHWKeHHs YPOBHSI aBTOPUTETHO-
CTH 3aBHCAT OT THIa areHTa. EClii areHT «XOpoIIo» CHpaBIISIETCs CO CBOEH 3a/iaueii, TO YPOBEHb €ro aBTOPUTETHOCTH
BO3pacTacT. HpaBI/IHO TMOBBIIICHUA YPOBHA aBTOPUTETHOCTU 3aBUCAT OT TUIIA ar€HTA.

Haxonnenus (FENIIT) — 310 nenesxnble HakomneHnus arenTa. HakomneHus areHTa MOTYT OBbITh €ro JIMYHBIMH Ha-
KOIUICHUSIMH (areHTHI-pabouue, areHThI-COOCTBEHHHUKH) WIIM OOIIMMHU HAKOIUICHUSMH TPYIITBI (areHTHI-YHMHOBHUKH).
ATEHT TpaTHUT CpeCTBa Ha MOJJEpKaHUe CBOECH KU3HK (Ha yBenu4YeHue dHepruu). Kpome Toro, pa3Hble THIIBI ar€HTOB
MOTYT TPAaTHTh HAKOIUICHHS] HA PA3IMYHBIC LIEIH, XapaKTePHbIEC ISl ATUX THIIOB, HAIIPUMEDP HAJOTrOBbBIC BBIILIATHI WA
BBITLTATA 3aPA0OTHOM IIATHI.

FUNDS_{n} &= FUNDSpaeqit)

VBelnndeHne HaKOILICHHN IpOUCXOAUT 3a CuéT Pa3HbIX UICTOYHUKOB, KOTOPLIC 3aBUCAT OT TUIIA aICHTA, HAIIpUMED,
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YBEJINYCHUC HaKOHJ’IeHMﬁ AréHTOB-YUHOBHUKOB IMPOUCXOJUT 3a CYéTt IMOCTYNNAa€MbIX HAJIOTOB, YBCINYCHHUE HaKOHJ’leHHﬁ
areHTOB-COOCTBEHHUKOB — 3a CYET MPOAAXKH TIPOU3BOIUMOM POJYKIMH. Y POBEHb HAKOIJICHUH HE OTpaHHYEH.

3anac pecypcos (57 &'CK) — kommuecTBO pecypcoB, IMeIOmuUXcs y arenTa. CIocoObl IOMOIHEHHS 3aI1aca 3aBUCAT
ot THmna areHTa. Hanpumep, areHt-pabounii MOKET MOMOJIHUTH 3amac, 100bIBasi PeCypc U3 CPe/ibl, Ar€HT-COOCTBEHHUK —
MOJIy4asi peCypechl OT CBOMX pabOYMX WM TMOKYMas MX. YMEHbIICHHE 3araca MPOUCXOIHUT, KOr/la areHT MpoaaT Win
OTIaéT APYTUM areHTaM MMEIOIIHMECs Y HEro pecypchl. MakcHMallbHOE KOJHYECTBO PECYPCOB, KOTOPOE MOXKET UMETh
areHT, 3aBHCUT OT THMA areHTa. Hanpumep, areHT-coOCTBEHHUK MOXKET XPaHUTh MPU ceOe KOJMUYECTBO B HECKOJIBKO pa3
OodtpIlie, YeM areHT-pabodHid.

STOCKN) & F oo

3anac npoxykros (FRODECT L) — konnuecTBO NpoayKTOB, UMEIOIIUXCS Yy arenTa. CrocoObl MOMOJIHEH S 3amaca
3aBUCAT OT THIIa areHTa. Hampumep, areHT-paboumii MOKET IONOJHUTBH 3amac, nepepadaTbiBasi ChIPhE B IPOAYKT,
aFeHT-CO6CTBeHHI/IK — [noJiydasi OIpoOAYKTbI OT CBOMX pa60q1/1x. YMeHbllleHUE 3amaca MMPOUCXOOUT, KOrJja arcHT npouaéT
nin OT[laéT JAPYTUM arcHTaM UMCIOIUECH Y HETO IMPOAYKThI. MakcumanbHOE KOJIUYECTBO MMPOAYKTOB, KOTOPOC MOXKET
HUMCTb arc¢HT, 3aBUCUT OT THUIIA arcHTa. HanpuMep, aFeHT-CO6CTBeHHl/IK MOXCT XpaHUTb NPpHU ceGe KOJIMYCCTBO B HEC-
CKOJIbKO pa3 0oJblile, 4eM areHT-pabouuid.

PRODECTStn) = B oo

4. CBOHiCTBA ar€HTOB

[TonoxeHHe areHTa B NMPOCTpaHcTBe onuchiBaeTcs cBoictBoM LLIHIOINATES. Arentsl MOryT nmepememarbcs us
OJIHOM TOYKH TPOCTPAHCTBA B JPYTYIO JMOO MO COOCTBEHHOMY KENaHHIO, JTUOO 10 yKa3aHMIO JAPYruX areHToB. [Ipu
TIEPEMENIEHMH ar€HT TPATHT SHEPTHIO, MPOTIOPLMOHATBHYIO TIEPEMELIEHHUIO.

ENERGY 0, = PATH X Eyomn

B cryuae mepemenienns o cOOCTBEHHOMY JKEJIaHUIO areHT MPOXOIUT 3a OJUH BPEMEHHOI IIar pacCTOsIHHUE (CUu-
TaeM, 4TO U3 PHEPTUHU YK€ BBIUJIIM SHEPTUIO Ha TOIJIep)KaHUE KU3HU)

PATH = integer{ ENERGY % PAT Hyorm)

B ciyuae nepemenieHns o yKa3aHHUIO areHT MPOXOIHT 32 OJMH BPEMEHHOH IIIar pacCTOSHUE

PATH = integer{ENERGY % OBEDIENCE X PATH,pem)

[1pH BBIMTONTHEHUH COOTHOIICHUS
FaTHyopp ¥ Bygen B 1

s
3aTpadcHHas SHCPIrus BCErja MCHBIUIC SHEPrun arcHra (C YU€TOM TOI'0, UYTO HEKOTOPYIO €€ YaCTb YK€ IMOTPATUIIM Ha
MNOAACPIKAHUC KU3HU areHTa).

CREOW STZLE (4yucneHHOCTD) — CBOMCTBO areHTa, ONpENeNIseT KOJIMYECTBO JIFOAEH, IPEACTABISEMbIX OIHMM areH-
TOM.
Takxe areHT MOXKET aHAIU3UPOBaTh oKpyxawomyio cpeny. Cpoiictso FIEW onucwisaer paccrosnue, Ha koTopoe

BUJIUT areHT. [Ipy 5TOM areHT TPaTUT HEKOTOPOE KOJHYECTBO SHEPTHH - = (OJMHAKOBOE /IS aT€HTOB OJHOTO TUIIA).
CONTROL AREA (nonxoHTponbHAs TEPPUTOPUSA) — CBOMCTBO areHTa, ONMpENEISeT TEPPUTOPHS HAXOIAMIASLCST

IIOJI KOHTPOJIEM arcHTa. IIJ'IH areHTa—pa60qero SABJIACTCA HCAKTUBHBIM.

S. ArenTbI-padoune

AreHTbI-paboune MOryT ObITh CBOOOJHBIMU (paboTaroT Ha cebs) U HecBOOOAHBIMH (PaboOTalOT Ha COOCTBEHHHMKA).
ATreHTBI MOTYT IOOBIBAaTh WM IiepepabaThiBaTh pecypc. [IpuueM areHT He MOXKET JieIaTh 00a IeHCTBYS B OJMH Lar.
ATeHTBI-paboune MOTYT JI0OBIBATh PECYpC, HAXOSIIUICS B Cpejie.

RESQURCE = STOCK

KounnuecTBo 100BIBAEMOr0 pecypca 3aBUCHT OT YpPOBHSI DHEPIMU areHra, OT KOJMYECTBAa pecypca B TOUKeE, Iiie
pacriojaraercs areHT, OT JIOCTYITHOCTH pecypca U OT €ro YpoBHs IociyliaHus arenta. JloObiBasi pecypc, areHT TpaTHT
sHepruro. KojandyecTBo 3aTpayeHHON SHEPTUH 3aBUCHT OT TPYIHOCTH JOOBIYM M OT KOJMYECTBa NOOBITOrO pecypca
(STOCK;s), ans 106bIYM €IMHAIBI Pecypca IPH MHHHMABHON CIOKHOCTH JOOBIYM TPATUTCS &. wigce SHepruu. [pu

3TOM 3aUKCHPOBaHA HOPMA (Jxasm), T.€. KONMUYECTBO PeCypea, KOTOPOe JOOBIBACT areHT ¢ (PHKCHPOBAHHBIM HAGOPOM

arpubyros ({ENERGY, 0BEQIENCEL = {1,1)).
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[Mpeanaraercs MCIOIB30BAThL JUHENHYIO 3aBUCUMOCTh OT SHEPTUM M TOCITYIIaHKs, 0OPATHO MPONOPLUOHATLHYO
OT TpyaHOCTH 100bun. [ToTpayenHas SHEPrust MPOMOPIHOHALHA KOJIMYECTBY PECYPCa M CIOKHOCTH J00bud. Bynem
cunTaTh, uto ot ENEHGY yxe ornsmn kommaectBo &g 18, HEOOXOMMOE JUIs O/ICPIKAHHS KU3HU areHTa.
RESQURCE DERPTH
STOCK .. = min {ENERGY x OBEDIENCE x FAEXTRACTION DIFFICULTY) X 5o
Fmaz

ENERGY e = STOCK e % fo{EXTRACTION DIFFICULTY) % Fytece

OTMCTI/IM, YTO IPH BBINIOJIHEHUU COOTHOLICHUA
e -1

Sporm X Bptece 3 [I__;I;EE;: _F(BXT DIF)» fEEEXTDf.F}) ,

o

3aTpadeHHas SHEPTrHs BCErZla MEHbIIEC SHEPIHH areHTra (C y4eToM TOTo, YTO HEKOTOPYIO €€ YacTh YK€ MOTPaTIIN Ha
MoJIAep KaHUe KI3HU areHTa).

®ynkuun Jz u fz MOryT HMeTh BUJ, yKa3aHHbI Ha pucyHKe 1. KpoMe TOro, HCXO/IS 3 CMBIC/IA BETHUMH = gy H
E.nis, ecnu CIOXKHOCTD MOOBIYM MHHMMAIbHA, TO 3HAYCHHMS STHX (DYHKIMH JONKHBI OBITH DPABHBI EIUHHIIE:

T

Lleass) —1 fileasy) — 1

A
7
7’
e
A7
- -
-

Ay == ’j}

1 T #
| |
easy normal hard very hard

Puc. 1. Oynxuuu f . (TyHKTHD) H f. (Touxwm)

AreHThI-paboune MOTYT nepepadaThiBaTh PeCypChl B MIPOIYKTHL
STOCK —= FRODUCTS

KommuectBo pecypcea, KOTOpoe areHT MOXKeT mepepadoTaTh 3aBHCHUT OT SHEPTHH areHTa U OT €r0 YPOBHS MOCITY-
maHus arenTa. KojaumdecTBO MpoM3BECHHOIO MPOAYKTa MPOMOPILHOHAIBHO MOTpaueHHOMY pecypcy. [lepepabarbiBas
pecypc, areHT TpaTuT 3Heprur. KoJm4ecTBo 3aTpayeHHOW YHEPTUH 3aBUCUT OT KOJIMYECTBA MPOU3BEACHHBIX MPEIMe-

TOB, HA OJMH MPEJIMET areHT TPATUT SHEPruio Syxie. [IpH 3TOM 3aMKCHPOBaHA HOPMA (3 ygis), T.€. KOIHYECTBO pe-
cypca, KOTopoe J0ObIBACT areHT ¢ 3aukcHpoBaHHbIM HaGopoM arpubyros ((ENERGY, 0BEIIENCE] = (1,1)).
V3 eIMHUIIBI PECYpPCa aTeHT MOJKET IPOM3BECTH Fyisce IPE/IMETOB.

ITpeanaraercsi HCTONB30BaTh JIMHEHHYIO 3aBUCHMOCTH OT SHEPTMH M MOCITyIIaHus. [loTpaueHHas SHeprusi mpo-
HOPLUMOHANBHA KOJNYECTBY IIPOU3BEAEHHBIX IPeaMeToB. bynem cumtars, urto ot ENERGY yxe otnsimm xomuectso

tfffﬁ-, H606X0}II/IM06 JUTA IOAACPIKaHUA )KU3HU arcHTa.
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71 00K
ENERGY » OBEDIENCE X Spgpe
STOCK gpgp = miln 1 Brax f

f Fptece

PRODUCT Sy = Pyigue ¥ STOCK 50
ENERGKgpp0 = PRODUCT Sgrop X Bumit

OTMGTI/IM, YTO IIPH BBIIIOJIHEHUH COOTHOIICHUA

j}'c:'s X t_“t"z l

3aTpayeHHas SHeprusl BCEr[a MEHbIIEe DHEPTHH areHTa (C Y4eTOM TOTO, YTO HEKOTOPYIO €€ YacTh y)Ke HOTPaTHIHM Ha
NOAJIepIKAHHE JKH3HHU areHTa).

CBOOOIHBII areHT-padouunii JOOBITEIE PECypChl M MPOU3BENEHHBIC TOBAPHI MPOIAET HA «PBIHKEY, MOJyYas 32 HUX
HEKOTOPYIO IIaTy B 3aBUCUMOCTH OT NPOJAHHOTO KOJIMYECTBA, HECBOOOIHBIN areHT-pabounii OTAAET MX KOHTPOIU-
PYIOIIEMY ero areHTy-COOCTBEHHHKY B OOMEH Ha 3apab0TaHHYIO IIIaTy.

STOCK. &= STOCK,mner [ STOCH. = IT0CK o
PRODUCTS. & PRODUCT Sparier 4 PRODUCTS. &= PRODUCTS, .y

FUNDI. = FUNDSymapyes E FUNDS: &= FUNDS 50

Kpome Toro, cBoGoaHbIE paboune JOHKHBI BHIIUIAYMBATh ONPEIEIEHHBIA HAIOT YNHOBHHUKY. MBI CUHTaEM, YTO 3a
pabovnx, KOHTPOJIUPYEMBIX COOCTBEHHHKOM, HAJIOTH BBIILIIAYMBAET CaM COOCTBEHHHUK.

FUNDS- «= FUNDSq:

B 3aBucuMocTH OT (PM3NYECKOTO COCTOSHHS areHTa MOXKET M3MEHSATHCSA M YPOBEHb ero mociymanus. Ecium ypo-
BEHBb PHEPTUH NANAeT HIDKE ONpPENeNEHHON BEIMYUHBL, TO YPOBEHb MOCIyIIaHus cHIKaercs. Ecim xe, HaobopoTt, ypo-
BEHB 3HEPTUH JOCTATOYHO BBICOKHH, TO YPOBEHD MOCITYIIAHHUS BO3PACTAET.

...0.1...0.2...0.3 50—

0 E life Edesp E enth Emax 1

Puc. 2. DHeprus, rpaHUYHbBIE TOUYKU

ENERGY < Eypey => OBEDIENCE |
ENERGY * Eepern => OBEDIENCE 1

Ha e

Arpubyr AUTHORITY apnsercs naccuBHbIM 71 areHToB-pabounx. HecMOTps Ha 3TO, areHThl MOTYT HOBBIIIATH
WM TIOHIDKATh YPOBEHb CBOETO aBTOPUTETA. Hampumep, eciu KONTHYECTBO JOOBITHIX PECYPCOB GOMbIIE, YeM CpPelHEe
KOIIMUECTBO B HEKOTOPOH OKPECTHOCTH, TO aBTOPUTET PACTET — MPMHIIUI «TydIuero paboTHHKa». B apyrom ciydae
MOYKHO CPABHHBATH KOJIHYECTBO HAKOILIEHUH CO CPEHUM MO TEPPUTOPHHU — HPUHIIHUI «CAMOTO YCIIEIIHOTO).

[ hg = STOCK{n)— STOCK = Souen
= AUTHORITY{n + 1) = min{AUTHORITY (n} + ggilis) 1]
Ag = STOCK(n)— STOCK = —Saumn
= AUTHORITY(n + 1} = max{AUTHORITY(n)— gs{fe) 0}
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[ Ap = PRODUCTS(n) — PRODUCTS 2 P
= AUTHORITF(n + 1) = min{AUTHORITY () + gp{dtp) 1]
1 Ap = PRODUCTS(n) — FRODUCTS £ —Payen

= AUTHORITY(n + 1) = max{AUTHORITF(n) — gp(iip), 0}

Ay = FUNDS(n) — FUNDS = Foyen

[ = AUTHORITY{n + 1) = min{AUTHORITYtn} + grlde) 1)
Ap = FUNDSn) — FONDS € —Fouen

= AUTHORITY (n + 1) = mas{AUTHORITY (n) — gr (e, @)

MoxHO paccMaTpuBaTh 3TU YCJIOBUA KaK IO OTACIBHOCTH, TaK U B COYETAHUU JAPYT C APYTOM. OTMeTI/lM 4yTO BCC

BEJIMUMHBI < gy aurh, L ausk TOTOKUTEIIBHEI, KaK U byskuuu Js5, 9z, 85, Bo3MoxHbIH BUI QYHKIMNA TIPECTABICH

ey
Wi

Ha rpaduke. [2]

Wi

—Sauth 0 Sauth

Puc. 3. IlpumepHnsiii Bux GyHKIMHA GYHKINH g

PaboTHHK MOXXET MepeMenaTsCsi 0 TEPPUTOPHH 110 YKA3aHWIO YMHOBHHKA WJIM COOCTBEHHHKA, HA KOTOPOTO OH
paboTaer, a TaKKe B «IIOMCKaX Jy4IIeH )KU3HW», T.€ TaM TI€ CPEAHUH YpPOBEHb 3HEPTHH BBIIIEC HA HEKOTOPYIO BEITNYH-
Hy 4€M y Hero.

6. ATeHTBI-YMHOBHUKH

Kaxxplii Y4MHOBHUK YNpPaBISIET HEKOTOPOU TEPPUTOPUEN, YHHOBHUK KOHTPOJIIMPYET APYTUX areHTOB, HAXOISLIUXCSA Ha
3TOM TEPPUTOPUU. BennumHa KOHTPOIUMPYEMON TEPPUTOPUM 3aBUCUT OT YPOBHS aBTOPUTETa YMHOBHUKA. DyHKIMA &
JIOJDKHA OBITH MOHOTOHHO Bo3paCTa10u1e171 U OTPaHUYEHHOM.

) &LCCJCJ.H'DE NATESn: £, (.09 ) £ 6, CAUTHORITY tsd)) }
CONTROL AREA sty = |0,
ansa { : . x,7) & CONTROL AREAln= b 1 f = ¢

KpoMme Toro B HEKOTOPBHIX MOJAESIX BO3MOXKHA MepapXHs YAHOBHUKOB. OJJMH YMHOBHHMK MOKET KOHTPOJIUPOBATh
JIPYTHX YMHOBHHMKOB. B 3TOM ciyuae, [ mpeacTaBiIeHUs CBsI3€il MOXKHO HCIIONIB30BaTh AEPEBO MOAYMHEHUS. YHHOB-
HUKH, HaxojsIuecs Ha 0oJjiee BBICOKMX YPOBHSX, MOTYT HE MUMETh IPHUBSA3KH K ONPEIEIEHHON TEPPUTOPUH, HO y UH-
HOBHHUKOB, NIPEJICTABIIAEMBIX JTUCThIMH JEPEBA, BCEr/1a €CTh MOAKOHTPOJIbHASL UM TEPPUTOPHSL.

Ecnu paGoTHHKYM HAa TEPPUTOPHH YMHOBHUKA XKHBYT XOPOILIO, TO aBTOPUTET YNHOBHHKA pacTéT. MOXKHO CUMTATh,
YTO ypOBEHb IOBBIIICHUE WM TIOHWKEHHE aBTOPUTETA 3aBUCUT OT CPEIAHETO YPOBHS MOCIYIIaHUS PaOOTHUKOB 3a He-
KOTOPBIN TTPOMEKYTOK BPEMEHH (aHAJIIOTHYHO MOXKHO PACCMOTPETh 3aBHCUMOCTH OT CPEIHEr0 YPOBHS SHEPTHUH WIN
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HakoryieHui). [1] YBenuueHne u yMEHBIIIEHHE YPOBHS aBTOPUTETA NMPOUCXOAUT HE KaXbIH ILIar, a yepe3 HeKOTOphIe
HUHTEPBAJIbl BPEMEHHU.

Yy = OBEDIENCE & Oy = AUTHORITVin + 1) = min{AFTHORITY tn)+ oY), 1]
Yy = OBEDIENCE £ O, = AUTHORITY(n + 1} = max{AUTHORITY () — hol¥y), 0}

0= ':]c:.cw e ':].‘.'1:5 = ':].’rc::.t = ':].1."::.1; =1

®ynxius [t nveer BU aHATOTHUHBIH byHKimaM §g, 95, OF.

Ecnun ypoBeHb aBTOPUTETHOCTH MAJAET, TO YACTh TEPPUTOPUIM MOXKET BBIMTH U3-II0J KOHTPOJISI YUHOBHUKA. Eciu
ABTOPUTET IO3BOJISIET KOHTPOJINPOBATh OOJIBIINE TEPPUTOPUH, TO YNHOBHHUK CTPEMUTCS 3aXBAaTHTh CBOOOJHYIO MECT-
HOCTb WJIM OTOOpaTh 4acTb TEPPUTOPHH y YWHOBHHKA C MEHBIIUM aBTOPUTETOM. Takke BO3MOXHBI MOJEIH, TIE YH-
HOBHUKA Ha3HAYAIOT JUIS YIIPABIECHHS TEPPUTOPUEH, TOTAA IPH MOBBIIIEHUHN aBTOPUTETa YMHOBHUKA MOTYT II€PEBOIUTH
Ha Jpyrue OOIbIINe TEPPUTOPUH, IPH CHUKEHHH aBTOPUTETa CHUMATD C JOJIKHOCTH.

YUNHOBHHMK COOMpAET HAJIOTH C MOJKOHTPOJILHBIX €My TEPPUTOPHUIl — ¢ COOCTBEHHUKOB M CO CBOOOIHBIX pabOTHH-
KOB (He paboTarolmux y coOCTBeHHUKA). Hanoru MoryT npencraBiisiTh Kak (PMKCHPOBAHHYIO BBITUIATY, TAK U HEKOTOPBIN
MPOLIEHT € 3apa0O0TaHHBIX CPEACTB. UMHOBHUK MOXET KOHTPOJIHMPOBATh BEJIMYHHY HAJIOTOB B 3aBUCHMOCTH OT COCTOSI-
HUsI pa0OOTHUKOB Ha NOAYMHEHHON €My TEpPUTOPHH.

FUNDSsén) & Z FUNDS g fnzt)
s
PUNDS otz iy = rivxs s i), ENERGIEG; 1)), +& (STOCK,PRODUCTS, FUNDS)

i

Hakonuienyns Y4MHOBHHMKA CYMTAEM IOCYIAapPCTBEHHBIMM JCHbraMH. YacTh J€HET YNHOBHUK TPATHT HA MOIAEPIKa-
HHUE CBOEH SHEepruu, KaKyr-TO 4acTb, BO3MOXKHO, IIpUCBauBaeT cebe. Bo3MOXKHO, OH OTIAET Bce HAKOIJICHUS WM MX
4acTh BBILIECTOSALIEMY YMHOBHUKY. JIEHBIM MOT'YT TPaTUThCS YUHOBHUKOM HA MOJJEP/KAHUE HACEIIEHUS, OKA3aBLIETOCs
B «TPYJHOU CUTyaLW».

FUNDS_{n) < Z FUN DSy o1 f1138)
g
FUNDS, gobn: iy = s(ENERGIBin: tf)

i

UMHOBHUK TaKKE€ MOXKET JaBaThb HEKOTOPBIE YKa3aHUs areHTaM, HaXOISAIUMMCS Ha ero teppuropuu. Hampumep,
AaHAJIM3UPOBATh OKpyXkarollyro cpeny. [loayyeHHble JaHHBIE OH MOKET MCIOJIb30BaTh IJIs ONPENCIICHUST TEPPUTOPUH,
rJie HarpuMep, HanboJiee BBIroIHA T0OBIYA PECYPCOB, U OTIPABIIATH Ty/la arcHTOB.

7. B3aumMojaeiicTBHe areHTOB.

ATEHTBI MOTYT B3aUMOJICHCTBOBATh KaK BHYTPHU TPYIIIBL, TAK U MEKAY IPYIIaMU.

PaGouune MoryT obmarbes ApYr ¢ APYroM, y3HaBaTh O COCTOSHUU CBOMX COCEleH, yCIOBUAX OKpY Karomiel cpensl,
nuB ,uanbﬂeﬁmeM Ha OCHOBE 3TOi l/IH(l)OpMaLII/II/I J€JIaThb BbIBO/JI O Hau6onee mpeAnoOYTUTEIILHOM MECTOIIOJIOKCHU .

YUMHOBHMK MMEET BO3MOXKHOCTD 3alpallliBaTh y pado4ynx HHPOPMAIHMIO O pecypcax B o0yacTi ux BuauMoctd. Ha
OCHOBE TIOJIy4YeHHOW MH(OpMaLK MOKET OTAaBaTh paboYNM IpUKa3aHUE JBUraThCcs K 0oJiee HACHILIEHHOMY HCTOYHH-
Ky peECypCOB.

UHMHOBHHK MMEET IPaBo B3UMaTh YacTh CPEACTB, 3apadOTaHHBIX pabounmu 3a Xox. B ciydae, orcyTcTBus y pado-
YMX HAKOTUICHHUH ST OJ/ICP KaHMs )KU3HU U SHEPTUH MOKET BBIAABAaTh UM HEOOXOANMOE KOJINYECTBO JICHET.

UMHOBHUKHN MOTYT B3aHMOAEHCTBOBATh MEXKAY coOoii. Hampumep, B cirydae, Kora Ha ero TEPPUTOPUN HAXOIUTCS
MHOTO PECypCcOB, HO MaJo JIIOJCH, YMHOBHUK MOXET CIPOCHTH Y CBOETO COCENa-YMHOBHHKA JIOTIOJHUTEIBHBIX PabOT-
HUKOB. Eciu sxe Ha060pOT Masio PecypcoB M MHOTO JIIOAEH, OH MOJKET IONBITaThCS HAUTH HOBBIE CBOOOIHBIE TEPPHUTO-
PHH WM OTAATH JIOJIEH APYroMy YMHOBHUKY.

8. IlosiBiIeHHE HOBBIX AT€HTOB, IEPEX0/ ATEHTOB U3 OJJHOM I'PYIIBI B IPYIYIO

Ecnu cpenanii ypoBeHb KHU3HH JOCTATOYHO BBICOK, TO KOJMUYECTBO areéHTOB-Pa0OYMX MOXKET YBEIHUHUTHCS. Y POBEHBb
KHM3HU MOKET OLIEHUBATHCS 110 YPOBHIO SHEPTHH, MOCTYIIAHNS U KOJHMYECTBY HAKOIUICHUH. BBICOKHMH YPOBEHb 3HEPTHU
O3HauaeT Xopoluee (PU3NIECKOe COCTOSHUE areHTa, BBICOKUH YPOBEHb MOCIYILIaHUSA — XOpOIlee ICUXO0IOTHIEeCKOe CO-
CTOsIHKE (BBICOKHH ypOBEHb MOCIYIIAHHS TOBOPUT O TOM, YTO B T€YCHHUE JUIMTEIBHOTO MEPHOa COCTOSIHUE areHTa Obl-
JI0 XOpoUInM). BrICOKuMT ypoBeHb HAKOIUIEHUH O3HAYaeT, YTO PAOOTHUKHU B JAHHOM MECTE HE OTJIAIOT BCE CBOM CPEJICT-
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Ba Ha HAJIOTH, €CTh HEKOTOPBIN H3NHUIIEK pecypca, T.e. Ha JTaHHON TepPUTOPHH MOXKET COAEPIKAThCs elE HECKOJIbKO
areHTOB.

Jl11 areHTOB-YMHOBHMKOB MOKHO paccMaTpUBaTh MOJEIH, B KOTOPBIX HOBBIE areHTH! MOSBISIOTCA TOJIBKO W3
KJacca pabo4mx, ¥ MOJIETIH, TJie YAHOBHUKH MOTYT IOSIBISITHCSI BHYTPH cBoel rpynmnsl. [1] Bo Bropom ciryuae HeoO6xo-
JUMO YyTOYHUTh, KAKUE TEPPUTOPUH AOCTAIOTCS «HOBOUCHEUEHHOMY» YHHOBHHUKY. MOXKHO CUMTaTh, UTO €CIH Y HEKO-
TOPOTr0 YMHOBHHUKA YPOBEHb aBTOPUTETHOCTH OYEHH BBICOK, TO OH MOXKET (HO He 00s3aTeIbHO) MOPOANUTH HOBOTO YH-
HOBHHKa (€ro mpoTexe). Torna HOBOMY YHHOBHHKY JOCTalOTCSl HEKOTOpPBIE CBOOOIHBIC TEPPUTOPHH, €CITH OHU UMEIOT-
Cs1, MJIM 4acTh TEPPUTOPHH €ro mokposuTeisi. Kpome Toro Bo3moxxHO 0Opa3oBaHne uepapxuu BHYTpHU rpymmsl. Hampu-
Mep, IPH MOSBIEHUH HECKOJIBKHX HOBBIX YNHOBHHMKOB, OHH JIETISIT BCIO TEPPUTOPHIO YNHOBHHKA, TOPOAUBILIETO UX, &
OH CaM CTAHOBHTCS MX TJIaBOH.

Ecnu ypoBeHb aBTOPUTETHOCTH areHTa-padodero BHICOK, TO PaOOTHHK MOXET CTaTb YMHOBHHMKOM. T.e. ecnu
ANTHORITY & A, .5, TO ¢ KaKoii-T0 BEPOSTHOCTBIO 11 pabOTHHK MOKET CTaTh YHHOBHUMKOB. ECi MoGIM30CTH €CTh
CBOOOIHAS TEPPUTOPHUSI BHE 30HBI BIMSHHUS JIPYTUX YNHOBHHMKOB, TO areHT C JOCTATOYHBIM YPOBHEM aBTOPUTETHOCTH
CTaHeT YNHOBHUKOM U 3aiiMET e€. Kpome TOro, eciau aBTOPUTET areHTa BbIIIE, YEM aBTOPUTET YUNHOBHHUKA HA JaHHOMN
TEPPUTOPHH, TO OH MOXKET 0TOOPATh YaCTh TEPPUTOPHU. MOXKHO TaKkXKe pacCMOTPETh MOAEINb, TJIe U3 HECKOJIBKUX MOJ-
XOISIINX KaHANAATOB YNHOBHUKH BHIONPAETCS OAMH.

9. IlepeaBuikeHue padouux

[IpocTpaHcTBO, B KOTOPOM PACIIONATAIOTCS areHTHI, pa30MBaeTCsl Ha HEKOTOPBIE TEPPUTOPUH (B 3aBUCUMOCTH, HAIIPH-
Mep, OT MPEIIoIaraeMoro JaHAmAa(Ta, COIMUATFHOTO YCTPOHCTBA WM OT TOTO, KAK YHHOBHHUKH KOHTPOJIHUPYIOT 3TH
TEPPUTOPHUN).

Ha xaxmolt TeppuTOpHH OMpEesseTcsl TEOMETPHUSCKUI «IIeHTp TsbkecTn». Ha xakmom mare GepyTcs BCe areH-
TBHI-PA0OTHUKH, HAXOJSIIIMECS HA 3TOH TEPPUTOPHUH M OMpEAeNsAeTCst £ - CpeaHss SHeprus mo Teppuropuu. Boobuie
TOBOPSI, BMECTO CPEIHEH YHEPTUU MOXKHO HCIIONB30BaTh CPEIHUE HAKOIUICHHUS, HO MBI BCE TaKH OyAeM HCIIOB30BaTh
SHEPrHIo, Kak 0ojee HAMAIHBIN aTpuOyT I MPYyTruxX pabdoumx. A, HampuMep, €Cld pacCMaTPUBATh HEPEIBHKCHUC
COOCTBEHHUKOB, JIOTHYHEE BHIOPATh HE CPEIHIOI0 SHEPTHIO, a CPEeJHHE HAKOIUICHUS.

B mpocreifitem ciy4yae CpemHss dHEPTHS MO TEPPUTOPHH OIPENEIIETCS] MPOCTO KaK CpelqHee apupMeTHIecKoe

BCEX areHTOB. &y = Tge; E:, rne [y - MHOXeCTBO areHToOB HaxomAmIMXCs Ha 9TOM TeppuTopun k, a Ny - ux Komu-

T
YECTBO.

Temeps paccCMOTpUM areHTa-padOTHHUKA. Ba)XHO oIpenennTh TpaHuIly BUIUMOCTH JUIS HETO, TO €CTh TEPPUTOPHIO,
KOTOPYIO OH OyJeT paccMaTpuBaTh NMPH MEPEIBIKEHUH. MOXKHO B3STh IIPOCTOE COCEACTBO — TEPPUTOPHS, Tie HaXO-
JUTCS areHT, U BCE CMEXHBIE ¢ HEH TeppuTOpuH. Takke MOXKHO PacCMOTPETh PACIIMPEHHOE COCEACTBO — CME)KHBIC
TEPPUTOPUN «BTOPOTO» MOPSIKA.

(a) (6)

Puc. 4. IIpocroe (a) u pacumperHoe cocenCcTBO (0)
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G

Puc. 5. HanpaBneHnue 1BUKEHMsI areHTa

B JaHHOM cllydae areHT-paboTHUK R HaxoauTcs Ha Tepputopuu 11. bepeM npocToe cocencTBo, TO eCTh paccMOT-
o .
PHIM TaKKe CMEKHBIE TEPPUTOPHH 11} = [2.6]). ns BEKTOPOB HAIPABICHHBIX OT areHTa K eHTpaM TskecTH L Tep-

PUTOpPHUI IITHHBI EJ HOJIydaeM PE3yIbTHPYIOMUH BEKTOp |, 0 HAIIPABJIECHMIO KOTOPOTO IBUIAETCS areHT.

Mosxer BO3HUKHYTh Hpo6neMa, €CJI, HAlIpUMEDP, PECYPChI B KaKOH-TO MOMEHT BpPEMECHHU COCPEAOTOYCHBI Ha I'pa-
HHALOAX TCPPUTOPHH, 4 arCHTHI, HCCMOTPS HA 3TO, 6y,HYT CTATUBATBHCA K HCHTPY. MoO’KHO BUIOU3MEHHUTD CIIOCO0 onpene-
- L E, I
JICHUA CpeIlHeﬁ OHEPruu, y4YUTBIBasA OJM30CTh areHTOB K LCHTPY TEPPUTOPHUM: E,'a: = ?E:E.‘;‘- ::" | Ky - |F:', rae
AT i C

Npdyp - KOOpAWHATHI ar€HTOB U LICHTPA, 0. — CTCIICHb ociabIeHust pacCTossHuA.
Tax:kxe BO3MOKEH IlperfI BapHUaHT ONIPCACICHUA cpenHeﬁ OHCPruM, Korga B Ka4€CTBE KO3(1)(I)I/ILII/IGHTOB 6epyTCﬂ HE

paccTosiHHSA, a ypOBEHb aBTOpHTeTa. UeM Oorbinie Bec B 0OmiecTBe (TO €CTh OOJbIIe HAa BUAY), TEM OOJblee BIeyaTie-

1 P
HHE Ha COCElIEH. E k= —Eer;‘ B ¢ # A;. Ho Tak Kak aBTOPHTET, BOOOIIE TOBOPS, 3aBHCHT, KaK M SHEPIHUs, OT HAKOII-

o
JICHUH, TO 3TOT BapHUaHT IPEJCTABIACTCS HE CAMBIM JIyUIIIHM.

