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FUZZY MODELING OF VERBAL INFORMATION FOR PRODUCTION SYSTEMS

The subject of the article's research is the formalization of unstructured or semistructured verbal information for a fuzzy production
system. The purpose of the work is to develop a method of constructing membership functions for fuzzy sets of terms of a linguistic
variable that will allow formalizing unstructured or semistructured verbal information for fuzzy production systems. The following
tasks are solved in the article: to develop a method of constructing the membership functions to determine the sequence of stages: the
stage of modeling verbal information in the form of digraphs, the stage of constructing the order relation on the elements of this
model, the step of determining a linguistic variable based on the created model, and determining the functions of fuzzy sets of
linguistic terms variable. Methods are used: graph theory, mathematical induction, fuzzy modeling. Results obtained: a method for
constructing the membership function of linguistic variables that formalizes unstructured or semi-structured qualitative information
for fuzzy production systems is developed. For this purpose, the process of constructing the membership function has been broken
down into stages. The implementation of the first stage requires the creation of a model of unstructured or semistructured verbal
information. Three models of information based on oriented trees are considered with increasing complexity. A model based on an
acyclic oriented graph is considered as a generalization. Such a model is the basis for processing information that has a structure of
greater complexity. The second stage provides a theoretical basis for constructing the order relation for the elements of the models
under consideration. For the implementation of the third stage, a method of identifying the order elements on the basis of the
positional system is proposed. Based on the ID of each ordered element, functions of fuzzy sets of terms of a linguistic variable are
constructed. Appropriate procedures have been developed to implement the steps. Conclusions: application of the method will allow
automating the assignment of vectors of input and output information, to automate the formation of fuzzy sets of terms of the
corresponding linguistic variables, will allow to build fuzzy products as a knowledge base of a fuzzy production system, and to train
such a system.
Keywords: membership function; ratio of order; linguistic variable.

Introduction sense, input is given to the input Input, which should

influence the output Output. At the stage of system
design System, it is necessary to decide on the model of
data representation, extraction and structuring of
knowledge and creation of knowledge bases that form the

core of the system.
The knowledge base requires the use of expertise for

Under uncertainty, when the decision-maker (DM)
has less information than is appropriate for decision-
making, the use of a product system can reduce the cost of
resources. Uncertainty in solving problems has a different
nature. This may be unreliability, lack, and inaccuracy,
fundamental impossibility of obtaining additional . . o .
information, insufficient qualification of the person direct use In Ioglgal mfergnce to coqstruct mferenpes: In
charged with the responsibility for making a decision, the general, the input information Input is verbal, qualitative,
need to make a decision in the conditions of limited nonmetric, unstructured, or poorly structured. This
resources of time, money, and executors. The production  information may contain a description of the phenomenon,
system contains expert knowledge, the application of  Object, process. It is necessary to distinguish such
which can partially or completely eliminate uncertainty. ~ information about one or more attributes, properties of
Knowledge - these are the laws of the subject area, which ~ these phenomena, objects or processes that are significant
are identified expertly in the course of professional in the sense of influencing the output Output. Output
practical activity and such that allow you to solve results Output contain information about possible
problems in a particular field. The main modules of the  ,iernative solutions, meaning this information can be
production system are: a da}tabase that stores known fa_cts considered more structured.
about the stat_e of the subject area; a set of production A fuzzy measure is a quantification of linguistic
rules; product interpreter. (verbal) ambiguity related to the peculiarities of human

In the context of semistructured or unstructured thinking [4].
information, a verbal, qualitative description of the most
important elements whose quantitative dependencies are
difficult to identify must be used to make a decision. The
use of fuzzy output systems allows combining fuzzy
inputs with logic based on fuzzy production rules, in
which terms and conditions are formulated in terms of
fuzzy linguistic expressions. [1, 2, 3].

When applying fuzzy mathematics methods, one of
the traditional problems is to construct membership
functions of fuzzy sets corresponding to a particular
problem [5]. The problem is that the membership function
is defined outside the theory of fuzzy sets (in metatheory),
that is, the correctness of construction cannot be verified
by the methods of theory, and can only be verified after
solving the problem. A positive consequence of the

Analysis of recent research and publications problem is that the definition of a fuzzy set does not limit

the choice of the type of membership function. The

Formally, the production system Systemdisplays  methods are currently divided into two groups, direct and
System: Input — Output where, in the most general indirect. Work [3] systematically outlines various
approaches and methods for constructing membership
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functions. Examples of constructing membership
functions for metric quantities are carefully presented.
The theory of fuzzy sets has a wealth of experience in
constructing membership functions depending on the
context of the problems. Achievements in fuzzy and fuzzy
modeling and control of systems are considered in [6]. For
example, self-organizing systems on metric input and
output values. In work [7], problems of the use of fuzzy
modeling in control of dynamic systems are considered. In
study [8], a hybrid model of site selection in Vilnius was
constructed. The hybrid approach has combined the
multi-criteria selection problem based on a convolution of
criteria with a fuzzy hierarchical synthesis of the weights
of individual criteria. The membership functions were
selected triangular with expertly defined parameters.
Direct methods are commonly used for measurable
concepts, or when there are polar meanings, but such
methods have a significant share of subjectivity. The
determination of the intensity of a particular property of
an object is due to its nature. The difficulty lies in the
inaccurate measurement of intensity, the fundamental
impossibility of using a measuring instrument, due to the
individual peculiarities of expert perception [9, 10]. In the
case of immeasurable concepts, indirect methods are used
to construct the membership functions. In this case, the
original expert information is further processed. An
example of such processing is the procedure for
normalizing various features. In [11], a method of
normalization of term sets was proposed for modeling of
operational risk factors, which allowed the construction of
membership functions for different input variables in
uniform coordinates. In [12], a method for solving
multicriteria estimation of the optimality of medical
institution schedules was proposed, based on fuzzy
modeling. Triangular membership functions were expertly
defined and had metrics on the abscissa. Similar problems
are solved by qualimetric methods in utility theory, when
constructing psychological and pedagogical assessments
[13, 14]. A classic method is the pairwise comparisons of
Saati [15, 16]. In [17], the authors of this article
constructed a system of fuzzy inference to support court
decisions. For the product system, the input variable is
information about the person responsible, aggravating and
mitigating circumstances. The identity of the perpetrator is
verbal, qualitative, non-metric, poorly structured
information. The application of known methods of
constructing the membership function [3] proved to be
ineffective. There was a need to develop a method of
modeling such information.

For ordering methods in theory (in particular in
[18]), general rules for constructing membership functions
are formulated. One of them is the definition of a
universal set on the principle of natural ordering.

So, when developing new methods for constructing
membership functions, we pursue two goals: analytic
representation of functions and minimizing the cost of
computing resources.

The work was carried out as the part of the research
work "Mathematical modeling of socio-economic
processes and systems", the registration number
DB05038, at the Department of System Analysis and

Computational Mathematics of Zaporizhzhya National
Technical University.

Highlighting previously unresolved parts of a common
problem

When creating a method of plotting a membership
function w(x) for nonmetric information Input, it is

necessary to solve the problem with the abscissa scale and
the general appearance of the function. The abscissa
shows the measurement scale xe X to be constructed
according to the internal nature of the information Input .

The choice of the general appearance of the membership
function g(x) and the method of its construction must

also be determined according to the requirements of
continuity, differentiation, monotony of the function.

The purpose of the study is to develop a method of
constructing membership functions for fuzzy sets of terms
of a linguistic variable that will allow formalizing
unstructured or semistructured verbal information for
fuzzy production systems.

Results of the studies and their discussion

In the case of a fuzzy output production
system System , the variables describing the input Input
must be represented as linguistic variables [2, 3]. The
source information Output can look like both a clear and
a linguistic variable. Traditionally, linguistic and fuzzy
variables have the following definitions [4].

Definition 1. A linguistic variable o is a

tuple (., T, X,G,S), where a — the name of a linguistic

variable, T —atermset T={t} z =ﬁ where each

term t, is a fuzzy variable, X — a universal set of basic

values (an area in which the values of a linguistic variable
are defined), G — a syntactic procedure for the formation
of new values of a linguistic variable, S — a procedure
that allows the content of new linguistic variable values
that are formed by the procedure G to be content by
constructing a fuzzy set.

Definition 2. A fuzzy variable t is a tuple v, where t
— the name of a fuzzy variable, X, — the scope of a fuzzy

variable, (X, z(x))—afuzzy setat X, .

In order to build a measurement scale xe X , it is
necessary to determine the internal nature of the
Input information and its processing methods. To reflect

the internal structure of Input information, we build its

model.
Assume that the information Input is verbal and

contains a description of a specific feature «
characterized by a plurality of features P .

Let us consider in detail the steps of the method of
constructing membership functions for fuzzy sets of terms
of a linguistic variable.

The first stage is the modeling of verbal information
in the form of digraphs.
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The apparatus of graph theory was chosen for
modeling as having the highest clarity [19]. A digraph
D= (V,E) is a set of ordered

pairs E ={(v,,v))|vi,v; €V,i,j =L)V[}. Oriented Tree

(Ortree) is an acyclic digraph H in which only one vertex
has zero half-degree of input, and all other vertices have
half-degree of input one. The zero-entry vertex is the root
of the tree; the zero-exit vertex is the leaves. The path
between root and leaf is a branch. The length of the largest
branch of the order is its height. The distance from the
root to the top determines its level. The root has a level of
zero. Tops of one level form a tier of a tree.

a)

Consider cases where the input information

Input can be represented by an Ortree H .
In the first variant, consider the model "Ortree H,

with height one™.