Kpome Toro, YNHOBHMKH, K KOTOPBIM IPHUINCAH AAHHBIA areHT, TaKXKe 3a7aeT BEKTOp HAIpaBlICHUS (HampuMep,
NPHUKA3aHUE JIBUIaThCA K 0Oliee HACHILIEHHOMY MCTOYHHKY PECYpCOB). JIMHA 5TOro BEKTOpA 3aBHCHT OT BEIMYUHBI
aBTOPUTETHOCTH YMHOBHHUKA (0OBIYHO 60JIbIIE BEIUYIUH £') U UTOrOBOE HANpABJIEHHUE JBHKEHHUE areHTa OIPeIeNeTcs
CyMMOM BEKTOPOB OT areHTa K LIEHTPaM TSXKECTU CMEXHBIX TEPPUTOPUIl U HaNlpaBIEHUEM YHHOBHHKA.

[TockonbKy paOOTHUKHM HE MOTYT HAaXOAWTHCS B MOCTOSHHOM IIEPEABHKEHUH, MOKHO BBECTH CTENEHb CIIyYaiHO-
CTH B TO, Oy/IeT JI1 OH mepeMenarscsi. BooOie roBops, JOrn4HO BBECTH CTENEHb CIIyYaiHHOCTH AJIsI NPUHATHS paboT-
HUKOM pELICHUs, TIPUCIYIIAThCs U K TpeOOBaHHWIO YNHOBHMKA JIBUTAThCSA B TOM WJIM MHOM HampasieHuH. Bens ecnn
MBI HE pacCMaTpHBaeM Cilydail pabcTBa, paOOTHHKAM HEOOXOAMMBI ONpENe/ICHHBIE CTUMYJIBI I Tiepee3sia, 1 OHU He
MOTYT OBITH YBEPEHBI B IIPABIIIPHOCTH YKa3aHWH YMHOBHHKA. TO €CTh mepen KakAbIM IepeMelleHneM, KOTopoe 00y-
CJIOBJICHO BEKTOPOM, CIly4alHBIM O0Opa3oM C OIpPEAEIEHHOH BEPOSTHOCTBIO MPOHUCXOIUT BBHIOOP — COCTOUTCS JH 3TO
HepeMelIeHHE.

8. IlporpamMHuasi peasm3zanus

Jlna peanuzanuyl BRIIETIPUBEICHHBIX MOJENCH MOYKHO HCIIONB30BATh HECKOIBKO MHCTPYMEHTOB TAaKHMX, Kak Swarm,
RePast, NetLogo. Hamu 6511 Be1Opan RePast, kak HanbGosee ONTUMaNbHBIA T COIMAIBHOTO MOJCTHUPOBAHUS HHCTPY-
MeHT. OCHOBHBIMU KPUTEPHUIMH BbIOOpa:
e * AKTYaJIbHOCTb M pETyJIsipHas MOEPKKa (pa3padoTKa MPOyKTa).
e  Hannuue xopouieil 1 JOCTYIIHON JOKYMEHTALIUH.
e ¢ Jlerkocts B paclIUpEHUN.
e ¢ B03MOXXHOCTh MOAKIIOYCHNS BHCIIHUX WHCTPYMCHTOB (I/IHTeraLIl/Iﬂ C 6a3aM1/1 JAaHHbIX, MATEMAaTUYCCKUMU I1aKe-
TaMH | T.]I.)

Ha nannom sTamne peann3zoBaHa oJiHa M3 NPOCTHIX Mozenel. Ha ceTke ciyyaifHbIM 00pa3oM pacrpenenstorces pe-

CYpCHI, a TaK)KE areHTHI IBYX THIIOB: pabOYie ¥ YNHOBHUKU. Y YAHOBHHUKOB €CTh BOSMOXKHOCTB YIIPABJICHUS TICPEIBH-
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JKEHUSIMH | 100bIYell pecypca padounmu. Paboune 100BIBaOT pecypc, UCCIEAYIOT OKPY)KaIOIINe MPOCTPAHCTBO U OT-
YHUCIISIOT YMHOBHUKAM-BIIA/IENIbIIAM YacTh JOOBITHIX M IIepepadOTaHHbIX pecypcoB. [Ipu BBICOKOM CTpeMIIEHHMH YHHOB-
HHUKOB K 00OTaIl[eHNIO POUCXOAUT BEIMUPaHHE pabOUHX.

volutionDfSocialGroups - Repast Simphony

197 876 544

-
157676 544
R
-

Puc. 6. HauansHoe 10I0KEHNE ar€HTOB

I'omyOble KIIeTKH — pecypcehl, 3eIeHbIe 3BE310UKH — ar€HThI-UMHOBHUKH U, COOTBETCTBEHHO, CUPEHEBBIE KBaAPATHI
— areHThl-pabouue.

ups - Hepast Simphony

—
—
(

L

e

Puc. 7. Pe3synbrar paboThl IporpamMMsl

Ha crenyromem pucyHke mpencTaBieH TpaguK 3aBUCHMOCTH KOJMYECTBA TOOBITHIX PECypCOB OT BpeMeHH. Takoit



68 Ershov Informatics Conference 2011. Knowledge and Ontology *ELSEWHERE*2011

rpa(bmc CTPOUTCA B P€AJIbHOM BPEMCHU NIPpU MOJACITIUPOBAHNU, BCICACTBUEC YCTO €CTh HE TOJIBKO BO3MOXKHOCTH Ha0ITI0-
JACHUS 3a NEPCABMIKCHUAMMN arcHTOB, HO TaKXKC €CThb BO3MOXXHOCTb aHaJIu3a CUTyalluu.

E volution0fSocialGroups - Repast Simphony

| EvolutionOFSocialGroups Model
=, EvolutionCfSocialGroups

at
,_J Data Loaders
- # ContextCraatar
£ Data Sets

® A Daka Set
-3 pispl...

Puc. 8. I'paduk 3aBuCHMOCTH KOJTHYECTBA TOOBITHIX PECYPCOB OT BPEMEHH

3akjo4yenne

JIBe HanboIEE TPYAOSMKHIE YaCTH COLUAILHOTO MOJICIIMPOBAHKST — BBIOOD IMOKA3aTEIBFHOTO IpUMEpa IETICBOU TPYIIITBI
i popmupoBaHus 0a30BOro HaOOpa JAaHHBIX M Pa3BUTHE OOOCHOBAHHOTO Habopa MpaBHJI MOBEAEHUS U BEPOSITHOCT-
HBIX XapaKTePUCTHK, BIUAIONINX Ha MMOBeIeHHe areHToB. Ecny Habop JaHHBIX W MpaBWIIa TIOBEACHUS XOPOIIO pa3pa-
0OTaHbBI, TO MOJIEIMPOBAHIE, UMUTHPYIOIIEE COIMAIbHEIC IPOLIECCH], OyAeT Ooee HANAEKHBIM, PEATUCTHYHBIM U 3a-
CITY>KHBAIOIINM JOBEPHE.

Bouee peranu3upoBanHbie HAOOPHI JaHHBIX, OMUCHIBAIOLIMX JeMOrpaduyecKie moka3aresiy, HpaBuia MOBEISHUs
B IPYIIIIE U CETh COLIMANIBHBIX CBSI3eH, MOTYT OBITh MOJIE3HBIMU IIPU JAIBHEUIIEM TOCTPOSHHH MOJEIICH.

IIpencraBnseTcss MEPCICKTUBHBIM MPUMEHEHUE JaHHOTO MPOJYKTa JJIS aHAIM3a JAeMOrpaduyecKux IMPOIECCOB,
MOCTPOCHHS MOJICNICH YIIPaBJICHUS PUCKAMH, aHAJIN3a COIMAIbHBIX CETCH.

B xone BhinoyiHeHHs pabOThI OBUTH U3yUYeHBI U MPOAHATM3UPOBAHBI Pa3IMYHbIC HAOOPHI HHCTPYMEHTOB IS MYJIb-
THATEHTHOTO MOJCIHPOBAHUS COITUABLHBIX MPOIIECCOB, TPOAHATM3UPOBAHBI UX TOCTOWHCTBA U HEJJOCTATKH.

IToctpoeHa cuctemMa sSBISIOIIASACS MIA0JIOHOM U MOACTHPOBAHUS PA3IMYHBIX COIMATBHBIX IPOIIECCOB B PaAMKax
HCCIIeAyEeMOH 00JIaCTH, TI03BOJIAONIAs YUUTHIBATh TUHAMUYECKHE (DaKTOPHI, BIUSIOIINE HA COITUATBHBIN IPOIIECC.

YactuvHO peanm3oBaHa pa3pabdOTaHHAs MaTeMaTHdecKas MOJEIb, OJHAKO ITUIAHUPYETCs NallbHEeHIee pa3sBUTHE, C
ucnoxp3oBanueM teopun Jlarane u PIC-merona, mpencraBieHHBIME B TaHHOH paboTe, H00aBIeHHE BO3MOXKXHOCTH BO-
JIFOIIMU MOJIENIM OOLIECTBA, CMEIIMBAHUS COLIMAIBHBIX TPYII M MOCTPOCHHS HEOJHO3HAYHBIX MOJEJEH, MPOA0HKEHHE
HCCIIEIOBAHHE PA3TUYHBIX COIIMAIBHBIX IPOIECCOB C TIOMOIIBIO TAHHOH CHCTEMEI.
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AnnoTtanus. [Ipeanoxen meron xonnenrtyansHoro OLAP-monenmupoBanus npenmetHod obnactu. [IpencraBieHo
onrcanre (HOPMHUPOBAHUS WHTETPATFHON aHAIUTHUECKOH MOAETH B BHIEC (OPMaNbHONW KOHIENTYaIbHON pPEIIeTKH
OLAP-ky60B. BEInogHEeHO MOCTpOCHNE KOHIENTYalbHOH aHAIUTHYECKOH MOAENM Pa3MENCHUs MyHHIUIIAIbHOTO
3aKasa.

KoaroueBrbie cioBa: nnterpansHas OLAP-monens, onepatuBHas aHaauTH4Yeckas oOpaboTKa JaHHBIX, (OPMaIIbHBINA
KOHLIENTYaJIbHbIM aHaIK3.

O¢ddexTuBHOCTS yIIpaBIeHHUS aIMIHACTPATHBHBIMI PECYpCaMU BO MHOTOM OTIPEJIENISCTCS CBOEBPEMEHHOCTRIO TIPEI0C-
TaBJICHUS aHATUTHYECKON MHpopManuu. [ monaep KKu MPHHATHS YIIPABICHUSCKUX PEIICHUN IITMPOKO UCIIONIB3YeTCs
texHosorusi OLAP (On-line analytical processing) [1-5]. Heo6xoaumMocTh ornepaTrBHON aHAIMTHYECKOH 00paboTKU
OonpIMX 00BEMOB JAaHHBIX B 33/la4aX OPraHU3AlMOHHOTO YNPAaBJICHUs (TEPPUTOPUAIBHOTO, OTPACIEBOr0, KOpIopa-
THUBHOTO | T.II.) TpeOyeT cOo3MaHus HOBBIX MOAXO0B K peanmmn3anuu TexHojornu OLAP. KadecTBo aHanm3a naHHBIX Ha
ocaose OLAP Bo MHOTOM ONpeACIACTCA JOCTYITHOCTBIO UCXOJHBIX TaHHBIX U IMTPO3PavYHOCTHIO aHAJIUTUYECKON MOJCIIN
npeaMeTHoi obnactu. Kak mpaBuiio, aHaIMTUYECKas MOJENIb MPEICTaBIsACT CO00H MHOXECTBO OTmenbHbIx OLAP-
MoJIeNield peJHa3HaueHHBIX JJIS PelIeHHs YacTHbIX 3a1a4 [1-3]. dopmupoBaHue Takoi (parMeHTapHOW MOJENIU Npo-
HCXOJHT M3-32 HEOOXOANMOCTH IPUBJICUEHUsI CIIELHAINCTA CO 3HAHUEM CTPYKTYPBI M COCTaBa MCXOIHBIX AAHHBIX JUIS
pelIeHnsT KaXX0i HOBOWM aHanuTH4YecKol 3amauu. [IpuMeHeHHe crenuaan3upoOBaHHOTO XpaHWIWIIA JaHHBIX [6-8] B
Ka4yecTBe MCTOYHMKA MCXOMHOW MH(POPMALINH MTO3BOJSET YACTUYHO M30EKaTh OMHOOK COTIACOBAaHHOCTH aHAIHM3HPYe-
MBIX AHHBIX, HO HE peIIaeT mpodieMy OTCYTCTBHS BO3MOXKHOCTH OTNEPUPOBATh BCEMH OOBEKTAMH aHAJH3a MPEeaMET-
HOW o0nacTu. AKTyalabHOHM cTaHOBHTCS 3aqada (opmMupoBanus naTerpaipHoit OLAP-monenu npeamerHoit obnactu. B
psne coy4aes [4, 9] HHTETpaTBHBIN MOIXOM PeaNn3yeTcs IMOCTPOCHNUEM KaTajiora MmoKa3aTese, MO3BOJISIONIET0 CHCTe-
MaTU3UPOBATh OOBEKTHI aHAIM3a, HO HE 00ECIEeYHMBAIOIIETO MOANCPKKY MX COBMECTHOH aHAIMTHYECKOW 00paboOTKH.
Heobxoaumo paspaborats meroj (opmupoBanusi unrerpaibHoii OLAP-Mozenn Ha OCHOBE CTPYKTYPHUPOBAaHHsSI dKC-
NEePTHBIX 3HaHMH 00 00BEKTaX aHaIM3a IPEIMETHON 00JaCTH M BO3MOXHOCTH MX COBMECTHOM aHAJMTHYECKOW oOpa-
00TKH.

[Ipennaraercs meron popmupoBanus uaTerpanbHoii OLAP-Momenn, oCHOBaHHBIN Ha (HOPMATLHOM KOHIICTITYalb-
HOM aHaJIM3€ MOKasaTeJed N U3MEPEHUH npeaMeTHoit oonactu. OnHcaH MpoIecc MOCTPOSHUS HHTETPAIbHON aHaINTH-
YEeCKOW MOJIeNIN NPeAMETHON 00acTH B Buae KoHuentyainbHoi pemerkn OLAP-ky6oB. UnTerpansuas OLAP-monens
MO3BOJISICT ONEPUPOBATH BCEMH OOBEKTAMH aHAIM33a W OXBATHIBACT MAKCUMAIIBHOE YHCIIO PEIIacMBIX aHATUTHYCCKIX
3amad. [Ipumenenne uaTerpansHoii OLAP-Monenn npenMeTHo# 001acTi Ut TOANEPKKA MPUHSATHS YIIPaBICHUECKIX
PEIIeHHI MO3BOJSET MOBBICHTE 3(P(PEKTUBHOCTH ONIEPaTUBHON aHATHUTHIECKOH 00pabOTKH MHOTOMEPHBIX TaHHBIX.

OLAP-MoaennpoBanye npeIMeTHOH 00J1aCTH

Texnonmorust OLAP mpezncraisier co00ii COBpEMEHHYIO KOHIICTIIUIO aHAJIM3a JAHHBIX, OIMHCAHHYIO COBOKYITHOCTBIO
TpeOOBaHMH K MPOTPAMMHBIM MPOAYKTaM, 00ECIICUMBAIOIINM ONEPATHBHYIO aHATUTHYESCKYI0 00pabOTKY W IpENCTaB-
neHue naHHbIX. Briepsole npuHIimnel OLAP Obuti copMysIMpOBaHEl OCHOBOIIOJIOXXHHKOM TEOPUH PEISLMOHHBIX 0a3
nmauabix E. Komgmom [10]. OLAP obecnieunBaeT momb30BaTeNsi €CTECTBEHHON, HHTYHTHBHO MOHSATHON MOJENBIO JaH-
HBIX, OPTaHU3ys UX B BUJI€ MHOTOMEPHBIX KyOOB.

OLAP-ky0 MOXHO paccMaTpuBaTh Kak runepkyo G = <D, F> — MoJiellb JIOTHYECKOr0 MHOIOMEPHOTO Tpe/ICTaBIIe-
HUSI IaHHBIX, XapaKTepU3yoLascs IByMsi HAOOpaMH IIapaMeTpOB: TI0Ka3aTessIMU U U3MEPEHUAMH (PUCYHOK 1);

F=<f, f5 ...f;> — nokazarenu (Mepbl) TUIIEPKYOa: Ka)K/Iblii MOKa3aTellb MMEET MHOXKECTBO 3HAYEHHUH, KOJIHYECT-
BEHHO XapaKTepU3yIOLINX aHaJIU3UPYEMBbIi IIpoLecc;

D =<d,, d, ...d,> — n3Mepenus runepkyoa: Kaxjoe U3MepeHHue MpecTaBisieT co00H YIopsIOYeHHOE MHOKECT-
BO 3HAYCHUH ONpeNeNIeHHOro THmna. M3MepeHuss MOryT ObITh OPraHM30BaHBI B BHJE YIOPSJAOUCHHOW HEpapXU4ecKon
CTPYKTYpBI. MHOXKECTBO M3MEpeHH 00pa3yeT ocu runepkyda. B sueiikax xy0a, HAXOQATCS aHAIUTHIECKUE MMOKa3aTe-
T

* Pabora BeimosiHeHa npu noaepskke rpanta GLII «Hayunsle 1 HaydHO-TIe1aroruueckue Kaapsl HHHOBaMoHHOW Poccum» Ha 2009-
2013 roxsr (TK Ne 02.740.11.0621 ot 29.03.2010 r.).
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Puc. 1. OLAP-ky6

OmHO W3 OCHOBHBIX TpeOoBaHWil TexHONOTHH OLAP — «IIpo3padHOCTB»: TOTOBBI MHOTOMEPHBIA KyO JOIDKCH
OBITH TIPENCTAaBIICH KOHEYHOMY IOJB30BATENIO0 B YIOOHOM U HETO BUAC, HHCTPYMEHTH MAaHUIYJIHPOBAHUS KyOOM
JIOJDKHBI OBITh MHTYHTHUBHO TOHSTHBI, HAUMEHOBaHHs OOBEKTOB aHajHM3a IOJIKHBI COOTBETCTBOBATH TEPMHUHOJIOTHU
npeameTHoi obnactu. [Tponecc OLAP-ananu3a nmpeacTaBisieTcsi COBOKYIHOCTBIO ONEepaldii ¢ MHOTOMEPHBIMU JIaHHBI-
MU — JeTall3aluK, KOHCONUAauuu (IpyNnupoOBKH), popMUpoBaHus cpe3a U noBopota. Ornepaiun KOHCOIUIAIMHN OIl-
PENeNsIOT MePexo/l OT JETAILHOTO MPEJCTABICHHS JaHHBIX K arpernpoBaHHOMY, a B Clly4ae AeTalli3alui — 0OpaTHBINA
nepexo. PopmupoBaHue cpe3a Kyda 3akitoyaetcs B (UKCAIIMK 3HAUCHUS (3HAYCHHUI) ONPEICICHHOT0 H3MEPEHHUS, TIPH
3TOM COKpaIllaeTcsi pa3MepHOCTh KyOa. Cpes mpezcraBiisier co00l MoAKyO, B KOTOPBIA BXOAAT BCE OCTalIbHBIE U3MEpe-
Hust. Omepanyst MoBOpOTa 3aKIII0YaeTcsl B MI3MEHEHUH TOJIOKEHUs ocell KyOa — n3MepeHuil. B pesynbrare BpaieHus
MEHSETCS «TOYKa 3pEHUs» Ha JIaHHBIE.

Js koHeuHoTO ToNB30BaTens npuMmeHeHne OLAP obecriednBaeT BBRICOKYIO THOKOCTH TOJTYYaeMBIX PEIICHUH 3a
CYeT BO3MOXKHOCTH U3MEHEHHUS OTOOpaXCHUs pe3ysbTaTa. AHAIUTHK MOMy4YaeT He JKECTKO PeriJaMeHTHPOBAHHBIA OT-
4eT, a MHCTPYMEHTAPHHA UII TBOPUECKOTO HCCIENOBAaHUS 3a1adi. BO3MOXKHOCTE CBOOOJHON MAaHUITYJISIAHA JaHHBIMH
YIPOIIAET MOoJy4eHHe HeoOX0AMMbBIX HaOOpoB JaHHbIX. BaxHbsiM npeumyniectBoM OLAP sBisiercs nmpegocraBieHue
MTOJI30BATEII0 BO3MOXKHOCTH ONIEPUPOBATH 3HAKOMBIMU TEPMUHAMH U3 TipeaMeTHor obmactu [11].

OLAP-ky06 MOXXHO paccMaTpuBaTh Kak aOCTpaKTHOE IMPEICTaBICHHE BHIOPAHHOTO TOAMHOXKECTBA PENSALNOHHON
6a3bl ganHbIxX [12]. [Iponecc dopmuporanus OLAP-ky0a BKIrOUaeT BEIOOP HEOOXOAMMBIX TAOJIUI], PACCTAHOBKY CBSI-
3ell MeX/1y HUMH, BHIOOp TOJICH JAHHBIX U COTIOCTABJIEHHE X C TEPMHUHAMH MIPEAMETHON 00JIaCTH, YTO TPeOyeT Crelu-
AJIBHBIX 3HAHUH O MPEIMETHOH 00JaCTH U CTPYKTYPE MCXOIHBIX JaHHBIX. KONIM4ecTBO U cOCTaB MHOTOMEPHBIX KyOOB
ompenensiercs pemaeMbivu 3agadamiu. [Toctpoerne OLAP-ky0a ais KaxI0i 9acTHOM aHATMTHYECKOHN 3aJaui BEJET K
(hopmupoBaHHIO (parMeHTapHON aHATMTHYECKOW MOZEIH MpeAMEeTHOH obsactu. B pesynbrare HabmogaeTcs MHOTO-
KpaTHOE MCIIOJIb30BAaHHUE OJTHUX M TeX K€ OOBEKTOB aHaIM3a (IoKa3aTelell M U3MEPEHUH) Il HOCTPOSHHUS PA3IMYHbBIX
KyOOB B paMKaxX OJHOH MoJend. Pacmmupenue Kpyra aHaTUTHIECKUX 3a7a4 BT K HEOOXOTUMOCTH OObEIHHEHUS CY-
MIECTBYIOIIUX KyOOB ¢ 00s3aTEIbHON MPOBEPKON COMMOCTABUMOCTH TTOKazaTenell M m3MepeHuid. [l mOBBIeHHs (-
(DeKTUBHOCTH OIEPAaTUBHON aHAUTHYECKOH 00paOOTKM JaHHBIX HeoOxommMma mHTerpansHas OLAP-mozmens, mocTpo-
€HHasi Ha OCHOBE BCEX OOBEKTOB aHaJIM3a IPEIMETHON 00nacTH. Bo3MOXKHOCTh MaHHITYJIMPOBAHUSI BCEMH 00bEKTAMU
aHaJM3a MpeAMETHOH 00IacT OJJHOBPEMEHHO COMPSDKEHA ¢ HEOOXOAMMOCTHIO MCIIOJIb30BaHUSI SKCIIEPTHBIX 3HAHUI 00
00BeKTax aHaIu3a U O BO3MOYKHOCTH MX COBMECTHON aHATUTHIECKOH 00pabOTKH.

®opmupoBanne nuTerpaabHoii OLAP-monean npeavMeTrHoii 001aCTH Ha OCHOBE
(popMaTBbHOI0 KOHIENTYAJbHOI0 AHAJIM3A

C uensto dopmupoBanus uHTerpansHoi OLAP-Mozenyu mpeaqMeTHOH 001acTH Ha OCHOBE BCEX OOBEKTOB aHAIIM3a He-
00XOIMMO BBIAETHUTH TPYMITEI 0OBEKTOB, IMEIOMINX OOIINE CTPYKTYpHBIE MPU3HAKH, UCXOAS U3 OTHOIIEHHS COIOCTa-
BAMOCTH ¥ BO3MOXKHOCTH FIX COBMECTHON aHAIMUTHYECKOU 00paboTkm. [y 3TOTO 1enecoodpa3Ho HCIOIB30BATH METO-
III OMHAPHOH 00BEKTHO-NIPU3HAKOBON KIIACTEPU3ALH, B KOTOPBIX CXOACTBO OOBEIMHSIEMBIX B OAHH KacTep 0OBEKTOB
BBIPA)KAETCs Yepe3 OOIIre 3JIEMEHTHI ONMCaHKs BCeX 00bEKTOB M3 AaHHOro kiacrepa [13]. K Takum MeTogaM OTHOCST-
Cs1 METO/IbI, OCHOBAaHHBIC Ha (DOPMAIbHBIX KOHIIENITAX U PEIIeTKax (POpMaIbHBIX KOHIETTOR [14].

DopmanbHblii KoHLenTyanbpHbIN aHnanu3 (Formal Concept Analysis) Briepbie Obu1 nipeiosken R. Wille B 1981 ro-
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ny [15] u akTuBHO pa3BuBaeTcs cerogHs. Meron 3akiouaercs B ciexyromeM. @opMaabHbBIM KOHTEKCTOM Ha3bIBAaeTCA
tpoiika K = (G, M, I), tne G — MHOXXeCTBO 00BEKTOB, M — MHOXECTBO aTpudyToB, / = G X M — OTHOIIEHHE TaKOE, YTO
glm, rne g € G, m € M o3HavaeTt, uTo 00BEKT g 0ONanaeT arpubyToM m. DopMabHbI KOHTEKCT MOXKET ObITh Mpe[-
CTaBJICH B BHJIC OMHAPHOW MATPHUIIBI, CTPOKH KOTOPOW MOMEUYCHBI HMCHAMHU O0BEKTOB, @ CTOJIOIBI — 3HAUCHUSIMH aTPH-
6ytoB. i nponsBonbHeIXx A € G u B < M onpenenstores A'u B”:

A'={m e M| glm nus Bcex g € A},

B'={g e G| glm ns Bcex m € B}.

ITapa mHOXecTB (4, B) Takux, uto A < G, B M, A'= B u B' = A, Ha3piBaeTcs (POPMAIBLHBIM KOHIIETITOM KOHTEK-
cra K. MHOXXECTBO 00BEKTOB A MpecTaBiisieT 00beM (popMabHOTO KOHIIENTa, @ MHOKECTBO aTpuOyToB B — couepxka-
HHe GopMabHOro KoHLenTa. TakuM 00pa3oM, (opMalbHBIN KOHIIENT — 3TO MHOXKECTBO 00BEKTOB NpeIMETHON o0Jiac-
TH, KOKIBIH W3 KOTOPHIX 00JazaeT BCEMHU aTpuOyTaMH M3 HEKOTOPOI'O MOJMHOXKECTBAa aTpHOYTOB, MPHUCYIIUX BCEM
3THM 00BEKTaM.

[Ipumenenune opmanbHOTO KOHIENTYaIbHOTO aHAIM3a K OOBEKTaM ONEpaTHBHOW aHAJMTHYECKOH 00paboTKu
MHOTOMEPHBIX JaHHBIX ITO3BOJISIET OCTPOUTH HHTerpanbHyto OLAP- Mozens Ha OCHOBE SKCHEPTHBIX 3HaHUI 00 00b-
€KTax aHaJn3a IPeIMETHOMH 00JIacTH U BO3MOKHOCTH MX COBMECTHOH aHamMTH4ecKol oOpaboTku. Ha ocHoBe nHTErpa-
un TexHonorrmu OLAP u ¢popMamsHOTO KOHIENTYyadhbHOTO aHAIN3a MPEII0KEH METO POPMUPOBAHMS KOHIICTITYaNb-
HOW aHAIMTHYECKOW MOJENH MPEeAMETHON 00JIacTH B BHAC (POpPMaNbHON pemeTKH MHOTOMEPHBIX KyOoB [16]. Ha pu-
CcyHKe 2 mpezacraBiieHa koHTekcTHas nuarpamma IDEFO ¢opmupoBanus nnterpansaoit OLAP-mMonenu npeaMeTHon
obxacru.

USEDAT: AUTHOR: Penkova pate: 10.09.2010f working READER DATE | CONTEXT:
PROJECT: KoHuenTyansHoe REV: 13.09.2010| DRAFT
OLAP-mopenvposanue RECOMMENDED -
NOTES: 12345678910 PUBLICATION A-0
Mopens DYHKUMOHANEHBIE DopMansHBIA KOHLENTYaNsHLIA
MHOFOMepHOrO 3aBMCHUMOCTH aHanni
npeacTaBneHus XpaHUNMLLE AaHHBIX
[@HHBIX CootseTcTeune Manya OTHoweHWe
NOAKOHUENT-HagKoHLUENT
OTyeTHble L MGHO)KECTBO
opmMel o obrexkToB
PopMel | pMUpOoBaHue
MHOMecTBa | 2Hanusa
———*|06beKToB aHanuaa
CTpykTypa .
XpaHunvLla AaHHbIX i
Pahinha A MocTpoenue %&E’:?gﬁ”b'"
thopmansHoro
KOHTEKCTa
3 Yy ¥
Onpegenenne | MHoxecTBO
opManeHelx | OLAP-kyBos
KyBOB-KOHLIENTOB
A
MocTpoenne WHTerpansHan
topmansHoi | OLAP-mogens
peLueTku —
OLAP-kyGoB
Skcnept MNporpamMmHoe cpeacTeo
el TME  dopmupoBaHue wHTerpansHon OLAP-mopenu | NUMBER:
AD npeaMeTHoi obnacTtu —

Puc. 2. ®opmupoBanue unterpansHoit OLAP-Mozenu npeametHoit obnactu

[Ipemmaraembrii METOA BKIIFOYAET CIIEAYIOMINE OCHOBHBIC ATAITBI:
dopMUpOBaHUE MHOXKECTBA OOBEKTOB aHATIM3a IPEIMETHOM 00J1acTH;
IMoctpoenne GopManbHOrO KOHTEKCTA;

Omnpenenenre GpopManbHBIX KyOOB-KOHIIENTOB;

[MocTpoenue GopmanbHOil KoHLenTyanbHOU pemeTkn OLAP-ky0oB.

Ha TNEPBOM ITAIIC IYTEM MHTCPBLIOMPOBAHNA KOHCUHOI'O MOJIB30BATCIIA U U3YUCHHUS OTYETHBIX q)OpM OKCIICPT OIl-
penersieT aHAMTHICCKHUEe 3a7aqy MPEIMETHOH 00JacTd, (OPMHUPYET MHOKECTBO aHATUTHIECKHUX 3arpocoB. Chopmy-
JUPOBAHHBIC 3aIIPOCHI TIO3BOJISIIOT OIMPEICIUTh MHOKECTBO TEPMHHOB MPEIMETHOIH 007acTH — 0OBEKTOB aHAIH3a, KO-
TOpBIC UCTIONB3YIOTCS Il mocTpoeHust OLAP-ky00B KOHIENTYaIBHOW aHAIUTHYECKOW Mojed. OOBEKTHl KOHIETTY-
aJBHOTO aHAJN3a, B COOTBETCTBHH C MOJIEIIbI0 MHOTOMEPHOTO TIPEICTaBICHNUS JaHHBIX, JENATCS Ha MHOXKECTBO M3Me-
peanit D = {d|, d», ..., d,} m MHOXeCTBO TIoKazateneit F = {f, f, ..., fm}. T€pMHHBIL, OTIpeNCISAIONIIE ACTICKTHI aHAIH3a
MIPEeIMETHOM 00sacTH, 00pa3yloT MHOKECTBO M3MEPEHUH, a TEPMUHBI, IPEACTABISIONINE KOJMISCTBCHHBIC XapaKTepH-

-lkwlx)r—
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CTHKH{ aHaJIM3HPYEMOTO IIpolecca, 00pa3yroT MHOXKECTBO MOKa3aTelied. 3aTeM Ha OCHOBE CTPYKTYPbHI XpaHMIIHIIA JIaH-
HBIX BBITIOJIHSETCS] COMOCTABICHNE OOBEKTOB aHalIM3a C MOJISAMHU TaOJuUIl, ONpeiesis TeM caMbiM (PU3UUECKYIO COCTaB-
JISFOLYI0 M3MEpeHUH u 1okasaresneid. OOBbEeKThl aHaiu3a MOTYT OBITh CBSI3aHBI C MOJISIMU TaOJIMIl XPaHMJIHMIIA JaHHBIX
HAaIpsIMyI0, MJI PACCUUTHIBATHCS HA OCHOBE HECKOJIBKHX MOJIEH 110 3aJaHHOMY aJlTOPUTMY pacyera.

Ha BTOpoMm sTane ¢popmupoBanus nHrerpanbHoit OLAP-mozienn skcriepToM CTpYKTYpPHPYETCS] MHOKECTBO OOBEK-
TOB aHalM3a, CHOPMUPOBAHHOE HA IpeIbIAyIIeM JTare. Ha ocHOBe 3KCIepTHBIX 3HAHUH 00 aHATUTHYECKUX 0COOEHHO-
CTsX MH(POPMAIIMOHHBIX 00BEKTOB U (PYHKIIMOHAIEHBIX 3aBHCHMOCTEH XPAHWJIHINA JAHHBIX OIPENEISIeTCS COIIOCTaBU-
MOCTB TIOKa3aTeliell 1 H3MEPEeHUI — BO3MOYKHOCTh IX COBMECTHOM aHAIIMTHYECKOW 00pabOTKH.

OTHolIeHHE CONOCTaBUMOCTH MEXLy 3JI€MEHTaMH MHOXKeCTB ' u D o6o3HauuM R. R < FxD, (f, d;) € R, ecan no-
KasaTenb fi MOXKET ObITh NPOAHAIM3UPOBAH N0 u3MepeHuto d;. Tpolika (F, D, R), B COOTBETCTBHH C TeOpHEH (opMalib-
HOTO KOHIENTYaJFHOTO aHAIN3a, MPEACTaBIAeT co00il (opmansHBIi KOHTEKCT K. DopManbHBIA KOHTEKCT OTpa)kaeT
3HAHMS JKCIIEpTa 00 00BEKTaX aHaIM3a MPEAMETHON 00JaCTH M O BO3MOXXHOCTH UX COBMECTHON aHAIMTHYECKOW 00pa-
60TkH. POpPMaTIBHBIN KOHTEKCT MOXKET OBITh MPEACTABIICH B BHJE OMHAPHON MaTPHUIIBI, CTPOKH KOTOPOIl COOTBETCTBY-
0T TTOKa3aTelisiM, @ CTOJIOIBI — H3MEPEHUSIM.