Assume that an object is characterized by a non-
metric attribute that can take values. In this case, the
model of qualitative information is the Ortree H, (fig. 1
a)). The first tier is formed by the leaves of the Ortree H,,

which are variants of the values p,; of the attribute P .

b)

Fig. 1. Input data model of Input type a) "Ortree with height one", b) "Ortree with height two"

In the second variant we will consider the model
"Ortree with height two" (fig. 1b).
Assume that the variable o is characterized by

n nonmetric signs P, i=1n forming a set P,|P|=n.

Each trait P

) can take k; values p;, ] :J,_ki . Each
branch of the Ortree H, defines a specific sign P, i =1n.

The peaks corresponding to the features P ,i =1n form
the first tier. The second tier consists of the leaves of the

a)

Ortree H,, which are possible values p; of the trait P,
(fig. 1b).

The third variant is an Ortree in which the leaves are
on different tiers (fig. 2). Let's call this model "general
Ortree H,". The Ortree is a subset of acyclic graphs [20].
Therefore, the fourth consider the option of presenting
information with an acyclic graph H, .

=
2.1
=3
=}
b

)

Fig. 2. Model of input data Input a) "general Ortree", b) acyclic graph H,
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The second step of the method is to construct the
relation of the order on the set X .

Without losing the generality, let's say that
information Input can be formalized by a single linguistic
variable @ that is fed to the input of a fuzzy production
system System. Let's agree that a linguistic variable is

named after an object «, and, by definition 1, we fix a
term set T ={t},z=1[T| in the tuple(a,T,X,G,S),
where each term t, is a fuzzy variable with a scope X, .
Assume as a universal set of basic values the set
X =X, =...= X, . The most common variant of term-set
formation T is the introduction of terms that are ordered
in some relation of order p:<T,< > [21]. The term of
the plurality T is a fuzzy variable t, for which a
membership function g, (x) must be constructed in the
definition area X . The membership function is a cross-
section of the order p of X.

We take as the domain of definition of fuzzy
variables of term-set T the set X defined by Cartesian
product of nonmetric features

X =R xP,x..xP,,|X|= Hk

X :{xS

is discrete. To display it on the abscissa it is natural to
offer a nominal scale. The nominal scale permits one-to-
one transformations that maintain the equivalence relation
and the arbitrary arrangement of discrete elements x, € X
on the abscissa axis. The arbitrary positioning of the value
X, on the abscissa does not allow the construction of

membership functions wu(x ) with preset properties.
To plot the membership functions gz, (x,),

z:ﬁ it is necessary to define a mapping X - M
where M ={y,} is the set of term t, membership

functions. This mapping must meet two requirements: 1)
correct reproduction of the binary order relation p:
and 2) fulfillment of conditions of
monotonicity of the membership functions 4, (x,). The
binary order relation is antireflective and transitive.

To fulfill the first requirement, let us turn to the
isotonic mapping, since it has the property of maintaining
the order relation [21]. Determine the isotonic
mapping F : T — X . It is known that an inverse mapping
to an order mapping is also an order [21]. That is,
display F*: X —T is an order.

To fulfill the second requirement, we define an
isotonic mapping W:T — M with which you can set the
required properties of the membership function. The
result is an order on many membership functions
<M,< >.

It is known that the composition of two orders is also
an order. We build a composition of two
ordersWoF*: X > M.

X, = (Pugy Pajggren Py WLS Iy <K :1,_n} . The set X

<T,< >

So, in order to plot the membership function of terms
of a linguistic variable «, it is necessary to order the

set X, for which mappings F and F is defined. Next,
arrange the set M, which determine the mapping V.

After that, perform the composition ¥oF™, that is, to
build graphs ,(x,),z=1[T]|.

Consider the theoretical basis of the ordering of the
set X.

It is necessary to decide on such representation of the
set of values of the signs of the set P, which are fixed by
the vector x,, which would allow us to construct isotonic

mappings F and F™, that is, to determine the order on
theset X :< X,< >.

Here is information about ordered sets.

Definition 3. A strict ordering graph L is an acyclic,
transitive digraph with single arcs [20].

For the set of elements that are the leaves of the
Ortree T, we construct a graph L=(V ,E). The
intersection of graphs TN L=(V,_,&) is an edgeless
graph. The arcs of the set E,_ of graph L denote the
ratio of the dominance of the set of vertices V, .

We construct a graph L= (V,,E ) for three models
"ortree H, with height one", "ortree H, with height
two", "ortree H, of general type".

For the model "ortree H, with height one" (fig. 1)
we construct a graph L' =({p,,},E".) , j =1k, . At graph
L= {p.,;} E') ,j=L1k, the set of vertices is the set of
vertices of the first tier of the Ortree H,. We define the
order by ratio p on the set of attribute
values<{p,;}, <>, j=Lk (fig.3 a)). The set of arcs
reproduces the order on the set {p,;}, j=1k according
to the ratio <{p, ;}, <>. We place identifiers of values
of a sign {p,;},j=Lk on the abscissa axis of the
membership function graph u(x) according to a certain
ratio of order <{p, ;}, <>.

For the model "ortree H, with height two" (fig.1b),
first, let us define the order by ratio p on the set of
signs<{P}, <>, i=1n. Strict order
graph L2* = {P},E**.), i=1n for this model is shown
in fig. 3 b). Second, we define the order by the ratio p of
the multiple values for each trait <{p,;}, <>, where

i=1n, j :1,_ki . We construct n
graphs L =({p, }1,E** ) .i=1n, j=1k (fig. 3 c)).
Fig. 3 c¢) shows incomparability in the ratio p to the

values of features P, and P,,VX,z =1,n, x=z. Third,

we perform an operation on the orders of "sum" L>?
i=1
and to determine the relation of the order p formulate.
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EaReRED

b) c)

Fig. 3. a) Strict order graph L*, b) Strict order graph L?*, ¢) n Strict order graphs L2, i =1,n, d) Strict order graph L?

Rule 1: we will assume that p;; <p,,, SO p,,
p;, if 1) or to the

<{p,;}, <>, where i=Ln,j=Lk for i=x values

dominates according ratio

P, P P <P, dominate; 2) or according to the ratio
<{P}, <>,i=1n attribute P, dominates attribute P,
and a certain values p,; and p,  of these features are

px,y .

Applying Rule 1, we construct the graph of fig. 3 c.
The method of construction is obvious.
Statement 1. Constructed by rule 1, the set of

feature values {p,;}, i=Ln, j=L1k is a strict

incomparable: p, |

order<{p,;}, <>, i=1n,

I—ZZ(VZLVEZL)
<{p,;} <>,i=1n, =1k .

Statement 2. Cartesian
orders

<fp,;} <>x<{p,} =<>x.<{p;} <>x.x<{p,} <>
,iz]],jzl,ki when applying rule 1 (paragraph 2),

j=1k,. A constructed
graph is a graph of strict order

product of

forms on the plural
X :{xs X, = (Puygy s Pajgprees Py WL S Jg <K, =L_n} the
strict order ratio < X, <>.

Proof

1.In case n=1 vector x =(p,,) is one-
component. On the set of wvalues of the trait

<{p,;}» <>, =1k, anorder according the ratio p is
determined, that is, statement 2 is fulfilled.

2. In case n=2 vector X =(P,y,P,,) IS two-
component. The binary properties of the order relation are

satisfied at P < Py Py < Pay s then
(plk’ p2|) < (plq’ pzy)- If P = Py and Py > Py or
Py > Py and Py < Pay s thus for

cases (Py., Py)| (Py.P,,), rule 1 (paragraph 2) defines
the order. In case one of the pairs is not comparable
(Pull Py and p, <p,)or (py <Py and py | Py ) is
not implemented on initial terms.

We assume that the order relation is defined for k -
component  Vectors X, = (P, Pojgp s+ P ) - LEL US
prove that for the k+1 component vectors the order
relation X'y = (Pyjqs Pajey s+ Prgy p(kﬂ)js(kﬂ)) is also
defined. Let’s divide the components of the vector X',
into two tuples X'; =((Pyg; s Pajgy s Pgy ) p(k+1)js(k+l)).
By the condition the order in the first
tuple (P » Psjgp s Pug ) 1S defined, the second tuple
consists of one component p,,., is(s1) Further proof is

made as in a case n=2. That is, statement 2 is proved
inductively.
To construct the graph

model

C={p}E’) of the
"ortree H, of general type" and the graph
L' = ({p}, E*,) of the model "acyclic graph H," (fig. 2)
rule 1 takes a more generalized form.
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Rule 1 (generalization): let's assume that it is
necessary to order elements having a vector of indexes of

(-1 -th index, and for
Pii <Py

g-th index a statement

is valid. In case of incomparability

determined by the previous index (q—1) by which the
order relation is determined. This makes it possible to
determine the order of the index (g—I+1) and so on by
going to the g -th index.