Ha Tperbem 3Tame Ha OcHOBe CHOpMHPOBAHHOTO (POPMajbHOTO KOHTEKCTA OIPEelsieTCsl MHOXKECTBO KyOOB-
KOHLIENTOB MO NPU3HAKY COMOCTABUMOCTH OOBEKTOB aHAJIN3a.

Teopust popMaTbHOTO KOHIIENTYaJIbHOTO aHAJIHM3a MMO3BOJISIET OOBEIMHATh XapaKTEPHUCTUKH aHATU3HUPYEMOT0 IIpo-
1iecca 1o IpHU3HaKy OOIIHOCTH acleKTOB aHaJIM3a B KJacTepbl — KOHLENTHI. MHOXECTBO IOKa3aTelel OJMHaKOBOM pa3-
MEpPHOCTH A, KOTOpbIE MOTYT OBITh IIPOAHAIU3MPOBAHbI IO BCEM M3MEPEHHsSM u3 B, o0pasyloT KyO-koHuent (4, B).
MHOoXecTBO TIOKa3arenel 4 mpencTaBisieT 00beM POpPMaIbHOTO KyOa-KOHIIENTa, a MHOKECTBO M3MEpEeHH B — conep-
*kaHue (opMaFHOTO Ky0a-KOHIIeTTa.

B cooTBeTCTBHU ¢ MOJIENIbI0 MHOIOMEPHOTO MPECTaBICHHs JaHHBIX, (OPMaIbHBIN KyO-KOHIENT — 3TO aHAIUTH-
YeCKHd MHOTOMEPHBIH Ky0, IIOHBIA OTHOCHTEIBHO JT00aBICHNUS MTOKa3aTeel TOH ke pa3sMEepHOCTH B COCTaBa U3Mepe-
HUH. OTO 03HaYaeT, YTO HEBO3MOXKHO BKIIFOUHTH B Takoii OLAP-xy6 momomHWTENBHBIN MOKa3aTens 06e3 YMEHBIICHUS
YHClla U3MEPEHUH, TO eCTh B paMKax IMOCTPOSHHOI0 (hOPMaJbHOIO KOHTEKCTa HE CYLIECTBYET JIPYrHX IOKa3aTelei,
COIOCTaBUMBIX C TEM K€ HADOPOM U3MEPEHUIA.

Ha 3akimtounTenbHOM 3Tare CTPOUTCs peleTka KyOoB-KOHIETITOB, KOTOpasi TI03BOJISIET ONIEpHPOBATh BCEMU 00bEeK-
TaMU aHAJM3a M OXBaThIBAET MaKCHMAJILHO BO3MOXXHOE YHUCIO PEIIaeMbIX aHATMTHYCCKHX 33Jad paccMaTpPHBAEMOM
NpeAMETHON 00acTH.

CoryacHo MeToty (hOpMaIbHOTO KOHLENTYaIEHOTO aHAIN3a, MHO)KECTBO BCEX KOHLIETITOB YACTHYHO YIIOPSAI0UCHO
OTHOIIICHUEM ITOJAKOHIENT-HATKOHIENT: (41, B)) < (4,, B,) eciu A < A, (4To 3xBHBaNICHTHO B, C By). B 3TOM Ciiyuae
(4,, B)) HazwIBaIOT nookonyenmom (A,, By), a (4,, By) — naokonyenmom (A, By). YnopsmoueHHOE MHOXKECTBO BCEX
KOHIICTITOB KOHTEKCTa 00pa3yeT MOJHYIO PEIIeTKY — pelIeTKy KOHIenTos [17].

Jus xornentyansHO OLAP-Mozmeny oTHOIICHHE ITONKOHIETIT-HAIKOHIIENT OIMpeesieTcsl Kak MoAKyO-HaaKyoO:
MHOYKECTBO TOKa3aTeleld POIUTEIHCKOr0 KyOa BKIFOUAET MHOXKECTBO TTOKa3aTelleil JodepHero Kyba, a, B CBOIO OdYe-
penb, MHOKECTBO M3MEPEHUH JI0UepHero Kyba BKIIFOYaeT MHOXKECTBO M3MEPEHHH pOIMTENBCKOro Kyba. Pemrerka Ky-
0G0B-KOHIIENITOB IPEACTaBISIET CO00H BH3yanu3anuio naTerpansHoin OLAP-monenu npeaMeTHo# obiacTu.

HNuTterpansnas OLAP-monesas pa3MemeHnsi MyHMIHMIAJIBHOIO 3aKa3a

Paccmorpum (opMupoBaHie aHAIMTHYECKOH MOJIENIM, OCHOBAHHON Ha ()OPMalbHOM KOHIENTYalIbHOM aHalu3e, Ha
pUMepe Pa3MENICHNS MyHHIUIIAIEHOTO 3aKa3a.

MyHHUIMIATBHBIA 3aKa3 — 3TO 3aKa3 Ha MOCTaBKY TOBAPOB, BBIIOJHEHUE pabOT, OKa3zaHHE yCIyr, GOPMUPYEMBbIii
OT UIMEHHU OPraHOB MECTHOTO CaMOYIPaBJICHHUs, (PUHAHCHPYEMBIH U3 MECTHOTO OFO/KETa W HAIIPABJICHHBIN Ha YIOBIIC-
TBOpPEHHE MyHUIIMNIAIBHBIX HYX/ [18]. Pazmelienne MyHUIIUIIAIHHOTO 3aKa3a SBJISETCS OJHON U3 BaKHEHIIUX OPraHU-
3alMOHHBIX (POPM TEPPUTOPHATHHOTO YIPABJICHUS M MPEACTABISIET HHCTPYMEHT 3()()EeKTHBHOTO UCIIONIBE30BaHUS OFOJI-
JKETHBIX CPEJICTB.

Iponenypa pa3MerieHus 3aKa3a BKIFOYACT TPYU OCHOBHBIX 3Tarma:
— IUTAaHUPOBAHHWE — PACTIPENICICHHE H KOHTPOIh 00BEMOB OFOIKETHBIX aCCUTHOBAHUH W 3aKyIIaeMOU MPOIYKIIHH;
— Ppa3MeIIeHne — OpraHu3anys U MPOBEICHNE TOPTOB;
— KOHTPOJIb — 3aKIIFOYCHNE KOHTPAKTOB H YIIPABJICHUE UCTIOTHEHIEM.

Ananmmz 3 (heKTHBHOCTH pa3MeIIeHUs] MyHHUIIMIIATEHOTO 3aKa3a Ha KaKJOM M3 ATAlOB CBS3aH C pEIICHHEM pas-
JUYHBIX aHATUTHYECKUX 3aJad:
— aHamu3 IeeKTHBIX BEJIOMOCTEH MyHHIIMITATIBHBIX TOTPEOHOCTEIH;
— aHaJH3 paclpeneneHus: 00beMOB 3aKyaeMoil MPOAYyKIUH;
— aHaJ|u3 pe3yJbTaTOB MPOBEICHUS TOPTOB;
— MOHHUTOPHHT BO3BparTa 00ecIeueHus;
— aHaJ M3 aKTUBHOCTH YYaCTHUKOB Pa3MEIICHHS 3aKa3a;
— orneHka 3G ()EeKTUBHOCTH pacnpeIeieHus Ol PKETHBIX CPE/ICTB;
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MOHUTOPHUHT HCIIOJIHEHUS! KOHTPAKTOB;
oleHKa (P PEKTUBHOCTHU JIESITEILHOCTH YIOJIHOMOYEHHOTO OpraHa;
UT. I

Pemenue 3aa4 CBsI3aHO C BBINOJIHEHUEM CIIEAYIOLIHMX 3aIIPOCOB:
cyMMa OFOJDKETHBIX CPEJICTB, BhlelsieMasi Ha YAOBJIETBOPEHNE MyHHUIMITAIBHBIX HYX[ OFOJDKETONOIyYaTeNneH;
00beM OI0KETHBIX aCCUTHOBAHHMH Ha IPHOOPETEHNE OTEIbHBIX KaTerOpHid IPOIYKIIH;
KOJINYECTBO KOHKYPCOB, ayKIIMOHOB, 3aIIPOCOB KOTUPOBOK, MPOBOINMBIX 32 MECSIII, KBapTall, roj;
KOJIMYECTBO MPOLIEAYP, TPOBOANMBIX Ha OCTABKY TOBAapOB, BHINIOJIHEHHE paboT, OKa3aHUE YCIIyT;
KOJIMYECTBO JIOTOB, HECOCTOSIBIINXCSI IO IPUYMHAM HECOOTBETCTBUS 3asIBKM TPEOOBAHMSAM 3aKa3unKa, HEIPEIOCTaB-
JIeHUs! 00s13aTeNIbHBIX JJOKYMEHTOB, HEBHECEHHS JICHE)KHBIX CPEACTB B KAYECTBE 0OECIIEUEHHS, B CBSI3U C OTCYTCTBH-
€M 3asBOK U T.1.;
KOJIMYECTBO 3asBOK 110 Pa3INYHBIM THIIAM Pa3MEIeHHs 3aKa3a, MOJaHHbIX yYaCTHUKAMH, HMEIOLIUMH IPEUMYIIECT-
Ba;
HayaJpHas LEHAa KOHTPaKTa W IeHa [0 WTOTaM IIPOBEACHUS KOHKYPCOB, ayKLIHMOHOB, 3alIPOCOB KOTHPOBOK Ha MO-
CTaBKy TOBapOB, BBIIOJHEHUE PabOT, OKa3aHUE YCIIYT MO IJIABHBIM PACIIOPSIUTEISIM OIOIXKETHBIX CPEIICTB;
KOJIMYECTBO KOHTPAKTOB, 3aKIIIOYCHHBIX C YYaCTHUKAaMH pa3MEILCHHU 3aKa3a, 3aHABLIMMH IIEPBOE H BTOPOE MECTO;
KOJIMYECTBO HEHCIIONHEHHBIX KOHTAKTOB C YKa3aHHEM CYMMBI JICHEXKHBIX CPEICTB IO OOJDKETONOIydYaTesisiM U
TJIABHBIM PACIIOPSIMUTEISIM OFOJDKETHBIX CPEICTB;
U T.I.

AHanu3 3alpoCcoB MO3BOJIAET BBLISIUTh TEPMHUHBI IIPEAMETHOM 00IaCTH M Ha MX OCHOBE OIIPENESNIUTh MHOXKECTBO

00BCKTOB aHAIN3a PasMEIICHNA 3aKa3a:

MOKaszareliell: KOJINYECTBO TPOIIEAYpP, KOTMIECTBO JIOTOB, KOIMYECTBO 3aABOK, KOJMYECTBO KOHTPAKTOB HayaabHAsI
[[CHa KOHTPAaKTa, II€Ha TI0 MTOraM pa3MemICHHs, 00heM OIOKETHBIX aCCHTHOBAHUM, pasMep o0ecriedeHns 3asiBKH,
pa3Mep oOecreYeHUs: KOHTPAKTa U T. [I.

HU3MEPEHUI: CIOCO0 pa3sMEIeHUs] 3aKa3a, COCTOSHUE 3aKYNKH, KaTEropHs MPOAYKIHMH, KATETOPUH MPEUMYIIECTBA
3aKasa, FﬂaBHbIﬁ pacnopsaanTeiib, INIaBHBIC PACIIOPAAUTECIIN, HAMMCHOBAHUC 3aKa3iyuKa, THUIlI 3aKa3unKa, COCTOAHUEC
JIOTA, CTAaTyC 3asBKH, COCTOSHUE 3asBKH, OPraHU3allMOHHO-TIPaBOBas (GopMa y4aCTHHKA, MCTOYHUK (DUHAHCHPOBA-
Hust, hOpMa OIUIaThl, COCTOSIHHE KOHTPAKTA U T.]I.
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f1 | KonevecTeo mponeavp x| x x| x| x| x x| = x X|x| x| x|x
£2 | Konmaecso motos X X | x| x|x X | x| x| x b X X | x| x|x
f3 | KoargecTso 33380k X X|x[x|x|x|x|x]|x]|x X[ x| x|x|x X x| x| x|x
£4 | KoamaecTso KOHTPAakTos x x| x| x|x x x| x| x x| x| x| x[x]|x x| x| x
f5 | HaganeHas neHa KOHTpakTa x| X X x| X | x| X X | X X % X | %| %
£6 | LleHa mo HTOraM pasMemeHH X XX | XX x X | % X | X X% | x
f7 | OGBeM GKOIKeTHBIX aCCHTHOBAHHHA | X X|x|x|x X X| x| X X|x|x
f8 | PasMep obecnedeHnR 3a7BKH X x X|X|X| X X | x|x X | x| x
£9 | Paamep oGecnedenna KOETpakTa X XXX X X|xX|[x X | x| x

Puc. 3. opmanbHbIN KOHTEKCT pa3MeIleHHs MyHHUIUIAILHOTO 3aKa3a

C y4eToM CONoCTaBUMOCTH NOKazaTesaeld U N3MepeHHui (COBMECTHOH aHAIMTHYECKOH 00pabOTKH), ¢ TOUKH 3pEHUS

JKCHepTa, onpenaenseTcs GopMaibHbIii KOHTEKCT. Ha pucyHke 3 B BHIe TabiHIBl IpeAcTaBiIeH (JOPMAaIbHBIA KOHTEKCT
pasMeIeHusl MyHHITUITATBHOTO 3aKka3a. OnpeneneHsl cleayomue 3JIeMeHTs MEOKecTBa F' = {koruuecmeo npoyedyp,
KOUYeCmeo 10moe, KOAUUeCmeo 3dsA60K, KOIUYeCmeo KOHMPAKMOS, HAYAIbHAS YeHd KOHMPAKma, yeHd no umoeam
pasmewenust, 00vem DI00NCEMHbIX ACCUSHOBAHULL, pasmep obecneveHust 3as16KU, pasmep obecneyenus KOHMpaKma} n
3IIEMEHTHI MHOXKECTBa D = {cnocob pasmewenus 3akasa, COCMosanue 3aKynKi, Kamezopus npooyKyuu, Kamezopuu npe-
umMyuecmsa 3axKaza, 2naeHvie pacnopaoument, HaUMeHo8aHue 3aKa3yuxa, mun 3aKa3duKd, cocmosHue 10md, Cmamyc
3a56KU, COCMOsAHUE 3AA6KU, NPUCBOEHHOE MECIO, HAUMEHOBAHUE YUACTNHUKA, KAMe2opus y4acCmHUKA, OP2AHU3AYUOHHO-
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npaeosas hopma YuacmHuKda, UCMOYHUK QUHAHCUPOBAHUS, (POpMA ONIAmMbL, 6X00SUULL HOMED 3aKYNKU, HAUMEHOBAHUE
3aKyNKU, HAUMEHOBAHUEe JTOMd, COCMOSIHUE KOHMPAKMA, MUun C8eO0eHull 8 peecmpe KOHMPAKmMo8, COCMOSHUE 3aNnucu
peecmpa KOHMPAaKkmos, 6ud padomsl no UCNOIHEHUIO KOHMPAKMA, HOMEHKIIAMYPA Mosapos, KOO DI00NCEMHOU KIACCU-
@uxayuu, epynna peecmpa nompedrnocmeil, paiion 2. Kpacnospcka, mecay, keapmain, 200, 0mMEemcmeeHHblil UCHOIHU-
mejb YNOTHOMOYEHHO20 OP2aHa }.

Hcnonp3yst cokpaiieHHbIe 0003HAYCHHUS, TOTYIHM COOTBETCTBEHHO: F = {f1, f 2, f 5, f 6 [5»f 65 [ 7 f 8 f o} U D =
{di, dy, ds, dy, ds, ds, d7, ds, do, dio, dis, dizy dis, diy, dis, dis, dig, dis, dig, dao, dar, daz, dos, dog, dos, dos,
do7, dzs, dag, dso, dsi}.

OtHomreHue R 3ammceiBaeTcs cienyommM obpasom: R = {(f;, d)), (fi, d2), (f1, d3), (f1, do), (f1, ds), (1, d1q), (f1,
d14), (f], d24), (f], d25), (f[, d27), (f], dgg), (f], dgg), (ﬁ, d3()), (ﬁ, d31), ceey (}(9, d3())}. B paMKax paccMarpuBacMoro Imnpu-
Mmepa, nokazaresnu A = {f, f3, f4, [} OHOBPEMEHHO COIIOCTABUMBI TOJILKO C M3MepeHusaMu u3 B = {d;, d;, d,, ds, ds,
dy, ds, dy, dis, dos, dio, dsg}. Tlapa (4, B) oOpa3yeT ¢hopMalibHBIN KOHIIENT — IMOJHBIA aHATUTHYCCKHIA KyO pa3mMeriie-
HUS 33aKa30B. MHOXECTBO BCEX KyOOB-KOHIICNITOB, YIOPSIOYCHHOES OTHONICHHEM MOJKYO-HaIKyO oOpa3yeT peuieTky
kyOoB. Ha pucyHke 4 npuBeneHa GpopmanbHas KoHIenTyainbHas peuerka OLAP-ky0oB, npencrasisiomias HHTErpajib-
Hyto OLAP-mozenp pazMenieHys MyHULMITAIBHOTO 3aKa3a.

[IpemnoxeHHBII METO TIO3BONIIET (DOPMUPOBATH HHTETPAIBHYIO aHATATHYCCKYIO MOJICIh IPEIMETHOM 00JIaCTH B
Buje permretku OLAP-ky0OB Ha OCHOBE DKCIEPTHBIX 3HAHUH 00 OOBEKTaX aHATU3a U BO3MOXKHOCTH MX COBMECTHOM
aHanmuTHYeCKoW 00paboTku. MIHTErpanpHas MOJIENb JaeT BO3MOXKHOCTh OMEPUPOBATh BCEMU OOBEKTaAMH aHAIIN3a OJIHO-
BPEMEHHO M OXBaTHIBAET MAKCHMAaJIbHOE YUCIIO PEIIaeMBIX aHAJTUTUIECKUX 3aaad. [Ipumenenne naTerpansHoit OLAP-
MOJIEN! ISl IOJACPKKY MPUHATHS YIPABICHISCKUX PEIICHUH ITO3BOJUT MOBBICUTH d()()EeKTHBHOCTE ONIEpaTUBHOMN aHa-
JIUTUYECKONH 00pabOTKH MHOI'OMEPHBIX AaHHBIX. [IpakTHUeCKHM pe3ynbTaToM paboThl CTANO MOCTPOCHUE MHTErpalib-
Hoit OLAP-mMonenu pa3MemeHust MyHHIIUIATFHOTO 3aKa3a.

Janpreiimee passutre Meroga OLAP-monenupoBaHusi CONPSDKEHO ¢ HEOOXOIMMOCTBIO pa3paOd0TKH ajJrOpPUTMOB
0OHApPY)KEHUSI JOMOJHUTEIBHBIX MOKAa3aTeIe U U3MEPEHHM, UCXO/S U3 CBOMCTB KOHIICNITYaIbHON PEIMICTKH M HaYalb-
HBIX YCJIOBHI pelacMOi aHaIMTUYeCKO# 3amaun. [lmanupyercs paspabotka MeToga GopMupoBaHus 0a3bl 3HAHHKA Ha
ocHOBe (hopManbHON KoHIenTyanbHoil pemerkn OLAP-kyOOB 1 co3faHue nporpaMMHBIX CPEICTB HMOAJEPIKKU asiar-
TUBHOTO MaHHITYJTUPOBAHUS 00BEKTAMU aHAIH3a [IPH ONEPATUBHON aHATTUTHICCKON 00pab0TKe MHOTOMEPHBIX TaHHBIX.
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Puc. 4. Pemerka hopMabHEIX KOHIIETITOB Pa3MEIIEHHS MyHHIUIIAIBHOTO 3aKa3a



B mouckax uaeajJbHOIo si3bIKa
(pnsiocodckue NpeaANnOCHIIKY MOABJIEHUS (POPMAIBbHBIX A3bIKOB)

A .H. CaBocTbsIHOB

B eBpomneiickoit prmocodckoit Tpaauii MHOTOKPATHO MPEIIPUHAMAIICH MOMBITKHA CO3IAHMS «HICAITEHOTOY»
SI3BIKA, CBOOOZHOTO OT «HEJOCTATKOB)» €CTECTBEHHBIX SI3BIKOB.

[TepBBrie HaMEKHN Ha TaKOH fA3BIK coeprkarcs B nuanore Ilmarona «Kpatum». B nuanore BrickaspiBaeTCs uies,
COTJIACHO KOTOPOW MM$ BEIIH JOJDKHO TTOJIHOCTBIO OTPakaTh CYITHOCTH BemH. B TakoMm ciydae, 3Has UM,
YeJI0OBEK MOXKET y3HATh BCE CBOWCTBA BEIH, KOTOPYIO 3TO MMS Ha3biBaeT. [lo MHEHHIO yYaCTHUKOB AMAIOTA, B
MPOIILJIOM CYIIIECTBOBAJ SI3bIK, OTBEYAIOIIUI TPEOOBAHUAM HJICAILHOTO, HO OH ObUT UCKa)keH. COBpeMEHHBIH
ke s3bIK (T.e. SA3bIK SMOXW [laroHa) JMINb YaCTUYHO YJOBJIETBOPAET TakuM TpeOoBanusM. [losTomy,
BOCCTAQHOBJICHHUE UJEATBHOTO S3bIKa MBICIUTCS KaK BO3BPAILEHHE K 30J0TOMY BeKy. OJJHAKO B KOHIIE AUANOra
COJIEPHKUTCS U KPUTHKA UJCAIbHOrO s13bIka. OJIMH U3 y4aCTHUKOB Auanora KpaTui BeICKa3bIBa€T MHEHHE, YTO
M3MEHYMBBIE BEIM HE MOTYT OBITH ONMHUCaHBI TOYHO. [IpencraBiieHHe M3MEHUYMBBIX CBOMCTB MHpa B SI3BIKE
BEJeT K JIOTMIECKHM TpoTuBopeunsM. OOIiee IIaTOHOBCKOE pelieHHe MpoOJIeMBI CBOAUTCA K TOMY, YTO
WICaTbHBIA S3BIK MPUMEHAM K ONMCAHUI0 HEM3MEHHOTO MHpa SHI0COB, W JIUIIh YaCTUYHO MPUMEHHUM IS
OTHCaHWSI N3MEHYNBOTO KOCMOCA.

KoHuenmusi «yHUBEpCaIbHOTO s3bIKa» pa3padaTbiBaniack B pamkax (unocodekoit cucremsr I'. Jleitonuna. Ilo
€ro MHEHHIO, TaKOW S3BIK HEOOXOTUM ISl OCYIIECTBJICHHS HAYYHBIX HCclemoBaHWdA. JIeHOHHUIT cTpemuTcs
UCKJTIOYNTh M3 S3bIKa OLEHOYHBIE BBICKA3BIBAHMSA, YTO, BEPOATHO, CBA3aHO C TMONMBITKAMH H30eXaTh
KOH(JIMKTHBIE JUCKYCCUH. YHHUBEPCAIbHBINA S3bIK JOJDKEH I03BOJHTH (uitocodam uzberarb Cropos, T.K.
m00as mpobiiema, copMysTUpOBaHHAsS HA 3TOM S3bIKe, OYJIET pa3peuiatbCs IMPHU MMOMOIIMM BBIYHCICHHMA.
JleliOHUIL co3AaeT TEOPHIO BHIUUCIICHHUI, KOTOPYIO MOKHO PacCMaTpUBaTh Kak OJHOIO M3 MPEALIECTBEHHUKOB
coBpeMeHHOH uH(popMmaruku. OJIHAKO B MO3MHHE TOABI JKU3HM JIeHOHWI NPUXOOUT K BBIBOAY, 4YTO
YHUBEpCAIbHBIN SI3bIK HE MPUMEHUM [Js OINMCAHUS YEIOBEUECKOrO IOBEJECHHS, MOCKOJbKY IOBEICHHE
onupaercsi Ha CyObEKTUBHBIE OLIEHKH NPOUCXOSIINX COOBITHH.

Hambomee momHo, mpencTaBieHns 00 HOCaTbHOM S3BIKE TPEACTABICHBI B HCCICHOBAHUSX, IPOBOANMBIX B
paMKax HEOIO3UTHBHCTCKOTO HampasieHus (miocodpun Haganma XX Beka. B wactHOcTH, pabOTHI paHHETO
BurrenmreiiHa nmaroT TeopeTHueckoe OOOCHOBaHWE M pa3paboTKu (HOPMANBHBIX SI3BIKOB. DopMaibHBIN
SI3bIK, 110 MHEHUI0 JI. BurreHmreiina, He IOJKEH NOMYCKAaThb MHOTO3HAYHOCTH BBICKA3bIBaHUM, HO JIOJKEH
HUMETh JIOTUYECKUI CHHTAaKCHUC (T.€. CHHTAKCHC NPEIIOKEHUS JODKEH OBITh JKECTKO CBSA3aH C CEMAaHTHKOM).
Taxoke, npemiokeHuss Ha (OPMAIBHOM SI3bIKE JIOJDKHBI PacHajgaThCsl Ha <WIOTMYEecKue aToMmbly». Hamnmuwme
TAaKOIr'o s3bIKa IIO3BOJIUT I/l366FaTb HC@BﬂOBblCKaSbIBaHMﬁ, T. €. BbICKaSblBaHHﬁ, HC UMCIOMIUX MPOUCAYPhI UX
MIPOBEPKH.

Wudopmarnka B cepequne XX Beka (OpMHUpOBAIACh 10/ BIMSHUEM el panHero Butrenmreitna. H. Bunep
n A. ToIOpHHT HEKOTOpoe BpeMsl ObUIM CTyAeHTaMH BuTreHmrTeiiHa W HCIOiIb30BaIM ero (uiocodeknit
NoAXo[ Jisl pa3paboTKu HHPOPMAIIMOHHON Teopruu. MOXKHO YTBEP)KAATh, YTO SI3BIKM MPOTPaMMUPOBAHUS BO
MHOTOM YIOBJIETBOPSIIOT TEM TPEOOBAHUSAM K «HIICANIEHOMY SI3BIKY», KOTOPBIE BBICKA3bIBAINCH €BPOIICHCKIMU
¢unocodamu.

Kputnka nuarBHcTHYeCKOTO (hopMann3Ma B paboTax mo3fgHero BurreHmreiiHa Mo)keT OBITH IepeHeceHa Ha
SI3BIKH TIPOTPAaMMHUPOBaHUsl. B 4aCTHOCTH, MOXHO TPHHATH €r0 MOJ0XKEHHE O TOM, YTO ()OPMAbHBIN S3bIK HE
MO3BOJISIET «CO37aBaTh HOBOE», T.€. MAlMHA, «MBICIANIAs) Ha TAaKOM S3BIKE HECIIOCOOHA K TBOPUYECTBY.
IMo3aHuii BUTreHINTEHH MNPEUIOKKI HOBBIA MOAXO0A K (HIOCOMHH ECTECTBCHHOTO S3bIKa - «TEOPHUIO
SA3BIKOBBIX UI'P». 9T1oT MOAXOA YXOAHUT OT IOIIBITOK MOCTPOUTH «I/lﬂeaﬂbﬂblﬁ SA3BIK», HO KOHLHCHTPUPYECTCA Ha
MTOHMMAaHHUH PEATBbHOTO YeJIOBEYECKOT0 S3bIKA.

CoBpemeHHasi ”HpOpPMATHKa OCHOBBIBAaETCS Ha (HIOCO(MCKUX BO33PEHHUAX 00 HMIICabHOM S3bIKE, MMEFOLINX
JUINTENIBHYI0O HMCTOPUUYECKYr0 Tpaauiuio. OJHako, BCe MONBITKU CO3/JaThb TAaKOM S3bIK HATAJIKUBAINCH HA
npoOiieMy ero orpaHMueHHOW NMPUMEHHMOCTH B PEAIbHBIX KU3HEHHBIX YCIOBHAX. MOXHO INPEIIIOJIOKHTS,
YTO HOBBI BUTOK Pa3BUTHA MH(OOPMATHKH OyAET CBSI3aH C MEPEXO0JIOM OT MOCTPOSHMS MICATBbHBIX S3BIKOB K
HCTIOJh30BaHUIO €CTECTBEHHBIX SI3BIKOB B KAUECTBE CPEICTB MPECTaBICHUS HH(POPMAITIH.
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In searching of ideal language
(the philosophical preconditions of appearance of formal languages)

A.N. Savostyanov

In European philosophical tradition there were the several attempts to create “ideal language”, i.e. the artificial
language without “disadvantages” of natural languages.

The earliest idea of such language can be obtained from the Plato’s dialog “Cratylus”. According to this dialog,
the thing's name should completely represent a thing’s essence. It means that if person knows the name, he
knows all properties of thing, which is named by this name. According to the view of dialog’s participants, the
ideal language was in the past, but it was deformed. The modern language (i.e. the language of Plato’s epoch)
is just partly corresponding to such requirements. In this reason, the reconstruction of ideal language was
presented as the returning to Golden century. However, the critical comments to ideal language conception
also contained in the end of dialog. One of participants, Cratylus, told the point of view that changeable things
cannot be described by words exactly. The representation of variable properties of world in the language leads
to logical contradictions. In general, according to Plato’s position, the ideal language can be applied for
description of the immutable eidos world, and just partly can be applied for description of mutable cosmos.
The conception of “universal language” was suggested in philosophical system of G. Leibniz. According to his
view, such language can be used in scientific studies. Leibniz tried to delete from language all estimated
statements. Probably, it was related with attempts to avoid the disputed discussions. The universal language
should give opportunity to avoid the discussions between philosophers. Any problem, which is formulated in
this language, will be solved by means of computing. Leibniz suggested the theory of computing, which was
one of predecessors of modern informatics. However, in the later part of his life Leibniz made conclusion, that
universal language cannot be used for description of human behavior, because behavior depends on subjective
estimations of events.

In the first half of XX™ century, the conception of ideal language was presented in the studies of neo-
positivism philosophers. In particular, the studies of “earlier” L. Wittgenstein give theoretical basis for
elaboration of formal languages. According to Wittgenstein’s view, formal language should not include
ambiguous sentences. Such language should have “logical syntaxes” (i.e. the syntactical structure of sentence
should be hardly related with semantic structure). Also, the sentences of formal language should be
decomposed into “logical atoms”. If we will have such language, we can avoid “pseudo-sentences”, i.e. the
sentences, which have not the procedure of verification.

In the 40th years of XXth century, the ideas of “earlier” Wittgenstein influenced to formation of informatics.
Norbert Wiener and Alan Turing attended lectures of Ludwig Wittgenstein and used his philosophical
approach for elaboration of informatics. It is possible to suggest, that the computer languages in strong degree
correspond to requirements of “ideal language”, which were formulated by European philosophers.

The criticism of linguistic formalism in the studies of “later” Wittgenstein can be transferred to programming
languages. In particular, it is possible to accept his idea that the formal language doesn’t allow “to create new”.
The machine, which is “thinking” in such language, is unable to creation of new ideas. “Later” Wittgenstein
suggested new approach to philosophy of language — “theory of linguistic games”. This approach doesn’t try to
create “ideal language”, but focused on understanding of real human language.

The modern informatics is based on the philosophical conceptions of ideal language, which have long-term
history. However, all attempts to create such language have some limitations in application of ideal language
in real-life conditions. It is possible to make hypothesis, that new period of development of informatics will be
related with transition from elaboration of ideal languages to using of natural languages as means of
information representation.
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B paboTe onuchIBacTCs IMHTBUCTUYCCKAS] OHTOJIOTHS, HCIIOJIb3yeMast JJIsl aHAITi3a TEKCTOB Ha €CTCCTBEHHOM SI3BIKE B
OTrpaHUUYEHHON mpeaMeTHON 00macTi. OCOOEHHOCTHIO MPEIUIOKEHHOTO MOAX0/1a ABJISIETCS BKIIOUCHUE B OHTOJIOTHIO
MIOMUMO KJIAaCCHYECKHX CJIOBapeil U Te3aypyca JOMOJIHUTEIbHBIX KOMIOHEHT, IPeJHa3HAYEeHHbIX AJIs1 pacliO3HaBaHUS
KOHTEKCTa TEPMUHOB B TEKCTE U MOCIEAYIOMIETO CBI3bIBAHHS HAMICHHBIX 3JIEMEHTOB C TOHATHUAMH M OTHOILICHUSIMH
npeaMeTHo# obmactu. Takxke paccMaTpHBaTHCS TUHTBUCTUUECKHUE 3aauH, pelIaeMble B MpoIiecce co3aanus nHpop-
MalMOHHBIX CUCTEM, MCIIOJIBL3YIONIMX CEPBHUCHI aHAJIM3a TEKCTa Ul aBTOMATUYECKOT0 HAMOJIHEHUS! U U3MEHEHHSI CO-
JiepkaHus cucteMbl. MccrenyeTcs poib 3HAHWH, IPEAICTaBICHHBIX OHTOJIOTHEH MH()OPMAIIMOHHON CHCTEMBI, B TIPO-
necce 00pabOTKU TEKCTa, T.¢. KAK UMEHHO 3HAHUS MCTOJB3YIOTCS M BIHSIOT Ha M3BICKACMYyIO U3 TeKcTa WHPOpMa-
LU0 U KaK HIMEHHO Pe3yJIbTaThl, OJTy4YCHHBIC IPU 00pabOTKE TEKCTa, BIUAIOT HA CAMH 3HAHHUS.

BBenenue

Korzma MBI TOBOpHM O JIMHTBHCTHYECKOW OHTOJIOTHH, TIOAPA3yMEBAETCs, YTO PeUb HIIET O €CTECTBEHHOM SI3BIKE, O €ro
YCTPOWCTBE M TO, KaK OH CBS3aH C OKPY)KAIOIINM HAC MHPOM. B TIpakTHUECKMX 3a/1av4ax pacCMaTPHUBAETCs OrpaHIYCH-
Has 4acTh MUpa wiu npeaMeTHas oonacts (I10) u cooTBETCTBYIOMMI JAHHON 00JIACTH OTPAHUYECHHBIN SI3BIK.

I'maBHOM XapaKTEPUCTUKOW JTMHTBUCTHUYECKUX OHTONOTHIA (JIO) sIBIsieTcs TO, 9TO ATH OHTOJIOTUU CBSI3aHBI CO 3HA-
YEHUSMH S3BIKOBBIX BBIPRXKEHUH (CJIOB, MMEHHBIX Tpynn H T..). CyIIecTBYIOT HECKOIBKO CIOCOOOB OpraHHM3alyd
B3aUMO/ICHCTBUS MEX/y 3HAHUSAMHU O TpeIMeTHON obiactu U s3bike [Hapunbsauu, 2002], U3 KOTOPBIX MOXXHO BbIJIE-
JIUTH CIEIYIONINE ABa MOIX0/a.

[epBbIit 01X0/1, MPUHSTHIA B JTUHTBUCTHKE, 3aKIOYACTCS B CO3AHHUH JICKCHYCCKUX OHTOJIOTHI MM T€3aypyCOB
(mampumep, WordNet), KoTopbie 0XBaTHIBAIOT OOJILIIMHCTBO TepMUHOB [10, 1 0THOBPEMEHHO UMEIOT OHTOJIOTUICCKYIO
CTPYKTYPY, HPOSIBIITIONIYIOCS B OTHOIICHHUSX MEXKY TEPMUHAMH. JTOT MOJIXO] OCHOBAH Ha OHTOJIOTMYECKOHN TUIIOTE3¢
Cemupa-Yopda, To ecTh TO, YTO HE ONUCHIBACTCS CIIOBAMH, HE MOXKET OBITH OTPAXKCHO B OHTOJIOTHH.

Bropoii moxxox 4eTko pasmenseT OHTOJOTHIO U CIIOBaph (HampuMmep, MukpokocMmoc, OntoSem). OHTOMOTHS, 11O
MHEHHIO TPUBEPIKEHIIEB JAHHOTO MOIX0/a, JODKHA OBITh MAKCUMAJIbHO HE3aBUCHMOM OT KOHKPETHOTO S3BIKa, B TO JKE
BpeMsI TIOHSATHS OHTOJOTHU JOJDKHBI MIMETh CBOE HETIOCPEICTBEHHOE OTPAKEHHE B SA3BIKOBHIX 3Ha4YeHMSX [[JoOpoB u
np., 2006]. CnoBapHas cTaThs TEPMHHA B TAKOM TI0JIX0JI€ MOXKET UMETh U CBS3b C TIOHSITHEM OHTOJIOTHH U OCOOEHHOCTH
KOHKPETHOM JIEKCUYECKOM €IMHUIIBI.

Hecmotps Ha Bce yoOCcTBa MOCIEIHETO MOAX0a, CIEAYeT OTMETUTD, YTO MOHITHS OHTOJIOTHH YaCTO HEBO3MOKHO
CBSI3aTh «HAINPSIMYIO» C AJIEMEHTaMH CJIOBapsl, KaK MPaBUIIO, OHH BBIPAXKAIOTCs 00JIee CII0KHBIM 00pa3oM: CIOBOCOYE-
TaHUSAMH WM (pa3aMH, YaCTH KOTOPBIX MOTYT OBbITh Pa3HECEHBI 110 TEKCTY. DTO CBS3aHO C MPOOJIEMOM JIEKCHYECKOU
MHoOTO3Ha4HOCTH ciioBa [[lomskos, 2004] u TpeOyeT I YTOYHEHUS MCCICIOBAHUS KOHTEKCTAa. 3HAHUS, CBSI3aHHBIC C
ONHCAaHNEM BO3MOXHBIX KOHTEKCTOB CJIOBAapHBIX CIWHMUII, JOJDKHBI CTaTh HEOTHEMIIEMOW YACThIO JIMHTBUCTHYCCKON
oHToyoruH. TakuM 00pa30M, BEIJIEISCTCS MPOMEKYTOUHBIH JIEMEHT MEXKITy CIOBAPEM M OHTOJIOTHEH MPEIMETHON 00-
JaCTH.

B naHHO# cTarbe paccMaTpuBaeTCs MOAXOJ K MOCTPOEHMIO JIMHIBUCTUYECKOM OHTOJIOIMH, KOTOPBIM TOCTATOYHO
MOJTHO OTpPaXkaeT MPOIIECC CBSI3BIBAHUS CIOBaps W OHTOJNOTHWH. [lo MPUHIOUMIY «pa3feisii W BIACTBYH» BBIICISIOTCS
MaKCHMaJIbHO-HE3aBUCUMBIE KOMIOHEHTHI JIO, 94TO ¢ TeXHOJIOTM4YecKOW TOYKM 3PEHUs IJaeT BCE NMPEHMYIIECTBa MO-
JIyJBHOTO TOAXO0Ja CO3JaHMS MPOTPAMMHBIX CHCTEM: HE3aBHCHMAsl M pacIipelesieHHas peaji3ausi, OBTOPHOE HC-
MOJIF30BaHKE, PO3PAYHOCT, JIETKOCTh PACIIMPEHUS U T.I1.

OTMeTI/IM, YTO MbI 6yueM paccMaTpuBaTh T€ MPUKIIAAHBIC JTUHIBUCTUYCCKUE OHTOJIOIMU, KOTOPBIC UCIIOJIb3YIOTCA
B MH(QOPMALMOHHBIX CHUCTEMaxX JUlsi aBTOMAaTHUeCKOH 00paboTKu TekcTa. Ha3HaueHue Takux OHTOJIOrMH — obecre-
YUTH CONOCTABJIICHUE C€CTCCTBECHHO-A3bIKOBLIM BBIPAXKCHUAM, BCTPCTUBHINXCA B TEKCTC, 3JICMCHTOB OHTOJIOTHUH TPEA-
MeTHOH oOnactu. [lapamiensHo OyayT paccMaTpUBaTHCS BCE 3HAHUS, XpaHUMbIe B nHpopMannonHoi cucreme (MHC),
U TO, KaKyI0 POJIb OHU UT'PAIOT B Iporiecce 00pabOTKH TEKCTa.

* PaGora BBITIONHEHA NpH (HHAHCOBOH moepkke PODU (mpoekt Ne 09-07-00400) i [pesuanyma PAH (MHTErpanioHHbIi po-
ext CO PAH Ne 2/12 B pamkax nporpaMmsl GpyHIaMeHTanbHbIX uecaeqoBanuii PAH Ne 2).
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1. O"TONI0THS NHPOPMALMOHHON CHCTEMbI

CoBpEMEHHBIM IOJIX0JIOM K ITPEACTABICHUIO 3HAaHWH MH()OPMALMOHHOM CUCTEMBI SIBJISIETCS OHTOJIOTHUS [ XOpOIIEBCKHUNA
u 1p., 2001], ocHOBHOEe Ha3HAa4YEeHHE KOTOPOI COCTOMT B TOM, YTOOBI OOJIErYUTh I10JIH30BATEII0 TOUCK HH(OPMALUK B
OoubIIOM HaboOpe PecypcoB MyTEM CTPYKTYpHUPOBaHHS M CHCTEMATH3allMy 3HAHUH, CO3JJaHus €INHON UepapXuu MOHs-
THH, yHruKanuu TepMuHOoB. OHTONOrHss MHC Hapsiay ¢ TpaJAWIMOHHBIM ONMCAHUEM INPEIMETHOM 00JacTH COAEepIKUT
COOTHECEHHOE C HUM ONHMCAHHE CTPYKTYPBlI M TUIOJIOTHH COOTBETCTBYIOIINX XPAHMIIHI JAHHBIX M CETEBBIX PECYpCOB
[Bacunbes u np, 2003; Boposukoa u ap, 2002].

Ha srane pazpaborku MHC OHTONOTHS HIpaeT BaXKHYIO POJIb IIPH aHAIN3€ TPEOOBAaHUH M KOHIIETITYaJIbHOM MOJIe-
JIMPOBAaHUHU, OCOOCHHO, €CIIM OHA MHTETPUPYETCS C JIEKCHUECKUMH PECypcaMy, HCIOIb3YEMbIMU JUIS TOAJNEP)KKN aHa-
JM3a TEKCTOB Ha €CTECTBEHHOM s3bIKe. B 3amadax u3BneueHus mH(GOpMALUHM U3 TEKCTOB C IEIbI0 aBTOMAaTHYECKOTO
HAIOJHEHUs] MHPOPMAIMOHHOTO MpocTpaHcTBa cucteMsbl [Pybamkun, 2006] onTtonorust UHC urpaer onpenesnsomnyo
POJIb (MOKHO TOBOPHTH, YTO aHAIIM3 OCYILECTBIISETCS MO/ YIIPABICHHEM OHTOJIOTHN).

Onronorust MHC paccMarpuBaeTcs Kak TPeXypOBHEBas CUCTEMa 3HAHUI:

— METaOHTOJIOTHS OIMCHIBACT CTPYKTYpYy M P € A M€ T H O I OHTOJIOTHH, T.e. QUKCUPYET Te CTPYKTypHBIE dJie-

MEHTEHI, C TIOMOIIBIO KOTOPHIX OYAYT IMPEACTABIATHCS MOHSITHS MPEAMETHOMN 00JIacTH, 0OBITHO K HUM OTHOCSIT TaKUe
AJIEMEHTHI KaK: MOHATHE (KJacc), HepapXUIecKoe OTHOIICHHE HACIECIOBAHUS MEXIY KilaccaMd, OMHApHOE OTHOIIIe-
HUE (ACCOIMATUBHOE, YACTh-1IEJIOe), TPOHKa aTpruOyT—THII-3HAYCHHE U T.IL.;
— OHTOJIOTHA NMPEIMETHON 00IaCTH OMHCHIBAET MpeaAMEeTHYI0 obacTs UHC B TepMHIHAX MOHATHI U OTHOLICHUH;
— OHTOJIOTHSI HIDKHETO YPOBHSI BKIIIOYAET dK3EMIUISIPhI MOHSATHH M OTHOLICHHUH, 00pa3yromux HH)OPMAIMIOHHOE Ha-
noiaHenue MuC.
B nannoii cratee onTonorus MHC GyneT paccMaTpuUBaTHCS ¢ TOYKU 3PEHHS TOTO, KAK IMEHHO 3HAHUS, XpaHsIIne-
Csl B CHCTEME, UCIIOJIB3YIOTCS U BIHMAIOT HAa M3BJIEKAEMYIO M3 TEKCTa MHPOPMAIMIO M KaK UMEHHO PE3yJIbTaThl, MMOITy-
YCHHBIC TIPU 00PabOTKe TEKCTa, BIMSIOT HA CaMy OHTOJIOTHIO.

1.1. lIpuknagHbie JUHIBUCTHYECKHE 321a4H

Pa3pabotka oHtonorun UHC — 3T0 0053aTeIbHO UTEPATHBHBIN MPOLIECC, TOITOMY MOXHO PacCMaTPHBATh )KU3HEHHBIN

UK OHTOJIOTHMH B KOHTEKCTE WCIIOJNB30BaHUS CPEICTB aHaIM3a TEKCTa JUIA €€ pa3BUTHs. 1o KM3HEHHBIM HUKIOM

OHTOJIOTUH IIOHMUMAETCS HETIPEPBIBHBIN MPOIECC, KOTOPBI HAYMHACTCS ¢ MOMEHTA PUHATHS PEIICHIS O HEOOX0IUMO-

CTH CO3JJaHHs OHTOJIOTUU M 3aKaHYMBACTCS B MOMECHT IIOJIHOTO MPEKPAIICHUS e¢ MOANCPKKU. TakuM o0pa3oM, jKh3-

HEHHBIM IMKJI OHTOJIOTHH, KaK HEOThEeMIIEMasl 9acTh JKU3HEHHOTO ITUKJIa CAaMOW CHCTEMBI, OXBAaTHIBAET BCE CTAAWU U

ATAIbl €e CO3JaHMUsI, COMPOBOXKICHUS U PA3BUTHUA:

1. ®dopmMupoBaHHE OHTOJIOTHH BEPXHETO YPOBHS (IPOSKTHPOBAHKE) — HA JAHHOM JTalle BBOAWUTCS METAOHTOJIOTHS, a
TaK)Xe OCHOBHBIE IMOHATHS IPEAMETHON 00JIacTH;

2. ®opmupoBaHue oHTONOTHH TIpeaMeTHoi obnacTu (ITO) — Ha JaHHOM dTare OMHMCHIBAETCS MPEAMETHAs 00JacTh B
TEpMHHAX MOHATUH M OTHOUICHHI, (POPMHUPYIOTCS HEPAPXUHU TOHATHH, (PUKCHPYeTCsl aTpuOyTHASI CTPYKTYpa MOHS-
TUHA U aCCOLMAaTUBHBIX OTHOLLIEHUH, CO3/Iat0TCSl CIMCKU IOMEHHBIX 3HAYEHUH;

3. [obaBneHue cripaBOYHbIX 3HaHUW — K CIIPABOYHOMY 3HAHHIO OTHOCSTCS, HallpuMep, paciudpoBka 0003HAYECHUIH,
HCIIOJIb3yEMBIX Ha MPOU3BOJCTBE, WIH 3apaHee U3BECTHHIN CITUCOK OOBEKTOB CTPOUTEIHCTBA B CTPOUTEIHHOM 00-
JACTH, 3TU 3HAHHS MPEJCTABISIOTCS B BHJC SK3EMIUIIPOB IMOHATHH U OTHOIICHUH oHTONOrHU 110 M mosToMy mx
MOJKHO OTHECTH K OHTOJIOTHH HIDKHETO YpoBHs. Elle oquH BUJ cipaBOYHON MH(POPMAITUH — TOJKOBAHUS MTOHATHI
[1O; BO3MOXHOCTP TIPEACTABICHUS TaKOH HHG)OPMAIMH JODKHA MIPEeIyCMaTPUBAThCSA Ha TAre MPOSKTHPOBAHUS.

4. HamonHeHNE OHTOJIOTHH HIKHETO YPOBHS, T.€. JOOABICHHE B CHCTEMY SK3EMIUIAPOB MOHATHI M OTHOIIEHUA OHTO-
JIOTHH;

5. DkcrutyaTaiysi OHTOJIOTHH M €€ CONPOBOXK/IEHHE, Ha IAHHOM 3Talle MOCTynamwliias B CUcTeMy HOBas UH(opmaius
JOJDKHA COTIIACOBBIBATHCS C YK€ HMEIOIICHCS;

6. Pacmmpenne OHTOIOTHH CHCTEMBI — 3TOT 3TAll HACTYIAET TOT/Ia, KOT/1a 3HAHMS B CHCTEME «yCTapeBaroT» U HE yCT-
PpauBaroOT MMOJb30BATEJIA B TOM BUAC, B KOTOPOM OHU NMPEACTABJICHBI.

OTMeTHM, 4TO 3aJ1auyl pellaeMble CEPBUCOM aHajIM3a TEKCTa Ha Pa3HBIX ATallax, Ha CaMOM Jeje passInuHbl, Jaxe
THUIIBI UJIN )KaHPbI JOKYMEHTOB, C KOTOPBIMU IMTPUXOANUTCH pa6OTaTb MOTyT 6])ITI) HCOAUHAKOBBI.

Onronornueckuii ananu3 [10 (3Tam 2) 0OBIYHO HAYMHACTCS C CO3JAHHS CJIOBAps TEPMHHOB, KOTOPBIH HCIOIB3Y-
eTCsl TIPU OOCYXKICHUU M UCCICIOBAHUU XaPAKTEPUCTHK OOBEKTOB M MPOIECCOB, COCTABISIONIMX PAcCMATPUBACMYIO
[1O, Taxke BBIACISAIOTCS OCHOBHBIC JIOTUMECKUE B3aMMOCBSI3H MEXIY MOHSITUSIMHU, KOTOPHIE COOTBETCTBYIOT BBEJICH-
HBIM TepMuHaM. Pe3ynbraTom 3Toro aHamm3a sBisiercs onTonorus [10 cucremsr. Takum 00pa3om, BCTaeT 3aa4a aBToO-
MATHYECKOTO HM3BIICYCHHUS MPEIMETHOW TEPMHHOIIOTHH, KOTOpas BKIOYAET KaK OJHOCIOBHBIC, TAK M MHOTOCIIOBHBIC
tepmuns [Jlykamesuu u ap, 2008; Cumoposa, 2008]. st permeHus 3Toi 3aqaqn UCIOIB3yeTCs MOJ00PKa TEKCTOB IO
JTAaHHOH TeMaTHuke (KaHp TEKCTOB JJIS JaHHOH 3aJa4M MIPAKTUYECKH HE NMeeT 3HaueHH). Jlanee, NComb3ys pa3indyHbIe
METOIbI KiacTepu3anuu (kKak, Hanpumep, B [Kprxanosckwmii, 2006]) MOXKHO aBTOMAaTH3UPOBATh MOCTPOCHHE HEpap-
XMYHBIX OTHOIIEHUH MEXIY TEPMHHAMH, a TaKKe CPOPMHUPOBATh CIIMCKH CHHOHMMOB JJIsl IaJIbHEHIIero aHaiamusa. Yc-
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JIOBUEM IPUMEHEHHUS] TAKUX METOIOB SIBIISIETCS] HAIM4Me 00y4aroliero Kopiyca TeKCTOB, CHelUaIbHbIM 00pa3oM pas-
MEUEHHOTO.

Ha tpersem aTane paccmarpuBaeTcs 3aja4a aBTOMaTH4YECKOro J100aBJIeHUs CIIPaBOYHOM HH(pOpMaluu B 6a3y 3Ha-
HUH cUCTeMBl. 3HAHUS, XpAaHUMBIC B CIIPABOYHHUKAX, TOJDKHBI UMETh €CTECTBEHHYIO MpoeKImio B oHTooruu [10. Crpa-
BOYHBIC PECYPCHI — 3TO, KaK MPaBUIIO, XOPOILIO CTPYKTYPHPOBaHHBIC TEKCTHI. Vcnonp3oBanue (hopMalbHOW KaHPOBOU
MOJICJIA TAKUX PECYPCOB MOXET 3HAYUTEIHHO YIPOCTHUTH MPOIECC aHAIM3a TEKCTa, a TAKIKE YCKOPUTH €ro HACTPOUKY.
Eme omHOM 0cOOEHHOCTBIO JAHHOTO THIIA PECYPCOB SBIIAETCS HAMYNE B TEKCTE 3HAYMMBIX HECIIOBAPHBIX €IUHMII, BBI-
pakaeMbIX OYKBEHHO-YHCIOBBIMU KOHCTPYKIMSAMH (Harpumep, 5 m/c, 103-105 km, kopnyc 2a u 1.11.). VI3BIIe4eHne Ta-
KHUX €JUHAL] BO3MOKHO Ha OCHOBE IIa0JIOHOB, OTIMCHIBAEMBIX Ha CICIHANEHOM s3bIKe, cM. [JKuramos u ap, 2002].

UeTBepTHIi ATl SBIAETCS OCHOBHBIM IIPHIIOKEHHEM CPE/ICTB, MPeIaraéMbIX CEPBHCOM aHaJINM3a TEKCTOB. 3aja-
4yell JaHHOTO dTama SIBIISETCs] U3BJIeUeHHe 3HaYuMon uisi cuctembl nHGopmanuu. Outonorus 10 onpenensier Gopmar
JAHHBIX, XpaHUMbIX B HC u, cliefioBaTeIbHO, ONpPEAesIeT, KaKyr0 UMEHHO HH(OPMAIMIO HEOOXO0AUMO M3BJICKATh U3
TCEKCTa JOKYMCHTA, 4 KaKyH0 MOKHO ITPOUTHOPHUPOBAThL. Pe3yanaT aHalin3a JOKYMCHTA MMPCACTABIIACTCA B BUJAC CEMaH-
THYECKOH CeTH OOBEKTOB, SBISIOIIMXCS SK3EMIUIIPAMHU MOHATHH M OTHOIICHUH, 3aJlaHHBIX OHTOJOTHEH MPEIMETHON
obnactu. JlaHHas ceMaHTHYeCcKas ceTh A00aBuseTcs B 0a3y nanHbix MHC 1, TakuM 00pa3oM, mpeoOpasyercs B 3HAHUSA,
KOTOPBIMH B JalIbHEHIIIEM MOXKET OIIEPUPOBATH CHCTEMA.

Korma B cucreMe HaKoILICHO JOCTaTOYHOE KOJUYECTBO JAHHBIX BO3HUKACT CHUTYAIUs, KOTJA MPU MOCTYILICHUN
HOBOH mH(opMaImu, ee TpeOyeTcs COTIACOBBIBAThH C YK€ MMermIeiics B cucreMe (3tam 5). C Apyroit CTOpOHEI, MpH-
CYTCTBYeT OOpaTHasi CBSI3b — 3HAHUS HAKOIUICHHBIE CHCTEMOM MOTYT IIOMOYb Pa3pellnTh HEOTHO3HAYHEIC CUTYallud B
Tekcte. Ha maHHOM 3Tame BO3HHMKAeT MHOTO MHTEPECHBIX 3aJad, 4acTh KOTOPBHIX OYAyT paccMaTpHBaTbCsA B JaHHOW
CTaThe: OTOXAECTBIEHUE WH(DOPMAIMOHHBIX 00BEKTOB (0003HAYAIOIIMX OJMH M TOT )K€ OOBEKT JACHCTBUTEIHLHOCTH),
MONCK 00BbeKTa B 06a3e TaHHBIX CHCTEMBI [0 HETIOJHOMY Ha0Opy XapaKTepHCTHK (KPHUTEpPHU BHIOOPHI HanboJee Moaxo-
JIAIIETO 00BEKTa), U3MEHEHUsT CBOHUCTB 00BeKTOB b/l (B CBsI3W C €CTECTBEHHBIM M3MEHEHHEM XapaKTepHUCTHUK 0003Ha-
4aeMoro oObEKTa B pealbHOM MUPE), TIOAJEPIKKa aKTyaIbHOCTH AaHHBIX, 00pabOTKa NPOTUBOPEUMBBIX JaHHBIX U T.II

Brecenue n3menenuit B ontosoruto I10 (a Takke, B OHTOJIOTHIO BEPXHETO YPOBHS — 3TaIl 6) BO3MOXHO MO0 MpH
M3MEHEHHU TpeOOBaHMI K CUCTEME CO CTOPOHBI MOJIb30BATEsL, JIMOO MPH HAKOIUIEHHH JOCTaTOYHOI'O KOJM4YecTBa (ak-
TOB CHTHATM3UPYIOIIUX O HAIMYHE HEMOIHOTH B cucteMe onucanus [10. JlanHble (GakThl MOTYT U3BICKATHCS U3 TCKCTA
IO CHCIIHATBHBIM MIPABHUJIAM C 00SI3aTEIBHBIM TPEOOBAHUEM BEICOKOW TOYHOCTH.

1. 2. JIuHrBHCTHYECKHE 3HAHUS U PECYPCHI

Od4eBHUIHO, YTO 3HAHUN O MPEAMETHOW OOJIACTH, XPAHAILINXCS B OHTOJIOTHH, HETOCTATOYHO JIJISI aBTOMAaTHIECKOTO W3-
BJICUeHHsT WH(OPMAIIMKA W3 TEKCTa — TPEOYIOTCS MOMONHHUTEIBHBIE 3HAHUS O SA3BIKE, HA KOTOPOM 3Ta MH(OPMAIUI
npencrasisercsa. PaccMorpum noapoOHee, Kakne 3HaHUS MOTYT HCIIONIB30BAaThCS IIPU aHAIHM3€E TEKCTA.

MUHUMAJIBHOW eIMHUIICH aHallu3a sBJISeTcs clioBodopma (CI0BO), YHCIIO WIIM CHEeUallbHAs CUMBOJIbHAS KOHCT-
pykuust. Kaxnas eanHuna uIeHTHQUIUPYETCS — CJIOBO UILETCS B CJIOBAPE C YUETOM €ro HapaJurMbl, Ui IPOYUX CUM-
BOJIBHBIX BBIp&KEHHH orpeesnsiercs ux tun. [Ipouecc uaeHTH(UKAIMU CIIOB OCYILECTBIIETCS HA OCHOBE 3HAHUM, Xpa-
HsIMXcsl B cinoBapsix. [lanbHeiimas o0paboTKa 3akiroyaeTcsl B MOCIEA0BATEIbHOM aHAM3e KOHTEKCTa HalIEeHHBIX
JICKCEM (I/l APYTUX MUHUMAJIbHBIX e[ll/IHI/IIJ,). MoxHo BBIACJIIMTDH CJICAYIOIUEC TUIIbI KOHTEKCTA:

— YcroiunBoe clloBOcOYETaHNE (CIOBOKOMIUIEKC), XapaKTEpPHU3YIOIIEecss HAIMYNEM OIPEACICHHON CHHTaKCHYeCKON
CBSI3M MEXJy KOHTAaKTHO PACIIOJIOKCHHBIMHU CIIOBAMH WM BBICOKOH YaCTOTHOCTHIO B aHAIU3UPYEMOM IMOIBS3BIKE, —
JUISL BBISIBJICHHSI KOHTEKCTa JAHHOTO TUIA OOBIYHO COCTAaBIISIIOTCS CJIOBApH, KOTOPBIE CO/EpXKaT 3HAHUs, HE0OXO0Iu-
MBI€ JJ1s1 HICHTU(OUKAIIUHN CIIOBOKOMIUIEKCOB B TEKCTE;

— ®paza — K JaHHOMY TUIY OTHOCSTCS HEYCTOWYHBEIC CIIOBOCOYETAHWS, UL KOTOPHIX HE 3aJlaH CTPOTUH MOPSIOK
CJIOB, HE YaCTOTHBIC B aHAM3UPYEMOM IMOIIBI3BIKE, a TaKkKe (pasbl, KOTOpEIe (hOPMUPYIOTCS HEPETYISIPHBEIM 00pa-
30M: MOTYT OBITh Pa3pBIBHBIMH, UCTIONB3YIOT PA3IMYHBIC 3JICMEHTHI SI3BIKOBON OTCHUTKU (aHaopHUYecKHue U JCHKTH-
YECKHE BHIPAKCHIUS,

— MHOXeCTBO CBSI3aHHBIX ()pa3 — JAHHBIH KOHTEKCT XapaKTePH3YETCs ONPENCICHHBIM JIMHEHHBIM MOPSAKOM CBSI3aH-
HBIX 9aCTeH, NCIOIH30BAHNEM PA3TIYHBIX BUIOB S3BIKOBOH peAyKIUH (COUMHEHNE U APYTHE BUIBI SJUTUIICHCA, aHA-
(opa) 1 TO3BOIIIET U3BIIEKATh U3 TEKCTa HH(POPMAIIMOHHBIE OOBEKTHI CO CIIOKHON CTPYKTYpPOU U CBSI3H;

— Tekcr — BaXHBIM CBOWCTBOM JTaHHOTO KOHTEKCTA SBISIETCS JKaHP TeKcTa. JKaHp WrpaeT BaXKHYIO POJIb B OIpeiesie-
HUHM (POPMATBHON CTPYKTYPHI CO3AaBaEMOr0 aBTOPOM TEKCTa, B KOTOPOH, IIOMHUMO JIOTHIECKOTO YPOBHS, T.€. YPOBHS
pa30ueHus Ha TpeIoKeHHs, ad3aIlpl, maparpadsl U T.II., BEIIEISIETCS YPOBEHb KOHIICTITYaIbHBIA, MIIN COOCTBEHHO
JKaHPOBBIN (HAIM4YUE B TEKCTE TaKUX Pa3AEOB, KaK 3aroj0BOK, PE3I0OMe, OCHOBHOM TekcT) [XKuranos u np, 2002];

— Panee o0paboTaHHBIE TEKCTHI — 3HAHUS, U3BIICYCHHBIC U3 paHee 00pabOTaHHBIX JOKYMEHTOB, XpaHATCS B 0ase 3Ha-
uHuit UHC (kak anpTepHATHBA, OHU MOTYT BKIFOYATHCSA B Pa3METKY KOpITyca TEKCTOB, HCIIONB3yEMOTO B 3a/1a94ax aB-
TOMAaTHYECKOTO OOyUEHIS).

Taxum 006pazom, sl HOAIEPKKU BCEX CIIOCO00B 00pabOTKH TEKCTa MOTYT MOTPEOOBATHCS CIIEIYIOIINE JTHHTBHC-
TUYECKHE PECYPCHI:

1. Kopmyc TekcToB — moadopKa TEKCTOB ONPEAEICHHOTO JKaHpa, TEMAaTHKa KOTOPBIX COOTBETCTBYET 3aJaHHOM

npeaMeTHOW obnactu. Kopiryc MoeT coliepykaTh JIMHIBUCTHYECKYIO Pa3METKY, NPECTaBIISIONLYI0 COOOH UH-
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(dopmaryio, MoJy4YEeHHYI0 aBTOMAaTHYECKH IIPU aHaJM3€ TEKCTOB, JIMOO MPHUITMCAHHYIO AKCIIEPTOM BPYHYHYIO.
OCHOBHOE Ha3HAa4Y€HHE KOPITyca — aBTOMATH3aIHsI CO3/IaHMUs] IPYTUX JIMHIBUCTHYECKUX PECYPCOB.

2. CHoBHHUK WIH NnepeYC€Hb MUHHUMAJIbHBIX CIWHUIL A3bIKA, MCIOJb3YEMbIX MPHU OIMMCAHUN 3HAYMMOM JJIsL NuC
nHpopmanum.

3. HaGop cneuuduyHbIX Ui 3alaHHOTO S3bIKA JIMHIBUCTHUECKUX 3HAHWN: MOP(OJIOTHYECKUe KiI1acchl (orpese-
JICHUE JIEKCEMBI JUIsl Hali/IGHHOHM B TEKCTE CIOBO(GOPMEI), IIPaBHjIa COTIACOBAHHS TEPMHUHOB S3bIKA U T.I. DTH
3HaHHUA MOTYT OBITh 3a/laHbl C Pa3HOM CTENEHBIO NOAPOOHOCTH B 3aBUCHMOCTH OT TPEeOOBaHMI M BO3MOXKHO-
cTeit papadboTunkoB NHC.

4. CnoBapb CIIOBOKOMILIEKCOB.

5. 3HaHMA O COMIACOBAHMH MMEIOLIMXCS JMHIBUCTHYECKUX 3HAHUM C MPEAMETHBIMU 3HAHUSAMH, 3a/laHHBIMU OH-
tonorueit HC. C 370 1enpt0 TEPMUHBI TPYIIUPYIOTCS B CEMAHTHUYECKNE TPYIIIbI (MIM UM HPUIHCHIBAIOTCS
CEeMaHTU4YECKUE OPHUEHTAIMH), KOTOPhIE B CBOIO OYEpe/lb TAKIKE COTIACYIOTCS C 3JIEMEHTaMH OHTOJIOTHHU JIHO0
HEIMOCPECTBEHHO, JIN0OO B COOTBETCTBHHU C OIIPEEIICHHON CXEMOH.

6. Habop omucanuii >KaHPOBBIX CTPYKTYP TEKCTA, COOTHECEHHBIX C TEM WJIM WHBIM TUIIOM TEKCTOBBIX PECYPCOB,
xpansmuxcs B MHC.

JIoNOTHUTENEHO MOXKET paccMaTpHUBaThCsl KOMMYHHKATHBHO-TIParMaTHYEeCKUI KOHTEKCT, ¥ B 3TOM ClIydae B Kaue-
CTBE JIMHTBUCTHYECKOTO pecypca MOXKeT (PUrypHpoBaTh NpOOJIEMHAsI MOJIEIb, 3aBUCSIIAsl OT LEeJH, KOTOPYIO Ipece-
JIYIOT pa3paOOTYUKH CHCTEMBI aHAM3a TEKCTa (HAaIpUMep, MOEIb KOMMYHHKAIMU AJIs1 BOIIPOCHO-OTBETHBIX THAJIOTO-
BBIX CHCTEM).

[IpeanoxeHHbI HAOOP JIMHTBUCTHUECKUX PECYPCOB MPEAIOIAraeT CXEMy aHalli3a, OMHCAHWE KOTOPOH MOXKHO
Haiitu B [CumopoBa, 2007]. B manHo# cxeme paccMaTpUBaeTCsl TOJBKO OJIHA MPoOJIeMHas MOJENb — MOJIEh U3BJIeUe-
HUA (aKkTOB Il (akTOrpadMyeckoro aHajan3a TEKCTa U CONOCTABIEHUS (PAKTOB 3JIeMEHTaM OHTOJIOTMH. DTa MOJENb
MOXET CUMTAThCs 0a30BOM AJISI BCEX OCTANBHBIX 33124 U MOKET OBITh paclIMpeHa JOHOJIHUTEIbHBIMI KOMIIOHCHTAMH.

2. JIMHrBUCTHYECKASI OHTOJIOT sl

[Ton MMHTBHCTHYECKON OHTONOTHEH Jajnee MOHWMAeTCsS BCS COBOKYIMHOCTH JIMHTBUCTHYECKHX M SKCIIEPTHBIX 3HAHHU,
HeoOXoaruMasi U aHAJIN3a TEKCTa Ha eCTECTBEHHOM s3bIKe. JlagnMm dopmabHOe onpeaeeHue.

JIuHrBUCTHYECKAsS OHTOJIOTHS, JUIsl KOTOpO# 3amaHa oHTonorus O u ee uHpopmanunonHoe HamoigHenue O, [Ba-
cuibeB U 1p, 2003], KOTOpoOe COAEPIKUT IKIEMILISIPbl IOHATUNA U OTHOIIEHUW OHTOJOTHH O, ompeensercs MATepKoi
suga <V, W, T, F, D>, tne
V — croBaph, BKIFOYAONINI MUHIMAIHHBIC SIMHAIBI TEKCTA — JICKCEMBI U JICKCHYECKHE KOHCTPYKITUH,
W — cnoBapb yCTOWYHBEIX CIIOBOCOYCTAHUH (CIIOBOKOMILICKCOB),
T — ceMaHTHYECKUH CIIOBaph (Te3aypyc), KOTOPHIA yCTAaHABIUBAECT KIACCHYECKHE TE3aypPYCHBIE OTHOILICHHS MEXKIY
3eMeHTaMu cioBapeit V u W,
F — MHOXECTBO ynopsmoueHHBIX Ha0OpOB cxeM (haKTOB,
D — MHOXeCTBO MOAeJeH JOKYMEHTOB, UL KaKIOH M3 KOTOPBIX MOXET OBITh OIpeneseH COOCTBEHHBIN HaOOp cxem
(hakToB.

PaccmoTrpum nogpoOHee STH KOMIIOHEHTHL.

2.1. CaoBapb-Te3zaypyc

Ci0Baph MOKHO OTHECTH K JIMHIBHCTHYECKOH OHTOJIOTMH JIMIIb YCIOBHO. ClIOBapHbIE €MMHUIBI UM TEPMHUHBI B TOU
ke creneHu oTHocsATCs K JIO, uto u sx3eMIuisipbl moHATHI K oHTosorun [10. MHTepec npeacTapiseT OHTOJIOTHYeCKast
nHdopMmanus, T.e. TO, KakKhe IPU3HAKN IPUIHUCHIBAIOTCS TEPMUHAM M KaK TEPMHUHBI CBS3aHBI MEXy co00ii. [Tockonbky
BCS 9Ta HH(POpPMANXS B paMKax HaIIero MoAXoJa XpaHUTCS B CIIOBAPHOM CTaTbe TEPMHHA, & OTHOCHUTCS OHA Kak Hero-
CpPEICTBEHHO K CIIOBapIO, TaK M K Te3aypycy, TO yJOOHO NaTh HHTErpasibHOEe onpenenenue Cioaps-Tesaypyca.

CrnoBapp-Te3aypyc — 3T0 00BEM JIEKCHKH, OPTaHM30BAaHHOW MO TEMaTHYECKOMY (CEMAaHTHYEeCKOMY) MPUHIIAITY C
OTpakeHHEM OIIpeNeIeHHOr0 Habopa 0a30BBIX CEMAaHTHUYECKHX OTHOMIeHWH. Hammume rpymm, o0bequHSIOMUX B cede
MHOKECTBO CHHOHIMHUYECKHUX BBIPAKCHUI OIHOTO ITOHATHUS, C OAHOI CTOPOHBI, H 00BEKTHAS OPUEHTHPOBAHHOCTH CIIO-
Bapsi, C IPyroi — MO3BOJISIOT CJIOBAPIO BBITOIHATH (DYHKIUU Te3aypyca.