For an acyclic graph H,, the direct application of

rule 1 (generalization) requires appropriate leaf indexing.
The most natural one is 1) to repeat a vertex with more
than one half-west; 2) align the lengths of the index
vectors, denoting missing levels, such as zeros.

The result of the second step of the method is an
ordered set of values<{p}, <> of the signs of the set

P . In terms of construction, statement 2, which is based

on generalized rule 1, is also valid. This enables the
ordered arrangement of the abscissa of the vectors of the

set X :{xS X, = (Puigq+ Pajep s Prign W< B <k i :L_n}.

That is, the mapping is constructed F: T — X .

The third stage of the method is to determine the
linguistic variable based on the model created and to
define the membership functions for fuzzy sets of terms of
the linguistic variable.

Consider the implementation of
mapping F*: X —T, mapping W:T —-M, and their
composition WeF™: X —M to build graphs ,(x,) ,
z=1]T].

To determine the identifier x,, we apply a positional

numbering system in which the digit 10" is determined
by the vertex number describing the sign P, in the strict
order column and the digit j,; by the ordinal number of
the value p, for the sign P that was implemented in the

vector x,. We denote the absence of a value for a

particular characteristic as "0". We place the vectors of the
values of the signs P on the abscissa axis according to the
defined order of the order <{p}, =<>.

Constructing a set F™: X —T mapping is a fuzzy
linguistic simulation. For each fuzzy variable t,, it is
necessary to construct a fuzzy set on X : (X, &, (x)) . That
is, each tuple of implemented values x, € X acquires a
specific value of the membership function g, (x,). The
constructed membership  functions gz, (x,) are a

component of some fuzzy production system. For training
of this system, it is necessary to construct vectors of input

data X, = (Pyjy» Pajgy s+ Prigy 1< b <K, 1 =1n0on which
there will be an adjustment of values of output vectors.

The kind of functional dependence u(x,) should

reproduce intuitively expected estimation of the object « ,
that is, correspond to the order relation p on the term-

setT , and provide the General requirements of monotonic
decrease/increase of the membership function.

For large values k,,i=1n the n number of vectorsa

is too large to determine the membership function
expertly. Therefore, it is advisable to automatically build
membership functions that will continue to be used to
train a fuzzy production system.

We offer three types of linear formulas for

determining the membership function g, (x,), in
which g, r =1,_7 — parameters:
p(x)=1-4*>1j;*10" ,0< j; <k ; 1)
i=1
B+ B*Y J *107
(%)= N K @)
Bi= B> 1q*107
i=1
pu(x)=B+B> j;*107,0< j<k. 3)
i=1

The method of presentation described has its own
characteristics, which must be taken into account in
practical application. The first feature is that such fuzzy
sets are unnormalized. To normalize the membership
functions (1) — (3), we introduce a proportionality factor
inverted to the height of the corresponding fuzzy set. This
method provides a global scale when not all the attributes
of a qualitative variable « have their characteristics. The
second peculiarity of is that the membership function is
discrete. The third one is that for the accepted method, not
all values of the abscissa axis are realized in vectors X, .

Entering an identifier that corresponds to the number of
possible values k,i=1n for each trait will eliminate

redundancy. The fourth one is that with many features
there are limitations in the accuracy of the calculations. In
this case, it would be appropriate to break the set of
features into  subsets, with their  subsequent
implementation in separate product rules.

Based on the theoretical conclusions, we define the
method of plotting the membership function of terms of a
linguistic variable o as a sequence of stages. At the first
stage, a model of verbal information is constructed in the
form of an acyclic graph (fig. 1, 2). The second step is to
build an ordered set X . The next third step is the
procedure for determining the linguistic variable and the
definition of membership functions for fuzzy sets of terms
of the linguistic variable by the formulas (1)—(3).

Let us consider how the developed method works on
the example of fuzzy modeling of the linguistic variable of
court decisions Personality , characterizing the identity

of the perpetrator, which was determined in detail by the
authors in the work [17].
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By definition 1, a linguistic variable Personality is
(Personality, Personality —Term, X,G, S)
where Personality —Term ={Negative, Norm, Positive}.

Each of the fuzzy variables Negative, Norm, Positive is a
fuzzy set X with a corresponding membership
FUNCHON Ly (% )+ (%) + Hposine (%) - There  are
such order relations on the term-set Personality —Term:

a tuple

"Display negative
feature”: Negative > Norm > Positive,
"Display positive feature":

Positive > Norm > Negative and partial order
"Display neutral characteristic" Norm > Negative
and Norm > Positive .

Person of the guilty

Let us define the domain of definition X of fuzzy
variables Negative, Norm, Positive . For this purpose, the

model of qualitative variable "Person of the guilty" is
constructed.

A set of features
P ={employment, family _state, residence registration,

characteristic, logging , relations
criminal liability, conviction },|P|=9. Therefore, the

domain of definition X of fuzzy variables of the term-set
Personality —Term is determined by the Cartesian

product of signs X =R xP,x..xP, whose power is
|X|=2*2%2%2*3*3*3*2*2=1728 (fig. 4).

‘ Employment ’ ‘ Family_state H Residence ’ Registration ’

Relations

[ Criminal liability

permanent

-
|5
g
5
g

without
Negative

Yes
N

" )
' !

Fig. 4. Model of qualitative data "Person of the guilty"

For each fuzzy variable Negative, Norm, Positive,
we construct the membership functions
:uNegative (Xs) 1 :uNorm (Xs) 1 /uPosittive (Xs) . In formUIas (1) - (3)

120

Positive

R

None
No

None

B
2 T
2 5
£ H
8 2
2 2
S

S =
5

[

Narcologist

we assume that ﬂkzl,kzl,_?. The functions of
belonging to a linguistic variable Personality are

presented in fig. 5.

0,00 -

T T
111111111 131111111 151111111

Fig. 5. Functions of belonging to a linguistic variable Personality

Conclusions and prospects for further development

The article proposes a method of fuzzy modeling of
verbal information, which consists of a sequence of three
stages: modeling of verbal information in the form of
digraphs; building order relations on the elements of this
model; definition of a linguistic variable on the basis of

T T 9
171111111 191111111 211111111

Xs

the created model and definition of membership functions
for fuzzy sets of terms of a linguistic variable. The
feasibility of all stages is theoretically substantiated in the
form of substantiated statements. The first stage considers
information models that underlie acyclic digraphs, which,
according to the authors, are the basis for developing
formalizations of more complex information models. The
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second stage of the method is to build order relations for
unstructured or poorly structured verbal information for
fuzzy production systems. In the third stage, formulas are
proposed to automatically determine the membership
function, which will allow training to adjust the values of

Practical application of the method developed by the
authors may require solving the problems related to the
limitation in the accuracy of calculations, the discretion,
the need for normalization, and the excess of
identification. These challenges require further research.

the output vectors with the input of the fuzzy production
system in any subject area.
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HEYITKE MOJIEJIIOBAHHSI BEPBAJTBHOT IH®OPMAIIT 17151 TPOIYKIITTHIX
CHUCTEM