MoxHno nate onpenenenue CioBaps-Te3zaypyca aHaJIOTHYHO ONMPEAETICHHIO OHTOJIOTHH C BbLIEIEHHBIMUA MOP(O-
JIOTHYECKUMH THIIAMH W CHHOHHMHYECKHMH OTHOIICHUSAMH, i€ 0a30BBIMU MOHATHSMH SBISIOTCS TEPMUHBI U3 CIIOBa-
ped V' u W Halell TMHIBUCTUYECKONW OHTOJIOTHH.

Takum 06pazom, ciioBapb-Te3aypyc — 3TO 3HaKOBasi CHCTEMa

<V, W, Cr, M, Gy,,, Rr>, rnie
VUW — xOHeYHOE MHOKECTBO TEPMHUHOB (JIEKCEM, CIIOBOKOMILJIEKCOB),
Cr— KOHEYHOE MHO>KECTBO CEMaHTHYECKUX M TEMAaTHIECKNX MPU3HAKOB,
M — KOHEYHOE MHOKECTBO MOP(OJIOrHIECKNX KIIacCOB,
Gy = {G1,...,Gx} — KOHEUHOE MHOKECTBO II0JJMHOKECTB TEPMUHOB, CBA3aHHBIX OTHOIIEHUEM CHHOHUMHHU (CHHCETHI),
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Ry < (VUW) x (VUW) — KOHEYHOE MHOKECTBO OMHAPHBIX OTHOIIEHMH 7(t, 1,), t€(VUW) MexIy TepMUHAMM, BBIIENS-
IOTCA CJICAYIOIHNC THUIIBI OTHOIICHUM
— OTHOIICHUE «O0IIee-9YacTHOS», aHTUCHMMETPUYHOE, TPAH3UTHUBHOE, Hepe()ICKCMBHOC OWHAPHOE OTHOIICHHUE, 3a-
Jarouiee YaCTUYHBIN MOopsAA0K Ha MHOKECTBE TCPMHUHOB,
— OTHOILICHHUE «YaCTh-LIEJI0e», aHTHCUMMETPUYHOE, TPAaH3UTUBHOE OMHAPHOE OTHOILIICHHUE HA MHOYKECTBE TEPMUHOB,
— KOHCYHO€ MHOXCCTBO JOMNOJJHHUTEIBHO OMPCACIIACMBIX ITOJIB30BaTCIIEM OTHOILIIEHUH (HaanMep, aHTOHl/IMI/lH).
TexHonorusi, Mo3BOJISIIONIAs CO3/1aBaTh TaKue Te3aypychl, onrcana B [Cumgoposa, 2008].
PaccmoTrpuM, kKakue 3J€MEHTHI JOJDKHBI IPUCYTCTBOBATH B ClIOBape Ha npumMepe onucanus ®UO venoseka — An0-
peti Tlemposuu Epuios. CaoBapb V cogepxur:

Epuwog: teM {uacTp peun: cy, OXyIIEBICHHOCTE: O, POA: Mp, UMsI cOOCTBeHHOE: (pam},
Anopeui: ueM {dacTh peuu: Cyll, OAYIIEBICHHOCTb: OJl, POJI: Mp, HMsI COOCTBEHHOE: THIT UMCHH },
Ilemp: // napagurmMa My»cKOIo HIMEHH COAEPIKUT OTYECTBO

ueM {yacTp peun: cym, OXYIICBICHHOCTB: OJl, POJI: Mp, UMsI COOCTBEHHOE: THIT IMCHH } .

CrnoBaps W MOXeET coziepKaTh CIIOBOKOMILIEKC:
Epuwos A IT: TlepconaeCr,
CBSI3aH OTHOIICHHUEM GKIIOUAEN C:
JekceMoit Epuios,
JIEKCUUECKOW KOHCTpyKLuen A.11.
BXOJUT B cUHCET Anopeu Ilemposuu Epuios (T.e. CHHOHUMHYEH TEPMHHAM:
A 11 Epmios, Auapeii [lerposnu Epmios, EpmoB Anapeii Iletposny).

2.2. Moaeasb pakToB

@akT npezcTaBiseT co00i BBICKAa3bIBAHUE N3 NMPEAMETHON 00JIacTH, NMEIOIIEe ONPEICICHHYI0 CHHTAaKCHUECKYIO U Ce-
MaHTHYECKYIO CTPYKTYpY, 0a30BbIe 3JIEMEHTHI KOTOpOH XpaHsTcs B cioBape. s onmcanus mozpenu Qakra (maiee
cxeMa (haKTOB) OIIPENEeNIICTC YIOPIIOUYeHHBII Ha0op < f,...,1,>> TEPMHUHOB, KOTOPbIE OJDKHBI YIOBICTBOPSTH OIpEe-
JICHHBIM YCJIOBHSAM WIN OTrpaHUYeHUsIM. DaKT, HOKPHIBAsl YaCTh TEKCTA, CBA3BIBAET TEPMUHBI B O0OJIEE CIIOKHBIE CTPYK-
TYpPBI, KOTOPBIE TAKXKE MOT'YT OBITh UCIIOJIB30BAHBI IIPH ONUCAHUY APYTUX cXeM (pakToB. OHUM U3 CIIOCOOOB OMICaHNE
CTPYKTYPHI 3HAUUMBIX (DaKTOB M MX CBSI3€H C OHTOJIOTHEH ABIIAETCS JeKIapaTHBHOE IPEeICTaBIeHHE CXeM (DaKToB.

Cxema (hakta — 370 Tpoiika Buna < Arg, Res, Cr >, rue

Arg — MHOXECTBO apryMeHTOB (hakTa, IJie apryMeHT MOXKeT OBbITh 33/1aH TEPMUHOM WJIM CEMaHTHYEeCKUM IpH3Ha-
KOM CJIOBApsl, @ TAK)KE TUIIOM 00BEKTa, OIy4aeMOro C TOMOLIBIO APYToi cxeMbl (pakToB.

Res = <c¢;, op(c;), P> — pe3ynprar IpUMEHEHUs CXeMBbl (aKTa, rie

¢; — 3aJ]aeT TUI PE3yJIbTUPYIOIIETro 00beKTa,

op(c;) — TUII olepanyy, NPUMEHSIEMOM, ecin Bce ycinoBus cxeMbl (akta Cr BBIIOJIHEHHI (CO31aHie 00BEKTa MU
pelaKTHpOBaHNE apTyMEHTa),

P — MHOXecTBO mpaBmil Uil (GOPMHUPOBAHMS 3HAUEHHUI aTpHOYTOB pe3ynbTHpYomero oobekTa. Kaxnoe mpasuiio
CTaBUT B COOTBETCTBHE aTPHOYTY PE3yIbTUPYIOLIET0 OOBEKTA OMH U3 CIIEAYIONINX SIEMEHTOB!

— 3Ha4YEHHE 10 YMOIYaHUIO,
— 3HadeHHe aTpuOyTa OJHOTO U3 apIyMEHTOB,
— 3Ha4YeHHUe, 3aJaHHOE TaOIMYHO B TAOJINIE COUETAEMOCTH Sem.

st Toro, 4ToOBl MPUMEHNUTH CXeMy (haKTa ee apryMEeHThI HOJDKHBI YAOBIETBOPATH 33JaHHBIM OIPaHWYEHHSIM Ha
COYETaEMOCTh apI'yMEHTOB. BhIIENsI0TCA CEeMaHTHUECKUE U CTPYKTYPHBIE OTPaHUYEHUS.

Cp= < Sem, St >, rae Sem — HabOp CEMaHTUYECKUX OTPAHUYEHUH, St — MHOKECTBO CTPYKTYPHBIX OTPaHUYEHHI.
CeMaHTHUYECKHE OTPaHMYECHUS] HAKJIAABIBAIOT YCJOBHUS Ha aTpHOyThl apryMEHTOB (pakTa, a TaKKe MOTYT 3aJaBaThbCs
TabJIMYHO, OTIPEIETIsIsl COUeTaeMOCTh CEMAaHTHUECKHX XapakTepucTHk [Kononenko u np., 2002]. CTpyKTypHBIE OTpaHu-
YEeHUsI HAKJIaJbIBAIOT YCJIOBHS HAa B3aMMOPACIIOJIOKEHUE JIEMEHTOB (hakTa B TEKCTe W MX XapakTep. K cTpykTypHBIM
OTPAHUYEHUSIM, B YACTHOCTH, OTHOCATCS >KAHPOBBIC OTPAHUYEHUS U YCIOBHS Ha CUHTAKCHYECKYIO COYETAEMOCTh dJIe-
MEHTOB.

Ecnu B kagecTBe apryMeHTOB (hakTa BBICTYIAIOT TEPMUHBI CJIOBaps, TO Takasi CXeMa IpeJHa3HaueHa AJIsl HCCIeIo-
BaHMS KOHTEKCTa 2-10 THIa. Eciu apryMeHT — 3TO pe3yabTaT MPUMEHEHHS APYToi CXEMBI, TO PeUb YK€ HIET O KOHTEK-
cre 3-ro Tuna. Hampumep,

argl: nepcoHa (TepMHH) + arg2: 3BaHHUe (TEPMUH) : ‘KOHTAKTHO €St
->[lepcona (OUO: argl.name, 3Banue: arg2.name)

KOHTEKCT 2-TO THIIa, a 6oJiee CI0XKHAS CTPYKTypa:

argl: Ilepcona (00bekT) + arg2: Opranuzanus (00BEKT): ‘B OIHOM cerMeHTe’ €St -> COTpyaHUK (KTO:
argl, paboraer _rue: arg2)

KOHTEKCT 3-TO THUIIA, T.K. U3BJICKAIOTCS CBSI3H MEXy HHPOPMAIIMOHHBIMUA 00BEKTaMHU.
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2.3. Moaeab 10KyMeHTa

BeipaskeHHy10 (hopMalibHYO )KaHPOBYIO CTPYKTYPY TEKCTa MMEIOT MHOTHE JOKYMEHTBI: aHKETbI, IJIOBBIC MChbMa, Ha-
YUYHBIC CTaThH, MPOrPaMMbl KOH(EpeHIINH, HHPOPMAIIMOHHBIC COOOIICHHUS U T.I1. TaKyr CTPYKTYPY MOKHO (HhOpMaIIbHO
MIPEACTaBUTh C TIOMOILBIO HepapXuy cerMeHTOB. CErMeHT — 3T0 (hparMeHT TEKCTa, yOBJIETBOPSIONINN yCIOBHSIM, KO-
TOpBIE ONPENEINAIOT TPaHHULBl (PParMEeHTa U €ro CTPYKTYpPHYIO OpraHM3alyio (IIO3ULMI0 OTHOCHTENIFHO ApYrux ¢par-
MeHTOB). CerMeHTBl XapaKTepU3yIoTcst 00 “TioaurpaguyeckuMu’ JieMeHTaMu (ab3al, CTpoKa U T.I1.), IM00 orpese-
JICHHOH JIEKCUKOM, ¥ MOTYT PEaJIN30BBIBATECS B paMKax (pOpMaJIbHBIX CETMEHTOB APYTHX THIIOB.

T.o. cermeHT s — 310 Tpoiika <I, Mark, a>, rne | — yHUKaIpHOE UMs CeTMeHTa, Mark — MHOKECTBO JIEKCHUECKUX
MapKepoB (JIMOO AIIEMEHT CIIOBaps, TNOO MPOU3BONBHAS CTPOKA, JINOO CHMBOJI), @ — CBOUCTBO, OIIPEIEIIAIOIIee TOPSI0K
W MIPABUJIA HHUIMAIN3AIUN CETMEHTOB.

Mozenb JOKyMeHTa OlpesenseTcs HabOpoM CETMEHTOB, MOPSAAKOM X CIEAOBAHUS U BIOKEHHOCTBIO. T.€. MOJeNb
JokymeHTa D — 910 Tpolika Buna <Seg, Rs, R>, Tne

Seg — MHOXeECTBO (pOpPMaIBHBIX CETMECHTOB,

Rg— oTHOLIEHME CIIeIOBaHMs, 3aJaHHOE Ha MHOXKECTBE CErMEHTOB Seg,

R;— OTHOIIEHHE BIIOKEHHOCTH, 3a/JaHHOE Ha MHOKECTBE CETMEHTOB Seg,

Hanpumep, TEKCT I€7I0BOTO MUChbMa UMEET CIIETYIONIHE )KaHPOBBIE pa3/ieIbl:
3aroJIOBOK: OTIIPAaBUTENb, aJ[pecar, pe3toMe U oOpalieHue,

OCHOBHOH pa3/ieN: TEeKCT MUChMA, IPUMEYAHUS U TPHII0KEHHS,
3aKJIFOYUTENBHBIN pa3/iell: IIOANKCh, HCTIOIHUTENb 1 OJTaHKOAEPKATEIb.

3. BHeapenue ungopManuu B MPOCTPAHCTBO CUCTEMbI

[pu nobasneHnn MHOGOPMALIUH, TIOIYYSHHONW B PE3yNbTaTe aHAM3a TEKCTa, B MH(MOPMAIIMOHHOE MPOCTPAHCTBO
CHCTEMbI HEOOXOJMMO BBIMOIHUTH PsJi ONEpalii, 00ECIeUnBAIOINi KOPPEKTHOCTh, YHUKAJIbHOCTh, AKTYaJIbHOCTB,
HEMPOTHBOPEUYUBOCTD, LIETIOCTHOCTh U COINIACOBAHHOCTD J00ABIIIEMbIX TAHHBIX.

Job6asnsemast nH(pOpMANKS CBA3BIBAETCS C JOKYMEHTOM M 00pa3yeT ero KOHTEHT. [ Toro 4to0s1 chopMupOBaTh
KOHTEHT JIOKYMEHTa HEOOXO0AUMO:

— 00ecrneYnTh KOPPEKTHOCTD U LEIOCTHOCTh MH(POPMAIIMOHHBIX 00BEKTOB, MOJYYSHHBIX B pe3yJIbTaTe aHAIN3a;
— HACHTH(UIMPOBATH 0OBEKTHI, 00pa3yolIe KOHTEHT;
— o0ecre4ynTh akTyaIbHOCTh J00aBIsieMoii nHpopmanum.

3.1. KoppeKTHOCTH 00b€KTOB

OOBEKT cuMTaeTcsi KOPPEKTHBIM, €CIIM JUIsl HEro ONpeeieHbl 00s3aTebHbIe aTpUOyThI KJlacca U 3HaYeHHs aTpuOyTOB
NIPUHA]JIKAT COOTBETCTBYIONIMM MM JIOMEHAM.

KoppekTHocTh 3HaueHnii aTpuOyToB 00BEKTOB 0OECIIEeUnBAETCSl HA YPOBHE CIIOBApsl M MIPaBWJI M3BJICUCHHS (hak-
TOB. Ha 3Tane KOHCTpYMpOBaHUs CIIOBapsl SKCIEPT JIOJDKEH MO0 BHECTH TEPMHUHBI, 0003HAYAIONINE JJOMEHHbBIE 3HaUe-
HUS B CIIOBapH, JIUOO MPEITyCMOTPETh BOBMOKHOCTE CO3IaHHS O0BEKTOB (M3 IPYTHX CIIOBAPHBIX TEPMHHOB), aTPUOYTHI
KOTOPBIX MO3BOJIIT BOCCO3aTh HA3BaHUE JOMEHHOTO 3HaueHus. Ha stane aHanm3a B pe3yibTare IPUMEHEHHS COOTBET-
CTBYIOIIETO MIPaBHUIIa TEPMUHBI TIPEOOPa3yIOTCS B CTPOKOBEIEC (JOMEHHBIC) 3HAUCHHS aTPUOYTOB.

INockonbKy onmcaHue OJHOTO M TOTO JK€ JJOMEHHOTO 3HAYEeHHS B TEKCTE MOKET OCYLIECTBIATHCS ¢ IIOMOLIBIO pa3-
JMYHBIX TEPMHHOB, TO HEOOXOANMO NPEIYCMOTPETh MEXaHH3M COIIOCTABIICHUS Pa3HbIX TEPMHHOB OJHOMY 3HAYEHHIO.
st 3TOrO0 B CIOBapHOU IOACHCTEME OlIpeiessIeTCss CHHOHUMHUYHAS IpyIIa (CHHCET) — Habop TEPMUHOB, aJIbTEPHATHB-
HBIX OJI JAaHHOT'O 3HAYCHU .

HenoctHocTh MH(MOPMAKM — COOTBETCTBUE MH(POPMAIMK BHYTPEHHEH CTPYKTYPE OHTOJIOTHMH U BCEM SIBHO 3a-
JIAaHHBIM akcuoMam (IpaBuiiaM, orpaHudeHusiM). [IpuMepsl TaKMX aKCHOM: BO3PACT MEPCOHBI JOJKEH OBITh IOJIOKH-
TeJIHBIM U He Ooibine 130; KomrmuecTBO 3HAKOB B Tele(hOHHOM HOMEpE He J0JDKHO NpeBBIaTh 15; Bo3pacT poauTenen
HE MOXeT ObITh MEHbIIIE Bo3pacTa X peOEHKa M T.7. 3a1a4a co3aaTelisi OHTOJIOIMH — BO3MOKHO 00JIee ITOJTHO BBISIBUTH
BCE MMEIOLINECS OTPAHMYCHUS U aKCHOMBI.

LenoctHOCTE HH(pOPMALIMK HE TapaHTHPYET €€ JOCTOBEPHOCTH, HO obecIednBaeT 1o KpaidHeil Mepe mpaBIomo-
JOOHOCTB 3T0i HH(pOPMALUH, OTBEprasi 3aBeJOMO HEBEPOSTHbIC, HEBO3MOYKHBIC 3HAUCHUSL.

3.2. Anentudukamnus 00beKTOB

OOBeKT cuuTaeTcss MACHTHU(GUIMPOBAHHBIM, €CIIU Ul HErO ONpEeeseH Kilace U Habop KIIFOUEBBIX aTpUOyTOB JAHHOTO
Kiacca. /laHHOe CBOWCTBO TO3BOJIAET OJHO3HAYHO BBIACIUTH JAAHHBIH OOBEKT M3 MHOXKECTBA IPYTUX OOBEKTOB, T.C.
oOecrieynBaeT ero yHUKaabHOCTh B B/ cucrembr. OTMETHM, 4TO HAOOp KIIFOUEBBIX aTPUOYTOB BKIIOYAET BCe 00s13a-
TeJIbHBIE aTPUOYTHI Kilacca.
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B npouecce naeHTnduKanuy 00bEKTOB OCYIIECTBISETCS YTOYHEHHE MTOJY4YEHHBIX [IPU aHai3e 00beKTOB (yToY-
HEeHHUe aTpuOyTOB OOBEKTOB M MX CBsi3ell), "CKiieMBaHHE" OJJMHAKOBBIX OOBEKTOB, HA OCHOBE MCIIOJIb30BaHUS JIOKAJIBHO-
'O U IJ100aJIbHOTO KOHTEKCTa, & TAKXKe IMOUCK OOBEKTOB B MH(YOPMALIMOHHOM MPOCTPAHCTBE CUCTEMBI.

[Ton toKanbHEIM KOHTEKCTOM ITOHUMAETCS COJEp)KaHUE aHAITM3UPYEMOTO JOKYMEHTa, KOTOPOE MCIONIB3YETCsl JUIs
peLIeHus CIIeAYIOIUX 3a/1a4:

— onpeesieHre pedepeHTa AIsi MECTOMMEHUH U HeOJHO3HAYHBIX MIMEHHBIX IPYIII,

— OTOXIIECTBIICHHE O0BEKTOB, IMEIOIINX OAWH U TOT kK€ pedepeHT (KOTOPHIH 0003HAYAET OJUH M TOT Ke OOBEKT
NIEHCTBUTEIIFHOCTH ), HA OCHOBAaHUU YaCTHYHO COBIIAJAOIIETO U HETIPOTHBOPEIUBOTO Habopa aTpuOyTOB U CBSI3EH.

B maHHOM cirygae yMecTHO TOBOPHTH O 3a/lade pa3pemieHns anadopbl, KOTopas cTajla BechbMa IMOIYJIPHOI B 00-
JIACTH KOMITBIOTEPHOH 00paboTku TekcTa. Hanmpumep, anropurMbl aBTOMAaTUYECKOTO paspelieHus aHapopbl ONUChIBa-
10TCs B paboTax Takux aBTOpoB, kak . Xwupcr, I11.JlanmuH, P.Murtkos, M.IToacuo u ap.

I'mo6asnbHBI KOHTEKCT NPEICTaBIeH BCeM HH()OPMAaLMOHHBIM ITPOCTPAHCTBOM CHCTEMBI, B KOTOPOM OCYIIECTBIIS-
eTcs MoucK o0bekTa. OH COAEPKUT Kak pe3yJsibTaThl paHee MPOaHATU3MPOBAHHBIX JOKYMEHTOB, TaK M CIIPABOYHYIO
HH(POPMAIIUIO, BBOJUMYIO IMOJH30BATEIEM BPYUYHYIO HIIM IOCTYIAIOIIYIO M3 CIIPABOYHBIX PECYpCOB (Ha 3 3Tame Ku3-
HEHHOT'O IIMKJIa OHTOJIOTHH).

Hcnonp3oBanue ri1o0anbsHOT0 KOHTEKCTa BOBMOXKHO B Cilydae, KOTJa Habop KIIFOUeBBIX aTpUOyTOB 3a/1aH HE IT0JI-
HOCTBIO. B 3TOM ciydae ocymiecTBIsieTcsl MONCK MAaKCUMAJIBHO MOX0Xkero oo0bekra B b/ cucremsl 1o u3BecTHOMY Ha-
Oopy aTpuOyTOB U KIIaccy 0OBEKTa, a TAKIKE €TO CBS3SIM.

[pemnoskeHHBIH crIoco0 3aKI0YaeTcs B MOCTPOCHUH (POKYCHOTO MHOXECTBAa 00BEKTa, HAWJEHHOTO B TEKCTE, KO-
TOpOE BKIFOYAET BCE OOBEKTHI, HEMOCPEICTBEHHO CBSI3aHHBIC C TAHHBIM, M COIIOCTABJICHUH €ro ¢ (POKYCHBIMH MHOMKE-
CTBaMHU 00BEKTOB, HaiiieHHBIX B B/ cucrembl. OTMETHM, 4TO B (POKYCHOE MHOXECTBO UMEET CMBICI BKIIFOUATh TOJIBKO
yKe UICHTH(DUIMPOBaHHbIE 00BEKTHI, HaliieHHbIe B B/,

OTmeTnM erie JBe BO3MOXKHOCTH HCITOJIB30BAHMS TII00aTFHOTO KOHTEKCTA.

Bo-niepBbIX, yTouHeHHE Kiacca 00bEKTa M0 UepapXuu MOHATHH. Eciin 00beKT ¢ TeM ke HabOpoM KIIIOYEBBIX aT-
pubyToB Haresncs B BJ] ¢ apyrum — Oojiee TOYHBIM KJIACCOM, TO KJIacC OOBEKTa, OOHAPYKEHHOTO B TEKCTE MOXKHO
YTOUHHTB, & CaM 00BEKT IPOACCOLIMUPOBATH C HANICHHBIM.

Bo-BTOpHIX, HAeHTH(UKANNS U yTOYHEHHE OOBEKTOB C MOMOIIBIO BOCCTAHOBJIEHHSI MEpapXUH I10 OTHOIICHHIO
"qacTb-11e710¢e" (MepapXHuu BIOKEHHOCTH IOHSTHIT). JTO NMPUMEHNUMO, HAIpUMEp, B Cilydae, KOraa OOBEKT MMOJYNHEH
JIPyroMy OOBEKTY M UMEET CIIOKHYIO CTPYKTYPY, IPEICTABICHHYIO JINHEHHBIMH IENOYKaMH HAMMEHOBAHUM, COBOKYII-
HOCTB KOTOPBIX 00pa3yeT IepeBo (MHOXKECTBO AEPEBhEeB) HH(POPMAMOHHBIX 00BEKTOB. HacTo Takne 00BEKTHI SBIAIOT-
csl MapaMeTpU30BaHHBEIMH, YTO TpelyeT crernmainbHoii o0pabotkm [KoHoHeHko m ap., 1987]. OTH 0OBEKTHI MOTYT
BCTPEYAThCS B CIIPABOYHHKAX, HAIIPUMEP, JOPOTH, — KKABIN yJacTOK, €CIIM OH HE UMEeT YHHKAIBHOTO UMEHH, UICH-
TUQHULUPYIOTCSI BEPXHUM YUYACTKOM (cubupckoe Hanpasienue) u YUCIOBbIM 3HaueHneM (3333 ku) WM UMEHHBIM y4a-
ctkoM (cmanyus Komapoexa) u pacctosaueM ot Hero. [y naeHTHHKaIuy Takoro o0bekTa TpedyeTcss BOCCTAHOBUTh
HepapXxuIo BIOXKEHHOCTH OOBEKTOB JOKyMEHTa JJAHHOTO THIIA IIyTEM CPaBHEHUS C DTAIOHHOU Hepapxueil 0ObeKTOB U3
Bb/l. Kaxnas napa o0bEKTOB, YAOBIETBOPSIOIIAS ONpe/IelIeHHBIM TPeOOBAaHHUSM IOPsAKA CIIOB, IIPOBEPSETCS Ha Mpe-
MET HaJIM4yusg MCKAY HUMU OTHOIICHUSA BJIOKCHHOCTU (C yueToOM TpaHSI/lTl/IBHOCTl/I). Pe3yﬂbTI/lpy}OIIll/IMI/l ABJIIFOTCA TE
00BEKTHI, KOTOPHIE COOTBETCTBYIOT JINCTHSIM ITOJyYEHHBIX JIPEBECHBIX CTPYKTYP.

3.3. AkTyanabHoCTh HHpOPMALH

AKTyanmbHOCTh MH(GOpPMAIIMA — 3TO CTEICHb COOTBETCTBHS MH(POPMAIMU TEKYIIEMy MOMEHTY BpeMmeHH. JlocToBep-
HOCTH (WJIM HCTUHHOCTH) €CTh COOTBETCTBHE (PAKTOB pealbHOM NEHCTBUTENBFHOCTH. B KakoW-TO CTENEHN HOBBIC TOKY-
MEHTHI OTPa)KalOT U3MEHEHIS, TIPOUCXOMISIINE B PEAIbHOM MHPE, U, TOITOMY, MOTYT OCYIIECTBIIATH KOHTPOIb JOCTO-
BEPHOCTH MH(POPMALINH, XPAHSIIIEHCS B CHCTEME.

CymiecTByeT mpocToil moaxo (C TOYKH 3peHHs! 3paBOro CMbICIA), KOTrja HOBas IIOCTYMaroIas MHpOpMAaIHs CUH-
TaeTcs 0oJiee akTyallbHOH, YeM yxe nMerorasicsa. OnHako, KOrja Mbl IMEEM JeJI0 ¢ CHCTEMaMH aBTOMaTHIeCKOH oopa-
OOTKHM TEKCTa, HET HUKAKOW rapaHTHH, YTO HHPOPMAIUI U3BJIeUeHa MPaBIIFHO, KPOME TOTO HH(OPMAIHS, TOCTYIIA0-
mas U3 pasHbIX UCTOYHUKOB, 3a4aCTyIO IPOTHUBOPCUMBA, J'II/I6O BOO61116 MpeaAcTaBji€cHa B BUJC T'UIIOTE3 WU O6pl)IBO'-I-
HBIX JaHHBIX (HalpuMep, UCTOPUUECKHE CBEACHHS WM TEKYIIMe MCCIENOBaHMs, KaK IOCTOSIHHO OOHOBIISIOIIUECS pe-
3yJIbTaThl Pa0boT). [103TOMY BCe MONTyYeHHbIE KOHCTPYKIIMH ABJISIFOTCS MPEATOIOKEHUSIMH, a HE (haKTaMu.

Takum 00pa3oM, HEOOXOAUMO YUHUTHIBAT, YTO €CIIH MOJYYCHHAS W3 HOBBIX JIOKYMEHTOB MH(OpMAIus He coria-
cyeTcs ¢ yXe MMeroleics, To 11ubo nHpopMaIys B cUCTEMe ycTapeia (IoTepsila akTyallbHOCTb) U TpeOyeT 0OHOBIIe-
HUS, 100 HOBas HHPOPMALIKS OIIHOOYHA.

Juis permeHus 3Toi 3amadu 0e3 MOTepH MOIHOTH TpeOyeTcs MpUBJIeUYEHUE CTATUCTHKH (Kak ToBopmil CeranioBud
W.B., omun u3 ocHoBateneit Sndex: «Cratuctuka MOXeT Bce»). T.e. 3amada MoaIep KKH aKTyaIbHOCTH 3HAHUH B CHC-
TEME CBOJMUTCS K HAKOIUICHUIO CTATHCTHKH M3MEHEHUs MH(OpMaluKu U, B COOTBETCTBHU C 3alPOCOM IOJIb30BATEIIs,
BbIIaeTCs TMO0 camast JOCTOBEPHAs Ha TEKYIM MOMEHT HH(OpMAIHs, JINOO0 UCTOPHUS €€ U3MEHEHUH.

i pemeHust 3aga4i HEOOXOIUMBI CTPYKTYPHI JaHHBIX, KOTOPbIE MOTJIM OBl HAKaIUIMBaTh CTaTUCTHKY, COIPS-
KCHHYIO C BPEMEHHBIMH XapaKTEePUCTHKaMH. BbUT MpeuioskeH clieAyronmi moaxoa. Kaxapiii MUHUMabHBINA (akT B
cucreMe (CBsI3b O0OBEKTa C ero arpudyTOM, TOYHEE C OJHHM K3 3HAUCHHUU aTpuOyTa) CHaOXKaeTcsi CTPYKTYpPOM BKIIIO-
Yarolei cienyronue XapakTepUCTHKY:
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— pata Havana (X;) u nata koHua (X,) akTyaJlbHOCTH JJAHHOTO TlapaMeTpa B pealbHOM MUpE,
— nara Havana (Y;) u gara koHna (Y,) akTyaJbHOCTH JIaHHOTO MapaMeTpa B CUCTeMe (B KaKOil MPOMEXYTOK BpEMEHHU
cHcTeMa JyMaia, 4To 3TO Tak),
— HabOp MCTOYHHKOB MJIA JOKYMEHTOB, B KOTOPBIX MPUCYTCTBYET HHPOPMAITUSI O TaHHOM (haKTe.
B wacTHOCTH, (haKT EPESHMEHOBAHHUS B OHTOJIOTHHU OTPAXKAETCs C TIOMOIIbIO BBEACHHUS JJIs1 COOTBETCTBYIOIIUX aT-
pUOYTOB MHOXKECTBA MMEH C JaTaMH Havaja U KOHIA ux JaeiictBus. Hampumep,

struct Data(Data_begin: data, Data_end: data, Data begin loc: data, Data_end loc: data);
struct Naming(Name: string, Bpemsi_neiicteus: Data);

class Ilepcona (Gamunus: Naming; Mwmst: string; OTtuectso: string; ...)
class Opeanuzayus (Hazeanne: Naming; A60peBuarypa: Naming)

MO>KHO paccMOTpPETh CIEAYIOIINE BOSMOKHBIE CHTYaIlnH.

a) X(X,X,) He onpeesieHO — TUIIMYHAS CUTYalus KOrja B TEKCTE HUYEero He CKa3aHo O BpeMeHH JAeicTBus (akTa.
[TapameTp Y ompeznensieTcs naTol JOKyMEHTa, B KOTOPOM (pakT BCTPETHJICS BIIEpBEIC s Y| M AATOHW MOCIEIHETO J10-
KyMeHTa 14 Y.

6) Y>X B Tekcre ykazaHa MH(QOpMaLUs O HACTYITUBILEM COOBITHH.

B) Y<X B TekcTe yKka3aHo Oynyliee COObITHE.

r) B Tekcre Moxker ObITh ykazaHa KOCBEHHas JiaTa, HaIPUMEp, 60 @pems Z COCMOosnocy cobvimue, Ha KOMOpoM
obcyacoanucy gpakmer 1,2... B 3TOM ciiydae KOCBEHHAs JlaTa BBICTYIAET B KauecTBe peanbHoH X = X, = Z /10 Tex 1op,
MIOKa He TOSIBUTCS YTOUHSIOMast nH(popMmanus.

CcbutkM Ha UCTOYHUK MH(popManuy (00paboTaHHbIH JOKYMEHT) UCIIOIb3YIOT HE TOJIBKO /ISl KOHTPOJIS JOCTOBEP-
HOCTH ITOCTYNAIOIINX JaHHBIX, HO U ISl HHACKCUPOBAHUS TOKYMEHTa (MHOKECTBO BCEX CCHUIOK CBSI3BIBAET JOKYMEHT C
€ro KOHTCHTOM).

3.4. U3MeHeHHe KIIOYEeBbIX XaPaKTEePHCTHK HH(POPMALUOHHOI0 00beKTA

M3MeHeHNe KIIIOYEBBIX XapaKTEPUCTHK MHGOPMALOHHOTO O0BEKTa TpedyeT OTIENBHOI0 PacCMOTPEHHs, T.K. OHO
BIIMSIET Ha YHUKaNbHbIe OTHOCUTENbHO bJ] mapameTps! o0bekTa. K KitoueBbIM XapaKTepUCTHKAM OTHOCATCS KIIIOUEBbHIE
aTpuOyTh! (MM aJIbTEPHATHBHBIE HA0OPHI KIIOUEBBIX aTpHOyTOB), 3a1aBaeMble B oHTostoruu [10, n xiacc — mnoHsTue
nnu otHomenue [10.

Takoe u3MeHEeHNE BO3MOXKHO, TOJILKO €CITH 3TO SIBHBIM 00pa3oM 0003HaueHO B TeKcTe (B BHE (aKTa) U yJajuoch C
OOJIBIIION TOYHOCTBIO BBISIBUTH 3TOT (akT. Harpumep, ToT e GakT nepeMMeHOBaHUS, OTMEUEHHBIH BBIIIE: UHCHMUMYM
A 6vin nepeumenosat ..., uncmumym A o0vin 06veounen ¢ uncmumymom B, cmyoenm X 3axonuun ynusepcumem u no-
CMYNUN HA OONIAHCHOCMb HAYUHO20 COMPYOHUKA 6 ..., NepCOoHa X cMeHUNa ¢pamuauo U T.1.

MexaHH3M NPEICTABICHUS H3MEHEHHI KITIOYEBBIX aTpUOYTOB TaKOH ke, KaK MU Uil IPOCTHIX aTpuOyTOB, HO NPH
MTOMCKE MHOXKECTBO 3HAYCHHUU KIIFOUEBOTO aTpuOyTa BeIcTymaeT kak MJIM-MHOXXECTBO — MHOKECTBO aJbTEPHATUB, ITO
MO3BOJISCT, HAIPHUMEDP, WACHTU(GUIIMPOBATH OOBEKT I10 JTI0OOMY €ro HAMMEHOBAHHIO B IIPOIIIIOM.

Kpome Toro, ynomMmHaHue B TEKCTE OOBEKTA C «yCTAPEBIIMMMI» MapaMeTPaMHU M03BOJISET BBIIBHHYTH THIIOTE3Y O
KOCBEHHOH JaTe BCeX COOBITHI ONUCAHHBIX B TEKCTE (€CJIM HET YKa3aHWs SIBHOU JaThl).