IIpeameToM noCHiIKEHHS CTATTi € popMaizallisi HeCTPYKTYpOoBaHO1 abo cabocTpyKTypoBaHoi BepOanbHOI iHpopMalii AT HeUiTKOL
MpOAyKUidHOT cuctemu. Mera pobGoTH — po3poOka MeToAy MoOyZoBH (YHKIiH HAaTeKHOCTI Ul HEYITKUX MHOXHH TEpMiB
JHTBICTHYHOI 3MiHHOI, SIKUH T03BONUTH (hOpMali3yBaTH HECTPYKTYpOBaHy a00 claboCTpyKTypoBaHy BepOaibHY iH(opMario mis
HEYITKUX MPOAYKUIHHUX cucTeM. B cTaTTi BUpILIyIOThCA HACTYIHI 3aBAAHHSA: A1 PO3POOKH METOAY MOOYIOBH (PYHKIIH HaJIEKHOCTI
BU3HAYNTH IIOCITIIOBHICTE €TalliB: €Tall MOJETIOBAaHHS BepOantbHOI iH(popManii y BUIAi oprpadis, eran moOyJOBH BiIXHOIICHHS
MOPSJKY Ha eJeMeHTax ITi€i Mozeni, eTan BH3HA4YeHHS JIHTBICTHYHOI 3MiHHOI Ha 0a3i cTBOpeHOI MoJeNi Ta BH3HAYCHHS (QYHKIii
HaJIOHOCT] JUI1 HEYITKMX MHOXKHH TEpMiB JIIHIBICTHYHOI 3MiHHOI. BuKopucTOBYIOThCS MeToam: Teopii rpadis, MaTeMaTH4HOI
IHIyKIii, HediTkoro MozemoBaHHSA. OTPHUMaHO Pe3yJabTATH: PO3po0JeHO MeTo] MoOymoBH (YHKINT HAIKHOCTI JIHTBICTHYHHX
3MIHHUX, SIKi ()OpPMaIi3yIOTh HECTPYKTYPOBaHY abo0 CIabOCTPYKTypOBaHy SIKiCHY iH(OPMAIIO Ul HEYITKUX MPOIYKIIHHUX CHCTEM.
Jns uporo mpouec moOymoBu (YHKIII HaleXHOCTI Oymo po3ouro Ha eramu. CyTTIO OKpEeMHX €TamiB € (opmMamizaiis MeBHUX
BinoOpakeHb. Pearizauis mepmoro eramy morpe0ye CTBOPEHHS MOJENi HECTPYKTypoBaHOi abo crabocTpyKTypoBaHOI BepOaibHOL
iHpopmanii. PosrmgayTro Tpu Mozeni iHpopmamii Ha 0a3i OpPiEHTOBAaHHX AEPEB 32 3POCTAIOUOI0 CKIAAHICTIO. SIK y3aralbpHEHHS
PO3TIIHYTO MOIeNs Ha 0a3i alMKIiYHOro OpieHTOBaHOTO rpady. Taka Momenb € OCHOBOK i oOpoOku iH(popMalii, mo Mae
CTPYKTYpy OumbIIoi ckiagHocTi. Ha mpyromy erami HaJaHO TEOPETUYHE MIATPYHTS MOOYIOBH BiIHOIICHHS TOPSIKY JJIsI CICMEHTIB
pO3MIIHYTHX Mojenei. JIns peanmizarii TpEeThOro eTamy 3ampolOHOBAHO CHOCIO iMeHTUdIKAIi eJIeMEHTIB, IO 3HAXOIATHCA Yy
BiJTHOIIICHHI MOPS/KY, Ha 0a3i mo3umiiiHoi cuctemu. Ha ocHOBI imeHTH(DIKaTOpa KOKHOTO YIMOPSAKOBAHOTO €JIEMEHTY MOOYI0BaHO
(GYHKIIT HAJICKHOCTI HEUITKMX MHOXKHH TEPMIB JIIHTBICTHYHOI 3MiHHOI. [lyis peanmizaiii eTamiB po3poOJICHO BiIMOBIIHI MPOICAYPH.
BucHoOBKH: 3acTOCYBaHHA METOIY IO3BOJIUTH AaBTOMATH3YBaTW HAJaHHA 3HAUCHb BEKTOpaM BXiAHOI Ta BHXITHOI iH(popMmarii,
aBTOMAaTH3yBaTd (POpMyBaHHS HEUITKMX MHOXHH TEPMiB BIAMOBITHUX JIHIBICTUYHUX 3MIHHHX, JO3BOJNUTH OYAyBaTH HEUITKi
MpoayKii Sk 6a3y 3HaHb HEUITKOI MPOIYKLIHHOT CHCTEMH, a TAKOK IMPOBOIUTH HABYAHHS TaKOi CHCTEMH.
KurouoBi ciioBa: hyHKIIS HaTEKHOCTI; BiTHOIMECHHS MOPSAKY; JIHTBICTUYHA 3MiHHA.