V3meHenue knacca 00beKTa OTCIEKUBAT TPyJHEE (OTMETUM, YTO H3MEHEHHE Kiacca HapyIlaeT KOHIENIHIO 00b-
€KTHOI OpUEHTUPOBAHHOCTH), KPOME TOTO, B OOLIEM Cilydyae IPH U3MEHEHHH KJlacca MOXET HapylIaThCs LEJIOCTHOCTh
00beKTa, NPOUCXOUTh IOTEPs AaHHBIX. [103TOMY Ha JaHHYIO ONEpalyIO HAKJIaJbIBACTCsl OTPaHUYCHUE — OOBEKT MO-
KET JIMIIb YTOUHSITHCS 110 UEPApXUH KIacCOB MK 0000IaThes (€CIH HET IIOTEPH JIaHHBIX) B ClIydae, eIy MpebLayliee
N3MEHEHHE TPHHSATO 32 OLIMO0YHOE.

3akjaro4yeHue

Mopenb 3HaHUMH, UCTIONIB3yeMast B POLIECCE aHalM3a TEKCTa BKIIIOYAST TaKWe 3HAHUS KaK OHTOJIOTHS IPEIMETHOH 00-
JIaCTH, JIMHTBUCTUYECKHE 3HAHNUS O SI3bIKE M )KAHPOBBIX OCOOEHHOCTSIX aHAJIM3UPYEMBIX JOKYMEHTOB, 3HaHUS U JaHHbIE,
HaKOIUICHHbIE MH()OPMALIMOHHOM CUCTEMOH B ITporecce dKcIuryaraui. O0beM TaHHOW CTaThbH HE MO3BOJISET IPUBECTH
MOJpOOHbIE MPUMEPHI IPUMEHEHHS JAHHOTO MOJIX0/1a, OJTHAKO MX MOKHO HAHTH B CIEIYIOUINX NCTOYHHUKAX: HCIIOJIB30-
BaHHE cXeM (DakTOB M MOJENH TOKYMEHTOB JKaHpa «JIEJIOBOE MHCHMO» B CHCTeMe ToKyMeHToobopoTa InDoc [3aro-
pyabKo u ap, 2004], ncnonp30BaHKE MEMOYKH Te3aypyC — OHTOJOTHS JJIs aHaJTu3a TEKCTa AJIS MopTajia 3HAHWH 10 ap-
xeosioruu u aTHorpaduu [Anapeesa u ap., 2005], ucronb3oBanue Tezaypyca, cxeM (aKTOB U OHTOJIOTHH JUIS aHAJIN3a
coobmennii u3 apxuBa «Xponuku CO PAH» [Cumoposa u ap., 2009].

B crarbe moapoOHO paccMaTpHUBaIMCh BOIPOCH! BHEAPEHMS MH(OpPMAIMH, MOCKOJIbKY MMEHHO Ha 3TOM JTale
obecrieunBaeT B3aMMOJICHCTBIE MOJCUCTEMBl aHaIN3a ¢ KOHTeKcToM camoil MHC M Mo3BOJISET CYIIeCTBEHHO PaCIIH-
PHUTh BO3MOXKHOCTH aHAJIU3a, CBS3aHHBIE C YTOUHEHHEM M KOPPEKTHPOBKOW KaK IOJly4yaeMol U3 JOKyMeHTa nHpopMa-
LIMH, TaK ¥ HHPOpMALINK, XpaHsIIeics B caMOi CUCTEME.
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B crarse m3maraercst X0 MCCIEIOBAaHMI 1O CO3JaHUIO OHTOJOTHH JUIS CHCTEMBl T€HEPAaIlMH TEKCTOB — ONMCAHMI
n3o0paxeHuil. B kauecTBe HCTOYHNKA 3HAHUH O COACP KaHUH N300paKEHUI PacCMaTPUBAIOTCS TEKCTHI SKCIIEPUMEH-
TAJIBHOTO KOpITyca OMHCaHWH n3o0pakeHuid. MccienoBanne npoBoauTcest B 3kcnepuMeHTanbHol cpege DEMLInG.
ONHCHIBAIOTCS COCTABIIIONINE MOJIEIH COJEPKAHMU N300paXKeHHs, 3KcepuMeHT ¢ cuctemoit SemTalk2 n acku3 on-
tonorun DEMLInG. OOGcyxaaroTcst 1B€ OCHOBHBIX COCTaBIIIIOLIMX I'€HEPAlMH TEKCTa — CO3JaHMe IUIaHa TeKCTa U
BBEJICHUE IIPEUKATOB.

1 Bseaenmue

B nocnennee necstwieTne 3aaava MoUCKa B pecypcax, COAEpKaIINX H300paKeH!s, CTajla aKTyalbHON B CBSI3H C MOSIB-
nenueM B MHTepHeTe OOJBIIOrO KONMWYECTBAa TAKUX MYJIbTUMEIUHHBIX PECYpCOB, B YaCTHOCTH, MOHMCK (oTorpaduii,
(hparMeHTOB KHHO(PHUIBMOB, a TAKXE TOSBICHUE TPOTPaMM-COOECETHUKOB, O0CYKIAIOMNX N300pakeHns. 3ajada pac-
MIO3HABAaHUS PELIaeTCsA B YETHIPEX HAIMPABICHUAX - PACIIO3HABAHME: a) KOHKPETHBIX JIIOJCH 10 JIMIaM; 0) KOHKPETHBIX
npeaMeToB, Hanpumep, Cobop mapmkckolr boromarepu; B) 00BEKTOB ONPEEICHHOTO THIIA, HAITPUMEP, TAaHK Ha MECT-
HOCTH; T) THIIOB CIICH, HallpUMep, «oduc», «Ha KyxHey», Hanpumep, (Reineking et al., 2009). Tlpu pacriozHaBaHUH KOH-
KPETHBIX 00BEKTOB MOTYT HMCIOJIB30BAaThCS Mapbl «M300paKeHUE - TEKCT». B 3TOM cityyae paccMaTpuBarOTCsi CIICLH-
aJbHbIE BUJIBI TEKCTOB - MOJMUCH 10 hoTorpadusiMu, KOPOTKHE Ta3eTHBIE 3aMeTKH ¢ (poTorpadusiMu, ONUCAHUS UME-
HOBaHHBIX O0BEKTOB, MMPEJCTABIISIOIINX KyJIbTYPHBI U NOJIUTHYECKUH MHTepec, U3 Bukuneaun u apyrux MHTepHer
ncrounukoB (Gornostay, Aker, 2009). M300paxenue o0beKkTa 1 €ro Ha3BaHHE (MMs1) MOTYT COIIOCTaBIIATHLCS ITyTEM BbI-
YHCIIEHHS BBIAEIEHHOCTH 00BEKTOB B TeKcTe M Ha m3odpaxenun (Deschacht, Moens, 2007). Bce nepeuricieHHble Ha-
IIpaBJICHUS AEHCTBYIOT METOJIAMHU HCKYCCTBEHHOTO MHTEIJIEKTa 0€3 MCIONB30BaHMUs 3HAHHH.

HccnenoBanne B JaHHOH CTaTbe CBS3aHO C PACIO3HABAaHWEM KOMITO3HMIMH OOBEKTOB B M300Pa)KEHHBIX CBSI3HBIX
CIICHaX M HANpaBJICHO Ha pELICHHE 3aJayl aBTOMATHYECKON T'€HEepaliy TEKCTOB, ONMMCHIBAIONINX COAEPKAHUE TaKHX
n3o0paxenuit. [Ipu 3TOM B mporecce pacrno3HaBaHUs U T'€HEpAlUU TEKCTOB MPEAIOIaraeTcs UCIOIb30BaHUE 3HAHHM.
DoKycoM MHTEpeca SIBIAETCA MCIONb30BAHUE OHTOJIOTHUM KaK KOMIIOHEHTAa 3HAHWH MPU PACHO3HABAHUH M ITAHUPOBA-
HHUHM TeKcTa. B craTbe 3aTparuBaeTcs TOJIBKO BTOPAsl 9aCTh — T€HEPALUs TEKCTOB U3 HCKYCCTBEHHO CO3/IaHHBIX BXOJHBIX
NPEACTaBIECHUH, coaepKammx HHPOpMaIHIO 00 N300paKEHHBIX 00BEKTaX U KOMIIO3ULIMHM N300pakeHus. 3ajada pac-
MMO3HABAHUS M300paXKCHUH B TAaHHOM paboTe HE pacCMaTPUBACTCS.

[Toaxon OCHOBBIBAETCSl HA HAIEM OIBITE 110 TeHEPALUH TEKCTOB JBYMS Pa3HBIMH METOJaMH: a) METOJ], OCHOBAaH-
HBII Ha CHCTEMHO-(QYHKIHMOHANBbHONH rpammaruke M.Xsmimnes, peanusoBansbelid B npoekre AGILE (Kruijff et al.,
2000) ¢ HamMM y4JacTHeM JUlsl TeHepaly TeKCTOB MHCTPYKIMH, ¥ 0) TpaHC)OpMalMOHHBIA METOJ], KOTOPBIH MBI pa3-
BUBAJIM B COOCTBEHHOH NporpaMMHo-kominblotepHoit cpene DEMLInG (Bonmacos M.B., 2003) st ciieayronux THIOB
TekcToB: 3amnpock K bl (Boldasov, Sokolova, 2002), cratuctiuueckue otuetsl u3 b/l u onucanus ¢pororpaduii, (Coko-
noBa, bommacos, 2007).

B mpoekre AGILE ucnons3oBanocs ase onTonorun — Upper-Model
http://www.fb10.uni-bremen.de/anglistik/langpro/kpml/um89/um89-root.htm, knaccuduuupyromias TNl 3HAYCHUN
cioB Efl u ncnomnp3yromasics Kak MOCPEIHNK MEX Iy MoJienbio mpeametHoi obactu (I10) u cucteMoii reHeparun Tek-
cToB, 1 Moaenb [10 nns obGnacti rpaduueckux pesakTopoB, KOTOpas MCIIONB30BaNach B BHUJIE BCIUIBIBAIOIINX MEHIO
JUIsl BBIOOpA MOHSTHUH IOJIB30BaTENIeM B MHTEpQEice NP MOCTPOSHUH BXOAHOTO MPEACTABIICHHUS JJIsl CHCTEMBI T'eHepa-
u. DakTHYECKH MMOCIIeJ0BaTENBHOCTD (hpa3 TeKcTa U Bes HeoOXoanmast HHGOpMaLust 1Sl TeHEpaliy Co/iepKaaach BO
BXOJ/IHOM ITpeZicTaBlieHnH. Dtan ruianupoBanus B cucteMe AGILE no3Bosisin mosy4uTh TONBKO HEOOJbLINE CTHIMCTH-
YEeCKHE BapHalliy M PasHyIo IOJHOTY COAEPKaHUS TeHEPUPYEMBIX TEKCTOB. XOTEJIOCh PAa3BECTH IIPEIMETHOE U TEKCTO-
BOE MpejcraBieHns. Ham TpancopMannoHHBI METO/| TO3BOJISUT OINPEAEIUTh IPOIECCH TPe0Opa30oBaHus CTPYKTYP
3HAHMH W JIMHTBHCTHYECKHUX CTPYKTYp. DKcrepuMeHTsl co cpenoit DEMLInG mnoka3zany, 4TO MOXKHO JIOCTHYb ITPUEM-
JIEMBIX PE3yJIbTATOB Ha 3TallaX CHHTAKCHYECKOT0 W MOP(OIOrHIEeCKOro CHHTE3a, (POPMATHPOBAHMS, HO JUIA TUIAHUPO-
BaHMS TEKCTa TPaHC()HOPMALMOHHBIM METOA Majlo NPHUTOJCH M3-3a Pa3HOOOpa3usi BO3MOKHBIX BXOAHBIX NPEIMETHBIX
npencraBiaeHuid. Takum o0pa3oM, B JaHHOH CTaTbe MBI OOCY)KHZAaeM CUCTEMY, B KOTOPYIO MbI BEPHYJIH 3HAHHS B BHIC
OHTOJIOTUH JJIS1 UCTIOJIb30BAHUS, B YACTHOCTH, ITPH TNIAHUPOBAHUH TEKCTOB.

Cratbs peAcTaBisieT co00i M3M0KEHUE XOAa NCCIEI0BAaHUN U COCTOMT U3 CIEAYIOLINX pa3AeioB: B p.2 Mbl mpex-
CTaBJIsIEM JKCIEPUMEHTANILHBIA KOPITYC ONMUCaHUK M300paKeHUH M TEKCThl ONMCAHUI N300paKeHNH, KOTOPBIE CITyXkKaT
WCTOYHHKOM MH(MOPMALMH O COAEPKAHUHM M300paKeHUs; B P. 3 ONMUCHIBAIOTCS 3JIEMEHTHI (POPMaIM30BaHHOTO MpPEa-
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CTaBJICHUS COJEpKaHUsI M300pakeHusl; B p. 4 Mbl OlUChIBaeM 3kcriepuMeHT B cucremoit SemTalk2, mpoBeneHHBIN B
MOUCKAX peaNn3alliil OHTOJOTMU JUIA HaIlel CHUCTEMBI; B p. 5 KpaTKO MpeACTaBIEHAa CO3/laBaeMas OHTOJIOTUS CPEIb
DEMLING, B 4aCTHOCTH, €€ COJICpKaHUs [ TeHepaTOpa OMHCAHUS N300paKeHHIA; B p. 6 pacCMaTPUBAIOTCS BOIIPOCHI
IUTAHUPOBAHUS TEKCTA.

2 JKcnepHMMEHTAJbHBIN KOPIYC ONIMCAHUI H300pasKeHU

B nammx skcnepumentax «Mojens conepxanus nzoopaxkenus» (MCH) co3naBanuch BpyuHyto. B kauecTBe Marepua-
Ja B34THl LBeTHBIE (ororpaduu u3 komurekiun C.M. IlpokyanHa-I'opckoro, BeICTaBIeHHbIE Ha caiite B VHTepHeTe
http://www.prokudin-gorsky.ru/. TlockosbKy €AMHCTBEHHBIM OOBEKTUBHBIM HCTOYHHKOM 3HAHMH O TOM, KaK JOJDKHBI
BeImieTh MCHU, sBistrorcst TekeThl onucanuid ¢pororpaduit Ha ESl, Hamu ObUT cO3l1aH SKCIIEPUMEHTAIBHBIA KOPITYC
OTIMCAaHUH M300paKeHNH, B KOTOPOM KXKIOMY M300pa)KEHHIO COMOCTABIISIFOTCS] TEKCTHI, ONMCBHIBAIOIINE €TO COAEpKa-
HHE, BBIIIOJIHEHHBIE Pa3HBIMHM JIIOJpMHU. B Kopmyce omnmceiBaroTcest nBeTHbIe (otorpaduu Pocenn n3 komrekimm C.M.
[Mpoxyauna-I'opckoro, caenanubie aBropoM B 1900-1917 rogax npu ¢uHaHcoBoii noanepkke napsi Hukonast 11, BbI-
cTaBieHHble Ha caiite www.prokudin-gorsky.ru. ®otorpaduu xapakTepusyrTCsi CTATUYHOCTHIO W OINpPEENICHHbIM
MacITaboM — B OCHOBHOM OOIIM€ BUABI MECTHOCTH WIIM CH€MKHU CTOSIIMX JIOASH WM OTAEIBbHBIX KPYIHBIX IpeaMe-
TOB. MOKHO BBIICJINTH CIIEYOLIHE BUIBI oTOrpaduii:
— 00wui 11aH BUIOBBIE - YU, aJulesi, Topa, YacTh HOPTOBOM 30HBI, I10JIE U T.I1.,
— cpenuuii wiaH ¢ororpaduu OTAEIBHBIX 0OBEKTOB - IEPKOBb, YaCOBHS, JIOM, KaTep  T.J.), YEJIOBEK HJIM IpyIIa JIto-
JIEH,

— CpeIHHUH IU1aH xaHpoBble GoTorpaduu, HanpuMep, IANUIBIYHAsL, KPECThSIHE B I10JIE,
— KPYIIHBIH [U1aH OTJeNbHbIE 00BEKTHI — LIBETYILHUH KyCT, HKOHA, BUTPAX;
— KPYITHBIH [IaH MHOXKECTBEHHBIE 00BEKTHI - KyBITMHKHM HA MPYAY, BACHIBKHU B IOJIE.

B nanHoI1 cTathe MBI paccMaTpuBaeM (ororpadun OOLUIMM U CPEHUM IUIAHOM.

TexcTsl onucanuii co3aansl cryaeHTamu 4-ro kypca PITY. Kopmyc TekcToB cogepkut okono 250 onucanuil jis
100 dotorpadmii, Tak kKak 60IBIIMHCTBO (GoTorpaduu umeer ABa (B PEOKHX CiIydas TPU-YETHIPE) ONMCAHUS, CleNaH-
HBIC Pa3HBIMH JIOIMU. BoT mpumep nzodpakenns — potorpadust 01081 «/IeBATHHBD U TEKCTa-OMHUCAHNS K HEMY:

Ha ghomoepaguu uzobpasicen 6uo cena 6 sichyio no2ody. Hebo zonyboe, ecmo Heboavuuue oonauxa. Pervegp mecm-
Hocmu xoamucmolil. Ha nepednem naane wacmo Jyaa, no KOmopomy npomexaem guonemosas peuxa. 4epes peuxy npo-
X00um Mocm, YKpenieHHulli Kamuamu u oockamu. I1o0 mocmom, 6epoamuo, HAX0OUMcs NIOMUHA - Mbl GUOUM, YMO
YPOBeHb 800bl NOHUICACMCA, 800d OYpAUM U neHumcs. Y pexu 6uoHsl 08e depessanHble u30bl cresd. Padom ¢ uzbamu
bonvuiue 020poosl, ozpadicoennuvle 3abopamu. B daudcnem k nam ozopode cmosm 2 depesa, cresa ewé kpaii oepesa. 3a
Mocmom ewé oona Hebonvuias usba. Ha copuzonme cnpasa ewé uzoa. Cnesa na copusonme guoneemcs 1 namuenagoiil
cobop, cnesa om He20 OOHO2NABYIN XPAM, CIe8d OM He20 360HHUYA C Wampogoll kpviweli. Bce obvekmuvl xpamoeo2o
KoMnaeKca 6en020 ysema, Kpululil U Kynoia 3ejleHosamaule.
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TekcThl B KOpIlyce UMEIOT CIIeAYyIOUe 0OCOOEHHOCTH:

1. Dro crioHTaHHBIE onucaHus 0e3 3apaHee IOArOTOBICHHOTO IIIaHa, II0ATOMY OHH OTPAaXAIOT JIBIKCHWE BHUMa-
HUSI aBTOpa, CIIEAYIOLIETO ONPE/AEIEHHON CTpaTeruy ocMoTpa M3o0paxeHHs. Takue cTpaTeruu, Ha3bIBaeMble
KOTHUTHUBHBIMHU CTPATETHsIMHU, paccMaTpUBallich, HanpuMep, B padore (Kobozesa, 1997).

2. YacTo TOJBKO 4acTh TEKCTa HEIOCPEACTBEHHO CBsI3aHa C N300paKEHHBIMU OOBEKTaMU, APYrasl 4acTh TEKCTa I1e-
penaer ¢aHTa3MM ¥ SMOIMH aBTOPA, MIepeIIeTeHHbIE ¢ HHPOpMAIHEl, MOYepIHYTONH aBTOPOM M3 3aroyioBka ¢o-
Torpaduy — Ha3BaHUE MecTa, uMsl, npodeccuss N300paKEHHOTO YeJIOBEKA U T.II. B BHIMIETIPUBEAEHHOM TEKCTE
Takux (aHTa3uii aBTOpa HET;

3. OOBbIYHO AJIsI OTHOTO M300pa’KeHHs] MMEETCs JBa ONMCAHUS, CHAETAHHBIX Pa3HBIMHU JIFOJABMH, YTO ITO3BOJISIET
CpaBHHMBATh MHEHHE JIBYX, MHOTZIA 3 — 4 JIIozieli B BOIPOCE O TOM, YTO M Kak n300paxeHo Ha ¢otorpadun. Bro-
poe onmcanue faHHoU oTorpadun cm. B p.6.

3  DJaemMeHTBHI MOJEJH COAEPKAHUS H300paKeHHI

OHTOJIOTHH JUTS ONUCAaHUs M300pakeHUi npuMeHsunch, Harpumep, (Hollink et al., 2003). I1pu sToM aBTOpHI ONMpa-
JIMCh Ha CYIIECTBYIOLINE 0a3bl JaHHBIX U JIEKCHKO-ceMaHTnueckue 6a3sl — WordNet, B/ o 6rorpadusm xyn0)KHUKOB
n ap. OCOOEHHOCTh TaKHX OINHMCAHMWH COCTOsUIAa B TOM, YTO IO TPAAUIHMU KOMITBIOTEPHOW JIMHTBUCTUKU M OIMCAHUS
MIPEACTaBISUINCH KaK COBOKYITHOCTD SI3BIKOBBIX IPEUKATOB C MECTAMH, B YaCTHOCTH, TPHa[], 0003HAYAIOIINX JeHCTBHE
C aKTaHTaMu, Thna (agent-process-object) u ero arpudyToB (settings) - (time, location). Takue onucaHus MpeAI0KEHBI
B (Tam et al., 2001) u ucnonp3oBansl B (Schreiber et al., 2001), (Hollink et al., 2003). [ns Hamwux dortorpaduii Takue
OTIMCAHUs COAEP)KAaHNUS HEBO3MOXKHBI 110 IBYM NMPHIHHAM:

1. OOBEKTHI peasbHOCTH MPUCYTCTBYOMIHE HAa oTorpadusx B BiIe 00pa3oB, HAIPUMED, «IOMY, KIETIOBEK», KO-
Jie», 3aHUMAIOT OMpeJiesieHHbIe (parMeHThl oBepXHOCTH (otorpadun. Ha HUX MOXKHO MPSIMO YKa3bIBaTh, UX
CBOWCTBA - 1IBET, (hOpMY, IPKOCTb, pazmep, 0TOOpaxarh B OMKMCAHUHU. B OTIMYHEe OT HUX MPEJUKATHI MOTYT MOs-
BUTHCSI B ONMCAHUM TOJBKO HA OCHOBE KOCBEHHOI MH(MOPMAIMU O CBOWCTBAaX 00BEKTa, HAPUMED, O3l XKUBO-
IO cyliecTBa (uenosex cuoum, bescum, ...), 00 OTHOIICHUAX MEXAY 0OBEKTaMH, B YaCTHOCTH, MECTOIIOIOKEHUH
00BEKTOB (Y peku cmoum 0oM, Ha noje naxodumces cmoe) v ap. B HazBanusx ¢ororpaduii Ha caiite s3bIKOBbIE
MPEAMKATBl BCTPEYAIOTCS PEAKO M 0003HAYAIOT COCTOsIHME, Harpumep: «[1noThl, cusiime Ha nepekarax y je-
peBHE Kypbs».

2. CymectByromue 0a3bl 3HaHUI 1 0a3bl JAHHBIX, B YACTHOCTH, OCHOBAaHHBIE HAa OHTOJIOTHSIX, HE IPEIHA3HAYAIIICh
JUTSL OTIMCAHUsI BU3YAJIbHBIX JIaHHBIX, [I03TOMY HE COJEpPKAT BAKHOM JUIsSl HHTEPIIPETAlui H300paXKeHui nHPOp-
Malliu — 3pUTEbHBIH 00pa3, OpUeHTAIHs B IPOCTPAHCTBE, HAPUMED, C1MOoI6 — O0BEKT C BEPTHUKAILHON OpHEH-
TalMel, u Ip., a CoAepKaT Mallo MPUMEHUMYIO Ul ATOW 3aJa4M DHIUKIIONEANYECKY0 HH(opMalLuio, Harpu-
Mep, «aBepb» B WordNet Tonkyercs uepe3 nousitue «oapbep»: «DOOR is-a “movable barrier (a barrier that can
be moved to allow passage)».

OCHOBO¥ HaIIMX MOJEJEH conepKaHusI N300PKESHUN MBI CYATAEM BHPTYAIFHYIO MATPHUILy TUKCENIOB, HA KOTOPOM
OOBEKTHI ONMPEACNIAIOTCS 110 MX I'PaHULAM Ha IIOCKOM H300pa)KEHHH M PAacHO3HAIOTCSA II0 MX 3PUTENIBLHBIM 00paszaMm.
[Tnockoe n3o0paxxeHHe 3aKII0YaeT KOMIIO3UIIMOHHBIE OTHOMECHHUS OOBEKTOB, €CIIM OJMH OOBEKT HaXOMUTCS Ha (OTO-
rpauy BHYTPH I'PaHUL] APYyroro o0beKTa, HAIPUMED, KPblibyo BXOAUT B IPAHULIBI H300paxeHus: ooma. Eciu rpaHunbl
00BEKTOB Ha M300paKEHUH HE BKJIA/IBIBAIOTCS OAMH B JPYrod, Mbl TOBOPHM 00 OTHOIIEHHUSX MPOCTPAHCTBEHHON OpH-
SHTALIMU, HATIPUMED, «0epe8o HAXO0OUMCs OKOao/cnpasa om doma». B Tex ciydasix, Korja IpaHHUIlbl 00bEKTOB Hepece-
KaloTCs, MbI TOBOPHM OO_OTHOLICHUM JIOKAIW3AIMU, HAIPUMED, «Oepeso pacmem Ha 6epecy peKku» WIH O TOM, YTO
OJIMH 00BEKT HAXOJUTCS 10331 Apyroro. TakuMm oOpa3oM, sl MPEJCTaBICHNS 3HAHUH MBI Hy)KJaeMcsl B IByX BHIIaX
WCXOJHBIX OTHOIICHHH: OTHOIICHUSX KOMIIO3MLMM W OTHOIIECHWSAX INPOCTPAHCTBEHHOW OpPHEHTALMK OOBEKTOB JIPYyT
OTHOCHTENBHO JPYyTa BKIIOYAsi OTHOLIEHUE JIOKATU3AIHH.

Mer crpemumMcst otpa3uth B MCU mpenMymiiecTBEHHO BU3YaIbHYIO HHPOPMAIINIO U OCHOBAaHHBIC Ha HEW OTHOIIIE-
HUSI MEKAY 00BEKTaMH. Y POBEHb JAETATM3ALNH OITUCAHHS MOXXHO YCTAaHOBHUTH TAK: MBI YIIOMHHAEM T€ OOBEKTHI M 9aCTH
00BEKTOB, 0 KOTOPBIX MOXKEM MM XOTUM COOOIIMTH HEKOTOPBIE MOAPOOHOCTH, €CIIM HE XOTHM, TOTJa HE YIOMHHAEM.
Hanpumep, MbI yloMrHaEM ToJIOBY 4eJI0BEKa, ECIIM XOTHM CKa3aTh, YTO HA FOJOBE — IUIANA U T.I. VIHBEeHTaph MOHATHH
it MCH 3amaercst B OHTOJIOTHH 00BEKTOB, KOTOpast OIpENeNseT KaK 3JIEMEHTHI, BbIJEIsIEMbIE Ha MIJIOCKOM H300paske-
HHH, TaK ¥ OHTOJIOTUYECKHE 3HAHUS O CBOMCTBAX 0OBEKTOB M BO3MOXHBIX OTHOLICHUSIX MEXy HUMHU. DKCIEPHMEHT T10
CO3/IaHHUIO TaKOI OHTOJIOTUH OIHCHIBACTCA B CIEAYIOIIEM pa3fene.
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4 B moumckax cpeacTBa peaju3alii OHTOJIOTHH: JKCIepuMeHT ¢ Semtalk2

MBpI cTpeMuuch ucnonb3oBaTh si36ik OWL (Web Ontology Language) kak crienuaibHO CO3AaHHbBIN I PeIaKTHPOBa-
Hust oHTOosoruid. OH Oasupyercst Ha mapagurMe XML, ynoOHOM 11 aBTOMaTHYecKoi 0O0pabOTKM Ha KOMITBIOTEpE.
CraHgapTHOE pelleHre — HCIojIbp30Banne onucannii Altova SemanticWorks nokasanock HaM HEIOCTaTOYHO YJIOOHBIM
Juls Hame 3agaun. Ml ipoBenu skcriepuMenT ¢ cucteMor SemTalk2. TlpeumymectBo SemTalk2 coctout B ToM, 4TO
OHa TI03BOJISIET MCIIOJIL30BATh OHO M TO XK€ CPEICTBO VIS PEAAKTUPOBAHUS OHTOJIOTHH M CO3AAHUS NMPEICTABICHUN U3
3JIeMEHTOB 3Toi oHTONOTrHU. [IpH 3TOM OHa 0OJamaeT yaqoOHBIM HHTEPEHCOM M PelaKTOPOM OHTOJIOTHH U MPEICTaB-
nenuit. SemTalk noanepxnBaer ABa TWHA JUarpaMM: IUarpaMMmy KJIacCOB — IJIsl OMMCAHUS OHTOJIOTMU M AWArPaAMMy
9K3eMILIApoB — Wist onrcanuss MCU u mo3BomsieT uMnopTupoBaTh BHemHUe MCH.

B skcnepumenre ¢ cucremoit SemTalk2 Mbl OCTpOMIM IKCIIEPUMEHTATIBHYIO OHTOJIOTHIO, B KOTOPOH OMpEASININ
kiaccel 00bexktoB: HOUSE, TREE, CHAPEL, SMOKE-STACK, BRANCH, FIELD, WINDOW wu 1p., ux cBoicTBa:
COLOR, SIZE, SHAPE u nap. u 3uauenus cBoricte: COLOR- BLACK, RED, u 1.1.; SIZE - BIG, SMALLinWIDTH,
BIGinHIGHT, u T.1.; SHAPE - SQUARE, ROND u T.1.

MEI onpenenuin 0AHO KOMIO3UIMOHHOE oTHOoWEeHHe BioxkeHuss — INCLUDES u n1Ba ceMaHTHYECKMX OTHOILEHHUS:
PART-OF u LOCALIZATION. INCLUDES - s3T0 dopmanbHOE OTHOIIEHHE MEXKTy 00BEKTaMH — OTHOILLIEHUE BXOXK/Ie-
HUSI OTHOTO 00BEKTa B rpaHUIIb! Apyroro. OHO ke MpeAcTaBisieT CBOMCTBAa 00bekTOB. Hanpumep, conepikaHue TeKcTa

«Ha nebe connye. Ilo neby nemum nmuya ¢ 6OIbUUMU KPBLIbSMUY» MOKHO U300pa3uTh, BHIPA3UB OTHOUICHHE BIIOXKE-
HHSA B BHIE CKOOOK:

(SKY (BIRD (FLYING)(BIG WINGS)) SUN)).

Ha ocHoBaHwMM 3HaHHI OHO MOXeET ObITh HHTEpHpeTHpoBaHo uepe3 oTHomeHHe PART-OF wiu LOCALIZATION,
Hanpumep, PART-OF (BIG WINGS, BIRD), LOCALIZATION (SKY, SUN).

ITpocTpaHCTBEHHBIE OTHOLICHUS MIPECTABICHBI B OHTONIOTHH KaK «0OpaTUMBIE:
— To-the-left(X, Y) / To-the-right(Y, X)
— Near(X, Y) / Near(Y, X)
— Around(Y, X) / In-the-centre(Y, X) u np.

3TO MO3BOJISIET UCIIOJIL30BAThH Pa3HbIE CTPATETHH ONUCAHUSI, B KOTOPBIX OOBEKTHI MOTYT CIIEIOBATh B TPEJICTaBIIe-

HHUH B IPSIMOM ¥ oOpaTHOM nopsiake: X, Y win Y, X.

Onucanne B cpene SemTalk2 co3maercss nmepeTacKMBaHHEM 3JIEMEHTOB OHTOJIOTHH (KJIACCOB, CBOWCTB M OTHOLIE-
HUiA) B o0nacTk GpopmupoBanuss MCU. Ha puc. 2 nokazan ckpunmor cucrems! SemTalk2. B npaBoii wacTu BUaHa OH-

tonorus, B 1eBoii — MCH, mocTpoeHHast U3 SK3eMIUIIPOB KJIACCOB. B JIeBOM HIDKHEM YTITy NPUBEIEHA OMHCHIBacMast
totorpadust 00039.

'# Ontology 0B.07.14.vsd - SemTalk 2.3
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Puc. 2: Cxpunmor SemTalk2nokaseiBaeT Mozaens coaepskanust potorpaduu 00039, co3naHHYIO M3 3JIEMEHTOB OHTOJIOTHH, MOKa-
3aHHOH cIipaBa
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Mopens conepskanus uzoopaxenus 00039 co3nana Ha OCHOBE CIICIYIONIUX JABYX CTYACHYCCKUX OMHUCAHUI:

1. Ha gpomoepaguu usobpasiceno 6oavuioe 3enénoe depeso Ha (one wucmozo nebda. [epeeo Haxooumcs Ha KAMeHu-

cmoti nouge. Cmoum sichas nozoda. Cnpasa om oepeea 6uoHeemcs npyo.

2. l{enmp pomoepaghuu 3anumaem packuoucmoe 0epeso ¢ wupoxoi kponou. Ha ghone — cmens. Jlesee u uyme oanvuie

depesa — Hebonvuoe ozepo. Ilpumepro 06e namovix ghona - benoe Hebo.

Okcnepument ¢ SemTalk2 mokasan, 4yTo MpU yKa3aHHBIX MPEUMYIIECTBAX, CBOOOAHO jocTynHas B HTepHET Bep-
cust 00JIa1aeT TAKIKe CYIIECTBEHHBIMH HEJOCTATKAMU:

— OoJIblIast 4acTh 3asIBICHHOTO (PYHKIIMOHANA HE pab0TaeT, €CiM €ro KCIOoJIb30BaTh B KOHTEKCTE Halllel 3a/1a4u;

— KIIIOYEBbIC KOHLEMIUH TIOCTPOCHUSI OHTOJIOTHH, HEOOXOJUMOCTh KOTOPBIX ObLITa HAMH OCO3HAHA B MPOILECCE IKCIIe-
PHMEHTa, OTCYTCTBYET B TEKYILEH peann3aliuyu CUCTEMbI, B YaCTHOCTH, MHOXKECTBEHHOE HACJICIOBAHNE, UMEHOBAHHE
3K3EMIUIIPOB CYLIHOCTEN U Ip.

B pesynbTare Mbl Hauasiu pa3padaThiBaTh COOCTBEHHYIO MOJIENb OHTOJIOTHH, KOTOpast KPaTKoO MPEACTaBIIeHa B Clie-

JIYIOLIEM pasJiele.

5 Owunroaorug DEMLiInG

B HacTosmee BpeMst co3naeTcsi HoBas cpea Juisi MoaeaupoBanusi oHTonoruit 1 MCH, mo3Bosisttoniasi MHOKECTBEHHOE
HaCJIeZIOBaHHUE W UMEIOIIas HEKOTOPhIE IpyTue moje3Hsle cBorcTBa. OHA HAXOIUTCS B IpoLecce pa3pabOTKH M OTIaj-
KW, OTHOBPEMEHHO B HEH MPOBOMAATCS SKCTIEPUMEHTHI TI0 CO3JIaHUIO OHTOJIOTHH U €€ UCTIOIb30BaHUIO JIJIS TIOCTPOCHHUS
MCHU. Ha puc. 3 npencraBiieH CKPHHIIIOT 3TOH CPE/IbI C OJHUM M3 BAPHAHTOB pa3padaThiBACMOI OHTOJIOTHH.

Ontology: C:AMAGESVIMDescriptionidop_objects-13.owl

Clazz higrarchy: Dretails:
[=- Thing A Descr-n | DSeekT, coenaHHeR pykar 4eN0BeKa, 38 HCKIYEHHEM
=1 Visible_0 T NPOMZBELEHUE MCKYCCTES, HANpUMEp, CKYIBMTYPS YenoBEk.a,
= Background_0 Features:
(=)~ Sky MName Owner Fange
gloud 4 m Wizible_0 white: green; red; grey: yellow: ..
un
= Land = temture Yizible_O string
W ater brightriess Wizible_0O bright; dark.
Fi d
= |rmﬁgor§;n quantity Bounded_0 2:3 4, 5;6:7; 8; some; many
Hill farme Bounded_0 reqular_forme; natural_forme
Field size Bounded_0 big: very_big; small
=~ Bounded_0O - -
= m alike Bounded O zlring
= Building #*
Fioof e
Wil Relations:
= Temple Marmne Domain Range
Cross -
Cross bzhind Bounded 0O Wigible_O
Bellboyer near Bounded 0O Backgro...
= House hear Bounded O Wizible_0
|zha I
— includes izible_0 Wigible_O
[ R E ] [ Edit ] [ Remaowe ]
[ Open l l Save ] [ Save fAs l

Puc. 3. Ouronoruss DEMLinG

OTHOCHTENBHO CO/EPKAHUS OHTOJIOTHH, MBI TI0Ka HE TBITAINCH IOCJIEI0BATEIFHO ONUCHIBATH BU3yaJIbHBIE CBOW-
CTBa OOBEKTOB, TAKHE KAaK, HAIIPHMEP, YTO OKHO OOBIYHO MMEET NPSAMOYTOoJIbHYIO (popMy M pasmep C 4enoBeKa MM B
HECKOJIBKO pa3 MeHblIe. Takke MBI He MBITAINCH PACCMATPUBATh BO3MOKHOCTH €€ YIaCTHs B IIPOLIECCE PAcIIO3HABAHUS
n300paxeHui. [l reHepay Hy>KHbI CBOHCTBA OOBEKTOB, BIMSAIONINE Ha MX y4acTHe B Ipoleccax, 0003Ha4aeMBbIX
onpeneneHHbIME riiaronamMu ESl. Ot cBoiicTBa MMEIOT KOTHUTUBHYIO IPUPOIY M HCHOJB3YIOTCS MMEHHO B 00iacTu
3PHUTEIBHOTO BOCIIPUATHS YEI0BEKa, B APYTUX o0nacTsax, Harpumep, «odmenne ¢ b/1», onun He akTyanbHbl. HexoTopble
U3 HUX BakHBI U1 noctpoenuss MCU, npyrue - ams B3aMMOJEHCTBHA C JIEKCHUECKOW CeMaHTUKOH riaroioB. B Ha-
CTOsilllee BpeMsi HaMH pa3padaThIBaeTCs BEPCUsl «BH3YalIbHOM» OHTOJIOTHH, KOTOpas BKIIOYAET CICAYIOIINE TUIBI 00b-
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€KTOB, paclpe/ieieHHbIE 10 IByM I'PYIIIaM — peajibHble 00bEKThl 1 MHUMbIE 00BbEKThI. PeanbHble 00BbEKTHI, T€, KOTOphIE
npejacTaBieHsl Ha GoTorpadusix, UMEIOT IPaHUIIbl, MOTYT OBITh PaCIO3HAHKI [0 CBOEMY 00pa3y M BU3YyaJIbHBIM CBOWCT-
BaMm.

PeasibHble 00BEKTHI:

— HOCUTENb N300pakeHHs - (oTo

— (oHOBBIC OOBEKTHI — HE0O, 3EMIIS;

— 9acTH 3eMJIU — T10JIE, JIEC, PEKa, J0pora ! T.1.

— COBOKYITHBIE 00BEKTHI — IIOCETIOK, YIIUNA, U JIp.

— 00BEKTHI — AEPEBO, AOM, YEJIOBEK U T.1.;

—9acTH 00BEKTOB — JBEPb, OKHO, BETKa, pyKa, IIUIANA U T.1.

Belenenre THIIOB MOTHBHPYETCS] KOTHUTUBHBIMU COOOPaKEHHSIMHU CIIEAYIOILIETO 3Tana — COOCTBEHHO IeHepaIun
TEKCTa, a UIMEHHO, TeMU (DYHKIUSIMHU, KOTOPbIE OOBEKThI OOBIYHO BBITIONHSIOT C TOYKH 3PEHMSI HAILErO BOCIIPUSTHS:
(hoHOBBIE OOBEKTHI — OOBIYHO JIOKAJIHU3ALUH, OOBEKTHl — OOBIYHO JIOKAIN3yeMble, YaCTH OOBEKTOB — Ha M300pakeHUN
BJIOXKEHBI B TPAHUIIBI JPYTHX OOBEKTOB.

CBoiicTBa peaJbHBIX OOBEKTOB BKIIIOYAIOT BHIIIEYIIOMSIHYThIE BU3yalbHBIE CBOMCTBA U Ty MH(OpMAaLnio 0 BpeMe-
HH, MECTE U HEBU3YaJbHBIX CBOMCTBAX M300pa’KEHHBIX OOBEKTOB, KOTOPasi MOXKET ObITh U3BJIEYEHA U3 Ha3BaHUs (oTo-
rpaduy, HanpuMep, HAMOHAIBHOCTD, Ipoeccust 1 MecTo paboThl H300PaKEHHOTO YEJIOBEKA.

MHuUMEBIe 0OBEKTHI:

— TOPHU30HT; TOPU30HT BOCIIPHHUMAETCS KaK JIMHUS, XOTSI HA CAMOM JIEJIE SIBJISIETCS TOJIBKO TPAHHULIEH MEXIy ABY-
Ms pakTypamu — HeOa 1 3eMIIH;

— Tpynnbl 00BEKTOB —COBOKYITHOCTH OJHOPOJTHBIX OOBEKTOB, 00pa3yoIIue eIHOe MATHO Ha M300pakeHnH, Ha-
IpUMep, KOMIIEKC MOHACTBIPCKUX MOCTPOEK, IPYIINA JFOEH NPH ONMMCAHUN KOHKPETHBIX N300paskeHnii. B oHTOMOIMN
3TOT KJIaCC HE UMEET MOJKIACCOB, & UCHOIb3YETCs Ul TPYIITUPOBKH OOBEKTOB;

— IUIaHBI — XapaKTePHU3yeT rPyMIbl 00BEKTOB YaCTO KOMIO3UIIMOHHO O0bEIMHEHHBIX, HIDKHSS IPaHHULA KOTOPBIX
HaXOJUTCS Ha N300paKEHNH NMPUOJIM3UTENBHO Ha OJHOW TOPU30HTAIbHON JTMHUK. OOBIYHO B ONUCAHUIX UCIIONIb3YETCs
«TIepeHUI TUIaH», KOTOPBIN pacnoiaraeTcs B LEHTPE WM HIDKHEH yacTi Gororpadun;

— yactd Qororpaduu, OTHOCUTEIHHO KOTOPBIX OPUEHTHPYIOTCS OOBEKTHI — IIEHTP, YIIIbl (TIpaB/Bepx, MpaB/HUXK,
JIeB/BepX, JIEB/HIK), 4aCTH — (IIPaB, JI€B, BEPH, HUXKH).

6 IlananmpoBaHMe TeKCTa

KiroueBbIM nporieccom reHepanuu Tekcta Ha ocHoBe MCU siBnsiercst mporiecce ruianupoBanusi. OOIie MeToIbl ITaHu-
pOBaHUs, HapuMep, MeTo] TuiaH-onepaTopoB (bommracos, Cokonosa, 2005 u 2006), CTPOATCS HA OCHOBE NMPEIUKATOB,
[03TOMY HE NMPUMEHMMBI K Hallel 3anade. bojee anekBaTHBIM SIBISIETCA anmnapar JUCKYypcuBHbBIX crpareruii K. Mak-
KbIOMH. MBI MOXEM MOJCIUPOBaTh OIpENeIeHHBI Mmopsnok obxoma MCU, CONPOBOXKIAIOLIUICS TeMa-
peMaTHYeCKUMH YepEeIOBaHUSAMH B JIMHEHHOM IUIaHE TEKCTa. B HacTosImee BpeMs pedb MOXKET HATH TOJBKO O MpOBe-
JIEHUH ucclefnoBanus. VccnenoBanne IpoOBOIUTCA B ABYX HAIlPaBICHUAX: 1) HCCIeOBaHNE OPTaHU3ALNH TEKCTOB OITH-
caHus M300pakeHus, ISl KOTOPOTO MBI IMEEM MaTepHajl HaIllero KOpIyca; 2) MCCIEIOBAaHHUA COOTBETCTBHUN MEXIY
3HAYCHHUSAMH TIIarojoB U KOHQUTYpaIUsIMA 00BEKTOB, KOTOPBIE OHU PEATU3YIOT B TEKCTAX.

IIpenBapuTensHOE HCCIEAOBAaHUE OPTaHU3ALMI TEKCTOB MOKA3bIBAET, YTO B HUX 3aJI0’KEHBI HEKOTOPhIe KOTHUTHB-
Hble cxeMa. Takue cxeMbl ONUCHIBAIMCH, B yacTHOCTH, B (KoGo3eBa, 1997, 2000) u np. nist BunoBsix ororpaduii BeI-
PHCOBBIBAETCSI HECKOJIBKO MHOM moxaxona. Conepkanue (ororpaduy COCTOUT M3 BBLICIEHHBIX 00BEKTOB, K KOTOPHIM
oTHocsTCs cama (pororpadust Kak HOCUTENb H300paskeHus1, QoHOBbIE 00BEKTHI, TOPU30HT, IEPEAHUI IIaH U HEKOTOPHIE
BEIJICIISFOIUECCS CBOMMHU Pa3MepaMy WM TIOJ0KCHHUEM Ha U300paKeHUU OOBEKTH. TEKCT OpraHM30BaH Kak IIEMOYKa
00BEKTOB, KOTOpasi HAUMHACTCS OT OJTHOTO BBIJICIIEHHOTO 00BhEKTa, OOBIYHO 3TO cama (oTorpadus, 3aTeM JTU00 Popmu-
PYeT LEemoUKy, B KOTOPOI MepeYnCISIOTCS 00 BEKTH, IPUMBIKAIONIAE K ICXOTHOMY O0BEKTY, H/WIH MPOUCXOJUT CKaYOK
K CIIeIyIoIIeMy BhIIeIeHHOMY 00bekTy. HazoBeM menodxy oOBeKTOB MEXKITy IBYMS BBIICTICHHBIMUA O0OBEKTAMHU — «I1ac-
caxk». B maccaxe (pokyc BHUMaHHUS aBTOpa TEKCTa IDIABHO MEPEXOAUT C OJHOTO 0OBEKTa Ha APYTOi MO KOMITO3HIIMOH-
HBIM M IIPOCTPAHCTBEHHBIM OTHOIICHHUSAM, [TOKa BCE OOBEKTHI, COCTABIAIONINE JaHHYIO YaCTh KOMITO3HIIMK H300paxe-
HUsI, He OyayT ucuepranbl. Pa3zbepem Jisi mpuMepa KOHKPETHBIH TEKCT, OMUCHIBAIONIMNIA (oTorpaduio, NpUBEICHHYIO
Bhille Ha puc. 1. TekcT pa3ouT Ha MPEATIOKEHHS, T/Ie XKUPHBIM MPUPTOM BBIACICHBI OOBEKThI, HA KOTOPHIX MPOUCXO-
JIIT CKaYOK U MOJUEPKHYTHI 00BEKTHI, KOTOPBIE COCTABIISIOT ACCAKH JJAHHOT'O IIaHa TEKCTa!

e Ha dororpaduu n3o0paxeH BUI Ha OKpanHy IOCENIKA JIETHUM JTHEM.

e Ha mepeaHem mjiaHe HeOONbINAs PEUKa, YyTh MOJAIBIIE ILIOTHHA U MOCT, YKPEIUICHHBIA OpeBHAMMU.

e CneBa u cnpaBa N300pa)XKEHO HECKOJBKO MAJEHBKUX JIEPEBEHCKUX IOMHKOB, HEKOTOPHIE C YYAaCTKOM 3E€MIIH,

OTOPO’KEHHBIM JIOIIATHIM 3a00pOM.

e Mexay JoMaMu Ha caMOii BepXyIIKe X0JIMa CTOUT OOJBIION OeIbIii MOHACTBIPD.

e K HeMmy BefieT AepeBsiHHAS JICCTHHIIA HA XOJIME.

e Ha xapTuHe n300pa’keHO MHOTO MPOCEIOYHBIX JIOPOT, KOTOPBIE PACXOIATCS B Pa3HBIE CTOPOHBI.

UMeeM CIEIYIONNNA TOPSIIOK YIOMHUHAHNS OOBEKTOB:
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1. «@®0T0» > «IOCETOK»

2. «I[lepennuii maan» = «peukay = «IOTHHA» = «MOCT» > «OpeBHA»

3.(cimeBa U CIpaBa OT «MOCTa») =2 «IOMHKI» —>»YUYacTKI» —>»3a00pbi»

4. (MeXIY «TOMHUKaMI»)

4.1. Bepxymka XoJiMa (STOPH30HT) = «MOHACTBIPHY

5.(k HeMy (MOHACTBIPIO)) = «JIECTHHULIAY (HA XOJIME)

6. «KapTuna (=¢oTo)» = «I0poru».

[Topsinok ynoMuHaHUS OOBEKTOB MOXKET PACCMATPUBATHCS KaK HEKast MPOEKIHs IJIaHa TekcTa. Ecim Mbl cMoxeM
BBICTPANBATh TAKNE IOPSIKM», BRITATHBAS Halle BXoJqHOE mpeacTaBienne — MCHU B nuHUIO, TO BTOpas 3a/1a4a B Ipo-
I[ecce FeHepaluu TEKCTa COCTOUT B TOM, YTOOBI PEIINTh, KAKMM 00pa3oM 3Ta IIENOYKa PaclafaeTcs Ha MPeUIoKeHU
TEKCTa, ¥ KaKHe U3 OTHOLICHUH, CTOSAIINX 32 CKAUYKaMU M CTPEIIKAMHU JOJDKHBI OBITh PEaIN30BaHBI T1arOJIAMH.

HccnenoBanue npenmnonaraeT U3yueHne CEMaHTHKH IJIarojioB B 00JIACTH «BU3YaJbHOI'O BOCHPHUSTHUSY U, B PE3YJIb-
TaTe, MOCTPOCHHSI CEMaHTHYECKUX 11a0JI0HOB, OTOOpaXKAIOLIMX CEMAaHTUKY IJIaroJioB B 3Toi obnactu. Hanpumep, ria-
TOJIbI 3PUTEIHLHOTO BOCIIPHUATHSI UMEIOT B CEMaHTHUECKOM II1a0JIOHE TIO3UIIMIO «HAOIII0AATENb», KOTOpas MOXKET BbIpa-
JKaThCsl B 00JIACTH «BU3YaIBHOTO BOCHPUSTHS) MECTOMMEHHEM «Mbl». OOBEKTaMH IIIarojioB 3pUTENBHOTO BOCIIPUSTHS
MOT'YT OBITh JTI00BIE OOBEKTHI, KPOME MHUMBIX, 32 UCKIIIOYCHUEM ITOHATHS «TOPH30HTa». YeIOBEK CUMTAET, YTO OH BH-
JIIT TOPU30HT, HO BPSI/L JIN CKAXKET «Mbl BUJUM TOPU30HT» B OTIIMUHE OT: «Mbl 8UOUM (homo, Hebo, dom, pyKy u m.0.». B
9TOM CJy4ae pedb HIET OOBIYHO O «JIMHUH TOPU30HTAY. [ Iaroisl m300pakeHUs Oojee orpaHIMYSHBI B BEIOOpE 00BEK-
TOB, PEATM3YIOMUX MO3UIUHN UX CEMAaHTHYECKOTO IIA0I0Ha. DTH IJIArojbl MPEATOaraoT pojb «CO3IaTeNss», KOTopas
OUYCHb OTPAHMYCHHO MOXKET NPHUCYTCTBOBaTh B ONMMCAHUsIX. OOBIYHO K€ «CYOBEKTOM» - CHHTAaKCHYECKHM IOAJEXka-
UM, SIBJISIETCS HOCUTENb N300paxeHus — pomoepagus, kapmura, a 00bEKTOM — HE3aBUCUMBIN 00BEKT (He 4acTh 00b-
€KTa) U T.1I.

Kpome cBOHCTB I1arojioB CyIIeCTBYIOT €llle CBOHCTBA CaMHX OOBEKTOB, IPEICKA3bIBAIOLINE MPOLECCH, KOTOPhIS
MOTYT OBITh C HUMH aCCOLIMUPOBaHbI. B 4acTHOCTH, OOBEKT «peKa» MOXKET MPOSBIATH Ce0sl B TEKCTE KaK TOYEYHBIN
00beKT, Harpumep, «Boaru euoHeemcs peka», Kak IOBEPXHOCTb, HANIpUMeEp, «[lo pexe nivigem napoxood» W Kak 3ep-
KaJlo, HarpuMmep, «/Jom u oepedbs ompasicaiomcest 8 pexey. VI3yueHne ceMaHTHYECKUX 11a0JI0HOB IJIarojioB B o0nactu
3PUTEIIFHOTO BOCHPUSATHS TpeOyeT MogpoOHOro HccienoBanus Ha kopryce TekctoB 1 MCH nzobpaxenuid. [leperie
IIard B 3TOM HarpasiieHuu cienansl B (Cokonosa, 2007) u (3aukuna, 2010).
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IIpeacraBiieHue 00bIIEHHOT0 3HAHUSA B (popMe MIAOJIOHHBIX CUTYAlM i

N.C. CricoeB

AHHOTamus. PacripocTpaneHHBIC B Hallle BPeMsI CIIOCOOBI IIPEACTABICHUS 3HAHUH OOHApy>KHBAIOT OIpe/eTIeHHbIe
ciabble CTOPOHEL, CTAIKUBASACh C PA3HOOOpa3HeM M PacINIBIBYATOCTEI0 OOBIICHHOTO YEJI0BEYECKOr0 3HAHUA. DTO Je-
JIaeT OCMBICIICHHBIM IIOMCK AJIbTEPHATUBHBIX METOAMK. B nmaHHO# pabore mpezsaraercsi OpUIHHAIBHBIN MOIXO0J K
MIPE/ICTAaBICHUIO 3HAHUI NP IIOMOLIM Habopa IaOIOHHBIX CUTyalui (3aJlaHHBIX HA HY)KHOM YpOBHE aOCTpPaKIIHH).
PaccyxeHust ocymecTBIAIOTCS MyTeM MOMCKA COOTBETCTBUI TEKyIETo 00pa3a MUpa ¢ IIaGJOHHBIMH CHTYalUsIMU
13 0a3pl 3HAHUI U MepeHoca Ha TeKyIuil o0pa3 uepT 3TuX cutyaruid. Llenpio paboThl sBiISETCA NPENCTaBIEHUE OC-
HOBHBIX TOJIOXKEHHH moaxoa. OHAKO B Ka4eCTBE MILTIOCTpAny OyAeT MpeAcTaBiIeHa 0Ka He3aKOHUYCHHBIE ITPopa-
00TKH MOIX0a.

1. BBegenue

Ha nporspkeHHHM MHOTOJIETHEH UCTOPHM MCCIIEOBaHMA B 00JIACTH MCKYCCTBEHHOI'O MHTEIUIEKTa ObLIM pa3paboTaHbl
BeChMa Pa3HOOOpPAa3HbIC CIOCOOBI MpeacTaBiicHus 3HaHui. Co3/1aTe)Id MHOTUX U3 HUX UMENIU B BUIY BECbMa aMOHIIM-
O3HBIC LIENN: CO3JJaHNe MallWH, MBICISIIINX B ITOJJHOM CMBICIIE 9TOTO CJIOBA; TAKHX, YeH MHTEIUICKT HE yCTynas Obl 4ye-
JIOBEYECKOMY. V31HIIIHE TOBOPUTD, YTO 3TOT BEJIMKUI BBI30B COBPEMEHHOMN TEXHOJIOTHH TaK M HE OBbLI JOCTOMHO BCTpe-
YeH, HECMOTpPS HA MHOTOYHCIICHHBIE TPEATIPUHSTHIE TIOIBITKH.

Haubomnee pa3BuToii cucTeMoil mpeacTaBiIeHHsT OOBIICHHOTO 3HAHHS CETOMHS HA3BIBAIOT Cyc1 [1]. B omHOM M3
CBOHX IPOEKTOB aBTOP pabOTHI HCIIONB30BAN ATy cucTeMy. COTTacHO CIOKHMBIIEMYCS Y HETO BICUYATIICHHIO, TPHHATHIN
B Cyc popManpHO-TOTHYECKUHA cIOco0 ¢1ab0 MPUTOAEH IUIs PEICTABICHUS IOBCEIHEBHOTO YEIOBEUYECKOTO 3HAHMS.
HeynornerBopeHHOCTs pe3ynbraTamu npuMeHeHns Cyc moOyamia aBTOpa MCKAaTh ITyTH MPEOIOJICHHSI €r0 HEeNOCTaT-
KoB. Ha 3Tux cTpaHUIax OH MbITaeTCs MPEACTaBUTh PE3yIbTaT CBOUX Pa3MBIIUICHHUH.

YuraTenro qaHHas padoTa MOXKET IOKa3aThesl BecbMa He(opMaabHOH. Bo-niepBhIX, 3TO CBA3aHO C BRIOPAHHOH 00-
JIACThIO — OOBIZICHHBIM 3HAHUEM — O KOTOPOU 3aTPyIHHUTENILHO PACCYKAATh (POPMAIBHO MO MPUYUHE OTCYTCTBHS CTPO-
rou TCOPUHN YCJIOBCUCCKOI'O MBIIIJICHUA. B uwactHOCTH IMO3TOMY, I'OBOpPA O HEAOCTATKaxX CYIIECTBYIOIUX ITOJAXOJ0B,
aBTOp HE 6y)leT JaBaTb HUKAKUX OLCHOK, HO JIMIIb IMOACIUTCA CBOUM OIIBITOM. BO-BTOprX, aBTOp CTPEMUTCHA n30€exaTh
M3JIMIIHEH KOHKPETHKH, TIOCKOJIBKY €ro COOCTBEHHBIH MOJX0/] €1lle BECbMa HOB U €r0 JIeTaIN HE ONpPEeesINCh TIOIHO-
ctpio. TeM He MeHee, B pa3zene 4 HeKHe MPOMEXyTO4HbIe HapaOOTKK OyAeT JaHbl B Ka4eCTBE NpUMepa, YTOObI YnTa-
TEJIb CMOT IOJIYYHTh Jy4llee MPEJCTAaBICHHE O IPEIMETE.

HedopmanbHbIii CTHITE H3TTOKEHAS COOTBETCTBYET 3a7aue JAHHOTO TeKCcTa. ABTOP HE IBITAJICS MPOAEMOHCTPUPO-
BaTh Pe3yJIbTATHl 3aKOHYCHHOHN paboThI. L{enpro TekcTa ObII0 03HAKOMHTD YHUTATENS C WAEEH pacCyKICHUI Ha OCHOBE
Ia0IOHHBIX CUTYalWi 1, BO3MOXHO, 3aHHTEPECOBATE €T0 ATOH HIEeH.

2. [Ipo6eMbl CylieCTBYIOIIMX MOIXO0/I0B

C TouKkH 3peHHs aBTOpa, OCHOBHAs mpobieMa npuHaToro B Cyc moaxoaa, Kak M MHOTHX JPYTUX METOIWK, 3aKII0YaeT-
Csl B MOHOJIMTHOCTH OOJBIINX OHTOJIOTHIL. BBOIS KaXkmoe HOBOE TIOHATHE, B TAKUX CHCTEMaX MPHUXOIUTCS MPEILyCMOT-
peTh BCe BO3MOXHBIC BAPUAHTBI €r0 JalbHEHIIero UCIob30BaHus. B pesynbrate 6a3bl 3HaHui, nonoousie Cyc, Haro-
MHUHAIOT MOHYMEHTAJILHOE COOPYKEHHUE, BO3BOJUTH KOTOPOE MPUXOAUTCS C OTPOMHOM OCTOPOKHOCTBIO 110 TLIATEJIBLHO
pa3paboTaHHOMY IUTaHy. BOraTtcTBoO U pa3HOOOpa3ue CUTyaluil pealbHOM KU3HH IJIOXO BIIUCHIBACTCS B CTPOTUE PAMKHU
3apaHee COCTAaBJICHHBIX IUIaHOB. Kpome Toro, /uis TOoro, 4ToObl BBECTH KaKOW-IMOO HOBBIN (DaKT WM Naxe 3a1aTh 3a-
MPOC CUCTEeME, TpeOyeTcs TIIATEIbHO 03HAKOMHUTLCS C MPEJCTABICHUEM B HEW TaKOTO POja 3HAHUM; MOPOM 3TO O3HA-
KOMJIEHHE 3aHMMAET Yachl. DTO JEJIaeT UCIOIb30BAaHUE CUCTEMBI BECbMa TPYIHBIM.

Ms1 MOXKEM TpeNCcTaBUTh cebe, KaK B Hieale ITOJKHO MPOMCXOINTh HATIOJTHEHUE 3HAHUSAMHU WHTEIUICKTYaTbHON
MAIIMHBL. DTOT MPOLECC JOJKCH HAIOMUHATH BOCITUTAHUE POAMUTEIIIMU PeOSHKA: XOTS M CIIOKHYIO 3a/1a4y, HO BCE JKE
HE TpeOYIONIyI0 HU CIIENHAIBHBIX HABBIKOB, HH MPEIBAPUTEILHOTO MPOSKTUPOBAHUS 0a3bl 3HAHUH U OCYIIECTBHUMYIO B
TEUEHHUE OJHOU YEJIOBEUECKOM KU3HU.

Ilo Bceil BUOAUMOCTH, HAa MyTH K JOCTHIKEHUIO 3TOM LENIHU HaM CJENyeT HaJEeIUTh MPEACTABICHUS 3HAHUH CBOMCT-
BOM JIOKAIbHOCTH. bornpIras 6a3a 3HaHUI B TaKOM Cllydae ye He OyAeT HallOMHHATh MOHOJIHUT, HO CTaHET IT0X0)Ka Ha
JIOCKyTHOE oJiesio. B Kaxmoil cutyannu oOBeKTH M OTHOIIEHHS OYAYT BBIIIAACTH HECKOJIBKO MO-APYTOMY, IPEICTaB-
JICHHBIE HanboJee MoIXoAIM oopa3zoMm. [lepexitioueHne MexX Iy pa3InIHbBIMA MOIaMH IPEICTaBICHUS OyIeT mpouc-
XOUTh aBTOMATHYCCKU. B sTtom cjiydae, €CJii UMCIOIHNCCA CHOCO6I)I MMpeACTaBJICHNUA HE MO3BOJIAIOT BbIPA3UTh KaKoii-
nu00 ¢akt, Oyaer mpocTo chopMUpoOBaHa HOBASI MOJIA MIPECTABICHHUS, B KOTOPO 3amKCh (PaKTa CTAHOBUTCS BO3MOXK-
HOHU. EcTh OCHOBaHUS mosaraTh, YTO MBIIUICHHE JIIOJICH YCTPOCHO «JIOCKYTHBIMY, @ HE «MOHOJIUTHBIM» 00pazom. B [2,

" http://www.cerebromente.org.br/n07/opiniao/minsky/minsky i.htm — unTepBbio ¢ MapsuroM MuHCKHM
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rnaBa «[IpencraBienue 3HaHMI» ], OHOBPEMEHHO C JAEMOHCTpALMell BECbMa M30LIPEHHBIX CIIOCOOOB MPECTaBICHHS
HEKOTOPBIX 3HaHPll>1, BBICKAa3bIBACTCA TAKIKEC COMHCHHE B «CXOAMMOCTH» MHOXKCECTBA CIICHUAIU3UPOBAHHBIX OHTOJIOTUH
K HeKOTOpOﬁ OHTOJIOTUH 06].]161"0 Ha3HaA4YCHUsI. HOXO)KC, 4YTO JIIOJU U HE MMCHKOT B CBOHUX I'OJIOBAX HUKAKOI'O aHajiora
TaKOW OHTOJIOTHH, @ BMECTO 3TOT'O MOJIb3YIOTCS PEHMMYIIECTBAMU MYJIbTUMOAJIBHOTO TPEICTABICHHUS OHATHH.
JpyruM ys3BUMBIM MECTOM CYLIECTBYIOIIMX IIOJXOJOB SBIISIIOTCS PacCy>KAEHHS HaJ He-TOXIECTBEHHO-
UCTUHHBIMHU YTBEPXJICHUSAMH. B 3TOM ciiydae He0O0X0AMMO KakuM-1100 00pa3oM JenaTh BEIOOP MEXIy MPOTHBOPEUH-
BEIMH CYXXICHISIMH, HEN30€)KHO BOSHHUKAIOIIUMH B X0Je paccykaeHui. [IpenmpuHIMaNnich MOIBITKH MPEOI0NIETh 3TO
3aTpyAHEHHUE ITyTeM BBEACHUS JIOTHK, OIYCKAIOIMINX UCKIFOUEHHs (JIOTHKAa KOCBEHHOTO OIMCAHHS W JIOTUKA yMOIT4a-
HUd, [2]). B wactHocTH, Cyc Bcmonbp3yeT OIWH U3 BAPHAHTOB JIOTHKH C UCKIIFOUCHUSIMH U TIOJICPKUBACT JIBE CTETICHU
CHIIBI BBICKa3bIBaHMs: monotonic (ToxaecTBeHHO nctuHHoe) U default (uctuHHOE MO yMonyanuio). OTHAKO Ha MPAKTH-
K€ 3TO MPUBOIUT K TOMY, YTO NMPAKTHYECKH BCEM YTBEPKACHUSAM NPUXOANTCS AaBath cuiy default (B camom nene, To-
KJIECTBEHHO MCTHHHBIE BBICKAa3bIBaHUS — PEAKOE siBlieHNE B cepe oOblieHHOTo 3HaHus). Eciu npotuBopeune moyde-
HO B pe3yJsibTare npuMeHenus 1Byx default-yrBepxxkaenuii, To Cyc He MOKET ONpeesiTh, Kakod BbIBOJ HcTHHEH. Cre-
JIOBaTEILHO, JaHHBIN [MOAX0/] HE 00ECIIEUNBAET JOCTATOYHONU THOKOCTH.
JpyruM pacnpocTpaHeHHBIM CIOCOOOM pa3peleHns] KOH(IIMKTOB BBIBOJA SIBISIETCSl MCIOJB30BaHue Koadduim-
€HTOB YBEpEHHOCTH BbICKa3biBaHUH. B [1] mpuBeneHa 000cHOBaHHAs KPUTHKA TaKOTo 1mojaxona. OHa CBOJUTCS K CIIOXK-
HOCTH COTJIacoBaHMs KO3((HUINEHTOB yBEPEHHOCTH B MacIITaOHBIX 0a3ax 3HAHWH, YTO CBSI3aHO C HAJIMYHMEM OIIpejie-
JICHHOH MTPOU3BOIILHOCTH B BEIOOpE MX 3HAYCHUU.
BeposTHOCTHBIE TTOIXOABI K MPEICTaBICHUIO 3HAHWN MOJABEPKEHBI TOX0Xkel mpobieme. ['oBopst TouHee, 9TOOBI
HA3HAYUTH OE3YCIIOBHBIC M YCIOBHBIC BEPOSTHOCTH IUISI COOBITHH B 0a3ze 3HAHWI, MBI JOJDKHBI CIEIATh YTO-THOO U3
CIIEYIOIIETO:
® TOYHO M3MEPHTH 3TH BepOsATHOCTU. IloMHMO TOTrO, YTO 3TO B MOOOM CiTydae KpaifHe TPyZOEMKO, HE BCerja SICHO
Jake, KaKuM 00pa3oM MOYKHO IIPOBECTH TaKOE H3MEPEHHUE;

® HA3HAYWTH BEPOATHOCTH, UCXOS M3 MHTYHUTHBHBIX NpeICTaBIeHUHA. TOraa Mbl CTAIKHBAeMCs C TOH Ke MpoOiIeMoit
MIPOHU3BOJILHOCTH, YTO M JiJIsL KO3 (HUIHUEHTOB YBEPEHHOCTH;

® 1I03BOJIMTH cUcTeMe 00y4arhcsi. Ha coBpeMEHHOM YpOBHE Pa3BHTHsI TEXHOJOIUU MBI HE MOXEM OTIPABHUTh CHCTEMY
CaMOCTOSATENILHO MCCIIEA0BATh MUDP. 3HAUUT, CO37aHNe y4eOHBIX BHIOOPOK SIBISIETCS 3ajadyell CleUaIncTa Mo 3Ha-
HUSIM. DTO HE TOJIBKO YPE3BbIYaliHO TPYJOEMKO, HO U JENaeT pe3ysbTaT 00y4eHHs 3aBUCHMBIM OT CyOBEKTUBHBIX
MIPE/CTaBICHUI YeJIOBeKa, T.€. B 3aByaJIMPOBAHHOM BHJIE CTaBUT HAc Iepe]] BCe TOW ke MpoOsaeMol MpOU3BOJIBHO-
CTH.

[TpoOaemMoii CyIIeCTBYIONUX MOIX0A0B aBTOP CUUTACT U Ty, YTO HU OJUH M3 HUX HE UCIOJIb3YET aCCOIMAIIUH, UT-
paronue BaXHYIO pOJib B YEJIOBEYECKOM MBIIJICHUH. quOBeKy JA0CTAaTOYHO YCBOUTH KapTUHY, YTO OXOTHHUKH MUMCIOT
PYXbs, 1 OXOTHUK Yy Hero OyJeT acCOMHMPOBATHCS C PYKbEM, a PYKbe C OXOTHUKOM. Tak, paccMaTpuBas HEKOTOpOE
pyXbe, OH OyJeT aBTOMaTH4eCKH IpeaIoiaraTh, 4YT0 OHO NPUHAICKUT HEKOTOPOMY OXOTHHUKY. [Ipndem, 4To BaxHO,
OH OyIleT aBTOMaTHYECKH JIeJIaTh TaKoe MPEAIIOI0KEHHE POBHO 10 TeX IOp, IMOKa HE y3HAeT MpO Kakhe-JIndo Jpyrue
rpynmsl obnagarenei pyxei. B cymecTByrommx MeToAnKax MOZOOHOTO MOBEICHUS MOXKHO NOCTUTHYTH, TOJIBKO OT-
JIeNbHO 33J1aB YTBEPKACHUSI BUAA «X — OXOTHUK — Y — pyKbe, 4TO X uMeeT Y» U «Y — pykbe — X — OXOTHHK, 4T0 X
uMeeT Y» B BPYyYHYIO MIPOCIEANB UX KOPPEKTHOCTH (HAIIPUMeEp, YTO HUKTO KPOME OXOTHHKOB B HAIlleM MHPE HE UMEET
PYXbsi). DTO yTOMUTEJbHAs, YpeBaTasi omMOKaMu U TpeOyroas riodaibHOM OCBEJOMIICHHOCTH O Beeil 6a3e 3HaHMI
3amava. Kak Mbl yBUANM, CYIIECTBYET BOSMOXKHOCTH OTKA3aThCS OT 3TOH pabOTHI.