HEUYETKOE MOJIEJINPOBAHUE BEPBAJIBHON HH®OPMALIAU 1151
IMPOAYKIHHNOHHBIX CUCTEM

IIpeqMeToM wHcClieIOBaHUS CTAaTbH SBISAETCS METOJ| NMOCTPOCHUS (YHKLUUH NPHHAUISKHOCTH JUII HEYETKHX MHOXECTB TEpMOB
JIMHTBUCTHYECKOW IIepEeMEHHOH, KoTopas (OopMajH3yeT HEeCTPYKTYPHPOBAaHHYIO WM CIa0OCTPYKTYPHPOBAHHYIO BepOalbHYIO
UHGOPMALIMIO 1T HEUSTKHX HPOAYKIMOHHBIX cucTeM. Ilesib paboThl — co3aaHne MeToa (opMalIH3alui HECTPYKTYPHPOBAHHOM MK
c1abOCTPYKTYPUPOBAaHHOHN BepOaibHON MH(OpManuu Uit HEYeTKOW NMPOAYKIMOHHONW CHUCTeMBL. B cTaThe pemarioTcs clienyronue
3aJavyd: U CO3JaHUsl METOJa IOCTpOeHHs (YHKIMH NMPUHAIIEKHOCTH HEOOXOIMMO ONpPEAENUTh MOCIEeJOBaTEIbHOCTh JTAIlOB.
Pa3pabotke momnexar GhopMHpPOBaHHE MOJIEIH BepOalbHOW WH(OpPMAIIMH, MOCTPOCHUE OTHOIICHHS MOPSIKA Ha dJIEMEHTaxX 3TOM
MOJIeNH, OTIpe/IeICHUE JIMHIBUCTHYECKOIT IIepeMeHHOM Ha 0a3e CO3aHHOW MOJENH M onpeaeneHre QYHKIHUN MPHHAICKHOCTH JUISL
HEYETKUX MHOXKECTB TEPMOB OJIHOH JIMHIBUCTHYECKOH MepeMeHHOM. VICTIOB3yI0TCs CiIeyIoNe MeTOAbI: METOIbI Teopur rpados,
METO/l MaTeMaTHYEeCKOil MHAYKIMH, METO/Ibl HEYETKOTO MOJEINpOBaHus. [10ydeHb! CIeayomnme pe3yJbTaThl: pa3paboTaH METOx
MOCTPOCHUS QYHKIMH TIPUHAICKHOCTH JUIS TUHIBUCTHYECKUX ITEPEMEHHBIX, KOTOPBIE ()OPMATH3UPYIOT HECTPYKTYPUPOBAHHYIO HIIN
C1abOCTPYKTYPUPOBAHHYIO KaueCTBEHHYIO MH()OPMAIMIO IJIsi HEYETKUX MPOAYKIHOHHBIX CHCTeM. [l 9TOro mpouecc ImoCcTpOSHHs
(GYHKIMM TIpUHAIUIOKHOCTH ObUT pa3ouT Ha oTanbl. CyThIO OTAENBHBIX OTaloB sBISeTCS (opmanu3amus OnpererIeHHbIX
otobpakeHuid. Peanmu3anus mepBoro sTama TpeOyeT CO3JaHUs MOJENH HECTPYKTYPUPOBAHHOW WM ClabOCTPYKTYPUpPOBAaHHON
BepOanpHOil MH(poOpManmu. PaccMoTpeHbl Tpu Mojenn HHpopManuyM Ha 0a3e OpPHEHTHPOBAHHBIX JEPEBBEB C BO3pacTarouleit
cioxxHOCThI0. Kak 0000meHne paccMOTpeHa Mo/IeNnb Ha 0a3e alMKIMYecKOTo OpUEHTHPOBAHHOTO rpada. MeToasl paboThl ¢ STUMH
MOJIENIIMA MOTYT OBITH OCHOBOH Ui 0OpaOOTKM WH(OpMAIMU, MMEIOUIel CTPYKTypy OOJNBIIEH CIOKHOCTH. B crathe maHO
TEOpeTHYEeCKoe 000CHOBAHHE MOCTPOCHHUS OTHOLICHHMS TTOPSAAKA JUIS SJIEMEHTOB PACCMOTPEHHBIX MoJenei. Jist peatn3aiui BTOpOro
U TPETHEro STANOB IMPEIJIOKEH METOJ| MICHTU(UKAIMU 3JIEMEHTOB, HAXOMAIIUXCS B OTHOIICHHH TOPs/Ka, Ha 0a3e MO3UIHOHHON
cucteMmsl. [IpenoxeH MEeTox IpeJoCTaBIeHNs 3HAYSHUH (QYHKINH NPUHAUIE)KHOCTH HEUSTKUX MHOXKECTB Pa3IMYHBIX TEPMOB OJHON
JIMHTBUCTHYECKOW TepeMEeHHOH Ha 0aze WIeHTH(HUKATOpa KaXKAOTO YHOPSIOYEHHOTO 3jeMeHTa. MeToJ MocTpoeHMsT (QYHKIMH
IPHHAUISKHOCTH COCTOMT M3 IOCIEAOBATEeIbHOCTH CICAYIONIMX JTanoB: (opmupoBaHHe Mojenu BepOanbHOI nH)opmaimy,
HOCTPOCHHE OTHOLICHMS MOPsIIKa Ha 3JIEMEHTaxX 3TOW MOJEJH, ONpeleieHNe JHHIBHCTHISCKON MepeMeHHON Ha 0asze co3JaHHON
MOJIeNM M OmpereneHre (QYHKUMIT NPUHAIICKHOCTH JUI HEYETKHX MHOXKECTB TEPMOB OJHOW JIMHIBHCTHYECKOH MEpEeMEHHOM.
BbIBOABI: TMPUMCHEHHE METOJa II03BOJMT aBTOMATH3MUPOBATH OMNpENeeHHEe 3HAYCHHH BEKTOPOB BXOAAIIEH M HCXOASIIEH
uH(bOPMAIMH, aBTOMAaTH3UPOBaTh (HOPMUPOBAHNE HEYECTKUX MHOKECTB TEPMOB COOTBETCTBYIOLIMX JIMHTBUCTHYECKHX MEPEMEHHBIX,
MO3BOJIUT CTPOUTh HEYETKHE MPOAYKIMH Kak 0a3y 3HAHUH HEYETKOW NMPOJYKIMOHHOW CHCTEMBI, a TaKKe HMPOBOAUTH OOydeHHE
HEYeTKOI MPOAYKIIMOHHON CHCTEMBI.
KiioueBble ciioBa: (GyHKINS TPUHAAICKHOCTH; OTHOLICHHE MOPSIIKA; IMHIBUCTHYECKAs TIEPEMEHHasI.
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