ITonxon, onucaHHBIN Ha ATUX CTPaHHLIAX, PEICTaBIAET COOOMN MOMBITKY CIIPABUTHCS C YKa3aHHBIMH HeJOCTaTKa-
MHU.

3. Uaes moaxoaa

Wneeit naHHOrO Mojaxoia SBISETCS NMPEACTAaBICHHE 3HAHWN B BHIE COBOKYIHOCTH OOpa3oB CTEPEOTHIIHBIX CIydaeB.
O06pa3 npezcTaBiIsieT OO0 HA0OOP YYACTHUKOB U OTHOIICHUH Mex 1y HUMH. Kak Mbl yBHIUM Jjajiee, MOIX0 JOIyCKaeT
" OIMUCAaHUcC chyauuﬁ, Ppa3BUBAIOIINXCA BO BPEMCHHU. OnuceIBalOTCs HE KOHKPETHBIC ClIy4dau, a HEKOTOPbLIC 36CTpaFI/I—
POBaHHBIE IA0IOHHBIE CUTYalUU: «OXOTHUKH UMEIOT PYXKbs».

Wmest Habop 11abIOHHBIX CiTydaeB M 00pa3 HEKOEH TeKyIleH CHTyallun, Mbl MOXKEM BBINOJIHSATH JIBa BaXKHBIX J€H-
CTBWSL: JIeNaTh MPEAINOJOKEHHS OTHOCHTEIHFHO HEHaOII0aeMbIX ACIEKTOB CHTYallMH («YTO JOJDKHO HAaXOAWTHCS 3a
KyCTOM»), ¥ TIPEJICKa3bIBaTh Pa3BUTHE CUTyalnd B OyaymieMm (WJIM MpeaoiaraTbh, 4TO MOIJIO NPEALIECTBOBATH €l B
npouutoM). CornacHo TEOPUH «HaMATh-IIPEACKA3aHUE), HIMEHHO 3TH JBE MPOLEAYPHI H SBISIOTCS CIaraéMbIMHU MOHH-
MaHus [3].

Jenarts Takue paccyKACHHs. Mbl MOXKEM CIIEAYIOIMM IyTeM. VMes HauanbHbIH 00pa3 HEKOTOPOil CUTyallnH, CUC-
TeMa OTBICKUBAET B IAMATH APYyrue 00pa3bl, KOTOPbIE (10 ONPEAEICHHBIM MPAaBUIaM) MOXKHO COMOCTABUTH C TEKYILHM.
3areM Ha TeKymui 00pa3 mepeHocsTest ux 4eptol. [Ipomecc MOBTOpsETCS NTEPATUBHO A0 TEX MOP, IOKA CUTyalluH He-
BO3MOXXHO OyJIET CONOCTaBUTh HUKAKHX HOBBIX 00pa3oB. B 3TOM cMbicie X0 pacCyxIeHHH HAallOMHHAET MpoLecc
MIPSIMOTO JIOTHYECKOTO BBIBOJA.

MBI MOKEM YCMOTPETh 3[€Ch CXOJCTBO ¢ KOHIENIUEH aBTOACCOUUATUBHON MaMsATH U3 TEOPUH HEUPOHHBIX ceTell
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[4]: namieit 3agayeii siBNsieTCS BOCCTAHOBIIEHUE MOJHOW KapTHHBI 110 YaCTHYHOMY 00pasy curyauuu. Pasymeercs, mMo-
JIeNH aBTOACCOLMATUBHOM MIaMSATU PELIAIOT COBCEM JPYIHE 3aJauu, HO JaHHBIM IIPUMED SBJISETCS XOPOLIEH WIIIFOCTpPa-
LHAEH.

[To-BunmmMoMy, mepBeIM HIEI0 00 HMCHOJIB30BAaHMM 3alIOMHEHHBIX 00pa3oB B pacCyKAEHHAX BbIcKazan Butren-
mreitH B «@uitocodeknx nccnenoBanusx». KyH, onpezenss MOHATHE NapaJurMbl, TOBOPUT: «B CBOEM YCTaHOBUBILEM-
Csl YOTPeGICHNH OHATHE MApaIUrMbl 03HAYAET MPHHATYIO MOJENb MIH 00pa3el” - M IIHPOKO HCIOIb3YEeT STOT OT-
TEHOK CMBICIIa JAaHHOTO CJIOBA. BriepBble MOAENb pacCyXIeHUH depe3 3allOMHEHHbIe cuTyanuu npemtoxmi [enk [5].
Ero paOoThI MOJIOXKIIN Hadalo OOJIACTH pacCyKIeHHsS Ha OCHOBe IpereneHToB (case-based reasoning, CBR), 0630p
KOTOpO#t naetcs B [6]. CXxoxuMHU depTaMu 00J1aiaeT U MOJEIh «IaMTh-TIpefcKa3anne) XoKuHca [3].

IToxxon, onwcaHHBIN B AaHHOW paboTe, UAEHHO OIM30K IBYM BBHIMICYITOMSHYTHIM ITOAXOJaM, HO OTHOCHTCS He-
CKOJIBKO K Apyro# obGnactu. OH crienuaIn3upyeTcs Ha 3aJJaHU1 3HaHUI 4eJI0BEeKOM B (opMe aOCTPaKTHBIX CUTYallid, a
HE Ha O6leeHl/II/I MalIWHbI HAa KOHKPECTHLIX CUTYyallUdaX. CHCLII/I(bI/I‘ieCKI/IMI/I IJI1 pacCMaTpUuBaEeMOro nmoaxoja ABJIA0TCA
TaKXe UTEPATUBHBIN CIIOCOO MPOBENCHUS PACCYKICHUI U METOBI Pa3peleHus] TPOTUBOPEUHH.

4. Bo3mo:xHasi peaju3anus Moaxoaa

B nanHoM paznene Oyner npuBeaeHa BOZMOXHAs peain3aliys BhIIICONMCaHHON uaeu. Jletanu peann3anuu eue He sB-
JISTIOTCS 4€M-TO O(OPMHBIIUMCS U YCTOSIBITUMCS, TIO3TOMY OHA ITPUBOUTCS 3/1€Ch JIIIIb B KAYECTBE IPUMEPA, a HE KaK
ONHCaHKE Pe3yIbTaTOB PAOOTHI.

4.1. O6pa3 cutyauuun

Kaxk 0b110 cKa3aHo BbllIe, 00pa3 mabI0OHHON CUTYaIlMK PEICTaBIsIET cO00H HabOp abCTPaKTHO 3a/JaHHBIX YYaCTHUKOB
W OTHOIICHWH MeXIy HUMH. Hampumep, HmKecieayronye ABa NpeIoKeHNs 331al0T 00pa3 HeOobIoN mabiIoHHON
CHUTYalUH:

have(knight, sword)

use(knight, sword, for fighting)

PaccmoTpuM naHHBIN hopMaT 3aIucy.

CrnoBo knight 3mech onmuceIBaeT 00BEKT: HEKOET0 aOCTPAKTHOTO PHILAps, OJAHOTO M TOTO )K€ ISl BCEX MpeaIokKe-
HUIl KOHKpeTHOro oOpa3za. OmmcaHue 00bEKTa MOXET OBITh M OoJiee JIMHHBIM, Hampumep brave knight, mpu 3ToMm
knight cunTaercsi OCHOBHBIM THIIOM, a brave — JOTOJHUTEIbHBIM MpU3HaKoM. Eciii B cuTyaruu y4acTByet Oosee o-
HOT'O phILiapsi, HEOOXOIUMO pa3inyaTh UX IO JOMOJIHUTEIbHBIM Npu3HakaM («fat knight» n «grim knight») nnm npony-
MmepoBaTth («knight 1» n «knight 2»).

Mexy yJacTHUKAMH CUTYallMd 3aJiaHbl JBa OTHOIICHUS. OTHOIICHUS MOTYT BKJIIOYATh <«JOTOJHCHHS», TOMeE-
YeHHBIE KITFOUEBBIMU cII0BaMU, Takue Kak «for fighting» B manrOM mpumepe. OTHOMIEHHE OJHOTO M TOTO K€ BHIA MO-
JKeT MIMETh pa3HbIil Habop MOMONHEHUH B pa3HBIX 00pa3ax cutyarwii. C TOUKHM 3peHns aBTopa, He(pUKCHPOBaHHBIN Ha-
0Op IOTIOTHEHNH TTO3BOJISAET NOTIOTHUTENFHO TOBBICHTE THOKOCTh CHCTEMEI.

OObekTaM MI1a0JOHHOM CHTYyallMd MOTYT OBbITh MPHIKCAHBI JAOMOJHUTENbHbIE KBAIN(BHUKATOPHI, TaKue Kak «!» -
kBanugukarop enuHcTBeHHocTH. Hanpumep, wear(man, 'hat) — o3Ha4aeT, 4yTo 4enoBeK HOCHUT OJHY luisiny. KBanudu-
KaTOpbl MOTYT UMETh U npe/iokeHus. Tak, kanupukarop «@» (ot «arbitrary») o3Hayaer, 4To MPEAI0KEHHE SBISETCS
OINIUOHAJIBHBIM JJIs1 [laHHOﬁ CUTYyaluu. Ecan JaHHOC MPCIAIOKCHUC B KOHTCKCTC TeKymeﬁ CUTyalluu OOJIP)KHO 6I)ITI)
OTOPOIIEHO COTJIaCHO NpaBHJaM pa3pelieHus] KOH(IMKTOB, TO 3TO HE MPHUBOAUT K BBHIBOAY O HEMPUMEHUMOCTH BCEH
11a0JIOHHOH CUTYaIHH.

B o6pazax curyaruii GurypupyroT adbcTpakTHbIe 00BEKTHI, IPUHAAJISKAIME K ONpPE/ICIeHHBIM TUIIaM. B cucreme
3a7iaHa Mepapxust 3THUX THIIOB: OHW HaXOJITCSl B OTHOIICHUH HAcJIeJOBAaHMs, KOTOPOE SIBJISETCS YaCTHYHBIM MOPSIIKOM.
B HacTosimumii MOMEHT aBTOp HCCIEIYyeT TaKkKe NPUMEHEHHE MEepapXHil C HapyIIEHUSIMH TPaH3UTUBHOCTH. [Inist Takon
HepapXul MOXKHO OBLTO OBI, HAIpUMep, CKa3aTh, YTO THUIl «IYYHUK» SBISCTCS HACICTHIKOM THIIA «BOWH», a 3aTeM (B
KOHTEKCTE CPEIHEBEKOBBS) IS THIIA KOXOTHHK» yKa3aTbh, UYTO OH SIBIIETCS «ITyYHHKOM», HO HE «BOMHOM». Mepapxuun
C HapyIIeHHEeM TPAH3UTUBHOCTH MO3BOJIIIN OBl JOMOJHUTEIEHO COKPATUTh HEOOXOIUMOCTh B MPEIBAPUTEIIEHOM IIPO-
€KTUPOBAHHUH 0a3bl 3HAHUM.

Ha Tunax o0beKTOB M3 HepapXUK MOXKET ObITh 33/1aHO OTHOLIeHHEe disjoint — 4YTO O3HAYaeT, YTO TUIIBI HE mepece-
KaroTcs (kak, Hanpumep, dog u cat). I[To ymord4aHuio HaCIEAHUKN OJHOTO THIIA SBJISIOTCS HETIEPECEKAIOIIMMUCS THIIa-
MH, YTO TI03BOJISIET JIETKO CTPOUTH KJIACCU(PHKALMH. JTO MPABUIIO MOXKHO O0OMTH, UCIOJIB3YS ClIEHHATbHBINA KBATU(DH-
KaTop NPH HACJIEIOBaHHH.

Wepapxus Hace0BaHUs BBOJUTCS M HA OTHOIICHHMSX.

2 T.Kyn. CTpyKTypa HaydHBIX peBosronuii. I'nasa 3.
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4.2. IppMeHUMOCTD IIA0JIOHHON CUTYyaAMH

[TabnoHHas cuTyauus NpUMEHNMa K TEKYILE, eclii ee 00bEKThl M OTHOLICHUS B OIPENICICHHOM CMBICIIE OTOXIECTBH-
MBI ¢ 00bEKTaMH U OTHOLIEHHSIMHU TeKyIueil cutyauuu. [Ipu 5TOM THITBI 0OBEKTOB M OTHOILEHUH B TEKyIIEil CUTyalun
MOTYT OBITh HEIOCTATOYHO TOYHBIMH (M TOTJa B pe3yjbTaTe MPUMEHEHHs IIAOJIOHHOW CHTyallud OHU OYAyT yTOYHe-
HBI), 2 Ha0Op OTHOIIECHHUH B TEKYIIEH CHTyallMid MOXeET OBITh He TOJIOH (M Toraa oH Oyner nononHeH). Ho Bce ke aie-
MEHTBI CTPYKTYPBI OTHOIIEHUH NPUMEHSEMOH CUTYyalluy JOJDKHBI IPUCYTCTBOBATh M B TEKYLIEH CUTyallMH: HEOO0X0IH-
MO, YTOOBI COOTBETCTBEHHBIE OOBEKTHI OBUIM COCANHEHBI COOTBETCTBEHHBIMH OTHOLICHHSMH B OIWMH CBSI3HBIU rpad.
KoHeuHo jxe, eclii HEeKOTOphle OOBEKTHl M OTHOIICHUS B TEKYLIEH CUTyalluu y)Ke OIpe/eNieHbl 0oJiee TOYHO, YeM B
NPUMEHSEMOM CUTYaLlH, 3TO He JOJDKHO MEIIaTh IPHUMEHEHHUIO IA0JIOHHOM CHTYalUH.

Hcxons u3 3TOT0, BBEAEM MOHATHE OTOXXIECTBUMOCTH.

OO0BexT A 1 00BeKT B 0TOXIEeCTBIMBI TOTIa U TOJIBKO TOT/a, KOT/Ia OCHOBHOW THI 00BEKTa A HAcIeIyeT OCHOB-
HOH THI 00beKkTa B nim HaobopoT, a HUKaKue JOMOIHUTENBHBIC TPU3HAKK OOBEKTOB HE HAXOMASATCS B OTHOIIEHUH dis-
joint.

OTHouIeHne A M OTHOLICHUE B 0TOXIECTBUMBI TOTa M TOJIBKO TOT/IA, KOTJIa TUIl OTHOIICHHS A SIBJISI€TCS TUIIOM
oTHouIeHus B mii Ha060poT, a COOTBETCTBYIOIINE apI'yMEHTHI OTHOLIEHHH SIBJISIIOTCS COOTBETCTBEHHBIMH 0OBEKTaMHU.

4.3. lIpumeHenue WAGJOHHON CUTyalMu

Wrak, B pe3yibpraTe NpUMEHEHUS MAaOJIOHHON CUTYallMd MOTYT OBITh YTOYHEHBI THIIBI OOBEKTOB W OTHOILEHUH TEKy-
el CUTyaluu ¥ N0OaBJIEHBI HOBBIE OTHOIICHHS MEXIy CONOCTABICHHBIMH OOBEKTaMH. V1 HOBBIE THIIBI, M HOBBIE OT-
HOUIEHHS ONPOCTY KOIMPYIOTCS N3 MA0IOHHON CHTyalnu. YnTaTenb, 3HAKOMBIH ¢ pacCy>kKACHUSAMH 110 aHAJIOTHH [6] —
onHoM m3 pasHoBUAHOCTEH CBR — MOXeT monHTepecoBaThCs, He OBLUTO JIM OBI TOJIE3HBIM BBECTH BO3MOXXHOCTH MOIH-
(buKanuy 1Mo onpeAeIeHHbIM MTPABWIAM 3JIEMEHTOB IA0JIOHHON CUTYaIMH PU IPUMEHEHUH €T0 K TEKyIIeH CUTYaI|H.
Ha camom niene nmo1o0Hy 0 BO3MOXKHOCTB IPH HEOOXOANMOCTH MOXKHO PEaJIN30BATh NP MOMOIIN HEKOTOPBIX IPUEMOB
HaNUCaHUs Ma0JOHHBIX CUTYalHH.

HHTepecHOi BO3MOXKHOCTBIO SIBJISIETCS BBEIICHHUE JIOTIOJHUTENbHBIX OOBEKTOB NP MPHUMEHEHUH LIA0JOHHBIX CH-
tyanuid. Hanpumep, paccysxnas o gpeonaiie, Mbl MOKEM BCIIOMHUTb, YTO €MY JIOJDKEH IIPUHA/IJIekKATh 3aMOK. B Tekymieii
peanu3aiyy 00BbEKThI, KOTOPbIE MOXHO BBOAMTH B XOJI€ PACCYKICHUIL, TOMEYaloTCsl KBaaudukaTropoM «@» (ot «arbi-

trary»).
4.4. OTHOLIEHUE «O0LIee-9ACTHOE» HA CUTYallUsIX

[Ipu ompenencHUN TPUOPUTETOB TEX HJIM MHBIX BBIBOJOB B 3ajjaue pa3pelICHHH KOH(IUKTOB, a TAK)KEe B HEKOTOPHIX

JPYTUX CHUTYyallUsiX, OKa3bIBACTCS BEChMa IOJIC3HBIM CPaBHUBATh IIAOJOHHBIC CUTYallMH 110 KPHUTEPHUIO «OoOIiee-

yactHoe». [lycTh umeeTcs cutyanust A, cutyaiust B 1 HekoTopasi B3aMMHOOJHO3HAYHAST (DYHKIHSI OTOXKIACCTBICHHUS €q

13 TIOAMHOKECTBA OOBEKTOB M OTHOWIECHHHA A B MOJMHOXECTBO 00BEKTOB M oTHOmeHHHA B. Cutyanms A sBisercs 60-

Jiee o01Ieit, ueM B, pu 0TOXXICCTBICHHUH €(], €CIIH:

® BCSIKOMY OOBEKTY B A COMOCTaBIISIETCSI 00BEKT B B, BCAKOMY OTHOIIEHHIO B A CONOCTABJISI€TCS OTHOIIEHKE B B;

® HEKOTOpbIe OOBEKTHI B A COCTOAT B HEKOTOPOM OTHOIIEHHH, TO 00pa3bl 3THX OOBEKTOB COCTOSAT B 00pa3e dTOro
OTHOILIICHHUS;

® 00BEKT U3 A SABJISICTCS MPECTaBUTENIEM HEKOTOPOrO THIIA, TO €ro 00pa3 B B sBiseTcs NpeacTaBUTENIEM HACICOHUKA
3TOrO THIIA;

® OTHOIIICHHE B A OTHOCHTCS K HEKOTOPOMY THILY, TO €ro 00pa3 B B OTHOCHTCSI K Hac1eOHUKY 3TOTO THIIA.

Curyarust A sBisieTcs Oosiee oOiieli, uem B, eciu cylecTByeT OTOXISCTBICHHE €q, 4T0 A Oosiee ooOmas, yem B,
MIPH OTOXKICCTBIICHUU €(.

ITockoapKy THUIBI OOBEKTOB M OTHOIICHHI OOpa3yIOT YACTHYHBIA MOPSIOK, MOXKHO ITOKa3aTh, YTO OTHOIICHUC
«00IIee-9acTHOE» Ha IIAOJOHHBIX CHTYAIUSIX TaKXKe OYyIeT YaCTHYHBIM TOPSIIKOM. DTO 0OCTOATEIECTBO BeChMa 3Ha-
YHMO, TIOCKOJIBKY TI03BOJISICT MCIOJIB30BaTh CUTYAIlMHA B KA4eCTBE OOBEKTOB B JIPYTHX CHUTYAIHSX, HCIIONB3Ys TC JKE
caMmble METO/Ibl BBIBOJIA U pa3pelIeHus MPOTUBOpeurii. Takoe 0ToOpaKeHUe s3bIKa B Ce0sl MIMEET HECKOJIbKO MOJIE3HBIX
MIPUMEHEHUM:

e paccyxaeHus 00 yOexaeHusX [2, pa3gen «popMaibHas TEOPHs yYOeKISHHI» |;

® CIICHApHH: LIEMOYKU CUTYalLUil, T/Ie KaXkIasi CUTYalUsl SBJISETCS «KaJpOM» MPOILIECcca, Pa3BUBAIOIIETOCs BO BpEMEHHU
(momo6usbie ckpuniieram u MOP y llenxka [5]);

e MeTapaccyXACHHs: pacCyIeHHs Haj cuTyauusmu. HanpumMep, MOXKHO OpraHM30BaTh OT/AENbHYIO 0a3y 3HAHUH IS
paccyxIeHHs 0 IPHOPUTETAX MIAOJIOHHBIX CUTYalMd TIPH Pa3pELICHUH POTUBOPEUHH.

4.5. Pazpemienne npoTuBopeYHii

B xonme paccyxaeruil Haj OOBIICHHBIM 3HAHHEM, CO CBOWCTBEHHBIM €My HaJIMYHEM OOJIBIIOTO YHCia HUCKIIOYCHHH,
BIIOJIHE €CTECTBEHHO MOSBJICHUE NMPOTUBOPEUNii MeX Iy BbIBoJaMHU. [Ipumepamu mpoTHBOpEeUHi MOTYT OBITh Hapylle-
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HHUE €MHCTBEHHOCTH JJIsl 0OOBEKTOB C KBaJM(PUKATOPOM «!», OTHECEHHE OJTHOr0 00BeKTa K IBYM disjoint-Tumam, mosis-
JICHUE OJJHUX M TeX k€ 00BEKTOB B OJTHOM M TOM K€ OTHOLICHUH C OTpUIIaHUEeM U Oe3 Hero. [IpoTHBOpeuus HOJKHBI
TEM WJIM MHBIM 00pa30oM pa3peniaThCsi, 1 MEHee IPUOPUTETHOE CY)KICHUE JOJIKHO yIASThCS.

Bo Bcex ciryuasix npu paspereHny MpoTHBOPEUHid CPaBHUBAIOTCS JBE MIA0JOHHbBIE CUTYaIlH, KOTOPbIE HMEIH OT-
HOUIEHHE K ITOJy4EHHIO ITPOTHBOPEUYMBHIX BBIBOJOB. [10 TeM MM MHBIM IIpaBHJIaM BBIOMpaeTcs Oosiee «CHIIbHAs» U3
HHX, U COOTBETCTBYIOILIEMY BBIBOAY OTHaeTcs npuopureT. «IIpourpasmmii» BEIBOJ WM BCS «IIPOUTPABLIAsD) I1A0I0H-
Hasl CUTyalus yAajisercs (3TO ympasisieTcsi KBann(puKaTopaMn «@p» IpU OTHOLIEHWSIX B cuTyanmu). Ha ocHOBe cpas-
HEHUS ABYX HIAOJOHHBIX CHUTYallMd MOKHO JA€NaTh 00Jiee akKypaTHbIE CYXKICHHUS O MPUOPUTETAX BBIBOJOB, HEXEIH Ha
OCHOBE CPaBHEHHMSI IByX MaJIO O Y€M T'OBOPSIIUX YHCEI.

ABTOp HCCHelyeT NMATh Pa3IMYHBIX MIPABIII Pa3pelIeHus MpoTrBopeunii. IlockonbKy naHHas paboTa He mpecieny-
€T LeIb JeTAIBHOT0 OIMCAHNUS M0IX0/1a, Mbl PACCMOTPHUM JIMIIb /1B IPABUIIA.

HazoBeM mpoexiueil Tekymeil cuTyanny Ha MAOJIOHHYIO CUTYAI[MI0 COBOKYNHOCTh OOBEKTOB M OTHOLICHUH Te-
KyILLeH CUTyalluu, KOTOpbIEe ObUIN OTOXKAECTBIIEHBI C 00BEKTaMH M OTHOIICHHSMH IIA0JOHHOH cuTyanuu. @opMaibHO
MPOEKLUS SIBJISAETCS IA0JIOHHON CUTyalueil, ¥ Mbl MOXEM CPaBHUBATH MTPOEKIMH APYT C APYrOM COTJIACHO IpaBHIIaM
u3 nyHKTa 4.4.

ITycts MBI cpaBHUBaeM jBe 11abnoHHble cutyauuu: A u B. ITycTs B pesynbrare npuMeHEHUsI A MBI IMEEM BBIBOJL
0, a B pe3yJpTate npuMeHeHus B — BbIBOI B, mpoTuBopeyanuii 6. PaccMoTpuM mpoekimu Tekyieil cuTyanuu Ha A u
B: A’ u B’ cootBercTBeHHO. PaccMOTpHM ecTecTBEHHOE OTOX/IECTBIEHHE €q OOBEKTOB M OTHOIIEHHH B A U B: oro-
JKJIECTBIISIFOTCS OOIIME IEMEHTHI TEKYIelH CUTYalHH.

IIpasmio | 3ByunT Tak: ecnu A’ sIBIsIeTCsI Ooiee YacTHOHM cuTyarmel, ueM B’, To A sBisercs «modemuTenem» B
CPaBHEHUH. JTO BBITVISIANT JIOTWYHBIM: JaHHAs CUTYyalWs HMEET Jiydiee, Oojiee TOYHOE COOTBETCTBUE TEKYIIEH CH-
Tyamuy.

CornacHo BTOpOMY IpaBmiTy, eciii A’ 1 B’ B TO4HOCTH paBHBIL, TO 00€ CUTyalluy MPU3HAIOTCS IIPOUTPABIIHMI.

Ecmu A’ 1 B’ HecpaBHHMBEI, B ISHCTBHE BCTYNAIOT JPYTHE MIPaBHIA.

S. MyabTHMOAANBHOE NPEACTABICHUE 3HAHU I

BaxHBIM IpeHMyIIECTBOM, KOTOPOE aBTOp HaJeeTcsl IMOJYYUTh 3a CUeT NPUMEHEHMs AAaHHOI'O IOAXO0Ia, SBIIETCS
yI00CTBO MyJIbTUMOJAJIBHOTO NIPEACTABICHNS 3HAHUH, pedb 0 KOTOpOM Iuia B paszene 2. [llaGnoHHbIe cuTyauuu ycr-
POEHBI ZOCTATOYHO IPOCTO, YTOOBI O3BOJIUTE UX aBTOMAaTHYECKYIO Iepe3anuck. bosee Toro, HapabOTKH 10 BBIMIETIPH-
BEJICHHOMY CIIOCOOY pacCy’KACHHH MOTYT OKa3aThCs MOJIE3HBIMH JJIsi MAHHUITYJISILMK HaJl CAMUM IPEACTAaBICHUEM Te-
KyILLEeH CUTyally B LENsIX nepeopMyIMPOBKH €€ B JIPYTrHe IPEICTABICHHS.

Crpaterust peKypcUBHO# 1epedopMyJIMpOBKH BXOIHBIX JaHHBIX OKa3ajach O4YeHb d(P(PEKTUBHOI JUIs 4aTOOTOB,
takux kak ALICE’. BXoJHBIMH JJaHHBIMH 4aT60TA SBISIOTCS (Pasbl, HAJ KOTOPHIMH TH HPOIPAMMBI OCYIIECTBIISIOT
YHCTO CHUHTAKCHYECKHE MAHMITYJISIIUK - HO BIIOJIHE BEPOSITHO, YTO MOX0XXUM 00pa3oM MOXKHO MaHUITYJMPOBATh U OC-
MBICJICHHBIMH KOHCTPYKIUSIMH.

B sTOM cityyae MynbTUMOIANIBHOE TIPEACTABICHHE 3HAHIH MOXKHO OBLIO OBl OPraHU30BaTh CICIYIOIIHM 00pa3oM.
CucreMa NMpoBEACHHUS PacCyKACHHI cOCTOsUIa ObI U3 IBYX YACTEH: MO METapacCy KASHUH U sapa BeIBoAa. Moayib
MEeTapacCy’>KACHUH OCYLIeCTBIILT Obl epe)OpMYIIUPOBKY 3JIEMEHTOB TEKYIIEH CHTyaluH B pa3iu4Hble (OopMEI Ipen-
craByieHus. CONOCTaBIISA 3aTeM TEKYIyl0 CHTYaLUIO MAOIOHHBIM CHTYalUsIM, 3allICAaHHBIM B Pa3JIMYHbIX MPEACTAaB-
JICHUAX, SAPO BBIBOJA OCYILIECTBIIIIO ObI COOCTBEHHO PACCyKICHHS.

6. 3akirouyeHue

[Moaxon Ha ocHOBE 00pPa30B CHTYaIHii 00CLIaeT HEKOTOPhIE BaKHBIE MPEUMYIIECTBA B 00JaCTH MPEACTABICHUS 00bI-

JICHHOT'O 3HAHUSL:

® TaKoW croco0 MPEeACTaBICHUS MOXET ObITh 00JICe ECTECTBEHHBIM ISl YSIOBEKA. DTO JODKHO 3HAYMTEIBHO MOBBI-
CHTb CKOPOCTh HAMOJHEHHUSI 633 3HAHH;

® METOJ 33JICHCTBYET aCCOLMALNH, TO €CTh IMYIHPYET APYroi BaXKHBIH DIEMEHT YEIOBEUECKOTO MBIILIeHHs (COOCT-
BEHHO, [TA0JOHHAS CUTYAIIUs KaK Pa3 H ABIISETCS aCCOMMATHBHOM CBA3BI0 MEX Iy ee 00bekTamu). Eciui xom paccyx-
JIEHUH CHCTEeMBbI OyZeT NOA00eH XOoy PAacCyKICHUI YesloBEKa, TO M BBIBOBI CHCTEMBI JIOJDKHBI OBITH 00JIee ecTecT-
BCHHBIMU,

® METOo[ NPEJOCTaBIsIeT TMOKHE CIIOCOOBI pa3pelieHuss KOH(INKTOB BBIBOJIA;

® OXHMIACTCA, UYTO METO XOPOIIO MOAACPKUBACT MYJILTUMOAAJIBHOC ITPEACTABIICHNUE 3HAHUH.

XOTsI 3TH IyHKTHI SABISIOTCS 00JIee UM MEHEe CIIOPHBIMHE, MPEACTABIIACTCS, YTO JAHHBIA COCO0 MPEACTABICHHUS
3HAHWI 3aCITy)KMBAaeT BHUMAHUS U TATbHEHIIEr0 pa3BUTHSL.

3 A.L.L C. E. and AIML Documentation. Dr. Richard S. Wallace
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B Hacrosmiee Bpemst B poriecce HaMCaHKsT HAXOJUTCS MPOrpaMMa-NpOTOTHIL, PEIN3yIoliasl ONMCaHHbII crloco0
BEJICHHS PacCyKACHHHA. ABTOp COOMpAETCsl IPUMEHUTH MPOTOTHII B TEKCTOBOW MI'PE CO CIOXKHBIMH IpaBHJIaMH, KOTO-
PYIO OH IUITAHUPYET HAIUCcaTh COBMECTHO ¢ ApyruM marucrpanrom HI'Y.
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OHTOJIOrNYeCKHI MOAXO0X IJISl CO3AHUA ABTOMATHYECKOM KJIacCuPuKaAUN

HH(OPMALMOHHBIX PECYPCOB /ISl €CTECTBEHHbIX HAYK
(Te3ucni)

A.3. daznueB

WucruryT ontuku armocepsr CO PAH, Tomck

[Ipencrapnenne 3HAHWUIA SBISACTCS UCHUTUIMHON 00BEIUHSIONIEH JTOTHKY, OHTOJIOTHIO 1 BEraucieHus [1]. Mccaemosa-
TeNb, WCTOJB3YIOUINHA MpEeACTaBICHHEe 3HAHWU B SBHOM WIIM HESBHOW (hopMe, BBIICIACT HAOOp BHIYHCICHUH HE00XO-
MBI I pemeHus cBoux 3afad. Habop Takux 3amad SABISETCS OCHOBOM AJIS MOCTPOCHHUS KOHIIETITya u3anuu (OH-
TOJIOTHH) NIPEAMETHON oO6macTu. JIJis MOCTpOCHHMSI JIOTUYECKON Teoprr [2] B MpEeIMETHOW 00JIacTH BhIOWpaeTCs JIOTH-
Ka, o0Jsajaroias Heo0X0AUMOM BhIPa3UTEIbHOCTHIO. TakoW MoaX0] MOXKHO MPUMEHSATH U JUIs 331124 Kiaccupukamm
HH(POPMAIMOHHBIX PECYPCOB.

B BBOHO#1 yacTu J0KJIa1a MPESACTABIICHBI KITaCCU(pUKAIMS HAYK, caenanHas [lupcom [3] u kateropuu BEpXHETO
ypoBHsi [1]. [TocnenHue ucnonb3yloTes B 3a7a4ax MHTETPAllMM Pa3HOPOAHBIX MH(OPMAIMOHHBIX pecypcoB. B yacTHO-
cTH, obcyxmaercs moaxon J.Sowa K KiIacCH(pUKAIMKA MaTEMaTHYCCKUX TCOPHUIL.

B nokmanme paccMoTpeHa 3ajiaya aBTOMAaTHYECKOH KiaccH(pUKanuu WH(POPMAIMOHHBIX PECYypCOB B MPEIMETHBIX
00JacTsAX CBSI3aHHBIX C PEUICHHEM NPAMBIX U 00paTHBIX 3a/ad. Takue 3a1a4i BOSHUKAIOT MIPH HM3MEPECHUSAX U TIPEJ-
CKa3aHWM PE3yJIbTATOB OJKCIIEPUMEHTOB B E€CTECTBEHHBIX HAayKaX, COIACPIKANINX 3HAYHTEIHEHYIO KOJIMYECTBEHHYIO
KOMIIOHEHTY.

B kadecTBe mpuMepa paccMOTpeHa KiaccuHKanus HHGOPMALMOHHBIX PECYpPCOB B ClieKTpockonuu. JlaHa uH-
TepIpeTanus MOJeIN IPEeIMETHONW 001acTH, IPEACTAaBICHHON B BUIE JBYX CBS3aHHBIX Ilemieil 3amad. B pamkax momxo-
nma Semantic web ompezneneHsl KJIacchl 3a4ad M PACCMOTPEH MOIXOA K aBTOMATHYECKOMY IMOCTPOCHUIO TaKCOHOMHHU
KJIACCOB, XapaKTEePH3YIONIMX HH()OPMAIMOHHBIE PECYpPChl B MpeAMETHOW o0iacTu. J[is onmyOIMKOBaHHBIX HH(pOpPMa-
LIMOHHBIX PECYPCOB TAKCOHOMHUSI KJIACCOB CTPOUTCSI C MOMOIIBI0 0a3 JaHHBIX, COAEPKAIIUX MEPEUYHU KOHIENTOB Mpe/I-
METHOH 00JacTu.
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